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ABSTRACT

Water is one of the most vital components for all forms of life and is indispensable to the maintenance of life on the
earth. Water may be contaminated by natural sources or by industrial effluents. One of such contaminants is
fluoride as it has a profound effect on teeth and bones when the concentration in drinking waters exceeds the
permitted limits. Concentrations in the range of 1.0-1.5 mg/lit strengthens the enamel and in the range of 1.5-4.0
mg/lit results dental fluorosis whereas with prolonged exposure to higher concentrations (4-10 mg/lit) results
skeletal fluorosis in children as well as adults. The fluoride concentrations in groundwater more than 30 mg/lit
occur widely in many parts of the world such as India, Pakistan, West Africa, Thailand, China, Si Lanka, Southern
Africa, United Sates of America, Argentina, and Ethiopia. This article reviews the present scenario of groundwater
pollution and a number of adverse effects on health caused by fluorideions.
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INTRODUCTION

Water Pollution:

Safe drinking water is indispensable life sustain@ssential needs of living creatures. This wondeift of nature
is being contaminated by the human beings in tiveratdof modernization, industrialization, urbaniaat The other
sources of pollution are improper disposal of seayagricultural runoff, urban storm water runofdachemical
wastes dumped by industri€figure 1). These pollutants are detrimental to &onmealth and also to the
microorganisms living in the water bodies and #® biota and plants.

The World Health Organization estimates that safekihg water could prevent 1.4 million child deatfrom
diarrhea each year [1]. It has been suggestedwhtdr pollution is single largest leading worldwidause of
diseases and deaths and that it accounts for ththslef more than 14,000 people daily and 11,00thern are
children under the age of five years [2-3] and rhiBion people die every year from diarrheal dissascluding
cholera [4].

The use of contaminated surface water sources asitdkes, ponds, rivers and rainwater sourcesibaterto the
transmission of water-borne diseases, includindechpdysentery and typhoid. And also the increagiopulation
and necessities have led to the deterioration dhse and sub surface water [5]. However, aroun@ 3dlion
people still live in absolute poverty in both urkeamd rural areas, and often lack access to cldakinly water and
basic sanitation; nearly half of the populationliterate, not at all aware of the waterborne dises affecting their
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health. The World Health Organization and UNICEBgwsed the large-scale use of tube wells for dnopkvater,
anticipating that groundwater would be relativelyef of the contaminants plaguing surface water.

Sources of groundwater contamination

Figure 1: Various sour ces of groundwater contamination

Groundwater has long been regarded as the pure &frmater compared to surface water because of the
purification of the former in the soil column thigiu anaerobic decomposition, filtration and ion exde. This is
one of the reasons for the excessive consumptignoafndwater as the drinking water in both urbath mmal areas

all over the world [6-7]. In India about 80% of tmaral population and 50% of the urban populatise u
groundwater for domestic purposes [8]. Unfortunatél has been reported that more than 33% of thetty's
groundwater resources are unfit for consumptiorafthey are contaminated with a wide variety dlupents and

the reasons for which is mostly geological in natdn many parts of India, the groundwater poliutie attributed
mainly to the presence of excessive fluoride, acsand nitrate. Amongst the most notable of thesgaminants is
fluoride [10]. So, fluoride is a one of the mainogndwater contaminants in India and high fluorideels in
drinking water posing severe threat to human health

Classification of Water Pollutants:

The sources and causes of water contamination warenous, and are as diverse as human activitids [Ifie

major sources of water pollution can be classifisd Municipal, Industrial and Agricultural. The etfs of water
pollution are varied and they depend on what chalsiare dumped and in what locations. Industrisstdirge a
variety of pollutants in their waste water incluglianionic and cationic contaminates, heavy metatgnic toxins,
dissolved inorganic compounds, oils, nutrientsidsahnd dyes.

Organic Pallutants:

These are mainly resulting from human activitied tma lesser degree even due to natural procelsese natural
processes usually take place near the surfaceeihtmus-containing soil, but may also be presedegper layers
where peat, lignite, coal, or even shallow oil d@fgpoare present and in contact with ground waltlrough
metabolism, decay, dissolution, advection, androphecesses, organic compounds are formed and leepanh of
the groundwater system. Humic acids, hydrocarbam @ectins are amongst the natural organic subesanc
occurring in ground water.

I norganic Pallutants;

This category of water pollutants consists of metahpounds, finely divided metals, inorganic sat&ce elements,
mineral acids, metallic complexes, organo-metaltimpounds and poly phosphatic detergents etc. Témepce of
various hazardous contaminants like fluoride, tatrgpesticides, arsenic, other heavy metals, etcurider

groundwater has been reported from different pafritdia [12-17]. The distribution of these conséihts largely
depends on the type of geological formations intactnwith the groundwater flowing through. Fluorige a

potential pollutant in India and it is mainly of tneal origin found in groundwater and it leachesoirthe

groundwater due disintegration and dissolution gsfebus and metamorphic rocks containing minerath s
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amphiboles and micas [18]. Further, the effluemtsnf chemical, metallurgical industries and coalmiraso
contribute to the fluoride contamination in surfacaters.

Occurrence of Fluoride:

Fluorine is a ubiquitous and the™@ost abundant naturally occurring element in thettEs crust, one of the most
reactive and electronegative of all the elemer@$. [Rluorides account for 0.06-0.08% of the Earttrisst, but their
average abundance is low (300 mgk§20] and the content of fluorine in the lithosphearies between 100 and
1500 g/ton. Fluorine cannot be found in naturetsnelemental state, because of its great reactivity it exists as
fluoride mineral complexes. Fluoride ions have shene charge and nearly the same radius as hydrimxideand
may replace each other in mineral structures [19].

Fluorides are found in a wide variety of mineraiscluding fluorspar [Caff, sellaite [Mgk], rock
phosphate/fluoroapatite [€4PQO,); F], cryolite [NaAlFg], mica, hornblende and others [21]. Fluorite (gaB a
common bearer of fluoride and is found in grargi@nite gneisses and pegmatite [22-23] and asit@yaligneous
rocks. Fluoride also associated with mono valetiboa such as NaF and KF which are water solubhélevthe one
formed with divalent cations such as Gahd Pbk is generally insoluble in water. Thermal watershwiigh pH
are also rich in fluoride [24]. Rock phosphates @averted into phosphate fertilizers by the renh@faip to 4.2
per cent fluoride [21].

Fluoride pollution in the environment occurs thrbugvo different channels which are natural and ambgenic
sources [25]. The majority of fluoride in the Eastsurface is derived from rock minerals wheredsepsources
such as air, seawater and anthropogenic activitestitute a relatively small proportion [26-27]uétrine and its
compounds are used as raw materials in industrgtwhitensively generate the toxic waste wastesagung

fluorine/fluoride [28]. Elemental fluorine is nesasy in the preparation of many fluoride compoundsich play an
important role in semiconductors, phosphate fegit, pesticides, production of high purity graphélectrolysis of
alumina and in nuclear applications. Burning oflsadten contains fluoride as an impurity and ib&ng leached
down to the groundwater [22, 29-31]. The amounfladride present naturally in groundwater is goestrby

climate, pH, composition of the host rock and hgdwogy [32-33]. During weathering of alkali, ignesoand
sedimentary rocks and circulation of water in fiderbearing rocks and soils, fluorine can be redaha and
dissolved in groundwater [34-42].

Drinking-water is typically the largest single cobtitor to daily fluoride intake [21]. The fluorideontent of air,
water and food determine the intake of fluoride dedend mainly on the geographical areas. Foodsezive the
source of 80-85% of fluoride intake; the intakenfrdrinking water is 0.03-0.68 mg/day and from top#stes 0.2-
0.3mg [43]. Based on the previous discussion,libfics that total daily fluoride exposure can vargnkedly from

one region to another.

Fluoride has dual significance, i.e., beneficidleefs on teeth at low concentrations in drinkingevabut on
excessive exposure to fluoride in drinking-watem agive rise to a number of adverse effects. In dndi
concentrations of fluoride in drinking water inféifent parts of the country vary from 0.5 to 50 lihghd the extent
of fluoride contamination in groundwater variesnrdl.0 to 48 mg/lit [44]. The permissible limits @tioride
concentration in drinking water prescribed by vasi@rganizations [44-45] are shown in Table 1.

Table 1: Permissible limit of fluoridein drinking water prescribed by various Organizations

S. A Permissible limit of
No. Name of Organization fluoride ion (mg/lit)
1 World Health Organization (International standanddrinking water) 0.6-1.5
2 US Public Health Standards 0.8
3 The committee on public health engineering maandlCode of practice, Government of India 1.0
4 Indian Council of Medical Research (ICMR) 1.0
5 Bureau of Indian Standards (B 0.6-1.5

Thus the requirement of fluoride content varies aghocountries and depends on the geography andgiefa
people involved [46]. However, from several studeesough estimate of total daily fluoride exposira temperate
climate is approximately 0.6 mg per adult per dagm area in which no fluoride is added to theldnig-water and
2 mg per adult per day in a fluoridated area [47].
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Fluoride Distribution in Water:

Fluoride is found in all natural waters at variemhcentrations. Seawater contains about 1mg/litevhiilers and
lakes contain concentrations of less than 0.5 mpt8]. In ground waters, the presence of fluorin occur
depending on the nature of the rocks and the oecoer of fluoride-bearing minerals. Waters with hfgloride
concentrations occur in large and extensive gedmgap belts associated with sediments of maringiorin
mountainous areas, volcanic rocks and graniticgmalssic rocks [48]. Fluoride concentrations inseem ground
waters in which cation exchange of sodium for eaidtioccurs [24]. The high concentrations in grouridware a
result of dissolution of fluorite, apatite and tagfeom the local bedrock. A total of 60-70 milligeople in India as
a whole may be considered to be suffered from iiticocontamination [49].

Fluoride Distribution Atmosphere:

Fluorides are widely distributed in the atmospldire to dust, industrial production and use of phaspfertilizers,
coal ash from the burning of fluoride-containingatand volcanic activity. However, air is respotifor only a
small fraction of total fluoride exposure [50]. ton-industrial areas, the fluoride concentratioaiims 0.05-1.90g

m J21]. High levels of atmospheric fluoride occurareas of Morocco and China [51-52] and more thamiliion

people in China are reported to suffer from fluakie to the burning of high fluoride coal [53].

Fluoride Contamination in Worldwide:

A large number of fluoride contaminated areas awandied throughout the world where ground waterdadon
exceeded levels of fluoride (Figure 2). In 1984, @/Eistimated that more than 260 million people tvatl over the
world consume water with fluoride concentration admg/lit. There are 14 countries in Africa, 8 ewies in

Asia, and 6 countries in the America that all hgwivater considered unsafe by the World Health Qegdion [54].

LEGEND
T

Figure 2: Regions of the World with significant levels of fluoridein the Groundwater

High groundwater fluoride concentrations associatétth igneous and metamorphic rocks such as gmrite
gneisses have been reported from India, Pakistast Wirica, Thailand, China, Sri Lanka, and South&frica. In
some countries like India, Argentina, and Ethioplies fluoride contamination of groundwater has bsignificant
[55-57].

The fluoride concentrations in groundwater morent38 mg/lit occur widely in the United States of Arica,
Africa and Asia [58-67]. In Kenya, a detailed synad fluoride in groundwater has been undertakeiNhir, K.R.
et al., [68]. High fluoride concentrations is fouimdUnited Republic of Tanzania, where 30 per agnvaters used
for drinking exceeded 1.5 mg/lit fluoride [69] wittoncentrations in the Rift Valley even up to 45/lihgin Sri
Lanka, Dissanayake [70] found concentrations ofaupO mg/lit in ground waters in the Dry Zone, asated with
dental and possibly skeletal fluorosis. More th@&cduntries in the world, including India, have lpems with
fluoride in the drinking water [71] and more tha®02million people in worldwide consume drinking eatvith a
fluoride content of >1.0 mg/lit [47] and the majgrof these people live in tropical countries whtre problem is
exacerbated by the need to drink more water beaHube heat.
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Fluoride Contamination in India:

In worldwide, India is most severely fluoride affed country. Of the 85 million tons of fluoride aeits on the
earth’s crust, 12 million are found in India [7EJuoride epidemic has been reported mostly in ¢geasnd gneissic
geological formation of different states in Indid3f75]. Some regions in north western and southedia are

heavily affected with fluorosis [67, 76]. The rodkssouthern India are rich with fluoride which fies the major
reason for fluoride contamination in groundwatef][7The disease as fluorosis in human beings $$ feported in
Nellore district of composite state of Andhra Pdeven in 1937 [78]. The granites in the distoicNalgonda,

composite state of Andhra Pradesh contain muchehifihoride than the world average fluoride concatindn of

810 mg/kg [79]. The highest concentration obseimdddia is 48 mg/lit in Rewari District of Haryarj49]. In India

alone, more than 62 million people including 6 mill children below 14 years of age are affectedhwintal and
skeletal fluorosis [49, 80-83]. In India in 2007, &tates have been identified as endemic for fhisrf®4] and now
the problem exist in more than 17 states and shveftected states are Rajasthan, composite sta#sndhra

Pradesh, Madhya Pradesh, Punjab, Haryana, Gujarat) Nadu and Uttar Pradesh [73, 85-86].

According to the Department of Drinking Water Sypmut of 593 districts from which data is avaiablvater in
203 districts has shown high fluoride [80]. Diffatestates of India where elevated concentratifnfiuoride in

groundwater aseported in literature are shown in Figure 3 andegailed listof concentrationof fluoride in

groundwater in different states of India are giueable No’s 2 and 3. As seen from the Figurel®oat all states
in India have districts where groundwater contaixcess levels of fluoride.

[ Highly Endemic
3 Moderately Endemic
.~ - The number within each state is the 1 & Less Endemic

( . i 1 v [ No data available

Fluoride range in drinking water

Figure 3: Map of India showing endemic statesfor fluorosis

Fluoride Contamination in composite state of Andhra Pradesh:

Groundwater is the major drinking water sourcehia villages of composite state of Andhra Pradesiciwis the
most prominent fluoride contaminated state in In@averal areas of Andhra Pradesh have fluorideesdration
greater than the permissible limit by WHO and paitrly the fluoride affected districts are mair@yddapah,
Guntur, Nalgonda, Prakasam, Nellore, AnantapurReawigareddy and concentrations of fluoride in groveter in
different districts of composite state of AndhradR¥sh are given in Table 3.

It is a well established fact that groundwater ialddnda district, composite state of Andhra Pradésis high
fluoride due to the inherent fluoride rich granitacks. The granitic rocks in Nalgonda district t@on fluoride from
325 to 3200 mg/kg with a mean of 1440 mg/kg. Thégbleda granties contain much higher fluoride tHamworld
average fluoride concentration of 810 mg/kg [118]Kurmapalli watershed, rocks are enriched in tide from
460 to 1706 mg/kg [120]. The mean fluoride contarityderabad granites is 910 mg/kg [121].
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Table 2: Concentration of fluoridein groundwater in different states of I ndia where elevated concentrations of fluoride asreported in
literature apart from composite state of Andhra Pradesh

Range of
States Districts/Places fluoride Ref.
conc.
(mg/lit)
Karbi Anglong, Nagaon 0.2-18.10 [87]
Assam Guwabhal 0.1£-6.8¢ [88]
Sonitpu 0.17-5.6( [89]
Bihar Palamu, Daltonganj, Gridh, Gaya, Rohtas, Gzpg, Paschim Champaran 0.60-8.0| [80]
. Kanjhwala, Najafgarh, 0.10-16.5
Delhi Alipur city 0.40-100 | [80:90]
All districts except Dang 1.58- 31.0 [80]
Gujarat Mehsan. 0.94-2.81 [91]
Mehsana 1.50-5.60 [92]
Rcwari, Faridabad, Karnal, Sirsa, Sonipat, Gurg&aiithal, Mohindcrgarh, Kurukshctra, 0.17-24.7| [80]
Haryana Jind 0.20-2.00 [93]
Bhiwani 0.14-86.0 [94]
Rohtak 0.40-4.80 [95]
J&K Doda, 0.05-1.21 [80]
Garhwa 0.52-7.62 [96]
Jharkhand Palamu 0.10-120 | [97]
Dharwad, Gadag, , Belgam, Raichur, Bijapur, Gulbharg
Karnataka Chitradurga, Tumkur,Chikmagalur, Mandya, Banglorgshte 0.20-18.0 [80,98]
Bellary 0.33-7.8 [99]
Kerala Allepy, Vamanapuram 0.20-2.50 [80]
Palghat 0.50-5.75 [100]
Maharashtra Chandrapur, Bhandara, Nagpur, Jalgaon, Buldunaagati; Akola, Nanded, Sholapur 0.11-10.2| [80]
Yavatma 0.3-13.4] [101]
Madhya Jabua, Mandla, Dindori, Chhindwara, DtVidhisha, Seoni, Sehore, Raisen ,Bhi 0.0¢-4.2( [80]
Pradesh Shivpuri 1.65-3.91 [102]
Orrissa Phulbani, Koraput, Dhenkanal 0.60- 5.70 [80]
Balasore 0.60-5.83 [103]
Punjab Mansa, Faridcot, Bhatinda, Mukstar, Moga, Sandfarpzpur, Ludhiana, Amritsar, Patila, 0.44-6.00 [80]
Ropar, Jallandhar, Fatehgarh si
All the 32 districts 0.20-37.0 [80]
Hanumangarh 1.01-4.42 [104]
Ajmer 0.12-16.9 [105]
Rajasthan Central Rajasthan 1.50-5.91 [106]
Deoli Tehsil 0.30-9.60 [107]
Dungarpu 1.5(-4.4C [108]
Jaipur 0.10-12.5 [109]
Malpura Tehsil, Tonk 0.08-11.3 [31]
Salem, Periyar, Dharampuri, Coimbatore, Tiruchillapéellore, Madurai, Virudunagar 1.50-5.00 [80]
Erode 0.50-8.20 [110]
Dindigul 2.47-5.26 [111]
Tamilnadu Ottapidaram 0.94-4.34 [112]
Tirunelveli 0.73-3.02 [113]
Rameswaram Area 1.50-2.50 [114]
0.10-2.80
Salem 0.40-4.00 [115]
Unnao, Agra, Meerut, Mathura, Aligarh, Raibarelilahabad 0.12-8.90 [80]
Uttar Pradesh | Kanpur 0.14-5.34 [116]
Mathura 3.40-4.60 [117]
West Bengal Birbhum, Bhardaman, Bankura, Purulia 1.50-13.0 [80]
Hooghly 0.01-1.1¢ [118]

Studies on the quality of groundwater of Kakinadar [122] indicated that fluoride concentration vigthin
permissible limits, but it has been found that fide content is increased with decrease in saliftitye high fluoride
concentration in groundwater is attributed to thespnce of fluorite and apatite minerals in thephwgritic granites
of the region. The use of phosphate fertilizersjciwhare being leached down to the main groundwadely by
return irrigation flows, might also be one of th@tributing factors for high fluoride concentration
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Table 3: Fluoridein groundwater as per reported in literaturesfor composite state of Andhra Pradesh

Range of fluoride
State Districtg/Places conc. Ref.
(mgllit)

Padili, Darsi and Kanigiri Talukas of the erstwhilellore District 1.60-8.60 [123]
Udayagiri Taluk villages of Nellore 2.37-6.74 [124
Wailpalli watershed, Nalgonda 0.97-5.83 [125]
Parts of Nalgonda 0.10-8.80 [126]
Nalgonda District 0.40-20.0 [121,127]
Sivannagudem area, Nalgonda 1.50-10.0 [128]
Kurampalli watershed, Nalgonda Upto 21.0 [120
Vamsadhara river basin Up to 3.40 [129]
Visakhapatnam 0.35-8.35 [130]
Varaha River Basin,Visakhapatnam 0.60-2.10 [131]
Rural parts of Guntur 0.60-2.30 [132]
Uravakonda village, Anathapur 0.50-7.20 [133]

Composite state of Andhra PradesiGunthakal area, Anathapur 0.18-2.00 [134]
Ralla village, Anathapur 0.50 -5.80 [135]
Vempalli and Vemula mandals, Kadapa 0.2262 3. [136]
Badvel mandal, Kada| 0.245-4.22 [137]
Kandukur revenue division, Prakasam 1.22-3.09 [138]

' 1.44-4.55

Marripudi mandal, Prakasam 0.50-9.00 [139-140]
Kurnool District 1.50-6.50 [141]
Madanapallesuk-division, Chittoo >2.5( [142]
Gampalagudum mandal, Krist 1.6(-4.0C [143]
Kommala area, Warangal District 1.10-5.80 [144
Ranga Reddy District 0.70-4.80 [145-146]
Hyderabad (MCH) 0.34-3.12 [147]

HEALTH IMPACTSOF FLUORIDE

Fluorosis

Fluoride in drinking water has a profound effectteath and bones. Fluoride in drinking water haanbeonsidered
as an essential micro-nutrient for human body &t ¢wncentrations in drinking-water [148-149], bucessive
exposure to fluoride in drinking-water, or in comdtion with exposure to fluoride from other souran give rise
to a number of adverse effects. Excessive fluoexigosure may cause irreversible demineralizatiobarfe and
tooth tissues, a condition known as fluorosis. Heiitds necessary for the controlled additionlobfide to drinking
water supply and is effective for preventing todércay. Even though helpful for dental health in Isrdasage,
continuously exposure to fluoride in large amouhtsugh food, water and air interferes with bonerfation.

Higher fluoride concentration makes the teeth dedtones denser, harder and more brittle. In #th this causes
mottling and embitterment, a condition known astdefiuorosis. The disease earlier called mottledreel is first
reported by Viswanathgi50] to be prevalent in human beings in Madrassi@ency in 1933. Mahajan [151]
reported a similar disease in cattle in certainigpaf old Hyderabad state. However, Shortt [78the first to
identify the disease as fluorosis in human beimg$léllore district of composite state of Andhra d&sh. With
prolonged exposure to higher fluoride concentratiatental fluorosis progresses to skeletal flusrgsb2]. This
range from mild dental fluorosis to crippling skeldluorosis as the level and period of exposnmdases.

The World Health Organization permits maximum fiderconcentration in drinking water up to 1.5 mdAi7] at
which fluorosis is minimum and this is being folle in most of the nations and is also the Austalia
recommended limit [153-154]. The effect of fluoride human health by the prolonged use of drinkiagewwith
fluoride content [24,152] is presented in Table 4.

Fluoride is thus considered beneficial in drinkimgter at levels of about 0.7 mg/lit but once iteeds 1.5 mg/lit
causes adverse effects including severe dentalolis) skeletal fluorosis and crippling fluorosizl| 81, 83, 155-
157] and also other adverse affects on human hbalth been reviewed [158-159]. Both national anerirational
groups [50, 160] have comprehensively reviewedlabks data on the metabolism and health effecttuofide in

both laboratory animals and humans.
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Table 4: Health effects on prolonged use of fluoridated drinking water

Fluoride ion concentration, (mg/lit) Health outcome
<0.5 Dental caries
0.5-15 Optimum dental health
1.54.C Dental fluorosi
4.0-10 Dental and skeletal fluorosis
>10.0 Crippling fluorosis

Dental Fluorosis:

Dental fluorosis is defined as yellowish or browngriations or mottling of the enamel and it isasmetic effect,
associated pitting of the teeth in severe formsiariiist reported in 1888 in Mexico in a familyofn Durango who
attributed their black teeth for fluorosis [48]. & mottling of teeth is one of the earliest and neastily recognized
symptoms [161]. They lose their normal creamy whitnslucent color and become rough, opaque antkycha
white. Various stages of dental fluorosis are aswshin Figure 4.

An early stage of dental fluorosis is dental mogiwhich is characterized by opaque white patdreseeth. In
advanced stages of dental fluorosis, teeth disptayn to black staining followed by pitting of teesurfaces.
Dental fluorosis produces considerable added dewotsts (tooth deterioration) and significant phiagical stress
for affected population. Dental fluorosis is endenm 14 states and 1, 50,000 villages in India. pheblems are
most pronounced in the states of Bihar, composite <of Andhra Pradesh, Gujarat, Madhya PradeshjaBu
Rajasthan, Tamil Nadu and Uttar Pradesh [162].

High levels of fluoride present in concentratiopsta 10 mg/lit are associated with dental fluoregisle low levels

of fluoride, less than 0.1 mg/lit, are associatdthvhigh levels of dental decay [24]. The marginveen the

beneficial effects of fluoride and the occurrenéalental fluorosis is small and public health pamgmes seek to
retain a suitable balance between the two [160].

Moderate Severe

Figure 4: Various stages of Dental fluorosis

Dental fluorosis has been studied in several paftSouth Africa [163-165] and in West Africa in Seal,
especially for the endemic region of Fatick. In1@hi38 million people are reported to suffer froemi@l fluorosis
[166] and its affect is felt at several locatiofishee USA [167] and in many other countries arothmelworld.

Skeletal Fluorosis:

Skeletal fluorosis is characterized by deformatiéione structure and affects children as wellddta. Fluoride
mainly gets deposited in the joints of neck, krnmyic and shoulder bones and makes it difficulinove or walk.
The symptoms of skeletal fluorosis are similar porglylitis or arthritis [168]. Continuous exposuceelevated
concentrations of fluoride associated with skel8tedrosis [160]. Fluoride concentration in the garof 4.0 to 10.0
mg/lit causes skeletal fluorosis [24]. It does easily manifest until the disease attains an acd@stage. Vertebrae
may fuse together and eventually the victim magriepled.
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Crippling skeletal fluorosis, which is associateidhwthe higher levels of exposure (>10.0) [47], casult from
osteosclerosis, ligamentous and tendinous caltificand extreme bone deformity and finally spimajor joints,
muscles and nervous system get damaged [169-1[8]sthge at which skeletal fluorosis becomes drigplsually
occurs between 30 and 50 years of age in endemicn®g The factors which govern the developmertkefetal
fluorosis are (i) the prevalence of high levelsflabride intake, (ii) continual exposure to fluoeid(iii) strenuous
manual labour, (iv) poor nutrition, (vi) impairednal function due to disease [171]. Figure 5 shihgsvictims of
skeletal fluorosis.
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Figure5: Victims of Skeletal fluorosis

Endemic skeletal fluorosis is occurring severelgéveral parts of the world, including India, Charad Africa. In
China, 1.7 million people suffer from the more gevekeletal fluorosis [166] and in India; aroundeamillion
people suffer from serious and incapacitating skéefeuorosis [172].

Other Health Effects:

A number of studies have been carried out to exarmiher possible adverse affects as a consequéegpasure to
fluoride, either from drinking-water or as a consegce of occupation. Studies of occupationally ergdo
populations, have reported lung and bladder caamcérfrom cancers in other sites [48]. Besides skietend dental
fluorosis, excessive consumption of fluoride magdi¢o infertility in women, brain and hepatit dareagkin rashes,
nervousness, Alzheimer syndrome [173-178], deppasgiastrointestinal problems, urinary tract mattioning,
nausea, abdominal pain, tingling sensation in fiagsd toes, reduced immunity, repeated abortiorssilbbirths,
male sterility, mental disorders in children, retiles in the 1Qs of children [179], osteosclerosisiictural changes
in DNA [180], dwarfishness, low haemoglobin levalsformities in RBCs, excessive thirst, lesionthef endocrine
glands, thyroid, liver and other organs and eveatldén extreme cases [181-184]. The majority obfide is
excreted via the kidneys [50], hence those withaimgad renal function might be at greater risk obfide toxicity.
It is also responsible for alterations in the fimeal mechanisms of systems such as liver, regpiratigestive,
reproductive, excretory, central nervous and desitnu of about 60 enzymes [185].

It had been reported that the concentration ofritieions in ground waters of many places exceledpérmissible
values [76]. Due to high toxicity of fluoride to mkind, it is imperative and significant for remogimexcessive
fluorides from fluoride-contaminated drinking watermake it safe for human consumption.

CONCLUSION

A brief review on groundwater pollution with respéz fluoride ions and its various health effectshmman beings
have been discussed. The World Health Organizatiarspecified the tolerance limit of fluoride cartef drinking
water as 1.5 mg/L. Fluoride contamination in grouater is a world-wide issue. The occurrence of Highride
concentrations in groundwater and risk of fluordgishuman consumption of fluoride rich water isralgpem faced
by many countries, notably India, Pakistan, Westcaf Thailand, China, Sri Lanka, Southern Africhjted States
of America, Argentina, and Ethiopia. Presence afessive levels of fluoride is the cause of flusoasnd other
related disorders in human beings. There is ndnreat to the disease and prevention is the onlytisol. The
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primary preventive measure is to drink of fluoridee water. This can be achieved by the remové#luofide from
fluoride polluted waters using de-fluoridation taimfues. Thus we can conclude that some cost eféectnd
efficient technologies are required to remove exdemride in drinking water.
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