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OPTAHI3ALIIMHE 3ABE3IIEYUEHH S AEPJKABHOTO YIIPABAIHHSI BOAHUMU PECYPCAMMU
3A BACEMHOBUM ITPUHIIUIIOM

Water resources are an integral part of nature management, which in terms of market relations is considered a
commodity. Uneven territorial distribution of water resources and significant anthropogenic pressure lead to acute water
shortages. At present, Ukraine's water management has a significant number of problems, including: deepening the trend
of irrational water use; unsatisfactory water quality in natural water bodies; significant increase in material damage
from the negative impact due to floods, flooding of groundwater, waterlogging, secondary salinization of land, water
erosion, reduced investment in water management. The realities of water use, especially in the field of water resources
management, have led to the need to improve existing scientific approaches that will allow more efficient allocation of
resources and will be based on the principles of sustainable development. For a long time there was a notion of unlimited
water resources and, accordingly, of free access to them. However, with the development of the country's productive
forces and especially water-intensive enterprises, pollution of water sources, disputes between water users over the use
of water resources, and, finally, water scarcity in some large river basins, society's costs of increasing water resources
and bringing them to quality standards have risen sharply. It has become clear that water is a limited and rather expensive
resource for society. The main essence, features and main advantages of the basin principle of water resources management
are considered in the work; the functions, types and features of the water resources management system based on the
basin principle were studied and researched, the structure was analyzed, the main problems ofimplementation were identified
and measures for the effective operation of the water resources management system were proposed. It is noted that the
development of the basin system of water resources management in Ukraine should be carried out with maximum use and
significant expansion of the functions provided by the water sector of the State Water Management. This approach makes it
possible to predict the consequences of human activities, for early prevention of environmental and man-made disasters.

Boani pecypcy € HeBiA'€MHOIO YaCTMHOO IPUPOAOKOPUCTYBAHHS, KA B YMOBaX PMHKOBUX BIAHOCHH BBa>Ka€ThCs TOBA-
pom. HepisHomipHMIt TepuTOpiaABHMI PO3NOAIA BOAHMX PeCYpPCiB Ta 3HAYHMI AHTPONOTEHHMI TUCK IPU3BOAITH AO TOCTPO-
ro pediunty Boan. Huni BoaHe rociopapctBo Yrpainu Mae 3Ha4Hy KiAbBKiCTh IpO6AEM, CEPeA AKMUX: MOTAMOAEHHS TEeHAEHL T
HepPaLioHaABPHOTO BOAOKOPUCTYBAHHS; He3aA0BiAbHA SIKiCTh BOAM B IPUPOAHUX BOAONMAX; 3HAYHe 30iAbLIEHHS MaTepiaAb-
HUX 30UTKIB Bip HEraTMBHOrO BOAMBY BHACAIAOK MABOAKIB, IATONAEHHS MiA3€MHUX BOA, 3a60A04YEHHS, BTOPUHHOTO 3aCO-
A€HHSI 3eMeAb, BOAHOT ep03ii, 3MeHIIeHHsI iHBe CTUL[iil y BOAHE rocrnopapcTso. Peaaii BopokopucTyBanus, oco6Aanuso B cdepi
yIpaBAiHHS BOAHMMY pecypcamy NPU3BeAU A0 HeOOXiAHOCTi BAOCKOHAAEHHS iCHYIOUMX HAYKOBUX MiAXOAIB, SIKi AO3BOASTH
Giabm eeKTUBHO PO3MOAIAIATH pecypcy Ta GYAYTh 6a3yBaTHCh Ha NPUHYMIIAX CTAAOTO PO3BUTKY. TpuBaAmit yac icHyBaAO
ySIBAEHHSI IPO HeOOMeKeHiCTh BOAHMX PeCypcCiB Ta BiATIOBiAHO npo Ge3onaaTHicTh ix oTpumannsa. OAHAK, 3 PO3BUTKOM BU-
pOGHMYMX CHA KPaiHM Ta OCOGAMBO BOAOMICTRMX MiATIPMEMCTB, 3a6PYAHEHHIM BOAHMX AJKepPeA, BUHMKHEHHSIM IPOTUPIY
MiX BOAOKOPUCTYBavyaMy 3 IPUBOAY BMKOPUCTAHHS BOAHUX pecypci, Ta, HapemTi, 3 AedinuTom Bopu B psipi GaceiniB Beau-
KMX PivOK, 3aTPaTH CYyCHiAbCTBA HA 36iAbIIEHHS PO3TAMOBYBaHMX BOAHMX PECYPCiB Ta X AOBEAEHHS AO CTAHAAPTIB AKOCTI
pi3ko 3pocanu. CTaro 0OYEeBMAHMM, IO BOAA SIBASETHCS OOMEKEHMM Ta AOBOAL AOPOIMM AASI CYyCHiABCTBA pecypcom. B poGori
PO3TASIHYTO OCHOBHY CYTHICTh, 0COGAMBOCTI Ta OCHOBHI IepeBaru 6aceifHOBOrO NPUHLMITY YIPABAIHHSI BOAHMMM pecypca-
Mu; 6YAO BMBYEHO Ta AOCAIANKeHO QYHKIT, TMIIM Ta PUCK CHCTEMM YIPABAIHHI BOAHUMMU pecypcamu 3a 6aceifHOBUM NPUH-
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LUIIOM, 3AIICHEHO aHaAi3 CTPYKTYPH, BUSIBAEHO OCHOBHI MPOGAEMYU BIPOBAAKEHHS Ta 3alPONMOHOBAHO 3aX0AM AAS edek-
TUBHOT poGOTH CHCTEMM YIPABAIHHSI BOAHUMU pecypcamu. 3a3HadeHo, IO PO3BUTOK 6aCeifHOBOT CUCTEMU YIPABAIHHS BOA-
HUMMY pecypcamy B YKpaiHi IOBUHEH 3AIMCHIOBATUCH 3 MAKCMMaAbBHMM BUKOPUCTAHHAM Ta 3HAYHUM PO3MMUPEHHAM PYHKLi,
SIKi 3a6€3MeYyI0ThCS1 BOAOTOCIIOAAPCHKOIO TaAy33t0 AepskBoprocny. AaHui mipxiA Aa€ MOKAUBICTD mepeAGaYMTH HACAIAKK
AIOACBKOI AiIABHOCTi, AAS 3aBYaCHOTO MOMNepeA’KeHHI eKOAOriHOI Ta TeXHOTeHHOI KaTacTpod.

Key words: water system; biotic communication; bydroecosystem, water resources, sustainable

development, basin principle, water management.

Kao4obi caoba: 600na cucmema; 6iomuuna xomynixayisa; ziopoexocucmema, 600ni pecypcu, cma-
aunt po3bumox, baceurnobuii npurnbun, 600nul menedx menm.

INTRODUCTION

The end of the XX — beginning of the XXI cen-
tury is characterized by the deterioration of the
ecological situation on the planet. The most
important component of ecologically safe deve-
lopment of natural and socio-economic systems is
the use of nature, which involves the organization
of water resources, which ensures sustainable
development and for a long time retains sufficient
water potential. The nineteenth century is
characterized by significant negative changes in the
environment caused by the uncontrolled use of
natural resources, the development of industry and
transport, which leads to increased water
consumption and at the same time an increase in
its pollution. This has been particularly noticeable
over the last 50 years, when human impact on the
planet's water cycle has reached a global scale [1—
3].

The distribution of water resources, as well as
the needs of society in them, on Earth is uneven.
The total water reserves of the Earth are 1359 mil-
lion m3, of which only 2—3% is fresh water. Water
supply per capita ranges from 0.69 in North Africa
to 96.2 in Siberia and the Far East and 219 thousand
m3/ year in Canada and Alaska [4].

Stocks of easily accessible fresh water are
distributed on the planet very unevenly. For
example, in Africa only about 10% of the
population has a regular water supply, and in
Europe this figure exceeds 95%. South America
has the best water resources, while North America
and Europe have the worst. In many regions, large
rivers and lakes are located in relatively under-
developed areas: the Amazon, the rivers of Russia
and Canada [5].

Irrational use of water resources on the planet
hasled to a decrease in water supply per capita in
Europe by 22% (from 5.9 to 4.6 thousand m3 /
year), Asia by 47% (from 9.6 to 5.1 thousand m3)/
year), in Africa by 54% (from 37.2 to 21.3 thousand
m3 / year), in North America by 43% (from 37.2
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to 21.3 thousand m3 / year), in South America by
54% (from 105 to 48.8 thousand m3 / year).

Water resources are an integral part of nature
management, which in terms of market relations
is considered a commodity. Uneven territorial
distribution of water resources and significant
anthropogenic pressure lead to acute water
shortages.

The problem of rational use of water resources
is extremely important for Ukraine. This is due to
the fact that Ukraine is one of the countries with
the lowest water supply and significant anthro-
pogenic pressure.

At present, Ukraine's water management has a
significant number of problems, including: dee-
pening the trend of irrational water use; unsa-
tisfactory water quality in natural water bodies;
significant increase in material damage from the
negative impact due to floods, flooding of ground-
water, waterlogging, secondary salinization of
land, water erosion, reduced investment in water
management.

The problems mentioned above have led to the
aging of fixed water resources and the lack of fixed
capital in water management. We also want to note
that the current problems of this industry are
deepening in the field of water management. The
water fund remains almost 100% state-owned, and
various forms of ownership have emerged in the
water sector as a result of privatization.

In order to determine the most rational
direction of nature management, priority areas
have been identified that will ensure the sustainable
development of the country's water management
complex. At the same time, as a natural unit of
water use management, it is necessary to consider
the annual basin, within which the analysis of the
current situation should be performed, and
decisions should be made on the distribution of
water resources.

The current national environmental policy in
the field of sustainable use of water and water
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resources provides for the use of the principles of
the European Water Framework Directive 2000/
60 / EC, which aims to protect and improve the
quality of natural resources, promote sustainable
use of water resources. The main principle of the
management system specified in the Directive is the
use of an integrated basin management model.

RESEARCH RESULTS

Today, the water management of Ukraine has
a large number of problems, including: the
deepening trend of wasteful water use; unsa-
tisfactory water quality in natural objects; signi-
ficant increase in recent years of material damage
from the harmful effects of water due to floods,
flooding of groundwater, waterlogging, salini-
zation and water erosion; significant reduction of
water management investment. A number of these
problems have led to the aging of fixed assets, and
the lack of even basic recovery of water capital.

We would also like to note that the current
problems of this industry are deepening due to
disparities in the relationship between property
rights and elements of the water sector. In order
to improve the water management situation, the
Concept of water management development of
Ukraine was developed [1]. The main purpose of
which is to determine the strategic goals and main
directions for creating conditions for improving
environmental sustainability and balanced
development of the water complex, improving
water supply and water management needs in
compliance with optimal conditions for water use;
improving water quality, reducing losses and social
tensions; conservation of water systems [2].

In the period from 1990 to 2020 there is a
significant decrease in the production of goods and
services, and, accordingly, the amount of water
consumption and wastewater discharge. However,
no improvement in the qualitative and quantitative
state of water resources is observed. On the
contrary, there is a deterioration of water quality
in microbiological, organoleptic, physicoche-
mical, sanitary and toxicological indicators,
depletion of water resources, degradation of
aquatic ecosystems and the negative impact of
climate change [4; 5].

There is an exacerbation of the problem of
ensuring public access to water bodies and drinking
water, which is associated with the inefficiency of
management systems in the field of protection and
restoration of water resources, water mana-
gement, land reclamation. The current system of
water use management and protection of water
resources is administrative-territorial or sectoral,
which has led to low efficiency of measures to
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regulate water use and resource potential of water
bodies.

The issues of efficiency of natural resources
management, aspects of their organizational
support are covered in the works of A.V. Jacyk,
V.I.Danilova-Danilyana, V.M. Udod, M.Yu. Tara-
sova, I.O. Dragana, N.M. Osadcha, N.S. Klebanov,
B.I. Osadchiy, Yu.B. Stuffing, etc. Most scientific
papers do not fully take into account the features
of aquatic ecosystems of Ukraine and the diversity
of attitudes towards them.

The main document in the field of EU water
policy is Directive Ne 2000/60/ EC of 23 October
2000, better known as the Water Framework
Directive (WFD). The urgency of adapting the
national strategy for the protection of water
resources to the provisions of the WFD is enhanced
by the presence in Ukraine of a number of
transboundary river basins common with EU
Member States. The Directive requires Member
States to carry out a preliminary flood risk
assessment to identify river basins and associated
coastal areas where such a risk exists. This
preliminary assessment must include a description
of past floods that are likely to recur, as well as
historical maps of floods.

Currently, the water resources management
system has an administrative-territorial and sec-
toral nature, as a result of which measures to
regulate the use and restoration of water resources
do not give the desired effect. Therefore, in order
to improve the basin management principle and
bring water management closer to the principles
of sustainable development.

The water management process around the
world has undergone a number of significant
improvements and reforms, and shows that the
basin management principle is effective and ensures
compliance with the requirements for improving
quality and safe water use.

There are several main models of basin water
management:

— English model, which provides for full
privatization;

— the French model, which provides for
privatization through a delegation of authority;

— German model, which provides for partial
privatization and the creation of a supervisory board.

The Water Code of Ukraine provides for the
introduction of the principle of basin management
in the management of water resources of the
country. However, there is still no official decision
in Ukraine to define the boundaries of river basins
or basin districts, so water management in Ukraine
is still based on the administrative-territorial
division of the country.
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The basin principle of water
resources management provides

the following:

— comprehensive protection
of all water bodies of the water
basin;

— wide involvement of society

N\ and public organizations;
— consistent improvement of
) legislation;

— openness of procedures for

\ discussion and decision-making.
Integrated water resources

LANTPOCBIT Ne
ATPOCBIT Ne5—6,2022
(
Water resources monitoring system within the water basin
.
r . . . . . . .
Assessment of quantitative and qualitative indicators of water bodies,
L determination of potential risks )
r . . .
Formation of measures for rational nature management and improvement
L of aquatic ecosystems
) 4>
Implementation of the proposed measures
. 7

Fig. 1. Block diagram of integrated water resources
management according to the basin principle

The basin principle is a modern approach to
the management of the basic unit — river basins
with clearly defined environmental, social and
economic ties. Ukraine is divided into the
following seven main river basins, all of which flow
into the Black Sea, except for the Western Bug,
which flows into the Baltic Sea: the Dnieper basin
(covers 65% of the country), the Dniester basin
(12%), the Danube basin (7%), the coastal a basin
covering all small rivers that flow directly into the
Sea of Azov and the Black Sea (7%), the Seversky
Donets river basin (4%), the Southern Bug basin
(3%) and the Western Bug basin (2%).

The ecological state of water resources is
closely linked to the economy and the location of
productive forces, social and living conditions.

Thus, the coefficient of discharge of harmful
substances into reservoirs is 24.4 m*/Ha (in the
region of industrial Dnieper — 104.6 m*/Ha,
Western Polissya -2.0 m’/Ha, the Ukrainian
Carpathians — 9.0 m’/Ha, Podillya — 2.9 m*/Ha,
Kyiv Dnieper — 5.4 m*/Ha, Left-Bank Dnieper —
8.2 m’/Ha, Black Sea — 17.6 m%/Ha, Crimea —
8.8 m*/Ha)[6; 7].

Today it has become obvious that the changed
values and regimes of river runoff, high-quality
depletion of water lead to disruption of the life
cycle of aquatic organisms [8; 9] and in general
initiate degradation processes in the aquatic
ecosystem. These changes in water systems
contribute to the violation of the mechanism of
homeostasis.

The water basin is the main indicator of the
state of the environment, namely the ecological
state, which is due to both anthropogenic impact
and the action of specific environmental modifiers.
The use of the basin principle of water resources
management allows to prevent quantitative and
qualitative depletion of aquatic ecosystems, to
reduce the negative man-made impact.

N

management is a management
system based on the accounting
and monitoring of all types of
water use located within the regional ecosystems
of the respective river basins, which takes into
account the interests of different industries and
hierarchical levels of water use, involves all
stakeholders in decision-making and promotes
efficient and sustainable their use.

Based on the conducted research and experience
of the EU countries, the basic principles of integrated
river basin management were identified and the
corresponding structural scheme was formed (Fig. 1).

The main principles of integrated water
resources management include:

— surface water resources are managed within
the river basin territory;

— the object of management are all elements
of water management infrastructure and types of
water use;

— integrated management of water resources
on a basin basis takes into account the interests of
all participants in the process and regulates their
impact on aquatic ecosystems, efficiency;

— openness and transparency of information
is provided.

High concentration of industrial and agri-
cultural production, transport infrastructure,
combined with high population density, have
created an extremely high man-made and
anthropogenic load on the biosphere — the highest
in Ukraine and Europe. The total man-caused load
per unit of the territory of the regions of Eastern
Ukraine is 4 times higher than the average in Uk-
raine. For the Donetsk region, water consumption
and water supply is one of the main environmental
problems that need to be addressed urgently, as
the volume of discharges of untreated and
insufficiently treated waters reaches almost 30%
of the total discharges in Ukraine [6,50]. The region
is one of the least supplied with water resources in
Ukraine. There is about 0.23 thousand m® of local
river runoff per person per year (in Ukraine, on

ITepeannatumitinpexc 21847



average, there is 1.14 thousand m® of local river
runoff per person per year).

On the territory of Zhytomyr region flows
2822 rivers with a total length of 13.7 thousand km.
There are no large rivers in the structure of the
hydrographic grid of the region, there are eight
medium rivers: Sluch, Ubort, Stviga, Slovechna,
Uzh, Teteriv, Irsha, Irpin, the total length within
the region is 996.6 km. In total, rivers with a length
of more than 10 km — 321, their total length is
6692 km. There are 2491 streams less than 10 km
long, their total length is 7062 km.

The main impact of water use on the water
resources of the region is due to the irreversible
water intake and discharge of polluted effluents into
water bodies. Although water use tends to decrease
annually, the degree of anthropogenic pressure on
the resource water potential remains quite high.

Analysis of the ecological condition of the basin
makes it possible to identify the main causes of the
existing situation and identify a range of the most
important problems that require a phased solution.
The level of pollution of river basins is due to
inefficient operation of most facilities for
wastewater treatment and drainage systems; high
anthropogenic load on river basins as a conse-
quence of an extensive way of economic develop-
ment; imperfection and non-compliance with the
current economic mechanism of water use and
implementation of environmental protection
measures, allocation of funds for water protection
purposes; inefficient management and non-
compliance with environmental legislation.

Under the influence of substances of anthro-
pogenic origin is the process of transformation of
the water basin, which can be represented by the
following sequence:

— when the water man-caused load is exceeded
according to the maximum concentration limits on
individual and total indicators (1.5—2.5 times) the
chemical composition of water changes, which
further leads to changes in indicators charac-
terizing the state of hydrobiocenoses, but the main
structural parameters of ecosystem self-orga-
nization

— structural restructuring of ecosystems be-
gins when the man-made load exceeds the MPC
by 3—35 times;

— at the stage of emergence of degradation
processes of water systems (at excess of MPC in
6—7 times) the biological structural organization
changes ecosystems, reduced self-regulatory
capacity;

— at the stage of qualitative depletion of water
systems (exceeding the multiplicity of the MPC in
relation to the "background" state by 10 times)
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decreases not only self-regulatory but also assi-
milative capacity and so on.

In the development of aquatic ecosystems, the
mainrole is retained by biota (assimilative and self-
regulating abilities) due to the importance of the
functions performed by living organisms. At the
level of hydrobiocenoses there are specific
reactions and total effects (synergism, changes in
metabolic and biosynthetic processes, etc.), which
affects the different levels of biotic self-orga-
nization of aquatic ecosystems in the process of
their development.

Assessing the potential of water bodies is the
basis for developing an integrated management
plan. This indicator is estimated due to the ratio of
water volumes (the volume of water consumption
and wastewater dilution) to the volume of total
water inflow into the territory, taking into account
the volume of normatively treated return water.

The management plan includes assessment of
hazards, risks, methods of encouraging sustainable
methods of rational use of water resources. The
priority is to ensure safe living conditions, as well
as measures to improve the natural mechanisms
of self-regulation.

The objects of the study were the ecosystems
of the rivers Gnilopyat, Teteriv and Sluch within
the Zhytomyr region.

The Teteriv River is one of the main rivers of
the Kyivand Zhytomyr regions, the waters of which
are used for the needs of various spheres of the
national economy. The Teterev River originates on
the Volyn-Podilska Upland and flows into the Kyiv
Reservoir. Itslength is 385 km, width — within 12—
40 m, total area of the basin — 15,300 km?.

The ecological situation in the area of the Sluch
River basin is associated with the presence of
agricultural land, a wide range of production
activities of enterprises on the territory of which
there are treatment facilities that are not able to
achieve a high level of water treatment.

The river Sluch belongs to the middle rivers
(total water intake area 13900 km?) of the Dnieper
river basin. Sluch Basin is located in Rivne,
Khmelnytsky and Zhytomyr regions in the zone of
intensive economic activity. The basin stretches
from south to north and has a length of 300 km, an
average width of 46 km (the largest — 110 km).

The Gnilopyat River originates in the Vinnytsia
region. In the Zhytomyr region it flows through
the territory of Berdychiv and Zhytomyr districts,
where it flows into the river Teteriv. The length of
the river in the Zhytomyr region is 70 km.

Ecological monitoring data for the period
2015—2021 were used to study river ecosystems.
Accordingly, a number of indicators were cal-
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Table 1. Averaged indicators of man-made impact on aquatic

culated that characterize the
current state of subsurface objects

N

ecosystems

and their changes as a result of

anthropogenic impact. ks ) Averaged water quality indices csiglc;f:r?gi -
The use of complex analysis | = | & [T _ ° - o g

allows to establish the most| £ | = | § T 2.8 |34 < % §§ o2

informative hydrochemical indi- | 5 | 5 | 3 § 2 32 g 2 2 z |2z § 8 %

cators, indices of changes inqua- | 5 | 5 | 252 2228 |25% RS-

litative and quantitative charac- | 2 S | 2<5 | 25853 |22E|. & | 2582|583

teristics of water bodies with Gnilopyat river

domestic and domestic effluents _ o

and to track the dynamics of E 8

dilution and self-purification of the £ 3 S

studied rivers. g o |l 8 _ A
The obtained results indicate | « |[28| & - AR EEIEE

that water bodies are subject to Teteriv river

significant anthropogenic pressure = 2

and are confirmed by the index of g g <

trial and self-purification. High E 2 v

concentrations of pollutants are | = | 2| o o ST P - T O =z

reflected in each index. i S ) @ | ¥ @& ] o Fja)~]S
Precipitation can also be a river Stuch

source of pollution of the studied = 8

reservoirs. Fertilizers used in the g g S

fields by farmers cause great da- E 2 A

mage to water bodies, as chemical | ¢ o E o ] 3 |12 B @ lalw %'

and organic fertilizers from thetop L= | ==] - < R i I I ol il e

layer of soil are washed away by
rain into water bodies, as well as into groundwater.
Chemical pollution of water occurs due to the
ingress of inorganic (acids, alkalis, mineral salts)
and organic (organic compounds, surfactants,
detergents and disinfectants, pesticides, herbicides)
into rivers together with wastewater, which are
toxic to aquatic life and manifest strong depressant
effect.

CONCLUSIONS

Water pollution is a serious problem for
mankind, but there are many ways to solve it: learn
to care for natural resources, create better water
treatment mechanisms, introduce wastewater-free
technologies in industry, reuse treated wastewater
(eginagriculture). In most EU countries, the water
management process is based on the basin principle,
which is the most efficient known to date. The basin
principle of water bodies management allows to
determine the main directions and prerequisites for
the management of qualitative and quantitative
status of surface and groundwater bodies, allows to
implement the strategy of state policy aimed at
preventing the depletion of water bodies.
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