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Introduction

Flow rivers have significant positive or negative 
influence on lake ecosystem or inversely, these ecosys-
tems may also impact flow rivers (Hillbricht-Ilkows-
ka 1999; Marcarelli and Wurtsbaugh 2007). Lakes, in 
relations to streams, have longer hydraulic retention 
times and, are characterised by domination of sedi-
mentation and accumulation processes over erosion 
as well as advantage of autochthonous material over 
allochthonous, etc. (Hillbricht-Ilkowska 1999; Kling at 
al. 2000; Neal et al. 2008). However, these differences 
are not always sharp and, still, it is unclear how natu-
ral lakes are ecologically linked with their inlet and 
outlet rivers (Hillbricht-Ilkowska 1999; Marcarelli and 
Wurtsbaugh 2007). This interaction may have differ-

entiated strength and might change, for example, due 
to the modification of nutrient availability (Kling et 
al. 2000), hydrology or morphology (Arp et al. 2006).

In last decade, many water bodies have been af-
fected by hydraulic engineering constructions, which 
significantly changed hydrology and biogeochemi-
cal processes in lakes and rivers. This effect has been 
strengthened by point sources, particularly, from 
waste water discharges, which are major sources of 
phosphorus (Neal et al. 2006; Bowes et al. 2005). 

However, recently the most predominant sourc-
es of water pollutions are diffuse inputs, of which ag-
riculture is considered to be the predominant source, 
particularly of nitrate and potassium (Neal et al. 2006, 
2008). Potassium pollution is also caused by the waste 
water discharge from industrial activities and is one of 
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the predominant ion of mineral pollutions in surface 
water (Manahan 2005). All these factors may signifi-
cantly change the character of interactions between 
lakes and streams, for example, directly or indirectly 
in respect to nitrogen, phosphorus and potassium up-
take, removal and release mechanisms. However, our 
knowledge about these interactions is still insufficient.

The objective of this research project was: 1) to 
evaluate the effect of shallow lakes on reactive, total 
phosphorus and potassium concentrations in the wa-
ter river 2) to analyse the effect of changes in water re-
tention in the lake on nutrient concentrations in river 
waters.

Study site description

The study was carried out in the Samica 
Stęszewska River, located about 27 km west from 
Poznan, Poland. The length of the river is 37.87 km. 
The river flows from the source located near Ceradz 
Kościelny, across cultivated agricultural land and flows 
through shallow Lake Niepruszewskie (3.05 m aver-
age depth), then Lake Tomickie (1.1 m average depth) 
and following lakes to the Mosiński Canal. From 1974 
to 2002, the Niepruszewskie Lake was regulated at its 
outlet by a weir for irrigation purposes. The decreased 
of water level in the lake influenced on water dis-
charge in the Samica Stęszewska River (Zbierska and 
Ławniczak 2006).

Methods 

The study was carried out from January to De-
cember 1999-2002 and 2005-2008 at four stations. 
Sites were located at the inflow (S1-LN, S3-LT) and 
outflow (S2-LN, S4-LT) of the Samica Stęszewska 
River into and out of Lake Niepruszewskie (LN) and 
Tomickie (LT), respectively. Water samples were taken 
monthly at depths of 0.5 m below the water surface. A 
100-ml aliquots of each sample were filtered through 
a 0.45 µm cellulose nitrate membrane. The filtered and 
unfiltered samples were analysed for soluble reactive 
phosphorus (SRP) and total phosphorus (TP) (Mur-
phy and Riley 1962), respectively, using a spectropho-
tometric method (HACH 2400) in the laboratory of 
the Department of Ecology and Environmental Pro-
tection, Poznan University of Life Sciences, within 6 
hours of sampling. Potassium concentrations (K) were 
measured with flame emission spectroscopy (Sher-
wood Model 425), in the laboratory of the Depart-

ment of Agricultural Chemistry, Poznan University of 
Life Sciences. 

The effects of locations and months or periods 
(one: 1999-2001 with high water retention in Lake 
Niepruszewskie, and second: 2005-2008 with lower 
water retention in Lake Niepruszewskie) on the reac-
tive, total phosphorus and potassium concentrations 
in the water were analyzed with factorial three-way 
ANOVA. Data were log-transformed to obtain nor-
mally distributed residuals with equal variances, the 
nutrients were compared pairwise using the Tukey 
HSD test (alpha = 0.05) to determine whether lakes 
influenced water quality in the river. All analyses were 
performed using Statistica (StatSoft, Poland). 

Results

Soluble reactive phosphorus concentrations 
significantly varied between the studied control sites 
and between months (Fig. 1, 2, Table 1). The highest 
concentrations and variations were measured in the 
Samica Stęszewska inflow to Lake Nieruszewskie, dur-
ing two studied periods. The highest SRP concentra-
tions in the inflow were observed from June to August 
(varied between 0.25-0.57 mg P-PO4 dm-3) during high 
water retention (1999-2001) (Fig. 1a), and in August 
and September (0.31 and 0.51 mg P-PO4 dm-3, respec-
tively), during lower water retention in the lake (2005-
2008) (Fig. 1b). During the remaining studied months, 
phosphorus concentrations did not differ significantly 
between the inflow into and outflow from the lake 
(Fig. 1a, 1b). At the outflow of Lake Niepruszewskie, 
SRP concentrations ranged between 0.01-0.15 mg 
P-PO4 dm-3, except in July, during the second period. 
Thus, a strong increase was observed. 

A different relation was noted in the inflow into 
and outflow of Lake Tomickie. The average SRP con-
centrations varied from 0.02 to 0.24 mg P-PO4 dm-3 at 
both sites throughout the studied years (Fig. 2). In the 
inflow into Lake Tomickie, the only sharp increase was 
observed in January (0.24 mg P-PO4 dm-3) during high 
water retention in Lake Niepruszewskie (Fig. 2a). Dur-
ing low water retention in Lake Niepruszewskie, only 
in September, reactive phosphorus concentrations were 
significantly higher (0.20 mg P-PO4 dm-3) in compari-
son with the inflow into Lake Tomickie (Fig. 2b). 

Similar variations of total phosphorus concen-
trations like those observed for reactive phosphorus 
concentrations occurred at the inflow into and outflow 
from Lake Niepruszewskie. Total phosphorus con-
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Table 1. Results of the ANOVA testing of the effects of the time and site on reactive phosphorus, total phosphorus and potassium con-
centrations. All parameters were ln-transformed. Data are F-ratios and significance levels given as ***, p < 0.001; **, p < 0.01; *, p < 0.05; 
ns, p ≥ 0.05. The time effect included months and two periods – first with high water retention in Lake Niepruszewskie (1999-2001), 
second with reduction of water retention in Lake Niepruszewskie (2005-2008)

Variable
Soluble reactive phosphorus Total phosphorus Potassium

df F p Sig. F p Sig. F p Sig.

Control point 3 27.605 .000 *** 8.738 .000 *** 23.999 .000 ***

Month 11 3.936 .000 *** 3.820 .000 *** 2.416 .010 **

Point*month 33 1.274 .162 ns .990 .490 ns 3.067 .000 ***

Period 3 29.985 .000 *** 9.725 .002 **

Point*period 9 5.587 .001 ns 1.956 0.124 ns

Abreviations: df – degree of freedom; F – distribution; p – probability value; Sig. – significance level; ns – not sig-
nificant

Fig. 1. Monthly soluble reactive phosphorus (SRP) concentrations in the Samica Stęszewska River at the inflow (S1-LN) and outflow 
(S2-LN) of Lake Niepruszewskie during: a – high water retention, b – low water retention in Lake Niepruszewskie. The plot indicates 
mean value ±standard error

centrations were the highest at the inflow of Samica 
Stęszewska into Lake Niepruszewskie and at the out-
flow from Lake Tomickie (Fig. 3, 4). The highest values 
were noted during summer time, which varied from 
0.51 mg P dm-3 in June to 0.59 mg P dm-3 in July in the 
first site (inflow into Lake Niepruszewskie), and from 
0.39 mg P dm-3 August to 0.45 mg P dm-3 in September, 
in the fourth site (outflow from Lake Tomickie).

The reduction of water retention had a signifi-
cant influence on total phosphorus concentrations 
in the river (Table 1, Fig. 2b, 3b). At the outflow from 
Lake Tomickie, phosphorus concentrations were sig-
nificantly higher compared to the concentrations 
at the inflow and increased twofold after water level 
reduction. The highest values were recorded in years 
2005-2008, average 0.22 mg P dm-3, when the water re-

a)                                                               b)
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Fig. 2. Monthly soluble reactive phosphorus (SRP) concentrations in the Samica Stęszewska River at the inflow (S3-LT) and outflow 
(S4-LT) of Lake Tomickie during: a – high water retention, b – low water retention in Lake Niepruszewskie. The plot indicates mean 
value ±standard error

Fig. 3. Monthly total phosphorus concentrations in the Samica Stęszewska River at the inflow (S1-LN) and outflow (S2-LN) of Lake 
Niepruszewskie during: a – high water retention, b – low water retention in Lake Niepruszewskie. The plot indicates mean value 
±standard error

a)                                                               b)
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tention was higher, in comparison with 1999-2001, av-
erage 0.11 mg P dm-3. Particularly, threefold increases 
were observed during non-vegetation season (from 
August to December) which varied from 0.07 to 0.15 
mg P dm-3 during the first of the analysed periods and 
from 0.19 to 0.45 mg P dm-3, during the second one).

Potassium concentrations varied significantly 
between the control points and months (Table1, Fig. 
5a,b, 6a,b). The strongest differences were noted at the 
inflow of the Samica Stęszewska River into the second 
lake during non-growing seasons in years 2005-2008. 
During this period, potassium differed from 5.7 to 8.0 
mg K dm-3. At the outflow from Lake Niepruszewskie, 
during autumn time (from September to December), 
significant increases of potassium concentrations were 
observed. Differences of K concentrations between 
periods and sites were not significant (Table 1).

Discussion

Our results showed a significant influence of lake 
ecosystems on reactive and total phosphorus as well as 
potassium concentrations in the river water. The reduc-
tion in water level fluctuations had a minor effect on 

the analysed nutrient variations in the river, except for 
total phosphorus concentrations. The most significant 
effect of shallow lakes on the river was observed in as-
pect of phosphorus concentrations; however, this effect 
varied between two lakes. Lake Niepruszewskie played 
a role in phosphorus sink. Very high concentrations 
of reactive and total phosphorus were observed at the 
inflow of the river to the lake in comparison with the 
outflow. Samica Stęszewska River flows into Lake Nie-
pruszewskie through a wide littoral zone to the open 
water. This zone plays a significant role in nutrient stor-
age in the lake (Hillbricht-Ilkowska 1999; Lawniczak et 
al. 2006; Lawniczak 2010) which significantly uptake 
nutrient from sediment and water. On the other hand, 
high phosphorus concentrations in the inflow were 
measured also probably due to low-velocity during 
summer time and low buffering capacity of the sedi-
ment. Our results contradict the results of Hillbricht-
Ilkowska (1999) and Bowes et al. (2003), who observed 
high TP retention values in the lake and rivers during 
spring or autumn time. This situation was caused by 
intensive in-lake production or retention by within 
sediment deposition, particularly in low-velocity rivers 
(Bowes and House 2001). Subsequent remobilisation of 

Fig. 4. Monthly total phosphorus concentrations in the Samica Stęszewska River at the inflow (S3-LT) and outflow (S4-LT) of Lake Tom-
ickie during: a – high water retention, b – low water retention in Lake Niepruszewskie. The plot indicates mean value ±standard error

a)                                                               b)
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Fig. 6. Monthly potassium concentrations in the Samica Stęszewska River at the inflow (S3-LT) and outflow (S4-LT) of Lake Tomickie 
during: a – high water retention, b– low water retention in Lake Niepruszewskie. The plot indicates mean value ±standard error

Fig. 5. Monthly potassium concentrations in the Samica Stęszewska River at the inflow (S1-LN) and outflow (S2-LN) of Lake Nieprusze-
wskie during: a – high water retention, b – low water retention in Lake Niepruszewskie. The plot indicates mean value ±standard error
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stored phosphorus was observed also during storms in 
the autumn to spring period (Bowes et al. 2003). 

Reduction in water level fluctuations had a slight 
impact on reactive phosphorus. The most significant 
differences in reactive phosphorus concentrations 
were measured in the inflow to Lake Niepruszewskie 
though they did not depend on changes in water level 
fluctuations but probably on meteorological condi-
tions or fluxes from agricultural and various effluent 
sources in the upper part of the catchment (Bowes et 
al. 2003). 

Opposite relationships were observed between 
the inflow and outflow of Samica Stęszewska to and 
from Lake Tomickie, respectively, where highest con-
centrations of total phosphorus were measured down-
stream. Lake Tomickie is characterized by very eu-
trophic stage with intensive algae bloom (Ławniczak 
et al. 2009). Reductions in water level fluctuations in 
Lake Niepruszewskie influenced water discharge of 
Samica Stęszewska River, and probably exacerbated 
water quality in Lake Tomickie (Ławniczak et al. 2009), 
especially that from August to December 2005-2008, 
the lake played a role as a nutrient source for the Sam-
ica Stęszewska River. These results confirm the study 
of Hillbricht-Ilkowska (1999) who observed, in the 
stagnation period, acceleration of phosphorus export 
downstream. Also, shallow lakes with intensive hydro-
dynamic conditions have a lower buffering capacity to 
remove and bond phosphorus in the sediment, par-
ticularly in the presence of very high amounts of sedi-
ment deposition (Sly 1994). 

Potassium concentrations downstream from 
Lake Niepruszewskie increased during stagnation pe-
riod, probably due to the decomposition process and 
leaching of nutrients from the shoot parts by rain or 
water flow. The most significant differences occurred 
at the inlet to Lake Tomickie. During vegetation sea-
son, potassium concentrations did not vary signifi-
cantly, but during the stagnation period decreased K 
concentrations were observed. At this site, the river 
flows through the forest, and aquatic vegetation in the 
channel is not very well developed due to significant 
shading of trees. These conditions may explain differ-
ences between the analysed sites. However, the detect-
ed K concentrations in the Samica Stęszewska River at 
all sites indicated eutrophic water quality comparable 
to rivers in a lowland agricultural region (Howden et 
al. 2009). 

Conclusions

Our study revealed that P and K rates were very 
patchy, strongly dependent on the location within 
lake-river systems, and seasonally varied within years. 
Changes in water level fluctuations had a significant 
influence on water quality in the river, although this 
influence was not observed with respect to potassium 
concentrations. By considering lakes and streams to-
gether, our study confirmed that nutrient concentra-
tions in river strongly depended on water quality of 
the lake ecosystem and their buffering capacity. Ad-
ditionally, by improving water quality, increasing oxy-
gen concentrations and decreasing dissolved nutrient 
concentrations and increasing the amplitude of wa-
ter level fluctuations in lakes P-fixation rates in outlet 
streams may be increased.
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