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Abstract 

Fluorosis, which is the toxic effect of excess fluoride ~ntake, is a major public health problem in 

Ethiopian Rift Valleys. This study is aimed to investigate the relationships between dietary fluoride 

and calcium intakes of school age (6-13 years) children to the levels of dental and skeletal 

fluorosis, in Halaba, Southern Ethiopia. A study designed in environment assessment and cross­

sectional analysis was undertaken in which 127 children were selected using cluster and simple 

random sampling techniques. The dietary calcium andfluoride intake data were collected by using 

24 hour andfoodfrequency questionnaire methods. Dental and skeletal fluorosis assessment was 

conducted by a qualified dentist and physiotherapist respectively. 

The average diet diversity score was 3.13 from seven food groups. The mean dietary calcium and 
• 

fluoride intakes were 520 mg/day and 70 mg/day respectively. At all age categories, the average 

calcium intake was too low compared to the RDA for calcium and the fluoride intake was very 

high compared to the tolerable upper intake level of fluoride . Among 127 children 70.9% were 

prevalent to dental fluorOSiS (from very mild to severe symptoms), whereas 27.6- 44.9% were 

prevalent to skeletal fluorosis. 

The calcium andfluoride intakes were significantly ajsociated with dental and skeletal fluorOSiS 

levels (P < 0.05). Improving the consumption of calcium-rich foods like dailY products, Ethiopian 

kale, millet, and enset are recommended. 

Key words: Calcium intake, Fluoride intake, Dental fluorosis, Skeletal fluorosis, Rift Valley, 

Ethiopia 
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1. Introduction 

1.1 Background 

Fluorine is the lightest member of the halogen family and the most electronegative among all 

elements of the periodic table . F luoride is the ionic and physiologically avai'lable form of fluorine 

(Institute of Medicine, 1997). Fluoride ions play an important role in human physiology (Hussain, 

Sharma, & Hussa in, 2004). During the mineralization of bones and teeth , ca lcium and phosphorus 

form crystals ca lled hydroxyapatite. Fluoride replaces the hydroxyl (OH) pOitions of the 

hydroxyapatite crystal, forming fluorapatite, which makes the bone stronger and the teeth more 

resistant to decay (Elli e et a!., 2008). At low concentration fluoride is beneficial, but at higher 

concentrations (i.e. above 1.5 mg/L) it adversely affectS human health. Thus excess fluoride intake 

can initiate an erratic Calcium metabolism which results in deformed bones and mottling of teeth . 

Prolonged ingestion of fluoride into the body system above the recommended leve l leads to a . 
dreaded, crippling disease called Fluorosis which includes dental and skeleta l fluorosis apart from 

thyroid problems, growth retardation, kidney damage, heatt attacks, etc. (Panda et a!., 20 I 5) . 

Humans consume fluoride through water and food. Die significant source of ingested fluoride is 

cons idered to be fluoride in drinking water. Foods like fi sh bones, fruit juices, tea leaves, dietary 

fluoride supplements, etc. are other considerable sources of fluorides ' (Levy et a!., 2003; 
.;' 

Wondwossen et a!., 2006). More than 200 million people worldwide rely on drinking water with 

fluoride concentrations exceeding the present WHO guideline of 1.5 mg/L (WHO, 20 I I). Excess 

consumption of fluoride is associated with different diseases . Globally, the prevalence of fluorosi s­

related health problems has been reported to be about 32 %. Especially in the Great Rift Valley 

that extends from northern Syria to central Mozambique in East Africa, dental and skeletal 

fluorosi s are important clinical and public health problems. (Mella et a!., 1994). 

In Ethiopia, 8 million people are exposed to a high level of naturally occurring fluoride. In the 

Ethiopian rift valley, 4 I .2% of the drinking water has fluoride content above the recommended . . 
level .( 1.5 mg/I). The regions that are facing excessive fluoride intake from groundwater and food 

are Afar, Oromia, and SNNPR. (Tekle-I-Iaimanot et a!., 2006). In Halaba, Southern Nation's 

Nationalities and People Regional State (SNNPR), 60% of children are consuming fluoride above 

the upper level of 10 mg/day (Kebede et a!. , 20 16a). The higher prevalence of excess fluoride 
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intake leads to fluoros is. That study in Ethiopia Rift Valley shows (especially in Fenta le, Halaba, 

and Adamitulu) 2. 1-20%, 12.5-45%, 25-40%, 17- 39.!5%, and 3-10.4% of the study populations 

are affected by questionable, very mild, mild, moderate, and severe dental fluorosis respectivel y. 

In these areas, ske letal fluorosi s has a significant effect on young children based on the criteria of 

clinical symptoms and the ability to do physical exercises (Kebede et aI. , 20 16 a). 

The severity of dental and skeletal fluorosis is dependent on different factors. Dietary fluoride 

obtained from food and water is efficiently absorbed from both the stomach and small intestine 

without regulation (Zuo et aI., 2018). However, the effect of fluoride that causes severe fluorosis 

is associated with factors li ke fluoride dose, length of exposure, altitude, and individual differences 

including health and nutritional status (Akosu & Zoakah, 2008; Alvarez et aI., 2009). A study 

perfo'nned using an animal model reported that calcium-magnesium salts or a plant source of these 

minerals effectively reduced apparent fluoride absorption indicating proper diet may reduce 

fluorosis development (Kebede et aI. , 20 16 b). 

In Eth iopia, there is no enough data on the level of dental and skeletal fllwrosis and its related 

facto rs, dietary fluoride intake, and dietary ca lcium-' intake . The leve l of dental and ske letal 

fluoros is levels has been assessed in previous studies in the stud y area. This study provided further 

information about dental and skeletal fluorosis leve ls by assessed data by denti sts they specialize 

in this area. Additiona lly, no one has reported about the' association between dietary calc ium intake 

to the level of dental and skeletal fluorosis in school age children, thi s study answered these such 

kinds of questions. Therefore researching these areas could contribute to the reduction of adverse 
.';> 

health effects related to excess fluoride intake. 

:.' 
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1.2 Objectives 

1.2.1. Genera l Objective 

oil, To investigate the association between dietary fluoride and calcium intake of school-age 

(6-13 years) chi ldren to the level of dental and skeletal fluorosis in Halaba, Southern 

Ethiop ia 

1.2.2. Specific Objectives 

ail. To determine dietary fluoride and calcium intake of school children 

To assess dental , skeletal and non-skeletal fluorosis level among school children 

o!j. To assess the associations between dietary calcium and fluoride intakes of chi ldren to the 

level of dental and skeletal fluorosi s 

'. 
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2. Literature review 

2.1 Fluoride 

Fluoride is the ionic form of fluorine, a halogen and the most electronegative of the elements of 
~~. 

the periodic table. It is a negatively charged non-meiallic halogen. Both organic and inorganic 

forms of fluoride are frequently found in a variety of natural environments. It is ubiquitous. 

Consumption of fluoride is necessary for human and a!limal health as it plays an important role in 

maintaining the structure and physiological function of bones and teeth (Institute of Medicine, 

1997; Zhang et al., 2013). Owing to its high affinity for calcium, fluoride is l~lainly associated with 

calcified ti ssues. Its abi lity to inhibit, and even reverse, the initiation and progression of dental 

caries is well known. It also has the unique abi lity to stimulate new bone format ion, and as such, 

it has been used as an experimental drug for the treatment of osteoporosis (Institute of Medicine, 

1997). At low concentration fluoride is beneficial, however, at higher concentrations (i.e. above 

1.5 ppm) it adversely affects human health (Panda et al., 20 IS). Long-term excessive fluoride 

intake is known to be toxic and can damage a variety. of organs and tissues in the human body 

(Zhang et al. , 20 13). 

2.2 Health effects of fluoride 

Fluoride (F) is· an important micronutrient that accumulates within mineralized tissues such as 

teeth and bone. Fluoride is essential in the diet and is thought to be required for normal dental and 

skeletal growth (John et al., 1983). Even though flU(:>f)de is very important for human health, it 

adversely affects health when adults and children are exceeding the agreed limits (0.5-1.5ppm), 

contributing to a rapid rise in dental fluorosis-the first sign of fluoride tox icity (Erdal & 

Buchanan, 2005). The most obvious and widespread impact of fluoride is dental fluorosis. In some 

cases where fluoride levels are very high or where there is prolonged ingestion at 2 ppm or higher, 

cases of ske letal fluorosis have been reported. Skeletal fluorosis is a chronic metabo li c bone 

disease caused by ingestion or inhalation of large a;hounts of fluoride. In regions with water 

fluoride concentrations over 2 ppm, or among workers constantly exposed to fluoride in aluminum 

or fertilizer industries, skeletal fluorosis is common (>20% prevalence) and man ifested as joint 

pain in both upper and lower limbs, numbing and tingling of the extremi ties, back pains, and 

knock-knees. Vertebral osteoscleros is may result in spinal cord compression. Besides, an increase 

In bone mass due to fluoride ingestion or treatment , (for osteoporosis) does not translate into 
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improved bone strength, and high doses of sodiulT! fluoride for osteoporosis treatment may 
'.or 

increase the risk of vertebral fractures (Riggs et ai., 1990; Yunzhao et al ., 1994). 

Fluoride has benefits in terms of reduction of dental caries but also significant costs with cognitive 

impairment, hypothyro idism, dental and skeletal fluorosis, enzyme and electro lyte derangement, 

and uterine cancer. Denta l fluorosis is associated with high fluoride intake during the critical time 

of tooth development, whereas skeletal fluorosi s is associated with prolonged high intake of 
""'.,. 

fluor ide over many years. Therefore fluoride in low doses is beneficial for teeth and bone health 

as it strengthens the apatite matrix of ske letal ti ssues and teeth (Barbier et a i. , 20 I 0). The WHO's 

permissible limi t for fluoride in drinking water is 1.5 mgl L (WHO, 20 11 ) whereas adequate 

fluoride intake from all sources, including water, beverages, and diet, is at 0.05 mgld/kg body 

weight(Institute of Medicine, 1997). The beneficial and harmful effects of fluoride are summarized 

as in Figure 1 (Hussain et ai., 2004): 
,. 

~_FL_U_O_R_ID_E_.l. 
l;---B-e-n-e-fi-ci-a-l-A-S-J)-e-c-t-s -';J' lr--H-a-1'-m-r-u-'-E-r-r-e-ct-s-' --I 

Dental carries 
Medical Applications 
Essential Element 
Glass & Ceramic 
Industries 
Ferti lizer Industries 
Anti-cariogenic agent 

" 

FLUORIDE TOXICITY 

(Knife with Two Edges) 

Dental Fluorosis 
Skeleta l Fluorosis 
Cardiovasc\llar Effects 
Gastro Intestinal disorder 
Endocrine Effects 
Neurologica l Effects 
Reproductive Effects 
Developmental Effect.s 
Enzyme inhabitation 
Genetic damage 
Effect on the pineal gland 

Figure I : Some beneficia l and harm fu l effects of fluoride (Hussa in et ai. , 2004) 

The poss ible mechanisms of fluoride tox icity are (Martinez-Mier, 2012): 

(a) As the fluoride comes in contact with moisture thi s.,..esults in the formation of hydrofluoric ac id 

and this acid formation results in the burn ing of tissues due to low pH. 
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(b) Inhibition of nerve impulse or nerve function is because calcium forms chemica l complexes 

with fluoride leading to hypoca lcemia and ultimately results in inhibition of physiological nerve 

functi oning. 

1.), 

(c) Cellular poisoning results due to the inhibition cif enzymes required fo r the phys iological 

functioning of cells. 

(d) Hypocalcemia and hyperka lemia result 111 electr.o lyte imbalance and eventually result 111 

di sturbances in cardiac rhythm . 

(e) F luoride is one of the most reactive elements. In the case of a tox ic amount of fluoride in the 

body, fl uoride attacks oxygen and disrupts the metaboli sm resul ting in the production ofhydrogen 

perox ide as a product. Also, fluoride resul ts in excessive production of free radicles that disrupt 

the antioxidant fo rmation (Yang & Liang, 2011). 

The toxicity of lluoride due to excessive ingesti on is classified into acute tox ic effects and chronic 

effects (Figure 2). 

Nausea, vomiting 

Hypoca lcemia 

Tetany especially of hand and feet 

Hypotension, hypersallvation 

M ixed metabolic and respiratory acidosis 
due to failure of renal/ respiratory system 

Coma and convulsions leading to death 

Denta l f luorosis 

Skeletal fluorosis 

Hypersensitivity reactions 

Dyspepsi a~ gastric irritation 

Insufficiency of renal system 

Numbness, muscular spasm 

Birth defects and cancer 

Figure 2: Class ifi cat ion of toxic effects due to excess ive ingesti on of fl uoride (Ullah, Zafar, & 
",. 

Shahani , 20 17) 
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2.3 Sources of fluoride intake 

Living organisms are exposed to fluoride in the forms of fluoride compounds like hydrogen 

fluoride, calcium fluoride, sod ium fluoride, sulfur hexafluoride, and si lico-fluorides. These 

compounds are considered to be the most relevant of the inorganic fluorides based on quantities 

released to the environment, environmenta l concentrations and toxicological effects on living 

organisms. Fluorides are released into the environment naturally through the weathering and 
. ~\", 

dissolution of minerals, in emiss ions from volcanoes and marine aeroso ls. Fluorides are al so 

re leased into the environment via coal combustion and from various industrial processes, including 

stee l manufacture, primary aluminum, copper and n i ~ke l production, phosphate ore processing, 

phosphate fertilizer production and use, glass, brick and ceramic manufacturing, and gl ue and 

adhesive production. The use of fluo ride-containing pesticides, .as well as the controlled 

fluoridation of drinking-water supplies, also cont~ibutes to the re lease of fluoride from 

anthropogenic sources (WHO, 2002) . 

Fluoride can be ingested by human beings from different sources including intentional sources 

such as dietary fluoride supplements and foods and beverages, and unintentional sources of 

ingested fl uoride such as ingestion from fluoride dentifrices, mouth rinses, and other fluoride­

containing products (Pendrys, 1990) . However, the fluoride from water remains as the primary 

source of ingested fluoride . This increased availability of fluorides has led to an increase in the 

prevalence of fluorosis. In general , Dietary fluorides, fluoride supplements, and dentifrices and 

Oral Hygiene Products are the significant sources of fluoride. 

2.3.1 Dietary sources 

Humans consume fluoride from numerous sources.':The mam source of ingested fluoride is 

considered to be fluoride in drinking water. For instance, in the United States, about 150 million 

people received fluoridated water at concentrations of 0.7 to 1.2 parts per million (ppm) (Horowitz, 

2003). All foodstuffs contain at least trace amounts of fluoride. Beverages that are manufactured 

in regions with fluoridated water and foods that are cooked in fluoridated water also contain 

fluoride. Seafood and fruit juices are sign ificant so urc~Ji of fluorides. Fruit juices, especiall y grape 

juice, can be high in fluorides. Tea leaves contain considerable amounts of fluoride and high 

consumption of tea is known to increase the risk of fluorosis. The bone of fi sh contains a large 
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amount of fluoride and excessive consumption of fish ' with bone during tooth mineralization can 

cause fluorosis (Wondwossen & Bjorvatn, 2006). 

2.3.2 Fluoride supplements 

Dietary fluoride supplements are prescription medications that are intended for use by children 

living in non-fluoridated communities (Nourjah & Horowitz, 1994). Additionally, in infant 

formula (baby foods) , fluoride is mixed especially 1n low fluoride areas. Therefore it has a 

contribution to excess fluoride intakes cumulated with other sources ( Levy S et aI., 1995). 

2.3.3 Dentifrices and oral hygiene products 

Nowadays using fluoride-containing dentifrices, mouth rinses and home-use gels has become very 

common in the world people. The use of dentifrices flavored for children increases the quantity of 

toothpaste used and can increase the risk of swallowing the toothpaste . Fluoride mouth rinses can 

also be a significant source of fluoride ingestion, especially in younger children. Toothpaste 

ingestion . remains the main source of fluoride toxicity followed by fluoride-containing 

mouthwashes and supplements. Currently, mouth rinses are not recommended for use by children 

under school age because of the ri sk of swallowing (Steven et aI., 1997). These toxicities are since 

the swallowing reflex in children is not completely developed and fluoride toothpaste is flavored, 

which results in voluntary toothpaste swallowing (WHO, 2014). 

2.4 Fluoride distribution in Ethiopia -.. 
The great African Rift Valley extends from Syria and Jordan in the Middle East to Mozambique. 

It is associated with high fluoride levels in groundwater. The main drinking sources of fluoride in 

the semiarid areas of the Rift Valley regions are deep wells . There are significant variations in the 

.' fluoride levels of the deep wells within the Rift Valley and even in the same area. The Ethiopian 

part of the African Rift Valley bisects the country in a southwesterly direction (Figure: 3) (Tekle­

Haimanot et aI., 2006). The region of the Ethiopian rift valley has an elevation that varies between 

500 and 1800 meters above sea level. These areas are characterized by a hot and dry climate with 

an average temperature of 23°C (ranges from 15 °c to 38 °C). In most of these regions, 

groundwater contains very high concentrations of naturally occurring fluorides beyond the WHO 

guideline value for drinking water (Tekle-Haimanot et aI., 1987). 

'.' 

8 

, , 



ERITRE.A 

North a Central 
Highlond 

I 
/ , , 

I , 
I , I , I . 

/ , 

I 
, 

I I 
I I 

r 
\ 

KE.NYA 

, 
I 

I 

I .... , 

I 
I , 
I Rift 

I 

I Valley 

-' .-
; 

; .. 

Southeastern 
Highland 

SOMALIA 

SOMALIA 

Figure 3: Map of Ethiopia showing the highland regions and the Rift Valley (Rift Valley 

escarpments in dotted lines) (Tekle-Haimanot et aI. , 2006) 
., 

In Ethiopia, the regions that are facing excessive fluoride in groundwater are Afar, Oromia and the 

Southern Nations and Nationalities Regional State (SNNPR). These regions are located in the 

Ethiopian.Rift Valley part of the Great African Rift Valley. As the Eth iop ian part of the African 

Rift Valley bisect the country, it is characterized by volcanic and basa ltic rocks, which are more 

likely to release a high concentration of fluoride. The study area of this project Halaba is part of 

the Ethiopian Central Rift Valley (ECRV), whi ch is found in SNNPR (Figurc:4) (RiPPLE, 2009). 

9 



Fluoride (mgll) 

• > 7.1 

• 3.5 · 7.1 

• 1.3 · 3.5 
o 0.4 · 1.3 

o 0.1·0.4 

o < 0.1 

Figure 4: Fluoride concentrations in groundwater across Ethiopia (RiPPLE, 2009) 

2.5 Fluorosis level in Ethiopia 

Fluoride intake is often regarded as a double·edged sword. When consumed in inadequate 

quantities (less than 0.5 ppm), F causes health problems (e.g., dental caries, lack offonnation of 

dental enamel, and deficiency of minerali zation of bones), especiall y among chi ldren. In contrast, 

if fluoride is consumed or used in excess (more than 1.0 ppm), it can cause health problems in the 

young, old, or both . The various fonns of fluorosis that may arise from excessive intake offluoride 

through drinking water are summarized in Table I (Whitacre, 2011). 
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Table I : Effects of fluoride ingestion on human health (Whitacre, 20 11) 

Fluoride Concentration (mg/L) 

<0.5 

0.5-1.5 

1.5-4.0 

>4 

>10 

Effects 

Conductive to dental caries 

Promotes the development of strong bones and teeth 

Promotes"dental fluorosis in children 

Promotes dental and ske leta l fluorosis 

Crippling skeletal fluoros is, possibility cancer 

Chronic toxicity of fluoride is more common than acute toxicity. The effects of chronic ingestion 

of fluoride depend not only on the duration and dos~'but also on several other factors such as 

nutritional status, renal function, and interactions with other trace elements (Whitacre, 20 II ). In 

regions of Ethiopia that have high fluoride consumptions, fluorosis is an endemic health problem 

(Tekele-Haimanot et aI., 1987). 

2.5.1 Dental fluorosis 

The association between excess ive ingestion of flu'a'ride and dental mottling (flu orosis) was 

initially discovered over a century ago by Frederick Sumner McKay a practicing dentist in 

Colorado Springs area and G. V. Black (Levine, 20 11). Dental fluorosis is the most sensitive and 

the earliest indicator of chronic fluoride toxicity (WHO 1996). Although fluoride is an important 

element for caries prevention, the chronic intake of fluoride greater than I mg/I or O. I mg/kg daily 

during the period of tooth development interferes with..the process of enamel and dentin formation 

and leads to dental fluorosis (WHO 1996, Limaleite Ab 20 IS). 

According to Kloos Hand Tekle-Haimanot R (1999) finding dental fluorosis in some highland 

communities, where the water is abstracted from volcanic rocks. Regionally 42% of groundwater 

sources tested in Oroma, 30% in SNNPR and 12% in the Afar region have excessive fluoride 

concentrati ons in water as long as 2 mg/L (Tekle-Haim,anot et aI. , 1987). 
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Figure 5: Dental fluorosis pictures in the study area 

2.5.2 Skeletal fluorosis 

In Ethiopia, the regions which are susceptible to excess fluoride exposure are Afar, Oromia, and 

the Southern Nations, Nationalities and Peoples Regions (SNNPR). As a result of the long-term 

use ofbigb-fluoride drinking water, both dental and skeletal fluorosis are common in these regions. 

Tbe severe cases of skeletal fluorosi s (32%) were reported from the study at Wonji (Tekle­

Haimanot et aI. , 1987). Tbe same study reported that the maximum prevalence is seen in tbe 10-

14 years old age-group . 

Figure 6: Skeletal fluorosis in Ethiopia (Tekele-Haimanot, 2005) as cited by Kebede A. (2014) 
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2.6 Fluoride intake assessment 

Stud ies of fluoride ingestion were originally driven by efforts to better understand fluoride's role 

in pre-eruptive caries prevention, as it was believed that "the addition of fluoride to children's diets 

during the first seven or eight years oflife offers great promise of reducing the prevalence of dental 

caries" . [n more recent times, studies of fluoride ingestion have focused on the timing of ingestion 

relative to the development of dental fluoros is(Levy et aI., 2003). : The "optimal" intake of fluoride 

is between 0.05 and 0.07 mg fluoride per kilogram of. body weight (mg F/kg bw) (Warren et aI. , 

2009). 

2.7 Analytical methods in determination of fluoride 

The most common procedure used to quantify free fluoride anion is the fluoride ion·selective 

electrode. Micro diffusion techniques are considered to be the most accurate methods of sample 

preparation (i.e. , the liberation of free ionic fluoride from organic and inorganic complexes) 

(WHO, 2002). Ethiopian standards have a method for the determination of fluoride from drinking 

water using a fluoride ion-selective electrode. This method is identical to ISO 10359-1: 1992 as it ... 
reaffirmed in 2013 (ES, 20 13). The alkali fusion method is we ll suited for analyzing fluoride in 

food using a fluoride ion-selective electrode. However, the neutralization process is time 

consuming and procedures to simplify this step should be encouraged (Malde & Bjorvatn, 200 I). 

2.8 Calcium intake and health 

2.8.1 Sources of calcium 

In many countries such as the USA, milk and milk prbduct covers two-thirds of dietary c.alcium 

intakes (Heimbach & Mill, 1994). Indeed, calcium intake is usually associated with the intake of 

dairy products such as milk, yogurt, and cheese, as they are rich sources of calcium. Calcium-rich 

foods are dairy products, especially hard cheese that can provide I g of calcium per 100 g, whereas 

milk and yogurt can provide between 100 mg to 180 mg per 100 g. Cereals usual ly have around 

only 30 mg per 100 g. N uts and seeds are also rich i;:{' calcium, especiall y almonds, sesame and 

chia that can provide between 250 to 600 mg per 100 g. Vegetables rich in calcium are kale, 

broccoli, and watercress, which prov ide between 100 and 150 mg per 100 g USDA (2016) as cited 

(Gabriela Cormick, 20 19). Other data in the US reported that 73 percent of calcium intake is from 

milk products, 9 percent is from fru its and vegetab les,S percent is from grain products, and the 

remaining 12 percent is from all other sources CNPR,(l996) as cited by (Institute of Medicine, 
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1997). In Ethiopian diet, millet, en set (false banana), moringa, Ethiopian kale, and dairy products .,. .. 
are the good sources of ca lcium (EPHI, 20l3b; Kebede, et aI. , 2016; Tezera, et ai, 20 17). 

Supplements are also a dietary source of calcium for some populations. Some calcium 

supplements, avail ab le with no prescription, have up to 500-600 mg of calcium per tablet, which 

represents the nutritional requirements for most aduJ'ts . However, the use of supplements also 

varies between countries (Gabriela Cormick, 2019). 

2.8.2 Calcium intake and effect on health 

Calcium accounts for 1 to 2 percent of adu lt human body weight. Over 99 percent of total body 

calcium is found in teeth and bones (Institute of Medicine, 1997). Adequate calcium intake has 

many heaith benefits besides its favorable effects on bone health. Enough consumption of calcium 

is associated with the reduction of the risk of high blood pressure, the risk of recurrent colorectal 

adenomas, low-density lipoprotein (LDL) cholesterol"and it is associated with increasing high­

dens ity lipoprotein (HDL) cholesterol (Gabri ela Cormick, 2019). Chronic calcium deficiency 

resulting from inadequate intake or poor intestinal absorption is one of several impOitant causes of 

reduced bone mass and osteoporosis . Osteoporosis . is characterized by reduced bone mass, 

increased bone fragi lity, and increased risk of fracture (Institute of Medicine, 1997). When calcium 

intakes are so low that plasma calcium ion concen,tt;ations cannot be maintained, calcium is 

mobilized from the skeleton (Theobald, 2005). Regarding the achievement of calcium 

recommendations at the population level, long-term beneficial effects can be expected, in the 

improvement of health (Gabriela Cormick, 2019) . 

2.9 Mitigation of dental and skeletal fluorosis 

The major cause of fluorosis is the elevated level offluwide in drinking water, nutrition, and health 

status, and deficiency of calcium and vitamins are important contributory risk factors for 

developing ske leta l and dental fluorosis (Kaseva, 2006). The primary preferred option is to find a 

supply of safe drinking-water with safe fluoride level s. Where access to safe water is already 

limited, de-fluoridation may be sought as a solution. But the removal of excessive fluoride from 

drinking-water is difficu lt and expensive (Kebede et aI. , 2016b). Some stud ies have indicated that 
. i. 

an increased intake of calcium (through for instance m\lk, yogurt and cheese), vitamins C (orange, 

carrots, lemons and tomatoes) D and E (nuts, beans etc.) and antioxidants (garlic, ginger, 
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pumpkins) help reduce the fi xation of fluoride to the apatite in the human bones (Susheela & 

Bhatnagar, 2002). 

~; . 
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3. Materials and'Methods 

3.1. Study area 

The study has been carried out in the Halaba zone, 85 km southwest of Southern Nation's 

Nationalities and People Regional State Capital , I-Iawassa. It is situated on an average altitude of 

1800m above sea level with an average 750 mm annual rainfall which is classified as dry midland; 
'/,)t 

in the Ethiopian Rift Valley. The total population is estimated to be 305,555, of which 85% of the 

population lives in 79 rural and the remaining in 5 urban Kebeles (small administrative units) 

(CSA, 2007) . The livelihood of the people main ly depends on rain-fed agriculture producing crops 

li ke maize, sorghum, teff, millet, wheat, Haricot bean, red pepper, and potato . The major livestock 

species in the district are cattle, goats, sheep, donkeys, and poultry. Rainfall is the major limi ting 

facto r of agricul tural production in the area . Due to lack or poor di stribution of rainfall , Halaba is 

one of the districts in southern Ethiopia where drought occurs and affects many households. 

Halaba has one di strict hosp ital and 79 health posts functioning in each rmal Kebeles supported 

by 10 satellite health centers. There are currently 10,27 1 women hea lth development armies (1,672 

development team leaders and 8,599 leaders of I to 5 network) working in the dist rict to support 

the HEP by mobiliz ing the community, passing hea lth and nutrition messages, and pos itively 

infl uencing households to exercise proper health and 'nutrition care particu larly for women and 

chi ld ren. In Halaba woreda, the water fluor ide level is above the recommended limit, which is 5 

mgll (Kebede et aI. , 2016 a). 
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Alaba 

Figure 7: The study area for dietary fluoride and ca lciLim intakes and fluorosis assessment among 
school age children 

3.2. Study design and subject 

The study design of the thesis project was cross-sectional analys is. It was part of a larger project 

that was a randomized control trial. We used cross-sectional school children data from baseline-

co ll ected in January 2018. We have further collected the di etary data from the same subject in . . 
January 2019. The overarching project from which this subproject is derived has three study 

populations : young chi ldren, school chi ldren, and their mothers. Cluster sampling was used to 

determine one kebelle (Lay Arsho) which is participated in the study from the Halaba zone. From 

this kebelle (Lay Arsho), the households were selected randomly by the lottery method. The 

households had their el igible children. From each hodsehold, fluoride and calcium intakes were 

assessed by 24-hour dietary recall method and food frequency questionnaire (FFQ) for long term 

exposure. 
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3.3. Study period 

The study was conducted in severa l stages. Dental, ske letal , and non-skeletal fluoros is assessment 

data was collected in January 20 18. The dietary intake data, food, and water samples were collected 

in January 2019. Fluoride levels of food and water samples were analyzed within April and May 

20 19. 

3.4. Population and sampling 

3.4.1. Source population 

The source populations for this study were all schoo l-age children (6-13 years) who lived in Lay 

Arsho kebelle, Halaba SNNPR, Ethiopia. 

3.4.2. Target population 

The study population was all eligible school-age children. This age group was selected based on 

two reasons: First, the dietary intake status during this period is responsible for the health of the 

future life of adult health. Secondly, in this age group, dental fluorosis can be clearly identified. 

3.4.3. Inclnsion and exclusion criteria 

The inclusion criteria of the subjects were:-

• School-age children (6-13 years), 

• Being in good health (have no informed sickness) 

The exclusion criteria were:-

• Sickness or illness 

3.4.4. Sample size determination 

The total sample size of the project was calculated by O'power software version 3.1.9.2 by 

cons idering the des ign effect (DE = 2) for cluster randomization, power (1 - (3) 100% to be 80% 

(Z2=0.84) at 95% level of confidence (ZI= I .96), medium effect size, d = 0.5 and 10% of loss to 

follow up (Table 2) . Based on these assumptions, the total sample size becomes 126 househo lds . •.. 
From each HHs there are three population groups . The.se are young ch ildren, school-age children, 

and mothers. This study was taken the data of 127 school-age children for fluoride and calcium 

intake, and fluorosis assessments. 
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Table 2: Summary of assumptions used to determine s?mple size using G*Power software 

~~ . -

Group Confidence Power Effect size 
leve l (d) 1':0: 

Kebelle 
95% 80% 0.5 

~~ - -

3.4.5. Sampling technique and randomization 

I The loss 1 
to fo llow 

up 
10% 

--

Design 
effect 

2 

S 

~ 

ample 
sIze 

From the Halaba zone, one kebelle (Lay Arsho) was selected by cluster sampling, fro m that 

kebelle, the required numbers of households were assigned randomly by a lottery system. Then 

from all selected households, dental and ske letal fluorosi s levels of school-age children were 

assessed in January 20 18 . The dietary intake data of school-age children were co llected by food 

frequency questionnaire (FFQ) and 24 hr- dietary rec'a ll method, Water and food samples were 

co llected for fluoride level analysis, 

During the dietary intake data collection, 20 types of food items consumed by the HHs were 

identified. From each category of identified food items, I kg of food sample was collected from 

some of HHs by composite sampling method. At the study area, the community has used tap, 

ground, and spring water sources. One liter of water sample was collected fro m each source. 

3.5. Study variables 

3.5.1. Dependent variables 

.ij, Dental fluorosis 

'* Skeletal fluorosis 

.. Non-skel etal fluorosis 

3.5.2. Independent variables 

.. Fluoride intake 

.ij, Calcium intake 

oj. Age 

.. Sex 

Socioeconomic characteristics ... 
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3.6. Data collection 

3.6.1. Data collection tools 

~ Questionnaires 

~ Weighing balance .. Measuring cylinder 

~ Soft paper .. Plastic bag 

"* Bowl 

~ Plate 

Plastic bottles " .. Play dough 

,/j. Refrigerator 

3.6.2. Dietary assessment procedures by FFQ and 2.4 hr. method 

The type and amount of food consumed by the study participants were collected by 24-hour dietary 

recall method using a pre-structured questionnaire (annex II) developed ba~ed on internationally 

recogni zed mUltiple-pass method (Rosalind S. Gibson, 2008). The recall was repeated on a 

different day of the week in 20 samples to check their usual food intake. Additionally, the dietary 

intake data for children was collected by pre-structured FFQ using Wu et aI., (2009) method for 

the estimation of long term exposure of fluoride and calcium. Bowls and plates were provided to 

mothers for use on the recall days to help them visuali ~e and serve the amount of each stap le food -.. 
consumed by their child. The Ethiopia food composition tab le was used to estimate the dietary 

calcium intake of study subjects. Fluoride intake was estimated by using food and water fluoride 

content analyzed in this study, Dr. Aweke Kebede's findings 2015, and USDA data. We used the 

Willett (20 13) procedure for the quantification of FFQ.data. 

3.6.3. Dental and skeletal fluorosis assessment procedures 

School-age children were assessed for dental Ouorosis based on the Dean index (Dean, 1934). The 

study participants were told to clean their teeth thoroughly before the assessment. During the 

assessment, the level of dental fluorosis of the school-age children was class ified into 6 categories 

(annex III). These are normal , questi onable, very mild, mild, moderate, and severe fluorosis . Based 

on these criteria 's the level of denta l fluorosis was assessed by a qualified dentist in the study area . 

. ,. 
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Descriptions to score the level of dental fluorosis: 

Normal condition (0) - the apparent white spots depict "high lights" and are not mottled 

enamel. The surface is smooth, glossy, and usuall y of a pale creamy white color. 

'* Questionable condition (0.5) - the enamel discloses slight aberrations from the 

trans lucency of normal enamel, ranging from a few white flecks to occasional white spots . 

This classification is utilized in those instance; where a definite diagnosis of the mildest 

form of fluorosis is not warranted and a classification of 'normal' is not justified 

Very mild condition (1) - Small opaque, paper white areas scattered irregularly over the 

tooth but not involving as much as25% of the. tooth surface. Frequently included in this 

classification are teeth showing no more than about 1-2 mm of white opacity at the tip of 

the summit of the cusps of the bicuspids or second molars. 

.. Mild condition (2) - White opaque areas in the enamel of the teeth are more extensive but 

do not involve as much as 50% of the tooth. 

... Moderate condition (3) - all enamel su rfaces of the teeth are affected, and the surfaces 

subject to attrition, show wear. Brown stain is frequently a di sfiguring feature. 

oIj. Severe condition (4) - includes teeth formerly classified as ' moderately severe and severe.' 
I.,. 

All enamel surfaces are affected and hypoplasia is so marked that the general form ofthe 

tooth may be affected. The major diagnostic sign of this classification is discrete or 

confluent pitting. 

Skeletal fluorosis (excessive deposition of fluoride in lhe bone) rates among school-age children 

were assessed by a qualified physiotherapist in the study area using cl inical symptoms and physical 
." 

exercises (Annex VI) as developed by Susheela and Shashi(Shashi et aI. , 2008; Susheela & 

Bhatnagar, 2002). According to Susheela el al (2002), individuals who could not perform the 

physical exercise in the endemic areas were categorized as having skeletal fluorosis. In the stud y 

participants, stiffness of the back and neck muscles, unable to bend forward and to stand straight 

are some of the indicators of skeletal fluorosis; a pathological condition that is by far the most 

important aspect of chronic exposure to elevated leve ls of fluoride , either by inhalation or by 

ingestion (Shashi et al., 2008) . 
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Figure 8: Physical exerc ises used to identi fy skeletal fluoros is and tolerable level of risk , 

Fluoride toxicity manifestation (Exercises): 

A = Unable to bend without folding knees (SF l ) 

B = Unab le stretch hands , fold anns and touchback of head (SF2) 

C = Unable to bend neck-touching chest with chin not possible (SF3) 

Normal healthy individual (Exercise): 

o = Can bend the body and touch the floor/toes 

E = Can stretch hands, fold arms and touchback of head 

F = Can touch the chest with chin 

It has to be noted that the dental and skeletal fluoros is level assessment was carri ed out by recruited 

qualified dentist and physiotherapist, respective ly. 
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3.7. Food and water samples preparation and analysis 
.... '!1-

The food samples which are collected from different I:IHs were dried, ground, and homogenized 

using drying oven, miller, and homogenizer respectively for fluoride analysis. 

3.7.1 Moisture content determination of food sample 

The moisture content offood samples was determined'by using the AOAC 925.10,2016 method. 

A clean box on its inverted lid was dried in the drying oven at 100 °C for 30 minutes. The boxes 
-" . 

were covered with their lid and cooled with desiccator for 30 minutes, 'then the weight was 

recorded. 2 g of well-mixed test portion was accurately weighed and transferred to the dried box. 

The samples were dried for I hour at 130°C. The drying boxes were transferred to the desiccator 

and stayed there for 30 minutes to reduce the temperature to room temperature and weighed. The 

losses in weight were taken as the moisture content of food samples. 

3.7.2 Determination of fluoride from water and food samples 

Water fluoride was determined by using ES ISO 10359-1: 2001 method, whereas the food fluoride 

level was measured by the food fluoride test method (Malde & Bjorvatn, 2001). 

3.7.2.1 Reagclit preparation 

A. 5 M Sodium hydroxide (NaOH): 100 g of NaOH was di ssolved in di stilled water within a 500 
". 

ml volumetric flask. 

B. 8 M Sodium hydroxide (NaOH): 160 g ofNaOH was dissolved in disti lled water within a 500 

ml volumetric flask. 

C. TlSAB (Total ionic strength adjustment buffer) solution: 58 g sod ium chloride, 2 g EDTA, 7 g 

tri-sodium acetate, 57 mL glacia l acetic acid, and 500· mL disti lled water were dissolved. The pH 

of the so lution was adj usted to 5.0 to 5.5 by using 5 M NaOH solution and the vo lume was adjusted 

to 1000 ml with di stilled water. 

D. Standard solutions: Stock standard (IOOOppm) was prepared by dissolving 2.21g of sodium 

fluoride (NaF) with I liter of distilled water. 100ppm, 10ppm, 5ppm, I ppm, and 0.1 ppm working 

standards were prepared from the stock standard by using consecut ive dilutions. 
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3.7.2.2 Water fluoride analysis 

5 ml of buffer solution was pipetted followed by 5 ml of the water sample, into a measuring ce ll. 

An equal amount of buffer solution was also added for working standards. The electrode was 

calibrated by working standards starting from mQ~i diluted to concentrated standard. The 

concentration of the solutions was directly measured in ppm by using a fluoride ion-se lective 

electrode. 

3.7.2.3 Food fluoride analysis 

0.5g samples were weighed to the nearest 0.000 I g directly into nickel cruc ibles. The samples 

were covered with 5.0 ml of 8 M sodium hydroxide s.qlution . The sample and sodium hydroxide 

solution was carefully mixed. The crucibles were put on a hot plate for evaporation to dryness 

before they were covered and put into the muffle furnace for combustion. The temperature program 

for the muffle furnace was set at 200°C for approximately 16 h after which the temperature was 

increased to 525°C and kept there for 3 h. The crucibles were cooled, IS ml disti ll ed water was 

added, and the crucib les were put on a hot plate to aid the dissolution of the fusion cake. After 

approximately 2 h, the sample solutions were transferred to 50 ml capped plastic tubes. The sample 

so lutions were neutralized using concentrated and then diluted hydrochloric acid. Concentrated 

hydrochloric acid was added drop-wise until the pH decreased from 12.0-13.0 to 8.0-8.5. Diluted 

hydrochloric acid was added drop-wise until the pH decreases from 8.0-8.5 to 7.2-7.5. pH meter 

was cal ibrated by pH buffers 7.0 and LO.O. The sample so lution was diluted to 50 ml solution with 

distilled water. The so lutions were stored in 50 ml air-t ight plastic tubes until analyzed. Aliquots 

of 5 ml were taken out for analysis after the ash had settled and the so lutions were clear. Care was 

taken to avoid the settled ash. Before analyz ing, 0.5 ml TlSABlll was added to obtain a pH of 5.2-

5.4, which is the optimal pH-range for fluoride determination. Reagent blanks were always 

prepared together with the samples and were brought through the whole procedure. The fluoride 

level of standard so lutions and sample solutions were measured in ppm using a fluoride ion-

selective electrode. For all food samples, Iml of 100ppm fluoride standard was spiked for the 

verification of the accuracy of the method in terms of% recovery. Recovery (%) was calculated 

as the following formula (Patnaik, 1997):-

o Measured concentration· . 
Yo Recovery = * 100 ---------------------- EquatIOn 1 

Theoretica l concentration 

,. 
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(Cu*Vu) (Cs-Vs) . 

Theoretical concentration ='---'- + -------------------------EquatIOn 2 
(Vu+Vs) (Vu+vs) 

Where:-

Cu = measured concentration of the unknown sample, 

Cs = concentration of the standard, 

Vu = vo lume of the unknown sample and 

V s = volume of the standard. 

3.8. Data analysis 

Nutri-survey, Microsoft excel, and SPSS version 20 seftware were used for dietary and fluorosis 

data analysis. 24-hour data was estimated by Nutri-survey software whereas Microsoft excel was 
, . 

used for FFQ data estimation. The descriptive and significance test analysis were performed by 

SPSS version 20. 

3.9. Ethical clearance 

Ethical approval was obtained from Addis Ababa University (AAU). A letter of support was 

Jobtained from the regional health offices ofSNNPR. The study was conducted according to rules . , 
and gu idelines of the Research and Ethical Clearance committee (RECC) of Addis Ababa 

University which is called CNS-IRB. Woreda (district) health, Kebele (subdistrict) administrators 

and health extension workers have briefed the objective of the study. The Hf-IS was requested for 

willingness to provide information for dietary data collection and their willingness for dental and 

ske letal fluorosis assessment. The stud y participants were informed about the objective of the 

study. The households who palticipated in the study were compensated by soap for time wasted 

for responding to the questionnaire. They were told about the right to withdraw from the study. 
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4. Results 

4.1 Socio-demographic characteristics 

The main source of income for all households included in this study was farming. Most (92.5%) 

of the households were Muslim by religion. For the majority (67.7%) of households, motor pump 

groundwater was the source of drinking. The mean age (SO) of school children was 7.8 (1.9) years. 

About one-th ird (34.6%) of school-age children had ~lot attended formal school education. The 

average family size (number of parents and children living together) was approximately 7 ± 2 

(Table 3). " 

Table 3: Socio-demographic characteristics of school-age children (n= 127) aged 6-13 years from 

selected one kebelles, Halaba zone, SNNPR Ethiopia, 2019 

Variables 

Occupation 

Fanning 

Religion 

Orthodox Christian 

Muslim 

Protestant Christian 

Educational status 

Educating 

Non'-educating 

Age (years) 

Sex 

Male 

Agricultural land size 

</= Y2 hectare 

> Y, hectare 

Family size 

No. of males 

No of Females 

.~ \ . 

.. 

Frequency (%) /mean ±SD 

127 (100) 

2 (1.6) 

118 (92.9) 

7 (5.5) 

83 (65.4) 

44 (34.6) 

7.82 (1.925) 

68 (53.5) 

108 (85) 

19 (15) 

7.13 ± 1.55 

3.36± 1.349 

3.72 ± 1.384 
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Sources of drinking water 

Motor pump groundwater 

Springwater 

Tap water 

4.2 Biochemical results 

4.2.1 Water fluoride 

86 (67.7) 

36 (28.3) 

5 (3 .9) 

The contents of fluoride for tap, motor pump groundwater, and spring water were 4.73, 6.21 , and 

3.33 mg/I respectively, which exceeds WHO guidelil)es for drinking water 1.5 mg/l. The mean 

water l1uoride level at lay Lay arsho woreda was 4.76 mg/l. 

Table 4: Fluoride levels of water co ll ected from different sources from I-Ialaba SNNPR, Ethiopia, 

20 19 

Water type Fluoride level in mg/L Average 

Tap water 4.73 4.76 

Motor pump ground water 6.21 

Spring water 3.33 

4.2.2 Moistnre and fluoride levels of foods and beverages 

The fluoride content of selected food items varied between 0.83 - 13.61 mg/kg as shown in Table 

5. Food items that were prepared from maize and millet had a high concentration ofl1uoride. These 

types of food items are the staple foods for the community in the study area. The contribution of 

these types of staple foods is crucial for increasing excess l1uoride consumption as their fluoride 

level is high. However, vegetable sources such as cabbage and potato had a low concentration of 

l1uoride. For all food items, % recovery was vari ed between 90.4 - 107.89%, which falls on an 

acceptable range of% recovery. 
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Table 5: Moisture content and fluoride levels of foods and beverages co llected from Halaba zone 

SNNPR Ethiopia, 2019 

Sample Type Moisture CO;.) 

lnjera (unknown ingred ients) 49.5 

Un leavened bread (unknown 36.7 

ingredients) 

Unleavened bread, maize 39.5 

Taro, Colacasia antiquorum: bo iled 72.1 

Injera (Maize, Millet (1: I)) 54.4 

Un leavened bread, millet 30.2 

Boiled cabbage 92.8 

Boiled potato and carrot without pepper 81.2 

Stew without tomato 77.9 

Banana 73.7 

Boiled beetroot 83.6 

Cabbage and potato stew 81.4 

Rice with carrot 74.6 

Injera (Sorghum, maize, millet (1:1 :1)) 52.9 

Injera (millet) 55.2 

Bread (maize) 41.7 

Coffee (prepared from coffee leaf) 

4.3 Dietary diversity and dietary intakes 

4.3.1 Diet diversity score 

:.-

, .. 

.,. 

Fluoride (mg/kg) Recovery (%) 

10.61 100.64 

13.61 97.25 

12.5 1 102.48 

4.61 96.19 

8.28 102.54 

4.89 93.70 

0.83 103.18 

1.6 92.21 

3.87 103.60 

5.26 107.89 

3.2 102.68 

2.42 95.92 

3.18 103.64 

4.95 95.36 

7.84 105.68 

10.49 99.02 

3.5 104.45 

Out of seven food groups, the mean diet diversity score was 3.13 . The study showed that their diet 

was predom inantly cereal-based. Legumes and nut products were consumed by 30.7% of children, 

whereas 9.4% of children consumed dairy products. Poultry products, meat, and fish products were 

not consumed at all chi ldren. Vitamin A-rich fruits and vegetables were consumed by 84.3 % of 

childi'en, whereas 89.8% of children consumed other fruits and vegetables. 
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Frequency (%) 

Other fru its & vegetables 114 (89.8 %) 

Vitamin A rich fruits & vegetables 107 (84.3%) 

Meat & fish products • 0 

Poultry products • 0 

Dairy products . 12 (9.4%) 

Legumes & nut products 
39 (30.7%) 

Cereals, roots & tubers 127 ( 100%) 

o 50 100 150 

Figure 9: Consumption (%) of seven food groups in Halaba zone, SNNPR Ethiopia 

4.3.2 Energy and nutrient intakes from 24-hour data 

The average energy intake was 1640 kcal/day, which less than the recommended intake. However, 

the average protein intake (42 g/day) fulfills the recommended intake. As the study showed, 

vitamin A intake 581 !1g/day fulfilled an estimated intake of WHO. At the age of 4-6 years, vitamin 

81 and 82 intakes were above estimated needed whereas at the age of7-13 years vitamin BI and 

82 intakes were below the recommended intakes. The average intake of vitamin C was 23.4 

mg/day which was below the recommended intake. Calciwn intake of school chi ldren was too low 

(on average 520 mg/day) compared to the recommended intake at all age categories. The mean 

fluoride intake was 70 mg/day, which much exceeds the recommended intake of fluoride for school 

children. There was enough consumption of iron and zinc-based on WHO and FAO guidelines. 

Estimated needed to be determined by estimated energy requirement value for energy and 

recommended dietary allowance value for protein (Ell ie Whitney, 2008), recommended nutrient 

intake for minerals and vitamins (FAO/WHO, 1998), recommended dietary allowance for calcium 

and adequate intake, tolerable upper intake level , and reference weight for fluoride (Institute of 

Medicine, 2011). The values of energy and nutrients are summarized in table 7, Figures 10 and 11 . 
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Table 6: Mean vitam ins and minerals intake of school children (6- 13years) in comparison with 

estimated needs from 24-hour data, Halaba Zone seleoted kebelle, SNNPR, Ethiop ia (20 19) 

Energy and All age Age 4-6 years Age 7-9 years Age 10-13 years 

nutrients (/day) (N= 127) (N= IO) (N=79) (N=38) 

Vitamin A (flg) 581.4 598.3 533.5 676.4 

Estimated needed 450 500 600 

Vitamin Bl (mg) 0.71 0.71 -A 0.72 0.68 

Estimated needed 0.6 0.9 1.1-1.2 

Vitamin B2 (mg) 0.82 0.80 0.84 0.79 

Estimated needed 0.6 0.9 1.0-1.3 

Vitamin C (mg) 23.4 16.3 20.8 30.6 

Estimated needed 30 35 40 

Iron (mg) 78.28 74.95 78.02 79.7 

Estimated needed 12.6L,6.3M· 17.8L,8.9M 29.2L, 14.6M 

Zinc (mg) 9.41 9.94 9.1 9.91 

Estimated needed 4.8 5.6 7.2 

L- Low bioavailability, M- High bioavailability 
~: . 

•.. 
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RDA of calcium (mg/day) 

3.65 

Figure 10: Mean energy and calcium intake of school children 6-13years (N=J 27) in compalison 

with estimated needs from 24-hour data, Halaba Zone selected kebelle, SNNPR, Ethiopia (20 J 9) 
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Figure I I: Mean protei II and Fluoride intake of school chi ldren 6-13years (N= 127) ill comparison 

with estimated needs from 24-hour data, HaJaba Zone selected kebelle, SNNPR, Ethiopia (20 19 
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4.3.3 Calcium and Fluoride intakes from FFQ data 

The average calcium intake of school children was 452.2 mg/day which is less than the 

requirements. There was a hi gh consumption of dietary fluoride 9.02 mg/ day, which exceeds the 

recommended limit. 

1400 

1200 

1000 

800 

600 

400 

200 

o 

1300 

1000 

449 452 

Age 4-8 years Age 9-13 years All age 

• Calcium (mg/day) _ RDA of Calcium (mg/day) 

Figure 12: Calcium intake of school children 6-13 years (N=127) in comparison with RDA frol11 

FFQ data, Halaba Zone selected kebelle, SNNPR, Ethiopia (2019) 
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Figure 13: Fluoride intake of school children 6-13 years (N= 127) in comparison with estimated 

needs from FFQ data, Halaba Zone selected kebell e, SNNPR, Ethi opia (2019) 

4.4 Dental, skeletal, and non-skeletal fluorosis level 

4.4.1 Dental fluorosis 

The overall prevalence of dental fluorosis (from very mild to severe symptom s) was around 70.9%. 

The prevalence of severe dental fluorosis was 5.5% (Figure 14). 
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26.8 

18.9 

13.4 

10.2 

5.5 

DENTAL FLUOROSIS LEVEL (%) 

Normal - Questionable Very mild Mild - Moderate - Severe 

Figure 14: levels of dental fluorosis among school children (N=127) in Halaba, SNNPR 

Ethiopia, 2019 

4.4.2 Skeletal fluorosis 

The prevalence of skeletal fluorosis was varied between 27.6- 44.9%. The majority (44.9%) of the 

children were unable to bend body touch floor or toe and 27.6 % of children were unable to stretch 

and fold anns to touch back of the head. 
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44.9 

27.6 

I, 
SKELETAL FLUOROSIS LEVEL «%) 

Can't bend body and touch floor or toe 

38.6 

• Can't stretch and fold arms to touch back ofhead 

Can't touch chest with chin 

Figure 15: Skeletal fluorosis level among school children (N=127) in Halaba SNNPR, Ethiopia 

2019 

4.4.3 Non-skeletal fluorosis 

The prevalence of non-skeletal fluorosis symptoms valied between 7-70% as shown in Table 7. 

Table 7: Prevalence of non-skeletal fluorosis levels among school children SNNPR, Ethiopia 2019 

Non- skeletal fluorosis Signs Frequency Fluorosis prevalence (%) 

Feel lower back pain 47 37 

Feel leg pain, joints 12 9.4 

Feel ann pain, joints 7 5.5 

Feel the tingling sensation in hands and feet 10 7.9 

Feel neck pain with movement 62 48.8 

Feel muscle weakness 39 30.7 

Feel the loss of appetite 36 28.3 
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.... 
Have nausea 47 37 

Have abdom inal pain 69 54.3 

Have bloating in the stomach 39 30.7 

Experience polydipsia (excessive thirst) 12 9.4 .,'i 

Experience polyuria (excess urine volume) 24 18.9 

Experience constipation 70 55.1 

4.5 Associations between calcium and fluoride intakes and fluorosis 

4.5.1 Associations with dental flnorosis 

The dietary fluoride intake of children was significantly associated (P < 0.0 I) with dental fluorosis 

leve l. The dietary calcium intake of children also significantly associated (P < 0.01) with dental 

fluo rosis level. The mean dietary calcium intake was 5?0 mgld which is much lower than the dai ly 

recommended intake by chi ldren. 

Table 8: Predictors of fluorosis symptoms (Dental fluorosis) among school children from 24-hour 

dietary data: logist ic regression model, Halaba zone, SNNPR Ethiopia, 2019 

Variab le (n=270) Denta l fluorosis' 

COR (95%CI) AOR (95%CI) 
Dietary fluoride 1.042 (1.01 9, 1.067)** 1.033 (1.006, 1.060)* 

\-\'! 

Dietary calcium 0.994 (0.992, 0.997)** 0.995 (0.992, 0.998)* * 

Age (4-8 years) 1.262 (0.586, 2.715) 1.898 (0 .739, 4.870) 

Sex (Female) 0.883 (0.4 10, 1.901) 0.730 (0.287, 1. 854) 

I. The six symptoms of dental fluorosis were categorized in to categorical var iab le (present= 1 or absent =0) regression 
analysis. The first group was DF absent (normal and questionab le symptoms) and the second group was OF present 
(very mild, mi ld, moderate, and severe symptoms). 

*There was significant associations at P < 0.05, "There was significant associations at P < 0.0 I. 
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4.5.2 Associations with skeletal fluorosis 

The dietary fluoride intake of children was sign ificantly associated (at P < .0 . .05) with their skeletal 

fluorosis level of each physical activity test, but had;;';t association when different factors were 

considered. Calcium intake and SF2 had an association (at P < .0 . .05) without considering other 

factors, but not associated with the presence of other factors. SF 1 and SF3 levels of children hadn't 

association (at P < .0 . .05) with their dietary calcium intake per day with and without considering 

the other factors, however, SF 1 is associated (at P < .0 . .05) with calcium intake when other factors 

were considered. The age of children and SF2 are highly associated (P < .0 . .05 and .0 . .0 I) in the 

presence and absence of factors, but SF I had not an association in both conditions. SF3 was 

associated (at P < .0 . .05) with age in the presence of the other factors , but not associated with the 

absence of the other factors. 

Table 9: Predictors of fluorosis symptoms (Skeletal fluorosis) among school children from 24-

hour dietary data: logistic regress ion model, Halaba zone, SNNPR Ethiopia, 2.0 19 

SJi' I_evel 1" SJi' Leyel 2b SJi' Level 3' 
CQR(95%Cl) AOR(95%CI) COR (95%CI) AOR (95%CI) COR (95%CI) AOR (95%CI) 
.0.985 (.0.971, .0.991 (.0.975 , .0.98.0 (.0.964, .0.985 (.0.968, .0.984 (.0.969, .0.986 (.0.971, 

1 . .0.0.0)* 1..0.07) .0.996)* 1 . .0.03) .0.999)' 1..0.03) 

1..0.02 (1..0.0 1, 1. .0.02 (l ,.o.o.o, 1..0.03 (1..0.0.0, . 1..0.02 (.0.999, 1 . .0.02 (1 . .0.0.0, 1..0.01 (.0.999, 
1..0.04) 1 . .0.04)* 1,.0.05)* ., 1..0.04) 1..0.04) 1 . .0.03) 

.0.934 (.0.777, .0.946 (.0.781, .0.761 (.0.619, .0.765 (.0.616, l.l87 (.0.972 , 1.235 (1..0.0 I, 
1.123) I. 148) .0.935)** .0.95.0)* 1.449) 1.524)* 

.0.823 (.0.4.08, .0.823 (.0.395, 1 . .042 (.0.477, 1 . .0.0.0 (.0.43.0, l.l.o8 (.0.541, 1.236 (.0.582, 
1.66.0) 1.715) 2.276) 2.328) 2.269) 2.623) 

*There was significant associations at P < 0.05. **There was significant associations at P < 0.01. 
a. SFl is symptoms of skeletal fluorosis with physical exercise "oon' t bend body touch floor or toe" 
b. SF2 is symptoms of skeletal fluorosis with physical exercise "can't stretch and fold arms to touch back of the 
head" ... ~ 

c. SF3 is symptoms of skeletal fluorosis with physical exercise "can't touch the chest with the chin" 
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5. Discussion 

In this study high prevalence of dental fluorosi s among school-age children has been shown. 

Besides dental fluorosis, a high prevalence of skeletal and non-skeletal flu6rosis was seen in the 

study area. The dietary fluoride intake of school children much exceeds the upper tolerab le intake 

level at this age level. However, the dietary calcium intake was below the recommended limit. Our 

findings showed that dietary fluoride and calcium intak.es were significantly associated with dental 

and with some aspects of skeletal fluorosis. Th is showed that excess dietary fluoride intake and 

low consumption of dietary calcium increases the risk of dental and ske letal fluorosis in school ­

age chi ldren. 

Energy, calcium, and other micronutrients (except fluoride) were below the recommended limit. 

The result supported by the national food consumpti9n survey, which confirmed that low diet 

diversity results decrease in nutrient intake below the recommended level (EPH[, 2013a). 

However, protein intake meets the recommended level for school children. It is expected that from 

the staple foods in the study area, like mi lIet, maize, s01'ghum, teft; and bean have enough amount 

of protein. The total fluoride intake by children was above the recommended upper tolerable intake 

level of 0.1 mg/kg/body wt.(Institute of Medicine, 1997). Water is the major source of excess 

fluoride intake in that community. In add ition to waier, food and beverages have a significant 

contribution to excess fluoride intakes by children. This finding supports previous stud ies result 

in Ethiopia (Kebede, et aI., 2016; Malde, et aI., 20 11). [n tropical areas, the high fluid intake 

increases the exposure to fluoride consequently to fluorosis risk (Murray, 1986). 
~' .~ 

Dental fluorosis is a dose-response effect caused by excess fluoride ingestion during the pre­

eruptive development of teeth (Institute of Medicine, '1997). According to the result obtained in 

thi s study, the prevalence of dental fluoros is was very high. From this prevalence, 25.2 % of 

children showed moderate dental fluorosis (a ll surfaces affected, with some brown spots and 

marked wear on surfaces subject to attri tion) and 5.5 % of them affected by severe dental fluorosis 
-< 

(widespread brown stains and pitting). This figure shows an increase in the risk of dental fluorosi s 

compared to a previous study at Halaba 17 % (moderate) and 3 % (severe) (Kebede, et a I. , 2016a). 

As the intakes of fluoride at the study site have been above the tolerable upper intake level (0.1 

mg/kg/body weight), the maximum prevalence in dental fluorosis is expected. 

-,. 
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The result of skeletal fluorosis found in this study conducted using physical exercise showed, 44.9 

% of children can't bend the body and touch floor or,Joe, 27.6 % of them can't stretch and fold 

arms to touch back of the head, and 38.6 % of children can't touch the chest with chin. This result 

was sUPPOlted by the study conducted in Ethiopia, which found that linear relationships were 

observed between the development of skeletal fluorosi s, fluoride concentration of drinking water 

and period of exposure to it (Tekle-Haimanot R, et aI., 1987). The development of ske leta l 

fluorosis and its severity is directly related to the leve l illld duration of exposure to excess fluoride. 

Most epidemiological research has indicated that an i'iitake of at least 10 mg/day for 10 or more 

years is needed to produce clinical signs ofthe milder forms of the condition (Institute of Medicine, 

1997). According to the dietary fluoride intake result found in this study, most children exceed 

10mglday. This might be the cause of the presence of a high prevalence of skeleta l fluorosis 

together with other factors in ch ildren. Another study conducted in the animal model also supports 

that, highly fluoridated water decreased bone strength , when given to rats for a prolonged period 

(Turner et aI., 1995). 

In addition to adverse health effects on ca lcified tissues (bone and teeth), fluoride has an acute 

toxic eff~ct which is called non-skeletal fluorosis. In acute poisoning of fluoride, death is a likely 

result within 2-4 hours when an average adult consume$ about 5 grams of sod ium fluoride. Nausea, 

vomiting, and abdominal cramping are some of the earl y symptoms followed by excess fluoride 

intake (Cerklewski, 1997). Among the thirteen clinical symptoms of non-skeletal fluoros is, we 

found that the prevalence was varied between 5.5 -55.1% ofchildren.lt is expected result because 

dietary fluoride intakes of chi ldren exceeded the recommended limit. 

The multivariate ana lysis showed that dietary calcium ~nd fluoride intakes had a strong significant 

relationship with denta l and skeletal fluorosis levels ot,children. According to Cerklewski (1997) 

report calcium form inso luble complexes with fluoride which significantly decreases fluoride 

absorption and its uptake into bone and teeth. The other study supported that when fluoride is 

ingested together with calcium-rich foods , the bioavailability decreases by 40% (Murray, 1986). 

Previous studies report and the result in this study showed a low level of calcium intake below the 

recommended limit, wh ich was highly associated wiih an increase in fluoride absorption. The 
" . 

study conducted in Ethiopia found that age, sex, and milk consumption were significantly 

associated with OF severity (Kravchenko et aI. , 2014). Besides its positive effect on human health, 
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fluoride c~n become toxic when the quantity ingested exceeds the body's homeostatic mechanism 

to adequately respond to the chall enge (Cerklewsk i, 1997). The dietary fluoride intake of children 

much exceeded the upper tolerable intake level and has strong relationships with a high prevalence 

of dental and skeletal fluorosis. Based on thi s ev idence and our resul t, it can be said that excess 
.r,,~ 

fluoride intake has a sign ificant effect on both the dental and skeletal fluorosis risk of children. 

Accord ing to the result obtained the age of children has an association in SF2 and SF3, however, 

it has no relationship with their SF 1 and denta l fluorosis status. Different reports support age has 

a relationship with fluorosi s (Evans, 1989; Thylstrup & Larsen, 1977). 

Different limitations need to be considered when interpreting the result obtained. First, the cross­

sectional nature of dietary assessment does not allow inferences to be made on causa li ty and rather 

indicate associations with chronic effects (fluorosis) . 11\ addition to that, the symptoms for skeletal 

fl uoros is assessment are not specific signs. Dietary data were co llected in one season, which may 

not indicate the usual intake of school-age children. Furthermore, some food composition data for 

fluoride were takcn from USDA, which may greatly varied from the Ethiopian diet. We used the 
. ,to 

average fluoride result from different water sources. 

< ,. 
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6. Conclusions and recommendations 

The ri sk of dental, skeletal, and non-skeletal fluorosis was the major health concern In the 

community. The dietary fluoride intake was much higher than the upper tolerable intake limit of 

O.lmg/kg/body weight recommended by the Institute of Medicine. Water is the major source of 

fluoride, followed by food and beverage sources. The :-vater fluoride level (4.76 mg/L) consumed 

by the community exceeds the WHO guideline (1.5 mg/L) for drinking water. The dietary ca lcium 

intake of chi ldren is below the recommended intake level. Excess fluoride intake and low 

consumption of dietary calcium were the causes of dental and skeletal fluorosis risks of children. 

To mitigate the risk of fluorosi s resu lts from excess fluoride intake, improving the dietary intake 

of calcium is recommended. Further, water de-fluoridation may also be needed as immediate 

strategies. Hence, intervention to improve ca lcium stat.uses such as consumption of calcium-rich 

foods like Ethiopian kale, millet, and en set is needed in the study area. Further studies on the effect 

of fluoride on improving the awareness of the community about fluoride toxicity and mitigation 

of fluorosis using calcium supplementation are needed. 
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8.1 English version questionnaire 

I. Consent form 

8. Annexs 
'. 

My name is------------------ . I came from Addis Ababa University. The institution is working to 

improve the health of the community by providing so lutions for different problems based on 

tangiable researches. At this time we came here to research the assoc iation of dietary intakes and 

fluorosis. It enables us to prov ides understanding for the community to protect the spreading of 

dental and skeletal fluorosis. Your parents are coosen for the study participant. I would like to 

express my good feeling about that. We are going to 'conduct 24-hour dietary recall assessment, 

dental fluorosis assessment, and skeletal fluorosis assessment. We will give you soap for your time 

kill ing with us and cooperation. So, are you volunteer to continue with us? 
• 

Please give your permission. __ 

1. yes 

2. No 

If you don't want to participate please give your reaso': _______________ _ 

Data collector: Name _____ ,' Signature ___ ,--_' Date. _______ _ 

'. 
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,~ 
.;., 

" 

n. Study subject's detail information 

• 
,Ibject category: L I I. School age child 

.' , 
2. Mother 

Participant' s code: 2. Date of interview IT] IT] CD 
I I I I I D,y Month Year -

Subject's name: 

First name Middle name • , 
Birth day r;.p L Jo ,~ CJ.;J 

. Religion 9. Educational status 

1. Age in year LU 12. Sex D (I ~ M, 2 ~ F) 

15. How many years the subject live in the study 
~ . Marital Status area? 

6. Yesterday, wa:s it a holiday in the commun ity? D (O ~ No, I ~ Ycs) 

l . Is the re any heath defects yesterday? LJ 
(O ~ No, I ~ Yes) 

,~ 

• 
" 

• , 

J. Location I I I I I 4.Field worker code:IT] 

Last name 

7. Income 

10. Where did you born? 

13 . Is the water source the same over dwelled years in the 

area? 

NOT E: if the study part icipants are on health defects, do 110t 

apply the survey 

17. Yesterday, was there a celebrat ion in the familO 
(O ~ No, I ~ Yes) 

19. Last two week, was the pa!1icipant sick? ~ 
(O ~ No, I ~ yes) 



., 

III. 24 Hour reca ll form 

Interviewer: Lo€ation: Sex: 
Scale no.: Subject ID: Age: 
Day food eatcn: Subject name: 
Time Place Food or drink Description and cooking method Raw (I) Amount Amount Amount Food 

eaten Cooked. served (g) left (g) eaten (g) code 
• 

" 
(2) 

., 

<~ , ' 

1 

., 
" 

• 
", 



!. 
,". 

-+ . ,,, 

Probe for alcohol : Yes U No U Probe for sickness Yes U No U 
If ~s. did sickness affect appetite? 

If S(~s, how? Increase 0 Decrease 0 
Was food intake unusual? Yes U No U Probe for tablets Yes_U No U 
!fyes, how was it unusual? Iron 0 Vitamins 0 Other supplements 0 Anti-malaria 0 
Was it a feast day? Yes U No U NatTIe of supplement 

Was it a market day? Yes 0 No 0 (Record this from the label, if available) 

Was it a fasting day? Yes 0 No 0 

2 



IV Food frequency questionnaire 

)od frequency questionnaire answered by the mothers 

Istruction : For each food item listed below, indicate with a checkmark ('Ill the category that best describes the frequency with which the child usually eat that particular food item. 

11nking about the last three months, how frequently did your child eat the following food items within per week during the last one months and one year 

'.', 
Once or more 3-6 times Once or Twice per Once or more 3-6 times Once or Twice per 
than once per per week twice per month o r than once per per week twice per month or 

:)Qd item day week less never Food item day week less never 

'rilllge Avocado 

anana Carrot 

tango Pumpki~ t. t -

omato Sweet potato 

otato Maiu 

eel root T<if 

.thiopian kale Milk 

',lpaya Ch~,e 

.entils Butter 

:hlckpeas Whey , .. , 

_cttuce Yogurt 

-Iaricot beans Chicken 

3 



O"ts Egg 

Bean Fish wit~';:~m 

Wheat Fish without bone 

Barley ll«r 

PO' Goat mea\! 

Sorghum Sheep meat 

Vetch reamt 

Moringa ," Sesame 
~;. :."" - " ' , -

false banana Niger 

Green pepper Rice 

Cana ... " Millet 

~.) ' 

4 



V. A dental fluorosis assessment form 

Dean's Index filled by a qualified dentist 

- -
Rating 

Dental Fluorosis Category # sco;;~ Notes 

Norinal 
---- --

Questionable 

Very Mild: opaque whi te areas covering 25% 
. 

of the tooth surface 

Mild: white areas covering 25%-50% of the 
.{f.\ 

tooth sm-face 

Moderate: all surfaces affected and some 

browning 

Severe: widespread brown stains and pitting 

VI. A skeleta l flnorosis assessment form 

A. Physical exercise (able= I , unable= 2) based on figure 2 

Exercise 1 Exercise 2 Exercise 3 Exercise 4 Exercise 5 Exercise 6 

Subject 

B. Symptoms of skeletal and non-skeletal fluorosis 

To be filled by Physiotherapist or tra ined nurse or other health care professional 

S. 1 = Yes; 0 = No 
NQ Skeleta l and No n-Skeletal Symptoms # Mother Child Notes 

I Cannot bend the body and touch floor or toe .".' ,r 

2 Cannot touch the chest with ch in 

3 Cannot stretch and fold anns to touch back of the 

head 

.. ~,. 



4 Feel lower back pain 

5 Feel leg pa in , joints .~'; -,,~ 

6 Feel ann pain, joints 

7 Feel tingling sensation 

8 Feel neck pain with movement 

9 Feel muscle weakness ... ,-"'-

10 Feel the loss of appetite 

II Have nausea 

12 Have abdominal pain 
, 

13 Have to bloat -' . 

14 Experience polydipsia (excessive th irst) 

15 Experience polyuria (excess urine volume) 

16 Experience constipation 

1 

.. . ... 



l 

"Y' 

<,! " 

{,q, , I.DJ'? ' rull! :'wlJi,>l}l! .li7aDj 

.. ~ 
_____ _ ___ .l. __________________________________________________ _ ___________________ _ 

-------------------------------------------------------------------------------- ""VIP 'if {, 'J'd {, 4ru1 c64lJ '/ -I. V·PI;Jl.j :HvaD 

t ~ _. (rulV'd'd'i =l dN 'l) 

-------------------·'&VIP'if {'c6.J:(rulrulli c64lJ'/ 

i..J:c6( !.>.'d.f'? :9./-i,>aoV 'ifv JrulJruI 01JU 01JVl! ::{,V:'IPl,lan:.'1 JU·U·.J::'q, {,1;J'LJ'd-f'rulV d'lu,:S<I?U ::{,V3'l!W{,'/ 

:,.aD:' 'ow :,'/ U,IPrulj ruI?I.DW·/-U : : {'VG'I;J'?{.'/ (,:}:,'/ :'.'f.V) (Jlj .~uo'o .~"l'i "lIN \.ll,l,/ .J:l!ub'il1 'I>'ifUJaD V.fV : 
. .. r 

; 

:·w( q,UUJ,pj .w:l:-f'(a,'7J,l!k -v.ooU ±c6»:7aD {,.uJl! 'l.Dj yJ'/ ::{,VlJl!UI,l{,,/ »:700 QI;JL'{",j {,lIJao Y.abIPIP·'dj :,'/ 

·f;"(>{l l}LG'aD'ij .~'ol,l VZj {,>{l±.lil;J .I : :1;J:,V'if lid' uJ7aoaoU .w(Jl v)lJ'i .!::'J, 01/.1 l}1,l·VU abyJ'/j : :V)·wJaD.j • 

. ~:'J, 01JV U·I,l·/-'U yJ'/j ::.aJ( ,.'7,l.jI",V JrulJruI a6wUJaoV l}i,>n ~jJ.~:9aDj :'·~:'J,I.DV 'I:'~II .~{,UJao ·l;lt·L 

SlVj {,.wlvandkj ·d'l,l.aJaoU l}IPruI:.'/ n·w q,UUNd {,q..'7,{, 'w(lvaDj 01J'/ ::·w( a6;,;.J- l<Lboj "ll,lj'/I;J.Y.I.!I.DV 

:,'lV {,.jJ1,l+7U·'I.'J rulwllJaDU {,±L1i,>n 1,.J::9anJ:~>{l1l'{,,/ .J:"llianU {'±c6"l...-l JrulJrulJ .(JlJ 4lJW+ .an;';+ 

::·w( ·~H:j.II{',,{ SlV l}1,l+7l}'/;,j d-¥·H"{4 .J:>{llvaoJ ::>{lVVlJ,/ ---------------------------------------------- ~'/ 

~1iP. 

T..V/"an .J:(~d4>"l'J ,n 
(UO!SJaA ;)!-IllqmV) ;l.I!1lUuollsanO 'l'8 



, .,. 

' ~'I' 'I''';J''' : I I l"~ 2. h~i' 

CD CD rn 4.Vo°tlh f'l&"/ 'C;:CJJ, gunS: 
V.,'t't.:hWJ. OVflS '#:'1'C: 2. f.p!\oum,e4: </>'} 3. n;J' CD I I I I I ~., roc. ~/ID'r 

Nft;i·.<.m. M ": 

oUffit.1' f1sro YMi'M" YhN-M" 

Hm.""'· </>1~ l...,J..-I W 7. Y7n. 9"')"!" 
</>1 roC 0,1'1/1 •• 

vJ?,,,?\o.). 9. H"vc·)· v·v 10. fN'M.ni· n;J'? 
,~ , 

1. 6y""~ (nqo"i') UJ 12. ?;J' LJ IJ. (\.'111/' 0,1'11171' ./·ovtttt,e fOl. Y M"llo )w. ffm</,ou··l·? 
(I ~ ro, 2 ~ I'b) 

15. n'l'~'I' n;i' ~9"') YM 'LtI <;'~? ",,,,>ro,, ''''~ M'" fM11'1'W~ """"Ilht,. 
'. r.'·nil' tJo,;i ' 

s. -)-1\11' o,cfD;J''P, 00,,, )OC? D 17. ·)·n)· nn.1·~·n m.~'1' 'p'.~~ )nc? D (0 ~ M)n~" , I ~ hP') (0 ~ hi\)n~9", I ~ hP') 
, 

')-.\1')' VmS hh" h;J'I''1''i- )nc? U 19. >1M .. ]' v·M· >'\9"');i+ ;!,o"Gl. )nC? 
I I L 

J (0 ;\t\.:Jmov~~9°, I hP') (0 h6'\,rov9'lh·9D, t hP') 



m.('<I!m..: n;l-: ';1- : 

Scale no.: (r~h"m. ooM: 6f:"'/. : 
?u"1W) \",-00 70'0'1- 4'1 : i-Hh"m- 119°: 
\,.,-0°70-0'/- \",'ou7o-o-t- 19""1-0 UJI'9" 19""10- 'HClIC ao"1~"l hI" 1hO~M 11.<'. 'I't. (I) 1</>lOOJ. HUm. N007rr,- 1'""10-
~~t n:)- 00(l'l'l' f19 D 

10M(2) oom1 (g) aum1 (g) 0"101 (g) O°tl.Y 

, 
, , ! ;~ 

, 
_I • 

" 



, , 
M~tI ,em"!M, I.l" U Mm"!?" U ;1-0001. ~ (lC? h~ U ht\;J'ov9Dh·7" U 

};JP I-jr'\' h(1l';J'1fl~ "t,e 'rObr;' ~nlro,? 

w ~~. h1Y.·)·? ""a"~ 0 q'l~ 0 
}\oll,'n'M' gtl:/'(V1fJf, ~nc? }\~ U }\A~nl 9l' U d"f.·Y'-)- ,eroM~'? 1.l"_U MW~Y.·?"U 
I,l" ~~. h 1)'.,·)·? Iron 0 Vitamins 0 Other supplements 0 Anti-malaria 0 
rn~tI <p') Inc? I,l" U M'ln~?"U Name of supplement 

r1n.r .,.1 InC? hl" 0 Mln~?"O (Record this from the label, if avai lable) 

r ?9" "'1 InC? w 0 Mlna " 0 
, .,. 
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8.3 Ethica l Approval Letter 

To Whom It ",!lY Concel"" 

'n.," Cqll ..... <>,. N.,u •• ' "'* C., ... p"'a,;o,, ... ' Sd .... " .. ,,,. ,I,,,,ln,,,,' 1I ... ",~ U o .. ,d (CI'ol~- Il<.IJ ' 
'CIl'mJ,;".I1_<" in I.J, 1'11'.,1,,1' hcold "n '25/ 11 1:10 18 M;nu,., No> IROfOl'-/20 18 h. ... ..,.nrn'""..:t .h" 

proJe", P ..... I""'."I cndU .. ,J " U'c'"."), n .. "rld., ...... ""I,,' .. m It.uk", d ~ I" '" . "d .k ... " ... l "u ... -..~h 
,.,,, . .,, .... d ... ~ucl .. ,.,.1 r .. dura .. mu,." .,,10.>0' "((" d ..... r .... In "Iah .. Sl'l'oPH ' · .hl .. "h . ... hy 

f' .... h urn T.,r".... fro.n . he Addis Ababn Univcl"llhy. 

ntlh/.-. ••• U' " l~a1"-·I. ..... ... ,~PO ...... "?6 ............ h.lN. t.hlo.-
loohtl!' ~. "~"'-''''~:;J ...... &9 Io..-U--.. .... " , ................ ... ..... . 

P ...... a ....... 0 ... '.'.o,.nee .,um_. In '«>U <: .... .. _ • ....,. 
', ~ .... _ ..n ....... , """" r .............. d. I. ,-t- ........ ~ -c-. _ .... ~ ,..,.. 
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8.4 Regional Aeeeptance Letter 

'. 
~. 

"'I. f! or. ... ,,- "'-'r"''' ... ?.I: -/''''''/e!'''' '~""' ·I·f,:A .• f· PlPfI/--;-')'" 0 1 ... • ..... "''''/.''' '11.'' 

fI 111", .. ,., nIl'"~ ;,k .. "d .,,,Id ,,,,, In •• I0.:", .1 .. ", .. 1 .. noJ "10<.,, ..... , n .......... / , I.,. " , ...... ...... ,"'h" "" r .. ,, " ..... 

"""'''1.1 .. .:h .... , "\!' .· 1011.1.·. · .. I" "'" .... SNNI' I( It tl,I" .. h • •• FJ'-X"" r."dh /17 ..... .".~;: ,-' "CF""C .,. ••. ., . 
... HYh: .. )""r~p·· ... ~r.-"'.,,- _./..>r~u· "" "_".,,,,"1 ........ -'£ .... " ..... " ... .. . ..,.". Oh,,",, ..... " ..... "'l;,-,, . .... -1- " -"C 

.-\? .. -.V'·.<:r.""orlr-~u .... .,~~"'I"? N 

· 12" ........... , 
r1 .... ~ .. · 1'01 
/fO· ,.l ..... ' 
, ~ .. • .. ·' .......... I 
u ..... '·.UI 

1,,·,,'1·". 
l u !".· ,to 
,.~ 

.~ , ,. .. 
1.· , .. ,, 11 ..... . .. ".,,, "" ",,,,,, , ,, . , ,~ , ... ... h, H. ' ·!J·' ''z ."".""", " ... ,,,',," ....... -~ , 

•• .. w'lly .. 'C'E(''''' ,II"",,,0;1 

.. ' 

5 


