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Abstract

Most lakes in Poland are shallow and vulnerable to degradation mostly due to lake
morphology and landscape structure. Other factors, like discharged sewage, internal lo-
ading and human activities in the watershed are also important. During studies on Brdow-
skie Lake, water samples were taken twice a year (spring and summer season) from the
surface layer and analyses of soluble reactive phosphates, total phosphorus, nitrates, con-
ductivity, five-day biochemical oxygen demand, chlorophyll a, dry mass of seston and Sec-
chi depth were undertaken.

Brdowskie Lake is situated in Kujawskie Lakeland and its catchment basin covers
about 155.3 km2. The littoral vegetation is dominated by reed bed with a minor presence
of other taxa. The lake is very susceptible to degradation (morphology, agricultural lands,
housing) and has several potential sources of pollution, e.g. Noteé¢ River, a nameless stre-
am and summer houses. In general, water quality of the lake was better during the spring
season, especially in terms of chlorophyll a and dry mass of seston concentrations. In 1997-
-2006, the level of conductivity was very changeable with the maximum values observed
in 1999-2001.

Significant correlations between some parameters in certain seasons of the year were
found, e.g. between chlorophyll a and Secchi depth during spring and total phosphorus
and phosphates in summer. The impact of water level fluctuations on water quality para-
meters, like total phosphorus and chlorophyll a was observed.

According to the results, the quality water in Brdowskie Lake is improving. After

a biological wastewater treatment plant in the catchment had opened, the rate of salts flo-
wing into the lake with sewage was reduced.
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ZMIANY JAKOSCI WOD JEZIORA BRDOWSKIEGO W LATACH 1997-2006
Abstrakt

Wigkszos¢ jezior w Polsce to jeziora ptytkie i podatne na degradacje. Jej gléwnym po-
wodem sg na ogot morfologia zbiornikéw oraz niekorzystna struktura uzytkowania zlewni.
Inne czynniki, takie jak doptyw Sciekéw, tadunek wewnetrzny i dziatalno$¢ gospodarcza,
maja rowniez istotne znaczenie. Podczas badan Jez. Brdowskiego proby wody pobierano
2razy w roku (wiosng i jesienig) z warstwy powierzchniowej i wykonywano oznaczenia
takich wskaznikéw, jak: fosfor reaktywny, fosfor ogolny, azot azotanowy, przewodno$¢ elek-
trolityczna wtasciwa, pieciodobowe zapotrzebowanie tlenu, chlorofil a, sucha masa sestonu
i widzialno§¢ krazka Secchi’ego.

Jezioro Brdowskie usytuowane na Pojezierzu Kujawskim ma zlewnie o pow. ok.
155,3 km?2. Litoral zdominowata trzcina, a udzial innych taksonéw roslin jest maly. Akwen
bardzo podatny na degradacje (warunki morfologiczne, duzy udziat terenéw wykorzystywa-
nych rolniczo, zabudowania wiejskie) ma wiele potencjalnych zZrédetl zanieczyszczenia wody,
jak np. rzeka Noteé, ciek bez nazwy, domki letniskowe z nieuregulowang gospodarkg wod-
no-Sciekowg oraz pobliskie zabudowania wiejskie. Zazwyczaj jakos¢ wody byla wyzsza na
wiosne, szczegoélnie odnos$nie do stezen chlorofilu a oraz suchej masy sestonu. W latach
1997-2006 poziom przewodnosci elektrolitycznej byt bardzo zmienny, a maksimum przypa-
dato na lata 1999-2001.

Stwierdzono istotne korelacje miedzy niektérymi wskaznikami w zaleznos$ci od pory
roku, jak w przypadku chlorofilu @ i widzialnoSci krazka Secchi’ego wiosng i fosforu ogol-
nego i fosforanéw rozpuszczonych latem. Zaobserwowano wplyw wahan poziomu lustra
wody na niektéore wskazniki jakosSci (fosfor ogolny, chlorofil a).

Uzyskane wyniki $wiadcza o poprawie jako$ci wod Jez. Brdowskiego. Po uruchomie-
niu oczyszczalni Sciekéw w Poloniszu obnizyt sie np. poziom przewodno$ci elektrolitycznej,
co $wiadezy o ograniczeniu doptywu réznych soli do wod akwenu.

Stowa kluczowe: wskazniki jakosci wody, fosfor, Jezioro Brdowskie, Pojezierze Kujaw-
skie, Wielkopolska, wahania poziomu lustra wody.

INTRODUCTION

Most lakes in Poland (about 60%) are shallow. They often lie in low-
lands and are susceptible to degradation mostly due to lake morphology and
landscape structure (CromNskr 1995). In shallow lakes, both depth and vol-
ume of water can strongly affect trophic conditions (HakansoN 2005, STANISZE-
wskiI et al. 2009). Other factors that influence water quality are discharged
sewage, internal loading, agricultural activities, industry, climatic conditions,
vegetation structure, soil conditions, elevation and even longitude (HEATHWAITE
1995, SAPEK 1998, SRNDERGAARD et al. 1999, NOGES et al. 2003, HakansoN 2005 and
others). The influence of some other factors on Brdowskie Lake, such as inflow
of wastewater from houses (the western shore), wastewater after rainfall (the
eastern shore) and from summer houses is difficult to assess.
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MATERIAL AND METHODS

Water samples were taken from surface layer of the lake twice a year
(spring and summer 1997-2006).
The following analyses were undertaken:
— soluble reactive phosphates — samples filtered using 0.45 pm pore size,
Ascorbic Acid Method,;
— total phosphorus — Acid Persulfate Digestion Method,;
— nitrates — samples filtered using 0.45 pm pore size, Cadmium Reaction
Method;
— conductivity — electrometrically;
— five-day biochemical oxygen demand (BOD 5) — Winkler method, summer
only;
— chlorophyll a;
— dry mass of seston;
— Secchi depth.

Water quality was evaluated in accordance with the regulations imposed
by the Ministry for the Environment (Rozporzqdzenie Ministra Srodowiska
2008). Statistical evaluation was made using the programme Statistica
(Statsoft Inc. 2004).

RESULTS AND DISCUSSION

Brdowskie Lake is a shallow lake (maximum depth of 5 m, average
depth of 2.2 m and the catchment basin area of 155.3 km?) situated in
Kujawskie Lakeland (the Note¢ River watershed) and covers an area of
198.2 ha; its catchment basin covers about 155.3 km? (Raport o stanie $ro-
dowiska... 2005). Due to its morphology and landscape structure of the catch-
ment basin (agricultural lands 74%, housing 10%) as well as prevalence of
arable lands in the vicinity of the lake shores, Brdowskie Lake is very susep-
tible to degradation. Potential sources of pollution are tributaries (eg. the
Note¢ River in the northern part of lake, a nameless stream flowing from
the south-western direction) and summer houses on the western and east-
ern lake shore.

Littoral vegetation is dominated by reed bed (class Phragmitetea, Tx. et
Preisg. 1942) with a minor presence of perfoliate pondweed (Potamogeton
perfoliatus L.) and other plant species from the class of Potametea (Tx. et
Preisg. 1942). Phytoplankton is sometimes strongly dominated by blue-green
algae, especially during summer, when they cause algal blooms (STANISZEWSKI,
Szoszkiewicz 2000, Raport o stanie srodowiska... 2005, STANISZEWSKI et al.
2005). It is a lake with good conditions for carp bream, whose the potential
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fish yield is about 35 kg per 1 ha, but other species like common bleak,
roach and perch are also present.

In general, water quality was better during spring season (Tables 1a, b).
The highest concentrations of total phosphorus in Brdowskie Lake were ob-

Table 1a

Characteristics of selected water quality parameters of Brdowskie Lake in 1997-2006,
spring measurements

Parameter Mean values Standard deviation
Total phosphorus
(mg P dm-3) 0.08 0.04
Chlorophyll «
(ng Chl @ dm™3) 24.69 12.42
Secchi depth 097 0.40
(m)
Dry mass of seston 10.40 5.31
(mg DMS dm=3)
Soluble reactive phosphates
(mg PO, dm~3) 0.11 0.06
Nitrates
(mg N-NO, dmr3) 0.09 0.07
Conductivity 0.714 0.227
(mS em™1)

Table 1b

Characteristics of selected water quality parameters of Brdowskie Lake in 1997-2006,
summer measurements

Parameter Mean values Standard deviation
Total phosphorus
(mg P dm-3) 0.10 0.05
Chlorophyll a
(ng Chl a dm-3) 39.83 15.79
Secchi depth 0.79 016
(m)
Dry mass of seston 17.85 7.73
(mg DMS dm™3)
Soluble reactive phosphates
(mg PO, dm~3) 0.17 0.10
Nitrates
(mg N-NO, dm-3) 0.08 0.11
Conductivity 0.685 0.267
(mS ecm™1)
BOD 5 (mg Oy dm™3) 5.0 2.0
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Table 1c

Water quality categories of Brdowskie Lake in 1997-2006 evaluated on the basis of average
results (spring and summer surveys) of total phosphorus, chlorophyll a, Secchi depth

to Rozporzqdzenie Ministra Srodowiska 2008)

and conductivity in the surface layer of water (five categories according

Total . N The worst
Year phosphorus Chlorophyll a | Secchi depth | Conductivity catfzgory
assigned
1997 I-II III III-v III-V II1-v
1998 I-II III I1I1-v III-v II1-v
1999 I-II III I1I-v III-V II1-v
2000 I-II I I1I-v III-v II1-v
2001 I-I1 III III-v III-V II1-v
2002 I-II v I1I1-v I-I1 II1-v
2003 I-II III I1I-v I-II II1-v
2004 I-I1 III I-I1 I-II III
2005 III-v v I1I-v I-II II1-v
2006 I-II II I-II I-II 1II

served in summer 2005 but in spring they were lower (Tables 1la, b). Chlo-
rophyll a and dry mass of seston behaved similarily. During the tests, Sec-
chi depth was sometimes lower than 60 cm (spring 1998, summer 2003 and
2005) and once was over 180 cm (182 cm, spring 2006), which was attrobuta-
ble to an unusually low concentration of chlorophyll in water (4.28 ng
Chl @ dm™3).

Concentration of soluble reactive phosphates in lake water ranged from
0.01 to 0.36 mg PO, dm™ and showed slightly increasing tendency with
maximum in summer 2006. It was partially related to water level fluctua-
tions but it was not statistically significant.

The results showed, that presence of nitrates in surface layer was gen-
erally higher in spring before part of nitrogen was incorporated in biomass
of phytoplankton and macrophytes. The highest concentrations of nitrates
were observed in the year 2003 during spring (about 0.20 mg N-NO4 dm™3)
and summer (0.40 mg N-NOg dm=3) measurements were concentration of
seston was also very high. Results obtained in summer surveys were very
diverse and it gave high value of standard deviation for nitrates (Table 1b).

In the years 1997-2006 the conductivity of lake waters was very change-
able. During spring the highest values (> 1.000 mS c¢cm™!) were observed in
the years 1999-2001 and the lowest in the year 2006 (< 0.500 mS cm™).
According to summer surveys the highest value (> 1.000 mS cm™!) was
measured in the year 1999 and very low in the years 2002-2006, one year
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after sewage treatment plant in Polonisz had started-up (315t of March 2001).
Conductivity showed positive but not statistically significant correlation with
water level fluctuations.

Analyses of biochemical oxygen demand were made during summer pe-
riod and results ranged from 2.0 mg O, dm=3 to 8.0 mg 0, dm™3.

According to physico-chemical parameters from the year 2006 the
Brdowskie Lake waters can potentially fit standards of second category of
water quality. Taking into account actual criteria, during at least eight years
of surveys the situation was far from this. Main problem was low values of
Secchi depth and high conductivity (Table 1c).

Presence of significant correlations between some trophic parameters in
certain year season were found (Tables 2, 3). During spring season strong
correspondence between concentration of chlorophyll @ and Secchi depth was

Table 2

Brdowskie Lake — linear correlation among trophic parameters for the years 1997-2006,
spring measurements (p < 0.05, N = 10)

Total Soluble Secchi Dry mass
Parameter hosphorus reactive Chlorophyll a deoth Fsest

phosp phosphates P ol seston
Total phosphorus 1.00 0.58 -0.47 0.54 -0.51
f);’llo‘;";fai‘:‘me 1.00 0.43 0.38 0.61
Chlorophyll a 1.00 -0.84* 0.62
Secchi depth 1.00 -0.50
Dry mass of seston 1.00

* statistically significant
Table 3

Brdowskie Lake — linear correlation among trophic parameters for the years 1997-2006,
summer measurements (p < 0.05, N = 10)

Soluble

Parameter h()q;ofir S reactive Chlorophyll a %chtl}lll D:"y mtass
phosphoru phosphates P ol seston

Total phosphorus 1.00 0.70 * 0.61 -0.64* 0.52
Soluble reactive 1.00 0.05 0.34 0.08
phosphates
Chlorophyll « 1.00 -0.61 0.58
Secchi depth 1.00 -0.65%
Dry mass of seston 1.00

* statistically significant
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found. In summer time relations between total phosphorus and phosphates,
total phosphorus and water clarity and also between Secchi depth and dry
mass of seston. Strong correlations between water clarity and trophic pa-
rameters were found by other authors in earlier studies (CarRLsoN 1977, MaN-
DAVILLE 2000 and others).

In surface waters of Brdowskie Lake the impact of water level fluctu-
ations on water quality parameters was not strong and only in case of trophic
parameters significant correlations were found. Especially in case of chloro-
phyll a concentration in spring (positive correlation) and total phosphorus
concentration in summer (negative correlation) — Table 4.

Table 4

Linear correlation between water table level and trophic parameters, spring (p < 0.05, N = 8)
and summer measurements (p < 0.065, N = 8), Brdowskie Lake in the years 1999-2006

Total Solul?le Secchi Dry mass
Parameter reactive Chlorophyll a
phosphorus phosphates depth of seston
;Z;tsg table level - 057 -0.34 0.71 * 053 0.32
:Xifz;able level - 0.72+ 0.70 -0.09 0.44 -0.63

* statistically significant

CONCLUSIONS

1. Brdowskie Lake waters studied in the period 1997-2006 have had rath-
er poor quality but results from years 2004 and 2006 proved, that according
to physico-chemical parameters the lake has a potential to achieve second
category of water quality.

2. Since the year 2002 the decrease of water conductivity has been found
and it was one year after start-up of biological waste water treatment plant
in lake catchment, which probably limited the rate of salts inflowing to lake
with sewages.

3. Influence of water level fluctuations on water quality parameters was
observed but only in case of total phosphorus concentration and water clari-
ty it was significant.
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