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Abstract
The fluoride concentration of a borehole water supply in a rural area (Madibeng Local Municipality, North West Province,
South Africa) varies between 5 and 6 mg/ℓ. This water is therefore not suitable for potable purposes because the high fluoride
concentration may cause mottling of tooth enamel in children and fluorosis in adults. Therefore, the fluoride concentration
should be reduced to less than 1.5 mg/ℓ to make the water suitable for potable purposes. The activated alumina and reverse
osmosis processes are both processes that can be very effectively applied for water defluoridation. The activated alumina
process, however, is considered to be a more simple and robust process for water defluoridation, especially in a rural area.
Therefore, the activated alumina process was selected for water defluoridation. An activated alumina plant was designed,
constructed and commissioned in the rural area. Fluoride in the feed water is removed from 6 to 8 mg/ℓ to less than 1.5 mg/ℓ.
No reduction in plant output was experienced over 6 service cycles. Therefore, it appears that fouling of the activated alumina
should not be a problem. Plant output varied between 940 and 1 296 m3 to a fluoride breakthrough of approximately 2.0 mg/ℓ.
No significant operational problems were experienced during commissioning and the plant is performing satisfactorily. Spent
regenerant is disposed of into evaporation ponds. It was demonstrated that a 1st world technology could be effectively applied
in a rural area with proper training and supervision of the operators. The capital and operational costs of the 200 m 3/d defluoridation plant are estimated at approximately R1.2m. and R0.7/m 3 treated water.
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Introduction
The fluoride concentration of borehole water in a rural area
(Madibeng Local Municipality, North West Province, South
Africa) varies between 5 and 6 mg/ℓ. This water is therefore not
suitable for potable purposes because its high fluoride concentration will cause mottling of the tooth enamel in children and
fluorosis in adults (Holden, 1970; Bishop and Sancoucy, 1978).
The fluoride concentration should be reduced to <1.5 mg/ℓ to
make the water suitable for potable purposes (South African
Water Quality Guidelines, 1996). The required demand for
defluoridated water is 200 m3/d over an 8 h-period or 1 400 m3/d
per week.
A number of methods are reported for the removal of fluoride from water. These can be divided into three categories:
those based on the addition of chemicals to cause precipitation or
coprecipitation during coagulation (Beneberu, 2006; Mekonen,
2001; Turner et al., 2005), those based upon ion-exchange or
adsorption (Coetzee et al, 2003; Agarwal et al., 2003; Jamode
et al., 2004 ) and those based upon membrane separation technologies ( Schoeman and Steyn, 2000; Sordo et al., 1998; Tahaikt
et al., 2006; Menkouchi et al., 2007). Of these methods, the activated alumina process appears to be the most suitable because
alumina has a relatively high fluoride-exchange capacity. Activated alumina is not very friable and is not seriously affected by
chlorides and sulphates in concentrations usually encountered.
Regeneration which can be performed with caustic soda is fairly
straightforward and the process seems to be reliable, safe and
* To whom all correspondence should be addressed.
 +2712 420-3569; fax: +2712 362-5089;
e-mail: japie.schoeman@up.ac.za
Received 12 December 2007; accepted in revised form 20 November 2008.

Available on website http://www.wrc.org.za
ISSN 0378-4738 = Water SA Vol. 35 No. 1 January 2009
ISSN 1816-7950 = Water SA (on-line)

relatively simple to use. The process can remove fluoride in the
feed-water concentration range from 4 to 20 mg/ℓ to <1 mg/ℓ.
The activated alumina process was therefore selected for water
defluoridation in the study area.
The objectives of this paper are to report on the performance of the defluoridation plant during commissioning and on
the economics of the process.

Fluoride quality requirements
The US Environmental Protection Agency has made the maximum allowable fluoride concentration for drinking purposes
dependent on climatic conditions (Drinking Water Standards,
1962) because the amount of water consumed and, consequently,
the amount of fluoride ingested, is temperature-related.
The maximum allowable concentrations are shown in Table
1 (National Interim Primary Drinking Water Regulations, 1975)
as are the recommended fluoride concentrations established
by the US Public Health Service (Drinking Water Standards,
1962).
The SA Bureau of Standards (1971) has recommended a
limit of 1 mg/ℓ for fluoride in drinking water supplies and has
set the maximum allowable concentration at 1.5 mg/ℓ.

The activated alumina process
Activated alumina (Al2O3) functions as an anion exchanger and
the common anions are selected in the following order by acid
treated activated alumina (Clifford et al., 1978).
OH- > PO43- > F- > SO32-; > SO42- > > NO22- > Br- > Cl- > NO3The high selectivity of activated alumina for fluoride compared
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