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Water resources of the Kryvyi Rih iron ore basin are exposed to considerable anthropogenic pressure caused by
the discharge of highly mineralized mine and quarry waters, which leads to degradation of the natural water bodies.
Particular attention should be paid to monitoring the chemical composition in the Inhulets, Saksahan, and Dnipro
rivers, which form the regional hydrographic network and serve as important sources for economic water use.

Aim is to provide a comprehensive assessment of the chemical composition and ecological status of surface wa-
ters within the Kryvyi Rih iron ore basin, using the Inhulets, Saksahan, and Dnipro rivers and the reservoirs of the city
of Kryvyi Rih as case studies, with consideration of territorial and seasonal variations in mineralization, hardness,
ionic composition, and organic pollution indicators.

Data from the state monitoring of surface waters (2020-2023) and protocols of departmental laboratory ob-
servations (2000-2023) were used. The analysis was performed based on the following parameters: pH, hardness,
total dissolved solids, chloride and sulfate concentrations, BODs, BOD,o, COD, dissolved oxygen, and nitrogen forms.
Data processing was carried out using descriptive statistical methods, with comparisons among sampling sites and
seasonal dynamics, relative to the maximum permissible concentrations (Order of the Ministry of Health of Ukraine
No. 721, 2022).

It was established that the main factor contributing to non-compliance with water quality standards is increased
mineralization due to elevated concentrations of Cl~ and SO42~ ions, particularly in areas affected by requlated mine
water discharges. Dissolved oxygen, BOD, and COD values indicate a moderate organic load, while nitrogen com-

pounds generally comply with regulatory limits.

River basins of the Inhulets and Saksahan are characterized by local areas with elevated mineralization levels,
reflecting the technogenic impact of mining enterprises. Strengthening monitoring and implementing mine-water
demineralization technologies are advisable to reduce ionic loading.
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monitoring.

Connection of the publication with planned re-
search work.

The study was carried out within the framework of
the research project “Conducting scientific research and
searching for comprehensive environmentally accept-
able solutions for systems of sequential and multiple use
of water, including water supplied by other enterprises”,
state registration number 0120U103938.

Introduction.

Changes in the chemical composition of water in
natural water bodies of the Kryvyi Rih iron ore basin,
caused by the long-term impact of mining enterprises
(discharge of highly mineralized mine and quarry waters,
dewatering of mining workings, filtration from sludge
and tailings disposal sites), cause increased environmen-
tal risks for aquatic ecosystems and public health. In-
sufficient efficacy of treatment technologies, combined
with periodic regulated discharges into recipient rivers
(the Inhulets River basin and its tributary, the Saksahan
River, which flows into the Inhulets River within the city
of Kryvyi Rih), leads to regional and seasonal increases
of salinity — chlorides (Cl), sulfates (SO,*), dry residue —
as well as to increased concentrations of certain heavy
metals and deterioration of organoleptic properties of
water [1-4].

Studies within the Kryvyi Rih iron ore basin demon-
strate local areas with elevated anthropogenic pressure,

while the assessment of environmental risk associated
with mine-water discharges into the Inhulets River con-
firm the significance of this problem for at least the last
two decades [3-4]. An additional negative factor is the
consequences of military actions during 2022-2025, in
particular the destruction of the Kakhovka Hydropow-
er Plant (June 2023), which resulted in large-scale re-
suspension of bottom sediments and transportation of
pollutants in the Dnipro cascade, as well as a short-term
impact on the north-western part of the Black Sea [5-6].

Ukraine is one of the countries with relatively low
availability of internal renewable freshwater resources.
According to the World Bank’s 2021 estimate, approx-
imately 1,244 m® per person per year [7]. This indica-
tor places Ukraine in the zone of increased hydrologi-
cal pressure according to the Falkenmark Water Stress
Index, where threshold values are interpreted as critical
limits of water availability: volumes below 1,700 m3 per
person per year indicate water stress, while volumes
below 1,000 m® per person per year indicate water scar-
city. The current level reflects systemic vulnerability of
Ukraine’s water resources and the risk of transforma-
tion of local deficits into regular restrictions under un-
favorable hydrometeorological conditions or increased
anthropogenic pressure [8]. During 2010-2023, Europe
demonstrated slow progress in achieving “good” water
status under the Water Framework Directive (WFD). In
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2021, only about 37% of surface water bodies reached
good or high ecological status, while the main sources of
pressure —municipal wastewater, agricultural and indus-
trial pollution — continue to be systemic [9-11].

For Ukraine, River Basin Management Plans (RBMPs)
for 2025-2030 were approved in 2024-2025, imple-
menting WFD requirements. Priority measures include
reducing discharges of untreated and under-treated
wastewater, preventing eutrophication, and applying
modern treatment technologies at wastewater facilities
and in the mining industry [12-13]. This frames the tech-
nical and economic assessment of mine-water demin-
eralization solutions in the Inhulets and Saksahan rivers
basins and integration of relevant solutions into action
plans. For areas of the Kryvyi Rih iron ore basin, desali-
nation of mineralized wastewater and advanced treat-
ment of mine waters remain relevant, as confirmed by
recent applied and review studies [14-15].

Mine and quarry waters from the mining industry
represent one of the main factors causing the salinisa-
tion of natural water bodies in Ukraine. In 2023, enter-
prises in the Kryvyi Rih iron ore basin were required to
discharge excess return (mine) water into the Inhulets
River through the Balka Svistunova storage pond, an
artificial water collection reservoir that accumulates
filtration and wash water from adjacent workings and
disposal sites. The total volume of discharges was about
11.9 million m3, with the contribution of individual en-
terprises indicated [16]. At the end of 2024, one of the
enterprises discharged about 5.20 million m*® (approxi-
mately 47.5% of the total regulated volume for the peri-
od) [17]. In the Dnieper River basin, the environmental
quality standards (EQS) for cadmium and nickel in water,
as well as for mercury (30.2 pg/kg for EQS 20 pg/kg) and
polybrominated diphenyl ethers (PBDEs) in biota, were
exceeded. At the same time, screening monitoring iden-
tified more than 600 organic micropollutants (including
161 identified compounds), confirming the multicom-
ponent nature of basin pollution and substantiating the
need for enhanced, targeted monitoring [18].

Intensive dewatering forms depression cones, alters
the balance of surface and groundwater outflow, and in-
creases the risks of secondary salinization in infiltration
zones [19]. A significant number of technogenic objects
are concentrated within the Kryvyi Rih iron ore basin: 17
large open pits, 8 mines, 9 tailings storage facilities, 37
waste rock dumps, and 3 slag dumps. Disturbed areas
cover approximately 3,750 ha, while the volume of
open-pit and subsidence voids exceeds 4.5 billion m?3;
waste dumps and tailings facilities provide for about
65% of land-surface alterations [20]. The project’s de-
sign capacity for the new section of the tailings pond is
approximately 29.4¢10° m? for one of the largest enter-
prises in the region, and the total capacity is 34.8¢10°
m3, which shows the scale of the projected capacities
for storing tailings and technical water and justifies the
need for enhanced environmental assessment of such
facilities [21].

Current reviews of mine and quarry water treat-
ment technologies indicate high efficiency in removing
ions and heavy metals, however, there are also signifi-
cant limitations: energy intensity of processes, cost and
methods of concentrate handling, risks of membrane
fouling and contamination, and the associated main-
tenance costs. Multistage combined processes are rec-

ommended: primary chemical pretreatment (pH adjust-
ment, coagulation, flocculation, oxidation), followed by
membrane stages with prefiltration (sand and carbon
filters, ultrafiltration), and final precipitation or crystal-
lization to convert dissolved salts into solid or paste-like
forms suitable for disposal [22-23].

The water resources of the Kryvyi Rih region are
formed by the Dnipro-Inhulets-Saksahan rivers and a
cascade of reservoirs (Makortivske, Kresivske, Dzer-
zhynske). Long-term mining activities have caused the
straightening and crossing of ravines, changed the sur-
face flow and infiltration conditions, and formed man-
made reservoirs and aeration zones, which significantly
affect the hydrochemical regime of watercourses [20,
24]. The system of drainage and accumulation of mine
water with controlled discharges during the inter-vege-
tation period and subsequent ecological releases from
reservoirs is a compromise in the absence of economi-
cally efficient energy-saving technologies for deep puri-
fication; it causes seasonal and regional heterogeneity
of CI, 5042', dry residue and electrical conductivity indi-
cators in the Inhulets-Saksagan system and downstream
of the Dnipro River [3, 17, 25-26].

For the Inhulets and Saksahan rivers, periodic ex-
ceeding of total hardness, mineralisation, sulphate and
chloride content, as well as fluctuations in dissolved oxy-
gen, biochemical oxygen demand over 5 days (BOD,) and
chemical oxygen demand (COD) are recorded. In reser-
voirs (especially Karachunivsky and Kresivsky), there is
an accumulation of impurities and isolated exceedances
for certain metals and phosphorus, which justifies in-
creased control of sources and adjustment of the oper-
ating modes of hydraulic structures [1, 4, 27]. Studies on
the Saksagan River have shown spatial heterogeneity in
water quality and occasional exceedances in ion compo-
sition and mineralisation, which is consistent with the in-
tegrated assessment of the ecological status of the river
[1].

Significant contributions are made by filtration leak-
age from tailings ponds and storage facilities (risks of
underwatering, rising groundwater levels and second-
ary salinisation of coastal areas) and irrigation (about
18,000 hectares), which on loess plains with a weak
gully-ravine structure increases the sensitivity of the
system to changes in infiltration, evaporation and salt
accumulation. Generalised criteria for impact on aquatic
biota include indicators of total mineralisation, electrical
conductivity and chloride and sulphate concentrations
[27]. Reviews by the U.S. Geological Survey (2024) con-
firm the increasing risks of freshwater salinisation and
the need for targeted monitoring and management of
ion load sources [28-29].

Regardless of the considerable number of studies de-
voted to the environmental assessment of the Inhulets
River basin, certain aspects related to the comprehen-
sive assessment of the impact of mining activities on
water quality are still unresolved. Generalized criteria
for assessing seasonal variability of mineralization, hard-
ness, and organic load indicators have not been estab-
lished, which limits the effectiveness of environmental
monitoring. Updated data on the ionic composition of
water during periods of regulated discharges and flush-
ing operations, which are of key importance for water
management balance control, are lacking. Thus, the arti-
cle is aimed to clarify scientific ideas about the patterns
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of formation of the hydrochemical regime of surface wa-
ters in the Kryvyi Rih iron ore basin, taking into account
anthropogenic load, seasonal factors and modern regu-
latory criteria for water quality.

The aim of the study.

A comprehensive assessment of the chemical com-
position and ecological status of surface waters of the
Kryvyi Rih iron ore basin using the Inhulets, Saksahan,
and Dnipro rivers and the reservoirs of the city of Kryvyi
Rih as examples, taking into account territorial and sea-
sonal differences in mineralization, hardness, ionic com-
position, and organic load indicators.

Object and research methods.

The object of the study is water quality indicators
and the chemical composition of natural surface water
bodies of the Kryvyi Rih iron ore basin — the Saksahan,
Inhulets, and Dnipro rivers, as well as the Pivdenne and
Karachunivske reservoirs.

The subject of the study includes territorial features
of the formation of water chemical composition, levels
of mineralization, hardness, and organic load depending
on seasons, as well as compliance with hygienic stan-
dards.

Research methods. The main physical and chemical
indicators, mineralization and salt composition, indica-
tors of organic load, and the content of chemical sub-
stances in surface water bodies of the Kryvyi Rih iron ore
basin — the Saksahan, Inhulets, and Dnipro rivers — as
well as the waters of the Pivdenne and Karachunivske
reservoirs were studied. The research was based on the
generalization of results of state monitoring of surface
waters conducted by the State Agency of Water Resourc-
es of Ukraine (2020-2023) and observations of industrial
laboratories (2000-2023). The main sampling locations
were determined taking into account the hydrology of
the areas and anthropogenic influence. Sampling was
carried out in accordance with the requirements of
DSTU EN ISO 5667-6:2025 Water quality. Sampling. Part
6. Guidance on sampling of rivers and streams (EN 1SO
5667-6:2016, IDT; ISO 5667-6:2014, IDT) and DSTU ISO
5667-3:2016 / I1SO 5667-3:2024 regarding preservation,
transportation, and storage of samples.

Indicators of water composition and properties were
analyzed for the Pivdenne Reservoir, Karachunivske Res-
ervoir, the Inhulets River (Novoselivka village), and the
Saksahan River (mouth) during the summer period of
2020-2021; generalized minimum-maximum values of
these indicators were obtained.

For 2020-2023, 1920 laboratory determinations of
chemical indicators in surface waters were processed.
Additionally, 48 protocols of departmental laboratory
studies for 2000-2023 were analyzed for retrospective
comparison and assessment of
long-term dynamics of indicators

surface water monitoring data from the State Agency of
Water Resources of Ukraine (2020-2023), dissolved oxy-
gen, suspended solids, chloride and sulfate content, and
nutrient forms of nitrogen —ammonium (NH,4*), nitrates
(NOs7), nitrites (NO,") — as well as phosphate ions were
analyzed.

The comparison was made with regulatory indica-
tors of water composition and properties of water bod-
ies and maximum permissible concentrations (MPCs) in
water bodies in accordance with Order of the Ministry
of Health of Ukraine No. 721 dated 02.05.2022 “Hygien-
ic standards for water quality of aquatic bodies to meet
the drinking, domestic, and other needs of the popula-
tion” [30].

Data processing was performed using standardized
descriptive statistical methods (determination of mini-
mum, maximum, mean values, and standard deviation),
followed by comparison with regulatory MPC values and
hygienic standards for water bodies. Comparative analy-
sis was carried out between sampling points and across
observation seasons: during regulated discharges, “envi-
ronmental releases” of fresh water, and during the sum-
mer (“stabilization”) period. For retrospective analysis of
protocols, a comparison of the concentration ranges and
trends in ionic composition and mineralization was per-
formed, allowing interpretation of changes in indicators
over time.

Research results and their discussion.

Generalized ranges of the main physicochemical in-
dicators of water quality in the reservoirs of Kryvyi Rih
and the Inhulets and Saksahan rivers for 2020-2021 in
the summer period are presented in table. The obtained
values reflect the spatial distribution of mineralization,
hardness, and organic load influenced by mining enter-
prises of the region.

At the investigated locations, pH ranged from 6.61 to
8.57, i.e., from slightly acidic to alkaline. The lowest val-
ues were recorded at the mouth of the Saksahan River
(6.61-7.56), probably due to local organic loading or mix-
ing with surface discharge. In the Karachunivske Reser-
voir, pH was relatively stable and alkaline (8.20-8.57).

A pronounced increase in total water hardness was
observed from the reservoirs to the control sampling
sites in the rivers — from 4.5-5.3 mg-eq/dm?3 in the Piv-
denne Reservoir to 18.0-26.0 mg-eq/dm? in the Inhulets
River (Novoselivka village). This pattern reflects the ac-
cumulation of calcium (Ca%*) and magnesium (Mg?*)
cations, which determine hardness and correlate with
total mineralization. Potential factors contributing to the
increase in mineralization include the filtration inflow of
highly mineralized mine and groundwater, as well as the

Table — Indicators of water composition and properties
in the reservoirs of Kryvyi Rih (minimum-maximum, 2020-2021)

over time. - - - _

Water quality assessment Parameter (unit) Elvdenng KarRachunl\{ske Zlv. Inhllj'lelfs Riv. Saksihan
was performed using indicators eservoir eservoir (Novoselivka) (mouth)
sensitive to the impact of highly pH 7,64-8,35 8,20-8,57 7,99-8,50 6,61-7,56
mineralized mine waters: hydro_ Total hardness, mg-eq/dm3 4,5-5,3 9,7-12,2 18,0-26,0 11,2-17,8
gen ion concentration (pH), total |Total dissolved solids, mg/dm®| 206-479 1030-1331 | 2442-3358 | 1516-2377
hardness, total dissolved solids, |cI, mg/dm? 34,0-68,0 | 120,0-143,0 | 760,0-1070,0 | 201,0-400,0
SODs' ;o(tsglglo)Chcecr)nchal OXVng“ 50,7, mg/dm? 64,5-132,3 | 413,1-632,5 | 768,6-981,1 |528,78-756,3

eman 20), , as well as
. BOD 0./dm3 0,31-5,0 1,8-7,1 1,3-9,1 3,84-7,5
chloride (Cl) and sulfate (SO,*) 0 Mg 0,/dm At el Z = AR
ions. Additionally, based on state COD, mg 0,/dm? 14,7-19,2 12,3-21,6 13,2-19,8 18,0-20,4
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concentration effect of evaporation during the summer
period.

Total dissolved solids varied from 206-479 mg/dm?3
in the Pivdenne Reservoir to 2442-3358 mg/dm?3 in the
Inhulets River (Novoselivka village), exceeding the stan-
dard by approximately 2.4-3.4 times. Chloride concen-
trations changed from 34-68 mg/dm?3 in the Pivdenne
Reservoir to 760-1070 mg/dm? in the Inhulets River,
which is 2.2-3.1 times higher than the MPC. Sulfate con-
centrations increased from 64.5-132.3 mg/dm? in the Pi-
vdenne Reservoir to 768.6-981.1 mg/dm? in the Inhulets
River (Novoselivka village), exceeding the MPC by 1.5-2.0
times. Maximum values of ClI-and SO42' ions were record-
ed in the Inhulets and Saksahan river sections, reflecting
intense technogenic pressure within the river basins and
low water dilution potential in the summer period.

At the investigated observation points, BOD,, ranged
from 0.31 to 9.10 mg O,/dm3. The highest values were
recorded in the Inhulets River (up to 9.10 mg O,/dm?3)
and at the Saksahan River (mouth) (up to 7.50 mg O,/
dm?3), corresponding to exceedances of an indicative
threshold by 3.0 and 2.5 times, respectively. In reser-
voirs, the maximum values were 7.10 mg O,/dm? in the
Karachunivske (exceedance of about 2.4 times) and 5.00
mg 0,/dm? in the Pivdenne (exceedance of about 1.7
times). Peak BOD,o values at river observation points
indicate a moderate organic load and the need for tar-
geted control of its sources.

At the investigated observation points, COD ranged
from 12.3 to 21.6 mg 0,/dm3, which generally corre-
sponds to a moderate organic load. At the same time,
most observation points showed partial exceedances
of an indicative guideline value (15 mg O,/dm?): in the
Pivdenne and Karachunivske reservoirs and in the In-
hulets and Saksahan rivers, maximum COD values were
18-22 mg 0,/dm3, i.e., approximately 20-45% above the
threshold.

During the summer (stabilization) period in the river
basins, elevated ion concentrations are generally record-
ed: chlorides — 137.4-980.9 mg/dm?, SO,> — 493.0-784.0
mg/dm3. Upper limits exceed the MPC: for CI- by 2.8
times, for SO, by 1.6 times, which may reflect limited
dilution during low-water period. In the lower reaches
of the Inhulets River, minimum summer values were
recorded: chlorides — 27.0 mg/dm?3, sulfates — 61.6 mg/
dm?3, which correspond to the standard values. In con-
trast, in the Saksahan River (in summer), concentrations
were: Cl'— 500 mg/dm? and SO, — 991.8 mg/dm?. This
exceeds the respective MPCs by 1.4 and 2.0 times, indi-
cating localized input sources and increased water resi-
dence time.

During the period of regulated discharge of mine wa-
ters into the Inhulets River (Shyroke area), chloride con-
tent was recorded at 2500 mg/dm3® (MPC exceedance
by 7.1 times), sulfates — 741.8 mg/dm3® (MPC exceed-
ance by 1.5 times), and total dissolved solids — 6000-
8000 mg/dm?3 (exceedance by 6-8 times). Similar levels
of total dissolved solids were observed in the areas of
Lativka and Mohylivka villages. The obtained values are
extremely high and confirm a substantial contribution of
highly mineralized mine waters to the water balance of
the specified section.

In spring period (Shyroke-Lativka-Mogylivka areas),
the dry residue indicator was 1,400-3,000 mg/dm3,
which exceeds the regulatory levels by approximately

1.4-3.0 times. These values are significantly lower than
the peaking levels during discharge, but still do not meet
the requirements. During dilution with fresh water in
the Inhulets River, chloride concentrations were 130-
800 mg/dm?, sulfates — 500-900 mg/dm?3: there is a de-
crease and approach to the levels of the Karachunivskyi
Reservoir, but the upper limits still exceed the normative
values — approximately 2.3 times for chlorides and 1.8
times for sulfates.

Based on government monitoring data, the chemical
composition of the Ingulets River was analyzed and the
background concentrations of the main indicators were
determined. Dissolved oxygen levels at all stations were
8.48-10.51 mg 02/dm3, which exceeds the standard of 4
mg 02/dm?3; no signs of oxygen deficiency were found.
Locally, BOD5 peak values were recorded mainly at sta-
tion 3 (3.19-3.92 mg 0,/dm?), indicating episodic inflows
of organic substances. Overall, the oxygen regime meets
hygiene requirements, and the organic load is assessed
as moderate.

A persistent exceedance of the MPC for sulfates
was noted at Station 1: 628-753 mg/dm? (approximate-
ly 1.3-1.5 times), and at Station 4: 1446-1613 mg/dm?
(approximately 2.9-3.2 times). Significant exceedanc-
es of chloride content were also recorded at Station 1:
1263-2659 mg/dm? (peak values in 2022), which is ap-
proximately 3.6-7.6 times above the MPC. At Station 4,
chloride concentrations exceeded the MPC by approxi-
mately 1.3-1.5 times. Concentrations of NH;*, NOs~, and
NO,~ ions at all stations were substantially lower than
the corresponding standards.

Thus, the main factor causing non-compliance with
water quality requirements is increased ionic mineral-
ization, primarily due to chlorides and sulfates at ob-
servation stations 1 and 4. This is consistent with the
hydrochemical profile of the section and indicates the
influence of highly mineralized discharges (regulated
discharges of mine and quarry waters) and filtration in-
flow from man-made reservoirs. Within this context, the
oxygen regime and organic load (BOD, COD) indicators
generally correspond to a moderate level, although epi-
sodic peak values are recorded, which requires targeted
control of sources.

Analysis of oxygen regime indicators and organic
load in the Dnipro River shows that during 2020-2023,
dissolved oxygen concentrations at all stations were 8.6-
11.6 mg 0,/dm3, i.e., significantly higher than the stan-
dard of 4 mg O,/dm?3. No signs of systemic oxygen deficit
were detected. Most BODs values were within 1.5-3.2
mg 0,/dm3, corresponding to low-moderate organic
load.

The analysis of mineralization indicators showed
that sulfate concentrations were in the range of 33-63
mg/dm?; these values are substantially below the MPC.
Chloride content in most cases was 22-52 mg/dm?3, less
often 76-304 mg/dm?3; these values also do not exceed
the MPC. Concentrations of nutrient forms of nitrogen
— ammonium, nitrates and nitrites — complied with hy-
gienic standards at all observation posts.

The content of suspended solids in most cases was
5.0-9.7 mg/dm3; no signs of systemic turbidity increase
were recorded. Phosphate ion concentrations were de-
termined within the range of 0.14-0.37 mg/dm?3; isolat-
ed lower values (0.10-0.20 mg/dm?3) and single increases
(0.34-0.37 mg/dm?3) were observed at certain stations.
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Thus, in 2020-2023, the water in the Dnieper River at
the monitored stations is characterized by a stable oxy-
gen regime and a predominantly moderate organic load,
low and moderate levels of mineralization ions, and low
concentrations of nitrogen forms. Overall, this indicates
that most indicators meet regulatory requirements.

Conclusions.

1. The obtained results confirm pronounced spatial
variability of water quality indicators in the Kryvyi Rih
iron ore region caused by mining activities. The most
contrasting differences are observed between reservoirs
(predominantly with low to moderate mineralization)
and river sections of the Saksahan and Inhulets, where
a substantial increase in total mineralization, hardness,
and concentrations of major ions (primarily Cl-and SO,*)
was recorded.

2. The main factor of non-compliance with hygienic
standards is increased ionic mineralization, in particular
due to CI"and SO,* ions. The maximum exceedances of
the MPC were recorded in the Inhulets River sections:
SO,* by 23 times and CI”~ up to 7.6 times. These levels
are likely caused by the influence of highly mineralized
mine and groundwater, as well as filtration inflows from
technogenic reservoirs.

3. BOD,o and COD indicators point to a moderate
organic load: in the Inhulets and Saksahan rivers, local
increases are periodically observed up to 9.1 mg O,/dm3
(BOD3o) and 21.6 mg O,/dm? (COD). Dissolved oxygen
concentrations (8.48-10.51 mg O,/dm3) in the Inhulets
River consistently exceed the standard by approximately
2.1-2.6 times.
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4. For the Dnipro River (2020-2023), a stable oxygen
regime was established: dissolved oxygen 8.6-11.6 mg
0,/dm3. Levels of mineralization ions remain below the
MPC: chlorides not exceeding 304 mg/dm? and sulfates
not exceeding 63 mg/dm3. BODs and COD values remain
within 1.5-3.2 mg 0,/dm3 and 12-20 mg O,/dm3, respec-
tively. At the investigated sampling sites of the Dnipro
River, no evidence of significant anthropogenic impact
was detected for the considered indicators.

5. The main pressure on water bodies within the In-
hulets basin is formed by highly mineralized mine wa-
ters, filtration leakages from technogenic storage facili-
ties, and limited dilution potential in the summer period,
which increases concentration effects and the growth of
ionic mineralization (primarily due to chlorides and sul-
fates).

6. To improve the state of water bodies, it is advis-
able to implement: modernization of mine-water treat-
ment and demineralization systems; monitoring of CI,
SO42' ions, and total dissolved solids within the Inhulets
and Saksahan river basins; application of regulated dis-
charge regimes; integration of local monitoring results
into regional river basin management plans (RBMPs
2025-2030).

Prospects for further research.

It is advisable to continue monitoring the composi-
tion and properties of water in aquatic objects of Kryvyi
Rih during the war and post-war periods in order to make
an analytical comparison of the contribution of industri-
al pollution and the effects caused by military activities.

EKOJIOTIYHI TA XIMIYHI OCOB/IMBOCTI BOAU NPUPOAHUX BOAOUM
KPUBOPI3bKOIO 3ANI30PYAHOIO BACEMHY

BisokpemneHuii nigpo3pin « HayKoBo-NpaKTUUHMIT MeauUUYHUIA LeHTp npodeciiiHoro 3gopos’sa Hauio-
HaNbHOrO yHiBEpCUTETY OXOPOHU 340poB’a YKpaiHu imeHi M. /1. Lynuka» (m. Kpusuii Pir, YKpaiHa)
orehovaoksana@ukr.net

BoOHi pecypcu KpusopizbKkoeo 3ani3opy0Ho2o baceliHy 3a3HaIOMb Cymmeso20 mexHO2eHH020 HABAHMAXEHHA
8HACMIOOK CKUOGHHA BUCOKOMIHEPAi308aHUX LWUAXMHUX M Kap epHUX 800, W0 npu3sodums 00 nozipueHHA AKocmi
npupodHux sodolim. Ocobausoi yeazu nompebye MOHIMoOpuUH2 XiMiuHO20 CKaady 800 pivyoK IHeyneyb, CakcazaHs i
JHinpo, aki popmyromes pezioHanbHy 2idpomepexcy ma 3abesneyyroms 20CM00apPCLKE 800OKOPUCMYBAHHA.

Mema — KoMnsieKcHa OUIHKa XiMiYHo20 cKnady ma ekosnoziyHo2o cmaHy rnosepxHesux 800 KpusopizbKozo
3anizopydHozo 6aceliHy Ha npuknadi pidok IHeyneyb, CakcazaHs, [Hinpo ma sodocxosuw; M. Kpusozo Poey 3
YPaxy8aHHAM mepumopiasnbHO-Ce30HHUX 8iOMiIHHOCMel NOKAa3HUKIi8 MiHepanizayii, ¥ opcmxocmi, ioHHo20 cKAaody
ma op2aHiYHO20 HABAHMAXEHHS.

BuKopucmaHo 0aHi 0epxasHo20 MOHIMopUH2y rnosepxHesux 800 (2020-2023 pp.) ma npomoKosie 8idomyux
nabopamopHux crnocmepexceHs (2000-2023 pp.). AHAnI3 BUKOHAHO 3a MOKA3HUKAMU PH, 3opcmkocmi, cyxo2o
307UWKYy, micmy xaopudis i cynbgpamis, bCK5, 6CK20, XCK, po34yuHeHo20 KUCHIO ma a3omHux gpopm. ObpobieHHs
O0aHUX MPo8oOUNOCL Memodamu OnuUCco80i CMAMUCMUKU 3 MOPIBHAHHAM MiX< MyHKMamu 8i06opy ma 8 Ce30HHil
OuHamiuji, 8BiOHOCHO 2paHuU4YHO donycmumux KoHuyeHmpauiti (Hakaz MO3 YkpaiHu Ne 721, 2022).

BcmaHo8n1eHo, Wo 0CHOBHUM YUHHUKOM HegidnogioHocmi sKocmi 800U € niogsuweHa MiHepani3ayis 3a paxyHoK
ioHie Cl- ma S0O42-, ocobnuso 8 palioHax pe2naMeHmMOo8aHO020 CKUOGHHA WAXmMHUX 800. 3HAYEHHS PO34YUHEeHOo20
KucHto, BCK i XCK cgiduamb rpo rnomipHe opeaHiyHe HAB8AHMAXEHHSA, MOOi AK 030MHi CroAYyKU MepesarcHo
8i0noeidarome HOPMaAMUBAM.

Ansa 6aceliHie piuok IHeynbua ma CakcazaHi XapakmepHi A0KAsbHI QiNSHKU nepesuu,eHHs 3a MiHepaniayiero,
wo 8i0obpaxae mexHozeHHUl 8naus 2ipHU4000bysHUX nidnpuemcms. [oyinbHUM € NOCUAEHHA MOHIMOpUHay i
8M1pPo8AOHEHHA MexHOM0z2il deMiHepanizayii waxmHux 800 0714 3MeHWeHHA IOHHO020 HABAHMAM(EHHS.

Knro4voei cnosa: waxmHi 800u, npupodHi sodolimu, XimiyHull cknad 800U, mexHo2eHHUl 8rnaus, ekoso2iYHul
MOHIMOpUHa.

98 ISSN 2077-4214. Bicuuk npo6nem Gionorii i meguuunn — 2025 — Bun. 4 (179) / Bulletin of problems in biology and medicine — 2025 - Issue 4 (179)
https://www.pdmu.edu.ua/ 1a https://vpbim.com.ua/



FriEHA, EKONOrIA TA ENIAEMIOANOrIA / HYGIENE, ECOLOGY AND EPIDEMIOLOGY

38’A30K ny6niKauii 3 n1aHOBUMM HayKOBO-AoCAiA-
HUMU poboTamu.

[ocnigreHHA BUKOHAHO B pamKax HAP «MposeaeH-
HA HAYKOBMX OOCNIAMKEHb Ta NOLWYK KOMMAEKCHUX eKo-
JIOFYHO MPUMAHATHUX pPilleHb WOAO0 CUCTEM MOCiA0B-
HOro Ta MOBTOPHOrO BUKOPUCTAHHA BOAM, B TOMY YMCAI
BOZM, LLLO HAAXOAMUTb Bif, iHLUMX NiANPUEMCTB» 32 HOMe-
pom [epxaBHoi peectpauii 0120U103938.

Bcryn.

3MiHK XiMiYHOro cKnagy BOAW NPUPOAHMUX BOAOMM
KpuBopisbKoro 3anizopyaHoro 6aceriHy, 3yMoBAeHi Tpu-
Ba/IMM BM/IMBOM TipHUYOL00YBHUX MigNPUEMCTB (CKU-
OAHHAM BMCOKOMIHEPANi30BAHMX LAXTHUX i Kap epHUX
BOA, OCYLUEHHAM FipHUYMX BUPODOK, dinbTpauieto 3i
LINAaMOBUX Ta XBOCTOBMX MOAIrOHIB), dopmytoTb MigBu-
LLLeHi eKONOTiYHi PU3MKK ANA BOAHUX €KOCUCTEM i 340-
poB’a HaceneHHa. HepgoctaTHA edeKTUBHICTb OYMCHUX
TEXHOJOFN Yy NOEAHAHHI 3 NepioagUYHUMM pernameHTo-
BaHMMM CKMAaMM B PiYKU-NpUIAMadi (baceiH p. IHryneub
Ta il npuToka p. CakcaraHb, WO BMaga€ B p. IHryneup y
mexax M. Kpusuid Pir) npnsBoamuTb [0 NOKaNbHUX i ce-
30HHMX NepeBuLLLEHb conoHocTi — xnopuais (Cl), cynb-
daris (SO,), cyxoro 3a7uLWKy, a TaKOXK A0 NiABULLEHHS
BMICTy OKPEMMX BaXKKMX MeTaniB i MOriplUeHHA opraHo-
NIeNTUYHKUX BNacTMBocTen Boam [1-4].

[ocnigykeHHa B merkax KpuBopisbKoro 3anisopya-
HOro H6aceiHy AEeMOHCTPYIOTb /IOKa/bHI AiNAHKM 3 nig-
BULEHNUM aHTPOMOreHHUM HaBaHTAXKEHHAM, @ OLLiHKM
€KOJIOTIYHOr0 PU3MKY Bif, CKUAAHHA LIAXTHUX BOZ4, B p.
IHryneub NiATBEPAMKYHOTb 3HaYyLWicTb Ui€i npobnemu
NPOTArOM LUOHAMMEHLLE OCTaHHIX [ABOX AEeCATUNITb
[3-4]. OopaTkoBMM HeraTMBHUM aKTOpPOM € Hacnig-
KW BOEHHMWX Aini 2022-2025 pp., 30Kpema pyrHyBaHHA
KaxoBcbkoi EC (yepBeHb 2023 p.), WO CNPUYMHUAO
MaclwTabHe MOBTOPHE MNiAHATTS AOHHWX BiAKNALiB i ne-
peHeceHHs 3abpyaHtoBayiB y Kackaai JHinpa Ta KopoT-
KOCTPOKOBUI BMNAMB Ha NiBHIYHO-3axigHy YacTuHy Yop-
Horo mops [5-6].

YKpaiHa HanexuTb A0 KpaiH i3 NMOPIiBHAHO HEBUCO-
KOl 3abe3neyeHicTio BHYTPIWHIMM BigHOBAOBAHUMM
NpiCHOBOAHUMM pecypcamn: 3a oLiHKow CsiToBOro
6aHKy 3a 2021 p. — 6an3bKo 1244 m3 Ha nloguHY Ha piKk
[7]. Ueit nokasHMK BigHOCKTb YKpaiHy 40 30HM MigBuLLe-
HOTO TiAPONOriYHOro HaBaHTAXeHHA 3a wWKanow danb-
KeHMAapKa, e NOPOroBi iHTepBaan iHAEKCY TPAKTYHOTbCA
AK KPUTUYHI MeXKi AOCTYNHOCTI BOAM: 06CAr MeHLe Hix
1 700 m3 Ha Nt0AMHY Ha PiK BiANOBiAa€E cTaHy BOAHOMO
cTpecy, a MmeHLe Hix 1 000 M3 Ha NtoANHY Ha PiK XapaK-
Tepusye BoAHMN AediunuT; NOTOYHUIN piBEHb CBIAYUTb
NpoO CUCTEMHY BPa3/IMBICTb BOAHUX pecypciB YKpaiHu i
PU3MK NEPETBOPEHHA NOKaNbHUX AediLnTIB Yy perynapHi
0OMeXKEeHHA 3a HECNPUATANBUX TiLPOMETEOPONOTIYHUX
ymoB abo nigBuLLEHNX QHTPOMOreHHWX HaBaHTAXKeHb
[8]. ¥ 2010-2023 pp. €EBpona AEMOHCTPYE MOBINbHUI
nporpec y AOCATHEHHi «406poro» cTaHy Bog, 3a BogHoto
pamkoBoto aupektusoto (Water Framework Directive,
WFD): y 2021 p. nanwe npubansHo 37% nosepxHeBUX
BOAHWX MacuUBIiB JocCArN A0BPOro Ta BUCOKOFO eKO/0-
riYHOro CTaTycy, @ NPIOPUTETHI A)Kepena HaBaHTaXKeHHA
— KOMYHa/IbHi CTOKM, arpapHe Ta NpPomMUCaoBe 3abpya-
HeHHs — 36epiratoTb CBil cMcTeMHUI XxapakTep [9-11].

Ona Ykpainn y 2024-2025 pp. 3atBeparkeHi MNnanu
ynpasaiHHA piukosummu BaceiHamu (MYPB) 2025-2030,
Wo iMmnnemeHTytoTb BUMorn WFD: npioputetTn — 3meH-
LWEeHHA CKMAAHHA HEeOUYNLLEHUX | HEJ0OUYMLLEHNX CTOKIB,

npoTnaia esTpodiKayii, 3acToCcyBaHHA Cy4YaCHWUX Tex-
HONOri ouYMLEHHA Ha 06’eKTax BOAOBIABEAEHHS Ta Y
ripHM4on006yBHIlM ranysi [12-13]. Lle 3agae pamky ana
TEXHIKO-eKOHOMIYHOI OLiHKM pilleHb 3 gemiHepanisauii
LWAXTHMX BoA y baceliHax p. IHrynbua Ta p. CakcaraHi Ta
iHTerpauii BignoBigHUX piweHb y nnaHu 3axogis. OnAa
palioHiB KpuBopi3bKoro 3anisopygHoro baceliHy 3anu-
LWAKTbCA aKTya/lbHUMMK OMPICHEHHA MiHepanizoBaHMX
CTiYHMX BOZ, Ta KOMMJIEKCHE AO0YMLLEHHA WaXTHUX BOA,
O NiATBEPAXKEHO OCTAaHHIMM NPUKAALHUMU TA OMNAL0-
BUMM poboTamu [14-15].

WaxTHi Ta Kap’epHi BoAM ripHMYoA06yBHOI npo-
MWCNOBOCTi — OAMH i3 KJAHOYOBUX YNHHUKIB 3aCONEHHA
npUpoaHux BogHMX o06’ekTiB YKpaiHu. Ana nignpu-
emctB KpusopisbKoro 3anisopyagHoro baceliHy B 2023
p. pernameHTOBaHO PO3MILLLEHHA HAA/IMLLKIB 3BOPOTHUX
(waxTHKUX) BoA y p. IHryneub Yepes cTaBOK-HAKONMYyBay
Bbanka CBUCTYHOBaA — WITYYHWUI BOA036ipHMI pe3epByap,
AKUIA aKyMyNtoe QinbTpaLinHi 1 NnpoMMBHI BOAM 3 MpU-
NernMx BUMPOBOK i MONIroHiB; cymapHUit obcar ckuais
cTaHoBMB 6113bKo 11,9 MmaH M3 i3 3a3HaUYEHHAM BHECKY
oKpemux nianpmemcTs [16]. HanpukiHui 2024 p. ogHe 3
NiANPUEMCTB 34iMCHMM0 NpnbBAn3HO 5,20 MaH M3 ckuais
(npnbnusHo 47,5% Bia 3aranbHOro pernameHToBaHoO-
ro obcary 3a nepiog) [17]. Y 6aceiHi p. AHinpo 3adik-
COBaHO NEepeBULLEHHA EKONOTYHUX HOPMATUBIB AKOCTI
(EQS) ons Kaamito Ta HiKento y BOAi, a TaKOXK ANa PTyTi
(30,2 mKkr/kr 3a EQS 20 MKr/Kr) i nonibpomoBaHUx au-
deHinosux edipis (PBDEs) y 6ioTi. OgHo4yacHoO nig Yac
CKPWHIHFOBOTO MOHITOPUHIY iAeHTUIKOBAHO MOHAZ,
600 opraHiYHMX MiKponooTaHTIB (30Kpema 161 BU3Ha-
YeHy CnoJyKy), WO NiaTBepaKye 6araTOKOMMNOHEHTHUM
XapaKTtep 3abpyagHeHHs H6aceilHy Ta 06rpyHTOBYE HeOb-
XiZIHICTb NOCUNEHOTO, LiIbOBOro MOHITOpUHry [18].

IHTEHCMBHE oOcylleHHs GOpMYye AenpeciiHi Nilikuy,
3MiHIOE 6anaHC NOBEPXHEBOro Ta MiA3€MHOIO CTOKY M1
NiABULLYE PU3NKU BTOPUMHHOTO 3aCONIEHHA Y 30HaX iH-
odinbTpauii [19]. Y mexkax KpunopisbKoro 3anisopygHoro
baceiHy 30CepeasKeHO 3HAYHY KiNbKiCTb TEXHOreHHUX
06’€eKTiB: 17 BEIMKUX Kap'epiB, 8 WaxT, 9 XBOCTOCXOBMLL,
37 BigBanis nopoan Ta 3 WAAKOBI BigBann; NopyLleH-
HA oxonntTb 6113bko 3 750 ra, a 06’em Kap’epHuUX i
NPOCaAKOBUX MOPOXHUH nepesulye 4,5 mapa m3; Bia-
Ba/IM Ta XBOCTOCXOBMLLA 3abe3neyyoTb NpubansHo 65%
TpaHcdopmauii 3emHoi nosepxHi [20]. Ana ogHoro 3
HaMbiNbWNX NiANPUEMCTB PEriOHY MPOEKTHA KOPMUCHa
EMHICTb HOBOI CeKLii XBOCTOCXOBMLLA CTAaHOBWUTb MpU-
6an3HO0 29,4-10°% M3, a 3aranbHa MicTKicTb — 34,8:10° m3,
LLLO iNtOCTPYE MacLuTab NaaHOBaHMX EMHOCTEN ANA CKNa-
[OyBaHHSA XBOCTIB i TeEXHIYHOI BOAM Ta 06IpyHTOBYE HEO6-
XiIHICTb NOCUNEHOT eKONOTIYHOI OLiHKM TaKMX 06’eKTiB
[21].

CyyacHi ornaan TexXHOJOrM OYMLLEHHA LWAXTHUX i
Kap’€pHMX BOZL BW3HAYalOTb BMCOKY e(dEeKTUBHICTb BU-
JIYYEHHA [OHIB i BaXKKMX meTaniB, ane 1 cyTTeBi obme-
YKEHHSA: eHeproeMHicTb npoueciB, BapTiCTb i cnocobu
NOBOAKEHHSA 3 KOHLUEHTPATOM, PU3MKU BifKNALEHHA Ta
3abpyaHeHHA MembpaH i NoB’A3aHi BUTpaTK Ha obcayro-
BYBaHHA. PEKOMeHZ0BaHO 3acTocoByBaTH HaraTocTyne-
HeBi KOMBiHOBaHi cxeMu: NepPBUHHA XiMiYyHa NiAroTOBKa
(peryntoBaHHA BOAHEBOro MOKasHMKa pH, Koarynauis,
bNoKyNALis, OKUCHEHHS), Aani membpaHHi cTagji 3 ne-
peadinbTpauieto (niwaHi Ta KapboHoBI GiNbTPK, yAbTPa-
odinbTpauin), i diHanbHe ocaaoyTBOPEHHA abo KpucTani-
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3auia ona nepeBefeHHA PO3UYMHEHNUX CONMeN y TBepAi Un
nacTonogioHi dopmu, NnpuaaTHi Ao yTuaisauii [22-23].

BoaHi pecypcun KpuopisbKoro perioHy ¢popmytotbes
piukamu [Hinpo-lHryneub-CaKcaraHb i KaCKaZom Bogo-
cxoBuw, (MakopToBcbKe, KpeciBcbKe, [l3ep*KMHCHKE).
TpuBana ripHM4yop06yBHA AiANBHICTD CNPUYMHUAL BU-
NPAMAEHHA Ta NepepizaHHA 6an0K, 3MiHWAa YMOBU MO-
BEPXHEBOro CTOKY Ta iHdinbTpaLii, cpopmysana TexHo-
reHHi EMHOCTI 1 30HM aepau,ii, Wo iCTOTHO BNIMBAOTb Ha
rigpoximiyHui pexkum BogoTokis [20, 24]. Cxema Bigge-
OEHHA Ta aKyMynaLii WaxTHUX BOZ, i3 pernaMeHTOBaHMU-
MW CKMZAMM y MiXKBereTaLiliHWiA nepiod i noganbwmmm
€KONOTNYHMMM MOMYCKaMMU 3 BOLOCXOBULL, € KOMNPOMI-
COM 32 BiZICYTHOCTi EKOHOMIYHO AOUiNbHUX eHeproedeK-
TUBHUX TEXHO/OTIN TNMBOKOrO OUYMLLEHHA; BOHA 3yMOB-
JIIOE CE30HHO-MPOCTOPOBY HEOAHOPIAHICTb NOKA3HMKIB
ionis Cl, SO,”, cyxoro 3a/MLIKy Ta eJ1eKTPONPOBIAHOCTI
B cucTemi IHryneup-CakcaraHb i HMK4Ye 3a Teudiero p. JHi-
npa [3, 17, 25-26].

Ons pivok IHryneub i CakcaraHb nepiognyHo ¢ikcy-
IOTbCA MEePeBULLEHHA 3arasibHOI YKOPCTKOCTI, MiHepani-
3auii, BmicTy cynbdaTtiB i X10pMAiIB, @ TAKOXK KOMMBAHHA
PO34YMHEHOTO KMUCHIO, BIOXIMIYHOTO CMOXMBAHHIO KUCHIO
3a 5 anis (BCK,) i xiMiuHOro CNOMMBaHHIO K1CHIO (XCK).
Y BogocxoBuLLax (3okpema KapayyHiscbkomy Ta Kpecis-
CbKOMY) CNOCTEPiratoTbCsA HAKOMUYEHHA LOMILLIOK i N0o-
OMHOKI NepeBULLEHHA 33 OKPEeMMMU MeTanamm Ta doc-
dopom, Wo obrpyHTOBYE NOCUNEHUIA KOHTPO/Ib AXKEPEN
i KOpUryBaHHA peXuMiB eKcnayatauii rigpocnopys, [1,
4, 27]. QocnigkeHHA Ha p. CakcaraHb 3acBig4yMaun npo-
CTOPOBY HEOAHOPIAHICTb AKOCTI BOAM Ta eni30aAnYHi ne-
PEBULLEHHA 33 IOHHUM CKNAZO0M i MiHepani3aui€eo, Lo
Y3TrOAKYETbCA 3 iHTErpasbHOK OLHKOK EeKO/IoFiYHOro
CTaHy piykum [1].

Baromi BHecku ¢opmytoTb ¢inbTpaLiiiHi BUTOKKU 3
XBOCTOCXOBWLY, i HAaKOMM4YyBa4iB (PU3MKKM NiATONNEHHSA,
NiAMoMY PiBHA IPYHTOBUX BOZ, i BTOPUHHOMO 3aCO/EHHA
npubepexHUX 30H) Ta 3poLleHHs (6ansbko 18 Tuc. ra),
LLLO HA 1eCOBUX PiBHMHAX 3i C1abKOO APYKHO-HaNKoBOO
CiTKOI MiABMLLYE YYTIMBICTb CUCTEMM A0 3MiH iHDINb-
Tpauii, BUNapoByBaHHA i HaKonuyeHHA conel. [lo y3a-
raslbHeHUX KpuTepiiB BNANBY Ha BOAHY 6ioTy HanexaTb
NOKa3HMKM 3aranbHOi MiHepanisau,ii, enekTponposigHo-
CTi Ta KOHUeHTpauii xnopuais i cynbdatis [27]. Ornaan
U.S. Geological Survey (2024) niaTBepaKytoTb 3pocTa-
Ui PU3MKKM 3aCONEHHA MPICHUX BOA i NoTpeby B Linbo-
BOMY MOHITOPUHTY Ta KepyBaHHiI AKepesamu iOHHOro
HaBaHTaXeHHA [28-29].

HesBa)kalouM Ha 3HA4YHY KiNbKiCTb A0CAIAXKEHb,
NPUCBAYEHUX EKONOTIYHIN oujiHLi baceliHy p. IHrynbus,
3a/IMLIAOTHCA HEBUPILLEHUMM OKPEMI aCMeKTH, LLO CTO-
CYOTbCSi KOMM/IEKCHOI OLiHKM BNAMBY FipHMY0a06yBHOT
OiANbHOCTI Ha AKicTb Boau. He cdopmoBaHo y3arasb-
HEHWUX KpWUTepiiB OLiHKM Ce30HHOI BapiabenbHoCTi no-
Ka3HWKIB MiHepasi3aL,ii, )KOPCTKOCTi Ta OpraHiYHOro Ha-
BaHTAXEHHSA, WO obmexye ePeKTUBHICTb EKONOTIYHOIO
MOHITOPUHTY. BiacyTHI aKTyani3oBaHi AaHi WOAO iOHHO-
ro CKnafy BoAM y nepios, pernameHTOBaHUX CKMAAHD i
NPOMMBAHb, AKI MatOTb KAHOUOBE 3HAUYEHHA A/1A ynpas-
NiHHA BogorocnogapcbKMmm banaHcamm. Takum YMHOM,
CTATTA CNPAMOBaHA Ha YTOYHEHHA HAyKOBMX YAB/EHb
Npo 3aKOHOMIpHOCTI $OpPMYyBaHHSA FigpoximiyHoro pe-
UMy nosepxHeBux Bog, KpmBopisbKoro 3anisopygHoro
6aceiHy 3 ypaxyBaHHAM TEXHOFEHHOrO HaBaHTAXEHHS,

Ce30HHMUX GAKTOPIB i Cy4acHUX HOPMATUBHUX KpUTepIiB
AKOCTI BOAM.

MeTa gocnigKeHHs.

KomnneKkcHa ouiHKa XiMiYHOro CKiaZy Ta eKonoriy-
HOrO CTaHy NOBepXHEBMX BoA, KpMBOpi3bKoro 3anisopya-
Horo 6aceiiHy Ha nNpukaagi pivok IHryneup, CakcaraHb,
[Hinpo Ta Bogocxosuwy, m. Kpnsoro Pory 3 ypaxyBaHHAM
TepPUTOpPiaNbHO-CE30HHMX BiAMIHHOCTEN MOKAa3HUKIB Mi-
Hepanisauii, )KOPCTKOCTI, iOHHOro CKNaAy Ta OpraHiyHoOro
HaBaHTaAXEHHA.

O6’eKT i meTOAU AOCNIAKEHHA.

06’ekm 00cnidnceHHsA: NOKA3HUKM SKOCTI BOAM Ta
XIMIYHWI CKNag, NPUPOLHUX NMOBEPXHEBUX BOAZONMM Kpu-
BOPIi3bKOro 3anisopyaHoro 6aceitHy — piyok CakcaraHb,
IHryneub i AHiNpo, a Takox lNiBaeHHOro tTa KapauyHis-
CbKOr0 BOA,0CXOBMLL,

lpedmemom 0ocnidieHHA € TepuTopiasbHi ocobnm-
BOCTi GOpPMYBaHHSA XiMiYHOro cKknagy BoAm, piBeHb il mi-
Hepanisau,ii, YKOPCTKOCTI, OPraHiYHOro HaBaHTAXKEHHA Y
3a/1eXKHOCTI BifZ, CE30HiB, @ TAKOX Ha BiANOBIAHICTb ririe-
HiYHMM HOPMaTUBaM.

Memoodu O0ocnidmuceHHA. [ocnigxeHo OCHOBHI i-
3MKO-XiMiYHi MOKa3HWMKM, MiHepanisauia Ta COJIbOBUM
CK/1aZ, NMOKA3HWMKU OPraHiYHOro HaBaHTAXKEHHA BOAM,
BMICT XiMiYHUX PEYOBUH Yy NOBEPXHEBMX BogoMMax Kpu-
BOpi3bKOro 3anisopygHoro 6aceiiHy — piuok CakcaraHb,
IHryneup i AHinpo — a Takox Boam liBgeHHoro Ta Ka-
payyHiBCbKOro BogocxoBumL,. JocnigxeHHa 6asysanoca
Ha y3arasibHeHHi pe3ynbTaTiB AePKABHOTO MOHITOPUHTY
NOBEpPXHEBUX BOA, MpoBeaeHOro [leprKaBHUM areHT-
CTBOM BOAHMX pecypciB YKpaiHu (2020-2023 pp.), Ta
cnoctepexeHb BUPOBHUYMX nabopatopiii (2000-2023
pp.). OCHOBHI NyHKTKN BiaboOpy BM3HAYEHO 3 ypaxyBaH-
HAM Ti4poorii AiNAHOK Ta TEXHOreHHUX BNAKBIB. Bigbip
npob 3aicHioBaBcs BignosigHo Ao sumor ACTY EN I1SO
5667-6:2025 AkicTb Boau. BigdupaHHa npob. YactuHa 6.
HactaHoBu wopo BigbupaHHA Npob i3 pivokK i cTpymKiB
(ENISO 5667-6:2016, IDT; ISO 5667-6:2014, IDT) Ta ACTY
ISO 5667-3:2016 / ISO 5667-3:2024 1040 KOHCEPBYBaH-
HS, TPAHCMOPTYBaHHSA Ta 36epiraHHs nNpob.

MpoaHani30BaHO MOKAa3HWKM CKAaZy Ta BAACTMBOC-
Tel Boan ana liBaeHHoro BogocxoBuuia, KapauyyHis-
CbKOro BogocxoBuuia, p. IHryneup (c. HoBoceniska) Ta
p. CakcaraHb (rMpno) y nitHii nepiog 2020-2021 pp.;
y3aranbHeHi MiHiManbHi-MaKCMManbHi 3HAYeHHA LMX
NOKa3HMUKIB.

3a2020-2023 pp. onpauboBaHo 1920 nabopaTopHuMX
BM3HAY€Hb XiMIYHUX NOKA3HWKIB Y NMOBEPXHEBUX BOAAX.
JlopaTtkoBo npoaHanizosaHo 48 MNPOTOKOAIB BigaOMYMX
nabopaTopHux gocnigeHb 3a 2000-2023 pp. 3 meTow
pPeTpPOCNeKTUBHOIO NOPIBHAHHA Ta OLiHKN JOBrOCTPOKO-
BOi AIMHAMIKM MOKA3HWMKIB YNPOAOBK POKIB.

OLiHKY AKOCTI BOAM BMKOHAHO 32 NOKa3HWUKamM, YyT-
JIMBUMW [0 BM/IMBY BMCOKOMIHEPANi30BAHUX LUAXTHUX
BOZ: BOAHEBWI MOKasHWK (pH), 3aranbHa »KOPCTKICTb,
CyXMIA 3a/1LLOK, BCK,, nosHe bioximiyHe cnosKnBaHHA
kucHio (BCK, ), XCK, a Takox 3a Bmictom ioHis CIi SO,
JopaTtkoBo, 3a MaTepianamMun AepaBHOrO MOHITOPUHTY
noBepxHeBUX BOJ, [lep’KaBHOro areHTCTBa BOAHWX pe-
cypciB YKpainum (2020-2023 pp.), npoaHanizoBaHo pos-
YMHEHWUI KUCEHb, 3aBUCAI pevyoBUHK, BMIcT Cl Ta 5042’,
BMiCT 6ioreHHWx dopm asoTy — amoHito (NH,*), HiTpaTis
(NO,), Hitputia (NO,) — Ta pocdat-ioHis.

MopiBHAHHA BMKOHAHO LWOAO HOPMATUBHUX MOKa3-
HWKIB CKnaZy Ta BNACTMBOCTEN BOAM BOAHOrO 06’€eKTy
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Ta TPaHUYHO AOMYCTUMMX KOH-
ueHTpaui (FAK) y soai BoaHMX

Tabnuusa — NMoKasHUKKU CKNAaay Ta BAACTUBOCTe BOAU BOAOMMLL,
m. Kpusoro Pory (miHimanbHi-makcumanbHi, 2020-2021)

06 GISTIB 3riaHo 3 Hakasom MO3 MoKasHUK. om. BMMI MisaeHHe Bo-|KapayyHiBcbke IHryneub p. CakcaraHb
YKpaituu Big 02.05.2022 Ne 721 otk Py pocxosuie | Bogocxosuule | (c. HoBoceniska) (rvpno)
«lirienivHi HOpMaTuBun AKOCTI pH 7,64-8,35 8,20-8,57 7,99-8,50 6,61-7,56
BOAM BOAHWX O6’€KTiB AnA 3a- [y -
PCTKICTb 3ara/ibHa,
[OBONEHHA MUTHWX, TOCMOAAP- | mr-exs/am? 4,5-5,3 9,7-12,2 18,0-26,0 11,2-17,8
CbKO-NOBYTOBUX Ta IHLWNX NOTPED | cyxuit sanmwok, mr/am® | 206-479 1030-1331 2442-3358 1516-2 377
HaceneHHa» [30]. - 3
Cl, mr/gm 34,0-68,0 120,0-143,0 760,0-1 070,0 201,0-400,0

O6p06HEHHﬂ AaHuX  NPoso- SO,%, mr/om3 64,5-132,3 413,1-632,5 768,6-981,1 528,78-756,3
AWM MeToAaMu  CTaHaapTM30- 4+ MI/AM - P27 e A A
BaHOI OMMCOBOI cTaTUCTUKM (Bu- | BEK,, Mr O /am 0,31-5,0 1871 13-91 3,84-7,5
3HaUEHHS MIHIMYMY, MaKcUMymy, ,\Xn?é) s 147192 | 12,3216 13,2-19,8 18,0-20,4

cepegHix 3HayeHb, CTAHAAPTHO-
ro BigXWNEHHA) 3 NoAanbWwum
NOPIBHAHHAM i3 HOPMATUBHMMMW 3HavyeHHAMM [K Ta
ririEHiYHMX HOPMaTKBIB 4N1A BOAM BOAHMX 06’eKTiB. MNo-
PiBHANBHWUI @aHaNi3 NPOBOAMIM MiXK MYyHKTaMu Bigbopy
Ta 3a Ce30HaMM CnocTepexkeHb: Nig Yac pernameHToBa-
HUX CKMAIB, «EKONOTIYHUX NOMNYCKiB» MpPICHOI BOAM Ta Yy
NiTHIN («cTabinisauiiHnii») nepioa. 4na peTpocneKkTus-
HOrO aHani3y NPOTOKO/IB BUKOHAHO MOPIBHAAbHE CMiB-
CTaB/MIEHHA Aiana3oHiB KOHUEHTPpaUil i TeHAeHUi 3MiH
iOHHOrO CKNaAy Ta MiHepanisauii, Wo A03BONNAO iHTEpP-
npeTyBaTV 3MiHU NMOKA3HUKIB Y ANHAMILL.

Pe3ynbTati focniaKeHHs Ta ix 06roBopeHHs.

Y3aranbHeHi AianasoHn OCHOBHUX ¢i3MKO-XIMIYHMX
NOKa3HMKIB AKOCTi Boau Bogonmuuy m. Kpusuii Pir Ta
pidok IHryneup i CakcaraHb 3a 2020-2021 pp. y niTHIn
nepiog npeactasneHi y tabnuui. OTpuMaHi 3HauyeHHA
BifL06ParkatoTb MPOCTOPOBUI PO3MOAIN 3a CTYyNEHEM Mi-
Hepani3auii, }KOPCTKOCTI Ta OPraHiYHOro HaBaHTAXKEHHA,
3YMOBNIEHWUI BMIMBOM TiPHNUYOA0OYBHMUX NiANPUEMCTB
perioHy.

Y pocnigrKeHux nyHKTax pH Ko/imBaBcA B mexkKax
6,61-8,57, o BignoBigae Bif C1abKOKMCAOrO A0 /Y*KHO-
ro. HaMHu»K4i 3HayeHHs 3adikcoBaHo B rupai p. Cakca-
raHb (6,61-7,56), WMoBipHO Yepes3 oKasbHe opraHiyHe
HaBaHTaXKeHHA abo 3MillyBaHHA 3 MOBEPXHEBMMMW CTO-
Kamu. Y KapauyHiBcbkomy BogocxoBuuli pH 6ys BigHoC-
HO cTabinbHUM i Ny>kHMM (8,20-8,57).

Big3HauyeHO BMpasHe 3POCTAHHA 3aranbHOI XOp-
CTKOCTi BOAMW Bif, BOAOCXOBULL 0 KOHTPONBHUX MiCLib
Binbopy npob piyok: Big 4,5-5,3 mr-eks/am® y MisaeH-
Homy BogocxoBuLli Ao 18,0-26,0 mr-eks/am3 y p. IHry-
neup (c. HoBoceniska). Taka AnHamika Bigobparkae Ha-
KOMMYeHHA KaTioHiB Kanbuito (Ca?*) Ta marHio (Mg?),
LLIO BM3HAYalOTb MNOKA3HMK XOPCTKOCTI Ta KOPENIOOTD i3
3aranbHOW MiHepanisaLjeto. MMOBIPHUMM YMHHUKaMM
3pocTaHHA MiHepanisauii € GinbTpaLinHUA NPUTIK BUCO-
KOMiHepani3oBaHUX LWAXTHUX i NiA3eMHUX BOZA, a TaKOX
KOHUEHTPALiMHNI edeKT BMMApPOBYBaHHA Yy NiTHIA ne-
pioa.

lMOKasHMK CyxOoro 3anulKy BapitoBaB Big 206-479
mr/om3 y NisaeHHoMy Bogocxosuuli a0 2442-3358 mr/
am3y p. IHryneub (c. Hosoceniska), Lo nepesuLLye HOp-
MaTuB npubansHo y 2,4-3,4 pasu. KoHueHTpauii Cl 3mi-
HioBanucsa Big 34-68 mr/om? y MiBageHHOMY BOAOCXOBU-
wi go 760-1070 mr/am3 y p. IHryneup, woy 2,2-3,1 pasu
Buwe 3a K. BmicT cynbdatis 3pocTas Big 64,5-132,3
mr/am® y MisgeHHOMY Bogocxosuui Ao 768,6-981,1 mr/
am3 y p. IHryneup (c. HoBoceniska), nepesuiyroun IAK
y 1,5-2 pasun. MakcumanbHi 3HaveHHsa ioHie Cl'Ta 5042'
dikcyBanuca Ha AainAHkax pivok IHryneup i CakcaraHb,
o Bigobparkae iIHTEHCMBHE TEXHOTEHHE HaBaHTAXKEHHA

6aceliHy PiYOK Ta HM3bKWUI MOTEHLian po3baBieHHA Y
NiTHIN nepioa.

Y pocnifyKeHux MyHKTax CnocTepexkeHHA MOKa3HUK
BCK,, Bapitoas y mexax 0,31-9,10 mr Oz/p,M3. Hansu-
LLLi 3HaYeHHA 3adikcoBaHo B p. IHryneub (80 9,10 mr 02/
Am?) Ta p. CakcaraHb (r1pno) — ao 7,50 mr O,/am?, wo
BiANOBIAAE NepeBULLEHHIO OpiEHTOBHOro nopory 8 3,0
Ta 2,5 pasu BignoBigHO. Y BOAOCXOBULLAX MAKCMMYMU
cTtaHosuan 7,10 mr 02/,£I,M3 y KapauyHiBcbkomy (nepesu-
WeHHA NpubansHo y 2,4 pasu) Ta 5,00 mr O,/am® y Mis-
AeHHoMy (nepeBuLLeHHA NpubaunsHo y 1,7 pasu). Mikosi
3HayeHHs BCK, y piuKOBMX TOUKAX CNOCTEPENKEHHS BKa-
3ylOTb Ha MOMipHE OpraHiYHe HaBaHTaXKeHHsA i noTpeby B
LiIbOBOMY KOHTPOI MOT0 Axepen.

Y pocnigeHux nNyHKTax cnoctepexeHHA XCK 3mi-
HloBaBCA B Mmexax 12,3-21,6 mr Oz/p,M3, O 3araiom
Bi4NOBIAAE MOMIPHOMY OpPraHiYHHOMY HABaAHTAMEHH!O.
BogHouac y 6inblIOCTi TOYOK CNOCTEPEKEHb BUABIEHO
YaCTKOBI MepeBULLEHHS OPIiEHTOBHOrO Hopmatusy (15
mr O,/am?): y MisaeHHomy Ta KapauyHiscbkomy Bogo-
CXOBMLLAX, @ TAKOXK Y pivKax IHryneub Ta CakcaraHb MakK-
CMMafbHi 3HaueHHA cTaHosuan 18-22 mr O,/am?, To6TO
npunbansHo Ha 20-45% BuLLe 3a noporose.

Y NniTHIN («cTabinizauitHuii») nepiog y 6aceliHi pivyok
3arafiom @iKkcyoTbCA NigBULLEHI KOHUEHTpaLii ioHiB:
xnopuais — 137,4-980,9 mr/am?, SO,> — 493,0-784,0 mr/
am3. BepxHi mexi nepesuwytots [AK: ana Cl- —y 2,8
pasu, ana 5042’ —vy 1,6 pasu, Lo, MOXKAMBO, Bifobparkae
edpeKT obmekeHoro po3baBieHHs y nepiosd, ManoBoa-
As. Y noHussi p. IHryneub 3adikcoBaHO MiHiManbHi NiTHI
3HaueHHa: xnopugn — 27,0 mr/gm3, cynbdatn — 61,6
mr/am3, Wwo Bignosigae HOPMaTUBHMM 3HaYeHHAM. Ha-
TOMicTb y p. CaKcaraHb (NiTo) KOHUEHTpaLii CTaHOBUAK:
CI” = 500 mr/am® i SO, > - 991,8 mr/am*; ue nepesuiye
BignosiaHi IAK y 1,4 Ta 2,0 paswu, Wwo BKA3ye Ha JI0KaNi-
30BaHi A)Kepena HaaXoA4XKeHb i 36inbweHnin Yac Boao-
06MiHy.

Y nepiog, pernameHTOBaHOro CKUAAHHA LWAXTHUX BOZ,
y p. IHryneupb (paioH c. Wupoke) 3adikcoBaHo BmicT
xnopuais Ha pisHi 2500 mr/am® (nepesuierHsa TOK y
7,1 pasu), cynbdatis — 741,8 mr/am® (nepesuiieHHs IOK
y 1,5 pasu), cyxuit 3anmwwok — 6000-8000 mr/am? (nepe-
BULLEHHSA Y 6-8 pasiB); aHaNOri4YHi PiBHi CyXOro 3asuLLKy
nocrepiranuca B paioHax c. JlaToBKa Ta c. MorunisKa.
OTpMMaHi 3Ha4YeHHA € HaZ3BMYAMHO BMCOKMMM Ta Mia-
TBEPAKYIOTb BarOMMUi1 BHECOK BMCOKOMIHEPANi30BaHUX
LWIAXTHUX BOZA, Y BOAHWUI HanaHc 3a3HAYEHOI AiNAHKM.

Y BecHsAHWI nepiog (ainaHka LWnpoke-/laToBKa-Mo-
rMNiBKa) NOKA3HMK CyXOro 3a/uLwKy ctaHosmB 1400-3000
Mr/am3, Wo nepesuLLyeE HOPMATUBHI PiBHI NPUBAU3HO Y
1,4-3,0 pa3un. Taki 3HaYEHHA € CYTTEBO HUXKUYMMU MOPIB-
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HAHO 3 MiKaMW Nig Yac CKUAAHHA, ane yce e He BianoBi-
[atoTb BUMoram. Mifg vyac npommBaHHA NPiCHO BOAOH B
p. IHryneub KOHUeHTpauii xnopuais ctaHosuam 130-800
mr/am3, cynbdatis — 500-900 mr/am3: cnocrepiraetbea
3HMMEHHA Ta Hab/AMMKeHHA A0 piBHIB KapauyyHiBCbKOTo
BOZLOCXOBMLLA, OAHAK BEPXHi MEXi BCe Lie nepesuLly-
I0Tb HOPMATUBHI 3HAaYEHHA — OPIEHTOBHO Yy 2,3 pa3u AnA
xnopuais Ta 'y 1,8 pasu ana cynboaris.

Ha nigctasi gaHnx gep*KaBHOrO MOHITOPUHIY Npo-
aHani3oBaHO XiMiYHWI cKknag p. IHryneup i BU3HaAYeHO
$OHOBI KOHLLEHTPALLT OCHOBHMX MOKA3HMKIB. [OKa3HUKM
PO34YMHEHOro KUCHIO Ha BCiX Mmoctax craHosuau 8,48-
10,51 mr O,/am3, wo nepesuiLye HopmaTtns 4 mr O,/am?;
03HaK KncHeBoro aediunTy He BUABAEHO. JTOKabHI NikK
BCK, dikcyBanmnca nepeBaxkHo Ha nocty 3 (3,19-3,92 mr
02/,£I,M3), WO CBigYUTb NPO eniso4nYHi HaAXOOKEeHHA
OpraHiYHMX Pe4voBUH. 3araiom KUCHEBUIN PEKUM BignNo-
BiZla€ ririEHiYHMM BMMOram, a OpraHiyHe HaBaHTaXeHHA
OLLIHIOETBCA AK MOMIipHe.

BigmiueHo cTilike nepesuweHHa IAK 3a cynbdatamum
Ha nocty 1: 628-753 mr/am® (npubamsHo y 1,3-1,5 pasw),
Ha nocty 4: 1 446-1 613 mr/am® (npmbamsHo y 2,9-3,2
pa3u). TakoK 3adiKcoBaHO 3HAYHI NEPEBULLLEHHSA BMICTY
xnopuais Ha nocty 1: 1 263-2 659 mr/am® (nikosi 3Ha-
YyeHHs y 2022 p.), Wo CTaHOBUTb NpubBAM3HO y 3,6-7,6
pasu suwe 3a IAK; Ha nocty 4 KOHUeHTpaLii xnopuais
nepesuwysanu IAK opieHtoBHo y 1,3-1,5 pasu. KoHueH-
TpaujiioHis NH,*, NO, ta NO," Ha Bcix noctax 6ynu cyTTe-
BO HMXX4YMMM 33 BigNOBIAHI HOPMATUBM.

TakMM YNHOM, OCHOBHMM YMHHUKOM HEBIAMNOBIAHO-
CTi BUMOram AIKOCTi BOAM € NigBuULLEHA IOHHA MiHepani-
3auif, Hacamnepes, 3a PaxyHOK X/o0puais Ta cynbdaTis
Yy NyHKTax cnoctepexeHHs 1 i 4. Lle y3roa»Kyetbes 3 ria-
poXiMiyHMM npodinem AiNAHKKM Ta CBIAYUTb NPO BMNAUB
BMCOKOMIHEpPani3oBaHWX CKUAaHb (pernameHToBaHUX
BigBeAeHb LIAXTHMX Ta Kap'epHUX Boa) Ta dinbTpauiii-
HOrO MPUTOKY 3 TEXHOreHHUX EMHOCTEN. Ha ubomy TAi
NMOKa3HMKN KNCHEBOTO PeXMMY Ta OpraHiYHOro HaBaH-
TaxeHHs (BCK, XCK) 3aranom BignosigatoTs nomipHomMy
piBHIO, Xx04a DIKCYyOTbCA €Ni30AMYHI NiKK, LWo noTpebye
A pPECHOr0 KOHTPOAIO AKepen.

AHani3 NOKa3HWKIB KNCHEBOTO PEXUMY Ta OPraHiyHo-
ro HaBaHTaXeHHsA p. [Hinpo cBigumTb, Wo 3a 2020-2023
pp. KOHLEHTpaLii pO34YMHEHOrO KMCHIO Ha BCiX NOCTax
ctaHoBuAK 8,6-11,6 mr OZ/LI,M3, TO6TO CYTTEBO BULLE 3a
HopmaTtus 4 mr OZ/AM?'. O3HaK CUCTEMHOrO KMCHEBOTO
AediumnTy He BUsABNEHO. binbLwicTb 3HayeHb BCK, BU3Ha-
Yanuca B iHTepsani 1,5-3,2 mr OZ/LI,M3, o Bignosiaae
HU3bKO-NOMiPHOMY OpPraHiYHOMY HAaBAHTAXKEHHIO.

BMBYEHHA MOKa3HMKIB MiHepanisaLii Mnokasano,
O KOHLEHTpauii cyabdaTiB BU3HAYANNUCA B Aiana3oHi
33-63 mr/am3; Taki 3HauYEHHA € CYTTEBO HMMXUYMMM 33
IAK. Bmict xnopuais y 6inbliocTi BUNaaKiB CTaHOBMB
— 22-52 mr/am3, pigwe — 76-304 mr/om3; Ui 3HaYeHHN
TaKoX He nepesulLytoTb FAK. KoHueHTpauji bioreHHuX
dopm a30Ty — iOHIB aMOHito, HiTpaTiB Ta HiTPUTIB — Big-
noBiganu ririEHiYHMM HOPMATMBAM Ha BCiX MOCTax Cno-
CTepeKeHHs.

BMiCT 3aBMCAMX PEYOBUH Yy BiNbLIOCTI BUNaAKiB CTa-
HoBMB 5,0-9,7 mr/am3; 03HaK CMCTEMHOrO 3pPOCTaHHA
MYTHOCTI He 3adikcoBaHo. KoHueHTpauji ¢ocdaT-ioHis
BM3Havanuca B mexax 0,14-0,37 mr/gm3; cnocrepira-
JINCA NOOAMHOKI HMXYI 3HaueHHAa (0,10-0,20 mr/am3)
Ta pasosi nigsuueHHa (0,34-0,37 mr/am3) Ha oKpemux
nocTax.

Takmm ynHom, 3a 2020-2023 pp. Boga y p. AHinpo Ha
PO3MAHYTUX NOCTaX XapaKTePU3YETbCA CTabiNbHUM KMUC-
HEBMM PEXMMOM Ta NepeBarKHO MOMIPHMUM OPraHiYHUM
HABAHTAXXEHHAM, HW3bKMMMW Ta MOMIPHUMK PiBHAMMU
iOHiB MiHepanisay,ii Ta HU3bKMMM KOHLLEHTPALLiAMM a30T-
Hux ¢opm. CyKyMnHO Lie BKa3ye Ha BignoBiAHICTb 6ifbLuo-
CTi MOKA3HMKIB HOPMATUBHUM BMMOTaM.

BucHoBKM.

1. OTpMmaHi pe3ynbTaTm NiATBEPOKYIOTb BUpaXKe-
HY MPOCTOPOBY MIH/IMBICTb MOKA3HMUKIB AKOCTI BOA Y
KpurBOpi3sbKOMY 3ani3opygHOMY perioHi, 3yMoBAeHYy
BM/IMBOM FipHMY0o406yBHOI AisanbHOCTI. Hanbinbw KoH-
TPaCTHi 3MiHX CNOCTEpIraloTbCA MiXK BOLOCXOBULLLAMM
(nepeBarkHO 3 HM3bKOI ab0 NOMipPHOI MiHepaizaLli€to)
Ta piykoBMMM AinAHKamu CaKcaraHi Ta IHrynbuA, ge 3a-
¢dikcoBaHe cyTTeBe 3POCTAHHA 3arasbHOiI MiHepani3auii,
YKOPCTKOCTi Ta KOHUEHTPALLiA OCHOBHUX iOHiB (Hacamne-
pea CI™i SO, ).

2. OCHOBHMM YMHHMKOM HEBIAMNOBIAHOCTI ririeHIY-
HUM HOpPMAaTMBaAM € MNiABULLEHA iOHHA MiHepanisaLia,
30KpeMma 3a paxyHok ioHis Cl"Ta SO,*. MaKkcMmasbHi ne-
pesuweHHA TOK 3adikcoBaHO Ha ainAaHkax p. IHryneup:
ana 5042' —vy 2-3 pa3u, gna ClI — go 7,6 pasis. Taki piBHi,
MMOBIPHO, 3yMOB/EHI BM/IMBOM BWCOKOMiHEpani3oBa-
HUX LWAXTHUX i NiA3€MHWUX BOA, @ TAaKOXK inbTpauiiHumm
NPUTOKAaMM 3 TEXHOFEHHUX EMHOCTEN.

3. MokasHukum BCK, i XCK csiguaTb npo nomipHe op-
raHiyHe HaBaHTAXKeHHA: y piykax IHryneub i CakcaraHb
nepioguyHO CNOCTEepPIratoTbCA IOKA/IbHI NiABULLEHHA A0
9,1 mr 0,/am® (BCK, ) Ta 21,6 mr O,/am® (XCK). KoHueH-
Tpau,ii po3ymHeHoro KucHiwo (8,48-10,51 mr OZ/AMS) vy p.
IHryneub cTabinbHO NepeBuLLYOTb HOPMATUB NPUBAK3-
Hoy 2,1-2,6 pa3u.

4. Ana p. OHinpo (2020-2023 pp.) BCTaHOBMEHO CTa-
BiNbHUIA KUCHEBUIN PEXUM: PO3UYMHEHUIN KMCEHb — 8,6-
11,6 Oz/p,M3. PiBHi iOHiIB MiHepani3aLii 3anuwatoTbcA
HUXYMMK 3a TK: xnopnam — He Binblue Hix 304 mr/am3,
cynbdatn — He binblie Hixk 63 mr/am3. NMoKasHMKK BCK,
Ta XCK 3anuwatotbca y mexax 1,5-3,2 1 12-20 mr OZ/AM3
BignoBiaHO. Ha pmocnigskeHux Toukax 3abopy npob p.
[HiNpo He BMABNEHO 03HAK 3HAYHOIO AHTPOMOreHHOro
BM/IMBY 32 PO3IIAHYTUMM NOKa3HUKAMMU.

5. OcHOBHe HaBaHTa)eHHA Ha BoAHi 06’eKTn ba-
cerHy IHrynbua ¢GopmyloTb  BMCOKOMiHEpPani3oBaHi
WaxTHi Boau, inbTpauiiHi BUTOKM 3 TEXHOTEHHUX Ha-
KOMUUyBadiB i 0bMmerKeHUIt noteHuian po3baBieHHs Y
NiTHI Nepiog, WO NOCUAIOE KOHLEHTPaLinHI edeKTn Ta
3pOCTaHHA iOHHOI MiHepanisauji (Hacamnepes 3a paxy-
HOK Xx/IopuAiB i cynbdaris).

6. [lna noninweHHA cTaHy BoAgHMX 06’eKTiB A0Li/IbHO
peanisyBaTn: MOAEPHI3aLLII0 CUCTEM OYULLEHHSA I AeMi-
Hepanisaujii WaxTHUX BOA; MOHITOPUHT ioHiB Cl7, SO4*
, CYXOro 3a/IMWKy B Mexax 6aceliHy pivyoK IHryabus Ta
CakcaraHb; 3aCTOCyBaHHA PEryiboBaHUX PEeXUMIB CKU-
AiB; iHTerpawito IOKaNIbHUX Pe3yabTaTiB MOHITOPUHIY Y
perioHanbHI NNaHW yNpaBAiHHA piYkoBMMMK BaceliHamu
(MYPB 2025-2030).

MNepcnekTMBKM NOAANBLUNX AOC/IAMKEHD.

JouinbHO NpPOAOBXUTM  MOHITOPUHT CKAady Ta
BNACTUBOCTelM Boan BoaHMX 06’ekTiB m. Kpusoro Pory y
BOEHHWM i NiCNABOEHHWUI Nepiogm 3 MeTO aHaNITUYHO-
ro NOPiBHAHHA BHECKY NMPOMMCIOBOro 3abpyaHEeHHA Ta
BM/IMBIB, 3yMOB/IEHUX BeAeHHAM 6OMOBUX Ail.
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EKOJIOTIYHI TA XIMIYHI OCOB/IMBOCTI BOAWN NMPUPOAHNX BOLOMM KPUBOPI3bKOIO 3ANI30PYAHOIO
BACEMHY

Opexosa O. B., Xapnamosa A. B., MaBniueHko O. ®.

Pe3stome. AKicTb noBepxHeBWUX BoA KpuBOpi3bKoro 3anisopyaHoro 6aceHy 3a3Hae TPUBAIOFO TEXHOTEHHOO
BN/INBY, 3yMOB/IEHOTO CKUAAHHAM BMCOKOMIHEPani30BaHMX LWAXTHUX i Kap’epHMX BOA, Ta GinbTpaLiMHUMM BUTOKa-
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MW 3 TEXHOFeHHWX eMHOCTel. Lli npouecy CNpUUYMHAIOTD 3pOCTaHHA MiHepanisaLii, OPCTKOCTi Ta KOHLEHTpaLin
xnopuais i cynbodatie y BogoMmax pivokK IHryneub i CakcaraHb Ta Nnpuaerinx Bogocxosuiax. [loaaTtkosi pusmnKkm no-
CUNIOOTBCA HACNiIAKAMM BOEHHUX NOAIN Ta FifApPOoNoriYyHMMKM 3MiHaMK y baceliHi JHinpa.

MeTa — KOmMNaeKCcHa OLiHKa XiMIYHOro CKNaAy Ta eKON0TYHOro CTaHy NoBepxHeBux Boa KpnsBopisbKoro 3aniso-
pyaHoro baceliHy Ha NnpuKnaai pivok IHryneup, CakcaraHb, [Hinpo Ta Bogocxosuuy, M. Kpreoro Pory 3 ypaxyBaHHAM
TepUTOPiaNbHO-CE30HHUX BigMIHHOCTEN MOKa3HMKIB MiHepanisaLii, )XOPCTKOCTI, iOHHOro CKAaAy Ta OpraHivyHoOro Ha-
BaHTaXKEHHA.

BUKOpUCTaHO AaHi AeprKaBHOM0 MOHITOPUHIY [lep’KaBHOro areHTCTBa BOAHMX pecypciB YkpaiHu (2020-2023
pp.) Ta npoToKonn BUpobHUUYMX nabopaTopiii (2000-2023 pp.). NpoaHanizoBaHoO: BOAHEBMUI NOKA3HMK pH, 3aranbHy
YKOPCTKICTb, CyXuit 3annwok, xnopuam (Cl), cynbdatn (SO,*), nokasHukm opraHiuHoro 3abpyaHeHHsa (BCK,, BCK,,
XCK), posumHeHuit KnceHb, 3aB1cni pedyosuHu, bioreHHi dopmu asoty (NH,*, NO,, NO,) Ta docdat-ioHn. Mopis-
HAHHA BUKOHAHO BiAMOBIAHO A0 ririEHIYHUX YMHHUX HopmaTuBiB (Hakaz MO3 YkpaiHu Ne 721 (2022). CTaTUCTMYHa
06po6Ka BK/KOYaNa OMMCOBY CTAaTUCTMKY Ta NOPIBHAHHA MiXK MyHKTaMu Bigbopy i cesoHamu.

BcTaHOBNEHO 3HAYHY XiMiYHY HEOAHOPIAHICTL CK/1aZy NOBEPXHEBMX BOA,: BiAHOCHO HMU3bKY MiHEpasi3aLito y BO-
[,0CX0OBULLLAX Ta BUCOKI KOHLEHTpaUIi ioHiB y p. IHryneub (cyxuit 3anmwok 2442-3358 mr/am?; CI- — 760-1070 mr/ams;
5042' —769-981 mr/am3). Y nepioa pernameHTOBaHUX CKMAiB KoHUeHTpauii Cl Ta 5042' 3pocTatoTb 4o 3-7 pasis BuLLe
3a [AK. MokasHukm BCK,  Ta XCK BianosigaoTb NOMIPHOMY OPraHiYHOMY HaBAHTAKEHHIO NPK CTabiNIbHO BUCOKOMY
piBHi pO34YMHEHOro KucHio (8,5-10,5 mr OZ/,CI,M3). Ona p. OHinpo 3adikcoBaHO HU3bKI piBHI MiHepanisauii Ta BiacyT-
HiCTb O3HaK 3HaAYyLLOro aHTPOMOreHHOro BMJIMBY 32 PO3MAHYTUMM NOKA3HUKaMM.

OCHOBHMM YNHHMKOM NOTipLWEHHA AKOCTI BOA € NigBMLLEHA iOHHA MiHepanisayifa y pivkax IHryneupb i CakcaraHb,
3yMOB/IEHA HAAXOAKEHHAM LIAXTHUX BOZA, i HU3bKMM MOTeHLiaIom po36aBneHHsa B NiTHIN nepioa. CtaH p. AHinpo
3a/IMWAETLCA CTabiNbHUM. [ NOKpaLLEHHA AKOCTI BOAM A0LiNIbHI MOAEpHi3aL,is cMCTeM OYULLEHHS Ta AeMiHapai-
3Ll LWAXTHMX BOA i NOCMAEHHA LiNbOBOro MOHITOPUHIY IOHHOIO CKAagy.

KnwouyoBsi cnoBa: WwaxTHi BOAW, NPUPOAHI BOAOMMM, XIMIYHUI CKNag, BOAM, TEXHOTEHHUI BM/IMB, €KONOTIYHUNM
MOHITOPWHT.

ENVIRONMENTAL AND CHEMICAL FEATURES OF WATER IN NATURAL WATER BODIES OF THE KRYVYI RIH IRON
ORE BASIN

Oriekhova 0. V., Kharlamova A. V., Pavlichenko O. F.

Abstract. The quality of surface waters in Kryvyi Rih iron ore basin has been impacted by long-lasting anthropo-
genic effects caused by the discharge of highly mineralised mine and quarry waters and filtering leaks from industrial
reservoirs. These processes are leading to increased mineralisation, hardness and chloride and sulphate concen-
trations in the Inhulets and Saksahan rivers and surrounding reservoirs. The additional risks are enhanced by the
military conflict and hydrological changes within the Dnipro River basin.

Aim is to provide a comprehensive assessment of the chemical composition and environmental state of the
Kryvyi Rih iron ore basin’s surface waters, specifically the Inhulets, Saksahan and Dnipro rivers and the reservoirs
in Kryvyi Rih, considering the regional and seasonal differences in mineralisation, hardness, ionic composition and
organic load indicators.

Data from the State Agency of Water Resources of Ukraine for 2020-2023, as well as agency protocols from
the industrial laboratories (2000-2023), have been used. The following indicators have been analyzed: acid-alkaline
status (pH), total hardness, dry residue, chlorides (Cl), sulphates (SO,*), organic pollution indicators (BOD,, BOD,,
COD), dissolved oxygen, suspended solids, biogenic forms of nitrogen (NH,", NO_, NO,) and phosphate ions. The
comparison was made in accordance with current hygiene standards (Order of the Ministry of Health of Ukraine No.
721 (2022). Statistical processing included descriptive statistics and comparisons between sampling locations and
seasons.

Significant chemical variability in the composition of surface waters was observed: relatively low mineralisation
of reservoirs and high concentrations of ions in the Inhulets River (dry residue 2442-3358 mg/dm?3; CI' — 760-1070
mg/dm3; SO,* — 769-981 mg/dm?). During the period of regulated discharges, the concentrations of Cland SO,*
increase 3-7 times above the Maximum Permissible Concentration (MPC). The BOD,, and COD values indicate a
moderate organic loading while the level of dissolved oxygen remains consistently high (8.5-10.5 mg O,/dm?®). The
Dnipro River has low mineralisation and no significant anthropogenic impact.

The primary factor contributing water quality degradation is the elevated ionic mineralization in the Inhulets
and Saksahan rivers, driven by mine water discharge and the low dilution potential during the summer period.
The condition of the Dnipro River remains stable. Improving water quality requires modernization of mine-water
treatment systems and strengthened of monitoring of ionic composition.

Key words: mine water, natural water bodies, water chemical composition, anthropogenicimpact, environmental
monitoring.
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