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SUMMARY 

The purpose of this paper is characterize the chemical composition of water (by major ions and 
mineralization), as well as the ionic runoff of the Western Bug, Narew and Vistula rivers (the 
territory of Poland and Ukraine). In our work we used the results of our own research of the 
Western Bug (1971-2015) and the publication of Polish scientists about other rivers. 
Mineralization of river water is: Western Bug – 539 mg∙dm-3; Narew - 379 mg∙dm-3; Vistula - 
449 mg∙dm-3. The total ion flow of three rivers was calculated, n∙103 tons per year: Western 
Bug - 2587; Narew - 4025; Vistula - 13827 (to the Baltic Sea). The ion runoff index (tons∙km-2 
per year) was also calculated.  
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Introduction 
 
Vistula is the most important and longest river in Poland and the second most affluent river in the 
Baltic Sea Basin (after the Neva River). It flows through the whole of Poland from south to north, 
forms a delta before flowing into the Baltic Sea. The Vistula has tributaries that are located on the 
territory of neighbouring states (Ukraine, Belarus, Slovakia). In Ukraine, the Vistula River Basin is 
represented mainly by the transboundary river Western Bug, which flows to Poland into the river 
Narew, which in turn is the right tributary of the Vistula. The transboundary status of the river 
provides for cooperation in the river basin between the countries concerned, and favours mutual 
understanding. In 40 countries of the world, including Ukraine, more than 50% of the river flow 
depends on transit. Therefore, hydroecological cooperation in transboundary river basins is extremely 
important for these countries (Khilchevskyi, Oliinyk et al., 2020). 
 
Methods of investigation 

International scientific projects carried out on the Western Bug Basin showed the state of the 
hydrological and hydrochemical regime, as well as water quality. However, it is practically impossible 
to find comprehensive data in scientific literature on the chemical composition of the water of the 
Western Bug, Narew and Vistula rivers. Moreover, data on the ion flow of these rivers is unavailable. 
Therefore, we attempted to make up for this gap. Information from various sources was used to 
characterize the chemical composition of water and ion runoff: monitoring data from the 
hydrometeorological service of Ukraine along the Western Bug River (1971-2018) and data from 
scientific publications of Polish scientists on the Narew River and the Vistula River. 

Results 
 
1. Hydrography  
The Western Bug River (Bug in Polish) is the left tributary of the river Narew, which flows into the 
river Vistula (the Baltic Sea basin) - Figure 1. The total area of the Western Bug basin is 39420 km2, 
the length of the river is 772 km. The area of the Western Bug Basin in Ukraine is 11205 km2, (over 
28% of the total area of the basin), the length of the river is 404 km (over 52% of the total length), of 
which 220 km form a border between Ukraine and Poland (Khilchevskiy et al., 2019). The source and 
the upper course of the Western Bug are located in Ukraine. The source of the river is located within 
the Main European Watershed (Verkhobuzh, Zolochiv district, Lviv region). From the source to the 
town of Ustyluh in the Volyn region, the river has a piedmont character, flows along a hilly, rugged 
terrain. Below the city of Ustyluh, the Western Bug flows along the western outskirts of the Polesia 
lowland in a wide valley and has a typically flat character. The river basins of the Western Bug and 
San cover about 2.5% of the territory of Ukraine, with water flow to the Baltic Sea. From the rest of 
the territory, the rivers flow into the Black Sea.  
 
The Narew River is located in the west of Belarus and northeast of Poland and is a right tributary of 
the Vistula River – basin size is 74527 km2, length is 499 km, discharge average (mouth) is 313 m3/s. 
In 1962, Prime Minister of Poland abolished the name Bugonarew soon after the Zegrze Reservoir had 
been constructed. Since then the river is officially titled as the Narew, and the Western Bug became its 
left tributary. 
The Vistula River is the longest and largest river in Poland (length – 1047 km; drainage-basin – 
193960 km2, of which 168868 km2 lies within Poland. The remainder lies in Belarus, Ukraine and 
Slovakia. The average water discharge of the Vistula (in the mouth) is 1080 m3/s. The Vistula can be 
divided into three parts: upper, from its sources to Sandomierz; middle, from Sandomierz to the 
confluences with the Narew and Western Bug; and lower, from the confluence with the Narew to the 
Baltic Sea.  
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According to the hydrographic zoning of the territory of Ukraine (2016), the Western Bug 
River (along with the San River) belongs to the area of the Vistula River Basin region. 

 
 
Figure 1 Hydrography of the Vistula River Basin (source: https://www.wikiwand.com/es/Vistula).  
 
The hydrographic network of the Ukrainian part of the Western Bug basin includes 2044 rivers. The 
application of the EU WFD classification to the Ukrainian part of the Western Bug Basin shows that 
there is one very large river within the basin in Ukraine, in fact, the Western Bug itself, as well as 
three large rivers – Poltva (1440 km2, 60.0 km), Rata (1820 km2, 76.0 km) and Luha (1351 km2, 89.1 
km). There are also 30 medium rivers (with a catchment area of 100-1000 km2) and 2010 small rivers 
(up to 100 km2). In the basin of the Western Bug (within the Volyn region) there are over 80 lakes 
with a total area of 92 km2, and the average density of the river network is 0.22-0.35 km∙km-2. The 
following average annual water discharges in the Western Bug are the following: Sasiv (the upper 
reaches of the river) – 1.12 m3/s; Sokal – 29.5 m3/s; "Border-3" – 52.3 m3/s (conditional point at the 
border of Ukraine, Poland and Belarus, closing goal for the Ukrainian part of the basin). The average 
water discharge at the mouth of the Western Bug River is 154 m3/s. 
 
2. Hydrochemistry 
The study of the chemical composition of river waters is relevant in the era of climatic changes 
(Khilchevskyi, Kurylo et al., 2020). The series of observations of the chemical composition of water at 
several monitoring points on the Western Bug River and its tributaries for the period 1971-2015, 
obtained by the Hydrometeorological Service of Ukraine, was processed. Study of the hydrochemical 
regime of the Western Bug and its tributaries for the main ions revealed a clear seasonality, which is 
explained by the influence of the shift in the role of different types of river alimentation throughout the 
year. The lowest values of the total mineralization of the Western Bug water were observed during the 
spring flood (497 mg∙dm-3). In the low water periods, the amount of mineralization varied from 518 
mg∙dm-3 (summer-autumn low level) to 573 mg∙dm-3 (winter low level). Similar regularity was also 
typical for the seasonal course of the concentrations of individual major ions in the water of the 
Western Bug (Table 1). The values of the concentrations of the main ions and the mineralization in the 
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water of tributaries in different seasons are close to these characteristics in the water of the Western 
Bug itself. An exception is the relatively high mineralization of the river Poltva, which fluctuates in 
the range from 784-871 mg∙dm-3 (in the city of Lviv) to 613-670 mg∙dm-3 (in the mouth, the city of 
Busk) (Khilchevskiy et al., 2018).  
According to the indicators of the salt block, the water in the river belongs mainly to 1-2 categories, I 
and II classes of quality and is characterized as “excellent” or “very good” water (2013-2017). But the 
integral index of the ecological status of the Western Bug River indicates that the water in the river 
belongs to the 4th category, the III class, is “satisfactory” by the condition and “slightly polluted” by 
the degree of cleanliness (Gopchak et al., 2019). 
 
Table 1 Average seasonal concentrations of basic ions and salinity of the Western Bug River, mg∙dm-3 

Season HCO3
- SO4

2- Cl- Ca2+ Mg2+ Na+ K+ 
Minera- 
lization 

Spring Flood 275 50 50 88 13 20 3 497 
Summer-autumn low-water period 288 54 50 92 15 30 4 518 
Winter low-water period 303 64 57 104 17 35 5 573 

 
The ionic composition of river waters in the basin is genetically associated with poorly soluble 
carbonate rocks that lie on its watershed. Accordingly, in all seasons of the year, HCO3

- and Ca2+ ions 
predominate in water of the river. The waters of the Western Bug basin belong to the bicarbonate class 
of the II type calcium group – СІІ

Са. Based on data from the publication by Polish scientists 
(Gierszewski, 2018; Jekatierynczuk-Rudczyk et al., 2002; Skorbilowicz, 2010), were compared the 
chemical composition of the three rivers – the Western Bug, Narew, and Vistula (Table 2).  
 
Table 2 Average annual concentrations of basic ions and mineralization of water in the Western Bug, 
Narew and Vistula rivers, mg∙dm-3 

River HCO3
- SO4

2- Cl- Ca2+ Mg2+ Na+ K+ 
Minera- 
lization 

Western Bug 289 56 52 95 15 28 4 539 
Narev 157 61 62 73 12 10 4 379 
Vistula 166 62 66 80 14 46 5 449 

 
Western Bug has a lower average annual mineralization compared to the water of the Narew and 
Vistula rivers, respectively 379 mg∙dm-3 and 449 mg∙dm-3 (Table 2). The ion runoff of river (R, n∙103 
tons) is equal to (Zakrevskii et al., 1988): R = W ∙ C, where: W - is the volume of water runoff, km3 
per year, C - is the concentration of basic ions and mineralization, mg∙dm-3. 
 
Table 3 Ionic runoff of the Western Bug, Narew and Vistula rivers, n∙103 tons per year 
 

River HCO3
- SO4

2- Cl- Ca2+ Mg2+ Na+ K+ Σi 
Western Bug 1,387 269 250 456 72 134 19 2587 
Narev 1,633 634 645 759 125 187 42 4025  
Vistula 5,478 2,046 2,178 2,640 462 858 165 13827 

 
To obtain the volume of water runoff  (W – km3, per year), information on water discharge average 
(m3/s) was processed. The following results were obtained on the average annual volume of water 
runoff in river mouths: Western Bug – 4.8 km3; Narew – 10.4 km3; Wisla – 33.0 km3. The results of 
the calculation of the average annual ion runoff of the rivers are shown in Table 3, Figure 2. 
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Figure 2 Ionic runoff of the Vistula (1), Narew (2) and Western Bug (3) rivers, n∙103 t/year. 
 
Conclusions 
Thus, according to the results of the work performed: 
1) the proportion of the Western Bug’s ion runoff in the Narew’s ion runoff is 64%, in the Vistula’s 
ion runoff – 19%. The proportion of Narew’s ion runoff in the Vistula’s ion runoff is 19%. The ion 
runoff of the Vistula into the Baltic Sea is 13827∙103 tons per year; 
2) the indicator of ion runoff, t∙km-2 per year: Western Bug – 65.5; Narew – 52.4; Vistula – 76. For 
comparison (according to our calculations), P (t∙km-2 per year): Dnipro – 26.8; Danube – 95.2.  
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