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ABSTRACT

Fluoride is a chemical element which is present in environment. Standard fluoride content in
drinkable water not be exceed than 1.5 mg F/L according to the World Health Organization
(WHO).Excess amount of fluoride ingestion leads health issues. It is compulsory to remove
extra amount of fluoride. For this reason, many method have been established for remove
fluoride from water and waste water such as ion exchange, precipitation, Donnan dialysis &
electro dialysis, adsorption, membrane process like reverse osmosis & nano filtration,
coagulation etc. kalinite, bentonite, charfines, nirmali seed & lignite are the low cost
materials used for removal of fluoride from water by batch adsorption.
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INTRODUCTION

Toward the global water scarcity problem,
recycling and waste water treatments are
the most effective solution. To meet the
drinking and effluent standards of water,
we must need to remove various organic
and inorganic recalcitrant materials from it
[1]. Now a days the nature of drinking
water is major task because of increasing
pollution in water bodies [2]. Fluoride is a

to harmful, electronegative, most reactive,

inorganic & nonmetallic substance which
gave negative impact on human health
when we take extra amount above standard
level. Fluorine is yellow colour gas with
corrosive properties and strong oxidative
capacity and strong odor [3]. We consume
fluoride through water, air, drugs, food and
various cosmetic products [4]. Fluoride is
pollutant that dangerous for living life

forms, specifically people [5]. For
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mineralization of bone and teeth and
assurance towards dental reasons the little
amount of fluoride is very vital. Higher
consumption of fluoride caries decay of
teeth enmel called fluorosis. In tropical
nations like India, Kenya, Tanzania &
Senegal, the issue of fluoride in water
bodies is very serious [6]. Fluoride is
beneficial to young children when present
in limited amount of 1.0 to 1.5 mg F/ litre.
The fluoride occurs as fluorapatite, cryolite,
fluorspar & sellaite. In sedimentary rock as
a fluorspar and in igneous rocks as a
cryolite. By weathering of fluoride rich
minerals and by anthropogenic action
fluoride is enters in aqueous environment
[71. According to World Health
(WHO)

Organization maximum
contamination level of fluoride in drinking
water is < 1.5 mg/L. In natural water bodies
fluoride levels up to 2800 mg/L believed to
emanate  from  natural rock or
anthropogenic sources like waste water
from industry from metallurgical and
alluminium manufactures, semiconductors,
ceramics, phosphate fertilizer, electronics
and glass industry [8, 9]. Highest fluoride
concentration contains from all of water
sources is groundwater range from 1.0
mg/L to 35.0 mg/L depends on physical
and chemical behavior of aquifer and it’s
reaction with surrounding [10]. The best
way to get rid from this issue is

defluoridation. For the removal of fluoride,

various techniques are there. For example,
precipitation-coagulation,  ion-exchange,
membrane based process like forward and
reverse osmosis and adsorption process.
The  precipitation-coagulation = method
includes leaching of unwanted compounds
made large amount of sludge. Procedure
through membrane is fouling and lavish as
inescapable problem. Minimized water
disposal and ease by adsorption procedure
[11]. National environmental engineering
research institute (NEERI), Nagpur, India,
develop a method known as Nalgonda
addition in

technique [12], involves

sequences of an alkali, chlorine &
aluminium sulfate or aluminium chloride. It
is extensively used and very cheap in India.
Materials likes activated carbon, activated
alumina, ion-exchange resin& bone char
are used in adsorption technique [13]. This
technique is dependent highly on pH and
effective at less than 3.0 pH and little
removal at neutral pH value of 7.0. [14-16].
Low cost materials like serpentine are
effective in fluoride removal ranging from
6.5 mg to F/litre to 1.0mg F/litre [17].
Charfinesare by product we got during
obtain coke from lignite coal. Nirmali seeds
are used for remove pollutants like color
etc. from water. Each techniques has
advantages and  disadvantages and

comparisons, differences and conceptual

overviews have been conducted.
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2. Fluoride removal from water by
various method

To overcome the risky welfare impact of
fluorosis, distinct perspective for fluoride
removal is there example like coagulation-
precipitation, ion-exchange, membrane
separation, adsorption etc. Each method
work effectively and productively under
suitable and ideal condition for
defluorodation to noteworthy range [11].
2.1. Precipitation and coagulation
technique

Many coagulants utilized for Nalgonda
method for removal of fluoride from water.
Example is lime and alum which is mostly
used. Lime extension give rise to the
fluoride precipitation as insoluble calcium
fluoride and increases the pH range upto 11
to 12. As we seen the lime leave a leftover
of 8.0 mg F/I, which continually attach
with alum for fluoride removal. In a first
step due to lime dosing precipitation occur.
Which drag by second step in which alum
is put on to bring about coagulation. At that
time when we add alum into the water, two
reactions occur. In initial reaction, with an
alkalinity’s portion an alum is reacted to
produce insoluble aluminiumhydroxide
[AI(OH);]. In the second reaction, fluoride
ion is react with alum in the water.
Accomplishment of best fluoride removal
happen at pH of 55 — 7.5 [18]. An
expansion of aluminium salt, lime and

bleaching  powder took after by

flocculation, sedimentation, quick mixing
and filtration in a coagulation-precipitation
method of Nalgonda techniques created by
NEERI. For removal of fluoride from water
aluminium salt is used. Dosage of fluoride
is depended on the fluoride concentration
proportionally. Lime dosage is 1/20"™ of
alum dosage. For fast settling lime
distribute bigger shape and denser flocs.
For cleansing purpose, bleaching powder is
added at the rate of 3 mg/l [19]. At
community level this is the most generally
used method for fluoride removal [20, 21].
For household utilize, the bucket
defluoridation system based Nalgonda
method developed [22]. The process is
worthy for 20 litres water for one day
consumption. Around 1 to 1.5 mg/l leftover
fluoride in water is proceed by this process
[23], We also use fill and draw type
fluoride removal technique based on
Nalgonda technique [22]. In account of co-
precipitation technique for aluminium salts
have interested and restricted points
mention below:-

e Interest
1. Most generally used technique.
2. More worthy and practical method when
compare with other fluoride removal
technique.
3. Very easy and simple technology to

understand.

e Restriction
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1. Chemical dosage requirement are very
high[ Al(OH); range from 700 — 1200 mg/1].

2. Issue of slurry move.

3. Requirement of talented labor.

4. Highly chances of Alzheimer’s syndrome
due to aluminium release in treated water.

5. Dissolvability of fluoride, calcium &
aluminium salt precipitation effect on final
concentration of fluoride in treated water.
6. Use of aluminium sulfate as coagulant
increase concentration of sulfate ion which
promote highly chances of catharatic impact on
health of human health.

A contact precipitation defluoridation
technique use bone char along with calcium
chloride and sodium dihydrogen phosphate
[23]. The combine use of calcium salt and
polymeric  aluminium hydroxide for
fluoride removal is succeed contemplated
by Narthasarthy et al. Chang and liu

examined flocculation -coagulation
technique of calcium fluoride precipitates
in addition with  polyacrylic acid &
polyaluminium chloride at low dosage.
granular calcite is used to catch fluoride
present in water as calcium fluoride in
fluidized bed reactor for beat the restriction
of chemical precipitation by Aldaco et al.
[24].

2.2. Reverse osmosis (RS) and
nanofiltration membrane technique for
defluoridation [pressure]

To obtain high quality water from saline
and waste water sources, reverse 0smosis

and nanofiltration are best membrane

technologies which have a many basic
similarities. reverse osmosis or nano
filtration which technique is utilize by a
membrane is highly depends on  the
process in which membrane is used [25].
Nano filtration membranes are habitually
use when deflect osmotic pressure is need,
whereas by using semi permeable
membrane for separation of solutes RO use
the osmotic pressure [26]. Low pressure
and less energy needed by nanofiltration
membranes which show faster flow
because they have larger pores than RO
membranes and show less rejection.in
seawater &brackish water reverse osmosis
is frequently used. In industrial waste water
treatment NF is mainly used which use
thin-film composite polyamide membranes
[27]. For desalination process, RO is the
cost-effective & most energy-efficient
method,with a minimum energy of 1.06
kWh/m3 & energy cost of approximately
1.8 kWh/m3 at 50% recovery [28, 29].
Various separation mechanisms like size
exclusion, chargerepulsion, solution
diffusion, and adsorption utilize by NF/RO
membrane so the highest rejection of
solutes can be achieved by them, the higher
the probability of rejecting solutes directly
proportional to the larger the number of
various

separation  techniques  with

chemical characteristic for complete

removal of inorganics [30-32] and organics

[33-35] use of NF/RO has been prove at
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field scales & laboratory since it’s
invention, this processes is mostly use for
removal of fluoride from polluted water
[36-38].

Between RO and ultrafiltration,
nanofiltration have many properties require
lower energy, pressure & low investment,
maintenence cost and operation have a
higher permeate flux & retention of
charged matter.

2.1. Rejection mechanisms

On pressure gradients & interactions
between contaminants and membrane
materials the mechanism of solute retention
of RO/NF membrane is depends.
Combination of the rejection mechanism
attribute of porous and non porous
membrane is simply a NF membrane
operation and transport. Through diffusion,
convection and electromigration, the
fluoride ions in the NF/RO membrane
method on the permeate side are migrate.
By amalgamation of size exclusion, charge
exclusion, and adsorption rejection
methods solute rejection can be accomplish
which can be control by physiological
interactions between solvent, solute and
membrane [39]. Due to charge and steric
effect, selectivity in NF happen. Because of
steric effect due to higher hydration energy
and higher charge density, the fluoride
rejection in NF occur. More quick

hydration and retention of fluoride on NF

membrane than else monovalent anions
because of favour of this effect [40].

2.2. RO/NF factors affecting fluoride
removal

Feed water characteristics, membrane
properties &operational conditions are 3
major factor which rule the flux, selectivity,
recovery and overall economics of NF/RO
membranes.

2.2.1. Feed water composition

Three major ways are there for fluorie
removal by feed Firstly, by the complexity
of water matrices, presence of inorganic
and organic pollutants with different
concentration and behavior & interactions
with fluoride ions and membrane rejection
is obstruct. By water matrices, removal of
pollutants is not affected but fluoride
removal is affected either positively or
negatively. Natural organic matter effect on
fluoride removal because of it's action of
zeta potential of membrane due to
adsorption of organic matter & increasing
the negative surface charge.

Secondly, removal efficiency is affected by
the presence of other anions like nitrates,
bicarbonate, sulfate and chloride. On co-
existing anions, NF has a retention effect.
Owing the availability of other anions by
positive result of anion size influence and
hydration energy on fluoride removal.
Organization of removal process is

decreases by chloride ions in solution.

Because of increase in ionic strength, at
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higher sulfate concentration reduction of
fluoride ion rejection happens. Which
decrease hydration energy and increases
partition coefficient which is in charge for
membrane selectivity.

Thirdly, an enlarge of the ionic strength by
increase in water matrices which stipulation
the enhancement of fluoride permeation
and application use of higher operating
pressure. Owusu-Agyeman et al. 2019 and
Wang and Li 2009 suggested that with an
expansion of influent salt concentration, the
decreases in removal of fluoride by
RO/NF.

2.2.2. Operational conditions

The most important parameters which
influence selectivity of fluoride is the
operational condition of RO/NF systems.
Feed water pH, pressure, temperature,
regular maintenance, monitoring, initial
fluoride  concentration (IFC),operating
time, target recovery, target standard and
cross flow rate are the numerous

operationally important factors which
should be considered at the time of design
and operation of RO/NF plants.

2.2.2.1 Effect of pH

The pH of solution is very important
operating parameter that act on hydration of
solute, charge, size and zeta potential and
pore size of membrane, which affect
selectivity and flux of entire process [38].

In a weak alkaline environment, operating

of fluoride removal by RO/NF membrane
occur [44] because of increase in negative
surface charge for polymeric membrane
when feed water pH is increase. Most NF
membranes have a negatively charged
functional group so the presence of solutes
species in the negatively charged favors
the rejection of fluoride. At pH typically <
3.0 low pH, repulsion is minimal due to
fluoride in the neutral free hydrofluoric
acid (HF) from diffuses through
membranes. The decrease in the viscosity
of feed solution by the increasing the pH
and hence, flux is affected subsequently by
reduce the concentration polarization [36].
Membrane reveal decrease  fluoride
rejection in strong alkaline condition.
Because of F- and CO32- interactions,
effects  of

synergistic higher  salt

concentration and pH, and charge
concentration polarization.

2.2.2.2 Effect of pressure

Operating pressure is another necessary
parameter in RO/NF which influences
property and flux. The substance moving
and permeate water quality decay in NF is
also a results of view which can be a
purpose of solubilization or diffusion and
transfer Hence, the convection transfer
component is influence by changing
physical parameters such as pressure.
Chemical variable like feed water pH is

affect on the diffusion component. Only

chemical parameters are take part in RO
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processes. The lower pressure-operated
diffusion component in which chemical
selectivity due to the solvation energy of
ions through water predominates, most of
selectivity of fluoride likes very smaller
ions. The solute driving force is only
marginally influence by increasing in
operating pressure, But affects the NF flux
greatly. It also affect on RO flux but less
than the NF.14 keg/cm2 is an best
operating pressure and increase in pressure
did not considerable consequence on
rejection of fluoride. Through the osmotic
potential of the feed solution, the optimal or
maximum operating pressure in RO is
determined. Increase in flux and rejection
rates is equally proportional to increasing in
the operating pressure in the RO process.
For the RO process the operating pressure
for fluoride removal is suggest to be above
0.2 MMp. Expansion in the operating
pressure is affect on pH by deceases the
permeate pH, as alkaline ion are reject by
NF membrane [36].
2.2.2.3 Effect of temperature

During the flux and fluoride rejection
in RO/NF membrane temperature also has a
impacts either positive or negative on
Because of osmotic pressure enhancement
elevated temperature suppresses flux
production by membrane. Viscosity is also
decreases by temperature conversely which
favour lower energy requirement. Arora et

al. (2004) suggest that an ideal temperature

of 30.C for removal of fluoride through
RO membranes, due to solute solubility and
diffusion coefficients fluoride selectivity
will be considerably influence. However,
the arsenic rejection rate does not affected
by the temperature.

2.2.2.4 Initial fluoride concentration

The only water that treated by RO/NF
membrane is a water that containing IFCs
up to a certain critical limit. Optimum IFC
depends on standard which targeted, the
drinking standard of WHO is 1,5 mg/L.
And the standard of the environmental
effluent disposal is approximately 15 mg/L.
The use of NF membranes is limited to
elevated feed fluoride levels. So, NF
membranes and low pressure RO
membranes can give enough and
economical option for treating fluoride in
water providing the IFC is low. At same
time, similar to the rejection rate if IFC is
high than the flux will also be affected.
2.2.2.5 Effect of recovery

Recovery 1is also important parameter
which affects flux and fluoride retention. It
is assumed that increasing the require
recovery value will decease selectivity
because of the increase in the fluoride ion
diffusion rate resulting from concentration
polarization near the membrane surface.
The NF membrane is more sensitive to
recovery rate than RO membrane [38]. This
is allocated

to the higher permeability

facilitates and diffusion rates of fluoride in
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NF membranes and due to effect on RO
membranes is limited as size exclusion is
important rejection mechanism.

2.2.2.6 Operational time

Flux and selectivity is also affected by the
operational time. On the time increases, the
concentration polarization near membrane
surface also increases, which influence
fluoride diffusion by the membrane. The
fluoride removal of RO remains stable and
NF increases with increases operation time.
2.2.3. Membrane type

The selection of an appropriate membrane
is most difficult step in design and
operation of RO/NF membrane. For match
contaminant behavior and water qualities, a
membrane type is typically selected. The
performance of RO/NF membrane depends
on feed pH, required flux, recovery rate,
IFC in the feed water & targeted treatment
standard. So the physical and chemical
behavior of fluoride ion and membrane
should be characterized. The membrane
must be well harmonized with fluoride
useful

rejection mechanism. The

membrane characteristics is molecular
weight/molecular weight cut-off (MWCO),
acid  dissociation  constant  (Pka),
hydrophobicity or hydrophilicity (constant
angle), diffusion coefficient, pore size,
surface charge, surface charge density
(ZETA POTENTIAL) and membrane
morphology. Believe to the existence of

steric effect, RO/NF membrane which have

lower MWCO values can reject fluoride
effectively. Fluoride is very small ion with
an ionice radius which is 0.13 nm, its size
actually increase after hydration, favours
size exclusion by NF membranes [38].

3. Fluoride removal by adsorption
technique

Adsorption is that the bond of molecules
species from bulk solution for a surface of a
solid by chemical or physical forces.
Surface assimilation procedures embrace
the water’s entry through a contact bed
wherever halide is removed by particle
exchange or surface reaction with the solid
bed matrix. As distinction with completely
different procedures of defluoridation,
Surface assimilation technique is
distinguished owing to its straightforwardness
and additionally accessibility of in depth
variety of adsorbents. Surface assimilation
onto solid surface 1is straightforward,
versatile and appropriate procedure for
treating water systems, significantly for
little groups. Surface assimilation technique
is economical and may take away ions over
an in depth style of pH scale to a lower
leftover concentration than precipitation.

Many adsorbent materials are tried within

the past to see their possibilities and

techno-economic feasibleness as
defluoridating specialists. Activated
aluminum  oxide, activated carbon,

activated aluminum oxide coated colloid,

calcite, activated saw mud, activated
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coconut shell powder, activated ash,
groundnut shell, occasional husk, rice husk,
magnesia, serpentine, tri-calcium
phosphate, bone charcoal, activated soil
sorbent material, defluoron-1, defluoron-2
and so on varied adsorbent materials
rumored in literature. The foremost
frequently used adsorbents square measure
activated aluminum oxide and atomic
number 6. The halide removing potency of
activated aluminum oxide gets influenced
by hardness, pH scale and surface loading
(the magnitude relation of total fluoride
concentration to activated aluminum oxide
dosage). The adsorption procedure will take
away halide up to ninetieth and the
treatment is  exceptionally  sensible.
Regeneration is needed once at regular
intervals of 4-5 months and viability of
adsorbent for halide removal reduces once
every regeneration cycle. McKee and J. E.
Johnston investigated the employment of
fine-grained atomic number 6 for halide
removal and accomplished noble outcomes.

The procedure is pH scale dependent
with noble results just at pH scale three.0 or
less. Hence, the employment of this
material is costly owing to want of pH scale
alteration. Activated alumina technique for
defluoridation is being proliferated in some
villages by the organizations funded by
UNICEF or completely different agencies
to grant safe water. Sarita Sansthan,

Udaypur, Rajasthan is spreading the

method with the viable facilitate of United
Nations International Children's Emergency
Fund by giving a bucket (approximately
twenty L capacity) fitted with a micro filter
at rock bottom containing five kilo of
activated alumina.

4. Future Perspective

This survey proposes the accompanying
potential further examination that is
appropriate to the use of layer innovation
for defluoridation.

 Sustainability examination of different
cycles utilizing progressed apparatuses for
example, life cycle appraisal (LCA) are of
most extreme significance and ought to be
explored.

* More information actually needed at
modern  scale to  guarantee @ its
appropriateness in bitter groundwater and
wastewater treatment.

* An extensive audit and correlation
tending to the defluoridation ability of the
regular and layer measures from financial,
specialized, and ecological perspectives are
required.

. Membrane conduct influences
defluoridation execution. An experiment
with a target to profit, manufacture, or coat
a particular film for the defluoridation
reason ought to be given due attention.

» Hybridizing distinctive defluoridation

systems (among both layer measures and

ordinary strategies) is firmly exhorted, to
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exploit the valuable ascribes of every
technique.

* Further survey and itemized exploratory
investigations are needed to arrive at any
decisions about the application and
monetary feasibility of FO frameworks for
fluoride evacuation.

 The utilization of defluoridation methods
has been concentrated more for regular
groundwater and harsh water sources than
for wastewater. In this manner, further
examinations are needed to notice the
performance of various layer measures in
treating exceptionally fluoridated modern
wastewaters.

* Now withstanding investigations of the
relative defluoridation execution of all the
layer measures, further issues identified
with plan considerations ought to be
inspected corresponding to water quality,
framework parts, site contemplations,
removal,

leftover administration and

upkeep, checking, and  operational
intricacies, just as different improvement
and alteration issues. Ends this basic survey
sums up the distinctive accessible layer.

5. CONCLUSION

This review has endeavored to hide an in
depth selection of procedures that are used up
to now for the removal of halide from the
potable and industrial wastewater. The
standard system of removing halide from
potable is liming and also the attending

precipitation of halide. Then again, the

weaknesses of the overwhelming majority of
those ways area unit high operational and
upkeep prices, auxiliary contamination, as an
example, generation of toxicant sludge so on
and intricate method included within the
treatment. Distinctive technologies systems,
utilized for defluoridation, were
discriminatingly examined. It absolutely was
reasoned that action ways have by and huge
been discovered compelling in
defluoridation, however they're unsuccessful
in  transference  halide to  fancied
concentration levels. The search for choice
and appropriate halide removal ways thus
still stays of curiosity.
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