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ABSTRACT

Introduction. The Southern Bug River Basin is one of the largest water-management
systems of Right-Bank Ukraine, where natural runoff seasonality combines with
sustained pressure from urbanized areas, agriculture, municipal wastewater, and
industry. Existing studies either assess isolated water-quality indices, apply multivariate
statistics without regulatory interpretation, or treat Ukraine at a generalized inter-basin
level, so a reproducible basin-scale profile combining multiyear averages, seasonality,
regulatory exceedances, and site typology is lacking for the Southern Bug. The purpose
of the study was to perform factor-cluster and regulatory-index profiling of long-
term hydrochemical series for rivers of the Southern Bug Basin, identifying reaches
dominated by organic, nutrient, or mineralization-salinity pollution and ranking sites
by hydrochemical risk. The object is surface waters of rivers within the Southern Bug
Basin; the subject is the long-term structure of hydrochemical indicators, their seasonal
variability, regulatory exceedances, and cluster profiles of monitoring sites.

Methods. The analysis used processed data of the state surface-water monitoring
system of the State Water Agency of Ukraine for 13 January 2003 — 18 March 2026
(5,654 records, 95 sites). After plausibility control, 57 technical extremes were removed.
Multiyear mean concentrations and seasonal profiles were calculated for organic-
oxygen, nutrient, and mineralization-salinity blocks. Exceedance ratios and violation
frequencies were computed against domestic-use and fishery-use reference values,
and a screening index 16 was built as the mean of the six highest partial exceedance
ratios per site. Indicators were robustly standardized, visualized by principal component
analysis, and grouped by k-means clustering.

Results. Under domestic-use reference values, the most frequent exceedances were
COD (42.9% of samples), permanganate oxidizability (40.8%), and BOD5 (14.8%).
Under fishery-use reference values, violations were far more widespread: BOD5 —
60.4%, COD - 42.9%, sulphates — 42.4%, permanganate oxidizability — 40.8%, nitrites
— 31.5%, ammonium nitrogen — 18.8%. Seasonal profiles revealed oxygen-regime stress
in summer (mean dissolved oxygen 7.60 mg/dm?® versus 10.80 mg/dm? in winter), with
higher COD and permanganate oxidizability in the warm period. PCA showed the leading
components reflect nutrient enrichment and mineralization-salinity processes. Clustering of
48 sites yielded three profiles: organic-oxygen (43 sites, basin-wide background pressure),
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mineralization-salinity (3 sites), and nutrient (2 sites, upper reaches). The highest 16 values
occurred near the Bug Estuary, the lower Inhul River in Mykolaiv, and the upper Southern
Bug downstream of Khmelnytskyi; under fishery-use values, upper-basin sites showed a

sharp risk increase, with ammonium nitrogen as the limiting factor.

Conclusions. Combining multiyear and seasonal profiling with regulatory exceedance
analysis and cluster typology provides an objective, reproducible screening tool for the
Southern Bug Basin. Organic-oxygen loading dominates basin-wide, nutrient enrichment
forms a distinct risk pattern in the upper reaches, and mineralization-salinity pollution is
spatially localized. The identified priority sites give a scientific basis for optimizing the
monitoring network and planning water-protection measures, without substituting for

official ecological-status classification.

Introduction

The Southern Bug Basin is a water-management
system in which natural seasonality of runoff
is combined with anthropogenic pressure from
urbanized areas, agricultural landscapes, municipal
infrastructure, and recreational use of water
resources. For such basins, ecological interpretation
of long-term hydrochemical series cannot be limited
to describing mean concentrations alone: it requires
a combination of regulatory assessment, seasonal
profiling, identification of priority indicators, and
grouping of monitoring sites according to similarity
of hydrochemical conditions. This framework 1is
especially relevant under increased vulnerability of
water infrastructure, when state monitoring results
should be used not only to describe the current
state but also to identify reaches requiring priority
control.

Recent Ukrainian studies demonstrate that
surface water quality assessment should be linked
to the concept of environmental risk. Bezsonnyi
and Nekos [1] showed that under military danger
the priority pollutants in surface runoff and
river waters increasingly include organoleptic
indicators and nitrogen-containing compounds
that can deteriorate aquatic ecosystems and
accelerate eutrophication. Bezsonnyi, Plyatsuk,
Ponomarenko, and Tretyakov [2] substantiated
the use of entropy-weighted water quality
indices, because treating all parameters as
equivalent or assigning weights solely by expert
judgement may lead to the loss of important
information. In the study by Bezsonnyi [3],
surface-water risk assessment was related to the
frequency of exceedance of maximum permissible
concentrations for individual components,
which is methodologically close to the present
article, where exceedance ratios and violation
frequencies are used for screening-based ranking
of monitoring sites.

The contemporary international literature
confirms that integral water quality indices
remain convenient tools for summarizing complex
hydrochemical data, but they require transparent
selection of parameters, regulatory reference
values, and weighting procedures. The critical
review by Gupta and Gupta [4] emphasizes
the evolution of the Water Quality Index and
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methodological limitations related to subjectivity
in selecting weights and scales. Reviews by Chidiac
et al. [56] and Mogane et al. [6] show that WQI
facilitates communication of monitoring results to
decision-makers, but different index schemes may
classify the same water body differently. Akhtar et
al. [7] proposed improving WQI calculation using
multi-criteria decision-making, while the review
by Muniz and Oliveira-Filho [8] summarizes the
use of multivariate statistical analysis in water-
quality studies. Accordingly, outdated historical
approaches of previous decades were not used
in this study; instead, the methodological basis
was formed from modern index, factor, and
cluster analytics presented in Scopus-indexed
publications from 2021-2025.

Empirical studies of river and catchment
systems in recent years demonstrate the
effectiveness of combining WQI, PCA, cluster
analysis, discriminant analysis, and GIS
visualization. El Azhari et al. [9] combined
WQI, multivariate statistics, and GIS for the
Mediterranean Oued Laou watershed, which
enabled interpretation of anthropogenic influence
and the spatial structure of water quality.
Wang et al. [10] applied multivariate statistical
techniques to assess water quality in the Yugqiao
Reservoir watershed and apportion pollution
sources. Yao et al. [11] demonstrated the
suitability of hydrochemical analysis, PCA, and
clustering for evaluating spatial heterogeneity
of waters, while Mammeri et al. [12] used WQI
and discriminant analysis to identify indicators
responsible for spatial differentiation of surface
water quality. For the Rokel River, Barrie et al.
[13] combined PCA, WQI, cluster analysis, and
ANOVA, which is close to the logic of the present
study, where multiyear mean concentrations are
considered together with clustering similarity
among sites. Gaur et al. [14] demonstrated the
potential of combining WQI, hydrogeochemical
interpretation, and PCA for surface waters in a
mountainous region.

A separate group of recent publications
addresses long-term monitoring series, seasonal
variability, and selection of priority control
reaches. Zhalmagambetova et al. [15] used a ten-
year dataset containing 26 chemical components
at 26 sites in the Irtysh River Basin and showed
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that WQI and multivariate statistics are suitable
for identifying zones of priority environmental
regulation. Akiner, Chauhan, and Singh [16]
combined CCME-WQI, factor analysis, PCA, and
cluster analysis for long-term series in the Betwa
River Basin, providing a direct methodological
analogue for multiyear Southern Bug data. Roy
et al. [17] developed a PCA-oriented WQI model
for rivers in Dhaka and showed that principal
components can reduce subjectivity in parameter
selection. Hammoumi et al. [18] confirmed the
importance of seasonal data stratification in
combination with WQI and PCA. Jo et al. [19]
used WQI and multivariate statistical techniques
to identify key pollutants in standard watersheds
within the TMDL policy framework. Alfaleh, Ben
Khedher, and Alviz-Meza [20] substantiated the
potential of entropy-weighted WQI and factor
analysis for reducing the subjectivity of index-
based assessment.

An important addition to this research direction
is the study by Bezsonnyi, Tretyakov, Plyatsuk,
Ponomarenko, and Davydova [21], in which an
entropy-weighted water quality index was applied
to more than 540 state surface-water monitoring
sites in Ukraine. The authors revealed pronounced
seasonal and spatial heterogeneity in surface water
quality: better index values were recorded in winter
and spring, whereas the most stressed conditions
occurred during low-flow and autumn periods;
among the most problematic regions, the Southern
Bug Basin was specifically identified.

A closely related and more recent contribution
is the basin-scale study by Bezsonnyi [22], which
applied the same entropy-weighted approach
specifically to the Southern Bug River basin,
using hydrochemical observations from 36
monitoring stations for 2020-2024 and twelve
water-quality parameters. The author established
a pronounced downstream and seasonal gradient
of degradation: EWQI values increased from
clean conditions (Classes II-III) in the upper
reaches near Haivoron and Ladyzhyn to very
and extremely polluted conditions (Classes VI-
VII, EWQI > 3.0) in the estuarine section near
Mykolaiv, with the basin-mean index rising from
1.85 in the cold period to 2.46 in the warm period,
a 33% seasonal deterioration confirmed by the
Mann—Whitney test (p < 0.01). Entropy-weight
and principal component analyses identified
ammonium (22%), phosphates (18%), and BOD,
(15%) as the dominant contributors to the index,
while k-means clustering delineated four water-
quality zones ranging from clean headwaters
to a critically polluted estuarine cluster. This
study confirms, at the basin scale, the priority
role of biogenic and organic pollution already
indicated by the nationwide assessment [21] and
demonstrates the practical feasibility of combining

316

entropy weighting, PCA, and clustering for the
Southern Bug. At the same time, it relies on a
comparatively short five-year record (2020-2024)
and does not apply a regulatory exceedance-
frequency framework or robust outlier-control
standardization, which leaves room for the longer-
term, regulation-oriented profiling addressed in
the present study.

This directly substantiates the need for a more
detailed basin-scale analysis of the Southern Bug
that combines seasonality, spatial differentiation,
and regulatory interpretation. The European
context of such work is framed by studies assessing
river ecological status in line with the Water
Framework Directive. Naddeo et al. [23], using
34 rivers in the Salerno Province as a case study,
demonstrated the practical role of aggregated
macro-pollution indicators for evaluating river-
water status, while Wuijts et al. [24] emphasized
that achieving WFD objectives requires not only
monitoring but also cross-sectoral river-basin
management. The development of data-driven
approaches should also be considered: the review
by Zhu et al. [25] shows that machine learning
1s increasingly used for classification, forecasting,
and optimization of water-quality monitoring,
whereas Uddin et al. [26] demonstrate that
outliers and the quality of input data can affect
water categorization in index models. Therefore,
long state monitoring series require robust
standardization, control of technical extremes,
and transparent justification of index classes.

The regulatory and institutional framework
of the study is based on the state surface-water
monitoring system of Ukraine. The State Water
Agency defines it as a system for collecting,
processing, summarizing, and analysing
information on the condition of water bodies in
order to forecast changes and prepare scientifically
grounded management recommendations [27]. At
the same time, official assignment of surface-water
bodies to ecological and chemical status classes is
regulated by the Methodology approved by Order
No. 5 of the Ministry of Environmental Protection
of Ukraine dated 14 January 2019 [28]. This article
does not perform full official classification of the
ecological status of water bodies, because that
procedure requires not only physical-chemical but
also biological and hydromorphological indicators.
Instead, a screening hydrochemical assessment
is applied through the ratio and frequency of
exceedance of regulatory reference values formed
with due regard to hygienic water-quality standards
[29] and methodological recommendations on
maximum permissible discharge standards [30].
The European context is set by the EU Water
Framework Directive, which establishes the river-
basin management principle and the requirement
to achieve good water status [31].
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Thus, the current state of research indicates
five methodological requirements for analysing
long-term hydrochemical series. First, results
should be interpreted in regulatory terms rather
than remain merely statistically descriptive.
Second, integral indices should have a transparent
formula, an understandable weighting system, or
a justified decision not to apply weighting. Third,
multivariate statistics should be used to test the
internal structure of the data and identify typical
profiles. Fourth, seasonality and spatiality should
be analysed jointly, because hydrochemical
indicators strongly depend on water availability,
thermal regime, dilution, and local sources
of substance inputs. Fifth, long monitoring
series require data-quality control, detection of
technical extremes, and robust standardization
procedures so that isolated anomalous values do
not determine cluster structure or index-based
ranking.

For the Southern Bug Basin, such an integrated
scheme remains insufficiently represented in the
open scientific literature: existing approaches

generally either assess individual water-
quality indices, apply multivariate statistics
without comprehensive regulatory profiling,

or consider Ukraine at a generalized inter-
basin level. Therefore, combining multiyear
mean concentrations, seasonal profiles, ratios
of exceedance of regulatory reference values,
robust data preparation, PCA visualization, and
clustering of monitoring sites provides a justified
methodological basis for identifying organic-
oxygen, nutrient, and mineralization-salinity
profiles within this basin.

The purpose of the study is to perform factor-
cluster and regulatory-index profiling of long-term
hydrochemical series for rivers of the Southern
Bug Basin in order to identify sites dominated
by organic, nutrient, or mineralization-salinity
pollution and to rank reaches by hydrochemical
risk level. The object of the study is surface

waters of rivers in the Southern Bug Basin. The
subject of the study is the long-term structure
of hydrochemical indicators, their seasonal
variability, regulatory exceedances, and cluster
profiles of monitoring sites.

Materials and Methods

The analysis was based on processed data from
the state surface-water monitoring system of the
State Water Agency of Ukraine. From the general
dataset, records with Riverbas_Name = “Southern
Bug” were selected. The resulting sample contains
5,654 records for 13 January 2003—18 March 2026
from 95 monitoring sites. The analysis included

BOD5, suspended solids, dissolved oxygen,
sulphates, chlorides, ammonium nitrogen,
nitrates, nitrites, phosphates, surfactants,

permanganate oxidizability, COD, atrazine, and
simazine. The “total nitrogen” indicator contained
no filled values in the selected fragment and was
not used in calculations. General principles of
handling laboratory-control data, harmonizing
measurement units, and ensuring sample
traceability were aligned with current standards
for hydrochemical analysis and sampling/
preservation of water samples [32, 33].

At the stage of physical-chemical plausibility
control, 57 obviously technical values were removed
at the level of individual data cells. Technical
extremes were defined as values exceeding a
realistic range for surface waters by one or
several orders of magnitude or contradicting the
analytical nature of the indicator, including values
of approximately 40-45 thousand for indicators
originally measured in mg/dm?®. For dissolved
oxygen, values above 20 mg/dm? were additionally
reviewed as potentially related to data-entry
errors, because without accompanying information
on temperature, saturation, and measurement
methodology they cannot be unambiguously used
in index calculations (Table 1).

Table 1

Control of technical extremes in the Southern Bug basin sample

Indicator Removed values Minimum removed value Maximum removed value

BOD5 2 44562.0 45323.0
Suspended solids 2 45392.0 45394.0
Dissolved oxygen 25 20.24 45748.0
Sulphates 0 - -
Chlorides 2 5076.4 5615.3
Ammonium nitrogen 0 - -
Nitrates 3 45324.0 45383.0
Nitrites 11 10.58 109.0
Phosphates 2 406.0 45474.0
Surfactants 0 - -
Permanganate oxidizability 7 320.0 43800.0
COD 3 4068.0 45443.0
Atrazine 0 - -
Simazine 0 - -
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The stability check showed that removal of
technical extremes did not change the overall
structure of the conclusions: the leading indicator
groups, the balance among organic, nutrient,
and mineralization-salinity profiles, and the list
of priority reaches remained interpretatively
stable. General principles of data-quality control
and laboratory-analytical reproducibility were
aligned with current guidance on water analysis
and sample handling [32; 33].

For each site p and indicator j, the multiyear
mean concentration was calculated as follows:

Cpj=(1/npj) - X Cipj (1)
where Cpj is the mean concentration of indicator
J at site p;

Cipj is an individual observation;
npj is the number of measurements for the
corresponding “site—indicator” pair.

The seasonal profile was calculated separately
for winter, spring, summer, and autumn:
Cpjs = (1 / npjs) - Z Cipjs )

where s is the season.

This scheme allows winter and summer low-
flow periods, spring dilution, and autumn runoff-
formation conditions to be distinguished.

Regulatory interpretation was based on the
exceedance ratio relative to a regulatory reference
value. For indicators for which an increase
in concentration is hazardous, the following
expression was used:

Kij=Cij / Nj (3)
where Kij is the exceedance ratio or the degree of
approach to the reference value;

Cij is the measured concentration;
Nj is the regulatory value.

For dissolved oxygen, the inverse principle was
used: a violation was recorded when concentration
was lower than the minimum acceptable reference
value.

K(0) =N,/ C(0),if CO) <N, @&

The violation frequency for indicator j at a site
or in the entire basin was determined as:

Fj=(mj/nj) 100 % 5)
where mj is the number of samples with an
exceedance/violation of the reference value, and

nj is the number of samples with an available
value for the indicator.
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For ranking of sites, a modified regulatory
index I6 was used; it was constructed as the mean
of the six highest partial ratios K at a monitoring
site:

I6p=(1/6) XKp(r)r=1..6,
Kp(r) are the six highest K values at sitep  (6)

The I6 index was used as an author-defined
screening tool for ranking sites by hydrochemical
risk. It is not an official water-quality index and
does not replace the assignment of surface-water
bodies to ecological or chemical status classes.
In equation (6), Kp(r) denotes the six highest
mean partial exceedance ratios for site p across
all indicators used; ranking was performed
separately for domestic-use and fishery-use
reference values. Using the six highest partial
ratios prevents risk from being “diluted” by a
large number of less relevant indicators while
preserving comparability among sites. The
following screening classes were used for 16: I <
1 — conditionally low risk; 1 <1< 2.5 — moderate
risk; 2.5 <1 <4 — significant risk; 4 <1< 6 — high
risk; I > 6 — critical risk (Table 2).

All indicators were preliminarily grouped into
three analytical blocks: organic-oxygen, nutrient,
and mineralization-salinity. Block scores were
calculated as mean partial ratios K for the
corresponding indicators. This index-cluster
logic is consistent with modern approaches
that combine WQI, PCA, cluster analysis, and
multivariate statistics in hydrochemical studies
[8; 15; 16; 17; 18]. To stabilize distributions, a
log(1 + x) transformation was applied, after which
the data were scaled robustly using the median
and the interquartile range:

Zij = [log(1 + Xij) — Mej] / IQRj (7)
where Zij is the robustly standardized value;
Xij is a block or indicator score;

Mej is the median;
IQRj is the interquartile range.

Principal component analysis was used not
as a self-sufficient procedure for official water-
quality classification, but as a tool for visualizing
the variation structure of the three block
indicators. Monitoring sites were clustered by the
k-means algorithm in the space of organic-oxygen,
nutrient, and mineralization-salinity blocks. The
objective function of the algorithm is:

arg min Xk YpESEk | |Zp —uk| |2 (8)

To select the number of clusters, variants
K = 2-5 were tested. The final decision in favour
of K = 3 was made not only on the basis of the
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Table 2

Regulatory reference values used for screening assessment

Indicator Analytical block Domestic-use refer; Fishery-use refer?nce Use in assessment
ence value, mg/dm value, mg/dm
. direct ratio
BOD5 organic block <6 <3 K = C/N
COD organic block <30 <30 direct ratio
Permanganate oxidizability organic block <10 <10 direct ratio
. . violation due to oxy-
> >
Dissolved oxygen oxygen regime >4 26 gen deficit
Ammonium nitrogen nutrient block <20 <05 direct ratio
Nitrates nutrient block <45 <40 direct ratio
Nitrites nutrient block <33 <0.08 direct ratio
Phosphates nutrient block <35 <214 direct ratio
Sulphates mineralization-salini- <500 <100 direct ratio
ty block
Chlorides mineralization-salini- <350 <300 direct ratio
ty block
Surfactants additional anthropo- <05 <0.1 direct ratio
genic block

Note. The regulatory reference values presented here were used only for screening assessment of exceedance ratios and violation
frequencies. They are not a procedure for officially assigning surface-water bodies to ecological or chemical status classes. Domes-
tic-use and fishery-use reference values were applied as comparable regulatory thresholds for index-based ranking of sites, while
results were interpreted as hydrochemical risk based on physical-chemical indicators.

Table 3
Testing the number of clusters using the silhouette coefficient
Silhouette score Group sizes Methodological interpretation
2 0.839 46; 2 highest coefficient, but excessive merging of most sites
3 0.583 43:3: 2 isn(il(:r(;t;?aab?nttge optimal compromise between statistical quality and ecological
0.388 24;20; 2; 2 artificial splitting of the baseline organic-oxygen profile
5 0.434 24;13; 7;2; 2 | formation of unstable small groups and more complicated ecological interpretation

silhouette coefficient, but by combining statistical
quality, grouping stability, and ecological
interpretability of the profiles (Table 3).

The K = 2 variant had the highest silhouette
coefficient, but it excessively merged 46 of 48
sites into one class. The K = 3 variant retained
an acceptable silhouette coefficient of 0.583
and enabled interpretation of three ecologically
meaningful profiles: organic-oxygen, nutrient,
and mineralization-salinity.

Results

The Southern Bug Basin sample covers 5,654
records and 95 monitoring sites. For regulatory
ranking and clustering, 48 sites with sufficient
repetition of observations were selected. This
approach reduces randomness associated with
single or sparse observations and enables
representative hydrochemical profiles to be formed.

Regulatory exceedances. Under domestic-
use regulatory reference values, exceedances
were most frequently found for indicators of the
organic block: COD, permanganate oxidizability,
and BOD5 (Table 4, Fig. 1).
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This indicates that, at the basin scale,
the organic-oxygen component is the leading
component of hydrochemical pressure.
Mineralization-salinity pollution appears more
locally, but for certain lower reaches of the
Southern Bug and Inhul Rivers it reaches high
chloride and sulphate ratios. A graphical summary
of these violation frequencies is provided in Fig. 1.

Figure 1 clearly confirms that the largest
shares of exceedances are concentrated in
indicators of the organic block.

Comparison with fishery-use reference values
substantially strengthens the assessment of
pressure (Table 5).

The highest shares of violations were found
for BOD5, COD, sulphates, permanganate
oxidizability, nitrites, and ammonium nitrogen.
Thus, for protecting aquatic ecosystems, organic
and nutrient loading should be treated as
priorities. A visual comparison of violation shares
is presented in Fig. 2.

Figure 2 shows that fishery-use regulatory
reference values reveal a broader spectrum
of problematic indicators than domestic-use
reference values.
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Table 4
Frequency of exceedance of domestic-use regulatory reference values
Indicator Reference value Violations Share, % Maximum ratio
COD 30.0 4972 2134 42.90 9.390
Permanganate oxidizability 10.0 4017 1640 40.80 7.800
BOD5 6.0 4983 735 14.80 8.480
Sulphates 500.0 4893 293 6.000 7.150
Ammonium nitrogen 2.0 4983 179 3.600 19.71
Dissolved oxygen 24 5183 183 3.500 13.33
Chlorides 350.0 4891 153 3.100 13.60
Phosphates 3.5 4976 32 0.600 3.970
Nitrites 3.3 4971 27 0.500 2.180
Nitrates 45.0 4982 20 0.400 2.960
Surfactants 0.5 4355 8 0.200 2.740
cop
Permanganate oxidizability
BODS
Sulphates
Ammonium nitrogen
Dissolved oxygen
Chlorides
Phosphates
Nitrites
Nitrates
Surfactants
0 10 20 30 40

Share of samples with exceedance/violation, %

Fig. 1. Share of samples exceeding domestic-use regulatory reference values.

Seasonal hydrochemical profiles. Seasonal
analysis shows that the organic block retains
an increased role during the warm period, when
mean COD and BOD, values combine with a

In summer, the mean oxygen concentration
was 7.597 mg/dm?® compared with 10.803 mg/dm?
in winter. This 1s consistent with higher water
temperature, intensification of biochemical oxygen

decrease in dissolved oxygen concentration demand, and seasonal bioproduction processes. The
(Table 6). dynamics of the organic block are shown in Fig. 3.
Table 5
Frequency of exceedance of fishery-use regulatory reference values
Indicator Reference value n Violations Share, % Maximum ratio
BOD5 3.0 4983 3011 60.40 16.97
COD 30.0 4972 2134 42.90 9.390
Sulphates 100.0 4893 2077 42.40 35.73
Permanganate oxidizability 10.0 4017 1640 40.80 7.800
Nitrites 0.08 4971 1565 31.50 90.00
Ammonium nitrogen 0.5 4983 939 18.80 78.85
Dissolved oxygen 26 5183 700 13.50 20.00
Surfactants 0.1 4355 267 6.100 13.70
Chlorides 300.0 4891 160 3.300 15.86
Phosphates 2.14 4976 95 1.900 6.490
Nitrates 40.0 4982 35 0.700 3.330
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Fig. 2. Share of samples exceeding fishery-use regulatory reference values.

Figure 3 demonstrates higher COD and Seasonal changes in nutrient indicators are
permanganate oxidizability during the warm shown in Fig. 4.
period against the background of relatively stable Figure 4 indicates a marked decrease in
mean BOD5 values. nitrates in summer together with a local increase

in nitrites and phosphates.

Table 6
Seasonal mean concentrations of the main indicators, mg/dm?®

Season BOD, O, COD | Permang.oxid. | NH, NO, NO, PO, SO, Cl Surfactants
Winter 3.179 | 10.80 | 27.74 9.910 0.559 | 6.719 | 0.134 | 0.425 | 1655 | 102.7 0.037
Spring 4108 | 10.16 | 28.45 11.71 0.551 | 5.374 | 0.130 | 0.289 | 146.4 | 90.63 0.042
Summer 4.078 | 7.597 | 31.23 11.70 0.512 | 3.042 | 0.141 0.552 | 168.1 107.3 0.042
Autumn 4.025 | 8.425 | 30.14 12.71 0.573 | 3.810 | 0.193 | 0.453 | 1555 | 143.6 0.043
301
251
£
k=
o
E 201
Z —e— BOD5
B —e— COD
‘E —e— Permanganate oxidizability
g 15 4 —e— Dissolved oxygen
S
=
s ~ ‘__--_—____f___———t
s o /- o
101 .’/— ﬁ.\‘///‘
5 B
e ® —e
Wir;ter Spl:ing Sum|mer Autt;mn

Fig. 3. Seasonal profile of the organic block.
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Fig. 5. Seasonal profile of the mineralization-salinity block.

The dynamics of the mineralization-salinity
block are presented in Fig. 5.

Figure 5 highlights an increase in chlorides
in autumn and relatively high mean sulphate
concentrations during the summer period.

PCA visualization in the space of three block
scores showed that the first component explains
80.4% of the variation and primarily reflects
the nutrient gradient, whereas the second
component explains 13.5% and is associated with
the mineralization-salinity gradient. This result
should not be interpreted as a full official factor
classification of water bodies; it was used for
graphical confirmation that differentiation among
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the most problematic sites is driven primarily by
nutrient and salinity components.

Quantitative loadings of the block indicators on
the first two principal components are presented
in Table 7.

As shown in Table 7, PC1 almost entirely
reflects the nutrient block, whereas PC2 is
associated with the mineralization-salinity block.

Summary characteristics of the identified
cluster profiles are presented in Table 8.

Table 8 shows that the mineralization-salinity
profile has the highest mean 16 index, whereas the
organic-oxygen profile includes the overwhelming
majority of monitoring sites.
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Table 7
Loadings of block indicators on principal components
Block PC1 PC2
Organic-oxygen 0.036 0.102
Nutrient 0.999 0.028
Mineralization-salinity -0.032 0.994
Table 8
Cluster hydrochemical profiles of monitoring sites
Profile Number of sites Mean 16 Mean organic block Mean nutrient block | Mean mineral block
organic-oxygen profile 43 0.720 0.926 0.102 0.275
mineralization-salinity 3 1,561 1.158 0.179 2318
profile
nutrient profile 2 1.387 0.957 1.246 0.110

Graphical clustering of monitoring sites in the
space of block hydrochemical profiles is presented in
Fig. 6.

Figure 6 visualizes the separation of two small
clusters with distinct nutrient and mineralization-
salinity features from the main group of sites.

The spatial positions of the sites belonging to
each cluster are shown in Fig. 7.

The organic-oxygen profile includes 43 sites
and represents the baseline pressure structure
for the basin. The nutrient profile covers two
sites in the upper Southern Bug: downstream of
Khmelnytskyi and in the Medzhybizh Reservoir
area. The mineralization-salinity profile is
represented by three sites, including the lower

Southern Bug in the Bug Estuary area, the Inhul
River in Mykolaiv, and the Kodyma River near
Balta. This structure corresponds to spatial
changes in pressure sources: from nutrient
influence in upper urbanized reaches to higher
mineralization in the lower part of the basin.

The 16 index based on domestic-use reference
values showed that most representative sites
belong to screening class I, whereas six sites fall
into class II, i.e. moderate hydrochemical risk.
The highest values were characteristic of the
Bug Estuary within Mykolaiv, the lower Inhul
River in Mykolaiv, the upper Southern Bug
downstream of Khmelnytskyi, the Medzhybizh
Reservoir, the Kodyma River near Balta, and
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Fig. 6. Clustering of monitoring sites by block hydrochemical profiles.

323




ISSN 2410-7360 (Print)
ISSN 2411-3913 (Online)

Bichuk Xapkicbkoro HaLjoHanbHoro yHiBepcuTeTy imeHi B.H. Kapasina Cepis «leonoris. leorpadisi. Exonorisi» 1 2026 1 64 1 C. 314-330
Visnyk of V. N. Karazin Kharkiv National University, Series Geology. Geography. Ecology ' 2026 ' 64 | 314-330

50.0°N N
Khmelnytskyi (ESO) =
7 © Vinnytsia
o --7=2300 ® \\\‘\
49.5°N 1 . A2713’2 27133 o 0
@
® =
N °® Rt ¥ °Uman
2] ) . : : o
49.0°N “ et \
b 4“9 @® .. Voznesensk
Mohyii-Podisy S Eermnad @ o ° e o .
o
( J .“
48.5°N A LPS ) P X
Pervomaisk
° \
% & I\
235 S Mykolaiv
s ° ° o
48.0°N L o
27161 ! 14|
g e O @ 38512
\\\ \\\\\\\\\\ Y ’/,
Cluster profile Yuzhnouksainsk N O P
47.5°N < | [ mineralization-salinity profile 3 o
chakiv
A nutrient profile 9 e
ic-i i TS mm27167
@ organic-oxygen profile L
47.0°N A i
0 50 100 150 200 km Black Sea
 e— S—
46.5°N 1— T T T T T T T
26°E 27°E 28°E 29°E 30°E 31°E 32°E 33°E

Fig. 7. Spatial scheme of monitoring sites by clusters.

the reach downstream of the discharge of
Vinnytsiavodokanal.

Ranking of sites according to domestic-use
regulatory reference values is detailed in Table 9.

Table 9 shows that the maximum 16 values are
formed both in the lower part of the basin and at
selected upper reaches of the Southern Bug.

For a visual comparison of these sites by 16

magnitude, Fig. 8 is used.

Figure 8 confirms that, under domestic-use
reference values, differences among the leading
sites are moderate, although spatially they cover
different parts of the basin.

Under fishery-use reference values, the picture
1s substantially stricter: one site belongs to
screening class V, one to class IV, three to class
ITI, and most problematic reaches move into class
II. This demonstrates that ecosystem-oriented

Table 9
Sites with the highest 16 index according to domestic-use reference values
Site ID Monitoring site n 16 Risk class Limiting indicator Maximum K
Southern Bug River, 0.5 km, Mykolaiv, Il — moder-
27150 Bug Estuary, industrial water intake of 64 1.852 ate risk chlorides 6.010
Mykolaiv CHP (left part of the seaport)
Inhul River, 2 km, Mykolaiv, 2 Naberezhna Il - moder-
27167 Street, old pedestrian bridge across the 51 1.633 . chlorides 4.475
. ate risk
Inhul River
27132 Sputhern Bug River, 744 km, KopysFyn 71 1555 - n.10der- ammonium nitro- 4.588
village, downstream of Khmelnytskyi ate risk gen
Southern Bug River, 711 km, Medzhybi- _ g . .
27133 | zh urban-type settlement, Medzhybizh 67 | 1219 | !l—moder- | ammonium nitro 3.283
. ate risk gen
Reservoir
27153 Kodyma River, 103 km, Balta, agricultural 80 1.197 - moder— pe'rmanggnate 2427
water intake ate risk oxidizability
Southern Bug River, 569.5 km, 500 m
downstream of the Vinnytsiavodokanal Il — moder- permanganate
27138 discharge (1.5 km downstream of the 170 1.014 ate risk oxidizability 2105
Sabariv Reservoir dam)
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Fig. 8. Sites with the highest hydrochemical risk according to domestic-use reference values.

assessment is more sensitive to nutrient forms of
nitrogen, BODS5, sulphates, and oxygen deficit.

Sites with the highest 16 values under fishery-
use reference values are systematized in Table 10.

Table 10 demonstrates a sharp increase in
the I6 index in the upper Southern Bug, where
ammonium nitrogen acts as the limiting factor.

Graphical ranking of these sites is presented
in Fig. 9.

Figure 9 demonstrates that the fishery-use
approach substantially increases the contrast
between the most problematic and background
monitoring sites.

Discussion

The obtained results demonstrate that the
long-term monitoring series for the Southern
Bug should be interpreted not only through
mean concentrations, but through the combined
analysis of regulatory exceedance frequency,
seasonality, and site typology. If the analysis
were limited to mean concentrations alone,
some problematic reaches with high exceedance
frequencies or high peak ratios would remain
insufficiently highlighted. Therefore, the 16 index,
which focuses on the six most problematic partial
ratios, is a useful screening tool.

Table 10
Sites with the highest I6 index according to fishery-use reference values
Site ID Monitoring site n 16 Risk class Limiting indicator Maximum K
27132 Sputhern Bug River, 744 km, Kopys@yn 71 7.003 \(— critical ammonium 18.35
village, downstream of Khmelnytskyi risk nitrogen
Southern Bug River, 711 km, Medzhybi- ammonium
27133 zh urban-type settlement, Medzhybizh 67 4.678 | IV - high risk . 13.13
. nitrogen
Reservoir
Southern Bug River, 0.5 km, Mykolaiv, 11l — signifi-
27150 Bug Estuary, industrial water intake of 64 2.743 cant rigk chlorides 7.011
Mykolaiv CHP (left part of the seaport)
27153 Kodyma River, 103 km, Balta, agricultural 80 2694 - S|.gn|f|- nitrites 6.773
water intake cant risk
Southern Bug River, 569.5 km, 500 m
downstream of the Vinnytsiavodokanal Il — signifi- -
27138 discharge (1.5 km downstream of the 170 2539 cant risk nitrites 6.681
Sabariv Reservoir dam)
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Fig. 9. Sites with the highest hydrochemical risk according to fishery-use reference values.

Dominance of the organic-oxygen profile at most
sites does not imply the same state for the entire
basin system. On the contrary, this result should be
interpreted as a background structural feature of
long-term hydrochemical data, onto which nutrient
or mineralization-salinity deviations are locally
superimposed. For reaches downstream of large
settlements, increased BOD5, COD, permanganate
oxidizability, and nitrogen forms are logical. For
the lower part of the basin and estuarine zone,
a stronger role of chlorides and sulphates is
expected and may be associated with both natural-
hydrological and anthropogenic factors.

The nutrient profile identified for upper
Southern Bug sites has particular ecological
significance. Increased ammonium nitrogen,
nitrites, and phosphates may act as preconditions
for eutrophication, deterioration of oxygen regime,
and changes in biotic condition. In this respect,
the results are consistent with previous studies
in which nitrogen-containing substances were
considered priority pollutants under increased
environmental risk.

Comparison of domestic-use and fishery-
use reference values reveals a methodologically
important  difference. Under domestic-use
reference values, a substantial share of sites has
low or moderate screening risk. Under fishery-
use reference values, the picture is considerably
more stressed, because aquatic ecosystems are
more sensitive to organic loading, oxygen deficit,

326

nitrites, ammonium, and sulphates. Therefore,
for environmental planning, both scales should
be presented: the first characterizes the sanitary
and household dimension, whereas the second
reflects ecosystem vulnerability.

The applied methodology has several
limitations. First, it does not replace the official
ecological-status classification of surface-water
bodies, because it does not include the full set
of biological, hydromorphological, and priority
chemical indicators. Second, state monitoring
series have unequal repetition across sites and
indicators, so only sites with a sufficient number
of observations were selected for clustering. Third,
the absence of discharge data and information
on specific effluent releases does not allow the
analysis to move from hydrochemical profiling
to a full calculation of assimilative capacity
or maximum permissible discharge. Fourth,
technical extremes were removed at the level of
individual values rather than entire samples;
this minimizes information loss but requires
preservation of the data-cleaning protocol in
supplementary materials. At the same time, the
stability check confirmed that the main cluster
structure and the list of priority reaches do not
depend on isolated obvious technical values.
The resulting scheme is suitable for preliminary
identification of reaches that require further
detail in state monitoring programmes and river-
basin management plans.
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Conclusions

Based on processed state monitoring data for
2003-2026, 5,654 records from 95 monitoring
sites were analysed for the Southern Bug Basin.
After physical-chemical plausibility control, 57
obviously technical values were removed, which
increased the reliability of mean, index-based,
and cluster calculations.

Under domestic-use reference values, the most
frequent exceedances were identified for COD
(42.9% of samples), permanganate oxidizability
(40.8%), and BOD5 (14.8%), indicating the leading
role of organic loading in the overall structure of
the basin hydrochemical profile.

Under fishery-use reference values, violation
frequencies increase substantially: BOD5 —60.4%,
COD - 42.9%, sulphates — 42.4%, permanganate
oxidizability — 40.8%, nitrites — 31.5%, and
ammonium nitrogen — 18.8%. This confirms
the higher sensitivity of ecosystem-oriented
assessment to nutrient and organic pressure.

Seasonal profiles demonstrate a combination
of increased organic indicators during the warm
period with decreased dissolved oxygen. The
summer mean oxygen concentration is lower than

BHecok aBTOpiB: BCi aBTOpu 3po6WNM PIBHUIA BHECOK Y L0
poboty

KoHdnikT iHTepeciB: aBTopu 3acBiguyloTh, LU0, HE3BaXaro4n Ha
Te, Lo OAMH i3 aBTOPIB CTaTTi € YNEHOM pefaKLUiiHOT Konerii Liboro
XypHany, npouec peueH3yBaHHS, MPUAHSATTA PILLEHHA LWOAo
ny6nikauii Ta pegaryBaHHs NpoOBOAMNNCA He3arnexHo, 6e3 1oro
yyacTi un Bnnuey. Byab-siki NoTeHUilHi KOHNIKTY iHTepeciB Gynu
MOBHICTIO YCYHEHI LUMAXOM 30BHiLLUHBOrO KOHTPOIIO MpoLiecy.
Heknapauisi Npo BUKOPUCTaHHAI FeHEpPaTUBHOIO LUTYYHOrO
iHTenekTy: ABTOPU BUKOPUCTOBYBANW iHCTPYMEHTU reHepaTuBHO-
ro wryyHoro iHTenekty (GenAl) ans gonomixHoi po6otu: mogeni
ChatGPT-5.5 (OpenAl, 2026) B1KMHOYHO A1t MOBHOMO peaaryBaH-
HSl, CTPYKTYPHOrO BnopsiaKyBaHHs TekcTy; Grammarly — ans nepe-
BipKV NpaBUNbHOCTI Nepeknaay TEKCTY, @ TakoX ANs BUNPaBNeHHs
rpamaTuyHMX Ta CTUMICTUYHMX MOMWUIOK. YCi pe3ynsratn pobotu 3
UMMM iHCTpyMeHTamm Gynn peTenbHO KOHTPOMbOBaHI, nepesipe-
Hi Ta, 3a HeobxigHoOCTI, BiapegaroBaHi aBTopamu. Becb HaykoBwit
KOHTEHT, MaTepianu Ta BUCHOBKM Bynu cTBopeHi aBTopamu. ABTOpU
HecyTb MOBHY BiAMNOBiAaNbHICTb 3a 3MIiCT Ta LinicHiCTb nybnikauii.
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the winter mean, indicating seasonal stress of the
oxygen regime.

Clustering of 48 representative sites, justified
by testing K = 2-5 using the silhouette coefficient
and ecological interpretability, identified three
types of hydrochemical profiles: organic-oxygen
(43 sites), mineralization-salinity (3 sites), and
nutrient (2 sites). The organic-oxygen profile should
be interpreted as a baseline structural feature of
basin hydrochemical data rather than as uniformly
high pollution at all sites in this group.

The modified regulatory index I6 enabled
ranking of sites by hydrochemical risk. Under
domestic-use reference values, the highest values
were found for the Bug Estuary in Mykolaiv,
the lower Inhul River in Mykolaiv, the upper
Southern Bug downstream of Khmelnytskyi,
the Medzhybizh Reservoir, the Kodyma River
near Balta, and the reach downstream of the
Vinnytsiavodokanal discharge.

The proposed scheme is a screening tool and does
not substitute for official assignment of surface-water
bodies to ecological-status classes. It is appropriate
for identifying priority reaches for enhanced control,
optimizing monitoring programmes, and preparing
water-protection measures in the Southern Bug Basin.

Author Contributions: All authors contributed equally to this
work

Conflict of Interest: The authors certifies that, although one of
the authors of the article is a member of the editorial board of this
journal, the peer review, publication decision, and editorial pro-
cesses were conducted independently, without their participation
or influence. Any potential conflicts of interest were fully mitigated
through external oversight of the process.

Declaration of use of generative artificial intelligence: The
authors utilized generative artificial intelligence (GenAl) tools in
a supportive capacity: the ChatGPT-5.5 model (OpenAl, 2026)
exclusively for language editing and structural text organization;
Grammarly — to verify the correctness of the text translation, as
well as to correct grammatical and stylistic errors. All outputs
from these tools were carefully supervised, reviewed, and, where
necessary, edited by the authors. All scientific content, materials,
and conclusions were created by the authors. The authors retain
full responsibility for the content and integrity of the publication.

REFERENCES

1. Bezsonnyi, V., & Nekos, A. (2023). Analysis of the environmen-
tal risk of water bodies in conditions of military danger. 17th In-
ternational Conference Monitoring of Geological Processes
and Ecological Condition of the Environment, Monitoring 2023.
https://doi.org/10.3997/2214-4609.2023520153

2. Bezsonnyi, V., Plyatsuk, L., Ponomarenko, R., & Tretyakov, O.
(2023). Assessment of ecological safety of a surface water object.
17th International Conference Monitoring of Geological Process-
es and Ecological Condition of the Environment, Monitoring 2023.
https://doi.org/10.3997/2214-4609.2023520155

3. Bezsonnyi, V. (2022). Assessment of environmental risks from
the impact of domestic and industrial effluents. 16th Interna-
tional Conference Monitoring of Geological Processes and
Ecological Condition of the Environment, Monitoring 2022.
https://doi.org/10.3997/2214-4609.2022580218



https://doi.org/10.3997/2214-4609.2023520153
https://doi.org/10.3997/2214-4609.2023520155
https://doi.org/10.3997/2214-4609.2022580218
https://doi.org/10.3997/2214-4609.2023520153
https://doi.org/10.3997/2214-4609.2023520155
https://doi.org/10.3997/2214-4609.2022580218

ISSN 2410-7360 (Print)
ISSN 2411-3913 (Online)

BicHuk XapkiBcbkoro HaLjioHanbHoro yHisepeuTety imeHi B.H. KapasiHa Cepist «Ieonorisi. Feorpadisi. Ekonorisin | 2026 | 64 | C. 314-330
Visnyk of V. N. Karazin Kharkiv National University, Series Geology. Geography. Ecology ' 2026 ' 64 | 314-330

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

Gupta, S., & Gupta, S. K. (2021). A critical review on water quality
index tool: Genesis, evolution and future directions. Ecological Infor-
matics, 63, 101299. https://doi.org/10.1016/j.ecoinf.2021.101299
Chidiac, S., El Najjar, P., Ouaini, N., El Rayess, Y., & El Azzi,
D. (2023). A comprehensive review of water quality indices
(WQIs): History, models, attempts and perspectives. Reviews
in Environmental Science and Bio/Technology, 22, 349-395.
https://doi.org/10.1007/s11157-023-09650-7

Mogane, L. K., Masebe, T., Msagati, T. A. M., & Ncube, E. (2023).
A comprehensive review of water quality indices for lotic and lentic
ecosystems. Environmental Monitoring and Assessment, 195, 926.
https://doi.org/10.1007/s10661-023-11512-2

Akhtar, N., Syakir Ishak, M. ., Ahmad, M. |., Umar, K., Md Yusuff, M.
S., Anees, M. T., Qadir, A., & Ali Almanasir, Y. K. (2021). Modifica-
tion of the Water Quality Index (WQI) process for simple calculation
using the Multi-Criteria Decision-Making (MCDM) method: A review.
Water, 13(7), 905. https://doi.org/10.3390/w13070905

Muniz, D. H. F., & Oliveira-Filho, E. C. (2023). Multivariate statis-
tical analysis for water quality assessment: A review of research
published between 2001 and 2020. Hydrology, 10(10), 196.
https://doi.org/10.3390/hydrology 10100196

El Azhari, H., Cherif, E. K., Sarti, O., Azzirgue, E. M., Dakak, H.,
Yachou, H., Esteves da Silva, J. C. G., & Salmoun, F. (2023). As-
sessment of surface water quality using the Water Quality Index
(IWQ), multivariate statistical analysis (MSA) and Geographic In-
formation System (GIS) in Oued Laou Mediterranean Watershed,
Morocco. Water, 15(1), 130. https://doi.org/10.3390/w15010130
Wang, Z., Jia, D., Song, S., & Sun, J. (2023). Assessments of
surface water quality through the use of multivariate statistical
techniques: A case study for the watershed of the Yugiao Res-
ervoir, China. Frontiers in Environmental Science, 11, 1107591.
https://doi.org/10.3389/fenvs.2023.1107591

Yao, R., Wang, X., Chen, J., & Liu, S. (2022). Hydrochemi-
cal analysis, principal component analysis and clustering for
water quality evaluation: A case study in the Northern Sich-
uan Basin. Frontiers in Environmental Science, 10, 907872.
https://doi.org/10.3389/fenvs.2022.907872

Mammeri, A., Tiri, A., Belkhiri, L., Salhi, H., Brella, D., Lakouas, E.,
Tahraoui, H., Amrane, A., & Mouni, L. (2023). Assessment of surface
water quality using Water Quality Index and discriminant analysis
method. Water, 15(4), 680. https://doi.org/10.3390/w15040680
Barrie, A., Agodzo, S. K., Frazer-Williams, R., Awuah, E., & Bessah, E.
(2023). A multivariate statistical approach and water quality index for
water quality assessment for the Rokel River in Sierra Leone. Heliyon,
9(6), €16196. https://doi.org/10.1016/j.heliyon.2023.e16196

Gaur, N., Sarkar, A., Dutta, D., Gogoi, B. J., Dubey, R., & Dwivedi, S.
K. (2022). Evaluation of water quality index and geochemical char-
acteristics of surface water from Tawang India. Scientific Reports,
12, 11698. https://doi.org/10.1038/s41598-022-14760-3
Zhalmagambetova, U., Assanov, D., Neftissov, A., Biloshchytskyi,
A., & Radelyuk, I. (2024). Implications of Water Quality Index
and multivariate statistics for improved environmental regula-
tion in the Irtysh River Basin (Kazakhstan). Water, 16(15), 2203.
https://doi.org/10.3390/w16152203

Akiner, M. E., Chauhan, P., & Singh, S. K. (2024). Evaluation of
surface water quality in the Betwa River Basin through the Water
Quality Index model and multivariate statistical techniques. En-
vironmental Science and Pollution Research, 31, 18871-18886.
https://doi.org/10.1007/s11356-024-32130-6

Roy, B. N., Roy, H., Rahman, K. S., Mahmud, F., Bhuiyan, M.
M. K., Hasan, M., Bhuiyan, A.-A. K., Hasan, M., Mahbub, M.
S., Jahedi, R. M., & Islam, M. S. (2024). Principal component
analysis incorporated water quality index modeling for Dha-
ka-based rivers. City and Environment Interactions, 23, 100150.
https://doi.org/10.1016/j.cacint.2024.100150

Hammoumi, D., Al-Aizari, H. S., Alaraidh, I. A., Okla, M. K., As-
sal, M. E., Al-Aizari, A. R., Moshab, M. S., Chakiri, S., & Bejjaji,
Z. (2024). Seasonal variations and assessment of surface water
quality using Water Quality Index (WQI) and Principal Compo-
nent Analysis (PCA): A case study. Sustainability, 16(13), 5644.
https://doi.org/10.3390/su16135644

Jo, C. D,, Choi, S. Y., & Kwon, H. G. (2024). Statistical analysis of wa-
ter quality change by total maximum daily load policy stage. Applied
Water Science, 14, 176. https://doi.org/10.1007/s13201-024-02239-7

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

328

Gupta, S., & Gupta, S. K. (2021). A critical review on water quality
index tool: Genesis, evolution and future directions. Ecological Infor-
matics, 63, 101299. https://doi.org/10.1016/j.ecoinf.2021.101299
Chidiac, S., El Najjar, P., Ouaini, N., El Rayess, Y., & El Azzi,
D. (2023). A comprehensive review of water quality indices
(WQIs): History, models, attempts and perspectives. Reviews
in Environmental Science and Bio/Technology, 22, 349-395.
https://doi.org/10.1007/s11157-023-09650-7

Mogane, L. K., Masebe, T., Msagati, T. A. M., & Ncube, E. (2023).
A comprehensive review of water quality indices for lotic and lentic
ecosystems. Environmental Monitoring and Assessment, 195, 926.
https://doi.org/10.1007/s10661-023-11512-2

Akhtar, N., Syakir Ishak, M. ., Ahmad, M. I., Umar, K., Md Yusuff, M.
S., Anees, M. T., Qadir, A., & Ali Almanasir, Y. K. (2021). Modifica-
tion of the Water Quality Index (WQI) process for simple calculation
using the Multi-Criteria Decision-Making (MCDM) method: A review.
Water, 13(7), 905. https://doi.org/10.3390/w13070905

Muniz, D. H. F., & Oliveira-Filho, E. C. (2023). Multivariate statis-
tical analysis for water quality assessment: A review of research
published between 2001 and 2020. Hydrology, 10(10), 196.
https://doi.org/10.3390/hydrology 10100196

El Azhari, H., Cherif, E. K., Sarti, O., Azzirgue, E. M., Dakak, H.,
Yachou, H., Esteves da Silva, J. C. G., & Salmoun, F. (2023). As-
sessment of surface water quality using the Water Quality Index
(IWQ), multivariate statistical analysis (MSA) and Geographic In-
formation System (GIS) in Oued Laou Mediterranean Watershed,
Morocco. Water, 15(1), 130. https://doi.org/10.3390/w15010130
Wang, Z., Jia, D., Song, S., & Sun, J. (2023). Assessments of
surface water quality through the use of multivariate statistical
techniques: A case study for the watershed of the Yugiao Res-
ervoir, China. Frontiers in Environmental Science, 11, 1107591.
https://doi.org/10.3389/fenvs.2023.1107591

Yao, R., Wang, X., Chen, J., & Liu, S. (2022). Hydrochemi-
cal analysis, principal component analysis and clustering for
water quality evaluation: A case study in the Northern Sich-
uan Basin. Frontiers in Environmental Science, 10, 907872.
https://doi.org/10.3389/fenvs.2022.907872

Mammeri, A., Tiri, A., Belkhiri, L., Salhi, H., Brella, D., Lakouas, E.,
Tahraoui, H., Amrane, A., & Mouni, L. (2023). Assessment of surface
water quality using Water Quality Index and discriminant analysis
method. Water, 15(4), 680. https://doi.org/10.3390/w15040680
Barrie, A., Agodzo, S. K., Frazer-Williams, R., Awuah, E., & Bessah, E.
(2023). A multivariate statistical approach and water quality index for
water quality assessment for the Rokel River in Sierra Leone. Heliyon,
9(6), €16196. https://doi.org/10.1016/j.heliyon.2023.e16196

Gaur, N., Sarkar, A., Dutta, D., Gogoi, B. J., Dubey, R., & Dwivedi, S.
K. (2022). Evaluation of water quality index and geochemical char-
acteristics of surface water from Tawang India. Scientific Reports,
12, 11698. https://doi.org/10.1038/s41598-022-14760-3
Zhalmagambetova, U., Assanov, D., Neftissov, A., Biloshchytskyi,
A., & Radelyuk, I. (2024). Implications of Water Quality Index
and multivariate statistics for improved environmental regula-
tion in the Irtysh River Basin (Kazakhstan). Water, 16(15), 2203.
https://doi.org/10.3390/w16152203

Akiner, M. E., Chauhan, P., & Singh, S. K. (2024). Evaluation of
surface water quality in the Betwa River Basin through the Water
Quality Index model and multivariate statistical techniques. En-
vironmental Science and Pollution Research, 31, 18871-18886.
https://doi.org/10.1007/s11356-024-32130-6

Roy, B. N., Roy, H., Rahman, K. S., Mahmud, F., Bhuiyan, M.
M. K., Hasan, M., Bhuiyan, A.-A. K., Hasan, M., Mahbub, M.
S., Jahedi, R. M., & Islam, M. S. (2024). Principal component
analysis incorporated water quality index modeling for Dha-
ka-based rivers. City and Environment Interactions, 23, 100150.
https://doi.org/10.1016/j.cacint.2024.100150

Hammoumi, D., Al-Aizari, H. S., Alaraidh, I. A., Okla, M. K., As-
sal, M. E., Al-Aizari, A. R., Moshab, M. S., Chakiri, S., & Bejjaji,
Z. (2024). Seasonal variations and assessment of surface water
quality using Water Quality Index (WQI) and Principal Compo-
nent Analysis (PCA): A case study. Sustainability, 16(13), 5644.
https://doi.org/10.3390/su16135644

Jo, C. D,, Choi, S. Y., & Kwon, H. G. (2024). Statistical analysis of wa-
ter quality change by total maximum daily load policy stage. Applied
Water Science, 14, 176. https://doi.org/10.1007/s13201-024-02239-7



https://doi.org/10.1016/j.ecoinf.2021.101299
https://doi.org/10.1007/s11157-023-09650-7
https://doi.org/10.1007/s10661-023-11512-2
https://doi.org/10.3390/w13070905
https://doi.org/10.3390/hydrology10100196
https://doi.org/10.3390/w15010130
https://doi.org/10.3389/fenvs.2023.1107591
https://doi.org/10.3389/fenvs.2022.907872
https://doi.org/10.3390/w15040680
https://doi.org/10.1016/j.heliyon.2023.e16196
https://doi.org/10.1038/s41598-022-14760-3
https://doi.org/10.3390/w16152203
https://doi.org/10.1007/s11356-024-32130-6
file:///E:/%d0%b3%d0%b5%d0%be%d0%bb%d0%be%d0%b3%d0%b8%d1%8f/64_2026/%d0%b5%d0%ba%d0%be%d0%bb/%d0%91%d0%b5%d0%b7%d1%81%d0%be%d0%bd%d0%bd%d0%b8%d0%b9/16/j.cacint.2024.100150
https://doi.org/10.3390/su16135644
https://doi.org/10.1007/s13201-024-02239-7
https://doi.org/10.1016/j.ecoinf.2021.101299
https://doi.org/10.1007/s11157-023-09650-7
https://doi.org/10.1007/s10661-023-11512-2
https://doi.org/10.3390/w13070905
https://doi.org/10.3390/hydrology10100196
https://doi.org/10.3390/w15010130
https://doi.org/10.3389/fenvs.2023.1107591
https://doi.org/10.3389/fenvs.2022.907872
https://doi.org/10.3390/w15040680
https://doi.org/10.1016/j.heliyon.2023.e16196
https://doi.org/10.1038/s41598-022-14760-3
https://doi.org/10.3390/w16152203
https://doi.org/10.1007/s11356-024-32130-6
file:///E:/%d0%b3%d0%b5%d0%be%d0%bb%d0%be%d0%b3%d0%b8%d1%8f/64_2026/%d0%b5%d0%ba%d0%be%d0%bb/%d0%91%d0%b5%d0%b7%d1%81%d0%be%d0%bd%d0%bd%d0%b8%d0%b9/16/j.cacint.2024.100150
https://doi.org/10.3390/su16135644
https://doi.org/10.1007/s13201-024-02239-7

ISSN 2410-7360 (Print)
ISSN 2411-3913 (Online)

BicHuk XapkiBcbkoro HaLjioHanbHoro yHisepeuTety imeHi B.H. KapasiHa Cepist «Ieonorisi. Feorpadisi. Ekonorisin | 2026 | 64 | C. 314-330
Visnyk of V. N. Karazin Kharkiv National University, Series Geology. Geography. Ecology ' 2026 ' 64 | 314-330

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Alfaleh, A., Ben Khedher, N., & Alviz-Meza, A. (2023). Is the entro-
py-weighted water quality index a suitable index for evaluating the
groundwater quality in Ha'il, Saudi Arabia? Water Science and Tech-
nology, 88(3), 778-797. https://doi.org/10.2166/wst.2023.230
Bezsonnyi, V., Tretyakov, O., Plyatsuk, L., Ponomarenko, R.,
& Davydova, O. (2025). Seasonal and spatial dynamics of
entropy-weighted water quality assessment in surface wa-
ters of Ukraine. Visnyk of V. N. Karazin Kharkiv National Uni-
versity, Series Geology. Geography. Ecology, 62, 384-400.
https://doi.org/10.26565/2410-7360-2025-62-29

Bezsonnyi, V. (2025). Entropy-weighted model for assessing
the environmental safety of surface waters in the Southern
Bug river basin. Visnyk of V. N. Karazin Kharkiv National
University. Series Geology. Geography. Ecology, (63), 516-529.
https://doi.org/10.26565/2410-7360-2025-63-38

Naddeo, V., Zarra, T., Pervez, M. N., Papamichael, I., Zorpas, A.
A, Li, C.-W., Klontza, E., Lekkas, D. F., & Belgiorno, V. (2023). A
comparative analysis of ecological status assessment in river wa-
ter quality under the European Water Framework Directive. Case
Studies in Chemical and Environmental Engineering, 8, 100477.
https://doi.org/10.1016/j.cscee.2023.100477
Wauijts, S., Van Rijswick, H. F. M. W., Driessen, P. P. J., & Runhaar,
H. A. C. (2023). Moving forward to achieve the ambitions of the
European Water Framework Directive: Lessons learned from the
Netherlands. Journal of Environmental Management, 333, 117424.
https://doi.org/10.1016/j.jenvman.2023.117424
Zhu, M., Wang, J., Yang, X., Zhang, Y., Zhang, L., Ren, H., Wu, B.,
& Ye, L. (2022). A review of the application of machine learning in
water quality evaluation. Eco-Environment & Health, 1(2), 107-116.
https://doi.org/10.1016/j.eehl.2022.06.001

Uddin, M. G., Rahman, A., Taghikhah, F. R., & Olbert, A. I. (2024).
Data-driven evolution of water quality models: An in-depth investi-
gation of innovative outlier detection approaches-A case study of
Irish Water Quality Index (IEWQI) model. Water Research, 255,
121499. https://doi.org/10.1016/j.watres.2024.121499

State Water Agency of Ukraine. (2026). Surface water monitoring.
URL: https://www.davr.gov.ua/monitoring-poverhnevih-vod1
[in Ukrainian]

On approval of the Methodology for assigning a surface water body
to one of the classes of ecological and chemical status: Order of
the Ministry of Environmental Protection of Ukraine No. 5, Janu-
ary 14, 2019. URL: https://zakon.rada.gov.ua/go/z0127-19
[in Ukrainian]

On approval of hygienic standards for the quality of water bodies
for drinking, domestic and other needs of the population: Order
of the Ministry of Health of Ukraine No. 721, May 2, 2022. URL:
https://zakon.rada.gov.ua/go/z0524-22 [in Ukrainian]

On approval of methodological recommendations for the develop-
ment of maximum permissible discharge standards for pollutants
discharged into water bodies with return waters: Order of the Minis-
try of Environmental Protection of Ukraine No. 173, March 5, 2021.
URL: https://zakon.rada.gov.ua/go/v0173926-21 [in Ukrainian]
European Parliament and Council. (2000). Directive 2000/60/EC es-
tablishing a framework for Community action in the field of water
policy. Official Journal of the European Communities, L327, 1-73.
http://data.europa.eu/eli/dir/2000/60/0j

APHA, AWWA, & WEF. (2023). Standard Methods for the Ex-
amination of Water and Wastewater (24th ed.). APHA Press.
https://secure.apha.org/imis/ltemDetail?iProduct-
Code=978-087553-2998&CATEGORY=BK

ISO. (2018). ISO 5667-3:2024 Water quality - Sampling - Part 3:
Preservation and handling of water samples. https://www.iso.org/
standard/82273.html

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

329

Alfaleh, A., Ben Khedher, N., & Alviz-Meza, A. (2023). Is the entro-
py-weighted water quality index a suitable index for evaluating the
groundwater quality in Ha'il, Saudi Arabia? Water Science and Tech-
nology, 88(3), 778-797. https://doi.org/10.2166/wst.2023.230
Bezsonnyi, V., Tretyakov, O., Plyatsuk, L., Ponomarenko, R.,
& Davydova, O. (2025). Seasonal and spatial dynamics of
entropy-weighted water quality assessment in surface wa-
ters of Ukraine. Visnyk of V. N. Karazin Kharkiv National Uni-
versity, Series Geology. Geography. Ecology, 62, 384-400.
https://doi.org/10.26565/2410-7360-2025-62-29

Bezsonnyi, V. (2025). Entropy-weighted model for assessing
the environmental safety of surface waters in the Southern
Bug river basin. Visnyk of V. N. Karazin Kharkiv National
University. Series Geology. Geography. Ecology, (63), 516-529.
https://doi.org/10.26565/2410-7360-2025-63-38

Naddeo, V., Zarra, T., Pervez, M. N., Papamichael, I., Zorpas, A.
A., Li, C.-W.,, Klontza, E., Lekkas, D. F., & Belgiorno, V. (2023). A
comparative analysis of ecological status assessment in river wa-
ter quality under the European Water Framework Directive. Case
Studies in Chemical and Environmental Engineering, 8, 100477.
https://doi.org/10.1016/j.cscee.2023.100477

Wauijts, S., Van Rijswick, H. F. M. W,, Driessen, P. P. J., & Runhaar,
H. A. C. (2023). Moving forward to achieve the ambitions of the
European Water Framework Directive: Lessons learned from the
Netherlands. Journal of Environmental Management, 333, 117424.
https://doi.org/10.1016/j.jenvman.2023.117424

Zhu, M., Wang, J., Yang, X., Zhang, Y., Zhang, L., Ren, H., Wu, B,
& Ye, L. (2022). A review of the application of machine learning in
water quality evaluation. Eco-Environment & Health, 1(2), 107-116.
https://doi.org/10.1016/j.eehl.2022.06.001

Uddin, M. G., Rahman, A., Taghikhah, F. R., & Olbert, A. I. (2024).
Data-driven evolution of water quality models: An in-depth investi-
gation of innovative outlier detection approaches-A case study of
Irish Water Quality Index (IEWQI) model. Water Research, 255,
121499. https://doi.org/10.1016/j.watres.2024.121499

State Water Agency of Ukraine. (2026). Surface water monitoring.
URL: https://www.davr.gov.ua/monitoring-poverhnevih-vod1
[in Ukrainian]

On approval of the Methodology for assigning a surface water body
to one of the classes of ecological and chemical status: Order of
the Ministry of Environmental Protection of Ukraine No. 5, Janu-
ary 14, 2019. URL: https://zakon.rada.gov.ua/go/z0127-19
[in Ukrainian]

On approval of hygienic standards for the quality of water bodies
for drinking, domestic and other needs of the population: Order
of the Ministry of Health of Ukraine No. 721, May 2, 2022. URL:
https://zakon.rada.gov.ua/go/z0524-22 [in Ukrainian]

On approval of methodological recommendations for the develop-
ment of maximum permissible discharge standards for pollutants
discharged into water bodies with return waters: Order of the Minis-
try of Environmental Protection of Ukraine No. 173, March 5, 2021.
URL: https://zakon.rada.gov.ua/go/v0173926-21 [in Ukrainian]
European Parliament and Council. (2000). Directive 2000/60/EC es-
tablishing a framework for Community action in the field of water
policy. Official Journal of the European Communities, L327, 1-73.
http://data.europa.eu/eli/dir/2000/60/0j

APHA, AWWA, & WEF. (2023). Standard Methods for the Ex-
amination of Water and Wastewater (24th ed.). APHA Press.
https://secure.apha.org/imis/IltemDetail?iProduct-
Code=978-087553-2998&CATEGORY=BK

ISO. (2018). I1SO 5667-3:2024 Water quality - Sampling - Part 3:
Preservation and handling of water samples. https://www.iso.org/
standard/82273.html



https://doi.org/10.2166/wst.2023.230
https://doi.org/10.26565/2410-7360-2025-62-29
https://doi.org/10.26565/2410-7360-2025-63-38
https://doi.org/10.1016/j.cscee.2023.100477
https://doi.org/10.1016/j.jenvman.2023.117424
https://doi.org/10.1016/j.eehl.2022.06.001
https://doi.org/10.1016/j.watres.2024.121499
https://www.davr.gov.ua/monitoring-poverhnevih-vod1
https://zakon.rada.gov.ua/go/z0127-19
https://zakon.rada.gov.ua/go/z0524-22
https://zakon.rada.gov.ua/go/v0173926-21
http://data.europa.eu/eli/dir/2000/60/oj
https://secure.apha.org/imis/ItemDetail?iProductCode=978-087553-2998&CATEGORY=BK
https://secure.apha.org/imis/ItemDetail?iProductCode=978-087553-2998&CATEGORY=BK
https://www.iso.org/standard/82273.html
https://www.iso.org/standard/82273.html
https://doi.org/10.2166/wst.2023.230
https://doi.org/10.26565/2410-7360-2025-62-29
https://doi.org/10.26565/2410-7360-2025-63-38
https://doi.org/10.1016/j.cscee.2023.100477
https://doi.org/10.1016/j.jenvman.2023.117424
https://doi.org/10.1016/j.eehl.2022.06.001
https://doi.org/10.1016/j.watres.2024.121499
https://www.davr.gov.ua/monitoring-poverhnevih-vod1
https://zakon.rada.gov.ua/go/z0127-19
https://zakon.rada.gov.ua/go/z0524-22
https://zakon.rada.gov.ua/go/v0173926-21
http://data.europa.eu/eli/dir/2000/60/oj
https://secure.apha.org/imis/ItemDetail?iProductCode=978-087553-2998&CATEGORY=BK
https://secure.apha.org/imis/ItemDetail?iProductCode=978-087553-2998&CATEGORY=BK
https://www.iso.org/standard/82273.html
https://www.iso.org/standard/82273.html

ISSN 2410-7360 (Print)
ISSN 2411-3913 (Online)

BicHuk XapkiBcbkoro HaLjioHanbHoro yHisepeuTety imeHi B.H. KapasiHa Cepist «Ieonorisi. Feorpadisi. Ekonorisin | 2026 | 64 | C. 314-330
Visnyk of V. N. Karazin Kharkiv National University, Series Geology. Geography. Ecology ' 2026 ' 64 | 314-330

@axkTopHO-KIacTepHe npodimoBanaa akocti Box Ilismennoro Byry

Bitanin BescoHHun',

https://orcid.org/0000-0001-8089-7724, e-mail: vitalii.bezsonnyi@hneu.ne

0. mexH. H., JoueHm, Kaghedpa 20MesibHO20, PeCMOPAHHO20 OI3Hecy | Kpagmosux mexHoio2il

Anna Hekoc?,

https://orcid.org/0000-0003-1852-0234, e-mail: alnekos999@gmail.com

0. 2eoep. H., npoghecop, Kagedpa eKo02i4HO20 MOHIMOPUH2Y MA 304N08I0H0L CNPABU

OkcaHa [laBugosa’,

https://orcid.org/0000-0003-3045-9464, e-mail: davydova_oks@ukr.net

0. eKOH. H., npoghecop, 3a8. Kagheopu 20MesibH020, PeCMOPAHHO20 6i3HeCy | Kpaghmosux mexHoio2ii

Hartansa Banaubka',

https://orcid.org/0000-0003-3940-1568, e-mail: natyrbal_28@ukr.net

0. eKoH. H., ouernm, Kagheopa 20mesbH020, PecmoparHo2o 0iaHecy i Kpaghmosux mexHoso2ii

Omutpo KpamapeHko',

https://orcid.org/0000-0003-1353-686X, e-mail: kramarenko_dp@ukr.net

K. MexH. H., douenm, kaghedpa 20mesbH020, pecmoparHo2o 6i3Hecy i Kpagphmosux mexHono2il

HaTanis YepeBuuHa',

https://orcid.org/0000-0002-6660-5366, e-mail: cherevichna@gmail.com

K. MeXH. H., 0oueHm, kagheopa 20mesbH020, PeCMOPaHH020 OI3Hecy I KpAPmosux mexHon02ill

I Xapriscokuil HayloHabHul ekoHomivHut yHisepcumem imeni Cemena Kysneys, Xapkis, Yepaina

2 Xapriscorkull HaulonanvHull yrisepcumem imeni B. H. Kapasina, Xaprie, Yrpaina

AHOTALUIA

MeToto gocnigkeHHs € haKTOpPHO-KNacTepHe Ta HOPMATUBHO-IHOEKCHE NPOointoBaHHA
HaraTopiyHMX rigpoximiyHMX psgiB pidok GaceiHy [liBgeHHoro Byry ans BugineHHs
OiNsSHOK i3 JOMiHYBaHHAM opraHiyHoro, GioreHHoro abo MiHepanisauiliHo-ConboBoro
3abpyaHEeHHs Ta paHXXyBaHHS MYHKTIB Aep>KaBHOrO MOHITOPUHTY 3a piBHEM FiApOXiMiYHOro
pu3uky. BuxigHoto 6a3oto ctanu o6pobneHi AaHi 4epXKaBHOrO MOHITOPUHIY NOBEPXHEBUX
Boa [HepxsopareHTcTBa 3a 2003-2026 pp. BukopuctaHo po3paxyHOK cepegHix
GaraTopiYHNX KOHLEHTpaLii, CE30HHUX MPOQIniB, YaCTOTM Ta KPATHOCTI NEPEBULLEHHS
HOPMaTUBHUX OpPIEHTUPIB, MoandikoBaHWUI HOPMaTUBHUI iHOEKC |6, aHani3 ronoBHUX
KOMMOHEHT i KracTepusauito 3a 6rnokoBuMK rigpoximMmidyHumMmn npodinammn. MeTtoguyHa
cxema aganTye CydacHWUI iHaeKCHO-hakTOpHO-KNacTepHUiA Niaxia Ao ymoB 6araTopiuHmx
MOHITOpUHIoBMX psAdiB. Y mexax GaceviHy lliBaeHHoro Byry BigibpaHo 5654 3anuvcu
3 95 nyHkTiB cnoctepexeHb 3a nepiod 3 13.01.2003 po 18.03.2026. lMicna koHTponto
i3nKo-ximMiyHOI MpaBaonodibHoCTi BUNyYyeHo 57 O4EBMOHO TEXHIYHMX 3HayeHb. 3a
rocnogapcbko-nobyToBUMK  OpiEHTMpPaMK  HaWyacTili NepeBULLEHHS BCTaHOBMEHO
ana XCK (42,9 % npo6), nepmaHraHaTHoi okucHioBaHocTi (40,8 %) i BCKS5 (14,8 %).
3a puborocrnogapcbkuMn opieHTUpamy Hawbinbw npobnemuumn € BCKS5 (60,4 %),
XCK (42,9 %), cynbthatn (42,4 %), nepmaHraHaTHa OKWUCHIOBaHiCcTb (40,8 %), HITpUTK
(31,5 %) Ta amoHiiHWIA asoT (18,8 %). Knactepusauis 48 penpe3eHTaTMBHMX MYHKTIB
BMAINUNA oOpraHiyHo-KUCHeBUIA npodoink (43 nNyHKTM), MiHepanisauinHO-ConbOoBMIA
npodinb (3 nyHkTW) Ta BioreHHW npodink (2 NyHKTK). HanBWLWMIA HOPMATUBHUIA iHOEKC
16 3a rocnogapcbko-nobyTOBMMM OpPiEHTUPaAMM XapaKTEPHWA ANS HWKHBOI YaCcTUHU
MiBaeHHoro byry B pavioHi byabkoro numany, p. IHryn y m. Mukonais, a Takox BepXHix
ainaHok lNiBaeHHoro byry Hwxye M. XMenbHUUbKMA. HaykoBa HOBM3Ha nomnsrae y
noeaHaHHi 6aratopiyHoro 6acetHoBoro NPogintoBaHHS 3 HOPMAaTMBHOI iIHTEprpeTaLieo
4acTOTU NepeBuLLEHb | IHOAEKCHUM paHXyBaHHSAM MYHKTIB MOHITOPUHrY. pakTnyHe
3HaYeHHs pe3ynbTaTiB NnonsArac y BU3HaYeHHi NPIopUTETHMX AiNSHOK AN nornubneHoro
KOHTPOIMO, YTOYHEHHS NPOrpam MOHITOPUHTY Ta MnaHyBaHHS BOAOOXOPOHHUX 3axogiB.
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IHOOPMALIIA MPO CTATTHO :

Pykonuc Haginwos
5 6epesHsa 2026

OTpumMaHo nicns peueH3yBaHHs
9 TpaBHsa 2026

3aTBepKeHO [0 APYKY
25 TpaBHs 2026

Ony6nikoBaHO OHNamH
30 TpaBHs 2026

Knto4yoBicnoea:

nosepxHesi Boaw; lMiBgeHHun Byr; rigpo-
XiMiYHMI npodpinb; AepXaBHWUMA MOHITO-
pVIHF; opraHiyHe 3abpyaHeHHs; BioreHHi
peyoBuHK; MiHepanizauia; [OK; knac-
Tepu3auisi; iHaeKkc 3abpyaHeHHS.
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