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The necessity of conducting research on the impact of sources of pollution of
the Dnipro River depending on their impact is determined. It has been established that
the Dnipro River basin is a multi-sectoral complex that covers 48% of the territory of
Ukraine and accumulates 80% of water resources. It is noted that the Dnipro River basin
has a high natural and socio-economic value, as it meets the drinking needs of 70% of the
population of Ukraine. It is established that the sources of water pollution are industrial
complexes, agriculture, and urban agglomerations. It is proved that deforestation,
intensification of agriculture, hydromelioration, the functioning of the Dnipro reservoirs
cascade, and intensive use of water resources are the causes of the Dnipro River basin
destruction. It has been determined that agricultural development of the catchment areas
has caused soil erosion, which is the most important mechanism of substance migration
on the earth's surface, causing up to 17 billion tons of mineral particles and 3.5 billion
tons of dissolved substances to enter the seas, oceans and internal runoff zones annually.
It is established that high concentrations of mineral particles in surface runoff reduce
water quality, which requires additional costs for their treatment, repair of the water
supply network, and restoration of irrigation networks. The article has calculated the
zonal hazard of nutrient pollution of surface waters within the multi-level sub-basins of
the transboundary Dnipro River, which is a consequence of soil-erosion processes. It is
established that the sub-basins located in the mixed forest zone or the upper part of the
transboundary river Dnipro have the lowest potential for diffuse pollution by suspended
solids. It is proved that in order to assess the degree of danger of soil-erosion pollution
of water bodies with phosphorus, it is necessary to establish “ecologically limiting”
values of the actual concentration. It is proved that the river sub-basins of the Lower
Dnipro River, located in the steppe zone, are potentially dangerous in accordance with
the indicators of dissolved phosphorus concentration in the waters. The necessity of
developing adaptive landscape erosion control projects with elements of soil protection
agriculture is determined.

Keywords: biogenic pollution, erosion, land-use, Dnipro River, catchment area,
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Statement of the problem. One of the largest transboundary rivers
in Europe is the Dnipro River with a basin area of about 511 thousand km?,
57.3% of which is located within Ukraine. The Dnipro basin covers more than
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48% of Ukraine's territory and accumulates about 80% of its water resources,
which satisfies the food and drinking needs of more than 70% of Ukraine's
population [1]. The Dnipro River basin is a diversified complex with high
natural and socio-economic value. However, the current state of the catchment
area is characterized by a complex and tense environmental situation caused by
economic activity and military aggression by russia.

Large industrial complexes (over 60% of industrial production),
agricultural land (agrogenic transformation of the basin in general is over 55%,
and over 70% within part of Ukraine), and the largest urban agglomerations are
concentrated in the Dnipro basin. Deforestation, chemicalisation of agriculture,
hydromelioration, the operation of the Dnipro reservoirs cascade, intensive use
of water resources (over 5000 million m® per year) and discharge of significant
volumes of polluted water (over 400 million m® per year), etc. have had a
destructive impact [2—4].

The environmental situation has been further complicated by the
consequences of russia's full-scale military invasion of Ukraine. The aggressor
country not only takes the lives of thousands of people, but also exerts
catastrophic pressure on the environment of our country, destroying the species
composition of flora and fauna, polluting water sources, destroying the fertile
soil layer, poisoning it with oil products and heavy metals. The state of water
resources is adversely affected by shell bursts, flooded vehicles, fuel and lubricant
spills, damaged or destroyed dams, coastal abrasion, destruction of bridges and
construction of artificial water retaining structures, creation of fortifications
in coastal water protection zones, destruction of floodplain ecosystems, and
destruction of sewage treatment plants with subsequent discharge of untreated
sewage into natural sources. Thus, the intensity of economic impact and the
consequences of military aggression have been the reasons for the transformation
of the territories and waters of the Dnipro basin, which necessitates the search
for rational ways to restore ecological systems, optimize natural resource use
and integrated river basin management.

In this context, the search for an optimal mechanism of rational
environmental management based on the principles of anti-erosion organization
of the territory aimed at preserving soil fertility and reducing the level of diffuse
pollution of surface waters becomes more relevant.

It has been established that erosion is a single complex of processes of soil
cover destruction, movement and redistribution of sediments on slopes during
surface water runoff, which causes the process of migration and redistribution
of mineral and chemical substances in landscapes and the land-ocean system
[5-7]. Soil erosion is the most powerful mechanism of substance migration on
the earth's surface in the agriculturally developed areas of catchment basins
[8, 9]. With the flow of rivers (about 45 thousand km?®), 17 billion tons of
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mineral particles and 3.5 billion tons of dissolved substances enter the seas,
oceans and inland runoff zones annually [10]. The significant impact of natural
and anthropogenic erosion on the formation of the basin component of river
sediment runoff is evidenced by a 5-8-fold increase in sediment runoff modules
from agriculturally developed lowland river catchments [11; 12].

It has been determined that two consequences of soil-erosion migration
are of the greatest importance for assessing the ecological state of landscapes
and surface waters [1]: 1) removal of nutrients from arable slopes, primarily
biogens (nitrogen, phosphorus and potassium — NPK) contained in the soil and
applied fertilizers; 2) reduction in the quality and pollution of water resources
due to erosion accumulation of mineral and chemical substances, including
toxic and radioactive ones.

In recent decades, against the backdrop of declining natural soil
fertility [13—15], there has been a significant increase (2-fold) in global grain
production due to the intensification or “chemicalisation” of agriculture [16].
This has led to a significant increase in soil-erosion migration of highly toxic
substances (heavy metals, pesticides, radionuclides) and deterioration of the
ecological state of a large part of the catchment area, erosion and channel
systems outside the primary sources of pollution. Biogenic substances entering
aquatic ecosystems together with mineral substrate from slopes contribute to
eutrophication of water bodies and reduce the quality of water resources [17; 18].
The sources of nitrogen, phosphorus and potassium in natural waters are industrial
and domestic wastewater, but the bulk of the total nutrient inputs come from
agricultural sources [19; 20]. The modulus of river runoff of phosphorus from
agriculturally developed areas is 10-15 times higher than that of forested areas [1].

It has been established that high concentrations of mineral particles in
surface runoff reduce water quality [21], which requires additional costs for
water treatment, repair and restoration of irrigation networks, and in the long
term will cause siltation and degradation of river systems. Erosion removes
both gross and mobile forms of nutrients from the topsoil. Gross forms have
transferred with soil washout, while mobile forms have transferred with melt
and rainwater runoff. Mineral nitrogen is carried away mainly by surface water,
while phosphorus, which is most strongly bound to the soil substrate, is carried
away with small soil particles.

The greatest losses of nutrients are observed in the cultivation of row
crops, less —In fields occupied by continuous sowing crops, annual and perennial
grasses. The insufficient duration of the observation series, the lack of a single
methodology and the variety of research conditions do not make it possible to
determine the rate of nutrient removal for any natural zone [22], it can be noted
that the intensity of gross removal of mobile forms of NPK is proportional to
the intensity of mineral substrate flushing, and the removal of mobile forms with
sediment runoff is an order of magnitude higher than the removal in solution.
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From an ecological perspective, it is important to assess the migration
of mobile forms of nutrients (yield reduction, eutrophication of water bodies).
Their content in sediments, as well as the proportion of dissolved substances,
depends on many factors: erosion intensity, crop cultivation technology,
season, etc. Depending on these factors, the ratio of total nutrient removal to
dissolved sediment varies widely. The concentration of ions in summer floods is
1.8-3.1 times higher than during floods [23].

It has determined that at a sufficiently high spatial variation of migration
of mobile forms of biogens (up to 60-70%), determination of their quantity
is impossible without erosion modeling, which describes each local episode
of runoff in separate catchment basins of different orders (such as the RUSLE
model) [24; 25]. At the present stage, the territorial assessment of nutrient
migration can be carried out based on actual data on the content of their gross
and mobile forms in arable soils of the regions and the territorial distribution
of the intensity of mineral substrate washout from arable land. Thanks to soil
surveys, the territorial distribution of nutrients on arable land is presented in
national atlases, reference and scientific literature.

It has been established that the content of biogens largely depends on
the humus content and mechanical composition of soils, which allows the use
of soil maps reflecting the distribution of genetic soil types and their particle
size distribution for territorial assessments [26]. For example, the average gross
phosphorus content in sod-podzolic and light grey forest soils is 0.05-0.16%,
in grey forest soils — 0.10-0.20%, in dark grey forest soils — 0.12—0.28%, in
podzolic, leached, typical and ordinary black soils — 0.17-0.35%, in southern
black soils — 0.14—0.19%, in chestnut soils — 0.03—0.16%. The content of mobile
forms of nutrients, especially nitrogen, varies depending on the composition of
the parent rocks, the season, and the amount of fertilizer applied. On an area of
several hectares, the coefficients of variation in the content of mobile phosphorus
can be up to 56% and potassium up to 51% [27].

Analysis of recent research and publications. According to the research
of I. P. Kovalchuk [28], in Western Podillia, the average value of the coefficients
of sediment transport beyond the slopes from flushing has been in the range
of 18-24%, in ploughed catchment areas with melt water runoff in the range
of 44-54% and with storm water runoff — 38-51%. For many regions, the
accumulation of sediment mass from slopes within the land network ranges from
50 to 70%. It is believed that in flat areas, on average, no more than 10-20% of
the total amount of sediment from slopes enters rivers [29].To date, models of
soil erosion and soil-erosion migration of chemicals and sediments have been
developed that simulate water runoff, transport and accumulation of sediments
within slopes and small (up to 400 ha) field catchments — the CREAMS and
WEPP models [30]. However, it is currently impossible to obtain primary input
data for large-scale assessments using these models.
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Klymenko O. [31] in his works has noted that the river basin is a
complex socio-economic and ecological system with the definition of general
and additional classification features that should be used to develop a strategy
for sustainable development of regions. Korobov R. in his co-authorship [32]
considered the river basin as a natural unit that has the greatest vulnerability to
climate change. Dyakov O. [33] emphasized the need for wide and consistent
implementation of the principles of management and legal regulation in the field
of use and protection of water bodies based on the basin approach. Shveebs G.
[34] proposed the allocation and study of natural and economic units on the
basis of the basin approach in order to optimize nature management. Scientists
M. Klymenko [35], O. Likho [36], and 1. Netrobchuk [37] noted that a small
river basin is a complex self-regulating system that has the ability to function
regardless of changes in external conditions and is an important indicator of the
environmental condition of transboundary catchment areas, due to the level of
anthropogenic load on its components of landscape ecosystems, which are a set
of biogeocenoses on a homogeneous area of the earth's surface, interconnected
by genetic (by origin), historical (history of development and exploitation),
geochemical (geochemical compounds, water runoff, transfer of organic and
mineral substances) and biotic links (animal migration, transfer of spores and
living plant material) and covered by a certain type of economic use [38].

Objective. To establish the patterns of biogenic pollution of surface
waters of the Dnipro River basin as a result of extensive agricultural land use.

Research methods and materials. The calculation of the zonal hazard
of nutrient pollution of surface waters as a result of soil-erosion processes was
carried out within the multi-level sub-basins of the transboundary Dnipro River.
Preliminary hydrological modeling [39] has identified 776 sub-basins ranging
in size from 1.9 to 22680.2 km? of the IV-IX orders. The total length of the
erosion network of the Dnipro River basin is 53267.3 km, including 90% of
the length of watercourses of 1-4 orders. The area drained by thalwegs of the
1st—4th order is 58.4%, 5th and 6th order — 33%, 7th-9th order — 8.6%. Thus, the
main channel is fed with sediments from the upper and middle reaches (91.4%),
while the lower reaches of the Dnipro River are fed with local sediments (1.8%).

The erosion potential of the Dnipro River catchment has deen previously
assessed based on the calculation of average annual flushing rates in the spring
and summer period using the modified empirical and statistical model RUSLE
(Revised Universal Soil Loss Equation) [5; 11]. As a result of the geomodelling,
a raster model has been created that enabled quantitative assessment of
mineral substrate washout and nutrient removal from slopes based on a single
methodology for quantitative territorial erosion assessment.

Sediment load reduction in large watercourses and rivers is assessed
using the 'sediment input coefficient' (Kn). For the Dnipro River sub-basins,
Kn was calculated using the following formula:
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K, =0.25F" (1)

where, F — raster of the basin or sub-basin area, ha.

The calculation of diffuse pollution by suspended solids (DPSS, thousand
tons) in the Dnipro River basin as a result of the water-erosion process has been
carried out using the ArcGIS Raster Calculator using the formula:

ppss PP AK o
100

where, F — raster of the catchment area of a catchment basin or sub-basin,
ha; P—raster of the ploughed area of a catchment basin or sub-basin,%; A —raster
of suspended solids removal from arable land with runoff, t/ha; K — raster of the
coefficient of suspended solids reaching the river network (from 0.10 to 0.20).

To spatially assess the potential of soil-erosion phosphorus concentration
in channel streams at the foot of the slope, we used the indicator of conditional
concentration of gross phosphorus (CCP, mg/dm?), which is calculated by the
formula:

_10-A-S-P
H

where A is a raster of the intensity of leaching on arable land, t/ha; S is a
raster of the share of arable land in the catchment, %; P is a raster of the gross
phosphorus content in the arable layer, %; H is a raster of the average long-term
surface water runoff layer (mm).

In order to identify the factors of soil erosion processes and potential
surface water pollution in the Dnipro River basin, satellite images were
interpreted to determine the share of arable land in the catchment area and soil
and climate maps have been vectorised to obtain spatial rasters of the average
long-term surface water runoff layer and gross phosphorus content in the arable
layer in the soils of the Dnipro River basin. ArcGIS 10.6 software has been used
for spatial analysis and modeling.

Research results and discussion. Over the past 20-30 years, the
phosphate content of wastewater entering the wastewater treatment plants of
cities fed by the Dnipro River has increased tenfold. In addition to deviations
from the norm of sanitary and chemical indicators, there is an increase in
microbiological and viral contamination, and there is constant natural and
anthropogenic destruction and landslides in the coastal zones of the Dnipro
River, especially in the buffer zones of reservoirs. A preliminary analysis
[2] of the degree of ploughing and forestation indicates high environmental
vulnerability and severe degradation of land resources on more than 70 per
cent of the transboundary basin, which leads to significant disruption of the
functioning of the Dnipro River geohydroecosystems. Regulation of the river's

CCp (3),
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flow as a result of the construction of six reservoir cascades has led to stagnation
of water, intensive accumulation of erosion products and waterlogging of a
large part of the Dnipro, especially in the lower reaches of the river [40]. The
significant deterioration in the quality of the Dnipro water, which has been
used for drinking purposes by 70-80% of the population of Ukraine, greatly
complicated the process of its preparation to the level of drinking water quality,
as the water treatment plants on the Dnipro were built about 40—50 years ago
and are designed for higher (class I-II) water quality than the one we have in
the middle and lower reaches of the transboundary river today (class III-IV).
Therefore, the implementation of modern, scientifically based soil and water
protection measures developed on the basis of basin management approaches
remains an urgent and priority task [41; 42].

Erosion and slope geosystems are the upper link of the cascade erosion
and channel system, which is the main source of water and sediments for the
lower links. Assessment of the impact of the soil-erosion component of nutrient
migration on water pollution should take into account the peculiarities of
sediment transport on slopes on pasture and forested slopes paragenetically
linked to arable land, and, most importantly, the transformation of sediment
runoff in the lower parts of erosion channel geosystems (in the land network and
rivers). Most of the erosion products have transported to the lower unploughed
areas of slopes, to the bottoms of gullies and beams, and to the floodplains of
small rivers. The intensity of accumulation depends on many factors: the spatial

Fig. 1. Reduction of sediment runoff (a) and diffuse pollution by suspended solids (b)
in the Dnipro River sub-basins
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distribution of different lands, the density of terrain dissection, and the territorial
structure of landscapes in the catchments.

It has proposed to use the dependence of the "sediment supply coefficient"
(Kn) on the river basin area for spatial modeling of changes in the mass of
migrant biogens within the erosion channel systems of the Dnipro River basin.
The spatial assessment of sub-basins by Kn has shown in Figure 1a.

One of the most important integrating indicators of the agricultural load
on water bodies in the Dnipro catchment area is diffuse suspended sediment
pollution (DSSP), which occurs through the washing away of agricultural
land with the subsequent accumulation of pesticides and chemicals used in
intensive agriculture in water resources. In addition, local sources of pollution,
or “hot spots”, should be taken into account, including discharges from sewage
treatment plants in large cities in the direction of the Dnipro River.

The vast majority of sub-basins (about 95%) with an DSSP value of less
than 5 thousand tons per year (Fig. 15) have located in the mixed forest zone
(upper reaches of the Dnipro River) and cover about 82.2 thousand hectares or
16.1% of the total area of the transboundary basin (Table 1). Almost 91% of the
catchment area of the Dnipro River basin has had a value of the DSSP of less
than 100 thousand tons per year, including 38.14% of the area where the DSSP
varies between 10-30 thousand tons per year. For 9.16% of the transboundary
basin, the value of the DSSP is more than 100 thousand tons per year, including
the territories of sub-basins of the VI-IX orders.

Table 1. Distribution of the territory by the level of diffuse pollution
by suspended solids in the Dnipro River basin

DSSP, thsd tons area, thousand km? % of the total area
<1 18.9 3.70
1-5 63.3 12.40

5-10 66.4 12.99
10-30 194.9 38.14
30-50 55.8 10.93
50-100 64.9 12.70
100-200 14.9 2.92
200-300 9.1 1.79
> 300 22.7 4.45
Total 511.0 100.0

Surface runoff from slopes is only a part of the surface river runoff, which
also includes groundwater and overflow, the share of which in the total surface
runoff varies in landscape zones, which makes it difficult to directly calculate
the removal of biogens at monitoring runoff sites.
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On the territory of the transboundary Dnipro basin, the factors influencing
the CCP (Fig. 2) have a marked latitudinal zonation. The average long-term
layer of surface runoff (H, mm) decreases from 290 to 5 mm in the direction of
the Dnipro River flow (Fig. 2a).

For subbasins in the mixed forest zone, the H value is 51-290 mm with a
variation level (V%) of 38.0%, in the forest-steppe zone, the H value is 45-140 mm
(V-33.5%), and in the steppe zone, the H value is 5—56 mm (V —44.5%). The share
of arable land in the watershed (S, %) of individual sub-basins in the mixed forest
zone (Fig. 2b) is within 0-56% (V — 58.0%), in the forest-steppe zone S — 0-60%
(V = 30.7%), in the steppe zone S — 10-76% (V — 39.0%). The average value
of gross phosphorus content in the tilth layer (P,%) of agricultural landscapes of
catchment sub-basins in the mixed forest zone (Fig. 2¢) varies from 0.02 mm/dm?
to 0.21 mm/dm? (V — 53.3%), in the forest-steppe zone P — 0.03-0.32 (V% —
23.5%), in the steppe zone P— 0.06—0.32 (V — 19.7%).

Zonal changes in the erosion potential of precipitation, soil erosion, relief
factors, land use culture and the implementation of soil protection measures deter-
mine the specifics of the territorial distribution of the intensity of water-erosion
processes, primarily on arable land (4, t/ha). The intensity of washout on arable
land in the transboundary basin of the Dnipro River in some local territorial
units reaches the level of 29 t/ha (Fig. 2d). On average, in the mixed forest zone,
the A value is: on the plains — up to 6.2 t/ha, on the slopes — up to 9.0 t/ha; in the
forest-steppe zone: on the plains — up to 3.6 t/ha, on the slopes — up to 6.4 t/ha;
in the steppe zone: on the plains — up to 2.4 t/ha, on the slopes — up to 6.5 t/ha.

On the basis of the presented raster models, the indicator has been
calculated and a spatial model of the distribution of soil-erosion potential of
phosphorus concentration in channel streams at the foot of the slope within each
sub-basin of the Dnipro River was created (Fig. 3). Surface waters formed in
the catchments of the forest-steppe and steppe zones of the transboundary basin
have had the highest values of CCP, which increased the risk of eutrophication
and overgrowth of water bodies and river channels in these zones.

The spatial concentration of gross phosphorus from north to south (Fig. 35)
and from west to east (Fig. 3¢) in the Dnipro basin has increased exponentially,
due to the high degree of ploughing and low values of the average annual water
runoff layer compared to the forest zone. In river sub-basins with a high degree
of ploughed slopes, the risk of water pollution increases as soil-erosion intensity
of phosphorus removal increases.

The main factor in the zonal differentiation of phosphorus inputs to water
bodies is the river runoff layer, the modulus of sediment runoff from slopes and
the degree of ploughing of individual sub-basins. In the catchment area, these
factors increase the relative and absolute phosphorus supply to water bodies
in the direction of the Dnipro River flow (from north to south).
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c d

Fig. 2. Distribution of factors influencing the risk of phosphorus pollution
of surface waters in the Dnipro River basin:
a — average perennial layer of surface water runoff (H, mm); b — share of arable land
in the catchment area (S,%); c— gross phosphorus content in the arable layer (P,%);
d — intensity of leaching on arable land (A, t/ha)

The actual concentration of dissolved phosphorus in river waters is much
lower than the CCp value, because the CCp indicator takes into account all
the gross phosphorus carried away from slopes, and river waters are highly
"clarified" compared to flows from slopes. The resulting spatial raster model
of CCp values allows for a reliable assessment of the risk of soil and erosion
pollution of water with phosphorus in individual sub-basins and the entire
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Spatial distribution function of CCP values
CCp =650.95+4.47x - 0.018x> —26.59y + 0.262y> — 0.061xy, r* = 0.76
where, x — longitude, decimal degrees, y — latitude, decimal degrees
a

CCp=1.70-10" -exp *****, r* =0.99 CCp=1.56-10"-exp”**, r* =0.98
b c
Fig. 3. Spatial distribution of soil-erosion phosphorus inputs to surface waters

in selected sub-basins of the Dnipro River transboundary watershed:
a — cartogram and spatial distribution model; b— south — north; c — west — east
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Dnipro basin. To assess the degree of danger of soil-erosion pollution of water
bodies with phosphorus, it is necessary to determine the “ecologically limiting”
values of the actual concentration and their impact on eutrophication.

Researchers have found that algae do not develop at soluble phosphorus
content of up to 0.01 mg/dm?, while “blooming” of water can be observed at
a phosphorus content of 0.01-0.025 mg/dm?, and optimal algal growth has
observed at concentrations of 0.09—1.8 mg/dm?. Thus, the first ecologically
limiting value of the concentration of dissolved phosphorus in water, which has
begun the blooming of water, can be taken as a concentration of 0.01 mg/dm?.
Limit values of the CCp, taking into account the ratio of gross and mobile forms
and sediment input coefficients, should be much higher — for medium and large
rivers, at least 1 mg/dm? Water has contained about 10% of gross phosphorus in
dissolved form. A limit value of more than 20 mg/dm? corresponds to an excess
of the actual phosphorus concentration of 0.2 mg/dm?.

In accordance with the “Methodology for the establishment and use of
environmental standards for the quality of surface waters of land and estuaries
of Ukraine” [43], an environmental classification of water by phosphate is
established. Class I has included waters with a phosphorus content of less than
0.015 mg/dm?, Class I — 0.015-0.050 mg/dm?, Class III — 0.051-0.200 mg/dm?,
Class IV — 0.201-0.300 mg/dm?, and Class V — more than 0.300 mg/dm®. In
accordance with the methodology, 6 categories of land have deen identified and
the area of the Dnipro catchment basin was calculated according to the degree
of potential danger of phosphorus water pollution as a result of soil-erosion
processes (Table 2).

Table 2. Characteristics of potential gross phosphorus inputs
to the surface waters of the Dnipro River basin

Phosphorus concentration in | Danger dis_solv.ed Phosphorus Area
channel streams at the foot of | concentration in river waters, thousan d, km? %
the slope, mg/dm?® mg/dm?
<1.5 <0.015 257.8 50.5
1.5-3.0 0.015-0.030 55.2 10.8
3.1-5.0 0.031-0.050 54.3 10.6
5.1-10.0 0.051-0.100 99.5 19.5
10.1-20.0 0.101-0.200 30.9 6.1
>20.0 >0.200 13.3 2.6
Total — 511.0 100.0

It has been established that for 359 sub-basins with a total area of
257.8 thousand km? (50.5% of the total territory of the transboundary basin), the
potential phosphorus concentration in channel streams at the foot of the slope
as a result of agricultural activities is < 1.5 mg/dm?, i.e. the soluble phosphorus
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content in the waters of sub-basins, mainly in the mixed forest zone, is
< 0.015 mg/dm? and their quality corresponds to the first class. According to the
phosphorus indicator, the waters of 156 sub-basins, which are mainly located in
the forest-steppe zone, are classified as Class II (21.4%).For a significant part of
water bodies and watercourses in 234 sub-basins of the forest-steppe and steppe
zones, with a total area of 130.4 thousand km? (25.6%), the potential phosphorus
concentration has been in the range of 0.051-0.200 mg/dm? and the surface
water quality corresponds to Class III. The highest potential hazard in terms
of dissolved phosphorus concentration in water is in the river sub-basins of the
Lower Dnipro located in the steppe zone. As a result of water-erosion processes
in the upper and middle reaches of the Dnipro River and the accumulation of local
sediments from agricultural land, the phosphorus concentration in the lower part
of the Dnipro exceeds 0.200 mg/dm?. It has been determined that for 27 sub-
basins with a total area of 13.3 thousand km? (2.6%), water bodies can potentially
be classified as Class IV and V, with a high degree of danger of eutrophication,
overgrowth and siltation of floodplain water bodies and river channels.

Conclusions. The process of soil-erosion migration of nutrients was
modeled and the risk of surface water pollution in the Dnipro River basin
was determined using geographic information systems and remote sensing
technologies. The coefficient of sediment supply and the spatial distribution of
diffuse pollution by suspended solids in the Dnipro basin as a result of the water-
erosion process are calculated. It was found that the sub-basins located in the
mixed forest zone or the upper part of the transboundary Dnipro River have had
the lowest potential for diffuse pollution by suspended solids. Sub-basins of the
VI-IX orders have had the highest value of diffuse pollution by suspended solids
(more than 100 thousand tons per year). The spatial modeling of the conditional
gross phosphorus concentration (CCp, mg/dm?) has revealed that surface waters
formed in the forest-steppe and steppe catchments of the transboundary basin
are characterized by high CCp values of 5 to 20 mg/dm?® and more. This spatial
trend has been due to the high degree of ploughing and low values of the average
annual water runoff layer. In accordance with the environmental standards for
the quality of surface waters of land and estuaries in Ukraine, water bodies
and watercourses located on 50.5% of the territory (mainly in the mixed forest
zone) of the Dnipro basin have a potential phosphorus concentration of less
than 0.015 mg/dm? and their quality corresponds to Class I, for 21.4% of the
water bodies in the catchment area (mainly in the forest-steppe zone) have a
potential phosphorus content of 0.015-0.050 mg/dm? and are classified as Class
II; for 25.6% of the territory, the potential concentration in channel streams
is 0.051-0.200 mg/dm?, which corresponds to Class III water quality; the
river sub-basins of the Lower Dnipro are most at risk of dissolved phosphorus
concentration in water (over 0.20 mg/dm?). In this zone, for 27 sub-basins with a
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total area of 13.3 thousand km? (2.6%), water bodies can potentially be classified
as Class IV-V and are at high risk of eutrophication, overgrowth and siltation of
floodplain water bodies and river channels. The obtained results make it possible
to study the process of soil-erosion migration of nutrients and determine the risk
of surface water pollution in the Dnipro River basin. This makes it possible to
develop the priority needs for implementing adaptive landscape erosion control
design with elements of conservation agriculture to reduce agricultural impact
within individual sub-basins and create the preconditions for the rational use and
improvement of land and water resources in the transboundary Dnipro basin.

CIbCbKOTOCINOAAPCbKA OBYMOBJIEHICTb
BIOTEHHOIO 3ABPYAHEHHA NOBEPXHEBUX BOA
BACENHY PIKU AHINPO

Iiuypa B. I. — 0.c.-2.n., npoghecop,
Ilompagka JI. O. — o.e.n., npoghecop,
Pymma O. B. — acucmenm,
Xepcorncokuil 0epoicasHull azpapHo-eKOHOMIYHUL YHIgepcument,
pichuravitalii@gmail.com, potravkalarisa@gmail.com, happyness8@ukr.net

BusHaueHO HEOOXiJHICTH MPOBEACHHS MOCHIIKEHb BIUTHUBY JDKEpen 3a0pya-
HeHHs piku [[HIIpo B 3a1eKHOCTI Bif iX BILTUBOBOCTI. BcTaHoBneHO, mo 6aceiiH piku
Juinpo e 6aratoraiy3eBUM KOMIUIEKCOM, SKHH OXOIUTIOE SKHH 0XoIutioe 48% Tepuro-
pii Ykpainu, akymymoe 80% BomHHMX pecypciB. 3a3HaueHo, 1o OaceiH piku J{Hinpo
Ma€ BHCOKY NPHPOIHY 1 COLiaJIbHO-€KOHOMIUHY WIHHICTh, OCKUIBKH IMUTHI MOTPEOH
70% waceneHHs YKpaiHu. BcraHOBICHO, 1o JKeperamu 3a0pyJHEHHS BOTHHUX pe-
CYpCiB € TPOMHCIIOBI KOMIUICKCH, CLTbChKE TOCIIONApCTBO, MIChKi armomepartii. [o-
BEZICHO, 10 TMPHYMHAMH IeCTpyKiii Oaceiitny piku JlHinpo € BupyOyBaHHA JiCiB, iH-
TeHcu(iKalis CiIbCHKOTO TrOCIOAAPCTBA, TiapoMertioparis, (yHKIIIOHYBaHHS KacKamy
JHITPOBCHKHUX BOJOCXOBHIII, IHTCHCHBHE BUKOPUCTAHHS BOJHUX pecypciB. BusHaueHo,
IO CLIBCHKOTOCHOAPCHKE OCBOEHHS TEPUTOPIH BOJO30IpHUX OACEiHIB cTANo NpUYH-
HOIO epo3ii IPYHTIB, SKa ABISIETHCS HAMOLTBIT MEXaHI3MOM Mirpariii pe4oBHH Ha 3eMHIH
MIOBEPXHI, [0 CTa€ MPHUYMHOIO NOTPAIUISIHHS y MODPS, OKEaHH 1 Y 30HH BHYTPIIIHHOTO
CTOKY 710 17 MIpz T MiHEpaIbHUX 9acTOK Ta 3,5 MIPA T PO3YMHEHHIX PEUYOBHH IIOPOKY.
BcTanoBneHo, 1110 BUCOKI KOHIIGHTpaIlil MiHEpaabHUX YaCTOK Y TIOBEPXHEBOMY CTOIIL
3HWXKYIOTh SIKICTh BOJ, IO TOTpeOye NOAATKOBUX BUTPATH Ha X OYMILEHHS, PEMOHT
MepexXi BOJIONOCTaYaHHs, BIJHOBJIEHHS IpUraliiHUX Mepex. 3MIHCHEHO pO3paxyHOK
30HaJIBHOI HeOe3IeKH 3a0py/IHeHHSI O10TeHHUMH PEYOBHHAMHY ITOBEPXHEBUX BOJ Y Me-
JKaX pI3HOPIBHEBUX CyOOacelHiB TPaHCKOPAOHHOI piku JIHIIpo, M0 CTal0 HACIiAKOM
TPYHTOBO-epO3iifHUX MpoIieciB. BcTaHOBIEHO, 10 HAMEHIIHN MOTEHIia) TU(Y3HOTO
3a0pyIHEHHS 3BaKEHUMH pPEeYOBHHAMHU MAlOTh CyO0OaceiHu, po3TalioBaHi y 30Hi Milla-
HUX JIiciB 200 BepXHii yacTHHi Teuil TpaHckopaoHHOT piuku JJHinpo. JJoBeneHo, 1o ms
OIIIHKH CTYIIECHs HeOE3IEeKH IPYHTOBO-EPO3iHHOTO 3a0pyIHEHHS BOIoMM (Gochopom He-
00Xi/THO BCTAQHOBIIIOBATH «EKOJIOTIYHO TPaHMYHI» 3HAYeHHS (DAKTHYHOI KOHIIEHTpaIii.
JoBeneHo, 10 MOTEHIiHHY HeOE3MeKy y BiIMOBITHOCTI 0 MMOKAa3HUKIB KOHIICHTpAii
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po3uunenoro docdopy y Bomax, MaroTh piukoBi cyObaceiitnn Hwxkuboro JIHinpa, siki
pO3MillleHi y cTenoBiii 30H1. Bu3HaueHo HEOOXiHICTh PO3POOKH aJanTHBHO-TaHAIad-
THHX IPOTHEPO3IHHUX MPOEKTIB 3 IEMEHTaMH IPYHTO3aXHCHOTO 3eMJIepoOCTRa.

Kitrouosi cnoBa: 6ioreHHe 3a0pyaHEHHS, epo3is, 3eMICKOPHCTYBaHHS, pika J[Hi-

po, Bo1030ipHMIA 6aceiiH, MOJCITIOBAHHS.
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