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ABSTRACT 

Water is one of the most essential of all-natural resources known on the earth. The safety of 

drinking water is important for health. However, water quality is affected by various 

contaminants such as physicochemical and bacteriological which cause serious health problems. 

The spring water in Bure Town is vulnerable to contamination by livestock and other human 

activities. Thus this study was aimed to determine the bacteriological and physicochemical 

quality of spring water and investigate the sanitation status of the study site in Bure Town. A 

cross-sectional prospective study was conducted from November 2019 to April 2020. A total of 

60 water samples were collected purposively from the most vulnerable site for pollution spring 

water, 30 samples from piped and 30 samples from none piped spring. Bacteriological qualities 

of the springs were determined using an indicator organism with multiple fermentation tube 

technique. Physicochemical parameters like temperature, electrical conductivity, turbidity and 

pH were determined on-site. The average value of total and faecal coliform of piped spring 6.67 

and 1.2 was CFU per 100 ml and in none piped were 58 and 16.37 CFU per 100ml respectively. 

The temperature at all sampling points was above the permissible limit of 15°C, while pH and 

electric conductivity of all sites were obtained within the recommended limit of the World 

Health Organization (WHO). The turbidity of pipe water was within the recommended limit of 

WHO which is below 5 NTU but none piped was above the recommended. There was a 

statistically significant difference between water sources concerning total coliform (TC) and 

faecal coliform (FC) (p < 0.05) and there was a statistically positive correlation between coliform 

counts and physicochemical parameters. Defecation and agricultural activity near the spring are 

the causes of contamination. All water did not meet the acceptable limit of the bacteriological 

quality of drinking water. Avoiding the disposal of waste near the spring water and fencing the 

surrounding are important to deliver safe drinking water in the study site. 

Keywords:  Bacteriological, Bure Town, Physicochemical Parameters, Spring Water Quality. 
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1. INTRODUCTION 

1.1. Background of the Study 

Water is one of the most important elements for the existence of life on Earth. Though water 

covered 80% of the surface of the earth, the freshwater supply has increasingly become a 

limiting factor (Jackson et al., 2001). Water is essential for the sustenance of life on earth as 

exemplified by its diversified uses (drinking, cooking, washing, irrigation, and farming) (Rukeh 

et al., 2007). Drinking water is pure enough water to be consumed or used with low risk of 

immediate or long-term harm. Drinking water is generally obtained from surface waters such as 

lakes and ponds and streams like rivers and groundwater such as spring and well waters 

(Lottermoser, 2003). An important representative source of drinking water is ground or spring 

water. Spring is a place where ground water flows naturally from rock and soil to the land 

surface or the water body. Springs are groundwater sources; since they are easily accessible and 

usually provide clean drinking water (Smet and Wijk, 2002). Springwaters are important public 

health issues because they are often vulnerable and may cause microbiological and chemical 

quality associated health risks to the water consumers. Therefore, the quality control of natural 

spring water is an area of interest (Endalkachew Bizualem, 2019). In most developed countries 

water supplied to households, commercial and industry are all of drinking water standard even 

though only a very small proportion is consumed in food preparation (WHO, 2009). However, 

the majority of the population in developing countries is not adequately supplied with portable 

water (Hillie and Hlophe, 2007). Most of the spring water resources are gradually becoming 

polluted due to the addition of foreign materials from their surroundings (Lokeshwari and 

Chandrappa, 2006). Several studies indicated that approximately billions of people are at the risk 

of harm of water worldwide; the great majority of these people live in Africa, South and East 

Asia (Gosling and Arnell, 2016; Griffith et al., 2006; Jenkins, 2003; Mesfin Mekonnen and 

Arjen, 2016). Spring water having a natural water quality is extremely vulnerable to any type of 

pollution caused by human activities and the influence of the change of climate on the quality 

and quantity of surface run-off feeding groundwater (Saad et al., 2011). Moreover, the quality of 

these water bodies varies widely depending on the environmental factors. The fast population 
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growth, uncontrolled urbanization and industrialization, poor sanitation situation, uncontrolled 

waste disposal causes serious quality degradation of groundwater (Foster and Chilton, 2003). 

Water contamination is common and widespread health risk in undeveloped countries. About 

663 million people in the developing world lack contaminants free drinking water sources 

according to UNICEF and WHO (2015) reports.  

The health and wellbeing of a population are directly affected by the coverage of water supply 

and sanitation. The microorganisms present in spring water cause harmful effects in the human 

body. The presence of pathogens can prove fatal and hence is a matter of great concern when 

considering the safety of drinking water. Pathogens cause intestinal infections, dysentery, 

typhoid fever, cholera, and other illnesses. Water-related diseases is a leading cause of morbidity 

and mortality worldwide but that the spectrum of diseases is expanding and the incidence of 

many drinks of water-related microbial disease is increasing (Cavicchioli et al., 2019). In 2016, 

diarrhea was the second leading cause of mortality, responsible for more than 1.6 million deaths. 

More than a quarter (26.93%) of diarrheal deaths occurred among children younger than 5 years 

in south Asia and about 89.37% of diarrheal deaths have occurred in sub-Saharan Africa 

(Naghavi et al., 2017). Evidence shows that diarrheal diseases disproportionately affect locations 

with poor access to healthcare, safe water, and sanitation, and low-income or marginalized 

populations (Troeger et al., 2017). The majority of this burden is attributable to unsafe water 

supply, sanitation and hygiene and is mostly concentrated on children in developing countries. 

Most of these diarrheal cases are caused by the use of unsafe drinking water and poor sanitation 

(Tablan et al., 2004). Shortage of safe water and sanitation contributes to diarrheal morbidity and 

mortality in poor countries (Garret et al., 2008). 

Ethiopia is confronted with poor sanitation and drinking water infrastructure (DeTroyer et al., 

2016). About 52.1% of the population has been using unimproved sanitation facilities while 36% 

of them practiced open defecation (Abebe Beyene et al., 2015). As a result, people are still 

dependent on unprotected spring water sources. More than 60% of the communicable diseases 

are due to poor environmental health conditions arising from unsafe and inadequate water supply 

with poor hygienic and sanitation practices (Abebe Berhanu and Dejene Hailu, 2015). Most 
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health problems of children in the country are communicable diseases due to polluted water and 

improper sanitation. (About three-quarters of health problems in children in the country is a 

communicable disease arising from poor water supply and sanitation, most of which is associated 

with bacteriological contamination of drinking water (Abera Kumie and Ahmed Ali, 2005). 

According to the 2016 Ethiopian Demographic and Health Survey (EDHS) report, the two weeks 

prevalence of diarrhea among under-five children was approximately 12% (Wondwoson Woldu 

et al., 2016). According to Behailu Melese and his coworker, in Ethiopia diarrheal diseases kill 

half-million under-five children (Behailu Melese et al., 2019). A study conducted in 

northwestern Ethiopia showed the two weeks prevalence of diarrhea among under-five children 

in 2017 to be 20 % (Desalegn Tesfa et al., 2017). Similarly, a community-based cross-sectional 

study conducted in Funete Selam district reported a 21.5% two-week period prevalence of 

diarrhea (Desalegn Tesfa et al., 2017a). 

The water supply of Bure Town is exposed to contamination by several reasons. Agricultural 

activity around a water source, improper disposal of garbage, the poorly constructed latrine and 

personal hygienic problems are major sources of pollution of drinking water in town. There is 

also a share between man and livestock and wildlife from spring water and can easily serve as 

vehicles for transmission of diseases. Research has been conducted on the Physico-chemical and 

bacteriological quality of drinking water of different (tap water, protected wells, unprotected 

wells, protected springs and unprotected springs) sources in Jimma zone by Mohammed Yasin 

and his coworker in 2015 (Mohammed Yassin et al., 2015)  and bacteriological and Physico-

chemical quality of drinking water and hygiene and sanitation practices at Bahir Dar city by 

Milkiyas Tabor and his coworker in 2011 (Milkiays Tabor et al.,2011); on investigating 

physicochemical and bacteriological drinking water quality hygiene and sanitation practices and 

prevalence of waterborne diseases in selected sites of Bahirdar city by Melaku Tarekegn (2019) 

but there was no previous study conducted in Bure Town to evaluate the quality of the spring 

water. Therefore, this study would fill this gap by evaluating the water quality based on the 

bacterial indicator of drinking water quality (total coliform and faecal coliform) and related 

Physico-chemical parameters such as temperature, pH, turbidity and electric conductivity of the 
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spring and recommend whether the water confirm the requirements recommended by WHO. 

This study is expected to give baseline information for the local administrative or other 

concerned agencies in the area to develop a strategy (management) for the safety of drinking 

water from spring water. 

1.2. Statements of the Problem and Justification  

No study has been done on the bacteriological and physicochemical quality of spring water in 

Bure and information on the bacteriological quality of spring water in Bure is low. Given that the 

majority of people in Bure consume spring water directly without any treatment and that causes 

of diarrheal diseases. In Bure there is a share between livestock and wildlife and the man from 

spring water and can easily serve as vehicles for the transmission of diseases. Livestock faecal 

wastes contain pathogenic microorganisms such as bacteria, viruses and parasites, strains of 

Salmonella, Shigella, enteropathogenic Escherichia coli, Vibrio cholerae and those results in 

from mild gastroenteritis to severe and sometimes fatal dysentery, cholera, or typhoid diseases 

(APHA, 2005). The use of chemical treatments like chlorine as a disinfectant of polluted 

drinking water is only practiced to a small extent in Bure. Numerous cases of diarrheal diseases 

are reported in Bure Town (Muluken Azage et al., 2015). Water contaminated with infective 

bacteria is suspect, owing to the contamination of water by wastes from humans like garbage and 

excreta and sharing of watering points between man and domestic stock and wild animals. 

1.3. Objectives of the Study 

General objective 

The general objective of this study was to determine the bacteriological and physicochemical 

qualities of the spring water and sanitary inspection of the spring water in Bure Town, Northwest 

Ethiopia. 

Specific objectives 

1. To enumerate indicator organisms in the spring water using total and faecal coliform. 
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2. To assess the bacterial contamination risk level of the spring water. 

3. To analyze the physicochemical parameters of the spring water. 

4. to assess sanitary inspection of the spring water  

1.4. Significance of the Study 

The bacteriological and physicochemical quality analysis and sanitary inspections of spring 

drinking water has a great importance in many aspects. Such as, in order to safe and consumed 

the spring water without treatment, to generate valuable information on the status of 

bacteriological and physicochemical quality of spring water. It will provide information on the 

impact of hygienic and sanitation on the quality of spring water and serve as source of relevant 

information and direction for those who want further studies on bacteriological and 

physicochemical quality. 

1.5. Limitations of the Study 

Due to financial and time constraints, the sampling strategy were restricted to only spring water 

from selected places and the study was restricted to only dry season. Since this study were 

conducted in the dry season, and it was not able to see the spring water sources seasonal 

variation in terms of water quality. 
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2. LITERATURE REVIEW 

2.1. Quality of Drinking Water 

Many of water supplies are unprotected and susceptible to external contamination from surface 

runoff, windblown debris, human and animal faecal pollution and unsanitary collection methods 

(Schmoll et al., 2006). Detection of each pathogenic microorganism in water is technically 

difficult, time-consuming and expensive; therefore not used for routine water testing procedures. 

Instead, indicator organisms are routinely used to assess the microbiological quality of water and 

provide an easy, rapid and reliable indication of the microbiological quality of water supplies 

(Rompre et al., 2002). The most commonly used indicator microorganisms include total coliform 

bacteria and faecal coliform bacteria (Gerba, 2009). Safe drinking water is important as a health 

and development issue at national, regional and local levels. In some regions investments in 

water supply and sanitation can yield a net economic benefit, since the reductions in adverse 

health effects and health care costs outweigh the costs of undertaking the interventions (Hutton et 

al., 2007). Water supply infrastructure investments through water treatment in the home. 

Improving access to safe water favours the poor in particular, whether in rural or urban areas and 

can be an effective part of poverty alleviation strategies (Hutton et al., 2007). Microbiological 

contamination is the major benefit of ensuring good water quality for drinking and reducing of 

water-borne diseases transmitted by the faecal-oral route. Generally, improvements in 

microbiological water quality as well as the prevention of use of unhygienic water sources are 

best interventions to prevent water-borne diseases (Brian, 2002).  

In accordance with the research conducted on the microbiological water quality of groundwater, 

protected springs, protected wells and protected water connection system, it should be possible to 

achieve very low levels of contamination (Schmollet al., 2006). But different water sources are 

highly subjected to bacterial contamination, due to various reasons. To assess this problem, 

WHO prepared a standard for microbiological water quality evaluation checklist which have five 

categories (zero=safe, 1-10=reasonable quality, 11-100= polluted water, 101-1000=dangerous 

and >1000 very dangerous) (WHO, 2004a). A study conducted in South Wollo, Ethiopia, clearly 



    

7 

   

revealed that improper sanitary survey and failure in the protection of water sources together 

with poor community sanitary practices around the source and in the catchments, area 

contributed to the contamination of drinking water with faecal matter (Melaku Atsnaf, 2006). 

Accordingly, improvement in drinking water supply, quality, and sanitation and reducing 

waterborne diseases have been major components of the sustainable development goal (SDG) 

programs in goal 6 formulated by UN (United Nation, 2015). However, delivering safe water to 

the population has encountered several challenges. These are population growth, poor sanitation, 

and contamination of water sources with domestic wastes and industrial effluents study (De 

Troyer et al., 2016; Zinabu Assefa et al., 2015). This shows that despite the worldwide efforts of 

delivering safe drinking water, the transmission of waterborne diseases is still a matter of major 

concern. Ethiopia is confronted with poor sanitation and drinking water infrastructure (De Troyer 

et al., 2016). About 52.1% of the population has been using unimproved sanitation facilities 

while 36% of them practiced open defecation (Abebe Beyene et al., 2015). It is estimated that 

more than 60% of the communicable diseases are due to poor environmental health conditions 

arising from unsafe and inadequate water supply with poor hygienic and sanitation practices. 

Likewise, most health problems of children in the country are communicable diseases due to 

polluted water and improper sanitation. The major sources of water contaminants are mostly 

wastes from improper sanitation and agricultural and other activities that make their way to the 

water distribution networks (Abebe Berhanu and Dejene Hailu, 2015).  

2.2. Water Quality Changes 

Natural waters are subject to important changes in their microbial quality. These changes have 

direct impacts on the decisions made by water authorities striving to maintain safe conditions in 

catchments or distribution systems. Correct decision making by water authorities relies heavily 

on having access to rapid and accurate bacteriological data (Daniel et al., 2003). This can be 

obtained by using Heterotrophic Plate Counts (HPC), which is a suitable tool for monitoring 

changes in bacterial water quality over time for a particular catchment or distribution system 

(Daniel et al., 2003). Changes in the microbial quality of water may arise from agricultural use, 



    

8 

   

discharges of sewage, wastewater resulting from human activity, and storm or surface water 

runoff. Previous studies have suggested that sewage effluents contain a wide variety of 

pathogenic microorganisms whose density and variety are related to the size of the human 

population, the seasonal incidence of the illness, and dissemination of pathogens within the 

community (Singh and Agrawal, 2008). Discharge of domestic sewage into water bodies 

depletes dissolved oxygen and leads to low dissolved oxygen concentrations and high numbers 

of enteric bacteria. An improvement of water quality is associated with an increase in the 

concentration of dissolved oxygen and a decrease in the load of faecal coliforms. Determination 

of various water quality properties on a regular basis may, therefore reveal a need to adjust water 

treatment according to changes in raw water quality (Mena-Rivera et al., 2018). 

2.3. Sources of Water Pollution 

The main agent of water pollution is the introduction of biological, physical, or chemicals in to 

the water by different mechanisms like inappropriate waste disposal. Almost all of the agents 

were that we use water contribute to the pollution of water. The primary source of microbial 

pollution in agricultural watersheds is faecal matter from livestock production. However, 

industrialization and rapid human population growth is the major under lying causes (USEPA, 

2010). 

Water pollution may be either point sources or non-point sources. Point sources include 

factories, waste water treatment facilities, septic systems, and other sources that are clearly 

discharging pollutants into water sources. Non-point sources are more difficult to identify, 

because they cannot be traced back to a particular location. Non-point sources include runoff 

including sediment, fertilizer, chemicals and animal wastes from farms, fields, construction sites 

and mines. Landfills can also be a non-point source of pollution, if substances leach from the 

landfill into water supplies (Schaffner et al., 2009). Soakage pits and pit latrines can extend their 

influence on ground-water quality up to 10m or more as groundwater flow is either lateral or 

vertical (Mawulikwame, 2011). The microbial loading potential from point sources (storage 

facilities and feedlots, and from non-point sources, such as grazed pastures and rangelands) is 
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substantial (Jamieson et al., 2004). Source areas can be divided into four categories: (i) areas 

where manure is surface applied, (ii) areas where manure is incorporated into the soil, (iii) areas 

where manure is directly deposited by livestock, and (iv) non-manured areas (amiesonet al., 

2004). Although a variety of protozoa and bacteria can be shed by livestock and transmitted to 

humans through water, animal agriculture is likely responsible for a percentage of many of the 

pathogens we find in surface water, but whether that percentage is 5%, 50% or 95% compared to 

non-agricultural sources such as humans or wildlife is unknown at this time for most watersheds 

(Bicudo and Goyal, 2003). 

In animal faeces, the number of faecal streptococci greater than faecal coliforms, although the 

overall concentrations appear to differ markedly between species. For example, sheep faeces 

contain approximately 3.8 x 107 faecal streptococci /g compared to 1.6 x 107 faecal coliforms/g. 

Cow faeces contain 1.3 x 106 faecal streptococci/g and 2.3 x105 faecal coliforms/g. In contrast, 

streptococcal concentrations in human faeces which are typically around 3.0 x 106/g are 

generally less than those for faecal coliforms, which are typically around 1.3 x 107/g. Hence the 

ratio between faecal coliform and streptococcal bacteria in water can help to identify the main 

source of pollution. Cattle have been shown to produce 5.4 billion faecal coliform and 31 billion 

faecal streptococcus in their faeces per day. Since cattle spend a significant portion of their time 

in or near streams, lakes, and wetland areas and average 12 defecations per day, they can 

contribute significant numbers of these organisms to surface waters (Sinton et al., 1993). 

Bacteriological counts in runoff from both grazed and ungrazed areas generally exceeded 

recommended water quality standards. The FC group was the best indicator group of the impact 

of grazing. Rainfall runoff from the grazed area contained 5 to 10 times more FC than runoff 

from the fenced, ungrazed area. There was little difference in TC counts between the two areas, 

but FS counts were higher in runoff from the ungrazed area and reflected the contributions from 

wildlife. The FC/FS ratio in pasture runoff was useful in identifying the relative contributions of 

cattle and wildlife. Ratios below 0.05 were indicative of wildlife sources and ratios above 0.1 

were characteristic of grazing cattle (Tannock, 1995). Occasions when the FC/FS ratio of diluted 

cattle waste exceeded one resulted from differential after growth and die-off between FC and FS 
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more specific than the origins of the more general total coliform group of bacteria, faecal 

coliforms are considered a more accurate indication of animal or human waste than the total 

coliforms (Ray and Bhunia, 2008). E.coli is sub group of the faecal coliform group E. coli is 

harmless and found in great quantities in the intestines of people and warm-blooded animals. 

Some strains can cause illness. The presence of E. coli in a food sample almost always indicates 

recent faecal contamination (Gornyet al., 2005). Most outbreaks have been caused by a specific 

strain of E. coli bacteria known as E. coli O157:H7. The presence of total coliform in water 

supplies can reveal growth and possible biofilm formation or contamination through ingress of 

foreign material, including soil or plants. The health effects of presence of total coliform bacteria 

in water include urinary tract infections, bacteremia, meningitis and diarrhea (Idris et al., 2013). 

2.5. Bacterial Water Quality Risk Assessment 

Waterborne pathogens have been recognized as a significant risk to public health for more than a 

century. The risk is based on microbiological standards of drinking water (zero faecal coliforms 

and pathogens). Quantitative risk assessment has demonstrated that the risks from pathogens are 

greater than the risks from disinfection by products (Blackburn et al., 2004). The greater risks of 

waterborne bacterial disease are known to be associated with contaminated drinking water. The 

pathogens that are most widely recognized to cause dangerous waterborne diseases by the public 

are Salmonella typhi, Vibrio cholerae, Shigella and pathogenic E. coli (Ashbolt, 2004).  

The World Health Organization recommends sanitary inspections of water points as part of the 

comprehensive risk-based assessment of drinking water quality (WHO, 2004a). The objectives 

of the sanitary inspection include supporting operation and maintenance of the water point by 

providing clear guidance for remedial action to protect and improve the water supply. Sanitary 

risk-based assessment can only apply to 37 % of the water sources (mainly springs and boreholes) 

since 63 % (majority) are temporary sources. Sanitary inspection is not designed to replace 

microbiological water quality testing, but rather is a complementary assessment designed to 

identify risks to water quality (Luby et al., 2008). 
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2.6. Physico- Chemical Water Quality Parameters 

The physicochemical water quality parameters are the ones that are contributed by 

climatologically, hydrological and geological factors. They affect the bacteriological, chemical 

and physical components of water  

2.6.1. Water Temperature 

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

discharges (Rahimpouret al., 2011).Normally, water with lower temperature is palatable 

(Dietrich, 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 Alemayehu, 2000). High water 

temperature enhances the growth of microorganisms and may increase taste, odor, and color 

problems of drinking water (Matilainenet al., 2010). 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. 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 (Dietrich, 2006). It is desirable that the temperature of drinking 

water should not exceed 15ºC because the palatability of water is enhanced by its coolness 

(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 

(Medeiros et al., 2017). 

2.6.2. Hydrogen ion potential 

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

operational parameters for water treatment practices such as disinfection. The pH plays an 
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important role since it influences physical, chemical and biological processes in the aquatic 

environment (WHO, 2006).  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 and Debin, 

2013). pH values ranging from 3 to 10.5 could favor both the growth of indicator and pathogenic 

micro-organisms in drinking water (Batte et al., 2003). 

2.6.3. Turbidity 

Turbidity is a measure of the cloudiness of water. The cloudier the water, the turbidity will be 

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

(Planchere and Cowen, 2007). Turbidity is closely related to total suspended solids (TSS), but 

also includes plankton and other organisms (Dietrich, 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 and therefore microbiological parameter is closely linked to the 

microbiological safety of drinking water (Murphy, 2007). Therefore, turbidity has to be 

correlated with bacterial contamination, and the probable existence of pathogens that are of 

human health concern (Downie, 2005). 

2.6.4. Electrical Conductivity 

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

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, 
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is non-mineral. The non-mineral is piped and none-piped. The mineral springs are used for 

healing purpose and the non-mineral one is used for drinking, for cooking and for washing. 

3.2. Study Design and Period 

A cross sectional prospective study was conducted in Bure Town from November, 2019 to April, 

2020 to assess the bacteriological and physicochemical quality of the spring water sources. 

3.3. Sample Collection Procedures 

A total of 60 water samples were collected from two sources in Bure namely: none-piped spring 

and piped spring. A 200 ml of water sample were collected for analysis. Samples were collected 

based on WHO sample collection for drinking water analysis. The bacteriological tests were 

conducted in microbiology laboratory, Biology Department, Bahir Dar University. The sample 

were collected using sterilized glass bottles from each source in the morning (between 7.00 am - 

8.00 am) and were  transported in an ice box to the laboratory for bacteriological analysis. 

Sample analyse were carried out immediately after arrive in laboratory room.  

3.4. Onsite Measurements of Physicochemical Parameters 

The main physico-chemical parameters were measured directly on the site of sample collection. 

The pH was determined using a pH meter; Temperature was measured using thermometer; 

Electrical conductivity was measured using conductivity meter and Turbidity of the water sample 

was determined by using turbidimeter. While measuring the physicochemical parameters the 

multimeters (Hach HQ40D, Germany) were lowered directly into water and the meter readings 

allowed stabilize for about three minutes before the value were recorded. 

3.5. Laboratory Analysis for Coliforms 

Analysis of water for quantification (enumeration) of coliforms was carried out using the 

multiple tubes fermentation technique (APHA, 2005).  The procedure involves the use of three 

dilutions (10, 1, and 0.1 ml) of each sample (Prasai et al., 2007). Results were expressed as the 

most probable number per 100 ml (MPN /100 ml). All samples were analysed for the number of 
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Completed test 

This test was carried out by taking positive confirmed tubes of brilliant green lactose bile broth 

into Eosin Methylene Blue agar (EMB). Using a sterile loop, a culture from each tube of brilliant 

green lactose bile broth showing gas was streaked on plates containing Eosin Methylene Blue 

agar and incubated at 35 °C for 24 hours. Typical lactose fermenting colonies were then isolated 

and transferred to single strength lactose broth fermentation tubes (with inverted fermentation 

vials) and incubated at 35 °C for 24 hours. Then a loop full of growth bacteria were aseptically 

transfer on to an agar slant and were incubated at 35OC for 24 hours.  Finally, gram stain was 

made. Presence of turbidity in lactose broth and gas in Durham tube within 24 hours also red or 

pink color and rod shape in gram staining indicates positive completed test for the presence of 

total coliforms.  

3.5.2. Enumeration of faecal Coliforms 

Presumptive test 

The test for faecal coliforms was conducted simultaneously with the test for total coliforms at the 

presumptive stage. Three sets of five tubes containing MacConkey broth (India) were each 

inoculated with10 ml, 1 ml and 0.1 ml portions of water samples respectively and incubated at 

44°C for 24 hours. Presence of turbidity in lactose broth and gas in Durham tube within 24 hours 

indicates positive presumptive test for the presence of faecal coliforms. 

Confirmatory test 

This test was carried out by transferring a loopful culture from positive presumptive tubes of the 

total MPN test to brilliant lactose bile broth and incubated at 44°C for 24 hours (APHA, 2005). 

Gas production in fermentation tube within 24 hours confirmed the presence of faecal coliform 

bacteria. The MPN value was then calculated based on the number of positive tubes which 

showed gas formation in the inverted durhaman tube and turbidity. 
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4. RESULTS ANDDISCUSSION 

Spring water samples from none piped and piped source were analyzed for bacteriological water 

quality.  Total coliform counts (CFU/ 100 mL) in water from those sources varied, ranging from 

6.67 (piped) to 58 (none piped spring water) as shown in table 1. Total coliform counts were 

noted to significantly between the categories of the spring water sources investigated (P < 0.05, 

DF= 1). 

This study also confirmed the presence of faecal coliforms in the spring water samples tested. 

Faecal coliform counts in water from those two sources ranged from 1.2 (piped) to 16.37 (none 

piped spring) CFU/100 mL as shown in table 1. It was found that faecal coliform bacterial load 

were significantly different in spring water from those sources (DF = 1, P < 0.05). 

Table 1: Total coliforms and faecal coliform counts (CFU/100 mL) in spring water from the two 

sources in Bure Town 

Sample size and coliform 

count  

Spring Water Sources P value  

Piped spring water None piped spring 

water 

N(Sample Size) 30 30 0.00022 

Faecal coliforms in CFU per 

100 ml (Mean) 

1.2 16.37 

Confidence interval 0-2.9 13.31-19.43 

Total coliforms in CFU per 

100 ml (Mean) 

6.67 58 0.00039 

Confident interval 3.34-10.0 51.65-64.35 
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The result of bacteriological analysis was indicated in (Table 2) for TC for FC considering water 

source analyzed, the applicable WHO guideline value for drinking water quality and the 

percentage with concentration not within the WHO guideline value were also indicated. Spring 

water sample from none piped had 16.37 and58 FC and TC respectively and samples from piped 

spring water had 1.2 and 6.67 FC and TC respectively.  

Table 2: Comparison of total (TC) and faecal (FC) results with WHO Guideline value 

Standard  Spring water sample 

None piped Piped 

Faecal coliform Total coliform Faecal coliform Total coliform 

Average count  16.37 58 1.2 6.67 

WHO standard 0% 0% 0% 0% 

Not with in WHO 

standard  

100% 100% 100% 100% 

 

The spring water samples were examined for bacteriological water quality parameters which 

include total coliform (TC) and faecal coliform (FC). The presence of total coliform (TC) and 

faecal coliform (FC) was used as indication of possible presence of pathogens in the spring 

water. In the analysis of total coliform (TC) and faecal coliform (FC), none-piped spring had 

higher value of bacterial contamination than piped spring water. There was statistically 

significant difference between water sources with respect to TC and FC (p< 0.05). The higher 

total and faecal coliform were record in none piped spring water is due to livestock drink directly 

at the same water points, not provided with water troughs. There is also open access for wildlife 

to enter to the spring for drink.  
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A study conducted on well water around Dogon Dawa district, Kaduna state by Autaet al. 

(2017), showed that the bacteriological counts of well water in the study area, all the wells were 

contaminated with bacteria colonies above the WHO prescribed limit. This study is similar to the 

present study in which all water sources are contaminated by coliforms. In a study conducted on 

unprotected springs in North-Gondar, Ethiopia by Mengesha Admasu and his coworkers 

demonstrated that fifty percent of the samples had a coliform count of 180 and above /100 ml 

and the lowest coliform count was 13 coliform /100 ml Mengesha Admasu et al. (2004), which 

are higher than the present study of Bure Town that the highest total coliform was 58(in none 

pipe) and the lowest was 6.67 coliform /100 ml (in piped). This difference can possibly due to 

latrine is constructed near the springs and most user are rural people that they do not have 

awareness concerning contamination as usually in the case in North Gondar and not in Bure 

Town. Another study conducted by GonfaDuressa et al. (2019) in Nekemte, Oromia, Ethiopia 

demonstrated that all water sources were contaminated by TC and FC in which both TC and FC 

counts were above the recommended levels set by WHO standards. This study was similar to the 

present study in which all water sources were contaminated by total and faecal coliforms. 

Physicochemical properties of water 

The spring water sources investigated recorded the following temperature (°C) in average: non 

piped springs 17.8 and piped spring 16.8 (Table 3). Using the one-way ANOVA test, it was 

established that there was no a significant difference in water temperature of between those 

sources (P >0.05, DF = 1). 

The spring water sources investigated recorded the following pH in average: non piped 

springs6.81 and piped spring 7.07(Table 3). Using the one-way ANOVA test, it was established 

that there was a significant difference in water pH of between the two sources (P <0.05, DF = 1).  

Electrical conductivity (EC) of the spring water from those two sources ranged from 

220.6(piped) up to313.6 (none piped) µS cm-1(Table 3). Using a one-way ANOVA test, it was 
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noted that there was significant difference in mean EC between the spring water from those two 

sources (P <0.05, DF= 1. 

The turbidity of the spring water ranged from 3.72 NTU (piped) to 11.4(none piped) (Table 3). 

Using a one-way ANOVA test, it was observed that, there was a significant difference in mean 

of turbidity between those spring water sources (P <0.05, DF =1).  
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Table 3: Physicochemical properties of spring water from the two spring water sources. 

Parameters Spring Water source 

 None piped Piped 

 Mean Confident 

interval  

WHO 

standard 

Mean Confident 

internal  

WHO 

Standard 

Temperature (°C) 17.8 16.76-18.84 Above  16.8 15.76-17.84 Above  

pH 6.81 6.79-6.83 Accepted  7.07 6.93-7.21 Accepted  

Turbidity (NTU) 11.4 9.98-12.82 Above  3.72 3.52-3.92 Accepted  

Electric 

Conductivity (µS 

cm-1) 

313.6 312.2-315.1 Accepted  220.6 218.5-222.7 Accepted  

 

The water samples were also examined for different physicochemical water quality parameters 

such as electric conductivity, pH, turbidity and temperature.  

pH is important parameters in evaluating the acid-base balance of water. The recommended pH 

value for drinking water by (WHO, 2011) and ES should be between 6.5 - 8.5.  The study in 

Dehradun City, Uttarakhand, India by Tripathi and his coworker found that the pH of the springs 

water ranges from 7.57 to 8.37 with an average value of 7.9 Tripathi et al. (2015).This study 

agrees with the present study in which the pH of the spring is in a limit of WHO range.  A 

similarly study conducted at Jigjiga city, Ethiopia by Adhena Ayaliew et al. (2015) showed that 

the pH value of tap water were in the range of WHO standards. In this study the spring water had 

pH levels were within the (WHO, 2011) and ES limit of 6.5 to 8.5 for portability. This result is 

also in agreement with the study conducted by Gonfa Duressa et al. (2019) in which the pH 

values varied from 6.8 to 7.03 that the pH of the water source were in range of recommended 

value by WHO.  

Turbidity consists of suspended particles in water and may be caused by a number of materials, 

organic or inorganic. The microbiological quality of drinking water can be affected by turbidity 
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This high risk may be as the survey indicated that the spring source is located in near River and 

the neighboring without diversion ditch and dismantled fence. Open defecation was also 

prevalent around the spring. 

Risk Levels Determination 

Based on the number of total and faecal coliforms obtained the spring water sources studied were 

categorized into the following categories ranging from low risk of contamination drinking water 

standards to an intermediate risk (Table 7). The categories chosen represented a progressive 

increase in the risk of infection by pathogenic bacteria following the consumption of water from 

these sources. None piped one posed to an intermediate risk and the piped one posed low risk.  
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7 Is there any stagnant water with in 2 meter of the spring water?   

8 Is there any added flooding to the river?   

9 Can animals enter into the spring?   

10 Are there any sources of pollution uphill of the spring e.g. washing 

clothes and showering near the spring? 
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