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Abstract.The analysis of the hydrographic network of the Western Bug basin on the
territory of Ukraine. This basin is estimated according to the requirements of the EU
Water Framework Directive and has 2,044 rivers. Classification of the rivers of the
Western Bug by area of drainage basins has shown the following results: in this basin
within Ukraine there is one very big river, in fact this is the Western Bug itself. There are

also three large rivers – Poltva, Rata and Luha. There are also 30 medium and 2,010 small rivers (among which 1,966 rivers have a
length of less than 10 km). Theleading role of natural factors in the formation of the hydrocarbonate-calcium ion composition of the
river waters of the Western Bug basin is determined. The content of the main ions and the salinity of the river waters are distin-
guished by a sufficiently clear seasonal character: a decrease in the spring flood and an increase in the low water level (mineraliza-
tion of the water of the Western Bug – 497-573 mg/l). Mineralization of the Poltva River (the left tributary of the Western Bug),
located in the same natural conditions, is significantly different: in the area of the city of Lviv (the upper reaches of the Poltva River),
it reaches 784-871 mg/l, and at the estuary of the river (Busk city, at the confluence of the Western Bug) is slightly reduced - 613-670
mg/l, while in the chemical type of water, sulfates and chlorides appear. This situation is explained by the discharge of sewage from
the city of Lviv into the Poltva River. In the regime of nutrients, microelements, and also specific pollutants in the water of the West
Bug, no general regularities in their seasonal variations were found, which is associated with the significant idiosyncratic character of
the influence of anthropogenic factors on the formation of their concentrations. We estimated the balance of substances, both natural
and anthropogenic, which are carried out with the waters of the Western Bug from the territory of Ukraine (93%), as well as from the
territory of Poland (7%) to the border with Belarus. The comparative methodological approach allowed us to make a quantitative
assessment of the significant influence of the Poltva River on the formation of the chemical composition of the water of the Western
Bug, especially in its upper part. The share of Poltva's water flow when it flows into the Western Bug is 58% of its water flow. At the
same time, the share of the total ion flow is higher – 66%. The share of the discharge of individual principal ions reaches: 76% (Cl-),
87% (Mg2 +) and 98% (SO4

2-). For nitrogen, this figure is 68%, for phosphates – up to 80%.

Key words:transboundary river, hydrography, chemical composition of water, hydrochemical regime, ionic stream, waste of chemi-
cal substances
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Анотація.Наведено характеристику гідрографічних особливостей транскордонного басейну Західного Бугу на території
України, гідрографічна мережа якого, оцінена за вимогами ВРД ЄС, налічує 2044 річки. Для гідрохімічних досліджень було
обрано 14 створів. Мінералізація води р. Західний Буг становить 497–573 мг/л. Мінералізація води р. Полтва, лівої притоки
Західного Бугу, що знаходиться в тих же природних умовах, істотно відрізняється. Так, в районі м. Львова (верхів'я річки
Полтва) вона сягає 784-871 мг/л, а в гирлі річки дещо знижується – 613–670 мг/л. Ця ситуація пояснюється скиданням стіч-
них вод м. Львова в річку Полтва. Дослідження гідрохімічного режиму р. Західний Буг та її приток за головними іонами
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виявили чітку залежність від гідрологічного режиму. Це пояснюється впливом зміни ролі різних видів живлення річки про-
тягом року. Середньорічний іонний стік Західного Бугу з території України становить 793,5 тис. т або 78,3 т/км2; з території
України та Польщі – 857,0 тис. т. Таким чином, на цій ділянці річки 93 % іонного стоку виноситься з території України і 7 %
– з території Польщі. Частка водного стоку р. Полтва при її впадінні в Західний Буг становить 58 % його водного стоку. В
той же час, частка іонного стоку р. Полтва досягає 66 %. Для загального азоту цей показник збільшується до 68 %, для фос-
фатів – до 80 %.

Ключові слова: транскордонна річка, гідрографія, хімічний склад води, гідрохімічний режим, іонний стік, стік хімічних
речовин

Introduction.According to the hydrographic zon-
ing of Ukraine, 9 river basin districts have been
identified on its territory, one of which is the area
of the Vistula basin, from which the river flow is
directed to the Baltic Sea (about 2% of the territory
of Ukraine). The area of the Vistula basin in the
Ukrainian territory consists of two sub-basins: The
Western Bug and the River San (Vodnyiko-
deks Ukrainy, 1995; Khilchevskyi, Hrebin, 2017).
The basin of the Western Bug is located on the
territory of three countries - Ukraine, Poland and
Belarus. For 47% of its length (363 km), the river is
transboundary - the state border of Poland and
Ukraine, as well as Poland and Belarus, cross the
river (Zabokrytska et al., 2006).

The Western Bug River lies in the sphere of
interests of many researchers, primarily as a trans-
boundary basin, where it is necessary to unite the
efforts of the representatives of Ukraine, Belarus
and Poland with the participation of the European
Union structures in addressing water management
issues (Karpuk, 2015; Khilchevskyi et al., 2016;
Tränckner J. et al., 2012; Hagemann N., et al.,
2014). Considerable attention is paid to the issues
of anthropogenic impact on water quality and the
ecological situation in the Western Bug basin (Cha-
rakterystykawod, 1999; Bug River Valley, 2002;
Tokarchuk, 2011; Ertel et al., 2012; Tatukh et al.,
2012; Starodub et al., 2013; Dzham, Danilyuk,
2017).

General hydrographic characteristic. The
Western Bug River (in Polish – Bug) is the left
tributary of the river Narew, which flows into the
river Vistula (the Baltic Sea basin). The total area
of the West Bug basin is 39,420 km2, the length of
the river is 772 km. According to the West Bug
Basin Management of Water Resources of the State
Agency of Water Resources of Ukraine, the area of
the Western Bug basin in Ukraine is 11,205 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 - the section of the river
along which the border of Ukraine and Poland
passes (Zakhidno-Buzke, 2017; Khilchevskyi et al.,
2016).

In Ukraine, there are the source and the up-
per course of the Western Bug (Fig. 1). The source

of the river is located within the Main European
Watershed, on the northern outskirts of the Voly-
nian-Podolian Upland in the Koltovskaya Basin
near the village. Verkhobuzh, Zolochiv district,
Lviv region. Between the source and the town of
Ustyluh in the Volyn Oblast, the river is submon-
tane, flows at an elevation - accross 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 pattern of a typi-
cal plain river.

The Ukrainian part of the basin of the West-
ern Bug lies within the two administrative regions
of Ukraine – Lviv and Volyn. Geographically, on
the south-west, it borders with a basin of the San
river (Vistula basin), in the south - with the river
basin of the Dniester, and with a river basin of the
Pripyat in the east. In the west, the Ukrainian part
of the Western Bug basin reaches the state border
of Ukraine and Poland, in the north - to the state
border of Ukraine and Belarus.

The hydrographic network of the Ukrainian
part of the Western Bug basin has 2,044 rivers. In
the Water Code of Ukraine, these rivers are divided
according to catchment area into: large - over
50,000 km2; average – 2,000-50,000 km2; small -
less than 2,000 km2 (Vodnyikodeks Ukrainy, 1995).
According to this classification, the Western Bug
River is an average river, and all its tributaries are
small rivers.

At the same time, the classification of rivers
by catchment area according to the Water Frame-
work Directive (WFD) of the European Union,
which is also used in Ukraine as a standard for as-
sessing the ecological state of surface water masses,
differs significantly: very large rivers – over 10,000
km2; large – 1,0-10,000 km2; average – 100-1,000
km2; small – 10-100 km2 (Directive, 2000/60/EC).

The application of the EU WFD type classi-
fication in the Ukrainian part of the Western Bug
Basin shows the following: there is one very large
river within the basin in Ukraine, the Western Bug,
and three large rivers – Poltva (1,440 km2, 60.0
km), the Rata (1,820 km2, 76.0 km) and the Luha
(1,351 km2, 89.1 km).
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Fig. 1. Map of the basin of the Western Bug river on the territory of Ukraine, Poland and Belarus (Zakhidno-Buzke, 2017)

If the Poltva and Luha basins are completely
located within Ukraine, the Rata originates in the
PodkarpackieVoivodeship of Poland, a few kilome-
ters from the Ukrainian-Polish border, respectively,
and the upper part of the river basin with an area of
about 50 km2 is located in the neighboring state.

Within the Ukrainian part of the Western
Bug basin, according to the EU WFD classification,
there are also 30 medium rivers (with a catchment
area of 100-1,000 km2) and 2,010 small rivers (up
to 100 km2). Among the small rivers, 44 water-
courses have a length of more than 10 km, and
1,966 small rivers have a length of less than 10 km.

Factors of the formation of chemical com-
position of the river waters. A distinctive feature
of the geological structure of the catchment area of
the Western Bug in Ukraine is the occurrence of
erosion of the Upper Cretaceous carbonate rocks
above the local bases, which are represented by
significantly fissured and karstic limestones and
marls, the influence of which determines the forma-
tion of the salt composition of the river (Khilchevs-
kyi, Kurylo, Sherstyuk, 2018).

The basin relief is characterized by incised,
erosional forms of the Volynian-Podolian Upland
relief, as well as flat and flat-hollow forms on the
Polesia lowland. In addition, the karst forms of the

relief are widespread on the areas where the carbo-
nate rocks are bedded closely to the surface of.

The climate of the basin is moderate conti-
nental. The distribution of the annual amount of
atmospheric precipitation within the catchment area
of the Western Bug with a significant total wetting
of the territory is uneven and exceeds the evapora-
tion. Areas with the highest precipitation values are
in the upper reaches of the river (annual precipita-
tion is –800 mm). With a decrease in the al-titude
of the catchment area, the amount of precipitation
decreases to 650 mm.

Soils in the basin are mainly podzolizedcher-
nozems, in the floodplain of the river – soddy,
marshy, characterized by a light mechanical com-
position (light loamy, sandy loamy). In such soils,
in the conditions of humid climate, a washing re-
gime is formed, which does not contribute to the
increase in the mineralization of water.

The hydrogeological conditions of the terri-
tory of the Western Bug basin are determined by its
belonging to the Polish-Lithuanian artesian basin,
the northern and central parts of which are charac-
terized by significant groundwater reserves. The
conditions for the formation of groundwater in the
basin are generally favorable. Due to the structural
features of the water, Quaternary and pre-
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Quaternary sediments have a direction of move-
ment from south to north.

Water consumption and water disposal.The
formation of hydrochemical characteristics is sig-
nificantly influenced by economic activity (plough-
ing, land improvement, water consumption, waste-
water discharges, etc). The most significant factors
which affect this basin are water consumption and
water disposal.

In the 2000s, there was observed a decrease
in the water consumption in the basin of the West-
ern Bug, as in Ukraine in general. The basic struc-
ture of water consumption during that period in the
basin of the Western Bug by different spheres re-
mained practically unchanged. According to the
State Agency for Water Resources of Ukraine, in
2015, it was as follows: 54% – housing and munic-
ipal services; 15% – the industry; 30% – agricul-
ture; 1% – other needs.

The largest water consumption in the basin
was recorded in 1992 – 135 million m3; in 2001 –
115 million m3 (Zabokrytska, Khilchevskyi, Man-
chenko, 2006). In 2015, according to the State
Agency for Water Resources of Ukraine in the ba-
sin of the Western Bug, 90 million m3 of water
were collected, of which 20% were the surface
waters, 80% were groundwater. Accordingly, the
maximum discharge of wastewater was also rec-
orded in 1992 – 245 million m3; 2001 – 195 million
m3; 2015 –180 million m3. It should be mentioned
that the indicator of wastewater discharge in the
Ukrainian part of the Western Bug basin is twice as
high as the same parameter of the water intakes.
This is because Lviv consumes water both from the
basin of the Western Bug and from the Dniester
Basin, and all wastewater is discharged into the
river system of the Western Bug.

The largest source of wastewater discharges
in the West Bug basin is the city of Lviv with a
popu-lation of 728 thousand people as of January 1,
2017. The annual volumes of sewage of this city,
which enter the Western Bug through the river
Poltva which flows into it near the town of Busk,
make over 80% of the total volume of sewage that
is discharged in the Ukrainian part of the basin.

Other anthropogenic factors. A number of
mines of the Lviv-Volynhian Coal Basin function
in this territory – Chervonohrad (population of 67.
2 thousand people), Novovolynsk (52.6 thousand
people); 40% of the surface of the basin was pre-
viously drained, 80-90% of the drainage water re-
ceipts were straightened; The plowed area is almost
42%.

Hydrological conditions. In the upper reach,
the valley of the Western Bug has terraces (width –
1 - 3 km), the floodplain of the river is swampy,
and there are oxbow lakes. The streambed is si-

nuous (width up to 8-15 m), and channeled in some
areas. The drainage density in the territory of the
Lviv Oblast is 0.35 km/km2. In the middle of the
river, the width of the valley reaches 3-4 km, the
floodplain is manifested insignificantly. The width
of the channel reaches 40 m. Towards the lower
part of the stream, the Western Bug narrows to 1.0-
1.5 km, usually, the streambed width is 50-75 m,
and in some areas reaches 100 m. The stream gra-
dient equals 0.3 m/km. The speed of the current in
LvivOblast is 0.3-0.6 m/s, and decreases to 0.1-0.2
m/s in the Polesia part, which is related to a slight
decline of the surface. In the basin of the Western
Bug (within the Volyn Oblast) there are over 80
lakes with a total area of92 km2, and the drainage
density is 0.22-0.35 km/km2.

For the hydrological regime of the Western
Bug, a distinctive feature is significant spring flood
and low summer-autumn and winter drought flows
which are characterized by low water content and
considerable duration. Different degrees of karst
development and swampiness in some areas of the
basin determine the natural regulation of water
runoff, especially during the spring flood. There-
fore, in the territories with karst and marshes in the
same region, the average multi-year spring runoff
differs in 1.5-2.0 times. Within the Lower Polesia,
the influence of karst on the formation of spring
runoff characteristics is the least. Therefore, the
largest layer of spring flood runoff is typical for the
rivers of this region (the Rata, the Zheldets and the
Solokiya) – 129 -158 mm and exceeds their value
for the rivers of the Podolian Upland (the Poltva,
the Holoivka, the Kamenka) – 93 -115 mm.

The drought flow runoff from the rivers of
the Western Bug basin occurs due to ground waters
of marl and chalk (karst) and limestone strata. With
its water reserves, this water-bearing horizon pro-
vides a long-term and sustainable supply to the
basin's rivers during periods of absence of surface
runoff. Dur-ing summer-autumn drought flow, the
values of the runoff layer are higher (104-122 mm)
compared to winter drought flow.

The following average annual water dis-
charges in the Western Bug by the drains: Sasivvil-
lage  (the upper reach of the river) – 1.12 m3/s;
Sokal – 29.5 m3/s; "Border-3" – 52.3 m3/s (condi-
tional drain at the border of Ukraine, Poland and
Belarus, the closing drain in the Ukrainian part of
the basin) (Zabokrytska, Khilchevskyi, Manchenko,
2006).

For the Western Bug, there is a significant
intra-annual variability in sediment runoff. During
the spring flood tide, the river carries 50% of the
annual amount of suspended matter, and in the
summer-autumn and winter drought flow, 30 and
20%, respectively.
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Hydrochemical regime. To characterize and
evaluate the hydrochemical regime of the rivers of
the Western Bug Basin, 14 drains were selected: 7
on the Western Bug (above and below or within the
boundaries of the cities of Busk, Kamianka-Buzka,
Sokal) and 7 on the tributaries (the Poltva River –
Lviv and Busk, the Rata River –Mezhirichia vil-
lage; the Solokiya River – Chervonograd; the Luha
river – the city of Vladymyr-Volynskyi). We ana-
lyzed a series of examinationss of the chemical
composition of water for the period of 1971-2015,
obtained by the Hydrometeorological Service of
Ukraine (which since 2012 is in the system of the
State Service of Ukraine for Emergencies). The
initial long-term information for each monitored
drains was grouped by the main seasons: spring
high water, summer-autumn and winter drought
flow. This allowed us to determine genetically ho-
mogeneous pieces of information that characterize
the periods with the predominance of certain
processes of formation of the chemical composition
of the river waters under the influence of seasonal
changes.

The article describes the chemical composi-
tion of the water of the Western Bug River as an
average value for 7 drains. On the river Luha, the
averaged values were calculated for 3 drains. The
Poltva River was characterized by two drains: in
Lviv (the upper reach of the river) and Busk (the

mouth of the river) for there are significant differ-
ences between them in the chemical composition of
the water.

Study of the hydrochemical regime of the
Western Bug and its tributaries by the main ions
revealed a clear seasonality, which is explained by
the influence of the change of the role of different
types of support throughout the year.

The lowest values of the total mineralization
of the Western Bug water were observed during the
spring flood (497 mg/l); In the periods of low-
water, the amount of mineralization ranged 518
mg/l (summer-autumn low-level) to 573 mg/l (win-
ter low-water level). A similar pattern was also
observed for the seasonal course of the concentra-
tions 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 water of tributa-
ries in different seasons are close to these characte-
ristics in the water of the Western Bug. An excep-
tion is the relatively high mineralization of the river
Poltva, which in the drain in Lviv reaches 784-871
mg/l, reducing in the mouth of the river (in the city
of Busk) to 613-670 mg/l.

The ionic composition of  theriver waters of
the basin is genetically associated with poorly so-
luble carbonate rocks that lie on its drainage basin.

Table 1. Average Seasonal Concentrations of Main Ions and Water Salinity Value.The Western Bug and its tributaries, mg/l
TheMainriver
/tributaries HCO3

- SO4
2- Cl- Ca2+ Mg2+ Na+ K+ Total minera-

lization
Spring Flood

The Western Bug
River 275 50 50 88 13 20 3.0 497

Poltva – Lviv 330 120 131 140 18 40 5.0 784
Poltva – Buskcity 302 102 74.8 107 24.1 25.7 3.7 640
Rata 231 37.9 33.6 82.2 9.5 17.7 2.5 414
Solokiya 248 31.1 34.6 85.7 10.5 9.9 1.4 421
Luha 298 30.1 20.1 83.2 10.9 37.6 5.5 487

Summer-autumn low-water period
The Western Bug
River 288 54 50 92 15 30 4 518

Poltva – Lviv 358 104 110 124 15 80 11 801
Poltva – Buskcity 304 75.8 64.6 110 18.9 32.4 4.6 613
Rata 248 37.8 32 84.1 10.1 18.1 2.5 433
Solokiya 256 43.2 40.0 88.1 10.0 15.2 2.1 455
Luha 306 29.3 18.1 81.9 11.4 32.5 4.8 484

Winter low-water period
The Western Bug
River 303 64 57 104 17 35 5 573

Poltva – Lviv 347 187 137 134 23 38 5.0 871
Poltva – Buskcity 331 100 92 107 23.2 14,3 2.1 670
Rata 277 32 33.3 88.8 9.3 30.7 4.3 476
Solokiya 265 33.3 37.2 94.6 8.8 21.1 3.0 463
Luha 322 29.8 17.1 84.2 14.1 34.1 4.7 508
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Accordingly, in all seasons of the year,
HCO3

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

Са. The contribution of individual ions is as fol-
lows: for anions: HCO3

- (63-64% -eq.) > Cl- (21-
22% -eq.) > SO4

2- (15-16% -eq); for cations: Ca2+

(63-66% -eq) > Na+ + K+ (16-21% -eq) > Mg 2+

(15-18% -eq).
The performed correlation analysis of the se-

ries of mean annual concentrations of the main ions
and the mineralization values with water flow the
Western Bug (Kamianka-Buzka) for the period
1971-2015 revealed the presence of biological
feedback between the content of all the main ions
and the mineralization of the water, on the one
hand, and discharge of water on the other. The
close relationship was characterized by the correla-
tion coefficient r = 0.73. This indicates the effect of
the hydrolicity(ratio of the average discharge over
the entire reference period) on the content of the
main ions in the water of the river in a multi-year
aspect.

For the studied period (1971–2015), periods
with average water content and also low-water and
high-water periods were noticeable. A comparative
analysis of the values of the water indicators of the
Western Bug in 7 drains located directly on the
river revealed that the maximum concentrations
occurred in low-water periods, and the minimum
values in high-water periods. However, the local
influence of the settlements on the chemical com-
position of the water of the Western Bug was also
significant, manifesting through increases in the

concentrations of certain main ions (SO4
2-, Cl-) and

the mineralization of water in insignificant sections
of the river located below the cities. Consequently,
the results of studies of the hydrochemical regime
of the Western Bug and its tributaries, both in the
intra-annual and long-term aspects, attested to the
determining role of natural factors in the formation
of the contents of the main ions. The exception was
the Poltva, for which, as it was mentioned above,
the significant anthropogenic influence of Lviv is
characteristic.

Among the studied biogenic substances, a
clear seasonal distribution of concentrations was
found only for nitrogen of nitrate and silicon (Ta-
ble 2).

The lowest concentrations of N–NO3
- (0.39

mg/l) were observed inthe summer during the vege-
tation period, when the nitrogen dissolved in water
was intensively consumed by hydrobionts. During
winter low-water, N–NO3

- values increased
(0.49 mg/l), which is related to the destruction of
organic substances and the transition of nitrogen
from organic forms to mineral forms following
minimal bioaccumulation of nitrates. During the
spring flood, the nitrogen concentrations of nitrate
nitrogen were reduced due to dilution.

But for the concentrations of biogenic matter
(see Table 2), microelements and specific pollutants
(Tables 3 and 4), no clear common pattern in their
seasonal fluctuations were found, which is related
to the significant discreteness of the influence of
anthropogenic factors on the formation of their
concentrations.

Table 2. Average Seasonal Concentrations of biogenic matter in the Western Bug and its tributaries, mg/l
The Main river
/tributaries NH4

+ NO2
- NO3

- Ntotal Рmin. Рtotal Si
SpringFlood

TheWesternBugRiver 3.26 0.10 0.46 3.83 0.16 0.32 3.7
Poltva – Lviv 14.8 0.15 0.45 15.4 1.17 1.80 7.2
Poltva – Buskcity 6.7 0.12 0.43 7.25 0.44 0.83 4.8
Rata 1.1 0.05 0.53 1.68 0.04 0.08 3.7
Solokiya 1.8 0.11 0.36 2.29 0.06 0.12 4.1
Luha 1.3 0.04 0.35 1.70 0.04 0.11 3.4

Summer-autumn low-water period
The Western Bug River 3.0 0.1 0.39 3.49 0.20 0.43 4.3
Poltva – Lviv 9.8 0.15 0.47 10.4 0.90 1.69 5.9
Poltva – Buskcity 6.7 0.11 0.42 7.2 0.49 0.81 5.1
Rata 0.9 0.04 0.28 1.22 0.05 0.14 4.4
Solokiya 2.0 0.05 0.32 2.37 0.07 0.20 4.1
Luha 1.1 0.06 0.25 1.4 0.05 0.11 3.6

Winterlow-waterperiod
TheWesternBugRiver 3.63 0.14 0.49 4.28 0.17 0.35 4.4
Poltva – Lviv 10.6 0.17 1.97 11.6 1.54 0.87 6.0
Poltva – Buskcity 7.8 0.18 0.52 8.5 0.32 0.54 8.0
Rata 1.18 0.07 0.54 1.79 0.05 0.12 4.2
Solokiya 2.16 0.09 0.34 2.6 0.09 0.17 4.6
Luha 1.3 0.16 0.50 2.1 0.09 0.31 4.3
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Table 3.Average seasonal concentrations of microelements in the water of the Western Bug and its tributaries
The Main river
/tributaries Fe, mg/l Cu, mcg/l Zn, mcg/l Mn, mcg/l

SpringFlood
TheWesternBugRiver 0.29 19.3 57.5 92.7
Poltva – Lviv 0.48 60.3 160 161
Poltva – Buskcity 0.13 84.6 129 150
Rata 0.23 6.0 28.7 78
Solokiya 0.19 7.4 6.1 77
Luha 0.49 24.5 38.5 94

Summer-autumn low-water period
The Western BugRiver 0.25 13.8 45.1 58.5
Poltva – Lviv 1.33 24 43.5 166
Poltva – Buskcity 0.61 16 64.8 158
Rata 0.29 3.4 11.6 76
Solokiya 0.29 8.0 11.3 78
Luha 0.51 9.8 58.1 89.2

Winter low-water period
TheWesternBugRiver 0.14 11.8 43.2 35.6
Poltva – Lviv 0.47 6.3 2.4 158
Poltva – Buskcity 0.62 62 93 144
Rata 0.24 4.1 14.1 75
Solokiya 0.22 8.4 16.5 73
Luha 0.43 18 36.1 71.1

Table 4.Average seasonal concentrations of specific pollutants in the water of the Western Bug and its tributaries, mg/l

The Main river /tributaries SPAR Phenols Petroleumproducts
SpringFlood

TheWesternBugRiver 0.07 0.005 0.15

Poltva – Lviv 0.68 0.032 0.63

Poltva – Buskcity 0.35 0.011 0.44

Rata 0.05 0.002 0.75

Solokiya 0.04 0.002 0.04

Luha 0.05 0.004 0.24
Summer-autumn low-water period

The Western Bug River 0.05 0.004 0.10

Poltva – Lviv 0.01 0.033 0.27

Poltva – Buskcity 0.10 0.003 0.13

Rata 0.04 0.010 0.11

Solokiya 0.03 0.001 0.06

Luha 0.03 0.004 0.09
Winter low-water period

The Western Bug River 0.07 0.003 0.09

Poltva – Lviv 0.15 0.011 0.34

Poltva – Buskcity 0.11 0.004 0.18

Rata 0.08 0.001 0.06

Solokiya 0.02 0.001 0.05

Luha 0.04 0.001 0.09
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During all the seasons, significant occasional
exceedances of TLV (threshold limit value) for
biogenic matter, microelements and specific pollu-
tants in water bodies for fishery use were deter-
mined in the water of the Poltva and in some cases
in the Western Bug along the section from the city
of Busk to the town of Kamianka-Buzka. This oc-
curred due to the influence of water of the Poltva,
which is polluted with these components. For some
of these, these excesses remain at the averaged
values (Fe, Zn, Mn).

Runoff of chemical elements.The study on
the removal of dissolved chemicals with the waters
of the Western Bug from the territory of Ukraine is
particularly important and relevant in the light of
the stricter requirements of the European Union
(EU) regarding the transfer of pollutants from the
territory of neighboring countries. As the previous
studies indicated, the characteristics of the removal
of chemicals with river waters can be an indicator
of anthropogenic impact on the chemical composi-
tion of river waters (Zakrevskii et al., 1988;
Khil'chevskii, Chebot'ko, 1994).

The ion runoff (Ri) in a certain drain is calcu-
lated by the formula (Khilchevskyi, Osadchyi, Ku-
rylo, 2012):

Ri = W · C, thousands of tons (for a season,
for a year), (1)

where W – volume of runoff flow, thousand m3; C
–concentration of the ion (or the sum of the ions),
mg/l.

The volume of water runoff W is calculated
as follows:

W = Q · t (2)

where Q – water discharge, m3/s; t – time (season,
year).

No problems occur with average concentra-
tions of chemical components in the water of the
Western Bug. But how is it possible to determine
water discharges by the closing drain in the Ukrai-
nian part of the catchment area of the Western Bug,
which in reality does not exist in the hydrological
monitoring system?

For the calculations, a conditional hydrologi-
cal drain "Border-3." was chosen on the Western
Bug. Borders of three states cross here - Ukraine,
Poland and Belarus, which is the closing drain in
the Ukrainian part of the basin. For this conditional
hydrological drain, we provided the characteristics
of water discharge and water runoff volumes ob-
tained through the runoff modules (Table 5). These
data were used to calculate the runoff of chemicals.

Table 5. Average volume of water drain (W) of the Western Bug in the conventional drain "Border-3" (crossing of the borders of
Ukraine, Poland and Belarus), the last in the Ukrainian part of the basin, million m3/year

Characteristic Spring Flood Summer-autumnlow-
waterperiod

Winterlow-
waterperiod In a year

W - from the territory of
Ukraine 918 382 229 1529*

W - from the territory of
Ukraine and Poland 990 413 248 1651**

Note: * - the average annual water discharge (Q) in the conventional drain "Border-3", which is formed from the catchment area of
the Western Bug in Ukraine, is 48.5 m3/s; ** - in the territory of Ukraine and Poland - 52.3 m3/s.

The average annual ion runoff of the Western
Bug from the territory of Ukraine is 793.5 thousand
tons (78.3 tons/km2); from the territory of Ukraine
and Poland – 857,0 thousand tons (Table 6). As we

can see, in this part of the river, 93% of ion runoff
is taken from the territory of Ukraine and 7% from
the territory of Poland (Fig. 2).

Fig. 2. Mean annual ion flow of the Western Bug from the territory of Ukraine (1) and from the territory of Poland (2) in the conven-
tional drain "Border-3", the last in the Ukrainian part of the basin,%
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Table 6. Average annual and average seasonal ion runoff of the Western Bug river from the territory of Ukraine (above the line –
thousand tons, below the line – t/km2)

Season / Year HCO3
- SO4

2- Cl- Ca2+ Mg2+ Na+ K+ The sum
of ions

Spring Flood 250.6
(23.2)

45.8
(4.2)

47.4
(4.4)

82.3
(7.6)

11.6
(1.0)

17.8
(1.6)

2.5
(0.2)

458
(42.4)

Summer-
autumnlow-
waterperiod

108.1
(10)

19.7
1.8

20.4
(1.9)

35.3
(3.3)

5.9
(0.5)

11.3
(1.0)

1.6
(0.1)

202.5
(18.8)

Winterlow-
waterperiod

68.7
(6.4)

13.7
(1.3)

13.5
(1.2)

24.0
(2.2)

3.9
(0.4)

8.0
(0.7)

1.1
(0.1)

133
(12.3)

In a year 427.4
(39.6)

79.2
(7.3)

81.3
(7.5)

141.6
(13.1)

21.4
(1.9)

37.1
(3.3)

5.2
(0.5)

793.5
(73.5)

In Table. 7shows the data for the runoff of
biogenic matter, Table. 8 – runoff of microelements

with the waters of the Western Bug from the territo-
ry of Ukraine.

Table 7. Average annual and average seasonal runoff of biogenic matter with waters of the Western Bug from the territory of
Ukraine (above the line – thousand tons, under the line – t/km2)

Season / Year NH4
+ NO2

- NO3
- Ntotal Рmin. Рtotal Si

Spring Flood 3.0
0.27

0.092
0.008

0.4
0.037

3.5
0.32

0.1
0.009 - 3.4

0.31

Summer-autumn
low-water period

1.1
0.1

0.037
0.003

0.1
0.009

1.3
0.12

0.074
0.007 - 1.6

0.15

Winter low-water
period

0.8
0.074

0.031
0.003

0.1
0.009

0.9
0.08

0.038
0.003 - 1.0

0.09

Over the year 4.9
0.45

0.16
0.014

0.6
0.055

5.7
0.52

0.212
0.019 - 6.0

0.55

Table 8. Average annual and average seasonal runoff of microelements with waters of the Western Bug from the territory of Ukraine
(by Fe: above the line – thousand tons, under the line – t/km2, by Cu, Zn, Mn: above the line – thousand kg, under the line – kg/km2)

Season / Year Fe Cu Zn Mn

Spring Flood 0.3
0.28

17.7
1.6

22.0
2.0

85.0
7.9

Summer-autumn
low-water period

0.095
0.009

5.3
0.5

17.2
1.6

22.3
2.0

Winter low-water
period

0.032
0.003

2.7
0.3

9.9
0.9

8.1
0.7

Over the year 0.42
0.039

25.7
2.4

49.1
4.5

115.4
10.6

The runoff of different groups of chemical
components that are carried out with the waters of
the Western Bug is distributed by seasons as fol-
lows. The main ions: spring high water – 48-59%;
summer-autumn low-water period – 25-31%; win-
ter low-water – 16-22%. Biogenic matter: spring
high water – 47-67%; summer-autumn low-water
period – 17-35%; winter low-water – 16-19%.
Heavy metals: spring high water – 45-74%; sum-

mer-autumn low – 19-35%; winter low-water – 6-
20%.

Considering the specific nature of the chemi-
cal composition of the Poltva, we studied the con-
tribution of this river to the formation of the main
ion and biogenic matter runoff in the upper part of
the Western Bug (right after the confluence of the
PoltvaatKamianka-Buzka) and in the lower part of
the Western Bug for Ukraine – on the border of
Ukraine, Poland and Belarus (Table 9 and 10). The
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following methodical approach was used. The data
calculated for the runoff of the mentioned chemical
components, obtained for the mouth of the Poltva
(Busk), were compared with the data for two drains
on the Western Bug: 1) the Western Bug – Ka-

mianka-Buzka, below the confluence of Poltva
(upper); 2) the Western Bug is the conventional
drain "Border-3", the closing drain in the Ukrainian
part of the basin (the lower one).

Table 9. Contribution of the Poltva to the water (W) and ionic runoff of the Western Bug, calculated for two drains: 1) the Western
Bug – Kamianka-Buzka, below the confluence of Poltva (upper); 2) the Western Bug is the conventional drain "Border-3", the clos-
ing drain the Ukrainian part of the basin (lower),%

River, Drain W HCO3
- SO4

2- Cl- Ca2+ Mg2+ Na++K+ The sum
of ions

Western Bug –
Kamianka-Buzka (up-
per drain)

58 59 98 76 66 87 60 66

The Western Bug – the
conventional drain
"Border-3" (lower
drain)

23 25 38 33 27 37 25 28

Table 10.Contribution of the Poltva to the biogenic runoff of the river Western Bug, calculated for two drains: 1) the Western Bug –
Kamianka-Buzka, below the confluence of the Poltva (upper); 2) the Western Bug is the conventional drain "Border-3", the closing
drain in the Ukrainian part of the basin (lower),%

Drain in the Western
Bug NH4

+ NO2
- NO3

- Ntotal Рmin. Si
Western Bug -
Kamianka-Buzka (Upper
drain)

70 66 51 68 80 67

The Western Bug is the
conventional border
"Border-3" (Lower drain)

47 28 23 44 71 30

As can be seen from Table. 9 ("Upper
drain"), the share of the water runoff of the Polt-
va River at the place where it flows into in the
Western Bug is 58% of the water runoff of the main
river. At the same time, the share of the total ion
runoff of the Poltva River is higher – up to 66%

(Fig. 3). The share of the runoff of some main ions
reaches: 76% (Cl-), 87% (Mg 2+) and 98% (SO4

2-).
For total nitrogen, this figure equals 68%, for phos-
phates – up to 80% (see Table 10).

Fig. 3.Contribution of the Poltva in the ionic runoff of the Western Bug, calculated for two drains:1) the Western Bug – Ka-
mianka-Buzka, below the confluence of Poltva (upper); 2) the Western Bug – the conventional drain "Border-3", the closing drain
the Ukrainian part of the basin (lower),%

In the balance of runoff in the closing drain
in the Ukrainian part of the Western Bug Basin
("lower drain" in Tables 9 and 10), the Poltva's

influence is less evident. There, the share of the
Poltva's water fun off decreases to 23%. Although
the share of the total ion runoff of the Poltava is
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Fig. 3.Contribution of the Poltva in the ionic runoff of the Western Bug, calculated for two drains:1) the Western Bug – Ka-
mianka-Buzka, below the confluence of Poltva (upper); 2) the Western Bug – the conventional drain "Border-3", the closing drain
the Ukrainian part of the basin (lower),%

In the balance of runoff in the closing drain
in the Ukrainian part of the Western Bug Basin
("lower drain" in Tables 9 and 10), the Poltva's

influence is less evident. There, the share of the
Poltva's water fun off decreases to 23%. Although
the share of the total ion runoff of the Poltava is
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still somewhat higher – 28%, and the share of ru-
noff of some main ions, anthropogenic impact indi-
cators, reaches: 33% (Cl-), 37% (Mg 2+) and 38%
(SO4

2-). For total nitrogen, this indicator was 44%,
for phosphates – up to 71% (see Table 10).

Thus, the comparative methodological ap-
proach allowed determining a significant influence
of the Poltva on the formation of the chemical
composition of the Western Bug, especially in its
upper part.

Conclusions
1. The hydrographic network of the Western Bug
basin on the territory of Ukraine has 2,044 rivers.
2. The classification of the rivers of the Western
Bug basin by catchment area, performed in accor-
dance with the requirements of the EU WFD,
showed the following results: in this basin within
Ukraine there is one very large river, (actually this
is the West Bug itself), and also three large rivers –
the Poltva, Rata and Luha. There are also 30 me-
dium and 2,010 small rivers (among which 1,966
rivers are less than 10 km).
3. The data obtained and the revealed regularities
allowed us to determine the leading role of natural
fac-tors in the formation of the hydrocarbonate-
calcium ion composition of the river waters of the
Western Bug basin. The content of the main ions
and the salinity of the river waters are distinguished
by a sufficiently clear seasonal character: a de-
crease in the spring flood and an increase in the low
water level (mineralization of the water of the
Western Bug – 497-573 mg/l).
4. Mineralization of the Poltva River (the left tribu-
tary of the Western Bug), located in the same natu-
ral conditions, is significantly different. So, in the
area of the city of Lviv (the upper area of the Poltva
River), it reaches 784-871 mg/l, and at the mouth of
the river (in the city of Busk, at the confluence of
the Western Bug) 613-670 mg/l. In this case, the
chemical type of water begins to affect sulfates and
chlorides. This situation is explained by the dis-
charge of sewage from the city of Lviv into the
Poltva River.
5. At the same time, studies of the regime of nu-
trients, microelements, and specific pollutants in
the water of the Western Bug did not find common
regularities in their seasonal variations, which is
related to the significant discreteness of the influ-
ence of anthropogenic factors on the formation of
their concentrations.
6. The methodological approach used to calculate
the flow of dissolved chemicals allowed us to esti-
mate the balance of substances, both natural and
anthropogenic, that are taken out with the waters of
the Western Bug from the territory of Ukraine

(93%), as well as from the territory of Poland (7%)
to the border with Belarus.
7. The comparative methodological approach al-
lowed us to quantify the significant influence of the
Poltva River on the formation of the chemical com-
position of the water of the Western Bug, especially
in its upper part. The share of Poltva's water flow
within the Western Bug is 58% of its water flow. At
the same time, the share of the total ion flow is
higher – 66%. The share of the discharge of indi-
vidual principal ions reaches: 76% (Cl-), 87% (Mg
2+) and 98% (SO4

2-). For nitrogen, this figure is
68%, for phosphates – up to 80%.
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