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Abstract  

Groundwater is one of the natural resources having its 

application in various fields, which affects its quality. 
Fluoride-enriched water has become a major public health 

issue in various parts of the world. The geochemical 

mechanism of the fluoride enrichment in drinking water 

needs to be evaluated. Groundwater quality is controlled by 

rock-water iteraction, residence time of water in aquifers, 

and anthropogenic factors at many locations. Dissolution of 

fluorite and fluorapetite minerals in earth & simultaneous 

precipitation of CaCO3 is considered to be among the 

mechanisms responsible for it. The simultaneous increase in 

alkalinity of the water with high fluoride levels must be co-

related. Due to Ca2+ and Mg2+in, the hardness of the water 

is responsible for precipitating fluoride from groundwater. 
Major geological formations where an excessive 

concentration of fluoride has been reported are sedimentary 

rocks and metamorphic granites such as shale, limestone, 

granite, charnokite, BGC gneiss. Climatic conditions, hydro-

geological surroundings, physical factors (temperature and 

rainfall), geochemical processes such as weathering, 

evaporation, dissolution, and ion exchange are the 

prominent causes for the elevated concentration of fluoride 

in aqueous solutions. 
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I. GROUNDWATER CHEMISTRY 

To understand the hydro-geochemistry of an 

aquifer, deep insight into rock-water interaction that governs 

the groundwater chemical composition needs to be studied. 

The mineral composition of the rock is the prime factor that 

regulates the water chemistry of a location. Due to the 

continuous interfacial reaction of water with rocks, the local 

regime has a distinct composition from other locations.  

Among various aspects like evaporation and 

concentration, dilution due to precipitation contributes to 
managing groundwater's chemical composition. The solid 

inorganic and organic matter present in the rocks upon 

interaction with water is responsible for the 

dissolution/deposition of groundwater constituents. When the 

groundwater moves along recharge to discharge areas, 

different chemical reactions with solid segments take place. 

The geological formations of an area and residence time of 

the groundwater interaction initiate the chemical reaction 

spatially and temporally. The time interval of rock-water 

interaction and associated chemical reactions constitutes the 

dissolved ions of groundwater. The major ions present in 
groundwater can be used to predict the duration of its 

interaction with parent rock. The genesis of fluoride, now 
considered one of the contaminants in different parts of the 

world, is often associated with the dissolution of fluorine-

containing minerals in the rocks, besides emerging 

anthropogenic factors. Mineral water interfacial reactions 

like carbonate weathering and dissolution, silicate 

weathering, and ion exchange processes contribute towards 

groundwater chemistry [1]. Hydrogeochemical processes 

such as dissolution, cation exchange processes, calcite 

equilibrium, and residence time along with the flow path 

control groundwater composition in the shallow alluvial 
aquifers [2],[3]. Leaching of salts from surface, ion exchange 

processes, and residential time causes hydro-geochemical 

variations of groundwater from a semiarid sedimentary basin 

[4]. 

The concentration of ions in groundwater may 

change due to various chemical processes such as hydration 

and hydrolysis, weathering and deposition, ion exchange 

processes, oxidation, and reduction occurring during mineral-

water interaction. These reactions impacted the mobility of 

the dissolved constituent & change the pH of groundwater at 

various locations. An elevated concentration of fluoride (4.24 
ppm) was detected in Pokhran, Rajasthan. The highly 

alkaline groundwater conditions were interpreted as the 

major process responsible for fluorite dissolution [5]. 

 

II. ROCK WATER INTERACTION 

The groundwater quality is managed by the mineral 

composition of the rocks [6]. Groundwater quality mapping 

and its evaluation have been reported worldwide using GIS 

[7]-[10]. Rock-water interaction was identified using total 

dissolved solids (TDS) vs. Na/(Na + Ca) and TDS vs. Cl/(CI 

+ HCO3) as reported by Gibbs [11]. Minerals present in 

different rock types like igneous, metamorphic, and 
sedimentary completely or partially dissolve in water 

according to the resistance or ease of chemical weathering. 

Quartz-cemented sandstone, silt, slate, shale, schist, gneiss, 

and quartzite have high to very high resistance towards 

chemical weathering. Simultaneously, calcite cemented 

sandstone, limestone, rock salt, Gypsum, Marble and basalt 

have low to moderate resistance to chemical weathering. As 

a result of these interactions, different minerals like halite, 
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pyrite, gypsum, dolomite, and calcite show good water 

dissolution. Olivine, Pyroxene, hornblende, biotite due to 

moderate resistance dissolves in water by oxidation-

reduction and hydrolysis processes. Feldspar, qartz, clay, due 

to high resistivity towards weathering, dissolves very slowly 
in groundwater. As a groundwater contaminant, among 

various other minerals, fluorite and fluorapetite are 

considered as the potential sources of fluoride [12]-[16].  

Fluoride is only found as fluorite (CaF2), usually an 

accessory mineral of granitic rocks (Kundu et al., 2001). 

Water discharging through granitic rocks has an average 

fluoride content of 810 mg/l, higher than water flowing 

through metamorphic and sedimentary rocks [17]-[19].  

 

III. DISSOLUTION/PRECIPITATION OF MINERALS 

In a dissolution and/or precipitation, the mass 

transfer occurs between rock types and groundwater [20]. 
Dissolution leads to starts when groundwater reaches 

equilibrium. A saturated solution is at equilibrium, at which 

the rate of dissolution and re-depositing are the same. 

Suppose the concentration becomes less than the saturation 

point during the weathering process. In that case, minerals 

dissolve from rock and form groundwater constituent & 

when in excess, mineral components may combine to form a 

precipitate. Coupling of dissolution/precipitation at the 

mineral fluid interface maintains this equilibrium condition 

[21]. Calcite (CaCO3) precipitation and after that fluorite 

(CaF2) and/or fluorapatite (FAP) [Ca5(PO4)3F], dissolution 
may be the dominant mechanism responsible for 

groundwater fluoride contamination. Dissolution of fluorite 

(and FAP) increases by calcite precipitation in alkaline 

solution (Eq.1). This takes out Ca2+ from the solution, thus 

reducing the aqueous Ca2+ activity [22]-[25].To maintain the 

equilibrium conditions, fluorite mineral dissolves, thus 

increasing fluoride ion concentration in solution (Eq.2).   

 

Ca(OH)2 + CO2 → CaCO3↓ + H2O                  (1) 

CaF2 → Ca2+ + 2F-                                            (2) 

 
Due to the common ion effect, the dissolution of 

fluorite is suppressed at locations where calcium hardness is 
reported to be above the limit for fluorite solubility [26]. 

There is a negative correlation between Ca2+ and F- in 

groundwater that contain Ca concentrations in excess of that 

required for fluorite solubility [27]. Removal of Ca2+ can also 

be achieved by ion exchange (with Na+) from clay minerals; 

thus, showing a strong positive correlation between Na+ and 

F- [28]. This changes the solution's saturation state, which 

increases fluorite/FAP dissolution & thus enhances the 

concentration of F- in the water.  A high concentration of 

fluoride, i.e., about 8 – 10 mg/l in groundwater due to 

fluorite dissolution, is possible in waters of low ionic 

strength[18]. The solubility of fluoride is also affected by the 
aqueous ionic concentrations of groundwater. In the presence 

of excessive sodium bicarbonates in groundwater, the 

dissociation of fluoride will be high due to the precipitation 

of CaCO3, and this can be expressed as: 

 

CaF2 + 2NaHCO3 →  CaCO3 + 2Na + 2F + H2O + CO2 

 
Hydro-geological investigations of Alleppey in Kerela have 

revealed that the groundwater is Ca-HCO3 type and changes 

to Na-HCO3 type in some areas. Initially, Ca-HCO3 type 

water was formed by the chemical reaction of rainwater 

containing CO2 on CaCO3 bearing minerals in the recharge 

zone. During its movement, the water exchanges Ca for Na 

by the ion exchange process. This resulted in Na-HCO3 type 

water, which also explains the higher fluoride content in the 

Alleppey area since the alkaline water depleted in Ca 

effectively releases fluoride from the minerals fluorapatite 

[29]. 
 

IV. GEOLOGICAL FORMATIONS 

Among various minerals abundant in fluorides like 

apatite, mica, amphiboles, and clay, fluorite (CaF2) is the 

major mineral occurring in nature and is commonly found in 

granitic gneiss [30]-[33]. The archaeans/palaeoproterozoic 

rocks are comprised of granite gneisses, metasedimentary 

rocks, quartzites, pegmatites, brecciated quartzites, etc. 

Lower gondwanas consist of sandstones and shales, whereas 

Deccan traps consist of basalts and dolerites. These rocks 

comprise mainly silicates of Na, K, Al, and Ca, which are the 

precursors of fluoride release in groundwater. Besides this, it 
appears that fluoride minerals' dissolution activity is more 

important for fluoride concentration in groundwater than 

fluoride-bearing minerals present in rocks. 

The dissolution of fluoride minerals in groundwater 

from rocks differ from one another.  Under normal 

temperature and pressure, fluorite and cryolite are sparingly 

soluble in water. Some Physico-chemical conditions, like 

dissolution, may activate the process to a faster mode [34]. 

Acidic pH helps fluoride get absorbed in clay; however, 

desorption occurs in an alkaline medium. Thus alkaline pH is 

favorable for fluoride dissolution activity.  

 
V. FLUORIDE CONTAMINATION IN TERRAIN OF 

INDIA 

Precambrian age granite rocks like quartzite, cherty 

dolomite, shale & limestone form the denudational hills in 

Andhrapradesh. Weathering of these rocks formed brown 

loamy soil of high alkalinity. A high concentration of 

fluoride has been reported in the groundwater present in 

fractured hard rock zone with pegmatite veins of this area 

[35]. Fluoride contaminated groundwater with a maxi. The 

concentration of 4.8 mg/l has been reported in the Yadgir 

district of Andhrapradesh, having peninsular gneiss and 

granite terrain [36].   

The Fractured granite and granitic gneisses of late 
archean to early Proterozoic era are well known for high 

fluoride-rich minerals like fluorite, biotite, and hornblende 
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content in them forms the basic terrain of Nalgonda in 

Telangana [37]-[40]. This is overlaid by quartzite, shale, and 

limestone of the cuddapah supergroup. The area's Pambar 

river basin is made of Archaen gneissic and charnockitic 

basement with igneous intrusions of Proterozoic age [41]. 
These rocks contain fluoride-rich minerals, and the 

weathering of these rocks leads to the release of fluoride into 

groundwater [42],[43]. The groundwater of Alleppey, Kerela, 

having a high concentration of fluoride, has sedimentary rock 

formation underlain by Precambrian crystalline basement and 

overlain by laterites and alluvium [44]. The hydrochemical 

profile shows a decline in calcium content with a 

simultaneous increase in sodium. Bicarbonate dominated the 

anionic constituent. The resulting Na-HCO3 type of water 

explains the higher fluoride content in the area [29]. 

A study of geochemical enrichment from India's 

western part revealed the higher concentration of fluoride in 
groundwater due to Na-Cl-HCO3, Na-Ca-Cl-HCO3, Na-Cl 

Na-Ca-Mg-Cl-HCO3 regime in water [45]. Na and HCO3 are 

the major components in all the water types responsible for 

dissolving fluoride from fluorite. Thus fluoride concentration 

increases in water. Siddipet of Telangana state is occupied by 

granites of the Archean age. Hydrogeochemical investigation 

in groundwater samples of the area revealed F-in 

groundwater concentration, ranging from 0.2 to 2.2 mg L-1 

[46]. The dissolution of F-bearing minerals in alkaline water 

(7.1-8.9) like biotite, apatite, and muscovite present in these 

rocks may be responsible for a higher concentration of F- in 
the groundwater. The geogenic sources of F- (0.4-4.8 mg/L) 

in the Patan district of Gujrat are due to HCO3
-, Na+ and high 

pH in groundwater underlain by granite rocks [47]. The 

granites and pegmatites have been reported to release a high 

F in the Bastar zone in Chhattisgarh [48]. Since granite has a 

greater proportion of alkali and alkaline earth metals, it 

increases groundwater's pH suitable for the release of F- from 

its precursor mineral [49].  

 A maximum concentration of F- in pre-monsoon 

(7.2 mg/l) and post-monsoon (8.88 mg/l) duration has been 

reported in the Tamnar area of the Raigarh district of 

Chhattisgarh [50]. The plausible hydro-geochemical 
mechanism behind is the dissolution of feldspar and cation 

exchange, i.e., Na+ with Ca2+ from the Gondwana supergroup 

of sandstones that releases F groundwater. Fluoride 

contamination (0.06-6.41 mg/l) has been reported in the 

Boden block of Orissa, surrounded by the eastern ghat group 

of formations comprising gneiss and granite charnockites, 

and khondalites [51]. NaHCO3 alkalinity & higher pH was 

responsible for the leaching of the F- from its minerals. 

Hydrological study in five villages of Sarguja district of 

Chhattisgarh having the geological formation of archean, 

gondwanas, lametas, and Deccan trap revealed maxi. 3.55 
mg/l F- in groundwater samples [52].  

 

VI. CONCLUSION 

Granite/ gneiss of archean eon during precambrian 

time have been present in almost all India's states where 

fluoride contamination has been detected. Sandstone, 

limestone, gypsum present in these rocks have good 

solubility in water, thus dissolving fluoride-bearing minerals 

present in them.  High alkalinity in groundwater due to 

HCO3 ions also favors high fluoride ion concentration in 
groundwater. Na+ has a positive correlation while Ca2+ shows 

a negative correlation with F- & thus maintaining an 

equilibrium condition in groundwater. 

 

Declaration 

The authors declare that they have no conflict of interest. 

 

REFERENCES 

 
[1]  E.Lakshmanan, R. Kannan, and S. M. Kumar, Major ion chemistry 

and identification of groundwater hydrogeochemical processes in a 

part of Kancheepuram district Tamilnadu India, Environ. 

Geosci.10(4)(2003) 157-166. 

[2]  L. E. Apodaca, B. B. Jeffrey and C. S. Michelle,   Water quality in 

shallow alluvial aquifers, Upper Colorado River basin, Colorado, J. 

Am. Wat. Res. Ass. 38(1)(2002) 133-143. 

[3]  D. E. Martinez and E. M. Bocanegra, Hydrogeochemistry and cation 

exchange processes in the coastal aquifer of Mar Del Plata, 

Argentina, Hydrogeol.J,. 10(2002) 393-408 

[4]  K. Sami, Recharge mechanisms and geochemical processes in a 

semi-arid sedimentary basin, Eastern Cape, South Africa, J. Hydrol. 

139(1992) 27-48. 

[5]  C. K.  Singh, R. Kumari, R. P.  Singh, S. Shashtri, V. Kamal, and 

S. Mukherjee, Geochemical Modeling of High Fluoride 

Concentration in Groundwater of Pokhran Area of     Rajasthan, 

India, Bulletin of  Environmental Contamination and Toxicology. 

86(2011) 52–158. 

[6]  CGWB Central Ground Water Board Information Booklet, 

Chamarajanagar District Karnataka South Western region, Bangalore, 

(2012) 1-36. 

[7]  M. Satyanarayanan, V. Balaram, M. S. A. Hussin, M.A.R.A. Jemaili, 

T. G. Rao, R. Mathur, B. Dasaram, and S. L. Ramesh, Assessment of 

groundwater quality in a structurally deformed granitic terrain in 

Hyderabad, India, Environmental Monitoring Assessment. 131(2007) 

117-127. 

[8]  M. Gupta and P. K. Srivastava, Integrating GIS and Remote Sensing 

to identify potential groundwater zones in the hilly terrain of 

Pavagarh, Gujarat, India, Water Int. 35(2010) 233-245. 

[9]  R. Remesen and R. K. Panda, Groundwater quality mapping using 

GIS: a study from India’s Kapgari watershed, Environ Qual Manage 

Spring. 16(2007) 41-60. 

[10]  B. Nas and A. Berktay, Groundwater quality mapping in urban 

groundwater using GIS, Environ Monit Assess. 160 (2010) 215-227. 

[11]  R. J. Gibbs, Mechanism controlling world water chemistry, Sciences. 

170(1970) 1088-90 

[12]  B. K. Handa, Geochemistry and genesis of fluoride-containing 

groundwaters in India, Groundwater,.13(1975) 275-281. 

[13]  D. K. Nordstrom, J. W. Ball, R. J. Donahoe, and D. Whittemore,  

Groundwater chemistry and water-rock interactions at Stripa, 

Geochimica et Cosmochimica Acta. 53(1989) 1727-1740 

[14]  W. M. Edmunds and P. L. Smedley, Fluoride in natural waters. In: 

Selinus, O. (Ed.), Essentials of Medical Geology. Elsevier Academic 

Press, London,.(2005) 301-329. 

[15]  G. T. Chae, S. T. Yun, M. J. Kwon, S. Y. Kim, and B. Mayer, Batch 

dissolution of granite and biotite in water: implication for fluorine 

geochemistry in groundwater, Geochemical Journal. 40(2006) 95-

102. 

[16]  D. V. Reddy, P. Nagabhushanam, B. S. Sukhija, A. G. S. Reddy, and 

P. L. Smedley, Fluoride dynamics in the granitic aquifer of the 

Wailapally watershed, Nalgonda district, India, Chemical Geology. 

269(2010) 278-289. 

javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
https://link.springer.com/journal/128
https://cgwb.gov.in/District_Profile/karnataka/2012/C%20R%20Nagar_BROCHURE%202012.pdf
https://cgwb.gov.in/District_Profile/karnataka/2012/C%20R%20Nagar_BROCHURE%202012.pdf
https://cgwb.gov.in/District_Profile/karnataka/2012/C%20R%20Nagar_BROCHURE%202012.pdf
https://www.ncbi.nlm.nih.gov/pubmed/17242971
https://www.ncbi.nlm.nih.gov/pubmed/17242971
https://www.ncbi.nlm.nih.gov/pubmed/17242971
https://www.ncbi.nlm.nih.gov/pubmed/17242971
https://65.54.113.239/Publication/26975346/integrating-gis-and-remote-sensing-for-identification-of-groundwater-potential-zones-in-the-hilly
https://65.54.113.239/Publication/26975346/integrating-gis-and-remote-sensing-for-identification-of-groundwater-potential-zones-in-the-hilly
https://65.54.113.239/Publication/26975346/integrating-gis-and-remote-sensing-for-identification-of-groundwater-potential-zones-in-the-hilly
file:///J:/ Groundwater%20quality%20mapping%20using%20GIS:%20a%20study%20from%20India’s%20Kapgari%20watershed,%20Environ%20Qual%20Manage%20Spring.%2016%20(2007)%2041-60
file:///J:/ Groundwater%20quality%20mapping%20using%20GIS:%20a%20study%20from%20India’s%20Kapgari%20watershed,%20Environ%20Qual%20Manage%20Spring.%2016%20(2007)%2041-60
file:///J:/ Groundwater%20quality%20mapping%20using%20GIS:%20a%20study%20from%20India’s%20Kapgari%20watershed,%20Environ%20Qual%20Manage%20Spring.%2016%20(2007)%2041-60
https://www.ncbi.nlm.nih.gov/pubmed/19096909
https://www.ncbi.nlm.nih.gov/pubmed/19096909


Jagriti Khichariya & Yashu Verma / IJCER, 8(1), 1-4, 2021 

4 

[17]  R. N. V. Ramamohana, N. Rao, R. S. K. Prakash, and R. D. 

Schuiling, Fluorine distribution in water Nalgonda District, Andhra 

Pradesh, India, Environ Geol. 21(1993) 84-89 

[18]  V. L.Valenzuela, H. J. Ramírez, L. J. Yeyes, U. A. Sol, and M. O. 

Lazaro, The origin of fluoride in groundwater supply to Hermosillo 

City, Sonora, Mexico, Environ Geol. 51(2006) 17-27 

[19]  S. B. Lisa, Factors influencing fluoride concentration in Norwegian 

lakes, Water Air Soil Pollut. 77(1-2)(1994) 151-167.  

[20]  W. J. Deutsch, Groundwater Geochemistry Fundamentals & 

Applications to contamination.  Lewis Publishers, Boca Raton 

London, New York, Washington, D.C. ISBN: 08-737-13087, 

221(1997). 

[21]  E. T. Pedrosa, L. Boeck, C. Putnis, and A. Putnis, The replacement of 

carbonate rock by fluorite: kinetics and microstructure, American 

Mineralogist, Mineralogical Society of America. 102 (1)(2017) 126-

134 

[22]  W. F. Pickering, The mobility of soluble fluoride in soils, 

Environmental Pollution Series B, Chemical and Physical. 9(1985) 

281-308. 

[23]  M. T. Shah, and S. Danishwar, Potential fluoride contamination in 

the drinking water of Naranji area, northwest frontier province, 

Pakistan, Environmental Geochemistry and Health. 25(2003) 475-

481. 

[24]  G. Jacks, P. Bhattacharya, V. Chaudhary, and K. P. Singh, Controls 

on the genesis of some high-fluoride groundwaters in India, Applied 

Geochemistry. 20(2005) 221-228.  

[25]  P. Mamatha and S. M. Rao, Geochemistry of fluoride-rich 

groundwater in Kola and Tumkur districts of Karnataka, 

Environmental Earth Sciences. 61(2010) 131-142. 

[26]  W. B. Apambire, D. R. Boyle, and F. A. Michel, Geochemistry, 

genesis, and health implications of floriferous groundwaters in 

Ghana's upper regions, Environmental Geology. 33(1997) 13-24. 

[27]   D. R. Boyle, Effects of base exchange softening on fluoride uptake in 

groundwater of the Moncton sub-basin, New Brunswick, Canada. In: 

Kharka YK, Maest AS (eds) water-rock interaction. Proc. 7th 

International symposium water-rock interaction A.A.Balkema, 

Rotterdam (1992) 771-774. 

[28]  D. R. R. Sarma and S. L. N. Rao, Fluoride concentrations in 

groundwaters of Visakhapatnam India, Journal of Environmental 

Contamination and Toxicology. 58 (1997) 241-247. 

[29]  R. Dhanya and E. Shaji, Fluoride contamination in groundwater 

resources of Alleppey, southern India, Geoscience Frontiers. 8 (2017) 

117-124. 

[30]  A. Narsimha and V. Sudarshan, Hydrogeochemistry of groundwater 

in Basara area, Adilabad District, Andhra Pradesh, India, J Appl 

Geochem. 15(2) (2013) 224–237. 

[31]  E. Karro and M. Uppin, The occurrence and hydrochemistry of 

fluoride and boron in carbonate aquifer system, central and western 

Estonia, Environ Monit Assess. 185 (2013) 3735–3748. 

[32]  A. Narsimha and V. Sudarshan, Contamination of fluoride in 

groundwater and its effect on human health: a case study in hard rock 

aquifers of Siddipet, Telangana State, India, Appl Water Sci. 7 (2017) 

2501–2512. 

[33]  T. Rafique, S. Naseem, T. H. Usmani, E. Bashir,  F. A. Khan, and M. 

I. Bhanger, Geochemical factors controlling the occurrence of high 

fluoride groundwater in the Nagar Parkar area, Sindh, Pakistan, J 

Hazard Mater. 171 (2009) 424–430. 

[34]  V. Saxena and S. Ahmed, Inferring chemical parameters for the 

dissolution of fluoride in groundwater, Environ Geology. 43(6) 

(2003) 731–736. 

[35]  V. Ramesam and K. J. Rajagopalan, Fluoride ingestion into the 

natural waters of hard-rock Areas, peninsular India, J Geol Soc. 26 

(1985) 125–32. 

[36]  K. Naika, P. Ravikumar, and K. L. Prakash, An investigation of 

fluoride contamination in groundwater of Yadgir district, Karnataka, 

Research journal of Life sciences, Bioinformatics, Pharmaceutical, 

and Chemical sciences. 6(1) (2020) 32-39. 

[37]  K. Brindha, R. Rajesh, R. Murugan, and L. Elango, Fluoride 

contamination in groundwater in parts of Nalgonda district, Andhra 

Pradesh, Environ Monit Assess. 172 (2011) 481–492. 

[38]  K. Brindha, Assessment of fluoride and uranium in groundwater and 

hydrogeochemical modeling in a proposed uranium tailings pond 

area, southern India, Ph.D. Thesis, Anna University, India, (2012). 

[39]  K. Brindha and L. Elango, Geochemistry of fluoride-rich 

groundwater in a weathered granitic rock region, southern India, 

Water Qual Exposure Health. 5 (2013) 127–138. 

[40]  N. V. R. Rao, S. K. Rao, and R. D. Schuiling, Fluorine distribution in 

waters of Nalgonda District, Andhra Pradesh, India, Environ Geol. 

218 (1993) 4–89. 

[41]  D. R. Rao and B. L. Narayana, Origin and evolution of Gneiss- 

Charnockite rocks of Dharmapuri district, Tamil Nadu, India, Lunar 

and Planetary Inst., Workshop on the Deep Continental Crust of 

South India (1988) 147–148. 

[42] G. Jagadeshan, L. Kalpana, and L. Elango, Major ion signatures for 

identifying geochemical reactions responsible for releasing fluoride 

from geogenic sources to groundwater and associated risk in Vaniyar 

River basin, Dharmapuri district, Tamil Nadu India, Environ Earth 

Sci. (2015a). 

[43]  G. Jagadeshan, L. Kalpana, and L. Elango, Hydrogeochemistry of 

High Fluoride Groundwater in Hard Rock Aquifer of a Part of 

Dharmapuri District, Tamil Nadu, India, Geochem Int. 53(6) (2015) 

554–564. 

[44]  CGWB, Groundwater Resource and Development Potential of 

Alleppey. CGWB, Kerala Region, (1993) 88 (Unpublished report). 

[45]  C. K. Singh, K. Rina, R. P. Singh, and S. Mukherjee, Geochemical 

Modeling of High Fluoride Concentration in Groundwater of Pokhran 

Area of Rajasthan, India, Bull Environ Contam Toxicol. 86 (2011) 

152–158. 

[46]  A. Narsimha and V. Sudarshan, Contamination of fluoride in 

groundwater and its effect on human health: a case study in hard rock 

aquifers of Siddipet, Telangana State, India, Appl Water Sci.7 (2017) 

2501–2512. 

[47]  P. Kumar, C. K. Singh, C. Saraswat, B. Mishra, and T. Sharma, 

Evaluation of aqueous geochemistry of enriched fluoride 

groundwater: A case study of the Patan district, Gujarat, Western 

India, Water Science. 31 (2017) 215-229. 

[48]  R. Sahin, Inferring the chemical parameters for the dissolution of 

fluoride in groundwater of Bastar zone, Chhattisgarh, India, Research 

Journal of Chemical Sciences. 7(2) (2017) 54-59. 

[49]  A. A. Amusan, Incipient weathering of Granite-Gneiss and soil 

development in southwestern Nigeria, West African Journal of 

Applied Ecology. 3 (2001) 55-68. 

[50]  M. K. Beg, Geospatial analysis of fluoride contamination in Tamnar 

area groundwater, Raigarh district, Chhattisgarh State. M.Sc. thesis, 

ITC, The Netherlands (2009). 

[51]  R. K. Dey, S. K. Swain, S. Mishra, P. Sharma, T. Patnaik, V. K. 

Singh, B. N. Dehury, U. Jha, and R. K. Patel, Hydrogeochemical 

processes controlling the high fluoride concentration in groundwater: 

a case study at the Boden block area, Orissa, India, Environ Monit 

Assess. 184 (2012) 3279–3291. 

[52]  M. Upadhyay K. Kumari, Analytical Study of Fluoride Ion in 

Drinking Water around Ambikapur Sarguja District, Chhattisgarh, 

India, International Journal of Engineering Research and 

Development. 5(9) (2013) 14-21.

 

 

 

 


	I. GROUNDWATER CHEMISTRY

