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The current work determines the levels of groundwater quality parameters based on 120
groundwater samples; 50 samples from Archaean formation, 34 samples from Quaternary formation, 35 samples from Tertiary formation
and the remaining sample from Cretaceous formation. Additionally, this research compares the determined levels with the various
standards for drinking. Furthermore, the variability of parameters of the groundwater quality is explored in this paper by using the
spatial interpolation method. The conclusion of this research reveals that the groundwater quality parameters such as Calcium (Ca*"),
Magnesium (Mg*), Nitrate (NO,*), Fluoride (F"), Sulphate (SO,*), Bi-carbonate (HCO,’) and Percentage of Hydrogen (pH) values are
observed to be within the limiting value for WHO 2017 in all the formations during the seasons in which they were taken. The water
quality index (WQI) values of the Archaean, Quaternary and Tertiary formations are found to be less than 100 meq/L in all stations in
both seasons. In order of WQI, these stations come under the category of “Excellent” and “Good”. The Piper trilinear classification of
groundwater samples fall in the field of mixed Ca-Mg-Cl, and No dominance, some of the samples represent Na-K, Cl types of water.

Keywords: Archaean, Quaternary, Tertiary, Cretaceous, groundwater, water quality.

IIpocTopoBa oninka AKOCTI MiA3¢MHUX BOJ 3 BUKOPUCTAHHAM reoingopmaniiinux cucrem (I'C)
Ta inaekcy sikocti Boau (WQI) y 6aceiini piuxku laginam, Tamininan, Ingis
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AHoTamiss. MeTor TaHHOTO TOCIIIKCHHS € OIiHKa SKOCTI MiI3eMHHX BOX y Oacelini piuku [amisam, po3ranioBaHol B MiBHIYHIN
yactuHi TaminHamy SK JpKepesia MUTHOT BOJH, IUISIXOM BU3HAYEHHS 1HACKCY SIKOCTI MiJ3eMHUX BOJ Ta BUBYCHHS iX MPUAATHOCTI JUISL
MUTHOTO criokuBaHHs. [IpeacraBnena pobora BU3HA4Ya€ piBHI MapaMeTpiB AKOCTI MiA3eMHUX BOA Ha MmifcTaBi gociaimkerHs 120 mpod
mia3eMHAX BoI: 50 3pa3kiB 3 apxelichKoi Gpopmarii, 34 3pas3ka 3 4eTBepTHHHOI popmanii, 35 3pa3kiB 3 TpeTHHHOI Gopmarii Ta oxHieT
pobu 3 kpeitoBoi popmarii. Kpim Toro, e mocmikeHHs MOPIBHIOE BU3HAYEHI PIBHI 3 PI3SHUMH CTaHIApTaMu 10 MUTHOI Boau. Kpim
TOTO, MiHJIUBICTh ITapaMeTPiB SKOCTI MiI3EMHUX BOJ JAOCIIPKYETHCS B I[i poOOTI 3a OIIOMOT0I0 METOY IIPOCTOPOBOI IHTEPITOJIALI].
Ha 3aBepIueHHs OO JOCIIPKEHHSI BUSIBIISIETHCS, 110 TaKi apaMeTPH SIKOCTI i I3eMHUX BOJ, sk KajbLii (Ca*"), marniit (Mg*"), HiTpar
(NO,*), ¢rop (F), cynsdar (SO,*), 6ikap6onar (HCO*) Ta Bonnesuii noxasuuk (pH) criocrepiraioThest B MeKax rpaHUuHOIO 3HAYEHHS
st BOO3 2017 y Beix opMariisix IPOTAroM L[bOT0 Ce30HY. 3HAYCHHS iHIASKCY SIKOCTI BOAU apXeHChKHX, YSTBEPTUHHHUX Ta TPETHHHHX
yrBopeHb (WQI) € menimumu 3a 100 MexB/I Ha BCiX CTaHIisAX B 001aBa ce30Hu. Bignosiguo ouinku WQI, 1i yHKTH CIIOCTEPEIKSHHS
HaJexaTh 10 Kareropii «Bigmiaao» Ta «/{oOpe». 3a TpuiniliHoI0 Kiacudikamiero [laiinepa mpoOu mig3eMHUX BOJ MOTPAIUIAIOTH
B oOnacth 3mimanux Ca-Mg-Cl i3 BiacyTHIM gOMiHYBaHH:M, AesKi 3pasku y Tanax Na-K i Cl tumu Boau.

Kniouosi cnosa: apxeil, uemsepmunHuil, mpemunnuil, Kpetoosuil nepioo, nio3emHi 800u, AKicnms 600U.

Introduction. drastically because of rapid industrialization, improper
dumping of solid wastes and toxic waste management
(Yousefi et al., 2018). Consequently, the number of
cases of waterborne diseases causes health hazards,
while the use of such water for agricultural purposes
lead to adverse effects on crop production and fertility

Water plays a vital role in human life. The
consequences of urbanization and industrialization
lead to deterioration of the quality of the water (Sanjay
et al 2007). During the last few decades, it has been
observed that groundwater is becoming polluted
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of agricultural soils (Pirsaheb et al., 2014; Asghari et
al., 2018; Muthusaravanan et al., 2018).

All over the world, groundwater is used for many
purposes including irrigation, domestic, moreover
industrial uses. Pollution has increased in the last few
decades due to the continuous-increment in population.
This increase is significant to the demand for fresh water
as a result of the rapid development of the population
and the expanded rate of progress in industrialization.
Decrease in water quality happens to be a worldwide
issue of focus since human populations are increasing,
agricultural and industrial activities are expanding,
additionally climate change poses the threat of major
changes to the hydrological-cycle (Federation and
APHA, 2005).

The groundwater quality depends mainly on the
geological formations and anthropogenic activities.
There are many studies regarding the excessive
extraction of groundwater and resulting sea water
intrusion contaminating coastal aquifers (Bagade,
1995; Thigale et al., 1998a; Duraiswami et al., 2000).
Increased usage of groundwater has depleted the sources
of groundwater. The excess concentration of certain
ions has made the water unfit for drinking and irrigation
uses. The discharges from industries and land resources
have led to serious problems in the water quality. Public
health and agriculture have been gravely impaired due
to consumption of contaminated water and depleted
groundwater source.

According to the WHO organization (WHO, 2017),
nearly 80 % of all human diseases are caused by water.
Hence the quality of water must be expressed in the
most common form to analyze the water characteristics.
Whenever groundwater is contaminated or degraded,
its quality fails to recover unless contaminants are
prevented from penetrating through the source. The
guidelines and standards for drinking water quality are
planned to ensure that perfectly clean and protected
water is distributed for human consumption, with the
intention of protecting people’s health. For that reason,
it is necessary to continuously monitor the groundwater
quality and to protect it.

The general target of any assessment for
groundwater quality is often to get an all-inclusive
evaluation of variations of the quality of groundwater
and evaluate the changes that occur in the groundwater
quality over time, either in a natural way or under human
pressure (Tiwari and Nayak, 2002).

Several authors have studied the hydrogeochemistry
of groundwater and vulnerability of the aquifers to
pollution in hard rock aquifer of peninsular India. Rina
et al., (2011), Singh et al., (2012a and 2012b) studied
hydrogeochemical evolution of groundwater. Prasanna
etal., (2011), Sonkamble et al., (2012), Brindha et
al., (2013), Brindha and Kavitha (2014), Kumar et

al., (2014), Rajesh et al., (2015) investigated aquifers
in various rock domains like granite, gneiss, schist
and basalt to enumerate the geochemical evolution of
groundwater and its suitability for various use.

The Water Quality Index (WQI) is the most
considerable tool that is effective in conveying
information about water quality to concerned citizens
along with policy makers. It really is a strategy which
is efficient in determining the water characteristics
(Singh 1992, Naik et al. 2001, Mishra et al. 2001).
The Water Quality Index therefore, becomes a crucial
parameter used in the management and assessment of
groundwater. It can help in classifying groundwater:
whether or not it is fit for irrigation. WQI is computed
from the standpoint of groundwater suitability for
irrigation consumption. WQI is distinctive as a score
that reflects the composite-effect of a variety of water
quality parameters. The calculation of the WQI in
groundwater study started with Horton (1965) and
Landwehr (1974). Wu et al. (2011) reported that the
selection of water quality parameters is a necessity
in evaluating the primary anthropogenic activity in
the monitoring location. The primary anthropogenic
activity may be domestic, agriculture, mining, etc. It
is possible to determine the groundwater quality index
(GWQI) by analyzing several important parameters and
assign a proper weight for each one.

Study Area.

The Gadilam River originates from Kallakurichi
district and flows through Viluppuram district to meet
the Bay of Bengal in Cuddalore district. This river total
flow length is 102 km and catchment area is 2091.20
sq.km. It is reported that the river gets a supply of
occasional floodwater from the Ponnaiyar River through
the Malattat River. The Gadilam River basin is extended
from 11°26°31.797” N to 11°56°29.633” N latitudes and
78°59°10.675” E to 79°47°15.793” E longitudes (Fig. 1).

It is represented on Survey of India topographical
maps 581/13, 58M/1, 58M/2, 58M/5, 58M/6, S8M/7,
58M/9, 58M/10, 58M/11 and 58M/15 on a scale of
1:50,000. The study area is bounded by Villupuram
in the north, Cuddalore town in the east, Thirukoilur
in west, and Vadalur in the south. There are a number
(1024) of tanks in the study area, of which, 62 major
(above 0.5 sq.km) tanks are noted. The temperature
reaches its maximum during April and May 38° to
39 °C, minimum in January and February 24° to
25 °C. The wind velocity is highest during summer
and sometimes during the monsoon seasons.

The present study area catchment area of the basin
is located in Kallakurichi district, the mature stage
of the river basin flow in Viluppuram district and the
lower river basin is in Cuddalore district. Agriculture
is the major occupation in the entire Gadilam River
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Fig. 1. Key Map of Study Area

Basin. Most of the area’s irrigational, domestic and
drinking needs are supplied by groundwater resources,
and demand for this has increased in recent times. The
drilling of new bore wells and extensive exploitation
of groundwater have affected the groundwater quality
of the study area. Besides, large scale farming and
paddy cultivation leads to use powerful pumps for
withdrawing groundwater, and this could deplete the
sources at a much faster rate. Hence, an understanding
of groundwater quality characteristics for drinking and
irrigational needs of the region is necessary in order
to ensure continuous agricultural activity. Besides, the
study of groundwater quality characteristics has not
been attempted in the recent times in the study area
(Shankar et al., 2011; Layeek Ahamed et al., 2014).
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Materials and Methods.

The Gadilam River Basin boundary is demarcated
based on the drainage system using Survey of India
topographical maps 581/13, 58M/1, 58M/2, 58M/5,
58M/6, 58M/7, 58M/9, 58M/10, 58M/11 and 58M/15
on 1:50,000 scale and drainage updating in current
satellite data (Landsat-8 TM data, March-2018). The
geology map is traced from the district resources map.
The Gadilam River upper basin shows an Archaean
formation and the lower basin shows Tertiary uplands
in the south and recent alluvium (Quaternary) in the
north (Fig. 1). A detailed methodology flowchart is
given in Fig. 2.

Overall, 120 groundwater samples were collected
from the Gadilam River Basin excluding the reserved
forest area. Fig. 1 shows the distribution of the 50
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Fig. 2. Detailed methodology flowchart

samples which were collected from the Archaean
formation (hornblende-biotite gneiss, fissile hornblende
gneiss, Gingee granite and ultrabasic Rocks). 34 samples
from the Quaternary formation (flood basin/back swamp
deposits, Paleotidal tidal, flat black clay deposits, tidal
flat deposit black clays) and another 35 samples from
Tertiary formation (sandstones, clay, lignite, sandstone
with clay, argillaceous). The single remaining sample is
from the Cretaceous formation. Groundwater samples
were collected using 1liter plastic containers. To ensure
the collection of representative groundwater samples
from the borehole and dug-wells groundwater samples
were collected during June 2019. The analysis of
elements and parameters in the laboratory followed
the standard methods. Each water sample from the
collected samples was assessed for fourteen parameters
such as TDS, TH, pH, EC, chloride, sulphate, sodium,
magnesium, calcium, nitrate, potassium, fluoride and
bi-carbonate using standard-procedures of water test
advised by the Federation and APHA (2005).

At each location the coordinates were taken using a
GPS, GARMIN eTrex 10 model. These locations were
entered into GIS software and we developed the attribute
in points with spatial data. The spatial distribution maps
of pH, EC, TDS and major cations, anions and selected
heavy metal were produced using Arc GIS 10.2 using
the inverse distance weighted method IDW (Suresh et
al., 2010; Vetrimurugan et al., 2017).

Each and every parameter was correlated with WHO
2017 and BIS 2012 standards. Any measurement above
the value of the same standards was assigned a classified

risk hazard rank. Based on this rank, spatial thematic
maps were prepared. After creating the entire thematic
layers using SMCE, overlay analysis was conducted
using all the thematic layers and finally, to identify the
risk hazard and high risk hazard zones.

Groundwater quality index (GWQI) is calculated
in accordance with the following equation.

E:J;‘aizll"‘l‘;l 41 (1)
E?:j_ I'Fl
The quality rating is calculated according to the
following equation.

GWQI =

(I'Irzcturz! I;:'riarz!}

Gn1 = X 100 )

where,

q,, is the quality rating of the i parameter for the total
(n) number of the water quality parameters.

V... 18 the measured value of water quality parameter
(found from the laboratory).

V..., 18 the standard value of water quality parameter
(found from standard tables).

The value of V,, for pH is 7 and for the other studied

water quality parameters is zero.

(Vstrzn.ri ard Vz da E:}

Results and Discussion.

The Archaean, Quaternary, Tertiary formation
minimum, maximum, average and standard deviation
values of physio-chemical parameters during November
2018 results are shown in Table 1.
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The concentration of the Calcium (Ca?"),
Magnesium (Mg?*"), Nitrate (NO,*), Fluoride (F"),
Sulphate (SO,*), Bi-carbonate (HCO,’) and percentage
of Hydrogen (pH) values are observed to be within
the limiting value for WHO 2017 in all the formations
during this season.

Sodium (Na") values were found to be not
permissible in some samples from the Quaternary and
Archaean formations due to the presence of concentrated
colloids in the water (Akhilesh Jinwal et al., 2008). All
sample values were observed to be within the limiting
value for WHO 2017 in the Tertiary formation. The

sodium concentration of the three formations shows that
the Quaternary formation has the highest value (600
mg/L) and in the Archaean formation the maximum
value (250 mg/L) was noticed.

From the spatial variation with contour lines of
the Na map (Fig. 3) excess over the limit for drinking
purposes was seen, twelve samples in these sample
places in the Archaean formation were located in
between (contact zone) hornblende-biotite gneiss and
the flood basin. Therefore, it is the weaker plane which
may have significant influence of rock water interaction
(Rajmohan et al., 2000).
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Fig. 3. Sodium spatial variation map — WHO 2017

Only four such samples were studied in the
Quaternary formation. These sample places were
located in between (contact zone) the flood basin
deposit with hornblende-biotite gneiss and the sea
shoreline. Therefore, it is the weaker plane that may
have considerable influence of rock water interaction
and there may be sea water intrusion to the fresh
groundwater.

In the Tertiary formation only two samples of
groundwater were found to be outside the permissible
limit. These sample places were located in between
(contact zone) sand stone, clay, lignite deposit with
flood basin deposit and nearby lignite mining area.
Therefore, there may be significant influence of rock
water interaction and anthropogenic activities.

The highest concentration was found along the
north and north western area of the catchment area

and the east coast of the Gadilam River Basin. These
results indicated the leaching of secondary salts on the
upstream side and that there may be sea water intrusion
in the downstream side of the east coast study area.

Potassium (K*) and Total Hardness (Figures 4 and
5) values are found to be in excess of the permissible
values in the majority of samples in all the formations.
The sequence of high concentration is as follows;
Quaternary> Archaean > Tertiary. The sodium and
Total Hardness values of the three formations show
that the Quaternary formation has the highest value of
K (100 mg/L) and TH (704 mg/L). In the Quaternary
formation 94 % of the samples exceeded the limit for
WHO 2017.
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Fig. 5. Sodium spatial variation map — WHO 2017

The Archaean formation maximum value of K was
50 mg/L and TH value (684 mg/L). All the samples
from the Archaean formation were observed to exceed
the limit. In the Tertiary formation the highest value
of K (40 mg/L) and TH 568 mg/L was noticed. The
Tertiary formation groundwater quality was noticed
in 89 % of the samples to be outside the permissible
limit.High potassium values may cause nervous and
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digestive disorders (Ambrina Sardar Khan et al., 2012).
The highest values are due to the greater depth of water
level and high rate of evaporation during the hot season
(Mahmoud et al., 2016).

Chloride (CI') and Total Alkalinity (Figures 6 and
7) values are found to be not permissible in a minimum
number of samples only in the Quaternary formation.
The Chloride (CI') and Total Alkalinity values show
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that the Quaternary formation has the highest value of
CI (816 mg/1) and T.alk. (624 mg/L). Chloride (CI")
and Total Alkalinity values are observed to be within
the limiting value for WHO 2017 in the Archaean and
Tertiary formations during this season.

The higher values of Cl and Total Alkalinity were
found at Periyappattu-79 (632 mg/L and 508 mg/L)

station. These sample places were located on the sea
shore line. There may be sea water intrusion to the
fresh groundwater. The higher values were noticed in
only one pocket of the shore line of the Gadilam River
Basin. The rest of the section had less than 600 mg/L.
The high chloride and Total Alkalinity concentration can
be attributed to sea water intrusion (Sameer e al., 2011).
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The EC values are found higher in some samples
in all the formations. The EC values of the three
formations show that Quaternary formation has the
highest value (3400pmohs/cm) while the maximum
value of the Archaean formation is 2600 pmohs/cm
and the maximum value of the Tertiary formations is
1887 umohs/cm. This may be due to the presence of
concentrated colloids in the water (Verma et al., 2012).

From the spatial variation (Fig. 8) with contour
lines of EC map, twenty-three samples in the Archaean
formation are seen exceeding the limit for drinking
purposes. Some of the sample places are located in
between two rock types, many of the sample places are
located in Hbg, there may be anthropogenic activities.
Therefore, the weaker plane may have significant control
on rock water interaction.
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Fig. 8. EC spatial variation map — WHO 2017

Seven samples were studied from the Quaternary
formation. These sample places were located in between
(contact zone) the flood basin deposit with hornblende-
biotite gneiss. Therefore, the weaker plain may have
significant influence on rock water interaction.

In five samples from the Tertiary formation
groundwater quality was found to be excess of the
permissible limit. These sample places were located in
between (contact zone) sand stone, clay, lignite deposit
with flood basin deposit and the nearby lignite mining
area. Therefore, the weaker plane may have major
influence on rock water interaction and anthropogenic
activities. The higher concentration occurred along
the middle of the basin and east coast of the Gadilam
River Basin. The rest of the area showed a value of
than 1500 umohs/cm.

Total Dissolved Solids (TDS) values were within
limiting value for WHO 2017 in Tertiary formations
during this season. Some samples in the other two
formations were above limiting values d due to the
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presence of common mineral salts that are dissolved
in water (Al Dahaan et al., 2016).

From the spatial variation with contour lines of TDS
map (Fig. 9) two samples in the Archaean formation
are seen to exceed the limit for drinking purposes,.
These sample places were located in hornblende-biotite
gneiss with agricultural land and in between (contact
zone) hornblende-biotite gneiss and the flood basin.
The reason for the high concentration may be that the
weaker plain has significant influence on rock water
interaction.

Only two samples were studied in the Quaternary
formation. These sample places were located in between
(contact zone) the flood basin deposit with hornblende-
biotite gneiss. Therefore, the weaker plane may have
a substantial impact on rock-water interaction.

Spatial Multi-Criteria Evaluation (SMCE) Analysis
for overall Groundwater Quality
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The physico-chemical parameters of contamination
have a significant role in human health problems.
Major groundwater quality elements were analyzed
and their sources and impacts were identified using
SMCE method and quality assessment. After creating
the entire thematic layers based on the Table 2 Spatial

Multi-Criteria Evaluation Rank of WHO 2017 standard
of Groundwater, SMCE overlay analysis was conducted
using all the thematic layers and finally, the locations of

groundwater quality zones were mapped in the Gadilam
River Basin (Fig. 10).

Table 2. Spatial Multi-Criteria Evaluation Rank on Risk Hazardous of Groundwater

. . Desirable Values for WHO — 2017 Spatial Multi-criteria Evaluation Rank on
Physio-Chemical - - Human health problems
Parameters Most .de.s1rab1e Max1mu'm . for Present Study human health problems of Groundwater
limits allowable limits
Ca?" (mg/L) 75 200 Above 200 mg/L Within permissible limit = 0
Mg (mg/L) 50 150 Above 150 mg/L Within permissible limit = 0
Na* (mg/L) - 200 Above 200 mg/L 8
K* (mg/L) - 12 Above 12 mg/L 8
NO,* (mg/L) - 45 Above 45 mg/L Within permissible limit =0
Cl (mg/L) 200 600 Above 600 mg/L 8
F- (mg/L) - 1.5 Above 1.5 mg/L Within permissible limit =0
SO,* (mg/L) 200 400 Above 400 mg/L Within permissible limit = 0
HCO, (mg/L) 300 500 Above 500 mg/L Within permissible limit = 0
EC (umohs/cm) - 1500 Above 1500 (umohs/cm 10
pH 6.5-8.5 9.2 Below 6.5 and Above 8.5 Within permissible limit = 0
TDS (mg/L) 500 1500 Above 1500 mg/L 10
TH (mg/L) 100 500 Above 500 mg/L 8
T.Alk (mg/L) - 500 Above 500 mg/L 8
Total Rank 60/70

Three significant factors were extracted by ‘Most
desirable, ‘Maximum allowable’ and ‘Not permissible’
explaining 60 of total variance (Fig. 10). Overall analysis
reveals that 19 samples (Archaean-12, Quaternary-4,
Tertiary-3) indicate risk of human health problems. 97
groundwater samples (Archaean-38, Quaternary-29 and

Tertiary-29 and Cretaceous-1) indicate moderate risk
of human health problem zones. 4 groundwater sites
(Archaean-0, Quaternary-1 and Tertiary-3) are classified
as No problem zones.
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The ‘Not permissible’ or risk of human health
problems zones were noticed in between (contact zone)
hornblende-biotite gneiss and the flood basin and the
reason for high concentration in the Archaean formation,
it is that the Weaker plane present in the rocks may have
significant influence of rock water interaction. Similarly
the lineaments’ intersection with the river basin and sea
shore area in the Quaternary formation especially near
SIPCOT industry and lignite mining area are the reason
for high concentration in the Tertiary formation (Varol,
2019; Barra-Rocha, et al., 2019; Hou, et al., 2019).

Groundwater Quality Index for Irrigation.

The water quality index for groundwater samples
according to formations is given below. The values
of groundwater water quality index demonstrate its
appropriateness for irrigation uses. The WQI can
classified into five types such as Excellent (<50), Good

(51-100), Poor (101-150), Very poor (151-200) and
Worst (>200).

The Archaean formation WQI values are found
to be less than 50 in 29 stations, which come under
the category “Excellent”, and 21 samples fall under
the category “Good” category for irrigation uses. In
order of WQI, these stations come under the category
of “Excellent” and “Good” (Table 3). The Quaternary
formation WQI values are observed to be less than 50 in
27 stations out of 34 locations, these stations come under
“Excellent” and 7 locations fall under the category of
“Good”. The Tertiary formation WQI values are found
to be less than 50 in 30 stations out of 35 locations, these
come under the category “Excellent” and 5 stations fall
under the category “Good”. Overall 87 stations came
under the category of “Excellent” and the stations 33
fell under “Good” in this study period (Table 3).

Table 3. Archaean Formation Water Quality Index

. WQI Classes
Formations WQI Values — June 2019 Excellont Good
Archaean formation 16.49 to 85.46 29 21
Quaternary formation 16.34 to 94.97 27 7
Tertiary formation 12.44 to 78.54 30 5

From the spatial variation of water quality index
map (Fig. 11) classifications of groundwater for
irrigation purposes are seen. An enormous area comes
under the category “Excellent”. Some large patches
studied in the upper part and small spots noticed in lower
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part of the study area come under the category “Good”
for irrigation purposes. The ‘Good’ zones were noticed
in between (contact zone) hornblende-biotite gneiss and
the flood basin and the reason for high concentration in
the Archaean formation, is that the Weaker plane may
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be affected by the significant influence of rock water
interaction, lineaments intersection with the river and
sea shore area in the Quaternary formation and by the
nearby SIPCOT industry and Lignite mining area in
the Tertiary formation.

Piper Trilinear Diagrams

The geochemical evaluation can be understood
by six classes such as Calcium-Bicarbonate, Sodium-
Chloride, Calcium-Sodium-Bicarbonate, Calcium-
Magnesium-Chloride, Calcium-Chloride and Sodium-

Bicarbonate types. It clearly explains the different
categories of dominant cations and anions in various
formations.

In the Archaean formation piper trilinear diagrams
(Figures 12 and Table 4) it is observed that the majority
of samples come under the No dominant type in the
cation and anion triangles. A further 10 % of the stations
fall under the NaCl type and rest of the stations fall
under the mixed CaMgCl type. This may be due to the
rock water interaction of crystalline nature of rocks and
anthropogenic activities (Veena Srinivasan et al., 2014).

CATIONS

Archaean Formation Piper Diagram
June - 2019

ANIONS

Fig. 12. Piper Trilinear Diagrams — Archaean Formation
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Table 4 Piper Trilinear diagram

Geological Class No. Class June — 2019
Formations Stations No. of Samples | Percentage of samples
1 CaHCO, Nil Nil Nil
2 NaCl 25,28,30,31,33 5 10%
Archaean 3 Mixed CaNaHCO, Nil Nil Nil
50 Samples 4 Mixed CaMgCl All samples except 5 samples 45 90 %
5 CaCl Nil Nil Nil
6 NaHCO, Nil Nil Nil
1 CaHCO, Nil Nil Nil
2 NaCl 54,55,56,57,58,60,68,70,73,79,83 11 32%
Quaternary 3 Mixed CaNaHCO, Nil Nil Nil
34 Samples 4 Mixed CaMgCl All samples except 11 samples 23 68 %
5 CaCl Nil Nil Nil
6 NaHCO, Nil Nil Nil
1 CaHCO, Nil Nil Nil
2 NaCl 86,89,90,102, 106,111 6 17%
Tertiary 3 Mixed CaNaHCO, Nil Nil Nil
35 Samples 4 Mixed CaMgCl All samples except 6 samples 29 83 %
5 CaCl Nil Nil Nil
6 NaHCO, Nil Nil Nil
Cretaceous 4 |Mixed CaMgCl  [120 1 100 %
1 Sample

Quaternary Formation Piper Diagram
June - 2018

CATIONS

HEO+COy

Hmegl

40 _ I:ﬂ. =
Chiorde (282
ANIONS

Fig. 13. Piper Trilinear Diagrams — Quaternary Formation

The Quaternary formation plots (Figures 13 and
Table 4) reveals that the 32 % of the stations fall under
the Sodium-Potassium type in the cation triangle and
Chloride type in the anion triangle. 68 % of the stations
fall under the mixed CaMgCl type. This may be due to
sea water intrusion and anthropogenic activities (Vikas
Tomar et al., 2012).
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The Tertiary formation piper trilinear diagrams
(Figures 14 and Table 4) results show that the majority
of samples (more than 94 %) come under the No
dominant type in the cation and anion triangles. The
following stations 86, 89, 90, 102, 106, 111 fall under
the NaCl type and rest of the stations fall under the
mixed CaMgCl type. This may be due to the leaching
of alkali salts (Umapathy et al., 2011).
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Tertiary Formation Piper Diagram
June - 2018

Chionds (T
ANIONS

Fig. 14. Piper Trilinear Diagrams — Tertiary Formation

The Cretaceous formation piper trilinear diagrams
(Figures 15 and Table 4) results show that the studied
samples come under the No dominant type in the cation

and anion triangles. The following stations fall under
the mixed CaMgCl type. This may be due to the rock
water interaction and anthropogenic activities.

Cretaceous Formation Piper Diagram

June - 2018

(YA

X XN
NV

)
Caltium (Ca)

Chionds (T
ANIONS

Fig. 15. Piper Trilinear Diagrams — Cretaceous Formation

Hence, this study indicates that the Piper trilinear
classification of groundwater samples fall in the field

of mixed Ca-Mg-Cl, and No dominance, some of the
samples in Na-K, Cl types of water. So based on the

Piper trilinear, the groundwater samples are fit for

drinking and irrigation purposes for all formations.

Conclusions.

The highest values of the Quaternary formation
physio-chemical parameters are noticed in the rainy
season due to the confined aquifer (Neyveli Aquifer)
containing fertilizer used in increasing agricultural
activities. The groundwater quality parameters such
as Calcium (Ca’"), Magnesium (Mg*"), Nitrate (NO,*),
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Fluoride (F"), Sulphate (SO,*), Bi-carbonate (HCO,)
and Percentage of Hydrogen (pH) values are observed
to be within limiting value for WHO 2017 in all the
formations during this season.

The EC and TDS values are in excess of the
permissible limit for some stations in all the formations.
The TH and T. Alk.values are seen as exceeding the limit
for drinking purposes among 11 samples in Archaean
formation and in 2 samples in Quaternary formation.

K values are seen to exceed the limit for drinking
purposes in 96 % of the samples of the Archaean
formation, 74 % of the samples of Quaternary formation
94 % of the samples of the tertiary formation. The CI,
NO, values are exceeding the limit for drinking purposes
in only two samples of Quaternary formation whereas
all the samples of Archaean and Tertiary formations
are within the limit.

The Water Quality Index demonstrates the
appropriateness of the water for irrigation uses. The
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