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Abstract 

 

Water pollution is a global problem and has been evident for long period of time. The 

impact of urbanization on the rivers and streams is increasing with the development of 

industry and population size in the city of Addis Ababa. The fast population growth, 

uncontrolled urbanization and industrialization, poor sanitary situation, uncontrolled solid 

and liquid waste disposal, etc. caused series quality degradation of the river waters in the 

city. Therefore, assessment of physico-chemical parameters of selected rivers in the city of 

Addis Ababa was conducted. In this study, physico-chemical parameters; EC, Temperature, 

pH, Na
+
, NH4

+
, K

+
 Mg

2+
, Ca

2+
, F

-
 , Cl

-
 , NO3

-
 , SO4

2-
 , PO4

2-
 , CO3

2-
 , HCO3

-
  of 20 water 

samples were analyzed using column separation method collected from rivers flowing 

across residential, agricultural, city centers and industrial sites of the study area; with a 

view to assess the vitiations in the  pattern of the rivers’ physico-chemical water quality 

characteristics with respect to the urban land usage as well as to identify the potential 

sources of pollution in the respective sites. The results of the physico-chemical parameter 

analysis revealed that the rivers flowing across residential areas were characterized by 

their relative highest mean levels of EC, pH, Na
+
, Mg

2+
, Ca

2+
, Cl

-
 with 1222.80 µS/cm, 7.80, 

185.47 mg/l, 28.08 mg/l and 82.04 mg/l respectively; highly elevated NH4
+
, K

+
, SO4

2-
, 

HCO3
- 

levels were the characteristics of the river crossing agricultural site with mean 

concentrations of 59.11 mg/l, 44.00 mg/l, 34.68 mg/l and 499.71 mg/l respectively; the 

rivers flowing across the city centers were also characterized by their highest mean 

concentrations of F
-
, and PO4

2-  
up to 1.28 mg/l and 4.90 mg/l respectively; NO3

-  
was also 

recorded in the industrial river water samples with highest mean concentration of  25.26 

mg/l relative to the other three sites. The water quality standards set by both WHO and EPA 

for potable and surface waters respectively were surpassed by some of the physico-chemical 

parameters studied. The level of NH4
+
 was found above both of these standards in all the 

river water samples collected from the four urban dominant activity sites. However, no 

CO3
2-

 ions were recorded in all the river water samples crossing these sites. The strong pair 

wise correlations, the spatial variations and the overall increasing and decreasing trend of 

these physico-chemical water quality parameters showed intimate relations with 

anthropogenic land use activities along the rivers. However, it was a little difficult to locate 

and quantify the extent of these pollutants derived from each land use type.   

 

Key Words: Physico-chemical parameters, Water quality standards, Column separation 

method, Urbanization, Anthropogenic activities, Addis Ababa.
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 1. Introduction 
 

Availability of safe and reliable source of water is an essential prerequisite 

for sustainable development. Continuous urban development and large 

solid waste pose as major environmental risks because of the difficulties in 

disposal. Landfills and other solid wastes disposal sites are major targets of 

pollution because rainfall and ground water leach these highly 

contaminated substances into rivers and streams which are in advertently 

used by people residing in such areas (Asnoye et al., 2007).  

 

Water born disease kill 50,000 people daily and yearly, about 4 million 

children under age of five die in developing countries due to water related 

problems (USAID, 1990; Warner, 1998). Through out the world, about 2-3 

billion people suffer from disease that are linked to water related problems 

(WHO, 1997) which will continue to kill millions of people yearly, debilitate 

billions, thereby undermining developmental efforts (Nash,1993; 

Olsmansky et al., 1997). 

 

Though water pollution is an old phenomenon, the rate of industrialization 

and consequently, urbanization has exacerbated its effects on the 

environment. This is because, the process of urbanization has considerable 

hydrological impacts both in terms of controlling rate of erosion, delivery of 

pollutants to rivers, and in terms of influencing the nature of runoff and 

other hydrological characteristics (Goudie, 1990). Of particular interest to 

us in this new study are the physico-chemical river water quality 

parameters, because among the very important cost effective, field based 

and surrogate parameters to be monitored are physico-chemical 

parameters. So, the aim of the study therefore is to assess and compare the 

degree of pollution with respect to the physico-chemical characteristics of 

rivers and streams in the city of Addis Ababa.   
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1.1. Background and Justification  

 

Water pollution is of grave consequences because both terrestrial and 

aquatic life may be poisoned. It may cause disease due to the presence of 

some hazardous substances, may distort water quality, add odors and 

significantly hinder economic activities. The causes and forms of water 

pollution according to Strandberg (1971), include sewage and other oxygen 

demanding wastes, infectious agents, organic chemicals, other chemicals 

and mineral substances, sediments, radioactive substances and thermal 

pollution. Additionally, several human activities that may result to water 

pollution include agriculture, irrigation, urbanization, mining and 

industrialization.  

 

Some of these activities have been documented to have impacted negatively 

some specific Ethiopian surface waters especially in the Awash river basin 

(Girma Tadesse, 1995). Also, some of these activities have affected rivers 

and streams in the upper part of the basin. Several studies on Addis Ababa 

surface waters have been conducted (Tamiru Alemayehu, 2001; Fiseha 

Itanna, 2002; Tesfay Brehanu, 1988). The hydrological characteristics 

investigated by these authors include plankton, physico-chemical 

properties such as inorganic ions, pH, conductivity, heavy metals, and 

others. However, majority of these studies were targeted as just few of these 

surface waters (one river or stream). It is therefore pertinent that some how, 

the entire streams and rivers that found in the city of Addis Ababa should 

be investigated. 

 

Pollution of river water is one of the most series problems affecting the 

health of the population of Addis Ababa (Meheret Ayenew, 1999). According 

to Tamiru Alemayehu et al. (2003), the level of river water pollution tends to 

rise with increasing human population and low level economic development 
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in the city. In developing countries sources of pollution from domestic, 

agricultural, industrial activities are unregulated. Like wise in Addis Ababa, 

where there is no as such environmental protection practices there are a 

number of pollutant sources that continuously deteriorate the quality of 

river water since the foundation of the city.  

 

Some of the most serious problems are extremely hazardous sanitary 

conditions with raw sewerage coming out of residential houses and 

factories are commonly encountered problems in the city. Collected excreta 

and garbage are often transported in unhygienic conditions and dumped on 

the periphery of the city or in the nearest refuse site without any treatment 

(Meheret Ayenew, 1999) or due to improper collection (over flowing 

containers), and disposal of solid wastes, most part of the city is polluted by 

solid wastes. Lack of roads in some pocket areas of the city, has worsened 

the situation (WHO/EHA, 2006). Refuse disposal is very usual in Addis 

Ababa city because not more than 50% of the garbage in the city is 

collected and disposed. Garbage is sprinkled all over the city and washed in 

drainage lines and river courses during the rainy season. River lines are 

often used as waste management possibilities (Dierig, 1999).  

 

When it comes to sanitary services, the proportion of units that are 

connected to a modern sewerage system is negligible in Addis Ababa. Only 

about 10% of the built up area of Addis Ababa has some access to 

conventional system (Solomon Mulugeta and Ruth, 2004). Flush toilets are 

mostly in internal good condition but it comes often to seepage overflows of 

connected storage tanks into public places, streets and ditches in Addis 

Ababa (Muschalla, 2001).  

 

Due to the illegal diversion of sewage and industrial waste water into the 

rivers and disposal of solid waste, all rivers in the city show a significant 

degree of pollution. They are anaerobic, near industries toxic and fecally 



__________________________________________________________________________ 

 

4

 
 

contaminated. This environmental damage is mainly polluted flow from 

surface drains and ditches into which the seepage and slluage of the city 

flows. The rain probably washes much of the surface pollutants into the 

streams during wet seasons but in the dry seasons the flow in the streams 

is mostly uncollected waste water of the city (Müller, 1999).  

 

In Addis Ababa, around 60% of the population use pit latrines. The problem 

with the majority of the pit latrines is they are often badly constructed, 

improperly maintained and frequently overflow (WHO/EHA, 2006). Not 

surprising, therefore, the liquid waste that is generated by most households 

in the city either enters the dry pits and septic tanks that are commonly 

found close to most shelters or simply finds its way to the city’s open 

ditches and streams which have literally become sewers (Solomon Mulugeta 

and Ruth, 2004).  

 

A separate wastewater sewer system was built in the city. It covers the 

residential area of Lideta in the west and Bole in the east as well as the 

business and commercial districts of the city center. The system is 

connected to the Kalitti treatment plant at the south of city of Addis Ababa. 

The existing system with its 110km of main and secondary sewer lines is 

designed to serve a population equivalent of 200,000. At present there are 

only 1600 connections to certain households and institutions (Wondimu A. 

and Alfakih E., 1999). Due to the low number of users presently connected 

to the system, flow is very low. Because of the low flow condition additional 

river water is being diverted from the little Akaki River in the western 

collector (Getahun Worku and Adinew Adam, 2000).  

 

Theoretically, much more private households and institutions could be 

connected to the existing sewage system, but on one-hand a lot of private 

households do not use flush toilets and on the other-hand they cannot 

afford to change their sanitary equipments (Müller, 1999).   
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2. Objectives 

2.1. General Objective: 

 
To investigate river water quality variations with respect to the land use 

pattern in the city of Addis Ababa. 

2.2. Specific Objectives: 

- To examine the water quality status through several physico-chemical 

parameters: 

- To identify the trend of physico-chemical pollutant load with respect to 

the dominant urban land use patterns along the streams and rivers: 

- To identify the potential sources of pollution and their variations: 

- To generate baseline monitoring data on the selected water quality 

parameters in the study area. 

2.3. Significance of the study 

 

This study will scientifically explain the relation between urban land use 

activities and river water quality variations with respect to the rivers’ 

physical and chemical characterizations. It will also point out the possible 

sources of pollution in the rivers that are responsible for the observed 

physico-chemical water quality variations in relation to the activities along 

the rivers. Moreover, it can also be used as an up dated physico-chemical 

river water quality monitoring data for further regular monitoring programs 

and studies that can be conducted on to these rivers in the future by the 

concerned parties. 

Limitations 

The river water quality parameters assessed in this study are limited to the 

selected physical and chemical water quality parameters so that, it may not 
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reflect the actual information on the extent of pollution of the rivers. 

Moreover, the river water samples taken are limited in number, space and 

time due to the resource incapability encountered to cover the full cost of 

the study.  
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3. Review of literatures 

3.1. The Pollution Status of Rivers in Addis Ababa 
 
Addis Ababa is a typical example of developing countries city where the rate 

of urbanization and availability of waste removal facility are not equivalent. 

According AACC (2004), the daily waste generation is estimated about 

0.252kg/capita/day, 65 % of municipal waste is collected in the city, 

surface water bodies receive the major parts of waste produced by the 

residents and various factories (Bezunesh T., 2004). The main surface 

water system in the city includes Bantiketu River, Kechene River, Kurtume 

River, Kebena River, Akaki River and various reservoirs (Tamiru 

Alemayehu, 2001). Akaki River, which has two main branches: the Little 

and the Big Akaki rivers are the most polluted rivers. Big Akaki is located in 

the eastern part of the city and collects water from its tributary rivers and 

streams in the region. Similarly, the Little Akaki collects tributaries found 

in the western part of the city.  

 

The following general sources have documented for the pollution observed 

in the river water and sediment so far: (1) domestic pollution: untreated 

liquid and solid waste produced by the inhabitants of the city, supplied by 

the sewage network and small creeks; (2) industrial pollution: untreated 

liquid and solid waste produced by various industrial centers, also supplied 

by the sewage network and small creeks (Tesfay Brehanu 1988); (3) 

atmospheric pollution: particulate emissions by vehicles and motors, by 

product of open air burning of municipal and industrial solid waste and 

garbage; all of these eventually transported to the inner and central Akaki 

River by precipitation and drainage. 

 

The most important sources of pollution for river water in Addis Ababa are 

industrial and domestic pollution. For example, the western part of Addis 

Ababa is an industrial estate; each factory thus pours a lot of chemical 
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pollutants in to the rivers, which affect the gardens down the stream 

(Fiseha Itanna, 1998). Though an important information campaign has 

never been launched, the inhabitants do know the situation of the rivers in 

this part of the city. For example, the general slaughterhouse of Addis 

Ababa is located along the Little Akaki river use the river to get rid of their 

wastes. The river is also used in this area to irrigate some vegetable 

gardens (Fiseha Itanna, 2002). Behind the psychiatric center, Saint 

Emanuel, next to the cereal market to be precise, rivers goes through highly 

populated areas where it is used as toilet and to wash. Little Akaki is used 

there as a public dump for thousands of inhabitants. In fact, and according 

to Fiseha Itanna (1998), the whole stream down to Kalitti is subject to all 

kind of waste disposals. In some localities sludge water and human faces 

and others are also dumped to these rivers. 

 

Big Akaki also crosses the highly populated region in the eastern part of the 

city where it receives any kinds of wastes from the residents. Acute 

problems of public health have their origin in the pollution of water in 

Addis Ababa. The pollution problem of all rivers crossing the city revealed 

by several authors (Tesfay Brehanu,1998; Tamiru Alemayehu, 2001; Fiseha 

Itanna, 2002). 

 

Little Akaki is being used to get rid of industrial wastes. If we consider the 

down stream we can observe different sources of pollution; cement, leather, 

and beverage production and municipal wastes. Exposure to these wastes 

which contain toxic components such as production chemicals and metal 

ions, are of great concern, as it poses not only health risks to human but 

also potentially unacceptable ecological risks to plants which are produce 

by intensive agricultural practices along the river sides, animals and 

microorganisms (Fiseha Itanna, 2002). The problem aggravated in some of 

the rivers catchments area where there is no potable water supply, hence 

dependence on water sources mainly from surface water for domestic, 
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swimming, washing, lives stock activities, and irrigational activities despite 

their foul odor, black color and high toxicity. 

 

                             (a)              (b) 

   

                (c)       (d) 

          

Figure 1. Pictures of rivers in the city of Addis Ababa; (a) river flows across the city 
canter, filled with solid wastes (Bole), (b) river used to irrigate vegetable farms, dark in 
colour (Peacock park), (c) Akaki river flowing along industries, people bathing (Akaki) (d) 
river crossing residential areas, people washing clothes (near Augusta quarry).     

 

The pollution status of a river would have its influence on the receiving 

land, which might possibly reflect on the product cultivated on such land.  

Vegetables are grown on the embracement along rivers within Addis Ababa 

and the neighboring town such as Akaki, Alem Gena, and Sebeta (Belachew 

Tolla, 2006). Studies indicated that 40% of the vegetable supplied to Addis 

Ababa city and animal feed comes from the suburb directly irrigated by 

these water or fields flushed from waste water during the heavy rainy 

season or during the dry season. For instance, the vegetables farm at Kera 
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and the Peacock Park are among the biggest farms in the capital city where 

substantial amount of vegetables are being produced seasonally. These 

farms are irrigated with the wastewater from rivers flowing by their sides.  

3.2. Hydro geochemical Hazards Associated with river pollution 

  

The chemical composition of natural water is the result of natural 

processes and cultural effects as a consequence of man’s activities. 

Climate, structure and position of rock strata and biochemical effects 

associated with life cycle of plants and animals are the main environmental 

factors that control the amount of solute present in the natural water. 

Occurrence of basic and acidic volcanic rocks, major tectonic discontinuity 

and topography are the major water quality controlling factors. Besides, 

urbanization and associated developmental features for more than a 

century in the city of Addis Ababa significantly change the chemical and 

biological constituents of surface and ground water (Tamiru Alemayehu et 

al., 2005). 

  

According to Tamiru Alemayehu (2004), four kinds of water can be 

identified in Addis Ababa: Na-HCO3, Na-Ca HCO3, Ca-Mg-HCO3 and Ca-Mg-

Cl. Most of the river water belongs to Na-HCO3 and Na-Ca- HCO3 types. The 

relative abundance of the ions can be related to the geochemical reactions 

taken place as the water comes in contact with different minerals. 

Moreover, there is also significant contribution of elements due to pollution 

of the river water. Therefore, the river water chemical composition 

represents the product of natural as well as artificially induced materials. 

Rocks containing sodium and calcium are more or less susceptible and up 

on weathering yield the metal cations and silica in solution. The resulting 

water from basic volcanic rocks tends to be a Ca-Mg-HCO3 and becomes 

Na-HCO3 water in case of acidic volcanic rocks, with relative large amount 

of silica.  
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Traditionally, management of water resources had focused on surface or 

ground water as if they were separate entities. However, it is apparent that 

the movement of surface and ground waters provide a major pathway for 

chemical transfer. This transfer of chemicals affects the supply of carbon, 

oxygen, nutrients such as nitrogen and phosphorus and other chemicals 

that can affect biogeochemical processes on both side of the interface. 

Thus, pollution of surface water cause degradation of groundwater and 

conversely pollution of groundwater can degrade surface water (Tamiru 

Alemayehu, 2004). This interaction takes place in three basic ways: 

Streams can gain water from groundwater through the stream bed when 

the level of water table adjacent to the stream bed is higher than the water 

level in the stream. A second possibility is that the stream may lose water 

to the groundwater by out flow through the stream bed when the level of 

water table is lower than its level in the stream or they do both, gaining in 

some reaches and losing in the other reaches.  

 

The environments in which polluted rivers in the city interact with the 

underlying ground water vary from place to place. For instance, the existing 

conventional biological treatment plant covers about 40 hectors of land. 

The plant site falls with in an industrial area and slopes down to the little 

Akaki river (Tamiru Alemayehu, 2001). Akaki River was the highest 

contaminated river by parasitological and bacteriological characterization 

(Yesehak Worku et al., 1998). Even though the ground water level around 

the Akaki River is located at about 30 m below the river bed, there could be 

hydraulic link between the river and the rock fractures. The river has direct 

impact on the near by wells that tap water from alluvial layer (Tamiru 

Alemayehu et al., 2005). 
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3.3. Physico-chemical indicators in stream water quality 
monitoring 
  

In the context of effective resource planning and management, recognition 

of the impacts of urbanization on the water environment is crucial. The 

significance stems from the fact that water environments are greatly valued 

in urban areas as environmental, aesthetic and recreational assets. Any 

type of activity in catchments that changes the existing land use will have a 

direct impact on its water quality characterization (Battle et al., 2007).  

 

In an effort to mitigate the adverse impacts of urbanization on rivers 

various management measures are being adopted by regulatory authorities. 

In this regard stream water quality monitoring forms an important facet of 

most strategies. Monitoring is needed to assess the effectiveness of the 

strategies adopted, to evaluate the impacts of pollutants and to obtain 

trends in the quality of stream water. However stream water quality 

monitoring gives rise to an issue which acts as major constraint in the 

implementation of effective monitoring programs. Monitoring exercise can 

be resource intensive. Consequently, there is an ever growing demand for 

the identification of parameters which are cost effective such as field-based 

measurements to monitor and can act as a surrogate indicators for other 

pollutants. A range of stream water pollution indicators are commonly 

measured based on the outcomes to be derived (Lopes et al., 1995). In this 

regard, solids, phosphorus and nitrogen are common parameters which are 

frequently monitored because of their potential, in high concentration to 

cause environmental damage to ecological systems. Solids act as a mobile 

substrate for the transportation of other pollutants such as heavy metals 

and hydrocarbons whilst phosphorus and nitrogen are essential plant 

nutrients which promote eutrophication and algal growth (Sartor and Boyd, 

1992). 
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3.4. Guideline ambient surface water quality standards for Ethiopia 

 

Ambient environmental quality standards are set with a goal of 

safeguarding public health and protecting the environment. Both objectives 

have very high quality requirements which complement each other to a 

great extent (WHO, 1996). It is appropriate then for the government of 

Ethiopia to set standards which will insure that the ambient environment 

quality is not degraded while also ensuring a healthy environment within 

people must live. 

 

The government of Ethiopia has mandated the Ethiopian Environmental 

protection Authority (EPA) to set such standards and Guideline Ambient 

Environment Standards for Ethiopia (GAESE) represents the guideline 

standards with respect to the ambient environment. In practice, standards 

can be set from either first principles or based on the existing national or 

international guidelines. Driving such standards from first principle 

requires classification, and prioritization of pollutants, derivation of 

pollutant exposure processes and their ecological effects. Since these 

processes require resource to derive country specific standards from the 

first principle, the EPA standards are generally derived based on the exiting 

published standards of WHO, UNEP, ANZECC, EEC and others. The 

information upon which our national guidelines are based are derived 

predominantly from extensive epidemiological and toxicological studies to 

determine the observed health and environmental effects of a pollutant in 

question (EPA, 2003). 

 

If there were sufficient national baseline information available, the guideline 

values prepared by the international bodies might be further modified to 

take account of particular national criteria prior to their implementation as 
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a national standard. Thus, additional national baseline data collection shall 

be undertaken to improve the initial standards to own country situation.  

 

Baseline national surface water quality data is important for the 

implementation of EPA’s environmental quality standards. Nevertheless, 

there is currently insufficient baseline data available with in Ethiopia to 

allow modification of guidelines for ambient surface water quality standards 

(EPA, 2003). As such, the guideline standards for surface water quality 

have been adopted directly as recommended for developing countries. The 

EPA surface water quality guideline standards (Table: 1) are being 

introduced to be used all throughout the county subjected to  amendments, 

as more information on the state of water pollution is made available 

through the Ecological Sustainable Industrial Development (ESDI) project. 

The regional states can also establish more stringent standards taking into 

consideration particular ecological conditions in their localities provided 

EPA’s standards are used as the minimum (EPA, 2003). 

 

The guideline standards for surface water primarily aimed of ambient 

surface water quality within all components of Ethiopia (EPA, 2003). The 

guideline standards provided in the GAESE document of the EPA are not 

based on water use criteria (water for abstraction, as a source of drinking 

water or for irrigation purposes). Moreover; I brought the WHO guidelines 

for potable waters in the table above just for the purpose of comparison 

with the national standards and to observe the extent of pollution of the 

river water samples collected in this study.   
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Table: 1. Surface water quality standards.  

parameters EPA  standards* WHO standards** 
Temperature (0C) - - 

EC. (µS/cm) 1000 @ 200C 1000 (WHO, 1984) 

pH 6-9 6.5-8.5 (WHO, 1984) 

Sodium (mg/L) - 200 (WHO, 2006) 

Potassium (mg/L) - 150 (WHO, 1984) 

Calcium (mg/L) - 75 (WH0, 1984) 

Magnesium (mg/L) - 150 (WHO, 1984) 

Ammonium (mg/L) 0.2  0.2 (WHO, 2006) 

Chloride (mg/L) 250 250 (WHO, 2006) 

Fluoride (mg/L) 1 1.5 (WHO, 2006) 

Nitrate (mg/L) 50 50 (WHO, 1984) 

Sulphate (mg/L) 200 250 (WHO, 2006) 

Phosphate (mg/L) 0.25 - 

Bicarbonate (mg/L) - - 

*EPA standards represent the Ethiopian Environmental Protection Authority standards 
(EPA, 2003) 
**WHO standards represent the World Health Organization potable water quality standards. 
(WHO, 2006; WHO, 1984). 
- No guideline values can be obtained. 
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4. General description of the study area  

4.1. Topography and location 
 
Addis Ababa, the capital city of Ethiopia, is located in the heart of the 

country. It is the country’s commercial, manufacturing and cultural center. 

Addis Ababa has grown at an astonishing speed since it was established in 

1886.  

 

Figure 2. Location map of the city of Addis Ababa. 

 

Today, it has a population of more than three million in a land area of 540 

sq.Km of which 18.2 sq.Km are rural. The city had divided in to ten sub-

cities and 204 districts for administrative purposes (AACC, 2004) as shown 

in Figure 1. Its center is situated at 90 N and 380 45’ E and lies between 

2000 and 2800 meters above sea level on a well plateau surrounded by 

hills and mountains. The city is endowed with numerous streams that start 
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from North West and north east running towards the south and draining to 

Awash River. The most important streams and rivers are Kebena, Ginfle, 

Bantyiketu, Buhe, Akaki and Kechene rivers (Region 14 Environmental 

Protection Bureau, 1997). 

4.1.1. Climate  

Despite its proximity to the equator, Addis Ababa enjoys a mild, Afro-Alpine 

temperate climate. The lowest and the highest annual average temperature 

are between 10 and 250C. April and May are the driest months. The main 

rainy season occurs between mid-June and mid- September; this season is 

responsible for 70% of the annual average rainfall of 1400mm. It is 

characterized by intense rainfall of short duration. During the dry season, 

the days are pleasantly warm and nights are cool; in the rainy season, both 

days and nights are cool (Belachew Tolla, 2006). 

4.1.2. Geological setting 

Geologically, the city lies on volcano rocks with basaltic lava flows and 

welded tuffs found at different localities and ages with minor amounts of 

fluvial sediments (Girmay Haileselasea, 1985). It is rambled with across 

many wooden hillsides and gullies cut though with fast flowing streams. 

The situated hill chain (Intoto) in the northern part of the city is composed 

of Termaber basalts. It is also called Intoto Cilcic and it is covered with 

volcanic topsoil materials of about one to two meters thick. The urban area 

is composed of younger basalts called Addis Ababa basalts which are also 

covered with volcanic topsoil materials. The western part belongs to 

younger age stratum; The northern part is mainly composed of Trachey 

basalts. In the Bole area, a kind of volcanic rock called Ignimbrite is partly 

found. The topsoil materials in the western part are thick and soft 

compared to those of the northern and eastern parts (JICA, 1998). 
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4.1.3. Vegetation 

The land coverage of the catchment areas of the rivers crossing Addis 

Ababa is on one-hand characterized by the large urban area of Addis 

Ababa; on the other hand cultivated area, woodland and grassland are 

found. The eastern part (Hanku river basin) is mostly covered with 

grassland. The northern part (Little Akaki, Kechene and kebena basin) is 

more or less covered with woodland but a certain part is intensively 

cultivated land and the urbanization is closed to the basin boundary and 

expands further (Dierig, 1999). After the foundation of the city, a number of 

eucalyptus plantations were found in Addis Ababa   and on the hills around 

Intoto in order to cover the demand of wood of the city. For almost all 

forestation programs only eucalyptus was used during the past 100 years. 

This sort of tree has several negative impacts. Eucalyptus uses up large 

quantity of water and produces a chemical component in its leaves and 

roots which prevents the growth of other sorts of tress, bushes, and 

grasses. Consequently, there only be a monoculture with no undergrowth; 

together with the steep slope of the mountain erosion will be accelerated 

(Muschalla, 2001). 
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4.2. Materials and Methods 

4.2.1. Sampling points and sample size determination 

 

A preliminary survey was made weeks before sampling has taken place to 

select appropriate sampling sites and points. Four sampling sites were 

selected based on the potential sources of pollution, agricultural activity, 

population density, dominant activity in the area and the aim of the study. 

Sites where intensive irrigation activities observed were selected to see the 

quality of water as it influences plant growth locally. Moreover, the 

accessibility of the sites and safety were also taken into consideration for 

selecting sampling sites and points. Sampling sites that can be reached 

easily were selected preferentially. Generally, the sampling points were 

adapted from a previous study (Melaku S. et al., 2004) with modifications 

on each sampling sites to meet the objective of the study. 

 

Table: 2. Land use table of Addis Ababa. 

Land use Area Value 

Total area Km2 540.1 

Built up area Km2 291 

    Residential % 63.6 

    Industrial % 7.9 

    Commercial % 10.3 

    Open/Green % 0.3 

     Public/others % 17.9 

Source: Dierig, 1999 

Agricultural, residential, industrial and commercial centers were the four 

observed dominant urban land use activities to cause stream water 

alteration in the study area so far. The land use structure of the city shows 

that 53.87% of the total area is a built up area (Table: 2). Out of this area, 
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63.6% is devoted to residential use while 17.9%, 10.3% and 7.9% are used 

for public, commercial and industrial uses respectively (Dierig, 1999). 

 

The first five water samples were taken from Bulbula River located in the 

central south-eastern part of the city. The most dominant land use activity 

in the area is intensive urban agriculture. Different vegetables are 

cultivated using the river water in the area. The products are used for daily 

consumption of the dwellers in the locality and the city in wide. The sample 

IDs from A1 – A5 shown in the figure below (Figure 3.) represent 

agricultural river water sample points. 

 

The second five water samples were collected from little Akaki river located 

in the south-western part of the city. Numbers of factories are located along 

the river so that, it can used as an industrial site. These river water sample 

points are represented from I1 – I5 in sample points map (Figure 3.). 

 

The third group of river water samples were collected from Shanklila wenz 

flowing across  residential areas located in the western part of the city. Five 

samples were taken from this site represented by R1 – R5 in the map 

(Figure 3.).   

 

The last five water samples were taken from the commercial and city 

centers located in the center of the city. They are collected from Kechene 

and Bantiketu rivers that crosses the city center; these samples are 

represented by C1 – C5 in the sampling map (Figure 3.) below. Annex I. 

shows details on each sampling points’ location. All the samples were 

collected on March 17, 2009. 
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Figure 3. Location map of sampling points in the city of Addis Ababa. 

 

4.2.2. Sampling Procedures and Equipments Used 

 

Water samples from all points were collected with pre-cleaned 1L 

polyethylene bottles that have a large lid allowing for easier filling and 

removal of samples. A small portion of water samples were collected from 

different spots by tilting the bottles against the stream flow without filling it 

up to the neck of the bottle. Finally, the samples were stored in iceboxes 

and transported to the laboratory. 
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Hannan condactometrer (Romania) was used to measure the conductivity of 

water samples in the laboratory after calibrating it with distilled water. pH 

of water samples was measured by PH/Ion-meter, WTW, Inolab (Germany) 

in the laboratory. During field observation, temperature of the samples 

measured using mercury thermometer (0-100 0C) and geographical 

locations of the sampling points was determined by GPS.  

4.2.3. Analytical Procedures 

 

Major cations; Na+, NH4
+, K+, Mg2+, Ca2+ and major anions; F-, Cl-, NO3

-, 

SO4
2-, PO4

2- in the river water samples were determined using the Ion 

chromatographing method of ion separation techniques. The ion 

chromatography with two separate columns, one for the anions and the 

other for the cations were used to separate these ions according to APHA 

standards (APHA, 1998). The water samples were filtered with 0.45µm filter 

paper before the ion chromatography analysis. 

 

This method of ion separation technique uses the atomic/molecular masses 

of the ions to be determined. As the water passes through the column of the 

ion chromatography, the ions will be detected in the order of their 

increasing atomic/molecular masses. The ion with smaller mass will be 

analyzed first and ion with heavier mass will be analyzed at last. The 

detector of the chromatography plots conductivity versus time graph and 

the retention time of the ions on a separate screen. The total area of the 

picks under each ion will be calculated and converted in to ppm (mg/l) of 

concentration. 

 

Titration were used to determine the amount of CO3
2- and HCO3

- in the 

water samples collected. 50 ml of water were taken from all the samples 

and titrated with 0.1 N HCl till the end point of the titration. Based on the 
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amount of titrants consumed the concentration of CO3
2- and HCO3

- were 

determined. 

4.2.4. Statistical Data Analysis 

 

Data were recorded, organized and summarized in sample descriptive 

statistics methods using SPSS-PC statistical package (SPSS 14 and 15 for 

windows version). Results were analyzed using this statistical software 

analysis, and these results were presented in a descriptive statistics such 

as means, correlations measures, ANOVAs, regressions, tables and graphs. 

Moreover to compare variation in water samples, SD values were applied to 

all physico-chemical parameters. The data were interpreted by their 

correlation coefficients and magnitudes such as concentration of the anions 

and cations in a liter of water sample. Regression and Pearson correlation 

coefficient results were used and significance values less than 0.05 

considered statistically significant. 
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5. Results and Discussion 

    5.1. Results of river water samples analyses  
 

The results here are limited to selected physico-chemical parameters like 

pH,  electrical conductivity (EC), temperature, Na+, Ca2+, Mg2+, K+, F-, Cl-, 

NH4
+, SO4

2-, NO3
-, HCO3

-, PO4
2- and CO3

2- that are essential for the  

determination of water quality (Srikumar et al., 2005). See Annex VI.  

    

Table: 3. Mean ± standard deviation values of the physico-chemical                                     
Parameters measured in their respective urban activity sites. 

*All the values are given in mg/l except for pH, EC (µµµµS/cm) and Temp (
0
C) 

-No guideline standard values set by the EPA (EPA, 2003) or/and WHO (WHO, 1984; WHO, 2006) found. 
 

parameters                   Rivers crossing areas Standards 

Residents Agriculture City centers Industries WHO EPA 
EC 1222.8 

± 111.38 
1097.0 
± 30.71 

850.8 
± 72.34 

633.40 
± 38.68 

1000 1000 

Temp. 22.2 
± 0.8 

22.6 
± 0.6 

21.8 
±1.3 

22.26 
± 0.7 

- - 

pH 7.80 
± .07 

7.63 
± .02 

7.67 
± .08 

7.78 
± .02 

6.5-8.5 6-9 

Na
+
 185.47 

± 38.90 
104.67 
± 10.99 

74.62 
± 20.69 

53.37 
± .68 

200 - 

NH4
+
 9.53 

± 6.75 
59.11 
± 6.56 

30.53 
± 4.90 

7.75 
± .96 

0.2 0.2 

K
+
 26.32 

± 7.30 
44.00 
± 4.59 

25.79 
± 1.10 

17.62 
± 1.57 

150 - 

Mg
2+

 28.08 
± 3.31 

22.45 
± 4.02 

17.20 
± 2.48 

15.80 
± 1.47 

150 - 

Ca
2+

 82.04 
± 4.16 

63.09 
± 7.91 

48.20 
± 5.66 

49.81 
± 4.97 

75 - 

F
-
 .76 

± .89 
.99 
± .08 

1.28 
± .53 

1.07 
± .23 

1.5 1 

Cl
-
 142.92 

± 28.96 
69.45 
± 2.86 

53.55 
± 10.58 

28.08 
± 1.77 

250 250 

NO3
-
 20.66 

± 15.82 
5.50 
± 8.20 

9.42 
± 2.28 

25.26 
± 5.36 

50 50 

SO4
2-

 27.11 
± 8.16 

34.68 
± 4.73 

9.72 
± 2.62 

7.06 
± .29 

250 200 

PO4
2-

 .00 
± .00 

2.44 
± 2.48 

4.90 
± 1.05 

1.20 
± 1.13 

- 0.25 

CO3
2-

 .00 
± .00 

.00 
±  .00 

.00 
± .00 

.00 
± .00 

- - 

HCO3
-
 364.05 

± 37.55 
499.71 
± 16.67 

402.84 
± 57.96 

296.70 
± 3.80 

- - 
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Table: 3 shows the mean+ standard deviation of all the river water samples 

collected from the four dominant urban land use activity sites (i.e. 

Residential, Agricultural, Industrial, city and commercial center) areas. 

More detail results of samples on each activity sites are shown in the tables 

(4, 5, 6, and 7). 

5.2. Physico-chemical river water quality characterization in urban 
dominant land use activity sites 

5.2.1. The physico-chemical characteristics of residential river waters 

 
Analytical results of the river water samples indicate that the rivers flowing 

across residences are characterized by their relative highest mean level of 

Na+, Ca2+, Mg2+, Cl- and EC up to 185.47 mg/l, 82.04 mg/l, 28.08 mg/l, 

142.92 mg/l and 1222.8 µS/cm respectively. However, these are average 

values considering each sample revealed the level of these ions can elevate 

much higher (Table: 4). 

 

The relative abundance of Na+, Ca2+, Mg2+, Cl- ions in these waters show us 

the presence of both natural and anthropogenic sources. However, the 

elevated concentrations observed at some points could possibly indicate the 

presence of domestic waste water discharge, septic effluents and solid 

waste leachates in to the river. According to Panno et al. (2002), effluents 

discharged from both municipal and private septic systems can contain 

anomalously high concentration of Na+ and Cl- up to 255 mg/l and 618 

mg/l respectively. Moreover, leachates from municipal landfills are typically 

enriched in Na+, Mg2+, Ca2+, and Cl- (Beadecker and Back, 1979). 

 

The highest mean level of EC in all the river water samples crossing these 

sites could be attributed to the presence of Na+, Ca2+, Mg2+ and Cl- in high 

amount, as these ions are electrically charged to allow the flow of electric 

current in the water. Moreover, the temperature of the river waters can 
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affect the EC levels as it can affect the water conductivity levels directly. 

The thermometer readings ranging from 19.7 to 24 0C observed at R5 and 

R2 respectively show a direct increasing and decreasing pattern with EC 

(Table: 4). The high EC level can further imply the high concentration of 

TDS as these two water quality parameters depend directly on each other. 

In addition to this, the elevated levels of Ca2+ and Mg2+ could induce 

elevated level water hardness in the river waters crossing these areas. 

 

Table: 4. The residential river water sample results with water quality standards. 

    
*All the values are given in mg/l except for pH, EC (µµµµS/cm) and Temp (

0
C) 

-No guideline standard values set by the EPA (EPA, 2003) and/or WHO (WHO, 1984; WHO, 2006) found. 
 

The mean levels of NO3
- in the river water samples crossing residential 

areas were observed moderately high with 20.66 mg/l of NO3
-. However this 

is a mean concentration, considering each sample results the level of NO3
- 

can elevate up to 45.02 mg/l at R1 (Table: 4). The elevated level of NO3
- at 

R1 could possibly be from the direct septic and domestic effluents 

discharged on to these rivers. NO3
- is known to present in these effluents in 

high concentrations up to 29 mg/l (Panno et al., 2002). Moreover the 

spatial variability observed in the concentrations of NO3
- in the samples 

 
Parameters* 

Sample  ID Total (n=5) 

                   Standards R1 R2 R3 R4 R5 Mean SD Max. Min. 

 WHO EPA 
EC 1000 1000 1300.0 1320.0 1230.0 1226.0 1038.0 1222.8 111.38 1320.0 1038.0 
Temp. - - 23.4 24 21.2 22.9 19.7 22.2 0.8 24 19.7 
pH 6.5-8.5 6-9 7.70 7.76 7.84 7.82 7.86 7.80 .07 7.86 7.70 
Na

+
 200 - 242.62 204.53 176.09 159.25 144.86 185.47 38.90 242.62 144.86 

NH4
+
 0.2 0.2 13.36 13.69 15.71 4.91 .00 9.53 6.75 15.71 .00 

K
+
 150 - 25.76 32.49 32.02 26.91 14.41 26.32 7.30 32.49 14.41 

Mg
2+

 150 - 30.58 30.69 30.16 23.93 25.03 28.08 3.31 30.69 23.93 
Ca

2+
 75 - 76.82 88.10 81.17 80.57 83.55 82.04 4.16 88.10 76.82 

F
-
 1.5 1 .42 1.94 .00 .00 1.45 .76 .89 1.94 .00 

Cl
-
 250 250 184.64 153.35 135.55 135.52 105.54 142.92 28.96 184.64 105.54 

NO3
-
 50 50 45.02 4.51 8.84 21.69 23.25 20.66 15.82 45.02 4.51 

SO4
2-

 250 200 40.26 29.37 24.46 20.53 20.93 27.11 8.16 40.26 20.53 
PO4

2-
 - 0.25 .00 .00 .00 .00 .00 .00 .00 .00 .00 

CO3
2-

 - - .00 .00 .00 .00 .00 .00 .00 .00 .00 

HCO3
-
 - - 396.50 385.52 384.30 348.92 305.00 364.05 37.55 396.5 305.00 
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may reflect the presence of point source discharges. However, igneous 

rocks, land drainage, plant and animal debris are also the sources of 

nitrate derived from natural processes in most fresh waters (ENDS, 1982). 

 

The ammonium levels of rivers flowing across residences were observed 

moderately low relative to the other three urban dominant land use activity 

sites, with mean concentration of 9.53 mg/l of NH4
+. Though the relative 

concentration of NH4
+ in these water samples look small, it is well above the 

EPA (EPA, 2003) recommended standard for surface waters except at a 

point which is below the detection limit of the ion chromatography (Table: 

4). This could possibly indicate the presence of anthropogenic discharges 

enriched in NH4
+. Moreover, NH4

+ is known to present in large amounts in 

decomposing organic matters and sewage discharges (CSTE, 1993). 

 

The carbonate and bicarbonate contents of the river water samples crossing 

residential areas were observed with mean levels 364.05 mg/l and 0 mg/l 

respectively. The level of HCO3
- was observed moderately low comparing its 

level in the other three sites. However, the CO3
2- levels were the same in all 

the water samples collected from these rivers (Table: 4). The carbonate-

bicarbonate ion equilibrium in the river water can be affected by the water 

pH. Carbonate species in water are in the form of HCO3
- in the pH ranging 

between 6.4 and 8.6. As the pH increases above 8.6, the proportion of CO3
2- 

increases (CSTE, 1993). Accordingly, the pH values of the river water 

samples in these areas observed ranging from 7.70 to 7.86 at R1 and R5 

respectively (Table: 4). Thus, the pH of these waters can be an important 

factor to influence the absence and presence of carbonate and bicarbonate 

ions respectively. Moreover, according to Tamiru Alemayehu et al. (2003), 

both acidic and volcanic rocks underlying the river bed are the main 

contributors of HCO3
- in most river waters in the city of Addis Ababa. 
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The PO4
2- levels of the river waters flowing across residential areas were 

observed below the detection limit of the ion chromatography (Table: 4). 

This may indicate the presence of little or no PO4
2- containing discharges in 

to these rivers that are derived from both natural weathering processes and 

human activities. 

 

The mean concentration of F- in the river water samples flowing across 

residents were observed the lowest relative to the other three urban 

dominant land use activity areas. Even though the mean contents of F- in 

these waters were observed lowest, elevated levels up to 1.94 mg/l of F- 

were recorded at R2 (Table: 4). Likely, we expect little or no F- containing 

discharges emanating from the residences in the area. Moreover, the most 

important source of F- in most fresh waters is naturally occurring; 

phosphate containing rocks are the major sources in natural Waters (WHO, 

2006). 

 

The moderate high mean levels of K+ and SO4
2- observed in the river water 

samples flowing across residences were 26.32 mg/l and 27.11 mg/l 

respectively (Table: 4). The spatial variability of both K+ and SO4
2- 

concentration in these waters could possibly indicate the presence of solid 

waste leachates, sewage and domestic waste water discharges. According to 

Hackley et al. (1996), leachates from municipal landfills are typically 

enriched in K+. Moreover, the observed spatial variability of SO4
2- in these 

river water samples may be arised from the presence of anthropogenic 

discharges. 

 

With respect to the surface water quality standards set by EPA (EPA, 2003) 

and WHO (WHO, 1984; WHO, 2006) for potable waters, all the water 

samples collected from residential rivers were observed surpassing the 

guidelines for their EC, NH4
+ except at R5, and Ca2+ levels (Table: 4); two of 

the samples were also observed above this standard for their Na+ 
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concentrations. Moreover, the F- levels were a little above the EPA 

standards for surface waters at two points along the residential areas; a 

sample from these waters were also above the WHO (WHO, 2006) standards 

for F- in potable waters.  

 
 

 
Figure 4. Pair wise comparisons of the physico-chemical variations in the residential and 
industrial river waters. 

 

* EC is given in µS/cm. 
 
 

Except for these all the other physico-chemical parameters analyzed in the 

river water samples flowing across residences were observed more or less 

well below both or either of these water quality standards. However, no 

guideline standards can be obtained concerning water temperature, CO3
2- 

and HCO3
- in either of these two water quality standard documents (Table: 

4).  
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5.2.2. The physico-chemical characteristics of agricultural river waters 

 
Results obtained from the analysis of river water samples revealed that 

rivers flowing across agricultural areas are characterized by their relative 

high levels of NH4
+, SO4

2-, HCO3
- and K+. The mean concentration of these 

ions observed the highest up to 59.11 mg/l of NH4
-, 34.68 mg/l of SO4

2-, 44 

mg/l of K+ and 499.71 mg/l of HCO3
- (Table: 5). However, these are mean 

values considering individual water samples can show even much elevated 

concentrations. 

 

Though the presence of natural sources of geologic and other origins for 

NH4
+, SO4

2-, K+ and HCO3
- are inherent, the elevated levels observed could 

possibly derived from anthropogenic impacts. Agricultural field run-off from 

the farms nourished with ammonium and potassium containing fertilizers 

may increase the levels of NH4
+ and K+ in the rivers along agricultural 

fields. Moreover, rivers in this area and the city in wide are being used as 

literal landfills and conventional septic effluent discharging sites (Muschall, 

2001). Thus, the elevated NH4
+, HCO3

-, K+ and SO4
2- ions could be the foot 

prints of solid waste leachates, septic system effluents and domestic waste 

water discharges on to the rivers. According to Panno et al. (2002), effluents 

discharged from septic systems in Illinois contain anomalously high 

concentrations of K+ and NH4
+ up to 281 mg/l and 66 mg/l respectively. 

Leachates from landfills were also observed typically enriched in NH4
+, K+ 

and HCO3
- (Hackley, 1996). 

 

However, the presence of HCO3
- dominated river waters in the city of Addis 

Ababa (Tamiru Alemayehu et al., 2003) may indicate the highly elevated 

levels of HCO3
- in this site can be partly derived from natural hydro-

chemical contribution. Moreover, the pH values of the river water samples 

crossing agricultural areas can be an important reason for the elevation of 

HCO3
-. The pH of these waters were observed ranging from 7.61 to 7.66 at 
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A2 and A1 respectively (Table: 5). According to CSTE (1993), at pH values 

less than 4.0 carbonate species are mostly in the form of H2CO3, while 

between pH values 6.4 and 8.6 they are in the form of HCO3
- as the pH of 

the water increases greater than 8.6 the proportion of CO3
2- in the water 

increases and above 10.6, CO3
2- predominates in the water. Thus, the 

observe elevation of HCO3
- and absence of CO3

2- ions in the river water 

samples in this site could possibly arised from the suitable pH values 

obtained. 

 

Table: 5. The agricultural river water samples result with water quality standards.  

Parameters*                     Sample ID 
 

Total (n=5) 

 Standards A1 A2 A3 A4 A5 Mean SD Max. Min. 

 WHO EPA 
EC 1000 1000 1086.0 1096.0 1077.0 1150.0 1076.0 1097.0 30.71 1150.0 1076.0 
Temp. - - 23.2 23 21.7 23.4 22.5 22.6 0.6 23.4 21.7 
pH 6.5-8.5 6-9 7.66 7.61 7.62 7.63 7.62 7.63 .02 7.66 7.61 
Na

+
 200 - 90.39 95.21 113.01 113.21 111.51 104.67 10.99 113.21 90.39 

NH4
+
 0.2 0.2 53.52 54.07 62.56 68.93 56.48 59.11 6.56 68.93 53.52 

K
+
 150 - 39.49 39.82 48.41 49.13 43.16 44.00 4.59 49.13 39.49 

Mg
2+

 150 - 18.19 18.59 25.56 27.13 22.80 22.45 4.02 27.13 18.19 
Ca

2+
 75 - 53.31 55.97 67.19 67.86 71.12 63.09 7.91 71.12 53.31 

F
-
 1.5 1 1.12 .99 .94 .95 .94 .99 .08 1.12 .94 

Cl
-
 250 250 70.95 73.39 67.36 69.33 66.21 69.45 2.86 73.39 66.21 

NO3
-
 50 50 .89 1.31 19.64 5.67 .00 5.50 8.20 19.64 .00 

SO4
2-

 250 200 40.16 35.68 35.87 34.56 27.13 34.68 4.73 40.16 27.13 
PO4

2-
 - 0.25 .00 5.05 2.30 4.87 .00 2.44 2.48 5.05 .00 

CO3
2-

 - - .00 .00 .00 .00 .00 .00 .00 .00 .00 
HCO3

2
 - - 508.74 491.66 484.34 524.60 489.22 499.71 16.67 524.60 484.34 

*All the values are given in mg/l except for pH, EC (µµµµS/cm) and Temp (
0
C) 

-No guideline standard values set by the EPA (EPA, 2003) or/and WHO (WHO, 1984; WHO, 2006) found. 

 

The moderate high mean levels of EC in these waters could be from the 

presence of HCO3
-, NH4

+, k+ and SO4
2- ions in higher concentration than the 

other ions. Moreover, the river water temperature readings obtained that 

varies from 21.7 to 23.2 0C at A3 and A1 respectively can affect the EC level 

of the river water directly (Table: 5). 

 

The moderately elevated levels of Na+, Ca2+, Mg2+ and Cl- ions in the river 

water samples flowing across this area up to 104.67 mg/l, 63.09 mg/l, 
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22.45 mg/l and 69.45 mg/l of mean concentrations respectively can be 

partly from anthropogenic origins (Table: 5). The presence of four types of 

water in the city, based on their hydro-chemical composition: Na- HCO3
-, 

Na+-Ca2+-HCO3
-, Ca2+-Mg2+-HCO3

- and Ca2+-Mg2+-Cl- types according to 

Tamiru Alemayehu et al. (2005), could possibly indicate the presence of 

natural factors to increase the levels of Na+, Ca2+, Mg2+ and Cl- in these 

waters. However, agricultural run-off, domestic and septic system effluents 

discharged from the residences around the agricultural fields and in the up 

streams could possibly add large part of these ions to the rivers. Moreover, 

different sort of solid wastes dumped onto these rivers and up streams may 

contribute these cations and anion from the leachates they can produce, as 

rivers flowing across this area; and up streams are known for their 

pollution with solid wastes (Muschalla, 2001). According to Hackley et al. 

(1996) landfill leachates are typically enriched in Ca2+, Mg2+, Na+, Cl- and 

other anions and cations. 

 

The level of NO3
- in the river water samples crossing agricultural areas were 

recorded for their lowest mean levels of 5.5 mg/l relative to the other three 

urban dominant land use activity sites. However, the high spatial variability 

in its concentration could possibly reflect the presence of NO3
- containing 

discharges from various anthropogenic activities at different points along 

the rivers. According to Irene (1991), NO3
- ions were observed in large 

amounts in the effluents discharged from domestic and septic effluents as 

well as agricultural run-off. 

 

The phosphate content of agricultural river water samples were also 

observed moderately high with mean levels of 2.44 mg/l of PO4
2-. However, 

this is mean concentration and considering each sample it is a little 

different. The level of PO4
2- can elevate up to 5.05 mg/l at A2 (Table: 5). 

Moreover, the high spatial variability observed among individual samples 

could indicate the presence of intermittent PO4
2- discharges emanating 
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from households and agricultural fields along the river side. Effluents 

discharged from septic systems were investigated to be high with their PO4
2- 

concentration up to 9 mg/l (Panno et al., 2002). 

 

 

Figure 5. Pair wise comparisons of the physico-chemical variations in the agricultural and 
industrial river waters. 

 

The fluoride level of the agricultural river water samples observed ranging 

from 0.94 to 1.12 mg/l. However, their mean levels were 0.99 mg/l of F- 

(Table: 5). These small concentrations of fluoride in these waters together 

with the low spatial variability observed with the values may reflect much of 

the F- ions are derived from natural weathering processes. Moreover, the 

most important sources of fluoride in surface waters is naturally occurring 

(WHO, 2006). 
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The EC and NH4
+ levels of all the river water samples from agricultural 

areas were observed above both the EPA (EPA, 2003) standards for surface 

waters and that of WHO (WHO, 1984) standards for potable waters (Table: 

5). The PO4
2- concentrations of these waters were also above the EPA 

standards except for two of the samples that are below the detection limit of 

the ion chromatography. Moreover, F- levels of these waters observed 

surpassing the EPA (EPA, 2003)  water quality standards at a point of 

sampling (Table: 5). Except for these all the other physico-chemical water 

quality parameters investigated were below both or either of these two 

standard guidelines set by WHO and EPA. However, temperature, CO3
2- and 

HCO3
- values of these waters can not be compared with respect to any of 

these standards. 

5.2.3. The physico-chemical characteristics of river waters crossing city 
centers 

The river water samples collected from city central areas were characterized 

by their relative highest mean concentrations of PO4
2- and F- ions up to 4.9 

mg/l and 1.28 mg/l respectively. These are mean levels, considering the 

concentrations on each samples revealed that the levels can elevate up to 

6.14 mg/l of PO4
2- and 1.82 mg/l of F- at C4 and C3 respectively (Table: 6). 

The high levels of PO4
2- and F- in these river waters can be derived partly 

from man-caused processes. Moreover, the much elevated concentrations 

observed can be attributed to the anthropogenic discharges. 

 

Natural sources of phosphate include the weathering of rocks and 

subsequent leaching of PO4
2- in surface waters, in addition to the 

decomposition of organic matters (UNESCO/WHO/UNEP, 1996). PO4
2- in 

natural waters mostly ranges between 0.005 and 0.02 mg/l (Chapman and 

Kimistach, 1992). According to these scientific investigations, the PO4
2- 

levels observed in these waters were much elevated; and not likely to be 

much of natural origin. Thus, there could be PO4
2- containing effluent 
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discharged from septic systems and toilets, as much of the flush toilets and 

pit-latrines were observed over flowing in to the rivers and streams near by 

the central part of the city (Mushalla, 2001). Moreover, private and 

municipal septic system discharges were observed enriched in their PO4
2- 

contents up to 9 mg/l (Panno et al., 2002). Furthermore the eutrophication 

problems observed in these rivers may be attributed to the highly elevated 

levels of PO4
2-. Both PO4

2- and NO3
- limit plant growth however PO4

2- is the 

most limiting macro nutrient in most fresh waters (EPA, 2003). 

 

Table: 6. The river water samples collected from the city centers with water quality standards. 

Parameters*                  Sample ID 
 

Total (n=5) 

 Standards C1 C2 C3 C4 C5 Mean Std.dev. Max. Min. 

 WHO EPA 
EC 1000 1000 782.0 786.0 896.0 950.00 840.0 850.8 72.34 950.00 782.00 
Temp. - - 20 19.5 23.5 22.4 23.5 21.8 1.3 23.5 19.5 
pH 6.5-8.5 6-9 7.71 7.71 7.74 7.65 7.55 7.672 .08 7.74 7.55 
Na

+
 200 - 52.28 63.79 98.08 95.27 63.70 74.62 20.69 98.08 52.28 

NH4
+
 0.2 0.2 37.75 33.38 26.10 28.14 27.28 30.53 4.90 37.75 26.10 

K
+
 150 - 27.10 25.02 24.94 26.89 25.01 25.79 1.10 27.10 24.94 

Mg
2+

 10 - 19.89 16.87 13.29 17.34 18.59 17.20 2.48 19.89 13.29 
Ca

2+
 75 - 57.30 48.65 41.94 46.12 46.98 48.20 5.66 57.30 41.94 

F
-
 1.5 1 .48 1.07 1.82 1.67 1.37 1.28 .53 1.82 .48 

Cl
-
 250 250 72.06 47.08 47.53 52.62 48.44 53.55 10.58 72.06 47.08 

NO3
-
 50 50 11.11 8.79 11.72 5.91 9.55 9.42 2.28 11.72 5.91 

SO4
2-

 250 200 5.44 9.61 12.49 10.33 10.73 9.72 2.62 12.49 5.44 
PO4

2-
 - 0.25 5.80 3.89 3.89 6.14 4.77 4.90 1.05 6.14 3.89 

CO3
2-

 - - .00 .00 .00 .00 .00 .00 .00 .00 .00 
HCO3

-
 - - 394.06 333.08 450.18 472.14 364.78 402.84 57.96 472.14 333.08 

*All the values are given in mg/l except for pH, EC (µµµµS/cm) and Temp (
 0

C ) 
-No guideline standard values set by the EPA (EPA, 2003) or/and WHO (WHO, 1984; WHO, 2006) found. 

           

However, we expect much of the F- ions in these rivers are of natural 

origins. Though its mean level observed is relatively the highest, they are 

not that elevated generally. Moreover, there might be little or no discharge 

is expected enriched in F- on to these rivers flowing across the central part 

of the city. The most important source of fluoride in most natural waters is 

the naturally occurring phosphate containing rocks (WHO, 2006). 
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The moderate high mean level of NH4
+ and HCO3

- ions in the river water 

samples taken from the rivers flowing across the city centers can be 

attributed to the presence of solid waste leachates and septic effluent 

discharges. According to Baedecker and Back (1979), leachates from 

landfills are typically enriched in NH4
+ and HCO3

-. Moreover, NH4
+ up to 66 

mg/l was also observed in septic effluents (Panno et al., 2002). 

 

In addition to these, the pH and temperature of the river water samples 

have a direct influence on the concentration of NH4
+, HCO3

- and CO3
2-. The 

observed water pH value ranging from 7.55 to 7.74 and water temperature 

reading from 19.5 to 23 0C is an ideal good situation for the formation of 

HCO3
- instead of CO3

2- and NH4
+ instead of NH3 in the waters (Table: 6). 

According to EPA (2003), as the pH and temperature of water increases the 

NH4
+ and HCO3

- percentage decreases and NH3 and CO3
2- predominate in 

the water. 

 

The river water samples from city centers were also observed for their 

moderately low mean levels of Na+, Ca2+, Mg2+ and Cl- relative to the other 

urban dominant land use activity sites. These ions can dissolve from the 

underlying acidic and basic volcanic rocks in the river bed in addition to 

anthropogenic discharges and solid waste leachates. According to Tamiru 

Alemayehu et al. (2005), the types of waters in the city of Addis Ababa are 

naturally enriched in Na+, Ca2+, Mg2+, and Cl- ions. However, sewage 

discharges and toilet effluents are high in their Na+ and Cl- contents up to 

255 mg/l and 618 mg/l respectively (Panno et al., 2002); landfill leachates 

are also observed typically enriched in Na+, Ca2+, Mg2+, and Cl- (Hackley et 

al., 1996). 

 

The level of NO3
- in these rivers was observed moderately low with their 

concentration ranging from 5.91 to 11.75 mg/l at C4 and C3 respectively 

(Table: 6). NO3
- can be emanated from domestic waste water and septic 
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system discharges in addition to the plant, animal debris and the natural 

nitrification processes (Jones and Burt, 1993). 

 

River water samples collected from city central areas were also observed for 

their moderately low mean levels of K+ (Table: 6). K+ is relatively 

conservative in its chemical reactivity in water and low biotic requirements. 

Because of this, its spatial distribution in unimpacted fresh water system is 

uniform. The low spatial variability observed in these river water samples 

could possibly indicate the presence of natural sources. However, there 

could also be significant anthropogenic contributions. According to Panno 

et al. (2002), septic system effluents were investigated up to 281 mg/l of K+. 

Moreover, solid waste leachates are also enriched in K+ (Hackley et al., 

1996). 

 

The mean level of SO4
2- in these river water samples shows almost similar 

pattern like K+ being moderately low relative to the other sites and with 

little variability from the mean (Table: 6). The pattern observed with respect 

to spatial distribution could possibly reflect the SO4
2- in these waters is 

undisturbed and more or less natural. Sulphate exists in nearly all natural 

waters (SAWQG, 1996). However, in polluted rivers in which the dissolved 

oxygen is zero, sulphate is very readily reduced to hydrogen sulfide causing 

noxious odors. And this is may be why these rivers smell bad, especially 

during dry seasons. 

 

All the river water samples taken from the rivers flowing across city central 

areas were observed their NH4
+ levels exceeding the standards set by both 

EPA (EPA, 2003) for surface waters and WHO (WHO, 2006) for potable 

waters.  
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Figrure 6. Pair wise comparisons of the physico-chemical variations in the river waters 
flowing across city centers and residential areas. 

 

The levels of PO4
2- were also exceeding the standard limit set by EPA for 

PO4
2- in surface waters in all the water samples analyzed. Moreover, their F-  

levels were also surpassed the WHO (WHO, 1984) in two of the samples 

(Table: 6). In addition to these, except for a sample at C1, all the river water 

samples analyzed from this area were above the EPA (EPA, 2003) standards 

for F- in surface waters. Except for these all the physico-chemical 

parameters investigated in these rivers were well below both or either of the 

water quality standards set by WHO and EPA. However, no guideline 

standards can be obtained for water temperature, CO3
2- and HCO3

- in 

either of these two water quality standard sheets (Table: 6). 
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5.2.4. The physico-chemical characteristics of industrial river waters 

 
The physico-chemical characterization of the river water samples collected 

from industrial areas revealed that they are the highest with their NO3
- 

loads than any other site with mean concentration of 25.26 mg/l of NO3
-. 

However, this mean level can elevate up to 34.29 mg/l at I5 (Table: 7). The 

elevated NO3
- level in these river water samples can be attributed to the 

presence of man-cased discharges. Moreover, we expect the influence of the 

up streams, as the industrial sites are located down streams of all the other 

three urban dominant land use activities sites. 

 

The elevated level of NO3
- observed in these rivers could possibly be from 

chief artificial fertilizer run-off from agricultural fields in the up streams, 

sewage, domestic waste water discharge and bacterial oxidation of organic 

matters in addition to the natural mineral origin. 

 

According to EPA (2003), the source of NO3
- in most fresh waters can be 

originated from igneous rocks, land drainages and animal and plant debris. 

Effluents discharged from septic systems in Illinois investigated with 

anomalously high concentrations of NO3
- up to 29 mg/l (Panno et al., 

2002). In addition to these, the highest mean NO3
- and the lowest mean 

NH4
+ levels recorded in the industrial site rivers than the other three urban 

dominant land use activity sites may indicate the oxidation of NH4
+ in to 

NO3
- in these waters.  

 

In well oxygenated waters ammonium ions can be converted into nitrate 

(ENDS, 1992). Thus, the elevated level of NO3
- in these river waters could 

possibly be derived from the cumulative impact of all the urbanization 

based activities in the up streams in addition to the industries along the 

river side. 
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Table: 7. The industrial river water samples result with water quality standards. 

Parameters*                 Sample ID 
 

Total (n=5) 

 Standards I1 I2 I3 I4 I5 Mean Std.dev. Max. Min. 

 WHO EPA 
EC 1000 1000 598.0 606.0 628.0 639.0 696.0 633.40 38.68 696.00 598.00 

Temp. - - 22.6 23 21.8 23.3 22.3 22.6 0.7 23.3 21.8 

pH 6.5-8.5 6-9 7.78 7.78 7.76 7.80 7.76 7.78 .02 7.80 7.76 
Na

+
 200 - 53.58 52.80 53.56 54.29 52.61 53.37 .68 54.29 52.61 

NH4
+
 0.2 0.2 7.07 7.89 8.37 6.54 8.90 7.75 .96 8.90 6.54 

K
+
 150 - 19.00 18.83 17.33 15.09 17.86 17.62 1.57 19.00 15.09 

Mg
2+

 150 - 17.39 14.24 14.98 17.36 15.03 15.80 1.47 17.39 14.24 
Ca

2+
 75 - 58.26 48.83 49.32 45.34 47.30 49.81 4.97 58.26 45.34 

F
-
 1.5 1 1.03 1.36 .94 1.24 .79 1.07 .23 1.36 .79 

Cl
-
 250 250 26.15 27.11 29.11 27.43 30.61 28.08 1.77 30.61 26.15 

NO3
-
 50 50 22.12 23.74 20.66 25.49 34.29 25.26 5.36 34.29 20.66 

SO4
2-

 250 200 6.61 7.27 6.99 7.34 7.08 7.06 .29 7.34 6.61 
PO4

2-
 - 0.25 2.45 .00 .00 1.84 1.71 1.20 1.13 2.45 .00 

CO3
2-

 - - .00 .00 .00 .00 .00 .00 .00 .00 .00 
HCO3

-
 - - 300.12 301.34 292.80 294.02 295.24 296.70 3.80 301.34 292.80 

*All the values are given in mg/l except for pH, EC. (µµµµS/cm) and Temp.(
 0

C ) 
-No guideline standard values set by the EPA (EPA, 2003) or/and WHO (WHO, 1984; WHO, 2006) found. 

 

Unlike to other studies on these rivers crossing industrial sites reported so 

far with respect to their heavy metal and pathogens contamination (Tamiru 

Alemayehu, 2001; Fiseha Itanna, 2002), their physico-chemical qualities 

recorded in this study were relatively good. Relative to the rivers found in 

other three sites, the rivers flowing across industrial areas were recorded 

lowest with their mean concentrations of major anions and cations except 

for NO3
-. This could possibly indicate the presence of different sort of 

pollutants of river waters flowing across the industries other than the 

physico-chemical parameters considered in this study. Moreover, the high 

spatial and temporal variability nature of these water quality parameters 

may influenced the pattern of distribution (ANZECC, 1992). More 

importantly, there could also be a dilution effect on these river waters as it 

increases its volume going down town.The presence of some heavy metals 

pollution in these waters ascertained by different scientific works (Tamiru 

Alemayehu, 2004; Belachew Tolla, 2006). 
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Figrure 7. Pair wise comparisons of the physico-chemical variations in the industrial and 
agricultural rivers. 

 
The NH4

+ levels of all the water samples taken from the rivers flowing 

across industrial areas were well above both the water quality standards 

set by EPA (EPA, 2003) and WHO (WHO, 2006) for surface and potable 

waters respectively (Table: 7). Moreover, all the PO4
2- levels that are above 

the detection limit of the ion chromatography were above the surface water 

quality standard limit for PO4
2- set by EPA (EPA, 2003). The levels of F- in 

three of the water samples analyzed from industrial area rivers were above 

the EPA (EPA, 2003) surface water quality standard. Except for these, all 

the physico-chemical water quality parameters were well below both or 

either of the water quality standards set by EPA and WHO. However, no 

guideline standards can be obtained for water temperature, CO3
2- and 

HCO3
- in either of the two water quality standard documents (Table: 7).  
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5.3. Correlations among the physico-chemical parameters 

 

Correlation coefficients (r) between the physicochemical parameters 

analyzed were considered highly significant for p < 0.01 and considered 

significant for p < 0.05. The statistical significance level (p-values) shows 

the strength of the correlations obtained from statistical data analysis. The 

smaller the p-value the higher is the correlation coefficients (Annex II, III, IV 

and V). The correlation coefficients runs from -1 to 1 (-1 ≤ r ≤ 1). 

   5.3.1. Residential river waters 

 
Very strong correlations were observed between different physico-chemical 

parameters analyzed from river water samples collected from residential 

area (Table: 8). The negative correlations obtained at p < 0.01 level between 

pH and Cl- (r = -0.96), pH and SO4
2- (r = -0.94) shows that the increase or 

decrease of Cl-  and SO4
2- in the rivers causes a decrease or increase of pH 

respectively. These could possibly show that the presence of weak acids of 

chloride and sulphate, as these ions dissolve in the water they could form 

acids (Figure 8d). However, contrary to this, the pH of the water samples 

collected from residential sites shows a slightly basic characteristics 

reflecting that there are also bases formed to counter act these acids. There 

is also a strong negative correlation observed between pH and Na+ (r =-

0.96), however the sodium ions are not expected to form acids when they 

dissolve in water. It may simply show that the trend of pH and Na+ ions in 

the water samples collected. 

 

The strong positive correlations observed between Na+ and Cl- (r = 0.97), 

Na+ and SO4
2- (r = 0.98), NH4

+ and HCO3
- (r = 0.96) show that their strong 

direct relationship between the cations and anions in couple. Moreover, the 

correlation may indicate the presence of same type of sources for Na+, Cl-, 

SO4
2-, HCO3

-, NH4
+. Moreover, much these ions are known to present in 
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septic, domestic effluents and solid waste leachates (Hackley et al., 1996). 

Furthermore, these ions could possibly form salts like NaCl, Na2SO4, 

(NH4)HCO3, dissolved in the water. According to Irene (1991), NaCl is 

known to be in much higher amount in sewage discharges. It is therefore 

possible that sewage is entering the rivers crossing the residential areas 

(Figure 8a and c). 

 

In addition to these, there are also significant positive correlations observed 

at p < 0.05 level of significance between EC and NH4
+ (r = 0.83), K+ (r = 

0.86), Cl- (r = 0.86), HCO3
- (r = 0.93). These correlations implies that the 

highest mean value of electrical conductivity of river water samples 

collected from residential areas arises mostly due to the abundance of 

NH4
+, K+, Cl- and HCO3

- ions. Moreover, the positive correlation observed 

between Na+ and  HCO3
- is in line with studies so far; the presence of four 

types of  water in the city of Addis Ababa being Na+-HCO3
- and Na+-Ca2+-

HCO3
- dominant in river waters  (Tamiru Alemayehu et al., 2005). 

 

The positive correlations observed between NH4
+ and K+ (r = 0.86), NH4

+ and 

Mg2+ (r = 0.91), HCO3
- and Cl- (r = 0.86), Mg2+ and HCO3

- (r = 0.85), K+ and 

HCO3
- (r = 0.84) shows that the increase or decrease of one has a direct 

influence on the other parameter in couple with it. These correlations may 

further reflect the possibility that they are derived from the same sources. 

Even though, domestic waste water derived from residential areas, toilet 

effluents and landfill leachates are enriched in NH4
+,K+, Mg2+, HCO3

- and Cl- 

ions (Hackley et al., 1996); Mg2+,Ca2+ and HCO3
- are also expected from 

natural sources in the area (Tamiru Alemayehu et al., 2005). Thus, it is a 

little difficult to determine much of these are geologic or man-made origins. 

However the elevated level of NH4
+ much greater than 0.2 mg/l, which is 

unexpected in most natural waters, were recorded in the rivers crossing 

residential areas give a little indication of the presence of NH4
+ containing 

anthropogenic discharges in higher amount. 
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Table: 8. Correlation matrixes of the physico-chemical parameters analyzed in the residential 
river water samples. 

r EC pH Na
+
 NH4

+
 K

+
 Mg

2+
 Ca

2+
 F

-
 Cl

-
 NO3

-
 SO4

2-
 HCO3

2-
 

EC 1            

pH -.77 1           

Na
+
 .79 -.96(**) 1          

NH4
+
 .83(*) -.55 .71 1         

K
+
 .86(*) -.35 .44 .86(*) 1        

Mg
2+

 .69 -.62 .79 .91(*) .63 1       

Ca
2+

 -.06 .28 -.31 -.07 .14 .04 1      

F
-
 -.12 -.07 .01 -.17 -.21 .14 .80 1     

Cl
-
 .86(*) -.96(**) .97(**) .70 .52 .68 -.40 -.16 1    

NO3
-
 -.04 -.50 .43 -.18 -.46 -.09 -.81(*) -.31 .45 1   

SO4
2-

 .64 -.94(**) .98(**) .60 .26 .73 -.39 .03 .92(*) .57 1  

HCO3
-
 .93(*) -.73 .83(*) .96(**) .84(*) .85(*) -.20 -.23 .86(*) .02 .72 1 

* Correlation is significant with significance level (p<0.05). 
** Correlation is significant with significance level (p<0.01). 

 

The significant positive and negative correlations observed between SO4
2- 

and Cl- (r = 0.92) and Ca2+ and NO3
- (r = -0.81) respectively, show that the 

presence of direct and inverse relationship in their concentration in each 

pair respectively. However, the correlation between SO4
2- and Cl- could 

possibly indicate the presence of the same source. Nevertheless, likely 

different possible sources are expected for Ca2+ and NO3
- as they are 

negatively correlated. 

 

Considering all the significant correlation coefficients at p < 0.01 and P < 

0.05 levels of significance together may be important. The series of positive 

correlations observed and studied between NH4
+ and K+, NH4

+ and Mg2+, 

NH4
+ and HCO3

-, HCO3
- and Mg2+, HCO3

- and K, HCO3
- and Cl- could 

possibly reveals that much of these ions are derived from man-caused 

sources, as much of the  elevated Cl-, Mg2+ and NH4
+  levels recorded in the 

river water  samples collected from residential areas. 
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 (a)                                                     (b) 

 

 
 

 
                           (c)                                                          (d) 
 

Figure 8. Linear regression graphs of the strong correlations observed between the physico-
chemical parameters measured in residential river water samples. (a) Na+ Vs Cl- 

(b) Na+ Vs 
SO4

2- 
(c) HCO3

- Vs NH4
+ 

(d) pH Vs Cl-. 

 

Moreover according to Baedecker and Back (1979), leachates from landfills 

are typically enriched in K+, Mg2+, Na ,Mg2+, Cl-, HCO3
- and NH4

+. 

Additionally, most rivers in Addis Ababa are literal solid and liquid waste 

dumping sites (Muschalla, 2001). According to these and other scientific 

works, and  the correlations observed in this study strengthen our 
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expectations that more of the K+, Mg2+, Cl-, HCO3
-,and NH4

+ are derived 

from residence discharges present located along the rivers. 

The same sort of positive correlations observed between Na+ and Cl-, Na+ 

and SO4
2- indicate the presence of anthropogenic sources in the area. 

Moreover, according to (Irene, 1991) sewage and domestic waste water 

contain anomalously high concentrations of Na and Cl-. Accordingly, these 

correlations may indicate the presence of anthropogenic sources for Na+ 

and Cl- from the residences around (Figure 8a and b).  

5.3.2. Agricultural river waters 

 
Statistically very significant positive correlations p < 0.01 were obtained 

between cation species, NH4
+ and K+ (r = 0.95), Mg2+ and K+ (r = 0.99), Na+ 

and Ca2+ (r = 0.97), Na+ and Mg2+ (r = 0.94) and between NH4
+ and Mg2+ (r = 

0.94) (Table: 9). These direct correlations indicate the increase or decrease 

of the cations will control the increase or decrease of the other in pair 

respectively. Moreover, it could also possibly shows that they all are 

emanated from the same man-made or natural sources of pollution. 

However, it is expected that much of these cations are derived from man-

made sources as NH4
+ and K+ are recorded with relatively highest mean 

concentrations in the river water samples crossing agricultural areas 

(Table: 3).  

 

Additionally, the contribution of HCO3
- for the electrical conductivity of the 

river water found in the area, as it shows a positive correlation with EC (r = 

0.86) at level of p < 0.05. Moreover, the highest mean level of HCO3
- were 

recorded in this site of the study area with respect to the other three sites. 

 

The strong correlations observed between Na+ and K+ (r = 0.89), Mg2+ and 

Ca2+ (r = 0.84) shows the similar pattern of increasing or decreasing of 

concentration in the samples collected. Moreover, it may indicate that the 
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cations in couple are from the same type of sources. However, the 

significant negative correlations observed between Na+ and F- (r = -0.88) 

Ca2+ and F-(r = -0.85) and Ca2+ and Cl- (r = -0.86) indicates that the 

correlation is inverse with respect to the parameters in pair. Moreover, the 

coupled cations with anions are likely to be of different sources of pollution 

as much of the F- in the river waters crossing agricultural areas are 

expected to be natural and the negatively correlated Na+, Ca2+, and Cl- are 

of anthropogenic origins (WHO, 2006; Hackley et al., 1996). 

 

Table: 9. Correlation matrixes of the physico-chemical parameters analyzed in the agricultural 
river water samples. 

r EC pH Na
+
 NH4

+
 K

+
 Mg

2+
 Ca

2+
 F

-
 Cl

-
 NO3

-
 SO4

2-
 PO4

2-
 HCO3

2-
 

EC 1             

pH .04 1            

Na
+
 .23 -.46 1           

NH4
+
 .71 -.15 .77 1          

K
+
 .45 -.25 .89(*) .95(**) 1         

Mg
2+

 .46 -.28 .94(**) .94(**) .99(**) 1        

Ca
2+

 .12 -.45 .97(**) .63 .76 .84(*) 1       

F
-
 -.16 .83(*) -.88(*) -.58 -.69 -.74 -.85(*) 1      

Cl
-
 .24 .09 -.79 -.38 -.58 -.65 -.86(*) .53 1     

NO3
-
 -.10 -.22 .52 .52 .71 .60 .35 -.41 -.38 1    

SO4
2-

 .12 .57 -.63 -.10 -.21 -.35 -.78 .71 .63 .19 1   

PO4
2-

 .68 -.52 .12 .47 .31 .26 -.04 -.38 .51 .15 .15 1  

HCO3
-
 .86(*) .54 -.06 .48 .20 .22 -.11 .29 .24 -.30 .32 .27 1 

* Correlation is significant with significance level (p<0.05). 
** Correlation is significant with significance level (p<0.01). 
 

Generally, the significant correlations observed at level of p < 0.01 and p < 

0.05 shows that much of the NH4
+, K+, Mg2+, Na+, Ca2+ recorded are 

possibly raised from human activities around the agricultural sites as this 

site is located in the central part of Addis Ababa (Figure 9). Moreover, rivers 

crossing these sampling points are known to be deteriorated from effluents 

discharged on to the rivers derived from toilets and domestic origins 
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(Muschalla, 2001). According to the (Panno et al., 2002) effluents 

discharged from septic and domestic sewage systems are enriched in NH4
+,  

 

(a)                                                        (b) 

 
                         (c)                                                   (d) 

Figure 9. Linear regression graphs of the strong correlations observed between the 
physico-chemical parameters measured in the river water samples flowing across 
agricultural fields. (a) Mg2+ Vs K+ 

(b) Mg2+ Vs NH4
+  

(c) Na+ Vs Ca2+ (d) NH4
+ Vs K+. 

 
Na, K+ up to 255mg/l of Na, 281mg/l of K+  and 66mg/l of NH4

+. In addition 

to these, solid waste leachates can contribute Na+, K+, Ca2+, Mg2+ and NH4
+ 

ions in higher levels (Hackley et al., 1996). Furthermore, the strong positive 

correlations observed among them and strong negative correlations 

observed with F- make these expectations higher. 
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Though the positive correlations observed between NO3
- and Na+, NH4

+, K+, 

Mg2+ are not that significant, they give a little clue about the likely same 

origin of NO3
- with these cations (Table, 9). Moreover, NO3

- has a negative 

correlation with F- even if, it is not that significant. Similarly, SO4
2- shows 

same sort of positive correlations with  F- and negative correlation with Na+, 

K+, and  Ca2+ showing that much of the SO4
2- in the area are most probably 

derived from natural sources. The same is true for PO4
2- showing positive 

correlation with NH4
+, K+ and Mg2+ and negative correlations with F-, 

indicating that most of PO4
2- is derived from anthropogenic sources.  

5.3.3. City center river waters 

 
The river water samples crossing the city central areas were observed for 

very significant negative correlation at p < 0.01 levels of significance 

between NH4
+ and F- (r = -0.96), NH4

+ and SO4
2- (r = -0.94), Ca2+ and F-  (r = 

-0.97), Ca2+ and SO4
2- (r = -0.99), showing that they have inverse pattern of 

increasing or decreasing of their concentration(Table: 10). However, a direct 

correlation of (r = 0.95) were obtained between F- and SO4
2- showing that 

the presence of one controls the other. Moreover, this may indicate that 

both F- and SO4
2- are of the same origins of natural sources, because 

according to (WHO, 2006) both F- and SO4
2- exists in most fresh waters are 

naturally derived from fluoride containing rocks. 

 

The correlations between  K+  and PO4
2- (r = 0.93) may indicate the presence 

of K2(PO4) salt that might derived from pollution of rivers with K+ and  PO4
2- 

because the highest mean value of PO4
2- concentration recorded (Table: 6) 

is in the rivers crossing this site. Moreover it is much expected that it is 

from the pollution of rivers by septic and toilet effluents as these effluents 

are know to be enriched in K+ and PO4
2- up to 281mg/l and 9mg/l 

respectively (Panno et al., 2002).  
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In addition to these, the statistically significant correlations at level of 

significance, p < 0.05 were obtained from the water sample results collected 

from these areas. The EC of samples has a strong positive correlations with 

Na+ (r = 0.91), F- (r = 0.85) and HCO3
- (r = 0.87). These correlations indicate 

that the Na+, F- and HCO3
2- are the main factors that control the decreasing 

and increasing trend of EC. The positive correlations observed between Na+ 

and F- (r = 0.90), Na+ and HCO3
- (r = 0.82), likely shows that the presence of 

Na(HCO3) and NaF salts in the water samples analyzed. Moreover, it may 

indicate that they are of the same natural sources as most of the river 

waters in the study area belong to Na+-HCO3
- and Na+-Ca2+-HCO3

- types 

(Tamiru Alemayehu et al., 2005). According to this, these correlations 

indicate the presence of natural sources for Na+ and HCO3.  

 

Table: 10. Correlation matrixes of the physico-chemical parameters analyzed in the city center 
river water samples. 

r EC pH Na
+
 NH4

+
 K

+
 Mg

2+
 Ca

2+
 F

-
 Cl

-
 NO3

-
 SO4

2-
 PO4

2-
 HCO3

2-
 

EC 1             

pH -.13 1            

Na
+
 .91(*) .19 1           

NH4
+
 -.76 .36 -.76 1          

K
+
 .12 .10 -.11 .51 1         

Mg
2+

 -.48 -.47 -.78 .64 .57 1        

Ca
2+

 -.69 .08 -.82(*) .93(*) .62 .84(*) 1       

F
-
 .85(*) -.13 .90(*) -.96(**) -.42 -.76 -.97(**) 1      

Cl
-
 -.38 .22 -.51 .78 .80 .65 .88(*) -.78 1     

NO3
-
 -.49 .37 -.27 .18 -.32 -.20 .15 -.27 .25 1    

SO4
2-

 .63 -.15 .75 -.94(**) -.69 -.80 -.99(**) .95(**) -.91(*) -.12 1   

PO4
2-

 .27 -.27 -.07 .27 .93(*) .64 .49 -.26 .65 -.47 -.54 1  

HCO3
-
 .87(*) .19 .82(*) -.45 .42 -.40 -.39 .57 .06 -.21 .30 .43 1 

* Correlation is significant with significance level (p<0.05). 
** Correlation is significant with significance level (p<0.01). 
 

The positive correlation obtained between Ca2+ and Mg2+ (r = 0.84), Ca2+ and 

Cl- (r = 0.88) show the similar pattern of increasing or decreasing trends in 
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pairs. Moreover, it could probably indicates the presence of anthropogenic 

source for Mg2+, Ca2+, and Cl- as these ions are known to be in septic, toilet, 

domestic effluents and landfill leachates (Baedecker and Back, 1979), and 

it is likely, as the rivers crossing the city and commercial centers can be 

used for these liquid and solid waste removal purposes. In addition to 

these, the significant correlation observed between Ca2+ and Cl- further 

implies the presence of CaCl2 salts dissolved in the river waters crossing 

the central part of the city. 

 

Furthermore, the negative correlations between Ca2+ and Na+(r = -0.82), 

Ca2+ and SO4
2-(r = -0.99) shows the increase or decrease in concentration of 

one is irrespective of the other in each pair.  The increase or decrease of one 

causes the decrease or increase on the concentration of the other 

respectively. Additionally, the negative correlations give clues about 

different sources of pollutions for the ions in each pair; further it 

strengthen the discussions earlier, as the Ca2+ is more of anthropogenic 

and that of Na+  and SO4
2- are of natural origin. 

 

Generally, the correlations observed at level of significance p < 0.01 and p < 

0.05 could strength the expectations that, much of NH4
+, Ca2+, K+, PO4

2-, 

Mg2+, Cl- in the river water samples crossing the central part of Addis 

Ababa are derived from the same source, as they show a strong direct 

correlation ship with each other and negative correlations with Na+, F-, 

SO4
2-, HCO3

-. And most likely they are derived from anthropogenic sources, 

as these ions are rich in septic, toilet effluents and land fill leachates up to 

66mg/l of NH4
+, 281 mg/l of K+ , 618 mg/l of Cl- and 9 mg/l of PO4

2- 

concentrations. 
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(a)                                                (b) 

 
                        (c)                                                    (d) 

Figure 10. Linear regression graphs of the strong correlations observed between the 
physico-chemical parameters measured in the river water samples flowing across city 
canters. (a) Ca2+ Vs SO4

2- 
(b) Ca2+ Vs F- 

(c) SO4
2- Vs F- (d) NH4

+ Vs F-.  

 

Moreover, these correlations in the water samples analyzed shows that, 

much of F-, SO4
2-, Na+, and HCO3

- are of natural origin as they show a 

direct correlation ship with each other or/and inverse correlation ship with 

the others anions and cations analyzed (Figure 10). Furthermore, this is in 

consistent with the fact that the river waters in Addis Ababa are of Na+-

HCO3
- type (Tamiru Alemayehu, 2004) and unelevated level of F- and SO4

2- 

are common in most natural fresh waters (WHO, 2006). 
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 Even though, there is no significant correlation observe between NO3
- and 

other physicochemical parameters in this site, positive correlations were 

observed with NH4
+, Ca2+ and Cl- showing that NO3

- to be the same source 

as that of NH4
+, Ca2+ and Cl-. Additionally, NO3

- has a negative correlations 

with Na+, F-, SO4
2- and HCO3

- showing a little that its inverse trend with 

these naturally expected anions and cations.  

5.3.4. Industrial river waters 

 
Unlike to the other three sites, there is no correlation observed that is 

statistically very significant at p < 0.01 levels in the water samples of rivers 

crossing industrial areas (Table: 11). However, significant positive 

correlations were observed at p < 0.05 level between EC and Cl- (r = 0.89), 

EC and NO3
- (r = 0.90). This shows that the electrical conductivity of the 

river water samples has a direct relationship with Cl- and NO3
-. Moreover, 

the EC of the waters is more controlled by the presence of Cl- and NO3
- ions 

than the other anions and cations (Figure 11a and b). 

 

Table: 11. Correlation matrixes of the physico-chemical parameters Analyzed in the industrial 
river water samples.  

r Ec pH Na
+
 NH4

+
 K

+
 Mg

2+
 Ca

2+
 F

-
 Cl

-
 NO3

-
 SO4

2-
 PO4

2-
 HCO3

2-
 

Ec 1             

pH -.40 1            

Na
+
 -.34 .66 1           

NH4
+
 .56 -.93(*) -.81(*) 1          

K
+
 -.33 -.47 -.70 .40 1         

Mg
2+

 -.21 .64 .78 -.81(*) -.39 1        

Ca
2+

 -.59 -.09 .01 -.19 .68 .35 1       

F
-
 -.63 .76 .28 -.62 -.11 .05 -.14 1      

Cl
-
 .89(*) -.71 -.45 .81(*) -.17 -.51 -.55 -.71 1     

NO3
-
 .90(*) -.23 -.51 .45 -.10 -.17 -.44 -.45 .67 1    

SO4
2-

 .30 .34 .02 -.02 -.58 -.33 -.92(*) .49 .23 .27 1   

PO4
2-

 .18 .35 .30 -.45 -.12 .82(*) .36 -.27 -.20 .34 -.42 1  

HCO3
-
 -.57 .21 -.39 -.17 .75 -.07 .56 .48 -.63 -.17 -.25 .05 1 

* Correlation is significant with significance level (p<0.05). 
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Strong negative correlations were also recorded between NH4
+ and Na+ (r = -

0.81), NH4
+ and Mg2+ (r = -0.81) and positive correlations between NH4

+ and 

Cl- (r = 0.81). This may reflect the presence of NH4
+ as NH4Cl than its 

interaction with sodium and magnesium. Moreover, the inverse correlation 

observed between NH4
+ and Na+, NH4

+ and Mg2+ may indicate the cations in 

pair are of different sources of pollution. However, the direct correlation 

observed between NH4
+ and Cl- could possibly further indicate the presence 

of same man-made sources. The positive correlation obtained between  

Mg2+ and PO4
2- (r = 0.82) may indicate the presence of MgPO4 in addition to 

the probability that both  Mg2+ and PO4
2- emanated from the same sources. 

 

The significant negative correlations observed between NH4
+ and pH (r =-

0.93), Ca2+ and SO4
2- (r = -0.92) shows the increase or decrease of the one 

may cause decrease or increase in concentration of the other in the same 

pair respectively. 

 

                        (a)                                           (b) 

 
Figure 11. Linear regression graphs of the strong correlations observed between the 
physico-chemical parameters measured in the river water samples flowing across industries. 
(a) EC Vs NO3

-. (b) EC Vs Cl-. 

 

Generally, the limited significant correlations observed in the river water 

samples crossing industrial sites makes the discussion and further 
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investigations of possible sources a little tough. However, some better and 

indicative correlations were selected from the table (Table: 11), though they 

are not significant at level p < 0.01 or p < 0.05. The correlations observed 

among Cl-, NH4
+ and NO3

- are positive and probably show that much of 

these ions are derived from human activities in the area or up streams as 

these sites are located down streams of all the other three sites. Moreover, 

the highest mean level of NO3
- was recorded in the river waters samples 

crossing industrial sites (Table: 3). 

 

Furthermore, positive correlations were observed among Na+, Mg2+ and F- 

showing that they are likely coming out of the same source and most likely 

of geologic origin, as these triples are all in all negatively correlated with the 

above mentioned triples of anthropogenic origin. Moreover, much of the F- 

in the river water samples collected from industrial sites expected to be 

natural.  
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6. Conclusion and Recommendations 
 

The present study revealed that the pollution statuses of rivers in the city of 

Addis Ababa are highly related with the deterioration of their physico-

chemical qualities. Though the sources of these deteriorations can be both 

natural and anthropogenic, the measured water quality parameters in this 

new study indicate that their elevated levels are due to the human activities 

present in the areas.  

 

Moreover, the highly elevated level of NH4
+ and PO4

2- in the river waters 

assessed throughout the four urban activity sites are a prominent indicator 

of waste water discharges in to the rivers from residences, agricultural 

fields, the city commercial centers and industries in the city. Nevertheless, 

high physico-chemical water quality variations were also observed with 

respect to the four different urban dominant land use activity sites 

considered in the city; that are caused by human activities in the area.  

 

The relative highest mean characteristics of Na+, EC, Cl-, Ca2+, and Mg2+ 

recorded in the river water samples crossing residential areas are attributed 

to the domestic solid and liquid wastes discharged on to the rivers as 

residences in the area are known to throw much of their wastes on to these 

rivers near by. Moreover, the correlations observed among these elevated 

physico-chemical parameters reflect the presence of same anthropogenic 

sources of pollution. 

 

The rivers crossing agricultural sites in the city also characterized by their 

highest mean concentrations of NH4
+, K+, SO4

2-, HCO3
-, relative to the other 

three sites. Agricultural run-off from the fields nourished with artificial 

fertilizers is the main cause of the elevation of these ions in the rivers near 

by the vegetable farms. Moreover, domestic waste water discharge from the 
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densely populated inhabitants present in the area and up streams are the 

main causes for the unusual elevations of the physico-chemical parameters 

recorded, as the agricultural rivers are also part of the city centers. 

 

Rivers crossing the city centers are also polluted from the effluents 

discharged from the commercial centers and different urbanization based 

activities, as these areas are known for their mixed practices of living. 

Moreover, their highly elevated PO4
2- characteristics indicate the presence 

of effluents emanated from toilets and septic systems present in the area. 

Additionally, different sort of solid wastes dumped on to these rivers can 

produce leachates enriched in different chemicals which have the potential 

to alter the rivers’ physico-chemical quality adversely. 

 

With respect to the physico-chemical characteristics considered in this 

study, rivers crossing industrial sites were observed relatively of good 

quality. However, these rivers are deteriorated with their NO3
- contents. 

Moreover, people in the area were observed using the river water for 

different domestic purposes. Using these river waters as a source of water 

supply for bathing, cooking or drinking can cause public health hazards.  

 

Thus, in this study the pollution of rivers in the city of Addis Ababa were 

assessed with respect to their physico-chemical qualities; and potential 

important anthropogenic sources of pollution have been indicated in the 

respective four dominant urban land use activities. However; it was found a 

little difficult to locate the exact of sources of pollution component at each 

study sites. Therefore, it is recommended that further studies are required 

to locate and quantify the possible contributing pollution sources. 
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ANNEXES 
 

Annex І. The river water samples collected from the four urban dominant land use activities 
with their IDs, localities, UTM coordinate and elevations. 
  

Dominant 

urban activity 

Sample ID   Locality UTM Elevation(m) 

 

 

 

Residential 

  Area 

 

R1  Woira Sefer 0467826E 
0995884N 

2343 

R2  Near Augusta quarry site 0468143E 
0995377N 

2302 

R3 Alert hospital 0468398E 
0995177N 

2285 

R4 Up stream of mekanisa bridge 0468004E 
0993408N 

2269 

R5 Down stream of mekanisa bridge 0470545E 
0991814N 

2220 

 

 

Industrial 

   Area 

 

I1 Near Awash alcohol factory  0476974E 
0981634N 

2088 

I2 Near Awash tannery 0476366E 
0981159N 

2057 

I3 Down to kality total 0476165E 
0980537N 

2032 

I4 Near lafto st. Merry chruch   0471196E 
0936503N 

2061 

I5 Down stream of little Akaki river 
bridge 

0472384E 
0932112N 

2013 

 

Agricultural 

   Area 

 

A1  Bole bridge 0475408E 
0993877N 

2295 

A2 Down stream of central park  0475131E 
0994645N 

2311 

A3 Up stream of of central park 0475045E 
0994996N 

2318 

A4 Near Bambis super mart. 0474750E 
0995624N 

2329 

A5 Down to St. Stefano’s church 0474256E 
0995805N 

2340 

 

 

Commercial & 

City center 

C1 Down to Bole St.   Michael church   0473011E 
0992099N 

2231 

C2  Near ECA 0473873E 
0996083N 

2343 

C3 Eribekentu bridge 0471449E 
0996800N 

2400 

C4 Afincho ber bridge 0473150E 
0999058N 

2452 

C5 Up stream AAU main campus  0472920E 
0999752N 

2466 
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Annex ІІ.  Pearson correlation coefficient (r) and level of significance (p) values of the 
physico-chemical parameters analyzed in the river water samples crossing residential site. 

 
 
 

* Correlation is significant at the 0.05 level (1-tailed). 
** Correlation is significant at the 0.01 level (1-tailed). 
(a)  Cannot be computed because at least one of the variables is constant. 
 List wise N=5 

 
 

 
 

 EC pH Na+
 NH4

+
 K+

 Mg2+
 Ca2+

 F-
 Cl- NO3

-
 SO4

2-
 PO4

2-
 CO3

2-
 HCO3

2-
 

EC r 1 -.767 .786 .828(*) .861(*) .686 -.056 -
.120 

.858(*) -.035 .643 .(a) .(a) .933(*) 

p   .065 .058 .042 .030 .101 .464 .424 .032 .477 .121 . . .010 

pH r -.767 1 -
.964(**) 

-.547 -.349 -.620 .281 -
.073 

-
.960(**) 

-.504 -
.943(**) 

.(a) .(a) -.727 

p .065   .004 .170 .283 .132 .323 .453 .005 .193 .008 . . .082 

Na+ r .786 -
.964(**) 

1 .712 .441 .787 -.305 .014 .968(**) .432 .978(**) .(a) .(a) .833(*) 

p .058 .004   .089 .229 .057 .309 .491 .003 .234 .002 . . .040 

NH4
+ r .828(*) -.547 .712 1 .860(*) .911(*) -.069 -

.174 
.701 -.179 .602 .(a) .(a) .958(**) 

p .042 .170 .089   .031 .016 .456 .390 .094 .387 .141 . . .005 

K+ r .861(*) -.349 .441 .860(*) 1 .625 .136 -
.214 

.520 -.457 .257 .(a) .(a) .843(*) 

p .030 .283 .229 .031   .130 .414 .365 .184 .220 .338 . . .036 

Mg2+ r .686 -.620 .787 .911(*) .625 1 .044 .144 .680 -.086 .734 .(a) .(a) .848(*) 

p .101 .132 .057 .016 .130   .472 .409 .103 .445 .079 . . .035 

Ca2+ r -.056 .281 -.305 -.069 .136 .044 1 .798 -.402 -
.807(*) 

-.385 .(a) .(a) -.198 

p .464 .323 .309 .456 .414 .472   .053 .251 .049 .261 . . .375 

F- r -.120 -.073 .014 -.174 -.214 .144 .798 1 -.162 -.311 .031 .(a) .(a) -.229 

p .424 .453 .491 .390 .365 .409 .053   .397 .305 .480 . . .356 

Cl- r .858(*) -
.960(**) 

.968(**) .701 .520 .680 -.402 -
.162 

1 .453 .921(*) .(a) .(a) .861(*) 

p .032 .005 .003 .094 .184 .103 .251 .397   .222 .013 . . .030 

NO3
- r -.035 -.504 .432 -.179 -.457 -.086 -

.807(*) 
-

.311 
.453 1 .566 .(a) .(a) .015 

p .477 .193 .234 .387 .220 .445 .049 .305 .222   .160 . . .490 

SO4
2- r .643 -

.943(**) 
.978(**) .602 .257 .734 -.385 .031 .921(*) .566 1 .(a) .(a) .723 

p .121 .008 .002 .141 .338 .079 .261 .480 .013 .160   . . .084 

PO4
2- r .(a) .(a) .(a) .(a) .(a) .(a) .(a) .(a) .(a) .(a) .(a) .(a) .(a) .(a) 

p . . . . . . . . . . .   . . 

CO3
2- r .(a) .(a) .(a) .(a) .(a) .(a) .(a) .(a) .(a) .(a) .(a) .(a) .(a) .(a) 

p . . . . . . . . . . . .   . 

HCO3
- r .933(*) -.727 .833(*) .958(**) .843(*) .848(*) -.198 -

.229 
.861(*) .015 .723 .(a) .(a) 1 

P 
 

.010 .082 .040 .005 .036 .035 .375 .356 .030 .490 .084 . .   
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Annex ІІІ. Pearson correlation coefficient (r) and level of significance (p) values of the 
physico-chemical parameters analyzed in the river water samples crossing urban agriculture 
site. 

* Correlation is significant at the 0.05 level (1-tailed). 
** Correlation is significant at the 0.01 level (1-tailed). 
(a)  Cannot be computed because at least one of the variables is constant. 
 List wise N=5 

 
 
 
 
 
 
 
 

 EC pH Na+
 NH4

+
 K+

 Mg2+
 Ca2+

 F-
 Cl- NO3

-
 SO4

2-
 PO4

2-
 CO3

2-
 HCO3

2-
 

EC r 1 .042 .229 .712 .452 .464 .120 -.159 .237 -
.103 

.116 .679 .(a) .857(*) 

p   .473 .356 .089 .222 .216 .424 .399 .351 .435 .427 .104 . .032 

pH r .042 1 -.463 -.149 -.247 -.275 -.447 .828(*) .089 -
.223 

.572 -.521 .(a) .538 

p .473   .216 .406 .344 .327 .225 .042 .444 .359 .157 .184 . .175 

Na+ r .229 -.463 1 .771 .886(*) .937(**) .969(**) -
.878(*) 

-.791 .520 -.628 .120 .(a) -.055 

p .356 .216   .063 .023 .009 .003 .025 .056 .185 .128 .424 . .465 

NH4
+ r .712 -.149 .771 1 .948(**) .939(**) .629 -.578 -.375 .520 -.104 .465 .(a) .478 

p .089 .406 .063   .007 .009 .128 .154 .267 .185 .434 .215 . .208 

K+ r .452 -.247 .886(*) .948(**) 1 .985(**) .755 -.690 -.578 .705 -.206 .307 .(a) .201 

p .222 .344 .023 .007   .001 .070 .099 .153 .092 .370 .308 . .373 

Mg2+ r .464 -.275 .937(**) .939(**) .985(**) 1 .841(*) -.741 -.648 .596 -.351 .260 .(a) .215 

p .216 .327 .009 .009 .001   .037 .076 .119 .144 .281 .336 . .364 

Ca2+ r .120 -.447 .969(**) .629 .755 .841(*) 1 -
.853(*) 

-
.861(*) 

.345 -.782 -.042 .(a) -.113 

p .424 .225 .003 .128 .070 .037   .033 .030 .285 .059 .473 . .428 

F- r -.159 .828(*) -.878(*) -.578 -.690 -.741 -.853(*) 1 .533 -
.413 

.714 -.375 .(a) .288 

p .399 .042 .025 .154 .099 .076 .033   .178 .245 .088 .267 . .319 

Cl- r .237 .089 -.791 -.375 -.578 -.648 -.861(*) .533 1 -
.375 

.632 .512 .(a) .236 

p .351 .444 .056 .267 .153 .119 .030 .178   .267 .126 .189 . .351 

NO3
- r -.103 -.223 .520 .520 .705 .596 .345 -.413 -.375 1 .186 .149 .(a) -.299 

p .435 .359 .185 .185 .092 .144 .285 .245 .267   .382 .405 . .313 

SO4
2- r .116 .572 -.628 -.104 -.206 -.351 -.782 .714 .632 .186 1 .153 .(a) .315 

p .427 .157 .128 .434 .370 .281 .059 .088 .126 .382   .403 . .303 

PO4
2- r .679 -.521 .120 .465 .307 .260 -.042 -.375 .512 .149 .153 1 .(a) .273 

p .104 .184 .424 .215 .308 .336 .473 .267 .189 .405 .403   . .328 

CO3
2- r .(a) .(a) .(a) .(a) .(a) .(a) .(a) .(a) .(a) .(a) .(a) .(a) .(a) .(a) 

p . . . . . . . . . . . .   . 

HCO3
- r .857(*) .538 -.055 .478 .201 .215 -.113 .288 .236 -

.299 
.315 .273 .(a) 1 

P 
 

.032 .175 .465 .208 .373 .364 .428 .319 .351 .313 .303 .328 .   
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Annex ІV. Pearson correlation coefficient (r) and level of significance (p) values of the 
physico-chemical parameters analyzed in the river water samples crossing city centers. 

* Correlation is significant at the 0.05 level (1-tailed). 
** Correlation is significant at the 0.01 level (1-tailed). 
(a)  Cannot be computed because at least one of the variables is constant. 
 List wise N=5 

 
 
 

 

 EC pH Na+
 NH4

+
 K+

 Mg2+
 Ca2+

 F-
 Cl- NO3

-
 SO4

2-
 PO4

2-
 CO3

2-
 HCO3

2-
 

EC r 1 -
.131 

.913(*) -.764 .122 -.476 -.691 .848(*) -.380 -
.486 

.629 .271 .(a) .868(*) 

p   .417 .015 .066 .422 .209 .098 .035 .264 .203 .128 .330 . .028 

pH r -.131 1 .194 .358 .101 -.465 .077 -.132 .216 .373 -.145 -.265 .(a) .191 

p .417   .377 .277 .436 .215 .451 .416 .363 .268 .408 .333 . .379 

Na+ r .913(*) .194 1 -.764 -.106 -.782 -.822(*) .904(*) -.512 -
.269 

.754 -.067 .(a) .815(*) 

p .015 .377   .066 .433 .059 .044 .017 .189 .331 .070 .457 . .046 

NH4
+ r -.764 .358 -.764 1 .506 .637 .934(*) -

.956(**) 
.775 .183 -

.940(**) 
.270 .(a) -.452 

p .066 .277 .066   .192 .124 .010 .005 .062 .384 .009 .330 . .222 

K+ r .122 .101 -.106 .506 1 .565 .624 -.420 .801 -
.320 

-.693 .926(*) .(a) .423 

p .422 .436 .433 .192   .160 .130 .241 .052 .300 .097 .012 . .239 

Mg2+ r -.476 -
.465 

-.782 .637 .565 1 .835(*) -.760 .650 -
.201 

-.802 .643 .(a) -.398 

p .209 .215 .059 .124 .160   .039 .068 .117 .373 .051 .121 . .253 

Ca2+ r -.691 .077 -
.822(*) 

.934(*) .624 .835(*) 1 -
.968(**) 

.883(*) .152 -
.994(**) 

.490 .(a) -.385 

p .098 .451 .044 .010 .130 .039   .003 .024 .404 .000 .201 . .261 

F- r .848(*) -
.132 

.904(*) -
.956(**) 

-.420 -.760 -
.968(**) 

1 -.777 -
.274 

.945(**) -.260 .(a) .573 

p .035 .416 .017 .005 .241 .068 .003   .061 .328 .008 .336 . .156 

Cl- r -.380 .216 -.512 .775 .801 .650 .883(*) -.777 1 .249 -.911(*) .648 .(a) .055 

p .264 .363 .189 .062 .052 .117 .024 .061   .343 .016 .118 . .465 

NO3
- r -.486 .373 -.269 .183 -.320 -.201 .152 -.274 .249 1 -.117 -.473 .(a) -.208 

p .203 .268 .331 .384 .300 .373 .404 .328 .343   .426 .211 . .369 

SO4
2- r .629 -

.145 
.754 -

.940(**) 
-.693 -.802 -

.994(**) 
.945(**) -

.911(*) 
-

.117 
1 -.538 .(a) .297 

p .128 .408 .070 .009 .097 .051 .000 .008 .016 .426   .175 . .314 

PO4
2- r .271 -

.265 
-.067 .270 .926(*) .643 .490 -.260 .648 -

.473 
-.538 1 .(a) .434 

p .330 .333 .457 .330 .012 .121 .201 .336 .118 .211 .175   . .233 

CO3
2- r .(a) .(a) .(a) .(a) .(a) .(a) .(a) .(a) .(a) .(a) .(a) .(a) .(a) .(a) 

p . . . . . . . . . . . .   . 

HCO3
- r .868(*) .191 .815(*) -.452 .423 -.398 -.385 .573 .055 -

.208 
.297 .434 .(a) 1 

P 
 

.028 .379 .046 .222 .239 .253 .261 .156 .465 .369 .314 .233 .   
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Annex V.   Pearson correlation coefficient (r) and level of significance (p) values of the  
physico-chemical parameters analyzed in the river water samples crossing industrial sites 
 
 
 

 
 
* Correlation is significant at the 0.05 level (1-tailed). 
(a)  Cannot be computed because at least one of the variables is constant. 
 List wise N=5 

 
 

 EC pH Na+
 NH4

+
 K+

 Mg2+
 Ca2+

 F-
 Cl- NO3

-
 SO4

2-
 PO4

2-
 CO3

2-
 HCO3

2-
 

EC r 1 -.399 -.337 .555 -
.327 

-.213 -.587 -
.632 

.891(*) .897(*) .301 .175 .(a) -.567 

p   .253 .290 .166 .296 .365 .149 .126 .021 .019 .311 .389 . .159 

pH r -.399 1 .658 -
.931(*) 

-
.470 

.640 -.088 .759 -.710 -.234 .341 .352 .(a) .211 

p .253   .114 .011 .212 .123 .444 .068 .090 .352 .287 .281 . .367 

Na+ r -.337 .658 1 -
.809(*) 

-
.696 

.776 .003 .276 -.454 -.505 .019 .301 .(a) -.391 

p .290 .114   .049 .096 .062 .498 .327 .221 .193 .488 .311 . .257 

NH4
+ r .555 -

.931(*) 
-

.809(*) 
1 .397 -

.814(*) 
-.193 -

.617 
.814(*) .448 -.022 -.451 .(a) -.174 

p .166 .011 .049   .254 .047 .378 .134 .047 .225 .486 .223 . .390 

K+ r -.327 -.470 -.696 .397 1 -.387 .681 -
.114 

-.169 -.096 -.580 -.123 .(a) .748 

p .296 .212 .096 .254   .260 .103 .428 .393 .439 .152 .422 . .073 

Mg2+ r -.213 .640 .776 -
.814(*) 

-
.387 

1 .353 .053 -.514 -.173 -.334 .819(*) .(a) -.074 

p .365 .123 .062 .047 .260   .280 .466 .188 .391 .292 .045 . .453 

Ca2+ r -.587 -.088 .003 -.193 .681 .353 1 -
.135 

-.548 -.436 -
.923(*) 

.364 .(a) .555 

p .149 .444 .498 .378 .103 .280   .414 .169 .231 .013 .273 . .166 

F- r -.632 .759 .276 -.617 -
.114 

.053 -.135 1 -.713 -.449 .494 -.266 .(a) .479 

p .126 .068 .327 .134 .428 .466 .414   .088 .224 .199 .332 . .207 

Cl- r .891(*) -.710 -.454 .814(*) -
.169 

-.514 -.548 -
.713 

1 .671 .227 -.201 .(a) -.634 

p .021 .090 .221 .047 .393 .188 .169 .088   .107 .357 .373 . .125 

NO3
- r .897(*) -.234 -.505 .448 -

.096 
-.173 -.436 -

.449 
.671 1 .270 .337 .(a) -.168 

p .019 .352 .193 .225 .439 .391 .231 .224 .107   .330 .290 . .394 

SO4
2- r .301 .341 .019 -.022 -

.580 
-.334 -

.923(*) 
.494 .227 .270 1 -.416 .(a) -.245 

p .311 .287 .488 .486 .152 .292 .013 .199 .357 .330   .243 . .345 

PO4
2- r .175 .352 .301 -.451 -

.123 
.819(*) .364 -

.266 
-.201 .337 -.416 1 .(a) .054 

p .389 .281 .311 .223 .422 .045 .273 .332 .373 .290 .243   . .466 

CO3
2- r .(a) .(a) .(a) .(a) .(a) .(a) .(a) .(a) .(a) .(a) .(a) .(a) .(a) .(a) 

p . . . . . . . . . . . .   . 

HCO3
- r -.567 .211 -.391 -.174 .748 -.074 .555 .479 -.634 -.168 -.245 .054 .(a) 1 

P 
 

.159 .367 .257 .390 .073 .453 .166 .207 .125 .394 .345 .466 .   
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Annex VI. Analytical results report paper of the water samples. 
 
 
 

 
 
 


