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ABSTRACT
The study was conducted at Wonji town, which is located 110 km south eastern of Addis

Ababa. The objective of the study was to assess bacteriological and chemical drinking water

quality and related impacts on public health. Laboratory analyses of drinking water samples,

questionnaires and relevant secondary data were used to generate important information

from the study. Drinking water samples were collected using standard procedures from pipes,

river and house hold water containers and analyzed for coliform bacteria using MPN

techniques and nitrate, nitrite, ammonia and fluoride using spectrophotometer. The data

were analyzed using SPSS software, t-test.

Average counts of TC and FC for the water samples from house hold containers ranged from

9-126.5 MPN/100 ml and 0-23 MPN/100 ml, respectively. For the water samples from pipes

and river, the average counts of TC and FC were 1.5-102 MPN/100ml and 0-22.5

MPN/100ml.The average concentrations of the chemical parameters from analyzed water

samples at the study area were 0.01-0.76 mg/l, 0.0015-0.025mg/l, 1.1-6.15 mg/l and 2.3-

5.8mg/lfor ammonia-nitrogen, nitrite-nitrogen, nitrate-nitrogen and for fluoride respectively.

Among analyzed drinking water samples, 70%, 90% and 100% of the samples were above

the WHO recommended guideline limits for TC, FC and fluoride respectively. There fore,

based on the results of most water samples, the water is non-potable from bacteriological

and chemical quality points of view.

The presence of high counts of total and fecal coliforms in the water samples could indicate

the fecal contamination and probably the presence of pathogenic organisms in the water that

could cause health risks to the community. Out of 128 Wonji high school students selected for

the study through questionnaires, 92 (71.88%) of them were affected by dental fluorosis.

Generally, the results of the study revealed that drinking water quality was deteriorated and

caused public health problems. There fore, effective chlorination and defluoridation of water

supplies are very important to improve the drinking water quality and the health of the

community at the study area.

VII
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1. INTRODUCTION
1.1.Background and Justification
Water quality refers to the characteristics of water supply that will influence its suitability for a

specific use. The ways in which water promotes the economic and general well-being of the

society are known as beneficial uses which include human and animal consumption, agriculture,

industry, navigation, recreation, fisheries and wildlife activities (Chapman, 1996). Numerous

parameters are used to determine the quality of water and health significances of contaminants

that may be found in the treated and untreated water (WHO, 1984). Measurements of biological,

chemical, physical and other parameters can be used to determine and monitor changes in water

quality whether the quality of water is suitable for the health of humans, aquatic life and the

natural environment.

Good quality drinking water is free from disease causing organisms, harm full chemicals,

radioactive matter, objectionable color or odor, tastes good and aesthetically appealing. More

stringent control of water contaminants and higher quality standards apply to water intended for

human consumption than for other uses (WHO, 2002). Improvements in the quality of water

available for human consumption contribute to the reduction of health hazards due to water

related diseases.

Water plays an important role by supporting life. However, if contaminated, it has great potential

for transmission of wide variety of diseases (Tebbut, 1998). Safe drinking water is a basic need

for human development, health and well being, and because of this it is an internationally

accepted human right (WHO, 2001). The relative importance of drinking-water quality to the

maintenance of public health may vary with respect to a number of geographical, social, seasonal

and other factors. Poor microbiological water quality is likely lead to out breaks of infectious

diseases. Chemical water quality is generally of lower importance as the impact on health tending

to be chronic long-term effects and time is available to take remedial action while health impacts

caused by microorganisms are immediate (WHO, 2004).
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Water contaminants can affect the chemical, physical and biological integrity of water bodies

and alter habitats for living organisms (US EPA,1993).Water quality degradation is one of the

major environmental problems of these days (Tamiru, 2004). Fast population growth,

uncontrolled urbanization, industrialization, intensive agriculture, uncontrolled waste disposal

and other human activities cause serious water quality degradation.

The most common and widespread danger associated with drinking water is contamination either

directly or indirectly by sewage or other wastes of human and animal origin. Faecal pollution of

drinking water may introduce a variety of intestinal pathogens that may cause diseases (WHO,

1984). The major types of pathogenic organisms that can affect the safety of drinking water are

bacteria, viruses, protozoa and occasionally worm infections.

The WHO (2002) estimated that up to 80% of all sicknesses and diseases in the world is caused

by inadequate sanitation, polluted water or unavailability of water. WHO (2002) data on the

burden of disease suggests that approximately 3.2% of deaths (1.8million) and 4.2% of disability

adjusted-life years (61.9 million) worldwide are attributable to unsafe water, sanitation and

hygiene. An estimated 99.8% of such deaths occur in developing countries.

In Ethiopia, water quality, coverage levels for water and sanitation are among the lowest in the

world, especially for rural areas. Poor sanitation and hygiene is a national crisis because it is

creating a huge disease burden, contributing to poverty and environmental degradation (MOWR,

1999).

Excessive and undesirable level of fluoride in drinking water supplies is a major problem in the

rift valley of Ethiopia. People in several regions of the rift valley of Ethiopia are consuming water

with fluoride up to 33 mg/l which has resulted in permanent deformities, joint pains, general

impairment and suffering (Teklehaimanot, 1987). According to the study made on endemic

fluorosis in the rift valley areas the prevalence of dental fluorosis ranged from 69% to 98%

(TekleHaimanot, 1987). It was reported that more than 500 workers retired from wonji sugar

estate at age of 45- 50 years because of the inability to perform their physically strenuous jobs

due to skeletal fluorosis. Despite the serious public health problems, appropriate, effective and
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locally available defluoridation technologies were not established .The problems are still there.

Wonji was selected for the study because of the following reasons:

Previous studies did not assess the bacteriological quality (total coliforms, fecal coliforms, E.coli

type I), the concentrations of nitrate, nitrite and ammonia in drinking water and related health

effects. The previous studies on fluoride were focused on determining the concentrations in

ground waters and were not supported by questionnaires. Since environment is dynamic, we

expect many changes through time. There fore, this study tried to assess mainly the current

situations of drinking water quality and associated health impacts at Wonji town.

1.2. Research objectives
1.2.1. General objective

To determine chemical and bacteriological drinking water quality and associated effects on

public health at Wonji town.

1.2.2. Specific objectives
 To determine the concentrations of fluoride, nitrate, nitrite, ammonia and pollution

indicator bacteria (total coliforms, fecal coliforms, E.coli type I) in drinking water and to

identify possible sources.

 To compare bacteriological quality of drinking water at household water containers with

out side water sources (pipes and river).

2. Literature review
2.1. Water quality and public health
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The drinking water of most countries is obtained from surface sources such as rivers, streams and

lakes (Diamant, 1980). Such natural water supplies particularly streams and rivers are likely to be

polluted with domestic, industrial, agricultural and other wastes. The majority of the population

in developing countries is not adequately supplied with potable water and thus compelled to use

unsafe water for drinking and other domestic purposes (Hass and Rose, 1994). Water and

sanitation related diseases are increasing throughout the world (Carr,2002). The discharge of

untreated or poorly treated sewage from both human and animal sources can lead to water bodies

containing a wide variety of pathogens, and these can pose serious problems to human health.

Based on the routes of transmission, water related diseases can be classified in to four categories

(Bradley, 1977). These are: water borne diseases, water contact, water insect related and water

wash (scarce) diseases. Pathogens are the most serious water pollutants that cause sickness and

death. The excrement from humans and other animals infected with certain pathogens (disease

causing bacteria, viruses, and other parasitic organisms) contains large numbers of these

organisms or their eggs (Feachem, et al., 1977).

Largely because of poor quality of water, a significant proportion of the world’s population is

chronically infected with various pathogens (Briscoe and John, 1993). A review of 28 studies

carried out by the world bank gives the evidence that incidence of certain water borne, water

washed, water based and water sanitation associated diseases are related to the quality and

quantity of water and sanitation available to users (Kalbermatten, 1990). The WB (1993) reported

that 30% of the total disease burden in developing countries resulted from contamination at house

hold level and that 75% of the life years lost with in this 30% were due to lack of good water

supply and sanitation and the prevalence of risky hygienic behavior. It has been estimated that in

1995 more than 1,500,000,000 episodes of diarrhoea occurred in children under five years of age

in the developing world (excluding China) and that some 4,000,000 of these resulted in death

(WHO, 2002). Even though the water might have been obtained from a high quality, protected

and centrally treated source, it can be polluted at consumer’s tap, collection point or by unsafe

consumer storage and handling practices at the household level (Wright, et al., 2004).
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In Ethiopia, according to recent data access to safe water was 75.7% urban, 19.9% rural and

28.4% total population (Teka, 1977). Since majority of the rural population obtains water from

unprotected sources such as rivers, streams, wells, ponds, water borne diseases are among the

most significant public health problems. Over 60% of the communicable diseases are due to poor

environmental health conditions arising from unsafe and inadequate water supply and poor

hygienic and sanitation practices (Abebe,1986). Lack of awareness of the health implications of

water, sanitation and hygienic practices particularly by the rural population have resulted in high

morbidity and mortality affecting all ages. About 80% of the rural and 20% of urban population

have no access to safe water (MOH, 1997).

2.2. Fluoride
2.2.1. Occurrences and sources

Fluorine is the most electronegative among halogen families and rarely found free in nature in the

elemental form (WHO, 1985). Fluoride is found abundant in significant amount in volcanic rocks

and salt deposits of marine origin and as trace elements in plants, foodstuffs and water. It is also

found in toothpastes, vitamins, other pharmaceutical products, in air emitted from industries,

dusts, burning of coal fires and from gases released in areas of volcanic activity (WHO, 1970).

Rivers and lakes usually have fluoride content of below 0.5 mg per liter but in some rivers and

lakes high fluoride concentrations have been recorded. Lake Nakuru in the rift valley of Kenya

has the highest fluoride concentration (2,800 mg/l). Ground water may have high content of

fluoride depending on the geological condition of the bed of the water. There are indications that

there is a relation ship between the fluoride content of water and soil of an area and the fluoride

content of vegetables cultivated in that area (WHO, 1985). There fore, according to WHO (1985)

the sources of fluoride to man include: water, certain edible aquatic animals, some species of

vegetables, certain industrial processes and dust.

2.2.2. Health effects of fluoride
Fluoride ingested with water is almost completely absorbed; fluoride in the diet is not as fully

absorbed as from water (WHO, 1970). Absorption of fluoride from milk and tea is slower than
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that of water fluoride. Generally, absorption of fluoride depends on the solubility of the inorganic

compounds and the calcium content of the diet. Adiet poor in calcium increases the body’s

retention capacity of fluoride. When fluoride is attached to less soluble substances, it is less

absorbed and its excretion in the feces (urine) increases. It is retained mainly in the bone and a

small proportion in the teeth. The amount of fluoride in bone increases up to the age of 55 years

but the retention rate in the body decreases with age (Jackson, et al., 1958). The younger

individuals retain more fluoride than older individuals (NRC, 1977). The possible reason may be

during young age development of bone and teeth is going on.

Research has demonstrated that drinking water containing a proper amount of fluoride during

years of teeth formation (from birth to 12 to 15 years) results in an average of 65% of reduction

in tooth decay. Optimum fluoride concentrations in drinking water to reduce tooth decay vary

with climate because more water is consumed in warmer climates (AWWA, 1990). Once fluoride

is incorporated in to teeth, it reduces the solubility of the enamel under acidic conditions and

there it provides protection against dental caries (CDWQ, 1978). The incidence of caries

decreases as the concentration of fluoride increases to about 1mg/litre, although mottling may

sometimes occur even to an objectionable degree when the level rises to 1.5-2 mg/liter (NRC,

1977). It also prevents bone fragility when it is less than 1 mg per liter of water.

Dental fluorosis : Occurs when fluoride level in water rises above 1.5 mg/l while teeth are

developing prior to birth as well as during child hood, loss of translucency, increased porosity in

dental enamel, in moderate and severe cases, be brown and black stains.

Skeletal fluorosis: has been observed in persons when water contains more than 3-6 mg of

fluoride per liter depending on the intake from other sources. Bone mineralization is delayed,

become brittle and chronic joint pain occurs.

Crippling skeletal fluorosis : results from intake of in excess of 10 mg/l of fluoride for long

periods and characterized by limited movement of joints, skeletal deformities, intense

calcification of ligaments, muscle wasting (WHO, 1970).
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Studies associate high fluoride content of water with high prevalence of cancer, kidney disease,

and neurological disorders besides dental and skeletal fluorosis. Consequently, the WHO (1984)

recommends a guide line level maximum concentration of 1.5mg/l fluoride in drinking water

(WHO, 1970). Initial symptoms of intoxication are vomiting, abdominal pain, nausea, diarrhea,

and even convolutions.

Prevalence of dental and skeletal fluorosis has been reported in several parts of the world

including Ethiopia where fluoride concentration in drinking water exceeded the guideline level

(kloos and T/Haimanot, 1993). Ethiopia is one of the countries where the population suffers from

the consumption of fluorine rich drinking water. Studies on endemic fluorosis in the Ethiopian

rift valley have shown that both dental and skeletal fluorosis are common health problems.

According to WHO (1985) the effects of fluoride on human health depends on the fluoride level

of water, age of the consumer, climate of the area, dietary habit of the community, duration of

exposure to water and to other sources.

2.3. Nitrate, nitrite and ammonia
2.3.1. Occurrences and sources

Nitrates are widely present in substantial quantities in soil, in most waters, and in plants including

vegetables. Nitrites also occur fairly widely, but generally at very much lower levels than nitrates

(WHO, 1978). Nitrates are products of oxidation of organic nitrogen by the bacteria present in

soils and in water where sufficient oxygen is present. Nitrites are formed by incomplete bacterial

oxidation of organic nitrogen (CDWQ, 1978). Some nitrates in the environment are produced in

the soil by fixation of atmospheric nitrogen (bacterial synthesis).

Runoff contributes to the movement of several forms of nitrogen to water bodies. Fertilizer is the

largest contributor to anthropogenic nitrogen worldwide; other major sources include animal and

human waste, nitrogen oxides from utilities and automobiles, and leguminous crops that fix

atmospheric nitrogen (Fields, 2004). According to Chapman (1996), sources of high nutrient run

off can be categorized in to point and non-point sources.
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Fertilizer use, decayed vegetable and animal matter, domestic effluents, sewage sludge disposal

to land, industrial discharges, leachates from refuse dumps, and atmospheric wash out contribute

to the ions in water sources (WHO, 1978; ISC, 1974; NRC, 1977). A number of studies have

revealed that levels of nitrate are in the range of 20 to over 200 mg of nitrate-N per liter (ISC,

1974). The levels of nitrate in polluted water are almost invariably very much higher than the

levels of nitrites (NRC, 1977). The levels of nitrate-nitrogen are typically below 5mg per liter in

natural waters, especially during periods of increased primary production (algal photosynthesis).

However, levels exceeding 10 mg/l occur in some water sources. Most of the higher levels of

nitrate are found in ground water. Nitrate in surface waters tend to get depleted by aquatic plants

(NRC, 1977). Marked seasonal variations can occur in concentration in rivers and high levels

may occur particularly after heavy rainfall.

2.3.2. Routes of exposure
Because non of the conventional water treatment and disinfection practices modify the levels of

nitrate to any appreciable extent, and since nitrate concentration is not changed markedly in water

distribution systems, the levels in pipe water are often very similar to those for source waters

(CDWQ, 1978). For nitrite, the levels in tap water are likely to be markedly lower than in source

waters because of oxidation during water treatment, particularly when water is chlorinated

(CDWQ, 1978). For the majority of the world’s population, the exposure is likely to be well

below 5 mg of nitrate-N per liter (ISC, 1974). Assuming a consumption of 2 liters of water per

day, the exposure is typically under 20mg of nitrate-N per day, but in rare circumstances, it could

be over five times this value (ISC, 1974).

2.3.3. Health impacts on humans
Normally, 1-2% of the body’s hemoglobin is in the methaemoglobin form, but when the

proportion is in excess of 10% clinical effects (methaemoglobinaemia) are detected; 30-40%

leads to anoxia (ISC, 1974). The toxicity of nitrate in humans is a result of the reduction of nitrate

to nitrite. In infants, where the stomach acidity is normally very low, a high yield of nitrite is

obtained. In contrast, the acidity of an adult stomach is high, and less conversion of nitrate occurs

(NRC, 1977). By reacting with hemoglobin, nitrite forms met hemoglobin, a substance that does

not bind and transport oxygen to tissues. Pregnant women often have higher levels of met
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hemoglobin during pregnancy but the levels decrease rapidly after birth of the infant (Kubek,et

al.,1990).

The problem of methaemoglobinaemia does not arise in adults. Almost in all adults, the oxidized

hemoglobin is readily reduced back to nitrate as well as nitrate is mainly absorbed in the

digestive tract of adults before reduction to nitrite. A large number of studies have been carried

out on the levels of nitrate in water giving rise to methaemoglobinaemia, but there is conflicting

conclusions regarding the thresh hold level for an effect (Frazer, et al., 1980). Ammonia is an

irritant that often affects the eyes, nose, throat, and lungs. If ingested, ammonia will corrode the

lining of the mouth, esophagus, and stomach (NRC, 1979).

2.4. Pollution indicator bacteria
Three main groups of bacteria are used as fecal indicators in conventional bacteriology :These are

coliform bacteria, Fecal streptococci and Clostridium perfringens (WHO,1984).

2.4.1. Coliform bacteria
They are the most sensitive pollution indicators and exist in two main groups, fecal and non-fecal

coliforms. Total coliforms are gram negative, rod-shaped, aerobic or facultative bacteria that able

to ferment lactose (macConkey) broth at either 35oc or 37oc with the production of gas and acid

with in 24-48 hours (WHO, 1984). Total coliforms are derived not only from the feces of warm-

blooded animals but also from vegetation and soil (Geildrich, et al., 1964). There fore, the

detection of total coliforms only from a water sample may not indicate pollution by fecal matter.

Of the total coliforms, only E.coli is specifically of fecal origin, being always present in the feces

of humans, animals and birds in large numbers and rarely found in water or in soil that has not

been subjected to fecal pollution. Of the total coliform organisms found in fresh feces of warm-

blooded animals, generally greater than 90% are E.coli, the remainder being species of

Citrobacter, Entrobacter, and Klebsella (Dufour, 1977).

2.4.2.Criteria for detecting fecal contamination of drinking water using

indicator bacteria.
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For more than 100 years, bacteriological tests have been used to detect fecal contamination of

drinking water and other media, such as wastewater and foods. During this time, there has been

an evolution in the bacterial indicator used and the articulation of the criteria for an ideal or

reliable indicator of fecal contamination in drinking water (Sinton, et al., 1998). Fecal indicator

bacteria are selected from among those commensal species that exclusively live in the intestinal

tract of man and other warm-blooded animals with out causing disease. Because they are always

and naturally present in feces and are excreted in larger numbers, easier to detect and count,

absent when pathogens are absent, their presence in water indicates beyond doubt that the water

has been contaminated with fecal material and possibly with excreted pathogens (WHO, 2002).

There fore, any indicator of fecal contamination of drinking water and its source is best judged

according to these essential criteria and perhaps on the type of test for it.

The methods of isolation and enumeration of every pathogen are often complex and time

consuming. A more logical approach is the use of normal intestinal organisms as indicator of

fecal pollution rather than the pathogens themselves and it is a universally accepted principle for

monitoring and assessing the microbial safety of water supplies (WHO, 1971).

Studies on survival in river water (Mitchell, etal., 1975) well water and septic tank water (Calabra,

etal.,1972) have shown that thermotolerant coliforms persist longer than Salmonella organisms.

Because they are relatively specific for fecal contamination, tests for the presence of E. coli and

to a lesser degree, the thermotolerant coliforms are suitable for monitoring raw water for the

potential presence of enteric pathogens and for monitoring treated drinking water for the

presence of faecal contamination. Although some members of the coliform group (specifically

Escherichia, Klebsiella, Citrobacter and Enterobacter) are present in fresh faeces and in fresh

pollution from faecal sources, they do not all persist in water for the same length of time (APHA,

1998). Escherichia coli, for example, is generally the most sensitive to environmental stresses

and does not grow outside the human or animal gut (Geldreich, 1996). Klebsiella, Citrobacter

and Enterobacter, on the other hand, are more likely to persist in the environment.
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The numbers and the species of the fecal indicator bacteria excreted by humans vary considerably

between individuals according to age, diet, state of health and chemical and microbiological

properties of the intestine (Gorbach, et al., 1967)(Table 1).

Table 1 Approximate number of indicator bacteria commonly found

in human feces ( Source : Gorbach, et al., 1967)

Indicators Cells per gram of feces

Fecal coliforms 106-109

Non fecal coliforms 107-109

Fecal streptococci 105-108

Clostridium Perfringens 103-107

2.4.3. Bacteriological drinking water quality
Bacteriological examination offers the most sensitive test for the detection of recent and

potentially dangerous fecal pollution, thereby providing a hygienic assessment of water quality.

Because drinking water can act as a vehicle for the transmission of a number of serious infectious

diseases, the bacteriological quality is paramount importance and monitoring of indicator bacteria

such as total coliform and fecal coliforms should be given the highest priority (WHO, 1984).

Water should be free from bacteria indicative of pollution with excreta. River water quality is

extremely variable, and the bacteriological quality can be deteriorated rapidly due to surface run

off following rain that carries large quantities of animals and human feces in to it (Feachem,

1980). The WHO (1984) had advocated the maximum acceptable guideline levels for

unchlorinated community water supplies less than 10 total coliforms and no fecal coliforms per

100 ml.

The cysts of some parasites are more resistant than coliform organisms to disinfections. The

absence of coliform organisms in water that has been disinfected will not necessarily indicate

freedom from the cysts of giardia, amoebae, and other parasites. It has been well documented that
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waters considered bacteriologically safe, can contain sufficient pathogenic enteric viruses and

protozoans to cause disease outbreaks (Berry and Noton, 1976). There is some evidence that

coliforms can proliferate in tropical and subtropical waters. Warmer water temperatures may

contribute to the growth of total coliforms, thermotolerant coliforms and E. coli and the greater

survival of some enteric bacteria, notably Salmonella, compared to coliforms. For these reasons,

coliforms are not ideal indicators of fecal contamination and alternative indicators of fecal

contamination continue to be considered, evaluated and applied (Sinton, et al., 1998).

3. Materials and Methods
3.1. Description of the study area
3.1.1. Location
Wonji is located in the central rift valley of Ethiopia in the Awash River Basin, some 110 km

south east of Addis Ababa, and 10 kilometers south of Nazereth (Fig.1). It has an altitude of

approximately 1,500 meters above sea level. It is in the 8o, 31minute north latitude and 39o,

12minute east longitude.

Fig. 1. Map of the study area and sampling points
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4.1.2. Climate
TheWonji plain climate is characterized by cold, hot and dry periods.

Temperature: annual average temperature of Wonji for the year 1994 to 2005 was calculated

using monthly mean maximum and minimum temperatures. The highest mean annual

temperature recorded was 23.5oc and the lowest was 20.3oc (Table 2).

Table 2. Yearly average maximum and minimum temperatures from 1994-2005

( Source : Wonji Agriculture and meteorological research Center, 2006)

Years

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

Av.

Max.

27.3 27.7 27.4 27.6 27.8 27.2 27.2 27.3 28 27.2 27.4 27.8

Av.min. 14.4 14.7 14.9 15.5 15.4 15.3 14.3 14.6 14.1 13.3 13.2 12.9

Average 20.9 21.2 21.2 21.5 21.6 20.8 20.9 23.5 21.1 20.3 20.3 20.4

Rain fall: monthly total rain fall records of Wonji Metrological Service Agency station for the

years 1994 to 2005 was used to analyze yearly total and annual rain fall .The mean annual

rain fall ranged from 42.3 mm to75 mm (Table 3).

Table 3 Total and average annual rain fall at Wonji (1994-2005) (Source:Wonji Agriculture

and metrological research Center, 2006)
Years

1994

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

Total

Rain

fall

726 857 564 765 900 744.6 778 789.3 508.1 868.8 721.3 841.9

Aver. 60.5 71.4 47 63.8 75 62.1 64.8 65.8 42.3 72.4 60.1 70.2
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3.1.3. Population
The population number is around 56,000.There are about 2,854 total workers under Wonji sugar

factory. The total residents under the WSSF are around 30,000.There are 26,000 dwellers at

Wonji Gefersa parts of the town. There are1,727 students at Wonji high school (1998). The

Wonji dwellers came from different regions of Ethiopia to get job opportunity from the factories.

3.1.4. Water supply and sources
The water supply systems for the area include rivers, pipes and wells. Awash river supplies water

for hygienic, irrigation and for drinking purposes. Especially, rural dwellers use Awash River

water for drinking. Water is supplied for the Wonji town dwellers by two organizations, Wonji

sugar factory and the Catholic Church. They extracted the water near Awash River. The Wonji

sugar factory provides defluoridated and unchlorinated piped drinking water for the factory

workers and their families. The factory also provides non-defluoridated and unchlorinated piped

water for hygienic purposes.

WSSF provides water for Mango, Mestawet, Sayveria, Anede Ayene, Korkoro, Bloket, Shibo

Atir, Hikimina, Andegna Camp, police and for other villages. The Catholic Church provides non

defluoridated and unchlorinated piped drinking water for the half of the town dwellers (villagers

of new settlement area). The numbers of pipes are not proportional to the large size of the

population. For many villagers, there is public pipe. The users spend more time to fetch water

from the pipe by waiting for their turn (Fig.2). The spent working time has its own socio-

economic impacts on the community as well as on our country.
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Fig. 2.

Wonji

town Ketena 5 dwellers while waiting for their turn to fetch water from the public pipe.

3.2. Sampling techniques and sample size
Random sampling techniques were used for the study. Representative water samples were

collected from public pipes, households water containers and from River. Due to very large

number of houses at Wonji town, it was difficult to collect and analyze more water samples.

The sampling strategy was based on collecting water samples from more commonly used water

sources by the community

For questionnaires, the sample size was determined using the following statistical formula

(Cochran, 1977). Where

N
no
non

d
pqzno 11
2

2
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no=the desired sample size when the population is greater than 10,000

n=number of sample size when population is less than 10,000

z=95% confidence limit i.e. 1.96

p = 0.1=(proportion of the population to be included in the sample i.e. 10%

q=1-0.1 =0.9

N=Total number of population

d=margin of error or degree of accuracy desired(0.05).

no= (1.96) 2×0.1×0.9 =138.2976
0.05×0.05

n = 138.2976______

1+ 138.2976- 1

1,727

n = 128

The total number of students at Wonji high school was 1,727. Among these, 128 sampling

students were selected for the study.

3.3. Sample and data collection
The method of sample collection at each source was according to the WHO (1984) guidelines for

drinking water quality assessment. Clean glass and plastic bottles with tightly fitted covers were

used to collect water samples. Water samples were collected from 13 public pipes, 15 household

water containers and 2 samples from Awash River. The samples were collected twice from each

site in January and April, 2006.Water samples from Awash river were collected at two different

sites above and below the Wonji town to identify the possible sources of pollution by comparing

the pollutant concentrations at two sites of the river.
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Primary data were generated using laboratory works, questionnaires and observations. Secondary

data that support primary data were collected from concerned institutions. Meteorological and

human health data were collected from Wonji Agricultural Research Center and from Wonji

hospital respectively. Coordinates about specific sampling locations were collected using GPS.

3.4. Water sample analyses
3.4.1. Determination and analysis of fluoride

Fluoride concentrations in water samples were determined by Spectrophotometer by using

SPADNS reagent (APHA, 1998). The analyzes were conducted at Addis Ababa Water and

Sewerage Authority laboratory.

3.4.2. Determination of ammonia, nitrite and nitrate
The concentrations of these parameters were measured in water samples by Spectrophotomer

(DR/2010 model, US) using HACH instructions.

3.4.3. Bacteriological analyses of drinking water
Pollution indicator bacteria that were analyzed from drinking water samples include total

coliforms (TC), Fecal coliforms (FC) and E.coli type I. The bacteriological analyses of water

samples were determined at EHNRI laboratory. Total and fecal coliforms of water samples were

determined and analyzed using multiple fermentation tube methods or most probable number

(MPN) statistical techniques (WHO, 1971).

The fermentation tubes with the macConkey broths and water samples were incubated at 35oc for

24 hours. After 24 hour incubation period, each tube was examined for gas formation in the

inverted Durham’s tube and color change of the macConkey broth (from purple to yellow).

The positive tubes for gas and acid were taken as the positive tests for the presumptive coli

forms. Those fermentation tubes that did not form gas were re incubated for additional 24 hours

and reexamined. Presumptive positive tubes were checked by confirmatory test. For total

coliform test, two drops from each positive presumptive tubes were inoculated in to Brilliant

Green Lactose Bile Broths (BGLB) and incubated at 35 0c for 48 hours and were examined for
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gas and acid reaction. The same procedure was applied to test fecal coloforms as total coliforms

except that for fecal coliform test, the fermentation tubes were incubated in a water bath at 44oc

for 24 hours.

Presence-absence procedure was used to analyze E.coli type I. The P-A test was developed as a

more sensitive, economical and efficient means of analyzing water samples. Essentially, it is a

modification of multiple fermentation tube (MTF) procedure in which only one analysis sample

is used. For the E.coli type I test, from positive tubes, two drops were added into tubes containing

confirmatory broth and were incubated in the water bath at 44oc for 24 hours. At the end of 24

hours incubation period, two drops of Kovacs reagent were added to each representative tube.

The formation of red ring after addition of Kovacs reagent was regarded as E.coli positive.

3.5. Statistical data analyses and interpretation
SPSS statistical soft ware package, t-test was used for data analyses. The analyses were carried

out to compare the mean values of the parameters, reveal the correlation of the parameters. The

impacts of the measured parameters on health were interpreted based on the guideline values

recommended by WHO and other studies.

4. Results and Discussion
4.1. Chemical analyses of drinking water
4.1.1. Fluoride

Water sample from the W.S.F.G ( Wonji sugart factory garden) was taken before water entering

the defluoridation plant. Water samples from Mango, Mestawet, Sayveria, Anede Ayene,

Korkoro and Police Sefers were defluoridated (Table 4). But when we compare the

concentrations of fluoride from samples taken before and after defluoridation processes, the

differences were very low (Table 4). The fluoride levels after defluoridation were higher than the

recommended limit for human health.. The reasons might be due to the low efficiency of

defluoridation plant in reducing fluoride concentrations to the recommended levels. The types of

the chemical and the techniques they use to defluoridate the drinking water might also contribute
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for this low difference. Water samples taken from Catholic T., Ketena-5C, Ketena-5A, Ketena-

2A, Ketena-4D and Ketena-3A were undefluoridated.

Table 4 Results of water sample analysis for fluoride (mg/l), (n=2 for each site).

Sampling

Locations

Fluoride

Levels

(analyzed on

Jan., 2006)

Fluoride levels

(Analyzed on

April, 2006)

Mean

W.S.F.Gargen 4.6 5.53 5.07 0.47

Mango 4.3 5.53 4.92 0.62

Mestawet 4.2 7.1 5.7  1.48

Sayveria 3.5 5.7 4.6  1.13

Anede Ayene 4 5.7 4.9  0.85

Korkoro 4.2 5.53 4.9  0.66

Police 4 5.8 4.9 0.92

Catholic T. 3 8.15 5.6  2.54

Ketena-5C 2.25 4.4 3.33 1.06

Ketena-5A 4.9 0.25 2.6 2.33

Ketena-2A 3 7.45 5.23 2.19

Ketena-4D 2.85 5.15 4  1.13

Ketena-3A 4.3 5.25 4.8  0.47

Awash R. Up 1.78 2.8 2.3  0.51

Awash R.down 3 8.6 5.8  2.69

According to the study conducted by WHO (1971), the levels of fluoride in pipe water are very

similar to those found in the source water, except where fluoridation of the supply is practiced.

Where fluoridation of water supplies is practiced, fluoride concentration is normally within the

range of 0.6-1.7 mg/liter.



22

As shown from the Table 4, all water samples had fluoride concentrations above the WHO

recommended level for human health in drinking waters. The recommended guideline level for

fluoride in drinking water for human consumption is 1.5 mg/l (WHO, 1984). But setting the

guideline values depends on many factors such as climate, other routes of exposure and duration

of exposure. The Ethiopian guideline level for fluoride in drinking waters is 3mg/l (MOWR,

2002). The average fluoride concentrations of 86.67% analyzed water samples were above the

Ethiopian guideline levels. Only13.33% of the analyzed water samples were within the Ethiopian

guideline limit. The average fluoride levels for the analyzed water samples ranged from 2.3- 5.8

mg/l. The over all mean fluoride level determined for the year 2006 for the analyzed water

samples was 4.56 mg/l (Table 4).

The environmental health division of ministry of health also had recorded mean fluoride levels

for Dire-Dawa 3.9 mg per liter, for Wonji 6.4 mg per liter and for Awash valley 6.8 mg of

fluoride per litre of water for the year 1970-1972 (Fekadu, et al., 1978). The reports about the

Awash valley also confirmed dental and bone fluorosis have been observed at wonji, Metehara,

Koka, Wolenchiti and Arsi (Fekadu, et al., 1978). The water samples were analyzed from

different wells around Wonji and showed high fluoride content that ranged from 2.4-18.5 mg/l.

The fluoride concentrations from analyzed water samples that ranged from 2.3-5.8 mg/l were

large enough to cause dental and skeletal fluorosis. Drinking water containing above 1.5 mg/l can

cause dental fluorosis and concentrations 3-6 mg/l can cause skeletal fluorosis (WHO, 1970). As

there are often hot and dry climatic conditions at Wonji, the daily intake of water and therefore

those of fluorine is much higher. The higher water consumption of the people living in the rift

valley regions contributes to the higher exposure risk than in the near by high lands due to

temperature differences. Mean annual temperatures are 20-38oc in the rift valley with altitude

300-1,800m and 10-20oc in the high lands with altitude 1,800m (Ethiopian Mapping Authority,

1988).
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Table 5. Dental fluorosis among Wonji high school students based on approximate amounts of

water and fluoride intake per day.

N0.of

respondents

Amount of water

taken per day (in

liters)

For individual

Approx.fluoride

intake from water

per day for each

student (mg/day)

Dental fluorosis

Present Absent

22 1 4.56 16 6

46 2 9.12 30 16

47 3 13.68 25 22

10 4 18.24 10 0

3 5 22.8 2 1

The over all mean fluoride concentration obtained from laboratory analyses of drinking water

samples was 4.56 mg/l. Even though the levels vary from site to site, the approximate amount of

fluoride taken per day by each respondent from drinking water equals to the products of mean

fluoride level and amount of water taken per day. Even though there are other factors such as

duration of exposure, other routes of exposure, temperature of the area, the prevalence of dental

fluorosis among sample students can be related to the amount of fluoride levels taken in drinking

water.
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Table 6 Prevalence of dental fluorosis among Wonji high school students

based on age(survey result)

Age No.of

respondents

Normal

teeth

Mild and

moderate

dental

fluorosis

Sever

dental

fluorosis

Total number

(Percentage) with

dental fluorosis

13-16 85 24 51 10 61 (71.76%)

17-20 40 11 23 6 29 (72.5%)

>20 3 1 1 1 2 (66.66%)

Total 128 36 75 17 92 (71.88%)

Among 128 respondents (Table 6), 92 (71.88%) students were affected with dental fluorosis. only

36 (28.12%) students were without dental fluorosis. This high prevalence of dental fluorosis

among the high school students was directly related to high fluoride concentration in drinking

water sources. The results of this study (the high fluoride content in drinking water and the

corresponding high prevalence of dental fluorosis) were similar to the results of other previous

studies. For example, studies conducted in America (Washington) confirmed that drinking water

containing above 2.6 mg/l caused high prevalence of dental fluorosis in about 10-20 years of

exposure to that water (Stadt, 1954). Most respondents were in the age range between13 and 20.

The results of this study confirmed that the exposure to high fluoride level in drinking water and

the high prevalence of dental fluorosis among Wonji high school students were directly related.

As shown from the Table 7, 116 respondents were borne and stayed at (near)Wonji town. Only

12 respondents were borne from other areas (regions) and came to Wonji. Among 12 students,

those who came late and stayed shorter years at Wonji did not develop dental fluorosis.Those

who came from Amhara, Kobo, Mekele, SNNPR, and stayed at Wonji from 1-3 years did not

develop dental fluorosis. Exceptionally, two students who came from Bekoji and Nazereth and

stayed at Wonji only for 1 and 3 years respectively had developed dental fluorosis. The possible
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reason might be the presence of high fluoride in drinking water from their original areas. Those

students who came to Wonji and stayed longer (9-14 years) were affected by dental fluorosis

except one. This implied that those who came to Wonji at earlier ages have higher chances of

developing dental fluorosis.This is because development of teeth and bone occurs mainly at child

hood stage. Dental fluorosis can only occur during the stage of enamel formation and is there fore

a sign that an over dose of fluoride has occurred in a child during that period (Limeback, 1994).

Among 116 respondents who were borne and stayed at/near Wonj town, 85 were affected by

dental fluorosis.

Table 7 Dental fluorosis among respondents by years of staying at Wonji and

by birth places

No.of

respondents

Birth places of

Respondents

Age Years of

staying

At Wonji

Dental

fluorosis

1 Amhara 16 2 A

1 Kobo 17 1 A

1 Mekele 18 3 A

1 Tigri 15 14 P

1 SNNPR 20 2 A

1 Ambo 16 10 P

1 Arsi Robe 16 11 P

1 Asela 15 10 A

1 Bekoji 17 1 P

1 Adama 15 9 P

1 Nazereth 14 3 P

1 Metehara 16 11 P

116 Borne at (near)

Wonji town

13-21 13-21 85 P

31 A

 A= absent; P=present
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In contrast to dental fluorosis, the prevalence of skeletal fluorosis was very low among Wonji

high school students selected for the study. Among 128 students, only 15(11.71%) of the students

were affected by skeletal fluorosis.

The duration of exposure might be the main cause for this low prevalence among other factors

that determine the occurrence. This result relates to the WHO findings. The symptoms of skeletal

flurosis manifest themselves after the 10-20 years of intake of high fluoride in drinking water

(WHO, 1984). Less information is available about prevalence of skeletal fluorosis in Ethiopia.

The only area where clinical cases have been identified was Wonji sugar farm. Tekle Haimanot

(1987) described a direct relationship between the development of skeletal fluorosis , fluoride

concentration of drinking water and length of exposure noting that the first clinical cases

appeared among agricultural laborers after 10 years of exposure to water with more than 8 mg/l

of fluoride.

Table 8 Aware nesses of students about the causes of fluorosis.

Choices (options) No. (%) of respondents

Sugar cane 10(7.815%)

Chat 8(6.25%)

Coffee 3(2.34%)

Drinking water with high

fluoride content

89(69.53%)

I do not know 19(14.84%)

The Wonji high school students were asked to choose the cause of fluorosis among given options

(Table 8). Among the respondents, 89 students recognized that fluoride is the cause of fluorosis

and they said it is a health problem. 21 respondents associated it with sugarcane, chat and coffee.

19 students have no idea about it. This result implied that most students have good awareness

about causes of fluorosis. High level of aware ness was observed among other community

members. The present efforts of the local people and the Oromia regional state to over come
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water related public healthy problems of the community through Adama-Wonji extension water

supply project is very encouraging even though the measure is too late compared to the serious

public health problems.

4.2. Nitrate, nitrite, ammonia
Table 9. Water sample analyses results of ammonia, nitrite, nitrate(n=2)

Sampling sites

Average levels of measured parameters ( mg/l)

NH3-N NO2-N NO3- NO3-N

W.S.F.Garden 0.620.13 0.0030.0009 8.74.55 1.950.34

Mango 0.050.01 0.00150.0005 6.60.09 1.50

Mestawet 0.130.11 0.00250.0005 7.750.35 1.750.05

Sayveria 0.030.01 0.0065 0.005 7.850.56 3.60.09

Anede Ayene 0.070.04 0.0060.0009 9.11.99 2.050.45

korkoro 0.090.06 0.0030.0009 8.41.59 1.90.4

Police 0.050.01 0.00250.0005 6.451.75 1.50.4

Catholic T. 0.010.01 0.00450.0005 10.852.45 1.850.55

Ketena-5C 0.160.02 0.00450.0007 10.81.4 2.350.35

Ketena-5A 0.090.03 0.0150.008 13.93.09 3.10.7

Ketena-2A 0.040.01 0.0020.0009 11.70.29 2.90.29

Ketena-4D 0.130.08 0.0020.0009 5.054.85 1.11.1

Ketena-3A 0.10.06 0.0040.0009 11.152.55 2.50.6

Awash R. up 0.410.13 0.00850.0005 14.25.66 2.3 1.65

Awash R.down 0.760 0.0250.0005 27.417.85 6.24.05

4.2.1. Nitrate and nitrite
As the laboratory analyses results of drinking water samples showed, the concentrations were

ranged from 5.05-27.4 mg/l for nitrate (NO3-) and 1.1-6.2 mg/l for nitrate-nitrogen (Table 9). The
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concentrations of nitrite-nitrogen (NO2-N) from water samples ranged from 0.0015-0.025 mg/l.

Nitrite exists in very low concentrations in fresh waters because the nitrogen tends to exist in the

more reduced ammonia or more oxidized nitrate forms. Nitrite is unstable. It is an intermediate

between ammonium and nitrate during reduction and oxidation processes.

When we compare the mean concentrations of nitrate for two sampling sites of Awash River, up

stream and down stream of Wonji town, variations were observed. Relatively higher nitrate-

nitrogen levels were recorded from down stream (6.2 mg/l) than upstream (2.3 mg/l) nitrate

nitrogen. The possible reasons might be due to high discharge of wastes from domestic,

municipal, agricultural, industrial sources, storage manures and feedlots from cattle breeders.

Discharge of toilet wastes, left over foods from kitchens, bathrooms, over flow of septic tankers

from the Wonji town could contribute large concentration of nitrate.

Relatively, high nitrate levels in Awash River is a good indicator for the input of nitrogenous

wastes. Water quality often declines as river flows through regions where land use and water use

are intense and pollution from intensive agriculture, large towns, industry and recreation area

increases (www.epa.nsw.gov.au/environment/waterquality.htm). Nitrate enters water bodies from

soil organic matter, previous legume crop, manure and possible residual nitrogen from previous

year (Schmitt et al., 2002). The two most common sources of nutrient enrichment of water bodies

are agricultural and domestic wastes. Agriculture is the largest user of fresh water on a global

basis and a major cause of degradation of surface and ground water resources (WHO, 1978).

According to WHO (1978) report, the nitrogen levels in water have grown in many parts of the

world because of intensification of farming practices.

The concentrations of nitrates in water, which pose impacts on health are set different for

different countries. The European community for example required all drinking water supplies to

have less than 50 mg/l nitrates (WHO, 1984). The WHO guide line values in drinking waters are

45 mg/l for NO3- or 10 mg/l for NO3-N and1mg/l for NO2-N (WHO, 1984). The Ethiopian

drinking water guideline values for nitrate as NO3- is 50 mg/l and for nitrite (NO2-) 6mg/l

(MOWR, 2002). Nitrates in drinking water at level exceeding10mg/l nitrate nitrogen are
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potentially dangerous, especially to the new borne babies (USEPA, 1990). The maximum

tolerable level for nitrite-nitrogen is 1 mg/l.

The concentrations of nitrate and nitrite from analyzed water samples at the study area were

below the guideline limits recommended by WHO and the Ethiopian Ministry of Water

Resources to affect human health. The recommended limit for nitrates-nitrogen (the amount of

nitrogen in nitrates form) in drinking water is 10 milligrams per liter to protect against

methemoglobinemia (blue baby syndrome) to which infants are especially susceptible. Infants

under 6 months of age, pregnant women and nursing mothers should avoid drinking water with

nitrate-nitrogen levels higher than 10 mg/l. In this case, safe alternative water supply should be

found. The intake of nitrogen from food and other sources has to be taken in to consideration

Nitrates in drinking water at levels exceeding 10mg/l of Nitrate-nitrogen are potentially

dangerous, especially to newborn and young babies (USEPA, 1990). Specifically, nitrate is

converted to nitrite in the digestive tract. Nitrite reduces the oxygen-carrying capacity of the

blood that may result in brain damage and even death in infants. Nitrate is less toxic than the

other forms of nitrogen, such as nitrite and ammonia.

4.2.2. Ammonia
Ammonia is the most reduced form and it is the product of organic decomposition. Usually

present in low concentrations in non- polluted, well oxygenated waters. The mean ammonia-

nitrogen levels from analyzed water samples ranged from 0.01-0.76 mg/l (Table 9). The United

States environmental protection agency (1986) has set for ammonia nitrogen 8.3 mg/l to cause

health risk. Ammonia in drinking water is not immediate health relevance and therefore, no

health based guide line value is proposed (WHO,1978).There were differences when we compare

the concentrations of ammonia for the samples taken from Awash River at two different sites

above and below the Wonji town. Water samples taken below the Wonji town had greater

ammonia-nitrogen levels (0.76mg/l) than the samples taken above the town (0.41mg/l)(Table 9).

The possible reasons for the variations of ammonia levels at two sampling sites of Awash river

might be due to high disposal of domestic, municipal, agricultural and industrial wastes to the

river from the town.
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4.3. Bacteriological analyses of drinking water (TC,FC,E.coli type I).
Table 10. Results of bacteriological analysis of drinking water samples (n =2 per site)

Sa
m
pl
in
g

Si
te
s

Average TC

(MPN/100 ml)

Average FC

(MPN/100 ml)

E.coli

type I

Pipes,

River

Water

containers

Pipes,

River

Water

Container

Pipes,

River

W
at
er

C
on
tr

WSFG 1.5 14 1 8 P P

Man. 29.5 24.5 ND 2 A A

Mes. 10 9 0.5 2.5 P A

Say. 8 86 1 1 P P

A.A. 28 27.5 ND 12 A P

Kor. 9 16 1.5 6 P P

Pol. 7.5 14.5 0.5 2 A P

C.T. 4.5 30 1 10 P P

K-5C 47.5 49.5 5 10 P P

K-5A 10.5 14.5 1.5 2.5 P P

K-2A 7.5 102 1.5 ND A A

K-4D 9 10 1.5 2 P A

K-3A 9.5 13 0.5 14 P P

A.R.U 98 73 14 13 P P

A.R.D 102 126.5 22.5 23 P P

A=absent, P= present, ND= not detected
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Table 11. Number of Positive water samples for bacteriological analyses (n=15)

Types of analyzed

coliforms

Positive water samples Total positive

samplesPipes and river Water

containers

TC 15 15 30 (100%)

FC 13 14 27 (90%)

E.coli type I 11 11 22 (73.3%)

0
2
4
6
8

10
12
14
16
18
20

Excellent Acceptable Unacceptabe Grossly
polluted

Bacteriological criteria for unchlorinated waters

No
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f s
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eg
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y

TC FC

Fig. 3 Indicates the number of analyzed water samples for MPN mean coliforms based on the
grading systems of bacteriological criteria for unchlorinated water supplies

Category of mean coliforms in unchlorinated water supplies (Monica, 2000)
Excellent (0), Acceptable (1-10), Unacceptable (10-50), Grossly polluted (>50)

The results of bacteriological analyses of water samples demonstrated that among the total

analyzed water samples, 30(100%), 27 (90%) and 22 (73.3%) samples were positive for total
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coliforms, fecal coliforms and for E. coli type I respectively (Table 11). None of the water

samples in both cases had zero total coliform count per 100 ml. Only 3 (10%) of the samples had

no fecal coliforms and 8 (26.7%) of the water samples had no E. coli type I (Table 11). For total

coliforms, only 9 (30%) of the samples were with in WHO guideline level. 21(70%) samples

had TC count 10 and above. Only 3 and 8 samples were within the WHO (1971) guideline limits

(zero counts) for fecal coliforms and E.coli type I, respectively.

WHO (1971) recommended less than 10 total coliforms and zero fecal coliforms per 100 ml for

unchlorinated water supplies. According to Monica (2000) category of mean indicator coliforms

for unchlorinated water supplies, 66.67% and 40% of the home water containers had

unacceptable quality for total coliforms and fecal coliforms respectively. The coliform group is

an indicator bacteria to evaluate the quality of drinking water and presence of coliforms indicates

the contact of water with sewage or no treatment, inadequate treatment / post treatment

contamination. In unchlorinated water supplies, sometimes up to 10 coliforms /100 ml are

allowed per WHO standards for tropical countries but this should not occur repeatedly; if

occurrence is frequent and sanitary conditions cannot be improved, an alternative source must be

found if possible (Mark, et al., 1984).

The results of bacteriological analyses of water samples implied that the drinking water was

contaminated and could cause a risk to public health. Especially, the detection of faecal

(thermotolerant) coliform organisms provides definite evidence of faecal contamination. The

high coliform counts from analyzed water samples were indications of contamination of water

sources with wastes derived from humans and other warm-blooded animals (Table 10). One of

the reasons might be due to lack of sanitary situations at wonji town and surrounding areas.

Improper disposal of domestic, municipal, agricultural, industrial wastes, leakage of wastes from

poorly constructed septic tankers, pit latrines and open field defecations were the causes for the

deterioration of bacteriological quality of water bodies. The presence of high coliform counts

from the analyzed water samples could indicate the presence of the pathogens in the water bodies

from where the samples were taken. Especially, the presence of E.coli type I in water samples

provides a definite evidence of faecal pollution where as the presence of coliforms indicates no
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treatment / improper treatment or post treatment contamination, their eradication is also essential

for better sanitary value of drinking water supplies (Pontius, 1997).

Fecal pollution of drinking water introduces a variety of intestinal pathogens. Other previous

studies proved that the higher the coliform counts from analyzed water samples, the higher the

chances of finding the pathogens in water. Payment, et al. (2000) collected microbiological data

on the intakes of 45 water treatment plants in the St. Laurence River basin. The analyses of the

data suggested that at high levels of thermotolerant coliforms, the probability of finding enteric

protozoa and viruses is very high. Lechevallier, et al.(1991) also found positive relation ships

between the levels of giardia and raw water quality parameters, including a significant

correlation between levels of giardia and thermotolerant coliforms. A relationship has also been

demonstrated between thermo tolerant coliform density and the frequency of Salmonella

detection (VanDonsel, etal.,1971). At thermo tolerant coliform densities of 1-200 colony-

forming units per 100 ml, Salmonella was detected in 28% of the water samples examined; this

frequency rose to 98% in waters with a thermo tolerant coliform count above 2000 cfu/100 ml

(VanDonsel, et al., 1971).

4.3.1. Bacteriological qualities of drinking water at house hold and out side sources

(pipes, River).
As shown from Table 12, the average coliform counts (40.7 MPN/100ml) and fecal coliform

counts (7.2 MPN/100ml) for the samples taken from house hold water containers were higher

than the average coliform (25.5 MPN/100 ml) and the average fecal coliform counts (3.5

MPN/100 ml) for the samples taken directly from the out side sample sources (pipes and river)

even though the differences were not statistically significant (p>0.05). This result could indicate

that the chance of water contamination increased as water was transported from sources to the

distribution systems and the storage containers in the homes. The determinants for the

deterioration of bacteriological quality of drinking water at household levels from this study

might be types of storage containers, time of water storage, types of cover, methods of drawing

and other water management systems.
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Table 12 Comparison of mean coliform counts for water samples taken from household

containers and out side sources (n=15)

Types of

coliform

Water

Sample

sources

Mean Correlation At 95%

confidence

Level

TC Taps and river 25.58.4
0.616 P>0.05Storage

containers
40.79.8

FC Taps and river 3.51.6
0.705 P>0.05Storage

containers
7.21.7

Fig. 4 Mean coliform counts for water samples from containers and original Sources (n=15)
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The result of this study was similar to other previous studies. It is usual for the deterioration of

water quality between the collection site and its use because of poor water handling. Some times,

the fecal coliform (FC) is dramatically higher in stored water than in source water (Feachem,

1980). This indicates that the handling practices of drinking water in homes pose potential danger

in the transmission of waterborne diseases. Studies in Lesotho (Feachem, 1980) showed that

clean water collected from a hand pump (0-6 fecal coliforms and 0-1 fecal streptococci per 100

milliliters) could become contaminated before use (maximum of 1,340 fecal coliforms and 4,280

fecal streptococci per 100 ml). Similarly, Oluwande (1980) reported that public tap water in

Western State (Nigeria) contained 0-3 coliforms and 0 fecal coliforms per 100ml whereas stored

water in the homes contained 0-1800 coliforms and 0-10 fecal coliforms per 100 ml. Esrey, et al.

(1991) made an assessment of 144 published studies to determine the impacts of improving the

quality of community water supply and sanitation. Their over all assessment based on that data

was that improved hygiene and sanitation are key to reduce diarrhea and other water related

diseases. Robert et al. (2001) conducted a four month trial in a Malawi refugee camp that had

experienced repeated out breaks of cholera and diarrhea to evaluate the health impacts of

promoting the use of covered water containers with a spout as a means of keeping water clean

during transport and storage in the home. The water from the source wells had little or no

contamination but quickly became contaminated after collected. Analyses of samples of

household water showed that there was a 69% reduction in mean fecal coliform levels amongst

the group using improved water containers (Robert, et al., 2001)

The presence of E.coli type I from house hold water containers but absent from the pipes from

where the water was originally taken can also be explained by the fact that lack of sanitation

habit and hygienic conditions influence the quality of water supplies (Table 10). It is known that

the provision of safe water plays an important role in reducing the magnitude of waterborne

diseases. However, if the hygiene practices of a community are poor, the health benefits from

provision of bacteriologically safe water supplies will be limited (Pinfold, 1991). Study

conducted in Bangladesh revealed that 95% of the urban population had access to safe drinking

water and 35% of the population had access to sanitation. But data on the level of hygiene

education was much lower (IWSC, 1989). As a result, health impact reduction was minimal. In
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addition, analyses of 144 water and sanitation projects worldwide concluded that sanitation has

great impact than water supply (IWSC, 1989).

According to the CDC (2001) safe water system for household water storage, vessel designs and

types have to be considered. In a study done in Peru, cholera patients were more likely than

healthy control subjects to live in households where stored drinking water was dipped out with

hands or utensils (Swerdlow, 1992). Another study also revealed that stored water was more

likely dipped out in the homes of patients with waterborne diseases while more likely to be

poured in homes of healthy neighbors (Mintz, 1995). These findings suggested that hands and

objects introduced into stored water were sources of contamination.

However, the absence of fecal coliforms and E.coli type I in some water samples analyzed from

storage containers at Wonji might be due to use of proper cover for the storage container,

washing of containers before refilling and shorter storage time by households (Table 10). Such

practices reduce the chance of contamination of drinking water and consequently the incidences

of diseases.

Constructional defects, poor sanitation, low level of hygiene education, absence of disinfections,

lack of regular supervision and proper maintenance might be the reasons for contamination of

water sources.

The results of the study suggested that efficient and proper monitoring systems on drinking water

supplies have to be conducted regularly in view great public health significance and at the same

time good observance household hygiene has to be emphasized. In most water analyzed water

samples, E.coli type I was present and the number of coliforms appeared high, it is therefore

desirable to disinfect all supplies of drinking water before distribution and considerable efforts

should be conducted on sanitary check and periodic bacteriological examination

One of the reasons for the deterioration of bacteriological quality of drinking water at household

levels is lack of public awareness. The results of bacteriological analyses of water samples from

house hold containers (Table 10) and the data obtained from the survey study through
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questionnaires among Wonji high school students about points of water pollution (Table 13)

were enough evidences.

Table 13 Awareness of Wonji high school students about points of water pollution

Points of water pollution (options) Number (percentage)

of respondents

At Rivers, Wells 46(35.94%)

In the pipes 42(32.81%)

In the homes (water containers) 4(3.13%)

At all sites 36(28.13%)

Among 128 respondents, only 4 students responded to the water contamination at the household

level. 40 students have awareness about pollution of drinking water at household levels (Table

13). Students responded to the water pollution at the original sources (rivers, wells) and in the

pipes were 46 and 42 respectively. In this case, only 36 students responded correctly about points

of water pollution. But as our water sample analyses results and other most previous studies

confirmed, usually more coliform counts were recorded for the samples taken from household

containers than from out side sources (pipes, rivers, wells). This low levels of awareness of the

respondents has its own contribution for the deteriorations of drinking water quality at home as

well as on out side water supplies. Water contamination at home is highly related to hygienic

conditions.

4.4. Water related infectious human diseases at Wonji
Based on the data obtained from Wonji hospital, considerable amount of people were suffered

from water and sanitation related diseases. Amoebiasias and giardiasis were more commonly

recorded diseases (Table 14). The prevalence of these diseases at Wonji has direct relation to the

results of bacteriological analysis water samples. The presence of high counts of coliform

bacteria from analyzed water samples indicated that water bodies were faecally polluted and

contained pathogens that cause public health problems. These were also supported by the

information obtained from questionnaires. Out of 128 respondents, 113 of them responded that

there are no organs responsible for the promotion public awareness about water quality, hygiene,
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sanitation and related impacts at Wonji. The low levels of awareness have great impacts on

drinking water quality and consequently on the health of the community.

Table 14 prevalence water related of infectious human diseases at Wonji

(Source: Wonji hospital, 2006)

Parasites 2002/03 2003/04 2004/05

2002/05

(Total)

Amoebiasis 5,511 4,770 4,699 14,980

Giardiasis 2,533 1844 2,232 6,609

S.mansoni 382 267 310 959

Total 8,426 6,881 7,241 25,548

Table 15. Responses of students about common types of diseases at/ around Wonji

(survey result)

Options No. (%) of respondents

Insect borne 38(29.69%)

Water borne 71(55.47%)

Air borne 13(10.16%)

Others 6(4.69%)

Among 128 students, 71 responded that water borne diseases are more common at wonji (Table

15). Based on the information obtained from the questionnaires and recorded health data from

Wonji hospital, water and sanitation related diseases are more prevalent. Some of the factors for

the transmission of water, sanitation and hygiene related diseases are water quality, quantity and

management, waste disposal systems and health education (Pinfold, 1991).
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Table 16 Responses of students about waste disposal sites at Wonji

Options No.of respondents

Open field 25

Pit holes (latrines) 101

River 2

The majority of the students (101) responded that most of the Wonji town dwellers dispose

wastes in to pit holes. But based on my field observations, there are waste disposal problems at

Wonji town that contribute for the deterioration of drinking water quality. It is common to see

different wastes such as piling of discarded vegetables, feedlots, plastics, papers, other different

domestic wastes around markets, bus stations, streets, open fields, riverbanks, and around

industrial and agricultural areas There are no Public latrines and waste storage containers at the

deserved parts of the town.

Table 17 Responses of students about the main source of water contaminants at Wonji

Sources (Options) No.(%)of

respondents

Factories 57(44.53%)

Human & other household wastes 54(42.19%)

Agricultural wastes 7(5.47%)

Others 10(7.81%)

Among respondents, 57 and 54 them responded that industrial and household wastes are the main

sources of water pollution at/around Wonji town (Table 17). Majority of the students did not

respond to agriculture as the sources of water pollution. Even though it is difficult to arrange

them in increasing or decreasing order based on the magnitude of their contribution, these human

activities are the main sources of water pollution at the study area.
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5. Conclusions and Recommendations

Conclusions
The results of the study revealed that the study area has the problems of drinking water quality.

Analyses of drinking water samples for bacteriological quality and fluoride levels confirmed that

the water supplies were unsafe for drinking purpose.

Among water samples analyzed for the bacteriological quality, all of them were positive for total

coliforms. Among analyzed water samples, 90% and 73.3% of them were contaminated by fecal

coliforms and E. coli type I, respectively. Only 26.7%, 10% and 26.7% of the samples were

within the WHO recommended guidelines for total coliforms, fecal coliforms and E.coli type I,

respectively. From the household water containers, the over all average counts of 40.70 MPN/100

ml total coliforms and 7.20MPN/100 ml fecal coliforms were observed. The average counts of

total coliforms and fecal coliforms for the water samples taken from out side sources (pipes and

river) were 25.5 MPN/100 ml and 3.5 MPN/100 ml, respectively. The detection of higher counts

of pollution indicator bacteria in analyzed water samples from water containers than that of out

side sample sources (pipes and river) demonstrated that mostly contamination of drinking water

occurs during handling practices at house hold levels at the study area.

The concentrations of fluoride, nitrate, nitrite and ammonia ranged from 2.3-5.8 mg/l, 1.10-6.20

mg/l, 0.0015-0.025 mg/l and 0.01-0.76 mg/l, respectively. The levels of nitrate and nitrite were

below the WHO guidelines but the concentrations of fluoride were above the recommended limit

and could cause dental, skeletal and other health problems to the community. Among 128 Wonji

high school students selected for the study, 92 (71.88%) of them were affected by dental fluorosis.

The lack of clean drinking water posed numerous health problems for the population. Fluorosis,

amoebiasis and giardiasis were among more common water related human diseases at Wonji.

Analyses of drinking water samples from two different sites of Awash River confirmed that the



41

concentrations of all analyzed parameters were higher for the samples taken down stream than up

stream of Wonji town.

The results of the study also justified that both temporal and spatial fluctuations for the analyzed

parameters have been observed even though there were limitations of analyzing many repeated

water samples per site due to different constraints that did not allow us to do so.

Based on the results of water sample analyses and field observation, the major possible sources

of water pollution at the study area were agricultural, domestic and industrial wastes.

The results of the study revealed that proper water quality management has to be carried out at

sources, distribution system and at house hold levels.

It can be concluded that through the findings of water quality and the health impact study, water

related public health problems could be minimized through providing safe drinking water and

through motivating people by creating awareness .

Recommendations
 There is a need to have alternative water sources, changing practices that perpetuate the

problem of pollution of water sources, and cleaning up already contaminated sites.

 Regular water quality monitoring systems are essential to reduce and manage pollution.

 To ensure providing safe water through existing water systems at the area, water quality

monitoring should be carried out to make it possible to take remedial actions for the

improvement based on bacteriological and chemical water quality analyses results.

 Improving water quality through safe water storage, identifying possible sources of

pollution, prevention and control of water pollutants at the sources are among the important

measures to minimize public health and other related problems at the study area.
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 The issues should get sufficient attention by all concerned bodies, especially; the local

officials have to take greater responsibility.

 Awareness creation through education, motivating local people to participate in a

community based water pollution prevention are essential.

 Coordination of different sectors including MOWR, MOH, Research Institutions, NGO`s,

regional government and the affected community them selves are very important to

facilitate safe water supply.

 Based on the recommended guideline limits by WHO for pollution indicator bacteria and

fluoride levels, drinking water supplies at the affected area should not be used for

drinking purpose.

 Additional studies have to be conducted to assess drinking water quality that includes

measurements of biological, chemical, physical and other parameters of the water and

associated impacts.

 Effective chlorination and defluoridation of drinking water supplies are highly

recommended at the study area.
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7. Annexes.

Annex 1 Results of bacteriological analysis of drinking water samples (2006)

Sampling sites

Total coliforms Fecal coliforms

Pipes

and river

Containers Pipes

and

rivers

Containers

1st. 2nd. 1st. 2nd. 1st. 2nd

.

1st 2nd.

W.S.F.Garden 0 3 6 22 0 2 4 12

Mango 54 5 35 14 0 0 4 0

Mestawet 17 3 12 6 0 1 2 3

Sayveria 13 3 11 161 0 2 0 2

Ande Ayene S. 54 2 43 12 0 0 21 3

Korkoro S. 0 18 4 28 0 3 2 10

Police Sefer 1 14 8 21 0 1 1 3

Catholic T. 0 9 6 54 0 2 2 18

Ketena-5C 3 92 7 92 0 10 3 17

Ketena-5A 3 18 7 22 0 3 2 3

Ketena-2A 3 12 43 161 0 3 0 0

Ketena-4D 0 18 2 18 0 3 2 2

Ketena-3A 1 18 8 18 0 1 6 22

Awash R.Up 161 35 54 92 0 28 8 18

Awash R. D 161 43 92 161 10 35 18 28
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Annex 2 Results of drinking water sample analyses for nitrate, nitrites and

ammonia (2006)

sites

NH3 NH3-N NO2-N NO3- NO3-N

1st. 2nd. 1st. 2nd. 1st. 2nd. 1st. 2nd. 1st. 2nd.

W.S.F.G 0.9 0.6 0.74 0.49 0.004 0.002 13.2 4.1 3 0.9

Mango 0.36 0.07 0.03 0.06 0.001 0.002 6.5 6.7 1.5 1.5

Mestaw 0.29 0.01 0.24 0.01 0.002 0.003 7.4 8.1 1.7 1.8

Sayveria 0.02 0.05 0.02 0.04 0.007 0.006 8.3 7.4 1.9 1.7

Ande A. 0.13 0.03 0.1 0.03 0.005 0.007 7.1 11.1 1.6 2.5

korkoro 0.18 0.03 0.15 0.02 0.004 0.002 6.8 10 1.5 2.3

Police 0.07 0.04 0.06 0.03 0.002 0.003 4.7 8.2 1.1 1.9

Catholic T 0.01 0.04 0 0.02 0.004 0.005 5.7 10.6 1.3 2.4

Ketena5C 0.17 0.22 0.14 0.18 0.004 0.005 9 11.8 2 2.7

Ketena 2A 0.07 0.15 0.06 0.12 0.009 0.006 17 10.8 3.8 2.4

Ketena2A 0.05 0.02 0.05 0.02 0.003 0.001 12 11.4 3.2 2.6

Ketena4D 0.05 0.25 0.04 0.21 0.003 0.001 9.9 0.2 2.2 0

Ketena3A 0.04 0.21 0.03 0.17 0.003 0.005 8.6 13.7 1.9 3.1

A.R.U 0.29 0.82 0.41 0.66 0.009 0.008 19.8 8.5 4.5 1.2

A.R.D 0.96 0.92 0.76 0.76 0.03 0.02 45.2 9.5 10.2 2.1
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Annex 3 Guideline values of fluoride, nitrate, nitrite in drinking water for human health

Recommended

by

Parameters (mg/l)

F- NO3- NO3_N NO2- NO2-N

WHO 1.5 45 10 3.3 1

Ethiopia

(MOWR)

3 50 11.4 6 1.8

U.S.EPA 4 45 10 3.3 1

Annex 4 Categorization of suggested bacteriological criteria for unchlorinated drinking water

supplies (Monica, 2000)

Mean count

(MPN/100ml) Comments

0 Excellent

1 - 10 Acceptable: But make regular sanitary cheeks

10 - 50 Unacceptable: Look for & correct structural

faults & poor maintenance of pump & plinth.

Then disinfect equipment & source

More than 50 Grossly polluted: Look for alternative source,

or carry out necessary repairs, & disinfect
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Annex 6. Most probable numbers of coliforms (WHO, 1971)

Number of tubes giving a positive
reaction

MPN of Coliforms in the
sample of the original water

1 of 50 ml 5 of 10ml 5 of 1 ml

0
0
0
0
0
0
0

0
0
0
0
0
1
1
1
1
1
1
1
1
1
1
1
1
1

1
1
1

1
1
1
1
1
1
1
1
1
1
1
1
1

0
0
0
1
1
1
2

2
2
3
3
4
0
0
0
0
1
1
1
1
2
2
2
2
3

3
3
3

3
4
4
4
4
4
4
5
5
5
5
5
5

0
1
2
0
1
2
0

1
2
0
1
0
0
1
2
3
0
1
2
3
0
1
2
3
0

1
2
3

4
0
1
2
3
4
5
0
1
2
3
4
5

0
1
2
1
2
3
2

3
4
3
5
5
1
3
4
6
3
5
7
9
5
7
10
12
8

11
14
18

21
13
17
22
28
35
43
24
35
54
92
161
>161
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Annex 7 Questionnaires
Assessment on water, sanitation, and hygiene related health and environmental problems

at/ around Wonji town

First name _________ Father’s name__________Age_______Sex___

Grade_______ Section______ Signature________ Code No.________

Part I Read carefully and give correct answers for each question

1. Where were you borne?

a) At Wonji town b) at another place ( specify the name)_______

2. For how many years did you live at

a) Wonji town? __________ b) other place ?___________

3. What is the main source of your drinking water among the following ?

River, Wells, Pipe , Stream, Lake

a) at wonji town ? _____________ b) at other place ? ________________

4.Which water source do you usually use for hygienic purposes ?

a). River b). Wells c). Pipe d). lake e). stream

5. How many litres of water do you drink per day (24 hours) approximately?____

6. Do you know the cause of fluorosis ? a) Yes b) No

7. Is dental fluorosis a health problem? a) yes b) No

8. Do you have problems of dental fluorosis ? a) yes b) No

9. The condition of your dental fluorosis is (if any): _

a) normal b)mild (moderate) c) severe

10. Do you have problems of skeletal fluorosis? a) Yes b) No

11. The nature of your skeletal fluorosis is (if any) a) normal b) pain of joints

c) Crippling stage (inability to walk with out support) d)b and c
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12. Give the total number of your family members? _________

13. Among your family members, how many of them have problems of

a). Dental fluorosis (mottling of teeth) ?____________

b). Skeletal fluorosis? _____________________

c). How many of them can’t do their work properly due to skeletal fluorosis? ___

14. What is the main cause of dental and skeletal fluorosis at your area?

a) Sugar cane b) chat c) coffee d) drinking water containing high fluoride

f) I don’t know

15. Do you chew chat? a) yes b) No

16. Do you eat sweet foods like candy, cakes and others? a) yes b) No

17.What is the main waste disposal site (place) at your area?

a) Open field b) pit hole (well) c) rivers

18. Do you have latrine (toilet) at your home? a) yes b) No

19. What is the main source of water pollutants (contaminants) around your area?

a) Factories b) human and other house hold wastes c) agricultural wastes d) others

20. Water may be polluted: a) at original sources (rivers, wells, streams)

b) In the pipe c) in the house d) all

21. Which diseases are more common around your area?

a) Insect borne b) water borne c) air borne d) others

22. Do you have information about personal and community hygiene? a) yes b)No

23. Are there responsible bodies that teach people about water, sanitation, hygiene and

related impacts around your area? a) Yes b) No

24. List different solutions that help to prevent and control water pollution, water,

sanitation and hygiene related health and environmental problems around your area?
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