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1. Introduction 
 

The report includes a summary of research conducted in 2012 concerning the monitoring of 
cyanobacteria in Tana Lake and Koka Reservoir (Fig. 1). The aim of this study was to verify whether 
monitoring system of toxic cyanobacterial blooms in Tana Lake elaborated in the years 2009 - 2011 
can be successfully used in other water bodies in Ethiopia, where water blooms are found to be 
dominated by cyanobacteria. Based on earlier work of Willen et al. (2011) and consultation with the 
Ministry of Water and Energy of Ethiopia, Koka Reservoir located in the centre of Ethiopia was chosen 
as another area of research. This reservoir is exposed to the presence of toxic cyanobacteria, and 
thus poses a threat to local residents and animals.  

Within the close collaboration, the Ethiopian party collected water samples from Tana Lake (Bahir 
Dar bay near the inlet to the lake) and Koka Reservoir (near the inlet to the reservoir) during June, July 
and November (2012). 

During the visit of Polish scientists in Ethiopia in November 2012 additional water samples were 
collected from Tana Lake in the area of Tana Bata and Tana Paid, as well as in the Koka Reservoir in 
the bay, in open water and close to the dam and the inlet into the reservoir (Fig. 1) . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 1. Study area: A) Tana Lake (Nile watershed) and  B) Koka Reservoir on Awash river (Source: Google Maps 2012).  1) 
Tana – tributary; 2) Tana – Bata; 3) Tana – Paid; 4) Koka – tributary; 5) Koka – bay, 6) Koka – open water; 7) Koka – dam.  
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2.  Assessment of chemical parameters triggering eutrophication proces and cyanobacterial 
blooms presence  

Generally chemical parameters of water throughout the study period favoured the occurrence 
of cyanobacterial blooms (Table 1). Optimal conditions for the growth of cyanobacteria include 
availability of nutrients in concentrations: total nitrogen TN> 1.5 mg/L and total phosphorus TP> 0.1 
mg/L, and the ratio of TN / TP <15. 

In Tana Lake and Koka Reservoir the TN level has been substantially exceeded, indicating a 
major problem with excessive inflow of nitrogen compounds in both water bodies. TP levels in Tana 
Lake practically did not exceeded the threshold value of 0.1 mg/L, and hence the ratio of N/P was 
much over 15.   

The TP concentrations in Koka Reservoir exceed the threshold value, creating in November - 
especially in the part near the inflow to the reservoir and in the bay - good conditions for the 
development of bloom. During that time the N/P ratio reached a value of 9 for sites Koka - tributary 
and 6 for Koka - bay. 

The highest values for all assayed forms of nutrients were determined for water samples taken 
from Koka Reservoir – bay, in November. 
 
Table 1. Chemical parameters in water from Tana Lake and Koka Reservoir.  

Site Sampling date 
P-PO4

3- N-NO3
- N-NO2

- N-NH3 DN TN TP 
N/P   

mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

Tana - bay 30.06.2012 0.01 0.058 0.00 0.45 0.51 3.20 0.15 22 

Tana - bay 30.07.2012 0.01 0.044 0.00 0.21 0.26 4.30 0.05 82 

Tana - bay 15.11.2012 0.00 0.038 0.00 1.66 1.70 1.80 0.07 25 

Tana - Bata 15.11.2012 0.00 0.077 0.00 0.58 0.66 4.00 0.05 80 

Tana - Paid 15.11.2012 0.00 0.036 0.00 0.51 0.55 5.80 0.08 71 

                    

Koka - inlet 30.06.2012 0.00 1.691 0.00 3.98 5.68 9.10 0.27 33 

Koka - inlet 30.07.2012 0.01 0.596 0.00 1.30 1.89 7.70 0.52 15 

Koka – inlet 14.11.2012 0.00 0.750 0.00 2.94 3.69 7.20 0.82 9 

Koka - bay 14.11.2013 0.00 3.081 0.00 3.44 6.53 31.30 5.35 6 

Koka - open water 14.11.2013 0.06 0.001 0.00 1.84 1.84 6.50 0.15 45 

Koka - dam 14.11.2013 0.01 0.412 0.00 4.20 4.61 5.20 0.21 25 

 
TN – total nitrogen; TP – total phosphorus; DN – dissolved nitrogen. 
 
 
3.  Early detection of cyanobacteria and their toxic genotypes (with the potential for 

microcystins production).  

  
The use of molecular analysis enabled early detection and tracing of presence of 

cyanobacteria from the genus Microcystis (Fig. 2), with respect to their potential for the production of 
cyanobacterial hepatotoxins - microcystins (Fig. 3). These toxins are responsible for the disturbances 
in the functioning of the digestive system, including the liver and can induce liver or colon cancer. 

Genetic analysis of the 16S rRNA gene presence showed that cyanobacteria of the genus 
Microcystis occurred in almost all samples in both places, with the exception of July when neither in 
the DNA sample from Tana Lake nor Koka Reservoir amplification of above mentioned gene was 
found (Fig. 2, Table 3). 
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Fig. 2. Detection of 16SrRNA gene (250 bp) to demonstrate the presence of cyanobacteria of the genus Microcystis, in samples 
taken from Tana Lake (Bahir Dar bay, near the town of Bahir Dar, and points of Bata and Paid) and Koka Reservoir (inlet 
around the reservoir, bay, open water and the point near the dam) in 2012. M - Marker DNA100-1000 (DNA Gdańsk), K - the 
negative control. 
 

Moreover, using the possibility for detection of toxic genotypes able to produce microcystins 
(by mcyE gene amplification), it was observed that in water samples where cyanobacteria of the genus 
Microcystis were detected, also strains capable of producing above mentioned cyanobacterial 
hepatotoxins were found (Fig. 3, Table 2). 

It seems, on the basis of the density of bands, that most toxigenic cyanobacteria (with the 
potential to produce toxins) appeared in November, and that there was more toxic genotypes in Koka 
Reservoir than in Tana Lake. 
 

 
 
Fig 3. Detection of mycE (405 bp) involved in to microcystins (MCs) biosynthesis, in samples taken from Tana Lake  (Bahir Dar 
bay, near Bahir Dar city, and sites Tana - Bata and Tana - Paid) and Koka Reservoir (near inlet to the reservoir, bay, open water 
and sites close to the dam) in year 2012. M - marker φX174 DNA-HaeIII Digest; K – negative control.  
 
4. Assessment of biological parameters, presence of cyanobacteria and their toxins  

The results of molecular analysis for the presence of cyanobacteria from the genus Microcystis, 
were confirmed in microscopic studies which revealed that in both Tana Lake and Koka Reservoir the 
dominant cyanobacterial species was Microcystis aeruginosa (Table 2). 

Chlorophyll a - main biological parameter, designated as the appropriate growth rate of 
cyanobacteria in studies conducted in 2009-2011 on Tana Lake, ranged between 2.83 - 9.73 µg/L in 
above mentioned lake and between 3.20 - 985.23 µg/L in Koka Reservoir. 

The occurrence of toxic genotypes resulted in the simultaneous detection of microcystins 
in investigated lake and reservoir in the ELISA (Enzyme Linked ImmunoSorbent Assay) and/or HPLC 
(High Performance Liquid Analysis) (Table 2). The highest concentration of microcystins (close to 1 
µg/L) were detected in Tana Lake in November in the Gulf of Bahir Dar. The concentration of 
microcystins in Koka Reservoir equaled to 985 µg/L also observed in November, in the sample taken 
from the bay (Table 2). 
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Table 2. Characteristics of cyanobacteria and their toxins found in Tana Lake and Koka Reservoir in 
2012. 
 

Site Sampling 
date 

Dominant 
cyanobacteria 

Chlorophyll 
a 

Universal 
mcyE 
gene  

Specific 16S 
rRNA gene for 

Microcystis  

Microcystins 
total           

ELISA 

Microcystins 
cell bounded  

HPLC 
Band 

intensity 

[µg/L] (405 bp) (250 bp) [µg/L]           [µg/L]            Grey Level 
Unit Tana - bay 30.06.2012 Microcystis aeruginosa 9.73 + + *0.05 0.00 7.1 

Tana - bay 30.07.2012 Microcystis aeruginosa 4.01 - - *0.07 0.00 7.9 
Tana - bay 15.11.2012 Microcystis aeruginosa 5.77 + + 0.23 0.74 64.9 
Tana - Bata 15.11.2012 Microcystis aeruginosa 3.20 + + 0.15 0.00 68.1 
Tana - Paid 15.11.2012 Microcystis aeruginosa 2.83 + + 0.10 0.00 63.2 

         
Koka - inlet 30.06.2012 Microcystis aeruginosa 8.81 + + 0.22 0.00 51.1 
Koka - inlet 30.07.2012 Microcystis aeruginosa 3.20 - - *0.05 0.00 - 
Koka – inlet 14.11.2012 Microcystis aeruginosa 20.83 + + 0.33 0.00 57.8 
Koka - bay 14.11.2013 Microcystis aeruginosa 985.23 + + **5.66 183.11 110.6 

Koka – open 
water 14.11.2013 Microcystis aeruginosa 100.70 + + **4.56 34.00 96.4 

Koka - dam 14.11.2013 Microcystis aeruginosa 33.20 + + 0.59 0.00 64.7 
 
„+” – gene present; ”-„ gene absent; * - above calibration curve in ELISA test tj. <0,1 µg/L ; **  - above 
calibration curve in test ELISA [>1,6 µg/L]. 
 
 
5. The relationship between the physico-chemical and biological parameters and the 

microcystins concentration 

Analysis of the results from several years of monitoring in Tana Lake indicated that the very 
important parameter for the preliminary assessment of the threat from cyanobacteria is the amount of 
chlorophyll a. Chlorophyll a value, taking into account all samples collected from Tana Lake in gulf of 
Bahir Dar (2009-2012), correlated with microcystins concentration investigated in both screening 
method ELISA (0.86, p <0.05) and analytical method HPLC (0.98, p <0.05). 

Additionally, taking into account the densitometric values for the presence of mycE gene 
(involved in the biosynthesis of microcystins) in samples from 2011 and 2012, from Tana Lake - Bahir 
Dar bay, a correlation between above mentioned parameter and microcystins concentration for both 
ELISA (0. 76) and HPLC (0.94) was found (Table 3). Considering two last years of the monitoring also 
the importance of determination of chlorophyll a as an indicator for cyanobacteria development was 
confirmed, based on correlation with toxic genotypes (0.58) and microcystins production (0.91 and 
0.78, ELISA and HPLC respectively) (Table 3). Moreover a close relationship between the results 
obtained in the ELISA and HPLC (0.90), proves that the ELISA screening test can be recommended 
for the initial evaluation of risks posed by the presence of microcystins-producing cyanobacteria in 
Ethiopian water bodies. Again considering the chlorophyll a concentration, 10 µg/L is suggested as a 
threshold value beyond which appropriate measure should be taken in order to monitor water for 
hepatotoxic cyanobacteria presence. The value of 10 µg/L for chlorophyll a, as a first alert level for 
recreational water bodies due to cyanobacteria presence, is also recommended by World Health 
Organisation (WHO, 2003).  
 
Table 3. The relationship between environmental parameters and the presence of microcystins in 
Tana Lake, Bahir Dar bay, samples from the years 2011-2012 (Pearson correlation, p <0.05).  

  

  
Microcystins - total 
[µg/L]           ELISA 

Microcystins – cell bounded [µg/L]                             
HPLC 

mcyE gene band 
intensity 

Chlorophyll a 0.91 0.78 0.58 
Microcystins –  total [µg/L]           

ELISA - 0.90 0.76 
Microcystins – cell bounded 

[µg/L] HPLC 
0.90 -  

mcyE gene band intensity 0.76 0.94 - 
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6.  Conclusions 

1. The results, similarly as in previous studies from the years 2009-2011, confirmed that the 
problem of cyanobacteria is much more serious in the dry season (November) than 
during the rainy season (June, July). 

2. The results showed a high contamination by nitrogenous compounds - of both studied water 
bodies, and phosphorus compounds - particularly in Koka Reservoir. In both water bodies 
favorable conditions for the development of water blooms dominated by cyanobacteria were 
found. 

3. Assessment of chlorophyll a concentration is an important indicator for identifying periods 
favorable for the development of hepatotoxic cyanobacterial blooms. Chlorophyll a can be 
used as a marker for the quality of water in Tana Lake and Koka Reservoir, according to WHO 
guidelines (2003). 

4. Toxic genotypes responsible for microcystins  production, in both investigated water bodies 
were present practically during the entire monitoring period, however the concentration of 
microcystins  ≥ 1 µg/L occurred only in November. 

5. In samples taken from Tana Lake in Bahir Dar bay, in November 2012, microcystins 
concentration close to 1 µg/L was determined, indicating a categorical prohibition of direct 
drinking water from above mentioned water body (WHO guidelines, 2011). 

6. In samples taken from Koka Reservoir - sites bay and open water, in November 2012, a 
concentrations of microcystins with values 183 µg/L (bay) and 34 µg/L (open depths) were 
found, which indicates a very serious water pollution and the threat to the health and life of 
humans and animals, both for direct consumption of water and any contact with the water in 
above mentioned reservoir (WHO, 2011 and 2003). During the dry season water use from the 
described sites should be prohibited. 

7. The monitoring of Tana Lake for the presence of hepatotoxic cyanobacteria should be 
continued, especially in the dry season. However, in the case of Koka Reservoir regular 
monitoring of cyanobacteria should be organized as quickly as possible and the determination 
of the reasons for such intense eutrophication of the reservoir should be performed in order to 
take further rehabilitation work. 

 
The results used in this report have been partially published in the work of: Mankiewicz-Boczek (2012) 
Application of molecular tools in Ecohydrology. Ecohydrology & Hydrobiology 12 (2), 165-170. 
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