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ABSTRACT 

Drinking water is a basic necessity for all human beings. Sanitation and hygiene are vital to 

ensure public health through clean water supply. Hence, a descriptive study was conducted to 

assess the quality of drinking water supplied to the residents of Debre Birhan town at the point 

of water source, disinfection point, and distribution system. The water handling practice and 

sanitary condition in town was also studied. Data were collected using analysis of water samples 

and questionnaire responses to know water handling practices of the residents. Forty-one 

triplicate water samples were collected from 9 boreholes, 2 disinfection point, 15 end user taps 

and 15 household containers by stratified simple random selection method. All water samples 

collected were analyzed for temperature, pH, electrical conductivity, turbidity, free chlorine 

residual, faecal coliform, total coliform, sodium, lead, mercury, cadmium, arsenic, nitrate and 

phosphate insitu and Ethiopian Conformity Assessment Enterprise former Quality and Standard 

Authority of Ethiopia laboratory. Total coliform and faecal coliform were determined using 

Membrane Filtration method, metal ions using Atomic Absorption Spectroscopy and the rest 

physicochemical parameters using field laboratory equipments. Three hundred eighty-two 

samples of households were selected for the questionnaire by stratified simple random selection 

method. Mean values of temperature, pH, turbidity, free chlorine residual (FCR), faecal coliform 

and total coliform at end users taps were 13.8 
o
C, 7.4, 0.16 NTU, 0.12 mg/L, 0 CFU/100 mL and  

0.27 CFU/100 mL, respectively. All values complied with WHO (2008) guideline except for FCR. 

Analysis of inorganic ions of sodium, lead, mercury, cadmium, arsenic, nitrate and phosphate 

were 11.0 mg/L, 2.2µg/L, <1 µg/L, 1 µg/L, <1 µg/L, 11.3mg/L and 0.17mg/L, respectively where 

all values complied with WHO guideline. Of water samples tested for free chlorine residual at 

end users taps and household containers found 60% and 73.3%, respectively were below 

minimum WHO guideline (0.2 mg/L). Test results for faecal coliform found 67% at source, 100% 

at disinfection point outlet, 100% at end user taps and 80% at household containers were 0 

CFU/100 mL of samples complied with WHO guideline. Comparison of bacteriological and 

physicochemical parameters of water samples show that household containers were more 

contaminated than taps. Analysis of variance shows that the results were statistically significant 

(p < 0.05). Generally the study revealed that water leaving treatment plant and at each tap 

found free of FC. Therefore, pollution prevention at water source to enhance treatment efficiency 

and public health education to improve the water handling practice of the people in the area are 

vital to attain ultimately better public health.       
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1. INTRODUCTION 

1.1. Background  

Clean Water is one of the scarce resources in the world. Only a tiny fraction of the planet’s 

abundant water is available to us as fresh water. Of the total water on earth only 3% of it is fresh. 

About 2.997% is locked up in ice cap or glaciers. Only 0.003% of the earth’s total volume of 

water is easily available to us. The fresh water we use comes from two sources: surface and 

ground water. Precipitation that does not soak into the ground or return to the atmosphere by 

evaporation or transpiration is surface water. The subsurface area where all available soil and 

rock are filled by water is ground water (Miller, 1994).  

The most important use of water is to support human life. Availability of potable water is one of 

the most important criteria of high standard of living (Polevoy, 2003). Ethiopia is naturally 

endowed with abundant water resources that help to fulfill domestic requirements, irrigation and 

hydropower. With its per-capita fresh water resources estimated at 1924 m
3 

makes one of the 

Sub-Saharan African (SSA) countries endowed with the largest surface fresh water resource 

(MOWR, 2002). The annual rainfall runoff and ground water resource estimated 122 and 2.50 

billion m3, respectively (WAEA, 2008). However, with all this potential, Ethiopia is one of the 

countries with low access rate to drinking water and sanitation in the world. Nearly 50 and 65 

million people (which are 62% and 81% of the total population respectively) lack access to safe 

water and sanitation in Ethiopia respectively (WHO and UNICF, 2010).   

The key to increase human productivity and long life is good quality of water. The provision of 

good quality drinking water is often regarded as an important means of improving health (Chan 

et al., 2007). Although, some parts of the world are making encouraging progress in meeting this 

Millennium Development Goals (MDG), serious disparities remain. Lack of access to improved 

drinking water is still a serious problem in large portions of Asia and Sub-Saharan Africa (WHO 

and UNICEF, 2004).  

2.6 billion people (39% of the world’s population) live without access to improved sanitation. 

Nearly 1.1 billion people (17% of world population) and 60% Ethiopia population in 2008 

defecate in open. At current rates of progress, the world misses the MDG sanitation target by 
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almost 1 billion people, which claims to halve by 2015 the proportion of people without 

sustainable access to safe drinking water and basic sanitation by 13% (WHO and UNICEF, 

2010). 

The provision of piped water directly to the household has been associated with improved 

hygiene and reduction in disease. However, as standards of living has risen and water 

infrastructures have aged, there has been growing recognition that water distribution systems are 

vulnerable to intrusion and contamination and may contribute to endemic and epidemic 

waterborne disease (Moe et al., 2006). 

The safety of drinking water can be monitored in a number of ways due to the constituents of 

drinking water (such as chemicals and microbes) which can compromise human health can be 

measured directly. The reason for monitoring drinking water quality is to determine whether the 

water supply system is being operated correctly, implying that the water is safe for drinking or 

not. Indicator microorganisms survive better and longer than the pathogens with a uniform and 

stable properties and may easily be detected by standard laboratory techniques (Battu and Reddy, 

2009). 

Most of the population of Ethiopia did not have access to safe and reliable sanitation facilities 

(UN WWAP, 2004). Still further, most of its population did not have access to safe and reliable 

sanitation facilities. On top of these, majority of the households do not have sufficient 

understanding of hygienic practices regarding food, water and personal hygiene. As a result, over 

75% of the health problems in Ethiopia are due to communicable diseases attributed to unsafe 

and inadequate water supply, and unhygienic waste management, particularly human excreta 

(UN WWAP, 2004; Milkias Tabor et al, 2009). 

1.2. Statement of the problem  

Ethiopia is one of the developing countries where only 52% and 28% of the population have 

access to safe water and sanitation coverage, respectively (MOWR, 2007). For this reason 60 - 

80% of the population suffers from water borne and water related diseases (MOH, 2007). 

According to CSA (2007) nearly 94% and 68% of Debre Birhan residents have access to clean 

water and toilet facility respectively.    
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According to Ermias Seyoum (2007), water quality is closely linked to the surrounding 

environment and land use. The quality of water is strongly influenced by community uses such as 

agriculture, urban and industrial use, and recreation. The modification of natural stream flows by 

dams and weirs can also affect water quality. One of the major sources of drinking water for 

Debre Brhan town was River Beressa. Along the river Beressa various organized socio-economic 

activities were carried out by different communities and discharged their wastes to the River 

Beressa. The River receives different effluents from different sources such as the children’s 

village, blanket factory, the leather factory, the prisons near the River, municipal waste disposal 

in downstream and the military camp. When the Debre Birhan town administration was not able 

to distribute drinking water that meet the required quality standard with sufficient quantity to 

people of Debre Birhan it reverted to an option of ground water source.  

However, the new water source and distribution system was not studied so far. Therefore, study 

on the quality parameters of the new drinking water at source, distribution system, end users taps 

and household containers gives very important baseline data.  

1.3. Objectives  

1.3.1 General objective 

The objective of the study is to evaluate the quality of drinking water in Debre Brehan town at 

the new source, disinfection facility, and distribution system and end users facilities. 

1.3.2 Specific objectives 

� To characterize the physicochemical parameters of the water on the basis of temperature, 

pH, turbidity, free residual chlorine, electrical conductivity, sodium, lead, mercury, 

cadmium, arsenic, nitrate and phosphate content; 

� To examine bacteriological quality of the water using total and faecal coliform  pollution 

indicators; 

� To assess water handling practice and sanitary condition; 

� To assess the perception of the people concerning the new water source and distribution 

system at the end user side; 



4 

 

� To compare the physicochemical and bacteriological characteristics of drinking water 

with WHO guideline and Ethiopian standards, and generate base line data. 
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2. LITERATURE REVIEW 

2.1. Contaminated Drinking Water, Source of Contamination and its Associated 

Risk  

The primary water pollution problem in the world is lack of clean disease-free drinking water. 

The occurrence of disease may quickly and surprisingly occur (Keller, 2009).  Drinking water 

must meet the highest quality standards. To meet these quality standards, municipal water supply 

systems include facilities for water purification. Integrated with municipal water supply systems 

are necessary installation for collection, treatment and disposal of waste fluids. As part of this 

process, water is often used as carrier of wastes (Polevoy, 2003). 

Experience has shown that microbial hazards continue to be the primary concern in both 

developing and developed countries (WHO, 2004). The great majority of evident water-related 

health problems are the result of microbial (bacteriological, viral, protozoan or other biological) 

contamination (WHO, 2008). Some improved water systems may start with water that is 

microbiologically safe. However, once the water has flowed past cracked well heads and casings, 

through poorly maintained pipes laid adjacent to sewer pipes, and has been subject to low and 

sometimes negative water pressure and other flaws, it is not surprising that the water is often 

contaminated by the time it reaches the point of collection. As the water is carried home and 

stored, it can be further compromised by hands and utensils that are dipped into the bucket and 

by other intrusions. The end result is that the water may be heavily contaminated at the moment it 

is consumed, even if it started out as potable (Choffnes and Rapporteurs, 2009). 

Unsafe drinking water, along with poor sanitation and hygiene, are the main contributors to an 

estimated 4 billion cases of diarrhoeal disease annually, causing more than 1.5 million deaths, 

mostly among children less than 5 years of age (WHO, 2005). Since diarrhoeal diseases inhibit 

normal ingestion of foods and adsorption of nutrients, continued high morbidity also contributes 

to malnutrition, a separate cause of significant mortality; it also leads to impaired physical growth 

and cognitive function, reduced resistance to infection, and potentially long-term gastrointestinal 

disorders. Contaminated drinking water is also a major source of hepatitis, typhoid and 



6 

 

opportunistic infections that attack the immuno-compromised, especially persons   living with 

HIV/AIDS (UNICEF, 2008). 

According to GWSH (2009), the four categories of water related diseases are water-borne, water-

washed, water-based and water-related insect vectors. Water-borne pathogen is acquired through 

consumption of contaminated water, as occurs in diarrheal diseases, dysenteries and typhoid 

fever and water-washed pathogen is spread from person to person due to lack of water for 

hygiene, as occurs in diarrheal diseases, scabies, and trachoma. Water-based pathogen is 

transmitted to humans through contact with infection, multiplication in, and excretion from 

aquatic intermediate hosts, as occurs in the diseases schistosomiasis and Guinea worm and water-

related insect vectors pathogen is carried and transmitted by insects that breed in or bite near 

water, as occurs in Dengue fever, Malaria, and Sleeping sickness. However, Diarrhoeal diseases, 

which are faecal-oral, are responsible for the greatest number of episodes of illness and deaths 

worldwide, compared to any other single classification of water and sanitation-related disease 

(Choffnes and Rapporteurs, 2009).  

Effective catchment management has many benefits. By decreasing the contamination of the 

source water, the amount of treatment required is reduced. This may reduce the production of 

treatment by-products and minimize operational costs (WHO, 2008). Coagulation, flocculation, 

sedimentation (or flotation) and filtration remove particles, including microorganisms (bacteria, 

viruses and protozoa). It is important that processes are optimized and controlled to achieve 

consistent and reliable performance (Metcalfe and Eddy, 2003). The most common and 

widespread health risk associated with drinking-water is microbial contamination, the 

consequences of which mean that its control must always be of paramount importance. Priority 

needs to be given to improving and developing the drinking water supplies that represent the 

greatest public health risk (WHO, 2008). 

Improved sanitation and hygiene have several benefits. Pit latrines, when used by adults 

themselves and for the disposal of infant’s stools, can reduce diarrhea by 36% or more, cholera 

by 66%, and worm infestations by between 12 and 86%. Hand washing with soap (or a 

substitute) and water after contact with stools can reduce diarrheal disease by 35% or more. Eye 

and skin infections can be reduced with more frequent face and body washing. Improved water 
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supply is generally associated with a 15% reduction in diarrhea. A combined safe water supply, 

sanitation and hygiene can reduce diarrhea by 65% (MOH, 2005).  

2.2. Physicochemical Quality Parameters of Drinking Water 

Toxic chemicals in water pose the greatest threat to the safety of (drinking) water and their 

effects are enormous which can cause damage to human health, crops and aquatic organisms 

(David et al., 2011). An appreciable number of serious health concerns may occur as a result of 

the chemical contamination of drinking water. The drinking water parameters such as 

temperature, pH, turbidity, EC, taste and colour play important roles in the biological and 

chemical quality of drinking water (WHO, 2008). 

In the purest state, water is both odorless and tasteless: as inorganic and organic substances 

dissolved in water, it begins to take on a characteristic taste and sometimes odor.  Generally, the 

inorganic salts at the concentration found naturally in drinking water do not adversely affect the 

taste. Both taste and odors are caused by the interaction of the many substances present.  These 

include many particles, decaying vegetation, organisms (plankton, bacteria, fungi), various 

inorganic ions of chlorides and sulphides of sodium, calcium, iron and manganese, organic 

compounds and gases.  Water should be palatable rather than free from taste and odor, but with 

people having very different abilities to detect taste and odours at low concentrations this is often 

difficult to achieve. Offensive odours and tastes account for most consumer complaints about 

water quality (Gray, 2008). 

Temperature is one of important drinking water quality parameters.  Temperature is primarily an 

aesthetic criterion for drinking-water. Generally cool water is more palatable than warm or cold 

water (WHO, 2008). Moreover drinking water treatment efficiency is highly dependent on 

temperature. The turbidity and colour of filtered water may be indirectly affected by temperature, 

as low water temperatures tend to decrease the efficiency of water treatment processes by 

affecting floc formation rates and sedimentation efficiency. Chemical reaction rates increase with 

temperature, and this can lead to greater corrosion of pipes and fittings in closed systems. Scale 

formation in hard waters will also be greater at higher temperatures (ADWG, 1996; Metcalf and 

Eddy, 2003). 
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No health-based guideline value is proposed for pH. Although pH usually has no direct impact on 

consumers, it is one of the most important operational water quality parameters (WHO, 2008). 

pH is one of important chemical parameters of drinking water. The effect of pH on the chemical 

and biological properties of water makes its determination very important. In natural waters it 

usually ranges between 4.5 and 8.5. The WHO guide level for pH in drinking water quality is 6.5 

to 8.5 (ES 261, 2001; WHO, 2006). Lower pH aggravate the dissolution of metal ions from pipe 

materials in the distribution system that has series health impact on human health and higher pH 

value of water is difficult to chemical disinfection and more susceptible to microbial 

contamination (WHO, 2008).    

Chlorine is effective disinfectant and very easy to apply either as a gas or as the hypochlorite 

(calcium hypochlorite powder, or sodium hypochlorite liquid) in controlled pH condition. In 

water chlorine reacts to form hypochlorous acid (HOCl), a very effective disinfectant. The 

hypochlorous acid dissociates to form hypochlorite ion (OCl
-
) which is estimated to be 150 to 

300 times less effective as a disinfectant than hypochlorous acid. The relative proportions of 

these two compounds in solution depends on pH and to a lesser extent on temperature, with lower 

pH and temperature resulting in higher proportions of HOCl results in the disinfection process 

(Metcalf and Eddy, 2003).  

Turbidity of natural water is caused by the presence of foreign matters such as clay, mud, organic 

matter, bacteria, and algae. It may be present from source water as a consequence of inadequate 

filtration or from resuspension of sediment in the distribution system. The turbidity of  water 

body caused by soil erosion, building and road construction, forest fires, logging, and mining, 

urban runoff, wastewater and septic system effluent, decaying plants and animals (WHO, 1996). 

Higher turbidity levels are often associated with higher levels of disease-causing microorganisms 

such as viruses, parasites and some bacteria (APHA, 1998). It may also be due to the presence of 

inorganic particulate matter in some groundwaters or sloughing of biofilm within the distribution 

system (WHO, 2008). For effective disinfection, it is important that the turbidity should be as 

low as possible and preferably less than 0.1 Nephelometeric Turbidity Unit (NTU) (WHO, 2004). 

Electrical conductivity (specific conductance) measures the total concentration, mobility, valence 

and the temperature of the solution of ions. It depends on the total concentration, mobility, 
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valence and the temperature of the solution of ions. Electrolytes in a solution dissociate into 

cations and anions and impart conductivity. Most dissolved inorganic substances are in the 

ionised form in water and contribute to conductance. The measurement of conductance of 

drinking water samples gives rapid and practical estimate of the variation in dissolved mineral 

content of the water supply (WHO, 2006). The electrical conductivity of water increases with the 

concentration of dissolved solids. Electrical conductivity can be used as a fast method of indirect 

measure of TDS, but the factor used to convert EC into TDS will depend on the type of dissolved 

solids present in the water (ADWG, 1996). 

The quality of drinking water is of growing concern because of the microbial contamination and 

hazardous levels of chemicals such as lead, cadmium, mercury, arsenic, nitrate and fluoride that 

are found in drinking water in many places throughout the world (WHO and UNICEF, 2006).  

Sodium is one of the most abundant elements and is a common constituent of natural waters. The 

sodium concentration in water is of concern primarily when considering their solubility for 

agricultural uses or boiler feed water. It has been indicated that no health concern is associated 

with sodium in drinking water. The concentration ranges from very low in the surface waters and 

relatively high in deep ground waters and highest in the marine waters (WHO, 2006). According 

to WHO (2008), the maximum amount of sodium set in drinking water is 200 mg/L.  

Nitrates are the most oxidized forms of nitrogen and the end product of the aerobic 

decomposition of organic nitrogenous matter. The significant sources of nitrates are chemical 

fertilizers from cultivated lands, drainage from livestock feeds, as well as domestic and industrial 

sources. Natural waters in their unpolluted state contain only minute quantities of nitrates. High 

nitrate levels in water can cause methemoglobinemia or blue baby syndrome, a condition found 

especially in infants less than six months. The stomach acid of an infant is not as strong as in 

older children and adults. This causes an increase in bacteria that can readily convert nitrate to 

nitrite (NO2
-
). Methemoglobin does not carry oxygen efficiently. This results in a reduced oxygen 

supply to vital tissues such as the brain. Methemoglobin in infant blood cannot change back to 

hemoglobin, which normally occurs in adults. Severe methemoglobinemia can result in brain 

damage and death (Somaini and Quirindongo, 2004). The WHO standard for nitrate in drinking 
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water is 50 mg/L for short time exposure. The health effects of nitrate in drinking water are 

shortness of breath and blue-baby syndrome and other disorders (WHO, 2004). 

The main use of lead is in the production of car battery, soldering iron, alloy and additives as 

anti- knocking agent. Lead enters to drinking water system mostly from dissolution of lead 

containing pipes, fittings and soldering. The dissolution of lead from pipe material and their 

fittings depends on several factors including pH, temperature, water hardness and water delaying 

time. Water delays in pipes for long time, lower pH, soft water enhance dissolution of lead in 

drinking water (MDH, 2000). 

Lead builds up in the body over many years and is toxic to both the central and peripheral 

nervous, red blood cells and kidney. It is also classified as possible human carcinogen (WHO, 

2008). The greatest risk is to young children, pregnant and nursery women. Even very low 

amount of lead can slow down normal mental or intellectual and physiological development of 

growing bodies of children’s below six years (Health Canada, 2008). WHO guideline value for 

lead is 0.01 mg/L (WHO, 2008).  

In adults, lead has been linked to neurological problems, high blood pressure, and kidney 

problems. In children, lead is known to cause neurological problems even at tiny doses. Most 

notably, lead has been correlated with a decline in intelligent quintet, with learning disabilities, 

and with hyperactive behavior, violence, and an increase in antisocial behavior in children. 

Although blood lead levels have decreased steadily among the US population as a whole since 

lead was banned in gasoline and paint in the 1970s, an estimated 4% of Mexican-American 

children have blood lead levels above the action level established by the Centers for Disease 

Control and Prevention (CDCP) for risk of lead poisoning.  The principal source of lead exposure 

for children is lead-contaminated dust (from lead-based paint), but other sources may have 

particular implications for Latinos. One such source is lead-glazed pottery (Somaini and 

Quirindongo, 2004). 

Amount of lead from plumbing system can be removed from water through numerous treatment 

methods depending on the cost and effort one willing to expend. The most simple and 

inexpensive method is to flush plumbing system by running the water from cold tap for one to 

two minutes before drinking use the water for cooking (MDH, 2000).  
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Cadmium pollution may arise from industrial discharges and mining wastes. The effects of acute 

Cadmium poisoning in humans are very serious. Among them are high blood pressure, kidney 

damage, destruction of testicular tissue, and destruction of red blood cells. WHO's guideline 

value for cadmium is 0.003 mg/L (WHO, 1984a; 2001; 2008). 

The health risks of environmental cadmium pollution have become a concern all over the world 

after chronic cadmium poisoning appeared in Japan in 1950’s. Series of criteria and guidelines 

have been developed in many countries and international organizations to guide the study on 

health effect of cadmium pollution (Han et al., 2009). Cadmium is a common contaminant 

primarily associated with waste water although it is also disuse pollutant resulting from the use of 

fertilizers.  It is widely used in batteries and is also released when galvanized pipes corrode. 

Generally, levels in finished drinking water are 10 µg/L. While cadmium is carcinogen if inhaled 

there is little evidence to support its carcinogenicity by oral route. Cadmium toxicity is focused 

on the kidneys, where it slowly accumulates (Gray, 2008). 

Contamination of drinking-water may occur as a result of the presence of cadmium as an 

impurity in the zinc of galvanized pipes or cadmium-containing solders in fittings, water heaters, 

water coolers and taps (US EPA, 1999; WHO, 2004). In Saudi Arabia, mean concentrations of 1–

26 µg/L were found in samples of potable water, some of which were taken from private wells or 

cold corroded pipes (Mustafa, 1988). Smoking will increase the daily intake of cadmium. In 

Western Europe, U.S.A. and Australia, the average daily oral intake of cadmium by non-smokers 

living in unpolluted areas is 10–25 µg (WHO, 1992). 

In a cadmium-contaminated area in China and a nearby non-contaminated area, 342 persons were 

selected for studies of a possible relationship between cadmium dose and response in terms of 

renal dysfunction. An increase in urinary excretion, adjusted for age and sex, was used as an 

indicator of the response. A statistically significant relationship was found between measured 

cadmium concentrations in whole blood and renal dysfunction (Cai et al., 1998). Many cases of 

severe renal tubular disease had been reported among people living in contaminated areas in 

Japan and exposed to cadmium via food and drinking-water. The daily intake of cadmium in the 

most heavily contaminated areas amounted to 600–2000 µg/day; in other less heavily 

contaminated areas, daily intakes of 100–390 µg/day have been found (WHO, 1992). 
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Mercury is released from industrial processes, agricultural processes, household, commercial and 

medical products containing mercury, sewage discharge and sediment. Sewage effluent 

sometimes contains up to 10 times the level of mercury found in typical natural waters. Because 

of its toxicity, mobilization as methylated forms by anaerobic bacteria and other pollution factors, 

mercury generates a great deal of concern as a heavy metal pollutant. Among the toxicological 

effects of mercury are neurological damage, including irritability, paralysis, blindness, or 

insanity, chromosome breakage and birth defects. WHO's guideline value for mercury is 0.006 

mg/L (WHO 1984b; 2001; 2008; Gray, 2008). 

Mercury can cause a variety of harmful health effects in the body. The type and severity of these 

health effects depend upon the form and amount of mercury that one is exposed to, and how 

much mercury has built up in the body over time. Inorganic mercury compounds are unlikely to 

cause health effects in adults at the levels sometimes found in drinking water supplies. Young 

children are more sensitive than adults to inorganic mercury since it is more easily absorbed into 

their bodies. Organic mercury compounds are the most harmful forms of mercury. They are 

easily absorbed into the blood through the digestive tract and, at high levels, can damage the 

nervous system and kidneys. Organic mercury is especially harmful to young children since it 

can easily enter their nervous system and interfere with brain development. It also can pass easily 

from the mother’s blood into the developing fetus causing damage to the brain. There is not 

enough health information to show that organic mercury causes cancer in people (Somaini and 

Quirindongo, 2004; UDEQ, 2008). 

Arsenic is introduced into surface water from wind-blown dust and soil especially around mining 

and smelting sites and agricultural areas where arsenic pesticides have been used. Arsenic in 

ground water can be due to a number of factors, soils that naturally contain a high level of arsenic 

cause the metal to be leached into the groundwater through the dissolution of minerals and ores 

or from industrial pollution and concentrations in groundwater in some areas is elevated as a 

result of erosion from local rocks (WHO 1984a; 2001; Gray, 2008).  

Arsenic is infamous poison, but large oral doses are required to be fatal.  It is absorbed into the 

blood stream from gastrointestinal tract and attack vital organs.  Health effects are stomach ache, 

nausea, vomiting, diarrhea, fatigue, abnormal heart rhythm, pins and needles in the hands and 
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feet and characteristic bruising caused by damage to blood vessels.  Long term exposure to 

inorganic arsenic via drinking water cause cancer of the skin, lungs, urinary bladder, and kidney, 

as well as other skin changes such as pigmentation changes and thickening (hyperkeratosis) skin 

lesion, with hyper pigmentation and hypo pigmentation occurring with the formation of small 

corns or warts on the palms, soles and torso, (Marcel, 2006).  The WHO has set a guide line 

value for arsenic since the first standards were published in 1958, which has steadily been revised 

downwards over the years.  The current drinking water guide line for arsenic was set in 1993 at 

10 µg/L, however given the uncertainty of long-term exposure to low concentrations this value 

was designated as provisional (WHO, 2004). US EPA (2006) revised its 50 µg/L MCL to10 

µg/L.  

There are many reported cases of chronic arsenic poisoning from drinking contaminated water.  It 

is estimated that more than 100 million people are affected; the worst were being in Bangladesh, 

India, China and Taiwan. Groundwater arsenic contamination in West Bengal, India was first 

reported in December 1983 when 63 people from 3 villages of 2 districts were identified by 

health officials as suffering from arsenic toxicity. A survey reported up to October, 2001 

indicates that 9 out of 18 districts of West Bengal were arsenic affected and 6 million people 

were drinking arsenic contaminated water and around 300,000 people were suffering from 

arsenical skin lesions. By the time preliminary survey conducted and 2700 villages had been 

identified where groundwater contains arsenic above 50 mg/L. In 1995 three villages in 2 

districts of Bangladesh were found groundwater contained arsenic above 50 mg/L. The situation 

during the year 2002, 50 out of total 64 districts of Bangladesh groundwater contains arsenic 

above 50 mg/L and more than 25 million people were drinking arsenic contaminated water above 

50 mg/L (DCH, 2002). 

2.3. Bacteriological Quality Indicators of Drinking Water 

2.3.1. Microbial Indicators of Drinking Water 

The most common and widespread health risk associated with drinking water is contamination, 

either directly or indirectly, by human or animal excreta, and with the micro-organisms contained 

in faeces. Monitoring of specific bacterial, viral and protozoan pathogens is usually complex, 

expensive, and time consuming, and may fail to detect their presence. In monitoring for 
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microbiological quality, reliance is therefore placed on relatively rapid and simple tests for the 

presence of indicator organisms. The three common organisms used as microbial indicators are 

total coliforms (TC), thermotolerant coliforms (TTC) or alternatively E. coli and Enterococcus 

(ADWG, 1996; APHA, 1998; US EPA, 1999; WHO, 2008).  

An effective indicator organism for inferring the presence of pathogenic micro-organisms in 

drinking water should:  be universally present in faeces of humans and animals in large numbers, 

not multiply in natural waters, persist in water in a similar manner to faecal pathogens, be present 

in higher numbers than faecal pathogens, respond to treatment processes in a similar fashion to 

faecal pathogens, and be readily detected by simple, inexpensive methods (ADWG, 1996; WHO, 

2008).  

Fecal coliform (FC) bacteria grow normally at 44.5 °C, while the non-fecal coliform bacteria are 

killed at this temperature. Membrane filter (MF) technique is widely used to measure faecal 

coliform bacteria in water. The MF consisted of a small, circular, cellulose acetate membrane that 

retained bacteria on its surface while allowing the water to pass through the tiny pores. The 

membrane and bacteria were then transferred to a media pad in a sterile plastic petridish. Surface 

tension allowed the media to travel up through the tiny pores to the MF surface and to stimulate 

bacteria growth. Incubation at 44.5 °C allowed growth of the fecal coliform bacteria in a lactose 

broth type media. The major shortcoming of the MF technique was that it was only useful with 

water samples having low suspended solids (AG NHMRC, 2003; Mckinney, 2004). 

2.3.2. Indicators of Faecal Contamination 

Since it is difficult to monitor disease carrying organisms directly we use the count of FC 

bacteria as a stand measure and indicator of disease potential. The presence of FC bacteria in 

water indicates that faecal material from mammals or birds is present, so organisms that cause 

water born diseases may be present as well. The use of indicators is attractive because it reduces 

the complexity and cost of analyzing sludge or environmental media (soil, water, air) for 

individual pathogens (Keller, 2009).  

The coliform group of organisms is generally accepted as the most suitable set of organisms to 

indicate faecal contamination. Although as a group, they may not be exclusively of faecal origin, 
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they are present in very high numbers in the faeces of warm-blooded animals. They are relatively 

easy and inexpensive to detect, and have similar survival times to pathogenic enterobacteria 

(ADWG, 1996). Coliforms are gram-negative aerobic rod-shaped bacteria. They produce acid 

and gas from lactose, and are insensitive to the action of low concentrations of certain detergents 

and components of bile (ADWG, 1996; Bitton, 2005). 

Although E. coli is the more precise indicator of faecal pollution, the count of thermotolerant 

coliform bacteria is an acceptable alternative. If necessary, proper confirmatory tests must be 

carried out. TC bacteria are not acceptable indicators of the sanitary quality of water supplies, 

particularly in tropical areas, where many bacteria of no sanitary significance occur in almost all 

untreated supplies. TC includes organisms that can survive and grow in water. Hence, they are 

not useful as an index of faecal pathogens, but they can be used as an indicator of treatment 

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

presence of biofilms (WHO, 2008). 
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3. MATERIALS AND METHODS 

3.1. Description of the Study Area 

Debre Brhan is one of the towns in North Shoa Zone of Amhara National State located between 

1059559 to 1077353 North latitude and 548800 to 567000 East longitude at an average elevation 

range of 2765 - 2850 m above sea level (m.a.s.l.) with a total area of 146.27 km
2
 along the main 

road from Addis Ababa to Dessie at 115 km North East of the capital.   

 

Figure 3.1.  Map of study and sampling area 

According to Central Statistics Agency (CSA) (2007) National Population and Housing Census, 

65,231 people of which 31,668 were males and 33,563 females lived in the town.  The projected 
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figure of the population by the year 2010 increased to 76,977 of which 37,368 male and 39,609 

female (CSA, 2010). By the Amhara National Regional State Proclamation Number 91/2003 the 

town had started to be administered by a mayor and elected town council members. The town is 

divided into nine kebele administrations. Each kebele has its own administration office and 

kebele council which manages the socioeconomic activities of the town. Five of the kebeles out 

of nine in the town included areas of adjacent farmers association as part of their administration 

unit. The area which had been part of farmers association which is currently part of town 

administration, was found scarcely populated and no drinking water pipe line distribution was in 

place (ANRS, 2003). 

3.1.1. Water at the sources 

The town drinking water supply has a long history back to 1935 during Italian invasion of 

Ethiopia. The Italian forces constructed a pipe water distribution system using “Atse Zeriayaqob” 

spring as a water source. Hence the town has 75 years of history of piped drinking water 

distribution. In 1977 the Debre Birhan Water Supply and Sewerage Service (DBWSSS) office 

was established as an independent government office. The office is staffed by 105 employees of 

which of 91 and 14 were males and females, respectively (DBWSSS, 2009). 

DBWSSS office is the one which is responsible to give drinking water and sanitation service for 

the people of the town. Debre Birhan, like any other towns in developing countries suffers from 

clean water source, distribution and sanitation problem, until 2008. DBWSSS office in order to 

supply sufficient drinking water to the public should have source of water that cover the demand. 

The office has been using River Beressa as water source to distribute drinking water to public. 

The water which had been distributed to the public previously had problems both in quantity and 

quality. In 2008 the new water system in the town was developed with the fund obtained from 

France Development Aid (AFD) and an agreement made with Water Resource Bureau of Amhara 

National State (WRBANS). As a result of this ten boreholes were dug as water source and three 

reservoirs with all civil works and distribution system constructed (DBWSSS, 2009).      

Drinking Water in the town is obtained from ground sources. Ten BHs in two different sites of 

the town, Dalecha and Beressa well fields were dug to use as water source for the town. One of 

the boreholes at Beressa well field, BBH5, was not operational. All the civil work is installed 
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except pump. The BH was sealed with steel cover as standby water source when the demand of 

water became above the capacity of those nine bore holes. According to DBWSSS (2009), the 

projected water demand of the people in the town will reach to the need of using BBH5 as water 

source by 2015. The locations of these BHs are indicated in Figure 3.1.  

According to DBWSSS (2009), annual water production report of the year 2005, 2006, 2007, 

2008 and 2009 were 504,696 m3, 629,608 m3, 801,798 m3, 822,657 m3 and 1,023,957 m3, 

respectively. The drinking water coverage of the town reached 98% of the population. 

3.1.2. Reservoirs and Distribution System  

Three water reservoirs in the town, R1, R1elevated and R2, used as a point of disinfection and 

center for water distribution in the town. The location and capacity of the reservoirs are indicated 

in Plate (3.1, 3.2 and 3.3) and Table 3.1, respectively.  

Water from Dalecha boreholes pumped to R1 located at an elevation of 2806 m.a.s.l.; at the rate 

of 187 m
3
/hr to an average distance of 8.2 Km, disinfected and a portion of it is transferred to 

R1elvated reservoir which was constructed 23 m above it. The biggest capacity reservoir, R1, 

serves for nearly 57% of the population in the town in the area of pressure zone 1. The reservoir 

R1elevated was constructed at 2869 m.a.s.l. so that it supplies water by force of gravity to the 

high elevated area, pressure zone 3, and supply water to nearly 19% of the town population. 

Water from Beressa bore holes pumped to reservoir R2 is situated at an elevation of 2829 

m.a.s.l., at the rate of 115 m
3
/hr to an average distance of 4.7 km, disinfected and distributed to 

pressure zone 2 to supply nearly 22% of town residents (Fig. 3.2). A total of 9788 taps are found 

in the town (DBWSSS, 2009).   

 

 

 

 



 

Figure 3. 2 Synoptic of Debre Birhan Water system

Plate 3.1. Reservoir 1              

Table 3.1 Reservoirs C

S/N Reservoir 

1 R1 

2 R1 elevated 

3 R2 

Source: DBWSSS, 2009 

21m3/h 

Beressa well field 

2BH at 2776masl 

115m3/h 

4.7 km

21m3/h 

Beressa well field 

2BH at 2776masl 

115m3/h 

4.7 km

P Zone 2 P Zone 2 
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ynoptic of Debre Birhan Water system (Source: DBWSSS, 2009)

 

Plate 3.1. Reservoir 1              Plate 3.2. Reservoir 1 elevated    3.3. Reservoir 2

Reservoirs Capacity, Elevation and Raw Water Sources

 Capacity 

(m
3
) 

Elevation of the 

reservoir (m.a.s.l.) 

2,500 2846 

250 2869 

1,000 2829 

R2 1000m
3 

2829masl 

115m3/h  

4.7 km 

250m
3
 at 2869m 

R2 1000m
3 

2829masl 

115m3/h  

4.7 km 

187m3/h    8.2km

P Zone 

    P Zone 1 

 R1 2500m
3 

2846 masl 

R1 elv 

250 

187m3/h    8.2km

P Zone 

    P Zone 1 

 R1 2500m
3 

2846 masl 

R1 elv 

250 

 

DBWSSS, 2009) 

3.3. Reservoir 2 

ources 

Raw water 

source 

DBH 

DBH 

BBH 

Dalecha well field 

7BH at 2806masl 

m3/h    8.2km 

P Zone 

m3/h    8.2km 

P Zone 
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 3.2. Study Design  

Descriptive study design was applied to examine the physicochemical and bacteriological quality 

of drinking water at sources, disinfection point, water from pipes and household containers. The 

sanitary conditions of the study area were assessed using questionnaire. The survey questionnaire 

were adopted from WHO (1996) and modified to the objectives of the study. The study was 

conducted in Debre Birhan town, North Shoa Zone of Amhara National State from January to 

April 2011. 

3.2.1. Sampling Method and Size 

Sampling Method   

Triplicate samples were collected from four different locations; water source, disinfection point, 

end user taps and water from household containers. Sampling spots indicated by GPS (entrix, 

GARMIN, Taiwan) coordinate system in Figure 3.3. Seven boreholes at Dalecha and two at 

Beressa well fields were using as water sources. One BH at Beressa well field (BBH5) which is 

not operational. Two reservoirs, R1 and R2 were chosen as sampling points which were used as 

disinfection points.  

The number of samples in each kebele was decided based on the number of population within 

each of them.  Based on population of each kebele samples of water taps and households for SI 

survey were determined by stratified simple random selection method. The number of water 

samples of household containers was determined by simple random selection method from 

already selected households for SI survey purpose.  

 Sampling Size 

Forty-one triplicate water samples from 9 BHs, 2 reservoirs, 15 from taps and 15 from HH 

containers were collected. Minimum sampling frequency for drinking water in the distribution 

system was based on the number of population served (Table 4.2). For a population range from 

5,000-100,000 one sample per 5,000 populations is recommended (ES 261, 2001). Frequencies of 

sampling should reflect the need to balance the benefits and costs of obtaining more information. 

Sampling frequencies are usually based on the population served or on the volume of water 
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supplied, to reflect the increased population risk. Frequency of testing for individual 

characteristics will also depend on variability. Samples for bacteriology and physicochemical test 

were collected in different containers (WHO, 2008). 

The number of households (HH) for SI survey was determined by 50% proportion which leads to 

the highest possible sample size was used for the use of the level of maximum variability (P= 0.5), the 

proportion generally will produce a more conservative sample size. The determination was done to be 

with 5% margin of error and 95% confidence interval (Israel, 2009). The number of samples was 

determined by the following formula: 

         no= 
�� �������	�� 

 
�  
   , ……………………………………………………….. Equation 3.1    

Where z = z value (1.96 for 95% confidence interval)     

           P = percentage picking a choice, expressed as decimal (0.5) 

           e = margin of error (0.05) 

           no= initial sample size 

Substituting numbers no value obtained was 384. But the population was finite and no corrected 

to new sample size (n) by the formula:       

         n= 
��

����	��/� 
      ,  ……………………………………………………....  Equation 3.2  

Where N= population (76,977 residents of the town) 

Then total number of samples (n) becomes 382 households.  
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Table 3.2 Number of taps and sampling frequency 

3.2.2. Sample collection procedure 

The samples for microbial test were collected from 6:00 to 8:30 am, transported to Ethiopian 

Conformity Assessment Enterprise (ECAE) laboratory and analysis conducted in less than 8 hrs 

time interval of sample collection. Samples were collected with 250 mL glass bottles which have 

been sterilized in an autoclave for 15 minutes at 130 
o
C with and without 0.2 mL of 10% sodium 

thiosulphate solution for chlorinated and non-chlorinated samples, respectively. Each sample was 

collected after the taps were wiped with cotton pad, open to run the water for two minutes, 

sterilized the tap for a minute with the flame from ignited alcohol soaked cotton and allowed the 

water to flow for 2 minutes (Plate 3.4)(APHA, 1998). The collected samples were transported to 

ECAE, microbiology laboratory in an ice box.  

Water samples for physicochemical analysis were collected according to the procedure in ES ISO 

5667-1 (2001) and ES ISO 5667-2 (2001). Water samples for the determination of temperature, 

pH, electrical conductivity, turbidity, free chlorine residual, nitrate and phosphate were collected 

after the tap was cleaned with cotton pad and run for two minutes in a clean 250 mL thoroughly 

rinsed conical glass and analysis conducted insitu.  A portion of water samples for the analysis of 

Kebele Population No. of taps 

Number of samples of 

HHs for SI 

survey 

 

Taps 

HH water 

containers 

1 9,406 607 47 2 2 

2 9,591 687 48 2 2 

3 7,197 840 36 1 1 

4 10,041 1,531 50 2 2 

5 6,458 549 32 1 1 

6 9,268 1,305 46 2 2 

7 4,842 635 24 1 1 

8 9,598 1,475 48 2 2 

9 10,577 2,159 52 2 2 

Total 76,977 9,788 382 15 15 
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Na, Pb, Hg, Cd and As were collected, preserved and transported to ECAE laboratory in a 500 

mL polyproplelene container which had been cleaned with 1:1 hydrochloric acid and rinsed with 

deionized water. The container was filled completely with the sample filtered with filter paper of 

pore size 0.45 µm, acidified with 2 mL of concentrated nitric acid, closed tightly, labeled and 

transported to ECAE laboratory in an ice box.    

3.2.3. Laboratory analysis procedures 

3.2.3.1. Physicochemical analysis 

Measuring parameters of all samples of pH, temperature, turbidity, electrical conductivity (EC), 

free chlorine residual (FCR), NO3
-
 and PO4

3-
 were conducted insitu, while Na, Pb, Cd, Hg and As 

were conducted exsitu. 

pH and temperature of all samples analysis were done according to the procedure in ES ISO 

10523 (2001). A pH meter model 330i WTW, Germany with calibrated pH electrode and 

temperature probe were used to measure the pH and temperature. The pH electrode was 

calibrated according to the instrument manual with a buffer solution of pH 4, 7 and 10. Sample 

from each source was poured into clean wide mouth conical flask thoroughly rinsed with the 

sample water and the pH electrode with temperature probe was immersed in it and the reading 

recorded.     

ES ISO 7027 (2001), procedure was used to determine turbidity of all samples at each sampling 

spot using HACH turbidimeter model 2100P LOVELAND, CO. USA. The calibration of the 

instrument was done according to the procedure of instrument manual with 0.1, 20, 100 and 800 

NTU standards. 10 mL of each sample was placed in a special container, inserted into the 

turbidimeter and the reading recorded as NTU.   

EC and FCR analysis were done insitu using the instruments conductivity meter model N 374, 

+M207/03IM, USA and HACH spectrometer model Dr/2400 LOVELAND, CO. U.S.A., 

respectively. The probe of EC meter was dipped into the sample in a beaker and the result 

recorded as µS/L, while FCR analysis were conducted according to 8021 DPD (N,N-diethyl-p-

phenylenediamine) Colourimetric method. HACH programe 80 Chlor.F and T program selected, 
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10 mL sample cell filled with deionized water as a blank, inserted into the cell holder and 

touched zero. The second cell filled with the sample, DPD Free Chlorine powder added, mixed 

well, placed in to the cell holder and the reading recorded as mg/L Cl2.  

PO4
3-

 analysis was done according to 8048 PhosVer 3 method. 490 P HACH program of Dr/2400 

spectrophotometer was selected. 10 mL sample cell was filled with sample in which one PhosVer 

3 phosphate Powder Pillow added to the cell and immediately inverted to mix. The timer icon 

touched OK and a two-minute reaction period allowed. Another sample cell filled with 10 mL of 

deionized water was used as a blank. As the timer beeps, the blank wiped and placed it into the 

cell holder and set to zero. At last, the prepared sample cell was wiped and placed into the cell 

holder and the reading recorded in mg/L PO4
3–

.
  
 

NO3
- analyses were done according to 8192, Cadmium reduction method. HACH Programs 351 

N, Nitrate LR selected, a 25 mL graduated mixing cylinder with 15 mL of sample was filled in 

which the contents of one NitraVer 6 reagent powder pillow to the cylinder was added. The timer 

icon touched OK and the cylinder was vigorously shaken for three minutes. After the timer 

beeps, the sample left for a 2-minute reaction period. As the timer beeps, carefully 10 mL of the 

sample was poured (1ml of sample diluted to form 100ml solution with deionized water) into a 

clean, round sample cell without transfer any cadmium particles to the sample cell in with one 

NitriVer3 Nitrite reagent powder pillow was added to the sample cell which was shaken gently 

for 30 seconds. A pink colour developed that confirmed presence of nitrate. After 15-minute 

reaction time second 10 mL sample cell was filled with deionzed water and placed into the cell 

holder. Zero was touched and, the prepared sample was replaced into the cell holder, and the 

reading was converted by the dilution factor of the sample and recorded in mg/L of NO3
-
. 

All samples which were collected and preserved in a temperature less than 4 oC were conditioned 

to room temperature and filtered with Whatman No.541 filter paper. The spectrometer set up was 

done according to the manual of Atomic Absorption Spectra (AAS) model Varian 220, Australia. 

The aspiration rate, nature of the flame and position of the optical beam optimized and response 

of the instrument was adjusted to zero absorbance with water for the analysis of Na, Pb, Hg, Cd 

and AS. 
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Sodium was analyzed by flame AAS method (WHO, 2008). 20 g/L of 10 mL cesium chloride 

solution was added in washed and rinsed four 100 mL volumetric flasks. 2 mL of sample was 

pipetted to each flask and filled with deionized water up to the mark. The standard solutions of 

sodium prepared were 0.1, 0.2, 0.4, 0.6 and 1.0 mg/L. The calibration solutions aspirated with an 

aspiration of water between each and the absorbance measured at 589.0 nm wavelength. Each 

test samples were aspirated, absorbance measured and concentration calculated with a 

consideration of 2 mL of test sample in 100 mL of volumetric flask.    

Cadmium was analyzed by flame AAS method (WHO, 2008). The standard solutions of 

cadmium were prepared from 1000 mg/L stock solution as 0.05, 0.2, 0.4, 0.6 and 0.8 mg/L of 

cadmium. The calibration solutions aspirated with an aspiration of water between each and the 

absorbance measured at 228.8 nm wavelength. Each test samples were aspirated, absorbance 

measured and concentration calculated with a consideration of 10 mL of test sample in 100 mL 

of volumetric flask.    

Lead was analyzed by flame AAS method (WHO, 2008). The standard solutions of lead were 

prepared from 1000 mg/L stock solution as 0.1, 0.2, 0.3, 0.4 and 0.5 mg/L of lead. The 

calibration solutions aspirated with an aspiration of water between each and the absorbance 

measured at 283.3 nm wavelength. Each test samples aspirated, absorbance measured and 

concentration calculated with a consideration of 10 mL of test sample in 100 mL of volumetric 

flask.   

Arsenic was analyzed by vapor generation technique of AAS (WHO, 2008). Arsenic (V) reduced 

to As (III) by freshly prepared 0.6% of sodium borohydride (NaBH4) solution. The standard 

solutions prepared were 0.005, 0.01, 0.02, 0.03 and 0.04 mg/L arsenic. The calibration solutions 

were aspirated with an aspiration of water between each standard and the absorbance measured at 

193.73 nm wave length. Each test sample was aspirated, absorbance measured and concentration 

calculated with a consideration of 10 mL of test sample in 100 mL of the volumetric flask.  

Mercury was analyzed by cold vapor technique of AAS (WHO, 2008). Available Hg digested 

and reduced to the elemental state by reaction with stannous chloride. Elemental mercury was 

measured by the conventional cold vapor atomic absorption technique. The standard solutions prepared 

were 0.002, 0.004, 0.008, 0.012 mg/L of mercury. The mercury vapor then was purged into an 



26 

 

absorption cell which was located at the light path of the spectrophotometer in place of normal 

flame burner. The calibration solutions were aspirated with an aspiration of water between each 

and the absorbance measured at 253.7 nm wavelength. Each test sample was aspirated, 

absorbance measured and concentration calculated with a consideration of 50 mL of test sample 

in 100 mL of volumetric flask.  

3.2.3.2. Bacteriological analysis  

The isolation and enumeration of FC and TC were carried out using Membrane Filtration (MF) 

techniques. The Membrane Lauryl Sulphate Broth (MLSB) solution was aseptically and freshly 

prepared. Water samples were conditioned to room temperature, 100 mL of each was pumped 

through MF and placed on top of MLSB saturated pad on sterilized aluminum dishes, allowed to 

stay in water bath at 28 oC for 4 hrs to bacterial recovery of physiologically stressed coliforms 

and incubated in Sanyo incubator model MIR-162, Japan. The incubation of TC and FC were 

done at a temperature of 37 
o
C and 44 

o
C, respectively for 22 ± 2 hrs. Numbers of yellow 

colonies were counted with the help of colony counting lens and the result recorded as CFU/100 

mL of sample (APHA, 1998).   

3.2.4. Sanitary inspection survey 

The approach of sanitary inspection survey includes reconnaissance of the town at the water 

source (boreholes fields), reservoirs, residences and areas used for major socioeconomic 

activities. The questions in the questionnaire were adopted from WHO (1996) and modified in 

accordance with objectives of the research.   

3.3. Statistical Data Analysis 

The entire tests were done in replicates. The data yields were analyzed by Microsoft Excel and 

SPSS programme version 16.0. Analyses of variance (ANOVA) at 95% confidence level were 

used to determine the significance differences. 
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4. RESULTS AND DISCUSSION 

4.1. Results of analyzed water samples  

4.1.1. Water at the Source 

Among a total of nine BH samples tested for bacteriological analysis six (DBH1, DBH2, DBH6, 

DBH7, EDBH1 and EDBH2) samples were negative for FC and TC (Table 4.1). The BHs free 

from FC and TC were within WHO (2008) and ES (2001), which was 0 CFU/100 mL of sample. 

Two BHs at Beressa (BBH2 and BBH4) and one at Dalecha (DBH4) well fields were positive for 

both FC and TC.  

Table 4.1 Mean bacteriological analysis of water at source 

 

Parameters 

Boreholes 

BBH2 BBH4 DBH1 DBH2 DBH4 DBH6 DBH7 EDBH1 EDBH2 

FC (CFU/100 mL) 1.67 0.67 0 0 1.00 0 0 0 0 

TC (CFU/100 mL) 6.00 2.00 0 0 3.00 0 0 0 0 

Groundwater from depth and confined aquifers is usually microbially safe and chemically stable 

in the absence of direct contamination. Decreasing the contamination of the source water; may 

reduce the cost of production, by-products and minimize operational costs (Keller, 2009; WHO, 

2008). The six BHs free from TC and FC were found protected well and with minimum human 

activities at close proximity of them. The Dalecha well field, where DBH1, DBH2, DBH6, 

DBH7, EDBH1 and EDBH2 were located, was under the possession of Amhara National 

Regional State Bureau of Agriculture and Rural Development Debre Birhan Sheep Multiplication 

and Breed Improvement Center, which was used as a field of grazing land (Plate 4.4, 4.5 and 

4.6).  

DBH4, BBH2 and BBH4 were dug at center of farmland of their respective localities. The 

farmers in these specific localities had no advantage of construction of BHs as a municipal source 

of water. It is clearly observed that the farmers are competing for limited farm land resource in 

the area (Plate 4.1, 4.2 and 4.3). In Ethiopia 8% of urban population and 71% of rural 
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community experience open defecation (WHO and UNICEF, 2010). A BHs located at close 

proximity with people who use such practice needs careful handling and protection. 

Plate 4.1. BBH4                           Plate 4.2.  BBH2                          Plate 4.3. DBH4 

                  

 

 

Plate 4.4. DBH1                              Plate 4.5. DBH2                         Plate 4.6. DBH6 

During this study it was observed that most of the boreholes 6 (66.7%) were found safe and well 

protected with limited human activities at close proximity. Three (33.3%) of the boreholes which 

tested positive for FC and TC were close to human activity at close proximity and were less than 

the recommended value by US EPA (1999) (50 ft well clearance distance from residence already 

built) adjacent to two of the BHs agricultural activities were also observed. These human 

activities at close proximity might be the cause of these three BHs water samples being found 

positive for FC and TC testes.  

The importance of source water protection indicated by similar study conducted in Akaki had 

shown that all water source samples tested found positive for FC and FS where the possible 

contamination route to water sources may be human settlement with poor pit latrine near the 
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source, sewer leakage and livestock grazing in less than 50 ft well clearance and from upstream 

of the drinking water source (Mengistayehu Birhanu, 2007). Another study conducted in 

Amalner town, India, revealed that out of four BHs water samples studied for physiochemical 

analysis two showed poor water quality probably due to sewage pond close to one of the BH and 

large sewage flowing near the other (Patil and Patil, 2010). A study in Walkerton, Canada in 

2000 showed an outbreak of E.coli O157:H7 from contaminated borehole located close to two 

farms posing a water contamination risk from manure (Hurdey, 2006). An outbreak of 

waterborne disease associated with Salmonella in drinking water struck Alamosa, Colorado in 

2008 Comprehensive investigation into the cause of the outbreak resulted in identification of the 

most likely cause of animal waste contaminating the city’s ground-level water storage reservoir 

(Falco and Williams, 2009). 

In the risk classification matrix out of 9 BHs 6 had very low risk score, 1 low risk and 2 

intermediate risk for TCs. However for FC test of BHs 6 had very low risk, 2 samples had low 

risk and 1 had intermediate risk (Table 4.2). 

Table 4.2 Risk to Health matrix of BH water   

 TC (CFU/100 mL) FC (CFU/100 mL) 

SI score 0 0.01-1 1.01-9.99 10-100 >100 0 0.01-1 1.01-9.99 10-100 >100 

BH           

1-2 0 1 2 0 0 0 2 1 0 0 

3-4 0 0 0 0 0 0 0 0 0 0 

5-6 6 0 0 0 0 6 0 0 0 0 

7-9 0 0 0 0 0 0 0 0 0 0 

Key:  BH = Boreholes, SI = Sanitary inspection, 0 CFU/100 mL  = Very low risk; 0.01 - 1 CFU/100mL = 

Low risk; 1.01 - 9.99 CFU/100 mL = intermediate risk; 10 - 100 CFU/100 mL = High risk; > 100 

CFU/100 mL = Very high risk. 
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Physicochemical analysis of BH samples 

Average analysis result of BH samples for temperature, pH, EC and turbidity were 16.55 ± 0.51 

o
C, 7.67 ± 0.12, 240.85 ± 38.62 µS/cm and 0.17 ± 0.07 NTU, respectively (Table 4.3). No 

standard value has been set for conductivity both in WHO (2008) guideline and ES (2001). An 

average value of BH samples for temperature was above both WHO (2008) and ES (15 
o
C). pH 

and turbidity were within 6.5 – 8 (6.5-8.5 for ES) and 1 NTU at the point of disinfection of WHO 

(2008) guideline. No specific standard is set for turbidity in ES (2001) at the disinfection point. 

Table 4.3 Mean physicochemical analysis of water at the source 

 

Parameters 

Boreholes 

BBH2 BBH4 DBH1 DBH2 DBH4 DBH6 DBH7 EDBH1 EDBH2 

T (oC) 17.4 18.0 17.6 16.7 16.6 16.7 17.2 17.3 16.6 

pH 7.5 7.8 7.6 7.7 7.7 7.5 7.6 7.8 7.8 

EC (µS/cm) 225.6 250.2 179.0 233.5 290.2 253.7 187.2 269.8 278.5 

Tur. (NTU) 0.1 0.1 0.3 0.15 0.2 0.1 0.2 0.2 0.2 

Key: T= Temperature, EC = Electrical conductivity, Turb. = Turbidity 

Temperature is a critical factor for any chemical and biological processes. The average 

temperature of drinking water at the source (BHs) was in the range 16.55 to 18.03 oC, with mean 

value of 1.55 
o
C above the WHO (2008) guideline and ES (2001), (< 15 

o
C). The geography of 

Debre Birhan town is under “Dega” category known for its cold climatic condition. Annual mean 

surface temperature of the area (2004 - 2008) was 13.4 
o
C and mean monthly temperature of four 

months (January to April) during this study were 13.8 
o
C (NMSA, 2009). The average BH water 

samples temperature dropped below 15 oC after the pumped water reached equilibrium to the 

ambient surface temperature of the area in the reservoirs.   

The range of pH value in the BH sample analysis was 7.47 – 7.85. The pH should preferably be 

less than 8; however, lower-pH water is likely to be corrosive. A higher pH value requires longer 

contact time (CT) and high FCR for effective chlorine disinfection (ADWG, 1996). The pH of 

the water entering the distribution system must be controlled to minimize the corrosion of water 

mains and pipes in HH water systems (WHO, 2008). According to Ermias Seyoum (2007), River 
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Beressa which had been used as drinking water source for the town of Debre Brihan prior to the 

present system had a pH value range of 7 - 7.5. Hence, the River Beresssa poses no problem to be 

used as drinking water source in terms of pH value parameter.   

The range of EC analyses of BH water samples were found 179.01 - 290.19 µS/cm. According to 

Ermias Seyoum (2007) the drinking water source of the town, River Beressa, average EC 

analysis values had been in the range of 156.5 to 421.3 µS/cm. The value at the place where the 

drinking water pump was installed was 190.5 µS/cm, which was smaller value than the current 

water source.  

EC value has no standard in both WHO (2008) guideline and ES (2001). However, EC is one of 

the water quality parameters that US EPA recommends water systems to consider for establishing 

a baseline for their distribution systems’ water quality for security purposes. Conductivity 

measurements can be made frequently at low cost. Measurements can be made using continuous 

on-line meters, or with portable instruments. By doing so, systems will then know what is typical 

for their water, and any excursions outside the normal range of measurements can serve as an 

indicator of a potential contamination threat (US EPA, 2003).   

According to WHO (2008) turbidity is an important operational parameter in process control and 

can indicate problems with treatment processes. The consumption of highly turbid water may 

constitute a health risk as excessive turbidity can protect disinfection of pathogenic organisms. 

The value less than 5 NTU is usually acceptable and drinking water is best consumed with NTU 

less than 1 for health purpose, however median turbidity should be below 0.1 NTU for effective 

disinfection (WHO, 2008). 

The average turbidity value of drinking water source (BHs) ranged 0.1- 0.3 NTU, which was 

within the WHO (2008) and ES (2001). According to Ermias Seyoum (2007) the average 

turbidity value of River Beressa (drinking water source) was 8 NTU. The analysis results from all 

sampling points were above WHO (2008) guide line value and ES (2001), < 5 NTU. Turbidity 

often occur following rainy months when rapidly flowing surface run off carries sediments in to 

the River and a lot of wastes are added in to the River in River courses of Addis Ababa (Tamiru 

Alemayehu et al.,2005). But all samples had been collected and analyzed from November 2006 

to February 2007, which was dry season of the area. Had the analysis include the rainy season of 
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the area, the result could have been even worse. DBWSSS has been using coagulation and 

sedimentation facility of the treatment plant, coagulation and sedimentation facility, to reduce the 

turbidity of the source water to the permissible level.     

The consumption of highly turbid water may constitute a health risk as excessive turbidity can 

protect pathogenic microorganisms from the effects of disinfectants, and also stimulate the 

growth of bacteria during storage (Chan et al., 2007). The current drinking water source (BHs) of 

Debre Birhan town found better than the previous water source in terms of turbidity parameter. 

The average value ranged from 0.1 to 0.3 NTU and was within the WHO (2008) guideline and 

ES (2001).  

Average analysis result of triplicate samples from 9 BHs for Na, Pb, Hg, Cd, As, NO3
-
 and PO4

3-
 

were 10.49 ± 4.24 mg/L, 2 ± 0.8 µg/L, <0.01µg/L,  0.2 ± 0.1 µg/L,< 0.01 µg/L, 11.80 ± 4.91 

mg/L and 0.25 ± 0.11 mg/L, respectively. All values for inorganic ions tested were within WHO 

(2008) and ES (2001). The WHO (2008) guideline and ES (2001) for the inorganic ions Na, Pb, 

Hg, Cd, As and NO3
- 
were 200 mg/L, 10 µg/L, 6 µg/L inorganic for WHO (2008) (1 µg/L for 

total in ES), 3 µg/L, 10 µg/L and 50 mg/L, respectively. No standards for phosphate both in 

WHO (2008) guideline and ES (2001).   

Table 4.4 Mean Inorganic ions analysis of water at the source 

Sample Source Na 

(mg/L) 

Pb  

(µg/L) 

Hg 

(µg/L) 

Cd 

(µg/L) 

As 

(µg/L) 

NO3
- 

(mg/L) 

PO4
3- 

(mg/L) 

BBH2 8.47 BDL <0.01 0.3 <0.01 13.94 0.3 

BBH4 12.11 BDL <0.01 0.3 <0.01 12.22 0.3 

DBH1 9.46 1.1 <0.01 0.1 <0.01 9.03 0.21 

DBH2 7.84 BDL <0.01 0.2 <0.01 23.45 0.23 

DBH4 13.47 BDL <0.01 0.3 <0.01 8.57 0.16 

DBH6 20.15 1.0 <0.01 BDL <0.01 8.64 0.34 

DBH7 7.03 BDL <0.01 0.5 <0.01 13.33 0.43 

EDBH1 7.06 2.0 <0.01 0.2 <0.01 8.84 0.16 

EDBH2 8.86 1.7 <0.01 0.3 <0.01 8.19 0.09 

Key: BDL= below detection limit 
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According to Ermias Seyoum (2007) analysis of River Beressa at pump station of drinking water 

source of the town Na, NO3
-
 and PO4

3-
 had been 9.25, 0.48 and 0.44 mg/L, respectively. The 

surface water source had no problem with respect to these three parameters. The water samples 

from all BHs of the town were within WHO (2008) and ES (2001) for ions tested above.  

4.1.2. Water at Disinfection point  

The physicochemical and bacteriological analysis of raw water from Dalecha and Beressa well 

fields were conducted before and after disinfection (Table 4.5). The value of pH and turbidity in 

both R (reservoir) input and R output were found within WHO (2008) gideline and ES (2001); 

while analysis result at R input for temperature, TC (has no standard in WHO) and FC were out 

of both WHO (2008) guideline and ES (2001) values which were (< 15 
o
C, 0 CFU/100 mL and 0 

CFU/100 mL, respectively). All water samples tested from R output for parameters listed in table 

4.5 (except FCR for WHO and EC), found within WHO (2008) and ES (2001) (EC has no 

standard for both). WHO (2008) recommends disinfected water leaving treatment plant to have 

FCR of 0.6 – 1 mg/L.  

Table 4.5 Mean physicochemical and Bacteriological analysis of water at disinfection points 

Sample 

Source  

T 

(oC) 

pH EC 

(µS/cm) 

Turb. 

(NTU) 

FCR 

(mg/L) 

FC  

(CFU/100 mL) 

TC  

(CFU/100 mL) 

R Input 15.53 7.58 237.6 0.18 - 0.83 3.83 

R Output 14.17 7.48 322.12 0.22 0.27 0 0 

Key: T = Temperature, EC = Electrical conductivity, Turb. = Turbidity, FCR = Free Chlorine Residual, 

FC = Faecal coliform, TC = Total coliform, R= Reservoir 

Drinking-water should be disinfected in emergency situations, and an adequate disinfectant 

residual (e.g., chlorine) should be maintained in the system (Health Canada, 2009). Maintaining 

the minimum FCR value (0.6 mg/L) at disinfection point protects the water from recontamination 

during distribution and at household level which ensures minimum target concentrations for FCR 

at point of delivery (0.2 mg/L) in response to microbial water quality problems (WHO, 2008). 

The amount of FCR at outlet of R (0.27 mg/L) might be enough in concentration to kill 



34 

 

pathogens at that particular point, but this does not guarantee the disinfection of water 

recontamination at distribution and HH level. 

According to WHO (1996) re-growth of FC in the distribution system are unlikely unless 

sufficient bacterial nutrients are present or the water temperature is above 15 °C, and there is no 

FCR. Such warm conditions can favor the re-growth of organisms like TTC in the distribution 

systems (Mengitayehu Birhanu, 2007; Getnet Kasssahun, 2008; Milkyas Tabor et al., 2009). 

However the temperature and turbidity of the study area within WHO (2008) guideline (14.17 oC 

and 0.22 NTU, respectively) without sufficient amount of disinfectant in the system does not give 

satisfactory result. This has been shown in similar study by Kassahun Bedane (2008), in Ziway 

town that effectively disinfected water leaving the treatment plant found positive for both FC and 

FS at the end user side.             

Inorganic ions analysis at R input and R output for Na, Pb, Cd, As, NO3
-
 and PO4

3-
 were as listed 

in Table 4.6. All test results of those inorganic ions at the output of both reservoirs (R1 and R2) 

complied with WHO (2008) guideline and ES (2001). The WHO (2008) guideline and ES (2001) 

standard for Na, Pb, Cd, As, NO3
-
 and PO4

3-
 were 200 mg/L, 10 µg/L, 6 µg/L inorganic (1 µg/L in 

ES of total Hg) 3 µg/L, 10 µg/L and 50 mg/L, respectively. No standard set for PO4
3- in both case.  

Table 4.6 Mean Inorganic ions analysis at disinfection point 

Sample Source Na 

(mg/L) 

Pb 

(µg/L) 

Hg 

(µg/L) 

Cd    

(µg/L) 

As 

(µg/L) 

NO3
- 

(mg/L) 

PO4
3-

(mg/L) 

R Input 11.07 3.1 <0.01 0.3 <0.01 12.17 0.25 

R Output 11.14 2.4 <0.01 0.3 <0.01 12.38 0.26 

4.1.3. Water at Distribution System 

Fifteen triplicate water samples of private tap were analyzed for FC and TC and an average result 

of 0 and 0.27 ± 0.59 CFU/100 mL were obtained, respectively. Out of 15 tap water samples 

tested for FC and TC all samples were negative for FC and 3 (20%) positive and 12 (80%) were 

negative for TC. All tap water samples tested for FC were within the WHO (2008) guideline and 

ES (2001), (0 CFU/100 mL). The tap water samples positive for TC (20%) were out of the 

permissible limit of ES (2001), (0 CFU/100 mL of sample) (Table 4.7). 
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Of 15 triplicate tap water samples analyzed for temperature, pH, EC, turbidity and FCR were 

13.83 ± 0.62 
o
C, 7.42 ± 0.09, 322.56 ± 26.27 µS/cm, 0.16 ± 0.05 NTU and 0.12 ± 0.08 mg/L 

respectively and the values for temperature, pH and turbidity were found within WHO (2008) 

guideline and ES (2001), (< 15 
o
C, 6.5-8 (6.5-8.5 for ES) and < 5 NTU, respectively). Regarding 

tap water samples tested for FCR 6 (40%) and 9 (60%) were within (0.2 – 0.5 mg/L) and below 

(< 0.2 mg/L) WHO (2008) guideline, respectively. However all tested values for FCR were 

within ES (< 0.5 mg/L) (Table 4.7). 

Table 4.7 Bacteriological and physicochemical analysis of tap water samples in distribution 

system 

Sample 

Source 

T 

(oC) 

pH EC  

(µS/cm) 

Tur. 

(NTU) 

FCR 

(mg/L) 

FC 

(CFU/100 mL) 

TC 

(CFU/100 mL) 

T11 13.43 7.31 336.91 0.15 0.07 0 0 

T12 12.8 7.3 347.11 0.2 0.21 0 0 

T22 14.13 7.46 298.13 0.12 0.07 0 0 

T21 13.33 7.3 304.52 0.26 0.23 0 1.67 

T3 14.29 7.42 327.58 0.15 0.2 0 0 

T41 13.44 7.42 332.75 0.15 0.07 0 0.67 

T42 13.41 7.4 307.52 0.14 0.08 0 0 

T5 13.67 7.57 319.72 0.11 0.21 0 0 

T61 14.13 7.55 377.59 0.13 0.21 0 0 

T62 14.88 7.54 365.48 0.15 0.21 0 0 

T7 13.92 7.38 291.52 0.24 0.02 0 0 

T81 14.8 7.38 331.77 0.11 0.08 0 0 

T82 14.58 7.31 302.54 0.12 0.08 0 0 

T91 13.25 7.47 299.4 0.22 0.03 0 0 

T92 13.31 7.49 295.88 0.19 0.01 0 1.67 

Water samples tested at the outlet of the disinfection points and at 15 water taps in the 

distribution system were all negative for FC, which reveals that the chance of faecal 

contamination of water in the distribution line was less. The presence of bacteria in water pipes 
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could be attributed to cross-contamination between the municipal water supply and sewer, due to 

leaky pipes and lack of water pressure (Milkias Tabor et al., 2009). Absence of faecal 

contamination might be due to always maintaining the positive water pressure in pipes of 

distribution system. However, an average result of TC count 0.27 CFU/100 mL indicates the 

need to maintain the recommended minimum value of FCR at the point of delivery (0.2 mg/L). 

The recommended amount of FCR must be present in water throughout distribution system, as it 

will take care of any recontamination of water. Of 15 tap water samples tested for FCR 9 (60%) 

at the point of delivery with < 0.2 mg/L were probably because of the amount of chlorine at the 

time of disinfection was not as per the WHO (2008) guideline value (0.5-1 mg/L).   

Temperature is critical factor for any chemical and biological activities. Cool water does not 

enhance the growth of microorganisms and corrosion problems (WHO, 2008). However the 

average FCR value at the time of delivery was below desired amount (< 0.2 mg/L) the coolness 

of the water might play role to minimize regrowth of microorganisms in the distribution system.   

Fifteen triplicate samples at distribution taps analyzed for inorganic ions of Na, Pb, Cd, NO3
- and 

PO4
3- were 11.04 ± 0.72 mg/L, 2.2 ± 2 µg/L, 1 ± 1 µg/L, 11.26 ± 1.45 mg/L and 0.17 ± 0.04 

mg/L, respectively. Regarding tests for both Hg and As were <0.01 µg/L (Table 4.8).  

Analysis result of all inorganic ions tested for Na, Pb, Hg, Cd, As and NO3
- were within WHO 

(2008) and ES (2001) permissible limits, which were  200 mg/L, 10 µg/L, 6 µg/L inorganic for 

WHO (1 µg/L for total in ES), 3 µg/L, 10 µg/L and 50 mg/L, respectively. Municipal drinking 

water distributed to the people of the town was safe from contamination associated with health 

risk of Pb, Hg, Cd, As and NO3
-.   
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Table 4.8 Inorganic ions analysis of tap water samples in distribution system 

Sample Source 

Na 

(mg/L) 

Pb    

(µg/L) 

Hg   

(µg/L) 

Cd  

(µg/L) 

As 

(µg/L) 

NO3
-

(mg/L) 

PO4
3-

(mg/L) 

T1 12.01 2 <0.01 1 <0.01 9.85 0.15 

T12 12.05 3 <0.01 BDL <0.01 10.04 0.25 

T21 10.32 3 <0.01 2 <0.01 10.3 0.15 

T22 10.99 1 <0.01 BDL <0.01 10.39 0.16 

T3 10.59 1 <0.01 1 <0.01 10.54 0.2 

T41 10.48 1 <0.01 2 <0.01 11.37 0.16 

T42 12.05 BDL <0.01 1 <0.01 10.22 0.15 

T5 10.74 1 <0.01 1 <0.01 9.82 0.16 

T61 9.7 3 <0.01 1 <0.01 12.34 0.2 

T62 10.47 2 <0.01 2 <0.01 12.26 0.16 

T7 11.6 3 <0.01 3 <0.01 13.95 0.21 

T81 11.43 1 <0.01 1 <0.01 9.93 0.12 

T82 11.7 1 <0.01 2 <0.01 11.09 0.11 

T91 10.77 6 <0.01 2 <0.01 13.79 0.13 

T92 10.69 5 <0.01 3 <0.01 12.97 0.21 

Key: BDL = below detection limit 

Of the inorganic ions tested in the study which are of health concern (Pb, Hg, Cd, As and NO3
-) 

ions possibly contaminate drinking water in the distribution system from which the materials of 

the pipe made of were lead and cadmium (WHO, 2008). Lead is rarely present in tap water as a 

result of its dissolution from natural sources; rather, its presence is primarily from household 

plumbing systems containing lead in pipes, solder, fittings or the service connections to homes. 

Water properties including lower pH (acidic), softness, higher temperature and standing time of 

the water aggravate lead dissolution in the distribution system (MDH, 2000). Cadmium 

contamination in drinking water may also be caused by impurities in the zinc of galvanized pipes 

and solders and some metal fittings (WHO, 2008).  
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Maintaining controllable parameters like pH, water softness and letting the water run for 1 - 2 

minutes minimize the problem of lead and cadmium contamination. Dissolution of Pb and Cd 

from pipe material and fittings in the study area were not observable maybe due to the pH and 

temperature of water in the distribution system never less than 7.3 and above 14.9 
o
C, 

respectively. To minimize the amount of lead contamination in drinking water in the school of 

Minnesota MDH (2000), manual suggested using only cold water for drinking and food 

preparation, flush taps before use and testing the water for Pb at least once in five years. 

Ions of Hg, As, and NO3
-
 can contaminate drinking water at time of distribution when there is 

leakage of pipes at a place where source of contaminants is available (WHO, 2008). Test results 

of tap water analysis (Table 4.8) revealed that no cross contamination at distribution of these 

inorganic ions may be due to no leaking pipes, no sources of such contaminants in the area and 

positive pressure of the tap was maintained throughout the distribution system.   

The temperature, pH, turbidity,  FCR, FC and TC  of fifteen triplicate HH water samples were 

13.99 ± 0.76 oC, 7.53 ± 0.11, 0.24  ± 0.05 NTU, 0.10 ± 0.09 mg/L, 0.36 ± 0.65 CFU/100 mL and 

2.22 ± 3.42 CFU/100 mL, respectively (Table 4.9). The temperature, pH and turbidity were found 

within the permissible limit of WHO (2008) and ES (2001) ( < 15 
o
C, 6.5 - 8 (6.5 - 8.5 for ES) 

and < 5 NTU). Regarding average values of FCR and FC, it was found that they were found 

below WHO guideline 0.2 - 0.5 mg/L and 0 CFU/100 mL at the point of consumption. The mean 

value of FCR complied with ES (2001), (< 0.5 mg/L) while both FC and TC did not comply with 

ES (2001), (0 CFU/100 mL). Out of 15 triplicate HH water samples tested for FCR 4 (26.7%) 

and 11 (73.3%) were within and above WHO (2008) guideline (0.2-0.5 mg/L) respectively where 

as 3 (20%) and 12 (80%) of test for FC were positive and 0 CFU/100 mL respectively and from 

those tested for TC 4 (26.7%) and 11 (73.3%) were found positive and 0 CFU/100 mL, 

respectively.              
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Table 4.9 Mean Bactriological and physicochemical analysis of HH water samples 

Sample  

Source 

T   

(
o
C) 

pH TUR.  

(NTU) 

FCR  

(mg/L) 

FC  

(CFU/100 mL) 

TC  

(CFU/100 mL) 

H11 13.03 7.4 0.16 0.07 0 0 

H12 13.13 7.37 0.28 0.16 0 0 

H21 13.47 7.44 0.15 0.03 1.33 5.67 

H22 14.07 7.41 0.30 0.03 1 6.33 

H3 14.37 7.47 0.24 0.21 0 0 

H41 14.39 7.51 0.19 0.07 0 0 

H42 13.83 7.57 0.28 0.08 0 0 

H5 14.57 7.64 0.24 0.00 0 6 

H61 14.80 7.58 0.33 0.24 0 0 

H62 14.77 7.67 0.22 0.22 0 0 

H7 13.34 7.7 0.26 0.00 1.67 8.67 

H81 14.95 7.59 0.24 0.08 0 0 

H82 14.92 7.45 0.22 0.22 0 0 

H91 12.94 7.52 0.25 0.03 0 0 

H92 13.22 7.57 0.25 0.00 1.33 6.67 

Comparison of tap and HH water samples analyzed for temperature, pH and turbidity values 

indicates that 100% values of both were within the permissible values of WHO (2008) guideline. 

Regarding comparison of analysis of samples collected from the tap and HH containers for TC 

revealed that 2 (13.3%) for tap water samples and 4 (26.7%) for HH container samples were 

within the range 1.1 - 9.99 CFU/100 mL count, respectively. 1 (6.7%) sample for tap water and 

no sample from HH were in the range 0.1 - 1.0 CFU/100 mL and both 12 (80%) tap water 

samples and 11 (73.3%) HH container samples were negative (0 CFU/100 mL count). Regarding 

testes for FC, all tap water samples and 12 (80%) HH water samples were negative and 3 (20%) 

of HH samples were within the range of 0.1-9.99 CFU/100 mL. While testes for FCR 6 (40%) for 

tap water samples and 4 (26.7%) for HH water samples were within the range 0.2 - 0.5 mg/L and 

9 (60%) for tap water samples and 8 (53.3%) for HH water samples were within the range 0.01 - 



40 

 

0.19 mg/L and 0 (0%) for tap water samples and 3 (20%) for HH samples were 0 mg/L. For all 

the parameters one way analysis of variance showed that there was statistically significant 

differences between the tap water and water from HH containers (p < 0.05) (Table 4.10).  

Table 4.10 Comparison of bacteriological and physicochemical analysis of tap water and 

HH water in the distribution system 

 Parameters Range Results of tap waters Results of water from 

HH containers 

P value 

 

 

TC (CFU/100mL) 

1.1-9.99 2(13.3%) 4(26.7%) 

.001 
0.1-1 1(6.7%) 0(0%) 

0 12(80%) 11(73.3%) 

 Total 15 (100%) 15(100%) 

 

FC (CFU/100mL) 

0.1-9.99 0 3(20%) 

.009 0 15(100%) 12(80%) 

 Total 15 (100%) 15(100%) 

Temperature (oC) <15 Total 15 (100%) Total 15 (100%) .019 

 

FCR (mg/L) 

0.2 – 0.5 6(40%) 4(26.7%) 

.000 
0.01-0.19 9(60%) 8(53.3%) 

0 0(0%) 3(20%) 

 Total 15 (100%) Total 15 (100%) 

pH 6.5 -8 Total 15 (100%) Total 15 (100%) .002 

Turbidity (NTU)  <1 Total 15 (100%) Total 15 (100%) .000 

P value is significant for a value < 0.05. HH = household  

The average temperature, pH and turbidity of tap and HH water samples were within both WHO 

(2008) guideline and ES (2001). Average values of TC for both tap and HH containers water 

were above ES (2001).  The average values for FCR of both tap and household water samples 

were out of WHO (2008) guideline. The average values for FC count of tap and HH water 

container samples were within and out of both WHO (2008) and ES (2001). Comparison of the 

tap and HH water sample analysis revealed that tap water was better in complying with WHO 

(2008) guideline for both FC and FCR. This is in agreement with the studies conducted in Bahir 
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Dar city that 40% of tap water and 86% of collected and stored HH drinking water was faecal 

contaminated (Milkiyas Tabor et al., 2009). Atnafu Melaku (2006) found that drinking water 

collected and stored in the HH 41.3% were positive for FC.  A study conducted in Ziway town 

also showed that water tested for FC and FS were negative in all tap water samples while 77.5% 

for FC and 17.5% for FS were positive in water samples of HH containers (Kassahun Bedane, 

2008).  Similar study conducted in Akaki sub city of Addis Ababa 83% of tap and 97% of water 

collected and stored in house were FC contaminated (Mengistayehu Birhanu, 2007). High counts 

of FC and TC at the HH containers of drinking water indicates that the water has been faecally 

contaminated.  The reason for these results may be poor sanitation and poor hygiene in 

households was the main factors for the recontamination water during transportation and after 

storage at home. 

Poor sanitation and hygiene in extreme case could lead to disease outbreak. During the cholera 

epidemic of 1991, in the town of Trujillo, Peru, water tested at the municipal well head was 

found to have a mean total coliform count of 1 cfu/100 mL, rising to 6 CFU/100 mL by the time 

it reached the standpipes used by neighborhoods with cholera, and to 794 CFU/100 mL by the 

time it was stored in the patients’ homes (Swerdlow et al., 1992). A large cholera outbreak in 

Kano City, Nigeria revealed that the source of the outbreak was to water sold in the streets by 

water vendors. Ninety-five percent cases patients were more likely to have drunk water sold by 

street vendors (Hutin et al., 2003). When water is hauled home in open containers, this increase 

can occur even when the source water is free of contamination at the point of collection. This was 

well illustrated during an outbreak of cholera on the Pacific island of Ebeye in 2000 (Beatty et 

al., 2004). 

In the risk classification matrix of drinking water based on contamination level of bacteriological 

parameters of tap water samples 12 (80%) had very low risk score, 1 (6.7%) had low risk and 2 

(13.3%) intermediate risk for TCs. However, for FC test of tap water samples 15 (100%) had 

very low risk. Using TC count as a microbiological indicator to determine the overall risk to 

health status of water in HH container samples 10 (66.7%) had very low risk, 5 (33.3%) had 

intermediate risk. While risk assessment using FC count indicate that 12 (80%) had very low risk 

and 3 (20%) had low risk (Table 4.11). 
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Table 4.11 Classification of drinking water based on contamination level of bacteriological 

parameters of tap water and HH containers  

 TC (CFU/100 mL) FC (CFU/100 mL) 

Level of 

contamination 0 0.01-1 1.01-9.99 10-100 >100 0 0.01-1 1.01-9.99 10-100 >100 

Tap water           

1-2 0 1 2 0 0 0 0 0 0 0 

3-5 0 0 0 0 0 0 0 0 0 0 

6-8 0 0 0 0 0 0 0 0 0 0 

9-10 0 0 0 0 0 0 0 0 0 0 

11-15 12 0 0 0 0 15 0 0 0 0 

HH Containers           

1-2 0 0 0 0 0 0 0 0 0 0 

3-5 0 0 5 0 0 0 3 0 0 0 

6-8 0 0 0 0 0 0 0 0 0 0 

9-10 10 0 0 0 0 0 0 0 0 0 

11-15 0 0 0 0 0 12 0 0 0 0 

Key: SI score 0 CFU/100 mL = Very low risk; 0.01-1CFU/100 mL = Low risk; 1.01-9.99 CFU/100 mL = 

intermediate risk; 10-100 CFU/100 mL = High risk; > 100 CFU/100 mL = Very high risk. 

An indication of a certain level of faecal indicator bacteria alone is not a reliable guide to 

microbial water safety. Some faecal pathogens, including many viruses and protozoal cysts and 

oocysts, may be more resistant to treatment (e.g., by chlorine) than common faecal indicator 

bacteria. More generally, if a sanitary survey suggests the risk of faecal contamination, then even 

a very low level of faecal contamination may be considered to present a risk, especially during an 

outbreak of a potentially waterborne disease, such as cholera (WHO, 2008). Some pathogens 

may contaminate the water at the source, but contamination may also occur during transportation, 

distribution or handling of the water in house holdings or other working places (WHO, 2004).  

Chlorine used as a secondary disinfectant should be applied so as to maintain a sufficient residual 

concentration throughout the distribution system. Maintenance of adequate FCR will minimize 
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bacterial regrowth in the distribution system and provide a measurable level of chlorine; 

therefore, a rapid drop in FCR concentrations suggesting unexpected changes in water quality 

can be more quickly detected (WHO, 2008). 

4.2.  Results of Sanitation inspection Survey 

Out of 9 BHs under operation 7 of them located at Dalecha well field. Six of these BHs (DBH1, 

DBH2, DBH4, DBH6, DBH7, E DBH1 and E DBH2) were located at the field owned by 

Amhara National Regional State Bureau of Agriculture and Rural development Debre Birhan 

sheep Multiplication and Breed Improvement Center and relatively far from socioeconomic 

activities. The organization uses about 103 hectares of field as grazing land for less than 100 

sheep that were used for research purpose. Test results of all these six BH samples for both FC 

and TC were negative.  Whereas DBH4 located at the center of farm of the localities found 

positive result for both FC and TC (Plate 4.2). Samples tested from two of BHs located at 

Beressa well field were found positive for both FC and TC (Plate 4.1 and 4.5). Farming activities 

were observed close to both BHs BBH2 and BBH4. The farming activity at DBH4 includes the 

bank constructed for protection of the BH from runoff (Plate 5.2). Residences were already built 

very close to BBH4 which could possibly lead to construction of potentially dangerous sources of 

pollutants like septic tank and animal husbandry. The highest TC and FC counts were obtained at 

BBH2. Cultivation of vegetables throughout the year at the upper catchment was common 

practice around BBH2 and BBH4.   

Of 382 questionnaire respondents most of the people 351 (91.9%) in the town were aware of 

changed water source from surface to ground and the quality 355 (92.9%) and quantity 354 

(92.7%) improvement of the new water distribution. Nearly all respondents in the town 378 

(99%) responded collecting water from the tap, however 29 (7.6%) travel more than 1km round 

trip to fetch water and 185 (48.4%) per capital per day water consumption was less than 20L. 

According to WHO (2008), people having access of water but travel round trip of more than 1 

Km within 30 minutes and with water consumption per capital per day less than 20 L considered 

to be under public health risk from poor hygiene and needs high intervention priority.   Regarding 

the sanitary condition 373 (97.6%) of the people answered there no water borne diseases were 

observed in their families in the last three years. The water handling practice of the people in the 
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town indicates that 246 (64.4%) cover water container during transport, 296 (77.5%) keep water 

container closed, 217 (56.8%) use to wash the water container before filling in it with water and 

250 (67.5%) responded no water-hand contact during water withdrawal. Out of 382 respondents 

281 (73.50%) use toilets, but only 139 (36.4%) wash hands with soap after toilet (Table 4.10). 

Table 4.12 Comparison of resident’s response to question asked and analysis results 

Questions asked to the residents Responses 

No. of Yes No. of  No 

Do you know whether the source of municipal drinking water is 

changed? 

351 (91.9%) 31 (8.1%) 

Do you think the quantity of drinking water improved after the 

change? 

354 (92.7%) 28 (7.3%) 

Do you think the quality of drinking water improved after the 

change? 

355 (92.9%) 27 (7.1%) 

Have you ever had water borne disease in the family in the last 

three years? 

9 (2.4%) 373 (97.6%) 

Do you collect water always from tap? 378 (99%) 4 (1%) 

Do you travel round trip travel more than 1km to fetch water? 29 (7.6%) 353 (92.4%) 

Is your per capital per day water consumption greater than 20L? 185 (48.4%) 197 (51.6%) 

Is the container used to collect water covered during transport? 246 (64.4%) 136 (35.6%) 

Do you keep the water storage container closed?  296 (77.5%) 86 (22.5%) 

Do you wash always water container before storing water in it? 217 (56.8%) 133 (34.8%) 

Water withdrawn from container has no contact with hands? 258 (67.5%) 124 (32.5%) 

Do you wash always your hands before drawing water from the 

storage container? 

242 (63.3%) 140 (36.6%) 

Do you have toilet? 281 (73.5%) 101 (26.4%) 

Do all family members wash their hands with soap when back 

from toilet?  

139 (36.4%) 243 (63.6%) 

Responses to the questionnaire indicate that hand washing with soap (or a substitute) after 

defecation was not a strong tradition which was in agreement with MOH (2005). According to 
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MOH (2005), reasons given for poor tradition of hand washing with soap were chronic water 

shortages and the absence of surplus cash to purchase soap. Moreover, although there were 

regional variations in latrine access ranging between 9% in rural areas to 72% in the urban, which 

gives a national average of 18% mainly traditional latrines made from locally available materials. 

According to CSA (2007) people without drinking water and sanitary services in Debre Birhan 

town were 6.25% and 32.15%, respectively. WHO and UNICEF (2010) reported in 2008, 98% of 

urban populations in Ethiopia were getting water from improved sources and 63% toilet of 

improved and shared facility. In the sanitary survey conducted, hand washing practice after 

defecation in the town was low (36.4%) and access to latrine coverage (73.5%) were found in 

agreement with MOH (2005) data and drinking water coverage were similar to WHO and 

UNICEF (2010). 

This study is also in agreement with similar study conducted in Angolela School of North Shoa 

Zone of Amhara National State, that approximately 52% of students were classified as having 

adequate knowledge of proper hygiene. Most students reported hand washing before meals 

(99%), but only 36.2% reported using soap. Although 76.7% of students reported that washing 

hands after defecation was important, only 14.8% reported actually following this practice. 

Students with adequate knowledge of proper hygiene were more likely to have clean clothes and 

to have a lower risk of parasitic infection (Vivasa et al., 2010). 
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5. CONCLUSIONS AND RECOMMENDATIONS  

5.1. Conclusions 

Most of the BHs (6) at Dalecha well field were free from FC and TC and socio economic 

activities in the area were minimum, whereas 1 BH at Dalecha and 2 BHs at Beressa well fields 

were positive for FC and TC. Socio economic activities below well clearance distance 

recommendation (50 ft) at these three BHs and farming activities at close proximity and upper 

catchment of BBH4 were observed. A country like Ethiopia with common experience of open 

defecation and mixed type of agricultural activities at close proximity might be the reason that 

samples from these three BHs tested bacteriologically positive.  

The physicochemical test results of samples from all BHs were within the permissible limit of 

WHO (2008) and ES (2001) except temperature. However the ground water temperature of BH 

samples was above the standard of both WHO (2008) and ES (2001) during pumping which 

drops below 15 
o
C when it became in equilibrium with surface temperature of the study area. 

Heavy metal ions (Pb, Hg, Cd, and As) that have serious health concerns in WHO (2008) 

guideline all were found within the permissible limit.  

The water at the disinfection system (pumped to reservoirs) was found positive for FC and TC. 

This might be due to source water problem associated with those three BHs which had been 

positive during raw water analysis. The temperature of the water was above 15
o
C. All the rest 

parameters including the tested inorganic ions were found within WHO (2008) and ES (2001). 

However, all parameters of water that leaves the disinfection point were within WHO guideline 

values except FCR which may be related to lack of proper dosing of sodium hypochlorite.    

All the parameters tested for water at distribution point were found within WHO (2008) guideline 

and ES (2001) except for TC (20%) and FCR (60%). Bacteriological analysis of samples of tap 

water revealed that the chance of faecal contamination of water during distribution is minimum. 

This might be due to good installation of pipes in the distribution system and/ or sufficient 

amount of positive pressure of water maintained throughout the distribution system. However, 

60% of FCR was < 0.2 mg/L which was below WHO (2008) guideline and 20% of TC were 

positive and did not complied with ES (2001) indicating the importance of proper dosing of 
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disinfectant at disinfection point which may help to keep the FCR 0.2 - 0.5 mg/L throughout the 

distribution system to protect biofilm development and recontamination of tap water. Dissolution 

of Pb and Cd from pipe and fitting materials was not observed. The reason may be keeping pH 

throughout the system in the range 7 - 7.5, temperature < 15 
o
C in distribution system and the 

time water stays in the pipe being relatively small.     

Water samples from HH containers were more contaminated than from tap. Seventy-three 

percent of FCR test results were not complied with WHO (2008) guideline, 20% and 26% of test 

results of water from HH containers were FC and TC contaminated respectively. Water handling 

practice of the people in the area was poor. During SI survey it was observed that 92% of the 

people in the area had perception of municipal water source shifted from surface to ground, 93% 

believe that water quality and quantity improved in the new scenario, 33% practice water hand 

contact during water withdrawal and only 36% wash their hands with soap or substitute after 

defecation. This might be because of lack of knowledge of basic sanitation and health, and unable 

to afford to buy cleaning agents like soap and detergents.  

5.2.  Recommendations 

Protection of water sources (BH) should be given priority to protect the BHs (DBH4, BBH2 and 

BBH4) from which is exposed to nearby potentially pollutant sources. The protection scheme 

shall incorporate benefits of all stakeholders around the BHs, specially the people in that area 

those have strong impact on realization of the plan. 

Giving sufficient time for water pumped from BHs to reservoirs so that the ground water 

temperature reduces sufficiently below 15 
o
C when it became in equilibrium to surface 

temperature of the area so that the disinfected water can distribute to the public properly. 

Proper disinfectant dosing and monitoring of water leaving the treatment plant and reach the end 

user taps is very important. Hence the water distributes to the public at the point of disinfection 

recommended to be within the WHO (2008) guideline (0.6 - 1 mg/L of FCR) so that it helps to 

protect the recontamination of water in the distribution system.     
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To ensure public health clean water supply at sufficient quantity to the people of the town may 

not be enough. Water handling practice and sanitary condition of the people must be improved. 

To do this all concerned body should be working cooperatively and in integrated manner for 

teaching the people about public health education.  
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APPENDICES 

Appendix 1: Drinking water WHO and Ethiopian Standards 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

No. Parameters WHO (2008) standard ES (2001) 

1. Temprature (
o
C) - <15 

2. pH 6.5-8 
6.5-8.5 

3. EC (µS/cm) - - 

4. Turbidity (NTU) < 1 at disinfection point 

< 5 at point of use 

< 5 

5. Free Chlorine Residual (mg/L) 0.6-1 at disinfection 

point 

0.2-0.5 at distribution 

0.2-0.5 

6. FC (CFU/100 mL) 0 0 

7. TC (CFU/100 mL) - 0 

8. Sodium (mg/L) 200 200 

9. Lead (mg/L) 0.01 0.01 

10. Mercury (mg/L) 0.006 (inorganic) 0.001 (total) 

11. Cadmium (mg/L) 0.003 0.003 

12. Arsenic (mg/L) 0.01 0.01 

13. Nitrate (mg/L of NO3
-
) 50 50 

14. Phosphate (mg/L of PO4
3-

) - - 
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Appendix 2: One way ANOVA for Physicochemical and Bacteriological Analysis between 

Tap and Household Samples  

Factors 

Between groups (df=2 for all) 

Sum of Squares Mean Square F Sig. 

T 5.745 2.872 4.147 .019 

pH .189 .095 6.465 .002 

TUR .139 .069 13.849 .000 

FCR .165 .083 9.365 .000 

FC 3.022 1.511 4.964 .009 

TC 94.756 47.378 7.722 .001 

 

Appendix 3: Pictures of Sample collection and chemical analysis 

 

  

Appendix 3.1. Disinfection of tap for sampling        Appendix 3.2. Sample collection at BBH4 

 

Appendix 3.3 Reagent preparation                  Appendix 3.4 metallic ions analysis    
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Appendix 4: Questioner on HH Water Handling Practice and Sanitary Assessment  

I. General:  

1. This questioner is prepared to assess the physicochemical 

and bacteriological drinking water quality from source to end 

user in the case of Debre Brehan town. 

2. No need of telling your name to the data collector.                    

3.  Feel free to answer each question. It is confidential.                    

4. Thank you for your cooperation 

II. Water Handling Practice 

1. 1.1. Kebele ________       1.2. House number_______ 

2. Size of the household:  

Total 2.1. _____      2.2. M____         2.3. F_____ 

3. Occupation   

3.1. Father 

1) Government employee         2) NGO employee             3) Privet business         

4)Retired                      5) others  

  3.2. Mother  

1) Government employee            2) NGO employee                                  

  3) Privet business                       4) Retired                       

  5) housewife                              6) Others  

4. Monthly family income (Birr) 

1) <320                  2) 320 - 800              3) 801 - 1500                               

4) 1501 – 2500         5) 2501 – 3500           6) >3500 

5. What do you think is the source of municipal drinking water? 

1) Ground                 2) River                     3) Dam          4) Others                  

6. Do you know that the municipal water changed from surface to ground 

source?        1)Yes                   2) No 

7. What do you think about quality of water in previous system?  
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1)Good         2) fair         3) bad             4) I don’t know 

8. What do you think about quantity of water in previous distribution system?  

1) Good        2) fair           3) bad             4) I don’t know 

9. What do you think about the current quantity of water distribute to the 

public?     

1) Good                    2) Fair                        3) bad 

10. Do you think that water quality improved after the source had been 

changed from surface to ground?      1)Yes                    2) No                         

11. Is there any seasonal quality of water variation in the current distribution 

system?          1)Yes                            2) No                           

12. If yes, which season is the worst?      

1) Sep to Nov                   2)Des to Feb                  3) Mar to May                

4) Jun  to Aug                            5) No answer 

13. What kind of quality problem you observed?     

   1)Odour                  2) Taste           3) Colour                  

   4) all                       5) No answer   

14. Have you ever had water borne disease in the family in the last three years?  

1) Yes                          2) No                                      

15. If yes, what type of disease?                                                                                            

1)  Gastrointestinal                             2) dermal                                                         

3) respiratory tract                                 4) others                                                                                                                    

16. Where do you get water?         

1) Privet tap                           2) public stand pipe                                    

3) Neighborhood tap             4) other source  

17. What is per capital water consumption (liter) per day in the family?           

1)  < 10                   2) 10 to 20          3) 21 to 35               4) >35          

18. What round trip do you travel to fetch water? 

  1)>1km       2) <1km      3) Yard level          4)Multiple taps within house                                                                         

19. How many times do you fetch water in a day?                                                                                        

1) Whenever I need          2) twice a day       3) Every day         4) other                

20. Is the container used to collect water has covered during transport?               
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1) Yes                         2) No         

21. Do you cover the water storage containers?       1) Yes         2) No                                                       

22. Do you store water at home?      1) Yes           2) No                                                                                     

23. If number 22 answer is yes, what type of container you are using to store 

water?    1) pot            2) bucket     3) jerricans        4) others                                                                          

24. Do you wash water container always before filling water in it?                                                                                            

1)  Yes           2) No 

25. Water withdraw from container has no contact with hands?                       

1) Yes                  2) No 

26. Do you wash your hands always before drawing water from the storage 

container?        1) Yes              2) No 

27. Do you have toilet?     1) Yes                      2) No 

28. If number 1 answer is yes, what type of toilet do you have? 

        1) Pit                      2) pour-flush   

29. If number 1 answer is no, where do the family members dispose excreta? 

1) Public toilet         2) in the field          3) other  

30. Do all family members wash their hands with soap when back from toilet?       

1) Yes                2) No 

31. How far is the toilet from water taps?  

  1) In the residence       2) < 5m           3) 5 to < 10m                               

  4) 10 to < 20m                    5) >20m 

32. What do you do if the pit latrine or septic tank filled?   

 1) Transport it by municipal/ privet service provider                                

2) prepare another pit           3) other (specify) 
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Appendix 5: Summary of Questioner Responses of Residents  

No. Responses and respective percentage 

1 % 2 % 3 % 4 % 5 % 6  % 

1             

2 1198 100 625 52.2 573 47.8       

3 180 47.1 64 16.8 76 19.9 52 13.6 10 2.6   

4 45 11.8 52 13.6 57 14.9 80 20.9 107 28 41 10.7 

5 354 92.7 15 3.9 13 3.4 0 0     

6 351 91.9 31 8.1         

7 105 27.5 176 46.1 52 13.6 49 12.8     

8 114 29.8 205 53.7 47 12.3 16 4.2     

9 354 92.7 28 7.3         

10 355 92.9 27 7.1         

11 26 6.8 356 93.2         

12 3 0.8 1 0.3 0 0 19  359 94   

13 0 0 2 0.5 6 1.6 15 3.9 359 94   

14 9 2.4 373 97.6         

15 7 1.8 2 0.5         

16 301 78.8 45 11.8 3 8.4 4 1     

17 39 10.2 146 38.2 179 46.9 18 4.7     

18 29 7.6 59 15.4 276 72.2 18 4.7     

19 259 67.8. 66 17.3 42 11 9 2.4     

20 246 64.4 136 35.6         

21 296 77.5 86 22.5         

22 351 91.9 31 8.1         

23 72 18.8 153 40.1 122 31.9 28 7.3     

24 217 56.8 133 34.8         

25 258 67.5 124 32.5         

26 242 76.4 140 36.6         

27 292 81.2 90 23.6         

28 280 73.3 17 4.4         

29 14 3.7 57 14.9 13 3.4       

30 139 36.4 243 63.6         

31 16 4.2 61 16 95 24.9 193 50.5 17 4.4   

32 261 68.3 116 30.4 5 1.3       
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Appendix 6: Monthly Maximum, Minimum and Average Temperature of Debre Birhan 

Town for the year 2004-2008  

Year   Jan Feb mar Apr May June July Aug Sep Oct Nov Dec 

 

2004 

 

Max 20.7 20.4 21 20.4 23.1 21.2 18.7 18.7 19.1 18.6 19.5 19.6 

Min 5 4.4 5.6 8.9 6.7 8.1 9.2 9 7 3.3 2.7 5.2 

AV 12.8 12.4 13.3 14.65 14.9 14.7 14 13.8 13.0 10.9 11.1 12.4 

 

2005 

 

Max 20.1 22.1 22 21.3 20.4 21.6 18.3 18.9 19.3 19 18.8 18.9 

Min 5.3 7.3 8.3 9.2 9.2 7.8 9.2 9.2 8.3 3.9 2 1.7 

AV 12.7 14.7 15.15 15.25 14.8 14.7 13.8 14.0 13.8 11.4 10.4 10.3 

 

2006 

 

Max 20 21 20.5 20 21.9 22.6 19 18 18.6 19.6 NA 19.1 

Min 5.9 8 7.5 8.5 7.4 8.2 9.8 9.8 7.4 5.4 NA 4.7 

AV 12.9 14.5 14 14.25 14.7 15.4 14.4 13.9 13 12.5 NA 11.9 

 

2007 

 

Max 19.9 20.6 21.8 20.8 22.7 21.2 18 18.2 18.7 19 18.6 20 

Min 6.6 7.5 7.7 8.5 8.1 9 9.6 9.2 7.5 3.4 3.9 1.5 

AV 13.3 14.1 14.7 14.6 15.4 15.1 13.8 13.7 13.1 11.2 11.3 10.7 

 

2008 

 

Max 19.4 20.2 22 20.8 21.3 21.2 18.9 19 19.4 19.2 18.4 19.1 

Min 5.4 5 5.5 7.7 8.6 8.5 8.6 9.2 7 4.2 4 4.6 

AV 12.4 12.6 13.7 14.3 14.9 14.9 13.8 14.1 13.2 11.7 11.2 11.8 

Source: National Meteorological Service Agency, 2010 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 


