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1. Introduction

Interest in water resource management issues, including water
quality, in transboundary areas, is a relatively new phenomenon which has
been gaining increased attention in recent years. Problems related to trans-
boundary waters led to the introduction, under the Water Framework Di-
rective (WFD), of a modern approach to water resource management
based on the drainage basin model, in contrast to the administrative model
used previously [16]. According to the WFD [6], Member States should
strive to achieve the objective of at least good water status by defining and
implementing the necessary measures through integrated action programs
while taking into account the existing Community requirements. Moreo-
ver, within a river basin where use of water may have transboundary ef-
fects, the requirements for the achievement of the environmental objec-
tives, and in particular all programmes of measures, should be coordinated
for the whole of the river basin district. This applies, in particular, to the
assessment of the condition of surface waters [16].

The situation becomes of particular relevance when a dam reser-
voir, which stores retention water for human consumption, is located on
a transboundary river. In this case the water quality control in the drain-
age basin above the dam reservoir is crucial, especially in terms of inflow
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of pollutants into these waters, both in the transboundary river upstream,
and at points further down the course of the river. One of such trans-
boundary rivers is the Bobr where, by the border with the Czech Repub-
lic, the Bukowka reservoir (km 271 + 540) is located. The Bukéwka res-
ervoir is a multi-purpose facility. Its basic functions include flood con-
trol, water supply in low-water periods for the Marciszéw Water Treat-
ment Plant and drinking water supply to the city of Walbrzych. Current-
ly, however, this function is not fulfilled and water from the reservoir is
taken merely for consumption for the villagers of Bukoéwka and to ensure
environmental flow in the riverbed of Bobr below the reservoir. Accord-
ing to the literature, reconciling the functions of multi-purpose reservoirs,
including drinking water reservoir, is often very difficult to achieve [10,
30, 36].

The Bukowka reservoir is exposed to a number of problems,
among which the main one is the deterioration of water quality and eu-
trophication. This is due to the fact that, while Bukéwka potentially sup-
plies the population with drinking water and a protection zone of surface
water intake is maintained on the reservoir, in the Polish part of the basin
continuous monitoring of water quality does not exist.

The aim of this study was to analyse the inflow of pollutants from
the transboundary Bobr River basin to the Bukoéwka reservoir in view of
supplying drinking water for consumption and its retention in the reser-
voir. The water quality of five watercourses: the rivers Bobr, Opawa,
Ztotna, Bachorzyna and Paprotki supplying the reservoir has been ana-
lysed. Testing also included both the retention water and the outflow wa-
ter. The causes of the variability of water quality, both spatial and in
terms of time, were also identified. In addition, the study assessed the
eutrophication of analysed waters, their vulnerability to nitrogen pollu-
tion from agricultural sources and the delivery of matter into the Bukow-
ka reservoir.

2. Characteristic of study area

Bukéwka reservoir (50°42'47" 15°56'46"E) was established be-
tween 1978-1989, in the Bobr river valley at 271.540km, in place of
a dry storage reservoir dam that had existed since 1907. Administratively
the reservoir is located between three towns Miszkowice, Bukdéwka and
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Paprotki (Fig. 1). Almost all reservoir basin banks are natural, except for
the side dam protecting the village of Miszkowice. The reservoir in-
cludes: an earthy front dam, a bottom vent, a transfer surface, and tap
water outtake for the Walbrzych Water and Sewage Enterprise, which is
not currently used, a hydroelectric power plant and the Miszkowice side
dam. The administrator of the Stup reservoir is Wroctaw Regional Water
Management [11, 18].

Kamienna Gora
Town

Bukowka
village

o

Reservoir
dam

Sampling points
of the Bukéwka reservoir

Fig. 1. Location of Bukowka reservoir on Bobr river, including water sampling
points for the physicochemical examinations

Rys. 1. Lokalizacja zbiornika Bukowka na rzece Bobr oraz punktow poboru
probek wody do badan fizykochemicznych

From the Bobr river basin to the Bukowka reservoir dam is ap-
proximately 58.5 km®. The Bobr river flows from the Lasocki Grzbiet
located in the great Czech mountains. The river flows on the Czech side
for about two kilometers, then for more than four kilometers on the
Polish side and then flows into the Bukéwka reservoir. There is also
a visible basin gradient, mostly from west to east, and in the southern part
of the catchment from south west to the north east. The Bukowka reser-
voir is a recipient of three rivers Ztotna, Bachorzyna and Bobr; it also
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receives water from several smaller watercourses (Including Opawa and
Paprotki) and pumped water from the Miszkowice polder. The basin is
dominated by agricultural lands (52%) and forests (45%). Urban areas
occupy only a few percent of the area (approx. 3%).

Bukowka reservoir parameters: the operational fill level (NPP) —
534.30 m (12.917 million m’, 167 ha), the maximum fill level (Max PP)
— 536.40 meters above sea level (16.790 million m’, 199 ha). Capacity of
this reservoir at absolute maximum fill level (537.10 meters above sea
level) is 18.215 million m’, and the area of the floodplain 211 ha. The
length of the reservoir is approx. 2.8 km and the largest width approx.
1.4 km. Basic hydrological data of the Bobr river in the reservoir section
are: SNQ=0,13m’ - s, SSQ =10,89 m® - s, NNQ = 0,04 m’ - s, the
flow is Q = 0.10 m’ - s, the harmless flow (the allowed discharge) Q =
8.0m’ - s and the highest flow WWQ = 74,50 m’ - s [18].

The Bukowka reservoir basin area is characterized by a cool cli-
mate with long winters and high precipitation. The basic data characteriz-
ing the climate: the average precipitation in the basin area is approx.
800 mm, the average annual temperature approx. 5.5°C.

3. Methods

The study performed between November 2006 and December
2007 involved water quality analysis of watercourses: Bobr (post
B_in_res), Opawa (post O _in_res), Ztotna (post Z in_res), Bachorzyna
(post Ba in res) and Paprotki (post P_in res). The aforementioned
streams supply the Bukdéwka reservoir. In addition, the quality of the wa-
ter impounded in the reservoir at the Miszkowice dam (W1 _res post), the
water impounded in the reservoir at the face dam (post W2 _res) and the
outflow of water from the Stup reservoir (post Out res) were analyzed
(Fig. 1). The location of each water sampling points, both in the catch-
ment and in the Bukéwka reservoir itself was selected in such a way that
on the basis of it one can determine the spatial water quality in the tribu-
taries, the reservoir and of the outflow, as well as whether the Bukowka
reservoir affects the quality of the watercourses flowing through it. Sam-
ples were carried out on the following dates: 27.11.2006, 16.01.2007,
26.03.2007, 16.04.2007, 29.05.2007, 10.09.2007, 22.10.2007, 19.11.2007
and 10.12.2007.
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Particular attention was paid to the important, from the point of
view of the proper use of the reservoir, quality of water supplying the
reservoir, primarily to the water quality of the Bobr river, due to its dom-
inant role in supplying the Bukoéwka reservoir. In order to carry out the
water quality characteristics of the Bobr river flowing into the tank, in
addition to our own studies of water quality, similar data was obtained
from the Provincial Inspectorate of Environmental Protection in Wroctaw
(RIEP) for the period 1993-2005 for the border point at km 269.6 [23]
(Fig. 1) as well as the data from the Czech Republic concerning the eval-
uation of the quality of surface waters in the territorial scope of the Elbe's
basin in 2012 [8, 9]. The evaluation was performed by analyzing the wa-
ter quality indicators such as: NOs’, NO,, NH4*, PO,>", BOD:s, pH, elec-
trolytic conductivity, water temperature, and total suspended solids. In
addition, at the position W2 res (at the dam) measurements of water
transparency (Secchi depth) were performed. Water pH, electrolytic con-
ductivity and temperature were measured in situ, whereas other water
quality analyses were made in a laboratory according to Polish standards.
Water quality was rated in accordance with binding during led investi-
gates the Decree of the Ministry of Environment on the classification of
surface water bodies [29]. An assessment of the eutrophication of the
waters analyzed was presented, concerning whether the waters are vul-
nerable to pollution by nitrogen compounds from agricultural sources
based on [27]. The appropriability of the tested water was determined by
comparing the studied ratios with the values which should correspond to
water destined for human consumption [26], existence of fish [28] and
bath [25]. The paper also presents an evaluation of the Bukowka reser-
voir basin's delivery of substances into the reservoir.

4. Results and Discussion
4.1. Water quality

The results of the water quality tests from the five watercourses
flowing into the Bukowka drinking water reservoir from the trans-
boundary area, the quality of the retention water in the reservoir and that
of the outflow from the reservoir are shown in Table 1.
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Table 1. Characteristics of the quality of water flowing into the reservoir from

the reservoir's basin, reservoir's water and the water outflow from the reservoir

during the period November 2006—December 2007

Tabela 1. Jakos¢ wody doplywajacej do zbiornika zze zlewni, wody w zbiorniku
i wody odplywajacej ze zbiornika w okresie listopad 2006—grudzien 2007
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B in res |Average| 3.57 |0.101| 0.132 | 0.52| 3.08|7.79 | 220 | 7.0 | 0.9
B in res | Max | 5.30/0.320| 0.380 | 1.10]10.00| 8.40 | 714 | 21.0| 80.0
Binres | Min | 1.30 |0.010| 0.026 | 0.11] 1.00]| 730 | 122 | 2.1 | 0.0
O _in res |Average| 7.74 |0.075]| 0.226 | 048 | 3.55|7.83 | 210 | 6.8 | 9.8
O in res | Max |17.70]0.160| 0.640 | 1.05 | 11.00| 8.20 | 661 | 20.5] 0.0
O in res | Min | 1.30 [0.010]| 0.050 | 0.04 | 1.00 | 7.35| 113 | 2.1 | 9.0
Z in res |Average| 4.22 |0.025] 0.064 | 032201 79 | 155] 73 ] 1.0
Z in res | Max |17.70/0.100| 0.260 | 0.85| 7.00| 8.5 | 603 | 19.5] 20.0
Z inres | Min | 0.880.003] 0.020 | 0.02| 1.00| 7.3 | 86 | 2.2 | 0.0
Ba in res |Average| 5.31 |0.100| 0.098 | 042 | 1.66|7.75| 161 | 82 | 7.6
Ba in res | Max |[17.70]0.239| 0.140 | 1.05 ] 4.00 | 9.20 | 639 | 22.5| 60.0
Ba in res | Min | 0.88 |0.020| 0.050 | 0.04 | 1.00|7.20| 74 | 23| 0.0
P in res |Average| 438 |0.192| 0.203 | 047 | 1.83 | 7.57| 126 | 6.6 | 8.0
P in res | Max | 8.80]0.368| 0.260 | 1.14 | 3.00 | 8.15| 174 | 13.0| 20.0
Pinres | Min | 1.30]0.100| 0.150 | 0.20 | 1.00| 7.00 | 89 | 2.2 | 0.0
W1 res |Average| 2.98 [0.081| 0.075 | 0.42| 3.33|7.76 | 159 | 84 | 0.3
W1 res Max [13.30]0.446| 0.130 | 1.28 | 8.00 | 8.60 | 486 | 21.5] 0.0
W1 res Min 0.88 10.003| 0.050 | 0.05] 1.00|7.00| 96 | 2.0 | 0.0
W2 res |Average| 1.70 |0.112] 0.137 | 0.22 | 4.03|7.93| 157 | 82 | 2.0
W2 res Max | 4.40 [0.532] 0.365 | 0.95] 7.00| 8.70 | 490 | 22.0] 0.0
W2 res Min 0.88 10.010] 0.026 | 0.02 | 1.00| 6.78 | 102 | 1.8 | 0.0
Out res |Average| 2.93 [0.105] 0.110 | 0.25] 246|792 | 155| 7.6 | 5.1
Out res Max [13.30]0.558| 0.280 | 0.88 | 6.00 | 8.60 | 506 | 18.5] 40.0
Out res Min 0.88 10.003| 0.026 | 0.02| 1.00|7.20| 97 | 1.9 ] 6.0
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The analysis of the flowing water data shows that the highest av-
erage values of nitrate and nitrite were observed at the Paprotki sampling
post (P_in res), ammonia at the Opawa post (O _in res), phosphates,
BZT;s and electrolytic conductivity at the Bobr post (B_in_res), water pH
at the Ztotna post (Z_in_res) and water temperature and total suspended
solids at the Bachorzyna post (Ba_in_res). In the water of the reservoir
(W _res) during the period of the study the highest values were recorded
for the following indicators: water pH and water temperature. The ana-
lyzed data also shows that at the outflow from the Bobr reservoir
(Out_res), in comparison with the Bobr post (B_in_res), the highest val-
ues of average concentrations of nitrite, water pH, water temperature
were recorded.

Graphical comparison of the levels of nitrates, phosphates, am-
monia, BZTs, pH, conductivity, water temperature, and total suspended
solids in the tested waters in Bukowka reservoir against the background
of water quality classes by Decision of the Polish Minister for the Envi-
ronment of 9 November 2011 [29] is shown in Fig. 2-5.
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Fig. 2. Nitrates and phosphates concentration in the water from Bukdéwka
reservoir in period 20062007

Rys. 2. Stezenie azotanow i fosforanéw w wodzie ze zbiornika Bukowka
w latach 2006-2007
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Fig. 3. Ammonia and BODs concentration in the water from Bukéwka reservoir
in period 2006-2007

Rys. 3. Stezenie jondw amonowych i BZTs w wodzie ze zbiornika Bukowka

w latach 2006-2007

Of the 9 tested indicators of water quality in the Bukowka reser-
voir, 8 (except nitrites) are taken into account for the classification of the
water quality [29]. The highest nitrate concentrations at all five positions
on the inflow to the reservoir were recorded in the month of May and the
lowest in November (Fig. 2). Nitrate concentrations have qualified water
to the class II of water quality, which concerns surface water bodies in
natural watercourses such as a river [29].

Higher concentrations of phosphate in the tributaries waters were
observed in the autumn and winter of 2007. The exceptions are large
phosphate concentrations recorded in May 2007. This could be caused by
flooding. According to [10, 20], flood water can bring a significant load
of phosphorus and nitrogen in the period of raised water levels. In con-
trast, the smallest monthly PO, concentration was recorded in the spring
of 2007 (Fig. 2). An analysis of the results of the study of the water quali-
ty in the reservoir showed that the phosphate quantities exceeded the lim-
its for the II class water quality [29].
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Fig. 4. pH and electrolytic conductivity in the water from Bukoéwka reservoir in
period 2006-2007
Rys. 4. pH i przewodno$¢ wody ze zbiornika Bukéwka w latach 2006-2007

An analysis of the results of the study of the water quality in the
reservoir showed that the ammonia quantities did not exceed the appro-
priate limit for class I water quality (Fig. 3). The values of BODs exceed-
ed the limits for the class Il water quality (Fig. 3). The pH value of the
water at all sampling posts, except for Potok Bachorzyna (Ba in_res)
taken in May 2007 (exceeding the water quality II class), passed the test
for the class II water quality (Fig. 4) [29]. Electrolytic conductivity quali-
fied them to the class II of surface water quality at all positions (Fig. 4).
The maximum values of this index were observed in May 2007.

The water in the reservoir during May 2007 heated up to a nearly
same temperature of 21.5°C (Fig. 5). Water temperature values at all
measuring stations in addition to water creek Bachorzyna (Ba in_res)
taken in May 2007 (exceeding the water quality I class) passed the test
for class I of water quality.
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Fig. 5. Water temperature and total suspended solids in the water from
Bukowka reservoir in period 2006-2007

Rys. 5. Temperatura i zawiesina ogélna w wodzie ze zbiornika Bukowka
w latach 2006-2007

The highest concentration of total suspended solids — 180 mg-dm™
— were recorded in the waters flowing into the tank (B_in_res) during the
freshet in the Bobr river basin in May 2007 (Fig. 5). High levels of total
suspended solids were also recorded in the waters flowing out from the
reservoir 140 mg-dm™ (September 2007). Analysis of the results of the
water quality showed that the total suspended solids exceeded the limits
for the class II water quality, concerning surface water bodies in natural
watercourses such as a river [29].

Transparency of the Bukowka reservoir's water, measured as Sec-
chi depth, ranged from 150 cm (December 2007) to 320 cm. The greatest
transparency in the waters of the reservoir was recorded in November
2006. Bukowka's water, because of this indicator, was considered eu-
trophic water. The transparency value did not exceed the border limit of
this ratio (2.0 m). Similarly, the water of Opawa, Zlotna and Bachorzyna
(O_in_res, Z in_res, Ba in_res), flowing into Bukdéwka reservoir, were
classified as eutrophic due to the excess of nitrate limits (10 mg NO;3
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-dm™), given in [27]. Moreover, according to the value of transparency
given in [29] year, the Bukowka reservoir was also qualified as eu-
trophic, because the transparency by Schindler modulus (5.0 m*/m?®)
should be 1.7 meters. Nevertheless, it was found that the Bukowka reser-
voir's water is not vulnerable to pollution by nitrogen compounds from
agricultural sources, as the nitrate concentration was lower than recom-
mended (50 mg NOs™-dm™) in [27].

As is indicated by the above analysis, hydrochemical conditions
in the Bukéwka reservoir, in terms of functions performed by the tank,
are unfavorable for it. This is confirmed by tests of the Bobr river water
quality presented in [17—18, 21-22]. They showed that the main sources
of pollution of the Bobr river are industrial and domestic waste water
from urban centers and rural domestic waste water from community cen-
ters. The water quality of the Bobr river in 2005 showed a considerable
variability. At the border point an unsatisfactory state of the water was
recorded. Water flowing into Poland from the Czech Republic was char-
acterized as a one of an unsatisfactory quality. The classification was
decided by a large number of faecal coliform bacteria, very high phos-
phate and phosphorus concentrations, as well as increased color and phe-
nolic index.

The evaluation of the consumption usefulness of the water out-
flow from the Bukowka reservoir showed that values of temperature,
conductivity, nitrates and ammonia in any period did not exceed the limit
of the Al category domain, i.e. water requiring simple physical and
chemical treatment [26]. Water pH values (May 2007) qualified the test-
ed water to the A2 category, i.e. water requiring a typical physical and
chemical treatment. However, in the remaining months this indicator did
not exceed the limit values of the Al category. Limit values of the A3
category, i.e. water requiring an efficient physical and chemical treatment
were exceeded in terms of total suspended solids (September 2007),
phosphate (December 2007) and BODs (April 2007) [26]. In view of the
fact that the reservoir is under water intake protection ,,Bukéwka”, ac-
cording to the permission OS-6210/8/97 and for the purposes of the
planned water treatment plant and water transmission to Watbrzych [18],
the research should be continued. At the time the research was based only
on direct sampling of water from the reservoir destined for citizens of
Bukowka village, which is located below the dam.
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Examination of the Bukowka reservoir's water showed that indi-
cators such as water pH and ammonia nitrogen meet the requirements for
inland waters which are the habitat of salmonids and cyprinids in their
natural conditions [28]. In contrast, the water temperature meets the re-
quirements for inland waters which are cyprinids’ habitat only. The most
unfavorable conditions for the existence of fish is caused by nitrites,
which exceed the required [28] value of 0.01 mg NO,-dm™ for salmon-
ids and 0.03 mg NO,-dm™ for cyprinids, by the BODs value, which ex-
ceeds the required 3 mg O, - dm™ for salmonids and 6 mg O,-dm™ for
cyprinids and by the total suspended matter value, which exceeds the
required on [28] average annual value by 25 mg-dm™.

In the case of the Bukowka reservoir a positive impact on the im-
provement of water quality in terms of selected indicators has been
found. The results obtained indicate that the Bukowka reservoir reduced
levels of nitrates, ammonia, phosphate, total suspended solids and con-
ductivity in water outflow from the reservoir in relation to the water
flowing into the reservoir. However, in the water below the reservoir
higher nitrites values, water pH and temperature were recorded. Another
function which has been attributed to dam reservoirs is improvement of
surface water quality. There is still no synonymous answer to the ques-
tion whether hydrotechnical construction deteriorates or improves the
quality of water. Generally, it was observed that big reservoirs receiving
waters of slight or average pollution level improve their quality [35].

In order to complete the characteristics of the quality of the Bobr
river water flowing into the Bukowka reservoir, the results of the study of
water quality of the Bobr river obtained in year 2006-2007, at the posi-
tion (B_in_res), were compared with the results of the state monitoring
for the period from 1993 to 2005, carried out by the Provincial Inspec-
torate of Environmental Protection in Wroctaw [23], at the border (km
269.9). Table 2 shows this comparison.

The water quality indicators of the Bobr river show a lower value
than the water quality test results obtained from PIEP Wroclaw. In the
case of indicators such as BODs and conductivity, the situation was re-
versed.

The water quality of the Bobr river at the border showed a con-
siderable variability. An unsatisfactory state of waters was registered.
Water flowing into Poland from the Czech Republic was characterized as
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of an unsatisfactory quality. The classification was a result of a large
number of faecal coliform bacteria, very high concentrations of phospho-
rus and increased color and phenolic index. Significant fluctuations in the
concentrations of nutrients during every year of the examined period
were observed Table 2 [23]. As it is stated by the authors of the report
[23], high concentrations of biogenic compounds posed a threat of eu-
trophication to the Bukéwka dam reservoir. Assessment of water quality
of the Bobr river, taking into account the parameters characterizing the
process of eutrophication, revealed exceeding the annual average concen-
trations of phosphate and nitrate. Similar results, concerning the large
pollution of the Bobr river flowing from the Czech Republic, are present-
ed in the paper Vodohospodaiska bilance za rok 2011, obdobi 2006 —
2011 a vyhledu k roku 2021 Zprava o hodnoceni jakosti povrchovych
vod pro tizemi ve spravé Povodi Labe, statni podnik Odbor péce o vodni
zdroje [8, 9]. It recommended that the Bobr river water flowing out from
the Czech Republic was classified to class II of water quality, due to the
high content of total phosphorus.

Table 2. The results of the quality of river Bobr water flowing into the reservoir
at B_in_res post and the average annual values of selected water quality
indicators from PIEP Wroctaw for the period 1993-2005

Tabela 2. Wyniki jakosci wody rzeki Bobr wptywajacej do zbiornika na
posterunku B_in_res oraz $rednio roczne warto§ci wybranych wskaznikoéw
jakosci wody na podstawie WIOS Wroctaw w latach 1993-2005

WIOS investigations (1993-2005) | Self investigations (2006-2007)
Indicator Bobr — border point, km 269.6 Bobr (post B_in_res)
Min. (Year) Max. (Year) Min. (Date) Max. (Date)
. >50 (1993, 1994,
m I\;}ga_t?;m_g) 12 (1998) 1995,1996, | 1.30 (XI2006) | ° '23(?0%“
&5 2000, 2004)
>2.00 (1993,
(mPhI‘,’gp?_?a‘;i_g) 0,20 (1997) 1994, 2000, 0.11 (1 2007) 1;80(7);11
&1 2003, 2004)
BOD; 5,0 (1997, 9.0 (1995) 1.00 (XI 2006, 10.00 (V
(mg 0,-dm™) 1999,2003) : I, IX, X 2007) 2007)
Electrolytic conduc- 200 (1997,
tivity (uS-cm’) 1998, 1999) 470 (1994) 122 (XI12007) | 714 (V 2007)
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4.2. Bukowka reservoir's basin and the material supply
to the reservoir

Water reservoirs have a great ability to capture migrating matter
from the basin [14]. Water qualities in the reservoirs as well as a content
of the phosphorus compounds are both largely determined by an external
input [2]. The rate of eutrophication of a natural reservoir depends on its
basins' physiogeographical structure, which functions as a continuous
supplier of various forms of matter (including biogenic) to the reservoir,
as well as morphometric parameters of the reservoir and its hydrological
regime [1, 31-33]. The physiogeographical structure of a basin can pro-
mote area flows or limit them. On the other hand, the physical structure
of a reservoir may be more, as well as less favorable to the maintenance
of an existing reservoir's water shield. Reservoir's susceptibility to eu-
trophication can be assessed based on the system proposed by Bajkie-
wicz-Grabowska [1]. Natural features of a basin's physiogeographical
environment cause that a reservoir's direct basin may accelerate or sup-
press the delivery of matter (including biogenic) to the reservoir.

The influence of a basin on the rate of matter supply to the reser-
voir is evaluated by bonitation of each of the aforementioned characteris-
tics on a scale of 0 to 3 points, where 0 means a very weak impact on the
supply of matter and the impossibility of it reaching the reservoir, and 3
means a high impact and rapid delivery of matter to the reservoir [1].
Characteristics that describe the degree of interaction basin and reservoir
include Lake Ohle factor and the lake balance type. The degree of influ-
ence of the direct basin is described by: endorheicity of the area, an aver-
age decrease of the basin, a river network density, surface features and
the way of the reservoir's exploitation. Table 3 presents an assessment of
the Bukowka reservoir basin as a supplier of matter to the reservoir, ac-
cording to the Bajkiewicz-Grabowska criteria [1].

Final assessment — the average of grades obtained from the evalu-
ation of individual features is 1.33 and qualifies the Bukéwka reservoir's
basin as the second group of susceptibility: the basin is characterized by
low susceptibility to launching cargo deposited in its area, and a small
possibility of it reaching the reservoir. According to [34], the type of use
of the basin areas of the reservoirs located in the basin of the Odra has a
significant impact on the quality of water in these reservoirs. Currently,
the supply of biogenic compounds from point and area sources (including
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agriculture), causing an anthropogenic eutrophication of water, is a major
threat on the way towards a good status of waters in Poland and around
the world [12, 13, 15]. Water pollution is a common problem throughout
the world. Of course, there are many research methods which may de-
termine different sources of water pollution, its scale and its impact on
the environment [7]. Eutrophication is one of the most serious threats to
the quality of inland waters. It is an important problem not only in Po-
land, but also in other countries of the European Community [3-5, 7, 19,
24,33, 36].

Table 3. The valuation of the Bukéwka reservoir's basin — from which the
matter flows into the body of water of the Bukéwka reservoir

Tabela 3. Ocena zlewni Bukowki — z ktorej materia wptywa do wod zbiornika
Bukowka

Characteristic of the Bukowka reservoir basin |  Criterion by [1] Arggﬁﬁ; of]
Factor lake by Ohle 35.03 10-40 1
Balance type of tank Flow Flow 3
Potamology parameters
— density of river network 0.6 0.5-1.0 1
— average river basin slope 11.5 10-20 2
Geological structure of| Slope and eluvium clay, Clay, 0
river basin Dusty clay, Peat soil Peat
. . woodland 45%, arable land Forest-agricultural,

River basin use 529, built-up arcas 3% grassland- 1

i agricultural

Mean value 1.33

5. Conclusions

1. The results of water quality testing in the period 2006-2007 show that
due to the concentration of phosphates, BODs and total suspended sol-
ids, the water flowing into the Bukéwka reservoir from the trans-
boundary drainage basin exceeds the limits of class II water quality
indicators for water bodies in natural watercourses such a river.
Meanwhile, the concentrations of N-NOj3™ and the pH qualify this wa-
ter as class II (in terms of the classification of water bodies in natural
watercourses, such as a river).
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. It was found that the tested water in the Bukowka reservoir basin is
not vulnerable to nitrogen pollution from agricultural sources. The
Bukowka reservoir is not very susceptible to the displacement of pol-
lutants deposited in its drainage basin; the likelihood of them getting
into the reservoir is small.

. In terms of eutrophication, the hydrochemical conditions occurring in
the Bukowka reservoir catchment are unfavourable to the functions
performed by the reservoir. The main reason for this is the high con-
centration of phosphorus from domestic waste water of localities in
the studied drainage basin.

. Evaluation of the suitability for consumption of outflow water from
the Bukowka reservoir showed that the values for temperature, elec-
trolytic conductivity, nitrates and ammonia did not exceed the A1 cat-
egory limit values. The pH value qualified the tested water to the A2
category. The A3 category limit was exceeded in terms of total sus-
pended solids and BODs.

. Water from the Bukowka reservoir is not suitable as habitat for salm-
onids and cyprinids due to the presence of nitrites, BODs and total
suspended solids.

. The Bukéwka reservoir had a positive influence on the water quality
of the river Bobr and the other four tributaries: Opawa, Ztotna,
Bachorzyna and Paprotki. During the research, the highest values in
the reservoir were observed for water pH and temperature. Compared
with the water flowing into the reservoir, the outflow was character-
ized by higher average concentrations of nitrites and higher average
water pH and temperature.

. Due to the transboundary nature of the Bobr River where the Bukoéw-
ka reservoir is located, it is important to limit the inflow of pollutants
into it and monitor the cleanliness of water in the watercourses and in
the reservoir. Comprehensive hydrological and water quality monitor-
ing in the reservoir catchment basin will help protect water in the
catchment and will enable rational water management in the Polish
and Czech part of the basin. The most important measures for water
crossing the Polish-Czech border should relate to combating pollution
and improving water quality.
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Doplyw zanieczyszczen do zbiornika wody pitnej Bukowka
z obszaru transgranicznego zlewni rzeki Bobr

Streszczenie

Obecnie istnieje zwickszone zainteresowanie zarzadzaniem zasobami
wodnymi, w tym jako$cia wody, na obszarach transgranicznych. Sytuacja na-
biera szczegdlnego znaczenia, gdy na rzece transgranicznej zlokalizowany jest
zbiornik zaporowy, m.in. wykorzystujacy retencjonowane wody do celéw zao-
patrzenia w wode. Wowczas niezmiernie wazne sa badania jakosci wod
w zlewni powyzej zbiornika, przede wszystkim w aspekcie wprowadzania do
tych wod zanieczyszczen, zarowno w gornym biegu rzeki transgranicznej, jak
i w kolejnych punktach biegu rzeki.

Praca przedstawia analiz¢ doplywu zanieczyszczen z obszaru transgra-
nicznego zlewni rzeki Bobr do zbiornika wody Bukowka, w aspekcie jej reten-
cjonowania w zbiorniku. Przeanalizowano jako§¢ wody pieciu ciekow zasilaja-
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cych zbiornik: rzeka Bobr, Opawa, Ztotna, Bachorzyna i Paprotki, jakos¢ wody
retencjonowanej w zbiorniku i odplywajacej ze zbiornika oraz rozpoznano
przyczyny jej przestrzennego zroznicowania a takze czasowej ich zmiennosci.
W pracy ponadto przedstawiono oceng eutrofizacji analizowanych wod, oce-
niono czy badane wody sa wrazliwe na zanieczyszczenie zwigzkami azotu ze
zrodet rolniczych, do spozycia oraz wykonano oceng zlewni zbiornika Bukowka
pod katem dostawy materii do zbiornika. Ocene jakosci wody w analizowanych
ciekach i zbiorniku wykonano analizujac takie wskazniki jak: NO;’, NO, , NH,",
PO,>, BODs, odczyn wody, przewodno$é elektrolityczng, temperaturg wody
i zawiesing ogolng. Wyniki badan wiasnych jakosci wody rzeki Bobr uzupet-
niono wynikami uzyskanymi z WIOS Wroctaw i z Czech.

Wyniki przeprowadzonych w okresie 2006-2007 badan jako$ci wody
na terenie polskiej czgsci zlewni zbiornika Bukowka wykazaly, ze wody te ze
wzgledu na stezenia fosforanow, BZTs i zawiesiny ogolnej przekroczyty warto-
$ci graniczne wskaznikow jakosci wod odnoszace si¢ do jednolitych czesci wod
powierzchniowych w ciekach naturalnych takich jak rzeka wtasciwe dla klasy
II. Natomiast stezenia N-NOs 1 odczyn zakwalifikowaty wody do II klasy jako-
$ci wod, odnoszacych si¢ do jednolitych czesci wod powierzchniowych w cie-
kach naturalnych, takich jak rzeka.

W pracy stwierdzono, ze badane wody z terenu zlewni zbiornika Bu-
kowka nie sa wrazliwe na zanieczyszczenie zwigzkami azotu ze zrodel rolni-
czych. Natomiast zlewnia zbiornika Bukéwka charakteryzuje si¢ mata podatno-
$cig na uruchomienie fadunku zdeponowanego na jej obszarze i niewielkg moz-
liwoscig dotarcia jej do zbiornika.

Z punktu widzenia procesu eutrofizacji uwarunkowania hydrochemicz-
ne wystepujace w zlewni zbiornika Bukowka, w aspekcie realizowanych przez
zbiornik funkcji, sa dla niego niekorzystne. Gléwna przyczyng tego stanu sa
wysokie stezenia fosforu pochodzacego ze $ciekdow bytowych z miejscowosci
potozonych w badanej zlewni.

Wody zbiornika Bukéwka nie nadaja si¢ do bytowania ryb tososiowa-
tych i karpiowatych. Natomiast ocena przydatnosci wody odptywajacej ze
zbiornika Bukéwka do spozycia wykazata, ze wartosci: temperatury wody,
przewodnosci elektrolitycznej, azotanow i amoniaku nie przekroczyly wartosci
granicznych kategorii Al. Warto$ci odczynu wody zakwalifikowaty badane
wody do kategorii A2. Wartosci graniczne kategorii A3 przekroczone zostaty
pod wzgledem zawiesiny ogolnej i BZTs.

W pracy wykazano, ze zbiornik Bukowka wptywat korzystnie na zmia-
ny jako$ci wody rzeki Bobr i innych czterech doptywow: Opawa, Ztotna, Ba-
chorzyna i Paprotki. Woda odptywajaca ze zbiornika w poréwnaniu z woda
doptywajacg do zbiornika charakteryzowata si¢ wickszymi wartoSciami $red-
nich stezen azotyndow, odczynu wody i temperatury wody.
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Ze wzgledu na transgraniczny charakter rzeki Bobr, na ktorej zlokali-
zowany jest zbiornik Bukowka, istotne jest ograniczenie doplywu zanieczysz-
czen do niej oraz monitorowanie stanu czysto$ci wody w ciekach i zbiorniku.
Kompleksowy monitoring hydrologiczny i jakosci wody w zlewni zbiornika
bedzie pomocny do podejmowania dziatan na rzecz ochrony woéd w zlewni oraz
umozliwi prowadzenie racjonalnej gospodarki wodnej na obszarze polskiej
i czeskiej czgsci zlewni. Najwazniejsze dzialania dla wod przekraczajacych
granice polsko-czeska powinny dotyczy¢ ochrony tych wod przed zanieczysz-
czeniami, poprawy stanu gospodarki wodno-$ciekowej w zlewni oraz poprawy
jakosci wody.

Stowa kluczowe:
zbiornik wodny, rzeka, zlewnia, wody transgraniczne, jakos¢ wod

Keywords:
water reservoir, river, basin, transboundary waters, water quality
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