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Abstract 
The water quality and pollution status of the water supply system of the city of Addis Ababa has 

been studied along three main distribution lines representing Gefersa and Legedadi reservoirs 

and the Akaki well field starting from raw water until it reaches the end user (tap water). The 

water quality parameters considered include physical, chemical and bacteriological 

characteristics. Electrical conductivity, pH, temperature, FCR and turbidity were measured in 

situ.  BOD, COD, TC, FC, Na, K, Ca, Mg, total iron, Mn, NO3
-, PO4-P, Cl-, HCO3

-, CO-
3, SO4

2-, 

OH- alkalinity and total alkalinity were determined in the laboratory. A total of 69 water samples 

were collected for laboratory analysis. In each distribution system samples were collected at four 

sites (raw water, sample immediately after first treatment, selected site along the distribution line 

and finally from end users tap water). The result displays interesting water quality changes along 

the distribution line. The reservoir raw water is distinctly different from the groundwater in terms 

of total ionic concentration. The latter has higher ionic concentration and nitrate content. The raw 

water of Legedadi shows high phosphate content, 416.93 mg/L, probably associated with high 

fertilizer usage in its catchment. The very low phosphate content ranged from 0.61 to 11.43 mg/L 

in the tap and intermediate reservoir sites indicate the effectiveness of the treatment system with 

coagulation. With regard to bacteriological analysis, the primary data shows that the water is safe 

for drinking. However, secondary records show occasional traces of  in the piped water probably 

related to the mix of the water with sewerage system in older leaking pipes. The Biological 

Oxygen Demand and Chemical Oxygen Demand analysis shows that there is some organic 

pollution. The range of free chlorine residue was 0.08 - 0.91 mg/L and this assessment indicates 

that the added chlorine is not effective everywhere. This can be seen from the detection of total 

coliforms in the piped water.  The major anion and cation analysis revealed that all the values are 

within the WHO permissible limit for drinking. However, occasional high total iron may lead in 

few places to consumer complaints. Calcium and bicarbonate are the main cation and anion, 

respectively. The three lines studied may not entirely represent the conditions of the Addis 

Ababa water supply system. It is recommended that more water sampling and analysis is 

required to have a clear picture and trace the source of specific pollution.  

Key Words: Addis Ababa, pollution, water quality, water treatment 
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CHAPTER ONE 

INTRODUCTION 
 

1.1 Background and Statement of the Problem 
Water is the most important natural resource which all life forms require for their existence. It is 

also one of the most abundant substances on Earth. Water comprises over 70 percent of the 

Earth’s surface and 50 to 80 percent of every living organism’s weight - it truly connects all 

living things. According to WHO (2006), all human beings deserve to have safe and adequate 

water. Unfortunately, many rural and urban communities do not have safe drinking water. Even, 

in large urban centers where modern water distribution systems are present, safe drinking water 

may not be always available due to limitation in water treatment techniques and contamination 

after treatment in water distribution systems (Yongxin Xu and Brent Usher, 2006). Natural water 

quality problems may also affect human health as in the case of high fluoride and arsenic content 

which demands expensive water treatment techniques (Hem, 1971). 

The sources of drinking water include rivers, lakes, streams, ponds, reservoirs, springs, and 

wells. At times sea water can also be used after desalination. Most of these water sources require 

treatment before being used by communities. As water travels over the surface of the land or in 

the subsurface, it dissolves naturally-occurring minerals and can pick up many substances 

generated by human activities. Contaminants that may be present in a water source before 

treatment include: microbes, a great variety of inorganic contaminants, pesticides, herbicides, 

radioactive substances and organic chemical contaminants (Steve, 2009).  

The ultimate purpose of water treatment is to safeguard human health. Improving access to safe 

drinking-water can result in tangible benefits to health (WHO, 2006). Aside from its use for 

drinking, water  has vital role in many human activities including agriculture, industry, domestic, 

electric power generation, transport and recreation. This shows that water is an integral part of 

human life (Abdulshikur Mohammed, 2007).  Therefore, the quality of water to be fit for 

different purposes should be maintained to fulfill its beneficial uses.  
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Ethiopia is 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 widespread, especially in surface waters and shallow groundwater systems. Being the 

socio-political and industrial center of the country, the capital Addis Ababa and its suburbs are 

severely affected by the problem of water pollution (Abdulshikur Mohammed, 2007). 

Degradation of water quality arises due to natural processes and anthropogenic activities that 

render its intended uses. The impact of human population on surface and groundwater is 

increasing with the development of industry and population size in the city of Addis Ababa. The 

fast population growth, urbanization and industrialization, poor sanitation situation, uncontrolled 

waste disposal causes serious water quality degradation of surface and groundwaters (Tamiru 

Alemayehu, et al., 2005).2007bdulshikur  

In highly populated areas with great threats of water pollution, safeguarding the drinking water 

quality and improving the quality of life of the population through access to safe drinking water 

is vital. Safe drinking water is water with microbial, chemical and physical characteristics that 

meets the WHO or national water quality guidelines. Access to safe drinking water refers to the 

proportion of people using improved drinking water sources: household connection; public 

standpipe; borehole; protected dug well; protected spring; rainwater (WHO, 2010). According to 

WHO (2010) about 2.6 billion people – half the developing world – lack even a simple 

‘improved’ latrine and 1.1 billion people have no access to any type of improved drinking water 

source. This is not much different in many parts of rural Ethiopia. Addis Ababa, has comparative 

advantage by having treatment plants that improve the quality of drinking water which is 

expected to meet international and national water quality standards. 

The city of Addis Ababa gets water from surface water reservoirs and groundwater. All the raw 

water is being treated before distributing to end-users. The purpose of this work is to check the 

water quality along selected distribution lines all the way from the source (raw water) to the end-

users (tap water). It is also aimed at checking the status of pollution along the selected 

distribution lines and compares the water quality test results with national and WHO water 

quality standards for drinking.  
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 1.2 Objectives of the study 

 1.2.1 General Objectives 
The main objective of the research is to assess the status of the quality of the water being 

supplied to the residents of Addis Ababa from surface water reservoirs and the Akaki well field 

by selecting three major distribution lines all the way from source (raw water) to the end users 

(tap water). It also addresses the possible causes of changes in the water quality in the 

distribution system and in the catchments of reservoirs.  

1.2.2 Specific Objectives 
The specific objectives are: 

· To analyze the physico-chemical characteristics of the water such as pH, Temperature, 

Free chlorine residue, Turbidity, Electrical conductivity, Na+, K+, Mg2+,Ca2+, total iron, 

Mn, NO3
-, PO4-P, Cl-, HCO-

3,CO-
3, SO4

2-, OH- alkalinity and total alkalinity .   

· To determine the microbiological characteristics of water (total coliform and feacal 

coliform). 

· To evaluate the status of organic pollution through the analysis of BOD and COD 

· To compare the results with secondary data and identify the spatial and temporal 

variability of water quality. 

· To recommend best practices for improving water quality problems along the selected 

distribution lines. 

1.3 Significance of the Study 
The use of the physico-chemical properties of water to assess water quality is a good indicator of 

the status, productivity and sustainability of water bodies. The changes in physical characteristics 

like temperature, pH, EC and chemical elements such as major ions and cations provide valuable 

information on the quality of the water, the source (s) of pollution and their impacts on the 

environment (Mustapha, 2008). Regular examination of water quality (physical, chemical, 

bacteriological) provides important information on the level of the safety of water for different 
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uses. Frequent examinations of faecal indicator organisms remain the most sensitive way of 

assessing the hygienic conditions of water (Mengesha Admasu et al., 2004). Especially, highly 

sensitive parameters for human health have to be checked on regular basis.  

Addis Ababa city water supply system is being monitored by AAWSA at selected distribution 

points. Every day, water sample is taken at 30 selected sites for bacteriological analysis 

(AAWSA, 2011). The results are not published. This work tries to check the water quality along 

three selected distribution lines and tries to compare with the secondary data as independent 

check for selected water quality variables. 

This study has obvious practical importance. Proper monitoring of water quality at 

systematically selected sites along the distribution line will enable both the end users and 

AAWSA to check the status of the water quality and take urgent mitigation measures in case of 

the presence of pollution. It will also help in identifying possible pollution sources such as 

leaking pipelines, inappropriate practices of water treatment methods. This work addresses also 

the nature of the raw waters in relation to the likely catchment factors that govern the water 

quality. This helps to look into pollution sources. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1. Water Quality Issues 

2.1.1. Introduction 
 

Water quality is a term used to express the suitability of water to sustain various uses or 

processes (WHO, 1996). Water quality is affected by anthropogenic activities and natural 

processes. In order to prevent and reduce the problems associated with water, there are national 

and international standards or guidelines to be followed for water quality suitable for different 

purposes (drinking, personal hygiene, irrigation, etc). 

Components of water quality include microbial or biological, chemical, and physical aspects. 

Microbial Aspects - Drinking water should be free of all pathogenic micro-organisms. It should 

also not contain bacteria that would indicate excremental pollution, the primary indicator of 

which are coliform bacteria that are present in the feces of warm-blooded animals (Maher, et al. 

1997). By using specified treatment techniques, the microbial quality of drinking water is 

controlled and the presence of coliform bacteria is monitored (Mark and Mark, 2005). Chlorine 

is the usual disinfectant, as it is readily available and inexpensive.  

Chemical Aspects - Chemical contamination of water sources may be due to certain industries 

and agricultural practices, municipal solid waste, urban runoff or from natural sources. When 

toxic chemicals are present in drinking water, there is the potential that they may cause either 

acute or chronic health effects. After exposure of chemicals in drinking water for extended years 

rather than months they become of health concern (WHO, 2006). Chronic health effects are more 

common than acute effects because the levels of chemicals in drinking water are seldom high 

enough to cause acute health effects. There are many evidences that chemical contaminants 

created adverse human health problems in urban watersheds (EPA, 2005). 
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Physical Aspects - Water for drinking should be free of objectionable taste, odor, color and 

suspended materials. These are often called aesthetic parameters. Aesthetic parameters are those 

detectable by the senses, namely turbidity, color, taste, and odor. They are important in 

monitoring community water supplies because they may cause the water supply to be rejected 

and alternative (possibly poorer-quality) sources to be adopted, and they are simple and 

inexpensive to monitor qualitatively in the field. 

Physical Parameter of water includes also such parameters as pH, TDS, salinity and hardness. 

The chemical quality influences also the physical quality. The appearance, taste, odor, and ‘feel’ 

of water determine what people experience when they drink or use water and how they rate its 

quality; other physical characteristics can suggest whether corrosion and encrustation are likely 

to be significant problems in pipes or fittings. The measurable characteristics that determine 

these largely subjective qualities are: true color (i.e. the color that remains after any suspended 

particles have been removed), turbidity (the cloudiness caused by fine suspended matter in the 

water), hardness (the reduced ability to get a lather using soap), total dissolved solids (TDS), pH, 

temperature, taste, odor and dissolved oxygen (ADWG, 2006). 

Turbidity should always be low, especially where disinfection is practiced. High turbidity can 

inhibit the effects of disinfection against micro-organisms and enable bacterial growth. Drinking 

water should be colorless, since drinking-water coloration may be due to the presence of colored 

organic matter or minerals. Organic substances also cause water odor, though odors may result 

from many factors, including biological activity and industrial pollution. Taste problems relating 

to water could be indicators of changes in water sources or treatment process (ADWG, 2006). 

Inorganic compounds such as magnesium, calcium, sodium, copper, iron, and zinc are generally 

detected by the taste of water. 

2.1.2. Water Quality Standards for Drinking 
Water contains a variety of chemical, physical and biological substances that are either dissolved 

or suspended in it. Since water is needed for many different activities, its quality should be 

maintained for the intended use. The quality of drinking-water is a powerful environmental 

determinant of health. Therefore assurance of drinking-water safety is a foundation for the 

prevention and control of waterborne diseases and control the effect of different chemicals and 
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physical parameters. The main aim of establishing water treatment plants is to make the water 

safe for drinking that meets international and/or national water quality standards. 

 The cause of water quality deterioration is anthropogenic activities and natural processes. In 

order to prevent the problems associated with water, there is a standard or guideline for quality 

of water suitable for different purposes.  

The quality of water for drinking is compared with guideline values set nationally or 

internationaly. The most widely used water quality standard or guideline values is the WHO 

guideline for drinking water like WHO, 1996, 2004, 2006. WHO produces international norms 

on water quality and human health in the form of guidelines that are used as the basis for 

regulation and standard setting, in developing and developed countries world-wide. The WHO 

guideline for drinking water quality is shown in Annex 2A. 

Ethiopia has set its own water quality standards for drinking as shown in Annex 2B. Most of the 

guideline values are similar to that of the WHO. The analyzed samples in this study are 

compared with these guideline values. 

2.2. Brief Description of Measured Water Quality Parameters 
The physicio-chemical and microbiological water quality characteristics determine its usefulness 

for different uses. The physico-chemical and biological characteristics are the result of many 

environmental factors. Before, addressing in situ and laboratory test results, it is thought essential 

to briefly describe the major water quality variables. Major ions and cations, physical and 

biological parameters of water samples have been measured in situ and in the laboratory. The 

results have been discussed in relation to the water quality standards and environmental factors 

later. 

2.2.1. Physical Parameters 
Temperature - In physical analysis of water samples, temperature is generally expressed in °C. 

It must be measured in situ or immediately after collecting the water sample. Many of the 

physical and biological characteristics of waters are directly influenced by temperature. 

According to WHO (2006) water temperature should not be greater than 15oC for drinking. Cool 

water is generally more palatable than warm water, and temperature will impact on the 
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acceptability of a number of other inorganic constituents and chemical contaminants that may 

affect taste. High water temperature enhances the growth of microorganisms and may increase 

taste, odor, color and create corrosion problems in pipes (WHO 2006). 

 Temperature is a very important property used to distinguish surface water and groundwater 

(Freeze and Cherry, 1979). In fact the temperature of the surface and sub-surface waters 

faithfully reflects the climatic conditions of the environment on which they stop or flow. The 

temperature of groundwater, because it is more or less extensively circulates in the subsurface, 

tends to assume a near constant value, which roughly corresponds to the mean yearly 

temperature of the same environment. Shallow groundwater are normally characterized by a 

temperature which is strongly influenced by the type of overlying surface environment; their 

yearly temperature ranges larger beneath cleared areas than beneath wooded ones. Water coming 

from great depth attains higher temperatures (thermal waters). Temperature of water samples 

have been measured in the field and found to be not much different from the surface ambient 

temperature. 

Hydrogen Ion Activity (pH) - The effective concentration (activity) of hydrogen ions could be 

expressed in the same kinds of units as other dissolved species. But H+ concentration in 

milligram per litre or moles per litre is very low for water solutions that are not strongly acid. 

The activity of hydrogen ions can be most conveniently expressed in logarithmic units and the 

abbreviation ‘pH’ represents the negative base 10 log of the hydrogen ion activity in moles per 

liter, or pH = -logH+ (Hem, 1971). 

Water with a pH of less than 4.8 or greater than 9.2 can be harmful to aquatic life. Most 

freshwater fish prefer water with a pH range between 6.5 and 8.4 (Hem, 1971). The pH is also a 

useful indicator of the chemical balance in water. A high or low pH will adversely affect the 

availability of certain chemicals or nutrients in the water for use by plants. Acidic waters (those 

with a low pH) and unbuffered aggressive waters may also indirectly affect aesthetic quality by 

promoting corrosion of metal and cement reticulation system pipes and tanks (Stumm and 

Morgan, 1981). 

pH usually has no direct impact on consumers, but it is one of the most important operational 

water quality parameters, which is used to get effective treatment, satisfactory clarification and 
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disinfection. For effective disinfection with chlorine, the pH should preferably be less than 8; 

however, lower-pH water is likely to be corrosive. The pH of the water entering the distribution 

system must be controlled to minimize the corrosion of water mains and pipes in household 

water systems. Alkalinity and calcium management also contribute to the stability of water and 

control its aggressiveness to pipe and appliance. Failure to minimize corrosion can result in the 

contamination of drinking-water and in adverse effects on its taste and appearance. The optimum 

pH required will vary in different supplies according to the composition of the water and the 

nature of the construction materials used in the distribution system, but it is usually in the range 

6.5–8.5 (WHO, 2006). Extreme values of pH can result from accidental spills, treatment 

breakdowns and insufficiently cured cement mortar pipe linings or cement mortar linings applied 

when the alkalinity of the water is low.  

Most groundwater has pH value ranging from around 6 to 8.5, but water having lower pH is not 

uncommon in thermal springs. River water in areas not influenced by pollution generally has a 

pH between 6.5 and 8.5 (Freeze and Cherry, 1979).   

pH 7 is said to be neutral; if it is above 7 it is said to be alkaline and if it is less than 7 it is acid. 

The acidity of natural waters depends on the occurrence of several acidic compounds which may 

be dissolved and more or less dissociated in the water, as carbonic acid (H2CO3), sulphuric acid 

(H2SO4), nitric acid (HNO3), sulphidric acid (H2S), hydrochloric acid (HCl), etc. Very acidic 

waters are named as aggressive waters because of their capacity to itch metallic substances and 

to accelerate weathering processes of rocks. The alkalinity of natural waters depends on the total 

concentration of carbonates, bicarbonates, alkaline and alkaline-earth hydrates, which are present 

in the water sample. Weak acids (CO3, HCO3, S) combined with the alkalies (Na and K) and 

alkali-earth metals (Ca and Mg) give primary and secondary alkalinity, respectively.  

Electrical Conductivity (EC) - Electrical conductance or conductivity is the ability of a 

substance to conduct electric current. Specific electrical conductance is the conductivity of a 

body of unit length and unit cross-section at a specified temperature often expressed in micro 

siemens per centimeter (mS/cm). Pure liquid water has a very low conductance a few hundredths 

of micro siemens per centimetre at 25 0C. The presence of charged ionic species in solution 

makes the solution conductive. As ion concentrations increases conductance of the solution 
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increases; therefore, the conductance measurements provides an indication of ion concentration. 

Specific electrical conductance of a solution increases as the temperature increases. However, the 

conductance value to temperature changes is somewhat different for different salts and different 

concentrations. There is a strong correlation between total dissolved solids and specific 

conductance. According to Hem (1971) the concentration of dissolved salts can be estimated on 

the basis of electrical conductivity measurements using the following formula. 

TDS = A.EC                                                                                                                 Equation 2.1 

Where EC is Electrical conductance in micro Siemens per centimetre, TDS is total dissolved 

solids in mg/L and A is a conversion factor.  

For the analysis of natural water the range of A is from 0.54 to 0.96 (Hem, 1971). For most 

groundwater the specific conductance multiplied by a factor of 0.55 to 0.75 gives reasonable 

estimates of the dissolved solids. The multiplication factor for saline waters is usually higher 

than 0.75 and for acidic water it may be much lower. 

Turbidity and Other Related Parameters - There are also other physical parameters that have 

to be considered in water quality assessment for specific use. These include turbidity, color, test 

and odor. According to WHO the appearance, taste and odor of drinking-water should be 

acceptable to the consumers. Turbidity is very important because it affects both the acceptability 

of water to consumers, and the selection and efficiency of treatment processes, particularly the 

efficiency of disinfection with chlorine since it exerts a chlorine demand and protects 

microorganisms and may also stimulate the growth of bacteria. Turbidity is a measure of 

suspended and colloidal matter in water, such as clay, silt, organic matter and microscopic 

organisms.  

The more particles suspended in a sample of water, the more difficult it is for light to travel 

through it and the higher the water’s turbidity or murkiness. Although the suspended particles 

that reduce clarity can include organic particles (microbes, algae and plant particles and animal 

detritus) as well as inorganic particles (silt and clay particles). Oxygen levels decrease in turbid 

waters as they become warmer as the result of heat absorption from the sunlight by the 

suspended particles and with decreased light penetration resulting in decreased photosynthesis 

(Stumm and Morgan, 1981).  In general surface waters are more turbid than groundwaters. 
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Pure water has no color. Color of water is attained due to the existence of mineral or organic 

matter in solution. Taste and odor comes from bacteria, mineral matter, and chemical substances, 

from corrosion or as a result of water treatment (chlorination). In drinking water these properties 

may be indicative of some form of pollution or malfunction during water treatment or 

distribution. These properties are measured on the basis of the maximum degree of dilution that 

allows distinguishing them from taste-free and color-free waters (Garg , 2008).  

2.2. 2. Chemical Characteristics 
Pure or distilled water is a chemical compound whose molecular formula is H2O. However, 

natural waters are never pure. They are in actual fact dilute aqueous solutions of mixed and often 

complex character. The concentration of dissolved substances both organic and inorganic 

determines the chemical properties of water and some are of health concern, because they are 

carcinogenic and some can also affect the aesthetic quality of water. These chemical constituents 

can be categorized as major and minor ions and trace elements (Table 2.1). 

Major Ions - The number of major dissolved constituents in water is quite few, and the natural 

variations are not as great as might be expected from a study of the complex mineral and organic 

material through which the water has passed. More than 90% of the dissolved solids in 

groundwater can be attributed to eight ions: sodium (Na+), calcium (Ca2+), potassium (K+), 

magnesium (Mg2+), sulphate (SO4
2-), chloride (Cl-), bicarbonate (HCO3

-) and carbonate (CO3
2-) 

(Freeze and Cherry, 1979). These ions are usually present at concentrations greater than 1 

milligram per litre (mg/L). Silica (SiO2), a non-ionic species, is also typically present at 

concentrations greater than 1 mg/L. Other naturally occurring ions that may be present in 

amounts of 0.1 mg/L to 10 mg/L include iron (Fe), nitrate (NO3), fluoride (F), strontium (Sr) and 

boron (B). Iron and nitrate are typically included in water chemistry studies, with fluoride (F), 

strontium (Sr) and boron (B) being less commonly reported. Many other inorganic ions are 

important from a standpoint of water quality. 

Minor and Trace Elements - The terms minor and trace are used for substances that always or 

nearly always occur in concentrations less than 1 mg/L. Although it is reasonable to suppose that 

all the naturally occurring elements are present in most natural waters, the sensitivity of most 
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analytical procedures is not adequate to detect those present at concentrations much below 0.1 to 

1 mg/l (Freeze and Cherry, 1979). 

The minor and trace constituents can be grouped into alkali metals, alkaline earth metals, 

transition metals, some few metallic elements, non metallic elements, radioactive elements and 

nuclides and organic constituents. The following table shows the common trace elements, minor 

and major ions that exist in water. 

Table 2.1 Ions and trace elements in natural waters (Source: Freeze and Cherry, 1979) 

Concentrations Constituents 

Major constituents 

(1-100 ppm) 

Sodium, calcium, magnesium, bicarbonate, sulphate, 

chloride, silica 

Secondary 

constituents 

(0.01-10 ppm) 

Iron, strontium, potassium, carbonate, nitrate, fluoride, 

boron 

 

Minor constituents 

(0.001-0.1 ppm) 

Antimony, aluminium, arsenic, barium, bromide, 

cadmium, chromium, cobalt, copper, germanium, iodide, 

lead, lithium, manganese, molybdenum, nickel, 

phosphate, rubidium, selenium, titanium, uranium, 

vanadium, zinc 

Trace constituents 

(generally less than 

0.001 ppm) 

Beryllium, bismuth, cerium, caesium, gallium, gold, 

indium, lanthanum, niobium, platinum, radium, 

ruthenium, scandium, silver, thallium, thorium, tin, 

tungsten, ytterbium, yttrium, zirconium 

 

Alkalinity- Alkalinity of water is a measure of its capacity to neutralize acids without significant 

change in pH. It is caused by the presence of hydroxides, carbonates and bicarbonates 
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 (Hem,1971) . Presence of carbonates and bicarbonates in water is an interchangeable process, 

and depends on the pH value of water. At lower values of pH, the carbonates change to 

bicarbonates. So much so, that at pH less than 8.3, only bicarbonates are found to occur, since all 

the  carbonates are converted into bicarbonates  by the action of CO2 and H2O (Garg, 2008). 

Alkalinity is determined by measuring the amount of acid needed to lower the pH in a water 

sample to a specific end point. The results are usually reported in milligrams CaCO3 per liter 

(Weiner and Matthews, 2003). Poorly buffered water may have alkalinities lower than 40 mg 

CaCO3/L while water sampled from a stream flowing through a limestone region may have 

alkalinities greater than 200 mg CaCO3/L (Weiner and Matthews, 2003). 

Free Chlorine Residue – Once water has exited the treatment plant and entered the distribution 

system, it cannot be assumed that the chlorine residue will remain constant. Controlling and 

maintaining the chlorine residual can be challenging (James, 2008). Water system operators 

know that, in reality, the level and form of the chlorine residual is variable throughout the 

distribution system. Contamination can enter the system by cross-connections or pipe line 

breaks. Pipe breaks or construction intrusion are usually followed quickly by line disinfection, 

but often times there is a lag between the initiation of the event and final disinfection of the 

system. These events can result in consumption of chlorine residual which serves as both an 

indicator of contamination and an agent to fight the results of contamination. Chlorine residual 

will also decay “naturally” within the system as a result of reaction of chlorine with materials in 

or on the pipe wall. This can be either the pipe material itself or biofilms or sediment at the pipe 

surface. The ability to predict this chlorine loss is difficult due to the variable physical 

characteristics of pipes within the distribution system (e.g., age, construction material, diameters, 

encrustation, etc.). 

Chlorine used for disinfection is a known practice, but there should be a residual of chlorine 

which is not combined in order to protect the drinking water from recontamination. Since the 

presence of chlorine residual in drinking water indicates that: 1) a sufficient amount of chlorine 

was added initially to the water to inactivate the bacteria and some viruses that cause diarrheal 

disease; and, 2) the protection of the water from recontamination during storage, it is necessary  
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to check the free chlorine residual for water quality. Therefore, FCR can be a measure of the 

potability of water as FCR and absence of disease causing organisms can be correlated. 

A free chlorine level of 0.5 mg/L will be enough residual only to maintain the quality of water 

through the distribution network, but is most likely not adequate to maintain the quality of the 

water when this water is stored in the home in a bucket or jerry can for 24 hours 

(http://www.cdc.gov). 

The aim of testing free chlorine residual is to know effective disinfection at the endpoints (i.e., 

water taps) of the system: defined by the WHO (1996) as: “a residual concentration of free 

chlorine of greater than or equal to 0.5 mg/L after at least 30 minutes contact at pH less than 8.0” 

(http://www.cdc.gov/). A sudden disappearance of stable residual chlorine can indicate the 

ingress of contamination. The reduction of chlorine residual or difficulty of maintaining residuals 

at points in distribution system may indicate that the water or pipe work has a high demand of 

chlorine due to growth of bacteria (WHO, 2004). 

Health concern ions and Aesthetic objective metallic elements - A number of chemicals, both 

organic and inorganic, including some pesticides, are of concern in drinking water from the 

health perspective, because, they are toxic to humans or are suspected of causing cancer; some 

can also affect the aesthetic quality of water but are not of health concern (ADWG, 2006).  In 

this study the ions of health concern measured are nitrate, phosphate, whereas iron and 

manganese are metallic elements which are of aesthetic concern.  

According to WHO (2010), millions of people are exposed to unsafe levels of chemical 

contaminants in their drinking-water. This may be linked to unsafe anthropogenic activities   

such as, the lack of proper management of industrial effluents, urban wastewater and agricultural 

runoff water – potentially giving rise to long term exposure to pollutants, which can have a range 

of serious health implications. Or it may be linked to naturally-occurring arsenic and fluoride, 

which cause cancer and tooth/skeletal damage, respectively (WHO, 2010).  In this study special 

emphasis is given to nitrate because of its health concern.  
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Nitrate - The presence of high nitrate level in drinking water has a health problem. It causes 

methaemoglobinaemia (blue baby syndrome) in children which impairs the ability of blood to 

carry oxygen to the body.  

Nitrate is used mainly in inorganic fertilizers; also occurs in effluent discharges from wastewater 

treatment plants and runoff from animal feedlots. Even though the nitrate concentration in 

groundwater and surface water is normally low it can reach high levels as a result of leaching or 

runoff from agricultural land or contamination from human or animal wastes as a consequence of 

the oxidation of ammonia and similar sources. In most countries, nitrate levels in drinking-water 

derived from surface water do not exceed 10 mg/L, although nitrate levels in well water often 

exceed 50 mg/L; nitrite levels are normally lower, less than a few milligrams per liter (WHO, 

2006). The maximum permissible limit for drinking is 50 mg/L (WHO, 2004). 

Nitrates in water stimulate excessive plant and algae growth. When the plant and algal material 

gets decomposed by bacteria, it causes depletion of dissolved oxygen available in the water, 

which affects fish and other aquatic animals which need oxygen for their survival (Stumm and 

Morgan, 1981). Nutrients like nitrates and phosphates, which may be originated from animal 

manure or fertilizers added to the soil will also enter the water by runoff from the land. Then 

these chemicals cause eutrophication (excessive nutrient levels in water), which increases the 

growth of algae and plants in waterways, leading to an increase in cyanobacteria (blue-green 

algae). The toxins released during their decay are harmful to humans. The use of nitrogen 

fertilizers can be a problem in areas where agriculture is becoming increasingly intensified. 

These fertilizers increase the concentration of nitrates in groundwater, leading to high nitrate 

levels in underground drinking water sources. 

Phosphate - Phosphorus is an essential element of ATP, the primary energy carrier in higher 

organisms. The major natural source of phosphorus is rock weathering. Fertilizers, detergents 

and sewage are the largest anthropogenic sources of phosphorus in water ways and provide a 

readily available form of this nutrient. Phosphorous occurs in natural waters as phosphate (PO-
4). 

Phosphorous in surface water is commonly originated from agricultural, domestic, and industrial 

wastes. In municipal waste water the common source is from solid wastes and P-based 

detergents that may enter the stream from point sources such as wastewater plant discharges or  
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combined sewer overflows (Brown, 2001). In a watershed the non point sources of phosphorous 

is from fertilizer runoff, from lawns and landscaped areas, detergents from car wash and other 

areas, septic system leachates, transported sediment, animal manure runoff, and atmospheric 

deposition (Susan and Lawrence, 2003).The presence of high phosphate in water leads to 

eutrophication.  

Iron - Iron is the second most abundant metal in the earth's crust, of which it accounts for about 

5%. Elemental iron is rarely found in nature, as the iron ions Fe2+ and Fe3+ readily combine with 

oxygen and sulfur-containing compounds to form oxides, hydroxides, carbonates, and sulfides. 

Iron is most commonly found in nature in the form of its oxides (WHO, 1996). Iron is an 

essential element in human nutrition. Estimates of the minimum daily requirement for iron 

depend on age, sex, physiological status, and iron bioavailability and range from about 10 to 50 

mg/day. As a precaution against storage of excessive iron in the body, JECFA established a 

provisional maximum tolerable daily intake (PMTDI) in 1983 of 0.8 mg/kg of body weight, 

which applies to iron from all sources except for iron oxides used as coloring agents, and iron 

supplements taken during pregnancy and lactation or for specific clinical requirements. 

Allocation of 10% of this PMTDI to drinking-water gives a value of about 2mg/L, which does 

not present a hazard to health. The taste and appearance of drinking water will usually be 

affected below this level, although iron concentrations of 1–3 mg/L can be acceptable for people 

drinking anaerobic well-water. No health-based guideline value for iron is proposed (WHO, 

1996).  

Elevated levels of iron and manganese can cause staining of basins, showers and laundry fittings 

as well as staining of washing. The corrosion of iron is of concern if iron is used for distribution 

system frequently. The excessive corrosion of iron leads to water quality problems (e.g., red 

water). The corrosion of iron is a complex process that involves the oxidation of the metal, 

normally by dissolved oxygen, ultimately to form a precipitate of iron. The major water quality 

factors that determine whether the precipitate forms a protective scale are pH and alkalinity. The 

concentrations of calcium, chloride and sulfate also influence iron corrosion. Successful control 

of iron corrosion has been achieved by adjusting the pH to the range 6.8–7.3, hardness and 

alkalinity to at least 40 mg/L (as calcium carbonate), over saturation with calcium carbonate of 
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4–10 mg/L and a ratio of alkalinity to Cl- + SO4
2- of at least 5 (when both are expressed as 

calcium carbonate (http://www.env.gov.bc.ca). 

Manganese - The most common sources of manganese and iron are naturally occurring iron and 

manganese bearing minerals and rocks. Industrial effluents, acid-mine drainage, sewage and 

landfill leachates are anthropogenic sources.  (http://www.cnv.gov.bc.ca).  

At concentrations found in most natural waters, and at concentrations below the aesthetic 

objective, iron and manganese are not considered a health risk. Water with a high concentration 

of iron or manganese may cause the staining of plumbing fixtures or laundry. Manganese solids 

may form deposits within pipes and break off as black particles that give water an unpleasant 

appearance and taste.  

Manganese may also occur naturally in many surface water and groundwater sources, 

particularly in anaerobic or low oxidation conditions. The presence of manganese in drinking-

water will be objectionable to consumers if it is deposited in water mains and causes water 

discoloration. Concentrations below 0.05–0.1 mg/L are usually acceptable to consumers but may 

sometimes still give rise to the deposition of black deposits in water mains over an extended 

period; this may vary with local circumstances. Levels in fresh water typically range from 1 to 

200 mg/L, although levels as high as 10 mg/L in acidic groundwater have been reported; higher 

levels in aerobic waters usually are associated with industrial pollution (WHO, 2006). The 

presence of manganese interferes in residual chlorine determination with DPD showing that over 

estimation of chlorine while it may not be (ADWG, 2004). 

Microbiology - Drinking water must be free of all pathogenic micro-organisms. The microbial 

guidelines seek to ensure that drinking water is free of micro-organisms that can cause disease. 

According to WHO (2010) the most predominant waterborne disease, diarrhea, has an estimated 

annual incidence of 4.6 billion episodes and causes 2.2 million deaths every year. There are 

several variants of the faecal-oral pathway of water-borne disease transmission. These include 

contamination of drinking-water catchments (e.g. by human or animal faeces), water within the 

distribution system mixed with sewerage (e.g. through leaky pipes or obsolete infrastructure) or 

of stored household water as a result of unhygienic handling.  
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The most common and widespread health risk associated with drinking water is contamination, 

either directly or indirectly, by human or animal excreta and the microorganisms contained in 

faeces. Contamination by sewage or human excrement presents the greatest danger to public 

health associated with drinking water, and bacteriological testing continues to provide the most 

sensitive means for the detection of such pollution (Hrudey et al., 2003). Bacterial pathogens 

gradually lose their viability and ability to cause infection after excreted from animal or human 

beings. The rate of decay varies with different bacteria; it is usually exponential, and after a 

certain period a pathogen will become undetectable. The most common waterborne pathogens 

are those that are highly infectious or highly resistant to decay outside the body. Pathogens with 

a low persistence (i.e. those that do not survive long outside the host) must rapidly find a new 

host and are more likely to be spread by person-to-person contact or by poor personal or food 

hygiene than by drinking water contamination (WhiteWorks, 2005). 

Since total coliforms include organisms that can survive and grow in water, they are not useful as 

an index of faecal pathogens, but they can be used as an indicator of treatment effectiveness and 

to assess the cleanliness and integrity of distribution systems and the potential presence of 

biofilms. Total coliform bacteria (excluding E. coli) occur in both sewage and natural waters. 

Some of these bacteria are excreted in the faeces of humans and animals, but many coliforms are 

heterotrophic and able to multiply in water and soil environments. Total coliforms can also 

survive and grow in water distribution systems, particularly in the presence of biofilms (WHO, 

2006). 

 Coliform bacteria, as typified by Escherichia coli, reside in the intestinal tract of humans and are 

excreted in large numbers in feces of humans and worm blooded animals, averaging about 50 

million coliforms per gram. Escherichia coli occurs in high numbers in human and animal faeces, 

sewage and water subject to recent faecal pollution. Water temperatures and nutrient conditions 

present in drinking-water distribution systems are highly unlikely to support the growth of these 

organisms (Glynn and Gary, 2004). 

The presence of E. coli (or, alternatively, thermotolerant coliforms) provides evidence of recent 

faecal contamination, and detection should lead to consideration of further action, which could 

include further sampling and investigation of potential sources such as inadequate treatment or 
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breaches in distribution system integrity (WHO, 2006). Drinking such contaminated water or 

using it in food preparation may cause new cases of infection. 

Pathogenic bacteria, viruses, and protozoa causing enteric diseases in humans originate from the 

same source, namely, fecal discharges of diseased persons. Water contaminated by fecal 

pollution is identified as being potentially dangerous by the presence of coliform bacteria (Mark 

and MarkJr., 2005). Due to outbreaks of water borne disease threats to water quality and quantity 

can have a profound impact on the health of human beings. So it is imperative that drinking 

water be kept clean, safe and reliable. 

Total bacterial count is a reliable indicator as the number of bacteria present in the water sample 

depends upon the degree of contamination. Coliform bacteria are a reliable indicator of organic 

pollution as they are unable to survive in clean water beyond a limited time. Another reason is 

that other bacteria like E coli are unable to multiply outside the body of human and other warm 

blooded animals (Herrmann, 2003). 

Therefore, in order to secure the microbial safety of drinking-water supplies, to prevent the 

contamination of drinking-water or to reduce contamination to levels not injurious to health, it is 

necessary to use multiple barriers, from catchments to consumers. Moreover the presence of 

multiple barriers with the inclusion of protection of water resources, proper selection and 

operation of a series of treatment steps and management of distribution systems by maintaining 

and protecting treated water quality helps to increase the safety. The preferred strategy is a 

management approach that places the primary emphasis on preventing or reducing the entry of 

pathogens into water sources and reducing reliance on treatment processes for removal of 

pathogens (Mark and Mark, 2005).  

2.2.3. Organic Matter  
Data on the level of organic matter in treated water provide an indication of the potential for the 

regrowth of heterotrophic bacteria in reservoirs and distribution systems. Organic matter can be 

measured as BOD, COD and TOC. BOD and COD can be used as indicator for the presence of 

organic wastes in water, which may affect the fish and aquatic plant life adversely. Bacteria 

decompose these organic materials using dissolved oxygen, thus reducing the DO present for  
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fish. Biochemical oxygen demand (BOD) is a measure of the amount of oxygen that bacteria will 

consume while decomposing organic matter under aerobic conditions. Biochemical oxygen 

demand is determined by incubating a sealed sample of water for five days and measuring the 

loss of oxygen from the beginning to the end of the test. Samples often must be diluted prior to 

incubation or the bacteria will deplete all of the oxygen in the bottle before the test is completed. 

Dissolved organic matter is ubiquitous in natural groundwater, although the concentrations are 

generally low compared to the inorganic matter in groundwater. Investigation of soil suggests 

that most dissolved organic matter in subsurface flow systems is fulvic and humic acid (Freeze 

and Cherry, 1979). These terms refer to particular types of organic compounds that persist in 

subsurface waters because they are resistant to degradation by micro-organisms. Little is known 

about the origin and composition of organic matter in groundwater. According to Chapman 

(1996) referred by Malefia Tadele (2009) the concentration of BOD in most unpolluted water 

bodies is 2 mg/L and COD is 10 mg/L. 

COD is often measured as a rapid indicator of organic pollutant in water. It is normally measured 

in both municipal and industrial wastewater treatment plants and gives an indication of the 

efficiency of the treatment process. Chemical oxygen demand (COD) does not differentiate 

between biologically available and inert organic matter, and it is a measure of the total quantity 

of oxygen required to oxidize all organic material into carbon dioxide and water. COD values are 

always greater than BOD values, but COD measurements can be made in a few hours while 

BOD measurements take five days (http://www.who.int). 

Both organic and inorganic constituents of the sample are subject to oxidation; however the 

organic component predominates and is of greater interest. COD is often used as a measurement 

of pollutants in natural and wastewaters and to assess the strength of waste such as sewage and 

industrial effluent waters. COD has further applications in power plant operations, chemical 

manufacturing, commercial laundries, pulp and paper mills, environmental studies and general 

education. In potable drinking water plants, COD values should be less than 10 mg/L O2 at the 

end of the treatment cycle. In this study BOD and COD were measured from raw water sources 

and tap water in order to see the presence of organic pollution. 
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2.3. Relationships of Environmental Factors and Water Composition 
There are many natural and man-made factors that influence the composition of natural waters. 

According to Tenalem Ayenew and Tamiru Alemayehu (2001) the major factors are the 

following. 

Climate - the processes of rock weathering are strongly influenced by temperature and by 

amount and distribution of precipitation. Climate patterns tend to produce characteristic plant 

communities and soil types, and the composition of water of stream draining such areas could be 

thought of as a product of the ecologic balance.  

Certain of the major ionic constituents of natural water are influenced more strongly than others 

by climate effects. Bicarbonate, for example, tends to predominate in water in areas where 

vegetation grows abundantly. Some metals are accumulated by vegetation and must reach peak 

concentrations when plant decay cycles cause extra amounts of these metals to enter the 

circulating water (Hem, 1971). 

Humid temperate climates and warm, wet climates generally are the most favorable for growth 

of vegetation. Runoff from tropical rain forests is commonly low in dissolved solids 

concentration. An arid climate is unfavorable for rapid rates of solvent erosion, but concentration 

of dissolved weathering products in the soil by evaporation can give rise to water high in 

dissolved-solids content. Climates characterized by alternating wet and dry seasons may favor 

weathering reactions that produce considerably larger amounts of soluble inorganic matter at 

some seasons of the year than at other seasons(Hem, 1971). 

Geologic Effects - The ultimate source of most dissolved ions is the mineral assemblage in rocks 

near the land surface. The purity and crystal size of minerals, the rock texture and porosity, the 

regional structure, the degree of fissuring, the length of previous exposure time, and a good 

number of other factors might influence the composition of water passing over and through the 

rock. 

Rock temperatures increase with depth below the land surface. Increased temperature raises both 

the solubility and the rate of dissolution of most rock minerals. Water associated with geothermal 
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fields has higher total dissolved ions. Generally deep groundwater has higher ionic concentration 

due to high temperature and rock-water interactions (Hem, 1971). 

Biochemical factors - life forms and the chemical processes affect the chemistry of water in 

many ways. In many cases the study of natural water composition involves concepts of ecology, 

because a large number of factors and processes are interrelated in bringing about the 

composition of the water (Hem, 1971). As in ecologic systems change in one factor may bring 

about a considerable factor of other changes that can influence the particular variable being 

observed. In biochemical processes the most important factors are ecological issues, influence of 

soil and soil-forming processes, aquatic biota and influence of humans. 

The hydrologic cycle - A characteristic property of the free water of the earth is its continual 

motion, imparted primarily by the input of radiant energy. According to Freeze and Cherry 

(1979) evaporation and precipitation significantly affect the total ionic concentration of natural 

waters. In some cases, different ions falling with precipitation may influence the type and 

amount of ionic species in water. 

Sources of solutes in the atmosphere - Different substances enter into surface and groundwater 

systems from precipitation recharge. These includes different types of gases (SO2, NH3, N2O, 

NO2, HCl, CO, CO2) produced by burning of fuels, by metallurgical processes, and by other 

anthropogenic activities, and also by biochemical processes in soil and water and by volcanic or 

geothermal activity. Naturally occurring atmospheric particulate matter consists of terrestrial 

dust carried aloft by wind or propelled upward by volcanic eruptions and of sodium chloride or 

other salts picked up as a result of wind agitation of the ocean surface (Hem, 1971). 

Composition of atmospheric precipitation - As the groundwater is dominantly recharged by 

direct precipitation, its composition is influenced significantly by the composition of 

precipitation. Precipitation in turn is influenced by emission of gasses into the atmosphere, by the 

evaporation of sea water, geothermal emissions, industrial wastes, etc (Hem, 1971). 

Influence of humans - A major impact of the environmental factors influencing the composition 

of water comes from human activities. Solutes may be directly added to water by disposal of 

wastes, or may be directly removed in water treatment or recovery of minerals. The ecology of  
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whole drainage basins may be profoundly affected by bringing forested land into cultivated 

agriculture. Application of fertilizers, diversion of water courses, urban waste disposal, industrial 

wastes, mining activities, etc. affect the chemistry of water in many ways. 

2.4. Causes of Water Quality Deterioration 
The quality of water is influenced by different natural processes and anthropogenic activities as 

stated above. Most of water quality deterioration comes from anthropogenic sources that cause 

pollution of groundwater and surface water. Pollution is an alteration of physical, chemical, 

bacteriological, or radiological properties of water that result in an impairment of designated 

uses.  

Pollution, in certain circumstances, can be caused by nature itself, such as when water flows 

through soils with high acidities. But more often human actions are responsible for the pollutants 

that enter the water. This is apparently the case in Addis Ababa area (Tamiru Aemayehu et al., 

2005). Rapid development of urbanization, along with industrial expansion, has deteriorated the 

natural environmental quality of water bodies in the city of Addis Ababa.  

According to Environmental Protection Agency of the United States of America (USEPA, 2006) 

water pollution is divided into six categories. Some of these are also common pollution sources 

in Addis Ababa area.  

1. Biodegradable waste which consists mainly of human and animal waste are the major 

pollutants. When biodegradable waste enters a water supply, the waste provides an energy 

source (organic carbon) for bacteria. If there is a large supply of organic matter in the 

water, oxygen-consuming (aerobic) bacteria multiply quickly, consume all available 

oxygen, and kill all aquatic life.  

2.  Nutrients, such as phosphates and nitrates, enter the water through sewage, and livestock 

and fertilizer runoff. Phosphates and nitrates are also found in industrial wastes. Though 

these chemicals are natural, 80 percent of nitrates and 75 percent of phosphates in water are 

human-added. When there is too much nitrogen or phosphorus in a water supply (0.3 parts 

per million for nitrogen and 0.01 parts per million for phosphorus), algae begin to develop. 

When algae blooms, the water can turn green and cloudy, feel slimy, and smell bad.  
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3. Heat can be a source of pollution in water. As the water temperature increases, the amount 

of dissolved oxygen decreases. Thermal pollution can be natural, in the case of hot springs 

and shallow ponds in the summertime, or human-made, through the discharge of water that 

has been used to cool power plants or other industrial equipment. Fish and plants require 

certain temperatures and oxygen levels to survive, so thermal pollution often reduces the 

aquatic life diversity in the water.  

4. Sediment is one of the most common sources of water pollution. Sediment consists of 

mineral or organic solid matter that is washed or blown from land into water sources. 

Sediment pollution is difficult to identify, because it comes from non-point sources, such as 

construction, agricultural and livestock operations, logging, flooding, and city runoff. Each 

year, water sources in the United States are polluted by over one billion tonnes of sediment. 

Sediment can cause large problems, as it can clog municipal water systems, smother 

aquatic life, and cause water to become increasingly turbid. And, turbid water can cause 

thermal pollution, because cloudy water absorbs more solar radiation.  

5. Hazardous and toxic chemicals are usually human-made materials that are not used or 

disposed of properly. Point sources of chemical pollution include industrial discharges and 

oil spills. Non-point sources of chemical pollution include runoff from paved roads and 

pesticide runoff. Many people think industries produce the greatest amount of chemical 

pollution. But domestic and personal use of chemicals can significantly contribute to 

chemical pollution. Household cleaners, dyes, paints and solvents are also toxic, and can 

accumulate when poured down drains or flushed down the toilet. In fact, one drop of used 

motor oil can pollute 25 liters of water.  

6. Radioactive pollutants that include wastewater discharges from factories, hospitals and 

uranium mines. These pollutants can also come from natural isotopes, such as radon. 

Generally, the pollution of water comes from two main sources: point sources and non-point 

sources. Point sources include factories, wastewater treatment facilities, septic systems, and other 

sources that are clearly discharging pollutants into water sources. Non-point sources are more 

difficult to identify, because they cannot be traced back to a particular location. Non-point  
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sources include runoff including sediment, fertilizer, chemicals and animal wastes from farms, 

fields, construction sites and mines. Landfills can also be a non-point source of pollution, if 

substances leach from the landfill into water supplies. 

2.4. Water Treatment  
The objective of municipal water treatment is to provide a potable supply which is chemically 

and microbiologically safe for human consumption. To fulfill the quality requirements of water 

for intended use, treatment is necessary. Treatment techniques are prescribed physical and/or 

chemical processes to ensure the removal of microorganisms or contaminants that are health 

risks (Mark and Mark, 2005).  

Continuous supply of water that meets drinking water standards needs various treatment 

processes, in order to get rid off chemicals, organic substances or microorganisms which could 

affect human health. This is because the source of most urban communities’ water is collected 

from natural water body that may not be suitable for drinking. The water is then delivered to the 

community through a network of mains and pipes or distribution systems (CRC, 2008).  

Before releasing the water for use through the distribution system, the raw water is treated. There 

are different methods of water treatment processes depending on the source of water and the 

desired water quality. Screening, coagulation/flocculation, sedimentation, filtration and 

disinfection are the main unit operations used in the treatment of surface water. Water treatment 

operations have one or more three key tasks: removal of particulate substances such as sand and 

clay, organic matter, bacteria and algae; removal of dissolved substances such as those causing 

color and hardness; removal or destruction of pathogenic bacteria and viruses (Glynn and Gary, 

2004). The water supplied to the residences of Addis Ababa undergoes all these treatment 

techniques (AAWSA, 1996). 

The primary process in surface water treatment is chemical clarification by coagulation, 

sedimentation and filtration. This is because lake and reservoir water has a more uniform year 

round quality and requires a lesser degree of treatment than river water. Due to natural 

purification, which results in reduction of turbidity, coliform bacteria, and color and elimination 

of day to day variations the process doesn’t need pre-sedimentation.  But during the summer and 
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fall there is an increase of turbidity caused by growth of algae which may make removing tastes 

and odors difficult (Mark and Mark, 2005).  

In river supplies the primary process is pre-sedimentation in order to reduce silt and settleable 

organic matter prior to chemical treatment. Well supplies normally yield cool, uncontaminated 

water of uniform quality that is easily processed for municipal use. Deep-well supplies may be 

chlorinated to provide residual protection against potential contamination in the water 

distribution system. 

Screening is used to remove large solids such as logs, branches, rags and small fishes which 

damage pumps and clog pipes and channels. After screening, chemical is added and mixed for 

dispersion of chemicals so that dissolution occurs in 10 to 30 seconds to coagulate and 

flocculate. The most popular chemical coagulant to remove turbidity is alum (Aluminum sulfate) 

and synthetic polymer is used as a flocculation aid. Activated carbon is also used to remove taste 

and odor producing compounds. 

During flocculation the water is allowed to gentle and slow mixing to build large settleable floc. 

Detention time in the coagulation/flocculation tank is usually between 20 and 40 minutes in 

tanks 3 to 4 m deep (Glynn and Gary, 2004). The floc suspension is gently transferred to settling 

tanks or directly to filters (to treat surface waters with low turbidity and color), where the flocs 

are removed (CRC, 2008; Mark and Mark, 2005).  

The non settleable floc remaining after chemical coagulation and sedimentation is allowed to be 

filtered in the filtration unit. Filtration is effected by passing water through a filter bed made up 

of originally of fine sand over a layer of supporting gravel with a combination of water pressure 

from above and suction from the bottom. Filters can also be made of layers of sand, gravel and 

charcoal. The pore openings of the filters, particularly those at the surface, become clogged and 

the filter must be cleaned by backwashing. 

While coagulation, often combined with filtration, will remove most of the troublesome 

contaminants from water, these processes do not usually remove all the material dissolved in the 

water (CRC, 2008). If the water contains undesirable impurities, additional treatment such as 

adsorption and oxidation may be required (CRC, 2008).  
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In water treatment, specialized adsorbent materials such as activated carbon and ion exchange 

resins are used to remove a range of soluble contaminants from water. Oxidation with strongly 

reactive chemicals such as ozone or chlorine dioxide, are used to disinfect water and to destroy 

soluble contaminants such as algal toxins, taste and odor compounds and, particularly in Europe, 

traces of pesticides (CRC, 2008). 

To ensure that the water is free of harmful bacteria disinfection is conducted.  The most 

commonly used disinfection process is chlorination. Ozonation, UV irradiation, chloramination 

and application of chlorine dioxide are also used. These methods are very effective in killing 

bacteria and can be reasonably effective in inactivating viruses (depending on type) and many 

protozoa, including Giardia and Cryptosporidium. For effective removal or inactivation of 

protozoal cysts and oocysts, filtration with the aid of coagulation/flocculation (to reduce particles 

and turbidity) followed by disinfection (by one or a combination of disinfectants) is the most 

practical method. The rate of disinfection depends on the concentration and form of available 

chlorine residual, time of contact, pH, temperature and other factors (WHO, 2006).  

2.5. Water Treatment and Distribution System of Addis Ababa 
Addis Ababa water supply comes mainly from three sources (Legedadi, Gefersa and Akaki well 

field). Each has their own treatment system. In reservoir distribution systems prechlorination, 

coagulation/ flocculation, filtration, sedimentation and disinfection with chlorine are the main 

operational units of water treatment (AAWSA manual, personal communication). Aluminum 

sulfate (Al2(SO4)3 )and lime are added for coagulation/flocculation purpose. Chlorine is added 

for disinfection after clarifying it and filtration. In addition to this lime is added for pH 

adjustment.  

In Akaki well field, water from all 29 wells is pumped into the main reservoir called city 

reservoir. In this reservoir chlorine is added and then distributed to the end users. Inside the city 

the water is stored in reservoirs constructed at different elevations. Because groundwater is 

expected to be free from suspended matter due to natural filtration by soil the common surface 

water treatment systems are not applied (Mark and Mark, 2005). 

The distribution system of Addis Ababa is quite complex. The total length of the pipes in the city 

is several hundred kilometers. In general there are three main lines representing the three major 
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sources. These are the Akaki well field from the south, the Legedadi and Dire dams to the east 

and the Gefersa in the northeast. Accordingly, different parts of the city get different water types. 

For example, the southern part of the city is supplied with groundwater and the eastern part from 

Legedadi Reservoir. The main lines are connected with many secondary and tertiary distribution 

lines (Figure 2.1).  

In some parts of the city the different water sources are mixed. In some places water from 

protected springs and boreholes are distributed to local residents sometimes directly or mixed 

with the other systems.  In few cases unprotected (non-piped) water sources are used. In recent 

years many boreholes are drilled and new pipelines were constructed. Figure 2.1 does not include 

the newly constructed distribution systems. It should be noted that the distribution line selected 

for this study do not mix with each other.  The raw water from source to end user is not mixed 

with any other water along the chosen distribution system. Figure 2.2 shows some of the studied 

water points. 
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Figure 2.1 Major distribution line (pipelines) and water sources (Source: AAWSA  GIS database) 
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Plate  2.1. Plates showing some water points (A: partial view of Legedadi dam with silt; B: Treatment 

plant of Legedadi; C: sampled Akaki well, D: Janmeda reservoir) 

 

  

A B

C D
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CHAPTER THREE 

MATERIALS AND METHODS 
 

3.1. Brief Description of the Project Area 
Addis Ababa is located in central Ethiopia at the edge of the Rift Valley within the Akaki river 

basin which is found between 80 45’ to 90 13’ north latitude and 380 34’’to 390 4’ east longitude 

(Figure 3.1.). It is the biggest city in Ethiopia with a population of 2.7 million as of 2007 (CSA, 

2007). Since its establishment some 130 years ago the city has grown from sparse and scattered 

settlements to a wide (530 km2) highly populated city (Tamiru Alemyehu et al., 2005). 

The project area is localized within the Akaki catchment that includes two reservoirs (Legedadi 

and Gefersa) and one well field (Akaki well field) which are connected with pipelines supplying 

water to the residents of Addis Ababa (Figure 2.1). The Akaki river catchment, which includes 

the city of Addis Ababa and the Akaki well field is an extensive drainage system which covers a 

total area of 11,454 km2 (Tamiru Alemyehu et al., 2005).  

The city of Addis Ababa is surrounded by large volcanic mountains to the east, west and north 

where many springs emanate. The northern mountains (Intito Ridge) form the watershed divide 

of the Blue Nile and the Awash River basins. The northern part of the catchment has ragged 

topography and steep slopes characterized by rapids and falls. The reservoirs which serve the 

city of Addis Ababa receive water from the mountainous areas. The catchment extends 

southwards up to Aba Samuel reservoir which lies at elevation of 2000 m a.s.l.  
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Figure 3.1 Location map of Akaki river catchment (Modified from Tamiru Alemayehu et al., 2005) 

 

There are four man-made reservoirs in the catchment (Legedadi, Gefersa, Dire and Aba Samuel) 

With the exception of Aba Samuel, all the reservoirs supply domestic and industrial water. 

Although it is currently not operational and stores much below its capacity, Aba Samuel 

reservoir (with an area of 12.8 km2) was constructed in the late 1930’s for electricity generation. 

Currently this reservoir receives all kinds of municipal and industrial effluents (pollutants) 

(Tamiru Alemayehu, 2005). 

The Akaki river catchment has many streams and perennial rivers. The most important ones are 

the Big Akaki and small Akaki rivers that drain in to the eastern and western part of the city 

respectively and the Kebena River passes through the city centre. With regard to groundwater, 

there are many springs and drilled shallow and deep wells. Most of the springs are found within 

the city limit and at the foot of the northern mountain ranges. Shallow and deep wells drilled in 

different parts of the city supply water to the community and industries. The major water supply 

for the city comes from the two reservoirs (Gefersa and Legedadi) and the Akaki well field.  

The climate of the region is sub-humid. The dry season is from October to May and the wet 

season extends from June to September, with intermittent rainfall in the rest of the months. The 

annual catchment rainfall and potential evapotranspiration are 1100 and 1226 mm, respectively 
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(NMSA, 2005). The volume and quality of the water in reservoirs change seasonally based on 

the climatic conditions. Table 3.1 shows the rainfall and temperature of selected stations in the 

Akaki catchment. 

 

Table 3.1    Rainfall and temperature of selected stations in Addis Ababa area 

Parameter Station(periods) Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. Total 

Rainfall, 
mm 

  

  

  

  

Intoto(1989-
2004) 15.6 38.3 61 87.2 43.2 102.2 265.3 317.1 138.4 27.2 9.9 9.8 1115.2 

Sendafa(1991-
2004) 20.8 18.5 47.7 52.4 43.7 118.6 328.8 308 106.1 49.1 3.6 3.8 1101.1 

Akaki (1975-
2004) 14.1 29.8 76.7 86.1 68.5 115.2 255.4 258.5 118.8 25.1 3.6 3.2 1055.0 

AA Bole(1980-
2004) 11.8 33.6 68 93 71.1 122.5 235.9 240.3 133.5 30.9 3.2 4.9 1048.8 

AA Obs(1980-
2005) 14.2 39.1 68.9 91.5 83.7 136.2 262.4 272.9 168.7 34.9 5.8 9.2 1187.4 

Mean   15 32 64.4 82 62 119 270 279 133 33 5 6 1100.5 

Temp.0c 

 

 

  

  

  

Entoto (1989-
2004) 19.1 19.7 19.9 19.4 20.1 17 15.9 15.9 15.8 16.8 18.6 17.5 18.0 

AA Obs (1980-
2005) 23.9 24.9 25 24.5 25.1 23.4 21 20.9 21.7 22.7 23.1 23.2 23.3 

AA Bole(1980-
2004) 23.8 23.8 26.3 24.8 25.3 23.5 21.2 21.1 21.8 22.9 23.2 23.2 23.4 

Akaki ( 1997-
2004) 26.3 27.3 27.4 27.3 28 26.3 24.3 23.8 25.3 25.8 25.9 25.9 26.1 

Mean    23.3 24 24.7 24 24.6 15.9 20.6 20.4 21.2 22.1 22.7 22.5 22.2 

 

Geologically, Addis Ababa is characterized by different volcanic rocks covered with quaternary 

sediments. The most important rocks are basalt, ignimbrites, tuffs, rhyolite and volcanic 

pyroclastic deposits. The basalts, ignimbrites and volcanic pyroclastic deposits form productive 

aquifers at different depths.The presence of different faults favor localization of groundwater in 

the subsurface and emergence of springs at different elevations. Both shallow and deep aquifers 

are present in the volcanic rocks which are fractured and weathered. Many boreholes have been 
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drilled over the years for water supply purposes. The quality of the groundwater and surface 

waters appear to be influenced by the geology of the catchment in Addis Ababa area (Andarghe 

Yitbarek, 2009). 

3.2. Sampling Site Selection  
The most important criteria for selecting water sampling sites is the major source of the water for 

the city residents and the main distribution lines which convey the different sources without 

mixing with other water sources. The majority of the water to Addis Ababa city comes from 

Legedadi and the Akaki well field (groundwater). Therefore, these water sources are chosen. The 

raw water from these sources is treated by different methods before they enter into the main 

distribution system. In some parts of the city, the different water sources are mixed and 

distributed to the public. In this study the line was carefully selected by accounting the three 

major water supply systems and the likelihood of being polluted by leaking old pipes.  

For this study three distribution lines were chosen. It should be noted that there is no mixing 

between the different water sources along the chosen distribution lines. Figure 3.2 shows the 

location of the sampling sites and Table 3.2 shows the GPS reading (coordinates) of sampling 

points with description of the site.  

Gefersa Main Distribution Line (GL1-GL4) – This line represents samples 1-4 and extends 

from Gefersa Dam, Ras Hailu Sefer to Merkato (Autobis Tera). Samples were collected from the 

Gefersa Dam (raw water) at the dam axis, treated water at the treatment plant, from the reservoir 

of Ras Hailu Sefer and finally from a tap close to Autobis Tera where old pipeline systems are 

common and leakage are likely to be present. 

Legedadi Main Distribution Line (LL1-LL4) – This line represents sample 5-8 and extends 

from Legedadi all the way to Janmeda and then Arat Kilo. Samples were collected from 

Legedadi Dam (raw water) at the dam axis, treated water at the Legedadi treatment plant, from 

the Reservoir of Janmeda and finally from a tap inside Arat Kilo Campus.  

Akaki Main Distribution Line (AL1-AL4) – This line represents samples 9-12 and extends 

from Akaki well field and Kaliti reservoir to Nefas Silk area and then Gotera. Samples were 

collected from the deep well of Akaki (Well 19), at the Kaliti treatment plant (city reservoir, 
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which holds water pumped from 29 wells), at Gotera reservoir and from the Tap in Nefas Silk 

area. This line distributes only groundwater from Akaki well field. It should be noted that the 

raw water represents only sample from one borehole. While, the water being distributed after the 

treatment at Kaliti represents a mixture of different waters pumped from wells drilled at different 

sources. 

 

Figure 3.2 Location map of  sampling sites 

Table 3.2 GPS reading and name of sampling sites including the type of water sampled 

Map 
label 

Sample 
label 

Longitude 
(UTM) 

Latitude 
(UTM 

Elevation 
(m) 

Date of 
sampling Site Name Sample type 

1 LL-1 495623 1001980 2439 23/12/10 Legedadi dam Raw water from dam 

2 LL-2 495610 1001949 2441 23/12/10 Legedadi  
Chlorinated water from Legedadi 
reservoir 

3 LL-3 474530 999204 2459 23/12/10 Janmeda reservoir Chlorinated water from reservoir 

4 LL-4 474071 998238 2434 23/12/10 Arat kilo campus of AAU 
Tap water from College of 
Natural Sciences campus 

1-2
7

4

5-6
3

8
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10

11
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Little Akaki R.
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Map 
label 

Sample 
label 

Longitude 
(UTM) 

Latitude 
(UTM 

Elevation 
(m) 

Date of 
sampling Site Name Sample type 

5 GL-1 460522 1001599 2591 28/12/10 Gefersa dam Raw water from dam 

6 GL-2 460642 1001711 2583 28/12/10 Gefersa    
Chlorinated water from Gefersa 
reservoir 

7 GL-3 469385 999610 2507 28/12/10 Ras Hailu Meda reservoir Chlorinated water from reservoir 

8 GL-4 470530 997951 2453 28/12/10 Autobis Tera Tap water from butchery house 

9 AL-1 478032 977476 2067 30/12/10 Akaki wellfield Akaki Borehole -19 

10 AL-2 479112 978019 2095 30/12/10 Akaki wellfield city reservoir 
Chlorinated wells of the Akaki 
well field 

11 AL-3 473645 992767 2307 30/12/10 Gotera reservoir Chlorinated water from reservoir 

12 AL-4 474056 989827 2239 30/12/10 Saris  
Tap water at health center of 
Nefas Silk 

 

3.3. Sampling, Water Quality and Statistical Analysis 

3.3.1. Sampling 
Samples were collected during the last two weeks of December 2010 in the dry season. The 

absence of rainfall during the sampling enables to compare samples by avoiding the effect of 

dilution from rainfall. Aside from sample collection for laboratory analysis, in situ water quality 

test was conducted.  

Samples were collected at each site where samples for bacteriological and chemical parameters 

were taken in separate bottles. In addition samples for BOD and COD parameters were taken at 

the site of raw water and tap water from the three sources with polyethylene bottles. For each 

separate sampling point (12 in total) triplicate samples were collected and in situ measurement 

were also made three times. Only the average value is reported in this work. 

Sampling  was undertaken according to the procedure of  APHA,1999. For major ions, BOD and 

COD polyethylene plastic bottles with 1liter capacity were used. Maximum care has been taken 

to avoid contamination during and after sampling and transportation. The raw groundwater was 

collected from the tap that pumps the groundwater directly at the borehole site after letting the 

water to flow for 10 minutes and sterilizing the tip of the tap by using a lighter. The other 

samples were collected from taps, after sterilization of the tip of the tap by using a lighter and 
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letting the water to flow for about 10 minutes. Sterilized glass containers with a capacity of 250 

ml were used for bacteriological analysis sampling of raw water and for chlorinated water the 

glasses were treated with sodium thiosulphate to avoid disinfection of the sampled water and 

then sterilized in an autoclave for 15 minutes at 135 °C. Labeling of each sample was done at the 

site of sampling. Afterwards samples were placed in an ice box which contains ice cubes and 

taken to the laboratory with a maximum of 5 hours of sampling.  

3.3.2. In situ Water Analysis 
Some water quality variables change with time. These parameters have to be measured in situ. 

The most important ones are pH, temperature, EC and turbidity. In situ determination of water 

quality was conducted for physical parameters using calibrated digital portable water analyzer 

kits Wagtech HANNA Instruments (pH meter with integrated thermometer, EC meter and 

turbidity).  In addition to these FCR was also determined using DPD n°1 chlorine powder and 

comparator. For each parameter three measurements were taken in situ and the average was 

reported.  

3.3.3. Laboratory Analysis and Procedures 
The chemical and bacteriological analysis were conducted at different laboratories due to the 

unavailability of chemicals and instruments to conduct all the measurements in the same 

laboratory. The laboratory analyses were undertaken according to procedures outlined in the 

Standard Methods for the Examination of Water and Wastewater (APHA, 1999). Table 3.3 

shows methods of water quality analysis used in this study 

Table 3.3. Water quality parameters and measurement methods according to APHA, 1999. 

Parameters Method used 

Bicarbonate (as HCO-
3 in mg/L) Potentiometric titration Method 

Calcium (as Ca in mg/L) Potentiometric titration Method 

Carbonate (as CO3 in mg/L) Potentiometric titration Method 

Chloride (as Cl in mg/L) Iodometric method 
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Iron ( total iron in mg/L) Extraction/Air -Acetylene Flame Method 

Manganese (as Mn in mg/L) Extraction/Air -Acetylene Flame Method 

Nitrate (as NO3 in mg/L) Ultraviolet Spectrophotometric Screening Method 

Phosphorous( as PO3-
4 in mg/L) Ultraviolet Spectrophotometric Screening Method 

Potassium (as K in mg/L) Flame Photometric Method 

Sodium (as Na in mg/L) Flame Photometric Method 

Sulphate  (as SO2-
4 in mg/L) Turbidimetric method 

Total Alkalinity ( in mg/L) Potentiometric titration Method 

Hydroxide alkalinity, in mg/L Potentiometric titration Method 

 

Procedure for Sulphate determination 

100ml of the sample was placed in a 250ml Erlenmeyer flask and 20ml buffer solution was 

added to it and then mixed by using a stirrer. A spoonful of BaCl2 crystals were added while 

stirring and continued for 60 seconds at constant speed. After that barium sulfate turbidity was 

measured at 5min by pouring the solution into absorption cell of photometer. Sulphate 

concentration was estimated by comparing turbidity reading with a calibration curve prepared by 

carrying SO4 standards (APHA, 1999).  

Procedure for nitrate 

1ml of 1N HCl was added to 50ml of a clear sample solution and mixed thoroughly. Standard 

solutions were prepared and the absorbance was measured from the spectrophotometer. The 

absorbance of the sample was also read from the spectrophotometer after redistilled water used 

to set the absorbance reading at zero. A wave length of 220nm was selected to obtain nitrate 

reading and 275nm to determine if there is dissolved organic matter interference. Nitrate was 

determined from the calibration curve prepared with standard solutions by comparing the 

obtained absorbance (APHA, 1999). 

 

 



39 
 

Phosphorous  

Samples were filtered through 0.45µm membrane filters and 35 ml of the sample was placed in a 

50 ml volumetric flask. 10 ml of vanadate molybdate reagent was added and diluted to the mark 

with distilled water. After that a blank solution was prepared by replacing 35ml of the sample 

with distilled water. After 10 min the absorbance of the sample versus a blank was measured at a 

wavelength of 470nm. A calibration curve was prepared using standard phosphate solution by 

measuring the absorbance for various wavelengths (APHA, 1999).    

Procedure for Ca, Mg, Fe, and Mn determination 

Water-saturated methyl isobutyl ketone was aspirated into flame and the fuel flow was gradually 

reduced until flame is similar to that before aspiration of solvent. Three concentrations of 

standard metal solutions in the optimum concentration range were selected. 100 ml of each 

standard and a metal free water for blank were adjusted to pH 3 by adding 1N HNO3. pH was 

adjusted for each element extraction to obtain optimum extraction. Each standard solution and 

blank were transferred into individual 200ml volumetric flasks and 1ml of ammonium 

pyrrolidine dithiocarbamate (APDC) solution was added and shaken.10ml of MIBK was added 

and shaken vigorously for 30 seconds. When the contents of organic and aqueous were 

separated, water was added carefully down to the side of each flask where it is accessible to the 

aspirating tube. Then the organic extract was aspirated directly into the flame and the absorbance 

was recorded. A calibration graph was prepared from the obtained absorbance of standard 

solutions against their concentrations before extraction. The samples were prepared as standard 

samples and the organic extracts were aspirated directly into the flame and the absorbances were 

recorded. The concentration of the metals was determined from the calibration curves using 

measured absorbance (APHA, 1999). 

Procedure for Na and K 

Blank and sodium/ potassium calibration standards were prepared. The standards and samples 

were aspirated into flame for enough time to secure a reliable average reading for each ion. 

Calibration curves were prepared and plotted from the sodium and potassium standards 

separately and from the calibration curve concentrations of sodium and potassium in the samples 

were determined and then multiplied by dilution ratio. The emission intensity for sodium 

measurement was 589nm where as for potassium was 766.5nm (APHA, 1999). 
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Procedure for total, hydroxide, carbonate and bicarbonate alkalinity 

Alkalinity was determined by titrating the water sample using standard solutions of sulphuric 

acid. The amount of sulphuric acid was added till the pH of the sample becomes 8.3 by using 

phenolphthalein indicator to determine the bicarbonate concentration. And further addition of 

sulphuric acid continued till the pH dropped to 4.5 using methyl orange indicator to determine 

total alkalinity (APHA, 1999). 

Procedure for chloride determination 

A sample was added into a flask which contains acetic acid and potassium Iodide. Then the 

solution was mixed with a stirring rod. The sample was titrated with 0.025N Na2S2O3 until the 

yellow color disappears. 1 ml starch solution was then added and titrated till the blue color was 

discharged. The result of the titration was recorded and calculated. A blank titration was 

determined using distilled water to correct the result of sample titration contributed by oxidizing 

or reducing reagent impurities and also to compensate for the concentration of iodine bound to 

starch at the end point (APHA, 1999). 

Total Coliform determination procedure 

In this method a number of a serial dilution of the sample was made and inoculated into a Lauryl 

tryptose broth medium at 35oc for 24/48 hours. Then by gentle mixing or swirling the growth, 

gas production or acidic reaction was checked, and if there was production of gas or acid 

formation it was positive and if not it was reinoculated for 48 ±3hours and checked again. Then 

the culture in tubes of positive presumption test was transferred to a fermentation tube (which 

contains brilliant green lactose bile broth) and then incubated at 35 oc for 24 hours. Formation of 

gas within 48 hours constitutes a positive confirmed phase. The MPN value was then calculated 

according to APHA procedure for most probable number (APHA, 1999). 

 

Fecal coliform determination procedure 

Fermentation tubes showing positive presumptive phase for fecal coliform test was taken and 

culture was transferred to EC broth and incubated in a water bath at 44.5 ± 0.2°C for 24 ± 2 h 
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within 30 minutes after inoculation. Growth or gas production within 24 ± 2 h or less was 

considered a positive fecal coliform reaction. The MPN was calculated from the number of 

positive EC broth described in APHA procedure (APHA, 1999). 

Biological Oxygen Demand procedure 

Dissolved oxygen in the 300ml bottle sample was initially measured with portable DO meter ( 

HACH P/N HQ3od, LOVELAND. CO, USA) and then covered with aluminum foil to protect 

from light and then placed to an incubator at 20oc. After 5days the amount of oxygen remaining 

in the sample was measured. The difference between the initial and final oxygen concentration 

was the BOD5 (APHA, 1999). 

Chemical Oxygen Demand determination procedure 

The HACH COD reactor was preheated at 150oc. 2ml of the sample was taken and added to a 

vial which contains chemicals and closed tightly. A blank was prepared with deionized water in 

another vial. The two vials were gently mixed and placed in the reactor for two hours. Then the 

vials were taken from the reactor and cooled. The vial with deionized water was inserted to a 

colorimeter and set to zero reading. Then the vial with the sample was placed in the colorimeter 

and the reading was taken in mg/L (APHA, 1999). 

3.3.4. Statistical Analysis 
Statistical analysis was performed using SPSS software (Version 13.0). A probability value of P 

< 0.05 was considered as statistically significant in this study. Multiple regressions have been 

made to understand the relation of the different water quality variables. To compare variation in 

water systems, Least Square of Differences (LSD) was applied. The correlation matrix is 

presented in Annex 3. Table 3.4 shows the basic statistics of the in situ and laboratory measured 

variables. 
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3.4. Limitations 
 

The research has been conducted under the following limitations. 

1. All water quality variables were not measured in the same laboratory. Therefore, the 

accuracy of the data may vary.  

2. Only one borehole raw water sample was taken from Akaki well field, which does not 

reflect the nature of the whole groundwater that supplies the city residents in the same 

distribution system (Akaki line). 

3. This study shows only the quality of water during the dry season or during the specific 

(one time) time of sampling. Due to time and financial limitations temporal variability is 

not accounted. 

4. Only three distribution lines were accounted. The result may not represent the situation in 

the entire distribution system. 
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CHAPTER FOUR 

RESUTLS AND DISCUSSION 
 

The results of the in situ and laboratory water sample tests are given in Tables 4.1 and 4.2, 

respectively.  The results clearly display wide variations in physical and chemical characteristics 

of the different water bodies. The microbiological variation is limited. The spatial variations of 

the physical, chemical and bacteriological analysis results are discussed in detail. The result is 

compared with the WHO (1996, 2004 and 2006) guide lines and Ethiopian Water Quality 

Standards (ES 261:2001) to evaluate the suitability of the water for drinking. Particular emphasis 

is given in addressing water quality variables having health. 

Table4.1. Basic statistics of the measured variables 

Basic Stat.
Ca Mg Na K Fe Mn NO3 PO4-P CO3

2- HCO3
- Cl- SO4

2- TA OH 
Alk.

Number 11 11 11 11 11 11 11 11 11 11 11 11 11 11

Maximum 33.11 12.15 32.2 4.1 0.82 0.18 16.15 416.94 0 343.12 21.48 37.79 281.43 0

Minimum 5.29 2.02 0.46 0.86 0.25 0.15 0.23 0.61 0 40.89 1.7 0.01 17.07 0

Average 15.14 5.51 10.43 1.88 0.38 0.17 5.13 46.5 0 132.86 10.27 15.45 97.56 0

Standard deviation 9.06 4.3 11.87 1.2 0.15 0.01 6.04 123.43 0 118.45 6.92 13.89 105.73 0

 

Basic Stat. pH Temp. EC Turbidity FCR 
TC, 
Mpn/100ml FC,Mpn/100ml Ecoli BOD COD 

Number 12 12 12 12 9 12 12 12 6 6 

Maximum 8.15 23.93 566.33 306.67 0.91 161 161   4 52.1 

Minimum 7 15.5 76.18 0 0.08 0 0   0 9.34 

Average 7.58 18.7 264.9 27.34 0.47 41.11 21.08   1.01 23.09 

Standard deviation 0.33 2.94 196.92 88.18 0.26 72.31 51.39   0.79 20.07 
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Table 4.2. Mean value of In situ physical and laboratory bacteriological analysis results 

Code Locality name Water source pH 

Temp., 

oc 

EC,  

µS/cm 

Turb.,  

FTU 

FCR,  

mg/L 

TC, MPN 

per100ml 

FC, 

MPN 

per100ml Ecoli 

BOD, 

mg/L 

COD, 

mg/L 

GL1 Gefersa dam 

Raw water from 

dam 7.49 17.5 76.18 21.46  - >161 >161 present 0 9.73 

GL2 

Gefersa   

treatment plant 

Chlorinated water 

from gefersa 

reservoir 8.15 15.5 172.55 0 0.57 0 

0 

Absent     

GL3 

Ras Hailu Meda 

reservoir 

Chlorinated water 

from reservoir 7.87 17 176.2 0 0.28 0 

0 
Absent     

GL4 

Sebategna 

seferAmestegna 

Tap water from 

butchery house\ 7.94 17.15 182.6 0 0.08 2 

0 
Absent 1.33 9.34 

LL1 Legedadi dam 

Raw water from 

dam 7.8 16.9 105.25 306.67  - >161 92  Present 1.67 52.1 

LL2 

Legedadi  

treatment plant 

Chlorinated water 

from Legedadi 

reservoir 7.57 18.43 123.03 0 0.53 0 0 Absent     

LL3 

Janmeda 

reservoir 

Chlorinated water 

from reservoir 7.55 17.2 118.07 0 0.91 0 0 Absent     

LL4 

Arat kilo 

university 

Tap water from 

campus 7.57 15.73 115.27 0 0.38 4.33 0 Absent 0 47.37 

AL1 Akaki wellfield Borehole -19 7.24 23.93 525 0  - 0 0 Absent 1.47 9.73 

AL2 

Akaki wellfield 

city reservoir 

Chlorinated all 

wells in akaki 7.17 23.9 496 0 0.69 2 

0 
Present     

AL3 Gotera reservoir 

Chlorinated water 

from reservoir 7.55 21.7 566.33 0 0.58 >161 

0 
Absent     

AL4 Saris  

Tap water health 

centre 7 19.5 522.33 0 0.2 2 

0 
Absent 1.6 10.29 
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Table 4.3 Mean chemical water quality test result 

Code Locality name Water source pH Temp. EC Turb FCR TC FC Ecoli BOD COD 

GL1 Gefersa dam Raw water from dam 7.49 17.5 76.18 21.46  - >161 161 present 0 10.19 

GL2 
Gefersa   
treatment plant 

Chlorinated water 
from gefersa 
reservoir 8.15 15.5 172.55 0 0.57 Nil 1 Absent     

GL3 
Ras Hailu Meda 
reservoir 

Chlorinated water 
from reservoir 7.87 17 176.2 0 0.28 Nil 1 Absent     

GL4 
Sebategna 
seferAmestegna 

Tap water from 
butchery house\ 7.94 17.15 182.6 0 0.08 2 1 Absent 4 9.34 

LL1 Legedadi dam Raw water from dam 7.8 16.9 105.25 306.67  - >161 92  Present 1.67 16.43 

LL2 
Legedadi  
treatment plant 

Chlorinated water 
from Legedadi 
reservoir 7.57 18.43 123.03 0 0.53 Nil Nil Absent     

LL3 
Janmeda 
reservoir 

Chlorinated water 
from reservoir 7.55 17.2 118.07 0 0.91 Nil Nil Absent     

LL4 
Arat kilo 
university 

Tap water from 
campus 7.57 15.73 115.27 0 0.38 4.33 Nil Absent 0 47.37 

AL1 Akaki wellfield Borehole -19 7.24 23.93 525 0  - Nil 1 Absent 1.47 9.73 

AL2 
Akaki wellfield 
city reservoir 

Chlorinated all wells 
in akaki 7.17 23.9 496 0 0.69 2 1 Present     

AL3 Gotera reservoir 
Chlorinated water 
from reservoir 7.55 21.7 566.33 0 0.58 >161 1 Absent     

AL4 Saris  
Tap water health 
centre 7 19.5 522.33 0 0.2 2 1 Absent 1.6 0.151 

 

4.1 Physical Water Quality 

The most important physical parameters considered are pH, turbidity and electrical conductivity. 

Comparative assessment of the three distribution lines is presented. Table  4.3 shows some in 

situ measured water quality variables of the raw water at the initial points of the three 

distribution lines. 
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Table 4.4. The mean value of some physico-chemical parameters of raw water sources 

Water Temperature. Turbidity TC FC EC

sources 0C FTU MPN/100 MPN/100  µs/cm
Legedadi 7.8 16.9 306.7 >161 92 105.25
Gefersa 7.49 16.75 20.8 >161 >161 74.5
Akaki 7.24 23.93 0 0 0 525

pH

 

pH - The pH of all tested samples was found to be within the acceptable range of WHO 

guidelines (WHO, 2006) for drinking (6.5-8.5). The measured pH ranges from 7.55 - 7.80, 7.49 - 

8.15, and from 7 - 7.57 in distribution lines of Legedadi, Gefersa and Akaki, respectively. The 

average pH values for all sources measured ranges from 7.0 to 8.15. The total average is 7.58. 

Generally, the water tends to be alkaline (Figure 4.1). All samples have a pH more than 7 and 

there was no spatial variation. In general, the mean of the pH for the three sources is not 

statistically significant, P=0.375 (Annex 4). Even though all the results were in the range of 

acceptable limits, the water immediately after treatment at Gefersa Dam showed a higher pH 

value when it is compared with other samples. This may be due to the excess lime addition for 

pH adjustment in the treatment plant where the lime is added by looking its turbidity from their 

experience (personal communication).  

 

Figure 4.1 Mean PH values of water from source to tap in the three distribution lines . 

Turbidity - The other important physical parameter measured in situ is turbidity. Turbidity not 

only influences the appearance of water but also affects the survival of aquatic life due to 

reduction of sunlight to pass through the water. Turbidity results of analyzed water showed that 

except for raw water of Legedadi and Gefersa, all other water samples have zero turbidity, which 
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is acceptable in WHO guidelines (< 5NTU), and  this shows the effectiveness of the treatment 

plants. Often groundwaters have very low and zero turbidity. The Akaki line, which is 

groundwater, has zero turbidity. The raw water of Legedadi and Gefersa measured a turbidity 

value of 300 and 21.46 FTU, respectively. This could be due to soil erosion which is especially 

high in the rainy season as well as the occurrence of algae in the reservoir area of Legedadi. The 

increasing construction around Gefersa Dam might be the cause for the high turbidity of the raw 

water (US EPA, 2006). As discussed in the latter sections there is a variation of turbidity among 

the raw waters. Turbidity of Legedadi raw water had been showing an increasing trend during 

the last ten years. The result obtained in this study confirms the record of AAWSA (AAWSA, 

2011). 

Electrical Conductivity – The electrical conductivity which is the measure of total ion 

concentration shows wide spatial variations (Annex 5). The ionic concentration of the Akaki line 

has distinctly high EC value (Figure 4.2). This is because of the fact that groundwater has higher 

ionic concentration than surface waters due to rock-water interactions. The measured EC values 

for the raw water of Gefersa, Legedadi and Akaki well were 76.18, 105.25 and 525 µS/cm 

respectively. The result shows that all the water samples fall within the WHO permissible limit 

for drinking. The maximum limit of EC for drinking is 1500 μS/cm (WHO, 2006). The EC 

results of 29 wells within the Akaki-well field mixed in the Akaki city reservoir shows relatively 

higher EC than the raw water of all the surface reservoir (dam) waters. The lowest recorded EC 

is in the Gefersa Dam water.  
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Figure 4.2. EC of water points along the three distribution lines 

 

After the first treatment all the waters from the reservoirs display relatively higher values.  The 

high EC after treatment in all the distribution lines is likely to be attributed to the addition of 

chloride for treatment. The difference of EC between Gefersa and Akaki, between Legedadi and 

Akaki showed a statistically significant value (P = 0.00). No significant difference was observed 

between Gefersa and Legedadi (P=0.163) (Annex 5). Except for sulphate and phosphate all the 

major cation and anion are strongly correlated with EC (Annex 3).  

Other Parameters – The in situ temperature measurements show that there are no significant 

variations. The measured in situ temperature ranges from 16.9 oC to 19.5 oC. All water samples 

in this study had temperature values above the acceptable limit of WHO guidelines (less than 

15oC) for drinking but this value is marginal as compared to WHO permissible limit. The rates of 

bacterial growth decay of disinfection residual, corrosion rates, taste, odor and color problems 

are all affected by water temperature (WHO, 2006).  The issue of temperature is not a real health 

concern here. 

The taste, odor and color of the water are in general acceptable. The only exception is the raw 

water of the two reservoirs which has unacceptable color and odor due to sediments and algal 

growth, respectively as seen visually in the field.  
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4.2  Chemical Water Quality  
 

4.2.1. Water Types 
 

The major cation and anion analysis enabled to understand the variations of the different ions 

and total ionic concentrations and classify water types based on the chemical composition. These 

variations can be easily identified with the help of the Piper Diagram which is usually used for 

water type classification (Kehew, 2001). Figure 4.3A. shows the Piper plots of water samples 

analyzed along the three distribution lines. Figure 4.3B shows the piper plot that enables to help 

to classify water types as expressed in Kehew (2001). The Piper diagram not only shows 

graphically the nature of a given water sample, but also dictates the relationship to other samples. 

For example, by classifying samples on the Piper diagram, one can identify its relation with the 

nature of the rock or soil type through which the water passes. To construct the Piper diagram, 

the relative abundance of cations with the % meq/L of Na++K+, Ca2+, and Mg2+ is first plotted on 

the cation triangle. The relative abundance of Cl-, SO4
2--, and HCO3

- + CO3
2- is then plotted on 

the anion triangle. The two data points on the cation and anion triangles are then combined into 

the quadrilateral field that shows the overall chemical property of the water. Accordingly the 

analysis result can be interpreted as per Figure 4.3B. 
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Figure 4.3 Piper diagram showing the water type and spatial variability along the selected lines 

The water is dominantly calcium bicarbonate (Ca-HCO3) type water. The second groups are 

calcium magnesium bicarbonate type with subordinate chloride and sulfate (Ca-Mg-HCO3-Cl-

SO4) type. Mostly, the sodium comes from acidic rocks and the calcium and magnesium from 

basic rocks such as basalts. The rocks in the catchments of Gefersa are acidic tuffs (Ebsa Oljira, 

2006). The only singly dominant anion is bicarbonate. Gefersa line shows a relatively higher 

values of chloride and sulphate ions after the water is treated which probably comes from the  

added chlorine and Aluminum  sulfate during treatment.  

Figure 4.4 shows the major ion and cation composition along the three selected lines. In the 

Legedadi line the only exceptional signature is the high PO4
3- in the raw water which is not the 

case in the other lines. This might probably be related to the extensive use of fertilizer in its 

catchment. The dam has experienced algal growth which is occasionally being cleared by using 

algicide. 

B
A



52 
 

 

 

 

Figure 4.4  Major ion composition along the three selected line 
 

Along the Legedadi line the phosphate content shows dramatic variation. The high phosphate in 

the raw water of Legedadi dam drops dramatically after treatment showing the effectiveness of 

the treatment system towards phosphate.  The phosphate is removed by coagulation which is one 

of the treatment methods used in the plant. 
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4.2.2. Health and Aesthetic Concern 
 

The most important chemical substances considered in terms of human and animal health is 

nitrate and phosphate. The other ions discussed from aesthetics point of view are Fe2+ and 

manganese.  The variation of these ions is briefly described. 

Nitrate - Nitrate level of all samples taken from reservoir water sources and treated water were 

within the WHO permissible limit for drinking water (< 50mg/L). Nitrate varies in a wide range 

between 0.23 and 16.15 mg/L. The highest is in the Akaki raw water and the lowest in Legedadi 

treated water (Figure 4.5). In general the nitrate content of the Akaki line is much higher than the 

other two lines. This may most likely be related to pollution from agriculture (dairy farming, 

fertilizers) and probably mixing of groundwater with the polluted Akaki River. According to 

Tamiru Alemayehu et al. (2005), high nitrate levels in both surface water and groundwater is one 

of the major water quality problems in Addis Ababa area.  

 

Figure 4.5 Nitrate content along the three distribution lines. 

In all cases the nitrate content decreases after treatment. The Gefersa and Akaki line shows that 

the nitrate progressively decreases all the way from sampling sites one to the last point (tap). In 

the Legedadi line there is slight increase from the treated water at Legedadi Dam (LL2) to the 
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Janmeda Reservoir (LL3) and Arat Kilo tap (LL4). This may be related to some addition through 

leaking pipes. 

Phosphate – As in the case of nitrate, phosphate varies along the distribution line (Figure 4.6). 

The phosphate content varies between 416.34 and 0.61 mg/L. Phosphate concentration measured 

in Legedadi raw water is exceptionally high. The most likely source of phosphate is fertilizers. 

The high phosphate in Legedadi dam is likely to be related to growing use of fertilizer in its 

catchment. In recent years flower farms are expanding in the area. 

 

 

Figure 4.6 Phosphate concentration along the distribution line 

It is clearly evident that the phosphate content decreases dramatically after treatment. This means 

that the treatment is effective in removing the phosphate. In general the concentration in the 

treated water is not of any health concern. 

Iron and Manganese - Although these ions have limited influence on human health, iron and 

manganese are important from aesthetic point of view. These ions show slight differences 

spatially (Figure 4.7). Table 4.4 shows the concentrations of the raw water of the three sources in 

comparison of the WHO and Ethiopian water quality standards for drinking. 
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Table 4.4 Mean average values of Fe and Mn in the sample along respective lines 
 

Site Fe, mg/L Mn, mg/L WHO , Fe WHO,Mn Eth.std.Fe Eth. Std,Mn 

Legedadi 0.44 0.16 0.30 0.4 0.4 0.5 

Gefersa 0.38 0.17 0.3 0.4 0.4 0.5 

Akaki 0.35 0.17 0.3 0.4 0.4 0.5 

 

 

 

Figure 4.7 Iron and Manganese variation along the distribution line. 

 



56 
 

As shown in Figure 4.7 there are variations along the distribution line. Iron may come from 

sediments or corroded pipes. It is evident that the highest iron content is in Legedadi raw water. 

This is likely to be related to the high sedimentation in the reservoir. This is in conformity with 

the higher turbidity recorded in the raw water. Generally the surface waters have higher iron 

content than the groundwater along the distribution line. The iron content decreases after 

treatment. However, there is slight increase in the Akaki line after treatment, which may be 

related to corroded pipes. 

The result of iron from Gefersa raw water is less than other samples along the same line, which 

are beyond the guideline values of the aesthetic objectives 0.3 mg/L. This might be due to the 

corrosion of distribution systems, which are connected after raw water is treated. Iron is 

frequently used in water distribution systems, and its corrosion is of concern 

(http://www.env.gov.bc.ca). The cause of structural failure due to iron corrosion is rare but 

excessive corrosion of iron can cause water quality problems (http://www.env.gov.bc.ca).  

As in the case of iron, manganese also shows wide variations along the distribution lines. The 

result shows that all the water samples show manganese content below the aesthetic guideline 

value (WHO & Ethiopian standards).  

4.3 Microbiological Water Quality and Organic Pollution Indicators 

In order to know whether drinking water is free of disease causing microorganisms, tests have 

been conducted in all samples. In the analysis TC, FC and  were determined. The result shows 

that except raw water of Gefersa and Legedadi which showed the presence of , others are devoid 

of . The presence of  in water indicates pollution from human excreta and sewerage systems. It 

also shows that the contamination is recent. As discussed below, the AAWSA time series record 

(AAWSA, 2011) shows occasional detection of  in the piped and non-piped waters of all kind 

(groundwater and surface water).  

Total coliform count of raw surface water shows more than the acceptable value of WHO 

guideline, while surface water after treatment, from the reservoir and tap shows FC 

0MPN/100ml which is in line with WHO guideline, acceptable for drinking water (Table 4.5). 

But total coliform count of Akaki water (a mixture of 29 wells) after treatment and in reservoir 

had more than 1MPN/100ml which is beyond the guideline value of WHO. This might indicate 
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inadequate treatment in which the contact time of chlorine with the water might not be 

maintained or the pollution of the water due to the presence of biofilm or corrosion of pipe lines 

where the samples were taken and this might be caused by pipe breakage or construction 

intrusion. 

Table 4.5. TC and FC along three distribution lines 

Water  

sources 

TC, 

MPN/100ml 

FC, 

MPN/100ml 

E Coli 

GL1 >161 >161 Present 

GL2 0 0 Absent 

GL3 0 0 Absent 

GL4 2 0 Absent 

LL1 >161 92 Present 

LL2 0 0 Absent 

LL3 0 0 Absent 

LL4 4.33 0 Absent 

AL1 0 0 Absent 

AL2 2 0 Absent 

AL3 >161 0 Absent 

AL4 2 0 Absent 

 

Of all the samples tested in this study 44.44% showed <0.5 mg/L FCR value, the rest showed 

>0.5 mg/L but <1 FCR. Free chlorine residual measured in this study showed a decreasing trend 

as we go far from the treatment plant (Figure 4.9).  But a high value of FCR on one sample from 

reservoir of Legedadi was observed. This might be due to the addition of chlorine after checking 

the FCR, TC and FC by the AAWSA laboratory experts.  
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Figure 4.8 FCR along the three distribution lines 

The reason of decreasing FCR throughout the distribution system might be due to: pipe breaks or 

construction intrusion since they are usually followed by line disinfection which consumes the 

free chlorine residual and decreases it. The other reason might be due to the decay of chlorine 

residual within the system naturally as a result of reaction of chlorine with materials in or on the 

pipe wall that can be due to the pipe material itself or the presence of biofilms, or sediment at the 

pipe itself depending on the physical characteristics of pipes within the distribution system (age, 

construction material, diameters, encrustation, etc.) (James, 2008). 
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Biological oxygen demand (BOD) and chemical oxygen demand (COD) tests were conducted on 

the water at the source and tap to know the presence of organic pollution.  The   measured BOD 

and COD are shown in Table 4.6. COD in Legedadi shows higher values than other sources 

(Figure 4.10).  

Table 4.6  BOD and COD of the raw source water and the tap along the selected lines 

 

Site 

BOD, mg/L COD, mg/L 

Source Tap Source Tap 

Gefersa 0 1.33 9.69 9.34 

Legedadi 1.67 0 52.1 47.37 

Akaki 1.47 1.6 9.73 10.29 

 

 

 

Figure 4.9 BOD and COD of the raw source water and the tap along the selected lines. 

 

The COD analysis result shows the presence of organic pollution along the distribution line 

(Chapman, 1996). For unpolluted waters, BOD values should range from about 1-3 mg/L. The 
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permissible value of COD for drinking water is < 10 mg/L.  There is a relatively high COD value 

at Legedadi line of tap water which could be linked to oxidation of some metals which are not 

determined in this study. And raw water of Legedadi also measured higher value of COD that 

might be caused by the runoff from upstream agricultural activities and floriculture. 

4.4. Some Aspects of Temporal Vari ability of Water Quality 

The insitu and laboratory tests made in this study did not address temporal variations. This is due 

to financial and time limitations to take water samples at different times. Therefore, it was 

thought important to address few water quality changes with time in the raw water of the two 

reservoirs (Legedadi and Gefersa) and one representative well in Akaki. The data has been 

extracted from the central water quality monitoring database of AAWSA. Table 4.7 shows 

summarized result of selected variables. In addition the turbidity of Legedadi Dam and few water 

quality variables from selected wells has been presented. 

Table 4.7. Temporal water quality changes at selected water points 

Legedadi  Raw

  EC Fe NO3   EC Fe NO3   EC Fe NO3

(µS/cm) (mg/l ) (mg/l ) (µS/cm) (mg/l ) (mg/l ) (µS/cm) (mg/l ) (mg/l )

1995 810 2.71 0.7 1995 74 2.4 0.4 Nov.10, 99 560 0.152 0.6
Apr.18, 97 840 10.5 7.6 Apr.18, 97 78.6 0.03 1.3 20/4/2000 566 0.03 5.5
Feb. 27, 97 690 0.52 0 Jul .7, 98 327 2.97 1.7 Jan.04/07 580 0.214 9.97
Jul . 30, 98 473 18.65 4.1 Jun.2004 212 1.2 0 Apr. 08 603
Nov.19, 99 740 3.3 2.6 Oct.5/04 62 1.42 0.22

Jun. 2004 980 2.99 2.22 May 3/05 62 0.96 0.07
Oct.10/04 810 0.74 1.95 Oct.10/05 54 0.03 0.93

May 3/05 870 1.35 1.67 Jan.08/08 64

Oct.10/05 880 0.03 23.5

Jan.08/08 880 2.803

Kal i ti  wel l

Time Time Time

Gefersa  raw

 

Figure 4.11 shows the temporal variation of iron, nitrate and EC of the three major sources 

(reservoirs and groundwater of Akaki area represented with Kaliti well). All the three variables 

(total iron, electrical conductivity and nitrate) show variations. The most important variations are 

reflected in iron and nitrate. In surface reservoirs the higher values are likely to be the wet season 

inflows from its catchment (by runoff). Unusually, the Akaki well displays high nitrate variations 

that may be related to the agricultural activities (fertilizers and animal breeding). Although the 
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contents reported are less than WHO water quality standards the high nitrate signals the possible 

influx from its contributory catchment that requires serious consideration (EPA, 2005). 

 

 

 

Figure 4.10 Temporal variations of some water quality variables in raw water sources (EC, Fe, 
NO3) 
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In addition to the chemical analysis, AAWSA conducts micro-biological analysis at 30 points 

every day. These tests enable them to detect harmful bacteria () and to take immediate action 

before harming the public health at large. Annex 9 shows the micro-biological analysis result 

summary of piped water supply system (reservoir, wells and springs), where  was detected.  

The result displays that rarely coli bacteria is detected from the piped water system. The presence 

of  in the water sample is likely to be related to the mixing of sewerage effluents with the piped 

water in leaking pipes. In general the occurrence of coli in the piped water is very rare. But, it is 

evident that the piped water is not entirely safe from micro-biological point of view. 

Attempt was made to see the type of water points with positive . Most of them are public tap 

waters and untreated water points. There are also treated piped water sources (mainly springs and 

reservoir) with positive values. Correlation of  and FCR shows inverse relations in these results. 

The water samples with low FCR shows more  counts. This indicates that absence or low free 

chlorine content in the piped water plays a role in the abundance of bacteria.  

Long time record of the turbidity of the raw water in reservoirs indicates significant temporal 

variations (Figure 4.12). Legedadi Dam had an increasing trend of turbidity as clearly shown in 

the graph. It is also known that there was the frequent occurrence of algae which is removed by 

using a chemical called Copper sulfate (personal communication). The high turbidity may also 

display the presence of sediment loaded water in the catchment that comes as surface runoff in 

less protected catchments. The increasing agricultural activities also increased the silt content 

during winter time, especially from July to December (Annex 7). 
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Figure 4.11 Mean turbidity of raw water of Legedadi reservoir (Source: AWSSA, 2011). 

 

 

 

  



64 
 

CHAPTER FIVE 

CONCLUSIONS AND RECOMMENDATIONS 

5.1 Conclusions 
 

The quality and pollution status of the water supply system of the city of Addis Ababa has been 

studied along three major distribution lines.  The main objective of the research was to assess the 

status of the quality of the water being supplied to the residents of Addis Ababa from surface 

water reservoirs and the Akaki well field (groundwater). It also addressed the possible causes of 

changes of the water quality along the distribution system starting from the source (raw water) to 

the end user (tap). 

In situ and laboratory water quality tests have been made. The water quality parameters included 

physical, chemical and bacteriological tests. Limited secondary data has been used to evaluate 

the temporal changes based on few water quality parameters. Special emphasis was given to 

water quality variables having direct impact on human health.  

With the exception of detections of  and total coliforms in few water samples, the tested 

parameters are within the permissible limit of the WHO and ES guidelines for drinking. 

However, in terms of ionic concentration (EC) and few chemical substances (NO3, PO4, Fe) few 

samples display unexpectedly higher values and significant spatial variations.  

As per the primary data of this study, in general in the piped waters there is no serious water 

quality problem for drinking. However, secondary bacteriological analysis time series data 

indicates occasional records of in the piped waters.  

With regard to microbiological results, raw water of Legedadi and Gefersa showed TC and FC > 

1MPN/100ml which might be caused by the human activities. The TC at Akaki reservoirs and 

tap water showed more than 1MPN/100ml which might be due to inadequate treatment and 

possible regrowth or biofilm formation in the distribution system. But all the treated water 

showed FC value of 0 MPN/100ml which is within the permissible limit of the WHO guideline 

for drinking.  



65 
 

From the chemical characteristics of the water, levels of iron exceeded the WHO guideline value 

of 0.3 mg/L in drinking water. Iron content of surface water has shown higher value than ground 

water but iron in the surface water decreases after treatment. In few cases the iron content after 

treatment increases. This is probably related to corrosion of pipes and local breakage. Manganese 

content was found to be lower than WHO guideline value of 0.4mg/L. However, it shows spatial 

variability. 

Except the turbidity of raw water of Legedadi and Gefersa dams all samples had a turbidity of 

zero NTU which fits the WHO and ES water quality standards for drinking. The high turbidity of 

the raw water of the reservoirs could be due to siltation as a result of intensive agricultural and 

construction activities in the catchments. The treatment plants are effective enough to reduce the 

turbidity. 

With regard to temperature, EC and pH all the water samples are within the ES permissible limit 

for drinking. Relatively, the water of the Akaki line has much higher ionic concentrations. This 

line has exceptional features in that it shows high total colliforms. This is unusual for a 

groundwater water supply system, which is usually protected from pollution. This needs to be 

investigated to know not only the causes of the coliform bacteria but also to see the adequacy of 

the treatment plant and efficiency of the FCR. With the exception of detections of  in few raw 

water samples, all the tested parameters are within the WHO permissible limit for drinking. 

 COD values showed the presence of organic pollution which is not biodegradable; Some 

biodegradable organic pollution has been recorded from tap water samples. 

Chemical characteristics of the water after treatment has shown acceptable levels for drinking 

water, except the levels of iron which exceeded the WHO guideline value of 0.3 mg/L. Another 

important finding is that the Legedadi raw water shows high phosphate which might have 

originated from intensive use of fertilizers in its catchment. However, after treatment the 

concentration is significantly reduced. 

  

 Though nitrate value in all samples is less than 50 mg/L, which is the WHO maximum 

permissible limit for drinking, the relatively higher record of the Akaki well needs special 
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attention. This might be an early stage of contamination of the groundwater from agricultural 

activities and or polluted surface waters which receive sewerage effluents.  

5.2 Recommendations 

This research helped to put forth some recommendation that will be of great help in tackling the 

major problems identified in this study. The most important ones are the following. 

· The present work was done only based on one time sampling. The temporal variations are 

not addressed well. Therefore, sampling and monitoring at different times is essential. 

· To maintain the necessary residual chlorine in the distribution system, sufficient 

chlorination has to be practiced and specific identification of source of chlorine decay 

should be known. 

· The land use practice has to be monitored in the catchments to avoid possible water 

pollution that may not be treated by the existing plants. Especially emphasis has to be 

given to the Legedadi catchment where flower farms are expanding and the Akaki well 

field where industries and petrol stations are being erected close to the well field. 

· Applying the multi-barrier approach to safe drinking water is important so that all 

potential control barriers are identified along with their limitations. 
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ANNEXES 
Annex 1 Raw data of some measured parameters 

I. Physical parameter, microbiological and organic pollution indicators 
A. Gefersa 

Site pH 
Temp., 
oc 

EC, 
µS/cm 

Turbidity, 
FTU 

FCR, 
mg/L 

TC, 
Mpn/100ml 

 
Ecoli 

BOD, 
mg/L 

COD, 
mg/L 

FC, 
Mpn/100ml 

1 7.47 19  76.3 21.46 - 17 17 Present 0 9.53 

1 7.5 19.1  76.2 22.6 - >161 35 Present 0 9.81 

1 7.49 19  76 20.8 - >161 >161 Present 0 9.85 

2 8.15 16  201 0 0.56 0 0 Absent     

2 8 16  200 0 0.55 0 0 Absent     

2 8.2 16  203 0 0.55 0 0 Absent     

3 7.87 17.3  192 0 0.4 0 0 Absent     

3 7.84 17.3  193 0 0.5 0 0 Absent     

3 7.88 17.3  194 0 0.13 0 0 Absent     

4 7.94 18.6  205 0 0.08 2 0 Absent 0 7.49 

4 7.92 18.7  203 0 0.2 0 0 Absent 0 10.37 

4 7.93 18.5  207 0 0.03 3 0 Absent 4 10.17 

B. Legedadi 

Site pH 
Temp. 
oc 

EC, 
µS/cm 

Turbidity, 
FTU 

FCR, 
mg/L 

TC, 
Mpn/100ml 

 
Ecoli 

BOD 
mg/L 

COD, 
mg/L 

FC, 
Mpn/100ml 

1 7.83 16.9 107.3 307.3 - 16 92 Present 1 18.7 

1 7.78 16.9 103.2 305 - >161 92 Present 0 16.6 

1 7.8 16.9 107.5 308 -     
 

4 121 

2 7.64 19.1 128.3 0 0.55 0 0 Absent     

2 7.5 18.6 123.5 0 0.55 0 0 Absent     

2 7.56 17.6 117.3 0 0.5 0 0 Absent     

3 7.64 17.2 120.8 0 0.98 0 0 Absent     

3 7.53 17.2 117.2 0 0.9 0 0 Absent     

3 7.49 17.2 116.2 0 0.85 0 0 Absent     

4 7.68 15.8 118 0 0.4 0 0 Absent 0 95.3 

4 7.54 15.7 114.3 0 0.35 13 0 Absent 0 28 

4 7.5 15.7 113.5 0 0.4 0 0 Absent 0 18.8 

 

C. Akaki 
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Site pH 
Temp., 
oc 

EC, 
µS/cm 

Turbidity, 
FTU 

FCR, 
mg/L 

TC, 
Mpn/100ml 

 
Ecoli 

BOD, 
mg/L 

COD, 
mg/L 

FC, 
Mpn/100ml 

1 7.24 16 524 0 - 0 0 Absent 2.4 10.48 

1 7.26 16 526 0 - 0 0 Absent 1 9.85 

1 7.23 16 525 0 - 0 0 Absent 1 8.87 

2 7.18 15.8 504 0 0.7 0 0 Absent     

2 7.16 15.8 494 0 0.68 3 0 Absent     

2 7.16 15.8 490 0 0.68 3 0 Absent     

3 7.58 16.8 587 0 0.65 >161 0 Absent     

3 7.54 16.7 564 0 0.5 >161 0 Absent     

3 7.54 16.6 548 0 0.6 >161 0 Absent     

4 7.01 15.7 521 0 0.2 2 0 Absent 0.2 5.35 

4 7.06 15.7 527 0 0.2 2 0 Absent 4.6 15.23 

4 6.93 15.7 519 0 0.2 4 0 Absent 0 - 
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II. Chemical Parameter (Cation) 

A. Gefersa 

Site Ca Mg Na K Fe Mn 

1 4.645 1.935 2.8 1.3 0.47 0.17 

1 6.035 2.225 3 1.4 0.4 0.15 

2 14.39 1.7 2 0.7 0.38 0.16 

2 16.56 2.35 2.2 1.05 0.35 0.18 

3 17.9 2.1 2.15 0.95 0.36 0.17 

3 17.69 2.21 2.25 1 0.31 0.16 

4 16.6 2.06 2.2 1 0.48 0.18 

4 20.22 11.53 13.55 1.55 0.33 0.1 

B. Legedadi 

  Ca Mg Na K Fe Mn 

1 9.11 3.16 3.2 2.4 0.82 0.13 

1 9.41 3.18 3.4 2.4 0.82 0.17 

2 6.68 3 3.3 1.3 0.36 0.15 

2 6.89 3 3.3 1.1 0.33 0.17 

3 6.58 2.81 3.1 1.1 0.24 0.14 

3 7.45 3.17 3.1 1.1 0.32 0.19 

4 6.42 2.6 3.2 1.1 0.35 0.18 

4 6.99 2.9 3.2 1.1 0.29 0.15 

C. Akaki 

Site Ca Mg Na K Fe Mn 

1 31.93 12.1 32.1 3.3 0.17 0.2 

1 34.29 12.21 32.3 3.4 0.32 0.16 

2 23.6 11.94 28.7 4.1 0.34 0.16 

2 26.82 12.14 28.5 4.1 0.35 0.17 

4 31.93 12.1 32.1 3.3 0.17 0.2 

4 34.29 12.21 32.3 3.4 0.32 0.16 
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III. Chemical Parameter (Anion) 

A. Gefersa 

Site NO3 PO4 CO3 HCO3 Cl SO4 TAlk OH Alk 

1 0.94 40.51 - 37.51 8.16 28.69 30.96 - 

1 10.55 46.81 - 44.23 9.4 21.68 36.27 - 

2 0.16 1.21 - 43.01 11.71 34.31 35.01 - 

2 2.26 1.21 - 51.85 15.08 31.62 42.66 - 

3 0.23 8.29 - 45.14 14.91 36.26 37.08 - 

3 0.24 9.33 - 50.63 13.31 39.32 41.4 - 

4 1.43 5.14   46.66 11.89 37.73 38.25   

4 8.59 9.85   288.22 16.33 13.32 236.25   

B. Legedadi 

Site NO3 PO4 CO3 HCO3 Cl SO4 TAlk OH Alk 

1 4.02 409.09 - 57.34 1.75 6.72 16.98 - 

1 3.66 424.8 - 57.95 1.65 7.01 17.17 - 

2 0.27 3.57 - 65.88 2.49 Trace 19.38 - 

2 0.33 0.67 - 61 2.6 0.018 17.95 - 

Site NO3 PO4 CO3 HCO3 Cl SO4 TAlk OH Alk 

3 0.6 0.43 - 59.17 2.8 Trace 17.5 - 

3 0.57 3.57 - 59.78 2.4 0.028 17.56 - 

4 0.61 2 - 57.34 2.54 Trace 16.98 - 

4 0.66 9.86 - 57.95 2.7 0.006 17.17 - 

C. Akaki 

Site NO3 PO4 CO3 HCO3 Cl SO4 TAlk OH Alk 

1 15.57 8.29 - 348.31 21.655 21.53 285.66 - 

1 16.74 14.57 - 337.94 21.3 19.12 277.2 - 

2 12.66 13 - 324.52 15.265 16.41 265.86 - 

2 15.86 2 - 317.2 15.975 16.41 260.1 - 

4 11.53 6.71 - 255.59 16.33 5.86 209.34 - 

4 11.86 5.14 - 255.59 15.62 3.75 209.52 - 

Remark: All values are in mg/L 
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Annex 2. Water quality standards 

A. WHO Guideline Chemical Summary Table (Ref [1], pp 491-493) with Guideline Values for chemicals that are 
of health significance in drinking water 

 

 

 

Annex A. contd. 
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B. Ethiopian Standards (ES 261:2001 and ES 597:2001) Specification for disease causing substances [2,3] 
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Annex  4 Comparison of pH along each distribution lines using ANOVA( pvalue) 

 
 

Multiple Comparisons 
 
Dependent Variable: PH  
LSD  

(I) SITE (J) SITE 

Mean 
Difference 

(I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 
1.00 2.00 -.2142 .22946 .375 -.7332 .3049 

3.00 .2425 .20154 .260 -.2134 .6984 
2.00 1.00 .2142 .22946 .375 -.3049 .7332 
  3.00 .4567 .21941 .067 -.0397 .9530 
3.00 1.00 -.2425 .20154 .260 -.6984 .2134 
  2.00 -.4567 .21941 .067 -.9530 .0397 

 
Remark: 1: Gefersa line, 2: Legedadi line and 3: Akaki line 

 

Annex 5: Comparison of EC along each distribution lines using ANOVA 

 
 Multiple Comparisons 
 
Dependent Variable: EC  
LSD  

(I) SITE (J) SITE 

Mean 
Difference 

(I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 
1.00 2.00 -36.4775 24.00469 .163 -90.7799 17.8249 

3.00 -411.8450(*) 24.00469 .000 -466.1474 -357.5426 
2.00 1.00 36.4775 24.00469 .163 -17.8249 90.7799 
  3.00 -375.3675(*) 24.00469 .000 -429.6699 -321.0651 
3.00 1.00 411.8450(*) 24.00469 .000 357.5426 466.1474 
  2.00 375.3675(*) 24.00469 .000 321.0651 429.6699 
       

*  The mean difference is significant at the .05 level. 
Remark: 1: Gefersa line, 2: Legedadi line and 3: Akaki line 
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Annex 6: Comparison of NO3 between each distribution lines using ANOVA 

 

Remark: 1: Gefersa line, 2: Legedadi line and 3: Akaki line 
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Annex 7: Monthly mean turbidity distribution of Legedadi raw water (Source: AAWSA 2011) 

  

          Months             Yearly Years  

  Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Mean 

1975 70 60 55 65 85 75 160 180 155 110 90 85 99 

1980 80 60 50 45 40 30 150 200 140 115 100 90 92 

1985 90 90 90 84 80 75 140 230 160 110 110 98 113 

1986 83 78 60 57 60 65 200 300 190 140 130 120 124 

1987 80 84 85 80 70 55 220 330 200 148 146 139 145 

1988 105 95 90 85 73 50 190 340 290 220 165 117 152 

1989 160 130 118 110 110 100 250 450 250 237 200 190 192 

1990 180 150 136 136 132 130 350 700 325 215 120 100 223 

1991 90 105 100 100 100 130 665 800 350 260 155 150 250 

1992 160 150 150 155 160 195 750 825 350 220 210 210 294 

1993 217 220 220 225 250 287 602 642 346 285 275 250 318 

1994 231 246 247 250 337 328 670 706 465 247 245 242 351 

1995 232 400 398 375 365 360 605 927 470 340 330 325 427 

1996 355 350 355 370 400 412 886 930 500 440 432 405 486 

1997 390 365 350 400 400 390 900 948 560 542 530 540 526 

1998 533 517 504 495 496 491 1666 1120 570 368 389 405 629 

1999 315 300 319 333 370 361 1033 635 413 340 339 335 424 

2000 451 502 473 454 470 493 814 1000 589 486 490 495 560 

2001 446 446 494 486 473 506 652 570 531 458 462 354 490 

2002 351 340 331 356 360 493 959 1177 540 489 539 431 531 
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Annex 8. Time series data of EC, Fe and NO3 (Source: AAWSA, 2011) 

Legedadi 

Time 

Jul-
Dec.1995 

Apr.18,  Feb. 27, Jul. 30, 
98 

Nov.19, 
99 Jun. 

2004 

Oct.10/04 

May 3/05 
Oct.10/0
5 

Jan.08/0
8 

97 97 

EC 
81 84 69 47.3 74 98 

81 87 
88 

88 

Fe 
2.71 10.5 0.52 18.65 3.3 2.99 

0.74 1.35 
0.03 

2.803 

NO3 
0.7 7.6 Nil 4.1 2.6 2.22 

1.95 1.67 
23.48 

  

Gefersa  
          

Time 
1995  (Jul-
Dec) 

Apr.18, 
97 Jul.7, 98 

Jun.200
4 

Oct.5/0
4 

May 
3/05 

Oct.10/0
5 

Jan.08/0
8 

  EC 0.074 78.6 327 212 62 62 54 64  

 Fe 2.4 0.03 2.97 1.2 1.42 0.96 0.03    
 NO3 0.4 1.3 1.7 Nil 0.222 0.07 0.93    
 Kality 

          
Time Nov.10, 99 

20/4/200
0 

Jan.04/0
7 Apr. 08 

      EC 560 566 580 603 
      Fe 0.152 0.03 0.214   
    

 
 NO3 0.6 5.5 9.97   
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Annex 9: Water microbiology results of different water types (Source: AAWSA, 2011) 

Sampling time Water type No of samples No Positive for EC samplesSampling time Water type No of samples No Positive for EC samples

9/4/2010 Reservoir 5 1/5/2010 Reservoir 7

Public Tap 20 3 Public Tap 22 4

Well+Spring 5 Well+Spring 1

12/4/2010 Reservoir 7 2/5/2010 R 6
Public Tap 20 1 Public Tap 16 1

Well+Spring 3 Well+Spring 8 1

12/4/2010 Reservoir 8 3/5/2010 Reservoir 7

Public Tap 18 1 Public Tap 20

Well+Spring 4 2 Well+Spring 3 2

15/4/2010 Reservoir 6 5/5/2010 Reservoir 8

Public Tap 20 1 Public Tap 23 2

Well+Spring 4 Well+Spring 1

16/4/210 Reservoir 6 7/5/2010 Reservoir 5

Public Tap 16 Public Tap 23 5
Well+Spring 8 1 Well+Spring 2

17/4/2010 Reservoir 7 11/5/2010 Reservoir 8 1

Public Tap 22 9 Public Tap 19 4

Well+Spring 1 Well+Spring 3

18/4/2010 Reservoir 6 12/5/2010 Reservoir 8 1

Public Tap 16 1 Public Tap 18 1

Well+Spring 8 Well+Spring 4 1

19/4/2010 Reservoir 7 13/5/2010 Reservoir 6

Public Tap 20 1 Public Tap 21 1
Well+Spring 3 2 Well+Spring 3

21/4/2010 Reservoir 8 1 14/5/2010 Reservoir 5

Public Tap 19 Public Tap 22 1

Well+Spring 3 Well+Spring 5

23/4/2010 Reservoir 5 15/5/2010 Reservoir 7

Public Tap 20 1 Public Tap 23 1

Well+Spring 5 Well+Spring 1

24/4/2010 Reservoir 7 16/5/2010 Reservoir 6

Public Tap 22 Public Tap 16
Well+Spring 1 1 Well+Spring 8 1

27/4/2010 Reservoir 7

Public Tap 20

Well+Spring 3 1  
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Annex 10: Plates showing some field activities and water points 

 

 

A: Gefersa water treatment plant  B: Flower farms around Legedadi catchment, C: Some insitu 

instruments and D: Determination of FCR using Comparator 

 

 

 

 

A B

C D
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