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Abstract: Concentration of fluoride in drinking water is influence by a number of factors, such as temperature, pH,  
solubility of fluorine bearing minerals, anion exchange capacity of aquifer materials (i.e, OH

-
 for F

-
). About 80% of 

diseases in the world are due to poor quality of drinking water and 65% is for fluoride contamination cause endemic 

fluorosis across the globe. There is no medicine for fluorosis, but treatment systems can regulate the amount of fluoride in 

water. This paper investigate the used of Hibiscus rosa-sinensis (Hibiscus leaf) as natural adsorbent for fluoride removal 

carried out at varied pH, contact time and adsorbent dosage. Based on batch experiments, maximum efficiency was 

observed 95% at pH-6. 
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I. INTRODUCTION 

The inorganic contaminants commonly found in 

groundwater namely fluoride and other major ions like 

calcium, magnesium, chloride, carbonate, bicarbonate, 

sodium, potassium, sulphate and nitrate in addition to pH 

and electrical conductivity. Fluorine occurs as a negatively 

charged ion in water. It is one of the lightest halogen and the 

most reactives of all chemical elements (Kaminsky et al. 

1990)
[34]

. Concentration of fluoride in drinking water is 

influence by a number of factors, such as temperature, pH, 

the absence or presence of complexing or precipitating ions 

and colloids, solubility of fluorine bearing minerals, anion 

exchange capacity of aquifer materials (i.e, OH
-
 for F

-
). The 

size and type of geological formations and the time period 

during which water remains in contact with a particular 

formation (Apambire et al. 1997)
[17]

.  Fluorosis  affects  

millions of  people around  the world as it is dangerous and 

very deadly disease. In places where fluoride level are 

between 1.5 – 2.00 mg/l, it have some nutritional properties.  

 As prescribed  by World Health Organisation and Indian 

Council of Medical Research (WHO 2011; ICMR 1975) 

fluoride maximum permissible limit is 1.5 mg/l. Due to 

excess of fluoride in drinking water more than 200 million  

 

 

people suffer from endemic fluorosis (Mesdaghinia et al. 

2010)
[13]

.  

Likewise, fluoride in India contaminates 50% in ground-

water sources  and more than 90% of  villages depends on 

groundwater for drinking purposes (Subarayan et al. 

2012)
[16]

. In 1937, state of Andhra Pradesh top for excess of 

fluoride in India. The highest concentration of  fluoride 

which affects the people have found in Nalgonda District of 

Andhra Pradesh. The major health problems are dental and 

skeletal fluorosis and deformation of bones in children and 

adults if consume excessive of fluoride in drinking water 

(Susheela et al. 1993)
[21]

. Children less than 7 years old are 

vulnerable to fluorosis as well as impact on teeth growth 

(Murray 1996). Lack of Ca, vitamins and proteins in diet is 

also an adverse health effects on human (Jacks et al. 

1993)
[19]

.  

Hibiscus rosa-sinensis is an evergreen flowering shrub 

belongs to Malvaceae family. Hibiscus leaf contained 

appreciable quantities of carotene, fair levels of iron , 

ascorbic acid phosphorus and calcium with traces of tannins, 

phytates and cyanide.  
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II. MATERIALS AND METHODS 

The glassware were cleaned with acid and rinsed with 

water before use. Fluoride stock solution was prepared by 

taking  221.01 mg of sodium fluoride (NaF) dissolved in 1L 

distilled water. 100 ppm of fluoride contain in the stock 

solution. 

 

A. Natural adsorbent preparation 

The natural leaf was collected in an around Melvisharam 

(Vellore District) area. The leaf was washed with distilled 

water, dried in an oven for 2-3 hrs at 105⁰C. The dried leaf 

was finely powdered and use for acid treatment. 

B. Acid treatment 

22 gm of powdered adsorbent was added to 220 ml 

containing 1M HCl in a conical flask and was gently heat for 

15 mins. Then, its was filtered and washed with distilled 

water using whatmann filtered paper and the solid sample 

was dried in a hot air oven for a period of 6-7 hrs at 105⁰C. 

 

C. Characterization of adsorbent 

Adsorbents were characterised according to European 

Council of Chemical Manufacturer’s Federation  

(CEFIC). 

 

D. Equipment used 

Fluoride was estimated by using Fluoride Kit. Other 

equipment used are Erlenmeyer flask,  beaker,  standard 

measuring flask, measuring jar,  pH meter, incubator 

shaker  for agitating the samples at 120 rpm, whatmann 

filter paper and funnel respectively.   

 

III. RESULTS AND DISCUSSION 

TABLE I 

CHARACTERIZATION OF ADSORBENT 

Parameters Hibiscus leaf 

Bulk density (g/cm3) 0.26 

Particle density (g/cm3) 0.30 

Water soluble (%) 1.14 

Acid soluble (%) 2.46 

Moisture  content    (%) 2.22 

 

 

 

 

A. Effect of pH 

 

By using  Hibiscus rosa-sinensis  leaf adsorbent, in each 

measuring flask 0.75 mg adsorbent dosage was added and 

agitate in orbital shaker for 150 min contact time and pH 
value were adjusted at 2.0, 4.0, 5.0, 6.0 and 7.0.  The pH of 

the solution was maintained . Maximum removal efficiency 

of fluoride was obtained   95% at pH 6 adsorbent, above pH 

6 it was reduced. Which is similar work  with  Sheo Prasad  

et al., (2016) 
[7]

 with pH above 6.5, decreased the percentage 

removal of fluoride. Thus, pH-6 was study for further 

experiment. 
     Table 2 Operating condition for effect of pH 

 

 

Table 3 Effect of  pH   

 

 

 
Fig. 1 Removal  of Fluoride by variation in pH 

 

Adsorbent dosage 0.95 mg  ( Hibiscus Leaf) 

Time of contact 150 min 

Volume of sample 50 ml 

  

pH 

Initial Fluoride 

Conc. CO 

(mg/l) 

Final 

Conc. Ce 

(mg/l) 

 Removal 

%  Of 

Fluoride 

 

 

Hibiscus 

Leaf 

 

2 9 1.82 79 

4 9 1.72 81 

5 9 0.90 90 

6 9 0.45 95 

7 9 0.99 89 
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B. Effect of Contact time 

 

By using  Hibiscus rosa-sinensis  leaf adsorbent, in each 

measuring flask 0.75 mg adsorbent dosage was added at pH 

6 and agitate in orbital shaker at varied  contact time from 

30-150 min. Maximum removal efficiency of fluoride was 

obtained   89% at 150 min. Similar work as A. Balouch et 

al., (2013) 
[15]

 fluoride sorption using coal increased with 

increased in contact time. Thus, 150 min contact time was 

study for further experiment. 
       

Table 4 Operating condition for effect of contact time 

      

Table 5 Effect of Contact Time (min) 

 Contact 

Time 

(min) 

Initial 

Fluoride 

Conc. CO 

(mg/l) 

Final 

Conc. 

Ce 

(mg/l) 

Removal 

% Of 

Fluoride 

      

Hibiscus Leaf   

30 9 5.40 40 

60 9 3.60 60 

90 9 1.80 80 

120 9 1.10 87 

150 9 0.99 89 

 

        
          Fig. 2 Removal  of Fluoride by variation in Contact Time 

 

 

 

 

C. Effect of Adsorbent Dosage 

 

By using Hibiscus rosa-sinensis  leaf, with 150 min 

contact time, pH-6 and varied adsorbent dosage from 0.15, 

0.35, 0.55, 0.75 to 0.95 mg. Maximum removal efficiency of 

fluoride was obtained 95% at 0.95 mg. Likewise the removal 

efficiency increases, while increasing and decreasing the 

adsorbent amount. Similar finding as Asha Gupta et al., 

(2006) 
[18]   

the fluoride removal increased with an increased 

in adsorbent dosage with smaller particle size having active 

surface area. Whereas with large  particle size the adsorption 

capacity is decreased. Thus, 0.95 mg adsorbent dosage was 

proceed for further experiment. 
 

Table 6 Operating condition for effect of Adsorbent dosage 

 

 

 

Table  7 Effect of adsorbent dosage 

 

 
Fig. 3 Removal of Fluoride by variation in Adsorbent dose 

Adsorbent dosage 0.95 mg (Hibiscus leaf) 

pH 6 

Volume of sample 50 ml 
Time  150 min 

pH                    6  (Hibiscus leaf) 

Volume of sample 50 ml 

 Adsorbent 

Dosage 

(mg) 

Initial 

Fluoride 

Conc. CO 

(mg/l) 

Final 

Conc. Ce 

(mg/l) 

Removal 

% Of 

Fluoride 

      

Hibiscus 

Leaf     

0.15 9 5.40 40 

0.35 9 2.10 76 

0.55 9 0.80 80 

0.75 9 0.59 93 

0.95 9 0.45 95 
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IV. CONCLUSION 
 

• For pH study, using Hibiscus leaf powder adsorbent 

the percentage of  fluoride removal increase as pH  

increase from 2 to 6, the maximum was obtained  

95% at pH 6.  

• For Contact time study, using Hibiscus leaf powder 

adsorbent the percentage of  fluoride removal 

increase with increase in time from 330-150 min, 

the maximum was obtained  89% at pH 150 min. 

• For Adsorbent dosage study, using Hibiscus leaf 

powder adsorbent the percentage of  fluoride 

removal was obtained  95% at 0.95 mg. 
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