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Received: 02.12.2020 Abstract. This article presents an appraisal of the quality of groundwater in the hard
Received in revised form: 15.07.2021 rock aquifer system of the Vasishta sub basin, of the Vellar River Basin. Seventy nine
Accepted: 25.10.2021 representative groundwater samples were collected from dug and bore wells which are

intensively used for domestic and irrigational purposes. The physical parameters viz. P,
EC and TDS were estimated in the field using a portable multiparameter meter. The groundwater samples were transported to the
laboratory for measuring major ionic concentrations viz, Ca, Mg, Na, K, CO,, HCO,, Cl, SO4, F and NO,. The hydrochemical data
were graphically projected and spatial temporal thematic maps generated with reference to the World Health Organization (WHO)
and Bureau of Indian (BIS) Standards. The peoples living in the sub basin engage in agricultural activities where the groundwater
availability is sufficient. The groundwater is a major source for meeting their basic needs, such as for domestic, irrigational and
industrial purposes. Good correlation is exhibited between EC and TDS CI, SO,.Cl exhibits good correlation with Mg and Ca (0.817),
(0.751) indicating leaching of secondary salts. TDS and EC showed strong correlation with Cl, SO,. Clustering groundwater samples
based on their similarity is known as Q-mode type clustering method. Spatial and temporal maps of the water quality index reveal that
the majority of the groundwater samples fall under the categories excellent to good.

Keywords: groundwater quality, Vasishta sub basin, domestic and irrigational purposes, multiparameter, major ionic concentration,
WHO and BIS Standard, Correlation matrix.

Ouinka mapaMerpiB SIKOCTI MiI3eMHUX BOI /ISl MOOYTOBMX Ta ipuramiiHux mijieii y cucremi
BOJOHOCHHUX IOPH30HTIB TBepauXx nopia (Xapa pok) cyddaceitny Bacuinra, piuka Besuiap Tamiin Haxy

ITyuromi P., BenkarecBapan C., Croper P., Bimana P.
Iepiapcoxuit ynisepcumem, Canem, Tamin Haoy, Inois, poovijigeo@gmail.com, geosvenkat@gmail.com

AwnoTamnisi. [ 1aHOTO HOCITIKEHHS OYyII0 PO3IISIHYTO OLHKY SIKOCTI MiA3EMHHMX BOJ Y CHCTEMi BOJOHOCHOTO IIapy TBEPAMX MOPIJ
cybObaceiiny Bacuinta, piuka Bemnap. Cimzecst aeB’sTh nmpo0 miazeMHHX Boj Oyiu 3i0paHi 3 BUKOMAHUX i OypOBHX CBEPAJIOBHH,
SIKi IHTEHCUBHO BUKOPHCTOBYIOTBCS JJIsl MOOYTOBUX 1 ipurauniitnux wineir. @isuuni napamerpu: PH, EC ta TDS, omiHeHi B OJbOBHX
YMOBax 3a JONOMOTOI0 TOPTaTUBHOTO MYyJBTHIIapaMeTpa. 3pas3Kd MiA3€MHUX BOJ TPAHCIOPTYBAJIM A0 J1adopaTopii Ui OLIHKH
OCHOBHHX KOHIIEHTparii ionis, 30kpema Ca, Mg, Na, K, CO,, HCO,, CI, SO,, F ta NO,. Pesynbratn TinpoxiMiYHuX TOCIIUKEHb
rpadidHO CIIPOEKTOBaHI Ta NMPOCTOPOBO-YACOBI TEMAaTHUHI KapTH, cOpMOBaHi 3 mocwiIaHHSIM Ha CBITOBYy OpraHi3alilo OXOPOHH
310pos’st (BOO3) Ta bropo inaidicekux crangapris (BIS). Jlronu, siki xkuByTh y migbaceliHi, 3alifMalOTECs CTBCHKUM TOCHOIapPCTBOM
TaM, A JOCTaTHBO MiJ[3MHUX BOJ, I J3eMHI BOIM € OCHOBHUM JDKEPEIOM JUIS 33/I0BOJIEHHSI OCHOBHHX IOTPeD, TAKMX SK MMOOYTOBI,
3pouryBajbHi Ta pOMHCIOBi. Xopomia kopensiis Bussnserses Misk EC a TDS, Cl, SO,. Cl nemonctpye xopomry kopessiiio 3 Mg ta Ca
(0,817), (0,751), mo cBinuuTh Npo BUMHBaHHA BTopuHHKX cojiell. TDS ta EC nokasamu cunbry kopensuito 3 Cl, SO,. Knactepusartis
3pa3KiB MiJ3eMHHUX BOJ Ha OCHOBI iX MOAIOHOCTI Bigoma sk MeTos kiactepusanii Tuny Q-mode. ITpocTopoBi YacoBi KapTH iHACKCY
SIKOCTI BOAM TIOKA3YIOTh, IO OUTBIIICTS MPOO0 MiA3eMHHUX BOJ MiAMNAAAI0Th i KaTeropii Bix BIAMIHHOT 10 XOPOMIO].

Kouosi cnosa: sikicme niozemHux 600, cybbaceiin Bacuwima, nobymosi ma ipueayiini yini, Myismu napamemp, 0OCHOGHA [OHHA
Konyenmpayia, cmanoapm BOO3 ma bropo indiiicokux cmanoapmis, kopenrayitina Mampuys.

Introduction. Groundwater is the largest obtainable resource for fresh
water. Ground water is commonly referred as water
which lies below the surface of the earth occupying
the interstices and voids in various formations (7odd,

Water is often considered to be one of the most
important resources of our planet. It is the most abundant
physical substance and transparent liquid on the earth.
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1980).1t is the major readily available source of fresh
water on our earth (Ragunath, 1987). Nowadays ground
water resources are being continuously exploited from
the aquifers to meet industrial, agricultural and domestic
needs. Rapid urbanization, industrialization, frequent
failures in the monsoon and reduced surface water
resources have created a major threat to the groundwater
resource in terms of quantity and quality. Groundwater
is always an underwater movement and the flow takes
place from the higher potentiometric surface to the lower
potentiometric surface. Groundwater geochemistry is
a forensic tool which helps to understand the possible
processes that control groundwater chemistry as well as
helping with planning for efficient water management
(Subramani et al. 2010).Therefore chemical fluxes
in groundwater environment indicate the dynamic
movement and prolonged hydrochemical interactions
(Bernard et al. 2006). Sreedevi et al. (2001) have used
the remote sensing and GIS techniques to understand the
occurrence of groundwater in various geomorphological
units of the study area. Water resources play a vital role
in the growth and development of human civilization
on the surface of the earth and play a key role in the
economy of any country. Ground water resources in
the Vasishta sub-basin, Tamil Nadu, India are being
continuously exploited to meet the demand for the water
supply and irrigation because the water available in
surface water bodies such as wells, tanks and reservoirs
is not sufficient, and thus the resulting rapid decline in
the ground water head in many areas. Groundwater
quality is also affected in many places of the sub-basin
due to anthropogenic activities. In hard rock terrain

73“1]5‘0'E

with arid and semi-arid climatic conditions, all the
water requirements are met by sub-surface water due to
reduction in surface water resources. Changing climatic
conditions, growing population, industrialization, and
intensive agricultural and urbanization activities have
led to a high demand for groundwater especially in
countries experiencing economic growth like India
(Srinivasamoorthy et al. 2011). However, no systematic
work has been carried out in this sub-basin to understand
the ground water regime. Thus, it is essential to assess
the ground water quality for extraction and management
of the water resources, which is emerging as a great
public concern in this region.

Study Area.The Vasishta sub- basin of the Vellar
River Basin, in Tamilnadu covers in total an area of
1770.78 km?. The Vasishta is a major stream river
originating from the southern slope of the Kalrayan Hills
and flows through Kurichi, Belur, Pethanaikenpalaiyam,
Attur, Thalaivasal and Aragalur, habitations of Salem
and Perambalur districts of Tamilnadu. Major and
minor artificial recharge structures, constructed across
the streams significantly contribute to groundwater
recharge in the sub basin. Irrigation mainly depends
upon the groundwater resources from dug and bore
wells. Groundwater is the main source of water for
agricultural activities and is pumped through dug and
bore wells. (Poongodi and Venkateswarn 2018). The
important plants cultivated are finger millet, jasmine,
cucumbers, maize, groundnuts, celosia, betel trees,
tapioca tubers, cotton grass, sugar cane, turmeric,
coconuts, bananas and areca nut.The base map of the
study area is given in Fig.1
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Fig.1. Base map of the Vasishta sub basin
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Geology and hydrogeological settings. The
Vasistha sub- basin is mainly underlain by crystalline
rocks of Archean age, of gneissic rocks, charnockite,
pyroxenite, amphibole pyroxene granulite and
mylonite respectively. The geomorphological units are
structural hills and pediplain denudation hillspediments
and floodplain. The structural hill is located in the
northwestern parts of the study area whereas the
southwestern and eastern parts of the study area
are occupied by gently undulating and dotted relic
isolated hillocks underlain by a hard rock crystalline
aquifers system and groundwater phreatic condition.
The occurrence and movements of groundwater
through weathered zones is followed by occurrence
of fissures, joints and fractures, The availability of
groundwater in the sub- basin is greater in the river
courses of paleochannels, foothills of the Kalrayan
Hills, Bothumalai, and Sitheri Hills.

Materials and Methods.

A total of 79 groundwater samples was
systematically collected from sources intensively

utilized by farmers. Physical parameters such as colour,
odour, taste, turbidity, P" and EC were estimated in the
field itself. The samples were sent to the laboratory
for further ionic concentration analysis. The ionic
concentration was estimated using titration method,
spectrophotometer and flame photometer. Shown in
Fig.2.

Standardization of analytical data. The
hydochemical data were standardized graphically as
shown in Fig. 3. It shows the total sum of cations versus
the total sum of anions for groundwater samples, it also
indicates all the samples on or near the aquiline in the
graph. The quality of the analysis was documented
by standardization using blank, spike, and duplicate
water samples.

The hydrochemical data have been projected
graphically using Piper’s, Wilcox’s, Donnen’s and
Gibb’s plots for understanding the suitability of water
for domestic irrigation and industrial purposes. A set
up of spatio- temporal maps have been generated in
the GIS platform with reference to the WHO and BIS
Standards.

and analyzed

79 Groundwater samples collected

v
Inverse Distance Pearsor'l’s Piper’s diagram WQI
Weighted (IDW) correlation Gibb’s diagram v
l Wilcox’s diagram Assigning
l weightage
Spatial Distribution Dendrogram ¢
analysis
l Calculate Relative Weight
WHO and BIS v
Standard wise Quality Rating
Classification scale
] Summation of sub
v ' index of all the
parameters
—>»| Characterization and assessment of groundwater quality | |

A 4

For drinking and irrigation
purposes

Fig. 2. Flow chart for the Methodology
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Fig. 3. Correlation co-efficient between total concentration of Cation epm and total concentration

of Anion epm
Result and Discussion.

Water quality appraisal. The WHO standard was
followed for the physical and chemical parameters for
the groundwater samples of the study area. It was found
that PY limit varies from 6.74 to 8.41, which indicates
that groundwater is acidic, alkaline, and 5 % to 95 % of
the groundwater sample is of potable category, the P"
value within the maximum falls within the permissible
category. The groundwater through the quantity of
transmitting electrical current. WHO limit in EC 1500
us/cm?, The values varied from 190 us/cm?, to 5130 ps/
cm?. The high values of indicators of a huge quantity
of salt occur in groundwater. 22 samples show a low
amount of salt. Other samples covered high electric
conductivity. TDS ranges between 373.52 mg/l to
4669 mg/l. The TDS varied from 124 to 3335 mg/I,
which indicates rock water interaction in relation to
groundwater, the TDS depending upon variation process
such as domestic sewage and agricultural activities, The
most common source of calcium and magnesium in
groundwater concentration of Ca value varied from16
to 281 mg/l. 96 % of the sample was of allowable
category, 4 % of the sample only was not of potable
category, Mg content value varied from 7 to 153 mg/l,
94 % of the sample was of potable category,6 % of the
sample was not of potable category. The Na values
varied from 10 mg/I to 360 mg/l. It values Most of
the samples (96 %) were of potable category, 4 % of
the samples were not potable, K value varied from 0.5
to 43.9 mg/l .57 % of the samples were of allowable
category, 32 % of the groundwater samples were not of
potable category. WHO limit 200 mg/l of CO, HCO,,
The values varied from 50 mg/I to 622.4 mg/1. The
chloride range was 25 mg/l to 1110. The most desirable
was 250 mg/l. This is explained by the drainage
system and polluting environments of the study area.
The sulfate range was from 10 mg/l to 380 mg/l. All

samples were within the WHO allowable limit. Nitrogen
ions contaminating subsurface endogenic activities
originated in agricultural sources. The values varied
from 1.5 mg/l to 18 mg/l. This groundwater samples
of this study area all within desirable limits. Major ions
were as follows in abundance; Ca >K >Mg>Na and
CO,>CI>SO,> HCO,>NO, respectively. Multivariate
statistical analyses display good correlation. Quality
of groundwater for drinking purposes based on WHO
and BIS standards are given in Table.2.

Water quality Index (WQI) for domestic
purposes. Water Quality Index (WQI) has been utilized
as a tool to assess the spatial and temporal changes in
the quality of groundwater and its appropriateness for
drinking purposes, Ketata et al.(2012) and is a method
using individual water quality parameters on the overall
quality of the water. This calculation based on WHO
standards 2011 and BIS 1991. (Vasanthivigar et al
2010,) Shown in Table 1. Its computing followed the
physico- chemical parameters analysis of each of the
12 parameters, for major cations and anions

W, = w;/ Xt w; (1)

Where, W, is the relative weight,w; is the weight
of the each parameter and n is the number of parameter.
In the second step a quality rating scale q, for the each
parameter is assigned by dividing its concentration in
each water sample (WHO 2011).Shown in Table 2.

2)

Where g, quality rating, C; is the concentration of
each chemical parameter in mg/l, according to WHO
guidelines (2011).For computing the WQI, the sub
index of its parameter (SI) is first determined for each
physic- chemical parameter WQI as per the equation,
Shown in Table 4.

q; = C,/S, X 100
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SIi =W, X g, A3)

WQl =X SIi “)

Where, S7i is the sub index of its parameter, g, the
rating based on concentration i th parameter, n number
of the parameter.

Categorization of groundwater quality according
to water quality index is as follows; <50 % Excellent
water, 50 %-100% good water, 100%-200% poor water,
200 %-300 % very poor water,> 300 % water unsuitable

for domestic purposes. The relative weight shown in
Table, 1 quality rating, a total of seventy nine samples
of groundwater samples was taken for water quality
index in the sub- basin. Spatial distribution maps for
water quality index showed 27.85 % of the sample as
belonging to the Excellent water category, 59.50 %
of the sample as belonging to the Good category and
12.65 % of the sample as belonging to the Poor water
category for domestic purposes respectively in the sub-
basin. The Water Quality Index spatial map is presented
in Fig.4

Table 1. Percentage of groundwater samples exceeding limits for drinking purposes based on WHO and BIS standard

SINo | Parameters | Minimum | Maximum Mean gg% (1]391981) De?;)e;ble AH(();: ;‘ ble | Not (};/oo;able
1 |PH 6.74 8.41 7.41 6.5-8.5 | 6.5-8.5 100 - -
2 | EC (uS/cm) 190 5130 2151.01 1500 - 2 60 38
3 | TDS (mg/l) 124 3335 1398.42 500 500 2 64 34
4 | Ca (mg/l) 16 281 110.53 75 75 18 78 4
5 |Mg (mg/l) 7 153 64.76 50 30 38 56 6
6 | Na (mg/l) 10 360 166.36 200 - 4 - 96
7 |K (mg/) 0.5 43.9 10.40 12 - 62 6 32
8 |HCO, (mg/l) 50 622.404 336.1 500 - 11 89 -
9 |Cl (mg/l) 25 1110 298.74 250 250 66 32 2
10 | F (mg/l) 0.2 1.9 0.89 1.5 1.5 61 30 9
11 |SO, (mg/l) 10 380 132.44 250 200 87.34 12.66 -
12 |NO, (mg/l) 1.5 18 9.93 45 45 100 - -

Table 2. Relative weightage of the chemical parameter for water quality index

. _ WHO Weightage Relative wei%htage
Physico- chemical
S1.No parameter Standers (w) W, =w, ‘;Z w,
(2011) L
1 pH 6.5-8.5 4 0.117647059
2 EC (uS/cm) 1500 3 0.147058824
3 TDS (mg/l) 500 4 0.117647059
4 Ca (mg/l) 75 2 0.058823529
5 Mg (mg/l) 50 1 0.029411765
6 Na (mg/l) 200 2 0.058823529
7 K (mg/l) 12 2 0.058823529
8 HCO, (mg/l) 500 3 0.088235294
9 Cl (mg/1) 250 3 0.088235294
10 F (mg/l) 1.5 2 0.058823529
11 SO, (mg/l) 250 3 0.088235294
12 NO, (mg/l) 45 5 0.088235294
Y wi =34 Y Wi=1.00
Table 3. Water Quality Index is the groundwater sample in the Vasishta su-b basin
S1.No | Water Quality types Groundwater sample No
1 Excellent water 2,4,8,10,13,16,22,23,24,26,35,43,47,51,53,57,58,63,
74,77,78 and 79
2 Good water 1,3,5,6,7,9,11,12,14,15,17,18,19,20,21,25,29,30,31,
32,33,34,36,38,39,41,44,46,48,49,52,54,55,56,59,61,
62,64,65,67,68,69,70,72,73,75 and 76
3 Poor water 27,28,37,40,42,45,50,60,66 and 71
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Fig. 4. Water Quality Index spatial map of the Vasishta sub- basin

Hydrogeochemical Facie. Piper’s diagram (1944)
includes two triangles, one for plotting cations and the
other for plotting anions. The cation and anion fields are
combined to show a single point in a diamond shaped
field from which inferences drawn on the basis of hydro-
geochemical facies concept are useful in bringing out
the chemical relationship among groundwater samples
in more definite terms rather than with other possible
plotting methods.

The following groundwater facies have been
identified in the sub basin; Na-K-C1-SO4 facies and Ca-
Mg-HCO3 type, cation ions fall under domain C-sodium
and potassium facies, domain A-Magnesium type, anion
such as, domain E-sulphate type, F-bicarbonate type.
The majority of the groundwater samples fall under
Ca-Mg-HCO3 groundwater facies presented in Fig.5

Piper's Diagram

v
/e

?\/\-_

Cﬂﬁ
CA1ICAS

[
ANICANS

Fig. 5 Piper’s hydrogeochemical facies of the Vasishta sub basin
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Groundwater and Soil relationships. The Wilcox’s
diagram plotted against specific conductance is used in
evaluating the irrigation waters Wilcox’s (1955). Sodium
is one of the important ions for irrigation and agriculture
purposes. Sodium is computed to relative proportions of
cations present in water. Percentage of Sodium greater
than 60 % may result in sodium accumulations that will
cause a breakdown in the soil’s physical properties.
Excess Na combining with carbonate leads to formation
of alkali soils, whereas with chloride, saline soils are
formed, and soil will not support plant growth Rao
(2005). The ions’ (Na%) values were obtained by the
following equation:

Table 4. Wilcox’s groundwater classifications

(NatK)

Na%=————"——
CatMg+Natk

100

Wilcox’s Diagram is used to classify the water
for irrigation, where EC plotted against Na% shows
that 96.21 % of the groundwater samples are good to
permissible and 3.79 % are in the not potable category.
Sodium concentration disperses soil and increasing
salinity flocculates soil (Hanson et al 1999). Wilcox’s
plot and groundwater classifications are presented in
Fig.6 and Table 4. It is clearly stated that the water
from the following villages is not of potable category;
Iddaiyapatti, Vellaiyur and Thiruvalanthurai villages.

S1.No Water class Groundwater sample No

1 Excellent to Good 48

2 Good to Permissible 1,2,4,6,8,10,11,17,13,16,19,20,21,27,28,30,33,35,37,39,
41,44,45,46,49,50,54,55,56,75 and 78

3 Permissible to Unsuitable 68 and79

4 Doubtful to unsuitable 7,9,12,23,29,31,32,34,36,42,47,51,52,53,59,60,62,65,
66,67,70,71,73,74,76 and 77

5 Unsuitable 43,38,64,58,15,25,2,69,35,57 and 40
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Fig.6. Wilcox diagram of the Vasishta sub- basin

Gibb’s diagram. Gibbs diagram is mainly used
to begin the affiliation of groundwater alignment
and aquifer lithological characters. There are three
domain fields, viz. precipitation dominance, evaporation
dominance and rock—water interaction dominance
domains in the Gibbs diagram (Gibbs, 1970). The
maximum number of groundwater samples fall within
the rock—water interaction domain and evaporation

712

domain.The rock—water interaction domain clearly
shows that the groundwater chemistry is controlled
by aquifer materials. Gibbs diagram is presented in
Fig. 7(a), (b)

Gibb’s ratio for cations = Na+K/Na+K+Ca

Gibb’s ratio for anions = CI/CI+HCO,

All values of ion concentration are stated in meq/1.
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Fig.7. (b) Groundwater and rock interaction mechanism of Gibb’s plot -anions

Results of the Correlation Matrix.The correlation
analysis matrix involving statistical calculations was
devised by Pearson (1896). It is commonly used
to examine the degree of correlation between the
different chemical parameters which affect the quality
of groundwater. It is a simple measure to exhibit how
well one variable predicts the other (Kurumbein and
Greybill (1965).The Pearson correlation matrices (Swan
and Sandilands 1995) are used to find the relationships
between two or more variables. Coefficients (r=>0.7)
are considered to be strongly correlated where (r) values
between 0.5 and 0.7 show moderated correlation at
a significance level p=0.05 while r <0.3 is weak. It

also illustrates that EC and TDS show high positive
correlation with Cl, SO,, HCO,, Ca, Cl show very
high positive correlation with Ca (r=0.817). Good
correlation is exhibited between EC and TDS Cl, SO,
Cl exhibits good correlation with Mg and Ca (0.817),
(0.751) indicating leaching of secondary salts. TDS and
EC showed strong correlation with Cl, SO, moderate
correlation with Ca, Mg, K, F and Hardness indicating
that most of the ions are involved in physicochemical
reactions such as oxidation reduction and ion exchange
and also indicating that they are from the same source
Subba Rao, (2002). Difference in variation of major
cations and anions correlation is shown in Table 5.
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Cluster analyses.

Cluster analysis is a method for grouping individuals
or objects according to their distinct characters. This
method is used to group the groundwater chemical
data. Each cluster indicates a particular groundwater
character similarity. Clustering groundwater samples
based on their similarity is known as Q-mode type
clustering method. For the present study Q-mode
clustering has been attempted to group the samples
in terms of chemical characteristics. Ward’s linkage
uses the Pearson correlation method to produce the
most distinctive groups where each member within
the group is more similar to its fellow member than
outside groups. All the 14 hydro chemical variables
such as Electrical Conductivity (EC), Total Dissolved
Solids (TDS), P", Ca, Mg, Na, K, CI, SO,, NO,, HCO,
and F were utilized in this analysis.

Conclusions.

The sub- basin is mainly comprised of Archean
crystalline rocks such as gneisses, charnockite,
pyroxinite, amphibole granulite and myolinite.
Groundwater chemistry in the sub- basin is highly
variable in nature. Groundwater occurs and movements
in the sub basin are mainly in the weathered rocks,
fissures, fractures and joints. The TDS values varied
from 124 to 3335 mg/l. TDS depends upon the
groundwater interaction with different aquifer materials,
and anthropogenic activities such as application of
fertilizer, domestic sewage, and industrial effluent. The
groundwater ionic concentration sequences are Ca >K
>Mg>Na and CO >CI>SO > HCO >NO,. Groundwater
categories are fresh to brackish in nature, Ca and Mg
are mostly within the allowable category, NO, and
SO, are also within the allowable limit for domestic
purposes, The dominant water quality index falls into
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