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1 BACKGROUND  
1.1 LOCATION 

Butajia–Ziway Development Study area is situated in the in the Main Ethiopian Rift Valley in 

the northern sector of the Lakes Region (See location Maps on next page). Butajira town is 

situated about 135 km and Ziway is located about 160 km from Addis Ababa. The area 

stretches from the edges of the western escarpment of the rift valley or the Gurage Chain of 

Mountain called Zebidar in the west and to the Lake Ziway in the east. The study area covers 

30 km by 60 km (1800km2) within the following coordinates. 

Table 1: Study area coordinates 
UTM E UTM N 
413000 893000 
429000 920000 
467000 862500 
483000 889000 

1.2 ADMINISTRATIVE AREAS COVERED BY THE STUDY 

The study area partly or wholly covers 8 woredas, namely: Meskan, Mareko, Soddo, Siltie, 

Lanfro, Adamitulu Jido Kombolcha, Dugda Bora and Ziway Dugda. The administrative area 

includes five in SNNPR, Gurage Zone and three in Oromiya, East Shoa & Arsi Zones.  
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Figure 1. Location Map of the study area 
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1.3 PURPOSE OF WATER QUALITY STUDY 

Freshwater is a finite resource, essential for agriculture, industry and even human existence. 

Without freshwater of adequate quantity and quality sustainable development will not be 

possible. Water pollution and wasteful use of freshwater threaten development projects and 

make water treatment essential in order to produce safe drinking water. Discharge of toxic 

chemicals, over-pumping of aquifers, long-range atmospheric transport of pollutants and 

contamination of water bodies with substances that promote algal growth (possibly leading to 

eutrophication) are some of today’s major causes of water quality degradation. It has been 

unequivocally demonstrated that water of good quality is crucial to sustainable socio-economic 

development. Aquatic ecosystems are threatened by a variety of pollutants as well as 

destructive land-use or water-management practices.  

The purpose of the water quality study is therefore to identify the areal distribution of 

concentrated waters in the study areas and assess their suitability for various purposes. A 

pressing need has emerged for comprehensive and accurate assessments of trends in water 

quality, in order to raise awareness of the urgent need to address the consequences of present 

and future threats of contamination and to provide a basis for action at all levels. Reliable 

monitoring data are the indispensable basis for such assessments. Monitoring is defined by the 

International Organization for Standardization (ISO) as: “the programmed process of sampling, 

measurement and subsequent recording or signaling, or both, of various water characteristics, 

often with the aim of assessing conformity to specified objectives”.  

1.4 WATER QUALITY CHARACTERISTICS  

Natural Groundwater Quality is mostly affected by total dissolved solids, gases and pollutants 

and is controlled by presence of soluble or reactive minerals in aquifer/s such as 

Soluble minerals: halite (NaCl), anhydrite (CaSO4) or gypsum (CaSO4·2H2O), calcite 

(CaCO3) etc. 

The major inorganic constituents of water originate in three-step process. When water in the 

form of precipitation dissolves atmospheric gases such as carbon dioxide and reacts with 

minerals/organic matter on the surface of the earth. The solid phase formed is soil, and the 

leachate either runs off as surface water or infiltrates and becomes part of the groundwater 

system. When groundwater moves down gradient from its recharge area to discharge, other 
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minerals are dissolved, some are possibly precipitated, and other various chemical reactions 

may also occur.  

1. Oxidation of organic matter in soil and aquifer  

Organic matter + oxygen → carbonic acid 

(CH2O + O2 → H2CO3
) 

O2 H+
HCO3-

 

2. Dissolution of CaCO3 (calcite) 

Calcite shell + carbonic acid → calcium ion + bicarbonate 

(CaCO3 + H2CO3 → Ca2+ + 2HCO3
-) 

H+ Ca2+ HCO3-
shell
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3. Cation exchange on clays (natural water softener)  

Ca2+ + 2Na+ (on clay) →Ca2+ (on clay) + 2Na+ 

Na+

Ca2+

Na+ saturated clay 1Ca2+ exchanges for 2Na+

water
movement

clay

clayclay

clay
 

Groundwater Quality and Geology: Groundwater chemistry depends on rock comprising 

aquifer. Rocks are natural mixtures of minerals formed under a variety of conditions. They are 

divided into three groups on the basis of their mode of formation. 

Igneous rocks: are formed by cooling and solidification of molten silicates. Rocks of igneous 

origin exhibit a wide range of mineral compositions, for rock masses are generally mixtures of 

many different mineral species.  

In considering igneous rocks in relation to water composition, the texture and structure of the 

rocks are significant because they determine the surface area of solid rock that may be exposed 

to attack. Groundwater may be recovered in large amounts from some of the extrusive igneous 

rocks that contain shrinkage cracks and other joints, interflow zones, or other openings through 

which water may move. Most igneous rocks, however, are rather impermeable. Surface water 

originating in areas where igneous rocks are exposed is low in dissolved solids because, in 

general, the weathering attack on igneous rocks is slow. Concentrations are likely to be a 

function of contact time and area of solid surface exposed per unit volume of water.  

Sedimentary rocks: are rocks resulting from the consolidation of loose sediments, or chemical 

rocks formed by precipitation from solution, or organic compounds of the remains of plants and 

animals.  



Ministry of Water Resources (MoWR)      Butajira – Ziway areas 
Ethiopian Water Technology Centre      Development Study 

6 

Chemical characterization of these materials by any existing classification scheme can be only 

approximate. Resistates include sandstone and other species made up of relatively unaltered 

fragments of other rocks. hydrolyzates are fine-grained species made up, in large part, of clay 

minerals. Precipitates are, for the most part, carbonate rocks. Evaporites consist of readily 

soluble minerals, such as gypsum and halite that were deposited from water that became 

concentrated owing to evaporation. 

Metamorphic rocks: are rocks derived from pre-existing rocks by solid-state changes in 

response to changes in temperature, pressure and stress. Since metamorphic processes cause 

many changes in rocks and minerals such as increased density, growth of larger crystals, 

reorientation of the mineral grains into layers or banded texture and transformation of low-

temperature minerals into high-temperature minerals, the groundwater in these rocks is mostly 

characterized by water with low total dissolved solids.  

Although these rock types may be dense and non-water-bearing, there are places where ground 

water is recovered from them. Water from such formations generally can be expected to be low 

in solute concentrations and to resemble more closely the water from igneous terranes than the 

water from the sediments as they existed before being metamorphosed.  

Commonly determined constituents of water 

Table 2 Major, Minor, and Trace Constituents of water 
Major constituents 
(>5 mg/l) 

Minor constituents 
(0.01-10 mg/l) 

Trace constituents 
(<0.1 mg/l) 

Sodium 
Calcium 
Magnesium 
Chloride 
Sulfate 
Bicarbonate 
Silica 

Potassium 
Strontium 
Iron 
Carbonate 
Fluoride 
Nitrate 

Aluminum 
Arsenic 
Barium 
Bromide 
Cadmium 
Chromium 
Cobalt 
Copper 
Iodide 
Lead 
Lithium 
Manganese 
Molybdenum 
Phosphate 
Selenium 
Uranium 
Zinc 
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Table 3 Commonly Reported Parameters: 

Class TDS Range Examples of Use 

Fresh 0 - 1,000 Drinking and all other uses 

Slightly Saline >1,000 - 3,000 Drinking if fresh unavailable, for livestock, irrigation, and 
industrial uses 

Moderately Saline >3,000 -10,000 Industrial, mineral extraction, oil and gas production; 
potential/future drinking and limited livestock watering and 
irrigation if fresh or slightly saline is unavailable 

Very Saline to 
Brine 

>10,000 Mineral extraction, oil and gas production 

Total Dissolved Solids (TDS) Content: it is either calculated by adding the mass of ions plus 

SiO2 or may be chemically determined residue on evaporation, which is determined by 

evaporating to dryness a known volume of water at a specified temperature.  

Hardness (Hard and Soft Water): is the sum of the Ca and Mg concentrations expressed in 

terms of mg/l of calcium carbonate. The hardness of streams may vary seasonally because of 

variation in groundwater and surface water runoff.  

Hard Water is water that contains high amounts of calcium (Ca2+) and/or magnesium (Mg2+). 

Soft Water is the water that may contain sodium (Na+) or other minerals. Total hardness is the 

sum of calcium plus magnesium expressed as calcium carbonate. Temporary hardness is the 

calcium and magnesium carbonate that would be removed by boiling, leaving precipitate of 

CaCO3. Permanent or noncarbonated hardness is the calcium and magnesium that would exist 

as sulfates or chlorides, which would not be removed by boiling.   

Electrical Conductivity (Specific Conductivity or Conductance): is the reciprocal of the 

resistance in ohms between the opposite faces of a 1-cm cube of an aqueous solution at a 

specified temperature, usually 25°C. It is temperature dependent and this is why it is usually 

measured in the field at the time of sampling. The international unit for conductivity is siemens 

(which is numerically equivalent to the mhos). 1microsiemens=siemens*106.  

Conductivity is a good estimate of TDS because TDS in mg/l is proportional to the conductivity 

in microsiemens.  

TDS (mg/l) =X*conductivity (µsiemens/cm), where X=0.54-0.96 (usually 0.55-0.76) 
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                                       Total Dissolved solids (mg/L) 
Figure 2 The relationship between Total Dissolved Solids (TDS mg/l) and Conductivity (S/cm) 

pH: is a measure of the hydrogen ion concentration [H+], or more correctly hydrogen ion activity.  

pH = -log10[H+] 

Alkalinity and Acidity: are quantitative measurements of the capacity of a solution to react to 

acids and bases. The alkalinity of a solution is defined as the capacity of a solution to react with 

strong acid; whereas the acidity is the capacity of a solution to neutralize a strong base.  

Sodium Adsorption Ratio (SAR): measures the degree in which Na+ in irrigation water 

replaces the adsorbed ions (Ca2+ + Mg2+) in the soil clays, and thus damages soil structure. 

Irrigation waters are usually classified as salinity hazard and sodium hazard. 

SAR= Na+⁄√(Ca2+ + Mg2+)⁄2 
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1.5  WATER QUALITY GUIDELINES & STANDARDS 

Diseases related to contamination of drinking-water constitute a major burden on human health. 

Interventions to improve the quality of drinking-water provide significant benefits to health. 

The primary purpose of the Guidelines for Drinking-water Quality is the protection of public 

health. Water is essential to sustain life, and a satisfactory (adequate, safe and accessible) 

supply must be available to all. Improving access to safe drinking-water can result in tangible 

benefits to health. Every effort should be made to achieve a drinking-water quality as safe as 

practicable. 

Safe drinking-water, as defined by the Guidelines, does not represent any significant risk to 

health over a lifetime of consumption, including different sensitivities that may occur between life 

stages. Those at greatest risk of waterborne disease are infants and young children, people 

who are debilitated or living under unsanitary conditions and the elderly. Safe drinking-water is 

suitable for all usual domestic purposes, including personal hygiene.  

The Guidelines are intended to support the development and implementation of risk 

management strategies that will ensure the safety of drinking-water supplies through the control 

of hazardous constituents of water. These strategies may include national or regional standards 

developed from the scientific basis provided in the Guidelines. The Guidelines describe 

reasonable minimum requirements of safe practice to protect the health of consumers and/or 

derive numerical “guideline values” for constituents of water or indicators of water quality. 

Neither the minimum safe practices nor the numeric guideline values are mandatory limits. In 

order to define such limits, it is necessary to consider the guidelines in the context of local or 

national environmental, social, economic and cultural conditions. 

The great majority of evident water-related health problems are the result of microbial 

(bacteriological, viral, protozoan or other biological) contamination. Nevertheless, an 

appreciable number of serious health concerns may occur as a result of the chemical 

contamination of drinking-water such as fluoride concentration in the groundwater system of the 

Main Ethiopian Rift in general and most part of the study the area in particular. 
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Table 4 Examples of maximum allowable concentrations of selected water quality variables for 
drinking uses 
Use Drinking water  

Variable  WHO1 EU Canada USA Russia2 Ethio 

Colour (TCU) 15 20 mg l-1 Pt-Co 15 15 20  

Total dissolved solids (mg l-1) 1,000  500 500 1,000  

Total suspended solids (mg l-1)       

Turbidity (NTU) 5 4 JTU 5 0.5-1.0   

pH < 8.04 6.51-8.51 6.5-8.5 6.5-8.5 6.0-9.0 6.5-8.5 

Dissolved oxygen (mg l-1)     4.0  

Ammoniacal nitrogen (mg l-1)     2.0  

Ammonium (mg l-1)   0,5   2.0  

Nitrate as N (mg l-1)   10.0 10.0   

Nitrate (mg l-1) 50 50   45 50 

Nitrite as N (mg l-1)   1.0 1.0   

Nitrite (mg l-1) 3(P) 0.1   3.0  

Phosphorus (mg l-1)  5.0     

BOD (mg l-1 O2)     3.0  

Sodium (mg l-1) 200 150    358 

Chloride (mg l-1) 250 251 250 250 350 533 

Chlorine (mg l-1) 5      

Sulphate (mg l-1) 250 250 500 250 500 483 

Sulphide (mg l-1)   0.05    

Fluoride (mg l-1) 1.5 1.5 1.5 2.0 < 1.5 3.0 

Boron (mg l-1) 0.3 1.01 5.0  0.3  

Cyanide (mg l-1) 0.07 0.05 0.2 0.2 (PP) 0.07  

Trace elements       

Aluminium (mg l-1) 0.2 0.2   0.5  

Arsenic (mg l-1) 0.01 (P) 0.05 0.05 0.05 0.01  

Barium (mg l-1) 0.7 0.11 1.0 2.0 0.7  

Cadmium (mg l-1) 0.003 0.005 0.005 0.005 0.003  

Chromium (mg l-1) 0.05 (P) 0.05 0.05 0.1 0.05  

Cobalt (mg l-1)     0.1  

Copper (mg l-1) 2(P) 0.11-3.01 1.0 1 2.0  

Iron (mg l-1) 0.3 0.2 0.3 0.3 0.3 0.4 

Lead (mg l-1) 0.01 0.05 0.05 0.015 0.01  

Manganese (mg l-1) 0.5(P) 0.05 0.05 0.05 0.5 0.5 

Mercury (mg l-1) 0.001 0.001 0.001 0.002 0.001  

Nickel (mg l-1) 0.02 0.05   0.02  

Selenium (mg l-1) 0.01 0.01 0.01 0.05 0.01  




