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SUMMARY 

The Styr River which flows within Lutsk and is the main water artery of the city was chosen 

as a test object for research. Calculations of the environmental index ІЕ show that the values 

range from 5.06 to 12.72, and this gives grounds for assigning the watercourses of the basin 

to category 3 or 4, Class II or III, characterizing the state of water bodies between "good" 

and "satisfactory", the degree of their purity between "quite clean" and "slightly polluted", β 

– mesosaprobic, predominantly meso-eutrophic. Based on the performed studies, the main 

measures aimed at improving the water quality of the Styr River in order to reduce the 

negative anthropogenic impact of the city of Lutsk have been outlined. 
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Introduction 

Water bodies have always played one of the key roles in settling territories and creating settlements. 

Human settlements contributed to excessive water consumption, the creation of various types of 

hydrotechnical structures, the intake of water for irrigation, etc. 

 

The Styr River is the right-bank tributary of the Pripet River (the Dnieper basin) and is the main 

water artery flowing through the territory of the city of Lutsk. The main part of the city is located on 

the right bank of the river, and the length of the river within the city limits is about 11.2 km. It has 

tributaries the Zhiduvka, the Sapalaivka, the Omelyanyk, and the Chornoguzka river which flows 

into the Styr outside the city limits; also the Teremniv ponds are in the Styr basin. According to the 

Water Framework Directive of the EU (WRD 2000/60/EU), the Styr river is classified with very 

large rivers (Zabokrytska, Khilchevskiy, 2016; Directive…, 2000). 
 

The city council and the scientists-ecologists are very concerned about the ecological state of surface 

waters within the city and continuously organize monitoring studies (Zabokrytska, Khilchevskiy, 

2016; Lutsk City Council , 2022; Netrobchuk , Goshinska, 2018; Nekos et al., 2021) as a result of 

which the main sources of urban surface water pollution were identified. 

 

There are five objects in Lutsk that are classified as environmentally dangerous, of which two 

discharge return sewage directly into the water body (KP "Lutskvodokanal" into the Styr River) or 

onto filtration fields (PJSC "Hnidavskyi Sugar plant"). The removal of domestic and industrial 

wastewater is performed by the city-wide centralized sewage system which then undergoes 

mechanical and biological treatment at the sewage treatment facilities (located to the NW of the 

city). After further treatment in bioponds, the purified wastewater is subsequently released into the 

Styr River. The technical condition of sewage treatment facilities, equipment and networks, which 

have been in operation for about 50 years, requires capital repair and reconstruction. 

 

Within the city territory, the waters of the Styr River are polluted by fertilizers and chemical means 

of plant protection which are carried by surface runoff from the gardens of the citizenry which 

contributes to the siltation of the river. Further complicating the situation, the sewage runoff from the 

outskirts of the city is not covered by the centralized system. And immediately outside the city, the 

river is affected by the sewage of KP "Lutskvodokanal" which is its main polluter  (Lutsk City 

Council, 2022; Netrobchuk, Goshinska, 2018) . 

 

To maintain the proper state of surface waters within the city of Lutsk, the municipal government 

implements and finances specially developed environmental projects and a number of long-term 

measures aimed at improving their ecological state. 

 

Method and Theory 

 

The objective of this study is to determine the main factors of the anthropogenic impact of the city of 

Lutsk on the ecological state of the Styr River and its tributaries using "Methodology of ecological 

assessment of waters of Ukraine" (2012) (Hrytsenko et al., 2012). The project of the Methodology 

was submitted for approval in the established order; unfortunately, it was not approved, although it 

was developed in accordance with the legislation of Ukraine and measures for the phased 

implementation in Ukraine of the requirements of the EU Water Framework Directive 2000/60/EC 

(Hrytsenko et al., 2012; Directive…, 2000). 

 

According to the Methodology, the following indicators of determining water quality were 

identified: salt composition, tropho-saprobiological indicators, and specific indicators of toxicity [2]. 
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The ecological index of water quality (ІЕ ) is calculated as the arithmetic mean of the salinity (ІС), 

tropho-biological (ІТС) and specific toxic substances (ІСТ) indices (Hrytsenko et al., 2012): 

 

ІЕ = (ІС+ІТС+ІСТ)/3. 

 

The ecological index of water quality, as well as its components, is calculated for the average values 

of the categories separately. 

 

One of the ways of presenting the results of the assessment of the ecological status of surface waters 

according to the EU Water Framework Directive 2000/60/EC is the ecological quality index (EQI). 

This index is determined by comparing the values of indicators obtained in a specific intake site with 

those in reference (standard) conditions. Gradations of the EQI according to the water quality classes 

are given in the "Common Implementation Strategy for the Water Framework Directive 

(2000/60/EC), Guidance document No. 10": 

 

Water quality class 
1 2 3 4 5 

High Good  Moderate   Poor  Bad   

EQI value 1–0.83 0.82–0.62 0.61–0.41 0.40–0.20 <0.20 

 

Normalising the index of environmental assessment of water quality (ІЕ) to the 0–1 range used for 

EQI involves the relation 

ІЕпр= 1 – (ІЕ / 7).         

 

The Styr River which flows within Lutsk and is the main water artery of the city was chosen as a test 

object for research. 

 

Examples 

 

Water quality in water bodies of the city is regularly monitored by the Comprehensive 

Environmental Pollution Monitoring Laboratory of the Volyn Regional Hydrometeorology Center 

[1]. The analysis results and classification of surface water quality are presented in Table 1. 

According to the assessment of the ecological quality of the surface waters of the Styr River, it was 

found that the river belongs to the hydrochemical region of Southern and Eastern Polissia. By 

mineralization, the river belongs to category 6, Class IV of water quality. By the indicators of 

chlorides and sulfates, the waters of the Styr (2016-2021) belong to category 4 and 5, Class III of 

water quality, respectively. The value of the calculated salinity index (ІС) varies from 0.18 to 0.26, 

and the river waters belong to category 4 or 5, Class III of water quality. 

 

By tropho-saprobiological parameters, the Styr river belongs to the hydrochemical region of the 

Right-Bank Polissia. The waters belong to category 2-3, Class II of water quality according to the 

parameters of nitrate nitrogen, phosphate phosphorus, BOC and COC; category 4-5, Class III by 

ammonium nitrogen and nitrite nitrogen. During the studied period, all indicators were within 

permissible limits, except for ammonium nitrogen, where the maximum permissible limit was 

exceeded by 2-3 times. The value of the calculated tropho-saprobiological block index (ІТС) varies 

(0.58–0.81), and the quality of river water is classed as category 4-5 Class III, quality "satisfactory" – 

"slightly polluted", β – mesosaprobic, meso-eutrophic. 
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By the criteria of the specific toxic substance content, the quality of the water body belongs to 

category 3, Class II by copper content; category 4, Class III by zinc content, and is classed "fairly 

clean"  "slightly polluted", β – mesosaprobic, meso-eutrophic. By iron content, the river basin 

belongs to the Northern Polissia, and the Styr water belongs to category 2 and 3, Class II, quality 

"very clean" – "clean", β – mesosaprobic, meso-eutrophic (Table 1). The calculated index of specific 

toxic substances (ІСТ) ranges from 14.33 to 37.33, so the surface waters belong to category 3, Class 

II, quality "fairly clean" – "clean", β – mesosaprobic, meso-eutrophic. 

 

Table 1 Dynamics of the concentration of chemical substances in the surface waters of the Styr River 

(average annual values, 2016–2021) (Hrytsenko et al., 2012) 

 

No 
Factor, 

mg/dm
3 2016 2017 2018 2019 2020 2021 

1 Chlorides 15.99 25.39 20.09 23.60 23.63 20.46 

2 Sulfates 22.19 24.79 30.17 20.59 717.9 19.49 

3 Ions total 422.4 447.5 448.2 488.1 461.3 474.2 

 ІС Index 0.21 0.26 0.20 0.21 0.18 0.19 

4 Ammonium Nitrogen 0.434 0.428 1.191 0.417 0.364 0.251 

5 Nitrite Nitrogen 0.050 0.029 0.022 0.026 0.024 0.020 

6 Nitrate Nitrogen 0.085 0.076 0.108 0.162 0.196 0.090 

7 Phosphates 0.021 0.036 0.030 0.033 0.024 0.021 

8 
BOC5, oxygen 

mg/dm
3 1.632 1.911 2.166 1.852 1.785 2.212 

9 
COC5, oxygen 

mg/dm
3
 

24.22 23.82 27.26 21.27 23.64 21.85 

 ІТС Index 0.56 0.58 0.75 0.65 0.81 0.67 

10 Iron total 0.257 0.260 0.047 0.085 0.158 0.06 

11 Copper 0.003 0.006 0.005 0.005 0.003 0.005 

12 Zinc 0.017 0.037 0.019 0.032 0.018 0.022 

 ІСТ Index 36.21 37.33 36 15.66 19.33 14.33 

 ІЕ Index 11.31 12.72 12.31 5.50 6.77 5.06 

 EQI 0.61 0.8 0.75 0.22 0.38 0.28 

 
Water quality 

Class / Category 

3 / 

moderate 

2 / 

good 

2 / 

good 

4 / 

poor 

3 / 

moderate 

4 / 

poor 

 

Conclusions 

 

Calculations of the environmental index ІЕ  show that the values range from 5.06 to 12.72, and this 

gives grounds for assigning the watercourses of the basin to category 3 or 4, Class II or III, 

characterizing the state of water bodies between "good" and "satisfactory", the degree of their purity 
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between "quite clean" and "slightly polluted", β – mesosaprobic, predominantly meso-eutrophic. 

According to the international scale of the ecological quality index (EQI), the surface waters of the 

Styr River belong to quality class II and III, and their degree of purity is "good" and "moderate". 

 

Based on the performed studies, the main measures aimed at improving the water quality of the Styr 

River in order to reduce the negative anthropogenic impact of the city of Lutsk have been outlined, 

which include modernization of city sewage treatment facilities, arrangement of storm sewers with 

local effective treatment facilities, modernization of treatment facilities for liquid waste of PJSC 

"Hnidavskyi Sugar plant" and the complete elimination of its filtration fields; continuation of regular 

monitoring of the quality of river waters flowing through the city. 
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