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Abstract. The article presents the results of the study on the current  geoecological condi-
tion of the basin of the Zhovtenka River. The study object corresponded to the criteria of 
a small river, having the length of 42 km and the area of the drainage basin of 293 km2. 
According to the geographic peculiarities and the level of anthropogenic impact it is a typi-

cal small river of the Ukrainian Steppe zone. At the current stage of water management, the river and its tributaries are significantly 
regulated by artificial aquatic objects – ponds and a water reservoir. The total number of hydrotechnical facilities that form the water 
bodies is 34 levees. On the river itself, average density of water bodies equals 1 pond per every 2 km of the river length. Such regula-
tion contradicts the norms of the current water protection legislation of Ukraine. As a result of fragmentation, the river has turned into 
a cascade of evaporation ponds. Special ecological threat to water use is the quality of water in the ponds. We determined that due to 
absence of current and low water exchange, the saline content in water undergoes significant changes. During the field surveys, we 
collected samples and determined the parameters of mineralization, content of chlorides and sulfates in 10 water bodies. Sampling was 
carried out during the year in different seasons. We determined that the averaged parameters of mineralization level change within 
the range of 9.000 mg/dm 3 in spring to 13.000 mg/dm 3 in summer and autumn. The content of chlorides varies within 2.600-3.600 
mg/dm 3, sulfates – 4.000-4.800 mg/dm 3 according to the similar seasonal dependence. Due to changes in the climatic conditions 
and current tendencies of warming and dry climate, decrease in the water resources heightens the risks of irreversible geoecological 
degradation of the river. Significant regulation and evaporation-caused loss of water leads to rapid shoaling of the water bodies and 
growth of aquatic-marsh vegetation. The authors suggest an approach to assessment of the level of geoecological transformation of 
the river basin based on determining quantitative parameters of the constituents of the elements of natural ecosystems and elements of 
negative anthropogenic impact. We proposed calculation of various coefficients (indicators) which alter the natural condition of water 
ecosystems, particularly: coefficients of fragmentation, coefficients of urbanization, coefficients of alienation, etc. We present a pos-
sibility of using them in relation to the length of the river and hydrographic network, as well as the area of drainage. We determined 
that percentage parameter of geoecological impact was seen in 94.3% of the area of the drainage basin or 87.4% of the river length. 
We suggest approaches that would minimize the deleterious impact of economic activity and gradually restore the condition of aquatic 
ecosystem of the river. The article provides recommendations of using coefficients of geoecological transformation of river ecosystems.   
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Анотація. У статті представлено результати дослідження сучасного геоекологічного стану басейну річки Жовтенька. 
Об’єкт досліджень відповідає критеріям малої річки з довжиною 42 км та площею водозбірного басейну 293 км2. За гео-
графічними особливостями та рівнем антропогенного впливу є типовою малою річкою степової зони України. На сучасному 
етапі водогосподарської діяльності, річка та її притоки значно зарегулювані штучними водними об’єктами – ставками і 
водосховищем. Загальна кількість гідротехнічних споруд, що формують водойми, складає 34 греблі. Безпосередньо на річці 
середня щільність розташування водойм складає 1 ставок на кожні 2 км довжини річки. Таке зарегулювання суперечить 
нормам чинного водоохоронного законодавства України. Внаслідок фрагментації річка перетворилась на каскад ставків-
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випаровувачів. Особливу екологічну небезпеку водокористування становить якість води у ставках. Визначено, що через від-
сутності течії і низького водообміну значно змінюється сольовий склад води. В ході польових досліджень проведено відбір 
проб та визначені показники мінералізації, вмісту хлоридів і сульфатів у 10 водоймах. Відбір проб виконувався протягом 
року за різними сезонами. Встановлено, що усереднені показники рівня мінералізації змінюються в межах від 9000 мг/дм3 
навесні до 13000 мг/дм3 влітку та восени. Вміст хлоридів коливається в межах 2600-3600 мг/дм3, сульфатів 4000-4800 мг/дм3 
за аналогічною сезонною залежністю. У зв’язку зі зміною кліматичних умов та сучасних тенденцій потепління і посушливості 
клімату, зниження водності підвищує ризики безповоротної геоекологічної деградації річки. Значне зарегулювання та 
втрати води на випаровування призводять до стрімкого обміління водойм та заростання водно-болотяною рослинністю. 
Авторами запропоновано підхід щодо оцінювання рівня геоекологічної трансформації річкового басейну, який спирається 
на визначенні кількісних показників складових елементів природної екосистеми та елементів негативного антропогенного 
впливу. Запропоновано оцінювати різні коефіцієнти (показники), що змінюють природний стан водних екосистем, а саме: 
коефіцієнти фрагментації, коефіцієнти урбанізації, коефіцієнти відчужень тощо. Представлена можливість їх застосування як 
за довжиною річки та гідрографічної мережі, так і за площею водозбору. Встановлено, що відсотковий показник негативного 
геоекологічного впливу спостерігається на 94,3% площі водозбірного басейну або 87,4% за довжиною річки. Запропоновано 
підходи, що дозволять мінімізувати негативний вплив господарської діяльності та поступово відновити стан водної екосистеми 
річки. Наведені рекомендації прикладного застосування коефіцієнтів геоекологічної трансформації річкових екосистем.

Ключові слова: басейн річки, геоекологічна трансформація, екологічна безпека, штучні водойми

Introduction. 

Hydrotechnical construction has a history of 
around 5 thousand years. In all the continents (except 
Antarctica), millions of dams and flood-prevention le-
vees have been constructed in small and large rivers, 
thus elevating hydroenergetics, water supply, trans-
port, fish farming, recreation, and sport to a new level 
of development. Levees reduced the threat of floods 
and allowed people to settle and cultivate productive 
alluvial soils in the floodplains of rivers, and work on 
aquatic meliorations. The hydrotechnical construc-
tion peaked in the last 100 years. 

Having considered the high importance of ar-
tificial water bodies for increase in available-to-use 
aquatic resources in farming (Hogeboom et all., 
2018), we should note that non-systemic, often not 
correlated with the general plan, creation of water 
reservoirs and ponds on small rivers, which moreover 
is often performed at low engineer level, may have 
unfavourable economic and ecological consequences 
(Yatsyk et al., 1991).

At the same time it has to be noted that despite 
the great role of small rivers in the formation of nat-
ural environment and runoff of large watercourses 
(Lapsenkov, 1983), the study of their hydrological 
and hydrochemical regime is of episodic, non-sys-
temic character. Often small rivers remain without 
monitoring, care, control and protection.

The increasing demand for restoration of ecolog-
ical balance of complex technonatural ecosystems is 
currently leading scientists to pay attention to histori-
cal aspects of development and functioning of water-
courses (Manyuk, 2017), and moreover the need for 
studying contemporary tendencies of geoecological 
transformation is becoming relevant. The performed 
studies focus on the hydrological characteristics of 
rivers of the steppe zone of Ukraine (Dovhanenko et 

all., 2017), hydrochemical parameters of quality of 
aquatic resources (Rudakov L. et all., 2020) and ef-
fect of chemical composition of atmospheric precipi-
tations on their formation (Khilchevskyi et all., 2018, 
2019). Largely, developing studies are those using 
modern geoinformational systems and technologies 
(Kulikova et all., 2018; Rebati et all., 2019; Shevchuk 
et all., 2019). In all the studies the authors try to di-
rectly or indirectly assess the ecological condition of 
aquatic ecosystems. Currently, there are scientific ap-
proaches to integral assessment of ecological stabil-
ity of geosystems (Dmitriev et all., 2012, 2016) and 
their ecological balance (Reimers, 1990), which are 
mostly based on taking into account biotic (natural) 
components. 

At the same time, much less attention is paid to 
study of construction and exploitation of hydrotechni-
cal facilities as technical components of the elements 
of influence on aquatic objects (Yu-jun et all., 2019; 
Andrieiev V. et all., 2020). In particular, construction 
of levees provokes a number of negative effects re-
lated to transformation of hydrological, hydrobiologi-
cal and sanitary regimes of rivers. After levees are ex-
ploited for a long period of time and also due to their 
incorrespondence with the norms of reliability and 
safety, there occur ecological risks of hydrodynamic 
emergencies (Hapich, 2019). Currently, non-systemic 
regulation of small and average rivers with numerous 
violations of the norms of current legislation (Vodnyi 
кodeks Ukrainy, 1995) has led to the creation of cas-
cades of artificial water bodies and transformation of 
river ecosystems into aquatic-marshland areas. 

Positive global experience and attitude to regu-
lation of river runoff of small watercourses demon-
strates the necessity of and tendency to dismantling 
of levees, restoration of the current and ecosystem of 
small rivers (Bednarek, 2001; Fuller et all., 2015; Ma-
gilligan et all., 2016)
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The objective of our study was creating and sub-
stantiating a theoretical model of the effect of econom-
ic activity on geoecological transformation of basins 
of small rivers of the steppe zone of Ukraine on the 
example of the Zhovtneva River. Theoretical analy-
sis of the literature sources (Reimers, 1990; Yatsyk et 
all., 1991; Dmitriev et all., 2012, 2016) allowed us to 
form the term “geoecological transformation of river 
basin” as change driven by the influence of the natural 
and anthropogenic factors of ecological condition of 
aquatic objects on drainage of rivers, which leads to 
subsequent changes in: biocenoses, hydrological re-
gime of watercourse, stream bed deformations, etc. 

Materials and methods. 

Methods of the study were based on primary 
empirical researches, the so-called “protocol proposi-
tions” which consist of recording the results of sin-
gular observations. During 2019-2020 the authors se-
lected water samples from the ponds of the Zhovtenka 
River. The samples were taken four times in four dif-
ferent seasons of the year. We performed laboratory 
studies with assessment of the general level of min-
eralization, chlorides and sulfates in the water, visual 
diagnostic observations, including taking photos of 
current condition of the aquatic objects. In the re-
search we used mathematical and analytical methods 
of analysis of the obtained results using modern geo-
informational systems and software complexes QGIS 
and Microsoft Excel.

Results and discussion. 

The Zhovtenka River (Fig. 1) is a typical small 
river of the basin of the Dnipro. It runs through the 
territory of Sofiivka and Apostolove Districs of Dni-
propetrovsk Oblast. The length of the river without 
tributaries is 42 km. The area of the drainage accounts 
for 293 km2. The average stream gradient is 1.5 ‰.

The river`s runoff is formed chiefly by the at-
mospheric precipitations on average amounting to 
400-430 mm annually. The greatest average monthly 
discharges of water are observed in March-April, the 
least (almost zero) – in late summer or early autumn. 
River recharge by groundwater is low and not sustain-
able. 

Active use of the lands around the basin of the 
Zhovtenka River began in the late XVIII and early 
XIX centuries. Already at that period, try pattern of 
the climate and deficiency of aquatic resources de-
termined the necessity of creating ponds for guar-
anteed water supply throughout the year. The ponds 
were small in size and were made directly near the 
settlements. Until the mid-XIX century, there were 
2 small ponds on the stream bed of the river and 2 

more on the tributaries. In the mid-XX century the 
number of ponds was 6. By the early XXI century, the 
quantity of the ponds had increased up to 31, includ-
ing 16 facilities in the stream bed of the river and 15 
on the tributaries. Furthermore, one water reservoir of 
3.547·106 m3 capacity has been built in the ravine of 
the Vovcha. According to the data of technical inven-
tory checking, the total extent of the regulation of the 
Zhovtenka River accounted for 6.393·106 m3.

Within the framework of the studies, we carried 
out field studies of separate hydrological parameters 
of the Zhovtenka River: characteristics of the run-
off (water discharges) of the river and saline content 
in the water. To assess the hydrological parameters, 
we determined 10 control stations in the upper and 
middle flow of the river, both the stream bed and the 
tributaries. 

Monitoring results of visual examination indicate 
that there was no water seepage in the lower canal 
pounds of the levees in all the control stations 
during the period from May 2019 to February 2020. 
The content of chlorides and sulfates, and also 
mineralization of water in the ponds do not depend on 
the order of installment of the stations, but there was 
seen a tendency towards increase in the concentration 
during the period of observations. 

Fig. 2 presents average data on concentration 
of chlorides, sulfates and mineralization of water in 
ponds in 10 control stations of the upper and middle 
parts of the basin of the Zhovtenka River. Mean 
mineralization of water in the ponds may be compared 
to mineralization of water in the Azov Sea.

It has to be noted that one of the causes of high 
mineralization may have been the water from the re-
tention pond of discharge water effluent from the water 
treatment facilities of Kryvy Rih and which was used 
for irrigation. At the same time, their overall mineral-
ization did not exceed 1500 mg/dm3, and the system 
of irrigation and water pumping was destroyed in the 
mid 90s. An additional factor was chemical analy-
ses of water in ponds located upstream, where there 
is seen high content of dry residuals. Thus, we can 
state that the situation with significant deterioration 
of quality of water resources is much more complex 
in character. The factors of impact include economic 
development in the territories, which causes influx 
of a large amount of polluting substances; the long 
period of irrigated agriculture which affects the dis-
charge of highly-mineralized drainage water into the 
river; construction of a large amount of artificial water 
bodies which have completely obstructed the current 
of the river and turned it into a cascade of evapora-
tors, resulting in violation of the conditions necessary 
for sanitary water norms. During the warm period, 
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the concentration of dry residuals in the water bodies 
increases, while oxygen-saturation decreases. All the 
mentioned factors create conditions for negative geo-
ecological transformation of the river basin and loss 
of self-cleaning ability of the river. The assessment of 
the impact of each separate element may be a relevant 
task for further studies. Fig 3 presents parameters of 
mineralization of water in the ponds which sequen-
tially located along the current in the stream of the 
Zhovtenka River. 

The obtained parameters of mineralization of wa-
ter suggest that the ponds are functioning as evapora-
tion ponds. These conclusions are supported by the 
fact that the loss of runoff due to additional evapora-
tion from the water surface of the ponds and small 
water reservoirs reduces the water resources in the 
Steppe zone by 5-7% in averagely humid years and by 
20-40% in low-moisture years (Yatsyk et all., 1991). 
As an example, Fig. 4 presents the dynamics of degra-
dation of a water body in the basin of the Zhovtenka. 

Fig. 1. Geoinformational network of the Zhovtenka River with points of selection of water samples (performed 
by the authors using geoinformational system QGIS)
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Obviously the water with high salt content does 
not meet the requirements to water quality for drink-
ing and agricultural water supply. According to the 
criteria of assessment of quality of irrigation water, as 
regulated by the National Standard of Ukraine DSTU 
[Ukr. ДСТУ] 2730:2015 “Quality of natural water for 
irrigation. Agronomic criteria”, water in the ponds is 
not appropriate for irrigation. It is also inappropriate 
for fish breeding. Thus, one can state absence of con-
ditions for observance of ecologically safe water use 
in the basin of the Zhovtenka. 

The field and laboratory surveys substantiate the 
necessity of further analysis of the situation with use 
of geoinformational systems and mathematical meth-
ods of analysis. To assess the level of geoecological 

transformation of the basin of the Zhovtenka River, 
the authors have for the first time proposed introduc-
ing the coefficient of the river fragmentation (Кfr) and 
other assessment parameters which may be used to 
compare the impact parameters along the length or 
across the area of a surveyed object. Coefficients of 
geoecological impact are frequency of anthropogenic 
changes in the ecosystem which no doubt has a close 
relationship with the degree of the geoecological 
transformation of the river basin: 

1) Coefficient of fragmentation of the river is 
suggested to be calculated using the ratio of the total 
number of artificial aquatic objects to the length of 
the river or the area of the territory (administrative re-
gion, district, drainage basin) where they are located:

Fig. 2. Mean parameters of saline content (a) and mineralization of water (b) in the ponds of the basin 
of the Zhovtenka River (sampling took place in 2019-2020 in the authors` survey). 

Fig. 3. Dynamics of the changes in mineralization of water in the ponds of the upper part of the basin of the 
Zhovtenka River (the samples were taken in the settlements in 2019-2020, the authors` survey)
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     (1)

      (2)

where L – length of the river, km; S– the area of 
the territory, km2; N – total amount of the levees on 
the river. 

2) The coefficient of urbanization of the river – 
ratio of the length of the settlements along the bank 
strip of the river or ratio of the area of the urbanized 
territory to the drainage area of the river basin:

     (3)

     (4)

where Lurb – the length of the territory along the 
bank line of the river where construction has been 
done, km; Lrb – the length of the river basin; Surb – 
the area of the urbanized territory, km2; Srb – drainage 
area of the river basin, km2.

3) Coefficient of alienation of hydrographic net-
work as a result of the economic activity and exhaus-
tion of the outlets of the river network and the tribu-
taries of different order:

     (5)

     (6)

where Lpr – is the length of elements of hydro-
graphic network which were ploughed (are currently 
in the land use) as a result of economic activity, km; 
Sdrb – the area of the alienation of the elements of the 
hydrographic network of the territory, km2.

Implementation of the proposed approach al-
lowed us to determine the main elements of assess-
ment. We determined that 18 ponds are located on the 
river, and the total amount of the objects in the river 
basin is 34. We should note that field surveys and use 
of GIS-technologies allowed us to determine more 
hydrotechnical facilities than there are recorded in the 
declared data of passportization in the management 
institutions, which is 31 artificial water bodies. Within 
the drainage basin, there are 16 settlements (Fig. 5). 

Quantitative characteristics of the constituents 
of the formulae (3-6) were determined through the 

analysis of digital model of drainage (DMD) of the 
Zhovtenka River in GIS QGIS and combined visu-
al analysis of high-quality cosmic images (Google 
Earth). Particularly, the length and area of the 
ploughed hydrographic network was estimated us-
ing geomorphological and hydrological analyses of 
drainage in GIS, differentiative buffer analysis of 
hydrographic network outside the range of the water 
course and gully-ravine system (Fig. 6). 

Through the calculations we determined that the 
total parameter of coefficient of the fragmentation 
of the river by artificial water bodies is 0.212. The 
calculation of this parameter only along the length of 
the river itself (not taking into account the tributaries) 
equaled 0.429, which is twice higher. That means a 
pond per each 2 km. If we consider the natural eco-
logical condition of the river and its drainage basin as 
a conditional 1, and further gradually substract all the 
components of the negative impact, we shall receive 
the following results: 

Taking into account all coefficients of negative 
impact for the length  1-0.212-0.180-0.482=0.126, 
i.e. only 12.6% of the river is in conditionally natural 
state; 

Taking into account all coefficients of negative 
impact for the area (without consideration of agricul-
tural lands) 1-0.116-0.072-0.010=0.802.

The area of the lands of the aquatic fund, particu-
larly shoreline-protective strips and protected aquatic 
zone is the main parameter which characterizes the 
geoecological transformation of the river basin. Such 
a territory being in the natural condition of drainage 

Table 1. Determined parameters of the main geoecological ele-
ments of the basin of the Zhovtenka River. 
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with meadows, pastures and forests accounts for only 
16.65 km2 or 5.7%.

Conclusions. 

The results of the field surveys of the Zhovtenka 
River indicate that agricultural activity in the river ba-
sin exerts a destructive impact on the condition of its 
ecosystem. 

As a result of intensive arable farming all the 
outlets of the streams and watercourses of the hy-
drographic network of the river basin, accounting for 
the total length of 150 km, have been damaged by 

ploughing. Around 94% of the drainage area of the 
Zhovtenka River basin has been drastically damaged 

by economic activity. The negative impact along the 
river`s length was seen on over 87% of the length of 
the hydrographic network. 

The main factors of the destructive processes 
include irrational construction of a large number of 
ponds, which has had an extremely negative effect 
on the discharge characteristics of the river and self-
cleaning ability. The river has been transformed into 
a cascade of evaporation ponds, the quality of water 
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in which does not meet the requirements for use for 
economic purposes. 

To restore the hydrological regime and 
geoeconomic condition of small rivers, it is relevant 
to carry out further surveys with the purpose of 
determining the actual number of artificial water bodies 
and perform ecological-economic substantiation of 
expedience of their further use. 

It is necessary to evaluate how the norms of 
the current water protection legislation are fulfilled, 
particularly the requirements of the Water Code of 
Ukraine as determined in article 82 “Regulation of 
the runoff of the rivers, creation of artificial water 
bodies”.  

Today, there are no generalized results of 
evaluation of ecological condition of small rivers of 

Fig. 5. Results of the surveys of the impact of economic activity on geoecological transformation 
of the river basin of the Zhovtenka using QGIS geoinformational system (authors` development). 
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Dnipropetrovsk Oblast and the majority of the water 
courses of the Steppe zone of Ukraine. Therefore, 
it is necessary to consider the possibilities to restart 
the work on passportization of small rivers of 
Dnipropetrovsk Oblast, which has not been conducted 
since the early 1990s.

Thus, coefficients of the geoecological impact 
of economic activity are recommended to be used as 
criteria of assessment of: the extent of anthropogenic 
impact; category of complexity and class of 
consequences (responsibility) of the objects of 
hydrotechnical infrastructure (construction); during 
development of projects for assessment of impact on 
the environment; results of monitoring surveys, etc. 
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