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INTRODUCTION

Eutrophication is one of the greatest threats to 
aquatic ecosystems [Carlson 1977, Galvez-Clout-
ier and Sanchez 2007, Hillbricht-Ilkowska 1989, 
Kajak 1983, Nürnberg 2001, Pełechata et al. 
2006, Soszka 2009, Szymański et al. 2014]. It is 
the enrichment of water in biogenic components 
(mainly nitrogen and phosphorus), resulting in 
the intensive development of phytoplankton and 
higher aquatic plants, resulting in the disruption 
of biological relations in the deterioration of the 
aquatic environment and the quality of these. Eu-
trophication is a slow and long process, but in the 
twentieth century its intensity was marked as a 
result of anthropogenic impacts. The largest con-
tribution to eutrophication was the result of im-
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ABSTRACT
The paper presents the evaluation of trophic status of Lake Niepruszewskie in the 
years 1994–2013. This is the first lake in the Samica Stęszewska river, flowing dis-
tally through the lakes of the Wielkopolski National Park. Source part of the Samica 
Stęszewska river basin was, in the years 2004–2012, included to the nitrate vulnerable 
zone (NVZ), and Niepruszewskie Lake was considered to be threatened by eutrophi-
cation. The evaluation of trophic status of the lake was made based on the concentra-
tion of nutrients (nitrogen and phosphorus) and indicators of eutrophication (chloro-
phyll a, water transparency Secchi disk marked) by referring them to the limit values 
for the eutrophication of surface waters as defined in the Regulation of the Minister 
of Environment of 23 December 2002 and other criteria used for the classification of 
the eutrophication of surface waters. Detailed and synthetic indexes of the trophic 
status (TSI) using the formula Carlson and the ratio of N:P were also made. Concen-
trations of the nutrients in Lake Niepruszewskie and eutrophication indexes reached 
high values, indicating a eutrophic or hypertrophic state of the lake. Detailed values of 
the trophic status index (TSI), on average over the period, corresponded to eutrophic, 
while in subsequent years they were varied – from mesotrophic to hypertrophic. The 
worst trophic status was recorded in 2003–2006, after the lowering of the lake dam-
ming. The high value of N: P ratio indicates that the lake has huge surplus of nitrogen, 
and phosphorus is a productivity limiting factor. 
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proper sewage handling including increasing, un-
til the 1980’s, the amount of wastewater requiring 
treatment and its insufficient cleaning. Protection 
of water against eutrophication in Poland began 
only in the mid-1990‘s, when sewage treatment 
plants introduced a heightened degree of nutrients 
removal. In 1995, only 2.7% sewage were subject 
to treatment with an elevated removal of nutri-
ents, while in 2013 it was already 49% [Environ-
ment 2005, 2014]. Nitrogen load in urban waste 
water discharged after treatment, amounting to 
30.2 thousand tons in 1995, decreased in 2013 to 
24 thousand tons, while the phosphorus load has 
decreased in this period from 6.9 thousand tons 
to 1.3 thousand tons [Environment 2005, 2014]. 

Agriculture is also a significant source of 
nutrient pollution to water, especially intensive 
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fertilization of field crops and livestock concen-
tration [Fotyma and Duer 2006, Karaczun 2005, 
OECD 2003, OECD 2008]. Protection of water 
against pollution from agriculture were started 
in Poland only in 2004, upon the designation of 
waters affected by pollution and nitrates vulner-
able zones (NVZ), which should reduce pollu-
tion of water by nitrates – in accordance with the 
requirements of the Nitrates Directive [Directive 
91/676/EEC]. In the period 2004–2012 the high-
est NVZ was determined in Wielkopolska region, 
including NVZ of Samica Stęszewska, where 
the studied Lake Niepruszewskie was located 
[Rozporządzenie… 2003, 2008]. 

The aim of the study was to determine the 
degree of eutrophication of Lake Niepruszewskie 
and the assessment of changes in the trophic sta-
tus of the lake in the years between 1994–2013 in 
terms of threat of water and protection activities. 

STUDY AREA 

Lake Niepruszewskie (surface water body 
code: LW10134) is located in mesoregion Poznań 
Lakeland (Pojezierze Poznańskie, 315.51), which 
forms the western part of macro-region of Wiel-
kopolskie Lakeland (Pojezierze Wielkopolskie, 
325.5) [Kondracki 2000]. It is the first lake in 
the river Samica Stęszewska, which further flows 
through the lakes: Tomickie, Witobelskie and 
Łódzko-Dymaczewskie (the latter two are with-
in the boundaries of the Wielkopolski National 
Park) and flows into the Mosiński Chanel  ̶  left 
bank tributary of the Warta river. It is a lake gutter 
with a longitudinal axis close to the north – south 
direction, powered mainly by Samica Stęszewska 
river and drainage ditches of adjacent fields and 
meadows. Lake Niepruszewskie is of a type 3b 
– it is a lake with a high content of calcium, high 
impact of catchment, non-stratified, with a coef-
ficient of Schindler >2. 

The total catchment of the lake (Figure 1) 
covers an area of 50.57 km2, while the direct 
catchment area amounts to 6.97 km2 [Atlas… 
2005]. The area of catchment has agricultural 
character (arable land amounts to 68.4% of the 
surface) and is characterized by intensive econ-
omy and high agricultural culture [Ławniczak 
and Zbierska 2006]. Forests occupy only about 
12% of the catchment area. The areas adjacent to 
the lake are in a form of semi-urban areas with 
buildings of the village Niepruszewo and Cieśle 

from the western side, Kalwy about 0.5 km north 
and Więckowice and Zborowo on the eastern 
side. The village Niepruszewo has baths, and 
Zborowo has a place for bathing. On the western 
part of the lake, lying within the municipality of 
Buk, motorboats equipment is allowed to use for 
four days a week. 

The water level in Lake Niepruszewskie is 
controlled by a weir located at the outlet of the 
Samica Stęszewska river of this reservoir and 
this is the reason why the lake area and its vol-
ume are significantly affected [Ławniczak et al. 
2011, Murat-Błażejewska et al. 2008]. In the years 
1976–2002 the damming allowed the retention of 
approx. 2 million m3 of water, which until 1990 
was used for agricultural irrigation and for dilut-
ing the liquid manure used in agriculture. Lake 
Niepruszewskie is characterized by high suscepti-
bility to degradation (III category), which is deter-
mined by: a small depth (average 3.05 m, maxi-
mum 4.8), no stratification of water, the ratio of the 
bottom active surface to the volume of epilimnion 
(0.33) and a significant basin elongation (length of 
approx. 4900 m, average width of approx. 500 m), 
length of 11.3 kilometres of coastline. The large 
surface of the active bottom and intensive mixing 
of water create the conditions for the release of 
nutrients from the bottom sediments, which may 
increase the eutrophication process even after re-
ducing off the external inflow. 

Figure 1. The catchment area of Lake Niepruszewskie 
[catchment border according to Atlas… 2005]



67

Journal of Ecological Engineering  vol. 16(4), 2015

In the years 2004–2012 the Samica Stęszewska 
river, to the section at the outlet of Nieprusze-
wskie Lake, was included in the waters vulner-
able to pollution from nitrogen compounds from 
agricultural sources [Rozporządzenie… 2003, 
Rozporządzenie… 2008], and the Niepruszewskie 
Lake was considered to be at risk of eutrophica-
tion, because they met the conditions set out in the 
Nitrates Directive [Directive 91/676/EEC] and in 
the Regulation of the Minister of Environment of 
23 December 2002 [Rozporządzenie… 2002]. 

MATERIAL AND METHODS 

Water quality tests were performed in 1999-
2003 twice a year (spring and summer), accord-
ing to the methodology for lakes monitoring, 
while in 2005–2008 the tests were performed 
5–7 times a year, mainly in the growing season. 
Total phosphorus was determined by a colorimet-
ric method (after persulfate mineralization in an 
acidic environment), total nitrogen by Kjeldahl 
method, chlorophyll a was determined according 
to PN-88/C-04632-040, water transparency was 
measured by Secchi disk. The data for the years 
1994, 2003 and 2009–2013 are derived from wa-
ter monitoring conducted by the Regional Inspec-
torate of Environmental Protection in Poznań. 

To evaluate the trophy of water the limit val-
ues indicative of eutrophication of water were 
used, as defined in the Regulation of the Minister 
of Environment of 23 December 2002 on the crite-
ria for the designation of waters vulnerable to pol-
lution from nitrogen compounds from agricultural 
sources [Rozporządzenie… 2002], as well as the 
criteria developed by Nurnberg [2001], Forsberg 
and Ryding [1980], Kajak [1983] and Hilbricht-
Ilkowska [1989] and used in the classification of 
the OECD [1982]. The evaluation of trophic sta-
tus of the lake was also made on the basis of the 
trophic status indexes (TSI) of Carlson (1977), 
taking into account the content of chlorophyll a 
(Chl), concentration of the total phosphorus in 
water (TP) and water transparency determined by 
Secchi disk (SD) in summer (July – August). 

Values of indicators were calculated accord-
ing to formulas: 

TSI(Chl) = 9.81 ln(Chl) + 30.6
TSI(SD) = 60 – 14.43 ln(SD)

TSI(TP) = 14.43 ln(TP) + 4.15
TSI(TN) = 54.45 + 14.43 ln(TN)

TSI = [TSI(Chl) + TSI(SD) + TSI(TP)]/n

where: TSI – trophic status index, 
 ln – natural logarithm, 
 n – number of indexes.

The value of indicator varies from 0 to 100, 
and each class of the trophic status is assigned 
with the following value ranges: 0–40 ̶ oligotro-
phic 40–50 – mesotrophic 50–70 ̶ eutrophic, 70–
100  ̶  hypertrophic. 

RESULTS AND DISCUSSION 

The study showed big differences in the 
concentrations of nutrients and indicators of eu-
trophication in Lake Niepruszewskie (Table 1). 
Total phosphorus concentration throughout the 
test period reached a mean value of 0.092 mg P/
dm3, while in each period it ranged from 0.031 
to 0.16 mg P/dm3. The concentration reached the 
highest values in 2001 and 2003 to 2006, when it 
far exceeded the limit above which eutrophica-
tion occurs [Rozporządzenie… 2002]. Fairly high 
concentrations of phosphorus, close to the bor-
der value, were also recorded in 1999–2000 and 
2007–2008. In the last three analysed years the 
reduction in the concentration of this component 
has been marked. According to most of the cri-
teria, concentrations of phosphorus indicated eu-
trophy and hypertrophy, only in 2009 according 
to OECD criteria (1982) the level of phosphorus 
corresponded to mesotrophy (Table 2). The result 
was slightly different when rating by the criteria 
proposed by Kajak [1983] and Hilbricht-Ilkowska 
[1989], by which the concentration of phosphorus 
in the lake corresponded to mesotrophy and eu-
trophy. The concentration of phosphorus in Lake 
Niepruszewskie was lower than in urban lakes of 
Olsztyn (Poland) [Szymański et al. 2014], some 
lakes of catchment area the river Słupia (Poland) 
[Jarosiewicz 2011] and Lubuskie Lakeland (Po-
land)[Pełechata et al. 2006], and also much larger 
than most lakes in Quebec province (Canada) 
[Galvez-Cloutier and Sanchez 2007]. 

The concentration of chlorophyll a in the wa-
ter of the lake ranged from 21.4 to 90.9 mg/dm3 
and until 2007 it considerably exceeded the limit 
value indicative of eutrophication, only in the last 
two years (2009–2010) it was slightly below this 
limit (Table 1). The highest values of this param-
eter were recorded in 2003 and 2005, directly af-
ter the lowering of the lake water damming in the 
second half of 2002. In the same period a very 
high concentration of total phosphorus was also 
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recorded. The average concentration of chloro-
phyll a, according to most criteria [Forsberg and 
Ryding 1980, Nürnberg 2001, OECD 2008] indi-
cated a state of hypertrophy, only according to the 
criteria of Kajak [1983] and Hilbricht-Ilkowska 
[1989] it corresponded to eutrophy. For most of 
the period concentrations of chlorophyll indicat-
ed a high trophic status (hypertrophic) and only 
in recent years it has slightly decreased  ̶  to the 
eutrophic state according to the criteria of Fors-

berg and Ryding [1989] in 2007–2010, accord-
ing to OECD [2008] criteria only in 2009–2010. 
Also according to the criteria of Kajak [1983] and 
Hilbricht-Ilkowska [1989] trophic status of lakes 
in 2008–2010 decreased to mesoeutrophic. The 
level of chlorophyll in the studied lake was much 
higher than in urban lakes of Olsztyn [Szymański 
et al. 2014], in the majority of lakes of the catch-
ment area of the river Słupia [Jarosiewicz 2011] 
and Lubuskie Lakeland [Pełechata et al. 2006], 

Table 1. Eutrophication indexes values observed in Lake Niepruszewskie 

Year Total phosphorus (mg P/dm3) Chlorophyll a (µg/dm3) Secchi depth (m) Total nitrogen (mg N/dm3)

1994 0.044 65.0 1.00 –

1999 0.085 34.9 0.78 –

2000 0.097 55.6 0.92 –

2001 0.145 57.8 1.21 –

2002 0.085 54.1 1.24 –

2003 0.133 71.3 0.80 –

2005 0.160 90.9 0.53 –

2006 0.120 54.7 0.40 3.50

2007 0.080 39.3 0.80 4.94

2008 0.090 27.6 0.82 4.19

2009 0.031 21.4 0.96 4.06

2010 0.069 22.5 1.05 4.14

2013 0.052 – 1.00 4.37

Average 0.092 49.6 0.89 4.20

Limit values* >0.1 >25 <2.0 >1.5

* Values defined in the Regulation of the Minister of Environment of 23 December 2002 on the criteria for the designa-
tion of waters vulnerable to pollution from nitrogen compounds from agricultural sources [Rozporządzenie… 2002]

Table 2. Trophic state of the Lake Niepruszewskie

Year
OECD [1982] Nürnberg [2001] Forsberg and Ryding 

[1980]
Kajak [1983] and 

Hilbricht-Ilkowska [1989]
TP Chl SD TP Chl TN TP Chl TN TP Chl TN

1994 E* H H E H – E H – M E –

1999 E H H E H – E E – ME E –

2000 E H H E H – E H – ME E –

2001 H H H H H – H H – E E –

2002 E H H E H – E H – ME E –

2003 H H H H H – H H – E E –

2005 H H H H H – H H – E E –

2006 H H H H H H H H H E E E

2007 E H H E H H E E H ME E E

2008 E H H E H H E E H ME ME E

2009 M E H E H H E E H M ME E

2010 E E H E H H E E H ME ME E

2013 E – H E – H E – H ME – E

Average E H H E H H E H H ME E E

* M – mesotrophy; ME – mesoeutrophy, E – eutrophy, H – hypertrophy.
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or in lakes in Quebec Province (Canada) [Galvez-
Cloutier and Sanchez 2007]. 

Transparency of water measured by Secchi 
disk throughout the analyzed period was below 
the size limit specified for the eutrophication of 
surface waters [Rozporządzenie… 2002]. On av-
erage over the period it amounted to only 0.89 
m, and in the individual years it ranged from 0.4 
m in 2006 to 1.24 m in 2002 (Table 1). In 2002, 
the lake has been loaded with plenty of rainwa-
ter and thaw water in the spring period and the 
highest accumulation of water in the basin oc-
curred, which could affect the dilution of pollut-
ants and improve water transparency. The worst 
lighting conditions occurred in 1999–2000 and 
2003–2009 (less than 1 m). The deterioration in 
Secchi disk visibility was usually associated with 
intensive development and the phytoplankton 
blooms (higher concentration of chlorophyll), but 
in recent years it could also be the result of wa-
ter turbidity caused by the motorboats equipment 
used for recreational purposes, causing intensive 

mixing of water and lifting of sediments. Accord-
ing to OECD criteria (2008) low transparency 
of water indicated a status of hypertrophy in all 
years (Table 1). 

The concentration of total nitrogen in the 
lake analyzed since 2006 was throughout the 
entire period very high and more than twice ex-
ceeded the threshold for eutrophication (Table 
1) [Rozporządzenie… 2002]. Both according to 
the criteria of Forsberg and Ryding [1989] and 
Nuremberg [2001] it pointed to the status of hy-
pertrophy, and according to the criteria of Kajak 
[1983] and Hilbricht-Ilkowska [1989] – to eutro-
phic status. The ratio of the concentration of ni-
trogen (N) and phosphorus in water (P) analyzed 
since 2006, was 69 on average, while in the whole 
period it ranged from 29 in 2006 to 131 in 2009 
(Table 3). This indicates that the lake has large 
surpluses of nitrogen and phosphorus is mainly a 
limiting factor of productivity. 

The values of trophic status index (TSI) cal-
culated based on formulas of Carlson [1977], on 
average, over the analyzed period corresponded 
to eutrophy, while they were varied in the sub-
sequent years (Table 4). Among the partial indi-
cators of the trophic, the highest average value 
reached TSI(Chl), calculated based on the con-
centration of chlorophyll a, which amounted to 
67.5 and was in the upper level of eutrophic range. 
In subsequent years, this index ranged from 59.5 
in 2010 (eutrophy) to 72.5 in 2003 (hypertrophy). 
The highest values were reached by this index 
in 1994 and 2000–2006, when they exceeded or 
were close to the criterion for hypertrophy. 

Table 3. Values of N:P ratio in water of Lake 
Niepruszewskie 

Years N:P ratio

2006 29

2007 62

2008 47

2009 131

2010 60

2013 84

Average 69

Table 4. Value of Carlson trophic state indexes (TSI) of Lake Niepruszewskie 

Year TSI(TP) Trophic status TSI(Chl) Trophic status TSI(SD) Trophic status

1994 67.3 E* 71.5 H 60.0 E

1999 60.5 E 65.4 E 63.6 E

2000 70.6 H 70.0 E 61.2 E

2001 75.4 H 70.4 H 57.3 E

2002 69.0 E 72.3 H 56.8 E

2003 78.3 H 72.5 H 63.2 E

2005 74.4 H 68.9 E 69.9 E

2006 70.6 H 67.9 E 77.3 H

2007 67.3 E 66.3 E 65.2 E

2008 74.4 H 62.9 E 64.8 E

2009 53.2 E 62.2 E 69.4 E

2010 47.4 M 59.5 E 59.6 E

2013 55.1 E – – 60.0 E

Average 66.4 E 67.5 E 63.7 E

* E – eutrophy; M – mesotrophy; H – hypertrophy.
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The value of the partial indicator of the trophic 
status of the TSI(TP), based on total phosphorus 
concentration, was slightly lower and amounted 
to an average of 66.4, which also corresponds 
to eutrophic class. During the study period, this 
index ranged from 47.7 in 2010 (mesotrophy) to 
78.3 in 2003 (hypertrophy). Clearly higher val-
ues of this index occurred in 2000–2008, when 
the exceeded the limit adopted for hypertrophy, or 
were close to it. TSI(SD) trophic status indicator, 
calculated based on water transparency marked 
by Secchi disk, reached an average value of 63.7, 
corresponding to eutrophy. Almost throughout 
the entire analysed period it was placed within 
the range corresponding to eutrophy, from 56.8 
in 2002 to 69.9 in 2005, only in 2006 it clearly 
crossed the line adopted for hypertrophy. Com-
pared with the lakes of Olsztyn, TSI(TP) index 
in the studied lake reached similar or lower val-
ues, the index TSI(Chl) was comparable, while 
the TSI(SD) index was significantly higher 
[Szymański et al. 2014]. Indexes: TSI(TP) and 
TSI(SD) were comparable to those listed in lakes 
of Lubuskie Lakeland [Pełechata et al. 2006].

The synthetic index of the trophic status of the 
TSI throughout the study period achieved an av-
erage value of 65.6 and showed the eutrophic sta-
tus of Lake Niepruszewskie (Table 4). The high-
est values were reached in the period 2003–2006, 
when it showed the hypertrophic status. The low-
est values were founded in 2010 and 2013, while 
in other years they remained at the upper level 
of the eutrophic state (>61). Analysis of changes 
of TSI synthetic index lead to the observation of 
clear deterioration of the trophic status of Lake 
Niepruszewskie in 2003–2006, immediately after 
the lowering of the lake water damming in the 
second half of 2002 (Figure 2). 

This could be due to the deterioration of the 
hydrological conditions in the lake. In the sec-
ond half of 2002, because of strong pressure of 
owners of the parcels located in the vicinity of 
the lake along with the recession in agriculture 
and the lack of interest in further consumption 
of water for irrigation, the level of water dam-
ming was reduced in the basin by an average of 
approx. 0.45 m (i.e. 16.7% of average depth), 
which resulted in a decrease and the volume of 
water in the lake by approx. 1.3 million m3 and 
a the decrease of the surface of the lake to 253 
ha [Ławniczak et al. 2011, Murat-Błażejewska 
et al. 2008]. In 2001–2002, the average an-
nual amplitude of water level was 94 cm and 
was twice as high as in 2003–2007. In addi-
tion, in 2003 there was very little precipitation, 
amounting to 355 mm in the catchment area (it 
means 70% of the average rainfall in the period 
1971–2000), which has exacerbated a shortage 
of water in the lake [Zbierska et al. 2011]. In 
2003 there was an extremely low water level 
in the lake, 76.06 m, this means below the 
brink of weir. This resulted in the inhibition 
of the outflow of water from the lake through 
the river Samica Stęszewską and greatly re-
duced flows continued in its course, including 
their periodic disappearance [Zbierska et al. 
2011]. In 2004, rainfall amounted to 463 mm, 
and it was also lower than the average of the 
multi-year (92%), which prolonged the persis-
tence of unfavourable hydrological conditions. 
Quick draining water from the lake in 2002 
and the subsequent lowering of the water level 
had a negative impact not only on the quality 
of water in the Lake Niepruszewskie, but also 
in lakes located lower in the flow of the river 
Samica Stęszewska, especially in the immedi-

Figure 2. Changes of the Niepruszewskie Lake trophic state on the basis of Carlson index mean value 
TSI(TP+Chl+SD); O – oligotrophy, M – mesotrophy, E – eutrophy, H – hypertrophy
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ate Lake Tomickie, which increased BOD5 and 
concentration of phosphates and phosphorus, 
chlorophyll a and seston and decreased Secchi 
depth, whereby the water quality class III dete-
riorated to a status outside the classes [Zbier-
ska and Kupiec 2004]. 

Lake trophic indexes improvement notice-
able since 2009 could be due to sorting waste 
water management in localities located on the 
lake and the implementation on the catchment 
area of action programs aimed at reducing the 
outflow of nitrogen from agricultural sources. In 
2008 a sewage treatment plant in Niepruszewo 
was put into operation and in the years 2009–
2012 a sewage system in the villages Nieprusze-
wo and Cieśle was built [Zbierska et al. 2011]. 
In the years 2004–2012 action programs were 
implemented in the catchment area concerning 
the existing intensive farming and livestock pro-
duction, consisting of, among others, the appli-
cation of good agricultural practice, preparation 
of plans for the balance of ingredients and fertil-
izer, building panels and tanks for the storage 
of organic fertilizers [Rozporządzenie… 2004, 
2008]. Unfortunately, after OSN verification in 
2012 these programs in the catchment area are 
no longer implemented. 

By analysing the relationship between partial 
indexes, it can be observed that their average val-
ue of the entire period did not differ significantly. 
The highest value was reached by chlorophyll 
a TSI(Chl), while other indexes were slightly 
lower. It can therefore be assumed that this rela-
tionship becomes: TSI(TP) = TSI(Chl) = TSI(SD. 
This points to the intensive development of phy-
toplankton in trophic favourable conditions and 
its impact on the deteriorating of light conditions 
in the lake. In subsequent years these relations 
showed greater variation. Analysing the data in the 
table 4, it can be found that by 2002 the ratio was 
generally in accordance with the formula TSI(Chl) 
= TSI(TP) > TSI(SD), which indicates the domi-
nance of large particles of algae and the possibil-
ity of the presence of blue-green algae. Between 
2005 and 2008 the greatest value was achieved 
by TSI(TP), much lower by TSI(SD), and the 
lowest had the index of chlorophyll TSI(Chl), 
which may indicate the effect of other factors on 
deterioration of light, e.g. suspensions or toxins. 
In 2006, TSI(SD) index achieved significantly 
greater value than the other two indicators with 
similar values, reflecting the dominance of small 
algae limiting the Secchi depth. The smoothed 

values of the indicators in 2007 showed dete-
riorating light conditions in the lake as a result 
of growth of phytoplankton in favorable trophic 
conditions. Recent years 2009–2013 revealed a 
relationship TSI(SD) = TSI(Chl) > TSI(TP), that 
points to the limiting effect of phosphorus on the 
growth of algae. 

CONCLUSIONS

1. Lake Niepruszewskie should be classified as 
eutrophic because most of the analysed indica-
tors exceed the limits specified in the national 
legislation, including the transparency of wa-
ter and nitrogen concentration throughout the 
study period (1994–2013), the concentration 
of chlorophyll in 2008, while the total phos-
phorus concentration only occasionally.

2. Trophic status of Lake Niepruszewskie, deter-
mined on the basis of various scientific crite-
ria, in relation to the total phosphorus levels 
should be defined as eutrophic, but due to the 
concentration of chlorophyll, Secchi depth 
and concentration of nitrogen as hypertrophic. 
This was also confirmed by Carlson trophic 
state index values (TSI), most of which cor-
respond to eutrophy, but they also increased 
periodically to hypertrophy. 

3. The high value of N:P ratio indicates that 
the lake had large surpluses of nitrogen, and 
phosphorus was a limiting factor of productiv-
ity. Relationships between partial indexes of 
TSI(TP), TSI(Chl) and TSI(SD) showed that 
the lake appeared abundant with phytoplank-
ton development, which most often was the 
cause of the reduction of water transparency. 
Periodically, the deterioration of the light con-
ditions in the lake could also be affected by 
other factors, including turbidity caused by the 
use of motorboats equipment.

4. Significant deterioration of the trophic status 
of Lake Niepruszewskie occurred in 2003–
2006 in connection with the deterioration of 
the hydrological conditions due to the reduc-
tion in the level of impoundment of water 
in the lake and low precipitation. In recent 
years, the reduction in phosphorus and chlo-
rophyll concentrations and a slight increase 
in water transparency were noticeable, but 
they were still at a level corresponding to ad-
vanced eutrophy. 
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