
    Journal of Engineering Research and Studies                     E-ISSN0976-7916 

JERS/Vol. III/ Issue I/January-March, 2012/111-119 

 

Review Article 

STUDIES ON DEFLUORIDATION- A CRITICAL REVIEW 
1
Dr. Shrikant S. Patil 

2
DR. Nitin W. Ingole 

 

                         Address for Correspondence 
1
Director, Students W elfare, Sant Gadge Baba Amravati University, Amravati (Maharashtra) INDIA 

 
2
Professor in Civil Engineering, Prof Ram Meghe Institute of Technology and Research Badnera, Amravati 

(Maharashtra) INDIA.  

ABSTRACT 
Several materials including aluminium salts, calcined alumina, magnesia, lime, activated carbon sulphonated carbonaceous 

materials and ion exchange resins have been screened for their utility in defluoridation of water. Aluminium impregnated 

cation exchange resin and sulphonated carbonaceous materials prepared from coconut shell, paddy husk have been found to 

have a significant defluoridation capacity. 

Aluminium sulphate (Filter alum) solution is also found efficacious. On the basis of results extensive investigations, 

different researchers have developed a simple and economical domestic defluoridation processes. 

This paper represents the critical review of the past work on defluoridation studies by using conventional and unconventional 

materials and different methodologies such as ion exchange, precipitation, adsorption etc. 
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INTRODUCTION 

Air, water and food are the three basic needs for the 

survival of human beings. It is also very important 

that the drinking water should be safe and potable. In 

general the public particularly in rural areas has no 

freedom of selection in respect of drinking water. In 

common with other forms of life, man has a need for 

water as an essential nutrient. Water is required for 

variety of function including regulation of the body 

temperature, as a solvent and as a vehicle in the 

transportation of other nutrients and waste products 

through the vascular system and through the inter and 

intracellular spaces. The requirement of water may 

vary from individual and in any one individual from 

time to time under the influence of external stimuli 

(Pande & Rao, 1978). Besides the several 

international and national conferences on water, the 

problem for potable and safe water is yet to be 

solved. “Safe water and Sanitation for all” alongside 

“Health for all” is the new target for the year 2000 

(Killedar & Choube, 1996). The United Nation had 

proclaimed the 1980’s as the “International Drinking 

Water Supply and Sanitation Decade” (IDWSSD) 

during the UN water conference in Mar Del Planta, 

Argentina in 1977. The target of drinking water 

decade, 1981-1990 was to promote the provision of 

clean water, may it come from a pressure water 

supply. Water intended for human consumption 

should be not only “Safe” but also wholesome water 

is defined as the water that is: 

• free from pathogenic agents 

• free from harmful chemical substances 

• pleasant to taste and  

• Usable for domestic purposes. 

Though surface water sources have fulfillde the water 

needs for a long time, presently with gradual 

extinction of surface water sources due to the 

persistently increasing utilization, ground water 

sources are looked upon as the promising 

alternatives. Ground water often contains high 

inorganic minerals under favourable conditions. 

The conditions mainly are dissolution or weathering 

of rocks and soils, dissolving of lime, gypsum and 

other salt sources, mining activities, industrial and 

agricultural activities, geological formations of area 

etc. The runoff carries available minerals due to 

above activities and percolates with rainwater and 

joins the ground water. Some of the commonly 

occurring  

Constituents are calcium, magnesium, sodium, 

potassium, iron, manganese, arsenic, nitrate, 

chlorides, fluoride bicarbonate etc. Presence of these 

ions in excess of permissible limits, as prescribed by 

IS 10500 & WHO in 1983, results in undesirable 

health effect. Among various ions present “Fluoride” 

has physiological properties of the great interest and 

importance for human health and well beings. 

Fluoride is a salt of an element called fluorine. 

Fluorine is the most highly reactive element of 

halogen family. It has been estimated that fluorine is 

the seventeenth most abundant element constituting 

about 0.065% of the earth’s crust. It does not exist as 

a free element. Small amounts are found in seawater, 

bones and teeth. I exist in water mainly as fluoride 

associated with monovalent cations such as NaF and 

KF are water soluble, while those forms with divalent 

cations such as CaF2 and PbF2 are generally 

insoluble. The fluoride forms many stable complexes 

with ammonium and iron. Other compounds, which 

exist in acid solution, are mono and hexa-

fluoroaluminate; and mono and hexa-fluoroferrate. 

The simple free fluoride ion exists in alkaline 

solution (Choudhary & Kar, 1996). 

In India, fluoride commonly occurs in earth’s crust as 

fluorspae (CaF2), Appetite and rock phosphate and 

phosphorites. 

Fluorspar: Fluorspar occurs in limestone, sandstone, 

granite, quartz, calcite and berite. The major deposits 

of the above are found in nine states of India viz. 

Gujrat, Rajasthan, Andhra Pradesh, Bihar, Himachal 

Pradesh, Jammu & Kashmir, Madhya Pradesh, West 

Bengal and Tamilnadu. 

Apatite and Rock Phosphate: The two major apatite 

States in India are Bihar and Andhra Pradesh. Minor 

occurrences have been reported from other states, viz. 

Gujrat, Tamilnadu, Orissa, Rajasthan and West 

Bengal. 

Phosphorites: The third major source of fluoride is 

phosphorites-the sedimentary phosphate deposits. 

The two regions in India with abundance of 
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phosphorites are: North-West of India, comprising 

the States of Uttar Pradesh, Jammu & Kashmir, 

Rajasthan and Tamilnadu. There are few major 

occurrences in other state also. Dinesh Chand (2001), 

reported that fluoride occurs significantly in rocks, 

soils, Plants and crops, drugs, industrial processes 

etc. A large group of minerals containing minor 

fluorine was made up of the fluorocarbonates, 

fluorosulphates, fluorophosphates, fluoroarsenates 

and fluorocolumbates. The fluoride contains in 

mineral soils is as shown in Table1. 

Besides rocks and soil, food items especially 

agricultural produce are heavily contaminates with 

fluoride, which entrance into the human body 

through various food items. Fluoride contents in 

different food items have been shown in the Table 2. 

The fluoride leavel in industrial emissions and 

wastewater were exhibited in Table 3. 

Balusu K.R. and Nawalakhe W.G. (1979), state the 

occurrence of fluoride in excess of 1.5 mg/1 and 

same information is as shown in Table 4.  

Table 1. Fluoride Content in Minerals Soils 
Minerals Fluoride (mg/L) 

Meteorites        28-30 

Dunite            12 

Basalt           100  

High Calcium           520 

Granite           - - - 

Alkali rocks       1200-8500 

Shale            740 

Sand stone            270 

Deep seaa clays            1300 

Deep sea carbonates            540 

Table 2. Fluoride Content in Agricultural Crops and Other Edible Items 
Food Items                           Fluoride in mg/L 

Sengupta & Pal 

       ( 1971 ) 

 Lakadwala & 

Punekar (1973) 

Chari et al.  

( 1975 ) 

Rajya Laxmi 

  (1982 ) 

Wheat 4.60 2.59-3.30 -- -- 

Rice 5.90 3.27-14.03 2.90 -- 

Bajara -- 1.72-2.23 2.82 74.00 

Soyabean 4.00 -- -- -- 

Red gram dal 3.70 2.34-4.84 -- -52.80 

Cabbage 3.30 1.28-2.29 -- -- 

Lettuce 5.70  -- -- 

Tomato 3.40 1.00-2.08 0.33 -- 

Ladies Finger 4.00 2.20-3.62 1.74 -- 

Brinjal 1.20 1.62       1.24 -- 

Carrot 4.10 1.90-4.90 -- -- 

Potato 2.80 1.27-2.92 -- -- 

Onion 3.70 1.00-3.00 -- -- 

Banana 2.90 0.84-1.58 0.84 -- 

Grapes -- 0.84-1.72 -- -- 

Mango 3.70 0.80-1.80 -- -- 

Apple 5.70 0.24-0.52 -- -- 

Almond 4.00 -- -- -- 

Coconut 4.40 -- -- -- 

Groundnut 5.10 -- -- -- 

Tea(dry leaves) -- 39.80-68.59 -- -- 

Tea infusion -- 11.13-37.34 -- -- 

Aerated drinks -- 0.77-1.44 -- -- 

Mutton -- 3.00-5.00 -- -- 

Beef -- 4.00-5.00 -- -- 

Fishes 3.75 -- -- -- 

Table 3. Estimated total inorganic fluoride emission from majour industries in the United States  
                        Sources Emission Tons/Year 

Steel 40100 

Ceramics 21200 

Phosphet fertilizer and processsing Industry 18700 

Aluminium Industry 16000 

Combustion of coal 16000 

Non Ferrous metal foundries 4000 

Welding operations 27000 

Table 4. Summarized information on the occurrence of excessive fluoride in ground water in India 
State No. of habitation with excess fluoride State No. of habitation with excess fluoride 

Andhra Pradesh 7548 Meghalaya 33 

Bihar 12 Maharashtra 39 

Gujrat  2376 Orrisa 1138 

Karnataka 860 Punjab 700 

Kerala 287 Rajasthan 16560 

Madhya Pradesh 201 Tamilnadu 527 

Haryana 334 Uttar Pradesh 1072 

Himachal Pradesh 488 West Bengal 21 

Delhi 46   
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There was a need for development of a broad concept 

to tackle excess fluoride problem and its 

implementation of strategy. The objective of 

supplying fluoride free water on regular basis may be 

achieved by adopting the following two options. In 

the first option the aquifers at different depths within 

or in the vicinity of habitations were analyzed to 

identify dependable safe sources or alternative safe 

sources at economical depth and distance. In the 

second option, the fluoride water of the existing 

source was to be treated by using proven 

technologies before supplying to the public (Chand 

Dinesh, 2001). Fluoride in excess of permissible limit 

in water causes various kinds of fluorosis such as the 

dental fluorosis, skeleton fluorosis and non-skeleton 

manifestations. Chronic ignition of fluoride rich 

fodder and water in endemic areas leads to 

development of fluorosis in animal (Patra R.C., 

2000). Fluorosis is a diseases caused by an excess of 

fluoride in water. It is endemic in many parts of 

India. It has been estimated that 25-30 millions 

peoples are at a risk of developing fluorisis and half a 

million are suffering from it. Fluoride is retained in 

the bones and induces hardening of all the bones, 

including the spine hypertrophy of the joints and a 

bone is seen, similar to osteoarthritis. Sclerosis or 

ossifications of the posterior longitudinal ligament 

can occur with resulting mydopathy and 

radiculopathy from root comparison. The entire spine 

cab by ossified with flulorises (Reddy D.R., 1998). In 

as many as seventeen states in India, fluorosis is 

endemic; as a result large populations are subjected 

to potential health risk. Fluoride contamination in 

drinking water and resulting endemic in India is 

specially the case with the rural population, which 

largely depends on the ground water as their drinking 

water sources. Although concentration of fluoride in 

drinking water up to mg/1 is said to be beneficial for 

the formation/calcification of dental resistant enamel 

and for the stabilization of the skeleton structure but 

at level slightly above 1.5 mg/1, mottling of teeth has 

occasionally been reports. At still higher-level teeth 

may become damaged, even severely; at 3-6 mg/f per 

litre, skeleton fluorosis, due to significant effect on 

the bone may be observed. When fluoride 

concentration in a water supply is excessive i.e. the 

level of fluoride consistently and significantly above 

1.5 mg/1 over long period of time, serious 

considerations should be given to introduce some 

from of remedial measures. If some form of control is 

consider necessary, one or more of the following 

options may be applicable: 

1. Provision of new or alternative source of 

water containing acceptable levels. 

2. Blending of the existing water supply with 

another one containing lower level of 

fluoride. 

3. Provision of bottled water. 

4. Treating the water level at the “Point of use” 

at domestic level in small treatment devices 

i.e. domestic defluoridation unit.  

5. Treatment of water at community level i.e. 

conventional treatment or hand pump 

attached package treatment.   

The permissible limits of fluoride concentration in 

drinking water prescribed by various organizations 

are shown in Table 5. (Gopalkrishnan S. et al, 1991) 

Table  5. Permissible limit of fluoride in drinking 

water prescribed by various organizations 
 Name of organization  Permissible 

limit of fluoride 

ion (mg/1) 

World Health Organization                       
(International standard for drinking 

water) 

0.50 

US Public Health Standard  0.8. 

The committee on public health 
engineering manual and code of 

practice, Government of India. 

                           
1.00 

Indian Council of Medical Research 

recommendations 

                           

1.00 

ISI recommendations 1.50 

India is among 23 nations in the world, where 

fluoride contaminated ground water is creating 

problems. Sixty-two million people including 6 

million children in the country in 17 states are 

affected with dental, skeletal and non-skeletal 

fluorosis. The extent of fluoride contamination in the 

ground water varies from 1.0 to 48.0 mg/1. In 

Rajasthan, in the absence of perennial rivers, surface 

and canal systems; ground water remains the main 

source of drinking water for about 95% of 

population. Ground water of 18 districts content has 

fluoride (2 – 20 mg/1) affecting approximately 3 

million populations (Vaish A.K. et al, 2001). 

Minakshi et al (2004), analysed ground water quality 

in four villages of Jind District of Hariyana state 

(India) where it is the only source of drinking water. 

The fluoride concentration in the underground water 

of these villages varied from 0.3 – 6.9 mg/1 causing 

dental fluoride among people especially children of 

these villages. Overall water quality was found 

unsatisfactory for drinking purpose without any 

proper treatment except at eight locations out of 60.  

Patra R.C. et al (2000), investigated the occurrence of 

fluorosis in domesticated animals around 

superphosphate fertilizer plants located 

approximately 15 km north of Udaypur. Dental 

fluorosis was common in buffalo compared to cattle 

of all the age groups. Fluoride level in fodder and 

water consume by the animals were much higher than 

the recommended permissible limit. Author conclude 

that the consumption of fodder and water 

contaminated by the fumes and dust emitting from 

superphosphate fertilizer plants resulted in the 

development of chronic fluorite lesions in cattle and 

buffaloes. 

Jin Cao et al (2003) conducted and epidemiological 

survey in Nagu County, Tibet in September 2001 to 

investigate manifestation of fluorosis in adults caused 

by the habitual consumption of brick tea. The 

endemic fluorosis that occurs in Tibet was essentially 

due to heavy consumption of foodstuffs prepared 

with brick tea, however, the high altitude, harsh 

living conditions and poor nutritional status 

aggravated the fluorosis. It was found that the 

fluoride level of water sources in Nagu County was 

0.10+_ 0.03 mg/1, no evidence of fluoride air 

pollution was found; but the brick tea water 

processed foods Zamba and buttered tea had fluoride 

contents of 4.52±0.74 mg/kg and 3.21±0.65 mg/1 
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respectively. The adult daily fluoride intake reached 

12 mg of 99% originated from the brick tea 

containing foods. The result of brick tea fluorosis are 

positive and had even more severe adverse effects on 

human health compared with both the water type and 

coal combustion type fluorosis that occurred in other 

areas of China. Similar observations and analysis was 

shown by J. Cao, et al, (1997). 

A TREATISE ON FLUOROSIS: 

It is a devastating report, from recent survey 

conducted by water technology mission of Ministry 

of Rural Development, Government of India, that 

over 30 million people living in 8700 villages are 

affected by this chronic menace, and is a cause of 

concern in most of the developed and developing 

countries. There is no permanent cure available till 

today, for this ailment and hence preventive measures 

should be contemplated. To overcome the above 

situation, it is very essential to adopt any appropriate 

defluoridation technique considering the local 

conditions, economic status and viability of the 

treatment method, literacy of community, easy 

availability of media and reuse of exhausted media 

for treatment purpose etc. Various method 

availability today for defluoridation of water mainly 

based on mechanism of fluoride removal and is 

categorized as: 

1. Precipitation method using alum and / or lime 

2. Adsorption/Ion exchange method using 

Activated carbon, Activated Alumina, Bone 

Charcoal, Fishbone Charcoal, Tricalcium 

Phosphate, Ion Exchange resins, Natural 

Zeolite. 

3. Miscellaneous methods viz. reverse Osmosis, 

Electro dialysis, etc. 

Out of the various methods available today for 

defluoridation purpose, the activated alumina based 

technology is one of the promising treatment options 

under practical situation, encountered in the field. 

The fluoride problem has been confirmed in 177 

districts as per recent State of Art Report of UNICEF 

(1999). It appears that the problem may exist in many 

districts but awaiting confirmation. This 

presentation/document is focussing on sound 

planning and implementation of fluoride and 

fluorosis mitigation programmed in an endemic 

village. We have taken stock of our failures and 

successes during the past decade, adequate corrective 

measures were also introduced to ensure success. 

This presentation of sound planning and 

implementation of fluoride and fluorosis mitigation 

program in an endemic village is based on program 

implemented in a large number of villages in some of 

the endemic states in India during the past 3 years 

(1997-2000). Before we proceed further, a few facts 

need to be taken into consideration for planning a 

program on fluoride mitigation program. The 

seriousness of health problem is known as it affects 

the young and old; men and women are the victims 

forced to lead a painful and vegetative life. Fluorosis 

has no treatment or cure but the disease is easily 

preventable. The crux of the problem is easily 

detection. The fluoride and fluorosis mitigation is 

possible through introduction of two interventions. 

The interventions are: 

1. Provision of safe drinking water, with fluoride 

as low as possible not to exceed 1 mg/1. 

2. Nutritional supplementation with focus on 

adequate intake of calcium, vitamin C, E and 

antioxidants. 

Upon introduction of interventions, the soft tissue 

fluorosis (non-skeleton fluorosis) and its 

manifestation can be reversed to normal within a 

span of 12 to 15 days. In advanced cases of skeletal 

fluorosis, little can be offered to the victims, except 

the gastrointestinal complaints (the earliest sign of 

fluoride poisoning) can be minimized and relief 

provided to the victims. There is no method for 

reversing the discoloured teeth (dental fluorosis) to 

normal; but it can be masked by spraying a plastic 

emulsion and light curing: a technology known as 

laminated veneering. The emulsion thus sprayed shall 

last for 3-4 years and it can be repeated at intervals, 

so that the teeth would appear pretty and white. All 

effort should be focused on early detection on the 

health complaints related to fluoride poisoning, so 

that prevention is possible. 

CHEMISTRY OF FLUORIDE IN WATER:     
The fluoride content of the surface and the 

underground water is a function of many factors such 

as availability and solubility of parent fluoride 

minerals with which these water come in contact, 

rock porosity, velocity of flowing water, temperature 

of the interactions between the rocks and the water, 

pH of the water and concentration of calcium ions 

present in the water. When a fluoride compound is 

dissolved in water, the element fluorine will be 

present mainly as fluoride ions. However, depending 

on the ionic concentrations and pH of the solutions 

the fluorides is also present in solution as HF2 and 

undissociated HF. Now if it is assumed that the 

calcium fluoride is representative of the natural 

fluorides while sodium fluoride that of artificial 

fluoride, these compounds dissolve in water under 

the equivalent conditions such that they ionize as 

shown in the following equations. 

CaF2  � Ca
++
 + 2F

- 

F- + H
+
  �  HF   

H + F
+
                 �  HF2- 

Sodium fluoride: 

NaF   � Na
+
 + F

- 

F- +H
+
  � HF 

HF + F
-
                 �  HF2 

In both these instances, fluoride is yielded as F-, HF 

and HF2 and these will be chemically and 

physiologically indentical with their equivalents 

irrespective of the two compounds they are delivered 

from (Killedar D. J. & Bhargava D. S. 1988 & 1993). 

DEFLUORIDATION METOHDS: 

Defluoridation is process of removal of fluoride ion 

in drinking water. All the defluoridating method may 

broadly be classified in two categories namely i] 

Additive methods and ii] Adsorptive methods. In 

additive methods, certain reagents are added and 

optimum conditions for the defluoridation are 

maintained. A fluoride ion present in water react with 

the reagents added and forms an insoluble complex 

and was removed ad flocs. In adsorptive methods, a 

bed of greater surface activity is chosen and water is 

passed through the bed. Due to surface activity, the 
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fluoride ion gets preferentially adsorbed on the bed 

surface thereby causing a reduction of fluoride ion in 

the exit stream (Patil A. R. & Kulkarni B. M. 1990). 

The different method so far tried for the removal of 

excess fluoride from water can be broadly classified 

in four categories viz. 

• Adsorption method  

• Ion Exchange method  

• Precipitation method  

• Miscellaneous methods (Killedar D. J. 

& Bhargava D. S. 1993) 

The materials used in these methods are presented in 

Table 6.  

Table 6.Defluoridation methods and required materials 
      Adsorption       Ion Exchange          Precipitation 

Activated Carbon.                Raw material 

for activated carbon 

Fluoride Exchangers  Raw materials was Lime slurry Alum treatment (Nalgonda 

Technique) 

i) Wood i)  Degreased and alkali treated bones i)    Fill and draw method 

ii) Coal ii)  Bone charcoal ii)    Continuous flow method 

iii) Lignite iii)  Inorganic ion exchangers  iii)    Package treatment plant for Hand 

pump installation 

Iv) Bone Iv)  Tricalcium phosphate iv) Alum flocsludge blanket technique 

v)  Petroleum residue V)   Fluorex  

vi) Nut shells vi)   Surpentine  

vii) rice husk vii)   Anion exchanger resin  

viii) Saw dust viii)   Activated alumina  

ix) Cotton waste ix)  Carbon exchanger like:       Defluron-
1,    carbion,               Defluron-2, saw 

dust carbon, polystyrene cation exchange 

resin. 

 

 

Adsorption Methods: 

Activated Carbon: It can be prepared from the 

different raw materials, such as wood, lignite, coal, 

bone, petroleum residues, nutshells and also from 

other low cost/waste materials like the rice-husk, saw 

dust, coconut shell, tree bark, cotton waste etc. by 

subjecting them to a high temperature heating with or 

without chemical treatment. Dahiya S. and Kaur 

Amarjeet et al. (1999), studied the removal of 

fluoride by coconut cair pith carbon (CPC). The 

activated carbon prepared by carbonization of CPC in 

presence of sulphuric acid was used for 

f\defluoridation without any chemical treatment as 

well as after impregnation with different alum dose. 

The defluoridation capacity of CPC becomes 

approximately 1.5 to 2 times after impregnation with 

1% and 2% alum dose respectively. Ten gram per 

litre of CPC impregnated with 2% alum could 

remove up to maximum 78.8% fluoride from 

standard fluoride solution of 2.5 mg/1 after contact 

period of 12 hours. Extent of defluoridation capacity 

of adsorbent was decreased gradually with increase in 

initial fluoride concentration and with decrease in 

dose of adsorbent. Sreenivasulu A. et al (1999) 

studied defluoridation by using activated carbon 

prepared from Umbles of Prangos Pabularia Lindl by 

batch technique as function of contact time, fluoride 

concentration, temperature and pH of solution. Most 

of the adsorption is completed within 90 minutes for 

a fluoride concentration of 2.8 - 7.6 mg/1. With 

increase in the amount of concentration up to 7 gm/1 

at pH of 8.75 and temperature of 330K the amount 

adsorbed by PPC increased to 85%.  Singh R. P.et al 

(2000) studied defluoridation of ground water in 

Agra City using activated charcoal of wheat husk 

(AC) and alum treated fly ash (ATF) obtained from 

thermal power station. The concentration of fluoride 

in ground water of Agra city range from 0.8 to       

4.9 mg/1 which was more than the limit prescribed 

by various agencies like USEPA, WHO, BIS and 

ICMR. The analysis was carried out by batch process 

at pH 6.8 and temperature 25
0
c in 24 hours. Thus 2 

gm AC/100 ml of ground water was taken as an 

optimum dose required for 68.6% removal of fluoride 

from ground water. Shrivastava P. K. et al (1994) 

carried out experiments for removal of excess 

fluoride from drinking water in a packed column of 

natural zeolite. Zeolite mineral of natural occurrence 

have been collected from Bhopal (MP) and were 

proven as a scotecite of natrolite group of zeolite. 

Scotecite in its pure from were characterized by 

many physico-chemical method and has been used as 

a new adsorbent for separation of fluoride from 

drinking water in column chromatography. The 

influent fluoride concentration ranged between 5-15 

mg/1, while the effluent was less than 0.2 mg/1. The 

spent natural zeolite was regenerated by solution of 

NaC1. The natural zeolite powder was reactivated in 

oven or hot air for one hour at 110oC after distilled 

water washing and air stripping. Arulanantham A et 

al (1992) studied the adsorption of coconut shell 

carbon (CSC) and commercial activated carbon 

(CAC) by batch and column process. It was observed 

that coconut shell carbon after alum impregnation 

was effective for the removal of fluoride from dilute 

aqueous solutions; the capacity of wet material was 

three times more than that of dry carbon i.e. 2.95 

mg/gm. Though this value is less than the capacity of 

activated alumina i.e. 5.5 mg/gm; coconut shell 

carbon has certain specific advantages over alumina 

for fluoride removal. The optimum pH range for 

fluoride removal was 5-8 for CSC as against 6-7 for 

alumina. The use of aluminium sulphate as 

regenerating solution cause problems like clogging 

and fall  in capacity in the case of alumina. The 

regeneration of CSC with aluminium sulphate 

solution was simple and problems associated with 

alumina were not encountered. Christoffersen J.et al 

(1991), studying regeneration by surface coating of 

bone char used for defluoridation of water. Bone char 

used to defluoridate water could be very simple and 

repeatedly regenerated without significant loss of 

binding capacity for fluoride or of efficiency. The 

regenerating solution contains calcium chloride and 
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sodium di hydrogen phosphate with pH adjusted to 3. 

The regeneration process was thus more correctly 

described as a surface coating process. When the 

solution was left in contact with the bone char for 24 

hrs; the fluoride concentration was reduced to 0.02 

moles/1. Bhargava D.S. and Killedar D.J. (1991) 

conducted batch adsorption studies to determine the 

effect of some parameters such as contact time and 

animal bone charcoal. The fluoride removal was 

found to be a function of time and dose of adsorbent 

at a given initial fluoride concentration. The time 

required to reach the equilibrium conditions was 

found to be independent of type of charcoal. The 

fishbone charcoal showed the comparatively higher 

fluoride removal than animal bone charcoal. 

Shrinivasan (1959) prepared a carbon from paddy 

husk by its digestion in a 1% KOH and its overnight 

soaking in a 2% alum solution. The material removed 

up to 320 mg of F per kg and showed maximum 

removal efficiency at a pH of 7. Soaking a spent 

material in a 2% alum solution for 12-14 hours 

generated the carbon. A pilot plant using this material 

was installed at Guntakal (AP) for treating water 

contains 2.8 mg/1 of fluoride. The plant has since 

been abandoned probably due to its low removal 

efficiency and costly cotton waste, coffee waste, 

coconut waste etc. were also tried for defluoridation 

but all these materials proved to be only of an 

academic interest. 

Ion Exchange Methods: 

The different ion exchange materials studied include 

bone, bone char and activated alumina, serpentine, 

anion and cation exchange resins. 

Bone: 

The degreased, acid and alkali treated and grounded 

bones were first used in the form of home filters and 

showed a good capacity of fluoride removal from the 

water. Later, the use of these materials was 

discontinued due to some objections of taste of 

treated water, costly regeneration at domestic level. 

Studies conducted by various scientist on a degreased 

caustic and acid treated bone materials showed  that it 

could reduce fluoride concentration very effectively 

from 3.5 mg/1 to 0.2 mg/1, the removal mechanism 

suggested was an exchange of the carbonate radicals 

with fluoride . Because of the high cost of the bone, it 

was not used widely. They have also suggested that 

the removal mechanism of fluoride by bone charcoal 

is an ion exchange phenomenon in which the 

carbonate complex radicals of appetite-comprising 

bone, Ca (PO4)6.CaCO3 is replaced by the fluorides in 

water forming an insoluble fluorapatite as shown in 

following equation: 

Ca (PO4)6. CaCO3+2F=> Ca (PO4)6. CaF2 + CO2 

In the regeneration of materials with the sodium 

hydroxide, the hydro-apatite probably becomes a 

hydroxyl-apatite and the fluorides are removed in the 

form of soluble sodium fluoride. The hydroxyl-

apatite subsequent becomes available as an ion 

exchange material by replacement of its hydroxyl 

radicals with fluoride. 

Bone Char: 

Bone charcoal is the ground animal bones, which are 

carbonised at high temperatures (1000-1600
0
c) to 

remove all the organics. Bone charcoal consists of a 

skeleton of calcium phosphate and carbonates, 

cellular in structure with a very great number of 

minute tubes and channels. The skeleton is coated or 

lined with carbon in a state of very fine subdivisions 

and high activity. The adsorptive power of bone 

charcoal resides in its activated carbon content form. 

If the carbon was burnt off, the calcium phosphate 

skeletal has title or no decolorizing power, although it 

will adsorb dissolved salts. The suggested removal 

mechanism was again the replacement of carbonate 

radical with fluoride. Bone charcoal in sizes between 

28 to 48 meshes had been used with success in many 

full-scale installations for the defluoridation of 

drinking water. The regeneration of exhausted bed is 

done with caustic soda. Bone charcoal was found to 

be soluble in acid and fluoride removal increases 

with decreasing pH. Due to this problem of solubility 

and for reason of water consumption and distribution 

a pH of greater than 7 is considered as desirable. The 

composition of bone charcoal is as follows: 

Calcium phosphate                                    78.0% 

Calcium carbonates                                   09.0% 

Carbon                                                       11.0%   

Iron, Aluminium                                        0.5%      

Magnesium                                                0.2%   

Nitrogen                                                     1.0% 

Residue insoluble in acids                          0.3%  

Christoffersen J. et al (1999) stated in his studies that 

a bone char column used to defluoride water can be 

very simply and rapidly regenerated without 

significant loss of binding capacity for fluoride or of 

efficiency. The regenerating solution contains 

calcium chloride and sodium di-hydrogen phosphate 

with pH adjusts to about 3. The regenerating solution 

can also be produced by dissolving the present waste 

part of the bone char product, which is too finely 

powdered for use in the column, in dilute 

hydrochloric acid. During regeneration, the bone char 

and the precipitating phase in retain most of the pre- 

adsorbed fluoride apatitic. The regeneration is thus a 

surface coating process. 

Tricacium phosphate: Tricalcium phosphate has 

been produced by reacting phosphoric acid with 

solution of lime. Both powder and coarse granular 

form were developed and investigated for fluoride 

removal.  

Granular tricalcium phosphate was also the first 

medium chosen for the plant when it was replaced by 

bone charcoal. It was found efficient but also very 

friable and the plant experienced attrition losses of 

about 42% per year. The capacity was rated as 685 

gm of F / m3. Its capacity however decreased by 

about 3% for each 100 mg / 1 of sulphate in raw 

water. Florex, which is a mixture of tricalcium 

phosphate and hydroxyl-apatite, has shown removal 

capacity of 600 mg /1 and is regenerated with 1.5% 

NaOH solution. This media was rejected due to high 

attrition losses in several pilot plats in the USA 

(Killedar D.J. & Bhargava D.S., 1988) 

Activated aluminia: 

Activated alumina is one of the transitional phase of 

aluminium oxide (Al2O3), which is prepared by low 

temperature thermal dehydration (600C) of 

aluminium hydroxides (Iyengar Leela, 2001). 

Activated alumina is an excellent adsorbent for the 
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removal of fluoride from waters of various 

compositions and lowering the fluoride level to < 1 

mg / 1 which maximum admissible concentration 

level for drinking water, is readily  achieved by 

activated  alumina. The adsorption capacity of              

activated alumina is very favourable for treatment of 

water contains less than 20 mg / 1 of fluorides, 

provided interfering ions such as bicarbonate and 

silica are not present (Azizian Farid, 2001).  

Puri balcrishnan & balani sanjay (2000), studied 

stress determination of fluoride using lanthanum 

hydroxide supported was effective in decreasing 

fluoride ion concentration from 7 mM to 0.003 mM 

in the pH ranges 5.7-8.0. The rate constant for 

sorption was found to be 0.06 per minute. The 

sorption of fluoride was Langmuir type and its 

capacity was 0.82 mM of F / gm of adsorbent. The 

sorption selectivity shows that fluoride removal was 

affected by the presence of phosphate and sulphate 

but not affected by chloride, bromide, and iodide and 

nitrate ion. Alumina impregnated with lanthanum 

hydroxide has adsorption capacity in the range of 

0.340-0.365 mM / gm. The removal of fluoride from 

industrial waste was more than 96%. The possible 

mechanism for removal of fluoride by impregnated 

alumina can be explained by ion exchange process 

between anion and hydroxide group of surface 

material. Balusu & Nawalakhe (1988), have reported 

the results of elaborate batch studies with activated 

alumina as a defluoridation medium. Their studies on 

the kinetics of water defluoridation with activated 

alumina powder concluded that: 

• Initial rate of adsorption of fluoride 

decreases progressively after the initial 30 

minutes and give rather slow approach to 

equilibrium; 

• Nearly linear variation of the amount 

adsorbed with square root of time of 

reaction has been found to attain for the 

initial fraction of the adsorption reaction 

studies at pH 9 to 4. 

• The adsorption of fluoride from water 

should be relatively more rapidly as the 

more dilute the solution. 

• The adsorption isotherm poorly confirm to 

Freundlich and Langmuir isotherms; 

• By employing BET equation and analysis, 

good linearization is observed for all 

reaction times at various pH; 

• Although activated alumina is an excellent 

adsorbent for fluoride in water with fairly 

good capacity, the slowness with the 

potential capacity was attained in the batch 

experiment makes a consideration of 

techniques important for effectiveness in 

utilization of the good capacity; 

• The findings indicate that the rate of 

adsorption is controlled by rate of diffusion 

of solute within the micro pores of activated 

alumina. 

Patil A.R. & Kulkarni B.M. (1990) studied the ion 

exchange resin and activated alumina as 

defluoridating media and found that equilibrium 

adsorption capacity of ion exchange resin on Indeon 

A-100 was 1.54 gm / Kg of resin. Two hundred bed 

volumes of water can be treated with initial fluoride 

concentration of 2.2 mg /1 to obtain an effluent 

concentration of less than 1 mg / 1 at the optimized 

fluid flow rate of 35 l/hr. No appreciable change was 

observed in the test of water. The defluoridation by 

catalyst grade activated alumina of type AC 101 was 

found that equilibrium adsorption was more than 15 

mg / gm of AL2O3. Activated alumina technique has 

been recommended for the removal of excess fluoride 

from drinking water supplies. A domestic 

defluoridation unit based on activated alumina has 

been developed for the individual family by I.I.T. 

Kanpur under the sponsorship of UNICEF in 1996. 

The activated alumina needs regeneration once in 3-4 

months, which can be carried out locally by the 

communities. The 400 numbers of activated alumina 

filters are used. 

Serpentine: 

This material is green or yellow in colour and is 

abundantly found in India. Balusu et al (1979) 

studied both these varieties using jar tests as well as 

column tests. The yellow variety shows better 

fluoride removal capacity than the green variety. The 

material is hard and difficult to pulverize particularly 

to the required 16-30 mesh size Manual provides an 

average yield of about 60%                   (weight). 

Anion exchange resins: 
The use of strong-base anion exchange resin for 

fluoride removal when these resins are used in the ir 

chloride form. As other anion in the raw will water 

will also be removed, the fluoride exchange capacity 

depends on the fluoride to total anion ratio. The 

reported exchange capacity for Amberlite XE-75 was 

about 88 gm/m3 of resin when fluoride to total anion 

ratio was 0.05. The studies indicate that the resin 

looser their fluoride removal capacity within ten to 

fifteen cycles of operation after which total 

replacement often becomes mandatory. The 

regeneration requirement was 80 gm NaOH per litre 

of resin. Tanaka Hisachi et al, (1985), studied 

separation and determination of an ion by highly 

selective ion exchange resin prepared by the 

modification of an ion exchange  resin with 

lanthanum complexes of alizarin-complexone 

(ALC)or its sulphonated compound (ALCS). 

Satisfactory results were obtained by the use of these 

resins in the pre concentration of fluoride ions in tap 

water. 

Related studies was carried by Mohan Rao et al, 

(1998), in Andhra Pradesh where he experimented 

several materials including aluminium salts, calcium 

alumina, magnesium, lime, activated carbon, 

sulphonated carbonaceous materials and ion 

exchange resins have been screen for their utility in 

defluoridation of water. In this study, he observed 

that sulphonated carbonaceous materials and ion 

exchange resins removes fluoride from 5 mg/1 to 1.5 

mg/1. 

Cation exchange resins: 

Bhakuni (1970), compared the performance of saw 

dust carbon, defluoron-1 (sulphonated saw dust ), 

carbon ( coal based cation exchange resins ) and a 

polysterene cation exchange resin ( Lewatt S-100 ) 

using 4-5 mg F/1 with 400 mg/1 alkalinity in the test 
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samples. The resin significantly lost their fluoride 

removal capacity sharply reduced with an increase in 

alkalinity of all media studied. To overcome the 

problems faced with defluoron-1 and carbon, a 

medium called defluoron-2 (which is a sulphonated 

coal medium operating on aluminium cycle) with 

better durability was developed in 1968 at NEERI 

(India) for raw waters having high alkalinity. Its life 

was found to be maximum of two years. 

Precipitation Methods: 

Fluoride is removed by precipitation with a lime as 

calcium fluoride. Effluent concentrations in the order 

of 10 to 20 mg/1 are readily obtainable. A lime 

precipitation at a pH above 12 has created problems 

with solids removal, poor settling and concentrations 

of filters. Enhanced removal fluoride has been 

reported in the presence of magnesium (Eckenfelder 

W.W. Jr 2000). 

Narthasarathy N. et al (1986), studied the combined 

use of calcium salts and polymeric aluminium 

hydroxide, for the treatment of fluoridated waste 

water. In this treatment, the calcium ion acts as the 

precipitant and polymeric aluminium hydroxide as 

the coagulant. The addition of calcium fluoride seeds 

( approximate 20 mg/1) accelerated the precipitation 

process and the results obtained for the residual 

fluoride concentrations were closed to the 

theoretically calculated once regardless of the 

calcium ion concentration used. Under these 

conditions fine CaF2
 
precipitate with poor settlability 

was formed. The addition of small amount of 

polymeric aluminium hydroxide greatly facilities the 

settlelability of the precipitate. The advantage of 

using polymeric hydroxide over alum for the removal 

of fluoride is that less concentration of the former is 

required and the reproducibility of the results is good. 

Based on the precipitation technique the researcher 

developed various methods such as: 

1. Fill and draw type defluoridation plant ( 

NEERI,Nagpur, Maharashtra)  

2. Package defluoridation plant (PDP) 

(Alangarsamy; 1986) 

3. Alum floc sludge blanket technique ( 

Puroshottam and Rao;1986) 

4. Lime slurry method 

Mameri N. (1998) suggested an efficient 

defluoridation process which does not require a big 

investment. For this the electro congratulation 

process with aluminium bipolar electrodes was used. 

In the first step, the influence of parameters such as 

interelectrode distance fluoride concentration, temp 

and the pH of the solution were investigated and 

optimized with synthetic water in batch mode. The 

electro congratulation process with aluminium 

bipolar electrodes permitted the defluoridation of 

Sahara Water without adding soluble salts to the 

treated water. The aluminium fluoride weight ratio 

attended as 7. 

Miscellaneous Methods: 

Reverse Osmosis:  

The fluoride removal by reverse osmosis method has 

not been widely reported. The laboratory studies on 

aqueous solutions containing only fluoride. Using a 

very small 7 cm reverse osmosis cell containing a 

commercially available cellulose acetate membrane. 

The result within the conditions show that the 

fluoride concentration could be lowered from 58.5 to 

1.0 gm/1. Literature published by the various reverse 

osmosis manufacturers indicate that a wide fluoride 

removal range of 40 to 90%. Although reverse 

osmosis is not normally used on low TDS water and 

has not been specially used for fluoride removal, the 

process should be an effective method. In spite of its 

high operating costs, this process may be practical for 

treating small community water supplies and should 

be considered as a good alternative. 

Among the 10 inorganic chemicals assigned 

maximum contaminated levels (MCL) by the 

National Interim Primary Drinking Water 

Regulations of the U.S. Environmental Protection 

Agency (EPA, 1976), arsenic and fluoride are 

commonly found in ground water. Ground water 

supplies serve many small communities which do not 

process facilities for conventional coagulation - 

precipitation treatment methods where multiple trace 

contaminants removal is required for small water 

systems, the reverse osmosis process may provide a 

reasonable treatment option. 

Few investigators have studied reverse for arsenic 

and fluoride removal. However, recent work by Fox 

(1981) and Huxstep (1981) has shown reverse 

osmosis to be effective in reducing traced 

concentration of these contaminants. 

CONCLUSIONS 

Fluoride in drinking water can cause beneficial or 

detrimental effects depending on it concentration and 

the total amount ingested. 

The defluoridating materials being used at present are 

relatively costlier. The investigations of feasible low 

materials for fluoride removal are needed. 

Preliminary investigations provided an 

encouragement to use the animal bone powder for 

further detailed investigations. Animal bone powder 

is comparatively cheap material available in abundant 

in nearby areas. The conclusions based on the 

findings and data analysis of the laboratory batch and 

column adsorption studies are presented in this paper. 

The feasibility studies with animal bone powder 

indicate that, animal bone powder has highest 

potential for fluoride removal. The fluoride removal 

is found to be a function of both pH and the contact 

time. The removal of fluoride ions increased in pH 

value while it decreases with increasing in pH at a 

given time. The fluoride removal for a given 

adsorbent dose increases with time till it attends an 

equilibrium conditions. Modified Freudlich  and BET 

isotherm models may have been developed to predict 

the fluoride removal at any time for any given initial 

fluoride concentration and dose of adsorbent for the 

observed test conditions. The PAC exhibits higher 

fluoride removal efficiency than animal bone powder 

any dose of adsorbent and contact time but the animal 

bone powder has affinity with fluoride and it 

instantly adsorbed the fluoride and the adsorption 

with till equilibrium is attended. From the overview it 

is observed that defluoridation of drinking water with 

animal bone powder is feasible for isolated 

communities of small sizes as well as at domestic 

level in the form of home filters. Though PAC has 

higher fluoride removal efficiency than animal bone 
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powder but PAC is costly material. Hence animal 

bone powder claims as an economically feasible 

defluoridating material for small installations and for 

big water supplies the ion exchange or reverse 

osmosis is observed to be the best option. 
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