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Introduction

V In the absence of anthropogenic inputs, the concentration of fluoride in
groundwater of the area is governed by geogenic processes

V Numerous minerals, i.e. fluorite, biotites, topaz, and their corresponding host
rocks such as granite, basalt, syenite, and shale, contain fluoride that can be
released into groundwater

V Rajasthan has maximum number of people affected by high fluoride content
in groundwater (Muralidharan et al. 2002) approx. 2.6 million population.
(0.5 million drinking water with more than 10mg/I of F)

V High fluoride concentration is accompanied by high nitrate concentrations in
Rajasthan and a solution-evaporation and base-exchange hypothesis was
proposed to explain the genesis of fluoride (Handa et al. 1975)




Introduction

V Fluoride (4.74mg/1) in }j;{k".'-;ﬂ il "'

groundwater as a result of =7 5 N
rock-water interaction in a e —

pilot study (Pokharan) =
covering an area of approx.
1,800 km? (Singh et al., 2011 )

V On a larger scale, in the same desertic landscape lying between
70.80-72.09°E longitude and 26.41-27.54°N latitudes, fluoride
levels as high as 6.60mg/| have been reported (Singh et al., 2012)

V During 2012, on-field testing was expanded to a few more
districts lying in the Thar Desert.



Study Area

V The study area
consists of two
administrative
blocks of Jaisalmer
district namely
Jaisalmer and
Pokharan. Both the
blocks cover an area
of approximately
10,000km?







Study Area




Methodology

Lab Analysis

V Total of 100 samples were collected from the study area.

V Major cations atomic absorption spectrometer (Thermo Fisher
Scientific M series AAS graphite furnace

V' Major anions (F, CI, SO,>, NO;) were analyzed using lon
Chromatograph (Dionex)

V Mineralogical analysis of sediment and rock samples were
carried out using X-Ray Diffraction (PANalytical X'pert PRO)



Spatial Distribution of Fluoride
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Spatial Distribution of Fluoride

V The fluoride concentration in water samples of Jaisalmer varied
between 0.08-4.56mg/l and in Pokharan it varied between 0.56-
6.60mg/I.

V It was observed that 76.47% and 89.39% of the samples exceeded the
maximum desirable limit (1mg/l) of Bureau of Indian Standards.

V The comparatively low concentration of fluoride in other parts of both
the administrative blocks was observed in the areas where there is
dominance of agriculture.



Mean * Std. Dev Range
pH 7.9+0.3 7.4-8.6
EC 2886+ 1967.8 890.012000.0

TDS 1787.9+ 1023.4 449.25296.8
Na* 446.2+ 329.3 67.41534.1
K+ 18.5+17.0 2.7-117.4

Ca?t 84.6+ 32.6 20.0228.5

Mg?2* 50.6+ 31.8 12.2170.2
Cl- 541.0+ 349.6 70.92233.8

SO~ 183.1+ 153.8 19.2-852.6

HCO, 414.6+ 175.1 158.71220.4

NO; 149.1+ 181.3

F 22+1.4




Results

V The fluoride solubility is lowest in the pH range of 5-6.5 (Adriano
1986). At higher pH ionic exchange occurs between F and OH ions
(illite, mica and amphiboles) resulting in increase of F ion
concentration in groundwater.

V' The presence of high HCO,, Na and pH favors the release of F from
aquifer matrix into groundwater.

V Strong correlation of F and pH (r=0.65) showed that fluoride in
groundwater has resulted from leaching of fluoride containing
minerals.



Dominant Geochemical Processes
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V It was observed that approx. all the samples of are oversaturated
with respect to calcite however approx. all samples are under
saturated with respect to fluorite

V Major possibility of F enrichment can be attributed to evaporation



Dominant Geochemical Processes

V The arid to semiarid e

environment promotes higher
temperature and rainfall in very
less so due to evaporation the
groundwater becomes
oversaturated with calcite thus 1000.00
precipitating calcite which in
turn reduces calcium content
and thus promotes dissolution
of fluorite.
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Results for on-field testing

CK56 e
CKGO.'CK5(:K48
CK50@ A3
o
G Ka2=i4d
CKA0aIGC K39
CK321%
G K33 ’_C K34
VECK35
CR36: 132
C K28
C K30 CK29
SRS ope -
C K22 C K20
CHR25E80
CK27#C K26
GCKA18
CK19
F:
3-8 5uT Image ©2013.01gitalGlobc . C KT,
[ 1 b 4 <
. CKilBs [ ICKAI5

Image © 203 Geokye



Results for on-field testing

A During 2012, groundwater sampling and testing was expanded to a few
more districts lying in the Thar Desert

A A Hach pocket colorimeter was used to measure fluoride
spectrophotometrically in the field based on the SPADNS method
(APHA, 2008) at 64 well locations

A Some samples were diluted in order to remain within the working
range of the colorimeter

A Groundwater samples from the same wells were also analyzed in the
laboratory using a Dionex DX2000 ion chromatograph in gradient mode
equipped with an AS-11HC column (Dionex, Sunnyvale, CA).



Results for on-field testing

Field Kit lon Chromatography

V With the exception of a handful of samples with >2 mg/L fluoride that
should have been diluted in the field for lab analysis, the two sets of
tests were in good agreement.

V Almost one quarter of the samples did not meet the WHO guideline for
fluoride of 1.5 mg/L, within one sample containing as much 10.8mg/L



Results for on-field testing

V Relative to the WHO guideline, well classification according to the field
kit and laboratory measurements were consistent for 82% of the
samples.

V Well depths reported by the households indicate that wells which are
tapping water from deeper aquifers are more contaminated with
fluoride than those of shallow wells

V Groundwater from the same deeper wells is also particularly salty, with
conductivities reaching 7.4 mS/cm. Groundwater testing for fluoride
clearly needs to be expanded in the area and the feasibility of
groundwater treatment should be evaluated.
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Variable Mean St. Dev Minimum Median Maximum Range Skewness
Kurtosis

pH 8.175 0.2176 7.9 8.15 8.5 0.6 0.19 -1.47
EC 1691.3 374 890 1745 2230 1340 -1.04 1.36

TDS 1534 464 520 1580 2140 1620 -1.18 1.49
HCO3 436.9 101.4 341.3 381.6 622.5 281.3 0.8 -0.96
F 2.194 1.384 0.76 1.725 4.74 3.98 0.99 -0.48
Cl 434.9 135.3 122 456.1 616.8 494.8 -1.48 2.57
S04 135.1 52.9 31.3 138.6 210.2 178.9 -0.39 -0.1
Na 111.9 53.6 38.5 102 232.7 194.2 1.37 1.88
K 115 13.97 1.02 7.49 44.83 43.81 1.78 2.34

Ca 51.76 23.99 7.21 54.83 82.62 7541 -0.45 -0.45
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pH EC | TDS | HCOg3 F Cl SO4 | Na K Ca Mg
pH 1.00
EC | 0.10 | 1.00
TDS | 0.11 | 0.99 | 1.00
HCO3| -0.09 | 0.36 | 0.39 | 1.00
F 069 | 051 | 0.56 | 0.41 | 1.00
Cl 005 | 098 | 098 | 0.35 | 0.44 | 1.00
SO4 | 014 | 0.82 | 0.81 | -0.07| 0.34 | 0.84 | 1.00
Na | -0.18| 086 | 0.83 | 0.50 | 0.31 | 0.82 | 0.68 | 1.00
K 065 | 007 | 0.09 | -044| 040 | 0.12 | 0.50 | -0.19 | 1.00
Ca | -0.33| -049| -049 | -052| -0.71| -0.37| -0.18 | -0.56 | 0.13 | 1.00
Mg | -0.07 | -0.07 | -0.08 | -0.74 | -0.48 | 0.02 | 0.21 | -0.35| 0.29 | 0.76 | 1.00
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