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ABSTRACT 
In Ethiopia only 28% and 52% of the total population have access to sanitation and safe 

drinking water respectively. As a result, 60-80% of the population suffers from water-

borne and water-related diseases. This is partly due to the lack of access to safe water 

distribution systems. This thesis evaluates the physico-chemical and bacteriological 

quality of water from sources, disinfection point (DP), main distribution systems 

(reservoir, MD) and private tap water samples of Debrezeit (Bishoftu) town, Oromia 

Regional State, Ethiopia. The study was conducted from May 2008 to August 2008. A 

total of 123 triplicate water samples were collected and analyzed from 5 wells, 1 DP, 6 

MD, and 29 tap water distribution systems. The temperature measurements of all water 

samples were between 19.9ºC and 25.5ºC and that of pH was between 6.9 and 7.7. The 

turbidity of water from the sampling sites showed significant variations ranging from 0-

7.6NTU. Almost 30% of the turbidity measurements of the tap water samples were 

higher than that of the sources by a factor of 3NTU showing increment in turbidity 

records. However, only 6% of the water samples from the distribution systems were 

found to be greater than the maximum limits of the guide line value of <5NTU. TDS and 

EC records showed similar pattern in all sampling sites ranging from 332.4-367.7mg/l 

and 511.3-565.7µS/cm respectively. All the TDS records were under the permissible 

limits of <600mg/l. The DO values of all water samples were found to be between 7.9 

and 9.3mg/l. On the other hand, nitrate measurements showed discrepancies among 

different sampling sits (source=6.1-12.3mg/l, MD=5.9-11.3mg/l, and tap=1.1-13.0mg/l), 

although they were by far less than the maximum limits of the guide line of <50mg/l. 

Higher nitrate contents in the tap water samples may be due to the exposure of tap water 

through leakages in the distribution systems. Phosphate records did not show variations 

(source=0.2-0.4mg/l, MD=0.3-0.4mg/l, tap=0.2-0.48mg/l). This shows phosphorus was 

not a series water quality problem in the study area. The mean FRC in the DP was 

0.83mg/l, nevertheless, 67% and 87%of the water samples from the MDs and tap water 

distribution systems contained marginal FRC value of < 0.2mg/l. This shows that some of 

the tap water samples were further contaminated as they recharged from MDs indicating 

that the water supply system of Debrezeit town lacks proper treatment process.  

Regarding bacteriological quality, it was found that 100% of the samples taken from 
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source were positive for TC ranging between 1 and 4CFU/100ml, whereas 20% of the 

source samples showed positive for FC and FS with mean colony count of 1CFU/100ml. 

The water samples from the DP were free from any bacterial contamination. On the other 

hand, MDs and tap water samples were heavily contaminated with bacterial coliforms.  I 

n the MDs TC, FC, and FS CFU/100ml ranged from 0-46, 0-34, and 0-17 respectively. 

Similarly, all tap water samples were found to contain TC ranging between 1 and 

108CFU/100ml, whereas FC and FS ranged between 1 and 58CFU/100ml and 1 and 

19CFU/100ml respectively. In general, 20% each FC and FS in the source, 17%, 83%, 

and 67% in the MDs and 83%, 86%, and 76% of TC, FC, and FS did not meet the 

guideline value respectively. The pattern of bacteriological quality of the tap water 

system also showed different trends between and among the sampling sites at different 

Kebeles. Consequently, Kebeles 09, 03, 04 and 05 were found to be in the safe and 

reasonable category of bacterial loads, whereas, Kebeles 01, 06, 07 and 08  were under 

the dangerous category in terms of bacteriological quality.  To summarize, the water 

quality deterioration was higher in the networks than in the sources mainly due to human 

activities and very marginal FRC (17%> 0.2mg/l) in the water distribution networks. 

Proper drainage and sewage systems and sufficient disinfection of water with chlorine is 

a prime importance to deliver safe and adequate water to the residents of Debrezeit town. 
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1. INTRODUCTION 

1.1 Background  

Water is the most abundant substance in nature and vital for life activities. The major 

water sources for use are surface water bodies such as rivers and lakes, and underground 

aquifers and pore spaces down the water table (Ring, 2003). Water derived from these 

sources is not necessarily pure since it contains dissolved inorganic and organic 

substances, living organisms (viruses, bacteria, etc). For this reason, water intended for 

domestic uses should be free from toxic substances and microorganisms that are of health 

significance (WHO, 2005). 

It is well known that more than 88% of the global diarrhoeal diseases are water-borne 

infections caused by drinking unsafe and dirty water (Gundry et al., 2004). It is also 

estimated that 1.1billion people in developing countries have no access to clean water, 

and 2.4 billion people have no any form of sanitation services (WHO, 2002). 

Consequently, 250 million people are exposed to water-borne diseases resulting in 10-20 

million deaths every year (Pironcheva, 2004).   

Water quality problems are one of the manifestations of poverty. This has been well 

articulated by the United Nations Millennium Development Goals (MDG’s) whose over-

all objective is to reduce poverty into half by the year 2015 (Thompson et al., 2000). The 

MDG stipulates that improvement in drinking water supply and sanitation are major 

components of the poverty reduction programme. Its main target is to double the number 

of people with sustainable access to safe drinking water and basic sanitation through pipe 
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distribution system in urban centers and household water treatment and storage 

technologies in rural areas. 

However, the dilemma of delivering safe water to the population is compounded by 

population growth and more demand for more water from ground and surface water 

sources (Gundry et al., 2004). These water sources are also exposed to the forces of 

urbanization and industrialization where domestic wastes from poor sanitation services 

and industrial effluents are discharged into water bodies without proper treatment (Malin, 

1982). Consequently, the dual forces of pollution and population pressure have 

complicated the provision of safe water to the public.  This shows that, despite the 

worldwide efforts of delivering safe drinking water, the transmission of water-borne 

diseases is still a matter of major concern (Venter, 2000). 

1.2 Statement of the problem  

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

(Anonymous, 1986; MOH, 2007). This burdens the country with enormous financial and 

social costs to take care of such a huge number of people suffering from these debilitating 

infections. 

In the country, 20% of the population lives in urban centers. Eighty percent of the 

inhabitants of cities enjoy the provision of safe water through centralized treatment plants 

and distribution system (UNESCO, 2004).  However, different reports showed that water 

sources and distributions systems are contaminated with water quality indicators such as 
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turbidity, organic matter, and faecal microorganisms. These bacteria indirectly determine 

the risk of ingesting pathogens with polluted water (APHA, 1998). 

The reports also showed that water sources and distribution systems of towns and rural 

communities alike have serious water quality problems. Assessment of bacteriological 

and physico-chemical qualities of urban source water and tap water distribution systems 

in Akaki-Kalit sub-city of Addis Ababa(Mengestayehu,2007), Ziway town (Kassahun, 

2008), Bahir Dar town(Getnet,2008), Nazareth(Adama)town (Temesgen, 2009) showed 

contaminations of water by indicator bacteria such as total coliforms, faecal coliforms 

and/or faecal streptococci.  

The problems of contamination of urban water distribution system are said to be diverse. 

According to GTZ (1995), wastes from improper sanitation (sewage) and agricultural and 

other activities make their way to the water distribution networks. Furthermore, break in 

the distribution system, inverse pumping of soil contaminants through interruption of the 

water supply, age and improper maintenance of the distribution system, low level of 

chlorine (treatment efficiency) usually compromise the integrity of the distribution 

system and quality of potable water (Muyina and Ngeakani, 1998; Phiri et al., 2005; 

Zambrlan et al., 2007). 

Similarly, underground water sources (hand dug wells) from rural areas in Menge 

District, Benishangul Gumuz region (Mebratu, 2007), and protected springs and hand 

pumped wells in Werebabo District, South Wello (Atnaf, 2006) indicated that 60-100% 

of the water samples were positive for total coliforms and faecal coliforms. This shows 

that the provision of safe water through extraction of water from deep underground and 
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protected water sources from relatively less contaminated rural areas was not even 

immune from contamination. 

All these findings give conclusive evidence that water quality problems are rampant both 

with small-scale and large-scale water delivery systems in the country. This would pose 

high health risks to users unless prompt intervention is undertaken. This, therefore, 

necessitates the evaluation and putting in place of sustainable monitoring system to 

determine the water quality status of municipal and rural water distribution systems.   

1.3 Objectives  

General Objective 

The purpose of this study is to evaluate the quality of drinking water of Debrezeit town     

from source, disinfection point, main distribution system (Reservoir), and yard 

connections (private tap networks). 

Specific Objectives 

1. To analyze the physico-chemical parameters of water samples on the basis of 

temperature, turbidity, pH, dissolved oxygen, free residual chlorine, total 

dissolved solids, electrical conductivity, nitrate and phosphate contents 

2. To evaluate bacteriological quality of water samples using total coliforms, faecal 

coliforms and faecal streptococci as pollution indicators 

3. To generate base line data for further studies and intervention 
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2. LITERATURE REVIEW 

2. 1 Human Health and Water Quality 

According to OECD (2005), water quality is mainly related to drinking water, hygiene, 

sanitation and human health. In many developing countries, water supplies are of poor 

quality often is unsafe for human consumption (UNCED, 1993). Consequently, diseases 

will continue to spread among the poor until adequate wastewater disposal accompanies 

the provision of safe drinking water (Galal-Gorchev, 1996). Drinking water quality has a 

strong impact on people’s health because water is a vehicle of transmission for many 

pathogenic microorganisms that cause diarrhoeal diseases (Howard and Bartram, 2005).  

The term water borne disease is used to describe all infections whose etiologic agents are 

carried by water (OECD, 2005).These are cholera, bacillary dysentery, enterhemorrhagic 

Escherichia Coli(E.coli), viral hepatitis A, shigellosis, typhoid fever, cryptosporidiasis, 

giardiasis(WHO,2001). Generally, waterborne disease outbreaks usually involve, source 

contamination and the breakdown of the treatment systems, contamination of the 

distribution systems and the use of untreated water (WHO, 2004; Hood, 2007). The uses 

of polluted water from these sources are incriminated with most of the water borne 

diseases (WHO, 2004). 

Waterborne diseases can be controlled by different mechanisms. Many studies have 

clearly shown that supply of microbiologically safe water can reduce directly or 

indirectly, the morbidity and mortality of diarrhoeal diseases (Galal-Gorchev, 1996). 

Improved sanitation could reduce diarrhoeal disease by 32%, whereas hygiene education 

and promotion of hand washing was found to reduce by 45 %( TID, 2000).  Likewise 
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household water treatments such as chlorination at point of use can also achieve 35-39% 

reduction in diarrhoeal diseases (WHO, 2004) 

Although some naturally occurring microorganisms exist in water, the most important 

pollutants of health importance are emanated from domestic and industrial wastes (Jabu, 

2006). These are pathogens that can cause diseases in humans and animals. They can be 

bacteria, viruses, or parasites (Brian, 2002; Sood et al., 2008; Ring, 2002). Human and 

animal wastes are primary sources of bacteria in drinking water. These sources include 

run off from feedlots, pastures, and other land areas where animal wastes are deposited 

(Sood et al, 2008; Ring, 2002). Additional sources include seepage or discharge from 

septic tanks and sewage treatment facilities. Bacteria from these sources can enter wells 

that are either open at the land surface, or do not have water-tight casings or caps (Brian, 

2002; Ring, 2002).  

Drinking water quality is becoming an issue of global human health concern, principally 

due to water contamination with pathogens and potentially toxic chemicals (Hooda, 

2007). It has a strong impact on people’s health because water is a means of transmission 

for many pathogenic microorganisms that cause diarrhoeal diseases. In order to reduce 

disease outbreaks emanated from polluted water, it is important to emphasize on water 

quality management (Howard and Bartram, 2005).  

2.2 Bacteriological Water Quality Parameters 

The presence of certain microorganisms in water is used as an indicator of possible 

contamination and an index of water quality (Hurst et al., 2002). Indicator organisms are 

selected to demonstrate the presence of human and animal wastes and hence the potential 

presence of pathogens in drinking water. Indicator organisms are usually of intestinal 
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origin from humans and animals (Muyima and Ngcakani, 1998; Hurst et al., 2002; Brian, 

2002; Mombal, et al., 2006; Plummer et al., 2007).  

Therefore, the presence of indicator organisms in water indicates contamination of water 

by faecal matter, which could probably contain pathogens such as Salmonella and 

Shigella(Gundry et al., 2004). According to USEPA regulations three main groups of 

bacteria are suggested to serve as indicators to monitor water quality. These are total 

coliforms (TC), faecal coliforms (FC), and enterococcus (USEPA, 1998).  

The criteria set to identify indicator organisms for water quality analyses are: the 

organisms must be exclusively of faecal origin and consistently present in fresh faecal 

waste, they must occur in greater numbers than the associated pathogens, they must be 

more resistant to environmental stresses and persist for a greater length of time than the 

pathogen, they must not proliferate to any greater extent in the environment or they 

should not grow in natural waters, and they have to be detected on the basis of simple, 

reliable, and inexpensive methods(Hurst et al., 2002;WHO, 2004).  

  

2.2.1 Coliform Bacteria 

Total coliforms are the ones that are commonly measured as indicator bacteria for 

drinking water quality (Brian, 2002; Hurst et al., 2002). They are defined as aerobic and 

facultatively anaerobic non spore forming bacteria that ferment lactose at 35 to 370C with 

the production of acid and gas within 24-48 hours (WHO, 1985; Hurst et al., 2002).  

Coliform bacteria belong to the family enterobacteriace and include Escherichia coli 

(E.coli) as well as various members of the genera Nitrobacteria, Klebsiella and 

Citrobacter (Hurst et al., 2002).These bacteria originate in the intestinal tract of warm-
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blooded animals and can be found in their wastes. They can also be found in soil and on 

vegetation (Brian, 2002; Nold, 2008). 

Although coliform bacteria are not pathogens, their presence indicates the possibility of 

finding pathogens in drinking water (Nold, 2008). Consequently, they are used to assess 

possible faecal contamination or water pollution from sewage.  According to Hurst et al 

(2002), the persistence of total coliform bacteria in aquatic systems is comparable to that 

of some of the waterborne bacterial pathogens. Furthermore, coliform bacteria are 

relatively simple to identify and are present in much larger numbers than more dangerous 

pathogens (Brain, 2002; Hurst et al., 2002). For this reason the degree of faecal pollution 

and the presumed existence of pathogens can be estimated by monitoring coliform 

bacteria (Volk et al., 2002). 

2.2.2 Faecal Coliforms(Thermotolerant Bacteria) 

Thermotolerant bacteria are found in the subgroup of coliform bacteria that grow at 44°C 

(Aliev et al., 2006). Faecal coliforms live in the intestines’ of warm blooded animals 

(Garcia-Armisen and Servais, 2006; Howarth, 1996). As a result, they show excellent 

positive correlation with faecal contamination of water from warm blooded animals 

(Hurst et al., 2002).  

Apart from the fact that the faecal coliform E.coli is considered as one indicator of faecal 

contamination of water (Stephen and Gundry, 2004), some strains such as 

enterhemorrhagic and entroinvasive have become serious causative agents of emerging 

waterborne diarrhoeal disease (Nold, 2008). 
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The presence of coliform bacteria in potable water indicates unsuitable sanitation practices 

(Howarth, 1996; Garcia-Armisen and Servais, 2006). Such occurrences may be a result of 

poor water treatment systems, leakages in the pipelines, and or regrowth in the distribution 

system (Geldreich, 1996). 

2.2.3 Faecal Streptococci and Enterococci 

Faecal streptococci and enterococci are gram positive bacteria (Howarth, 1996; Hurst et el, 

2002; McDonald et al, 2008). Faecal streptococci are excreted by all warm-blooded 

animals (WHO, 2003). The presence of faecal streptococci and enterococci in water is an 

indicator of faecal pollution of water and the possible presence of enteric pathogens in 

water (WHO, 2003). They are widespread in the environment, wherever there is high 

human and animal activity (WHO, 2004). For this reason the ratio of FC/FS indicates the 

origin of faecal contamination whether it is derived from animals or human beings 

(Howarth, 1996). 

In addition to serving as indicator bacterium, some species of streptococci has an 

interesting history of wide spread distribution to have causing different diseases with more 

morbidity in humans over the centuries than almost any other bacteria (WHO, 2004). 

Faecal streptococci and enterococci have received widespread acceptance as useful 

indicators of microbiological water quality, because; they show a high and close 

relationship with health hazards, mainly gastrointestinal symptoms, associated with bathing 

in aquatic environments, they are not ubiquitous as coliforms, they are always present in 

the faeces of warm-blooded animals,  and  their die-off is less rapid than that of coliforms 

in water and their persistence patterns are similar to those of potential water borne 

pathogenic bacteria(Hurst et al., 2002) 
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2.3 Physico- Chemical Water Quality Parameters  

The physico-chemical water quality parameters are the ones that are contributed by 

climatological, hydrological and geological factors. They affect the bacteriological, 

chemical and physical components of water.  

2.3.1 Water Temperature 

Water temperature could be raised as a result of both natural volcanic activities and 

industrial discharges (NGL, 2002). Normally, water with lower temperature is palatable 

(Volk et al., 2002; WHO, 1997; WHO, 2006). High water temperature, in the rift-valley 

areas of Ethiopia, is one of the main factors for higher TDS, through the facilitation of 

elements transformation into dissolved form from host rocks and high rate of evaporation 

(Tamiru, 2000).  

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

odor, and color problems of drinking water (Mombal et al., 2002; Agbogu et al., 2007). 

Temperature also affects the concentration of dissolved oxygen and can influence the 

activity of bacteria in a water bodies (Murphy, 2007).  

In analysis of the physico- chemical quality of pipe water samples, temperature is 

considered as a critical parameter affecting many reactions, including the rate of 

disinfectant decay and by-product formation (Volk et al., 2002). As the water 

temperature increases, there is increase in the disinfectant demand and byproduct 

formation, nitrification and microbial activity (Collicott et al., 2003). 

An aesthetic objective is set for maximum water temperature to aid in selection of the 

best water source or the best placement for a water intake (WHO, 1997; WHO, 2006).  It 
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is desirable that the temperature of drinking water should not exceed 15ºC because the 

palatability of water is enhanced by its coolness (WHO, 1997; Volk et al, 2002; 

Pirocheva et al., 2004). Temperatures above 15ºC can speed up the growth of nuisance 

organisms such as algae which can intensify taste, odor, and color problems in drinking 

water (TID, 2000; Mombal et al., 2002; Agbogu et al., 2007). 

2.3.2 Hydrogen Ion concentration (pH) 

WHO (2006) and National (NGL, 2002) guideline for drinking water stated that the 

standard limit of pH for drinking water should be between 6.5 - 8.5. pH is one of the most 

important operational parameters for water treatment  practices such as disinfection 

(WHO, 1997; WHO, 2006). The pH plays an important role, since it influences physical, 

chemical and biological processes in the aquatic environment (WHO, 1985).  

It may be influenced by various factors and processes, including temperature, discharge 

of effluents, acid mine drainage, runoff and decay processes. Low pH levels cause severe 

corrosion of metals in the distribution systems while high pH values result in progressive 

decrease in the efficiency of the chlorine disinfection process (Nold, 2002). According to 

Kent and collaborators (1998), pH values ranging from 3 to 10.5 could favor both the 

growth of indicator and pathogenic micro-organisms in drinking water.  

2.3.3 Turbidity 

Turbidity is a measure of the cloudiness of water, the cloudier the water, the greater the 

turbidity (Lewis et al., 2002). Turbidity in water is caused by suspended matter such as 

clay, silt, and organic matter and by plankton and other microscopic organisms that 

interfere with the passage of light through the water (Planchere and Cowen, 2007). 



  

 14

High turbidity can also be caused by soil erosion, urban runoff, and high flow rates 

(Lechevallier et al., 1981). Turbidity is closely related to total suspended solids (TSS), 

but also includes plankton and other organisms (WHO, 2006). Although turbidity itself is 

not a major health concern, its high concentration can interfere with disinfection and 

provide a medium for microbial growth (Murphy, 2007). 

Turbidity is also considered as indirect indicator for the presence of microbes (WHO, 

2006) and, therefore, microbiological parameter is closely linked to the microbiological 

safety of drinking water (Murphy, 2007a).Therefore, turbidity has to be correlated with 

bacterial contamination, and the probable existence of pathogens that are of human health 

concern (Olson, 2004; Downie, 2005). 

2.3.4 Total Dissolved Solids 

Total solids refer to the presence of materials suspended or dissolved in water and is 

related to both electrical conductivity and turbidity (Murphy, 2007a). Total dissolved 

solids (TDS) are characterized mainly by major anions and actions such as carbonate, 

bicarbonate, sulfate, chloride, nitrate, sodium, calcium, magnesium, and potassium 

(NGL, 2002). 

Total Solids includes both total suspended solids (TSS), the portion of total solids 

retained by a filter, and total dissolved solids (TDS), the portion that passes through a 

filter(Murphy,2007a). Concentrations above 500 ppm of TDS may cause adverse taste 

effects on drinking water (wells, 2000). 

With respect to drinking water quality, water with extremely low TDS concentrations 

may be objectionable because of its flat, insipid taste. High concentration of TDS on the 
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other hand causes some physiological problems (Lechevallier et al., 1981). These may 

include: laxative effects mainly from sodium, sulfate and magnesium sulfate. The adverse 

effects of high concentration of sodium on certain cardiac patients and kidney function 

are well documented (ADWD, 2004). 

2.3.5 Electrical Conductivity  

Specific Conductance (SC) is a measure of how well water can conduct an electrical 

current (Lechevallier et al., 1981). Conductivity increases with increasing amount and 

mobility of ions (Lehtola et al., 2002). These ions, which come from the breakdown of 

compounds and conduct electricity because they are negatively or positively charged 

when dissolved in water (Lee et al., 2003). Therefore, SC is an indirect measure of the 

presence of dissolved solids such as chloride, nitrate, sulfate, phosphate, sodium, 

magnesium, calcium, and iron, and can be used as an indicator of water pollution 

(Murphy, 2007a). 

With more ions in the water, the water’s electrical conductivity (EC) increases (Murphy, 

2007). By measuring the water’s electrical conductivity, one indirectly determines its 

TDS concentration. At a high TDS concentration, water becomes saline (Kegley and 

Andres, 1997).  

2.3.6 Dissolved Oxygen 

Oxygen is the most abundant element of the earth's crust and waters combined. Dissolved 

oxygen (DO) is oxygen that is dissolved in water. It gets there by diffusion from the 

surrounding air; aeration of water that has tumbled over falls and rapids; and as by 

product of photosynthesis (ADWG, 2004)  
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If water is too warm, there may not be enough oxygen in it (USEPA, 1999). When there 

are too many bacteria or aquatic animal in the area, they may overpopulate, using DO in 

great amounts (USEPA, 1986). Stream bank erosion and man-induced activities which 

remove/reduce vegetation along streams and rivers increase the amount of sunlight that 

reaches the water. Sunlight raises the water temperature, and the water's capacity to hold 

DO decreases (WHO, 2006).  

Excess fertilizers from agricultural fields contribute large amounts of nitrogen and 

phosphorus that accelerates algal growth (Lehtola et al., 2002; Lechevallier et al., 1981; 

Camper, 1996). Algae utilize the dissolved oxygen during respiration and have the 

potential to remove large amounts of dissolved oxygen from the system. The break-down 

of dead, decaying algae and other organic materials also removes oxygen from the water 

(ADWG, 2004).Under these conditions, the numbers and size of water plants increases to 

a great deal. Then, if the weather becomes cloudy for several days, respiring plants will 

use much of the available DO. When these plants die, they become food for bacteria, 

which in turn multiply and use large amounts of oxygen. Despite speeding up corrosion 

in water pipes, a high DO level in a community water supply is good because it makes 

drinking water taste better (USEPA, 1986).  

       2.3.7 Free Residual Chlorine  

Chlorine is added to drinking water supplies for the purpose of destroying or deactivating 

disease causing microorganisms. This is termed as water disinfection. Chlorine is usually 

added to water in liquid form as sodium hypochlorite or solid form as calcium 

hypochlorite. Maintaining an adequate level of residual chlorine is of great importance in 

terms of distribution system water quality management (Housseini, 2003). The WHO 
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(2003), guideline value for the palatability and health significance of residual chlorine is 

0.2 to 0.5mg/l in drinking water distribution systems. 

The disinfection activity of chlorine on microorganisms is greatly reduced at high pH, 

probably because at an alkaline pH, the predominant species of chlorine is hypochlorite 

ions (Hurst et al., 2002). If the pH of the water is high, chlorine is less effective up on 

pathogens (USEPA, 1999).  

Equilibrium concentrations of hypochlorous acid and hypochlorite ions depend on the pH 

of the water. Both hypochlorous acid and hypochlorite ions are commonly referred to as 

free chlorine. The ability of hypochlorite to destroy microbial life is predominantly due to 

the ability of hypochlorous acid to oxide proteins and other structures found in bacteria, 

viruses and protozoa (Hurst et al., 2002). 

If water contains a lot of decaying materials, free chlorine can combine with them to form 

compounds called trihalomethanes (THMs). Some THMs in high concentrations are 

carcinogenic to people. Unlike free chlorine, THMs are persistent and can pose a health 

threat to living things for a long time (USEPA, 1986). 

People who are adding chlorine to water for disinfection must be careful for two reasons: 

first, chlorine gas even at low concentrations can irritate eyes, nasal passages and lungs; it 

can even kill in a few breaths; second, the formation of THM compounds must be 

minimized because of the long-term health effects (USEPA, 1986). Most of the time less 

than 0.5 mg/l of free chlorine is needed to kill bacteria without causing water to smell or 

taste unpleasant. Most people cannot detect the presence of chlorine in water at1.0 mg/l 
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level. Although 1.0 mg/l chlorine is not harmful to people, it can cause problems for fish 

if they are exposed to it over a long period of time (USEPA, 1986). 

2.3.8 Nitrates 

Nitrates are one of the most ubiquitous chemical contaminant of water bodies worldwide 

as they are mainly derived from human activities (Aliev et al., 2006). It is also naturally 

occurring chemical form of nitrogen found in most soils. Nitrates may be formed when 

plant residues, animal manures and human wastes decompose. It can be added to soil 

directly as a nitrogen fertilizer (Brown, 1993). 

Contamination of drinking water by nitrate is more commonly associated with some form 

of pollution resulting from human activities. Nitrates are very soluble in water and can 

move easily through soil. Over time nitrates can accumulate in ground water that may 

then be used as a drinking water source (USEPA, 1999). 

Nitrate concentrations above 50mg/l can cause adverse health effects in infants less than 

three months of age, and also nitrate concentrations above 100mg/l can affect pregnant 

women (ADWG, 2004). However, a maximum contaminant level of 50mg/l of nitrate has 

been established for drinking water (WHO, 1997; WHO, 2006)  

2.3.9 Phosphate 

Phosphorus is a nutrient required by all organisms for the basic processes of life 

(Miettinen et al, 1997). It is a natural element found in rocks, soils and organic material. 

Its concentration in clean waters is generally very low (Lehtola et al., 2002). However, 

phosphorus is used extensively in fertilizer and other chemicals, so it can be found in 

higher concentrations in areas of human activity (USEPA, 1999).  
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Phosphorus is generally found as phosphate (PO4
-3). High levels of phosphate, along with 

nitrate, can over stimulate the growth of aquatic plants and algae, resulting in high 

dissolved oxygen consumption (Miettinen et al., 1997; LeChevallier et al., 1990). The 

primary sources of phosphates to surface water are detergents, fertilizers, and natural 

mineral deposits (Murphy, 2007b). 

Inorganic phosphate is phosphate that is not associated with organic material. Types of 

inorganic phosphate include orthophosphate and polyphosphates. Orthophosphate is 

sometimes referred to as "reactive phosphorus." Orthophosphate is the most stable kind 

of phosphate (Miettinen et al., 1997). Orthophosphate is produced by natural processes 

and can be found in sewage (Murphy, 2007). In water, polyphosphates are unstable and 

will eventually convert to orthophosphate (Murphy, 2007b). 

Phosphates are not toxic to people or animals unless they are present at a very high level. 

Digestive problems could occur from extremely high levels of phosphate (USEPA, 

1999). Phosphate levels greater than 1.0 mg/l may interfere with coagulation in water 

treatment plants. As a result, organic particles that harbor microorganisms may not be 

completely removed before distributing the water to the users (Murphy, 2007b).  

No national or state criteria have been established for concentrations of phosphorus 

compounds in water. However, it is an indicator of contamination of water by human 

activity and draws significant influence in water quality management (Miettinen et al., 

1997; Lehtola et al., 2002). 
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2.4. Management of Drinking Water  

Effective drinking water system management includes addressing the quality and 

protection of water source (Hurst et al., 2002). Effective management of catchments has 

many benefits. It decreases the contamination of the source water; consequently, the 

amount of treatment required is reduced. This may reduce the production of treatment by-

products and minimize operational costs (WHO, 2004). 

Olson (2003) stated that source water protection is a strong key to drinking water 

management. Generally water experts seek multiple barriers to contamination. These are:  

protection against pollution of the source water, effective drinking water treatment at the 

water treatment plant, and effective and safe management of the distribution systems 

(Lee and Kung, 2003). 

The first line of defense in ensuring the safety and quality of drinking water is to ensure 

that water sources such as rivers, streams and aquifers are protected from pollution 

(Olson, 2003). This ensures the first step towards selecting the best available water 

source to provide safe drinking water (LeChevallier et al., 1990). The most protected 

water source will be the easiest and the cheapest to transform into safe drinking water 

(OECD, 2005; WHO, 2003). Good quality source water needs less, or no, treatment, with 

fewer health risks (AWWA, 2000).  

Groundwater is better protected than surface water (WHO, 2003). Groundwater, being 

naturally filtered as it flows underground, is usually microbiologically pure (LeChevallier 

et al., 1996). Most natural ground water in all but very shallow aquifers is considered free 

from pathogenic bacteria. However, sometimes ground water in aquifers or distribution 
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systems may become contaminated with polluted water or through poor construction of 

water distribution systems (AWWA, 2000). 

Groundwater usually requires less treatment than most surface water with respect to 

microbial pathogens, organic matter, and turbidity (Hurst et al., 2002). However, the 

recent compilation of waterborne disease outbreak data for the years 1999 and 2000 in 

USA indicated that 26 of 37 infectious diseases out breaks were attributed 70.5% to 

groundwater by well water sources, because of the problems of latrines close to the water 

sources, lack or little environmental protection, and water chachement management 

problems (Zamaxaka et al., 2004). 

There are many sources of groundwater contamination. These includes agricultural 

pesticides and fertilizers, underground fuel storage tanks, industrial solvents, land 

disposal of agricultural and municipal wastes, landfills, septic tanks and hazardous waste 

disposal sites (Charles, 1987). 

The two major categories of agricultural contaminants of groundwater are nitrates and 

pesticides. Nitrates in ground water result from nitrogen fertilizers use and animal 

manure disposal by agricultural producers, wastewater disposal through septic systems 

and, in some regions are naturally occurring. Recent studies indicate that agriculture is 

the most extensive source of nitrates found in groundwater (Hallberg, 1986).  

The location of ground water makes it susceptible to long-term contamination. Because 

of the nature of ground water, contaminates dissolved in it do not disperse rapidly. There 

is little potential for degradation from the action of air and light (USEPA, 1986).  

Consequently, when groundwater becomes contaminated, it will remain so for many 
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years. Restoration of the quality of groundwater after it has been degraded is often 

impossible (Charles, 1990).  

Contaminants in freshwater resources can arise from a variety of sources including those 

associated with the treatment and disposal of sewage and agricultural livestock wastes 

(Hooda, 2007). Surface water is rarely pure and is likely to require treatment measures 

for direct uses (WHO, 2002). 

Even if it has high exposure for contamination, there are several advantages to use 

surface waters as a source for drinking water. The possible reasons are: the location and 

elevation of water sources may offer the advantage of gravity flow to the treatment 

facility, visibility of the water supply allows daily evaluation and water levels and 

sources of contamination can be less costly to identify than those of groundwater (Hurst 

et al., 2002). 

The objective of water treatment is to produce wholesome water that meets the regulatory 

requirements. The treated water should be microbiologically and chemically safe for 

consumption and aesthetically acceptable. It must not corrode materials in contact with 

water (Ainswoth, 2004).  

The range of treatment processes includes clarification and sedimentation, filtration and 

disinfection (AWWA, 2000). Although each of the treatment process is able to reduce the 

number of particular micro-organisms, no process can ensure their complete removal 

(Ainswoth, 2004).  

Properly treated water may become contaminated by micro-organisms (bacteria, protozoa 

and others) when it leaves the treatment plant and enters the distribution systems 
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(Downie, 2005). Hence disinfection of finished water is considered as the key factor that 

can control bacterial regrowth in drinking water distribution systems (Chu et al., 2005).   

Sources of pathogens to water distribution systems include: source water contamination 

followed by improper or insufficient treatment, regrowth of organisms due to insufficient 

residual disinfectants in the distribution systems, contamination due to transient pressure 

drops leading to infiltration of ground water into water pipes, contamination due to 

incorrect cross-connections with lines (Warburton, 1992). Other factors that can affect 

introduction of pathogens into the water distribution systems include water temperature, 

pH, turbidity and oxygen concentration (Ailamaki et al., 2003).Therefore, it is very 

important to practice breakpoint chlorination  at any point of the distribution system so as 

to reduce the regrowth of bacteria in water distribution systems(OXFAM,2004). 
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3. MATERIALS AND METHODS 

3.1 Study design 

A cross sectional study was carried out to assess the bacteriological and physico – 

chemical quality of source, disinfection point (DP), public stand pipe (main distribution 

system, MD) and private tap water samples. The study was conducted in Debrezeit town, 

from May 2008 to August 2008. 

3.2 Description of the Study Area  

3.2.1 Study Site  

Debrezeit (Bishoftu) town is located about 47km from southeast of Addis Ababa. The 

town is situated between 80 45’-80 47’N latitude and 380 56’-390 01 longitude (WSSA 

1990). Its elevation varies from 1885m above sea level at the water level of Lake 

Bishoftu to about 2010m above sea level at the top of a small hill around south west of 

Lake Hora Arsedi (NWRC, 1990).   

The town was established around 1902 as a center for Ethio-Djibouti railway line. Its 

original name Bishoftu is derived from an Afan Oromo word meaning the land of excess 

water body. There are about six small lakes around Debrezeit town. In 1984 the surface 

area of the town was estimated to be 3280 hectares. In 2008, the total area incorporated 

under the master plan was 4520 hectares.  At present, the town is divided into three Kifle 

Ketemas and nine Kebeles (ARDM, 2008).  
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Fig. 1 Location Map of the Study Area 

 

 

 

 

 

 

 

 

 

 

 

 

 

The town experiences Woinadega type of climate. Its average annual temperature is 200C 

and average rainfall is 816mm. November is the coldest and May is the hottest months of 

the year, respectively (ARBM, 2008).  

3.2.2 Population  

According to the result of the 1994 population and housing census, the population of the 

town was 120,000 (CSA, 1996). Moreover, the town currently grows at a rate of 5% and 

the estimated total population is about 142,761 within 22,933 housing units (ARBM, 

2008).  



  

 26

3.2.3 Water Supply and Sanitation  

Drinking water for the town of Debrezeit comes from six drilled wells (about 74m deep 

each) located in the Shimbra Meda Valley 9km north east away from the centre of the 

town (NWRC, 1990). The last well is located in Kebele 01 in the town.  In the Shimbra 

Meda the wells are positioned about 800m apart from each other (WSSA, 1990).  

The total recharge capacity of all drilled wells is about 5184m3 of water per day. This 

much daily recharge was assumed to be enough for 65, 000 inhabitants of the town 

twenty years ago (WSSA, 1990). Currently, the population of the town is more than 

140,000. This shows that there is a shortage of supply of drinking water, particularly, in 

Kebeles 01 and 02 which are very far from the source water. To alleviate this problem, 

the Debrezeit Water Supply Office (DWSO) is  currently constructing one deep well in 

Kebele 01 with its daily recharge capacity of 864m3 of water per day(Personal 

observation and communication with DWSO).  

There is one water disinfection point (DP), which was installed in 1987 at Shimbra Meda 

near well 4 (WSSA, 1990). However, the plant is not functional; it uses the chlorination 

method by addition of calcium hypochlorite (powder) manually per day (personal 

communication) at the mouth of Well 4.   

The chlorinated water is distributed to the inhabitants through private taps and public 

stand pipes. The distribution network include 12363 private taps and 47  public stand 

pipes to serve the general public with water and 29 hydrants for emergency cases 

(DWSO, 2008).   
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3.3 Sample Size and Sampling Points 

 Geographical positioning system (GPS) was used to collect geographical information 

system (GIS) data and GIS version9.2 software was used to locate geographical position 

of sampling points in the study area.  

A total of 123 water samples were collected from the study area. This means triplicate 

water samples each from 5 wells (source water), 29 private taps, 6 main distribution 

systems and 1disinfection point (DP). Out of the six deep wells in the Shimbra Meda, 

samples were collected from W1, W3, W5, W6, and one well (W7) from Kebele 01 in the 

town. Figure 2 shows the water sampling sites in the study area. 
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Fig 2 sampling sites in the study area 

 

 

Samples were taken from locations that were representative of the water distribution 

systems and household connections. Systematic random sampling method was used to 

determine representative sampling points (Daniel, 1995). The 29 private taps were 

systematically selected from all the 9 Kebeles, the 6 main distribution systems were taken 

from Kebeles 01, 02, 03, 05, 09 and the last one around the source water from Shimbra 

Meda.  
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3.4 Sample Collection  

The method of sample collection was according to WHO drinking water guideline 

(WHO, 2006), OXFAM-Delagua potable water testing kit (OXFAM, 2004) and 

American public health association guideline (APHA, 1998). 

For the bacteriological analysis, water samples were collected in sterile glass bottles and 

transported to the laboratory in ice box containing ice freezer packs. From each sampling 

point, 300ml samples were taken for analyses. For the chlorinated water samples sodium 

thiosulphate was added to stop the chlorination process during transportation. Three 

milliliter (3ml) sodium thiosulphate was added into each sampling bottle and sterilized in 

the autoclave for 15 minutes at about 121ºC.  

 The bacteriological testes were undertaken within 6 hours after collection to avoid the 

growth or death of microorganisms in the sample (WHO, 2006). With regard to the 

physicochemical analysis, 200ml glass water samples were collected, labeled and 

transported to the Addis Ababa university biology department microbiology laboratory in 

ice box. 

3.5 Sample Analyses 

3.5.1 Bacteriological Analyses 

With regard to bacteriological parameters, samples were analyzed using membrane 

filtration (MF) method for water quality to determine the degree of contamination (WHO, 

2006; APHA, 1998). All samples were analyzed for the presence of total coliforms (TC), 

faecal coliforms (FC) and faecal Streptococci (FS). One hundred milliliter of water 
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sample for each test was filtered through a sterile cellulose membrane filter with a pore 

size of 0.45µm to retain the indicator bacteria.  

The filtration apparatus was sterilized before use and re-sterilized between samples using 

methanol when analyzing water samples (OXFAM, 2004). The cellulose membrane filter 

was transferred from filtration apparatus to a sterilized aluminum Petri-dish containing 

absorbent pad soaked with membrane laryl sulphate tryptose broth (Wagtech, England) 

for  total coliforms(TC) and feacal coliform(FC). Regarding feacal Streptococcus (FS) M. 

enteroccus agar was used (APHA, 1998). 

The Petri-dishes were incubated at 30ºC and 37ºC for 4 hours for TC and both FC and FS 

to permit bacterial resuscitation, respectively. The Petri-dishes were inverted and 

incubated at 37ºC for 18-24 hours for TC and 44±0.5ºC for 18-24 hours for FC and FS. 

3.5.2 Physico-Chemical Analyses 

Except for nitrate and phosphate all physico-chemical parameters were analyzed at the 

site. Temperature and pH was analyzed using portable digital pH meter (Jenway model-

370, England). The pH meter was calibrated just before analysis using PH 4.0 and PH 7.0 

and it was rinsed with distilled water from one sample to the other following the Jenway 

pH meter operation manual(Jenway,2003).  

Total dissolved solids (TDS) and electrical conductivity were analyzed using portable 

digital conductivity meter (CC-401, Poland. This instrument was also used to cross check 

the temperature of the water samples. 

 With regard to turbidity, it was analyzed using portable microprocessor turbidity meter 

(H193703 ELE international, Hungary), whereas dissolved oxygen (DO) was analyzed 
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using waterproof oxygen meter (CO-411, Poland). Free residual chlorine test was made 

for all chlorinated samples. The test was performed using N, N-diethyl-1, and 4-

phenylenediamine (DPD-1). Portable comparator disk (Wagtech, UK) was used for 

comparison using the standard color of the disk labelled from 0.1 mg/l   to 2mg/l of 

chlorine. Nitrate and phosphate was measured using HACH DR/2010 spectrophotometer 

following HACH instructions (HACH, 1999). 

3.6 Statistical Application 

A computer program was used to analyze tabulated data using Microsoft Excel and SPSS 

(version 16, 2008). Descriptive statistics like percentage, mean and range were used to 

describe the findings. Correlation and t-test for dependent variables at 0.05 and/or 0.01 

significance level was also used to indicate the associations between parameters (Naing, 

2006).  
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4. RESULTS AND DISCUSSION 
 

4.1 Physico-chemical and Bacteriological Water Quality Analyses  

4.1.1 Physico-chemical Analyses of Source and Disinfection Point (DP)  

Temperature is one of the physico-chemical parameters used to evaluate water quality of 

potable water. The data showed that the highest temperature of 24.6oC from source water 

Well 3 (W3), whereas the lowest mean record of 22.8oC was measured from Well 7 

(W7). However, the water samples from the five wells (water sources) did not show 

significant difference amongst one another (Table 1) 

Table 1 Mean Physico-chemical analysis of source and DP water samples 

 

A similar study conducted  in  Ziway, a town located near the study area, showed a mean 

temperature of 23.2oC from different water source samples (Kassahun, 2008), whereas a 

mean temperature record of 23.8oC was measured from drinking water source supply of 

Bahir Dar town (Getnet, 2008). A slightly higher temperature of 25.5oC was reported 

from water source samples from Nigeria (Agbogu et al, 2006). All the above-mentioned 

Sampling  sites Parameter 
W1 W3 W5 W6 W7 DP 

Temp( oC) 24.4±3 24.6±0.1 23.0±1 23.7±1.3 22.8±0.7 24.2±0.1 
DO(mg/l) 8.26±.67 8.23±.03 8.6±. 26 8.6 ±.17 8.6 ±.17 8.4 ± .08 
pH 7.7±0.3 7.5±.3 7.4±0.2 7.2±.1 7.4±.05 7.6±.22 
Turb(NTU) 1.0±1.0 2. 7±1.7 3.7±0.7 1.33±.66 2.7±.7 3.33±.67 
TDS(mg/l) 332.3±16.8 355.9±4.7 363.3±4.9 349.8±7.4 362.1±1.6 356.4±7.1 
EC(µS/cm) 511.3±25.8 547.7±7.2 559±4..9 538±11.35 557±2.6 548.3±10.9
NO3

-(mg/l) 6.0±3.3 10±5.0 6.2±3.8 12.2±2.4 6.1±3.01 9.4±4.2 
PO4

-3(mg/l) 0.2±0.1 0.3±0.1 0.4±0.1 0.28±.06 0.4±0.1 0.32±0.01 
FCR(mg/l)      0.83±0.2 
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studies were from the tropics, where the climate is characterized by high temperature and 

rainfall. These factors may have contributed to the high temperature records of water 

samples that did not meet the WHO standard of <15oC (WHO, 1997). 

With regard to the pH test of source water samples, they were found to fall between pH 

7.2 recorded from Well 6 (W6) and pH 7.7 recorded from Well 1 (W1).  They did not 

show significant difference in pH, except Well 6 (W6) and well 7(W7) (Table1). The 

slightly lower pH recorded from water samples from W6 may be due to the swampy 

surrounding of the area that enhances microbiological activities that release acidic 

leachates into the source water. pH value of 7.6 was recorded from the DP, this probably 

indicates that the dominant chlorine species in the DP may be the hypochlorite 

ion(Brain,2006). In general, the overall pH records of water samples from the sources 

were found to be slightly basic. These records are significantly different from the mean 

pH value of 6.2 recorded from the same water sources analyzed in 1990 during the time 

of exploration and extraction (WSSA, 1990).  

However, the finding of the present study is comparable to the average basic pH record of 

7.6 from water sources at Akaki-Kalit sub- city of Addis Ababa (Mengstayehu, 2007), a 

record of pH 8.3 from water sources at Ziway town (Kassahun,2008), and measurement 

of pH of 7.8 from Adama (Nazareth) town (Temesgen, 2009). Given that all the towns 

are located in, the Rift Valley whose soil and water bodies (lakes) around showed high 

alkaline pH (Elizabeth, 1999), the high pH record of the present study seems to be 

realistic compared to the record of 1990. Generally, the pH status of Debrezeit water 

sources was within the recommended standard limits of 6.5-8.5 (WHO, 1997; NGL, 

2002). 
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Turbidity of water is one of the important physical parameters that affect not only the 

quality of water, but also other chemical and bacteriological parameters and efficiency of 

the treatment of water (WHO, 2006).The highest and lowest turbidity measurements were 

recorded from water source samples of Well 5 (W5) and Well 1 (W1) with 3.7NTU and 

1NTU, respectively (Table 1). The measurements showed significant variations amongst 

water samples from W1, W5, and disinfection point (DP).  

In general, the average turbidity values of water sources (W1-W7) (2.3NTU) were found 

to be significantly higher than the average NTU of 0.67 recorded during the construction 

and extraction period of 1990 (WSSA, 1990). This shows a 3-fold increase in turbidity of 

the underground sources for the last 10 years. Although the findings of this particular 

study showed that the turbidity level of all source water samples were compliant with 

both WHO and NGL of less than 5NTU (WHO, 1997; NGL, 2002), it has been reported 

that turbidity-related problems of drinking water are common in all regions of the 

country, except Dire Dawa town (NGL, 2002). 

The measurements on total dissolved solids (TDS) and electrical conductivity (EC) of 

source water samples were found to fall within 332.4-363.4mg/l (TDS) and 511.3-559.0 

µS/cm (EC) in Well 1 (W1) and Well 5 (W5), respectively (Table 1). The average EC 

values of all water source samples was calculated as 543.6µS/cm which is comparable to 

the slightly lower value of 535µS/cm recorded in 1990 (WSSA, 1990). Generally, TDS 

and EC values showed the same pattern in different wells, with no significant difference 

amongst themselves, and with slight increase compared to the ones recorded during the 

period of exploration and extraction of the water sources a decade ago. This indicates that 

these parameters increased overtime. Such variations emanate from the degree of 
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weathering and dissociation of underground rocks that are influenced by several 

climatological and geological factors (Tamiru, 2000) 

The TDS values of the different water sources of Debrezeit town (332.4mg/l-363.4mg/l) 

were found to be less than the 475.3mg/l records from hand-dug wells from Benishangul 

Gumuz (Mebratu, 2007), and 800mg/l recorded from underground water sources from 

Greece (Karavoltsos et al., 2008). Similarly the EC records of the same water source 

(Debrezeit) (511.3-559.0µS/cm) were much lower than the ones recorded from Greece 

(613-1985 µS/cm) (Karavoltsos et al., 2008), and the European Directive of 2500 µS/cm 

(EU, 1998). However, water sources from Debrezeit displayed higher EC values than the 

ones recorded from Nigeria (277.95µS/cm) (Agbogu et al., 2006).  

The dissolved oxygen (DO) values of all  the water sources of study area (8.2-8.6mg/l) 

were found to be  higher  than  the 4.7mg/l  records of EPA from  Akaki and Kebena  

rivers(EPA,1997), but similar to the  records of 8.6mg/l from the Massachusetts, USA  

source water samples(Plummer and Long,2007). 

The DO content of water samples is one of the important parameters that indirectly show 

the degree of organic matter pollution in water (Plummer and Long, 2007). Accordingly, 

the different water source samples showed high DO content ranging from 8.2-8.6mg/l 

without significant differences amongst one another (Table 1).  

Like DO, the detection of nitrate is an important water quality indicator that shows 

organic matter pollution due to microbial activity, or the downward -leaching and 

accumulation of nitrate from the surface (Karavoltsos et al, 2008). In the present study, 

no other physico-chemical parameter showed significant variations in water samples like 
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nitrate contents. The highest mean concentration of 12.3mg/l was recorded from Well 6 

(W6), followed by 10.0mg/l and 9.4mg/l from Well 3 (W3), and DP, respectively. The 

lowest measurement of 6.1mg/l was recorded from Well 1 (W1), Well 5 (W5), and Well 

7. The high category water sources of DP, W3, and W6 showed a 1.5-2-fold increase in 

nitrate compared to the low category water samples of W1, W5 and W7 (Table 1).   

Apart from the highest record of 12.3mg/l from water sample from W6, all other source 

water samples were found to be lower than the ones (10.3mg/l) recorded in 1990 (WSSA, 

1990). It is interesting to note that, like pH, the nitrate content of water samples from 

Well 6 (W6) was significantly different from the other water sources. This corroborates 

the fact that the swampy environment and the enormous human and animal activities 

around W6 enhanced high organic matter input. These activities may contribute to high   

microbial activities with a concomitant release of nitrate. However, the nitrate 

measurements of the water sources were much less than the recommended limits of 

<50mg/l in drinking water (WHO, 2006; NGL, 2002).   

The highest nitrate content of water source samples measured in this study is comparable 

to the maximum values of 10.8mg/l and 12.9mg/l from source waters of Ziway town 

(Kassahun, 2008), and Bahr Dar town (Getnet, 2008) respectively. This shows the nitrate 

contents of water source samples in Ethiopia seem to be similar to the 12.0mgl recorded 

from Greece (Karavolsos et al 2008) but much lower than the underground water source 

nitrate measurement of 50-460mg/l from khan Yunis Governerate Gaza strip (Amr and 

Yassin, 2008) With regard to phosphate, all water samples and water from DP contained 

0.2-0.4mg/l, with no significant variations among themselves (Table1). The phosphate 

record in this study was slightly lower than the one recorded (0.2-0.6mg/l) in 1990 from 
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the same water sources (WSSA, 1990). Although there is no guideline value for 

phosphate content in drinking water, phosphate levels greater than 1.0mg/l (Murphy, 

2007), and 0.64mg/l (Karavoltsos et al, 2008) could interfere and induce coagulation in 

water treatment.  

The free residual chlorine (FRC) of the treatment system (DP) showed a mean value of 

0.83mg/l which was slightly higher than 0.79mg/l at the treatment outlet of Ziway town 

(Kassahun, 2008), and 0.67mg/l recorded at Akaki-Kalit sub-city disinfection site 

(Mengstayehu, 2007). However, the FRC was by far better than the ones recorded as 

0.03mg/l from the reservoir of Bahir Dar town (Getnet, 2008) 

 

4.1.2 Bacteriological water Quality Analyses of Source and DP  

In order to evaluate  the bacteriological quality of the water delivery system of Debrezeit 

town, the presence of three indicator bacteria, total coliforms (TC), faecal coliforms (FC), 

and faecal streptococci (FS) was tested from the water sources, distribution points 

(reservoirs), and distribution networks (tap water) from different Kebeles .         

Table 2 Mean bacteriological quality analysis of source water samples 

 

                         Sample Sites 

                

Parameters 

W1 W3 W5 W6 W7 DP 

TC(CFU/100ml) 1±1 1±1 2±2 2±1 4±2 0 

FC(CFU/100ml) 0 0 0 0 1±1 0 

FS(CFU/100ml) 0 1±1 0 0 0 0 
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Table 2 showed that all underground water sources (100%) contain TC ranging from 

1CFU/100ml (Well 1 and Well 3) up to 4CFU/ml from Well7. Likewise, FC and FS 

counts were detected from Well 7 (W7) and Well 3 (W3), respectively that represents 

20% of the five underground water sources. There was no significant difference in TC 

counts amongst the wells, except Well 7. The high TC and the only FC counts were 

recorded from Well 7 (W7) located in Kebele 01. This Kebele is within the city where 

there have been newly expanding urban and industrial activities. It was constructed at the 

beginning of 2006 to alleviate water shortages and fulfill the water demand to the fast 

growing population of the town (Zeleke, personal communication). 

Although all water source samples (100%) contained TC to the tune of 1-4CFU/100ml, 

they were within the acceptable limit of 1-10CFU/100ml set by WHO (1997), but  in 

sharp contrast to the report of  Getnet (2008) on all water sources (100%) from Bahir Dar 

town, with 35.5 CFU/100ml. In a similar study on rural hand-dug pump well water from 

South Wello, Atnaf (2006) reported that 50% of the underground wells contain TC counts 

of 3.3CFU/100ml.   

With regard to other bacteriological indicators, faecal coli forms (FC) and faecal 

streptococci (FS) were detected from Well 7 (1.0CFU) (faecal coliforms) and Well 3 

(1CFU/100ml (faecal streptococci).  Although this represents 20% (1 in 5 wells) the 

lowest FC and FS counts in the water sources, they did not meet the WHO standard (0 

count/100ml for FC and FS).  

However, the degree of bacterial contamination of source water in this study was found 

to be much lower than 72.2% FC counts (5CFU/100ml) from water sources from South 

wello (Atnaf, 2006). Likewise, the source of Debrezeit town was much better than   the 
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detection of 100% FC (1CFU/100ml) from water sources of Bahr Dar town (Getnet, 

2008), and 100% FC and FS bacteria detected from nine boreholes from Akaki-Kalit sub 

city of Addis Ababa (Mengstayehu,2007).   

In a related work in Malawi, Taulo et al (2008), detected 13% faecal coli forms from 60 

water source samples; whereas a long time monitoring of 76 well samples showed a 

contamination of 12%TC and 9% FC in Gaza town (Amr and Yassin, 2000, 2008). In 

Scotland, McDonald et al (2008), reported FC count of 0.57 CFU/100ml from well-

protected source water. All taken together, the overall picture showed that the 

underground water sources are not free from bacterial contamination, in general, and that 

of the hitherto monitored sources in this country, in particular. The exaggerated 

difference between the works in Ethiopia (except Ziway town water source) and 

elsewhere may be due to the limited number of water source samples (wells).    

The low TC count from all wells and FC and FS counts of the water sources were not 

detected from the Disinfection Point (DP) (Table 2) because of the chlorine input of 

0.83mg/l of FRC to the system (Table 1). It is from this system water was recharged to 

the six main distribution systems (reservoirs) (MD0) (located outside the town near the 

source at Shimbra Meda), (MD1, MD2, MD3, MD5, and MD9, located in Kebele01-

Kebele09, respectively).   

4.2 Physico-chemical and Bacteriological Water Quality Analyses  

4.2.1 Physico-chemical Analyses of Main Distribution (MD) systems 

Apart from the water sources, water quality of Debrezeit town water was monitored as it 

moved from the source to the distribution system. Table 3 shows the results of the 
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different tests on the different reservoirs (main distribution sites, MD). Accordingly, the 

mean temperature records of the water samples of the distribution networks (MD0, MD1, 

MD2, MD3, MD5, MD9) system were within 21.30C (MD2) and 24.70C (MD1). There 

was no statistically significant difference among the reservoirs, except MD2 (Table 2), 

and all records, but MD2 were similar to the temperature measurements of the different 

water sources (22.80C-24.60C) 

Table 3 Mean physico-chemical parameter analysis in MD water samples 

 

The pH measurements of distribution systems (reservoirs) were found to be between pH 

7.0 (MD9) and pH 7.5 (MD1) with no significant differences amongst the water samples 

(Table 2). The pH measurement of the reservoir was slightly lower than the water sources 

(pH7.2-pH7.7). It may well be that microbial load and nitrate contents of the water 

samples may influence the pH difference between source water and reservoir water. With 

regard to dissolved oxygen (DO), the water samples in the reservoir displayed DO 

Sample site 

parameter MD0 MD1 MD2 MD3 MD5 MD9 WHO NGL 

Temp( oC) 23.9±.3 24.7±.7  21.3±2 22.9±1 24.1±.2 23.1±1 <15 Cº  

pH 7.2±.1 7.5±.2 7.1±.01 7.1±.1 7.3±.3 7.0±.1 6.5-8.5 6.5-8.5 

Turb(mg/l) 2.3 ±.6 1.3 ±.8 3.0 ±1 1.0 ±.6 2.0 ±.6 2.0± 2 <5 <7 

TDS(mg/l) 353.0±2 362.0±3 356.4±4 353.0±2 362.0±4 352.0±3 <600 <1776 

EC(µS/cm) 544.0±4 557.0±5 548.0±5 543.0±3 557.0±6 542.0±4 - - 

DO(mg/l) 8.5 ±.1 8.3 ±.1 8.8±.2 8.6 ±.2 8.5±.1  8.6± .2   

NO3
-(mg/l) 11.3±2 10.7±2 6.6±2 8.6±1 8.8±3 5.9 ±2 <50 <50 

PO4
-3(mg/l) 0.4 ±.03 0.4 ±.1 0.3±.1 0.4±.2 0.4±.1 0.3±.03   

FRC(mg/l) 0.83±.2 0.03 ±.03 0.1±.1 0 0.2±.03 0.15±.05 0.2-0.5 0.2-0.5 
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ranging from 8.3-8.8mg/l, without any significant difference among the sampling points 

(MD0-MD9) (Table3) 

As far as the turbidity of the water samples from the reservoir is concerned, the data 

showed turbidity measurement ranging from 1.0 NTU (MD3) to that of 3.0NTU (MD2), 

with no significant difference within samples (Table 3). It is interesting to note that the 

reservoir water showed a slight decrease (average 0.4NTU) in turbidity compared to the 

source water samples of 2.3NTU.  The TDS and EC records of reservoir samples fell 

within 352-362mg/l, and 542-557 µS/cm, respectively.  They did not show any difference 

from the measurements of water sources.  

The nitrate contents of the reservoir water samples showed a slight increase compared to 

the source water samples. Although the range in nitrate content of source water was 

within 6.1-12.3mg/l as compared to 5.9-11.3mg/l, the mean nitrate contents of the two 

sampling groups was 8.65mg/l (reservoir) and 8.12mg/l (source), respectively. This 

shows that nitrate pollution increased as water discharges from the source to the 

reservoir. The phosphorus measurements of reservoir water samples (0.3-0.4mg/l) did not 

show any difference from the ones recorded from the source water samples (0.2-0.4mg/l). 

That means phosphorus is not a water quality problem with regard to source and reservoir 

waters. 

The free residual chlorine (FRC) of the distribution systems (MD) showed high variations 

ranging from 0mg/l (MD3) to 0.83mg/l (MD0). The highest value of FRC was measured 

from sampling site MD0, which was located near the DP in the Shimbra Meda (Table3). 

All taken together 17% of the MD samples were above the guideline value of 0.2-0.5mg/l  

of residual chlorine in the water distribution systems and 67% of the water samples were 
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found to be inferior to the proper water treatment standard using chlorine set by WHO 

(1997, 2006).   

4.2.2 Bacteriological Water Quality Analyses of MD Systems 

There was no indicator bacteria detected from MD0, nor any from MD5, except faecal 

coli form with a count of 2CFU/100ml (Table 4). The highest TC was counted from MD1 

with 46CFU/ 100ml, followed by 9.0CFU/100ml count from MD2; and with no count at 

MD0 and MD5. The level of contamination between reservoirs was so significant that the 

highest TC count in MD1 was 15 times higher than the lowest count at MD9. Unlike that 

of the low TC counts of the water sources (1-4 CFU/100ml), the reservoir showed an 

increase in TC count of 3-46CFU/100ml) (Table 4).  

 Table 4 Mean bacteriological quality analysis of MD water samples 

Sampling Site Parameter 

MD0 MD1 MD2 MD3 MD5 MD9 WHO NS 

TC(CFU/100ml) 0 46±28 9±3 8±4 0 3±1 <10 <10 

FC(CFU/100ml) 0 34±28 5±3 1±1 2±2 1±1 0 0 

FS(CFU/100ml) 0 17±13 1±1 0 0 0 0 0 

 

Similarly, the FC was detected from all reservoirs, except MD0, whereas the FS count 

was recorded from MD1, MD2, and MD9.  The FC and FS counts were within the range 

of 1-34CFU/100ml, and 1-17CFU/100ml, respectively. There was also a significant 

increase in FC and FS counts amongst the reservoirs. In general, there is a qualitative and 

quantitative increase in bacterial contamination of reservoirs compared to the water 

sources.  That means the reservoirs displayed 3-10 fold increase in TC, more than 30-fold 
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increase in FC, and 17-fold increase in FS compared to the level of bacterial load in the 

water sources (Tables 2 and 4).  

The fact that there was a significant difference in bacteriological load between reservoir 

and water sources, and within reservoirs showed a serious contamination when the water 

is recharged from the source water to the reservoirs. Generally, the highest count of all 

indicator bacteria was from MD1 which is located in Kebele 01. This Kebele has been 

under intense human activities with road and house construction and it is also 

characterized by poor sanitary conditions. This shows underground leakage of pipelines. 

In addition to this the source water supply from well 7 (W7) in the same Kebele joins the 

main water distribution system without any chlorination  

4.3 Physico-chemical and Bacteriological Quality Analyses of Tap systems 

4.3.1 Physico-chemical Analyses of Tap Water   

 Apart from the water sources and reservoirs, it is all the more important to analyze the 

water quality of the tap water distribution system that reaches the households and 

determines the health status of the population. Table 5 shows the similarities and 

differences of the tap water samples of the different locations of the town with regard to 

the tested physico-chemical parameters. 
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Table 5 Mean Physico-chemical parameter analysis in tap water samples (n=30) 

Kebeles Site Temp pH Turb TDS EC DO NO3
- PO4

-3 FRC 

S 1 25.2±1 7.1±.1 6.0±1 317±22 492±31 8.3±.3 3.4±2 0.3±.1 0.03±.03

S 2 24.8±.4 7.1±.1 7.6±.8 339±24 521±37 8.3±.3 12.7±1 0.2±.1 0.03±.03

S 3 21.0±.8 7.0±.1 2.0±.6 358±3 550±4 9.1±.3 11.5±3 0.3±.1 0.03±.03

 

K 01 

S 4 23.9±.8 7.3±.3 4.3±2 360±2 554±4 8.3±.2  8.3±2 0.5±.2 0.05±.05

S 1 23.6±1 7.1±.1 2.0±1 359±3 553±4 7.9±.1 7.1±4 0.3±.01 0.05±.05

S 2 22.2±1 7.1±.1 4.3 ±.8 353±2 543±3 8.2±.4 7.4±4 0.2±.02 0.03±.03

S 3 22.7±1 7.4±.3 3.3±.8 356±1 549±2 8.6±.3 4.8±2 0.3±.02 0.03±.03

 

K 02 

S 4 22.9±1 7.4±.2 4.0±2 353±1 543±2 8.5±.2 7.8±3 0.3±.03 0.13±.03

S 1 24.2±1 7.0±.1 2.3±1 357±6 550±1 8.4±.2 7.7±4 0.3±.02 0.05±.05 

K 03 S 2 24.3±.5 6.9±.1 2.3±.6 357±1 550±1 8.2±.1 6.3±.4 0.2±.1 0.03±.03

S 1 23.4±2 7.0±.1 2.0±1 359±2 552±3 8.4±.4 13.0±1 0.3±.1 0.03±.03

S 2 23.3±2 7.0±.1 2.0±1 357±2 546±5 8.5 ±.4 12.4±1 0.2±.1 0.03±.03

 

K 04 

S 3 24.6±.6 7.0±.01 2.0±1 357±1 549±1 8.2.1± 1.1±.4 0.2±.1 0.13±.03

S 1 22.5±3 7.0±.1 4.3±.2 357±6 549±10 8.4±.7 5.6±4 0.2±.1 0.13±.03

S 2 21.1±1 7.0±.01 5.0±1 358±6 581±36 8.7±.3 9.2±4 0.3±.1 0.03±.03

S 3 21.5±1 6.9±.1 0.3±.3 355±4 546±7 8.8±.1 2.6±.5 0.3±.1 0.07±.07

 

K 05 

S 4 24.2±.5 7.1±.1 1.7±.3 339±2 522±30 8.5±.1 8.6±2 0.3±.1 0.25±.02

S 1 23.2±1 7.2±.1 1.0±.1 353±2 543±2 8.4±.2 7.7±4 0.3±.1 0.07±.07

S 2 19.9±1 7.2±.2 1.7±1 367±6 566±10 9.3±.5 5.4±1 0.3±.1 0 

 

K 06 

S 3 21.2±.2 7.3±.1 1.0±1 363±5 557±8 8.8±.3 3.1±1 0.3±.1 0.13±.03

S 1 24.1±2 7.0±.1 0.7±.7 352±5 545±6 8.2±.1 4.4±2 0.3±.1 0 

S 2 23.8±1 7.0±.1 0.7±.3 337±14 519±21 8.2±.3 4.0±2 0.3±.1 0.03±.03

S 3 20.5±1 7.1±.1 3.3±1 365±13 562±20 8.8±.4 3.9±.8 0.3±.1 0.05±.05

 

K 07 

S 4 22.7±2 7.0±.1 2.7±1 359±4 553±6 8.7±.2 4.2±2 0.2±.05 0.07±.07

S 1 23.2±1 7.0±.1 0.3±.3 346±3 532±5 8.6±.3 4.2±1 0.2±.01 0  

K 08 S 2 22.2±.5 6.9±.1 0 358±.4 550±.6 8.8±.2 3.9±2 0.3±.1 0.03±.03

S 1 23.3±.3 7.2±.1 1.7±1 356±2 558±7 8.5±.2 10.3±2 0.3±.01 0.20±.01

S 2 21.4±1 7.1±.1 5.0±1 352±1 540±1 8.8±.2 8.4±2 0.4±.1 0.18±.01

 

K 09 

S 3 22.8±1 7.2±.2 0.7±.3 361±4 555±4 8.7±.1 6.6±3 0.3±.01 0.30±.2 
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With regard to temperature, the highest and lowest values were recorded from water 

samples of Sampling site 1, Kebele 01, and Sampling site 2, Kebele 06, with 25.5oC and 

19.9oC, respectively (Table5). Almost 30% of the tap water samples were found to be 

below the temperature range of 22.8oC-24.6oC (source water), and 22.9oC-24.7oC 

(distribution reservoirs) that may be due to underground installation of pipes that 

distribute water to the households.     

Likewise, the pH of tap water samples fell between pH 6.9 (Site 2, Kebele 03; Site 3, 

Kebele 5) and pH 7.4 (Sites 3, and 4, Kebele 02) (Table 5). However, almost 70% of the 

water samples showed neutral pH (6.9-7.1). The pH pattern of tap water samples is closer 

to the reservoir water (pH 7.0-7.5) than the source water (pH 7.2-7.7). This shows that, 

like temperature, there is a decrease as water discharges from the source water to the 

reservoir and tap water systems.  

The pH measurement of the tap water systems of the present study (6.9-7.4) fell between  

the pH records of 6.5-8.5 from both Ziway town (Kassahun, 2008) and Akaki Kalit sub 

city of Addis Ababa (Mengstayehu, 2007) tap water samples. The pH measurements of 

all tap water samples were within the acceptable standard of WHO (1997), and the 

National Guideline (NGL, 2002). 

The DO measurements of the different tap water samples showed slight variations among 

and within sites unlike that of the water sources and reservoir (Table 5). The highest DO 

of 9.3 mg/l was measured at water source from Site 2, Kebele 06, followed by 9.1mg/l 

from S3, Kebele 01; whereas the lowest DO was recorded from S1, Kebele 02 with 

7.9mg/l.  There was significant difference in DO between the water samples that showed 

the highest and lowest DO values. Generally, only three samples (10%) of the tap water 
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system fell below and above the values displayed by source (DO=8.2-8.6mg/l) and 

reservoir (DO= 8.3-8.8) water samples. This shows that the DO of the water samples 

remained the same when water recharged from the source to the tap distribution system.  

The turbidity measurements of the tap water samples showed significant intra-specific 

and site-specific differences within and between sampling sites.  The highest turbidity of 

7.6NTU was measured at Sampling site 2, followed by 6.0NTU at Sampling site 1, both 

from Kebele 1 (Table 5); whereas, the lowest turbidity of 0.3NTU was recorded from 

Site3 Kebele 5, and Site 1, Kebele 08, respectively.  

The data also showed that there are 2-25fold inter-specific turbidity differences amongst 

the water samples from different Kebeles. Similarly, a 3-16 fold intra-specific variations 

(between sampling sites of the same Kebele) were also recorded from Kebele 01, Kebele 

05, Kebele 07, and Kebele 09 (Table5). The fact that the highest range of 0.3-7.6NTU 

turbidity measurements taken from tap water samples were found to be higher than 

source (1.0-3.7) and reservoir (1.0-3.0NTU) indicates that the tap water samples may 

have been contaminated during the distribution process. However,  only 6% of the water 

samples from Kebele 01, Kebele05, and Kebele 09 were above the WHO standard 

(≥5NTU) (WHO, 1997). Since turbidity is the measure of cloudiness of water, it can 

indicate that pathogens may contaminate the water (Olson, 2004). 

The turbidity  records of the present study (0.3-7.6NTU) was comparable to the results of  

0.3-7NTU   from Ziway town tap water samples(Kassahun,2008) but slightly higher than 

the lowest limit and the highest limit of  0.1-5.0NTU from Akaki Kalit sub city of Addis 

Ababa(Mengstayehu,2007)  and  lower than the lowest limit and higher than the highest 

limit of 1.6-4.4NTU from Bahir Dar town (Getnet,2008) tap water  samples, respectively. 
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The TDS (339-367.7mg/l) and EC (520-565.7µS/cm ) measurements of the tap water 

samples did not show significant differences from the water sources and water reservoirs 

showing that there is no external factor that could contribute to the increase or decrease 

of these parameters in the tap water distribution system (Table 1, 3and 5). Since TDS and 

EC showed positive correlation of r=0.940(Table6), this is a reflection that total dissolved 

substances influence both electrical conductivity and turbidity (Murphy, 2007a). 

However, the data on turbidity in this study did not show the close relationship between 

turbidity and the parameters of TDS and EC. The TDS values of tap water samples fell 

below the maximum acceptable standard of 600mg/l (WHO, 2006). 

Table 6 Correlations between EC and TDS in the tap water samples 

   EC TDS 

EC Corr. 1 0.940(**) 

  Sig.    .000 

TDS Corr. 0.940(**) 1 

  Sig.  .000   
               ** Correlation is significant at the 0.01 level 

Like the turbidity measurements, the data on nitrate showed significant variations among 

the sampling points within and between Kebeles. The highest nitrate contents of 13.0mg/l 

and 12.4mg/l were recorded from Kebele 04; whereas 12.7mg/l and 11.5mg/l were 

recorded from Kebele 01 (Table5). These are comparable to the ones recorded from the 

reservoir (5.9-11.3mg/l) and source water samples (6.1-12.3mg/l). However, more than 

55% of the water samples fell below the lowest nitrate values of source and reservoir 

water, with the lowest record of 1.1mg/l at Site 3, Kebele 04.  
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It is interesting to note that ten water samples (30%) mainly from Kebele 06 Kebele07, 

Kebele 08, and one from each of Kebele 01 and Kebele 04 showed lower nitrate contents 

than the reservoir and source water samples. Furthermore, samples from Kebele 02, 

Kebele 03, Kebele 07, Kebele 08, and Kebele 09 did not show any significant inter-

sampling differences amongst one another. The reverse was true about Kebele 01, Kebele 

04, Kebele 05, and Kebele 06.  

Generally, the data demonstrated that there is discrepancy in nitrate contents in water 

samples within Kebeles ranging from a 2-4 fold increase in Keble 01, Kebele, 05, and 

Kebele 06, and with a 2-12 fold difference in Kebele 04. Other water samples from 

Kebele 02 and Kebele 09 on one hand, and water samples from Kebele 07 and Kebele 08, 

on the other, displayed high and low nitrate contents with no significant inter-sampling 

difference amongst themselves. All nitrate values recorded from tap water were far below 

the highest acceptable water quality standards (<50mg/l) set by WHO (1997) and NGL 

(2002). 

The average (1.1-13.0mg/l)nitrate contents of the tap water samples measured in the 

present study was slightly comparable to the average values of 0.3-7.0mg/l from Ziway 

town (Kassahun, 2008), but a higher range of nitrate (9-30.1mg/l)was measured from 

Bahir  Dar town tap water samples (Getnet, 2008). 

The phosphate level of the tap water samples was within 0.22-0.48mg/l, with 

concentration of 0.29 mg/l, which is equivalent to the phosphate level recorded from 

source and reservoir water (0.2-0.4) (Table 1,3 and 5). The different samples did not 

show significant difference in their phosphate contents. Wider range (0.1-5.5mg/l) 

phosphate content   with higher mean (0.72mg/l) value was measured from Bar Dar town 
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(Getnet, 2008) tap water as compared to the present study. This shows that phosphorus is 

not water quality problem in the Debrezeit town water supply system.   

Table 7 Correlation among DO, Temp, PO4
-3

, and NO3
- in taps  

  DO Temp PO4
-3 NO3

- 

DO Cor. 1 -.838 (**) -.009 -.118 

 Sig.  .000 .928 .231 

Temp Cor. -.838(**) 1 .179 .172 

 Sig. .000  .303 .323 

PO4
-3 Cor. -.009 .179 1 .146 

 Sig. .928 .303  .137 

NO3
- Cor. -.118 .172 .146 1 

 Sig. .231 .323 .137  

** Correlation is significant at the 0.01 level 

It is indicated in table 7, there was a negative correlation of r = 0.838 and significant 

difference (p = 0.000) between temperature and DO. There was also a negative 

correlation of r = 0.009 between phosphate and DO. Similarly, a negative correlation 

of r = 0.118 was recorded between nitrate and DO, however, it had no statistically 

significant difference as taking nitrate and phosphate in one hand and DO on the 

other hand. 

As far as the free-residual chlorine (FRC) contents in the distribution system are 

concerned, the highest concentration was recorded from tap water samples of Kebele 09 

(0.18-0.30mg/l) followed by Site 4, Kebele 05, with 0.25mg/l, respectively. Furthermore, 

10% of the samples from Site 2, Kebele 06, Site 1, Kebele 07, and Site 1, Kebele 08, did 

not contain FRC.  All taken together, more than 87% of the water samples were found to 

be inferior to the proper water treatment standard using chlorine set by WHO (1997) and 
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NGL (2002). Similarly,(Kassahun, 2008) and (Getnet, 2008), reported 37.5% and  95.7%  

of tap water samples were below the recommended limits of 0.2-0.5mg/l of FRC in tap 

water distribution systems from Ziway and Bahir Dar  towns respectively. In general this 

all indicates that there is poor water chlorination mechanism in different towns in the 

country. 

4.3.2 Bacteriological Water Quality Analyses of Tap Water  

 The evaluation of the water quality of the tap water systems after having taken 29 

private tap sampling points along the distribution networks in nine Kebeles in 

Debrezeit town showed significant variations amongst the sampling points within 

Kebeles and between Kebeles (Table 8). All tap water samples (100%) were 

found to contain TC ranging from 1CFU/100ml up to 108CFU/100ml; whereas 

86% (1-58CFU/ 100ml) and 76% (1-41CFU/100ml) of the samples were found to 

contain FC and FS, respectively.  Only 14% and 24% did not show any FC and 

FS in their tap water samples respectively. 
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Table 8 Mean bacteriological analysis of tap water samples 

 

Note: K- Kebeles 

               S- Sampling Site 

The highest TC count was recorded from tap water at sampling site 2 Kebele 01, with 

108 CFU/100ml water, followed by 105 CFU/100ml at sampling site 1 Kebele 07. The 

lowest TC count was found at sampling sites of 1 and 3 of Kebele 09 with 1CFU/100ml 

Kebeles Site TC(CFU/100ml) FC(CFU/100ml) FS(CFU/100ml) 
S 1 54±32 38±23  13±2 
S 2 108±48 13±6 19±3 
S 3 19±11 22±14 10±10 

 
K 01 

S 4 96±63 57±32  13±5 
S 1 12±4 0 0 
S 2 20± 6 9±5 6±6 
S 3 16±8  8±8 1±1 

 
K 02 

S 4 16±7 1±1 16±4 
S 1 15±3 11±  7±7  

K 03 S 2 8±2 0 2±2 
S 1 27±7 3±3 0 
S 2 36±32 7±6 10±5 

 
K 04 

S 3 11±9 3±3 0 
S 1 13±6 70±5 4±4 
S 2 26±13  3±1 4±4 
S3  6±2 0 2±2 

 
K 05 

S 4 16±10 0 0 
S 1 18±3 14±1 7±4 
S 2 59±35 50±35 7±3 

 
K 06 

S 3  60±33 58±39 16±4 
S 1 105±59 13±8 7±7 
S 2  55±46 58±42 41±38 
S 3 41±24 34±19 4±2 

 
 
K 07 

S 4 16±7 3±2 3±1 
S 1   83±75    41±23 10±8  

K 08 S 2 38±17 7±3 1±1 
S 1 1±1 3±1 0 
S 2 4±1 4±4 0 

 
K 09 

S3 1±1 1±1 0 
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water. Likewise, the intra-specific TC counts within water samples also showed 

variations.  

Sampling sites within Kebele 01, Kebele 06, Kebele 07, and Kebele 08 were within the 

high TC count group within 16CFU/100ml up to 108CFU/100ml, whereas samples 

within Kebele 02, Kebele 03, Kebele 04, Kebele 05, and Kebele 09 were found to be 

within the low TC count group within 1CFU/ 100ml up to 27CFU/100ml (Table 8), 

respectively.   

This shows that there was up to a 100-fold increase in TC counts between tap water 

samples loaded with the lowest and highest bacterial numbers. Compared to the water 

source microbial counts, on average, the tap water samples displayed a 3-fold increase in 

TC count than the reservoir after treatment (DP). 

On the contrary, tap water samples showed lower FC and FS counts at different sampling 

sites than the TC counts. 14% and 24% of the tap water samples did not show any FC and 

FS counts, respectively. Tap water samples from Sampling site1, Kebele 02, sampling 

site 2, Kebele 03, Sampling sites 3 and 4 from Kebele 05 did not show any FC. Similarly 

sampling site 1, Kebele 02, Sampling sites 1, and 3, Kebele 04, sampling site 4, Kebele 

05, and all samples from Kebele 09 were free from FS.  

The highest FC count of 70CFU/100ml was recorded from Sampling site 1, Kebele 05, 

whereas the lowest count of 1CFU/100ml was detected from sampling sites of 4 from 

Kebele 02 and 3 from Kebele 09 respectively (Table 8). Similarly, the FS counts in tap 

water samples were within the lowest count of 1CFU/100ml from Site 3, Kebele 02 and 

Site 2, Kebele08 and highest count of 41CFU/100ml from Site 2, Kebele 07, respectively.  
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In general, the data showed it that the level of bacterial contamination increases as the 

water recharges further from the reservoir and the disinfectant point (DP). The absence of 

FS and the lowest TC and FC counts from water samples from Kebele 09 demonstrates 

that the tap water system directly receives water with high free residual chlorine content 

from the disinfection point (DP). Table 5 showed that the tap water samples from Kebele 

09 displayed the highest FRC content of 0.18-0.3mg/l. 

Generally, from the bacterial water quality tests 83%of the  tap water samples did not 

meet the TC standard (1-10 CFU/100ml) set by WHO (1989), whereas 86% and 76% of 

the samples failed to meet “safe water quality”  with regard to FC and FS criteria of 0 

CFU/100/ml , respectively (WHO, 1996). Although all samples from Kebele 9, and 

fulfilled the water quality standard in relation to TC and FS, no water sample was free 

from bacterial pollution.  

As far as the other water quality categories are concerned, 41% and 55% of the water 

samples fell into the “Reasonable” category, whereas 45% and 21% of the water samples 

were within the “Polluted” category with regard to FC and FS, respectively. All taken 

together, it is estimated that 55% and 79% of the water samples fell into the categories of 

“Safe” and “Reasonable” quality with respect to FC and FS bacterial colony counts of 

≤10CFU/100ml, respectively.  

Although the different tap water sampling sites showed higher counts of FC and TC, they 

displayed variations in their pattern of distribution (Table 8). Sampling site 4, from 

Kebele 01, Site 2 from Kebele 06, site 3 from Kebele 07 and Site 1 from Kebele 05 

showed 5-17 times more FC than FS counts; whereas sampling site 4 from Kebele 02 

showed a 16-fold higher count in FS than FC 
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Based on the existence of all indicator bacteria, and the highest count of TC, FC, and FS, 

it can be concluded that Kebele 01, followed by Kebele 06, Kebele 07, and Keble 08 are 

the most vulnerable sites of bacterial contamination or “dangerous” and of low quality 

tap water for drinking. On the other hand, the low bacterial count, and the absence of 

either FC or FS bacteria from some of the sampling sites may group Kebele 09, followed 

by Kebele 05, Kebele 02, and Kebele 03, and Kebele 04 into low-category contaminated 

or “safe and reasonable” tap water sources (Fig 3 and Table 8). The existence of low FC 

and FS counts in the same water samples, notwithstanding, no tap water sample from 

Debrezeit town did qualify for the stringent water quality standards set by WHO (1997).  

  Fig.3 bacterial colony counts in Kebeles 

    
 

Although it is not easy to determine the reservoir from where the tap water systems get 

their water, the existence of high counts of TC, FC, and FS from MD1, and to some 
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extent, MD2, and MD3 could have contributed to the high counts in the different tap 

water sampling sites in various Kebeles.  

It is also interesting to relate the bacterial count with turbidity, nitrate content, and Free 

Residual Chlorine (FRC) of the high and low count groups. The turbidity measurements 

of the tap water samples showed that 30% and 10% of the samples showed slightly 

higher NTU (More than 3.0NTU) and nitrate contents compared to source water and the 

reservoir water after treatment (DP), respectively (Table 5). Furthermore, samples from 

sampling sites 1 and 2 from Kebele 1 showed turbidity beyond the acceptable standard 

limits of 5NTU (WHO, 1997).      

Although most of the measured parameters in the tap water samples corresponded to the 

quantities found in the sources and reservoirs, water samples from Kebele 01 showed 

significantly higher turbidity, and samples from Kebele 01, and Kebele 04 showed 

significantly higher nitrate contents than most of the other water samples (Fig.4 and 

Table5). This shows that there may be sporadic exposure of tap water systems through 

leakages in the distribution system due to high human activities in the area.  The 

consistent measurements of nitrate from all water samples (source water, reservoir, tap 

water) may be associated with the leaching of the highly mobile nitrate to the 

underground water. 
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Fig.4 Measurements of turbidity, nitrate and DO in the taps 
 

          

With regard to the relationship between FRC and bacterial load of the tap water samples, 

it is obvious that only 14% of the water samples fulfill the FRC content of 0.2-0.3mg/l 

which is with in the marginal  range of the standard of 0.2-0.5 mg/l set by WHO (1997). 

The low FRC content was recorded in 86% of the water samples that are far away from 

the DP. This may be due to the instability and inactivation of free chlorine in aqueous 

solution at warmer temperature and exposure to strong light (Mombal et al, 2002; WHO, 

2006).  
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Table 9 Correlations among TC, FC, FS, PO4-3, FRC, NO3
-, and Turb in taps 

 

 

 

 

          

 

It is highly likely that the low FRC content in the majority of the tap water distribution 

system may expose the water sample for re-infection. The coefficient correlation between 

TC and FRC(r= 0.372), FC and FRC(r= 0.276), and FS and FRC(r= 0.255) all were 

negative (Table 9), shows the inverse relation among the indicated parameters. Muyina 

and Ngeakani (1998) demonstrated that high faecal coliform level in distribution systems 

is an indication of the inefficiency of chlorination. It is also established that tap water is 

vulnerable to bacterial contamination in urban distribution centers which may emanate 

from its efficiency of treatment or/and handling of the distribution network (Zamberlan et 

al, 2007). Expect the positive correlation of r= 0.148 between TC and turbidity, nitrate 

and phosphate contents showed no positive association among bacterial counts. This 

indicates that nitrate and phosphate influenced bacterial growth in the tap water system 

was ruled out. 

Table 10 shows a comparison of bacterial quality of water of tap water systems from 

different urban centers in the country. In the Akaki-Kalit tap water system, Mengstayehu 

(2007) detected FC and FS bacteria from 83% and 69% of the tap water samples. A 

factors   FRC PO4-3 NO3
- Turb 

TC  Cor. -.372(*) -.036 -.066 .148 

  Sig.  .028 .837 .706 .395 

FC Cor. -.276(*) .082 -.260 -.049 

  Sig.  .109 .640 .131 .779 

FS Cor. -.255(*) -.018 -.044 .031 

  Sig.  .140 .919 .803 .861 
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similar study in Bahr Dar town revealed that tap water samples displayed the occurrence 

of TC and FC indicators to the tune of 87% and 43%, respectively (Getnet, 2008). These 

findings were in sharp contrast to the water quality analysis of tap water samples from 

Ziway, with only 68% of TC, and without detection of FC and FS indicators (Kassahun, 

2008). Likewise, Zamberlanda Silva et al (2007) reported absence of FS from 196 tap 

water samples from Brazil.   

Table 10 percentage of positive tap samples for TC, FC and FS in urban areas in Ethiopia 

% of positive 
samples per 
parameter 

 

Town 

 

Sample 
size(n) TC FC FS 

 

Source 

Akaki 35 NA 83 69 Mengstayehu,2007 

Ziway 40 67 0 0 Kasahun,2008 

BahirDar 23 87 43 NA Getnet,2008 

Note: NA = not analyzed 

It is established that the presence of FC in drinking water is associated with faecal 

pollution and thus the preferred indicator for this purpose (WHO, 2003; Kaltenthaler et 

al, 1996). Similarly, the detection of FS in the faeces of humans and animals suggests the 

sources of contamination of water. Consequently FC/FS ratio helps in the identification 

of source contamination (Howarth, 1996).  

According to Howarth (1996), The FC/FS ratio more than four indicates the major source 

of contamination is of human faecal origin, whereas the same ratio less than 1 shows the 

dominance of faecal contamination from animals. Consequently, 45% and 21% of the 

water samples clearly indicated the sources of bacterial contamination are of human and 

animal origin, respectively. They were evenly distributed along the different Kebeles, 
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except samples from Kebele 09 that did not show any FS in the tap water (Table 8). The 

other water samples did not show a clear pattern of contamination with regard to either 

FC or FS bacteria. In general, the data showed faecal contamination from both human 

and animals which is a reflection of intense human and animal activities around and 

within Debrezeit town. 

Generally, the data showed that there was no significant difference in TDS and EC, DO, 

and phosphate contents amongst the different sampling sites (source, reservoir, and tap 

water). There was a slight difference between the water samples between source and the 

reservoir on one hand (pH 7.0-pH 7.7) and the water samples from the water tap on the 

other hand (pH 6.9-pH 7.4). However, turbidity, nitrate contents, and the FRC showed 

discrepancy in the different sources and among the sampling sites.  

Consequently, 45% and 10% of the nitrate contents and 28% and 17% of the turbidity 

measurements of the tap water samples were above the ones recorded from water samples 

of source and reservoir, respectively.  It is also interesting to note pH and nitrate values 

showed slight decrease as the water discharges from the source to the tap system. 

Regarding FRC, although on the average, after treatment, the water samples from the 

reservoirs contain 0.22mg/l, they show diversity ranging from 0mg/l (MD3) to 0.83mg/l 

at MD0. However, 86% of the tap water samples, with an average of 0.097mg/l were far 

below the standard limits of FRC in potable water (0.2mg/l-0.5mg/l) (WHO, 1997). It is 

only sampling sites from Kebele09, and one sample from Site4, Kebele 05 showed the 

right concentrations of FRC in water. 

The data also revealed that the relatively low bacterial count in Kebele 09, Kebele 04, 

Kebele 03, Kebele 05, and Kebele 02 may be related to the comparatively high FRC 
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contents ranging from 0.13mg/l to 0.3mg/l. However, the discrepancy in nitrate and 

turbidity measurements can concur with the passive leakage of soil into the water 

systems. The fact that the water samples contained high DO, low nitrate and low 

phosphate could not support the growth of bacterial biofilms in the water system 

(Miettinen et al., 1997; Chu et al., 2005), the higher microbial load in the tap water 

system may be attributed to their infiltration through leakage of the tap water system.   

The TC count in source and reservoir was within the acceptable limit of (1-

10CFU/100ml), with the exception of Reservoir MD1 that increased TC five times more 

than the other source-reservoir samples. There was also up to a further two-fold increase 

in TC in some of the tap water samples than the maximum count from MD1 Likewise, 

the absence and the relatively low FC and FS counts in the source water showed up to 34-

fold and 17-fold increase in the reservoir, especially at MD1. In comparison to the high 

count at MD1, some tap water samples contained twice as much FC and FS counts as the 

reservoir MD1.  

The unusually high bacteriological counts at MD1 may have been associated with sewage 

infiltration and poor sanitation in the surrounding that may have exaggerated the bacterial 

counts in some tap water samples. Although the discrepancy of the number of indicator 

bacteria in the different water samples is enormous, substantial changes in quality of 

water is common as the water recharges from source to tap distribution system in urban 

water supply (Mintz and Reiff, 1996; Volk et al., 2002; Amr and Yassin, 2008). The 

conclusion is that water quality deterioration is higher in networks than in the source 

mainly due to human activities. Furthermore, effectiveness of the treatment, protection of 
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the distribution system and management problems are on the spotlight whenever due 

consideration is given to source quality of large-scale tap water distribution system. 
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5. CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion 

In this study the physico-chemical quality of the source, main distribution system 

(reservoir)  and tap water systems of Debrezeit (Bishoftu) town  met both the 

WHO and national standards except for temperature and FRC in the distribution 

systems. The temperature records from sources to tap water samples showed a 

higher measurement (19.9ºC- 25.5ºC)  compared to the standard of <15ºC. Given 

that all the physico-chemical parameters were not conducive for bacteriological 

activity (nitrate and phosphate), temperature influenced activity was ruled out. 

Instead, the climatological condition of the area may contribute for the high 

temperature of the water samples.  

About 67% and 86% of MD and tap water samples analyzed showed FRC values 

less than the WHO value of 0.2-0.5mg/l, respectively. This indicates there was 

insufficient chlorination in the treatment system. With regard to turbidity 100% of 

the water samples from the source and 98% of the tap water were within the 

acceptable limit of <5NTU. 

All the source water samples were contamination with TC, eventhough, the mean 

colony counts from the sources were within the recommended limits of 

<10CFU/100ml. However, FC and FS were detected from W7 (20%) and W3 

(20%), respectively. Consequently, the ground water sources were presumed to be 

largely immune from bacteriological contaminations due to the location of the 

water source at Shimbra Meda.  
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On the contrary, almost all water samples from the distribution systems were 

contaminated with TC, FC and FS. 17%, 83%, and 67% of the TC, FC and FS 

bacterial counts from the MD water samples  were above the recommended guide 

line value of TC <10CFU/100ml and both FC and FS 0CFU/100ml. Likewise, 

83%, 86%, and 76% of the tap water samples showed TC, FC, and FS bacterial 

counts  above the recommended limits respectively. However, a 3-fold increase 

was recorded in the tap water samples for TC as compared to that in the MDs. 

Generally there was an increase in bacterial indicator as the water moves from the 

MDs to tap water systems. Although, it can be inferred that 14-24% of the 

distribution system water samples were free from bacterial contamination, no 

sampling site was free from contamination and consequently, no sampling site 

qualify a stringent water quality standard. However, inter-specific and intra- 

specific differences of sampling sites among the Kebeles showed that Kebeles 09, 

03, 04 and 04 were in the safe and reasonable category and Kebeles 01, 06, 07, 

and 08 were in the dangerous category.  The level of contamination was higher in 

water distribution systems than in wells. Insufficient chlorination, poor domestic 

waste disposal, different activities like road construction and urban agriculture 

seem to contribute largely to the higher level of bacterial contamination of water 

in the distribution systems. 
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5.2 Recommendations 

1. The present work is limited to few physico-chemical parameters and 

sampling frequency. Therefore, year round sampling and analysis of 

additional water quality parameters such as fluoride and heavy metals should 

be undertaken. 

2. Proper implementation and sufficient disinfection of water with chlorine is a 

prime importance.  

3. A proper sanitation and drainage network system in the town is a   priority.  

4. Maintenance of water distribution systems, integrated and programmed 

sectorial activities are necessary to reduce breaks and exposure of pipeline. 
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Annex 1Bacteriological means analysis of source water samples (n=3) 

 

                         Sample Sites 

                

Parameters 

W1 W3 W5 W6 W7 DP 

TC(CFU/100ml) 1±1 1±1 2±2 2±1 4±2 0 

FC(CFU/100ml) 0 0 0 0 1±1 0 

FS(CFU/100ml) 0 1±1 0 0 0 0 

 

Annex 2 Bacteriological means analysis of MD water samples(n=3) 

Pa Stat MD0 MD1 MD2 MD3 MD5 MD9 WHO NS 
Range  - 17.2-73.8 5.9-12.1 3.9-11.5  1.9-4.1    

TC Mean - 45.5±28.3 9±3.1 7.7±3.8 .00 3±1.1 <10 <10 
Range  - 1-90 2-10 0-2 0-5 0-4    

FC Mean - 33.7±28.3 4.7±2.7 1.3±.7 1.7±1.7 1.3±1.3 0 0 
Range  - 2-43 0-2 00 00 0-1    

FS Mean - 17±13.0 1.0±.6 .00 .00 .3±.3 0 0 

Annex 3 Bacteriological means analysis of tap water samples (n=3) 

 

 

 
 

 

 

 

P K1 S1 K1 S2 K1 S3 K1 S4 K2 S1 K2 S2 K2 S3 K2 S4 
10-116 30-197 7-40 24-221 5-18 9-28 2-28 2-25  

TC 54±31.8 108.3±48.4 18.7±10.8 95.3±63 12±3.7 20.3±5.7 16±7.5 15.7±6.9 
8-84 4-25 6-50 20-120 .00 3-18 0-24 0-2  

FC 37.7±23.4 13±6.2 22.2±13.9 57.3±31.5 .00 9±4.5 8.3±7.8 .7±.7 
10-15 13-24 0-30 6-23 .00 0-17 0-2 .00  

FS 13.3±1.7 18.7±3.1 10±10 12.6±5.2 .00 5.7±5.7 .7±.7 .00 

P K3 S1 K3 S2 K4 S1 K4 S2 K4 S3 K5 S1 K5 S2 K5 S3 K5 S4 
10-20 5-12 15-40 0-101 0-29 3-24 10-53 3-11 4-35  

TC 15±2.8 7.7±2.2 27±7.2 36±32.5 10.7±9.2 12.7±6.1 26.3±13.4 6.3±2.4 16±9.6 
10-13 .00 0-10 0-20 0-9 0-18 0-6 .00 0-3  

FC 11±1 .00 3.3±3.3 7.3±6.3 3.3±2.8 7±5.5 2.7±1. .00 1±1 
0-2 0-6 .00 0-16. .00 0-12 0-13 0-5 .00  

FS 7±7 2±2 .00 10±5.0 .00 4±4 4.3±4.3 1.7±1.7 .00 

P K6 S1 K6 S2 K6 S3 K7 S1 K7 S2 K7 S3 K7 S4 
15-24 11-127 17-124 39-223 8-148 3-85 5-27  

TC 18.3±2.8 59±34.9 60±32.6 105.0±59.1 55.3±46.3 41.3±23.8 16±6.5 
9-21 10-119 2-132 0-28 12-143 14-72 0-7.  

FC 13.7±3.7 50±34.6 57.7±38.7 12.7±8.1 58.7±42.2 33.7±19.1 3.0±2.0 
3-15 1-12 9-21 0-21 0-117 0-7 0-1  

FS 7.3±3.8 6.7±3.17 15.7±3.5 7.0±7.0 41.3±37.8 4.3±2.1 .3±.3 
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Annex 4 Physico-chemical parameters of source and DP 

            Sample Sites  
Para W1 W3 W5 W6 W7 DP 

24.4 24.6 23 23.7 22.8 24.2  
Temp 21.4-27.4 24.5-24.7 21.8-24.2 21.1-25.2 22.1-24.2 24.1-24.3 

8.3 8.2 8.6 8.6  8.6  8.4  
DO 7.6-9.0 8.1-8.3 8.3-8.9 8.4-8.8 8.4-8.8 8.2-8.6 

7.7 7.5 7.4 7.2 7.4 7.6  
pH 7.4-8.0 7.2-7.8 7.2-7.6 7.1-7.3 7.3-7.5 7.4-7.8 

1 2.7 3.7 1.3 2.7 3.3  
Tur 0-2 1-4.4 3-4.4 .6-2 2-3.4 2.6-4.0 

332 356 363 350 362 356  
TDS 315-349 351-361 358-368 343-557 360-364 349-363 

511 548 559 538 557 548  
EC 485-537 541-555 554-564 527-549 554-560 537-559 

6 10 6 12 6 9  
NO3

- 3-9 5-15 2-10 10-14 3-9 5-13 
0.2 0.3 0.4 0.3 0.4 0.32  

PO4
-3 0.1-0.3 0.2-0.4 0.3-0.5 0.2-0.4 0.36-0.44 0.29-0.35 

- - - - - 0.83  
FRC - - - - - 0.63-1.0 

 

 

 

 

 

 

 

 

 

 

P K8 S1 K8 S2 K9 S1 K9 S2 K9 S3 
1-234 9-69 0-3 2-7 0-4  

TC 83.3±75.4 38±17.3 1±1.0 4.0±1.5 1.3±1.3 
17-86 1-11 0-1 0-11 0-2  

FC 41.0±22.5 7.0±3.0 .3±.3 3.7±3.7 1.0±.6 
0-26 0-2 .00 .00 .00  

FS 10.7±7.8 .7±.7 .00 .00 .00 
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Annex 5 Mean value analysis of physicochemical parameters in MD water samples (n = 3) 

 

 

 

 

 

 

 

 

 

 

 

Sample sites 

Para Stat MD0 MD1 MD2 MD3 
MD5 MD9 

WHO 
ES 

Range 23.7-24 24.3-25.7 19-23 22-24 23.8-24.2 22-24   
Temp Mean 24±.3 25±.7 21±2 23±1 24±.2 23±1 <15Cº  

Range 8.4 -8.6 8.2 -8.4 8.8 -9.2 8.4-8.8 8.4 -8.6 8.5 – 8.7   

DO Mean 8.5 ±.1 8.3 ±.1 9 ±.2 8.6 ± .2 8.5±.1 8.6±.1   

Range 7.1-7.3 7.3-7.7 7.1-7.2 7-7.2 7-7.6 6.9-7.1   
pH Mean 7.2±.1 7.5±.2 7.1±.01 7.1±.1 7.3±.3 7±.05 6.5-8.5  

Range 1.6-3 .3-2.3 2-4 .3-1.7 1.4-2.6 .3-3.7   

Tur Mean 2.3±.7 1.3±1 3±1 1±.7 2±.6 2±1.7 <5 <7 

Range 351-355 359-365 352-359 351-355 358-366 349-355   

TDS Mean 353±2 362±3 356±3 353±2 362±4 352±3   

Range 540-548 552-562 543-553 540-546 551-563 538-546   

EC mean 544±4 557±5 548±5 543±3 557±6 542±4   

range 9-13 9-13 4.3-8.9 7.3-10 5.4-12.2 3.5-8.3   

NO3
- mean 11±2 11±2 6.6±2.3 8.6±1.3 8.8±3.4 5.9±2.4 <50 <50 

range .37-.43 ..23-.63 .16-.36 .24-.62 .4 -.5 .27-.33   
PO4

-3 mean .4±.03 .43±.2 .26±.1 .44±.2 .45±.05 .3±.03   

range .63-1.0 00-.06 00-.14 0 .13-0.15 0.1-0.19 0.2-0.5 02-0.5 
FRC mean 0.83±.2 .03±.03 0.07±.07 0 .16±.03 0.15±0.1   
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Annex 6 Mean value analysis of physicochemical parameters in tap water samples (n =3) 

 

 

 Parameter Sample 
site 

Stat 
Temp DO pH Tur TDS EC NO3

- PO4
3- FRC 

mean 25.2±1.4 8.3 ±0.3 7.1±0.1 6.0±1.0 317±22 492±31 3.4±2 0.3±0.1 .03±.03  
K1S1 range 23.8-26.6 8.0 – 8.6 7.0-7.2 5-7 295-339 461-523 1-5 0.2-0.4  

mean 24.8±.4 8.3 ±0 .03 7.1±0.1 7.6±0.8 339±24 521.3±37 13±1.4 0.2±0.1 .03±.03  
K1 S2 range 24.4-25.2 8.27-8.3 7.0-7.2 7-8 315-363 484-558 12-14 0.1-0.3  

mean 21.0±0.8 9.1± 0.3 7.02±0.1 2±0.6 358±3 550±4 11.5±3 0..25±.03 .30±.03  
K1S3 range 20.2-22 8.8-9.4 6.9-7.1 1.4-3.0 355-361 546-554 8-14 0.2-0.3  

mean 24±0.8 8.3 ± 0.2 7.3±0.3 4.3±2 360 ±2.4 553.6±4 8.3±1.6 0.5±0.2 .05±.05  
K1S4 range 23.2-24.8 8.1-8.5 7.0-7.6 2.3-6.2 357.6-362 549-557 6.7-10 0.3-0.7  

mean 23.6±1.4 7.9 ± 0.1 7.1±0.1 2 ± 1.1 359±3 553±4.4 7.1±4 0.3±0.04 .05±.05  
K2S1 range 22.2-25 7.8-9.0 7.0-7.2 1-3 356-362 549-557 3-11 0.2-0.3  

mean 22.2±1.1 8.2 ±0.4 7.1±0.01 4.3±0.8 353±2.1 543.3±3 7.4±3.7 0.23±0.1 .03±.03  
K2S2 range 21.1-23.3 7.8-8.6 7-7.1 3.5-5.0 351-355 540-546 4-11 0.1-0.3  

mean 22.7±1.2 8.6 ±0.3 7.4±0.3 3.3±0.8 356.5±1.5 548.7±2 5±2.4 0.3±0.02 .03±.03  
K2S3 range 21.5-24 8.3-8.9 6.9-7.7 2.5-4.1 355-358 547-551 2.6-7 0.28-0.32  

mean 22.9±1.0 8.5±0.2 7.4±0.2 4 ±2.1 353±1.3 543±2.1 7.8±3.2 0.3±0.03 .13±.03  
K2 S4 range 21.9-23.9 8.3-8.7 7.2-7.6 1.9-6.1 352-354 541-545 5-11 0.27-0.3  

mean 24.2±1 8.4± 0.2 7.01±0.1 2..3±2 357±.5.8 550±1 8±3.5 0.3±0.02 .05±.05  
K3S1 range 23.2-25.2 8.2-8.6 6.9-7.1 0.3-4.3 352-363 549-551 6-11 0.28-0.31  

mean 24.3±0.5 8.2±0.1 6.9±0.1 2.3±1 357.2±1 550±1.2 6.3±0.4 0.24±0.1 .03±.03  
K3S2 range 23.8-24.8 8.1-8.3 6.8-7.0 1.3-3.3 356-358 549-551 6-6.7 0.1-0.2  

mean 23.4±2 8.4±0.4 7.1±0.1 2±0.6 358.8±2 552±3.1 13±1.4 0.3±0.1 .03±.03  
K4S1 range 21.4-25.4 8.0-8.8 7.0-7.2 1.4-2.6 357-361 549-555 12-14 0.2-0.4  

mean 23.3±1.7 8.5± 0.4 7.1±0.1 2±1.5 357±2.3 546±4.8 12.4±1 0.24±0.1 .03±.03  
K4S2 range 22.4-25 7.9-8.9 7.0-7.2 0.5-3.5 355-359 541-551 11-13 0.1-0.3  

mean 24.6±0.6 8.2± 0.1 7.0±.03 2 ± 1.1 357±1 549.3±1 1.1±0.4 0.2±0.1 .13±.03  
K4S3 range 24-25.2 8.1-8.3 6.9-7.1 1.1-3.1 356-358 548-550 0.7-2 0.1-0.3  

mean 22.5±2.8 8.4± 0.7 7.0±0.1 4.3±0. 2 357± 6.4 549±10 5.6±4 0.2±0.1 .13±.07  
K5S1 range 19.7-25.3 7.7-9.1 6.9-7.1 4.1-4.5 351-363 539-559 2-9 0.1-0.3  

mean 21.1±1.0 8.7±0.3 7.1±0.01 5±1.1 358±5.6 581±36 9.2±4 0.3±0.1 .03±.03  
K5S2 range 20.1-22.1 8.4-9.0 7.0-7.1 4.1-6.1 352-364 545-617 5-13 0.2-0.4  

mean 21.5±1.2 8.8±0.1 6.9±0.1 0.3±0.3 355±4.4 546±7 3±0.5 0.3±0.1 .07±.07  
K5S3 range 20.3-22.7 8.7-8.9 6.8-7.0 0-0.6 351-359 539-553 2.5-4 0.2-0.4  

mean 24.2±0.5 8.5±0.1 7.1±0.1 2±0.3 339±2 522±30 9±2.2 0.3±0.1 .25±.20  
K5S4 range 23.7-24.7 8.4-8.6 7.0-7.2 1.7-2.3 337-341 492-552 7-11 0.2-0.4  

mean 23.2±1 8.4±0.2 7.2±0.1 1±0.1 353±2 543±2.5 8±4.5 0.3±0.1 .07±.03  
K6S1 range 21.2-24.2 8.2-8.6 7.1-7.3 0.9-1.1 351-355 540-545 4-12 0.2-0.4  

mean 19.9±1 9.3±0.5 7.1±0.1 2±1 368±6.5 565.7±10 5.4±1.2 0.3±0.1 0  
K6S2 range 18.9-20.9 8.8-9.8 7.0-7.2 1-3 361-374 556-575 4-6 0.2-0.4  

mean 21.2±1 8.8± 0.3 7.3±0.2 1.0±1.0 363±4.6 557.3±8 3.1±1.3 0.3±0.1 0.13±0.03  
K6S3 range 20.2-22.2 8.5-9.1 7.1-7.5 0-2 358-368 549-565 2-4.4 0.2-0.4 0.1-0.16 

mean 24±0.2 8.2± 0.1 7.0±0.1 0.7±0.7 352±5.5 544.7±5.6 4.4±2.2 0.31±0.1 0  
K7 S1 range 23.8-24.2 8.1-8.3 6.9-7.1 0-1.4 346.5-357 539-550 2.2-6.6 0.2-0.4  

mean 23.8±2.2 8.2±0.3 7.1±0.1 0.7±.0.3 337±14 519±21 4±2 0.31±0.1 0.03±0.03  
K7 S2 range 21.6-26 7.9-8.5 7.0-7.2 0.4-1.0 327-351 498-540 2-6 0.2-0.4 0-0.06 

mean 20.5±1 8.8±0.4 7.1±0.1 3.3±1.2 365±13.2 562±20 4±0.8 0.3±0.1 0.05±0.02  
K7 S3 range 19.5-21.5 8.4-9.2 7.0-7.2 2.1-4.5 352-378 542-582 4-4.8 0.2-0.4 0.03-0.07 

mean 22.7±2 8.7± 0.2 7.1±0.1 2.7±1.0 359.4±4 553±6.1 4.2±2 0.2±0.05 0.1±0.1  
K7S4 range 20.7-24.7 8.5-8.9 70-7.2 1.7-3.7 355-363 547-559 2-6 0.15-0.25 0-0.2 

mean 23.2±1 8.6±0.3 7.0±0.1 0.3±0.3 346±3.3 532±5.2 4.2±1.5 0.2±0.01 0  
K8S1 range 22.2-24.2 8.3-8.9 6.9-7.1 0-0.6 343-349 527-537 3-6 0.19-0.2  

mean 22.2±.5 8.8± 0.2 6..9±0.1 2±1 358±0.4 550±0.6 4±1.7 0.3±0.1 0.03±0.03  
K8S2 range 21.7-22.9 8.6-9.0 6.8-7.0 1-3 357-358 549-551 2-6 0.2-0.4 0-0.06 

mean 23.3±0.3 8.5± 0.2 7.02±0.1 2±1 356±2 557.7±3 10.3±2 0.3±0.01 0.2±0.01  
K9S1 range 23-23.6 8.3 - 8.7 6.9-7.1 1-3 354-358 555-561 8-12 0.3-0.31 0.19-0.21 

mean 21.4±1 8.8±0.2 7.1±0.1 5.0±1.0 352±1 542±1.5 8.4±1.6 0.4±0.1 0.18±0.01  
K9S2 range 20.4-22.4 8.6 - 9.0 7.0-7.2 4-6 351-353 540-543 7-10 0.3-0.5 0.17-0.19 

mean 22.8±1 8.7±0.1 7.2±0.2 1.0±0.3 360.5±4 555±4.5 7±2.6 0.3±.01 .20±.05  
K9S3 range 21.8-23.8 8.6 -8.8 7.0-7.4 0.7-1.3 356-364 550-559 4-10 0.3-0.31 0.15-0.2 
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