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ABSTRACT 
Fluoride is a naturally occurring element in water systems and enters food chain mostly through 
drinking water. The WHO permissible limit of fluoride in water is 1.0 mg/l. At < 1.0 mg/l, it 
inhibits dental caries, at > 1.0 mg/l causes molting of teeth, lesion of endocrine glands, thyroid, 
liver and other organs. At still higher concentration (3-6 mg/l), it causes skeletal fluorosis. 
Existing fluoride removal techniques haven’t been very effective as these remove fluoride only 
up to 2 mg/l. Therefore, an economically viable, eco-friendly and easy method for defluoridation 
of drinking water is highly desirable. In the present investigation, Ocimum sp. leaves along with 
ragi seed husk was used as natural fluoride adsorbents and the process parameters such as 
absorbent dosage (1-10 g/l), pH (3-12) and contact time (10-150 min) were optimized using 
Central Composite Design (CCD) of Response Surface Methodology (RSM). The fluoride 
content in the water was quantitatively determined by UV spectrophotometric analysis and the 
presence of fluoride in the treated Ocimum sp. leaves were identified with EDAX analysis. RSM 
design optimized conditions i.e - 5.5 g/l each of Ocimum sp. leaves and ragi seed husk, 6.0 pH 
and 50 min contact time gave the end values of 0.43 mg/l of fluoride. The optimized values of 
RSM with respect to the end fluoride content (0.43 mg/l) after treatment process were validated 
using feed forward model of Artificial Neural Network (ANN). ANN predicted value (0.4250 
mg/l) was very close to the optimized experimental value of RSM design (0.43 mg/l) and the 
error was 0.049. In conclusion, an optimized process was developed for the removal of fluoride 
from the drinking water using Ocimum sp. leaves and Ragi seed husk as natural fluoride 
adsorbents. Final concentration of 0.43 mg/l of fluoride was achieved from initial concentration 
of 10mg/l. 
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INTRODUCTION 

Fluoride is a naturally occurring element in 
minerals, geochemical deposits and natural water 
systems and enters food chains through either 
drinking water or eating plants and cereals. 
Fluoride is often called a  two-edge sword – in 
small dosages, it has remarkable influence on the 
dental system by inhibiting dental carries, while 
in higher dosages  More than 1.5 mg/l causes 
molting    of    teeth,    lesion of endocrine glands,   
thyroid, liver and other organs1. At still higher 
concentration, 3-6 mg/l skeletal fluorosis occurs. 

The disease affects the bone and 
ligaments.  According to WHO, the allowable 
limit of fluoride in drinking water is 1 mg/l2. 
(Table 1). Countries like India, China, Sri Lanka, 
West Indies, Spain, Holland, Italy, Mexico, 
North and South America are reported to have 
high fluoride content in their ground water. In 
India, high concentrations of fluoride in ground 
water are common in some of the semi-arid areas  
of Karnataka, Andhra Pradesh, Rajasthan, 
Southern Punjab, Gujarat, Tamil Nadu, Madhya 
Pradesh, and Southern Haryana states of India3. 
Several areas of Karnataka have high *Author for correspondence 
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concentrations of fluoride in ground water 
exceeding 5 mg/l4. There are a number of cases 

of dental and skeletal fluorosis in these areas 
(Table 2). 

Table 1 : Permissible limit of fluoride in drinking water prescribed by various organizations 

S/N Name of the organization Desirable 
limit (mg/l) 

1 Bureau of Indian Standards (BIS)  
0.6-1.2 

2 Indian Council of Medical Research (ICMR) 1.0 

3 The Committee on Public Health Engineering Manual and 
Code of Practice, Government of India 1.0 

4 World Health Organization (International Standards for 
Drinking Water) 1.0 

Table 2 : Percentage of water source with different fluoride content in the stated districts 
and percentage of villages with the cases of fluorosis5. 

S/N District Taluk (samples) 

% of sources having conc. 
in mg/l 

Villages 
with 

fluorosis 
cases 

<1.5 
mg/l 

1.5-3.0 
mg/l >3.0 mg/l 

1 Kolar Bangarpet (257) 85 15 00 15 
 Gudibanda (58) 81 19 00 35 
2 Chitradurga Hiriyur (173) 45 53 02 28 
 Hosadurga 73 22 05 22 
3 Bijapur Bagalkot(100) 63 32 05 20 

 Jamakhandi(73) 89 08 03 00 

High profile of fluoride in shallow zone 
ground water is due to the geochemical 
disposition in the vicinity of the ground water 
extraction structures. The toxicity of fluoride is 
also influenced by high ambient temperature, 
alkalinity, calcium and magnesium contents in 
the drinking water.  The most commonly used 
methods for the defluoridation of water are 
adsorption, ion exchange, precipitation, 
Donnan dialysis and electrodialysis. Among 
these methods, adsorption is the most widely 
used method for the removal of fluoride from 
water6.  Several techniques have been 
developed for removal of fluoride from 
drinking water by adsorption and precipitation 
processes. Though this technique has been 
extensively used in India, but due to its high 
cost, alkaline pH and large dosage, it was not 
suitable for field application. It is also not 
suitable for drinkable purpose as it removes 
fluoride     only     up    to 2 mg/l. Therefore, an 
economically viable, eco friendly and easy 
method for  defluoridation  of drinking water is  

highly desirable. No research document was 
found on using Ocimum sp. leaves as a natural 
bio-adsorbent to remove fluoride.  
In the present investigation, Ocimum sp. leaves 
along with ragi seed husk was used as natural 
fluoride bio-adsorbents and the process 
parameters such as bio-absorbent dosage (1-10 
g/l), pH (3-12) and contact time (10-150 min) 
were optimized using Central Composite 
Design (CCD) of Response Surface 
Methodology (RSM). The fluoride content in 
the water was quantitatively determined by UV 
spectrophotometric analysis and the presence 
of fluoride in the treated Ocimum sp. leaves 
were identified with EDAX analysis. RSM 
design optimized conditions i.e - 5.5 g/l each 
of Ocimum sp. leaves and ragi seed husk, 6.0 
pH and 50 min contact time had given the end 
values of 0.43 mg/l of fluoride. The optimized 
values  of RSM with respect to the end fluoride  
content (0.43 mg/l) after treatment process 
were validated using feed forward model of 
Artificial Neural Network (ANN). ANN 
predicted   value  (0.4250 mg/l) was very close  
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to the optimized experimental value of RSM 
design (0.43 mg/l) and the error was (0.049). 
In conclusion, an optimized process was 
developed for the removal of fluoride from the 
drinking water using Ocimum sp. leaves and 
Ragi seed husk as natural fluoride bio-
adsorbents. Final concentration of 0.43 mg/l of 
fluoride was achieved. 

AIMS AND OBJECTIVES 
Removal of fluoride from portable drinking 
water using Ocimum sp. leaves and ragi seed 
husk as a natural bio-adsorbents. Optimization 
of the fluoride removal process by applying 
RSM and ANN design. 

MATERIAL AND METHODS 
All the chemicals and reagents used in this 
study were of Analytical Grade (Merck and 
Qualigens). 
Collection of bio-adsorbent  
Ocimum sp. plants were purchased from the 
Lalbagh Botanical garden Bangalore, India. 
Ragi seeds husk was purchased from local 
market. These were kept at room temperature 
for further bio-adsorption studies. 
RSM experimental design and bio-
adsorption studies 
A three factor Central Composite Design 
(CCD) of RSM was generated with the design- 
expert 9.0.0.7 software. The model applied 
was CCD and a second order polynomial 
response equation gives the final content 
fluoride in treated water samples.  
Y= bo +∑biXi + ∑bi

2Xi
2 + ∑bijXiXj  

Where Y is lovastatin yield, bo is the intercept, 
bi is the coefficient for linear direct effect, bij is 
the coefficient for interaction effect. Bio-
absorbent dosage (1-10 g/l), pH (3-12) and 
contact time (10-150 min) were the principle 
input variables, the factor levels were coded as 
−1 (low), 0 (central point) and 1 (high). 
Adsorption studies were carried out as a batch 
experiments (triplicate) based on RSM CCD as 
shown in Table 1, with in the 250 ml conical 
flask with the volume of 100 ml as a test 
solution. The solution was then filtered and the 
residual fluoride ion concentration was 
estimated through UV spectrometric analysis7.                                                                                                                             

Quantification of fluoride by UV 
spectrometric analysis 
Treated and prepared water sample were 
analyzed qualitatively by measuring the 
absorbance for the presence of fluoride at 
wavelength 520 nm in three replicates using 
pure fluoride (Merck) as a standard in 
UV/Visible spectrophotometer. (Shimadzu, 
Model no UV-2450 and Software UV-probe 
2.21). A calibration curve was prepared from 
the plot of absorbance against concentration of 
standard solutions. The concentrations of the 
sample solutions were determined from the 
plot8.  
Characterization of bio-adsorbent by SEM 
and EDAX analysis 
After the adsorption process the Ocimum sp. 
leaves used as bio-adsorbent in the study was 
examined by SEM experiments using Philips 
Scanning Electron Microscope. The presence 
of elemental silver in bio-adsorbent was 
analyzed using energy dispersive spectroscopy 
attached to SEM9.  
Artificial Neural Network (ANN) 
In this study, Neural Network MATLAB R 
2011a mathematical software was used for 
simulation.10 The same experimental data of 
RSM design was employed in designing the 
artificial neural network. The input variables 
were bio-absorbent dosage (1-10 g/l), pH (3-
12) and contact time (10-150 min). The 
optimum adsorption capacity was used as a 
target. The data were randomly divided into 
three groups, 70% in the training set, 15% in 
the validation set and 15% in the test set. 
Trainlm is a training function selected and it is 
a network training function that updates weight 
and bias values according to the Levenberg-
Marquardt algorithm. All variables and 
response were normalized between 0 and 1 for 
the reduction of network error and higher 
homogeneous    results.11-16 
The normalization equation applied was as 
follows :  

Ya-Ymin 
          Yn=                   

Ymax-Ymin 
Yn, Ya, Ymin and Ymax were normalized value, 
actual value, minimum value, and maximum 
value, respectively.17-21 
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RESULTS AND DISCUSSION 
Response surface methodology  
Based on the experimental results of CCD in 
Table 3, a quadratic polynomial was established 
to identify the relationship between adsorption 
capacity and process variables. Final Equation in 
terms of coded factors represents the end fluoride 
content End fluoride content = +0.72-0.84* A -
0.84* B+2.09* C+0.59* D-0.61* AB-0.56* AC -
0.12* AD-0.050* BC-0.90* BD+0.84* CD+0.84 
* A^2+0.65* B^2+2.07* C^2+2.54* D^2. 
(Table 3) The experimental results and             
the    predicted    values  obtained from the model  
equation were compared. The Model F-value 
of 14.49 implies the model is significant. 

There is only a 0.01% chance that an F-value 
this large could occur due to noise. Values of 
"Prob> F" less than 0.0500 indicate model 
terms are significant. In this case A, B, C, 
AB, BD, A^2, B^2, C^2, D^2 are significant 
model terms (Table 3). The predicted values 
matched the experimental values reasonably 
well with R-Squared = 0.9311. This implies 
that 93.11% of the variations for adsorption 
capacity are explained by the independent 
variables, and this also means that the model 
does not explain only about 6.89% of 
variation. In addition, the value of adjusted 
determination coefficient (Adj R-Squared 
=0.8669) was also high, showing a 
significance of the model.   

Table 3 : ANOVA for response surface quadratic model fluoride content 

ANOVA for Response Surface Quadratic model 
Analysis of variance table [Partial sum of squares - Type III] 

Source Sum of 
squares df Mean 

square 
F 

value 
p-value  
Prob> F 

Model 116.44 14 8.32 14.49 < 0.0001 significant 
A-Ocimum sp. 
leaves 9.70 1 9.70 16.89 0.0009 

 

B-Ragi seed husk 
9.74 1 9.74 16.97 0.0009 

 

C-PH 20.70 1 20.70 36.05 < 0.0001  
D-Contact time 1.66 1 1.66 2.89 0.1098  
AB 5.93 1 5.93 10.33 0.0058  
AC 2.21 1 2.21 3.85 0.0687  
AD 0.11 1 0.11 0.18 0.6742  
BC 0.017 1 0.017 0.030 0.8638  
BD 5.65 1 5.65 9.84 0.0068  
CD 2.21 1 2.21 3.85 0.0685  
A^2 19.32 1 19.32 33.65 < 0.0001  
B^2 11.48 1 11.48 19.99 0.0004  
C^2 23.24 1 23.24 40.48 < 0.0001  
D^2 34.67 1 34.67 60.39 < 0.0001  
Residual 8.61 15 0.57   

 
Lack of fit 8.61 10 0.86   

 
Pure error 0.000 5 0.000   

 
Cor total 125.05 29    
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Quantification of fluoride by UV spectro 
metric analysis 
Treated and prepared water sample were 
analyzed quantitatively by measuring the 
absorbance for the presence of fluoride at 
wavelength 520 nm in three replicates using pure 
fluoride (Merck) as a standard in UV/Visible 
spectrophotometer. (Shimadzu, Model no UV-
2450 and Software UV-probe 2.21) the end 
fluoride content of each run was mentioned in 
the Table 4. 

Characterization of bio-adsorbent by SEM 
and EDAX analysis 
Scanning electron microscope is one of the 
powerful tools to identify the adsorbed content 
of fluoride on the bio-adsorbents. Further, 
elemental analysis is carried out to confirm the 
presence of fluoride in the bio-adsorbents used. 
EDAX analysis of Ocimum sp. leaves bio-
adsorbent shows an intense signal at 1 keV 
indicating the presence of elemental fluoride in 
the Ocimum sp. leaves bio-adsorbent. (Fig. 1) 

 

 
Fig. 1 : EDAX analysis of Ocimum sp. leaves representing the fluoride element 

Artificial Neural Network  
The optimal architecture of ANN model in this 
case is shown in Fig. 2. It has three-layer 
ANN, with tangent sigmoid transfer function 
(tansig) at hidden layer with 11 neurons and 
linear transfer function (purelin) at output 
layer. The MSE value was found to be 0.0003. 
A regression analysis between ANN outputs 
and the experimental data was carried out. This 
ANN model indicated a  precise  and  effective  

prediction of the experimental data with a 
correlation coefficient of 0.999, 0.999, 0.995 
and 0.999 for training, validation, testing and 
all data, respectively. (Fig. 3) The simulated 
value of end fluoride content as predicted by 
Feed forward model (0.4250 mg/l) of ANN 
was in close agreement with the experimental 
values (0.43 mg/l) and accurately matching 
with the  predicted value of central composite 
design of RSM (Table 4).  

Table 4 : Central composite design matrix of three variables and the experimentally 
determined, RSM model predicted and ANN model predicted adsorption capacity 

Run Ocimum 
Leaves g/l 

Ragi seed 
husk g/l pH 

Contac
t time 
Min 

Concentration of Fluoride 
mg/l Error 

Experi
mental 
value 

 

RSM 
predicted 

ANN 
predicted  

1 1.00 1.00 3.00 10.00 5.375 5.141508 5.335174 0.039 
2 1.00 10.00 3.00 10.00 5.22 5.256838 5.181653 0.0383 
3 10.00 1.00 3.00 10.00 5.67 5.254838 5.634824 0.0351 
4 -3.50 5.50 6.00 50.00 4.86 5.049988 4.856290 0.0037 
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5 1.00 1.00 3.00 100.00 2.96 2.723321 2.954555 0.0054 
6 10.00 10.00 9.00 100.00 0.57 0.535175 0.559591 0.0104 
7 10.00 1.00 9.00 10.00 4.11 4.336508 4.079444 0.0305 
8 5.50 5.50 6.00 50.00 0.43 0.43 0.425098 0.0049 
9 5.50 5.50 6.00 150.00 3.12 2.271654 3.071939 0.0480 
10 5.50 5.50 12.00 50.00 4.55 3.867488 4.651360 0.101 
11 1.00 10.00 3.00 100.00 2.84 2.745175 2.834253 0.00574 
12 10.00 10.00 3.00 100.00 0.051 0.269004 0.387760 0.0122 
13 1.00 1.00 9.00 10.00 5.52 5.514614 5.519273 0.00072 
14 1.00 10.00 9.00 10.00 6.85 6.358008 6.664666 0.1853 
15 14.50 5.50 6.00 50.00 1.93 1.395671 1.974661 0.044 
16 5.50 14.50 6.00 50.00 2.27 2.007171 2.251866 0.0181 
17 5.50 5.50 6.00 50.00 0.43 0.43 0.425098 0.0049 
18 5.50 5.50 6.00 50.00 0.43 0.43 0.425098 0.0049 
19 5.50 5.50 6.00 50.00 0.43 0.43 0.425098 0.0049 
20 5.50 5.50 0.00 50.00 2.89 3.228171 2.843741 0.0462 
21 10.00 1.00 9.00 100.00 0.35 0.525821 0.354684 0.00468 
22 5.50 -3.50 6.00 50.00 1.954 1.877488 1.942772 0.01122 
23 1.00 10.00 9.00 100.00 3.675 4.303821 3.670765 0.004235 
24 5.50 5.50 6.00 50.00 0.43 0.43 0.425098 0.0049 
25 10.00 1.00 3.00 100.00 0.364 0.987675 0.349230 0.014797 
26 10.00 10.00 9.00 10.00 3.99 4.439338 3.692805 0.297195 
27 10.00 10.00 3.00 10.00 4.86 4.629642 4.817561 0.42439 
28 1.00 1.00 9.00 100.00 3.1909 3.552942 3.439222 -0.24832 
29 5.50 5.50 6.00 -50.00 8.09 8.594004 8.168846 -0.07885 
30 5.50 5.50 6.00 50.00 0.43 0.43 0.425098 0.004902 

 

       
 

Fig 2 : Topology of Feed Forward Model of ANN with input layer, hidden layer and output layer 
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Fig. 3 : ANN regression plots showing training, validation, target and all regression values 

CONCLUSION 
Ocimum sp. leaves along with ragi seed husk 
was used as natural fluoride adsorbents and the 
process parameters such as absorbent dosage 
(1-10 g/l), pH (3-12) and contact time (10-150 
min) were optimized using Central Composite 
Design (CCD) of Response Surface 
Methodology (RSM). The optimized values of 
RSM with respect to the end fluoride content 
(0.43 mg/l) after treatment process were 
validated using feed forward model of 
Artificial Neural Network (ANN). ANN 
predicted value (0.4250 mg/l) was very close 
to the optimized experimental value of RSM 
design (0.43 mg/l) and the error was 0.049. In 
conclusion, an optimized process was 
developed for the removal of fluoride from the 
drinking water using Ocimum sp. leaves in 
combination with ragi seed husk as natural 
fluoride adsorbents. Final concentration of 
0.43 mg/l of fluoride was achieved. 
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