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Abstract 

Dental as well as skeletal fluorosis is endemic in the region of Ethiopian Rift Valley, and the 
maximum prevalence of fluorosis was observed on children at the age of 10 to 14 years. The aim 
of this study was, therefore, to determine the daily dietary fluoride intake of 10 to 15 years old 
children living in Bidara Fuka and Dibibisa Kebeles of SNNPR and Oromia Regions, a rural 
part of the Ethiopian Rift Valley. Taking the daily dietary intake variation in to account, three 
consecutive days of twenty four hour duplicate portions of food samples were collected and 
analyzed for fluoride by using a fluoride ion-selective electrode. Based upon the analysis of 306 
prepared food, beverages and water samples; the average daily dietary fluoride intakes of 
children residing in the two Kebeles were determined. In Bidara Fuka and Dibibisa Kebeles, the 
study participants had mean dietary fluoride intakes of 9.29 mg/day (0.310 mg/kg body weight) 
and 7.71 mg/day (0.256 mg/kg body weight), respectively. The data indicated that, in all cases 
the average daily dietary fluoride intakes of children exceed the optimum (0.05-0.07 mg/kg bw 
/day) and maximum (0.08 or 0.1 mg/kg bw/day), threshold values of dietary fluoride intake 
recommended by CDA, COT, US EPA and other toxicological studies. The contribution of food 
for daily fluoride intake was also as important as drinking water, which is 49.6% and 53% in 
Bidara Fuka and Dibibisa Kebeles, respectively. The drinking water source in Bidara Fuka and 
Dibibisa is only one single deep well with a service years of 31 and 24, respectively. Fluoride 
concentrations in groundwater samples of Bidara Fuka and Dibibisa Kebeles were 4.19 and 
3.16 mg/L, respectively. This is much beyond the WHO permissible limit of 1.5 mg/L. Dental 
fluorosis was evaluated using Dean’s Index; that considers fluorosis as severe when there is 
pronounced staining and/or pitting of the enamel. In Bidara Fuka 66% of the individuals showed 
signs of moderate and severe dental fluorosis. On the other hand, 54% of the individuals were 
listed as having moderate and severe dental fluorosis in Dibibisa Kebele. The study participants 
in the two Kebeles had 98% of very mild to severe dental fluorosis. Furthermore, physical 
exercises method developed in India was employed for the assessment of prevalence of bone 
fluorosis. Accordingly, 69% and 27% of the study participants in Bidara Fuka and Dibibisa 
Kebeles were unable to do one or both of the physical exercises, indicating signs of skeletal 
fluorosis. On the whole, the study result revealed that prevalence of fluorosis in both Kebeles at 
such early age group was high, the fact consistent to the higher hazard quotient values of 3.10 
and 2.56 obtained in Bidara Fuka and Dibibisa Kebeles, respectively. 

Key words: Ethiopian Rift Valley, daily fluoride intake, fluoride, fluorosis, ground water. 
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1. Introduction 

1.1. Background 

Fourteen countries in Africa, eight in Asia and the Middle East and six in the Americas face the 

problem of fluoride concentration above 1.5 mg F-/L in drinking water (Frenckens et al., 1990). 

Many of these countries are confronted with the problems of endemic dental and skeletal 

fluorosis.  

The region of Ethiopian Rift Valley varies between 500 and 1,800 meters above sea level, and is 

hot and dry with an average temperature of 23°C (ranges from 15°C to 38°C). In most parts of 

this region, ground water contains very high concentrations of naturally occurring fluoride, well 

in excess of the WHO’s recommended guideline value, and fluorosis is an endemic health 

problem including skeletal fluorosis (Tekele-Haimanot et al., 1987). A study conducted by 

Tekele-Haimanot et al. (1987), also indicated that dental fluorosis is found in more than 80 per 

cent of sampled children in the Ethiopian Rift Valley Region. The maximum prevalence is seen 

in the 10–14 years old age-group and 32% of the children showed severe dental mottling. 

In this region, dental mottling has been recognized even in areas with fluoride concentrations in 

water as low as 2 mg/L (Tekele-Haimanot et al., 1987; Wondwossen et al., 2004). As noted by 

NRC (2006), the weight of evidence indicates that the threshold for severe dental fluorosis 

occurs at a water fluoride level of about 2 mg/L. In warmer areas, because of the greater amounts 

of water consumed, dental fluorosis can also occur at lower concentrations in the drinking-water 

(Cao, 1992). 

Ethiopian Rift Valley Region covers all or parts of Afar, Oromia and the Southern Nations, 

Nationalities and Peoples Regions (SNNPR). According to Tekle-Haimanot et al. (2006), 42% of 

groundwater sources tested in Oromia Region have excessive fluoride concentrations as 

compared to 30% in SNNPR and 12% in Afar Region.  

Bidara Fuka and Dibibisa Kebeles are located in Ethiopian Rift Valley, SNNPR and Oromia 

Regions, with a total population of 3232 and 1767, respectively. Bidara Fuka and Dibibisa 

Kebeles are dependent upon ground water sources of 4.19 and 3.16 mg/L fluoride level for 
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drinking, respectively. This was much beyond the WHO permissible limit of 1.5 mg/L.  

Although, the livelihood of most of these people is linked to farming and rearing of animals as 

their major occupation (Oromia BoFED, SNNPR BoFED), there is significant difference in their 

feeding habits.  

According to the information obtained from Ethiopian Ministry of Water and Energy (MoWE), 

Regional Water Bureaus in collaboration with MoWE are in charge of controlling and 

monitoring the quality of drinking water sources of the country. However, due to the fact that the 

unprecedented increasing number of population, financial constraints and lack of appropriate 

technology for defluoridation, the present situation of water quality management is far from 

satisfactory. Increasing population density, scarcity of drinking water and pollution of surface 

water also pose a serious problem to drinking water supplies in Ethiopia (Reimann et al., 2002 

and 2003). Thus, the high fluoride content of the ground water and poor water quality 

management facility of the regions present a threat on the health of the community.  

Eventually, unlike the past many endeavors are recently undertaking by the National Fluorosis 

Mitigation Project Office, which is established by the MoWE at federal and regional level to 

study the hydrochemistry and genesis of high fluoride groundwater as well as alternative 

technologies of defluoridation. Especially the natural fluoride pollution of ground water, which 

remains the main source of water supply in the region draws MoWE’s attention to the Rift 

Valley than ever since before. Therefore, currently there is strong commitment to minimize the 

peril of fluorosis over the quality of drinking water and the need to revise and establish new 

fluoride guideline value in drinking water sources that can insure its safety. An effort to address 

the problem of fluoride in Ethiopian drinking water supply is being led by National Fluorosis 

Mitigation Project Office, under the auspice of external agencies, particularly UNICEF. 

On the other hand, although drinking water is likely to be the dominant pathway of fluoride 

exposure in Ethiopian Rift Valley areas, foodstuffs prepared with high fluoride cooking water is 

also an additional pathway (Malde et al., 2004). The fluoride content of a dish depends on the 

fluoride content of the food ingredients, the fluoride concentration of the water, and the amount 

of water used and retained in the food during preparation (Malde et al., 2004). Recent studies by 

Cao et al. (2006) also identified food as a potential hazard and states that food consumption may 
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increase the risk of fluorosis. Khan et al. (2004) on the other hand, proposed that each country 

should calculate its own optimal level of fluoride in drinking water based on the dose response 

relationship of fluoride in drinking water and the levels of caries and fluorosis. It is plausible to 

estimate the amount of fluoride ingested from all environmental and dietary sources so that 

rational and scientifically sound decisions can be made when guidelines for the use of fluorides 

are established or periodically reviewed and modified (Pang D., 1992). 

Unfortunately, there is no study made on total daily fluoride intake value in Ethiopia, except the 

study made by Malde et al. (2004), on dietary fluoride intake in children below 5 years of age, 

living in a high-fluoride area of Wonji Shoa Sugar Estate. As a result of this, there is no adequate 

scientific based information on the magnitude of fluoride exposure through dietary substances in 

the Ethiopian Rift Valley Region.  

An intake of 0.05 mg/kg bw/day is considered to be a no observable adverse effect level 

(NOAEL) for moderate dental fluorosis, and the threshold dose at which fluoride causes 

moderate dental fluorosis was 0.1 mg/kg bw/day (COT, 2003). Therefore, this study has made an 

assessment on the effect of fluoride based on the dose or exposure (i.e. mg F-/kg bw/day), the 

duration of exposure, climatic conditions and other features such as age (mineralization time) 

and feeding habits.   

On the whole, higher fluoride intake affects the health of young children living in Bidara Fuka 

and Dibibisa Kebeles. Therefore, the overall objective of this study was to determine the total 

daily intake of fluoride in drinking water, beverages and other food stuffs and thereby compare 

the result to 0.1 mg/kg bw/day and further to investigate whether there is a significant difference 

in the contribution of food for fluoride exposure between the two Kebeles - based on dose 

response relations.  

1.2. Statement of the Problem  

Dental as well as skeletal fluorosis is endemic in the Region of Ethiopian Rift Valley. This is 

because of the higher fluoride level in the ground water sources of this region. According to 

MoWE, the region is one of the worst affected by surface fresh water scarcity in the country and 

hence, the population in this region is dependent up on ground water sources. On the other hand, 
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as this region is found in hot and dry climatic zone of the country, the daily intake of water and, 

therefore, that of fluoride could be much higher. Besides, drinking water may not be the only 

source of fluoride. But, other sources like beverages and food consumption may increase the risk 

of fluorosis. 

However, less is known about the relative importance of food as sources of fluoride. Especially, 

there is no information about the dietary fluoride intake of children aged 10 to 15 years, an age 

when maximum prevalence of fluorosis was observed. Hence, adequate documentation to 

identify priority areas for further intervention and to determine an estimated average requirement 

and maximum tolerable limit for fluoride is not available.  

Alternatively, dietary fluoride intake assessment could lead to identification of key factors 

actually responsible for fluorosis, followed by development of an appropriate strategy for 

effective mitigation of fluorosis. This includes water management solutions, domestic level 

defluoridation of drinking water as well as nutrition supplementation. Therefore, to mitigate 

these contaminants there is a need to identify priority areas for further intervention, followed by 

appropriate risk management strategies. 

In general, children living in Bidara Fuka and Dibibisa Kebeles are affected by both dental and 

skeletal fluorosis as a result of consumption of high fluoride level through different routes. For 

this reason, this study focuses on the determination of fluoride exposure via food and drinking 

water sources. Assessment of prevalence of fluorosis and comparison of fluoride exposure 

through food stuff among the two Kebeles were also another priority area of the study.  

1.3. Objectives 

1.3.1.    General Objective 

The general objective of the study was to determine the level of daily fluoride intake through 

food and drinking water routes and assess the prevalence of fluorosis in 20% of 10 to 15 years 

old children inhabiting in Bidara Fuka and Dibibisa Kebeles, and to compare the result with the 

COT and US EPA recommended tolerable daily fluoride intake values of 0.1 and 0.08 mg/kg 

bw/day in the two Kebeles, and evaluate the contribution of food as one of the route causes of 

fluoride exposure.  
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1.3.2.   Specific Objectives 

 To determine total daily intake of fluoride through food and drinking water sources in 10 

to 15 years old children using the formula developed by Connell, and compare the 

contribution of food with that of drinking water as a route cause of fluoride exposure. 

 To examine and evaluate the prevalence of dental and skeletal fluorosis in relation to the 

daily fluoride intake values, using Deans’ index and the physical exercise method 

developed in India, respectively.  

 To investigate whether there is significant differences in fluoride exposure of children as 

a result of the different feeding habits in the two Kebeles. 

 To compare the daily fluoride intake value with that of the tolerable daily fluoride intake 

value of 0.1 mg/kg bw/day and characterize the risk using the hazard quotient value.  

1.4. Significance of the Study 

Fluoride risk assessment is the most appropriate scientific tool as diagnostic parameter prior to 

applying appropriate fluorosis mitigation strategy and to determine human health risk as it is 

derived from a human exposure study. It can also be used as a road map in establishing water 

quality guideline or standard values for health related parameters in drinking water sources; as 

well it can be used as an input in ensuring the sustainable use of water resources in the country.  

The study result is also used to estimate the contribution of food as a route cause of fluorosis in 

the Ethiopian Rift Valley Region. Thus, the study provides important insight into the levels of 

total fluoride intake associated with fluorosis. In addition, the study will also help decision 

makers to take any affirmative actions or early interventions on problems related to fluorosis. 

This is because, it helps plan appropriate intervention starting with problem formulation to 

identify all possible hazards and their pathways from sources to recipients. Human exposure to 

fluoride and dose–responses of fluoride is then combined to characterize the risks. Above all, the 

result will provide scientific information on the contribution of food for fluoride exposure among 

the different regions with different livelihood and feeding habits.  
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The findings could also be used by environmental scientists, Ministry of Water and Energy, 

Ethiopian Environmental Protection Authority, other interested parties and researchers for 

environmental pollution control or for further scientific investigations. Generally, the results of 

this study is used as base-line information for further studies, show the direction in setting 

guideline values for health related chemicals in drinking water sources.  
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2. Literature Review 

2.1. Definition of Fluoride  

Fluorine is the 13th most abundant naturally occurring element in the Earth’s crust and is the 

lightest member of the halogens (WHO, 2004). It is the most electronegative and reactive of all 

the elements and as a result, elemental fluorine does not occur in nature, but is found as fluoride 

mineral complexes (WHO, 2004).  

2.2. Sources of Fluoride 

Unlike some of the other halogens, the majority of fluoride in the Earth’s surface is derived from 

rock minerals, whereas other sources such as air, seawater and anthropogenic activities constitute 

a relatively small proportion. In groundwater, for example concentrations vary with the type of 

rock the water flows through but do not usually exceed 10 mg/L (Fordyce et al., 2001).  

In general fluoride is found in soil, water, food and air. The fluoride content in soil normally 

ranges from 200 to 300 mg/L (US. Department of Health and Human Services, 2003). Virtually 

all foodstuffs contain at least trace amounts of fluoride (WHO, 2002). Fluoride enters in human 

food-and-beverage chain in increasing amounts through the consumption of tea, wheat, spinach, 

cabbage, carrots and other foods items (Susheela, 2003). Principally fluoride is ingested into 

human body via water, food and beverages (Fordyce et al., 2001). The amount of fluoride that a 

person breathes in a day is usually less than 1.0 μg/m3 (US. Department of Health and Human 

Services, 2003). Therefore, as air and soil are typically responsible for only a small fraction of 

total fluoride exposure, they were not considered in this study.  

The major causes for the distribution, transportation and transformation of fluoride in the 

environment are: weathering and dissolution of minerals in water bodies, emissions from 

volcanoes, marine aerosols, coal combustion and process waters and waste from various 

industrial processes; including steel manufacturing, primary aluminium, copper and nickel 

production, phosphate ore processing, phosphate fertilizer production and use, glass, brick and 

ceramic manufacturing, and glue and adhesive production (Toyoda and Taira, 2000).  
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2.2.1. Water 

Fluoride in water derives mainly from dissolution of natural minerals in the rocks and soils with 

which water interacts. High fluoride concentrations are also often found in arid climatic 

conditions. Here, groundwater flow is slow and reaction times between water and rocks are 

therefore increased (Ayoob and Gupta, 2006). For a given individual, water consumption 

increases with temperature, humidity, exercise and state of health, and is modified by other 

factors including diet. Roughly, the closer to the Equator is the higher will be the water 

consumption (Murray, 1986).  

As a result of this total daily fluoride exposure can vary markedly from one region to another. 

However, from several studies, a rough estimate of total daily fluoride exposure in a temperate 

climate would be approximately 0.6 mg per adult per day in an area in which no fluoride is 

added to the drinking-water and 2 mg per adult per day in a fluoridated area (WHO, 1984). 

According to the study made by Franco et al., water consumption is reasonably constant; hence 

the concentration of fluoride in mg/L is a reasonable surrogate for fluoride exposure. With this 

and other related assumptions, most epidemiological studies concerning the effect of fluoride on 

teeth and bone have correlated the effects with the concentration of fluoride in the drinking water 

consumed rather than total fluoride exposure. On the other hand, different studies indicated that 

although drinking water is epidemiologically the most important source of fluoride in most areas, 

considerable exposure risk is also associated with food and drinks, especially tea (WHO, 1984; 

Malde et al., 2004).  

2.2.2.  Food and Beverages  

Drinking-water is typically the largest single contributor to daily fluoride intake (Murray, 1986). 

However, fluoride intake from other sources is also considerable, especially from food (Toyoda 

and Taira, 2000). Han et al. (1995) found that food is the main causative factor for fluorosis in 

areas with low fluoride concentration in the drinking water. High fluoride concentration is often 

found in food items rich in minerals and trace elements. Teff flour, for instance, is considered a 

positive food item because of its high concentration of iron, zinc, and calcium (FAO, 1987; 

Maage et al., 1996). According to Weinsten (1977), the highest fluoride concentrations are found 

in the leaves and roots of plants. 
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 Except for tea, most vegetables grown in low-fluoride areas have fluoride content less than 1 

mg/kg (Singer, 1986). Tea plants are found having high fluoride uptake and 97% of it gets 

accumulated in leaves (Shu et al., 2003). The fluoride content of tea leaves is about 1,000 times 

the soluble fluoride content of soil and 2 to 7 times the total fluoride content in soil (Fung et al., 

1999). 2–3 cups of tea contain approximately 0.4–0.8 mg fluoride (IPCS, 1984; Slooff et al., 

1988).  

With relatively high fish consumption in a mixed diet, the fluoride intake from fish alone would 

seldom exceed 0.2 mg F- per day (Murray, 1986). Milk typically contains low levels of fluoride, 

e.g. 0.02 mg/L in human breast milk and 0.02–0.05 mg/L in cow’s milk (Murray, 1986). Thus 

milk is usually responsible for only a small fraction of total fluoride exposure. Vegetables and 

fruits normally have low levels of fluoride (e.g. 0.1–0.4 mg/kg) and thus typically contribute 

little to exposure. However, higher levels of fluoride have been found in barley and rice 

(example about 2 mg/kg. The levels of fluoride in meat (0.2–1.0 mg/kg) and fish (2–5 mg/ kg) 

are also relatively low (Murray, 1986). However, according to the weight of evidence obtained 

from WHO (2004) for children, total fluoride intake via food and water is decreased because of 

lower consumption.  

Indeed, studies indicated that the establishment of a water quality standard of 1 to 1.5 mg/L for 

fluoride consumption, through drinking water alone, is not enough to mitigate the adverse health 

effects of fluoride. Estimation of total dietary fluoride intake in individuals living in high-

fluoride areas may be based either on analysis of raw food ingredients (Malde et al., 1997) or 

analysis of a selection of prepared food dishes (Zohouri and Rugg-Gunn, 2000).  

2.2.3.  Air 

Due to dust, industrial production of phosphate fertilizers, coal ash from the burning of coal and 

volcanic activity; fluorides are widely distributed in the atmosphere. However, air is typically 

responsible for only a small fraction of total fluoride exposure (NRC, 1993). In non-industrial 

areas, the fluoride concentration in air is typically quite low (0.05–1.90 μg/m3 fluoride) (Murray, 

1986). According to John et al. (2009) the average respiration rate in an adult person is about 20 

m3 per day.  Thus, even if the fluoride concentration in urban air occasionally rose to 2 µg/m3, 

the amount of fluoride inhaled would only be 0.04 mg/day.  
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2.2.4. Dental Products  

A number of products administered to, or used by children to reduce dental decay contain 

fluoride. This includes toothpaste (1000–1500 mg/ kg fluoride) (Murray, 1986). 

2.3. Effects on Humans / Problem of Fluorosis 

Both deficiency and excess of fluoride level in the environment is associated with human health 

(WHO, 1984). There is a narrow range between intakes which are beneficial and those which 

begin to be detrimental (IPCS, 2002).There is more of a treat, however, to the higher 

concentrations due to the severity of the disease posed by such levels within the water. The 

severity depends upon the amount ingested and the duration of intake (WHO, 2004). The adverse 

effect of fluoride range from mild dental fluorosis to crippling skeletal fluorosis as the level and 

period of exposure increases.  

Some groups of population are more susceptible to the poisonous effects of fluoride than others 

(Susheela., 1999).  These include:  

• Pregnant women, lactating mothers and young children. 

• Malnourished children. 

•  People with low intake of calcium. 

• People with cardio-vascular and kidney problems. 

• People who do hard manual labour in hot climates, as it necessitates a high intake of 

drinking water.  

The most sensitive effect of fluoride exposure in humans is dental fluorosis. The most sensitive 

population to dental fluorosis is children under the age of eight particularly during the pre-

eruptive formation and maturation of enamel in teeth (Liang et al., 2006). Excessive fluoride 

intake by peoples older than 7 years will not cause dental fluorosis (Stefanie et al., 2009). Dental 

fluorosis is more prevalent in children fed formula than in breast-fed children (NFIC, 2007).  The 

earliest signs of dental fluorosis can be seen as small white lines across the entire enamel surface 

(WHO, 2003).  
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2.3.1. Dental Fluorosis 

Dental fluorosis is a cosmetic effect that ranges in appearance from scarcely discernible to a 

marked staining or pitting of the teeth in severe forms. It is caused by an elevated fluoride level 

in, or adjacent to, the developing enamel (Whitford, 1997). Thus, it follows that dental fluorosis 

can develop in children but not adults. Dental fluorosis in an adult is a result of high fluoride 

exposure when the adult was a child or adolescent.  

At a fluoride concentration of 1 mg/L about 20 per cent of children have evidence of dental 

fluorosis but this fluorosis is of a mild degree of severity and would not be cosmetically obvious 

to the children or their parents (Dean, 1942). Thus the evidence suggested that, at least for 

fluoride naturally present in water, the optimal level of fluoride for a temperate climate was 

around 1 mg/L; this concentration was associated with a substantial resistance to tooth decay but 

with only a small and cosmetically insignificant increase in the prevalence of dental fluorosis 

(Dean, 1942).  

As fluoride concentration increased further (up to 2.6 mg/L) dental decay continues to fall, but 

only slightly (Dean, 1942). Conversely, dental fluorosis increases as fluoride concentration 

increases. The problems involved in measuring the incidence and severity of dental fluorosis 

(NRC, 1993).  

NRC (2006) suggested that mild and moderate dental fluorosis is cosmetic; however, they felt 

that severe fluorosis had an adverse health impact because it damaged the enamel and reduced its 

efficacy in protecting the teeth from decay. Dental decay is the destruction of the outer coating of 

the tooth (enamel) through the action of bacteria in the dental plaque. If decay is untreated it 

spreads into the inner portion of the tooth causing a toothache and sometimes infection (NRC, 

2006). Although not all members of the NRC panel agreed with the classification of severe 

fluorosis as an adverse health effect, all agreed that it should be avoided. NRC (2006) considered 

the relationship between severe dental fluorosis and increased dental caries to be a plausible one. 

As noted by NRC (2006), the weight of evidence indicates that the threshold for severe dental 

fluorosis occurs at a water fluoride level of about 2 mg/L. Calcium deficiency, co-exposure to 

certain minerals, malnutrition, respiratory, and various pathological conditions affecting urinary 
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output and kidney function; may contribute to increases in the prevalence and severity of dental 

fluorosis and/or produce dental abnormalities that are indistinguishable from dental fluorosis. Of 

greater concern to the NRC (2006), however, is the possibility that those individuals exposed to 

fluoride levels above 2 mg/L and suffering from severe fluorosis might be at greater risk of 

developing caries due to the fluoride-induced pitting of the enamel which would allow food 

plaque to become entrapped in enamel defects and thereby induce decay. Evidence of an increase 

in decay rates in this segment of exposed populations would support the supposition that severe 

fluorosis is not merely an undesirable cosmetic effect, but can also have adverse consequences 

with the potential to impact health (US EPA, 2010). 

The relationship between caries and fluoride exposure displays the U-shaped dose-response that 

characterizes many nutrients where there are adverse effects with intakes that are below those 

that confer a benefit and adverse effects with intakes that are greater than those with benefit. The 

base of the U identifies the dose range that defines intakes providing nutritional benefit without 

risk of adversity for healthy populations (US EPA, 2010). NRC (2006) concluded that in 11 of 

the 14 available contrasts, the measure of caries frequency was higher with severe fluorosis than 

with mild to moderate fluorosis.  

The base of the U-shaped fluoride-caries relationship seems to occur at a drinking water 

concentration between 2 to 3 mg/L (US EPA, 2010). Nevertheless, the weight of evidence does 

support the conclusion of the NRC (2006) that, under some circumstances, severe fluorosis may 

be associated with an increased prevalence of caries. The US EPA (2010) finding on the caries 

association is also consistent with NRC (2006) and concluded in that the “available evidence is 

mixed but generally supportive”.  

A study conducted in Ethiopian children by Wondwossen et al. (2004) was also in consistent 

with NRC (2006) findings; in that second molars were the teeth type most frequently affected by 

dental fluorosis and there is direct relationship between the severities of dental fluorosis with that 

of dental caries. In general in many of the non-US studies evaluated by the NRC (i.e., Ethiopia, 

Gaza Strip, Turkey), caries prevalence was lowest in groups showing no fluorosis, and there was 

a progressive increase in caries with increasing severity of dental fluorosis. Some of the factors 

which might account for differences in the fluorosis/caries relationship between the US and other 
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countries include differences in dental care, dental hygiene practices, dietary habits (i.e., 

consumption of sugars), and nutrient intakes (i.e., calcium balance) (US EPA, 2010). 

2.3.2. Skeletal Fluorosis 

In adults; stiffness of the back and neck muscles, unable to bend forward and to stand straight are 

some of the indicators of skeletal fluorosis. On the other hand, signs and symptoms of skeletal 

fluorosis in children include; pain in the lower limbs, knock knee, bow leg and anterior bowing 

of the lower limb bones (IFM NEERI-UNICEF, 2007).  

According to NRC (2006), skeletal fluorosis is categorized into one of four stages: a preclinical 

stage and three clinical stages that increase in severity. The most severe stage (clinical stage III) 

historically has been referred to as the “crippling” stage. NRC (2006) concluded that “the weight 

of evidence supports the conclusion that lifetime exposure to fluoride at drinking water 

concentrations of 4 mg/L and higher is likely to increase fracture rates in the population. 

According to the US EPA (2010), however, although there are a large number of epidemiological 

studies available, the data are such that it is difficult to determine a clear exposure–response 

relationship. One possible feature of fluorosis is bone fracture, although some studies have 

reported a protective effect of fluoride on fracture. The NRC analysis determined that severe 

dental fluorosis appears to occur at a lower dose than stage II skeletal fluorosis and/or bone 

fractures (NRC, 2006). 

In an epidemiological study in China the relationship between fluoride intake via drinking-water 

and all other sources, followed a U-shaped dose response with higher rates of fracture at very 

low intakes below 0.34 mg/L and high intakes above 4.32 mg/L (total intake 14 mg per day) (Li 

et al., 2001). It was concluded by the IPCS that for a total intake of 14 mg per day there is a clear 

excess risk of skeletal adverse effects and there is suggestive evidence of an increased risk of 

effects on the skeleton at total fluoride intakes above about 6 mg per day (IPCS, 2002).  

However, skeletal fluorosis has been reported in India in a village with average fluoride 

concentration in drinking water as low as 0.7 mg/L, with range 0.4–1.4 mg/L (Jolly, 1973). 

Although the disease is uncommon at such low concentrations, evidence of skeletal fluorosis, 



14 
 

with severe clinical manifestations, has been also reported in at least 9 studies from 5 countries, 

where water supplies contain fluoride naturally in the range 0.7–2.5 mg/L (Diesendorf, 1990).  

2.4. Dose-response relations 

According to Connell (2005), hazard identification, exposure assessment, determination of 

toxicity and risk characterization are the most important steps in the human health risk 

assessment procedure (on dose response relations). To characterize the risk quantitatively, one 

need to know the exposure to the chemical, and the potency of the adverse effect of the chemical. 

In this regard, the most common toxicity data used in evaluating health effects are the no 

observable adverse effect (NOAEL) and least observable adverse effect (LOAEL) values of the 

chemical. In general, the health risk of a chemical is entirely related to the dose or exposure of 

the chemical, its bioavailability and the potency of its adverse effect (Connell, 2005).  

                 
 

                      .  

Where: DI is daily intake in mg/kg bw/day, C  fluoride concentration in mg/kg in food or water, 

A total amount of water or food consumed in kg, BA bioavailability of fluoride in  drinking 

water or food, BW individuals body weight in Kg and TDI is tolerable daily intake in mg/kg 

bodyweight/day. Hazard quotient (HQ) above unity has the possibility of adverse effects on 

human population (Connell, 2005).  

2.5. Fluoride Metabolism: Bioavailability of Fluoride 

Absorption of fluoride varies from 100% on a fasting stomach, to 60% when taken with a 

calcium-rich breakfast. A fasting child may absorb fluoride from water more quickly than a well 

feed child because in an empty stomach fluoride does not form complexes with other substances 

(Ekstrand, 1996). In an acidic stomach, fluoride is converted into hydrogen fluoride (HF) and up 

to about 40 per cent of the ingested fluoride is absorbed from the stomach as HF. High stomach 

pH decreases gastric absorption by decreasing the concentration of HF. Fluoride not absorbed in 

the stomach is absorbed in the intestine and is unaffected by pH at this site (Whitford, 1997; 

IPCS, 2002).  
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Relative to the amount of fluoride ingested, high concentrations of cations that form insoluble 

complexes with fluoride (e.g. calcium, magnesium and aluminium) can markedly decrease 

gastrointestinal fluoride absorption (Whitford, 1997; IPCS, 2002). In infants about 80 to 90 per 

cent of the absorbed fluoride is retained but in adults this level falls to about 60 per cent. 

Fluoride crosses the placenta and is found in mother’s milk at low levels essentially equal to 

those in blood (WHO, 1996; IPCS, 2002). Levels of fluoride that are found in the bone vary with 

the part of the bone examined and with the age and sex of the individual. Bone fluoride is 

considered to be a reflection of long-term exposure to fluoride (IPCS, 2002). 

Soluble forms of fluoride salts have reported absorption efficiencies of between 80–100 % 

(ATSDR, 2003). It has been shown that ingestion of fluoride with a meal can increase the 

absorption of fluoride Trautner and Einwag (1987), but concomitant supplementation of sodium 

fluoride with milk or dairy products reduced its availability by 13–50% in humans and animals 

(ATSDR, 2003). Approximately 90% of fluoride ingested in water is absorbed in the gastro-

intestinal tract compared to only 30 – 60% of fluoride in food (WHO, 1996).  

2.6. Guidelines and Toxicological Data 

WHO has set an upper drinking water quality guideline of 1.5 mgF-/L. Conversely, WHO also 

recommends intakes of water containing 0.5–1.0 mg/L in the prevention of dental caries. 

Ingestion of water with fluoride concentrations above 1.5 mg/L results in dental fluorosis 

characterized initially by opaque white patches, staining, mottling and pitting of teeth. WHO also 

noted that drinking water with 1.5, 3.0-6.0 and >10 mg/L fluoride level causes; mottling of teeth 

(very occasionally), skeletal fluorosis and crippling fluorosis on humans (WHO, 1984). 

However, WHO emphasizes that in setting national standards for fluoride it is particularly 

important to consider climatic conditions, volumes of water intake, and intake of fluoride from 

other sources (e.g. food and others) (WHO, 2006).  

Accordingly, different countries have developed different guideline values for fluoride. For 

example, upper tolerable intake levels for fluoride have been established in Europe amounting to 

1.5 mg/day for 1–3 year old children, 2.5 mg/day for 4–8 year old children, 5 mg/day for 9–15 

year old children and 7 mg/day for adults (≥ 15 year old). These upper tolerable intake levels 
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apply to fluoride intake from water, beverages and foodstuffs including fluoridated salt, dental 

health products and fluoride tablets for caries prevention (EFSA, 2005).  

On the other hand, the Committee on Toxicity of Chemicals in Food, Consumer Products and the 

Environment (COT) in the UK considered an intake of 0.05 mg/kg bw/day to be a no observable 

adverse effect level (NOAEL) for moderate dental fluorosis (COT, 2003), even though the 

Committee pointed out that the threshold dose at which fluoride causes moderate dental fluorosis 

was 0.1 mg/kg bw/day. According to CDA (2008), the total daily fluoride intake from all sources 

should not exceed 0.05-0.07 mg F/kg body weight in order to minimize the risk of dental 

fluorosis. The prevalence of moderate dental fluorosis of permanent teeth is less than 5% in 

populations ingesting 0.08-0.12 mg/kg bw/day (US EPA, 2010).  

The combination of the drinking water and dietary estimates are the basis for the inorganic 

fluoride Reference Dose (RfD) estimate of 0.08 mg F/kg/day. The RfD is an estimate of the 

fluoride dose that will protect against severe dental fluorosis, clinical stage II skeletal fluorosis 

and skeletal fractures while allowing for a fluoride exposure adequate to protect against tooth 

decay for children and adults (US EPA, 2010).  

US EPA (2010) also identified a point of departure (POD) of 1.87 mg F/L for severe dental 

fluorosis based on benchmark dose modeling of the prevalence for severe dental fluorosis 

associated with specific drinking water fluoride concentrations. The POD is a lower confidence 

bound on the concentration in drinking water associated with severe dental fluorosis in 0.5% of 

the population studied. This value is consistent with other analyses of the Dean (1942) data set 

that identify 2 mg/L as the threshold drinking water fluoride concentration for severe dental 

fluorosis (US EPA, 1986; NRC, 2006).  

The total daily intake of fluoride for optimal dental benefits should be 0.05 to 0.07 mg F/kg 

bw/day and no more than 0.1 mg/kg bw/day to avoid the risk of dental fluorosis (American 

academy of pediatrics, 1986). The dietary fluoride intake excess of 0.1 mg/kg body weight has 

been generally accepted to cause dental fluorosis and intake levels from 0.05 to 0.07 mg/kg body 

weight is optimal for dental health of children from 1-12 years (Ophaug et al., 1985; Devika, 

Nagendra, 2009).  
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To produce signs of acute fluoride intoxication, it is estimated that minimum oral doses of at 

least 1 mg fluoride per kg of body weight are required (WHO, 1996). Indeed, such doses could 

be expected from water with a fluoride content of approximately 30 mg/L. The Scientific 

Committee on Cosmetic Product and Non-Food Products (SCCNFP) concluded that the 

threshold that could cause serious symptoms and need immediate emergency treatment is 5 

mg/kg bw/day for children less than 6 years of age (SCCNFP, 2003).  

Table 2-1 Level of fluoride in drinking water and food versus its human health effect. 

Concentration  of fluoride Media Effects  

1 ppm Water Dental Caries reduction 

2 ppm or <2 ppm Water Mottled Enamel (dental fluorosis) 

8 ppm Water 10 % osteosclerosis  

20 – 80 mg/day Water or food Crippling  Skeletal fluorosis 

50 ppm Water or food Thyroid changes  

100 ppm Water or food Growth retardation  

125 ppm Water or food Kidney changes  

2.5 – 5 g Acute dose Death  

Source: WHO, 1970. 

From Ethiopian perspective, although it is not yet promulgated and supported with adequate 

scientific explanations, MoWR and Ethiopian EPA had recommended the maximum tolerance 

limit of fluoride in drinking water to be 3 and 2 mg/L, respectively (MoWR, 2001). The 

arguments used by the MoWR for their relatively higher fluoride guideline  value  is that mild 

fluorosis (e.g. dental) is preferable to the risk posed by use of microbially polluted surface water 

or the hardship imposed by traveling many kilometers to an alternative water sources. On the 

other hand, Ethiopian Quality and Standards Authority has virtually recommended the maximum 

permissible level of fluoride in drinking water to be 1.5 mg/L (ES 261, 2001). 

2.7. Chemistry of Fluoride  

Fluoride is a powerful calcium-seeking element and can interfere with the calcified structure of 

bones and teeth in the human body, at higher concentration causing dental or skeletal fluorosis. 

This is because, human and other animal bones are composed of hydroxylapatite, which is an 
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end-member in the apatite solid solution series. Therefore, fluoride exchanges readily with the 

OH- ion in the apatite structure increasing the brittleness and decreasing the solubility of the 

bone structure (Dissanayake, Chandrajith, 1999).  
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3. Materials and Methods 

3.1. Study Area  

The study was conducted in Bidara Fuka and Dibibisa Kebeles of SNNPR and Oromia Regions, 

respectively. Bidara Fuka and Dibibisa Kebeles are located in a rural area in the Ethiopian Rift 

Valley Region, and are about 188 and 120 km away from Addis Ababa. The selected participants 

for this study were children aged 10–15 years, and were permanent residents of their respective 

Kebeles. A total number of 118 (20%) of 10–15 years old children (62 from Bidara Fuka and 56 

from Dibibisa) were participated in this study.  

Bidara Fuka Kebele is found in Mareko Woreda of Gurage Zone. As per the information 

obtained from Bidara Fuka health post and Kebele administration, the total number of population 

and total number of 10 to 15 years old children were 3232 and 308, respectively. All members of 

the community in the Kebele are Muslim and are entirely relied on one deep well water source, 

for their cattle’s and their domestic purposes. The service years of the deep well water supply 

unit were 31, with 4.19 mg/L fluoride level. Problem of water supply was very serious both in 

quality and quantity, and much of the responsibility has fallen on the shoulder of women than 

men.  

 

Figure 3-1 Study area in SNNPR - Region, location of Bidara Fuka. 
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Dibibisa Wachulafa Kebele on the other hand, is found in the region of Oromia, East Shewa 

Zone in Adama Woreda.  The total numbers of the population and 10 to 15 years old children 

were 4239 and 801, respectively. In contrary to Bidara Fuka, more than ninety percent of the 

populations living in this Kebele were Christians (Orthodox) (source: Kebele Administration and 

Kelecho primary school). This Kebele is divided in to three zones viz, Wachulafa, Boti and 

Yohannes. Boti and Yohannes Zones are collectively known as Dibibisa. A year before, 

Wachulafa and Dibibisa were two separate Kebeles, with different water supply systems. There 

is no drinking water supply unit for Wachulafa, except the surrounding undeveloped springs. 

However, there is a single deep well water supply unit for the two Zones, Boti and Yohannes 

(Dibibisa), which gives services for the community and their animals. For this reason, the study 

participants were selected only from Dibibisa. The total number of population and total size of 

10 to 15 years old children inhabited in Dibibisa were 1767 and 278, respectively. The service 

years of the bore hole was also about 24 years, with 3.16 mg/L fluoride level of the water. 

Although the responsibility is not gender specific, there is also critical water supply problem in 

this Kebele.  

 

Plate 3-1  Water point in Dibibisa.                 Plate 3-2 Water transportation using animals. 
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Figure 3-2 Study area in Oromia - Region, location of Dibibisa Wachulefa. 

3.2. Study Design 

3.2.1. Reconnaissance Survey  

Prior to conducting a visit on the study area, collection of relevant information were carried out 

from Ministry of Water and Energy, SNNPR and Oromia regions of their respective water 

supply bureaus. In order to select one Kebele from each Region, a preliminary assessment had 

been made on a total number of 13 Kebeles from the corresponding six Woredas. A single 

ground water source with at least 15 years’ service and with > 3 mg/L fluoride level were taken 

as the two major selection criteria. Other factors, such as hotter climatic conditions, 

socioeconomic status, feeding habits and intensive labour works had also been taken in to 

account during selection of the study areas. Maximum effort was also made to make all factors 

constant except the feeding habit and social factors of the two selected Kebeles. It was observed 

that, economic status of the two Kebeles was comparable, except their different socio-cultural 

and feeding habit characteristics.  
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Despite that Afar region is also considered as an endemic area of fluorosis, and was found in the 

hottest and drier climatic zones of the country, it was not incorporated in this study. This is 

because, as the livelihood of most of the population of this region is linked to rearing of animals; 

milk and milk products are the most dominant and major staple food items, which decreases the 

bioavailability of fluoride and there by the risk of fluorosis (MoA; Ekstrand et al., 1979; Branca, 

1993).  

3.2.2. Selection Criteria of the Study Participants and the Study Areas 

Selections of 10 to 15 years old children as a study participant were based on the study result 

made by different authors. For example, a study conducted by Tekele-Haimanot et al. (1987) 

indicated that maximum prevalence of dental fluorosis was observed in the 10–14 years old 

children living in the Ethiopian Rift Valley Region, and severe dental mottling was found in 32 

% of the sampled children. The cumulative effects of fluoride exposure would be expected to be 

seen most clearly in children 12-14 years old at a time when most of the permanent dentition is 

fully erupted; consequently, studies evaluating younger age groups may not provide sufficient 

data for a dose-response analysis (Dean, 1942). The prevalence of dental fluorosis (TF- score ≥ 

1) in 12 to 15 years old Ethiopian children consuming drinking water of 0.3-2.2 mg/L fluoride 

level was found to be 91.8% (Wondwossen et al., 2004). In general, children are the most 

vulnerable group when it comes to dental fluorosis, and hence, they have been given much 

attention in this study. 

On the other hand, the selected Kebeles were found in Ethiopian Rift Valley Region, which is 

endemic area of fluorosis caused by drinking ground water source. As there are often hot and dry 

climatic conditions in this region, the daily intake of water and, therefore, that of fluoride is 

much higher. In addition, in the Ethiopian Rift Valley, dental mottling has been recognized even 

in areas with fluoride concentrations in water as low as 2 mg/L (Tekele-Haimanot et al., 1987; 

Wondwossen et al., 2004).  

Children in each household were selected based on stratified and simple random sampling 

techniques. The parents of 122 children were requested to participate in the inclusion of their 

children in this study, and 96.7% of them were volunteers. Therefore, a total number of 118  

(20%) of 10 to 15 years old children were randomly selected from each household of their 
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respective Kebeles. Only children who had consumed water from the aforementioned ground 

water source continuously (from birth through their current age) were included in the study. And 

only one child was also selected per a household. The criterion for the selection of the study 

participants were also based on fully weaned and informed consent.  

A total numbers of 14 boys and 18 girls were participated in the 3-day dietary study in both 

Kebeles. The amount and variety of dietary intake by the remaining children were, however, 

estimated through interview. The magnitude of the experimental effort currently involved and 

some economic and technical restrictions were the major limitations that preclude the inclusion 

of all the study participants in the 3-day dietary study programme. Of course, the limited 

varieties of food ingredients and the day today similarities of food items consumed by children in 

their respective Kebeles were made this technique plausible and economically more acceptable.   

3.2.3. Sampling and Data Collection 

Data recording formats, sample bottles, balances (for both samples and weighing of children), ice 

boxes, refrigerators and other required materials were made ready before sampling. Brief 

discussion was also held with parents of the study participants, Woreda and Kebele 

administrators, health post and Woreda water supply experts. Particularly, proper instructions 

were given to the parents of the participants before food and beverage samples were collected.  

Parents were requested to keep the usual diet habits of the participants and to duplicate the diet 

as precisely as possible by observing the amounts that the participants really eat and drink. 

Household measures; such as teaspoon, table spoons and others were recommended to 

approximate quantities of food ingested. Parents were also asked to serve 2 similar portions on 2 

separate plates, to wait until the participants finish their portion, and to add or remove 

comparable portions on the separate plate. The duplicated diet was collected and the total 

quantity was weighted, and finally an aliquot sample had taken for analysis. Food samples were 

stored in plastic containers and collected the following morning. The participants’ weight was 

also measured to the nearest 0·5 kg without shoes and jacket (with light clothes). 

In order to determine fluoride intake from diet, twenty-four-hour duplicate portions of food 

samples were collected over three consecutive days, including one of the Orthodox Christians’ 
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fasting days. As diet habits are considered relatively constant, this has been done only three 

times (2 in the week days and 1 in the weekend day) for each group of individuals.  

Sampling of food items from Bidara Fuka and Dibibisa Kebeles were took place in January and 

March 2011, respectively. Sampling was conducted by the researcher in collaboration with 

Woreda water quality experts and Kebele administrators.  

3.3. Laboratory Materials and Sample Analysis 

3.3.1. Laboratory Materials and Reagents 

The types of laboratory materials and reagents used were: refrigerator, nickel crucibles, ADAM 

max. 250 g, d = 0.0001 g analytical balance, spatula, pipettes, pipette fillers, hot plate, SIBATA 

muffle furnace (SM-200), toggle, ovens, washing bottles, 50 mL plastic beakers, magnetic 

stirrer, magnetic road, 50 mL graduated plastic tubes, filter funnels, filter papers, different sizes 

of volumetric flasks, beakers, pH/ISE meter (Orion Model, EA 940 Expandable Ion Analyzer) 

equipped with combination fluoride-selective electrode (Orion Model 96-09), pH/ion meter 

(WTW Inolab pH/ION Level 2, Germany) using unfilled pH glass electrode, NaOH pellets, HCl 

(37%  sp.gr. 1.19), buffer solutions for pH calibration, NaCl, EDTA, tri-sodium acetate, glacial 

acetic acid and NaF. All solutions were prepared with analytical-reagent grade chemicals and 

distilled / deionized water.  

3.3.2. Sample Analysis / Analytical Procedures 

The general analytical procedure used for the determination of fluoride in food samples were 

based on the alkali fusion and fluoride ion selective electrode method, devised by (Malde et al., 

2001). Hence, from each food samples, 0.5 g was weighted to the nearest 0.0001 g directly in to 

nickel crucibles. The samples were covered with 5 mL of 8 M sodium hydroxide solutions. Then, 

the samples and sodium hydroxide solutions were carefully mixed.   

The crucibles were put on a hot plate for evaporation to dryness before they were covered and 

put in to the muffle Furness for combustion. The temperature programme for the muffle Furness 

was set at 200oC for 16 hours after which the temperature was increased to 525oC and kept there 

for 3 hours. After the crucibles were cooled and 10-15 mL distilled water was added, it was put 
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on a hot plate in order to aid the dissolution of the fusion cake. After dissolution is completed, 

the samples solutions were transferred to 50 mL plastic beakers. 

The sample solutions were then neutralized using concentrated and then diluted hydrochloric 

acid. Concentrated hydrochloric acid were added drop-wise until the pH decreased from 12-13 to 

8 to 8.5. The pH then was adjusted to 7.2-7.5 by adding dilute hydrochloric acid, while string it 

continuously. The pH meter was calibrated using pH - buffers 4, 7 and 10. The sample solutions 

were transferred to graduated and capped 50 mL plastic tubes and diluted to volume with 

distilled water. The solutions were subject to filtration (as required) and were stored in the 50 mL 

air-tight plastic tubes until analyzed.  

TISAB was prepared by dissolving 58 g sodium chloride, 2 g EDTA, 7 g tri-sodium acetate and 

57 mL glacial acetic acid in 500 mL deionized water. Finally the pH was adjusted to 5.2 by using 

5 M sodium hydroxide solutions, and then makes up to one litre with deionized water. After the 

ash had settled and the solution is clear, aliquots of 10 mL sample were taken out and mixed with 

10 mL of TISAB solution. TISAB was added to obtain a pH of 5.2-5.4, which is the optimum pH 

range for fluoride determination. The same amount of TISAB was also added in to 10 mL of 

deionized water (blank) and in each 10 mL of standard solutions. Then, the instrument was 

calibrated using blank and standard solutions of fluoride concentration; 0.05, 0.5, 5, 10 and 20 

mg/L.  

Finally, fluoride was determined potentiometrically from food samples plus the collected 

beverages and water samples using a fluoride ion-selective electrode connected to an ion-meter 

in AAU, chemistry department laboratory. However, all laboratory works, except the preparation 

of TISAB and determination of fluoride using a fluoride ion-selective electrode, were getting 

done in MoWE and in Water Works Design and Supervision Laboratory. 

3.3.3. Calibration Curve 

The standard curve of fluoride reflects the ratio between the content of fluoride in a solution and 

the resulting measurement response. In preparing a standard curve, the following concentrations 

were used: 0.05, 0.5, 5, 10 and 20 mg F-/L. The calibration curve (Figure 3-3) shows a linear 

relationship between fluoride concentration in the standards and mV-reading. This is in 
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agreement with the Orion Instruction Manual (Orion, 1991). The tests depicted in (Table 3-1) 

were performed with the same electrode within three and half consecutive months. 

Table 3-1 Fluoride concentration of the standard solutions versus millivolt readings during 
the successive calibration curves. 

mg F-/L mV-1 mV-2 mV-3 mV-4 mV-5 mV-6 mV-7 mV-8 mV-9 mV-10 Average

Blank 172.8 192.8 142.7 89.5 142.8 88.5 143.1 138 135 88.3 136.35

0.05 161 181.2 128.3 86.2 125.8 85.2 128.2 122.2 121.1 85.2 134.44

0.5 132 137.7 81.6 68.2 82 68.5 87.3 89.2 88.5 66.4 85.14

5 73.5 82.6 26.4 23.2 24.9 24.4 29.9 30.1 30.2 21.7 36.69

10 51.3 62.3 5.8 4 8 5.1 11.5 12.3 12 2.3 17.46

20 40.9 49.7 -6.8 -13.5 - - - - - - - 

Slope  

mV /Dec 
-59.4 -60.01 -60.0 -59.5 -59.0 -58.5 -60.2 -57.8 -59.0 -59.5 -59.29 
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Figure 3-3 Calibration curve obtained using a fluoride ion selective electrode. 

3.3.4. Method Validation 

To demonstrate the applicability of the present analytical procedure, experiments were 

performed to determine the recovery of added fluoride. The recovery study gives information 

about possible interference with fluoride from other analysis in the sample (Malde et al., 2001). 
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Table 3-2 shows the recovery of added fluoride to different samples. The recovery was within 

the range of 80-110%, which is acceptable (NMKI, 1996).  

%  
 .    .   

    100% 

Table 3-2 Recovery of fluoride in maize plus teff, pea, maize (bread), cabbage and coffee 
(each sample comprises five sets of replicate: n = 5). 

     Sample 

Sample 
weight 

(g) 

F-  concentration in 
unspiked sample 

(µg/g) 

F- added 
(µg) 

F-  concentration in 
spiked sample 

(µg/g) 
Recovery 

Maize plus teff (Injera) 0.5000 7.46  5  12.7  105 

Pea (Wott) 0.5000 5.29  5  10.32  104 

Maize (Bread) 0.5000 3.94  5  8.99  101 

Cabbage 0.5000 3.93  3  6.48  85 

Coffee 10 mL 3.37  3  6.55  106 

The detection limit of the instrument (fluoride ion-selective electrode connected to an ion-meter) 

was 0.02 mg/L. In order to determine the detection limit of the instrument in relation to the 

applied analytical procedure, ten blank samples were prepared and analysed for fluoride. 

However, the measurement values of all the blank samples were below detection limit. In 

addition, to determine and consider the effect of the analytical procedure on fluoride values of 

the samples, five blank samples were prepared together with the food samples and were brought 

through the whole procedure. When samples were analysed for fluoride, the measurement values 

of all the samples were also below detection limit. Hence, it was found unnecessary to correct for 

a blank.  

Validity of the analytical method was also evaluated by Mesert et al. (2011) using the Certified 

Reference Material (Timothy high, 2695). According to Mesert et al. (2011), there was no 

significance difference between the measured and standard (Timothy high, 2695) values of 

fluoride when it was statistically compared at 95% confidence interval. This implies that the 

analytical procedure is applicable at least at 95% confidence interval.  
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It should be noted that; Pycnometer method was employed in the determination of the specific 

gravity of water, coffee, milk and tea; and were found to be 1.013, 1.012, 1.038 and 1.04 g/mL, 

respectively.    /
 

   (APHA, 2005). 

Flow Chart of Fluoride Analysis by Ion-Selective Electrode Method: 

Preparation of fluoride standards - Prepare a series of standards - Prepare standard, blank and 

samples (10 mL) - Add equal volume of TISAB - Instrument calibration - Immerse electrodes in 

standard solutions - Measure developed potentials while stirring - Let electrodes remain in 

solution for 3 minutes and then, repeat measurement with samples. 

Plate 3-3 Dissolution of the fusion cake.  Plate 3-4 Neutralization &  pH adjustment.  Plate 3-5 TISAB addition to samples.  
(WWDS laboratory)                                  (MoWE laboratory)                                          AAU-chemistry department lab.                       

3.4. Assessment of Fluorosis 

Assessments on the prevalence of fluorosis were made with help of dentists (Michael Fasil and 

Akale Yibe) on each study participants. Dean’s index method of physical examination on teeth 

colouration was used for the assessment of incidence of dental fluorosis.  

Dean’s Index; Dean’s scoring system used to categorize fluorosis as follows.  

1. Normal 

2. Questionable:    A few white flecks to occasional white spots. 

3. Very Mild:  Less than 25% of the tooth surfaces covered by small white opaque areas.  

4. Mild:  Fifty per cent of the tooth surfaces covered by white opaque areas. 

5. Moderate: Nearly all the tooth surfaces are involved, with minute pitting and brown or 

yellowish stains. 
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4. Results and Discussion 

This study was undertaken in Bidara Fuka and Dibibisa Kebeles, which are located in the rural 

areas of Ethiopian Rift Valley, with an altitude of 1822 and 1508 meters above sea level, 

respectively. The study participants (N = 118) included 33 females and 29 males children from 

Bidara Fuka, and 22 females and 34 males from Dibibisa Kebele.  

Table 4-1  Mean and standard deviation of daily dietary fluoride intake in relation to mean 
dietary consumption in Bidara Fuka Kebele.  

 Route of exposure  

N 

Mean 

DI 

in kg 

Fluoride content 

mean ± SD 

in mg/kg 

Mean fluoride  

daily intake 

     in mg 

Fluoride 

content 

in % 

Water 16 1.119 4.19 ± 0.172 4.68 50.40 

Coffee 12 0.144 4.58 ± 0.44 0.647 6.96 

Tea 1 0.033 5.48 ± 0.01 0.011 0.12 

Milk 4 0.021 0.12 ± 0.02 0.002 0.03 

Cheese 4 0.002 0.76 ± 0.001 0.002 0.02 

 

Injera 

Maize 5 0.106 4.30 ± 0.003 0.484 5.21 

Maize + Sorghum 2 0.010 4.0 ± 0.09 0.026 0.28 

Maize + Teff + Sorghum 5 0.106 4.91 ± 0.41 0.526 5.66 

Bread Maize 15 0.490 3.91 ± 0.015 1.823 19.63 

Wheat + Maize 1 0.008 3.54 ± 0.004 0.055 0.59 

Maize + sorghum 2 0.031 5.33 ± 0.76 0.163 1.76 

Wheat 2 0.008 2.47 ± 0.01 0.020 0.22 

Wott Lentil 3 0.017 3.62 ± 0.004 0.062 0.67 

Lentil + Guaya 1 0.022 4.17 ± 0.85 0.093 1.00 

Pea 5 0.017 3.69 ± 0.002 0.064 0.69 

Beans 9 0.048 5.33 ± 0.007 0.249 2.68 

Macaroni 5 0.029 6.71 ± 0.009 0.196 2.11 

Egg 1 0.004 2.65 ± 0.001 0.011 0.12 

Cabbage 11 0.054 3.30 ± 0.016 0.173 1.87 

    ∑ = 9.29 ∑ = 100 
Note: N stands for the number of children who used to consume the listed food items, and values for each subject were the mean 
of 3 days. 



31 
 

Table 4-2 Mean and standard deviation of daily dietary fluoride intake in relation to mean 
dietary consumption in Dibibisa Kebele.  

Route of exposure  

N Mean 

DI 

in kg 

Fluoride content 

mean ± SD 

in mg/kg 

Mean fluoride 

daily intake 

in mg 

Fluoride 

content 

in % 

Water 16 1.197 3.16 ± 0.023 3.653 47.27 

Skimmed milk 1 0.003 0.73 ± 0.002 0.002 0.02 

Injera Teff 2 0.070 4.07 ± 0.001 0.297 3.84 

Maize 8 0.163 3.0 ± 0.006 0.487 6.30 

Maize + Teff 11 0.343 3.76 ± 0.006 1.278 16.54 

Maize + Sorghum 5 0.080 3.85 ± 0.006 0.310 4.01 

Teff + Sorghum 2 0.037 6.11 ± 0.560 0.231 2.99 

Bread Wheat 2 0.004 5.65 ± 0.32 0.018 0.23 

Wott Lentil 8 0.077 3.29 ± 0.007 0.252 3.26 

Guaya 3 0.035 4.24 ± 0.002 0.143 1.85 

Pea 11 0.144 3.51 ± 0.007 0.521 6.75 

Pea + Beans 1 0.010 2.30 ± 0.003 0.019 0.25 

Guaya + Chickpea 1 0.023 2.54 ± 0.004 0.058 0.75 

Vegetables 

and Fruits 

Tomato 6 0.040 1.51 ± 0.002 0.060 0.78 

Carrot 1 0.003 6.43 ± 0.030 0.013 0.17 

Red root 2 0.010 2.06 ± 0.050 0.020 0.25 

Potato + Cabbage 5 0.030 2.83 ± 0.001 0.088 1.14 

Cabbage 6 0.030 3.51 ± 0.05 0.103 1.33 

Cabbage + Pea 1 0.010 3.95 ± 0.01 0.033 0.43 

Egg 2 0.010 1.78 ± 0.029 0.016 0.21 

Macaroni 5 0.023 3.62 ± 0.001 0.083 1.07 

Spaghetti 1 0.003 2.70 ± 0.007 0.004 0.05 

Beans + Maize + Chickpea 2 0.017 2.13 ± 0.010 0.037 0.47 

Beans 1 0.003 1.0 ± 0.020 0.003 0.04 

    ∑ = 7.71 ∑ = 100 

Note: N stands for the number of children who used to consume the listed food items, and values for each 
item were the mean of 3 days.  
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Dietary fluoride intake from various sources in the two Kebeles is depicted in Table 4-1 and 4-2. 

The types of foods and beverages consumed by each participating children in their respective 

Kebeles were found to be similar, both during the three day duplicate sample collection and 

through interview. The main staple in Dibibisa Kebele was injera made from teff and maize. And 

the corresponding major staple foods in Bidara Fuka were maize, coffee, beans and cabbage. 

Only these food items contributed for fluoride intake more than 60% of the total. In general; 

drinking water, maize, pea and beans are regarded as the main dietary contributors to fluoride 

intake in the two Kebeles. This is not surprising as these food items accounts more than 60% of 

the daily food consumption of children in both the study areas (Table 4-1 and 4-2). 

The duplicate diets sampled during the three days also showed little variation in food ingredients. 

Food made from cereals was most commonly used. Maize, either in the form of bread or injera, 

was the only cereal used all three days by the two Kebeles. About 45% to 55% in grams of the 

food sampled consisted of injera or bread made of maize. The children took little beverages or 

food of animal origin during the period of the food survey (Table 4.-1 and 4-2). The results 

obtained from the food frequency and dietary intake estimation through interviews; also 

substantiate the lack of variation in food ingredients. Beef, fish, chicken, tea and fruit were not 

used by almost all children (Table 4-1 and 4-2). 

In general, children consumed no typically high-fluoride food items (Table 4-1 and 4-2). Maize 

flour, which was found to be the main staple food in both Kebeles, collected from three different 

African countries (Ethiopia, Tanzania and Burundi) had concentrations varying from 0.3 to 5.1 

mg F-/kg dry weight. The concentration of fluoride in white teff flour, red teff flour, wheat flour 

and beans (all are produced in Awassa, Ethiopia) were also found to be 6.7, 6.9, 5.6 and 1.2 

mg/kg dry weight, respectively (Malde et al., 1997). A recent study conducted in Ethiopia by 

Mesert et al. (2010); on the other hand, indicated that maize and teff were found to have 

12.2±5.1 mg F-/kg and 15.1±6.93 mg F-/kg, respectively. According to Mesert et al. (2011) 

fluoride in onion and green pepper was also found to be 2.1± 0.3 and 4.9 ± 3.13 mg/kg, 

respectively. Soevik and Breakkan (1979) indicated that the fluoride content of food varies 

considerably, but is generally low as long as high fluoride water is not used for preparation. Yet, 

both among plants and marine organisms, some species seems to accumulate fluoride in high 

quantities.  
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However, the fluoride concentration of food items analysed in this study was higher than 

expected, and was comparable with that of the concentration of fluoride in water samples (Table 

4-1 and 4-2). The study result indicated that, the relative contribution of fluoride ingested from 

all food stuffs, excluding drinking water was found to be 49.6% and 52.73% of total fluoride 

intake in Bidara Fuka and Dibibisa Kebeles, respectively.  

According to Zohouri and Rugg-Gunn (2000), processed food may have higher fluoride content 

than unprocessed food depending, example on the fluoride concentration and the amount of 

water used for food preparation. This indicates that the high fluoride content of the food might 

come from water used for cooking. This is because, from the perspective of Ethiopian traditional 

way of cooking, there is a trend of adding unknown (may be much) amount of water to food as it 

tends to evaporate during cooking processes. This may again lead to considerable amounts of 

fluoride to be retained in the prepared food.  

These results generally support that of Malde et al. (2004) and Mesert et al. (2010), as the high 

fluoride water used for cooking associated with higher dietary fluoride intake in the village used 

drinking water sources of lower fluoride concentration. The daily intake of fluoride by adults 

residing in three villages, consuming drinking water sources of 1.15, 3.19 and 11.57 mg/L 

fluoride level were found to be 11.34, 17.42 and 35.89 mg F/day, respectively (Mesert et al., 

2011). Thus, although these studies may show trends, they cannot be used as conclusive 

evidence of the association of increased fluoride intake and an increase of fluoride concentration 

in drinking water sources only. This does, therefore, need further study.  

The fluoride intake from beverages was very insignificant as compared to other exposure routes. 

In relative terms, however, Dibibisa had a smaller mean fluoride intake from beverages (0.02%) 

than Bidara Fuka (7.11%). The main difference is in the magnitude of fluoride from coffee 

which comprised 6.96% of the total fluoride intake in Bidara Fuka. The children in the present 

study consumed very little tea, only one child in her single meal in Bidara Fuka, which might 

explain why beverages contributed relatively less to the total fluoride intake. Milk and milk 

products were also found to be the lowest contributor for fluoride in both the study areas.  

The fluoride concentration of the various beverages, however, was varied. Tea, 5.48 ± 0.01 mg/L 

was with the highest and milk, 0.12 ± 0.02 mg/L, with the lest fluoride concentration. This would 
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be expected as cow milk is low in fluoride (Beddows and Krik, 1981). Milk products also have 

an influence on fluoride absorption by reducing the availability of fluoride (Branca, 1993). 

Water samples were collected from the source and in the households of each child. According to 

Wondwossen et al. (2004) and Hauge et al. (1994), storage containers may influence the fluoride 

concentration of water. Thus, clay pots may absorb fluoride from water. Unfortunately, 

information was not collected about water storage in the households. In light of this, the fluoride 

concentrations in groundwater samples of Bidara Fuka and Dibibisa Kebeles were found to be 

4.19 and 3.16 mg/L, respectively. This was much beyond the WHO permissible limit of 1.5 

mg/L. As noted by NRC (2006), the weight of evidence indicates that the threshold for severe 

dental fluorosis occurs at a water fluoride level of about 2 mg/L. 

Although, there was significant variability in the daily dietary fluoride intake between the two 

Kebeles, the percentage contributions of different food groups to daily fluoride intake were fairly 

similar, especially the contribution of maize for fluoride (Table 4-1 and 4-2). The children 

studied had also a mean food intake of 1.15 and 1.17 kilograms in Bidara Fuka and Dibibisa 

kebeles, respectively. Information about the habitual beverage and food intake was obtained 

during the study period and through an interview of children and their parents. The answers 

given by both the parents and children indicated little variety in beverages and food consumption 

(Tables 4-1 and 4-2). This was also in accordance to the study made by Malde et al. (2004), 

fluoride intake in children living in a high-fluoride area in Ethiopia.  

Daily fluoride intake was calculated based on the following formula (Connell, 2005). 

                 
 

                          

Where: DI is daily intake in mg/kg bw/day, C  average fluoride concentration in mg/kg in food 

or water, A total amount of water or food consumed in Kg, BA bioavailability of fluoride in  

drinking water or food, BW individuals body weight in Kg and TDI is tolerable daily intake in 

mg/kg bodyweight/day. Hazard quotient (HQ) above unity has the possibility of adverse effects 

on human population (Connell, 2005). Accordingly; 
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4.68 /   1.12   1 

33.5 
4.61 /    1.15   1 

33.5  

0.310  mg F-/kg bw/day 

 

0.1 mg F /kg bw/day
1 0.1 mg F /kg bw/day 

 

    .    F /  /
.   F /  /  

  = 3.10 

 

 
4.06 /   1.20   1 

30 
3.65 /   1.17   1 

30  

0.256  /  /  

 

0.1 mg F /kg bw/day
1 0.1 mg F /kg bw/day 

 .    F /  /
.   F /  /  

  = 2.56 

According to Ekstrand (1996), absorption of a standard dose of fluoride will vary from 100% on 

a fasting stomach, to 60% when taken with a calcium-rich breakfast. A fasting child may absorb 

fluoride from water more quickly than a well feed child because in an empty stomach fluoride 

does not form complexes with other substances. In this study, therefore, the bioavailability of 

fluoride in both drinking water and food was assumed to be 100% (for fasting stomach). 

However, further studies are necessary to determine the bioavailability of fluoride in Ethiopian 

food items. 

An intake of 0.05 mg/kg bw/day is a no observable adverse effect level (NOAEL) for moderate 

dental fluorosis, and the threshold dose at which fluoride causes moderate dental fluorosis was 

0.1 mg/kg bw/day (COT, 2003). In general, based on the study and recommendations made by 
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Subba (1984);  American academy of pediatrics (1986); COT (2003); CDA (2008);  Devika and 

Nagendra (2009), 0.07 mg/kg bw/day and 0.1 mg/kg bw/day were also taken as the NOAEL and 

LOAEL values of total dietary fluoride intake, respectively.  

In addition, the safety factor value was approximated to one. This is because, according to 

Connell (2005), if epidemiological data are not available or originate by the chance exposure of a 

population, or if the design and the significance of the epidemiological results may not be 

optimal; safety factors should be taken in to account. Of course, when epidemiological data on 

human are available and appropriate, they should be used.  

The purpose of the safety factor is to: 

• Account for the different sensitivities of individuals within the human populations 

• Allow for the possible increased sensitivity of human beings as compared to animals. 

• Extend short-term toxicity and exposure to long- term toxicity and exposure 

• Account for the use of LOAEL as compared to the NOAEL 

• Account for the availability of a limited amount of data  

(Connell, 2005) 

 
Figure 4-1 Mean fluoride intake through food and drinking water routes in relation to the 

mean daily water and food consumptions.  
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The average daily fluoride intakes and average daily consumptions of the drinking water and 

food are given in Figure 4-1. There was a direct relation between the mean fluoride content of 

drinking water and mean dietary fluoride intake through food (Figure 4-1). The magnitude of 

fluoride intake from food and drinking water was found to be almost similar in each respective 

Kebeles. It was 4.61 mg/day from food and 4.68 mg/day from drinking water in Bidara Fuka 

Kebele. And the corresponding figure in Dibibisa was also 4.06 mg/day from food and 3.65 

mg/day from drinking water (Table 4-3 and Figure 4-1). Bidara Fuka had relatively greater mean 

fluoride intake from drinking water than from food. However, with respect to Dibibisa, the 

reverse occurred. In both situations, the differences between the two Kebeles were not 

statistically significant (p = 0.692; and p = 0.756 for drinking water and diet, respectively).  

The mean total fluoride intake for children in Bidara Fuka and Dibibisa Kebeles were 9.29 ± 

0.69 and 7.71 ± 0.32 mg/day, respectively (Table 4-3 and Figure 4-1). These values are very high 

as compared to the upper tolerable intake level of 5 mg/day for 9–15 years old children, 

established in Europe (EFSA, 2005). In adults, a dietary intake of 4.0-5.0 mg F-/day is 

considered to be without any health hazard (Subba, 1984). For adults intakes exceeding 5 mg of 

fluoride per day from all sources, probably pose significant risk of skeletal fluorosis 

(FAO/IAEA/WHO, 1996). For fluoride, safe intake is said to be 1.5 to 4.0 mg/day for adults and 

less for children (NRC, 1989). The NRC (2006) suggested that adults could be at risk for bone 

fractures at a fluoride drinking water concentration corresponding to a daily dose of 8 mg/day. 

WHO also noted that crippling skeletal fluorosis can ensue when fluoride levels exceed 10 mg/L 

(WHO, 1984). However, in a Kenyan study, Opinya et al. (1991) a total daily fluoride intake of 

14·5 mg (range 6–24 mg) in children aged 1–4 years living in an area with 9 mg F-/L in the 

drinking water was found.  

It was also observed that the study children inhabited in Bidara Fuka and Dibibisa Kebeles were 

exposed to an average daily fluoride intake of 0.26 ± 0.01 and 0.31 ± 0.03 mg F-/kg bw/day, 

respectively. In both cases, great variation in individual intake was seen (ranged from 0.17 to 

0.39 mg F-/kg bw/day in Bidara Fuka and 0.21 to 0.34 mg F-/kg bw/day in Dibibisa), while the 

three day mean variation was small. This value is also very much greater than both the optimum 

total desirable fluoride intake value of 0.05-0.07 mg F/kg bw/day, and maximum recommended 

dietary fluoride intake value 0.1 mg F/kg bw/day, which was recommended by (Devika and 
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Nagendra, 2009; CDA, 2008; COT, 2003; American academy of pediatrics, 1986; Ophaug et al., 

1985).  

As it was reported in recent publications by US EPA (2010), the prevalence of moderate dental 

fluorosis of permanent teeth is less than 5% in populations ingesting 0.08-0.12 mg/kg bw/day. 

The oral reference dose of 0.08 mg/kg/day estimated by US EPA is equivalent to a daily dose of 

5.6 mg for a 70 kg person. To produce signs of acute fluoride intoxication, it is estimated that 

minimum oral doses of at least 1 mg fluoride per kg of body weight are required (WHO, 1996). 

Indeed, such doses could be expected from water with a fluoride content of approximately 30 

mg/L. The probable toxic dose in children defined as the threshold dose that may cause serious 

or life threatening systematic signs and symptoms, and therefore, should trigger immediate 

emergency treatment, is 5 mg F-/kg bw. (Whiteford, 1996). 

The average total daily fluoride intake (0.31 ± 0.03 mg F-/kg bw/day) in Bidara Fuka is higher 

than the 0.256 ± 0.01 mg F-kg/ bw/day obtained from Dibibisa Kebele, a fact consistent with the 

lower natural fluoride concentrations of the drinking water in Dibibisa than in Bidara Fuka.  

Table 4-3 Dietary fluoride intake in male and female children in the two Kebeles. 

Description 
  Bidara Fuka     Dibibisa 

  Male Female Male Female 

Daily intake of fluoride through Food (mg) 5.01 4.37 4.02 4.10 

Daily intake of fluoride through Water  (mg) 5.68 4.08 3.64 3.67 

Total daily intake of fluoride (mg) 10.68 8.45 7.66 7.77 

Total daily intake of fluoride (mg/kg bw) 0.32 0.304 0.25 0.26 

Daily intake of food (kg) 1.17 1.14 1.18 1.16 

Daily intake of water (kg) 1.37 1.0 1.17 1.23 

Average body weight (kg) 33.8 33.3 30 30 

Average age 12.6 11.7 12 12 

The mean age and mean body weight of the children selected from Bidara Fuka was 12.11 years 

and 33.5 kilograms, while in Dibibisa it was 12 years and 30 kilograms, respectively. The 

relatively higher average body weight of children in Bidara Fuka gives the chance to reduce their 

daily dietary fluoride intake as compared to their counterparts in Dibibisa. Strength of the 
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storing containers in each households,  the type and amount of nutrient, example Ca, Mg, etc 

they used to consume in their diet (the bioavailability of fluoride in the food). This can be 

verified by the fact that skeletal fluorosis is apparent on those individuals who have been much 

affected by dental fluorosis (Figure 4-2 and 4-3), may be on those fluorosis sensitive and / or less 

nourished individuals (Rugg-Gunn, 1993). The observations of wide variations in the prevalence 

of both dental and skeletal fluorosis at the same fluoride exposure level, makes it clear that 

health and nutritional status play important role in fluorosis (Ayoob and Gupta, 2006).  

On the other hand, bioavailability has to be taken into consideration when discussing fluoride 

intake and health. Bioavailability is defined as “the proportion of a nutrient in food which is 

absorbed and utilized” (O’Dell, 1984). Bioavailability studies would give valuable knowledge 

about how much fluoride from the food that is actually absorbed. During fasting conditions, 

sodium fluoride is absorbed completely and very rapidly (Ekstrand et al., 1978). Food by itself 

(Shulman and Vallejo, 1990; Goyal et al., 1998) and especially minerals like calcium 

(Cerklewski, 1987) and magnesium (Cerklewski, 1987) are known to interfere with the 

bioavailability of fluoride.  

Teff is known to have a relatively high content of calcium (Agren, and Gibson, 1968). The mean 

calcium intake by Ethiopian children was, however, low as compared to recommendations given 

by FAO/WHO (FAO/WHO, 2002), but above what can be considered to be the biological 

requirement (200 mg/day) (Prentice and Bates, 1994). As the diet of the children contained little 

milk, milk products and fish; cereals and pulses were the main sources of calcium. A calcium 

intake close to the biological requirement is common in low-income countries; furthermore, the 

bioavailability of calcium may be low in vegetable-based diets due to the chelation properties of 

phytates and oxalates (Prentice and Bates, 1994).  
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Table 4-4 Dietary fluoride intake versus prevalence of fluorosis among age groups. 

Description Bidara Fuka Dibibisa 

Age 10 11 12 13 14 15 10 11 12 13 14 15 

Number of males 1 5 11 4 4 4 7 2 6 11 7 1 

Number of females 11 7 5 4 3 3 6 4 8 1 1 2 

Males + Females 12 12 16 8 7 7 13 6 14 12 8 3 

Average body weight 27 32 33 35 38 42 25 29 31 33 30 39 

Severe + moderate 

dental fluorosis 8 7 10 7 4 5 5 2 10 8 3 2 

Skeletal fluorosis 9 8 9 7 5 5 1 2 7 3 2 0 

Severe + moderate 

dental fluorosis  (%) 67 58 63 88 57 71 38 33 71 67 38 67 

Skeletal fluorosis  (%) 75 67 56 88 71 71 8 33 50 25 25 0 

Average F- intake             

(mg F-/kg bw/day) 
0.32 0.33 0.34 0.33 0.25 0.36 0.27 0.26 0.26 0.25 0.26 0.24

There was no systematic and positive relationship between fluoride intake and prevalence of 

fluorosis among the different age groups. However, the prevalence of severe and moderate dental 

fluorosis and prevalence of skeletal fluorosis was significantly higher in Bidara Fuka than 

Dibibisa, a fact consistent with the lower daily fluoride intake in Dibibisa. This also shows that 

high fluoride water is the major cause for the prevalence of fluorosis. Results strongly suggest 

that ground water in fluorosis endemic areas is a major contributing factor to total fluoride 

ingestion, either when used for drinking or cooking purposes (Mesert et al., 2011; Tekele-

Haimanot et al., 1987).  

There was also no systematic increase or decrease in the prevalence of skeletal and dental 

fluorosis among the different age groups of the two Kebeles. However, prevalence of fluorosis in 

12 to 15 years age group was greater than that of 10 and 11 years’ old children, which is in 

consistent to the time of maturation (mineralization time) of their teeth (Table 4-4). On the other 
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hand, the variation in the magnitude of total dietary fluoride intake in both the study areas was 

not in accordance to their age order. The fluoride intake among the different age groups in 

Bidara Fuka and Dibibisa varied between 0.25 to 0.36 mg F-/kg bw/day and 0.24 to 0.27 mg F-

/kg bw/day, respectively. However, this study revealed that the most affected children in Bidara 

Fuka and Dibibisa Kebeles were at the age of 13 and 12 years, respectively (Table 4-4).  

Table 4-5 Prevalence of fluorosis in relation to gender. 

Description 
Bidara Fuka  Dibibisa  

Male Female Total Male Female Total 

Severe + moderate dental 

fluorosis (No of cases) 
16 25 41 20 10 30 

Severe + moderate dental 

fluorosis  (%) 
55 76 66 59 45 54 

Skeletal Fluorosis  

No of cases 
17 26 43 8 7 15 

Skeletal Fluorosis  (%) 59 79 69 24 32 27 

N= number of participants 29 33 62 34 22 56 

                                     R = 0.9995         P = 0.004 R = 0.8968 P = 0.1032 

A study conducted by Tekele-Haimanot et al. (1987), indicated that male children living in 

Ethiopian Rift Valley Region are more affected by dental fluorosis than females. As boys are 

normally expected to be more prone to intensive labour works (outdoor activities), this could 

also be taken as a general fact. In spite of this, the present result revealed that girls are more 

affected by skeletal fluorosis than boys. However, when the prevalence of dental fluorosis were 

analysed, it was found that, unlike in Bidara Fuka, boys from Dibibisa were more affected than 

girls (Table 4-5). The reason for this difference is probably due to the different methods 

employed during the assessment of dental fluorosis or the type of labour work that boys and girls 

used to do, which therefore needs further studies. Statistical evaluation of the study result 

showed that significant association existed between dental and skeletal fluorosis and differences 

in gender (Table 4-5).  
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Table 4-6  Prevalence of dental fluorosis in the two Kebeles, based on Dean’s index. 

                                         Bidara Fuka Kebele          Dibibisa Kebele 

Dental fluorosis score 
Number of 

participants 
% 

Number of 

participants 
% 

0 = Normal 0 0 0 0 

0.5 = Questionable 1 2 1 2 

1= Very mild 5 8 7 13 

2 = Mild 15 24 18 32 

3 = Moderate 23 37 22 39 

4 = Severe 18 29 8 14 

Total 62 100 56 100 

                       R = 0.87722                                 P = 0.02169 

Value of p < 0.05 was considered significant.  

Prevalence of dental fluorosis was widely spread in all citizens of the two Kebeles, regardless of 

their age and gender variability. Dental fluorosis in the study participants was assessed using 

Dean’s classification system by a dentist. In both Kebeles, the case of incidence of dental 

fluorosis was 98% of the study children. In both the study areas children were most affected by 

moderate dental fluorosis, and were 37% and 39% in Bidara Fuka and Dibibisa kebeles, 

respectively (Table 4-6).  

Although the prevalence of moderate dental fluorosis in Dibibisa  Kebele (39%) is vaguely 

greater than that of Bidara Fuka (37%), the incidence of severe dental fluorosis in Bidara Fuka 

(29%) is by far greater than that of Dibibisa (14%). According to Wondwossen et al. (2004), 

second molars were the teeth type most frequently affected by dental fluorosis and there is direct 

relationship between the severities of dental fluorosis with that of dental caries. Drinking water 

with 1.5, 3.0-6.0 and >10 mg/L fluoride level causes; mottling of teeth (very occasionally), 

skeletal fluorosis and crippling fluorosis on humans (WHO, 1984). 
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Plate 4-1 Prevalence of dental fluorosis, in Dibibisa Kebele. 

According to Saraux et al. (1994), skeletal fluorosis is defined as excessive deposition of fluoride 

in bone. The prevalence of skeletal fluorosis amongst the study participants was assessed using 

physical exercise method, proposed by (Susheela et al., 2004).  Based on this method, there were 

43 cases of skeletal fluorosis (69% of the participants) in Bidara Fuka than 15 cases (27% of the 

participants) in Dibibisa Kebele. Girls exhibited a higher prevalence of skeletal fluorosis (79% in 

Bidara Fuka and 32% in Dibibisa) than boys (59% in Bidara Fuka and 24% in Dibibisa) (Table 

4-5).  

The findings for the prevalence of skeletal fluorosis in 10 to 15 years old children consuming 

drinking water of 3.16 to 4.19 fluoride level, seems to be unusual and a bit exaggerated. 

However, skeletal fluorosis has been reported in India in a village with average fluoride 

concentration of drinking water as low as 0.7 mg/L, with range 0.4–1.4 mg/L (Jolly, 1973). 

According to Diesendorf (1990) evidence of skeletal fluorosis, with severe clinical 

manifestations, has also been reported in at least 9 studies from 5 countries, where water supplies 

contain fluoride naturally in the range 0.7–2.5 mg/L. There is also suggestive evidence of an 

increased risk of effects on the skeleton at total fluoride intakes above about 6 mg per day (IPCS, 

2002; WHO, 1984).  
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5. Conclusions   

Despite their similar life style and standard of living, variations in feeding habit were observed 

between the two Kebeles. However, the contributions of food to daily fluoride intake were not 

significantly different in between the two Kebeles. In both Kebeles, the study results revealed 

that the daily intake of fluoride from water is comparable to that of fluoride intake through food. 

The high fluoride content of food might come partly from water used for cooking processes. The 

daily dietary fluoride intake in children aged 10-15 years was 0.26 and 0.31 mg F-/kg bw/day in 

Bidara Fuka and Dibibisa kebeles, respectively. For all of the children in this study, mean daily 

fluoride intake exceeded the upper estimated threshold of 0.1 mg/kg/bw/day.  

As the residents of the two Kebeles were solely dependent up on ground water sources of high 

fluoride level for drinking, dental fluorosis was apparent in 98% of the study participants. In both 

the study areas children were most affected by moderate dental fluorosis, and were 37% and 39% 

in Bidara Fuka and Dibibisa kebeles, respectively. However, the prevalence of severe dental 

fluorosis in Bidara Fuka was more than two fold of Dibibisa, a fact consistent with the lower 

natural fluoride concentrations of the drinking water in Dibibisa. When comparing the 

prevalence of skeletal fluorosis of the two Kebeles, it was 69% in Bidara Fuka than it was 27% 

of the participants in Dibibisa. The present study indicated that, the most affected children in 

Bidara Fuka and Dibibisa Kebeles were at the age of 13 and 12 years, respectively. There is a 

positive relationship between the prevalence of dental and skeletal fluorosis among the study 

participants. The risk is also high as the hazard quotient value in Bidara Fuka and Dibibisa 

kebeles were 3.10 and 2.56, respectively. 

6. Recommendations  /  Suggestions for Future Works 

The daily fluoride intake through food and drinking water routes and the associated problem of 

incidence of fluorosis in both Kebeles is not bearable, and hence intervention to alleviate this 

problem is imperative. An effective defluoridation of the drinking water, or a change of water 

source would deemed to be the option if dental and skeletal fluorosis shall be avoided. The 

currently available techniques for defluoridation of water like Nalgonda technique, activated 
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alumina adsorption, bone chair and other affordable and environmentally benign household level 

defluoridation techniques should be effectively applied in fluorosis endemic rural areas.  

The researcher notes that, a sample size of 20% of 10-15 years old children in the two Kebeles of 

SNNPR and Oromia regions may not be absolutely suffice to represent the entire situation of risk 

of fluorosis in the Ethiopian Rift Valley Region or the whole parts of the country. Therefore, 

further studies on fluoride dietary intake are recommended to identify all priority areas and to 

establish Ethiopian Standard or Guide line value for fluoride. Studies assessing fluoride intake in 

various food items prepared using water with a range of fluoride concentrations would give 

valuable information about fluoride retention in food. Further research is also required to study 

the relationship between the fluoride level of the soil and fluoride content of the different food 

items. Furthermore, the relationship between the mineral content of the food (Ca, Mg, Al, Fe, 

Na, K …etc) and the bioavailability of fluoride should be elucidated. The effect of variable 

climate, nutrition and seasonal variation of feeding habits need also further investigations. The 

prevalence of skeletal fluorosis at this younger age group is also greater than expected, hence 

further radiological investigation is recommended.  
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Appendices 

Appendix I   Sample Collection and Fluorosis assessment Check List 

Region ……..…...Village ……….…... No of pop ………….Water source/scheme name …..…...... Service Years.…… Day ………Date ……… 
Note: Type of illness could be; dental, skeletal or non‐skeletal. Dental Fluorosis also includes: Dean’s 0 (no fluorosis or questionable) Dean’s 1 
(very mild), Dean’s 2 (mild), Dean’s 3 (moderate) and Dean’s 4 (Sever).   
  

S/N  Name of parents  Sex  Age 
B.Wt 
in Kg 

Durn. 
of 

Expr. 

Dental 
Fluo. 

Type 
of 

illness
Symptom

Honey 
in Kg 

H2O Beverages in Kg 

Tella Teji  Areki Tea 
Coffee
/Leaf 

Coffee
/Seed 

1                                 
2                                 
3                                 
4                                 
5                                 
6                                 
7                                 
8                                 
9                                 
10                                 
11                                 
12                                 
13                                 
14                                 
15                                 
16                                 
17                                 
18                                 
19                                 
20                                 
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Appendix II  sample collection and fluorosis assessment check list 

Food and Water Consumption in kg (Customized to Ethiopian context) 

S/N 
Food items / Injera in kg  Bread in kg  Wott in kg  Green 

pepper 
Egg Fish 

Teff  Wheat  Corn  Millet  Barley Wheat Corn  Pea  Beans  Lentils  C/pea  Guaya  Meat  chicken  
1                                     
2                                     
3                                     
4                                     
5                                     
6                                     
7                                     
8                                     
9                                     
10                                     
11                                     
12                                     
13                                     
14                                     
15                                     
16                                     
17                                     
18                                     
19                                     
20                                     
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Appendix III  sample collection and fluorosis assessment check list 

S/
N 

Milk & its product  Roots & tubers in kg  Vegetables in kg  Skeletal Fluorosis 
Milk    S/potato  potato  Kocho  Cabbage Banana  Papaya  Mango  p/apple  Orange  Lemon  1  2  3  4  5  6 

1                                     
2                                     
3                                     
4                                     
5                                     
6                                     
7                                     
8                                     
9                                     
10                                     
11                                     
12                                     
13                                     
14                                     
15                                     
16                                     
17                                     
18                                     
19                                     
20                                     

         1                     2                                  3               4                               5               6          
 
 
 
Types of physical exercise used during the assessment of skeletal fluorosis.
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Appendix IV Clinical Criteria for Dean’s Enamel Fluorosis Index 

 

Appendix V Consent sheet  

Hello, my name is Tesfaw Ashagrie Zegale, I am a second year Environmental Science student 

in Addis Ababa University, College of Natural Science, Environmental Science Programme, 

Addis Ababa. Today I am here to carry out a study on Total Dietary Fluoride Intake and Its 

Observed Health Effect in Young Children: The Case of Bidara Fuka and Dibibisa Kebeles in 

SNNPR and Oromia Regions: Ethiopian Rift Valley. The information you give is important and, 

therefore, kindly be sincere in your responses. I assure you that the information you give will be 

handled with total confidence and at no time will you be required to identify yourself by name. 

Kindly answer the questions as completely and as clearly as possible. You are free to choose 

either to participate or not to participate. 

Do you agree to participate in the study?   Yes……………………No………………… 


