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ABSTRACT  

Water Quality and Sanitation Status of Improved Drinking Water Sources in selected 

rural areas of SNNPR, Ethiopia 

Kirubel Tesfaye 

Addis Ababa University, 2015 

Improved springs and water wells are major sources of drinking water for most of the 
rural areas in Ethiopia. These types of water sources are under increasing threat from 
contamination due to inadequate maintenance of water sources and lack of sanitation 
practices. SNNPR like other regions in Ethiopia highly depend on spring and well water 
sources. However, the water quality status and the sanitary condition of the water sources 
are not evaluated in this region.  Therefore, the objective of the study was to assess the 
quality and sanitary condition of selected improved water sources in SNNPR, Ethiopia. In 
the study, a total of 121 water sources were selected in four zones (Wolayita, Hadiya, 
Silti and Gamo Gofa). The zones were selected purposively and the improved water 
sources were selected randomly. Samples for bacteriological analysis were collected 
using sterilized bottle and analyzed for E.coli, Intestinal Enterococci, Pseudomonas, and 
Aeromonas in Zonal Public Health laboratories. Sample for major cations and anions 
were collected using plastic bottles. On the other hand, the water samples for heavy metal 
analysis were collected using acidified high density plastic bottles. The samples for both 
analyses were transported to Ethiopian Public Health Institute using Ice box. In addition, 
physical parameters like pH, turbidity and electrical conductivity were measured at the 
time of collection. Moreover, sanitary inspections were conducted in all the sampling 
sites (121 sites) using standardized WHO sanitary inspection form. The laboratory test 
results were analyzed using SPSS and excel sheets and presented in tables and figures. 
The result of bacteriological analysis obtained range from 0 cfu to too many to Count 
(>500 cfu) and almost half of the samples were positive for E.coli (49.6%) and 
Enterococci (51.2%). High contamination level of E.coli (>100 cfu/100ml) were found in 
11.6% of water supplies. Similarly, Enterococci (>100 cfu/100ml) were found in 7.4% 
the improved water sources. Copper and Nitrate were also exceeded both the national and 
WHO guideline values in 0.83 and 1.65% of water samples, respectively. Water samples 
taken from Zone_3 had higher concentrations of Fluoride (p<0.05) than Zone_1, Zone_2 
and Zone_4 water sources. Conversely, Zone_1 water sources had higher Lead (Pb) 
concentrations (p<0.05) than other study zones. The result obtained from the sanitary 
inspection revealed that 29, 38 and 29% of the water sources were found to be ‘low’, 
‘intermediate’ and ‘high’ contamination risk category, respectively. However, 4 % of the 
water sources were grouped into the ‘very high’ contamination risk category.  The study 
confirmed that there are several parameters of health concern in the checked water 
sources; bacteria of faecal origins being the most significant. Sanitary inspections also 
revealed high contamination risks for the water sources. Awareness creation of the 
community, better management and protection of the sources, hygiene improvement, and 
regular water quality monitoring and domestic water treatment before consumption are 
possible solutions to reduce health risks in the area. 

Key words: Improved and unimproved water sources, sanitary risk, physico-chemical  
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CHAPTER ONE  

1. INTRODUCTION 

1.1. Background 
Water can be the main source of thousands of disease causing microorganisms and other 

contaminants. Pathogens, trace metals and other chemical constituents can readily be 

washed into water bodies, especially shallow wells which are located where the ground 

water table is relatively high (Haylamicheal and Moges, 2012). These waters are 

considered as a major source of illness if consumed without treatment and in turn it can 

result in loss of productivity and soared medical expenses (Reimann et al., 2003, Galaviz-

Villa et al., 2010). One study showed that over 60% of communicable diseases and 

deaths of above 250,000 children per year in Ethiopia is due to poor personal and 

environmental sanitation (Admassu et al., 2004).  

It is obvious that the quality of groundwater depends on the composition of the recharge 

water, the interactions between the water and the soil, soil and gas, and rocks with which 

it comes into contact in the unsaturated zone, the residence time and reactions that take 

place within the aquifer (Al-Awadi et al., 2003). Therefore, considerable variation can be 

found especially where rocks of different compositions and solubility occur. Just like 

surface waters, groundwater quality can also be influenced by the effects of human 

activities which release pollutants to the land surface. On the other hand, contaminants 

like fluoride, arsenic and other toxic elements can be leached from the underground rock 

formations and are able to cause varied health complications (Pritchard et al., 2008).  

Shallow groundwater sources often show prominent seasonal variations in 

microbiological quality, with significant deterioration during the onset of the wet season 

(Wright, 1986). The factors leading to contamination are often not well understood, but 

are frequently ascribed to pollution by on-site sanitation (Lewis et al., 1982). As millions 

of people world-wide continue to rely on shallow groundwater sources and on-site 

sanitation, it is important to develop an understanding of the causes of microbiological 

contamination of groundwater when considering the potential for improvement in water 

supplies and sanitation (Van Ryneveld and Fourie, 1997). 
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Previous studies in both urban and rural areas have concluded that contamination from 

on-site sanitation is a principal cause of contamination (Melian et al., 1999). However, 

there are many influences on microbiological contamination of shallow groundwater 

sources reflecting several different mechanisms by which microbes derived from faeces 

may enter the water. A study conducted in Conakry, Guinea, showed that there was 

widespread contamination of shallow dug wells and suggested that microbiological 

contamination was associated with poor maintenance of the wells rather than sub-surface 

leaching of faecal material (Gélinas et al., 1996). Similar studies have suggested that 

factors such as the presence of uncapped wells and poor sanitary completion were as 

important as subsurface leaching of microbiological contaminants (Rojas et al., 1995).  

In most low-income urban communities there are numerous sources of faeces in the 

environment, particularly as sanitation coverage is often low. Therefore, it is important to 

identify the sources of faeces in the environment and to assess their individual and 

combined impact on groundwater in order that interventions to improve water quality are 

effective. The above mentioned facts and annual reports emanating from different health 

service providers actuate the need that water sources used for domestic purposes should 

be given the priority to be assessed for their microbial and chemical quality.  

In Ethiopia, the rural population relies heavily on untreated springs and shallow wells to 

obtain water for domestic purposes which may result in health risks (CSA, 2001; IFAD, 

2009). The  quality  of  groundwater  sources  can  be  one challenge  for  scaling-up  

coverage  and  assuring  continued use of water supply services. This is because of the 

fact  that  there  are  evidences  of  strong  factors  that  may affect  groundwater  quality  

including  rapid  urbanization (Al-Kharabsheh, 1999) and  land  use practices (Gardner 

and Vogel, 2005),  distance  of  onsite sanitation  facilities  from  groundwater  table 

(Bordalo and Savva-Bordalo, 2007) , level of  groundwater (Papadakis et al, 2007)  and  

natural rock characteristics (Rossiter et al., 2010b, Tekle-Haimanot et al., 2006) among 

others. Thus, this study was designed to identify sanitary risk factors and determine the 

physicochemical and microbiological quality of water samples drawn from ground water 

sources through protected wells and springs currently in use. 
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1.2. Statement of the problem 

In the context of the rural areas of low-income countries, water from improved sources is 

frequently derived from groundwater via protected springs, protected dug wells, and 

boreholes (UN., 2008). Thus, the use of ground water for drinking water supplies is 

increasing dramatically (Rosa and Clasen, 2010). In this regard, reports show that the 

total water supply coverage in Ethiopia is increasing: 2002 (22%), 2007 (42.2%) and 

2008/2009 (59.5%) (ADF, 2005; MoWRD, 2008).  On the other hand, Studies highlight 

the discrepancy between improved water sources and the provision of water that is free of 

chemical and microbial contamination. The inconsistencies are likely to be substantial in 

countries where a large proportion of improved water sources are poorly maintained 

(Sorlini et al., 2013a).  

The sanitary risk factors are becoming water contamination threats for most water 

sources due to inadequate management of the water sources and the surrounding areas. 

Because of the increasing uses of both pit latrines and ground water resources in low-

income countries, there is concern that pit latrines may cause human and ecological 

health impacts associated with microbiological and chemical contamination of ground 

water. Pit latrines generally lack a physical barrier, such as concrete, between stored 

excreta and soil and/or ground water.  

In Ethiopia, water quality testing was being largely conducted on demand bases except 

for the national rapid assessment of drinking water quality (RADWQ) which was 

conducted from December 2004 to April 2005. According to the RADWQ assessment 

report, only 72% of the facilities at national level met water quality standards (Tadesse et 

al., 2010a). The assessment report indicates 57.2% of the different technology types of 

water supply utilities in SNNPR complied with national standards and WHO guideline 

values for TTC, fluoride, arsenic and nitrate. The overall, compliance was ranged from 

57.2% in SNNPR to 75.8% in Oromiya and Addis Ababa (Tadesse et al., 2010a). The 

SNNPR reported compliance value was the smallest of all the regions in the country.   

 

The morbidity records indicated that there is still a high occurrence of communicable 

diseases which is related with water supply conditions in the country among which about 
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60% of the top ten diseases are related to poor quality and scarcity of household water 

consumption (WHO/UNICEF., 2012). However, Water quality monitoring in the health 

sector has not been well addressed and thus, there is lack of recent information about the 

status of the water quality and sanitary condition around the improved water sources both 

at national and regional levels.  The generation of recent information about both the water 

quality status and sanitation condition is highly important for intervention. Therefore, this 

study aims to assess the water quality status and sanitary condition in SNNPR, Ethiopia.  

1.3. Significance of the study 

Provision of safe and adequate water is a global issue and even an ever challenging 

problem of developing countries like Ethiopia (WHO/UNICEF., 2012). The increasing 

demand for safe water supply has drawn the interest of different stakeholders – among 

them researchers – in Ethiopia. Thus, this study will be important to understand the extent 

of microbial and chemical contamination of the improved water sources in the study area. 

In addition, the sanitary survey and the qualitative visual inspection enable one to identify 

potential risks to the quality of the water and the statistical methods used to estimate a 

microbial contamination associated with the presence of sanitary risk factors (pit latrines, 

lack surface water diversion ditch and animal access etc.).  

In general, the assessment provides the likely causes of fecal contamination when found 

and may give insights into the risk of future contamination (Howard et al., 2003). The 

study can also be helpful to public health officials and public administrators to be 

informed, and to take efficient and prompt actions to prevent any possible health 

outbreaks. It can also be used as source information for non-governmental organizations 

working on water and sanitation in the area and likewise the outcome may initiate other 

researchers for further studies. 
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1.4. Limitations of the study  

 Since this study was conducted in the dry season, its scope was limited to one 

season, and it was not able to see the water sources seasonal variation in terms of 

water quality; hence, for better understanding further study in wet season is 

recommended. 

 Due to financial and time constraints, the sampling strategy has excluded the 

water samples in the households. Thus, there should be included to see the 

potential contamination risks that might occur during transportation and storage of 

the samples. 

1.5. Research questions  

 What are the prime physicochemical and microbial contaminants of improved 

ground water community water supplies in SNNPR?  

 What are the determinants of improved water supply for microbial contamination/ 

pollution in the checked water points?  

1.6. Objectives of the Study  

1.6.1. General objective 

The general objective of this study was to evaluate the physico-chemical, microbiological 

quality and sanitary condition/status of the improved drinking water sources in the study 

area  

1.6.2. Specific Objectives 

 To determine the physico-chemical and microbial quality of the water samples 

collected from the study area and compare with the national and WHO drinking 

water standards 

 To determine the level of heavy metals such as copper, iron, lead and manganese 

in the water samples 

 To assess the sanitary risk factor of the improved water sources in the study area, 

 To evaluate the correlation of the sanitary risk factors of the water sources with 

bacteriological parameters.  
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CHAPTER TWO 

2. LITERATURE REVIEW  

2.1. Water Supply, Sanitation and Hygiene  
Access to maintainable safe water supply is a prerequisite for health and livelihood of the 

population, which is why the Millennium Development Goal (MDG) target is formulated 

in terms of sustainable access to affordable drinking water supply. The availability of 

improved and quality water supply and sanitation infrastructures are widely recognized as 

an essential component of human rights, social and economic development (ADF, 2005).  

The MDGs set eight goals which the signatories targeted to achieve by the year 2015. 

These goals aim to reduce poverty and promote human development. Goal 7 is to ensure 

environmental sustainability and one of its targets is: halve, by 2015 the proportion of 

people without suitable access to safe drinking water and basic sanitation 

(UNICEF/WHO, 2012).   

To meet basic health needs, safe water must be available throughout the day for domestic 

use: drinking, cooking and hygiene. According to the World Health Organization, for 

population health a quantity of approximately 50 liters per person per day is 

recommended to minimize the health risks associated with poor hygiene (WHO., 2011). 

For those using “Improved Sources” other than on-plot piped water, such as protected 

wells, springs, public standpipes or stored rainwater, water collection and storage are 

typically required. Where on-plot piped water is intermittent, storage may still be 

required. In 2010, over 40% of the world’s population – including many users of 

“improved” sources – fetched water from outside the home (WHO/UNICEF., 2012). The 

distance to the water source used by a household has been found to be a robust 

independent predictor of disease risk in that house-hold (Pickering and Davis, 2012). 

If properly protected from the reintroduction of microbes, stored water will generally 

improve in microbial quality because of the settling and natural die-off of pathogens. Safe 

storage can therefore maintain or even improve the quality of drinking water and thereby 

reduce exposure to waterborne pathogens even without other treatment. Often, however, 



7 
 

water is stored in open containers where it may be exposed to faecally contaminated 

hands, utensils and insects.  

There is a close relationship between hygiene, water safety and health, yet the dynamics 

of this relationship are not well understood. In several studies, unsafe water storage and 

water handling practices have been associated with elevated counts of “faecal indicator” 

bacteria in water collected at the point of consumption (Jim et al., 2004). The health risks 

associated with water storage have been investigated in studies that have relied primarily 

on simple counts of E. coli– or of coliform bacteria in general – to evaluate water quality. 

A study of the quality of household water from “improved” sources in Cambodia, showed 

substantial and statistically significant contamination of drinking water during storage:- 

The study revealed Arithmetic mean counts of E. coli in stored household tap water were 

significantly higher than those in samples taken directly from the tap.(Shaheed et al., 

2014b).  

However, various studies on water quality have shown that rural households with access 

to safe water at point-of-source (POS) might still drink contaminated water at the 

household level, that is, at point-of use (POU). A large number of studies showing that 

POU water quality is often much lower than POS water quality (Wright et al., 2004b). 

The recontamination of water from a safe water source occurs during water collection, 

transport, unsafe storage and/or handling of water at home (Trevett et al., 2005, Wright et 

al., 2004b). A growing concern has therefore emerged that recontamination of water from 

safe sources has diminished or completely negated the expected positive health effects of 

providing access to improved water sources (Zwane and Kremer, 2007, Wright et al., 

2004b). 

2.2. Rural water supply  
In rural areas, most of the water supply programs have focused on providing community 

water infrastructure, such as manual water pumps and/or public taps to rapidly increase 

access to good quality water at reasonable costs (Gunther and Schipper, 2013). The JMP 

reports that 783 million people in the world (11% of the total population) have no access 

to safe water; 84% of whom live in rural areas (WHO/UNICEF., 2012). Nevertheless, a 

recent publication (Bain et al., 2012) shows that assessing the safety of drinking water 
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according to whether or not it comes from an improved source is likely to overestimate 

the proportion of the population without access to safe drinking water.  

In fact, some improved sources may provide unsafe water, or be unsafe at the source or 

by the time it reaches home and is consumed, particularly in developing countries 

(Wright et al., 2004b, Luby et al., 2008, Godfrey et al., 2011a). To determine how data on 

water source quality affect assessments of progress towards the MDG target 7c, data from 

five countries (Ethiopia, Jordan, Nicaragua, Nigeria and Tajikistan) on whether drinking 

water sources complied with WHO water quality guidelines were obtained from the 

Rapid Assessment of Drinking Water Quality (RADWQ) project (Ince et al., 2010, 

Tadesse et al., 2010b). Considering these data, the proportion of the population with 

access to safe drinking water resulted in lower values than the JMP estimate. The 

absolute reduction was 11% in Ethiopia, 16% in Nicaragua, 15% in Nigeria and 7% in 

Tajikistan. Microbial contamination was more common than the chemical one (Sorlini et 

al., 2013b).  

Another study (Onda et al., 2012b) also accounted for sanitary risk together with water 

quality data from RADWQ to assess the safety of drinking waters and extrapolate the 

proportion of the population with access to safe drinking water at a global level. This 

study lowered the number of people estimated to use safe water from 5.8 billion to 4.8 

billion, only considering the faecal contamination of the ‘improved sources’, and to 3.6 

billion, considering both faecal contamination and sanitary risk (WHO/UNICEF., 2012). 

2.3. Improved and unimproved water sources  

Groundwater use comprises both improved and unimproved modes of accessing 

groundwater, including boreholes, protected wells, protected springs, unprotected wells, 

and unprotected springs, but not centralized water sources that may originate from 

ground water (Graham and Polizzotto, 2013). 

The WHO/UNICEF Joint Monitoring Program for water supply and sanitation (JMP) has 

classified water sources into ‘improved’ and ‘unimproved’ categories (Table 1), as an 

interim measure of drinking water safety (WHO. and Unicef, 2013). Monitoring of 

progress towards the Millennium Development Goal (MDG) drinking water target relies 
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on classification of water sources as “improved” or “unimproved” as an indicator for 

water safety. Thus, it considers the ‘use of an improved drinking water source’ as a 

simple proxy indicator of access to safe drinking water, assuming that water collected 

from ‘improved sources’ is more likely to be ‘safe drinking water’ than water collected 

from ‘unimproved sources’. Consequently, this approach evaluates the access to specific 

types of water sources, but not the quality of water sources (Sorlini et al., 2013b).  

Nevertheless, the definition of ‘improved’ technologies is based on the assumption that 

certain technologies are better for health than others because, thanks to the nature of their 

construction, they are more likely to protect the source from outside contamination. 

However, this assumption may not be true in all cases. For instance, in some locations an 

unprotected well may provide a better supply of water, both in terms of quantity and 

quality of water, than a borehole. As a consequence, the issue is not only whether people 

have access to an improved source but if this source provides safe water (Sorlini et al., 

2013b).  

However, the current Joint Monitoring Program (JMP) estimate by accounting for 

microbial water quality and sanitary risk using the only-nationally representative water 

quality data currently available, that from the WHO and UNICEF “Rapid Assessment of 

Drinking Water Quality”. (Onda et al., 2012b). The key concern is the inclusion of the 

word ‘safe’ in the target 7c of the MDGs and whether or not the available data on water 

quality are suitable both for monitoring access to safe drinking water until 2015, as well 

as for providing a retrospective estimate of access at baseline in 1990 (Bain et al., 2012). 

‘Safe drinking water’ is defined by WHO as drinking water which ‘does not represent 

any significant risk to health over a lifetime of consumption, including different 

sensitivities that may occur between life stages’ (WHO., 2011). 
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Table 1: JMP classification of drinking-water source types as improved and unimproved 
Source class  Type of Source 
Unimproved drinking – water source Unprotected dug well, unprotected spring, 

cart with small tank or drum, surface water 
(e.g., river, dam, lake, pond, stream, canal, or 
irrigation channel) and bottled water 

Improved drinking – water source (piped to 
dwelling, plot or yard) 

Piped water connection located inside the 
user’s dwelling, plot or yard 

  
Improved drinking – water source (other 
sources) 

Public taps or standpipes, tube wells or 
boreholes, protected dug wells, protected 
springs and rainwater collection 

  
 

2.4. The WHO/UNICEF Joint Monitoring program for water supply and 

sanitation (JMP) 

The United Nations Millennium Development Goals (MDGs) include Target 7c: reducing 

by half the proportion of people without sustainable access to safe drinking water and 

basic sanitation between 1990 and 2015 (UNDG, 2003). Since the adoption of the 

Millennium Development Goals, The Joint Monitoring Program for Water Supply and 

Sanitation (JMP) of the World Health Organization (WHO) and the United Nations 

Children’s Fund (UNICEF) reports progress towards achieving Target 7c 

(WHO/UNICEF., 2012). The corresponding MDG indicator is the “proportion of 

households using water from an improved source,” and is reported on a country-by-

country basis (UNDG, 2003). Sources are classified as improved or unimproved as 

shown in Table 1, according to whether they are “protected from outside contamination” 

(WHO/UNICEF, 2010).   

The World Health Organization/United Nations Children’s Fund Joint Monitoring 

Program for Water Supply and Sanitation (JMP) is charged with tracking progress in 

meeting global targets set for water and sanitation coverage, including the relevant 

MDGs. The JMP’s current metrics are useful tools for those who are attempting to 

examine, encourage and direct national and global progress in access to safe drinking 

water and adequate sanitation (Shaheed et al., 2014a). In its Progress on drinking-water 

and sanitation: 2012 update, the JMP indicated that MDG target 7c had been met in 2010, 

when an estimated 89% of the world’s population had access to “improved” water 
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sources (WHO/UNICEF., 2012). Despite this encouraging claim, significant challenges 

remain in ensuring that safe water is consistently accessible to all (Clasen, 2012, Onda et 

al., 2012b). Current JMP metrics do not directly measure two explicit goals of MDG 

target 7c – water safety and water sustainability – partly because there is no consensus on 

the definitions and measurement of these concepts.  

Recently, the JMP has assigned a Post 2015 Water Monitoring Working Group to draft 

new measures for post-2015 monitoring. The latter definition incorporates metrics for 

safety and reliability that were not included in the pre-2015 standard metrics for water 

access. Practical considerations related to the frequency and methods of testing and to 

who should perform the tests have not yet been decided and the metrics themselves have 

not been finalized. By incorporating measures of reliability, quality and accessibility into 

the proposed post-2015 framework, future monitoring methods could lead to a more 

sophisticated understanding of the progress being made towards meeting the world’s 

needs for safe drinking water. (Shaheed et al., 2014a). 

By using this approach, WHO and UNICEF estimate that 5.8 billion people used 

improved sources in 2010, with 783 million using unimproved water sources 

(UNICEF/WHO, 2012). Treating use of an improved source as an indicator for use of 

safe water is likely to overestimate the population using safe water, since some improved 

sources may provide water that is microbiologically or chemically contaminated whether 

at source or by the time it reaches the home and is consumed (Godfrey et al., 2011b, 

Wright et al., 2004a). On the other hand, most unimproved sources do not provide safe 

drinking water, so under-accounting of safe water coverage due to unimproved sources 

providing safe water is likely to be small (Kravitz et al., 1999, Guillemin et al., 1991).  

Thus, ‘improved/unimproved’ classification according to JMP and also water quality 

measurements should be seen as imperfect proxies of ‘safe water’ and will necessarily 

evolve over time. In particular, the JMP ‘improved/unimproved’ classification can be 

seen as a first step of a pyramid that should also include water quality monitoring and 

sanitary inspections to be carried out with a frequency and precision that increase with 

the local capacity of managing the water sector. Since capacities for water quality 

monitoring have been improved since 1990, ‘second generation’ indicators are needed. 
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They should include direct water quality measurements and be able to ensure that the 

resulting information is nationally representative.  

At this stage, it is agreed that it would be unrealistic to look for reliable indicators 

guaranteeing water quality on a permanent basis, in all situations (at home, at work, at 

school, etc.) and in compliance with all parameters affecting health. Therefore, in this 

second phase, it is suggested that water quality be assessed by using the three water 

quality parameters most strongly linked to health impacts: microbial contamination, 

arsenic and fluoride. Water Safety Plans, or some systematic approaches to risk 

assessment and management, could also be considered as an indicator of drinking-water 

quality (Onda et al., 2012a). Finally, other indicators should be developed for other 

aspects of the Human Right to Water and Sanitation, including accessibility, availability, 

affordability and equity. 

2.5. Drinking-water quality and health  

Water has a profound effect on human health both as a means to reduce disease and as a 

media through which disease causing agents may be transmitted. The impact of water on 

health derives principally from the consumption of water containing pathogenic 

organisms or toxic chemicals and the use of inadequate volumes of water that lead to 

poor personal and domestic hygiene (Howard et al., 2003). Water contaminated with 

microbiological and chemical constituents can cause a variety of diseases and thus water 

intended for human consumption should be safe, palatable and aesthetically pleasing.  

The risk of acquiring a waterborne infection increases with the level of contamination by 

pathogenic micro-organisms. However, the relationship is not simple and depends on 

factors such as infectious dose and host susceptibility (Leclerc et al., 2002). Drinking-

water is only one way for the transmission of such pathogens; some agents may be 

transmitted from person to person, or through the consumption of contaminated food. In 

many cases, poor personal hygiene may lead to the transmission of pathogenic organisms 

through contamination of water stored within the home or during preparation of food. 

Poor hygiene practices may result from the use of inadequate volumes of water and 

therefore water quantity is also important in controlling infectious diarrhoeal diseases. 
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The effect of the use of soap in reducing diarrhoea is also well documented (Curtis and 

Cairncross, 2003). 

Safe excreta disposal is also critical as a first barrier to disease transmission. Therefore, 

the reduction of morbidity and mortality from infectious diarrhoeal diseases requires 

improvements in the quality and availability of water, excreta disposal and general 

personal and environmental hygiene (Strina et al., 2003). Different aspects of 

environmental health improvement may be critical in different circumstances and will be 

determined by the current health burden, economic development and availability of 

services, as well as nutritional and immune-status. 

Water quality control is critical in reducing the potential for explosive epidemics, as a 

contaminated water supply (“improved sources of drinking-water”) provides one of the 

most effective pathways for mass transmission of pathogens to a large population 

(Schwarzenbach et al., 2010).  

Links between chemical quality and health are also well-known. Naturally-occurring 

chemicals in water are seldom acutely dangerous to health, although nitrates in water may 

present a serious health risk to young infants (aged less than 6 months) (Manassaram et 

al., 2007). Other naturally-occurring chemicals (such as fluoride and arsenic) can cause 

chronic health problems, when ingested over a long period (Sorlini et al., 2013c). Certain 

chemicals, such as iron or manganese, which may be present in water, are likely to affect 

the acceptability of water for drinking, but have limited direct health significance 

(Schwarzenbach et al., 2010). Such chemicals may affect the taste of water, and can 

cause staining of food (during cooking) and clothing (when washed), factors which may 

lead to consumers rejecting the water source for one that does not have these properties 

but may actually be more hazardous to health (Howard et al., 2003). Chemicals produced 

by human activities, mainly agricultural and industrial, are also known to contaminate 

water and present health risks (e.g. pesticides and heavy metals): such occurrences are 

usually location-specific and should be identified by sanitary and environmental risk 

assessments. 
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It is important for human health that all water destined for drinking should be of good 

quality from the point of supply up to the point of consumption. Quality is normally 

assessed against both microbial indicators and chemical parameters, although the 

microbial quality is the most important aspect from a public health perspective, because 

onset of illness (and possibly epidemic outbreaks) caused by some pathogenic organisms 

can be very fast (Howard et al., 2003).  

Water sources have different qualities influenced by natural or anthropological pollution. 

Water from some sources, primarily groundwater, tends to be of good quality and will 

need little treatment; water from other sources, primarily surface water, may be 

unsuitable for domestic use unless it first receives treatment to improve its quality. Water 

treatment is often impractical in rural areas, as it usually requires skilled supervision and 

can be very expensive. It is therefore preferable to select sources that can be protected 

against contamination. Some water sources such as boreholes and rain water should be 

free from microbial contamination, provided that adequate precautions are taken to 

prevent the water from coming into contact with any contaminants (Howard et al., 2003). 

The majority of the world's population does not have access to continuously flowing 

water piped into their homes and must carry, transport and store water within their 

homes. More than two thirds of the 1.5 billion people  who  gained  access  to  piped  

supplies  at  home  live  in  urban areas. In rural areas, 1.7 billion people rely on public 

taps, hand pumps, protected wells, protected springs and rainwater (UNICEF/WHO, 

2012). In these situations, recontamination of drinking-water is often significant and is 

increasingly recognized as an important public health issue (Jim et al., 2004). Assessing 

the quality of water is therefore important within households as well as in sources and 

piped supplies. 

Some water sources may be considered unsuitable by individuals or communities on the 

basis of personal or local preferences. The taste, odour and appearance of water must 

normally all be considered good for water to be acceptable for local consumption. 

Perceptions about water quality, based on visual examination, taste and odour, are often 

unreliable. Waters that look or smell unpleasant may be safe to drink, and clear odourless 

waters may contain chemicals or microbial contaminants that are harmful to human 
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health (Howard et al., 2003). Objective techniques for the assessment of water quality are 

therefore necessary. These may be performed using widely available analytical 

techniques and supported by a range of risk assessment tools. These were described in the 

methodology part of this paper. 

Diseases associated with water can be categorized depending on the source of the 

pathogen and the route by which we come into contact with the pathogen. Pathogens 

found in water can also be divided into four main categories: bacteria, viruses, protozoa, 

and helminthes (worms) (Howard et al., 2003). 

Diarrhoeal diseases are a leading cause of morbidity and mortality in less developed 

countries, particularly among young children (WHO, 2013; WHO/UNICEF, 2009). 

Currently, around 1.7 billion cases of diarrhoeal disease are reported every year, (WHO, 

2013) and approximately 1.5 million people have annually died worldwide because of 

diarrhoea, 80% of whom were in sub-Saharan Africa and South Asia (WHO, 2013; 

WHO/UNICEF, 2009). Improving water supply systems is essential in preventing 

diarrhoea (Majuru et al., 2011, Valerie et al., 2000). Although providing safe drinking 

water is critical, supplying sufficient quantities of water is equally necessary in 

maintaining a hygienic environment and good health (Esrey et al., 1985). 
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Table 2: Diseases Associated with Water Contaminated with Pathogens 
Possible Diseases Source Route of exposure Prevention  

Diarrhea, Cholera, 

Typhoid, 

Shigellosis, 

Hepatitis A and E 

Water-borne Drinking water with 

pathogens 

Improve drinking 

water quality by 

removing or killing 

pathogens. 

Trachoma, Scabies Water-washed Pathogens touch the 

skin or eye 

Provide enough 

water needed for 

basic hygiene. 

Improve basic 

hygiene practices 

Schistosomiasis, 

Guinea worm 

Water-based Pathogens go 

through the skin 

Do not bath or 

swim in water that 

is known to be 

contaminated. 

Improve water 

quality by 

removing or killing 

source of 

pathogens. 

Malaria, Dendue, 

Yellow Fever, 

Filariasis, River 

Blindness 

Water-insect vector Pathogens are 

passed on by insects 

that breed or live in 

water, such as 

mosquitos 

Prevent insects 

from breeding in 

water. Use 

pesticides to 

control insects. 

Prevent insects 

from biting by 

using bed-nets and 

wearing long 

clothes. 
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Water and the Link to Environmental Enteropathy 

Environmental  enteropathy  (also  called  tropical  enteropathy)  is  a  subclinical  

condition  caused  by  constant fecal–oral  contamination  and  resulting  in  blunting  of 

intestinal  villi  and  intestinal  inflammation. Chronic exposure to fecal pathogens in 

contaminated water leads to structural alterations and inflammation throughout the small 

intestine. Chronic exposure to water with high levels of fecal contamination keeps the 

intestine in an inflamed state, which increases susceptibility to infections, thus initiating 

the cycle of a chronic inflammatory response. This is accompanied by increases in 

epithelial permeability, impairment of mucosal immunity, and an increased risk of oral 

vaccine failure. The  failure  of nutritional  interventions  and  oral  vaccines  in  the  

developing  world  may  be  attributed  to  environmental enteropathy,  as  the  intestinal  

absorptive  and  immunologic  functions  are  significantly  deranged.  

There is scarce research and programmatic evidence on the effect of poor water, 

sanitation, and hygiene (WASH) conditions of the physical environment on early child 

cognitive, sensorimotor, and socioemotional development. A review paper showed 

evidence on the links between clean water, sanitation, and hygiene (WASH), and stunting 

and anemia, which are known risk factors for child developmental deficits, and highlight 

how current WASH interventions fail to adequately protect children in the first 3 years of 

life (Ngure et al., 2014).  

An association of improved water supply and sanitation with better growth outcomes in 

children has been reported from cross-sectional, case-control, and prospective cohort 

studies. Using nationally representative cross-sectional samples from eight countries, 

(Esrey, 1996) estimated that an improvement in sanitation was associated with 0.06–0.65 

increments in HAZ. Improved water sources were associated with smaller benefits to 

height that were only apparent when sanitation was also improved. In a longitudinal 

cohort design, Peruvian children at 2 years of age with the worst conditions for water 

source, water storage, and sanitation were 1.0 cm shorter than children with the best 

conditions (Checkley et al., 2004). Similarly, Bangladeshi children younger than 4 years 

of age living in households with good water quality, improved toilets, and hand washing 

facilities had a HAZ 0.54 (95% CI: 0.06–1.01) greater than children that were not living 
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in those conditions (Lin et al., 2013). Other studies have also reported improved growth 

outcomes in children from households with either improved water supply, sanitation, or 

both in different countries (Daniels et al., 1991, Magnani et al., 1993). In a large 

prospective cohort study in Sudan, the risk of stunting was lowest in children who came 

from households with water and sanitation (multivariate RR =0.79, 95% CI: 0.69–0.90) 

(Merchant et al., 2003). Among children who were stunted at baseline, those who came 

from households with water and sanitation had a 17% greater chance of reversing 

stunting than their peers from households without either facility. The effects of water 

quality and sanitation on child growth are complex and they may involve interaction 

between the two factors. A synergistic effect of water and sanitation on growth was 

reported among young children in Lesotho in a prospective study (Esrey et al., 1992) and 

in the other study described above (Esrey, 1996)  

Experimental evidence is needed to examine the causality of these observations. 

However, a recent nonrandomized experimental design demonstrated that in a food-

insecure region in Ethiopia, children aged 6–36 months from a WASH intervention area 

gained 0.33 Z score more in mean HAZ over 5 years (P=0.02) than children from three 

comparison villages who did not receive any additional intervention; all areas received 

the governmental Productive Safety Net Program (Ngure et al., 2013). The WASH 

intervention was comprehensive, including protected water supply, sanitation education, 

soap use, hand-washing practices, sanitary facility construction, cleanliness of the house, 

construction of separate housing for animals, and keeping water clean. In the same study, 

areas allocated to receive nutrition education or health education without WASH did not 

show effects on child growth. 

2.6. Water quality parameters and sanitary inspection  

The water quality determinants can broadly be categorized into three groups: 

microbiological, chemical (includes heavy metals) and physical and aesthetic water 

quality parameters. The selection of indicators organisms and physico-chemical 

parameters for water quality assessment and analysis is likely to be country (and possibly 

region) specific and may also be specific to certain sources of water (Howard et al., 

2003). The selection of chemical parameters for the assessment should reflect their 
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occurrence in the country or area of investigation and water source types, potential health 

impact, analytical capacity and the ability to remove the substance through treatment or 

source protection measures. The cost of analysis for some parameters is relatively high, 

notably those present at low levels but known to bio-accumulate (such as organics and 

heavy metals). Priority should be given to those chemicals that will lead to rejection of 

water supplies, or that have known toxic effects and which are persistent in water. 

Sanitary inspection is a tool that is used to identify the likely contamination risk factors 

of the water sources, mainly for microbial contaminants. The sanitary survey performed 

at each water sources by using the WHO standard query forms for each type of improved 

water sources specifically. 

When a water source is being developed, a pollution risk assessment should be 

undertaken with a full suite of chemical analyses being performed for parameters 

identified. These data should be used to evaluate whether the source could be used and 

whether additional treatment is required. The role of regular and systematic pollution risk 

assessments in drinking-water catchments is important in determining whether additional 

chemical parameters need to be included in assessment and monitoring programs. 

Changes in land-use, new industrial developments and urban growth within the 

catchment should be carefully evaluated in the light of potential pollutants that may be 

used or produced and possibly released into the environment. 

The chemical parameters of concern in distributed water relate to chemicals present in the 

source water and to those used in the treatment process. The aim of the assessment may 

be to assess the portability of the treated water, the efficiency of the treatment process, 

the integrity of the distribution system and/or household management of water. In 

general, most other chemicals need not be monitored in distribution systems, although 

turbidity, colour and conductivity should be tested in distribution as should iron (because 

of corrosion of galvanized iron pipes) and lead and/or copper (where lead or copper pipes 

are known to have been used in plumbing). 

Parameter selection is based on those related to microbial quality (e.g. pH, turbidity and 

chlorine residuals) and those with health-based WHO guideline values (WHO, 2011a) 

that have a widespread occurrence, can be determined easily, quickly and cheaply, and/or 
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are of global public health concern. In addition, appearance and conductivity, both 

aesthetic parameters, which can cause rejection of water, are also included. These core 

parameters are detailed in Table 4 together with justifications for their inclusion and 

selected methods of field analysis. These are recommended for inclusion in any rapid 

assessment of water quality. However, some of these core parameters may be omitted if 

there are adequate data to show that they are absent in a given country or region. In the 

absence of data, however, they should be included in the assessment. Examples of 

additional optional parameters are presented in Table 4; they may be included if known to 

be present at levels causing health concerns in a country or region under investigation. 

Omissions and additions of core or optional parameters may be area-specific rather than 

nationwide (Thompson et al., 2007). 

Nitrate to Chloride Ratio 

Excessive levels of nitrate in drinking water have caused serious illness and sometimes 

death. Nitrates and nitrites have the potential to cause the following effects from a 

lifetime exposure at levels above the MAC: diuresis, increased starchy deposits and 

haemorrhaging of the spleen (US EPA fact sheet on nitrate). Excessive nitrate 

concentrations in water are mainly related to pollution (with agriculture as the main 

source). It is thus no surprise that higher values are observed in springs and shallow 

wells. High values of NO3 in some of the water sources demonstrate that more care is 

needed in water source construction and safeguarding of wellheads against 

contamination. This is much easier than treating contaminated waters. Wells returning 

high NO3 should be analysed for bacterial contamination and field-checked by a 

hydrogeologist for construction and protection against pollution. 

It is important comparing nitrate to the microbial data (nitrate is the only suitable 

chemical parameter for such comparison); however, care would be needed when 

interpreting such data as nitrate alone cannot act as a proxy for microbial quality. In the 

higher level assessments, provided that data on chloride are collected, an analysis of the 

nitrate-chloride-ratio is a useful tool in determining whether the nitrate is derived from 

faecal matter or other sources. 
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2.6.1. Microbiological water quality parameters  

Water naturally contains a diverse population of living organisms, such as aquatic plants, 

animals, algae, bacteria, parasites and viruses. Some of these organisms are harmless and 

others can be harmful to humans. Those of greatest concern to us are pathogens, or 

disease causing organisms. We sometimes refer to these pathogens as microorganisms, 

microbes or bugs, depending on the local language and country. In the 21st century, 

contaminated water is the world’s second biggest killer of children. Every year some 1.5 

million people die as a result of diarrhea and other diseases caused by unclean water and 

poor sanitation. Close to half of all people in developing countries suffer at any given 

time from a health problem caused by water and sanitation deficits (Watkins, 2006). 

The WHO Guidelines for Drinking Water Quality highlight that infectious diseases 

caused by pathogenic bacteria, viruses, protozoa and helminthes are common in drinking 

water and inflict widespread health effects. Although there are several contaminants in 

water that may be harmful to humans, the first priority is to ensure that drinking water is 

free of microorganisms that cause disease (WHO, 2006). 

The WHO Guidelines for Drinking Water Quality recommend that all water intended for 

drinking should have zero fecal contamination in any 100 ml sample. However, many 

countries have developed their own water quality standards which may differ from the 

WHO Guidelines. The risk of fecal contamination in drinking water using E. coli as an 

indicator is shown in table 3. Many relief agencies also use these values to determine 

when water treatment is required in emergency situations (Frontières, 1994). 

Table 3: Guideline values for water treatment requirements  
E.coli level (CFU/100 

ml sample) 

Risk Recommended action 

0 – 10 Reasonable quality Water may be consumed as it is 

10 – 100 Polluted  Treat is possible, but may be consumed 

as it is  

100 – 1000 Dangerous  Must be treated  

>  1000 Very dangerous  Rejected or must be treated thoroughly 

(WHO, 1997) 
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Routine water quality testing techniques are not available for viruses, protozoa and 

helminthes. The WHO Guidelines recommend protection of the water source and 

treatment to remove them from drinking water. The degree of treatment required is a 

function of the source water (i.e. ground or surface water) and level of fecal 

contamination. 

Spring water issuing from aquifer areas with prevailing matrix-flow conditions reveals 

excellent raw water quality (Wilhartitz et al., 2009). Microbial water quality at the spring 

outlet can decrease rapidly (Stadler et al., 2008). With respect to the given 

hydrogeological situation, efficient diagnostic tools for the detection and analysis of 

faecal pollution are needed to guide microbial system assessment, enable internal 

microbial water quality monitoring or allow regulatory surveillance activities (Farnleitner 

et al., 2008). Selective standard faecal indicator bacteria is still the methodological and 

regulatory basis for faecal pollution analysis of water resources (WHO, 2004) 

2.6.1.1. Indicator microorganisms                

Testing for every pathogen in water would be both time consuming, complicated and 

expensive. Alternatively, the presence or absence of certain bacterial indicator organisms 

is used to determine the safety of the water. The use of bacteria as indicators dates back 

to 1885 where they were used in the first routine bacteriological examination of water 

quality in London, England (Edberg et al., 2000). Since then indicator tests have been 

found to be cheaper, easier to perform and yield faster results, compared to direct 

pathogen testing.  

Indicator organisms should ideally possess the following characteristics: Present 

whenever pathogens are present, present in the same or higher numbers than pathogens, 

specific for fecal or sewage pollution, at least as resistant as pathogens to conditions in 

natural water environments, and water purification and disinfection processes, non-

pathogenic, not reproduce in water (WHO, 2011b).  

There is no universal indicator to ensure that water is pathogen free, but there are several 

types of indicators, each with certain characteristics. The choice of indicator depends on 

the relationship between the indicator and pathogens. Coliform bacteria are most 
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commonly used as indicators because they exist in high ratios to pathogens making them 

easier to detect in a water sample. However, some bacterial pathogens may exist in higher 

ratios than the coliform indicators, such as Yersinia. Besides coliform indicators, fecal 

streptococci and/or Enterococci have also been proposed as indicators of fecal 

contamination of water (WHO, 2011b, UNICEF, 2008).  

Total coliforms, thermotolerant coliforms (also called fecal coliforms) and Escherichia 

coli (more commonly referred to as E. coli) are the main indicator groups. Total 

coliforms have been used as an indicator of drinking water since the early 1900s and are 

commonly used in testing wastewater effluent (Ashbolt et al., 2001). There is some 

debate internationally about the public health significance of this bacterial indicator 

group in drinking water since they are not specific indicators of fecal pollution. An 

understanding of the basic definition of this group of bacteria, however, is important to 

assessing possible risks as poor drinking water quality is associated with the presence of 

these organisms. Originally, total coliforms included four groups of bacteria: 

Escherichia, Klebsiella, Enterobacter and Citrobacter (Bitton, 2005). These four groups 

are found in the feces of warm-blooded animals, including humans. However, recent 

scientific evidence has shown that total coliforms actually include a much broader 

grouping of bacteria than the four original groups. In fact, to date there are now nineteen 

recognized groups of bacteria that fall under total coliforms, of which only ten of these 

groups have actually been associated with feces.  

Several environmental species included as total coliforms are associated with soil, 

vegetation, or water sediments. Thus, not all total coliforms represent bacteria coming 

from the feces. Recent research has also demonstrated that some groups of total coliforms 

that are found in the feces of animals are also capable of replicating in nutrient rich 

environments. This makes it difficult to assess whether the water in which total coliforms 

were detected was contaminated with feces or not. Overall, the total coliform group has 

become a less specific measure of public health risk. In fact, the group violates the two 

basic criteria for a good indicator, these being the requirement for the microorganism to 

only be associated with the feces of animals and to be incapable of replicating in the 

environment (Bartram and Ballance, 1996). 
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Thermotolerant coliforms are a sub-group of the total coliform group. They used to be 

commonly referred to as fecal coliforms since they are found in warm-blooded animals 

(i.e. birds and mammals). Historically, fecal coliforms have been extensively used as 

bacterial indicators of fecal contamination. Among the coliforms in human feces, 96.4% 

are fecal coliforms. They are distinguished from total coliforms by their ability to grow at 

higher temperatures (42oC - 44.5oC), a useful trait for the laboratory. When compared to 

the presence of total coliforms, the presence of fecal coliforms in a water sample adds 

significant weight to a possible health risk.  

With respect to total coliforms, thermotolerant coliforms are a more specific indicator of 

fecal contamination than total coliforms (Bartram and Ballance, 1996). More recently, E. 

coli has replaced thermotolerant coliforms as the preferred indicator since it is a more 

specific indicator of contamination by human or animal feces (WHO, 2011b, Shash et al., 

2010). E. coli is the most important indicator used in drinking water quality testing and 

has been used for over 50 years. It is coliform bacteria found predominantly in the feces 

of warm blooded animals. The majority of E. coli is harmless; however there are some 

strains (such as O157:H7) that are known to cause severe diarrhea and other symptoms 

(Figueras and Borrego, 2010).  

Most thermotolerant coliforms are actually E. coli. A study showed that over 96% of a 

thermotolerant (fecal) coliform sample was E. coli (Warren et al., 1978). E. coli is to date 

one of the best indicators for fecal contamination. However, there is debate over E. coli’s 

ability to survive and replicate outside the host, particularly in warmer tropical climates. 

Recent studies have shown the capacity of E. coli to resist and grow in soils (Ishii et al., 

2006, Solo-Gabriele et al., 2000, Fujioka et al., 1998). Nevertheless high quantities of E. 

coli will most probably indicate fecal contamination and hence the need for water source 

protection and/or treatment. 

Parallel to the research conducted on coliforms, a group of bacteria known as fecal 

streptococci were also being investigated as important indicators. Enterococci are a 

subset of the fecal streptococci group. Four key points in favor of the fecal streptococci 

were: Relatively high numbers in the excreta of humans and other warm blooded animals, 

presence in wastewater and known polluted waters, absence from pure water and 
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environments having no contact with human and animal life, persistence without 

multiplication in the environment (Fewtrell and Bartram, 2001).  

Fecal streptococci and Enterococci are generally absent from pure, unpolluted waters 

having no contact with human and animal life, with the exception being growth in soil 

and on plants in tropical climates. Thus for water quality purposes, they can be regarded 

as indicators of fecal pollution, although some could originate from other habitats, 

making them less reliable than E.coli as an indicator. They are also not as good a fecal 

indicator when pathogenic protozoa are present (Hardina and Fujioka, 1991).  

2.6.1.2. Pathogenic microorganisms 

Pathogens found in water can also be divided into four main categories: bacteria, viruses, 

protozoa, and helminthes (worms) (Figueras and Borrego, 2010). 

Bacteria are the most common microorganisms found in human and animal feces. 

Drinking water contaminated by feces is the primary cause of water-borne infections 

(Tulchinsky et al., 2000). This is often called the fecal-oral route of transmission since 

the source of the pathogens is human or animal feces. With some bacteria, only a few are 

needed to make us sick.  

The most common water-borne diseases caused by bacteria are diarrhea (also known as 

gastroenteritis), cholera and typhoid (Ashbolt, 2004). About 1.5 million people die every 

year from diarrheal diseases, including cholera (WHO/UNICEF, 2005). It is estimated 

that 88% of diarrheal disease is caused by unsafe water, inadequate sanitation and poor 

hygiene (WHO, 2004). Cholera remains a global threat and is one of the key indicators of 

social development. While cholera is no longer a threat to countries with basic hygiene 

standards, it remains a challenge in countries where access to safe drinking water and 

adequate sanitation is limited (Ashbolt, 2004, Traoré et al., 2013).  

Globally, the three most common risk factors for cholera were water source 

contamination (29%), rainfall and flooding (25%), and refugee settings (13%). Africa 

accounted for 88% of the cumulative cases and deaths. The largest reported outbreak 

occurred in South Africa in 2000 with 103,320 cases (Griffith et al., 2006). Similar to 

cholera, typhoid is prevalent in countries that lack access to safe drinking water and 
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sanitation. Every year, there are an estimated 17 million cases of typhoid worldwide 

resulting in 600,000 deaths (UNICEF, 2008). 

2.6.1.3. HPC and Opportunistic Bacterial Pathogens in Drinking 

Water 

HPC has no health effects; it is an analytic method used to measure the variety of bacteria 

that are common in water. The lower the concentration of bacteria in drinking water, the 

better maintained the water system is. HPC measures a range of bacteria that are naturally 

present in the environment. An opportunistic pathogen is defined as one that usually 

causes disease only when the host immune system is weakened. 

Concern has been generated in the drinking water regarding the health effects of 

heterotrophic plate count (HPC) bacteria that are found in tap water, bottled water, and 

other sources of potable water. Heterotrophic bacteria are those that require organic 

carbon rather than carbon dioxide as a carbon source. The U.S. Environmental Protection 

Agency (EPA) has suggested that the heterotrophic bacterial counts in drinking water 

should not exceed 500 colony-forming units (CFU) mL-1 (US EPA 1989). Higher 

numbers are often the result of bacterial regrowth, particularly in distribution systems 

(Geldreich, 1986, Olson, 1982) and in water treatment devices (Geldreich et al., 1985, 

Synder et al., 1995).  

Some authors have expressed concern regarding the public health risk of some of these 

HPC bacteria (Payment et al., 1988, Lye and Dufour, 1991). Most of the heterotrophic 

bacteria in drinking water are not human pathogens. However, some of the genera, 

including Legionella and Mycobacterium, include species that are opportunistic 

pathogens. The same is true of the following genera that may be included as part of the 

standard HPC bacteria: Pseudomonas, Acinetobacter, Xanthomonas, Moraxella, and 

Aeromonas.  
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Pseudomonas 

The most important opportunistic pathogen in the genus Pseudomonas is P. aeruginosa, 

which is primarily a nosocomial (hospital-acquired) pathogen responsible for 9.9% of 

nosocomial infections (Diamond et al., 1990). It is the most frequent source of infection 

of burn patients, the second leading cause of nosocomial pneumonia, the third most 

common cause of nosocomial urinary tract infections, and the fourth leading cause of 

surgical wound infections.  

The source of an infection is often difficult to trace, but disease has been associated with 

hospital equipment. Contaminated drinking water was traced as the source of P. 

aeruginosa causing an outbreak: of funicular sepsis (infection of the umbilical cord 

resulting in bacteremia) in 10 newborns in a hospital in Germany (Weber et al. 1971). 

Pseudomonas aeruginosa are environmental bacteria commonly found in soil and on 

plants. The organisms are able to grow in waters containing very low levels of nutrients 

and should be absent in all drinking waters. The organisms are frequently present, in 

small numbers, in the normal intestinal flora of humans and animals but should not be 

used as an indicator of faecal pollution. Pseudomonas aeruginosa are opportunistic 

pathogens, particularly in humans who are immuno-compromised. Large numbers 

growing in polluted waters.  

The members of the Pseudomonadaceae are Gram-negative rods, and are widespread in 

nature occurring commonly in water and soil. Many are capable of growth in relatively 

low-nutrient environments. When the organisms gain access to treated water they may 

proliferate in certain circumstances by utilizing nutrients either present in the water or 

derived from unsuitable materials used in the construction of distribution systems or 

domestic plumbing installations. Heavy colonization of water systems with Pseudomonas 

species, particularly the fluorescent species Pseudomonas fluorescens and Pseudomonas 

putida, can lead to taste and odour problems without any concomitant risk of disease. 

Pseudomonas aeruginosa is ubiquitous in fresh water, sewage and soil and can also be 

derived from the faeces of animals and humans. The organism can grow in very low 

nutrient aqueous environments and can survive for many months in water at ambient 
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temperatures. Pseudomonas aeruginosa is an important opportunistic pathogen and is 

particularly significant as a cause of nosocomial infections. Pseudomonas aeruginosa 

causes a wide range of infections, but the vast majority of people exposed to 

Pseudomonas aeruginosa suffer no adverse health effects.  

Community acquired infections arising from Pseudomonas aeruginosa are often 

localized and are associated with contact with contaminated water. Although small 

numbers of Pseudomonas aeruginosa may be present in mains drinking water the 

organisms are not infectious if swallowed, except possibly in profoundly 

immunocompromised individuals. The number of Pseudomonas aeruginosa present in 

public mains water is rarely likely to be sufficient to cause infections unless they are 

allowed to multiply. Taps, however, can become colonized locally with Pseudomonas 

aeruginosa and other organisms. 

Aeromonas 

Aeromonas hydrophila, A. sobria, and A. caviae are very similar and were all referred to 

as A. hydrophila until 1976 when they were first split into separate species. Papers 

written before 1985 may use the term A. hydrophila as including all three species and 

biochemical variants. The three species are biochemically very similar, and all have been 

implicated as diarrheal agents in humans (McGowan and del Rio, 1990; Moyer, 1987).  

Holmberg et al. (1986) found a strong association between drinking untreated water and 

the occurrence of diarrhea with the isolation of Aeromonas species. Burke et al. (1984) 

also found that higher counts of A. hydrophila in distribution water correlated with 

greater frequency of diarrheal isolates. Aeromonas spp. has been isolated more frequently 

from diarrheal patients during summer months than during the rest of the year (Hahn, 

1993). This finding correlates with higher numbers of Aeromonas found in distribution 

water during warmer months (LeChevallier et al., 1982, Seidler et al., 1980).  

More evidence that Aeromonas is a diarrheal agent is shown in studies that compare rates 

of isolation of Aeromonas from diarrheal patients to those with no diarrhea (controls).  
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Aeromonas is frequently found in environmental water samples. It has been recovered 

from 0.6%-18.2% of natural fresh water samples at a concentration range of 0.1-3600 

CFU/mL (Seidler et al., 1980, Nishikawa and Kishi, 1988). It has also been recovered 

from 0.9%-27% of distribution water samples at an average concentration of 0.022 

CFU/mL (Clark et al., 1982, Millership and Chattopadhyay, 1985). 

 Aeromonads can be present in high numbers in fresh waters both in the presence and 

absence of faecal pollution. High numbers are common in sewage effluents but are 

usually of different species to those found in pristine waters. Aeromonas species are, 

generally, readily killed by chlorine and other commonly used water disinfectants. 

However, any survivors of the initial treatment or any aeromonads entering the 

distribution system post-treatment may multiply significantly.  

Aeromonas are capable of growth in relatively low-nutrient environments. Thus, the 

presence of Aeromonas in drinking water does not indicate faecal pollution but may 

reflect deteriorating water quality. Control of Aeromonas in drinking waters can be 

achieved with increased disinfectant residuals in distribution, although chlorine residuals 

in excess of 0.2 mg/l may be needed for protracted periods to achieve control. 

Despite frequent isolation of Aeromonas from drinking waters there is a lack of 

epidemiological evidence to demonstrate unequivocal association of their presence with 

illness in the community. Nonetheless, it would seem advisable to adopt a strategy (such 

as treatment to maximize organic carbon removal, to shorten residence times in 

distribution and to provide better control of chlorine residuals (WHO, 1993)) that limits 

re-growth of these organisms in distribution systems. Whilst there is no need to test 

routinely for Aeromonas, examination for Aeromonas may prove useful when 

investigating distribution problems. 

2.6.2. Chemical water quality parameters  

Water may contain chemicals which can be beneficial or harmful to our health. Many 

chemicals find their way into our drinking water supply through different natural 

processes and human activities (WHO, 2011a). Naturally occurring chemicals, such as 

arsenic, fluoride, sulfur, calcium and magnesium, are generally found in groundwater. 
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Human activities can add other chemicals such as nitrogen, phosphorous and pesticides to 

our ground, surface and rain water (Howard et al., 2012). Many developing countries are 

experiencing a rise in industrial activity with no strict compliance to environmental rules 

and regulations. As a result, water sources are increasingly becoming contaminated with 

industrial chemical waste. 

While microbiological contamination is the largest public health threat, chemical 

contamination can be a major health concern in some cases. Water can be chemically 

contaminated through natural causes (e.g. arsenic, fluoride) or through human activity 

(e.g. nitrate, heavy metals, and pesticides) (UNICEF, 2008). The health concerns related 

to chemicals in drinking water are mainly those that cause adverse effects after long term 

exposure. The severity of these health effects depends upon the chemical and its 

concentration, as well as the length of exposure. There are only a few chemicals that can 

lead to health problems after a single exposure, except through massive accidental 

contamination of a drinking water supply (WHO, 2006).  

There are many chemicals that may occur in drinking water; however only a few cause 

health effects on a large-scale. Arsenic and fluoride are usually the chemicals that that are 

of most concern about in developing countries. Other chemicals, such as nitrates and 

nitrites, lead and uranium may also be an issue under certain conditions (WHO, 2006). 

Often chemical contamination goes unnoticed until disease occurs due to chronic 

exposure. By this time it can be too late to regain health by changing water sources, 

hence water should be tested for chemicals from the outset (UNICEF, 2008).  

Natural chemical contamination rarely changes over time for a particular water source. 

Hence, testing for chemical contamination is done less frequently or only during 

commissioning of a new water source. Household Water Treatment (HWT) technologies 

may not be able to remove all chemical contaminants from drinking water. Therefore, 

water quality testing carried out at the water source can help to identify an effective and 

appropriate HWT technology for a particular area. 

“Pure” water does not actually exist in nature, as all water contains some naturally 

occurring chemicals that have leached from the surrounding environment. In most cases, 
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the levels of naturally occurring chemicals are either beneficial, or minimal and of little 

consequence. There are also many human made chemicals that can contaminate water 

and affect its usability. Sources of chemical contaminants can be divided into the 

following five groups. 

Table 4: Sources of chemical contamination 
Source of Chemicals Examples Chemicals 

Naturally occurring 

chemicals 

Rocks and soils Arsenic, Barium, Boron,  

Chromium, Fluoride,  

Manganese, Molybdenum,  

Selenium, Sodium, Sulphate  

and Uranium 

Chemicals from 

agricultural  

Activities 

Application of manure, 

fertilizer and pesticides; 

intensive animal production 

practices 

Ammonia, Nitrate, Nitrite 

Chemicals from human  

Settlements 

Sewage and water disposal,  

urban runoff, fuel leakage 

Nitrate, ammonia, heavy 

metals, pesticides, other 

organic chemical 

Chemicals from industrial  

Activities 

Manufacturing, processing 

and Mining 

Antimony, Cadmium, 

Cyanide, Lead, Nickel, 

Mercury 

Chemicals from water 

treatment  

and distribution 

Water treatment chemicals;  

Corrosion of. And leaching 

from, storage tanks and 

pipes 

Aluminium, Chlorine, 

Iodine,  

Silver, Zinc 

(WHO, 2004) 

The risks associated with chemically contaminated water are identified through the 

comprehensive testing of water samples. Once a contaminant has been identified, it is 

possible to establish the effects it will have on human health using previously conducted 
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research. However, most developing countries do not have the resources to acquire this 

knowledge.  

The WHO established a set of drinking water guidelines based on research and 

experiments to recommend the maximum chemical contaminant concentrations for 

drinking water (WHO, 2011a). The WHO Guidelines were recommended on the basis of 

a tolerable daily intake (TDI) of contaminants. A dose of TDI is varied on the weight of 

body and quantity of daily drinking water consumption (WHO, 2006). Some of the most 

common chemical parameters with their associated health effects are presented in the 

following paragraphs. 

Chlorine  

Chlorine is widely used to disinfect drinking water as the final step in the water treatment 

process. Chemical disinfection using chlorine has the benefits of being relatively quick, 

simple, and inexpensive (Edberg et al., 2000). It also allows a residual amount of chlorine 

to remain in the water to provide some protection against subsequent contamination. 

Three things can happen when chlorine is added to water: Some chlorine reacts with the 

organic matter and pathogens and kills them. This portion of the added chlorine is said to 

be consumed. Some chlorine reacts with other organic matter and forms new chlorine 

compounds. This portion is called combined chlorine. Excess chlorine that is not 

consumed or combined and remains in the water is known as free residual chlorine 

(FRC).  

The objective of chlorination is to add enough chlorine to leave 0.2 – 0.5 mg/L FRC after 

half an hour contact time. Factors influencing the effectiveness of chlorine as a 

disinfectant are concentration, contact time, pH, temperature and the presence of organic 

matter in the water. All of these factors can vary day to day and in different seasons. 

Fluoride 

The WHO suggests that drinking water should have 0.5 – 1.0 mg/L fluoride to protect 

teeth. Many cities around the world add fluoride to their drinking water to reach this 

level. Higher amounts of fluoride between 1.5 – 4.0 mg/L can cause dental fluorosis. 

Very high amounts of fluoride greater than 10.0 mg/L can lead to skeletal fluorosis. This 
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is why the WHO suggests that drinking water should not have more than 1.5 mg/L of 

fluoride. Currently research is being conducted to develop HWT technologies that can 

effectively remove fluoride from drinking water. In the meantime, household that use 

drinking water with concentrations greater than 1.5 mg/L should try to use an alternative 

water source if at all possible 

Fluoride can naturally occur in groundwater and some surface water. Drinking water is 

normally the major source of fluoride exposure (Kaseva, 2006), with exposure from diet 

and from burning high fluoride coal also major contributors in some regions (Ando et al., 

1998). High levels of fluoride can be found naturally in many areas of the world 

including, Africa, the Eastern Mediterranean and southern Asia. One of the best known 

high fluoride areas extends from Turkey through Iraq, Iran, Afghanistan, India, northern 

Thailand and China (Petersen et al., 2005). However, there are many other areas with 

water sources that contain high fluoride levels and which pose a risk to those drinking the 

water, notably parts of the rift valley in Africa. It is possible that fluoride may be found in 

other locations as more extensive testing is done.  

A small amount of fluoride in water is generally good for strengthening people’s teeth 

and preventing decay (Erdal and Buchanan, 2005). Fluoride is added to some city water 

systems and certain consumer products to protect teeth such as toothpastes and 

mouthwashes (CDC, 2008). But at higher amounts over time, it can cause dental fluorosis 

and damage people’s teeth by staining and pitting (Grobler et al., 2001). Over many 

years, fluoride can build up in people’s bones, leading to skeletal fluorosis characterized 

by stiffness and joint pain. In severe cases, it can cause changes to the bone structure and 

crippling effects. Infants and young children are most at risk from high amounts of 

fluoride since their bodies are still growing and developing (Dissanayake, 1991). There is 

currently no effective cure for fluorosis – the only prevention is to drink water that has 

safe levels of fluoride.  

Nitrate and Nitrite  

Nitrate and nitrite are naturally occurring chemicals in the environment that are part of 

the nitrogen cycle. Nitrate is commonly used in fertilizers and for agriculture 

(Manassaram et al., 2007) and nitrite is used as food preservatives, especially in 
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processed meat. The WHO suggests that drinking water should have less than 50 mg/L of 

nitrate to protect against methaemoglobinaemia in bottle-fed infants (short term 

exposure). In most countries, nitrate levels in surface water are not more than 10 mg/L, 

although nitrate levels in well water often exceed 50 mg/L (WHO, 2006).  

Nitrite levels should be less than 3 mg/liter to protect infants from methaemoglobinaemia 

(short-term exposure). There is a provisional guideline for long term nitrite exposure set 

at less than 0.3 mg/L. The guideline value is considered provisional because of the 

uncertainty of the chronic health effects and our susceptibility to it. Concentrations 

greater than 44.3 mg/L nitrate cause 97% of reported illness. High nitrate levels are often 

associated with higher levels of microbiological contamination since the nitrates may 

have come from manure or sewage. 

The MCL for nitrate in drinking water was set at 10 mg/L nitrate-nitrogen (NO3-N) or 45 

mg/L nitrate (NO3
-) (WHO, 2011a). Nitrate in ground water and surface water is 

normally low but can reach high levels if there is leaching or runoff from agricultural 

fertilizers or contamination from human and animal feces. Nitrite is formed as a 

consequence of microbial activity and may be intermittent. High nitrate and nitrite levels 

can cause serious illness by acute exposure. The main health concern is 

methaemoglobinaemia, or blue baby syndrome, which occurs in infants that are bottle fed 

with formula prepared with drinking water (Knobeloch et al., 2000). It causes them to 

have difficulty breathing and their skin turns blue from a lack of oxygen. It is a serious 

illness that can sometimes lead to death. 

PH 

The pH for drinking water generally lies between 6.5 and 8.0. Water at 25°C (80° F) with 

a pH less than 7.0 is considered acidic, while a pH greater than 7.0 is considered basic 

(alkaline). When a pH level is 7.0, it is considered neutral. 

It is of major importance in determining the corrosive qualities of water: the lower the 

pH, the higher the potential for corrosion. pH can affect the degree of corrosion of metals 

(e.g. in downpipes and in plumbing systems). Importantly, pH is one of the most 

important operational water quality parameters. For effective disinfection with chlorine, 
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the pH should preferably be < 8. The pH of the water entering the distribution system 

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

water systems. The optimum pH required will vary in different supplies according to the 

composition of the water and the nature of the construction materials used in the 

distribution system, but it is usually in the range 6.5–8.5. Failure to control pH can result 

in both microbial and chemical contamination of drinking-water, and in adverse effects 

on its taste, odour, and appearance.  

There is no WHO health-based guideline value for pH. Because of the impact of pH on 

the effectiveness of disinfection and corrosion effects, it is recommended that pH be 

included at all levels of assessment as a core parameter. Tests should be performed on all 

samples taken from sources. For basic/initial assessments a pH range of 6.5-8.5 is 

recommended (WHO, 2011a). The pH of the water in a stream, river, lake or 

underground flow will vary depending on a number of conditions: the source of the 

water; the type of soil, bedrock and vegetation through which it travels; the types of 

contaminants the water encounters in its path; and even the amount of mixing and 

aeration due to turbulence in its flow.  

Conductivity  

Conductivity, the ability of water to carry an electric charge, testing for EC does not give 

specific information about the chemicals present in water, but it gives an estimation of 

TDS. Thus, the EC of water is an indirect measure of dissolved chemicals. TDS (mg/L or 

ppm) = EC (µS/cm) x 0.67 and, therefore, of its taste and salinity which primarily 

comprise inorganic salts (principally calcium, magnesium, potassium, sodium, 

bicarbonates, chlorides and sulfates). Conductivity is, therefore, an indicator of the taste 

or salinity of the water. Whilst there is little direct health risk associated with this 

parameter, high values are associated with poor taste, and hence customer dissatisfaction 

and complaints. Changes in conductivity with time and high conductivity values can 

indicate contamination of the water (e.g. saline intrusion, sometimes faecal pollution or 

nitrate pollution) and can cause corrosion in rising mains and pipes. In this situation, 

further analysis of the water is recommended.  
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There is no WHO health-based guideline value for conductivity but 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). Although this parameter does not provide 

information about specific chemicals in water, it can act as a good indicator of water 

quality problems, particularly when it changes with time. It is recommended as a 

parameter in all levels of assessment because of this, together with the ease and cost of 

assessment.  

2.6.3. Metals in drinking water sources 

In most countries of the world, groundwater and surface water in agricultural areas are at 

a serious risk of metal pollution, due to rapid industrialization and urbanization, and 

intensification of agriculture (Klavinš et al., 2000, Li and Zhang, 2010) 

Trace metals in waters are non-degradable and remain present for long periods of time 

and need to be carefully monitored (Buschmann et al., 2008). Therefore, the 

identification of sources and evaluation of ecosystem risk of trace metal contamination of 

the water body are critical for the management of these resources and limiting the 

potential for harmful consequences (Wu et al., 2009). However, due to difficulties in 

continuous metals monitoring with actual on-site sampling, especially in a wide range, 

there is an urgent need for suitable techniques and methods to identify the environmental 

behavior of metals, and to forecast their migration and distribution trends at a regional 

scale (Sadler et al., 2011).  

Elements such as Fe, Mn and Zn are essential for growth (Nkono and Asubiojo, 1997). 

However, high Mn levels in drinking water have also been shown to affect intellectual 

functions in 10-year-old children in Araihazar, Bangladesh (Wasserman et al., 2006). 

Other elements, such as arsenic (As) and lead (Pb) have no apparent metabolic function 

and are termed non-essential elements (Barati et al., 2010, Mora et al., 2009). 

Understanding water pollution is important for drinking water resource management. 
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Arsenic:  

Arsenic can naturally occur in ground water and some surface water. It is one of the 

greatest chemical problems in developing countries. The WHO considers arsenic to be a 

high priority for screening in drinking water sources (WHO, 2006).  

High levels of arsenic can be found naturally in water from deep wells in over 30 

countries, including India, Nepal, Bangladesh, Indonesia, Cambodia, Vietnam, Lao PDR, 

Mexico, Nicaragua, El Salvador and Brazil. In south Asia alone, it is estimated that 60 to 

100 million people are affected by unsafe levels of arsenic in their drinking water. 

Bangladesh is the most severely affected, where 35 to 60 million of its 130 million people 

are exposed to arsenic-contaminated water. It is possible that arsenic may be found in 

other locations as more extensive testing is done.  

Arsenic is poisonous, so if people drink water or eat food contaminated with arsenic for 

several years, they develop chronic health problems called arsenicosis (Barati et al., 

2010).  Melanosis is the first symptom of drinking arsenic contaminated water over a few 

years. Melanosis is light or dark spots on people’s skin, often on the chest, back, or 

palms. The next step is that hardening skin bulges develop on people’s palms and feet – 

called keratosis. Drinking high amounts of arsenic for a longer time may cause cancer in 

the lungs, bladder, kidney, skin, liver, and prostate (Khan et al., 2003). Arsenic may also 

cause vascular diseases, neurological effects, and infant developmental defects.  

Arsenicosis can be partially reversed and treated in the early stages, by making sure 

people stop drinking arsenic contaminated water and by improving their nutrition. There 

is currently no effective cure for arsenic poisoning. The only prevention is to drink water 

that has safe levels of arsenic. According to the (Watkins, 2006) study, the projected 

human costs over the next 50 years include 300,000 deaths from cancer and 2.5 million 

cases of arsenic poisoning. 
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Iron and manganese  

Iron and manganese can be naturally found in groundwater and some surface water (such 

as creeks, rivers and some shallow dug wells) (Rosen and White, 2001), these metals 

from natural source usually occur together, therefore monitoring for one could be used as 

an indicator of possible problems with both parameters (Howard et al., 2003). However, 

human activities may also be responsible for manganese contamination in water in some 

areas.  There are areas of the world that have naturally high amounts of iron in their 

groundwater. Iron can also be found in drinking water that is passed through rusty steel or 

cast iron pipes (McNeill and Edwards, 2001).  

Iron and manganese can come in two forms in water: dissolved and suspended. If 

groundwater comes from a deep tube well, the iron and manganese may be dissolved and 

not visible. However, once the iron is exposed to air, it usually turns the water black or 

orange colour. In surface water, manganese can be dissolved or suspended. If surface 

water has iron in it, it will be a red-orange colour from the iron that is suspended in the 

water. Water with high levels of suspended manganese usually has a black colour or 

black flakes in it. Drinking water with high concentrations of iron and manganese may be 

present in water, are likely to affect the acceptability of water for drinking, but have 

limited direct health significance.  

Iron and manganese, however, can change the colour of water and it may cause people to 

not use it and choose another, possibly contaminated, water source instead (Howard et 

al., 2003). People need small amounts of manganese to keep healthy and food is the 

major source for people. However, too little or too much manganese can cause adverse 

health effects (Ljung and Vahter, 2007).  

Lead  

Lead contamination usually comes from human rather than natural sources. There are 

also natural sources of lead in groundwater and some industrial discharges may contain 

lead as well. Mining activities and abandoned mine pits can result in lead contamination 

of surrounding sources (Rossiter et al., 2010a). The use of lead pipes can also result in 

elevated lead levels in drinking water (Sorlini et al., 2013c).  
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High concentrations of lead in the body can cause death or permanent damage to the 

central nervous system, the brain, and kidneys (Mandour, 2012). Long-term exposure to 

low lead levels can cause adverse neurological effects, especially in infants, young 

children and pregnant women. Lead exposure is most serious for infants and young 

children because they absorb lead more easily than adults and are more susceptible to its 

harmful effects.  

Lead is considered to be non-essential. It is highly toxic as well as carcinogenic and 

accumulates in the body. It initiates tiredness, irritability, behavioral changes and 

impairment of intellectual functions (Reimann et al., 2002). Even low level exposure may 

harm the intellectual development, behavior, size and hearing of infants (Howard et al., 

2003). For lead, WHO has set a provisional health-based guideline value of 0.01 mg/l 

(WHO, 2011a). 

2.6.4. Physical and aesthetic parameters  

The physical characteristics of drinking water are usually things that we can measure 

with our own senses: turbidity, colour, taste, odour and temperature. In general, we judge 

drinking water to have good physical qualities if it is clear, tastes good, has no smell and 

is cool. The appearance, taste and odour of drinking water should be acceptable to the 

consumer. The table below shows the WHO Guidelines for Drinking Water Quality for 

physical parameters. 

Table 5: WHO guideline for drinking water quality: physical parameters 
Parameters  WHO guidelines  

Colour  Aesthetic value of < 15 True Colour Units 

(TCU) 

Odour Aesthetic only, no health based value is 

proposed 

Temperature Aesthetic only, no health based value is 

proposed 

Turbidity < 5 NTU  

(WHO, 2007) 
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Physical contaminants generally do have not direct health effects themselves; however, 

their presence may relate to a higher risk of microbiological and chemical contamination 

which may be harmful to human health. For example, increased turbidity levels are often 

associated with higher levels of disease-causing pathogens such as viruses, parasites and 

some bacteria (WHO, 2007). Drinking water samples can be tested for the following 

physical parameters: colour, odour, taste, temperature and turbidity.  

Colour  

Colour in drinking water may be due to the presence of colored organic substances and 

certain metals such as iron, manganese and copper. In general, colour of a water sample 

is evaluated by simple visual observation. It can also be measured by visual comparison 

with a series of standard solutions. Levels of colour above 15 TCU can be detected in a 

glass of water by most people, although it generally does not pose a health threat. Colour 

may occur in drinking water for any one or more of several reasons. It may be due to the 

presence of: Natural organic matter and vegetation, such as leaves and bark; or metals 

such as iron, manganese and copper, which are abundant in nature and are naturally 

colored or highly colored industrial waste, the most common of which are pulp and paper 

and textile waste 

The colour of surface water is mainly due to natural organic matter. In general, hard 

surface water is less colored than soft surface water. The colour of groundwater is usually 

due to the presence of metals, such as iron, manganese and copper. In some areas, 

especially those associated with limestone, the colour of groundwater from both shallow 

and deep wells may be from natural organic matter (Health Canada, 1995).  

Taste and odour  

Although taste and odour are not parameters of health concern, they are perhaps the most 

important characteristics of drinking water from the point of view of the user. It is next to 

impossible to convince people that water is safe to drink if it either tastes or smells bad. 

Bad taste and odour may cause people to reject the water in favor of another. A common 

example is chlorine. People often dislike the taste and smell of over-chlorinated water (in 

the context of a new water supply or household chlorination initiative) and will prefer to 
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go back to a possibly contaminated drinking water source. Guidance in proper dosage and 

awareness rising should always accompany supply of chlorinated water. 

Newly drilled boreholes in ground with high concentration of iron, or which have not 

been properly disinfected after drilling can develop a smell and taste over time. The well 

could eventually be abandoned. A similar scenario can occur with saline (salty) aquifers. 

Although taste and odour themselves do not pose a health threat, they may indicate 

chemical or biological contamination, especially when a change happens quickly. Poor 

taste or odour may suggest the need for more testing. 

The presence of colour in water may have an effect on the measurement of turbidity. As 

well, moderate colour in certain types of water may have an adverse effect upon the 

removal of turbidity by coagulation and sedimentation (Health Canada, 1995). Water that 

is colored with organic matter can also reduce the effectiveness of disinfection with 

chlorine and make it difficult to produce free residual chlorine. 

Temperature  

Temperature does not carry any significance in terms of contamination. However, 

generally, cool water is preferred over warm water. High water temperature (20-30°C) 

can also enhance the growth of microorganisms and may lead to taste, odour, colour and 

corrosion problems. The most desirable temperature for drinking water is between 4oC to 

10oC (39-50oF) and temperatures above 25oC (77oF) are usually objectionable. 

Turbidity 

Turbidity is a measure of the water’s ability to scatter and absorb light. It is caused by the 

presence in water of particulate organic and inorganic matter, such as clay, silt, colloidal 

particles, and microscopic organisms. Soil particles constitute the major part of the 

suspended material in most natural waters; consequently surface waters are generally 

more turbid than groundwater. Raw water turbidity has been reported to range from less 

than 1 to more than 1000 NTU whereas it is usually <1 NTU in filtered waters. Turbidity 

can also have a negative impact on consumer acceptability of water as a result of visible 

cloudiness. The turbidity of water is related to or affects many indicators of drinking-

water quality. For example, there is a relationship between high turbidity and the 
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appearance, colour, taste, and odour of both raw and filtered waters. It is an important 

indicator of the possible presence of contaminants that would be of concern to health.  

Turbidity can have a significant effect on the microbial quality of drinking-water. Its 

presence can interfere with the detection of bacteria and viruses in drinking-water. More 

importantly, turbid water has been shown to stimulate bacterial growth since nutrients are 

adsorbed on to particulate surfaces, thereby enabling the attached bacteria to grow more 

rapidly than those in free suspension. Turbidity has no direct health impact but 

consumption of highly turbid water may constitute a health risk due to the risk of 

microbial contamination. The major problem associated with turbidity is its effect on 

disinfection because it can protect pathogenic microorganisms from the effects of 

disinfectants, stimulate the growth of bacteria in distribution systems, and increase 

chlorine demand. Turbidity in distribution systems can occur as a result of the 

disturbance of sediments and biofilms but is also from the ingress of dirty water from 

outside the system.  

There is no WHO health-based guideline value for turbidity but, because of its effects on 

the removal of microorganisms in treatment and disinfection, it is recommended that 

turbidity be kept as low as possible (<1 NTU for chlorinated supplies). Aesthetically, 

water with a turbidity <5 NTU is usually acceptable to consumers (WHO, 2011). It is 

recommended that turbidity be included at all levels of assessment as a core indicator. 

Tests should be performed on all samples taken from water sources.  

2.6.5. Sanitary inspection   

Sanitary inspections are necessary to support microbiological water quality assessment by 

identifying potential pollution sources and contaminant pathways to provide an overview 

of the status of risk of the water source to contamination (Howard, 2002, WHO, 1997). In 

the context of low-income countries, water from improved sources is frequently derived 

from groundwater via protected springs, protected dug wells, tube wells, and boreholes 

(UN., 2008). Thus, the use of ground water (which typically receives no subsequent 

treatment to improve quality) for drinking water supplies is increasing dramatically (Rosa 

and Clasen, 2010).  
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In order to complement the microbial analysis of water samples, correspondingly a 

sanitary inspection will assess the likelihood of fecal contamination of water sources both 

in rural and urban settlements. Throughout the study, the sanitary inspection will generate 

reliable data that can support the quantitative data through visual inspection at the source 

of abstraction, treatment and distribution as well as household level. For better 

management of the inspection process, risks will be grouped to either of the following 

classes, hazard factors (specific causes like a  pit latrine), pathway factors (faults or 

cracks to spring box) and  indirect path way (inadequate fencing or physical guard) 

(Howard et al., 2003). During the sanitary inspection standardized forms that are adopted 

from WHO drinking water guideline will be used. This standard check list will enable 

one to generate data suitable to perform a comparability analysis and avoid subjectivity 

of the inspection process.  

The report form was bounded with YES or NO questions which provided opportunities of 

robust and accurate means of assessing the risk (WHO, 2008). However in some instance, 

for pipe distributions and treatment works, which are highly dominant in urban areas, an 

additional verbal discussion or interview with operators or users was conducted. Broader 

issues like whether supplies are intermittent or whether there are obvious leaks are 

included in the interview mechanism. 
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CHAPTER THREE  

3. MATERIALS AND METHODS 

3.1. Description of the Study Area 

This study was conducted in four zones (Wolayita, Hadiya, Silt'e and Gamo Gofa) of 

Southern Nations, Nationalities' and Peoples' Regional State (SNNPRS) in Ethiopia.  

SNNPR has a total area of 112, 343.19 square kilometers which represents 10% of the 

country. The region is divided into 13 administrative zones with 133 woredas and 

Hawassa is the capital city of the region. It is the most densely populated region with 112 

people per square km.  At the mid-2008 the population was estimated to be 15,745,000. 

The population predominantly lives in the rural areas with 64% living in the highlands, 

28% in the lowlands and 8% in urban areas (CSA, 2008). The region heavily relies on 

ground water sources for water supply in both urban and rural setting which abstracted 

from springs and shallow or deep-ground aquifers.  

Zone_1 (Wolayita) Wolayita is bordered on the south by Gamo Gofa, on the west by the 

Omo River which separates it from Dawro, on the northwest by Kembata Tembaro, on 

the north by Hadiya, on the northeast by the Oromia Region. Based on the 2007 Census, 

this Zone has a total population of 1,501,112.   

Zone_2 (Hadiya) Hadiya is bordered on the south by Kembata Tembaro (KT), on the 

southwest by the Dawro Zone, on the west by the Omo River, on the north by Gurage, on 

the northeast by Silte, and on the east by the Alaba special woreda. Based on the 2007 

Census, this Zone has a total population of 1,231,196.  

Zone_3 (Silt'e) Silt'e is bordered on the south by Alaba special woreda, on the southwest 

by Hadiya, on the north by Gurage, and on the east by the Oromia Region. Based on the 

2007 Census, this Zone has a total population of 750,398; of which 47,097 or 6.28% are 

urban inhabitants. 

Zone_4 (Gamo Gofa) Gamo Gofa is bordered on the south by the Dirashe special woreda, 

on the southwest by Debub (South) Omo and the Basketo special woreda, on the 
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northwest by Konta special woreda, on the north by Dawro and Wolayita. Based on the 

2007 Census, this Zone has a total population of 1,593,104.  

3.2. Methodology 

3.2.1. Sample size determination and Sampling strategy 

The sampling strategy followed disproportionate stratified random sampling technique 

(in which each stratum had different sampling fractions). The four zones with 

geopolitical demarcation in SNNPR region were assigned as a sub-group or strata. The 

zones or strata were selected purposively based on their convenient accessibility and 

proximity to the zonal public health laboratories. 

In selecting the water sources from each stratum, a sampling strategy was developed in 

consultation with zonal and woredas water, mining and energy office staffs. From the 

three water source types, a total of 18 up to 54 samples were collected from the four 

zones in the study area. Within each zone, one or two sample was obtained from the 

public water supply system in the administrative center, and the majority of samples were 

collected from rural improved drinking water sources. Samples were collected during the 

dry season. The study area and sample locations are shown in Figure 1. 
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Figure 1: Map of the study area and location of the water sources 

3.2.2. Water sources proportion by water source types 

A total of 121 water samples were collected from improved ground water sources 

(Protected Spring 33.90%, Covered Dug Well 41.30% and Deep Borehole 24.80%) 

located in four zones found in SNNPR. 

 

Figure 2: Proportion of different water source types 
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3.2.3. Water sources proportion by area 

The drinking water samples were collected from improved water sources located in four 

zones in SNNPR region with different proportion, mainly from Zone_1 (43.80%) and 

Zone_2 (28.10%). In order to see and perhaps compare the chemical composition of the 

water samples in different geology, relatively smaller proportions of samples were also 

taken from Zone_3 (15.70%) and Zone_4 (12.40%). The corresponding area of each zone 

has been indicated in the study area section of this paper. Due to the proximity and 

accessibility of the site, the sampling strategy in Zone_4 only covered the half part of its 

area. 

 

Figure 3: Proportion of water source taken from different area 

3.2.4. The water quality testing parameters 

Samples were analysed for microbiological, trace metals, and physico-chemical 

parameters. A summary of the parameters tested and the laboratory methodology (or 

analytical techniques) is provided in Table 9 and 10. The study pursued the ‘critical 

parameter water testing strategy’. This technique was recommended by Howard et al. 

(2003) in the handbook of RDWQA and was applied to the first national RDWQA, in 

Ethiopia (Tadesse et al., 2010a). The physico-chemical parameters were selected based 

on their significance to human health or to the aesthetic properties of the water. 

Parameters of physicochemical and microbiological quality that was tested during the 

first RDWQA are Arsenic, Fluoride, Nitrate, Copper, Iron, Conductivity, Turbidity , 

Appearance, E.coli,  pH,  Residual Free Chlorine and Residual Total Chlorine (Tadesse et 

al., 2010a). This study performed testing for the above-mentioned parameters except for 

Arsenic, Residual Free Chlorine and Residual Total Chlorine with inclusion of 

Manganese, Lead and some microbiological parameters like Intestinal Enterococci, 

Pseudomonas, Aeromonas, and Aerobic Plate Count (APC) (Table 6). 

44% 

28% 

16% 
12% Zone_1

Zone_2

Zone_3

Zone_4
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3.2.5. Water Samples Collection, Storage and Transportation 

Water samples were collected from the different water sources according to Standard 

Method of Water and Wastewater Analysis handbook and WHO guideline (APHA, 1998; 

WHO, 1997). A one litter glass bottle, one 500-ml and one 250-ml bottles of water 

samples were collected at each site.  

Water samples for Bacteriological analysis 

One-liter glass bottles, which were previously sterilized by an autoclave, were used for 

sample collection for microbiological analysis. Chlorinated water sources for microbial 

analysis were treated with sodium thiosulphate to stop the chlorination process at the 

moment of taking the sample. The collected samples were immediately stored in cold 

boxes containing ice freezer pack and analyzed at the Christian Sodo or Hosaena Zonal 

Public Health laboratories within 6 hours from the sampling. 

Water samples for Physico-chemical analysis 

Acid washed and rinsed 500-ml and 250-ml High-Density Polyethylene (HDPE) bottles 

were used for sampling of physico-chemical and metal analysis, respectively. the bottles 

were rinsed three times with running water and then filled to the top. Sampling took place 

directly at the tap or the wellhead. Pumps and taps were operated or run for at least two 

minutes prior to sampling to ensure collection of a representative sample.  The 500-ml 

water sample, which was intended for anion analyses, was left unfiltered and unacidified. 

The other unfiltered 250-ml water sample was acidified with 2 ml of concentrated nitric 

acid (Merck, Ultrapure); this acidified sample was used later for cations analysis. 

In the field, the samples for physico-chemical and metal analysis were immediately 

placed in ice boxes and transferred to a refrigerator in the regional laboratories at the 

study area, where they were stored until moved to EPHI. All samples were transported 

under optimized condition, for the physico-chemical analysis, to Ethiopian Public Health 

Institute (EPHI), Addis Ababa, Ethiopia, after completion of the field activity.  
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3.2.6. Analysis of water Samples 

Bacteriological analysis  

The isolation and enumeration of E.coli, Enterococci, Pseudomonas and Aeromonas were 

carried out using membrane filtration method. The procedure was derived from (WHO, 

1997). When the number of colonies was uncertain, different volumes were filtered and 

cultured. After incubation, the number of colonies per 100 mL of a sample was evaluated 

from the plate count. For each day of analysis and for each parameter, the blank value 

was determined 

Physico-chemical analysis  

The physico-chemical parameters  such as pH, Turbidity, Conductivity, Fluoride, Nitrate, 

Nitrite, Ammonia, Total Alkalinity, Total Hardness, Chloride, Iron, Manganese, Copper 

and Lead contents were measured according to Standard Methods of Water and 

Wastewater Analysis (APHA, 1996).  

Electrical Conductivity, pH and Turbidity of the water samples were measured at 

sampling sites. Alkalinity and Nitrate were determined at the Christian Sodo or Hosaena 

Public Health Laboratories. In EPHI Environmental Public Health Laboratory, pH, 

Electrical Conductivity, Nitrate and Alkalinity value of the unacidified samples were 

determined once more on the unacidified samples. Fluoride, Ammonia and Nitrite 

concentrations of the water samples were analysed by using Uv-Vis Spectrophotometer 

in EPHI laboratory. The acidified samples were used for cations analysis (Fe, Mn Cu, and 

Pb). The trace metals were measured by using Atomic Absorption Spectrophotometer 

(AAS). 
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Table 6: Standard methods for Test parameters and sanitary assessment 

Parameter 

category  

Parameters  Preservative  Storage  Test method  Apparatus  

 

M
ic

ro
b

io
lo

g
ic

a
l 

a
n

d
 r

el
a

te
d

 
E.coli, 

Pseudomonas, 

Aeromonas, 

Intestinal 

Enterococci and 

Aerobic Plate 

Count (APC) 

N/A 

 

 

 

 

 

At 4 o C Membrane filtration Membrane 

filter 

Turbidity  N/A At 4 o C Turbidity meter  Portable 

turbidity meter  

pH N/A At 4 o C pH meter  Portable pH 

meter  

 

 

 

 

 

 

Physical 

and 

Chemical 

Fluoride N/A At 4 o C Spectrophotometer  Uv-visible 

spectroscopy 

Ammonia N/A At 4 o C Spectrophotometer  Uv-visible 

spectroscopy  

Nitrate and  

Nitrite 

Sulfuric acid At 4 o C Spectrophotometer  Uv-visible 

spectroscopy  

Copper, Lead, 

Iron, and 

Manganese 

Nitric acid At 4 o C AAS Nova 400P 

AAS 

Conductivity N/A At 4 o C Conductivity meter  Portable 

conductivity 

meter  

Alkalinity  N/A At 4 o C Titrimetric - 

Chloride  N/A At 4 o C Titrimetric - 

Inspection Sanitary 

Inspection 

N/A N/A Sanitary survey forms  N/A 
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3.2.7. Quality control 

For quality control purposes, duplicate samples were taken in the field at a rate of 1 in 10. 

These were treated as completely separate samples, receiving their own sample number. 

Several blind samples and reagent blanks were included in the laboratory tests. At the 

laboratory, 10% of the total samples were analyzes in duplicates. Standard calibration 

curves have also prepared with each batch analysis of the samples using Uv-vis and AAS 

instruments. Several in-house standards were also analysed on a routine basis together 

with the samples. 

3.2.8. Sanitary Inspection 

At each site a sanitary inspection was undertaken to identify faecal sources, contaminant 

pathways and contributory factors when the sample was taken. The sanitary inspections 

followed a standardized WHO query format. For each of the three types of water sources 

three different sanitary inspection form were used. The sanitary surveys activities, at the 

water sources, identified a variety of risks, which were grouped into three broad 

categories: (i) Hazard factors, (ii) Pathway factors, (iii) Indirect factors. 

3.2.9. Risk – to – Health Analysis 

Once the figures of E.coli count and qualitative sanitary inspection data was obtained, a 

cross referencing had been performed using a preformatted table containing the percentile 

data of sanitary inspection and a classified matrix of health risk as “very low”, “low”, 

“medium” and “high” (Tadesse et al., 2010a). Estimates of the longer-term sanitary risks 

of microbiological contamination (from the sanitary inspections), were combined with 

current data on E.coli levels in the drinking-water, to derive a risk-to-health matrix.  

Table 7: Risk grading for prioritization (all supplies) 
Risk Score E.coli count (CFU/100 ml) 

<1 1-10 11-100 >100 

0-2     

3-5     

6-8     

9-10     

Very low Low medium High  
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3.2.10. Statistical Data Analysis 

The physico-chemical, microbiological and sanitary risk data were stored in an excel 

sheet. Data were then exported to SPSS for statistical analysis using the statistical 

package (SPSS 20 for windows). The normal distribution of the data was checked by 

using different statistical tools such as A Shapiro-Wilk’s test (P-value should be >0.05 for 

normal distribution) (Shapiro and Wilk, 1965, Razali and Wah, 2011) and a visual 

inspection of histograms, normal Q-Q plots and box plots. In addition, as presented in 

appendix 5, a Skewness and Kurtosis values were checked (Cramer, 1998, Cramer and 

Howitt, 2004, Doane and Seward, 2011).  

Data analysis was carried out using nonparametric tests. Therefore, when analyzing both 

the microbiological and the physico-chemical data, the median rather than mean was 

used. As recommended in a handbook by Howard et al. (2003), those outliers of 

microbiological results were given default values of 550 cfu/100 ml. For association 

analysis, the sanitary risk factors and indicator microbiological variables (E.coli and 

Enterococci) were transformed into binomial categorical data. The relationships between 

risk factors and the different indicator bacteria were evaluated by Chi-Square test. The 

correlation analysis of risk scores and the coliform forming unit values for 

microbiological quality was performed using Spearman’s rank test. In addition, the 

importance of each sanitary risk factor in causing contamination was tested using binary 

regression models. 
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CHAPTER FOUR  

4. RESULTS AND DISCUSSION   

In this study, a total of 121 water samples were taken from ‘Deep Borehole with 

Motorized Pump’ (N=35, depth > or = 70 m), ‘Dug Wells with Mechanical Hand Pump’ 

(N=45, depth < 70 m) and ‘Protected Springs or the natural outflow of groundwater’ 

(N=41). Table 8 and Table 9 summarize (median, minimum and maximum) the analytical 

results of bacteriological and physico-chemical parameters for the water samples, 

respectively. The tables also provide additional information on drinking water standards 

(the National and WHO Standards) and show the number of samples (and the percentage) 

above maximum acceptable concentration limit. The bacteriological and physico-

chemical water quality results were then compared with the National and WHO 

standards. 

4.1. Bacteriological and Physico-Chemical Results  

4.1.1. Bacteriological Results  

Results of the bacteriological analysis of the water samples are presented in Table 8 and 

Appendix 5 (Table 18). The result obtained range from 0 cfu to too many to Count (>500 

cfu). Almost half of the samples (49.6 and 51.2%) were positive for E.coli and 

Enterococci, respectively. Among the total samples, E.coli were found in 18.20 and 

19.80% of the water sources in different contamination level (1 – 10 and 11 – 100 

cfu/100ml), respectively. Likewise, Enterococci were detected in the range of 1 – 10 and 

11 – 100 cfu/100ml in 32.20 and 11.60% of the water sources, respectively. 

The bacteriological results also indicated that some water supply sources in the study area 

were contaminated to a significant extent. High contamination level of E.coli (>100 

cfu/100ml) were found in 6.70% boreholes, 14.60% of protected springs and 12.00% of 

protected dug wells. Similarly, Enterococci (>100 cfu/100ml) were found in 3.30, 14.60 

and 4.00 percent of the boreholes, Protected springs and Covered dug wells, respectively. 

The obtained results for indicator organisms (E.coli and Enterococci) were supported 

each other.  
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Table 8: Bacteriological results [Minimum (Min.), median (Med) and maximum 

(Max.) values] of the ‘drinking water’ sources 

Parameter Unit Minimum Maximum Median ES WHO >MPL 

(%) 

E.coli count in 

100ml sample 

 
CFU 0 550 0 

0 0 
49.60 

Enterococci 

count in 100ml 

sample 

 
 

CFU 0 550 0 

 

- 

 

0 51.20 

Pseudomonas 

count in 100ml 

sample 

 
 

CFU 0 550 345 

 

- 

 

- - 

Aeromonas 

count in 100ml 

sample 

 
 

CFU 0 550 60 

 

- 

 

- - 

Aerobic Plate 

Count  in 100ml 

sample 

 
 

CFU 0 550 25 

 

- 

 

100 21.90 

ES: Ethiopian standard for drinking water. WHO: World Health Organization standard for 

drinking water. MPL: maximum permissible level 

4.1.2. Physico-chemical results 
As presented in Table 9, the pH of the water samples ranged from 5.98 to 8.08 with a 

median of 7.08 while the turbidity of water samples also ranged from 0.03 to 95.90 NTU 

for all the water samples. Conductivity measured in µS/cm ranged from 24.4 to 1545.00. 

The fluoride content obtained range from 0.06 to 5.64 mg/L. Except for one water sample 

with the highest value (236.89mg/L), the nitrate content of all the samples ranged from 0 

to 46.12 mg/L. The low values were observed for nitrite and ammonia to all samples 

ranged from 0 – 0.46 mg/L and 0 – 2.44 mg/L respectively. The test results of the water 

alkalinity ranged from 6 – 540 mg/L while the total hardness values were found to be 

between 8 – 616 mg/L. The chloride, iron, manganese, copper and lead contents ranged 

from 0 – 84.97 mg/L, 0.02 -16.43 mg/L, 0.03 – 1101.00 µg/L, 0 – 2617 µg/L and 0.06 – 

665.60 µg/L, respectively. 
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Table 9: Physico-chemical results [Minimum (Min.), median (Median) and maximum 
(Max.) values] of ‘drinking water’ sources 

 
Parameter  Unit Min. Max. Median ESV WHO GV >MAC 

(%) 

The pH value - 5.98 8.08 7.08 6.5–8.5 6.5–8.5 14.05 

Turbidity 
NTU 

0.03 95.90 4.33 
 

5.00 

 

5.00 

 

18.18 

Conductivity 
µS/cm 

24.40 1545.00 330.23 
 

- 

 

-  
- 

Fluoride mg/l 0.06 5.64 0.96 1.50 1.50 14.88 

Nitrate mg/l 0.00 236.87 7.11  50.00 1.65 

Nitrite mg/l 0.00 0.46 0.02 3.00 2.00 0.00 

Ammonia mg/l 0.00 2.44 0.06 1.50 - 0.83 

Total Alkalinity 
mg/l 

6.00 540.00 159.12 
200.00 - 

28.10 

Total Hardness 
mg/l 

8.00 616.00 97.39 
300.00 - 

6.61 

Chloride mg/l 0.00 84.97 6.23 250.00 - 0.00 

Iron mg/l 0.02 16.43 2.84 0.30 0.20 95.87 

Manganese µg/l 0.03 1101.00 43.92 0.50 0.40 13.22 

Copper µg/l 0.00 2617.00 54.39 2.00 2.00 0.83 

Lead µg/l 0.06 665.60 45.90 0.01 0.01 28.93 

Drinking water standards: ESV (Ethiopian Standard value), WHO GV (World Health 

Organization guideline value). 

4.2. Water quality compliance with the national and WHO standards 
The checked water supplies occasionally exceeded the national standard and the WHO 

guideline values for E.coli (49.60%), Enterococci (51.20%), Fluoride (14.88%), Iron 

(95.87%), Manganese (13.22%), Lead (28.93%) and Turbidity (18.18%). Water samples 

taken from Zone_3 had higher concentrations of Fluoride (p<0.05) than Zone_1, Zone_2 

and Zone_4 water sources. Conversely, Zone_1 water sources had higher Lead (Pb) 

concentrations (p<0.05) than other study zones. The water supplies rarely exceeded the 

national and WHO guideline values for Copper (0.83%) and Nitrate (1.65%) (Table 9). 

However, there were statistically significant differences in concentrations between the 

areas for both Copper (P<0.01) and Nitrate (P<0.01). 



56 
 

4.2.1. Comparison with reported bacteriological values and standards, 

by technology type and areas 

From all the 121 samples tested for E.coli in the study area, 50.40% met both the national 

standard and the WHO guideline value of <1 cfu/100 ml (Table 8). The data for E.coli 

show failures in compliance for all technologies with large variations between 

technologies and between areas for a single technology. Among the three technology 

categories investigated, dug well supplies have the highest compliance (74.90%), 

whereas protected springs have the lowest overall compliance (19.5%). According to 

Admassu et al. (2004), a study conducted in North Gonder, in protected springs (n=14) 

demonstrated that 71.43%, of the samples were contaminated with all kind of indicator 

bacteria. In the study areas, compliance levels ranged from 73.3% in Zone_4 to 15.8% in 

Zone_3 (Figure 4). Overall, 18.20% and 19.80% of the 121 samples tested for E.coli had 

a count of 1-10 and11-100 cfu/100 ml respectively, but almost one third (36.60%) of 

protected springs showed the 11-100 cfu/100 ml count level (Figure 5). Very high counts 

(higher than 100 cfu/100 ml) were found in 11.57% (or 14) of all samples. 

Table 10: Overall and by technology type compliance with the national and WHO 
standards 

parameter Total (%) Boreholes (%) Protected 
spring (%) 

Protected dug 
well (%) 

E.coli 50.40 53.30 19.50 74.00 
Enterococci 48.80 43.30 26.80 70.00 
Fluoride (F) 85.10 66.70 95.10 88.00 
Nitrate (NO3) 98.30 100.00 100.00 96.00 
Iron (Fe) 4.10 3.30 4.90 4.00 
Manganese (Mn) 86.80 83.30 97.60 80.00 
Lead (Pb) 71.10 86.70 58.50 72.00 
Turbidity 81.80 90.00 82.90 76.00 

 

The higher compliance levels with borehole supplies were expected, because they were 

generally better protected than springs and dug wells. Borehole supplies were also often 

chlorinated, in contrast to point sources, and thus provided better protection against 

microbial contamination. However the study result showed the borehole supplies at 

second position next to covered dug wells with hand pump in terms of bacteriological 

water quality. Different investigators also detected indicator organisms in disinfected 
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sources (Momba et al., 2006, Von Hertzen et al., 2007, Wright et al., 2004a). These 

might be elucidated by the use of poor disinfection practices and by the deterioration of 

the bacteriological water quality in the distribution pipelines and reservoirs. In a study by, 

Dagnew et al. (2007), in rapid assessment in Ethiopia showed that, 32 % of the sample 

sites of boreholes were within unacceptable limit of the standards set by WHO and ES for 

E.coli. The low level of compliance for protected springs, particularly in Zone_3 (14%, 

Figure 4), may be explained by the poor sanitary conditions. Furthermore,  on-spot  

springs  are  running waters  (that  is,  continuously  out  flowing  as  opposed  to standing  

waters),  chlorination  cannot  not  be  practiced. Therefore, all on-spot springs are 

skipped from chlorination. Indeed, some of the ‘protected springs with distribution’ 

visited could not be classified as such. A study conducted in South Africa and Zimbabwe 

by Grundy et al. (2006), reported that 12% of source samples were contaminated with 

E.coli more than 10 cfu /100 ml of sample at the point-of-supply which were unsafe to 

drink. Another study done in Pakistan villages by Jensen et al. (2003) showed a higher 

level of E. coli was detected in unchlorinated stand pipe water than chlorinated ones. 

 
Figure 4: Compliance with the national standard and WHO guideline value for E.coli 
and Enterococci by technology type and areas 
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The obtained water quality result to Enterococci also supported the E.coli result as 

described above. From the total of 121 samples analyzed for Enterococci, 48.80% were in 

compliance with both the national standard and the WHO guideline value (Figure 5). 

Water samples from protected dug wells showed highest compliance (70.00% with <1 

cfu/100ml), followed by those from boreholes (46.70%), and protected springs (24.40%) 

(Figure 5). When comparing different areas, lowest overall compliance was observed in 

Zone_3, where only 21.10% of the 19 samples tested for Enterococci met both the 

national standard and the WHO guideline value (<1 cfu/100ml).  

The cumulative frequency for E.coli is shown in Figure 5. Totally, (50.4%) or 61 of 121 

samples tested for E.coli had counts <1 cfu/100ml and were in compliance with both the 

national standard and the WHO guideline value. However, 18.20% had counts of 1-10 

cfu/100 ml, and another 19.80% had counts of 11-100 cfu/100 ml. Overall, 11.60% of all 

samples had counts >100 cfu/100 ml, but this heavy microbial pollution proportion was 

significantly higher for protected springs and protected dug wells (14.60% and 12.00%, 

respectively) than for the borehole supply technologies (6.7%). 

 

Cfu = colony-forming unit.  Prop. = proportion of water samples showing corresponding count category. 

Figure 5: Count Categories for E.coli and Enterococci in the checked improved water 
sources 
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4.2.2. Comparison with reported physico-chemical values and 

standards, by technology type and areas 

Since pH usually has no direct impact on consumers, no health –based guideline value 

has been proposed. But, usually pH is suggested to be in the range of 6.5 – 8.5 (WHO, 

2004b; ES, 2001).  In this study 86% of the water samples had pH levels within WHO 

and ES permissible level. However, pH value beyond the limit causes a progressive 

decrease in the efficiency of chlorine disinfection. Consequently it is suggested that pH 

adjustments to water within distribution systems could reduce or control biofilms growth 

(Meckes, 2000).  

The appearance of water with a turbidity of less than 5 NTU is usually acceptable to 

consumers. Most of the assessed water sources (81.82%) had turbidity levels within the 

recommended value of WHO and ES, whereas the turbidity level of 18.18 % was beyond 

the standards set by WHO and ES which is >5 NTU. According to Momba et al. (2006) 

and Downie (2005), turbidity was the most common indicator of water quality. High 

turbidity indicates the presence of organic suspended material, which promotes the 

growth of micro-organisms. Several studies have shown a correlation between turbidity 

levels and microbial contamination of raw and treated water (Clark et al., 1992; 

LeChevallier et al., 1991; Trevett et al., 2006). Therefore, controlling Turbidity at 

disinfection point increases the disinfection efficiency. 

The data for fluoride showed that, although overall compliance is relatively high, some 

fluoride levels were unacceptable, especially in one area (Zone_3) and for deep borehole 

supplies in another area (Zone_1). The fluoride removal options need to be reviewed, 

especially for deep boreholes which had relatively smaller compliance with the drinking 

water guideline value compared to other water source types. Water samples taken from 

Zone_3 had higher concentrations of fluoride (p<0.05) than water samples taken from 

water sources in other areas (Figure 6). 

Out of all 121 sources (14.88%) of the drinking water samples collected returned values 

exceeding the national and WHO MAC of 1.5 mg/l F (Table 9). For warm waters (above 

25oC) or in tropical countries with a high daily intake of drinking water, an action level of 

0.7 mg/l F has been suggested (Richards et al., 1967; Evans and Stamm, 1991). 
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Even levels below 0.7 mg/l in drinking water may result in minute changes in the dental 

enamel. This can be supported by one research report,  users  of the  water  sources   

complained  that  their  children  had experienced  dental  fluorosis  because  of  high  

fluoride content  in  the  water (Haylamicheal and Moges, 2012).  However,  water  

quality  analysis showed  that  the  fluoride  content  in  these  water  points was within 

the World Health Organization (WHO) drinking water  guidelines;  1.5  mg/l  (WHO,  

2004). A total of 58% of all samples surpass the level of 0.7 mg/l F and action is clearly 

required. There are a number of rather simple and cheap techniques for removing excess 

F from water. Of greater significance to human health is skeletal fluorosis, which may 

develop after long-term intake of drinking water with a fluoride concentration above 4 

mg/l. Crippling fluorosis is observed at values above 10 mg/l F (Dissanayake, 1991).  

As mentioned above, the geographical distribution of the samples, with a cluster of all the 

high values in Zone_3, suggests a hydrothermal origin for these high F concentrations. It 

also suggests that nearby water resources and the improved water sources in Rift-Valley 

area need to be investigated for this element. Fluoride is quite mobile under most 

geochemical conditions. In water, the stability field of fluorite (CaF2) limits the possible 

F concentrations; high F concentrations will thus mostly occur in low-Ca waters.  

 
Figure 6: Compliance of improved water supplies with national standard and WHO 
guideline value for Fluoride 
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Except for one water sample (236.87 mg/L NO3-) from Zone_4, median nitrate 

concentrations were low in all study zones (Zone_1: 2.88 mg/L, Zone_2: 1.09 mg/L, 

Zone_3: 3.43 mg/L and Zone_4: 2.90 mg/L). Mekonnen et al. (2014) have shown that, in 

fifteen years national data retrospective study, high compliance level recorded in SNNPR 

water sources. However, extensive nitrate pollution recorded in large number of spring 

and well water sources in other regions.  

 

Figure 7: Compliance of improved water supplies with national standard and WHO 
guideline value for Nitrate 

The World Health Organization considers water sources with greater nitrate 

concentrations of 44 mg/L to have health effects. Excessive levels of nitrate in drinking 
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potential to cause different health effects from a lifetime exposure at levels above the 
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agriculture as the main source). It is thus no surprise that higher values are observed in 

shallow wells (Figure 7). High values of NO3 in some of the improved wells demonstrate 

that more care is needed in well construction and safeguarding of wellheads against 

contamination. This is much easier than treating contaminated waters (UNICEF, 2008). 

Researchers suggest that water sources returning high NO3 should be analyzed for 

bacterial contamination and field-checked by a hydro geologist for construction and 

protection against pollution (Reimann et al., 2003). 
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4.2.3. Comparison with reported trace metal values and standards 

Trace metals were detected in almost all of the water samples, in varied concentrations. 

Coefficients for Skewness and kurtosis revealed that concentrations of trace metals were 

not normally distributed. Therefore, the median values of concentrations of Fe, Mn, Pb 

and Cu were used instead of the mean values (Krishna et al., 2009). The distribution 

parameters of dissolved metals (Manganese, Lead and Copper) in the checked different 

water sources, in varied water depth, are presented as median concentration (Fig. 8).  

 
Figure 8: Median concentrations of metals stratified by the depth of water sources 

The concentration level of the metals in spring sources was higher than that in shallow 

and deep well waters, in the study area. Except for Mn, the median value of each element 

in spring water was greater than that in well waters. The results shown in the diagram 

(Fig. 8) demonstrate that there are clear compositional differences between the water 

types. Deep and shallow ground waters usually show relatively comparable 

concentrations and element variation. These are all higher in the shallow wells than deep 

boreholes (Fig. 8). Lead (Pb) and Copper (Cu) are higher in the protected springs. Some 

elements show clearly higher values in spring waters: Cu, Fe and Pb. The springs are 

shallow-seated and thus vulnerable to contamination (Fig 8 & 10). Of the entire samples 

14 % fell outside the recommended pH range, being acidic in nature. In terms of water 

source types: 26.8% protected spring, 10% shallow dug well and only 3.3% of deep 

boreholes were fail to comply with the national drinking water standard and WHO 
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guideline values. Copper and lead concentrations decreased with water depth, as 

observed higher compliance level with water depth for pH. Literature data (Pehkonen et 

al., 2002, Kim et al., 2011) demonstrated that, at low pH, water can be corrosive and 

cause damage to equipment, since it can increase metal leaching from pipes and fixtures, 

such as copper and lead. As a consequence, low pH values indirectly affect  human  

health,  since  heavy  metals  released  into  the  water  from  pipes  can  have  adverse 

consequences  on  people.  Damaged  metal  pipes  due  to  acidic  pH  values  can  also  

lead  to  aesthetic problems, causing water to have  a metallic or sour taste. 

Comparatively higher trace metals (Pb and Cu) concentration were observed in Zone_1 

(Fig. 9) where relatively higher proportion of the water sources (24.5%) failed to meet the 

drinking water standards for pH value. Similarly the research conducted by Reimann et 

al. (2003) on drinking water quality of improved sources indicated that high proportions 

of the water sources failed to meet WHO drinking water standard for trace metals.  

 
Figure 9: Median concentrations of metals stratified by territorial zones in SNNPR 

As displayed in Figure 10 the results show that there are clusters of high values of certain 
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RADWQ results for the broad area of SNNPR indicate that overall compliance with 

fluoride standards was 99.1%, and that fluoride was not a problem for the drinking-water 

supplies in the region (Tadesse et al., 2010a). This figure probably underestimates the 

true extent of the fluoride problem in the area, however, because many areas in the 

SNNPR are within the main Rift Valley system of Ethiopia and are known to have high 

levels of fluoride in the water supplies. Most of these areas were not visited during the 

RADWQ field assessment, possibly as a consequence of the survey design. As shown in 

figure 10, the median fluoride concentration increased as the water depth increased. It is 

often assumed that natural, uncontaminated waters from deep (bedrock) wells are clean 

and Healthy (Banks et al., 1998b). This is usually true with regards to bacteriological 

composition. Due to variations in the regional geology and water/rock interactions, high 

concentrations of fluoride can occur in such waters (Reimann et al., 2003). Other element 

Fe shows a cluster of high values towards the southern part of the survey area: Zone_1 

and Zone_4 (Fig. 10). This indicates that a hydrothermal component contributes to the 

high concentrations of these elements in the ground water sources. SNNPR is one of the 

regions in Ethiopia, with high concentrations of iron were found in the groundwater 

supplies, and high iron concentrations commonly cause consumers to reject groundwater-

supplied drinking-water in Chelelektu and Yirgachefe towns of Gedio zone, Sidama, 

Bench Maji and Keffa-Sheka zones of SNNPR (FMOWR, 2000; 2001).  

 

Figure 10: Concentration of Fluoride and Iron in different water sources and zones 
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Iron contamination is a particular problem for anaerobic groundwater supplies, but iron 

can get into drinking-water from the use of iron coagulants or from corrosion of 

galvanized iron, steel and cast-iron pipes in the distribution system (Howard et al., 2003; 

WHO, 2004). 

4.3. Sanitary Inspection results 

A sanitary risk score was computed as qualitative risk category (low, medium, high and 

very high risks) for each improved water sources by putting the number of positive 

factors as a range (0 – 2, 3 – 5, 6 – 8 and 9 – 10) of the total number of factors being 

assessed. According to the result obtained from the sanitary inspection of the assessed 

improved water sources (Fig. 11 and Table 11), only 4 % of the water sources were 

grouped into the ‘very high’ contamination risk category. Whereas the percentage of the 

improved water sources clustered into ‘Low’, ‘Intermediate’ and ‘High’ contamination 

risk category are 29, 38 and 29, respectively.  

 

 
Figure 11: Percentages of the water sources in different risk category 

  
Table 11: Contamination risk level percentage of the assessed improved water sources 
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4.3.1. Number of water sources in different risk category 

The level of the sanitary risk noted at the water sources was determined based on the 

cumulative sum of the risk factors. The total number of detected risk factors at each water 

sources range from 0 – 10. As presented in Fig. 12, a certain number of water sources (9, 

13 and 13) as indicated in tiny boxes in the bar graph, scored different number of risk 

factors 0, 1 and 2, respectively and all the 35 water sources with 0 – 2 score of risk 

factors grouped into ‘low contamination risk’ category. The other groups of water 

sources with different number (12, 16 and 18) recorded 3, 4 and 5 number of risk factors, 

respectively and all those 46 water sources belonged to the ‘intermediate contamination 

risk’ category. The third group with number of water sources (15, 13 and 7) each in a 

group scored 6, 7 and 8 number of risk factors, respectively and all those 35 water 

sources grouped into the ‘High contamination risk’ category. In the last group set (4 and 

1) number of water sources with the sanitary risk score of 9 and 10 have been recorded, 

respectively those 5 water sources grouped into the ‘very high contamination risk’ 

category. 

 

Figure 12: Number of water sources vs. number of detected risk factors 

The numbers at the top indicate the number of water sources with the corresponding risk 
factors detected as indicated at the x-axis 
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4.3.2. Response to sanitary risk questions, by technology type 

The sanitary surveys activities, at each of the three types improved water sources, have 

identified a variety of risks; this grouped into three broad categories: (i) Hazard factors, 

(ii) Pathway factors and (iii) Indirect factors.   

I. Identified Contamination Risk Factors In Checked Protected Springs  

Figure 13 below presented the percentage of checked protected springs with each 

detected risk factors. A risk factor ‘animal access within 10m of spring source’ was 

observed in 69% of the protected springs whereas in 60% of the protected springs the risk 

factor ‘spring source unprotected by masonary’ was detected. A risk factor of ‘area 

around the spring unfenced’ was observed in majority of protected springs (76%) 

whereas ‘unsanitary air vent’ has only occurred in 17% of the checked springs. Each of 

two risk factors ‘faulty masonry’ and ‘latrines uphill of the spring’ detected in 57% of the 

assessed protected springs. The percentage of the protected springs with the positively 

detected risk factors of ‘spring box unsanitary’ and ‘unsanitary overflow pipe’ was found 

to be 64% and 52%, respectively. The risk factors of ‘lack surface water diversion ditch’ 

and ‘unsanitary inspection cover’ were observed in 62% and 52% of checked protected 

springs respectively. 

 

Figure 13: Water contamination risk factors detected in checked protected springs 
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II. Identified Contamination Risk Factors In Checked Covered Dug Wells 

Figure 14 presents the percentage of checked covered dug wells with each detected risk 

factors. The sanitary survey conducted on ‘Covered Dug Wells with Hand-Pump’ showed 

that a certain type of risk factor was identified from a minimum of 4% up to maximum of 

48% of the assessed Covered Dug Wells. The contamination risk factor ‘hand-pump 

loose at the point of attachment’ was observed on 38% of measured wells whereas the 

risk factor ‘latrine uphill’ appeared on 48% of checked covered dug wells.  The risk 

factor ‘inadequate fencing’ detected on 44% of tested dug wells while ‘cracks on the 

concrete floor’ observed in 30% of the wells. A risk factor ‘other pollution sources < 

10m’ observed in higher proportion of dug wells (48%) on the other hand ‘latrine < 10m’ 

detected only in the vicinity of 4% of the wells. The risk factors ‘poor drainage’ and 

‘faulty drainage’ were observed in 32% and 20% of the assessed covered dug wells, 

respectively. The ‘Ponding around the hand-pump’ observed in 38% of the wells and the 

‘concrete floor less than 1m’ was detected in 16% of checked wells. The contamination 

risk factors ‘cover of the well unsanitary’ and ‘well inadequately sealed’ perceived in 

28% and 8% of checked covered dug wells respectively.   

 

Figure 14: Water contamination risk factors detected in checked covered dug wells 
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III. Identified Contamination Risk Factors In Checked Deep Boreholes  

Figure 15 presents the percentage of checked Deep Boreholes with each detected risk 

factors. The highest single risk factor ‘other source of pollution within 10m’ was 

observed in 55% of the checked Deep Boreholes whereas ‘latrine within 15 – 20m of 

pump house’ detected as the lowest risk factor that was observed only in 14% of Deep 

Boreholes.  The risk factors ‘unsewered nearest latrine’ and ‘uncapped well within 15 – 

20m’ observed in 41% and 14% of deep boreholes, respectively. The ‘drainage area 

faulty’ was the second largest risk factor detected in 59% of checked boreholes while 

‘damaged fencing in any way’ was observed in 41% of the boreholes. The contamination 

risk factors of ‘pump house permeable to water’ and ‘well seal unsanitary’ have occurred 

in 17% and 59% of deep boreholes, respectively. The percentage of risk factor 

‘chlorination nonfunctioning’ found to be in 41% of the assessed deep boreholes. 

 

Figure 15: Water contamination risk factors detected in checked boreholes 
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4.4. Risk-to-Health Matrix for Water Supplies 

Most of the water supplies in the study were classified as “very low” (28%) and “high” 

(40%) risks (Figure 16). Out of all 121 improved water supplies 40% were classified as 

having “high” risk-to-health category, but the proportion varied from 24% for deep 

borehole with distribution supplies to 69% for protected springs. The spring water 

sources had high risk score classification. Similar study conducted by Haruna et al. 

(2005), Kampala city, shows that seventy percent of the springs had a high risk score (51-

80%), while 30% had a medium risk score (31-50%). These figures emphasize the need 

to pay particular attention to drinking-water quality issues from protected spring water 

supplies. Most dug well with mechanical hand-pump water supplies tested were having 

very low risk-to-health classification (Table 12 and Figure 16).  

A study conducted in by Jabu et al. (2005) showed that the samples were contaminated 

with neither coliforms nor E. coil because of appropriate protection of water sources. In 

contrast, in this study, deep borehole Water supplies in only 27% of all sources were 

classified as having very low risk-to-health category. Since deep borehole supplies have 

better source protection and deep sited aquifers, it was expected large proportion of this 

water source type would fall in very low risk-to-health classification. This can be 

explained supply interruptions of deep borehole from recontamination of water sources 

from distribution pipelines and reservoirs are major additional factors.    

Table 12: Risk-priority matrix, in the study area 
E.coli 

count 

per 

100ml 

Deep Borehole Protected Spring Protected Dug Well Total 

SIRS SIRS SIRS SIRS 

0-2 3-5 6-8 9-10 0-2 3-5 6-8 9-10 0-2 3-5 6-8 9-10 0-2 3-5 6-8 9-10 

< 1 8 6 2 0 4 3 1 0 22 11 3 1 34 20 6 1 

1 – 10  0 5 0 0 0 5 6 2 0 1 3 0 0 11 9 2 

11– 100  1 4 1 0 0 3 11 1 0 2 1 0 1 9 13 1 

> 100 0 1 1 0 0 2 4 0 0 3 2 1 0 6 7 1 

Legend for risk-priority category: 
Low risk  Intermediate risk  High risk Very high risk  

Sanitary Inspection Risk Score (SIRS) 
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According to the first and the only national rapid water quality assessment report, most of 

the visited water sources fell into the ‘low’ or ‘very low’ Risk-to-Health category 

(Tadesse et al., 2010a). However, this study indicated that significant proportion of the 

improved water sources were classified as ‘high’ Risk-to-Health category. Therefore, 

unless better protection and management is implemented, those water sources could 

represent public health threats. 

 
Figure 16: Portions of water sources in different Risk-to-Health category 
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The importance of each factor in causing contamination was tested using statistical 
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indicator parameters (E.coli and Enterococci). The correlation between microbial level of 

contamination and sanitary risk scores was analysed to test this relationship. When using 
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Enterococci (Rs=0.462, p<0.01).  
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4.5.1. Association of risk factors and microbial parameters  

Relationships between individual risk factors and presence of E.coli and Enterococci 

contamination were analysed in order to develop a model of water sources contamination. 

This was done in the first instance in contingency tables containing calculated odds 

ratios. 

For the three water source types, relationships between individual risk factors and the 

presence of E.coli and Enterococci were investigated (Table 13). The E.coli and 

Enterococci data were transformed into binary categorical data based on one water 

quality target. The target was: <1 cfu/100 ml. The target was selected because the 

absence of E.coli is one principal component of the WHO Guidelines for Drinking Water 

Quality (WHO, 1993). The data were categorized as to whether they met or exceeded the 

target. 

Risk factors with presence of E.coli and Enterococci in protected springs    

In the protected springs five risk factors showed a significant (p<0.05) association with 

the presence of E.coli: Sources unprotected by masonary, Faulty masonry, Spring box 

unsanitary, Animal access within 10m of spring, and Lack surface water diversion ditch. 

The unsanitary inspection cover was highly significant to the 99% level for the presence 

of E.coli.  

In protected springs the risk factors that gave odds ratios significant at the 95% level with 

the presence of Enterococci were Sources unprotected by masonary, Faulty masonry, 

spring box unsanitary and Lack surface water diversion ditch. Except for two risk factors 

(Animal access within 10m of spring & the unsanitary inspection cover) that were 

showed significant association with E.coli exclusively similar sanitary risk factors were 

showed significant relationship with both E.coli and Enterococci presence. 

The study noted that latrine presence had little or no influence on the presence and level 

of E.coli and Enterococci, which suggests that latrines were not a significant source of 

E.coli and Enterococci in protected springs. The importance of lack surface water 

diversion ditch, unsanitary inspection cover and faulty masonry suggested that these 

represent more significant sources of microbial contamination.  
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Risk Factors with presence of E.coli and Enterococci in Covered Dug Wells   

In the covered dug wells with mechanical hand pump, five sanitary risk factors showed 

statistically significant association with the presence of E.coli to the 99% level: 

Inadequate fencing, Ponding around the hand-pump, Cracks in the concrete floor, Hand-

pump loose at the attachment and Cover of the well unsanitary.  

When the number of Enterococci exceeded 0 cfu/100 ml, Inadequate fencing, Ponding 

around the hand-pump, Cracks in the concrete floor and Hand-pump loose at the 

attachment were significant at the 99% level. Latrine proximity had no significant 

relationship with both E.coli and Enterococci contamination. These one season results 

suggested that various dynamics mainly pathway factors influence the presence of E.coli 

and Enterococci in shallow groundwater and that a variety of sources of these bacteria 

were present in the environment. 

Risk Factors with presence of E.coli and Enterococci in Deep Boreholes  

In deep borehole water sources, two sanitary risk factors (Well seal unsanitary and 

Chlorination nonfunctioning) indicated significant association with the presence of E.coli 

above 0 cfu/100 ml to the 99% level. When the E.coli count exceeded 0 cfu/100 ml, only 

one risk factor (Other sources of pollution within 10m) is associated to the 95% level.  

In deep borehole water sources, only one sanitary risk factor (Other sources of pollution 

within 10m) showed statistically significant association with the presence of Enterococci 

to the 95% level. When the number of the Enterococci density exceeded 0 cfu/100 ml, 

similar to the presence of E.coli, two risk factors showed strong significant association to 

the 99% level: Well seal unsanitary & Chlorination nonfunctioning. 
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Table 13: Results of contingency table analysis of sanitary risk factors and E.coli in 
improved water sources (protected spring, protected dug well with hand pump, 
borehole with motorized pump) 

Water 
Source 

Variable E.coli > 0 cfu/100 ml  Enterococci > 0 cfu/100 
ml  

  Odds 
Ratio 
(OR) 

p Rank 
of the 
risk 

Odds 
Ratio 
(OR) 

p Rank 
of the 
risk 

 
P

ro
te

ct
ed

 S
p

ri
n

g
 

Sources unprotected by masonary  4.888 0.027 4 4.724 0.030 3 
Faulty masonry  4.218 0.040 6 3.964 0.046 4 
Unsanitary inspection cover 6.867 0.009 1 2.682 0.101 5 
Spring box unsanitary 6.452 0.011 2 6.541 0.011 1 
Unsanitary air vent  0.131 0.718 10 1.517 0.218 8 
Unsanitary overflow pipe  3.062 0.080 7 0.809 0.368 9 
Area around the spring unfenced 0.946 0.331 9 1.760 0.185 7 
Animal access within 10m of spring 4.287 0.038 5 2.120 0.145 6 
Lack surface water diversion ditch  5.629 0.018 3 5.579 0.018 2 
Latrines uphill of the spring  1.545 0.214 8 0.272 0.602 10 

        

P
ro

te
ct

ed
 D

u
g

 W
el

l 
w

it
h

 H
a

n
d

 
P

u
m

p
 

Latrine < 10m 1.233 0.267 8 1.462 0.227 8 
Latrine uphill 0.033 0.856 12 0.062 0.804 12 
Other pollution sources < 10m 0.240 0.624 11 0.244 0.621 11 
Poor drainage  3.688 0.055 6 0.618 0.432 6 
Faulty drainage  3.411 0.065 7 0.573 0.449 7 
Inadequate fencing  18.361 0.000 1 16.909 0.000 1 
Concrete floor < 1m 1.023 0.312 10 0.247 0.619 10 
Ponding around the hand-pump 16.610 0.000 2 7.408 0.006 2 
Cracks in the concrete floor 12.239 0.000 3 13.283 0.000 3 
Hand-pump loose at the attachment 11.307 0.001 4 7.408 0.006 4 
Cover of the well unsanitary  9.172 0.002 5 3.539 0.060 5 
Well inadequately sealed 1.154 0.283 9 0.053 0.817 9 

        

B
o
re

h
o

le
 w

it
h

 
M

ot
or

iz
ed

 P
u

m
p

 

Latrine within 15-20m of pump house 3.133 0.077 4 2.060 0.151 5 
Unsewered nearest latrine  0.083 0.773 9 0.833 0.362 7 
Other sources of pollution within 10m 4.676 0.031 3 4.245 0.039 3 
Uncapped well within 15-20m 0.776 0.378 7 1.373 0.241 6 
Drainage area faulty 0.221 0.638 8 0.359 0.549 9 
Damaged fencing in any way  1.107 0.293 6 0.833 0.362 8 
Pump house permeable to water 1.617 0.204 5 2.563 0.109 4 
Well seal unsanitary 12.41 0.000 2 10.804 0.001 2 
Chlorination nonfunctioning  13.234 0.000 1 14.734 0.000 1 
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4.5.2. Logistic regression models of contamination 

In the three water source technology types (Protected Spring, Covered Dug well and deep 

boreholes) logistic regression models were developed using SPSS to see the combined 

effect of the risk factors and to further investigate the causes of exceeding the water 

quality target for both E.coli and Enterococci (Table 14, 15 & 16). All co-variants where 

odds ratios showed relationships significant to the 95% confidence level and above were 

included in the analysis. Enter models were developed. In general, lack or little 

environmental protection, and poor water source management might increase the density 

of indicator bacteria. 

Table 14: Logistic regression models of E.coli and Enterococci presence in protected 
springs 

Model Variables Variable 

co-efficient 

P value Standard 

error 

E.coli above 0 Faulty masonry -3.58 0.046 1.798 

 Spring box containing animal waste -3.73 0.044 1.853 

 Lack surface water diversion ditch -3.71 0.047 1.866 

     

Enterococci above 0 Spring box containing animal waste -2.81 0.027 1.273 

 Lack surface water diversion ditch -2.76 0.029 1.263 

 

In protected springs the logistic regression model for the presence of E.coli (i.e. over 0 

cfu/100 ml) contains three sanitary risk factors. Isolation of E.coli colonies were 

primarily related to the faulty masonry, spring box containing animal waste and Lack 

surface water diversion ditch. In the protected springs the logistic regression model for 

presence of Enterococci (i.e. above 0 cfu/100 ml) included only two sanitary risk factors: 

Spring box containing animal waste & Lack surface water diversion ditch. 
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Table 15: Logistic regression models of E.coli and Enterococci presence in dug well 
with hand-pump 

Model Variables Variable 

co-efficient 

P value Standard 

error 

E.coli above 0 Inadequate fencing  -2.84 0.041 1.39 

 Ponding around the hand-pump -3.06 0.044 1.52 

 Cracks in the concrete floor -2.96 0.045 1.47 

     

Enterococci above 0 Inadequate fencing -2.62 0.009 1.00 

 Cracks in the concrete floor -2.24 0.023 0.98 

 

In covered dug wells the model for E.coli above 0 cfu/100 ml included three sanitary risk 

factors: Inadequate fencing, Ponding around the hand-pump and Cracks in the concrete 

floor. The logistic regression model for shallow wells with the presence of Enterococci 

(i.e. over 0 cfu/100 ml) contains two sanitary risk factors: Inadequate fencing & Cracks in 

the concrete floor. Inadequate fencing & Cracks in the concrete floor were common to all 

these models.   

Table 16: Logistic regression models of E.coli and Enterococci presence in deep 
borehole well with mechanized pump 

Model Variables Variable 

co-efficient 

P value Standard 

error 

E.coli above 0 Chlorination nonfunctioning -2.98 0.026 1.33 

 Well seal unsanitary   -3.10 0.032 1.45 

     

Enterococci above 0 Chlorination nonfunctioning -3.40 0.017 1.42 

 Well seal unsanitary  -2.58 0.043 1.27 

 

For deep borehole water sources in the model generated for presence of E.coli and 

Enterococci densities (i.e. greater than 0 cfu/100 ml), Chlorination nonfunctioning and 

Well seal unsanitary were included in the model. The sanitary risk factor ‘Well seal 

unsanitary’, was taken as a more general indicator of poor maintenance. This model 

suggests that there was general faecal contamination in the environment (possibly as a 

result of low sanitation coverage) that was easily and rapidly washed into the water 
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sources, therefore suggesting a direct recharge route. Contamination from pipelines also 

possible for deep borehole with distribution lines since few risk factors recorded at 

source. 

The model generated for deep well contamination (more than 0 cfu/100 ml present) 

included Well seal unsanitary and chlorination nonfunctioning. This suggested that for 

contamination, wellhead sanitation were more important than pathways and also 

indicated possible contamination of the water sources through water distribution 

pipelines. This was supported by the fact that many of the pathway and contributory or 

indirect risk factors did not show any significant relationships with the level of 

contamination in deep borehole with distribution water supply technologies. 

The finding showed that the water sources need appropriate protection and treatment 

processes. All of these observations: the relationships between the sanitary risk factors 

and the bacteriological results favour the spring source area and the wellhead rather than 

aquifer route of contamination (since pit latrines did not show significant association) and 

suggest that focused interventions on hygiene practices at the water sources area and 

proper wellhead protection could yield rapid improvements in water quality (Cronin et 

al., 2006). Hence, interventions to protect source water quality, principally those risks at 

the wellhead, and adequate proper chlorination are important on a number of different 

levels.  

The association between the water quality and sanitary inspection results suggest that the 

aquifer is not grossly contaminated but the levels of E.coli and Enterococci indicators are 

correlated with the sanitary risks such as lack of sanitation in water source area, 

inadequate water source maintenance and poor quality of construction. The risk factors 

are ranked (Table 13) and only the top 6 ranked risks exhibit strong positive relationships 

with water quality. These risks deal either with poor water source maintenance or poor 

water source construction. However, latrines were quite low on the ranking than 

expected, similar to other study findings, for instance, Howard et al. (2003). In contrast, 

Hunter et al. (2004) indicated the possible sources contamination of ground water in the 

United States could be the presence of pit latrines close to the water sources. 
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5. CONCLUSION AND RECOMMENDATION  

5.1. Conclusion  

This  paper  describes  a  study  carried  out  in  selected rural areas of SNNPR  to  assess 

bacteriological and the physico-chemical  quality  of  different  types  of improved  water  

sources used for human consumption.  As a result, this research provided water quality 

data in the checked water sources in the area. In addition to the water quality, it also 

contributed to identify the potential sanitary risk factors that might contribute to the 

deterioration of the bacteriological quality of drinking water, in order to suggest 

appropriate solutions to reduce the observed contaminations and to motivate the local 

public authorities to plan better future interventions in this sector. 

With respect to the  health based physico-chemical parameters,  the  results  indicated  

that  drinking  water  sources  have  a reasonably good chemical quality, with basic 

exceptions related to the occurrence of Lead (Pb) and Fluoride (F) contamination in some 

of the assessed water sources. Those identified chemical parameters have health 

significance and an immediate intervention is required to prevent widespread and long-

term exposure.  To plan appropriate actions in the study area, it is necessary to clarify the 

origin of the element ‘Lead’ in the different source categories. For the supplies where 

Lead  arises  from  plumbing,  the  remedy  consists  principally  in  removing  plumbing  

and  fittings containing  Lead.  In  the  other  cases,  alternative  sources  have  to  be  

researched  or,  if  not  possible, contaminated sources have to be treated before water 

consumption. 

Besides  the  aesthetic  properties,  iron  and  manganese,  of  water  supplies  are  an  

issue  in  the  area  and  should  be  taken  into  consideration  before  developing  an  

intervention  program,  since consumer acceptance can play a critical role in the long-

term sustainability of water supply projects. In fact, people might abandon improved 

water supplies rich in iron and manganese in favour of other unprotected water sources 

that are unsafe and microbiologically contaminated. To prevent this behavior, it is 

possible to  persuade  people to aerate and settle  the collected water  for up to one–two 

days  before  drinking  it  in  order  to  improve  the  water’s  taste.  Though moderately 

effective, this household treatment approach can increase bacterial contamination if not 
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done in hygienic conditions. As an alternative treatment, simple iron reduction filters can 

be attached to boreholes. If properly maintained, such filters can significantly reduce iron 

(and manganese) concentrations and improve  taste,  although  ensuring  that  regular  

cleaning,  replacement  of  filter  media  and  sterilization processes are undertaken can 

prove problematic on a community scale. 

In fact, the source of Iron, Manganese, Lead and Fluoride needs to be investigated by also 

considering the hydro-geological characteristics of the sampling sites. Only by 

identifying the sources of contamination will it be possible to select and implement the 

most correct and appropriate solution to these quality issues. 

In bacteriological water quality deterioration, by the aid of potential sanitary risk factors, 

local recharge of faecally contaminated surface water is the principal source of 

contamination to different types of improved water sources, in the study area. The results 

of statistical analysis of data for E.coli and Enterococci support a theory of rapid recharge 

where localized hazard factors, pathway factors and indirect factors are most important in 

causing deterioration in water quality. Sources of faeces such as animal wastes and 

ponding around the water sources appeared to be more significant than latrines. Although 

there were no observed relationship of latrine presence with increasing contamination the 

logistic regression models suggested that there may be some residual contamination from 

latrines when there is rainfall during the wet season. In general, water sources area 

protection and avoiding pathway factors appeared to be sufficient to reduce risks from 

contamination from on-site sanitation in the water sources. 

The use of statistical models strengthens the conclusions that may be drawn from analysis 

of water quality and sanitary inspection data. Microbiological pollution levels exceeded 

the national and WHO drinking water quality recommendations in large number of water 

sources. In particular, high risk and very high risk category wells need; improved 

construction to block contamination pathways, improved hygiene practices around the 

water sources area and comprehensive management measures to protect water points 

from anthropogenic activities. Likewise, water from high to very high contamination risk 

category sources should undergo further treatment such as chlorination or boiling to meet 

the microbiological standard for drinking water. 
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5.2. Recommendations  

 In order to protect the water sources, it is recommended that increased and 

continued combined environmental interventions, through public health education 

by community based health workers, awareness and sensitization campaigns 

should be carried out  

 Water sources located close to pollution source need to get proper interventions 

and future water sources should be constructed beyond 250 meters from pollution 

source. 

 Implementation of regular water quality monitoring and conducting further 

research in water quality would be very beneficial in the development of a future 

water resource program in the rural areas. 

 To sustain service delivery of water points by maintaining  good  quality  water,  

scheme/water  point construction should follow proper planning complemented 

by  design  treatments  such  as  locating  water  points  at reasonable  distance  

from  potentially  contaminating sources  such  as  pit  latrines  and  runoff  and  

proper construction  of  spring  capping  structure.  

 Protection  of  water  points  through,  adequate regular  chlorination  of  water  

points,  preventing water  stagnation  around  water  points  and  fencing,  and 

preventing  bathing  and  washing  clothes  around  to prevent contamination of 

ground water will help maintain and improve water quality.  

 Disinfection of water at household level can also be an added advantage. 
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Appendices  

Appendix 1: Sanitary Inspection forms of the water sources 

I. Type of facility: DEEP BOREHOLE WITH MOTORIZED PUMP 

1.   General information:   zone ..........................woreda...........................picture NO_ 

Kebele......................................... Village......................................  

Coordinators: 

N………………………E………………..Altitude………… 

pH…………….. Date…………………….. 

2.   Code no. ……………… 

3.   Water authority/ Name: …………………………. Tel......................... 

4.   Date of visit…………………………. 

 

1. 

II. SPECIFIC DIAGNOSTIC INFORMATION FOR ASSESSMENT 

Is there a latrine or sewer within 15–20 m of the pump house? 

Risk 

Y/N 

2. Is the nearest latrine a pit latrine that percolates to soil, i.e. unsewered? Y/N 

3. Is there any other source of pollution (e.g. animal excreta, rubbish, and surface water) 

within 10 m of the borehole? 
Y/N 

4. Is there an uncapped well within 15–20 m of the borehole? Y/N 

5. Is the drainage area around the pump house faulty? Is it broken, permitting ponding 

and/or leakage to ground? 

Y/N 

6. Is the fencing around the installation damaged in any way which would 

permit any unauthorized entry or allow animals access? 
Y/N 

7. Is the floor of the pump house permeable to water? Y/N 

8. Is the well seal unsanitary? Y/N 

9. Is the chlorination functioning properly? Y/N 

10. Is chlorine present at the sampling tap? Y/N 

Total score of risks.. . . . . ... . . . . . . . . . . .  /10 

 

Contamination risk score: 9–10= very high; 6–8= high; 3–5= intermediate; 0–2= low 
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I. Type of facility: PROTECTED SPRING SOURCE 

       1.   General information:   zone ............................woreda...........................picture NO_ 

Kebele......................................... Village......................................  

Coordinators: 

N………………………E………………..Altitude………… 

pH…………….. Date……………………. 

2.   Code no. …………………… 

 

3.   Water authority/Name: ……………….. Tel………………….. 

   

1. 

II. SPECIFIC DIAGNOSTIC INFORMATION FOR ASSESSMENT 

  Is the spring source unprotected by masonry or concrete wall or spring 

Risk 

 

   box and therefore open to surface contamination?                                                       Y/N 

2. Is the masonry protecting the spring source faulty? Y/N 

3. If there is a spring box, is there an unsanitary inspection cover in the 

masonry? 

 

Y/N 

4. Does the spring box contain contaminating silt or animals? Y/N 

5. If there is an air vent in the masonry, is it unsanitary? Y/N 

6. If there is an overflow pipe, is it unsanitary? Y/N 

7. Is the area around the spring unfenced? Y/N 

8. Can animals have access to within 10 m of the spring source? Y/N 

9. Does the spring lack a surface water diversion ditch above it, or (if present) 

is it nonfunctional?                                                                                                                             

Y/N 

10. Are there any latrines uphill of the spring? Y/N 

 

Total score of risks.... .. .. . .. .. .. .. .. .  /10 

 

Contamination risk score: 9–10= very high; 6–8= high; 3–5= intermediate; 0–2= low
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I. Type of facility: COVERED DUG WELL WITH MECHANICAL HAND 

PUMP 

1.   General information:   zone ...........................woreda...........................picture NO_ 

Kebele......................................... Village......................................  

Coordinators: 

N………………………E………………..Altitude………… 

pH…………….. Date……………………….. 

2.   Code no. ………………….. 

    3.   Water authority/Name: ………………….. Tel…………………… 

               

1. 

II. SPECIFIC DIAGNOSTIC INFORMATION FOR ASSESSMENT 

  Is there a latrine within 10 m of the well and hand-pump?                                      

Risk 

 

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) within 10 m of 

the hand-pump? 

Y/N 

4. Is the drainage poor, causing stagnant water within 2 m of the cement 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 animals 

in? 

Y/N 

7. Is the concrete floor less than 1 m 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 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 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 for 3 m 

below ground level? 
Y/N 

Total score of risks.... .. .. .. .. .. .. .. . . /12 

 

Contamination risk score: 9–12= very high; 6–8= high; 3–5= intermediate; 0–2= low 
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Appendix 2: Elevation and Geographical coordinates of the water sources 

Table 17: the water sources elevation and geographical coordinates 

S.No     
ID 
 

Water 
source 
code 

Elevation Location Location (UTM) 
Latitude 

(N) 
Longitude 

(E) 
N E 

1. S1 K1 1636 06o51.325’ 037o29.700’ 758027 333702 
2. S2 K2 1473 06o51.973’ 037o30.575’ 759216 335317 

3. S3 K3 1423 06o57.417’ 037o35.484’ 769222 344389 

4. S4 K4 1834 06o55.267’ 037o37.282’ 765250 347689 

5. S5 K5 1899 06o54.063’ 037o37.326’ 763030 347763 
6. S6 K6 1611 06o44.351’ 037o36.250’ 745137 345730 

7. S7 K7 1635 06o44.891’ 037o36.380’ 746131 345972 

8. S8 K8 1633 06o42.593’ 037o35.080’ 741903 343565 

9. S9 K9 1267 06o38.270’ 037o34.689’ 733938 342821 
10. S10 K10 1550 06o43.912’ 037o34.043’ 744340 341661 

11. S11 K11 1890 06o52.789’ 037o43.972’ 760649 359998 

12. S12 K12 1913 06o51.223’ 037o42.173’ 757772 356676 

13. S13 K13 1875 07o02.116’ 037o55.388’ 667221 380824 

14. S14 K14 1927 06o58.805’ 037o53.112’ 771692 376856 

15. S15 K15 2011 06o56.991’ 037o49.793’ 768365 370737 

16. S16 K16 1964 06o58.611’ 037o57.740’ 771316 385377 

17. S17 K17 1951 07o01.312’ 037o51.628’ 776320 374136 
18. S18 K18 1935 07o01.437’ 037o50.668’ 776554 372369 

19. S19 K20 1904 07o05.571’ 037o53.882’ 784158 378303 

20. S20 K21 1889 07o04.501’ 037o56.289’ 782176 382730 

21. S21 K22 1805 07o01.838’ 037o40.873’ 777340 354336 

22. S22 K23 1773 07o02.821’ 037o41.946’ 779147 356317 

23. S23 K24 1625 07o09.193’ 037o41.388’ 790893 355322 
24. S24 K25 1684 792387 344490 792387 344490 

25. S25 K26 1741 07o03.584’ 037o42.555’ 780549 357442 
26. S26 K27 1484 07o08.195’ 037o33.677’ 789095 341122 

27. S27 K28 1447 07o08.680’ 037o33.171’ 789993 340194 

28. S28 K29 1541 07o09.018’ 037o34.802’ 790606 343198 
29. S29 K30 1520 07o08.074’ 037o35.392’ 788863 344279 

30. S30 K31 1423 07o07.031’ 037o33.568’ 786951 340916 

31. S31 K32 1777 06o17.743’ 036o51.377’ 696381 262832 

32. S32 K33 1320 06o18.492’ 036o53.977’ 697742 267635 
33. S33 K34 1315 06o19.082’ 036o54.675’ 698824 268926 

34. S34 K35 1413 06o20.337’ 036o56.072’ 701128 271512 

35. S35 K36 1356 06o25.034’ 037o22.489’ 709611 320260 

36. S36 K37 1663 06o26.996’ 037o23.875’ 713220 322827 

37. S37 K38 1420 06o27.624’ 037o26.951’ 714360 328501 

38. S38 K39 1392 06o28.351’ 037o27.402’ 715698 329336 

39. S39 K40 1919 06o51.432’ 037o44.753’ 758144 361429 

40. S40 K41 2047 06o51.287’ 037o45.656’ 757872 363091 
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41. S41 K42 2301 07o35.149’ 037o51.571’ 838675 374188 

42. S42 K43 2403 07o38.905’ 037o53.300’ 845589 377385 

43. S43 K44 2312 07o36.149’ 037o53.637’ 840508 377992 

44. S44 K45 2297 07o36.463’ 037o55.951’ 841076 382248 

45. S45 K46 2206 07o34.014’ 037o49.203’ 836595 369828 

46. S46 K47 2259 07o34.186’ 037o50.385’ 836906 372002 

47. S47 K48 1902 07o08.834’ 037o52.642’ 790176 376036 

48. S48 K49 1967 07o12.251’ 037o52.912’ 796471 376548 
49. S49 K50 1909 07o09.011’ 037o51.300’ 790508 373566 

50. S50 K51 1946 07o09.277’ 037o50.716’ 791002 372493 

51. S51 K52 1904 07o08.903’ 037o47.987’ 790325 367467 
52. S52 K53 2708 0819310 0351004 0819310 0351004 

53. S53 K54 1974 07o26.865’ 037o35.854’ 823492 345237 

54. S54 K55 2100 826640 359849 826640 359849 

55. S55 K56 2059 07o30.578’ 037o39.823’ 830312 352559 
56. S56 K57 1447 07o33.826’ 037o39.683’ 836300 352320 

57. S57 K58 2016 07o33.421’ 037o41.662’ 835542 355957 
58. S58 T1 1766 0752644 0310232 752644 310232 

59. S59 T2 1953 06o45.006’ 037o21.794’ 746427 319099 
60. S60 T3 1817 06o43.364’ 037o44.999’ 743274 361843 

61. S61 T4 1775 06o44.894’ 037o43.775’ 746100 359596 

62. S62 T5 1777 06o46.369’ 037o46.610’ 748805 364825 

63. S63 T6 1710 06o43.642’ 037o46.005’ 743783 363698 
64. S64 T7 1965 06o56.451’ 037o43.885’ 767398 359855 

65. S65 T8 1958 06o55.123’ 037o43.602’ 764952 359327 

66. S66 T9 1960 06o54.180’ 037o43.507’ 763214 359148 

67. S67 T10 2075 06o56.756’ 037o50.727’ 767927 372456 

68. S68 T11 1912 06o56.228’ 037o51.742’ 766950 374323 

69. S69 T12 1882 06o56.467’ 037o54.056’ 767381 378584 

70. S70 T13 1981 06o54.552’ 037o51.571’ 763862 374000 

71. S71 T14 1903 06o54.312’ 037o53.071’ 763413 376762 
72. S72 T15 1695 06o54.520’ 037o55.267’ 763788 380807 

73. S73 T16 1735 06o55.870’ 037o58.227’ 766263 386263 

74. S74 T17 2073 06o52.985’ 037o38.792’ 761036 350457 

75. S75 T18 2057 06o53.722’ 037o39.015’ 762393 350872 
76. S76 T19 1944 06o57.606’ 037o41.307’ 769539 355113 

77. S77 T20 1976 06o56.723’ 037o39.401’ 767921 351598 

78. S78 T21 2030 06o55.150’ 037o39.353’ 765023 351502 

79. S79 T22 1231 06o15.289’ 037o01.333’ 691785 281181 

80. S80 T23 1545 06o13.076’ 037o03.853’ 687687 285815 

81. S81 T24 1223 696753 288132 696753 288132 

82. S82 T25 1160 06o23.767’ 037o05.210’ 707387 288390 
83. S83 T26 1144 06o20.190’ 037o17.625’ 700712 311262 

84. S84 T27 1224 06o18.503’ 037o17.662’ 697602 311320 

85. S85 T28 1714 06o19.223’ 037o21.183’ 698909 317818 

86. S86 T29 2670 07o19.929’ 037o35.863’ 810709 345214 
87. S87 T30 2354 826640 359849 826640 359849 
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88. S88 T31 2713 07o19.929’ 037o35.868’ 810709 345223 

89. S89 T32 1954 07o43.191’ 037o41.139’ 853550 355050 

90. S90 T33 1884 07o44.350’ 037o39.452’ 855696 351955 

91. S91 T34 1927 07o42.102’ 037o41.248’ 851543 355245 

92. S92 T35 2517 07o40.270’ 037o48.115’ 848130 367860 

93. S93 T36 2452 07o37.639’ 037o46.834’ 843288 365491 

94. S94 T37 2352 07o36.232’ 037o48.087’ 840688 367787 

95. S95 T38 1892 07o31.528’ 038o03.661’ 831950 396405 
96. S96 T39 1895 07o31.389’ 038o03.965’ 831692 396962 

97. S97 T40 1895 07o31.350’ 038o04.512’ 831618 397968 

98. S98 T41 1930 07o31.225’ 038o04.948’ 831386 398770 
99. S9 T42 2233 07o39.225’ 037o57.895’ 846020 496131 

100. S100 T43 2152 07o39.899’ 037o57.714’ 847261 495798 

101. S101 T44 2013 07o40.359’ 038o00.388’ 848236 390423 

102. S102 T45 1996 07o41.024’ 038o00.554’ 849460 390730 
103. S103 D1 1870 07o48.403’ 038o22.002’ 862983 430177 

104. S104 D2 1935 07o45.840’ 038o14.801’ 858282 416935 

105. S105 D3 1831 07o38.867’ 038o13.317’ 845437 414185 

106. S106 D4 1840 862861 382512 862861 382512 

107. S107 D5 1882 07o34.766’ 038o10.034’ 837892 408135 

108. S108 D6 1854 07o36.310’ 038o12.035’ 840731 411819 

109. S109 D7 2083 07o41.644’ 038o05.078’ 850585 399049 

110. S110 D8 1991 07o43.804’ 038o06.797’ 854559 402217 
111. S111 D9 2000 07o44.532’ 038o08.036’ 855895 404497 

112. S112 D10 2287 868990 408178 868990 408178 

113. S113 D11 2576 07o44.944’ 037o53.765’ 856715 378268 

114. S114 D12 2603 07o44.718’ 037o52.262’ 856306 375505 

115. S115 D13 2837 07o46.993’ 037o57.353’ 860475 384873 

116. S116 Z1 1806 07o40.942’ 038o21.110’ 849238 428517 

117. S117 Z2 1968 07o51.828’ 038o25.071’ 869285 435825 

118. S118 Z3 2903 07o58.746’ 038o11.072’ 882076 410128 
119. S119 Z4 3076 08o00.275’ 038o12.683’ 884887 413093 

120. S120 Z5 2095 07o49.305’ 038o10.567’ 864681 409167 

121. S121 Z6 2584 07o49.305’ 038o02.660’ 864712 394636 
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Appendix 3: photographs of sampling sites and its surrounding  

inadequate fencing & allow animal access

lack diversion ditch & inadequate fencing

farm land near to the water source
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Appendix 4: statistics of the water quality results  

A. Water quality statistics grouped by water sources type 

 

Table 18: Physico-Chemical Water Quality Statistics grouped by water sources type 

Technology type of 

the water source 

The 

pH 

value 

Turbidity 

in NTU 

Conductivity 

in 

microsimens 

per 

centimeter 

Fluoride 

result in 

ppm  

Nitrate 

result 

in ppm  

Nitrite 

value 

in 

ppm 

Ammonia 

in ppm 

Total 

alkalinity 

as 

calcium 

carbonate 

in ppm 

Total 

Hardness 

as 

calcium 

carbonate 

in ppm 

Chloride 

value in 

ppm 

Protected 

Spring 

N 41 41 41 41 41 41 41 41 41 41 

Mean 6.91 2.51 179.12 0.46 8.38 0.01 0.04 83.32 60.39 3.76 

Median 6.80 1.34 120.50 0.342 4.96 0.004 0.00 50.00 28.00 2.00 

Minimum 6.05 0.03 24.40 0.06 0.00 0.00 0.00 6.00 8.00 0.60 

Maximum 8.08 11.80 848.00 2.95 44.64 0.04 0.44 400.00 364.00 27.79 

Kurtosis -1.07 2.77 5.66 18.29 3.81 6.08 11.53 4.94 5.72 16.35 

Skewness 0.34 1.63 2.32 3.89 1.82 2.34 3.30 2.25 2.52 3.54 

Covered 

Dug Well 

N 50 50 50 50 50 50 50 50 50 50 

Mean 7.07 5.11 444.80 0.94 9.10 0.03 0.10 208.76 142.48 8.63 

Median 7.08 1.52 332.00 0.80 0.43 0.01 0.00 145.00 124.00 4.20 

Minimum 5.98 0.13 49.90 0.12 0.00 0.00 0.00 20.00 8.00 0.00 

Maximum 8.05 46.30 1545.00 5.58 236.87 0.46 2.44 540.00 616.00 84.97 

Kurtosis 0.71 10.85 1.52 15.62 40.74 27.12 36.03 -0.96 3.87 16.52 

Skewness -0.27 3.20 1.16 3.43 6.18 4.89 5.75 0.58 1.66 3.81 

Deep 

Borehole 

N 30 30 30 30 30 30 30 30 30 30 

Mean 7.34 5.52 345.81 1.66 2.06 0.01 0.05 180.00 72.80 5.63 

Median 7.40 0.83 248.00 1.11 0.84 0.01 0.00 150.00 60.00 2.40 

Minimum 6.49 0.07 109.10 0.25 0.00 0.00 0.00 40.00 24.00 1.00 

Maximum 8.05 95.90 1120.00 5.64 19.70 0.08 0.53 520.00 160.00 31.99 

Kurtosis -0.80 22.17 3.43 1.41 17.34 7.42 9.69 1.21 -0.19 5.20 

Skewness -0.19 4.61 1.80 1.57 3.88 2.52 3.10 1.31 0.94 2.50 

Total N 121 121 121 121 121 121 121 121 121 121 

Mean 7.08 4.33 330.23 0.96 7.11 0.02 0.07 159.12 97.39 6.23 

Median 7.09 1.10 225.00 0.62 1.77 0.01 0.00 100.00 60.00 2.60 

Minimum 5.98 0.03 24.40 0.06 0.00 0.00 0.00 6.00 8.00 0.00 

Maximum 8.08 95.90 1545.00 5.64 236.87 0.46 2.44 540.00 616.00 84.97 

Kurtosis -0.61 42.67 2.57 8.21 84.35 61.89 71.62 0.13 6.01 26.60 
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Skewness -0.10 5.95 1.55 2.76 8.60 7.25 7.81 1.09 2.13 4.59 

Grouped by water sources Type 

 

 
 

Table 19: Metals Water Quality Statistics grouped by water sources type 

Technology type of the water source Iron value in 

ppm 

Manganese value 

in ppb 

Copper value in 

ppb 

Lead value in 

ppb 

Protected Spring N 41 41 41 41 

Mean 2.53 8.13 83.27 77.40 

Median 2.73 4.70 1.00 6.43 

Minimum 0.02 0.03 0.00 0.20 

Maximum 7.24 108.55 839.70 665.60 

Kurtosis -0.25 33.71 6.86 6.50 

Skewness 0.73 5.57 2.83 2.56 

Covered Dug Well N 50 50 50 50 

Mean 3.32 75.03 55.00 33.97 

Median 2.43 8.03 0.54 4.02 

Minimum 0.09 0.15 0.00 0.23 

Maximum 16.31 1101.00 2617.00 477.60 

Kurtosis 5.23 16.62 49.95 12.32 

Skewness 1.84 4.08 7.07 3.51 

Deep Borehole N 30 30 30 30 

Mean 2.44 40.98 13.91 22.73 

Median 1.41 1.71 06.5 4.27 

Minimum 0.11 0.07 0.01 0.06 

Maximum 16.43 508.60 346.00 475.30 

Kurtosis 13.91 11.38 29.78 27.75 

Skewness 3.36 3.43 5.45 5.21 

Total N 121 121 121 121 

Mean 2.84 43.92 54.39 45.90 

Median 2.22 4.70 0.64 4.64 

Minimum 0.02 0.03 0.00 0.06 

Maximum 16.43 1101.00 2617.00 665.60 

Kurtosis 7.72 32.09 66.36 11.40 

Skewness 2.24 5.45 7.59 3.34 

Grouped by water sources Type 
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Table 20: Microbiological Water Quality Statistics grouped by water sources type 

Technology type of the water 

source 

E.coli count 

in 100ml 

sample 

Enterococci 

count in 

100ml 

sample 

Pseudomonas 

count in 

100ml 

sample 

Aeromonas 

count in 

100ml 

sample 

Aerobic 

Plate Count 

in 100ml 

sample 

Protected 

Spring 

N 41 41 41 41 41 

Mean 100.95 57.61 423.61 266.68 73.10 

Median 18.00 2.00 550.00 116.00 30.00 

Minimum 0.00 0.00 23.00 0.00 0.00 

Maximum 550.00 550.00 550.00 550.00 550.00 

Kurtosis 2.23 8.27 -0.61 -1.92 10.82 

Skewness 1.99 3.04 -1.08 0.26 2.85 

Covered Dug 

Well 

N 50 50 50 50 50 

Mean 60.46 26.24 188.02 153.80 89.82 

Median 0.00 0.00 67.50 33.50 17.50 

Minimum 0.00 0.00 0.00 0.00 0.00 

Maximum 550.00 550.00 550.00 550.00 550.00 

Kurtosis 5.55 21.08 -1.00 -0.53 2.89 

Skewness 2.69 4.67 0.95 1.19 1.95 

Deep Borehole N 30 30 30 30 30 

Mean 46.47 14.43 382.30 260.47 94.67 

Median 0.00 1.50 550.00 90.50 25.00 

Minimum 0.00 0.00 0.00 0.00 0.00 

Maximum 550.00 200.00 550.00 550.00 550.00 

Kurtosis 11.55 18.50 -1.42 -2.03 3.90 

Skewness 3.54 4.11 -0.74 0.24 2.11 

Total N 121 121 121 121 121 

Mean 70.71 33.94 316.02 218.50 85.36 

Median 0.00 1.00 345.00 60.00 25.00 

Minimum 0.00 0.00 0.00 0.00 0.00 

Maximum 550.00 550.00 550.00 550.00 550.00 

Kurtosis 4.38 16.55 -1.89 -1.62 4.38 

Skewness 2.48 4.15 -0.15 0.58 2.20 

Grouped by water sources types 
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B. Water quality statistics grouped by water sources location  

Table 21: Physico-Chemical Water Quality Statistics grouped by water sources location  

The place where the 

sample collected 

The 

pH 

value 

Turbidity 

in NTU 

Conductivity 

in 

microsimens 

per 

centimeter 

Fluoride 

result in 

ppm 

Nitrate 

result 

in ppm 

Nitrite 

value 

in ppm 

Ammonia 

in ppm 

Total 

Alkalinity 

as 

Calcium 

carbonate 

in ppm 

Total 

Hardness 

as 

calcium 

carbonat

e in ppm 

Chloride 

value in 

ppm 

Zone_1 N 53 53 53 53 53 53 53 53 53 53 

Mean 6.89 4.03 239.78 0.68 6.30 0.01 0.10 120.38 61.93 3.72 

Median 6.83 1.87 172.00 0.48 2.88 0.00 0.00 80.00 36.00 2.60 

Minimum 5.98 0.07 38.10 0.06 0.00 0.00 0.00 10.00 8.00 0.60 

Maximum 7.83 46.30 1008.00 3.82 29.95 0.17 2.44 540.00 252.00 21.99 

Kurtosis -0.85 28.11 4.05 11.67 0.67 41.98 40.47 3.99 2.12 15.15 

Skewness 0.15 4.85 2.04 2.79 1.36 6.23 6.11 2.08 1.72 3.23 

Zone_2 N 34 34 34 34 34 34 34 34 34 34 

Mean 7.06 6.03 255.10 0.98 1.09 0.02 0.03 141.47 71.47 3.47 

Median 7.05 0.95 204.75 0.89 0.00 0.01 0.00 100.00 56.00 1.00 

Minimum 6.10 0.24 24.40 0.17 0.00 0.00 0.00 20.00 8.00 0.00 

Maximum 8.05 95.90 805.00 2.88 15.66 0.13 0.44 400.00 200.00 31.99 

Kurtosis 0.23 22.77 2.12 1.76 14.09 22.02 14.54 -0.02 0.33 13.20 

Skewness -0.04 4.59 1.54 1.35 3.89 4.36 3.95 0.98 1.18 3.46 

Zone_3 N 19 19 19 19 19 19 19 19 19 19 

Mean 7.36 2.31 409.607 2.05 6.39 0.02 0.09 188.42 94.11 10.10 

Median 7.36 0.95 376.00 0.92 3.43 0.01 0.04 180.00 88.00 6.00 

Minimum 6.50 0.12 60.40 0.31 1.39 0.00 0.00 20.00 24.00 1.00 

Maximum 7.95 18.70 1120.00 5.64 53.68 0.08 0.69 520.00 180.00 59.98 

Kurtosis -0.53 13.71 0.38 -0.87 17.97 2.55 12.04 0.28 -1.439 7.143 

Skewness -0.451 3.58 0.88 0.90 4.19 1.53 3.34 0.96 0.09 2.56 

Zone_4 N 15 15 15 15 15 15 15 15 15 15 

Mean 7.45 4.07 719.60 0.50 24.56 0.05 0.02 298.93 285.60 16.45 

Median 7.42 0.29 683.00 0.44 2.90 0.01 0.00 320.00 304.00 10.20 

Minimum 6.93 0.03 357.00 0.15 0.11 0.00 0.00 6.00 68.00 0.60 

Maximum 8.08 41.00 1545.00 0.93 236.87 0.46 0.30 520.00 616.00 84.97 

Kurtosis -0.79 13.37 2.97 -0.91 12.74 11.06 14.90 -0.13 1.36 9.20 

Skewness 0.46 3.59 1.48 0.39 3.49 3.27 3.86 -0.84 0.76 2.83 

Total N 121 121 121 121 121 121 121 121 121 121 
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Mean 7.08 4.33 330.23 0.96 7.11 0.02 0.07 159.12 97.39 6.23 

Median 7.09 1.10 225.00 0.62 1.77 0.01 0.00 100.00 60.00 2.60 

Minimum 5.98 0.03 24.40 0.06 0.00 0.00 0.00 6.00 8.00 0.00 

Maximum 8.08 95.90 1545.00 5.64 236.87 0.46 2.44 540.00 616.00 84.97 

Kurtosis -0.61 42.67 2.59 8.21 84.35 61.90 71.62 0.13 6.01 26.60 

Skewness -0.10 5.95 1.55 2.76 8.60 7.25 7.81 1.09 2.13 4.59 

Grouped by water sources location 

 

Table 22: Metals Water Quality Statistics grouped by water sources location 

The place where the sample collected Iron value in 

ppm 

Manganese value 

in ppb 

Copper value 

in ppb 

Lead value 

in ppb 

Zone_1 N 53 53 53 53 

Mean 2.73 46.47 122.52 90.84 

Median 2.55 5.70 3.01 7.42 

Minimum 0.02 0.20 0.03 0.21 

Maximum 16.31 1101.00 2617.00 665.60 

Kurtosis 9.74 34.16 28.52 3.55 

Skewness 2.47 5.65 4.98 2.06 

Zone_2 N 34 34 34 34 

Mean 2.18 68.15 0.39 4.27 

Median 1.06 3.22 0.54 3.27 

Minimum 0.23 0.03 0.00 0.40 

Maximum 16.43 972.10 1.50 21.72 

Kurtosis 11.94 15.11 3.00 8.33 

Skewness 3.18 3.76 1.11 2.77 

Zone_3 N 19 19 19 19 

Mean 2.17 21.59 3.19 2.63 

Median 2.22 6.56 1.3160 4.6400 

Minimum 0.75 0.21 0.31 0.06 

Maximum 4.92 146.90 19.74 4.64 

Kurtosis 1.08 5.49 6.45 -2.14 

Skewness 1.00 2.54 2.71 -0.19 

Zone_4 N 15 15 15 15 

Mean 5.51 8.29 0.92 36.32 

Median 5.12 2.16 0.54 6.74 

Minimum 3.30 0.30 0.00 1.10 

Maximum 8.85 65.17 5.20 296.70 
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Kurtosis -0.15 11.29 5.12 9.64 

Skewness 0.70 3.26 2.37 3.06 

Total N 121 121 121 121 

Mean 2.84 43.92 54.39 45.90 

Median 2.22 4.70 0.64 4.64 

Minimum 0.02 0.03 0.00 0.06 

Maximum 16.43 1101.00 2617.00 665.60 

Kurtosis 7.72 32.09 66.36 11.40 

Skewness 2.24 5.45 7.59 3.34 

Grouped by water sources location 

 

 

Table 23: Microbiological Water Quality Statistics grouped by water sources location 

The place where the sample 

collected 

E.coli count 

in 100ml 

sample 

Enterococci 

count in 

100ml 

sample 

Pseudomonas 

count in 

100ml 

sample 

Aeromonas 

count in 

100ml 

sample 

Aerobic 

Plate Count 

in 100ml 

sample 

Zone_1 N 53 53 53 53 53 

Mean 68.92 28.19 366.77 123.70 122.08 

Median 4.00 1.00 550.00 28.00 76.00 

Minimum 0.00 0.00 0.00 0.00 0.00 

Maximum 550.00 550.00 550.00 550.00 550.00 

Kurtosis 5.84 21.53 -1.57 0.90 0.97 

Skewness 2.71 4.68 -0.57 1.62 1.24 

Zone_2 N 34 34 34 34 34 

Mean 66.85 10.26 251.12 245.65 77.68 

Median 0.00 0.00 95.00 55.50 20.00 

Minimum 0.00 0.00 4.00 0.00 0.00 

Maximum 550.00 200.00 550.00 550.00 550.00 

Kurtosis 4.40 26. 70 -1.96 -1.97 6.13 

Skewness 2.48 5.00 0.34 0.36 2.68 

Zone_3 N 19 19 19 19 19 

Mean 74.74 56.53 416.68 368.58 51.32 

Median 10.00 3.00 550.00 550.00 12.00 

Minimum 0.00 0.00 18.00 2.00 0.00 

Maximum 550.00 550.00 550.00 550.00 550.00 

Kurtosis 6.03 12.70 -0.59 -1.76 16.82 
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Skewness 2.68 3.42 -1.01 -0.63 4.02 

Zone_4 N 15 15 15 15 15 

Mean 80.67 79.33 156.27 301.80 16.13 

Median 0.00 0.00 80.00 200.00 6.00 

Minimum 0.00 0.00 11.00 5.00 0.00 

Maximum 550.00 550.00 550.00 550.00 95.00 

Kurtosis 4.18 4.25 0.74 -2.13 5.90 

Skewness 2.36 2.37 1.58 0.00 2.38 

Total N 121 121 121 121 121 

Mean 70.71 33.94 316.02 218.50 85.36 

Median 0.00 1.00 345.00 60.00 25.00 

Minimum 0.00 0.00 0.00 0.00 0.00 

Maximum 550.00 550.00 550.00 550.00 550.00 

Kurtosis 4.38 16.55 -1.89 -1.62 4.38 

Skewness 2.48 4.15 -0.15 0.58 2.20 

Grouped by water sources location 

 
 


