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RATIONALE FOR THE PROJECT 

 

Ethiopia is an African country of great cultural and historical background. Good natural conditions 
in most of the country, with fertile soil and high precipitation are a great asset and have potential 
for food production covering the existing need of the country. However dynamic demographic 
growth leads to degradation and mismanagement of landscape and exceeds the rate of 
development of urban infrastructure. Reversing this situation needs system solutions based on 
integrated science. Integrated science provides new holistic perspective for highly complex 
problems, and a progress toward sustainable development in the face of the dynamic demographic 
processes, especially in developing countries. Such approach allows avoiding alternative pathways 
and compromises dilemmas, created by sectoral approach. Moreover, all solutions take into 
consideration societal well being, including both the health aspects and possibilities of income 
generation.  

In urban areas, development of sanitation infrastructure is usually insufficient and not only impacts 
surface water quality but also human health and quality of life. Similarly, in human settlements in 
agricultural landscapes, lack of any sewage treatments creates health risks for downstream 
communities.  

Increasing intensity of pastural farming becomes one of the major reasons of erosion in the 
country, which exceeds even 20 tons per ha per year. This in turn creates reservoir siltation and 
drastically decline water retentive capacity of reservoirs. These processes negatively impact water 
resources quality and potential for food production of both land and water ecosystems. 

The recent progress in development in reforestation, ecofarming and fisheries in Ethiopia, as well 
as capital of knowledge generated by universities, governmental and research institutes of the 
country, create excellent background for solving theses issues. Ecohydrology concept developed by 
UNESCO IHP Programme and International Institute of Polish Academy of Sciences – European 
Regional Centre for Ecohydrology under the auspices of UNESCO in Poland and Department of 
Applied Ecology of the University of Lodz in Poland, provides experience and methodology for 
development of systemic solutions, addressing not only environmental but also social and 
economical issues. Guidelines for development system approach in ecohydrology consider positive 
socio-economic feedbacks as a key incentive for generating potential to high progress at low 
investment costs. 

Implementation of this programme is possible thanks to the support of the Polish Government 
thought the Polish Aid Programme of the Ministry of Foreign Affairs of the Republic of Poland 
“Ecohydrology – a transdisciplinary science for integrated water resources and sustainable 
development in Ethiopia” and close co-operation with the Ministry of Water Resources of the 
Federal Democratic Republic of Ethiopia. Its implementation would not be possible without the 
great support of the Polish Embassy in Ethiopia.  
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GOALS OF THE PROJECT 

 

The major goals of the project are: 

- Transfer of knowledge and implementation of transdisciplinary ecohydrological methods in 

water management; 

- Training of trainees from water sector; 

- Mutual ecohydrological research and monitoring of threats; 

- Planning and preparation of demonstration projects in co-operation with Ethiopian partner 

on selected areas, for testing solutions, calibration and training of specialists. 

 

The goals have been achieved by: 

- organising International Symposium “Ecohydrology for water ecosystems and society in 
Ethiopia”, held in Addis Ababa, Ethiopia on 18-20 of November and bringing international 
expertise in ecohydrology; 

- organising workshops and meetings with representatives of the Ethiopian government, 
research and governmental institutes, universities and NGOs, local UN Agencies; 

- Technical field trips to Addis Ababa, Asella, Tana Lake, Awassa; gumera and rib rivel 
basins; 

- Trainings on “Quantification of the threats in a river catchment”; 

- Collection of samples for water quality and health risk assessment; 

- Development and implementation of demonstration projects into the Ethiopian conditions 
and optimisation of their functioning. 
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Partners of the project 

Support of the project: 

- The project “Ecohydrology – a transdisciplinary science for integrated water resources and 
sustainable development in Ethiopia” is developed within the Polish Aid Programme for the 
year 2008, 2009, 2010, 2011 ans 2012 of the Ministry of Foreign Affairs of the Republic of 
Poland. 

Co-ordination and implementation of the project: 

- International Institute of Polish Academy of Sciences European Regional Centre for 
Ecohydrology under the auspices of UNESCO, Poland (ERCE/UNESCO), represented by 
prof. Maciej Zalewski, Director; dr Iwona Wagner, Deputy Director; dr Magdalena 

Urbaniak, Ilona Gagala, MsC.; 

- Department of Applied Ecology, University of Lodz, Poland (DAE UL), represented by prof. 

Maciej Zalewski, the Chairmen of the Department; dr Iwona Wagner; 

Official partner of the RP and co-ordination of activities in Ethiopia: 

- Ministry of Water Resources, Federal Democratic Republic of Ethiopia, represented by dr 

Yohannes Zerihun. 

Other major partners in Ethiopia: 

- ORDA: Organization for Rehabilitation and Development of Amhara, Bahir Dar, Ethiopia, 
represented by dr Yeshanew Ashagrie; 

- Yeha: Natural Resources Management Institute for Eastern Africa, Addis Ababa, Ethiopia, 
represented by dr Getachew Tikubet Mengistu. 

Polish Partners: 

- Nofer Institute of Occupational Medicine, Lodz, Poland (NIOM), represented by prof. 

Konrad Rydzynski, Director; 

- Institute for Agricultural and Forest Environment, Polish Academy of Sciences, Poznań, 
Poland (IAFE), represented by prof. Andrzej Kędziora, Director. 

International Organisations: 

- International Hydrological Programme of UNESCO (UNESCO IHP), represented by: 

o Dr Shahbaz Khan, Project Officer, Chief of the UNESCO IHP Ecohydrology 
Programme, Division of Water Science of UNESCO; 

- Scientific Advisory Committee of the UNESCO IHP Ecohydrology Programme: 

o Prof. Nichola Fohrer, Chairperson of the UNESCO IHP Ecohydrology Programme, 
University of Kiel, Kiel, Germany 

o Prof. Luis Chicharo, Vice-Chairperson of the UNESCO IHP Ecohydrology 
programme University of Algarve, Algarve, Portugal 

o Prof. David Harper, University of Leicester - Department of Biology, Leicester, UK 

- Water Programme of the InterAcademy Panel. 
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Project activities 
 

The initial phase of the project : 2008-2009 

 

The first two stages of the programme (2008, 2009) led by the ERCE and the Ministry of Water 
Resources of Ethiopia, and supported by the Ministry of Foreign Affairs of Poland, Polish Embassy 
and UNESCO IHP, included technical trips, site visits, networking, capacity building, 

brainstorming and International Symposium. As the result of these activities, the following 
potential areas for implementation of ecohydrological solutions were identified: 

1. Elaboration of concepts for ecohydrological system solutions by ERCE and its Polish 
partners in co-operation with the Ethiopian partners, on the following issues: 

1. Reversing degradation of a river basin for enhancement of water resources and food 
production (Gumara Basin); 

2. Concept for ecohydrological system solutions for urban areas (Addis Abeba, Bahirdar, 
Awassa); 

3. Early Warning System for toxic algal blooms (Tana Lake, Koka Reservoir, Awash 
Reservoir); 

4. Concept of introduction of shelterbelts net as toolkit for improvement of water balance of 
landscape (typology and general concept). 

2. Implementation of Demonstration Projects: 

1. Sequential biofiltration at high and low erosion sites (Asella); 

2. Conversion of sediments and organic sediments into bioenergy and food production 
(reduction of pollutants accumulation in food chain using ecohydrology);, Asella; 

3. Use of biodegradable geofibers for land erosion control (Gumera basin and Biofarm Park, 
Yeha Institute); 

4. Aquaculture in littoral zone of lake Tana as a preventing measure for ongoing process of 
the lake encroaching (Lake Tana); 

5. Introduction of shelterbelt net in the wetland in the Gumera Basin. 
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Fot.1 First meeting with the Minister of State of Ethiopia, Mr Jabessa Adugna (first on the left). 

Next sitting: Maciej Zalewski (Director of ERCE) Yohannes Zerihun (Abay Basin Irrigation and 

Drainage Study and Design Projects Co-ordinator, Ministry of Water Resources of DR of Ethiopia), 

Andrzej Kędziora (Director of IAFE). 
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International symposium  

The International Symposium “Ecohydrology for water ecosystems and society in Ethiopia” took 
place on 18-20 of November in Addis Ababa, Ethiopia. 

The symposium involved: 

- 109 of participants, which represented 28 research and governmental institutes in Ethiopia, 
10 of research institutes from abroad; 

- 41 oral presentations, 

- 12 posters; 

 

The goals of the Symposium were: 

1. Review the recent state of knowledge in water ecosystems in Africa and especially in 
Ethiopia. 

2. Identification the gaps in knowledge. 

3. Identification of perspectives for implementation of ecohydrological solutions. 

4. Elaboration of action plan for implementation of key demonstration projects. 

 

The key expected outcome of the Symposium was recognising the possibilities of the use of 
Ecohydrology scientific framework for: 

1. Reduction of stream and rivers siltation due to deforestation and grazing. 

2. Reversing of eutrophication of lakes and reservoirs. 

3. Reversing processes of drying of lakes and wetlands in Rift Valley. 

4. Methodology for monitoring and abatement river pollution by industry. 

5. Adaptation of ecohydrological biotechnologies for reduction of domestic sewage in rural and 
dispersed urban areas of Africa. 



PROJECT REPORT                                             Polish development cooperation programme  

 
 

8

 

 

Furthermore to the institutions and representatives mentioned in the earlier section of the 
document, the following participants took part in the Symposium: 

UNESCO was represented by: 

- UNESCO Cluster Office in Addis Ababa, represented by dr Alexandros Makarigakis 

The government of Federal Democratic Republic of Ethiopia was represented by: 

- Mr. Adunga Jabessa, the Minister of Water Resources, Federal Democratic Republic of 
Ethiopia 

- Mr Teshome Atnafe, Department Head, Irrigation and Drainage Study and Design, 
Ministry of Water Resources, Ethiopia 

The Government of Poland was represented by: 

- Mr Jaroslaw Szczepankiewicz, the Ambassador of the Republic of Poland 

The following Ethiopian institutes, universities, research and governmental units were 
represented: 

2. Addis Ababa University, Addis Ababa, Ethiopia 

3. Addis Ababa University, College of Development Studies, Addis Ababa, Ethiopia 

4. Amhara Region Agricultural Research Institute (ARARI), Bahir Dar, Ethiopia 

5. Amhara Regional Agricultural Research Institute (ARARI) - Fishery and Other Aquatic Life 
Research Centre, Bahir Dar, Ethiopia 

6. Amhara Supervision and Design Works Enterprise, Amhara, Ethiopia 

7. Arba  Minch University, Arbaminch, Ethiopia 

8. Assela Water Technology Collage, Assela, Ethiopia 

9. Ethiopian Civil Service College, Addis Ababa, Ethiopia 

10. Ethiopian Institute of Agricultural Research National Fisheries and other Aquatic Life 
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Research Center, Sebeta, Ethiopia 

11. Ethiopian Institute of Agricultural Research, Addis Ababa, Ethiopia 

12. Federal Environmental Protection Authority, Addis Ababa Environmental Protection 
Authority and Oromia Regional National State Environmental Office, Addis Ababa, 
Ethiopia 

13. Fishery and Aquatic Science Research Center, Bahir Dar, Ethiopia 

14. Forestry Research Centre, Addis Ababa, Ethiopia 

15. Hawassa College of Teacher Education, Hawassa, Ethiopia 

16. International Water Management Institute, Addis Ababa, Ethiopia 

17. Jimma University, Jimma, Ethiopia 

18. Ministry of Water Resources, Addis Ababa, Ethiopia 

19. Mitsubishi Ethiopia Trading PLC, Addis Ababa, Ethiopia 

20. National Fisheries and Aquatic Life Research Centre, Ethiopian Institute of Agricultural 
Research, Sebeta, Ethiopia 

21. National Meteorology Agency of Ethiopia - Climate change Department, Addis Ababa, 
Ethiopia 

22. Organization for Rehabilitation and Development of Amhara (ORDA), Bahir Dar, Ethiopia 

23. Polish Embassy in Ethiopia, Addis Ababa, Ethiopia 

24. Soil and Water Research Process, Ethiopian Institute of Agricultural Research, Addis Ababa, 
Ethiopia 

25. South Ethiopia Water Resources Development Bureau, Awassa, Ethiopia 

26. Southern Agriculture Research Institute, Awassa, Ethiopia 

27. University of Agricultural Sciences and Applied Life Sciences, Vienna - Institute of 
Hydraulics and Rural Water Management, Vienna, Austria 

28. Urban Management Masters Programme, Addis Ababa, Ethiopia 

29. YEHA Natural Resources Management Institute for Eastern Africa, Addis Ababa, Ethiopia 

The following international institutes, universities and research units were represented: 

1. European Regional Centre for Ecohydrology under the auspices of UNESCO, Lodz, Poland 

2. Institute for Agricultural and Forest Environment, Polish Academy of Sciences, Poznań, 
(IAFE), Poland 

3. Institute of Hydraulics and rural Water Management, Vienna, Austria 

4. Nofer Institute of Occupational Medicine, Lodz, Poland 

5. University of Algarve, Algarve, Portugal 

6. University of Kiel, Kiel, Germany 

7. University of Leicester - Department of Biology, Leicester, UK 

8. University of Leicester - Department of Physics & Astronomy, Leicester, UK 

9. University of Lodz - Department of Applied Ecology, Lodz, Poland  

10. University of Nairobi - School of Biological Sciences, Nairobi, Kenya 
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Opening lecture – prof. Maciej Zalewski 

 

 

Closing speech – Mr Teshome Atnafe, the Ministry of Water Resources, Federal Democratic 

Republic of Ethiopia 

 

Synthesis of the presented knowledge 

The Symposium demonstrated large capital of the existing experience, knowledge as well as good 
quality and quantity of data generated by the Ethiopian universities and research institutes. The 
experience of the local research institutes is crucial for quantification of processes generating the 
basis for development ecohydrological system solutions towards solving the existing ecological, 
economical and social (including health) problems of Ethiopia. Linking of the existing experience, 
providing methodology for system solutions development as well as strengthening links and 
feedbacks with local/regional/national economy is needed. 
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Based on the presented information and discussions the following aspects were identified: 

CHALLENGES: 

Environmental & social: 

- Reversing land  and soil degradation and water ecosystems siltation; 

- Improvement of water resources quality (water quality, biodiversity, regaining ecological 
balance) for fish production and other ecosystem services;  

- Increase the productivity of land (food production); 

- Improvement of landscape structure for increasing water retention to mitigate the 
dependence on rain events; 

- Improvement sanitation; 

- Improvement industrial, municipal and medical pollution treatment;  

- Reducing health risks related to eutrophication (toxic algal blooms), untreated sewage  
(heavy metals, diseases vectors, POP), pesticides, other chemicals; 

- Adaptation to Global Climate Change. 

Institutional & legal: 

- Integration of efforts between researchers, central and local government and society;  

- Education at all levels for efficient dissemination of the knowledge; 

- Involvement of local society and indigenous knowledge in technology development; 

- Strengthening integrated policy and legislation for flood, drought, land use; 

- Integrated strategic planning through all sectors; 

OPPORTUNITES (& GAPS) 

- large capital of the existing information and scientific knowledge; 

o landscape processes (need quantification); 

o water quality and quantity and ecological status (need for integrative monitoring); 

o institutional and legal framework (need to be strengthened); 

- Existing experience in implementations for reversing degradation processes, based on the 
bottom-up approach (development of system approach needed);  

- Existing potential and experience in education and training on large scale; 

- Existing indigenous knowledge; 

- high interest and support of the government, need for stronger links with society and 
researchers (need for communication strategy between scientists and government); 

- existing solutions (also system-solutions), most of which can contribute to system solutions 
in ecohydrology; 

DRAFT ECOHYDROLOGICAL SYSTEM SOLUTION FOR ETHIOPIA 

The scheme below presents draft proposal of a system solution for Ethiopia based on the 
ecohydrological theory and knowledge and information presented during the Symposium: 
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The implementation phase of the project: 2010-2012 

The research performed in 2010-2012 was mainly directed at the following priorities: 

1. Monitoring and potential systemic ecohydrological solutions for reduction of existing 
contamination of Ethiopian water ecosystems by Persistent Organic Pollutants (POPs)  
-Evaluation of risks by POP and possibilities of water purification systems; 
-Reducing health risks related to untreated sewage contaminated by heavy metals, POP, 
pesticides, other chemicals; 
 
2. Analysis of the dynamics and mechanism of formation of toxic cyanobacterial blooms 
in two different ecosystems (Lake Tana and Koka Reservoir). 
- Monitoring of physico-chemical parameters of water (temperature, oxygen concentration, pH and 
conductivity), concentrations of phosphorus, nitrogen and chlorophyll a; 
- Microscopic analysis of biomass and species composition of phytoplankton; 
-Quality assessment and densitometric (semi-quantitative) analysis of the presence of toxic 
cyanobacterial strains responsible for the microcystins production; 
- Analysis of cyanobacterial hepatotoxins - microcystins- using ELISA screening test 
and high performance liquid chromatography; 
- Evaluation of the toxicity of microcystins by protein phosphatase inhibition (PPIA). 
3. Sequential biofiltration system (SBFS) for point sources in rural areas  
-Improving water quality by construction of two sequentional systems for water quality improvement 
in a high and low erosion site; 
- Reducing the negative impact of stock watering by constructing a watering site; 
- Providing facility for education/demonstration and training of farmers in Asella and Debre Tabor 
toward efficient dissemination of the ecohydrological solutions; 
 
4. Conversion of sediments for SBFS and organic sediments into bioenergy and food 
production  
-Use of the sediments collected in the sedimentation area of SBFS for restoration of eroded soil 
(using phytotechnology) and/or bioenergy production; 
 
5. Use of biodegradable geofibers for land erosion control and biofarming  
-Reducing of land erosion; 
-Stabilization of restored erosion diches by using sediment from water reservoirs and SBFS; 
-Shortening the time for ecological succession of the degraded land by application of geofibers 
planted by local plants; 
 
6. The dynamics of the algae succession (toxic and nontoxic strains) in small fish ponds 
used as a source of drinking water for farmers. 
-  Evaluation whether ponds used for fish production allow for simultaneous use as a source of 
drinking water through monitoring of nitrogen and phosphorus concentration, and phytoplankton, 
zooplankton, and fish density and biomass in selected fish ponds. 
 
7. Restoration of productivity and biodiversity of the landscape in the field complex of 
pasture-crop-stream (river basin Ribbe) 
- Restoration of the eroded land of the pastures landscape by using geofibres and 
phytotechnology; 
- Reduction of land overdrying in the agricultural landscapeby creating amid-
fieldafforestation(shelterbelts) combined with fruit trees in order to reduce the wind speed, wind 
erosion (compensation of the lost farming area by production of fruits); 
- Formation of ecotone zones to prevent bank erosion and construction of small rock dams for 
reduction of bed erosion of the stream. 
 
8. Improvement of the efficiency and quality of the tilapia (fish) stocking material 
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- Developing methodology for using zooplankton in to improve the quality of juvenile fish and 
their growth rate; 
- Improvement of the energy balance in fish ponds by reducing heat loss during the night. 
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The examples of the results from demonstration projects  

 

Reduction of dioxin-induced toxicity by by Asella Sequential 
Biofiltration System (ASBS) 
 

The transfer of dioxins along river continuum is a well know process which indicated 
permanent increase of their content in the river sediments from the source up to the mouth section. 
Despite this, there is still lack of empirical data demonstrating the role of lakes and reservoirs in 
reduction of dioxins transfer in river continuum. According the ecohydrology theory, a sustainable use 
of water resources with regard to the control of dioxins occurrence should be based on two steps: 1) a 
reduction of dioxins emission to the water ecosystems and 2) an understanding of the role that the 
factors determining dioxins accumulation, transportation and transformation in the river and 
lake/reservoir system play. In this meaning, lakes and reservoirs are considered as an efficient trap for 
sediments and associated with them micropollutants and may play a role as storage compartment for 
the long-term release of the sediment-bounded pollutants. Such situation was observed in Asella lake 
(located in the Arsi zone of the Oromia region about 175 kilometers from Addis Ababa, Ethiopia) which 
usage has been abandoned since it caused disease among the people due to high dioxins pollution.  

The aim of this study was to compare the spatial pattern of dioxins concentration and toxicity 
(measured as WHO TEQ concentration) in the sediments of Asella river and lake taken before (in 
2009) and after (in 2010) construction of Asella Sequentional Biofiltering System (ASBS) in 2010. The 
proposed concept of ASBS construction was developed by prof. Maciej Zalewski (Fig. 1) 

 

 

 

 

Fig. 1. Schemes of the proposed solutions and demonstration in the Asella. 
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The dioxins extractions, clean-up and analysis were performed according to US EPA 1613 

and 1668 Methods. Identification and quantification were performed using HRGC/HRMS (HP6890, 
Hewlett Packard/Autospec Ultima, Micromass) with an isotope dilution method.  

Among the samples collected in the 2009 year, the contamination of lake sediments amounted 
for 127.65 ng kg-1 d.w., whereas concentration of dioxins in samples taken at the outflow from the 
lake decreased to the value of 26.65 ng kg-1 d.w. The WHO-TEQ concentrations also showed 
declining tendency along the river-lake system with the highest value in the inflow (2.32 ng TEQ kg-1 
d.w.), middle in the lake (1.09 ng TEQ kg-1 d.w.) and the lowest at the lake outflow (0.55 ng TEQ kg-1 
d.w.) (Fig.1).   

 
 
 

 
 

 
Fig. 2. Toxicity of sediment samples collected from Asella Lake. 

 
 
Samples collected in the same points after one year of SBFS implementation showed 70% 

reduction of sediment toxicity in lake sediment (Fig. 2) and thus indicating its positive role in the 
reducing the dioxins concentration and preventing the human health.  
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Fig. 3. Reduction of the sediment toxicity due to ASBS construction. 

 
 
The obtained data indicate that the reduction of dioxins contamination in the upper part of the 

river by construction of the SBFS is fundamental to the improvement of the quality of the lake and 
lower part of the river. Implementation of such system reduced the input of dioxins to the lake through 
sedimentation and acceleration of photo- and biodegradation processes and in consequence improve 
the quality of the whole river-lake system. 
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Reduction of nutrients and organic and mineral mater by Asella 

Sequential Biofiltration System (ASBS) 
 

Presented study introduces the results of the analysis of Sequential Biofiltration Systems 
efficiency in Ethiopia (ASBS) constructed in order to purification of mixed agricultural water and 
treated sewage from Water Treatment Plant.  

The effectiveness of ASBS (Ethiopia) which was experienced when sedimentation chamber 
was filled with sediments, showed the reduction of TP, OM and MM of 8%, 78% and 65%, 
respectively. TN in turn was released from the system showing higher concentration in the ASBS 
outlet. The samples collected after the sediments removal during the proper maintenance of the 
system, showed increased reduction of all analyzed compounds ranging from 93% for TP, 73% for 
TN, 67% for MM and 36% for OM as it is depicted in Table 1.  
 
Table 1. The TN, TP ,OM and MM concentration before (21/06/2012) and after removal of  
accumulated  sediment  from the sedimentation area of ASBS (26/06/2012).  

 

21.06.2012 26.06.2012 

Inlet Outlet Reduction % 
reduction 

Inlet Outlet Reduction % reduction 

TN [mg/l] 0.07 0.096 -0.068 -24 1.249 0.294 0.955 76 

TP [mg/l] 0.012 0.011 0.001 8 0.473 0.028 0.445 93 

OM [g/L] 0.067 0.014 0.053 78 0.239 0.151 0.088 36 

MM [g/l] 2.6 0.9 1.7 65 7.7 2.5 5.2 67 

 

The obtained results for both ASBS demonstrated that crucial role of the monitoring and 
quantification of hydrological processes, especially transport of MM and OM and nutrients, for 
enhancement of the studied SBS efficiency. 
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Detection of toxigenic cyanobacteria in Bahir Dar Gulf of Lake Tana  

 
Cyanobacterial blooms pose a serious threat for water supply systems, recreation and for 

agriculture. Blue-green algae can produce different types of toxins including hepato-, neuro-, cyto- and 
dermatotoxins, which can cause various health problems as allergic responses, diarrhoeas, acute 
gastroenteritis, liver and kidney damages etc. Therefore, the necessity to carry out monitoring to 
enable appropriate identification of health risk is indispensable and underlined by world health 
organization (WHO). Based on the obtained results from Polish-Ethiopian projects the preliminary data 
of seasonal hepatotoxic cyanobacteria occurrence in Bahir Dar bay, Tana Lake was elaborated. The 
presence of toxigenic blooms of microcystin-producing cyanobacteria with determination of 
microcystins concentration was measured in sample from November 2009 (dry season) and in four 
samples from June and August 2010 (rainy season).  

The Microcystis genera responsible for production of cyanobacterial hepatotoxins - 
microcystins occurred in dry and rainy seasons. The genetic analysis of mcyE gene indicated the 
presence of toxigenic (potentially toxic) cyanobacteria in both seasons, with maximum in November. 
The highest concentration of microcystins above 1 µg/l, the limit value for drinking water suggested by 
WHO, occurred in November.  

 

 
Figure 1. The detection of mcyE gene (405 bp), involved in the biosynthesis of microcystins, in 

samples taken from Tana Lake (Bahir Dar gulf, near the town of Bahir Dar, Ethiopia). M - DNA marker 
φX174-HaeIII Digest; K - negative control; * - mcyE gene present. Additionally, the sample from 

Gumara estuary was also analyzed, and showed the presence of toxigenic cyanobacteria. 
 
In the dry season in 2009, as already mentioned, the highest biomass of cyanobacteria 

(188.18 mg/l) was observed, with domination of Microcystis aeruginosa (Table 2). During the rainy 
season the amount of cyanobacteria was very small and ranged from 0.01 mg/l to 4.98 mg/l. In the 
case of samples taken in June (2010, rainy season), microscopic analysis showed the presence of 
Microcystis wesenbergii that usually does not produce cyanobacterial hepatotoxins - microcystins, or 
creates populations, dominated by non-toxic strains of cyanobacteria. The M. aeruginosa, widely 
regarded as a highly hepatotoxic, appeared again in August (Table 2). 

The presence of microcystins in Tana Lake in the first stage was determined using the ELISA 
screening assay, in which significant concentrations of microcystins (1.34 µg/l), exceeding the limit 
value for drinking water (1 µg/l), suggested by World Health Organization (WHO, 2006), was detected 
in the dry season (November 2009). In samples collected during the rainy season there was a small 
amount of microcystins (0.23 µg/l) (Table 2).  
Further quantitative and qualitative analysis of microcystins using analytical HPLC confirmed high 
hepatotoxins concentration in a sample taken during the dry season (2009), where this value (2.65 
µg/l) also confirmed exceeding the first stage of a threat to recreation (≥ 2 µg/l) according to WHO 
guidelines (2003). During the rainy season, using HPLC technique, even trace amounts of 
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microcystins were not detected, but probably it was caused by improper storage and long transport of 
samples from Ethiopia to Poland. 
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Reversing degradation of a river basin for enhancement of water 
resources and food production in the Gumara Basin  

 

The reversing degradation of a river basin for enhancement of water resources and food production 
in the Gumara Basin has been focused on two following issues:  

 

1. Restitution of eroded soil in the pasture landscape has been developed with strict cooperation 
with ORDA by using geotextiles and phytotechnology. 

The eroded soil (Fot. 1) was covered by geotextiles and pioneering plants was planted (Fot. 2) in 
order to maintain and strengthen the positive effect .  

 

 
Fot.  1. Eroded pasture catchment of the Gumera Basin – pictures made in 2011.  

 

 

 

Fot. 2. Resituated soil – picture made in 2012. 
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2. Restitution of the water cycle in landscape, reducing advection, and increasing productivity of 
the agricultural landscape by shelterbelts and heat balance control. 

The selected in 2011 area in the Gumera catchment (Fot.1) was planted by using native species of 
plants (Fot 2). The activities in above mentioned are was  performed in strict cooperation with ORDA. 

 

 
Fot. 1.  Dried hillsides in the Gumera river catchment - the place of selected in 2011 to establishment 

of woodlots in order to reduce wind speed and aeolian erosion.  

 

 

Fot. 2. Reducing agricultural landscape dryness through the creation of woodlots (shelterbelts) to 
reduce wind speed and aeolian erosion – pictures made in 2012. 
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Improving the energy balance of fish ponds in order to increase 

the growth rate of juveniles by reducing heat loss during the night 

 
During the implementation of project in 2012 there were achieved promising results of  tilapia energy 
balance improving. The ecohydrological experimets proposed by prof. Maciej Zalewski from ERCE u/a 
UNESCO (Fir. 1) have been implemented in the tilapia ponds in  Bihar Dar Fishery and Aquatic Life 
Research Center (Fot 1 and 2).  
The obtained results showed  the  increase of the growth rate of juveniles by reducing water 
temperature decline during the night (Fig. 3).  
The results indicate that the use of simple ecohydrology solutions (air bubble foil) allowed reduce the 
drop in temperature at night by an average of about 3.5oC. This led to 13-fold increase  in the number 
of juvenile fish compared to ponds wherein  the air bubble foil were not used (Fig. 2).  
 

Prevention of temperature decline with high oxygen level in night for 
optimalization of fish ponds (tilapia ponds) functioning for food production

Cooperation with the Fishery Institute from Bahir Dar (monitoring of
temperature and oxygen content in ponds

Experiment 1 –
without fish (3 days
of mesurments of T 
and O2)

Experiment 2 – with
fish (3 days of
mesurments of T and
O2)

Experiment 3 – with
fish and light bulb
(3 days of
mesurments of T 
and O2)

Ponds without foil Ponds with foil

Foil

Plastic
pets

tilapia

Light
bulb

 
Fig. 1 . Schematic of the proposed experiments to optimize the breeding tilapia. 

 

 
Fot. 1. Tilapia Fish ponds in Bihar Dar Fishery and Aquatic Life Research Center. 
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Fot. 2. The use of bubble foil to reduce the temperature declines during the night. 

 
 

 

 
 
Fot. 3. Increasing the amount of tilapia fry as a result of the temperature increase during the night by 

using bubble foil. 
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