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ABSTRACT 

 
 Using 2012/13 household survey data from Ghana that includes water quality testing, this 

study tests the hypothesis that the type of water source is not associated with lower risk levels of 

E. coli in household drinking water. 

Results of this study show that—while improved water sources are generally safer than 

unimproved water sources—there is still variation in E. coli levels in improved water sources. 

Bottled and sachet water was found to be the safest followed by piped water, while boreholes, 

public taps and protected wells have a greater probability of having high risk levels of E. coli.  

These findings have relevance at the local, national and international levels. People 

drinking unsafe water from improved water sources should be aware that their water might not 

be safe and take steps to treat their water. Additionally, the government of Ghana can use these 

results to strengthen its National Drinking Water Management Framework as well as focus 

funding on water sources with lower probabilities of having high risk levels of E. coli. Finally, 

this study contributes to the body of evidence that not all drinking water is actually safe, which 

can help inform global monitoring efforts for the Sustainable Development Goals.  

   

 

 



iv 
 

I would like to thank Rick Johnston at the WHO for inspiring me to explore water quality issues 
and for his support. I would also like to thank Professor Bednarzik for all of his support and 

guidance during the semester.  
 

Many thanks, 
Elizabeth C. Engebretson 



v 
  

 TABLE OF CONTENTS 
 
 
Introduction ......................................................................................................................  1 
 
Background on the Water Sector in Ghana ......................................................................  5 
 
Literature Review .............................................................................................................  6 
  
Hypothesis, Methodology and Data ...............................................................................  14 
 
Analysis........................................................................................................................... 17 

 
Policy Relevance and Implications ................................................................................  24 
 
Appendices .....................................................................................................................  27 
 
References ......................................................................................................................  34 
 
 

 



1 
  

INTRODUCTION 
 

Although the number of people worldwide without access to drinking water has been 

reduced by half, achieving the water Millennium Development Goal (MDG) ahead of schedule 

in 2010, access to clean, safe water still remains an important global issue. Worldwide in 2012 

748 million people did not have access to an improved water source (WHO & UNICEF, 2014 p. 

2). While almost 4 billion people now have access to piped water onto premises, this does not 

necessarily mean that the water is safe to drink (WHO & UNICEF, 2014, p. iv). Drinking unsafe 

water leads to sickness and even death.  

For example, diarrhea, which can be caused by drinking unsafe water, is the second most 

common killer of children around the world (WHO, 2013).  Each year, there are 1.7 billion cases 

of diarrhea worldwide and 1 in 9 child deaths are due to diarrhea (WHO, 2013; CDC, 2013). In 

2012, 1.5 million diarrheal deaths occurred and it is estimated that 502,000 of these deaths are 

associated with unsafe water (Pruss-Ustun et al., 2014). This means that half a million deaths 

each year could be prevented by having access to safe drinking water; however, providing safe 

drinking water to the world remains a challenge.  

The international community is working to address this challenge. The WHO/UNICEF 

Joint Monitoring Program (JMP) monitors access to water and sanitation in countries around the 

world to track progress on achieving the MDGs and provides data as a tool for policy makers and 

other stakeholders (see Figure 1). JMP broadly classifies water sources into two categories: 

improved and unimproved. Improved sources of drinking water are: piped water into dwelling; 

piped water to yard/plot; public tap or standpipe; tubewell or borehole; protected dug well; 

protected spring; and rainwater. Unimproved sources of drinking water are: unprotected spring; 
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unprotected dug well; cart with small tank/drum; tanker-truck; surface water; and bottled water 

(JMP, 2014). These classifications only take into account the type of water source and not the 

quality of water, although improved sources are often used as a proxy for safe water since they 

theoretically protect water from fecal contamination (WHO & UNICEF, 2014). However, “data 

from nationally randomized studies suggest that 10 percent of improved sources may be of ‘high’ 

risk” (WHO & UNICEF, 2014, p. 34). Therefore, although progress is being made in terms of 

access, quality is still a major missing component.  

Figure 1: Trends in Global Drinking Water Coverage (%), 1990-2012  

 
              Source:  WHO & UNICEF, 2014, p. vi 
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In addition to the classifications of improved and unimproved, the JMP introduced the 

drinking water ladder in 2008 to capture differences in improved and unimproved sources. The 

ladder ranks sources as it moves from surface to piped water (WHO & UNICEF, 2008). The 

ladder implies that while improved is better than unimproved, not all improved sources are equal.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      Source: WHO & UNICEF, 2008 

Figure 2: JMP Drinking Water Ladder  



4 
  

Currently water quality is not monitored globally; however, a few countries have started 

to implement water quality monitoring at the national level, including Ghana. While Ghana has 

achieved the MDG for drinking water and 87 percent of the population has access to improved 

drinking water, the quality of water had remained largely unknown (WHO & UNICEF, 2014, p. 

51). 

Understanding factors that may impact water quality in Ghana is important because 

Ghana still faces health and development challenges. According to the Human Development 

Index, Ghana is ranked 138 out of 187 and falls into the “medium human development category” 

(UNDP, 2014). Over half of all deaths in Ghana are children under five, of which diarrhea is a 

major cause (US Global Health Initiative, 2012). Since safe water is known to decrease the 

incidence of diarrhea (Esrey, Potash, Roberts & Shiff, 1991), the number of child deaths in 

Ghana can be reduced.  

In order to help determine the most effective water interventions and inform future global 

water monitoring programs, this thesis will analyze the relationship between water source and E. 

coli levels in Ghana while controlling for other factors. According to the 2012 JMP coverage 

rates, 19 percent of the Ghanaian population has access to piped water on household premises 

and an additional 68 percent of people use another improved source of water (WHO & UNICEF, 

2014). If there is a relationship between water source and E. coli levels, the government of 

Ghana, international organizations and development professionals working to save the lives of 

children can use this information to make better policies and implement more effective 

programs.  
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BACKGROUND ON THE WATER SECTOR IN GHANA 
 

 Water programs in Ghana have largely focused on improving access to water, rather than 

water quality, with the assumption that improved sources of water are safe. In 1990, only 54 

percent of the population had access to an improved source of water and this number jumped to 

87 percent in 2012 (WHO & UNICEF, 2014). The Ghanaian government launched a community 

water and sanitation program in 1994 that gave communities more responsibility in managing 

water. From 1994 to 2000, the World Bank gave $25 million to Ghana in international 

development assistance to support the community water project (World Bank, 2014).  

 The World Bank is not the only donor that has been active in the water sector in Ghana. 

The 2010 Directory of Ghana’s Water and Sanitation Sector listed six bilateral aid agencies, four 

multilateral development partners, nine international nongovernmental organizations (NGOs) 

and 51 local Ghanaian NGOs that are all active in the sector (Water and Sanitation Monitoring 

Platform, 2010). While this directory might not list all of the actors involved in water, it does 

show that many organizations are working to address this issue in Ghana.  

 The government of Ghana is also active in the water sector. Five government 

agencies/ministries have responsibilities in the water sector and the government has a plan to 

ensure drinking water quality meets national standards, although it is not fully implemented 

(GLAAS, 2014). The government of Ghana is aware that drinking water quality is an issue and is 

taking concrete steps to address it. The government has created a Drinking Water Quality 

Management Framework and is working to develop its water quality data. In the 2012/2013 

Ghana Living Standards Survey 6 (GLSS6), water was tested at both the household and source to 

begin to track water quality (Johnston, 2014). This is the first time that water quality has been 
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tested in Ghana during a national household survey. The data collected from this survey will help 

inform future water policies and interventions in Ghana.  

LITERATURE REVIEW 
 

 Since water quality has not been included in national household surveys until recently in 

Ghana and Bangladesh, broadly examining factors associated with E. coli levels had not been 

possible.  However, studies have examined the relationship between water and diarrhea; results 

of these studies regarding more nuanced aspects of the water-health connection, such as water 

source and water quality, have varied (Esrey et al., 1991; Jalan & Ravallion, 2003; Lechtenfeld, 

2012; Novak, 2014). 

Past Water Studies: A Focus on Diarrhea 

 Childhood diarrhea is a common variable when analyzing the impact of water on health. 

Novak (2014) notes that diarrhea “is the most commonly used outcome variable in water supply, 

sanitation and hygiene intervention analyses.” A very useful paper for studying the diarrhea-poor 

water quality connection is Esrey et al.’s 1991 meta-analysis of 144 studies on the impact of 

improved water on diarrhea and other diseases. Clasen, Schmidt, Rabie, Roberts & Cairncross 

(2007) noted that Esrey’s review was the most cited regarding interventions to prevent diarrhea. 

Improvements in water led to a 17 percent reduction in diarrheal morbidity (Esrey et al., 1991). 

Another meta-analyses by Fewtrell et al. (2005) also analyzed the relationship between water and 

diarrhea by comparing the effectiveness of water, sanitation and hygiene interventions in less 

developed countries. They found that water interventions were effective at reducing childhood 

diarrhea (Fewtrell, Kaufmann, Kay, Enanoria, Haller, Colford, 2005). Clasen et al. (2007) further 

add to this body of research with a systematic review and meta-analysis of diarrhea prevention 
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through interventions that improve water quality. They found that overall water quality 

interventions were effective at preventing diarrhea (Clasen et al., 2007). 

In addition to meta-analyses, Gunther and Fink used Demographic Health Survey (DHS) 

data to analyze the effect of water and sanitation on childhood health, including diarrhea. They 

found that although sanitation had a greater effect on reducing diarrhea, water still played a 

statistically significant role (Gunther & Fink, 2010).  Clearly, water quality and health are 

related.  

E. coli and Water Quality 

Water quality is a complex issue and overall there is a lack of large-scale data available 

on the topic. For example, numerous studies analyzing the impact of water on childhood diarrhea 

have left water quality out of their analysis. This includes Quinn (2009), Novak (2014), Jalan & 

Ravallion (2003), Gunther & Fink (2010), and Shier (1996). They all mentioned that having 

water quality data available would be a key element to improving their research. Importantly, 

Novak (2014) mentions that the diarrhea variable is actually a proxy for water quality.  

Although many authors noted that not including water quality hurt their analysis, 

Lechtenfeld (2012) included water quality in his analysis of piped water in Yemen. Lechtenfeld 

(2012) found that piped water does not decrease childhood diarrhea in Yemen. Instead of 

comparing various types of water sources, Lechtenfeld (2012) used distance to city center and 

rocky ground to analyze the effect of piped water on child health. Following the household 

survey, 500 random households were chosen for micro-biological water tests as well as testing at 

the source. The addition of water quality test showed that although the water was safe at the 
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source, it had been contaminated in two thirds of the households, demonstrating that just because 

a water source is improved, it does not mean that the water is safe to drink.  

In the literature two major issues arise in terms of water quality: source versus point-of-

use and microbiological versus chemical contamination. Since the analysis here will focus on 

point-of-use microbial contamination, those aspects will be discussed below.  

Lechtenfeld’s (2012) study highlighted the difference between water quality at the source 

and at point-of-use. While water might be clean at the source, water often becomes contaminated 

on the journey to where it is actually used. This could happen because of water storage and 

handling practices or the level of maintenance of water systems. Wright, Gundry & Conroy 

(2004) conducted a systematic review examining the issues of microbiological contamination 

between source and point-of-use and found that in all instances, water quality deteriorated after 

collection or remained the same; it never improved. Moreover, the authors noted that water 

samples taken at point-of-use provide a more accurate picture than samples at the source, since 

water storage and handling play a role in water quality. Awuah, Nyarko and Owusu’s (2008) 

overview of water and sanitation in Ghana also addressed the issues of source versus point-of-

use contamination. They noted, “Microbial contamination of domestic drinking water during and 

after collection from source has been recognized as a problem for households even where the 

water sources are uncontaminated” (Awuah, Nyarko & Owusu, 2008, p. 460-61).  

Microbial contamination is often caused by E. coli. A study looking at bacteria and water 

quality in the Philippines and other tropical climates from 1991 found that no matter the type of 

water source, diarrheal disease could still be predicted by E. coli (Moe, Sobsey, Samsa & 

Mesolo, 1991). In 2000, Edberg, Rice, Karlin & Allen published the paper “Escherichia coli: the 
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Best Biological Drinking Water Indicator for Public Health Protection,” in which they noted the 

advantages of using E. coli for determining water quality. More recently, Luby et al. (2014), in 

an article currently under review, analyzed the relationship between E. coli and childhood 

diarrhea. While they noted that other studies had yielded mixed results, they found that even with 

a moderate increase in the level of E. coli, the risk of diarrhea increased. Therefore, instead of 

looking at factors that are associated with childhood diarrhea, there is an opportunity to look at 

factors that potentially have an impact of the level of E. coli in drinking water. 

Sources of Water 

 The main independent variable of interest in this analysis is water source and its 

relationship to water quality as measured by the level of E. coli in water sampled at the 

household. Lechtenfeld noted, “Surprisingly, very little is known about the actual health impacts 

of piped water schemes. The empirical evidence is mixed at best, although most often no signs of 

improved health are found” (Lechtenfeld, 2012, p. 1). Other studies have analyzed the 

relationship between different types of water sources and childhood health outcomes, but have 

come to varying results, at least in part due to different—sometimes flawed—categorization of 

water sources (Mangyo, 2008; Novak, 2014). Moreover some papers (Novak, 2014; Quinn, 

2009; Fink, Gunther & Hill, 2011; Mangyo, 2008) have equated water source to water quality 

without sufficient evidence; thus, putting their results into question. That is, it may be erroneous 

to assume improved water sources provide safe quality water. 

Bain, et al. (2014) conducted a meta-analysis and systematic review of studies analyzing 

fecal-contamination and water quality and found that overall water from improved sources is less 

likely to be contaminated than water from unimproved sources. However, the authors found that 
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improved sources are not necessarily safe, noting that at times improved sources were found to 

have high levels of microbial contamination. They also noted that many studies do not classify 

water sources according to JMP definitions nor provide clear definitions of water sources, 

making cross study comparison difficult.   

Another study looking directly at water quality and source was Osei et al.’s (2013) 

analysis of the quality of packaged water sold in Accra, Ghana. They found that although 

packaged water was viewed as a safer alternative to other sources, the quality water from sachets 

was no safer than tap water. Their research shows that what are assumed to be safe sources of 

water, may in fact not be.   

Quinn examined the likelihood of diarrhea based on water and sanitation infrastructure in 

Ghana. She found that piped water did not have a significant relationship to a reduction in 

diarrhea (Quinn, 2009). This result differs from studies that found a significant association of 

piped water to diarrhea reduction (Novak, 2014; Jalan & Ravallion, 2003). One reason that 

Quinn’s findings might differ from the literature is that she used piped water as a proxy for water 

quality; however, piped water does not necessarily mean that the water is of better quality or safe 

to drink (Quinn, 2009).  Fink et al. (2011) also assumed that better technology for the source led 

to higher water quality in their analysis of child health and water from DHS survey data, but did 

not cite evidence of this assumption. They wrote, “…the main presumption of the chosen 

categorization is that better technology leads, on average, to higher water quality” (Fink, Gunther 

& Hill, 2011).  

While other authors have assumed improved sources of water have better water quality, 

Onda, LoBuglio & Bartram broadly looked at the classification of water sources to see if 
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improved sources actually provide safer water. Using Rapid Assessment of Drinking Water 

Quality data from WHO and UNICEF in five countries, the authors found that just because a 

source of water is classified as improved, that does not mean that the water is safe to drink 

(Onda, LoBuglio & Bartram, 2012). In fact, they estimate that one billion of the 5.8 billion 

people who get water from piped or other improved sources are actually receiving fecally-

contaminated water (Onda, LoBuglio & Bartram, 2012).  

Mangyo’s (2008) measure of water quality focused on a source’s physical proximity to 

dwelling. He assumed that “in-yard” water sources had higher water quality than other sources. 

In yard sources could be wells or tapped water; any water from off-site was grouped together. 

Instead of a significant relationship between water and childhood health outcomes, Mangyo 

found that the water source-health connection was related to the educational attainment of the 

mother. A significant relationship between childhood health outcomes and in-yard water 

occurred when the mother was more educated (Mangyo, 2008). However, the effect of water 

proximity in this study is flawed because of the assumption that in-yard water is of good quality. 

Moreover, this is the only empirical study in this literature review that does not use childhood 

diarrhea as a dependent variable for child health. Instead height, weight and body mass index of 

children were used.  

 In addition to piped water not necessarily being of good quality, the way water sources 

are classified can also influence the results of studies, as seen in the Mangyo’s 2008 article. In 

1996, Shier et al. analyzed water source and childhood diarrhea in Northern Ghana and found 

some relationship between childhood diarrhea and source, but seasonality played a more 

significant role. Water source was broken down into piped, borehole, well, hole dug in stream 
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bed and other; Shier et al. (1996) found that these different sources were associated with 

differing levels of diarrhea depending on the season.  They noted, “Since the study of water 

sources was not the primary aim of this research project, the data available for the analysis of the 

associations between water source and health outcomes have limitations” Shier et al. (1996). The 

authors admit that the analysis could have been strengthened if other aspects of water sources, 

such as quality, quantity and distance to source were also taken into consideration.  

 Jalan & Ravallion (2003) and Novak (2014) also explored the relationship between water 

source and childhood health outcomes. Jalan & Ravallion (2003) found that piped water was 

associated with a lower prevalence of childhood diarrhea in India. Their analysis of children’s 

health went beyond water source and examined the role of other health inputs, wealth of the 

families, and mothers’ education. Their classification of piped water was “one with access either 

via a tap in the premises of the household or from a public tap nearby” (Jalan & Ravallion, 2003, 

p. 168).  While they did not find a significant difference between water sources within and 

outside the house, Novak (2014) found a significant difference between water piped into the 

house and water piped from the yard in Senegal (Novak, 2014). Instead of using a binary 

classification for water source, Novak used the following classification scheme for water 

sources: piped into dwelling, piped into yard/plot, public tap, protected well, and unimproved 

source. She found that this more detailed classification yielded different results; piped water into 

a yard had a much greater negative effect on childhood diarrhea than water piped into a dwelling 

(Novak, 2014).  
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Mother’s Education and other Control Variables 

 Of the control variables used in the water quality-health articles, mother’s education 

yielded the most interesting findings. Jalan and Ravallion (2003) found that the impact of piped 

water is not as greatly fulfilled when the mother is poorly educated. Mangyo’s (2008) article also 

supports the role of education by finding that children in houses where the mother was educated 

benefited more from the in-yard water source. On the other hand, Quinn (2009) and Novak 

(2014) did not find a significant relationship between mother’s education and childhood diarrhea 

nor between education and water source selection. Gunther and Fink (2010), Shier et al (1996), 

and Fink et al (2011) all also controlled for education in their models. Other control variables 

included access to sanitation, wealth, often in terms of assets owned, size of household, and 

urban or rural location. 

Gaps in the Literature 

 There are a few clear gaps in the literature. While the relationship between childhood 

diarrhea and water has been clearly established, questions remain regarding water source and 

water quality. It is unclear what factors could have an impact on E. coli levels in household 

drinking water and nationwide analysis has not been done since data were not available. 

Moreover, it is also unclear what type of water source provides the safest drinking water in 

developing countries. By using data from the GLSS, this paper will examine what factors impact 

E. coli levels in Ghana, thus filling a gap in the literature.  
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HYPOTHESIS, METHODOLOGY AND DATA  
 

Hypothesis 

 This study will test the following hypothesis on factors associated with E. coli levels in 

drinking water: 

Hypothesis: The type of water source is not associated with lower levels of E. coli in 

household drinking water.  

Methodology 

 This paper uses a binary logistic regression to test the hypothesis on water source and 

levels of E. coli. A binary logistic model was chosen because E. coli level can be a binary 

variable: there are either dangerous levels of E. coli in the water sample or not.a This model 

builds on work by Novak (2014) and further explores research conducted by Bain et al. (2014) 

on drinking water quality. Household surveys have rarely collected water quality data. The 

GLSS6 is the first time water-quality data have been collected in Ghana at the national scale, 

making this analysis on the frontier of examining the relationship between water quality and 

water source.  

The following logistic regression model will be used in this analysis:  

Y = β0  + β1X1 + β2X2 + β3X3 + β4X4 + β5X5 + β6X6 + β7X7   

Where: 

 Y = high risk level of E. coli present in household water sample or not 

X1  = a series of dummy variables indicating the drinking water source: i) improved, 

unimproved (reference group), bottle/sachet water; ii) unimproved; iii) improved 
                                                
a	  Samples classified as high risk contain 11 or more colony forming units (cfu) of E. coli in a 100ml sample of 
drinking water. According to the WHO’s Guidelines for Drinking Water Quality, E. coli should not be detectable in 
any 100 ml sample for drinking water.	  	  
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water sources of piped water, borehole, public tap, protected well, bottle/sachet 

water, plus unimproved as the reference group 

X2  = urban or rural  

X3  = a series of dummy variables measuring household size: 1-2 members (reference 

group), 3-4 members, 5 or more members 

X4  = a series of dummy variables indicating time to collect water: 0-5 minutes (reference 

group), 6-10 minutes, 11 or more minutes 

X5  = access to improved or unimproved sanitation 

X6  = a series of dummy variables measuring head of household’s level of education: 

primary (reference group), middle, secondary, post secondaryb 

X7  = poverty status: poor or non-poor 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

                                                
b Other studies have used mother’s education as a control variable (Jalan and Ravallion, 2003; Mangyo, 2008; 
Novak, 2014), but these data were not available. Therefore, education for the head of household is used.  
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Exhibit 1: Variable Description and Rationale 
 Variable Name Definition Expected Sign Rationale  

Dependent Variable 
𝑌 

EC_risk_high 
Dummy variable indicating if there is a high risk 

levels of E. coli in a household water sample. N/A 
Onda et al. 2012, 
Luby et al., 2014 

Independent Variables 

X1 
Water Source: 

Model 1 
(jmp_water) 

• Unimproved: yes or no (reference 
category) 

• Improved: yes or no  
• Bottled/Sachet Water: yes or no 

+/- 
(empirical 

issue) 

Novak 2014, Jalan & 
Ravallion 2003, Fink 
et al., 2011, Gunter & 
Fink 2010 

X1 
Water Source: 

Model 2 
(jmp_unimproved) 

Dummy variable indicating if the water source is 
unimproved.  + 

Quinn 2009,  
Fink et al., 2011, 
Gunter & Fink 2010 

X1 
Water Source: 

Model 3 
(improved_cat) 

• Unimproved (reference category) 
• Bottled/Sachet Water: yes or no 
• Piped Water: yes or no 
• Public Tap: yes or no 
• Borehole: yes or no 
• Protected Well: yes or no 

+/- 
(empirical 

issue) 

Novak 2014, Jalan & 
Ravallion 2003, Fink 
et al., 2011, Gunter & 
Fink 2010 

X2 urbrur Dummy variable indicating whether the 
household is in an urban or rural location. + 

Gunter & Fink 2010, 
Bain et al. 2014 

X3 hhsizecat 

Categorical variable indicating the number of 
residents in the household:  

• 1-2 members (reference group) 
• 3-4 members 
• 5 or more members 

+ 

Fink et al., 2011, 
Gunter & Fink 2010 

X4 travelcat 

Categorical variable indicating the time required 
to collect water:  

• 0-5 minutes (reference category) 
• 6-10 minutes 
• 11 or more minutes 

+ 

Quinn 2009, Wright 
et al. 2004 

X5 sanicat Dummy variable indicating access to 
unimproved sanitation.   + 

Quinn 2009, Fink et 
al., 2011, Gunter & 
Fink 2010 

X6 educcat 

Categorical variable indicating the highest 
qualification reached for head of household:  

• Primary (reference category)  
• Middle 
• Secondary  
• Post secondary 

+/- 
 

Mangyo 2008, Jalan 
& Ravallion 2003, 
Quinn 2009, Shier et 
al. 1996  

X7 poverty Dummy variable indicating if the household is 
above or below the Ghanaian poverty line.  - Quinn 2009, Gunther 

& Fink 2010 
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Data 

 The data for this study come from the 2012/2013 Ghana Living Standards Survey 6 

(GLSS6) of households. In addition to collecting demographic and health information, the survey 

also tested drinking water at the source and in the household.  

ANALYSIS 
 

Table 1 below provides a breakdown of the water sources that are in the GLSS6 data. The 

majority of water sources are classified as improved, followed by bottle/sachet water and 

unimproved sources. Of the improved sources, borehole and public tap/standpipe are the most 

common sources. While bottle/sachet water is typically classified as an unimproved source 

according to JMP, for this analysis it is treated as a separate category since it had the highest 

quality water of all of the sources and was almost one third of the sample. 

Table 1: Breakdown of Water Source by Type, 2012/13 GLSS6  

Type of Water Source 
Number of 

Observations 
% of 

Observations 
Improved Sources 796 56 
Piped into dwelling 80 6 
Piped into yard or plot 87 6 
Public tap/standpipe 228 16 
Bore-hole 354 25 
Protected well 47 3 
Unimproved Sources  166 12 
Unprotected well 37 3 
Surface water 77 5 
Other 52 4 
Sachet/bottled water* 463 32 
Total 1,425 100% 

*For this analysis sachet/bottled water, typically classified as unimproved, is  
classified as neither because it was found to have very low risk levels of E. coli. 

 
Graph 1 provides a breakdown of high or low risk levels of E. coli by water source. The 

pattern is what one would expect to see based on JMP definitions of improved and unimproved 
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sources. However, it is interesting to note the variation of E. coli contamination in improved 

sources. Unimproved water sources and boreholes had the most water samples that had high risk 

levels of E. coli present, while improved sources, except for boreholes, and bottle/sachet water 

had more samples with low risk levels of E. coli.  

Graph 1: E. coli Contamination in Various Water Sources for Households, 2012/13 GLSS6 

 
Number of observations: 1,425 
 
 Table 2 further highlights the variation in high risk levels of E. coli for the different 

improved and unimproved water sources. Just under half of the improved sources had high risk 

levels of E. coli present, while just over half of the unimproved sources did. This is inline with 

Onda, LoBuglio and Bartram (2012) who found that just because water is from an improved 

source, it does not mean that it is safe to drink. It is interesting to note that of the improved 

sources, boreholes have a higher percentage of water samples with high risk levels of E. coli than 
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with low risk levels. With the exception of sachet water, most of the unimproved sources had 

more samples with high risks levels of E.coli.  

Table 2: Level of E. coli and Water Source for Households, 2012/13 GLSS6 
 

Type of Water Source 

Observations  % of Sample 
with High 

Risk Level of 
E. coli 

% of Sample 
with Low to 

Medium Risk 
Level of E. 

coli 
Number Percent 

Improved Sources 796 100 45 55 

Piped into dwelling 80 100 24 76 

Piped into yard or plot 87 100 25 75 

Public tap/standpipe 315 100 46 54 

Bore-hole 354 100 53 47 

Protected well 47 100 51 49 

Unimproved Sources 166 100 65 35 

Unprotected well 37 100 65 35 

Surface water 77 100 75 25 

Other 52 100 48 52 

Sachet water* 463 100 3 97 

Total 1,425 100 34 66 
 

*For this analysis sachet/bottled water, typically classified as unimproved, is  
classified as neither because it was found to have very low risk levels of E. coli. 

 
To further explore the relationship between E. coli levels and water source, three logit 

regressions were conducted. The results are presented in Table 3. 
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Table 3: Logit Regression Results (Probability of High Risk Levels of E. coli, dependent variable) 
 (1) (2) (3) 

VARIABLES High Risk Level of E. coli 
    
Improved Water Source -0.807***   
 (-4.15)   
Unimproved Water Source  1.038*** 

(5.27) 
 

Bottled/Sachet Water -3.430***  -3.654*** 
 (-10.31)  (-10.61) 
Piped Water   -1.482*** 
   (-5.11) 
Public Tap   -0.780*** 
   (-3.47) 
Borehole   -0.529*** 
   (-2.68) 
Protected Well   -0.567* 
   (-1.66) 
Rural 0.145 0.197 -0.0382 
 (0.97) (1.40) (-0.23) 
Household Size: 3-4  0.245 

(1.44) 
0.323** 
(2.01) 

0.228 
(1.34) 

Household Size: 5+  0.268 
(1.63) 

0.432*** 
(2.74) 

0.262 
(1.58) 

Unimproved Sanitation 0.345** 0.303* 0.254 
 (1.98) (1.85) (1.43) 
Middle School 0.312** 0.279* 0.324** 
 (2.00) (1.84) (2.06) 
Secondary School 0.205 0.0408 0.196 
 (0.89) (0.19) (0.84) 
Post Secondary School 0.113 -0.0747 0.146 
 (0.47) (-0.33) (0.60) 
Poor 0.272 0.293 0.276 
 (1.46) (1.60) (1.47) 
6-10 min to Water 0.505** 

(2.55) 
1.455*** 

(8.37) 
0.216 
(0.98) 

11+ min to Water 0.615*** 
(2.93) 

1.536*** 
(8.25) 

0.303 
(1.31) 

Constant -0.606** -2.560*** -0.222 
 (-2.00) (-11.11) (-0.68) 

 
Likelihood Ratio Chi-Square  415.91 286.52 426.12 
Probability Chi-Square  0.000 0.000 0.000 
Pseudo R Squared 0.2284 0.1559 0.2340 
    
Observations (households) 1,425 1,437 1,425 

Z statistics in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
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Water Source 

 The hypothesis that the type of water source is not associated with lower levels of E. coli 

in household drinking water is not supported from this analysis.c The logit results show that 

improved household water sources and bottled/sachet water are much less likely to have high 

risk levels of E. coli; whereas, unimproved water sources were associated with a greater 

likelihood of having high risk levels of E. coli. The predicted probability for having a high risk 

level for E. coli is 45 percent for households with improved sources and 65 percent for 

households with unimproved sources. Only 3 percent of bottled/sachet water was associated with 

high risk levels of E. coli. All of the water sources were robustly statistically significant, and 

consistent with JMP methodology as well as Bain, et al.’s (2014) findings. However, the finding 

that bottled water is of higher quality differs from Osei et al. (2013) who found that sachet water 

was not of better quality than tap water. However Osei et al. (2013) classified bottled water as 

higher quality generally than sachet. The GLSS6 survey did not distinguish between bottle and 

sachet water so it is impossible to explore any differences between the two.  

 When improved water sources are disaggregated by specific type of source households 

used, piped water, public tap and borehole are all robustly significant. Protected well was 

statistically significant at the 90 percent level. These results differ from Quinn (2009) and 

Lechtenfeld (2012) who did not find that piped water had a statistically significant relationship 

with childhood diarrhea. This difference in findings could be the result of different measures of 

water quality as well as different countries and time periods. The predicted probabilities of 

households having high risk levels of E. coli by water source were: 

                                                
c Model diagnostics showed that all models are properly specified and do not suffer from multicollinearity. See 
Appendix 2 for further details. 
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• Piped water: 25 percent 
• Public tap: 46 percent 
• Borehole: 52 percent 
• Protected well: 53 percent 

 
These numbers are consistent with the JMP Water Ladder (WHO & UNICEF, 2008) and the fact 

that all improved water sources are not necessarily of high quality.  

Notably, piped water is of the highest quality overall. This is consistent with Jalan and 

Ravallion (2002) and Novak (2014) about the significance of piped water. Novak (2014) found 

that piped water into the yard was better than piped water into a dwelling, but due to small 

sample size this difference was not examined here. This could be an area for future research. 

Additionally, Novak (2014) found that public taps and protected wells were no better than other 

improved sources, while in this analysis all improved sources were less likely than improved 

sources to high risk levels of E. coli.  

 While not all water from improved sources is free of E. coli, the results of this analysis do 

show that in Ghana, bottle/sachet water and piped water provide the best quality. 

Education 

  This analysis compared having a middle, secondary or post secondary education to 

having only a primary education for heads of households. Middle school was the only education 

variable that was statistically significant across all models. Therefore, it is difficult to gauge the 

importance of education in having higher water quality. Similarly, previous research yielded 

mixed results about education. While Novak (2014) and Quinn (2009) did not find education to 

be significant, Mangyo (2008) and Jalan and Ravallion (2003) found that completing primary 

education was important to predicting water quality and childhood health outcomes. Jalan and 

Ravallion (2003) noted, “education is no doubt proxying for about how to assure that water is 
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safe to drink…” A “stretch” result here could be that having some middle school education could 

also be a proxy for knowledge about water and health. 

Sanitation 

 Unimproved sanitation is associated with a greater likelihood of having water samples 

with high risk levels of E. coli. It was statistically significant, consistent with the literature. For 

example, Gunther and Fink (2010) found that sanitation had a greater impact than water 

interventions. Quinn (2009) also found that better sanitation was associated with lower rates of 

childhood diarrhea. However, unimproved sanitation loses significance when the specific types 

of improved water sources are added to the model. This many mean that sanitation was 

accounting for some of the variation for specific types of water sources.  

Travel Time to Collect Drinking Water 

 Time to fetch drinking water was statistically significant. Probabilities of having high risk 

levels of E. coli, increase as the time to travel to the water source increases. This can be seen in 

the rising probabilities of having high risk levels of E. coli in Table 4. 

Table 4: Probability of High Risk Levels of E. Coli and Travel Time to Water Source 

Travel time in minutes Probability of having water with high risk 
levels of E. coli 

0-5 12 percent 
6-10 46 percent 

11 or more 51 percent 
 
Time to collect water was robustly significant when the unimproved water variable was included 

in Model 2. This suggests that travel time has a greater impact for unimproved sources. This is 

further strengthened by the fact that travel time is no longer significant in Model 3 where the 

improved sources are disaggregated. This finding is inline with Wright, Gundry and Convoy 

(2004) and Awuah, Nyarko and Owusu (2008). 
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POLICY RELEVANCE AND IMPLICATIONS 
 

 Looking at conditions where E. coli levels are likely to be higher in drinking water has 

policy implications at the local, national and international levels.  

 Local Level 

If in fact improved sources of drinking water are not necessarily safer, people using 

improved sources may have to change their daily practices, including water storage and 

treatment. However, this did not turn out to be the case since the results show that overall 

improved sources of water were indeed associated with lower risk levels E. coli. Therefore, 

people who receive water from improved sources should be less worried about their water 

quality than those who receive water from unimproved sources. However, the classification of 

improved versus unimproved does not tell the entire story.   

While overall improved sources are associated with lower levels of E. coli, the 

probability of having high risk levels of E. coli varied across different improved water sources. 

Improved sources do not mean that the water is safe to drink. For example, the probability of 

having contaminated water from a borehole was 52 percent and 46 percent from a public tap. 

This is particularly alarming considering that boreholes and public taps were two of the most 

common water sources. Policy recommendations for this situation would be to educate people 

that the water they are drinking might not be safe while also teaching proper water treatment and 

storage practices. Local community leaders and NGOs working in the water, sanitation and 

hygiene sector could lead these efforts.  

Since piped water has the lowest likelihood of being contaminated with high risk levels 

of E. coli, NGOs and the Ghanaian government should focus on increasing access to piped water. 
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Another component of providing safe water from piped systems is to ensure that the systems are 

maintained and function properly. Ideally this responsibility lies with the water utility or 

government, but could also be shared with NGOs.  

National Level  

Since the government of Ghana is currently working to strengthen its National Drinking 

Water Management Framework, understanding the relationship between E. coli and water source 

can help the government create better plans and policies. Money is limited, so it is important to 

target funds at interventions, such as piped water, that are shown to be safer than other sources. It 

does not make financial sense to invest in water sources that still have around a 50 percent 

chance of having high risk levels of E. coli, such as boreholes. The results of this study suggest 

that the Ghanaian government should continue to invest in piped water as it was shown to be the 

safest, but campaigns about water safety are also important until all water from improved sources 

is determined to be consistently safe.   

Bottled/sachet water was shown to be of the highest quality, which could lead some to 

suggest that efforts should be targeted at increasing its use as a water source. However, this 

option is not as environmentally sustainable as others since bottled water requires more 

packaging than other water sources. Therefore, it should not be the focus of the Ghanaian 

government. Piped water is a more sustainable solution than bottled/sachet water in the long-

term. 

The findings of this study show clearly that not all drinking water in Ghana is safe to 

consume. Ghana should also continue to monitor water quality during household surveys to build 

its database. The GLSS6 only shows a snapshot of water quality in 2012/2013, but water quality 
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data from other years would allow for more robust analysis and the strengthening of policy 

recommendations.  

Another important aspect of this analysis is that the urban and rural and poverty variables 

were not statistically significant in any of the models. This suggests that the type of water source 

has a greater impact than location or poverty status on the levels of E. coli in the water. For the 

Ghanaian government, this implies that the government should focus on increasing access to 

piped water across the country and ensure that the piped systems are kept in working order.  

International Level  

As the MDGs are coming to a close and the international community is looking towards 

the Sustainable Development Goals, the results of this analysis show that the 

improved/unimproved classification of water sources does not provide an accurate picture of 

water quality. The indicators used to track progress on the water MDG did not take water quality 

into account, but assumed that improved sources of water were safe. This, however, is not the 

case. The international community will have to redefine indicators for global monitoring efforts. 

New indicators addressing water quality will need to be incorporated into the Sustainable 

Development Goals.  

These indicators could include looking at E. coli levels found in household water 

samples.  In order to achieve the large task of worldwide water quality testing, other countries 

could follow Ghana’s lead and conduct the testing during household surveys. The WHO and 

UNICEF could provide technical assistance for this endeavor and then use the data collected for 

global monitoring reports. 
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APPENDICES 

 
Appendix 1: Predicted Probabilities  

Table 5: Predicted Probabilities for Having a High Risk Level of E. coli, 2012/13 GLSS6 

Variable 

Probability of 
Having a High Risk 
Level of E. Coli in 
Household Water 
Sample 

Improved Water 
Sources 45% 

Unimproved Water 
Sources 65% 

Bottled/Sachet Water 3% 
Piped Water 25% 
Public Tap 46% 
Borehole 53% 
Protected Well 52% 
Rural 48% 
Urban 23% 
Household Size: 1-2 
Members 25% 

Household Size 3-4 
Members 35% 

Household Size: 5+ 
Members 41% 

Improved Sanitation 18% 
Unimproved 
Sanitation 41% 

Primary School 41% 
Middle School 37% 
Secondary School 25% 
Post Secondary School 20% 
Poor 55% 
Non Poor 31% 
Travel Time to Water: 
0-5 min 12% 

Travel Time to Water: 
6-10 min 46% 

Travel Time to Water: 
11+ min 51% 

Number of Observations: 1,425 
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Appendix 2: Model Diagnostics 

Tests for heteroscedasticity, multicollinearity and model specification were completed for 

all three models. To test for heteroscedasticity, all models were run with robust and non-robust 

standard errors. Since the results did not differ greatly, the results reported in this analysis use 

non-robust standard errors. 

 The following tables show that the models in this analysis do not suffer from 

multicollinearity and have been properly specified.  

Multicollinearity 

Multicollinearity occurs when one of independent variables is strongly related to another 

independent variable in the model. The following pairwise correlation tables show that 

multicollinearity is not a problem for any of the models because all of the correlation coefficients 

are much less than 0.80. 

 

 

 

 

 

 

 

 

 
 



29 
 

Table 6: Pairwise Correlation Coefficients for Model 1 
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Table 7: Pairwise Correlation Coefficients for Model 2   
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Table 8: Pairwise Correlation Coefficients for Model 3 
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Model Specification: Linktest 

 The linktest shows if models are specified correctly. For a regression to pass a linktest, 

the linear predicted value should be statistically significant and the linear predicted value squared 

should not be statistically significant. All the models pass this test. 

Table 9: Linktest for Model 1 

 High Risk Level of E. coli 
  
 Linear predicted value .9507*** 
 z =7.36 
  
Linear predicted value squared -0.0204 
 z = -0.45 
  
Constant 0.0057 
 z = 0.08 
  
Observations 1,425 
LR chi2 416.12 
Prob > chi2 0.000 
Pseudo R2 0.2285 

*** p<0.01 

 

Table 10: Linktest for Model 2 

 High Risk Level of E. coli 
  
 Linear predicted value .8874*** 
 z =7.82 
  
Linear predicted value squared -0.0759 
 z = -1.21 
  
Constant 0.0261 
 z = 0.36 
  
Observations 1,437 
LR chi2 287.97 
Prob > chi2 0.000 
Pseudo R2 0.1567 

*** p<0.01 
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Table 11: Linktest for Model 3 

 High Risk Level of E. coli 
  
 Linear predicted value .9566*** 
 z =6.94 
  
Linear predicted value squared -0.0178 
 z = -0.36 
  
Constant 0.0065 
 z = 0.09 
  
Observations 1,425 
LR chi2 426.25 
Prob > chi2 0.000 
Pseudo R2 0.2341 

*** p<0.01 
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