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 Fluoride is a normal element of natural and underground water. The 

concentration of fluoride may vary significantly depending on the water source 

and from which it is collected. Although both geological and manmade sources 

contribute to the incident of fluoride in water, the major role comes from 

geological resources also. World Health Organization (1996) has set a guideline 

value of 1.5 mg/1 as the maximum permissible level of fluoride in drinking 

waters. Over the year’s groundwater has generally been considered to be a 

protected and safe source of water, fit for drinking without treatment, as the 

main focus has been on the bacteriological quality of potable water. Little 

consideration used to be given to the risks of chemical pollution, particularly to 

the presence of elevated levels of fluoride, arsenic and nitrate in groundwater. 

Consumption of water having excess fluoride over a prolonged period leads to a 

chronic ailment known as fluorosis. Incidence of high-fluoride groundwater has 

been reported from 23 nations around the globe. There having various 

techniques by which fluoride contents in water can be removed, eg. activated 

alumina or calcined alumin, reverse osmosis filtration, distillation filtration, 

adsorption, ion-exchange and membrane filtration.  

Keywords: Defluorodation techniques in water, activated alumina, reverse 

osmosis filtration, distillation filtration, adsorption and ion-exchange and 

membrane filtration.  
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INTRODUCTION 

Fluoride compounds are salts that form when the element, 
fluorine, combines with minerals in soil or rocks. Fluoride 
is found in all natural waters at some concentration. 
Seawater typically contains about 0.86 –1.4 mg/l while 
freshwater concentrations are in the range of 0.01 – 
0.3 mg/l. In groundwater, however, low or high 
concentrations of fluoride can occur, depending on the 
nature of the rocks and the occurrence of fluoride-bearing 
minerals.  Fluorine is a common element that does not 
occur in the elemental state in nature because of its high 
reactivity. It accounts for about 0.3 g/kg of the Earth’s 
crust and exists in the form of fluorides in a number of 
minerals. Taking health effects into consideration, the 
World Health Organization (1996) has set a guideline 
value of 1.5 mg/1 as the maximum permissible level of 
fluoride in drinking waters.  
However, it is important to consider climatic conditions, 
volume of water intake, diet and other factors in setting 
national standards for fluoride. As the fluoride intake  
 

 
determines health effects, standards are bound to be 
different for countries with temperate climates and for 
tropical countries, where significantly more water is 
consumed [1-5].   
But the adsorption process is highly pH dependent and is 

effective at pH less than 3.0 and there is little removal at 

neutral pH of 7.0. Defluoridation by activated alumina was 

successfully demonstrated by some researchers [2-5] and 

the fluoride removal capacity increases directly with 

fluoride concentration and inversely with pH of the water. 

Low cost materials like serpentine are effective in 

removing fluoride from 6.5 mg. L-1 fluoride to 1.0 mg. L-1 

fluoride [6-9] but are of limited scope. Activated alumina 

coated silica gel, activated saw dust, activated coconut 

shell carbon, coffee Husk, bone charcoal, activated soil 

sorbent, etc. are some of the different materials 

investigated for adsorptive removal of Fluoride from 

water. 
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Ways to Remove Fluoride from Water [5-12] 

Reverse Osmosis Filtration: 
This is used to purify several types of bottled water (not 
all), so some bottled waters are unfluoridated. Reverse 
osmosis systems are generally unaffordable for personal 
use. 

Activated Alumina Defluoridation Filter: 
These filters are used in locales where fluorosis is 
prevalent. They are relatively expensive and require 
frequent replacement, but do offer an option for home 
water filtration. 

Distillation Filtration: 
There are commercially available distillation filters that 
can be purchased to remove fluoride from water. 
Steps to Reduce Fluoride Exposure 
 Don't take fluoride supplements 

 Read labels on bottled beverages - Unless they are 
made using distilled or reverse-osmosis water, they are 
probably made with fluoridated public water 

 Consider using unfluoridated toothpaste 
 Avoid drinking black or red tea - There are many health 

benefits associated with chemical compounds found in 
tea, but this may be a beverage to avoid if you need to 
reduce your fluorine intake. Black and red tea come 
from two different types of plants, but both leaves 
naturally contain high amounts of fluorine 

 Be wary of tinned fish and canned food items - Fluoride 
may be used as a preservative 

 Avoid black or red rock salt or items containing black 
or red rock salt 

 Avoid using chewing tobacco 
 Void long term use of medication that contains fluorine 

-Certain antidepressants and medications for 
osteoporosis contain fluorine 

  
 

Figure 1: Fluoride removal techniques (Existing and new process) 

The defluoridation methods are divided into three 
basic types depending upon the mode of action: 

1. Based on some kind of chemical reaction with 
fluoride: Nalgonda technique, Lime. 

2. Based on adsorption process: Bone charcoal, 
processed bone, tricalcium phosphate, activated 
carbons, activated magnesia, tamarind gel, serpentine, 
activated alumina, plant materials, burnt clay. 

3. Based on ion-exchange process: Anion/Cation 
exchange resins. 

Removal of Fluoride from drinking water  

The common methods used for the removal of fluoride 

from drinking water are divided in the following 

categories [2-5, 10-16]:  

1. Precipitation 
2. Adsorption and ion-exchange 

3. Membrane filtration  
 
1. Precipitation 
Adding chemicals to remove fluoride as precipitates is 

called as the precipitation method. Among these are 

precipitations with calcium and aluminum salts.  

Chemical additive methods 

These methods involve the addition of soluble chemicals to 

the water. Fluoride is removed either by precipitation, co-

precipitation, or adsorption onto the formed precipitate. 

Chemicals include lime used alone or with magnesium or 

aluminium salts along with coagulant aids. Treatment with 

lime and magnesium makes the water unsuitable for 

drinking because of the high pH after treatment. The use of 

alum and a small amount of lime has been extensively 

studied for defluoridation of drinking water. 
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The method is popularly known as the Nalgonda technique 

(RENDWM, 1993), named after the town in India where it 

was first used at water works level. It involves adding lime 

(5% of alum), bleaching powder (optional) and alum 

(Al2(SO4)3.18H2O) in sequence to the water, followed by 

coagulation, sedimentation and filtration. A much larger 

dose of alum is required for fluoride removal (150 mg/mg 

F-), compared with the doses used in routine water 

treatment. 

As hydrolysis of alum to aluminium hydroxide releases H+ 

ions, lime is added to maintain the neutral pH in the 

treated water. Excess lime is used to hasten sludge settling. 

 

Figure 2: Home-based defluoridation using Nalgonda 

technology 

Activated Alumina  

Activated alumina is a granular, highly porous material 

consisting essentially of aluminum trihydrate. It is widely 

used as a commercial desiccant and in many gas drying 

processes. 

The studies, perhaps the earliest, have demonstrated the 

high potential of activated alumina for fluoride uptake. An 

initial concentration of 5 mg/L was effectively brought 

down to 1.4 mg/L before regeneration and to 0.5 mg/L on 

regeneration with 2N HCl. The bed was regenerated with a 

solution of 2% NaOH, 5% NaCl, 2N HCl, 5% NaCl and 2N 

HCl. The removal capacity of the medium was found to be 

about 800 mg/L of fluoride e/L of Alumina. Many 

modifications of process were suggested by subsequent 

workers, several patents based on the use of Aluminum 

oxide for fluoride removal were issued 1. Filter alum was 

used to regenerate activated alumina bed. The capacity of 

alumina to remove fluoride was reported to be 

proportional to the amount of filter alum used for 

regeneration up to a level of about 0.2kg of alum per liter 

of alumina. At this level the fluoride removal capacity was 

approximately 500 mg of fluoride per liter of alumina. 

Similar studies employing activated alumina was later 

conducted by many workers and all these works 

confirmed the ability of activated alumina for higher 

uptake of fluoride from water. Some researchers have 

concluded that removal was the result of ion exchange, but 

investigations by others have shown that the process is 

one of the adsorption and follows the Langmuir isotherm 

model. 

Activated Alumina can be regenerated with HCl, H2SO4, 

Alum or NaOH. The use of NaOH needs to be followed by a 

neutralization to remove residual NaOH from the bed. 

Fluoride removal by activated alumina is strongly pH 

dependent. Batch adsorption data14 showed very little 

removal at pH 11.0 and optimum removal at pH 5.0.Hence 

raw water pH & regenerated bed pH need to be ad justed 

accordingly.  

 

Figure 3: Activated alumina-based domestic 

defluoridation filter 

The ability of activated alumina to remove fluoride 

depends on other aspects of the chemistry of water as well. 

Such factors as hardness, silica and boron, etc., if present in 

water will interfere with fluoride removal and reduce the 

efficiency of the system. The use of activated alumina in a 

continuous flow fluidized system is an economical and 

efficient method for defluoridating water supplies15. The 

process could reduce the fluoride levels down to 0.1 mg/L. 

The operational, control and maintenance problems, 

mainly clogging of bed, may be averted in this method. 

Precipitation for fluoride removal 

Method involving the addition in sequence, of an alkali, 

chlorine and aluminum sulphate or aluminum chloride or 

both was developed. It is cheap and is used extensively in 

India. 

Though lime softening accomplishes fluoride removal, its 

high initial cost, large dosage and alkaline pH of the treated 

water renders it unsuitable for field application. Large 

dosage and alkaline pH of the treated water renders it 

unsuitable for field application. 
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Figure 4: Contact precipitation for fluoride removal 

(design used in Tanzania) 

Sources of calcium (Lime Vs Calcium Fluoride):   

Lime is a rich source of calcium however when compared 

to calcium chloride (CaCl2)it has lesser solubility (0.185 

g/100 ml Vs 74.5 g/100ml). Consequently when lime is 

added as a removal agent the amount of calcium available 

for interaction with fluoride is significantly lower than 

when calcium chloride is added. 

 When lime is added for treatment, the lower solubility of 

calcium would cause insoluble particles to form a sludge 

which requires high treatment costs for removal. Further, 

Lime also needs to be added in large amounts (30 mg/mg 

F) due to its lower solubility.  

When calcium fluoride is used, only small volume is 

enough per unit of fluoride removal (3 mg CaCl2/mg F), it 

has better rate compared to lime, it has ease of dispensing 

and monitoring of the additive. In addition to these, it has 

better control on the pH of the treated effluent. It is 

recommended as the most cost effective of all other 

additives. It has >90% efficiency in the removal of fluoride. 

  

Usage of other common additives:   

Alum (aluminum sulphate) is often used which has >90% 

removal efficiency. However a heavy dosage (150 mg/mg 

F) is needed. Another commonly used additive is alum + 

lime (Nalgonda method) this method also requires high 

dosage  (150 mg alum + 7 mg lime/mg F). Also, this 

method has the same disadvantages of using Lime and 

Alum which is that of the sludge rich in Al. 

 

 

 

 

 

 

 

 

 
 

Figure 5: The fill and draw type Nalgonda technique 

for domestic and community  

Adsorption and ion-exchange  

In the adsorption method, raw water is passed through a 
bed containing defluoridating material. The material 
retains fluoride either by physical, chemical or ion 
exchange mechanisms. The adsorbent gets saturated after 
a period of operation and requires regeneration. The 
different adsorbents used for fluoride removal include 
activated alumina, carbon, bone charcoal and synthetic ion 
exchange resins.  

Ion Exchange Resins 
Strong Base Exchange resins remove fluorides either on 
hydroxyl cycle or chloride cycle along with anions. Since 
the proportional quantity of fluoride as compared to other 
anions is very small, the effective capacity of such resins 
works out quite low.  
Some inorganic ion exchangers, eg. complex metal chloride 
silicates, formed from barium or ferric chloride with silicic 
acid, also exchanged fluoride for chloride. 
Cation exchange resins impregnable with alum solution 
have been found to act as defluoridating agents. Alum 
treated cation exchange resins were used for 
defluoridation. ‘Avaram Bark’ based cation exchange 
resins, had been reported to work effectively in removing 
fluoride from water 

Advantage 
Basically, F-Free is the same method as the existing one in 
terms of using the precipitation method. But, it has the 
following advantages. It can remove Fluoride to less than 
5mg/L which is much less than the existing method. It can 
remove both Fluoride and Calcium simultaneously. It is 
suitable for combination with water recycle system by 
using RO. Minimum amount of the sludge can be 
generated. It can recover the high purified Calcium 
fluoride. It can be installed in the existing water treatment 
system. Very small installation space is required for the 
new equipment. 
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2.  Membrane filtration process: 
 Reverse osmosis and electro-dialysis are two membrane 

filtration processes which can be used for removal of 

fluoride. Large scale electro-dialysis plants are already 

used for making drinking water out of brackish water with 

high fluoride concentrations. Reverse osmosis requires 

between 2 and 4 gallons of water to produce 1 gallon of RO 

water. Source water with an abundance of contaminants    

(including hard water) can reduce the efficiency of an RO 

system and it can shorten the life of the membrane. 

Replacement of fouled membranes and lot of energy 

needed for this process are the major disadvantages.  

 
Figure 6: Schematic diagram of an electro-dialysis 

plant   

Adoption of appropriate method -   International 

Groundwater Resources Assessment Centre (IGRAC) has 

created the following summary for the different options. 

The methods can be used by domestic well owners and 

communal water suppliers. Based on available 

information, a matrix is composed to give an idea about 

the applicability of the methods for some  

given situations.  

The colours in the matrix correspond with the 

appropriateness of the method for the given situation:  

Green colour means that the method is very suitable  

 Orange colour means average suitability  
 Red colour means that the method is unattractive or 

not applicable for the given situation.  
 You can read some documents related to 

defluoridation methods here.  

CONCLUSION 
Defluoridation of drinking waters is usually accomplished 

by either precipitation or by adsorption processes. One of 

the well-known methods called ‘Nalgonda Technique’ was 

developed by National Environmental Engineering 

Research Institute, Nagpur, India is a precipitation 

processes employing alum followed by sedimentation 

and/or filtration. It involves the addition in proportions 

and in sequence of lime/sodium carbonate, alum or 

aluminum chloride and bleaching powder. The contents 

are mixed for a brief period and after sedimentation, 

fluoride free supernatant is used for supply whereas the 

chemical sludge is withdrawn and disposed off. Chemical 

precipitation methods, employing soluble metal salts are 

associated with certain problems which render them less 

attractive for field application. In this respect, adsorption 

and ion exchange processes appear to be a better 

alternative for field application. Adsorption onto activated 

carbon, activated alumina, bone char or ion exchange 

resins has been investigated. Activated carbon prepared 

from various raw materials exhibits good fluoride uptake 

capacity. 
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