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Abstract 
Sadras and Chinnakuppam are located South of Chennai along the Eastern coastal plain in Kancheepuram 
district between 12⁰03'37" and 12⁰18'0" North latitude and 80⁰1'30" to 80⁰10'30" East longitude. Totally, thirty 
groundwater samples were collected from open and bore wells during two seasons (January and June 2010) 
and analyzed for physico-chemical parameters (pH, EC, TDS, Na, K, Ca, Mg and Cl, SO4, HCO3, NO3) in 
order to understand the hydrogeochemistry of the water. The results of the analysis were interpreted with the 
geology and geomorphology of the study area and also by various geochemical diagrams such as Wilcox 
diagram, Box and Whisker plot, USSL diagram and Piper trilinear plot. Significant increase is observed in Ca, 
Mg, and Cl during the post monsoon period. The type of water that predominates in the study area is 76% 
strong acids exceeds weak acid type during January and 73% alkalies exceeds alkaline earths during June 
of the year 2010. The influence of sea water in the fresh water aquifer in this coastal region needs special 
attention in terms of monitoring and sustainable management of groundwater. 
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Introduction 
Ground water is the principal source of drinking water in 
our country and indispensable source of our life.  
The problem of ground water are many resulting  
degradation of water quality in the water bodies that 
creates a condition so that water cannot be used for 
intended beneficial uses including bathing, recreation 
and as a source of raw water supply (Biswas and 
Boruah, 2000; Wesley, 2000; Khan et al., 2004). Further, 
it is possible to understand the change in quality due to 
rock water interaction or any type of anthropogenic 
influence. Groundwater chemistry is largely a function of 
the mineral composition of the aquifer through which it 
flows. As groundwater moves along its path from 
recharge to discharge areas, a variety of 
hydrogeochemical processes alter its chemical 
composition. The hydrogeochemical processes of the 
groundwater vary spatially and temporally, depending on 
the geology and chemical characteristics of the aquifer. 
Apodaca et al. (2002) have inferred that 
hydrogeochemical processes such as dissolution, 
precipitation, ion-exchange processes and the residence 
time along the flow path control the chemical composition 
of the ground water in the shallow alluvial aquifers.  
Early studies concentrated on major ion chemistry both 
as an ideal tracer, especially Cl, for saline water intrusion 
and in distinguishing active intrusion from freshwater 
flushing and understanding the relationships between 
saline water bodies and surrounding freshwater in 
coastal sandstone aquifers (Cederstrom, 1946; Back, 
1966; Howard and Lloyd, 1983; Mercado, 1985). 

 
Wastewater from agricultural, industrial and urban 
activities can seriously affect the quality of water and 
often so happen due to natural processes such as 
erosion and weathering (Carpenter et al., 1998; Jarvie  
et al., 1998). Some of the previous studies carried out in 
Kancheepuram district, TN, India, include hydrochemical 
analysis and groundwater quality monitoring by the 
Public Works Department (2000), Rajmohan et al. 
(2000), Senthil Kumar and Elango (2001), Lakshmanan 
et al. (2003) and Sivakumar and Elango (2008).  
 
Against these backdrops, this study was carried out with 
the objective of identifying the hydrogeochemical 
analysis of groundwater quality between Sadras and 
Chinnakuppam in Kancheepuram district, TN. 
 
Materials and methods 
Study area: The study area is south of Chennai which 
forms a coastal area Sadras in the North and 
Chinnakuppam in south situated in Kancheepuram 
district of TN state in southern India. The study area is 
located at 75 km south of Chennai city. Groundwater 
from this coastal aquifer was used for drinking as well as 
for agricultural purposes. Agricultural activity is practiced 
in some parts of the villages (Sadras, Pudhupattinam, 
Vayaloor, Cuddalore village and Thenpattinam). Mean 
annual precipitation at Kalpakkam exceeds 1300 mm 
(CGWB, 2001), most of which falls during the northeast 
monsoon (October to December).  
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Fig. 1. Map showing study area with sample locations. 

 
 
Heavy rains in the study area are often associated with 
depressions and storms, which generally occur in the 
Bay of Bengal during the northeast monsoon. The study 
area with sample locations is shown in Fig. 1. 
 
Geology and hydrogeology: Topographically, northern 
parts of the study area slopes toward a river called Palar, 
but regionally towards east. The basement is composed 
of Precambrian charnockite, outcrops of which are seen 
in the western and southwestern parts of the area.  
The shale and clay of Gondwana age occur on the banks 
of Palar River. The alluvial flood plain is constituted by 
sandy clay overlying the basement rock. The alluvium 
and weathered crystalline charnockite form an aquifer 
system where ground water occurs in an unconfined 
condition. The major source of groundwater recharge is 
by precipitation. Geologically, the study area has two 
distinct formations: crystalline connects rocks of Archean 
age and Quaternary/Recent sediments. Crystalline 
charnockite are overlain by Quaternary/Recent 
sediments (CGWB, 2001). The Quaternary/Recent 
sediments weathered and fractured crystalline 
charnockite function as an unconfined aquifer system. 
The groundwater head follows the topography, that is, it 
flows towards east and west from the central part of the 
area. The groundwater requirement of this area is mostly 
met by wells penetrating up to upper Quaternary/Recent 
sediments. Apart from this the township located in 
Sadras region is also provided with piped water supply 
from the nearby Palar River basin. 
 
Collection of water samples and analysis of  
physico-chemical parameters: The water samples were 
collected from dug and bore wells in the study area.  
One liter of water sample was collected in polyethylene 
bottles at various locations from dug and bore wells 
during the month of January and June 2010 representing 
both Post-monsoon and Pre-monsoon.  

 
Thirty groundwater samples were collected for each of 
the seasons mentioned, for analysis of various  
physico-chemical parameters. pH was measured using a 
portable pH meter, EC was measured by electrode in the 
field itself. With respect to cation, calcium, magnesium 
were analyzed following volumetric method; sodium, 
potassium were analyzed by flame photometer; with 
respect to anions chloride, bicarbonate were done by 
volumetric method; nitrate, sulfate were estimated by 
turbidity method. Analyses were done following APHA 
(1998) method. The analytical data can be used for the 
classification of water for utilitarian purposes and for 
ascertaining various factors on which the chemical 
characteristics of water depend.  
 
Results and discussion 
Maximum and minimum concentration of major cations 
and anions present in the groundwater from the study 
area is presented in Table 1. 
 

Table 1. Maximum and minimum concentration of major 
cations and anions of groundwater samples during  

Post and Pre-monsoon seasons. 

Parameters Post-monsoon Pre-monsoon 
Min Max Min Max 

pH 6.2 7.8 6.0 7.3 
EC 161 3695 131 3354 
TDS (mg/L) 98 2610 102 2368 
Ca (mg/L) 5 160 4 200 
Mg (mg/L) 2 86 1 72 
Na (mg/L) 12 510 14 400 
K (mg/L) 1 30 2 20 
HCO3 (mg/L) 32 432 20 500 
Cl (mg/L) 11 941 5 796 
SO4  (mg/L) 8 228 2 123 

 
pH: Groundwater is slightly acidic to slightly alkaline with 
pH values from 6 to 7.8. The pH values of ground water 
samples are within the permissible limit (WHO, 1996). 
The pH of a solution is the negative logarithm of 
hydrogen ion concentration in moles per liter. In the  
post-monsoon water samples, the pH vary from 6.2 to 
7.8 while in the pre-monsoon water samples; it ranges 
from 6.0 to 7.3 indicating well permissible limits.  
 
Electrical Conductivity (EC) and Total Dissolved Solids 
(TDS): Electrical conductivity indicates the capacity of 
electrical current that passed through the water, which in 
turn is related to the concentration of ionized substances 
present in it. It is observed from the correlation that an 
increase in the concentration of total hardness, calcium, 
magnesium, chloride and sodium, result in an increase in 
electrical conductivity (Hem, 1985). The maximum limit of 
electrical conductivity in drinking water is 1300 µs/cm 
(WHO, ISI, 1996). In the study area, electrical 
conductivity varies from 161 to 3695 μS/cm for  
post-monsoon, while it ranges between 131 and  
3354 μS/cm for pre-monsoon water samples.  
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Electrical conductivity of water is considered to be an 
indication of the total dissolved salt content (Hem, 1985). 
In the post-monsoon season, the mean values of TDS 
varied from 98 and 2610 mg/L whereas during the  
pre-monsoon it ranges between 102 and 2368 mg/L.  
The reason for lowering of water levels in the study area 
is accompanied by increasing concentration of TDS due 
to groundwater-host rock interaction over time, 
evaporated and possibly seawater contamination. 
However, TDS increase after the rains, as a result of 
dissolutions of minerals from overlying material by the 
infiltration waters recharging the groundwater. 
 
Calcium (Ca) and magnesium (Mg): Most of the aquifers 
are composed of calcium rich rocks. In groundwater the 
calcium content generally exceeds the magnesium 
content (CGWB, 2005). Calcium ion concentration in 
groundwater samples in the post-monsoon season varies 
from 5 to 160 mg/L while it ranges between 4 and  
200 mg/L for pre-monsoon samples. Calcium ion present 
in the ground water of the study area might have come 
from the dissolution of precipitates of CaCO3 and 
CaMg(CO3)2 during recharge. Excessive calcium in 
drinking water is linked to the formations of concretions 
in the body and may cause gastrointestinal diseases and 
stone formations. Magnesium ion concentration in 
groundwater samples in the post-monsoon season varies 
from 2 to 86 mg/L while it ranges from 1 to 72 mg/L for 
pre-monsoon samples. Magnesium may have come from 
the dissolution of magnesium calcite, gypsum, and/or 
dolomite as reported by Garrels and Mackenzie (1967).  
The concentration of calcium and magnesium in the 
study area may be due to rock weathering. 
 
Sodium (Na) and potassium (K): Sodium concentration in 
the study area varies from 12 to 510 mg/L and 14 to  
400 mg/L in post and pre-monsoon seasons.  
The concentration of sodium in the groundwater of the 
study area may be due to rock weathering as well as 
irrigation return flow. The feldspar of igneous rocks is a 
good sources of sodium when weathered (Rajmohan  
et al., 2000). In general, sodium salts are not actually 
toxic substances to humans because of the efficiency 
with which mature kidneys excrete sodium. Higher 
values of sodium near coastal area are found in the 
groundwater of the areas may be due to saline water 
intrusion. Potassium ion concentration in groundwater 
samples in the post-monsoon season varies from 1 to  
30 mg/L while it ranges from 2 to 20 mg/L for  
pre-monsoon samples.  
 
Chloride (Cl), bicarbonate (HCO3) and sulfate (SO4): 
Chloride concentrations vary widely in natural water and 
it is directly related to the mineral content of the water. 
Chloride concentration varies from 11 to 941 mg/L and 
from 5 to 796 mg/L during post and pre-monsoon 
seasons of the study area. It is known that the sea water 
intrusion is showing abnormal concentration of chloride. 
The higher chloride content in groundwater may be 

attributed to the presence of soluble chloride from rocks 
and saline water intrusion. Bicarbonate ion concentration 
varies from 32 to 432 mg/L and from 20 to 500 mg/L in 
post and pre monsoon seasons of the study area.  
The source for higher concentration of bicarbonate may 
be due to dissolution of CO3 of the soil and percolation 
due to irrigation as well as rain water. Sulfate ion 
concentration varies from 8 to 228 mg/L and from  
2 to123 mg/L in post and pre-monsoon seasons of the 
study area. 
 
Wilcox diagram and Box-and-Whisker plot: Sodium 
concentration is important in classifying irrigation water 
because sodium reacts with soil to reduce its 
permeability. Sodium with carbonate as the predominant 
anion is termed alkali soils and chloride or sulfates as the 
predominant anion are saline soil. Wilcox’s diagram 
(Wilcox, 1948) is adopted for the classification of ground 
water for irrigation, wherein the EC is plotted in x axis 
and % Na+ in y axis. Depending on the distribution of 
Na% waters are classified into five classes (Richards, 
1954) such as Very Good to Good, Good, Permissible, 
Doubtful and Unsuitable. Data on pre and post-monsoon 
groundwater samples of the area are plotted and is 
shown in Fig. 2 as Wilcox diagram.  
 
In the study area, during post-monsoon season water 
samples fall in very good to good, good to permissible, 
permissible to doubtful categories excepting two samples 
that fall in other categories. During pre-monsoon season 
the water samples are showing the same property but 
three samples fall in other categories suggesting that the 
quality of groundwater deteriorates during pre-monsoon. 
Box plots can be used to compare ground water quality 
data (generally for the same parameter) between wells. 
The plots are constructed using the Median value and 
the interquartile range (i.e., 25 and 75 cumulative 
frequency are measured as central tendency and 
variability). The chemical composition of the groundwater 
samples is shown in the box plot (Fig. 3). The abundance 
of major cations is in the order of Na > Ca > Mg during 
post and pre monsoon seasons. The abundance of major 
anions is in the order of Cl > HCO3 > SO4 during post 
and pre monsoon seasons. 
 
Sodium adsorption ratio and salinity hazard:  
The significant relationship between SAR value and the 
amount of sodium adsorbed in the soil is important. 
All concentration values are expressed in equivalents per 
million. The diagram is a simple plot of sodium hazard 
(SAR) on the y axis versus salinity hazard (EC) on the  
x axis. The level of Na+ and HCO3 in irrigation 
groundwater affects permeability of soil and drainage of 
the area. USSL classification diagram of groundwater for 
irrigation purpose applied for classification of irrigation 
water (Fig. 4). This diagram shows that during the post 
monsoon, 70% of the water samples fall in the S1 
category (low sodium content water) and 80% of the 
samples in the S1 category during the pre monsoon.  
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Fig. 2. Wilcox diagram for Post and Pre-monsoon. 

Post-monsoon Pre-monsoon 

Fig. 3. Box and Whisker plot for Post and Pre-monsoon. 

Post-monsoon Pre-monsoon 
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Fig. 4. USSL diagram for Post and Pre-monsoon. 

Post-monsoon 

Fig. 5. Piper diagram for Post and Pre-monsoon. 

Pre-monsoon 

Post-monsoon Pre-monsoon 



 
Journal of Academia and Industrial Research (JAIR) 
Volume 2, Issue 3 August 2013                        165 
 

©Youth Education and Research Trust (YERT)                         jairjp.com                                                                 Sridhar et al., 2013 
 

Salinity is a major water quality limitation on the 
environmental values of ground water. If salty water is 
used for irrigation, the capacity of soil with respect to 
transmitting of water and air reaches undesirable limits. 
The amount of moisture decreases and plants do not 
take necessary nutrition from the soil. Because of high 
evaporation in dry climate salinity may be high. The poor 
quality waters due to the high electrical conductivity will 
cause salinization (Ghafoor et al., 1990, 1993). This 
diagram shows that during the post and pre-monsoon 
50% of the water sample into the C3 (High salty water) 
because the water samples are from coastal area. 
 
Hydrochemical faices: The concentrations of major ionic 
constituents of groundwater samples were plotted in the 
Piper trilinear diagram (Piper, 1953) to determine the 
water type. The geochemical evolution of groundwater 
can be understood by plotting the concentrations of 
major cations and anions in the Piper trilinear diagram. 
The left side of the triangle diagram shows the relative 
abundance of cations and right side of the triangle 
diagram shows relative abundance of anions. These two 
points are then projected into the central diamond 
shaped area parallel to the upper edges of the central 
area (Todd, 1980). Based on the diagram nine types of 
water facies can be identified. The plot shows (Fig. 5) 
that most of the samples fall in the field of 76% strong 
acids (Cl) exceeds weak acids (HCO3 and SO4)  type 
during January and 73% alaklies exceeds Na alkaline 
earths (Ca and Mg) facies for pre monsoon (June) 
seasons of the year 2010 which shows ion exchange 
characters. 
 
Conclusion  
The hydrochemistry of groundwater quality between 
Sadras and Chinnakuppam, Kancheepuram district 
shows significant increase in Mg, Cl and Na during  
post-monsoon compare to pre-monsoon. Based on the 
Wilcox diagram, two samples during post-monsoon and 
three samples during pre-monsoon fall in doubtful to 
unsuitable and unsuitable categories that show 
deterioration of groundwater quality during pre-monsoon 
season. The abundance of major cations is in the order 
of Na > Ca > Mg during post and pre-monsoon season. 
The abundance of major anions is in the order of  
Cl > HCO3 > SO4 during post and pre-monsoon seasons 
based on box plot. The SAR classification indicates that 
80% of the water samples fall S1 category (low sodium 
content water) during pre monsoon 70% during  
post-monsoon. The salinity hazard classification shows 
that 50% of the water samples fall in C3 category during 
both post and pre-monsoon. The type of water that 
predominates in the study area is 76% strong acids 
exceeds weak acid type during January and 73% alkalies 
exceeds alkaline earths facies during June of the year 
2010, based on hydro-chemical facies. The ground water 
of the study area shows chiefly ion exchange characters, 
some of the samples are showing high salinity due to  

sea water intrusion and few represent increase in TDS 
due recharge by precipitation. 
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