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secure food production for a growing population. The Koga Irrigation and Water Management 
Project is a pilot project and hopes are that crop production will double. Water quality is an 
important factor to meet these expectations.      

The aim of this study is to assess the irrigation water’s biological and chemical quality by 
using locally available methods and compare the results with international water quality 
standards pertaining to agricultural use as well as human and animal consumption. The water 
was sampled and analyzed for biological, chemical and physical parameters. The most 
important parameters were thermotolerant coliforms, electrical conductivity and turbidity. 

The first part of the thesis was a literature study dealing with the Koga project and the water 
use in the area. The second part focuses on 17 water samples that were taken within an 
individual command area: irrigation canals, fish pond and drinking water well. The samples 
were then analyzed at the water quality and treatment lab at the University of Bahir Dar. The 
results were compared to guideline values for livestock, crop, fish and human use 
recommended by the World Health Organization (WHO).

All water samples, including the drinking water from the groundwater well, were 
contaminated with thermotolerant coliforms and had a relatively high turbidity. Additionally, 
the irrigation water contained levels of boron which were higher than recommended for crop 
production. Electrical conductivity values were overall satisfactory.   

These results give only an idea of the overall water quality within the Koga Irrigation Project.  
More samples need to be taken in order to draw any concrete conclusions and provide any 
recommendations.              



Supervisor: Kevin Bishop, Jean-Marc Mayotte 

Examensarbete vid Institutionen för geovetenskaper 
ISSN 1650-6553 Nr 256 

Water quality in the Koga Irrigation 
Project, Ethiopia: A snapshot of 

general quality parameters 
 

Vattenkvalitet i konstbevattningsprojektet i Koga, 
Etiopien: En överblick av allmänna  

kvalitetsparametrar  

Simon Eriksson



 

Copyright © Simon Eriksson and the Department of Earth Sciences Uppsala University
Published at Department of Earth Sciences, Geotryckeriet Uppsala University, Uppsala, 2013



i 

 

Abstract 

Water Quality in the Koga Irrigation Project, Ethio pia: A snapshot of General 
Parameters 
Simon Eriksson 

The government of Ethiopia has initialized an investment in the agricultural sector in order to 
secure food production for a growing population. The Koga Irrigation and Water Management 
Project is a pilot project and hopes are that crop production will double. Water quality is an 
important factor to meet these expectations.      

The aim of this study is to assess the irrigation water’s biological and chemical quality by 
using locally available methods and compare the results with international water quality 
standards pertaining to agricultural use as well as human and animal consumption. The water 
was sampled and analyzed for biological, chemical and physical parameters. The most 
important parameters were thermotolerant coliforms, electrical conductivity and turbidity. 

The first part of the thesis was a literature study dealing with the Koga project and the water 
use in the area. The second part focuses on 17 water samples that were taken within an 
individual command area: irrigation canals, fish pond and drinking water well. The samples 
were then analyzed at the water quality and treatment lab at the University of Bahir Dar. The 
results were compared to guideline values for livestock, crop, fish and human use 
recommended by the World Health Organization (WHO). 

All water samples, including the drinking water from the groundwater well, were 
contaminated with thermotolerant coliforms and had a relatively high turbidity. Additionally, 
the irrigation water contained levels of boron which were higher than recommended for crop 
production. Electrical conductivity values were overall satisfactory.   

These results give only an idea of the overall water quality within the Koga Irrigation Project.  
More samples need to be taken in order to draw any concrete conclusions and provide any 
recommendations.              

 

 

 

 

Keywords: Water quality, Blue Nile Basin, Koga, contamination, thermotolerant coliforms, 
turbidity, irrigation, animal husbandry, drinking water   

 
Department of Earth Sciences, Air, Water and Landscape Science, Uppsala University, 
Villavägen 16, SE-752 36 Uppsala, Sweden 





ii 

 

Referat 

Vattenkvalitet i konstbevattningsprojektet i Koga, Etiopien: En överblick av allmänna 
parametrar   
Simon Eriksson 

Etiopiens regering har inlett satsningar i landets jordbrukssektor för att säkerställa 
matproduktionen för den ständigt växande befolkningen. Bevattnings- och 
vattenförvaltningsprojektet i Koga är ett pilotprojekt på den etiopiska landsbygden och 
förhoppningarna är att satsningen ska fördubbla skörden. Vattenkvaliteten är en viktig faktor 
för att projektet ska motsvara dessa förväntningar. 

Syftet med studien var att uppskatta kvaliteten av ytvatten som används till bevattning, 
fiskodling och djurhållning samt grundvattnet i en av projektets dricksvattenbrunnar och 
jämföra resultaten med rekommenderade riktvärden. Prover togs och analyserades för ett antal 
biologiska, kemiska och fysiska parametrar. Fokus låg på termotoleranta koliformer, elektrisk 
konduktivitet and turbiditet.    

Första delen av examensarbetet är en litteraturstudie som beskriver projektet i Koga och 
vattenanvändningen i området. Den andra delen är en fältstudie där 17 vattenprover togs i ett 
avgränsat områdes bevattningskanaler, fiskodling och dricksvattenbrunn. Proverna 
analyserades sedan i vattenkvalitetslaboratoriet på universitetet i Bahir Dar. Resultaten 
jämfördes med riktvärden rekommenderade av World Health Organization (WHO) med 
avseende på boskap, grödor, fisk och människa  

Alla vattenprover visade sig vara förorenade av termotoleranta koliformer och hade dessutom 
en relativt hög turbiditet. Bevattningsvattnet innehöll halter av bor som överstiger 
rekommenderade värden för växtproduktion. Elektriska konduktiviteten höll överlag en 
mycket god nivå. 

Dessa resultat ger en idé om den generella vattenkvaliten i Kogas konstbevattningsprojekt. 
För att kunna dra konkreta slutsatser och bidra med rekommendationer bör fler prover tas.  
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POPULÄRVETENSKAPLIG SAMMANFATTNING  

Vattenkvalitet i konstbevattningsprojektet i Koga, Etiopien: En överblick av allmänna 
parametrar   
Simon Eriksson 

Etiopien ligger på Afrikas Horn, norr om ekvatorn. Norra delen av landet gränsar till Sudan 
och Eritrea, södra till Kenya, västra till Sydsudan och östra till Somalia och Djibouti. Till ytan 
är Etiopien mer än dubbelt så stort som Sverige och sett till befolkningen tio gånger så stort. 
Det är ett av världens fattigaste länder, men trots det ett mycket stolt land, bland annat är 
Etiopien det enda afrikanska land som inte koloniserats. Fattigdom är dock utbredd och 
tillgång till vatten, än mindre rent vatten, är långt ifrån en självklarhet. 

Nästan hälften av Etiopiens invånare lever under fattigdomsgränsen. Ändå ökar befolkningen, 
men med fler munnar att mätta hänger landets matproduktion inte med. Det beror främst på 
att vattentillgången är extremt säsongsbetonad och att infrastrukturen är dåligt utbyggd. För 
att kunna tillgodose landets invånare med tillräcklig mängd mat så har regeringen beslutat att 
satsa pengar i jordbrukssektorn som är landets i särklass största arbetsgivare. Satsningen 
realiseras främst genom uppförandet av stora bevattningsprojekt. Ett av dem ligger i 
Amhariska regionen, i nordvästra delen av landet, på landsbygden i Koga. 

Blå Nilen är en av två stora bifloder till Nilen, den andra är Vita Nilen som har sin början i 
Victoriasjön i Uganda. Koga är ett av de områden som förser Blå Nilen med vatten. Så 
mycket som 90% av Etiopiens färskvatten lämnar landets gränser. Blå Nilen som korsar 
gränsen till Sudan utgör en stor del av detta. Uppförandet av bevattningsdammar liknande den 
i Koga skulle kunna göra det möjligt att behålla en större del av vattnet inom Etiopiens 
gränser. Detta skulle kunna utnyttjas av landets bönder som i och med tillgången till vatten 
under större delen av året skulle få möjlighet till två skördar istället för en som fallet varit 
tidigare. Två skördar skulle öka mängden producerad mat och bättre tillgodose landets 
födobehov.    

För att ge en tillfredsställande skörd krävs att ytvattnet i Kogas kanaler är av god kvalité. Det 
gäller både för de enskilda grödornas möjlighet att växa och för människans konsumtion av 
dem. Bönderna i Koga har utöver odlingar även djurhållning och fiskodlingar. Boskapen och 
fiskarna kräver även de en viss kvalitet på vattnet för att må bra och för att deras produkter 
ska vara lämplig mänsklig föda. Kontaminerad mat kan ha stor påverkan på människans hälsa. 

Vad gäller dricksvatten i Koga har det tidigare hämtats i bäckar och dammar. 
Dammbevattningsprojektet har dock försett bönderna med nybyggda grundvattenbrunnar med 
handpumpar. Grundvatten anses överlag ha en bättre kvalitet än ytvatten. Detta beror på den 
naturliga filtrering som jorden förser vattnet med, men föroreningar kan även nå hit. Därför är 
kvaliteten av detta vatten såklart också oerhört viktig.  

Syftet med den här studien var att undersöka kvaliteten på bevattningsvattnet, 
fiskdammsvattnet och människors och djurs dricksvatten i Kogaprojektet och jämföra 
resultaten med rekommenderade riktvärden. Detta gjordes med avseende på biologiska, 
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kemiska och fysiska parametrar för att kunna bedöma vattenkvaliteten ur så många aspekter 
som möjligt. Vatten av dålig kvalitet skulle kunna äventyra hela projektets framgång, öka 
fattigdomen och äventyra människors hälsa. 

Vattenprover samlades in i ett avgränsat område i bevattningskanaler, i en fiskdamm och i en 
grundvattenbrunn. Proverna togs med hjälp av plastflaskor vilka fördes till regionens 
huvudstad, Bahir Dar, fyra mil från Koga. Där analyserades innehållet i 
vattenkvalitetslaboratoriet på stadens universitet med avseende på ett flertal parametrar. Fokus 
låg på turbiditet (mängd lösta partiklar i vattnet), konduktivitet (elektrisk ledningsförmåga) 
och bakterier.  

Analysresultaten visar att alla prover som togs i Koga var bakteriellt kontaminerade. Varje 
prov som analyserades innehöll bakterier, även dricksvattnet. Dricksvattnet hade också den 
högsta konduktiviteten av alla prov. Dessutom var turbiditeten högre än rekommenderat.  

Kanalvattnet var även det bakteriellt kontaminerat och att inta okokta grödor är inte att 
rekommendera. Här var både turbiditet och temperatur hög, två faktorer som utgör goda 
förutsättningar för bakteriers överlevnad. På vissa ställen var även halten av bor högt över 
lämpliga värden. Vad det beror på är oklart, men då det är en vanlig beståndsdel i 
insektsmedel är det en möjlig källa. Kanalvattnet lämpade sig överlag bra som dricksvatten åt 
boskapen.  

Trots de högsta bakteriehalterna av alla prover visade det sig att vattnet i fiskdammen var det 
vatten som visade upp bäst vattenkvalitet med avseende på dess användning.  

Fler prover bör dock tas för att kunna dra ytterligare slutsatser om vattenkvaliten i 
Kogaprojektet. Detta bör ske med jämna mellanrum för att se till att källan till allt liv håller en 
kvalitet som människa, djur och växter tål. 
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1. INTRODUCTION 

1.1 JUSTIFICATION OF THE STUDY 
The Sub-Saharan country of Ethiopia has a population of more than 80 million people and 
44% of them under the poverty line. During the last decades the population has increased with 
2.5% annually while crop yields are lagging with an increase of only 1.4%. This is mainly due 
to an undersupply of water caused by high rainfall variability and poor infrastructure (Marx, 
2011). The country has abundant water resources, but with 90% of its freshwater crossing 
international borders the task to secure food production is complex. The Abbay river, 
popularly referred to as the Blue Nile, is one of the major tributaries to the Nile. It is regarded 
as a central area of investment (Awulachew, 2007).     

The agricultural sector employs 80–85% of the Ethiopian people. Still it has among the lowest 
productivity in the world. Frequent droughts and food shortages cause the sector to stand for 
as little as 40% of the GDP (World Bank, 2011). Since small scale subsistence and rain fed 
farming forms the backbone of the industry it has a huge potential to increase its productivity. 
These farming systems can’t keep up with the food demand and its deficiency is evident even 
in a good year (Awulachew, 2007). One way to increase both productivity and profit in the 
agricultural sector is to promote and expand irrigated farming. Currently there are only 
197,000 ha of irrigated land in a country with an irrigation potential of 3.7 million ha. That is 
5% of the total potential and more than half of this is considered small scale (Awulachew, 
2007).  

During the period of 2002–2016 the government has set plans to develop the irrigation sector 
in order to meet the increasing needs and secure food production. The Irrigation and 
Watershed Management Project in Koga is part of this program. In Koga, focus are 
agricultural extension, soil conservation, rural water supply and forestry-, livestock- and 
sanitation development (Ministry of Water Resources, 2008). This will hopefully lead to food 
self-sufficiency and security, foreign exchange earnings and eventually in improvement of 
farmer’s livelihoods (Ministry of Water Resources, 2006). The Abbay basin is situated in the 
northeastern highlands of Ethiopia. It hosts the Koga Irrigation and Watershed Management 
Project, which is the country’s first large-scale irrigation project. The project has gained 
attention not just in Ethiopia, but on an international level as well (Marx, 2011). Koga is the 
“pilot” irrigation project in the Abbay. If successful, many more irrigation projects will follow 
as a result of vast investments in the country’s agricultural sector (Ministry of Water 
Resources, 2008). 

The water quality in the area is a factor to consider. During the last century land degradation 
has been widely applied to collect wood for fuel and land for cropping and grazing. This has 
caused major soil erosion during the rainy periods which in turn increases the sedimentation 
rate in the reservoirs and the amount of particles in the water (Gebreyohannis et al, 2009). 
Moreover, reservoirs are liable for housing weeds (such as water hyacinths), mosquito larvae 
and parasite hosts such as snails (Ministry of Water Resources, 2004). Drinking- and 
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sanitation water of bad quality are the main causes of widespread water borne diseases which 
are responsible for high mortality rates in a country like Ethiopia (UNESCO, 2004).    

It is forbidden to use the canal water for anything else than for irrigation, but there has been 
violation of these rules. E.g. people and animals have been seen using it for sanitation and 
drinking purposes (Belay Zelke, pers. comm.). The quality of the water in the canals and the 
storage reservoirs are important factors to secure harvest and food production. However, there 
has been no previous quality analysis of the water. In addition to conventional farming the 
project also hosts fish farms which are part of the food production program. It is of major 
importance to monitor the quality of the water with respect to man, animal and plant to help 
insure the success of the Koga Irrigation project as an effective means of improving crop 
production while not jeopardizing the human and animal health within the project area. 
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1.2 AIM OF THE STUDY 
According to UNESCO (United Nations Educational, Scientific, and Cultural Organization) a 
majority of the Ethiopian river waters have a decent quality regarding salinity and chemical 
pollution. Concerning these parameters the waters are said to be suitable for irrigation and 
drinking purposes, overall. On the contrary nearly all of the rivers are biologically 
contaminated and subject to high levels of turbidity. Worth mentioning again is that the water 
in the Koga project has not been tested since the initiation of the project. 

The aim of this study is to assess the irrigation water’s biological and chemical quality by 
using locally available methods and compare the results with international water quality 
standards pertaining to agricultural use as well as human and animal consumption. Currently 
there is no documentation of any such study having been completed.   

The main parameters of concern in this study are thermotolerant coliforms, salinity and 
turbidity. The water’s alkalinity, aluminum, ammonia, boron, calcium, fluoride, pH, 
phosphate, nitrite and sulphide content are also examined. The parameters provide 
information about the quality of the water which can be used to address what problems people 
might face using it as well as how appropriate it is regarding plant- and fish growth. All 
parameter values are compared with WHO standards to get a hint of the quality of the water.  

1.3 LAYOUT OF THIS PAPER 
The thesis starts off with a literature study which is meant to provide the reader with a better 
picture of the context and the characteristics of the studied area. The background section 
describes the region, the Koga project and its constituents and the public health in Ethiopia. 
Information has been gathered from a variety of consultancy reports, governmental 
institutions, NGO’s, meetings and various internet sources. Next, water quality parameters 
used in this study are presented. The method section describes the measurements and what 
was done in the lab to assess the status of the water quality. The results are then presented, 
and discussed. Conclusions make up the last chapter. 
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2. BACKGROUND 

2.1 STUDY SITE 

2.1.1 Koga Basin and the dam  
The basin covers an area of 266 km2 and it stretches as high as 3200 m in its steep 
mountainous southern area where the 64 km long Koga River has its source. The northern part 
of the basin is not as elevated and is relatively flat with a gentle slope (Ministry of Water 
Resources, 2004). The southern part of the irrigation area has an elevation of 2000 m while its 
northern part has an elevation of 1860 m above sea level (Gebreyohannis et al, 2009).  

The Koga Irrigation and Watershed Managament Project is situated adjacent to the town of 
Merawi (fig.1) in the Mecha Woreda, West Gojam Zone in the Amhara regional state 
(Eguavoen and Tesfai, 2011). Merawi lies in the middle of the Woreda and is situated 35 km 
south of Bahir Dar, the capital of the Amhara region. The main purpose of the project is to 
irrigate 7,000 ha, and to improve the formerly used rain fed agriculture by allowing two crop 
seasons which will increase the yield. Forestry, livestock, soil conservation, water use and 
sanitation on the 22,000 ha catchment area is also supposed to improve. This is due to 
frequent years of droughts in which the small scale farming has had trouble keeping up with 
the increasing population’s food requirements (Ministry of Water Resources, 2008). The 
Koga basin is one of 14 sub basins. Together, they make up what is called the Abbay basin. 

2.1.2 The Abbay (Blue Nile Basin) 
The Abbay basin is located in the northwestern part of Ethiopia. Internationally it is referred 
to as the Blue Nile Basin (Eguavoen and Tesfai, 2011). The basin has a total area of 199,812 
km2, which makes it the second largest river basin in Ethiopia. It drains major parts of the 
central, south-western and western highlands of the country. The elevation varies as much as 
from 350 m in the northern part to 4250m in the southern part (Awulachew, 2008). Even 
though it is not the largest basin it is regarded as the most important of all since it accounts for 
20% of the total  land area, 25% of the population and for more than 40% of the agricultural 
production (Awulachew, 2007).  

The Abbay river originally starts off in Gish Abay from where it continues to Ethiopia’s 
largest lake, Tana. The lake is popularly referred to as the source of the Blue Nile. The lake 
has an area of 3042 km2 which means it makes up 50% of Ethiopias surface water and it is 
situated 1786 m above sea level (Awulachew, 2008). The Abbay river runs through the 
regional states of Amhara, Oromia and Benishangul-Gumuz (Eguavoen and Tesfai, 2011). 
From Lake Tana the Blue Nile continues northwards for 1609 km after which it enters Sudan 
as al-Bahr al Ashraq. Eventually it joins the Nile near the capital of Khartoum. 62% of the 
water reaching the Aswan dam in Egypt originates from the Abbay, making it important not 
only for Ethiopia, but for the countries downstream as well (Ministry of Water Resources, 
1998).  

2.1.3 Surface water 
Due to spatial and temporal patterns the distribution and availability of surface water 
resources are all but constant. The monthly flow in Koga river follows the rain pattern. The 
minimum flow occurs in April. An increase of flow follows in May due to the early rains, and 
reaches a peak in August. 70% of the flow occurs from July to September (Gebreyohannis et 
al, 2009). Because of these meteorological factors the mean annual runoff varies from 0 to 35 
l/s per km2 with the lowest flow occurring between December and March. At present only 5% 
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of the surface water is being utilized. According to estimations made 54.4 billion m3 of the 
surface runoff could be used for consumptive purposes (UNESCO, 2004).  
 

 

Figure 1. Location of Merawi, in the regional state of Amhara, Ethiopia (Source: Google Maps). 

2.1.4 Groundwater 
Groundwater use in Ethiopia is highly irregular due to its fluctuating availability. Since many 
rivers are non-perennial and empty during dry periods some communities rely on the supply 
of groundwater. The groundwater has a national estimated yield of 26.1 billion m3 with 
approximately a 10% consumptive use (UNESCO, 2004). The supply can regionally be very 
limited due to poor permeability of rocks and deep water-tables. Quaternary lakes and alluvial 
sediments normally provide the best exploitable quantity of groundwater. In the Koga basin 
the water-table is usually between 5–10 m deep, which must be considered very shallow 
compared to other locations in Ethiopia where the water-table can be as deep as 50–200 m 
(Belay Zelke, pers. comm. & British Geological Survey, 1999). The aquifers are classified as 
moderately permeable (British Geological Survey, 1999). The common form of retrieving the 
groundwater in Koga is through hand dug wells (Belay Zelke, pers. comm.). The quality of 
the water is as irregular as its occurrence. The concentration of dissolved solids, especially 
chloride, sodium and sulphate makes the water unsuitable for drinking purposes at some 
locations. In Koga the concentration of dissolved solids are low (<500 mg/l) probably due to 
the ancient underlying crystalline rocks (British Geological Survey, 2001).      
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2.1.5 Climate 
The area is subject to the Intertropical Convergence Zone (ITCZ), northern trade winds and 
the southern monsoon (UNESCO, 2004). Thus it suffers from a dry period, called Bega, 
which begins in December and lasts until the end of May. From June/July to 
September/October there is a rainy period, called Kiremt. For rain fed farming this would 
allow only one cropping season, referred to Meher in Ethiopia (Marx, 2011). Currently, the 
single most important climate parameter for crop and fodder production in Ethiopia is rainfall 
(UNESCO, 2004). The rainy period is associated with high flows in the rivers which in turn 
causes soil erosion which is considered as a serious problem. The annual precipitation ranges 
from 800 to 2200 mm, with a mean of 1,420 mm (Ministry of Water Resources, 1998).   

Studies on climate change for the area seldom shows uniform results concerning rainfall and 
dry spells (Marx and UNESCO, 2011 and 2004). Some predict an increase and some a 
decrease in future rainfall. The ocean/atmosphere interaction in the Indian Ocean such as 
ENSO (El Nino Southern Oscillation) and land cover changes are regarded as the major 
factors affecting the regional climate, but the uncertainty and discrepancy concerning climate 
change makes adaption to a future climate difficult (UNESCO, 2004).  

2.1.6 Geology and Soils 
Precambrian rocks formed 600 million years ago form the fundament on which all younger 
formations are deposited on in Ethiopia. Sedimentary rocks like sandstone, silt and shale were 
deposited during the Carboniferous–Lower Mesozoic Interval (Kazmin, 1975). Previous 
mismanagement of agricultural land, created soil erosion which has resulted in extensive areas 
of exposed bedrock (UNESCO, 2004).  
 
The reddish brown soils in the irrigation area are relatively homogeneous and show the same 
physical and chemical characteristics. As much as 87% of the area is believed to consist of 
silty clay soils suitable for irrigation (Ministry of Water Resources, 2008). Some expansive 
paleosols and clays were removed from the canal areas before construction, due to their 
expansive characteristics, but can still be found in the farmland (Ministry of Water Resources, 
2006). Overall the soils are well suited for irrigation, with some exceptions. The lack of 
nutrients (mainly phosphorous), local abundance of sodium, low pH and a base saturation 
below 50% are some of the drawbacks.  
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2.2 KOGA IRRIGATION AND WATERSHED MANAGEMENT PROJEC T  
Already in the 1980’s the area was surveyed by the communistic derg regime in order to 
implement an irrigation project in Koga. The current government took the plans even further 
and contracted two Chinese companies (China Jiangxi Corporation for International 
Economic and Technical Cooperation and China International Economic and Electric 
Corporation) to construct a dam and an irrigation and drainage system (Ministry of Water 
Resources, 2004). The project was supposed to be finished in 2007, but due to some issues it 
was delayed and completed first in 2011 (Marx, 2011).  

The Koga Irrigation and Watershed Management Project was developed to supply a command 
area of 7000 ha with irrigation fed farming. The previous farming area was bigger than 8000 
ha, but due to irrigation infrastructure and other social services the area has decreased 
(Ministry of Water Resources, 2006). In 2008 the first 1000 ha were under irrigation. This 
large scale irrigation project is mainly thought to remove the previously used rain fed and 
subsistence farming techniques.  The projection is that the system will yield two crop cycles 
during a year instead of one and an increased amount of high value crops. In order to achieve 
these goals the Ethiopian government’s expertise and farmers preferences have developed a 
three step model with different cropping patterns (Marx, 2011).The growth of high value 
crops will render higher income for the farmers. Estimates are that even the first step in the 
model will increase farmer’s income threefold. This will not only improve their livelihoods, 
but also enable them to pay back for the construction of the irrigation system which is meant 
to start after four years of irrigation usage. This is expected to render full cost recovery of the 
project (Ministry of Water Resources, 2008).  

In order to supply tail end users with adequate water and meet crops water demand, water 
management must be carefully planned. Optimal benefits of fertilizers such as DAP, urea and 
manure must also be taken into consideration (Hibret Andualem, pers. comm.). Additionally 
farmers must optimize the use of water to avoid excessive water loss and maximize crop 
growth efficiency. 

2.2.1 The Irrigation system 
The system consists of different structures responsible for water delivery. These are briefly 
explained below and shown in figure 2. 

There are 11 night storage reservoirs (NSRs) in the area. The NSRs store water during a 12hr 
period at night when the smaller canals discharge is down. They are surrounded by a 
geomembrane lining which itself is protected by a layer of soil (Ministry of Water Resources, 
2004). The main canal starts at the dam outlet and has a length of 19.7 km. On its way it 
crosses incised drainage channels and tributaries of the Koga and Abay rivers (Ministry of 
Water Resources, 2004).  It delivers water to all command areas and has a geomembrane- and 
concrete lining. It is designed to supply water for 24 h periods during times of irrigation 
(Zerihun Lema, personal comment).  
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Figure 2. The irrigation canals in Koga are of four different sizes. Upper left: Main canal. Upper right: 
Secondary canal. Lower left: Tertiary canal. Lower right: Quaternary canals. Bottom: A night storage reservoir 

(Author’s photos). 

There are 12 secondary canals with a total length of 52 km which deliver water within 
individual command areas. They are designed for a 12 h irrigation supply, but are also used to 
distribute water from the night storage reservoirs. They have the same lining system as the 
main canals and are in most cases in contact with natural drainage features or grazing land 
(Ministry of Water Resources, 2006). The tertiary canals have a total length of 156 km and 
they deliver water to tertiary blocks (described below). Just like the secondary canals they are 
under a 12 h supply, but unlined “cut and fill” canals. At some areas where the tertiary canals 
serve an area larger than 80 ha a geomembrane and concrete lining are built to reduce seepage 
losses (Ministry of Water Resources, 2006). 
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The quaternary canals have a total length of 905 km. These are completely unlined, but are 
equipped with drop structures, cross regulators and off takes. The areas served by quaternary 
canals are generally 8–16 ha. Additional field canals (fig. 6) are sometimes used to serve areas 
smaller than 2 ha (Ministry of Water Resources, 2006). 

2.2.2 The dams and the reservoir 
The Koga Project has two dams, called main- and saddle dam. Both are made of semi-
homogeneous earth fill with comprehensive filter and drainage system. The saddle dam is the 
smaller of the two with an embankment length of 1162 m and a maximum height above the 
riverbed of 9 m. The main dam (fig. 3) has a length of 1730 m and a height of 21 m (Ministry 
of Water Resources, 2006). Together the dams can deliver as much as 9 m3/s (Zerihun Lema, 
pers. comm.). The reservoir itself has a designated volume of 80.33 million m3 and is capable 
to deliver 9.400 m3 annually (Marx, 2011). 

2.2.3 Piezometers 
Eight piezoemeter wells are installed to monitor the ground water table in the area. These are 
only meant for measurement and not for withdrawal (Zerihun Lema, pers. comm.). The 
municipality wells are discussed in the water use section. 

 

Figure 3. Two photos taken on the dam. To the left: The dam and the reservoir to the left. To the right: The 
outlet of the dam and the start of the main canal (author’s photos). 

2.2.4 The farming area 
The area is divided into four different units which are based on their areal extent. A field is 
usually around 2 ha. It is supplied by the field channel for 12 h/day. When there is peak 
demand the fields are irrigated every 8 days and are provided with 30 liters of water per 
second. A unit comprises a group of fields, usually 8 or in multiples of 2 or 4 with a total area 
of 8–16 ha. A block is an area irrigated by a tertiary canal which takes off from a secondary 
canal. The size of a block usually varies between 20 and 65 ha. Some blocks are larger than 
100 ha (Ministry of Water Resources, 2008). The command area (fig. 4) is the biggest unit 
with an area ranging from 290 ha to 864 ha (Map of command areas, Koga Project Office). It 
is irrigated by secondary canals which take off from the main canal and it is comprised by a 
number of blocks.  
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Figure 4. To the left: The farming landscape. To the right: The command areas under irrigation and their 

individual size (ha). 

2.2.5 Demography 
In 2007 the seven Kebeles (Ethiopian communities) in the command area had a total 
population of 57,155. The population growth was 3% annually in 1995, a number which 
probably has increased by now (Mengistu, pers. comm. and Marx, 2011). The Kebele names 
and individual population sizes are listed in table 1. The average household size was 5.2 and 
approximately 14,000 households are found in the area. 7.3% of these households have no 
land holdings while 60% have a land area of less than 1 ha (Ministry of Water Resources, 
2008). A thatched hut made of timber and mud is typically what is referred to as a household. 
Wealthier families afford to use corrugated iron as roof (Marx, 2011). The main occupation of 
the inhabitants in Koga is farming and most of them live in the vicinity of their assigned 
farmland (Hibret Andualem, pers. comm.).    

Kebele Population Area (ha) Pop density 

Amarit 10950 290 37,76 

Ambomesk 6842 812 8,43 

Andinet 14582 497 29,34 

Inguti 5080 393 12,93 

Enimaret 4922 - - 

Kudmi 8264 373 22,16 

Tagelwodefit 6515 616 10,58 

Total  57155 2981 +  19,17 

Table 1. Showing the Kebeles, their individual populations, area and population density (Ministry of Water 
Resources, 2006). 
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2.3 WATER SOURCES 
The water of concern in this study is of raw, untreated nature in the form of ground- and 
surface water. Additional rain water is collected during the rainy season by the people in the 
region (Yewendwesen Mengistu, pers. comm.). Since the field work in this study was 
conducted during the dry season rain water wasn’t sampled, but due to its importance it is 
included in the theory section. Ground- and rain water are generally regarded as suitable 
sources for drinking water in rural areas since budgets generally are low.  Surface water 
usually has to be treated before drinking it, something which is rarely possible in rural areas 
due to poor economy and lack of infrastructure. In Koga surface water is used for irrigation 
and livestock use while groundwater from wells is for domestic use (Hibret Andualem, pers. 
comm.).  

Due to its natural level of purification and its availability groundwater is generally regarded as 
a superior source of water (Skinner, 2008). In Koga the ground water table is usually found at 
a depth of about 10 m, depth that is considered shallow (Belay Zelke, pers. comm.). 

The easy and cheap access to surface water is the major advantages of using surface water. 
Unfortunately it is as easily contaminated with untreated sewage, as well as agricultural and 
landfill leakage. Microorganisms especially thrive in these waters. Therefore it is necessary to 
pre-treat surface water sources before human consumption (Skinner, 2008). Pre-treatment 
often poses a limiting factor in developing areas due to lack of both knowledge and economy. 

To collect one’s water from rainfall is unreliable. It is the major point of issue together with 
the possibility of contamination during its storage and collection (Conant & Fadem, 2008). If 
rain is abundant and needs are covered it is a good way of getting cheap and clean water. 
Additionally it lessens the burden of collecting the water.  

2.4 WATER USE 

2.4.1 Drinking water 
Previously, drinking water was obtained from streams and ponds in the Koga basin. Since 
these sources are not considered safe with respect to contamination the Koga project installed 
several hand dug groundwater wells. The digging of the well is often carried out by the 
villagers themselves. In Koga, the aid of the project office has resulted in wells with hand 
pumps (Belay Zelke, pers. comm.). Wells operated with rope/chains and buckets are easier to 
use and repair than hand pumps, but have major disadvantages concerning the water quality. 
Hand pumps allow full cover on the top of the well. Additionally there is no need of bucket 
and chain/rope, tools easily contaminated by hands and dirt (Conant and Fadem, 2008). The 
water underneath the water table in the well acts as a reservoir meant to be withdrawn, and 
replenished when there’s no extraction. During construction the well is about 1.5 m wide in 
order to provide working space for the digger. When the water table is reached the well is 
lined with concrete to keep the well intact and to protect from contamination. When lining is 
done the diameter decreases to about 1.2 m. At the water table specific “caisson rings” with 
sharp edges are installed to sink progressively. They will allow groundwater to enter the well. 
Once the “shaft” is complete the bottom is covered with gravel and the top with a block of 
concrete to prevent soil particles and other pollutants from entering (WaterAid, 2010).  
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Figure 5. To the left: A mother and child carrying water in characteristic jars. To the right: The groundwater 
well with hand pump. Hibret, one of the dam engineers, fills up a water bottle with the aid of a local farmer 

(author’s photos). 

In Koga the wells are additionally protected by a wooden fence (fig. 5). The water is poured 
and stored in large jars which they carry on their backs on their daily kilometer-long walks. 
The jugs are narrow mouthed intended for pouring instead of scooping to prevent 
contamination. It is of great importance to keep them clean and sealed away from light and 
animals during storage (Conant & Fadem, 2008).  

2.4.2 Sanitation 
In Koga as in most other rural areas proper sanitation facilities are non-existing.  Pit latrines 
are widely used (Hibret Andualem, pers. comm.). These threaten to contaminate nearby water 
sources if placed in bad locations and with incorrect management.  

2.4.3 Furrow Irrigation 
The type of irrigation method can have significant influence on finances and the crop yield 
itself. Production cost and maintenance, climate, working hours and water losses are all 
parameters to consider when choosing irrigation method. There exists a wide array of 
irrigation techniques with surface irrigation being the oldest one. Today it is mostly used in 
the developing world. Using gravity to distribute the water over the farming area makes it an 
economical and reliable form of irrigation. In Koga, a certain type of surface irrigation called 
furrow irrigation is utilized (Ministry of Water Resources, 2006). Since furrow irrigation 
doesn’t need a huge investment in equipment and has a low pumping cost, the initial 
economical cost is low and feasible. On the other hand it requires more physical labor from 
the farmers and the efficiency is lower compared to other types of irrigation (FAO, 1988). 
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Figure 6. A man digging a field canal on his farm plot (author’s photo). 

2.4.4 Aquaculture  
Combining aquaculture with agriculture, animal husbandry and irrigation leads to better 
utilization of local resources and if executed properly to increased production and profit. 
(FAO, 2005). The farmers’ control fish species and growth, food production is secured, the 
fish is close at hand/easy to harvest and it is an effective use of land that may be too poor for 
agriculture (Carballo et al, 2008).  

The fish ponds in Koga (fig. 7) are diversion ponds built in the vicinity of the Koga dam from 
where water is being diverted when needed (Carballo et al, 2008). The ponds are dug out in 
the clay rich soil, which serves as excellent prevention of permeability and leakage of water. 
Since fish are vulnerable to toxic substances and environmental conditions the quality of the 
water is important to secure food production. 

 

Figure 7. One of the fish ponds in Koga. It has been dug out in the clayey soil (author’s photo). 
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2.4.5 Livestock and poultry 
Animal husbandry is a big water consumer in rural areas. When it comes to the animal itself 
the intake of large quantities of water increases the risk of reaching levels of contaminants 
harmful to the animal itself. The livestock water quality is important for human consumers of 
animal products as well. Thus water quality requirements must be met to secure animal 
health, food production and human health. 

 

Figure 8. A farmer plowing his field with the help of two oxen (author’s photo). 

Fertilizers used to grow crops are often made up of manure containing nitrogen and 
phosphorous of which a huge amount spreads and is lost to the surrounding environment. This 
causes oxygen levels to go down rapidly and leaves only a small amount of oxygen for animal 
and plant use. Most of the animals graze the landscape accompanied by their shepherds. With 
the introduction of the Koga project (two crop season and building of infrastructure etc.) less 
land has been left for grazing. Less land left for grazing means a larger burden of the land 
itself and an increased threat to water quality. 

2.5 WATER QUALITY IN THE KOGA RESERVOIR 
The quality of water in Koga is said to be within the range of reasonable irrigation standards. 
Still there is no control of private and industrial effluents into the river system (Ministry of 
Water Resources, 2004). There is also widespread land degradation in the area resulting in 
soil erosion and thus increases the amount of particles in the water and enhances 
sedimentation of the dam (Gebreyohannis et al, 2009). However, the major issue in Koga is 
fecal contamination. Fecal pollution is in most communities the biggest threat to human 
health. Compared to chemical contamination (which of course also may pose a risk) the threat 
of fecal presence in a community’s inadequately treated water and poor sanitation is always 
present. Consequently, fecal pollution should always be included in a community’s water 
supply quality analysis. The lack of infrastructure and technical equipment in most developing 
countries rural areas makes it important to choose the simplest sampling and analysis method 
as possible (WHO, 2003). This fact is discussed further in the method section. 
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People in the Koga basin have always used to acquire water from streams and ponds (Hibret 
Andualem, pers. comm.). With the introduction of boreholes and hand pumps the project 
management intended to alter the water acquiring process, but with no definite success yet. 
Some people still obtain water from streams and ponds (Zerihun Lema, pers. comm.). The 
water in the canals is only meant to be used for irrigation. Even though it is forbidden to use 
the water in the irrigation canals some people use it for sanitary purposes (Hibret Andualem, 
pers. comm.). 

2.6 PUBLIC HEALTH STATUS IN ETHIOPIA  
With a GNP of 100 US$ (1994) Ethiopia is regarded as one of the poorest countries in the 
world. Even for east Africa the country is regarded as poor (UNESCO, 2004). This is 
reflected in the population with 44% of the Ethiopian people living in poverty (FAO, 2002). 
As a result the basic health service is equally bad. Factors such as civil war, high population 
growth, natural disasters, land degradation and inefficient farming have not improved the 
situation. The majority of the morbidity causes are due to water related diseases. According to 
WHO 80% of all health issues in developing countries are related to poor water quality and 
lack of sanitation facilities (WHO, 2011). In Ethiopia only 10% of the people have access to 
proper sanitation facilities and approximately 20% to safe drinking water (UNESCO, 2004).  
Realizing the seriousness the Government of Ethiopia has developed a 15 year Water Sector 
Development Program (2002–2016) to improve both social and economic sectors in order to 
supply the population with clean water (Ministry of Water Resources, 2004). An increased 
access to water of good quality and sanitation would have great effect on poverty, 
employment and the general health of the Ethiopian people. This would in turn improve the 
Ethiopian economy and increase the GNP.    

2.7 PARAMETERS OF CONCERN IN THIS STUDY  
The parameters of concern in this study are presented in table 2 and further described below. 
All parameters were tested and compared to guideline values for irrigation, aquaculture and 
drinking water respectively. Since focus is on salinity, thermotolerant coliforms and turbidity 
these parts are explained in detail. The guideline values are set by WHO among other 
organizations for and their applicability are presented in the appendix (C-D). 
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Water quality parameters 

Biological 

Thermotolerant Coliforms 

Chemical 

Alkalinity 

Aluminum 

Ammonia 

Boron 

Calcium 

Electrical conductivity 

Fluoride 

Nitrite 

pH 

Phosphate 

Sulphur 

Physical 

Temperature 

Turbidity 
Table 2. The biological, chemical and physical parameters of concern in this study. 

2.7.1 Biological parameters  

2.7.1.1 Indicator organisms 
Fecal contamination of water is a serious problem since it has the potential to spread diseases 
from disease carrying organisms called pathogens. The pathogen host mustn´t necessarily get 
sick, but is still a potential carrier of disease. The presence of pathogens is a good indicator of 
fecal contamination (Tallon, 2005). Fecal contamination producing pathogen concentration is 
small while the number of different pathogens is large. Thus it is not feasible to test water 
samples for pathogens. Rather, samples are usually tested for indicator organisms. To be a 
good indicator of fecal contamination the organism must be enumerate and consistently 
present in feces (Tallon, 2005). Coliforms live in the same part of human and animal digestive 
system as pathogens. They are easy to identify, enumerate and respond to environmental 
change and their presence indicates that there might be pathogenic organisms present. 
Therefore, testing for coliforms is a good indicator of the sanitary quality of the water.  

2.7.1.2 Total Coliforms 
Coliforms live in the same part of human and animal digestive system as pathogens. They are 
easy to identify, enumerate and respond to environmental change and their presence indicates 
that there might be pathogenic organisms present. Therefore, testing for coliforms is a good 
indicator of the sanitary quality of the water. 
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Coliform bacteria used to be regarded as homogeneous group. Today it is known that the 
group is heterogeneous with species that are found in faeces and the environment as well as 
species living in water of rather good quality and not found in faeces. Since these groups are 
so distinguished the applicability of using coliform bacteria as an indicator of faecal pollution 
is not the best. Still it gives a general indication of the condition of the water (WHO, 2006). In 
some countries the testing for total coliform is used to monitor changes in water quality 
(Tallon, 2005). If coliform bacterias are found the water can be further analyzed (e.g. in terms 
of thermotolerant coliforms or E. Coli) to investigate the nature of the contamination and if 
necessary suggest sanitary measures (EPA, 2002).        

2.7.1.3 Thermotolerant coliforms  
Thermotolerant coliforms are a type of coliforms which thrive and ferment lactose at 
temperatures of 44.5±0.2°C within a period of 24±2h (Stevens et al, 2003). The most widely 
used of these is Escherichia coli. Studies show that more than 94% of all thermotolerant 
coliforms in feces are represented by E. Coli (EPA, 2005). Since thermotolerant coliforms are 
easy to detect, they are the most used indicators of the water-treatment efficiency in removing 
fecal bacteria. They are a more accurate indication of animal or human waste than total 
coliforms.  Among other things, they are used to evaluate the treatment rate for water and for 
defining bacteria removal actions (EPA, 2002). 

2.7.2 Chemical parameters 

2.7.2.1 Alkalinity 
Alkalinity is the measure of an aqueous solution’s buffer capacity, the ability to neutralize 
acid. The concentration of carbonate and hydrogen carbonate is what has the highest influence 
on the buffer capacity. A higher value means better capacity to prevent acidification. 
Extremely high alkalinity values in drinking water may cause bad odor and taste as well as the 
drying of skin, but generally there is no health risk associated with it (WHO, 2006).      

2.7.2.2 Aluminum (Al) 
This element has many uses and sources in our society, including treatment of water for high 
levels of turbidity and microorganisms. It can occur in a wide variety of forms in aqueous 
solution, depending on factors such as pH content. The amount of aluminum in natural waters 
is mainly dependent on geochemical characteristics. In neutral waters the level of aluminum is 
usually as low as low as 0.001–0.05 mg/l. In more acid water the level is higher, 0.5–1 mg/l 
(WHO, 2003). 

2.7.2.3 Ammonia (NH3 or NH4
+ depending on pH) 

The level of ammonia in natural groundwater is usually below 0.2 mg/l, but can be as high as 
3 mg/l. Surface water may contain as much as 12 mg/l. An ammonia level higher than these 
can cause bad taste and odor. High levels of ammonia are usually due to agricultural, sewage 
and metabolic processes in the ground (WHO, 2003). 

2.7.2.4 Boron (B) 
The level of boron in natural ground- and surface water is usually low. The highest 
concentration (approximately 4.5 mg/l) is found in the oceans. The amount of boron is 
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dependent on factors such as geochemical characteristics of the drainage area, proximity to 
coastal waters and industrial and municipal effluents (WHO, 2003).  

2.7.2.5 Calcium hardness (Ca2+) 
Measuring the levels of dissolved calcium is a way to measure the “hardness” of the water. 
The hardness is defined by the amount of calcium carbonate (CaCO3), also known as lime, 
found in milligrams per liter of water (mg/l). Magnesium, iron, manganese, aluminum and 
zinc are other cat ions which can contribute to hardness (Yiasoumi et al, 2005). Usually water 
gets hard due to mineral leaching from soil and aquifers. Thus falling rain and distilled water 
can be referred to as “soft”. Water with high levels of calcium hardness may promote its 
precipitation and scale formation. Hard water may also affect soils which indirectly impact 
plants and their growth (Fipps, 1999).  

2.7.2.6 Electrical conductivity 
Salts, together with other dissolved substances are what constitute Total Dissolved Solids 
(TDS) in water. Salts are chemical compounds of carbonates, chlorides, sulfates, nitrates, 
potassium, magnesium, calcium and sodium (Fipps, 1999). The content of these compounds is 
usually determined by the underlying bedrock. In areas where evaporation exceeds 
precipitation salt concentrations are expected to be high. This is especially true for arid and 
semi-arid areas, like Ethiopia.            

Measuring the salinity is a time consuming process. It is easier to measure the water’s 
electrical conductivity (ECw). The ability of water to conduct an electrical current is directly 
proportional to the amount of solids in the solution. Saltwater has many solids (charged 
particles) in solution and is therefore a good conductor of electrical currents, while freshwater 
is a poor conductor.   

2.7.2.7 Fluoride (F-) 
Fluoride in drinking water has the ability to prevent caries and tooth decay. In developed 
countries it is usually added to the drinking water, but in hot countries such as Ethiopia, it 
occurs naturally and often in excessive amounts. At levels are higher than recommended (0.5–
1.0 mg/l) defluoridation might be necessary. In recent years several studies suggest that 
fluoride have negative impacts as well, such as causing dental and skeletal fluorisis. It is also 
believed to be carcinogenic (WHO, 2006).      

2.7.2.8 pH 
pH is a measure of the activity of hydrogen ions in an aqueous solution (eq. 1). It represents 
the balance between hydrogen ions and hydroxide ions. The higher the activity, the more acid 
is the solution and the lower the pH. A basic, or alkaline, solution has a lower activity and a 
higher pH. The pH value of water can have effect on plant growth, irrigation equipment and 
the drinking quality (WHO and Yaisomi et al, 2003 and 2006). Due to the link between pH, 
temperature and atmospheric gases water should be tested regularly (WHO, 2003). 

2.7.2.9 Phosphate (PO4
3-) 

Phosphate is a salt of inorganic acid. It is a form of the element phosphorous which is mined 
for use in agricultural and industrial processes. As water runs over rocks it causes the mineral 



19 

 

to be released and in turn makes it available for animal and plant to which it is essential. 
Natural waters usually contain 0.02 ppm phosphate. Larger concentrations would encourage 
plant growth and at the same time cause eutrophication and fish kills (Tadesse and Paulos, 
2008).   

2.7.2.10 Nitrite (NO2
-) 

Nitrite is used in the meat industry due to its capability to inhibit bacterial growth. It is toxic 
for the human body since it is able to reduce bloods ability to transport oxygen. A high 
amount of nitrite can cause cancer as well as inhibited development. This is especially true for 
infants, children and elders. In livestock, a high amount of nitrite would have the depressing 
vitality and weight gain (Tadesse and Talos, 2008).   

2.7.2.11 Sulphide (S-2) 
In raw water, the presence of sulphide is due to natural and industrial processes. Specific 
mineralogy and microorganisms are natural sources of the dianion. It gives bad taste and odor 
to drinking water at as low level as 0.05 mg/l (Tadesse and Paulos, 2008).      

2.7.3 Physical parameters 

2.7.3.1 Turbidity 
Turbidity is a measure of the transparency of water. Suspended particles (in the range of 0.004 

–1.0 mm) make it harder for light to pass through the medium, thus it also affects the color of 
the water (Yiasoumi et al, 2005). The more suspended particles the higher the turbidity. A 
higher turbidity causes the temperature to increase since there are more particles which absorb 
heat. This in turn reduces the amount of dissolved oxygen. Since a higher turbidity causes less 
light to move through the water there is a decrease in photosynthetic activity, a decrease 
which decreases the amount of dissolved oxygen even more (Yiasoumi et al, 2005). 

Suspended particles in water provide ideal attachments for heavy metals and other organic 
compounds as well as microorganisms. Drinking water with a high turbidity cause 
gastrointestinal diseases since the water probably house toxins as well as waterborne diseases. 
Additionally turbidity may decrease the infiltration rate in soils. It also has the ability to 
prevent the establishment of certain crops, like rice (Yiasoumi et al, 2005). According to the 
WHO, the desirable threshold for drinking water is set to 5 NTU (Nephelometric Turbidity 
Units). This threshold is based on the aesthetics, not on health risks. A turbidity >3 can be 
visually seen (Socialstyrelsen, 2006). 

2.7.3.2 Temperature 
Assessment of water temperature is perhaps the most simple. Still it gives a good estimate of 
the water quality since it affects its biological, chemical and physical properties. The amount 
of dissolved oxygen, photosynthesis activity, rate of chemical reactions, aquatic organism’s 
sensitivity to pollution as well as their metabolic rate are some examples of how temperature 
affects the water. Growth and decomposition of organic matter and microbial growth 
increases with an increased temperature.   



20 

 

3. METHODS 
Several methods were under consideration in order to conduct this study on water quality in 
the Koga Irrigation and Water Management Project. Initially the idea was to measure E. Coli, 
but because of the available equipment it was impossible. After taking financial factors, 
experience, time and equipment into consideration the tests that I did were considered 
optimal. A proper study should have had more samples and tests performed, but with the 
limited amount of time that was not possible.  

The method chapter is split into sections describing the conditions and performance of the 
field-, and lab-work and presents the equipment used. A simple “step by step” section (Myers 
et al, 2007) is presented below to make the reader understand the general strategy and 
execution of this part of the study. 

Step I. Initially, all sample-collection and sample-processing equipment was cleaned and 
sterilized in the lab. 

Step II. In the field the samples were collected by hand-dipping the bottles in the water. 

Step III. After collection the samples were put in an ice box. 

Step IV. As soon as all samples were collected the box was taken back to the lab where 
samples were analyzed for different parameters. 

3.1 FIELDWORK AND IMPLEMENTATIONS OF METHODS 

3.1.1 One Command Area 
The study area was chosen according to several criteria. First of all it was decided to focus on 
a single command area to keep it within capacity of this study. The command area Kudmi 
(fig. 9) was chosen for several reasons. 
With a population of 8264 and an area of 373 ha the population density in Kudmi is 22 
people/ha. This is about the average for all the command areas in Koga and thus it is regarded 
as a good representative for the entire area. The dam is newly built and not all command areas 
have access to its water for irrigation yet. Being the first command area following the 
reservoir, Kudmi will always receive some water which ensures satisfactory sampling. 
Because of the above factors Kudmi was chosen as the best representative and the place for in 
situ measurements. Additionally, the command areas have their unique growth patterns. Since 
each crop has its own guideline values for some parameters it is important to see exactly what 
is being grown in Kudmi.  
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Figure 9. A map of the project area. The dam is in the lower right and the chosen command area, Kudmi, is 
found in the lower left corner (Marx, 2011). 

Figure 10 displays the crops grown in Kudmi and their relative abundance. The guideline 
values for these crops are found in Appendix D. The guideline values indicate that barley, 
cabbage, corn and green pepper can tolerate these levels of boron. Bean, garlic, onion, potato 
and wheat cannot. The financial importance of potato and wheat must be huge since they 
together make up 86% of the cultivated land. A reduced harvest of potato and wheat would 
probably seriously decrease the net yield and risk the invested money in the project.  

 

Figure 10. Diagram showing the crops grown in Kudmi and their areal extent in hectares (Numbers from 
Ministry of Water Resources, 2006. Author’s figure). 
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3.2 SAMPLING 
The field work and sampling analysis was carried out in the dry period. If it would have been 
done in the rain season results would probably have looked different, due to meteorological 
factors such as precipitation. So the results in this study should be regarded as seasonal and 
not applicable all year around. With this in mind the results gives a hint of what values one 
might expect in other seasons.  

Due to misunderstanding of the incubator manual the first thermotolerant coliform test was a 
failure and no results were recorded. Anyhow, it was educating. Instructions from the staff 
and more practice turned out into succeeded tests. The second sampling session was carried 
out in the morning on the 2nd of April 2012. It was sunny and an air temperature of 28°C. 
There was no wind and no rain had fallen for several weeks. Sampling was carried out starting 
downstream to be sure that “the same” water wouldn’t be collected more than once. 17 points 
were carefully chosen to get water from the different canals and at places close to the fields. 
Samples were collected in pre-sterilized 300 ml bottles which were emptied twice before the 
true sample was taken. 15 of the samples were taken in the irrigation system. These were 
given a number (1–15). The last two samples, the groundwater well and the fish pond, were 
simply named well and fish. A Garmin GPS was used to record the sampling coordinates. The 
coordinates were later transformed to be able to visualize them in ArcGIS. The resulting map 
is found on the next page (fig. 11). The sampled bottles were put in a cool box and taken back 
to the water quality and treatment lab in Bahir Dar. Additionally a simple sketch (fig. 10) was 
made to visualize the concept of the sampling spots and the structure of the irrigation canals 
tested in Kudmi. It is supposed to help interpreting the map (fig. 11). 

 

Figure 10. An attempt to make it easier for the reader to follow where sampling was conducted and to 
understand the general structure of the canals in Kudmi. Roman numbers symbolize the certain type of the canal 
(primary, secondary, tertiary and quarternary) and the red circles represent the sampling spots (more information 

about the samples are presented in Appendix 8. Figure is not to scale.  (author’s figure). 
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Figure 12. A map of the irrigation area and the dam. Sample points are displayed as white, yellow and black 
markers. Kudmi command area is zoomed in. 
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3.3 LAB WORK AND CONDITIONS 
The laboratory experiments were carried out the same day as sampling and for consecutive 
four days at the Water quality and treatment laboratory at the Pole Campus of Bahir Dar 
University by the author of this thesis. A detailed list of used equipment is found in the 
Appendix E. Guidance and reading material for lab work preparations were provided by 
people found in the acknowledgement.    

The first day the samples were tested for Thermotolerant Coliforms. Preparation of the 
samples were done at around 13:00. To let the samples resuscitate they were left n room 
temperature for 2.5 h. At 15:30 they were incubated. During the first day until 23:15 the 
incubation was supervised. During the night however there was no supervision. At 6:30 the 
following morning supervision started again until the 24h period was over. Three power 
shortages were recorded during the morning of the 3rd of April. How much these (and 
eventual power shortages at night) affected the outcome is hard to say. Turbidity and a few 
chemical parameters were also tested at the day of sampling. The remaining chemical 
parameters were tested the following days. Everything was sterilized as much as possible, but 
since the laboratory wasn’t that clean to begin with and harbored a couple of pigeons it is 
doubtful how sterilized everything was.  

3.3.1 Lab performance  

3.3.1.1 Thermotolerant coliforms 
Usually coliform abundance is expressed as the number of coliforms for every 100 ml of 
water. Due to a high turbidity value in all the samples, except for the water from the well, 
samples were diluted with sterilized water with a 1/10 ratio. A filtering funnel was connected 
to a beaker with a membrane filter in between. The diluted sample was poured into the funnel 
and onto the membrane filter. In order to push the water through the filter a hand pump was 
connected to the beaker. The pumping created a vacuum which enabled the water to pass 
though the filter at a reasonable rate. Petri dishes were sterilized and a membrane pad was 
placed in each. These pads got saturated with 2 ml pre-prepared Membrane Lauryl Sulphate 
Broth was added using a pipette. Any excess MLSB was removed. The filtering funnel and 
beaker were loosened in order to remove the membrane filter which was placed on the 
saturated membrane pad. To complete the Petri dish its lid with sample number was replaced. 
Finally the dish was placed in the dish rack and a resuscitation period of two and a half hour 
(one to four is preferred) followed. This allowed any physiologically stressed coliforms to 
recover before culturing. After the resuscitation period samples were put into the incubator 
(fig. 13). The samples were put into the incubator indicating 44oC. The samples were cultured 
for 24 hours. 
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Figure 13. The apparatus for the coliform test. The main picture to the left displays the incubator where the 
samples were cultured. To the upper right is the suction apparatus, with beaker, funnel and hand pump. The 

picture in the lower right shows a petri dish and filter with bacteria colonies after 24 hours of culturing (author’s 
photos). 

After the incubation period the petri dishes were removed from the apparatus. The yellow 
colonies on each filter were counted, since these represents a coliform colony. In order to get 
a value of the amount of coliforms per 100 ml the number of colonies were multiplied by 10, 
due to previously mentioned dilution.      

3.3.1.2 Electrical conductivity 
The electrical conductivity was measured using a conductivity meter. The instrument consists 
of one sensor probe and a handheld display. The sensor consists of two electrodes that are 1 
cm apart. There is an applied voltage between them, which drives an electric current that is 
proportional to the concentration of TDS in the water. The electrical conductivity is measured 
in micro Siemens per centimeter (µS/cm) and the value is shown on the instrument display.  
De-ionized water has very few dissolved ions and its conductivity is known to be around zero, 
thus a calibration of the instrument was needed. First, the conductivity of de-ionized water 
was measured and the value was recorded. Then a known amount of salt was added to a cup 
of 50 cl de-ionized water twice. The conductivity of the solution was measured and recorded 
both times. De-ionized water was used to rinse the probe in between to make sure no solids 
would affect the next reading, giving false values. Calibration values (conductivity and salt 
concentration) were plotted in a diagram (Appendix F). The conductivity measurement of the 
samples was performed in the same way as the calibration. These values were then used in the 
equation for best fit in order to calculate the real conductivity values.     

 

 

 



26 

 

3.3.1.3 pH  
A pH meter was used to calculate the pH of the water samples. First it was calibrated with the 
help of three buffer solutions. The pH meter was put into each one of the solutions. Between 
the readings the electrodes were rinsed with de-ionized water. When calibration was done 
readings were performed in the collected water samples. Between every sample reading the 
electrodes were continuously rinsed with de-ionized water. When all sample measurements 
were done the calibration of one standard solution was re-checked in order to be sure that the 
recorded readings are reliable.   

3.3.1.4 Other chemical parameters 
To analyze every sample’s chemical constituents a photometer (fig. 14) was used. Each 
sample was tested for a number of different chemical parameters with more or less the same 
execution. First a sample was poured into a 10 ml round test tube. Another 10 ml was poured 
into another test tube and mixed with crushed Palintest tablets. Every parameter had its unique 
tablets. Each parameter required a certain time to stand in order to get full color development. 
The time varied from a couple of seconds to 20 minutes. When the solution was fully blended 
the blank sample was put into the photometer. The wavelength on the photometer was 
corrected for each and every parameter of interest (between 410–640 nm). When the correct 
wavelength was set the reading button was pushed until the display showed 100%. The blank 
sample was removed and replaced with the solution. A new reading was displayed and it was 
recorded. Each parameters calibration chart was then consulted in order to get the true value 
of the specific chemical content, in mg/l. 
 

 

Figure 11. A photometer is a device for measuring chemical constituents in water (author’s photo). 

3.3.1.5 Temperature 
A mercury thermometer was used to record the water temperature. It was simply done by 
placing the thermometer in the water at every point of sampling. 
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3.3.1.6 Turbidity  
Turbidity is either measured in FTU (Formazin Turbidity Unit) or NTU (Nephelometric 
Turbidity Units). FTU measures the reduced strength of a light that passes through a column 
of water. In this study NTUs were used, which is a measure of the particles ability to scatter 
the light instead of their ability to pass through it. This was done by using a Nephelometer 
(fig. 12). In this device a light beam is allowed to pass through the sample with a detector on 
the side which measures which is being hit by scattering light, so the higher hits on the 
detector the higher the turbidity. A few suspended particles will not scatter the light as much, 
yielding a lower turbidity. Since the amount of reflected light is dependent upon the particle 
shape, color and reflectivity and the fact that heavier particles settle faster than smaller the 
correlation between turbidity and the total amount of suspended solid (TSS) is highly variable 
from each location and situation.  

To measure the turbidity in the water of the Koga Irrigation and Water Management Project a 
HACH 2100Q turbidity meter was used. The instrument needed no calibration. The samples 
were simply put one and one into the instrument and readings for each were recorded.  

 

Figure 15. A Nephelometer, a device used to  measure turbidity. Water samples were poured in to the glass 
bottles to the left. Each sample was put in to the device and its turbidity was calculated by the device by sending 

light beams through it (author’s photo). 
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4. RESULTS  
The result section is divided into three parts. The biological parameter is presented first, 
followed by the chemical and physical parameters. The results are displayed graphically using 
bar diagrams and commented briefly. A more thorough analysis is given in the discussion 
section. The first 15 samples are irrigation components and the last samples, from the fish 
pond and groundwater well, are titled fish and well respectively. Where sample identification 
number is missing (replaced by “-“) the parameter of concern wasn’t tested for that specific 
sample.    

4.1 BIOLOGICAL PARAMETERS 

 

Figure 12. Result of thermotolerant coliforms collected from eight points. Each sample point is presented with 
number of coliforms/100 ml. 

6 different samples in the canals were tested for thermotolerant coliforms. All samples show a 
contamination of coliforms. The results are rather uniform with all samples having at least 
100 coliforms/100ml. One of the samples from the quaternary canals displays a substantially 
higher amount with more than 400 coliforms/100ml. 

The coliforms were found in abundance in the sample from the fish pond. With 580 
colonies/100ml it had the highest value of all samples in the study. 

120 colonies of thermotolerant coliforms were found in the water sample taken from the well. 
This must be considered quite extreme since WHO has a recommended value of 0 for 
drinking water.  
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4.2 CHEMICAL PARAMETERS 

 

Figure 13. Alkalinity presented in mg/l. 

The quaternary canals show the lowest number in general, but one of them stands out with the 
highest alkalinity for all canals. The slow moving waters of the NSR and the dam show about 
the same results.   

The alkalinity in the groundwater well was found to be around 100 mg/l, the highest 
concentration throughout the series.  

 

Figure 14. Concentration of aluminum in mg/l. 

Aluminum is found in most of the canals in Koga, but the concentrations are very low and 
mostly found well below 0.05 mg/l. One of the tertiary canals stands out with a concentration 
>0.35 mg/l. No aluminum was found in the fish pond and the groundwater well.  
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Figure 15. Concentration of ammonia (mg/l). 

Ammonia was only found in one of the irrigation samples, a quaternary canal showed a 
concentration of 0.04 mg/l. No ammonia was found in the fish pond, while the groundwater 
had a concentration well above 0.1 mg/l.    

 

Figure 20. Concentration of boron (mg/l). 

Half of the irrigation water samples show boron concentrations. The other half, including the 
NSR and the dam contains no boron. The samples which contain boron has a concentration of 
around 2 mg/l. The fish water well had a boron concentration of around 1 mg/l. 



31 

 

 

Figure 16. Concentration of calcium (mg/l). 

The samples from the dam and the secondary canals show the highest calcium concentrations. 
Calcium exists in the other sample points as well in a rather uniform concentration. According 
to table 5 the “hardest” water is found to be slightly hard. Some of the samples are moderately 
soft, while most of the water has a concentration of less than 50mg/l and is thus considered 
very soft. Both fish pond and groundwater well are considered moderately soft. 

 

Figure 17. Conductivity for water (uS/cm). 

The sampled water has a low conductivity throughout the series. The Night Storage Reservoir 
and Secondary canal displays the highest values for the irrigation system, but the conductivity 
level is rather uniform and is well below toxic irrigation levels (App. D). With a value of 422 
uS/cm the conductivity of the groundwater well was the highest of all samples. The 
conductivity in the fish pond was determined to 316 uS/cm. That was the second highest 
value. 
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Figure 18. Concentration of fluoride (mg/l). 

Every sample contains fluoride. One of the samples from the main canal and the NSR 
displays the highest concentration. The smaller canals have concentrations between 0.4 and 
0.7 mg/l. Among the samples the dam has one of the lowest concentrations. 

 

Figure 19. Concentration of nitrite (mg/l). 

Nitrite is found in all samples, but at relatively low concentrations. Except for two canals it is 
lowest in the dam and the NSR. In the rest of the canals the amount of nitrite ranges between 
0.007 and 0.02 mg/l.    
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Figure 20. pH values for the different sampling points. 

The lowest pH value is found in the dam, while the quaternary canals display the highest 
values overall. The first and third canals show about the same. So do the NSR and the 
secondary canals. Both fish pond and groundwater well has a pH around 7.3–7.4. 

 

Figure 21. Concentration of phosphate (mg/l). 

Phosphate is found in a wide range of concentrations. The NSR displays the highest value 
while one of the quaternary canals has the lowest. The dam also displays a very low value 
when compared to the NSR. The highest value is found in the drinking water.  
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Figure 22. Concentration of sulphide (mg/l). 

Every sample except one of the main and one of the secondary canals contain sulphide. The 
rest shows a low, but non-uniform concentration. The fish pond and groundwater well had no 
sulphide concentrations. 
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4.3 PHYSICAL PARAMETERS 

 

Figure 23. Water temperature (in Celsius). 

The smaller quaternary canals display the highest temperatures. Throughout the series the 
bigger canals have the lowest temperatures with the main canal as the absolutely lowest. The 
dam has the temperature of a tertiary canal. The fish pond had about the same temperature as 
the NSR. 

 

Figure 24. Levels of turbidity, given in NTUs. 

The turbidity is on average 100 NTU. The dam has quite a high turbidity compared to the 
canals and night storage reservoir. Two of the quaternary canals reach the highest turbidity 
with values of around 140 NTU. Excluding these gives somewhat uniform results.  The water 
in the fish pond was relatively clear with a turbidity of 16.5 NTU. The turbidity level of 6.5 in 
the well was a little higher than the drinking water limit of 5 NTU suggested by WHO.  
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5. DISCUSSION 
The discussion section is divided into drinking, livestock, irrigation and fish farm section 
respectively. The canals are discussed from both livestock and irrigation point of view. Each 
section presents results which are compared to guideline values. Additionally, implications, 
suggestions and personal thoughts are included. An evaluation of used methods makes up the 
last constituent of this chapter.    

5.1 DRINKING WATER QUALITY 
All chemical parameters tested were in the range of the guideline values suggested by the 
WHO. This is not strange considering the circumstances. Rural areas like Koga are not known 
for their abundance of infrastructure. Thus air borne pollution from cars, airplanes and other 
forms of transports are limited in the vicinity. The agricultural use of pesticides is neither 
widespread. Rather, the use of animal and human excreta as fertilizers is more common due to 
economic reasons. 

The physical parameter turbidity was measured in the drinking water to 6.5 NTU. That is a 
little higher than the desirable value of 5 NTU suggested by WHO (2011). It indicates that 
there might be poor maintenance of the water source since cleaning of wells includes the 
removal of sediments and suspended particles.  

The presence of thermotolerant bacteria indicates fecal contamination of the sampled 
groundwater well. There are many possible reasons for that. It is most likely a consequence of 
poor sanitation and pit latrine management. The abundance of freely grazing livestock and 
other wild animals in the area may also have an impact. Their excreta may find its way down 
the soil and eventually the groundwater. The shallow groundwater depth (<10 m) in Koga 
causes short travel times in the unsaturated zone, whatever the contaminant might be. Due to 
the hand pump installation the contamination of insects and bird droppings can be excluded.     
Even though thermotolerant coliforms aren’t the best way of measuring the biological 
contamination of water, compared to e.g. E. Coli, it still gives a hint of the quality (Tallon, 
2005). The number of coliforms found in the sample tells us that the guideline value is greatly 
exceeded. 

Drinking water as contaminated as this would for sure cause health problems, like diarrhea. 
This is especially true for elders, infants and people not used to the water. In order to follow 
the status of drinking water wells there are recommendations to test for coliforms at least once 
per year. If the drinking water is above specific guideline values it should be boiled before 
drinking. This is not a long-term approach though since it doesn’t treat the water for future 
use. Rather, water contaminated with feces can be easily disinfected with the help of UV 
(ultraviolet light), chlorination, distillation and reverse osmosis. To make sure the treatment is 
working the amount of water must be limited and maintained properly.  

Access to clean drinking water in Koga would increase the living standard of the people. It 
would indirectly improve the local economy. The installment of piped water may be 
considered as utopia even for the far future. Thus, women and children will have to continue 
on their daily “water walks”, a task which will keep them out of classrooms and proper 
education many years from now.  
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5.2 IRRIGATION WATER QUALITY 
The crop production makes up the core of the Koga Irrigation and Water Management Project 
and its success is depends on it. If yields are low the farmers will have serious trouble paying 
back the cost for the project and stakeholders and investors could lose their stake.  

Most of the chemical parameters are found to be within the guideline values given by the 
FAO. Conductivity is one of the most important parameters affecting crop growth. According 
to Bauder, it is considered as “good” throughout the canals. Some samples are even close to 
<250 uS/cm which would be considered as “excellent” for irrigation use, according to Bauder 
(App. D). Fluoride is just under the allowed values in several of the samples. Alkalinity, 
calcium and boron on the other hand are found at much higher values than recommended. 
Boron was only found in half of the samples. The secondary, tertiary and quaternary canals 
showed high levels of boron. This suggests that the contaminating source is found in the 
farming area. According to literature boron is used in insecticides, but its utilization is 
doubtful in Koga. It can also be due to upstream activities and soil erosion. Calcium and 
alkalinity levels were found at high levels, in every sample. All 15 samples had higher than 
the recommended values of 20 and 40 mg/l respectively.  

The turbidity is high, but with no guideline values it is hard to know if it damage crop growth 
or not. The high turbidity values are probably caused by a high sedimentation rate and 
possibly by upstream activities.  

The thermotolerant coliforms don’t damage crop growth itself. Rather, crops irrigated with 
water containing bacteria pose threat to humans consuming it. This is especially true for crops 
that are consumed raw and with no skin, like onions e.g. The amount of thermotolerant 
coliforms in the irrigation water is under the recommended values of less than 1000 
bacteria/100ml for most of the crops. For cabbage and green pepper the recommended values 
are <10/100ml. Thus, presented values suggest that there is a risk in eating them.        

5.3 LIVESTOCK WATER QUALITY 
None of the tested chemical parameters were above any suggested guideline values found in 
the literature. The pH value was between 7 and 8 in all samples, this must be considered 
exemplary with guideline values between 6 and 9. The conductivity was around 200–300 
us/cm in all samples which is well below the maximum level of 5000 uS/cm. Fluoride was the 
only parameter that was close to the recommended values. 

The temperature of the water seems to be ideal for thirsty animals, not too hot or cold. The 
tepid temperature is also ideal for bacterial growth. The other physical parameter, turbidity, 
had values ranging from 90–150 NTU. Since no guideline value was found for turbidity it is 
hard to rule it out or not. Most likely there is no precise limit for it. Anyhow, the high values 
of turbidity are of no surprise since the source was surface water which has a lot of soil and 
sediment contact. Suspended particles in water make perfect attachment for bacteria, which 
was found in a vast amount. Together with temperature, turbidity may be the reason for the 
abundance of bacteria. 

Thermotolerant coliforms were found in all samples, with numbers ranging between 180–400 
/100ml. There are no specified tolerance levels for livestock. They are probably more resistant 
to bacteria than humans. However, a value of 100 coliforms/100 ml water is recommended.  
Changes in water smell, clarity and taste should lead to water testing. The same is true if 
livestock has altered eating and drinking habits, health problems and loss of performance. As 
with human drinking water, livestock water must be sampled and tested at least every year 
(Olkowski, 2009). The amount of bacteria in surface water has a direct relation to the amount 
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of animals in the vicinity. In rural areas with no livestock the amount of E. Coli is between 
20–100 per 100 ml. Olkowski (2009), reports that water, affected by livestock and poultry, in 
extreme cases may have a coliform count of 10,000 per 100 ml. Cattle and other livestock are 
more resistant to fecal contamination than humans (Olkowski, 2009). The presence of 
pathogens in animal drinking water may cause cross contamination when humans consumes 
animal products, such as milk and meat. It can give the farmer bad consequences if the 
consumer gets sick. This is not of greatest concern in Koga since self-supporting is prevailing.    

The cause for the contaminated surface water is probably due to the animals themselves (fig. 
30). Grazing the landscape more or less freely cause the spreading of dung. Fencing the 
animals might help this situation. The downside of this is that the farmers need to get the 
grass for animal consumption themselves. This would significantly increase the amount of 
labor. A drastic suggestion to stop the spreading of dung is to stop the animal husbandry and 
focus on the production of crops.  
 
 

 

Figure 25. Grazing cows. One of them standing in one of the quaternary canals (author’s photo). 

5.4 AQUACULTURE WATER QUALITY 
First of all the turbidity value of 16.5 NTU was better than expected. The low amount of 
suspended particles allows sunlight to pass through the water which is needed for 
photosynthesis and oxygen production by the vegetation (Carballo et al, 2008). 
 
The chemical parameters were all well below recommended values. Especially, alkalinity and 
calcium were found at reasonable concentrations. Thus the water itself is providing the fish 
with minerals and other nutrients.  
 
The highest amount of thermotolerant coliforms of all samples were found in the fish pond. 
This is of no surprise since fish excrete its feces straight into the water. The contribution of 
animal dung (and fertilizers) through runoff etc. is hard to quantify, but doesn’t seem to be 
imminent. 
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The influence bacteria have on fish growth and health is hard to know. Probably different 
species react differently. Concerning the fish farm’s part in the food production program, 
human consumption of fish prepared properly should be considered safe. Eating the fish raw 
and uncooked would be a questionable act though.  

5.5 CAVEATS IN THE RESULTS 
All samples in this study were taken in the first command area following the dam. In terms of 
irrigation water the quality seems to get poorer further down the irrigation canals of the 
individual command area. To apply these results on the whole area is not possible. At the 
same time it gives the indication that a large scale sampling in the Koga Project would yield 
poorer water quality in the command areas further down the main canal. Hypothetically, the 
sampling performed in Kudmi is not representative for the whole project. Rather, its water 
probably has a better quality than the rest of the command areas.  

5.6 REFLECTIONS 
The investigation of the water quality in Koga Irrigation Project would need more time. The 
set time frame was too optimistic and limited the understanding of the current situation. 
Bureaucratic issues and lab materiel were limiting factors as well. Given more time these 
factors wouldn’t have limited the performance. More samples would have been taken at 
different times. That would have enabled statistical analysis of the parameters. One sample 
taken one day may not be representative for the status of the whole area. More groundwater 
wells would have been good to sample as well gathering information of geographical 
locations of sources of pollutions, such as latrines.  

While it is easy to be self-critical one must remember that some things were performed with 
satisfaction. All parameters were tested in time and the sampled water was kept in the right 
conditions. The indicator organism was tested for within four hours of sampling and the rest 
of the parameters were tested the consecutive days. To focus on one command area I still 
believe to be right. 

Additionally, attempts were made to test the water for nitrogen with no success. It would have 
been good to see the nitrogen level to see the possible contamination of fertilizers. Sampling 
was performed one week earlier than stated in the study, testing for turbidity and total and 
thermotolerant coliforms. Struggles with the coliforms left no results thus it was decided to 
add several chemical parameters as a “safety net”. Next week material needed for the coliform 
testing was out of stock and total coliforms were left out and only eight samples could be 
tested for thermotolerant coliforms.  The quantity of tests was disappointing, but at least 
previous experience paid off. However, lab-work was conducted with care, proper sanitation 
and preparation, but it is hard to know if something went wrong that could have led to 
misleading results. Thus the influence of the human factor cannot be rejected.  

To give the study a deeper spectrum, local farmers could have been interviewed. Due to 
language barriers and lack of proper knowledge and technique this addition was ruled out.   
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6. CONCLUSIONS 
The analysis of the quality of the waters in Koga may be a hydrological task, but the 
interpretation and influence of the results is much bigger than that. The Koga Irrigation and 
Water Management Project is a multidisciplinary undertaking. The Ethiopian government and 
various stakeholders have invested a lot of money in this project. Being a “pilot” project its 
success is vital for the recent food security production plan. The yield in the coming years will 
be important, in order to make the project pay for itself, but there is more at stake.  

The hope is that two harvests each year will make the farmers self-supporting and improve 
people’s everyday life – to fight and decrease poverty. The surface water in Koga has a role in 
that since its quality will have effect on the yield of the produced crop, fish and livestock. 
Additionally the groundwater has a direct effect on people’s health, well-being and their 
ability to produce labor. 

The conclusions of this study are, 

- The water used for irrigation showed good values for conductivity. Overall, the values 
of the parameters works fine for some crops grown in Koga, but not all. Calcium, 
alkalinity and boron levels were overall too high, especially downstream. Ingesting 
crops without proper preparation is not recommended due to high bacteria counts. 

- The spatial difference in water quality in the sampled canals of Koga is not that large. 
Most of the parameters display relatively uniform values. The physical parameters, 
turbidity and temperature, are the only parameters that progressively increases down 
the irrigation canals however. To draw any conclusions more samples need to be 
taken.   

- The water used for livestock (the same is used for irrigation) showed out to be good, 
except for bacteria, which was found in amounts double the recommended value. 

- The fish pond had good turbidity levels and no chemical pollution at all. The sample 
from the fish pond contained the highest count of thermotolerant coliforms. 

- The drinking water from the groundwater well was a bit above WHO standard for 
turbidity and well above the recommended conductivity and bacteria levels. The water 
source is probably contaminated.  

Additionally, some questions have emerged: 

- How much do these high levels of alkalinity, boron and calcium affect the crop? 
- What is the source of the fecal contamination, and how can it be prevented? 
- What is the source of the boron contamination in the canals, and how can it be 

prevented?  
- What are the implications of making the irrigation water available for drinking?   
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8. APPENDICES 

APPENDIX A. LIST OF SAMPLING POINTS AND THEIR COORD INATES 

 Coordinates   

Sample 
No N E Description Type 

1 11'20.697 37'08.489 The dam Reservoir 

2 11'20.716 37'08.430 Primary canal (right after the dam) Primary 

3 11'21.161 37'07.144 Primary canal, before NSR (2800m from dam) Primary 

4 11'21.396 37'07.187 Secondary canal (2nd and 3d split) Secondary 

5 11'21.386 37'07.160 Night Storage Reservoir NSR 

6 11'21.648 37'06.797 The end of secondary canal Secondary 

7 11'21.625 37'06.826 The end of third, beginning of fourth Tertiary 

8 11'21.599 37'06.737 Quaternary canal (in the field). The middle of 
3rd 

Quaternary 

9 11'21.707 37'06.353 The beginning of 4th (last tertiary canal) Quaternary  

10 11'21.716 37'06.271 Same as last one but out in the field Quaternary 

11 11'21.565 37'06.946 In the end of 3rd, right before quaternary Tertiary 

12 11'21.632 37'06.988 Same as last one but out in the field Quaternary 

13 11'21.409 37'07.175 Beginning of 3rd (11 and 12 comes from this) Tertiary 

14 11'21.554 37'07.293 Beginning of quaternary, from Place no4 Quaternary 

15 11'21.598 37'07.234 Same as last one but out in the field Quaternary 

Well 11'20.952 37'08.124 Groundwater well Well 

Fish   Fishdam Pond 
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APPENDIX B. WATER ANALYSIS RESULTS  

Sample 
Turbidity  

(NTU) 

Coliforms 

(#/100ml) 

Temp 

C° 

pH 

  

Alkalinity  

(mg/l) 

1 113.0 180 24.8 6.95 65 

2 92.1 - 24.2 7.40 73 

3 93.7 - 24.1 7.50 73 

4 89.1 - 24.4 7.15 76 

5 99.8 130 24.5 7.33 74 

6 88.4 220 24.7 7.25 65 

7 96.7 - 25.0 7.35 56 

8 98.8 - 25.2 7.60 60 

9 99.2 200 25.1 7.50 56 

10 141.0 410 25.1 7.45 92 

11 118.0 - 24.8 7.27 60 

12 147.0 - 24.9 7.45 47 

13 84.1 - 24.9 7.55 60 

14 94.3 - 25.2 6.95 65 

15 96.2 130 25.2 7.40 58 

Well 16.0 120 - 7.30 100 

Fish 16.5 580 24.7   7.30 76 
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Sample 
B 

(mg/l) 

Al 

(mg/l) 

PO4 

(mg/l) 

Ca 

(mg/l) 

Ni 

(mg/l) 

S 

(mg/l) 

F 

(mg/l) 

Conductivity  

(uS/cm) 

1 0 0.04 0.12 72 0.007 0.02  0.5 269 

2 0    0 0.04 42 0.009 0.03    0.5 277 

3 0 0.02   0.1 0 0.012 0  0.9 269 

4     2.25 0.11 0.08 83 0.001 0   0.6 267 

5 0 0.02 0.36 56 0.007 0.03 0.85 277 

6    2.2    0 0.24 110 0.007 0.01   0.7 271 

7 0 0.38   0.3 66 0.018 0.01   0.65 266 

8   0.55 0.01 0.02 51 0.012 0.04 0.55 257 

9 0 0.01 0.22 51 0.001 0.01 0.55 272 

10    1.5 0.01    0.1 47 0.021 0.02 0.35 264 

11    1.9 0.02 0.16 56 0.012 0.02   0.7 256 

12 0 0.03 0.08 61 0.009 0.03   0.6 254 

13    2.3    0 0.24 56 0.014 0.02   0.5 253 

14 0 0.02 0.24 66 0.011 0.03   0.6 275 

15    2.1    0 0.31 61 0.011 0.02   0.7 270 

Well 0    0 0.54 66 0.012     0   0.6 422 

Fish   1.05    0 0.13 61 0.006 0   0.5 316 
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APPENDIX C. GUIDELINE VALUES FOR DRINKING, LIVESTOC K AND 
AQUACULTURE 

Parameter Drinking Livestock Fish ponds 

Turbidity (NTU) 5 - - 

Th. Coliforms (#/100ml)  0 100 -  

pH 6.5-9.5 6.0-9.0 6.0-9.0 

E. Conductivity (uS/cm) 250 5000 800 

Alkalinity (mg/l) - None 50-300 

Aluminium (mg/l) 0.9 5 0.1 

Ammonia (mg/l) - - 0.02 

Boron (mg/l) 2.4 5 0.01-5 

Calcium (mg/l) - 1000 5-100 

Fluoride (mg/l) 1.5 1.0-2.0 1.5 

Nitrite (mg/l) 1 10 0.1 

Phosphate (mg/l) 5 - 2 

Sulphide (mg/l) - 100 1 

Livestock values from Olkovski, 2009. 

Aquaculture values from Gomez, 2011. 

Drinking values from WHO, 2011. 
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APPENDIX D. GUIDELINE VALUES FOR IRRIGATION CROPS 

Class Grade EC (µS/cm) 
1 Excellent <250 
2 Good 251-750 
3 Permissible 751-2000 
4 Doubtful 2001-3000 
5 Unsuitable >3000 

Table D1. Classification of irrigation water quality, based on electrical conductivity (Bauder et al, 2009). 

  Boron Aluminium*  Fluoride*  Ammonia*  Nitrite  Nitrate*  Calcium 

Crop (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l)     (mg/l) 

Wheat 0.75-1.0 5 1 - - 10 20 

Barley 3.4 5 1 - - 10 20 

Corn 2.0-4.0 5 1 - - 10 20 

Bean 0.75-1.0 5 1 - - 10 20 

Potato 1.0-2.0 5 1 - - 10 20 

Cabbage 2.0-4.0 5 1 - - 10 20 

Garlic 0.75-1.0 5 1 - - 10 20 

Onion 0.5-0.75 5 1 - - 10 20 

G. Pepper 1.0-2.0 5 1 - - 10 20 

 ph Sulphide Phosphate Alkalinity*  Salinity Turbidity  Coliforms 

Crop   (mg/l) (mg/l) (mg/l) dS/m (NTU) (#/100ml) 

Wheat 5.5-8.5 0.1 2 40 4.5 - 1000 

Barley 5.5-8.5 0.1 2 40 6.0 - 1000 

Corn 5.5-8.5 0.1 2 40 1.7 - 1000 

Bean 5.5-8.5 0.1 2 40 1,0 - 1000 

Potato 5.5-8.5 0.1 2 40 1.7 - 10 

Cabbage 5.5-8.5 0.1 2 40 1.8 - 10 

Garlic 5.5-8.5 0.1 2 40 3.9 - 1000 

Onion 5.5-8.5 0.1 2 40 1.2 - 1000 

G. Pepper 5.5-8.5 0.1 2 40 1.5 - 10 



49 

 

APPENDIX E. LAB EQUIPMENT 
 
Chemical Parameters 
Palintest Photometer. Wagtech Photometer 5000. 
Accuracy: ±0.1°C   
Round Test tubes, 10 ml glass (PT 515) 
 
Type and amount of tablet, Wavelength, Latency 
Palintest Phosphate No 1-2 LR tablets, 570 nm. 0 minutes. 
Palintest Aluminium No 1-2 tablets. 570 nm. 5 minutes. 
Palintest Ammonia No 1-2 tablets. 640 nm. 10 minutes. 
Palintest Calcicol No 1-2 tablets. 570 nm. 0 minutes. 
Palintest Fluoride No 1-2 tablets. 570 nm. 5  minutes. 
Palintest Nitricol tablets. 520 nm. 10 minutes. 
Palintest Sulphide No 1-2 tablets. 640 nm. 10 minutes. 
Palintest Boron No 1-2 tablets. 410 nm. 20 minutes. 
 
pH  
Conductivity and pH meter Jenway 4330 
Accuracy: ±0.02 pH 
 
Conductivity 
Jenway 470 Conductivity meter 
Accuracy: ±0.5% ±2 digits 
 
Phyical parameters 
Turbidity 
HACH 2100Q portable turbidity meter (cat no 2100Q01) 
Accuracy: ± 2 % of reading plus stray light of reading plus stray light 
 
Temperature 
Analog Mercury Thermometer  
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Biological Parameters 
Thermotolerant Coliforms 
Incubator Wagtech International  
Model: Potalab  
Serial: 03G030  
Watts: 12  
Volts: 230 
Accuracy: 12DC  
Amps: 0.6-1 
Hz:50 
Hand pump Jencons – pls  
Petri dish plates 
Pipette 
Pistons 
Heating plate and pot 
De-ionized water 
Membrane pads and filter 
 
Maps and positions 
Garmin GPS eTrex Legend HCx 
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APPENDIX F. CALIBRATION OF CONDUCTIVITY METER 
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APPENDIX G. PUBLIC HEALTH STATUS TABLES OF ETHIOPIA  (UNESCO, 
2004) 

Type of 
population 

Number of 
people 

Safe source Unsafe source 

Piped Water Protected 
Spring 

Unprotected 
spring/well 

River or 
pond water 

Urban  9.5 84%  8%  4%  5% 

Rural 54   5% 12% 44% 39% 

Total 63.5 17% 11% 38% 34% 

Table G.1 Use of safe and unsafe water sources, country-wide, 1998 
 
 

Residence 1994 1995 1997 1998 

Rural   1%  1%  5.7%  7% 

Urban 60% 60% 55% 71% 

National 8% 10% 12.5% 26% 

Table G.2 Sanitation: use of latrine in Ethiopia 

 
 

Regional State Overall Rural Areas Urban Areas 

Amhara  6% 3% 37% 

Total 13% 6% 57% 

Table G.3 Access to sanitary facilities 
 
 

Regional state 1994 1998 

Amhara 97% 97% 

Total country 94% 92% 

Table G.4 People without latrine in rural areas 
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Infant Mortality Rate (IMR) 110/1000 LB 

Child Mortality Rate (CMR) 99/1000c 

Maternal Mortality rate (MMR) 5,6/1000LB 

Life Expectancy at Birth (LEB) 53,4 yrs 

Fertility Rate (FR) 7,5C/W 

Crude Birth Rate (CBR) 46,7/1000 

Crude Death Rate (CDR) 17,9/1000 

Table G.5 Life expectancy table 

 
 

Urban household with access to sanitation (%) 57 67.7 71.6 

Rural household with access to sanitation (%)  6   8   8,9 

National household with access to sanitation (%) 13 18 

Table G.6 Access to sanitation 

 
 

Location 1995/96 1999/2000 % Change 

Rural 47.0 45.0 -4.2 

Urban 33.3 37.0 11.0 

Total (National) 45.5 44.2 -2.9 

Table G.7 Poverty Head Count Indices (1995/96 and 1999/2000) 
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APPENDIX H. COMMON WATER BORNE DISEASES IN ETHIOPIA  

The water quality can be affected by natural causes, such as geological and soil formations, or 
by anthropogenic activities. In Ethiopia, poor quality is often caused by microbiological and 
biological agents (UNESCO, 2004). Malaria, Ascariasis, Shistosomiasis, Amoebiasis and 
Giardiasis and Acute Childhood Diarrhea (ACD) are some of the major water related diseases 
having microbiological and biological causes. Some of them are briefly discussed in this 
section.   

Ascariasis 
Ascariasis is one of the most common human parasites, particularly in the least developed 
countries of the world. Estimations show that 25% of the world’s population is infected. 
Ethiopia is not an exception with Ascariasis virtually found in every community, especially at 
higher elevations. It is an intestinal helminthic (worm like organisms living in hosts intestinal 
tracts) disease (UNESCO, 2004). 

Shistosomiasis 
There are two distinct types of these helminthic parasites: Shistosomiasis mansoni which live 
in the intestinal tract of the host and is transmitted through feces and Shistosomiasis 
haematobium which is found in the host bladder and transmitted through urine. In recent years 
Ethiopia has suffered an increased spreading of Shistosomiasis mainly due to resettlement of 
people as well as deteriorating living conditions. At the same time agricultural improvements 
such as water resource projects serve as good conditions for the parasites. The parasite needs 
two hosts to complete its life cycle: snail and man. Both are found at irrigation sites. The 
snails thrive in small streams and irrigation canals. About 90% of all communities with 
known Shistosomiasis infection are found adjacent such areas. The Amhara seems to be on of 
the most infected regions, especially in the vicinity of Lake Tana (UNESCO, 2004). This was 
proven in a school survey which was done in 1988 and 1989. The survey showed that no less 
than 51% of the children were infected with Schistosomiasis. The area is inhabited by one of 
the host snail species, known as Biomohalaria pfeifferi, that cause Schistosomiasis. This 
parasite requires two consecutive hosts in order to complete its life cycle, snail and then man. 
Irrigation systems are used by both. Snails thrive in slow moving water so if canals and 
reservoir are not seen to these make perfect breeding places (Ministry of Water Resources, 
2004).   

It would be wrong to consider the snail as being the one responsible for Schistosomiasis. 
Rather man should be blamed. Presence of human parasites is an indicator of issues regarding 
personal hygiene and sanitation, lack of suitable disposal of feces and water supply of poor 
quality. Therefore the underlying cause of Schistosomiasis should be regarded as lack of 
education about the disease and the spreading of it.        

Amoebiasis and Giardiasis 
These intestinal parasitic diseases are mainly transmitted through the intake of water and food 
contaminated by feces. They can also be sexually transmitted. Their abundance in Ethiopia is 
mainly due to the low level of environmental sanitation and poor drinking water quality, 
factors which in turn are caused by the widespread poverty. The promotion of simple health 
practices would greatly improve the situation (UNESCO, 2004). 
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Acute Childhood Diarrhoea (ACD) 
Children under five years of age are at risk of getting infected by ACD. In Ethiopia, it is the 
first or second factor causing child morbidity and the main factor causing child mortality. 
ACD alone is responsible for 50% of all infant mortality. It is caused by many infectious 
agents in unsafe drinking water and lack of proper sanitation (WHO, 2006). 
 




