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Fluoride Contamination in Drinking Water — A Review
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Abstract Drinking water is the largest contributor of fluoride in daily intake. Dissolution of fluoride-containing rock
minerals is the source of naturally occurring fluorides in groundwater whereas application of phosphate fertilizers or sewage
sludges or pesticides are the artificial source of fluoride in groundwater and surface water. 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. Many researchers have used various
types of inexpensive and effective adsorption medium like clays, solid industrial wastes such as red mud, spent bleaching
earths, spent catalysts and fly ash, activated alumina, carbonaceous materials, bone charcoal, natural and synthetic zeolites,
etc. for the treatment of fluoride contamination. This paper presents a review, which focuses on the sources of fluoride in

drinking water, its impacts on health and different control measures.
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1. Introduction

Water is the major medium of fluoride intake by
humans[1]. Fluoride in drinking water can be either
beneficial or detrimental to health, depending on its
concentration[2]. The presence of fluoride in drinking water
within permissible limits is beneficial in the calcification of
dental enamel. According to the World Health Organization
(WHO), the maximum acceptable concentration of fluoride
is 1.5 mg/l[3], South Africa’s acceptable limit is 0.75
mg/1[4], while India’s permissible limit of fluoride in
drinking water is 1 mg/l[6]. Concentrations beyond these
standards have shown dental and skeletal fluorosis, and
lesions of the endocrine glands, thyroid and liver[5, 6, 7].
Fluoride stimulates bone formation[8] and small
concentrations have beneficial effects on the teeth by

hardening the enamel and reducing the incidence of caries[9].

McDonagh et al.[10] described in great detail the role of
fluoride in the prevention of dental fluorosis. At low levels
(<2 ppm) soluble fluoride in the drinking water may cause
mottled enamel during the formation of the teeth, but at
higher levels othertoxic effects may be observed[11]. Severe
symptoms lead to death when fluoride doses reach 250-450
ppm[12]. It is found that the IQ of the children in the high
fluoride areas (drinking water fluoride 3.15 ppm) is
significantly low[13].

Fluorides enter the human body mainly through the intake
of water and, to a lesser extent, foods. Among the foods rich
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in fluorides are fish, tea, and certain drugs[14]. Ingested
fluorides are quickly absorbed in the gastrointestinal tract,
35-48% is retained by the body, mostly in skeletal and
calcified tissues, and the balance is excreted largely in the
urine. Chronic ingestion of fluoride-rich fodder and water in
endemic areas leads to development of fluorosis in animals
e.g. dental discoloration, difficulty in mastication, bony
lesions, lameness, debility and mortality[15]. Besides the
health effects, dental fluorosis may have social and
psychological consequences. There has been an escalation in
daily fluoride intake via the total human food and beverage
chain, with the likelihood that this escalation will continue in
the future[16]. Carbonated soft drinks have considerable
amounts of fluorides[17]. Beers brewed in locations with
high fluoride water levels may contribute significantly to the
daily fluoride intake[18], and sweetened iced teas contain
significant amounts of fluoride[19]. A single serving of
chicken sticks alone would provide about half of a child’s
upper limit of safety for fluoride[20]. Children’s ingestion of
fluoride from juices and juice-flavoured drinks can be
substantial and a factor in the development of fluorosis[21].
Borah and Dey[22] reported that a large population in India
is very severely affected by fluorosis. More than 15 states are
affected by endemic fluorosis in India[23]. This paper states
that different fluoride concentrations influence the human
health. Various sources of fluoride and treatment methods
have also been explained in this paper.

2. Sources of Fluoride

The world’s fluoride stores in the ground are estimated to
85 million tons. Out of which nearly 12 million tons are
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located in India. The most common fluorine-bearing
minerals, which constitute natural source for fluoride in
drinking water, are fluorite, apatite, rock phosphate and
topaz[24]. Teotia et al.[24] stated that low calcium and
magnesium hardness and high alkalinity are characteristic in
the majority of the drinking water samples. With increasing
concentrations of fluoride in drinking water, calcium and
magnesium hardness decreases and the alkalinity increases.
According to epidemiological surveys on endemic skeletal
fluorosis, the toxic effects of fluoride on bones and teeth are
more pronounced and severe in individuals who are drinking
water of higher alkalinity and lower calciumand magnesium
hardness (soft water). Calcium and magnesium hardness in
water appear to inhibit fluoride toxicity.

Naturally occurring fluorides in groundwater are a result
of the dissolution of fluoride-containing rock minerals by
water[25] while artificially high soil F levels can occur
through contamination by application of phosphate
fertilizers or sewage sludges, or from pesticides[14]. The F
compounds added to soils by pollution are usually readily
soluble. Fluorine is a typical lithophile element under
terrestrial conditions, and there are not many stable F
minerals; the most common are topaz (A 1,(F,OH),SiO,4) and
fluorite (CaF,). F reveals an affinity to replace hydroxyl
groups in minerals, and these reactions have resulted in
fluoroapatite (Ca;o(PO4)6F;), the most common F mineral,
and have also been responsible for increased amounts of F in
amphiboles and micaceous minerals[25]. The mobility of F
in soils is complex and the predominant factors controlling
the level of this ion in the soil solution are the amount of clay
minerals, the soil pH, and the concentration of Ca and P in
soils. The greatest adsorption of F by soil mineral
components is at about pH 6 to 7. The range for most normal
soils seems to be from 150 to 400 ppm[26], but the overall
variation is much broader, and in some heavy soils F levels
above 1,000 ppm has been found[25]. Much higher levels of
F in uncontaminated soils are reported for provinces of
endemic fluorosis.

Endemic fluorosis remains a challenging and extensively
studied national health problem in India. In 1991, 13 of
India’s 32 states and territories were reported to have
naturally high concentrations of fluoride in water[27], but
this had risen to 17 by 1999[28]. The most seriously affected
areas are Andhra Pradesh, Punjab, Haryana, Rajasthan,
Gujarat, Tamil Nadu and Uttar Pradesh[29, 30]. The highest
concentration observed to date in India is 48 mg/l in Rewari
District of Haryana[28§].

Milk typically contains low levels of fluoride, e.g. 0.02
mg/l in human breast milk and 0.02-0.05 mg/l in cow’s
milk[31]. Thus milk is usually responsible for only a small
fraction of total fluoride exposure. Tea leaves contain high
levels of fluoride (up to 400 mg/kg dry weight). Fluoride
exposure due to the ingestion of tea has been reported to
range from 0.04 mg to 2.7 mg per person per day[31].
However, some Tibetans have been observed to ingest large
amounts of fluoride (e.g. 14 mg per day) due to the
consumption of brick tea as a beverage[32]. For a given
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individual, water consumption increases with temperature,
humidity, exercise and state of health, and is modified by
other factors including diet. Roughly, the closer to the
Equator, the higher the water consumption[31] and hence
increase in level of fluoride.

The variation of fluoride is dependent on a variety of
factors such as amount of soluble and insoluble fluoride in
source rocks, the duration of contact of water with rocks and
soil temperature, rainfall, oxidation- reduction process[33].
Naturally, groundwater contains mineral ions. These ions
slowly dissolve from soil particles, sediments, and rocks as
the water travels along mineral surfaces in the pores or
fractures of the unsaturated zone and the aquifer. A major
and widespread cause of groundwater quality deterioration is
heavy pumping, which may cause the migration of more
highly mineralized water from surrounding strata to the well.
Intensive and long-term irrigation causes weathering and
leaching of F from the soils/weathered rocks[34]. Easy
accessibility of circulating water to the weathered products
during irrigation dissolves and leaches the minerals,
including fluorine, contributing F to the surface water and
groundwater[35]. Weathering of alkali, silicate, igneous and
sedimentary rocks contribute a major portion of fluorides to
groundwater. Occurrence of alkaline soil around the fluoride
contaminated water sources is the outstanding feature of the
fluoride-affected areas[34].

3. Health Effects of Fluoride

Dental fluorosis, which is characterized by discolored,
blackened, mottled or chalky white teeth, is a clear
indication of overexposure to fluoride during childhood
when the teeth were developing. These effects are not
apparent if the teeth were already fully grown prior to the
fluoride overexposure; therefore, the fact that an adult may
show no signs of dental fluorosis does not necessarily mean
that his or her fluoride intake is within the safety limit[37].
When the tea is heavily consumed as sweet and strong and is
consumed from a very young age when it is put in nursing
bottles cause dental fluorosis[36]. Chronic intake of
excessive fluoride can lead to the severe and permanent
bone and joint deformations termed as skeletal fluorosis.
Early symptoms include sporadic pain and stiffness of joints:
headache, stomach-ache and muscle weakness can also be
warning signs. The next stage is osteosclerosis (hardening
and calcifying of the bones), and finally the spine, major
joints, muscles and nervous system are damaged. Whether
dental or skeletal, fluorosis is irreversible and no treatment
exists. The only remedy is prevention, by keeping fluoride
intake within safe limits[38]. Research of several
investigators during the last 5-6 years has proven that
life-long impact and accumulation of fluorides causes not
only human skeletal and teeth damage, but also changes in
the DNA-structure, paralysis of volition, cancer, etc[39].

In India, about 62 million people including 6 million
children suffer from fluorosis because of fluoride



Resources and Environment 2013, 3(3): 53-58 55

contaminated water[40]. Teotia et al.[24] stated that chronic
fluoride toxicity depends upon the actual amount of fluoride
ingested per day and the duration of exposure to high
fluoride intake through drinking water since the amount of
fluoride taken through food appears to be relatively small.
The daily intake of fluoride depends upon (a) concentration
of fluoride in drinking water, (b) total amount of water
ingested per day. The amount of water ingested is itself
dependent upon a number of variables such as body size,
food habits, environmental temperature and extent of
physical activity. During the hot summer season, agricultural
laborers may drink up to 8 liters of water a day. In addition,
Indian diets contain large amounts of water and practically
all staples are cooked in water.

Large numbers of villagers of Patan district of Gujarat,
India are suffering from skeletal/dental fluorosis. They also
observed that people living in higher concentration zone of
fluoride having body pain, knee pain and back pain[34]. A
large population of Karbi Anglong and Nowgaon districts of
Assam, India is affected by fluorosis. The presence of
fluoride in drinking water up to 6.88 mg/L in different parts
of capital city of Guwahati, Assam, India has been
reported[22]. Fluoride concentration in drinking water had
ranged from 0.6 to 13.4 mg/L in the Gulbarga district of
Karnataka, India. The 89% children had dental fluorosis and
39% skeletal fluorosis[23].

Susheela[40] reported that fluoride contamination
problems like aches and pain in the joints, viz. neck, back,
hip, shoulder and knee without visible signs of fluid
accumulation; non-ulcer dyspepsia, viz. nausea, vomiting,
pain in the stomach, bloated feeling/gas formation in the
stomach, constipation followed by diarrhea; Polyurea
(tendency to urinate more frequently) and polydipsia
(excessive thrust), if detected, may be due to fluoride toxicity
manifestations besides diabetes and/or other diseases;
muscle weakness, fatigue, anemia with very low hemoglobin
levels; comp laint of repeated abortions/stillbirth; complaints
of male infertility with abnormality in sperm morphology,
oligospemia (deficiency of spermatozoa in the semen),
azoospermia (absence of spermatozoa in the semen) and low
testosterone levels. Discolouration of the enamel surface in
front row of teeth of the patient (central and lateral incisors
of the upper and lower jaw) may be due to dental fluorosis.
These problems may be due to fluoride toxicity besides other
reasons. Czarnowski et al.[7] has explained that increase in
fluoride intake affects the fluoride levels in urine and hair
and also has an impact on bone density.

Enamel mottling at 0.5 ppm and 0.9-1.0 ppm fluoride
levels has been reported[4l, 42]. At 6.0 ppm, 100%
prevalence of dental fluorosis has been reported[43].
Choubisa et al.[44] have observed a prevalence of 25.6% and
84.4% of grade II dental fluorosis in children at fluoride
levels of 1.4 ppmand 6.04 ppm, respectively. Shivashankara
et al.[23] found dental fluorosis among the children of Kheru
Thanda, 89% (41 out of 46). An overall prevalence of
skeletal fluorosis with severe symptoms among 18 (39%) of
the children at a mean fluoride level of 5.98 ppm was

observed. The prevalence of skeletal fluorosis was
marginally higher in males. They also found the prevalence
of fluoride toxicity and associated deformities were
restricted to the children. None of the adults have visible
symptoms of skeletal toxic effects. However, a few of them
complained of vague back pain and stiffness. Teotia[45]
found that fluoride toxicity affects children more severely
and after shorter exposure to fluoride than adults, owing to
the greater and faster accumulation of fluoride in the
metabolically more active growing bones of children.

4. Treatment of Fluoride

The popular technologies for the removal of fluoride
from water include: coagulation followed by precipitation,
membrane processes, ion exchange and adsorption[46, 47,
48, 49, 50]. In coagulation, trace amounts of fluoride ions
tend to remain in solution due to solubility restriction. Other
shortcomings include the resulting high pH of the treated
water and the generation of large amount of wet bulky
sludge[51, 52]. The Nalgonda technique, based on
precipitation processes, is also a common defluoridation
technique. The limitations of the process are: daily addition
of chemicals, large amount of sludge production, and low
effectiveness for water having high total dissolved solids
and hardness. Further, increase in residual aluminum in the
treated water has been reported[53]. This may endanger
human health as concentrations of aluminum, a neurotoxin,
as low as 8.0 x 10 mg/l in drinking water have been
associated with Alzheimer’s disease[54, 55]. Membrane
processes, though effective in fluoride removal,
demineralise water completely, besides the high initial and
maintenance costs. lon exchange methods are efficient for
fluoride removal, but a tedious and difficult process of
preparation of resins as well as the high cost necessitates a
search for an alternative technique. Adsorption techniques
have been quite popular in recent years due to their
simplicity, as well as the availability of wide range of
adsorbents. Research has focused on various types of
inexpensive and effective adsorption media, such as
different clays[12, 56, 57], solid industrial wastes like red
mud, spent bleaching earths, spent catalysts and fly ash[58,
59, 60, 61, 62], activated alumina, carbonaceous
materials[63, 64, 65], bone charcoal[66], natural and
synthetic zeolites and other low-cost adsorbents, with
various degrees of success[67]. Murutu et al.[2] conducted
study for the removal of fluoride ions from water using
phosphoric acid treated lime.

Considerable work on defluoridation has been done all
over the world. The most economical adsorbent for fluoride
removal fromdrinking water is activated alumina[68]. Borah
and Dey[22] has reported other adsorbents like fly ash, silica
gel, soil, water hyacinth, bone charcoal, zeolites, bentonite,
etc which controls the fluoride contamination. They also
carried out pilot scale study for the treatment of fluoride
using coal particles as adsorbent materials. The amount,
contact time and particle size of the adsorbent influenced the
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treatment efficiencies of fluoride.

For the removal of fluoride, Chidambaram et al.[69] used
natural materials such as red soil, charcoal, brick, fly-ash and
serpentine. Each material was setup in a column fora known
volume and the defluoridation capacities of these materials
were studied with respect to time. According to the
maximum defluoridation capacity these materials were
added proportionately to the vertical column. Ten mg/l of
fluoride was passed through the column and the variation of
fluoride removal for a known rate of flow was studied. They
found that red soil has good fluoride removal capacity
followed by brick, fly-ash, serpentine and charcoal. The
main factors in red soil the dominance of very fine clays,
organic matter and rich in iron aluminum oxide in
composition and have good anion exchange capacity. In
general, aluminium compounds are found to be good
fluoride removers because of the reaction between Al and F
molecules.

According to Bower and Hatcher[70], Bjorvartn and
Bardsen[71] and Singano et al.[72], magnesite, apophyllite,
natrolite, stilbite, clinoptilolite, gibbsite, goethite, kaolinite,
halloysite, bentonite, vermiculite, zeolite(s), serpentine,
alkaline soil, acidic clay, kaolinitic clay, China clay, aiken
soil, Fuller’s earth, diatomaceous earth and Ando soil are
among the numerous naturally occurring minerals which
have been studied and confirmed to adsorb fluoride from
water. Awareness generation and emphasis on importance of
consuming calcium, vitamin C, E and antio xidant-rich diet
can be made for minimizing the adverse effects of
fluoride[40].

5. Concluding Remarks

Rock minerals and waste disposal contributes fluoride
contamination in groundwater. Researchers have observed
different concentrations of fluoride for the different diseases.
To mitigate fluoride contamination for an affected area, the
provision ofsafe, low fluoride water fromalternative sources
should be investigated as the first option otherwise various
methods, which have been developed for the defluoridation
of water can be used to prevent fluoride contamination.
Groundwater of a particular area should be thoroughly
studied before its use for domestic purposes and accordingly
a suitable method can be chosen for its treatment.
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