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ABSTRACT 

 Fluorosis is one of the burning problems in the fluoride affected areas across the world. Skeletal fluorosis is 

a bone disease caused by excessive consumption of fluoride. In advanced cases, skeletal fluorosis causes pain and 

damage to bones and joints. Dental fluorosis, also called mottling of tooth enamel, is a developmental disturbance 

of dental enamel caused by excessive exposure to high concentrations of fluoride during tooth development, so the 

purification of water is necessary. So many techniques are present to produce fluoride free water, but those methods 

are not suitable for the domestic and community level. Among them some of them only useful in the case of 

domestic purpose. Detection of fluoride water can be made by using Electro thermal Atomic Absorption 

Spectrophotometer.   
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1. INTRODUCTION  

 Fluoride is an ion of the chemical element fluorine which belongs to the halogen group. Fluoride has a 

significant mitigating effect against dental caries if the concentration is approximately 1 mg/l. However, continuing 

consumption of higher concentrations can cause dental fluorosis and in extreme cases even skeletal fluorosis. The 

WHO guideline value for fluoride in drinking water is 1.5 mg/l (WMO, 2004). High fluoride concentrations are 

especially critical in developing countries, largely because of lack of suitable infrastructure for treatment. 

 In groundwater, the natural concentration of fluoride depends on the geological, chemical and physical 

characteristics of the aquifer, the porosity and acidity of the soil and rocks, the temperature, the action of other 

chemical elements, and the depth of the aquifer. Because of the large number of variables, the fluoride 

concentrations in groundwater (e.g. in Kenya, South Africa and India) can range from well under 1 mg/l to more 

than 35 mg/l 

2 Methods for removal fluoride from ground water 

2.1 Common methods: The common methods used for the removal of fluoride from drinking water are divided in 

the following four categories: 

 precipitation 

 adsorption and ion-exchange 

 membrane filtration processes 

 Distillation 

2.2 Precipitation: Precipitation processes involve addition of chemicals and formation of fluoride precipitates. 

Among these are precipitations with calcium and aluminium salts. Precipitation chemicals must be added daily in 

batches and precipitation techniques produce a certain amount of sludge every day. 

2.3 Adsorption and ion-exchange: Adsorption processes involve the passage of water through a contact bed where 

fluoride is removed by ion exchange or surface chemical reaction with the solid bed matrix. After a period of 

operation, a saturated column must be refilled or regenerated. The different adsorbents used for fluoride removal 

include activated alumina, carbon, bone charcoal and synthetic ion exchange resins. 

2.4 Membrane filtration process: Reverse osmosis and electro dialysis are two membrane filtration processes 

which can be used for removal of fluoride. 

2.5 Distillation: Distillation units can also be used for treating the drinking water. Large scale electro dialysis 

plants are already used for making drinking water out of brackish water with high fluoride concentrations. In many 

parts of North Africa, water is brackish and contains over 1.5 mg/l fluoride. 

 Reverse osmosis, electro dialysis and distillation are advanced, large scale treatment technologies which are 

http://www.jchps.com/


National Level Workshop on Spectroscopic Techniques in Structural Elucidation 
Journal of Chemical and Pharmaceutical Sciences                                                                                       ISSN: 0974-2115 

JCHPS Special Issue 5: 2014                                                                                    www.jchps.com      Page 39 

difficult to use in less advanced regions. However reverse osmosis units are nowadays also deliverable for 

household scale. Small scale point-of-use techniques like Nalgonda technique, Bone Charcoal, Contact 

Precipitation and Clay are more suitable for developing countries. Activated alumina and reverse osmosis are the 

most common technologies. Activated alumina can concurrently remove other anions, such as arsenate. Reverse 

osmosis achieves significant removal of virtually all dissolved contaminants. An overview of the fluoride removal 

methods is given in the following table. 

Table.1. An overview of the fluoride removal methods 

 

 
 

Ion exchange is an exchange of ions between two electrolytes or between a electrolyte solution and a complex. In 

most cases the term is used to denote the processes of purification, separation, and decontamination of aqueous and 

other ion-containing solutions with solid polymeric or mineralic 'ion exchangers'. 

  Typical ion exchangers are ion exchange resins (functionalized porous 

or gel polymer), zeolites, montmorillonite, clay, and soil humus. Ion exchangers are either cation exchangers that 

exchange positively charged ions (cations) or anion exchangers that exchange negatively charged ions (anions). 

There are also amphoteric exchangers that are able to exchange both cations and anions simultaneously. However, 

the simultaneous exchange of cations and anions can be more efficiently performed in mixed beds that contain a 

mixture of anion and cation exchange resins, or passing the treated solution through several different ion exchange 

materials. 

  Ion exchangers can be unselective or have binding preferences for certain ions or classes of ions, 

depending on their chemical structure. This can be dependent on the size of the ions, their charge, or their structure. 

Typical examples of ions that can bind to ion exchangers are: 

H+ (proton) and OH− (hydroxide) 

Single-charged monatomic ions like Na+, K+, and Cl−, F− 

Double-charged monatomic ions like Ca2+ and Mg2+ 

Polyatomic inorganic ions like SO4
2− and PO4

3− 

Organic bases, usually molecules containing the amine functional group -NR2H+ 

Organic acids, often molecules containing -COO− (carboxylic acid) functional groups 

Bio molecules that can be ionized: amino acids, peptides, proteins, etc. 
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Along with absorption and adsorption, ion exchange is a form of sorption. 

Ion exchange is a reversible process and the ion exchanger can be regenerated or loaded with desirable ions by 

washing with an excess of these ions. 

4. Removal of fluoride by using Reverse osmosis Technique: Reverse osmosis (RO) is a water purification 

technology that uses a semi permeable membrane. This membrane technology is not properly a filtration method. In 

reverse osmosis, an applied pressure is used to overcome osmotic pressure, a colligative property that is driven by 

chemical potential, a thermodynamic parameter. Reverse osmosis can remove many types 

of molecules and ions from solutions, and is used in both industrial processes and the production of potable water. 

The result is that the solute is retained on the pressurized side of the membrane and the pure solvent is allowed to 

pass to the other side. To be "selective", this membrane should not allow large molecules or ions through the 

pores (holes), but should allow smaller components of the solution (such as the solvent) to pass freely. 

In the normal osmosis process, the solvent naturally moves from an area of low solute concentration (high 

water potential), through a membrane, to an area of high solute concentration (low water potential). The movement 

of a pure solvent is driven to reduce the free energy of the system by equalizing solute concentrations on each side 

of a membrane, generating osmotic pressure. Applying an external pressure to reverse the natural flow of pure 

solvent, thus, is reverse osmosis. The process is similar to other membrane technology applications. However, key 

differences are found between reverse osmosis and filtration. The predominant removal mechanism in membrane 

filtration is straining, or size exclusion, so the process can theoretically achieve perfect exclusion of particles 

regardless of operational parameters such as influent pressure and concentration. Moreover, reverse osmosis 

involves a diffusive mechanism, so that separation efficiency is dependent on solute concentration, pressure, and 

water flux rate.[1] Reverse osmosis is most commonly known for its use in drinking water 

purification from seawater, removing the salt and other effluent materials from the water molecules. 

 Osmosis is a natural process. When two liquids with different concentrations of a solute are separated by a 

semi permeable membrane, the fluid has a tendency to move from low to high solute concentrations for chemical 

potential equilibrium. Formally, reverse osmosis is the process of forcing a solvent from a region of high solute 

concentration through a semi permeable membrane to a region of low solute concentration by applying a pressure 

in excess of the osmotic pressure. The largest and most important application of reverse osmosis is the separation of 

pure water from seawater and brackish waters; seawater or brackish water is pressurized against one surface of the 

membrane, causing transport of salt-depleted water across the membrane and emergence of potable drinking water 

from the low-pressure side. 

 The membranes used for reverse osmosis have a dense layer in the polymer matrix; either the skin of an 

asymmetric membrane or inter facially polymerized layer within a thin-film-composite membrane; where the 

separation occurs. In most cases, the membrane is designed to allow only water to pass through this dense layer, 

while preventing the passage of solutes (such as salt ions). This process requires that a high pressure be exerted on 

the high concentration side of the membrane, usually 2–17 bar (30–250 psi) for fresh and brackish water, and 40–

82 bar (600–1200 psi) for seawater, which has around 27 bar (390 psi) natural osmotic pressure that must be 

overcome. This process is best known for its use in desalination (removing the salt and other minerals from sea 

water to get fresh water), but since the early 1970s, it has also been used to purify fresh water for medical, 

industrial, and domestic applications. 

 The 90% salts, bacteria, viruses can be removed from the impure water. 90% of Fluoride can also be 

removed from fluoride water. Especially fluoride removing capacity of RO process depends on the amount of 

pressure applying on the RO membrane. 90% of fluoride can be removed through RO process by applying optimum 

pressure. But the disadvantage of this process is nearly 80% of water has to be lost for getting fluoride free water  

5. Spectroscopic Methods for detection fluoride water: A graphite furnace atomic absorption spectrophotometer 

Analytik Jena ContrAA 700 high-resolution continuum source atomic absorption spectrophotometer equipped with 

MPE auto sampler (Analytik Jena, Jena, Germany) and a 300W xenon short arc lamp (XBO 301, GLE, Berlin, 

Germany) operating in a hot-spot mode as a continuum radiation source was used for all measurements. The 

equipment presents a compact high-resolution double echelle monochromator and a charge-coupled device (CCD) 

array detector with a resolution of about 5 pm per pixel. Measurements were carried out at 606.440 nm molecular 
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absorption line of CaF with 3 pixels (central pixel±1). All measurements were performed using pyrolytically coated 

graphite tubes with integrated PIN platform (Analytik Jena Part No. 407-A81.025). 

In all dilutions a high-purity water (resistivity 18.2 MΏ.cm) obtained by a TKA reverse osmosis and a TKA 

deionizer system (TKA Wasseraufbereitungsysteme GmbH, Niederelbert Germany) was used. Inorganic acids and 

reagents were of analytical grade (HNO3, 65% (v/v), Merck, Darmstad, Germany). The fluorine standard was 

prepared from sodium fluoride (Merck, Darmstad, Germany). A stock solution of 10000 mg L-1 calcium as 

molecule forming agent was prepared from barium nitrate (Merck, Darmstadt, Germany). The waste water standard 

reference material SPS-NUTR-WW2 was provided from LGC Standards (Middlesex, England). Drinking and tap 

water samples had obtained from different cities of Turkey. Determination of fluorine was performed using the 

rotational molecular absorption line of diatomic CaF at 606.440 nm by HR-CS-AAS. Samples (or standard 

solutions) and 4000 µg L-1 of calcium as the nitrate were pipetted as 10 µL. 

 

CONCLUSION 

The different methods for the removal of fluoride from groundwater. 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. 

Fluoride removal methods 
Methods domestic community domestic community domestic community 

 + + + + + + 

     Brackish 

water 

Brackish 

water 

Activated 

Alumina 

      

Ion exchange       

Reverse osmosis       

Electrodialysis       

Nalgonda 

process 

      

Contact 

precipitation 

      

Bone Charcoal       

Calcined Clay       

Water 

Pyramid/Solar 

Dew 

      

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. 

The Nalgonda process, Bone charcoal and Calcined clay are low costs methods for domestic use. On a 

community scale, the Nalgonda process is also a low cost option. If a high fluoride removal is necessary then 

activated alumina, Reverse Osmosis and electro dialysis are preferred methods. For brackish water only reverse 

osmosis, electro dialysis and the Water Pyramid/Solar Dew method can be used. 
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