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Introduction

Lakes, especially smaller ones, are particularly 
susceptible to the deterioration of their water quality. 
Such processes were intensified in the second half of 
the twentieth century, mainly as a result of inappro-
priate management. Fortunately the current situation 
is gradually improving because the rules of environ-
mental protection are being observed considerably 
more. Among others, the creation of national and 
landscape parks in the particularly valuable areas has 
become one of the forms of environmental protection. 
However, it is not enough. The three lakes that are the 
study subjects in this paper are not located within the 
borders of any landscape park. Despite tightened rules 
and forms of area management there, water quality in 
these lakes was noted several years ago to be deterio-
rating. The authors try to present the causes of this 
phenomenon. Paradoxically, this situation may result 
from the construction of a sewage treatment plant.
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Study area and research methods

The lakes are located in the area of the Wdzydze 
Landscape Park (Fig. 1). The basic morphometric data 
of the lakes are shown in Table 1.

The objective of the research was to exam-
ine water quality in the lakes, and principally, to de-
termine biogenic loads – phosphorus and nitrogen 
compounds that inflow from the catchment through 
permanent streams. The measurement points are pre-
sented in Fig. 1. Three measurement stands were lo-
cated in the max. depth of the lakes. Seven points were 
located on the inflows and outflows. The fundamental 
examinations were carried out in the hydrologic year 
2009. The measurements on the lakes were taken three 
times (on 11th May, 26th June, and on 6th September). 
Meanwhile, the streams were measured every month. 
In 2010 they were examined five times.

Water quality was defined by two methods: 
Carlson’s method (Table 2) and the method prepared 
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according to the recommendations included in the 
EU Water Framework Directive 2000 (Jańczak 2004; 
Jańczak 2007). The latter accounts for seven indices 
(Table 3). The lake class is determined by the boni-
tation method, which awards as many points to each 
index as the water class is according to a given index: 
from 1 (class I) to 5 (class V). The oxygenation in-
dex is ignored in the case of the lakes with the mean 
depth below 3m. Apart from that, as far as visibility 
and chlorophyll are concerned, the mean and mini-
mum values (for visibility) and the maximum value 

(for chlorophyll) are taken into account. If these val-
ues are found in different classes, the mean value of 
these two classes is taken. In order to determine the 
general class of lake water quality, the mean value of 
all the indices is calculated, and then the lake is clas-
sified according to the following rule: high class (I) < 
1.5pt., good class (II) 1.51-2.5pt., moderate class (III) 
2.51-3.5pt., poor class (IV) 3.51-4.25pt., and bad class 
(V) > 4.25pt. However, if the mean yearly visibility is 
lower than 0.5m, or proves to be lower than 0.3m, the 
index is treated as a verifying one, and thus disquali-
fies the lake down to the bad class (V).

In the hydrologic year 2010 only measurements 
to determine biogenic loads in the streams were con-
ducted. They were carried out five times: in November, 
January, April, June and August.

Results

According to Carlson’s method (Table 2), the 
mean index exceeds 60 for all the lakes, which means 
these are eutrophic lakes. Lake Cheb is of the worst 
water quality. According to the five-degree classifica-
tion (Table 3), Lake Schodno (the mean index 3.42) 
and Lake Słupino (the mean index 3.28), stay within 
the moderate class (III), whereas, Lake Cheb shows 
the mean index of 4.17, so this would still make the 
poor class (IV). However, the mean value of the vis-
ibility index is lower than 0.5m, which, according to 
the assumptions of the method, should disqualify the 
lake down to the bad class (V). Undoubtedly, this lake 
is of the worst water quality compared to the others. 

Fig. 1. Studied lakes and measurement points at the inflows and 
outflows

Table 1. Morphometric data of the lakes

Lake Lake area [ha] Volume [hm3]
Depth [m] Catchment area

[km2]max. mean

Schodno 50 1.4 5.2 2.8 173.8

Cheb 32 0.7 5.5 2.1 11.9

Słupino 62 4.4 22.5 7.1 22.3

Table 2. Trophic state indices according to Carlson’s classification

 

Carlson’s classification

11.05.2009 22.06.2009 06.09.2009

M
ea

n

TSI(SD) TSI(Chl) TSI(TP) TSI TSI(SD) TSI(Chl) TSI(TP) TSI TSI(SD) TSI(Chl) TSI(TP) TSI

Schodno 59.3 71.7 59.7 63.6 65.4 81.6 48.1 65.0 58.4 76.9 67.0 67.4 65.3

Cheb 71.8 78.9 71.2 74.0 73.2 75.3 72.1 73.5 77.4 85.2 82.8 81.8 76.4

Słupino 60.7 69.1 58.4 62.8 65.2 67.7 52.7 61.9 64.2 70.4 65.0 66.5 63.7
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Apart from visibility, the mean value of pH, which is 
9, should draw attention. This may result from intense 
photosynthesis of phytoplankton. However, the mean 
and maximum chlorophyll content in Lake Cheb is 
slightly lower than in Lake Schodno. This may result 

from the fact that light acts as a limiting agent, and al-
gae are not able to flourish any more. This conclusion 
is proven by the 90% share of mineral phosphorus in 
the total phosphorus which can be found in this lake. 
In the other lakes the proportion of mineral phospho-

Table 3. Water quality of the lakes in the classes

Index Unit
Water quality

high good moderate poor bad
Mean oxygen saturation
of the hypolimnion % >40 ≤40>20 ≤20>10 ≤10>5 ≤5

Słupino 10.3 3

Oxygen above the bottom mg dm–3 >5 ≤5>4 ≤4>2 ≤2>1 ≤1

Schodno, Cheb The lakes with the mean depth below 3 m

Total phosphorus mg dm–3 ≤0.01 >0.01≤0.05 >0.05≤0.1 >0.1≤0.2 >0.2
Schodno 0.050 2
Cheb 0.150 4
Słupino 0.050 2

Total nitrogen mg dm–3 ≤.05 >0.5≤1.0 >1.0≤2.0 >2.0≤3.0 >3.0
Schodno 0.640 2
Cheb 1.580 3
Słupino 0.853 2
Mean year visibility m >6 ≤6.0>4.0 ≤4.0>2.0 ≤2.0>1.0 <1.0
Schodno 0.95 4.5
Cheb 0.40 5
Słupino 0.80 4.5
Minimum visibility m >4 ≤4.0>2.0 ≤2.0>1.0 ≤1.0>0.5 <0.5
Schodno 0.7
Cheb 0.3
Słupino 0.7

Mean year chlorophyll mg m–3 ≤5.0 >5.0≤10.0 >10.0≤20.0 >20.0≤30.0 >30.0

Schodno 51 5
Cheb 49 5
Słupino 21 3.5

Maximum chlorophyll mg m–3 ≤10.0 >10.0≤20.0 >20.0≤30.0 >30.0≤60.0 >60.0
Schodno 78
Cheb 62
Słupino 23
pH 6.7-7.2 7.3-7.7 7.2-8.2 8.3-8.7 >8.7

6.6-6.2 6.1-5.7 5.6-5.2 >5.2
Schodno 8.60 4
Cheb 9.00 5
Słupino 8.73 5
Conductivity µS cm–1 <100.0 100.0-200.0 200.0-400.0 400.0-500.0 >500.0
Schodno 303 3
Cheb 293 3
Słupino 362 3

The norms for the indices in the classes are marked in bold.
Other explanations in the text.
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rus in the total phosphorus is also high; it exceeds 40% 
in Lake Schodno, and is 60% in Lake Słupino. This 
may possibly result from the fact that the general con-
tent of phosphorus and nitrogen in these lake waters 
is relatively low. These indices are found in the waters 
of two lakes at the level of the good class (Table 2). 
Lake Słupino is a stratified lake, in which there was 
no oxygen during the summer in the lower part of the 
hypolimnion, from approximately 12 m. Shallow lakes 
Schodno and Cheb are generally well oxygenated as 
periodically they get mixed down to the bottom. They 
might lack oxygen in the near-bottom layers during 
the long-lasting windless and hot weather.

 The inflow and outflow of nitrogen and phos-
phorus compounds attract particular attention as they 
mainly affect lake eutrophication. The studied lakes 
belong to two hydrographical systems. Lake Schodno 
has a big catchment, and the River Wda runs through 
it. However, two smaller streams inflow into Lake 
Cheb. Its outflow directly supplies Lake Słupino. There 
were two measurement points on the River Wda, one 
directly at the lake and the other several kilometres 
upstream (Fig. 1). There is a discharge from the Li-
busz sewage treatment plant not so far away from it. 
The comparison of the loads at the two measurement 
points leads to a conclusion about its potential influ-
ence upon the supply of the lake with biogenes. 

The results of the measurements of phosphorus 
and nitrogen loads are shown in Table 3 and 4. Lake 
Schodno took in 45200 kg N. The load was consider-
ably smaller at the point in Lipusz, and amounted to 
28000 kg. 49400 kg N flowed out of the lake, that is 
approximately 9% more than flowed into it. In the first 
half of the hydrologic year the loads were higher in 
general. As for the load of phosphorus it amounted to 
1750 kg P at the point in Lipusz, 2219 kg P at the lake, 
and 2991 kg P at the outflow.

Similarly, in the case of phosphorus the inflow-
ing loads in the first half of the year were slightly big-
ger. The load at the outflow was considerably bigger 
than at the inflow, which proves a substantial internal 

supply. It is rather unlikely that such a load could be 
supplied from the direct catchment as it is strongly 
influenced by anthropopressure. The critical load of 
phosphorus for this lake amounts to 2.26 g m–2 yr–1 
according to Vollenweider’s criterion. The measured 
real load amounted to 3.58 g m–2 yr–1. Thus, the critical 
load was exceeded approx. 1.6 times.

Lake Cheb is supplied by two streams into one 
of which the discharge of “purified” sewage from the 
Parowa sewage treatment plant has been directed. In 
2009 1261 kg N flowed into Lake Cheb and 6162 kg 
N left it; that is almost five times more. The structure 
of the inflowing nitrogen is dominated by mineral ni-
trogen. In particular months the inflow of nitrogen 
was not varied. Yet the most powerful outflow was in 
the summer months, and organic nitrogen dominated. 
However, the weight of mineral nitrogen was the same 
at the inflow as at the outflow. As for phosphorus, Lake 
Cheb took in 409 kg P. 549 kg P left the lake, that is 
approximately 35% more. According to Vollenweider’s 
criterion, the critical load of phosphorus amounts 
to 0.36 g m–2 yr–1. The real load amounted to 1.28 g 
m–2 yr–1, and exceeded the critical load by approx. 3.5 
times.

The outflowing loads run directly to Lake 
Słupino. 7540 kg of nitrogen and 480 kg of phospho-
rus flowed out of Słupino. In 2009 that was the only 
example of load reduction recorded with respect to 
the studied lakes. 

Mineral phosphorus constituted approx. 60% in 
the yearly load, both in the inflow and in the outflow. 
However, in the summer months the proportion was 
small as it was used up by autotrophs in the process 
of primary production. According to Vollenweider’s 
criterion, the critical load of phosphorus for Lake 
Słupino amounts to 0.38 g m–2 yr–1. The real load was 
0.88 g m–2 yr–1, thus the critical load was exceeded by 
approx. 2.3 times.

There were fewer measurements of biogenic 
load in 2010. It was examined five times within that 
year. It is worthwhile mentioning that less nitrogen 

Table 4. The inflow and outflow of nitrogen and phosphorus compounds to Lake Schodno

Biogenic substances

Town of Lipusz Inflow Outflow

[kg yr–1] [kg yr–1] [kg yr–1]

yr 2009 yr 2010 yr 2009 yr 2010 yr 2009 yr 2010

Nitrogen 28000 24650 45200 28700 49400 24700

Phosphorus 1750 2299 2219 2902 2991 2344
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flowed into Lake Schodno than in the previous year. 
Even less flowed out of it (Table 4). It was different 
with the phosphorus load. More of it flowed into the 
lake and less flowed out of it. Moreover, in the two 
years the role of Lake Schodno in load transformation 
was different. In 2009 the lake raised both the load of 
nitrogen and phosphorous. In contrast, in 2010 the 
loads of two biogenes declined in the lake.

Changes also took place in the Cheb – Słupino 
lake system in 2010 (Table 5). The inflow and outflow 
of nitrogen in Lake Cheb were slightly smaller. How-
ever, more phosphorus flowed into it and out of it. 
The function of Lake Cheb did not change, however. 
In those two years the loads increased. Less nitrogen 
flowed out of Lake Słupino, and the load of outflow-
ing phosphorus was the same. The transformational 
role of Lake Słupino also changed partially. In 2009 
the lake augmented the nitrogen load, and reduced 
the phosphorus load. In 2010 the load of two biogenes 
reduced.

Discussion

The deterioration of water quality in the lakes 
located in the landscape park must arouse particular 
anxiety. Especially if there is suspicion that deteriora-
tion may result from anthropogenic activity. The pri-
mary objective of a landscape park is the preservation 
and even improvement of natural amenities that can 
be found in such a park (Act Reg. RP 1991. No. 114, 
pos. 492). The preservation of these amenities should 
be carried out in the conditions of a rational econom-
ic activity. There is, however, no precise definition of 
what is meant by a rational economic activity. Surely 
it should include the construction of a sewage treat-
ment plant. Yet is the location of the Parowa sewage 
treatment plant in the close vicinity of the Park an ex-
ample of a rational economic activity? The discharge 
from the plant is directed to a small stream which sup-
plies Lake Cheb. Undoubtedly, the sewage treatment 
plant was located there according to the regulations. 

However, these regulations may be too generalized. 
They do not account for the specificity of a particu-
lar hydrographical situation. Lake Cheb is too small 
to manage such a big load of biogenes. This could 
have been predicted earlier by conducting appropri-
ate estimates. Perhaps not observing the norms of the 
maximum loads of phosphorus and nitrogen which 
are discharged from the treatment plant may be the 
underlying cause?

Lake Cheb supplies Lake Słupino with its wa-
ters. Lake Słupino supplies Lake Słupinko, and after-
wards waters outflow to a big lake, Lake Wdzydze. The 
lakes together with their joining river sections consti-
tute a fluvio-lacustrine system. Such systems are very 
numerous in the Polish lakelands. They have become 
a subject of more detailed analyses only recently, espe-
cially in the context of their role in the transformation 
of biogenic loads (Hillbricht-Ilkowska 1994; Hillbrich-
Ilkowska and Kostrzewska-Szlakowska 1996; Kufel 
1996; Kajak 1998; Gołdyn 2000; Bajkiewicz-Grabows-
ka 2002; Bajkiewicz-Grabowska and Zdanowski 2006; 
Lossow et al. 2006; Jańczak et al. 2007; Bogdanowicz 
and Cysewski 2008; Zdanowski et al. 2009).

As is often the case with science, the more pre-
cisely a problem is examined, the more questions 
are asked than answered. It is generally known that 
some lakes mainly play a transit role, others reduce, 
and still others augment the load. Without more thor-
ough studies this load is difficult to separate from the 
area supply (Niemirycz et al. 1993; Taylor et al. 1997; 
Bogdanowicz 2004). Some lakes may perform the 
same functions for a long time. This depends upon the 
hydrological specificity of a particular system and lake 
morphometry (Bajkiewicz-Grabowska 2002). Some 
lakes may serve various functions in different years, 
depending upon changeable hydro-meteorological 
conditions. These conditions have an influence upon 
the amount of water, and the matter supplied into the 
lakes from the catchment and its circulation within 
the lake ecosystems. These processes run in a different 
way in bigger and smaller lakes, and in stratified and 

Table 5. The inflow and outflow of nitrogen and phosphorus compounds to the lakes: Cheb and Słupino

Biogenic substances

Cheb inflow Cheb outflow
Słupino inflow Słupino outflow

[kg yr–1] [kg yr–1] [kg yr–1]

yr 2009 yr 2010 yr 2009 yr 2010 yr 2009 yr 2010

Nitrogen 1261 1080 6162 6002 7450 4538

Phosphorus 409 766 549 886 480 480
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polymictic lakes. Depending upon oxygen conditions, 
the role of internal supply from the bottom deposits 
is particularly significant (Kajak 1998; Jańczak 1997; 
Tórz and Nędzarek 2009; Pyka et al. 2009). In the dis-
cussed situation, Lake Cheb constantly augments the 
load of phosphorus and nitrogen. Its ecosystem is not 
able to manage such a large supply of biogenes, which 
is mainly brought in from the sewage treatment plant. 

It may be assumed theoretically that in most 
cases the bigger the lake the bigger role in the transfor-
mation of biogenes the lake should play. However, the 
location of the lake in the fluvio-lacustrine system is 
also of importance here. The discussed lakes are rath-
er small. In the river-lake system (the inflow to Lake 
Cheb – Lake Cheb – Lake Słupino – the outflow from 
Lake Słupino) the lakes play a significant role. They 
are located in the upper part of the local catchment. 
A considerable load of biogenes reaches them and is 
significantly transformed by them. The biggest differ-
ences occur in total phosphorus load at the inflow and 
outflow of Lake Cheb. Nitrogen load is increased in 
the lake up to as much as 490-550%. Mineral nitrogen 
clearly dominates at the inflow, whereas organic nitro-
gen dominates at the outflow. Such a structure proves 
artificial feeding and considerable primary produc-
tion in the lake. The composition of the phosphorus 
load, in which phosphates constitute 90%, points to 
the sewage treatment plant. Total phosphorus load 
in the lake is augmented up to approx. 115-135%. In 
the outflow mineral phosphorus constituted approx. 
60%, which is aconsiderable amount. The outflowing 
load flows directly to Lake Słupino. Between the two 
lakes there is an approximately 500-metre river sec-
tion. In Lake Słupino the nitrogen load rose up to ap-
prox. 120%, and in the second year declined down to 
75%. On the other hand the phosphorus load reduced 
within the range 54-87%.

In 2009 Lake Schodno augmented the load of 
both nitrogen and phosphorus. The increase in the 
nitrogen load was still rather small (approx. 109%), 
whereas the phosphorus load was increased to approx. 
135%. The percentage increase in the phosphorus load 
was the same as in Lake Cheb. However, a consider-
ably bigger amount of water – approx. 34.4 hm3 yr-1 – 
ran through Lake Schodno in 2009,while 4.95 hm3 yr-1 
flowed through lake Cheb, and 6.3 hm3 yr-1 through 
Lake Słupino. Water is exchanged approx. 25 times per 
year in Lake Schodno, and approx. 7 times per year 
in Lake Cheb, and approx. 1.5 times per year in Lake 
Słupino. In 2010 the function of Lake Schodno was 

reversed. The lake reduced the nitrogen load down to 
approx. 86%, and phosphorus down to approx. 81%. 
The role of the lakes is different in every system. Con-
siderable exchange of water in Lake Schodnomeans 
that the critical load measured by Vollenweider’s cri-
terion may be considerably bigger for this lake, and its 
retention time very short. In Lake Cheb and Słupino 
the critical load is smaller by far, similar in those two 
lakes. The retention time is longer, particularly in 
Lake Słupino. The importance of Lake Schodno in the 
transformation of the load flowing through it is small-
er than that of Lake Cheb. And there is no other lake 
in the close vicinity of Lake Schodno, while directly 
after Lake Cheb there is Lake Słupino, and then other 
lakes.

The Parowa sewage treatment plant plays a de-
cisive role in the polytrophication of Lake Cheb. If the 
load discharged from it is not restrained the lake will 
be degraded completely. Constant loading with exces-
sive amounts of nutrients will have more influence 
upon Lake Słupino, which will also be endangered 
with hypertrophy. Lake Słupino is stratified, and a 
considerable portion of nitrogen and phosphorus ac-
cumulated in the deposits cannot get through to the 
epilimnion during the summer months. Therefore, 
it still shows a positive balance of total phosphorus; 
more phosphorus inflows into it than outflows from 
it. There is no data concerning the balance of biogenes 
in the studied lakes from the earlier period. That is 
why it is impossible to compare what load of biogenes 
had flowed into them before two sewage treatment 
plants were constructed. The Park workers claim that 
water began to worsen visually after they had started 
to operate. There are no other potential sources of pol-
lutants in the catchments of these lakes. The sewage 
treatment plant in Lipusz on the Wda may have played 
a part in the deterioration of water quality in Lake 
Schodno to a certain degree, probably not too small. 
The decline in water transparency in this lake may be 
a cause of the disappearance of the pike, which used to 
be very numerous in this lake.

Sewage treatment plants should be constructed, 
yet their influence upon waters into which the treated 
sewage will be directed should be analysed more accu-
rately. The lakes located in the lakelands of Northern 
Poland should attract particular attention. Paradoxi-
cally, the construction of sewage treatment plants may 
cause deterioration of lake water quality.
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Conclusion

 z Water quality in the studied lakes is poor or even 
bad. Lake Cheb is in the worst condition.

 z The inflow of biogenic loads to the lakes is too big 
and exceeds the critical index according to Vollen-
weider’s criterion.

 z The composition of the load is dominated by phos-
phates and nitrates. The load mainly comes from 
the discharge of waters from the two new sewage 
treatment plants.
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