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Abstract: The study involved assessment of the quality of water in dam reservoir Wapienica. Samples were

taken from September 2011 until June 2012. The reservoir is used for providing potable water to the city of

Bielsko-Biala. The catchment of the reservoir is a natural mountain catchment, without internal sources of

pollution. Environmental and organizational conditions determine the good quality of water in the reservoir.

Water contains little amounts of suspended matter and solutes, favorable aerobic conditions and low fertility.

Also, no contamination with organic substances was reported. Water retained in the reservoir has quality

category A1, thus its treatment can only consist in filtration and disinfection. Analyses showed occurrence of

some heavy metals (Zn, Pb and Co) in amounts exceeding levels typical of uncontaminated natural water.

Increased levels of zinc and lead might result from atmospheric deposition of contaminants, whereas

occurrence of cobalt might be natural. The studies show that unmanaged mountainous regions of southern

Poland may be contaminated with trace elements.
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Dam reservoirs are often the source of potable water for urban agglomerations [1].

Before being directed to the water mains network, however, retained water undergoes

advanced treatment. This is necessary because of common contamination of surface

waters, related to municipal [2], agricultural [3] or industrial [4] anthropopressure. In

large catchments, influences of various types of human activities on the water

environment generally occur simultaneously, which results in complex contamination of

water [5, 6]. In that respect, water supply for the city of Bielsko-Biala is specific,

because one of the main sources of potable water for this city is dam water Wapienica,

whose catchment is a natural mountain catchment without any internal sources of

contamination. The catchment is situated in the Western Carpathians, in the mesoregion
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of the Silesian Beskids [7]. The aim of the paper was to assess the quality of water

retained in reservoir Wapienica. That makes it possible to discuss the condition of the

environment in the Beskids in regions without direct anthropopressure.

The dam of reservoir Wapienica was built between 1928 and 1932 and it divided the

upper section of the Wapienica stream valley (Fig. 1). Its concrete structure was among

the first ones of that kind in Europe at that time. The dam is 310 meters long in its top

and its height (from the foundation level) is 24 m. The reservoir is managed and used

for the needs of the water mains network by company AQUA S.A. With the surface at

477.60 m a.s.l., which is the maximum level of water, its area is 17.5 ha and capacity

1.05 million m3 [8]. After exceeding the level of 477.60 m a.s.l., uncontrolled discharge

of water starts by means of overflow. The capacity of the reservoir does not include any

anti-flood reserve storage. Water intakes are installed at 463.00 and 467.00 m a.s.l.

Hence, the minimum level of water damming is 463.00 a.s.l. The amount of water taken

from the reservoir is 22.000 m3/day on average, and the flow in the stream below the

dam (minimum flow) cannot be lower than 0.061 m3/s [9].

The catchment of reservoir Wapienica is a forest catchment (Fig. 1); for that reason,

monitoring of the quality of water taken from the reservoir to the water treatment plant

can be carried out relatively rarely, that is twice a year [8].
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Fig. 1. Wapienica dam reservoir (photo by A. Jaguœ)



Methods

The research started with the studies of the area of the catchment of reservoir

Wapienica. Cartographic analyses were carried out on a 1:10000 topographic map and

on thematic maps. Particular components of the natural environment were analyzed.

Also, conditions of human activities in the area of the catchment were analyzed basing

on specialist papers. The research was verified directly in the field, by means of

observations and documentation of the qualities of the environment in the catchment

and forms of human activities.

The main part of the research was based on analyses of qualitative parameters of

water in the reservoir. Four samples of water were taken in the period between

September 2011 and June 2012. Sampling was carried out in the zone near the dam of

the reservoir, in the region of water intakes. The samples were transported to the Central

Laboratory of AQUA S.A., where several dozen parameters of water quality were

determined (the paper will present results of selected markings only). The laboratory is

accredited by the Polish Center for Accreditation. The analyses were carried out

according to ISO norms as well as Polish norms.

Results and discussion

The catchment of reservoir Wapienica is located on northern slopes on the Silesian

Beskids and covers the area of 11.1 km2. It is closed by a dam situated in the upper

section of the Wapienica stream (km 17 + 770). The catchment has a funnel-like shape

and is situated meridionally. The divide runs along the following major peaks:

Szyndzielnia (1028.3 m a.s.l.), Klimczok (1117.3 m a.s.l.), Stolow (1035.2 m a.s.l.) and

Blatnia (917.0 m a.s.l.). Water downflow runs from the south to the north in the form of

two streams: the Blatnia (upper course of the Wapienica) and the Barbara. The streams

flow into the reservoir and are its main feeding watercourses. The catchments of the

Blatnia and the Barbara streams have areas of 3.67 km2 and 6.27 km2, respectively. The

direct catchment of the reservoir, with an area of 1.16 km2, plays minor part in

supplying water. The dam lifted the level of water in the valley in a 600-metre-long

section. The average width of the reservoir is 310 m, and the average depth is 8 m.

The area of the catchment under discussion is almost completely afforested, and

within it, there is forest nature reserve “Stok Szyndzielni” with the area of 54.96 ha.

Vegetation in the catchment is mainly represented by: upper-zone spruce forest,

lower-zone fir-spruce forest, acid beech wood, fertile Carpathian beech wood, and

mountain sycamore wood. The only elements of infrastructure within the catchment are

a forester’s lodge and a hiking-cycling trail. Along the divide of the catchment run

walking tourist trails. Traffic of private cars is forbidden in the surrounding of the

reservoir. The reservoir is not accessible for recreation (swimming or sunbathing) – its

only function is to provide water, which excludes any other possible ways of use. The

whole area of the catchment is supervised by the Bielsko Forest Inspectorate. Forest

works are carried out complying with the principles of sustainable forest management

[10]. As the result of the mentioned preconditions, there are hardy any chances for man
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to contaminate the environment. The atmosphere may be a potential source of

contamination of water in the catchment because deposition of substances from the

atmosphere concerns even regions that are located long distance away from the emitter

[11]. The catchment under discussion is situated near the Upper-Silesian conurbation

and the Ostrava industrial region.

The research that was carried out showed that water retained in Wapienica reservoir

is of good quality. The values of physiochemical parameters (Table 1) were generally at

levels typical of pure water [12, 13]. Little amounts of organic matter were reflected in

low values of BOD5 (maximum 2.4 mgO2/dm3) and COD (below 10 mg O2/dm3). Low

Table 1

Qualitative parameters of water in Wapienica reservoir between IX 2011 and VI 2012

(basing on data from AQUA S.A.) compared to parameters of waters classified as pure [12, 13]

Parameter Unit
Wapienica Reservoir

Clean water
Minimal value Maximal value

Reaction pH — 6.9 7.7 6.0–8.5

Suspension mg/dm3 < 5.0 < 5.0 < 25

Dissolved oxygen mgO2/dm3 8.8 12.1 > 8

BOD5 mgO2/dm3 < 0.5 2.4 < 3

CODMn mgO2/dm3 1.14 2.12 < 6

CODCr mgO2/dm3 < 10.0 < 10.0 < 25

Conductivity �S/cm 68.34 186.40 < 200–300

Calcium mgCa/dm3 8.81 25.90 < 100

Magnesium mgMg/dm3 1.26 4.42 < 50

Chlorides mgCl–/dm3 < 5.0 < 5.0 < 200

Fluorides mgF–/dm3 0.07 0.28 < 1

Sulphates mgSO4
2–/dm3 7.2 20.5 < 150

Ammonia mgNH4
+/dm3 < 0.1 < 0.1 < 1

Nitrates(III) mgNO2
–/dm3 0.002 0.011 < 0.02

Nitrates(V) mgNO3
–/dm3 2.6 5.0 < 10

Phosphates mgPO4
3–/dm3 < 0.02 0.09 < 0.2

Manganese mgMn/dm3 < 0.010 0.018 < 0.1

Aluminum mgAl/dm3 < 0.020 0.486 < 0.5

Barium mgBa/dm3 0.015 0.036 < 0.1

Iron mgFe/dm3 0.086 0.170 < 1

Zinc �gZn/dm3 < 20 28 < 15

Copper �gCu/dm3 < 20 < 20 < 2–3

Chromium �gCr/dm3 < 5 6 < 20

Nickel �gNi/dm3 < 2 < 2 < 3

Lead �gPb/dm3 < 5 11 < 3

Cadmium �gCd/dm3 < 1 < 1 < 0.15

Cobalt �gCo/dm3 < 10 10 < 0.1
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concentration of dissolved mineral substances was reflected in specific conductance at

several dozen, maximum 186 �S/cm. What suggested good conditions for decomposi-

tion of contaminants was high concentration of dissolved oxygen (between 8.8 and

12.1 mgO2/dm3). Low amounts were reported for chlorides (below 5 mgCl–/dm3) and

sulfates (maximum 20.5 mgSO4
2–/dm3), as well as biogenic compounds of nitrogen and

phosphorus. Nitrates(V) were reported in amounts between 2.6 and 5.0 mgNO3
–/dm3,

and phosphates occurred at maximum level of 0.09 mgPO4
3–/dm3. Low level of fertility

of water in the reservoir is confirmed by the species composition of the phytoplankton

existing in the reservoir. Research by Jachniak and Kozak [14] shows that it is

characteristic of oligotrophic water, with average contents of biomass at 0.7 mg/dm3,

which classifies the reservoir as one showing oligo/mesotrophic properties.

While analyzing the quality of water in Wapienica reservoir, it is worth discussing

the concentration of heavy metals. Their presence best reflects the degree of anthropo-

genic impact, because they are mainly introduced into the environment as a result of

human activities [15–17]. The research showed anthropogenic influence on the

environment within the catchment, because concentrations of zinc and lead reported in

water samples periodically exceeded levels typical of non-contaminated natural waters

(Table 1). Cobalt occurred in significant amounts, but it might occur naturally. Also,

presence of high amounts of copper and cadmium is possible, but the scope of precision

of the analytical methods that were used makes the assessment impossible. The analyses

did not show presence of chromium or nickel in amounts that would suggest

contamination with these elements.

Maximum concentration of zinc in analyzed water was 28 �g/dm3. Zinc is easily

distributed in the environment and its sources include mainly mining and metal

processing. Generally, toxicity of zinc in water is not high. It is estimated that the metal

shows toxicity for fish in case of concentrations exceeding 100 �g/dm3 [12]. Lead

occurred in maximum concentration at 11 �g/dm3. This element is not easily distributed

in soils, and in water environment it is often completely adsorbed in deposits. High

concentrations of lead in the environment are usually related to industrial pollution and

use of roads. At one time, the concentration of lead in water of Wapienica reservoir

exceeded the value of 5 �g/dm3, which is regarded as the safety threshold for water

biocenoses [12]. Cobalt occurred in maximum amounts of 10 �g/dm3. Such con-

centration is not a threat for water organisms, though. Toxic impact of cobalt starts with

high concentrations, for example several dozen mg/dm3 in case of fish [12]. Whereas

occurrence of zinc and lead in water of the researched reservoir probably results from

atmospheric deposition in the area of the catchment, presence of cobalt might also be, to

a high extent, an effect of natural denudation of rock layers. This is so because the

lithosphere usually plays a larger part as a source of cobalt than human activity [18].

The research also included studies of occurrence of some microorganisms in water of

the reservoir. Escherichia coli occurred in the maximum amount of 21 organisms in

100 cm3 of water, and the maximum amount of coli bacteria was 240/100 cm3. No

salmonella bacteria were discovered. Enterococci were present at one time, in the

amount of 12 microorganisms in 100 cm3 of water, whereas Clostridium perfringens
were discovered in the maximum amount of 4 organisms per 100 cm3 of water. The
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mentioned microorganisms are neutralized in the process of water treatment before it is

directed to the water supply system. Treatment includes filtering water through

anthracite-sand filters and disinfection with sodium hypochlorite [19].

Water treatment station for Wapienica reservoir is situated in its close vicinity. The

fact that only basic treatment processes are used results from high quality of water.

Classification of water quality according to the requirements for its treatment is carried

out according to the respective Ordinance of the Minister of Environment, basing on

values of 44 qualitative parameters of water [20]. Pure water is included in category A1

and it only requires basic physical treatment, especially filtration and disinfection.

Table 2

Surface water quality classification according to the requirements for treatment for consumption

Parameter Unit

Water quality category [20] Wapienica

reservoir

categoryA1 A2 A3

Reaction pH — 6.5–8.5 5.5–9.0 5.5–9.0 A1

Suspension mg/dm3 < 25 < 30 < 35 A1

Dissolved oxygen mgO2/dm3 no restrictions —

BOD5 mgO2/dm3 < 3 < 5 < 7 A1

CODMn mgO2/dm3 no restrictions —

CODCr mgO2/dm3 < 25 < 30 < 30 A1

Conductivity �S/cm < 1000 < 1000 < 1000 A1

Calcium mgCa/dm3 no restrictions —

Magnesium mgMg/dm3 no restrictions —

Chlorides mgCl–/dm3 < 250 < 250 < 250 A1

Fluorides mgF–/dm3 < 1.5 < 1.5 < 1.5 A1

Sulphates mgSO4
2–/dm3 < 250 < 250 < 250 A1

Ammonia mgNH4
+/dm3 < 0.5 < 1.5 < 2.0 A1

Nitrates(III) mgNO2
–/dm3 no restrictions —

Nitrates(V) mgNO3
–/dm3 < 50 < 50 < 50 A1

Phosphates mgPO4
3–/dm3 < 0.4 < 0.7 < 0.7 A1

Manganese mgMn/dm3 < 0.05 < 0.1 < 1 A1

Aluminum mgAl/dm3 no restrictions —

Barium mgBa/dm3 < 0.1 < 1 < 1 A1

Iron mgFe/dm3 < 0.3 < 2 < 2 A1

Zinc �gZn/dm3 < 3000 < 5000 < 5000 A1

Copper �gCu/dm3 < 50 < 50 < 500 A1

Chromium �gCr/dm3 < 50 < 50 < 50 A1

Nickel �gNi/dm3 < 50 < 50 < 200 A1

Lead �gPb/dm3 < 50 < 50 < 50 A1

Cadmium �gCd/dm3 < 5 < 5 < 5 A1

Cobalt �gCo/dm3 no restrictions —
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Water of poorer quality (category A2) needs wider scope of physical and chemical

treatment, especially pre-oxidation, coagulation, flocculation, decantation, filtration and

disinfection in the form of final chlorination. Water included in category A3 requires

advanced physical and chemical treatment using processes of oxidation, coagulation,

flocculation, decantation, filtration, adsorption with activated carbon, and disinfection

by means of ozonation and final chlorination. Surface water whose parameters exceed

thresholds for category A3 cannot be taken from the environment for consumption

purposes. Basing on the analyses that were carried out, water in reservoir Wapienica can

be classified in category A1 (Table 2).

Apart from filters and disinfection devices, the water treatment station also includes

the section for coagulation processes. The process is used periodically, in cases of high

turbidity of water in the reservoir (exceeding 25 NTU) and is aimed at eliminating

suspended matter along with absorbed contaminants. Coagulation is carried out before

water intakes of filters (in distributing channels), using coagulant PAX 18. It is water

solution of polyaluminium chloride. It should be mentioned that in the research,

turbidity of water in the reservoir ranged between 0.83–3.6 NTU. Turbidity only

increased in flood-like situations. In regular conditions, when the research was carried

out, the concentration of suspended matter did not exceed 5 mg/dm3, and maximum

contents of dissolved substances reached only 117 mg/dm3.

The above discussion regarding water treatment shows that water supply basing on

resources from highly natural areas is a favorable solution in economic terms. This is so

because treatment of polluted water involves use of expensive technologies. In case of

reservoir Wapienica, maintaining its catchment in its natural state is the only guarantee

for low-cost use of its retained water.

Conclusions

1. The catchment of reservoir Wapienica is a natural mountain catchment and human

activity within its area is limited to sustainable forest management.

2. Water retained in the reservoir generally presents favorable physiochemical

parameters, which results from lack of sources of contamination within the area of the

catchment. Water quality according to requirements for treatment falls into category

A1; thus before being transferred to the water mains network, only processes of

filtration and disinfection are used.

3. Presence of zinc and lead in water of the reservoir, in concentrations exceeding the

levels that are typical of non-contaminated natural waters, suggests anthropogenic

influence, probably through atmospheric deposition.

4. Water environment of unmanaged mountainous regions of southern Poland may be

contaminated with trace elements.
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JAKOŒÆ WÓD RETENCJONOWANYCH W NATURALNEJ ZLEWNI GÓRSKIEJ

(ZBIORNIK ZAPOROWY WAPIENICA)

Instytut Ochrony i In¿ynierii Œrodowiska

Akademia Techniczno-Humanistyczna w Bielsku-Bia³ej

Abstrakt: Badano jakoœæ wód w zbiorniku zaporowym Wapienica. Próby pobierano w okresie od wrzeœnia

2011 r. do czerwca 2012 r. Zbiornik pe³ni funkcjê zaopatrzenia w wodê pitn¹ miasta Bielsko-Bia³a. Zlewnia

zbiornika ma charakter naturalnej zlewni górskiej, pozbawionej wewnêtrznych Ÿróde³ zanieczyszczenia.

Uwarunkowania œrodowiskowo-organizacyjne decyduj¹ o dobrej jakoœci wody w zbiorniku. Woda charak-

teryzuje siê niewielk¹ iloœci¹ zawiesiny i substancji rozpuszczonych, korzystnymi warunkami tlenowymi oraz

ma³¹ ¿yznoœci¹. Nie stwierdzono tak¿e zanieczyszczenia substancjami organicznymi. Woda retencjonowana
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w zbiorniku ma kategoriê jakoœci A1, a zatem jej uzdatnianie mo¿e byæ ograniczone do filtracji i dezynfekcji.

Analizy wykaza³y obecnoœæ niektórych metali ciê¿kich (Zn, Pb, Co) w iloœciach przekraczaj¹cych poziomy

charakterystyczne dla niezanieczyszczonych wód naturalnych. Podwy¿szone zawartoœci cynku i o³owiu mog¹

byæ efektem depozycji atmosferycznej zanieczyszczeñ, natomiast pochodzenie kobaltu mo¿e mieæ charakter

naturalny. Z badañ wynika, ¿e niezagospodarowane tereny górskie Polski po³udniowej mog¹ byæ zanie-

czyszczone pierwiastkami œladowymi.

S³owa kluczowe: œrodowisko wodne, zbiornik zaporowy, zlewnia górska, u¿ytkowanie terenu, jakoœæ wody,

metale ciê¿kie
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