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Abstract

The residences of Chancho town depend on tube wells water for drinking and other

activities. The aim of this study was to assess the drinking water quality of this water and to

check the water quality along storage reservoirs and all the way to the end users (private tap

water and household containers). Descriptive study was conducted to assess the quality of

drinking water supply in Chancho town at the point of storage reservoirs, end user taps and

household container water system. The water handling practice and sanitary condition in the

town was also studied. Data were collected using stratified simple random selection method and

questionnaire responses. Thirty triplicate water samples were collected from 2 reservoirs, 14 end

user taps and 14 household containers. TC and FC were determined using Membrane Filtration

method. Nitrate and phosphate were determined using HACH LANGE DR-2800 Photometer by

Ascorbic acid method and Cadmium Reduction methods, respectively. TH, Ca2+, and Mg2+ were

determined by EDTA Titrimetric Method. The rest physicochemical parameters (turbidity,

Temp., pH, TDS and EC) were determined using field laboratory equipments mercury

thermometer, pH meter, CL 5LD turbid meter and Con 2700 Conductivity meter. Two hundred

sixty-six samples of households were selected for the questionnaire by stratified simple random

selection method. Mean values of Temp., pH, Turbidity EC, and TDS, were 17.60±0.80 oC,

6.07±0.21, 0.69±0.06NTU, 287.83±7.98µS/cm, and 260.85±6.89mg/l, respectively. Turbidity,

TDS, and EC values achieved with WHO (2011) standard but, and pH were not compared with

WHO (2011) standard. Similarly, mean values of NO3
-, PO4

3-, TH, Ca2+ and Mg2+were

0.23±0.09mg/l, 0.20±0.07mg/l, 127.89±3.57mg/l, 30.86±1.44mg/l and 12.39±1.89mg/l,

respectively which were fulfilled with WHO (2011) standard. Test results for FC and TC

(14.89±10.42CFU/100ml and 34.90±19.11CFU/100ml, respectively) indicated that the water

samples did not fulfilled with WHO (2011) standard. Correlation matrix shows that the results

were statistically highly significant (p < 0.01) and moderately significant (p < 0.05). The study

revealed that the water is contaminated by bacteria. Therefore, treatment of water and public

health education to improve the water handling practice of the people in the area are very

important.
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1. INTRODUCTION

1.1. Background

Drinking water, or potable water, is defined as having acceptable quality in terms of its

physical, chemical, bacteriological parameters so that it can be safely used for drinking and

cooking (WHO, 2004). WHO defines drinking water to be safe if and only if no any significant

health risks during its life span of the scheme and when it is consumed (WHO, 2006). According

to Krishna drinking water or potable water is the term used for safe water, which is fit for human

consumption (Krishna et al., 2011).

Drinking water is one of the basic needs of life and essential for survival. Human beings

can  survive  days, weeks  or months  without  food,  but  only  about  four  days without water

(Abdel et al.,2009). The body uses water for digestion, absorption, circulation, transporting

nutrients, building tissues, carrying away waste and monitoring body temperature.

In a man's body, 70-80% is water. Cell, blood, and bones contain 90%, 75%, and 22%

water, respectively (Kumar and Puri, 2012). But for millions of children, the water they drink

can also be a source of persistent illness, leading to an early grave. According to World Vision

Report, 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 continual starvation resulting from constant attacks of diarrheal disease

and intestinal parasites. Thus, every 7 seconds, a child in the developing world dies of Water,

Sanitation and Hygiene (WASH)-related disease or WASH-related malnutrition (World Vision,

2011).
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The World Health Organization estimates that 50% of malnutrition is associated with

repeated diarrhea or intestinal worm infections as a result of unsafe water, inadequate sanitation

or insufficient hygiene.  Diarrhea, largely caused by a lack of water, sanitation and hygiene, is a

leading cause of death in children under-five globally, and its constant presence in low-income

settings may contribute significantly to under-nutrition (WHO, 2011).

The impact of water on all aspects of development is undeniable; a safe drinking water

supply, sanitation for health, management of water resources, and improvement of water

productivity can help to change the lives of millions (USAID, 2013).

According to a 2012 report released by the World Health Organization and the United

Nations Children’s Fund (WHO/UNICEF, 2012), roughly 780 million people around the world

lack access to safe drinking water and an estimated 2.5 billion people (roughly 40% of the

world’s population) are without access to safe sanitation facilities (Tiaji, 2012). This thesis

focuses on water quality for drinking and domestic uses.

1.2. Statement of problems

Safe water and sanitation are fundamental to life and everyone has a right to these basic

services. However, one in eight people do not have access to safe drinking water and two in five

people do not have adequate sanitation. Compounded by a lack of good hygiene practices, the

result is extreme poverty and ill health among millions of people (WaterAid’s, 2009).

Ethiopia has one of the lowest rates of coverage for improved water and sanitation in the

world. Just over 54 per cent of households have access to an improved source of drinking water,

with a higher proportion among urban households (75%) and among rural households (49%)

(UNICEF, 2013).
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According to Ministry of Water Resources of Ethiopia (MoWR) report released, among

rural households 57% lack access to an improved sanitation facilities. Open defecation is the

norm for 46% of Ethiopia’s population (MoWR, 2013). According to Joint Monitoring Program

(JMP) update, the proportion of the population having access of improved and unimproved

sanitation facilities stands at 54% (21% improved and 33% unimproved). Nearly 39 million

Ethiopians most of them in rural areas don’t have access to safe water. Nearly 48 million lack

access to basic sanitation (WHO/UNICEF, 2012).

1.3.Significance of the study

This study is expected to give baseline information on Chancho Town water quality,

regarding the microbiological and physicochemical parameters. The information generated will

be important for city administers and regulators. Moreover, it will be important for residence of

the town.

1.4. Objective

1.4.1. General Objective

The general objective of this study is to evaluate the physicochemical and microbiological

quality of drinking water at household and at the sources supply to Chancho Town, North Shoa,

Oromia regional state.

1.4.2. Specific Objectives

 To characterize the quality of the water in terms of temperature, turbidity, pH, total

dissolved solids, nitrates, phosphates, total hardness, calcium ion and magnesium ion and

electrical conductivity
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 To evaluate bacteriological quality of water samples using indicators organism such as

total coliforms and faecal coliforms

 To assess water handling practice and sanitary condition

 To compare physico-chemical and microbiological quality of drinking water with

national and WHO standards to assure the potability of water.
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2. LITERATURE REVIEW

2.1. Drinking Water Quality and Human Health

Water has a profound influence on human health. At a very basic level, a minimum

amount of water is required for consumption on a daily basis for survival and therefore access to

some form of water is essential for life. However, water has much broader influences on health

and well-being and issues such as the quantity and quality of the water supplied are important in

determining the health of individuals and whole communities.

Inadequate water, sanitation and hygiene continue to pose a major threat to human health.

These risk factors contribute to millions of unnecessary deaths each year, including 1.8 million

diarrhoeal related deaths in children less than 5 years of age (WHO, 2011). Even if diarrhea is

the major cause for the death of more than 2 million people per year world-wide, the lack of safe

drinking water and adequate sanitation measures lead to a number of diseases such as cholera,

dysentery, salmonellosis and typhoid, and every year millions of lives are claimed in developing

countries (Zamxaka et al., 2004). Those who survive this disease are often afflicted by other

consequences, including malnutrition, inhibited growth and impaired cognitive development. It

is estimated that 860,000 children under the age of 5 die each year as an indirect or direct result

of malnutrition caused by lack of sufficient water, sanitation and hygiene (WHO, 2010).

Chemical water quality is generally of lower importance as the impacts on health

tend to be chronic long-term effects and time is available to take remedial action. Acute effects

may be encountered where major pollution event has occurred or where levels of certain

chemicals are high from natural sources, such as fluoride, or anthropogenic sources, such as

nitrate (WHO, 2010).
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2.2. Bacteriological Quality Parameters of Drinking Water

The number and diversity of microbial agents that might be present in domestic

wastewater is important. The routine monitoring for all the possibilities is either impossible or

impractical.  The time required to complete most of the analyses prevents their utility as a water

quality control feedback tool.  The answer to the problem has been the use of indicator bacteria

that would be present when probable pathogen containing material (faeces) was present.  It

should be emphasized that the presence of indicator bacteria does not mean the water contains

pathogenic microorganisms but rather the potential exists for the presence of pathogens since the

indicator bacteria point to the presence of faecal material in the sample.  The number of

pathogens that might be associated with the concentration of the indicator will be a function of

the disease occurrence in the community at the time the faecal material was disposed.

The results of coliform bacteria tests are generally used to monitor recreational areas,

storm water out-falls, and drinking water supplies. Water is commonly tested for three types of

coliform bacteria: fecal coliforms, total coliforms, and Escherichia coli (E. coli). The standards

for drinking water are generally based on total coliforms. The accepted standard for drinking

water is that there should be no coliforms present after the water is filtered or treated

(Mengestayhu Birhanu, 2007).

2.2.1. Total Coliform

Coliform organisms, better referred to as total coliforms to avoid confusion with others in

the group, are not an index of faecal pollution or of health risk, but can provide basic information

on source water quality. Total coliforms have long been utilized as a microbial measure of

drinking water quality, largely because they are easy to detect and enumerate in water (David,
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2013). They have traditionally been defined by reference to the method used for the group’s

enumeration and hence there have been many variations dependent on the method of culture. In

general, definitions have been based around the following characteristics: gram-negative, non-

spore-forming, rod-shaped bacteria capable of growth in the presence of bile salts or other

surface-active agents with similar growth-inhibiting properties, oxidase-negative, fermenting

lactose at 35-370C with the production of acid, gas, and aldehyde with 24-48 hours (WHO, 1996)

Total coliform tests are used for potable water supplies. Total coliform contamination

indicates inadequate disinfection of drinking water. Gastrointestinal pathogens known to have

caused outbreaks of enteric disease are largely from the systematically defined family,

Enterobacteriaceae, and include Salmonella, Shigella Yersinia enterocolitica, Klebsiella

pneumoniae, Enterobacter and Enterotoxigenic Escherichia Coli (ETEC). Vibrio cholerae and

Campylobacter jejuni are two other enteric pathogens often found in contaminated water. These

organisms are spread by water contaminated with fecal material from humans and other warm-

blooded animals (Hach, 2000). For these reasons, the microbiological quality standards for

drinking water in the United States and in most developed countries are based on measuring the

total coliform population (USAID, 2013).

The total coliform group has been selected as the primary indicator bacteria for the

presence of disease causing organisms in drinking water. It is a primary indicator of suitability of

water for consumption. If large numbers of coli forms are found in water, there is a high

probability that other pathogenic bacteria or organisms exist (FDREMH, 2011).
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2.2.2. Faecal Coliforms

Faecal coliforms are rod-shaped, non-spore-forming, gram-negative, oxidase-negative,

aerobic or facultative anaerobic bacteria that are able to grow in the presence of bile salts or

other replacement surface active agents having an analogous growth inhibitory effect and that

ferment lactose with gas and acid (or aldehyde) production within 24 hr at 44 ± 0.5oC

(Annie et al., 2001).

A common source of coliforms and pathogenic bacteria is raw sewage. Fecal coliform

bacteria occur naturally in the digestive tract of warm-blooded animals, where they aid in the

digestion of food (Payment et al, 2003).

The concentration of coliform bacteria in water is measured to determine the likelihood of

contamination by microbiological organisms. While coliform bacteria are not pathogenic

(disease causing), they are commonly found alongside pathogenic organisms such as those

responsible for dysentery, gastroenteritis, and hepatitis A (Keller, 2009). The presence of FC

bacteria in water indicates that faecal material from mammals or birds is present, so organisms

that cause water born diseases may be present as well. It is easier to test for FC than for

pathogenic organisms; therefore, the presence of FC in a water sample is used to indicate

potential contamination. Treated water entering the distribution system should be zero faecal

coliforms and zero coliform organisms per 100 ml of water (WHO, 2011; ES, 2001).

2.3. Physico-chemical Quality Parameters of Drinking Water

In drinking water some mineral elements are known or suspected to be essential for

humans (WHO, 2004). But some toxic chemicals in water create the greatest threat to the safety

of drinking water and their effects are enormous which can cause damage to human health, crops



9

and aquatic organisms (David et al., 2011). An appreciable number of serious health concerns

may occur as a result of the chemical contamination of drinking water. The drinking water

parameters such as temperature, pH, turbidity, EC, taste and colour play important roles in the

biological and chemical quality of drinking water (WHO, 2008).

In the purest state, water is both odorless and tasteless: as inorganic and organic substances

dissolved in water, it begins to take on a characteristic taste and sometimes odor.  Generally, the

inorganic salts at the concentration found naturally in drinking water do not adversely affect the

taste. Both taste and odors are caused by the interaction of the many substances present.  These

include many particles, decaying vegetation, organisms (plankton, bacteria, fungi), various

inorganic ions of chlorides and sulphides of sodium, calcium, iron and manganese, organic

compounds and gases (Solomon Jida, 2011).

2.3.1. Water Temperature

Temperature is one of important drinking water quality parameters. Temperature is

primarily an aesthetic criterion for drinking-water. Generally cool water is more palatable than

warm or cold water. Moreover drinking water treatment efficiency is highly dependent on

temperature. The turbidity and color of filtered water may be indirectly affected by temperature,

as low water temperatures tend to decrease the efficiency of water treatment processes by

affecting floc formation rates and sedimentation efficiency. Chemical reaction rates increase with

temperature, and this can lead to greater corrosion of pipes and fittings in closed systems

(WHO, 2008).

An aesthetic objective is set for maximum water temperature to aid in selection of the best

water source or the best placement for a water intake. It is desirable that the temperature of
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drinking water should not exceed 15oC because the palatability of water is enhanced by its

coolness. In addition to cool water tasting better than warm water, temperatures above 15

degrees Celsius can speed up the growth of nuisance organisms such as algae which can

intensify taste, odour, and colour problems. Temperature also affects water treatment

(Mengestayhu Birhanu, 2007).

If nutrients are available, the microbial activity increases significantly at water

temperatures above 15ºC, in the absence of a disinfectant residual. Therefore, water supplies

generally tend to keep the temperature as low as possible in order to minimize the bacterial after

growth. Keeping the temperature low reduces the risk for pathogenic proliferation and survival

since the optimal temperature for most pathogens is close to the human body temperature

(Boe-Hansen, 2002).

2.3.2. Hydrogen Ion concentration (pH)

The pH level of drinking water reflects how acidic or alkaline it is. pH stands for

“potential hydrogen,” referring to the amount of hydrogen mixed with the water. pH is measured

on a scale that runs from 0-14. Seven is neutral, indicating there is no acid or alkalinity present.

A measurement below 7 indicates acid is present and a measurement above 7 indicates alkalinity.

According to World Health Organization (WHO) standards, the range for pH in drinking water

lies between 6.5 and 8.5 (WHO, 2004).

The pH is of major importance in determining the corrosivity of water. Generally, the

lower the pH is the higher the level of corrosion. However, pH is only one of a variety of factors

affecting corrosion. Exposure to extreme pH values results in irritation to the eyes, skin, and

mucous membranes. Eye irritation and exacerbation of skin disorders have been associated with
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pH values greater than 11. In addition, solutions of pH 10–12.5 have been reported to cause hair

fibres to swell. In sensitive individuals, gastrointestinal irritation may also occur. Exposure to

low pH values can also result in similar effects. Below pH 4, redness and irritation of the eyes

have been reported, the severity of which increases with decreasing pH. In addition, because pH

can affect the degree of corrosion of metals as well as disinfection efficiency, it may have an

indirect effect on health (David, 2011).

2.3.3. Turbidity

Turbidity is the technical term referring to the cloudiness of a solution and it is a

qualitative characteristic which is imparted by solid particles hindering the transmittance of light

through a water sample. Turbidity often indicates the presence of dispersed and suspended solids

like clay, organic matter, silt, algue and other microorganisms (WHO, 1998).

Turbidity is based on the comparison of the intensity of scattered by the sample under

defined conditions with the intensity of the light scattered by a standard reference suspensions

under the same conditions. The turbidity of the sample is thus measured from the amount of light

scattered by sample taking a reference with standard turbidity suspension. The higher the

intensity of scattered light the higher is the turbidity (Payment et al, 2003).

Turbidity diffuses sunlight and slows photosynthesis. Plants begin to die, reducing the

amount of dissolved oxygen and increasing the acidity (decaying organic material produces

carbonic acid, which lowers the pH level). Both of these effects harm aquatic animals.

Turbidity raises water temperature because the suspended particles absorb the sun's heat.

Warmer water holds less oxygen, thus increasing, the effects of reduced photosynthesis. In

addition, some aquatic animals may not adjust well to the warmer water, particularly during
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the egg and larval stages. Highly turbid water can clog the gills of fish, stunt their growth,

and decrease their resistance to diseases. Generally WHO recommended turbidity of drinking

water is less than 5 NTU (WHO, 2006).

The organic materials that may cause turbidity can also serve as breeding grounds for

pathogenic bacteria. When drinking water reservoirs are turbid, the water treatment plant usually

filters the water before disinfecting it. Industrial processes and food processing, require clear

water. Turbid water can clog machines and interfere with making food and beverage (Maiti,

2004).

Turbidity is an important consideration in public water supplies for three major reasons such as:

 Aesthetics - turbidity in drinking water is automatically associated with possible wastewater

pollution.

 Filterability - Filtration of water is rendered more difficult and costly when turbidity

increases.

 Disinfection - many of the pathogenic organisms may be encased in the particles and

protected from the disinfectant.

2.3.4. Electrical Conductivity

Conductivity is a measurement of the ability of an aqueous solution to carry an electrical

current. An ion is an atom of an element that has gained or lost an electron which will create a

negative or positive state. For example, sodium chloride (table salt) consists of sodium ions

(Na+) and chloride ions (Cl-) held together in a crystal. In water it breaks apart into an aqueous

solution of sodium and chloride ions. This solution will conduct an electrical current. There are

several factors that determine the degree to which water will carry an electrical current. These
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include: 1) The concentration or number of ions. 2) Mobility of the ion. 3) Oxidation state

(valence) and 4) Temperature of the water (Patil, 2012).

The electrical conductivity (EC) of a water body is a very useful parameter for determining

the water quality. Electrical conductivity (EC) is the calculation of water tendency to pass

electric current through it. It indicates the total amount of dissolved salts. EC values for drinking

water depends on the concentration of dissolved salts and ionic particles through which electric

current passes, it will be higher with more electrolytes in water (Sartaj et al., 2013).

The specific conductance of a sample is measured by a self-contained conductivity

electrode. Conductivity is a measurement used to determine a number of applications related to

water quality. These are as follows:

 Determining mineralization: this is commonly called total dissolved solids. Total dissolved

solids information is used to determine the overall ionic effect in a water source. Certain

physiological effects on plants and animals are often affected by the number of available

ions in the water.

 Noting variation or changes in natural water and wastewaters quickly;

 Estimating the sample size necessary for other chemical analyses; and

 Determining amounts of chemical reagents or treatment chemicals to be added to water

sample (Maiti, 2004).

Elevated dissolved solids can cause "mineral tastes" in drinking water. Corrosion or

encrustation of metallic surfaces by waters high in dissolved solids causes problems with

industrial equipment and boilers as well as domestic plumbing, hot water heaters, toilet flushing
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mechanisms, faucets, and washing machines and dishwashers. Indirect effects of excess

dissolved solids are primarily the elimination of desirable food plants and habitat-forming plant

species. Agricultural uses of water for livestock watering are limited by excessive dissolved

solids and high dissolved solids can be a problem in water used for irrigation (Patil, 2012).

2.3.5. Total Dissolved Solids

The expression, “total dissolved solids” (TDS), refers to the total amount of all inorganic

and organic substances – including minerals, salts, metals, cations or anions – that are dispersed

within a volume of water (WHO, 1998). By definition, the solids must be small enough to be

filtered through a sieve measuring 2 micrometers. TDS concentrations are used to evaluate the

quality of freshwater systems. TDS concentrations are equal to the sum of positively charged

ions (cations) and negatively charged ions (anions) in the water (WHO, 2006).

Sources for TDS include agricultural run-off, urban run-off, industrial wastewater, sewage,

and natural sources such as leaves, silt, plankton, and rocks. Piping or plumbing may also release

metals into the water. While TDS is not considered a primary pollutant, high TDS levels

typically indicate hard water and may lead to scale buildup in pipes, reduced efficiency of water

filters, hot water heaters, etc., and aesthetic problems such as a bitter or salty taste (Nnenesi and

Gabriel, 2012).

The United States Environmental Protection Agency (USEPA) recommends treatment

when TDS concentrations exceed 500 mg/l, or 500ppm (USEPA 2007). The TDS concentration

is considered a Secondary Drinking Water Standard, which means that it is not a health hazard.

According to WHO- standards, the palatability of water with a total dissolved solids (TDS)

level of less than about 600 mg/l is generally considered to be good; drinking-water becomes
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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 excessive

scaling in water pipes, heaters, boilers and household appliances. No health-based guideline

value for TDS has been proposed (WHO, 2011).

2.3.6. Nitrates

Nitrate is a chemical compound of one part nitrogen and three parts oxygen that is

designated the symbol “NO3.” It is the most common form of nitrogen found in water. Other

forms of nitrogen include nitrite (one part nitrogen and two parts oxygen – NO2) and ammonia

(one part nitrogen and three parts hydrogen – NH3) (WHO, 2011).

In water, nitrate has no taste or scent and can only be detected through a chemical test. The

Maximum Acceptable Concentration (MAC) for nitrate in drinking water in British Columbia is

45 milligrams per litre (45mg/L). According to WHO standards the amount of nitrate present in

drinking water or the maximum acceptable concentration is 50mg/L (WHO, 2008).

Generally the ground water has high nitrate concentration because of the percolating

sewage, industrial waste, chemical fertilizers, leaches from solid waste landfills, septic tank

effluents etc. Whatever may be the reason the high concentration of nitrate is harmful to human

beings, particularly for infants. The low acidity in the infants’ intestine permits the growth of

nitrate reducing bacteria that converts the nitrate to nitrite that is then absorbed in the blood

stream. The nitrite has a great affinity for hemoglobin than the oxygen and it replaces oxygen in

the blood. The deficiency of oxygen causes suffocation. The colour of the skin of the infants

becomes blue so it is termed as blue baby disease (Julie, 2011).
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According to WHO guideline values, nitrates above 50mg/l in drinking water causes

methaemoglobinaemia (blue-baby syndrome). Methaemoglobinaemia can occur as a result of

extremely high nitrate intake in adults and children, the most familiar situation is its occurrence

in bottle-fed infants (WHO, 2011). Methaemoglobinaemia is a consequence of the reaction of

nitrite with haemoglobin in the red blood cells to form methaemoglobin, which binds oxygen

tightly and does not release it, thus blocking oxygen transport (Maiti, 2004).

2.3.7. Phosphate PO4
3-

Phosphorus is one of the key elements necessary for growth of plants and animals.

Phosphorus in elemental form is very toxic and is subject to bioaccumulation. Phosphate PO4
3- is

formed from this element. Phosphate exists in three forms: Orthophosphate, met-pho sulfate, and

organically bound phosphate (Rao, 2011). Each compound contains phosphorus in a different

chemical formula. Ortho forms are produced by natural processes and are found in sewage. Poly

forms are used for treating boiler water and in detergents, in water they change into the ortho

form. Organic phosphates are important in nature. Their occurrence may result from the

breakdown of organic pesticides which contain phosphates. They may exist in solution, as

particles, loose fragments, or in the bodies of aquatic organisms (James, 1997).

Rainfall can cause varying amounts of phosphates to wash from farm soils into nearby

waterways. Phosphate will stimulate the growth of plankton and aquatic plants which provide

food for fish this increased growth may cause an increase in the fish population and improve the

overall water quality (US EPA, 2007). However, if an excess of phosphate enters the water way,

algal and aquatic plants will grow wildly, choke up the water way, and use up large amounts of

oxygen. This condition is known as Eutrophication or over-fertilization of receiving waters. The
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rapid growth of aquatic vegetation can cause the death and decay of vegetation- and quality life

because of the decrease in dissolved oxygen levels. Phosphates are not toxic to people or animals

unless they are present in very high levels. Digestive problem could occur from extremely high

level of phosphate (Rao, 2011).

The following criteria for total phosphorus were recommended by (USEPA, 2007)

 No more than 0.1 mg/L for streams which do not empty in to reservoirs,

 No more than 0.05 mg/L for streams discharging into reservoirs, and

 No more than 0.025 mg/L for reservoirs.

2.3.8. Total Hardness, Calcium (Ca 2+) and Magnesium (Mg2+)

Hard water is high in dissolved minerals, both calcium and magnesium. As water moves

through soil and rock, it dissolves small amounts of these naturally-occurring minerals and

carries them into the ground water supply. Water is a great solvent for calcium and magnesium,

so if the minerals are present in the soil around the well and its water supply, somebody can end

up with hard water (Well care, 2004).

Hard water interferes with almost every cleaning task, from doing the laundry to washing

dishes to taking a shower. Clothes can look dirty and feel rough and scratchy. Dishes and glasses

get spotted and a film may build up on shower doors, bathtubs, sinks and faucets. Washing your

hair in hard water may leave it feeling sticky and dull. Finally, hard water can cause a residue to

build-up in pipes that can lower water pressure throughout the house (Well care, 2007).

Hardness does not pose a health risk and is not regulated by state or federal agencies. But

hard water can be a nuisance due to the mineral buildup on plumbing fixtures and poor soap and

detergent performance. It often causes aesthetic problems, such as an alkali taste to the water that
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makes coffee taste bitter; build-up of scale on pipes and fixtures than can lead to lower water

pressure; build-up of deposits on dishes, utensils and laundry basins; difficulty in getting soap

and detergent to foam; and lowered efficiency of electric water heaters (Well care, 2007).

Drinking-water in which both calcium and magnesium are present at high concentrations

can have a laxative effect, although data suggest that consumers adapt to these levels as

exposures continue. Laxative effects have also been associated with excess intake of magnesium

taken in the form of supplements, but not with magnesium in diet (WHO, 1996).

It is known that calcium and magnesium along with their carbonates, sulphates and

chlorides naturally confer temporary and permanent hardness. Thus, for total hardness 300 mg/l

has been recommended as a desirable limit and 600 mg/l as the maximum permissible limit for

potable water (BIS, 1991).

Calcium, which is essential for nervous system and for the formation of bones, is

commonly present in all water bodies where it usually comes from the leaching of rocks. On the

other hand Magnesium is usually less abundant in water than calcium, perhaps due to the fact

that magnesium is found in the earth’s crust in much lower amounts as compared to calcium.

High concentration of magnesium in drinking water gives unpleasant taste to the water (WHO,

1996). Calcium and magnesium concentrations in water have been linked to outcomes in heart

diseases. There is epidemiological evidence to suggest a lower incidence of heart disease in

communities with hard water (high calcium and magnesium content) (Maureen et al., 2012).
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3. MATERIALS AND METHODS

3.1. Description of the Study Area

Figure 3.1 Map of Study area and sampling point

Chancho Town is located 40 km north of Addis Ababa. It is found in Oromiya Region,

Ethiopia and located at latitude of 9° 17' 35" N and a longitude of 38° 44' 40" E (Latinsa, 2012).

The population range of the town is above 20295 and the numbers of the residences of the town

who have private water tap at the time of this research conducted are 1950 out of 5866 household

numbers.
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Figure 3.2 Map of Chancho Town.

The drinking water samples for the study were obtained from ground water source which

was located in three places known as Lege Chancho (north-east of the town), Arbi Akaku (west

of the town) and Oche (east of the town). The ground water was collected and then stored in

storage reservoirs for the distribution. There is no treatment of the water except using chlorine

during cleaning of the reservoirs once per in a three months.
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3.1.1. Water at the sources

The water source of the town is only ground water by means of three bore wells. The

estimated yield of the three bore wells (BW-1, BW-2 and BW-3) according to the report of

Latinsa Share Company 2012, were 3.0 l/s, 1.5 l/s and 3.0 l/s, respectively (Latinsa, 2012).

Table 3.1 Boreholes Capacity, Elevation and Location of existing water supply sources of

Chancho Town

No Source

name

Location Elevation (GPS, masl) Yield (L/S) Remark

Longitude Latitude

1 BW-1 474645 1027862 2627.0 3.0 Pumped

2 BW-2 471306 1027758 2551.0 1.5 Pumped

3 BW-3 473729 1031701 2590.0 3.0 Not

connected

Source: Chancho town water supply system final feasibility study and preliminary design report,
water supply system Latinsa Share Company, June 2012

3.1.2. Water at the Reservoirs

At the time of the research, there were two operational reservoir (R1 and R2) having the

capacity of 50m3 and 100m3 located at elevations of 2300masl and 2675masl, respectively. The

former (R1) is rectangular in shape placed in the church compound, while the later (R2) is

circular in shape placed east of the town. Both service reservoirs were constructed by Masonry

but they are not in good condition (Latinsa, 2012). The reservoir one (R1) which has a capacity

50m3 is established in 1986 E.C, but it has not a leakage problem, while the R2 which has a

capacity of 100m3 and established in 2000 E.C has got leakage at wall and at base
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a)   Storage Reservoir two (R2):                               b)   Storage Reservoir one (R1): a

capcapacity 100m3 and elevation 2675masl capacity 50m3and elevation 2300masl

Figure 3.3 Capacities and elevations of reservoir one (R1) and reservoir two (R2).

3.2. Study Design

A cross sectional study was done to examine the selected bacteriological and related

physicochemical parameter of drinking water at reservoirs, end user taps and household

container level. In addition, the study was supported by using a standard sanitary survey work

sheet. The water samples were collected randomly from reservoir, end user pipe water at

household level and household containers.

3.2.1. Sampling Methods and Sampling Size

Triplicate samples were collected from three different locations; 1) storage reservoirs,

2) end user taps and 3) water from household containers.  Two reservoirs (R1 and R2) and 14

households were randomly selected for sampling points. The number of water samples of taps
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and household containers were determined by simple random selection method from already

selected households for Sanitary Inspection (SI) survey purpose. A total of 90 samples were

collected (30 triplicate water samples) from 2 storage reservoirs, 14 end user pipes and 14

household containers.

For the SI, the numbers of samples in the town were decided based on the number of

population within the town. The number of households for SI survey was determined by 50%

proportion which leads to the highest possible sample size was used for the use of the level of

maximum variability (P=0.5), the proportion generally will produce a more conservative sample

size. The sampling methodology was determined as per Israel (2009). The determination was

done to be with 5% margin of error and 95% confidence interval. The number of samples was

determined by the following formula:
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Where:

N= is the population size (1950)

n = required sample size

z = confidence level at 95% (standard value of 1.96)

d = margin of error at 5% (standard value of 0.05)
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p =population proportion at which the sample size is maximum (at p=0.5 and q=0.5,   p*q=0.25)

Where q=1-p

To check the Finite Population Correction (FPC) the researcher divides the determined

sample size to the population. If the result is greater than 5% (i.e. n/N>5%), FPC used to adjust

the final sample size unless the required sample size can be accepted as it is.

FPC formula:
c

n
n f 
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Where c=n/N and   nf =final sample size
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Hence, final sample size (nf) is 266 target population out of 1950 residences of the town who

have a private tap water. Hence, 266 target populations were selected for SI Survey research.

3.2.2. Samples Collection Procedures

Water samples were collected from reservoirs, end user taps and household containers

according to American Public Health Association (APHA, 1998) standard procedures. Sterilized

sample containers were used and rinsed with samples before sampling. Then, samples from

reservoirs, end user taps and household containers were taken by pouring into the sample

containers without any hand contact. The samples were collected between February, 2014 and

May, 2014. Samples were collected once every two weeks from all designated sampling points.

At each sampling site, one sample was collected into 500 ml sterilized bottles (high lands plastic
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containers rinsed by 0.1N HNO3). These were stored in an ice box containing ice cubes and

transported to center for Environmental Science Laboratory Addis Ababa University and

Ethiopian Water and Energy Ministry (MoWE) laboratory for analysis within 24 hours.

3.2.3. Laboratory Analysis Procedures

3.2.3.1.Physico-chemical analysis

Temperature

The temperature of the water samples was measured in situ using a mercury thermometer

and the values were recorded in degree Celsius unit (oC).

Hydrogen Ion concentration (pH)

The pH values were measured using a pH meter in Environmental Science laboratory

center of Addis Ababa University. The probe was rinsed with distilled water and immersed in the

samples. Readings were recorded after stabilization.

Turbidity

Turbidity was measured using the portable CL 5LD turbid meter. The cuvette was rinsed

with distilled water and filled with the sample. The procedure was repeated for each and the

blank. The cuvette was placed into the instrument’s light cabinet and covered with the light

shield. After stabilization, turbidity value was read and recorded in Nephlometric Turbidity Units

(NTU) (APHA, 1998)

Electrical Conductivity and Total Dissolved Solids

The electrical conductivity and total dissolved solids were measured using International

conductivity meter and Eutech instruments /Con 2700 Conductivity meter, respectively. Then,
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there values were registered in micro Siemens per centimeter (µS/cm) and mg/l, respectively

(APHA, 1998).

Phosphate (PO4
3-)

Ascorbic acid method was employed to analyze phosphate (PO4
3-) parameter and

measured using HACH LANGE DR-2800 Photometer at the Ethiopian Ministry of Water and

Energy (MoWE) laboratory. The following procedures were taken to determine PO4
3- levels.

25ml sample was taken by graduated cylinder. Following to samples taking, phosphate reagent

was added to it and it was shaken for 2min to mix sample with the reagent. Then, the blank (the

pure sample) was used for calibration to be zero. Finally, the value of PO4
3- was obtained and

recorded in mg/l by using photometer (APHA, 1998).

Nitrate (NO3
-)

Nitrate (NO3
-) was determined and measured by Cadmium Reduction methods using

HACH LANGE DR-2800 Photometer in the MoWE laboratory. The analysis was carried out by

following procedures. 25 ml graduated mixing cylinder was filled with 15ml of sample and the

contents of one NitraVer 6 Reagent Powder Pillow was added to the cylinder. The sample and

reagent were mixed and reacted for 3 minutes by shaking of the cylinder. Then, after 2 minutes

was elapsed 10 ml of the sample was poured in to a clean square sample cell and the contents of

one NitraVer Nitrate Reagent Powder pillow to the sample cell to check whether nitrates was

present or not by observing its colour ( pink colour formation if nitrate was present in the

sample). Then, the blank (the pure sample) was inserted in the cell holder with the fill line facing

right used for calibration to be zero. Finally, the prepared sample was inserted in to the cell
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holder with the fill line facing right and the value of nitrate contents were obtained in mg/l by

HACH LANGE DR-2800 Photometer (APHA, 1998).

Total Hardness

Total hardness was determined by EDTA Titrimetric Method in the MoWE laboratory.

100ml of the water sample was taken into a 250ml conical flask. Two drops of Erichrome black

T indicator was added. The content in the conical flask was titrated against a standard EDTA

solution (0.01M) until the contents of the flask changed from wine-red to blue at the end point.

Titration was repeated until a consistent titrate was obtained. The value of the average titrate was

recorded and calculated in the ways of, Total Hardness as CaCO3 (mg/l) = titrate value x 20.

Then, the total hardness concentration was recorded as CaCO3 (mg/l) (APHA, 1998).

Calcium ions (Ca2+)

Calcium ion was determined by EDTA Titrimetric Method at the Ethiopian Water and

Energy Ministry laboratory. 50ml of sample was pipetted, and 2.0 ml of NaOH solution was

added. It was stirred and 0.1-0.2g of the murexide indicator added. It was then titrated

immediately after the addition of the indicator. EDTA titrant was added slowly, with continuous

stirring until the colour changes from salmon to orchid purple. The end point was checked by

adding 1 or 2 drops of titrant in excess to make sure that no further colour change took place.  It

was ensured that not more than 15 ml EDTA was required for the titration. Then, calcium ion

was calculated in the following ways (APHA, 1998).

Ca (mg/l) =     A x B x 40.08

Volume of sample

Where A =   ml of EDTA titrant used
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B =   ml of standard calcium solution

ml of EDTA titrant

Then, the results were expressed as mg/l Ca and calcium hardness was calculated for

determination of magnesium concentration as the following ways.

Calcium hardness as CaCO3 (mg / l) = concentration of Ca

0.4

Where; 0.4 =      Atomic weight of Ca

Molecular weight of CaCO3

Magnesium Ions (Mg2+)

Magnesium ion value was calculated and recorded in mg/l from total hardness and calcium

hardness. Calcium and total hardness were determined by EDTA titrimetric method. Magnesium

hardness is calculated from the differences between the total hardness and the calcium hardness

when these are expressed in the same units.

Magnesium hardness (as mg/l CaCO3) = total hardness – calcium hardness.

Mg( mg/l) = (total hardness – calcium hardness) x 0.243

Where 0.243 = atomic weight of Mg / molecular weight of CaCO3. Then, the magnesium

concentration was expressed as (mg/l) (APHA, 1998).

3.2.3.2.Bacteriological analysis

Total coliforms and Feacal coliforms

TC and FC were determined and counted by Membrane Filtration (MF) methods. The

water samples were analysed for total and faecal coliforms in the following procedures. Petri
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dishes 50 mm diameter aluminum dishes, membrane lauryl sulphate broth were sterilized using

auto clave in 121 oC for 15 minutes. Similarly, filtration apparatus and sample cups were

sterilized using methanol flame (formaldehyde was produced during burning of methanol, which

have a killing effect of microorganisms). Following sterilization, sample were taken using sterile

sample cup and the filtration apparatus was assembled and using a sterile blunt-ended forceps the

filter paper was transferred to the filter base. Then, a sample of 100 ml was filtered through a

sterile membrane filter with a pore size of 0.45mm to retain the indicator bacteria. The

membrane filter was transferred to a petri dish which contain absorbent pad soaked with lauryl

sulfate tryptose broth. The petri dishes were labeled with all the necessary information and the

plates were incubated for total and feacal coliform bacteria at temperature of 37± 0.5 0C and

44 ± 0.5 0C for 22-24 hours, respectively. Finally, visually identifiable yellow colonies were

counted, and the results expressed in numbers of “colony forming units” (CFU) per 100 ml of

original sample. Numbers of yellow colonies were counted with the help of colony counting lens

and the result recorded as CFU/100 ml of sample (APHA, 1998).
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Figure 3.4 Analysis of TC and FC Parameters in Research Laboratory Center of

Environmental Science, Addis Ababa University

3.2.4. Sanitary Inspection Survey

The advances of sanitary inspection survey include inspection of the town at the water

source, reservoirs, and at the households were conducted. The questions in the questionnaire

was adopted from WHO (WHO, 1996) and modify in accordance with objectives of the

research. Finally, the questionnaire was attached in the appendix I.
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3.3. Statistical Data Analysis

Data were recorded, organized and summarized in sample descriptive statistics methods

using Microsoft excel software and SPSS-PC statistical package (SPSS 20 for windows version).

Results were analyzed using this statistical software analyses, and these results were presented in

a descriptive statics such as mean, standard deviation and correlations measures.
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4. RESULTS AND DISCUSSION

4.1. Physico-chemical and Microbiological Parameters of Drinking Water

Table 4.1 Mean Physico-chemical and microbiological analysis of storage reservoirs, end

user taps and household containers water samples

Sampling
sites

Parameters

Temp
(oC)

pH Turb.
(NTU)

E.C
(µS/cm)

TDS
(mg/l)

NO3
-

(mg/l)
PO4

3-

(mg/l)
TH

(mg/)
Ca2+

(mg/l)
Mg2+

(mg/l)
TC

(CFU/100ml)
FC

(CFU/100ml)

R1 16.90
±1.01

6.36
±0.3

1.33
±0.57

286.33
±13.32

258.67
±5.94

0.15
±0.07

0.09
±0.02

112.12
±8.82

27.11
±3.29

10.64
±1.50

15.33
±0.58

0.00

R2 16.83
±0.29

6.21
±0.2 0.00

285.33
±12.09

259.00
±14.00

0.22
±0.02

0.23
±0.02

148.33
±7.02

33.72
±2.52

15.37
±2.90

18.33
±2.89

0.00

Mean 16.87
±0.65

6.29
±0.26

0.67±
0.29

285.83
±12.71

258.83
±14.52

0.18
±0.05

0.16
±0.02

130.23
±7.92

30.38
±2.90

13.01
±1.81

16.83
±1.73 0.00

TW1 13.83
±0.42

5.78
±0.42

1.00
±0.00

275.67
±21.00

254.00
±24.02

0.09
±0.01

0.16
±0.01

141.30
±10.65

38.35
±4.50

10.90
±2.15

42.33
±6.66

8.67
±2.31

TW2 14.67
±0.38

5.93±
0.38 0.00

295.67
±7.37

267.67
±21.13

0.25
±0.01

0.18
±0.01

150.80
±8.72

35.20
±3.86

15.07
±3.01

19.67
±9.61

3.67
±2.08

TW3 13.33
±0.37

5.92±
0.37

0.67
±0.57

287.33
±16.16

262.33
±26.58

0.09
±0.01

0.17
±0.02

103.70
±8.65

23.14
±4.61

19.33
±3.79

48.33
±9.29

36.33
±14.01

TW4 18.67
±0.42

5.81±
0.10

0.67
±0.57

284.00
±8.12

266.67
±23.97

0.23
±0.01

0.18
±0.01

143.10
±13.2

22.90
±3.54

20.60
±2.75

36.67
±7.57

6.67
±2.08

TW5 19.00
±0.04

6.05±
0.04

1.00
±0.00

282.00
±3.61

251.00
±4.36

0.26
±0.10

0.16
±0.03

118.50
±3.77

28.60
±1.70

11.28
±1.30

36.67
±10.41

3.67
±2.51

TW6 17.67
±0.44

5.83±
0.43

1.00
±0.00

272.00
±14.73

244.33
±4.73

0.10
±0.03

0.15
±0.02

147.87
±4.50

34.32
±6.45

14.90
±2.00

20.33
±14.50

11.67
±7.23

TW7 17.83
±0.10

6.16±
0.10

0.67
±0.57

286.00
±12.12

257.33
±20.50

0.25
±0.03

0.17
±0.01

107.31
±4.96

22.34
±2.69

12.35
±1.28

32.67
±12.50

2.67
±2.52

TW8 18.83
±0.04

6.07±
0.04

1.00
±0.00

284.00
±9.64

257.00
±9.17

0.24
±0.02

0.18
±0.01

116.73
±4.84

25.36
±4.64

12.80
±0.20

28.33
±14.04

7.33
±2.31

TW9 19.00
±0.07

6.01±
0.07

0.33
±0.57

283.00
±13.86

258.00
±19.92

0.26
±0.02

0.16
±0.02

135.71
±7.43

33.75
±3.81

12.32
±1.14

38.33
±9.24

8.00
±1.73

TW10 17.33
±0.58

5.97±
0.57

1.30
±0.57

272.00
±13.89

245.33
±5.51

0.11
±0.01

0.18
±0.01

141.37
±16.93

23.72
±4.98

19.70
±2.70

39.67
±26.27

8.00
±2.00

TW11 18.00
±0.18

6.20±
0.18 0.00

286.33
±8.14

256.00
±8.54

0.08
±0.02

0.17
±0.02

131.21
±7.83

32.52
±8.40

11.98
±1.65

20.33
±4.72

4.00
±1.73

TW12 18.17
±0.03

6.01±
0.03 0.00

271.67
±24.58

253.67
±45.61

0.10
±0.01

0.19
±0.04

139.70
±10.21

38.75
±6.02

10.28
±1.54

27.67
±6.43

1.00
±0.00

TW13 19.33
±0.34

6.45±
0.34 0.00

280.33
±1.15

251.00
±3.61

0.19
±0.01

0.20
±0.04

113.30
±8.70

27.15
±3.15

10.90
±0.90

32.33
±12.86

3.67
±0.58

TW14 19.00
±0.24

6.47±
0.24

1.30
±0.57

275.00
±3.46

248.33
±2.89

0.09
±0.04

0.10
±0.02

124.75
±4.7

29.86
±1.21

12.02
±0.97

38.33
±5.77

0.00
±0.00

Mean 17.48
±2.03

6.04
±0.24

0.64
±0.25

281.07
±11.32

255.19
±15.75

0.17
±0.02

0.17
±0.02

129.66
±8.22

29.72
±4.25

13.89
±1.81

32.98
±10.71

7.52
±2.94

HH1 17.67
±0.29

5.66±
0.29

1.33
±0.57

316.00
±25.51

286.33
±24.44

0.38
±0.13

0.38
±0.13

128.21
±28.00

30.31
±3.71

12.70
±0.26

56.33
±8.08

29.00
±8.54
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HH2 19.50
±2.50

5.65
±0.33

1.00
±0.00

316.33
±34.50

285.33
±31.34

0.25
±0.08

0.18±
0.02

141.50
±20.30

41.12
±6.93

9.28
±0.70

46.33
±12.50

29.33
±2.08

HH3 17.67
±1.76

5.72
±0.34

1.67
±1.15

310.00
±31.61

281.67
±29.50

0.27
±0.07

0.35±
0.02

109.40
±9.22

26.79
±6.01

10.18
±1.29

35.67
±12.66

37.00
±6.24

HH4 17.33
±0.58

5.67
±0.58 0.00

318.00
±35.17

281.67
±36.07

0.39
±0.07

0.23±
0.03

120.50
±21.70

34.60
±5.01

8.16
±1.00

64.33
±8.33

6.67
±1.53

HH5 17.67
±1.53

5.96
±0.17 0.00

249.33
±41.19

233.00
±39.51

0.33
±0.01

0.37±
0.03

127.12
±6.79

28.13
±4.80

13.63
±3.15

34.33
±4.04

1.33
±0.58

HH6 19.67
±0.58

5.72
±0.52

0.67
±0.57

275.00
±31.22

256.00
±19.97

0.27
±0.06

0.16±
0.02

113.23
±22.52

25.64
±3.55

11.79
±2.09

66.33
±8.08

58.00
±6.24

HH7 17.33
±2.31

5.69
±0.39

1.33
±0.57

332.00
±14.80

291.00
±13.89

0.28
±0.02

0.17±
0.03

119.73
±16.78

33.75
±7.15

8.48
±2.19

51.67
±4.16

24.33
±7.37

HH8 19.67
±2.31

5.83
±0.16 0.00

290.67
±20.23

265.00
±16.09

0.38
±0.12

0.26±
0.03

105.23
±10.68

27.33
±4.04

8.86
±1.03

45.37
±5.51

34.33
±4.04

HH9 17.83
±1.78

6.09
±0.28 0.00

264.67
±41.65

243.67
±36.69

0.33
±0.07

0.30
±0.07

121.61
±9.85

35.46
±3.87

7.91
±1.99

28.67
±11.01

1.33
±0.58

HH10 19.17
±1.89

6.01
±0.02

1.67
±0.57

284.67
±34.53

264.00
±17.09

0.39
±0.06

0.27
±0.02

138.76
±5.73

40.23
±4.21

9.16
±0.13

75.33
±15.31

5.67
±1.53

HH11 18.83
±1.26

5.87
±0.36

1.00
±0.00

309.33
±30.01

272.00
±19.08

0.34
±0.08

0.36
±0.03

129.05
±8.20

31.53
±4.50

12.05
±2.08

106.67
±21.96

52.67
±6.51

HH12 19.33
±1.53

6.07
±0.02 0.00

308.67
±16.92

276.33
±8.96

0.29
±0.03

0.35
±0.02

142.01
±11.52

39.83
±2.83

10.18
±1.73

67.67
±4.51

10.67
±3.06

HH13 18.83
±0.76

6.05
±0.04

0.67
±0.57

284.67
±31.34

264.33
±17.16

0.39
±0.06

0.19
±0.03

114.03
±8.70

28.15
±3.53

10.48
±0.50

49.67
±5.51

17.00
±2.65

HH14 17.83
±1.89

6.27
±0.24

1.33
±0.57

293.67
±22.81

259.00
±18.25

0.37
±0.05

0.35
±0.02

122.47
±4.27

30.79
±3.82

10.92
±1.88

40.33
±5.69

4.00
±1.00

Mean 18.45
±1.50

5.87
±0.27

0.76
±0.33

296.64
±29.39

268.52
±23.43

0.33
±0.06

0.28
±0.03

123.78
±13.16

32.47
±4.57

10.27
±1.43

54.90
±9.10

22.26
±3.71

Keys: R1 = reservoir one; R2 = reservoir two; TW=tap water; HH = household water; Tem=

temperature; Turb = turbidity; E.C = electrical conductivity; TDS = Total dissolved

solid, TH = Total hardness, TC= Total coliform and FC= Feacal coliform

4.1.1. Physico-chemical Parameters of Drinking Water

1. Temperature (oC)

Temperature is biologically an important factor which plays a vital role in proper

functioning of all living things. Microbial load in water will be lower if temperature remains

below 15°C. WHO has provided no guideline and standards for temperature of drinking water,

however, it has been suggested that the temperature of drinking water must be less than 15°C

because warm water holds less oxygen content (Mawhoob, 2013)
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The data showed that the highest temperature of 16.90±1.01oC from reservoir one (R1),

whereas the lowest mean record of 16.83±0.29oC was measured from reservoir two (R2).

However, the water samples from the two reservoirs did not show significant difference among

one another since there mean value is 16.87±0.65oC (Table 4.1). In addition, the mean value of

temperatures of the two reservoirs was nearer to the suggested temperature of drinking water of

less than15oC (WHO, 2011).

With regard to temperature in end users tap water samples, the lowest and the highest

values were recorded from water samples of sampling site TW3 and sampling site TW13,

13.3±0.37oC  and 19.0±0.34oC ,respectively (Table 4.1). In this result, tap water one, tap water

two and tap water three (TW1 = 13.8±0.42oC, TW2 = 14.67±0.38oC, and TW3 = 13.3±0.34oC)

were within the drinking water recommended limit value of WHO of <15oC. But, all of the rest

tested values were above the recommended limit value of WHO of drinking water (WHO, 2011).

The temperature of the Chancho’s household water samples were ranging from

17.33±0.58oC to 19.67±2.31oC. All the tested values indicated that they were above the

suggested temperature of drinking water of less than 15oC (WHO, 2011) (Table 4.1). The least

measurement was obtained in household four and seven (HH4 = 17.33±0.58oC and HH7

=17.33±2.31oC), and the highest values were found in households of six and eight (HH6 =

19.67±0.58oC and HH8 =19.67±2.31).

Comparing to reservoirs, end users tap and household containers water samples,

measured values of temperature showed an increments (Figure 4.1). Mean temperature values of

the reservoir, end users tap and household containers were 16.87±0.65oC, 17.48±2.03oC and

18.45±1.50oC. But, the overall mean value of temperature in drinking water of the town was
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17.60±0.80oC. The reason why the temperature showed increments from reservoirs to end users

taps, then to household container, might be due the altitude of the reservoirs were found. The two

reservoirs were found on high elevation (mountains) than the household of the town for the

reason of easily flow (distribution) to the residences. Water temperature is affected by air

temperature. Temperature of water is lower at higher altitudes due to the decreased air pressure.

As altitude increasing, the temperature of the atmosphere become decreasing, similarly the

waters at that temperatures also decreasing (Firozia and Sanal, 2012).

Figure 4.1 Mean temperature values of the study of reservoirs, end user taps and household

containers water samples

A similar study conducted in Sululta, a town located near the study area, showed a mean

temperature of 17.57oC from storage reservoir water samples (Solomom Tilahun, 2011), whereas

a mean temperature record of 14.85.5oC was measured from drinking water storage reservoirs  of

Debre Birhan town (Solomon Jida, 2011). A slightly higher temperature of 23.5oC was reported

from storage reservoir water samples of Akaki-Kaliti Sub City of Addis Ababa (Mengestayehu

Birhanu, 2007). Similarly, a mean temperature of 18.45oC from different tap water samples of
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Sululta Town (Solomon Tilahun, 2011) and a mean temperature of 23.8oC was reported from tap

water samples from Bahir Dar Town (Getnet Kassahun, 2008).

2. pH

The pH values of the water of two reservoirs (R1 and R2) were 6.36±1.01 and 6.21±0.29,

respectively (Table 4.1). The result showed that the range of pH values in the two reservoirs

sample analysis were not in the WHO recommended limit value of 6.5-8.5 (WHO, 2011). Both

results were indicated that they were below the WHO recommended limit value and the

Ethiopian Environmental Protection Authority standards (ES, 2001) of drinking water limit value

of 6.5-8.5. Therefore, the results of pH value of the two reservoirs indicated that drinking water

of storage reservoirs were slightly acidic water.

Similarly, data in Table 4.1 showed that the pH of water obtained from those fourteen tap

water samples, varied from 5.78±0.42 to 6.47±0.24. Tap water one (TW1 = 5.8±0.42) had the

lowest pH value, while the highest value was recorded from tap water fourteen (TW14 =

6.47±0.24). Out of the all tap water tested result only tap water thirteenth (TW13= 6.45±0.34)

and tap water fourteen (TW14 = 6.47±0.24) were closer to the recommended limits of WHO

drinking water guidelines of WHO which is 6.5-8.5 (WHO, 2011). The rest all measured values

were below the WHO standards and EPA standards of 6.5-8.5 (ES, 2001). The pH pattern of tap

water samples is closer to the storage reservoirs water (pH = 6.21±0.29-6.36±1.01) and the house

hold water (pH = 5.65±0.33-6.27±0.27).

Concerning to pH value tested results of household water samples (HH1 = 5.66±0.29,

HH2 = 5.65±0.33, HH3=5.72±0.34, HH4=5.67±0.58, HH5=5.96±0.17, HH6=5.72±0.52,

HH7=5.69±0.39, HH8=5.83±0.16, and HH11=5.87±0.36) were below the WHO as well as EPA
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permissible recommended limit values of (WHO, 2011; pH 6.5-8.5) and (ES, 2001; pH 6.5-8.5)

drinking water. The results in table 4.1, (pH = 5.65±0.33-6.27±0.27) indicated that most of the

household water samples were acidic water similar to reservoirs and tap water samples.

Figure 4.2 Mean pH values of the study of reservoirs, end user taps and household

containers water samples

As shown in figure 4.2 above, the mean pH values for the reservoirs, end user taps and

household containers water were 6.29±0.24, 6.04±0.26 and 5.87±0.27, respectively. The acidity

of water more in household containers then in end users taps might be due to the presence of

hydrogen ions are found as a result of organic materials within a body of water. According to

Brian (2012) when organic material within a body of water decomposes carbon dioxide is

released. The carbon dioxide combines with water to form carbonic acid. Although this is a weak

acid, large amounts of it will lower the pH. Another factor which might be the causes for higher

level of pH of a body of water in household containers is the dumping of chemicals into the

water by individuals, industries, and communities. When something as "harmless" as shampoo

rinse water is actually a chemical brew and can affect the pH along with other chemical
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parameters of water. A similar study conducted in Akaki-Kaliti Sub City of Addis Ababa showed

a mean pH of 7.6 from storage reservoir water samples (Mengestayehu Birhanu, 2007).

Generally, this study showed that the water is acidic when compared with the national and WHO

standards as well as other studies conducted in different towns of Ethiopia. Hence, the water

needs treatments of pH value before distributed to the towns residences.

3. Turbidity

Turbidity values in both reservoirs (R1 and R2) were show a positive value. According to

WHO standards the value less than 5 NTU is usually acceptable and drinking water is best

consumed with less than 1 NTU for health purpose (WHO, 2011). Therefore, the values of both

reservoirs (R1 = 1.33±0.57 NTU and R2 = 0.00 NTU) were below 5 NTU and achieved the

permissible limit of drinking water standard of WHO and Ethiopian standards (WHO, 2011; ES,

2001).

Turbidity is the most important problem for the aesthetic value of water quality. Although

it doesn’t necessarily adversely affect human health, it can protect microorganisms from

disinfection effects, can stimulate bacterial growth, and indicate problems with treatment

processes (WHO, 1996). In this study, the mean values of turbidity of all tap waters

(0.64 ± 0.25 NTU) were below 1 NTU. Therefore, the study indicated that the values of tested

turbidity were within the permissible recommended limits value of WHO which is < 5 NTU

(WHO, 2011). Hence, turbidity is not a water quality problem with regard to tap water. The least

turbidity was found in tap water samples of TW2, TW11, TW12 and TW13 which was zero

(0.00 NTU) and the highest value was observed in tap water samples of TW10 and TW14 which

was equal to 1.3±0.57 NTU.
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With regard to turbidity of household containers (Table 4.1), all household samples of

water did not shown any turbidity value out of WHO recommended limit value of less than

5NTU (WHO, 2011) and EPA standards of <5NTU (ES, 2001). The least turbidity was observed

in households four, five, eight, nine and twelve (HH4 = HH5 = HH8 = HH9, TW12 = 0.00NTU)

and the highest was found in households three and ten (HH3 = 1.67±1.15NTU and

HH10 = 1.67±0.57NTU). The tested results of all the household water samples show that

turbidity is not a water quality problem of Chancho Town.

Figure 4.3 Mean turbidity values of the study of reservoirs, end user taps and household

containers water samples

Figure 4.3 shows that higher turbidity values are found in household containers than the

reservoirs and end user taps water. The reason why high level of turbidity in the household

containers water than the reservoirs and end user taps water might be due to the clouding of

water caused by organic substances such as various microorganisms, finely divided vegetable or

animal matter, grease, fat, oil, and others (MPCA, 2008).
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4. Electrical Conductivity

The electrical conductivity values determined for Chancho town of the reservoirs water samples

were 286.33±13.32µS/cm and 285.33±12.09µS/cm, respectively (Table 4.1). The results were

indicated that EC found in the two reservoirs were within the standards of WHO recommended

limit that is 1000µS/cm (WHO, 2011).

Similarly, measurements on electrical conductivity (EC) of tap water ranged from

271.67±24.58 - 295.67±7.37µS/cm (Table 4.1). The least level of EC was observed in tap water

twelve (TW12 = 271.67±24.58µs/cm), followed by tap water six and ten

(TW6 = 272.00±14.73µs/cm and TW10 = 272.00±13.89µs/cm). Tap water two (TW2) had the

highest conductivity of 295.67±7.37µs/cm. Generally, the results were indicated that EC found

in tap water samples were within the standards of WHO recommended limit of 1000 µS/cm

(WHO, 2011).

The electrical conductivity of the Chancho’s household water samples were ranging from

249.33±41.19µS/cm to 332.00±14.80µS/cm (Table 4.1). The least measurement was found in

household five (HH5=249.33±41.19µS/cm) and the highest value of measurement was obtained

in household seven (HH7=332.00±14.80µS/cm). In all households, the tested values were within

the permissible recommended limit a value of WHO which is 1000 µS/cm (WHO, 2011).
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Figure 4.4 Mean electrical conductivity values of the study of reservoirs, end user taps and

household   containers water samples

In this study, the mean value of EC in reservoirs, end user taps and household containers

were found be 285.83±12.71µS/cm, 281.07±11.32µS/cm and 296.64±29.39µS/cm, respectively

(Figure 4.4). The levels of EC were higher in household containers water than the reservoirs and

end user taps water. The reason why household containers water relatively more conductive

might be due to presence of inorganic materials (dissolved ions) such as sodium, (Na+) calcium

(Ca+2), potassium (K+) and magnesium (Mg+2) chloride (Cl-), sulfate (SO4
-2), carbonate (CO3

-2),

bicarbonate (HCO3
-), Nitrates (NO3

-), phosphates (PO4-3) and other ions dissolved in a water

body (Sunitha et al., 2013).

5. Total Dissolved Solid

Total dissolved solid (TDS) in the two reservoirs were 258.67±5.94mg/l and

259.00±14.00mg/l, respectively (Table 4.1). The measurements of both reservoirs were indicated

that TDS levels were within the standard of WHO of 1000 mg/l (WHO, 2011).
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As shown on from Table 4.1, all the fourteen tap water samples had levels of TDS content

which met the WHO standard value of 1000 mg/l (WHO, 2011). In this study, TDS content

values ranged from 244.33±4.73mg/l to 267.67±21.13mg/l. Tap water six (TW6) had the lowest

TDS value of 244.33±4.73mg/l; followed by tap water ten (TW10 = 245.33±5.51mg/l) and tap

water fourteen (TW = 248.33±2.89mg/l. The highest level was observed in tap water two

(TW2 = 267.67±21.13mg/l).

The measurement on TDS of the fourteen household containers of the Chancho town

water samples were ranging from 233.00±39.51mg/l to 291.00±13.89mg/l (Table 4.1). The least

tested value was recorded in household five (HH5 = 233.00±39.51mg/l) and the highest value

was observed in household seven (HH7 = 291.00±13.89mg/l). In all households, the measured

values of TDS were within the WHO permissible recommended limit value of 1000mg/l (WHO,

2011).

Generally, TDS is not problem of Chancho town drinking water quality since its tested

values are 258.83±14.52mg/l in reservoirs, 255.19±15.75mg/l in end user taps and

268.52±23.43mg/l in household containers which met the WHO permissible recommended limit

value of 1000mg/l (WHO, 2011). But higher levels of TDS were found in household containers

water samples than the reservoirs and end user taps water samples. The reason why high levels

of TDS found in household containers water samples might be due to the household water

quality was exposed to different chemicals and animal wastes due to poor sanitation and hygienic

practice of the residences and improper handling of water (Sunday and Innocent, 2012).
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Figure 4.5 Mean total dissolved solids values of the study of reservoirs, end user taps and

household   containers water samples

6. Nitrate (NO-
3)

The nitrate concentration (Table 4.1) was found 0.15±0.07mg/l in reservoir one (R1) and

0.22±0.02mg/l in reservoir two (R2) which met the WHO standard value of 50 mg/l

(WHO, 2011) as well as the Ethiopian Environmental Protection Authority standard value of

50mg/l (ES, 2001).

Similarly, the NO3
- concentrations in all the fourteen sampling points were within the

acceptable WHO guideline value of 50mg/l (WHO, 2011). The level ranged from 0.08±0.02mg/l

to 0.26±0.10mg/l. The lowest level was observed in tap water eleven (TW11 = 0.08±0.02mg/l)

and the highest level were found in tap water five and nine (TW5 = 0.26±0.10mg/l and

TW9 = 0.26±0.02mg/l) (Table 4.1).
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Nitrate content of all water samples taken from household containers (Table 4.1) were

found between 0.25±0.08mg/l and 0.39±0.06mg/l that was within the WHO permissible limit for

drinking water of <50mg/l (WHO,2011). The least value was found in household two

(HH2 = 0.25±0.08mg/l) and the highest was observed in household four, ten and thirteen

(HH4 =0.39±0.07mg/l and HH10 = HH13 = 0.39±0.06mg/l).

Figure 4.6 Mean nitrate values of the study of reservoirs, end user taps and household

containers water samples

As shown in figure 4.6 above, the mean nitrate values for the reservoirs, end user taps and

household containers water were 0.18±0.05mg/l, 0.17±0.02mg/l and 0.33±0.06mg/l, respectively

which met the WHO permissible limit for drinking water of <50mg/l (WHO,2011). Therefore,

nitrate is not a water quality problem with regard to Chancho town drinking water. However,

comparing the reservoirs, end users taps and household containers water, high levels of nitrate

were found in household containers water similar to turbidity, electrical conductivity and total
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dissolved solids. The causes why higher levels of nitrates obtained in household containers water

samples than the two reservoirs and fourteen end user taps might be due to human activities

include fertilizers, municipal wastewater and sludge, animal wastes, and food processing wastes

(Barbara and Nancy, 2010).

7. Phosphate (PO3-
4)

The concentration of phosphate in the water sampled from the two reservoirs ranged from

0.09±0.02mg/l to 0.23±0.02mg/l (Table 4.1). Similarly, the phosphate analysis mean value

indicated that the value of fourteen sample points were not more than 1.00mg/l (Table 4.1). The

values range from 0.10±0.02mg/l to 0.20±0.04mg/l.

Concerning to phosphate concentration in household containers water samples, all samples

were below 1.00mg/l similar to reservoirs and end user tap water samples (Table 4.1). The least

value was observed in household six (HH6 = 0.16±0.02mg/l) and the highest concentration was

found in household one (HH1 = 0.38±0.13mg/l).

Figure 4.7 Mean phosphate values of the study of reservoirs, end user taps and household

containers water samples
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Generally, the levels of phosphates found in Chancho town water samples were below

1.0mg/l (Figure 4.7). Hence, phosphate is not a water quality problem of the town similar to

nitrate. However, high levels of phosphates were found in household containers water sample

rather than reservoirs and end user taps water samples. This condition exists might be due to

contamination of water by phosphate consisting of fertilizer, manure, and human waste.

Furthermore, it might be occurred in water as result of domestic sewage, detergents, agricultural

effluents with fertilizers and industrial waste water (Mawhoob, 2013).

8. Total Hardness

Total hardness in both the reservoirs of water had levels within the WHO acceptable limit

of 500 mg/l (WHO, 2011) as well as the EPA standards of 300 mg/l (ES, 2001). The least level

was found in R1 (112.12±8.82 mg/l) and the highest level was in R2 (148.33±7.02 mg/l) (Table

4.1).

The results of the tested end user taps water were varied between 103.70±8.65mg/l and

150.80±8.72mg/l (Table 4.1). The minimum mean total hardness concentration occurred at tap

water three (TW3 = 103.70±8.65mg/l) and the maximum at tap water two (TW2 =

150.80±8.72mg/l). The results indicated that all the sampling sites were found within the WHO

guidelines for drinking water recommended value of 500 mg/l (WHO, 2011) and the EPA

standards of 300mg/l (ES, 2001).

The measured values of total hardness in household containers of Chancho town were

ranging from 105.23±10.68mg/l to 142.01±11.52mg/l (Table 4.1). The tested value indicated that

TH was within the recommended limits value of WHO which is 500mg/l (WHO, 2011) as well

as the EPA standards of 300mg/l (ES, 2001).
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Figure 4.8 Mean total hardness values of the study of reservoirs, end user taps and

household   containers water samples

Comparing to reservoirs, end user taps and household containers water samples, more

concentration of TH and low concentration were found in reservoirs and household containers

water samples (Figure 4.8), respectively. However, TH is not  a water quality problem of the

town water due to its concentration is within the WHO permissible limit for drinking water of

<500mg/l (WHO,2011). The reason why higher levels of TH in reservoirs and end user taps

water samples than household containers water samples might be due to the presence of a variety

of dissolved polyvalent metallic ions-predominantly calcium and magnesium-although with

other ions, such as aluminum, barium, iron, manganese, strontium, lead, zinc ions from

sedimentary rocks, seepage and runoff soils in water from natural sources of water body

(Shivaraju, 2012).

9. Calcium ion (Ca2+)

The Ca2+ levels of the reservoir sampling points were 27.11±3.29mg/l and

33.72±2.52mg/l, respectively which met the WHO recommended limited value of 200mg/l

(WHO, 2011) and EPA standard of 75mg/l (ES, 2001).
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The mean values of the laboratory analysis for calcium ion concentrations of Chancho town’s

end user taps water ranges from 22.34±2.69mg/l to 38.75±6.02mg/l, which is below the

maximum allowable WHO calcium level i.e. 200mg/l (WHO, 2011) as well as EPA standards of

75mg/l (ES, 2001).

The Ca2+ levels of the various sampling points of household containers water samples

were ranged from 25.64±3.55mg/l to 41.12±6.93mg/l (Table 4.1). They were all within the

WHO acceptable standard of 200mg/l (WHO, 2011) as well as EPA standards of 75mg/l (ES,

2001). The least level was found in household six (HH6 = 25.64±3.55mg/l) and the highest level

was found in household two (HH2 = 41.12±6.93mg/l).

Figure 4.9 Mean calcium ion (Ca2+) values of the study of reservoirs, end user taps and

household   containers water samples

Higher concentration of calcium ion (Ca2+) was recorded in household containers water

samples than the reservoirs and end user taps water samples (Figure 4.9). The causes of

increment of calcium ions in household containers water samples might be due to chemical

reactions took place in the water as results of rise of temperature in the household containers
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water samples. Calcium is naturally more active metal than magnesium, therefore, it react with

negative ions (anions) if they are found in water faster than magnesium ion (WHO, 2009).

Hence, compounds of calcium might be dissolved and released more calcium ion (Ca2+) in the

household water than the reservoirs and end user taps water body due to elevation of temperature

(Venkatesharaju, 2010) .

10. Magnesium ion (Mg2+)

Magnesium ion concentrations of both of the reservoirs were within the WHO acceptable

guideline value of 150mg/l (WHO, 2011) as well as EPA standards of 50mg/l (ES, 2001). The

concentration of magnesium ion in this research results were 10.64±1.50mg/l for R1 and

15.37±2.90mg/l for R2 (Table 4.1).

Similarly, magnesium ion concentrations of all the tap water were within the WHO

acceptable guideline value of 150mg/l (WHO, 2011) and EPA standards of 50mg/l (ES, 2001).

The concentration ranged from 10.28±1.54g/l to 20.60±2.75mg/l (Table 4.1). The least

concentration was observed in tap water twelve (TW12 = 10.28±1.54mg/l) and the highest level

was observed in tap water four (TW4 = 20.60±2.75mg/l).

Magnesium ion concentrations of all the household containers of water samples were

within the WHO acceptable guideline value of 150mg/l (WHO, 2011) as well as EPA standards

of 50mg/l (ES, 2001). The concentration ranged from 7.91±1.99mg/l to 13.63±3.15mg/l (Table

4.1). The least concentration was observed in household container nine (HH9 = 7.91±1.99mg/l)

and the highest level was observed in household container five (HH5 = 13.63±3.15mg/l).
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Figure 4.10 Mean magnesium ion (Mg2+) values of the study of reservoirs, end user taps

and household   containers water samples

Comparing to reservoirs, end user taps and household containers water samples higher

magnesium concentration was found in end user taps water samples and least was found in

household containers water samples (Figure 4.10). The reason why magnesium ions decrease in

household containers water samples might be due to chemical reactions took place in the

household containers water samples and the dissolved magnesium ions found in the water might

be participated in the reaction so that there levels were decrease in household containers water

samples when compared with the reservoirs and end user taps water samples (Mawhoob, 2013).

Generally, calcium and magnesium concentrations in water have been linked to outcomes

in heart diseases. There is epidemiological evidence to suggest a lower incidence of heart disease

in communities with hard water (high calcium and magnesium content) (Maureen et al., 2012).

But, in this research since concentrations of calcium and magnesium are within the WHO and ES

permissible recommended limit, they are not problem of Chancho’s town drinking water quality

(WHO, 2011; ES, 2001).
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4.1.2. Microbiological Parameters of Drinking Water

As shown in the Table 4.1, the mean values for total coliform (TC) for the reservoirs, R1

and R2 were 15.33±0.58CFU /100 ml and 18.33±2.89CFU/100ml, respectively. According to

WHO and EPA standards, the recommended TC value for drinking water is 0.00CFU/ 100 ml

(WHO, 2011; ES, 2001). However, the mean values TC of the two reservoirs were out of the

WHO as well as the standards of EPA. The high total counts, especially in reservoir two,

indicated a relatively high level of contamination of water. The causes of contamination of water

was might be due to the water was used by domestic animals and was exposed to heavy rainfall

since reservoir two has got leakage at wall and base.

The mean concentrations of FC in the two distribution systems (storage reservoirs) were

0.00CFU/100 ml (Table 4.1). Therefore, the average counts of FC were within the recommended

limit of WHO and the standards of EPA which is 0.00CFU/100ml (WHO, 2011; ES, 2001). The

absence of FC in the two reservoirs indicated that the water might not be exposed to human

wastes (excreta) due to the reservoirs were outside of the town, especially R2.

The evaluation of the water quality of the tap water systems after having taken 14 private

tap sampling points in Chancho town showed significant variations amongst the sampling points

(Table 4.1). All tap water samples (100%) were found to contain TC ranging from

19.67±9.61CFU/100ml up to 48.33±9.29CFU/100ml; whereas except tap water fourteenth

(TW14 = 0.00CFU/100ml) the rest 93% (1.00±0.00 CFU/ 100ml -36.33±14.01CFU/ 100ml) of

the samples were found to contain FC. Therefore, Chancho town’s tap water is not fulfilled the

WHO as well as EPA standards of drinking water quality 0.00CFU/100ml in case of TC and FC

(WHO, 2011; ES, 2001)
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The presence of faecal coliform bacteria indicated that the water was might be

contaminated with human faecal or animal waste, while the total coliform counts indicated that

the water was contaminated with both faecal waste and other bacteria from the soil.

In all water samples taken from the household containers, total coliform (TC) and feacal

coliform (FC) were found 100% (Table 4.1) with ranging from 28.67±11.01 CFU/100ml to

106.67±21.96 CFU/100ml in TC and 1.33±0.58 CFU/100ml to 58.00±6.24 CFU/100ml in FC.

Therefore, the water is high risk to human health since all samples indicated that they were

beyond of the permissible recommended limit value of WHO guidelines of drinking water of

0 CFU/100ml (WHO, 2011) as well as the national standards of 0 CFU/100ml (ES, 2001)

Figure 4.11 Mean Total Coliform (TC) and Feacal Coliform (FC) values of the study of

reservoirs, end user taps and household   containers water samples

The high total and faecal coliforms counts indicated a relatively high level of

contamination especially in end user tap and household containers water where the water was

used by domestic animals and human, for different activities and was exposed to animals and
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human wastes (Figure 4.11). Other possible sources of contamination of water in the study area

could be the presence of pit latrines close to tap water, lack or little environmental protection,

and poor sanitation (Desalegn Amenu et al., 2012)

Table 4.2 Overall Mean Physico-chemical and microbiological analysis of storage

reservoirs, end user taps and household containers water samples

Sampling
sites

Parameters

Tem.
(oC)

pH Turb.
(NTU)

E.C
(µS/cm)

TDS
(mg/l)

NO3
-

(mg/l)
PO4

3-

(mg/l)
TH

(mg/)
Ca2+

(mg/l)
Mg2+

(mg/l)
TC

(CFU/100ml)
FC

(CFU/100ml)

R 16.87
±0.65

6.29
±0.26

0.67
±0.29

285.83
±12.71

258.83
±14.52

0.18
±0.05

0.16
±0.02

130.23
±7.92

30.38
±2.90

13.01
±1.81

16.83
±1.73

0.00

TW 17.48
±2.03

6.04
±0.24

0.64
±0.25

281.07
±11.32

255.19
±15.75

0.17
±0.02

0.17
±0.02

129.66
±8.22

29.72
±4.25

13.89
±1.81

32.98
±10.71

7.52  ±2.94

HH 18.45
±1.50

5.87
±0.27

0.76±
0.33

296.64
±29.39

268.52
±23.43

0.33
±0.06

0.28
±0.03

123.78
±13.16

32.47
±4.57

10.27
±1.43

54.90
±9.10

22.26
±3.71

Mean 17.60
±0.80

6.07
±0.21

0.69
±0.06

287.83
±7.98

260.85
±6.89

0.23
±0.09

0.20
±0.07

127.89
±3.57

30.86
±1.44

12.39
±1.89

34.90
±19.11

14.89
±10.42

Keys: R1 = reservoir; TW=tap water; HH = household water; Tem= temperature; Turb =

turbidity; E.C = electrical conductivity; TDS = Total dissolved solid, TH = Total

hardness, TC= Total coliform and FC= Feacal coliform

Generally, the overall results of Chancho Town water samples analysis are; turbidity

(0.69±0.29NTU), EC (285.83±12.71), TDS (258.83±14.52), TH (130.23±7.92) and all the

cations; Ca2+ (30.38±2.90) and Mg2+ (13.01±1.81) as well as anions; PO4
3- (0.16±0.02) and NO3

-

(0.18±0.05) values recorded from storage reservoir, end user tap water and household water

samples were met the WHO and national standards (Table 4.2).

Temperature value records from storage reservoir to household water samples showed that

16.87±0.65oC of the reservoirs, 17.48±2.03oC of the end user taps water and 18.45±1.50oC of the

household containers water samples. And the overall pH value records from storage reservoirs

end user taps and household containers water samples showed that 6.29±0.26 of the two
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reservoirs, 6.04±0.24 of the fourteen end users taps water and 5.87±0.27 of the fourteen

household containers water samples, respectively (Table 4.2).

Similarly, the TC value records from storage reservoirs, end user taps and household water

samples showed that all of (100%) the two reservoirs (16.83±1.73), the fourteen end user taps

water (32.98±10.71), and the fourteen household containers (54.90±9.10) were contaminated by

TC. The FC value records from storage reservoirs, end user taps and household containers water

samples showed that 0.00% of the two reservoirs, 100% of the fourteen end users taps water

(7.52±2.94), and 100% of the fourteen household containers (22.26±3.71) were contaminated by

FC (Table 4.2).

High counts of total coliforms and feacal coliforms at the house hold drinking water

indicates that the water has been faecally contaminated. Poor sanitation and poor hygiene in

household were the main factors for the contamination water during storage at home. A similar

drinking water quality assessment study in Ethiopia showed that the majority of household water

containers did not met the recommended limit of WHO and ES and classified as high risk to

health classification level. This finding was in agreement to the studies conducted in Ethiopia

(Hardeep et al, 2013).

4.2. Correlations among the microbiological and  physico-chemical

parameters

The water quality is usually measured by taking the physical, chemical and biological

parameters. But the numbers of such parameters are so high that sometimes it is not possible to

specify the quality of water. So it is useful to find the correlation among the various parameters,

which will give a rough indication of the quality of water. Furthermore, correlation is used for
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the measurement of the strength and statistical significance of the relation between two or more

water quality parameters. Hence, it is a helpful tool for the promotion of research. It can put

forward possible causal or mechanistic relationships. The correlation coefficient ‘r’ between

different parameters has been calculated as shown in Table 4.3 and Table 4.4.

Correlation coefficients (r) between the microbiological and physicochemical parameters

analyzed were both significant (p < 0.05) and highly significant (p < 0.01) which the levels of the

correlations obtained from statistical data analysis for selected drinking water quality parameters.

The smaller the p-value the higher is the correlation coefficients (Appendix III and IV). The

correlation coefficients runs from -1 to 1 (-1 ≤ r ≤ 1).

4.2.1. End user taps Water

Statistically highly significant positive correlations (p < 0.01) were obtained between TDS

and EC (r = 0.82) (Table 4.3). This direct correlation indicated that the increase of the TDS also

increase EC. Moreover, it could also possibly showed that they both were emanated from the

same type of sources might be attributed to the activities such as dumping of wastes and

municipal discharge carried out nearby. A similar correlation was also reported by Kirshna

(Kirshna et al., 2006).

The strong positive correlations observed between FC and Temperature (r = 0.64) showed

that the increase of temperature in the taps water causes an increase of FC. This condition might

be indicated that the sources and increments of feacal coliform bacteria in end user taps more

than storage reservoirs were humans and animals wastes with dependent of temperature value.
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In addition to this, there were also moderately significant positive correlations observed at

(p < 0.05) level of significance between TC and FC (r = 0.47), TC and Turbidity (r = 0.60),

FC and Mg2+ (r = 0.56), Temperature and pH (r = 0.54), EC and NO3
- (r = 0.56), TH and Ca2+

(r = 0.60).

This positive correlation between TC and FC observed at end user taps might be due to the

pollution of water by humans and animals wastes (Sunitha et al., 2013). Similarly, observation of

positive correlation between TC and turbidity might be due to the presence of dissolved

chemicals that make water cloudy and enhance contamination of water quality by TC bacteria

(Desalegn Amenu et al., 2012).

Positive correlation between Mg2+ and FC shows that the increase of Mg2+ in the end user

taps water causes an increase of FC. In the same condition, positive correlation between

temperature and pH showed that the increase of temperature in the tap water causes an increase

of pH. This relation suggested that potential sources of pollution in the end user taps water might

be due to dissociation of chemical compounds as result of increment of temperature which

renders positive ions (cations) and hydroxide ions that cause increment of pH. Also, observation

of positive correlation between EC and NO3
- might be due to both EC and NO3

- emanated from

the same type of sources (Sirajudeen and Mohamed Mubashir, 2013). Similarly, TH was found

to be significantly and positively related to Ca2+. This direct relation between TH and Ca2+ might

be due to presence of dissolved minerals derived from the same sources that contains both TH

and Ca2+ (Well care, 2004).
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Table 4.3 Correlation matrixes of the physico-chemical parameters analyzed in the end

user taps water samples of Chancho town.

r TC FC T pH Turb TDS EC TH Ca2+ Mg2+ NO3
- PO4

3-

TC 1
FC .47* 1
T -.24 .64** 1

pH -.085 -.44 .54* 1
Turb .60* .06 -.03 -.12 1
TDS .00 .23 -.35 -.28 -.36 1
EC -.17 .17 -.26 .01 -.32 .82** 1
TH -.40 -.28 -.10 -.53* -.19 -.01 -.24 1
Ca2+

-.39 -.28 -.177 -.19 -.32 -.13 -.24 .60* 1
Mg2+

.28 .56* -.30 -.49* .10 .30 .14 .16 -.56* 1
NO3

-

-.09 -.28 .33 .02 .02 .44 .56* -.15 -.28 -.07 1
PO4

3-

-.19 .03 -.06 -.19 -.54* .33 .25 -.01 -.13 .14 .28 1

*Correlation significant at the 0.05 level (p<0.05).

**Correlation significant at the 0.01 level (p<0.01).

Additionally, the negative correlations between pH and TH (r = -0.53), pH and Mg2+

(r = -0.49), turbidity and PO4
3- (r = -0.54), Ca2+ and Mg2+ (r = -0.56) which showed that the

increase or decrease of one causes the decrease or increase on the concentration of the other

respectively. Therefore, pH was found to be significantly and inversely or negatively related to

TH and Mg2+. This relation might be indicated that pH level decreases as the levels of TH and

Mg2+ increase due to TH and Mg2+ were reacted with OH- found in the water which increases the

level of pH (Sunitha et al., 2013). Similarly, turbidity was found to be inversely and negatively

and significantly related to PO4
3-. This relation might be due to increment of microbiological

organisms when turbidity of water increase, on other side the level of  PO4
3- was decrease since

those microorganism were consume the PO4
3-. Also, Ca2+ was found to be significantly and

negatively related to Mg2+. This inverse relation was occurred might be due to the chemical
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reactions of Ca2+ and Mg2+ with negative ions (anions) found in the water (Maureen et al., 2012).

Rest of the combinations were not significantly related to each other (Table 4.3)

4.2.2. Household Containers Water

Statistically, using Pearson’s correlation coefficient (at P < 0.01; Table 4.4), highly strong

positive correlation were found between EC and TDS (r = 0.98) and TH and Ca2+ (r = 0.83).

Positive correlation between EC and TDS showed that the increase of EC in the household

containers water causes an increase of TDS. This relation might be due to emanation of both EC

and TDS from the same type of sources (Sirajudeen and Mohamed, 2013). In similar condition,

positive relation found between TH and Ca2+ might be indicated that both TH and Ca2+ derived

from the same type of sources such as dissolved minerals (Well care, 2004).

Similarly, strong negative correlation was obtained between TDS and pH (r = -0.62). This

inverse relation showed that the increase or decrease of TDS causes the decrease or increase on

the concentration of the pH. The relation between TDS and pH indicated that TDS found in the

drinking water might be contained more negative ions (anions) which were reacted with

hydrogen ions (H+) that reduce the level of pH. Furthermore, the relation of TDS and pH was

indicated that the water quality was contaminated by acidic wastes of humans and animals due to

poor hygienic and sanitation of the residences of the town (Karikari and Ansa-Asare, 2004).

A significantly positive correlation (p <0.05) was observed between Turbidity and TDS

(r = 0.61), Turbidity and EC (r = 0.60), Turbidity and TH (r = 0.48), and PO4
3- and Mg2+

(r = 0.48). However, negative correlation was found between pH and FC (r = -0.57), pH and EC

(r = -0.54), Turbidity and NO3
- (r = -0.56) and Mg2+ and Ca2+ (r = -0.48).
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The relation of turbidity with TDS, EC and TH positively indicated that pollution of water

quality (cloudiness of water) might be due to increment of TDS, EC and TH as result of their

emanation from dissolved ions of animal wastes and human activities in to water body. However,

the negative relation of turbidity with NO3
- showed that NO3

- was not agent for cloudiness of

water (Shivaraju, 2012).

Additionally, Mg2+ was found to be significantly and positively related to PO4
3- and

inversely or negatively related to Ca2+. The positive relation between Mg2+ and PO4
3- indicated

that both ions (Mg2+ and PO4
3-) might be emanated from the same sources as Mg3(PO4)2 and

dissociated (ionized)  as Mg2+ and PO4
3- when they were enter the water body (Mawhoob, 2013).

However, the negative relation between Ca2+and Mg2+ indicated that they might be derived from

the different types of sources and contaminated water quality (Ibandarisuk, 2012).

Table: 4.4. Correlation matrixes of the physico-chemical parameters analyzed in the
household container water samples of Chancho town.

r TC FC T pH Turb TDS EC TH Ca2+ Mg2+ NO3
- PO4

3-

TC 1

FC .44 1

T .35 .42 1

pH -.15 -.57* .03 1

Turb .25 .24 .24 -.17 1

TDS .29 .33 -.07 -.62** .61* 1

EC .32 .28 -.15 -.54* .60* .98** 1

TH .34 -.31 .18 .11 .48* .13 .15 1

Ca2+ .22 -.40 .18 .06 .45 .28 .29 .83** 1

Mg2+ .17 .27 -.00 .04 -.03 -.29 -.30 .09 -.48* 1

NO3
- .23 -.24 -.04 .07 -.56* -.11 -.16 -.11 -.09 -.05 1

PO4
3- .01 -.22 -.31 .34 -.23 -.20 -.14 .20 -.11 .48* .09 1

*Correlation significant at the 0.05 level (p<0.05).

**Correlation significant at the 0.01 level (p<0.01).
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4.3. Results of Sanitary Inspection Survey

A cross-sectional sanitary assessment was carried out in each of the selected

reservoirs and house hold level to identify the risks for contamination with pathogenic organisms

of faecal origin. The assessment followed a standardized procedure described by WHO with a

series of questions with a yes, no options, and short answers for designated risks (Table 4.5 and

appendix I).

Out of 266 questionnaire respondents most of the people 249 (93.6%) in the town were

aware of the source of drinking water for members of households were borehole and the rest 17

(6.4%) were no had awareness of the source of drinking water for members of households. All

respondents in the town, 266 (100%) responded that they were collecting water from the taps

water with the proportion of 185 (69.5%) from private taps, 46 (17.3%) from public stand pipes

and the rest 35 (13.2%) from neighborhood taps. 165 (62%) of the residents of the town thought

that the quality of water providing by Chancho town was good and 101 (38%) responded the

quality of water was fair.

Out of 266 questionnaire respondents, 129 (48.5%) of them observed there was seasonal

quality of water variation and 107(40.2%) of them observed quality problems like change in

odour and taste from March to May.

Regarding to quantity of water, all of the respondents 266(100%) were answered there was

scarcity of water throughout the year and their water consumption per capital per day was less

than 20L for 163 (61.3%) people and between 21L and 35L for 103(38.7%) of the town

residents. According to (WHO 2008), people having access of water with water consumption per

capital per day less than 20 L considered to be under public health risk from poor hygiene and
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needs high intervention priority. Therefore, Chancho town residents were considered under

public health risk since their water consumption per capital per day was less than 20L for 163

(61.3%) people.

With the sanitary condition 153(57.5%) of the people answered there no water borne

diseases were observed in their families in the last two years but, 113(42.5%) answered they

were observed gastrointestinal water borne disease. The water handling practice of the people in

the town indicated that 263(98.9%) keep water container closed, and 105(39.5%) use to wash the

water container before filling in it with water. Out of 266 respondents 231(86.8%)  use toilets,

but only 43(16.2%) wash hands with soap after toilet (Table 4.5).

Table 4.5 Comparison of resident’s response to question asked and analysis of results

Questions asked to the residents Responses

Yes No

Is there any seasonal quality of water variation in the current distribution

system?

129 (48.5%) 137(51.5%)

Do you have been observed any quality problem of water? 107(40.2%) 159(59.8%)

Do you have sufficient water? 0(0%) 266(100%)

Have you ever had water borne disease in the family in the last two years? 113(42.5%) 153(57.5%)

Do you cover the water storage containers? 263(98.9%) 3 (1.1%)

Do you store water at home? 266 (100%) 0

Do you do any treatment of water 67 (25.2%) 199(74.8%)

Do you wash water container always before filling water in it? 105(39.5%0 161(60.5%)

Do you wash your hands always before drawing water from the storage

container?

38(14.3%) 228(85.7%)

Do you have toilet? 231(86.8%) 35(13.2%)

Do all family members wash their hands with soap when back from toilet? 43(16.2%) 223(83.8%)
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5. CONCLUSIONS AND RECOMMENDATIONS

5.1. Conclusion

Water is the most important of all natural resources. It is vital for all living organisms.

Accessibility and availability of fresh clean water is a key to sustainable development an

essential element in health, food production and poverty reduction. Sanitation and hygiene are

vital to ensure public health through clean water supply. In this study the physico-chemical

quality of the main distribution systems (reservoirs),  taps water systems and household systems

of Chancho town were met both the WHO and national standards except for temperature and pH.

However, the microbiological quality of the main distribution systems (reservoirs), taps water

systems and household systems of Chancho town were not met both the WHO and national

standards except for FC of the main distribution systems (reservoirs) water which was

0CFU/100ml.

The overall average turbidity (0.69±0.29NTU), EC (285.83±12.71), TDS (258.83±14.52),

TH (130.23±7.92) and all the cations; Ca2+ (30.38±2.90) and Mg2+ (13.01±1.81) as well as

anions; PO4
3- (0.16±0.02) and NO3

- (0.18±0.05) values recorded from storage reservoir, end user

taps water and household containes water samples were met  the WHO and national standards.

Similarly, the overall average temperature value records from storage reservoirs to

household water samples showed that 16.87±0.65oC of the two reservoirs, 17.48±2.03oC of the

fourteen end user taps water and 18.45±1.50oC of the fourteen household containers.

The pH value records from storage reservoirs, end user taps and household water samples

showed that 6.29±0.26 of the two reservoirs, 6.04±0.24 of the fourteen end user taps water, and

5.87±0.27 of the fourteen household containers.
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On the other hand, the observation of study strongly suggestes that water of Chancho town

is very high microbial content and needs to be disinfected before consumption to avoid water-

borne diseases. The TC value records from storage reservoirs, end user taps and household water

samples showed that all of (100%) the two reservoirs (16.83±1.73), the fourteen end user taps

water (32.98±10.71), and the fourteen household containers (54.90±9.10) were contaminated by

TC. Similarly, the FC value records from storage reservoirs, end user taps and household water

samples showed that 0.00% of the two reservoirs, 100% of the fourteen end user taps

(7.52±2.94), and 100% of the fourteen household containers water (22.26±3.71) were

contaminated by FC. The high TC and FC counted in all the water samples were might be caused

by organic contamination from external sources. Again other possible sources of this bacterial

contamination could be the settlement along these water bodies, an increment of population of

the town year to year, and poor or non- existent sewage system coupled with poor sanitary

conditions. Therefore, the high number of indicator micro-organisms’ counts observed, reflected

that the poor quality of water used by these communities. The people in the town therefore live

in constant risk of contracting water-borne and/or sanitation-related diseases as highlighted by

the microbiological quality of the water they use for drinking. Hence, overall the water in all the

sites in Chancho town was not fit for human consumption without prior treatment concerning to

microbiological parts. Furthermore, the present investigation is essentially a primary work and

needs to be further investigated to arrive at specified conclusion with respect to clinical

implications. Generally, in this study it may be concluded that the drinking water quality of

Chancho town is good for drinking purpose in terms of physico-chemical parameters but the

increase in number of FC and TC at end user tap and house hold level is alarming and measures

should be taken to mitigate such type of problems.
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5.2. Recommendations

This research work was done to show the water quality condition of  Chancho town and

the effect of sanitation and hygiene practice of the people of the town on that basis for further

detail research work to be conducted with in the area the following recommendation were given:-

 Protection of water sources (BH1, BH2 and BH3) should be given priority to protect the

reservoirs from which is exposed to nearby potentially pollutant sources.

 The town should have treatment plant (disinfection of water using disinfectants) so that it

helps to protect the contamination of water by bacteria (TC and FC).

 The water needs to be boiled before its domestic application to make water free of

bacteriological contamination.

 A lot of awareness creation activities should be done on sanitation and hygiene practice.

 The study was conducted within period of four months. It may lack comprehensiveness.

Further studies should be conducted in different seasons considering other water quality

parameters including heavy metals, trace organic compounds load; and borehole water

quality should be conducted
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APPENDICES

Appendix I Questionnaire on water Handling Practice of Residents

QUESTIONNAIRE-English version

ADDIS ABABA UNIVERSITY, SCHOOL OF GRADUATE STUDIES, CENTER FOR

ENVIRONMENTAL SCIENCE

I. General:

a. This questioner is prepared to assess the physicochemical and bacteriological

drinking water quality from source to end user in the case of Chancho town.

b. No need of telling your name to the data collector.

c. Feel free to answer each question. It is confidential.

d. Thank you for your cooperation

II. Water supply facility and their socio economic attributes

A. Water handling practices

1. What is the main source of drinking water for members of households?

a) Dam           b) Borehole          c) Spring d) River        e) I don’t know f) Others

2. Where do you get water?

a) Privet tap         b) Public stand pipe     c) Neighborhood taps    d) other source

3. What do you think about quality of water providing by Chancho Town?

a) Good              b) fair                          c) bad                           d) I don’t know

4. Is there any seasonal quality of water variation in the current distribution system?

a) Yes                  b) No
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5. If yes, which season is the worst?

a) Sep to Nov                   b) Des to Feb                  c) Mar to May

d) Jun to Aug                   e) No answer

6. Do you have been observed any quality problem of water?

a) Yes                    b) No

7. If your answer is yes, what kind of quality problem you observed?

a) Odour             b) Taste          c) Colour d) No answer

e) Others/specify ____________________________________

8. Do you have sufficient water? a) Yes                b) No

9. If no, in which season is the shortest of water occurred?

a) Sep to Nov                   b) Des to Feb                  c) Mar to May

d) Jun to Aug                   e) throughout a year

10. Have you ever had water borne disease in the family in the last two years?

a) Yes               b) No

11. If yes, what type of disease?

a) Gastrointestinal              b) Dermal            c) respiratory tract

d) Others/specify ______________________________________

12. What is per capital water consumption in liters per day in the family?

a) < 10                             b) 10 to 20             c) 21 to 35                    d) >35

13. Do you store water at home? a) Yes b) No

14. If a question number 13 answers is yes, what type of container you are using to store Water?

a) Pot b) Bucket                              c) Jerricans

d) Others/specify ___________________________________________
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15. Do you cover the water storage containers?

a) Yes                       b) No

16. Do you do any treatment of water A) Yes                   b) No

17. If number 16 is yes, what method do you use?

a) Boiling          b) Wuha agar           c) Chlorination      d)  Slow sand filter

d) Other/specify ________________________________________

B. Household Sanitation and hygiene Facility

18. Where do you dispose liquid waste?

a) Open dumping in the compound site

b) Soak away pit inside the compound

c) Open dumping outside of the compound

d) Other/specify ____________________________________________

19. Do you wash water container always before filling water in it?

a) Yes b) No

20. Do you wash your hands always before drawing water from the storage container?

a) Yes           b) No

21. Do you have toilet? a) Yes            b) No

22. If question number 21 answers is yes, what type of toilet do you have?

a) Pit b) pour-flush     c) Public toilet

23. If question number 21 answers is no, where do the family members dispose excreta?

a) In the field                  b) other/specify _________________________________

24. Do all family members wash their hands with soap when back from toilet?

a) Yes                        b) No
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25. How far is the toilet from water taps?

a) In the residence          b) < 5m c) 5 to < 10m        d) 10 to 20m   e) >20m

26. What do you do if the pit latrine or septic tank filled?

a) Transport it by municipal/ privet service provider      b) prepare another pit

c) Other (specify) _______________________________________________

Appendix II WHO and Ethiopian Standards of Drinking water

Parameters WHO Standards, 2011 Ethiopian Standards, ES:261, 2001

pH 6.5-8.5 6.5-8.5

TDS 1000 mg/l 1000mg/l

EC 1000µS/cm -

Temp. - -

Turbidity 5NTU 5NTU

TH 500 mg/l 300 mg/l

Ca2+ 200 mg/l 75mg/l

Mg2+ 150 50mg/l

NO3
- 50mg/l 50mg/l

PO4
3- - -

TC 0CFU/100ml 0CFU/100ml

FC 0CFU/100ml 0CFU/100ml
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Appendix III Pearson correlation coefficient (r) and level of significance (p) values of the

microbiological and physico-chemical parameters analyzed in the end user taps water

samples of Chancho town.

TC FC T pH Turb TDS EC TH Ca2+ Mg2+ NO3
- PO4

3-

TC
r 1 .472* -.241 -.085 .599* .001 -.167 -.398 -.388 .281 -.094 -.189
p .044 .204 .386 .012 .499 .285 .079 .085 .165 .375 .259

FC
r .472* 1 .636** -.442 .060 .229 .169 -.281 -.276 .560* -.281 .029
p .044 .007 .057 .419 .216 .282 .166 .170 .019 .166 .461

T
r -.241 .636** 1 .536* -.030 -.349 -.262 -.097 -.177 -.301 .332 -.063
p .204 .007 .024 .459 .111 .183 .371 .272 .148 .123 .415

pH
r -.085 -.442 .536* 1 -.118 -.281 .013 -.533* -.186 -.487* .024 -.187
p .386 .057 .024 .343 .165 .483 .025 .263 .039 .467 .261

Turb
r .599* .060 -.030 -.118 1 -.362 -.322 -.188 -.323 .103 .015 -.542*

p .012 .419 .459 .343 .102 .131 .260 .130 .362 .480 .023

TDS
r .001 .229 -.349 -.281 -.362 1 .823** -.009 -.126 .295 .442 .333
p .499 .216 .111 .165 .102 .000 .487 .334 .153 .057 .122

EC
r -.167 .169 -.262 .013 -.322 .823** 1 -.239 -.238 .143 .557* .248
p .285 .282 .183 .483 .131 .000 .205 .206 .313 .019 .197

TH
r -.398 -.281 -.097 -.533* -.188 -.009 -.239 1 .600* .159 -.151 -.009
p .079 .166 .371 .025 .260 .487 .205 .012 .294 .303 .488

Ca2+
r -.388 -.276 -.177 -.186 -.323 -.126 -.238 .600* 1 -.559* -.280 -.130
p .085 .170 .272 .263 .130 .334 .206 .012 .019 .166 .329

Mg2+
r .281 .560* -.301 -.487* .103 .295 .143 .159 -.559* 1 -.065 .136
p .165 .019 .148 .039 .362 .153 .313 .294 .019 .413 .321

NO3
- r -.094 -.281 .332 .024 .015 .442 .557* -.151 -.280 -.065 1 .275

p .375 .166 .123 .467 .480 .057 .019 .303 .166 .413 .170

PO4
3- r -.189 .029 -.063 -.187 -.542* .333 .248 -.009 -.130 .136 .275 1

p .259 .461 .415 .261 .023 .122 .197 .488 .329 .321 .170

*Correlation is significant at the 0.05 level (1-tailed).

**Correlation is significant at the 0.01 level (1-tailed).
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Appendix ІV Pearson correlation coefficient (r) and level of significance (p) values of the

microbiological and physico-chemical parameters analyzed in the household container

water samples of Chancho town.

TC FC T pH Turb TDS EC TH Ca2+ Mg2+ NO3
- PO4

3-

TC
r 1 .441 .354 -.154 .245 .292 .323 .342 .215 .173 .232 .012

p .057 .107 .300 .199 .156 .130 .116 .230 .277 .213 .483

FC
r .441 1 .417 -.569* .242 .329 .284 -.306 -.400 .270 -.241 -.216

p .057 .069 .017 .202 .125 .162 .143 .078 .175 .203 .229

T
r .354 .417 1 .030 .244 -.068 -.150 .175 .176 -.002 -.044 -.314

p .107 .069 .459 .200 .408 .304 .275 .274 .497 .441 .137

pH
r -.154 -.569* .030 1 -.173 -.621** -.540* .109 .060 .042 .069 .340

p .300 .017 .459 .277 .009 .023 .355 .419 .443 .407 .117

Turb
r .245 .242 .244 -.173 1 .611* .595* .483* .449 -.026 -.563* -.234

p .199 .202 .200 .277 .010 .012 .040 .053 .465 .018 .211

TDS
r .292 .329 -.068 -.621** .611* 1 .975** .132 .278 -.294 -.105 -.203

p .156 .125 .408 .009 .010 .000 .327 .168 .154 .360 .243

EC
r .323 .284 -.150 -.540* .595* .975** 1 .146 .290 -.299 -.156 -.137

p .130 .162 .304 .023 .012 .000 .309 .157 .149 .297 .320

TH
r .342 -.306 .175 .109 .483* .132 .146 1 .832** .087 -.114 .204

p .116 .143 .275 .355 .040 .327 .309 .000 .383 .349 .242

Ca2+
r .215 -.400 .176 .060 .449 .278 .290 .832** 1 -.478* -.085 -.113

p .230 .078 .274 .419 .053 .168 .157 .000 .042 .387 .350

Mg2+
r .173 .270 -.002 .042 -.026 -.294 -.299 .087 -.478* 1 -.052 .484*

p .277 .175 .497 .443 .465 .154 .149 .383 .042 .430 .040

NO3
-

r .232 -.241 -.044 .069 -.563* -.105 -.156 -.114 -.085 -.052 1 .093

p .213 .203 .441 .407 .018 .360 .297 .349 .387 .430 .375

PO4
3-

r .012 -.216 -.314 .340 -.234 -.203 -.137 .204 -.113 .484* .093 1

p .483 .229 .137 .117 .211 .243 .320 .242 .350 .040 .375

*Correlation is significant at the 0.05 level (1-tailed).

**Correlation is significant at the 0.01 level (1-tailed).
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Appendix V Pictures of sample collection and chemical analysis

picture 1 Picture 2

picture 3 Picture 4

picture 5                                                                         Picture 6


