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ABSTRACT. In this study, aluminium hydro(oxide), AO was prepared from locally available aluminium 
sulfate, and used for fluoride removal from water by combining with Nalgonda Technique. The fluoride removal 
performance of the combined process was investigated as a function of contact time, proportion of alum-lime/AO 
dose, initial fluoride concentration and solution pH in series of batch experiments. The rate of fluoride removal 
was investigated using conventional kinetic models. The fluoride removal efficiency of the combined process was 
also tested for real water sample from selected community water supply system in the Rift Valley Region of 
Ethiopia. The removal of fluoride was rapid in the first 15 min. The combined process efficiency was about 93% 
with an optimum combined alum/AO dose (80 mg alum/mg F, 5 mg AO/mg F and lime = 35% of alum) using 
initial fluoride concentration of 15 mg/L. The optimum solution pH for fluoride removal was in the range of 5-9, 
which is suitable for practical application in the Ethiopia Rift Valley Region. Kinetic studies showed that the rate 
of fluoride removal by alum/AO can be well described by a pseudo-second-order rate equation with an average 
rate constant of 0.096 g/min.mg. The optimum dose required to attain 85-93% fluoride removal efficiency from 
real water sample was 90 mg alum/mg F, 5 mg AO/mg F, and 15% lime. Hence, the combined defluoridation 
process has higher fluoride removal efficiency than the Nalgonda Technique with an additional advantage of 
minimizing chemical dose. The reported removal efficiency of Nalgonda Technique is 70% at alum dose of 150-
170 mg alum/mg F. Besides, sludge production is also minimized. Therefore, this process is highly efficient and 
could be applied in areas where the fluoride concentration is higher than 10 mg/L, both at household and 
community level. 
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INTRODUCTION 
 

Fluoride is a common constituent in natural waters or wastewaters. It may originate from either 
natural geological sources or industries that use fluoride-containing compounds as raw 
materials. The dissolution of fluoride in groundwater is dependent on chemical and physical 
processes that take place in the sub-surface environment. Among several fluoride bearing 
minerals, fluorite (CaF2) is the predominant mineral that controls the dissolved fluoride 
concentration in the groundwater [1-3]. Thus, fluoride-rich ground waters are often associated 
with rocks with low calcium content or high-pH conditions where sodium bicarbonate 
dominates the groundwater composition [4].  

Exposure to excess fluoride mainly through drinking water and food can have harmful 
effects on human health and could result in fluorosis. According to the World Health 
Organization (WHO), the maximum acceptable concentration of fluoride ions in drinking water 
is 1.5 mg/L [5]. Fluorosis (dental and skeletal) has been reported in several parts of the world 
including Ethiopia, where fluoride concentrations in drinking water exceed the WHO guideline 
value of 1.5 mg/L [5-11]. Groundwater sources used for drinking in Ethiopia contain fluoride up 
to 26 mg/L [12]. Yet, groundwater provides drinking water for large part of the population and is the 
sole source of drinking water for many rural communities and urban centers in the Rift Valley. More 
than 11 million people in the Ethiopian Rift Valley rely on drinking water contaminated with 
fluoride [13]. Over 40% of deep and shallow wells are contaminated and over 80% of children 
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suffer from different degrees of dental fluorosis and skeletal fluorosis is increasing, mainly 
among older people [11]. It is expected that exposure to fluoride will increase as the water 
supply coverage from groundwater sources increases.  

To mitigate the hazard of drinking high fluoride water, different natural or synthesized 
materials have been applied for water defluoridation, including calcite [14], montmorillonite 
[15], ando soil [16], zeolite [17], bentonite [18], and mesoporous magnesium oxide [19]. 
Moreover, adsorption of fluoride by different adsorbents such as fired clay chips [20], waste 
residue from alum manufacturing process [21], untreated hydrated alumina (UHA) which is sun 
dried and thermally treated hydrated alumina (THA) obtained from hydrolysis of locally 
manufactured aluminum sulfate [22], aluminium oxide-manganese oxide composite material 
[23], nanoscale aluminium oxide hydroxide (AlOOH) [24] and natural zeolite [25], were among 
several attempts which have been made in Ethiopia for defluoridation of drinking water. 

Precipitation methods have been found generally effective in the defluoridation of drinking 
water; however, they are unsuccessful in bringing fluoride down to desired concentration levels 
[26]. The Nalgonda Technique developed by National Environmental Engineering Research 
Institute (NEERI) is one of the most widely used defluoridation method in India, particularly at 
the community level [27-29]. It has also been used for defluoridation of water in developing 
countries (e.g. India, Kenya, Senegal and Tanzania) [26]. The possibility of using aluminium 
sulfate and lime combination to precipitate fluoride has also been tested in Ethiopia [30]. The 
process is based on the addition of specified quantities of alum, lime, and calcium hypochlorite 
to raw water, followed by mixing, flocculation, sedimentation, and filtration. The insoluble 
aluminium hydroxide flocs formed during this process is responsible for the co-precipitation of 
the fluoride ions. The commonly used “fill and draw type” defluoridation unit for small 
community (around 200 people) requires 2–3 h to complete the reaction and settling, with a 
number of batch operations in a day depending on the community water demand [26]. The 
disadvantages of this technique include high residual aluminium concentration (2–7 mg/L) in 
the treated water, high alum dose and the requirements for sludge disposal, low treatment 
efficiency and requirement of daily routine operation with good process control [26, 31, 32]. 
The Ministry of Water, Irrigation and Energy of Ethiopia is implementing the Nalgonda Technique in 
several villages, but the method is not suitable for treating water with high TDS and raw water 
fluoride concentration exceeding 10 mg/L. The required chemical dose is about 170 mg to remove 1 
mg of fluoride with an additional lime dose 50% of alum which result in large amount of sludge. The 
treatment efficiency is limited to about 70% removal 

In our previous study we have reported the performance of fluoride adsorption thermally 
treated and untreated aluminium hydroxide [26]. The minimum fluoride adsorption capacity of 
untreated and thermally treated aluminium hydroxide was found to be 7.9 mg/g and 23.7 mg/g, 
respectively, based on the Fruendlich model [26]. Furthermore, we investigated the properties 
and fluoride-adsorption capacity of aluminium hydroxide-based (AO) adsorbent [4]. Depending 
on the conditions of precipitation and thermal treatment, the resultant material exhibit 
substantial differences not only in magnitudes of the specific surface area and pore size 
distribution but also in the surface properties. Surface acidity and surface site concentration 
were estimated by acid-base titration [33]. The results from these titrations indicated that the AO 
acidity was greater than its surface site concentration, and thus the acidity increases the fluoride 
adsorption capacity. This is because the concentration of both protonated surface sites and acid 
sites, which served as fluoride binding sites, increased significantly with decreasing pH. Our 
previous study using mini-column experiments with AO (10 eBV/day, 20 mg/L fluoride, pH 8 ± 
0.2, 10 mM NaHCO3, 3,000 ppm CO2), showed that the adsorption capacity of AO was found to 
be 9.0 mg F/g [4]. The AO was pilot tested in a rural community in the Ethiopian Rift Valley 
where groundwater is heavily enriched with fluoride. 

However, the experiences from the AO community pilot plant indicate that the operational 
cost of AO should be reduced to a reasonable amount to make the technology sustainable in 
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rural communities. Therefore, the combined alum/AO process is considered to be cost effective, 
affordable by communities at household/community defluoridation scale, and environmentally 
friendly.    

The present work aims to improve the performance of Nalgonda Technology (NT) in terms 
of fluoride removal efficiency, raw material/chemical consumption and reduction of sludge by 
combining NT with high capacity AO material.  
 

EXPERIMENTAL 
 

Defluoridation material preparation 
 

Aluminium sulfate (alum) was used as starting material for the production of AO. AO was 
prepared by mixing 100 g of Al2(SO4)3.14H2O in 500 mL of distilled water while stirring with 
magnetic stirrer until complete dissolution. The resulting lower pH (2.7) was adjusted to about 
pH of 7.00 using 2.0 M NaOH [4]. The precipitate (AO) was allowed to dry by exposure to sun 
light, and then washed with distilled water to remove Na2SO4 until EC of the material reduced to 
less than 1000 µS/cm. The material was again sun dried and crashed to powder.  
 

Characterization of AO 
 

AO sample (0.1 g) was digested in a microwave digester in a 3:1 mixture (4 mL) of 30% HCl 
and 65% HNO3 for 80 min. The resulting digest then diluted to 100 mL using deionized water 
(EPA, method 3051A, 2007). The elemental composition of AO was determined by ICP-MS 
(Agilent 7500CX, USA) and sulfate was determined by ion chromatography (Metrohm 761, 
Switzerland). The absolute density of the sample was determined by Pycnometer 
(MetroMetiricsAccuPyc 1330, USA). The weight loss of the samples was measured with a 
thermogravimetric analyzer (Mettler Toledo AG–TGA/SDTA851e, Switzerland) using ceramic 
crucible at a heating rate of 10o/min from room temperature to 1000 oC. The X-ray diffraction 
(XRD) patterns of the adsorbents were recorded by an X-ray diffractometer (X’pert PRO, 
PANalytica, The Netherlands) using Cu Kα radiation (λ = 0.1542 nm) with a 0.05o/min step 
scanned from 5 to 80o in 2θ angle. Scanning electron microscopy (SEM) analysis was carried 
out using a NOVA NANOSEM (FEI Company, USA) equipped with GAD (gaseous analytical 
detector), with an accelerating voltage of 5 kV. 
 

Reagents and stock solutions 

All the chemicals and reagents used in this study were of analytical grade. A 1000 mg F/L 
fluoride stock solution was prepared by dissolving 2.21 g of anhydrous sodium fluoride (99.0% 
NaF, BDH Chemicals Ltd, Poole, England) and filling up to 1000 mL with deionized water. All 
the synthetic fluoride solutions for adsorption and analysis were prepared by diluting an 
appropriate aliquot of the stock solution in deionized water. Total ionic strength adjustment 
buffer (TISAB) solution was prepared by following a recommended procedure [34], except that 
CDTA (trans-1,2-diamineciclohexane-tetracetic acid) was replaced by EDTA. 
 

Analysis of fluoride 

A pH/ISE meter (Orion Model, EA 940 Expandable Ion Analyzer, USA) equipped with 
combination fluoride selective electrode (Orion Model 96-09, USA) was employed for the 
measurement of fluoride ion concentration. The fluoride concentration was measured according 
to the procedure described in the instrument’s manual. The method of direct potentiometry was 
used, where the concentration was read directly. The fluoride ion selective electrode was 
calibrated prior to each experiment. All measurements were made at room temperature (22 ± 2 
oC). 



Feleke Zewge 

Bull. Chem. Soc. Ethiop. 2016, 30(3) 

394

Batch tests 
 

All the batch experiments were conducted in 500 mL beaker containing 500 mL of fluoride 
spiked distilled water under continuous mixing condition with magnetic stirrer at room 
temperature (22 ± 2 oC).  A sample solution was periodically taken out of the beaker and filtered 
through a 0.2 m filter paper for fluoride analysis. Then, residual fluoride concentration was 
measured immediately after equal volume of TISAB was added to 10 mL sample solution. All 
the experiments were performed in triplicate and the mean values used. 

The defluoridation capacity of the material (mixture of alum, lime, and AO) at any time t (qt, 
mg/g), and the fluoride removal efficiency (% R) was calculated as:  

 

q� = �
(�����)

�
� x	V                        (1) 

  

 %R = �
(�����)

��
� x	100                          (2) 

 
where, Co and Ct are the fluoride concentrations in solution (mg/L) initially and at any time (t), 
respectively, m the mass of the defluoridation material (alum, lime, and AO) (g) and V is the 
volume (L) of the solution.  

The effects of alum and AO dose and contact time were studied by varying the dosage of 
alum (900, 1200, 1800, and 2250 mg/L), lime (35% of alum dose) and AO (195, 600, 1000, 
1200 and 1500 mg/L) at constant initial fluoride concentration of 15 mg/L. The effect of hybrid 
defluoridation material (alum, lime and AO) dose were studied at different dosage of alum (400, 
800, 1200 and 16000 mg/L), AO (45, 75, 105, 195 and 300 mg/L), and lime (35% of alum dose) 
at initial fluoride concentration of 15 mg/L. The effects of initial fluoride concentration and 
contact time were investigated by varying fluoride concentrations from 5–30 mg/L at constant 
adsorbent dose of alum (1200 mg/L), AO (75 mg/L), and lime (35% of alum). The mixture was 
stirred for one hour at room temperature and a 10 mL portion of the sample was taken at time 
interval: 5, 10, 15, 20, 30 and 60 min. The effect of raw water pH on the removal of fluoride on 
to the defluoridation material was studied by varying the solution pH from 4–10. The pH was 
adjusted to the desired level either with 0.1 M NaOH or 0.1 M HCl. The pH was measured with 
pH/EC/TDS temperature meter (AD 8000, Hungary) using unfilled pH glass electrode. The 
meter was calibrated each time measurements were being performed by using pH calibration 
buffers. 

Reaction kinetics was determined using fixed amount of alum/AO (1200 mg/L alum and 75 
mg/L AO) and (600 mg/L alum and 37.5 mg/L AO) corresponding to the initial fluoride 
concentration of 36 mg/L and 18 mg/L, respectively.  

Real water samples were collected from six different sites within the Ethiopian Rift Valley. 
These samples were collected in clean plastic bottles and transported to laboratory for water 
quality analysis including fluoride to investigate the performance of the combined NT/AO 
process.   

RESULTS AND DISCUSSION 
 

Composition and characterization of AO 

The major component of the solid phase of the AO was aluminum 276.9 mg/g, sulfate 76 mg/g 
and sodium accounts 66 mg/g and other minor elements. The presence of sulfate and small 
amounts of iron (13.9 mg/g) in the sample would contribute to the high fluoride removal 
capacity of AO. Sulfate that is associated with aluminum is responsible for the acidity of the 
AO. The density of sun dried AO was 2.11 g/cm3, that is lower than the density of thermally 
treated AO at 300 oC (2.39 g/cm3) [4].  
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Figure 1. Thermogravimetric curve, TG (dotted line), and derivative of thermogravimetric curve 

DTG (solid line) of sun-dried AO. 
 

From Figure 1, sun dried AO adsorbent showed a total weight loss of 14.87%, at 100–400 
oC, which corresponds to loss of water and at 725 oC a total weight loss of 3.96%, which might 
be associated with the decomposition of sulfate to SO3 [35]. The material is X-ray amorphous 
and scanning electron microscopic (SEM) studies show AO to be a network of fibers with a size 
range of 200–300 nm (Figure 2). 
 
 

 
Figure 2. XRD (a) and SEM photograph (b) of AO (magnification; 10,000X), showing Na2SO4 

and amorphous Al hydroxide. 
 
Batch tests 
 
Optimization of AO and alum dose 
 
The defluoridation efficiency was significantly increased with dose as reflected by the fluoride 
removal efficiency for both materials (Figure 3). The percent removal of fluoride increases, 
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significantly up to adsorbent dose of 80 mg AO/mg F. However, no significant change was 
observed beyond this dose under the experimental conditions used. Further increase in the dose 
resulted in too much sludge and meant wastage of material. The increase in fluoride adsorption 
efficiency was due to the large number of available fluoride binding sites resulting from the 
increased in adsorbent dosage. Thus, 80 mg AO/mg F of adsorbent dose and 60 min was taken 
as an optimum dose for this experiment for initial fluoride of 15 mg/L. 
 

 
 
Figure 3. Fluoride removal efficiency as a function of adsorbent dose (initial fluoride 

concentration = 15 mg/L, solution pH = 6.7–7.3, reaction time of 60 min (AO), 20 min 
(alum), lime = 35% of alum). 

 
As can be seen from Figure 3, fluoride removal performance depends on alum dose and the 

optimum alum dose was in the range between 150–170 mg alum/mg F which is in agreement 
with other previous studies [36, 37]. The actual amount of lime and alum increases with an 
increase in the fluoride and alkalinity levels in the raw water [38]. Thus, it reaches the threshold 
where the users start complaining about residual sulfate salinity in the treated water, when 
fluoride and alkalinity levels in the raw water are high. The large dose also results in a large 
sludge disposal problem.  
 
Fluoride removal by a combined alum/AO material 
 
Table 1. Fluoride removal efficiency (%) for various combinations of alum and AO at constant initial 

fluoride concentration of 15 mg/L and contact time of 15 min. 

 
AO dose  

Alum dose 
60  

(mg alum/mg F) 
80  

(mg alum/mg F) 
100  

(mg alum/mg F) 
120 

(mg alum/mg F) 

3 (mg AO/mg F) 87.2 92.9 93.3 96.3 
5 (mg AO/mg F) 88.6 93.8 94.9 96.8 
7 (mg AO/mg F) 88.9 94.0 95.2 97.1 

13 (mg AO/mg F) 90.6 94.9 95.3 97.3 
20 (mg AO/mg F) 93.5 95.3 96.8 97.6 

 
It is evident that, in all the combination of AO with NT, the fluoride removal process was 

fast and most of the fluoride ions were removed in the first 15 min. It was observed from Table 
1, the fluoride removal efficiency was increased from 87.2 to 97.6% at 15 mg/L initial fluoride 
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concentration and 15 min contact time. The percent removal of fluoride increased significantly 
in each combination. However, after a dose of 80 mg alum/mg F and 5 mg AO/mg F, the 
amount removed per unit of alum/AO declined. Higher doses of the alum/AO (i.e., greater than 
80 mg alum/mg F and 5 mg AO/mg F) could increase the amount of sludge without significant 
benefit in the amount of fluoride removed. This dose (80 mg alum/mg F and 5 mg AO/mg F) 
also is sufficient to reduce the amount of fluoride in drinking water to less than 1.5 mg/L, the 
WHO drinking water guideline. Hence, it is considered as an optimum dose for the hybrid 
fluoride technology. 
 
Effect of initial fluoride concentration 
 
The removal of fluoride at a constant alum/AO combination of 80 mg alum/mg F and 5 mg 
AO/mg F is shown in Figure 4 as a function of initial fluoride concentrations and contact time. 
As shown in Figure 4, the fluoride removal efficiency is high at lower initial fluoride 
concentration. The fluoride removal efficiency of about 93% was observed when the initial 
fluoride was less than or equal to 15 mg/L for a contact time of 15 min. This indicates that 
desirable contact time is significant for fluoride removal since the removal of more concentrated 
solution approached equilibrium slowly. On the other hand, for a given mass of alum/AO, the 
removal efficiency of alum/AO was found to decrease with the increase in the initial 
concentration. 
 

 
 
Figure 4. Fluoride removal efficiency as a function of contact time (80 mg alum/mg F and 5 mg 

AO/mg F, and lime 35%, initial pH = 7.0 ± 0.3). 
 
Effect of solution pH 
 
Figure 5, shows the influence of solution pH on fluoride removal efficiency of alum/AO. It is 
apparent that percentage fluoride removals remain nearly constant within the pH range of 5–9, 
which is suitable for practical application in the Ethiopian Rift Valley region both at household 
and community water treatment systems. The removal efficiency decreased sharply when the 
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pH is below 5.0, or above 9.0. For solution pH values greater than 9.0, the fluoride removal by 
alum/AO was reduced possibly contributed by two factors: the electrostatic repulsion of fluoride 
ions to the negatively charged surface of the Al(OH)4

-and competition from excessive amounts 
of hydroxide ions [39]. The main fluoride species present in acidic solutions are positively 
charged AlF2+, AlF2

+ and AlF3 species while the surface of the precipitate is also positively 
charged. Therefore, the removal of fluoride was decreased in acidic solutions because of the 
electrostatic repulsion [40] or the combined effect of both chemical and electrostatic interactions 
between the flocculated surface and fluoride ion. 
 

 
Figure 5. Effect of solution pH on fluoride removal efficiency (80 mg alum/mg F and 5 mg 

AO/mg F, lime 35%, initial fluoride = 15 mg/L). 
 
Fluoride removal kinetics 
 
The kinetic analysis of the adsorption data is based on reaction kinetics of pseudo-first orders 
and pseudo-second order mechanisms. The experimental data were well fitted to pseudo-second 
order rate equation by using the Lagergren’s rate equation as shown below [41]: 
 

eet q

t

qkq

t


2

2

1
                                (3) 

 

where eq and tq  are the amount of adsorbed fluoride at equilibrium and at any time t (mg/g), 

respectively. K2 (g/mg.min) is equilibrium rate constant of second order sorption and t is the 

contact time (min). The rate constant K2, can be determined by plotting tqt vs. t based on 

equation (3). 
Figure 6 shows the average pseudo-second order plot of fluoride removal kinetics on the 

material. Thus, the average rate constant of the combined NT/AO was found to be 2.22 
g/min.mg) (x 10-3) and the correlation coefficient was found to be near to unity. Therefore, the 
pseudo-second order model is suitable to describe the kinetics of a hybrid NT/AO technology. 
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Figure 6. Average pseudo-second
 
Application of combined process for real water sample
 
Experiments on the fluoride removal efficiency of the hybrid NT/AO were conducted using 
ground water samples taken from six selected community water supply schemes in Rift Valley 
Region; Oromia Region, East Showa 
Dugda Woreda (Giraba Jawe, Tuchi, Dodota Denbel, Tepho Choroke Kebele). 

As shown in Table 2, the initial fluoride concentrations of the community water schemes 
were 10.7, 25.4, 9.63, 12.6, 9.56 and 8.87 m
alum/mg F, 5 mg AO/mg F and lime 15% of alum were 1.08, 1.62, 1.35, 1.29, 1.42 and 1.47 
mg/L, respectively. It was observed that the samples from rift valley require more alum dose but 
less lime than the simulated sample prepared in the
efficiency, which could be due to the
quality of the treated water with respect to aluminium and sulfate is within acceptable rang
WHO guideline.  

The Nalgonda Technique treatment efficiency is limited to about 70% even at higher dose of 
alum (150–170 mg/mg F) and thus the process would be less satisfactory in case of medium to 
high fluoride contaminated water. The present treatm
dose of 90 mg alum/mg F, 5 mg AO/mg F and lime 15% of alum. In addition, the water quality 
parameters measured were within WHO guideline values. Evidently, the proposed
displays high efficiency in case of
with less sludge production.  
 
Table 2. Defluoridation of real water samples from selected Woredasin Oromia Regional State using a 

hybrid NT/AO technology.

 

RW = raw water, TW = treated water.
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parameters 
Dodota Denbel

RW TW 
Fluoride, mg/L 10.7 1.08 

pH 8.74 6.24 
EC (µs/cm) 1242 1479 
TDS (mg/L) 621 739 

Alkalinity mg/L 
as CaCO3 

550 - 

Aluminium, 
mg/L 

0.01 0.17 

Sulfate, mg/L 67 175 
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second–order plot of fluoride removal kinetics of NT/AO (pH = 7.0).

of combined process for real water sample 

Experiments on the fluoride removal efficiency of the hybrid NT/AO were conducted using 
ground water samples taken from six selected community water supply schemes in Rift Valley 
Region; Oromia Region, East Showa Zone, Bora Woreda (Jitu and Gora Laman Kebele) and 
Dugda Woreda (Giraba Jawe, Tuchi, Dodota Denbel, Tepho Choroke Kebele).  

As shown in Table 2, the initial fluoride concentrations of the community water schemes 
were 10.7, 25.4, 9.63, 12.6, 9.56 and 8.87 mg/L and the treated water at dosing rate of 90 mg 

F and lime 15% of alum were 1.08, 1.62, 1.35, 1.29, 1.42 and 1.47 
mg/L, respectively. It was observed that the samples from rift valley require more alum dose but 

mulated sample prepared in the lab to enhance the fluoride removal 
could be due to the high alkalinity of the real sample. On the other hand, the 

quality of the treated water with respect to aluminium and sulfate is within acceptable rang

treatment efficiency is limited to about 70% even at higher dose of 
170 mg/mg F) and thus the process would be less satisfactory in case of medium to 

high fluoride contaminated water. The present treatment efficiency is in the range of 85–93% at 
dose of 90 mg alum/mg F, 5 mg AO/mg F and lime 15% of alum. In addition, the water quality 
parameters measured were within WHO guideline values. Evidently, the proposed process 
displays high efficiency in case of medium to high fluoride contaminated ground water samples

Defluoridation of real water samples from selected Woredasin Oromia Regional State using a 
hybrid NT/AO technology. 

RW = raw water, TW = treated water. 
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Application for household scale defluoridation 
 
The application of the alum/AO technology at household scale was demonstrated by using a 
plastic container of 10 liter capacity filled with fluoride contaminated real water sample (10 
mg/L). The treatment involved a 5 min stirring of the water with a wooden rod after a dose of 90 
mg alum/mg F, 5 mg AO/mg F and lime 15% amount of alum. The mixture was allowed to 
settle for 1 hour and the clear water was decanted slowly, without disturbing the sediment, and 
filtered. This process produced treated water had a residual fluoride concentration below 1.5 
mg/L and pH range of 6.2–7.0. The treatment system does not require capital investment other 
than the purchase of a plastic mixing bucket and a few chemicals. This indicated that the present 
work could be efficiently applicable at household level in rural settings for fluoride removal 
from drinking water. 

CONCLUSIONS 
 
The removal of fluoride from water by a combined alum/AO technology has been demonstrated. 
For a given initial fluoride concentration the removal efficiency increased with increasing dose 
of adsorbent. Removal of fluoride was rapid in the first 15 min followed by a gradual increase to 
equilibrium. The media removes about 93% of fluoride from water at dose of 80 mg alum/mg F 
and 5 mg AO/mg F and lime 35% of alum at initial fluoride concentration of 15 mg/L within the 
first 15 min. The optimum solution pH for fluoride removal was in the range of 5-9. The kinetic 
studies showed that the removal of fluoride by alum/AO can be well described by a pseudo-
second-order rate equation. The samples from the Rift Valley required more dose of alum and 
less lime than the simulated sample prepared in a laboratory setting, because of high alkalinity 
of the real water samples. The alum/AO process would be efficient in case of medium to high 
fluoride contaminated real water and produced less sludge as compared with Nalgonda 
Technology alone. It is evident that, the combined alum/AO based fluoride removal technology 
can be employed for removing the fluoride from water at household scale. 
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