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ABSTRACT

Present research work undertakes fluoride (F") hydrogeochemistry in the unconfined aquifer of Purulia (Block 1)
integrated with geospatial approach. Based on the geospatial analysis, it has been observed that high F in
groundwater mainly occurs in the formation having a litho-assemblage of sapralitic zone between fractured granite
gneiss and weathered mantle. Groundwater with high F~ concentration is mainly associated with Ca-Cl, Mixed Ca-
Mg-Cl indicating dominance of evaporation effect. Positive correlation with pH, HCO; and Na' indicates
dissolution of fluoride bearing mineral such as fluorite is the main responsible mineral for F~ contamination.
PHREEQCI geochemical modeling also indicates that F in groundwater can be increased as a result of
precipitation of CaCO; CaMg(COs), and CaS0,, 2H,0 at high pH, which removes Ca?* from solution allowing
more fluorite to dissolve. Since the increase in Na* concentration increases the solubility of F bearing minerals, the
geochemical processes leading to increase in Na* and decrease in Ca®* concentrations play an important role in F
enrichment in groundwater. Apart from fluorite dissolution cation exchange (Na" for Ca?") accompanied with anion
exchange (OH" for F) may also be the important processes by which muscovite and biotite minerals (containing
fluorine at the OH" sites) may contribute to F~ enrichment in groundwater.
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INTRODUCTION

Fluoride (F) is the 18 most abundant element on earth that does not acthe elemental state in nature because
of its high reactivity. The average crustal aburndganf Fis 300 mg/kg [1]. Fluoride is common in semi-arid
climate with crystalline igneous rocks and alkalgudls [2]. In Indian continent, the higher conaatibn of fluoride

in groundwater is associated with igneous and metahic rocks. The chief sources of fluoride in grdwater are
the fluoride-bearing minerals, such as fluoriteudflspar), fluorapatite, cryolite, biotite, musceyitlepidolote,
tourmaline and hornblende series minerals. In wéligoride is strongly reactive or exists in fraats, eventually
precipitating as fluorite (main solid phase withe tAuoroapatite, Ga[PO4]5[F,Cl]) [2,3]. Fluoride content in
groundwater usually depends on rock type, intesagieriod with host rock, as well as the dissotutkinetics for
fluorite, apatite or silicate minerals.

In recent times, there have been media reportdittatde contamination is widespread in West Bénljdas been
highlighted that 60 blocks in eight districtéz. Bankura, Bardhaman, Birbhum, Purulia, Midnapualdé and West
Dinajpur are affected by fluoride [4, 5, 6]. Traditally, fluorosis has been connected with higiiake of fluoride
through drinking water. According to the recommeiata of World Health Organizatiofv] (WHO 2004), the
optimum range of fluoride in groundwater is fixesl@G5-1.5 mgl/l.

Study area Block Il of Purulia district (lies between 22°6hd 23°50' latitudes and 85°75' and 86°65' |aruigis),
West Bengal is selected as a study area for theepteesearch worfEig. 1). The study area is characterized by
undulating topography with isolated mounts andshihich comprises 70% of the total area of théridis The
district has a dry tropical climate marked by a eradely cold winter and highly oppressive summet aormal
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annual rainfall in the district is about 1322 mrheTmain source of rainfall in the district is tloith west monsoon,
which accounts for 80% of the total rainfall. Tesmgture ranges from 4°C (minimum) during winter4@°C
during summer (maximum). Humidity in the area vaulbetween 70 to 85 %. Dry, hot wind in summer blaa®ss
the district with velocity ranging between 5-6 Km/h

PURULLA DISTRICT

Fig. 1: Study area location

Geology and Hydrogeology: Soil in the district is in general of the residtyge derived from the weathering of the
Archaen granites, gneisses and schists. Latedtipsevails in the uplands whereas in the valleddish clay loam
or white to reddish clay are common. Many textutabses are met with, such as sandy loam, redaigsh, Iwhite
or reddish stiff clay etc. Because of the undutatirature of the topography the soil cover is thid ¢he soil is
generally gravelly. Almost in the entire districtlds acidic and the fertility is low.

The district is underlain by Pre-Cambrian metammplexcept in a small area in the northeastern wasre
sediments of Gondwana age predominate. Unconsetidsdiments of recent to sub-recent age areatestrio the
narrow rivers channels and to the valleys. The ntostmon rock of widespread occurrence in the distire
granites and granite gneisses into which metabasiosrs as intrusive.

Groundwater in the district occurs mainly in (1)atleered mantle which varies in thickness and ataimaximum
thickness of 25m. Groundwater occurs under watde teondition and it is mostly developed by dugfopell. At

some places these wells go dry during peak sumiiterse dug wells yield up to 2.75 Ips.(2) Saprol#ane is
sandwiched between weathered mantle and freshmask in granitic terrain. The depth of this zoneesabetween
10-30 mbgl, with an average thickness of 4m. Growaters occurs under semi-confined condition aetbyip to
2.5l Ips (3) Fractured zones of hard rock andchéyow zone of unconsolidated sediments alongitiee valley are
of limited thickness and fall within 5-13 mbgl withreal extent not exceeding 1-2 km across rivéeyaSaturated
thickness of alluvial tract varies from 1m >5.5m.

MATERIALS AND METHODS

Sampling and analysis of groundwater: Water samples were collected from 38 different dugdls under Purulia
Block- Il in Purulia District(Fig. 2). The sampling bottles soaked in 1:1 HCI for 24 haere rinsed with distilled
water followed by deionized water. At the time ahwling, the sampling bottles were thoroughly réthsgo three
times, using groundwater to be sampled. Sampleg wellected after pumping the well for at leasttb015
minutes. The chemical parameteriz. pH and electrical conductivity (EC) were measureding portable
instruments immediately after sampling. Samplingtles were labelled, tightly packed, transported the
laboratory and stored af@ for chemical analysis such as total dissoha@l {TDS), total hardness (TH), total
alkalinity (TA), carbonate (C§3), bicarbonate (HC§), sodium (N&), potassium (K), calcium (C&"), magnesium
(Mg?, total iron (Fe), chloride (Ql sulphate (S¢), nitrate-N (NQ), phosphate (P$) and silica (Si¢) as per
standard methods [8]. Fluoride'\®Was analysed by ion-selective electrode (Orion).
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Fig. 2: Sampling points with respect to different bck types of Purulia Block-II

Statistical Analysis

Descriptive statistics: Parametric statistical methods were used to comimgteentral tendency (arithmetic mean)
and dispersion (standard deviation) analysed pasmmef 38 ground water samples by using XL STAT s
10.0. This reflects a significant influence towartte hydrogeochemical conditions. Further the degoé
association or the strength of a linear relatiomsithong the chemical variables was evaluated Hyesaiagram.

Factor analysis: The obtained matrix of hydrogeochemical data wésgested to multivariate analytical technique.
Factor analysis also known as principle componeyais (PCA), is an efficient ways of displayingntplex
relationships among many variables and their ridgk0]. These analyses were performed using Exal Stftware
package (Version 10.0). With the help of linear bamations, an originally large number of variabdes reduced to
a few factors. These factors can be interpretédrms of new variables.

Spatial interpolation: Digital Elevation Model (DEM) is generated on thasls of sampling points, stored as a
point layer along with attributes of fluoride. DEM generated by using VEDIMINT algorithm in the Geatica
V.10.1 software. The output DEM is represented asration map of the said parameter. The algoritbnsist of
three major steps plus and optical step for praegsgD features. In the first step, input vectoring® (F
concentration with respect to different locatiord ee-projected to the raster coordinates and louime the raster
buffer, and the second step, the elevation at &l pixel is interpolated from the source elevatiata. The
interpolation process is based on an algorithmedalbistance Transform. In step 3, a finite diffeemethod is
used to iteratively smooth the DEM grid. The altun uses over relaxation technique to accelerage th
convergence. During the iterations, the sourceatiew values are never changed, while the intetpdlsalues are
updated based on the neighbourhood values.

RESULTS AND DISCUSSION

Hydrogeochemistry: The analytical output along with descriptive stats of collected groundwater samples is
presented iMable 1 Most of the groundwater samples are neutralkaliale in nature having a pH of 6.97 to 7.72
(mean 7.37). The electrical conductivity (EC) valwre found to be within the range of 140 pmosiLloumos/I
with mean value of 351.84 umos/l. Total dissohgalids (TDS) indicate the inorganic pollution loathe
concentrations of TDS ranges from 90 mg/l to 171@Irmean 482 mg/l) with an exceedence of 34% tdlto
samples with respect to WHO recommended limit df B@y/l. Very high standard deviation in EC valuggests
the spatial variability of leaching and dilutiontlvirecharging rainfall water, which can be furtHarked with the
local variation in point sources, soil type, mukigquifer system and other agriculture related/igiess in the area.
The total hardness (TH) ranges from 57 mg/l to 108y (mean of 330.64 mg/l). According to [11] Burand
Becker, classification of water types based on diH,of total 38 water samples examined, 24 sanglkesecognised
as very hard, 7 samples are under ‘hard’ and 6 lesngve of moderately hard categori@akle 2). Alkalinity of
water is mainly due to the presence ofs£@nd HCQ "The alkalinity in natural water systems may comrf
HsBOs>, HPQ® and HS. These compounds result from dissolution of miheudstances in soil. Total alkalinity
(TA) ranges from 35 mg/l to 345 mg/l with a mearl62.37 mg/l.
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Table 1: Hydrogeochemistry and descriptive statistis of groundwater samples of Purulia (Block —

Pelagia Research Library

Sample No. TemplC) pH EC(uslcm)  TDS TA TH c&* Mg*¥ Na K* Fé* CO3 HCOs cr SO NO; POSF SOt F
D1 28.4 7.01 280 230 85 93.60 35.09 1.47 34 121 0.29 0103.70 90.92 2081 781 055 498 0/07
D2 28.3 7.53 150 90 65 72.80 1857 6.48 16 4 0.15 36 9.307 19.14 155 112 0.73 6.62 0.20
D3 28 7.36 530 773 285 480.48 134.16 3541 75 13 0.224 27450 296.71 78.93 1.24 0.64 5.08 0133
D4 30.1 7.6 470 1206 285 982.80 258.01 82.38 118 7 2010 298.90 43550 86.93 253 0.20 555 2020
D5 30.1 7.59 450 987 225 837.20 278.65 34.49 114 8 0020 27450 48336 24.08 555 0.20 557 1180
D6 28.7 7.22 380 490 85 314.08 105.26 12.49 56 16 0.140 103.70 138.78 43.31 6.21 17.64 5.94 2127
D7 29.5 7.52 360 394 125 21424 8049 0.75 77 6 0.13 0152.50 177.70 3543 284 041 427  0{29
D8 28.5 7.36 280 228 125 15184 5160 561 39 5 0.192 115250 4370 2416 453 0.38 3.86 0J25
D9 29.9 7.52 170 104 165 114.40 39.21 4.02 21 5 0.30 0176.90 38.28 2.58 1.52 0.17 3.28 0.35
D10 28.6 7.36 430 738 115 483.60 167.19 16.14 86 37 5040 140.30 272,78 8134 6.34 0.78 465 0,20
D11 30 7.72 470 747 225 504.40 14242 46.23 116 6 0.322 27450 28235 90.03 275 0.15 517 176
D12 29.9 7.61 280 236 35 244.40 72.24  15.58 55 5 0.22 018.30 57.42 37.58 4.80 0.26 3.49 0.66
D13 30.4 7.55 230 160 235 21320 63.98 13.01 30 7 1.940 286.70 3828 1195 152 0.29 212 047
D14 29.9 7.58 160 98 85 67.60 14.44  7.66 27 4 0.26 0 3.700 33.50 7.91 124 0.06 499 0.5
D15 30 7.34 230 157 105 67.60 18.57 5.16 26 33 3.75 0 28.10 38.28 13.76 3.70 33.40 5.73 0.30
D16 29.1 7.35 370 344 165 161.20 47.47 10.38 49 64 0.280 201.30 7657 27.69 560 2365 533 0}41
D17 27.8 7.53 610 1258 345 691.60 237.37 24.14 147 78550 0 420.90 540.78 15056 4.42  0.09 463 Q.23
D18 28.1 7.11 320 278 155 171.60 59.85 5.40 40 24 0.180 189.10 90.92 14.79 461 1.63 3.72 0{31
D19 28.3 7.31 290 249 105 202.80 51.60 17.99 41 12 0.20 128.10 76,57 2115 181 435 3.85 0j20
D20 28.5 7.27 390 644 205 546.00 154.80 38.81 58 14 7000 250.10 177.07 5022 578 757 569 1126
D21 27.3 7.35 450 627 245 410.80 117.65 28.49 103 18 09 0. O 298.90 27278 77.21 2.30 0.87 5.04 0.53
D22 27.6 7.25 330 347 95 25480 55.73 28.12 52 5 0.08 011590 9571 4592 826 0.15 3.78 030
D23 27.7 7.17 310 290 95 21320 59.85 1551 45 7 0.12 011590 119.64 17.28 6.26 0.26 243 0)26
D24 29.4 7.28 260 220 95 140.40 39.21 10.33 33 6 0.14 0115.90 52.64 791 6.24 0.17 1.92 0.1
D25 28.7 7.45 280 244 135 16120 5160 7.88 48 5 0.06 0164.70 76.57 16.94 385 5.66 474 0J66
D26 27.7 7.37 330 326 225 182.00 47.47 1544 48 46 0.10 27450 86.14 1169 261 6.56 5.08 0}40
D27 28.3 6.97 420 547 55 296.40 88.75 18.21 79 32 0.090 67.10 210.57 38.44 9.05 0.93 4.89 0/47
D28 27 7.49 490 954 265 639.60 212.60 26.52 131 6 0.080 32330 46421 7782 855 0.09 587 1{64
D29 27.4 7.51 280 232 105 17160 63.98 290 33 9 0.08 0128.10 5742 3431 7.77 0.06 315 0f12
D30 27.3 7.57 390 454 235 379.60 117.65 20.91 73 10 6010 286.70 205.78 29.66 8.10 1.13 5.72 0(73
D31 275 7.16 140 104 55 57.20 1032 7.64 13 7 0.09 0 7.106 38.28 5.93 725 0.15 291 0.16
D32 27.3 7.37 580 1710 305 1097.20 406.62 20.08 155 68.10 0 37210 885.36 13190 840 1.60 552 Q.80
D33 27.2 7.13 390 467 185 348.40 92.88 28.34 58 25 0.100 225.70 134.00 41.27 8.26 8.07 5.73 0|96
D34 275 7.22 340 305 135 150.80 39.21 12.86 59 27 0.10 164.70 9571 2227 640 0.90 517 0/13
D35 27.8 7.04 170 118 65 78.00 2270 5.18 24 4 0.09 0 9.307 52.64 4.39 283 012 542 0.19
D36 28.1 7.58 450 521 225 306.80 92.88 18.23 58 79 0.100 27450 138.78 31.81 842 12.33 5.11 oL77
D37 27.2 74 380 442 225 504.40 171.32 18.69 64 8 0.080 27450 15792 1734 8.64 0.09 5.28  0{52
D38 27.1 7.33 530 999 205 556.40 158.93 38.84 108 65 07 0. O 250.10 406.78 98.28 8.86 10.68 575 (45
Descriptive statistics
Minimum 27.00 6.97 140.00 90.00 35.00 57.20 10.32 0.75 013.04.00 0.06 0.00 18.30 19.14 1.55 1.12 0.06 1.92 07 0.
Maximum 30.40 7.72 610.00 1710.00 345.00 1097.20 406.62 3882.155.00 121.00 3.75 36.00 420.90 885.36 150.5605 9.33.40 6.62 2.27
Mean 28.43 7.37 351.84 482.05 162.37 330.64 102.11 18.638.39 2358 031 221 193.59 183.15 40.40 521 6 3.74.68 0.61
SD 1.04 0.19 120.29 374.67 80.83 257.73 85.99 15.70 .0237 27.62 0.65 7.30 95.70 183.74  36.29 2.62 7.25 14 1. 0.59
SE 0.17 0.03 19.51 60.78 13.11 41.81 1395 255 6.00 484 0.11 1.18 1553 29381 5.89 043 1.18 019 0.10
[All the parameters are expressed as mg/l except Temp, pH and EC]
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Among the cations the contribution of Cand Md* to the total cations is approximately 49.16% ar@i78
respectively. The concentration of Nearies from 13 mg/l to 155 mg/l with a mean of mg/l, which is the
second dominant ion among the cations, contribugimgroximately 30.52% to the total cations. Thibésause of
the silicate weathering and/or dissolution of salts stored by the influences of evaporation amtirapogenic
activities [12, 13] . Low concentration of'Ks observed (mean 23.58 mg/l) in the study areaalise the potash
feldspars are more resistant to chemical weatheuiis fixed on clay products. The contributiorkéfto the total
cations is approximately 11.35%. The contributidévarious cationic species indicated that 52.63% 28.68% of
the groundwater samples follow the sequence of >Ca>Mg*>K* and C&">Na'>K* >Mg?* respectively.
Bicarbonate (HC@) ion is the most dominant species constitutingdd% of the total anions (TY where as
concentration of Cland SQ? was found to be 43.91% and 9.68%, respectivelyh\Wispect to the abundance of
anion , 63.16% of the groundwater samples follonsequence of HCO>CI™>SO?” while 36.84% follows CI
>HCO; >SQ7.

Table 2 : Classification of the groundwater samplesn the basis of hardness

Type of water Hardness (mg/l) Number of samples
1

Soft 0-60
Moderately hard 61-121 6
Hard 121-180 7
Very Hard >180 24

Majority of the samples belong to the®caMg?®* - CI' - SO and C&" - Mg?* - HCO; type followed by the Na-
K*-HCOy, Na - K* - CI - SO types in the study ardg&ig. 3). Table 3 shows that 57% of groundwater samples
fall in Ca-Mg-CI-SQ hydrofacies followed by Ca-Mg-HGQacies (31%).

Fig. 3: Piper trilinear diagram showing water types

Table 3: Variation of hydrochemical facies in Purula Block —II

Hydrochemical facies  Number of samples  Percentagé sample fall (%)

Ca, Mg, Cl, SQ 22 57.89
Na, K,Cl, SQ 1 2.63
Na, K,HCQ 3 7.89
Ca, Mg, HCQ 12 31.57

Mechanism controlling groundwater chemistry: Gibbs diagram represents the ratio of [[([CI+HCGO;)] and [(Na
+K )/( Na+ K+ Ca )] as a function of TDS which wadely used to assess the functional sources ahlied
chemical constituents such as, precipitation domiearock dominance, and evaporation dominance (Rig] 4).
Ratio 1[CI / (Cl + HCQ)] of groundwater samples ranges from 0.2 to 0@ whereas ratio 2 [(Na +K)/ (Na+ K+
Ca)] ranges from 0.2 to 0.6. The chemistry of gdwater samples indicates that as per ratio 1 aB8d%, and 98%
of fall in the samples rock dominance domain reSpely. So chemical weathering could be the maiacpss
contributing ions to the groundwater of the stuthea
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Fig. 4: Mechanism controlling groundwater chemistry(a) Cl/(CI+HCO3) and (b) (Na+K)/(Na+K+Ca)

Cation exchange: In the current study, a plot of Ca+Mg-$BCO; (meg/l) against Na+K-Cl (meg/ljFig.5)
suggests that cation exchange processes probaldgao in the study area. The Ca+Mgz30CO; (meg/l) and
Na+K-CI (meq/l) indices, respectively represent ¢tbacentrations of the alkaline earth elementsadkali elements
after subtracting the contributions of their sulighand carbonate minerals (for the alkaline eaiments), and
chlorides (for the alkali elements). These indipesvide a good way of determining how the conceiung of the
alkaline earth elements vary with those of the lald@ments. If the two indices vary inversely wilslope close to
-1, with the data plotting away from the origin,tioa exchange activity is most probably significant the
hydrochemistry [15]. IrFig. 5, the slope of the line is -1 and near to -1 moeedkie data is plotted away from the
origin, suggesting that cation exchange plays &meaole in the study area.
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Fig. 5: Biplot suggesting the possibility of catiorexchange in the study area

Spatial distribution of fluoridein groundwater: The concentration of fn groundwater (N = 38) varies from 0.07 to
2.27 mg/l. With regard to the number of places whegh F concentration is found, it is found that at fieedtions
F values are consistently above the acceptable 6mit5 mg/l. On the basis of concentration ofpFescribed for
drinking water (WHO, 2004) [7], the area could bessified into three categories:

* Low fluoride with < 0.5 mg/|
» Moderate fluoride with 0.5 — 1.5 mg/I
* High fluoride with > 1.5 mg/I
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The distribution of Fconcentration shows that about 63.15% and 23.68#tectotal samples throughout the study
area fall within the low to moderaté ¢ategory.

The spatial distribution of fluoride in groundwateamples in the study aredig. 6) shows that lower
concentrations are distributed along major parthefstudy area. Higher concentrations (>1.5 nud/Fy are noted
in the north-eastern and central part of the sardg where the weathered mantle and saprolitic gmduced from
a parent rock of granite and granite gneiss. The$b concentration is noted in the region dominatethe parent
rock mica-schist.

A
N

Range of Fluoride
Concentration

W <05
M 05-15
W 15

[__e_Sampling Point

Scale 1:50000

- -
Meter 1000 0 1000 Meter

Fig. 6: Spatial interpolation of fluoride in the study area

Scatter plots of F~ with other geochemical parameters: To examine the relationships of With other geochemical
parameters, scatter plots have been generate@fized parameters of groundwater samples. It iemesl that the
relation betweenfand pH is positive (r = 0. 31). Thus, higher alkiyi of groundwater activates the leaching of F
therefore, affects the concentration ofifFthe groundwater [4]. As HGDion is the dominant species of carbon in
the intermediate pH of water, so a positive cotreta(r = 0.37) is also observed betweemaikd HCQ'. The
positive relation betweendnd HCQ can be explained by considering the mass law emuagiating to calcite and
fluorite when both are in contact with water [2,18] the present study, 5 observed to have positive correlation
with C&* (r = 0.55) and M@+ (r = 0.66). Samples having higfcncentration are also associated with the higher
concentration of Naion (r = 0.50)(Fig.7). This also favours that groundwater with high H@@d Na& is usually
alkaline in nature with relatively high O¢bntent. As OHand Fhave similar ionic size, so the Ot&n replacesF
of fluoride bearing minerals such as biotite or omste thus increasing thedentent in groundwater. On the basis
of above observation, therefore, it can be safetggmed that the groundwater with high HC®Ia', and higher
pH value under the control of water— rock interaasi could be the important factor for the release from the
aquatic matrix into the ground waters of the stadga. Fluoride showed a statistically significamisipive
correlation with N@. Septic systems, animal waste and fertilizer #rpaiential sources of N contamination.
Nitrate is a chemical species that essentiallyigigs from the land surface and is eventually rexdofrom
groundwater by denitrification with increased reside times [17,18].

Factor analysis. The results of the factor analysis of hydro-geodicemdata are summarized ifTable 4)
respectively. Three factors were identified forpestively which control groundwater quality. Facioaccount for
46% variance with the strong loading of variablke EC, TDS, TA, TH, Ca, Mg, Na, HCO3, Cl, SO4, giénd F.
This factor seems to be attributed to geogenicritmuiton of F in the study area. Factor 2 andcc8oant for 13%
and 10% variance in the data respectively. Factsin@®vs high negative loading for Eind NOand high positive
loading for pH, C@. lon exchange mechanism and silicate weatherirthdsmajor contributing factor for this
factor. Factor 3 shows a high loading of £Owhich may be attributed from anthropogenic atitisi such as
domestic and industrial waste discharge, runofinfragriculture field. In summary, it seems that eliéint hydro-
geochemical processes like weathering and ion-exghand are the key factors in the season.
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Fig.7: Scatter plot of Fluoride versus (a) Sodium(b) pH, (c) Calcium, (d) Magnesium, (e) Potassiunand (f) Bicarbonate

Source and geochemical processesfor F-enrichment in groundwater: For F in groundwater, fluorite may be a
natural mineral source, and i also abundant in some hydroxy- minerals suchascovite, biotite, and apatite
[19]. The weathering of these minerals is the sewt F for the subsurface environment. However, thanF
groundwater is mainly derived from the leachablexchangeable Ehat only accounts for a small proportion of
the total fluorine in aquifer materials [20, 21]JorRthe dissolution of fluorite in groundwater witigh HCGQ;
contents, the reaction is as follows:

Cak + 2HCQO = CaCQ + 2F + H,O + CG,

Moreover, groundwaters with high HG@nd N4 content are usually alkaline and have relativéa I content,
so the OHcan replace the exchangeableoffluoride-bearing minerals, increasing thecbntent in groundwater.
The reactions are basically as follows:
Muscovite: KAL[AISizOy]F; + 20H —» KA[AISIi 30:0[OH] ;+2F

Biotite: ~ KMg@[AISizOyJF, + 20H ——»  KMQ[AISO,(J[OH], + 2F
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Thus, as indicated by regional hydrochemical dgtayndwater with high HC9and N& contents occurs in the
discharge areas at Purulia block Il as a resutilmfate mineral hydrolysis and cation exchangett&ooccurrence
of groundwater with high HC© and N& contents and high pH value under the control afvabwater—rock
interactions is the important reason forélease from the aquifer matrix into groundwalieraddition to interaction
between groundwater and fluoride-rich minerals pevation is another important factor resultinghe bccurrence
of high F groundwater. As a result of evaporation,”Caould precipitate out as CaGOreducing C&
concentration of the groundwater, and consequéh#ysolubility control of Cafon fluoride enrichment in the
aqueous phase becomes weaker. In Purulia Blockdst water samples in the evaporation zone are saterated
with calcite due to evaporation and the calcitecipigation can reduce the Eacontent and promote the dissolution
of Cak. The same relationship between evaporation aratifle enrichment was noticed by Datta et al. [22]
Rajasthan, India, where strong evapotranspirai@isio associated with the highcBntent in the groundwater.
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Fig. 8: Saturation indices (SI) of fluorite (CaR) versus (a) calcite (CaC@), (b) dolomite [CaMg (COs),] and (c) Gypsum (CaSQ 2H,0) in
the groundwater

Thermodynamic approach: The saturation indices (SI) of fluorite (GaN's calcite (CaCg), dolomite Ca(MgCg),
and Gypsum CaSP2H,0 in the groundwater samples were calculated UBHBEEQCI version 2 [23] and are
plotted in(Fig. 8 ) which shows that 42%, 36% and 2% of the sampleséssaturated with respect to calcite,
dolomite and gypsum whereas, all sample excepthiam@ been found undersaturated with respect toittud his
situation of solubility control on the higher cont@tion of fluoride can be explained by the fdwdttfluoride ions
in groundwater can be increased as a result ofgitation of CaCQ Ca (MgCQ), and CaSQ@Q 2H,0O at high pH,
which removes CGA from solution allowing more fluorite to dissolv@herefore, fluorite undersaturation in
groundwater of area under study might be due tcctheite saturation, preventing it by reducing taic activity
and allowing more fluorite to dissolve thereby mmsing the F/ Ca ratio of solution. The carbonaiteerals are
generally supersaturated - saturated in the systénist the sulfate minerals are undersaturatedutnout the
system. Several factors may have contributed to saturation-supersaturation of the carbonate misiera
incongruent weathering of silicate minerals andoaate mineral dissolution. In the study area atpgifers are not
known to contain appreciable quantities of carbemainerals whose weathering could lead to the sapamation of
these minerals in the groundwater system. Incomgre#icate mineral weathering is therefore the tmdely
source of the enrichment of €aand HCQ " ions. Silicate mineral weathering is a slow precaad will require
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several years of rock-water interaction to genesateuple of ions in solution. It is probably orcagnt of this that

the carbonate minerals are generally largely sttdra\lthough Fconcentrations at some locations in the study area
are higher than the recommended maximum permissilgeoundwater, fluorite is undersaturated. Usdgirration

of fluorite suggests that it is being dissolvedha system.
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