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Abstract

In order to study the chemical equilibrium existing in groundwater and recognize the source of high fluoride concentration
in groundwater from the study area, the concept of speciation modeling has been used. To study the Saturation Indices
of groundwaters of Karli River Basin of Sindhudurg district, Maharashtra an analysis of 31 water samples from dug well,
bore well, surface and spring water is carried out using High Performance Ion Chromatography (HPIC). The data for the
saturation indices (SI) of fluorite (CaF,) and calcite (CaCO,) in the groundwater samples were calculated using PHREEQC
Interactive, a computer programme of U.S. Geological Survey, version 2.8. Result shows that except one sample (DW-1), all
of the samples are undersaturated with respect to calcite and fluorite during the Premonsoon season. During Postmonsoon
season all samples are fluorite undersaturated except sample BW-24, which is oversaturated with respect to fluorite and
calcite and 22% samples have been found oversaturated with respect to Calcite. Thus solubility control on the higher
concentration of fluoride can be explained by the fact that fluoride ions in groundwater can be increased as a result of

precipitation of CaCO, at high pH, which removes Ca** from solution allowing more fluorite to dissolve.
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Introduction

To understand the geochemistry of fluoride
bearing groundwater with the other major ions of the
groundwater from the hard rock of Pre-Cambrian terrain
of Karli river basin of Sindhudurg district of Maharashtra
was a major aim to analyze the 31 samples of
groundwaters. As the, quality of water along the course
of its underground movement is dependent on the
chemical and physical properties of surrounding lithlogies,
the quantitative and qualitative properties of through-
flowing water bodies, and the products of anthropogenic
activity (Matthess 1982). According to Handa (1975), F
shows positive correlation with Ca** and F, till saturation
with respect to fluorite is attained. After reaching
saturation, it shows negative correlation.

Study area and geology

The area under study is bounded by Karli Rivers
in the Konkan Coastal zone covering an area of about
792.71 Km?. The study area lies between the longitude
73.48 to 74.03 E and latitudes 15.91 to 16.17 N on the
westeren coast of India in the southern part of
maharashtra state. It is on the eastern side of the Westeren
Ghats forming narrow strip of land of about 40 Kms
between the Sahyadris on the east and the Arabian Sea
on the west. It is highly hilly and undulating, being cut
up by many east-west trending ridges, some of which
reach right to the coast. The area under investigation
receives average of about 3,287mm (IMD, 1974).

Geologically, the area is endowed with a variety of
lithological types ranging in age from Achaean to Recent
(Fig.1). Litho types like gneisses, quartzites, and schists
(Dharwar Super Group) are exposed while Cretaceous
basaltic flows of Deccan Volcanics are present at higher
elevations (Sarkar, 1986).

Material and Methods

In all 31-surface and groundwater sampling wells based
on random grid were selected to represent different
aquifer types and the areas representing different land
use and slope categories (Fig. 1). Two sets of samples have
been collected during the period Pre-monsoon (May) 2005
and Post-monsoon (December) 2006. The sampling stations
include 22 dug wells, 2 bore wells and 4 surface water
and 3 spring water samples. Pre-cleaned plastic bottles of
1-liter capacity were used for the collection of samples.
Standard procedures were used for analysis (APHA, 1998;
Pawar et al.; 1989). The anions were analyzed by using
Dionex-Dx-600 High Performance Ion Chromatography
System (HPIC). Fluoride analyzed by using AS-II-HC
analytical column.
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Fig.1. Sample locations, accessibility and geological variations in the Karli river basin.
respect to Calcite (Fig.2).
. . Saturation Index of Fluorite and Calcite
Results and discussion o
W Postmonsoon
The chemistry of groundwater is the 5 ‘ 457 Fluorite oversaturated
i ) . ﬁ Fluorite oversaturated Calcite oversaturated
consequence of interaction between rain and the rock near Ty
the earth’s surface. In order to study the chemical 58 05{ u
e R . gL ‘
equilibrium existing in groundwater and recognize the £ o4 2 Py B g 2 4
source of high fluoride concentration in groundwater from o .'.‘f y
P . ) * i
the study area, the concept of speciation modeling has Fuorte underselurated R
. . . Calcite undersaturated 5.5
been used. The most important results of speciation ) )
Saturation Index of Calcite

calculations are saturation indices (SI) for minerals, which
signify whether a mineral should dissolve or precipitate.
The solubility limits for fluorite and calcite provide natural
controls on water composition in a view that calcium,
fluoride and carbonate activities are interdependent
(Kundu et al.; 2001). The data for the saturation indices (SI)
of fluorite (CaF,) and calcite (CaCO0,) in the groundwater
samples were calculated using PHREEQC Interactive,
(Parkhurst and Appelo, 1999) a computer programme of
U.S. Geological Survey, version 2.8 (2003) and shown in
Table.1

Saturation indices (SI) of fluorite (CaF,) and calcite
(CaCo,) are plotted in Fig.2, which shows that except one
sample (DW-1), all of the samples are undersaturated with
respect to calcite and fluorite during the Premonsoon
season. During Postmonsoon season all samples are fluorite
undersaturated except sample BW-24, which is
oversaturated with respect to fluorite and calcite and 22%
samples have been found oversaturated with respect to
Calcite (Fig.2).

Fig.2: Plot of saturation indices (SI) of for fluorite (CaF) vs. calcite (CaCOs) in the water samples of Karli

River basin
Premonsoon Postmonsoon

S.No | SIof Calcite | SIof Fluorite | pH | Finmg/l | pH | Finmg/l | SIof Calcite | SI of Fluorite
DW 1 0.76 312 847 017 |889| 036 1.46 2,05
DW2 214 -3.19 701 043 |824| 031 213 318
DW3 271 -4.18 645 015 [763| 023 -1.72 -3.57
DW4 -131 -3.81 702 012 | 795| 018 0.5 329
BWS5 -0.85 3 7301 028 779 035 -0.29 241
SP6 -1.57 -3.58 691 | 015 [805| 0.6 0.01 31
DW7 -0.87 3.24 805 | 027 |826| 0.12 0.04 349
SP8 -1.24 357 718|015 [816| 0.62 -0.21 219
DW9 -1.53 -3.64 675 012 |793| 028 0.32 28
SW 10 -13 344 7130017 809 033 047 278
DW 11 -0.73 329 7310 015 (817 025 0.13 282
DW 12 0.2 2.82 752 016 [778| 024 -1.04 -3.29
DW 13 -0.85 313 718 020 798| 022 -0.24 291
DW 14 0 276 773 021 |803| 018 -0.16 -3.09
SP 15 -0.49 324 7391 016 838 061 0.69 172
DW 16 0.82 -345 7190 013 828 077 025 -1.84
SW 17 0.7 324 742 017 800 035 -0.56 -2.76
DW 18 -1.54 -4.02 AT 013 [797| 040 -031 246
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DWI19| -203 -2.06 650 | 084 789 050 047 228
DW20 | -239 -394 048 012 |738] 020 207 391
DW2l| 138 345 7001 019 747 08 -0.35 217
DW22| -179 -3.59 699 019 |776| 028 -1.21 32
DW23 | -0.66 -171 7431 093 73] 022 -1.76 -3.65
BW24| 074 -18 7301 091 |845] 533 0.77 0.06
DW25| -168 293 699 034 808 067 0.8 -2.08
SW26 | -124 -3.31 7220 015 786 020 .75 -336
DW27|  -164 347 6781 016 793 026 -0.08 -2.62
SW28 | -145 21 7161 042 786 | 021 -0.58 -3.05
DW29| 085 -246 7251 043 813 077 0.1 -1.75
DW30| 132 322 7021 019 820 034 0.4 243
DW3l| 162 -3.59 7031 016 789 022 -0.46 -3.08

Table. : The calculated saturation indices (SI) of for fluorite (CaFy) and calcite (CaCO;) in the water samples of

Karli River basin

Thus solubility control on the higher concentration
of fluoride can be explained by the fact that fluoride ions
in groundwater can be increased as a result of precipitation
of CaCO, at high pH, which removes Ca** from solution
allowing more fluorite to dissolve (Alamry, 2009; Gaikwad,
2012). As the average pH during premonsoon are 7.17 as
compared to the 7.99 during the postmonsoon (Table.1).
These released Ca** ions combine with CO,* ions to further
enhance the precipitation of CaCO,. During postmonsoon
season fluorite undersaturation in groundwater of area
under study might be due to the calcite saturation,
preventing it by reducing calcium activity and allowing
more fluorite to dissolve thereby increasing the F| Ca ratio
of solution (Alamry, 2009).
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