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Abstract    

The assessment of water quality is crucial for ensuring public health. This study evaluates the 

predictive power of a risk of contamination (ROC) scoring system on water quality of Bahir Dar 

and its peri-urban wells. A total of 37 Water samples were collected from wells during the dry and 

wet seasons between June 2023 to April 2024. Parameters such as pH, temperature, turbidity, 

e/conductivity, phosphate, nitrate, total phosphorus, total nitrogen, ammonia, chloride, total 

dissolved solids (TDS), hardness, and bacterial contamination were analyzed. The ROC scoring 

system, based on environmental and anthropogenic factors, was evaluated using a statistical 

regression model. ROC scores ranged from 9% to 82%, reflecting diverse contamination risks. 

The log E. coli results range from 0 to 2. The findings reveal a strong positive correlation between 

ROC scores and E. coli levels, with a coefficient of determination (R²) of 0.7281, indicating that 

72.8% of the variability in E. coli can be explained by ROC levels. Additionally, the relationship 

was statistically significant (P < 0.0001). Furthermore, significant temporal variations in water 

quality parameters were observed among the wells. Most physiochemical parameters were within 

acceptable limits, including total dissolved solids (TDS), electrical conductivity (EC), phosphate, 

chloride, nitrate, and ammonia. Whereas, E. coli levels, 33% of turbidity and 48.1% of pH did not 

comply with WHO standards. This research enhances understanding of water quality dynamics 

and suggests that implementing the ROC system could improve public health decision-making 

and resource allocation, ultimately contributing to better water quality management in similar 

contexts. 

 

 

Key words: Physicochemical, risk scoring, sanitary inspection, dug wells, water quality, Bahir 

Dar.  
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1. Introduction    

Access to safe drinking water is a basic human right, and it is essential for human health and 

wellbeing. However, waterborne diseases continue to be a major public health concern 

worldwide, particularly in developing countries where sanitation infrastructure and hygiene 

practices are often inadequate. According to the World Health Organization (WHO), 

approximately 2.2 billion people worldwide lack access to safe drinking water sources, and over 

4 billion people lack access to safely managed sanitation services (World Health Organization, 

2022).    

In Ethiopia, access to clean and safe water is a major public health concern. According to a 

report by the World Health Organization (WHO), waterborne diseases account for a significant 

proportion of the overall disease burden in the country, with diarrheal diseases alone being 

responsible for 23% of all deaths among children under five years of age (World Health 

Organization, 2015). The primary sources of water for consumption in Ethiopia are surface 

water and groundwater. Recent studies suggest that groundwater is increasingly accessed 

through hand dug wells, springs and boreholes which are drilled by local communities, often 

with the support of non-governmental organizations and international aid agencies (MacAllister 

et al., 2020). 

Bahir Dar, the capital city of the Amhara Region in Ethiopia, is surrounded by a rapidly growing 

peri - urban population, many of whom rely on wells for their daily water needs. However, the 

contamination of wells in Bahir Dar peri-urban areas has become a significant concern, with 

high levels of faecal pollution observed in many wells (Wubie et al., 2020). Faecal pollution can 

lead to the transmission of waterborne diseases such as cholera, typhoid fever, and hepatitis A, 

among others (Prüss-Ustün et al., 2019).  

The problem of well contamination in Bahir Dar peri-urban areas is complex and multifaceted. 

The main sources of faecal pollution in wells include human waste disposal, livestock farming, 

and poor sanitation practices. These factors are exacerbated by the lack of access to adequate 

water supply, sanitation, and hygiene (WASH) services in peri-urban areas. In addition, the 

rapid urbanization of Bahir Dar has resulted in unplanned and unregulated development, which 

has led to the degradation of the environment and the contamination of natural resources such as 

water. The situation is further compounded by a lack of awareness and understanding of the 
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health risks associated with contaminated water, as well as a lack of coordinated efforts among 

relevant stakeholders to address the problem. It is, therefore, essential to conduct further 

research to gain a better understanding of the problem and develop effective strategies for 

mitigating the risks associated with contaminated wells in Bahir Dar peri-urban areas.  

Standard faecal indicator methods have been used to assess microbial contamination of water. 

However, these methods have significant limitations in terms of time and cost, making it 

necessary to explore alternative methods for water quality monitoring.  

Risk of contamination (ROC) scoring is a widely used method for identifying the likelihood of 

faecal pollution in water sources (WHO, 2019). It is based on the presence of certain indicators, 

such as faecal coliforms and E. coli, which are commonly used as markers of faecal 

contamination.  

Despite the widespread use of risk of contamination scoring in sanitary inspection of temperate 

wells, there is limited research on its effectiveness in predicting bacterial faecal pollution in 

peri-urban areas. Therefore, this study analyzes the predictive power of ROC scoring for faecal 

pollution in Bahir Dar peri-urban wells. The study investigates the relationship between ROC 

scores and actual faecal pollution levels in wells, as well as the factors that may affect the 

predictive power of ROC scoring in this context. The study used a combination of field data 

collection and laboratory analysis to obtain accurate and reliable results.  

1.2. Statement of Problem   

The peri-urban areas of Bahir Dar City, Ethiopia, face significant challenges in providing access 

to safe and reliable drinking water. The rapid urbanization and population growth in these 

regions have outpaced the development of adequate water supply and sanitation infrastructure, 

leading to widespread use of shallow wells and boreholes. Unfortunately, many of these water 

sources are susceptible to contamination due to their proximity to potential sources of pollution 

such as latrines, septic tanks, and agricultural activities. 

Faecal pollution is a major concern, as it poses a significant risk to public health by introducing 

pathogens that can cause waterborne diseases such as cholera, typhoid, and dysentery. Recent 

assessments have revealed that a substantial number of wells in the peri-urban areas of Bahir 
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Dar are contaminated with faecal matter, as indicated by the presence of Escherichia coli (E. 

coli) and other faecal indicator bacteria. This contamination is exacerbated by inadequate 

sanitary inspection and maintenance practices, which fail to prevent or mitigate pollution risks 

effectively. 

Despite ongoing efforts to monitor water quality, the current methods are often limited by their 

cost, time-consuming nature, and lack of comprehensive coverage. The traditional use of 

standard faecal indicator methods does not always provide a timely or accurate assessment of 

the risk of contamination. Furthermore, there is a lack of predictive tools that can help identify 

high-risk wells and prioritize them for intervention. 

Given these challenges, there is a pressing need to develop more effective and efficient methods 

for assessing and managing the risk of water contamination in Bahir Dar's peri-urban areas. 

Specifically, there is a need for a predictive tool that can rapidly assess the likelihood of faecal 

pollution and guide resource allocation for water quality management. This study seeks to 

address this gap by evaluating the predictive power of a risk of contamination (ROC) scoring 

system for monitoring faecal pollution in wells, aiming to enhance public health protection and 

water management strategies in these vulnerable communities. 

1.3. Objectives   

1.3.1. Main Objective    

The main objective of this study is evaluating the predictive power of a risk of contamination 

scoring of the dug wells in Bahir Dar city and its peri-urban areas. 

1.3.2. Specific Objectives    

 To evaluate the physico-chemical and bacteriological water quality of wells   

 To evaluate the predictive power of the ROC system  

 To identify the most significant risk factors for faecal pollution in peri-urban wells  

 Analyze the temporal variation of water quality parameters  
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1.4. Scope of the Study   

This study provides an overview of the temporal variation of water quality parameters in peri-

urban areas and the need for a reliable risk assessment tool for well sanitary inspection. The 

geographical scope of this study is Bahir Dar and its peri-urban areas, and the focus is on the 

predictive ability of the ROC and physico-chemical water quality in sanitary inspection of wells 

for water pollution.  

1.5. Significance of the Study    

The study holds significant importance in understanding and managing water quality in the 

region. By evaluating various water quality parameters and developing a Risk of Contamination 

scoring system, the research shows the current state of water resources in Bahir Dar City and 

provides valuable insights into potential health risks associated with water consumption.  

Through comprehensive data analysis and predictive modeling, the study offers a robust 

framework for assessing and monitoring water quality, enabling policymakers, public health 

officials, and local communities to make informed decisions regarding water management 

strategies and interventions. By identifying key factors contributing to water contamination and 

quantifying the predictive power of the Risk of Contamination scoring system, the research 

equips stakeholders with essential tools for mitigating risks and safeguarding public health.  

Furthermore, the findings of this study contribute to the body of scientific knowledge on water 

quality assessment and management, particularly in urban settings facing similar challenges. By 

highlighting the effectiveness of the Risk of Contamination scoring system as a predictive tool, 

the research underscores the importance of proactive measures in ensuring access to safe and 

clean drinking water for all users.  
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1.6. Research Questions  

The research questions for this thesis are:   

 Does risk of contamination scoring has a high predictive ability for bacterial faecal 

pollution in wells of Bahir Dar city and its peri-urban areas?  

 What are the physico-chemical and bacteriological water qualities of wells in the peri-

urban areas of Bahir Dar city?  

 What are the most significant risk factors associated with faecal pollution in wells 

located in the peri-urban areas of Bahir Dar city, as identified by the ROC scoring 

system?  

 How does the temporal variation of water quality parameters affect overall water safety? 
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2. Literature Review    

Water is a fundamental resource that plays a vital role in the health and well-being of 

communities. However, poor water quality due to faecal pollution can lead to waterborne 

diseases and pose significant health risks to people who use it for domestic and agricultural 

purposes. In peri-urban areas, which are often characterized by a mix of urban and rural land 

uses, water quality is typically compromised due to poor sanitation practices, inadequate waste 

disposal systems, and other environmental factors. Previous studies have shown that faecal 

contamination of water sources in peri-urban areas is a significant public health concern (Kloos 

& Legesse, 2010; Mekonnen et al, 2019). According to Kloos and Legesse (2010), factors such 

as population growth, lack of sanitation facilities, and poor waste disposal systems have 

contributed to the deterioration of water quality in peri-urban areas. A study by Mekonnen et al. 

(2019) found that peri-urban areas in Ethiopia are highly vulnerable to waterborne diseases due 

to inadequate sanitation facilities and poor waste disposal systems.  

Contamination of water sources with faecal matter can lead to the transmission of waterborne 

diseases such as cholera, typhoid, and diarrhea (WHO, 2022).  

2.1. Well Contamination   

2.1.1. Sources of Contamination 

Contamination of wells, particularly in peri-urban areas, can arise from various sources, 

including human activities and natural processes. Common sources of well contamination 

include agricultural runoff, industrial discharge, improper waste disposal, and sewage leakage 

(WHO, 2011). As urbanization progresses, the concentration of human activities intensifies, 

increasing the risk of contamination of groundwater sources (Rahman et al., 2018). The 

proximity of peri-urban areas to urban centers often exacerbates these risks due to rapid land-use 

changes and the encroachment of urban activities into rural areas (Matsumoto et al., 2019). 

Furthermore, inadequate waste disposal practices and poor sanitation facilities significantly 

contribute to the contamination of groundwater sources, making it imperative to adopt robust 

monitoring and management strategies (Mekonnen et al., 2019). 
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2.1.2. Impact on Water Quality 

The contamination of wells can result in the presence of harmful substances such as heavy 

metals, pathogens, and chemical pollutants, which pose significant risks to human health 

(Shrestha et al., 2017). Studies have shown that well water contaminated with pathogens can 

lead to waterborne diseases such as diarrhea, typhoid fever, and cholera, particularly in areas 

with inadequate sanitation infrastructure (Kotloff et al., 2013). Moreover, the presence of 

chemical contaminants such as pesticides and industrial chemicals can have long-term health 

effects, including cancer and neurological disorders (USEPA, 2016). 

Contamination of groundwater sources by faecal pollutants is one of the major challenges to 

safe drinking water in Ethiopia. Bahir Dar city in the Amhara region is one of the cities that 

faces this challenge due to its rapid urbanization and population growth. The peri-urban areas of 

Bahir Dar are particularly vulnerable to faecal contamination of groundwater sources. 

Therefore, there is a need for accurate and reliable methods to assess the risk of faecal 

contamination in groundwater sources. 

Byamukama et al. (2005) defined as faecal pollution as the contamination of water or soil with 

faecal matter from humans or animals. Faecal pollution can occur through various means such 

as sewage discharge, agricultural practices, and improper disposal of human waste. According 

to him, faecal pollution can be detected through the presence of specific faecal indicators such 

as E. coli, enterococci, and total coliforms.  

In recent years, there has been a growing concern over the quality of water in peri-urban areas 

due to the rapid urbanization and increasing population density. Bahir Dar, like many other peri-

urban areas, faces numerous challenges in maintaining safe drinking water sources.  

Given the importance of monitoring faecal pollution levels in water sources and the challenges 

facing peri-urban areas, it is essential to analyze the predictive power of risk of contamination 

(ROC) scoring for faecal pollution in Bahir Dar peri-urban wells. By examining the ROC 

scoring method, which assesses the potential risk of contamination based on a variety of factors 

such as the proximity to potential sources of pollution, this thesis seeks to provide insights into 

the effectiveness of this method in predicting faecal pollution levels in peri-urban wells.  
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2.2. Sanitary Inspection of Wells  

Sanitary inspection of wells is an essential practice for assessing the safety and quality of 

drinking water sources. This process involves a systematic evaluation of the physical, chemical, 

and bacteriological quality of well water, aimed at identifying potential sources of 

contamination and ensuring that the water is safe for human consumption (Souter et al., 2003). 

A thorough sanitary inspection provides valuable insights into the condition of the well and its 

immediate surroundings, including factors that could contribute to water contamination. 

The inspection typically includes a visual examination of the wellhead, casing, and sanitary seal 

to identify any signs of wear, damage, or defects that might allow contaminants to enter the 

water supply. Observations are made regarding the structural integrity of the well, such as the 

presence of cracks, leaks, or improper sealing, which can compromise water quality. 

Additionally, the surrounding area is assessed for potential sources of contamination, including 

latrines, septic tanks, animal enclosures, and waste disposal sites. The proximity of these 

sources to the well, as well as the slope and drainage conditions, are carefully evaluated, as 

these factors can significantly influence the likelihood of contaminants reaching the well 

(Byamukama et al., 2005). 

Water quality testing is a critical component of the sanitary inspection process. Testing for 

microbial indicators, such as Escherichia coli (E. coli) and total coliforms, helps determine the 

extent of faecal contamination, which poses significant health risks (Souter et al., 2003). The 

presence of these bacteria in water indicates potential contamination from human or animal 

waste, highlighting the importance of maintaining sanitary conditions around wells. The results 

of these tests provide essential data on the presence of pathogens that can cause waterborne 

diseases, thereby enabling timely interventions to prevent outbreaks (WHO, 2011). 

In addition to assessing the physical condition of the well and the surrounding environment, 

sanitary inspections consider the human activities and environmental factors that may impact 

water quality. This includes evaluating land use practices, waste management methods, and the 

overall maintenance of the well and its environs. Poor sanitation practices, such as inadequate 

waste disposal and improper management of wastewater, can lead to contamination of the 

groundwater, making it unsafe for consumption (Kloos & Legesse, 2010). Effective sanitary 
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inspection helps identify these risk factors and recommends measures to mitigate them, ensuring 

the provision of safe drinking water (Mekonnen et al., 2019). 

Sanitary inspections are directly linked to the Risk of Contamination (ROC) scoring system, 

which quantifies the risk based on findings from the inspection. This scoring system assesses 

various risk factors, assigning scores based on their presence and severity. High ROC scores 

indicate a greater risk of contamination, prompting necessary interventions to reduce these risks 

(Byamukama et al., 2005). Integrating ROC scoring with sanitary inspections allows for a 

comprehensive assessment of the contamination risks, facilitating targeted actions to improve 

water quality management. 

While sanitary inspections are crucial for maintaining water safety, challenges remain, 

particularly in resource-limited settings. These challenges include a lack of trained personnel, 

insufficient financial resources for regular testing, and limited community awareness about the 

importance of well maintenance and hygiene. Addressing these challenges requires coordinated 

efforts to enhance capacity for regular well inspections and community education programs, 

alongside increased investment in water quality monitoring (WHO, 2019). 

In conclusion, the sanitary inspection of wells is vital for ensuring the safety of drinking water. 

By systematically identifying and addressing potential contamination risks, sanitary inspections 

play a crucial role in protecting public health, particularly in areas where other water quality 

management resources are limited. 

2.3. Risk of Contamination  

The risk of contamination in groundwater sources, particularly wells, is influenced by various 

environmental, anthropogenic, and infrastructural factors. In peri-urban areas like those 

surrounding Bahir Dar, the rapid expansion of settlements, combined with inadequate sanitation 

infrastructure, significantly increases the risk of contamination. The concept of risk of 

contamination (ROC) is used to evaluate the likelihood that a water source has been polluted, 

particularly by faecal matter. This is of particular concern due to the serious public health 

implications associated with the consumption of contaminated water. 

The hygiene and sanitation conditions in peri-urban areas of Bahir Dar are critical to 

understanding the risk of contamination. The lack of proper waste disposal systems, coupled 
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with inadequate sanitation facilities, plays a significant role in the contamination of wells. In 

many areas, open defecation is common, and the proximity of latrines to wells further 

exacerbates the risk. According to Adane et al. (2018), poor sanitation practices are prevalent in 

these regions, with many households lacking access to basic sanitation facilities. This results in 

the direct discharge of waste into the environment, which during rainfall, can be washed into 

wells through surface runoff. The World Health Organization (2019) underscores that such 

conditions create a fertile ground for the spread of waterborne diseases, as faecal contaminants 

infiltrate the groundwater that is often used for drinking purposes. 

Sanitation in peri-urban areas of Bahir Dar is further compromised by the rapid population 

growth, which has outpaced the development of adequate sanitation infrastructure. The increase 

in population density has led to the overuse of existing sanitation facilities, further increasing 

the risk of contamination. The presence of livestock in close proximity to human settlements 

also contributes to the contamination risk, as animal waste can easily find its way into wells, 

especially those that are not properly covered or sealed (Mekonnen et al., 2019). 

According to the WHO (2019) guidelines, the ROC scoring involves assigning scores based on 

specific risk factors. Wells located close to latrines, septic tanks, or areas with poor waste 

management practices receive higher scores, indicating a greater risk of contamination. Recent 

studies, such as those conducted by Mushi et al. (2012), have shown that ROC scoring is 

effective in identifying wells that are at high risk of contamination. Byamukama et al. (2005) 

found that ROC scores correlated strongly with the presence of faecal indicators such as E. coli, 

further validating the utility of this method in predicting contamination risks. 

Recent studies have continued to explore the relationship between ROC scores and the actual 

contamination of wells. Ajay Kumar Mondal and Ahmed (2020) conducted a study in peri-urban 

areas and found that wells with high ROC scores were significantly more likely to be 

contaminated with faecal matter. This study, along with others like Mahmud et al. (2019), 

highlights the importance of ROC scoring as a predictive tool for managing water quality. 

Moreover, the application of ROC scoring has also shed light on the seasonal variations in 

contamination risk. During the rainy season, the risk of contamination increases substantially 

due to the greater likelihood of runoff carrying faecal matter into wells. This seasonal effect has 
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been well-documented in studies by Mekonnen et al. (2019) and Wubie et al. (2020), who found 

that contamination levels peak during periods of heavy rainfall. 

2.3.1. Predictive Power of ROC Scoring for Faecal Pollution  

Several studies have investigated the predictive power of the ROC scoring system in assessing 

the risk of faecal pollution in wells. (Souter et al., 2003) conducted a study in Kenya that 

assessed the ROC scores of 200 wells and their correlation with bacteriological contamination. 

The study found a significant correlation between ROC scores and the presence of faecal 

pollution in wells. Another study conducted by (Chapinal, Liang et al., 2014) in China also 

found a significant correlation between ROC scores and the presence of faecal pollution in 

wells. The study found that the ROC scoring system had a high predictive power in identifying 

wells with a high risk of faecal pollution.  

2.3.2. Application of ROC Scoring in Bahir Dar Peri-Urban Wells  

The ROC scoring method has been used in various studies to evaluate the risk of faecal 

contamination in water sources. For example, a study conducted in India found that the ROC 

scoring method was effective in identifying the risk of contamination in groundwater sources 

(Ajay Kumar, Mondal, & Ahmed, 2020). Similarly, a study conducted in Bangladesh found that 

the ROC scoring method was effective in predicting the level of faecal contamination in surface 

water sources (Mahmud et al., 2019). 

The effectiveness of ROC scoring in predicting the risk of contamination in water sources have 

also been evaluated by Huang et al. (2018) and it was found that ROC scores were significantly 

correlated with the concentration of E. coli in surface water sources in China. Similarly, a study 

by Ikeh et al. (2020) found that ROC scores were significantly correlated with the presence of 

faecal coliforms in groundwater sources in Nigeria.  

Several other studies have also demonstrated the effectiveness of ROC scoring in predicting the 

presence of faecal pollution in water sources. For example, a study conducted in the United 

States found that ROC scoring was a better predictor of faecal contamination than traditional 

faecal pollution indicators (Soller, Schoen et al., 2010).  

In the context of Ethiopia, several studies have been conducted to evaluate the quality of water 

sources in peri-urban areas. For example, a study conducted in Addis Ababa found that the 
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quality of water in peri-urban areas was significantly affected by the lack of proper sanitation 

facilities and inadequate waste management systems (Adane et al., 2018). Another study 

conducted in Hawassa found that the level of faecal contamination in water sources was 

significantly higher in peri-urban areas compared to urban areas.    

In the context of peri-urban wells in Bahir Dar, Ethiopia, some studies have investigated the 

levels of faecal pollution and the associated health risks (Abegaz, 2020; Birhane, 2019). 

However, to the best of our knowledge, there have been no studies that have specifically 

evaluated the predictive power of ROC scoring for faecal pollution in these wells. Given the 

high levels of pollution in peri-urban areas, it is important to assess the potential of ROC scoring 

as a tool for identifying and managing the risk of contamination in these settings.  

2.4. Standard Faecal Pollution Indicators   

Faecal pollution indicators are essential tools in the assessment of microbial water quality, 

particularly in detecting contamination from human and animal waste. These indicators help 

identify the presence of pathogenic microorganisms that pose significant health risks, especially 

in areas where water sources are vulnerable to contamination. In peri-urban areas, where 

sanitation infrastructure is often inadequate, the reliance on these indicators becomes critical for 

ensuring the safety of drinking water. The most commonly used standard faecal pollution 

indicators include total coliforms, faecal coliforms, and Escherichia coli (E. coli). 

a) Total Coliforms and Faecal Coliforms 

Total coliforms are a broad group of bacteria that have been traditionally used as indicators of 

water quality. They encompass various species found in the environment, including soil, 

vegetation, and water, as well as in the intestines of warm-blooded animals. Their presence in 

water suggests potential contamination and the possible presence of more harmful 

microorganisms. However, total coliforms are not specific to faecal contamination, as they can 

also originate from non-faecal sources. This limitation has led to the adoption of more specific 

indicators, such as faecal coliforms, which are a subset of total coliforms that primarily originate 

from faecal matter (Edberg, Rice, Karlin, & Allen, 2000). 

Faecal coliforms, including species like Escherichia coli (E. coli), are more indicative of faecal 

contamination because they predominantly reside in the intestines of warm-blooded animals. 
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Their presence in water is a stronger signal of faecal pollution, pointing to a higher likelihood of 

pathogenic microorganisms that can cause diseases. The detection of faecal coliforms, therefore, 

is a critical measure in assessing the safety of water sources, particularly in regions where 

human and animal wastes are not adequately managed (Leclerc, Mossel, Edberg, & Struijk, 

2001). 

b) Escherichia coli (E. coli) 

Among faecal coliforms, E. coli is widely regarded as the most reliable indicator of faecal 

contamination in water. This bacterium is exclusively found in the intestines of humans and 

other warm-blooded animals, making its presence in water a definitive marker of recent faecal 

pollution. The use of E. coli as an indicator is critical in identifying the potential health risks 

associated with consuming contaminated water, as it indicates the possible presence of other 

pathogenic organisms, such as viruses and protozoa (Savichtcheva & Okabe, 2006). 

Recent studies have demonstrated the efficacy of E. coli as a standard indicator in various 

environmental settings, including peri-urban areas where sanitation challenges are prevalent. For 

instance, research by Cabral (2010) highlighted the strong correlation between E. coli levels and 

the presence of enteric pathogens in drinking water sources. This correlation underscores the 

importance of E. coli testing in routine water quality assessments, particularly in regions where 

faecal contamination is a persistent problem. Furthermore, E. coli is preferred over other 

indicators due to its specificity and relatively short survival time in the environment, which 

allows for a more accurate assessment of recent contamination events (Payment & Locas, 2011). 

c) Enterococci 

Enterococci, another group of faecal indicators, have gained recognition for their resilience and 

reliability in water quality monitoring, particularly in marine and freshwater environments. 

These bacteria are present in the intestines of humans and animals and are known for their 

ability to survive in harsh environmental conditions, making them effective indicators of faecal 

pollution, especially in areas where E. coli might degrade rapidly (Noble, Lee, & Schiff, 2004). 

The World Health Organization (WHO) has endorsed the use of enterococci as complementary 

indicators to E. coli, particularly in the monitoring of recreational waters. Enterococci are often 

used in conjunction with other indicators to provide a comprehensive understanding of the 

microbial quality of water. Their presence in water is a strong indicator of faecal contamination 
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and potential health risks, particularly in environments where they can survive longer than other 

faecal indicators (WHO, 2017). 

In studies conducted by Noble et al. (2004), enterococci were found to be more persistent than 

E. coli in marine environments, making them particularly valuable in assessing the safety of 

coastal waters. This persistence is also beneficial in evaluating the long-term impacts of faecal 

pollution in both surface and groundwater, where enterococci can indicate contamination that 

might not be detected by other indicators. 

Standard faecal pollution indicators have been widely used in water quality monitoring to assess 

the risk of faecal contamination in water sources. However, these indicators may not always 

accurately reflect the true level of faecal contamination, particularly in settings where multiple 

sources of pollution may be present (Soller et al., 2010). In recent years, a new approach called 

risk of contamination (ROC) scoring has been proposed as a more accurate and comprehensive 

method for assessing the risk of faecal pollution in water sources. The present study aims to 

analyze the predictive power of ROC scoring for faecal pollution in Bahir Dar peri-urban wells.  

The use of standard faecal pollution indicators, such as faecal coliforms, Escherichia coli, and 

enterococci, has long been established as a common method for assessing the presence of faecal 

contamination in water sources (WHO, 2022). These indicators are based on the assumption that 

the presence of certain bacteria in water indicates the presence of faecal contamination, which in 

turn can pose a risk to public health. However, there are limitations to the use of these 

indicators, as they may not accurately reflect the true level of faecal contamination in certain 

settings (Soller et al., 2010).  

The contamination of water sources by faecal matter is a major public health concern, 

particularly in peri-urban areas where population density and poor sanitation practices can lead 

to high levels of pollution (Jiang et al., 2018). Pollution gradients, ranging from low to high, are 

commonly used to describe the levels of faecal pollution in water sources (Ocampo‐Melgar, 

Barria, Chadwick, & Villoch, 2021). These gradients are typically defined by the concentration 

of faecal indicator bacteria such as Escherichia coli (E. coli) or faecal coliforms, which are used 

as a proxy for the presence of pathogenic organisms (WHO, 2022).  
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Many studies have evaluated the effectiveness of standard faecal pollution indicators in 

predicting the risk of contamination in water sources. For example, a study by Bonetta et al., 

(2010) found that E. coli was a good indicator of the presence of other pathogenic bacteria in 

surface water sources in Italy. Similarly, a study by Cicero Fernandez et al., (2019) found that 

faecal coliforms were a good predictor of the presence of Salmonella in surface water sources in 

Spain.  

Despite the relevance of standard faecal pollution indicators in assessing the risk of 

contamination in water sources, there are some limitations to their use. For example, these 

indicators only provide information on the presence of bacteria, and do not provide information 

on the presence of other types of pathogens such as viruses or protozoa (Savichtcheva & Okabe, 

2006). Additionally, these indicators may not always be reliable in predicting the presence of 

pathogenic organisms, as some pathogenic bacteria may not be detected by standard tests 

(Cabral, 2010).  

2.5. Pollution Gradient Levels of Faecal Pollution  

Understanding the gradient levels of faecal pollution is essential for assessing the contamination 

risk of water sources. The concentration of faecal indicator bacteria, such as Escherichia coli (E. 

coli) and enterococci, varies across different environments and is influenced by multiple factors, 

including proximity to pollution sources, environmental conditions, and the effectiveness of 

sanitation practices. This gradient, typically ranging from low to high, helps determine the 

extent of contamination and the associated health risks. 

a) Low-Level Pollution 

Low-level faecal pollution is characterized by the occasional presence of faecal indicator 

bacteria in low concentrations. This level of pollution is often found in environments with 

limited human or animal activity or where effective waste management practices are in place. 

Although the health risks associated with low-level pollution are generally lower, even small 

amounts of faecal contaminants can indicate potential vulnerabilities in the water supply. A 

recent study by Schijven et al. (2020) highlighted that even low concentrations of E. coli in 

groundwater can pose a risk, especially during periods of heavy rainfall when surface runoff can 

lead to contamination of otherwise protected water sources. 
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b) Medium-Level Pollution 

Medium-level faecal pollution is identified by a moderate concentration of faecal indicator 

bacteria, suggesting more frequent or sustained contamination. This level of pollution is 

common in areas with moderate human or animal activity, such as agricultural regions or peri-

urban areas with inadequate sanitation infrastructure. The higher bacterial load associated with 

medium-level pollution increases the likelihood of pathogens being present in the water, posing 

a significant health risk. For example, Jalliffier-Verne et al. (2021) found that medium levels of 

faecal pollution in agricultural areas were strongly associated with the presence of pathogenic 

bacteria, particularly in water sources close to livestock farms. 

c) High-Level Pollution 

High-level faecal pollution is characterized by very high concentrations of faecal indicator 

bacteria, indicating severe and continuous contamination. This level of pollution is typically 

found in water sources located near significant sources of pollution, such as open defecation 

sites, densely populated areas, or regions with inadequate waste treatment facilities. The health 

risks associated with high-level pollution are substantial, as the water is likely to contain not 

only bacteria but also a variety of other pathogens, including viruses and protozoa. Verheyen et 

al. (2022) emphasized that in high-risk areas, especially informal settlements, sustained high 

levels of E. coli and enterococci in water sources are strongly correlated with outbreaks of 

waterborne diseases, such as diarrheal illnesses and cholera. 

2.6. Recent Studies and Findings 

Recent studies continue to validate the effectiveness of ROC scoring. For example, Ikeh et al. 

(2020) found significant correlations between ROC scores and the presence of faecal coliforms 

in groundwater sources in Nigeria, highlighting the method's relevance in diverse geographical 

contexts.  
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3. Materials and Methodology     

3.1. Description of the Study Area  

The study areas are the peri-urban regions surrounding the city of Bahir Dar, located in the 

northwestern part of Ethiopia. These regions consist of a mix of residential, commercial, and 

agricultural land use.  

The peri-urban areas are characterized by a high population density and rapid urbanization, 

resulting in increased pressure on the limited water resources in the region. The wells in these 

areas are a critical source of water for the local population, with many households relying on 

these wells for their daily needs, including drinking, cooking, and cleaning.  

The wells in the study area are mainly shallow and dug by hand, with depths ranging from 10 to 

30 meters. The wells are typically constructed using traditional techniques and are often lined 

with concrete or stones to prevent collapse. The water quality in these wells is highly variable 

and can be affected by a range of factors, including the distance from potential sources of 

contamination, the type of soil and geological formations, and the level of rainfall.  

Bahir Dar is located at an elevation of approximately 1,840 meters (6,040 feet) above sea level. 

The city is situated on the southern tip of Lake Tana, the largest lake in Ethiopia and the source 

of the Blue Nile River. Surrounding the city are the beautiful Blue Nile Gorge to the southeast 

and the undulating hills of the Amhara Region to the north and west.  

Bahir Dar experiences a subtropical highland climate characterized by mild temperatures and 

distinct wet and dry seasons. The Tsedey (Spring) season occurs from September to November, 

characterized by moderate temperatures and occasional rains. The Bega (Winter) season spans 

from December to February, marked by dry and cool conditions. The Belg (Fall) season, from 

March to May, brings short rains and warmer temperatures, essential for planting short-cycle 

crops. Finally, the Kiremt (Summer) season, from June to August, is the main rainy season, 

crucial for agriculture due to its heavy and consistent rainfall (Ethiopian Info. 2023). 

Lake Tana, dug wells and the Blue Nile River are the primary water resources for Bahir Dar and 

surrounding areas, supporting agriculture, fishing, and tourism. The fertile soils and favorable 

climate in the region support the cultivation of various crops, including cereals, vegetables, and 
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fruits. The city also serves as a commercial hub for the surrounding agricultural regions, with 

markets and trade centers bustling with activity. Tourism is another significant economic driver, 

with attractions such as Lake Tana monasteries, Blue Nile Falls, and scenic landscapes 

attracting visitors from across Ethiopia and abroad.  

 

Figure 1 :  Location of Study area indicating the sampling wells       
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3.2. Sampling Site Selection 

In this study, 17 potential sampling sites from Bahir Dar and its peri-urban areas were evaluated 

using standardized sanitary inspection formats. These inspections provided valuable insights 

into contamination sources, infrastructure conditions, and human activities near each site. Sites 

were intentionally included from high, medium, and low-risk categories to ensure a 

comprehensive assessment. 

The wells were selected systematically to represent the peri-urban area of Bahir Dar city and its 

peri-urban areas. The approach covered well environments ranging from low to high 

presumptive faecal pollution risks based on the stratified randomization technique as per the 

pollution gradient approach (Byamukama et al. 2012). 

Wells W1, and W11 are situated in area with poor sanitary infrastructure. These wells are poorly 

constructed and poorly protected. The walls of the wells are cracked, with broken platforms that 

allow growth of algae on the walls and influx of storm water and runoff. The drainage channels 

are unclean and broken, allowing ponding. These open wells have multiple nearby sources of 

contamination directly impacting them. Open defecation and latrines within 10 meters were 

observed.  

Wells W2, W3, W12, W13, and W14 exhibit considerable damage or disrepair to sanitation 

facilities, with nearby sources of contamination directly affecting them. Issues observed include 

faulty drainage channels, inadequate walls or fencing allowing surface water to enter, and the 

presence of latrine and other pollution sources within 10 meters. 

Wells W4, W5, and W6 are covered wells and have minor damage or disrepair to sanitation 

facilities, with nearby sources of contamination that do not directly impact the wells. 

Observations include minor cracks in the concrete floor, poor drainage causing stagnant water, 

and the presence of latrines within 10 meters but not on higher ground. 

Wells W7, W8, W9, W10, W15, W16 and W17 are covered wells with hand pumps. These 

show no visible signs of damage or disrepair to sanitation facilities, no nearby sources of 

contamination. The inspections noted well-maintained concrete floors, proper drainage, and 

secure covers preventing contamination. 

 



~ 23 ~ 
 

Table 1:Location of Sampling Sites 

sites Latitude  longitude  

1 11.6152 37.3638 

2 11.6133 37.3628 

3 11.6130 37.3629 

4 11.6124 37.3627 

5 11.5916 37.3716 

6 11.5916 37.3716 

7 11.5829 37.3887 

8 11.5955 37.3887 
9 11.6846 37.4591 

10 11.6152 37.3639 

11 11.6133 37.3628 

12 11.6130 37.3629 

13 11.6124 37.3627 

14 11.5829 37.3887 

15 11.6846 37.4591 

16 11.6846 37.4733 

17 11.4726 37.3884 

 

3.3. Data Collection  

3.3.1. Sanitary Inspection of Wells  

On-site sanitary inspections were performed as per WHO formats. The process involved the 

assessment of various factors such as the condition of the well, the presence of contaminants, 

the quality of the surrounding environment, and distance of the well from potential sources of 

contamination (please see Annex 1). The ROC scoring system can be an effective way to predict 

the risk of faecal pollution in wells.   

3.4. Risk of Contamination Scoring   

On-site sanitary inspections and 37 well-water sampling were performed from June 2023 to 

April 2024 during wet and dry seasons. ROC scoring was performed according to the questions 

proposed by the WHO range from a low risk of contamination (scores = 0–20%), through a 

medium (21–50%) to high (51–80%) or a very high risk of contamination (81–100%) (WHO, 

2022). 
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3.5. Field and Laboratory Analysis  

To analyze the predictive power of risk of contamination (ROC) scoring for faecal pollution in 

Bahir Dar peri-urban wells, water quality investigations were conducted by collecting water 

samples during dry and wet seasons. 37 water samples were taken at the time of the sanitary 

inspections using 1 L sterile glass bottles. 

 A comprehensive analysis was conducted on approximately 13 key parameters affecting water 

quality, including pH, temperature, turbidity, electrical conductivity, phosphate, nitrate, total 

phosphorus, total nitrogen, ammonia, chloride, total dissolved substances (TDS), hardness and 

bacteriological contamination (E. coli). These analyses were carried out during dry and wet 

seasons across the wells based on standard procedures.  

3.5.1. Bacteriological Water Quality Investigation   

The bacteriological quality of water was assessed by focusing on the presence of Escherichia 

coli (E. coli) as an indicator of faecal contamination. Initially, sterile sample bottles, gloves, and 

labeling materials were assembled, and any debris from the well openings was cleared. Using 

gloved hands, sterile sample cans were submerged beneath the water surface to collect water 

samples, which were then transferred to sterile sample bottles. The bottles were sealed tightly, 

labeled with pertinent details, and placed upright in a cooler with ice packs for transportation to 

Bahir Dar Institute of Technology water quality laboratory. 

Once reached in the laboratory, the samples underwent a membrane filtration process where a 

measured volume of each water sample was passed through a sterile membrane filter with a pore 

size of 0.45 µm using a vacuum pump. This filter retained any particle present in the water and 

was placed on an absorbent pad within a petri dish. The petri dish had been previously soaked in 

a nutrient medium called Membrane Lauryl sulfate broth. The prepared petri dishes were then 

transferred to an incubator that maintained a temperature of 44°C for a period of 18-24 hours.  

During this incubation period, any E. coli present on the membrane filter grew and formed 

visible colonies. Then, the agar plates were examined for E. coli colonies, which were counted 

using a microscope. The results were expressed in terms of colony-forming units (CFU) per 100 

milliliters of water. However, a series of dilutions were made to determine a countable number 

of colonies. The accuracy of the analysis procedure was verified by analyzing duplicate samples 

and blank samples with known parameter values (APHA, AWWA & WEF, 2017).  
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3.5.2. Physiochemical Water Quality Investigation  

37 Water samples were collected from the dug wells in the Bahir Dar city and its peri-urban 

using sterile sampling bottles that are free from any contamination by following the same 

procedure like that of bacteriological water sample collection. pH, turbidity, Electric 

Conductivity (EC), total dissolved solids (TDS), and Temperature were tested in-situ. The 

turbidity was tested using LaMotte
TM

 Turbidity (LaMotte, Chestertown, MD, USA). 

Temperature, pH, electric conductivity and TDS were all measured using a Hanna Instruments 

HI98129 Meter (Hanna Instruments Ltd., Leighton Buzzard, UK). 

Other chemical parameters such as nitrate, ammonia, total nitrogen, total phosphorous, total 

hardness, phosphate and chloride levels were measured using Palintest 7500 Photometer 

(PTBH7500). This required the use of reagents and the samples were prepared accordingly.   

3.6. Data Analysis   

3.6.1. ROC Score Calculation  

ROC scoring was performed according to the questions proposed by the WHO. The „yes‟ 

answers indicate that there is a reasonable risk of contamination and „no‟ answers indicate that 

the particular risk appears to be negligible. Each „yes‟ answer scores one point and each „no‟ 

answer scores zero points. At the end of the inspection, the points are totaled, yielding a sanitary 

inspection risk score (ROC score). A higher ROC score represents a greater risk that drinking 

water is contaminated by faecal pollution from the area immediately surrounding the well 

(Mushi et al., 2012).   

Once pollution categories are defined, a score was assigned to each well based on its level of 

risk with in each category. The following categories were used to describe the level of risk of 

contamination:  

 Low risk: No visible signs of damage or disrepair to sanitation facilities, no nearby 

sources of contamination, and no evidence of faecal contamination in water 

samples (0–20%).   

 Medium risk: Minor damage or disrepair to sanitation facilities, nearby sources of 

contamination present but not directly impacting the well, and low levels of faecal 

contamination in water samples (21–50%).  
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 High risk: Significant damage or disrepair to sanitation facilities, nearby sources of 

contamination directly impacting the well, and moderate levels of faecal 

contamination in water samples (51–80%).  

 Very high risk: Severe damage or disrepair to sanitation facilities, multiple nearby 

sources of contamination directly impacting the well, and high levels of faecal 

contamination in water samples (81–100%). 

3.6.2. Logarithmic Regression Model for Parametric Concentration Prediction 

In this study, a nonlinear regression model was applied to analyze the relationship between the 

Risk of Contamination (ROC) and other parameters in the well water samples. The model 

utilized a logarithmic equation with two parameters to predict how changes in ROC influence 

parameter‟s concentration. The logarithmic function used is as follows: 

 ( )  { 
                    
                                  

 

Where: 

    is the intercept, 

 a is the coefficient for the logarithmic transformation, 

   is the ROC (Risk of Contamination), 

   ( ) represents the predicted log-transformed E. coli concentration. 

3.6.3. Correlation Analysis  

There are several types of correlation analysis. One of the most common is Pearson's correlation 

coefficient, which measures the linear relationship between two continuous variables. Here, 

Pearson's correlation coefficient was used to explore the relationship between ROC scores and 

faecal pollution levels in the wells.  

To conduct a Pearson's correlation coefficient analysis, data were considered on both variables 

for each well. Then, correlation coefficient was calculated, which gave a number between -1 and 

1. A correlation coefficient of 1 indicates a perfect positive correlation, where an increase in 

ROC scores is associated with an increase in faecal pollution levels. A correlation coefficient of 
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-1 indicates a perfect negative correlation, where an increase in ROC scores is associated with a 

decrease in faecal pollution levels. A correlation coefficient of 0 indicates no correlation 

between the variables (Schober, Boer, & Schwarte, 2018).  

Once the correlation coefficient is calculated, the p-value was also calculated, which tells the 

probability that the observed correlation occurred by chance. A p-value of less than 0.05 is 

generally considered statistically significant, which means that the observed correlation is 

unlikely to be due to chance.  

3.6.4. Cluster Analysis  

Cluster analysis is a statistical technique commonly used to group similar observations or 

objects based on their attributes or characteristics. To identify groups of wells with similar ROC 

scores and faecal pollution levels, k-means clustering was used. 

In k-means clustering, the goal is to partition the wells into k clusters, where each well belongs 

to the cluster with the nearest mean, serving as a prototype of the cluster. First, the number of 

clusters (k) was chosen based on prior knowledge or by testing different values and selecting the 

one that best represented the data structure. Then, initial cluster centers (centroids) were selected 

randomly.  

The algorithm iteratively assigned each well to the nearest centroid, based on the ROC scores 

and faecal pollution levels, forming clusters. After assignment, the centroid of each cluster was 

recalculated as the mean of the wells in that cluster. This process of assignment and 

recalculation was repeated until the centroids no longer changed significantly, indicating 

convergence. 

The result of the k-means clustering was a partitioning of the wells into k clusters, with each 

well grouped with others that have similar ROC scores and faecal pollution levels. The clusters 

were then analyzed to determine the characteristics of each group, such as average 

contamination risk and faecal pollution level. For the statistical analysis, data management 

software such as Excel, Sigma Plot, Python and R was used.  
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4. Results and Discussion  

4.1. Risk of Contamination Scoring Results  

The risk of contamination scoring ranges from 9 to 82 %. Among the wells, 10.8% fall under 

the “Very high” contamination risk category, 24.3 % fall under the “High”, 8.1% fall under 

“Intermediate” and 56.7% fall under the “Low” contamination risk categories. According to 

ROC scoring wells 1 and 11 falls under a very high sanitary risk result and wells 2,3,12,13 and 

14 falls under a high-risk category and wells 4,5 and 6 are in intermediate risk category and the 

rest of others have low risk category. 

 

Figure 2 : Risk of contamination scoring in percentage for the wells (W1- W17) in Bahir Dar peri-urban areas, data 

collected from June 2023 to April 2024. For the description of the wells, please see Table 1.   

4.2. Bacteriological Analysis   

4.2.1. E. coli 

The study found that the levels of E. coli in the water samples varied significantly across the 

sampling points. The logarithmic E. coli concentrations ranged from 0 to 2 CFU/100mL. A 

nonlinear regression model was applied to investigate the relationship between the Risk of 

Contamination (ROC) and E. coli concentrations.  
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Table 2. Statistical results of regression analysis metrics 

R Rsqr Adj Rsqr Standard Error of Estimate 

0.85 0.73 0.72 0.35 

The model shows a strong positive correlation (R = 0.85) between ROC and the log-transformed 

E. coli levels. Approximately 73% of the variability in E. coli concentration can be explained by 

the ROC values (R² = 0.73). The adjusted R² (0.72) accounts for model complexity, affirming 

that the nonlinear model adequately explains the variation in the data. 

Table 3.  Parameter Estimates with Associated Coefficients, Standard Errors, t and P-values 

Parameter Coefficient Standard error t-value P-value 

   -0.63 0.19 -3.22 0.0027 

  0.58 0.06 9.68 <0.0001 

 

The parameter   = 0.58 is highly significant (P < 0.0001), indicating a strong relationship 

between the log-transformed E. coli and ROC. The Intercept   = −0.63 also shows statistical 

significance (P = 0.0027), indicating the baseline level of E. coli in the absence of 

contamination risk. 

Analysis of Variance (ANOVA) 

The ANOVA test results demonstrate that the regression model explains a significant portion of 

the variability in the data: 

 

Table 4. ANOVA result for Regression Analysis  

Source DF SS MS 

Regression 2 62.74 31.37 

           Residual 35 4.31 0.12 

           Total 37 67.05 1.81 

 

The total sum of squares (SS = 67.05) highlights the total variability in E. coli levels, of which 

62.74 is explained by the ROC (regression sum of squares), leaving a residual SS of 4.31 as 
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unexplained. The mean square of the residual (MS = 0.12) reflects the variability that remains 

after accounting for ROC. 

The Shapiro-Wilk test confirmed that the residuals are normally distributed (P = 0.0047), 

although the lower P-value suggests caution with smaller datasets. The Spearman Rank 

Correlation test for constant variance also passed with a highly significant result (P < 0.0001), 

confirming that the variance of residuals remains consistent across different levels of ROC. 

The nonlinear regression model reveals a robust and significant relationship between ROC and 

the log-transformed E. coli concentrations. However, it tends to underestimate E. coli 

concentrations at higher ROC values and overestimate at lower values. This suggests that while 

the model effectively captures overall trends, it struggles with extremes. For high ROC scores, 

contamination may increase more rapidly than predicted, while lower ROC scores may be 

influenced by protective factors not accounted for in the model. 
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4.3. Physiochemical Analysis  

The physiochemical parameters of drinking water including presented in table 5 has been tested 

across 37 samples. The pH of water, electrical conductivity, turbidity and temperature were tested 

at site where as others were tested in laboratory.  

Table 5: Mean value of lab and in situ analysis of physico-chemical and bacteriological parameters 

of 37 water samples for the dry and wet seasons from June 2023 to April 2024. 

 

 

 

 

 

 

Wells pH TDS Turbidity EC Temperature Hardness Phosphate Ammonia Nitrate TN TP Chloride E. coli 

1 6.52 406 8.36 634.67 21.67 165 2 0.22 10.08 14 3.53 63.9 63 

2 6.57 353.5 4.89 549.5 23.35 176 0.76 0.23 7.25 7.36 2.8 40.32 55 

3 6.03 284 4.33 354 23.50 220 0.9 0.12 8.96 9.2 3.56 70.29 58 

4 6.51 332.5 2.65 441 23.80 184 0.56 0.08 5.55 7.31 2.84 50.3 36 

5 6.99 220 0.77 856 23.60 135 0.76 0.05 8.4 9.8 3.5 66.74 36 

6 6.23 258 2.30 291 22.60 131.5 0.59 0.11 5.07 5.43 2.21 44.21 38 

7 6.5 218 1.13 488 24.60 160 0.24 0.05 6.72 8.11 3.58 71 9 

8 7.03 275 1.31 429.67 24.60 129.5 0.56 0.19 4.01 4.32 3.23 50.58 21 

9 6.26 456 8.63 257.33 24.23 170 0.32 0.04 6.28 8.4 3.6 56.4 16 

10 6.20 400 7.33 310 22.00 121.5 0.75 1 4.18 4.65 2.82 33.25 20 

11 6.30 202 8.67 280 22.30 125 0.72 0.06 7.28 8.4 3.88 56.8 63 

12 5.90 174 7.66 60 21.60 119 1.17 0.06 5.14 5.36 2.87 34.3 79 

13 6.53 244 8.45 149.5 21.63 310 0.44 0.98 5.6 7.66 3.93 67.45 79 

14 6.60 200 9.22 800 25.20 125 0.28 0.04 2.21 3.09 3.31 48.77 100 

15 6.25 292 1.12 58.5 22.95 145 0.36 0.98 7.84 12.6 4 60.35 1 

16 6.56 205 3.94 164.4 23.64 106.5 0.27 0.51 2.96 3.73 3.58 42.95 2 

17 6.98 195 2.23 603 23.20 95 0.36 0.06 9.52 11.2 3.9 49.7 3 
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I. pH  

Measurement of pH was conducted during rainy and dry seasons across different risk categories 

and the results were compared to WHO and Ethiopian standards. The fluctuation of pH value in the 

samples ranged from 5.9 to 7.6.  Based on the results, 48.6% of the water samples did not meet the 

safe limit set by the WHO and Ethiopian drinking water guidelines (i.e., pH ranges from 6.5 to 8.5). 

The remaining samples fell within the safe limit of the WHO standard pH value. 

During the dry season, pH values tend to be higher, while in the wet season, they are lower, likely 

due to increased runoff and higher contamination from surface activities. Factors such as 

decomposition of organic matter, agricultural runoff, industrial pollution, and bacterial activity all 

contribute to groundwater acidity. Additionally, the state of the wells i.e. whether they are open or 

covered, plays a crucial role. Open wells are more susceptible to contamination, which can lower 

the pH, especially during the wet season.  

The nonlinear regression model analyzing the relationship between your dependent and independen

t variables follows the equation f=6.79−0.09*ln(∣x∣) for x>0, and f=0 for x≤0. This model indicates t

hat the dependent variable values decrease logarithmically with positive independent variable value

s. The correlation coefficient (R = 0.22) suggests a weak relationship, with R
2
=0.05 showing that o

nly 5% of the variation in the dependent variable is explained by the model. The adjusted R
2 

is sligh

tly lower at 0.02. 

The intercept (y0=6.79) was statistically significant (P < 0.0001), while the coefficient  =−0.09 was

 not significant (P = 0.18). The standard error of the estimate was 0.37, indicating the average devia

tion of observed values from predicted values. 

ANOVA results showed a regression sum of squares of 1,576.53 and a residual sum of squares of  

4.85, indicating that the model explains a small portion of the data's variability. Both the ShapiroWi

lk test (P = 0.06) and the Spearman rank correlation test (P = 0.26) confirmed the normality of resid

uals and constant variance, supporting the model's assumptions. 

II. Electrical Conductivity (EC)  



~ 33 ~ 
 

The results of EC in the study area were ranging from 50 µs/cm to 856 µs/cm during the sampling 

seasons. According to WHO and ES permissible limit of drinking water, the samples were within 

the limit. It is generally considered that drinking water becomes significantly and increasingly 

unpalatable at levels greater than 1400 μs/cm (being equivalent to a total dissolved solids value of 

approximately 1000 mg/l) (WHO, 2011a). The EC value is an index that represents the 

concentration of soluble salts that affect the taste of the drinking water source (Adissie, M. B., 

2022).   

The result reveals substantial differences in water quality among the sampled wells, highlighting 

varying levels of exposure to environmental factors and potential contamination. Notably, EC 

values tend to be higher during the wet season compared to the dry season, reflecting changes in 

water composition and increased potential contamination from runoff and other sources. Higher EC 

values suggest elevated levels of dissolved minerals or pollutants, likely due to agricultural runoff, 

human activities, or faecal contamination, particularly in open wells that are more exposed to 

surface elements. In contrast, covered wells exhibited lower EC values, indicating that protective 

structures play a significant role in reducing contamination and improving water quality. The 

presence of hand pumps in covered wells did not notably impact EC levels, confirming their role in 

water extraction without introducing additional contaminants.  

The analysis of Electrical revealed a weak relationship with the independent variable, as indicated 

by an R value of 0.14 and Conductivity (EC) using a logarithmic regression model an R² of 0.02, 

meaning only 2% of the EC variability was explained by the model. The regression equation was 

              (   ), where the intercept (   =2.32) was statistically significant (P < 0.0001), 

but the coefficient   = 0.05 was not (P = 0.41). This suggests that the independent variable had little 

impact on EC values. 

The Analysis of Variance (ANOVA) indicated that most of the variability in EC remains 

unexplained by the model, with the residual sum of squares (SS) being substantially higher than the 

regression SS. Despite this, both the Shapiro-Wilk test (P = 0.02) and the Spearman Rank 

Correlation test (P = 0.54) passed, confirming normal distribution and consistent variance. Overall, 

the findings suggest that EC values are not significantly influenced by the independent variable in 

this dataset, indicating other factors may be affecting water conductivity. 
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III. Temperature  

The temperature of the analyzed water samples ranged from 21.0°C to 25.8°C, with most readings 

falling around an average of 23.4°C. Most of the values remained within the permissible ambient 

temperature range set by both WHO and Ethiopian standards (15°C to 25°C). During the dry 

season, temperatures tended to be slightly higher than in the rainy season, likely due to increased 

solar radiation, reduced water levels, and slower groundwater recharge rates. Factors such as 

weather conditions, sampling time, and location also contributed to the observed variations in water 

temperature across different wells. 

The nonlinear regression model used predicts   as 1.39−0.01*ln (| |) for values of   > 0, and    = 0 

when   ≤ 0. This means that for positive  , the predicted value decreases by 0.01 times the natural 

logarithm of   from 1.39. The model shows a moderate correlation with R = 0.43, and explains 

19% of the variability in the data (R
2
=0.19). 

Both the intercept (1.39) and the coefficient (-0.01) are statistically significant, with P-values 

<0.0001 and 0.007, respectively. The analysis of variance (ANOVA) confirmed that the model 

explains a significant portion of the data‟s variability, and statistical tests confirmed the residuals 

are normally distributed and consistent. Overall, the model provides a moderate fit. 

IV. Turbidity  

The turbidity values range from 0.75 NTU to 16.2 NTU. Approximately 36.1% of the samples 

exceed the WHO and ES limits, which are set at 5 NTU or lower. Higher turbidity is observed in 

wells categorized as very high and high risk. Some wells which are classified as low risk, also 

exhibits high turbidity, which may be due to infrastructure issues like old or corroded piping, 

potentially releasing particles into the water and raising turbidity levels. The elevated turbidity 

values, particularly during the wet season, are likely due to increased runoff, which carries more 

suspended particles and contaminants into the wells.  

The nonlinear regression model used to analyze turbidity data follows the equation   = 0.08 + 

0.17*ln (| |) for x > 0, and f = 0 for x ≤ 0. This model shows that for positive x, the predicted 

turbidity value increases logarithmically with x. The correlation coefficient R = 0.4, indicates a 

moderate relationship between the variables, while the R
2
=0.16 shows that about 16% of the 
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variation in turbidity is explained by the model. The adjusted R
2
 is slightly lower at 0.14, 

accounting for the number of predictors. 

The intercept (y0=0.08) is not statistically significant with a P-value of 0.71, while the coefficient   

= 0.17 is significant with a P-value of 0.01. The standard error of the estimate is 0.38, reflecting the 

average deviation of the observed values from the predicted values. 

The analysis of variance (ANOVA) shows that the regression sum of squares is 14.28, and the 

residual sum of squares is 5.04, indicating that the model captures a significant portion of the 

variability in the data. Statistical tests such as the Shapiro-Wilk test (P = 0.87) confirmed the 

normality of residuals, and the Spearman rank correlation test (P = 0.13) indicated constant 

variance. 

Overall, this model provides a moderate fit for predicting turbidity based on the logarithmic 

transformation of x, with significant contributions from the coefficient  . 

V. TDS   

The TDS value ranges from 124 to 456 ppm.  Wells in a very high and high categories have 

relatively higher TDS value. Some of the wells in intermediate risk category have also higher TDS 

value. This may be due to the geological formations rich in minerals or salts near the water table 

which can contribute to higher TDS levels despite the shallowness of the well. Additionally, as the 

well is located in an area prone to urban pollutants, these can also impact TDS levels. TDS values 

generally tend to be higher during the dry season. This is because, during the wet season, the influx 

of rainwater dilutes the concentration of dissolved solids, leading to lower TDS values. Conversely, 

during the dry season, the lack of rainfall results in less dilution and higher concentrations of 

dissolved solids. TDS levels can vary widely depending on human activities and environmental 

factors. In hand-dug wells, TDS levels may be influenced by factors such as the depth of the well, 

proximity to sources of contamination like septic systems or agricultural runoff, and seasonal 

variations in water table levels.  

The nonlinear regression model analyzing the relationship between TDS and ROC follows the 

equation f = 47.89 + 63.01*ln(∣x∣) for x > 0, and f = 0 for x ≤ 0. This model indicates that TDS 

values increase logarithmically with positive ROC values. The correlation coefficient (R = 0.57) 
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suggests a moderate relationship, with R
2
=0.33 showing that 33% of the variation in TDS is 

explained by the model. The adjusted R
2 

is slightly lower at 0.3. 

The intercept (y0=47.89) was not statistically significant (P = 0.46), while the coefficient   = 63.01 

was significant (P = 0.0017). The standard error of the estimate was 75.09, indicating the average 

deviation of observed values from predicted values. 

ANOVA results showed a regression sum of squares of 1,972,754.66 and a residual sum of squares 

of 140,960.34, indicating that the model explains a substantial portion of the data's variability. Both 

the Shapiro-Wilk test (P = 0.54) and the Spearman rank correlation test (P = 0.22) confirmed the 

normality of residuals and constant variance, validating the model's assumptions. 

VI. Hardness of water  

The total hardness of sampled water ranged from 66 to 195 mg/l as CaCO3 during rainy and dry 

seasons. Total hardness levels are typically elevated during the dry season compared to the wet 

season. This increase may be due to reduced water levels and the subsequent concentration of 

minerals, leading to higher hardness values in the dry season. The results show that 22% total 

hardness of the water was not within the permissible limit of WHO.  

The nonlinear regression model analyzing the relationship between Hardness and ROC is defined 

by the equation f = 34.54 + 33.61 *ln(|x |) for x > 0, and f = 0 for x ≤ 0, indicating that Hardness 

values increase logarithmically with positive ROC values. The model yields a correlation 

coefficient of R = 0.3, suggesting a weak relationship, with an R
2
 of 0.09, meaning that only 9% of 

the variation in Hardness is explained by the model, while the adjusted R
2
 is slightly lower at 0.06. 

The intercept y0 = 34.54 and the coefficient   = 33.61 are both statistically insignificant P = 0.65 

and P = 0.12, respectively), and the standard error of the estimate is 87.75, indicating the average 

deviation of observed values from predicted values. Additionally, the model's assumptions are 

validated through the Shapiro-Wilk test (P < 0.0001) and the Spearman rank correlation test (P = 

0.76), confirming the normality of residuals and constant variance. Wells with higher water 

hardness tended to exhibit lower faecal pollution risk scores, indicating a potential protective effect 

of hardness minerals against microbial contamination. This phenomenon aligns with established 

literature suggesting that elevated water hardness can inhibit the growth and survival of certain 

bacteria, thus reducing faecal pollution risks.  
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VII. Phosphate  

The phosphate level in the study area ranged from 0.24 mg/l to 1.25 mg/l which falls within the 

WHO criteria of 4.0 mg/l. The World Health Organization (WHO) has provided a minimum „safe‟ 

level of phosphate around 4 mg per liter, and levels above 100mg/l can affect processes in water 

treatment works.  During the wet season, increased nutrient runoff from agricultural areas leads to 

higher phosphate levels in water bodies. This is due to the heavy rains washing fertilizers and other 

nutrient-rich materials into wells. Conversely, during the dry season, phosphate concentrations tend 

to decrease. This reduction is primarily due to the lack of runoff. As a result, phosphate levels in 

hand-dug wells are generally lower during the dry season compared to the wet season. 

The logarithmic regression model analyzing the relationship between the independent variable x 

and the dependent variable y is defined by the equation f = -0.21 + 0.24*ln(|x|) for x > 0, and f = 0 

for x ≤ 0, indicating that f takes on a logarithmic form for positive values of x. The model yields a 

correlation coefficient of R = 0.53, suggesting a moderate relationship, with an R
2
 value of 0.28, 

meaning that 28% of the variation in y is explained by the model, while the adjusted R
2
 is 0.25. The 

intercept y0 = -0.21 and the coefficient (  = 0.24) are statistically insignificant (P = 0.46 and P = 

0.0045, respectively), and the standard error of the estimate is 0.32, indicating the average deviation 

of observed values from predicted values. Additionally, the model's assumptions are validated 

through the Shapiro-Wilk test (P = 0.0009) and the Spearman rank correlation test (P = 0.17), 

confirming the normality of residuals and constant variance. 

The phosphate level for higher risk categories is higher than those of low-risk categories. The 

correlation between phosphate levels and faecal pollution risk scoring highlighted important 

relationships between nutrient pollution and microbial contamination. Wells with elevated 

phosphate concentrations often corresponded to higher faecal pollution risk scores, suggesting a 

link between nutrient inputs and potential faecal contamination. This association underscores the 

interconnectedness of environmental factors in influencing water quality and public health 

outcomes.  

VIII. Total phosphorus  
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The total phosphorous content in the study area was ranged from 2.04 – 3.6 mg/l which indicates 

all the samples fall below the WHO and ES (250 mg/l). Total phosphorus, comprising both organic 

and inorganic forms, serves as a key indicator of nutrient enrichment in water bodies and can 

originate from various sources, including agricultural runoff, wastewater discharges, and natural 

weathering processes.  

The regression model for total phosphorus, expressed as f = 4.28 - 0.3*ln(|x|) for x > 0 and f = 0 for 

x ≤ 0, indicates a logarithmic relationship for positive values of x. The model achieved a correlation 

coefficient of R = 0.49 and an R
2
 of 0.24, indicating that approximately 24% of the variation in y is 

accounted for, with an adjusted R
2
 of 0.21. Both the intercept (y0 = 4.28) and the coefficient (  = -

0.3) are statistically significant (P < 0.0001 and P = 0.01, respectively). The standard error of the 

estimate is 0.46, reflecting the average prediction error. Assumptions of normality (Shapiro-Wilk 

test, P = 0.39) and constant variance (Spearman rank correlation, P = 0.09) were satisfied. The 

fitting process involved reciprocal transformations and automatic parameter estimates, with 

convergence achieved in a single iteration. 

The analysis revealed varying concentrations of total phosphorus across the sampled wells, 

reflecting localized differences in land use practices and hydrological conditions. Wells located in 

close proximity to agricultural activities, such as farmlands or livestock grazing areas, exhibited 

higher total phosphorus levels due to runoff carrying fertilizers, manure, and organic matter into the 

groundwater.  

The correlation between total phosphorus levels and faecal pollution risk scoring highlighted 

important relationships between nutrient enrichment and microbial contamination. Wells with 

elevated total phosphorus concentrations often showed higher faecal pollution risk scores, 

indicating a potential link between nutrient inputs and increased microbial activity, including faecal 

bacteria proliferation.  

Wells which are categorized under high risk of contamination exhibit lower total phosphorous level 

than lower ones. Open dug wells are more susceptible to surface contamination from runoff and 

direct exposure to environmental pollutants. However, in this case, covered hand-dug wells have 

higher total phosphorus level. This may be due to localized factors such as leaching from nearby 

sources, organic matter accumulation, and limited natural filtration processes. It's important to 
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consider specific environmental conditions and well management practices when assessing water 

quality in different types of wells.   

 

IX. Nitrate  

The nitrate value of sampled water ranged from 2.1 to 10.8 mg/l during dry and rainy seasons. 

Almost all the samples showed low and safe levels of nitrates when compared with the WHO and 

ES standards. Nitrates are the most abundant forms of dissolved nitrogen in groundwater. The 

maximum permissible limit of Nitrate - Nitrogen is 10mg/l  

(WHO, 2011). The levels of nitrate concentrations are of interest for various reasons. Most 

importantly, high nitrate levels in waters (above 11 mg/l N [50 mg/l NO3-]) for drinking purposes 

will render them hazardous to infants as they induce the "blue baby" syndrome.   

The regression model for nitrate is defined by the equation f = 1.33 + 1.26*ln(|x|) for x > 0 and f = 0 

for x ≤ 0), indicating a logarithmic relationship for positive values of x. The model achieves a 

correlation coefficient of R = 0.47 and an R
2
 of 0.22, suggesting that approximately 22% of the 

variation in y is explained, with an adjusted R
2
 of 0.19. While the intercept (y0 = 1.33) is not 

statistically significant (P = 0.43), the coefficient (  = 1.26) is significant (P = 0.01). The standard 

error of the estimate is 1.96, reflecting the average deviation from predicted values. The model 

meets the assumptions of normality (Shapiro-Wilk test, P = 0.0051) and constant variance 

(Spearman rank correlation, P = 0.3). The fitting process utilized reciprocal transformations and 

automatic parameter estimation, ensuring robust results. 

Open hand-dug wells had higher nitrate levels than covered wells, likely due to exposure to 

agricultural runoff and fertilizers. This highlights potential contamination and the need for better 

monitoring and management. Covered wells generally had lower nitrate levels but showed 

variations based on construction, depth, and location. Nitrate concentrations were higher during the 

rainy season, posing a health risk due to nitrate's conversion to nitrite, as noted by Firmal (2009). 

Addressing these risks is important for ensuring safe groundwater access. 

X. Ammonia  

The ammonia-nitrogen (NH3-N) concentrations of water samples ranged from 0.04 mg/l to 1 mg/l. 

According to WHO (2011), ammonia has a toxic effect on healthy humans only if the intake 
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becomes higher than the capacity to detoxify and very high ammonia levels for a long time may 

eventually develop ammonia poisoning, when chemicals are used as fertilizers, this compound can 

leach into water supply systems in agricultural runoff and can also enter underground aquifers 

through animal feeding by runoff.  

Almost all the samples showed low and safe levels of ammonia when compared with the WHO and 

ES standards. Open hand-dug wells exhibited variable ammonia concentrations, often influenced by 

factors such as nearby agricultural activities, organic matter decomposition, and groundwater 

recharge dynamics. Higher ammonia levels in some covered wells may indicate nutrient enrichment 

and microbial activity, potentially linked to faecal pollution risks.  

The regression model for ammonia is defined by the equation f = 0.46 - 0.06*ln(|x|) for x > 0 and f 

= 0 for x ≤ 0, indicating a weak logarithmic relationship for positive values of x. The model 

produces a correlation coefficient of R = 0.14 suggesting a very weak association, with an R
2
 value 

of 0.02, meaning that only 2% of the variation in ammonia levels is explained by the model, and an 

adjusted R
2
 of -0.02. Both the intercept (y0 = 0.46) and the coefficient (  =-0.06) are statistically 

insignificant (P = 0.12 and P = 0.47, respectively). The standard error of the estimate is 0.34, 

reflecting the average deviation of observed values from predicted values. The model passed the 

normality test (Shapiro-Wilk, P < 0.0001) and the constant variance test (Spearman rank 

correlation, P < 0.0001), validating its assumptions, despite the weak explanatory power of the 

model. 

XI. Total Nitrogen   

The total nitrogen value of sampled water ranged from 3.02 to 14 mg/l during dry and rainy 

seasons. Almost all the samples showed low and safe levels of nitrates when compared with the 

WHO and ES standards. The analysis of total nitrogen levels in open and covered hand-dug wells 

within the context of faecal pollution monitoring in Bahir Dar and its peri-urban areas provides 

crucial insights into nutrient dynamics and contamination risks in groundwater sources. 

The result shows Open hand-dug wells exhibited high total nitrogen concentrations, influenced by 

agricultural runoff, organic matter decomposition, and groundwater recharge patterns. Higher total 

nitrogen levels in some open wells suggest potential nutrient enrichment and microbial activity 

associated with faecal pollution risks. Covered hand-dug wells generally displayed lower total 
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nitrogen levels due to reduced exposure to external contaminants, emphasizing the protective role 

of covering in preventing direct pollution sources.   

The nonlinear regression model for total nitrogen is described by the equation f = 2.93 + 

1.06*ln(|x|) for x > 0, and f = 0 for x ≤ 0, suggesting a logarithmic relationship when x is positive. 

The correlation coefficient R = 0.29 indicates a weak relationship, with an R
2
 value of 0.087, 

meaning 8.7% of the variation in total nitrogen is explained by this model, and an adjusted R
2
 of 

0.05. Both the intercept (y0 = 2.93) and the slope (  = 1.06) are not statistically significant, with P-

values of 0.24 and 0.13, respectively. The standard error of the estimate is 2.87, reflecting the 

average deviation of observed values from the model's predictions. The Shapiro-Wilk test 

confirmed normality (P = 0.0006), and the Spearman rank correlation test indicated constant 

variance (P = 0.26), validating the model's assumptions.  

XII. Chloride   

The chloride value of sampled water ranged from 24.87 to 71 mg/l during dry and rainy seasons. 

Almost all the samples showed low and safe levels of nitrates when compared with the WHO and 

ES standards. The assessment of chloride levels in open and covered hand-dug wells within the 

framework of faecal pollution monitoring in Bahir Dar and its peri-urban areas offers valuable 

insights into water quality dynamics and potential contamination sources.   

Open hand-dug wells had higher chloride levels, likely due to surface runoff, road salts, and 

agricultural activities. This suggests an influence from human activities and nearby pollution 

sources. In contrast, covered wells, with less exposure to contaminants, generally showed lower 

chloride concentrations. 

The nonlinear regression model for chloride is represented by the equation f = 40.5 + 2.29 ln(|x|) for 

x > 0, and f = 0 for x ≤ 0, indicating a logarithmic trend for positive x. The correlation coefficient R 

= 0.1472 reveals a very weak relationship, with an R
2
 value of 0.022, meaning only 2.2% of the 

variation in chloride is explained by this model, and an adjusted R
2
 of -0.02. The intercept (y0 = 

40.5) is statistically significant (P = 0.0011), while the coefficient (  = 2.29) is not (P = 0.46). The 

standard error of the estimate is 12.9, indicating the average deviation between observed and 

predicted values. The Shapiro-Wilk test (P = 0.33) confirmed normality, and the Spearman rank 

correlation test (P = 0.84) showed constant variance, validating the model‟s assumptions.  
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4.4. Predictive Power of the ROC System   

4.4.1. Predictive Power of the ROC for the Study Area  

The predictive power of the Risk of Contamination (ROC) scoring system was evaluated to 

determine its effectiveness in assessing faecal pollution levels in wells within Bahir Dar and its 

peri-urban areas. The study used a nonlinear regression model to analyze the relationship between 

ROC scores and E. coli concentrations in 37 water samples both in wet and dry seasons. The results 

showed a strong positive correlation with a correlation coefficient of R=0.85, indicating a 

significant association between ROC scores and E. coli levels. The model‟s coefficient of 

determination (R
2
=0.73) revealed that 73% of the variability in E. coli concentrations could be 

explained by the ROC values, demonstrating that ROC is a reliable predictor of faecal 

contamination in the study area. 

Further examination of the regression model showed that the coefficient for ROC was highly 

significant (P < 0.0001), confirming that changes in ROC scores are strongly related to changes in 

E. coli levels. This suggests that the ROC scoring system is a valuable tool for predicting faecal 

contamination risk in wells. 

In addition to E. coli, the study also investigated the relationship between ROC scores and various 

physicochemical parameters, including pH, electrical conductivity (EC), temperature, turbidity, 

total dissolved solids (TDS), hardness, phosphate, total phosphorus, total nitrogen, ammonia, and 

chloride. The analysis showed that while some parameters, like total phosphorus and phosphate, 

exhibited moderate correlations with ROC scores (with R values of approximately 0.53 and 0.49, 

respectively), others like pH, EC, and chloride displayed weaker associations (R values around 0.14 

to 0.29). This variation suggests that while the ROC system is a robust predictor for microbial 

contamination, its predictive power for certain physicochemical parameters is less consistent. 

The analysis also revealed that wells categorized under high and very high contamination risk 

based on ROC scores tended to exhibit elevated levels of E. coli and other pollutants, confirming 

the scoring system's effectiveness in identifying wells with greater contamination risk. Seasonal 

variations were observed, with contamination levels generally higher during the wet season, further 

validating the ROC‟s ability to capture temporal changes in contamination risks. 
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Table 6: Coefficients and statistical significance of the predictive power of the ROC model 

Variable Coefficient R R² Adj. R² P-value t-Value F-Statistic 

E. coli 0.58 0.85 0.73 0.72 <0.001* 9.68 139.04 

pH -0.09 0.22 0.05 0.02 0.187 -1.56 2.42 

E/Conductivity 0.05 0.45 0.2 0.18 0.408 2.55 6.54 

Temperature -0.01 0.44 0.18 0.15 0.0070* -2.82 8.001 

Turbidity 0.17 0.25 0.06 0.02 0.215 1.27 1.61 

TDS 63.01 0.57 0.33 0.3 0.0017* 3.23 10.4 

DO 1.48 0.35 0.12 0.08 0.076 1.85 3.42 

Hardness 33.61 0.3 0.09 0.06 0.122 1.67 2.81 

Phosphate 0.24 0.56 0.28 0.25 0.0045* 3.36 11.3 

Nitrate 6.21 0.52 0.27 0.24 0.005* 3.04 9.24 

Chloride 2.29 0.15 0.02 -0.02 0.464 0.73 0.54 

Total P -0.3 0.49 0.24 0.2 0.0101* -2.94 8.84 

Ammonia -16.12 0.21 0.04 0.004 0.303 -1.05 1.11 

Total N 1.06 0.29 0.087 0.05 0.135 1.82 3.34 

* Significant correlation 

The examination of E. coli contamination levels across 37 water samples is categorized into low, 

medium, high, and very high-risk categories reveals significant variations in microbial 

concentrations, impacting water quality in Bahir Dar and its peri-urban areas. Regression analysis 

demonstrates a strong correlation between ROC scores and E. coli levels, with low-risk wells 

exhibiting lower E. coli counts aligned with higher ROC scores, indicative of reduced 

contamination risk. Conversely, high and very high-risk wells show significantly elevated E. coli 

concentrations in conjunction with lower ROC scores, highlighting increased contamination risks 

due to proximity to pollution sources. Medium-risk wells display intermediate E. coli levels and 

ROC scores, indicating moderate contamination risks. 
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Figure 3: Regression analysis of ROC and Water quality parameters of sampling for 37 samples in Bahir Dar peri--urban areas, data 

collected from June 2023 to April 2024. For the description of the wells, please see Table 1
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The discriminant analysis reveals distinct microbial profiles corresponding to different ROC 

score categories, enabling the classification of wells based on similar contamination levels. The 

regression analysis shows a significant positive relationship between the Risk of Contamination 

(ROC) scores and E. coli concentrations, reinforcing the earlier statistical findings. The analysis 

indicates that higher ROC values correspond to increased E. coli levels, suggesting that wells 

with higher contamination risks exhibit more significant bacterial presence. 

The data analysis indicates three general categories of contamination levels based on ROC 

scores. Low E. coli concentrations (approximately 0-200 CFU/100mL) are linked to ROC 

values below 30, showing that wells with lower contamination risks tend to have fewer bacterial 

contaminants. Medium E. coli levels (200-400 CFU/100mL) are associated with ROC scores 

between 30 and 60, suggesting a moderate increase in contamination risk. High E. coli 

concentrations (above 400 CFU/100mL) are typically observed in wells with ROC values above 

60, indicating a strong relationship between high contamination risk and elevated bacterial 

levels. 

These results emphasize the predictive power of the ROC model, with higher contamination risk 

correlating directly with increased E. coli presence. The strong association between ROC and E. 

coli (R = 0.8533, R² = 0.7281) demonstrates that the ROC score accounts for a substantial 

portion of the variation in E. coli concentrations, confirming that ROC is a reliable indicator of 

microbial contamination risk in wells. 

The correlation matrix further provides insights into how other water quality parameters relate 

to contamination risk. The strongest positive correlation is between ROC and nitrate levels 

(0.860), indicating that nitrate concentrations tend to rise with increased contamination risk. 

Similarly, phosphate levels show a positive correlation with ROC (0.738), suggesting that both 

nitrates and phosphates are affected by environmental processes linked to contamination. 

On the other hand, Total Phosphorus (TP) displays a strong negative correlation with ROC (-

0.854), implying that areas with higher contamination risks may not experience elevated 

phosphorus concentrations. This negative correlation suggests different pollution dynamics for 

phosphorus in high-risk environments. 
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The relationship between temperature and ROC is less significant, with a moderate negative 

correlation of -0.653, indicating that contamination risk does not have a noticeable effect on 

water temperature. 

These analytical results underline the importance of ROC scores in predicting contamination 

levels, particularly regarding microbial contaminants like E. coli. Additionally, the correlations 

between ROC and other parameters, such as nitrate and phosphate, offer valuable insights for 

environmental monitoring and water quality management efforts. 

 

Figure 4:Identification and clustering of wells based on both ROC scores and microbial indicators. Numbers [1-17] 

represent well ID 
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Figure 5: Correlation matrix of water quality parameters for the wells (W1- W17) in Bahir Dar peri-urban areas, data collected from June 2023 to April 2024. For the 

description of the wells, please see Table 1 
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5. Conclusion and Recommendation 

5.1. Conclusion 

This study aimed to assess the predictive power of the Risk of Contamination (ROC) scoring 

system for faecal pollution in the peri-urban wells of Bahir Dar. By analyzing 37 water samples, 

both bacteriological (E. coli) and physico-chemical parameters were investigated. ROC scores 

were calculated based on the proximity of wells to potential contamination sources and the 

physical condition of the wells. 

The results indicate that ROC scoring is an effective tool for predicting microbial 

contamination, particularly for E. coli. Wells with higher ROC scores consistently exhibited 

higher levels of E. coli, indicating a direct correlation between sanitary risks and microbial 

contamination. However, the system was less predictive for other chemical parameters, such as 

phosphate, nitrate, and pH, where weaker or non-significant correlations were observed. These 

findings suggest that the ROC system primarily captures microbial risk, but does not fully 

account for chemical contamination risks, which might be influenced by other factors such as 

agricultural runoff or geological conditions. 

Furthermore, temporal variation in water quality was noted, with the wet season generally 

associated with higher contamination levels due to surface runoff and increased environmental 

activity. Several wells did not meet WHO standards for microbial quality, underscoring the 

public health risks associated with contaminated water sources in the area. 

In conclusion, ROC scoring provides a cost-effective method for identifying wells at risk of 

microbial contamination, but supplementary monitoring tools are required to assess chemical 

contamination and ensure comprehensive water quality management in peri-urban areas. 

  



~ 50 ~ 
 

5.2. Recommendation  

Based on the findings, the following recommendations are given: 

 While the study was considered some physco-chemical parameters and heavy metal 

analysis was not conducted. Future research efforts should aim to address these 

limitations by conducting more frequent sampling and including a broader range of 

water quality parameters.  

 Conduct long-term studies across multiple seasons to capture temporal variations in 

contamination levels and further evaluate the effectiveness of the ROC scoring system. 

This will provide a more comprehensive understanding of seasonal influences on water 

quality and contamination risks. 

 To improve the precision of the model and address the issues of overestimation at low 

ROC values and underestimation at high ROC values, more data should be collected and 

incorporated into future analyses  
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7. APPENDICES  

Appendix 1: Some photographs showing the sampling wells, sampling, sample transport, 

laboratory analysis and some results 

 

     
a) Nature of Sampling wells 

     
b) Field sampling 

 
e) Laboratory analysis result (physico-chemical) 

 
f) Laboratory analysis result (Bacteriological) 
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Appendix 2: Sanitary survey questions for wells according to WHO  

OPEN DUG WELL  

  Specific diagnostic information for assessment  Risk  

1  Is there a latrine within 10m of the well?  Y/N  

2  Is the nearest latrine on higher ground than the well?  Y/N  

3  
Is there any other source of pollution (e.g. animal excreta, rubbish) within 

10m of the well?  
Y/N  

4  Is the drainage poor, causing stagnant water within 2m of the well?  Y/N  

5  Is there a faulty drainage channel? Is it broken, permitting ponding?  Y/N  

6  
Is the wall (parapet) around the well inadequate, allowing surface water to 

enter the well?  
Y/N  

7  Is the concrete floor less than 1m wide around the well?  Y/N  

8  
Are the walls of the well inadequately sealed at any point for 3m below 

ground?  
Y/N  

9  
Are there any cracks in the concrete floor around the well which could 

permit water to enter the well?  
Y/N  

10  
Are the rope and bucket left in such a position that they may become 

contaminated?  
Y/N  

11  Does the installation require fencing?  Y/N  
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DUG WELL WITH WINDLASS AND PARTIAL COVER  

  Specific diagnostic information for assessment  Risk  

1  Is there a latrine within 10m of the well?  Y/N  

2  Is the nearest latrine on higher ground than the well?  Y/N  

3  
Is there any other source of pollution (e.g. animal excreta, rubbish) within 

10m of the well?  
Y/N  

4  Is the drainage poor, causing stagnant water within 2m of the well?  Y/N  

5  Is there a faulty drainage channel? Is it broken, permitting ponding?  Y/N  

6  
Is the wall (parapet) around the well inadequate, allowing surface water to 

enter the well?  
Y/N  

7  Is the concrete floor less than 1m wide around the well?  Y/N  

8  
Are the walls of the well inadequately sealed at any point for 3m below 

ground?  
Y/N  

9  
Are there any cracks in the concrete floor around the well which could 

permit water to enter the well?  
Y/N  

10  
Are the rope and bucket left in such a position that they may become 

contaminated?  
Y/N  

11  Does the well require a cover?  Y/N  

12  Does the installation require fencing?  Y/N  
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COVERED DUG WELL WITH HAND-PUMP  

  Specific diagnostic information for assessment  Risk  

1  Is there a latrine within 10m of the well and hand-pump?  Y/N  

2  Is the nearest latrine on higher ground than the hand-pump?  Y/N  

3  
Is there any other source of pollution (e.g. animal excreta, rubbish) Y/N 

within 10m of the hand-pump?  
Y/N  

4  
Is the drainage poor, causing stagnant water within 2m of the cement Y/N 

floor of the hand-pump?  
Y/N  

5  Is there a faulty drainage channel? Is it broken, permitting ponding?  Y/N  

6  
Is the wall or fencing around the hand-pump inadequate, allowing Y/N 

animals in?  
Y/N  

7  Is the concrete floor less than 1m wide all around the hand-pump?  Y/N  

8  Is there any ponding on the concrete floor around the hand-pump?   Y/N  

9  
Are there any cracks in the concrete floor around the hand-pump Y/N  

which could permit water to enter the hand-pump?  
Y/N  

10  
Is the hand-pump loose at the point of attachment to the base Y/N so that 

water could enter the casing?  
Y/N  

11  Is the cover of the well unsanitary?   Y/N  

12  
Are the walls of the well inadequately sealed at any point Y/N  

for 3m below ground level?  
Y/N  
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Appendix 3:  The WHO and drinking water standards for various parameters  

Parameter WHO standard (2022) Ethiopian standard (2013) 

PH 6.5-8.5 6.5-8.5 

Total Dissolved Solids 

(TDS) 
< 1000 mg/l < 1200 mg/l 

Turbidity < 5 NTU < 5 NTU 

Electrical Conductivity < 1400 (related to TDS) < 1500  

Temperature 
No specific health-based 

guideline 
15 - 25

0
C 

Hardness 
No specific health-based 

guideline 
< 300 mg/l as CaCO3 

Phosphate No health-based guideline No specific guideline  

Ammonia 1.5 mg/l as NH4 1.5 mg/l as NH4 

Nitrate 50 mg/l as NO3 50 mg/l as NO3 

Total Nitrogen 
No specific health-based 

guideline 
No specific guideline  

Total Phosphorous 
No specific health-based 

guideline 
No specific guideline  

Dissolved Oxygen (DO) 
No specific health-based 

guideline 
No specific guideline  

Chloride 250 mg/l 250 mg/l 

E. coli 
Must not be detectable in any 

100 mL sample 

Must not be detectable in any 100 

ml sample 
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Appendix 4:  K Means Analysis for E. coli Clustering 

Python code snippet: 

 

import pandas as pd 

from sklearn.cluster import KMeans 

# Load your data (replace with your own 

dataset) 

data = pd.read_csv('C:\\Users\\Mad 

Max\\Desktop\\hibr\\Book1.csv') 

# Create a KMeans model with 3 clusters 

model = KMeans(n_clusters=3) 

# Fit the model to your data 

model.fit(data) 

# Get cluster assignments 

cluster_labels = model.labels_ 

# Add cluster labels to your DataFrame 

data['Cluster'] = cluster_labels 

# Save the updated DataFrame to a new 

CSV file 

data.to_csv('C:\\Users\\Mad 

Max\\Desktop\\hibr\\Book1_with_clusters

.csv', index=False) 

 

K Means Clustering (E. coli) 


