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Research. INFRA-2010-1.1.17 262060.  
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Research Network. (Network of Excellence, 6th FP EU) 

• FAME: Development, evaluation and implementation of standardised 

fish-based assessment method for the ecological status of European 

rivers. A contribution to the Water Framework Directive. (EC Project 

EVK1-CT-2001-00094). 

 

In cooperation with University of Lodz. 

• SWITCH: Sustainable Water management Improves Tomorrow`s Cities' 

Health. (EU, 6 PF) 

• TOXIC: Barriers against cyanotoxins in drinking water.(EC Project EC-

EVK1-2001-00182).  

• MIDI-CHIP-TOX: Linking cyanobacterial diversity and cyano-toxins. (EC 

Project EC-EVK2-2002-00546).  



EU's LIFE+ projects 

• EKOROB: Ecotones for reducing diffuse pollution  

LIFE08 ENV/PL/000519. 

 

• ENVEUROPE: Environmental quality and pressures assessment across 

Europe: the LTER network as an integrated and shared system for 

ecosystem monitoring  

 

 

 

 

 

 

• Implementation of Ecohydrology - a transdysciplinary science - for 

integrated water management and sustainable development in Ethiopia 
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FIELD STATION  
NEAR THE SULEJOW RESERVOIR  

(Tresta village) 

University of Lodz 

Faculty of Biology and Environmental 

Protection 
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Why does world become dry and water ecosystems polluted?  



Evolution of relations between Man & Environment 
 

Conquest 
of nature 

Exploitation 
of nature 

Protection 
of nature 

Restoration 
of ecology 

Believe in  
unlimited  
nature 
potential 

Recognition of  
structure of nature  
(Linnaeus) 
Consciousness of  
decline of biodiversity 

Understanding of ecological 
succession 
Increasing number of 
evidences of the decline of 
cultural and aesthetic values 
of nature 

Regulation  
of environmental 
processes toward 
harmonization of 
ecosystem potential 
and social needs - 

ECOHYDROLOGY  

SYSTEM APPROACH BASED ON  
TRANSDISCIPLINARY SCIENCE 
TOWARD ENHANCEMENT OF ECOSYSTEM 
CARRYING CAPACITY (water, biodiversity, 
resilience, ecosystem services for society)  
BY:  
•USING ECOSYSTEM PROCESSESS AS 
MANAGEMENT TOOLS & 
•DUAL REGULATION 

Increasing 
consciousness of the 
decline of ecosystem 
services 

Zalewski 2011 

Industrial Era 



Deductive  background of Ecohydrology theory 



Zalewski 2010 

Deductive  background of Ecohydrology theory 



Low water level High water level 

The  regulation of water level in eutrophic reservoir for change of  

 excess nutrients allocation toward  the   reduction of toxic algal blooms  

Zalewski  et al. 1990 

Toxic algal bloom 

Inductive  background of Ecohydrology theory 



MITIGATION of environmental processes degradation – 

structure oriented thinking – conservation and restoration 

Conservation 

Restoration 



REGULATION of environmental processes degradation – process 

oriented thinking – Ecohydrology (EH) based integrative 

scientific and applied approach  

- Deforestation 
- Unification of agricultural 
landscape 

- Stream channelization 
- Impermeable urbanised space 
- Storm water and drainage systems  

two sides of the road  

dry irrigated 



Transfer of organic matter and pollutants to coastal zone 

Tanganika 

Lake 

NASA Earth Observatory  

Gulf of Mexico 



Proportion of sources contributing to phosphorus and 

nitrogen input into the Baltic Sea sub-regions 

Nitrogen Phosphorus 

(HELCOM 2004) 



(www.geoportal.gov.pl) 

Nitrogen 
 load 

from agricultural land 

Sulejow Reservoir Denitrification walls  

Plants 

Recreational facilities  
(jetty) 

Recreational facilities  
(jetty) 

Biogeochemical  
barriers 

Plants 

0 

50 

100 

150 

200 

250 

300 

350 

400 

B1 B2 B3 B4 B5 

3.09.2010 

30.09.2010 

3.11.2010 

9.12.2010 

Critical value 

marking polluted water 

acc. to Nitrates  

Directive 

0 

1 

2 

3 

4 

5 

6 

7 

Z1 Z2 Z3 Z4 Z5 

3.09.2010 

30.09.2010 

3.11.2010 

9.12.2010 

19.01.2011 

Critical value 

for appearance of 

cyanobacterial bloom 

(www.geoportal.gov.pl) 

Sulejow Reservoir 

Phosphorus 

 load from recreational area 

DEVELOPMENT OF SOLUTIONS IDENTIFICATION OF PROBLEMS 

Reduction of nitrogen pollution from diffuse source by enhancement of plant buffering zones with denitrification walls  

Reduction of phosphorus pollution from diffuse source by enhancement of plant buffering zones with biogeochemical barriers  

Izydorczyk, 2011 

ECOTONE ZONES: LIFE+ EKOROB project 



Before 

Demonstration side of LIFE+ EKOROB project 

After 

Implementation of knowledge, Recreation, Education 

Izydorczyk 



DYNAMIC OF GROUNDWATER  LEVEL  

IN THE EXPERIMENTAL PILICA RIVER FLOODPLAIN 

Summer 
2009 

N 

Autumn 
2009   

Winter 
2009/2010 

100 m 

Spring 
2010 

Maps of hydroisobaths 

Three-dimentional renders 

Kiedrzyńska E. Kłosiński M., Zalewski M. (in preparation). 



W. L.  

(260 cm) 

Model of the flooding  

for the highest water level 
DTM of the 30 km section  

of the Pilica River valley  

QUANTIFICATION OF FLOOD PROCESSES AND SEDIMENTATION   

IN THE PILICA VALLEY  

RETENTION 

Flooding 

areas 

Sediments 

load 

TN 

load 

TP 

load 

1007 ha 560 tons 8 tons 129 tons 

 

Experimental  

river floodplain 

Identification  

of the flooding areas  

in the valley  

Retention  

of nutrients 

 and sediments’ 

load  

Kiedrzyńska E. et al. (in preparation). 



MODELS - CCHE2D 

Q=0,23 m/s 

wsl= 169,6 

Q=1,61 m/s 

wsl=171,07  WWQ=161 cm3/s  

SSQ=23.3 cm3/s 

[kg/s] 

 [kg/s] 

Oxford – Mississippi USA  
United States – Poland 

 Technology Transfer Project 

- mean flow condtitions 

- high flow condtitions 

Simulation of water  
velocity distribution 

Suspended and bedload  
 transport 

Magnuszewski, Kiedrzyńska, Wagner, Zalewski. 2005 

2D Models to predict,  

characterise and better  

understand sedimentation  

processes on the Pilica River  

floodplain 

„CCHE2D” MODELS FOR THE EXPERIMENTAL  PILICA RIVER FLOODPLAIN 

   

Altinakar M., Kiedrzyńska E., Magnuszewski A. 2006. Modelling of inundation pattern at Pilica river 

floodplain, Poland. In: Demuth S., Gustard A., Planos E., Scatena F. & Servat E. (Eds) Climate Variability and 

Change—Hydrological Impacts. IAHS Publ. 308. 579-585. 



Quantification of phosphorus accumulation by vegetation of the Pilica River floodplain  

The Inundation Model  

represents sequences  

of floodplain overflowing  

Distribution of plant  

communities coresponds  

to the hydrology of the area 

Biomass and P content in plant 

P accumulation for predominant species 

Kiedrzyńska E., Wagner I., Zalewski M. 2008. Quantification of phosphorus retention efficiency by 

floodplain vegetation and a management strategy for a eutrophic reservoir restoration. Ecological 

Engineering, 33: 15-25.  

ROLE OF THE RIVER FLOODPLAIN IN PHOSPHORUS ACUMULATION  

AND WATER PURIFICATION 



ROLE OF THE RIVER FLOODPLAIN IN PHOSPHORUS ACUMULATION  

AND WATER PURIFICATION 

Summer phosphorus accumulation in the 

macrophytes  

floodplain biomass 

26,6 ha = 255 kg P 

24% of area with  

willows 

Accumulation  

332 kg P 

48% of area with  

willows 

Accumulation  

399 kg P 

Kiedrzyńska E., Wagner I., Zalewski M. 2008. Quantification of phosphorus retention efficiency by 

floodplain vegetation and a management strategy for a eutrophic reservoir restoration. Ecological 

Engineering, 33: 15-25.  

 1 kg P can lead to some 1-2 t algal biomass  

in the reservoir 



If we accelerate river outflow and enhance 

evaporation from the landscape we need reservoirs 

to compensate human impact on water cycle 

RESERVOIRS & DAMS: How to convert threats into  

opportunities for sustainable river basin using EH 

processes oriented thinking 

Zalewski, 2010 



By-pass channel for fish and 
aquatic organisms migrations – 

restoration of longitudal 
connectivity of the river valley 

Transfer of mineral fraction 
downstream at flood peak  

Sedimentation zone: use 
of organic fraction for 
bioenergy production, 
biomass plantations 

Renewable energy (null 
CO2 emissions) 

Restoration of lateral ecological connectivity in 
the valley, refuge areas for wildlife 

Improvement of water 
quality downstream 

Renewable energy 
(null CO2 emissions) 

Reduction of pollutants 
transfer into the sea and 
fish, reduction of dioxins 

Based on Zalewski 2006, modified by Zalewski and Belka 

RESERVOIRS & DAMS: How to convert threats into  

opportunities for sustainable river basin using EH 

processes oriented thinking Multifunctional  
reservoirs 



C
o

n
c

e
n

tr
a

ti
o

n
 

[n
g

/k
g

 d
.w

.]
 

T
o

x
ic

it
y
 

[n
g

 T
E

Q
/k

g
 d

.w
.]

 
Spatial distrubution of dioxins and dioxin-like compunds along large 

reservoirs of different catchment land use 
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Large/agriculture, urban, industrial 

catchment 
Włocławski Reservoir 
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During the transport of dioxins and dioxin-like copmpounds along the reservoir, 

conversion of highly toxic to less toxic forms occured 

* * 

* 
* 

** ** ** 

** 
** 

** 

**  Results relevant statistically  

ANOVA Friedman 

*  Results relevant statistically  

Wilcoxon Test 

Urbaniak M., Zalewski M.,2010.  Large dams as purification systems for toxic PCDD/PCDF and dl-PCB congeners [in:] Hydrocomplexity: New Tools 

for Solving Wicked Water Problems, Khan S., Savenije H.H.G., Demuth S., Hubert P., IAHS Publ. 338: 256-257. 

 

Large, prevailing 

agriculture/urban catchment 
Jeziorsko Reservoir 

 

Large,prevailing, agriculture 

catchment 
Sulejowski Reservoir 



Fot. Gazeta Wyborcza 

Urban Ecohydrology 



Teresa Reservoir 
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Surface sealing (%) 

Dependency levels of benzo(a)pyrene (ng/m3) 

in the air on the degree of surface sealing  

Urban-rural differences in the prevalence of asthma and hay fever  
n children in Łodzkie Province (Kuprys-Lipinska et al., 2009) 

p<0,05 

p<0,05 

alergy 



Importance of geology for 

determination of the  structure  

fish and invertebrates  

communities in rivers and river 

selfpurification process 

 

The importance of ecological structure and processes 

understanding for development of Ecohydrological biotechnologies 

Zalewski et al. 1996  



System Solutions - Biotechnologies 

The sequential biofiltration system for urban stormwater purification  

on Sokołówka River 





Sedimentation zone Biogeochemical zone Biofiltration zone 
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(Zalewski, Mankiewicz-Boczek, Parniewski et al., 2012) 

Sequentional Stormwater Purification System 

Molecular biology for ecohydrological biotechnologies 
 

Diagnosis of quality of environment 

Identification of patogenic bacteris  

Increase of the effectiveness of stormwater purification 

Bacterial diversity in different zones of the Sequentional Stormwater Purification System  

assessed  by the TRS-PCR (1-3) and partial 16S RNA gene sequencing 



Molecular biology for ecohydrological biotechnologies 
 
Diagnosis of quality of environment 

Toxic cyanobacteria – early warning with molecular markers 

First determination of toxic genotypy of cylindrospermopsin-producing cyanobacteria in the Polish waterbodies 

(Mankiewicz-Boczek et al., FEMS Microbiology Letters 326: 173-179, 2012)  

 



 

 

Molecular biology for ecohydrological biotechnologies 

Biodegradation of hepatotoxic cyanobacteria 

Cyanophage can degrade cyanobacterial cells 

The BLAST homology search revealed 90% similar 

of the Polish samples to g91 gene of cyanophage 

Ma-LMM01, described before by Yoshida et al. 

(2008). 

(Mankiewicz-Boczek, Gągała, Dziadek in progress) 

Bacteria capable of degrading microcystins in the Polish lowland reservoir 

The BLAST homology search revealed 95% similar of 

the Polish samples to mlrA gene of Sphingopyxis sp. 

C1, described before by Okano et al. (2009).  

(Mankiewicz-Boczek, Gągała, Dziadek in progress) 

 

Bacteria can degrade microcystins 



Comparative experiments on different 
species and varieties of willow 

 

Plantation 

I: Salix viminalis clones; 

II: Tordis (Salix schwerini x S. viminalis) x S. viminalis; 

III: Salix viminalis gigantea; 

IV: Salix viminalis (clone 192)  

Conversion of sludge in to bioenergy at willow plantation at 
buffer zone of sewage treatment plant 

Drobniewska 



biomasa chwastow w 

pierwszy m roku t s m na ha

~

utrata biomasa wierzby  na skutek 

zachwaszczenia w 1roku %

Biomasa

czy nnik 1

czy nnik 2

~

gestosc obsady  a biomasa

biomasa chwastow 

w drugim roku t s m na ha

~

utrata biomasy  wierzby na skutek 

zachwaszczenia w 2 roku %

procent utraty  

biomasy  przez 1 rok

procent utraty  biomasy  

przez drugi rok

utrata biomasy  wierzby  na skutek 

zachwaszczenia w ciagu 4 lat

wilgotnosc

gleby  %
wzrost biomasy  a N 

przez 4 lata

procentowa ilosc zaatakowany ch 

sadzonek przez szkodniki

gestosc obsady

ilosc sadzonek na ha

~

srednia miesieczna 

temperatura dla Lodzi oC

~

srednie miesieczne 

opady  dla Lodzi

wilgotnosc

gleby  %

~

srednia miesieczna 

temperatura dla Lodzi oC

gestosc obsady

ilosc sadzonek na ha

~

pH gleby  

a biomasa

pH gleby

~

akty wnosc zwierzy ny  

a jej ilosc

ilosc sadzonek zaatakowany ch 

przez szkodniki na ha

~
wspolczy nnik wilgotnosci

~

biomasa 

zjedzona przez zwierzy ne 

w kolejny ch latach

~

biomasa a

 zwierzy na

~

wilgotnosc 

a temperatura

~
wilgotnosc a opady

~

poziom wody  

a opady

~

f otosy nteza

ilosc 

zwierzy ny

~

przezy walnosc 

a sila ssaca gleby

~

sila ssaca 

gleby  pF

wzrost biomasy  a P 

przez 4 lata

wzrost biomasy  a K 

przez 4 lata

przy zy walnosc a poziom wod 

gruntowy ch w ciagu 4 lat

The mathematical model  decision support system for 

bioenergy production from the sludge 

Drobniewska 
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Productivity of willow and the nature of the organic fertilizer  



Polish Aid Programme for the year 2008,2009 and 2010 

no. 1280/2008/AD, 1018/AD/2009/3 and 944/2010 

 

“Implementation of Ecohydrology – a transdisciplinary science  

for integrated water resources  

and sustainable development in Ethiopia” 

 

PARTNERS: 

European Regional Centre for Ecohydrology under the auspices of UNESCO, 

Poland 

Department of Applied Ecology, University of Lodz, Poland 

Division of Water Science of UNESCO 

Ministry of Water Resources, Federal Democratic Republic of Ethiopia 

Ethiopia 

Zalewski, Urbaniak, Negussie 



Threats 

Ethiopia 

Degradation of buffering zones 

Erossion / pollutants transport 

Reservoir siltation/eutrophication 

Solutions 

Use of biodegradable geotextiles for 

erosion control 

Stock watering site and use of manure  

collected at the site as a fertilizer 

Construction of the sequentional biofiltration system  

for turbidity, eutrophication and dioxin toxicity reduction 

 in  the Asella BioFarm Park lake 

Sediment trap:  

(a) full of sediment and (b) dredged 

(a) 

(b) 

Schematic representation of the location of ASBS 

(without Scale) 

Asella Sequential Biofiltration System (Biofarm Park, Asella) 

Zalewski, Urbaniak, Negussie 
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Zalewski, Urbaniak, Negussie 



Problem solving 

KNOWLEDGE 

Reductionistic  

Holistic 

Problem identification 

a
p
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INFORMATION 
Understanding structure, 

states and  relationships 

 

Monitoring – sectoral science 

Understanding patterns 

and processes, 

 

Experimental testing -interdisciplinary science 

WISDOM 
Use of information and  

knowledge for problem solving – 

Formulation of  principles for action 

 

 

System solutions – Transdisciplinary science 

I principle of EH 

Quantification of hydrological  

processes and threats 

II  principle of EH 

Enhancement of ecosystems  

resilience  

III principle of EH 

„dual regulation” 

Zalewski 2011 modified 



MSc 

PhD 

BROAD BROAD HIGH SYNTHESIS AXIS 

EH 

MSc 

BROAD BROAD HIGH SPECIALISATION  AXIS 

ECOHYDROLOGY 

traditional education of high specialized environmental scientists 



    ECOHYDROLOGY & HYDROBIOLOGY 

We are happy to announce that Elsevier is the new publisher of the journal 

Ecohydrology and Hydrobiology the official journal of European Regional Centre 

for Ecohydrology. Authors are requested to submit their articles online at 

http://ees.elsevier.com/ecohyd.  

http://ees.elsevier.com/ecohyd


Technogarden 

or  

Nature 


