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THE EVALUATION OF EUTROPHICATION LEVEL
OF KOZLOWA GORA DAM RESERVOIR
BASE ON ASSEMBLAGES PLANKTONIC ALGAE

OCENA STOPNIA ZEUTROFIZOWANIA ZBIORNIKA KOZLOWA GOR A
NA PODSTAWIE ZBIOROWISK GLONOW PLANKTONOWYCH

Abstract: In this publication the eutrophication level of #@mva Gora dam reservoir base on composition specie
of algae and biomass of phytoplankton, was defifié. evaluation of phytoplankton biomass was acudsy
two methods (direct - for biovolume by comparing #hape of algae to geometrical figures and indirbase on
concentrations of chlorophyh). The trophic estimation of reservoir water wafieeed on the grounds of
classifications, which included the boundary valogphytoplankton biomass and concentrations obrciphyll

a. Theseboundary values are characteristic for individuaphic types of water. The typical species for @pitic
water were observed in the samples of water takiogn the Kozlowa Gora dam reservoir, also the héghe
average percentage share of Cyanophyta in wholedsis of phytoplankton was observed (it may indicat¢he
advanced eutrophication processes). The researgfercong the average biomass of phytoplankton aedage
concentrations of chlorophydl allowed classification water of this reservoiretgtrophic and hipertrophic.

Keywords: eutrophication, dam reservoir, biomass of phytokten, concentrations of chlorophwgll

Introduction

Planktonic algae are microscopic photoautotrophgmoisms, which live in the water
column. In the opinion of Reynolds [1] this micropic algae are very good bioindicators
of water environment, because they well reflecphrostate of water ecosystems. Certain
species can develop only in oligotrophic watertdad another species can develop in
eutrophic water [2-7].

In oligotrophic water environment biomass of phyamiton is usually rather small, but
when the level of eutrophication goes up, biomdsphytoplankton increases and it can
often achieve a dozen or even several dozen mg-dfinen species diversity of
phytoplankton as a rule decreases [8]. Planktdgi@eapointing at the definite trophic state
of water dam reservoirs must be stenobionts, thétey must develop in closely defined
environment conditions. Only these organisms ctusti good bioindicators of
characteristic trophy level and the degree of watdiution.
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The aim of this research was to define of eutragtion level of Kozlowa Gora dam
reservoir base on assemblages and biomass ofahktghic algae.

Material and methods

The research was conducted on the area of Kozlawa Gam reservoir. This reservoir
is located in centre area of Silesian Voivodeshipe territories around the reservoir are
considerably industrialised, there is an also dmedl farming well. The numerous
industrial centers are located in the catchmerthisfreservoir (for example: Swierklaniec,
Miasteczko Slaskie and Tarnowskie Gory), and thgose the reservoir of the delivery of
a lot of pollutants (mainly dusts of the industriadigin, the domestic and industrial
wastewater and areas flows from fields) [9].

Table 1
Morphometric-hydrologic parameters of Kozlowa Gdean reservoir
The parameter The data
River Brynica
Catchment area to section of dam fkm 184.1
Total capacity [min rj* 18
Depth average [m] 4.6
Depth maximum [nf] 7
Retention time of water [days] 476.3
Surface of reservoir bowl [h&]* 587
Functions of reservaif* Supplying drinking water for Siles?an agglomeration
fishing, flood protection

* - GPW - Katowice, department Goczalkowice
** - |t was calculated: total capacity / averagéydmflow of the River Brynica (which is the mainflow)
*kk
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Fig. 1. Localization of Kozlowa Gora dam reservoir
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The some morphometric-hydrologic parameters ofrvese also the localization of
Kozlowa Gora dam reservoir are presented appratyianh Table 1 and Figure 1. The
contour of reservoir and localization places fidirig samples are presented on Figure 2.

N BRYNICARIVER j

S

KOZLOWA GORA DAM RESERVOIR
278,93 mas.l.

278,93 ma.s.l.

BRYNICARIVER

m - the places for taking samples

Fig. 2. The contour of reservoir and localizatidaces for taking samples

® 278,93 m a.s.l. - the maximum damming level

The biological research of reservoir water was cotetl in years 2004-2006. In
addition, the analyses, which concern of chlorophytoncentrations, were conducted in
years 2007, 2009, 2011.

The biological analyses were conducted using titet Inicroscope Nikon Eclipse 200
in the laboratory of University in Bielsko-BialaoFidentification of phytoplankton species
the following keys were used: Sieminska [10], S@em[11], Hindak [12]. The
phytoplankton biomass (in wet mass) was calcultdetiovolume by comparing the shape
of algae to their geometrical figures (direct methfil3] and based on concentrations of
chlorophyll a (indirect method). For evaluation the phytoplanktbomass (by comparing
the shape of algae to geometrical figures) theWatig converter was used [13]:

1pun?=1/1-16 mn?= 1/1-10 mg (1)
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The analyses of chlorophylh concentrations were realized according to Polish
Standards by Silesian Voivodeship InspectoratehefEnvironmental Protection (WE),
department in Bielsko-Biala. Results of chlorophgylconcentrations were also received
from this Inspectorate.

The trophy of reservoir water was defined accordimghe species composition of
phytoplankton (indicating species were used). Adndélly, also the classification, which
was suggested by Heinonen [14], was used. Thissifiadion includes biomass of
phytoplankton [mg - dm, which is counted by direct method. Furthermdhe OECD
classification, which was given by Dojlido [15], svased. Then, this classification includes
concentrations of chlorophydl (indirect method)ig - dm?] (Table 2).

Table 2
The ranges of average values the whole biomasisyddplankton [14] and the boundary values for
concentrations of chlorophydl[15], which are characteristic for individual tiap types of water

The trophic tvoe The ranges of average values The boundary values for
p yp biomass of phytoplankton concentrations of chlorophylla
of lake . _
[mg-dmd [ng-dnTd
Oligotrophic lakes 0.14-0.68 <25
Mesotrophic lakes 1.21-1.98 2.5-8
Eutrophic lakes 3.45-6.93 8-25
Hipertrophic lakes 175 > 25

The each identified species of phytoplankton wassuatied with specialists.

Results

The microscopic analyses of phytoplankton provegheapance of species well
developing in all types of reservoirs, in Kozlowar@ dam reservoir. Among them are
distinguished: diatoms: Asterionella formosa Hass., Fragilaria acus (Kitz.)
Lange-Bertalot,F. ulna (Nitsch) Lange-Bertalot, green algaketrastrum glabrum(Roll)
Ahlstr. and Tiff., and cryptophyt&ryptomonas eroskhr.

Amongst species appearing in this reservoir wese abkcertained stenobionts. They
live in closely defined conditions of environmefithe observed numerous species of
phytoplankton, typical for eutrophic water, exptgssndicated on the advanced
eutrophication of water in this reservoir. Theseecsps of phytoplankton constitute
bioindicators of eutrophy. The strong developmdntyanophyta Microcystis aeruginosa
(Kutz.) Katz.,M. viridis (A. Br. in Rabenh.) Lemm)y\phanizomenon flos-aqudk.) Ralfs
ex Born. i Flah., green algad’ddiastrumsp., Coelastrumsp., Scenedesmusp.) and
diatoms Aulacoseira granulatgdEhr.) Ralfs (Ehr.) Simonserfjragilaria crotonensiKitt.,
Nitzschia palegKutz.) W. Sm.) was ascertained in water of resierv

It is worth adding, that cyanophyta achieved thghbst average percentage share
amongst remaining groups of phytoplankton (55.48ydars 2004-2006. The assemblages
of green algae (mainly chlorococcal green algasx) atquired the high average percentage
share in whole biomass of phytoplankton (16.5%.(B).

As a result of conducted analyses was also aseediathat the average biomass of
phytoplankton in water of this reservoir achieve®l2lmg - dnf in years 2004-2006,
instead the average concentrations of chloropayélcquired 36.92:ig - dm® in years
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2004-2006. These values in both cases exceeded buwidary values for eutrophy. It
allows classify water of this reservoir to eutraphiater, even hipertrophic water (Fig. 4).
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Fig. 3. The average percentage share individuaupgoof phytoplankton in whole biomass of
phytoplankton in the Kozlowa Gora reservoir
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Fig. 4. The average values of phytoplankton bionfasaet mass) in years 2004-2006 and the average
concentrations of chlorophydlin the reservoir in years 2004-2006 and 2007, 22021 years

In next years of research the average concentmatibchlorophylla were higher and
achieved following value 60.4g - dm® It is possible to suppose, that eutrophication
process still advances (Fig. 4).
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Discussion

Kozlowa Gora dam reservoir is located on the indiisagricultural area, thus it is
exposed on inflow of a lot of pollutants. The mipé and industrial wastewater
undeniably have a significant share in water pulfut

According to Boron [16] the anthropogenic factofer (example exploitation of the
catchment) majorly cause soils degradation. Sadigrablation contributes to increase of
surface flows, in the consequence its a lot of éig substances (mainly nitrogen and
phosphorus) is delivered to surface water. It caudeterioration of water quality and
increase of eutrophication process [17, 18].

The appearance of various species of algae, claisiitt for eutrophic water, testifies
to high eutrophication level. In the water of théservoir, cyanobacterMicrocystis viridis
(A. Br. in Rabenh.) LemmMicrocystis aeruginosgKutz.) Kitz., green alga€oelastrum
sp. Pediastrumsp. andScenedesmusp., as well as diatont¥agilaria crotonensig(Kitt.)
were observed. Similar species of phytoplanktonehbeen observed in the eutrophic
Siemiandwka reservoir by Grabowska [7] and Lep&tRosenstrom [19] in the context of
eutrophic Finnish lakes. According to Reynolds [#0§ cyanobacteridicrocystissp. is
characteristic for sunny and eutrophic water, Ed$télegro [4] opinion the development
following green algaeCoelastrum,Pediastrumand Scenedesmusan indicate eutrophic
status of water reservoir.

The conducted research was also proved the highestge percentage share of
cyanophyta assemblages (55.4%) and chlorococcahgatgae assemblages (16.5%) in
whole biomass of phytoplankton, the high averagenbiss of phytoplankton was acquired
as well. According to Ryding i Rast follow Wilk-Woiak [21] the eutrophic reservoirs are
characterized by the high level of phytoplanktooniass, frequent occurrence of water
blooms and significant share of the cyanophyta grekn algae in whole biomass of
phytoplankton.

In addition, the concentrations of chlorophydh (which achieved average
36.92ug - dm3in years 2004-2006) indicated high degree of ehizion, because the
values of concentrations of chlorophgltonsiderablyexceeded upper boundary values for
eutrophic water. According to Dojlido [15], the aamtrations of chlorophyk exceeding
8 ug - dm® indicate eutrophication, while the levels above25- dm?® classify water
reservoir as hypertrophic. The higher values obiphyll a concentrations, which were
acquired in next years (2007, 2009, 2011), cahistiicate on the advanced eutrophication
processes in this reservoir. In opinion of Wolos &disniewolski [22] this reservoir has
eutrophic status, because significant share of nbrégpical fish in eutrophic water)
confirms high level of eutrophication in this ressr.

The high level of eutrophication in Kozlowa Gorandaeservoir is undesirable,
because this reservoir fulfills supplying water fpeople. Intensive development of
planktonic algae and cyanophyta (which often creatter blooms) causes deterioration of
organoleptic properties of water (then the tastevafer, odour and colour of water are
changed). In opinion of Pawelek and Bergel [23] ¢bacentrations of chlorophy#l near
value30 pg - dm®additionally deteriorate quality of water, whichdsstined for drink (the
average concentrations of chlorophglin this reservoir acquired 36.9@) - dm?in years
2004-2006 and 60.4g - dm®in 2007, 2009, 2011 years).
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The mass development of phytoplankton also impg@desess of water treatment (by

the blocking of waterwork filters and secreting itosubstances into the water by
cyanophyta). These toxins are very dangerous tervatimals and for health of people,
because they can cause allergic reactions (maémipatotoxins), but also damage to deeper
body tissueda liver cells (mainly hepatotoxins)j24-26].

The supplying functions of the reservoir obligateits protection and the matter of

water cleanness should be priority. The properegutain of Kozlowa Gora dam reservoir
and possible undertaking remedial operations aentisl.

Conclusions

1.

The mass development species of phytoplanktoncaypor eutrophic water (for
exampleMicrocystis aeruginosgKutz.) Kutz., M. viridis (A. Br. in Rabenh.) Lemm),
Aphanizomenon flos-aqudk.) Ralfs ex Born. and FlahBediastrumsp.,Coelastrum
sp.,Fragilaria crotonensigKitt.) points out high trophic status of Kozlowgora dam
reservoir water.

2. The high average percentage share the assembldgegamophyta (55.4%) and
assemblages of chlorococcal green algae (16.5%hoie biomass of phytoplankton
indicates on the advanced eutrophication processes.

3. The average biomass of phytoplankton and averageeoatrations of chlorophyl in
water of this reservoir significantly exceeded baany values for eutrophic water.

4. Kozlowa Gora dam reservoir fulfils a function suppy water for people, so the water
cleanness of this reservoir should be priority.r€f@re, the remedial operations should
be undertaken.
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OCENA STOPNIA ZEUTROFIZOWANIA ZBIORNIKA KOZLOWA GOR A
NA PODSTAWIE ZBIOROWISK GLONOW PLANKTONOWYCH

Instytut Ochrony i laynierii Srodowiska, Akademia Techniczno-Humanistyczna wskielBiate]

Abstrakt: W artykule okrélono stopié zeutrofizowania zbiornika Kozlowa Géra w oparcisidad gatunkowy

i biomag fitoplanktonu. Oceny biomasy fitoplanktonu dokooara pomog dwoch metod (bezgredniej - na
zasadzie przyrownywania komdrek do figur geometrych i pdredniej - chlorofilowej). W ocenie trofii wod
zbiornika wykorzystano klasyfikagjuwzgkdniajaca graniczne wartei wielkosci biomasy fitoplanktonu oraz
graniczne warti stezen chlorofilu a dla poszczegdlnych typow troficznych. W prébkaobdw pobranych ze
zbiornika Kozlowa Goéra zanotowano rozwdj gatunk@wotvych dla wéd eutroficznych, a tak dwy udziat

w 0gdInej biomasie fitoplanktonu sinic (co seowskazywé na zaawansowanie proceséw eutrofizacyjnych).
Badania dotycxre $redniej biomasy fitoplanktonu (okdlanej bezpérednio i pdrednio) pozwolity na
zaklasyfikowanie zbiornika do eutroficznych, a nahigertroficznych.

Stowa kluczowe:eutrofizacja, zbiornik zaporowy, biomasa fitoplaorkti, koncentracja chlorofila



