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Abstract: Assessment of water quality and nutri-
ent balance of a small lake in urban landscape
— case study of Rusatka lake in the Wielkopolskie
Lakeland. In this work based on the results of lab-
oratory analysis of water samples, the water status
of lake and as well as water flowing and out of the
lake, during growing season of 2011-2012 and
2016-2017 were assessed. The water samples for
physico-chemical analysis were collected once
a month from three control points and following
parameter were analyzed for: oxygen conditions
and organic pollutants (oxygen, BOD5, COD),
acidification (pH), salinity (EC) and nutrients
concentration (N-NOs, N-NO,, N-NH, i P-PO4>).
The state of the waters of Rusatka lake and Bog-
danka river upstream the lake and downstream
the lake qualified for III-V grade of quality. This
was mainly due to high value of COD and BODj
indices. The main sources of nutrients in the
lake’s water were the non-point sources. Yearly
introduction of fish, fishing and leisure activities
around lake as well as real estate development in
the catchment led to the degradation of the quality
of the water in Rusalka lake.
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INTRODUCTION

The problem of water status protection is
a very important issue especially when
the co-called Water Framework Directive

is taken into consideration. The purpose
of Directive is, “among other things pre-
vents further deterioration and protects
and enhances the status of aquatic eco-
systems and, with regard to their water
needs” (Directive 2000/60/EC). The
quality of surface water is a factor affect-
ing ecological systems, especially around
urban areas, since rivers and their tributar-
ies passing through cities receive a multi-
tude of contaminants (Qadir et al. 2008).
Urbanization, industry, agriculture, dam
construction, and natural processes like
erosion and climatic conditions, could
each affect surface water quality (Zhang
et al. 2009, Bonneau 2017).

Urban lakes, characterised as small
water bodies located in cities, act as im-
portant recreation and flood regulation
sites. Therefore, urban lakes are likely to
be particularly susceptible to the effects
of water management and human activi-
ties (Wu et al. 2014).

The quality of water reservoir depends
primarily on the content of biogenic com-
pounds and on their availability in the
reservoir (Koc and Skwierawski 2004).
The quality of water in dam reservoirs de-
pends on factors: morphometric elements
of the tank (surface, shape and depth),
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fluctuation of water level, time of water
flow through the reservoir and quality of
water flowing into this reservoir. The sur-
face of the reservoir is important for oxy-
gen conditions. The larger the surface, the
more efficiently is a re-aeration of water.
The quality of water in shallow reservoirs
deteriorates more often than in deep res-
ervoirs (Dojlido 1995). The slow flow of
water through the dam reservoir changes
the natural conditions in the reservoir,
which become similar to the lake. Reser-
voirs absorb nutrients, sediments and tox-
ins, thus reducing downstream nutrient
loadings (Koiv et al. 2011). The quality
of water flowing into the reservoir may
change its capacity to reduce the amount
of oxygen in water or result in increased
amounts of impurities (Dojlido 1995).
The progressive increase of nutrients
in the reservoir deteriorates water qual-
ity, ultimately leading to eutrophication
(Wang et al. 2013).

The development of economic activ-
ity and intensive processes of transform-
ing the environment affect adversely the
quality of the environment. The basis for
further socio-economic development is
the protection of water reservoirs and
proper use. The inflow of nutrients to
surface waters worsens the ecological
status of reservoirs (Kajak 1979).

The reasons for the degradation of
water are area (mainly agricultural),
point pollutants (household greywa-
ter and sewage, industrial wastewater,
rainwater carried to either the lake or its
tributaries through water collectors) and
linear pollutants (e.g. from transport)
(Chetmicki 2001).

Degradation can lead to water eu-
trophication, which is the result of the
growth of biogenic substances in water

(Kajak 2001). Eutrophication is the most
important worldwide environmental issue
regarding reservoirs and many other types
of aquatic ecosystems, that is character-
ised by high nitrogen and phosphorus
loads in water bodies and results in exces-
sive growth of phytoplankton and other
aquatic plants (Schindler et al. 2008). The
eutrophication process is often consid-
ered as an anthropogenic process, and the
speed of process eutrophication depends
on the catchment and the water reservoir
(Chetmicki 2001). Enrichment of nutri-
ents (nitrogen and phosphorus) in aquatic
environment is one of the most challeng-
ing problems in water protection (Heisler
et al. 2008). Pacheco and Sanches Fer-
nandes (2016) reported lack of properly
functioning sewage systems can severely
damage water quality, especially in ur-
banized catchments. While Santos et al.
(2017) reported the degrading effects of
damming in rivers on catchment water
quality as well as on river biodiversity.

MATERIAL AND METHODS

The results of analyzes of water sampled
collected from Rusatka lake and as well
as the waters flowing into and out of the
lake were the basis for the assessment of
water state. The water samples were tak-
en from three measurement and control
points with the frequency once a month.
The data presented in this article comes
from 2011-2012 and 20162017 hydro-
logical years (in Poland from 01.10.2010
to 31.10.2012 and from 01.10.2015 to
31.10.2017). The water samples were
collected during the vegetation season,
in three measurement and control points
(the figure).



Assessment of water quality and nutrient balance...

NS

P3

Legend
- River Bogdanka

[ Lake Rusatka

0 250 500 1000 Km
—tt—

FIGURE. Location of measurement and control
points: P1 — upstream Rusatka lake; P2 — Rusatka
lake; P3 — downstream Rusatka lake

The direct catchment of Rusatka lake,
with an area 3.21 km? is located in mac-
roregion Wielkopolskie Lakeland (315.5)
and in a mezoregion Poznan Lakeland
(315.51) (Kondracki 2011). The direct
catchment of lake is the fourth order
catchment, located in the Odra basin, in
the Warta water region and in the Poznan
Warta river basin. The catchment area is
approx. 6% of the Bogdanka river catch-
ment area, with code 18578 (Czarnecka
2005). The administrative system the di-
rect catchments located in the central part
of Wielkopolska region, in city of Poznan
and makes up about 1.23% of this area.

The highest elevation in the direct
catchment area is located in the north-
ern part of the catchment — 97.5 m a.s.1.,
whiles the lowest, is located in the west-
ern part of the catchment — 68.75 m a.s.l.
In the direct lake catchment, there are
soils with medium and variable perme-
ability of the ground (approx. 60% of
the catchment area) this affects the high
density of the river network, which is
1.53 km'km . In the direct catchment
area there are five water reservoirs, witch
occupy 0.47% of the catchment.

The Rusatka lake is an artificial water
reservoir, which was created by damming
the Bogdanka river in 1943 (Putyk and
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Tybiszewska 1995). The Rusalka lake
is a flow reservoir fed by the Bogdanka
river (flows into the north-western part
of the reservoirs, and flows out in the
south-east). In addition, the lake is fed by
five tributaries, the largest of them is the
Golecinka trail that flows into the lake
from the north side. The four remaining
watercourses flow into the lake from the
south. Indicator of lake elongation rate is
4.5, and it is in the range characteristic for
Polish lakes, which is 1-25.6 (Choinski
1995, Choinski and Borkowski 2008).
The maximum depth of the lake is 9 m
and is located near the damming weir.
The average depth is 1.9 m.

Laboratory analyzes of water samples
were made in the laboratory of Institute
of Land Improvement, Environmental
Development and Geodesy in Poznan
University of Life Sciences and included
determination of physico-chemical indi-
cators characterizing: oxygen conditions
and organic pollutants (oxygen, BODs
COD), acidification (pH), salinity (EC
in 20°C) and concentration of biogenic
substances (N-NOjz;, N-NO,, N-NHy,
P-PO,*"). The water quality class was
determined according to Regulation
of the Minister of the Environment of
21 July 2016 concerning the method of
classification of the status of surface wa-
ter bodies and the environmental quality
standards for priority substances.

The nutrient balance for Rustaka lake
was calculated according to formula pro-
posed by Giercuszkiewicz-Bajtlik (1990)
and Bajkiewicz-Grabowska (2002):

L.=L,+AL
where:

L,, — actual annual load of nutrients de-
livered to the lake (kg);
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L, — annual load of nutrients taken out of
the lake (kg);

AL — annual nutrient load accumulated in
the lake (kg).

Components of the balance (input
and uptake) nutrient calculated based on
the formulas proposed by Bajkiewicz-
-Grabowska (2002) (actual annual load):

Li,=Lg+t Lo+ Lo+ Lt L+ L, +L,

where:

Ly —annual nutrient load delivered to
the lake together with the Bogdan-
ka river waters (kg);

L, — annual nutrient load delivered with
atmospheric precipitation (kg);

L, — annual nutrient load delivered from
sources area in the direct catchment
of the lake (kg);

L; —annual nutrient load delivered in
the summer season by customers
of the gastronomic establishment
without a sanitary sewage system
connection (kg);

— annual nutrient load delivered from
bathers in the summer in the lake
(kg);

—annual nutrient load delivered to-
gether with bait by anglers (kg);

—annual load of nutrients brought
along with stocking material (kg).

Ly

L,

L

The inflow of nutrients

Nutrient load supplied by Bogdanka
river to Rusalka lake was determined on
the basis of total nitrogen and total phos-
phorus concentrations and average water
flow rates according to the formula:

Ly=S0-C-86.4-3.65+4

where:

SO — average flow (Biprowodmel com-
pany data, SO = 0.123) (m>-s™);

C —average concentration of total nitro-
gen or total phosphorus (mg-dm™>);

A —direct catchment area with lake
(km?).

Atmospheric precipitation according
to the formula proposed by Kajak (1979)
and Bajkiewicz-Grabowska (2002):

Lo=Wa 4;

where:

W, — delivery factor for lake of nitrogen
and phosphorus with precipitation:
2.0Nand 0.2 P (kg-ha™');

A; —surface of a lake (ha).

J

Non-point sources of nutrients inflow
was calculated according to the formula:

Lo:(VVI"Ar+Wuz'Auz+VI/I'AI+WZ'AZ+
W, Ay)(1-R)

where:

W, — area flow coefficient of nitrogen or
phosphorus from arable land: 10.1
N and 0.56 P (kg-ha™!) (Giercusz-
kiewicz-Bajtlik 1990, Bajkiewicz-
-Grabowska 2002);

A, —agricultural land, orchards and
beach area (ha);

W,, —area flow coefficient of nitrogen
or phosphorus from grassland
and wasteland: 10.0 N and 0.1 P
(kgha™) (Kajak 1979, Bajkie-
wicz-Grabowska 2002);

A,, — grassland and wasteland area (ha);

W, — area flow coefficient of nitrogen or
phosphorus from forest areas: 6.5
N and 0.2 P (kg-ha™') (Giercusz-
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kiewicz-Bajtlik 1990, Bajkiewicz-
-Grabowska 2002);

A; — forest area (ha);

W, —area flow coefficient of nitrogen
or phosphorus from built-up ar-
eas: 6.0 kg N and 0.9 (kg-ha™)
(Giercuszkiewicz—Bajtlik 1990,
Bajkiewicz-Grabowska 2002);

A, — built-up areas (ha);

W, —delivery factor nitrogen or phos-
phorus with precilpitation: 20 N
and 0.2 P (kg-ha™ ) (Kajak 1979,
Bajkiewicz-Grabowska 2002);

A, —an area of the direct catchment of
lake (ha);

R —retention factor of nitrogen or
phosphorus: 0.41 N and 0.573 P
(Bajkiewicz-Grabowska 2002).

The gastronomic place, which is not
connected to the sanitary sewage system
according to the formula:

Ly=(T-W;-dy)(1-Ryg)

where:
T —number of tourists;
W, —factor of nitrogen or phosphorus
secretion by humans: 12.3 N and
1.92 P (g-day ™) (Kajak 1979, Baj-
kiewicz-Grabowska 2002);
d, —number of days of the tourist sea-
son;
— retention factor of nitrogen or phos-
phorus in the soil: 0.2 (Kajak 1979,
Bajkiewicz-Grabowska 2002).

Re

Load delivered by the bathers accord-
ing to the formula:

Lk:dr‘k‘Wk

where:
d, —number of days of the tourist sea-
son;
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k  —number of swimmers in the lake in
one day of during the tourist sea-
son;

W) — factor introduced of nitrogen or
phosphorus by swimmers: 1N
and 0.05 P (g) (Bajkiewicz-Gra-
bowska 2002).

Fishing baits according to the for-
mula:

L.=L,-d," w

where:

L,, —number of anglers in one day dur-
ing fishing season;

d,, —the number of days of the fishing
season;

wy — factor introduced of nitrogen and
phosphorus by anglers: 18.15 N and
3.27 P (g) (Wolo$ and Miodusze-
wska 2003).

Material of restocking according to
the formula:

L,=M,- er

where:

M, — mass of material of restocking;

W, —the content of nitrogen or phos-
phorus in 1 kg of fresh fish: 30
N or 2.1 P (g-kg*]) (Emnadf
and Muskot 2009).

RESULTS AND DISCUSSION

The quality of water

The average concentration of oxygen
dissolved in water, in the studied measur-
ing points, in 2011-2012 and 20162017
ranged from 7.1 to 12.80 mg O,-dm™.
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The concentration of dissolved oxygen
was not lower than the minimum val-
ue according to the regulation (6.8 mg
0,-dm™). The average content of dis-
solved oxygen in water decreased for the
second measurement period (Table 1).
The BODs concentration in both ex-
amined hydrological years exceeded the
threshold values given in the Polish reg-
ulations. The highest BOD5 values were
observed in the Rusaltka lake and in the
P1 piont. The average COD concentra-
tions also significantly (four times) ex-
ceed the standards for the II water qual-
ity class. According to the Regulation of
the Minister of the Environment of 2016,
the limit value for the II class quality is
10 mg O,-dm™, COD average values in
the measurement points in 2010-2011

exceed value 47 mg O,-dm~ while in
20162017 45 mg O,-dm™ (Table 1).
The average value of electrical con-
ductivity for the first research period
was 743 pS-em™!, and did not change
in the following hydrological year stud-
ied (749 pS-em™! EC at 20°C). The
lowest values of electrical conductiv-
ity was noted for the P2 measurement
point (Rusatka lake) and amoaunted
639 uS-cm™!. For comparison, at the
same measuring point, in the next re-
search period, the average value of
this parameter increased and amounted
to 669 pS-cm~!. However, comparing
obtained results of EC with thresh-
old limits for the second quality class
(620 puS-em™), in all cases measured
values exceed this limit (Table 1).

TABLE 1. The value of selected physico-chemical parameters for 2011-2012 and 2016-2017 hydro-

logical years

Parameter Period P1 P2 P3 X Max. Min. SD
0, 2011-2012| 8.08 | 12.80 | 10.08 | 10.32 | 12.80 | 8.08 237
(mg Oy-dm ) 2016-2017| 7.10 | 10.87 | 8.25 874 | 10.87 | 7.10 1.93
BOD; 2011-2012| 4.46 7.26 6.80 6.17 7.26 4.46 1.50
(mg Oydm™) 2016-2017| 4.78 7.00 1023 | 734 | 1023 | 4.78 2.74
CoD 2011-2012| 41.00 | 41.60 | 48.60 | 43.73 | 48.60 | 41.00 | 4.23
(mg Oy-dm ) 2016-2017| 30.86 | 45.26 | 40.73 | 38.95 | 4526 | 30.86 | 7.36
EC 2011-2012| 779.80 | 639.40 | 811.60 | 743.60 | 811.60 | 639.40 | 91.63
(uS-em ™) 2016-2017| 762.90 | 669.50 | 816.60 | 749.67 | 816.60 | 669.50 | 74.44
pH 2011-2012| 8.45 8.69 8.34 8.47 8.69 8.34 0.18
) 2016-2017| 8.31 8.45 8.35 8.37 8.45 8.31 0.07
N-NO; 2011-2012| 2.46 2.14 2.66 2.42 2.66 2.14 0.26
(mg N-NO3-dm™) (20162017 1.65 2.07 1.95 1.89 2.07 1.65 0.22
N-NO, 2011-2012| 0.018 | 0.006 | 0.02 0.01 0.02 | 0.006 | 0.01
(mg N-NO3-dm™®) [2016-2017| 0.02 0.01 0.02 0.02 0.02 0.01 0.01
N-NHy4 2011-2012| 0.058 | 0.004 | 0.134 | 0.07 0.13 | 0.004 | 0.07
(mg N-NO3-dm™) 20162017 0.04 0.02 0.15 0.07 0.15 0.02 0.07
P-PO, 2011-2012| 0.008 | 0.004 | 0.006 | 0.01 0.01 | 0.004 | 0.00
(mg P-PO,-dm™) [2016-2017| 0.02 0.01 0.02 0.02 0.02 0.01 0.01

N = 28 (for each parameter).
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The average pH value at all measur-
ing points did not varied. The average
values of this parameter were for the first
measurement period 8.47, while 8.37 for
the second (Table 1).

The average concentration of nitrate
nitrogen(V) (N-NOj mg-dm~) and of
nitrate nitrogen(IIl) (N-NO, mg-dm‘3)
in all tested samples did not exceed
the limit values for a II class, except
for P1 (for N-NO3 mg-dm™). Average
concentrations of ammonium nitrogen
(N-NH, mg-dm™) for all measurement
and control points were within the limit
values for the II class of water quality
(0.738 mg-dm™). according to the
Polish regulation. The concentration of
ammonium nitrogen varied from 0.004
to 0.15 mg-dm™ for all points (Table 1).

The average concentrations of
phosphate(V) for all measurement and
control points did not exceed the thresh-
old limits for the II class of water quality
(0.1 mg-dm™>) — Table 1.

Nutrient balance

Calculating the nutrient balance of the
lake the following parameters were in-
cluded in the income side: the amount of
nitrogen and total phosphate loads from
the Bogdanka river inflow, atmospheric
deposition of N and P, non-point and dif-
fuse sources of P and N. Obtained results
showed that each year to the lake around
2,253 kg N and approximately 124 kg
P are introduced (Table 2). On the basis
of these results, it was noticed that the
largest supply of nitrogen and total phos-
phorus comes from the non-point source
pollution. From the areas adjacent to the
lake based on the pattern (£,) it was cal-
culated that it flows 1,817.71 kg N and
73.55 kg P, which in the balance sheet
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on the revenue side constitute 80.67 and
59.27%, respectively. In the nutrients
balance on the inflow side, it was noticed
that the Bogdanka river provided small
amounts of pollution. The size of nutri-
ent loads calculated based on the for-
mula, assuming the concentration of the
respective amounts of nitrogen or phos-
phorus and of the average water flow
rate (SO = 0.123 my's™!, Biprowodmel
company data). 41.41 kg N and 0.71 kg
P were delivered to the reservoir.

Our calculation showed that more
nutrients were delivered to the lake
than discharged. Moreover, in the ba-
sin of Rusatka lake, 2,182.52 kg N and
121.57 kg P were restored, which rep-
resented respectively approx. 97% and
98% of all nutrients introduced into the
lake (Table 2).

Excess nitrogen and total phosphorus
accumulate in the bottom sediments of
the lake or be recycled into the biologi-
cal cycle. In particular, intensive surface
runoff, as well as recreational and fish-
ing use of lakes worsened its ecological
potential and significantly accelerated
the eutrophication process. The research
of Gotdyn et al. (2015) confirm that an
important role for the trophy of Rusatka
lake is the ability to retain phosphorus in
the shallow part of the bottom.

Water quality is very important, wa-
ter in Europe is much cleaner than a few
decades ago, due to investment in sew-
age systems to reduce pollution from ur-
ban wastewater treatment. But pollutants
from agriculture are still a major prob-
lem (EEA 2016).

Studies conducted by the Chief In-
spectorate for Environmental Protection
conducted in 2010-2015 show that from
493 lakes up to 315 lakes did not reach
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TABLE 2. Balance of nutrients (nitrogen and total phosphorus) for Rusatka lake

Total nitrogen Total phosphorus
Specification
kg % kg %
inflow 41.41 1.84 0.71 0.57
precipitation 72.28 3.21 7.23 5.82
surrounding area 1817.71 80.67 73.55 59.27
population 19.19 0.85 3.00 2.41
Income swimmers 54.60 2.42 2.73 220
f;::gg‘li‘}n‘;f 70.95 3.15 4.97 4.00
fishing baits 177.14 7,86 31.92 25.72
z 2253.29 100.00 124.10 100.00
outflow 44.58 62.99 0.70 27.61
Expenditure | fish harvesting 26.19 37.01 1.83 72.39
z 70.77 100.00 2.53 100.00
AR 2182.52 96.86 121.57 97.96

a good ecological status, and 81 lakes
were classified as lakes with poor eco-
logical status (GIOS 2017).

Research by Santos et al. (2017)
showed that the flow of the river through
the dam reservoir changes the quality of
the river. The quality of the river Sabor
after the flow through the dam has sig-
nificantly deteriorated. The ecological
status determined from ecological qual-
ity ratios of benthic macroinvertebrate
assemblages were also affected, chang-
ing from good-fair in the unaffected wa-
tercourses to fair-poor in the lakes.

Nutrients in reservoirs are mostly sup-
plied from internal sources. They tend to
accumulate in the reservoir where they
become available for algae growth that
can result in eutrophication (Wang 2013,
Santos 2017).

The research by Kanclerz (2011)
shows that the quality of water down-
stream the Lake Gorzuchowskie has
deteriorated in terms of the majority of
tested indicators in comparison with the
inflow. However, on the basis of the bal-
ance made for 2006, it was found that
the lake retained 3,836.7 kg Nyia1 (17%)
and 299.7 kg Py (20%) in a lake. The
main supplier of biogens to the lake in
2006 was the Mala Welna river, which
supplied about 45% of total nitrogen and
49% of phosphorus.

The research by Lawniczak et al.
(2010) regarding Lake Tomickie indi-
cate that the main supplier of biogens
brought to the lake in 2007 was the
Samica Steszewska river, with which
approximately 79% of the total nitrogen
load and 59% of the phosphorus load to
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the basin were delivered. And from point
sources, the largest pollutant load came
from illegal discharges of sewage, which
have a significant share in the supply of
phosphorus to the lake.

CONCLUSIONS

The waters of Rusatka lake and Bogdan-
ka river at the measuring points, and in
both measurement periods were charac-
terized by high BODs and COD values.
The average values of BODs and COD
exceed the limit for Class II water qual-
ity, this may indicate that the river waters
were polluted primarily with pollutants
from anthropogenic areas (for example
from wastewater treatment plants, un-
controlled waste water discharges, etc.).
Comparing the values of all parameters
can be observed an increase in BODs and
electrolytic conductivity. At the same
time the decreased in the dissolved oxy-
gen content in all measurements points
was observed as a consequence of in-
creasing content of organic substance in
water. Bogdanka river water was quali-
fied for ecological status downstream
good. Research showed that the flow of
the river through the reservoir does not
improve the quality of the river in both
research dates.

Land developments in the direct
catchment area and recreational and
fishing activity have a huge impact on
the quality of water in the lake. 2,253.29
kg N and 124.10 kg P were delivered to
the lake (the most from the surrounding
area). The largest amounts of nitrogen
and total phosphorus came from non-
-point sources. Annual restocking, fish-
ing activity and recreation and a small
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gastronomy near the lake without a sani-
tary sewer connection have worsened the
ecological potential of the waters.
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Streszczenie: Ocena jakosci wody i bilansu bio-
genow malego jeziora w krajobrazie miejskim
— analiza jeziora Rusatka na Pojezierzu Wielko-
polskim. W ramach pracy na podstawie wynikow
analiz laboratoryjnych probek wody oceniono
stan wody jeziora Rusatka i wody zasilajacej
jezioro oraz wody odplywajacej z jeziora w okre-
sach wegetacyjnych lat 2011-2012 1 2016-2017.
Probki do analiz laboratoryjnych pobierane
byty z czgstotliwosécia raz w miesiacu w trzech
punktach pomiarowo-kontrolnych i obejmowaty
oznaczenia  wskaznikow  fizykochemicznych
charakteryzujacych: warunki tlenowe i zanie-
czyszczenia organiczne (O,, BZTs5, ChZT), za-
kwaszenie (pH), zasolenie (przewodnos¢ elek-
trolityczna wilasciwa w 20°C) oraz substancje
biogenne (N-NO;, N-NO,, N-NH, i P-PO>).
Stan wod jeziora Rusatka oraz rzeki Bogdan-
ki oceniony powyzej jeziora i ponizej jeziora
i zakwalifikowano do III-V klasy jakosci oraz
okreSlono mianem potencjalu ekologicznego
ponizej dobrego. Spowodowane to bylo przede
wszystkim wysokimi st¢zeniami wskaznikow
ChZT i BZTs. Gléwnymi dostawcami substancji
biogennych do jeziora byly zrodla obszarowe.
Coroczne zarybianie, uzytkowanie wedkarskie
irekreacyjne jeziora, a takze rozwdj zabu-
dowy w zlewni bezpos$redniej przyczynit si¢ do
pogorszenia jakosci wody w jeziorze Rusatka.

Stowa kluczowe: jezioro Rusalka, jakos¢ wody,
bilans biogendw, degradacja, eutrofizacja

MS received 18.07.2018
MS accepted 13.08.2018

Authors’ address:

Ewelina Janicka

Instytut Melioracji, Ksztattowania Srodowiska
i Geodezji

Wydziat Inzynierii Srodowiska i Gospodarki
Przestrzenne;j

Uniwersytet Przyrodniczy w Poznaniu

ul. Wojska Polskiego 28, 60-637 Poznan
Poland

e-mail: ejanicka@up.poznan.pl



