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Abstract

The study area Sarabanga, forms an important Minor river basin of river Cauvery, situated in Salem district.
The study area being a hard rock terrain with minimal rainfall and large extraction of groundwater for
domestic, irrigational and industrial purposes have threatened the groundwater environment both in the terms
of quality and quantity. Hence an attempt has been made to identify the major geochemical process activated
for controlling the ground water chemistry. Groundwater was generally alkaline with higher EC values. The
dominance of anions and cations were of the order of Cl > HCO3 > SO, > NO3; > PO, and Na > Ca > Mg > K.
The plot for Na/Cl to EC indicates Na released from silicate weathering and Cl from anthropogenic activities.
The plot for Ca+Mg to SO,+HCOg, indicates ion exchange process. The plot of Na-Cl to Ca+Mg-HCO3;-SO,
confirms that Ca, Mg and Na concentrations in groundwater are derived from aquifer materials.
Thermodynamic plot indicates that groundwater is in equilibrium with kaolinite, muscovite and chloride
minerals. In general, water chemistry is guided by complex weathering process, ion exchange along with
influence of Cl ions from anthropogenic impact.
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1 Introduction

Groundwater quality appraisal is gaining importance, due to intense urbanisation, industrialization and
agricultural activities putting the soil and groundwater to greater risk of contamination (Ackah et al., 2011;
Sayyed and Wagh, 2011; Tiwari, 2011). Water pollution also threats human health, economic development and
social prosperity (Milovanovic, 2007). The chemical composition of groundwater is controlled by many
factors, including the composition of the precipitation, geological structure, mineralogy of the watersheds,
aquifers, geological processes within the aquifer along with influence of external pollution agencies like
effluents from agricultural return flow, industrial and domestic activities. An understanding the geochemical
evolution of groundwater is important for a sustainable development of water resources in the present state of
art. Demarcating the character of the groundwater in varied space, was proved to be an important technique in
solving different geochemical problems (Chebotarev, 1955; Hem 1959; Back and Hanshaw, 1965;
Srinivasamoorthy et al., 2011). Calculation of minerals saturation index and thermodynamic equilibrium
studies (Garrels and Christ, 1965) to decipher the possible reactant and product minerals. The study area gains

its own importance by its location in hard rock terrain, frequent failure in monsoon, highly industrialized and
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urbanized zone all of which contributes for a proper appraisal of the chemical quality of groundwater in the
study area.

2 Study Area

The Sarabanga sub basin lies between north latitudes 11° 30’ to 11° 55’ N and east longitudes 77° 40’ to 78°
13" E with a total spread of 1089 sg. km. It originates at Shevaroy hills at the altitudes of 1200m in Salem
district and configures river Cauvery at Pudupalayam in Namakkal district. The total river course of the river is
about 65.69 km towards northwest and southwest of Salem town. The geology is composed of Granites like
Charnockites, Magnetite Quartzite and Peninsular gneiss along with Syenites. Hills, undulating plains, plateaus,
pediments and bazadas are the mixture of geomorphic units. Northern parts of study area include hill ranges
and high land where eastern and southeastern parts are low lying due to the configuration of the river into river
Cauvery. Groundwater in study area occurs in weathered portion of rock along joints and fratures. Weathered
layer thickness in gneissic terrain ranges from 2.2 to 50 m. In charnockite weathered layer, thickness was
between 5.8 and 55m. Groundwater occurs under semi-confined conditions in the alluvium along the river
course. Water table fluctuation in the study area ranges from 0.2 to 13.05m BGL (Below Ground level)
(Srinivasamoorthy et al., 2009).

Fig. 1 Location, geology and sampling points of the study area.

3 Material and Methods

A total of 33 representative groundwater samples were collected (Fig. 1) during Pre Monsoon Season,
covering the enter litho units of the study area. The sample were filtered 0.45 m Millipore filters and
immediately stored in polyethylene bottles and analyzed for major and minor cations and anions using
standard procedures (APHA, 1995). The pH and conductivity were measured in situ by pH conductivity meter
model CONSORT C425. lons like bicarbonate, Chloride, Calcium and Magnesium were analyzed using
Titration. Fluoride was analyzed using Orion fluoride ion electrode model (94-09, 96-09). SO4,PO,4,H4SI10,
was determined by digital spectrophotometer model GSS 700A (Electronic Corporation of India). Sodium and
Potassium were determined by using flame photometer (Systronics mk-1/mk-111).The analytical precision for
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the measurements of ions was determined by calculating the ionic balance error that varies by about 5-10%.
TDS/EC ratio is 0.50/1.0 (with excess of anions in water).

4 Results and Discussion

Groundwater in general was alkaline in nature and with higher EC values (Avg.2136.65). HCO; ranges from
195.2 to 2013.42 with an average of 507.2 mg/l. SO, ranges from 1.13 to 128.9 with an average of 27.3 mg/l.
Fluoride and NO3 were ranging from 0.0 to 2.8 and 0 to 133 mg/I with averages of 1.02 and 61.8 respectively
(Table 1 ). The general dominance of anions were in the order of Cl > HCO3 > SO, > NO; > PQO,. For cations
Na ranges from 19.9 to 2870 with an average of 403.4 mg/l. K was lesser with 0.4 to 450.9 with an average of
36.6 mg/l. Ca and Mg ranges from 16.0 to 86.26 and 4.8 to 140.94 with averages of 45.0 and 43.2 mg/l
respectively. The general dominance of cations was in the order of Na > Ca > Mg > K. Silica ranges form 9.9
to 144.6 with an average of 67.9 mg/I.

Fig. 2 Box plots for the major ion constituents in groundwater

Box plots were used to represent temporal concentration of the major ions (Fig. 2). The upper and lower
quartiles of the data define the top and the bottom of a rectangle box. The line inside the box represents the
median value and the size of the box represents the spread of the central value (Taheri and Voudouris, 2008).
The ions like CI, F, HCO3, NO3 and Si shows increasing trend due to the effective leaching from rock matrix
along with anthropogenic activities (Srinivasamoorthy et al., 2008). HCO;3 is mainly formed due to the action
of atmospheric CO, and CO, released from organic decomposition (Bouwer, 1978). The concentration of
Silica is due to weathering of feldspar and sources for chloride is due to leaching from soil due to industrial,
domestic activities and dry climate (Stallard and Edmond, 1983). The sources of SO, is known to be derived
from industrial effluents, automobile emissions, and phosphatic fertilizers in urban environments (Subbarao et
al., 1996), since no lithogenic sources of sulfate noted in the study area (Srinivasamoorthy et al., 2009).
Nitrogen in groundwater derived from organic industrial effluents, fertilizer or nitrogen-fixing bacteria,
leaching of animal dung, sewage, and septic tanks through soil and water matrix to groundwater. In general,
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increase of nitrate in groundwater may be an indicator of bacterial pollution (Sundaray et al., 2009). The
statistics of the chemical components of the groundwater chemistry is given along with comparison from
WHO (1993) and its desirable health effects. The large variations in mean, median and standard deviation
values of ions suggest that the water chemistry in the study region is heterogeneous and influenced by complex
hydrogeochemical process and complex contaminant sources (Vasanthavigar et al., 2012).

The results from the water analysis were used as a tool to identify the process and mechanisms affecting
the chemistry of groundwater from the study area. Gibbs (1970) plot is used to determine the mechanism
controlling the water chemistry (Fig. 3). The Samples represents in rock dominance and precipitation zones
indicating chemical weathering of rock-forming minerals and evaporation are the primal factors influencing
the groundwater quality suggesting precipitation induced chemical weathering along with dissolution of rock
forming minerals.

Table 1 Comparison of water quality parameters with WHO (1993) and statistics of water chemistry

. Results of chemical analysis
WHO International .
of groundwater samples (all values in mg/l except pH and
Standard (1993) -
EC in ps/cm) )
Parameters - Undesirable effects
Most Maximum
desirable|allowable |Max Min Avg
limit limit
pH 7-8.5 9.2 8.6 7.3 8.0 Taste
TDS (mg/l) |500 1,500 4380.0 247.0 1395.9 Qa}str(_)lntestlnal
irritation
Na (mg/l) |- 200 2870.0 19.9 403.5 )
Ca(mgl) |75 200 86.3 16.0 45.1
Scale formation
Mg (mg/l) |50 150 140.9 4.8 43.2
Cl(mgly [200 600 2694.1 10.6 418.3 Salty taste
SO, (mg/l) |200 400 128.9 11 273 Laxative effect
NOs(mg/l) |45 - 133.0 0.0 61.9 Blue baby
F (mg/l) - 15 2.8 0.0 10 Fluorosis
HCO, 384 - 20134 195.2 507.3 Corrosion of pipes
(mg/l)
Depression, muscle
weakness, heart rhythm
K(mg/l) |- 30 450.9 0.4 36.7 disorder and confusion
Si(mg/l) |- - 144.6 9.9 67.9 disturb phosphorilation
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Fig. 3 Gibbs plot for the groundwater samples.

4.1 lonic ratios

The (Ca+Mg) versus TZ" plot (Fig. 4A) lie far below the equiline with average equilibrium ratio of 0.40 to
0.35 indicating the contribution of alkalis (Na and K) as like that of alkaline earth (Ca and Mg) due to
leaching from silicate weathering, from the aquifers of the study area . In the plot for (Ca +Mg) versus HCOs,
the data points fall away from equiline 1:1 to 2:1, indicating the predominance of alkali earth over bicarbonate
due to silicate weathering. Minor representations in bicarbonate is also due to the reaction of the feldspar
minerals with carbonic acid in the presence of water, releasing HCO;3 (Elango et al., 2003) (Fig. 4B). The plot
for (Na + K) versus TZ" (Fig. 4C) indicates weathering of both alkali and alkali earth from Feldspars along
with additional sources from alkali/saline soil and residence time. The plot for Na versus Cl (Fig. 4D) shows
that, majority of samples fall near Cl and Na zones indicating Na derived from silicate bearing minerals and Cl
from anthropogenic sources including fertilizer, road salt, human and animal waste, and industrial applications,
since due to the rare Cl bearing minerals in silicate terrain and rapid transportation of chloride through soil into
the groundwater environments (Stallard and Edmond, 1983), which is evidenced from CI levels of the study
area. The plot for Na/Cl versus EC (Fig. 5A), the Na/Cl decreases when EC increases with higher Na/Cl ratio,
indicating Na released from silicate weathering process. This is also supported by higher HCO; values in
groundwater due to reaction of feldspar minerals with carbonic acid, as one of the reasons for increase in EC
(Jankowski and Acworth, 1997). The plot Ca +Mg versus SO,+HCO3, the pointer of ion exchange process
shifts the points to the right side of the plot due to excess SO,+HCOs. If reverse ion exchange is the process,
points shift left due to excess Ca+Mg. In the present study, the point clusters around the equiline 1:1 and falls
in SO, +HCO;3 indicating the ion exchange process due to excess bicarbonate ( Fig. 5B). The plot of Na—Cl
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versus Ca+Mg—HCO;—SO, confirms that Ca, Mg and Na concentrations in the groundwater is derived from
aquifer materials (Fig. 5C) (Srinivasamoorthy et al., 2008).
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Fig. 4 (A-D) Plot for relationship of ions.
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Fig. 5 (A-C) Plot for relationship of ions

4.2 Thermodynamic stability\

Thermodynamic plotting of [Na]/H, [K]/H,[Ca]/H and [Mg]/H, for groundwater from study area are plotted on
the stability diagram as a function of [H;SiO4]. In plot for Ca, the samples (Fig. 6A) clusters in Kaolinite field
indicating impact of dilution. In the plot for Magnesium (Fig. 6 B) shift of stability from Kaolinite to Chlorite
is noted, indicating the formation of new clay minerals due to supply of excess cations and Silica to pre-
existing Kaolinite from aquifer materials. The plot of Na falls in the Kaolinite stability field, indicating Na—
Feldspar incongruent dissolution produces Kaolinite (Fig. 6 C) (Jacks, 1973). The plot of K silicates (Fig. 6D)
indicates incongruent dissolution of Kaolinite and formation of Muscovite. Majority of samples fall in
Kaolinite and Muscovite field. When the lonic Activity Product (IAP) of Potassium increases, the pH remains
constant, resulting in the shift of plots from Kaolinite to Muscovite field along with release of H+ ions which
combines with HCO; to form CO, (Karanth, 1997).
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Fig. 6 Thermodynamic stability plot for (A) Ca, (B) Mg, (C) Na and (D) K System.

4.3 Disequilibrium indices

Disequilibrium indices log (IAP/KT) was calculated by WATEQ4F geochemical model for the minerals and
other solids stored in the model data bank for which the dissolved constituents are reported in groundwater
analysis. Disequilibrium indices of log (IAP/KT) indicate: if the groundwater is in thermodynamic equilibrium,
the log (IAP/KT = 0), and when it is oversaturated log (IAP/KT > 0) and during under saturated log (IAP/KT
< 0) with respect to certain solid phases (Trusdell and Jones, 1973; Drever, 1988). The disequilibrium indices
of silicate minerals (Fig. 7) Chalcedony, Christobalite and Quartz were represented from the data bank of
WATEQA4F to represent the dissociation factors in the study area. The status of groundwater in the study area
indicates all the minerals phases are in the state of oversaturation to equilibrium.
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The disequilibrium indices of carbonate minerals (Fig. 8) Aragonite, Calcite, Dolomite and Magnesite
were represented from the data bank of WATEQA4F. The samples are oversaturated to equilibrium with
Aragonite, Calcite, Dolomite and Magnesite with minor indications in undersaturation state. In general,
carbonate results show that Calcite, Dolomite and Magnesite are saturated to-oversaturated which is indicated
by excess input of Ca and Mg ions from silicate weathering process.
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Fig.7 Disequilibrium indices for silicate minerals.
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Fig. 8 Disequilibrium indices for carbonate minerals
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5 Conclusions

The groundwater in Sarabanga region is a unique example for the impact of weathering, ion exchange and
anthropogenic process controlling water chemistry. The chemical composition of groundwater of the study
area is strongly influenced by rock water interaction, dissolution and deposition of silicates group of minerals.
Weathering of silicate minerals controls the major ion chemistry of calcium, magnesium, sodium and
potassium. Cl was dominant due to anthropogenic impact (human sources). The ion exchange and reverse ion
exchange controls the water chemistry of the study area. Thermodynamic plot indicates, groundwater is in
equilibrium with kaolinite, muscovite and chlorite minerals. SI of minerals indicates oversaturation and
undersaturation of silicate and carbonate minerals with respect to pre-monsoon seasons. In general, water
chemistry is guided by lithological influences on water chemistry by complex weathering process, ion
exchange along with influence of Cl ions from anthropogenic impact.
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