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INTRODUCTION

Surface water is a special natural resource of 
strategic importance for any state. It determines 
the development trends in all sectors of the econ-
omy. The greatest significance for the national 
economy corresponds to the surface sources of 
fresh water. By volume of internal freshwater 
resources in recalculation per capita, out of the 
European countries, the indicators are lower than 
in Ukraine only in Moldova. Ukraine is character-
ized by extremely high indicators of water use: 
100% of technogenic transformation of surface 
water and 10–20% of underground water. Scien-
tifically unjustified anthropogenic load, enhanced 
by climate change, led to rivers quantitative and 
qualitative degradation. The water quality prob-
lem is seen as the most important social, scien-
tific and technological problem of our time, the 
solution to which largely depends on the correct 
management of water systems. Therefore, it is 

relevant to study the quality of surface water in 
order to predict the changes in the hydroecosys-
tem condition and reduce risks of unsustainable 
exploitation of water by different water users.

The Southern Bug River is one of the large 
rivers of Ukraine. The river is located in the 
south-west of the country. The river originates 
on the Volyn-Podilska Highlands and flows into 
the Dnipro-Buzky Firth. The Southern Bug River 
Basin crosses the forest steppe and steppe areas 
of Ukraine, it is located in two geomorphological 
regions – the upper and middle parts are located 
on the Volyn-Podilska Highlands and the Dnieper 
Highlands, lower part – on the Black Sea Low-
lands. The catchment of the river is completely 
located on the territory of Ukraine and its area 
63700 km2, the length of the river is 806 km, 
the fall of the river is 328 m, the average stream 
gradient is 0.4‰. High degree of regulation of 
flow, several large cities, energy and industrial 
facilities, developed agricultural sector exert a 

Journal of Ecological Engineering Received: 2020.09.10
Revised: 2020.10.19

Accepted: 2020.11.05
Available online: 2020.12.01

Volume 22, Issue 1, January 2021, pages 195–205
https://doi.org/10.12911/22998993/128858

Water Quality Assessment of the Surface Water of the Southern  
Bug River Basin by Complex Indices

Iryna Shakhman1, Anastasiia Bystriantseva1*

1 Kherson State University, Universitetska Str., 27, Kherson, 73000, Ukraine
* Corresponding author’s e-mail: abystryantseva@ksu.ks.ua

ABSTRACT
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ing climate. The main water users-pollutants of the Southern Bug River Basin in Vinnytska and Mykolaivska 
regions were identified. The water quality of the surface water of the Southern Bug River in time and space (along 
the river stream) was analyzed. The water quality of the Southern Bug River was assessed by complex indices 
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significant anthropogenic load on the river, which 
in the first place, leads to a water quality change. 

The Southern Bug River Basin is administra-
tively located mainly within Vinnytska (62% of 
the territory of the region) [Basin Administration 
of Water Resources of the Southern Bug River] 
and Mykolaivska (59.5%) [Regional office of wa-
ter resources in the Mykolaivska region] regions. 
The main source of water supply for the popula-
tion of the regions is a river runoff. The average 
indicator of provision with annual runoff per one 
citizen of Ukraine in a dry year is 0.67 thousand 
m3/year, per one citizen of the Vinnytska region – 
0.75 thousand m3/year (by local runoff) [Regional 
report on the state of the environment in the Vin-
nytska region in 2018, 2019], per one citizen of 
the Mykolaivska region – 0.26 thousand m3/year 
[Regional report on the state of the environment 
in the Mykolaivska region in 2018, 2019]. 

The Southern Bug River Basin is mostly 
plowed. There are 16 dams on the Southern Bug 
River and its tributaries. There are 169 reservoirs, 
10.29 thousand ponds, 50 small HPS in the basin 
of the river. The total volume of man-made water 
bodies is 1.53 km3, which exceeds the river runoff 
in dry years (which was 1.03 km3 in 2015) [Basin 
Administration of Water Resources of the South-
ern Bug River]. Under low-water conditions such 
amount of man-made water bodies increases 
the negative impact of economic activity on the 
stream-flow regime and its sanitary state. 

The territory of the Southern Bug River Ba-
sin is inhabited by 3.24 million people; the urban 
population is 1.87 million people (58%); whereas 
the rural population is 1.37 million people (42%). 
A centralized collection and accounting of mu-
nicipal wastewater is carried out from 102 cities 
in 38 settlements (37%). From 2864 villages such 
accounting is performed only in 10 (0.3%). 

The current water management situation in 
the Southern Bug River Basin shows more than 
4 times reduction of water intake volume. In 1995 
it was 1.185 billion m3, in 2019 – 279.2 million 
m3. The total volume of water intake from surface 
and underground sources of the Southern Bug 
River Basin on the territory of the Vinnytska re-
gion in 2019 was 94.5 million m3, for the Myko-
laivska region the volume was 103.8 million m3 
[Basin Administration of Water Resources of the 
Southern Bug River, Regional office of water re-
sources in the Mykolaivska region]. The water use 
by surface sources of fresh water provided in the 
Mykolaivska region by 93%, in Vinnytska – 89%. 

The dominant industries of water intake of the 
Southern Bug River Basin are agriculture (39%), 
industry (37%), utilities (23%). The largest water 
users and pollution sources of the surface water of 
the Southern Bug River Basin are: “South Ukrai-
nian NPP”  power plant, which uses 23% of water 
from all water intakes over the basin (in 2019, it 
amounted to 63.1 million m3),  “Vinnytsiavodo-
kanal” KP,  which takes 12% from water intakes 
over the basin (33.5 million m3 in 2019), as well 
as Ladyzhinska heat power plant (5% – 13.6 mil-
lion m3), and LLC ”Vinnytska poultry factory“ 
(2% – 5.5 million m3). 

The wastewater volume in surface water bod-
ies in the Southern Bug River Basin in 2019 was 
166.3 million m3. In overall wastewater volume 
in 2019, the greatest part was met the non-con-
tamination standards without water treatment 
(56%). The contaminated effluents constituted 
2%, wastewater, normatively purified at treat-
ment facilities, amounted to 37%, the wastewater 
without definition of quality class dumped into 
surface water bodies equaled 5%. Significant re-
duction of the surface water intake led to a cor-
responding reduction of wastewater discharge of 
different categories and irrecoverable losses, but 
did not improve the hydroecological situation in 
the river basin [South Ukrainian NPP]. 

The Southern Bug River Basin is character-
ized by a chronic deficit of water resources, be-
cause the water supply per each citizen over re-
cent years is only 880 m3/year. Total resources 
of surface runoff in 2019 were 1.44 km3. State 
Agency for Water Resources of Ukraine based on 
article 45 of the Water Code of Ukraine issued 
a official statement that for the first time in 120 
years, the rights and conditions of water use, in 
particular water discharges through dams HPS, 
may be restricted or changed due to abnormal 
autumn and winter 2019–2020. It was stated that 
in the case of such measures, the priority would 
be to ensure the drinking and household needs 
of the population [Water management situation]. 
The position of the water agency is based on the 
data of the Ukrainian Hydrometeorological Cen-
ter about the low water content in most rivers of 
Ukraine. There was no spring flood this year on 
Ukrainian rivers, and low water content could 
lead to drying up of small streams [Ukrainian Hy-
drometeorological Center].

According to the definition of the Internation-
al Community, the national threshold for the min-
imum water supply required to meet the needs of 
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agriculture, industry, energy and environmental 
conservation in per capita terms is 1700 m3/year. 
A decrease in this indicator to 1000 m3 / year in-
dicates a shortage of water resources, and if the 
indicator does not exceed 500 m3, informs about 
their absolute deficit. Ukraine belongs to the re-
gion of the planet where the mean annual air tem-
perature has changed at the fastest rates over the 
past 30 years. The mean annual air temperature in 
2019 was 2.0–3.3°C above the norm (1961–1990) 
and 1.5–2.0°C above the multi-year averages val-
ues (1981–2010). The amount of precipitation in 
2019 in the country was, on average, 13% lower, 
whereas in the forest-steppe regions – lower by 
27% [Ukrainian Hydrometeorological Center]. 
The analysis of the water content of the South-
ern Bug River over the past 12 years indicates a 
significant decrease in the natural runoff of the 
river. The regulation of the basin against the 
background of global climatic changes leads to an 
increase in irreversible losses of surface water for 
evaporation, to a violation of the hydrochemical 
regime of the river and to a change of the water 
quality [Resolution of the seminar, 2017].

The purpose of the paper was to conduct the 
surface water quality assessment of the Southern 
Bug River Basin by complex indices for different 
water users, as well as definition of the ability of 
water body to self-purification and capability of 
restoration in a changing climate.

MATERIALS AND METHODS

Detailed studies of the natural and ecological 
potential of the water resources of the Southern 
Bug River Basin were carried out by specialists 
of the Institute of Hydrobiology of the National 
Academy of Sciences of Ukraine in 2010–2011 
[Afanasyev et al., 2012]. Scientists described the 
hydrochemical regime of the river channel, as-
sessed the ecological state of the river, as well 
as established the background values of total ni-
trogen and phosphorus for the upper, middle and 
lower course of the river. Ukrainian scientists 
[Magas et al., 2013] carried out a characterization 
of the anthropogenic load on the water resources 
of the Southern Bug River basin within the Myko-
laivska region in 2013. They assessed the water 
quality in the rivers of the Southern Bug Basin 
on the basis of an integral ecological index. The 
assessment of the water quality of the Southern 
Bug River in the area of powerful water intakes in 

the Vinnytska region was carried out by special-
ists from the V. Dumansky Institute of Colloidal 
Chemistry and Water Chemistry of the National 
Academy of Sciences of Ukraine [Yezlovetska et 
al., 2015]. The published results of previous stud-
ies of surface water quality in the Southern Bug 
River Basin refer to the period 2010–2015; there-
fore, to ensure the rational use of water resources, 
the current state of water quality in the Southern 
Bug River was assessed.

Monitoring of the river conditions in Ukraine 
is carried out by State monitoring entities [The 
Ministry of Environment Protection and Natu-
ral Resources, The State Ecological Inspector-
ate, The State Agency for Water Resources, The 
Hydrometeorological Service, The Ministry of 
Health]; each has its own observation points net-
work, own methods and indicators that are con-
trolled. At the same time, even if the sampling 
locations and control indicators coincide, the data 
obtained by different monitoring subjects practi-
cally do not coincide and may differ by more than 
2 orders of magnitude [Afanasyev et al., 2012]. 
The biological control over the state of surface 
water resources is carried out by the Hydrome-
teorological Service and hydrobiological stations 
of the National Academy of Sciences of Ukraine 
according to a limited number of tropho-sapro-
biological indicators. The exploitation of water 
resources should be carried out on the basis of re-
liable data from a stationary monitoring network 
[Odnorih et al., 2020] using modern methods for 
assessing the state of water bodies [Directive, EU 
Water Framework, 2006] and according to the ba-
sin principle [Pohrebennyk et al., 2020, Directive, 
EU Water Framework, 2006]. 

The number of parameters that are regulat-
ed by various monitoring entities is quite large; 
therefore, it becomes necessary to generalize the 
information on the quality of surface water and 
the ecological state of a water body on the basis 
of complex indicators. Complex indices, which 
are calculated according to hydrochemical pa-
rameters, are convenient to use, characterizing the 
state of the aquatic environment as a whole, taking 
into account its properties and composition. They 
provide quick obtaining of information about the 
water quality and the state of the hydroecosystem, 
which allows making quick decisions on water 
resources management. Assessment of the water 
quality by hydrochemical parameters provides 
the calculation for all indicators of water quality 
or for their parts. The sequence of the assessment 
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consists of two stages: at the first stage, the value 
of the index is calculated, and at the second, ac-
cording to the calculated values of the index and 
according to the quality scale, a verbal character-
istic of water is given [Yurasov et al., 2012].

The analytical monitoring data of surface wa-
ter of the State Agency for Water Resources of 
Ukraine within the Vinnytska and Mykolaivska 
regions (monthly sampling by the 12 parameters) 
for the year 2019 was used to assess the water 
quality of the Southern Bug River [Water man-
agement situation]. We have processed the ob-
servational data on points of supervisions of wa-
ter: 1 – the Southern Bug River – city Khmilnyk 
(652 km from the mouth); 2 – the Southern Bug 
River – city Vinnytsia (582 km from the mouth); 
3 – the Southern Bug River – city Voznesensk 
(97 km from the mouth).

Then, we performed a water quality assess-
ment by the complex indices, calculated by hy-
drochemical parameters: index of water pollu-
tion (IPW), modified index of water pollution 
(MIPW), combinatorial index of water pollution 
(CIPW) for different water users (for drinking, 
fishery, cultural, and recreational needs) (Table 1) 
according to the surface water quality standards 
[State sanitary norms and rules “Hygienic re-
quirements for drinking water intended for hu-
man consumption” 2.2.4–171–10, Sanitary rules 
and norms for the protection of surface water 
from pollution 4630–88]. 

The summary results of assessing the water 
quality of the Southern Bug River by complex 
indices (IPW, MIPW, CIPW) demonstrate sig-
nificant discrepancies, which allows us to assert 
that it is impossible to reliably recommend one 
of the above-mentioned methods to substantiate 

the possibility of using water by a particular wa-
ter user. In addition, only the combinatorial index 
of water pollution (CIPW) of the listed complex 
indices, takes into account the effect of the total 
action of pollutants.

The method of integral assessment of water 
quality, which also takes into account the effect 
of the total action of pollutants, was proposed by 
Bardova, Fedorenko. It is based on the calcula-
tion of a complex index – the coefficient of pollu-
tion χ [Bordova, 2006]:

    )(/)(/ , iiCN dii   (1)

where: Ni – pollution indicator value;
	 і	– number of pollution indicator in a rank 

sequence of m indicators;
 Ci,d– standard indicator (maximum per-

missible concentrations (MPC));
  12/)( -= iiij  – weight function;
     )(/)(/ , iiCN dii    – given number of indicators.

The following indicators of pollution are ac-
cepted as the main ones with the corresponding 
rank sequence (і): Biological oxygen demand 
(BOD5) (і	= 1); Total ammonium (і	= 2); Petro-
leum hydrocarbons (і	 = 3); Dissolved oxygen 
(і	= 4).

The ranks of other indicators are set by ex-
perts or through ratio checks dii CN ,/ .

A certification scale is used to assess the 
degree of pollution of the aquatic environment, 
depending on the value of the coefficient χ 
(Table 2) [Bordova, 2006]:

The calculation method of complex index of 
the ecological state [Shakhman et al., 2018, Tim-
chenko, 2002] allows us to quickly determine the 
ecological state of the aquatic ecosystem by the 

Table 1. Water quality assessment of the Southern Bug River by the complex indices

Gauge 
station

Assessment of the pollution degree
IPW MIPW CIPW

fishery standards
1 8.62 very dirty 16.6 catastrophically dirty 30 dirty
2 8.54 very dirty 16.0 catastrophically dirty 30 dirty
3 7.48 very dirty 14.0 catastrophically dirty 40 very dirty

drinking standards
1 1.84 slightly contaminated 3.79 moderately contaminated 36 dirty
2 1.91 slightly contaminated 4.00 moderately contaminated 35 dirty
3 1.66 slightly contaminated 3.00 moderately contaminated 29 dirty

cultural and recreational standards
1 0.69 sufficient clean 2.43 slightly contaminated 19 moderately dirty
2 0.79 sufficient clean 2.00 slightly contaminated 27 dirty
3 0.68 sufficient clean 2.00 slightly contaminated 28 dirty
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hydrochemical indicators. It also allows  – accord-
ing to the ecological state complex indices of the 
water body – to assess its ability to self-purifica-
tion potential and capability of restoration (eco-
logical reliability), to analyze the ecological sus-
tainability of the river and to take into account the 
effect of the total action of substances [Shakhman 
et al., 2017, Shakhman et al., 2018]. Complex in-
dex of the ecological state (CIES) is formed on 
the basis of existing standards and also includes 
maximum permissible concentrations (MPC).

For the water bodies which are used for the 
fishery, the mean value of CIES is calculated by 
the formula:





m

i
imean CIES

m
CIES

1

1
 (2)

where: m – number of water quality indices 
blocks (values CIESi).

From the m blocks of water quality indices, 
the first includes the indices that do not have the 
effect of total action (summation); the remain-
ing blocks include indices that have this effect 
[Shakhman et al., 2018, Timchenko, 2002]. Ac-
cording to the sanitary norms, the effect of total 
action is possessed by the substances of the first 
and second classes of danger with the equal lim-
iting indices of harmfulness (LIH). According to 
the fishery norms substances with the equal LIH 
without taking into account the classes of danger 
are analyzed. 

The ecological state of a water body is classi-
fied as follows [Shakhman et al., 2018, Timchen-
ko, 2002]:
 • if 0min <CIES  and 0<meanCIES  then the 

ecological state of the river area is estimated 
as unsteady;

 • if 0min <CIES  and 0>meanCIES  then the 
ecological state of water is estimated on aver-
age as stable with sources of instability;

 • if 0min >CIES  and 0>meanCIES  then the 
ecological state of water is estimated as stable.

In the qualification of the ecological state 
according by the first two points it is necessary 
to carry out the environmental protection activi-
ties in the ecosystem. The obtained results allow 
carrying out an assessment of the ecological reli-
ability of the ecosystem [Shakhman et al., 2018, 
Timchenko, 2002]. Ecological reliability (ER) 
is the ability of the ecosystem’s state to perform 
relatively complete processes of self-purification 
potential and capability of restoration.

The probability of a stable state of the river is 
called ecological reliability (ER), which is deter-
mined by the formula:

)5.02( 1 22   MNER  (3)

where: χ2 – value of the function “chi-square” 
with the confidence probability assumed  
equal to 0.9 [Gmurman, 1979];

 N – total number of values meanCIES ;
 М – number of values meanCIES  which is 

less then the critical, zero value.

Distribution probability of “chi-squared” 
is recognizing right in connection with the fact 
that usually the number of surveyed sections 
of the river is small. For a large value of N, the 
“chi-squared” distribution reduces to a normal 
distribution [Shakhman et al., 2018, Timchenko, 
2002]. On the basis of the fact that complex tech-
nical systems are considered reliable at a reliabil-
ity level of 0.90–0.95, the following qualification 
of reliability levels is used with a confidence lev-
el of 0.9: a high level (ER ≥ 0.9), an acceptable 
level (0.9 > ER ≥ 0.8), a low level (ER ≥ 0.8) 
[Shakhman et al., 2018, Timchenko, 2002].

RESULTS AND DISCUSSIONS

The data of the analytical monitoring of sur-
face waters of the Southern Bug River for 2019 
(Biological oxygen demand (BOD5), Dissolved 
oxygen, Suspended solids, Total ammonium, Ni-
trites, Nitrates, Chlorides, Sulphates, Synthetic 
surfactants (SAS), Phosphates, Chemical oxygen 
demand (COD), Petroleum hydrocarbons) [Wa-
ter management situation] were systematized in 
tables of mean annual values of the pollutants 
concentrations along the gauge stations: 1 – the 
Southern Bug River – city Khmilnyk (652 km 
from the mouth); 2 – the Southern Bug Riv-
er – city Vinnytsia (582 km from the mouth); 3 – 
the Southern Bug River – city Voznesensk (97 km 

Table 2. Integral assessment of water quality
Water coefficient of 

pollution χ Qualitative assessment of pollution

Less than 1.00 sufficient clean
1 – 1.99 slightly contaminated
2 – 2.99 moderately contaminated
3 – 3.99 dirty
4 – 5.00 very dirty

More than 5.00 catastrophically dirty
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from the mouth). Further, a comparative analysis 
of the values of the concentrations of pollutants 
in time and in space (along the river stream) was 
carried out.

In 2019, the excess of concentrations of pol-
lutants relative to the standards of all categories 
of water users (for drinking, fishery, cultural, 
and recreational needs) for the entire section of 
the river was observed according to 5 hydro-
chemical parameters (BOD5, Total ammonium, 
Nitrites, SAS, COD). Biogenic substances play 
a significant role in the life of living organisms 
(Total ammonium, Nitrites, Nitrates and Phos-
phates). Throughout the studied section of the 
river (555 km), the content of Total ammonium 
exceeded the permissible norms and amounted 
to: 0.76 mg/dm3 (c. Khmilnyk), 1.12 mg/dm3 
(c. Vinnytsia), 1.04 mg/dm3 (c. Voznesensk), 
(which corresponds to III (moderately contam-
inated) and IV (dirty) classes of water quality 
[Gritsenko et al. 2012]. 

Organic matter is important in biochemical 
processes and, to some extent, determines the bi-
ological productivity of surface waters and water 
quality. Their content is determined by indirect 
indicators: permanganate and bichromate oxidiz-
ability (COD) and Biological oxygen demand 
(BOD5). In the water of the Southern Bug River in 
2019, a significant content of organic compounds 
was observed. COD exceeded MPC throughout 
the stretch of a river: 37.5 mg/dm3 (c. Khmilnyk), 
34.0 mg/dm3 (c. Vinnytsia), 25.02 mg/dm3 (c. 
Voznesensk), which corresponds to ІІІ (moder-
ately contaminated) and ІІ (slightly contaminat-
ed) water quality classes.

The indicator of the SAS toxicological block 
in the surface water of the Southern Bug River 
Basin in 2019 had the highest values downstream 
from c. Vinnytsia (max 7.90 mg/dm3). For the 
entire investigated section of the river, the mean 
annual SAS values correspond to V (very dirty) 
water quality class.

In previous studies, a software product was 
developed that made it possible to implement a 
visual model of the distribution of pollutants be-
tween the observation places along the length of 
the Dnieper River [Bystriantseva et al., 2019]. On 
the basis of the input data, the program allows ob-
taining a gradient coloring of the river bed in a 
color range that corresponds to a certain category 
of water quality, which facilitates swift decision-
making in the process of water resources day-to-
day management. The examples of the spatial 

distribution (along the river stream of the South-
ern Bug River) of the mean annual concentrations 
of some pollutants (2019), which were analyzed 
above, are presented in Figure 1.

Comparative analysis of mean annual con-
centrations of pollutants in 2019 in the river sec-
tion c. Khmilnyk – c. Vinnytsia with the results 
of research in 2015 [Odnorih et al., 2020] shows 
that the main hydrochemical parameters of the 
Southern Bug River have changed over a wide 
range (Table 3).

The surface water quality of the Southern Bug 
River in the river section c. Khmilnyk – c. Vin-
nytsia in terms of biogenic indicators for 5 years 
has changed as follows: for Total ammonium – 
from class III (4 category) “slightly contaminat-
ed” to IV class (6 category) “dirty”; by Nitrites 
– from I class (1 category) “very clean” to V class 
(7 category) “very dirty”; by Nitrates – from class 
II (3 category) “sufficient clean” to IV class (6 
category) “dirty”; by Phosphates – from ІІІ class 
(4 category) “slightly contaminated” to V class 
(7 category) “very dirty”. Such an assessment 
of water quality allows for quick decision-mak-
ing in the process of short-term water resources 
management.

In order to obtain the information on the 
ecological state of the river, on the tendency of 
spatio-temporal changes in the state of water un-
der the influence of natural and anthropogenic 
factors, substantiation of the long-term measures 
for the rational use of a water body, a complex 
assessment of water quality is required. A com-
plex assessment also can be used to carry out a 
comparative analysis of the state of surface water 
of different rivers.

At the next stage of the study, an integral as-
sessment of water quality was carried out based 
on the calculation of a complex index – the pol-
lution coefficient χ (1). An example of a calcula-
tion for the Southern Bug River – city Khmilnyk 
in accordance with the fishery standards (as the 
most sensitive to changes of the ecological state 
of the river) is given in Table 4.

The summary results of the integral water 
quality assessment of the Southern Bug River for 
2019, in accordance with the surface water qual-
ity standards intended for different water users 
(for drinking, fishery, cultural, and recreational 
needs), are presented in Table 5.

Further, the ecological state of the Southern 
Bug River for 2019 was assessed according to the 
complex indices of the ecological state (2), which 
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includes the analysis of the ecological sustain-
ability and ecological reliability (3) of the water 
body, in accordance with the fishery standards, as 
the most sensitive to the changes in the ecologi-
cal state of the river. An example of assessment 
of the ecological state of the Southern Bug River 
using CIES at the Southern Bug River – city Vin-
nytsia gauge station for the observation year 2019 
is shown in Table 6.

The summary results of the ecological state 
assessment of the Southern Bug River in space 

(along the river stream) of the year 2019 based 
on complex index of the ecological state (CIES) 
with the fishery standards are presented in Table 7

The ecological state of the Southern Bug 
River is assessed as unsteady. The changes in the 
quantitative values of the mean and minimum co-
efficients show some improvement in the water 
quality downstream of the river. This corresponds 
to the general trend of calculations according 
to the complex indices given above, but, unfor-
tunately, does not change the assessment of the 

Fig. 1. Ecological state of the surface waters of the of the Southern Bug River by hydrochemical 
parameters, mg/dm3: a – Total ammonium, b – Nitrites, c – BOD5, d – COD

Table 3. Assessment of water quality in the section of the Southern Bug River (c. Khmilnyk – c. Vinnytsia) by 
nutrients for 2010–2019

Parameter
Water quality assessment by ecological classification

Value,
mg/dm3 Water quality class Value,

mg/dm3 Water quality class

Year 2015 (Odnorih et al., 2020) 2019
the Southern Bug River – c. Khmilnyk

Total ammonium 0.46 slightly contaminated 0.76 moderately contaminated
Nitrites 0.019 very clean 3.80 very dirty
Nitrates 0.35 sufficient clean 2.19 dirty
Phosphates 0.072 slightly contaminated 0.58 very dirty

the Southern Bug River – c. Vinnytsia
Total ammonium 0.85 moderately contaminated 1.12 dirty
Nitrites 0.022 very clean 3.72 very dirty
Nitrates 0.39 sufficient clean 2.40 dirty
Phosphates 0.091 slightly contaminated 1.41 very dirty
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ecological state of the river and determines the ur-
gent need for environmental protection measures 
in the ecosystem.

A slight improvement in the water quality can 
be explained by the possible accumulation of pol-
lutants in numerous reservoirs located throughout 
the entire study area, and a significant sinuosity 
of the river bed upstream of c. Voznesensk. An in-
crease in turbulent water exchange and a decrease 
in the concentration of pollutants due to an in-
crease in the water content is also possible, but it 
is regulated exclusively artificially in accordance 

with the operating regime of water management 
complexes located upstream of the river.

Further, an assessment of the ecological re-
liability (3) of the Southern Bug River for 2019 
in space (along the river stream) was made. The 
ecological reliability (ER) value is 0.77, which 
corresponds to a low level of self-purification po-
tential and capability of restoration.

A comparative analysis of the results of the 
water quality assessment of the Southern Bug 
River by complex indices (Tables 1, 5, 7) makes 
it possible to recommend with a high degree of 

Table 4. Integral assessment of water quality of the Southern Bug River – c. Khmilnyk by the pollution 
coefficient χ by the fishery standards for 2019

Parameter
ii MPCC /

With priorities No priorities

rank )(iϕ ii MPCCi /)(ϕ rank )(iϕ ii MPCCi /)(ϕ
BOD5 1.93 1 1.000000 1.93000 3 0.750000 1.44475
Dissolved 
oxygen 0.74 4 0.500000 0.37000 6 0.187500 0.13875

Suspended 
solids 0.54 8 0.062500 0.03375 7 0.109375 0.05906

Total ammonium 1.52 2 1.000000 1.52000 5 0.312500 0.47500
Nitrites 47.5 5 0.312500 14.84375 1 1.000000 47.50000
Nitrates 0.05 12 0.005859 0.00029 11 0.010742 0.00537
Chlorides 0.11 11 0.010742 0.00118 10 0.019531 0.00215
Sulphates 0.30 9 0.035156 0.01054 8 0.06250 0.01875
SAS 46.0 6 0.187500 8.62500 2 1.000000 46.00000
COD 1.88 7 0.109375 0.20562 4 0.500000 0.94000
Phosphates 0.17 10 0.019531 0.00332 9 0.035156 0.00598
Petroleum hydro-
carbons 0.00 3 0.750000 0.00000 12 0.005859 0.00000

∑ 3.993163 27.54345 3.993163 96.59256

χ = 27.54345/3.993163 = 6.90 
(catastrophically dirty)

χ = 96.59256/3.993163 = 24.2
(catastrophically dirty)

Table 5. The summary results of the integral water quality assessment of the Southern Bug River for 2019

Gauge station
Assessment of the degree of pollution 

With priorities No priorities
The fishery standards

1 6.90 catastrophically dirty 24.2 catastrophically dirty
2 6.85 catastrophically dirty 23.4 catastrophically dirty
3 3.72 dirty 11.5 catastrophically dirty

Drinking standards
1 1.96 slightly contaminated 5.02 catastrophically dirty
2 2.05 moderately contaminated 4.91 very dirty
3 1.22 slightly contaminated 2.55 moderately contaminated

Cultural and recreational standards
1 1.50 slightly contaminated 3.18 dirty
2 1.81 slightly contaminated 4.14 very dirty
3 0.93 sufficient clean 1.55 slightly contaminated
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probability for a comprehensive assessment of the 
water quality of the Southern Bug River methods 
that take into account the effect of the total action 
of pollutants in developing long-term measures 
and making strategic decisions on the rehabilita-
tion of a water body. Namely, it is recommended 
to perform an assessment based on a combinato-
rial index of water pollution, an integral assess-
ment of water quality and an assessment based on 
a complex index of the ecological state.

The ongoing global climate change is rather 
complex. There are quite a number of scenarios for 
the development of the situation in which, due to 
global warming, the climate in southern Ukraine 
will become drier and warmer, with warm and hu-
mid winters. Therefore, today it is necessary to 
create the water management complexes that will 

ensure the rational use, conservation and restora-
tion of water resources.

Despite the fact that the Southern Bug River 
is not a transboundary river, adaptation to climate 
change requires a multilateral approach to determin-
ing the required data in accordance with the prin-
ciples of integrated water resources management. 
The Guidance on Water and Climate Adaptation 
[Guidance on Water and Climate Adaption] em-
phasizes the critical importance of the availability 
of the information required for disaster risk reduc-
tion, environmental and social vulnerability assess-
ment. On the other hand, the surface waters of the 
Southern Bug River Basin are formed exclusively 
on the territory of our country, and Ukraine has all 
the possibilities and levers for the rehabilitation and 
restoration of a water body of national importance.

Table 6. Assessment of water quality of the Southern Bug River – city Vinnytsia by CIES in accordance with the 
fishery standards of the year 2019 

LIH Parameter Ci,
mg/dm3

MPC,
mg/dm3 MPC – Ci IES CIES

General health
Suspended solids 10.0 20.0 10.0 0.5
BOD5 5.1 3.0 –2.1 –0.7
Dissolved oxygen 7.8 >6.0 1.8 0.3

∑ 0.1 0.033

Toxicological
Total ammonium 1.12 0.5 – 2.24
Nitrites 3.72 0.08 – 46.5
SAS 4.39 0.1 – 43.9

∑ 92.64 –91.64

Sanitary-toxicological

Chlorides 32.2 300 – 0.107
Sulphates 29.9 100 – 0.292
Nitrates 2.4 40.0 – 0.06
Phosphates 1.41 3.5 – 0.403

∑ 0.862 0.138

Fishery Petroleum hydro-
carbons – 0.05 – – –

CIESmean = (0.033–91.64+0.138)/3 =–30.5,     CIESmin = –91.6
(the ecological state of the object is unsteady)

Table 7. Assessment of ecological state of the Southern Bug River in space (along the river stream) of the year 
2019 

Gauge station
Complex index of the ecological state (CIES)

min mean
ecological state of a water body

The Southern Bug River – city Khmilnyk
–31.2 –94.0

unsteady

The Southern Bug River – city Vinnytsia
–30.5 –91.6

unsteady

The Southern Bug River – city Voznesensk
–14,7 –44.5

unsteady
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CONCLUSIONS

The assessment of the surface water quality 
of the Southern Bug River basin in time and space 
was carried out. The surface water quality of the 
Southern Bug River in the c. Khmilnyk – c. Vin-
nytsia river section in terms of biogenic indicators 
from 2015 to 2019 changed as follows: for Total 
ammonium – from III class “slightly contami-
nated” to IV class “dirty”; according to Nitrites – 
from I class “very clean” to V class “very dirty”; 
by Nitrates – from II class “sufficient clean” to 
IV class “dirty”; by Phosphates – from ІІІ class 
“slightly contaminated” to V class “very dirty”.

The results of water quality assessing of the 
Southern Bug River in 2019 based on complex in-
dices in accordance with the fishery standards as the 
most sensitive to the changes of the ecological state 
of the river are as follows: based on CIPW – mostly 
“dirty”; – mostly “catastrophically dirty”; CIES – 
“the ecological state of the object is unstable”, the 
quantitative indicator of ecological reliability is be-
low 0.8, which corresponds to a low level of self-
purification potential and capability of restoration 
of the water body. Therefore, with a certain degree 
of probability, it can be argued that the use of sur-
face waters of the Southern Bug River Basin for 
drinking, fishery, cultural, and recreational needs is 
associated with certain environmental risks, and for 
the hydroecosystem it is necessary to carry out the 
environmental protection measures.

The results of the study can be used in the 
development of a strategy for water resources 
management in the Southern Bug River Basin, 
for assessing and predicting the ecological state 
of the river in the context of water management 
transformations and climate change, with scien-
tific substantiation of measures aimed at protect-
ing and rational use of the surface water in the 
Southern Bug River Basin. 
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