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ABSTRACT

The purpose of this research was to develop strategies to enhance the quality and safety of
household drinking water (HDW) in Burayu town, Oromia regional state, Ethiopia and other

similar settings.

Quantitative, non-interventional and cross-sectional research design and risk-based
approach to HDW safety were employed. The data was collected from 265 households
using an interview schedule and testing of water samples for faecal contamination
indicators based on membrane filtration technique. Descriptive and explanatory methods
which include bivariate and multiple logistic regression analysis were used to analyse the

data.

The results revealed that 10.9% of all the sample households had low risk drinking water
safety on combined water sample test and HDWI analysis. However, 57.0% of all the water
samples, 82.1% of bottled water and 78.6% of the household treated drinking water
samples using chlorine products were free of contamination indicators. Only 19.2% of the
low risk HDW quality test results were aligned with the same risk level on the combined

analysis.

Diarrhoea occurrence among under five years of age children was associated with lack of
HDW safety risk perception (OR 2.8, 95% CI 1.3 -6.3), lack of latrine (OR 4.9, 95% CI 1.2 -
20.0) and regular cleaning of food utensils by the households (OR 4.0, 95% CI 1.2 -13.6).



Low risk HDW safety was associated with household water treatment (HWT) practices
(AOR 12.6.0, 95%CI 1.2 — 125.0) and with low risk HDWI result having 58.0% (n=29)
overlap on this risk level. Low risk microbial water quality findings were associated with
bottled water (AOR 4.3, 95%Cl 1.5 — 12.9) and HWT using chlorine products (AOR 3.2
95%CI 1.1 — 9.8), household’s higher income (AOR 5.3 95% CI 1.4 — 20.2) and frequency
of water container cleaning (AOR 2.6, 95% CI 2.5 — 5.1). This research further identified
that HWT practices were associated with HDW safety risk perception that increased the
practice by 72.0 % (AOR 0.28, 95% CI: 0.09-0.90) and with households’ ability to
conducting HWT (AOR 7.7 95%CI 3.7 -15.9).

In conclusion the safety of drinking water at household level is a big concern and

comprehensive strategies are required to address the problem.

KEY CONCEPTS
Diarrhoea; drinking water quality and safety; drinking water treatment; hygiene; behaviour

change; bottled water; risk-based approach; sanitation; safely managed drinking water,

Ethiopia.
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CHAPTER 1

ORIENTATION TO THE STUDY

1.1 INTRODUCTION

Adequate and safe drinking water, sanitation and hygiene (WASH) are essential for health,
survival and wellbeing of people. However, these basic needs are far from reach for most

of the world's poor population (John, Jain, Rahate & Labhasetwar 2014:725).

Public health problems related to inadequate WASH provision constitute a major disease
burden in developing countries. In particular, diarrhoeal diseases are among the leading
contributors to global child mortality, 20.0% of all deaths in children under five years of age.
In low and middle-income countries (LMIC), 58.0% of the diarrhoeal morbidity and an
estimated 842 000 deaths from diarrhoea each year globally is linked to inadequate WASH
provision to the population (Pruss-Ustun, Wolf, Corvalan, Bos & Neira 2016:16). According
to the UNICEF report, 60.0% of deaths due to diarrhoea in the world are attributed to
unsafe WASH (UNICEF 2019).

Unsafe drinking water is a major risk factor for causing morbidity and mortality in the world
(Eslami, Ghaffari, Barikbin & Fanaei 2018:40). Inadequate and unsafe drinking water
supply related diarrhoeal diseases cause over 500,000 deaths each year and contributed
to 9.1% of the global disease burden by 2015, primarily among children under five years of
age in LMIC (Peletza, Kisiangania, Bonhama, Ronoha, Delairea, Kumpela, Marksb &
Khushc 2018:907; Daniel, Diener, Pande, Jansen, Marks, Meierhofer, Bhatta &Rietveld
2019: 847).

Though global diarrheal disease incidence has reduced, linked to increased access to
improved water sources, the burden among children under five years of age remains a
concern (UNICEF & WHO 2016:5). Diarrheal outbreaks like cholera cause 3 to 5 million
morbidities and 100,000 deaths every year across the world. The problem persists linked to
the growing number of vulnerable people who do not have access to adequate WASH

services. Lack of access to safe drinking water is the main risk to the disease among the


https://www.sciencedirect.com/topics/medicine-and-dentistry/global-disease-burden
https://www.sciencedirect.com/science/article/pii/S1438463919300628#!
https://www.sciencedirect.com/science/article/pii/S1438463919300628#!

cluster of risk factors. Contamination of drinking water and inefficient treatment are the path

of diarrheal disease transmission including cholera (Lilje, Kessely & Mosler 2015:57).

Emerging issues related to human development, climate change, population growth and
urbanization exert pressure on the availability and quality of water and associated disease
risks (WHO GDWQ 2017:122, Li & Wu 2019:73, WHO 2019 online factsheet). Rapid
urbanization in sub-Saharan African (SSA) countries has already led to a growing concern
of sanitation condition, faecal contamination and risk of adverse health outcomes (Hurd,
Hennink, Robb, Null, Peprah, Wellington, Yakubu & Moe 2017:300). According to the
National Academy of Sciences (2018), 50.0% of the world population live in urban areas
compared to less 15.0% in 1900.

Drinking water safety is incorporated into the Sustainable Development Goal (SDG) service
level measurement for drinking water that involves the top service level, safely managed
drinking water. The SDG baseline report indicates 29.0% of the global and 76.0% of the
SSA population lack access to safely managed drinking water which is accessed on
premises, free from contamination and available when needed. A total of 844 million
people, which constitute 42.0% of the population in SSA, don’t have access to basic
drinking water service (WHO/UNICEF 2017:10-23). Linked to these, the quality and safety
of drinking water used by households is a big concern required to be addressed. Also the
global trend analysis of drinking water service levels from 2000 to 2017 indicates that the
target of reaching 100% safely managed drinking water services by 2030 is unlikely
(Daniel, Sirait & Pande 2020:1). Hence, focus on ensuring the safety of drinking water at

household level particularly in developing countries as an ‘interim approach’ is essential.

This research aimed to investigate the quality and safety of drinking water at household
level and explore related determinant factors with a view to develop intervention strategies

that contribute to addressing the safety of HDW at point of use (PoU).



1.2 BACKGROUND OF THE RESEARCH PROBLEM

An important and initial stage in a research process is defining the research problem. As
described by Kothari and Garg (2019:22), it refers to difficulty experienced in the context of
either theoretical or practical situations and requires a solution. Requirements for research
problems include: existence of an individual or organization, the problem attributed,
objective(s) to be attained, course of actions or alternatives towards the objective(s) and
gap of clarity on the relative importance of different alternatives and the environment or

context in which the problem pertains.

1.2.1 The source of the research problem

Low safety of drinking water in the world particularly in low- and middle-income countries is
a big concern. The WHO global burden of diarrheal disease from inadequate WASH
estimate report indicated that globally 26.0% of people drink water that is, at least
occasionally, contaminated with faecal indicator bacteria and over 52.0% of the population

in Africa expected to be exposed to contaminated drinking-water (WHO 2014:4).

According to the JMP report, one-fourth of the improved water sources have faecal
contamination at the point of delivery (WHO & UNICEF 2017:2). And, an estimated 10% of
improved drinking water sources are highly contaminated with faeces (Wolf, Hunter,
Freeman, Cumming, Clasen, Bartram, Higgins, Johnson, Medlicott, Boisson & Pruss-Ustin,
A. 2018:509).

In Ethiopia, the national drinking water quality (WQ) survey (2016) report indicated that
limited proportion (14.0%) of the sample households (urban 37.4% and rural 8.4%) collect
drinking water from low risk sources i.e. with no detectable Escherichia coli (E.coli) in the
sample of water tested. As part of this, 36.4% (urban 15.9% and rural 41.6%) of
households collected drinking water from sources categorized as very-high-risk in WQ
(over 100 E.coli colonies count). The report also indicated that drinking water samples with
low risk quality dropped to 5.6% (21.6% urban and 1.5 % rural) at PoU while the high-risk



proportion increased the 36.4% to 48.0%. These suggest the general deterioration of the

quality of drinking water between points of collection and use (CSAE 2016: 19-23).

However, the national survey report neither indicates the disparities that exist among
different settings or households nor described the underlying factors influencing the quality
and safety of HDW (UNICEF & WHO 2016:5). In order to address the problem, there is no
dedicated national strategy on household drinking water safety. However, two national
institutions responsible for drinking water safety i.e. Federal Ministry of Health (FMoH) and
Federal Ministry of Water, Irrigation and Energy (FMoWIE) prepared broader strategies on
National Hygiene and Environmental Health Strategy which include strategic objectives for
safe drinking water from source to consumption and strategic framework on Climate
Resilient Water Safety, through implementation of climate resilient water safety plan (CR-
WSP), (FMoH 2016:16-17, FMoWIE 2015). While effective implementation of these
strategies could help to address the safety of water at point of collection and use, a
strategy on HDW safety is required to maintain and enhance the safety of drinking water at

household level.

Drinking water related health problems like diarrhoeal diseases remain a persisting
problem and cause of outbreaks in low- and middle-income countries. Analysis of evidence
from 31 countries in SSA indicated 16.0% prevalence of diarrhoea in this region (Adedokun
& Yaya 2020:3). In Ethiopia, a prevalence of 12.0% reported among under 5 years of age
children over a 2 weeks period was reported. It accounts for 13.0% of the causes of deaths
of the children (CSAE 2016:124,166). Evidence also indicated in 2013 diarrhoea caused
over 38,500 children deaths every year in Ethiopia (GAVI 2013). In this research area,
diarrheal illness is among the top five causes of morbidity among children under five years

of age.

To address the prevailing problem of unsafe drinking water at PoU and diarrheal disease,
water safety intervention across the water supply chain starting from the catchment and
source to household level is being promoted. In this regard, households have a great role
to ensure the safety of drinking water at point of use (Brown, Hamoudi, Jeuland & Turrini
2014:2).



Hence, this research is based on a premise that households’ have a great role for ensuring
the safety of drinking water at household level and their practices determine the safety of
water at PoU. This is in particular relevant in the general context of low capacity in the
implementation of drinking water safety intervention across the water supply system. The
researcher is interested in application of risk based approach to investigate factors which
are related with the safety of drinking water at household level and the behavioural factors
that influence households’ practice in relation to HDW safety as well as on application of

risk-based approach to HDW safety and the association with diarrheal illness.

The researcher’s professional experiences in drinking water safety including household
water treatment and safe storage (HWTS) intervention, working in development and
humanitarian contexts and engagement on national drinking WQ survey (2016) in Ethiopia

created the interest to conduct a research on the topic.

1.2.2 Background to the research problem

WHO qguideline for DWQ state that diseases related to contamination of drinking-water
constitute a major burden on human health. Interventions to improve the quality of drinking
water provide significant benefits to health (WHO GDWQ 2017:2). Improved water sources
have been considered to protect contamination and a proxy measure of access to safe
drinking water. However, growing body of evidences suggest that those sources do not
assure the safety of water at point of delivery (Francis, Nagarajan, Sarkar, Mohan, Kang &
Balraj. 2015:1; Seifert-Dahnn, Nesheim, Gosh, Dhawde, Ghadge and Wennberg 2017:1;
Taylor, Khush, Peletz & Kumpel 2018:115).

Various factors across the water supply chain could introduce contamination and affect the
safety of water. Water collected from improved sources could get contamination during
transportation, storage and handling at household level. Intermittent supply of drinking
water could also affect the quality and safety of drinking water (Falconi, Kulinkina, Mohan,
Francis, Kattula, Sarkar, Ward, Kang, Balraj & Naumova 2017:29; Adane et al 2017: 2).



An estimated 309 million people worldwide experience interruption of water supplies and
one third of urban water supplies in many low- and middle-income countries are frequently
interrupted that could cause transmission of waterborne pathogens. Intermittent piped
water supplies are a major problem in low- and middle-income countries including the slum
areas of sub-Saharan Africa (Adane, Mengistie, Medhin, Kloos, & Mulat 2017: 1, 2).

The study conducted in rural Nepal indicated that increased contamination between the
source and household storage was observed with 91.0% of stored water at home had
E.coli (Daniel & Irvine 2015:59). Another study also indicated that most of the WQ
deterioration, up to 30.0%, occurred during household storage (John et al 2014:725).
Research conducted in Zambia indicates substantial microbial contamination HDW

(Kinkese,Ndashe, Macwan, Toure,Kangwa, & Hang’ombe 2018: 63).

1.3 RESEARCH PROBLEM

The conventional and commonly used methodology of drinking WQ management which is
based on end point testing of samples of drinking water for faecal microbial indicator and
compliance monitoring has limitations which are described as “too little too late” to serve for

public health protection.

Possible existence of other microbial hazards such as viruses and parasites in the
environment and water treatment processes vary considerably from that of indicator
bacteria. It was experienced that outbreaks of waterborne disease occurred regardless of
compliance with the microbial guideline which is based on bacterial indicator organism.
Thus, absence of faecal contamination indicator in a sample of water cannot guarantee
safety of the water as some pathogens like cryptosporidium parvum are not easily
inactivated on treatment. Enteric viruses and protozoa are more resistant to disinfection;
consequently, the absence of E.coli does not necessarily suggest absence of these
organisms. On the other hand, the result of the water sample test provides late and
retrospective information which cannot help to prevent the risk of exposure to unsafe water
(WHO QMRA 2016:1; WHO GDWQ 2017:65,149; CSAE 2016:19).



The quality of water could also vary in time depending on the condition of the water supply
system and households practices, in which brief contamination events can escape
detection on testing of samples of drinking water. Hence, there could be possible random
and quick change in the quality of drinking water depending on the condition of the water
supply system and its operation. For instance, increased water flow pressure could
introduce or disseminate pathogens accumulated in sediments. Such short-term
fluctuations on the quality of water can have high health risk to the user population. Also,
water samples testing procedures have a drawback of taking time to get timely results for
action (Eslami, et al 2018:40; WHO GDWQ 2017: 123).

In addition, regulatory requirements for monitoring drinking WQ through sample collection
and testing on regular frequencies is found to be impractical or unreliable due to the cost,
time and logistic implications in resource constrained settings (Taylor et al 2018:115;
Peletz et al 2018:907). WQ monitoring practices are often conducted on testing of water
samples from the point of collection rather than testing samples across water supply
systems including PoU (FMoWIE 2015:19).

Studies also identified that the quality of drinking water is largely getting deteriorated than
improved after collection from the source. For instance, a survey of drinking water (2016)
quality in Ethiopia identified that 39.3% increase of the contamination was reported
compared to 10.2% reduction in the contamination of drinking water at household level
after collection from the source (CSAE 2016:27). This is due to contamination of the water
during transportation, storage and handling at home. Though HWTS can improve the
quality of drinking water at home, there is limited coverage of such practices and gaps in
consistent and continued adoption of the practice by households. This undermines the
potential outcome of the HWTS practices (Daniel et al 2019:847, Daniel 2020:2). In order
to address these, there is a need for generating evidence regarding HDW safety practices

and factors that determine the quality and safety of HDW (Francis et al 2015:1).

On the other hand, researches conducted on HWTS and related health outcomes i.e. on
diarrhoea reduction found inconsistent findings. Open trial studies in low income settings

found protective effects of the HWTS intervention while other controlled studies did not find



association of drinking WQ with diarrheal disease incidence (Boisson, Stevenson, Shapiro,
Kumar, Singh, Ward, Clasen 2013:2; Gruber et al 2014:1). The variation in the findings of
the studies could be linked to the studies designs that applied the investigation of the
association of drinking water safety and diarrhoea based on WQ testing results
(WHO/UNICEF 2017:26).

The WHO WQ guidelines recommend a preventive, risk-based approach to drinking water
safety management in order to proactively monitor and control critical risks in the water
supply system from source to exposure or PoU (WHO QMRA 2016:1). JMP also
recognizes a holistic risk management approach for ensuring the safety of drinking water
(CSAE 2016:19). However, limited research has been conducted on risk-based approach

to drinking water safety, primarily on HDW, and related outcome on diarrhoea.

Thus, this research employed a risk-based approach to investigate HDW safety using
independent and combined analysis of the findings from risk assessments that involved
drinking water sample testing and household drinking water inspection. The WHO GDWQ
recognizes this approach as a reliable method for investigating and monitoring the safety of
drinking water. Combined analysis helps to identify important causes and control measures
of contamination particularly for HDW safety management. As microbial WQ testing for
households is often impractical, household drinking water inspection (HDWI) risk
assessment is an important strategy for HDW safety management (WHO/UNICEF
2017:38, 91). Risk assessment approaches are more feasible to assess risk at local
settings or individual water supplies compared to epidemiological studies, which are
applicable to large populations and incidence of health outcomes to provide sufficient
statistical power (WHO QMRA 2016:3).

The other problem this research addressed is the paucity of evidence on investigating the
outcome of drinking water service and other WASH exposure conditions on diarrhoeal
disease prevalence have not been adequately investigated. The study conducted in Chad
indicated that combined interventions of HWTS and hygiene could not enhance the

outcome on diarrhoea (Liljle et al 2015:57-64). The WHO estimate of diarrheal disease



related to inadequate WASH provision did not consider the effect of factors like intermittent

supply of drinking water (Pruss-Ustin et al 2016:17).

Evidence has not been established regarding the outcome of safely managed drinking
water in reducing diarrheal disease. Research reported the positive outcome of on-premise
access to drinking water on diarrheal disease reduction (Wolf et al 2018:508). Thus, this
research intended to explore the outcome of drinking water services and other WASH

provisions on diarrhoea disease occurrence.

1.4 AIM OF THE STUDY
1.4.1 Research purpose

The purpose of this study was to develop strategies for enhancing the quality and safety of
household drinking water (HDW) in the study area and other similar settings. This involved
exploring factors which are associated with the safety of HDW and generating evidence to

guide the development of the strategies.

1.4.2 Research objectives

The objectives of this research were to:

» Determine microbial safety of HDW using risk-based methodology

e Investigate the association of HDW safety risk levels with diarrhoea disease
occurrence among children under five years of age

» Investigate the associations of WASH condition exposure scenarios including safely
managed drinking water service with diarrheal disease occurrence

» Identify factors which are significantly associated with the safety of HDW

» Examine whether HDWI risk level correlate with the quality of HDW

» Develop strategies for enhancing the quality and safety of HDW



1.4.3 Research questions and hypotheses

This research aims to investigate the following questions which are relevant to the research

problems:

How is the microbial quality and safety of HDW in the study area?

How is the association of HDW safety (risk levels) with diarrhoea occurrence? Are
medium to high risk conditions of HDW safety associated with diarrhoea occurrence
among children under five years of age?

How is the association of WASH condition exposure scenarios with diarrheal disease
occurrence? Do HDW safety and hygiene exposure risks associated with diarrhoea
occur among children under five years of age?

What factors determine or influence the quality and safety of HDW? Is the safety of
HDW assured by households’ treatment and storage practices?

Does HDWI risk analysis relate with the quality of drinking water? Can HDWI variables
predict the safety of HDW?

What strategies can be developed to enhance the quality and safety of drinking water?

The hypotheses of this research, tentative solutions to the research questions based on the

theoretical frame of the research (Bowling 2014:161-162), included:

Diarrhoeal occurrence among children under five years of age is primarily associated
with medium to high risk conditions of HDW safety

Combined exposure to HDW safety and hygiene risks increase the occurrence of
diarrhoeal among children under five years of age

The safety of HDW is determined by households’ treatment and storage practices
which in turn is influenced by factors including households’ risk perception, access to
the technology options and contextual factor (household income)

HDWI variables can predict the safety of HDW
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1.5 SIGNIFICANCE OF THE STUDY

This study generates evidence regarding HDW quality and safety, related factors and
strategies for assuring the safety of drinking water at household level. Thus, contribute to
reduction of diarrhoea illness and other related health outcomes like nutrition among

children under five years of age in the study area and similar settings.

This research also demonstrated application risk-based approach to drinking water safety,
outcome on diarrheal disease prevalence and exploring factors influencing the safety of
drinking water. Thus, the findings can help relevant sectors and professionals dealing with

drinking water service delivery and surveillance for continuous improvement interventions.

The SDG has transitioned the water service ladder to include safely managed drinking
water supply which consists of elements such as access, availability and safety of the
water supply. The results of this study generated evidence on the health outcome of the
service level that can be used for advocacy and promotion to ensure the drinking water

service to the public.

1.6 CONCEPTUAL AND OPERATIONAL DEFINITIONS

Conceptual and operational definitions are required to describe the hypotheses i.e. all the
concepts relevant to the study topic need to be defined and operational descriptions
identified with the proxy measures of the concepts or method of measurement (Bowling
2014:162). The definitions of the concepts and operational descriptions relevant to this

research are presented below:

Diarrhoea: is defined as three or more loose stools in a 24-hour period. Prevalence is the
number of cases that exist at a given moment (Krickeberg, Hanh &Trong 2012:8). This
study refers to diarrhoea occurrence among children under five years of age during the last

two-week period of the data collection.
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Drinking water quality: refers to the physical, chemical and microbial constituents of
water used for human consumption. The most common and widespread health risk
associated with drinking water is microbial contamination, the consequences of which
mean that its control must always be of high importance (WHO GDWQ 2017:28). In this
study, it refers to the microbial quality of water which is based on testing of indicator
organism (E.coli / fecal coliform) and the findings are categorized by risk levels (low,

medium and high).

Drinking water safety: According to the definition from Safeopedia - safety refers to a
condition of being safe or protected. A condition where positive control of known hazards
exists in an effort to achieve an acceptable degree of calculated risk such as a permissible
exposure limit. As defined on the WHO guideline, safe water does not cause any significant
risk to health over a lifetime of consumption, including different sensitivities that may occur
between life stages (WHO/UNICEF 2017:1). UNICEF and the Ministry of drinking water
and sanitation in India (MDWSI) (2013: 7) define it as the level of risk related to drinking
WQ that serves as an indicator of how ‘safe’ the water is for consumption. This concept of
risk level is applied in this research and involves the condition and practices at household

to control the risk.

Household water treatment refers to treating water at home or PoU in other settings
using technologies of a range of devices or methods (WHO GDWQ 2017:140a).

Household: comprises one or more people who occupy a housing unit or dwelling which
can be a single detached house, town or row house, duplex, apartment or flat, mobile
home, a group of rooms, a single room occupied as separate living quarters, a yurt, or a
houseboat (McGregor 2016:5).

Strategy: is an activity or set of activities aimed at modifying a process, course of action or
sequence of events in order to change one or several of their characteristics, such as
performance or expected outcome. It describes a programme or policy designed to have

an impact on an illness or disease in public health (WHO, Glossary of terms, WHO, 2004).
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In this research, strategy refers to a list of key interventions that could have a considerable

role for enhancing the safety of HDW.

Improved water sources are sources such as piped and non-piped supplies that have the
potential to deliver safe water due to their nature of design and construction(WHO/UNICEF
2017:8).

Safely managed drinking water: is access to drinking water from an improved water
source which is located on premises, available when needed and free from faecal and
priority chemical contamination (WHO/UNICEF 2017:8).

Surface water sources are sources such as rivers and ponds which are highly exposed to

contamination.

Unimproved water sources: are sources that are considered to be at risk from
contamination. The WHO/UNICEF Joint Monitoring Programme (JMP) includes
unprotected dug wells or springs, vendor-provided water, surface water, tanker-truck

supply and bottled water within this category.

Bottled water: potable water obtained from approved underground water source,
packaged in a container or bottles and presented for sale for human consumption or other
uses (Yousaf & Chaudhry 2013:110).

1.6.1 Dependent and Independent variables

Variables are characteristics of units of the study which vary and take different values,
categories and attributes on measurement. Variables that are the object of the study or part
of the specified relationships are known as explanatory variables. These are classified as
dependent and independent. Dependent variables are the expected outcome of the
independent variables, which are the predictor or explanatory variables of the dependent
variable (Straits & Singleton 2018:46-47; Bowling 2014:162). In this research while

diarrhoea occurrence among children under five years of age and HDW safety are the
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primary dependant variables, other variables like drinking WQ and HWT practices were

used as both independent and dependent variables.

The dependent variables for this research are:

= Diarrhoeal occurrence among children under five years of age during last two weeks
period.

= HDW safety which is determined by combined analysis of water sample test for
microbial indicator and HDWI results and the risk level classified as low, medium and
high risk.

The independent variables include:

Drinking water quality — is the microbial quality of drinking water samples from
households which is determined using faecal coliform indicator testing and the result is
categorized as low, medium and high contamination risk levels.

Household drinking water inspection risk level — is determined by index-based
measurement using ten relevant indicators to drinking water services and safety, hygiene

and sanitation and the aggregated score is categorized by risk levels.

Water supply conditions - these involved elements of safely managed drinking water

service which include water source, accessibility and availability.

Household water treatment - treatment practice, type of treatment method used, and

efficiency of treatment practice by the households.

Household drinking water handling and storage practices - storage container,

cleanliness of the container, storage capacity and duration.
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Behavioural variables - these are elements of the RANAS behavioural model which
include risk perception, attitude, social norm, ability and self-regulation. These variables

are explained in the theoretical foundation section 1.7.

Household characteristics — these involve educational level and households’ income.

1.7 THEORETICAL FOUNDATIONS OF THE STUDY

Theory is a set of interconnected concepts, definitions and propositions that explains
situations by describing the relations among the concepts or variables. It condenses and
organizes knowledge about the social world and explains how it works. It has assumptions,
concepts, and explanations and frames how to investigate and think about a topic. It
provides the researcher with concepts, basic assumptions and guidance to important
questions. It also suggests ways to make sense of the data and making connections in
order to see the broader significance of the findings. Good theory helps to clarify thinking,
extend and deepen our understanding, and build knowledge over time. As Neuman noted,
“theory is what helps researchers to see the forest instead of just a single tree” (Neuman
2014: 57-58, 86, Glanz 2019:0).

Assumptions are statements about the nature of things that we cannot observe or do not
empirically evaluate. They are untested starting points or belief in a theory that is
necessary in order to build a theoretical explanation. Theoretical concept — is an idea that
is thought through, carefully defined, and made explicit in a theory. Concepts are the
building blocks of theory and classified as concrete to abstract, simple or complex, variable
(having values or quantities) and non-variable type. Explicitly defined concepts are required
for conducting research and advancing knowledge (Neuman 2014: 57).Theories are also

used to suggest effective ways to influence behaviour (Glanz 2019: 5).

The theory for this research is based on a faecal-oral disease transmission framework
known as “F-diagram”. This diagram was introduced by Wagner and Lanoix in 1958 to
illustrate the pathways of faeces-based pathogens transfer from a person to a new host

through fluid (water), food, finger (hand), flies, field and flood. The diseases spread when a
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susceptible person ingests a pathogen causing a disease, multiply inside the person and
excreted with faeces to maintain the chain of transmission. (Daniel et al 2015:19, Reed &
Scott 2014:4).
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PRIMARY
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TRANSMISSION
AND
PROTECTIVE
BARRIERS

BARRIER

SANITATION
BARRIER

Figure 1.1 Faecal-oral disease transmission diagrams

The other theory used for this research to understand these factors which influence
households’ practices in relation to HDW safety was the individual psychological or
behavioural model known as RANAS. These factors involve Risk perception, Attitudes,

Normative factors, Ability, and Self-regulation or control (Seifert et al 2017:2).

Selection of models for understanding a particular behaviour is guided by its relevance
(Ngigi & Busolo 2018:86). The RANAS model is advantageous in exploring WASH-related
behavioural factors and to customize the RANAS construct to depict the linkages. It also
describes socio-economic characteristics of people as a contextual factor influencing

behaviour directly and indirectly through behavioural determinants(Daniel et al 2019:848).
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Behavioural model - RANAS

Mosler and Contzen (2016:5) indicate Risks, Attitudes, Norms, Abilities, and Self-regulation
(RANAS) approach to systematic behaviour change as a method for measuring
behavioural factors, assessing their influence on behaviour, designing tailored strategies
that change behaviour and measuring the effectiveness of the interventions. The model is
primarily developed for the WASH sector in developing countries and hence relevant to this

research.

The model consists of four components: psychosocial factors (RANAS), behaviour change
techniques (BCTs) i.e. type of intervention required for each of the factors, behavioural
outcomes, and contextual factors which include social, physical and personal contexts
(Mosler & Contzen 2016:7).

Infarmation Risk Factors:
Interventions Perceived Vulnerability () | Bchavior
O S RSy Perceived Severity A
Factual Knowledge
. Intention
Persuasive Attitude Factors:
Interventions Instrumental Beliefs — Use/
R—— Affective Beliefs Behavior
Habit
Normative Norm Factors:
Interventions Descriptive Norm —
— |njunctive Norm
Personal Norm
Behavior
Infrastructural & Ability Factors: B
Ability Action Knowledge —
Interventions Self-Efficacy ntantion
Eem—mm=u" Maintenance S.-Efficacy
Recovery S.-Effica
J £y Use/
Planning Self-Regulation Factors: Behavior
Interventions & Action Control/Planning iy
Relapse Prevention Coping Planning Habhit
Commitment

Figure 1.2: Elements of RANAS behavioural model
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Psychosocial factors in the RANAS model are described below:

Risk factors- refers to respondents’ knowledge and perception of risks, vulnerability and

severity associated with use of unsafe drinking water.

Attitude factors-refers to respondents’ positive or negative belief, feelings or opinions
towards behaviours that ensure safe drinking water. These include beliefs regarding costs

and benefits of the behaviour.

Norm factors - refers to the perceived social pressure and personal feeling towards the
behaviour of HWTS for drinking water safety. This includes considering the behaviour as

normal, approved or not in the community.

Ability factors - represents respondents’ confidence in their ability to practice behaviours
that ensures safe drinking water. These include their knowledge and perceived ability to

organize, practice and continue the behaviour.

Self-regulation factors - refers to respondents’ attempt to plan and self-monitor or
evaluate a behaviour including managing conflicting goals and barriers, remembrance and

commitment so that continuation and maintenance of the behaviour can be ensured.

The assumption is that combined psychosocial factors determine behavioural outcomes
which include behaviour, intention, use, and habit. Behaviours are classified as desired
(behaviour A) and competing behaviours (behaviour B), like use of safe drinking water vs
use of unsafe drinking water. The psychosocial factors in turn are influenced by the
contextual factors which include social (culture and social relations, laws and policies,
economic conditions, information), physical (natural and built environment) and personal

(socio-demographics such as age, sex, education and health of the individual) contexts.
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1.7.1 Research paradigm

Paradigm is a theoretical perspective which consists of a set of assumptions that makes
the foundation of a scientific enquiry (Bowling 2014:132). This research employed a
positivist approach or philosophy through application of quantitative research methods. The
approach assumes that conditions and human behaviour can be measurable and there is a
single objective reality which can be ascertained using tools like survey and techniques of
statistical analysis (Bowling, A. 2014:139-148).

Positivism considers social reality, comprises table and objective ‘hard’ facts so that value
free research can precisely measure in the form of numbers and statistically test for causal
theories. It applies a deductive process and emphasizes the principle of replication that

repeated studies should produce closely related findings (Neuman 2014:50).

Accordingly, quantitative and systematic research design is employed for this research
using an interview schedule to collect quantitative data on the study variables. The data
were processed by statistical analysis to explore the association of the independent
variables with the outcome variable. The objectivity of the evidences generated was

ensured by controlling the source of biases and error throughout the study process.

1.7.2 Theoretical framework

Theoretical framework, also called theoretical system, is a very general theoretical system
which contains assumptions, concepts, and specific social theories or forms of explanation.
It is the synthesis of the thoughts in the field of study and basis for data analysis and
interpretation of results. Often, researches seek evidence for one part of a theory within a
framework (Neuman 2014:85).

The theoretical framework of this research which guide the explanation on the research

problem and investigation of the research questions was based on the adaption of two

models.
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These are:
= Faecal-oral disease transmission pathway; and
= Behavioural model — Risk, Attitude, Norm , Ability, Self-regulation (RANAS)

HH practices
Water treatment
Safe handling and
storage

Behavioural Water service HDW
Factors safety
: , Source type e
Risk, Amtp_de, ——| \Water qgg;ity Qutcome
Self-regulation Availability diarrhoe
Hygiene -
\ T Hand hygiene
—» | Food hygiene
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HH service type
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Contextual factors
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Access to information

Figure 1.3: Theoretical Framework of HDW Safety

The WHO GDWQ (2017:118-120) indicates that an improvement in the quality and
availability of water, excreta disposal and general hygiene are all important in reducing
faecal—oral disease transmission. The relative contribution of these pathways to spread the
disease could vary depending on pathogen, human behaviour and other context related
factors including access to water, sanitation and hygiene (WASH) infrastructures. The
WHO’s recent estimate using comparative risk assessment (CRA) indicated a higher
proportion of all cases of diarrhoea (34.0%) in LMIC which is linked to inadequate drinking
water while sanitation and hygiene are attributed to 19.0% and 20% respectively. In
combination, 58% of the diarrhoea morbidity is attributed to environmental risks which is
primarily WASH (Pruss-Ustun et al 2016:16-17).
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The newly adopted drinking water service of the SDG addresses three key elements of
safely managed drinking water supply service which involve accessibility, availability and
quality of the water provided to households (WHO/UNICEF 2017:24). Accessibility of
water, in terms of premise level access or not, and availability in terms of regular supply
could have linkage with the quality of water. Intermittent supplies, which are common in
many developing countries, were found to have association with contamination (2017:57).
The health outcome in terms of diarrhoea morbidity reduction of safely managed drinking
water service has not well explored through research and this research included the

analysis on this.

In relation to HDW safety practice, the uptake of water quality improvement interventions
including HWTS often low by communities. A study conducted on drinking WQ intervention
in rural Southern India indicated that lack of knowledge about health hazards associated
with drinking unsafe water, low perceptions on water treatment, sense of protection from
locally available water source, dislike to the taste or odor of treated water and a lack of
support from male members of the household were important factors impeding acceptance
and long term use of the intervention (Francis et al 2015:1). Applicable behavioural change

intervention in this regard is essential.

A study in rural Nepal indicated that households’ wrong perception on WQ is the main
behavioural factor influencing HDW quality (Daniel et al 2015:59). Also, the study
conducted in Chad on factors determining HWT practices identified that risk perception of
diarrheal diseases, social norms, and perceived self-efficacy of households’ were
associated with the practice. Though many studies identified that HWTS improves the
quality of drinking water, the coverage and adoption of this intervention is minimal, there is
a demand for understanding factors which influence or hinder HWT practices. The study in
Nepal indicated that individual socio-economic variables including education, wealth level,
and HWT promotion are important drivers of HWT adoption. Also social norm, and ability to
perform the behaviour were identified to be influential psychosocial conditions (Daniel et al
2019: 854). This research, so, applies the RANAS model that could help to bring these
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different factors including the contextual related in order to understand these factors

playing role to the household practices.

Thus, this framework is based on propositions that:

» Unsafe drinking water is a primary risk factor for diarrhoea disease among children
under five years of age and along with inadequate hygiene (hand and food hygiene) are
the proximate pathways of diarrhoea transmission. Hence, interventions to ensure
safety of HDW and hygiene have a magnificent outcome on diarrhoea disease
reduction.

* The safety of drinking water is determined by factors which include drinking water
supply service level, HWTS practice and hand hygiene.

* Drinking water supply service condition influences the quality and safety of HDW as
well as the practice for home-based treatment by households.

» Households’ HWTS practices are influenced by the behavioural factors (risk, attitude,
norms, ability and self-regulation) of the household (Mosler & Contzen. 2016:5).

* Household’s characteristics (like income, educational levels and access to information)

influence HWTS practices through risk perception, attitude and ability factors.

1.8 RESEARCH METHODOLOGY AND DESIGN

1.8.1 Methodology and design

Gray, Grove & Sutherland (2017:85) have described research methodology as the type of
the research selected to answer the research question and research design is the
researcher's way of solving research questions in consideration of feasibility of various
aspects. This research employed a quantitative, non-interventional, contextual, descriptive
and explanatory cross-sectional design (details described in section 3.2). The research
work involved two phases: the research planning and implementation phase and the

strategy development phase. These phases are described below:

22



Phase I|: Planning and implementation phase involved three stages of the research
process: conceptualizing and planning phase, research designing phase and the empirical

implementation phase.

Conceptualizing and planning stage which include presentation of the general context of
the research topic, the research problem and questions and theoretical framework of the
research. It also encompassed comprehensive review of literature which is relevant to the

study topic and questions.

Research designing stage this involve planning on the sampling, data collection and
analysis, validity and reliability as well as ethical considerations. During this stage, the
researcher communicated with the regional health bureau to get approval of the research
and informed the study area stakeholders (health and water offices) on the research

project and its plan.

Empirical implementation stage is the actual data collection, analysis and report writing.

Phase Il: Development of strategies to enhance the quality and safety of HDW phase. To
develop the strategies, the socio-ecological model was used to identify required

interventions at different levels from individual and household to society or national levels.

Details of the research design and strategies to HDW safety are indicated in Chapter 3.

1.8.2 Study setting and population

Study setting is the condition under which the research was conducted (Gray et al
2017:94). This research was conducted in the natural setting in Burayu town; a town
annexed to Addis Ababa city and existing in Oromia regional state, Ethiopia. The town is
managed by its municipality which also have service provider sectors including water

supply and health offices.
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All households in the study area, Burayu town, having children under five years of age
were the source population for the study. Mothers or caregivers in the household were the

respondents to the study questions.

1.8.3 Sampling and data collection

Cluster systematic sampling methods were used to identify a total of 265 samples or study
units for the study. Data on the identified variables that are relevant to the research
questions were collected using structured, close ended response options, and validated
interview schedule. The respondents are assumed to reflect the conditions of their

respective households accurately.

drinking water samples were collected from the sample households and their respective
water sources and tested. The interviews were conducted with mothers of the children and
complemented by observation of actual conditions related to drinking water treatment and

storage conditions.

1.8.4 Data Analysis

The raw data were checked for quality, coded and entered using EpiData software and
exported into the Statistical Package of Social Sciences (SPSS) version 23. The data was
analysed using descriptive and analytical / explanatory methods which included correlation
and binary logistic regression analysis. Statistical significance test of p value < 0.05 will be

used at 1df and 95% confidence interval.

1.8.5 Validity and Reliability

Validity and reliability of data collection tools are indispensable for generating realistic
evidence in research. In this study, validity criteria which include content, criterion and
construct validity were used for measuring the data collection instrument. Reliability in data
collection was ensured through pre-testing of the interview schedule and review of the

responses to assess the consistency of the responses. Also, adequate care was made
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during data entry and analysis (Kothari & Garg 2019:72). Qualified data collectors were

recruited and adequately trained on the data collection process.

Details of the reliability and validity of the measurement including the internal and external

validity of the study are presented in Chapter 3.

1.8.6 Ethical considerations

According to Bowling (2014: 182), all research can raise ethical issues and requires
consent of relevant bodies to implement the research. Accordingly, ethical clearance was
obtained from the research and ethical committee of Higher Degrees at the Department of
Health Studies, University of South Africa (Annexure C). And, approval for conducting the
study obtained from the regional health bureau to protect the rights of the study context

(Annexure E).

In this research, adequate considerations were made to address ethical concerns starting
with the design, preparation of the tool, data collection, processing and presentation.
Appropriate ethical considerations in relation to the study participants, institutions and
integrity of the research were addressed. The rights of the respondents were addressed
through ensuring informed consent, privacy and addressing possible harm. Details of the

ethical considerations on data collection are presented in Chapter 3.

1.9 SCOPE OF THE STUDY

The scope of this research covers studying the microbial quality and safety of HDW as well
as other elements of WASH (hygiene and sanitation) at household level including studying
on the behavioural factors associated with HWT and thus HDW quality and safety. This
research does not extend to investigating factors across the water supply chain from
source to point of delivery to the households. However, these elements were addressed on

the literature review and strategy development sections.
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1.10 STRUCTURE OF THE DISSERTATION

This study report is organized into seven chapters, each of which are described below:

Chapter 1: Orientation of the study — this section contains the general background of the
study topic including the research problem, rationale, objectives and research questions.
Relevant conceptual and operational definitions, theoretical framework and overview of the
research design and methods are also presented in this chapter.

Chapter 2: Literature review — in this section relevant and contemporary evidences from

literatures that are relevant to the to the study topic are presented.

Chapter 3: Research design and method — this section contains detailed plans, techniques
and procedures to implement the research including the study area and population,
sampling and data collection, analysis, quality assurance (reliability and validation) and

ethical considerations are addressed.

Chapter 4: Analysis and findings.
Chapter 5: Discussion of the findings.
Chapter 6: Summary, conclusion and recommendations.

Chapter 7: Development of strategies to enhance the quality and safety of HDW.

1.11 CONCLUSION

This chapter presented an introduction part which is relevant to the research topic, the
research problem, purpose, objectives and significance of the research as well as the
research questions and main hypothesis. Also, it contained conceptual and operational
definitions of the key concepts which are relevant to the research topic and the theoretical
foundation and framework of the research. In addition, overview of the research design and
methods for this research including ethical considerations are included in this chapter. The

next chapter presents details of the literature review in detail.
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CHAPTER 2

LITERATURE REVIEW

2.1 INTRODUCTION

Literature review is the primary and essential step in conducting research. It involves
historical succession and integrative review and summarizes the state of knowledge on the
topic including the arguments and distinctions between the research findings. Also, it helps
the researcher to conduct self-study review to demonstrate familiarity with a subject area
(Neuman 2014:126, Straits & Singleton 2018:517-518).

For this research, review of literature relevant to the research topic was conducted in order
to describe the theoretical contexts of the study problems, assess existing information,
knowledge and present key findings of relevant studies. The review also indicates how this
research fits with the previous studies and builds on the broader body of knowledge

including theoretical and methodological background.

The review was focused to topics which are pertinent to the research problem and
questions including descriptions of the theoretical aspects and findings from other
researches which have relevance to the purpose and objectives of this research. The

sources for the review included books, guidelines and articles from different journals.

The topics of the review included:

= Background of WASH with a focus on the state drinking water service at global,
regional and national levels

= WASH related health outcomes

» Focal-oral disease transmission and diarrheal diseases causative agents

= Prevention and control of diarrheal disease

= Drinking water supply and SDGs service level

= Risk based approach to drinking water safety, water safety plan and the elements

= Water quality parameters, indicator organisms and testing methods
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= Household water treatment (HWT) and safe storage

= HWT technologies and selection parameters

= WHO scheme of technologies evaluation

= Monitoring and evaluation of HWTS program

= Behavioural change theories and models including RANAS approach and socio-
ecological model

= WASH services in Ethiopia

2.2 WATER, SANITATION AND HYGIENE

2.2.1 Introduction

WASH involves access to safe water supply, safe disposal of human faeces and hygiene
including hand washing and food hygiene practices (Seifert et al 2017: 2). The United
Nations General Assembly (2010) recognized water and sanitation as human rights and
required for the full enjoyment of life and all human rights. Everyone has the right to
adequate, safe, physically accessible, continuous available, acceptable, and affordable

water for personal and domestic use (UNICEF 2016:1).

WASH conditions have direct linkage with public health. Contaminated water and poor
sanitation provide the path for transmission of diarrhoeal diseases including cholera,
dysentery, typhoid; polio and hepatitis A. Inadequate WASH in health care facilities (HCFs)
affect the health of patients, staff and visitors. A total of 15.0% of patients in health care
facilities develop an infection during their stay in the facilities. WASH in school also affects
the health of students and teachers, often the cause of school absenteeism. Also, WASH
has linkages with socio-economic conditions. For instance, improved access to safe
drinking water means that women and children will have less time spent on water collection
that will be used for productive engagements. Reduced health risk to children provides
better school attendance (WHO 2019 online fact sheet).
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The SDG is more ambitious in addressing WASH through including safely managed
service levels for drinking water and sanitation. Regardless of the considerable progress
during the MDG period, still three out of ten people used contaminated drinking water by
2017 (Daniel et al 2020:1). According to the WHO/UNICEF progress update report (2019:
7-9), 71.0% and 45.0% of the global population had access to safely managed drinking
water and sanitation services by 2017 respectively. A total of 90.0% of the population
worldwide used at least a basic service and 2 billion people use faecal contaminated
drinking water. However, there are big inequalities by geography, socio-cultural and
economic aspects. The state in SSA countries is considerably low where 27.0% and 18.0%
had access to these service levels respectively. Regarding hand hygiene, existing data
indicates that 60.0% of the global and 25.0% of the SSA countries had access to hand
washing facilities at home with soap and water. The WHO fact sheet (2019) also indicated

that half of the global population will experience water stress by 2025.

As indicated in section 2.8 of this research report, the state of drinking water service in
Ethiopia is that 13.0% of the population (urban 37.0% and rural 5.0%) had access to safely
managed drinking water and 14.0% of households (urban 37.0% and rural 8.0%) collect
water from sources having low risk in quality test results. Over half of households in urban
areas reported that water had been unavailable at some time during the previous two
weeks or insufficient during the preceding month (CSAE 2016:9). In this research study
area (town), these gaps in the service remain applicable and even worsening due to the
imbalance in the service delivery in relation to the extensive expansion and growth of the

population in the town including informal settlements.

2.3 WASH RELATED HEALTH OUTCOME

Inadequate provision of WASH is recognized as a key risk factor for diarrhoea and other
health outcomes including infectious diseases, nutritional status and non-health effects
(Wolf et al 2018:509). Low access to WASH is the main cause of faecal-oral disease
transmission including diarrheal diseases including cholera and outbreaks that cause the
second cause of death of children under five years of age in SSA countries. Diarrhoeal

diseases and intestinal worms (environmental enteropathy) cause malnourishment and
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stunting of children. WASH interventions are critical for saving life in emergency contexts,
which is demanded by a growing number of populations since the last decade. WASH
conditions are also associated with diseases like malaria, polio and neglected tropical
diseases (NTDs) such as trachoma, guinea worm and schistosomiasis. WASH in health
care facilities and schools also have considerable linkage with health and educational
outcomes (UNICEF 2016:1-2).

Diarrheal diseases mainly impacting children under two years of age account for 72.0 %
deaths in these groups (Francis et al 2015:2). According to UNICEF (2019), 60% of deaths
due to diarrhoea in the world are attributed to unsafe WASH. Diarrhoea is the underlying
cause for 54.0% of deaths of children under five years of age from malnutrition. Every child
in developing countries experiences four to five episodes of diarrhoea that cause below

weight - for - age and lead to risk of malnutrition and impaired development (EHP 2004:3).

Globally 8.0% of the averted death of children is linked to WASH interventions in 2017
(UNICEF 2019). In Ethiopia, remarkable achievements in child mortality and reaching the
millennium development goal (MDG) for child survival was possible through interventions
which include nutrition, WASH, oral rehydration salt (ORS) and introduction of the Hib
vaccine. An estimated 13.0% of child mortality averted due to the interventions in WASH
(Doherty, Rohde, Besada, Kerber, Manda, Loveday, Nsibande, Daviaud, Kinney, Zembe,
Leon, Rudan, Degefie & Sanders 2016: 5). Thus, progresses in WASH services including

the safety of drinking water are critical for child health improvement in the country.
2.3.1 Water related diseases
Water related diseases constitute a major cause of morbidity and mortality across the

globe. The diseases in this classification are classified into four (National Academy of
Sciences 2018, Daniel 2015:19) as presented below:
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Water-borne disease

Waterborne diseases are diseases that spread through drinking of contaminated water or
eating food prepared with water contaminated by human or animal faeces or urine
containing pathogens. These diseases commonly cause diarrhoea such as typhoid,
cholera, dysentery, gastroenteritis, and hepatitis. Inhalation of contaminated water aerosols
also cause a disease known as Legionnaires’ disease (Legionella pneumonia), caused by
Legionella bacteria (National Academy of Sciences, Engineering and Medicine 2020:12,
Jagai, Naumova & Fefferman 2011:716).

Presence of these pathogens in drinking water in small numbers often causes disease and
difficult to predict outbreak of waterborne diseases as even the undetectable level of
contamination can cause high risk of contamination. Ecological, meteorological and climate
changes influence the incidence and transmission of the diseases. Environmental stressors
affect the risk to vulnerable populations. The effects of meteorological factors vary with
climatic and geographic areas like seasonal peak of cryptosporidiosis infection during the

warmer and wetter months in tropics (Jagai, Naumova & Fefferman 2011:721).

According to WHO (2017:1), the population at greatest risk of waterborne disease are:
infants and children, people with low immunity and elderly people who live in unsanitary
conditions. Recent systematic review study report indicated that an improvement in
microbiological quality of drinking water reduces diarrhoea diseases morbidity by 31.0%
(Adane et al 2017: 2).

Water borne diseases are caused by bacteria, virus and protozoa pathogens. The common
species of the pathogens causing disease risk include Shigella, Salmonella, Vibrio
cholerae, Campylobacter species and Yersinia enterocolitica bacteria. The other categories
are Hepatitis A and E virus, Rota virus and Entamoeba histolytica, Cryptosporidium and
Giardia lamblia protozal parasites (Yousaf & Chaudhry 2013:111). These diseases are
prevalence in Ethiopia and the study area including the occurrence of cholera outbreak,

often reported as acute watery diarrhoea (AWD).
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These enteric diseases are most severe in children under 5 years of age manifesting as
acute diarrhoea and often requiring hospitalization. In adults, diarrhoea episodes are often
less severe, and resolves without serious medical care (Ayoade, Fayemi, Daramola, Osho,
Oyejide, Adenodi & Anazodo 2013: 97).

Water-washed diseases

Water-washed diseases are caused by poor personal hygiene linked to inadequate
availability of water. The diseases include dysentery, trachoma, yaws, conjunctivitis,

scabies and other skin infections.

Water-based diseases

These are diseases that transmit through aquatic vectors, intermediate organisms, such as
worms that can penetrate the skin when contaminated water is used for cleaning or

bathing. Diseases in this category include Guinea worm and Schistosomiasis.

Water-related insect vector diseases

These are diseases that spread by insects that depend on water such as mosquitoes and
black flies which breed in or near stagnant water. The diseases include malaria, filariasis,

dengue fever, yellow fever, and river blindness.

2.4 FAECAL-ORAL DISEASE TRANSMISSION

Major proportion, more than 80.0%, of diarrhoeal diseases is transmitted through faecal-
oral route through waterborne infections, contaminated food, hands, surfaces and objects
(EHP2004:1). The transmission pathway of diarrhoea depends on the causative agent or
pathogen, type of WASH infrastructure used by the households and human behaviour
related hygiene practices. Poor sanitation and hygiene conditions can cause food
contamination and inappropriate disposal of excreta and sewage can cause contamination

of both surface and groundwater. Also, pathogens in animal excreta can contaminate
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drinking water sources. Higher proportion of diarrheal transmission (34.0%) is linked to
drinking water while sanitation and hygiene constitute 19% and 20% respectively (Priss-
Ustln et al 2016:16).

Disease outbreaks are often linked to inadequate treatment of water supplies, and poor
management of drinking water distribution including cross-connections, contamination
during storage, low water pressure and intermittent supply (WHO, 2017:117). Use of
unimproved drinking water sources constitutes major public health risk (Joshua et al
2018:1).

2.4.1 Causative agents of diarrhoeal disease

According to WHO (2017:118-120), infectious diseases that are transmitted by drinking
water are caused by bacteria, viruses and protozoa as well as helminths and parasites. List
of bacterial diseases that can be transmitted through faecal contaminated drinking water
include Escherichia coli (diarrhoeagenic), E.coli 0157, mycobacterium avium, salmonella
typhi (different species), shigella, vibrio cholerae O1 and O139. Similarly, viral diseases
associated with contaminated drinking water include rotaviruses, hepatitis A and E virus as

well as protozoal agents like E. histolytica, giardia intestinalis and cryptosporidium.

Rotavirus is the common viral responsible for severe diarrhoea among children and
Norovirus is also another viral agent of importance. Bacterial origin includes several strains
of E.coli, Shigella, Salmonella, Campylobacter and Vibrio cholerae. Entamoeba histolytica
is the main protozoal cause of diarrhoeal disease (Krickeberg et al 2012:47-48). It was
reported that Rotavirus is responsible for two thirds of the deaths due to diarrhoea among
children in Ethiopia (GAVI 2013).

Pipe water systems can cause growth of bacterial infectious agents like legionella
pneumophila and maintain the life cycle of helminths agent dracunculus medinensis that
transmit through drinking water. These disease-causing agents are mainly transmitted
through consumption of water containing the agents. Parasitic diseases like
Schistosomiasis are transmitted by contact 