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Abstract 

Background: The contamination of drinking water quality with different contaminants is causing a 

serious threat to millions of people across the globe. To raise the quality of drinking water, various 

treatment methods are needed. However, existing water treatment systems and drinking water quality 

is not investigated in low-income countries including Ethiopia. Continuous examination of water 

quality analysis in terms of detection of indicator organisms and physico chemical analysis is among 

the methods of assessing the safe condition of drinking water treatment system. 

Objectives: To evaluate the performance of Boshkoro, Lemogento and Kella treatement plant and 

water supply system regarding their ability to produce quality water and control pathogens in Malle 

woreda, southwest Ethiopia. 

Method: A cross-sectional study design was employed during the period from August 1 to October 

28, 2021, in Boshkoro, Kella and Lemogento towns of Malle woreda, southwest Ethiopia. A total of 

eleven water sample was collected from four sampling point of three treatment plant of the study 

area. The collected samples were analyzed for bacteriological quality and physical parameters. Data 

was analyzed using Statistical Package for Social Sciences (SPSS) software version 23, and 

Microsoft Excel 2016.  

Result: The mean results of municipal conventional drinking water treatment analysis and water 

supply system samples located in the study area showed that pH, turbidity, and electrical 

conductivity of the water samples were varied between 6.8–8.10, 1-5 NTU, and 198-5340µS/cm, 

respectively. Sulfate and nitrate concentrations of the water samples also ranged between 2 and 97 

mg/l and 0.30 –7.37 mg/l, respectively.Majority of samples were positive for total coliform bacteria 

with counts ranging from 0 to 85 CFU/100 ml, except for Lemogento and Kella town treatment 

reservoir after disinfection and main distribution system. Whereas, fecal coliforms were detected in 

all sampling points ranging from 0 to 90 CFU/100 ml, except, for Lemogento reservoir and 

distribution and Kella reservoir samples. 

Conclusion: In general, majority of physicochemical and some of bacteriological quality of the 

water samples collected from three treatment plant units lies within the maximum permissible limits 

of WHO guidelines. But, fluoride, conductivity, copper, iron fecal coliforms and total coliforms were 

not within the recommended limit of WHO guidelines for drinking water. 

Key words: Bacteriological quality; physicochemical parameters; water quality. 
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CHAPTER ONE 

INTRODUCTION 

1.1. Background of the study 

Accessibility to and availability of fresh, clean water is essential elements of public health 

(Malhotra et al.,2015). However, failure to supply safe water will exert a heavy burden on 

humanity (Malhotra et al.,2015). The fresh water that is needed for a drinking water supply is 

limited (Behailu et al., 2018). And Nowadays, the agricultural practice and industrial chemical 

waste disposals due to cross-contamination with sewerage, illegal connections, leakages, and 

corrosions are being polluting largely the limited water sources  (Desye et al., 2021).  

Approximately about 844 million people lacked basic drinking water services from the improved 

sources across the globe (an improved source within 30 minutes’ round trip) (UNICEF and 

WHO, 2017). Due to that, water-related diseases are causing about 30,000 death every day in the 

world and the situation is much more serious in developing countries (Duressa et al., 2019).  

 Ethiopia is one of the countries in the world with the worst of all water quality problems and has 

a 42% water supply in sub-Saharan countries (Sisay et al., 2017). About three-quarter of health 

problems in children in the country is with microbial contamination of drinking water (Dessie, 

2020). In Ethiopia, the drinking water sources are exposed to the forces of different contaminants 

and pollutants due to a lack of proper management of water sources (Alemuet al., 2015). Even 

for those people who have access to clean water, the provision does not confidently guarantee the 

safety of drinking water in terms of its physical, chemical, and bacteriological parameters 

(Duressa et al., 2019). 

Physicochemical parameters including turbidity, pH, temperature, nitrate, phosphate, and others 

are widely accepted as critical drinking water quality parameters. These parameters either 

directly affect disinfection efficiencies as well as microbiological quality (Duressa et al., 2019). 

Metal contamination in water is one of the most serious environmental concerns in the present 

world scenario (Sisay et al., 2017, Kilonzo et al., 2019, Pantaleo et al., 2018), wherein metal 

contamination is a major problem even at low concentration levels it has high toxicity and it may 

cause serious health hazards if it is present in the excessive amount due to contamination and, the 

water may need to be treated before use (Salifu et al., 2019).   
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Safe and potable drinking water needed various treatment methods to raise the quality of water. 

The treatment processes can be arranged in a treatment sequence of flocculation, sedimentation, 

filtration, and disinfection for water. 

Conventional Water treatment involves removing impurities that are potential to cause harmful 

in water supply for human consumptions (Teklu, 2018). The Improvement of the quality of water 

before being used by consumers is depending on the drinking water treatment processes 

efficiency, which must be safe and meet the standard criteria for public health (Mohsin, 2014).  

The water treatment plant can be evaluated by testing the water quality produced by the 

treatment units that are applied in various conventional treatment plants. Identifying water 

quality parameters is varying due to water sources used in the water treatment plant (Wakuma & 

Fita, 2017, Teklu, 2018).  

Physicochemical including turbidity, pH, temperature, nitrate, phosphate, and others are taken as 

important parameters to classify the quality of both raw and treated drinks of water in any water 

treatment plant (Behailu et al., 2018). Whereas in other studies biological parameters of treated 

water were included (Berhane & Hailu, 2015;Gara et al., 2017; Guduru et al., 2020). These 

parameters change widely due to seasonal fluctuation, the type of pollution, ground water 

extraction, etc. (Abegaz, 2021). 

 Failures in drinking water systems, treatment processes and distribution networks can often lead 

to drinking water contamination incidents which result in disease outbreaks. Many studies were 

carried out in Ethiopia on physicochemical and bacteriological quality of drinking water from 

various water sources showed that water sources were contaminated with pollution indicators 

such as fecal and total coliforms (Duresa et al., 2019, Guduru et al., 2020). These indicate that 

water-quality problems are extensive in the water-delivery systems of the country.  

The inhabitants of the Malle woreda use water from different sources such as tap water, springs, 

and Rivers for different purposes including drinking. It is crucial to identify whether the water 

obtained from the tap water along its various stages is safe with regard to water quality 

parameters. This study would, therefore, be initiated to assessment of physico chemical and 

bacteriological quality of drinking water in conventional drinking water treatment process and 

water supply system in Malle woreda. 
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1.2. Statement of the Problem 

Clean and safe drinking water is vital for human health and can reduce the load of illnesses, such 

as diarrheal disease (Shan et al., 2018). However, the contamination of drinking water with 

different contaminants is causing a serious threat to millions of people across the globe (Teklu, 

2018). About 850,000 peoples die every year from lack of access to safe drinking  water, 

sanitation, and hygiene, and from this contaminated drinking water accounted for 72.1%, 

(UNICEF and WHO, (2017).  

Despite the alarming rate of water contaminations and the burden associated with unsafe 

drinking water supply, very little effort has been set to investigate the efficiency of existing water 

treatment systems and drinking water quality in low-income countries (Desye et al., 2021).  

 The majority of the population lives in Africa and Asia are still living without access to the  

improved water supply (Mekonnen et al., 2019).  Due to that, Frequent outbreak of waterborne 

diseases has been posing major risks to both rural and urban areas of developing countries 

(Abegaz, 2021). Maintaining high drinking water quality in distribution network in the case of 

physicochemical and bacteriological parameters is a major challenge for developing countries 

(Ewelina & Patrycja, 2018).  

Ethiopia has suffered access to safe drinking water from improved sources ( Reda, 2016). A 

regular and continuous drinking water quality monitoring activity is not practiced by the main 

actors in the water supply sector in Ethiopia (Duressa et al., 2019).  

The problem of unsafe drinking water may not be limited to untreated drinking water, but may 

also arise from treated water sources with poor water quality. It is reported that even improved 

water sources, for instance the water which is delivered from the municipality, do not reliably 

predict microbial safety of water but they are rather good technologies with a high level of 

probability to deliver safe and clean drinking-water in Ethiopia (Salifuet al., 2019, Dessie, 2020). 

Several studies carried out in Ethiopia on the bacteriological quality of drinking water from 

different sources showed that the water sources were contaminated with pollution indicators 

organisms such as fecal and total coliforms (Ameya et al., 2018; Duresa et al., 2019;  Eliku, 2015 

; Yasin et al., 2015).  
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Assessment of qualities of urban water source and tap water distribution systems in Arba-Minch 

town (Ameyaet al., 2018), Adama town (Eliku & Sulaiman, 2015) and Nekemte town (Duressa 

et al., 2019), showed that the distribution lines are the most likely point of physical, chemical 

and microbial contamination. 

Besides microbial contaminants, pollutions of water resources with heavy metals have received 

particular concern because of their strong toxicity even at lower concentrations ( Reda, 2016). 

The study was done in south Ethiopia Duressa et al., (2019), reveal that there were considerable 

variations in the examined samples from different sources concerning their physico chemical 

characteristics and this indicates that the quality of water substantially differs from location to 

location.  

A limited study was conducted in other places of the country, but for the case of Malle woreda, 

nothing is done so far. Failures in drinking water systems, treatment processes and distribution 

networks can often lead to drinking water contamination incidents which result in disease 

outbreaks. Even if, the quality of the finished drinking water leaving treatment facilities is 

normally high, it can deteriorates gradually as it transports through the pipes of the distribution 

system and inside premise plumbing . These indicate that water-quality problems are rampant in 

water-delivery systems. This needs to know the status of drinking water quality from sources 

through treatment to public tap in study area. 

There is an outbreak of cholera in the study areas of Malle woreda since 2020 and there was a 

disease in cattle and human that use the water produced from Kella treatement plant. No 

documented work that reveals the physical, chemical, and bacteriological composition of 

drinking water around Malle woreda.  

The treatment plant of water in study area is far away from the town. Hence, the interconnection 

between the site of the treatment plant and the distribution system up to public tap may 

accumulate pathogenic microorganisms by the formation of biofilms. This requires an 

assessment of municipal water distribution systems of Malle woreda.Therefore the main 

objective of this study is to fill the gap by assessing physico chemical and bacteriological quality 

of drinking water in conventional drinking water treatment process and water supply system in 

Malle woreda, south west Ethiopia. 



5 
 

1.3. Significance of the study 

 The result of this research benefit the responsible body to a better evaluation and decision 

making of water distribution and delivery systems and they become known about the status of 

the quality of the water. They realize that they need to protect water sources from any 

contaminations. 

 The result which is generated from this study has also great importance for the community to 

know the status and to give the care to protect the drinking water. Finally, the finding of the 

study providing baseline information to the other researchers who want to further research water 

quality in Malle woreda. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1. Water resource in the world 

Water is one of the most crucial and precious natural resources. It is essential in the life of all 

living organisms from the simp lest plant and microorganisms to the most complex living system 

known as the human body. Water is a combination of hydrogen and oxygen atoms, with a 

chemical formula, H2O, and is known to be the most abundant compound (70%) on the earth's 

surface. It is significant due to its unique chemical and physical properties (Toxicol & Reda, 

2016). It is vital to man’s existence and without it, there would be no life on earth. The earth 

holds approximately 1.4 × 109 m
3
 of water in the form of oceans, seas, rivers, lakes, ice, etc. But 

only 3% of the total available water resources are in the form of freshwater found in rivers, lakes, 

and groundwater. The fresh water that is needed for a clean water supply is limited and the 

demand far exceeds the available supply due to increasing population and industrialization. A 

clean water supply is one of the key indicators for development in any country; however, the 

situation of most African countries is not encouraging because more than 300 million people in 

Africa live in water-scarce environments (WHO, 2011a). 

2.2. Water quality and human health 

Understanding the status of drinking water quality and associated health risks is mandatory to 

make wise decisions on drinking water quality protection and management (Berhane & Hailu, 

2015; Gara et al., 2017).  Consumption of drinking water that is contaminated with hazardous 

chemicals or pathogenic microorganisms possess serious health threats or various waterborne 

diseases (Tamrakaret al., 2017). 

Natural quality of water is affected by both chemical and biological contaminants originating 

from sources like: inadequate collection and disposal of household wastes, industrial wastes, and 

agrochemicals applied at the catchment level and natural factors. The failure to provide safe 

drinking water puts public health at risk and drinking of these biological and chemical 

contaminants can cause both acute and chronic health problems (Massoudet al., 2010). 

Contaminated water can serve as a vector for disease transmission and cause human health issues 

unless it is treated and made safe to drink. Consumption of drinking water which is contaminated 
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with hazardous chemicals or pathogenic microorganisms possess serious health threat or various 

waterborne diseases (Tamrakaret al., 2017). 

Drinking water which is contaminated with fecal origins are highly correlated and can cause 

diseases such as cholera, typhoid, dysentery, legionellosis, enteric fever, schistosomiasis, and 

many other acute and chronic diseases (Jessoe, 2013, Bain et al., 2014; Szabo & Minamyer, 

2014; Li & Wu, 2019). Waterborne diseases have negative impacts and burdens on public health 

in developing countries where drinking water is of poor quality.  

2.3. Water quality concerns 

Water quality concerns are the most important element for measuring access to improved water 

sources. The acceptable quality of drinking water shows the safety of drinking water in terms of 

its physical, chemical, and bacteriological parameters. The problems related to chemical 

ingredients of drinking water arise primarily from their ability to cause adverse health effects 

after extended periods of exposure, of particular concern, are contaminants that have cumulative 

toxic properties, such as heavy metals and substances that are carcinogenic ( Reda, 2016) 

WHO estimation implies about 1.1 billion people globally drink unsafe water and the vast 

majority (88 %) of the diarrheal disease reported across the globe is attributable to unsafe water, 

sanitation, and hygiene (Yasin et al., 2015a) Furthermore, around 250 million infections each 

year from water born diseases, which results in 10–20 million deaths world-wide, happend due to 

water-borne diseases (Yasin et al., 2015a).  The extensive spread of diseases such as cholera, 

dysentery, and salmonellosis are mainly due to the lack of safe drinking water and adequate 

sanitation that ends up in the death of millions of people in low incoming countries every year 

(Yasin et al., 2015a).  

 More than 75 % of the health problems in Ethiopia were due to infectious diseases which are 

attributed to unsafe and inadequate water supply, unhygienic waste management, and human 

excreta. Some studies done on bacteriological qualities of drinking water in Akaki-Kalita sub-

city of Addis Ababa, Ziway, Bahir Dar and Adama towns showes contamination of the water 

samples with total coliforms (TTC) and fecal coliforms (Yasin et al., 2015).  Besides microbial 

contaminants, pollutions of water resources with heavy metals have received particular concern 

because of their strongly toxicity even at lower concentrations( Reda, 2016). 
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 Drinking water quality monitoring as a regular and continuous activity is an area that is less 

practiced by the main actors in the water supply sector in Ethiopia (Duressa et al., 2019).  

Sustainable provision of adequate and safe drinking water to the consumer is crucial for life to 

address the challenge of urban development (Monica & Khushboo, 2017).However, for most of 

developing countries maintaining high drinking water quality in distribution network in the case 

of physicochemical and bacteriological parameters is a major challenge (Simardetal., 2011). 

Typically, drinking water quality is affected by the quality of raw source water, the treatment in 

water treatment plants before distributed, the water distribution system and the containers/tanks 

used for water storage (Li & Wu, 2019). 

The quality of drinking water in urban water supplies can be deteriorated because of the 

inadequacy of treatment plant, contamination of transporting water at different levels of 

distribution lines and inefficient management of pipe water in distribution system (Eliku & 

Sulaiman, 2015). The physical, chemical and microbial quality of the drinking water may be 

degraded in the distribution system as a result of poor environmental conditions and a degraded 

water supply infrastructure.  

2.4. Water treatment process  

For small communities, it is generally preferable to protect a groundwater source that requires 

little treatment than to treat surface water that has been exposed to fecal contamination and is 

usually of poor quality. The range of treatments available for small-community supplies is 

necessarily limited by technical and financial considerations; the most appropriate and 

commonly used treatments are summarized below.  

2.4.1. Abstraction 

The control measures required at the point of abstraction are determined by the characteristics of 

the source water and the particular water treatment method adopted. Screens are necessary where 

large suspended solids are present in the source water; these will require periodic cleaning. 

Properly constructed intake channels can be used to provide regular lateral intake flows from a 

surface water source. Sluicegates and valves offer a means of controlling flow but require regular 

maintenance and adjustment (Kausley et al., 2018).  
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2.4.2. Preliminary treatment by storage 

Preliminary storage in a reservoir helps to serve as a continuous supply of water despite 

variations in demand and source water availability. It can also provide an economical means of 

settling out some of the suspended solids (Sorlini & Torretta, 2017).  

2.4.3. Prefiltration 

 In treatment plants where the suspended solids content and turbidity of the source water are 

periodically high, prefiltration with gravel or other coarse material before sand filtration is an 

effective means of stopping the rapid blocking of the sand filters. In prefilters, suspended solids, 

turbidity, and microbiological contamination can be significantly reduced (Kausley et al., 2018). 

Prefilters require a ripening period, which may be of some months’ duration for raw waters with 

low nutrient levels, before they reach peak operating efficiency. 

2.4.4. Slow sand filtration 

Slow sand filtration advances the physical, chemical, and microbiological quality of water; it is 

reliable and inexpensive, and is therefore particularly useful in small-community water supplies. 

The depth of the sand filter bed is typically in the range of 0.5–1.2m, varying as the sand is 

skimmed off from time to time to prevent blocking on the upper surface (Health, n.d.).  

2.4.5. Coagulation, flocculation, and sedimentation 

Fine suspended particles may be removed from water by treating with chemicals that cause the 

formation of an absorbent, bulky precipitate. These chemicals are called coagulants and react 

with suspended particles to produce settleable flocs. Most coagulants are salts of iron or 

Aluminum, e.g., Aluminum sulfate (alum) and ferric chloride. The nature of the floc depends on 

the characteristics of the raw water, the type of coagulant employed, and the dosing rate. Rapid 

mixing is essential as soon as the coagulants are added to the water. 

2.4.6. Aeration 

 Aeration can be used in water treatment to reduce tastes and odors (e.g., by oxidation of 

hydrogen sulfide), lower the levels of volatile organics, and change the concentrations of 

dissolved gases, although it has little significant effect on those associated with algal growth 

(Farhaoui & Derraz, 2017).  



10 
 

2.4.7. Disinfection 

The microbiological quality of drinking water can be substantially enhanced by protecting the 

source and by treating the raw water. If the physical and chemical quality of the water is 

acceptable, disinfection provides the most effective means of falling the number of 

microorganisms in drinking water. chlorination has been widely applied in treating community 

water supplies (Kausley et al., 2018). 

2.5. Water quality analyses  

Before determining the sources of surface or groundwater, it is important to conduct water 

quality tests through representative samples. These tests ideally should be performed on-site and 

through samples taken to the laboratory for conclusive analysis (Duressa et al., 2019).  

2.6. Water quality parameters  

Water quality parameters are classified into three parts such as physical, chemical, and biological 

characteristics of water in association with the set of standards. These parameters are directly 

connected to the safety of the drinking water for human use. Water quality parameters deliver 

important information about the fitness of a water body. These limits are used to find out the 

quality of water for drinking purposes (Daniel et al., 2015). 

2.6.1. Microbiological water quality 

Indicator bacteria can be used to assess the microbiological drinking water quality. Total 

coliform bacteria and thermo tolerant bacteria are the most common indicator bacteria in 

drinking water. The coliforms are indicative of the general hygienic quality of the water and the 

potential risk of infectious diseases from water (Iwar, 2018). 

2.6.1.1. Total coliform 

Are Aerobic or facultative anaerobic, Gram-negative, non-spore-forming, rod-shaped, gas 

production during lactose fermentation within 48 hours at 35°C (WHO, 2011a). A group of 

bacteria that are included under coliform bacteria are like Enterobacter, Klebsiella, Aeromonas, 

etc (Igibah & Tanko, 2019). 
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The studies conducted in Shambu town drinking water ethiopia showed a total coliform in the 

range from 4 CFU/100 ml to 151 CFU/100 ml in different sampling points which are 

significantly different from each other. 

The unusual significantly higher number of total coliform in a sample could be associated with 

the leak of the specific pipeline. The other factor that contributes to increment of  total coliform 

in tap could be associated with the irregular availability of water across the line which gives 

chance to the stability of microorganisms for reproduction in a specific area.  

2.6.1.2. Fecal coliform/fecal streptococci 

Fecal coliforms (A subgroup of total coliforms) reside in the intestinal tract of warm-blooded 

animals (including humans) and can ferment lactose and produce both acid and gas at 44.5°C in 

24 hours. These organisms can vary from the total coliform group by their ability to grow at 

elevated temperatures  (Mishra et al., 2019). The studies conducted in Jimma zone showed a 

fecal coliform in the range of 1-266 CFU/100 ml. 

2.6.2. Physical parameters 

2.6.2.1. Electrical Conductivity (EC) 

Electrical conductivity is an indicator of the taste or salinity of the water can be considered as an 

alternative indicator of total dissolved solid (TDS). Changes in conductivity with time and high 

conductivity values can indicate contamination of water (e.g. saline intrusion, sometimes fecal 

contamination/ pollution or nitrate pollution) (Martínez-Santos et al., 2017; Gwimbiet al., 2019).  

2.6.2.2. PH 

pH is mostly a result of natural geological conditions at the site and the type of minerals found in 

the local rock. Water with pH a value greater than 7 indicates alkalinity and tends to affect the 

taste of the water. Alkaline drinking water may take on a “soda” taste (Damtie et al., 2014). 

The pH of the water entering the distribution system must be controlled to minimize the 

corrosion of water mains in household water systems. Miss adjustment of pH can result in both 

microbial and chemical contamination of drinking water and can have an antagonistic effect on 

its odor, taste, and appearance (Dvorak & Schuerman, 2021).  
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According to Abegaz, (2021), an increase in pH level was observed after treated water left the 

treatment plant and entered into the distribution system. The pH of the water entering the 

distribution system must be controlled to minimize the corrosion of water mains and pipes in 

household water systems (Desye et al., 2021). Failure to control pH can result in both microbial 

and chemical contamination of drinking water, and can have adverse effect on its odor, taste and 

appearance. 

2.6.2.3. Turbidity 

Turbidity of water depends on the quality of solid matter present in the suspended state. The 

turbidity of the water is related to or affects many indicators of drinking water quality. WHO 

recommended that the acceptable limit for turbidity in the potable water is 1 NTU and 

permissible limit is 5 NTU (Dohareet al., 2014). . It is caused by the presence of particulate 

organic and inorganic matters, such as clay, colloidal particles, silt and microscopic organisms 

that interfere with the passage of light through the water. Turbidity has no direct health impact 

but consumption of highly turbid water may create a health risk related to the risk of microbial 

contamination (Sajitha, 2016).  

The studies conducted in Jimma town, Ethiopia (Sisay et al., 2017) shown that up to 12 

nephelometric turbidity unit was observed in water samples. whereas, in the other studies in 

Ethiopia up to  5 nephelometric turbidity unit was observed (Meride & Ayenew, 2016),(Duressa 

et al., 2019).  

According to (WHO, 2011) the turbidity of the water is varied  due to the nature of raw surface  

water, the sampling period, and the runoff conditions.  

2.6.3. Chemical parameters 

2.6.3.1. Total Hardness 

Hardness is caused essentially by calcium and magnesium salts and is communicated regarding 

identical amounts of calcium carbonate. There is an agreement that groundwater is essentially 

harder than surface water due to groundwater being wealthy in carbonic corrosive and 

disintegrated oxygen, as a rule, has a high solvating influence. Hard water incredibly affects the 

family client tap waters. At the point when the water in family pipes becomes profoundly harder, 

family lines can get obstructed with scale; hard waters additionally cause incrustations on 
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cooking wares and increment cleanser utilization. The level of hardness of consumable water can 

be arranged dependent on identical CaCO3 fixation as follows: 

Table 1: Classification of water-based on the hardness  

S.No Hardness mg/l as CaCO3 Water class 

1 0-60 Soft water 

2 60-120 Moderately hard water 

3 120-180 Hard water  

4 Above 180 Very hard water (terribly hard) 

Source;  (Alemu et al., 2015) 

2.6.3.2. Iron 

Iron is the second most abundant metal in the earth's crust. Iron concentration in most of surface 

water resources is high, due to presence of the iron salts in watersheds and constituent of river-

bed (Dvorak &Schuerman, 2021). The presence of iron in distribution networks, accelerates iron 

bacteria growth, and consequently increases corrosion in network.  

 In drinking water, the recommended concentration limit of iron is normally less than 0.3 mg/l, 

but the study conducted in Nekemte town, Ethiopia showed that the concentration of iron in the 

water 0.67 ± 0.2 mg/l, which is above  WHO recommendation (Duressaet al., 2019).whereas less 

amount of iron were recorded in in Iran (0.11 mg/l) (Al-dulaimi & Younes, 2017).  

The concentration of iron  may be higher in countries where various iron salts are used as 

coagulating agents in drinking water treatment plants and where cast iron, steel and galvanized 

iron pipes are used for water distribution. Aeration of drinking water (having well ventilated 

dissolved oxygen) can affect the quality of both groundwater and surface water if groundwater 

table is lower. The dissolution of iron can occur as a result of decrease in water pH and oxidation 

water. 
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2.6.3.3. Copper  

Copper salts are discharged through industrial wastewaters. Also they are used to control of 

biological growth in reservoirs and water transport lines. Although copper is an essential 

micronutrient, but in high concentration causes taste and odor in water and also has physiological 

effects in human (Maleki et al., 2015). 

2.6.3.4. Flouride 

Most groundwater samples have low or acceptable concentrations of fluoride (<1.5 mg/L) 

according to the recommendation of WHO (WHO, 2011). However, some large groundwater 

provinces have significant concentrations which cause prominent health problems. The presence 

of large amounts of fluoride is associated with dental and skeletal fluorosis (>1.5 mg/L) and 

inadequate amounts with dental caries (< 1 mg/L) (Garoma et al., 2019).  

The study done in the rift valley areas of Ethiopia shows high concentrations of fluoride, up to 

11.6 mg/L was observed in ground water sources. The other study conducted in the Rift Valley 

area, fluoride concentration was found above 5.0 mg/L in shallow wells and in the rivers 

(Garoma et al., 2019). Whereas, in Jimma and Metu town water sources, below the 

recommended WHO guideline values of 1.5 mg/L was observed (Garoma et al., 2019). The 

studies conducted in other countries shows the fluoride amount in surface water in range value of 

0.18–0.65 mg/L was also observe (Iwar, 2018). 

2.6.3.5. Nitrate 

Nitrate is an oxidizable form of nitrogen and occurs in trace amount in surface water, and is toxic 

when present in extreme amounts in drinking water. The source of nitrate mostly comes from 

industrial, agricultural chemicals, and fertilizer applications. The most common source of nitrate 

concentration is attributed to animals and human waste disposal practices and the use of 

agricultural fertilizer (Macdonald et al., 2017). The permissible recommended value of nitrate is 

50 mg/L as stated by (WHO, 2011). But Mean nitrate concentration up to 95.80  ±  8.45  mg/l 

were recorded from tap water in Jimma zone, south west Ethiopia (Yasin et al., 2015). 

2.6.3.6. Sulfate  

Sulfate mainly is derived from the dissolution of salts of sulfuric acid and found in all almost 

water bodies. Sulfate concentration in natural water ranges from a few to a several 100 mg/liter, 
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but no major negative impact of sulfate on human health is reported. The WHO has established 

250 mg/l as the highest desirable limit of sulfate in drinking water (Meride & Ayenew, 2016) 

2.6.3.7. Copper 

Copper is an indispensable component of many enzyme systems in our body. However, a 

number of pathogenic characteristics are attributed to this element. It is connection with a form 

of early childhood liver cirrhosis. EPA has set a goal for copper at a maximum allowable level of 

1.3 mg per liter of drinking water. 

2.6.3.8. Manganese 

Manganese in drinking water at elevated levels can pose neurological effects on health risk 

(Dvorak & Schuerman, 2021).  

2.7. Conceptual frame work 

The drinking water quality is determined by the quality of source water, the treatment in water 

treatment plants before distributed and the water distribution system. Even if improvements in 

the water quality leaving water treatment facilities, contamination often occurs within the water 

distribution infrastructure. Subsequently, the water which is ultimately transported may be stored 

at different storage which may contribute to the contamination of drinking water by different 

contaminant.  

 

Figure 1: Conceptual framework 



16 
 

CHAPTER THREE 

 OBJECTIVES  

3.1. General Objective  

To assess the physico chemical and bacteriological quality of drinking water in conventional 

drinking water treatment process and water supply system in Malle woreda, southwest Ethiopia.  

3.2. Specific objectives 

 To assess bacteriological quality of drinking water in Boshkoro, Kella and Lemogento 

conventional drinking water treatment process and water supply system. 

 To assess physico chemical parameters of drinking water in Boshkoro, Kella and Lemogento 

conventional drinking water treatment process and water supply system. 
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CHAPTER FOUR 

METHODS AND MATERIALS 

4.1. Study Area 

The study was conducted in three kebeles treatments plants of Malle Woreda, which is found in 

SNNPRS, South Omo zone and it is 792 km far from Addis Ababa capital city of Ethiopia and 

covers an area of 1,432 square kilo meters (Teklemariam et al., 2020). The altitude of the 

Woreda ranges between 600-1500 m above sea level and is astronomical located at 5.08N-6.00N 

attitudinally and 36.30E-370E longitudinally (Zebire & Gelgelo, 2019). The mean annual 

temperature of the woreda in degrees Celsius is about 15-35
o
c (Teklemariam et al., 2020).  

Malle woreda has 28 kebles. Before site selection and data collection, a checklist was prepared 

following the objectives of the study. The Boshkoro treatment plant, Lemogento treatment plant 

and Kella treatment plant sites were selected purposively because they were the only kebles in 

Malle woreda in which conventional treatment process were available and they were known to 

have a reasonable outbreak of cholera in Lemogento and Boshkoro sites and the outbreak of 

disease on humans and animal that used the water supplied by Kella water treatments and there 

were no frequent monitoring and evaluation by the owner body and the transportation for 

laboratory analysis were considered. 

World Health Organization guideline WHO (2011) for drinking water quality and the health 

effect was used as a base for the selection of physicochemical and bacteriological parameters.  

Bazo River was the source of raw water for Lemogento and Kella town. Although the final 

treated water is lifted by high-lift pumps to a distribution reservoir placed in the Lemogento 

Selam village palace for onward distribution to the Lemo gento town administration. The source 

of raw water for Boshkoros town drinking water treatemnt was Biyo River. 

Boshkoro, Lemogento and Kella town have the same treatment units.  The treatment plant has 

coarse screens and an intake with two low-lift pumps, preliminary treatment by storage, 

sedimentation, slow sand filtration, and chlorination structures fig 3. The Boshkoro and 

Lemogento treatment plants are constructed by AFD, while, Kella treatment plant constructed by 

IRC.  
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Figure 2:  Map of the study area. 

4.2. Study Design, Period and Sample Size Determination 

 

Figure 3: The typical treatment process and sample points of Boshkoro and Lemogento town 

water treatment process, Malle woreda, southwest Ethiopia.   
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A laboratory- based cross-sectional study design was conducted to assess the Physco-chemical 

and bacteriological quality of conventional drinking water treatment processes and water supply 

system in Malle woreda, from August 1 to October 28, 2021. A total of 12 water samples were 

collected from the inlet (before undertaking any treatment), disinfection reservoir (treated, after it 

goes the disinfection unit), distributions, and public tap of Boshkoro, Lemogento and Kella sites. 

Water samples were collected using WHO-recommended minimum sample numbers for piped 

drinking water (WHO, 2008, WH O, 2011).  

4.3. Sampling methods and procedures 

World Health Organization guideline for drinking water quality assessment was used to collect 

and analyze water samples (WHO, 2011). 

Grab samples were collected from the inlet of the treatment plant (source)(S), reservoir 

(disinfection point)(R), distribution(D), and public tap(PT). The samples were collected once 

from each of the sampling sites.  

Water samples were collected aseptically by using 200 milliliter sterilized glass bottles for 

bacteriological quality analysis and one-liter polyethylene bottles were used for physicochemical 

analysis. Before sampling had taken, the glass bottles were sterilized by using an autoclaved to 

avoid any contamination and the polyethylene bottles were rinsed with distilled water.  

For chlorinated water (treated water), sample collection was carried out using glass bottles that 

are autoclaved with 0.1 mL 3% sodium thiosulphate (Na2S2O3) to neutralize the chlorine present 

in the sample (Desye et al., 2021). For the public tap sample collection, the tap was turned on at 

maximum flow rate, and the water was allowed to flow for 2 minutes and then tap was 

disinfected for a minute using 70% alcohol and allowed to flow at a medium rate for 2 minutes 

(Patent al., 2016). Previously sterilized glass and clean polyethylene bottles were open for 

collecting water samples by holding the bottle steady under the water jet, while the cover cup 

was held in an up-down position (Pantet al., 2016). Figure 6 shows sampling collection from 

public tap.  

Sample collections at treatment plant units were taken by following to surface water sampling 

procedure by dipping the sampling bottle to 20 cm of the water body. Sample collection from 

disinfection reservoir was depicted in figure 5.  
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The collected water samples from each treatment unite were labeled and kept in a cold box 

containing ice freezer packs (4ºC) and were transported to the south nation's nationality public 

health institute for bacteriological analysis and transported to the S/N/N/P/R water mine an and 

energy office water resource study and management laboratory, Hawassa, Ethiopia, for chemical 

analysis.  

 

   

Figure 4: Sample collection from the distribution (A); reservoir at disinfection point (B); 

disinfecting Public tap (C); sample collection from tap (D).  

 

Figure 5; Measuring (1) PH and temperature (2) conductivity on site. 

1 
2 

A 
B 

C D 
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4.5. Data analysis 

4.5.1. Bacteriological analysis 

Bacteriological analysis for total coliforms (TC) and fecal coliforms (FC) were determined and 

enumerated by the Millipore filtration method using the membrane filter technique as outlined in 

(APHA, 1999) and as per the procedure by (Krishnan et al., 2007). A 100ml sample was placed 

on the surface of a sterile membrane filter with pore size 0.45μm and 47 mm diameter placed on 

the funnel unit of the membrane filter support assembly. Then, using a sterile forceps membrane 

were removed immediately and placed on the adsorbent pad which is filled with Membrane 

Lauryl Sulphate broth with a rolling motion to avoid entrapment of air in Petri dishes. Finally, 

for TC and FC, water samples were incubated at 35°C and 44°C for 18-24 hours, respectively, 

and all yellow colonies were counted as TC and FC with the aid of a magnifying lens (Desalegn 

et al., 2013).  

4.5. 2. Physicochemical Analysis 

For all water samples collected from the Boshkoro, Lemo gento and Kella treatment plants and 

supply system temperature, pH, EC, turbidity, fluoride, total hardness, chromium, nitrate, sulfate, 

phosphate, Fe2
+
, Mn

2+,
 and Cu were analyzed three times for each sample.  

Onsite measurements were such as; temperature and pH for Lemogento and Kella treatment sites 

were analyzed by using a waterproof wagtech PH meter. EC was analyzed by using a waterproof 

wagtech conductivity meter and for a Boshkoro treatment site temperature and pH were analyzed 

by using standard instrument HQ440d multi-parameter meter electrode. The turbidity of each 

sample was determined by using (HACH 2000) turbidity meter and the result was put in 

Nephelometric Turbidity Units (NTU) (Homaida & Goja, 2013).  

Nitrate, iron, manganese, fluoride, chromium, sulphate, and phosphate were determined using 

DR 5000 spectrophotometer. Total hardness was determined by the complexometric titration 

method using eriochrome black T (EBT) as an indicator and with standardized ethylene diamine 

tetra acetate (EDTA) solution (Khanet al., 2013;Hassane et al., 2020). The concentration of Cu 

was determined on the Palintest-Photometer 9300 instrument after zeroing with the experimental 

blank sample (Hassane et al., 2020).  
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4.5.3. Statistical analysis 

Data were analyzed by Statistical Package for Social Sciences (SPSS) software version 23, 

Microsoft Excel 2016. The results of triplicate analysis were documented on each day of 

sampling result.  Descriptive measures including mean, median, standard deviation, and the 

range were used to analyze the laboratory investigation data and the result was analyzed 

statically with the acceptable standards. The data was presented by using a table and graph. A 

correlation test was used to determine relationship between physico chemical and bacteriological 

parameters that shows the value of one parameter in association with a corresponding increase or 

decrease in the value of the other parameter. 

4.6. Data quality control 

Calibration of field equipment and cleaning of laboratory glassware were performed just prior to 

and just after field measurements. A Triplicate analysis was done for physicochemical and 

bacteriological analysis. For each water sample, code numbers were given and the following 

information was accompanied; Date of Sampling, Reasons for examination, sampling point from 

where the water was collected, the exact place from where and which treatment the water 

samples were taken should also be stated. Calibration and Linearity of Instrumental Responses 

were done. The calibration curves for each selected heavy metal were settled to ensure the 

accuracy of the Atomic Absorption Spectrophotometer and to confirm that the results of 

measurements were true and reliable. 

4.7. Ethical Issue 

Ethical clearance was first obtained from the research and ethical review board of the Institute of 

Health Science, Jimma University. Institutional consent was obtained from concerned 

institutions and bodies after communicating with a formal letter. Permission for dat a collection 

from Malle woreda was sought from Malle woreda's water and energy office.  

4.8. Dissemination Plan 

The findings of this study will be submitted to the Jimma University, Institute of Health, Faculty 

of Public Health, Department of Environmental Health Sciences and Technology. The result will 

be presented during defense, as partial fulfillment of the requirement of a master’s degree in 

Environmental Science and Technology. The result of the finding will be published in a 
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reputable journal. Finally, written documents will be submitted to Jimma University, 

Environmental Health Sciences and Technology and Malle woreda water and energy office that 

have contributed to alleviating the identified gaps. 

4.9. Operational definition 

Conventional drinking water treatment: Conventional drinking water treatment consists of a 

combination of, sedimentation, filtration and disinfection to provide clean and safe drinking 

water to the public. Physical, chemical, and biological processes and operations to remove solids, 

organic matter and sometimes nutrients from water. A well protected ground water source, 

without any treatments for metals (iron, manganese, copper), primary and secondary disinfection 

with chlorine is most effective. 

Water supply system: Is infrastructure for the collection, storage and distribution of water for 

community.  

Distribution of water: is a part of water supply network with components that carry potable water 

from a centralized treatment plant or wells to consumers. 

Filtration: Water passes through a substance, such as sand or a membrane that helps remove 

unsettled flocs, particles, contaminants and pathogens. 
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CHAPTER FIVE 

RESULT 

5.1. Physical Quality of water  

To determine whether the unites of water treatment plant removes contaminants and water 

storage is affecting water quality, a cross-sectional study was conducted between the samples 

collected from source or inlet(S), reservoir or disinfection(R), distribution(D) and public tap (PT) 

of Boshkoro, Lemogento and Kella town water treatment, and supply system.  

Correlation analysis among physical chemical parameters and the bacteriological load was 

depicted in the annex part.     

The mean pH value for Source, Reservoir after disinfection, Distribution and Public tap of 

Boshkoro town drinking water treatment and water supply were 7 ± 17, 7 ± 0.73, 7.2 ± 0.17 and 

7.17 ± 0.20 respectively. In general, an increase in pH level was observed in all treatments of 

study areas after treated water left the treatment plant and entered into the distribution system 

and reached the public tap. The conductivity of the water decreases from source to disinfection 

unit and increases in distribution. 

 The mean physical parameters results of municipal conventional drinking water treatment 

analysis and water supply system from source or inlet to public tap samples located in the 

targeted area of Boshkoro, Lemogento and Kella towns are summarized in Table 2. 
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Table 2: Mean ± SD of physical parameters of water samples at different sampling points of 

Boshkoro, Lemogento and Kella treatment systems in Malle woreda, southwest Ethiopia. 

Treatment site SP pH ± SD EC (µS/cm) ± SD Turbid(NTU) ± SD 

Boshkoro town S 7 ± 173 322 ± 9.54 2.67 ± 0.57 

R 7 ± 0.73 334 ± 30.3 1.67 ± 0.57 

D 7.2 ± 0.17 326 ± 4.58 1.3 ± 0.57 

PT 7.17 ± 0.20 337 ± 5 1.3 ± 0.58 

Lemogento town S 7.53 ± 0.15 206.67 ±9.60 1.7 ± 0.56 

R 7.27 ± 0.18 202.13 ± 1.02 1.00 ± 0.00 

D 7.43 ± 0.3 201.67 ± 0.58 1.00 ± 0.00 

PT 7.27 ± 0.15 204.33 ± 3.51 1.00 ± 0.00 

Kella town S 8.3 ± 0.100 5014.33 ± 7.76 3.50 ± 1.50 

R 7.9 ±  0.40 4849.67 ± 5 .3 1.3 ± 0.5 

D 8.1 ± 0.23 5008.00 ± 0.40 1.67 ± 0.58 

PT 7.4 ± 0.30 5005.67 ± 7.23 2.0 ± 1.00 

Note. SP: Sampling point; S: sampling from source; R: sampling after disinfection Reservoir; D: 

sampling from distribution; PT: sampling from public tap; SD: standard deviation;  

5.2. Chemical parameters of water  

Water samples collected from inlet or source, reservoirs at disinfection point, distribution and 

public tap were analyzed for chemical parameters. The mean and SD of chemical parameters for 

all treatment units from which samples had taken were depicted in table 3 below.  
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Table 3: Mean ± SD of chemical parameters of water samples at different sampling points of Boshkoro, 

Lemogento and Kella treatment systems in Malle woreda, southwest Ethiopia. 

Treate

ment 

site 

SP Total Hardness 

[mg/L as 

CaCO3] 

[Cl2][mg/L] Fluoride 

[mg/L] 

Nitrate 

[mg/L] 

 

Sulfate 

[mg/L] 

 

Phosphate 

[mg/L] 

 

Boshko

ro town 

S 144.66 ± 0.57 0.17 ± 0.22 0.40 ± 0.01 6.70 ± 0.40 11.58 ± 1.62 0.63 ± 0.15 

R 144.00 ± 1.00 0.24 ± 1.00 0.38 ± 0.01 2.67 ± 0.58 5.00 ± 2.64 0.40 ± 0.10 

D 143.67 ± 0.58 0.33 ± 0.11 0.37 ± 0.01 2.33 ± 0.58 3.67 ± 0.58 0.36 ± 0.08 

PT 140.00 ± 1.00 0.30 ± 1.00 0.35 ± 0.02 1.33 ± 0.58 4.00 ± 2.00 0.22 ±  0.10 

Lemog

ento 

town 

S 87 ± 2 0.16 ± 0.11 0.28 ± 0.13 0.91 ± 0.08 6.20 ± 0.85 0.34 ± 0.11 

R 85.67 ± 2.51 0.30 ± 0.10 0.27 ± 0.16 0.62 ± 0.10 5.36 ± 0.18 0.26 ± 0.06 

D 83.00 ± 2.00 0.23 ±  0.05 0.27 ± 0.05 0.55 ± 0.15 5.23 ± 0.69 0.22 ± 0.02 

PT 81.7 ± 2.89 0.21 ± 0.10 0.20 ± 0.00 0.53 ± 0.20 4.83 ± 1.04 0.07 ± 0.12 

Kella 

town 

S 1783.00  ± 

115.05 
0.20 ± 0.10 

1.64 ±  0.06 4.74 ± 0.10 92.40 ± 4.61 0.98 ± 0.06 

R 1778.33 ± 3.51 0.50 ± 1.00 1.64 ± 0.11 4.57 ± 0.18 94.50 ± 3.96 0.96 ± 0.01 

D 1777.33 ± 

12.22 
0.30 ± 0.15 

1.64 ±0.03 4.51 ± 0.03 90.00 ± 0.00 0.94 ± 0.01 

PT 1776.33 ±  

1.15 
0.46 ± 0.57 

1.62 ± 0.04 4.49 ± 0.28 86.00 ± 2.64 0.92 ± 0.02 

WHO - 300 5 1.5 50 250 - 

Note. Sampling point (SP), Source point (S), Disinfection point (R), Main distribution (D), 

public Tap water (PT), Total chlorine [Cl2], World Health Organization drinking water 

permissible standard (WHO limit). 
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5.3. Concentration of heavy metals in water 

The level of heavy metals (micronutrients) in drinking water is of significant concern. The 

metals analyzed include chromium, iron, copper and manganese, viewed against the standards as 

prescribed by the WHO guidelines for drinking water which were depicted in figure 6, figure 7 

figure 8 and 9.  

Chromium concentrations in public tap of Boshkoro, Lemogento and Kella treatment site water 

sample was 0.01± 0.01, 0.002± 0.18 and 0.002 ± 0.01 respectively fig 6. 

 

Figure 6: chromium variation in Boshkoro, Lemogento and Kella town water treatments and 

supply system. 

Iron is an essential element in the human body. But, consuming a high concentration of iron was 

suffering liver diseases. The mean result for iron from which samples had taken from source or 

inlet(S), reservoir after disinfection(R), at distribution (D) and public tap (PT) of Boshkoro, 

Lemogento and Kella towns water treatments and supply system were depicted in figure 7. 
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Figure 7: Iron variation in Boshkoro, Lemogento and Kella town water treatments and supply 

system. 

The mean of copper for all treatment units from which samples had taken S, R, D and PT of the 

study area was depicted in figure 8.  
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Figure 8: Copper variation in Boshkoro, Lemogento and Kella town water treatment and supply 

system. 

Manganese is a most abundant trace element in the earth crust which is usually occurring 

together with iron and it is widely distributed in sedimentary rocks, soil and water. The mean 

result for manganese from S, R, D, and PT of Boshkoro, Lemogento, and Kella treatment and 

water supply system were shown in figure 9. 

0.43 0.37 0.22 0.09 

0.07 0.05 0.04 0.02 

7.76 
7.49 

7.41 
7.31 

2 2 2 2 

0

1

2

3

4

5

6

7

8

9

Source Reservior Distrbution Public tap

m
ea

n
 v

a
lu

e 
 

Copper compliance with WHO permissible limit 

Boshkoro Lemogento Kella WHO



30 
 

 

Figure 9: Manganese variation in Boshkoro, Lemogento and Kella town water treatments and 

supply system. 

5.4. Bacteriological Quality of water  

The mean and standard deviation of total coliform and fecal coliform counts for water samples 

collected from the inlet or source, disinfection point or R, distribution and public tap of 

Boshkoro and Kella drinking water treatment and water supply were depicted in table 5.  

 Table 4: The mean and standard deviation of total coliform and fecal coliform counts for water 

samples collected from Boshkoro, Lemogento and Kella drinking water treatment plant and 

supply system.  

Treatment 

site  

SP TC(CFU) FC(CFU) WHO 

  Minim

um 

Maxim

um 

Mean±SD 

 

Minim

um 

Maxim

um 

Mean±SD 

 

 

Boshkoro 

town 

S 10 14 11.66 ± 2.08 17 22 19.00 ± 2.64 0 

 R 2 5 3.00 ±  1.00 4 10 8.00 ± 3.46 

D 1 3 1.67 ±  1.53 3 4 3.67 ± .58 
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PT 1 2 1.33 ± 0 .58 2 4 3.00 ±  1.00 

Lemogent

o town 

S 6 14 10.00 ±  4.00 7 11 8.67 ± 2.08 0 

R 0 0 0 ± 0 0 0 0 ± 0 

D 0 0 0 ± 0 0 0 0 ± 0 

PT 46 85 69.0 ± 20.42 30 90 56.67 ± 0.55 

Kella 

town 

S 10 16 12.67 ±  3.05 5 8 6.67 ± 1.53 0 

R 0 2 1.00 ± 1.00 0 1 0.33 ± 0.58 

D 0 3 1.33 ± 1.53 1 3 2.00 ±1.00 

PT 1 2 1.67 ± 0.56 2 4 3.00 ± 1.00 

Note. SP: sampling point; S: sampling from source; R: sampling after disinfection Reservoir; D: 

sampling from distribution; PT: sampling from public tap   SD: standard deviation; FC: fecal 

coliform; TC: total coliform; CFU: colony-forming unit.  

5.5. Correlation study 

The correlation coefficient has the value between +1 and -1 and it is characterized as strong, 

when it is in the range of ± 0.7 to ±1.0, moderate in the range of ±0.5 to ±0.7 and weak when in 

the range of ±0.0 to ±0.5. Correlation is the mutual relationship between two variables that 

shows the value of one parameter in association with a corresponding increase or decrease in the 

value of the other parameter.  In order to trace the relationship among the various 

physicochemical parameters correlation coefficient (r) matrix among was calculated and the 

values of the correlation coefficients were given in the Table 6. 
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Table 5: Correlation study between physicochemical parameters vs bacteriological load.  

 Correlations 

  

pH 

meter 

Electrical 

conductivity Turbidity 

 

 

 

Total 

chlorine  

Total 

colonies 

count in 

100ml of 

sample 

Fecal 

colonies 

count in 

100ml of 

sample 

pH meter Pearson 

Correlation 

1      

Electrical conductivity Pearson 

Correlation 

.722
**

 1     

Turbidity Pearson 

Correlation 

.205 -.057 1    

Total chlorine  Pearson 

Correlation 

.231 .012 -.003 1   

Total colonies count in 

100ml of sample 

Pearson 

Correlation 

-.113 -.201 .059 -.210 1  

Fecal colonies count in 

100ml of sample 

Pearson 

Correlation 

-.241 -.266 .000 -.276 .895
**

 1 

 **. Correlation is significant at the 0.01 level (2-tailed). 

The pH meter showed significant positive correlation with EC and turbidity, and negative 

correlation with total coliform and fecal coliforms. From this parameters pH vs EC showed a 

significant strong positive correlation of (r= 0.722) pH vs turbidity showed weak correlation, 

(r=0.205). The pH vs TC and pH vs FC showed negative correlation (r= -0.113, r= -0.241) 

respectively table 5.   

 The EC showed significant negative correlation with turbidity, Tc and Fc (r= -0.057, 0.0201 

and0.266) respectively (table 5).Turbidity showed positive correlation with pH, FC and TC and 

negative correlation with EC  Total chlorine showed a significant negative correlation with both 

FC and T (r= -.210 And -.276) respectively (table 5). 
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CHAPTER SIX 

DISCUSSION 

6.1. Physical Quality of drinking water in water treatment process and water supply system. 

pH 

pH is an important parameter in evaluating the acid-base equilibrium of drinking water. From the 

above Table 2, the mean pH values at sampling locations were within the maximum limit set by 

national, WHO and EPA limits.  However, the mean pH values between the source inlet, 

disinfection point, distribution and tap were determined to be significant (p<0.05) among each 

other.  

In general, an increase in pH level was observed after treated water left the treatment plant and 

entered into the distribution system and reached the public tap in all treatment systems  which is 

consistent with the study by (Abegaz, 2021) who reported that the pH in drinking water 

increased as a result of corrosion taking place in distribution systems. Accordingly, the reason 

for this significant increase in pH level in between the treatment plant and the public tap water 

may be attributed to the corrosion of pipeline materials used in the distribution systems (Desye et 

al., 2021).  

The pH of water samples was within the narrow range of 7–8.3. It remained within the 

recommended standard limits of 6.5–8.5 (WHO, 2011). The pH values of water obtained in this 

study are compliance with the results of previous studies, i.e., the average pH records of various 

cities water sources, pH 7.6 at Akaki Kality, subcity of Addis Ababa Yasin et al., 2015);; pH 8.3 

at Nekemte town (Duressa et al., 2019); and pH of 7.8 at Adama (Eliku & Sulaiman, 2015). The 

variation could be due to geological conditions of the water sources. (Duressa et al., 2019). 

Electrical conductivity 

Pure water is not a good conductor of electric current rather than a good insulator. An increase in 

ions concentration enhances the electrical conductivity of water (Abegaz, 2021). Generally, 

electrical conductivity of the water is determined by the amount of dissolved solids. According 

to WHO standards, electrical conductivity value should not exceed 400 μS/cm. As shown in 
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table 2 of the current investigation indicated that the mean of EC value was ranged from 201.67 

to 5014.3μS/cm.  

In general the conductivity of the water decreases from source to disinfection unit and it 

increased from disinfection to distribution system water table 2. The increments of EC were 

attributed to the addition of chlorine-based chemicals for disinfection purpose  (Duressa et al., 

2019). These chemicals became dissolved solids in the water and thereby increased the EC of the 

water (Sisay et al., 2017) the higher the dissolved solids in the water, the higher its Electrical 

conductivity (Subedi et al. 2017) and it increased from disinfection  to distribution  water. 

The highest EC was observed in Kella source water (5014.3μS/cm). This study was much more 

higher than a study conducted in Jimma zone, Ethiopia (366.93 μS/cm) (Sisay et al., 2017). The 

variation might be due to the local geological conditions, soil types, and agricultural activities of 

the study area. EC of water analyzed in Kella towns treatment units were found above the WHO 

drinking water permissible limit of (1000 μS/cm) (WHO, 2011) and EC of all water samples 

collected from Boshkoro and Lemogento town treatement units was found below the WHO 

drinking water permissible limits of 1000 μS/cm (WHO, 2011).  

Turbidity 

Turbidity is a very crucial water quality parameter that is used to determine the safety and 

acceptability of the drinking water to the consumer. In general the finding of turbidity was 

consistent with previous studies conducted in Ethiopia (Meride & Ayenew, 2016),(Duressa et al., 

2019). However, it was lower than the study reported at Jimma town, Ethiopia (Sisay et al., 

2017). The variation might be due to the nature of raw water, the sampling period, and the local 

runoff conditions (WHO, 2011) (Duressa et al., 2019). For effective disinfection in a drinking 

water treatment plant, turbidity of 0.5 NTU is recommended. However, according to the WHO, 

up to 5 NTU is considered acceptable for drinking water treatment (WHO, 2011).  However, the 

turbidity value of tap water for all samples in this study is lower than the WHO recommended 

value of 5.00 NTU. 
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6.2. Chemical Quality of drinking water in treatment process and water supply system. 

Total hardness 

The total hardness of the water samples from a source point, disinfection point, main 

distribution, and tap water of the Kella treatment plant was 1783 ± 115.05 mg/L 1778.33 ± 3.51, 

1777.33 ± 12.22 mg/L, and 1780 ± 0 mg/L, respectively as shown in table 4. The finding of total 

hardness in tap water (1780mg/L) was much higher than that of a study conducted in Jimma 

town, Ethiopia (Sisay et al., 2017). This might be due to the source of water and natural 

geological conditions (WHO, 2011).  The total hardness value in pubic tap water source in this 

study was above the permissible limit of WHO (300 mg/L) (WHO, 2011). The degree of 

hardness of drinking water is important for aesthetic acceptability by consumers, for economic 

and operational consideration (WHO, 2011). 

Total chlorine  

Chlorine is added to water for killing disease causing bacteria to prevent the spread of 

waterborne disease. Chlorine is added during water treatment process to kill bacteria from 

untreated and treated water (Wakuma & Fita, 2017). The total chlorines of the water samples 

from source point, reservoir after disinfection point, distribution, and public tap water were 

ranged from 0.16-2 mg/L. The higher level of total chlorine was detected in Kella disinfection 

reservoir and the lowest chlorine was detected in Lemogento source point. The total chlorine 

content of water samples in tap water of Boshkoro, Lemogento and Kella town  were  (0.21, 0.30 

and  0.46) mg/L respectively table 4. The result this study was higher than (0.21 mg/L) at 

Nekemte Oromia, Ethiopia (Duressa et al., 2019). In general, the finding of total chlorine in tap 

water was higher than the source water and lower than the disinfection reservoir and distribution 

system. The possible justification for increments level of total chlorine at the tap, disinfection 

reservoir and distribution system water source could be the addition of chlorine in disinfection 

reservoir.  

Fluoride  

The fluoride amounts in water samples from inlet or source, reservoir or disinfection point, main 

distribution, and tap water of Boshkoro and Lemogento water treatment units and water supply 



36 
 

system were 0.40 ± 0.01, 0.38 ± 0.01, 0.37 ± 0.01 and 0.35 ± 0.02 and 0.28 ± 0.13, 0.27 ± 0.16, 

0.27 ± 0.05 and 0.20 ± 0.00mg/L, respectively, as shown in Table 4.  

The result of fluoride amount in studies was reliable than the range value 0.18–0.65 mg/L of 

study found in East Azerbaijan, Iran (Iwar, 2018), and higher than 0.15 mg/L in Jimma town, 

southwest Ethiopia (Sisay et al., 2017). The variation may be due to the source of raw water and 

the treatment capability of the treatment plant (WHO, 2011),(Sisay et al., 2017). The amount of 

fluoride in tap water sources of Boshkoro and Lemogento water treatment units and supply 

system was found below the allowable limit of WHO guideline values (1.5 mg/L) (WHO, 

2011b). while, The fluoride amounts in water samples from a source point, reservoir, main 

distribution, and tap water of Kella water treatement units and water supply system were 1.64 ± 

0.06 mg/L, 1.64 ± 0.11 mg/L, 1.64 ±0.03 mg/L, and 1.62 ± 0.04 mg/L respectively as shown in 

table 4 that was found above the permissible limit of WHO guideline values (1.5 mg/L) (WHO, 

2011).Therefore, urgent measures should be taken by the water authority before the community 

exposed to high risk of dental fluorosis. 

 The finding of fluoride amount in this water treatment and water supply system was higher than 

the range value 0.18–0.65 mg/L found in East Azerbaijan, Iran (Iwar, 2018) and 0.15 mg/L in 

Jimma town, Ethiopia (Sisay et al., 2017). The variation might be due to the source of raw water 

and the treatment capability of the treatment plant (WHO, 2011). In some of the groundwater 

sources in India, Africa, and the rest of the world, an excess amount of fluoride (up to 100 m/L) 

has also been reported (Ijumulana et al., 2021). 

Nitrate 

Nitrate is one of the diseases causing parameters of water quality particularly blue baby 

syndrome in infants. The WHO permits the maximum permissible limit of nitrate is 5 mg/l in 

drinking water. The minimum and maximum measured nitrate concentration of the water 

samples from a source point, reservoir, main distribution, and public tap waters of Boshkoro, 

Lemogento and Kella drinking water treatment process and water supply system was 0.53mg/L 

in Lemogento tap and 6.70 mg/L in Boshkoro source water (Table 4).  

The results of this finding are consistent to the average values of 0.3–7.0 mg/l from Ziway town 

(Gonfa et al. 2019). and less than the result of  nitrate content reported from Bahr Dar (9–30.1 

mg/l) (Meride & Ayenew, 2016).  
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The lowest finding of nitrate in Boshkoro source water was consistent with previous studies 

conducted in Ethiopia (Meride & Ayenew, 2016). But, the nitrate level of the tap water sources 

(0.53 mg/L) measured in Lemogento public tap is lower than 0.89 mg/L in Jimma town, Ethiopia 

(Sisay et al., 2017) and 3.6 mg/L in Nekemte Oromia, Ethiopia (Duressa et al., 2019). The 

variation might be due to, the local runoff, the source of untreated water and sewage conditions 

(WHO, 2011).  

The nitrate content in sources was significantly higher than the rest sampling points in all 

treatment plants. This might be due to the leaching of nitrate containing organic wastes and from 

of fertilizers use in the nearby agricultural fields. But, the nitrate level in the tap water supply 

system was less than the permissible limit of WHO for drinking water quality 5 mg/l. 

Sulfate  

 Sulfate is derived from the dissolution of salts of sulfuric acid and is abundantly found in almost 

all water bodies. The WHO has established 250 mg/l as the highest permisable limit value of 

sulfate in drinking water  (Meride & Ayenew, 2016). In the study area, the concentration of 

sulfate ranges from 3 to 92 mg/l table 4 in all treatment plant and supply systems. The results 

shows that the concentration of sulfate in the study area was lower than the standard limit value 

and may not be harmful to human health. 

Phosphate 

The phosphate concentration of the measured water samples from the inlet point, reservoir after 

disinfection points, distribution point, and tap waters of Boshkoro, Lemogento and Kella towns 

drinking water treatment plant and supply system was 0.63± 0.15, 0.40 ± 0.10, 0.36 ± 0.08 and 

0.22 ± 0.10, 0.34 ± 0.11, 0.26 ± 0.06, 0.22 ±0.02, and 0.07 ± 0.12, 0.98 ± 0.06, 0.96 ± 0.01, 0.94 

± 0.01 and 0.92 ± 0.02 respectively as depicted in Table 4. The amount of phosphate in a source 

at inlet was significantly higher than the rest sampling points. But, there was no statistically 

significant difference (p < 0.05) in public tap water and distribution.  
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6.3. Heavy metals in water treatment process and water supply system. 

Water treatment process in Malle woreda is by conventional method. This means that treatment 

process during; sedimentation, filtration and chlorination remove particular and colloidal matters 

(weather organic or mineral). Because metallic ions were entered to treatment plant in soluble 

form, treatment process cannot remove completely them. Conventional water treatment 

processes can only reduce relatively metallic salts using trapped salts during flocculation and 

then during sedimentation and filtration process (Garoma et al., 2019). Also chlorination can 

oxidizes some metallic salts; and can reduce relatively some of oxidized metal solutions. The 

variations of chromium iron, manganese and copper in the treatment plant and after the water 

treatment processes are presented in Fig 6 to 9. 

Chromium  

Ingestion of 1–5 g of "chromate" results in severe acute effects such as gastrointestinal disorders, 

hemorrhagic diathesis, and convulsions. Chromium concentration in the in public tap of 

Boshkoro, Lemogento and Kella treatment site water sample was 0.01± 0.01, 0.002± 0.18 and 

0.002 ± 0.01 respectively fig. 6 which is within the WHO recommended limits of 0.05 mg/L 

(WHO, 2011). 

Iron  

The result of iron in figure 7 shows that the concentrations of iron measured in Boshkoro and 

Lemogento treatment and water supply system of public tap water sources were generally found 

within the national and WHO guideline value of 0.3 mg/l. The present study is similar with 

regard to WHO recommendation with a study conducted in Iran (0.11 mg/l) (Al-dulaimi & 

Younes, 2017). But, it is far from a study conducted in Nekemte town that showed that the 

concentration of iron in the water 0.67 ± 0.2 mg/l, which is above the present study and WHO 

recommendation (Duressaet al., 2019).  

The concentration iron in the Kella water treatment process and water supply source in figure 7 

was beyond  the WHO recommended limits of 0.3 mg/L (WHO, 2011). The reason for high iron 

content in Kella water sources would be the infiltration of ground water with iron content. People 

consuming water sources with high concentration of iron were suffering liver diseases, while, 
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people those exposed to less concentration would be highly vulnerable to anemia as cited in 

(Duressaet al., 2019). 

In general, the mean iron concentrations measured in the water sample collected from three 

treatment plant and water supply system was significant (p<0.05). Accordingly, a study 

conducted Dvorak & Schuerman, (2021), showed that the concentration of iron in the 

distribution network can be affected by the corrosion of materials used in the water supply 

distribution system.  

Copper 

Copper is an essential trace element for the human body and is an indispensable component of 

many enzyme systems. However, a number of pathogenic characteristics are attributed to this 

element. It is connection with a form of early childhood liver cirrhosis. Copper concentration 

value measured in public tap of Boshkoro and Lemogento water treatment was 0.09 ± 0.02 and 

0.02 ± 0 .01 respectively (figure 8) which is within allowable limit. However, the mean copper 

values determined in the public tap of Kella town treatment system (7.31 ± 0.20) in figure 8 is 

above the permissible limit. EPA has set a goal for copper at a maximum allowable level of 1.3 

mg per liter of drinking water. 

Manganese 

Manganese concentration value measured in the public tap of Boshkoro, Lemogento and Kella 

town drinking water treatment were 0.33 ± 0.06, 0.14 ± 0.03 and 0.17 ± 0.05 respectively (figure 

9). The mean manganese concentrations measured in the reservoir and source water were 

significantly higher than the tap and distributions water samples. The reason for a significant 

increase in source water may be attributed to the type of rock. Manganese in drinking water at 

elevated levels, however, can pose neurological effects on health risk (Dvorak & Schuerman, 

2021). However, the mean result of manganese in public tap of all treatment sample were within 

WHO recommended limits.  

6.4. Bacteriological Quality of drinking water in treatment process and water supply system. 
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Total coliform bacteria and fecal coliforms bacteria are the most common indicator bacteria in 

drinking water. If large numbers of coliforms are found in water, there is a high probability that 

other pathogenic bacteria or organisms exist (Ogbiye et al., 2018).  

The total coliform group has been selected as the primary indicator bacteria for the presence of 

disease causing organisms in drinking water (Teklu, 2018). It is the main indicator of the fitness 

of water for consumption. The WHO guidelines require the absence of total coliform in public 

drinking water distributions (WHO, 2011).However, the highest Total Coliform count was 

recorded from public tap water at Lemogento town water supply water with 85 CFU/100 ml, 

followed by 16 CFU/100 ml at source water point of Kella town water treatment (Table 5).  

The lowest TC count was found at sampling point from reservoir at disinfection and distribution 

system of Kella and Lemogento treatment site which was 0 CFU/100 ml. This finding was in 

agreement with the studies conducted in Nekemte town (Duressa et al., 2019). But, was lower 

than the studies conducted in Addis Ababa City (Yasin et al.,2015). 

On the other hand, The highest FC count of 90 CFU/ 100 ml was recorded from public tap of 

Lemogento water supply, whereas, no fecal coliform was detected from disinfection reservoir 

and distribution system of Lemogento town water treatment.(Table 5). 

 Generally, Total and fecal coliforms in disinfection reservoir and distribution system were lower 

than that recorded for the source water and public tap. Significant reduction was observed for 

total and fecal coliform which might be attributed to the treatment process. And the increment of 

TC and FC in public tap may be the fact that the treatment plant or the disinfection point of water 

treatment plant is far away from the city. Hence, the interconnection between the site of the 

treatment plant and the  distribution system up to public tap  may accumulate pathogenic 

microorganisms by the formation of biofilms (Nzung, 2019). In all cases, both Total and Fecal 

coliform counts in public tap were above the recommended levels set by WHO standards (0 

CFU/100 ml) (WHO, 2011).   
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CHAPTER SEVEN 

CONCLUSION AND RECOMMENDATION 

7.1. Conclusion 

Based on the result of the study all of the studied physicochemical parameters of the Boshkoro 

and Lemogento treatment plant and water supply system were found to be within WHO drinking 

water standards. However, In Kella drinking water treatment plant, majority of the investigated 

physicochemical parameters (electrical conductivity, total hardness, Fluoride,) were found to be 

not within the permissible limits of WHO guidelines guideline values for drinking water quality. 

For the presence of heavy metals in drinking water guidelines have been set at different levels. 

Among the four heavy metals analyzed (Cr
6+

, Fe, Mn, and Cu), all are in the permissible limits 

range of reference in both Boshkoro and Lemogento treatment plant and water supply system. 

However, iron and copper was not within the permissible limits of WHO guidelines in Kella 

town drinking water treatment and water supply system.     

Majority of water samples collected from source, reservoir after disinfection and distribution and 

all samples collected from public tap were contaminated by TC and FC. In addition, the number 

total and fecal coliforms in disinfection reservoir and distribution system were lower than that of 

recorded for the source water and public tap. On the other hand, the majority of water samples 

from reservoir after disinfection point were not contaminated with TC and FC. This implies that 

water contamination by indicator bacteria is both at the source, reservoir and in the distribution 

system. So that, the presence of indicator bacteria might be associated with poor waste disposal 

systems and management of water sources. So, there is a need to establish an effective waste 

disposal system and catchment area management system around the sources of water. 

Water quality parameters varying widely due to seasonal fluctuation. This study was limited to 

assessing physico chemical and bacteriological quality from source to public tap connections of 

the water supply system in wet season. Similar study should be conducted during the dry season 

of the year.  
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7.2. Recommendations  

For Boshkoro Municipal water supply and Malle woreda Water, Mines and Energy office 

 It should be searched for multiple barriers to avoid contamination. 

 Watershed protection programs should be established. 

For the community 

 Proper handling of the drinking water sources and catchment area cleaning  is 

required to alleviate its safety 

For Lemogento Municipality and Malle woreda Water, Mines and Energy office  

 The municipal water supply office is expected to increase drinking water quality 

status for bacteriological quality by checking cross-contamination in treatment 

pipelines. 

For Lemogento community 

 Highly recommended that the water sources must be treated or boiled at a household 

level before being used for domestic purposes. 

 Remedial actions such as improvement of water sanitation and hygiene practices 

should be applied.  

 For Kella kebele and Malle woreda Water, Mines, and Energy office 

 From source to household tap treatment plant strategies should be developed to 

deliver safe water to reduce health risks in a human. 

 Water quality parameters should be applied prior to supply drinking water to 

community specially ground water sources.   
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ANNEX 

Annex-1 Raw water quality data for different water sources 
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  Client 
South Omo Zone Water, 

Mines and Energy Departent  
  Zone South Omo 

    
 

  Woreda Malle 

  Sample 

Number 
8022C / LGPT1 

 
  Kebele Lemogento 

  Date of 

Sampling 
16/2/2014 

(Ethiopian, 

EC)  
  Village Selam 

  Date of 

Testing 
19/2/2014 

(Ethiopian, 

EC)  
  Site Name   

(dd/mm/yyyy) 
29/10/2021 

(Internation

al)  
GPS 

(UT

M) 

 Northing 258274 

  Nature of 

Sample 
Treated 

 
 Easting 649269 

  Source SW 
 

  Alttitude [m] 1183 M 

  Depth [m]   
 

  Sample taken by Kibru Philmon 

Analysis 

results                                

Item Unit 
Resul

t 
Standard 

 
Item Unit Result 

Standar

d 

  TDS             [mg/L] 101  1000  
 

  Fe Iron [mg/L] 0.05  0.3  

  Turbidity         [FTU] 1 5 
 

  Cu
2+

 Copper [mg/L] 0.05  2  

  Total Chlorine 

[Cl2] 
  [mg/L] 0.04 5 

 

  

Mn
2+

 
  

Mangane

se 
[mg/L] <0.1 0.5  

  Total Hardness 
[mg/L as 

CaCO3] 
85 300 

 
  Cr

6+
   

Chromiu

m 
[mg/L] <0.01 0.05  
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