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INTRODUCTION

Anthropogenic activity today is a factor that 
significantly changes the environment. Diverse 
human impact on the environment causes air pol-
lution [Kustov et al.,2019; Wierzbińska et al., 
2002], disturbance of soils [Lazaruk et al., 2020; 
Kostenko et al., 2018] and deterioration of wa-
ter bodies [Loboichenko et al., 2021a; Akhtar et 
al., 2021]. In addition to direct human activities 

in cities, additional negative impact is provided 
directly by man-made emergencies [Popov et al., 
2020; Mygalenko et al., 2018]. At the same time, 
usually, on the one hand, there is environmental 
pollution [Popov et al., 2019], and, on the other, 
there is  the additional cost of natural resources 
(often water)  to eliminate them [Abramov et al., 
2019; Dubinin et al., 2018]. Although, it should be 
noted that the use of preventive measures [Pospel-
ov et al., 2020], the use of calculated approaches 
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[Starodub et al., 2018], environmentally friendly 
methods of its elimination [Levterov, 2019; Staw-
czyk et al., 2021], clearly, can reduce the scale of 
the emergency or prevent its development.

At the same time, urbanization is also a factor 
that makes a significant contribution to environ-
mental pollution, namely water bodies. Thus, the 
paper [Bhateria et al., 2016] notes the significant 
negative impact of human activities and urbaniza-
tion on the state of lakes in India. There is a need 
for research on physicochemical parameters, such 
as the content of heavy metals, sulfates, nitrates, 
pH, conductivity, TDS, BOD and others. Dis-
charges of industrial and municipal wastewater, 
climate change cause an increase in microplastics 
in water, further accumulation of heavy metals in 
living organisms, eutrophication of water bodies, 
increasing risks to human health who consume 
this water. It is noted that treatment methods 
should include, in addition to filtration and bio-
remediation, a ban on the discharge of pollutants 
into water bodies.

The impact of the urbanized area is consid-
ered in more detailed way for a number of wa-
ter bodies in Popasna (Ukraine). Changes in the 
parameter of electrical conductivity under the 
influence of surface urban runoff were noted for 
a number of reservoirs of this city in the work 
[Loboichenko et al., 2021b]. The predominant 
influence of surface runoff on individual ponds 
in Popasna was noted. The improvement in the 
water quality in Lake Vembanad (India) by re-
ducing the impact of anthropogenic factors and 
using remote sensing and in situ observations in 
the period of global pandemic caused by SARS-
CoV-2 (2020 р) was noted in the work [Kulk et 
al., 2021]. Although the authors do not mention 
separate sources of pollution, they state the need 
for the remote monitoring of water status and the 
regulation of anthropogenic activities for sustain-
able management of Lake Vembanad.

Rivers are also one of the most important 
types of water bodies affected by humans. They 
are often the main source of water supply for 
settlements, as well as providing water to natural 
ecosystems at various levels. Surface runoff from 
the surrounding area, both from the urbanized and 
the intact one, also enters the river and increases 
the amount of soluble mineral and organic com-
pounds. Municipal and industrial wastewater of 
various degrees of purification also gets into river 
water, additionally polluting it. Further deteriora-
tion of river water quality, obviously, negatively 

affects the life of all living organisms that use it. 
In turn, this indicates the need for a more detailed 
study of individual anthropogenic factors affect-
ing the state of river water in order to further 
more efficient use of water resources and envi-
ronmental protective measures.

The study of the state of water bodies, in-
cluding river systems under anthropogenic pres-
sure, has been considered by many researchers. 
Thus, the paper [Masere et al., 2012] notes that 
the state of Manyame River water is affected 
by surface runoff, wastewater and agriculture, 
which increases turbidity and nutrient content 
in it, and reduces the content of soluble oxygen. 
The interviews of residents of Nyamira County 
(Kenya) indicated a negative impact of untreated 
wastewater from households and direct washing 
in these rivers [Bosire et al., 2021] on the state 
of water in Gucha, Kenyamuchwachwa and Ke-
nyamware rivers. The use of physico-chemical 
methods and multivariate statistical analysis, i.e., 
principle component analysis in the study Indus 
River (Pakistan) allowed to note that the main 
factors of pollution of its water are anthropogenic 
source pollution, runoff due to rain and soil ero-
sion [Mansoor et al., 2019]. The changes in elec-
trical conductivity, TDS, soluble oxygen and lead 
are due to the anthropogenic impact.

In the work [El-Shazly, 2019] the influence 
of anthropogenic factors on the wetland ecosys-
tems of the Nile delta has been researched, in par-
ticular, the influence of anthropogenic factors on 
the physicochemical and biotic parameters of the 
three lakes  Edku, Burullus and Manzala located 
in the Nile delta. The accumulation of heavy met-
als in surface sediments and in some representa-
tives of fauna and flora (tilapia fish and the com-
mon reed) is noted, there is no similarity of their 
accumulation in water and bio samples, though.

When studying the state of water in the Vizela 
River (Portugal) by parameters pH, TDS, electri-
cal conductivity, redox potential, and chloride, 
fluoride, bromide, nitrite, nitrate, sulfate, and 
phosphate content authors [Horta Ribeiro Antunes 
et al., 2021] noted that the most polluted water is 
downstream and unfit for human consumption ac-
cording to the parameter NO2

-. It is stated that the 
water of this river is affected by urbanization and 
industrialization. The general research of anthro-
pogenic influence on a condition of surface waters 
is considered in the work [Khatri et al., 2015]. In 
particular, the heterogeneous impact of urbanized 
and rural areas on the state of these waters is noted.
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The negative impact of anthropogenic factors 
in some areas of the Paranhana River (Southern 
Brazil) is noted by the authors [Dalzochio et al., 
2019]. Thus, the study of water status accord-
ing to physical- and- chemical, microbiological 
parameters and the biota status in two areas de-
termined the excess of a number of heavy metals 
in the area, which is more urbanized, while the 
accumulation of heavy metals in fish is observed 
in both studied areas. The study of the state of 
the river according to the index of water pollu-
tion was conducted by Ukrainian scientists [Shu-
liakova et al., 2020]. In particular, anthropogenic 
impacts on water quality in the Southern Bug 
River (Ukraine) were noted in a number of areas 
in which the river flows. Thus, there is an excess 
of sulfate, chloride and ammonium ion in 15 stud-
ied points. Unsatisfactory operation of sewage 
treatment plants of communal enterprises, inten-
sification of agricultural and industrial activities, 
and irrational management of water management 
activities are noted as the main factors of pollu-
tion. At the same time, the authors do not detail 
the specifics of the impact of individual anthropo-
genic sources and rely on official statistics.

Downstream cumulative effect of pollutants 
was observed in the study of the water status of the 
river Białka (southern Poland) [Bojarczuk et al., 
2018]. There was a negative impact of the tourism 
industry on river water quality; the bacterial con-
tamination occurred in all study areas, including 
the recreational area, though. There are non-point 
(surface runoff, melt water) sources of pollution 
related to the specifics of the region, it is not noted 
which point sources are also involved in polluted 
rivers, though. The gradual pollution of the Benin 
River (Nigeria) in a separate area between the two 
settlements of Ajimele and Koko town was noted 
by the authors in [Ayobahan et al., 2014] The use 
of the Water Quality Index and the principle com-
ponent analysis made it possible to identify the 
most polluted areas downstream. It is also noted 
that the pollution of the river water is caused by 
organic pollution, industrial effluent, soil erosion, 
nutrient loading and human activities.

Multiparametric spatial and temporal study of 
water quality Nanfeihe River (China), conducted 
by the authors [Yang et al., 2021], indicates the 
need for careful selection of proper index to ac-
curately trace the latent pollution sources of ur-
ban rivers. Thus, the City Water Quality Index is 
more informative than the Water Quality Index 

in determining potential pollution sources with 
heavy loads of pollutants.

The combination of the use of a number of 
physical and chemical parameters and various in-
dices of water quality (pollution) with the use of 
cluster analysis, although a fairly extensive study, 
at the same time allowed to determine the possi-
bility of using the water of the Tillai River (Ban-
gladesh) for different water uses [Rahman et al., 
2020]. This study also identified the main sources 
of river pollution. Thus, to study the state of wa-
ter bodies and, in particular, rivers different ap-
proaches are used to assess both the complex and 
individual impact of individual sources of pollu-
tion, which further ensures better management of 
anthropogenic activities and optimize water use 
of these water sources.

The purpose of this work is to study the im-
pact of anthropogenic factors in the urban area of 
Poltava region (Ukraine) on the state of the Vor-
skla River.

MATERIALS AND METHODS

Water samples were taken from water bodies 
(the Vorskla River (the samples were collected 
about 10 cm below the water level at a distance of 
1.5–2.0 m from the shore) and groundwater (well)) 
during February – April 2021 in accordance with 
[ISO 5667-6:2014, DSanPiN 2.2.4-171-10] once 
a month. In February the samples were taken out 
from the ice-holes as the water had frozen.

Figure 1 shows the sampling points where 
points 1–12 are  water of the Vorskla River, 
point 13 is groundwater (well). Studying the 
water of the Vorskla River, samples were taken 
in the Poltava-Kobeliaky section, downstream, 
taking into account the potential impact of cer-
tain anthropogenic factors.

Subsequently, the mineralization of water 
samples was measured. Number of measurements 
is 5 (for each water sample). The analysis was 
performed with a conductivity meter EZODO 
7021. After each series of measurements, the in-
strument sensor was thoroughly rinsed with dis-
tilled water. Data processing was performed by 
standard statistical methods according to [Dvor-
kin, 2001]. The relative standard deviation (Sr), 
which is a characteristic of the measurement er-
ror, does not exceed 2 % for all determinations.
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RESULTS AND DISCUSSION

The influence of separate anthropogenic fac-
tors on the water condition of the Vorskla River 
(Poltava region, Ukraine, in the section Poltava - 
Kobeliaky, the length of which reaches about 100 
km) was investigated. The Vorskla River is one of 
the medium-sized rivers in Ukraine; its length in 
the Poltava region reaches 226 km. It is used for 
recreational purposes and for drinking water sup-
ply [Regional report 2019].

Sampling points were selected in order to 
investigate the impact of individual settlements 
(Poltava, Novi Sanzhary, Bilyky, Kobeliaky, 
Kustolovi Kushchi) on the water status of the 
Vorskla River (Fig. 1). Point 1 is in front of Pol-
tava 200 m upstream; point 2 is Poltava 100 m 
upstream in front of the road bridge, on the city 
beach; point 3 is behind the city of Poltava 700 
m downstream behind the road bridge; point 4 
is in front of the village of  Novi Sanzhary 100 
m upstream; point 5 is in the village of Novi 

Sanzhary 150 m downstream behind the road 
bridge, on the beach; point 6 is behind the vil-
lage of Novi Sanzhary 100 m downstream; point 
7 is in front of the village of Squirrels 200 m 
upstream; point 8 is in the village of Bilyky 200 
m upstream in front of the road bridge; point 9 is 
behind the village of Bilyky 100 m downstream; 
point 10 is in front of the town of Kobeliaky 100 
m upstream; point 11 is in the town of Kobe-
liaky 150 m downstream behind the road bridge; 
point 12 behind the town of Kobeliaky 100 m 
downstream, after the Kobeliachka River flows 
into the Voskla River. The groundwater sample 
(well in the village of Kustolovi Kushchi) (Fig. 
1, point 13) was used as a reference.

In Figure 2 the obtained values of mineral-
ization for water samples of the Vorskla River, 
taken from points 1–12 during the studied pe-
riod, are given. Figure 3 shows the values of wa-
ter mineralization of the reference sample (point 
13) during the studied period. SanPiN 4630-88 
was used as a standard [SanPiN 4630-88]. Ac-
cording to SanPiN 4630-88 the mineralization 

Fig. 1. Sampling points of the tested water. Points 1–12 are water of 
the Vorskla River, point 13 is groundwater (well)
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of natural water should not exceed 1000 mg/l. 
According to Figures 2 and 3 there is no excess 
of standard values for all tested samples. Min-
eralization is a characteristic of the content of 
soluble substances, which under conditions of 
anthropogenic load, are often pollutants.

According to the data obtained (Fig. 2), the 
purest water in the studied section of the Vorskla 
River is observed in front of the city of Poltava, 
then the content of pollutants begins to increase 
with fluctuations, and increases to the village of 
Novi Sanzhary. After passing the village Novi 
Sanzhary the value of mineralization is some-
what reduced. It is possible to assume  that poor 
quality sewage treatment plants of Novi San-
zhary causes the ingress of insufficiently treated 
wastewater into the Vorskla River which is di-
luted with the river water, passing the village of 
Bilyky. Further the content of pollutants in the 
Vorskla River remains virtually unchanged in 
the town of Kobeliaky. This dependence is more 
characteristic for February, for April it is also 
observed, but without such sharp differences as 
for February and with a small increase in miner-
alization after tflowing the Kobelyaki River into 
the Vorskla River (Fig. 2, p. 12).

For March, on the contrary, there is a de-
crease in mineralization after passing the city 
of Sanzhary (Fig. 2, p. 6), which may indicate 
a temporary intensification of wastewater treat-
ment in the village of Novi Sanzhary. Further in-
crease and decrease of mineralization may indi-
cate a significant role of surface runoff (meltwa-
ter) on the importance of mineralization in the 
area of Novi Sanzhary and Kobeliaky, although 
there is an impact of water on the Kobeliaky 
River (Fig. 2, p. 12).

According to Figure 2, the highest values of 
mineralization are typical for February. There is an 
increase from 660 mg/l to 820 mg/l in the area of 
Poltava and Novi Sanzhary and from 800 mg/l to 
810 mg/l in the area of Bilyky and Kobeliaky. The 
lowest values of mineralization are observed for 
April. Thus, it increases from 500 mg/l to 555 mg/l 
in Poltava and Novi Sanzhary section, and from 
550 mg/l to 580 mg/l in Bilyky and Kobeliaky sec-
tion. Consequently, despite the impact of meltwater 
(March, April) the predominant factor, influencing 
the water status of the Vorskla River in the studied 
area, is anthropogenic factors, in particular, the ac-
tivities of settlements. There is a predominant im-
pact of the city of Poltava and the village of Novi 
Sanzhary on the water quality of the Vorskla River. 
There is a gradual increase of pollution in the river 
water in the studied area and an increase of min-
eralization from 660 mg/l to 820 mg/l (February) 
and from 500 mg/l to 550 mg/l (April) in Poltava 
and Novi Sanzhari section. There is a slight impact 
of the Kobeliaky River in March and April on the 
water pollution in the Vorskla River.

For the reference sample (Fig. 3), there is a 
gradual increase in mineralization from 380 mg/l to 
680 mg/l from February to April, probably due to 
the gradual infiltration of pollutants from meltwater 
and their ingress into groundwater. Given the data 
obtained (Fig. 2 and Fig. 3), we can assume that the 
lower mineralization values are more typical for the 
studied groundwater than for surface water.

Taking into account the obtained results, it is 
recommended to strengthen the control of local 
governments over wastewater treatment in Poltava 
and the village of Novi Sanzhary in order to im-
prove the water condition of the Vorskla River for 
more rational use of water resources.

Fig. 2. Significance of mineralization of the 
water of the Vorskla River in the studied points 
(p. 1–12) during February - April 2021, mg/l

Fig. 3. The values of groundwater 
mineralization (well) (p. 13) for the 
period February - April 2021, mg/l
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CONCLUSIONS

Thus, it was found that anthropogenic activi-
ties, especially within urban areas, have differ-
ent effects on the state of water bodies, and, in 
particular, rivers. Physical-and-chemical, micro-
biological indicators, biota status studies, etc. are 
used to study this effect, using various indices and 
mathematical methods of data processing.

The spatial and temporal study of the water sta-
tus of the Vorskla River (Poltava region) showed 
that despite the impact of meltwater (March, April 
2021), the predominant factor influencing the 
water status of the Vorskla River in the studied 
area is anthropogenic factor, in particular, and the 
activities of settlements. There is a predominant 
impact of the activities of Poltava and the village 
Novi Sanzhary on the water quality of the Vorskla 
River. There is a gradual increase of pollution in 
the river water in the studied area and an increase 
of mineralization from 660 mg/l to 820 mg/l (Feb-
ruary) and from 500 mg/l to 550 mg/l (April) in 
Poltava and Novi Sanzhari section, there is a slight 
impact of the Kobeliak River in March-April on 
water pollution in the Vorskla River.

For the studied groundwater, there is a gradu-
al increase of mineralization, probably due to the 
infiltration of pollutants from the meltwater and 
their entry into groundwater. It can be assumed 
that this water is less characterized by lower min-
eralization values than for surface water (Vorskla 
River). It is recommended to strengthen the con-
trol of local governments over wastewater treat-
ment in Poltava and Novi Sanzhary in order to 
improve the water condition of the Vorskla River 
for more rational use of water resources.
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