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Abstract

With increasing population and technological advancement, natural resources are in the
process of depletion and deterioration. Fluoride is one of the common constituents of
groundwater and sources of elevated concentration of fluoride include geological,
geochemical and volcanic processes in groundwater, but several human-induced processes
and practices also contribute to contaminating groundwater with fluoride. Millions of people
are suffering from fluorosis around the world due to the intake of fluoride majorly from the
consumption of fluoride-rich groundwater. Consuming water with high fluoride
concentrations can cause dental and skeletal fluorosis. High fluoride concentrations are
critical especially in developing countries, largely because of lack of awareness and
treatment facilities. This review demonstrates the sources of fluoride, its health impacts and
the current status of fluoride concentration in the groundwaters of Pakistan.
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Introduction

Water is a vital component for all living organisms
and required for the maintenance of life quality.
Water scarcity is a global phenomenon and has been
affecting adversely to all populations and countries
[1]. According to Abbasi et al, [2] 748 million
people do not have access to safe water whereas 2.5
billion peoples living without access to enough
water supply. Half of the population of the world
consume groundwater as drinking water [3]. Due to
several natural and anthropogenic reasons, the
depletion of groundwater occurring specifically in
Asian and North American countries [4]. The
deteriorating quantity and quality of groundwater
are leading to further burden on existing resource
and thus demand is increasing [5]. The contaminants
fluoride, nitrate, arsenic, iron, sulfate, manganese,
selenium, chloride, radioactive materials, and other
heavy metals deteriorate groundwater quality are
produced by natural processes and anthropogenic
sources such as industrialization, rapid urbanization
and use of agriculture practices. Among these
pollutants fluoride and arsenic are the most
significant regarding human health. Groundwater
quality essentially depends on its geological setting
and varies place to place. The consumption of
polluted water for longer causes diseases to
consumers [6].

Groundwater naturally and commonly contains
fluoride ion. The lightest and most reactive element
fluorine occurs as a negatively charged ion in
groundwater either in small concentrations or in
high concentration as a major ion [7]. This review
article discussed the possible sources of fluoride
contamination in groundwater and related global
health consequences of fluoride in special context
with Pakistan.

Fluoride intake

Humans receive 70 to 90 % of daily intake of
fluoride through drinking water whereas, remaining
through air, dental products, foods and beverages
[8]. The daily exposure is variable depending upon
region, diet and water quality. An adult can expose
0.6 -2.0 mg of fluoride per day depending on water
quality [9]. The World Health Organization (WHO)
permissible level of fluoride in drinking water is 0.5
to 1.5 mg/L, moreover higher or lower fluoride
concentration can cause numerous health effects
[10].
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Impact of Fluoride intake on health

Drinking water is the main source of fluoride for
humans, so concentration of fluoride in water chooses
its impact, whether it is damaging or constructive to
health [11]. The appropriate concentration of fluoride
is useful for health in case of teeth and bone
development. More than 1.5 mg/L concentration of
fluoride in water can be hazardous and cause fluorosis.
Fluorosis is being a threat to more than 200 million
people globally [12].

Dental fluorosis

The discoloration, blackening or chalky whitening of
teeth indicates dental fluorosis during childhood in
developing stage of teeth as a consequence of
consumption of high fluoride-containing water [13]. If
teeth are already grown fully before the exposure to
fluoride the above-stated symptoms will not appear,
therefore, no symptoms do not guarantee the person
have been not consuming excess amount of fluoride
[14]. Fluoride being strong electronegative ion has
strong affinity towards calcium ion of bones and teeth
thus tooth enamel is adversely affected since 87% of
tooth enamel is made up of calcium phosphate called
hydroxyapatite [15]. Fluoride displaces the hydroxide
ions and forms fluorapatite due to this continuous
process for longer teeth are subject to become rigid
and fragile called dental fluorosis. In dental fluorosis,
tooth may develop horizontal streaks of different
colors like yellow, brown or to black and in severe
stages pits may appear. Studies showed Enamel
mottling of teeth occurred at the concentration of 0.5
mg/I of fluoride [16].

Skeletal fluorosis

Permanent and severe joints and bone deformations
cause skeletal fluorosis. It occurs due to a chronic
overdose of fluoride. It includes intermittent pain of
joints and bone, toughness of joints, stomach-ache,
headache and muscular weakness. According to a
study by Shivarajashankara et al, [17] in the children
of Kheru Thanda, dental fluorosis was 89% (41 out of
46) and skeletal fluorosis in children with severe
symptoms was (39%) with 5.98 ppm of fluoride level.
Skeletal fluorosis was more prominent in Men.
Skeletal fluorosis apart from consumption of drinking
water occurs due to the consumption of tea or fluoride-
rich foods and from inhalation of airborne fluoride,
indoor air or occupational exposure in industries and
factories.
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Osteosclerosis

Skeletal fluorosis leads to osteosclerosis which causes
hardening and calcification of bones resulted in
impairment of major joints, spine, muscles and
nervous system. Both dental and skeletal fluorosis are
irreparable and there is no treatment yet, only
prevention by consuming fluoride within safe limits
could help. Several studies show the excess fluoride
not only damages teeth or bones but also alters the
structure of DNA, causes cancers and paralysis of
volition. The toxicity of fluoride depends on daily
intake of it and daily intake largely depends on
fluoride content in drinking water and total amount of
water utilized per day by consumer. The quantity of
water consumption also depends on body size, diet,
weather and degree of physical workout for instance
in hot season [18].

Other impacts

The other problems may be observed due to excessive
fluoride intake including skin rashes, headache,
reduced immunity, non-ulcer dyspepsia, vomiting,
nausea, stomach bloating and gas formation, diarrhea,
constipation,  abdominal  pain,  neurological
manifestations, nervousness, depression, intelligence
effected in children, frequent urination (polyuria)
which leads to polydipsia (excessive thrust),
formation of kidney stones, tingling sensation in
fingers and toes, diabetes and risks of male infertility
[19-22].

Sources and factors affecting fluoride
in groundwater

Hydro-geology

Fluorine content in groundwater depends on rock
composition and geological setting. Apatite fluorite
and micas minerals containing rocks having a higher
concentration of fluoride. Fluoride adds up in
groundwater from weathering of rocks when water
comes to contact with them.

The fluorine concentration of volcanic and igneous
rocks is in range of 100 to 1000 mg/ kg due to the
presence of minerals containing fluoride, cryolite
(NasAlFs), granite and fluorapatite (Cas(PQa4)sF). The
fluorine concentration of sedimentary rocks because
the presence of fluorspar (CaF) in limestones and
sandstone whereas sellaite (MgF,) in sedimentary
rocks is in range of 200 to 1000 mg/l. The fluorine
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concentration of metamorphic rocks is 100 to 5000
mg/ kg due to the fluorapatite (Cas(PO4)sF) [23].

Retention time in the aquifer

Fluoride concentration also depends on contact time
of groundwater with fluoride bearing minerals.
Longer residence time, slow movement of
groundwater and deepness of aquifers causes excess
accumulation of fluoride in groundwater. On the other
hand shallow aquifers have low concentration of
fluoride similarly freshly rainwater infiltration also
contributes to dilution of fluoride concentration in
groundwater [24].

Temperature

Fluoride is usually higher in dry regions because the
groundwater movement is slow as well as longer
reaction time with minerals of rocks. Evaporation of
solution having alkalinity more than the hardness of
that solution and calcite concentration in balance also
increases the concentration of fluoride and dissolution
of such evaporative salt also adds fluoride in
groundwater. On the other hand, the areas which
receive high precipitation like humid tropics have less
fluoride due to dilution factor [7].

Anthropogenic activities

There are many anthropogenic activities that can
increase fluoride concentration in groundwater.
Overutilization of groundwater can transfer heavily
mineralized water from adjacent rocks to the aquifer
[25]. Mishandling and improper burial of fly ash cause
the leaching which ends up with contamination of
groundwater [26]. Improper and overutilization of
fertilizer as well as inappropriate practices of
irrigation significantly contribute to a higher level of
fluoride concentration in groundwater [27].

Global Fluoride Contamination

Fluorosis has been affected more than 311 million
people in many countries such as Afghanistan,
Algeria, Argentina, Canada, China, Egypt, India, Iraq,
Iran, Japan, Jordan, Kenya, Libya, Mexico, Morocco,
New Zealand, northern Thailand, Pakistan, Saudi
Arabia, Sri Lanka, Sudan, Syria, Tanzania, Thailand,
Turkey and USA [28-34]. A large population, around
66 million and 45 million peoples are suffering from
fluorosis in India and China, respectively [29, 35]. In
India people from 17 out of 32 states are suffering
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from endemic fluorosis whereas, in china peoples
from 29 provinces are prevailing endemic fluorosis.

Fluoride Contamination in Pakistan

Pakistan has two sources of drinking water,
groundwater, and surface water. In Pakistan, there are
several regions where peoples totally depend on
groundwater, and 70% of drinking water supplies of
Pakistan are satisfied by groundwater. Groundwater

resources in Pakistan are getting contaminated
because excessive usage of fertilizers, pesticides,
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indiscriminate waste disposal, and industrial effluent,
moreover, over-extraction of water leads to saline
water intrusion into the freshwater zone [43].
Pakistan experiencing water stress situation and per
capita, water availability is declining [44], therefore
qualitative and quantities assessments of drinking
water are crucial. Many studies have been conducted
in Pakistan for fluoride determination, and results
showed great variation in different areas of Pakistan
(Table 1). Generally, groundwater from most of the
locations contains acceptable levels of fluoride. Few
locations in Sindh and KPK showed a high level of
fluoride concentration than acceptable.

Table 1: Fluoride concentration in different areas of Pakistan [36-42]

No Location Mean (mg L% | No Location Mean (mg L)
1 Attock 10.35 31  Loralai 1.08
2 Bahawalnagar 1.67 32 Mianwali 14
3 Bahawalpur 0.67 33 Mithi 5.86
4 Chakwal 1.02 34 Mirpur Khas 0.03
5 Chachro, Tharparkar 28.24 35  Mir pur khas 0.74
6 Dera Ghazi Khan 0.96 36  Mastung 1.13
. Mithi and Nangarparkar sub-
7 Faisalabad 0.89 37 districts of Tharparkar 26.93
8 Faisalabad 0.76 38  Mianwali 1.37
9 Faisalabad 0.2 39  Naranji, KPK 10.67
10  Ganderi Union Council, Nowshera 1.86 40 Naranji village and surrounding 8.15
areas, Nowshera
11 Gujranwala 1.58 41  Nagar parkar 3.33
12 Gujranwala 0.29 42 Peshawar 0.15
13 Hasilpur 0.6 43 Peshawar 0.29
14 Hyderabad 0.16 44 Peshawar 0.29
15  Islamabad 0.07 45  Quetta 2.47
16  Jhelum 0.37 46  Quetta 0.91
17 Jehlum 0.1 47  Rahimyar Khan 0.22
18  Kalanwala 1.47 48  Rahimyar khan 2
19  Karachi 0.15 49  Risalpur 1.27
20  Karachi 0.48 50  Sialkot 0.14
21 Karachi 1.16 51  Sialkot 0.68
22 Kasur 1.11 52 Sukkur 0.3
23 Kasur 4.38 53  Sahiwal 0.33
24 Khairpur 0.73 54 Sammundari 0.53
25  Khanpur 0.4 55  Shaikhopura 3.58
26 Khushab 1.09 56  Sargodha 1.62
27  Lahore 2.96 57  Thar desert 4.49
28  Lahore 2.62 58  Umarkot 5.22
29  Lahore 3.07 59  Ziarat 0.39
30 Lahore 0.15
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Defluoridation techniques

Defluoridation of water is useful both by the state-
level as well as individual level. Many techniques are
available for defluoridation such as adsorption,
coagulation, electrocoagulation, ion exchange, and
membrane processes [45-47], all of them have their
own suitability according to the concentration of
fluoride ions in drinking water and expected extent of
removal. Similarly chemical methods should also be
coupled with these technologies to increase the
removal of F-outcome [48]. As described by Fawell et
al, [49], bone charcoal, activated alumina,
precipitation, electrodialysis reverse osmosis, and
distillation can be used to treat fluorinated water.

Conclusions

With increasing population and technological
advancement, natural resources are facing severe
shortage and quality degradation. Water shortage and
poor quality is among the top most environmental
catastrophe which global communities are facing and
suffering population. Many people are dependent on
the hidden sea of earth i.e. groundwater for drinking
i.e. 70% of drinking water supplies are fulfilled by
groundwater, in Pakistan which is deteriorated and is
known for causing severe damages to consumers. In
groundwater contamination, fluorine contamination is
of utmost importance. The main sources of fluoride
contamination are natural resources including
geological, geochemical and volcanic processes in
groundwater but several human induced processes and
practices are also contributing to contaminate
groundwater with fluoride which needs to be
identified and studied to overcome the problems
associated. Many problems like skeletal, dental
fluorosis and other damages are reported in Pakistan.
There are many treatment technologies which can be
used to treat fluoride in drinking water including
chemical and mechanical processes like adsorption,
coagulation, electrocoagulation, ion exchange and
membrane processes which can be opted to make
citizens’ life better.
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