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Abstract 

This study was conducted to assess the status of nitrate pollution in selected water sources in 

Addis Ababa with the objective of understanding the extent and mechanism of nitrate pollution 

and to map the distribution in the study area. 28 primary and 75 secondary data from 89 sites 

were used. Standard method for the examination of water and waste water (APHA, 2005) had 

been used for laboratory analyses. NO3
-
, NO2

-
, and PO4

3-
 were analyzed by UV-

Spectrophotometer, HACH DR-4000 and Cl
- 

was determined by mercuric nitrate method along 

with in-situ measured physico-chemical variables like  pH, total dissolved solids, electrical 

conductivity, and temperature . Then, by taking nitrate as important parameter primary and 

secondary data were analyzed with SPSS and MS-Excel spread sheet. The results showed that 

the mean and standard deviation of nitrate and nitrite concentrations (mg/L
-1

) in water samples 

were 52.03 + 40.16 and 0.03 + 0.01 respectively. Samples from 9 sites (Coca Cola well , Ras 

Mekonen spring, Tsebay Maremiya well, Anwar Mosque well, Africa Hotel well, Lideta spring, 

Mekanisa Abo spring, Abunearegawi spring and Ras Hotel well ) are found contaminated and 

had more than the maximum acceptable concentration (MAC) of nitrate. The distribution and 

extent of NO3
-
 is mapped based on the result and showed the central part of the city had higher 

concentration from 58 to 102mg/L
-1

 whereas the upper part of the city had lower concentration 

0.1 to 6.6mg/L
-1

. Since high concentration of nitrate is a public health concern especially for 

infants under the age of six months which causes methemoglobinemia (blue-baby syndrome) 

the analyses result in the central sites revealed that the water is unsafe from nitrate and nitrite 

pollution points of view. Pearson’s paired samples analysis showed positive correlation b/n NO3
-
 

and Cl
-
 at a significant level of 0.01(99%) with a regression equation (Cl

-
 = 0.868 NO3

-
 + 11.276 

;R
2 

= 6.288) suggesting that the pollution of both NO3
-
 and Cl

-
  might be  due to the similar 

sources like seepage of pit latrines and infiltration of polluted effluents. A management option is 

very essential and it is necessary to apply some actions to reduce/remove nitrate from drinking 

water sources by either abandoning the sources or by applying treatment methods like ion-

exchange, reverse osmosis, and distillation as possible as at a lower and effective cost. It is 

concluded that water resources should not be at a closer distances to pit latrines and polluted 

discharges.  
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CHAPTER ONE: INTRODUCTION 

 

1.1 Background of the Study 

 

Water is the most abundant substance on earth. Comprising over 70% of the earth’s surface it 

is the principal component of all living things and a major force constantly shaping the surface 

of the earth. The need for water is strongly ascending, which is not only important for domestic 

purpose but also vital for the development activities in both agricultural and industrial sectors. 

The need of water is more complex due to population growth, urbanization and 

industrialization. Any developmental activity is related, either directly or indirectly, with water 

utilization (Hussen Endre, 2006; Feven Solomon, 2007).   

 

The natural physicochemical properties of water render its vital importance to sustain the living 

planet Earth and every form of life on its face, including human beings. Its vital role in many 

human activities including agriculture, industry, domestic, electric power generation, transport 

and recreation shows to what extent water is an integral part of human’s life. The normal 

functioning of a natural system such as a human body depends entirely on the availability of 

adequate quantity and quality of water.  

 

Water pollution is the direct or indirect alteration of the physical, chemical and/or biological 

properties of a water system in such a way as to create a hazard or potential hazard to health, 

safety and welfare of any living species. This day’s water pollution resulted from 

industrialization, urbanization and population explosion has become a global problem. Our 

country, Ethiopia is also facing the problem of water quality degradation, however, the extent 

and degree of severity of water pollution is more pronounced in major cities, like Addis Ababa 

where the problem is at its peak currently. Although humans recognize this fact, they disregard 

it by polluting rivers, lakes, ground waters and oceans.  In order to reduce and eventually 

overcome water pollution, one must understand the problems and become part of the solution 

(Beeby 1993; Holdgate, 1979; Krantz and Kifferstein, 1996; Chapman 1996; Abdulshikur 

Mohammed, 2007). 
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Groundwater has long been regarded as the best water resource for all types of use. Its quality 

involves a long list of physical, chemical and microbial characteristics of both surface and 

subsurface water sources.  These characteristics determine how water can be used for different 

purposes such as domestic, agricultural and industrial activities (Brooks et. al., 1997) as cited in 

Mebratu Jano, 2007 .The stresses on ground water, both in terms of quality and quantity are 

growing rapidly.  Over the past two decades there has been a growing worldwide concern 

about water quality issues and this has led to an increased emphasis on a better understanding 

of groundwater contamination and groundwater quality management (UNESCO, 2004). 

 

Naturally occurring contaminants are present in the rocks and sediments.  As ground water 

flows through sediments, metals such as Iron and Manganese are dissolved and may later be 

found in high concentrations in the water.  The physical properties of an aquifer, such as 

thickness, rock or sediment type and location, play a large part in determining whether 

contaminants from the land surface will reach the ground water.   

 

The risk of contamination is greater for unconfined (water-table) aquifers than for confined 

aquifers because they usually are nearer to the land surface and lack an overlying layer to 

impede the movement of contaminants.  Because ground water moves slowly in the surface 

and many contaminants are sorbed to the sediments, restoration of a contaminated aquifer is 

difficult and may require years, decades, centuries or even millennia and it is unlikely to clean 

polluted aquifers (Harter, 2002 and Tamiru Alemayehu 2005; as cited in Mebratu Jano, 2007). 

According to Gebre-Emanuel Teka, 1982, groundwaters from wells and springs constitute a 

large number of the water supply in Ethiopia. Although groundwater percolates in to the 

ground loses many of its suspended impurities as it filters through the earth and it becomes 

clearer, at the same time it dissolves minerals and other chemicals.  Hence groundwater may be 

clear, but it is seldom pure, and may contain harmful microorganisms as well as minerals        

due to endless movement and decomposition of the underground rock. Because of this water 

rarely exists in nature in a pure condition (Falken and Uppsala, 1982) may be highly polluted or 

contaminated by dissolved toxic compounds (elements) due to the remarkable tendency of 
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water to dissolve other substances .The level of nutrients such as nitrate and phosphate in fresh 

water ecosystems is a worldwide problem. Natural waters have very low concentration of 

nitrate (a soluble form of nitrogen) and phosphate, because they exist in forms not readily 

available to the biota (Mebratu Jano, 2007). 

 

However excessive inputs of phosphorous (P) and nitrogen (N) into surface waters from various 

human activities made water bodies unsuitable for designated uses such as drinking, irrigation, 

industry, recreation, or fishing.  These pollutants may enter into water bodies as raw sewage, 

effluents from sewage treatment plants, urban an d rural run off, septic tanks, landfills, open 

damps and agricultural practices (WHO, 2004 and Mebratu Jano, 2007). 

 

Nitrogen and phosphorous act as fertilizers, stimulating algal blooms and may bring 

eutrophication of many inland waters.  Eutrophication leads to changes in the structure of 

ecological community indirectly through oxygen depletion and directly by increasing nutrient 

concentrations .However, a shortage in phosphorous limit the productivity of most fresh water 

systems due to its immobilization in the biota and insolubility of its compounds (Beeby, 1993 

and ESA, 2000). 

 

Now there exists a considerable public concern over the possible hazards linked with elevated 

levels of nitrate in drinking water such as its carcinogenic potential and Methemoglobinemia 

(blue-baby syndrome). Ammonia in water is an indicator of possible bacterial, sewage and 

animal waste pollution (WHO, 2004).  In water it originates from the breakdown of nitrogenous 

organic and inorganic matter from excretion by organisms, reduction of nitrogen gas (N2) by 

micro organisms, urban and rural run off and releases from industrial processes (Chapman, 

1996 and Manahan, 2000). 

 

Natural levels in surface and groundwater are below 0.2 mg/l (Chapman, 1996).  It mostly exists 

in water in the form of ammonium ion (Manahan, 2000).  The presence of higher level of 

ammonia in drinking water comprises lower disinfection efficiency, result in nitrite formation in 
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distribution systems, causes the failure of filters for the removal of manganese and also results 

in taste and odor problems in water (WHO, 2004). 

 

Nitrate is the common pollutant of natural waters.  Surface water is the main receiver and 

transmitter of pollutant into the groundwater body. Hence, protection of surface water 

pollution is directly related to the protection of groundwater system, because the two systems 

form a link through the geologic medium.  Very high nitrogen concentrations may occur due to 

anthropogenic activities such as waste disposal and agricultural activities (Bouwer, 1978).  

 

So this study will attempt to present the extent and mechanism of nitrate pollution in the 

selected water sources by collecting representative water samples and conducting laboratory 

analysis. 
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1.2 Statement of the Problem 

 

Groundwater pollution with nitrate is a global problem (Exnner and Spadling, 1993) and 

commonly associated with diffuse and point sources .In many parts of the world, groundwater 

is the source of drinking, agricultural, industrial and domestic uses (Mebratu Jano, 2007).The 

possible sources for the enrichment of nitrate could likely be waste disposal in the urbanized 

areas and agricultural activities in rural areas and also the combined effects in some others.  In 

many urban centers both factors may play important role; human activities may be the major 

one.  The nitrate enrichment of many localities in Addis Ababa could arise from different 

sources such as liquid and solid domestic wastes and industrial effluents and to some extent 

agricultural activities. 

 

In Addis Ababa, it was reported in some studies that urban and industrial centers play a role in 

polluting surface and groundwater.  For example little Akaki river receives large part of the 

waste released from the west-central part of the city including the big market center “Merkato” 

and a number of factories including a winery, a brewery, a soft drink factory, a liquor factory, 

several tanneries, a slaughter house, and others. These sources introduce significant organic 

and inorganic pollutants in to the river.  Chemical analysis of surface and shallow groundwater 

samples taken at various points along streams and different springs show that the level of 

unwanted chemical constituents such as nitrate and chromium, for example, are higher than 

the background level due to the in adequacy of controlled waste management strategies and 

waste treatment plants (Mohammed Ali, 2002; Tamiru Alemayehu et. al., 2005; AAEPA, 2005 

and Macha Chamargachew, 2009).  

 

The industries, residential houses and commercial institutions in and around the city are 

seriously polluting the river water by discharging solid and liquid wastes.  More than 55% of the 

residing populations of Addis Ababa do not have appropriate toilet facilities which mean that 

the majority of residents utilize open fields.  On the other hand even those who have toilet 
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facilities, their toilet line is connected to sewer system where it is drained to the river without 

any treatment. 

 

Furthermore, almost all of the industries in Addis Ababa do not have any waste treatment plant 

and drain their wastes to the nearby river. As a result of contributions from the various sources 

indicated earlier the samples analyzed from springs in Addis Ababa contain extremely high 

nitrate concentration as much as 728 mg/l in central part of Addis Ababa which indicates a 

serious pollution risk of nitrate (Solomon Tale, 2000 and Tamiru Alemayehu, 2001). 

 

Although groundwater pollution from heavy metals and bacteriological contamination has been 

reported by some authors like Yesahak Worku et.al.,(1999), Samuel Melaku et.al.,(2004) and 

Molla Demlie et.al., (2006 ),nitrate has been given little importance, particularly the extent, and 

mechanism of nitrate pollution is ignored. So the need to study nitrate as the major pollutant in 

selected water sources is due to the following reasons:- 

 

� The water supply distribution of Addis Ababa has enormous leakage problem.  This 

may lead to mixing of water that comes from reservoirs and wells with the sewerage 

system locally. The study of nitrate will provide important information on this and 

other urban effluents such as pit latrines, septic tanks, public & communal toilets and 

waste disposal sites. 

 

� Nitrate is one of the major contaminants in urban area in different parts of the world 

including agricultural areas where fertilizers are being extensively used.  Nitrate is 

generated from different anthropogenic sources and has enormous health risk, 

especially on infants under the age of six months. Therefore, this study will have very 

important implication in protecting community health. 
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1.3 OBJECTIVES OF THE STUDY 

 

The general objective of the study is to investigate the mechanism and extent of nitrate 

pollution.  

 

  Specific Objectives 

� To measure physico-chemical parameters like, pH , temperature ,total dissolved 

solids, electrical conductivity ,nitrate, nitrite, chloride ,phosphate and generate 

baseline data  

� To understand the extent and mechanism of nitrate pollution  

� To understand possible sources of nitrate pollution 

� To locate spatial distribution of nitrates pollution on map 

 

1.4 Significance of the study 

 
Scientifically the result will provide sub-baseline information on groundwater hydro chemical 

behavior, the extent and mechanisms of nitrate pollution caused by human activities compared 

to the natural background. Knowing the relative contributions of anthropogenic sources will 

help to devise appropriate mitigation measures for future interventions. 

 

1.5 Limitations 

 

In this study it has been tried to see the extent and spatial variation of nitrate pollution in the 

groundwater samples of the study sites. However, due to resource constraints it was not 

possible to collect water samples from all representative locations of Addis Ababa. Due to this 

reason samples were collected only from the most suspected locations in nitrate pollution and 

additional secondary data were incorporated from previous studies. 
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CHAPTER TWO-LITERATURE RIVIEW 
 

2.1 Previous Studies  

 

Some works have been conducted in the study area by different researchers in the last few 

years including studies on the Effect of water hyacinth on the level of dissolved Oxygen in Aba 

Samuel Reservoir (Zeleke Teferi, 1992) and preliminary survey of pollutant load on great Akaki, 

Little Akaki, and Kebena rivers (EPA, 1997) and the degradation of Abo-Kebena River in Addis 

Ababa (Tesfaye Berhe, 1988). Yesahak Worku et.al.1999 also studied the physical, chemical and 

microbiological characteristic of various sources of water in and around Addis Ababa City and 

produced an explicit data on few samples from little Akaki River and has  indicated the pollution 

of the river. 

 

Then Tamiru Alemayehu (2001) studied the impact of uncontrolled waste disposal on the 

surface water quality in Addis Ababa and found out higher than background values for 

pollutants such as Cr and Nitrates and associated it with poor economy and lack of proper 

waste disposal systems. 

 

Berhanu Gizaw (2002) had environmentally investigated the hydrogeology of the Addis Ababa 

city and produced an explicit data on few samples from Tinishu Akaki River and indicated the 

pollution of the river. 

 

Besides, EPA (2002) assessed the pollution status of the great and little Akaki Rivers with the 

objective to investigate the pollution load of Akaki River and its effect on the surrounding 

environment and found that the BOD and Total Coli forms load is high and the DO level is low. 

Moreover, confirmed on the pollution of both rivers and their potential to cause health effects 

on human and animals in addition to their impact on the aquatic life. In addition, it linked some 

industries and residential wastes with TDS values above the recommended limit and also found 

high chloride concentrations in little Akaki river. 

 



9 
 

However, few researches pertaining specifically to Tinishu Akaki River basin have been carried 

out with the objectives of learning about the status, causes and effects of its pollution. In 

addition few studies relate the pollution in the Tinishu Akaki River basin with the contamination 

of groundwater reserves of the vicinity. Thus only the major ones are listed below:  

 

Mohammed Ali (2002) studied industrial pollution and its impact on the little Akaki River and 

show that industrial effluents surpass the Ethiopian provisional industrial effluents discharge 

permit limits. Besides he identified Tanneries as the major polluter industrial sector. And using 

ANOVA (analysis of variance) he also indicated that the river is grossly polluted in all seasons 

and throughout its course. Above all he concluded that river water cannot be used for 

irrigation, drinking, livestock watering and washing. 

 

Tamiru Alemayehu, et.al. (2003) conducted a study on surface and ground water pollution 

status in Addis Ababa. Besides, Samuel Melaku et.al (2004) had simultaneously determined the 

trace elements of Tinishu Akaki River Water samples and found out that out of the eight 

elements analyzed except two (Cr and Mn) all fulfill the surface water quality standard of class 2 

and 4. Thus he concluded that the water can be used for irrigation.  

 

Tenalem Ayenew, 2005.Major ions composition of the groundwater and surface water systems 

and their geological and geochemical controls in the Ethiopian volcanic terrain. Sinet: Ethiopian 

Journal of Science. 28(2):171-188.  

 

Tenalem Ayenew, Tamiru Alemayehu, Dagnachew Legesse, Yirga Tadesse, Solomon Waltenigus 

and Nuri Mohammed (2005) carried out a study on Hydrogeology, Water Quality and the 

degree of Ground water Vulnerability to Pollution in Addis Ababa, Ethiopia 

 

Samuel Melaku et.al (2005) had carried out multi element analysis of Tinishu Akaki River 

sediments and found out that the heavy metals pollution load in the sediments of TAR and its 
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tributaries is alarming. Then he associated this pollution load with untreated domestic, 

municipal and industrial sources. 

 

Then Hussen Endre (2006) studied the hydrogeology of Berga River catchment, West Shewa 

Zone, Oromia Regional State with particular emphasis on water resources potential evaluation 

and cited in his work that the primary purpose of water quality analysis is to determine the 

suitability of water for the intended use and identified the three main classes of uses of water 

as domestic, agricultural and industrial purposes. 

 

Then Molla Demlie et.al (2006) analyzed soils and ground water samples for trace metal 

pollution and witnessed Instances of ground water contamination with Cr and Cd in the 

industrial and highly urbanized centers of the city. And he associated the case with fractures, 

joints and related preferential flow paths. 

 

 Samuel Melaku et.al (2007) evaluated the pollution status of the Tinishu Akaki River and Its 

tributaries using some physicochemical parameters, major ions and nutrients, and provided 

data on the physicochemical parameters: pH, temperature, EC, TDS, BOD, COD, DO, major ions 

and nutrients. They assessed the pollution status of the river by comparing values of the 

parameters with accepted standards and most common natural concentrations (MCNC) and 

found out that certain parameters violate standards. Besides he also shows the increases in 

BOD, Nitrate, Ammonia, Phosphates and the decrease in DO downstream of TAR. And he also 

observed that the average concentrations of the major ions and nutrients surpassing the 

MCNCs and associated the situation with increasing domestic, industrial and agricultural 

activities, Macha Chamargachew (2009) and AAEPA (2005) assessed and reported the status of 

the Akaki River water quality. 

 

Although the above indicated works addressed major issues on pollution states, water quality 

parameters, water quality degradation and surface and groundwater vulnerability to pollution, 

the status of nitrate pollution in water sources in the study area has not been attempted. 
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2.2 Occurrence and hydrochemistry of nitrate 

 

Nitrogen is found in the atmosphere, hydrosphere, and biosphere in the oxidation states 

covering the full range from N
-3

 to N
+5

and most of the earth’s atmosphere is composed of 

nitrogen gas.  The crustal rocks of the earth contain about one fourth of the total nitrogen 

present in the crust, atmosphere, hydrosphere and biosphere and that nearly three fourth is in 

the atmosphere.  The amounts in the hydrosphere and biosphere are much smaller (Hem, 

1992).  Nitrogen is an essential constituent of protein in all-living organisms.  When organic 

material decomposes through bacterial action, the complex proteins change through amino 

acids to ammonia, nitrites, and finally to nitrates (Devis and Dewiest, 1966).  Molecular nitrogen 

from the atmosphere can be transformed in to organic matter by nitrogen-fixing bacteria 

(Rhizobium Species), which live in symbiotic relationship with leguminous plants (clovers, peas, 

beans, etc) in nodules on the plant roots.  Part of nitrogen fixed by these bacteria is taken up by 

the plants themselves.  Upon death and decay of the bacteria and plants, the nitrogen originally 

fixed from the atmosphere is mineralized by soil bacteria in to ammonium which under aerobic 

conditions are converted in to nitrate by nitrifying bacteria.  Several free-living microorganisms 

also have the capability of metabolizing atmospheric nitrogen including the soil bacteria 

Azotobacter and Clostridium, and the blue-green algae that normally live in water.  Death and 

Decay of these organisms add ammonium and nitrate to the soil.  Some of the ammonium and 

nitrate in the soil are absorbed again by plants and microorganisms, and nitrate can be reduced 

to free nitrogen gas by denitrifying bacteria.  The free nitrogen then returns to the atmosphere.  

Both processes are part of the nitrogen cycle (Bouwer, 1978).  The nitrates thus formed are 

commonly in excess of the plant’s needs so a surplus is available for leaching.  Some of the 

nitrates produced may be reached by percolating water and eventually reach the groundwater.  

Nitrate is taken out of natural water only through the activity of organisms or through 

evaporation (Devis and Dewiest, 1966). 
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Fig 1: The Nitrogen cycle 
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1. Organic nitrogen - nitrogen in the form of proteins, amino acids, and urea 

2. Ammonia (NH3) nitrogen - nitrogen as ammonium salts, eg. (NH4)2CO3 or as free ammonia 

3. Nitrite (NO2¯) nitrogen - an intermediate oxidation stage not normally present in large 

amounts. 

4. Nitrate (NO3¯) nitrogen - final oxidation product of nitrogen (Tebbutt, 1998) 

5. Some other forms such as cyanide (CN¯) may occur in water affected by waste disposal. 

The difference in chemical properties among these species is obviously substantial. Ammonium 

cations are strongly absorbed on mineral surfaces. An ionic species such as nitrate are readily 

transported in water and are stable over a considerable range of conditions. The nitrite and 

organic species are unstable in aerated water and are generally considered to be indicators of 

pollution through disposal of sewage or organic waste. The presence of nitrate or ammonium 

might be indicative of such pollution also, but generally the pollution would have occurred at a 

site or time substantially removed from the sampling point. Ammonium and cyanide ions form 

rather strong soluble complexes with some metal ions, and certain types of industrial waste 

effluents may contain such species (Hem, 1992). 

 

According to Tebbutt (1998) the oxidation and reduction of nitrogen in the nitrogen cycle in 

water are as follow: 

 

Organic-N+O2  →   NH3―N + O2    →   NO2―N + O2    →   NO3―N   Nitrification (Oxidation)                  

NO3―N    →   NO2―N   →   NH3 or N2         Denitrification ( Reduction) 

 

In other cases, nitrate originates by conversion of organic nitrogen or ammonium which occurs 

naturally or introduced to the soil by anthropogenic activities. The process of conversion of 

organic-nitrogen to ammonium is known as ammonification. Through the process of 

nitrification ammonium is converted to nitrate. Ammonification and nitrification are processes 

that normally occur above the water table, generally in the soil zone, where organic matter and 

oxygen are abundant. In groundwater that is strongly oxidizing, nitrate is the stable form of 
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dissolved nitrogen. It moves with the groundwater without transformation and little or no 

retardation (Cherry and Freeze, 1979) 

 

Given a source of organic matter and aboundant nitrate the bacterial systems in the soil are 

capable of denitrifying large amounts of nitrate. Denitrification in the groundwater zone, 

however is a process about which little is known. Lack of suitable types or amounts of organic 

matter in the groundwater commonly inhibit the growth of denitrifying bacteria in the 

groundwater zone (Cherry and Freeze, 1979). 

 

2.3 Domestic, agricultural, and industrial water quality related to nitrate 

 
The exact optimum limits of all ions are actually controlled by the age, size, health and length of 

consumption of the individual (Cherry and Freeze, 1979).Besides being chemically safe for 

human consumption; water used in the home should be free from undesirable physical 

properties such as color or turbidity and should have no objectionable taste or odor. 

Mandatory standards for dissolved constituents believed to be harmful to humans are 

established by various countries and/or organizations (Hem, 1992). 

 

The relative concentrations of the different forms of nitrogen give a useful indication of the 

nature of the water. Before the availability of bacteriological analysis the quality of water was 

often assessed by considering the nitrogen content. A water containing high levels of organic 

and ammonia nitrogen with little nitrite and nitrate nitrogen would be considered unsafe 

because of recent pollution. On the other hand, a water containing no organic and ammonia 

nitrogen and some nitrate nitrogen would be considered relatively safe, as nitrification had 

occurred and thus pollution could not have been recent (Tebbutt, 1998). From water quality 

point of view, denitrification in groundwater is a desirable process. Increased concentrations of 

dissolved N2 and N2O are not detrimental to drinking water. In contrast, nitrate at 

concentrations above 45mg/l renders water unfit for consumption by human infants (US EPA, 

1975; Cherry and Freeze, 1979).  
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Table 1: Drinking water standard with respect to nitrate and/or nitrogen compounds 

concentration all in mgL
-1

(After Bouwer, 1978; Tebbutt, 1998) 

Contents US PHS 

1962 

US EPA 

1975 

WHO 

1963 

US NAS 

1972 
D/76/46

4 EEC 

UK 

1989 

WHO 

1963 

WHO    

1984 

AAWSA 

2002 

WHO 

2008 

 

CN¯ 0.01 - 0.2 0.2 0.05 0.05 0.07 - - - 

NH4
+

 0.01 0.05 0.05 0.1 1.5 0.5 - - - - 

NO2¯  - - - 1 - 0.1 3 - - 3 

NO3¯ 45 45 - 45 50 50 50 50 50 50 

  DMAL - MAL - MAC MV GL MAC MAC  GV 

Where WHO = World health organization      EPA = Environmental protection Agency 

NAS = National Academy of science             DMAL = Desirable maximum limit 

MAL = Maximum Allowable                             MAC = Maximum Allowable concentration 

MV = Maximum value                                          GL = Guide Level 

GV = Guideline Value 

 

Good water quality permits maximum yield consistent with proper soil and water management. 

The soil type, cropping and water quality play a role in successful irrigation. Water quality 

problems in irrigation include salinity and toxicity .Excessive salinity occurs when there is an 

accumulation of salts in top soils (Tenalem Ayenew and Tamiru Alemayehu, 2001 cited in 

Hussen Endre, 2006). As far as the concentration of Nitrogen is concerned excess nitrate may 

delay harvest time and adversely affect yield or quality of sugar beets, grapes, citrus, avocados, 

apricots etc (Bouwer, 1978). 

 

                            Table2: Irrigation water Guideline for nitrate concentration (mgL
-1

) 

  Poses no problems  Poses increasing problems     Poses Severe problems 

 as N   as NO3  as N  as NO3  as N  as NO3 

    5  <22.14  5 -30l 22.14 - 132.86  > 30 >132.86  

            Source: Bouwer, 1978 cited in Tamiru Alemayehu, 2001 
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The concentration of nitrate for irrigation water has severe problem above 132.86mgL
-1

 and 

moderate problem at 22.14 mgL
-1

 to132.86mgL
-1

 but poses no problem below 22.14mgL
-1

. 

Industrial water use is quite diverse, and water quality requirements vary greatly for different 

industries and even for different plants with in the same industry. Steam generation, for 

example, requires water that is of sufficient quality to prevent formation of scale or other 

deposits, corrosion, and foaming or priming (Bouwer, 1978). As far as the water quality 

requirements with respect to nitrate is concerned it is less treated in most literatures in which it 

is possible to conclude that nitrate concentration is less problematic in most of the industries. 

However, an upper limit of 10mg mgL
-1

 is set for canned, dried and frozen fruits and vegetables 

by US Federal water pollution administration (Hem, 1992). 

 

2.4 Environmental role and implications of nitrate and nitrite 

 

Nitrate (NO3
-
) is found naturally in the environment and is an important plant nutrient. It is 

present at varying concentrations in all plants and is a part of the nitrogen cycle. Nitrite (NO2
-
) is 

not usually present in significant concentrations except in a reducing environment, since nitrate 

is the most stable oxidation state. It can be formed by the microbial reduction of nitrate. Nitrite 

can also be formed chemically in distribution pipes by Nitrosomonas bacteria during stagnation 

of nitrate-containing and oxygen-poor drinking-water in galvanized steel pipes or if 

chloramination is used to provide a residual disinfectant (WHO, 2008). 

 

The presence of high nitrate levels in drinking water can be dangerous for babies up to the age 

of about six months. Below this age babies do not have the normal bacterial flora in their 

intestines and they are unable to deal with the nitrites produced by reduction of nitrate in the 

stomach. Since gastric juices of such infants lack sufficient acidity, nitrate-reducing bacteria can 

grow in their upper intestinal tracts. When they ingest nitrate, the nitrate can then be reduced 

to nitrite before the nitrate is completely absorbed in the blood stream. This results in 

absorption of nitrite in the bloodstream. The nitrite reacts with the hemoglobin to form 
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methemoglobin, which is ineffective as an oxygen carrier. This produces anoxemia, 

symptomized by a grayish or brownish-blue discoloration of the skin, and can lead to death by 

asphyxia. Older infants and adults can tolerate higher nitrate levels in drinking water and food 

because their stomach pH is too low for nitrate-reducing bacteria (Bouwer, 1978).  

 

Nitrate may also play a role in the production of nitrosamines in the stomach, which are known 

carcinogens. There is also a possibility that ingested nitrate can be reduced to nitrite in the 

adult stomach that leads to the synthesis of carcinogenic (cancer producing) compounds. There 

has been a concern that high nitrate levels in water could be associated with an increased 

incidence of cancer of the gastro-intestinal and urinary tracts. This was considered as a possible 

reason for a higher death rate from gastric cancer in a group of people that had a high nitrate 

level in their drinking water.  

 

Since nitrite is the causative factor in methemoglobinemia, its concentration in drinking water 

should be low, i.e., less than 1 mgL
-1

 as nitrite nitrogen. Ammonium nitrogen is undesirable in 

water for public supplies primarily because of taste and odor. It also reacts with chlorine and 

increases the amount of chlorine necessary to disinfect the water. For these reasons, the 

recommended upper limit for ammonium nitrogen in drinking water is 0.5mgL
-1

(Bouwer, 1978). 

In addition to this, nitrate in lakes, rivers and coastal waters have contributed to high nutrient 

levels leading to the formation of algal blooms and to oxygen depletion (Davis and Dewiest, 

1966). This has serious environmental threats by creating what is known as eutrophication. 

 

In general, the most important source of human exposure to nitrate and nitrite is through 

vegetables (nitrite and nitrate) and through meat in the diet (nitrite is used as a preservative in 

many cured meats). In some circumstances, however, drinking-water can make a significant 

contribution to nitrate and, occasionally, nitrite intake. In the case of bottle-fed infants, 

drinking-water can be the major external source of exposure to nitrate and nitrite (WHO, 2008). 
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CHAPTER THREE: MATERIALS AND METHODS 
 

3.1 Description of the study area  

 

3.1.1 Location  
 
Addis Ababa is located on the shoulder of the western Main Ethiopian Rift escarpment with the 

altitude that ranges from 2100 m.a.s.l to 2700 m.a.s.l which covers an area of about 530 km
2
 

with a population of more than 3 million inhabitants. It has 9.9 to 22.7
0
C and 1205.2 mm 

average monthly minimum and maximum temperature and annual precipitation respectively. 

The climate of the city ranges from temperate to cool temperate (Weina-Dega to Dega). The Big 

and Little Akaki Rivers, with their different tributaries, drain the city's surface runoffs, domestic 

discharges and industrial effluents from North to South (Tamiru Alemayehu et.al 2005). 

                        

                              Figure 2: Location Map of the Study Area 

 

                          Source (Ethio-GIS) 
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3.1.2 Population 

 
Addis Ababa houses over 3 million dwellers currently distributed in 10 administrative sub cities. 

          Figure 3: Population Distribution by sub city 

 

       Source: Micheal Ayalew, 2007. 

 

3.1.3 Rainfall  

Addis Ababa has three distinct seasonal periods with seven main rainy months from March to 

September.  The dry season (Bega) is between the months of October to February, the short 

rain season is between March to May and the big rainy season is between the months of June 

to September (Feven Solomon, 2007). 

Table-3: Mean monthly rainfall (mm) in the three stations of Addis Ababa (1971-2005). 
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Sub city
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F 
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A 

 

M 

 

J 

 

J 

 

  A 

 

S 

 

O 

 

N 

 

D 

Ann  

total 

Akaki Mission 

 

13.7 43.1 60.0 95.1 66.5 128.8 271.1 303.8 140.9 23.9 4.3 3.4 1154.7 

 

AA Observt. 

 

17.2 43.2 65.0 93.7 86.4 128.9 257.9 279.7 176.5 38.9 8.4 8.8 1205.2 

 

Bole station 

 

15.4 40.1 68.7 92.8 79.5 116.6 234.8 244.1 150.3 34.3 10.1 4.5 1091.3 
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From 35 years data the heaviest amounts of rain fall occur in the month of August, while the 

minimum amounts of rain fall occur in December at Addis Ababa and Akaki mission stations and 

in November at Addis Ababa observatory (Tamiru Alemayehu et. al. 2005). 

 

             Figure 4: Mean monthly rainfall (mm) at Addis Ababa Observatory (1971-2005) 

 

                  (Source: NMSA, 1971-2005 as cited in Micheal Ayalew, 2007) 

  3.1.4 Temperature  

The monthly mean maximum and minimum temperature records of Addis Ababa observatory 

between1958-2005 were used to calculate the representative monthly and annual average 

temperature.  

      Table 4: Mean monthly minimum and maximum temperature at Addis Ababa (
O
C) 
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                 Figure 5: Maximum and Minimum monthly Temperature (
O
C) 

 
The highest monthly maximum temperature occurs in the months of March (24.56

 O
C) and the 

lowest in the month of August (20.07
O
C). The lowest mean monthly minimum temperature is 

7.47
O
C in December and the highest is 11.66 

O
C in the month of March. The Average 

temperature of Addis Ababa (47 years data 1958 – 2005) is 16.02
 O

C (Micheal Ayalew, 2007). 

 

3.1.5 Land use, Drainage, Hydrogeology and Groundwater flow 

 
Most of the upper part of the study area is occupied by settlement, mixed land use practices 

and planted trees (Eucalyptus) in the up hills of the Entoto ridge whereas the southern part is 

dominated by non-irrigated agriculture.  Most industries are concentrated along little and Big 

Akaki Rivers, which offer prospect for their effluents to get easily in to the rivers and end up in 

to the Aba Samuel reservoir (the confluence of Big and Little Akaki Rivers). Both Big Akaki River 

basin with catchments area of 900Km
2 

and Little Akaki River with catchments area of 540 Km
2 

with their tributaries drain the city of Addis Ababa from North to South (Feven Solomon, 2007). 

 

The groundwater circulation and the dispersion of pollutants depend on the hydrogeological 

characteristics of the material such as porosity, permeability, transitivity, etc.  The origin, flow 

and chemical constituents of groundwater are controlled by the type of lithology, distribution, 
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thickness and structure of hydrostratigraphical units through which it moves. Therefore, to 

identify the path way and final destination of pollutants it is necessary to describe the earth 

materials with a particular reference to their infiltration capacity.  Volcanic rocks mainly basalts, 

rhyoiltes, trachytes, scoria, trachy-basalts, welded and unwelded tuffs are the dominant rocks 

and the major groundwater reservoirs that supply for large parts of Addis Ababa (Tamiru 

Alemayehu et.al. 2005).  

 

Theses rocks are characterized by fractures porosity and interstitial porosity and the main 

aquifers in the study area can be categorized in to three groups: 

� Shallow aquifers: made of weathered volcanic rocks and alluvial sediments 

along the river courses. 

� Deep aquifers: made of fractured volcanic rocks that tap fresh groundwater. 

� Thermal aquifers: those are located at depths greater than 300m. 

Fracture Porosity - high water storage and transmitting capacity of basaltic lava flows is due to 

joints caused by cooling, the presence of lava tubes, vesicles that are interconnected, tree 

moulds, fractures caused by buckling of partly congealed lava and voids left between successive 

flows.  Old porphyritic basaltic lava flows dominantly cover the slopes of Entoto, and the central 

and western parts of Addis Ababa 

The permeability becomes high in the area where welded tuffs are widely distributed in the 

northern, central and eastern part of the study area. The strongly welded tuff is mainly exposed 

in the central and western parts of the study area, while, the young welded tuff varieties cover 

an extensive area in the central and southern parts of Addis Ababa. Welded tuffs have medium 

to low primary porosity and very low permeability (Tamiru Alemayehu et.al. 2005). 

 

Intergranular Porosity - the study area is mainly associated with the volcanic activity and/or 

weathering and erosion processes.  The primary porosity and permeability in alluvial sediments 

result from voids between the grains and the magnitude in turn depends on the size, shape, 

sorting and packing of grains. Loose pyroclastic materials derived from different volcanic 

centers make up intergranular porosity. The most important characteristic features governing 
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the groundwater movement and accumulation in the unconsolidated pyroclastic materials are 

related to fragment size, sorting and degree of cementation. The two major faults i.e. the East-

West running fault at Entoto and Northeast-Southwest oriented Filwoha fault changes the 

topography of Addis Ababa and it's surrounding significantly. The occurrence of many springs at 

the foot of Entoto ridge and thermal water along the Filwoha area indicates the favorable 

nature of these faults. Moreover, during faulting associated fractures and fissures developed on 

different lithology modify the hydrogeological characteristics of the rock units affected by the 

fault (Tamiru Alemayehuet.al.2005). 

 

Groundwater flow - the groundwater movement direction is dominated by North-South and 

East-West flow. In some localities, however, the ground water flow direction changes, mostly 

towards the nearby streams. In general, the ground water movement is sub-parallel to the 

surface water flow direction and more or less controlled by the topography of the area (Tamiru 

Alemayehu et.al, 2005). 

 

3.2 Methodology  

 

3.2.1 Collection of Water Quality Data      
 

Relevant secondary physicochemical data including attribute tables and maps of wells and 

springs have been collected and studied from concerned organizations. Literature review 

including published and unpublished reports on water quality data of hydrochemistry, 

hydrochemical, hydrogeological and other relevant topics concerning the study sites have been 

revised from previous works.  

 

3.2.2 Identification of water sampling sites 

Sampling sites were selected from three spatial domains (up-, mid-and downstream) of the 

study sites (Fig.6 & Fig.11). 

i. Upstream (Entoto Mariam Spring, Quesquam Mariam Spring, Ferensay Abo Spring and 

Sansuzi Well). 
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ii. Midstream (central part) of the study area which is highly populated, slummy area and the 

most suspected areas with the risk of nitrate pollution (Tsebay Maremiya Well, Lideta Spring, 

Africa Hotel Well, Coca Cola Well, Anwar Mosque Well, Urael Well, Mekanisa Abo Spring, Ras 

Hotel Well and Ras Mekonen Spring). 

iii. Downstream of the study area like Saris Abunearegawi spring to observe the extent of 

nitrate pollution. 

                        Figure 6: Location Map of Primary Sampling Points 

        

Table-5: The above listed are representations of location of primary water data points 

              Number Locality of Sampling Point Sample ID 

1 Tsebay Maremiya well(W1) W1 

2 Africa Hotel well(W2) W2 

3 Urael well(W3) W3 

4 Anwar Mosque well(W4) W4 

5 Coca Cola well(W5) W5 

6 Ras Hotel well (W6) W6 

7 Sansuzi well(W7) W7 

8 Lideta Spring(S1) S1 

9 Saris Abo Abunearegawi spring (S2) S2 

10 Ras Mekonen spring (S3) S3 

11 Entoto Mariam spring(S4) S4 

12 Quesquam spring (S5) S5 

13 Mekanisa Abo spring (S6) S6 

14 Ferensay Abo spring (S7) S7 



25 
 

3.2.3 Collection of Water samples  

 

After setting the relevant objectives and identifying sampling sites proper field planning has 

been conducted for taking water samples. Grab water samples were collected from springs and 

wells twice per site during short rainy season in two weeks time. All samples were collected 

with a 1.5L polyethylene plastic bottles each of which were washed with deionized water at the 

Addis Ababa University Environmental Science Program laboratory and rinsed twice with the 

sample itself at the time of sampling. 

 

3.2.4 In-situ measurements of some water quality variables 

 

Electrical conductivity (EC) , Total dissolved solids(TDS), Temperature and pH of water samples 

were measured in-situ with HANNA pH/EC/TDS instrument after the pH is calibrated with two 

buffer solutions of pH 4.01 and pH 7.01 in Addis Ababa University Environmental Science 

Program  laboratory. Coordinates (X, Y) and altitudes (m.a.s.l) of sampling points have been 

measured with Garmin-12 channel GPS (Global Positioning System). 

 

3.2.5 Laboratory analysis of water samples 

 
Samples analyses have been conducted in AAWSA Laboratory with full facilitation of equipment 

and chemicals. A standard method for the examination of water and waste water (APHA, 2005), 

21
st 

edition is used. This method is adopted and being used by AAWSA. Analysis of nitrate, 

nitrite and phosphate were conducted with UV- Spectrophotometer HACH-DR 4000. Chloride 

has been determined by mercuric nitrate method. A 0.0141N mercuric nitrate was filled in a 

burette as titrant and 100ml sample was taken in a 250ml conical flask.  The sample was 

titrated after addition of a diphenylcarbazone indicator till a purple complex end point 

appeared. By taking the volume reading of titration, Cl
- 
has been determined as follows:            
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                  Calculation:   Cl
-
 (mg/l)    =    (A – B) x N x 35450 

                                                               Ml sample 

                              Where          A = ml titration for sample 

                                                    B = ml titration for blank 

                                                    N = Normality of (Hg NO3)2 

                                                         Ml = Milli litre and 35,450 = millieqivalent of Cl
-
 ion 

3.2.6 Statistical data analysis 

 

Data were analyzed using Microsoft-Excel Spreadsheets and SPSS software package, version 

13.0. Pearson’s (2-tailed) paired samples correlation table of physico-chemical parameters was 

used to compare statistically significant parameters at 0.01 or 99% level (Table-11) and Fig 10). 

 

Table 6:  Methods used for water Physico-chemical data analysis 

Water physico-chemical parameters Method of measurement/ analysis                         

PH In-situ measured using Hanna instrument, pH/EC/TDS  meter 

Water temperature In-situ measured using Hanna instrument,pH/EC/TDS  meter 

Electrical Conductivity(EC) In-situ measured using Hanna instrument,pH/EC/TDS  meter 

Total Dissolved Solids(TDS) In-situ measured using Hanna instrument,pH/EC/TDS  meter 

Nitrate (NO3
-
)
        

 

Cadmium reduction method, Nita Ver 6 Reagent power 

Pillows (UV- Spectrophotometer, HACH-DR 4000) 

Nitrite (NO2
-
) 

Diazotization method, Nitri Ver 3 Reagent power Pillows  

(UV- Spectrophotometer, HACH-DR 4000) 

Phosphate(PO4
3-

) 

Ascorbic acid method, Phospher 3 Reagent power Pillows  

(UV- Spectrophotometer, HACH-DR 4000 ) 

Chloride(Cl
-
) 

Mercuric nitrate standard method(titrating by Mercuric 

nitrate using diphenylcarbazone as indicator) 

Altitude(m.a.s.l) In-situ measured using Garmin-12 channel GPS  

X-coord(E) In-situ measured using Garmin-12 channel GPS 

Y-coord(N) In-situ measured using Garmin-12 channel GPS 
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CHAPTER FOUR: RESULTS AND DISCUSSIONS 

 

4.1 Measured Physico-chemical Parameters  

 
 
In Table 7 and 8 the analyzed average physico-chemical parameters of the investigated study 

sites are presented. The mean ,standard deviation, minimum, maximum, and range values of 

the water physical and chemical analysis for electrical conductivity (EC ,μscm
-1

),total dissolved 

solids (TDS, mg L
-1

), pH(Log units) , temperature(O
 C), Nitrite(NO2

-
 ,mg L

-1
), Nitrate(NO3

-
 ,mg L

-1
), 

Chloride(Cl
-
 ,mg L

-1
) and Phosphate(PO4

3-
 ,mg L

-1
) is presented in Table 9.  

 

Table 7: Mean values of in-situ measured water quality parameters of samples
   

 

Sample ID 

 

Locality 

 

Easting 

 

Northing 

 

Elva. 

m.a.s.l 

 

PH 

Log units 

 

Temp 
0
C 

 

EC 

µs/cm 

 

TDS 

mgL
-1

 

W1 Tsebay Maremiya well 471108 995450 2316 6.84 22 693 407 

W2 Africa Hotel well 471940 996208 2365 6.98 21.4 895 526 

W3 Urael well 475405 995881 2290 6.54 19 135 92 

W4 Anwar well 471420 998261 2418 6.12 22.6 955 649 

W5 Coca cola well 469965 996387 2356 6.22 21.6 973 660 

W6 Ras Hotel well 472680 996211 2342 5.85 20.1 847 575 

W7 Sansuzi well 465794 1002766 2580 7.6 23 235 111 

S1 Lideta spring 470699 995098 2323 6.75 21.6 935 634 

S2 Saris Abune Aregawi sp. 474757 988708 2183 6.24 19.4 1785 1217 

S3 Ras Mekonen spring 473178 999106 2455 5.58 18.8 785 536 

S4 Entoto M. spring 474469 1004695 2880 5.5 15.5 94 63 

S5 Quesquam spring 473309 1004161 2748 6.62 18 117 80 

S6 Mekanisa Abo spring 469713 992603 2255 6.5 19 591 401 

S7 Ferensay Abo spring 476185 1000643 2580 5.8 14 112 76 
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Table 8: Mean concentration of analyzed chemical parameters of water samples 

Sample ID Locality Easting Northing Elva. 

m.a.s.l 

NO2
- 

mgL
-1

 

NO3
- 

mgL
-1

 

Cl
- 

mgL
-1

 

PO4
3- 

mgL
-1

 

W1 Tsebay Maremiya well     471108  995450    2316  0.0019    95.2      60.25    0.454 

W2 Africa Hotel well 471940 996208 2365 0.0071 79.7 67 0.815 

W3 Urael well 475405 995881 2290 0.0031 4.87 7 0.216 

W4 Anwar well 471420 998261 2418 0.1786 88.57 112 0.289 

W5 Coca cola well 469965 996387 2356 0.001 101.86 75.5 0.456 

W6 Ras Hotel well 472680 996211 2342 0.0004 57.57 42.5 0.625 

W7 Sansuzi well 465794 1002766 2580 0.01 0.1 9 0.596 

S1 Lideta spring 470699 995098 2323 0.01 71.96 100.25 0.473 

S2 Saris Abo spring 474757 988708 2183 0.0163 59.79 205 0.612 

S3 Ras Mekonen spring 473178 999106 2455 0.1956 97.43 71 0.45 

S4 Entoto M.spring 474469 1004695 2880 0.0011 6.643 0.5 0.278 

S5 Quesquam spring 473309 1004161 2748 0.0035 2.66 7.5 0.076 

S6 Mekanisa Abo spring 469713 992603 2255 0.0014 60 80 0.336 

S7 Ferensay Abo spring 476185 1000643 2580 0.0097 2.21 7.5 0.14 

 

 

Table9: Physico-chemical analysis results of water samples with minimum, range, maximum, 

mean values and standard deviations for the fourteen study sites. 

Parameters Units Range Min Max Mean+ Std. Dev. 

pH Log units 2.1 5.50 7.6 6.37 + 0.58 

Temperature O
  C 9.0 14.00 23 19.71 + 2.63 

Electrical Conductivity(EC) μscm-1 1691 94.00 1785 653.71 + 481.11 

Total Dissolved Solids(TDS) mg -1 1154 63.00 1217 430.50 + 328.54 

Nitrite(NO2
-) mgL-1 0.1952 0.0004 0.1956 0.03 + 0.01 

Nitrate(NO3
-) mgL-1 101.85 0.01 101.86 52.03+ 40.16 

Chloride(Cl-) mgL-1 204.5 0.50 205 60.36 + 56.11 

Phosphate(PO4
3-) mgL-1 0.739 0.076 0.815 0.42 + 0.21 
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Concentration of Nitrite (NO2
-) 

 
Nitrite was determined in the low range detection limit of up to 0.40 mg L

-1
. The result showed 

that the average nitrite concentration (Table 8) for all sampled waters at all sampling sites was 

below the detection limit (<0.40mg L
-1

) i.e., in the range between 0.0004 to 0.1956mg L
-1

 .The 

mean value and standard deviation from statistical analysis  is 0.03 + 0.01 (Table-9) with the 

maximum nitrite concentration close to 0.2mgL
-1

 in few samples like Anwar Mosque well 

(0.1786 mg L
-1

) and Ras Mekonen spring (0.1956 mg L
-1

) which had higher nitrite 

concentrations. The analysis result showed that all samples have nitrite below the permissible 

limit of 3mg L
-1

 (WHO, 1984 & 2008) and 7.52mg L
-1

 (MoWR). Therefore, the result suggests 

that nitrite in polluted waters of the selected sites presents with insignificant concentrations 

due to little or no microbial reduction of nitrate. The lower concentration of nitrite could 

suggest that it is unstable and found converted to nitrate in a higher concentration because 

nitrate in groundwater is in the most stable oxidation state. 

 

Concentration of Nitrate (NO3
-)   

 
Nitrate was determined in the low range detection limit of up to 0.40 mg L

-1
. Dilution factors 

were used for some of the samples which have NO3
-
 concentrations over the range of the 

detection limit of the instrument, UV - Spectrophotometer HACH-DR 4000. Unlike NO2
-
, the 

average concentration of NO3
-
 (Table 8) was detected in all the samples and covers a wide 

range (0.1 - 101.86 mg L
-1

) and the mean concentration and standard deviation (Table9) was 

52.03 + 40.16. Out of the sampled waters from springs and wells nine sites are polluted and 

contain nitrate values above the drinking water guideline or limit > 50 mg L
-1

NO3
-
 (WHO, 1984 & 

2008 and AAWSA, 2002) and wells are observed more polluted than springs. 

The maximum concentration was for a sample taken at Coca Cola well (101.86 mg L
-1

) and those 

sampled waters having a NO3
-
 concentration between 50 mg L

-1
and 100 mg L

-1
in decreasing 

order are taken from Ras Mekonen spring ( 97.43 mg L
-1

) , Tsebay Maremiya well ( 95.2 mg L
-1

), 

Anwar Mosque well (88.57 mg L
-1

), Africa Hotel well(79.7 mg L
-1

l), Lideta spring (71.98 mg L
-1

), 
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Mekanisa Abo spring (60 mg L
-1

), Abunearegawi spring (59.79 mg L
-1

) and Ras Hotel well ( 57.57 

mg L
-1

) respectively.  

 

The result of chemical analysis showed  that the samples from the upper part of the study area 

including both springs and wells have concentration (Table 8) that do not exceed the drinking 

water guideline or standard of 50 mg L
-1

 NO3
-
 (WHO,1984 and AAWSA,2002). For example 

analyzed water Samples from Entoto Mariam spring (NO3
-
 = 6.643 mg L

-1
), Sansuzi well (NO3

-
 = 

0.1 mg L
-1

), Quesquam spring (NO3
-
 = 2.66 mg L

-1
) and Ferensay Abo spring (NO3

-
 = 2.21 mg L

-1
) 

have nitrate concentrations in the range of (0.1 to 6.643 mg L
-1

NO3
-
) which falls below the 

drinking water guideline value and even the natural condition (10 mg L
-1

NO3
-
). Therefore, based 

on the result obtained so far the water quality in the upper sites of the study area is good for 

the time being from nitrate pollution point of view. 

 

     Figure 7: Spatial distribution of nitrate in water sources 
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As seen from the analyzed data (Table 8) concentration of nitrate was seen highly polluted for 

sample taken mostly in the center of the study area like Coca Cola well (101.86 mg L
-1

), Ras 

Mekonen spring  ( 97.43 mg L
-1

) ,Tsebay Maremiya well(95.2 mg L
-1

),Anwar Mosque well (88.57 

mg L
-1

), Africa Hotel well(79.7 mg L
-1

), Lideta spring (71.98 mg L
-1

) , Mekanisa Abo spring (60 mg 

L
-1

) , Ras Hotel well ( 57.57 mg L
-1

) and from lower part of the study area such as Abunearegawi 

spring (59.79 mg L
-1

). The nitrate concentrations at these sites are higher than the guideline or 

standard value of 50 mg L
-1

 NO3 mg L
-1

 set by WHO, 1984 and AAWSA, 2002 for drinking water. 

In general the overall nitrate levels observed in the investigated sites were fairly seen as low 

concentrated for samples taken from the upper sites and higher for those taken from the 

central sites and few sites from lower part in the selected water sources of the study area. 

Therefore, water samples taken from the aforementioned sites are unsafe and of poor quality 

for drinking use from nitrate points of view. As these results suggest, the possible sources of 

NO2
-
 and NO3

-
 contamination in drinking water could be infiltration from surface runoff; 

seepage from septic tanks, pit latrines, public and communal toilets and leakage from defected 

sewerage lines.  

 

Based on the WHO, 2008, recommendations when NO3
-
 and NO2

-
 occur simultaneously in 

drinking-water the sum of the ratios of the concentration (C) of each ion to its guideline value 

(GV) should not exceed one to be safe from nitrate pollution point of view i.e.,     

 

C/GVnitrite + C/GV nitrate     <   1 

Where: GVnitrite =3mg/l, GV nitrate =50mg/l, C=concentration (mg/l) 

                                                                                                     

Based on the calculated value of simultaneously occurring nitrite and nitrate concentrations of 

samples taken from Urael well, Sansuzi well, Entoto M.spring, Quesquam spring and Ferensay 

Abo spring meet the acceptable concentrations but the rest sampling sites are polluted and do 

not meet the Guideline value for nitrate in drinking water. 

 

 



32 
 

Table-10: Calculated value of nitrite & nitrate(C in mgL
-1

) 

    Sampling sites C.Nitrite C.Nitrate       C/GVnitrite + C/GV nitrate    

Tsebay Maremiya well 0.0019 95.20 1.904 unsafe 

Africa Hotel well 0.0071 79.70 1.594 unsafe 

Urael well 0.0031 4.87 0.097 safe 

Anwar well 0.1786 88.57 1.773 unsafe 

Coca cola well 0.001 101.86 2.04 unsafe 

Ras Hotel well 0.0004 57.57 1.15 unsafe 

Sansuzi well 0.010 0.100 0.002 safe 

Lideta spring 0.010 71.96 1.44 unsafe 

Saris Abo spring 0.0163 59.79 1.20 unsafe 

Ras Mekonen spring 0.1956 97.43 1.95 unsafe 

Entoto M.spring 0.0011 6.643 0.13 safe 

Quesquam spring 0.0035 2.66 0.05 safe 

Mekanisa Abo spring 0.0014 60.00 1.20 unsafe 

Ferensay Abo spring 0.0097 2.21 0.04 safe 

 

Concentration of Chloride (Cl
-
) 

Chloride was detected in all samples (Table 8) by mercuric nitrate method and the average 

concentration obtained covers a wide range (0.5 to 205 mg/l) with a mean concentration and 

standard deviation (Table 9) of 60.36 + 15.00. From 14 sampling sites the highest concentration 

was found for sampled waters at Saris Abunearegawi spring (205 mg/l), Anwar Mosque well 

(112 mg/l) and Lideta spring (100.25 mg/l). Sampled waters having Chloride concentration 

between 50 and 100 mg/l in decreasing order are at Mekanisa Abo spring (80mg/l), Coca Cola 

well (75.5mg/l), Ras Mekonen spring (71mg/l), Africa Hotel well (67mg/l) and Tsebay Maremiya 

well (60.25mg/l).The analysis of water samples of the study area (Table 8) showed chloride 

concentrations in the range 0.5 to 205mg/l Cl
- 

and falls within the drinking water guidelines 

value of 250 mg/l according to WHO,1984 recommendations and  AAWSA, 2002 standard . 

 

Previous studies showed that the occurrence of chloride ion in natural water of the study area 

is fairly low in concentration, usually less than 100mg/l, except the Filwoha area thermal waters 

which are brackish or saline. The studies on waters of the study area also described that the 

water type is predominantly bicarbonate type with Cl
-
 < 100mg/l. Therefore, the results suggest 
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that waters of the study area in the selected water sources meet the guideline from chloride 

concentrations points of view because the maximum value of Cl
-
 falls below the maximum 

permissible guideline value of 250mg/l (WHO, 1984 and AAWSA, 2002) for drinking use. High 

chloride concentrations in excess of about 250 mg/litre can give rise to detectable salty taste to 

water and beverages.  

 

In the first edition of the WHO Guidelines for Drinking-water Quality, published in 1984, a 

guideline value of 250 mg/litre was established for chloride, based on taste considerations but 

no health-based guideline value for chloride in drinking-water was proposed in the 1993 

Guidelines, although it was confirmed that chloride concentrations in excess of about 250 

mg/litre can give rise to detectable taste in water. 

      

     Figure 8: Spatial distribution of chloride in water sources. 
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Therefore, the study result showed that even the maximum concentrations for Cl
- 
observed at 

Lideta spring, Anwar Mosque well, and Abunearegawi spring did not exceed the guideline value 

of 250mg/l for drinking water. Some previous studies conducted by AAWSA, 1999 & 2000 also 

support that the water source is predominantly bicarbonate type with Cl
-
 < 100mg/l. So this 

study result holds true that sampling sites which have Cl
-
 > 100mg/l are polluted which could be 

due to overflowing and seepages from pit latrines, septic tanks, public and communal toilets, 

infiltration of industrial discharges from upstream areas and treatment processes where 

Chlorine is used for disinfection can also increase Chloride concentration in groundwater like 

Tsebay Maremiya well. 

 

Concentration of Phosphate (PO4
3-) 

 
Phosphate was determined in the low range detection limit of up to 2.50mg/l (Table 8). In this 

study the average phosphate concentration was detected in the samples analyzed and covers 

the range 0.076 to 0.815mg/l with a mean concentration and standard deviation (Table 9) of 

0.42 + 0.06. According to WHO, 1984, the maximum allowable concentration of phosphate in 

drinking water is 0.54mg/l. Out of the analyzed water samples 28.6% (4 out of 14) sites like 

Africa Hotel well (0.815 mg/l), Ras Hotel well (0.625 mg/l), Abunearegawi spring (0.612 mg/l) 

and Sansuzi well (0.596 mg/l) contain phosphate concentration very slightly above the guideline 

whereas phosphate concentrations for 71.4% (10 out of 14) sites fall within the drinking water 

guideline. The occurrence of slightly higher concentration of phosphate in the 4 sites might be 

due to infiltration of phosphate detergents from the nearby household washing and cleaning 

activities and downward infiltration of fertilizers from upstream sites of the study area. 

 

Water Temperature 

 
The temperature of sampled waters from wells and springs were found between the ranges     

14
 0

C ― 23
0
C (Table 7 & Fig.9) with mean value of 19.71 + 2.63 (Table- 9). The highest value was 

at Sansuzi well (23
 o

c) and the minimum value at Ferensay Abo spring (14
o
c). The average 

Temperature values showed some spatial variation across all the study sites showing a 
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difference of about 3.08 to 0.66 
0
C between the lower and upper limits of the annual 

temperature of the study area (Table 4). Previous studies showed that the cold waters of the 

study area have a convenient temperature range of 10―25
0
C whereas the thermal waters like 

Filwoha area have much higher temperature range of 30―80
0
C. Therefore, the study result 

suggests that waters from wells and springs in the study area have values close to this 

convenient temperature.   

 

 

 

 

                             Figure 8: Spatial Variations in Temperature of water samples 

          Figure 9: Spatial Variations in temperature of analyzed water samples  

 

The result suggests that water samples from wells have higher temperature values than from 

springs. On the other hand, the mean water temperature value of all samples obtained is      

19.71 + 2.63, for samples from springs is around 18
0
C and for samples from wells around 21.4

0
C.  

 

pH of Water  

 
pH (the measure of acidity or alkalinity) is used for a quick evaluation of water quality. It is an 

important variable in water quality assessment as it influences many biological and chemical 

processes within the water body (Chapman, 1996 as cited in Israel Deneke, 2007). 
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 In this study the pH of sampled waters from wells and springs were found between the ranges 

5.5―7.6 log units (Table 7 & Fig.10) with a mean and standard deviation values of 6.37 + 0.58 

(Table- 9). The maximum and minimum values were 7.6 and 5.5 log units detected at Sansuzi 

well and Entoto Mariam spring respectively. The average pH values showed some spatial 

variation across all the study sites showing a difference of about 0.29 to 0.65 log units between 

the lower and upper limits of the mean & average values.  

 

                        

Figure 10: Spatial Variations in pH of analyzed water samples for wells and springs 

The pH values at 7 sites (50% of sampled waters) like Entoto Mariam spring, Ras Mekonen 

spring, Ferensay Abo spring, Ras Hotel well, Abune Aregawi spring, Coca Cola well and Anwar 

Mosque well deviated from the guideline towards an acidic medium of pH<6.5 which cover the 

range b/n 5.5―6.24 log units whereas the rest 7 sites (50% of sampled waters) fall within the 

guideline value b/n 6.5―8.5 log units for drinking water (Fig. 8). According to Hem (1970) 

groundwater pH should be measured immediately at the time of sampling otherwise CO2 will 
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level of neutrality (pH <7) in 13 sites could be explained due to the presence of carbonates that 

release carbon dioxide (CO2) which should in turn decrease the pH (increase acidity) of water. 

In general, the pH of 50% of the samples (7 out of 14) falls within the acceptable limit of 

drinking water guideline value. 

                

Electrical Conductivity (EC) 

Electrical conductivity (EC) provides a measure of the total dissolved solids (TDS). The rises 

and/or falls of electrical conductivity are attributed to the dissolved solids in water .Therefore; 

the total dissolved solids are directly related to the electrical conductivity (Hayal Desta, 2006).  

 

 

                                   Figure 11: Spatial Variation in EC of analyzed water samples 
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all sites (Fig.9) except Abunearegawi spring have values that meet the acceptable limit of the 

Guidelines(EC and TDS<1000 µs/cm). Urael well, Sansuzi well, Ferensay Abo spring, Quesquam 

Mariam spring and Entoto Mariam spring have low EC vales<250 µs/cm where as the rest have 

EC values > 590 µs/cm. 

 

Studies conducted by AWWSA, 2002, characterized and identified the waters of the study area 

as fresh waters with TDS <1000 mg/l and suitable for consumption except the Filwoha area 

thermal waters to the contrary considered as brackish with TDS > 1000mg/l.  

 

The higher conductivity seen of at Abune Aregawi spring compared to the rest sampling sites 

might be due to downward infiltration of industrial effluents and surface runoff, seeping of pit 

latrines and public & communal toilets. Water with extremely low concentrations of TDS may 

also be unacceptable because of its flat, insipid taste 

 

 4.2 Relationships b/n nitrate and other variables  

 

Table 11: Pearson's paired samples correlation of physico-chemical parameters (Data in annex-2) 

  

  
pH T EC TDS NO2

- NO3
- Cl

-
  PO4

3- 

R Sig R sig R sig R sig R sig R sig R sig R sig 

pH 
- - 0.069 0.521 0.075 0.486 0.151 0.161 -0.02 0.886 -0.045 0.665 0.039 0.715 0.162 

  

0.128 

T 
o.o69 0.051 - - 0.507** 0 0.895** 0 -0.03 0.764 -0.169 0.112 0.067 0.531 

-

0.145 

  

0.177 

EC 
0.075 0.086 0.507** 0 - - 0.514** 0 -0.01 0.898 -0.057 0.597 0.095 0.376 

-

0.024 

  

0.824 

TDS 
0.151 0.161 0.895** 0 0.514** 0 - - 0.001 0.99 -0.04 0.707 0.278** 0.008 -0.1 

  

0.535 

NO2
-
 -

0.015 0.886 -0.032 0.764 -0.014 0.898 0.001 0.99 - - 0.106 0.323 0.134 0.211 

-

0.008 

  

0.938 

NO3
-
 -

0.045 0.665 -0.169 0.112 -0.057 0.597 -0.04 0.707 0.106 0.323 - - 0.795** 0 0.175 

  

0.101 

Cl
-
 

0.039 0.715 0.067 0.531 0.095 0.376 0.278** 0.008 0.134 0.211 0.795** 0 - - 0.129 

  

0.228 

 

PO4
3-

 0.162 0.128 -0.145 0.177 -0.024 0.824 -0.1 0.535 -0.01 0.938 0.175 0.101 0.129 0.228 -  - 

Key: R=correlation coefficient, Sig= significance, ** = correlation is significant at 0.01 level (99%) 
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                                Fig. 12: Relationship b/n.NO3
-
 and Cl

-
   (Data in annex - 8) 

 

As shown in (Table-11), positive correlation is observed between NO3
-
 and Cl

- 
with R value of 

0.795 and significant at 0.01 level or 99% confidence level whereas correlations between NO3
-
 

& other parameters is random and very poor. The result showed that the positive correlation 
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-
 and Cl

-  
with a

 
degree of correlation, R

2 
= 0.6288, as shown in (Fig.12) suggests 

indirectly that the pollution for both NO3
-
 and Cl

- 
could be from the same sources like seepage 

of pit latrines, septic tanks, public and communal toilets  and infiltration from industrial 

effluents.  

 

Positive correlation was also observed between TDS vs Cl
-
 which is significant at 0.01 level and 
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-
 and Cl

-
 with increasing EC were also observed in some 

samples from wells and springs(Tables 8 &11) in polluted water sources like Lideta spring, 

Anwar Mosque well, Saris Abo Abunearegawi spring, Tsebay Maremiya well, Coca cola well, 

Africa Hotel well, Ras Mekonen spring, Ras Hotel well, and Mekanisa Abo spring of the study 

with Cl
-
 >100mg/l and NO3

-
 > 50mg/l .The result suggested that polluted groundwaters from 

springs and wells retain moderate values (591-1785 µs/cm) with particular example of analyzed 
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samples from Anwar Mosque well (955 µs/cm) in highly populated area close to the big market 

“Merkato”, Coca Cola well (973 µs/cm) nearby the polluted little Akaki River and Abunearegawi 

spring (1785 µs/cm). 

                                                                                       

On the other hand , springs and wells from the upstream of the study area have very low 

electrical conductivity roughly (<200 µs/cm) as seen at Entoto Mariam spring (94 

s/cm),Quesquam spring (117 µs/cm), Ferensay Abo spring (112 µs/cm) ,Sansuzi well (117 

µs/cm) and Urael well from midstream(135 µs/cm).  

 
 

4.3 Spatial distribution and extent of nitrates  

 
Presented in Fig. 11-14 below are the spatial distributions of nitrate pollution in water sources 

(wells and springs) of the study area including primary and secondary water data points. Nitrate 

concentrations range and rating value are given as follows (Tamiru Alemayehu et.al. 2005). 

 

                              Table12: Rating value for nitrate concentration. 

NO3
-(mgL-1) Rating value 

                  <  25                Low 

25 - 50 Moderate 

50 -100                High 

>  100 Very high 

 

The nitrate pollution from water sources that are given low, moderate, high and very high 

priority rating values are characterized to assess the risk of potential contamination load of 

nitrate to groundwater (springs and wells) distributed spatially in the study area . Hence rating 

classifies from low to very high contamination risk area based on the need of information and 

the type of possible sources of pollutants that can be assessed in the study. 
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The distribution map of water sources (Fig.13) below showed high and very high nitrate 

pollution (>50mgL
-1

) in the central part of the study sites like for example Coca Cola well, 

Tsebay Maremiya well, Africa Hotel well ,Ras Hotel well, Lideta spring, Mekanisa Abo spring, 

Anwar Mosque well, Ras Mekonen spring  and Abune Aregawi spring  whereas  some localities 

in the center and the outskirts of the Eastern, Southern, Western and Northern parts of the city 

had from moderate to low concentration of nitrate(<50 mgL
-1

) .  

 

Fig.13: Nitrate distribution map from water sources 
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For nitrate distribution map from springs (Fig.14) below around twenty three primary and 

secondary data were considered and the study result revealed high and very high nitrate 

concentration in the central part of the study area. Other localities of the study area were seen 

to have from low to moderate concentrations of nitrate.   

 

                                   Fig.14: Nitrate distribution map from springs   

 

For nitrate distribution map from wells (Fig.15) below around fifty two primary and secondary 

data were considered and the study result revealed high and very high nitrate concentration in 

the central part of the study area. Other localities of the study area were seen to have from low 

to moderate concentrations of nitrate.  
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                      Fig.15: Nitrate distribution map from wells  

 

 The elevation map of nitrates in water sources from springs and wells including primary and 

secondary water data points (Fig.16) below showed again very and high concentration values of 

nitrate pollution in the center of the study area which might be due to infiltration of liquid 

domestic waste from pit latrines which do not have sanitary seal as a result of high population 

density near the water sources and seepage from polluted rivers. As seen from the map 

towards the outskirts south, north and east parts of the city have lower values whereas the 

central western and southern parts have moderate values of nitrate concentration. 
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                              Fig. 16: Contour map of nitrate from water sources  

 

In general as shown in the maps the study result suggested that the higher values of nitrates 

were observed in the central parts of the study area in the order of up to 101.86 mg/l NO3 in 

wells and up to 97.43 mg/l NO3 in springs but the northern part and southern part around Akaki 

welfield had lower to moderate concentrations of nitrates. 

 

4.4 Possible Sources of Pollutants & Descriptions of Sampling Sites 
 

The first step in the water quality analysis of a water system (surface and groundwater) is the 

identification and characterization of wastes emanating from various pollution sources. Both 

natural and anthropogenic activities can contribute to the pollution of a given water body. 

However, in a water system that drains an industrial, highly populated and socioeconomically 

vibrant urban center the relative effects of anthropogenic activities in deteriorating the quality 
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of the water exceed by far the natural causes. According to the Central Statistics Authority (CSA, 

1994), 74.1% of the house holding units in Addis Ababa have toilet facilities. However, less than 

3% of these discharge their wastes in to proper sewerage net works, while the majority of them 

release into streams and groundwaters. Based on the result of the study the following entities 

and/or activities are estimated as potential sources of pollutants in the study area:  

  Municipal Sources- urban population growth in Addis Ababa as shown in (Fig.17) below is 

faster than any other cities. It is obvious that when the population increases the municipal solid 

and liquid wastes generation also increases. In addition the city’s municipal waste (solid and 

liquid) collection coverage is limited to minor proportion of the residents and is less efficient as 

a result it greatly contributes to the pollution of groundwater. This holds true especially for 

sampling sites located in the central part of the sub cities (Lideta, Addis Ketema, Arada and 

Kirkos) had higher nitrate concentration which could be due to high population density leading 

to contamination of the water sources through seepage of pit latrines, septic tanks and public 

and communal toilets( Abdulshikur Mohammed,2007).    

                          

                             Fig. 17: Population growth in Addis Ababa City (Data in annex-8) 

 

 

 

 
 
 
 
 
 

 

 

 

Sources: (Abdulshikur Mohammed, 2007 & AA FEDB, 2010) 

 Municipal Solid Waste - includes street sweeping wastes and organic or inorganic materials 

generated from residential, commercial, industrial establishments, as well as other institutions. 

According to EPA, 2005, the daily total waste generation of the city was 2, 297 m
3
 i.e. around 
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765 tons. Consequently, the sectoral and compositional contribution of wastes has shown 

tremendous growth (76% households by sector and 60% organics by compositions) and 35% of 

the solid waste generated in Addis Ababa is dumped on open sites, drainage channels, rivers, as 

well as the streets. The water sources in the study area may receive storm drains and runoff 

from such areas. Therefore, downward infiltration and seepage from this unregulated waste 

disposal might also contaminate the groundwater with nitrates. 

 

 Municipal Liquid Waste - domestic liquid waste from overflowing and seeping of pit latrines, 

septic tanks, public and communal toilets, open ground excreta defecation e.t.c. comprise the 

municipal liquid waste. Even though the city has a centralized sewerage system (sewer line) and 

two WWTPs (i.e. the Kotebe and kality) plants, they are currently operating below their 

capacities of, 350 and 7500 cubic meters per day, respectively ,due to inefficient waste 

collection. In addition to this 30% of the city dwellers have no facility at all to dispose of their 

liquid waste (EPA, 1999). This adds to the volume of waste water in the study area that in one 

way or another drains to the rivers and seeping in to groundwaters that contributes to its 

nitrate pollution. 

Industrial Sources - Addis Ababa has been a host for the majority of small and medium scale 

industries which are   primary sources of water pollution. Of the industrial establishments that 

are found in the country, more than 65% are situated in Addis Ababa city (EPA, 1999). However, 

the majority are food and beverage, textiles, tanneries, chemicals, rubber and plastics, paper 

and paper products, metallic and non metallic mineral products and wood industries. Among 

the industries located in the city 90% of them discharge their liquid wastes without any 

treatment into the adjoining water coarse, open spaces and into open drainage in the city (EPA, 

2001 and EPA, 2002). Therefore, these untreated wastes may have got chances to infiltrate and 

pollute the groundwaters with nitrates for example both Tsebay Maremiya well and Lideta 

spring are very close to the polluted Lideta River. 

 

Pharmaceutical Waste - like Chemical extraction, modification, and synthesis of organic, 

inorganic substances are the common processes in this sector. In addition to this purification 
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and packaging are also practiced and together account for pharmaceutical wastes. So these 

wastes can join the river systems and groundwaters via drainage or leachate. 

 
As discussed above the study result showed low concentration of NO3

-
 in the upper parts but 

increased concentration in the central parts and few southern parts sampling sites in the study 

area like Tsebay Maremiya well, Lideta spring, Anwar Mosque well, Ras Hotel well, Africa Hotel 

well, Ras Mekonen well, Coca Cola well, Mekanisa Abo spring and Abunearegawi spring. These 

highly polluted sites with nitrate are described below: 

  

Tsebay Maremiya well - there are two wells in the compound of the “Tsebay Maremiya” which 

are already in the AAWSA network the one already abandoned due to over concentration of 

NO3
- 

  and the Artesian well is still functioning used for drinking. The well located near by the 

heavily polluted Lideta River and is a slummy area in the city in which there is a Church just 

above this well. 

                                   

                                      Plate1:  Distribution Tank & sample point of Tsebay Maremiya artesian well 

 

Lideta spring - is blessed water by Lideta church used as Tsebel (holy water) and located near 

by the heavily polluted Lideta River. The possible pollution sources of both the well and spring 

could probably be due to water level pollution when groundwater tables coincide with the 

heavily polluted Lideta River, a tributary of TAR, from upstream sources like industries, 

municipal wastes, Pharmaceutical centers and Market centers. Since it is a slummy area sources 

of pollution could also be from overflowing and seeping of pit latrines, septic tanks, public and 

communal toilets and open ground excreta defecation.  
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                                        Plate2: Lideta spring (Holy)    Lideta River (highly polluted) 

Anwar Mosque well - is found in Addis Ketema Sub city located inside the Merkato Anwar 

Mosque, the biggest Mosque in Ethiopia. The water is by now very essential for washing, 

cleaning and drinking purposes to the prayers to supplement the supply from the AAWSA. The 

high concentration of NO3
-
 could probably be due to infiltration of pit latrines from the big 

market center “Merkato”, infiltration of surface runoffs polluted by commercial wastes, 

domestic wastes from overcrowded dwelling houses and service delivery institutions and also 

seepage from open field sanitation around the gate of the Mosque. 

 

Ras Hotel well - is found in Kirkos Sub city and is a hand dug well located in the SW corner of 

the Hotel compound behind the Hotel building and used in cooking, gardening and washing 

purposes. The sources of NO3
-
 Pollution could be infiltration of pit latrines and septic tanks 

along with slight contamination of PO4
3- 

the sources of which could be phosphate detergents 

and to some extent fertilizers from the upstream of the study area. 

 

Africa Hotel well - is found in Lideta Sub city and located north of the Mexico Square in the 

compound of Africa Hotel. The water receives no chlorine treatment and used normally for 

washing clothes, as a cold water component in bathing and drinking purposes. The possible 

source of NO3
-
 Pollution could be infiltration of pit latrines and septic tanks from residential 

houses and a slight contamination of PO4
3- 

sources could be from phosphate detergents and 

fertilizers from the upstream of the study area. 

 

Abo Tsebels (Mekanisa spring) is located in Nefas Silk Lafto Sub city at the western bank of the 

Kera River. It is a minor cold spring and has been used as Tsebels. Above thisTsebel there is 
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Mekanisa Abo Church and Cemeteries of the Church just on the way down to the spring. The 

possible source of NO3
-
 Pollution could be infiltration of pit latrines and septic tanks from 

residential houses and seeping from cemeteries. 

 

 Abune Aregawi Spring - is located in the Southern part of the study area near the compound of 

Saris Abo Church at the tip of the western gorge of the Tiliku Akaki River, which sometimes is 

called Bulbula (turbid) River and to the west of the Abune Aregawi Church. It is a fairly cold 

minor spring used as Abune Aregawi Tsebel, which adopted its name from the Church which 

was developed by a volunteer called “Hakim Kidanework after being relieved by it”. The 

possible source of NO3
-
 and Cl

-
 Pollution could be infiltration of pit latrines, septic tanks, public 

and communal toilets and industrial wastes from the upstream. The heavy truck road has also 

an impact on the high concentration of Chloride. A slight contamination in PO4
3-   

could be 

downward infiltration from phosphate detergents and fertilizers from the upstream of the 

study area. 

 

Ras Mekonen Spring is located in Arada Sub city nearby Ras Mekonen Bridge on the way to 

Piassa and emerges from the uphill. Information from the local youths revealed that the spring 

is used for car washing and drinking purposes. Above the spring are Addis Ababa University, 

sidist kilo campus, overcrowded dwelling houses and youth recreation parks and centers. So the 

sources of NO3
-
 pollution could be seeping of septic tanks and infiltration of pit latrines. 

 

Coca Cola well is located in Lideta Sub city in the compound of East Africa Bottling Company 

very near to the highly polluted TAR and to the West of Building College in a highly 

overcrowded area above the factory. The water is used for drinking and raw input to the 

production process of the soft drink. The sources of NO3
-
 pollution could be seeping of septic 

tanks, infiltration of pit latrines and leakages from the nearby river polluted by upstream 

industrial effluents. 
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CHAPTER FIVE: CONCLUSIONS AND RECOMMENDATIONS 

 

5.1 Conclusions 

 
Based on in-situ measured and laboratory determined physico-chemical parameters the 

following conclusions are forwarded: 

 

The average NO2
- 

Concentration was b/n 0.0004 to 0.1956 mg/l and all samples meet the 

(WHO, 1984) guideline value of 3mg/l NO2
-
. Unlike NO2

- 
, the average NO3

-
 concentration was 

b/n 0.1―102mg/l with a mean and standard deviation of 52.03 + 40.16. The result showed that 

samples from nine sites had values above the guideline value of 50mg/l (WHO, 1984; AAWSA, 

2002) for drinking purpose. Nitrate concentration was seen lower in the upstream Cl
-
 

concentration 0.10 to 6.643mg/l and higher in the mid- and downstream Cl
-
 concentration 60 to  

102 mg/l of the study area and springs were seen less contaminated than wells. In general the 

water sources polluted with nitrate have potential health hazard from long period of ingestion 

especially for infants up to the age of six months because their stomach has low acidic nature 

and suitable for the growth of nitrate reducing bacteria. 

 

The average concentration of Cl
-
 was b/n the range (0.5―205 mg/l) with a mean and standard 

deviation of 60.36 + 15.00. Like nitrate pollution higher Cl
-
 concentration (100.25―205mg/l) 

was seen for samples in the center of the study sites and the maximum Cl
- 

concentration 

205mg/l meet the WHO guideline value of 250mg/l set for drinking water. Even the Cl
-
 

concentration is below the guideline value, some literatures indicated that the water type of 

the study area is predominantly bicarbonate type with Cl
-
 < 100mg/l. Therefore, water samples 

from springs and wells of the study sites with Cl
-
 > 100 mg/l are clearly showed polluted 

sources. This might be from pit latrines, septic tanks, public and communal toilets and 

treatment processes due to chlorination for disinfection. 

The analysis result showed that the degree of correlation between NO3
-
 and Cl

- 
concentrations 

(R
2 

= 0.6288) is positive and significant at 0.01 level or 99% confidence levels. The positive 

correlation coefficient R
2
 = 0.6288 (63%) is an indirect indication of similar pollution sources for 
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both NO3
-
 and Cl

- 
which

  
could be seepage from  pit latrines, septic tanks , public and communal 

toilets and open field sanitation and also chlorination process in some wells. 

The average PO4
3-

 concentration was b/n 0.076―0.815mg/l with a mean and standard 

deviation of 0.42 + 0.06. 71.4 % of samples meet the guideline and 28.6% of samples have values 

above the guideline the (WHO, 1984) value of < 0.54mg/l which might be due to phosphate 

detergents and fertilizers from up stream area. 

 

The average EC and TDS were b/n 94 - 1785 µs/cm and 63 - 1217 mg/l with a mean and 

standard deviation of 653.71 + 481.11 and 430.50 + 328.54 respectively. The maximum EC is at 

Abunearegawi spring (1785µs/cm) and the minimum at Entoto Mariam spring (94µs/cm). 93% 

of samples meet the guideline value of EC<1000µs/cm but an EC value > 1000µs/cm seen at 

Abunearegawi spring is beyond the guideline and unpalatable (WHO, 1984) for drinking use. 

 

 The temperature of water samples were found in the range 14
0
Cto 23

0
C with a mean value and 

standard deviation of 19.71 + 2.63 and average values of 21.4
 o

c and 18
 0

C for samples from 

wells and springs respectively. 92.8% of the samples have temperature values >15
 o

c and the 

average temperature of the study area is 16.3 
o
C. The pH of water samples were found in the 

range 5.5 to 7.6 with a mean value and standard deviation of 6.37 + 0.58. The pH of 50% of the 

samples deviated from the WHO (6.5―8.5) guideline towards an acidic medium (pH<6.5) and 

the rest 50% fall within the guideline value. The pH of 92.8% of water samples deviated from 

the pH level of neutrality (pH<7) which could be explained due to the presence of bicarbonates 

and organic matter that release carbon dioxide (CO2).  

 

The possible sources and mechanisms of NO3
-
 and Cl

- 
pollution are downward infiltration and 

seepage of industrial effluents and municipal solid wastes (residential, commercial, industrial 

and institutional), municipal liquid wastes through overflowing and seepage of pit latrines, 

septic tanks, public and communal toilets  and to some extent upstream agricultural chemicals 

and slaughter houses wastes  and pharmaceutical wastes. Pit latrines present nearby springs 

and wells of high density population may significantly increase concentration of NO3
-
 and Cl

- . 
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 5.2 Recommendations 

 

The study findings discloses that most water sources from private wells and springs(holy 

waters) are not safe but being used for drinking, processes, washing and cleaning purposes and 

are not under the control of the municipality (AAWSA )water supply net work. Therefore, to 

alleviate the problem of nitrate contamination from springs and wells
 
the following points are 

recommended: 

 

1. Providing safe drinking water with adequate quality and quantity by the municipality to 

the community and abandoning to use water from wells and springs having high nitrate 

pollution is the first action to be taken. 

 

2. Water sources should be far from pit latrines, septic tanks, public and communal toilets. 

Proper protection & top casings for  wells and springs must be constructed.  

 

3. Pit latrines should have sanitary seal to protect the seepage or direct connection of 

pollutants to groundwater sources. 

 

4. The most influential factor is municipal liquid waste in the study area so water sources 

should be regularly tested and monitored by concerned body. Education and awareness 

creation mechanisms should be designed, introduced & implemented. 

 

5. Controlling mechanisms of nitrate pollution should be designed, introduced and  

implemented to increase the quantity of water supply to the community using 

alternatives options like protection and delineation of water sources, from 

contamination , improving sewerage systems to avoid possible leakage of sewage in to 

groundwater from sewer lines ,treatment of industrial effluents before disposal , 

avoiding indiscriminate liquid and solid waste disposal to the environment and applying 

appropriate treatment options such as reverse osmosis, ion-exchange and distillation.  
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6. Integrated environmental pollution protection and sanitation approaches is essential 

among concerned organizations like Addis Ababa Water and Sewerage Authority, 

Ministry of Water Resources, Addis Ababa and Federal Environmental Protection 

Authorities, Ministry of Health, Water Works Design and Supervision Enterprise, Addis 

Ababa Health Bureau and concerned NGO’s working on water sources development by 

educating and promoting the sanitation and hygiene awareness to the community 
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ANNEXES          Annex-1: Average Results of Primary physico-chemical parameters for water samples 

S. n Locality Date X Y Elv.(m) PH Temp.0C EC(µs/cm) TDS(mg/l) NO2(mg/l) NO3(mg/l) Cl(mg/l) PO4(mg/l) 

1 

  

  

Tsebay Mar. 

well 

   

.Av. 471108 995450 2316 6.84 22 693 407 0.0019 95.2 60.25 0.454 

13/5/2010 471108 995450 2316  6.4 24.4 622 397 0.01 93.8 59.5 0.1 

19/5/2010 471108 995450 2316  7.28  19 .6 764  417  0.0062  96.6  61  0.808  

2 

  

  

Africa Hotel 

well 

   

Av. 471940 996208 2365 6.98 21.4 895 526 0.0071 79.7 67 0.815 

13/5/2010 471940 996208 2365 6.92 22.4 789 536.5 0.01 77.8 69.4 0.01 

20/5/2010 471940 996208 2365 7.04  20.4  1001  515.5  0.004  81.6  64.6  1.62  

3 

  

  

Urael well 

  

  

Av. 475405 995881 2290 6.54 19 135 92 0.0031 4.87 7 0.216 

14/5/2010 475405 995881 2290 7.12 16.9 128.87 87.63 0.01 3.25 4.87 0.1 

21/5/2010 475405 995881 2290 5.96  22.1  141.13  96.37  0.0038  6.49  9.13  0.332  

4 

  

  

Anwar well 

  

  

Av. 471420 998261 2418 6.12 22.6 955 649 0.1786 88.57 112 0.289 

14/5/2010 471420 998261 2418 6.53 20 1294 832.6 0.01 98 118.4 0.1 

21/5/2010 471420 998261 2418 5.71  25.2  616  465.4  0.346  78.57  105.6  0.478  

5 

  

  

Coca cola 

well 

   

Av. 469965 996387 2356 6.22 21.6 973 660 0.001 101.86 75.5 0.456 

14/5/2010 469965 996387 2356 8.08 25.2 985 675 0.01 104.5 81.5 0.1 

21/5/2010 469965 996387 2356  4.36  18  961 645  0.008  99.22  69.5  0.812  

6 

  

  

Ras Hotel 

well 

   

Av. 472680 996211 2342 5.85 20.1 847 575 0.0004 57.57 42.5 0.625 

15/5/2010 472680 996211 2342 6.52 22 863 582.9 0.01 65.3 48.7 0.1 

22/5/2010 472680 996211 2342  5.18  18.2  831  567.1  0.0092  49.84 36.3  1.15  

7 

  

Sansuzi well 

  

Av. 465794 1002766 2580 7.6 23 235 111 0.01 0. 1 9 0.596 

10/5/2010 465794 1002766 2580 6.8 19 211.6 143.9 0.01 0.1 7.98 0.1 
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    14/5/2010 465794 1002766 2580 8.4 27  258.4  78.1  0.01  0.1  10.02  1.092  

8 

  

  

Lideta 

spring 

   

Av. 470699 995098 2323 6.75 21.6 935 634 0.01 71.96 100.25 0.473 

13/5/2010 470699 995098 2323 6.49  22 1005   683.4 0.066 73.8 110 0.21 

20/5/2010 470699 995098 2323 7.01   21.2  865  584.6 0.046  70.12 90.5  0.736  

9 

  

 

Abune 

Aregawi  sp 

  

Av. 474757 988708 2183 6.24 19.4 1785 1217 0.0163 59.79 205 0.612 

15/5/2010 474757 988708 2183 7.43 17.4 1765 1201 0.01 60.05 201 0.01 

22/5/2010 474757 988708 2183 5.05  21.4  1805  1167  0.0226  59.35  209  1.214  

10 

  

  

Ras 

Meko.spring 

  

Av. 473178 999106 2455 5.58 18.8 785 536 0.1956 97.43 71 0.45 

15/5/2010 473178 999106 2455 6.31  20  823 560  0.033 98.41 66.5  0.48 

22/5/2010 473178 999106 2455  4.85  17.6  747  512 0.3582   96.45 75.5  0.42  

11 

  

  

Entoto 

M.spring 

   

Av. 474469 1004695 2880 5.5 15.5 94 63 0.0011 6.643 0.5 0.278 

16/5/2010 474469 1004695 2880 5.7 14.9 97 65 0.001 6.145 0.45 0.34 

23/5/2010 474469 1004695 2880  5.3  16.1  91  61  0.0012  7.141 0.55  0.216  

12 

  

  

Quesquam 

sp. 

   

Av 473309 1004161 2748 6.62 18 117 80 0.0035 2.66 7.5 0.076 

16/5/2010 473309 1004161 2748 6.16 17 110.5 75.12 0.01 1.26 0.3 0.1 

23/5/2010 473309 1004161 2748  7.08 19  123.5  84.88  0.0065  4.06  14.7  0.052  

13 

  

  

Mekanisa 

Abo sp. 

  

Av 469713 992603 2255 6.5 19 591 401 0.0014 60 80 0.336 

17/5/2010 469713 992603 2255 7 20 310 255 0.01 58 75 0.1 

24/5/2010 469713 992603 2255  6 18  872 547  0.0072  62  85  0.572  

14 

  

  

Ferensay 

Abo sp. 

   

Av 476185 1000643 2580 5.8 14 112 76 0.0097 2.21 7.5 0.14 

18/5/2010 476185 1000643 2580 5.77 13.5 113 77.2 0.01 4.65 0.62 0.1 

25/5/2010 476185 1000643 2580 5.83 14.5 111 74.8 0.0094 0.23 14.38 0.18 
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Annex-2:  Primary and Secondary water chemistry data  

S.N Locality E    N Elv.(m) PH Temp.0C EC(µs/cm) TDS(mg/l) NO2(mg/l) NO3 (mg/l) Cl (mg/l) PO4(mg/l) 

1 Tsebay Maremiya well 471108 995450 2316 6.84 22 693 407 0.0019 95.2 60.25 0.454 

2 Africa Hotel well 471940 996208 2365 6.98 21.4 895 526 0.0071 79.7 67 0.815 

3 Urael well 475405 995881 2290 6.54 19 135 92 0.0031 4.87 7 0.216 

4 Anwar well 471420 998261 2418 6.12 22.6 955 649 0.1786 88.57 112 0.289 

5 Coca cola well 469965 996387 2356 6.22 21.6 973 660 0.001 101.86 75.5 0.456 

6 Ras Hotel well 472680 996211 2342 5.85 20.1 847 575 0.0004 57.57 42.5 0.625 

7 Sansuzi well 465794 1002766 2580 7.6 23 235 111 0.01 0.01 9 0.596 

8 Lideta spring 470699 995098 2323 6.75 21.6 935 634 0.01 71.96 100.25 0.473 

9 Saris Abo spring 474757 988708 2183 6.24 19.4 1785 1217 0.0163 59.79 205 0.612 

10 
Ras Meko.spring 

473178 
999106 2455 5.58 18.8 785 536 0.1956 97.43 71 0.45 

11 Entoto M.spring 474469 1004695 2880 5.5 15.5 94 63 0.0011 6.643 0.5 0.278 

12 Quesquam spring 473309 1004161 2748 6.62 18 117 80 0.0035 2.66 7.5 0.076 

13 Mekanisa Abo spring 469713 992603 2255 6.5 19 591 401 0.0014 60 80 0.336 

14 Ferensay Abo spring 476185 1000643 2580 5.8 14 112 76 0.0097 2.21 7.5 0.14 

15 Eyasu spring 466648 1001993 2510 6.2 18.5 116 93.81 0.01 3.49 2.25 0.1 

16 Sansizi well 465794 1002766 2580 6.8 19 171 143.9 0.01 0.1 1.98 0.1 

17 Girmachew T.Sp 466022 1003592 2610 6.2 15.7 114 91.22 0.01 0.1 0.68 0.1 

18 Asco Gebriel Sp 467212 1004259 2730 6.8 16.2 71 188.71 0.01 26.4 4.34 12.2 

19 Gojam ber Sp. 470578 1003754 2740 5.3 16.5 63 75.73 0.01 3.76 0.9 0.1 

20 Ras SeyoumSp 477868 1006233 3050 5.42 15.5 31 75.445 0.01 4.84 0.6 0.1 

21 MenbereKiburSp. 471746 1003727 2750 6.45 16 46 71.32 0.01 1.38 0.29 0.1 

22 Quesquam(chefe)Sp. 473310 1004162 2750 6.16 17 47 75.12 0.01 1.26 0.3 0.1 

23 Kidane Miheret Sp. 475208 1003085 2630 6 18.9 164 121.44 0.01 0.06 1.43 0.1 

24 Timkete Bahir Well 473399 1005100 2940 5.55 15.2 67 80.039 0.01 2.62 0.71 0.1 
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25 Abo Tsebel Sp 478048 1006634 3090 5.77 13.5 33 76.21 0.01 4.65 0.62  0.1 

26 Kotobe Gebriel Well 484183 999230 2510 6.5 20 358 300.245 0.01 0.46 3.785 0.1 

27 Kara Aleo Well 484759 998607 2485 6.35 21.8 241 197.955 0.01 0.17 2.205 0.1 

28 Tsebay Maremiya W 471428 9944760 2280 6.4 24.4 622 397.115 0.01 86.86 46.15  0.1 

29 Ayer Tena K Tesfa w 466425 993308 2330 6.62 20.6 281 253.04 0.01 6.35 2.65 0.1 

30 Kara Roll well 464923 992809 2350 6.59 21 214 224.01 0.01 2.22 1.96 0.1 

31 Mekanisa Gebriel w 470934 989795 2230 7 23.4 310 256.37 0.01 3.04 2.26 0.1 

32 Lafto Hana Marwell 471985 987830 2220 6.8 20.6 439 366.82 0.01 4.36 2.78 0.1 

33 Kaliti GebrielwellL 475531 984775 2150 6.5 22.1 507 405.88 0.01 0.1 6.94 0.1 

34 Akaki EP-7 W 479459 977350 2080 7.28 24.4 475 363.18 0.01 14.14 5.63 0.1 

35 Akaki Sid Awash w 480252 976967 2065 6.93 23.7 650 483.8 0.01 51.57 22.25 0.1 

36 Merino well 479283 974400 2090 7.04 25.5 440 370.36 0.01 16.26 5.29  0.1 

37 EP-5(Akaki)well 478707 979650 2130 7.3 24.3 534 433.97 0.01 6.7 2.67 0.1 

38 Fanta Spring (Akaki) 478849 981223 2125 7.18 21.2 521 404.22 0.01 14.96 5.69 0.1 

39 Esegen spring 475476 984310 2090 7.04 25.9 49 386.68 0.01 4.25 5.6 0.1 

40 Dansei Spring 472633 983922 2095 7.26 21.8 555 461.37 0.01 5.96 4.0 6.4 

41 Shashemene sp(Aba S) 468437 968908 2000 7.12 23.1 503 401.555 0.01 7.015 5.02 0.1 

42 Filweha well # 1 473739 996201 2330 6.6 78 3640 2696.7 0.01 0.68 41.26 0.1 

43 Filweha well # 2 473739 996201 2330 6.94 58 3710 2680.2 0.01 0.1 41.9 0.1 

44 Filweha well # 3 473761 996176 2340 3800 78.4 3604.8 2594.5 0.01 0.55 40.41 0.1 

45 Filweha well # 4 473714 996236 2340 6.84 58 3520 2604.2 0.01 0.59 41.9 0.1 

46 Hilton well #1 474345 996452 2350 6.96 50.6 3200 2432.8 0.01 4.79 41.29 0.1 

47 Hilton well #2 474539 996372 2380 7.58 41 3200 2268 0.01 1.08 30.49  0.1 

48 Ghion Hotel #1 473417 996301 2325 6.98 40.4 2490 1828.7 0.14 6.95 39.34 0.1 

49 Ghion Hotel #2 473384 996279 2370 7.02 38 2700 2098.1 0.01 1.65 36.49 0.1 

50 Ghion Hotel #3 473429 996367 2340 7.36 77 3590 2644.1 0.01 0.86 39.12  0.1 

51 Keranio MedTsebel 466896 996961 2360 6.59 18 318 215.57 0.01 7.89 4.51 0.1 

52 Abo (Mekanisa Sp) 471215 992561 2220 7.3 21.8 860 640.79 0.01 116.7 102.7 0.1 

53 Abune Arega Saris sp 474754 988714 2180 7.43 17.4 880 674.12 0.01 66.61 146.44 0.01 

54 Urael spring 475405 995881 2290 7.12 16.9 130 114.74 0.01 3.25 4.87 0.1 
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Annex-8 Primary and secondary physicochemical parameters of water samples from wells and springs for correlation matrix 

   Key: No   1- 14 Primary Data; 15-89 Secondary Data; Sources: AAWSA, 2002, EPA, 2002 

55 Yeka Michael W 477012 997769 2390 7.1 21 119 200.1 0.01 2.5 4.7 0.01 

56 Menilik well 474009 998554 2400 7 21.5 1263 652.63 0.01 32.89 133.52 0.1 

57 St.Joseph School well 473476 995836 2310 8 33.5 2970 1123.2 0.01 0.17 25.91 0.1 

58 Ras Hotel well 472675 996208 2340 6.52 22 653 392.4 0.01 55.3 41.8 0.1 

59 De' Afrique Hotel 471942 996209 2370 6.92 27.4 785 461.5 0.01 89.9 59.4 0.1 

60 Anwar Mesgid well 471418 998260 2410 6.53 20 1300 836.45 0.01 241.2 208.63 0.1 

61 A .A Cement F. w #1 473358 992343 2280 6.87 20.6 435 250.8 0.01 13.1 9.9 0.1 

62 A .A Bus  w  478161 995248 2320 6.62 24 283 315.84 0.01 11.3 4.79  0.1 

63 Gedera # 2Hotel well 486219 1001227 2460 7.43 21.3 503 404.185 0.01 1.105 8.85 0.1 

64 National Pa Thl w # 1 473226 996424 2350 7.12 67.1 3850 2691.5 0.01 0.73 36.99 0.1 

65 National Pa Thl w# 2 473467 996420 2350 7.12 75 3850 2810.4 0.01 0.04 38.36 0.1 

66 EP-6  479623 977680 2112 7.52 23.1 517 436 0.01 13.15 5.48 0.1 

67 Bole Medh.alem well 476691 994535 2370 6.91 20 288 292 0.01 3.06 2.61 0.1 

68 Greek community w 474672 995702 2375 8.27 28.3 3630 2729 0.01 1.38 43.55  0.1 

69 Stadium Total well 473174 996139 2385 7.56 17.3 98 169 0.01 2.94 8.14 0.39 

70 Shola Diary well 479562 997182 2395 6.3 21.3 177 201 0.01 8.56 3.58 0.1 

71 Ras Kassa Sefer well 475185 1001446 2560 7.9 23.5 278 257 0.01 1 6.83 0.1 

72 Paulos well 470123 1000121 2530 7.6 19.4 287 273 0.01 12.14 5.57 0.1 

73 A AUwell 473560 999968 2520 7.76 19.3 366 327 0.01 1 8.54 0.1 

74 Saris Total well 474107 990369 2300 7.09 20.5 610 479 0.01 12.7 34.67  0.1 

75 Building College W.l 470227 996307 2385 8.08 25.2 406 363 0.01 41.81 23.64  0.1 
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Annex-3: specification limits and standard guideline values for nitrate in drinking water 

 

 Organization 

 

Year 

 

Limits of specification 

      Concentration(mg/l) 

as NO3-                  as N 

WHO( European 

standard) 

1970 Recommended 

Acceptable 

50 

11.3-22.6 

(11.3)1 

WHO (International)  

WHO 

1971 

1984 

Guideline 45 

(44.3) 

10.2 

10 

2 USEPA 1977  (44.3) 10 

 

European communities 

1980 

1980 

Maximum admissible 

Guide level 

50 

25 

(11.3) 

(5.6) 

 

4 SABS 

1984 Recommended3 

Maximum allowable3 

(26.6) 

44.3 

6 

10 

 

5 NFEPA
 

 

1991 

 

Recommended 

 

45 

 

10 

  6FEPA
 

2003 Guideline 50 (11.3) 

                Key: Brackets indicate derived units 

1. United States Environmental Protection Agency\ 

2. Nitrate plus Nitrite 

3. South Africa Bureau of Standards 

4. Nigerian Federal Environmental Protection Agency 

5. Ethiopian Federal Environmental Protection Agency 
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Annex-4: Drinking Water Quality Guidelines/Standards 

 

S.N 

   

  Water Quality parameters 

              

                     Guidelines/Standards 

Inorganic parameters(mg/l) WHO EU MoWR AAWSA 
1 PH 6.5-8.5 6.5-8.5 6.5-8.5 6.5-8.5 

2 Colour(TC) 15 20 21.75 15 

3 Turbidity(NTU) 5 - 7 - 

4 TDS(mg/L) 1000 500 2175.99 1000 

5 Total alkalinity as CaCO3 500 - - 500 

6 Total Hardness as CaCO3 300 - 392 500 

7 Ca Hardness as CaCO3 300 - - 500 

8 Sodium (Na) 200 150 3570.53 200 

9 Potassium (K) 11 - - - 

10 Calcium(Ca) 100 - - - 

11 Magnesium(Mg) 30 - - - 

12 Chloride(Cl) 250 25 532.67 250 

13 Sulphate(SO4
2
-) 250 250 482.69 250 

14 Fluoride(F
-
) 1.6 1.5 3.02 1.6 

15 Nitrate (NO3
-
) 50 50 130.57 50 

16 Ammonia (NH3) 1.5 - 2.08 1.5 

17 Sulphides (H2S) 0.05 - 0.07 - 

18 Aluminium(Al) 0.2 0.2 0.43 0.2 

19 Arsenic (As) 0.05 0.05 - 0.1 

20 Barium (Ba) 0.7 1 1.8 - 

21 Nitrite (NO2-) 3 0.1 7.52 - 

22 Boron (B) 0.3 - 0.3 - 

23 Cadmium(Cd) 0.3 0.005 0.003 0.003 

24 Copper (Cu) 1 0.1-0.3 1.93 1 

25 Cyanide (CN
-)
 0.1 0.05 - 0.07 

26 Iron (Fe) 0.3 0.2 0.38 0.3 

27 Lead (Pb) 0.01 0.05 0.02 0.01 

28 Manganese (Mn) 0.1 0.05 0.13 0.5 

29 Mercury total (Hg) 0.001 0.01 - 0.001 

30 Nickel (Ni) 0.02 0.05 - 0.02 

31 Selenium (Se) 0.01 - 0.01 - 

32 Zinc(Zn) 5 0.1-5.0 6.05 3 

33 Phosphate (PO4-) 0.54 - - - 

 Bacteriological parameters     

34 E.coli/100ml 0 0 0 0 

35 Total coliform/100ml 0 0 0 0 
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Annex 5: Primary and Secondary data  in springs and wells  

Ser.No Locality E N Elv.(m.a.s.l) NO3
-
(mg/l) 

1 Tsebay Maremiya well 471108 995450 2316 95.2 

2 Africa Hotel well 471940 996208 2365 79.7 

3 Urael well 475405 995881 2290 4.87 

4 Anwar well 471420 998261 2418 88.57 

5 Coca cola well 469965 996387 2356 101.86 

6 Ras Hotel well 472680 996211 2342 57.57 

7 Sansuzi well 465794 1002766 2580 0.01 

8 Lideta spring 470699 995098 2323 71.96 

9 Saris Abo spring 474757 988708 2183 59.79 

10 Ras Mekonen spring 473178 999106 2455 97.43 

11 Entoto M.spring 474469 1004695 2880 6.643 

12 Quesquam spring 473309 1004161 2748 2.66 

13 Mekanisa Abo spring 469713 992603 2255 60 

14 Ferensay Abo spring 476185 1000643 2580 2.21 

15 Eyasu spring 466648 1001993 2510 3.49 

16 Sansizi well 465794 1002766 2580 0.1 

17 Girmachew T.Sp 466022 1003592 2610 0.1 

18 Asco Gebriel Sp 467212 1004259 2730 26.4 

19 Gesho(Gojam ber) Sp. 470578 1003754 2740 3.76 

20 Ras Seyoum(Akako)Sp 477868 1006233 3050 4.84 

21 MenbereKiburSp(Finfine)Sp. 471746 1003727 2750 1.38 

22 Quesquam(chefe)Sp. 473310 1004162 2750 1.26 

23 Kidane Miheret Sp. 475208 1003085 2630 0.06 

24 Timkete Bahir Well 473399 1005100 2940 2.62 

25 Abo Tsebel Sp 478048 1006634 3090 4.65 

26 Kotobe Gebriel Well 484183 999230 2510 0.46 

27 Kara Aleo Well 484759 998607 2485 0.17 

28 Tsebay Maremiya Well 471428 9944760 2280 86.86 

29 Ayer Tena (Tesfa D.)well 466425 993308 2330 6.35 

30 Kara Roll well 464923 992809 2350 2.22 

31 Mekanisa Gebriel well 470934 989795 2230 3.04 

32 Lafto Hana Mariam well 471985 987830 2220 4.36 

33 Kaliti Gebriel(AAWSA)well 475531 984775 2150 0.1 

34 Akaki EP-7 Well 479459 977350 2080 14.14 

35 Akaki Sidamo Awash well 480252 976967 2065 51.57 

36 Merino well 479283 974400 2090 16.26 

37 EP-5(Akaki)well 478707 979650 2130 6.7 
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Key: No: 1-14 Primary Data    & 15-73 Secondary Data; Sources: AAWSA, 2002, EPA, 2002 
  

38 Fanta Spring (Akaki) 478849 981223 2125 14.96 

39 Esegen spring 475476 984310 2090 4.25 

40 Dansei Spring 472633 983922 2095 5.96 

41 Shashemene sp. 468437 968908 2000 7.015 

42 Filweha well # 1 473739 996201 2330 0.68 

43 Filweha well # 2 473739 996201 2330 0.1 

44 Filweha well # 3 473761 996176 2340 0.55 

45 Filweha well # 4 473714 996236 2340 0.59 

46 Hilton well #1 474345 996452 2350 4.79 

47 Hilton well #2 474539 996372 2380 1.08 

48 Ghion Hotel #1 473417 996301 2325 6.95 

49 Ghion Hotel #2 473384 996279 2370 1.65 

50 Ghion Hotel #3 473429 996367 2340 0.86 

51 Keranio Medhane Alem Tsebel 466896 996961 2360 7.89 

52 Gebriel Abo Tsebel (Mekanisa) 471215 992561 2220 116.5 

53 Abune Aregawi Spring (Saris sp.) 474754 988714 2180 66.61 

54 Urael well 475405 995881 2290 3.25 

55 Yeka Michael well(l Tsebel) 477012 997769 2390 2.5 

56 Menilik well(Arat kilo) 474009 998554 2400 32.89 

57 St.Joseph School well 473476 995836 2310 0.17 

58 Ras Hotel well 472675 996208 2340 55.3 

59 De' Afrique Hotel well 471942 996209 2370 89.9 

60 Anwar Mesgid well 471418 998260 2410 241.2 

61 AA Cement F. well #1 473358 992343 2280 13.1 

62 AA Bus  well(Gergi Road) 478161 995248 2320 11.3 

63 Gedera # 2Hotel well 486219 1001227 2460 1.105 

64 National Palace  well # 1 473226 996424 2350 0.73 

65 National Palace well # 2 473467 996420 2350 0.04 

66 EP-6 well(Akaki well field) 479623 977680 2112 13.15 

67 Bole Mehane Alem well 476691 994535 2370 3.06 

68 Greek community well 474672 995702 2375 1.38 

69 Stadium Total well 473174 996139 2385 2.94 

70 Shola Diary well  479562 997182 2395 8.56 

71 Ras Kassa  well,AAWSA 475185 1001446 2560 1 

72 Paulos well 470123 1000121 2530 12.14 

73 AAU well 473560 999968 2520 1 

74 Saris Total well 474107 990369 2300 12.7 

75 Building College Well 470227 996307 2385 41.81 
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Annex 6: Primary and Secondary data in springs  

Serial no Locality E N Elv(m.a.s.l) NO3
-(mg/l) 

1 Lideta spring 470699 995098 2323 71.96 

2 Saris Abo spring 474757 988708 2183 59.79 

3 Ras Mekonen spring 473178 999106 2455 97.43 

4 Entoto M.spring 474469 1004695 2880 6.643 

5 Quesquam spring 473309 1004161 2748 2.66 

6 Mekanisa Abo spring 469713 992603 2255 60 

7 Ferensay Abo spring 476185 1000643 2580 2.21 

8 Eyasu spring 466648 1001993 2510 3.49 

9 Girmachew T.Sp 466022 1003592 2610 0.1 

10 Asco Gebriel Sp 467212 1004259 2730 26.4 

11 Gesho(Gojam ber) Sp. 470578 1003754 2740 3.76 

12 Ras Seyoum(Akako)Sp 477868 1006233 3050 4.84 

13 MenbereKiburSp(Finfine)Sp. 471746 1003727 2750 1.38 

14 Quesquam(chefe)Sp. 473310 1004162 2750 1.26 

15 Kidane Miheret Sp. 475208 1003085 2630 0.06 

16 Abo Tsebel Sp 478048 1006634 3090 4.65 

17 Fanta Spring (Akaki) 478849 981223 2125 14.96 

18 Esegen spring 475476 984310 2090 4.25 

19 Dansei Spring 472633 983922 2095 5.96 

20 Shashemene spring 468437 968908 2000 7.015 

21 Keranio Medhane Alem Tsebel 466896 996961 2360 7.89 

22 Gebriel Abo (Mekanisa Spring) 471215 992561 2220 116.7 

23 Abune Aregawi Spring (Saris sp.) 474754 988714 2180 66.61 
Key: No: 1-7 Primary Data    & 8-23 Secondary Data; Sources: AAWSA, 2002, EPA, 2002 
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 Annex 7: Primary and Secondary data for nitrate mapping in wells  

Serial no Locality E N Elv(m.a.s.l) NO3
-(mg/l) 

1 Tsebay Maremiya well 471108 995450 2316 95.2 

2 Africa Hotel well 471940 996208 2365 79.7 

3 Urael well 475405 995881 2290 4.87 

4 Anwar well 471420 998261 2418 88.57 

5 Coca cola well 469965 996387 2356 101.86 

6 Ras Hotel well 472680 996211 2342 57.57 

7 Sansizi well 465794 1002766 2580 0.1 

8 Sansuzi well 465794 1002766 2580 0.01 

9 Timkete Bahir Well 473399 1005100 2940 2.62 

10 Kotobe Gebriel Well 484183 999230 2510 0.46 

11 Kara Aleo Well 484759 998607 2485 0.17 

12 Tsebay Maremiya Well 471428 9944760 2280 86.86 

13 Ayer Tena (Tesfa) well 466425 993308 2330 6.35 

14 Kara Roll well 464923 992809 2350 2.22 

15 Mekanisa Gebriel well 470934 989795 2230 3.04 

16 Lafto Hana Mariam well 471985 987830 2220 4.36 

17 Kaliti Gebriel(AAWSA)well 475531 984775 2150 0.1 

18 Akaki EP-7 W 479459 977350 2080 14.14 

19 Akaki Sidamo Awash well 480252 976967 2065 51.57 

20 Merino well 479283 974400 2090 16.26 

21 EP-5(Akaki)well 478707 979650 2130 6.7 

22 Filweha well # 1 473739 996201 2330 0.68 

23 Filweha well # 2 473739 996201 2330 0.1 

24 Filweha well # 3 473761 996176 2340 0.55 

25 Filweha well # 4 473714 996236 2340 0.59 

26 Hilton well #1 474345 996452 2350 4.79 

27 Hilton well #2 474539 996372 2380 1.08 

28 Ghion Hotel well #1 473417 996301 2325 6.95 

29 Ghion Hotel well #2 473384 996279 2370 1.65 

30 Ghion Hotel well#3 473429 996367 2340 0.86 

31 Urael well 475405 995881 2290 3.25 

32 Yeka Michael well(l Tsebel) 477012 997769 2390 2.5 

33 Menilik well(Arat kilo) 474009 998554 2400 32.89 

34 St.Joseph School well 473476 995836 2310 0.17 

35 Ras Hotel well 472675 996208 2340 55.3 

36 De' Afrique Hotel well 471942 996209 2370 89.9 

37 Anwar Mesgid well 471418 998260 2410 241.2 
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38 A A Cement well #1 473358 992343 2280 13.1 

39 Addis Ababa Bus  well 478161 995248 2320 11.3 

40 Gedera # 2Hotel well 486219 1001227 2460 1.105 

41 National Palace  well # 1 473226 996424 2350 0.73 

42 National Palace l well # 2 473467 996420 2350 0.04 

43 EP-6 well 479623 977680 2112 13.15 

44 Bole Mehane Alem well 476691 994535 2370 3.06 

45 Greek community well 474672 995702 2375 1.38 

46 Stadium Total well 473174 996139 2385 2.94 

47 Shola Diary well 479562 997182 2395 8.56 

48 Ras K.well,AAWSA 475185 1001446 2560 1 

49 Paulos well 470123 1000121 2530 12.14 

50 AAU well 473560 999968 2520 1 

51 Saris Total well 474107 990369 2300 12.7 

52 Building College Well 470227 996307 2385 41.81 
Key: No: 1-7 Primary Data    & 8-52 Secondary Data; Sources: AAWSA, 2002, EPA, 2002 
 

 

 

   Annex-8: Population Growth projection of Addis Ababa 

Ser.N Year Population 

1 1912 65000 

2 1935 100000 

3 1938 143000 

4 1961 443728 

5 1967 683530 

6 1978 1167315 

7 1984 1423111 

8 1994 2112737 

9 2000 2495000 

10 2005 2576337 

11 2010 2738248 

      Sources: Abdulshikur Mohammed (2007) & AA FEDB (2010) 

 

 

 

 

 



 


