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INTRODUCTION

Increase of water resources in lowland areas 
of Podlasie occurs by sustainable modes of water 
retention in a form of small retention. Methods 
included to the natural forms, consists of restora-
tion of the original terms of the aquatic environ-
ment, for example, increase of the forest cover or 
restoration of natural conditions in former wet-
land environments. Artificial methods include all 
kinds of hydraulic structures, like large reservoirs 
and small river dams [Michalak, Nowicki 2009]. 
Small dam reservoirs are a specific type of an ar-
tificial lake, which is susceptible to retention of 
nutrients, this results in an increase in sensitivity 
of ecosystems and accelerates eutrophication pro-
cesses. The specificity of their functioning con-
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ABSTRACT
The availability of water in adequate sufficient quantity and quality is the most im-
portant factor in maintenance of life and human activity. Surface water as easily ac-
cessible resources per citizen in Poland should not be compared to other countries of 
the European Union. Podlasie is a lowland region, which is dominated by vast plains 
occasionally varied by low hills with gentle slopes. Natural lakes occurring sparsely 
are heavily overgrown or completely restated as a result of moor succession. The 
storage of natural hollows which store water resulted in the construction of artificial 
dam reservoirs, allocated primarily to water accumulation. Lowland development of 
small retention mainly consists of increasing the retention capacity and prevention of 
drought and floods, while maintaining and supporting the development of the natural 
landscape. This article presents the characteristics of selected major small water res-
ervoirs in Podlasie. Characterized and evaluated the susceptibility of dam reservoirs 
degradation: Czapielówka, Korycin, Otapy-Kiersnówek, Repczyce, Zarzeczany. To 
evaluate the susceptibility of degradation there was applied Schindler factor, which 
is the ratio of the accumulated surface water reservoir and its catchment area to the 
volume of the reservoir. In addition, the influence of development of catchment man-
agement and the degree of degradation has been evaluated. Realising aware of the 
limitations of the size of the water resources is suggested to take appropriate action to 
alleviate the degradation of artificial reservoirs.
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sists of continuous transport of various forms of 
matter from the catchment and its accumulation 
in the reservoir. They become sedimentation traps 
for pollution supplied by river. The consequence 
of this process is partial or complete loss of us-
ability. More than 20 artificial reservoirs are built 
in Podlasie. Most of these waters occurred by 
the development of small retention program. The 
quality of water in small reservoirs is affected by 
changes in flowing surface water. Many factors 
affect the size of the flowing nutrients load into 
the reservoirs. The most significant influencing 
factors include: catchment management, the size 
and reduce of the surface area, the type and de-
gree of soil cover vegetation, population density, 
sanitation, the level and method of fertilization 
[Giercuszkiewicz-Bajtlik 1990; Ilnicki 2002]. 
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The problem of degradation of water reser-
voirs is their progressive eutrophication, mainly 
due to the excessive load of the lake and carried 
from the biogenic organic matter. The whole 
change causes elimination of water resources 
[Bańkowska, Sikora 2014]. Limitation of exter-
nal sources which carry significant loads of pol-
lution, does not give the end of the possible so-
lutions to the problem of deepening degradation. 
Stagnant water has less facility to self-cleaning. 
This is caused by reduction possibility of oxy-
gen replenishment or lack of exchange in case of 
outflow-less reservoirs. This results in the occur-
rence of intense development of aquatic organ-
isms, which die and then sediment on the bottom 
and decompose. Aerobic conditions contribute to 
the formation of mineral sediments of biogenic 
substances during their degradation. In anaerobic 
conditions phosphorus and nitrogen is released 
from sludge. Then, it returns to the matter circula-
tion in the water reservoir ecosystem. This results 
in increased growth of sludge, which leads to 
overgrowing and shallowing of water reservoirs. 
Consequently this causes water reservoir atrophy 
[Kowalewski 2009; Kowalewski 2012].

Small retention objects are designed to pro-
long the water circulation. However, the impact 
of a single water reservoir on the flows and wa-
ter resources is small, but with a large number of 
dams it can be significant. The construction of 
many small reservoirs only to improve the wa-
ter balance is usually unprofitable, because these 
objects perform a variety of functions: economic, 
recreational and natural. These reservoirs mostly 
contribute to the attractiveness of the surrounding 
area [Mioduszewski 2006].

Evaluation of natural susceptibility to degra-
dation mainly caused by anthropopressure may 
be based on the basis of the Schindler ratio, which 
reflects the influence of the on reservoir. It has 
been proved that there is correlation between the 
value of this index, and the value of the parameters 
relating to the status of water quality [Schindler 
1971; Miazga 2013]. This indicator considers the 
surface area of the direct catchment, which de-
fines topography. The volume, which was also 
included in the Schindler factor, indirectly takes 
account into the given water reservoir depth.

MATERIALS AND METHODS

In order to assess the susceptibility to deg-
radation of individual reservoirs was used 

Schindler factor, which is ratio determining pa-
rameter of the accumulated surface water res-
ervoir and its catchment area to the volume of 
the reservoir [Koc et al. 1996]. Used indicator 
is a measure of the impact of the environment 
on the reservoir. With an increase of Schindler 
factor, the pollution of the water reservoir also 
rises. Lakes or reservoirs with ratio value less 
or equal to 2 are treated as not susceptible to 
degradation due to the inflow of pollutants from 
the catchment [Szoszka et al. 2007]. Schindler’s 
threshold score amounting 2 is also criterion 
taken into account when assessing water qual-
ity. To evaluate reservoirs, Schindler factor may 
be applied, because like a lake, including the 
catchment area they are natural landscape sys-
tem, in which there is a constant flow of matter 
and energy. Degradation susceptibility of such 
a system depends on the pressure which the 
catchment exerts on water reservoir and on the 
resistance to this pressure [Kostrzewski 1991]. 
For the calculation of the Schindler factor used 
is formula (1) [Kajak 1998].
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RESULTS AND DISCUSSION 
Following table shows the results of conducted analyses and calculations (table 6). 

Table 6. Schindler’s Factor’s values 
 

The higher the Schindler’s Factor the greater impact environment has on reservoir’s 
pollution and degradation. Lakes and reservoirs with Schindler’s Factor not greater than 2 are 
considered as slightly susceptible to degradation under the influence of polluted surface runoff 
[Szoszka et al. 2007]. 

Average depth of water body is the most important morphometric parameter associated 
with water quality and the rate of its overgrowing. Deeper reservoirs are able to fully circulate 
water during spring and autumn circulation which greatly impacts the quality of water. Artificial 

 (1)

where: Pzl – the catchment area of the water res-
ervoir;

 Pz – the surface of the water reservoir;
 Vj – the volume of the water reservoir.

Reservoirs volume were obtained on the basis 
of the technical documentation of the individual 
objects. Individual catchments and reservoirs 
were determined using a topographic map from 
www.geoportal.gov.pl with marked levels. This 
web is primarily a set of tools providing access 
to data and documents PZGiK and it also con-
tains the data and metadata in accordance with 
the requirements of the INSPIRE Directive. On 
the map is located the bounded area by the local 
terrain elevations, which are natural catchment 
boundary for small water objects. Secondly they 
were combined together by using the “measure 
the surface” – located on the www.geoportal.gov.
pl system, calculated catchment area with the sur-
face of the reservoir.

In addition, using plans and data from com-
munity administration offices, where are located 
various reservoirs, catchment management was 
estimated. Considering the hydromorphological 
features of water reservoir assessed susceptibility 
to degradation.
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Czapielówka reservoir

Czapielówka is a small retention reservoir 
which is located in a forest in the urban-rural 
community of Czarna Białostocka, surrounded 
by Knyszyńska Forest. It was built between 1971 
–1981 as a result of damming the river bed earth-
en in the 7 kilometer Czapielówka river [Szc-
zykowska, Siemieniuk 2011]. Basic technical pa-
rameters of the reservoir Czapielówka are given 
below in Table 1.

In addition to the recreation flow reservoir 
performs many other functions, which can in-
clude: objectives of flood, fire and extensive fish 
farming, environmental protection [Kudelska et 
al. 1994]. In Figure 1 outlined catchment of the 
reservoir Czapielówka and its surface was deter-
mined in hectares using the Geoportal.

Calculated area amounted to 467.71 ha or 
4 677100 m2. Schindler factor was 14.76 (model 2).
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 (2)

Czapielówka reservoir catchment areas are 
occupied by pine forests, classified as complex 

of Forest Knyszyńska, wastelands, meadows and 
pastures. Pine forests occur on poor and extremely 
poor soils, acidic, produced from tar sands, loose 
or poorly clay, but also peatland. Forest cover at 
Czapielówka reservoir catchment is about 75% of 
the area [Szczykowska, Siemieniuk 2011]. Typi-
cally, forest catchment causes a flow of humic ac-
ids, characterized by high concentrations of dis-
solved organic carbon. This results in increased 
colour, turbidity, organic matter in the water of 
reservoir [Klimaszczyk, Joniak 2008].

Korycin reservoir

The Korycin water reservoir was built in Sep-
tember 2002 on the Kumiałka River. It’s located 
in the Sokółka District. Table 2 presents the char-
acteristics of Korycin reservoir.

Reservoir was built for the recreational and 
sporting use, also acts as a retention and flood 
reservoir [Szczykowska et al. 2013; Unpublished 
documents from Gmina Korycin]. 

Figure 1. Designated catchment of the reservoir Czapielówka [www.geoportal.gov.pl]

Table 2. Technical specifications characterizing the 
reservoir Korycin [Szczykowska et al. 2013; Unpub-
lished documents from Gmina Korycin]

Parameter Unit Value

Year of construction year 2002

Length m 440

Width m 145

Water surface area ha 6.8

Volume thous. m3 81

The average depth m 1.65

Length of coastline m 1000

Table 1. Technical parameters of the reservoir Cza-
pielówka [Szczykowska, Siemieniuk 2011]

Parameter Unit Value

Water surface area ha 16.5

Width m 570

Length m 800

The average depth m 2.00

Maximum depth m 3.00

Volume thus. m3 316 955
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 The largest reservoir catchment area in terms 
of typological occupy brown soils, pseudo-pod-
zolic soils, black soils and alluvial soils in river 
valleys. The 84.9% is dominated by agricultural 
land. This contributes to runoff from the catch-
ment area of pollution characterized by a much 
higher content of nitrogen and phosphorus 
[Chełmicki 2002]. 

Calculated area amounted to 359.24 ha or 
3 592 400 m2. Schindler factor was calculated, 
was according to 44.4 (model 3).
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cleaning. This is caused by reduction possibility of oxygen replenishment or lack of exchange 
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RESULTS AND DISCUSSION 
Following table shows the results of conducted analyses and calculations (table 6). 
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with water quality and the rate of its overgrowing. Deeper reservoirs are able to fully circulate 
water during spring and autumn circulation which greatly impacts the quality of water. Artificial 
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Otapy-Kiersnówek reservoir

The water reservoir Otapy-Kiersnówek was 
built in 2008. It is situated in the picturesque val-
ley of the Nurzec River in reducing field on the 
right bank of the river, in the village Kiersnówek, 
in the municipality Brańsk. It satisfies the a very 
important task-water storage reservoirs and riv-
ers that are fed inlet structure and in addition is 
intended for recreational purposes, such as water 
sports and fishing. The ability of water retention 
in the reservoir of flood wave flattens, reduce the 
uncontrolled flooding of water in the valley [Un-

published documents from Gmina Brańsk]. Table 
3 presents the characteristics of the water reser-
voir Otapy-Kiersnówek.

Land is occupied by the construction of small 
retention reservoir Otapy-Kiersnówek accounted 
for pastures class V and a small agricultural area 
class III and IV. The reservoir was built in low-
ered area adjacent directly into the river Nurzec, 
fenced off from of the river bed causeway side. 
In the valley of the river Nurzec are mainly silt 
layers deposited by water during the floods of the 
river and on a small area of peat and muck-peat 
soils. Brańsk is typically agricultural commune 
as it is located in a favorable as the terms of the 
Podlaskie region, climate zone, while having a 
good state of the environment [Szczykowska et 
al. 2013; Unpublished documents from Gmina 
Brańsk]. Agricultural catchment management 
will increase the content of nitrogen and phos-
phorus [Chełmicki 2002].

In Figure 3 shows the designated catchment 
reservoir Otapy-Kiersnówek, which amounted 
to 271.36 ha or 2 713 600 m2. Then calculated 
Schindler factor, which amounted to 43.7 (model 4).
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conditions contribute to the formation of mineral sediments of biogenic substances during their 
degradation. In anaerobic conditions phosphorus and nitrogen is released from sludge. Then, it 
returns to the matter circulation in the water reservoir ecosystem. This results in increased 
growth of sludge, which leads to overgrowing and shallowing of water reservoirs. Consequently 
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Following table shows the results of conducted analyses and calculations (table 6). 
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with water quality and the rate of its overgrowing. Deeper reservoirs are able to fully circulate 
water during spring and autumn circulation which greatly impacts the quality of water. Artificial 

  (4)

Repczyce reservoir

The Repczyce reservoir was built in 2001–
2002 on the Nurzec River, which is a right tribu-
tary of the Bug Rivier and the source in a short 
distance from the reservoir in the village of 
Stawiszcze. The reservoir is located in the Repc-
zyce village, which is located in Kleszczele mu-
nicipality, Hajnówka District. Figure 4. presents 
geographic location of the reservoir along with 
the designated catchment area.

Figure 2. Designated catchment reservoir Korycin [www.goeportal.gov.pl]

Table 3. Technical characteristics the reservoir Otapy-
Kiersnówek [Unpublished documents from Gmina 
Brańsk]

Parameter Unit Value

Year of construction year 2008

Length m 750

Water surface area ha 4.8

Volume thous. m3 62

Normal levels of damming m n.p.m. 127.4

The average depth m 1.6
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The reservoir collects surface waters of the 
top of the drainage area of the Nurzec River. 
The areas adjacent to the river are mainly gla-
cial sands with no large patches of clay. In 
addition to the wet valleys flowing rivers are 
peats of different thickness [Unpublished doc-
uments from Gmina Kleszczele]. The character 
of the catchment development Repczyce reser-
voir can be defined as agro-forestry, because 
Nurzec River and its tributaries create a water 
system, which drains water from the grassland 
from the Czeremcha community [Unpublished 
documents from Gmina Kleszczele]. The 
mixed nature of the catchment management is 
characterized by containing compounds runoff 
as nutrients and organic matter, mainly humic 
acids resulting in elevated levels of organic 
carbon [Chełmicki 2002, Klimaszczyk, Joniak 
2008]. Table 4 presents technical parameters of 
Repczyce reservoir.

On the basis of figure 4. and the data from 
table 2.8. Schindler factor was 12.05 (model 5).
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Figure 3. Designated catchment reservoir Otapy-Kiersnówek [www.geoportal.gov.pl]

Figure 4. Designated catchment of Repczyce reservoir [www.geoportal.gov.pl]

Table 4. Technical characteristics Repczyce reservoir 
[Unpublished documents from Gmina Kleszczele]

Parameter Unit Value

Year of construction year 2001-2002

Water surface area ha 10.36

Volume thous. m3 205.46

Length of coastline m 2060

Length m 774

Width m 134

Normal levels of damming m n.p.m. 167.5
The maximum level of 
damming m n.p.m. 167.9

The average depth m 1.98
The maximum depth of 
reservoir at the dam m 3.05
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Zarzeczany reservoir

Zarzeczany water reservoir was built and 
opened for use in 2000 in the village of Zarzec-
zany. It is one of region’s places of interest and 
attracts Polish and foreign vacationers to Gródek. 
Table 5 shows its technical specifications.

Zarzeczany small retention reservoir is lo-
cated in district of Białystok in agricultural area 
on slightly undulating terrain. The catchment 
area is comprised mostly of grasslands with sig-
nificant part of woodlands at its periphery, that 
is at the edge of Puszcza Knyszyńska [Grygorc-
zuk-Petersons 2008] Pollutants carried by runoff 
water are characterized by increased content of 
organic compounds and mineral forms of nitro-
gen and phosphorus [Klimaszczyk Joniak 2008; 
Klimaszczyk, Rzymski 2011]. Based on Figure 
5 using Geoportal surface of catchment area was 
calculated to be 356.53 ha (3 265 300 m2). Subse-
quently calculated Schindler’s Factor amounted 
to 42.4 (formula 6).

 

2 
 

cleaning. This is caused by reduction possibility of oxygen replenishment or lack of exchange 
in case of outflow-less reservoirs. This results in the occurrence of intense development of 
aquatic organisms, which die and then sediment on the bottom and decompose. Aerobic 
conditions contribute to the formation of mineral sediments of biogenic substances during their 
degradation. In anaerobic conditions phosphorus and nitrogen is released from sludge. Then, it 
returns to the matter circulation in the water reservoir ecosystem. This results in increased 
growth of sludge, which leads to overgrowing and shallowing of water reservoirs. Consequently 
this causes water reservoir atrophy [Kowalewski 2009; Kowalewski 2012]. 

Small retention objects are designed to prolong the water circulation. However, the 
impact of a single water reservoir on the flows and water resources is small, but with a large 
number of dams it can be significant. The construction of many small reservoirs only to improve 
the water balance is usually unprofitable, because these objects perform a variety of functions: 
economic, recreational and natural. These reservoirs mostly contribute to the attractiveness of 
the surrounding area [Mioduszewski 2006]. 

Evaluation of natural susceptibility to degradation mainly caused by anthropopressure 
may be based on the basis of the Schindler ratio, which reflects the influence of the on reservoir. 
It has been proved that there is correlation between the value of this index, and the value of the 
parameters relating to the status of water quality [Schindler 1971; Miazga 2013]. This indicator 
considers the surface area of the direct catchment, which defines topography. The volume, 
which was also included in the Schindler factor, indirectly takes account into the given water 
reservoir depth. 
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RESULTS AND DISCUSSION

Following table shows the results of conduct-
ed analyses and calculations (Table 6).

The higher the Schindler’s Factor the greater 
impact environment has on reservoir’s pollu-
tion and degradation. Lakes and reservoirs with 
Schindler’s Factor not greater than 2 are consid-
ered as slightly susceptible to degradation under 
the influence of polluted surface runoff [Szoszka 
et al. 2007].

Average depth of water body is the most im-
portant morphometric parameter associated with 
water quality and the rate of its overgrowing. 
Deeper reservoirs are able to fully circulate wa-
ter during spring and autumn circulation which 
greatly impacts the quality of water. Artificial 
small retention reservoirs depth ranges from 1 to 
4 meters. The deeper the reservoir is, the greater 
stratification of water allowing formation of par-
ticular zones, in which different transformation 
processes of compounds inflowing into reservoir. 
Natural lakes’ average depth often ranges form 

Table 5. Characteristics of Zarzeczany reservoir 
[Grygorczuk-Petersons 2008]

Parameter Unit Value

Year of construction year 2000

Surface area ha 8.75

Volume thousand  m3 77

Avg. depth m 1.92

Maximum depth m 3.1

Figure 5. Outlined catchment area of Zarzeczny reservoir [www.geoportal.gov.pl]

Table 6. Schindler’s Factor’s values

No. Water reservoir Schindler’s 
Factor [m-1]

Nature of 
catchment area

1 Czapielówka 14.76 woodland

2 Korycin 44.4 agricultural

3 Otapy - Kiersnówek 43.7 agricultural

4 Repczyce 12.05 agricultural-
woodland

5 Zarzeczany 42.4 agricultural-
woodland
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10 to 15 meters which allows formation of these 
zones and reduces vulnerability to eutrophication. 
Such a relationship was observed by Waldemar 
Siuda and Tomasz Kaliński who conducted re-
search on eutrophication of southern part of the 
Great Lakes of Masuria [Siuda, Kaliński 2011].

Water quality in artificial lakes depends, to 
a large extend, on how the adjacent lands, from 
which runoff occurs, are used. Determining the 
land use directly within catchment area the most 
important part is the forest area beneficial to the 
protection of water reservoirs. Large area of ar-
able land is a potential source of biogenics, which 
can contribute to lowering water quality and in-
crease its susceptibility to degradation. Unfortu-
nately, we need to pay special attention to anthro-
pogenic eutrophication taking place in artificial 
lakes. Most of the artificial lakes are designed for 
comprehensive utilization, mainly storing water 
they serve multiple other functions as well. Fer-
tilizing processes occurring therein can create 
many technological and sanitary-epidemiological 
difficulties during water treatment. Artificial wa-
ter reservoirs are located in most part in regions 
with high population densities, what increases the 
influence of their anthropological impact. Water 
quality in artificial reservoirs deteriorates most in 
early years of their functioning. Submersion in 
Kraśnik is an example, in which fast eutrophica-
tion indications were found. Manifestation of that 
fact was the appearance of cyanobacterial blooms 
in the summer, including potentially toxic Apha-
nizomenon flos-aquae in 2 years since the res-
ervoir was filled with water. This contributed to 
the closure of swimming place functioning there 
[Pęczuła, Suchora 2011]. Elution of chemicals 
from flooded lands increases productivity and 
leads to intensive development of phytoplankton 
[Neverova-Dziopak et al. 2011]. An example of a 
progressive degradation of an artificial water res-
ervoir can be the artificial Zemborzycki Lake, in 
which advanced trophic state as well as shallow-
ing by the indigenous organic matter sedimenting 
to the bottom of the lake, were observed just a 
few years after its construction. Additionally, the 
reservoir is characterized by a small biocenotic 
variation and it is dominated by phytocoenoses 
typical to eutrophic and degraded waters [Kułak 
et al. 2010]. Artificial water reservoirs differ sig-
nificantly from natural lakes, some of the meth-
ods used for assessing susceptibility to degrada-
tion of lakes can be used for the assessment of 
artificial reservoirs. Schindler’s Factor does not 

account for land use in the catchment area, which 
plays a significant part in shaping susceptibility 
to degradation. Unique system or comprehensive 
index combining hydromorphologic and geologic 
parameters of reservoir that takes into account 
nature of land use around the reservoir should be 
developed in the future.

CONCLUSIONS

1. All of the examined reservoirs are used main-
ly as water storage, but serve multiple other 
functions as well i.e.: recreational, flood con-
trol, fire protection, and economic.

2. The analysed small retention reservoirs, irre-
spectively to the nature of catchment area land 
use, are to a large extent susceptible to degrad-
ing because their hydromorphological param-
eters differ from natural lakes.

3. Low depth of artificial reservoirs contributes 
to the increase in the degradation rate.

4. Due to utilization of the catchment area, un-
favourable hydromorphological parameters of 
artificial lakes, in comparison to the natural 
ones, aimed at improving water quality should 
be used, which in turn at a later stage will re-
duce their susceptibility to degradation.
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