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Abstract
In countries like India, the severe contamination of drinking
water with excess fluoride has acquired the dimensions of a
socio-economic rather than a public health problem triggering
interest in defluoridation research. Fluoride has shown
affinity for positively charged calcium in teeth and bones due
to its strong electro-negativity, which results in dental,
skeletal, and non-skeletal forms of fluorosis, in children as
well as adults. Various methods of defluoridation are
currently in use viz. nanofiltration, reverse osmosis, dialysis
and electrodialysis, coagulation, adsorption etc. Among these
methods, adsorption technique is economical, efficient and
produces high-purity water. The efficiency of this technique
mainly depends on nature of the adsorbents as well as
experimental conditions. The present article reviews the
current scenario of water pollution caused by fluoride and
other toxic metal ions and available remediation technologies.
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Introduction
Water Pollution
Environmental pollution is the unfavorable alteration of our surroundings. It is the introduction of contaminants into
the environment that causes harm or discomfort to humans or other living organisms thus damaging the environment.
Pollution can be from chemical substances or energies such as noise, heat or light. Pollutants can be naturally
occurring substances or energies but are considered contaminants when in excess of natural levels [1].
Among various types of pollutions the water pollution may be defined as any change in physical, chemical or
biological properties of water [2]. Water is essential for life on earth. Ninety-seven percent of the water on the earth is
salt water. Two percent of the water on earth is glacier ice at the north and south poles and only less than one percent
of all the water on earth is fresh water that is actually available for drinking, agriculture, domestic and industrial
consumption. Moreover, the rest is locked up in oceans as salt water, polar ice caps, glaciers and underground
reservoirs. Rapid industrialization and population growth have increased water demands but the supply is limited.
This available limited quantity of water is also polluted by variety of pollutants. The major sources of water
contamination (Figure 1) are domestic, industrial and agricultural, as well as solid waste pollution, thermal pollution,
shipping water pollution and radioactive wastes [3].
The crisis of water shortage is still one of the most important global challenges of the twenty first century. In
quantitative term, although 75 percent of the earth surface is covered by water, fresh water has the share of only 3
percent of this amount, from which only one percent is available for different human uses Based on the reports of
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World Health Organization (WHO), nearly 85 percent out of 1.5 billion population of the world has no access to
healthy and uncontaminated water and live in small communities who need safe drinking water [4]. The ever-growing
population, unplanned urbanization, rapid industrialization and unskilled utilization of natural water resources have
led to the destruction of water quality in many parts of the world. In many developing countries, groundwater
provides drinking water for more than one-half of the nation's population, and is the sole source of drinking water for
many rural communities and some large cities. However, due to industrial, agricultural and domestic activities, a
variety of chemicals can pass through the soil and potentially contaminate natural water resources and reservoirs. In
recent years, various toxic chemicals/compounds have been widely detected at dangerous levels in drinking water in
many parts of the world posing a variety of serious health risks to human beings. Keeping the view of serious health
problems to human beings due to elevated concentration of toxic pollutants, there is an urgent need for developing
cost effective and environmentally friendly processes to remove them from drinking water and to safeguard the health
of affected citizens [5].

Figure 1 Diagrammatic representation of major sources of water contamination
Types of Pollutants
Metal ions
Heavy metals are a general collective term usually applied to the elements such as Hg, Pb, Cr, Cu, Ni, Cd and Co.
These metals are major pollutants in ground water, industrial effluents, marine water and even treated waste waters
[6]. Environmental contamination by heavy metals is a widespread problem, with sources of pollution arising from
industrial activities. The toxicity due to these metals are of significant importance as they are non-biodegradable and
once released into the environment, they can only be diluted or transformed, but not destroyed [7]. They pose a
serious risk to the environment and endanger public health and the environment as well. Therefore, they must be
removed from water and wastewaters before discharge [8]. Heavy metals have often been detected in industrial
wastewaters, which mainly originate from metal plating, mining activities, smelting, battery manufacturing, tanneries,
petroleum refining, paint manufacturing, pesticides, pigment manufacturing, printing and photographic industries, etc
[9]. Inorganic anions are one of the important classes of aquatic pollutants and have been found in potentially harmful
concentrations in numerous drinking water sources. The removal of these pollutants from drinking water supplies is
an emerging issue [10] although removal of inorganic anions such as fluoride [11, 12], nitrate [13-15], phosphate
[16,17], bromide [18]and iodide [19] has been studied extensively.
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In many industries, waste water streams may contain organic compounds which are necessary to be removed before
they are discharged or recycled. Usually high and even low concentrations of these compounds may be dangerous for
environment. Most of these organic compounds under conditions of high pressure and temperature will be dissolved
in the water; thus traditional treatment methods like gas stripping, solvent extraction and activated carbon adsorption
my not be efficient or even economical [20]. The removal of organic contaminants from aquatic systems is crucial.
Even when not toxic they often produce aesthetically undesirable problems such as colour, odour and taste. Most of
these organic compounds are toxic and pose a threat to human health, even at very low levels To date the removal of
organic pollutants to microgram per litre (µL-1 ) and nanogram per litre(ng L-1 ) levels remains a challenge to scientists,
local governments and industries [21].
Natural Organic Matter (NOM)
Natural organic matter (NOM) is defined as a complex matrix of organic materials present in all natural waters. As a
result of the interactions between the hydrological cycle and the biosphere and geosphere, the water sourc es used for
drinking water purposes generally contain NOM. Thus the amount, character and properties of NOM differ
considerably in waters of different origins and depend on the biogeochemical cycles of the surrounding environments
[22]. The range of organic components of NOM may vary also on the same location seasonally, due to for example
rainfall event, snowmelt runoff, floods or droughts. Floods and droughts are the main impacts of climate change on
water availability and quality. It has been suggested that these changes may be the reason for an increase in the total
amount of NOM, which has been noted to occur on several areas around the world during the past 20 years [23].The
mixture of organic compounds of NOM are divided into hydrophilic and hydrophobic fractions [24,25]. The
hydrophilic fractions of NOM are composed mostly of aliphatic carbon and nitrogenous compounds, such as
carboxylic acids, carbohydrates and proteins. Hydrophobic NOM primarily consists of humic and fulvic acids (humic
substances) (Figure 2 ) and is rich in aromatic carbon, phenolic structures and conjugated double bonds [26].

Figure 2 Flow chart depicting the decomposition of NOM
NOM significantly affects many aspects of water treatment, including the performance of the unit processes,
application of water treatment chemicals and biological stability of water. As a result, NOM acts upon potable water
quality by contributing to annoying colour, taste and odour problems, and as a carrier of metals and hydrophobic
organic chemicals. In addition, NOM is responsible for the majority of the coagulant and disinfectant use in water
treatment. It has a tendency to interfere with removal of other contaminants, it is responsible for fouling of
membranes and it contributes to corrosion and acts as a substrate for bacterial growth in the distribution system [27].
NOM has been noted to be the major contributor to the disinfection by-product (DBP) formation.
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Disinfection By Products (DBP)
DBPs have become a focus of attention in water treatment, since they have been reported to have adverse health
effects [28]. More than 600 compounds of DBPs have been identified, among which trihalomethanes (THMs) and
haloacetic acids (HAAs) are the most common [29]. The hydrophobic and high molar mass (HMM) fraction of NOM
is considered to be the more important source of DBP precursors than the hydrophilic fraction and low molar mass
(LMM) compounds. However, also hydrophilic compounds are found to contribute to the formation of DBPs,
especially in low humic waters, and in addition, bromine and iodine are noticed to be highly reactive with hydrophilic
NOM [30]. Thus, optimization of water treatment should be done in order to remove both hydrophobic and
hydrophilic organic compounds that can mitigate the formation of DBPs.
Pollution due to Ions:
Cationic Pollution
Chromium
Water pollution by chromium is of considerable concern, as this metal has found widespread use in electroplating,
leather tanning, metal finishing, nuclear power plants, textile industries, and chromate preparation. Chromium exists
in two oxidation states as Cr(III) and Cr(VI). The hexavalent form is 500 times more toxic than the trivalent It is toxic
to microorganisms, plants, animals and humans. Human toxicity includes lung cancer, as well as kidney, liver, and
gastric damage [31].International Agency for Research on Cancer has determined that Cr(VI) is carcinogenic to
humans [32]. Chromium can be released to the environment through a large number of industrial operations,
including metal finishing industry, iron and steel industries and inorganic chemicals production. Extensive use of
chromium results in large quantities of chromium containing effluents which need an exigent treatment. The
permissible limit of chromium for drinking water is 0.1 mg/L (as total chromium) in EPA standard (United States
Environmental Protection Agency). In addition, World Health Organization standard for Cr(VI) concentration in
drinking water is 0.05 mg/L [33].
Nickel
Nickel is a versatile metal and has several applications including its use in the metallurgic industry for the production
of iron-based alloys, however, its use in the electroplating industry and as a material for the production of paints and
batteries is of prime interest [34]. The extensive use of nickel in several activities reveals that considerable amount of
nickel can find its way to the aquatic environment or to biological wastewater treatment plants [35]. For example,
significant amounts of nickel have been detected in groundwater contaminated by leachate from landfills where
batteries were discharged. Biological wastewater treatment methods only partially remove nickel from the final
effluents, thus hindering reuse of wastewater and posing a serious threat to human health and the environment. The
chronic exposure of humans to high nickel concentrations may cause cancer of lungs, nose and bone [36] and
consequently, there is a need to remove this toxic metal from wastewater effluents. The US EPA (US Environmental
Protection Agency) has set specific nickel limits for wastewater effluent which are 2 mg/l for short-term effluent
reuse and 0.2 mg/l for long-term effluent reuse [37].
Lead
Lead contamination of drinking water occurs as a result of corrosion and leaching from Pb/Sn soldered joints
associated with the copper service lines commonly used in household plumbing [38]. A large number of industries
such as battery manufacturing, petroleum, paint, ceramics, electric cable insulation, pesticides and plastics uses lead
in various operations. The industrial wastewater contains varying quantities of lead and contaminates the water. Some
lead is also present in the runoff waters originating from various sources. The runoff in the lead mining areas is very
high in lead concentration. Current drinking water standard for lead as per are USEPA, WHO and BIS (Beauro of
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Indian Standard IS: 10500-1983) are 0.05 mg/l, 0.1 mg/l and 0.05 mg/l respectively; but a level of 0.02 mg/l has been
proposed and is under review.[39]
Arsenic
Arsenic is the 20th most abundant element in the earth’s crust and, thus, widely distributed in the environment
(especially as arsenopyrite or as metal arsenate). It is introduced into water through natural and anthropogenic sources
[40, 41], dissolution of mineral ores, industrial effluents and agricultural activities, and also atmospheric deposition
[42]. The most common species present in water are the inorganic species As (V), predominant in well-oxygenated
waters, and As (III), predominant in groundwater [43]. In the reduced state, As (III), is much more toxic, more
soluble, and more mobile than the oxidized As (V) [44]. The presence of arsenic in drinking water, even at low
concentrations, is a threat to human health [45].
Anionic Pollution
Nitrate
An elevated concentration of nitrate in groundwater is a serious and increasing problem which is mainly due to run
off or seepage of chemical fertilizers from the agricultural fields. Other possible sources of nitrate (Figure 3) in
groundwater include biological fixation, geological deposits, waste dumps, animal feed lots and defective systems
[46]. The guidelines for drinking water prescribed by the WHO for nitrate is 50 mg dm−3 [47].
Increased nitrate concentrations in public water supplies presents a potential health hazard due to reduction to
nitrite in the gastrointestinal human tract. Nitrite causes methemoglobinemia (cyanosis or ‘blue baby syndrome’) and
both nitrate and nitrite have the potential to form carcinogenic N-nitroso compounds [48]. Pregnant women also have
greater susceptibility to the toxic effects of nitrates due to lower levels of metHb reductase. Other factors affecting
susceptibility to methaemoglobinaemia may include lower levels of gastric acid and thus higher levels of gastric
bacteria which enhance the reduction of nitrates to nitrites. There is also some concern around nitrates and gastric
cancer, congenital malformations and cardiovascular problems in humans, but there has been no definative
confirmation related to any of these issues [49].

Figure 3 Sources of nitrate
Bromide and Iodide
The presence of bromide anions in water resources generates bromate anions during water treatment with oxidizing
agents. Bromate anions are highly toxic for humans and, according to the World Health Organization (WHO), 25
μg/L is the maximum concentration permitted in drinking water. The presence of iodide anions in drinking water
generates iodomethanes (I-THMs), which have a low taste and odor threshold [50].
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Phosphate

Phosphorus is the 11th most abundant element on the surface of the earth and is most commonly found as phosphate.
Many phosphorus compounds cause serious health problems. On the other hand, it plays an important role in
biochemical processes and it is a key factor in the eutrophication of surface water [51, 52]. Phosphorus exists in a
wide variety of physicochemical parameter forms in natural waters, and they are highly mobile within aquatic
ecosystems [53]. Efficient receptors of phosphate anions may afford new methods for their detection, separation,
quantification, or transportation. However, most receptors devised for phosphate anions are organic molecules that
work only in non-aqueous media via hydrogen bonding interaction [54].
Chromate and Dichromate
Chromate and dichromate anions are important pollutants because of their high toxicity [55, 56] and presence in soils
and waters [57]. Hexavalent chromium (Cr (VI)) compounds are known human carcinogens and have been shown to
cause different types of DNA damages, with chromates and dichromates being both mutagenic and genotoxic.
Chromate and dichromate (CrO 4 2− and Cr2 O7 2−) are dianions with oxide functionalities at their periphery.
Nevertheless, since the periphery of the anions has oxide moieties, these are potential sites for hydrogen. The
maximum permissible levels of Cr (VI) in potable and industrial wastewaters are 0.05 and 0.25 mg/L, respectively
[58]. Due to its high solubility, Cr (VI) is very toxic to living organisms compared to Cr(III) [59].
Fluoride
Fluorine, the 13th most abundant element of the earth’s crust, represents about 0.3g / kg of earth’s crust. It occurs
mainly in the form of chemical compounds such as sodium fluoride or hydrogen fluoride, which are present in
minerals fluorospar, fluorapatite, topaz and cryolite(Table 1). In India, fluorite and topaz are widespread and contain
a high percentage of fluoride. Fluoride pollution in the environment occurs through two channels, namely natural and
anthropogenic sources [60]. Minerals containing fluoride are given in the Table 1.
Table 1 Fluoride bearing minerals
Mineral Chemical Name

Chemical formula

% Fluorine

Sellaite

MgF2

61 %

Villianmite

NaF

55 %

Fluorite (Fluorspar)

CaF2

49 %

Cryolite

Na3 AlF6

45 %

Bastnaesite

(Ce,La) (CO3 )F

9%

Fluorapatite

Ca3 (PO4 )3 F

3-4 %
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Toxic Effects of Fluoride

The presence of fluoride in drinking water has dual significance. At lower concentrations, it guards our teeth against
cavities [61] but at higher concentrations imparts ‘fluorosis’ in varying proportions [62, 63]. Of late, excess fluoride
in drinking water is reported from more than 35 countries around the globe with India and China, as seen in Figure 4,
being the worst affected [64].

Figure 4 Fluoride affected areas in the world depicted with blue
In countries like India, the severe contamination of drinking water with excess fluoride, acquired the dimensions of a
socio-economic rather than a public health problem triggering defluoridation research. The World Health
Organisation has specified the tolerance limit of fluoride content of drinking water as 1.5 mg/L [65]. Fluoride is
attracted by positively charged calcium in teeth and bones due to its strong electro-negativity, which results in dental,
skeletal, and non-skeletal forms of fluorosis, in children as well as adults. Fluoride normally enters the environment
and human body through water, food, industrial exposure, drugs, cosmetics, etc., however, drinking water is the single
major source of daily intake [66].
Health Impacts of Fluoride
Dental fluorosis
Due to excessive fluoride intake, enamel loses its lustre. In its mild form, dental fluorosis as seen in Figure 5 is
characterized by white, opaque areas on the tooth surface and in severe form, it is manifestated as yellowish brown to
black stains and severe pitting of the teeth. This discoloration may be in the form of spots or horizontal streaks [67].
The degree of dental fluorosis depends on the amount of fluoride exposure up to the age of 8–10, as fluoride stains
only the developing teeth while they are being formed in the jawbones and are still under the gums. The effect of
dental fluorosis may not be apparent if the teeth are already fully grown prior to the fluoride over exposure.
Therefore, the fact that an adult shows no signs of dental fluorosis does not necessarily mean that his or her fluoride
intake is within the safety limit.

Figure 5 Dental fluorosis
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Skeletal fluorosis

Skeletal fluorosis (Figure 6) affects children as well as adults. It does not easily manifest until the disease attains an
advanced stage. Fluoride mainly gets deposited in the joints of neck, knee, pelvic and shoulder bones and makes it
difficult to move or walk. The symptoms of skeletal fluorosis are similar to spondylitis or arthritis. Early symptoms
include sporadic pain, back stiffness, burning like sensation, pricking and tingling in the limbs, muscle weakness,
chronic fatigue, abnormal calcium deposits in bones and ligament. The advanced stage is osteoporosis in long bones
and bony outgrowths may occur. Vertebrae may fuse together and eventually the victim may be crippled. It may even
lead to a rare bone cancer, osteosarcoma and finally spine, major joints, muscles and nervous system get damaged.
Other problems
This aspect of fluorosis is often overlooked because of the notion prevailing that fluoride only affects bones and teeth
[68]. Besides affecting the dental and skeletal system, various other adverse health effects namely muscle fibre
degeneration, low haemoglobin level, deformities in RBCs, excessive thirst, gastrointestinal discomfort, etc., are also
observed due to excess fluoride intake The problem of excess fluoride in drinking water is prevailing in 25 nations
across the world and it is estimated that more than 200 million people are bound to consume fluoride contaminated
water [69]. Excess fluoride concentration in water affects plants and animals also. Fluoride ion inhibits plant
metabolism leading to necrosis, needle scratch and tip burn diseases. In animals, it interferes with carbohydrates,
lipids, proteins, vitamins, enzymes and mineral metabolism at higher dosage. [70].

Figure 6 People affected with skeletal fluorosis
Techniques of Defluoridation
Membrane Process
Reverse Osmosis
There are two types of membranes that can remove fluoride ions from water: Nanofiltration (NF) and Reverse
Osmosis (RO). RO membrane process has emerged as a preferred alternative to provide safe drinking water without
posing the problems associated with other conventional methods. RO is a physical process in which the contaminants
are removed by applying pressure on the feed water to direct it through a semi-permeable membrane. The process is
the reverse of natural osmosis as a result of the applied pressure to the concentrated side of the membrane, which
overcomes the natural osmotic pressure. The process is represented diagrammatically in Figure 7.
RO membrane rejects ions based on size and electrical charge. The factors influencing the membrane selection
are cost, recovery, rejection, raw water characteristics and pretreatment. Efficiency of the process is governed by
different factors such as raw water characteristics, pressure, temperature and regular monitoring and maintenance, etc.
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The progressive technical improvements in design and materials of the membranes have made the water treatment
process economically competitive and highly reliable. Also, the capital and operational costs of RO plant go on
decreasing with increasing plant capacity Reverse osmosis produces water of extremely high purity [71-74].

Figure 7 Diagrammatic representation of reverse osmosis technology
Nanofiltration
Nanofiltration makes use of the same overall phenomenon as reverse osmosis. For nanofiltration, the membranes have
slightly larger pores than those used for reverse osmosis and offer less resistance to passage both of solvent and of
solutes (Figure 8). As a consequence, pressures required are much lower, energy requirements are less, removal of
solutes is much less exhaustive, and flows are faster. The selectivity of nanofiltration relative to reverse osmosis is a
particular advantage, and much experimental and theoretical research is being devoted to obtaining a clearer idea of
the mechanism of solute retention to facilitate production and selection of targeted membranes as well as optimisation
of conditions [75-83]
Semipermeable Membrane

Pressure

Monovalent
ions
Divalent ions

Softwater
Salt
water

Figure 8 Diagram showing nanofiltration technology
Retention of solutes is attributed mainly to steric and charge effects [84] and although fluoride is a very small ion it is
more strongly hydrated than other monovalent anions because of its high charge density, and the consequent steric
effect leads to fluoride being more strongly retained on nanofiltration membranes than competing monovalent anions
such as chloride or nitrate, a particular advantage in defluoridation of brackish waters.
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Dialysis and Electrodialysis

Figure 9 Diagrammatic representation of electrodialysis
Dialysis separates solutes by transport of the solutes through a membrane rather than using a membrane to retain the
solutes while water passes through it as in reverse osmosis and nanofiltration. The membrane pores are much less
restrictive than those for nanofiltration, and the solute can be driven through by either the Donnan effect or an applied
electric field (Figure 9). Electro-dialysis is the removal of ionic components from aqueous solutions through ion
exchange membranes under the driving force of an electric field [85-88].
Coagulation–precipitation
Lime and alum are the most commonly used coagulants. Addition of lime leads to precipitation of fluoride as
insoluble calcium fluoride and raises the pH value of water upto 11–12.
Ca (OH) 2 +2F−→ CaF2 +2OH−

----- 1.1

As lime leaves a residue of 8.0 mg F−/L, it is used only in conjunction with alum treatment to ensure the proper
fluoride removal [89-91]. As a first step, precipitation occurs by lime dosing which is followed by a second step in
which alum is added to cause coagulation. When alum is added to water, essentially two reactions occur. In the first
reaction, alum reacts with some of the alkalinity to produce insoluble aluminium hydroxide [Al(OH) 3 ]. In the second
reaction, alum reacts with fluoride ions present in the water. The best fluoride removal is accomplished at pH range of
5.5–7.5 [92].
Nalgonda Technique
The Nalgonda technique of defluoridation is based on combined use of alum and lime in a two-step process and has
been claimed as the most effective technique for fluoride removal [93,94]. The process removes only a smaller
portion of fluoride (18–33%) in the form of precipitates and converts a greater portion of ionic fluoride (67–82%) into
soluble aluminium fluoride complex ion, and therefore this technology is erroneous. Also, as the soluble aluminium
fluoride complex is itself toxic, adoption of Nalgonda technique for defluoridation of water is not desirable [95]. The
residual aluminium in excess of 0.2 mg/L in treated water causes dangerous dementia disease as well as
pathophysiological, neurobehavioural, structural and biochemical changes. It also affects musculoskeletal, respiratory,
cardiovascular, endocrine and reproductive systems [96].

Chem Sci Rev Lett 2014, 3(11S), 210-223

Article CS06204509

219

ISSN 2278-6783

Chemical Science Review and Letters
Ion Exchange Resin

It is reported that fluoride removal by means of ion-exchange( Figure 10) technology using anion-exchange resins is
difficult, since the order of selectivity for anionic species by anion-exchange resins is as follows: citrate > SO 2−4 ,
C2 O4 > I− > NO−3 > CrO2−4 > Br− > SCN− > Cl− > formate > acetate > F− . Consequently the cation/chelating type
resins were equally employed for sorption of fluoride Research work on fluoride removal has been carried out using
metal-loaded cation exchangers including inorganic cation exchangers such as silica gel and alumina where highvalence metals such as iron (III), lanthanum (III), cerium (IV), and zirconium (IV) have been loaded as metals [9798].

Figure 10 Ion exchange resin
Adsorption
Among the methods, adsorption technique is economical, efficient and produces high-quality water. The efficiency of
this technique mainly depends on nature of the adsorbents [99]. The other important factors influencing adsorption
process and capacity of the adsorbent includes pH, interference from other counter-ions in the medium, initial
adsorbate concentrations and temperature. The pH of the system derives significance as it controls the electrostatic
interactions within the system, thereby affecting the adsorption capacity and removal rate [100]. Theoretically, the
adsorption of fluoride on to solid particles normally takes three essential steps [101].
(i)
(ii)
(iii)

Diffusion or transport of fluoride ions to the external surface of the adsorbent from bulk solution across the
boundary layer surrounding the adsorbent particle, called external mass transfer;
Adsorption of fluoride ions on to particle surfaces;
The adsorbed fluoride ions probably exchange with the structural elements inside adsorbent particles
depending on the chemistry of solids, or the adsorbed fluoride ions are transferred to the internal surfaces for
porous materials (intra particle diffusion).

Evaluating an adsorbent for practical purposes, however, requires consideration of adsorption capacity in dilute
solutions, pH, time for fluoride removal, stability of adsorbent, regeneration, and loading capacity in presence of other
anions and cation and finally the overall cost for fluoride removal. Not all research papers report on all these factors
and indeed various adsorbents cannot be readily compared with respect to adsorbent loads, initial fluoride
concentrations, and the varied dependent parameters reported [102].Several adsorbent materials have been tried in the
past to find out an efficient and economical defluoridating agent. The most commonly used adsorbents are activated
alumina and activated carbon [103]. Several natural, synthetic low cost adsorbents have also been tried in the past
[104-109].
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Conclusion
Presence of excessive fluoride is the cause of fluorosis and other related disorders in human beings, animals and
plants. The World Health Organization has specified the tolerance limit of fluoride content of drinking water as
1.5 mg/L. Fluoride contamination in ground water is a world-wide issue, and some cost effective and efficient
technologies are required to eliminate excess fluoride in water. The occurrence of high fluoride concentrations in
ground- water and risk of fluorosis by human consumption of fluoride rich water is a problem faced by many Asian
countries, notably India, Sri Lanka, and China. Conventionally various defluoridation techniques are used viz reverse
osmosis, nanofiltration, dialysis etc. but adsorption technique is economical, efficient and produces high-quality
water. Thus we can conclude that the need of the hour is to develop techniques based on adsorption and promote the
use of natural, easily available and biodegradable adsorbents

References
[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]

Islam, M. (2008) Development of adsorption media for removal of lead and nitrate from water. Thesis
VP Kudesia, Water pollution principles of disinfection of drinking water and its analysis., K.K.Mittal Partner
Pragati Prakashan Meerut, India ,1985, p
MA Ashraf, MJ Maah, I Yusoff, and M A Ashraf, , Int. J. Environ. Sci. Tech., 2010,7, p 581-590
K Naddafi, AM Mahvi, S Nasseri, M Mokhtari, and H Zeraati, Iranian J. Env. Health Sci. Eng, 2005, 2, p12-16
A Bhatnagar, J.P. Vilar, MS Botelho, and AR Boaventura, Adv. Colloid Interface Sci, 2010, 160, p 1-15
E. Valdman, L Erijman, FLP Pessoa, and SGF Leite, Process Biochem, 2001, 36, p869-873
J Tramontina, G Marchado, DS Azambuja, C M S Piatnicki, and D Samios, Mater. Res. 2001, 4, p195
R Ansari, and F Raofie, E-J. Chem, 2006, 3, p35-43
El Sherif, Y Ashmawy, and S Badr, , J. Appl. Sci. Res, 2008, 4, p391-396
C Namasivayam, and D Sangeetha, J. Colloid Interface Sci. , 2004,p 280: 359
F Shen, X Chen, P Gao, and G Chen, , Chem. Eng. Sci.,2003,58, p987-993
Mizuta, T Matsumoto, Y Hatte, K Nishihara, and T Nakanishi, Bioresour. Technol. 2004, 95,p255-257
Bruggen, K Everaert, D Wilms, and C Vandecasteele, J. Membr. Sci, 2001, 193, p 239-248
Y Seida, and Y Nakano, Water Res, 2006,.36,p1306-1312
S Tanada, M Kabayama, N Kawasaki, , T Sakiyama, T Nakamura, M Araki, and T Tamura, J. Colloid Interface
Sci., 2003, 257,p 135-140
D E Kimbrough, and Suffet, (2002) Water Res. 36: 4902-4906
J S Hoskins, and I. H.Karanfil, Environ. Sci. Technol, 2002, 36,p784–789
B Brayson, and KT Valsaraj, J. Hazard. Mater. 2001,82, p65- 75
SD Mhanga, BB Mamba, R W Krause, and T J Malefetse, J. Chem. Technol. Biotechnol, 2007 , 82, p383-388
R Fabris, CWK Chow, M Drikas, and B Eikebrokk, Water Res, 2008, 42,p4188- 4196
A Matilainen, M Vepsäläinen, and M Sillanpää, Adv. Colloid Interface Sci. 2010,159,p189-197
ELSharp, SA Parsons, and B Jefferson, Sci Total Environ,2006,363,p183-194
Sharp, Jarvis, P., Parsons, S.A., and Jefferson, B. (2006) Colloid Surf A 286 :104-111
EL Swietlik, U Dabrowska, R Stanislawiak, and J Nawrocki, Water Res, 2004, 38,p547-558
JG Jacangelo, J DeMarco, DM Owen, and SJ Randtke, J. Am. Water Works Assoc, 1995, 87,p64-77
PC Singer, J. Am. Water Works Assoc. 2006, 98, p73-80
SW Krasner, HS Weinberg, SD Richardson, SJ Pastor, R Chin, and MJ Sclimenti, Environ. Sci. Technol.
2006, 40,p7175–7185
G Hua, and DA Reckhow, Environ. Sci. Technol. 2007,41,p3309-3315
V Sarin, and KK Pant, Bioresource Technol. 2006, 97,p15–20
VM Boddu, K Abburi, JLTalbot, and EDSmith, Environ. Sci. Technol., 2003, 37,p4449–4456
T. Ainane, A. Abourriche1, M. Kabbaj, M. Elkouali, A. Bennamara, M. Charrouf, M. Talbi “Removal of
hexavalent chromium from aqueous solution by raw and chemically modified seaweed Bifurcaria bifurcata“ J.
Mater. Environ. Sci, 2014, 5 (4),p 975-982

Chem Sci Rev Lett 2014, 3(11S), 210-223

Article CS06204509

221

Chemical Science Review and Letters
[32]
[33]
[34]
[35]
[36]
[37]
[38]
[39]
[40]
[41]
[42]
[43]
[44]
[45]
[46]
[47]
[48]
[49]
[50]
[51]
[52]
[53]
[54]
[55]
[56]
[57]
[58]
[59]
[60]
[61]
[62]
[63]
[64]
[65]
[66]
[67]
[68]
[69]
[70]
[71]
[72]
[73]
[74]
[75]
[76]
[77]

ISSN 2278-6783

S Mor, R Khaiwal, AVisscher, RP Dahiya, and A Chandra, Science. Total Environ. 2006, 371,p1–10.
H Parab, S Joshi, N Shenoy, A Lali, US Sarma, and M. Sudersanan, Process Biochem. 2006,41,p 609–615.
E Katsou, S Malamis, KJ Haralambous, and M Loizidou, J. Membr. Sci 2010,360, p234-249
US EPA .(2004) Guidelines for Water Reuse U.S. Agency for Inter. Development, Washington, DC, USA
KS Subramaniam, and JW Coonor, J. Environ. Sci. Health, Part A ,1991, 54,p29–33.
U.Kumar, and J. Acharya Research Journal of Recent Sciences, 2013,2, p9-12
MJ Kim, J Nriagu, and S Haack, Chemosphere, 2003, 52,p623-33
PL Smedley, and DG Kinniburgh, Appl. Geochem., 2002, 17 ,p517-568
JF Ferguson, and J Gavis, Water Res. 1972, 16,p1259-1274
J Matschullat, Sci. Total Environ., 2000, 249,p 297-312
V Lenoble, C Chabroullet, R al Shukry, B Serpaud, V Deluchat, and J Bollinger, C. J Colloid Interface Sci.
2004, 280, p62–67
BK Mandal, and K T Suzuki, Talanta. 2002, 58 ,p 201-235
PKR Prasad, MN Priya, and K Palanivelu, Indian J.Chem.Technol., 2005,12,p 164-169
V Mavrov, A Fahnrich, and H Chimiel Desalination, 1997, 113,p197–203.
FXR Van Leeuwen, Food Chem Technol 2000, 38,pS51–S58
H Salvestrina, and P Hagareb, Desalin. 2009, Water Treat 11:151–156
M Sánchez-Polo, J Rivera-Utrilla, E Salhi, and U Gunten, J Colloid Interface Sci 2006, 300, p437–441
M.S Mahadevaiah, K Yogendra, SAG Mansour, MS Suresha, MA Sathish, and G Nagendrappa E.-J. Chem.
2007, 4, p467–473.
V Yaqoob, A Nabi, and PJ Worfold, Anal. Chim. Acta ,2004, 510,p 213–218.
HP Jarvie, PJA Withers, and C Neal, Hydrol. Earth Syst. Sci. 2002, 6,p113–131.
J Yoon, SK Kim, NJ Singh, JW Lee, YJ Yang, K Chellappan, and KS Kim, J. Org. Chem. 2004, 69,p581–583.
S Bozkurt, E Kocabas, M Durmaz, M Yilmaz, and A Sirit, J. Hazard. Mater., 2009, 165,p 974–979.
DM Stearns, LJ Kennedy, KD Courtney, PH Giangrande, LS Phieffer, and KE Wetterhahn, Biochem. 1995,
34,p 910–919.
PR Wittbrodt, and CD Palmer, Environ. Sci. Technol. 1995, 29,p255–263.
A Yilmaz, T B abakci, E Akceylan, and M Yilmaz, Tetrahedron 2007,63,p5000–5005.
K Selvaraj, S Manonmani, and S Pattabhi, Bioresour. Technol., 2003,89, p207–211.
Y Cengeloglu, K Esengul, and M Ersoz, Sep & Pur Tech. 2002,28, p81 – 86.
WHO, World Health Organization(2002) Geneva, Fluorides, Environmental Health Criteria, 227
S Ayoob, and AK Gupta, Crit. Rev. Environ. Sci. Technol. 2006,36,p 433–487.
S Ayoob, AK Gupta, and TBVenugopal, Crit. Rev. Environ. Sci. Technol. 2008, 38,p 401–470.
N Viswanathan, CS Sundaram, and S Meenakshi, Colloids Surf B, 2009, 68,p148-54
SP Kamblea, S Jagtap, NK Labhsetwar, D Thakare, S Godfrey, S Devotta, and S S Rayalu, Chem Eng J, 129,p
173–180
SL Choubisa, and K Sompura, Poll. Res.,1996, 15,p 45–47
Meenakshi and RC Maheshwari, J. Hazard. Mater., 2006, 137,p456-463
A Bansiwal, P Pillewan, RB Biniwale, and SS Rayalu, Microporous. Mesoporous Mater. 2010,129,p54-61
S VenkataMohan, SV Ramanaiah, B Rajkumar, and PN Sarma, Bioresor. Technol. 2007, 98,p1006-1011
D Babra, P Caputi, and DS Cifoni, Desalination, 1997, 113,p111–117.
RW Schneiter, and EJ Middlebrooks, Environ. Int. 1983, 9,p289–291
P Fu, H Ruiz, J Lozier, K Thompson, and C Spangenberg, Desalination 1995,102, p47–56.
M Arora, RC Maheshwari, SK Jain, and A Gupta, Desalination 2004,170,p105–112.
PI Ndiaye, P Moulin, L Dominguez, JC Millet, and F Charbit, Desalination, 2005, 173,p 25–32.
K Hu, and JM Dickson, J. Membr. Sci., 2006, 279,p529–538
S Bason, A Ben-David, Y Oren, and V Freger, Desalination 2006, 199,p31–33
A Szymczyk, and P Fievet, J. Membr. Sci. 2005, 252,p77–88.
A Szymczyk, M Sbaï, P Fievet, and A Vidonne, Langmuir, 2006, 22,p3910–3919.
X Lefebvre, J Palmeri, and P David, J. Phys. Chem. B. 2004, 108p16811–16824.

Chem Sci Rev Lett 2014, 3(11S), 210-223

Article CS06204509

222

ISSN 2278-6783

Chemical Science Review and Letters
[78]
[79]
[80]
[81]
[82]
[83]
[84]
[85]
[86]
[87]

X Lefebvre, and J Palmeri, J. Phys. Chem. B., 2005,109,p 5525–5540
L Paugam, C K Diawara, JP Schlumpf, P Jaouen, and F Quéméneur, Sep. Purif. Technol. 2004,40,p 237–242.
J Palmeri, P Blanc, A Larbot, and P David, J. Membr. Sci. 1999, 160,p 141–170.
J Cervera, V Garcia-Morales, and J Pellicer, J. Phys. Chem. B, 2003,107,p8300–8309.
CK Diawara, Sep. Purif. Rev. 2008, 37,p303–325.
M Mohapatra, S Anand, BK Mishra, D E Giles, and P Singh, J. Environ. Manage, 2009,91,p167-77
M Hichour, F Persin, J Sandeaux, and C Gavach, Sep. Purif. Technol. 2000,18,p1–11.
K Adhikary, UK Tipnis, WP Harkare, and KP Govindan, Desalination, 1989, 71,p301–312
Z Amor, B Bernard, N Mameri, M Taky, S Nicolas, and A Elmidaoui, Desalination 2001,133,p215–223.
D.J. John,Water treatment, Handbook of DrinkingWater Quality Standards and Controls, Van Nostrand
Reinhold, New York
[88] R Culp, and H Stolenberg, J. AWWA ,1958, 50, p423–431.
[89] CL Parke, and CC Fong, Ind. Wastes,1975, 21, p23–25.
[90] JH Potgeiter, Chem. SA. 1990, p317–318.
[91] WG Nawalakhe, DN Kulkarni, BNPathak, and KR Bulusu, Ind. J. Environ. Health 1974,17, p26-65
[92] Technical Digest (1978) National Environmental Engineering Research Institute, Nagpur, NEERI Manual
[93] BV Apparao, and G Kartikeyan, Ind. J. Environ. Protec, 1986,6,p172–175
[94] P Nayak, Envtl. Res. Sec. A , 2002,89,p101–115.
[95] S Meenakshi, and N Viswanathan, J Colloid Interface Sci., 2007,308,p2438-450
[96] M Lopez, J Coca, R Rosal, R Garcia, and H Sastre, Hung. J. Ind. Chem.1992, 20,p109–112.
[97] M Chikuma, and M Nishimura, Reac. Polym.,1990, 13,p 131–138
[98] N Viswanathan, CS Sundaram, and S Meenakshi, Colloids Surf B: Biointerfaces, 2009,68,p48-54
[99] S Ayoob, and AK Gupta, J Chem Eng . 2009, 150,p485-491
[100] PL Bishop, and G Sansoucy, J. AWWA, 1978,70,p554– 559.
[101] Meenakshi, S.(1992). Studies on defluoridation of water with a few adsorbents and development of an
indigenous defluoridation unit for domestic use, Ph.D. Thesis, Gandhigram, Tamilnadu, India,
[102] S Meeenakshi, and N Viswanathan, J. Colloid Interface Sci, 2007, 308,p 438–450.
[103] XP Liao, and B Shi, Environ. Sci. Technol, 2005 ,39,p4628–4632
[104] L Lv, Desalination, 2007, 2008,125–133.
[105] K Biswas, SK Saha, and UC Ghosh, Ind. Eng. Chem. Res, 2007, 46,p5346–5356.
[106] Pommerenk and GC Schafran, Environ. Sci. Technol. 2005, 39, p6429–6434.
© 2014, by the Authors. The articles published from this journal are distributed to
the
public
under
“Creative
Commons
Attribution
License ”
(http://creativecommons.org/licenses/by/3.0/). Therefore, upon proper citation of
the original work, all the articles can be used without any restriction or can be
distributed in any medium in any form.

Chem Sci Rev Lett 2014, 3(11S), 210-223

Publication
Received
Revised
Accepted
Online

Article CS06204509

History
06th Sep 2014
17th Sep 2014
14th Oct 2014
30th Oct 2014

223

