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Abstract 

 

India is among 23 nations wherein a large population suffers from dental and skeletal 

fluorosis caused by high fluoride concentration in ground water. Fluoride beyond the 

desirable limit is a major problem in many parts of the world. The prominent states, which 

are severely affected are, Andhra Pradesh, Rajasthan, Gujarat, Uttar Pradesh and Tamil 

Nadu. The salt produced in some salt pans of coastal belt of Tamil Nadu, India was above 

the desirable limit. Taking the severity of the problem into consideration, the present study 

is carried out to study an effective and cheap adsorbent for the removal of fluoride from the 

salt. The batch adsorption studies by the use of Prosopis juliflora seeds were carried out as 

the functions of contact time, and adsorbent dose. The rate of adsorption was rapid during 

initial 300 minutes and attained equilibrium. Similarly the rate of adsorption was more with 

the adsorbent dose at 25 g/l. Adsorption isotherms have been modeled by Langmuir and 

Freundlich isotherms. The studied adsorbent can potentially be used as a low-cost medium 

for removal of fluoride. 

 

Keywords: Fluoride, Prosopis juliflora, adsorption, contact time, adsorbent dose, 

isotherms, defluoridation. 

 

 

Introduction 
 

Fluorine, the most electronegative of all elements, has not only notable properties, but also 

physiological properties of great importance to human health and well being. The chemical 

activity of the fluoride ion makes it physiologically more active than any other elemental ion 

(Waheed et al., 2009). As F is a major component in sea water and the peculiar geochemistry of F 

compared to other halogens has been of interest in research (Iraj Nabipour and  Sina Dobaradaran, 

2013). If fluoride content is less, it may result in problems like dental caries. The mandatory 

standard GB 5461 – 2000 “Table salt” specifies that the content of fluorine shall not exceed   

5.0 mg/kg (Frans Gotzfried 2006).
.
 An intake of more than 6 mg of fluoride per day results in 

fluorosis (Waheed et al., 2009). The primary manifestation of fluorosis is mottling of teeth (dental 

fluorosis) and osteosclerosis of the skeleton (skeletal fluorosis). Besides these, non-skeletal 

fluorosis or toxic effects of F in soft-tissue or organ systems, viz., gastro-intestinal disturbances, 

neurological disorders, reproductive dysfunctions, and teratogenic effects have been reported in 

man (Susheela, 1993) and animals (Choubisa, 2010). In India, chronic fluorotoxicosis (fluorosis) 

among domestic ruminants has been studied mostly in cattle (Bos taurus) and buffaloes 

(Bubalus bubalis) (Choubisa, 2008)
 
(Figure 1). 
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Figure 1: Dental (A) and skeletal  fluorosis in buffaloes (B). 

  

In some parts of India, the fluoride levels are below 0.5 mg/1, while at certain places, 

fluoride levels are as high as 35 mg/1 (Handa, 1975). To encounter this fluoride menace, the 

quantification of fluoride ions in environment is important, followed up with suitable adaptation 

of an effective defluoridation methodology. During recent years, several methods have been 

developed to remove fluoride ions from water namely adsorption (Gopal and Elango, 2007; 

Karthikeyan et al., 2009; Aravind and Elango, 2006; Karthikeyan and Elango, 2007; Elango and Gopal, 

2007; Wang et al., 2001), chemical treatment (Saha, 1993; Yang et al., 1999), ion exchange (Onyango 

et al., 2004; Singh et al., 1999),  membrane separation  (Amer et al., 2001; Mameri et al., 2001), 

electrolytic defluoridation (Hichour et al., 2000), electro dialysis (Hichour et al., 1999; Adikari et al., 

1989), membrane filtration (Ndiaye et al., 2005), precipitation, nanofiltration (Simons, 1993), and 

electro-coagulation (Hu Cy et al., 2005) etc. Among these methods, adsorption is still one of the 

most extensively used methods for the defluoridation of water due to its low cost and viability. 

Researches were carried out in adsorption technique using sunflower plant dry powder, steam of 

phytomass, hollyoke, neem bark powder, activated cotton jute carbon, bagasse ash, burnt bone 

powder, phosphate-treated saw dust, bone char, etc. as adsorbents, Nalgonda technique, 

activated alumina process and ion exchange process (Bhargava and Killedar, 1992). The polymer 

composites showed considerable potential for the removal of fluoride ions from aqueous 

solutions. Lower pH and higher temperature ranges were found as the favourable conditions for 

maximum fluoride removal (Karthikeyan et al., 2011). In recent years considerable attention has 

been focused on fluoride removal using natural biomass materials such as egg shell and 

calcareous solutions (Bhaumik et al., 2012; Mondal et al., 2012), but these adsorbents have 

limitations (Chena et al., 2010), , and there is still need for an effective, low cost adsorbent. This 

communication presents the findings of an investigation on the use of seeds and seed powder 

from Prosopis juliflora for the defluoridation of saline water. Prosopis juliflora, the seeds of 

which are used as the biosorbent in this investigation, generally grows in the dry lands of India, 

and its availability is easy without any practical investment.  
 

 

 

 

 

 

 

 

 

 
 

 

Figure  2: Prosopis juliflora with ripened pods. 
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Prosopis juliflora, a Mesquite, is a shrub or small tree of the family Fabaceae (Fig. 2). 

In Tamil Nadu, in Tamil it is known as Cheemai Karuvel, a quite literal equivalent of Vilayati 

babul (Villalobos et al., 2007).  

Flowering begins at the age of 3 – 4 years. In India, Prosopis juliflora flowers twice a 

year, in February – March and August – September, and is a prolific seeder. The pods from 

autumn flowering mature by May or early June and are dispersed before the onset of the 

monsoon. Rich and delicious flour can be made from pulverized pods from which seeds have 

been removed. Cotyledons and embryos when pulverized yield a flour rich in protein and sugar 

appropriate for diabetic people. There are reports that Prosopis juliflora pods are used in 

preparing bread, sweets, syrup and coffee. The pods must be processed to improve the flavour. 

Sugars and sweeteners can be produced from the pods. Fodder: For dairy cows, the flour may 

make up 40 – 60 % of concentrations. In South Africa it is fed unmixed to sheep. Ripe pods 

contain 12 – 14 % crude protein. The short fibred parts are also suitable for pigs and poultry 

(Anonymous). The wood of Prosopis juliflora tree is processed into bio-char, which is non-

poisonous and the wood vinegar extracted can be used locally by farmers on their crops as a 

pesticide. This pesticide is completely organic (Poorvaja, 2015). The seeds of Prosopis juliflora 

are important food for grasshoppers (Fig. 3). 
 

 

 

 

 

 

 

 

 

 

  

 

 

 

Figure 3: Grasshoppers eating Prosopis juliflora seeds. 

 

 

Materials and Methods 
The Study Area 

Thamaraikulam, 13 km away from Nagercoil town is an important salt producing unit in 

Kanyakumari District (Fig. 4). The salt sample is taken from this salt pan. The yellow coloured 

Prosopis juliflora pods used in the present study were collected from the coastal area of 

Manakudi, Kanyakumari District, India (Figure 4), and were dried thoroughly. 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Figure 4: Station location map of salt pan and source of adsorbent. 
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Preparation of Experimental Solution  
The salt collected by random sampling method from the salt pan of Thamaraikulam is made into 

experimental solution by dissolving 357 g salt in 1 litre of de-ionized water. This solution 

contains 1.9 mg/l of fluoride. This level of fluoride in the salt of Thamaraikulam salt pan had a 

slightly excess level of fluoride than the recommendations of GB 5461-2000 (Frans Gotzfried,  

2006). So defluoridation is essential.  

 

Preparation of the Adsorbent and Defluoridation of Brine Solutions using the Pods of 

Prosopis juliflora 

Increase in particle size reduces the sorption rate. The breaking of larger particles tends to open 

tiny cracks and channels on the particle surface of the sorbent. The smaller particle provides 

more sorption sites and surface area leading to greater sorption (Harikumar et al., 2012). Pod 

shells of Prosopis juliflora were removed manually; kernels were grounded in a domestic 

blender, and sieved through 250 μm sieve to get uniform size (Fig. 5).  
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Figure 5: Pods (A), seeds with shells (B), seeds (C) and powder of seeds (D) of Prosopis juliflora. 
 

This powder was used as adsorbent. The amount of fluoride present in the experimental 

solution was checked before and after treatment. Doses of seed powder i.e., 5, 10, 15, 20, 25 and 

30 g/l were selected for treatment. These doses were weighed accurately with the help of a 

digital balance.  

The adsorbent was mixed with saline water samples, and kept on a orbital shaking 

incubator at room temperature (27 ± 3°C). At the end of the derived contact time, the samples 

were filtered by using Whatman filter paper No. 41, and the filtrate was analyzed for residual 

fluoride concentration. 

 

Estimation of Fluoride Concentration  
The fluoride concentration in the aqueous phase was estimated by Zirconyl–alizarin method 

(Aery, 2010)
 
before and after treatment of the adsorbent.  
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Results and Discussion 
 

During the collection of brine samples in Thoothukudi salt pan, it was noticed that rose colour 

of the brine solution was seen in some salt beds. It was due to the pods of Prosopis juliflora 

naturally falling in the salt bed. The salt obtained from such salt beds was whiter than the salt 

from other salt beds. The study indicates that pods of Prosopis juliflora are suitable for the 

removal of fluoride ions. The percentage of the removal of fluoride increases with adsorbent 

dose and time of a given initial solute concentration. The fluoride removal efficiency decreases 

with increasing initial fluoride ion concentration ( Harikumar et al., 2012).
 
In the previous 

studies the researchers have used a lot of plant products for defluoridation.  In this study, the 

powder of the seeds of Prosopis juliflora was used. Generally pods of Prosopis juliflora is a 

good feed for goats (Osman Mahgoup  and Isam T Kadim, 2005).  

 

Effect of Contact Time 

For all these things initial fluoride ion concentration was fixed at 1.9 mg/l. In this study 

Thamaraikulam salt pan salt was used for making sample solution. The effect of contact time on 

the adsorption over fluoride is plotted in Table 1. 
 

Table 1: Effect of contact time on the removal of fluoride. 

 

Pure 

Sample 

Contact time with the adsorbent (25 g) 

60 

minutes 

120 

minutes 

180 

minutes 

240 

minutes 

300 

minutes 

360 

minutes 

1.9 mg/l 1.2 mg/l 0.9 mg/l 0.6 mg/l 0.5 mg/l 0.4 mg/l 0.4 mg/l 

 

             Table 1 shows the effect of contact time on the adsorption of fluoride by the adsorbent 

from the saturated solution of salt. Initially the adsorption efficiency rapidly increased. 

However, with increasing contact time from 60 to 360 minutes, the adsorption efficiency 

decreased due to the reductions in both the F
-
 concentration and the number of active adsorbent 

sites. In the early stages of adsorption, more adsorption sites are available, and over time, these 

sites are gradually occupied by fluoride ( Mohammad Ali Zazouli et al., 2015). The removal 

rate reached a constant with 25 g/l seed powder of Prosopis juliflora.  Preliminary 

investigations on the uptake of fluoride ions on the adsorbent material at their optimum pH 

values indicate that the processes are quite rapid. This initial rapid adsorption subsequently 

gives way to a very slow approach to equilibrium, and saturation is reached in 300 minutes.      

It was noticed that the percentage of the removal of fluoride increased from 36.84 % to 78.95 % 

with an increase in contact time from 60 minutes to 300 minutes respectively (Fig. 6).   
 

 
   

Figure 6: Percentage of fluoride adsorbed on Prosopis juliflora versus time. 
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             It is observed from Fig. 6 that the adsorption capacity of fluoride increases with increase 

in contact time. The graph showing the initial rise in the smooth curve is due to existence of free 

valencies on the surface of Prosopis juliflora seed powder. After the establishment of 

equilibrium the line in the figure becomes  parallel to the time axis. The percentage of the 

removal of fluoride with contact time follows a smooth curve which indicates the monolayer 

coverage. This adsorption of fluoride parallels with the work done for the removal of Pb(II)  

(Jayaram and Prasad,. 2009). 
 

Effect of Adsorbent Dose 
It was noticed that the removal of fluoride increased with an increase in dose from 5 g/l to 25 g/l 

adsorbent (Table 2). 
 

Table 2: Effect of adsorbent dose on the removal of fluoride. 

 

Pure 

Sample 

Dose of absorbent for 300 minutes 

5 g 10 g 15 g 20 g 25 g  30 g 

1.9 mg/l 1.3 mg/l 0.9 mg/l 0.7 mg/l 0.5 mg/l 0.4 mg/l 0.4 mg/l 

 

 The adsorption rate increased with increasing the adsorbent dose as a result of 

increasing the active surface of adsorbent for a given amount of pollutant. The results indicated 

that although the adsorption efficiency increased with increasing the adsorbent dose, the amount 

of adsorbed F
-
 per unit mass (g) of adsorbent due to a lack of saturation of the active sites in the 

adsorbent. By increasing the adsorbent dose, the capacity of all the available active sites of 

adsorbent surface is not completely used, and there is a reduction in the adsorption amount per 

unit mass of adsorbent (Osman Mahgoup  and Isam T Kadim,2005). The adsorbent dose varied 

in the range of 5 g/l to 30 g/1 by maintaining contact time of 300 minutes. The result shows that 

the maximum dose of adsorbent was 25 g/l giving maximum fluoride ion removal efficiency.  

Further increase in the dose of adsorbent does not show any considerable improvement, hence 

for further study the optimum dose was considered as 25 g/l. 

The influence of varying concentrations of adsorbent on the adsorption of fluoride is 

shown in Fig.7. While increasing the adsorbent dose, the percentage of the removal of fluoride 

also increased to some extent. After that, the curve becomes flat indicating the higher fluoride 

adsorption which occurs at 25 g, and after that the curve remains constant. It was noticed that 

the percentage of the removal of fluoride increased from 31.58 % to 78.95 % with an increase in 

dosage of adsorbent from 5 g to 25 g respectively. 
 

 
                 

 

Figure 7: Variation of fluoride removal for different adsorbent dosages. 
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Sorption Mechanism 

Adsorption of the solute involves the establishment of equilibrium between the amount 

adsorbed on the surface and the concentration of substance in solution. The variation of extent 

of adsorption of fluoride with concentration of solute has been correlated by the Langmuir and 

Freundlich adsorption isotherms. 

 

Langmuir isotherm 

Langmuir isotherm is based on the assumption that point of valence exists on the surface of the 

adsorbent, and that each of these site is capable of adsorbing one molecule. It is assumed that 

the adsorption sites have equal affinities for molecules of adsorbate, and that the presence of 

adsorbed molecules at one site will not affect the adsorption of molecules at an adjacent site. 

The Langmuir equation is commonly written as: 

qe = q0 b Ce/(1 + b Ce) 

 

Where qe is the amount adsorbed (mg/g) and Ce is equilibrium concentration of adsorbate 

(mg/l), qo and b are Langmuir constants (Waheed et al., 2009). The calculations for Langmuir 

model for the removal of fluoride ions are shown in Table 3. 
 

Table 3: Calculation of Langmuir isotherm. 

 

Dose of 

adsorbent (g/l) 
Ce (mg/l) 

 

qe =  Co - Ce  (mg/g) 

                  W 

Ce/qe (g/l) 

5 1.3 0.12 10.83 

10 0.9 0.1 9.00 

15 0.7 0.08 8.75 

20 0.5 0.07 7.14 

25 0.4 0.06 6.67 

 

             Linear plots of Ce/qe Vs Ce at different adsorbent doses are applied to confirm the 

applicability of Langmuir models as shown in Fig. 8. 
 

 

 

 

 

 

 

 

 

                                                                    

 

 

 

Figure 8: Langmuir isotherm. 

 

Freundlich Isotherms 

The isotherm provides the detailed idea about the effectiveness of the adsorbent, and the 

maximum amount of adsorbate will get adsorbed by the adsorbent. The Freundlich equation is 

basically empirical, but is often useful as a means for data description.  

The general form of Freundlich isotherm is given in the following equation: 
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 qe = Kf Ce
1/n

  

The linearized form of Freundlich isotherm is given by the following equation. 

log (qe) = log Kf + 1/n log Ce  

 

Where qe is the amount of fluoride ions adsorbed to per unit weight of adsorbent 

(mg/g). Ce is the equilibrium concentration of adsorbate (mg/l), Kf and 1/n are Freundlich 

constant (Waheed et al., 2009). The calculations for Freundlich model for the removal of 

fluoride ions are shown in Table 4. 
 

Table 4: Calculation of Freundlich isotherm. 

 

Dose of 

adsorbent (g/l) 
Ce (mg/l) 

 

qe = Co - Ce (mg/g) 

                      W 

log Ce log qe 

5 1.3 0.12 0.1139 -0.9208 

10 0.9 0.1 -0.0458 -1.0000 

15 0.7 0.08 -0.1549 -1.0969 

20 0.5 0.07 -0.3010 -1.1549 

25 0.4 0.06 -0.3979 -1.2218 

 

         Linear plots of log qe Vs log Ce at different adsorbent doses are applied to confirm the applicability 

of Freundlich models as shown in Fig. 9. 

 

 
.                                
Figure 9: Freundlich isotherm. 

Conclusion 

 

Seeds of Prosopis juliflora  as a natural, effective coagulant and adsorbent for the treatment of 

saline water contain undesirable fluoride. Prosopis juliflora seeds do not have toxic effect. It is 

eco-friendly and a cheaper method of saline water treatment. After the treatment, the sludge 

settled at the bottom tank which can be used as bio-fertilizer is an added advantage in this 

method in the rural areas. Based on the above findings Prosopis juliflora bio-adsorbent can be 

used to remove fluoride from salt. It is seen that the removal of fluoride increases with increase 

in time and adsorbent dose. The best coagulation condition is reached using Prosopis juliflora 

coagulant dose of 25 g/l and time limit of 300 minutes with 1.9 mg/l of fluoride in sample 

solution, achieving this way 75% fluoride reduction. The sorption of fluoride using the 

adsorbent follows the isotherms.  
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