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SUMMARY: Granular ferric hydroxide (GFH), a combination of poorly crystallized
FeOOH, was investigated for removal of fluoride (F) from water. Adsorption was
studied in batch experiments at room temperature together with the effect of contact
time, pH, initial F concentration, and SO4

2– and Cl– as interfering anions. Lower pH
with higher initial F concentration and longer contact time increased the F removal
efficiency. In the absence of interfering anions, maximum removal of F approaching
88 percent was achieved at pH 6 after 30 min from water containing 7 mg F/L.
Considering economic and feasibility aspects, adsorption of F with GFH is
recommended as a successful method of F removal from water and wastewater
treatment plants.
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INTRODUCTION

 Dental and skeletal fluorosis commonly result from elevated fluoride (F) intake,
especially from drinking water.1 Many investigations have reported the F content
of air,2 groundwater,3-5 drinking water,6 bottled water,7 and some forms of black
tea.8 Removal of F by coagulation and precipitation processes is often effective
when sufficiently insoluble sediments are present. Adsorption is another popular
technique for F removal in which various adsorbents such as bone char,9 activated
alumina,10 activated carbon,11 super phosphate,12 synthetic zeolite13 are widely
used. Today, reverse osmosis, nano-filtration, ultra filtration, Dannon dialysis, and
electrodialysis have gained in popularity.14-15 In this study we investigated the
efficiency of F removal from synthetic water samples using a form of
commercially available granular ferric hydroxide (GFH).

MATERIALS AND METHODS 

 GFH, a poorly crystallized form of FeOOH, consists mainly of akaganeite.16

Having a high porosity and suitable sites smaller than 4.5 microns, GFH is an
excellent adsorbent for arsenic and other impurities in water.17-18 In the present
study for F removal, GFH was obtained from MERCK with properties noted in the
table.

For activation, the GFH was heated at 103–105ºC for 30 min and cooled in a
desiccator before use. A stock F solution was prepared by dissolving 0.221 mg of
NaF in 1000 mL of distilled water. GFH (1.25 g) was added to 250 mL of synthetic
F solution samples, and the mixture shaken in a HEIDOLPH mixer at 300 rpm.
Samples were then filtered using 0.45-micron Whatman filter paper, and the
concentration of the F remaining was measured using by the SPADNS method
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with a DR 5000 spectrophotometer. The concentration of iron released into the
samples from the GFH during adsorption was measured using a DR 2000
spectrophotometer. 

RESULTS AND DISCUSSION

To examine the effect of contact time on F removal efficiency, experiments were
conducted over periods of 10, 20, and 30 min. Figure 1 shows the increasing of
overall removal of F with contact time. The early steep portion of the removal
curve indicated that the rate of removal is faster in the first minutes of adsorption.
In the absence of interfering anions the overall removal efficiency was about 88
percent from a solution containing 7 mg F/L.

The influence of pH on removal efficiency was investigated at pH 6 to 8 with the
best results at pH 6 as shown in Figure 2. The effect of initial F concentration on
adsorption efficiency was investigated using 3, 5, and 7 mg F/L in the sample
solutions. As seen in Figure 3, adsorption efficiency improved with increasing F
concentration.

Table. GFH properties used in experiments 

  Unit Proper ty

43-48 percent Saturation 
72-77 percent Porosity 

7.5-8.2 na pH 

280 m2/m3 Specific surface 

0.32-1 mm Effective size 

About 3  na Uniformi ty coefficient 

na: not applicable                                                                      
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Figure 1. Contact time effect on F removal efficiency by GFH.
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The effect of two important natural anions was studied using 200 and 400 mg/L
of chloride (Cl–) and sulfate (SO4

2–) at pH 7 with 3, 5, and 7 mg/L as the initial F
concentration. Mean Fe removal efficiencies in the presence and absence of
interfering anions are shown in Figure 4 in which SO4

2– is seen to have a greater
effect on F removal performance than Cl–. At 200 and 400 mg/L, Cl– and SO4

2–

decreased the efficiency about 11.5 and 18.3, and 15.4 and 18.6 percent,
respectively. Since more than 70 percent of adsorption took place in the first
minute of contact time, use of GFH as an adsorbent in a batch or a continuous
mode of operation in water and wastewater treatment plants could significantly
reduce capital and operational costs. Although F removal efficiency increases with
decreasing pH, in normal pH of natural waters (6–8.5), good removal can be
achieved. In a related study by Kumar et al.,19 F adsorption by GFH was
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      Figure 2. Effect of pH on F removal efficiency by GFH with 3 mg F/L in sample.
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               Figure 3. Effect of initial F concentration on GFH removal efficiency.
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maximized at a lower pH. Their work also showed that by increasing pH above 8,
adsorption of F diminished dramatically due to increased negative charges on the
GFH surfaces. Decreasing removal efficiency as increasing pH can be explained
by competition of anions, particularly hydroxide ion vs. F replacement in active
sites of GFH.

GFH has been successfully used to remove different pollutants such as arsenic,18

bromate,20 phosphate,21 natural organic matter NOM,16 and other contaminants
from water and wastewater. Other iron compounds, including hydrous ferric oxide
(HFO),22 polymers, 23 iron-coated materials,24 zero valent-iron,25 and other types
of iron-containing coagulating agents have been used in water and wastewater
purification systems. Hybrid sorbent resins26 have also been successfully
investigated. 

As seen in Figure 3, Cl– and SO4
2– at concentrations found in groundwater have

a negative effect on adsorption performance. As shown in Figure 5, the
concentration of iron released into the solution increases with contact time and
decreases with increasing pH. Without considering the initial F concentration, the
minimum Fe concentration added to the samples was 0.28 mg/L after 10 min at pH
8 and can even reach over 0.6 mg/L after 30 min time at pH 8. Initial fluoride
concentration does not have a significant effect on released Fe concentration in
samples. Considering economic and feasibility aspects, GFH as an adsorbent is
recommended for partial removal of F from water and in wastewater treatment
plants.
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Figure 4. Influence of interfering anions on F removal efficiency by GFH with 3 mg F/L in 
the sample. 
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Figure 5. Mean iron concentration added to solution by GFH as a function of contact time 
and pH, regardless of initial F concentration.
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