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The Upper Tirumanimuttar sub basin is a part of the River Cauvery basin in south India,
and its groundwater resources are developed for water supply, agricultural and Industrial
purposes. In order to evaluate the quality of groundwater in this sub basin, 50 groundwater
samples were collected and analyzed for various Physical and chemical parameters such as
Electrical Conductivity, pH, Total Dissolved Solids, Ca, Mg, Na, K and Cl, HCO3,
SO4,CO3 and F were determined. Hydrochemical index like Percentage of Sodium
(Na%), Sodium Adsorption Ratio (SAR), and Residual Sodium Carbonated (RSC) and
Permeability Index (PI) were calculated. The abundance of the major ions is as follows:
HCO3 >Cl>SO4 > CO3and Na > Mg > Ca> K. According to Gibbs diagrams samples fall
in the rock dominance field and the chemical quality of groundwater is related to the
lithology of the area. Assessment of groundwater quality for various methods indicated
that groundwater in study area is chemically suitable for drinking and agricultural uses, as
per the international standards.
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INTRODUCTION
Understanding the aquifer hydraulic properties and
hydrochemical characteristics of water is crucial for
groundwater planning and management in the study area.
Generally, the movement of groundwater along its flow paths
below the ground surface increases the concentration of the
chemical species [1–3]. Hence, the groundwater chemistry
could reveal important information on the geological history of
the aquifers and suitability of groundwater for domestic,
industrial and agricultural purposes.  Moreover, pumping tests
with the drilling results are the most important information
available for the groundwater investigations, as they are the
only methods that provide information on the hydraulic
behaviour of wells and reservoir boundaries [4,5].

Hydrochemical evaluation of groundwater systems is usually
based on the availability of a large amount of information
concerning groundwater chemistry [6, 7]. Quality of
groundwater is equally important to its quantity owing to the
suitability of water for various purposes [8, 9]. Groundwater
chemistry, in turn, depends on a number of factors, such as
general geology, degree of chemical weathering of the various
rock types, quality of recharge water and inputs from sources
other than water rock interaction. Such factors and their
interactions result in a complex groundwater quality [10,
11].The rapid increase in the population of the country has led
to large scale groundwater developments in some areas.
Intense agricultural and urban development has caused a high
demand on groundwater resources in semi-arid region of India
while putting these resources at greater risk to contamination
[12–14]. Groundwater is an important water resource for
drinking, agriculture and industrial uses in the study area. In
this study, physical, hydrogeologic and hydrochemical data

from the groundwater system will be integrated and used to
determine the main factors and mechanisms controlling the
chemistry of groundwater in the area. The relationship between
groundwater flow, hydrogeologic properties and hydrochemistry
has been studied by many researchers (2,15,16). The chemical
quality of groundwater is related to the lithology of the area.

The Upper Tirumanimuttar sub basin lies between latitudes
11o21’57”to 11o48’05” N and longitudes 78o02’33” and
78o21’13”E and covers an area of 938 km2 (Fig.1).The climate of
the study area is semi-arid and its average annual rainfall is about
852 mm.

MATERIALS AND METHODS
Groundwater samples were collected from 50 shallow and deep
wells. The pH and Electrical Conductivity (EC) were measured
using digital conductivity meters immediately after sampling.
Water sample collected in the field were analyzed in the
laboratory for the major ions (Ca, Mg, Na K, HCO3, CO3, SO4,
Cl, F), using the standard methods as suggested by the American
Public Health Association [17]. Sodium (Na) and Potassium (K)
were determined by flame photometer. Total Hardness (TH) as
CaCO3, Calcium (Ca2+), Carbonate (CO3), Bicarbonate (HCO3)
and Chloride (Cl) were analyzed by volumetric methods.
Magnesium (Mg) was calculated from TH and Ca contents.
Sulphates (SO4) were estimated using the colorimetric technique
and fluorine (F) were determined by spectrophotometer. [32].

RESULTS AND DISCUSSION
Geological and Hydrogeological Setting

The investigated area is located in the central part of Tamil
Nadu, India. Igneous and Metamorphic rocks of different age’s
crop out in the sub basin and range in age from Pre Cambrian
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to Quaternary. Pre Cambrian rocks consist of Granite, Syenite,
Quartz veins, Carbonatite, Dolerite, Granite Gneisses,
Charnockite and Quartzite. Quaternary sediments mainly
consist of Alluvial gravel, Alluvial fan, Laterites Talus and
Colluviam. The basin is tectonically active and the most
important structure that affects the geology of the area is
Salem-Attur Graben fault system and have different
hydrogeological characteristic [33]. Since the main rocks are
inherently impermeable, groundwater in the study area is
controlled by the development of secondary porosities such as
fractures, faults, Joints shear zones and associated weathered
zones. The depth of weathering is highly variable and it is
greater along the foothill of the Shevaroys hill ranges where it
reaches 20m but least in the downstream, where it rarely
exceeds 5m and the fracture are encountered below 120m. The
weathered zone aquifer and the fractured zone aquifer are the
main aquifers in the study area and their yields are highly
variable. The weathered zone aquifers are either phreatic or
semi-confined, but that of fractured zone are mainly semi
confined, and rarely confined.

Groundwater Chemistry

The water quality analyses included all major anions and
cations [18]. The all over groundwater pH and Electrical
Conductivity (EC) values of the study area are ranging from
7.2 to 11.1 mg/l and 1100 to 4100 μS cm-1 respectively. Total
Dissolved Solids (TDS) in the study area vary between 209
and 2147mg/l. The groundwater in the study area falls under
fresh (TDS < 1,000 mg/l) and Brackish water (1,000 – 10,000)
types of water [19].  The total hardness (as CaCO3) ranges
from 110 to 1530 mg/l. In the study area, the Na and K
concentrations in groundwater range from 12 to 584 and 1 to
27 mg/l, respectively. The concentrations of calcium range
from 16 to 204 mg/l, which is derived from calcium rich
minerals like feldspars, pyroxenes and amphiboles. The major
source of magnesium (Mg) in the groundwater is due to ion
exchange of minerals in rocks and soils by water. The
concentrations of Mg and HCO3 ions found in the groundwater
samples of study area are ranged from 19 mg/l to 231mg/l and
61mg/l to 584mg/l respectively. The concentration of chloride
ranges from 50 to 754 mg/l and increases from the recharge to
discharge area. Sulphate varies from 1 to 413 mg/l. Fluoride is
one of main ions in groundwater, which generally occurs as a
natural constituent. Bedrock containing fluoride minerals is
generally responsible for high concentration of this ion in
groundwater. The concentration of fluoride  in  groundwater
of  the  study area  varies  between 0-1.92 mg/l during May
2012 with an average value  of  0.97 mg/l  and  all  the
groundwater samples in study area are suitability for drinking.
The abundance of the major ions in groundwater is in

following order: Ca > Mg > Na > K and HCO3> SO4 > Cl >
NO3> CO3. Minimum, maximum and average values of
physical and chemical parameters of groundwater samples are
presented in Table 1. The concentration of dissolved ions in
groundwater samples are generally governed by lithology,
nature of geochemical reactions and solubility of interaction
rocks. The functional sources of dissolved ions can be broadly
assessed by plotting the samples, according to the variation in
the ratio of Na/(Na+Ca) and Cl/(Cl+HCO3) as a function of
TDS [19]. The Gibbs plot of data from study area (Fig.2)
indicates that rock is the dominant processes controlling the
major ion composition of groundwater.

Drinking and Agricultural Water Quality

The analytical results have been evaluated to ascertain the
suitability of groundwater of the study area for drinking and
agricultural uses. The drinking water quality is evaluated by
comparing with the specifications of TH and TDS
recommended by the World Health Organization (WHO)
[20,21]. According to WHO specification TDS up to 500 mg/l
is the highest desirable and up to 1500 mg/l is maximum
permissible (Table 2). Based on this classification, 84% of
samples are belonging to highest desirable category and
remaining samples are belonging to maximum permissible
category. The hardness values range from 128 to 1320 mg/l
during May 2012. The classification of groundwater based on
total hardness [22] (Table 3) shows that 82% of the
groundwater samples fall in the very hard water category, 8%
hard category and remaining samples fall in moderately hard
category (Table 3). Maximum allowable limit of TH for
drinking is 500 mg/l and the most desirable limit is 100 mg/l as
per the WHO international standard. Based on this

Fig.1 Location map of Upper Tirumanimuttar sub basin

Fig.2 Gibbs –Mechanisms governing groundwater chemistry

Table 1 Minimum, maximum and average values of
physical and chemical parameters of groundwater

samples.
Parameters Units Minimum Maximum Average

Ca mg/l 16 204 110
Mg mg/l 19 231 125
Na mg/l 12 584 298
K mg/l 1 27 14

HCO3 mg/l 61 854 457.5
CO3 mg/l 0 60 30
SO4 mg/l 1 413 207
Cl mg/l 50 754 402
F mg/l 0 1.94 0.97

TDS mg/l 209 2147 1178
EC S/cmμ 1100 4100 2600
pH - 7.2 11.1 9.15
TH mg/l 128 1320 724

RSC meq/l -14.33 11.32 1.505
Na% % 6 87 46.5
SAR - 0 15.21 7.605

PI % 2.65 28.40 15.52
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classification it indicates that all of the groundwater samples
are not exceed the maximum allowable limits.

Salinity and indices such as, Sodium Absorption Ratio (SAR),
Sodium Percentage (Na%), Residual Sodium Carbonate
(RSC), and Permeability Index (PI) are important parameters
for determining the suitability of groundwater for agricultural
uses [23, 24]. Electrical conductivity is a good measure of
salinity hazard to crops as it reflects the TDS in groundwater.
The US Salinity Laboratory [25] classified groundwater on the
basis of electrical conductivity (Table 4). Based on this
classification, 30% of samples are belonging to the doubtful
category and 70% to good category.

Sodium Adsorption Ratio (SAR) is an important parameter for
determining the suitability of groundwater for agricultural
because it is a measure of alkali/sodium hazard to crops [26].
SAR is defined by Karanth [26] as Equation 1.

SAR=Na/[(Ca+Mg)/2]1/2……………. 1

Where all ionic concentrations are expressed in meq/l. The
SAR values range from 0 to 15.21 and according to the
Richards [27] classification based on SAR values all of
samples are belong to the excellent to good category. SAR can
indicate the degree to which irrigation water tends to enter into
cation exchange reactions in soil. Sodium replacing adsorbed
calcium and magnesium is a hazard as it causes damage to the
soil structure and becomes compact and impervious [24]. The
analytical data plotted on the US salinity diagram [27]
illustrates that 50% of the groundwater samples fall in the field
of C3-S1, indicating medium salinity and low sodium water,
which can be used for irrigation on all types of soil without
danger of exchangeable sodium (Fig.3).

The sodium percent (Na%)is obtained by the Equation 2.

Na%=[Nark]×100/[Ca+Mg+Na+K]………… 2

Where all ionic concentrations are expressed in meq/l.

The Wilcox [28] diagram relating sodium percentage and total
concentration shows that 20% of the groundwater samples fall
in the field of Permissible to doubtful and 46% of the
groundwater samples fall in the field of good to permissible
for irrigation (Fig 4). Residual Sodium Carbonate (RSC) has
been calculated to determine the hazardous effect of carbonate

and bicarbonate on the quality of water for agricultural
purpose and has been determined by the Equation 3.

RSC=(CO3+HCO3)-(Ca+ Mg) …………. 3
Where all ionic concentrations are expressed in meq/l [29].
The classification of irrigation water according to the RSC
values is waters containing more than 2.5 meq/l of RSC are not
suitable for irrigation, while those having -14.33 to 11.32meq/l
are doubtful and those with less than1.25 meq/l are good for
irrigation. Based on this classification, all of groundwater
samples belong to the good category except one sample. The
permeability index (PI) values also indicate that the
groundwater is suitable for irrigation. It is defined as follows
Equation 4.

PI=100×[([Na]+[HCO3]1/2)/[Na]+[Ca]+[Mg] ……….. 4

Where all the ions are expressed in meq/l [30]. WHO [31] uses
a criterion for assessing the suitability of water for irrigation
based on permeability index. The PI  range from 84% to 12%
and the average value is about 4% during May 2012.
According to PI values, the groundwater of in the study area
can be designated as class II (25–75%) that shows the
groundwater in study area is suitable for irrigation purposes.

Table.2 Groundwater samples of the study area exceeding
the permissible limits prescribed by WHO for drinking

purposes
WHO international standard (1971, 1983)

Parameters Most desirable
limits

Maximum
Allowable limits

Amount in
groundwater samples

pH 7.-8.5 9.2 7.2-11.1
TDS (mg/l) 500 1500 209-2147
TH (mg/l) 100 500 128-1320
Na (mg/l) - 200 12-584
Ca (mg/l) 75 200 16-204
Mg (mg/l) 50 150 19-231
Cl (mg/l) 200 600 50-754

SO4 (mg/l) 200 400 1-413
F (mg/l) - 1.5 0-1.94

Table.3 Suitability of groundwater based on hardness
Total hardness as CaCO3 (mg/l) Water Class

<75 Soft
75-150 Moderately hard
150-300 Hard

>300 Very hard

Fig.3 USSL- Rating of groundwater samples in relation to salinity and
sodium hazard

Table 4Classification of groundwater for irrigation based on
EC, SAR

Quality of
Water

Electrical Conductivity
(S/cm)

Sodium
Adsorption Ratio(SAR)

Excellent <250 <10
Good 250-750 10-18

Doubtful 750-2250 18-26
Unsuitable >2250 >26

Fig.4 Wilcox’s - Rating of groundwater samples on the basis of
electrical conductivity and percentage of sodium
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CONCLUSIONS
Interpretation of hydrochemical analysis reveals that the
groundwater in study area is freshhard to very hard. The
sequence of the abundance of the major ions is in the
following order. Ca > Mg > Na > K and HCO3> SO4 > Cl.
Falling of groundwater samples in the rock dominance area in
Gibbs plot indicates the interaction between rock chemistry
and the chemistry of the percolating precipitation waters in the
sub surface. According to classification of water based on
TDS, 12% of samples are belonging to highest desirable
category and remaining samples are belonging to maximum
permissible category. Irrigation waters classified based on
SAR has indicated that 83% of samples belong to the
excellent, 15% samples good and remaining samples belong to
doubtful category. The Wilcox’s diagram relating sodium
percentage and total concentration shows that 74% of the
groundwater samples fall in the field of good to permissible
and 46% of the groundwater samples fall in the field of
excellent to good for irrigation. The analytical data plotted on
the US salinity diagram illustrates that 50% of the
groundwater samples fall in the field of C3-S1 domain,
indicating medium salinity and low sodium water. Base on the
classification of irrigation water according to the RSC values,
all of groundwater samples belongs to the good category.
According to PI values, the groundwater of in the study area
can be designated as class II (75%) that shows the
groundwater in study area is suitable for irrigation purposes.
Assessment of water samples from various methods indicated
that groundwater in study area is chemically suitable for
drinking and agricultural uses.
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