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ABSTRACT 
The present study focuses on the analysis of physico-chemical parameters: electrical 

conductivity, nitrate and phosphate in the Akaki River basin of Addis Ababa, Ethiopia. 

These secondary water quality parameters were obtained from two different sources: the 

surface water quality data both for Little and Great Akaki were retrieved from Addis Ababa 

Environmental Protection Agency (AAEPA). Whereas, the groundwater quality data for 

four water wells were obtained from Addis Ababa Water and Sewerage Authority 

(AAWSA). These water quality parameters have been determined in order to assess the 

pollution levels of Akaki River basin. The values of the parameters have been evaluated 

with respect to the maximum acceptable standard level of WHO (World Health 

Organization) for surface and drinking water. 

The outcome of the study observed absence of spatial and temporal pattern both on surface 

and groundwater but displayed a huge variation. The result also showed increasing 

concentration and variation of all parameters inside and outside the city of Addis Ababa 

with increasing industrialization and urbanization. Comparison also showed that the little 

Akaki is highly polluted as compared to Great Akaki River.  

The ground water chemistry also showed a high phosphate load in all of the productive 

wells. On the contrary, all the wells displayed nitrate level below WHO standard and they 

are free from Nitrate. 

 

KEY WORDS: Addis Ababa, Ethiopia, Physico-chemical, Little and Great Akaki, AAEPA, 

AAWSA, Spatial, temporal. 
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ABBREVIATION AND ACRONYM 

MER                              Main Ethiopian Rift 

TDS                               Total dissolved solid 

mg/l                                Milligram per liter 

NH3                                               Ammonia 

BOD                              Biological Oxygen Demand 

COD                              Chemical Oxygen Demand 

Fe                                   Iron 

Pb                                   Lead 

TA                                  Total Alkality 

TH                                  Total Hardness 

CaH                                Calcium Hardness 

MgH                               Magnesium Hardness 

MPN                               Most Probable Number 

NE                                  Northeast 

SW                                 Southwest 

E-W                                East to West 

N-W                                North to West 

S-E                                  South to East 

AAEPA                          Addis Ababa Environmental Protection Agency 

AAWSA                         Addis Ababa Water and Sewerage Authority 

SPSS                               Statistical Package for the Social Sciences 

UCL                                Upper Control Limit 

LCL                                 Lower Control Limit 

WHO                               World Health Organization 
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µ                                       Mean 

                                        Standard deviation 

n                                       The total number of data points 
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1. INTRODUCTION 
 

Ethiopia is located in the Eastern part of Africa. Addis Ababa, the capital city is found at 

the central part of the country and it is located at the geographical coordinate of 9º N and 

38º 45’E, covering a total area of over 51,000 hectares (Getachew, 2006). The city is a base 

for the African Union and many other international Organizations. According to the 

projection of the population census 2001, it had a population of 2,973,000 in 2004 (CSA, 

2005). 

The capital city is endowed with many natural resources, and water is one among all. Fresh 

surface and ground water are used as potable water, irrigation for crops, coolant agent in 

industrial sectors, sanitation and recreational purposes. 

However, no water in nature is absolutely clean. Even while it rains, the precipitation is 

interacting with solid dissolved salts and aerosols in the air before reaching the ground, 

running on the surface and finally percolating through the different geological formations. 

In the same fashion, the quantity and quality of both surface and ground water in the capital 

city, Addis Ababa has been anthropogenically and naturally affected for the past half a 

century. This is a result of rapid urbanization, industrialization and population increase with 

a lack of Environmental planning confronting, in-adequate water supply and waste disposal 

facilities. While the Ethiopian economy grew by 1.9% in the period 1980 to 1990 in real 

terms the toxic load generated per unit of industrial output increased by 1.8 % which is 

higher as compared to the Sub-Saharan Africa average of 1.3 % (UNIDO, 2001). 

There are 15 major industries in Addis Ababa. The most important of all are food and 

beverage, furniture, leather, paper and printing, non-metallic mineral products, metallic 

products and textiles. According to CSA, in 2001, there were more than 105,832 

manufacturing industries operating in Addis Ababa, of which 79 were state owned, 2674 

were large and medium sized private enterprises, and the remaining 102,907 were micro to 

small-scale private enterprises. Except for some very old enterprises, most of the large and 
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medium industries in Addis Ababa are located in industrial zones, such as the Akaki (old)-

Kality (new expansion) Industrial Zone. 

Direct discharge of foreign materials from different sources to rivers and open lands and the 

leakage of industrial wastes from poorly designed septic tanks to the ground water, 

discharge of effluents without detoxifying the waste solid/liquid from domestic and 

municipal, organic matter of plant and animal origin, land and surface washing and sewage 

effluents are among few sources of pollution that changes the water quality in the capital 

city. All this industrial growth without care for impact on water resources eventually made 

much of the water across the city unfit for aesthetic value, recreational purposes, for 

agriculture and domestic drinking water.  

A number of studies have indicated that among the industries located in Addis Ababa, 90 to 

96 percent discharge their waste without any form of treatment to nearby water bodies and 

open spaces ( Zerayakob and Zeru, 1999; Mohammed, 2002; EPA, 2005;Tamiru et 

al.,2005). 

At the sides of Akaki River that runs through the center of Addis Ababa there are many 

industrial establishments among which most of them are discharging their effluents directly 

to this river without any prior treatment. In connection to the available industries, from the 

total population which dwells in the city, about 30% have no toilet facility and the human 

excreta from direct defecation on every open space including the river banks creates a 

burden to Akaki Rivers  (Said, 2000). 

Sewage in the city of Addis is based on centralized system. From the total population 12.4 

% uses flush toilets, 56.3% use pit latrine,  29.9% have no facility and 1.4 % are unknown 

(Said A, 1999) . 

Flush toilet users connect their sewage system either to the centralized system, storm water 

drainage system or to separate septic tanks. Pit latrine users are estimated as 56.3% of the 

total population among which 17 % use private and the remaining use shared and 

communal pit latrines. From the shared ones about 40% are estimated to be in bad physical 

conditions and full-to-overflow (AAWSA, 2000 and said, 1999). 
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Furthermore, many pit latrines in the slum areas are inaccessible to vacuum tankers, either 

because there are no access roads or the roads are in bad physical conditions, hence toilets 

are left unattended for many years. 

Direct discharge of domestic and municipal sewage is not limited to Akaki River. However, the 

same problem is also deteriorating the quality of Huluka River, west Showa zone of Ethiopia. Due 

to weak policy and enforcement laws, sewage wastes were directly released into the river. The 

direct discharge of the pollutants to downstream of Huluka River could entail negative effect on the 

quality of the river, as well as serious harm to the aquatic life and downstream users.  

 

In order to strength the enforcement of any potential Environmental regulation and 

penalities for violation, understanding of the pollution trend with respect to the potential 

source is very important. Isotopic study of (Molla et al. 2006) states that the unconfined 

aquifer in the central sector of the Akaki catchment with active recharge are highly 

vulnerable to anthropogenic pollution and, thus, require protection. The elevated water 

quality parameters as a result of pollution, for example, could lead to a serious health and 

environmental consequences which affects both the community and aquatic life. The 

current study focuses on the water quality status of Akaki River basin (both Great and Little 

Akaki) and the groundwater. With that the specific objectives are: 

 Identifying spatial and temporal pollution pattern (if exists). 

 Comparing the presence of temporal pollution variation and concentration. 

 Analyzing the connection between Ground and surface water pollution. 

 Investigating the role of groundwater. Are there significant seasonal differences? 

 Identifying and evaluating the source of pollution. 

 Detecting health risk as a result of pollution. 

The outcome of the study will further illustrate the different levels and extent of pollution 

in the Akaki River basin.  
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1.1. STUDY AREA 
 

The Akaki catchment is located in central Ethiopia along the western margin of the Main 

Ethiopian Rift. The catchment  is geographically bounded between 8°46´–9°14´N and 

38°34´–39°04´E (Molla and Stefan, 2006).  

 

The study area for this current work comprises of two sub-catchments: The Big Akaki that 

drains the eastern part of Addis Ababa area and Little Akaki River that drains the western 

part of the Addis Ababa. The two rivers form one of the biggest tributaries of the Awash 

River called Akaki River which finally enters Abba Samuel Lake (Fig.1). The city Addis 

Ababa is located at the center of the catchment and Akaki catchment has an area of about 

1500 km2. 

 

The entire catchment is bounded to the north by the Intoto ridge system, to the west by Mt 

Menagesha and the Wechecha volcanic range, to the southwest by Mt Furi, to the south by 

Mt Bilbilo and Mt Guji, to the southeast by the Gara Bushu hills and to the east by the Mt 

Yerer volcanic centre (Molla et al. 2006). 

 

Despite its proximity to the equator, the study area experiences a temperate Afro-Alpine 

climate. Daily average temperatures range from 9.9 to 24.6 °C and annual mean rainfall is 

1254 mm, as measured at Addis Ababa Observatory. The climate of the Akaki catchment is 

characterized by two distinct seasonal weather patterns. The main wet season, locally 

known as Kiremt, extends from June to September, contributing about 70% of the total 

annual rainfall. A minor rainy season, locally known as Belg, contributes moisture to the 

region from mid February to mid April. (Molla et al. 2006). And the remaining months are 

fully dry season. 

 

For better description of the Little Akaki River and the associated land use along the river 

course, the catchment will be segmented in to three parts. These are the upper, middle and 

lower segmentations.  

The upper catchment of Little Akaki (Upper city) comprises small streams which drain 

from different parts of mount Entoto to join together a little below the Ethio-Marble 
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factory. The stream which flows down-stream from the mountain beneath Dire Leather 

factory turns its way to the west suburbs and joins with other small streams that originate 

from Gefersa to become a major tributary of Little Akaki. The upper catchment is mostly 

dominated by residential settings. This catchment is also occupied by few medium and 

large industries. These are Addis Ababa and Dire Tanneries, Addis Ababa glass factory, 

Ethio-Marble Factory, Tikur Ababy shoe Factory, Dil oil and Gulele soap factories (Girma, 

2004). Moreover, commercial activities are also dense in parts of the upper catchment, 

especially at Kolfe areas. 

 

The middle catchment of Little Akaki (in the city) includes the full course of the river 

inside the city before leaving the suburbs of Kality and Akaki town. This part of the river 

contains tributaries than the upper catchment and they are draining the Addis Ababa cement 

factory and joining the main river at a point near Behere tsigue park. The river is also 

traversing through highly populated and big commercial sections of the city. 

Down below the middle catchment there exist a very intensive concentration of large and 

medium size industries, workshops and big garages. The type of industries in the area 

include Ethio-pickling and tanning, Awash and walia tanneries, Addis Ababa Abattoirs, oil 

factories, beverage factories are found established at the river banks of Little Akaki (Girma 

K, 2004). The other factories are also found in a short distance from the river. In this part of 

the catchment horticultural crops are also grown by irrigating the river water. The irrigation 

system also extends toward the farming field of Akaki in the lower catchment. 

 

The lower catchment of Little Akaki (outside the city) traverses through the rural parts of 

the city and finally enters into the Aba-Samuel dam. In this part of the catchment there is a 

point source where wastes are discharged from Kaliti sewage treatment plant. After the 

treatment of the collected sewage from the city, the final waste is dispose into Little Akaki. 

The lower part of the catchment is also used for agricultural purposes and the rural 

population also uses the river for domestic purposes (Waltainformation, 2004). 

 

However, the Great Akaki River unlike the Little Akaki River passes through residential 

and commercial areas in the northeastern and southeastern part of the city. It is not possible 



Ferezer Eshetu Tegegn 

6 
 

to clearly divide this river into various regions (as was done with Little Akaki). The river 

receives little industrial effluents until it reaches the industrial town of Akaki and Kality.  

 

 

 
Fig1. Study area showing the two sub-catchments and N-S cross section displaying hydro-

structures and the geology, respectively (Adapted from Tenalem, Stefan and Molla, 

2006/2007. 1. Application of numerical modeling for groundwater flow system analysis in 

the Akaki catchment, central Ethiopia. 2. Soil and groundwater pollution of an urban 

catchment by trace metals: case study of the Addis Ababa region, central Ethiopia).  

 

Note: Those ground water samples located on the map were treated in previous study but 

the current study focuses on groundwater samples located only inside and around the city 

and these are not marked on the map. 
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1.2. GEOLOGY AND HYDROGEOLOGY 
The area is dominantly covered by Oligocene-Miocene and Quaternary volcanic rocks and 

its chemistry ranges from basic to acidic (Fanuel, 2007).  The volcanic aquifers of the 

Akaki catchment in the central Ethiopia have been a major municipal drinking water source 

for more than a century. Due to the fast growing population rate, the capital city Addis 

Ababa receives more than 35% of its water supply from ground water (Ijigneh, 1999).  

 

However, the variability of geological formation with respect to mineralogy, chemistry, 

textures and structure in the area give rise to a heterogeneous hydrologic property which 

influences the quality of both surface and ground water.  

 

According to Jemal, 2009, The geology of Akaki River basin along the north and 

northeastern area (the Entoto mountain, the northern and north eastern Addis Ababa) is 

covered with basalts, trachytes, rhyolites and several episodes of pyroclastic materials of 

older volcanism occur on the upper part and foothill sides of Entoto ridge Overlying these, 

younger basaltic rocks (Addis Ababa Basalt) are found covering the central and southern 

part of the city. The Addis Ababa basalt covered by settlement and had low recharge. 

Outcrops of ignimbrites in the Eastern Addis and Central Addis have been observed 

underlying the Addis Ababa basalt. Furi and Yerer volcanoes are recognized overlying un-

conformably on the Addis Ababa basalt in the western, south-western and eastern part of 

the Akaki (including the well field) catchment. The overburden covering the bed rocks 

includes soils, lacustrine & alluvial deposits. Thick insitu soil type cover is found in the 

central, north- eastern, south-eastern, western and in northern part of the catchment. 

 

Recent deposits of Alluvial with thickness varying between 5m and 50m are found in the 

south between Akaki town and the Akaki Lake (AAWSA, 2000).  The same formation is 

also available in some places along Little and Big Akaki Rivers particularly south and 

southwest of the capital city (Fanuel, 2007). 
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The Akaki River basin is located at the upper part of the Main Ethiopian Rift (MER) 

system. Due to this it is highly affected by rift tectonics. The Akaki catchment has major 

NE-SW trending faults which is parallel to the general trend of the axis of the rift and 

minor local faults and lineaments E-W, N-W and NE-SE trend. Due to this structural 

control, the regional flow direction of the ground water is towards south and southeast. But 

the local flow shows different directions. According to (Fanuel, 2007) The density of faults 

increases towards the south-eastern part of the catchment area (where the well field lies). 

The main structures are all related to the extensional rift tectonic in the area. An example is 

the Filwoha Fault along which thermal activity is observed. 

 

The Potentiometric surface indicates that the groundwater is in connection with the surface 

water of Big & Little Akaki River north of Akaki bridg, thus the base flow of the rivers is 

contributed from the groundwater (Molla et al. 2006). 

 

According to (Tamiru, 2006) groundwater circulation and storage in the volcanic rocks 

depend on the type of porosity and permeability formed during and after formation. All 

rock structures possessing a primary porosity may not have necessarily permeability; i.e. 

without the original interconnection, the primary porosity may not give rise to the primary 

permeability, but the latter connection, by means of weathering or fracturing may results a 

secondary permeability. Hence, the most important features that control the groundwater 

flow and storage in volcanic rocks are vertical permeability due to primary and secondary 

fractures, horizontal permeability due to horizons containing opening due to the lava flow 

and gas expansion during solidification. Moreover, the volcanic rocks also depend on the 

occurrence of impervious horizons and dikes and also the occurrence of cementing material 

and their hydraulic characteristics. On the contrary, all available fracture and porous 

volcanic rocks do not always serve for groundwater circulation. 

 

The groundwater circulation and occurrence is associated with porosities like fault, 

fractures and fissures produced as a result of tectonic activities while in alluvial aquifers, it 

is in the interstitial spaces in between the sediments. 
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2. MATERIALS AND METHODS 

The current study mainly focuses on pollution pattern along the Akaki River Basin. The 

basin was further divided in to two sub-catchments i.e. the Little Akaki and the Great Akaki 

River basin. The Little Akaki River basin was farther segmented in to three catchments 

based on the nature and the type of land use around the catchments. The study have used a 

secondary water quality data focusing on both surface and groundwater. The surface water 

quality data was obtained from Addis Ababa Environmental Protection Agency (AAEPA) 

and contains a total of 22 samples only in the wet season and a total of 24 samples from the 

dry season (Table 1).  

Table1. The different sampling locations. 

Sampling point Location 

La1& La11 Shegole upper side of Anbesa garage 

La2 & La12 Below marble factory 

La3 & La13 Ehilberenda 

La4 & La 14 Above the bridge of Coca Cola factory 

La5 & La 15 Awash Winery 

La6 & La 16 Below Kera Abattoir 

La7 & La 17 Below national alcohol factory 

La8 & La 18 After the meeting point of kera and La River 

La9 & La 19 Below batu tannery 

La10 & La 20 Bihere tsige park 

La11(only in the dry season) After Kality vegetable farm 

La12(only in the dry season) After lake Abasamuel 

Ga1 & Ga13 Entoto kidanemihret 

Ga2 & Ga 14 At the back of Hamle 19 park 

Ga3& Ga15 Below Minilik hospital 

Ga4 & Ga16 Below German Embassy 

Ga5 & Ga 17 At the back of Migbaresenay clinik 

Ga6 & Ga 18 Agoza market under the bridge 

Ga7 & Ga 19 Infront of Picock park 

Ga8 &Ga 20 Under Bole bridge 

Ga9 & Ga 21 At the back of St. Michael church 

Ga10 & Ga 22 Behind Saris Abo 

Ga11 & Ga 23 Behind Kality drivers training 

Ga12 & Ga 24 Debrezeit road below Akaki textile factory 

 

The surface water quality data was measured in the two main dry and wet seasons, in 2011. 

Unlike the wet season data which was collected twice the year and average was used to run 

the analysis, the dry season was collected only once. Whereas, the four ground water 
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quality data that was treated in this study was adopted from Addis Ababa Water and 

Sewerage Authority (AAWSA) and these well samples were taken from the four different 

geographical locations of the city between the year 2010 and 2011. 

The format for the raw data was different both for surface and groundwater. Unlike the 

surface water, the groundwater data where full of manually recorded hard copies. Whereas, 

the surface water data was a soft copy in word document. So before running the analysis 

both data were inserted in an excel spread sheet so as to simplify any statistical analysis. 

Using the available data, physico-chemical analysis was applied using statistical method in 

order to assess the patterns of pollutants. For the current study a typical indicator of 

pollution such as Electrical Conductivity, Nitrate and phosphate were chosen of all the 32 

data present both on surface and groundwater (the remaining parameters are listed in the 

Appendix).  

2.1. WATER QUALITY PARAMETERS 
The nature and extent of water pollution is characterized by several physical, chemical and 

bacterio-biological parameters. As part of the present assessment of water pollution in the 

Little and Great Akaki River. The following three different water quality parameters were 

chosen and analyzed for their physio-chemical properties. 

2.1.1. PHYSICAL PROPERTIES 

Unlike the Great Akaki, physical appearance of Little Akaki is dark. The black turbidity of 

the river contributing the dark color to the river is probably a result of the decomposition of 

organic wastes. During the dry season, the river would be expected to have a persistent 

objectionable odor. This is because during the dry season there is shortage of oxygen and 

the organic materials decompose anaerobically, which give rise to the pungent smell on the 

surface water. However, during the wet season, wastes in the river basin will be washed 

away as a result the objectionable odor is minimized.  

One of the physical parameter that was treated in the current study was electrical 

conductivity (µs/cm). This parameter is playing a role as a proxy of ion content in the river. 

A high electrical      conductivity in the study area is a signal for most disturbed river 

system, high ionic presence and nutrient load. At the more urbanized area of the river basin, 
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electrical conductivity is expected to be high due to effluents from different sources, mainly 

as a result of sewage leakage. The EC is controlled by the following;  

 The geology: Litological composition determines the chemistry of river basin. For 

instance leakage of carbonate minerals from limestone produce higher EC. 

 Catchment size: large basin relatively has higher drainage and soil-water interaction 

before reaching the water bodies and they are responsible of increasing the EC. 

 Urban and agricultural runoff: water or rain draining agricultural field and urban 

areas discharge high dissolved salts, which eventually increases the EC. 

 Evaporation: evaporation of water from the surface of a water bodies finally leaves 

the salt behind and increases the water conductivity level. 

 Bacterial metabolism: when benthic organisms or phytoplankton like algae die and 

washed out to the bottom of the water bodies then follows bacterial decomposition. 

The outcome releases carbon dioxide. Dissolution of carbon dioxide inside the 

water also produces carbonic acid and carbonate ion. Hence the carbonate ion 

increases the concentration of Total Dissolved Solid which indirectly increases the 

EC. 

 

2.1.2. CHEMICAL PROPERTIES 

The next group of parameter considered in this study was chemical properties. The 

chemical properties of both surface and groundwater include nutrients like Nitrate (mg/l) 

and phosphate (mg/l).  

Nitrates are essential nutrients of green plants for growth and reproduction. The naturally 

occurring nitrifying bacteria fix the free nitrogen from the atmosphere into nitrate and make 

it usable by photosynthetic plants. However, high concentration of Nitrates in the water 

bodies is responsible to cause many health problems. The nitrates discharge in to Akaki 

river basin from many sources: from city sewage, defective septic tank effluents, municipal 

waste, industrial waste, wastes from livestock and chemical fertilizers containing nitrogen. 

 

Next to nitrates, phosphate is also another important nutrient for the growth of green plants. 

Phosphates are present in sewage, chemical fertilizers, industrial wastes, storm runoff and 
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in consumer products as detergents, baking powder, tooth pastes, cured meet, evaporated 

milk and soft drinks, processed cheeses, pharmaceutical and water softener. Excessive 

loads of phosphate on the surface water speed up Eutrophication, which is a reduction in 

dissolved oxygen in the water bodies due to addition of minerals and organic nutrients. This 

is one of the problems at Aba-Samuel dam. 

 

The study also carried comparison of spatial and temporal pollution pattern for the 

chemical properties both on the surface and groundwater.  

In connection with the statistical methods, SPSS (Statistical Package for the Social 

Sciences), which is a predictive analytical software the same as (Molla and Steffan, 2006) 

was also applied as a quality control method and this was done by calculating the upper and 

lower control limits (boundaries) of each surface and groundwater parameters.  The Upper 

and Lower control limit are lines drawn +/- three standard deviation of the data above and 

below the mean value of the data set, respectively. Each results of water quality parameters 

falling within these two control limit either crossing the WHO limit or not, would be called 

safe from polluting the existing water bodies. However, others falling outside the limits and 

crosses the WHO limit are high risk. 

To calculate the control limits, first priority was given to find the Mean and standard 

deviation of each parameter and then we calculate the upper and lower control limits. 

 ………………………… (1) 

………………………….. (2) 

Equation (1) in the above defines the upper control limit (UCL), which is a horizontal line 

in the quality control graph and lie at three times standard deviation above the mean. 

Whereas, equation (2) explains the lower control limit (LCL), which is also a horizontal 

line in the quality control graph and lies three times standard deviation below the mean. 

The mean and standard deviation explain the average values and variation of each 

concentration of the parameters from the true value, respectively.  
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After calculating the value of equation (1) and (2) then concentration of the chosen 

parameters was plotted together with their respective mean, UCL, LCL and the maximum 

permissible limit of WHO versus sampling locations. Finally visual inspection carried in 

order to see whether the pattern lies within the graph above the mean and three times the 

standard deviation. However, if the value falls other than inside the control limit and 

crosses the maximum permissible limit assigned by WHO (World Health Organization) 

then it is statistically likely there would be a pollution problem with the given parameter 

and a conclusion would be drown that the situation is alarming a health risk. 

3. RESULT 

3.1. SURFACE WATER 
The characteristics of surface water pollution are sub-divided in two different seasons: dry 

and wet. Almost all the surface water (figure 2 until figure 13) has neither any spatial nor 

temporal pollution pattern for the selected parameters during the dry or wet season along 

both the Little Akaki and Great Akaki Rivers. Both, however, displayed a huge variation 

which could be a result of different diffuse sources along the river pathway. 

The surface water pollution here was defined by analyzing three important parameters; 

Electrical conductivity, Nitrate and Phosphate. All the three parameters were analyzed both 

spatially and temporally. Finally their respective temporal and spatial variation and pattern 

are shown below: 

3.1.1. ELECTRICAL CONDUCTIVITY 

 

 

Fig2. Electrical conductivity of LA in the wet season               Fig3. Electrical conductivity of LA in the dry season 



Ferezer Eshetu Tegegn 

14 
 

  

 

Both figures 2 and 3 show that Little Akaki displayed higher electrical conductivities in the 

inner (La3-La6) and (La8 and La9) part of the city. The higher values within the city may 

have resulted from different domestic wastes and sewerage leakage. Whereas, the upper 

and outside part of the city rather showed lower conductivity values. However, comparing 

the seasonal variation along the Little Akaki River the dry season showed relatively higher 

concentration peaks which could be due to the absence of mixing during the dry season and 

the higher evaporation rate that leaves salt behind. The temporal concentration of EC in 

both seasons had crossed the threshold value of the World Health Organization (WHO) and 

the upper control limit. 

 

 

During the wet season (Figure 4) high electrical conductivity was recorded in the middle 

part of the Great Akaki River. This peak could directly be linked to Agoza marketing area 

(Table 1) which is found up stream. The wet season electrical conductivity was below the 

permissible limit from the WHO at the upper part of the Great Akaki River but it displayed 

a radical increment after Agoza market under the bridge (GA6). 

The electrical conductivity of Great Akaki River during the dry season also showed an 

increase in concentration at the beginning and lower part of the catchment. The highest 

peak was recorded within the urban area in the lower catchment and the reason could be the 

same as the high dry season peak in Little Akaki. Both figure 4 and 5 show that Great 

Akaki River displayed variation crossing the maximum permissible limit of WHO. 

Fig4.Electrical conductivity of GA in the wet season     Fig5.Electrical conductivity of GA in the dry season     

 



Physico-chemical pollution pattern in Akaki River basin, Addis Ababa, Ethiopia 

15 
 

3.1.2. NITRATES 

 

 

During the wet season, the little Akaki (figure 6) has shown almost no existence of nitrate. 

One good reason could be mixing as a result of the wet season rainfall which eventually 

neutralizes the nitrate concentration.  

However, the dry season (figure 7) displayed higher peak only at the origin of the Little 

Akaki  River. This incident could be explained in many ways such as due to a natural 

abundance of nitrate in the soil as part of the nitrogen cycle or as a result of measurement 

errors. (note: the negative LCL should be taken as zero horizontal line on the x-axis).        

 

 

The wet season nitrate concentration (Figure 8) along the Great Akaki River is very low.  

Whereas, the highest dramatic peak corresponding to location behind Kality driver’s 

Fig6. Nitrate load in the La during wet season                                Fig7. Nitrate load in the La during the dry season. 

 

Fig8.  Nitrate load in the Ga during wet season                       Fig9. Nitrate load in the Ga during dry season                                                
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training (GA11) center could probably be attributed to measurement error or undefined 

source. Like the wet season nitrate load in the La, the Great Akaki during the dry season 

has also shown a similar pattern with almost no nitrate along the river course.                                                

3.1.3. PHOSPHATE 

 

                                                                                                  

 

The concentration of phosphate in both seasons (figure 10 and 11) showed a higher 

variation than any of the other parameters. And both seasons displayed a concentration 

above the maximum permissible WHO limit. Comparison showed that the dry season 

concentration of phosphate along Little Akaki showed a  higher peak than the wet season. 

This is probably because this part of the catchment crosses the inner part of the city and 

dominated by industries and recreational sectors known for discharging phosphate. For 

instance Behere Tsege park likely used fertlizer for better growth and beauty of flowers. 

The flowers that die of through time and their subsequent mineralization would have 

supplimented any potential increase. Another reason could be the presence of Batu tannery 

at the heart of the city and their usage of inorganic phosphate in order to inhance removal 

of Cromium (Cr) from the tannery slage through bioleaching. 

 

Fig10.Phospate load in the La during wet season              Fig11. Phosphate load in the La during dry season 
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The phosphate concentration in the wet season (Figure 12) displayed a reasonable amount 

of variability. Whereas, the dry season (Figure13) showed a considerable amount of 

variation and a relatively higher peak. The concentration for both dry and wet season is 

above the WHO limit. 

At the origin of the Great Akaki River there is a higher concentration of phosphate than any 

other place along the river course. At the location of Entoto Kidanemeheret (GA1) and at 

the back of Migberesenay clinic (GA5) there is a natural forest reserve and the Hamle-19 

park, respectively. Hence the decomosition of plant materials which potentially releases 

phosphate could explain the higher concentration. 

The tables below (Table 2 and Table 3) show several a statistical values that indirectly 

summarize the seasonal magnitude of concentration and variation  for each parameters both 

at the Little Akaki and Great Akaki River. and According to Table 2 there was more 

variation in nitrate and phosphate concentration during the dry season than wet season 

along the Little Akaki. Unlike the Little Akaki,  the Great Akaki (Table 3) showed a 

relative increase in concentration and variation of nitrate during the wet season. The tables 

also displayed the maximium permissible limits both for drinking and river water assigned 

by WHO. This recommended values are the only acceptable concentration with respect to 

the type of parameters on which an increase in the threshold value causes a health related 

risks. 

Fig12. Phosphate load in the Ga during wet season                                   Fig13. Phospate load in the Ga during the dry 

season 
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Table2. Statistical values and maximum permissible limit of little Akaki River. 

PARAMETERS MEAN STD.DEV UCL LCL WHO 

EC (µs/cm), wet season  552 302 755 350 500 

EC (µs/cm), Dry season 828 307 1105 562  

Nitrate(mg/l), wet season 30 36 54 7 50 

Nitrate(mg/l), Dry season 189 319 477 0  

Phosphate(mg/l), wet season 1.3 1.8 2.5 0.1 0.1 

Phosphate(mg/l), Dry season 8 7.5 15 1.6  

 

Table3. Statistical values and maximum permissible limit of Great Akaki River. 

PARAMETERS MEAN STD.DEV UCL LCL WHO 

EC (µs/cm), wet season 380 207 587 253 500 

EC (µs/cm), Dry season 610 195 778 441  

Nitrate(mg/l), wet season 116 195 235 -4 50 

Nitrate(mg/l), Dry season 8 11 18 -1  

Phosphate(mg/l), wet season 0.8 1.2 1.5 0 0.1 

Phosphate(mg/l), Dry season 7 3.4 10.3 4.4  

 

3.2. GROUNDWATER 
The current study treated four different types of ground water wells from different sample 

times and locations within the city and its surrounding. The final results of the four water 

wells with their respective water quality parameters are listed below; 

 

3.2.1. Electrical conductivity 

 

  

                                                                                                                       
Figure 14.Electrical conductivity of Hamle-19 ..well                        Figure 15. Electrical conductivity of Mekanisa well 
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The electrical conductivity of Hamle-19 well (Figure 14) between the year 2010 and 2011 

showed a constant trend with no variation. The concentration of electrical conductivity is 

also far below the maximum permissible limit. Except for the Kality water well the other 

two wells also displayed a concentration below the WHO limit. While looking at the 

seasonal variation within the different wells, during the wet season except for Hamle-19 

where the EC has almost no effect, all wells displayed higher value at about the same time. 

The reason for rise in peak could be mineral leakage from the bed rock as a result of rock-

water interaction or due to the hydrogeology of the study area being interconnected with the 

surface geology through various hydro-structures. The extreme peaks could have resulted 

from the surface water through base flow. 

3.2.2. Nitrate 

  

                                                                                        

Figure 16. Electrical conductivity of Kotebe well.                           Figure 17. Electrical conductivity of Kality well. 

 

Figure 18. Nitrate loads in Hamle-19 well.                Figure19. Nitrate loads in Kality well. 
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The nitrate level in all the water wells were far below 50mg/l of the WHO level. This is 

likely because most of the nitrates are intercepted or retained on the upper part of soil strata 

or taken up by plant roots for growth while percolating with water vertically through open 

spaces and the porous media of different soil horizons. 

3.2.3. Phosphate 

  

Figure 20. Nitrate load in Mekanisa well.                  

 

Figure 21. Nitrate load in Kotebe well. 

Figure 22. Phosphate load in Hamle-19.                      Figure 23. Phospahte load in Kality well. 
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Almost all the phosphate concentrations in all the wells showed concentrations over the 

WHO Permissible limit. These high and unacceptable phosphate concentrations could be 

the result from leakage or weathering of phosphate minerals from the parent bed rock/soil. 

All the four wells lack a clear trend and specific seasonal variations over  the time period 

sampled. 

Summary lists of statistical values are listed in the table below (Table 4) that indirectly 

show the highest concentrations and variations of the different individual parameters for the 

four wells. 

Table4. Statistical values of groundwater parameters. 

WELLS PARAMETERS MEAN STD.DEV UCL LCL 

Kality EC (µs/cm) 559 31 597 521 

 Nitrate(mg/l) 1.5 0 3.6 -0.6 

  Phosphate(mg/l) 0.4 0.2 0.6 0.2 

Hamle-19 EC (µs/cm) 279 12.4 296 263 

 Nitrate(mg/l) 0.7 0.7 1.6 -0.2 

 Phosphate(mg/l) 0.3 0 0.5 0 

Kotebe EC (µs/cm) 387 38 453 321 

 Nitrate(mg/l) 0.1 0.1 0.3 -0.1 

 Phosphate(mg/l) 0.4 0 0.8 0 

Figure 24. Phosphate load in Mekanisa well.                 Figure 25. Phosphate load in Kotebe well. 



Ferezer Eshetu Tegegn 

22 
 

Mekanisa EC (µs/cm) 345 43 403 287 

 Nitrate(mg/l) 0.8 0.7 1.7 0 

 Phosphate(mg/l) 0.4 0.2 0.7 0.1 

 

 

4. DISCUSSION 

4.1. Potential pollution sources 

 
The water quality analysis for the three parameters both on surface water and ground water 

well were presented in the previous section. Naturally water bodies can contain limited 

portions of a certain chemicals and these water quality parameters can increase in 

concentration due to natural process such as evaporation, transpiration and deposition. 

Moreover, external pressures as domestic, municipal and industrial waste effluent, fast 

population growth and rapid industrialization, and lack of sewage networks and poor living 

condition have caused the deterioration of surface and groundwater quality in the capital 

city of Addis Ababa. This eventually could lead to an increase in the concentration of a 

certain water quality parameters above potential natural levels and even above WHO 

acceptable levels. 

  

The pollution levels where parameter levels go above WHO levels are seen in both Little 

Akaki River and Great Akaki River and can potentially be attributed to many sources. The 

major sources of water pollution are likely from industries and municipalities. Moreover, 

the water pollution from agriculture and natural activities also aggravate the water quality. 

For the current study the following discussion presents an overview of that are believed to 

be a general potential source of pollution due to the results presented and their spatial and 

temporal variability. 

4.1.1. Industrial sources 

This is mainly point source pollution because the pollution source is easily traceable and 

result from a single pipe or series of pipes. Industrial effluent is concentrated towards the 

northwestern and southwestern sections of the city. As compared to the Great Akaki River, 
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which predominantly passes through residential and commercial areas in the northeastern 

and southeastern parts of the city, Little Akaki remains to be the primary recipient of most 

of the industrial effluents discharged within the city. The major exposure of Great Akaki 

River to industrial effluents only appears in its lower catchment when it crosses through the 

largest industrial town, Akaki. 

Due to rapid urbanization of Addis Ababa there exist many industries. However, the 

industrial effluents are often discharged directly to the water bodies before treatment. In 

addition to the above reason, some industries also dispose of their effluent on open land 

surfaces for irrigation purposes. This method is especially common for effluents from food 

processing industries such as dairies, pharmaceutical industries, pulp and paper industries. 

Other industries also discharge their effluents into public sewers. This creates economic 

problems, adds to the sewerage treatment problem, deteriorates sewer structures, increases 

maintenance cost due to the presence of high amount of sulfates effluents which tend to 

form sulfuric acid and corrodes the sewers, and finally increases pollution on Akaki River.

  

4.1.2. Municipal sources 

The pollution from this type is generated from two types of sources i.e. municipal liquid 

waste and municipal solid waste.  The municipal liquid waste consists of sewage, surface 

run off, human excreta and other domestic wastewaters. 

Domestic sources of pollution includes cleaning of cloths and dishes, and human wastes. 

The number of E. coli and streptococcus faceless bacteria (see Appendix), which is present 

in several of the water bodies sampled here is telling to the amount of pollution from 

human waste. Unlike industrial wastes, the characteristics of domestic sewage are relatively 

constant. The domestic sewage from one residential area is approximately of the same 

composition as from any other residential area because of the common habits of the people 

within the region. 

The municipal solid waste mostly consists of commercial establishment. The aesthetic loss 

of the river basin mainly by the multi colored plastics especially in the area of Merkato, the 
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biggest market in the country. This contributes a high amount of pollution to Akaki River 

when it comes to solid waste load. 

This loss of aesthetics and associated pollution problems can easily be observed at the 

biggest recreational park of the city, Behere Tsegue Park. Mainly the Little Akaki traverses 

through the middle part of the recreational park. Despite the charm of the park, both sides 

of the river basin are engulfed by solid waste transported from upstream. Moreover, the 

wastewater drained to the river from Ethio-pickling and tannery factory inside the park 

adds to the contradiction between the charm and aesthetic damage caused by waste 

discharge. 

4.1.3. Natural Factor 

Natural factors like weathering and leaching of minerals from soils and bed rocks can 

contribute higher concentration of the different parameters both in surface and 

groundwater. Natural source (such as plant die-off) contributed some to the levels in the 

parameters in this study. But it is likely little compared to the municipal and industrial 

pollution sources. 

4.2. Spatial and temporal variability of water parameters  

The current study divided the study area of each sub-catchments in to three different sub 

groups according to the sampling sites. The upper part of the city and the upstream was the 

area with minimum anthropogenic disturbance and pollution. Moving down the river 

course inside the city the water has different chemistry. This changes was likely induced by 

urbanization along with, industrially and agriculturally active areas of the catchments. 

 

In order to understand the different nature of pollutants, the values of certain parameters 

have been evaluated with respect to the acceptable permissible limits of WHO for drinking 

and surface water. This helps to indicate the pollution levels of Akaki River basin. The 

spatial and temporal pollution trend and pattern of all the three water quality parameters 

showed absence of clearly distinct spatial or temporal trends and patterns but displayed 

variations. This finding disagrees with Samuel et al.(2007) who found a general increase in 

physico-chemical parameters investigated  moving from the upper part of the Akaki River 

down the river owing to a natural enrichment in electrolytes, possibly due to phenomena of 
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mineralization or weathering of sediments, and probably largely due to discharge of 

industrial and domestic wastes. 

 

The absence of spatial or temporal pattern could be explained. For instance taking 

phosphate and nitrate as an example, both showed a discrete concentration peaks. This 

could be due to short residence times in water bodies as they are taken up by 

phytoplankton. Phosphate further undergoes subsequent sedimentation and adsorption in 

parts of the river course (for the surface water sample) and during percolation through the 

ground (for the ground water samples). The variation of chemical properties of 

groundwater in the aquifer was due to many factors including where water enters the 

aquifer, travel distance, residence time, the types of rock/aquifer contacts and human 

activity. In addition the electrical conductivity variation could have resulted from the 

different quantity of the domestic, municipal and industrial wastes along the different parts 

of the river course. So, while there is likely a connection between human activity and water 

chemistry in this study, the complexity of this connection does not allow for a clear 

identification of spatial or temporal pattern. 

 

For example, consider electrical conductivity. While comparing the current study with 

previous study of Samuel et al. (2007), content of the electrical conductivity has almost 

same values ranging between 56-1268µS/cm. but higher than the finding of Prabu et 

al.(2008) in Huluka River ranging between 168.6-597.1 μS/cm during the dry season and 

125.4-541.2μS/cm during the rainy season. 

 

In the current study along the course of the river at the upper part of the rivers through the 

highlands of the study area, samples comprise the lowest levels of electrical conductivity. 

The variation and in electrical conductivity is highest inside the city of Addis Ababa. This 

might happen due to many reasons: due to domestic waste discharge, industrial waste 

effluent, municipal waste or due to the presence of hot spring as a result of the Filwhoa 

fault (Figure 1, the N-S cross section).  

 

Generally the finding of Prabu et al. (2008) also showed that the EC increases going down 
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river apparently due to the accumulation of domestic and sewage wastewater and also to the 

enrichment of electrolytes from mineralization or weathering of sediment. This finding 

partly agrees with the current study, in which high concentration of EC during the dry 

season was observed outside the city, down the Akaki River. 

 

 

However, looking at the electrical conductivity results of the water wells (except for kality 

well), all showed concentrations below the permissible limit of WHO. One good reason 

why only Kality well showed a high peak was because the well is found down-stream in the 

low lands of the catchment where electrical conductivity is expected to be higher. Another 

reason could be since the ground water quality depends on the groundwater dynamics the 

resulting physical and chemical property of groundwater is mostly related to its relationship 

with the subsurface and the water residence time. In addition to the natural factors a major 

changes in the chemistry of groundwater in the study area is resulted from anthropogenic 

activity. All the remaining wells have no threat of mineralization that causes high electrical 

conductivity. This is due to high amount of retention and adsorption natural attributed to 

the geology in those areas. 

 

The general hydrogeology of the region offers some further insight to this complexity. 

According to Jemal (2009) the potentiometer surface in this region indicates that the 

groundwater is in connection with Akaki River about 5 km to the north of the well field 

where samples were collected. The base flow of Akaki River and its tributaries is mainly 

derived from the groundwater. The recharge to the groundwater that takes place within 

Akaki River Catchment is considered to contribute to the base flow. The Akaki River and 

the ground water also flow in parallel keeping to the major NE-SW trending faults. Hence 

since kality well is found far south and down gradient, below the inner city, the pollution 

there might have resulted through groundwater base flow convergence.  Moreover, the 

water well at kality area could have a shallow water depth making it highly vulnerable to 

pollution. Another reason could be over pumping of the Kality water well that would also 

result back flow of river water which eventually leads to ground water pollution. 
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The nutrient concentrations are equally complex. The temporal pollution variation and 

concentrations (Table 2 and 3) showed that during the dry season the little Akaki had the 

highest pollution variation. The higher nitrate concentration in the Akaki River during the 

dry season could be attributed to its natural occurrence in certain vegetables and usage 

within food industries as added preservatives to some meat. Nitrates could also be found in 

the native soils as part of the nitrogen cycle and favors plant growth.  

Whereas, the phosphate could be attributed to the use of phosphate additive in detergent 

formulations, which could be eroded into the river system during disposition of waste water 

from different sources and leaching of fertilizers residues from agricultural farms. The 

highest phosphate concentration peak inside the city of Addis Ababa is in agreement with 

the finding of Samuel et al.(2007) that has also found a pronounced phosphate peak at the 

center of Addis Ababa and this could possibly derived from urban waste discharges, 

sewage effluents, agriculture run-off (i.e mainly from fertilizers), and slaughterhouse 

wastes of Kera. 

 

Of all the three water quality parameters in the groundwater, phosphate showed the highest 

concentration peaks in almost all of the wells. This peak could have resulted from the 

Akaki River itself. This could happen due to over-pumping rate result in regional 

groundwater which eventually leads groundwater drawdowns and can finally causes 

reversal of flow from the contaminated Akaki River into the groundwater aquifer and the 

productive wells. In addition to this, the sewage treatment and disposal could have also 

contributed to the high phosphate concentration in areas where there is lack of improper 

well construction. This finding supports Tamiru et al. (2009) who also found an increase in 

concentration of phosphate due to the potential of phosphate to be held in the soil system 

by adsorption and precipitation reactions to different elements and compounds. On the 

contrary nitrate has showed lower concentration in all the ground water wells and this 

might be due to denitrification process by denitrifying bacteria as the water circulates 

through the low oxygen soil media that reduce the nitrate in the water wells. Generally due 

to the high dissolved minerals and phosphate levels in all of the ground water wells, the 

water is considered unfit for drinking.  
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On the contrary, the concentration of nitrate in the current study showed a very high range 

far above the range of values calculated by Samuel et al. The finding of Samuel et al. 

(2007) also showed a very distinct phosphate increasing pattern from up to downstream 

along the Little Akaki River. 

5. CONCLUSION 
From the many findings in the study area both the surface and ground water of the Akaki 

River basin are severely polluted. Analysis of the three water quality parameters showed 

that in both water bodies there exists no spatial and temporal pollution pattern using the 

existing snap shot data, except for electrical conductivity but only a huge spatio-temporal 

variability. This variation is likely linked to the source of geogenic and anthropogenic 

pollution as a result of rock-water interaction, industrial effluents, municipal wastes, 

domestic wastes and agricultural activities. 

  

High concentration and variation of pollutants along the river course was found mostly 

inside and outside (downstream) the city of Addis Ababa. This variation likely arises due to 

the rapid urbanization and industrialization the city.  

 

Among the three parameters treated in the study, the values and variation of electrical 

conductivity increases spatially along the river course. The high altitudinal areas of Intoto 

ridge comprise the lowest peak and the area outside the city is grouped as a second level 

with treats of mineralization. Whereas, the central city is friendly to high mineralization 

and stood first in the degree of high electrical concentration and variation. In addition to 

this of all the water wells, only productive wells located downstream of the river course 

like the Akaki well showed high values of Electrical conductivity, above the allowable 

limit and considered at high risk.  Comparison of a higher standard deviation (Table 2 and 3 

with table 4) on the surface water than on the ground water tells us that higher 

mineralization of ground water could be a result of surface water recharge through base 

flow. 
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The remaining water quality parameters: nitrate and phosphate also showed high temporal 

and spatial variation and concentration on surface water. Compared to Great Akaki River, 

the Little Akaki displayed the highest peak and showed concentration variation of both 

parameters during the dry season. The general spatial setting also showed that the little 

Akaki is the recipient of most of the pollutants than Great Akaki. And this is likely because 

the great Akaki only traverse through residents and commercial centers. Whereas, the Little 

Akaki passes through the highly industrial, agricultural and municipal part the city Addis 

Ababa. 

 

Moreover, in all the ground water wells, phosphate showed high concentration above the 

permissible limit. This peak must have likely arisen from the the Akaki River itself through 

base flow. Whereas, the nitrate concentration in all the productive wells was found below 

WHO limit and they are free from Nitrate. However, since all the ground water wells 

comprises of high mineralization and phosphate load then the water is treated as unsafe for 

drinking. 

6. RECOMMENDATION 
The study revealed that Little Akaki River is the one which constitute higher and continous 

source and sink system. Multiple sources of pollutants are discharged to the river both from 

point and non-point sources. Therefore in order to normalize the source and sink system 

and to establish a clean water environment, an integrated approach involving all the actors 

in the river basin is important. Farther more, Addis Ababa Government Environmental 

Protection bureau should lay ground rules and regulation in order to prevent the pollution 

of Akaki River basin. This is possible through fixing effluent standard emissions and 

subsequent penalties in the form of polluter pay principles. 

The regional government should also contribute in the improvement of sanitary facilities to 

all household and restrict hazardous water generating economic activities with in some 

radius of the catchment. One method could be dislodging of latrines by vacuum trucks. 

Moreover, introducing better practice to liquid and solid waste disposal into Akaki River 

basin also prevents the water pollution. In line with this disconnecting pit latrines from 
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entering the water system and discouraging fecal defecation in open spaces along the river 

side could also improve the water quality. 

Above all, executive priority should be given to villagers at the lower catchments of the 

river, where their only source of water is from the polluted unsanitary Akaki River. The 

lower part of the Akaki River is also inhibited by farmers relying on irrigation system of 

the polluted river. Hence the farmers should adopt commercial fertilizers at rates matching 

the plant needs and different ways of marketing and practicing vegetable disinfectants in 

order to harvest clean and uninfected products. 

Compared to surface water quality; restoration or remediation of contaminated groundwater 

is a difficult task and mostly very costly or sometimes impossible. This is because of the 

long subsurface residence time of pollutants. Contaminated wells may demand drilling and 

pumping huge quantity of groundwater in order to reduce the contaminants and to re-inject 

in to the aquifer. Especially wells located downstream, in the low land might require also a 

‘‘pitless adaptor’’ in order to raise the top of the well above the level of flooding so as to 

protect pollutants entering from the Akaki River. 

If the problem remains and the physico-chemical parameters are beyond the maximum 

permissible limits, other high tech treatment technologies such as blending the 

contaminated water with other clean water source would be highly recommended. 

However, for poor country like Ethiopia such practice is unimaginable due to the 

tremendous cost. 

Generally since the water sources of the city Addis Ababa are diverse and quality is 

unpredictable, continuous monitoring is mandatory. 
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8. APPENDIX 

8.1. Physical Parameters 
 

 

 

 



Ferezer Eshetu Tegegn 

34 
 

 

 

 

 

 

8.2. Chemical Parameters 
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8.3. Bacteriological parameters 
 

  

  

 




