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Fuloride Removal from Water — A Review

Mohammed Arif Tikki

Abstract— The major source of fluoride in ground water is the leaching of fluoride from the rock minerals of the earth’s crust. Presence of
fluoride in low concentration (<1.5 mg/l) is beneficial to the people for the calcification of dental enamel and maintenance of healthy bones.
On the other side, its presence in higher concentration become a monster and can cause dental, skeletal fluorosis and also non-skeletal
problems. Many investigators conducted experiments and developed various low-cost technologies to remove fluoride from water and
wastewater. However, selection of appropriate treatment method depends on local situation. This review paper presents the information on
fluoride, sources of its occurrence, its effects on human & animal health and various control methods for the removal/reduction.
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1 INTRODUCTION

ATER is one of an essential commodity for the survival

of all forms of lives on the earth. The population explo-

sion and rapid industrial growth demands huge quanti-
ty of fresh water to meet various requirements. Of the total
quantity of water (1.38x109km3) available on the earth, 3%
only is the fresh water. Of this 3% of fresh water, 1.74% is in
glacier form, 1.7% as ground water and the rest in the other
forms. Very small quantity of water (i.e 0.0132% of total water)
only is available in the rivers and lakes and most of these wa-
ter sources are getting polluted due to waste disposal and
human activities [1]

India is one among the 23 nations in the world, where the
fluoride contaminated groundwater is creating the health
problems. Fluorosis was first detected in early 1930s in four
states of India. In 1986, 13 states and in 1992, two more states
were added to this list. It has been reported as many as 177
districts in 19 states and Union Territories of India have al-
ready been affected by fluorosis [2].

The most seriously affected states in India are Andhra Pra-
desh, Punjab, Haryana, Rajasthan, Gujarat, Tamil Nadu and
Uttar Pradesh [3], [4]. The highest concentration observed to
date in India is 48 mg/l in Rewari District of Haryana [5].

Most of the rural population depends on the ground water
sources for drinking purposes which generally contain under-
ground deposits such as salts and minerals. One such is the
fluoride which causes an adverse impact on human as well as
animal health if fluoride concentration is higher [6]. Consump-
tion of water having excess fluoride over a prolonged period
leads to a chronic ailment known as fluorosis. According to

o M/S. 5.D.M. Constructions, Disha Nagri, Beed Bye-Pass
Aurangabad, Maharashtra, India.
Phone No.+91 9225214584
E-mail: tikki_114@rediffmail.com

the recent study, 62 million people are affected by various
degrees of fluorosis in India alone. Out of these; 6 million are
affected with a dental, skeletal and non-skeletal form of fluo-
rosis and associated health problems [7]. Fluorine is often
called as two-edged sword. The positive side is about 96% of
fluoride in the human body is found in bones and teeth. Fluo-
rine is essential for the normal mineralisation of bones and
formation of dental enamel. On the negative side, prolonged
ingestion of fluoride through drinking water in excess of the
daily requirement is associated with dental and skeletal fluo-
rosis [8].

Standards prescribed by various regulatory bodies for flu-
oride concentration in drinking water are different according
to their climatic conditions. According to the World Health
Organization (WHO), the standard prescribed for fluoride ion
concentration in drinking water is 1.0 mg/1 [9] whereas by
Bureau of Indian Standards (BIS) it is 1.0mg/1 [10],[ 11]. Fluo-
ride in smaller dose (0.8-1.0mg/1) helps to prevent dental car-
ies particularly in the children below 8 years of age. Fluoride
in higher concentration causes dental fluorosis (1.5 -2.0mg/1)
and skeletal fluorosis (>3.0mg/1) [12]. This paper describes the
effects fluoride on health at various fluoride concentrations, its
presence in various forms and controlling methods.

2 SOURCES OF FLUORIDE

The amount of fluoride stored across the world in the ground
is estimated to 85 million tons and nearly 12 million tons are
located in India [13]. The principal sources of fluorine were
drinking water and food such as sea fish, cheese and tea [14].
Fluoride is present in all waters particularly in ground water
with higher concentrations.

There has been an escalation in daily fluoride intake via the
total human food and beverage chain. Carbonated soft drinks
have considerable amounts of fluorides. Beers brewed in loca-
tions with high fluoride water levels may contribute signifi-
cantly to the daily fluoride intake and sweetened iced teas
contain significant amounts of fluoride. A single serving of
chicken sticks alone would provide about half of a child’s up-
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per limit of safety for fluoride. Children’s ingestion of fluoride
from juices and juice-flavoured drinks can be substantial and a
factor in the development of fluorosis [15]. Fluoride is also
present in most of everyday needs, viz. toothpastes, drugs,
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Table 3: Fluoride Content in Agricultural Crops and Other
Edible Items [22]

cosmetics, chewing gums, mouthwashes, and so on [16]. Food Fluoride (ppm)
Items
The most common fluorine-bearing minerals, which consti- Senguupta | Lakdawala | Chari | Rajya
tute natural source for fluoride in drinking water are fluorite & & Punekar | etal | Lax-
(CaF2), apatite (Ca10(PO4)6F2), rock phosphate and topaz Pal (1971) (1973) (1975) mi
(Al(F,OH)2Si04) [17]. Artificially high soil F levels can occur (1982
through contamination by application of phosphate fertilizers )
or sewage sludges, or from pesticides [18]. Wheat 4.6 2.59-3.3 - -
_ _ o _ _ Rice 5.9 3.27-14.03 2.9 -
Rocks in southern India are rich with fluoride which forms
the major reason for fluoride contamination in groundwater Bajra - 1.72-2.23 2.82 74
[19], and the granites in the district of Nalgonda, Andhra Pra- Sovaboan n - - -
desh contain much higher fluoride than the world average Y
fluoride concentration of 810 mg/kg [20]. Red gram 3.7 2.34-4.84 - 5.28
dal
Fluoride content in fresh water sources, agricultural crops, Cabbage 3.3 1.28-2.29 -
edible items, minerals & soils are presented in Tables 1, 2&3
Lettuce 5.7 - -
Table 1: Fluoride Content in Fresh Water Sources [21] Tomato 3.4 1.0-2.08 0.33
. Avetage Fluoride L.adles 4 2.2-3.62 1.74
ource Content (ppm) Finger
PP Brinjal 12 162248 | 124
Rai
an 0.008 Carrot 41 1.9-49 -
Surface Waters Potato 2.8 1.27-2.92 -
(e.g., lakes, river, springs) 0.05 Onion 3.7 1.0-3.0 -
Banana 29 0.84-1.58 0.84
Bottled Water 0.1
Grapes - 0.84-1.72
(Source: http://fluoridealert.org/content/fresh_foods/) Mango 3.7 0.8-1.80
Apple 5.7 0.24-0.52
Table 2: Fluoride Content in Minerals & Soils [22]
Almond 4 -
. . Coconut 44 -
Minerals Fluoride Content (ppm)
Groundnut 51 -
Basalt 100
Tea(dry - 39.8-68.59
Sand stone 270 leaves)
Shale 740 Tea infu- - 11.13-37.34
. sion
Meteolites 28-30 Aerated - 0.77-144
High Calcium 520 drinks
Mutton - 3.0-3.5
Deep sea clays 1300
Beef - 4.0-5.0
Alkali Rocks 1200-8500
Fishes 1.0-6.5 -

(Source: http://fluoridealert.org/content/fresh_foods/)

(Source: http://fluoridealert.org/content/fresh_foods/)
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3 EFFECTS OF FLUORIDE

Chemically, the fluorine is the most electronegative element
and it is always present in a combined state as fluoride be-
cause of its high chemical reactivity. The fluoride is a great
calcium-seeking element and it can disturb the calcified struc-
ture of bones and teeth in the human body at higher concen-
tration resulting dental fluorosis or skeletal fluorosis [23]. Sim-
ilar kinds of effects are found in animal body parts also. The

effects of fluoride on human and animal are shown in Fig. 1 &
2 [24].
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Fig. 1 Effects of Fluoride on Human [21]
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Fig. 2 Effects of Fluoride on Animal [21]

Though a small amount of it is beneficial for human health
for preventing dental caries, it is very harmful when present in
excess of 1 mg/L. World Health Organization (WHO) and IS :
10500 recommend that the fluoride content in drinking water
should be in the range of 1-1.5 mg/L. An intake of more than 6
mg/d of fluoride, results in multidimensional health manifes-
tations, the most common being dental and skeletal fluorosis
[25].
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Fluoride concentrations beyond the standards cause dental
and skeletal fluorosis. Fluoride toxicity can also cause non-
skeletal diseases like aches and pain in the joints, non-ulcer
dyspepsia, Polyurea (tendency to urinate more frequently)
and polydipsia (excessive thrust), muscle weakness, fatigue,
anemia with very low hemoglobin levels, etc besides other
reasons [15].

4 METHODS OF DEFLUORIDATION

Defluoridation is the process of removal of fluoride ion from
water or wastewater. This can be possible in two ways:
(i) Blending the existing water supply with the water
containing low concentration of fluoride
(or)
(ii) treating the fluoride contained water in two ways;
(a) Centralized treatment method - This method is
best suited in developed nations where cost is not
a factor. Usually defluoridation process is carried
out on a large scale along with other treatment
processes at the water works.

(b) Decentralized method (ie. at the community, vil-
lage or household level) - This option suits where
group of villages/houses are scattered especially
in rural areas. Various simple treatment methods
available are followed at village or household
level. The advantage of these methods is the
treatment cost is lower since water required for
drinking and cooking only treated. The major
drawback of these methods is generation of huge
quantity of sludge

Various methods used to remove fluoride from water or
wastewaters are:

* Chemical precipitation

* Jon exchange

* Adsorption

* Miscellaneous methods including RO, electro-dialysis, etc.

Most of these methods have high operational and mainte-
nance cost, low fluoride removal capacities, lack of selectivity
for fluoride, undesirable effects on water quality, generation of
large volumes of sludge and complicated procedures involved
in the treatment [15], [26]. Nalgonda technique developed by
NEERI is commonly preferred at all levels because of its low
price and ease of handling [27]. Adsorption techniques have
been quite popular due to their simplicity and availability of
wide range of adsorbent materials. Many bio-sorption tech-
niques have been employed for the treatment of drinking wa-
ter. Researchers worked on various locally and abundantly
available materials like aloe vera and CaCl2 [23], fish bone
charcoal [28],[29], red mud [30],[31], Clays [32], fly ash
[33],[34], synthetic zeolites [35],[36], neem bark powder [37],
activated alumina [38] etc.
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5 CONCLUSIONS

People living in villages with poor infrastructure facilities are
unaware of the meaning of safe drinking water. They opined
that the ground water is the filtered form of water and free
from bacteriological impurities and hence prefer to use for
drinking and cooking purposes. They are unaware of that the
groundwater might have contaminated with minerals and
salts like fluoride. Most of the people who got affected with
fluorosis may be living in villages or spent their childhood
there. Sometimes we pay attention on attractive packing or
advertisements rather than necessity and buy fluoride con-
tained products without understanding whether suits to our
health or not. Hence an awareness in the form of education is
necessary. In rural areas, converting the government land into
water storage reservoirs for the use of drinking water also
help to some extent.

ACKNOWLEDGMENT

I am very much thankful to Dr. Y R M Rao, Principal,
Dr. Pauls Engineering College, Villupuram district, Tamilna-
du, India for his support and cooperation in preparing this

paper

REFERENCES

[1] htt://enwikipedia.org/wiki/Water_distribution_on_Earth

[2] Waheped S. Deshmukh, S. ]. Attar and M. D. Waghmare (2009), “Investiga-
tion on Sorption of Fluoride in Water Using Rice Husk as an AdsorbentNa-
ture Environment and Pollution Technology” An International Quarterly Scien-
fific Journal, 8(2), 217-223

[3] Kumaran, P, Bhargava, GN. and Bhakuni, TS, (1971). “Fluorides in
groundwater and endemic fluorosis in Raajasthan.” Indian |. Environ. Health,
13,316-324.

[4] Teotia, SPS, Teotia, M., Singh, D.P., Rathour, RS, Singh, C.V., Tomar, NP.S,
Nath, M. and Singh, N.P,, (1984), “Endemic Fluorosis: change to deeper bore
wells as a practical community-acceptable approach to its eradication”, Fluo-
ride, 17,48-52.

[5] UNICEF, 1999, State of the art report on the extent of fluoride in drinking
water and the resulting endemicity in India., Report by Fluorosis Research & Ru-
ral Development Foundation for UNICEF, New Delhi.

[6] Sashikant R Mise and Pallavi (2008-09), “ Adsorption of Fluoride on Activated
Carbon Derived from Royal Gulmohar Fruit Shell” Jour. of Institution of Public
Health Engineering, India, Vol..2008-09, No4, 121-126.

[7] Susheela AK (2001), “Fluorosis: Indian scienario” A treatise on fluorosis. Fluoro-
sis Research and Rural Development Foundation; New Delhi, India. 2001.

[8] Park K. Park’s Text Book of Preventive and Social Medicine. Ed 21. Ba-
narasisdas Bhanot Publishers, 1167. Premnagar, Jabalpur, India.2011.p:577.

[9] Misra, AK. and Mishra, A. (2007), “Study of quaternary aquifers in Ganga
Plain, India: Focus on groundwater salinity, fluoride and fluorosis” Journal of
Hazardous Materials, 144 , 438-448.

[10] http://fluoridealert.org/news/provide-safe-drinking-water-to-

prevent-fluorosis/

Sonila Awasthi, S.KGupta and S.K.Awasthi, (2002). “Defluoridation of Sub

Soil Water by using Ground Nut Husk Carbon”. Proceedings of the International

Conf. on Water and Wastewater perspectives of Developing Countries organized by

IIT, Delhi, Dec. 11-13,1075-1079.

(11]

IJSER © 2014

(12]
13]

(14]

15]
(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(4]

(5]

26]

[27]

(28]

(29]

(30]

(31]

(32]

518

WHO, Guidelines for drinking water quality. Geneva. WHO; (2004) World
Health org.

Teotia SP and Teotia M (1984), “Endemic Fluorosis in India: A Challenging”
National Health Problem”. ] Association of Physicians India, 32 (4), 347-352
Passmore R, Nicol BM, Rao MN, Beaton GH, Demayer EM (1974), “Hand
book on Human Nutritional Requirements”. Monogr Ser World Health Organi-
sation, 4(61), 1-66.

Surendra Roy and Gurcharan Dass (2013), “Fluoride Contamination in Drink-
ing Water - A Review”, Journal of Resources and Environment, 3 (3), 53-58.

A. V.Jamode, V. S. Sapkal and V. S. Jamode (2004). “Defluoridation of Water
Using Inexpensive Adsorbents”, Journal of Indian Inst. Sci., 84,163-171.

Kabata Pendias, A. and Pendias, H., “Trace Elements in Soil and Plants”,
Boca Raton, FL (USA), CRC Press , 1984

EPA, Public Health Global for Fluoride in Drinking Water, Prepared by Pesti-
cide and Environmental Toxicology, Section Office of Environmental Health
Hazard Assessment, California Environmental Protection Agency, December
1997.

Brinda K & Elango L (2011) Fluoride in Groundwater: Causes, Implications
and Mitigation Measures. In: Monroy, S.D. (Ed.), Fluoride Properties, Appli-
cations and Environmental Management, 111-136.

Arappa N, Aatif Qureshi I and Srinivas R (2013), “Fluorosis in India: An
Overview” Int. Jour. Res. Dev. Health, 1(2), 97-102.

http:/ /fluoridealert.org/content/fresh_foods/

Sunil B Thakare (2006); Ph.D Thesis on “ Studies on Defluoridation of Water
by Adsorption Process using Low Cost Materials” submitted to SGB Amrava-
ti University, Amravati. pp; 17-18

Radhey Shyam and G.S Kalwania (2004), “Removal of Fluorides in Drinking
Water by Aloe Vera and Calcium Chloride” Chemical Science Transactions
2014 (hitp:/ /www.ejjournals.in/login/ galley/596.pdf)

A KRai, S N Upadhay, S Kumar, Y D Upadhyay (1998). “Heavy metal pollu-
tion and its control through a cheaper method: A review”, Journal Indian Asso-
ciation for Environmental Management (IAEM), 25, pp. 220-251.

Tembhurkar A R & Shilpa Dongre (2006), “Studies on Fluoride Removal
Using Adsorption Process”, Journal of Environ. Science & Engg..48(3),151-156.
Nagendra Rao C.R (2003) “Fluoride and Environment- A Review” Proceedings
of the Third International Conference on Environment and Health, Chennai, India,
15-17 December, 2003. Chennai: Department of Geography, University of
Madras and Faculty of Environmental Studies, York University. Pages 386 -
399.

E. Dahi, F. Mtalo, B. Njau and H. Bregnhj (1996), Defluoridation using
Nalgonda Technique in Tanzania, Reaching the Unreached: Challenges for
the 21 Century, 224 WEDC Conference, New Delhi, India, pp. 266-268

D. S. Bhargava and D. J. Killedar (1991),” Batch Studies of Water Defluorida-
tion Using Fishbone Charcoal” Jour. Of Water Pollution Control Federation,
63(6), 848-858.

D. J. Killedar and D.S.Bhargava (1993), “Effect of Stirring Rate and Tempera-
ture on Fluoride Removal by Fishbone Charcoal”, Indian Journal of Enwviron-
mental Health, 35(2), 81-87

Tor A,Danaoglu N, Arslan G, Cengeloglu Y. (2008). “Removal of fluoride
from water by using granular red mud: Batch and column studies”. J. of
Hazard Materials 2009 May 15, 164 (1):271-8.

Yunus Chengeloglu, Yunus, Kir Esengul, Ersoz, Mustafa (2002). “Removal
of Fluoride from aqueous solution by using Red mud”, ]. Separation and
Purification Technology, 28 (1), 81-86.

K. Hosni, and E. Srasra (2011). “Evaluation of fluoride removal from water
by hydrotalcite-like compounds synthesized from the kaolinic clay”. Journal
of Water Chemistry and Technology , 33 (3),164-176.

http://www.ijser.org


http://www.ijser.org/
http://fluoridealert.org/news/provide-safe-drinking-water-to-prevent-fluorosis/
http://fluoridealert.org/news/provide-safe-drinking-water-to-prevent-fluorosis/
http://fluoridealert.org/content/fresh_foods/
http://www.ncbi.nlm.nih.gov/pubmed?term=Tor%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18799263
http://www.ncbi.nlm.nih.gov/pubmed?term=Danaoglu%20N%5BAuthor%5D&cauthor=true&cauthor_uid=18799263
http://www.ncbi.nlm.nih.gov/pubmed?term=Arslan%20G%5BAuthor%5D&cauthor=true&cauthor_uid=18799263
http://www.ncbi.nlm.nih.gov/pubmed?term=Cengeloglu%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=18799263
http://www.ncbi.nlm.nih.gov/pubmed/18799263
http://www.ncbi.nlm.nih.gov/pubmed/18799263
http://www.sciencedirect.com/science/article/pii/S1383586602000163
http://www.sciencedirect.com/science/article/pii/S1383586602000163
http://link.springer.com/search?facet-author=%22K.+Hosni%22
http://link.springer.com/search?facet-author=%22E.+Srasra%22
http://link.springer.com/journal/11962
http://link.springer.com/journal/11962
http://link.springer.com/journal/11962/33/3/page/1

International Journal of Scientific & Engineering Research, Volume 5, Issue 1, January-2014 519
ISSN 2229-5518

[33] R Piekos and S Paslawska Gdansk (1999). “Fluoride Uptake Characteristics of
Fly Ash “, Research report Fluoride, 32(1), 14-19.

[34] A. K. Chaturvedi, K. P. Yadava,K. C. Pathak, V. N. Singh (1990).
“Defluoridation of Water by Adsorption on Fly Ash”, Water, Air, and Soil
Pollution” 49(1-2), 51-61.

[35] Camacho, Lucy M.; Deng, Shuguang; Torres, Arely (2012) “ Adsorption Equi-
librium and Kinetics of Fluoride on Two Synthetic Zeolites (S)”. Environmental
Research Journal, 6(3), 264-275.

[36] Cyprian Murutu,, Maurice S Onyango,, Aoyi Ochieng and Fred AO Otieno
(2012). “Fluoride removal performance of phosphoric acid treated lime:
Breakthrough analysis and point-of-use system performance.” Water SA, 38
(2),279-285.

[37] Kumar Sunil; Gupta Asha & Yadav, J. P. (2008). “Removal of fluoride by
thermally activated carbon prepared from neem (Azadirachta indica) and
kikar (Acacia arabica) leaves”. Journal of Environmental Biology, 29(2),227-232.

[38] Sushree Swarupa Tripathy, Jean-Luc Bersillon and Krishna Gopal (2006).
“Removal of fluoride from drinking water by adsorption onto alum-
impregnated activated alumina”. Separation and Purification Technology, 50,
310-317.

IJSER © 2014
http://www.ijser.org


http://www.ijser.org/
http://link.springer.com/search?facet-author=%22A.+K.+Chaturvedi%22
http://link.springer.com/search?facet-author=%22K.+P.+Yadava%22
http://link.springer.com/search?facet-author=%22K.+C.+Pathak%22
http://link.springer.com/search?facet-author=%22V.+N.+Singh%22
http://link.springer.com/journal/11270
http://link.springer.com/journal/11270
http://link.springer.com/journal/11270/49/1/page/1

	Fuloride Removal from Water – A Review
	1 Introduction
	2 Sources of Fluoride
	3 Effects of Fluoride
	4 Methods  of  Defluoridation
	5 Conclusions
	Acknowledgment
	References



