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Fluoride in Groundwater : 
The Challenges in Ethiopia 

Å Water safety problem, mainly 
in the Ethiopian Rift Valley 
Regions  

Å Several wells failed to supply 
drinking water due to the 
presence of high fluoride 

Å Estimated population of 11 
million is living in the RV 
(14 % of total )  
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3300 km2 

3300 km2 



3 GEOGEN 2013, Addis Ababa, Ethiopia 2/25/2013 

Fluoride Distribution Map of Ethiopia 
(MoWE, 2011) 
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Some affected Woredas 
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Health Impacts of Fluoride 

1. Dental fluorosis risk  
 at 1.5 mg/l or higher 

concentration of 
fluoride.  

2. Skeletal fluorosis 
including crippling, 
bending, in areas 
where fluoride is 
more than 5 mg/l 
 

3. Systemic 
fluorosis 
4. Social impacts 
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Sources of Fluoride Exposure 

1. Water 

2. Food 

3. Beverages 
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Relation between Fluorosis prevalence and Fluoride intake 
through diet should be understood 



Fluorosis Mitigation Framework 
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Focus of this Presentation 

1. Contribution of food to Total Daily Fluoride Intake 

and associated health risks 

 

3. Performance of Aluminium Oxide-based materials 

for fluoride removal 
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Dietary Fluoride Intake 
No. Food Items Mean Fluoride (mg/kg) 

1 White teff 25.6 

2 Red teff 21.9 

3 Mixed teff 26.8 

4 Maize 12.2 

5 Wheat 6.8 

6 Bean 9.8 

7 Red Chili 18.8 

8 Salt 27.7 

9 Fish 4.0 

10 Coffee 1.75 

11 Green tea bags 245-265 

12 Black tea leaves 302-728 

13 Black tea bags 258-300 
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Fluoride Content of Staple Food Item in Ethiopia 
(Teff) 

Sample site Type of teff Average F- in mg/kg 
Wonji  
(Rift Valley) 

White teff 25.6±0.21 
Red teff 21.9±0.06 
Mixed teff 26.8±0.02 

Arsinegellie (Adjacent 
highland) 

White teff 19.3±0.26 
Red teff 16.8±0.02 
Mixed teff 17.6±0.01 

Gojjam (far from Rift 
valley) 

White teff 15.5±0.06 
Red teff 15.3±0.07 
Mixed teff 16.4±0.04 

JimmaGojjam (far from 
Rift valley) 
 

White teff 10.5±0.01 
Red teff 9.17±0.04 
Mixed teff 16.7±0.04 
Dark red (tikur) teff 10.3±0.02 

G/Egziabher, Feleke Zewge and B.S Chandravanshi, Sinet, Ethiopian Journal of Science, In Press 
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N 
o. 

Tea brands Number of 
brands 
tested 

Mean fluoride 
content (mg/kg) 

1 Green tea bags 2 245-265 

2 Black tea leaves 10 302-728 

3 Black tea bags 3 258-300 
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Samuel Zerabruk, Bhagwan Singh Chandravanshi and Feleke Zewge 
 (Bull. Chem. Soc. Ethiop. 2010, 24(3)) 

Fluoride Content of Tea Infusions 



Increase in Fluoride concentration the in water used for 

cooking (mg/L) 

 

3-fold 10 -fold 

Increase in in 

fluoride 

content of 

prepared food 

(mg/kg) 

 

 

1.6 fold 

 

 

 

3.5 fold 
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Contribution of Water Containing Fluoride  

Local beverages are highly loaded with fluoride 
Focusing only on drinking water treatment may not bring the desired results 
 



Tolerable 

level of 

Risk 3 

0 

6 

Risk Assessment in Selected Ethiopian Rural 
Villages 
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1. Dental Fluorosis 
ÅDeans Index based on Mouse 
Prevalence 

 

3. Daily fluoride intake 
ÅSampling and analysis of food and 
water 
ÅHousehold questionnaire 

2. Skeletal Fluorosis 
ÅPhysical exercise 
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10% of the population in 
nine villages 



Disability Adjusted Life Years (DALYs) For 
Fluoride Intake 

Where   YLL = years of life lost 

  YLD = years lived with disability 
 

            Where I = number of incident case (field observations) 
                      WD = disability weight (0.3 for skeletal and 0.024 for dental 
fluorosis) 
 L = Average duration of the case (disability) until death in year (Life 
expectancy  for Ethiopia) 

Å It is the health outcome measured 
with quality of life reduced due to 
disability. 
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One DALY is a health gap measure, 
equating to one year of healthy life 
lost. 



Risk Assessment of Fluoride Intake 

Sandec News 13 / 2012 (Feleke Zewge, Tesfaye Emiru, Pawan Labhasetwar, Richard 
Johnston, Annette Johnson) 
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Findings 

1. Skeletal fluorosis was observed at total fluoride intakes 
above 6 mg/day, and there is clear excess risk when total 
intake exceeds 14 mg/day. Contribution of food is significant 

2. The fluoride intake in the assessed villages is much higher 
than the recommended values (2 mg/day for children and 
2-4 mg/day for adults; WHO, 2002). 

 

Issues for Further Investigations 
1. In what form does fluoride exist in raw food items (inorganic, 

organic)? What is the relative toxicity of inorganic and 
organic fluoride? 
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Fluoride Removal Technologies 

Adsorption 
Technologies 

Calcium-based 
materials 

Combined? 

Aluminium-
based materials 
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Chemical Precipitation 
Technologies 

Calcium-based 
materials 

Combined 

Aluminium-
based materials 

1. Low fluoride uptake capacity 

2. Regeneration and reuse 

3. High running cost 

4. Limited acceptability by users 

(some) 

1. High dosage of chemicals (High 
fluoride water) 

2. Slow reaction  

3.  Sludge handling 

4. Requirements for daily monitoring 

5. Lower efficiency 

 



New Fluoride Adsorption Materials 

1. Alumnium Hydroxide (Heat treated at 
300 o C 

2. Aluminium Oxide-Hydroxide (Nano 
particles) 

3. Composite Oxides 

(Manganese Oxide/Alumimum Oxide) 

4. Clay materials 

5. Coated high surface area materials 
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Home made oven 



The Most Important Properties for Suitable 
Adsorption Materials  

1. Specific Surface area 
Å Depends on how the 

material is synthesized 

2. Surface chemistry 
Å Mainly pH-dependent 

3. Material stability 

ÅChemical structure 
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Aluminium hydroxides 

Crystalline  Gelatinous 

Trihydroxides Oxide-hydroxides Amorphous Pseudo- 
boehmite 

Boehmite  
(g -aluminium 
trioxide)  

Diaspore (a -aluminium 
oxide hydroxide) 

Gibbsite (b- 
aluminium 
hydroxide) 
                                               

Bayerite(a-
aluminium 
hydroxide) 

Nordstrandite 
(g - aluminium trihydroxide) 



Material Density, 
g/cm3 

Surface area 
m2/g 

Acidity, 
meq/g 

Fluoride 
uptake, 
mg/g 

Activated alumina (AA) 

(CompaloxR AN/V-812), 

Germany 

3.48-3.97 250 -0.24 1.75 

Extrudated Pseudoboehmite 

(PBE), Germany 

3.01   300 -0.23 0.94 

Aluminium Hydroxide 2.47 38 1.8 10.4 

Nano aluminium oxide-
hydroxide 

2.18  - - 20.7 

Aluminium 
hydroxide/Manganese oxide 

2.78 12.7  - 4.5 
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Surface Properties and Fluoride Removal 

Al4(SO4)(OH)10
.5H2O 



Comparison of Fluoride Uptake Capacity and Rates  of 
Aluminium Oxide-Based Adsorbents  

Adsorbents Adsorption 

capacity(mg/g) 

Equilibrium 

 time  (h) 

References 

Activated alumina 

(grade: A-25) 

1.78 6 Ghorai and Pant, 2005 

Activated alumina 

(grade: AD101-F) 

0.4 10 Maliyekkal et al., 2006 

AO 23.7 1 Our Study (Beneberu 

et al., 2006) 

MOAOH 4.5 2 Our study 

Nano AlO(OH) 20.7 0.5 Our study 
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Comparison of Breakthrough of Aluminium Oxide-Based 
Adsorbents  



Comparison of Regeneration and Reuse 
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AO community Filter in Tuchi Gragona Village 

Tank A 

Tank 
B 

Storage Tank 
(Treated 
Water) 

 

Windmill  

 
Storage Tank 
(Raw Water) 

 
Windmill 

Water Point 

 



Uptake of Other Contaminant Ions 
 (U, As, and Se) 
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Treated water, in eBV 

U in Raw
Water
U in Treated
water
As in Raw
water
As in Treated
water
Se in Raw
water

WHO guideline, As (10 ug/L); U (15 ug/L); Se (10 ug/L) 
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AO community Filter in Tuchi Gragona Village 
Fluoride removal performance of 
community filter 



Limitations of Nalgonda Technique 

1. Not effective for raw water fluoride concentration exceeding 

10 mg/L 

2.  Alum dose is in the range of 150 – 170mg/mg of fluoride and 

lime dose is 35 – 40% of alum which result in large amount of 

sludge 

3.  The treatment efficiency is limited to about 70% in most cases 
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Improved Nalgonda Technique 

Combination of Alum + AO + Lime + Chlorine 



The Nalgonda Technique 
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Fluoride Removal Efficiency Small Community 
Nalgonda Units 
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WHO Guideline 
Value (1.5 mg/L) 

Fluoride Removal Efficiency of Improved NT 



Performance of Improved NT Using Water Samples 
from Rift Valley Villages 
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10 min Mixing time 



Applications to Household and Community 
Treatment 

ÅThe main advantage of the modified Nalgonda 
Technique 
ïHousehold level applications 
ÅAbout 20 g of alum + 2.5 g AO would be sufficient to 

treat 20 L water containing 10 mg/L of fluoride 

ÅIt can be prepared to remove bacteria and other trace 
metals as well 

ÅEstimated chemical cost is about 10 Birr/m3 
(0.5 USD/m3) 
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Concluding Remarks 

ÅMinimization of total daily fluoride intake 

ïAlternative water supply 
ÅFurther geochemical, hydrogeological, and modelling studies will 

be required to identify  groundwater resources 

ÅProvision of surface water supply where feasible 

ÅRain water harvesting technologies 

ïDefluoridaton Technological Interventions 

ÅComparative evaluation of all field tested technologies and plan 
for effective scale up 

ÅEstablishing community managed approaches 

ïStrategy level interventions 
ÅHaving national strategies and guidelines 

ïEffective awareness programs 
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