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ABSTRACT

This study was carried out to assess the fluoride concentration in groundwater in some villages of southeastern part
of Anantapur district Andhra Pradesh, India, where groundwater is the main source of drinking water. The main
objective of this study was to assess the association between water fluoride levels and prevalence of dental fluorosis
among school children of Anantapur District, India. Fluoride in presently studied sites was recorded in the ranges
of 0.5 and 5.7 mg/L. The fluoride concentration in the Mudigubba Mandal (1.7-5.7 mg/L) and in the Nallamada
Mandal (0.5-4.8 mg/L), Kadiri Mandal (1.5-5.1 mg/L). The percentage of school children suffering from dental
fluorosis are: 56.3% in Mudigubba; 38.4% in Nallamada and 52.3% in Kadiri Mandals. From this study, it has
been found that Rall Ananathapuram, Sankepalli, Uppalapadu, Jonnalakothapalli, Mudigubba, Vankarakunta,
Donnikota, Sanevaripalli, Vellamaddi, Nallamada, Pulagampalle, Patnam, Eguvapalli, Kadirikuntlapalli,
Yerradoddi, Kutagulla and Alampur are the fluoride endemic villages, where the fluoride level in drinking water is
above 1 mg/L. The results of the present study revealed that there exists a significant positive correlation between
fluoride concentration in drinking water and dental fluorosis in high-fluoride villages. As per the desirable and
maximum permissible limit for fluoride in drinking water, determined by WHO or by Bureau of Indian Sandards,
the groundwater of about 95% of the studied sites is not consumable for drinking purposes. Due to the higher
fluoride level in drinking water several cases of dental fluorosis have appeared at alarming rate in this region. The
result suggests that the groundwater should be used by the residents only after defluoridation.

Keywords: Dental fluorosis, Fluoride distribution, Ground emgtSchool children, south eastern part of Anamtapu
A.P.

INTRODUCTION

Groundwater is a significant water resource indrfdr domestic, irrigation, and industrial needsar®than 85% of
rural and 50% of urban domestic water requiremantsbeing met from groundwater resources, whilgation
accounts for around 92% of groundwater extractibh Pollution of the groundwater due to geogenid an
anthropogenic factors often render the groundwabgrotable as consumption of such water can leachtious
health-related complications. Fluorine is thd' h3ost abundant and naturally occurring elemenhénHarth’s crust
and is the lightest member of the halogens. Ihésrhost electronegative and reactive of all thenetgs and as a
result, elemental fluorine does not occur in natlmat is found as fluoride mineral complexes. Fiderhas a
significant mitigating effect against dental cariiethe concentration is approximately 1 mg/L. Haee continuous
consumption of higher concentrations can causeatifinbrosis and in extreme cases even skeletatdkis. The
WHO guideline value for fluoride in drinking watisr1.5 mg/L [2].

In India, due to scarcity of suitable potable wat&sources, especially in hard rock terrain, alng@65 million
people drink fluoride contaminated groundwater. Doighis an estimated population of about 2.5 tmiBion
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people mainly in the state of Andhra Pradesh, Hear#t, Gujarat, Madhya Pradesh, Punjab, Rajasthamil Nadu
and Uttar Pradesh are affected by fluorosis [38joride in groundwater is more common in crystaligneous
rocks and alkaline soils located in semiarid cliematich exist in the southeastern parts of Anantajmirict, A.P.
The main source of fluoride in groundwater is cdasid to be fluoride-bearing minerals such as éipar (Cap),
fluorapatite [Cg(PQy)sF], cryolite, and hydroxylapatite in rocks [7]. Alsduring its complex flow history,
groundwater passes through various geological fooms leading to consequent contamination in shalguifers
which is largely tapped for drinking water supphylndia [8]. High fluoride concentrations are edphy critical in
developing countries, largely because of lack dfable infrastructure for treatment. Generally, ingoundwater
sources have higher fluoride concentrations thafase water. As groundwater percolates throughwbathered
rock in the aquifers, it dissolves fluoride beariminerals, hence releasing fluoride into soluti®h [The main
source of fluoride in groundwater is basically fréime rocks minerals. High fluoride concentrationd #uorosis in
the country are commonly associated with ruralgradd, semi-arid climate, granites, gneisses,aavéinced stage
of groundwater development [10-16].

Groundwater is the major drinking water sourcehie villages of southeastern part of Anantapur idistAndhra

Pradesh State. The aim of the study is to idemtif§t quantify the level of fluorosis in the commuynigsiding in

rural areas of southeastern part of AnantapuridistA.P, to analyze the fluoride content in thetevasamples
collected from sources used for consumption by [geeghibiting clinical signs of fluorosis and toroelate the
above results and decide if defluoridation is neefde the water from these sources. Endemic flusroscurring

due to consumption of groundwater polluted wittofide is threatening the health of millions of pleoip India and
therefore is a challenging and extensively studiational health problem [13,15,17]. Endemic fluiscass well as
its prevalence and severity is poorly known in AXeept for a few studies [18,19]. The present sexhmined the
occurrence of fluoride in groundwater in Mudigubbiallamada, Kadiri revenue mandals of Andhra Priactste.

The study area is located between EaSt80” - 78°50'0” longitudes and 1%40°0” -14° 350" North latitudes and
falls in the Survey of India Toposheet Nos. 57 FEAS5, F/16, J/3, J/4 and covering an area of BL3§. km

(Figure 1). The present study was undertaken tesaghe fluoride content of underground water &edotevalence
of dental fluorosis among school children, in th#ages of southeastern part of Anantapur Distrishdhra

Pradesh, India. The objective of this paper israsent a systematic approach to evaluate thekditivn of fluoride

in the groundwater sources with reference to iteeatration, depth.
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Fig. 1: Location of normal and fluoride endemic aras in Mudigubba, Nallamada and Kadiri Mandals of Arantapur district, Andhra
Pradesh, India
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EXPERIMENTAL SECTION

The groundwater source is drawn by hand pumps, wddls, and open wells. In the present study oflywilages
were chosen, 10 villages from each mandal. Thetitotanap of the study area is shown in figurel. Ekact
location of study area with scale is displayed ablé 1, 2 and 3. Water samples were collected #aah village
from local hand pumps, tube wells, and open wallsotal of ten samples were collected from selectedrces of
each village to represent the water quality of wmle area. The samples were collected in prectepoéthene
bottles with 1 litre capacity and transported te ldboratory.

The fluoride concentration in groundwater is deiesd electrochemically, using the ion selectivecetme

method. The electrode used is an Orion fluoridetedde, coupled to an Orion electrometer. Standéudside

solutions (0.1-10 mg/L) are prepared from a stoolution of sodium fluoride (100 mg/L). To estimatiee

concentration, the water samples are diluted wgthaévolumes of total ionic strength adjustmentf&ufTISAB) of

pH 5.2 before fluoride estimation. The compositadrTISAB solution was as follows: 58 g NaCl, g4f CDTA

(Cyclohexylene diamine tetra acetic acid) and 57 aghiglacial acetic acid per litre [20]. All the exppments were
carried out in triplicate and the results were fbueproducible with £3% error.

Table 1: Location of study areas in Mudigubba mandbof Anantapur District

S.No Villages Latitude Longitude
1 Ralla Anantapuram 14°35'39.76"N | 77°91'87.77°E
2 Sankepalli 14°35'17.31’N | 77°96’03.19E
3 Uppalapadu 14°34'95.13'N | 77°92'81.93’E
4 Jonnalakothapalli 14°35'04.23'N | 77°91'24.44°E
5 Mudigubba 14°34'87.12°N | 77°99'41.36"E
6 Mangalamadaka 14°31°09.08"N | 77°97'82.55"E
7 Sankepalli Brahmanapalli 14°38'91.91"N | 78°00'45.72"E
8 Malakavemula 14°26'99.00"N | 78°05'35.80"E
9 Timmanayanipalem 14°39'61.40"N | 78°07'94.57"E
10 | Gunjepalli 14°34'95.71"N | 77°96'31.51"E

Table 2: Location of study areas in Nallamada mandaf Anantapur District

S.No Villages Latitude Longitude
1 Vankarakunta| 14°18'61.12"N | 77°99'14.74"E
2 Reddipalli 14°17'67.08"N | 78°03'61.06"E
3 Donnikota 14°10'90.15"N | 78°05'87.48"E
4 Sanevaripalli | 14°31'42.84"N | 78°04'73.51"E
5 Vellamaddi | 14%°23'38.34"N | 78°03'60.28"E
6 Nallamada 14°14'17.63"N | 77°98'18.60"E
7 Pulagampalle| 14°07'84.19"N | 78°07'22.44'E
8 Charupalle 14°16'80.19"N | 78°09'45.15"E
9 Kurumala 14°09'54.02"N | 78°01'29.56"E
10 | Gopepalli 14°13'10.58"N | 78°03'65.19"E

Table 3: Location of study areas in Kadiri mandal & Anantapur District

S.No Villages Latitude Longitude
1 Patnam 14°23'38.40"N | 78°09'31.18"E
2 Eguvapalli 14°07'76.70°N | 78°10'59.75"E
3 Kadirikuntlapalli | 14°17'32.73"N | 78°16'35.39'E
4 Yerradoddi 14°16'77.29"'N | 78°1329.22"E
5 Kutagulla 14°14'38.84"N | 78°15'15.07"E
6 Alampur 14°1920.07"N | 78°17°07.32"E
7 Pandulakunta | 14°18'71.39"N | 78°18'62.25"E
8 Mutyalacheruvu | 14°10'11.43"’N | 78°08'55.43"E
9 Chippalamadugy 14°19'12.98"N | 78°10'35.99’E
10 | Kadiri 14°11'31.30°N | 78°16'03.87"E

RESULTS AND DISCUSSION

The groundwater in free from colour and odour amte in slightly saline. The fluoride content irogmdwater
varied greatly in different villages. Fluoride cemtrations (mean * standard deviation) of more th&hmg/L and
its relationship with the severity of dental flusi®among with school children in the villages gireen in the tables
1-3. Selected mandals i.e. Mudigubba, Nallamada ladiri lie in southeastern part of Anantapur Didtr
Groundwater is the only source of drinking in thedléages. High concentration of fluoride in grownater is
common in the fractured hard rock zone with pegmateins [21]. High fluoride level in drinking wateauses
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dental decay and physiological deformations. Maatifeion of dental fluorosis in Bapanakunta villageAnantapur
District is shown in Figure 4. Fluoride ion frometie minerals that leached into the groundwater coatribute to
high fluoride concentrations in the drinking waseurces [22]. The results indicate that the sclkbdtiren in the
age group of 5 to 14 years and village people emabe group of 25 to 70 years are equally affebiedental
fluorosis. Prevalence of fluorosis due to the comstion of more fluoride through drinking water angochildren
may also adversely affect the fetal cerebral fumctind neurotransmitters [23-26].

The fluoride distribution varied between 1.7-5.7/Inm ten villages of the Mudigubba Mandal. The mealue for
fluoride in highest in Ralla Ananthapuram village? mg/L) and in the lowest in the Sankepalli \g#a(1.7 mg/L).
Total 817 children screened from ten villages i kudigubba Mandal (below 18 years) 460 (56.30%)adfected
by dental fluorosis with varying grades. Dentaloflosis between these individuals is chalky whit8.Z8%),
yellowish brown (27.50%), and brownish black (12@0with 16.00% showing horizontal streaks, 10.0Q%6ts,
and 12.00% both spots and streaks. (Table 4; Fgw&3). The worst fluoride affected villages arallR
Anantapuram, Sankepalli, Uppalapadu, Jonnalakothaladigubba, Mangalamadaka, Sankepalli Brahmaitiap
Malakavemula, Timmanayanipalem, Gunjepalli.

Table 4: Incidence and severity of the dental fluassis in school children at Mudigubba Mandal of Anatapur District

Fluoride Concentration (ppm) | No. of individuals | No. of affected

S:No Villages Range Mean+SD examined individuals (%)

1 Ralla Anantapuram 3.5-5.7 46+1.5 90 70 (78%)
2 Sankepalli 1.7-2.3 20+04 105 60 (57%)
3 Uppalapadu 2.8-3.1 29+0.2 70 50 (71%)
4 Jonnalakothapalli 2.6-3.0 28+0.2 85 40 (47%)
5 Mudigubba 3.0-4.2 3.6+0.8 120 95 (79%)
6 Mangalamadaka 2.0-4.0 3.0+14 110 52 (47%)
7 Sankepalli Brahmanapalli 3.5-4.0 3.7+0.3 82 (8BN)
8 Malakavemula 2.7-3.0 2.8+0.2 60 22 (37%)
9 Timmanayanipalem 3.4-4.0 3.7+0.4 50 20 (40%)
10 | Gunjepalli 2.4-25 2.4 +0.07 45 15 (33%)

Total - - 817 460 (56.30%)

In ten villages of the Nallamada Mandal, the flderidistribution is in the range of 0.5-4.8 mg/L.eTimean value
for fluoride is highest in the Sanevaripalli vileg4.8 mg/L) and is lowest in the Reddipalli vika(p.5 mg/L). Total
427 children screened from ten villages in the &lahda Mandal (below 18 years), 164 (38.4%) arectaffieby

dental fluorosis with varying grades. Dental flusisobetween these individuals is chalky white (296, yellowish

brown (23.00%), and brownish black (10.00%) withOD3% showing horizontal streaks, 13.00% spots,1&n@0%

both spots and streaks (Table 5; Figures: 2&3). Whest fluoride affected villages are Vankarakurannikota,

Sanevaripalli, Vellamaddi, Nallamada, Pulagamp#learupalle, Kurumala, Gopepalli.

Table 5: Incidence and severity of the dental fluarsis in school children at Nallamada Mandal of Anatapur District

SNo Villages Fluoride Concentration (ppm) | No. of ingjividual _No: qf affected
) Range Mean+SD examined individuals (%)
1 Vankarakunta 3.8-4.1 3.9+0.2 75 20 (27%)
2 Reddipalli 0.5-0.7 0.6+0.1 40 15 (38%)
3 Donnikota 2.5-3.1 28+04 55 25 (45%)
4 Sanevaripalli 3.1-4.8 39+1.2 45 12 (27%)
5 Vellamaddi 2.3-4.7 35+1.6 38 16 (42%)
6 Nallamada 2.5-4.3 34+1.2 42 20 (48%)
7 Pulagampalle 2.5-3.1 2.8+0.4 36 16 (44%)
8 Charupalle 2.6-4.2 34+1.1 22 10 (45%)
9 Kurumala 3.0-45 3.7+1.06 40 17 (43%)
10 Gopepalli 1.8-4.5 31+1.9 34 13 (38%)

Total - - 427 164 (38.4%)

The fluoride distribution varied in the range 05-b.1 mg/L in ten villages of the Kadiri Mandal. & mean value
for fluoride is highest in the Patnam village (5afy/L) and is lowest in the Pandulakunta villagé (thg/L). Total
607 children are screened from ten villages inKhdiri Mandal (below 18 years), 318 (52.30%) arfeatd by
dental fluorosis with varying grades. Dental flusisbamong these individuals is chalky white (21.p0géllowish
brown (22.00%), and brownish black (9.0%) with TP@showing horizontal streaks, 15.00% spots, an@026
both spots and streaks (Table 6; Figures: 2&3). Woest fluoride affected villages are Patnam, Egaig
Kadirikuntlapalli, Yerradoddi, Kutagulla, AlampuPandulakuntaylutyalacheruvu, Chippalamadugu, Kadiri.

182



V. Sunitha et al J. Chem. Pharm. Res,, 2016, 8(4):179-185

Table 6: Incidence and severity of the dental fluassis in school children at Kadiri Mandal of Anantapur District

SNo villages Fluoride Concentration (ppm) | No. of ind_ividual _No: (_)f affected
) Range Mean+SD examined individuals (%)
1 Patnam 2.7-5.1 35+1.1 85 42 (49%)
2 Eguvapalli 1.6-4.0 28+1.6 70 40 (57%)
3 Kadirikuntlapalli 4.0-5.0 45+0.7 62 30 (48%)
4 Yerradoddi 1.8-35 26+1.2 43 27 (63%)
5 Kutagulla 2.2-3.2 2.7+0.7 45 20 (44%)
6 Alampur 1.7-2.5 21+0.5 48 23 (48%)
7 Pandulakunta 1.5-3.0 2.2+1.06 62 28 (45%)
8 Mutyalacheruvu 2.2-2.5 23+0.2 50 15 (30%)
9 Chippalamadugy 15-24 1.9+0.6 42 18 (43%)
10 Kadiri 2.2-3.0 26+05 100 75 (75%)

Total - - 607 318 (52.30%)
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Figure 2: Percentage prevalence of different staged dental fluorosis

20.00% -

15.00% -

10.00% - ® Horizontal Streaks
B Spots

5.00% - Both

0.00% -

Mudigubba  Nallamada  Kadiri
Mandal Mandal Mandal

%o types of dental fluorosis

Figure 3: Percentage prevalence of types of dentiliorosis

Fluoride concentration in the environment is clgsassociated with human health. Apart from drinkingter,
infants commonly consume milk and powder-based rulknulae; Milk is known to interfere with the ratd
fluoride absorption. Milk and milk products dimihighe fluoride availability through the gastroiriteal tract by
20-50% in human, due to the presence of high calatoncentrations [27-29]. Milk is also rich in fatghich
increase the lag time of the food or beverage énstiomach [28,29]. Moreover, the rate of prevalesfcBuorosis
among the milk-consuming children is lower thant theanon-milk consuming children [30]. This studives an
overview of the existing caries and the treatmeseds in school children of the southeastern pakrantapur
district and helps in implementing programs to eekioptimal health for children. Identification apidiction of
the exact location of fluoride endemic villagesothgh mapping of fluoride endemic areas are higtdgful to
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government agencies for supplying water with optirfhaoride level, installing defluoridation plantand for
conducting awareness creation programmes.

Figure 4: Dental Fluorosis from Bapanakunta Villageof Anantapur District

The approximate depth of the sources of the sangblew/s a positive correlation with the fluoride centration
which indicates the source of fluoride to be flt®ir apatite minerals present in the Precambrianitg or granitic
gneiss of the underground basement (Fig: 5)

Depth (ft)

Fig. 5: Correlation of Depth of Source with fluoride concentration in selected Groundwater samples
CONCLUSION

The southeastern part of Anantapur district, A.Bidnis a typical region showing endemic fluorosiised by
drinking water. Groundwater (well, hand pump, andet wells) is the main source of drinking water ¥ilage
residents. Dental fluorosis among children wasiiggntly correlated with the level of fluoride irinking water.
The fluoride concentration in the mudigubba Mar{daf- 5.7 mg/L) and in the Nallamada Mandal (0.83-#hg/L),
Kadiri (1.5-5.1 mg/L). Out of the 817 children sened from ten villages in the Mudigubba mandal dixelL8
years), 460 (56.30%) were affected by dental flaisravith varying grades. Out of the 427 childreresoed from
ten villages in the Nallamada mandal (below 18 gedr64 (38.4%) were affected by dental fluorosith warying
grades. Out of the 607 children screened from thages in the Kadiri mandal (below 18 years), 352.30%)
were affected by dental fluorosis with varying grad Endemic dental fluorosis continues to be alamging
national health problem in India. In summary, iv&y important to assess the benefits of fluoadea method for
caries prevention; however, the risk to fluorosisigd also be considered, since its availabilionfrseveral sources
might easily lead to doses above the recommendedk|econtributing to an increase in the prevalesfcuorosis.
In determining the optimum fluoride levels of a @asupply, the climate, source of water supplynkdrig habits
and other factors influencing the quantity of wategested should be carefully considered. Actiwpstmust be
taken to partially defluoridate the water beforstrlbution to reduce the morbidity associated Wlilorosis. Similar
surveys are required in other parts of India toniifie areas with high water fluoride content andedmine the
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extent and manner in which defluoridation can bei@a out. The present study gives an overviewheféxtent of
fluorosis and stresses the treatment needs in bchddren through implementing programmes to aehieptimal
health.
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