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ABSTRACT 

 

Fluoride removal from water is being investigated using a natural adsorbent derived from bark of pinus kesiya. 

Batch studies were performed to study the effect of adsorbent dose, contact time, initial fluoride concentration and 

pH on the removal efficiency.  The fluoride adsorption varies over wide range of pH and best in between 3 – 8. The 

rate of adsorption was rapid and maximum removal took place during the first 120 min and reaches pseudo-

equilibrium slowly after 180 min. Kinetic study shows that adsorption follows pseudo-second-order, and that the 

nature of adsorption mechanism is a chemisorption process. The surface adsorption as well as intra-particle 

diffusion contributes to the rate-limiting step. 
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I. INTRODUCTION 

 

Fluoride in drinking water may be beneficial or 

detrimental depending on its concentration and total 

amount ingested. Fluoride ingested in small amounts 

may be beneficial
1-4

. Studies have shown that trace 

quantities of fluoride are needed for the development of 

cavity-resistant teeth and may also be necessary in 

preventing excessive demineralization of bone 

(osteoporosis) in aged individuals. According to 1984 

guidelines of WHO, the desirable and permissible 

concentrations of fluoride in drinking water are 1.0 

mg/L and 1.5 mg/L
5
. Fluoride concentration higher than 

the permissible limit in drinking water results in dental, 

skeletal and soft tissue fluorosis. Excess Fluoride in 

drinking water is a cause for concern in several 

countries including India. Many States in India have 

been identified endemic to fluorosis. In the north-east 

region, Assam State is most affected and in Karbi-

Anglong and Nagaon districts of Assam more than 20 

mg/L level of fluoride has been reported
6,7

, while in 

some parts of Guwahati city about 7 mg/L fluoride level 

has been recorded
8
. As per the reports available

9
, in 

Arunachal Pradesh also more than the permissible level 

of fluoride (about 2 mg/L) has been recorded, but in the 

remaining north-eastern states the situation is not yet 

reported to be so alarming.   

Fluoride can be removed by a number of processes, 

which includes adsorption and biosorption
10-13

, ion-

exchange
14

, chemical  precipitation including electro-

coagulation/ flotation
15-18

, and membrane processes, 

such as reverse osmosis
19

, Donnan dialysis
20

, nano-

filtration
21

, and electrodialysis
22,23

. Surface adsorption 

finds a major place in defluoridation research and 

practice because of its greater accessibility, lower cost 

and locally adaptable. Thus even in the past decade, 

when interest in alternative defluoridation approaches 

has been increasing rapidly, many researchers have 

continued to explore the development of low-cost and 

effective adsorbents and to improve the efficiency of 

adsorbents. 

 

There are reports about the use of clays
24

, soils
25,26

, 

zeolites
27

, rare earth oxides
28

, ores
29,30

, alum sludge
31

, 

limestone
32

, stone dust
33 

carbon prepared from locally 

available materials like wood, coconut shell, bone
,34-37

, 

etc. Thus, there is always scope for finding new 

adsorbents. 

  

In these perspectives, adsorbent made out of natural 

materials are being investigated. In the present study, 

bark of pine belonging to the species pinus kesiya which 

is prevalent in the Khasi Hills of the State of Meghalaya 

India has been explored as an alternative adsorbent. 
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Pine bark has also been reported in literature as an 

alternative to activated carbon for organochlorine 

pesticides removal
38

. However, their use for removal of 

fluoride from water has been attempted for the first time 

owing to the cost effective and easily available of these 

materials which is very closed to the heavily fluoride 

affected areas of Nagaon and Karbi Anglong districts of 

Assam(India). 

II. Materials used and method 

 

The dried bark of pine was collected from a nearby 

forest located in and around Shillong city. The materials 

collected was cleaned and soaked in dilute HCl 

overnight. After that the materials were washed 

repeatedly with water and then dried in oven below 100 
0
C. The dried material were powdered by grinding in an 

electric grinder and sieved to get particle size of about 

200 to 250 microns. This powder was finally used as an 

adsorbent without further treatment. 

 

A stock solution of fluoride (100 mg/L) was prepared by 

dissolving appropriate quantity of sodium fluoride 

(Merck, > 97%) in 1L of double distilled water. The 

stock solution was further diluted to desired 

concentrations for obtaining test solutions. Fluoride ion 

concentration was measured using ion analyzer (Orion 

Star A214) and the fluoride-selective combined 

electrode (Orion 9609BNWP). Total ionic strength 

adjustment buffer (TISAB-III) solution was used as a 

buffer to eliminate the interference effect of complexing 

ions. Double distilled water was used throughout the 

experiment. The pH of the solution was measured by pH 

meter (Systronics). Scanning Electron Microscope 

(JSM-6360; JEOL) and infrared spectra performed by 

Fourier Transform Infrared Spectroscopy (Perkin-Elmer 

sp-400) were used for characterisation of the adsorbent 

before and after treatment with fluoride. 

Batch method was followed to study the effect of dose, 

contact time, pH, and initial fluoride concentration. 

Adsorption Isotherm studies were conducted by varying 

the initial fluoride concentration and keeping the 

adsorbent dose constant and kept in a shaker for 2 hours 

to attain the equilibrium. The filtrate solution was then 

analyzed for residual fluoride concentration. pH was 

maintained at 6.5±0.1. All experiments were performed 

at room temperature (25±1
o
C). Adsorption kinetic study 

was carried out keeping the adsorbent and initial fluoride 

concentration fixed and by varying the contact time from 

15 to 300 minutes. 

III.  Results and discussion 
 

3.1. Dose Effect  

 

In general, by increasing the adsorbent dose the 

percentage removal of adsorbate also increases which is 

mainly due to the increase in the surface area and hence 

increase in the number of active sites. Figure 1 shows 

the percentage reduction and the equilibrium 

concentration of fluoride (inset) upon varying the 

amount of the tree bark powder (TBP). The percentage 

removal increases sharply with increase in the dose 

amount and more than 90% removal was observed at 

around 10g/100ml thereafter no significant change was 

observed which may be attributed to the overlapping of 

active sites at higher dosage and there is decrease in the 

effective surface area resulting in the conglomeration of 

exchanger particles
39

. This amount of dose was fixed for 

other study. 

 

 
Figure 1. Plots showing percentage removal and 

equilibrium concentration ce (inset) of fluoride as a 

function of adsorbent dose. 

 

3.2. Effect of initial Fluoride concentration 

 

Effect of initial fluoride concentration on fluoride 

adsorption was studied by varying the concentration of 

fluoride and keeping other parameters constant. Figure 2 

shows that with increase in the initial concentration of 

fluoride, the percentage removal decreases sharply 

which can be explained considering that at high fluoride 

concentration, the concentration gradient will be more 

and hence the adsorption rate will be high and the 

number of active sites on the adsorbent surfaces is not 

enough to accommodate fluoride ions
40

. 
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Figure 2.  Effect of initial fluoride concentration (co) on 

the percentage removal of fluoride. 

 

3.3. Effect of pH 

 

The fluoride adsorption at different pH environment 

were also experimentally tested. In this investigation, the 

preselected pH values are from 3 to 12. The change in 

the pH greatly affects the adsorption of fluoride onto the 

adsorbent in solution. Figure 3 shows the effect of pH on 

the percentage removal of fluoride. The adsorption of 

fluoride is more at pH range in between 3 – 8 and 

decreases rapidly above pH 8. At acidic pH, the surface 

of the adsorbent appears to be highly protonated and this 

serve as a fluoride binding sites
41

. However in alkaline 

medium the removal of fluoride decreases sharply which 

may be due to strong competition from hydroxide ions 

on the active sites because of similarity in F− and OH− 

in charge and ionic radius
42

. Another possibility is that 

with increase in pH the concentration of protonated 

surface sites, which serve as fluoride binding sites, 

decreased significantly and hence fluoride adsorption 

decreased sharply above pH 8
43

.      

 
Figure 3. Plot showing the percentage removal of 

fluoride as a function of pH. 

 

 

 

3.4.  Zero Point Charge (ZPC) determination 

 

The Zero Point Charge (ZPC) describes the condition 

when the electrical charge density on a surface is zero
44

. 

To determine the ZPC, the initial pH of the working 

solution versus final pH is plotted and is given in Figure 

4. The horizontal position of the graph determines the 

ZPC and for TBP is found to be 2.94. This shows that 

the experimental condition (pH 6.5±0.1) is greater than 

the ZPC value, hence the acidic water donates 

more protons than hydroxide groups, and so the 

adsorbents surfaces are positively charged thus 

attracting the fluoride anions. 

 
Figure 4. Initial pH vs final pH for determination of 

ZPC of TBP. 

 

3.5. Effect of contact time 

 

Figure 5(a) shows the effect of contact time on fluoride 

removal. It was observed that most of the removal took 

place during the first 120 min and reaches the pseudo-

equilibrium slowly after 180 min. No appreciable 

removal of fluoride took place at higher contact time. 

 

3.6. Adsorption kinetics 

 

Rate of adsorption is an important factor in any 

adsorption process. To understand the dynamics of 

fluoride adsorption process, kinetic data were analysed 

using two mass transfer and one intraparticle diffusion 

models. These are the pseudo first-order equation
45

, 

pseudo second-order equation
46

 and intraparticle 

diffusion model
47

. The mathematical representations 

(linear) of these models are as follows: 
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Pseudo-first-order equation :   

   (     )        
  

     
                            (1) 

Pseudo-second-order equation :   
 

  
 

 

    
  

 

  
                                                  (2) 

Intraparticle diffusion model :    

       
            (3) 

 

where qe and qt (mg g
-1

) are the amounts of fluoride 

adsorbed per unit mass of adsorbent at equilibrium and 

time t, k1, k2 and kid are the rate constant for the  pseudo-

first-order equation (min
-1

), the pseudo-second-order 

equation (g mg
-1

 min
-1

) and the intraparticle diffusion 

model (g mg
-1

 min
-1/2

) respectively.  

 

The kinetic parameters and the determination coefficient 

(R
2
) obtained linearly (Figure 5b,c) are summarized in 

Table 1. The higher values of the determination 

coefficient obtained for pseudo-second-order model 

indicates that the experimental data are well described 

by this model and that the nature of adsorption 

mechanism is a chemisorption process
48

. 

 

The intra-particle diffusion model can be utilized to 

understand the adsorption mechanism. If the 

intraparticle diffusion is the sole rate determining step, 

the plots of qt vs. t
0.5 

should be linear and pass through 

the origin
50

. The plot of qt vs. t
0.5 

(Figure 5d) show 

multilinearity characterisations, indicating that more 

than one diffusion step takes place and that both 

intraparticle diffusion and surface adsorption 

contributes to the rate-limiting step.  

 

 
Figure 5. Plots showing (a) residual fluoride at various 

time interval, (b) pseudo-first-order kinetics, (c) pseudo-

second-order kinetics and (d) intraparticle diffusion 

model.  

 

Models Parameters  Values  

Pseudo-first-order 

k1 (1/min) 0.0161 

qe (mg/g) 0.1307  

R
2 

0.8925 

Pseudo-second-order 

k2 (g mg
-1

 min
-1

) 5.2694 

qe (mg/g) 0.0297 

R
2
 0.9999 

Langmuir 

qm (mg/g) 0.1443 

KL (L/mg) 0.4686 

R
2
 0.9970 

Freundlich 

KF (mg/g)(l/mg)
1/n

 0.0415 

n 1.5873 

R
2 

0.9946 

 

Table 1. Parameters of kinetic and isotherm model for 

the adsorption of fluoride on TBP. 

 

3.7. Eqiulibrium isotherm 

 

Langmuir isotherm. Adsorption isotherms help in 

determining the feasibility of tree bark powder for 

treating fluoride ion in water. Langmuir adsorption 

isotherm is commonly used to provide insight into the 

adsorption behaviour. We therefore used this adsorption 

isotherm to understand the adsorption of fluoride ion on 

tree bark powder. The isotherm not only provides 

general idea of the effectiveness in removing fluoride 

but also indicates the maximum amount of fluoride that 

will be absorbed by the TBP. Langmuir equation is 

given by 

                            
      

     
                   (4) 

 

where qe is the amount of fluoride adsorbed at 

equilibrium (mg/g), qm is the maximum adsorption 

capacity corresponding to complete monolayer coverage 

on the surface (mg/g), ceis the concentration of the 

adsorbate at equilibrium (mg/L) and b is the Langmuir 

constant (L/mg). qe is calculated according to the 

equation 

       
(     ) 

     
                 (5)                                    
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where c0 is the initial concentration (mg/L), v is the 

volume of aqueous solution (in ml) and w is the 

adsorbent weight. 

 

Langmuir equation (4) can be linearized as 

   
 

  
 

 

      
 

 

  
       (6) 

 

In Figure 6a, we plotted 1/qe versus 1/ce and linearity of 

this plot confirms the applicability of Eq. 6. Therefore, 

the adsorption of fluoride by TBP obeys Langmuir 

adsorption isotherm. The constants of Langmuir 

isotherm are given in Table 1. Although the value of qm 

is low, it is comparable to other natural adsorbents for 

fluoride removal as reported in literature
50,51

. 

Separation factor.  The essential feature of the Langmuir 

adsorption isotherm can be expressed in terms of a 

dimensionless constant called separation factor, RL, also 

called the equilibrium parameter which is defined by the 

following equation,   

 

            
 

     
                                   (7) 

 

The value of RL indicates the shape of the isotherm to be 

either unfavourable (RL > 1), linear (RL= 1), favourable 

(0 < RL < 1) or irreversible (RL= 0). The calculated RL 

values are in the range from 0.08 to 0.42, which reveal 

that adsorption of fluoride ion onto TBP is favourable. 

Also higher values of RL at lower initial fluoride 

concentrations show that adsorption is more favourable 

at lower initial concentration (Figure 6c). 

 

Freundlich isotherm. The adsorption of fluoride by TBP 

was also analysed by using the Freundlich isotherm, 

which is an empirical equation of the form 

 

         
  ⁄

                 (8) 

 

where KF is the Freundlich constant (mg/g)(L/mg)
1/n

 and 

1/n is the heterogeneity factor. A linear form of the 

Freundlich expression can be obtained by taking 

logarithms as follows 

 

            (  ⁄ )        (9) 

 

A plot of lnqe versus lnce enables the determination of 

the constant KF and 1/n which are given in Table 1. The 

value of n lying between 1 and 10 indicates the 

condition for validity of the Freundlich adsorption 

isotherm. 

 

 

 
Figure 6. (a) Langmuir isotherm, (b) Freundlich 

isotherm and (c) Separation factor RL for adsorption of 

fluoride by TBP at 25 
0
C 

 

3.8. Characterization studies  

 

The adsorbents before and after fluoride treatment were 

examined by Scanning Electron Microscope (SEM) and 

FTIR measurements. SEM photographs are given in 

Figure 7. It is clear that the surface morphology of these 

samples were different, which confirmed the fluoride 

adsorption. 

 

 
 

Figure 7. SEM Images of TBP (a) before and (b) after 

fluoride adsorption. 

 

FTIR spectra are given in Figure 8. The spectra show a 

broadband at 3600-3200 cm
-1

 with a maximum at 3400 

cm
-1

 which is characteristic of the stretching mode of 

the hydroxyl group (-OH) while broadening of the band 

is indicative of high degree of association through 

extensive hydrogen bonding . The weak peak around 

2900 cm
-1

 is C-H stretching vibration in methyl and 

methylene groups
52

. A strong band at 1590-1600 cm
-1
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can be assigned to C=C aromatic ring stretching mode 

indicating the existence of single or multiple aromatic 

rings. The absorption bands between 1300 and 900 cm
-1

 

may be due to carbonyl groups, ethers, esters and 

phenol groups
53

. It was observed there is an overall shift 

in the intensity after fluoride adsorption.  

 
Figure 8.  FT-IR spectra of TBP before and after 

fluoride adsorption. 

 

IV. Conclusion 

 
The present investigation for the fluoride removal from 

water using adsorbent prepared from bark of pine shows 

a removal efficiency of more than 90% well below the 

permissible limit prescribe by WHO. The removal 

varies over wide range of pH and is best in between pH 

3-8. Most of the removal took place during the first 120 

min and reaches pseudo-equilibrium after 180 mins. The 

equilibrium data is being described by the Langmuir and 

Freundlich, model. The determination coefficient, R
2
 

shows that the adsorption follows pseudo-second-order 

kinetics, and that the nature of adsorption mechanism is 

a chemisorption process. The surface adsorption as well 

as intra-particle diffusion contributes to the rate-limiting 

step. This natural material without further modification 

could prove to be a very useful and effective method for 

fluoride removal from water particularly where fluoride 

related problems exist. 

 

V. REFERENCES 

 
[1]. S. Peckham, N. Awofeso (2014), "Water 

fluoridation: A critical review of the physiological 

effects of ingested fluoride as a public health 

intervention" The Scientific World J. Article 

ISSN 2356-6140 DOI: 10.1155/2014/293019.  

[2]. "Position of the American dietetic association: 

The impact of fluoride on health" (2001) J. Am. 

Diet. Assoc. 101, 126-132. 

[3]. D. M. Steiner, G. G. Steiner (2004), "Fluoride as 

an essential element in the prevention of disease" 

Medical Hypotheses 62, 710-717. 

[4]. F. L. Cerklewski (1997), "Fluoride bioavailability 

Nutritional and clinical aspects" Nutrition 

Research 17, 907-929   

[5]. WHO, Guidelines for Drinking Water Quality, 

World Health Organization, Geneva, 1984, vol. 2, 

p. 249. 

[6]. D. Chakraborti, C. R. Chanda, G. Samanta, U. K. 

Chowdhury, S. K. Mukherjee, A. B. Pal, B. 

Sharma, K. J. Mahanta, H.A. Ahmed and B. Sing 

(2000), "Fluorosis in Assam, India", Curr. Sci., 

78, 1421-1423.  

[7]. P. Kotoky, P. K. Barooah, M. K. Baruah, A. 

Goswami, G. C. Borah, H. M. Gogoi, F. Ahmed, 

A. Gogoi and A. B. Paul (2008), "Fluoride and 

endemic fluorosis in the Karbianglong district, 

Assam, India", Fluoride, 42, 72-75. 

[8]. B. Das, J. Talukdar, S. Sarma, B. Gohain, R. K. 

Dutta, H. B. Das and S. C. Das (2003), "Fluoride 

and other inorganic constituents in groundwater of 

Guwahati, Assam, India", Curr. Sci., 85, 657 -

661.  

[9]. A.K. Singh, S. Bhagowati, T. K. Das, D. Yubbe, 

B. Rahman, M. Nath, P. Obing, W. S. K. Singh, 

C. Z. Renthlei, L. Pachuau and R. Thakur (2008), 

"Assessment of arsenic, fluoride, iron, nitrate and 

heavy metals in drinking water of Northeastern 

India", ENVIS Bulletin: Himalayan Ecology, 16, 

1-7. 

[10]. Y. Tang, X. Guan, T. Su, N. Gao and J. Wang 

(2009), "Fluoride adsorption onto activated 

alumina: Modeling the effects of pH and some 

competing ions", Colloids Surf. A, 337, 33-38. 

[11]. X. Wu, Y. Zhang, X. Dou, M. Yang (2007), 

"Fluoride removal performance of a novel Fe-Al-

Ce trimetal oxides adsorbent", Chemosphere, 69, 

1758-1764. 

[12]. S. Ayoob, A.K. Gupta (2007), "Sorptive response 

profile of an adsorbent in the defluoridation of 

drinking water", Chem. Eng. J. 133, 273–281. 

[13]. S.S. Tripathy, J. Bersillon, K. Gopal (2006), 

"Removal of fluoride from drinking water by 

adsorption onto alum-impregnated activated 

alumina", Sep. Purif. Technol. 50, 310–317. 

[14]. S. Meenakshi, N. Viswanathan (2007), 

"Identification of selective ion-exchange resin for 

fluoride sorption", J. Colloid Interf. Sci.,. 308: 

438–450. 



International Journal of Scientific Research in Science, Engineering and Technology (ijsrset.com) 

 

 281 

[15]. M. M. Emamjomeh, M. Sivakuma (2006), "An 

empirical model for defluoridation by batch 

monopolar electrocoagulation/flotation (ECF) 

process", J. Haz. Materials 131, 118-125 

[16]. J. Zhu, H. Zhao, J. Ni (2007), "Fluoride 

distribution in electrocoagulation defluoridation 

process", Sep. Purif. Technol. 56, 184–191. 

[17]. F. Shen, X. Chen, P. Gao, G. Chen (2003), 

"Electrochemical removal of fluoride ions from 

industrial wastewater", Chem. Eng. Science 58, 

987-993 

[18]. M. Behbahani, M. R. A. Moghaddam, M. Arami 

(2011), "Techno-economical evaluation of 

fluoride removal by electrocoagulation process: 

Optimisation through response surface 

methodology", Desalination 271, 209-218 

[19]. P. Sehn (2008), "Fluoride removal with extra low 

energy reverse osmosis membranes: three years of 

large scale field experience in Finland", 

Desalination 223, 73–84. 

[20]. E. Kir, E. Alkan (2006), "Fluoride removal by 

Donnan dialysis with plasma-modified and 

unmodified anion-exchange membrane"s, 

Desalination 197, 217–224. 

[21]. M. Tahaikt, R. EI Habbani, A. Ait Haddou, I. 

Achary, Z. Amor, M. Taky, A. Alamib, A. 

Boughriba, M. Hafsi, A. Elmidaou (2007), 

"Fluoride removal from groundwater by 

nanofiltration", Desalination 212, 46–53. 

[22]. M.A. MenkouchiSahli, S. Annouar, M. Tahaiktb, 

A. Soufiane, A. Elmidaoui (2007), "Fluoride 

 removal for underground brackish water by 

adsorption on the natural chitosan and by 

electrodialysis", Desalination 212, 37–45 

[23]. S. Lahnid, M. Tahaikt, K. Elarouri, I. Idrissi, M. 

Hafsi, I. Laaziz, Z. Amor, F. Tiyal, A. Elmidaoui 

(2008), "Economic evaluation of fluoride removal 

by electrodialysis" Desalination 230, 213-219. 

[24]. M. Srimurali, A. Pragathi and J. Karthikeyan 

(1998), "A study on the removal of fluoride from 

drinking water by adsorption onto low cost 

materials", Environ. Pollution. 99,  285-289. 

[25]. C. Zevenbergen, L. P. van Reeuwijk, G. 

Frapporti, R. J. Louws and R. D. Schuiling 

(1996), "A simple method for defluoridation of 

drinking water at village level by adsorption on 

Ando soil in Kenya", Sci. Total Environ., 188, 

225 – 232.  

[26]. M. Errico, F. Desogus, M. Mascia, G. Tola and L. 

Dendena (2006), "Soil adsorption defluoridation 

of drinking water for an Ethiopian rural 

community", Chemical Papers, 60, 460-465.  

[27]. H. L , B. Wangand Q. Ban (2010), 

"Defluoridation of Drinking Water by Zeolite 

NaP1 Synthesized From Coal Fly Ash", Energy 

Sources, A, 32 , 1509 – 1516.  

[28]. C. Janardhana, G. N. Rao, R. S. Sathish and V. S. 

Lakshman (2006), "Study on defluoridation of 

drinking water by impregnation of metal ions in 

activated charcoal", Indian J. Chem. Technol., 13, 

414 – 416. 

[29]. N. Das, P. Pattanaik and R. Das (2005), 

"Defluoridation of drinking water using activated 

titanium rich bauxite", J. Colloid Interface Sci., 

292, 1 – 10. 

[30]. D. Mohapatra, D. Mishra, S.P. Mishra, G. R. 

Chaudhury and R.P. Das (2004), "Use of oxide 

minerals to abate fluoride from water", J. Colloid 

Interface Sci., 275, 355 – 359. 

[31]. S. S. Tripathy, J - L Bersillon and K. Gopal 

(2006), "Removal of fluoride from drinking water 

by adsorption onto alum-impregnated activated 

alumina", Sep. Purif. Technol.,50, 310-317. 

[32]. S. K. Nath, R. K. Dutta (2010), "Fluoride removal 

from water using crushed limestone", Ind. J. 

Chem. Toxicology 17 120-125 

[33]. I. M. Umlong, B. Das, R. R. Devi, K. Borah, L. B. 

Saikia, P. K. Raul, S. Banerjee (2012), 

"Defluoridation from aqueous solution using 

stone dust and activated alumina at a fixed ratio", 

Appl. Water Sci., 2, 29-36. 

[34]. R. P. Singh, Y. Singh and D. Swaroop (2000), 

"Defluoridation of groundwater in agra city using 

low cost adsorbents", Bull. Environ. Contam. 

Toxicol., 65, 120 – 125. 

[35]. V. Jamode, V. S. Jamode, B. S. Chandak and M. 

Rao (2004), "Evaluation of performance and 

kinetic parameters for deflouridation using 

AzadirachtaIndica (NEEM) leaves as low cost 

adsorbents", Pollut. Research. 23, 239 – 250.  

[36]. D. Mohan, K. P. Singh, V. K. Singh (2008), 

"Wastewater treatment using low cost activated 

carbons derived from agricultural byproducts—A 

case study", J. Hazard. Mater. 152, 1045 – 1053. 

[37]. A. Ben Nasr, K. Walha, C. Charcosset, R. B. 

Amar (2011), "Removal of fluoride ions using 

cuttlefish bones", J. Fluorine Chemistry 132, 57-

62. 

[38]. Sousa S., Jiménez-Guerrero P., Ruiz A., Ratola 

N., Alves A., (2011), "Organochlorine pesticides 



International Journal of Scientific Research in Science, Engineering and Technology (ijsrset.com) 

 

 282 

removal from wastewater by pine bark adsorption 

after activated sludge treatment". Environ. 

Technol. 32 (5-6), 673-683. 

[39]. Islam M., Patel R. K. (2007), "Evaluation of 

removal efficiency of fluoride from aqueous 

solution using quick lime", J. Hazard. Mater. 143, 

303–310 

[40]. Kamble S. P., Deshpande G., Barve P. P., Rayalu 

S., Labhsetwar N. K., Malyshew A., Kulkarni B. 

D., (2010), Adsorption of fluoride from aqueous 

solution by alumina of alkoxide nature: Batch and 

continuous operation. Desalination. 264, 15–23. 

[41]. Tembhurkar A. R., Dongre S., (2006), "Studies on 

Fluoride Removal Using Adsorption Process". J. 

Environ. Sc. Engg. 48, (3), 151-156 

[42]. Tripathy S. S., Bersillon J. L., Gopal K., (2006), 

"Removal of fluoride from drinking water by 

adsorption onto alum-impregnated alumina". Sep. 

Purif. Technol. 50, 310–317. 

[43]. Tanga Y., X. Guan, T. Su, N. Gao, J.Wang, 

(2009), "Fluoride adsorption onto activated 

alumina: Modeling the effects of pH and some 

competing ions". Colloids and Surfaces A: 

Physicochem. Eng. Aspects. 337, 33–38. 

[44]. Russel W.B., Saville D.A., Schowalter W.R., 

(1989) A Book on Colloidal Dispersions, 

Cambridge University Press 

[45]. Lagergren S., (1898) "About the theory of so-

called adsorption of soluble substances". 

Kungliga Svenska Vetenskapsakademics, 

Handlingar. 24 (4), 1–39. 

[46]. Ho Y.S., McKay G., (2000), "The kinetics of 

sorption of divalent metal ions onto sphagnum 

moss peat". Water Res. 34, 735–742. 

[47]. Weber W.J., Morris J.C., (1963), "Kinetics of 

adsorption on carbon from solution". J. Sanit. 

Eng. Div. ASCE. 89, 31–60. 

[48]. Cheng Z., Liu X., Han M., Ma W. (2010), 

"Adsorption kinetic character of copper ions onto 

a modified chitosan transparent thin membrane 

from aqueous solution". J. Hazard. Mat. 182, 

408–415 

[49]. Popuri S. R., Vijaya Y., Boddu V. M., Abburi K., 

(2009) "Adsorptive Removal of Copper and 

Nickel Ions from Water Using Chitosan Coated 

PVC Beads". Biores. Techno. 100, 194–199 

[50]. P. K. Gogoi, R. Baruah (2008), "Fluoride removal 

from water by adsorption on acid activated 

Kaolinite clay". Indian J. Chem. Technol. 15 500. 

[51]. S. Kagne, S. Jagtap, D. Thakare, S. Devotta, S. S. 

Rayalu (2009), "Bleaching powder: A versatile 

adsorbent for the removal of fluoride from 

aqueous solution". Desalination 243, 22 

[52]. Akar E., Altinisik A., Seki Y., (2013), "Using of 

activated carbon produced from spent tea leaves 

for the removal of malachite green from aqueous 

solution". Ecol. Eng. 52, 19– 27. 

[53]. Lua, A.C., Yang, T., (2004), "Effect of activation 

temperature on the textural and chemical 

properties of potassium hydroxide activated 

carbon prepared from pistachionut shell". J. 

Colloid Interface Sci. 274, 594–601. 

 

 


