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Abstract
Itr th€ present irrvestisati(rr, hydroSeochem islr y .rnd muhivariate sratistical analysis oi 8(rundwater quality were assessed
fun hard roek aquifers ofrhe Deccan trap basalt in lhe Jalna distriel ofMahnrashrra. Groundwater samples (n= 105) were
collcctd tiom lhe study arca in a sysle'nalic grid partern ro avoid biasing in sampling W,tcr quality paramelers ofall rhese
groundwater sa,nples were anrlyzed by standard BIS rnd APIIA procedures by tirrimerric and using sensors. Ur.mium in
all samples was nnalyzcd using an LED duorimeter Slrict quality assurance and quality control feriures were .rdopred in all
st.rges of th€ study lo €nsure lhe qualily ofdre data. The observed sequenc€ ofthe duminanee of nrajor crlions and mions
is Crr* > Na*> Mg:+ > K+ and HCo3 >Cl->Soar- respectively. The observed uranium values were in rhc range of0.t
to 16.2 pg/l, wilh an average value o12.04 tt9,1,, well bek)w the saie limils recommendcd by WHO and AERB i.e. 30 and
60 Fg/L, respec(ively. Piper (rilined diagram indicates dominanr hydrolhemical flcies of Sroundwater in the sludy area
arc Mixed Car+-Na+ HCO] , Na+-Cl- and Ca+-HCOi while Cibbs plo( infen hosr rock,watcr inrcrlcrion is the major
gcochcmical process in rhcsc aquitcrs. The corrclrtion an.rlysis. clus(€r anllysis, and l,rcor analysis rests are pertbrmed.
Groundwarer was assesscd lbr its suitabilrty lor irrigation purposes using mulriple indicer such as SAR. RSC, and Na per-

cen(a!e. Frotu lhe eslimated indices, it was lbund thar fte groundwaler in hard rock aquilers of the Deccan trap basalr is
suitable tbr irrig.rion purposes.

Keywords Gftundwater ' Hard ro(k aquiter Hydrogeochemistry . Ceo(hemical characrerizalion

lntroduction

Wa(cr. a substance that exis(s in all three comnron stat€s

ol nratter viz. liquid, g.rs, dnd solid on the earlh, ir one oI
lhe nrost €ssential compounds in any ecosyslem. Watercov-
crs 7l{ of the eaflh's surlace, mostly in seal' aDd oceans.

About l..l milln)n pcople (mostly children) dic pcr year due
ro ware.rclalcd discases (Osicmo et al. 2019). Croundwarcr
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is r major sourcc of watcr supply tbr all purposes in many
countries (Fienen and Arshad 2016). In lhe pasr few dec-
ades. groundwater qualily awareness has increased du€ to
impacts of industrialization, rapid urt anization, unmanaged
land-use praclices, expa sion of population, and intensive
agricullural praclices fiar cause the risk ofsoil and grourd-
wat€rronlamination (Etikalad al. 2019i Srinivasamoorthy
et al. 2014). Croundwatcr crisis is goverened by natural as

well as human activities. The groundwater quality is affected

by such nalural laclors rs geology, iopography, meteorol-
ogy, hydrology. biology, and geochemical processes laking
place in an aquifer (Khatri und Tyagi 2015). The hydraulic
paramelem like hydraulic conductivily (Wensch et al. 201,1),

transmissivity (Ha.san er al.2020), specilic liow (Meli'i el al.
2018) are essential for the estimation ofthe availabiliry of
Brcundwatcr resources. The term hydrogeochemical facies
are essential fbr describing the groundwarer body in an
aquiter having difierent chemical consriruents (Ali and Ali
2018). The lacre\ are govcrned by chemical processes rn
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the lithological environment ofan aquifer (Aghazadeh et al.
2017). Important information regarding rhe hydrogeochem-
istry of groundwater in a panicular area helps undersrand its
sui(ability for use. A significant correlarion berw€en waler
qualily parameters was reporred by many aurhors (Kaleet al.
2020a, b; Kim et al. 2020; Malik and Hashmi 2017;Tiwary
el al. 2018). Earlier an asscssment of hydrogeochcmisrry
was donc by laboratory-based invesiigarion only bur nowa-
days. geospatial t€chniques are used for the assessmenr of
water quality. (Hosseinifard and Mirza€i Aminiyan 2015).
nBnaging the available resource (Grahan et al 20 I I ), and
interpreting the groundwaGr d a wirh eas€ and. accuracy
in a cosl-effective mann€r (Thakur er al. 2017). A ground-
waler model is also helpful in dev€loping a g€ospatialdeci-
sion support syst€m using Cls-hased software likc ATCGIS
(Hussein et al. 2017). Many rescarchers and decision-makers
from earth s.iences are using the geospatial rechnologies.
tools and software's for (i) assessment ofenvironmenral deg-
radations, ii) envircnmental impacis evaluation, (iii) eovi-
ronmental management, and (iv) decision-making system
(Ali and Pirasteh 2005; Asadi er aI.2007; Handtey l9lt0:
Saraparhy et a|.2008; Thakur cr at.20t7). The study of
inverse disrance weighling (IDW) interpolation technique
in spalial data analyst tools is used ro pr€pare a spalial dis-
tribulion map of uranium and other water quality f,arameters
ofthe study area. Hence, keeping in vi€w these influences.
the main objective ofcurrent work was rcstricred to evaluate
lhe chemical processes in groundwaier using geochemical
evaluation, mukivariate sratistical analysis, conventional
gemhemical classifi calion, and sfJalial dislribution modcling
in ha.d rock aquifers of Deccan rrap basalt in Wesrern India.

Materials and methods

Study are.

The designated study arca, Jalna dislricl, is an administra-
rive district ofrhe Marathwada region in rhe slare ofMaha-
rashtra. (Fig. la). The sludy area is spread b€tween l9p l0'
and 2ff30'N lati(udes and 75"40'and 76'40'E longitudes
and falls underSurvey oflndia Toposheets nos.46 R 47 N.
55 D, and 56 A. The districr covers approxinrat€ly 7687.19
km2 area with a populalion ot 19,59,046 in 2Ol I (Chan-
dramouli 201l). The study area is bound by Buldhana and
Parbhanidistricts to rhe easl side. norrh by Jalgaon dishict,
Aurangabad districi in the west. and Beed district in the
south. Using the digital elevation model tool of ATCGIS
I0.8 (ESRI 2019). an elevation map of the srudy area was
prepared (Fig. I a). c€nerally. the ground slope of rhe disrrict
is towards the east and south-east. Th€ area is dry and very
hot in summer due to th€ tropical climate and mild winrtr
wilh slight humidity. The average annual rainfall is 725 mm
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(CGWB 2013). OuGotr this 837. occurs during June-Sep-
tember, Julybeing the rainiest month. Depth ofwater-table
in th€ region varier from 3.84 to 16.20 m bgl (May 20ll)
and 1.05 (o 14.65 m bgl (Nov. 201l) (CGWB 2013). The
sludy area is well drained by dendritic riv€r systems. Soil
d€rivative of the basaltic lava llow and having acomposition
ofregur. gravels, murum. Eastern, central. southern parrs
soil falls under Godavari and Dudhana basin are thickerhav-
ing deprh 3-6 feer (CGWB 2013).

Geology of itudy area

The entire sludy area covered by basahic lava ltows of the
Deccan traps of upper cretaceous to Eocene age. The lava
flows gath€red on each other. The thickness of individual
flow varies from 20 to 30 m (CGWB 20131 DSR 2019).
The individual movement has double distincr unirs. The
greater portion is vesicular. occupied by secondary miner-
als like zeolite and quartz (e.9.. Moss Agat€, Zebra Agate,
and Green Agare) which is called a zeoliric trap. The upper
,one is 30-{0% vesicularbasalt has limited primary poros-
ily. The low€r portion of the lava flow creates lhe massive
basalt call€d a massive trap, devoid ofprimary porosity and
permeabilhy. Thc formalion usually has secondary poros-
ity and permeahiliry acquired due to wearhering. joinring.
shearing, fracturing, etc. Whenever the thickness of such
zones is consid€rable, (30-{O%) the flow forms of an aquifer
have moderate potential- The physicaland composil€ charac-
leristics mentioned above are repeated in allthe lava flows of
the study area and thereforc they form mukiple aquifersys-
rems. which g€n€rally extend rhe depth from I50 to 250 m
(CGWB 2013). The pediment pediplain complcx is consisi-
ently diskibuted in rhe area (Fig. lb). The majority part of
the study area is under agricultural practices (Fig. lc).

Hydrogeology

The groundwater of the sludy area occurs undcr conlined
environmenls injoinred, brc.ciated, or fractured and vesicu-
lar zones of lower flows. The vesicular and zeolitic basalts
are highly susc€ptible to \reathering as interconnected
vesicles form channels from wearhering agenls.It generally
appeaN that Pahoehoe" flowscontain uniformly d;stribut€d
vesicles that have good porosity and permeability and con-
slilule porenlials aquifers The rransmissivily of rhe sludy
arca ofshallow aquifer in basaltic range was obseNed form
30 to 80 m'?/day and specifc capaciry of good 

'ans€s 
was

recorded and seen ranges from 75 to 200 lpm/m (CCWB
2013). The Godavari. Puma, and Dudhana are the three main
rivers in the district (Fig. la). The occurrence ofgroundw.r-
ter and movement in the area is prejudic€d by its rock tbrma-
tion. Groundwa(er pot€ntial dep€nded on rock formarbns
properties lik€ porosity and permeability. The sludy arca is
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undcrlain by bas.tlric lava flows and alluvium only (CGWB
2013i Chrndrann)uli l0l I i DSR 2019).

S.mpling

ln lhe presenl study, a (oral of I05 warer samplcs wer€ col-
leeted at equally di(ributed locrtions to covcr the entire

area by making a grid of cells 6x6 km'] rrea each. Ceo-
coordinate infbrmation (Latitude and longitude) of sample
locations are recorded wirh the help ofa GPS instrument fbr
mainlaining accuracy in spatial distribution map prcpara-
tion. Water samples were collected in pre-cleaned airtight
lab grade polypropylene bottles having a I -L crpacity. Some

in-si1u parameters were analyzed in the lield with the help
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ofa Ponable MultiparameGr Merer kit (Thermo Orion Star
A326). Collected water samplc botlles were closed at the
sile. well labeled wilh sample code. and were brought 1o ihe
laboratory of the Department ofEnvironmental Sciencc Dr.
Babasaheb Ambedkar Marathwada University. Aurangabad
for analysis.'Il1e paramerers u)ere analyzed in the laborarory
using calibmted instruments and standard methods regularly
appli€d for the analysis of water sarnples. Excluding the ura-
nium, remaining allparameter analysis was carried oul using
slandard nethods suggesred by rhc American Public Health
Associarion (1998).Theuranium conccntrationofcollecl€d
water samples was analyzed using an LED fluorim€ter.

Analyrls of physl<oGhemi(al parametert

The analyzed parameters include pH, oxygen reduction
polenlial (ORP), electrical conductivity (EC), lotal dis-
solv€d solids (TDS), and dissolved oxygen (DO) w€re ana-
lyzed in-situ with the help of Portable Multipammeler Mcrcr
kil (ThermoOrion StarA326). Whereas, ex-situ parameters
like anions Fluoride (F-), Chloride (Cl ). Nirrare (NOr-),
Sulfa(e (SOa) ), Pho\phate {POr' ). brcarbonarer (HCOI-1.
loial hardness (TH), and imponant cations Iike calciun
(Car+), magnesium lMgr+), sodium (Na+), potassium (K+)

A sp.i.s{

were analyzed in a departmental laborarory. The nitrale
(NOr-), Sulfate (Soa'z ). phosphare (Poar-) conccnrrarion
wai assessed hy slannous chloridc. scre.ning, and turhidim-
ery methods using a lJV spectrophotometer (Bio Era Single
Beam Uv-visible specuophotometer). The fluoride concen-
tration *?s analyzed using an Ion-Sel€ctive Electrode (ISE).
Thechlorideions weredetermined by Mohr's nrethod. Total
hardn€ss was determined by the slandard EDTA titration
method whil€ bicarbonare (HCO1-) was estimaled by titra-
rion wirh HCl. Sodium (Na+) and potassium (K+) €arions
were measured by flame photomelry. As mentioned earlier
analysis of all param€lers was carricd out using standard
methods suggesGd by the American Public Healft Associa-
tion (APHA I998).

Ur.nlum estlmatlon

The uranium conc€nrration ofcollecled water samples was
analyzed using an LED fluorimeter (Quanlalase Enterpriscs
Pvt. Ltd.,Indore,lndia). This is an inslrumenlal technique
designed for fte d€tection and measurcment of trace quan-
lities ofuranium present in aqueous samples. The instru-
ment works on the principle of measurcment offluorescence
of uranium compl€x€s in the aqueous sample. The LED

J
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lluoriineter uscs a bank ol pulsed LEDS to excite rhe lluo-
rcsccncc ofuranyl i(,ns ar !tl0 nm. On cxcitation ofuranium
lomplcxci, whencver excited ions come back lo ils ground
slare, ii emirs gre€n fluor€scence. which cnn be measured
b) r s(n,rlrve Pholornulliplicr Tub( {PMTr. A n (rocon-
lroller is used tbrcon(rouing allth€se processes und conve(
the lluorescence signals inlo digital lbrm. Th€ llilorescence
yield is ptoporli(nial to the intensity oflhe excilatn,n source
and conccnlrrrtion oi uranium in lhe sample. Fluores.cncc
nrcnsurcmcnl will Sive inlbrmarion abour uranium oonccn-
lration in the samplc (Sdh1x,et aI.20{)9.l0l0). Thc standard
additx)n melhod was adopted lbranalysis of all groundwarer

sanrpl€s due ro $eirdittrcnce in chemicalcomposition and
lo uvoid nny nutrir €ll-ect.

Correlation analyri!

In s(atisticrl methods. correlation analysis is used 1() nreas-

ure lhc str.nglh oflinear associa(in betweer two lariables.
The vlriables e not chosen otr their characleristics ofinde-
pctrdctrcc or dcpcndency. In most ofthe researlh. corelati(,n
an,lysis was urcd to exrmine ibr gettang the linear relarion
\hrp h(lw(en lq,, vrriJhles Thr .rJri:rical anJl)'i' wr\ crr-
ried oul usinE IBM Statistical Package lbr Social Sciences
(2(ll5). To cnlculate correlalion coeitjcients. the correlation
nuirix wus buill by calculating the coeflici€nt ofdilitrenr
sers of paramelers. The significance of the correl lion was
(cslcd by applying z values. Il/, value is less than 0.05,0.01
(/, < 0.05 and p < 0.01), then rhe variltir)n is significut. If
//>0.05. rhc vlriarion is non-signilicanr. Thc signiliclncc is

considered r( the lev€l of 0.0 I and 0.05, when if the analysis
is 2 tail (Bdholomew 1995i Malik and Hashmi :t)17). A lot
ol research work has been done on the statislicalcorrelalion
beLwccn wa(erqualityparameters(Jolhivenkatachalamel al.

2{)10: Kale et al. l0l8: Sar et al.:017; Shiva raetal.200lli
Singh et.rl. l00li Titury cr !1. 20113). The iollowitrS lonnuh
is used ro lnalyzing thc Pearson corrclarn)n coclticicnt(r).

,=_Zli::lr::f
\/t' tf -;)-t' t, -it-

Clusteranalysi5

To .rnrlyic and inrerpret the conrplexily of w,rler ecology
li)r bcncr undersr.]ndints, sraristical merhods likc Principal
Componenr Analysis (PCA) nnd Clurtcr AnalDis (CA) is
used. It is no( only allowing lo identity the possible laclors
bu( also otltring a valuable tooltbr reliable wat€r re$urces
nr.rnagenrent (Chen er rl. :018). The nrultivariate slatisli
lrl approach is an important modeling t(x)l k) lnalyze tfic
degrre ofvariance iI dilierenl variables and is r,'idely used

in dimension reducrion ot huge darasets (Weng and Young
2017). The clusteranalysis is a muhivariale technique that is
uscd to collect objects bascd on their characteristics (similar-

iry or dissimilarity) and is presented in the lbrm of the den-
drogram (Wendler and Crdrup 2016). In the curr€nt study.

the Ward Linkage m€drod (Squared Euclid€an) method was

adopted lbr cluster analysis. The resultanl object of the clus-
ter in the form of a deDdrogram hypothetically show high
homoseneity (iniernal) and heteroseneily (exlernal) in the

variables (Malik and Halhmi 201?).

Faatoranalyr13

The la(lur analysir hus b!€n dev€lup€d by Sp€arman in
1904, and il is the oldest one (Bartholomew 1995). Factor
analysis is adatareduction method used to describe variabil-
ity belween observed and currelated variables. For analysis

oftactors,lhe firsr slep ictoexrracl diller€nt tactors rhrough
PCA. Many sci€rrisrs have been applied the PCA for warer
qualiry assessment and inlerpretarion (Giri et a].20191Hos-
sain er al. 2013; Kale ei al. 2020b; Kuppusamy and Girid-
har 2006t Park et al. 20l,li Zarei and Pourr€za Bilondi
2013). The main signilicunl use ol FA is considered to be

a geoeralization of PCA which replaces a large number of
variables into facton,. Howcver, FA is the path to elaborate

how the patterns of relationship within difierent variables
are arrises by a smaller number ofdormant variables wirh
common aspecrs that arc hidden called thctors (Mukherjee

et al.20lll). ln lhe curreDt study, s tlclor analysis tesl is
pertb.medusing IBM Stalistical Package tbr Sodal Scienc€
(IBM 2015) software.

Spatl.l dlrtribution m.pplng

The spatial distribution technique is useful in the interpre-
talion of spatial data attributes over the geographical area.

k is also helpful to evaluare spatial patrerns, disrriburion
rrends, patt€rn Ilow, area rclationship, dislance, closeness,

positioning, and spatial relarionship (Asadi et al- 2007; Ch€n

and Feng 2013). This p.rrricular lod moni(ored water qual-
iry daia ser, which have time and space a(ributes, hence

lhe GIS is a powerful lool for interpreting and analyzing
monitored data (Webley and Watson 2018). In the present

sludy, the inverse dislance weighting (IDW) interpolation
method is used to interpolate the spalial data of water qual-
ity based on dislance weighting. The consigned weights fbr
inrerpolaling locatiors ar€ inverse oftheirdislance from rhe

interpolation location. Therefor€, il is used to €stimate the

unknown point's data from the known measured location
(S€yedmohammadi et al. ?016). Spatial distribution analysis

of water quality paramet€rs was perfbrmed using ArcGlS
software, 10.8 version. The calculation oflDW is done by
the fbllowing fbrmula.

q sp.i,B."
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where. / (.to) is the interpolated value, n denotinS ihc rorat
number ofsample data values. r, is rhe irh dara vnlue, /,i, is
lhe separaled distance within interpolaled value and the sam,
ple data value, and / denotes the weighting power (Seyed-
mohammadi ct al.20l6). Thc standard opcrarion process
flow diagram is shown in thc Fig 2

Result

D.r<riptive statlitical analysis ol results

Thcdescriptivc statistics of walcr qualily paramctcrs arc pre-
senled in Tahle I and Fig. 3. Thc pH values. varying from
6.99 to9.M pH wrth amcan value of7.97. are denoling rhal,
narure of groundwarer is slightly alkaline. Only one sam-
ple excecded the wHO (WHO 20I I ) suggested permissible
limit ofpH. The values olTotal diss,nved solids (TDS) were
lound in the ran:e from I36 k) I50q mg/l, wirh an averale
valuc of532 mg/L. Only 7 pcrccnl sanrplc has highcrvalucs
lhan the allowahle limi( of 1000 mg,{.. recommended tar
drinking purposes (WHO 201 l). The main sourc. tbr dis-
solved solids in the groundwater is thedissolurion ofsoluble
salls in an unsarurared zone (Sh.rrmr er al. 20t7). The large

Fig.2 srandard opcratbn p('
.cdurc addpted in lhe rcscar.h

I r+,....*
i;-,i;-1i; )l-;'i'l ,;:: -----_- ;---- -::: >
1.9itrl_'iii -1".1 .l '

varialion in thc elcct''ical conduciivity {EC) is indicating rhat
lhe minerrlizattun is happ€ning in the groundwatcr The EC
values varicd fmm 272 to 3079 ps/cm wilh an average valuc
of l08l ps/cm.The Oxygen Reducrion Polential (ORP) is
playing a crucial role in groundwater qualiry and affects
the movement ofcontaminants species (Jung et al. 2015).
The Oxygen Reduction Polential ofcollecred wal€r samples
found in the rrnge of44-196 mV wilh an average value of
160 mV. Thc observed fluoridc conccnrrations in grl)und-
water arc varied between 0.05 and l.l5 mg/L. According to
thc WHO (WHO 2004), the permissible limir is 1.5 mg/L.
Higher levels of fluoride (> 1.5 me/L) may resulr in dental
fluorosis and skele(al fluorosis (Wang et al. 2012). How-
ever according to some r€ports offluoride concentration in
drinking waler €ven if is less than rhe permissible limit to
bul more than 0.5 mg/L. can cause denral problems (Aoba
and Fcjcrskov 2{)02) Thc.hkrridc conccntraiion was tound
ro bc liom l5 lo 1600 mg/L with a 

'nean 
value of 16l mg/L.

Only I l% of samples arc crossed the permissiblc limir of
250 mg,4- (WHO 201 l). The large variation in the observed
range is suggestive of(he possibility ofpoint source conram-
ination ora heterogeneous groundwater chloride source. The
eslimaled nilrate concentralions are observed ifl rhe rangc
from 9 and 380 mg/L wirh an average value of 125 mg/L.
Approximately halfofthe samplc (-49%) have crosscd rhe
(WHO 201 l) prescribed permissihle li'nit of 50 mg/L for
nitratcs in drinking warers Thcse values rhemselvcs indicarc
lhe anlhropogenrc source ol polluuon Lhal rnclude.e\cessrve
use of chemical-based fertilizers. Many rcsearchers reporred

I Fietd tiwrrisation i
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EPL6 ff.1IaH.1 Dis.iptive sulislics of
*ard qualirt .ha ol lhe sludy
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Fig. ! Boxpld ofphysi.mhenricul paranrciers ifl lhc study tgion

that most chemical-bas€d tbrtilizers Yiz.' carbamide (Urea)'

Di-ammonium phosphate (DAP), Single superphosphat€

(SSP). Ammonium Sulphale Nilrale Nitro phosphales are

generally used in lh€ agricullural s€clor lhat l€ads lo nitrate

pollutk)n (Atmasriand Kaluarachchi 200li Crhen er al 20l7r

T.rncja el al. 2019). The obs€rvation of sulfate value in (he

study ffea ranges belween 2l and 400 mg,4- wirh an average

of 180 mg/L. The main source tbr sulfate in groundwater

is the dissolulion of sulfaie bearing rock (Rybnikova rnd

,.+.r+t
*i, *'litIr

L

Rybnikov 2019). oxid.rtion of sulfide minerals (Ren et al'

2019). and human aclivili€s viz , excessive us€ offenilizers

and sewuge disposal (Mohapatra and Kirpalani 2016)' and

mining activilies (Singh and Singh 2018) The phosphate

conlent \aties ttt'm a minimum ot 2 mg/L to I ma\rmum

of53 mg/L. The main source ofphosphate conlent (in trace

amounr) in sroundwarer is rock geolosical (Singh and Sinsh

2018), but excessiYe use of phosphal€-based lertilizers may

lead lo phosphat€ Pollution in groundwaler (Weissengru-

ter er at.:Otg). The concenlration of uranium is tbund

in the range from 0.1 to 16 3 lrg/L with an average value

of 2 Ftg/L which is very well below the permissible limils

suggesred by the World Health Organizattun (2004)' The

souice for uranium is geogeni€ in narure The to(al hard-

ness of all collecled gn)undwater samples ranged between

60and lO90 mg,4- with an average value of 361 mg/L which

is below the permissibl€ limits of500 mg/L as suggestedbv

WHO(2011). ln the currenl.tudy lhe order ol ions !n the

qrounrlwaler is Nar >Ca: >Mg:_ >K* l'or tot'ron" ond

ico.-tso": >cl > NUr- for anion\' The Na' ron con-

eenrrarions in rhe sru,lr ar(a \ary from 34 ru 261 m8'/L wirh

an average of 8? mg/L (Table l). Atl samples are observed

in rhe p.rmissible Iimir by WHO (201 I )' The ionic concen'

tration ofCal+ ranges between 5.2 and 54 2 m8/L wirh an

averaSe vatue of:4 mg/L. The Mg:- rons concentration tt in

the r.mge belw€en 2.43 rnd 46.41 rng/L with a mean value

ul ll mg/L. The K' unrl HCO,- ionic (oncenrtatton are

observed in the range 0.2-20.7 mg/L and 182-970 mg/L' ir

@ sp.r.go
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is feund that all the sampling locations fall undcr thc safe
calegory.

Groundwatrr darrl6(atlon

The modified trilinear diagram is presented by Piper ( 194,1)

and ir is widely used for the presenlation of groundwater
composition. tt is also used to observe analytical values of
groundwaler, which is plotted on rhc Piper trilineardiagram.
and lo undersland varialions in calionrc and anion'c concen-

lralion over thc study area. The Piper trilin€ar diagram of
rhe groundwater sample is presented in Fig. 4. Three main

rypes ot water have be€n idenlified based on varying ionic
concenhrion: Mixed ca2+ -Na+-HCo1-, Na+{l and Na+
HCOI-. Th€ majority of water samples (60%) fallin the firs1

caregofy, i-e., Mixed ca2+ -Na+-HCol . This wide variation
of waler rypes refrects that the local variarion of geology and
gechemistry significandy affecls lhe groundwa(er compo-
silions. The diagram ils€lf shows the relalive abundance of

calions ofNa+-K+ (98%), and only two samples arc rall in
the no dominant type ofwater in first plotted on the cation
rriangle. ln rhe relarive abundancc of HCO1 + Coi- and no
dominant lype of water has heen found in the anion iriangle.

ldentlfi<ation of hydrogcochcml<al pro(eires

Water Rows through an aquifer and as a resuh of interac-
tion with the litholoeical framework changes in the chemi-
cal composirion of groundwarcr occurs. Thc rcaction
bct\reen groundwatcrs wirh the lithological framcwork
plays an;mportant role in grorndwater quality. lt is helpful
ro understand lhe genesis ofwater (Cederst.om 19,16). The
hydrochemical data are presented with many conventional
graphical lools to undersland lhe hydrogeochemical reac-
tions in the groundwaler environment. Some oflhe possible
recogni,,cd pfttcessci arc crplaincd below. Thc.drn'nic rdrn'
ofCa'?+ and Na+ is used ro undcntand the possiblc sourccs

ofcalcium and magncsium ions in thc aqrifcr (Mayo and

4_e

L vkn(ra: M!1 (l TyT.

L Mix.n (-!r' N"'rcq Iyp(

,15

TDS

or .s

v sI

.i,?,

-\,

:080100 60 40

<-C12'

60

Cl--)

Fig,4 Piper trilinca. dilgram ofBrcund*arer sanples in ralna district
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Loucks.l995). The abundance ofcalcium and magnesium
ions in rhe groundwater maybe connected to rhe presence of
cdrbonatc rock in the area. The carhonate and silicate miner-
als weathering may contriblrte ro th€ calcium and magne-
sium ions in rhe groundwater. If Car+/Mg?+ molarraiio= l,
indicat€ lhe dissolutior ofdolomit€ rock (Mayo and Loucks
I 995 ). A rarn) of grear€r lhan I bur less than 2, may indicare
a more dominanl contribution of calcite from the bedrock.
The Car+/Mg'?+ ratio greater than 2 (> 2), may represent rhe
dissolutn)n ofsilicares min€rals into ihe grcundtlarer (Katz

fl rl. lqq?,. Oniy \ix sdmpler r5.7lq, are indrcaring rhe

dirsolurion of dolomite with a Cal+Mgr+ ratio less than
one (< l) Fig. 5a. The 8l (77.14%) samples wilh above the
I rutio, are indicative of the ion €xchange with Na+ with
increasing Mgr+ ions sugg€sling the dissolution of€alcire.
The ll3 (l7.l,l%) of total samples exceed th€ ralio grearer
lhan 2, which presenred silicale minerals dissolution that
conlributes to calcium and magnesium in groundwater
(Mayo and Loucks 1995). The Na+/Cl- ratio was used to
undersrand rhe plausible sources ofsalinity in groundwarer
(Fig.5b). The molarrario ofNa+/Cl willbe on€ ofthe dis-
lolutions ofhalit€ that is rcsponsible tbr sodium dominance
in groundwarer. In case molar rario> I indicate the Na+ is

released from the silicale weathering piocess (Meybeck
I9ll7r,lue to ro(k \ lter in(era(Liun via rcaltion:

2NaAlSirOs f 9Hr+ HrCO, = Alrsiro5(oH)r

+ 2Na + 2HCO]- + 4HaSiOa.

The ma.jority (103) samples reflecr the above process
indicating release ofthe Na+ from the silicate weathering
associated wilh cvaporative deposils/evaporates (Gosselin

er al.2003).

Ro<k-w.ter lnterl<tloh

The groundwater chemislry is control by many factors such as

aquifer posidon, lithology of bedrock, and weathering condi-
tion. Cibbs diagran is widely used to understand the contml-
ling m€chanism of groundwat€r in the aquiter system (Gibbs
I 970). Gibbs recommended a simple plot of TDS Vs. Na+/

Na++Ca'?+andCl-/Cl +HCOr to explain the natuml mech-

anism controlling grcundwster chemisrry illustftling three sig-
nificanl hydrogeo.hemical Iields such as evaporation domi-
nance, ro€k warer inlera.tion, and precipitalfun dominance.
Th€ majority ofwaler samples are falling in the rock-water
interaction domiflance (Eig. 6a. b) indicaring that wearhering

of rock in the aquifer is the main hydrogeoch€micalprocess,

which runs the quality of groundwater in th€ study area.

lon-ex(hangG pro<esrot

It is imporrant to know rhe variations in the chemicalcompo-
sition of groundwater during movement. The Chlom-alkaline
indies CAI-I and I ar€ suggested by Schocller ( I 9?7), which
sp€ciii€s the ion exchange among groundwater and its host

atmosphere. Th€ CAI indices used in the ass€ssmeni of the

Birsc Exchange pro.ess calculated usinS lh€ turmula.

Chloro - alkaline ind€x I =
Chloro - alkaline index lI =

(cl-(N.,t + K.)) /cl
(cr (Na++ K+))/(sol + HCor + coi + No;).

E
a

flg. 5 Distriburbn of mrjor ions rehionship in groundwurer u. Cu+M8+ and b. Na+/Cl

:r..::...t'is . i.' t'..'.."
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Fig, 5 r, b Tle mechanism controlling lh. groundwater chemisry in the study .rca

Whenever Na+ and K+ ions are exchanged with Mg']+
and Ca2+ ions, the indices yalue will be positive, indicar-
ing direct Base Exchange reacrion or Chloro-alkaline equi-
libriurn. Whil€, ifthe process is in the opposite order then
the indices are found to be negative, indicating Chloro-
alkaline disequilibrium or indired base-exchange reaction.
The Chloro-alkaline indices (l and II) are calculated for
the coll€cted walers ofthe area (Table I ).It was observed
lhat around 507. of samples show posirive and negative
ralios in CAI-I and CAI-ll respecriv€ly. From the assess€d
Chloro-alkaline indi€es (CAI I and II), the principal seo-
chcmical process in thrs hard rock aquifer is rhc reversc ion
exchange prrcess that leads to higher calcium and magne-
sium content in groundwater.

Chemlcalfades ot the groundwater

To identify the groundwater water type and hydrochemi-
calprocesses. a new hydrochcmical diagram proposed by
Chadha (1999) is used (Fig. 7). This is an improved v€r-
sion ofthe Piperdiagram (19:14) and the prolong€d Durov
diagram (1948). The modification is that the two sym-
melrical triangles w€re omitted and the shape ofthe main
study fi€ld is ditrer€nt. The main study sub-fi€lds of the
diagram denne lhe general charrcter ofwaler. When wat€r
samples plo(ed in the Chadha diagram fall within field
6, it reveals lhal alkaline earths exce€d alkali merals and
strong acidic anions ex€eed wcak acidic anions. This kifld
of water has a perman€nt hardness and does nor deposit
residual sodium carbonare in irdgaiion use (Chadha 1999).
The locations of data points denoting in the Chadha dia-
gram representing the Ca'?+-Mg1+-CI- water rype- Tie
samples that fall in the 71h calegory reveals that the alkali

@ sp.i"gc.

Fig.7 Ch.dha diagram showing the warer type of rhe ground*aler
samples of ,!ln, districr

m€lals exceed alkaline earths and strong acidic anions
€xceed wcak acidic anions (Chadha 1999). Such watcr
generally crcates salinity prohlems both in irrigarion and
drinking uses. The positions of data points in the Chadha
diagram represent Na-Cl. Na-SO{ type water.

Sultablllty lor hrlg.tlon

An assessmenr of Sroundwater suitability for irriga-
tion purposes, water quality, soil types, and agricultural
pracrices arc playing an important role The impoflanr
chemical parameteN that afrecr the water suitabiliry for

B
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o
t

L.."

(ca+Ms) - (Na+K) (meqn)
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ir igation arc the tolal dissolved salrs, relativc propoflion
ofbicarbonare kr calcium lnd magnesium, sodium tocal-
cium. Thc snlinity indices like sodium pcrcenlagc (NaZ).
sodium abrorplion ratio (SAR). and permeabilily index
(PI).re imporrrnt lactors lbr deiermining the groundwa(er
suitability lbr agricultural prac(ices.

Sodium adsorption ratio

Ilxcersive s(xlium concentralion can reduce the permeabiliry
tnd soil sructurc. which inhihirs the supply ofwater necded

lbr rhe crops (Todd and Mays 200,1). The exccsr, sodium
(SAR) wrs estinrated using lhe lbllowing lbrmula (HE[4
l9ll5l

sAR = Na*

,G.-.N,"'V-------
All rhe concenlralions in rhis equalion are expressed in

mcq/L. The cl.Nsitication olwater samptes of (he study area

ba$d on SAR is given in Table 2. Allwater samples ofth€
arca llll uDder the excellert category concerning SAR, and

h€nce, there is no hazard due to sodium.

Table2 Clr\sili.arn)n oag(Nndwarer quali(y based on rhe sunabilily
ol wrter td iriSa ,n purposs

l'drameters RanSe

!

\%)

fig,a Grcuping of nngadon warer qullit) based on salinity hd.rd
vs. sodium adsorprion Blio

Fur raring irrigarion warer. rhe US saliniry diagram wa\
used, in which the SAR is plo(ed againsr EC. Thc USSL plot
representing that, 34% of groundwaler samples fall in C2Sl
(M€dium salinity-low sodium type) is suggesting that lhe
water typ€ in the study region has medium salinity with low
sodiumcontent and it can be us€d for irrigadon on all types
of soil (Fig. 8) and 60% of the samples fall in the C3S I cate-
gory indicalinghigh salinityJow sodium type. Only 6% falls
in the medium salinity too high sodium cateSory (C3S2).

This type of water can be used to irrigate sah-lolerant and

semi tolerant crops under favorable drainagc conditions.

Sodlum per(entage (l{a %)

Il is sigflificant lo rhe estimarion of sodium perc€ntage in
the water classification lbr irrigation use due to ilsability to
reacr with soil that decreas€s its perm€ability. which affec$
bolh soil and crop. Il is important to calculate sodium per-

centage with SAR to determine th€ elTeci of sodium. Th€
percent Na is calculaled using the formula:

Sodium percenrage(Na%) =
(Na. + K.)

x 100,

trc <250

250-750

750-2000

2otrl300o
> 1000

10,r 8

l8-26
>26
<10
20-40
.t0-60

ari!ll0

t1

< t.25

t.25-2.50

>2.5

Gdxl (S2)

Cood

0

28

65

07

OI

100

0

0

0

0

2t

0t

0l

2

li

90

94.24

5.1t

Ca++Mg++Na++K+

where rll concentrations are in meq/L. The classification of
water samples based on % Na isgiven in Table 2. As p€r the
(Wilcox 1955) classification lbr irrigation, 22 samples fall
under the pemrissible calegory, 82 samples (Table 2) were
tbundin th€ doubtful category andonly I sample falls under
lhe unsuilable calegory (Fig. 9).

NlR
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Flg,9 Wilcor dingrun of€lec-
trical conductivny and sodium
percent lor classification of
water quality of iiiigation

2

t

El€ctrlcal Condurtivity (micromhos/cm) r( 250 C

Xellytind€x

The KI is based on the ratio oflhe conc€nrrarion ofsodium
lo c.rlciun and magnesiunr. The KI was calculatedusing the
lblhwing formula (Kelly 1963). According to this index, il
lhe value of KI is less rhan one (< I ) suggests that the water
is suirablc for irrigation whilc thosc u'ith a greaterrario are

unsuitable. Whcre rll tuns arc exprcssed in meq/L. KI cal-
culated hy thc formuhi

Kelly's 
'nde\ 

(KIl =
Ca" + Ms''

The classificalion of lhe qualily of irrigation waler
based on KI is presented in Table:. Only one sample
falls in lhe margin.rl category and the rest lalls above lhe
unsuitable limir, indicaling a higher perc€ntage derived
from wealhcring of lithological units of thc study area.

Residual 5odium calbonat€ (RSC)

The calculation of RSC is essenlial to delernrine (he

harmful elfect of CO1: and HCOr on rhe qualiry ol'
wal€r for cultivation usage. The RSC value was calcu-
lalcd. u\inB rh. rclalinn. shcrc r,'nr( (,,nicnrrari,,n i\
cxprcsscd in meq/L.

RSC = (Coi + HCo;)- (car+ + Mer+)

Q sp'i.g*

While RSC < 1.25 is safe for irrigation. it is considered
unsuitable if it is greater than 2.5 (USEPA 1999). The
groundwater ofth€ study area is classified based on RSC
and the results are presented in Table 2. From the lotal
sample, only 02% of the samples fall in good. 08% fall
in Doubtful and 90% of samplcs ar€ fall in the unsuitable
category for irrigalion use (Table 2). High RSC in thc
irrigation water is due to fin€-textured soil rhat will result
in lhc development of alkali soil.

Magn€sium h.z.rd

To mainrain a stare of equilihrium in waters. magnesium
ions are playing an important role. Paliwal (1972) intoduced
a ratio formula that calculates the magnesium hazard. This
tormula was suggesing lhar lhc rario \alue of magnesium
hazard crossing high (>50). results in declining thc crop
yield as so'ldevelops alkaline narure. The magnesium ralio
is calculatedby the following formula.

Masnesium raLio IMR) = 
M8* t tm." Ca* + Ms*

In the current study, out of a toral of 99 samples (Table 2)
93 fall under the suitable for irrigation category i.e. MR < 50.
The remaining 06 sanf,les fall in the unsuitable category
with magnesium hazard> 50 suggesring thar the samples

can atrect th€ agricultural yield.
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Statlstl.al correhtlon

The Spearman correlation matrix was buih io evaluare lhe
strength of a Iinear association belween lwo variables of
waterquality parameters from ihc study area. The sratistical
soflwarc Statistical Package forSocial Sciences (SPSS) ver-
sion 23 (IBM 2015) is used ro perform thecorrelation opera-
rion. The exkacted ourput ofcorrelation from water qual,
ity parameters is presented in th€ tabular form in Table 3.
Significant coftelations w€re observed between waterqval-
ily parameters. A slrong negarive correlarion of pH wirh
ORP (- 0.931) and a w€ak nesarivc with sodium and cal-
cium (0.264 and 0.193) correlation has hcen observed. The
srrong posirive correlation has bcen found berween TDS
with EC (1.00). chloride (0.311), uranium (0.s76), ha.d-
nes\ r0.261' sodrum (0.219,. calcium r0.JM,, magne\ium
(0.2,17) and bicarbonate (0.259). whereas a week correlarion
has been noted in TDS to fluoride and nirrate. The ORP is
signifi canrly correlared wilh temperature, fl uoride, uranium,
sodium, calcium, and magnesium.Ir is suggesting thal OPR
isplaying a signilicantrole in groundwater qualiiy and afleci
lhe movcment ofcontaminanr specics. Thc temperature and
fluoride are po.rrively correlaled to carions \uch as uranium.
sodium, calcium, and rnagnesium. A strong positive correla,
lion coemcienr (0.576) uas ob\erved between uranium to
TDS and EC. A week posilive correlation was observed in
uranium to ORP, calcium. magnesium, andbicarbonare ions.
This finding ilself suggest ing thar thc cxisrence ofuranium
may hc due 1() thc soluble mincral salls as well as an anlhrc-
pogenic source like excessivc usc of phosphat€-containing
ferdlizers, the same finding is reported by many researchers
(Sharma and Singh 2016). Based on the result, it is very

important to minimizc thc usc of chemical-based fertilizcr
and dischargc ihe radioacrivc waste in wa(€r bodies. Thc
calcium and magncsium ions also posirively correlated with
each other. It is suggestinS lhat the weathering of bedrock is
the main source ofthe cations.

Custeranalyrlt

In this study. the Cluster Analysis (CA) classified thc
walc. qualiry data in diferent groups and prcsented il
in the form of a dendroSram represcnted in Fig. l0 and
extracted cluster variables in Table 4. The Ward Linkage
method (Squared Euclidean) method was implemented
for the analysis ofclusters. Th€ CAjoin€d the groundwa-
l€r samples ofthe study region into three types ofcluster
groups- For the waterqualiry paramerers, the Firsi cluster
conlains pH, dissolved oxygeni phosphatc! uraniumj and
polassium, whereas clualer two including TDS. EC, pH,
ORP. temperatur€. chlorid€, nitrate. sulfare. rotal hardness
and bicarbonate. and (otal hardness which indicating that
input from the dissolution of xoluble salt. The fluoride.
sodium calcium and magnesium are th€ only param€(er,

Tabl. 4 Firrl Partition of wnlo quality pram.tes da the study aEr

pH. DO. POI . U, rd K+

TDS, EC. ORP. Tcnrpcrarurc.
cl . Noi . soi . TH. and
HCOl_

Fi9. lO Clustding d.ndrc8ram
of water quality p.BmeteB

Dendlgram
Wrrd Utrkrge, Correlrtlm CoefRclent Dhtmce

2. t8

t_45

o

'itsoE
2298 .t t8Is>F

Q sp;'s*
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which ialls under cluster 3. The CA groups are mostty
resulting from lhe dissimilardissolurion of minerals from
rock and the high calcium and magnesium conrent in soil
are mainly deep black cotion types of soils occurs and ir
p€rco,ates due to rainfall (Rajesh et al. 2012). The results
indicate that CA is usetul to classify water quality param-
erers in an ideal way and olTer a reliable arrang€m€nt ot'
wal€r qualily parrmeters in the groups ofrhe study area.

Fa<toranalyris

ln lh€ pr€rent investigarion, ihe factors are exkacred using
the Varimax rota(ion of principal componenr me(hod ifl
lhe t-dctor analysis test. It helps to compare compositional
patterns ol analyzed data of water qualily paramerers. The
rotaled loading Inatrix. th€ total eigenvalue ofdifferenr fac-
lors, variance percen(age wilh cumulative perc€ntag€ are
prescnted in Table 5 and presented in scree plot (Fig. L ).
Thc FA of the warer quality parameters were exrracted
abov€ the criterion eigenvalue one (> l). The 18 variables
are loaded tbr extraction, out of, fiv€ factors wer€ extracted
is pRsenreJ in lscrce plu0 Fig. 10. The roLal varian(e is !on-
rribuled lor Fl is 3.22%,lbt F2,2.88%,F3,2.21%,1.fi% for

F4 and 1..10% for F5. rcsperlively. The cumularive percenl-
ages arc 17.97., t6%, 12.30%. a.90E and 7.80% for Fl, F2,
F3. F4 and F5 correspondingly. The Communality percenr
vrriance of all fac(ors is 62.83%. Factor one having 17.99l
of lhe lotal variance is showing strong positive loading of
iluoride, sodium, calcium. and magnesium suSgesting lhat
rhe groundwat€r environmenl is dominanr by ltuoride-bear-
ing minerals like s€llaite, villianmire, and Buorit€ (Jha et al.
2013) which controlling geochemical mechanism Ieads io
lcach lhe fluorideconrenl in the groundwater (Adimalla er al.
2018: Ayoob and Gupra 2006r Li et al. l0l9). A signilicant
correlalion was so noriced between fluoride. sodium. cal-
cium, and magnesium.

Th€ se(ond factor loaded with TDS, EC, chloride, niirat€.
sullate otal hardness which indicaling rhar inpur liom the
dissolutnnr ot solubl€ sah. Chloride is mobilized mainly
through the wealhering of rocks (FernAndez-Turiel er al.
2003). The presence ofCl can be a(ributed to natural and
anthropogenic sources. The significant load of nirrate and
sullate indicating rhar the anrhropogeric sourc€ ofchemical-
based tartilizers. This ti€ror may be termed as eulrophica-
tion tactor as the sign of the loadings of nitrate and sulfate
concenlration leads to the eutrophication process. ln la!^tor,

T.bh 5 Exraded valuesor
vnrious ircntrr of wdrer quatity

Fduere.s for the nudy ea
Rotrt.d F rrItrrdin!\ nndcon,munxlnir\

Fmtor 5 Commundln!

ms
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DO

F
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U
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-0.t3
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2.EE
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o11

001
010

0:0
0:2
0 t0

0:9
0 t:l
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- 0 1'1
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- 0.72
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-005
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Flg,11 Scrce plor of extrdcred
facrors of water quahy param
eic^ from rhe study arca

F2 conlributes l6% of the total v.rriance with an eigenvalue
of 2.635. The pH and ORP are inversely loaded to each
other in factor three and suggesting that it may be termed
as a heavy-meral removal faclor. An increase in (he oxygen
reduction porenlial of wa(er willdisturb the conracrbetween
meial ions from the solurion. Same work is rcponed thar
ORP monitoring may apply to track theconditions and pcri-
odic dcviations of heavy meral pollulion i0 groundwaterand
also give the response for more effective metal removal pro-
cess from the groundwater (Bose and Sharma 2002: Kale
et al. 2020b; Racys et al.20l7). Factor four represented
8.90% of the ldal variance and rhe uranium and phosphate

are significant posiriv€ly Ioaded. This fa€ror suggesting rhat
lhere is lhc samc source forphosphate and uranium. Amhro-
pogenic sources likcexcessive usc ofphosphari€ fertilizcr in
agricultural pracliccs can cause thc dissolution ofphospharc
in groundwater. The same finding was also reported by my
research workers (Losanarhan el al. 2006i shekhar er al.
2017i Singaraja et al. 2014). Fa.tor five contributes 7.lt% of
the lolalvariance (eigenvalue 1.251) is inversely loaded with
polassium and bicarbonate. The source may be forpotassium
bicarbonate is a fungicide uscd to control th€ powdery mil-
dew (Sawant and Sawant 2008i Wenn€kerand Kannc 2010)
which percolates from the surface to groundwater aquifer

Spatlal distributlon mapping

Spatial distrihution analysis of uranium conccntration and
other waler quality parameters was performed using Arc-
GIS 10.3 soft\rare. The inverse distance weighted (lDW)
interpolation method is used for the preparation ofdistri-
bution maps. IDW is an algorithm to interpolate the spa-

lial data hased on weighted average values ofsurrounding
sample points. The interpolalion method is assuming rhc
values arc ncarer lo one anoiher are morc alikc than those
which are farther away. The spatial distribulion map of
pH. ORP, TDS, EC, DO, ffuoride, chloride. nirrate. sul-
fa(e, phosphate, uranium, total hardness, and bicarbonate
are presented in Fig. l2a-m. These ligures are practically
visualizing how water qualily parameters are distribure.l
over a study area. The pH is nol uniformly distribured,
which is thc east side is of ihc study area clcvatcd in thc
pH values. i.e.. 8-9 pH. The main reason for this is thc usc
ofalkalinc chemical-bls€d ferlilizcr. Thc OPR ir inversely
proportional ro pH (Fig. I la. h) which is ,howing rnverse
distribution over the study area. The spatialdistribu(ion of
lhe TDS and EC of the study area is showing scatter dis-
lribulion. In lhe distributioD map, lhe red-colorcd point's
heights which are crossed the permissible limit suggested
by thc hcahh agcncy. The main source for dissolvcd solids
is the dissolulion ofsoluble salis in an unsaturated Toac
(Sharma ct al. 2017). The dissolvcd oxygcn and fluoride
content are well below the permissrble limits. In the case

The percentase varilncc in thc dataset for
cxtraction ofprif,cipal componanh = 62.lil
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groundwater. The major observations are found in rh€ study

.1

1_

2_

3.

5.

8.

t. The water quality parameter exceeded the recom-
mended sat'e limit tbr drinking purposes for most
parameters at very tbw locations.
Th€ concentration of uranium is found in the ranse
from 0.1 to 16.3 Ug/L with an average value of2Ig,{-
that is wellb€low the guideline value recommended by
the World Health Organizatbn.
The \equenc( ofrhedominanr malorcarions and anioni
is Car+> Na+ > Mg?+ > K+ and HCOr- > Cl- > SO{?

Piper rrilin€ar diagram indicates, dominant hydro-
chemical faci€s of groundwal€r in the study area are
Mixed Ca?+-Na+-HCOr-, Na+{t- and Na+-HCOr-.
Also, similar obs€rvalions were observed from the
Chadha diagram. r

The Ca.Mg rario in rhe majority ofsamples observed
above the l. indicadng rhe ioo exchange with Na+ wirh
increasing Mgr+ ions suggesting that lhe dissolution
ofcalcite. also some samples indic ting the dissolu-
tion oI silica(e min€rals rhar conlribure calcium and
magn€sium ir groundwater.
Based on Gibbs's classification, the major;ty of water
samples fall in the rock-warer interaction dominance
rndrcaling lhal werlheflnS otrhe hosr rock in rhe aqur-
ibr is the main hydrogeochemical process in rh€ study

BNed on the ion-exchange processes of rhe study area,

it was observed lhat around 50% and 84% of samples
show posilive and negative ratios in CAI-I andCAI-II,

Evaluarion,,1 chemrcal racies ol rhe gruundwarer using
Chadha classilicalion. the samples are lall within the
tield 6, revealing a Ca'z+-Mg?*{l warer type. In this
field. lhat alkaline ea(hs exceEd alkali metals and
slrong acidic anions exc€€d weak acidic anions and
lield 7 repr€sent Na-Cl, Na-SO4 type waler reveals
that the alkali merals€iceed alkaline earlhs and strong

acidic anions exceed weak acidic anions

The grounJwater sulahliry was a\\essed lirr ini8.rfion.
All water samptes of the arca fall under the €xcellent
category for SAR and hence, there is no hazard due
to sodium. The USSL plot indicaring that 34% of rhe
groundwater samples fall in C2Sl (M€dium saliniry-
low sodium lype), suggesting thatstudy area warer has

medium saliniry \ ilh lu\r sodium cunrenr and it crn
be usedfor irrigation. Around 60% oflhe samples fall
in the C3Sl cat€gory indicaling a high saliniiy-low
sodium lype. This (ype ofwatercan be used to irrigate
salGtolerant and semi toleranr crops under fivorabl€
drainage conditions.

q

ol ehloridc and nitrate, there are 5-6 sampling poitrls
rrhich show thc same patlern ofdisrribution dcnoting rhere
is any constitutional pattern ofthar particular localion. The
possibility of poinl source contamination or maybe het
erogcneous groundwaler chloride and nirr.ue. The values
rh€msclves indicating the rnthropogenic sourcc of pollu,
riur Iike €xcessiv€ use ol chemical-based l'erlilirers. The
sull,rle dirnibution paltern is showing the srmc pattern as

TDS. The sources for sulllre in groundwalcr.rre lhe dis-
s,,luu,'n,'l \ullurc bearinS r,'ck\ rFif. I lr) Th( uruniurn r.
sh,,q rnt wellbel,,w rh. pcr m',\ihk. hnrir Thc rn n source

lbr the utunium in the study area is geogenic ir narure. The
hrrdnrss, sodiunr. calcium, nd mrgnesiunr disrribution
p,rttern .rre €l boraring the same patrern.

Conclusion

Ellorts nre made in the present study ro undersrand rhe
hydroSeochemic,rl proscsscs in the hard rock aquifers of
D(((un lrrp bu\ ll rn \\e'tcrn jndir rnJ rrulri\iuiure rr!-
tis(ics employed ro delineare (he sources of major ions tn

Q sp.r.s*
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groundwater. The major observartuns are found in the srudy

q

ol chloridc and nirrate, there are 5 6 sampling poinls
which show the same patrcrn ofdistributrcn dcnoting there
is rny constitulional pancrn ofthat particular localion. The
possibility of point source contaminarion or maybe het,
eroScneous groundw ler chloride and nirrare. The values
lhemselves indicrtin8 rhc .rnthropogenic souree of pollu-
lion like exeessivc use ol chcnrical-based l'ertilirers. The
sullate distribution pa(crn is showing the s.rnre paltero as

TDS. The sourccs for sulfatc in grcundwrler nre rhe dis
Jlutiun,'l \ulliruhcurinr,r,rl\rFiE I Ir).Th( ur!nium is
ihowin€ wcll hcloq rhe|ljrm',\ihle Lmu. The matn sour(c
lbr the uranium in the sludy area is geogenic in nature. The
hardncss. sodiunr, c.rlcium, and magn€sium distribulion
puuern rre ehborlling the srme parcrn.

Concluiion

Eflirts are made in the presenl study to undcrsrand the
hydrogeochemical proccss€s in the hard rock aquifers of
D(((!n lrJp busxll rn $e\rrrn IndiI and nrulri\irn re.rd-
listics employed to delincate the sourc€s of nlajor ionstn

The water qualily parametet exceeded the recom-
mended satt limit tbr drinking purposes for mosr
parameters at very iew locations.
The concentralion of uranium is found in the range
from 0. I to I 6.3 Ig/L with an av€rag€ value of 2 Fg/L
ihat is wellbelow fte guideline value recommended by
the World Health Organization.
The \e4uencc of rhe dominanl majorcarion\ and anioni
is Ca'?*> Na+ > ME'?+> K+ and HCor- > Cl- > soa?-

Piper trilin€ar diagram indicates, dominant hydro-
ch€rnical facies ol groundwaler in the study area are
Mixed Ca2+-Na+-HCo1-, Na+-Ct and Na+-HCor-.
Also, similar obs€rvalions were obs€rved from rhe
Chadha diagram. r

The Ca/Mg ratio in lhe majority of samples observed
above the l, indicating the ion exchange wirh Na+ wirh
increasing Mgr+ ions suggesting thar rhe dissolution
ofcalcite, also some samples indicrtin8 th€ dissolu-
tion of silicate min€rals that contribute calcium and
magn€sium in groundwater
Based on Gibbs s classification, $e majority of water
sampl€s tall in the rock-water interaction dominance
rndrcaling rhdr wedrhering ofrhe ho\l rock rn rhe dqui.
teris lhe main hydrogeochemical process in the study

Bas€d on the ion-exchange processes of th€ study area,
it was observed lhat around 50% and 84% of samples

show positive and n€galive ratios in CAI-IandCAI-II,
respectively.

Evaluarion ofchemical lacies of th( gruundrarer usrnS

Chadha classilicalion, rhe samples are lall within the
lield 6, revealing aCa'1+ Mg']+-Cl- watertype- In rhis
li€ld, that alkaline earths exceed alkali metals rnd
strong acidic anions €xceed weak acidic anions and
Ii€ld 7 r€present Na-Cl. Na-SO4 type waler reveals
(hal the alkali melalsexceed alkaline earths and srong
acidic anions exceed weak acidic anions

Th€ groundwarer suirabiliry was ass€ssed lbr irrigarion.
All water samples of the area fall und€r the excellent
calegory for SAR aod henc€, there is no hazard due

ro sodium. The USSL plot indicating thar 34% of rhe

BrounJwater samples fall in C2Sl (lvledium saliniry-
bw sodium type), suggesting thaistudy area water has

medium salinity \ llh luw sodium content and it can
be used for irrigation. Around 60% ofth€ samples fall
in the ClSl category indicaring a high salinityiow
\odium ryn€. This llp€ oI warer can be used to rrrigare
salt-tolerant and s€mi tolerant crops under favorable
drainag€ conditions.

l.

'7_

5

8.
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10. Thp Spearman corrclation matrix was builr to chcck
lhc coffelalional pattcrn in the walcrquality dala. F(rm
lhis, signilicant correlaiions werc observcd bclwccn
w,rler qlrahly pdramele^. The.lusrer naly.r: re,r \ ns

peribrmed roclassify the water qualiry dara in ditterent
groups. Fronr drc data, three clusters are exrracred. Th€
lacror analysis was perlormed li)I l8 variables, oul ot
whi(l 5 tacloh uere errra(re,l. The nruhi\aflatc \turi!
rical analysis helps to evalu.ltc thc origin ofpollurants,
dependenr variables. and tnci)rs lhal allect thcquali(y
of warcr The spatial distriburion maps are crcarcd for
visualizalion ofpollutants over the sludy area.

ll. The Iimitations ofthis particular srudy are;rhe aulhor
has to consider olher geologicrl prrrmeters for (he

comprehensive lo make ir more insighliul, bul due to
resource limilations and lack ol instrum€ntatron facili-
ties, thereiore the othcr par.meters could not be taken
up. Thereforc the currcnt para'ncters are analyzcd as
per thc faciliratcs arc availahlc at the university Iab.

Actnowledg.menc We arc thantlul lo rhc l-aboraktry slall and
resedrch colleagues oa the Deprrtm.nr oi Environmental Science
Dr. BrhasahebAmbedkar Mararhwad^ llnivcrsity. AoranSab.d The
aulhors arc extremcly thaDklul ro tlt Bo,ftl of Research in Nlclerr
Scicnccs (BRNS). Departmenl ofAromic Encrgy (DAE). cotqnmcnl
oflndi! tu ptuviding $hnnorl stpNrt for res.nrch woils.
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