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Abstract - Occurrence of fluoride in groundwater has drawn worldwide attention due to its considerable
impact on human physiology. Fluoride is an essential element, which is good for the teeth enamel and helps
to prevent dental caries. In excessive doses, however, it leads to chronic fluoride poisoning or fluorosis.
Fluoride contamination of groundwater is a growing problem in many parts of the world. In India, a
population of more than 66 million, especially in rural parts are dependants on groundwater for drinking
purposes and have a potential risk of developing fluorosis. In the present study a high fluoride concentration
in ground water is identified in Palacode region of Dharmapuri district in Tamil Nadu, where it is the only
source of drinking water. The other water parameters such as pH, electrical conductivity, total hardness,
nitrate, and Fluoride were also measured. The results indicated considerable variations among the analyzed
samples with respect to their chemical composition. Total hardness and nitrate concentration are found
higher than permissible limit at various locations. Fluoride is also higher concentration in number of
locations. The fluoride concentration in the groundwater of these villages varied from 1.4 to 2.4 mg/l,
causing dental fluorosis and teeth matting among people in general and children in particular. The geology
and over extraction of groundwater sources increases the level of fluoride in groundwater. Overall quality is
found unsatisfactory for drinking purposes without any prior treatment except in few villages. Also this study
by way of capturing reasons for fluorosis and its implications, attempts to avert the disdained anomaly
called fluorosis.
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major inorganic pollutants of natural origin found
groundwater. There are more than 25 developed
developing nations that are endemic for fluoré¥idn the
two largest countries India and China, fluorosishis most
severe and widespread. In India, it was first detkdn
Nellore district of Andhra Pradesh in 19871In India more
than 66 million people including 6 million childresuffer

I ntroduction

Water is essential for life and access to clean
drinking water is a necessity for good health. Hesve
clean drinking water is not available everywherag do
water scarcity and pollution of existing water nes®@s. The
pollution can be in the form of natural or anthrgenic
activities. Fluoride contamination of groundwates &

growing problem in many parts of the world. The onaj
sources of fluoride in groundwater are due to fller
bearing minerals such as fluorspar, cryolite, fymatite and
hydroxylapatite in rock¥ Some anthropogenic activities
such as use of phosphatic fertilizers, pesticidesjage and
sludge, depletion of groundwater table etc., foricadture
have also been indicated that cause an increafieoiride
concentration in groundwatdr In India the high
concentration of fluoride in groundwater is assterawith
igneous and metamorphic rocks. Fluoride in minutandjty
is an essential element which is good for mineaditin of
bones, formation of the teeth enamel and helpsrévemt
dental carie§"

In excessive doses, however it leads to a chronic
fluoride poisoning called fluorosis. In India, fiide is the
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from fluorosis because of consumption of water amihg
high concentration of fluorid€" Seventeen states in India
have been identified as endemic for fluorosis araanil
Nadu is one among them where 23 out of 28 distaces
prone to fluorosis in drinking watéf In Tamil Nadu, a
high concentration of fluoride occurs mainly in the
groundwater from Dhamapuri and Salem district dipse
followed by Coimbatore, Madurai, Trichy, Dindugal,
Virudunagar, and Tutiticorin district. The distschaving
low fluoride are Thirunelveli, Pudukkotai, Vellore,
Thiruvanamalai, Ramnathapuram and Kanchipuramiclistr
etc. High concentration of fluoride is often abdvé& mgl/l,
results in severe problems over a large part ofaln@ihe
people living in rural India are dependent on gbuater
for drinking purposes water supplies are the waffgcted
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and there is no other alternative source. It iy waportant

to understand the mechanisms of mobilization adrille to
be able to mitigate the problem as effectively assjble. In
the present study the fluoride and other chemiasdmeters
concentration in underground water was determined i
Palacode region of Dharmapuri district of Tamil Nad
where it is the only source of drinking water.

Topography

The study area lies between latitudes 12°16' N to
12°22’ N and longitudes of 78°2'E to 78° 7'E (Figdnd
located at 249 km north-west of Chennai city in Tam
Nadu. Palacode, also spelt as Palkkodu, is a smtlément
on the outskirt of Dharmapuri district. The studyea
experiences a temperature ranging froMiClio 42C and
average annual rainfall is about 895 mm. Rainfslithie
main source of groundwater recharge in this area.
Groundwater is the only source for both irrigatiand
domestic purposes. Dug wells and bore wells arentbst
common groundwater abstraction structure. The yaéldhe
wells range from 150 to 200%day in weathered crystalline
rocks. Irrigation activities mainly depend on the
groundwater and lake water for about 1 or 2 month.
Geologically, the area is underlain by a wide rarmje
Charnockite, Granoid gneiss, pink magmatite andagpiof
Archaean age. The soil type in the study area safigen
black to mixed loamy soil and red sandy soils. Aglture is
the major activity in the area and chief crops groare
tomato, sugarcane, groundnut, paddy, millets (cymbu
pulses etc. Palacode is popularly known for its atmm
market. The slope of the area is towards south-Edwshnar
River is the important tributaries of river Cauvery

Material and Methods

In order to assess the groundwater pollution due to
fluoride, 25 groundwater samples have been collieictéhe
month of February 2011. The water samples colleictéde
field were tested for electrical conductivity (ECpH,
Calcium, Magnesium, Nitrate and Fluoride in theolattory
using the standard methods given by the Americauiid®u
Health Association. The groundwater locations were
selected to cover the entire study area and attentias
given to the contamination influencing fluoridetrate and
hardness. Sampling was carried out using pre-cteane
polythene containers. The results were evaluated in
accordance with the drinking water quality standagi/en
by World Health Organization.

Results and Discussion

Analytical data revealed the presence of pH, EC,
TH, NO; and F in the groundwater samples (Table 1),
collected from Palacode region. The data showetfgignt
variations in the water samples of chemical inggati. The
results were compared with Indian water standards it
shows that 84% (21 out of 25) water has highercsaitent
and is not acceptable to be used for drinking psepo

pH and Electrical Conductivity: Groundwater pH ranged
from 6.95 to 8.23 which is due to the presence haf t
carbonates and bicarbonates. The electrical conaycdf
water samples ranged 81$/cm to 440QuS/cm is given in
Table 1 and is found that 4 samples are within the
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permissible limit (<1500uS/cm) and 18 samples exceed
permissible limit (1500-3000uS/cm) and they are
marginally poor in quality. Only 3 sample locatiocesn be
classified as hazardous (>30Q@&/cm) according to the
world health organization standards. The high cotidity

in some of the samples is likely due to the pro&zhgnd
extensive agricultural practices such as irrigatcmupled
with the inherent geological conditions acquiringgth
concentrations of the dissolved minerals.

Total Hardness! Total hardness of water is a measure of
dissolved C& and Md"* in water expressed as CagO
Water hardness has no known adverse effects; howigve
causes more consumption of detergents at the time o
cleaning and some evidence indicates its role iarthe
disease® Excess hardness is undesirable mostly for
economic and aesthetic reaséfisTH of the groundwater
was calculated using the formula given bel&W” with all
parameters expressed in mg/l.

TH (as CaC@) = 2.497 C4&' + 4.115 Mg"

The hardness values range from 251 to 407 mg/I
with an average value of 289 mg/l (Table 1). Theimam
allowable limit of TH for drinking purpose is 500grh and
the most desirable limit is 100 mg/l as per the WHO
international standards. Hence, classification dfe t
groundwater of the study area based on hardh&ssas
been carried out as shown in Figure 2. Accordingly,
majority of samples falls in the very hard clastegary.

Nitrate: Nitrate is a major contaminant of drinking water. |
is currently frequently found in aquifer. Converssio of
nitrate to much less soluble organic nitrogen foimsoils
as well as denitrification have reduced the nitrate
concentration in groundwater. There is no geoldgoarce
of nitrate in this region. Hence, the dissolvedratés in
groundwater are likely to have resulted from arplgenic
activities. Agricultural activities including felizer nitrate
and nitrate derived from increased mineralizatidnsoil
through cultivation, seems to be one of the majaree of
nitrate in the groundwatét?: During irrigation, urea and
ammonia fertilizers are generally used as a sowfte
nitrogen for the crops. Therefore, the hydratioruiefa will
increase the ammonia concentration in addition with
ammonia fertilizers. Nitrate concentration in the
groundwater of the study area which varied frbinto 98
mg/l (Figure 3), was generall{6 samples exceed the
recommended limit (45 mg/l) for drinking water Hyet*®!
and™" The high concentration of nitrate in drinking wate
is toxic and causes blue baby disease/methaemaogledia

in children and gastric carcinon¥d3® Most of the
locations the source of nitrate in groundwater ogdoy
direct anthropogenic pollution (septic tanks eta).urban
areas urbanization is leaching of fertilizers irriagtural
area is the source for the high concentration wéta in all
locations. The result indicates that nitrate cotregions
exceed the standards and are not fit for drinkingppses.
The studies also advise the farmers about the aptise of
fertilizers with respect to crop requirement andgation
schedule to preserve groundwater quality of théreg

Fluoride: The fluoride concentration in this region varies
from 1.4 to 2.4 mg/l. Groundwater samples with légmn
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1.5 mg/l are considered normal and can be repredent
low fluoride region whereas concentrations gretitan 1.5
mg/l can be represented as high fluoride regioncatohg
high incidence to fluorosis and toX{¢" Excessive fluorides
in drinking water damage toot forming cells leaditnga
defect in the enamel known as dental fluorosisltiaguin
extensive pitting, chipping, fracturing and decéyemth!*!
The desirable range of fluoride concentration imking
water is from 0.6 to 1.2 mg/l according to the Bureof
Indian Standard®" Thus, if the concentration of fluoride is
below 0.6 and above 1.2 mg/l, the water is notasudt for
drinking purposes. However, it is suggested thag th
maximum permissible limit can be extended upto rbd|
(13 Based on the concentration of fluoride, the grovater
samples obtained from the region have been cledsifito
two groups as medium (0.6-1.5 mg/l) and high (1(6-3
mg/l). If the samples fall below 0.6 mg/l it is itnfor
drinking purpose. Twenty four groundwater samplesl h
more than 1.5 mg/l, except one sample fall belosvrig/|
(Table 2). The overall situation of groundwaterotgses
regarding fluoride content is given in Table 2 ahdwn in
Figure 4. In the palacode region fluoride contarmamais
mainly by a natural process, i.e. leaching of finer
minerals, since no man-made pollution has beerceubti
Fluorite, fluorapatite, mica, hornblende and vasicather
minerals take part during rock-water interactiod &ibherate
fluoride into the groundwater (Table 3). The seniia
climate with high temperature and low rainfall atite
generally alkaline nature of soil are contributifagtors to
enhance the fluoride content in groundwater. Theads
devoid of hard rock and hence the possibility aoarce in
the common fluoride bearing minerals. Furthermgid, is
responsible for the dissolution of fluorides froiaokide-
bearing rocks during the weathering processes nvithe
aquifers'™ Persistence of excess fluoride concentrations in
the environment poses threat on health. The coratemnt of
fluoride in groundwater is not uniform in the ar&dis is
due to the differences in the presence and acdéysikf
fluorine-bearing minerals to the circulating waterd also
due to the weathering and leaching activities.

Health Effects. The main source of fluoride intake is
usually the drinking water, which supplies 75-90%cttte
daily intake™ The climate of this region is hot and dry. In
summer the temperature raises uptdC42so a higher
ingestion of water is expected. Therefore the coimagon
of fluoride in drinking water is an important facto
controlling daily intake. If fluoride water is camsied over a
period of time, it affects the human health. Exoesmtake
of fluoride affects the teeth and the bones. Igdaguantities
fluoride can also affect the kidney, thyroid glaadd in
most extreme cases it leads to death.

The effects of fluoride on human health can be
either positive or negative depending on the amaamt
fluoride that has been ingested. Small amountdunfritie
can have a positive health effect, WHO recommeritiatl
drinking water should ideally contain 0.5-1.0 milloride,
as it helps to prevent dental caries. It is esplgcifective
on children who are still developing their teéth When
teeth are fully developed fluoride still helps tmofect the
teeth. It also dissolves in the saliva and helpspair teeth
that have been attacked by dental caries. Theidl@aran
also attach to the surface of the teeth and theelbased to
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help and protect the teeth when neefdd The negative
effects on excessive ingestion of fluoride oveorgl period
of time will lead to a chronic fluoride poisoninfitiorosis.
The first sign of fluorosis is generally mottlind teeth. At
first the spots are white but with time and morpasure to
fluoride the spots will turn into brownish discotation.
These signs are observed when drinking water amnthil -
2.0 mg/l fluoride. If the fluoride concentrationapove 2.5
mg/l the enamel will cease to be smooth and theviish
mottling will spread to larger area of the te€f If the
drinking water has a fluoride concentration of 3¥@/l
deformation of bones, skeletal fluorosis, can beeoked™*

It is observed fronthe Palacode region, the people
consumed non-potable fluoride water suffer fromloye)
cracked teeth and joint painGenerally it is observed that
drinking water having a fluoride concentration abdu5 —
2.0 mg/l effects dental mottling, an early sign dental
fluorosis which is characterized by opaque whitelpas on
teeth as shown in Figure 5. In advanced stageseofatl
fluorosis, teeth display brown to black stainindaved by
pitting of teeth surfaces® Dental fluorosis produced tooth
deterioration. From the survey it was found thatemand
children (12-16 years age group) have a higher roecoe
of dental fluorosis, above this age gradual deereéasthe
prevalence was observed in palacode region. Thefhbr
effects of fluoride on health are on the increase only due
to the occurrence of fluoride bearing mineralstia earth
crust, but also due to the impact of environmentdis and
human activities.

The need to avert is to propagate the risk of denta
fluorosis with a view to control and eradicate gséfficient
techniques of defluoridation. Thus, in this areaisitan
instant need to warn the people against the rigleafal and
the people are advised to adopt some techniques to
defluoridation of groundwater before using it fainiing
purposes.

No one is exempted in palacode from being
affected and irrespective of the category childradult,
young men, women and elderly people are also vip#id
Even toothpaste and brush could not help them rentioig
mottling. These results in deteriorated self estednthe
locals with which they do not even open their motattalk
and even to throw a smile. There is no paste, playsiand
treatment could help them. The people are stigmatas
‘vellow teethed’. Above all the problem of gettimgarried
is disgusting as young men who come to see womsin ju
refuse to marry them as they have mottling.

Recommendations
There are several options available for providing

fluoride-free water for Palacode areas are as under

* Rooftop rainwater harvesting for meeting the dmigki
and cooking requirements

e Building large number of groundwater recharge
structures for diluting the Fluoride levels in deus at
appropriate locations.

e A government based common Activated Alumina
treatment plant will have to be installed to supply
fluoride free water for public or a Community-magég
defluoridation units with adequate technical supgpor
management could help to control fluorosis with
effective monitoring.
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Conducting awareness programmes and educating
people on Fluorosis and promotion of calcium and
phosphorus rich diet are recommended which are
directly associated with a reduced risk of dental

fluorosis. Vitamin C ingestion also safeguard aggin

the risk of fluorosis.

* A multi-pronged including participatory approach is

required for mitigating the fluoride related heaklbues
in many parts of Palacode region.

 Free medical camps can be arranged to provide right

treatment to the victims.

Conclusion

The water samples in the Palacode area evidenced

excess fluoride concentrations and were not meetieg
BIS/ WHO standards.
groundwater that is used for drinking purposes sftbhigh
fluoride concentration resulted in dental fluorcesisong the
local residents. The excess fluoride concentration
Palacode area may be attributed to the geologicaidtion
and recent exploitation of groundwater. In fact, tlife
fluoride level in drinking water is more than 1.5nrisk of
endemic fluorosis will exist. The high fluoride d¢ent is
therefore causing serious environmental degradafiotal
hardness and nitrate concentration are found inentloan
permissible limit at various locations. Nitratenmst likely
due to the use of fertilizers and pesticides foricadture.

The water in the Palacode area is suitable for dtame

consumption in respect of all constituents excéyride,
hardness and nitrate. The social impact of demgardsis
amounts from personality disorder as mottling degwione
of their self confidence and ushers self contempt.
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Table 1: Chemical Propertiesof Groundwater of Palacode Area

S. No. Name of Village Typeo pH =C i NOs i
Wells (uS/cm) | (mg/l) | (mg/l | (mg/l)
1 Bellarahally ow 7.1 2000 800 70 1.8
2 Sembuganattam BW 7.3 1580 484 1 2
3 Mekalampatti BW 7.6 4400 1500 78 2.1
4 Erranahally ow 7.8 2300 750 57 1.8
5 Reddiyur BW 8 3200 720 26 2.1
6 Dalavayhalli BW 7.9 1600 508 55 2.0
7 Kuppankottai ow 7.7 3200 1300 16 2.3
8 Palakkodu ow 7.28 2400 740 54 1.8
9 Chittirapatti BW 7.84 2709 920 54 2.0
10 Chikkardanahalli BW 7.0y 2037 750 69 2.3
11 Makkankottai BW 7.5 1894 640 69 2.1
12 Timmampatti ow 7.45 1700 410 22 1.4
13 Dandakalankottai BW 7.01 1270 324 23 2.3
14 Maniyarankottai BW 6.95 1680 860 50 1.8
15 Valattottakottai BW 8.1 1520 660 95 1.5
16 Sengonthahalli BW 7.38 1901 418 24 2.0
17 Tittarahalli ow 7.2 1531 580 31 2.4
18 Peddarahalli ow 7 1670 500 9§ 2.(
19 Kommanayakanpatti BW 7.08 1940 430 35 2.0
20 Parur ow 7.3 1170 384 61 1.6
21 Madanapatti BW 8.2 1750 720 12 1.9
22 Kodiyur BW 7.89 893 288 13 1.7
23 Endapatti BW 8.28 813 316 18 1.8
24 Gowndanur BW 7.69 1972 780 48 1.9
25 Bettarahalli ow 7.45 1583 670 60 1.8
*OW- Open Well, BW- Bore Well
Table 2: Classifying of Groundwater Based On Fluoride Hazard
F (mg/l) Effects of fluoride on Human Health sgr?lp(l)(];s
0.1-0.6 | Low limit (dental caries) Nil
0.6-1.5 | Safe limit (bone development and preventalearies) 1
1.5-3.0 | Dental fluorosis ( discoloration mottlingdapiting teeth) 24
3.0-4.0 | Stiffened and brittle bones and joints Nil
>4.0 Crippling fluorosis (deformities in knee and hipnes and finally Nil
leads to paralysis)
>10 Crippling skeletal Fluorosis, Cancer Nil
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Table 3: Minerals Containing Fluoride

Mineral Chemical composition Rocksin which t.hese mineralsare
available

Fluorite Cak Pegmatic, penumatolitic, deposit as vein
deposit

Fluorapatite | Ca(FCI)PQy Pegmatite and metamorphosed
limestone

Micas

1.Biotite K(MgFe™)(AlISiO10)(OHR,) Basalt

2.Muscovite KA »(AISiO10)(OHR,) Pregmatities, amphibolities

3.Lepidolite K(Li, Al) 5(SisAl 203)(OHF), Gabbro, dolerities

Amphiboles Ca(MgFe ) (AIFe®)(SiAl)g Genesis Schists, Shales clay

Hornblende 0O22(OHR) Alkaline rocks, etc

Tremolite Ca(MgFe)s(SigO22)(OHF), Clay

Topaz Al ;SiOy(OHF), Acid igneous rocks, Schists

Rock NaCa(MgFe ") (AlFe™) Limestone, Fossils

phosphate (SiAl)gO2(OHF),

Andhra Prade:

P E T LEGEMNDx
W Erranahalti s Raihaay line
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- - sae |
Fiaure 1: Location Map of the Studv
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Figure 3: Spatial variation of Nitrate
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Figure4: Spatial variation of Fluoride

Figure5: Specific View of dental fluorosis
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