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Introduction

Lakes are specific freshwater ecosystems, 
considered as the most valuable components  
of the hydrosphere in nature, but also exceptionally 
short-lived and susceptible to damage. They perform 
many important hydrological, biocoenotic, microcli-
matic and economic functions. Lakes are primarily a 
shelter and a habitat of aquatic organisms, but also an 
essential store of water, a site of fisheries production 
and a refuge for many species of animals (Bajkiewicz-
Grabowska 2002; Kostecki and Krodkiewska 2005; Ja-
rosiewicz and Hetmański 2009).

The nutrient pollution level affects the rate of 
eutrophication. Excessive lake fertility limits possible 
use of lake water for industrial, municipal and recre-
ational purposes. It may also cause certain economic 
effects, such as higher costs of water treatment, losses 
in fish stock, lower income from tourism and recre-
ation. Additionally, eutrophication is considered to be 

the greatest threat to biodiversity in freshwater habi-
tats (Kajak 2001; Upadhyay et al. 2011).

The rate of eutrophication depends on many 
morphometric, hydrographic and basin factors. Usu-
ally, this process is very slow in nature. However, in-
tensified anthropopressure has caused a significant 
increase in eutrophication in recent decades. Changes 
in basin land use related with a high deforestation rate 
for the purposes of urbanization, undoubtedly con-
tributed to the acceleration of eutrophication (Lossow 
2000; Camargo and Alonso 2006). Just since 1954 the 
number of Polish lakes has decreased by 2215 and their 
surface reduced by about 11.22% (Choiński 2007).

Nitrogen is one of the main elements that deter-
mine the increased pace of eutrophication. Its excess 
in lakes is currently a very frequent problem, especial-
ly in agricultural areas. In the surface waters nitrogen 
may occur as molecules (N2) or in mineral (ammo-
nium, nitrites and nitrates) and organic (dissolved and 
molecular) form. Mineral fractions of nitrogen have 
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high solubility, thus they enter the basin primarily in 
this form. In turn, erosion of soil particles and leach-
ing of dissolved organic matter are the main sources 
of organic nitrogen in water bodies (Kajak 2001). 

Seasonal variation of mineral nitrogen forms 
depends on varying intensity of ammonification, ni-
trification and denitrification processes, which are 
regulated by oxygen concentration (Hu et al. 2013). 
Organic nitrogen forms dominate usually during the 
growing season, while in winter ammonium nitrogen 
is more frequent (Kajak 1979). A large amount of am-
monia nitrogen may occur from November to March 
(especially in polluted surface waters). During this 
period a low temperature prevails, which reduces its 
consumption by organisms and significantly decreases 
the intensity of the nitrification process. Ammonium 
ions are also present in the anoxic deep waters. Nitrite 
forms are unstable and in aerobic conditions they are 
rapidly oxidized to nitrates, whereas in anaerobic con-
ditions they are reduced to ammonium forms. There-
fore, the concentration of nitrites is usually low. In 
well-oxygenated water, nitrates are the dominant form 
of mineral nitrogen (Kajak 2001).

The aim of this study was to compare the con-
centration of nitrogen and to trace the dynamics of its 
changes in two lakes with different degrees of anthro-
popressure.

Study area

According to the physico-geographical division 
of Poland (Kondracki 2001) Lake Paskierz (Persian 
Lake) is located in the Masurian Lake District, in the 
mesoregion called the Olsztyńskie Lake District. This 
lake is situated northeast of Ostróda. The water table 
is approximately 97.0 metres above sea level (Fig. 1).

This small and relatively shallow lake has a 
poorly developed shoreline, a regular lake basin with 
a muddy bottom, high and in parts quite steep shores. 
Morphometric parameters of Lake Paskierz are shown 
in Table 1.

To the northeast, Lake Paskierz is connected 
with Lake Rudat and to the southwest with Pauzeńskie 
Lake (Anon. 2009). The catchment area of the analysed 
lake is small (29.4 ha) and mostly anthropogenically 
transformed. The dominant share of the land use is a 

Fig. 1. The location of Lake Paskierz
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built-up area (approx. 45%). Wasteland occupies near-
ly 34%, arable land and forests respectively around 13 
and 9% (Table 2). On the northern shore of the lake, 
there is a resort and a swimming bath. Further away 
from the lake is a school and detached houses. To the 
west, the lake lies close to a distillery and a poultry 
farm. The south-western part of the drainage basin is 

covered by farmland. South of Lake Paskierz there are 
factories, trade and service facilities, a few detached 
houses and a large yacht harbour. 

According to the physico-geographical division of 
Poland (Kondracki 2001), Lake Sajmino (Kajkowskie 
Lake) is located in the Masurian Lake District (region) 
and Olsztyńskie Lake District (meso-region). The lake 
is situated southeast of Ostróda. The water table is ap-
proximately 101.3 metres above sea level (Fig. 2).

This is an elongated lake, with a poorly devel-
oped shoreline and muddy-sandy bottom. The maxi-
mum depth is 7.8 m and the average depth is 3.8 m 
(Jańczak et al. 1997) (Table 3). In the southern part 

Table 1. Morphometric parameters of Lake Paskierz

Parameter Value

Surface area [ha] 14.3

Volume [dam –3] 364.3

Maximum depth [m] 10.6

Mean depth [m] 2.6

Relative depth 0.24

Depth index 0.24

Maximum length [m] 750

Maximum width [m] 250

Shoreline length [m] 1800

Shoreline development 1.34

Elongation 3.0

Table 2. Land use structure in the drainage basin of Lake Paskierz 

Type of land use Surface area [ha] Proportion [%]

Built-up land 13.2 44.9

Waste land 9.9 33.7

Arable land 3.7 12.6

Forests 2.6 8.8

Total 29.4 100.0

Fig. 2. The location of Lake Sajmino
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of the lake, there is a small island. The eastern shores 
are marshy, overgrown with reeds, while the northern 
shores are sandy. The slopes are gentle and easily ac-
cessible (Anon. 2009). 

The surface of the direct catchment area of Lake 
Sajmino is 66.5 ha, of which 46.5% is wasteland, ap-
proximately 35% is arable land, 12% is covered by 
forests and 6% is occupied by built-up land (Table 4). 
To the north of the lake, there are industrial plants, 
trade and service facilities, and some farmland. The 
south and south-east side of the lake borders mostly 
wastelands. A little further away there are arable lands 
and buildings of Kajkowo Village. A small watercourse 
flows into the south-eastern end of the lake. The lake is 
also supplied with water from Sement Maly Lake and 
receives rainwater from Kajkowo Village. On the west-
ern shores of the lake, there are swimming beaches 
used by residents of Ostróda. Most of the lake shore 
zone is surrounded by trees.

Methods

The material was collected three times: in 
spring (May), summer (August) and autumn (Novem-
ber) 2011. The sampling stations were located above 
the deepest points of these lakes, where diff erent in-, where diff erent in-where different in-
puts are integrated and, according to the authors, best 
represent average conditions. Water for analyses was 
sampled using a 3.5-litre Ruttner sampler. To deter-
mine the vertical variation of nitrogen forms, samples 
were collected from the depths of 1 m below the water 
surface and 1 m above the bottom. Water for analysis 
was transported and stored in glass bottles in a dark 
refrigerator at 4°C. 

 Ammonium nitrogen was determined spectro-
photometrically (MERCK SQ 118), nitrite nitrogen 
was determined with sulphanilic acid and a-naph-
thylamine hydrochloride (NANOCOLOR UV/VIS, by 
the company MACHEREY-NAGEL), nitrite nitrogen 
was determined with phenoldisulphonic acid (NA-
NOCOLOR UV/VIS, by the company MACHEREY-
NAGEL), organic nitrogen was calculated as the dif-
ference between Kjeldahl nitrogen and ammonium 
nitrogen, total nitrogen was calculated as the sum of 
Kjeldahl nitrogen, nitrate nitrogen and nitrite nitro-
gen, and Kjeldahl nitrogen was determined by distil-
lation. Chemical laboratory analyses were conducted 
according to the standard methodology recommend-
ed by Hermanowicz et al. (1999) and Polish Standards. 
The results were converted to average concentrations. 
The percentage shares of the various forms of nitro-
gen in the overall amount of this element were also 
estimated. Calculations were made using Microsoft 
Office 2010 Excel Package. 

Results 

The concentration of total nitrogen ranged 
from 1.03 to 6.58 g Ntot m–3. In the surface waters, 
the highest concentration (1.98 g Ntot m–3) was de-
termined in Lake Paskierz in summer and the lowest 
concentration (1.03 g Ntot m–3) was found in the oth-
er lake in spring. A similar situation was at the bottom, 
where the maximum value of this parameter (6.58 
g Ntot m–3) was also observed during the summer 
stagnation (Lake Paskierz) and minimum (1.04 g Ntot 
m–3) during the spring circulation (Lake Sajmino). 

The organic fraction of total nitrogen was a 
dominant form in the surface water layers of the ex-
amined lakes. The highest percentage in both lakes 

Table 3. Morphometric parameters of Lake Sajmino

Parameter Value

Surface area [ha] 26.1

Volume [dam –3] 817.0

Maximum depth [m] 7.8

Mean depth [m] 3.1

Relative depth 0.015

Depth index 0.4

Maximum length [m] 1350

Maximum width [m] 270

Shoreline length [m] 3000

Shoreline development 1.66

Elongation 5.0

Table 4. Land use structure in the drainage basin of Lake Sajmino

Type of land use Surface area [ha] Proportion [%]

Build-up land 4.0 6.0

Waste land 30.9 46.5

Arable land 23.4 35.2

Forests 8.2 12.3

Total 66.5 100.0
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was observed in spring and summer (more than 93%). 
A slightly different situation was found in near-bot-
tom water layers of Lake Paskierz, where ammonium 
nitrogen was the dominant form (72.9%) in the sum-
mer stagnation. In other cases organic nitrogen was a 
dominant form in each of the reservoirs (Fig. 3). 

Concentrations of ammonium nitrogen in the 
analysed lakes ranged in wide range, from analytical 
zero to 4.80 g N-NH4 m–3. For the surface water lay-
ers, the maximum concentration of this parameter 
(0.19 g N-NH4 m–3) was recorded in autumn (Lake 
Sajmino). In turn, during the spring neither of the ex-
amined lakes contained ammonium nitrogen. At the 

bottom, Lake Paskierz (August) was characterized by 
the significantly highest ammonium nitrogen con-
centration (4.80 g N-NH4 m–3). During the summer 
stagnation at the near-bottom layers of Lake Sajmino 
this form of nitrogen was not observed (Table 5).

In the surface waters of both lakes, the highest av-
erage concentrations of ammonium nitrogen were low 
(approximately 0.07 g N-NH4 m–3). In turn, at the bot-
tom of Lake Paskierz the average concentration of this 
parameter was 2.35 g N-NH4 m–3, which was more than 
22-fold higher compared to Lake Sajmino (Table 5).

The concentration of nitrite nitrogen ranged 
from 0.00 to 0.14 g N-NO2 m–3. In the surface water 

Fig. 3. The share of different forms of nitrogen in the total content of this element in the examined lakes

Table 5. Concentrations of nitrogen in water of lakes Paskierz and Sajmino (surf. – surface, bot. – bottom, nd – not detected)

Nitrogen form Unit

Lake Paskierz Lake Sajmino

May August November May August November

surf. bot. surf. bot. surf. bot. surf. bot. surf. bot. surf. bot.

Total nitrogen

g N m–3

1.68 5.34 1.98 6.58 1.86 1.86 1.03 1.04 1.44 1.54 1.61 1.84

Ammonium nitrogen nd 2.05 0.02 4.80 0.19 0.20 nd 0.15 nd nd 0.19 0.17

Nitrite nitrogen 0.06 0.14 nd nd 0.12 0.14 nd nd nd nd 0.02 0.02

Nitrate nitrogen 0.05 0.05 0.07 0.09 0.17 0.15 0.06 0.12 0.10 0.14 0.07 0.08

Organic nitrogen 1.57 3.10 1.88 1.70 1.39 1.38 0.97 0.78 1.34 1.40 1.33 1.57
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layers, the maximum value of the analysed form (0.12 
g N-NO2 m–3) was determined in autumn (Paskierz). 
In other cases, there was no concentration of nitrite 
nitrogen or it was very low. In turn, in the near-bot-
tom water layers, the maximum value of this param-
eter (0.14 g N-NO2 m–3) was observed during spring 
and autumn circulations in Lake Paskierz. However, 
in the summer, there was no nitrite nitrogen in the ex-
amined reservoirs. The same situation was observed in 
spring, at the bottom of Lake Sajmino. Concentrations 
of this fraction did not affect essentially the overall 
amount of nitrogen in the studied lakes.

The observed concentrations of nitrate nitrogen 
in the analysed lakes were low. In the surface water 
layers, the maximum concentration of this form (0.17 
g N-NO3 m–3) was found in autumn (Paskierz) while 
the minimum (0.05 g N-NO3 m–3) was in spring, also 
in Lake Paskierz. The same values were respectively 
the highest and the lowest concentrations of nitrate 
nitrogen of the whole analysed cycle. For the near-
bottom water layers the highest concentration of the 
analysed form (0.14 g N-NO3 m–3) was observed 
in Lake Sajmino (August) while the lowest (0.05 g 
N-NO3 m–3) in Lake Paskierz (May). The average 
concentrations of nitrate nitrogen in both lakes were 
close and reached about 0.10 g N-NO3 m–3 (Table 5).

Organic nitrogen variability analysis showed 
that the concentration of this ratio ranged from 0.78 
to 3.10 g Norg m–3. In the surface water layer, the 
highest concentration of this form of nitrogen (1.88 g 
Norg m–3) was noted in Lake Paskierz (August) and 
the lowest one (0.97 g Norg m–3) in Lake Sajmino 
(May). Also at the bottom, maximum concentration 
(3.10 g Norg m–3) was observed in Lake Paskierz in 
the summer and the minimum one (0.78 g Norg m–3) 
in spring in Lake Sajmino (Table 4). Both in the sur-
face and in the bottom layers, the highest average con-
centrations of organic nitrogen were found in the wa-
ters of Lake Paskierz and they were 1.61 g Norg m–3 
and 2.06 g Norg m–3, respectively (Table 5).

Discussion

Nitrogen circulation in a lake is a complex 
process, which depends on hydrobiological, hydro-
chemical and meteorological factors. In addition, it is 
conditioned by morphometric parameters of a water 
body, geochemical characteristics of its drainage basin 
and the type and intensity of anthropopressure (Ja-
rosiewicz and Hetmański 2009; Tilahun and Ahlgren 

2010). The concentration of various forms of nitrogen 
in the waters of the analysed lakes was characterized 
by a marked seasonal variation.

The dominant share of organic nitrogen in the 
surface layers of water, especially during the summer 
stagnation, was related to the intensive development 
of autotrophs, which indicates the eutrophic charac-
ter of the lakes. In turn, low concentrations of ammo-
nium nitrogen in the surface layers may be associated 
with the assimilation of this form by organisms (algae, 
bacteria) which use it as a substrate for the growth of 
biomass (Szpakowska et al. 2003; Marszelewski 2005; 
Li et al. 2006).

Recirculation of nitrogen from the surface layer 
of sediments, which contains up to 90% of total nitro-
gen in the whole ecosystem, produced a strong effect 
on higher concentrations of ammonium nitrogen in 
the bottom layer. This phenomenon was particularly 
visible during the summer in Lake Paskierz, where 
the ammonium nitrogen concentrations in the bot-
tom layers of water were 200-fold higher than in the 
surface, reaching 4.80 g N-NH4 m–3. Such a high con-
centration of ammonium nitrogen in this zone was re-
lated to oxygen deficiency, which encourages nitrogen 
release from sediment reserves. This is typical of eu-
trophic lakes (Liikanen and Martikainen 2003; Gro-
chowska et al. 2011; Ozkundakci et al. 2011).

Residual concentrations of nitrite nitrogen were 
associated with the unstable character of this fraction. 
In turn, low concentrations of nitrate nitrogen indi-
cated a high level of their utilization by autotrophic 
organisms (Kajak 2001).

The total amount of nitrogen in Lake Sajmino 
ranged from 1.03 g Ntot m–3 to 1.84 g Ntot m–3, In 
turn, the concentration of total nitrogen in Lake Pask-
ierz was from 1.68 g Ntot m–3 to 6.58 g Ntot m–3, in-
dicating significantly higher fertility and productivity 
of waters in this lake.

Strong anthropopressure observed in Lake 
Paskierz results from the fact that the lake’s drainage 
basin, although a small one, is largely transformed by 
people. Built-up areas account for nearly 45% of its 
surface, with a large share of industrial plants (dis-
tillery, poultry farms, boat factory). This lake is also 
characterized by high, quite steep banks, only scantily 
overgrown by plants. This promotes both nutrient sur-
face runoff and erosion processes. Moreover, the lake 
has disadvantageous morphometric features, which is 
why it was classified in the third degradation suscepti-
bility category. Therefore, the lake is highly vulnerable 
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to external influences. It should also be noted that 25 
years ago Lake Paskierz was considered as overferti-
lized, characterized by high primary production, con-
taining waters beyond the classification system (Anon. 
2009). 

Lake Sajmino also has high sensitivity to exter-
nal influences. Thus, there is a risk of rapid deterio-
ration of its water quality. In addition, Lake Sajmino 
receives sewage from Kajkowo Village and water from 
Górczyńskie Lake, highly eutrophic and susceptible to 
degradation (Environmental Programme 2009). The 
nitrogen inflow from the drainage basin is to some 
extent reduced by the trees which grow along much 
of the lake’s shoreline and by the reed-covered gentle 
slopes (Sidoruk and Potasznik 2009).

Conclusions

Based on the results, it can be concluded that 
Lake Paskierz is overfertilized. The high concentra-
tions of ammonium nitrogen observed in near-bot-
tom water layers of the lake indicate that the inter-
nal supply may be a very important process affecting 
the trophic status. The other lake (Lake Sajmino) was 
characterized by significantly less nitrogen abundance, 
although the periodically increasing nitrogen concen-
tration reveals the presence of adverse anthropopres-
sure on the lake.
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