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Abstract 
The current state of reservoirs in urban areas is one of the characteristics of the ecology of the urban system and its social attractiveness. 

Therefore, the development of criteria for a comprehensive assessment of reservoirs in urbanized areas in order to develop recommendations for 
rehabilitation and maintenance in a good ecological condition is a rather urgent task. 

Тhe purpose of the work is to develop criteria for assessing the comprehensive index of the ecological state of reservoirs in urbanized territories, 
taking into account the recreational and aesthetic load on the example of water bodies in the south-west of Belarus. The objects of the study are typical 
reservoirs of urban areas in the southwest of the Belarus. 

Based on the analysis of the results of our own expeditionary and laboratory studies and existing information on reservoirs in the urbanized 
territories of the south-west of Belarus, the choice of criteria was substantiated and for the first time a point scale for assessing the complex index of the 
ecological state of urban reservoirs was developed, taking into account the current conditions of anthropogenic influence. The criteria for the scoring of 
the complex index are based on hydrobiological, hydrochemical, and hydromorphological indicators of the ecological state of reservoirs, their 
recreational significance, anthropogenic transformation, trophic state, and environmental degradation. 

The results of the developed point assessment of the complexindex of the ecological state of reservoirs in the urbanized territories of the south-
west of Belarus for 2020 are presented. It has been established that the overwhelming majority of urban water bodies in the south-west of Belarus (3/5 
of the total) are characterized by a satisfactory ecological status, 1/5 of the studied reservoirs are in poor condition, and 1/5 of the total are in good 
condition. The research results can be used to develop recommendations for measures to improve and rehabilitate reservoirs in satisfactory and poor 
ecological condition. 
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КОМПЛЕКСНАЯ ОЦЕНКА ЭКОЛОГИЧЕСКОГО СОСТОЯНИЯ ВОДОЕМОВ УРБАНИЗИРОВАННЫХ ТЕРРИТОРИЙ 
ЮГО-ЗАПАДА БЕЛАРУСИ 

Л. А. Кириченко, А. А. Волчек 

Реферат 
Современное состояние водных объектов городских территорий является одной из характеристик экологии урбосистемы и её социальной 

привлекательности. Поэтому разработка критериев комплексной оценки водных объектов урбанизированных территорий с целью разработки 
рекомендаций по реабилитации и поддержанию в хорошем экологическом состоянии представляет собой достаточно актуальную задачу.  

Цель исследования – разработка критериев комплексной бальной оценки общего состояния водоемов урбанизированных территорий на 
примере водоемов юго-запада Беларуси. Объекты исследования – типичные водоемы городских территорий юго-запада Беларуси.  

На основании анализа результатов собственных экспедиционных и лабораторных исследований и существующей информации по 
водоемам урбанизированных территорий юго-запада Беларуси обоснован выбор критериев и впервые разработана бальная шкала оценки 
комплексного индекса экологического состояния городских водоемов с учетом сложившихся условий антропогенного влияния. В основу 
критериев бальной оценки комплексного индекса положены гидробиологические, гидрохимические, гидроморфологические показатели 
экологического состояния водоемов, их рекреационная значимость, антропогенная трансформация, трофическое состояние и экологическая 
деградация.  

Приводятся результаты разработанной бальной оценки комплексного индекса экологического состояния водоемов урбанизированных 
территорий юго-запада Беларуси за 2020 г. Установлено, что для подавляющего большинства городских водоемов  юго-запада Беларуси 
(3/5 части) характерен удовлетворительный экологический статус, в плохом состоянии находится 1/5 часть из исследуемых водоемов, в 
хорошем – 1/5 часть. Результаты исследований могут быть использованы для разработки рекомендаций мероприятий по улучшению и 
реабилитации водных объектов, находящихся в удовлетворительном и плохом экологическом состоянии.  

 
Ключевые слова: городские водоёмы, комплексный индекс экологического состояния, рекреационный потенциал, экологическая 

деградация. 
 

 
Introduction  
Most of the reservoirs of the city are the least studied water re-

sources in Belarus due to their shallow depth and small water area, since 
they are not included in the NEMS. Water bodies of urbanized areas are 
subject to the influence of many factors, both abiotic and anthropogenic. 
This affects the ecological state of such reservoirs in such a way that 
water protection measures alone are sufficient, environmental measures 
in the form of a water protection zone are not quite effective. The self-
cleaning ability of most of these reservoirs deteriorates due to the inflow 

of various pollutants into the water from the catchment area, with 
groundwater, precipitation, etc. In this case, there is a need to apply 
measures to improve the ecological condition and recreational opportuni-
ties of urbanized reservoirs. 

The use of only a technical approach in solving these problems most 
often turns out to be impossible, inexpedient or ineffective. Therefore, an 
integrated approach is needed to solve technical and environmental prob-
lems to maintain a good ecological condition of urbanized reservoirs or 
restore (rehabilitate) them to a good condition. 
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It follows from this that the assessment of the ecological state of ur-
ban reservoirs should include a variety of criteria, not only hydrochemical, 
hydrobiological and hydromorphological, but also cultural, historical, so-
cial, recreational, etc. 

For this purpose, we have developed a point assessment of the crite-
ria for determining the ecological state and recreational opportunities of 
urban reservoirs. 

Thus, the purpose of the work is to develop criteria for assessing the 
comprehensive index of the ecological state of reservoirs in urbanized 
territories, taking into account the recreational and aesthetic load on the 
example of water bodies in the south-west of Belarus. 

 
Materials and methods 
The objects of the study are typical representative water bodies of the 

urbanized territories of the south-west of Belarus, characterized by different 
recreational load and different degrees of anthropogenic impact (Figure 1). 

To determine the criteria for assessing the comprehensive index of 
the ecological state (CIES) of urban reservoirs, the indicators of the eco-

logical state (hydromorphological, hydrochemical, hydrobiological), as 
well as recreational and aesthetic potential, anthropogenic transfor-
mation, etc., are used. 

To determine the estimated state of reservoirs in urbanized areas 
subject to various anthropogenic impacts, a system of criteria (levels) is 
proposed.  

The ecological state of urban reservoirs was assessed on the basis 
of hydrochemical and hydrobiological indicators by known methods. The 
ecological state of urbanized reservoirs in terms of hydrochemical indica-
tors was determined based on the multiplicity of exceeding the MPC by 
comparing the studied indicators with the lowest (most stringent) indica-
tors of permissible concentrations of chemical indicators from the com-
bined lists of information documents of the Republic of Belarus on the 
quality of surface waters: within the boundaries of settlements, recrea-
tional areas, MPC of pollutants of fishery water bodies and MPC of drink-
ing water [1–4]. The ecological state according to hydrobiological indica-
tors was assessed by the indicator of the saprobity index of reservoirs by 
macrophytes [5, 6]. 

 

 
 

Figure 1 – Sampling sites: Kobryn – K-1 park pond, K-2 pond w/n on Polesskaya Street; Zhabinka – Zh-1 park pond, Zh-2 pond "Mukhina Yama", Zh-3 
pond "Vdkhr Vizzhar"; Malorita – M-1 park pond, M-2 pond w/n on Dzerzhinskaya Street, M-3 pond "Voennoye Ozero", M-4 pond "Torfboloto"; Brest – 
B-1 pond "Vychulki", B-2 pond "Zodchikh", B-3 park pond "Nizhny", B-4 pond "Gershonsky", B-5 pond w/n on Kirpichnaya Street, B-6 pond "Zerkalka" 

 
The assessment of the recreational potential and anthropogenic im-

pact on urban reservoirs is considered using the indicators introduced by 
us: the level of recreational significance, the level of anthropogenic trans-
formation (Tables 1, 2) [4, 7–10]. 

The level of environmental degradation of water bodies in urbanized 
areas was assessed based on their trophic state according to the indica-
tors of the trophic state index TSI, the nitrification index Initr and the modi-
fied aggregation index Im-agr according to the methods [11–17]. 

Results and discussion 
On the basis of the ecological state according to hydrochemical, hy-

drobiological and hydromorphological indicators, as well as with the help 
of such indicators of recreational potential and the magnitude of anthro-
pogenic impact on water bodies as the level of recreational significance, 
the level of anthropogenic transformation and the level of environmental 
degradation, we propose a point assessment of the integrated index of 
the ecological state of reservoirs of the CIES of urbanized territories, 
specified in the Table 3. 
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Table 1 – Indicators of the level of recreational significance of reser-
voirs in urbanized areas [7] 

Level of  
recreational 
significance, 

score 

Characteristics of the level 
of recreational significance 

High 

Recreational-safe water bodies are reservoirs that are 
in good and satisfactory ecological and sanitary-
hygienic condition, used by the population in various 
types of recreation, and have recreational, cultural 
and historical potential 

Average 

Recreationally significant – reservoirs that are in a 
satisfactory ecological and sanitary-hygienic condi-
tion, have a high aesthetic load and are used by the 
population in contact types of recreation 

Low 

Recreational-insignificant – reservoirs that are in a 
satisfactory ecological condition, the banks of which 
are used for non-contact types of recreation and have 
an insignificant recreational potential (or in a poor 
ecological condition with a significant recreational 
potential), which cannot be used for the organization 
of active recreation zones, but for them it is possible 
to develop projects to increase the recreational poten-
tial or environmental protection  or rehabilitation to a 
satisfactory environmental condition 

"Zero" 

Recreationally insignificant – reservoirs that are in a 
poor ecological condition (or in a state of degradation) 
and do not have a recreational potential (or with an 
insignificant recreational potential), which are not 
used by the population for recreational purposes, for 
which rehabilitation to a satisfactory ecological condi-
tion is impossible or inexpedient 

 
Table 2 – Indicators of the level of anthropogenic transformation of 

reservoirs [7] 
Level of  

anthropogenic 
transformation 

Characteristics of anthropogenic transformation 

"Zero" 
transformation 

A favorable indicator of safety for recreation, char-
acterized by insignificant anthropogenic interfer-
ence (up to 5 %), as well as in the case when the 
reservoir has retained its original appearance 

Minor 
Transformation 

A favorable or relatively favorable indicator of safe-
ty for recreation, characterized by the engineering 
arrangement of a part of the coastline or a change 
in the lithological composition of the bottom of the 
reservoir by up to 30 % 

Partial 
Transformation 

A relatively favorable indicator of safety for recrea-
tion, characterized by a complete (or partial) 
change of the coastline, transformation from 30 to 
60 % 

Significant 
transformation 

An unfavorable indicator of safety for recreation 
characterizes reservoirs, part of the area of which 
(more than 60 %) has been lost (filled up or 
drained) 

Complete 
Transformation 

An unfavorable indicator of safety for recreation 
characterizes completely lost reservoirs, or trans-
formed into underground water bodies, or techno-
logical water bodies 

 
The ecological state of reservoirs is assessed by comparing the re-

sults of research on hydrochemical and hydrobiological indicators. If the 
status of the water body of the reservoirs of urbanized territories in terms 
of hydrobiological indicators is higher than in terms of hydrochemical 
indicators, then the ecological state in terms of hydrochemical indicators 
is considered a priority. In our opinion, such a priority determination of the 
ecological state by hydrochemical indicators is associated with the effect 
of anthropogenic factors on the reservoirs: water pollution with chemicals 
has already occurred, and living organisms have not yet had time to 
adapt to the changed conditions of existence. 

Table 3 – Score assessment of the Complex Index of the Ecological 
State of reservoirs of urbanized territories 

No 
p/n 

Criteria for the CIES of the reservoir Point 

Ecological state 

Hydrochemical indicators 

1 
Excellent condition / low contamination 
 water (no indicators of exceeding the MPC) 

1 

2 
Good (favorable) /  
low (MPC multiplicity 1–2) 

2 

3 
Satisfactory (relatively favorable) / 
medium (MPC multiplicity 2–10) 

3 

4 
Bad (unfavorable) / 
high (MPC multiplicity 10–50) 

4 

5 
Very poor ecological condition (degradation) /  
extremely high (MPC multiplicity >50) 

5 

Hydrobiological indicators 

1 Excellent environmental condition  1 

2 Good (favorable) environmental condition 2 

3 
Satisfactory (relatively favorable) environmental condi-
tion 

3 

4 Poor (unfavorable) environmental condition 4 

5 Very poor environmental condition 5 

Recreational potential 

Level of recreational significance 

1 High 1 

2 Average 2 

3 Low 3 

4 "Zero" 4 

5 Missing 5 

Level of anthropogenic transformation  

1 "Zero" transformation 1 

2 Minor Transformation 2 

3 Partial Transformation 3 

4 Significant transformation 4 

5 Complete Transformation 5 

Degradation of a water body 

Level of environmental degradation 

1 A reservoir with a natural ecosystem 1 

2 
A reservoirs in an anthropogenically stressed trophic 
state  

2 

3 A reservoirs in a crisis trophic state  3 

4 A reservoirs in a catastrophic trophic state  4 

5 The reservoir is completely lost 5 

 
When assessing the CIES of an urbanized reservoirs, a higher score 

of the ecological state indicator in terms of hydrochemical and hydrobio-
logical indicators is taken into account, taking into account the predomi-
nance of the hydrochemical indicator. 

The points of recreational potential and environmental degradation 
are summed up.  

The CIES, like existing methods, classifies the ecological status of 
water bodies as excellent, good, satisfactory, bad and very bad. It is cal-
culated according to the following formula 

CIES = ∑𝑈𝐸𝑆 𝑛⁄  , 

where UES is the level (criterion) of the status of a reservoirs, n is the 
number of criteria.  

The values of the CIES are characterized by the following:  
Excellent condition – 1–1.49 points; 
Good condition – 1.5–2.5 points; 
Satisfactory condition – 2.51–3.0 points; 
Poor condition – 3.01–4.0 points; 
Very poor condition – 4.01–5 points. 
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Thus, when calculating the CIES of water bodies, all factors affecting 
the reservoirs of urbanized areas are taken into account. At the same 
time, the following trend can be traced – the higher the score for a par-
ticular indicator, the worse the general condition of the reservoirs.  

However, if: 

 the general condition of reservoirs in urbanized areas is excel-
lent, but isolated cases of water blooms have been recorded, then their 
condition is assessed as good; 

 the general condition of the water body of the reservoirs of ur-
banized areas is good, but the cases of water blooming are frequent, the 
condition is assessed as satisfactory; 

 the general condition of the reservoirs of urbanized areas is sat-
isfactory, but the cases of water blooms are annual and its condition is 
assessed as poor. 

According to the developed point assessment, the ecological state of 
urbanized reservoirs in the south-west of Belarus was studied, the results 
of the research are shown in Table 4. 

Based on the results obtained, it was established that most of the 
water bodies in the south-west of Belarus are in good and satisfactory 
condition, except for the pond "Vychulki" of the pond "Voennoye Ozero" 
and the "Nizhny" park pond, for which a poor ecological condition has 
been established (Table 4) [18–20]. 

Thus, the results of the CIES show the true ecological state of reser-
voirs in urbanized areas, taking into account the recreational potential 
and the level of environmental degradation. 

 
Conclusion 
Almost all urban reservoirs are natural-anthropogenic or anthropo-

genic water bodies, the intensity of self-purification processes in which is 
slowed down. Therefore, a more accurate determination of the ecological 
state of reservoirs in urbanized areas requires an integrated approach 
based on the ranking of mutually related biotic, abiotic and anthropogenic 
factors. 

 
Table 4 – The state of urbanized reservoirs in the south-west of Belarus in the summer period of 2020 

Indicators/ 
Basin 
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C
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K-1 4 4 2 2 3 2,75 Satisfactory 

K-2 5 5 4 3 2 3,5 Bad 

Zh-1 3 2 2 1 2 2 Good 

Zh-2 2 3 3 1 1 1,75 Good 

Zh-3 4 4 2 2 3 2,75 Satisfactory 

M-1 3 2 2 1 3 9 Good 

M-2 4 4 3 2 2 2,75 Satisfactory 

M-3 4 5 3 4 2 3,25 Bad 

M-4 3 4 3 2 1 2,75 Satisfactory 

B-1 5 5 3 3 3 3,5 Bad 

B-2 4 4 2 2 2 2,5 Satisfactory 

B-3 5 5 2 4 3 3,5 Bad 

B-4 2 2 2 1 1 1,5 Good 

B-5 3 3 3 2 1 2,25 Satisfactory 

B-6 4 4 2 1 2 2,25 Satisfactory 

* the underlining indicates the score of the ecological state for the assessment of the CIES of the reservoirs of urbanized areas 
 

The proposed system for assessing the comprehensive index of the 
ecological state of urbanized reservoirs, taking into account the ecological 
state in terms of hydrochemical, hydrobiological and hydromorphological 
indicators, environmental degradation, social and recreational attractive-
ness of urban reservoirs, quite objectively reflects the changes occurring 
with them in the current conditions of external influences. 

A comprehensive assessment of the ecological state of water bodies 
in urbanized areas showed that the vast majority of urban reservoirs in 
the southwest of Belarus (3/5) are characterized by a satisfactory ecolog-
ical status, 1/5 of the studied reservoirs are in poor condition, and 1/5 are 
in good condition. For these water bodies, it is necessary to develop 
measures to improve and (or) rehabilitate the ecological state. 

It has been tested in the development of measures to maintain a 
good ecological condition of water bodies and (or) the need to rehabilitate 
reservoirs in the urbanized territories of the south-west of Belarus, as well 
as in the development of measures for restoration and reclamation and 
restoration of the hydraulic system of the park of the State Institution of 
Culture "Historical and Memorial Museum "Nemtsevich Estate". 

 
The work was carried out with the partial support of the Grant of the 

Ministry of Education of the Republic of Belarus No for state registration 
of 20200621. 
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