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Abstract
The present research reports the level of major ions and other physical parameters like pH, EC and TDS
and possible sources of contamination in groundwater from south India. A total of 138 groundwater
samples were collected during four different seasons and analyzed for physical parameters and other
major ions. Many samples are above or approaching the recommended level of ions for safe drinking
water. The groundwater quality has been determined by considering 11 parameters and classi�ed into 5
different categories based upon water quality index (WQI) value. The groundwater of the study area is
approaching towards pollution which has to consider for future management of the resource. Different
geochemical diagrams like Gibbs and Piper are used to evaluate the process affecting the composition of
groundwater. Again, the geostatistical techniques applied to con�rm the processes through an integrated
approach. Based on result of geochemical investigation, the contamination sources in the groundwater of
this region are likely to be from (a) Anthropogenic activities (b) Weathering (c) Agricultural
fertilizers. Continuous consumption of such water may pose serious health risk to the residents.

Introduction
Water is an indispensable source of nature and it acts as an elixir of life to both mankind and other
species. Mismanagement of this resource for various purposes like domestic, agriculture and industrial,
result in scarcity and quality deterioration, which has become a major issue globally. Though there are
many sources of water like surface (river, lake and pond), groundwater and coastal water, only
groundwater is considered as the potentially available source to human use for various purposes.
However, potential of this resource depends upon various factors like frequency of rainfall, climatic
condition, availability of surface water, proximity to the coastal area etc, which tend to vary with season
and geographical setting of an area. Therefore, conserving water as well as protecting it from pollution
has become the need of the day. Thus, study on groundwater quality has become very signi�cant to plan
the strategies for conservation of water resources. Hydrochemical properties of groundwater are directly
related to the quality study of groundwater and proved to be an important factor in water quality studies
(Atwia et al., 1997; Fischer and Mullican 1997; Thilagavathi 2012; Vasudevan 2017; Thivya 2019; Devaraj
2020). The association between the geological materials and groundwater quality has been studied by
many researchers and they have recognized many other factors that in�uence groundwater chemistry,
such as the aquifer properties, waste water and saline water in�ltration, aquifer lithology etc (Lavitt et
al.1997;Chidambarametal. 2008 and 2010 Vasanthvigar et al.2010;Vijayakumar et al. 2016; Pandaetal
2018a; Devaraj et al. 2019). Numerous studies on water quality issues and its causes are reported
globally (Ramanathan et al. 2001; Chidambaram et al. 2005 and 2013; Karmegam et al. 2011; Nepolian
2016 Vetrimurugan 2020). There are different techniques used for a detail hydrochemical study of
groundwater such as 1. Statistical analysis to determine the factors responsible for variation in water
chemistry (Panda et al. 2018b) 2. Identi�cation of groundwater recharge potential zone by remote
sensing in association with GIS techniques (Chidamabaram 2019), and 3. Interpretation of data by using
various hydrochemical standard diagrams like Piper, (1944) Durov, (1948); Handa, (1965) and Jhonson



Page 3/26

(1975) Stiff, (1951); (1972) and Collins, (1975) diagrams). The South Indian aquifers are basically
considered in three major aquifer types (1) inland (2) coastal sedimentary (3) hardrockaquifers. There are
certain critical geographical locations which are hoisted along the hard
rockandsedimentaryaquifercontact.Theseregionsrepresentacomplexlithologywithdifferentlithounits
(Devraj et al. 2020), which affects the water level (Panda et al. 2020), residence time (Thilagavathi et al.
2018), groundwater �ow (Thivya et al 2019.), aquifer interaction (Devaraj et al 2021), recharge (Panda et
al. 2020), and land use pattern (Panda et al. 2021) of a region. There are few studies on similar
geographical conditions adjacent to the study are addressing the uranium concentration in the
groundwater and their geochemical evolutions (Adithya et al 2019, 2020). The current study area is one
such located in the hard rock and sedimentary contact. The rapid increase in population of this
agriculturally rich region with industrial housings makes it very essential to study about the current status
of groundwater quality. Agriculture is the major occupation in the present study area, and serves as the
back bone of the economy especially region and contributes signi�cantly to the state’s economy. Hence,
understanding the groundwater quality �uctuation and the responsible factors for this �uctuation is
important for the study region. The assessment of varied composition of hydrochemical parameters in
groundwater has been proved to be bene�cial to solve the many water quality issues. Thus, for deriving
an appropriate management strategy, a detailed study on the groundwater quality, geochemical source
apportionment and its spatial variation is essential. Hence, this study attempts to understand the hydro
chemical processes accountable for the variation in groundwater chemistry.

Study Area
The area for the present study is located in the central part of Tamil Nadu state with an aerial extent of
1755sq. km within the latitude of 11°04-11°52N and longitude of 78°62-79°17E. The area is comprised of
121 village panchayats, four town panchayats and one municipality. Stratigraphically the region is
constituted by Achaean, Cretaceous, Tertiary and Quaternary formation. The clay, sandstone, and
micaceous sandstone from the Upper Jurassic to the Lower Cretaceous, unconformably overlaid above
the crystalline rocks, and both rock types can be found in Karai. Calcareous sandstone and thin bands of
shell limestone make up the lower Kulakanatham Formation (CGWB, 2009). Formations of upper
Gondwana age are also found in a limited spatial extent. The Achaeans consist of biotite, hornblende
gneisses, Charnockite etc. Upper Jurassic formations are represented by equivalents of Gondwana in
small patches in parts of Perambalur taluk. Charnockite and Gneisses are the primary litho units of the
hard rock terrain, with quartz and pegmatite intrusion (Fig. 1). Tertiary formation includes Cuddalore
Sandstone, mottled ferruginous clays, and pebbles, white Sandy Limestones and Sandstones with
Fossils, Calcareous mottled Sandstones with Fossils, Shell Limestones, Clays, Basal Limestone and
Sandy Beds with Fossils. Vellar is the main river serving to the agricultural activities in the region and
Marudaiyar river traverse through Ariyalur taluk and joins the Coleroon river. The tributaries of the Vellar
and Marudaiyar rivers, Kallar and Chinnar, drains through Perambalur region of the study area. The Kallar
and Marudaiyar have also a signi�cant contribution to the agricultural activities of the study area. These
rivers are all non-perennial and spotted with numerous tanks that act as the primary source of drinking
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water, with any surplus water over�ows to feed the adjacent tanks. In the sedimentary tract, the drainage
system is dendritic, and in the crystalline area, it is dendritic to trellis. There is a semi-arid climate (i.e., hot
in summer & cool in winter) in this region. The hottest part of the summer lasts from March to May, with a
maximum temperature goes up to 40°C.The winter season lasts two months, from January to February.
The area receives an annual average rainfall of 908 mm, during the northeast monsoon (NEM)
contributing 52% of the total rainfall, however 34% of total rainfall received during southwest monsoon
(SWM) and rest 14% of total rainfall considered to be from intermittent rain showers. The observation of
the rainfall data for the �ve years from 2011-2015 (Fig. 2) shows that less rainfall was received during
2012. There has been an increase of rainfall during 2015. But during 2011, 2013 and 2014 the average
annual rainfall remains the same.

Methodology
A total of 168 number (42 samples per each season) of groundwater samples were sampled during
January, May, August, and November, of the year 2016, representing Post Monsoon (POM), Pre monsoon
(PRM), South West Monsoon (SWM) and North East Monsoon (NEM), respectively. The collected samples
were �ltered and measured for Physical parameters like EC, pH and TDS in �eld and later on after bring to
laboratory the samples were again crosschecked for all the physical parameters. Consequently, the
samples were stored at 40 C until hydrochemical analysis.  Major ions such as HCO3

-, Cl-, SO4
2-, PO4

3,

NO3
-, F-, H4SiO4, Ca2+, Mg2+, Na+, and K+ were measured by following the standard procedure as detailed

in APHA 1995. The major ions Each sample was analyzed three times for both physical and the average
was accounted for accuracy. The precision of data analyzed was calculated by using equation 1 (Freeze
and Cherry, 1979) by determining ionic balance error (IBE) which was observed to be within 5-10%. The
speci�cations of the analytical methodology are detailed in the table 1. Values that are greater than the
limit of detection are diluted and measured subsequently by multiplying with the dilution factor. The PCA
(Principal Component Analysis) and the Pearson correlation analysis were determined by Social Sciences
Statistical Package (SPSS), version 17.0.  Map info (version: Professional 8.5) with vertical mapper was
used to prepare the spatial distribution maps. The water quality parameters (Table 1) were obtained by
feeding the hydrochemical and physical results as the inputs to the program 'CHIDAM' (Chidambaram
2020).

Result And Discussion
Water Chemistry

Physical parameters:

The pH of the groundwater in the study area ranges from 6.21 to 8.38 for all the four different
seasons. The lowest pH is detected in NEM, and highest pH in PRM (Table 2). Similarly highest value of
EC is noted in NEM lowest in PRM. However, the EC of the samples are higher in few samples irrespective
of seasons. Based on the classi�cation given by Saxena et al., (2003) the EC value of the study area, the
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groundwater has been divided into three classes (1) fresh (<1,500 μS/cm), (2) brackish (1,500–3,000
μS/cm), and (3) saline >3,000 μS/cm. The number of samples falling within each category for four
different seasons are noted in Table 3. The trend as observed in table 3 values fresh category of samples
has a increasing value from POM, to NEM, SWM and PRM which may be attributed to the infrequent
rainfall during PRM with respect to other seasons. 

Considering the spatial distribution of EC of the groundwater samples (Fig 3),the higher values are noted
in the northeast and a minor representations is observed in the southern region in all seasons. Northeast
and southern part of the study area is covered with sedimentary rock units (Fig 1).  The percolation of the
domestic sewage in�ltration along the �ood plain of the Vellar River in the northeastern part may be
expected to resulting in higher EC in this part. The EC was observed to be highest adjoining the river
decreases with distance from the river increases. Ranjana and Champa Naverathna (2011) reported
similar results in groundwaters of urban areas of Sri Lanka. Similarly, the lowest EC is noticed on the
western side of the area irrespective of all the four seasons which is mainly covered with hard rock units
(Fig 1). Hard rocks with fractured and weathered outcrops have a quick response to rainfall. During
recharge, the signi�cant ion concentration either dilutes or the dissolve chemical compounds found along
the �ow path (Vetrimurugan 2014,Panda et al. 2020). Rainfall recharge is considered to be as one of the
leading controls on the seasonal �uctuation of EC. Recharge reduces the ionic concentration of
groundwater whereas leaching, dissolution, and evaporation tend to increase ionic strength in general
(Chidambaram et al. 2019).

The highest TDS is observed in NEM, and lowest values are noted in PRM. The TDS value of the
study area has been categorized in to four categories based on the classi�cation scheme given by Carrol
(1962) and provided in Table 4. There are a few numbers of samples are observed in brackish water
quality category for all four seasons and during NEM its highest (Table 4). However most of the samples
are within fresh category

Chemical parameters:

The lowest concentration of Ca is observed in PRM whereas the highest concentration is noted in NEM
(Table 2). Presence of Calcium in drinking water is reported to cause cardiovascular diseases, nervous
system defects, and cancer. Calcium content in water gives it hardness which may create scales in pipes,
encrustation of utensils and di�culty in soap lathering (Chidambaram et al 2010). NEM has the highest
Mg concentration, while PRM has the lowest. The chief cation observed in the groundwater of the study
area is sodium (Table 2) and is highest during PRM, whereas the lowest concentration is noted in POM
season indicating the contribution from weathering of Na feldspar from the underlying rock types along
with the dissolution and anthropogenic process (Vasudevan et al 2020). The highest concentration of K
is noted in NEM, and lowest values are noted in PRM.  The elevated level of K in groundwater is
considered to be due to ion exchange or weathering of Fissile hornblende-biotite gneiss and Charnockite
(Adithya 2016).
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HCO3
- is one of the principal ions in the groundwater and concentration of HCO3

- is highest in NEM and

lowest in PRM (Table 2). The HCO3
- in the groundwater of this region may have resulted from carbon

dioxide of the atmosphere, soils and by suspension of carbonate rocks.  Charnockite and Fissile
Hornblende Biotite Gneiss rocks are predominant rock types in the study area which could be a possible
source of HCO3

- through the process of weathering (Devaraj et al 2018, Thivya 2019). Highest chloride
concentration is noted during NEM and the lowest in PRM. The higher chloride concentration in the study
area is may be from the wastage produced due to domestic activities.  The SO4

2- concentration is highest
in PRM and lowest in NEM (Table 2). The higher concentration is may be due to intensive anthropogenic
activities. In minerals such as gypsum and marcasite, the amount of dissolved Sulphate ion varies
(Anandhan, 2005). Other anthropogenic sources like bacterial �xation, fertilizer effect, tannery is also
considered to be the major source for sulphate ion in the groundwater (Chidambaram et al., 2012).
 Similarly, the highest concentration of nitrate was higher in PRM season compared to other seasons. The
intensive agricultural activities and domestic sewage may result in higher concentration of nitrate in the
groundwater (Panda et al. 2018). Higher concentration of H4SiO4 was noted in PRM indicating rock
dissolution in alkaline environment.  Studies show that excess intake of silica usually results in
silicosis (Cherry et al., 1997, 1998) It can also lead to enduring heart and lung disease. Parameters such
as seasonal �ux of precipitation, mechanical and chemical properties of bedrock, temperature and water
table conditions determine the quantity of silica dissolved in groundwater (Dobrzynski, 2005).  In general,
all the parameters including physical and hydrochemical show higher concentration, exceeding to WHO
standard for drinking purpose. Thus, it is recommended to assess the appropriateness of the
groundwater characteristic of this region for the sustainable management of their source.

Water quality Index

For the groundwater samples in the study area, eleven water quality criteria were chosen to determine the
water quality index. The factors were chosen for their respective importance in determining water quality
for human consumption as well as their close proximity to data.. The guidelines are used to set the
criteria according to the WHO (2011) standard for drinking water purpose. Each of the 11 parameters
were assigned with a weight (wi) based on its relative signi�cance with respect to overall drinking water
quality which is considered to be between the integer 1 to 5 ( Table 5). Because of the signi�cance of
nitrate and TDS value in water quality evaluation, a maximum weight of 5 has been assigned, similarly
pH, EC, SO4

2 were assigned with 4, HCO3, Cl with 3, Ca2+, Na+, K+ with 2 and Mg with 1. The lowest weight
is assigned to Mg because it might not be dangerous on its own consumption (Vasanthavigar et al. 2010,
Thivya et al.2014; Thilagavthi et al. 2016).

In the following step, relative weights (Wi) were studied using the equation 1. 

            n

Wi = wi/ ∑ wi                                                                                                             (1)
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            i=1

Where, 

Wi, wi and n: relative weight, Each parameters weight and number of parameters respectively.   

To determine a quality rating for each parameter, its concentration was divided by the corresponding
water quality requirements (WHO, 2011) and multiplied by 100 (Eq. 2).

qi = (Ci/Si) × 100,                                                                                                                  (2)

qi, Ci and Si: quality rating, Chemical parameter’s concentration of each water sample (mg/l)

and WHO standard limit for each parameter respectively.

To determine the WQI, the SI has to be calculated (Eq 3). Final WQI will be calculated by summing up the
SI values of the each sample .

SIi= Wi × qi                                                                                                                            (3)

WQI = ∑ SIi,                                                                                                                           (4)

SIi, qi and n:  the sub-index of ith parameter, rating based on the concentration of ith parameter and n is
the number of parameters respectively.

Considering the groundwater samples of PRM, 7% of the total samples are within excellent category, 76%
of the samples are within moderate quality, and 17% of the samples are within bad quality. In SWM, 74%
of the samples are in the good category, 19% of the samples are in poor category, and the remaining are
within very poor category. When comparing the samples of both NEM and POM to other two seasons 50%
of samples are in the poor category, with a few samples falling into the extremely poor and unsuitable
category (Table 6). These samples are un�t for drinking purpose. Spatial distributions of WQI (Fig 4) for
four seasons show predominance of excellent and good category water in the study area. The water
quality index of PRM and NEM ranges from 42.16 (Kulukanatham) to 375.06 (Karapadi) respectively.  A
small patch of un-suitable category of water is noted in the north-eastern part of the study �eld during
POM (Fig 5) may be due to ion leaching, over-exploitation, direct discharge of domestic and industrial
e�uents along the Vellar River.

Electrical Conductivity vs Water Quality Index

The relationship between WQI and EC is plotted (Fig 4). It is interesting to note that EC values increases
with the increase of WQI which may be an indication of water pollution. There are two groups of the
samples represented in the plot (Fig 4). One with high EC and high WQI and the other with low EC and low
WQI. But in general, there exist a linear relationship between EC and WQI, re�ecting the fact that they are
directly related and the increase is mainly due to the anthropogenic in�uence (Thivya et al., 2013).
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Gibbs plot for evaluation of geochemical control on groundwater 

The samples of all four different sampling periods fall within weathering and evaporation zone. However,
the samples of cation plot show a dominance of weathering than that anion plot (Fig 6) Majority of the
samples regardless of season fall outside of the plot which signi�es the anthropogenic impact in the
study area. The concept of the diagram is based on the TDS and ion ratios as mentioned in the �gure 6,
but however samples which are outside of the plot and the samples which are having higher TDS but are
within the evaporation zone may also be due to anthropogenic sources other than the natural sources like
rain, weathering, and evaporation. Thus, it can be inferred that evaporation and wethering plays a
signi�cant role in variation of groundwater chemistry of the region nalong with anthropogenic activities.  
       

Geochemical classi�cation

  Majority of the samples are within the �eld 1 to 4 and a few representations of samples are also noted
in �eld 5 irrespective of seasons (Fig 7). The samples which are within Field 2 are of the Na-Cl type, Field
3 of Ca-Na-HCO3 type and Field 4 of Ca-Mg-Cl type, and Field 1 of Ca-HCO3 and Field 5 of Ca-Cl type (Fig
7). The Na-Cl type dominates because ions are removed from the solution by adsorption or precipitation
(Chidambaram et al., 2007). (Thilagavathi and colleagues, 2012, Vetrimurugan 2013). The migration of
samples from the mixed Ca-Mg-Cl facies to the Na-Cl facies could be attributable to seawater effect in the
sedimentary area, as well as the extended residence period of shallow groundwater (Prasanna et al.,
2012), where Na exceeds Ca and Mg, Cl exceeds HCO3 and SO4 (Prasanna et al., 2012). (Prasanna et al.
2008). A saline environment is indicated by the presence of Na-Cl water in the discharge zone (Prasanna
et al., 2009). The high Cl concentration could be the result of saline soil residues seeping into the
groundwater system, which is frequent in dry and semi-arid areas (Zaheeruddin and Khurshid 2004).

The evolution of groundwater chemistry represented by the samples in �eld 1, 4 and 5 are Ca-HCO3, Ca-
Mg-Cl, and Ca-Cl type. The Ca-HCO3 facies represent the recharge process of the region (Thilagavathi et
al., 2011). Anions are considered to change from HCO3 to Cl from recharge to discharge due to ion
dissolution in the pathway or precipitation and removal of HCO3 from the aqueous system (Tirumalesh et
al., 2007). Most of the samples fall into �eld 4, indicating Ca-Mg-Cl type (Fig 7), with a few samples
falling into Ca-HCO3 and Na-Cl types, indicating secondary precipitation action. In general, alkali exceeds
alkali earth, indicating that strong acid controls the chemistry of water.

Correlation Matrix

In PRM season, good correlation observed between Mg-Cl, Mg-EC, Mg-TDS, Na-Cl, Na-HCO3, Cl-TDS,
HCO3-SO4, HCO3-EC, HCO3-TDS, SO4-EC, SO4-TDS and EC-TDS (Table 7). All the variables have a negative
and poor correlation with pH (Table 7), which can be explained by acidic media's higher aggressiveness
against soil and host rocks, which increases the concentrations of the other ions. Due to the high
agricultural and industrial activity i.e., fertilizers and/ or industrial wastes are Predominant in the region,
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which release all these ions into the aquifer increasing its concentration. TDS and EC (R= 0.991) have a
strong positive correlation, indicating the impact of all dissolved constituent ions in the water increase.  In
SWM, good correlation exists between Ca-Mg, Na, Cl, SO4EC, TDS, Mg-Na, Cl, SO4, EC, TDS, Na-Cl, SO4, EC,
TDS, Cl-HCO3, SO4, EC, TDS, HCO3-EC, TDS, SO4-EC, TDS, EC-TDS indicating the dominance of weathering
and leaching processes. Cl-has strong associations with Na, Ca, Mg, and K, indicating the predominance
of secondary salt leaching. HCO3-has a strong correlation with Ca, Mg, Na, and K, suggesting the
presence of dissolved solids due to chemical weathering. The high correlation with Na may be due to the
higher Na content in the source material, which causes water to become alkaline. PO4

3 shows signi�cant

correlation with K and SO4
2 indicates fertilizer impact from agricultural practices. In NEM, good

correlation exists between Ca-Mg, Na, Cl, SO4, EC, TDS, Mg-Na, Cl, SO4, EC, TDS, Na-K, Cl, SO4, EC, TDS, Cl-
SO4, EC, TDS, SO4-EC, TDS, EC-TDS (Table 7). HCO3, Cl, Na, Ca, and Mg are the main ions with strong to
moderate correlation with other ions in almost all seasons. This could be due to secondary salts leaching
from �ssures or hydrophobic areas of the formations (Chidambaram et al., 2009).In POM good
correlation exists between Ca-Mg, Na, Cl, SO4, EC, TDS, Mg-Na, Cl, SO4, EC, TDS, Na-K, Cl, SO4, EC, TDS, Cl-
SO4, EC, TDS, SO4-EC, TDS, EC-TDS (Table 7). Cl have a strong relationship with Ca, Mg, and Na,
suggesting that chemical weathering and secondary salt leaching are prevalent during this season
(Prasanna 2008). The lack of correlation between H4SiO4 and other ions suggests that silica has a lesser

in�uence during this season. The lack of a positive association between PO4
3 and K signi�es the

in�uence of anthropogenic activities basically the fertilisers applied in the cultivated land. Cl-has a strong
positive correlation with Mg, Ca, and Na, suggesting secondary salt leaching. Thus, the main factor which
contributes to the variation in groundwater chemistry of this region is may be weathering, salt leaching
and anthropogenic activities.

Factor Analysis

In PRM 4 factors were extracted with 68.09% (Table 8) of Total Data Variance (TDV). Factor 1 have a
strong loading (TDV: 27.59%) of EC, TDS, SO4

2- and with moderate loading of Mg and HCO3. Factor 1's
ion association indicates weathering mechanisms as well as secondary salt leaching along the fracture
(Chidambaram, 2000). The presence of Ca and Mg ions indicates natural recharge and rock water
interaction process (Olobaniyi, 2006). The moderate loading of factor 2 with K, PO4 and HCO3 (TDV:
15.96%), indicates anthropogenic activities like application of fertilizers in agricultural �eld, and
dissolution of HCO3 ion during weathering process. Factor 3 with a TDV of 13.78% represents strong
loading of Na and Cl indicating anthropogenic in�uence. A strong loading of NO3 represented in Factor 4
(TDV: 10.77%), indicating source from fertilizers applied in the agricultural land.

Four factors were extracted with 74.49 % of TDV (Table 8). Ca, Mg, Na, Cl, HCO3, SO4
2, EC, TDS shows a

strong positive loading for factor 1 (TDV: 43.47 %). This association is distinguished by the
predominance of secondary salt dissolution into groundwater during the monsoon. Factor 2 (TDV: 11.42
%) shows moderate loading of K, NO3, PO4

3, and SO4
2, which suggests anthropogenic impacts from
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agricultural activities such as fertilizers (Vengosh et al.1995). There is a negative loading of Mg and pH is
noted in Factor 3 (TDV: 10.13 %). In Factor 4 (TDV: 9.47%) strong and weak loading of H4SiO4 and NO3is
noted, indicating anthropogenic in�uence and leaching of silicate ions into the aquifers.

The NEM have four major factors that explained 71% of the total variance. The Factor 1 (TDV: 42.65%)
with positive loadings of Ca, Mg, Na, Cl, SO4

2, and EC, suggesting secondary salt leaching into the aquifer
(Table 8). Other two factors like factor 2 and 3 does not show any strong loadings of ions. However, the
strong positive loadings of H4SiO4 in Factor 4 (TDV: 10.76 %) suggests the in�uence of silicate
weathering, 

During POM, four factors were extracted with (Table 8) 76.56% of TDV.  Factor 1 show 23.5% of TDV. The
positive loading of the Ca2+, Mg2+, Na+, Cl-, HCO3

-, and EC in Factor 1 is attributed to the secondary

leaching of salts. Factor 2 with of 12.49% of TDV shows positive loading of K and PO4
3 is mainly due to

the anthropogenic stress in groundwater. Factor 3 (TDV: 10.89%) does not show any signi�cant loadings
of ions. Factor 4 (TDV: 10.06%) represents strong positive loading of HCO3

-. indicating water-/rock
interaction and also this factor has a moderate loading of H4SiO4 indicating the leaching of silicate ions
into the (Prasanna 2010).

Conclusion
Almost all the chemical and physical parameters are exceeding the permissible limit. However, most of
the individual samples are within the limit of WHO standard. The water quality of this area has been
classi�ed into 5 different types based upon their water quality index value as excellent, good, poor, very
poor to unsuitable category. Gibb’s plot con�rms the dominance of weathering and evaporation process
and the representation of samples outside of the plot signifying the predominance of anthropogenic
activities. There is existence of �ve different water types observed in the groundwater are Na-Cl type, Ca-
Na-HCO3, Ca-Mg-Cl type, and Ca-HCO3 and Ca-Cl type but maximum representations are within �eld 1 to 4
signifying the leaching of ions from the underlying sedimentary rock types through weathering and
dominance of anthropogenic activities. The groundwater in proposed region is experiencing the impact of
geochemical processes like weathering and ion exchange apart from anthropogenic stress which controls
water chemistry. The chemistry of ions like calcium, magnesium, sodium and potassium is controlled by
the process of weathering of minerals in aquifer matrix. The processes like water-rock interaction and
agricultural activities signi�cantly control the hydrogeochemistry of the groundwater in the region. Cl is
dominant due to anthropogenic impact (human sources). Most of the samples are within good and poor
category which signi�es that the water quality is gradually deteriorating in this region and can be utilized
for agricultural purpose directly without any treatment and drinking purpose after treatment. Thus, the
controlling factors which impact the water composition of this area has been evaluated through various
geochemical diagrams and analysis for to derive a suitable criterion for the management of the resource
in near future.
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Tables
 Table 1 Instrumental and volumetric methods used for chemical analysis of groundwater

   

 Table 2: Maximum, Minimum and Average of physico chemical parameters for four
different seasons in comparison with WHO (2011) standard (All the units are in milligrams

per liter (mg/L) except EC - μS/cm)

 

 Table 3: EC classification displaying number of samples in each class for Pre-Monsoon,
South West Monsoon, North East Monsoon and Post Monsoon
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Table 4: Water Quality Classification Based on TDS by Carroll (1962)         

TDS (ppm) Water quality No. of Samples
PRM SWM NEM POM

0 –1000 Fresh water 39 37 33 36

1000 – 10,000 Brackish water 3 5 9 6
10,000 – 100,000 Salty water 0 0 0 0

>100,000 Brine 0 0 0 0

  Table 5: Relative weight of chemical of physico-chemical parameters

 

 Table 6: Water quality classification based on their WQI values. 

 

 Table 7: Correlation matrix for four season (PRM, POM, SWM and NEM)
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Figure 1

Lithology map of the study area (Modi�ed after GSI, 2006)

Figure 2

The total annual rainfall for 5 years from 2011 to 2015 of the study regions collected from IMD, Chennai.
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Figure 3

Spatial distribution of EC (μS/cm) for (a) PRM, (b) SWM, (c) NEM, (d) POM
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Figure 4

Relationship between EC Vs WQI
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Figure 5

Spatial distribution of Drinking water quality index for (A) PRM, (B) NEM, (C)SWM and (D)POM
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Figure 6

The mechanism for identi�cation of signi�cant geochemical process responsible for the geochemical
variation in the groundwater of the study area for all four different season (Gibbs 1970)
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Figure 7

Piper plot exhibiting the chemical facies of groundwater samples for all season


