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ABSTRACT 

The Assessment of the Effects of Water Sanitation on Human Health and Livelihoods was 

conducted in Kechene and Shiromeda areas, Gu llele Sub-city, Addis Ababa, Ethiopia. The 

assessment was an important problem assessed. The problem was limited access to water, 

poor sanitation (defecation, urination, and effluents) and hygiene (personal and house clean­

liness) that affected water quality or hygiene affected because of limited access. The assess­

ment was to conduct a survey of Knowledge, Attitude and Practice of the households on wa­

ter supply, storage, sanitation, hygiene, quality and treatment. Assess bacteriological and 

physico- chemical pollution of water on human health. Assess the effect of water access and 

pollution on income and li vel ihoods . Conclude and recommend possible strategies to curb 

the problems. The methodology employed was household Knowledge, Attitude and Practice 

(KAP) survey and laboratory test of water. The survey employed 155 questionnaire admin­

istration and schedule, 6 key informant interviews and 3 focus group discussions. The labora­

tory included water sample co llection for Physico chemical and bacteriological test. The sur­

vey resu lt showed that limited access to water created competing water demands and needs 

for household activities. It affected water consumption, use and norms. Laboratory test con­

ducted had shown that household connections and sto rage containers had substances like 
Iron, Manganese, Chloride, PH, Total Dissolved Solids (TDS), Electrolyte Conductivity (Ec) 

and turb idity. The presence of total co li forms, E.coli and ammonia was detected in drinki ng 

water. The assessment confirmed that water access, sanitation and hygiene have affected the 

health, income and li ve lihoods of the people in the study areas. 
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CHAPTER ONE 

1. Introduction 

1.1 Bacl<ground and Justifications 

One of the MillellJlium Development Goa ls (M DGs) was to ensure environmental sustaina­

bi lity. The targets were to halve, by 20 15, the proportion of people without sustainable access 

to safe drinki ng water and basic sanitation and by 2020, to have achieved a sign ificant in the 

lives of at least 100 million slum dwellers. The ind icators for monitoring progress were pro­

portion of population wi th sustainable access to an improved water source in urban and rural 

areas. In addition, the proportion of urban and rural popu lation with and proportion of house­

holds with access to secure tenure access to improved sanitation (MoF ED and UN Country 

Team March 2004). 

Government administrative reports indicate rural water supply coverage at 61 % to exceed the 

MDG goal. Functionality is assumed to be between 70 and 80 and an estimated 25% of pro­

tected water supplies are contam inated with faeca l coli form, whil st in much orthe Rift Va lley 

excess fluoride pose a hea lth ri sk to millions of people. At 93% (DI-IS 2005), the MDG target 

for Urban Water Supply has been met, although more should be done in peri-urban areas and 

smaller towns to ensure uni versa l access to safe drinking water. Behavior change and basic 

technology has improved sanitation coverage (UN March 20 II) . 

Ethiopia to ensure environmental sllstai nabi lity is like ly to be on track. The GoE definition of 

sani tation includes ' unimproved to il ets' that lack a cleanable slab and therefore government 

data stating rllral sanitation coverage (access) is 53% is not compatible with the MDGs. The 

20 I 0 JMP (Joint Monitoring Programme of WHO and UNICEF) update 28 refers to rural 



monitor the delivery of WASH services remains weak especially at Woreda level. The year 

on year utilization rate for WASH is at best 70%, and there are major concerns over sustaina­

bility and quality. Inadequate access and poor hygiene practices contribute to recurrent out­

breaks of acute watery diarrhoea (UN March 20 II). 

Water is the basis of all life. However, for millions of children, the water they drink can also 

be a source of persistent illness, leading to an early grave. A child dies of diarrheal disease 

every 30 seconds and for every child who dies of diarrheal disease, three more children die of 

other diseases passed along by unwashed hands, or made more deadly by chronic malnutri­

tion resulting from constant bouts of diarrheal disease and intestinal parasites. Thus, every 7 

seconds, a child in the developing world dies of WASH-related disease or WASH-related 

malnutrition. According to the World Health Organization (WHO) and the Centers for Dis­

ease Control and Prevention (CDC), 80 percent of all childhood diseases are WASH related. 

While adults also suffer from WASH-related diseases, 90 percent of those who succumb to 

them are children under the age of five. Even more alarming, 70 percent of these do not sur­

vive the first year of life, and 40 percent do not make it past the first month. Before we can 

help these children to thrive, we must help them simply to survive. Providing a child with ac­

cess to safe water, sanitation, and hygiene is one of the most effective ways to ensure his or 

her survival (World Vision, October 2011). 

By 2025, nearly two-thirds of the world's population will be living under water-stressed con­

ditions. Water scarcity and poor water quality will increase disease, undermine economic 

growth, limit food production, and become an increasing threat to peace and security. Today, 

more than 800 million people lack access to safe water and more than 2 billion to basic sani­

tation. Inadequate access to water supply, sanitation, and hygiene causes the deaths of more 

than 1.5 million children each year. Competition over water resources is an increasing source 

of tension and conflict, and droughts and floods now affect more people than all other natural 

disasters combined. Climate change will exacerbate all of these challenges (Senator Paul 

Simon June 2010). 
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The world's population is growing by about 80 million people a year, implying increased 

freshwater demand of about 64 billion cubic meters a year (UN, Retrieved on June 22, 2013). 

The world is on track to meet the Millennium Development Goal (MDG) target on drinking 

water. Current trends suggest that more than 90% of the global population wi ll use improved 

drinking water sources by 20 15(ibid). The world is not on track to meet the MDG sanitation 

target. Between 1990 and 2006, the proportion of people without improved sanitation de­

creased by only 8 percentage points. Without an immediate acceleration in progress, the 

world will not achieve even half the sanitation target by 20 15. Based on current trends, the 

total population without improved sanitation in 2015 will have decreased onl y sl ightly, from 

2.5 billion to 2.4 billion (ibid). 

Worldwide, good water management is becoming increasingly critical in a world subject to 

growing scarcity of this resource. Our health, food and energy security and environment all 

depend on careful management of water. Only wise use of this finite , vulnerable resource wi ll 

enable us to respond effectively to new emerging challenges such as climate change and as­

sure that future generations have enough water (Helmut Kloos and Worku Legesse, January 

2010). Human health depends on resources and good health depends on accessibility to sus­

tainable resources, bad health results from inaccessibi lity from sustainable resources or expo­

sure to hazards, sustainable resources and hazard exist in the environment, therefore quality 

of health depends on the environment (Alli son Robinson, November 2001). 

In Africa, 360 million people had access to improved sanitation facilities in 2006. Coverage 

increased from 33% in 1990 to 38% in 2006. The African population without access to sani­

tation increased by 153 million, from 430 million in 1990 to 583 million in 2006. Increases in 

coverage are not keeping pace with population growth. The rate at wh ich Africans gained ac­

cess to sanitation, 153 million people since 1990, is insufficient to meet the MDG sanitation 

target. In 38 countries in Africa, sanitation coverage is less than 50 % (UNICEF, WHO and 

African Ministers' Council on Water, 2008). 

Sub-Saharan Africa is not on track to meet the millennium development goals for water and 

sanitation (Europeans Court of Auditors 2012). One of the targets of the Millennium Devel­

opment Goals, promulgated by the United Nations in 2000, is to halve by the year 20 15 the 

3 
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proportion of people without sustai nable access to a safe water supply and basic sanitation, 

therefore reducing the burden of associated disease. Unfortunately, recent statistics on water 

and sanitation do not provide specific ev idence about the quality of water being provided to 

communities, households and institutions (Dagnew Tadesse, 2010). Sanitary inspections are 

visual assessments of the infrastructure and environment surrounding a water supply, taking 

into account the condition, devices and practices in the water supply system that pose an ac­

tual or potential danger to drinking-water quality and thus to the health and well-being of the 

consumer(ibid). The causes of the sanitary risks were classified into three categories: poor 

workmanship or lack of maintenance, poor site selection and fai lure to minimize sanitary 

ri sks and poor sanitary conditions (ibid). 

Water Sector and Sanitation Goals for Ethiopia' s 80 million people have one of the world's 

lowest rates of access to safe drinking water, sanitation and improved hygiene practices de­

spite abundant surface and groundwater resources. Ethiopia is classified as a water-stressed 

country with a per capita safe water availabi lity of 2.5 liters. Almost 84 percent of Ethiopians 

live in rural areas ; only 42 percent have access to safe drinking water (13 percent have access 

to piped water) and only 12 percent have access to improved sanitation fac il ities. Diarrhea 

accounts for approx imately 20 percent of all under-five deaths and 88 percent of the total di­

alThea cases are attributed to inadequate and unsafe water and poor sanitation (Senator Paul 

Simon June 2010). 

81 million people have one of Africa 's lowest rates of access to water supply, sanitation, and 

hygiene despite surface and ground water sources (USAID, Retrieved on June 20 13). In Ethi­

opia, proportion of population lIsing an improved drinking water sources was 92.8% female, 

41 .6% male and 50.8% total and proportion of population using an improved sanitation fac ili­

ty were 18.2% female, 6.8% male and 8.8% total (MDG indicators for Ethiopia, 20 11 ). Ethi­

opia's Millelmium Development Goals (MDGs) for improved water and sanitation access are 

70% and 56% respectively (USAID, 20 II ; AIDB, 20 I 0). 

Like other sub-cities in Addis, Gullele sub-city, Kechene and shiromeda areas access water 

from recommended authority. In case of limited access households forced to fetch water from 

distance, protected di stribution points and unprotected sources such as springs, rivers, hand 
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dug hole and rooftop rainwater (UNDP, 2004). The water from recommended sources possi­

bly contaminated via intrusion broken pipes by open defecation, unmanaged household so lid 

and liquid wastes, cow dung and poor handl ing. The unprotected water sources are possible 

cause of illnesses (FORE and MoWR, 2004). 

All socio economic problems have direct relationship with lack of access to clean water, poor 

sanitation and personal hygiene. For instance, small hovels housed up to three or more fami­

lies with up to 15 persons squeezed into incredibly small spaces (AMREF, 2011). It is esti­

mated that an area population by over 30, 000 people had fewer than a hundred latrines, a ra­

tio of 1 to more 3,000 populations (ibid) . 

Water quality problems in Ethiopia are physical parameters (color, odour, Turbidity, Taste), 

chemical qual ities (iron, hardness, pH, Nitrate, Fluoride, sulfate, Nitrite, Manganese, CO2, 

TDS) and microbiological (Total coli fo rms, E.coli , giardia, Amoebae). The most significant 

of all the water quality problems is poor microbiological and biological water quality. Most 

of the ten-top diseases, which affect public health, are the result of water borne and water re­

lated diseases (UNESCO -World Water Assessment program 2004). 

In Ethiopia, all the waters of the rivers with a few exceptions are of good quality with respect 

to suitability as source of water for drinking and for irrigation with respect to salinity hazard 

and chemical pollution. However, treatment will be required against biological contamination 

and turbidity, which is very high in almost all of the river waters. The exceptions to this gen­

eral rule are the rivers in the Rift Valley Lakes and River Akaki in the vicinity of Addis Aba­

ba. Most of the Lakes in the Rift Valley are of poor quality owing to the presence of exten­

sive saline and Alkaline springs in the Rift Valley. The rivers flowing out to such lakes are 

also contaminated. In some cases, the saline springs join the rivers directly and affect their 

quality. Except for two, Zwai and Lake Cheleleka the waters of all other lakes in the Rift Val­

ley are considered unsuitab le for drinking and irrigation (ibid). 

In Ethiopia, high fluoride levels in ground water are a particular problem in the Rift Valley 

regions. Approximately 7.5 million Ethiopians in the Rift Valley area suffer from problems 

related to high fluoride levels. Nearly 80% of chi ldren are affected by dental fluorosis. Many 
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suffer from debilitating skeletal problems later in life (Website Accessed on May 20, 2012). 

Ethiopia physicochemical analyses of water quality-Rapid Assessment of Drinking Water 

Quality shows Nitrate- compliance with water-quality standard 96.7 %, minimum 0.06 mg/I, 

maximum 208.00 mg/l ; Iron-92.1 %, minimum < 0.01 mg/I, maximum 4.93 mg/I ; conduc­

tivity- 89.9%, mgl1 0.02 mgll, maximum 37.59 mg/I . Addis Ababa Physicochemical anal­

yses of water quality - Iron (Fe) compliance with water-quality standard 9 1.3%, minimum < 

0.01 mgll, maximum 4.93 mgll; Conductivity- compliance with water-quality standard 

99.1 %, minimum 0.06 ( ~lS/cm), maximum 1.88 (IlS/cm); Nitrate compliance with water­

quality standard 96.5%, minimum 0.15 mg/I ,max imum 71.00 mg/I (Dagnew Tadesse 20 10). 

According to AA WSA, the most environmental water pollution is depicted in Table 1. How­

ever, there are many others, the research focus on few of them. 

In the study areas, Addis Ababa Water and Sewerage Authority (AA WSA) were responsible 

supply and monitor to safe water. However, there was a gap on access, water quality and 

prompt pipel ines breakage fixi ng. Anecdotal evidence showed that, in the study areas, water 

coverage provision was very low. Sufficient water was not supplied to users. In addition, res­

idents sometimes doubted its quality. Factors affecting household water provisions in the are­

as were info rmal settlement, uphill settlement, increased population, house renters, invest­

ment intensification in the city, unsafe waste disposal and poor hygiene (Gullele Woreda 

administration officers January 2013). 

Moreover, sanitation and hygiene was poor in the study areas . According to MDG- Millenni­

um Development Goal indicators, country poverty trends be monitored based on the national 

poverty lines. The actual population of people living in slums was measured by a proxy rep­

resented by the urban population living in households with at least one of the fo ur character­

istics: lack of access to improved water supply; lack of access to improved sanitation; over­

crowding (3 or more persons per room); and dwellings made of non-durable material (Mil­

lennium Development Goals (MDGs), 2008). 

All socio economic problems have direct relationship with lack of access to clean water, poor 

sanitation and personal hygiene. For instance, small hovels housed up to three or more fami-
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lies with up to 15 persons squeezed into incredibly small spaces (AMREF, 2011). Few of the­

se houses had latrines and disposed human excreta in plastic bags-the so-called flying toilet, 

were common in the narrow and mean alleyways in the Kechene areas. This had something to 

do with low income, housing conditions, increased number of households and community 

training strategies. Residents defecated into the plastic bags at night and throw them out into 

the street, where faces contaminate homestead- where children were playing, road , soi l and 

the whole nearby environment. Chi ldren play constantly in filthy alleyways and afflicted by 

intestinal infections and diarrhea. Children fetched water waking in all these roads, after play­

ing in this faeces contaminated field. It is estimated that an area population by over 30, 000 

people had fewer than a hundred latrines, a ratio of 1 to more 3,000 populations (ibid). 
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1.2 Statement ofthe Problem 

In Addis Ababa, Gullele Sub-city, Kechene-Woreda (07 and 05) and Shiromeda-Woreda (0 1) 

access to water and its pollution is an important concern. In the areas, access to water is lim­

ited and poor in quality. 

The first cause of pollution was poor sanitation that loads wastes to intrude into water sources 

and distribution canal and affected water quality. These wastes are loaded in to household 

water containers and utili zed. 

The second cause of pollution was poor hygiene at household leve l. Regarding poor hygiene, 

household members were not practicing good hygiene during water fetching, storage and use. 

Because of limited access to potable water, households fetched water from unprotected 

sources that aggravate water-borne diseases incidence. Empty pipes form corrosions and seep 

wastes from the environment. In the area water supply, sanitation and hygiene is low 

(AMREF, 201 I). Hence, water pollution (poor sanitation and hygiene) affected human 

health, income and livelihoods. 

Above all, it was reported that over 70% of the contagious diseases in the country were wa­

ter-induced diseases (FMo WE 200 I). This could be potential evidence showing underlying 

causes of waterborne diseases prevalence in the areas. 

Therefore, it is critically important to assess water accessibility, sanitation and hygiene prac­

tices that affected human health, income and livelihoods in order to reach at feasib le conclu­

sions and recommend alternative solutions to curb the problems. 
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1.3 Objectives 

The general obj ective of the thes is was to assess the effect of limited access to water supply, 

poor sanitation (facilities and services) and hygiene practices on the household ' s health, in­

come and livelihoods of the households. 

1.3.1 Specific objectives 

The specific objectives were to assess: 

• the status of Households on Water Suppl y, Storage, Sanitation, Hygiene, Quality and 

Treatment; 

• The effect of water access and pollution on income and livelihoods; 

• The effect of bacteriological and physico- chemical pollution of water on human health; 

• Possible strategies to curb the problems 

1.3.2 Research Questions 

• What is the status of Households on Water Supply, Storage, Sanitation, Hygiene, Qual ity 

and Treatment; 

• What is the effect of water access and po llution on income and livelihoods; 

• What is the effect of bacteriological and physico- chemical pollution of water on human 

health; 

• What could be possible strategies to curb the problems 
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1.4 Significance 

The study is significant in assessing problems in the study areas. Bring the problem to the 

attention of concerned stakeholders for action. In addition, the study can be used as a baseline 

for in-depth investigation by other researchers. It is also a piece of contribution that can lead 

relevant sectors towards feasible actions in addressing the identified community problems. 

1.5 Scope ofthe research 

The scope of the study was assessment of water pollution from sources of safe water provi­

sion and di stributions through water canal from Laga-DadhiilDiree catchment/dam to house­

holds. These were catchment areas, dam, treatment plant, reservo irs/water tank, public taps, 

group household connections, individual household connections, water fetching utensils, 

household storage containers and a glass of water used for drinking. In addition, there was 

unsafe sources like rivers, springs, hand dug wells and roofs to rainwater harvesting. 

1.6 Limitations 

• Households were not clear about the new kebele naming because of area restructur­

ing. As a result, they tended to tell the older names. To solve the problem, volunteer 

educators from the areas were used to collect data and information; 

• Water sampling was difficult as most of the time, there was no water in the areas . 

Hence, revisited two or more times for sampling of one trial ; 

• Comparison of sources of pollution was difficult. Whether it is from household con­

tainers or from taps. As a result, frequent visit of taps and household's container was 

made for sampling. 

• Systematic random sampling was proposed to be used, but households were not num­

bered in a way that samples could be taken accordingly. Households were not num­

bered in sequences. It was based on the researcher judgment to pick households. 

• The same household for survey and water sample was difficult as there was no regular 

water flow in the tap, but used the next or other households instead; 
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• If water was not present in one location, it was not for all nearby villages that affected 

sample replacement. The option was revisiting household for water sampling. This 

frequent visit has made it time taking. 

• It appears to be a confounding factor whether a disease was caused by water or other 

sources. So, it was necessary to take an in-depth investigation about the cause of the 

diseases. 

1. 7 Conceptual Framework 

The conceptual framework below is articulating the core problem and its underlying causes 

of water pollution in the study areas that had negatively affected water quality. Water pollu­

tion occurred from sources to households. Water was polluted by bacteriological origin from 

sources, its distribution points, fetching practices and household containers. Physico-chemical 

substances occurred outside the household levels and in the empty taps. This was a problem 

of poor sanitation. Pollution at household level was of bacteriological origin. This was a 

problem of poor hygiene. However, the effects of pollution that occurred at the sources and in 

the distribution system were detected in the household containers. There was coincidence in 

water pollution at public taps and household connections. These were because of poor sanita­

tion of the environment and poor hygiene of the households. Pollution of water at any place 

affects human health, income, and livelihoods. 
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CHAPTER TWO 

2. Literature Review 

2.1 Laga-Dadhii Water Sources and Treatment Plant 

Addis Ababa Water Supply and Sewerage Authority (AA WSA) produced 384,000 m] of wa­

ter per day. These are Laga-Dadhii and Diree reservoir 165, 000 m] per day, Geferssa reser­

voir 30,000 m] per day and spring and we ll s 195,000m] per day. The study areas were sup­

plied with Laga-Dadhii and Diree water sources was established in 1967. The design capacity 

of Laga-Dadhii was 48.5 million m], but the actual was 42.5 million m3 The other part of the 

water was dead water; it was not used for consumption. Backwash water was also used to 

clean the clarifier compartment. Out of this 37% is non-revenue water. It is either by illegal 

connection or by wastage due to old infrastructures (AAWSA, 2013). 

Akaki , Geferssa and Laga-Dadhii reservoirs are the three major sources of ground and sur­

face water for Addis. Laga-Dadhii reservoirs and other booster sources were used to supply 

the study areas. These were booster shallow wells, deep wells and springs. These were 

pumped and gravitation was used to distribute to the consumers. There were also two treat­

ment plants and one ground well field: namely Laga-Daadhii , Gafarssa and Hakaakii. Laga­

Dadhi Treatment Plant distributed through chain reservoirs served the majority with the com­

bined effect of boreholes pumped to serve community. 

Water rationing started in Addis Ababa before a number of decades (AAWSA, 2013). This 

was primarily because water supply infrastructures were not sufficiently designed- by projec­

tion and not updated to meet the current demand posed by investment and population growth. 

Major water impurities were correlated with rationing. This was because longer time empty 

tap was the result of water impurities. It was shown that empty tap changed the color of wa­

ter. 
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Laga-Daadhii dam/treatment plant received water during rainy season. The dam released wa­

ter to the treatment plant and the water was treated and released to city reservoirs. In the 

study the water was analyzed under laboratory, that if any intrusion happens in to the pipe on 

the way to water users. 

2.2 Water Supply. Sanitation and Hygiene 

National and Addis Ababa city administration data for this research purpose. Official reports 

show access to water supply at 68.5 % -- 81.5 % for urban and 65.8% for rural. Access to 

sanitation facilities was reported to be 60%. The same report highlights hand washing prac­

tice at 7% and open defecation at about 15 % (USAID, 20 II ). 

Provision of water for Kechene and Shiromeda community is from recommended water sup­

plier AA WSA, and unprotected sources like rivers, springs, hand dug well s and roof top 

rainwater. Compared to urban, per urban study area people: women, chi ldren, sick and old 

travel a distance and fetch water from rivers, ponds and springs, which are, unprotected 

(UNESCO,2004). 

According to (CSA, 2000) open defecation practice in the country was 81.5%, (rural 90.7 % 

and urban 26.9%), which was one major cause of water pollution by microbes. The morbidity 

load attached with poor sanitation and hygiene accounts for 60 percent. Access to improved 

sanitation was as low as (between 6 and 18 percent) per number of households. On the other 

hand, accord ing to (FMoH, December 2005), nearly 32% of the people have access to clean 

water (72% in urban areas and 24% in rural areas 

2.3 Water Resources and Health Problems 

The Federal Democratic Republic of Ethiopia, Ministry of Water Resources and Water Sector 

Policy revealed that 70% of infectious diseases in the country were waterborne or water 

based diseases. Cause of most of these illnesses could be traced back to insufficient water 

supply and sanitation facilities. National water policy asserts that access to clean and ade-
• 

quate water suppl y and sanitation faci lities and improving the performance of this subsector 
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openly reduces the morbidity and mortality rates of the population (FMoWR 2001 , 17,18). 

Illnesses associated with poor environmental conditions account for 75% of all morbidity in 

the country. 

Assurance of drinking-water quality has been a pi llar of primary prevention for more than 

150 years and continues to be the fo undation fo r the prevention and control of waterborne 

diseases (FMOH, May 2011). The most predominant waterborne di sease, diarrhea, has an 

estimated annual incidence of 4,600 million episodes and causes 2.2 million deaths every 

year. In terms of global burden of disease, diarrhea ranks second after respiratory infections. 

Chi ldren under five years of age are most affected: some 1.33 million die each year of diar­

rhea, representing 15% of overall m011ality in that age group. (FMOH May 20 11). 

There are several variants of the feco-oral pathway of waterborne disease transmission. These 

include contamination of drinking-water catchment areas (by human and animal feces) and 

sources (through inadequate disposal of human or animal excreta, or domestic or industrial 

waste).Transmission can result from contamination in the distribution system (through 

"leaky" pipes, obsolete infrastructure, and inadequate treatment and storage) and unhygienic 

hand ling of stored household water (FMOH, May 20 11). 

Moreover, millions of people were exposed to unsafe concentrations of chemical contami­

nants in their drinking water. This contamination linked to naturally occurring inorganic 

chemicals such as arsenic and fluoride , which cause cancer and tooth and/or skeletal damage, 

respectively. Alternatively, it linked to a lack of proper management of urban and industrial 

wastewater or agricultural runoff water, with potentially long-term exposure to pollutants, 

resulting in a range of serious health implications (FMOH, May 20 11). Diarrhea is the se­

cond greatest cause of mortality and morbidity in children under five years of age and is a 

factor in 46% of all childhood deaths. Access to clean water is estimated to be between 10 

and 20% of the population and is accompanied by large urban - rural disparities in levels of 

service. (U.S. Agency for International Development 2000) 
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The country incorporated in the policy to investigate the possibilities of the spread of water 

borne diseases because of large-scale water projects during the project formu lation stage, and 

take necessary remedial actions during the implementation phase (FMo WR 200 I , 12). 

2.4 Diseases Causing Agents in Water Environment 

Disease causative agents are bacteria, virus, helminthes and protozoa (Haromeya University 

2003). The waterborne zoonotic bacteria are principally those shed in faeces by warm­

blooded animals (birds and mammals), although some are also harbored by reptiles (D.O. 

Cliver and R. Fayer, accessed on 2012). 

According to the World Bank 22, diseases are related to improper disposal of so lid wastes 

(World Bank 1999 in (UNESCO, 2004). Between 20 and 30 different infective diseases af­

fected by changes in water supply (UNESCO, 2004). Water related microorganisms causing 

them usually classify infections or by mode of spread; Examples are: 

a. Water-borne diseases, Infections spread through water supplies: e.g. Cholera, Typhoid, 

Infectious hepatitis, Poliomyelitis 

b. Water-washed diseases, Diseases due to lack of water for personal hygiene: e.g. skin and 

eye infections (Scabies, Trachoma). 

c. Water -based disease, Infections transmitted through an aquatic intermediate animal: 

e.g. Schistosomiasis. 

d. Water related insect vectors, Infections spread by insects that depend on water: e.g. Ma­

laria, Yellow fever, Trypanosomiasis 

In 200 I, a review of the scientific literature identified 141 5 species of infectious organisms 

known to be pathogenic to humans, including 2 17 viruses and prions, 538 bacteria and 

rickettsiae, 307 fungi, 66 protozoa and 287 helminthes. Of these, 61 % were zoonotic and 

12% were associated with diseases considered to be emerging with water use (Taylor, Lat­

ham & Wool house, 200 I) cited in (E. L. WHO 2003) . One gram of faeces can contain 

10,000,000 viruses; 1,000,000 bacteria; 1,000 parasite cysts 100 parasite eggs (Water AID 

and TEAR FUND, February 2002); ingesting one mean inflicted by this disease causing or­

gal1lsms. 
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People suffering from water-borne diseases occupy half the world's hospital Beds. The 

World Health Organization says the lives of the 1.8 million children who currently die from 

water-related diseases each year could be saved by prevention or better treatment. A child 

dies every 15 seconds from diarrhea, caused largely by poor sanitation and water supply. 

Waterborne Zoonoses 
Waterborne disease interactions in the water environment 

Flgu .... l. I The Water En"ironment 

Sources: WHO, 2004 

2.5 Investigations of Diseases causing Agents 

To investigate disease causative agents water was analyzed in the laboratory .To conduct the 

investigation water was samples were collected. According to (WHO, 1997) piped drinking 

water sampling depends on number of populations. As the number of population increases 

number of sampling increases. There are three basic types of water sampling. These are water 

from a tap in a distribution system or from a fixed pump ontiet, etc.; Water from a water­

course (river,lake, etc.) or a tank; Water from a dug well, etc., where sampling is more diffi­

cult than from an open watercourse (WHO-Guidelines for drinking-water quality, 1997). As 

opposed 10 the above standard, this research employs cross sectional study of community wa­

ler supply among poor urban dwellers. II is a three times sampling for water laboratory analy­

sis and survey method. Sampling was done every 3 monlhs. February, March and April. 
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Frequencies of sampling should reflect the need to balance the benefits and costs of obtaining 

more information. Sampling frequencies are usually based on the population served or on the 

volume of water supplied, to reflect the increased population risk. Frequency of testing for 

individual characteristics will also depend on variabil ity. Sampling and analysis are required 

most frequently for microbial and less often for chemical constituents. 

This is because even brief episodes of microbial contamination can lead directly to illness in 

consumers, whereas episodes of chemical contamination that would constitute an acute health 

concern, in the absence of a specific event (e.g., chemical overdosing at a treatment plant), 

are rare. Sampling freq uencies for water leaving treatment depend on the quality of the water 

source and the type of treatment (World Health Organization, Guidelines for Drinking Water 

Qualitys, 2006). 

Rapid Assessment of Drinking Water Quality (RADWQ) applies a multi-stage cluster sam­

pling approach to select a nationally representative sample of improved drinking water 

sources across a country. The selected sources are then tested for relevant drinking water 

quality parameters and a sanitary risk inspection is carried out for each source. 

The main parameters measured were thermo tolerant coli forms, arsenic, fluoride, nitrate, 

iron, turbidity, conductivity, and free/total chlorine (for piped supplies only). A small propor­

tion (10%) of sources was also tested for faecal streptococci and household piped supplies 

were tested for copper (UNICEF and WHO, 2011). 

Residual chlorine, pH, and turbidity should be tested immediately after sampling as they will 

change during storage and transport (World Health Organization, Guidelines for Drinking 

water quality, 1997). Estimates of the numbers of coliform organisms-Escherichia coli and 

other microorganisms indicative of pollution-should be given in terms of "most probable 

number" per 100 ml (MPNII 00 ml) . In reporting chemical analyses, the sensitivity, accuracy 

and precision of the method should be indicated. This includes the proper use of significant 

figures and the expression of confidence limits (WHO, International Standards for Drinking 

Water, 1958). 
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Sampling equipment, transportation and storage practice were also important. Each sample 

bottle was provided with an identification label. Information is legibly and permanently writ­

ten (UNEP/WHO, Water Quality Monitoring. A Practi cal Guide to the Design and Imple­

mentation of Freshwater Quality Studies and Monitoring Programmes, 1996). 

2.5.1 Sampling formula 

Z ' PQ B' . 1 L 1 . l' n = - , - 1I10lma - arge popu at10n samp lI1g 
E 

NZ'PQ 
n= -£:-, (:-'N':':- =-l ':':) +-"Z-::' -PQ"" Hyper geometric - Small population sampling 

Eqllatioll 1 Formula for Equation of household sampling 

Where ' n' is the required sample size; N is the population size; p and q are the population 

proportions. (If you do not know what these, are set them each to 0.5; Z=1.96 (95% confi­

dence interval) is the value that specifies the level of confidence you want in your confidence 

interval when you analyze yom data. 

2.5.2 Water Sampling and laboratory Test 

For microbiological analysis, strong, thick-walled, glass sample bottles with a minimum ca­

pacity of 300 ml should be used. They should have screw caps of a type that will maintain an 

effective seal, even after they have been sterilized many times in an autoclave. Some techni­

cians fasten a Kra ft paper cover over the bottle caps before autoclaving to protect them from 

contamination dming handling. Alternatively, plastic or aluminum sleeves used. The neck of 

the bottle should not be plugged with cotton wool. To prepare sample bottles, they should be 

washed with a non-ionic detergent and rinsed at least three times (fi ve is better) with di stilled 

or deionised water befo re autoclaving. New bottles require the same preparation. If di stilled 

or deionised water is not avai lable, clean chlorine-free water may be used. If chlorinated wa­

ter is being collected for microbiological analysis, sufficient sodium thiosulphate should be 

added to the sample bottles to neutrali ze the chlorine. The recommended amount is 0.1 ml of 
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a 1.8 per cent solution of sodium thiosulphate for each 100 ml of sample bottle volume; thi s 

should be added to the bottles before autoclavi ng. 

Sample bottles should not be rinsed with sample water or allowed to overflow because thi s 

would remove the dechlorinating chemical (UNEP/WHO, Water Quality Monitoring - A 

Practical Guide to the Design and Implementation of Freshwater Quality Studies and 

Monitoring Programmes, 1996). 

The multiple-tube technique is applicable primarily to raw and chlorinated wastewater and 

sediments, and can be used for fresh and marine waters. The membrane filter technique also 

may be used fo r fresh and saline water samples, but is unsuitable for highly turbid waters 

(American Public Health Association, 1999). 

There are a number of factors affecting samples. For instance water sample are susceptible to 

external interferences both microscopic and non-microscopic entities depending on sampling 

time Sampling ti'equencies are usually based on the population served or on the volume of 

water supplied , to reflect the increased population ri sk. Frequency of testing for individual 

characteristics wi ll also depend on variability. Sampling and analysis are required most fre­

quently for microbial and less often for chemical constituents. This is because even brief epi­

sodes of microbial contamination can lead directly to illness in consumers, whereas episodes 

of chemical contamination that would constitute an acute health concern, in the absence of a 

specific event (e.g. , chemical overdosing at a treatment plant), are rare. Sampling frequencies 

for water leaving treatment depend on the quality of the water source and the type of treat­

ment (World Health Organization, Guidel ines for Drinking Water Quality, 2006). 

The principal methods used in the isolation of indicator organisms from water are the mem­

brane-Filtration (MF) method, the multiple-tube (MT) or most probable number (MPN) 

method and presence-absence tests (World Health Organization, Guidlines for Drinking 

water quality, 1997). For the confirmatory test, a more selective culture medium is inoculated 

with material taken from the positive tubes. After an appropriate incubation time, the tubes 

are examined for gas fo rmation as before. The most probable number (MPN) of bacteria pre­

sent can then be estimated from the number of tubes inoculated and the number of positive 
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tubes obtai ned in the confi rmatory test, using specially devised stati stical tables. This tech­

nique is known as the MPN method (World Health Organization, Guidlines for Drinking 

water quality, 1997). 

A cross sectional prospective study was conducted in Bahir Dar City from October to De­

cember 2009. Thirty-five private taps and 35 household water containers were randomly se­

lected from II Kebeles. Bacteriological and physicochemical quality of water at tap and 

household water containers were analyzed in three rounds. The hygiene and sanitation prac­

tices of the consumers were also assessed. In SUppOl1 of bacteriological analys is, 250 ml of 

water sample was collected with sterile glass bottle and transported to the laboratory in a cold 

box. The number of total coli fo rm and thermo tolerant coli form was determined with the 

membrane fi ltration methods using Lauryl Sulfate-Broth (Blulux laboratori es Ltd., India) 

medium. The determination of total co li form and thermo tolerant coli form, incubation was 

carried out at 37°C and 44°C, respectively(Milkiyas etal, Accessed on July 12201 2). 

The turbidity and pH of each sample was determined using HI 93703 Microprocessor turbidi­

ty Meter (Portugal) and a pH meter CE 370 (EU), respectively, within one hour of collection. 

The temperature of each sample was determined immediately after collection with a digital 

thermometer (Multi Thermometer ST-9269, EUROLAB). Free chlorine residual, fo r each 

chlorinated sample was determined at the sampling site with a Lovibond 1000 Comparator 

system (France) using a I DPD nOl chlorine tablet. Moreover, consumers' hygiene-sanitation 

practices were assessed during interview. The interview questions and sanitary assessment 

fo rms were adapted from WHO and assessment of the situation of household water contain­

ers was acquired through inspection checkli st. The quantity of coli fo rm and hygiene­

sanitation inspection rating, ri sk to health matrix scores was compared with the standard set 

by "WHO (Milkiyas etal , Accessed on July 12201 2). 

I 
DPD is chemi cnlused to check presence of chlorine res idue in w"tcr(tap, cOl1wincrs, reservo ir, etc.) 
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2.5.3 Biological Parameters 

Escherichia coli are abundant in human and animal feces , where numbers may attain 109 per 

gram of fresh feces. It is found in sewage, treated effluents, and all natural waters and soi ls 

subject to recent faecal contamination, whether from humans, farm animals, or wild animals 

and birds. The presence of E. coli in water always indicates potentially dangerous contamina­

tion requiring immediate attention. Complete identification of E. coli is too complicated for 

routine use; hence, certain tests have been evolved for assessing thi s organism rapidly with a 

high degree of certainty. Some of them are the subject of international and national standards 

and have been accepted for routine use, whereas others are sti ll being developed or evaluated 

(WHO, Guidelines for Drinking- Water Quality, 1997). 

T ab le 2. I Bacteriological water test 

Sn. Micro organisms Laboratory Media Re-

marks 

I Bacteria Lactose media 

2 Total coliform BGB media 

3 E. coli Ec media 

Source: (AA WSA, 2013) 
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2.5.4 Physico- Chemical Parameters 

Tahle 2. 2Physictl- chemical tcst 

r 

Sn parameters WHO recommendation Measurement 

Unit 

I PH 6.5-8.5 No unit 

2 EC 2000 ~s/cm 

0 TDS 1000 Mg/I j 

4 Chloride 250 Mg/I 

5 NH3-N 1.5 Mg/I 

6 Iron 0.3 Mg/I 

7 Manganese 0.4 and 0.1 Mg/I 

8 Turbidity 5 NTU 

9 Taste Non objectionable 

10 Odor Non objectionable 

11 color Non objectionable 
til . . 

SOlllces. GUidelInes fOi Dllnkll1g-Watel QualIty, WHO 4 edition 2011 
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CHAPTER THREE 

3 Materials and Methods 

3.1 Descriptions ofthe study Areas 

Addis Ababa Water Supply Authority was consulted for the areas to access water supply, 

Sanitation and hygiene. lt was reported by the authority that Gullele sub-city (kechene 

and Shiromeda) is the most water shortage areas. Thus, the study was conducted in three 

Woredas/districts. The current 3 Woredas (named as Woreda 0 I, OS, 07) or the previous 

12 kebele (currently named as kebele 01, 02, 03, and 04; 15, 16, 15 and 14; 04,13 , 14 and 

22) was part of the assessment. 

Table 3. I Population and Household size of the study arcas 

Woredaldistricts Kebele Populations Household HHs size 

Slze sample 

Woreda 07 04 13 14 22 56,000 11 ,200 70 

Kechene 

Woreda 05 15 16 17 18 24,483 4,897 35 

Kechene 

Woreda 01 01 02 03 04 35,000 7,500 50 

Shiromeda 

115,483 23,097 155 

Source: Gullele, Woreda 01,05 and 07 Administration office, 2013 
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Addis Ababa city water supply sources were from surface and ground water. AA WSA own 

two surface water treatment plants, Gafarssa and laga-Daadhii. The ground water sources 

were Akaki well field. The 79 dug wells are distributed all over the city. In addition, Akaki 

well field was 44. Totally, there were 123 dug wells supplying water to the city. Most of the 

wells were serving the periphery of the city. Only one dug well was connected to the Laga­

Daadhii channels and other springs and wells were directly distributed to the public. In addi­

tion, there are four springs (AA WSA 2013). 

Laga- Daadhii-Dire reservoirs catchment is one and the largest of the three main water supply 

sources of Addis Ababa city. It is located 22kms to the eastern side of the city and approxi­

mately lies in geographic coordinates of 481.3 kms East to S07. 7kms East of UTM and 

996.32 kms north to 10 19.42kms north. A range of volcanic mountains rising to elevations 

range from 2,460 and 3,200 m.a.m. s.l characterizes the region. The major physiographic units 

found in the catchment area are mountains, dissected side slopes of mountains, hills, steep to 

undulating foot-slopes, gullies, valleys, and undulating plains and flat to almost flat plains. 

The main units of the catchment area are: small villages surrounded by Eucalyptus wood, in­

tensively and moderately cultivated land, Eucalyptus woodland (young and matured), shrub­

land, Eucalyptus grass and natural vegetation, Grassland, bare so il and built-up areas (paved 

road, dam, concrete buildings in Sendafa town, and water bodies) (Taye Adugna 2009). 

Laga-Daadhii was constructed in 1967. The Laga- Daadhii and Dire catchments were 207.3 

ml and 77.S ml respectively. The average annual surface water potential was 86 million cen­

timeter cube and SO--million-centi meter cube respectively. (AA WSA Master plan Review, 

20 I I). 

Laga-Dadhii is surface water from its catchment. There are two dams (Laga-Dadhii and 

Dire). The altitude is 2S00 meter. The Dire size is 78 km2 and Laga-Dadhii is 2S00 km2 The 

size is 20S m3 The depth is from 67 to 70 meter. 

Treatment of the water made at the highest dose in the Laga-Daadhii treatment plant. There 

was no booster treatment at the chain reservoir, but booster water and pumping at stations. 
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Hence, its chlorine content decreases from 0.8mg/l to trace level as the course of time in­

creases and reach high chlorine demanding areas. Households near the treatment plant were 

expected not to treat water. Nevertheless, households far from the treatment plant were ex­

pected to treat the water. This was because the concentration of chlorine residue decreases as 

time goes. 

There was seasonal variation in the watercourse. The dam inflow was in rainy season. The 

dry season was a time of no in water inflow in to the dam. Hence, during March, April and 

half June was a time the dam was critically low to supply the city. Turbidity also increases 

from 300 NTU to 1600 NTU in dry and wet season respectively. This days algal blooms 

were very high and hence copper sulphate was used to remove the algal growth. Aluminum 

sUlphate was used to enhance coagulation. The limitation for Laga-Dadhii is treatment was 

done finally at the treatment plant. 

Hence, it was the household responsibi lity to treat at home because of pollution in the course 

of distribution. This was why awareness was very important at the community level. The per­

ception of Government water was clean no need to treat was a serious concern to be under­

lined (AAWSA, 20 13). 

In addition, according to (Tamiru Alemayehu, et ai, 200 I) supply coverage of water by 

AA WSA was 70% of the population of Addis Ababa. This may probably imply 30% of the 

city population was without safe water. 

The catciU11ent areas residents were competing on water scarcity. They had nearly eight hand­

dug wells. They have reported that these shallows were dried. This was the result of deep 

well excavation by other mega investors. 
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Tahir 3. 2Actual and Projected Pnpulation Dcnsity in the Catchmcnt Arcas 

I 994(Censlls) I 999(Censlls) 2010(Census) 
Catch- Area popu la-
ment Ba- (km' ) tion 
Sin 

Lege Dadi 206 20,000 

Dire 78 6,000 

Total 284 26,000 

Sources: AA WSA, 2009 

Average population Average population 
population population 
Density Density (Per-
(Per- sons/km' ) 
sons/km' ) 
98' 23 ,000 11 2 32000 

77 7,000 90 9000 

88 30000 101 4 1000 

ADD IS ABABA WATER AND S EWERAGE AUTH O RJTY 
WATER WELL S MAP 

Average pop-
ulalion Densi-
ty (Per-
sons/km2) 

156 

116 

136 

Figure 3. 1 Water distribution f1-om Laga-Daadhii (LD) Treatment plant to study areas 

Sources: (AA WSA, 20 13) 
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3.2 SAMPLING 

3.2.1 Household Sampling 

The assessment was cross sectional Knowledge, Attitude and Practice (KAP) survey 

study households. In the study, three Woreda were selected purposefully. The three 

Woreda had 12 kebeles among which three kebeles were selected by simple random sam­

pling. The most difficult part of sampling was to identify one kebele from the other be­

cause of GoE restructuring the administration in to Woredas. It was difficult to know 

Kebele/district population. For this study, woreda officer's data was taken. To select 

household 's, the first task was identifying the villages. After identifying the villages; sys­

tematic sampling (SS) was used. Thus, 155 households were responded to questionnaires. 

Three focus group discussions from the community were selected from eight to twelve 

numbers of people in each group. Six key informant interviews were conducted from 

woreda administration, AA WSA, Hidassie health center, NGOs, and community educa­

tors. 

The total Woreda population was 115,483. The populations of each Woredas/districts 

were as follows: Woreda 01 Shiromeda 35,000, Woreda 05 Kechene 24,483 and Woreda 

07 Kechene 56, 000 respectively. The household 's sizes were 7, 000; 4,897 and 11,200 

respectively. The total household size was 23 ,097. The household sample sizes taken 

from each Woreda was 50, 35 and 70 respectively. 

The total number of households in the study areas was estimated to be 23 ,097. Accord­

ingly, based on the adopted formula calculation (Evan Morris, 2008), the samples to be 

taken were 378. It was believed that conducting laboratory analysis in line with survey 

was critically important to understand the problem clearly and consider the thesis as prob­

lem solving piece of work, Hoinville.et a1.1978 in (Martyn Denscombe, 2003). Thus, It 

was a subjective judgment to take a sample size 155 and gave due weight for laboratory 

test. The laboratory test was conducted under careful supervision of AA WSA procedures 

and WHO guidelines. 
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3.2.2 Laboratory Water Sampling 

The researcher did the water sampling. AA WSA laboratory field chemists and biologists 

supported it. The sampling process included all water distribution systems from raw water to 

household containers. The physico- chemical water quality test was done using the procedure 

proposed by HACH-ISO 9001 , 1997. 

Tablr 3. 3 sampling of water 

Sn Sample Sources Duration Number of Physico- Bacteriological 

samples chemical 

1 Raw water 3 months 3 samples 3 times 3 times 

2 1 treatment plant(TP) 3 months 3 samples 3 times 3 times 

3 6 reservo ir 3 months 18 samples 18 times 18 times 

4 10 public tap 3 months 30 samples 30 times 30 times 

5 10 households 3 months 30 samples 30 times 30 times 

Total Subtotal sample size 84 samples 84 times 84 times 

3.3 METHODS OF DATA COLLECTION 

The assessment was targeted 155 respondents via survey questionnaires comprising of 39 

questions 3 focus group di scussions from 3 Woredaldistricts comprising of 24 partici­

pants and 6 key informant interviewees comprising of 9 questions. Three Woreda head 

officers, Woredaldistrict Health Center Pediatric Nurse and Health officer, and Addis Ab­

aba Cheshire Organization manager from an NGOs observations and picture taking was 

employed. 

The water sampling was co llected from Laga-Dhaadhii/dire raw water, treatment plant, 

reservoirs, public tap/household tap and household water vessels/containers. Water sam­

pling glasses were collect water sample fo r bacteriological and clean plastic bottles were 

for physico chemicals. 
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The physico- chemical analysis method had selected parameters based on the environ­

mental pollution intensity in the study areas. PH (Hydrogen Ion Concentration), Turbidi­

ty, TDS (Total Disso lved Solids), Electro lyte conductivity, Chloride, Ammonia (NH3 -N), 

Iron (Fe) and Manganese (Mn). 

Statistical Packages fo r Social Science Students (SPSS) was used to analyze the collected 

data from the field. Data co llection, entry, edition, deletion and correction were done. 

Tables, graphs, charts and narrations were presented. A picture taken from the field and 

laboratory was done. 
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3.4 METHODS OF DATA ANALYSIS 

3.4.1 Thematic Summary of Respondents 

Household questionnaires were analyzed using SPSS frequency table, graphs and charts. Fo­

cus group discussions were summarized in to thematic areas. Key informant interviews were 

used to triangulate the data obtained by other methods. 

3.4.2 Laboratory Test 

The researcher has done closely undergo/attend all laboratory test procedure in Addis Ababa 

Water Supply and Sewerage Authority Laboratory. The authority was requested to perform 

the test. AA WSA has said anything that can benefit the community was welcome. Hence, the 

authority' s chemists and biologists were approached support the laboratory analysis. Labora­

tory procedures were co-recorded as per the standard of the laboratory guideline under the 

authority. Accordingly, 84 samples were tested in 3 months. Eight Phys icho chemical and 

one bacteriological parameters were tested (WHO-Guidelines for drinking-water quality, 

1997). 

3.4.2.1 Bacteriological Test 

Most Probable Number (MPN) was used to analyze the bacteriological pollution of water. 

Under MPN method, Lactose, BGB and E.c. media was used to test the water sample. Multi­

ple tube method- most probable number: Schematic outline of presumptive, confirmed and 

completed phases for total coliform detection was made. The test for indicators of faecal pol­

lution was made (thermo tolerant (faecal) coliform (WHO-Guidelines for drinking-water 

quality, 1997) and (Edited by Lenore S. Clesceri , 1998) and AA WSA procedures. 

31 



" 

l' 

3.4.2.2 Physico-Chemical Test 

PH, TDS, EC and turbidity: for all parameters, the equipment was plugged to a house supply 

electric power. PH- measured by HORIBA equipment fixed in the laboratory room. A sensor 

electrode was immersed in to the water sample after rinsing the electrode with sterile/distilled 

water. PH read and recorded after the machine makes the reading ready. TDS and EC were 

read by similar machine. HACH CO 150 was used to measure both parameters. Usually TDS 

is half of EC. TDS unit is NTU-Normal Turbidity Unit and Micro Simense measured EC. 

Turbidity measurement was made by HACH 2100 AN turbid meter. 10-ml of sample was set 

in to the equipment. After a while, the NTU be read and recorded. 

PH increases means alkalinity salt increases. For effective disinfection with chlorine, the pH 

should preferably be less than 8; however, lower- pH water (approximately pH 7 or less) was 

more likely to be corrosive. The pH of the water entering the distribution system must be 

controlled to minimize the corrosion of water pipes in household water systems (WHO, 

2011). 

Turbidity in water was caused by suspended particles or colloidal matter that obstructs light 

transmission through the water. It was caused by inorganic or organic matter or a combina­

tion of the two. Microorganisms (bacteria, viruses and protozoa) were typically attached to 

particulates, and removals of turbidity by filtration wi ll significantly reduce microbial con­

tamination in treated water (WHO, 2011). It was measured by NTU (Nephlo Metric Unit) . 

The WHO guideline indicated that turbidity must be below 5NTU. 

TDS (Total Dissolved Solids)- the palatability of water with a total di ssolved solids (TDS) 

level of less than about 600 mg/I was generally considered to be good; drinking-water be­

comes significantly and increasingly unpalatable at TDS levels greater than about 1000 mg/l. 

The presence of high levels of TDS may also be objectionable to consumers, owing to exces­

sive scaling in water pipes, heaters, boilers and household appliances (WHO, 2011). 

Electrolyte conductivity was good indicator of water quality problem . High value indicates 

poor taste, consumer complaint and di ssatisfaction. 
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CHLORIDE: Mercuric Nitrate Method (10-8000 mg/l as cn was used to analyze the pres­

ence of chloride in the water. The procedures in the laboratory were adopted from the refer­

ence. Calculate: digits required* digit multiplier mgl chloride (HAG-I Company, 1997). 

CHLORIDE-High concentrations of chloride give a salty taste to water and beverages. Taste 

thresholds for the chloride anion depend on the associated cation and were in the range of 

200- 300 mg/l for sodium, potassium and calcium chloride. Concentrations in excess of 250 

mg/l were increasingly likely was detected by taste, but some consumers may become accus­

tomed to low levels of chloride-induced taste. No health-based guideline value was proposed 

for chloride in drinking water 

CHLORINE-most individuals were able to taste or smell chlorine in drinking water at con­

centrations well below 5 mg/l , and some at levels as low as 0.3 mg/l. The taste threshold for 

chlorine was below the health-based guideline value of 5 mgll 

AMMONIA: Ammonia (NH3-N)-the threshold odour concentration of ammonia at alkaline 

pH was approximately 1.5 mg/l , and a taste threshold of 35 mg/l has been proposed for the 

ammonium cation. Ammonia was not of direct relevance to health at these levels, and no 

health-based guideline value had been proposed. However, ammonia does react with chlorine 

to reduce free chlorine and to form chloramines. Methods of Analysis and procedures: 

Nessler Method. Nitrogen, Ammonia (0 to 2.50 mg/l Nl-b-N. 

IRON: Iron (Fe)-Anaerobic groundwater may contain ferrous iron at concentrations up to 

several milligrams per liter without discoloration or turbidity in the water when directl y 

pumped from a well. On exposure to the atmosphere, however, the ferrous iron oxidizes to 

ferric iron, giving an objectionable reddish-brown color to the water. Iron also promotes the 

growth of "iron bacteria", which deri ve their energy from the oxidation of ferrous iron to fer­

ric iron and in the process deposit a slimy coating on the piping. At levels above 0.3 mgll, 

iron stains laundry and plumbing fi xtures. There was usuall y no noticeable taste at iron con­

centrations below OJ mg/l, although turbidity and color may develop. No health-based guide­

line value was proposed for iron. Methods of Analysis and Procedures: Fen'oVer Method­

Iron Total (0 to 3.00mg/l) : the HACH machine read minimum zero and maximum three. 
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MANGANESE: Manganese (Mn)-At levels exceeding 0.1 mg!l, manganese in water supplies 

causes an undesirable taste in beverages and stains sanitary ware and laundry. The presence 

of manganese in drinking water, like that of iron, may lead to the accumulation of deposits in 

the distribution system. Concentrations below 0.1 mg!l were usually acceptable to consumers. 

Even at a concentration of 0.2 mg/l, manganese often forms a coating on pipes, which may 

slough off as a black precipitate. The health-based value of 0.4 mg!l for manganese was high­

er than this acceptability threshold of 0.1 mg!1. 

Manganese, LR (0 to 0.700mg!I): the HACH machine read minimum zero and maximum 

0.700. 

Therefore, it was the mix of household survey and laboratory test work that was designed to 

employ. This could lead us to assess problems, derive conclusions and recommend mitigation 

measures. This was believed to benefit the study area communities. 
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CHAPTER FOUR 

4 Results and Discussions 

4.1 Knowledge, Attitude and Practice of the Households on Water Sup· 
ply and Storage 

Water supply in the study areas were determined by housing status, source and distri bution of 

water, frequency of taps yielding water, distance travelled and time allocation of water fetch­

ing and responsibility of households for fetching water. 

4.1.1 On Water Supply 

The study had shown that households were aware on water supply problems. They believed 

that limited access to water affected their water consumptions, uses and norms. Consumption 

was to mean drinking, cooking, local drink preparation, pottery making, house building, etc. 

Use was to mean hand washing, morning and evening care, mouth care, bathing, laundry, 

utensil washing, cotton bleaching etc. Norm/custom was to mean burial care, chi ldbirth care, 

confinement care, gift of water for drink to guests, the sick, children, the old, the beggar, and 

to neighborhood etc. Moreover, HHs needed water to drink during mealtime and reduced risk 

of choke while swallowing food. 

Thus, HHs fetched safe water from far places and or access unprotected sources fo r domestic 

and drinking purposes. They preferred to use unprotected sources and opted to get inflicted 

with disease than suffering from limited access . 

Water supply had direct correlation with housing status. House ownership was a precondi­

tion to claim water pipeline from AA WSA. Based on the Municipali ty prescribed dwell ing 

right, AA WSA provides water for individual households, small group households, large 

group households, and the community at large. 
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In the study areas, very poor households managed to access water through small groups (3 to 

6) households tap connections funded by aid agencies. These households were not wi lling to 

sell water for fear that the tap yield may not meet their group water needs or demands. 

Water need was for basic life sustaining utilities like drinking and cooking for household 

members and demand was for household income activities like pottery, cotton bleaching, dia­

ry product-cow washing and watering purposes. 

For house renter 's water consumption, use and norms depends on the house owners' decision 

to allow them or not. That means, the owner controlled renter water consumption, use and 

norms. Renters were those who suffered more in water fetching than house owners. 

Informal settlers/squatters and residents at the edge of Entoto Mountain suffered from empty 

taps. This was because informal settlers were not connected with water pipelines. Uphill 

dwellers suffered from limited access due to pumping problems. Downhill dwellers were 

more fortunate in water access than uphill dwellers. That means, housing position had some­

thing to do with water access (Table 4.1). 

As indicated in Table 4.1 , 20(12 .9%) of renter households suffered from limited access to 

water than their house owner counterparts. These people were those without household tap 

connections. Household tap water connection required legality in housing. Those who suf­

fered from limited access, even though the house had tap connections were 133(85.5%). In 

case of empty tap (no water), both renters and owners suffered from limited access to water 

equally. In case of limited access to water from the tap, renters suffered more than owners 

did . 

Table~. I Water access and housing status 

Response Frequency Valid Percent 
rented house 19 12.3 
own house 55 35 .5 
shared house 1 .6 
homeless 1 .6 
Kebele house 77 49.7 
others 2 1.3 
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Water distribution in the study areas were not even. Some access water better than others did. 

This was because water pipes valves usually leaked and supply downhill dwellers. This sce­

nario was a concern among the households in the area. 

The United Nation's Human Development Index notes that 7& percent of people in Ethiopia 

do not have access to improved water sources (Fintrac Inc., 20 II). However, AA WSA rec­

ommended 110 liters/day/person. In the study areas, access to water on time, good in quality 

and quantity was found to be one of the pressing problems. 

As indicated in Figure 4.1, 96(61.9%) own treated households tap connections, 39(25.2%) 

own treated public tap, 16(10.3%) fetched from other villages, 2(1.3%) fetched from protect­

ed ponds, 1(0.6%) got from treated public taps and river (0.6%) from improved springs etc. 

The majority of households own water pipeline connected to their houses. However, the tap 

was usually empty and yielded dirty water. There was a positive correlation between house­

hold size and taps connection. 

120 
H 100 

96 

0 
c=..6.6601xW9.396xi21.1 80 

u R' = 0.9794 • 60 • 
e 40 

z 16 h 20 e 1 
0 0 

-20 
d improved treated protected from other treated treated 

spring public tap pond villages public tap household 
and river water tap water 

Figure', 1 Sources of water and distribution points 

When access to water decreased, twe gap of empty tap in the household increased. Increased 

time gap of empty tap increased water pollution potential in the households. This was by 

seepage of wastes to the water pipe during the empty tap and loading wastes to the house­

holds by the time the tap yielded water. As indicated in Figure 4.2, 31 (20.0%) accessed wa­

ter once in a week 19 (12.3%) accessed water once in two months, 25(1 6. 1 %) accessed water 

once in every two weeks, 3 (1 .9"10) accessed water evcry 5 days, 4(2 .6%) accessed water eve-
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ry 10 days, \(0.6%) accessed water while they have already slept and did not manage water 

collection. 
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The study had shown that mothers and girls share the lion's share ofwaler fetching responsi­

bilities. Sometimes, water-fetching responsibilities shifted to men in case of distance travel­

ling, carrying heavy water vessels, long queues and night fetching. This could happen if chil­

dren and women traveled to the usual water points and water absence was reported. As indi­

cated in Table 4.2, 67(43.2%) mothers fetched water, 47(30.3%) of all household members 

fetched water, 11(7.1%) girls fetched water, 9(5.8%) boys fetched water, and only 5(3.2%) 

fathers fetched water. This indicated the role of water fetching was female dominated but 

shared with males as a result of difficult access to water. 
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T a hle 4. 2 Responsibilities of water fetching 

Who fetched water Frequency Valid Percent 
Mothers/ Fathers 2 1.3 
Fathers 5 3.2 
house maid 6 3.9 
others 8 5.1 
Boys 9 5.8 
Girls 11 7.1 
All 47 30.3 
Mothers 67 43.2 

Time allocation for water fetching increased in case of empty taps. This had shifted time allo­

cated for other homestead activities. Limited access to water shifted time allocated for other 

activities and increased time for water fetching. It means time allocation for other productive 

activities had been negatively affected. 

As indicated in Figure 4.3 , 7(4.5%) of the households fetched water in their dwelling com­

pounds. These were group taps, hand dug wells, rooftop rainwater. Twelve (7.7%) travelled 

zero distance to fetched water. This was to mean in the house or the tap water was yielding 

always. Very few 1(0.6%) travelled less than 5 minutes, 4(2.6%) travelled between 5 to 10 

minutes, 4(2.6%) travelled between 10 to 15 minutes, 24(15.5%) travelled between 15 to 30 

minutes, 24(15.5%) travelled less than 60 minutes, 54(34 .8%) travelled less than 90 minutes, 

22(14.2%) travelled less than 120 minutes and 3(1.9 travelled greater 120 minutes and await­

ed for queue line. 
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According to WHO and other agencies, a minimum quantity of water supplies per person per 

day together with a maximum tolerable distance/time to a source (e.g, 20 liters, and within I 

km/30 minutes, respectively, for basic access) Guidelines for Drinking-Water Quality, WHO 

4th edition 2011), 

The assessment showed that 80% of the respondent's allocated time was beyond the WHO 

recommendation in the areas. Accessibility to water was critical in the study areas burdening 

households to fetched water from a distance and consuming time, What worried the respond­

ents was not only accessibility but also queue that shifts normal household activities to water 

fetching, Schedule of routine household activities were affected by limited water accessibil­

ity, 

Access to safe driuking water was essential to health, a basic human right, and a component 

of effective policy for health protection (WHO, 2011), "Access to water means access to oth­

er resources" a women respondent expressed, One respondent said, "Compared to our preyi­

ous life, these days; Water is no more a commodity accessed by the poor, The haves can have 

it", Thus, limited access to water affected time allocation for other household activities and 

household labor for other works. That means productivity at household level decreased, 
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4.1.2 On Water Storage 

Water storage in the households was affected by many factors. Building and or colon and or 

shaft to uphold storage containers on top of their house, bigger and or wider veranda and or 

corridor, wider houses or rooms, bigger and or many containers that can store water until the 

empty tap yields. Water storage practiced in the areas was to secure water in case the tap was 

empty for longer time. 

Consumers understood that safe water was not on their table. This means the tap did not har­

vest water. In general, it was the question of availability and quality as well. The container 

was empty or had insufficient and or a little dirty water. The first action was to beg a glass of 

water from neighborhood. The intermediate action was to fetched water from other places. 

The long-term wish was to harvest fresh water from their tap every time. Thus, to secure wa­

ter access, households' first option was to store water, the second was to fetch from nearby or 

far protected sources and the last option was fetching from unprotected sources. 

As indicated in Table 4.3, 90(58%) of households (HHs) store water for fear that the tap was 

empty suddenly, 19(12.24%) of HHs store water because they own tap but no water in it, 

15 (9.6%) ofHHs store water but believed that long time stored water was un clean, 9(5.7%) 

of I-II-Is did not need to store water because their tap yie ld water always, 9(5.7%) of HHs 

store water to access on time for their homesteads, medications and other purposes. 
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Still others did not store because of lack of space and containers. As a result, there was a 

problem to collect water for sampling. During the survey time, it was challenging to collect 

water sample from the tap then from the household containers for cross checking point of 

pollution. 

Tahie~ . J Water storage practices 

1 usually store/did not store water. . . Frequency Valid Percent 

1 have two pipes when one line gone the other will come 1 0.6 

But no water for your sampling for now 3 1.9 

But llack spaces in my home/ 3 1.9 

But llack big water containers 3 1.9 

With my storage containers 7 4.5 

To access on time for my homesteads/medications/others 9 5.7 

No need to store water my pipe yield water always 9 5.7 

But long time stored water was un clean 15 9.6 

Because we have the pipe line but no water 19 12.24 

For fear that the tap will be empty 90 58 
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4.2 Knowledge, Attitude and Practice of Households on Water Sanita­
tion, Hygiene, Quality and Treatment 

4.2.1 On Water Sanitation 

Water sanitation was affected by point (e.g. Cotton bleaching, etc.) and non-point (e.g. open 

defecation) sources 

Open defecation, urination and unmanaged soiled wastes were a threat to water sanitation. As 

the number of HHs, sharing the sanitation faci lity increases open defecation practices in­

creases. The study showed household size greater than three members were 86(55.5%). As 

household size increase, sanitation fac ilities need increases. This was beyond Millennium 

Development Ooals (MOO, 2008) indicator for poverty line monitoring. 

Open defecations practices were potential sources of water pollution. For example, in the 

study areas, it was common to observe faeces in the village corners. Children play in the are­

as. Feet, fingers, fli es and fluids (water) may take faeces home. On top of that, personal hy­

giene was low and proper hand washing practiced and iterate the problem end in poor health. 

Proper hand washing practices include before meals, after toilet, after child cleaning (USAID, 

2011 ) 

Sanitation problem was unpleasant in the study areas. This was because more than fi ve 

households (25 to 130 persons) use one Ventilated Improved Pit latrine (VIP). Sooner the 

VIP was full it was not suctioned for the next use. Hence, everyone tends to practiced open 

defecation. Poor sanitation (feces and urination) practice polluted the environment. Polluted 

environment polluted water. Polluted water caused health hazard to water consumers. When 

the health condition was endangered, household expenditure increases by incurring cost for 

medical services and medication. This had shifted household income from the regular pattern 

by affecting other needs/demands negatively. 
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As indicated in Table 4.4, 113(72.9%) of the HHs accessed pit latrines, 97(62.6%) shared 

sanitation facilities with more than five HHs, 16( I 0.3%) accessed toilet facilities 11(7.1 %) 

didn' t have the facility to share, 10(6.5%) shared the facility with four HHs, 8(5.2%) shared 

the facility with five HHs, 6(3 .9%) didn 't share sanitation facilities and 3(1.9%) shared the 

facility with less than 3 households. Thus open defecation was practiced if no facilities , the 

facilities were fu ll and bad management by individual households that affect the group inter­

est. 

Table -I. -I Access and sharing Sanitation Facil ities and Services 

Did you access and share sanitation facilities? Frequency Valid Percent 

Two HHs share I .6 

Three HHs share 2 1.3 

Did not share sanitation facilities 6 3.9 

Five HHs share 8 5.2 

Four HHs share 10 6.5 

No facility to share 11 7.1 

Access Toilet 16 10.3 

sharing Sanitation Facilities More than fi ve HHs 97 62.6 

Access pit latrine 113 72.9 

The same to open defecation, waste disposal practices were low in the areas. Though liquid 

wastes disposal ditch was intended to receive liquid wastes, the respondents indicated they 

also damped sol id wastes in the same place. This practice was likely to obstruct liquid waste 

flow to its destination. 

An effluent from cotton bleaching was one of the concerns that the study assessed. Cotton­

bleaching chemicals were disposed to ditches and dug wells. Sulfur, sodium carbonate, hy­

drogen per oxide, detergents, other chemicals, water, firewood, barrel and other material were 

used to bleach cottons. The bleaching helped HHs to meet the market demand of customers 

by whitening the traditional clothes. 
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Poor sanitation was the cause for water pollution. Polluted water affected water quality . This 

had caused poor health. To recover from the illness HHs incurred cost to medical services 

and medications. This decreased indemnity cash, income and livelihoods. 

Table~ . 5 Waste disposa l pract ices 

Liquid and solid waste disposals Frequency Valid 

Percent 

l. Practiced Burning solid wastes 2 1.3 

2. Practiced Disposal in the sewerage canal 2 1.3 

3. Practiced disposal(liquid and sol id) wastes to open field 6 3.9 

4. Practiced dispose to river 7 4.5 

5. Cow dung may affect water supply 8 5.2 

6. Sanitation fac ilities may affect water supply 8 5.2 

7. Cotton bleaching chemical s may affect water supply 24 15.5 

8. Practiced di spose into ditches 36 23.2 

9. Practiced liquid/solid wastes to dug hole 54 34.8 

10. Households who shared VIP (who travel less than 10 minutes) 132 85.2 

11 . Disposed so lid wastes into the sack and store . .. 143 92.3 

As indicated in Table 4.6, 143(92.3%) of the HHs disposed solid store into the sack and dis­

pose in to waste disposing truck, 132 (85 .2%) were households who shared VIP and who 

travelled less than 10 minutes to use the fac ility, 54(34.8%) practiced to dispose liquid/solid 

wastes to dug hole, 24(15 .5%) fear that cotton bleaching chemicals may affect water suppl y, 

8(5.2%) believed sanitation facilities may affect water supply, 8(5.2%) believed cow dung 

may affect water supply, 7(4.5%) practiced waste disposal to rivers, 6(3.9%) practiced waste 

disposal(liquid and solid) to open fi elds, 2( 1.3%) practiced waste disposal into sewerage ca­

nal, and 2 ( l.3 %) of them practiced burning solid wastes. 
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Tabl< 4. (, Respon dents opinion on water pollution Points 

Where does water pollution occur? Response 

I Catchment areas economic and non-economic practices; 2(1.3%) 

2 Presumably untreated and released spore forming microorgan- 1(0.6%) 

isms from the treatment plant; 

3 Any waste intrusion into the transmission canal and reservoirs ; 6(3.9%) 

4 Waste intrusion to public taps. 30(19.4%) 

5 Waste intrusion into public taps and HHs connections; 3(1.9%) 

6 In addition, the last was poor hygiene water handling during 66(43%) 

fetching, consumption and use from public taps, HHs connec-

tions, HHs storage containers and water glasses 

However, respondents reiterated about the importance of prioritizing household income ra­

ther than water quality, sanitation, hygiene and teachings about water sanitation in general. 

It was assessed that water sanitation was a problem that occurred outside houses while hy­

giene was inside house practices. Water was polluted from catchment sources to pipeline 

connection meter by sanitation problem whi le, after the AA WSA water meter connections 

reading to each households it was affected by poor hygiene. There were cases where both 

sanitation and hygiene overlaps. This was at water fetching places. 

According to the assessment, water sanitation was by bacteriological and physico- chemical 

pollutions whi le hygiene was bacteriological. Poor liquid and solid waste disposals, open 

defecation, cotton bleaching chemicals, cow dungs, garage effluents, households wastes were 

major potential sources of water pollution problems in the study areas. 

Water from the sources was open to pollutions. Treatment plant was used to disinfect pollu­

tants. Reservoir was used as recipient/water tank from the plant. This water was distributed to 

households by household connections, public taps and group household taps. 
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Hypothetically , water can be polluted any time and any places. However, the study showed 

that water was polluted at household containers and taps. Other routs of water distribution 

(treatment plant and reservoir) were confirmed clean under laboratory test in during this 

study. In addition, the HHs believed that water contamination was low at treatment plant and 

reservoir/tanker. 

4.2.2 On Water Hygiene 

Water hygiene was affected in the households. These were while fetching, transporting, stor­

age, consumption, uses and customs. As indicated in Table 4.7, 42(27%) the tap was contam­

inated while fetching water, 15(10.3%) while transporting, I 00(48%) during storage, 

10(7. 1%) while consumptions, 2 1(13.5%) while uses, 5(3%) in customs, 30(19.4%) in poor 

hand washing. 

Tabl.~. 7 Responses on watcr hyg iene 

Was the water clean while fetching from the tap? Frequency Valid 

Percent 

I. The tap was contaminated while fetching water 42 27 

2. The water was contaminated while transporting IS 10.3 

3. The water was contaminated during storage 100 48 

4. The water was contaminated while consumptions 10 7.1 

5. The water was contaminated while uses 21 13.5 

6. The water was contaminated in customs 5 3 

7. poor hand washing affect water quality 30 19.4 
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4.2.3 On Water Quality 

It had been shown from the assessment that the color, taste, odor of the households tap water 

harvested was changed. The colors were reddish, blackish, yellowish, faeces like, urine like 

turbid , colloidal, viscoid, metallic residue like, etc. The tastes were strong taste, unable to be 

swallowed, bitter, muddy, dusty etc. The odor was like rotten eggs, pungent smell , faeces , 

urine and any odd odor. 

As indicated in Table 4.8, 115(74.2%) of HHs reported that the tap water was tur­

bid/muddy/dusty-colloid/rusty/metallic residue/etc. , 17(11 %) bad taste, strong odor 7(4.4%), 

bad smell (2.6%), Reddish! blackish 3(1.9%) metallic lrusty metal , Urine li ke 2(1.3%), and 

faeces like 2(1.3%). 

Reasons for poor Quality: When empty or old tap dried and aerated with oxygen- oxidation 

changes the color of water. This had caused to wash the iron pipe corrosion and other wastes 

and damp into the household containers. After harvesting few buckets, the color becomes re­

duced and usual colorless water observed. This was an event every time water was harvested 

from the empty tap. Rarely, the same problem was observed in household taps when the tap 

was not empty. The other reason for water pollution and color change was waste intrusion 

into the household pipeline. 

The first intrusion was doubted to be from toilet, ditch, sewerage, and other sources like cot­

ton bleaching, cow dung, solid and liquid household wastes. Water Pollution from Cotton 

bleaching chemicals (Sulfur, hydrogen per oxide, detergents, and soda) most likely affect sur­

face and ground water. 

The observation was that unprotected water sources could receive all wastes from the areas, 

household wastes, sanitation facilities wastes, garage wastes, animal dungs, open defecation , 

urination etc. 

48 



c 

On the other hand, in the areas, it was explained by the respondents that abdominal bowl 

movement, diarrhea and vomiting occur. It could be from drinking water or other sources. It 

was confounding factor to examine the sources in thi s study. Public health assessment was 

needed to examine illness from water or from other sources. 

Tnh l e~. 8 Households Water Quality Complaint 

Description of the water quality complaint by house- Frequency Valid 

holds Percent 

The tap water was faeces like 2 1.3 

The tap water was Urine like 2 1.3 

The tap water was metallic /rusty metal 3 1.9 

The tap water was Reddish/ blackish 4 2.6 

The tap water had bad Smell 5 3.2 

The tap water had strong odor 7 4.4 

The tap water bad taste 17 II 

Turbid/muddy/dusty-colloid/rusty/metallic reS I- li S 74.2 

due/etc. 

Total ISS 100 

Survey result shown that there were a number of complaints on water quality. First, house­

hold respondents were complaining of tap water quality. Woreda officers and AA WSA used 

to say the majority of water pollution was at potentially at household level. These were two 

arguments that need to be clearly assessed. Where does pollution really occur? Was it at 

household level or at the distribution system? AA WSA was responsible until the household 

water meter reading. Beyond the water meter, it was the responsibility of household members 

to protect water quality. 

Poor hygiene was responsible to po ll ute water at household level. Whereas sanitation prob­

lems affect water out there in the distribution system. Poor sanitation outside the houses can 
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be cause of poor hygiene by contact, flie s, fluids, foods, and feet. Be it poor hygiene or poor 

sanitation; it affects water quality introducing waterborne diseases (WHO, 2004). 

The most critical place for pollution was public tap, household connection and household 

containers. This was because old water pipe broken and leakage intrude in to the water body. 

Households did not take care while building latrines and stretching water line. In addition, 

households were not washing storage containers regularly. At household container level, the 

reason was unclean utensils, not washing hand during critical times, negligence, low aware­

ness and low health seeking behavior. Raw water was exposed to pollution in open field. 

Treatment plants and reservoirs were less likely to be sources of infection. 

4.2.4 On Water Treatment 

Two agents potentially practiced water treatment. The first was AA WSA at the treatment 

plant and the second was households at their containers. Water treatment at the treatment 

plant was at higher dose from (0.7mg/1 to I mg/l). This was by the assumption that as the wa­

ter flow from treatment plant to reservoir, public tap, pipeline connection and household con­

tainer its concentration decreased. If water canals and storage were intact, waste intrusion and 

chlorine concentration decrease was very low. However, sunlight exposed pipeline­

evaporated chlorine in the free water and decreased its concentrations increasing water pollu­

tions. 

Therefore, HHs who dwells near the treatment plant receiving water must not treat the water 

and those far from the treatment plant must treat the water. There could be probable breakage 

and leakage/seepages across the line and potential wastes intrusion into it. 

In addition, there was augmentation of water from different sources like (springs and dug 

well) in the course to promote combined effect/synergy. Springs and dug wells were not chlo­

rinated regularly, as treatment plant was (AAWSA, 2013). AAWSA believed was that water 

treatment was supposed to be conducted at every booster (springs, wells and tankers) water 

sources during synergy. However, this was not made possible because it costs technologies 

and funding (AA WSA, 20 13). 
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Addis Ababa Water and Sewerage Authority water laboratory services collect samples regu­

larly. One was for microbiological analysis and the other was physico chemical analysis . The 

microbiological analysis was made every day- 7 days a week. Presence of free chlorine was 

checked at every sampling. For example, tap water chlorine level must be 0.2mg/1 to 0.5 mg/I 

(AAWSA, 2013). If it was low/trace or nil. This could detect presence of bacteria showing 

contamination. The Physicho chemical analysis was conducted every 3 months and when 

events were reported or new water source was produced. 

AA WSA had two approaches in treating the water supply, one was proactive and the other 

was reactive. The proactive approach was co llecting samples regularly to investigate any po­

tential pollution. The reactive was an approach identifying the sources of pollution, collecting 

samples and prompt treatment within 24 hours. 

As indicated in Table 4.9, 71(45.8%) ofHHs tracing locations where to obtain household wa­

ter treatment product(s), 41(26.5%) practiced water tableting technologies rarely, 40(24%) 

did not need to treat tap water-it was clean/treated and suppl ied by AA WSA, 31 (20%) prac­

ticed safe water storage/washlcleanlcover hands and utensils, 20 (12.9%) practiced water 

boi ling technologies rarely, 3( 1.9%) practiced water filtering technologies, 10(6%) believed 

that tap water can be contaminated and need treatment, 10(6%) complained that swelling in 

the neck of many children in the areas near men bel' kibir spring, a spring developed during 

Italian aggression, 10(6%) do not bother if the water was clean or not they used it what mat­

ters is to access it, 10(6%) knew that treated water had chlorine odor, 20(12 .9%) practiced 

sustained use of water treatment technologies, 20(12%) do not knew if the tap water was 

treated or not or chlorinated and 22(14.2%) practiced treating drinking water at home. 
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Table~. 9 Household Water Treatmcnt Tcchnologies and practices 

Water Treatments Practices and technologies Frequency Valid 

Percent 

I. They practiced water filtering technologies/rarely 3 1.9 

2. They believed that tap water can be contaminated and need treatment 10 6 

3. They complained that swell ing in the neck of many children in the 10 6 

areas near menber kibir spring, a spring developed during Italian ag-

gressIOn 

4. They do not bother if the water was clean or not they used it what 10 6 

matters is to access it 

5. They knew that treated water had chlorine odor 10 6 

6. Practiced sustained use of water treatment technologies 20 12.9 

7. They do not knew if the tap water was treated or not or chlorinated 20 12 

8. They practiced water Roiling technologies/rare ly 20 12.9 

9. Practiced treating drinking water at home 22 14.2 

10. Practiced safe water storage/washlcleanlcover hands and utensils 31 20 

II . They did not need to treat tap water-it was clean supplied by GoE 40 24 

12. They practiced water tableting technologies rarely 41 26.5 

13 . Tracing locations where to obtain household water treatment prod- 71 45.8 

uct(s) 

Therefore, the study areas respondents were advised to treat water at their home. The percep­

tion of the community was that AA WSA treated water " so no need to treat at home". This 

perception is so dangerous and it wi ll be a continuing concern that every stakeholder should 

plan on how best thi s malicious perception was addressed. It has to be part of the common 

practice that HHs treat water at HHs level. This is because the large-scale water treatment 

was a very big investment. 
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4.3 Biological and Pysico Chemical Tests 

4.3.1 Biological-Bacteriological test 

In the same study area, water samples collected and tested from HHs containers, 1(5%) was 

detected for E.coli and five (25%) was detected for total coli form. Tap water was sampled, 

tested, and detected five (25%) total coliforms. Raw water was not believed to be tested for 

bacteriological analysis. Reservoirs and treatment plants were free for bacteriological analy­

sis. The result showed fecal contamination of household water containers and others. 

A Table 4.10 shows the summary of bacteriological laboratory test result. Eshershia coli/fecal 

coliformsl thermo tolerant coli forms and total coliforms were detected from household water 

containers and taps . 

Ta bi.~. JO Shows the summary of bacterio logical laboratory result 

Sin Sources of water Possible Possible causes Results 

sample sources of con-

tamination 

I Household container fecal origin I-Iy- Fecal coliforms 

giene/sanitation 

2 Tap and container non fecal origin sanita- Total coliforms 

tion/hygiene 

Eshershia coli (E. Coli) Detected ill Household water container 

Figurr~. 4 E. coli indicated in household water 
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The above is shape of E.Coli under laboratory test. Lactose, BGB and Ec media were used 

for laboratory analysis. In Most Probable Number method (MPN) - probability. It is about 

counting number of positive test tubes for cloudy gas bubble. 

Total Colifo,ms 

Assessment of compliants on water quality gets prompt action. Though the purose of the 

thesis was not fixing problems on the spot. Problems were fixed at the prompt. Nearly 

more than 500 meter new pipes streched. This was at Shiromeda, near St. Peter Hospital 

infront ofShiromeda police station, Woreda Ol. 

According to laboratory test result, total coliforms were positive. Sanitary survey was 

made by AA WSA. It was found out that waste ditch lines and water pipeline were in 

adjacent locations. All household liqud wastes flow in the same line with water line. It was 

intrusion of wastes that affected water quality. Laboratory result had shown that, total 

coliforms were positiive. Nearly 20 households were suffering from unpleasant water. 

Figure ·j, 5 Sewerage line and pipeline placed on one, caused water unpleasant water taste 
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4.3.2 Physico-Chemical Test 

The water sample collected and tested from Shiromeda area had shown Iron (Fe), Manganese 

(Mn), Ammonia (NI-l3-N), Total Dissolved Sol ids (TDS), Electro lyte Conductivity (Ec) and 

turbidity. This result of laboratory test value was greater than Laga Daadhii Water data 

trends, especially for Total Dissolved Solids (TDS), Electrolyte Conductivity (Ec). 

Shiromeda area was supplied by Laga-Dadhi i and Diree water. The water was tested and the 

results were Electro lyte Conductivity (Ec) 1054 mg/l and TDS 500 mg/1. It was the first data 

record in the history of AA WSA to find Laga-Daadhii and Diree sources with this value. In 

kechene area, ammonia was found through laboratory test from households' water container. 

This also showed fecal contamination of household water (AA WSA, 2013). 

Fi g ure ~ . 6 sho ws the summary of Phys ico- chemical laborato ry analysis result 

S Parameters Sources of water Possible sources Possible causes 

n sample of contamination 

3 Ammonia Household container feca l origin Sanitation/hygiene 

4 Electrolyte Conduc- Tap and container Anions and cati- Rust/corrosion/oxidation 

tivity ons 

5 TDS Tap and container Anions and cati- Rust/corrosion/oxidation 

ons 

6 Iron Tap and container Pi pe aeration Empty tap 

7 Manganese Tap and container Pipe aeration Empty tap 

8 Turbid ity Tap and container Soil/mud Breakage 

9 PH Tap and container Alkalinity/acidity Breakage 
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High value of physico- chemical parameter values 

Villagers were saying they had springs that flow all the year round but it was a pipe broken 

and flow out through the outlet. Since then it was not reported ton AA WSA, and was not 

aware of the situations. AA WSA was driven to action after this findings. 

Ex: Shiromeda, near youth center building, Woreda 0 I. 

After having the information, AA WSA conduct sanitary survey. At the same time, a boy 

came out of house. He was asked about the water but he promptly said " our water was not 

tasty, it tasted metallic." A mother was asked, and she said the same. On spot action fo l­

lowed: Interviews, water supply line inspection and resampling was made. The result was 

the same. 

water sample 

F;gurc ' .7 Thi s little boy complains water taste 

Water sample was taken from HHs containers and the tap. Electrical conductivity (EC) which 

was a measure of water 's ability to conduct an electric current was related to the amount of 

dissolved minerals in water, but it does not give an indication of which element is present but 

h.!g~e~ ·.'~!!e ~f Ec i~ e good indicator of the presence of cO!!!a!!lma..f!ts such as sodium, potas-

siUli, chloride or sulphate (Orebiyi et al. , 2010) in (Gebrekidan Mebral.1u and Samuel Ze­

rabruk, 2010). 
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T,hl04. II Resu l t of water sample laboratory test 

S parameters Lab re- WHO recom- Measure-
n suit mendation ment Unit Remark 
I PH 7.14 6.5-8.5 No unit customer complaint 
2 EC 1054 2000 J.!s/cm AAWSA 
3 TDS 510 \000 Mg/I AAWSA 
4 Chloride 250 Mg/I customer complaint 
5 NH3-N 0.279 1.5 Mg/I customer complaint 
6 Iron 0.612 0.3 Mg/I customer complaint 
7 Manganese 0.4 and 0.1 Mg/I Health and customer 

complaint 
8 Turbidity 7.80 5 NTU 
9 Taste Non objectiona-

ble 
I Odor Non objectiona-
0 ble 
I color Non objectiona-
I ble 
I Other Bacteria Lactose media 
2 
I Total coliform +ve BGB media 
3 
1 E. coli +ve Ec media 
4 
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Ammonia identijiCtltions 

sewerage lines and pipelines were placed in one place. This has caused water contamination. 

Sample collected from households had shown organic waste pollution, ammonia, which could 

be an indication of contamination with fecal origin, in Kechcne, Woreda 7. The yellow color 

shows presence of Ammonia in the water sample. Sampling from the tap was not possible 

though the researcher visited three times to collecl water, the tap was empty. 

Figure ... 8 waler 
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4.4 Effects of Water Access and Pollutions on Household Income and 
Livelihoods 

4.4.1 Socioeconomic Characteristics 

Table 4.13 shows survey respondents by age structure. Older people were more vulnerable to 

access water than the adult and the younger ones. Walking a distance to fetch water, water 

purchase, carrying and incurring cost was tough task to them. As a result, these people were 

deprived from safe water supply, sanitation and hygiene. 

Table 4. 12 Ages of the respondents 

Age category Frequency Valid Percent 

Age between 20 to 30 yes 4 2.6 

Age between 31 to 45 yrs. 47 30.3 

Age between 46 to 64 yrs. 58 37.4 

Age greater than 65 yrs. 46 29.7 

Total 155 100.0 

The study showed there were 82(52.9%) males and 73(47.1 %) females ' survey households. 

The water supply was not sufticient to meet drinking and domestic needs of the households. 

It affected hygiene, income generating and food preparation demand of the households. 

Limited access to water affected sanitation and hygiene practices. Women were worri ed on 

limited access to water than men counter parts. Old persons 46(29.7%) encroached to one 

place with no morning care. A child goes to school without morning care. Young siblings 

confront to access water in the morn ing. 
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Women, old people and children commonly practiced bathing at home. However, young and 

adult men went out to bath where the services were found. This had incurred cost, time wast­

age, lack of privacy and discouraging for better sanitation. Except bathing, all other water 

consumption, uses and norms were practiced at home. 

In the study areas, disabilities suffer from water supply, sanitation and hygiene problems. Or­

phans and the sick were also affected. Schoolchildren, religious institutions, hospital patient 

attendants, and medical service procedures were also affected by limited water supply. 

For instance, schoolchildren hate to use sanitation facilities at school. This was because it was 

not clean. This was potential causes of constipation that may potentially affect leaning. 

Churches were the place where many HHs members use water as a healer (holy water). Un­

less the water was clean, many of them had the potential to caught with waterborne diseases 

and transmit to family members. Medical procedures affected because of limited access to 

water. This had an imposition on quality of health services. Hospital patient attendants were 

assisting hospital admitted patients to recover from their illnesses. However, because of lim­

ited access to water they could not support patients. Rather travelled in villages to fetched, 

bought or beg water. 

Thus, Limited access to water caused competing water demand in households. These de­

mands were consumption, use and customs or norms. Water consumption was drinking and 

cooking. Water use was for hygiene purposes. Custom or norms were water for labor and de­

livery, childbirth, confinement care, burial care and water gift for guests. 

For example, a family member goes out of house to shop bathing for money. For cost reason, 

regular pattern of hygiene practices were postponed. Quantity of water consumed decreased. 

Little water was used to do insufficient washing/cleaning. It also introduced the concept of 

water saving in the households. On the other hand, household hygiene was becoming worst 

resulting into poor health. 

Order of priorities in water consumption ,use and customs were: drinking, cooking, morning 

and evening care, child care, dish/utensil washing, house cleaning, adult bathing/showering, 
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laundry, child birth care, confinement care, burial care, serving guests who ask for cultural 

gift of water to drink and others. 

Competing water demand forced to prioritize water consumption and then these had induced 

forced water saving. Water consumption, use and norms decreased when households found 

empty tap by imposing two things. One was learning household water saving because of un­

met needs and competing demands and the other was by influencing negatively on health and 

income of the households. 

The study had shown that, hygiene practices depend on water access. That means water sup­

ply and hygiene practices were correlated. As supply of water decreases household hygiene 

practices in household decreases. Furthermore, household members were not motivated for 

kitchen work; routine household activities were shifted forward until water was accessed. 

House cleaning, bathing, utensils cleaning were carried out when the tap yield water. 

The study shows that access to water had two phases. These were quantity and quantity . 

However, people prefer to access poor quality water than suffering from shortage. 

Water from the sources was open to pollutions. Treatment plant was used to disinfect pollu­

tants. Reservoir was used as recipient/water tank from the plant. This water was distributed to 

households by household connections, public taps and group household taps. 
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4.5 Effects of Health Problems on Household Income and Livelihoods 

4.5.1 Water Access and Livelihoods 

As indicated in Table 4.14, 30(1 9.4%) of HHs reported that their personal private was kept 

clean only by water that makes them create fellowship with others. Thus, they travelled long 

distance, carry heavy water containers and fetch water in case of limited access to water. 

Bathing matters to made good relationship with friends and at work place. Thus, water was 

important to have it any time and any place. Other respondents remarked that two (1.3%) of 

HHs believed ifno bathing, their body itched and they usually scratched. 

Limited access to water forced 30( 19.3%) of HHs to decrease their water consumption vol­

ume. They started to safe water affecting their hygiene negatively. They used one jug of wa­

ter for washing different utensil s; bath pattern reduced from weekly to biweekly. 

Because of limited access to water 28(18.1 %) of HHs prioritize household activities. That 

means limited access to water created competing need/demand in households. They tend to 

took one activity and left the other, though it was equally important for them, these were 

drinking, cooking, utensil washing, laundry, and childcare and waited for bathing until the 

pipe yield water. 

It was described by 27 (17.4%) of the respondents, that lack of water decreased hygiene in 

households. They become negligent to take serious clemmess action in the households. Ac­

cordingly, 23(14.8%) of the respondents reported that lack of access to water increased regu­

lar time gap of bathing and 9(5.7%) explained that if no water, the house was not cleaned be­

cause it takes long time to fe tch. 

It was reported that eight (5.2%) of HHs went other places to bath, when they lack water ac­

cess at home. Because it was incurring cost and increasing household expenditure. Incurring 

cost means decreasing household income from the regular indemnity budget. Those who 

hesitated to fetch water from other places in case of limited to access were three (1.9%). They 
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never think of bathing fetching water from very long distance, carry heavy container and 

fetching. They took bath when the tap yielded water. 

It was explained that HHs demand income and water access. If they had income and then wa­

ter, no need to advise them on hygiene, they did it. Those who reported their living condition 

prevents them to keep their hygiene were one (0.6%). 

Very few reported one (0.6%) they saved water for critical cases and reduced hygiene prac­

tice temporarily. Having a glass of water at home was necessary. A guest may come and ask 

for water, sickness, and other unusual events may happen at households. Apparently, one 

(0.6%) did not save water for tomorrow. They fetch right away and use it. Remarked, God 

knows for tomorrow. The concern here was unless the water was treated, it inflicted in to ill­

ness. 

Table 4.14 showed that water supply and hygiene practices were correlated. Because hygiene 

practices depend on water access . For example, if water supply decreases household hygiene 

practices in household decreases. Furthermore, household members were not motivated for 

kitchen work I (0.6%); routi ne household activities were shifted forward until water was ac­

cessed. House cleaning, bathing, utensils cleaning were carried out when the tap yield water. 
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Table~. IJ Water access and hygiene practices 

Households water access and hygiene practices Frequency Valid Percent 

I. Personal private was cleaned only by water that makes them 30 19.4 

r create fellowsh ip with others with confidence. Thus, travel 

long distance, carry heavy containers and fetch water 

2. They decreased their water consumption volume. They used 30 19.3 

one jug of water for washing different utensils; bath pattern 

reduced from weekly to biweekly 

3. There was competing need in households. Drinking, cook- 28 18.1 

ing, chi ldcare, bathing, washing clothes waited for bathing 

until the pipe yield water. 

4. lack of water decreased hygiene in households 27 17.4 

5. Lack of access to water increased regular time gap of bath- 23 14.8 

mg 

6. If no water , the house was not cleaned because it take long 9 5.7 

time to fetch 

7. They visited other places to bath, when they lack access at 8 5.2 

home, it was incurring cost and increasing household ex-

penditure 

8. They never think of bathing fetching water from very long 3 1.9 

distance, carry heavy container and fetch 

9. If no bathing their body itched and they usually scratched 2 1.3 

10. Their living condition prevents them to keep their hygiene 1 0.6 

11. They save water for critical cases and reduced hygiene I 0.6 

practice 

12. They could not save water for tomorrow. They fetch water I 0.6 

and used for the day live goes on like this 
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4.5.2 Water Induced Health Problems I ADDIS ABABA UNIVERSITY 

AKAKI CAMPUS LIBRARY 

Water induced diseases such as trachoma, scabies, skin itching di seases, and abdominal pain 

were most common illnesses diagnosed in nearby health center (Hidasse Health Center, 

2013). These illnesses were believed to be the potential results oflimited access to water poor 

sanitation and hygiene. HHs had no health seeking behavior to nearby health faciliti es. 

For instance, a mother holding her child on her lap and flies hovering over her and her child 

hardly understands the health teachings . She rather requests food and water provision to li sten 

to the social worker. In addition, respondents tend to build small room to rent than build la­

trine. Building small rooms and renting benefitted then than building sanitation faciliti es. It 

means, bread w inning should precede sanitation and hygiene practices . 

As indicated in Table 4.15, the respondents believed good health was the function of access 

to water and its quality. An illness with water-borne disease was reported as fo llows. These 

were 31 (20%) had been sick ti'om waterborne illnesses in the last two weeks and 26 (16. 8%) 

of HHs was sick in the last six months. 

T"blc~. I~ SicKness from wate rborne 

Sick from waterborne Frequency Valid Percent 

\. Has ... (each household member) been sick from wa- 31 20.0 

terborne di seases in the last two weeks? 

2 . Has ... (any of the household members) had been 26 16 .8 

sick from waterborne di seases in the last 6 months? 
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CHAPTER FIVE 

5. Conclusions and Recommendations 

5.1 CONCLUSIONS 

Household water supply was affected by sources orland point of distribution, fetching time, 

housing condition, distance travelled and household labor and cash at hand. 

The study had shown that households were aware on water supply problems. They believed 

that limited access to water affected their water consumptions, uses and norms. It had two 

phases. These were limited quantity and quality. However, people preferred to access poor 

quality water than suffering from shortage/scarcity. They tend to use unprotected sources and 

inflicted with diseases that affected their health, income and livelihoods. HHs need­

ed/demanded water timely, sufficiently and clean. Shortage was to mean when they could not 

access for their basic needs and demand means to mean when they could not produce some­

thing and sell to earn revenue. 

The need to increased access to clean and adequate water, better sanitation faci lities and ser­

vices and hygiene calls for comprehensive intervention of different stakeholders for im­

provement of better life. 

House renters, informal settlers/squatters, uphill dwellers and the homeless suffe r from lim­

ited access to water more than house owners did. Yet, housing status was a precondition; 

People who suffered from limited access to water were house owners than renters, informal 

settlers, uphill dwellers and the homeless in size. 
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Access to water on time, good in quality and quantity was a problem in the study areas. When 

access to water decreased, time gap of empty tap in the household increased. Increased time 

gaps of empty tap increased water pollution in the households . 

The study had shown that mothers and girls share the lion 's share of water fetching responsi­

bility. Time allocation for water fetching increased in case of empty taps . This had shifted 

time allocated for other homestead activities. Limited access to water shifted time allocated 

for other activities and increased time for water fetching. 

Water storage practiced in the areas was to secure water in case the tap was empty for longer 

time. 

Households receiving water with chlorine residue above WHO guideline must not treat with 

chlorine as this can increase concentration and can cause human harm. On the other hand, 

households who received water far away from the treated reservoir must treat the water. This 

was because chlorine concentration decreased and the water exposed to probable contami­

nants that can be pathogenic. 

Open defecation, urination and unmanaged soiled wastes were a threat to water sanitation. As 

the number of HHs sharing the sanitation facility increases open defecation practices increas­

es. Respondents reiterated about the importance of prioritizing household in-come rather than 

water quality, sanitation, hygiene and teachings about water sanitation in general. 

It had been shown from the assessment that the color, taste, odor of the households tap water 

harvested was changed during bucketing into containers. The colors were reddish, blackish, 

yellowish, faeces like, urine like turbid, colloidal, viscoid , metallic residue like etc. The tastes 

were strong taste, unable to be swallowed, bitter, muddy, dusty etc. The odor was like rotten 

eggs, pungent smell, faeces, urine and any odd odor. The assessment in Kechene showed that 

15.5% of the respondents indicated that cotton-bleaching chemicals were disposed into their 

village unsafely. These were water pollutants in the areas that could spoi l water quality. 
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, 
Limited access to water was the main problem in the study areas. It created competing de­

mands in households. Water consumption, use and cultural norms were affected. It also 

caused HHs task and hygienic practices prioritization. 

Hygienic and sanitation practices such as VIP and toilet washing were affected due to limited 

water access. It also created in house toilet facilities to be unhygienic. HHs income activities 

like cow bathing, cotton bleaching, pottery, lavajo and others were also affected. 

HHs water consumptions like drinking and cooking and water uses of hygienic practices like 

utensil washing, bathing, child care, sick and old care, morning and evening care, childbirth 

care were also affected. 

Water rationing resulted in empty taps. Long stayed empty taps loaded waste into the pipe 

when it yielded water. Though water rationing principle seems advantageous to the less privi­

leged communities, it has brought about two major problems one after the other. The first 

problem was empty tap and the subsequent was loading wastes into the tap. 

Full pipes pump water without allowing external substances to enter into the system. Howev­

er, in case of low volume flow of water or empty pipe and existence of breakage pipes, water 

seeps to the water distribution systems by negative pressure. Thus, when the system yields 

water from the sources; it pumps all wastes in the pipe and load into the HHs tap and contain­

ers. 

Water sources and distribution points range from raw water, treatment plant, reservoirs, pub­

lic taps, HHs connections, HHs storage containers, bottles, and glasses. Catchment areas wa­

ter sources decreased in quantity because of economic and non-economic activities out there . 

Water sources decreased in quality for the same reasons. In addition, there was potential 

leakage and decrease of water in the course of transmission canal from treatment plant to 

chain recipient reservoir. Booster sources such as springs and wells were treated on adhoc 

basis. Most of the time, public taps and HHs containers were affected by contaminants by 

poor sanitation and poor hygiene respectively. 
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Sanitation was an outdoor problem while hygiene was an indoor one. Sanitation affected wa­

ter quality in the AA WSA distribution systems while hygiene affected water quality during 

and after the water was fetched, in the storage containers and water glasses. 

Limited access to water created poor sanitation. Wastewater was loaded to HHs pipe because 

of limited access to water. In contrast, poor sanitation affected water quality by loading 

wastes into the water systems. In addition, limited access to water created poor hygiene and 

poor hygiene affected water quality in turn. 

Finally, pollutions could be transmitted to HHs containers from any sources in the distribu­

tion systems and affect water quality and hence consumption, use and norms. The only point 

to treat water and tackle quality problems were at treatment plant and HHs. 

It was important to note that political leaders, catchment and all near and far residents ' must 

be aware that any economic and non-economic activities affect present and future life of the 

water at their disposal 

Water quality decreased from the treatment plant (clean water) to HHs containers whiles its 

sanitation problem decreases from HHs to treatment plant. This was because chlorination de­

creases as the watercourse in the canal and storage increases and waste intrusion into the wa­

ter sources and distribution point increases. Thus, it created coincidence at household con­

tainers, taps and pipelines in the villages. 

Laboratory result had shown that Ammonia, Ec, TDS, Fe, Mn, Turbidity, PH, E. coli and to­

tal coli forms were detected in the water sample. 
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5.2 RECOMMENDATIONS 

AA WSA should provide clean, timely and sufficient water to the study areas residents. 

Kechene and shiromeda areas should be the attention of local government administration 

to access water by building public tap for those renters, dwellers, houses located at the 

uphills. Reservoir must be planted near the areas, other sources of water be searched. In 

general , the local government should work on public taps improvement as renters suffer 

from its lack. AA WSA has to supply water to house renters, squatters and uphill dwellers. 

The community, AA WSA, local government, NGO's and Health Sectors must collaborate 

to educate the HHs on water supply, sanitation and hygiene; 

AA WSA with the linkage it had already developed with catchment areas residents should 

strengthen the socio- economic department to continue awareness creation to catchment 

areas residents, community leaders, and local administration officers to reduce the treat­

ment burden of cost that significantly increases monetary requirements. 

Study Areas Rivers crossing the city with full of liquid and solid wastes must be in the at­

tention of political actors and planners. Water pipelines and sewerage canals that are 

cased in one place needs to be lined separately. These potentially reduces water pollution 

from intrusion of wastes during the empty tap that loads wastes into household containers 

and cause water pollution and the subsequent diseases. This could be made up to the 

AA WSA operational standards. 

AA WSA must coordinate, monitor and aware religious institutions, schools, prisons and 

bigger public gatherings for proper Water supply, sanitation and hygiene and quality of 

water. This can be done by integration of concerned bodies. The suggestions were con­

siderations to be made in Woreda strategic Plans. Health, AA WSA and Municipal work­

ers responsible for the study areas are expected to operate in coordination and collabora­

tion in order to minimize redundancy of resources utilization and ensure efficiency of 

services. 
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AA WSA Water sampling must focus on households' pipeline complaint areas and down­

hill places where liquids usually flow by gravity. 

Like that of public tap, sanitation facilities and services were impOliant to improve water 

supply, sanitation and hygiene coverage in the areas. Therefore, it was a necessary condi­

tion to build VIPs (Ventilated Improved Latrines) to reduce open defecation and hence 

reduce water pollution. VIPs must be water saving in its structure to flush faeces. It must 

flush VIP faeces from showering services. 

AA WSA has to announce water-rationing schedule to households to ensure that they get 

prepared to fetch and store water before the yield stops. 

Households are expected to clean water containers, committed to health teachings, and 

hand washing to reduce water contamination. Incentive systems to be adopted among 

model HHs until the practice is well adopted well. Livelihoods improvement interven­

tions for the community must be in place or strengthened for the most needy community 

groups. Women focused livelihoods improvement interventions are likely to transform 

the poor family units. 

Awareness creation must based on the community ' s context. Community educators 

should be aware and trained on socio-economic implications and goal of the education 

they deliver at community level. The training package of pre-service social and health 

community educators, to include adequate practical sessions on sociology of slum dweller 

communities. 

The study areas respondents were advised to treat water at their home. It has to be part of 

the common practice that HHs treat water at HHs level. 

Finally, it is important to share thi s thesis with Gulelle Sub city Woreda 0 I, Woreda 05 

and Woreda 07 and come up with short term and long-term plans in relation to livelihood 

improvement goal and strategic objectives alongside rigorous stakeholders analysis. 
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