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Abstract - Changes in the chemical composition of the water in three 
dam reservoirs are presented against the background of the chemical composition 
of their affluents, and the effect of these changes on the phytoplankton in terms 
of the chlorophyll a content, are discussed. Changes in the chemical properti.es 
of the water, an increase in trophy, and the existing differences in the fertility 
of the water between the reservoirs are associated with the ways of utilization 
of the catchment basins and with their population density. On the basis of the 
whole collected material a scheme of the eutrophication of the examined 
reservoirs is presented.

Key words: dam reservoirs, affluents, nutrients, ion composition, chlorophyll, 
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1. Introduction

The catchment basin and its character are of vital importance for 
the natural chemical composition of the water (Stangenberg 
1958, Pasternak 1962). The waters flowing off from a 
catchment basin collect on their way various amounts of mineral, 
organic, and gaseous compounds, depending on the type of rock or 
soil material they contact or through which they infiltrate. These 
compounds enter into the composition of the waters 
(Pasternak 1976), which undergoes a radical change in 
industrial regions and large over-crowded areas (Wróbel 1988,
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Dojlido, Woyciechowska 1989, Kościuszko, 

Prajer 1990) and as an effect of agricultural activity 
(Prochazkova et al. 1973, 1976, Prochazkova,
Blazka 1986, 1989).

The chemical composition of the surface waters is also subject to 
the influence of the settling organisms (Berg et al. 1987) since in 
these waters the two basic processes of photosynthesis and 
respiration take place continuously (Starmach et al. 1976). In 
the course of the last several decades the waters have been rapidly 
enriched with compounds participating in photosynthesis, i.e. 
nitrogen and phosphorus, and as a result the balance between 
photosynthesis and respiration has been disturbed. This in turn 
leads to the accumulation of organic matter in the water and deep 
changes in its chemical properties, often resulting in the 
degradation of the water with respect to its suitability for 
consumption or any other practical application in industry or 
farming (Jankowski 1973, Kajak 1979, Kondrat’ev, 

Koplan-Diks 1988). The phenomenon of fertilization of waters 
leads also to significant changes in the flora (Trifonova 1988, 
1989, Den Hartog et al. 1989) and fauna (Andronikova 
1980, Opuszyński 1987).

There are 123 dam reservoirs in Poland (Głodek 1985). Some 
of them are the subject of complex hydrobiological investigations, 
including the registration of changes in the plant and animal 
communities in these water bodies according to the chemical 
composition of the water (Krzyżanek, Kownacki 1986, 
Kajak 1989, Giziński et al. 1989, Galicka et al. 1990). 
Knowledge of the phenomena occurring in reservoirs, from the 
moment of their construction through subsequent years, and 
estimation of the effect of human activity on them may together 
create the minimum basis necessary for prediction of the trends of 
succession and. for the undertaking of countermeasures intended for 
their planned protection (Kownacki, Starmach 1989). An 
example of long-term hydrobiological monitoring is the Goczałkowice 
Reservoir, which has been studied from the moment of its 
inundation in 1955 until today, using practically the same methods. 
The results of these investigations have been reported in 168 papers 
(Kasza 1991). Other models of complex monitoring studies are 
the Wisła Czarne and Rybnik Reservoirs (fig. 1).

The main part of the present study refers to the Goczałkowice 
Reservoir. It comprises the results of investigations carried out by 
the author in the period 1973-1989. Some of them have already been 
published (Kasza 1977, 1979, 1980, 1986a, Kasza,
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Fig. 1. Schematic representation of the location of the studied reservoirs in Poland.
1 - Wisła Czarne Reservoir; 2 - Goczałkowice Reservoir; 3 - Rybnik Reservoir

Winohradnik 1986, Krzyżanek et al. 1986). Advantage 
has also been taken of the investigation results obtained by 
Domańska (1957, 1958), Tracz (1958, 1960), Bombówna 
(1962), and certain results made accessible by the Provincial 
Institute of Water Supply and Sewerage in Katowice. In the case of 
Wisła Czarne Reservoir, the material collected by Magosz (1976) 
including the investigations from the first two years of the 
reservoir’s existence (1974-1975) and the author’s own material from 
the period 1976-1984, published in part (Kasza 1986b) have been 
utilized. In the preparation of material referring to the Rybnik 
Reservoir the main source were the results of investigations 
conducted, by the author in the period 1976-1981, published in part 
(Pasternak, Kasza 1978) as well as other, unpublished 
studies (Wróbel, Bombówna, Pasternak) from the 
period 1973-1981.

The aim of the present work was to trace the changes in the 
chemical properties of the water against the chemical composition of 
the affluents in three dam reservoirs, differing with respect to their 
morphological and geological conditions and destination, besides the 
interaction of anthropogenic factors, starting from the first years of 
their existence. It was also an attempt to determine the effect of 
changes in the chemical properties of the water in these reservoirs 
on the phytoplankton, expressed in terms of chlorophyll content and 
to find the main reasons for such changes.
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2. Study area

To characterize the studied reservoirs their hydrological and 
morphometric data have been listed in Table I, and the structural 
features of their catchment basins in Table II and in figs 2-4 
(Brykowicz-Waksmundzka, Waksmundzki 1975, 
Olszamowski, Rożnowska 1988, Pasternak 1962, 
Wróbel 1975, Kasza 1986c, Kozlowski et al. 1981).

2.1. The Wisła Czarne Reservoir and its catchment basin

This is a not large, montane, rheolimnic reservoir of great depth, 
placed on the upper Vistula. It is one of the highest situated Polish 
reservoirs. The surface inflow of water to it is provided by two 
mountain rivers, The Czarna Wisełka and Biała Wisełka (40 and 
60% respectively of the inflowing water in the total balance)

Table I. Parameters of the studied dam reservoirs. * - normal water level; 
FSL - full supply level

Parameter Wisła Czarne Goczałkowice Rybnik

Geographical situation 49°36’N 49°5’N 50°07’N
18°56’E 18°52’E 18°28’E

Altitude (m) 540 260 220
Capacity (106m3) FSL 4.9 168 24
Area (km2) FSL 0.42 32 5.55
Maximum depth (m) FSL 30.0 11 11.0
Mean depth (m) FSL 11.6 5.3 4.3
Location of the sluice at the bottom at the bottom at the bottom
Dist. from the source (km) 10 68 32
Mean annual inflow (m3s-1) 0.66 7.24 2.57
Retention time * (years) 0,10 0.63 0.26
Frequency of water exchange 10.4 1.6 3.8
Year of beginning of 
exploitation 1974 1955 1972
Purpose water supply, 

flood inspection
water supply, 

flood inspection
industrial-cool­
ing of steam 
from a power 

station
Ice cover 3-5 month 1-2 month none
Eposure to wind slight strong moderate
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Table II. Parameters of the catchment basins of the studied dam reservoirs

Parameter Wisła Czarne Goczałkowice Rybnik

Area (km2) 28.8 532 280
Type of catchment 
basin and its use

montane, 
afforested, 
tourist centre

farmland 
and forests, 
urbanized

farmland 
and forests, 
strongly 
industrialized 
and urbanized

Affluents Biała Wisełka,
Czarna Wisełka

Vistula,
Bajerka

Ruda, 
Nacyna

Land use %: 
forests 93.8 36.6 37.9
farmland 2.4 55.3 52.1
other 3.8 8.1 10.0

Population in 1988 
(inhab. km-2)

35.0 230.0 770.0

Annual runoff
(dm3s-1 km-2)

22.9 13.6 9.2

Annual precipitation 
(mm)

1370 1125 744

Geological formation flysch rocks 
covered with 
eluvium of clay 
with rubble 
and shales, 
loamy sand

flysch sediments 
partly covered 
with Quaterna­
ry materials 
(loessy clays, 
sands, and 
Carpathian 
clays)

pleistocenic se­
diments (layers 
of clays, sands), 
helocenic sedi­
ments (fine, 
medium sands, 
alluvial clays)

(Magosz 1976). In the land use structure of the catchment area 
of this reservoir there forests prevail (Łajczak unpubl.). This 
region, with its outstanding advantages as a health resort lying in 
a natural, beautiful landscape, is an area of mass tourism, which 
has become a potential danger to the purity of the water in both 
rivers and in the reservoir; moreover, the Biała Wisełka receives the 
domestic and farmyard sewage from a small settlement in the river 
valley.

2.2. The Goczałkowice Reservoir and its catchment basin

This is a large, shallow reservoir, of pond type, located on the 
upper Vistula. The E-W location of its basin and the exposed terrain 
favour strong operation of the winds, which, together with the 

http://rcin.org.pl



70

consequent undulation, bring about frequent and thorough mixing of 
its waters.

The main source of water supply for the reservoir is the Vistula, 
providing 82%, and the small Bajerka stream which supplies 4% of 
the water. Atmospheric precipitation accounts for about 9% in the 
total water balance of the reservoir. The high proportion of 
precipitation can be ascribed to its morphometric features (Kasza 
1979).

The catchment basin of the Goczałkowice Reservoir comprises 
montane, submontane, and flat terrain. In its montane area it is 
exposed to the effects of tourism and forestry, while the remaining 
parts are utilized for farming. This catchment basin is moderately 
populated, with two small industrial towns and two small towns 
functioning as tourist centers. Its sewage, both industrial and 
municipal wastes, is carried away into the Vistula upstream from 
the reservoir. Only a small part of it undergoes purification 
treatment.

2.3. The Rybnik Reservoir and its catchment basin

This is a shallow, lowland reservoir, of medium size, in which the 
warm discharge waters from the Rybnik power station greatly affect 
the thermal currents and the evaporation of the water as well as its 
circulation and continuous mixing in the reservoir. In summer, the 
water temperature at the place where it enters the power plant is 
25.6°C, while after passing through the cooling installations and 
flowing into the reservoir its temperature is 34°C. In the winter the 
reservoir does not freeze and the water temperature never falls 
below 3.9°C. The vegetation season in the reservoir water is about 
2.5 months longer than that in other waters in the region. The 
amount of water evaporating from the surface of the reservoir in 
summer is close to the value of the minimum surface water inflow 
(Kozłowski et al. 1981).

The main source of water for the reservoir is the River Ruda and 
the periodical overflows of water from the River Nacyna. The 
greatest part of the water from the Nacyna is carried away through 
a pipeline outside the reservoir, as this water is exceptionally 
strongly polluted and salinated by mine waters from the Rybnik 
Coal Region.

The northern part of the catchment basin is covered with large 
forest complexes while the southern part is used for farming. The 
central area of the drainage basin is densely populated (in 1.981 the 
population was 590 persons km-2) and industrialized, this being 
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responsible for the inflow of large amounts of industrial and 
municipal wastes to the reservoir.

3. Material and methods

The material include the results of investigations of the Wisła 
Czarne Reservoir in the period 1974-1984, the Goczałkowice 
Reservoir in the period 1957-1989, and Rybnik Reservoir in the 
period 1973-1981.

The chemical properties of the water were determined by the 
method recommended by Just and Hermanowicz (1955, 
1964), Golterman and Clymo (1969), Hermanowicz 
et al. (1976). Chlorophyll was determined according to 
SCOR-UNESCO (Ausgewaehlte Methoden der Wasseruntersuchung 
1970).

The samples were usually collected at intervals of about one 
month until the appearance of ice cover. Location of the sampling 
stations is shown in figs 2-4.

The rivers flowing into the Goczałkowice Reservoir were 
investigated in certain periods (Kasza 1977, 1986a), depending

Fig. 2. Catchment basin of the Wisła Czarne Reservoir (A), a - meadows and arable 
land; b - forests; c - reservoir. Location of sampling stations (B) 
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on the research programme of the Institute of Freshwater Biology. 
Also in the Rybnik Reservoir the mineral nutrients were determined 
through monitoring, while the other components of the chemical 
composition of the water were determined only in some years.

The primary production of phytoplankton was investigated only 
in the Goczałkowice (Station I in the period 1987-1989) and Rybnik 
Reservoirs (Station I in the period 1975-1981) by the light and dark 
oxygen method (Pasternak, Kasza 1978). Primary 
production in the Wisła Czarne Reservoir was determined on the 
basis of the chlorophyll a content and the index 1 mg chl. a = 30 mg 
C 24 h-1 (Bul’on 1984).

The data concerning the population density and the amounts of 
applied mineral fertilizers were derived from statistical year-books

Fig. 3. Catchment basin of the Goczałkowice Reservoir (A). 1 - towns and 
settlements; 2 - waters; 3 - forests. Location of sampling stations (B)
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for 1957-1989 and from materials obtained from the Provincial 
Office in Bielsko-Biała.

The loads of biogenic compounds flowing into the reservoirs were 
calculated according to the regression equations in terms of the 
dependence between flow and concentration (Kasza 1977) or by 
multiplying the mean concentration of the biogens in the water of 
the rivers by the annual water inflow (Kasza 1986b). The 
practical and theoretical problems of calculating the loads are 
discussed in a study by Nesmerak (1986a), and the description 
of the four basic methods of calculating the inflow of nutrients 
together with literature data can be found in the work by 
Krummenacher (1976).

To obtain a more detailed characterization of the organic 
compounds occurring in the water of the Rivers Ruda and Nacyna,

Fig. 4. Catchment basin of the Rybnik Reservoir (A), a - forests; b - arable land; 
c - reservoir; d - towns and settlements. Location. of sampling stations (B). 
a - pipeline of the River Nacyna; b - dam controlling water movement

http://rcin.org.pl



74

calculation of the ratio of oxidability and BOD5 to COD on the basis 
of the mean values from 1981 (Bombówna unpubl.) was used.

4. Results

4.1. Changes over many years in selected chemical parameters of the 
water in rivers feeding the reservoirs

4.1.1. Rivers flowing into the Wisła Czarne Reservoir

Chemical investigations of the waters of the Biała and Czarna 
Wisełka did not reveal the presence of pollutants. The water of the 
Biała Wisełka was richer in nutrients than that of the Czarna 
Wisełka and contained greater amounts of electrolytes (fig. 5).

The ion composition of the water (fig. 5), the content of organic 
matter expressed in terms of oxidability and nutrient concentration 
(fig. 6) over a period of several years, did not undergo any significant 
changes in either stream, both as regards the mutual relations 
between the cations or anions or the appearance of any distinct 
tendency for an increase or decrease in their average values.

4.1.2. The Vistula above the Goczałkowice Reservoir

When leaving the Wisła Czarne Reservoir the Vistula collects 
waters from recreational and tourist regions and then from 
agricultural and moderately industrialized areas. On entering the 
Goczałkowice Reservoir its waters are more abundant in mineral 
salts and nutrients (fig. 7A, B, C).

The data referring to ion composition of the Vistula water over 
many years have revealed increasing amounts of macroelements and

Fig. 5. Mean ion composition of water in the Rivers Biała (A) and Czarna Wisełka (B)
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Fig. 6. Mean values of oxidability (A), content, of nitrates (B), and total phosphorus
(C) in the Rivers Biała and Czarna Wisełka

changes in the proportion of their concentration (fig. 7A). With 
calcium and the associated carbon dioxide still prevailing, there 
appeared a tendency towards a gradual replacement of carbonates 
by the ions of strong acids, i.e. by chloride and sulphide ions. In 
spite of a continued increase in absolute cation concentrations, their 
mutual percentage relations in the ion composition did not undergo 
any essential changes.

Over a 29 year period, the amount of nitrates, which are the 
main source of the mineral forms of nitrogen in the water of the 
Vistula, increased about 4 times, and that of total phosphorus 
(studied from 1973) 3 times. The tendency towards a gradual 
increase in the amount of both nutrients was described using a 
linear equation, in which time was regarded as the independent 
variable (fig. 7B, C).

The oxidability of water in the Vistula showed no significant 
changes during the investigated period (7D).
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Fig. 7. Mean ion composition (A), the content of nitrates (B), and total phosphorus
(C) and oxidability (D) in the water of the Vistula above the Goczałkowice 
Reservoir. In the equations: x - successive years of investigations, e.g. for 

Ptot: x = 1 for 1973, x = 2 for 1974, etc; * - P = 0.001

4.1.3. Rivers flowing into the Rybnik Reservoir

The waters of the Rivers Ruda and Nacyna differed from each 
other distinctly as regards the content of macroelements, being of 
the sodium-chloride type. The waters in both rivers were polluted 
with domestic and industrial wastes from the towns Żory and 
Rybnik (the water of the Nacyna receives, moreover, a considerable 
amount of underground waters from the mines of the Rybnik Coal 
Region) and were characterized by a prevalence of the content of 
chlorides, sulphates, and sodium, over that of calcium carbonates 
(fig. 8). The rivers revealed very great differences in the 
concentration of salt, as the mean sum of anions and cations, e.g. in 
the Ruda water, was relatively low (9.7 mval dm-3) as compared 
with their content in Nacyna (150.3 mval dm-3). In the course of the 
nine years of investigations of the affluents of the Rybnik Reservoir 
a gradual increase in the concentration of the components of the ion 
composition of the Ruda water was observed, the increase in the 
amount of calcium carbonates being the highest (fig. 8). Both rivers 
also carried enormous quantities of nitrogen and phosphorus 
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compounds (fig. 9A, B) and organic matter expressed in terms of 
oxidability (fig. 9C). Among the mineral bonds of nitrogen the 
ammonia form distinctly prevailed over the nitrate form.

Fig. 8. Mean ion composition of water in the Rivers Ruda (A) and Nacyna (B)

Fig. 9 Mean content of mineral nitrogen (A), phosphorus (B), and oxidability (C), 
in water of the Rivers Ruda and Nacyna
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In the period 1973-1981 the concentration of phosphate 
phosphorus in the River Ruda doubled, and in the River Nacyna it 
increased 4-fold (fig. 9B). Phosphate phosphorus accounted for 
60-70% and 38-62% of total phosphorus respectively, present in the 
waters of the River Ruda and Nacyna. In the 3-year-period of 
investigation no distinct tendency towards changes in the content of 
total phosphorus in these rivers was observed.

The ratio of oxidability to COD (calculated on the basis of the 
mean values from the year 1981) of the water of the River Ruda was 
13.3% and that of the River Nacyna only 3.2%. The relation of BOD 
to COD was 9.2% and 1.1% respectively, thereby proving that the 
organic matter in the Nacyna undergoes degradation to only a small 
extent, whereas in the River Ruda this process is much more 
advanced.

4.2. Changes in selected chemical parameters in the water of the reser­
voirs over a period of several years

4.2.1. The Wisła Czarne Reservoir

The water in the reservoir, just as those of its affluents, did not 
reveal the presence of pollutants in the studied period, and the 
mean values of the parameters of the ionic composition of the water 
(fig. 10A) and the concentrations of nitrate nitrogen (fig. 10B) were 
the resultant of the concentrations occurring in the waters of the 
two tributary rivers. In comparison with the waters of the affluents, 
in that of the reservoir only oxidability increased slightly (fig. 10C), 
while the concentration of total phosphorus decreased (fig. 
10D).

The temperature of the water in this reservoir is low, rarely 
exceeding 18°C (fig. 10E), and well oxygenated. There is no distinct 
stratification of oxygen, the greatest difference in its concentration 
observed between the water layer near the surface and over the 
bottom being 1.7 mg O2 dm-3 (fig. 10F).

A detailed analysis of the changes in the extent of water 
mineralization with the aging of the reservoir showed, similarly as 
in the water of the tributary rivers, an extremely small variation in 
the ion. composition of the reservoir water (fig. 10A). During the five 
years of its existence the content of nitrates increased slightly with 
each year, from 1981 slightly decreasing to reach after 10 years the 
same concentration value as in the first year of exploitation (fig. 
10B). The amount of total phosphorus only in two first year after 
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inundation (1974/1975) was twice as high as in the remaining years, 
in which the phosphorus concentration differed only slightly from 
each other. Nor was any distinct tendency towards an increase or 
decrease in the content of this component observed. The oxidability 
of the water, except in the year 1976, did not undergo any 
significant changes, demonstrating the same values throughout the 
whole period of study (fig. 10C).

Fig.10. Mean ion composition (A), content of nitrates (B), oxidability (C), 
concentration of total phosphorus (D), temperature (E), and oxygen content 

(F) in water of the Wisła Czarne Reservoir

4.2.2. The Goczałkowice Reservoir

The hydrochemical investigations of the reservoir carried out over 
several years enabled three periods in its development to be 
distinguished. The first comprised the years during which the 
reservoir was gradually attaining stabilization, i.e. from the moment 
of inundation until 1961. The second period from 1962 till 1985, was 
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one of gradual eutrophication, during which the maximum values of 
the chlorophyll a content did not exceeded 30 μg dm-3. The third 
period began in 1986 and continues until today. During this period 
the maximum annual values of the chlorophyll a content were 
higher than 50 μg dm-3 with the occurrence of water blooms.

In the first period, the decomposition process of the flooded 
vegetation and the interaction of the original soil led to raised (as 
compared with the following years) content of organic matter in the 
reservoir water, manifested by its oxidability (fig. 11A) and a high 
degree of water colour (fig. 11B). The amounts of compounds 
determining the degree of water mineralization were relatively low 
(figs 11C-F, 12A), and those of nutrients were rather small (figs 11F, 
12B). In the ion composition of the reservoir water there prevailed

Fig.11. Mean annual value of the oxidability (A), colour (B), hardness (C), 
concentration of chlorides (D), dry residue (E; 1), remainder after calcination 
(E; 2), and concentration of mineral nitrogen (F) in water of the 

Goczałkowice Reservoir. Explanations as in fig. 7
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calcium and the associated carbon dioxide in the form of 
hydrocarbonate and calcium carbonate (fig. 12A). In smaller 
amounts there appeared in sequence among the anions sulphates 
and chlorides and, among the cations, magnesium, sodium, and 
potassium. In summer the amounts of oxygen at a depth 
from. 4-6 m to the bottom were smaller than 6 mg O2 dm-3 (fig. 13).

During the second period of the reservoir development a constant 
and systematic increase in the mineralization and fertility of the 
water was observed. Such parameters as dry residue and mineral 
fixed residue showed a tendency towards an increase in the annual 
values almost every year (fig. 11E). The tendency towards 
increasing contents of the calcium and magnesium cations (fig. 11C), 
and of the chloride and sulphate anions (figs 11D, 12.A respectively) 
was particular visible. In spite of the fact that calcium carbonate 
continued to dominate in the carbonate form, in the reservoir water, 
there appeared a tendency, similarly as in the water of the Vistula, 
to replacement of the carbonates by the chloride and sulphate ions. 
In spite of an increase in the absolute values of the cations the 
mutual percentage relations between them did not undergo any 
changes (fig 12A).

The concentration of the phosphate phosphorus in the reservoir 
water also increased twofold, while the concentrations of total 
phosphorus, studied from 1973, showed an increase almost every 
year (calculated on the basis of annual mean values) (fig. 12B). The 
oxygen conditions were good, though towards the end of this period 
the amount of oxygen in the deeper layers of the reservoir water 
slightly diminished (fig. 13).

When comparing the mean concentrations of the mineral nitrogen 
compounds from the first and second periods of the reservoir’s 
history, an almost 2.5 times increase in the content of nitrates and 
about 1.5 times in the concentration of ammonia nitrogen can. be 
observed.

In the third period of development a slight increase in the degree 
of water mineralization and its fertility was found to occur. The 
mean annual content of the macroelements determining the degree 
of water mineralization and of the nitrogen and phosphorus 
compounds (figs 11, 12) showed no constant increase. The water in 
the reservoir became strongly eutrophicated. The deterioration of 
water quality was manifested by water blooms. The oxygen 
conditions were relatively good and the period during which the its 
concentration in the deeper water layers was less than 6 mg O2dm-3 
was longer than in the preceding period (fig. 13).
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Fig. 12. Mean ion composition (A) and content of phosphorus (B) in water of the
Goczałkowice Reservoir. Explanations as in fig. 7

Fig. 13. Content of oxygen in water of the Goczałkowice Reservoir in individual 
selected years. Hatched areas - oxygen content; smaller than 6 mg O2 dm-3
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4.2.3. The Rybnik Reservoir

The water in the reservoir is of the chloride-sodium type (fig. 
14A). During the studied period, in the reservoir water the sulphate 
ions prevailed over the carbonate ones, and the degree of 
mineralization constantly increased. Besides the systematic and 
absolute increase in the water mineralization, with the aging of the 
reservoir the mutal percentage relations of the ion composition also 
changed. Among the cations the proportion of sodium and among 
the anions that of chlorides were distinctly on the increase.

With the passage of years the content of mineral soils in the 
reservoir water differed more and more from their concentrations in 
the water of the River Ruda. In 1973 their average content in the 
water of the reservoir and in the River Ruda was approximately the 
same, but in 1980 the amount of electrolytes in the reservoir was 
twice as much as that in the River Ruda. The concentrations of 
these mineral compounds in the reservoir, however, were many 
times lower than in the water of the River Nacyna (figs. 8, 14A).

Oxidability, when compared with the affluents, was distinctly 
lower in the reservoir water (fig. 14B). As the reservoir aged a 
tendency towards an increase in the content of organic matter in its 

Fig. 14. Mean ion composition (A), oxidability (B), content of mineral nitrogen (C), 
and phosphorus (D) in water of the Rybnik Reservoir
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water could be observed. In spite of considerable self-purification of 
the reservoir water of the excess of organic substances, the 
differences in the mean annual values of oxidability between River 
Ruda and the reservoir constantly diminished.

A change in water quality in the reservoir was also manifested 
by a decrease in nutrient concentration. The content of mineral 
nitrogen compounds in the reservoir water was many times lower 
than in its affluents (fig. 9A,14C). The proportions of the
concentrations of the various nitrogen forms changed. In the 
reservoir water, in opposition to the affluents, the nitrate nitrogen 
form distinctly prevailed over the ammonia one. The concentrations 
of phosphates and total phosphorus in the reservoir were also many 
times lower (fig. 14D). The concentrations of these nutrient salts, 
although lower than in the affluent waters, made the reservoir 
water very fertile, at times giving them a hypertrophic character. 
On a scale of many years, taking into consideration the annual 
mean values, the concentration of mineral nitrogen, after an initial 
increase, maintained a high, balanced level, and the amount of total 
phosphorus in the last year of the investigations increased 
from 86 μg P dm-3 to more than 100 μg Ptot dm-3.

Temperature measurements (fig. 15A) showed that the main 
stream of warmed-up water from the power station is intensely 
cooled in the upper cross-section of the reservoir through mixing 
with the inflowing water of the River Ruda. Consequently, in the 
upper part of the reservoir temperature stratification does not occur. 
Not until near the front dam can a slight manifestation of this 
phenomenon be observed. The thermal profiles were similar to those 
in the natural state, though the temperatures were about 10°C 
higher. In winter, in the absence of ice on the reservoir, the autumn 
stratification with systematic mixing of the upper and lower water 
layers was prolonged. These conditions favoured aeration of the 
entire water volume, as in the studied period the oxygen conditions 
were fairly good (fig. 15B).

In summing up the results of hydrochemical investigations of the 
Rybnik Reservoir it can be said that the retention of the river water 
in the first few years of exploitation of the reservoir led to a distinct 
improvement in the water quality owing to a decrease in the 
concentration of the immense load of nutrients flowing into the 
reservoir. With the passage of years mineralization of the water in 
the reservoir increased, chiefly thanks to an increase in the content 
of sodium chloride, as well as in the concentration of biogens and 
the amount of organic matter.
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Fig. 15. Water temperature distribution (A) in winter (a) and in summer (b) in 1975 
and oxygen content (B - mg O2 dm-3) in 1976 and 1981 in the Rybnik 
Reservoir. Arrow denotes temperature of water flowing from the power 

station

4.3. The loads of nutrients carried into the reservoirs

The surface loading of the bottom of the particular reservoirs 
with nutrients was calculated on the basis of data from the surface 
runoff of nitrogen and phosphorus compounds and the frequency of 
water exchange at their normal level. The calculated values of the 
introduced load of nutrients in the three reservoirs show some 
differentiation. The Wisła Czarne Reservoir is the least and the 
Rybnik Reservoir the most loaded, especially with phosphorus. The 
obtained values of the introduced nutrients (Table III) reflect the 
above-described changes in the fertility of the water of the affluents, 
confirming the results obtained so far. In the affluent waters of the

Table III. Load with nutrients of the Wisła Czarne, Goczałkowice, and Rybnik 
Reservoirs (g m-2 year-1)

Reservoir, periods of 
investigation Nmin. Ptot.

Wisła Czarne
1974-1975 - 0.23
1976-1979 5.7 0.13
1982-1983 6.6 0.24

Goczałkowice
1973-1975 5.4 0.18
1982-1983 10.6 0.47

1987 17.4 0.57
Rybnik

1979-1981 16.9 1.84
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Wisła Czarne Reservoir no definite tendency towards an increase or 
decrease in fertility was observed, hence no essential changes in the 
loading with nutrients in this reservoir were recorded. The loading 
of the Goczałkowice Reservoir both with nitrogen and phosphorus 
increased, over a period of 12-14 years this increase being threefold, 
similary as was the case in its main tributary, the Vistula. The 
loads of nutrients introduced into Rybnik Reservoir, however, 
because of being recorded only over 3 years, cannot be used to 
determine the tendency towards changes in the loading of the 
reservoir bottom with these nutrients.

4.4. Changes in the chlorophyll a content in the reservoirs over many 
years

Changes in the chlorophyll a content in the waters of the 
examined reservoirs are presented as the mean annual changes for 
the vegetation seasons (fig. 16A) and shown in the list of its 
maximum content in the successive years of investigation (fig. 16B).

In each of these reservoirs different contents of chlorophyll a 
were found. In the water of the Wisła Czarne Reservoir its amounts 
were relatively low, the maximum concentrations not exceeding 9.8 
μg dm-3, while the mean values from the particular vegetation 
seasons remained almost on the same level, varying about 3-5 μg 
dm-3 without any significant differences. For the entire period of the 
investigations 75% of the data describing the content of this 
pigment in the water of the Wisła Czarne Reservoir fell within the 
range 1-6 μg dm-3.

In the water of the Goczałkowice Reservoir the amounts of 
chlorophyll a were much higher than in the preceding one and 
increased with the age of the reservoir. Up to 1985 the maximum 
concentrations of this pigment did not exceed 30 μg dm-3, but since 
1986 they have always been higher than 50 μg dm-3. In 1987 the 
highest concentration of the chlorophyll a in the reservoir water 
(163 μg dm-3) was recorded. The values of mean concentrations of 
chlorophyll a from the particular vegetation seasons revealed a 
tendency towards a gradual increase in the content of this pigment 
in the reservoir water, which can be represented by means of a 
linear regression equation (fig. 16A). Mean concentrations of 
chlorophyll a in the vegetation seasons since the year 1987 have at 
least been equal to 20 μg dm-3.

The amounts of chlorophyll a found in the Rybnik Reservoir were 
the highest. In the first, 5 year-period, of the reservoir’s existence,
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the maximum content of chlorophyll a in the vegetation season was 
no higher than 35-37 μg dm-3, but in the 6th year of its functioning 
the concentration of this assimilative pigment jumped to 148 μg 
dm-3, to range in the following years from 87-164 μg dm-3. The mean 
values from the particular vegetation seasons were also very high, 
i.e. up to 1977 18-20 μg dm-3 and from 1978 28-34 μg dm-3. The 
increase in the amount of chlorophyll a in the reservoir water 
manifested by the average concentrations from the particular 
vegetation seasons did not a linear character as was the case with 
the Goczałkowice Reservoir but was a sudden rise to a higher level 
of trophy. Chlorophyll a

Fig. 16. Mean content of chlorophyll a. from a vegetation season (A) and its 
maximum contents (B) in water of the studied reservoirs, ** - P = 0.01.

Explanations as in fig. 7

5. Discussion

5.1. Effects of changes in the water environment in the studied dam 
reservoirs

The literature data provide sufficient evidence that the excessive 
development of plant communities, especially the planktonic ones, is 
due to the enrichment of surface waters with mineral nutrients 
(Wróbel 1983, Bucka 1987, 1989, Burchardt 1987,
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Burchardt, Pańczakowa 1987, Dumnicka et al. 
1989, Szyszka 1990). A measure of the development of these 
communities is their quantity, quality, and production. The content 
of chlorophyll a may be an auxiliary indicator in determining the 
amount of phytoplankton. It may be a vivid illustration of the 
changes in the water environment, especially when the chlorophyll 
measurements are being carried out over a long period of time 
(Toth 1976, Starmach 1989).

The course of changes in the mean values of the chlorophyll a 
content from the vegetation seasons over several years (fig. 16A) 
and the changes in the nutrients in the waters of the three studied 
reservoirs permit the following remarks: in the Wisła Czarne 
Reservoir, i.e. a reservoir in which changes in the nutrient content 
over many years showed no tendency towards a rise or fall in their 
concentrations, the average amount of the assimilation pigment over 
the study period also underwent no significant changes, remaining 
on the same level. In the Goczałkowice and. Rybnik Reservoirs, i.e. 
those in which a gradual increase in the concentration of nutrients 
was observed, the mean amounts of chlorophyll a in the vegetation 
season became over higher with the increasing fertility of the water.

An amount of chlorophyll a equal to 50 μg dm-3 represents the 
lower limit for the occurrence of water blooms (Barica 1981). An 
effect of increasing abundance in the waters of nutrient compounds 
was the mass occurence of algae in the Goczałkowice Reservoir in 
the thirty-first year and in the subsequent years of its exploitation, 
and in the Rybnik Reservoir already from the sixth year of its 
existence (fig. 16B). The mass occurrence of algae in the 
Goczałkowice Reservoir during the period 1976-1982 
(Krzyżanek et al. 1986, Pająk 1986) cannot be defined in 
terms of water blooms. This was noted by Bucka (1987) who 
suggests the use of the term “intensified development”, when the 
number of individual cells, coenobia, or colonies of other types, or 
trichomes range from 102 to 5·102cm-3. Such amounts of algae were 
found in the Goczałkowice Reservoir in the period 1976-1985.

During the process of eutrophication of the water there occur not 
only quantitative changes in the biomass of the phytoplankton 
with a tendency towards its increase, but also structural changes 
in the phytoplankton communities (Trifonova 1988, 1989, 
Dumnicka et al. 1989). The changes in the qualitative 
composition of phytoplankton in the studied reservoirs with their 
aging are illustrated in figs 17-19.

In a monograph study of the Goczałkowice Reservoir 
(Krzyżanek, Kownacki 1986) it was found that shortly

http://rcin.org.pl



89

Fig. 17. Course of changes in chlorophyll a content in water of the Wisła Czarne
Reservoir showing dominating plankton groups. Percentage values refer to
participation of these groups in the total number in the period of maximum

chlorophyll content (after Strzelecki unpubl., Pająk unpubl.)

after its inundation and during the period in which it was 
approaching stabilization there appeared single species water 
blooms, which were mainly attributed to the inflow of nutrients 
from the flooded soil and the decaying vegetation. Krzyżanek 
et al. (1986) and Pająk (1986) from the year 1962, i.e. when the 
reservoir bottom had became stabilized, observed a decrease in the 
development of phytoplankton, which lasted till 1974. Starting from 
1976 the development of phytoplankton became increasingly 
stronger together with the ever more frequent and intensive 
occurrence of the blue-green alga Microcystis aeruginosa, 
occasionally accompanied by the blue-green alga Aphanizomenon 
flos-aquae. An explosion in the development of these two species has 
been taking place since 1986. In that year there occurred water 
blooms of Μ. aeruginosa, and in 1987 and in the following years 
those of A. flos-aquae (fig. 18).

In the Rybnik Reservoir, from its inundation till 1974 the 
comparison succession of phytoplankton were typical for many dam 
reservoirs with natural thermal currents (Wróbel unpubl.). The 
maximum development of algae took place in March, April, and 
September. During the first period the diatoms developed and 
during the second the blue-green algae. From May till August there 
developed various species of green alga (Wróbel unpubl.). With 
the aging of the reservoir the numbers and the biomass of
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Fig. 18. Course of changes in chlorophyll a content in water of the Goczałkowice
Reservoir showing dominating plankton groups. Percentage values refer to
participation of these groups in the total number in the period of maximum

chlorophyll content (after Pająk 1986, Pająk unpubl.)

phytoplankton increased. From 1975 till 1977 an intensive 
development of planktonic algae, with a domination of diatoms and 
subdomination of green algae and dinoflagellates, was observed. The 
blue-green algae Μ. aeruginosa and A. flos-aquae were also 
encountered in small numbers (Strzelecki unpubl.). In. the 
period 1978-1980 there occurred single species water blooms of the 
blue-green alga Μ. aeruginosa and in 1981 two maxima of water 
blooms - in spring, caused by the diatom A. formosa, and in summer 
by the blue green algae Anabena sp. and Oscillatoria sp. (fig. 19).

The details concerning the physico-chemical features of the 
aquatic environment during the occurrence of the blue-green algal 
water blooms have been given by many authors (Kappers 1984, 
Bucka 1987, 1989, Burchardt 1987, Trimbee, Prepas 
1988). Opinions concerning the effect of the aquatic environment on 
the occurrence of blue-green algae water blooms are often
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controversial and, according to Bucka (1989), require further 
research. In the Goczałkowice and Rybnik Reservoirs the 
physico-chemical properties of the aquatic environment are also 
diametrically different.

An important manifestation of increasing water trophy in the 
Goczałkowice Reservoir in recent years is the decreasing amount of 
oxygen, which is especially visible in summer. This is the 
consequence of the decomposition of excessive amounts of organic 
substance produced by phytoplankton. As the water here undergoes 
frequent, through mixing, the oxygen stratification typical of deep 
waters with an excess of nutrients is not observed. The absence of 
oxygen stratification has also been reported for the shallow, strongly 
eutrophicated Sulejów Reservoir (Galicka et al. 1990).

Increased trophy and deterioration oxygen conditions in the 
water of the Goczałkowice Reservoir undoubtedly contributed to the 
changes in the communities of bottom macrofauna. Starting from 
1987, a gradual increase in the numbers and biomass of this group 
of animals has been observed (Krzyżanek unpubl.). This refers 
mainly to the larvae of Chironomidae. The deteriorating 
environmental conditions may also be responsible for the reduction 

Fig. 19. Course of changes in chlorophyll a content in water of the Rybnik Reservoir
showing dominating plankton groups. Percentage values refer to
participation of these groups in the total number in the period of maximum
chlorophyll content (after Srzelecki unpubl., Krzeczkowska-Wołoszyn

unpubl., Cierniak unpubl.)
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of the number and biomass of the group Bivalvia, as well as the 
change in domination of the species Unio pictorum and Anodonta 
cygnea, replaced by Unio tumidus and Anodonta piscinalis 
(Krzyżanek unpubl.). Both these species, dominating at 
present in the Goczałkowice reservoir, are characteristic of fertile 
waters (Musatov 1979).

In the Goczałkowice Reservoir, from 1986, the macrophytes, 
especially the submersed ones, began to disappear (Kasza et al. 
1987). In 1987 the submersed vegetation disappeared almost 
completely as well as a considerable portion of the emergent 
vegetation. In the following years, submersed vegetation was 
practically not encountered, while swamp vegetation was found only 
in those parts of the reservoir sometimes exposed owing to 
variations in the water level (Kuflikowski unpubl.). The 
phenomenon of decay of higher plants in water bodies of various 
type in northwestern Europe and North America, and probably in 
other industrialized parts of the world, has become fairly common. 
It has been well documented on the basis of selected literature by 
De Nie (1987). Signs of a recession of the macrophytes have also 
been reported in Poland (Ozimek 1983, 1990, 1992,
Szajnowski 1983, Ozimek, Kowalczewski 1984, 
Królikowska 1987). In the above-cited literature the decay of 
plants is said to result from the accidental operation of many 
factors. The main reason is thought to be increased eutrophication 
and pollution of the water with the subsequent effects such as mass 
development of the filamentous algae and epiphytes, reduced water 
transparency, or greater fragility of, e.g., reeds owing to 
overfertilization with nitrogen. In the Goczałkowice Reservoir an 
additional cause of the decline of submersed vegetation was, 
according to Kasza et al. 1987, the introduction of grass carp 
(Ctenopharyngodon idella). In Lake Dgał Wielki the changes in the 
structure of macrophytes and their deterioration were also due to 
the introduction of grass carp (Krzywosz et al. 1980).

5.2. The main causes of the differences and changes in the amounts of 
chlorophyll in the studied dam reservoirs

There are many factors which may affect the production and 
biomass of phytoplankton and thereby the amount of chlorophyll. 
The development of phytoplankton depends on upon a favourable 
combination of these factors, although the level of the nutrients is 
basic (Kajak 1979).
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In the studied reservoirs phosphorus constitutes the factor 
determining the degree of trophy, this having been demonstrated in 
earlier studies on the basis of the weight ratio N:P (Kasza 1977, 
1986b, Pasternak, Kasza 1978). It is also confirmed by the 
high values of the correlation coefficients in figs 20A, B. For the 
Goczałkowice Reservoir the mutual relations between chlorophyll a 
and phosphorus, presented for a five-year time interval (fig. 20B), 
also reveal the increasing eutrophication of this reservoir through 
gradually increasing amounts of chlorophyll a in the water with an 
increasing supply of phosphorus. The eutrophicational role of 
phosphorus in the three reservoirs is also evidenced by the mutual 
correlation between the productivity of photosynthesis of 
phytoplankton expressed as the average production of organic 
carbon in a vegetation season and the mean annual concentration of 
phosphorus (fig. 20C).

The development of phytoplankton does not depend only on the 
current concentration of nutrients, but to a greater extent on their

Fig. 20. Dependence of the mean concentration of chlorophyll a for a vegetation 
season upon mean annual phosphorus concentration for all years (A) 
(collection of data for: 1 - Wisła Czarne, 2 - Goczałkowice, 3 - Rybnik) 
and averaged results (B) (1 - Wisła Czarne 1976-1981, 2 - Goczałkowice 
1976-1980, 3 - Goczałkowice 1981-1985, 4 - Goczałkowice 1986-1989,
5 - Rybnik 1979-1981) and dependence of primary production on the mean 
annual phosphorus content (C) in the studied reservoirs (1 - Wisła Czarne 
1979-1981, 2 - Goczałkowice 1987-1989, 3 - Rybnik 1979-1981). * - P = 0.001 
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constant inflow (Uhlmann, Albrecht 1968, Vollenweider 
1968, 1976, 1979). For the studied dam reservoirs a correlation was 
found to exist between the mean amount of chlorophyll a in a 
vegetation season and the annual load of inflowing phosphorus 
(fig. 21). At the same time, it was established that an increase in 
the loading of 1 m2 of the bottom surface or 1 m3 of water with 
phosphorus led to an increase in the chlorophyll a concentration.

Fig. 21. Dependence of the mean concentration of chlorophyll a for a vegetation 
season upon the amount of inflowing phosphorus: A - per 1 m2 of bottom 
surface (1 - Wisła Czarne 1976-1979, 2 - Goczałkowice 1973-1975, 3 - 
Goczałkowice 1982-1983, 4 - Goczałkowice 1987, 5 - Rybnik 1979-1981); B - 
per 1 m3 of water (1 - Wisła Czarne 1976-1979, 2 - Wisła Czarne 1982-1983, 
3 - Goczałkowice 1973-1975, 4 - Goczałkowice 1982-1983, 5 - Goczałkowice 
1987, 6 - Rybnik 1979-1981). Frequency of water exchange has been taken 

into consideration. * - P = 0.001; **- P = 0.01

The dependence of the biomass of phytoplankton (expressed in 
terms of chlorophyll α) on the concentration of phosphorus as well 
as on its load introduced into the waters, has been demonstrated in 
many research studies conducted chiefly in lakes 
(Vollenweider 1968, 1976, 1979, Dillon, Rigler 1974, 
Rast, Lee 1978 - after Rippey 1990, Dillen et al. 1988). 
According to Kondrat'ev and Koplan-Diks (1988), 
correlations between chlorophyll a concentration and the load of 
inflowing phosphorus have been determined for over 800 lakes in 
the USA, Canada, Europe, and North Africa. The existence of such 
a correlation in Polish lakes was shown by Zdanowski (1982), 
Uchmański and Szeligiewicz (1988), and Szyszka 
(1990), though the number of studies demonstrating it for dam 
reservoirs is much smaller (Nush 1975, Walmsley, Butty 
1980, Porcalova 1986, Chellapa 1990). These dependences 
have been expressed in terms of mathematical equations in linear, 
logarithmic, or even double logarithmic scale as the dispersion of the 
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data was very great. This follows from the fact that there occur 
certain differences in the chlorophyll concentration in a given 
reservoir over several years, although the concentration of 
phosphorus is similar, or vice versa as in the case in the Wisła 
Czarne Reservoir (fig. 20A). One of the reasons why the amounts of 
chlorophyll remain similar with varying phosphorus concentration 
in the waters of the Wisła Czarne Reservoir may be the occurrence 
there of large species of zooplankton (Krzanowski 1987). 
When the zooplankton is composed of large, filter-feeding 
cladocerans the biomass of phytoplankton is kept on a low level 
(Kajak 1981, Hrbacek et al. 1986, Dawidowicz, 
Gliwicz 1987) - much lower than that anticipated in the models 
associating phosphorus concentration with the biomass of 
phytoplankton (Gliwicz 1986, Vlugt, Klapwijk 1988). 
Nevertheless, an attempt made by Dillon et al. (1988) to include 
the biomass of zooplankton as an additional independent variable 
did not help to explain the existing differences between the lakes 
investigated by those authors. Another reason for divergences in the 
relations between phosphorus and phytoplankton obtained by many 
authors are differences of methodological character (Dillon et al. 
1988).

The dependence shown in a logarithmic scale in fig. 21 is 
evidence that the more phosphorus is carried into the reservoir the 
smaller the increase in chlorophyll. The reason for this phenomenon, 
which is of special importance for the Rybnik Reservoir, may be the 
precipitation of the inflowing phosphorus in the carbonate 
compounds, as both the reservoir and its affluents are very rich in 
calcium carbonates and often exhibit an alkaline water reaction 
(Bombówna unpubl.). In the case of the heated Konin lakes, the 
precipitation of calcium carbonates practically inactivated the total 
load of phosphorus flowing into the lakes as well as part of the 
indigenous load of this element (Zdanowski et al. 1988). When 
comparing the amounts of phosphorus compounds in the water of 
the Rybnik Reservoir with their content in the waters of the 
affluents, the reduction in the concentration of this nutrients in the 
reservoir is clearly seen.

In the studied reservoirs the loads of phosphorus calculated per 
unit area show great differentiation (fig. 21, Table III). The criteria 
of Vollenweider (1976) modified by the frequency of water 
exchange and determining the magnitude of the nutrient loads 
which do not yet distinctly accelerate eutrophication, since they may 
be neutralized by the ecosystem, are according to the author’s own 
calculations for the Wisła Czarne Reservoir - 0.52 g P m-2 year-1, the 
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Goczałkowice Reservoir - 0.15 g P m-2 year-1, and the Rybnik 
Reservoir - 0.34 g P m-2 year-1. The loads of phosphorus carried into 
the reservoirs are higher: 4 times for the Goczałkowice Reservoir 
and 6 times for the Rybnik Reservoir. The excess inflow of 
phosphorus is the main reason for the intensified development of 
phytoplankton in the reservoirs. The load of phosphorus carried into 
the Wisła Czarne Reservoir is more than two times lower than the 
allowed limit, thus accounting for the smaller amount of algae 
(chlorophyll) here.

The question arises to what extent the heating of water in the 
Rybnik Reservoir affects the development and biomass of 
phytoplankton? Most algae are organisms able to live within a wide 
temperature interval. However, among them there exist certain 
taxonomic peculiarities manifested by a different extent of thermal 
tolerance and different optimum of thermal development and 
photosynthesis (Patrick 1969 - after Sosnowska (1984)). 
Increased temperature leads to changes in the structure of the algal 
communities, which consist in successive replacement of the 
commiuniti.es of diatoms, green algae, and blue-green algae 
(Cairns 1969).

Most algae react to a rise in water temperature up to 25-30°C by 
increased photosynthesis and reproduction (Morduchaj- 
-Boltovskoj 1976). In the opinion of Wojciechowski 
(1987), a raised water temperature (caused by thermal pollution) 
adds to the ecological values of the limiting physical factors, this 
leading to an increase in the ecological capacity of the habitats in 
heated waters and is manifested, inter alia, by the condensation of 
the biomass of algae. Numerous investigations have revealed the 
stimulating effect of water temperature on the development of 
phytoplankton (Morduchaj-Boltovskoj 1970, Hickman 
1974, Klaver , Hickman 1975, Eloranta 1982).

Hillbricht-Ilkowska and Zdanowski (1988) gave 
the characteristics of the main directions of changes brought about 
in a water ecosystem by the functioning of thermal-electric power 
station connected with it. These changes are of various kind, 
depending on the particular combination of habitat conditions in the 
reservoir. Besides, the heated waters are not separated from others 
sources of pollution and. it is difficult to distinugish the effect of the 
discharge of heated waters from other causes. As a rule this is a 
synergistic action of the inflow of N and P on the one hand and of 
the discharge of heated waters on the other (Golterman 1976). 
The effect of such synergistic action upon the Rybnik Reservoir is 
the high biomass of the algae in the reservoir, high primary
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production, and the water blooms of algae occurring each year since 
1978.

The reported changes in the chemical composition of the water in 
the Rybnik Reservoir revealed a threefold increase in the salinity of 
its water within seven years. This salinity, calculated on the basis 
of water conductivity according to a formula used by Hart et al. 
(1990), amounted to 663-764 mg dm-3 in 1980. Changes in salinity 
occur slowly in this reservoir, which has enabled the water 
organisms gradually to become adjusted to the increase in 
concentrations of mineral salts and. to avoid osmotic stress. 
Moreover, according to Hart et al. (1990), “the macroinvertebrates 
and plants (riparian vegetation, macrophytes, and micro-algae) were 
assessed to be the most salt-sensitive biological communities, with 
direct adverse biological effects likely to occur when salinity is 
increased to around 1000 mg dm-3.” With the present degree of 
salinity of the waters of the Rybnik Reservoir it is difficult to say 
anything definite about its effect on the quantitative and qualitative 
changes in the phytoplankton. During the investigations of the 
algae of this reservoir only the appearance of a small number 
of the species Cyclotella striata. (Strzelecki unpubl.) and 
C. meneghiniana (Krzeczkowska unpubl.), regarded as 
saltwater species (Siemińska 1964), was reported.

5.3. The main causes of increased water fertility in the studied reservoirs

As the runoff of nutrients is greatly intensified by farming; 
(Flsischer, Hamrin 1988, Wróbel 1988), attempts were 
made to asses its function in the development of the trophy of the 
reservoirs. It was assumed that the volume of phosphorus runoff 
from the catchment basin is essentially determined by the size of 
the population inhabiting it, since in earlier investigations of the 
balance of nutrients in the Goczałkowice Reservoir it had been 
established that the principal source of phosphorus Rowing into it is 
municipal sewage (Kasza 1980). In the case of the Rybnik 
Reservoir it was known that it receives an especially great load from 
the towns Rybnik and Żory. By comparing the values of phosphorus 
export from the catchment basins of the particular reservoirs and 
separately from the catchment basin of the Goczałkowice Reservoir 
with the density of population on their territories a distinct positive 
correlation between these parameters was obtained (fig. 22).

The values of the phosphorus runoff for the catchment basin of 
the Wisła Czarne Reservoir (29-38 kg P km-2 year-1) with a
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Fig. 22. Dependence of runoff phosphorus from catchment basins of the studied 
reservoirs (A) (1 - Wisła Czarne 1982-1983, 2 - Goczałkowice 1982-1983, 
3 - Rybnik 1981) and from the catchment basin of the Goczałkowice 
Reservoir (B) (1 - 1973-1975, 2 - 1982-1983, 3 - 1987) upon population 

density. ** - P = 0.01

relatively small anthropopressure of the area (scarce population), 
are fairly high. Adopting a theoretical assumption of a complete 
depopulation of the catchment basin of the reservoir, on the basis of 
the equation from fig. 22A it was calculated that the runoff from it 
would be about 17 kg P km-2 year-1. According to the OECD report 
(Kajak 1979) the surface runoff from the forests equals 1-13 kg 
P km-2 year-1. The scattering of the data may be considerable as the 
runoff depends to a great extent on the hydrological conditions in 
the particular years of investigation (Beuschold 1976). The 
threat of pollution of the clean waters of the Wisła Czarne Reservoir 
coming from the forests (which are not fertilized - Magosz 1976) 
is mainly due to the felling of trees, carried out on a small scale. 
The operations connected with felling and transport of timber may 
become lead to rapid erosion. (Campbell, Doeg 1989), in view 
of the fact that this is a mountain area with considerable gradients.

In order to assess the effect of farming on the territory of the 
catchment basin upon the amount of phosphorus in the water of the 
reservoirs, an attempt was made to define the correlation between 
the extent of arable land in the catchment basins of the reservoir 
and the volume of elementary runoff of this biogen or its 
concentration in the rivers flowing through these basins. 
Mathematical analysis showed a lack such a dependence, thus 
confirming that another factor, i.e. sewage, is the dominating one. 
As is known from literature data, the losses of phosphorus resulting 
from use of the land for farming are rather small 
(Prochazkova 1975, Johnson et al. 1976, 
Kondrat’ev, Kaplan-Diks 1988), yet phosphorus 
derived from, this source may contribute to the eutrophication of 
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surface waters with all the resulting consequences (Margowski 
1976), since losses regarded as small from the point of view of the 
soil may represent considerable amounts from that of water 
eutrophication.

To investigate the effect of environmental factors on the level of 
mineral nitrogen washed out from the catchment basins of the 
examined reservoirs there were taken into consideration: the 
amount of water flowing out of the catchment basins, the population 
density, and the extent of utilization of the catchment basin for 
farming. Consideration given to the amount of outflowing water was 
because of the great ability of the mineral combinations of nitrogen, 
especially nitrates, to become washed out (Margowski 1976, 
Nesmerak 1986b, Wróbel, Wójcik 1990). Combining the 
elementary runoff of nitrogen with selected elements of the 
catchment basin utilization and with their hydrographic features a 
multiple regression equation was obtained:

y = 197x1 + 4.4x2 + 21.5x3- 3694
where:

y — runoff of mineral nitrogen from the catchment basin
(kg N km-2)

×1 — water runoff (dm3 sec-1 km-2),
x2 — density of population (inhab. km-2),
x3 — proportion of arable land in the catchment basin (%).

Since the coefficient values in the above equation are positive, it 
can be assumed that the amount of nitrogen penetrating from the 
catchment basin is the effect of the operation of all the considered 
parameters.

An attempt was also made to determine the dependence of 
nitrogen runoff from the fields to the waters and its concentration 
in the Goczałkowice Reservoir upon mineral, fertilization (fig. 
23). The analysis revealed, similary as in the case of the reservoirs 
in former Czechoslovakia (Prochazkova et al. 1976, 
Prochazkova 1980, Nesmerak 19861, Prochazkova, 
Blazka 1989), the existence of a correlation between the amount 
of nitrogen fertilizers introduced into the soil and the concentration 
of nitrate nitrogen, accounting for 86% of the mineral forms of 
nitrogen in the reservoir water (Kasza, Winohradnik 
1986). Although the interpedence found is statistically highly 
significant (r = 0. 703 with n = 31), it must be remembered that the 
magnitude of nitrogen runoff to the Goczałkowice Reservoir is also 
affected by the nitrogen inflow from sewage, which is illustrated by 
the positive regression coefficient at the variable x2in the 
above-quoted formula.
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Fig. 23. Mean annual concentration of nitrates (A) and water hardness (B) in the 
Goczałkowice Reservoir as compared with the doses of nitrogen (a) and 

calcium (b) fertilizers used in Poland

5.4 Causes of changes in the ion composition of the waters of the 
examined reservoirs

The ion composition of the reservoir waters is closely associated 
with the chemical composition of the water of its tributaries 
(Prochazkova, Blazka 1989): when the ion composition of 
the tributary water changes so does the chemical composition of the 
reservoir water.

The results of many years of investigation of the water have 
shown that in the Wisła Czarne Reservoir, situated in the 
mountains where human activity in the territory of its catchment 
basin was almost nil, the ion composition of the water, in spite of 
some differences between successive years, rather remained 
constant on the scale of many years. From this it follows that the 
ion composition of the water in this reservoir is basically affected by 
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the geological-soil structure of the substratum and its relief. 
According to Magosz (1976), the small changes in the chemical 
composition of the water in the Rivers Biała and Czarna Wisełka 
dependend on the amount and composition of dry and wet fallout in 
the catchment basin. According to a map cited by Juda 
(Kozłowski 1986), the catchment basin of the Wisła Czarne 
Reservoir is situated in the zone of mean annual SO2 concentrations 
above 20 μg m-3, which corresponds to the emission of stream of 
sulphur compounds of 7.5-10 t km-2. Such amounts of sulphur 
dioxide may be responsible for the occurrence of acid rains as well 
as the dry deposition of sulphur compounds. The period of 
investigation may have been too short to assess the possible 
tendencies towards changes in the relations of ion occurrence. In the 
opinion of Wróbel and Szczęsny (1990) and 
Grodzińska-Jurczak (1991), the areas in the 
neighbourhood of Czarna Wisełka are in danger of acid rains.

In the water of the reservoirs affected by moderate (Goczałkowice 
Reservoir) and strong (Rybnik Reservoir) anthropopressure the 
degree of water mineralization increased gradually and the 
proportions in the quantities of the occurring ion changed. Over a 
period of 31. years, i.e. from 1957 to 1987, the degree of 
mineralization expressed as the amount of meq dm-3 in the water of 
the Goczałkowice Reservoir rose about 40%. On the other hand, the 
amount of strong acid anions, i.e. the chloride and sulphate anions, 
increased 2.2 and 1.9 times respectively, at the cost of a decreasing 
amount of carbonates. The absolute quantity of cations increased 
1.4 - 1.5 times.

Prochazkova and Blazka (1989) consider the direct and 
indirect inflow of components of the ion composition (especially SO2) 
from the atmosphere and the mineral fertilizers used in the 
catchment basin to be the main causes of increased mineralization 
of the water in the Slapy Reservoir and changes in the relations 
between the ions. The gradual increase in the extent of water 
mineralization in the Goczałkowice Reservoir cannot be fully 
explained by attributing it to increasing doses of mineral fertilizers, 
since its catchment basin is not only used for farming. Although by 
relating the amount of the applied doses of calcium fertilizers to the 
water hardness in the reservoir (fig. 23) a high value for positive 
linear correlation was obtained, nevertheless the degree of hardness 
and the state of mineralization of the reservoir water are the result 
of a joint action of other factors, such as sewage, dry and wet fallout 
in the catchment basin and on the reservoir surface, as well as an 
increased rate of rock weathering and the susceptibility of ions to 
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become washed out by acid rains. According to Juda 
(Kozłowski 1986), in the catchment basin of the Goczałkowice 
Reservoir the annual SO2 concentrations exceed 60 μg m-3, which 
corresponds to a stream of sulphur compounds of 20-50 t km-2, and 
the amount of SO2 emitted into the atmosphere in Poland in 1980 
was 13.0 t km-2 (the mean for Europe is 2.3 t km-2). Thus, the above 
amounts of the stream of sulphur compounds coming from all the 
sources of SO2 emission and calculated in relation to the area of the 
catchment basin of the Goczałkowice Reservoir are rather high. The 
phenomenon of the relative loss of carbonates and acid carbonates 
and their replacement by strong acid ions in the waters of the 
Vistula and the Goczałkowice Reservoir may be attributed, inter 
alia, to the action of acid rains.

Considering the phenomena taking place in the Goczałkowice 
Reservoir and its catchment basin, as regards the Rybnik Reservoir 
the ultimate cause of the rapid rate of changes in the ion 
composition (3.5-fold increase in the degree of water mineralization 
within a period of 7 years) can be seen in the sewage penetrating 
into the reservoir from the overflowing of the River Nacyna which, 
according to the author's own calculations, supplies 5-7% of total 
inflow of water. The reservoir and the catchment basin are also 
exposed to the danger of the fallout of chemical compound emitted 
into the atmosphere by industrial plants in the neighbourhood. 
According to the Juda (after Kozłowski 1986), the stream of 
sulphur compounds in the Rybnik Coal Region ranges from 50 to 100 
t km-2 and the amount of dust produced there exceeds 1800 t km-2 
(Kassenberg 1986). The reservoir and the catchment basin are 
also likely to collect dust from the chimney of the power station. 
Dusts of this type contain toxic substances, compounds responsible 
for the increased salinity and. hardness of the water (Pidgaiko 
1971, Gallup, Hickman 1975, Larimore, Tranguili 
1981, Hillbricht-Ilkowska, Zdanowski 1988). The 
increase in the degree of mineralization of this reservoir may also 
be due to evaporation of the water, which is fairly high and 
amounts, depending on the time of year, from 0.15 m3 sec-1 in 
March to 0.47 m3 sec-1 in June.

5.5. General model of eutrophication of the studied dam reservoirs

From complex monitoring investigations carried out in the 
Goczałkowice Reservoir (Krzyżanek, Kownacki 1986) 
concerning the development, structure, and succesion of its 
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communities, the results given in the present study, investigations 
of the Rożnów Reservoir (Dumnicka et al. 1989) and also data 
obtained from foregin literature (Voropaev, Vendrov 1979, 
Denisova et al. 1989) it is possible to distinguish several stages 
in the life of the dam reservoirs, constructed on rivers 
(Kownacki, Starmach 1989).

The first stage is a period during which the hitherto existing 
river and land communities on the flooded areas are destroyed and 
pioneer water organisms characteristic of dam reservoirs begin to 
appear. This stage lasts for a few months (Krzyżanek, 
Kownacki 1986).

In the second period, usually lasting for 2 to 10 years from the 
moment of inundation, a general increase in the fertility of the 
reservoir takes place. This period is characterized by the absence of 
a chemical and biological balance. The sediments are not yet fully 
developed and large amounts of mineral nutrients are released into 
the water from the flooded soil and from the decaying flooded 
vegetation (Peukert 1970, Priymachenko-Shevchenko 
et al. 1976). As a result, the mass development of some forms of the 
phytoplankton may take place as, for example, in the Goczałkowice 
Reservoir (Pająk 1986).

In the third stage, lasting up to 20 years, the whole ecosystem 
becomes stabilized and the fertility of the reservoir is reduced. 
Kownacki and Starmach (1989) called this period a stage 
of “oligotrophication”. The newly forming sediments cut off the 
water from the primary soils, thus diminishing the amounts of 
mineral components in the water and consequently that of 
phytoplankton.

In the fourth period, as a result of the constant inflow of mineral 
biogenic components and organic matter carried by the water, the 
fertility of the reservoir water again increases. With increased water 
trophy the biocoenoses of the reservoir undergo changes and the 
mass appearance of algae with subsequent water blooms is more 
and more frequent. The reservoir passes into the fifth stage of its 
development, when a mass appearance of algae occurs every year. 
The blue-green algae become the dominating group in the 
phytoplankton.

The duration of the first and of the second stage depends on the 
proper preparation of the substratum, of the area to be flooded. The 
third stage is the most advantageous from the point of view of 
utilizing the reservoir as a water supply system and it should begin 
as early as possible and last as long as possible. The duration of this 
period depends on the degree of pollution of the tributary river(s).
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In the Wisła Czarne Reservoir the first and second stages lasted 
altogether for about 2 years. As its affluents are relatively clean and 
only slightly exposed to the effects of anthropopressure, the third 
stage of development continues and should last for a fairly long time 
if the land use in the catchment basin is not changed.

The period required to attain a stabilized condition in the 
Goczałkowice Reservoir took 6 years. From 1962 the fertility of its 
water began gradually to increase with the increasing abundance of 
nutrients in the Vistula, this causing the third stage to last for a 
relatively short time. Since 1986 there have occurred mass water 
blooms of the blue-green algae.

In the Rybnik Reservoir the first four development stages lasted 
altogether for 5 years; however, the occurrence of the third and 
fourth stages has not been observed since, owing to the inflow of a 
great load of nutrients from the Rivers Ruda and Nacyna, there took 
place a sudden jump in the trophy to a higher level. Starting from 
the 6th year of its functioning there have been water blooms of the 
blue-green algae every year.

On the basis of the observed changes in the chlorophyll content 
as well as an analysis of the development of the qualitative and 
quantitative composition of the phytoplankton in the reservoirs 
(Krzyżanek et al. 1986, Pająk 1986, Cierniak, Pająk, 
Strzelecki, Krzeczkowska-Wołoszyn, Urbaniec- 
-Brózda unpubl.), a general scheme for the evolution of the 
biomass of phytoplankton (chlorophyll) in the reservoirs has been 
constructed in relation to the content of total phosphorus (fig. 24). 
It is limited to a hydrometeorological situation, typical for a period 
of many years, with no sudden flooding or flood waves. At the same 
time, this scheme allows changes to be predicted in the biomass of 
phytoplankton (chlorophyll) in the annual cycle in the reservoirs, 
depending on the degree of water fertility, thus providing a basis for 
planning their protection.
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Fig. 24. Schematic representation of the evolution of chlorophyll a in relation to the 
content of total phosphorus in the studied dam reservoirs

6. Polish summary

Wieloletnie zmiany środowiska wodnego 
w trzech zbiornikach zaporowych na Śląsku (Polska południowa) 

od początku ich istnienia - przyczyny i skutki

Badano trzy zbiorniki zaporowe (Wisła Czarne, Goczałkowice, Rybnik) różne pod 
względem morfologicznym, geologicznym, przeznaczenia i oddziaływania czynników 
antropogennych (ryc. 1-4, tabele I, II).

Przedstwiono wyniki badań właściwości chemicznych wody zbiorników i ich 
dopływów (ryc. 5-14). W zlewniach rzek o dużym zalesieniu i znikomej działalności 
gospodarczej człowieka (zlewnia Białej i Czarnej Wisełki) zmiany we właściwościach 
chemicznych wód były niewielkie (ryc. 5, 6). W zlewniach zurbanizowanych i 
poddanych przemysłowej oraz rolniczej działalności człowieka zachodził stały i 
prawie coroczny wzrost mineralizacji i żyzności odpływającej z nich wody (ryc. 7-9). 
W zbiornikach, których wody dopływów ulegały określonej tendencji zmian, 
zmieniały się parametry chemiczne, wyrażające się poprzez stopniowy wzrost 
stężenia elektrolitów i zmianę proporcji ilościowego ich występowania, a także 
poprzez wzrost żyzności (ryc. 10-12, 14). W górskim zbiorniku Wisła Czarne, 
w którym parametry wody dopływów w perspektywie wielolecia nie podlegały 
istotnym zmianom, właściwości chemiczne wody, pomimo rozpiętości stężeń, były 
raczej stałe (ryc. 10).
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W badanym okresie w zbiornikach warunki tlenowe były względnie dobre (ryc. 
10, 13, 15).

W zbiorniku Wisła Czarne przeciętne ilości pigmentu asymilacyjnego na 
przestrzeni badanych lat nie ulegały istotnym zmianom. W zbiornikach 
Goczałkowice i Rybnik, średnie ilości chlorofilu “a” w sezonie wegetacyjnym były 
coraz wyższe w miarę wzrostu żyzności ich wody (ryc. 16). Ponadto zachodziła w tych 
zbiornikach stopniowa zmiana dominacji podstawowych grup systematycznych 
fitoplanktonu. Po początkowej przewadze Bacillariophyceae następował stopniowy 
spadek ich dominacji, a w fitoplanktonie rósł udział grup Chlorophyta z jednoczesną 
ekspansja sinic (Cyanophyta), które stały się dominantem tworzącym letnie zakwity 
wody (ryc. 17-19).

Czynnikiem decydującym o stopniu trofii jest fosfor. Stwierdzono zależność 
przeciętnej ilości chlorofilu “a” i produkcji pierwotnej fitoplanktonu za sezon 
wegetacyjny od średniej rocznej koncentracji fosforu ogólnego w wodzie badanych 
zbiorników (ryc. 20). Ładunki fosforu wnoszonego do zbiorników są 4-krotnie wyższe 
dla zbiornika Goczałkowice i 6-krotnie dla Rybnika, zaś dla zbiornika Wisła Czarne 
dwukrotnie niższe od wartości dopuszczalnych (ryc. 21, tabela III). Podstawowymi 
przyczynami mającymi wpływ na wielkość odpływu fosforu ze zlewni są gęstość i 
zmiany zaludnienia (ryc. 22). O ilości odpływającego azotu z poszczególnych zlewni 
decyduje, oprócz gęstości zaludnienia, stopień rolniczego wykorzystania zlewni (ryc. 
23).

Przedstawiono generalny schemat ewolucji chlorofilu “a” w relacji do zawartości 
fosforu ogólnego w badanych zbiornikach (ryc. 24).
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