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Abstract

Spatial and temporal variations in chemistry of groundwaterprimarilygoverned by
hydrogeochemical processes within the aquifer and other anthropogenic acti@itiesiical
analyses of groundwater samples from areas under active exploration for uraciemirah and
westernparts of SinghbhunshearZone (SSZ) have indicatedow uranium(<17i 9 ppb) The
general order of dominance of the major cations afe>Cla” >Mg®* > K* while that for anios
are HCQ' > CI' > SQ% > CO:*. Groundwater of these areascategorized as HCGQlominant,
mixed Ca Mgi ClI type poining towards its meteoric natur&ibbs ratio plot suggests rdokater
interaction as major contributor to the salinity and variation in water chenlistmyconductivity
(Av. 0.4)and its linearity with major catiorsnions can:bettributed to adequate rainfall,dfeby
groundwater recharge in the arédficient groundwater rechargalows less residence time for
water within the aquifer and limited cati@mionreactionto form complex with uranium. &ar
neutral pH level(Av. 7.4) and weak acidic nature (HGO> ClI' + SQ?) of groundwater has
restricted uranium solubilityln terms of ‘salinity,hardnessand uranium, thequality of the
groundwater of the study area, @®mparable to BIS and WHO prescribed limiEurther
predominance of low to medium| 'SAR with madi to high conductivity categorizes the
groundwater suitable for irrigation.
Keywords: Singhbhum Shear.Zone (SSZOhloroalkaline Index (CAl), Gibbs Rati®rincipal
Component Analysis (PCA), Sodium Absorption Ratio (SARgsidual Sodium Carbonate
(RSC) Rermeability Index (PlandUranium

1. Introduction

Chemical composition of aquifer rock and waterock chemical interaction processes
therein primarily control the ground water geochemisind its seasonal variatidmased on
climatic indicators like evamration, precipitation, evapwanspiration etcSecondary controls,
like interaction with disintegrated products of rock weathering, presence of oxidized sulphide
species;.tailings and mine dumps may leatthéoacidification of the groundhter and the tease
of metals (Eary et al., 2003; Heikkinen et al., 2002; Milu et al., 2002). The ability of the host rock
to act as a buffer naturally attenuates these changes in pH at many metallogenic provinces (Al et
al., 2000; Berger et al., 2000Ylore recently, bbong with risk assessments, paralfigdlds of
researchare also oriented in characterizing the geochemical and biological processes in the
aquifers, guidelines for water safety plans, remediation strategy making and developing Indian
guidelines for managkaquifer recharge (Dillon et al., 201S8ingh, 2013).

Uranium, a naturally occurring radionuclide, is usually observed in low concentration in
all surface and groundwater but intake of drinking water with higher concentration of it may
cause chemical andadiological toxicity leading to health hazards (Zamora et al., 1998).
Therefore monitoring thgroundwater chemistrground active or potentiahining area is a pre
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requisite to quantify and evaluate post mining chemical changes and environmental impact
assessment.

Mining and hydrometallurgical processing of uranibgnUranium Corporation of India
Ltd. (UCIL) started in early sixtiem the central part of Singhbhum Shear Z¢882)in East
Singhbhundistrict of Jharkhand. Mining of low grade (<6% U:Og) uranium ore from a cluster
of mines (Jaduguda, BhatitNarwapahar, Turamdih, Bandhuhurang, Bagjata, arudhulMih)
generates a huge quantity of processed waste (tailings) which poseatissafely in tailings
ponds.Although, engineering features of tharénen bund ensures the decantation of dissolved
radionuclide,the water is subsequenttyeated for removal of the toxins (#°Ra and heavy
metals) prior to discharge into the aquatic ecosystei@onsidering the changs. in
physicochemical charactstic of tailings over the péd, dissolution of contaminantsn
groundwater can be anticipated. Recent assessment of groundwater ecosystem surrounding the
oldesturanium processing facility at Jaduguattad also around Bagjata in eastern pa@$¥ has
revealel that the groundwater in the area around the uranium facility is‘not affected by the mining
and milling activities and radiological risk due to uranium in drinking ywater is insignificant
(Singh and Singh, 201&ethy et al., 2011

Extensive exploratiorby Atomic Minerals Directorate (AMDas established several
medium grade uranium deposits along the 220 km long Singhbhum SheainZiowkéng the
sevendepositswhich arepresently being mined by UCIlUn.recentstudy, groundwater samples
from the ongoig exploration blocks in central (Rajd&aradih)and western parts (Banguredih
Mahalimurup) of Singhbhum Shear Zone were /analyzed quantify the hydrouranium
concentratioras exploration guidandto evaluate the ‘geochemical associatipig. 1) In view
of the uraniummetallogenyof the area and its related environmental congeires available
analytical datehave been processtnl assesghe uranium solubility in the aqueous systemd
potability of groundwater The present papateals with thegroundwagr chemistryof these
exploration blocks and its suitabilifgr domestic and irrigationsages.
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Fig. 1 Location of the water samples along Singhbhum Shear Zone
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2. RegionalGeology of the study area

The 20 km long arcuate intensely deformed SSZ sepathgéefrchean cratonic nucleus
on the south and the Proterozoic North Singhbhum Fold Belt on the north. The Archean craton is
a granitégreenstone terrain comprising (a) a large composite giémii@ite batholith known as
SinghbhumGranite Complex and (b)the enveloping rocks ofron Ore Group consisting of
metasediment@s, metavolcanis, mafic sills and dikes. The northern fold belt is represented by
(a) extensive siliciclastics belonging to Singhbhum Group and (b) intercalated lateneily
Proterooic volcanesedimentaes and mafi¢ ultramafic intrusions of the Dhanjori Group and
Dalma volcanic belt. The SSFaverseghe rocks of Singhbhum Group, Dhanjori Group, o
Ore Group lying at the northern periphery of the Singhbh@Granite Complex. Tledithelogy
within  SSZ comprises quart4 chlorite schist, quarizericite schist, quaritbiotite Jschist,
guartzite, conglomerate, soda granite/feldspathic schist, and granophyre£.Some of these rocks
including soda granite/feldspathic schisind granophyresare restricted in .the shear zone
Gradational contact between quéartrmiscovitéchlorite schists and soda, granite demonstrate
these rockso have formed by replacement of the metabasic/metasedinesntiarough Na
metasomatism (cf. Banerji and Talapatt66; Banerji 1981; Sarkar1984) hence ageneral
termo ff efil ds p at husatfor thesbrockst 0 i s

Several uranium, copper and apatibagnetite depositsare hosted in these
hydrothermally altered, deformed and metamorphosed wicRg1ghbhum Sheatone Previous
studies propose multiple stages of mobilization of U, Cu.and rare earth elements starting early or
prior to the beginning of formation of the shear zone'(Raoand Rao, 1983; Sarkar, 1984, Pal et al.
2009).
3. Geomorphologyand Climate

The SheaZone is mainly covered by‘structural hill with intermontane valley in between
and pediment and pediplain adjacent té&2diplain covers majority of the ar€e60%)whereas
least area is covered by undissected plat&éaa main river of the region i.&ubarnarekha flows
along the midway of the East Singhbhumvdistrict and numerous small tributaries branch out from
this river and spread in the entire \regidme shear zone lies to the south of the Subarnarekha
river. Terrain mapping has indicated thagional slope trends in SYINE directionin the SSZ
(Singh and Dowerah, 2010Jrapical climate prevails in the region characterized by very hot
summer and cold winter. Summer is typically from mid March to mid June when temperature
ranges from 44°C in day/tt9°C in night.In general,80% of the rainfall occurs during period
from mid June to mid September. These areas record ~1300 mm of rainfall on an average.

4. Sampling and Analytical techniques

Groundvater samples (n= 114) were collected from three diffeseatorsalong the
Singhbhum Shear Zone

1. Bangurdihi Mahalimurup area (n = 31) in the western part of SSZ.

2».“/RajdahNimdih area (n = 35) in central part 86Z and

37 GaradihNanduparea (n = 48) also in central part3$Z

RajdahNimdih area and Garadiandup area potential blocks for future uranium
mining fall in the east and west of Narwapahar uranig®posii respectively Bangurdik
Mahalimurup areas lie in the western part of SinghbBagarZone (Fig 1).

Grounadvater samples were collected frdmnd pumps extensively used for domestic
purposeby local inhabitantsWater table in the area varies fromi550 m Prior to sampling,
hand pumpwas flushed for 23 minutesat each location anavater without visible insoluble
particles or plant algae vas collectedin duplicate in virgin polyethylene bottlehoroughly
rinsed with the same borewell water. Each sample was then filtered through 0.45 pum membrane
to remove the suspended particlese set was acidified using reaggnhde concentrated nitric
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acid (1M) to bring its pH to 2, in order to preserve uranyl ¢§&0ions in solution for a longer

period and preventingits adsorption on the container walls.

packed airtightdevoid ofair bubbles.
Samples were analyzed the Chemistry Laboratoryiastern RegionrAMD, Jamshedpur
Volumetric titration method was used to analy#@0Os', CI, Cd? Mg andCO:?. Na“ and K
were measured using the flame photometers, Sy turbidimetry, pH by pHmeter and
condwetivity by conductivity-meter. Scintrex UA3 nitrogen laser fluorometer was used for

uranium estimationThe accuracy of the analytical data was checked by calculating the ionic

balance errors and found to be generally within +5%.

5. Results andDiscussions

The statistich summary of data pertaining to major cations, anions ‘and physical

Finally the sample bottles were

parameters likepH, conductivity and calculated TDSare presented in/ Tablel. Various

parametersvere used taharacterizéhe geochemical processes and mechanisms responsible for
the groulwater chemistry of study area while its suitability for drinking and irrigation usages are

evaluated in terms of physicochemical propertes given inTable 2. Overall, no notable
variations were observed in the analytical results of groundwater, saimpteslifferent sectors

of Singhbhum shear zoneo in the following sections the analytical results are discussed as a

single population (n=114) and not sector wise as they were sampled

Table 1. Statistical summary ofremical analysis ajroundwateof Bangurdih-Rajdah

Garadih areas

Chemical pH Cond u HCO3 cl- SOy Na* K+ Ca®* Mg? TDScac

Parameters (mS/cm)  (ppb)  (PPM)e(ppm)  (ppM)  (pPM)  (pPmM) (ppM)  (Ppm)  (ppPmM)
BANGURDIH AREA,; WESTERN SINGHBHUM (n=31)

Min 6.8 0.12 <1 59 10 5 8 <1 8 5 101
Max 7.5 1.58 9 248 420 50 54 3 220 42 948
Average 7.2 0.48 - 124 83 15 24 1 48 14 308
Median 7.2 0.26 - 118 32 5 18 1 26 6 197
25 percentile 7.0 0-19 - 88 15 5 14 0.5 15 5 147
75 percentile 7.3 0:75 - 139 120 30 33 1 48 24 395

RAJDAH AREA, CENTRAL SINGHBHUM ( n=35)
Min 6.9 0.10 <1 23 7 2.5 5 <1 8 1 87
Max 8.2 1.13 1 126 284 100 67 4 112 48 629
Average 7.9 0.36 - 75 61 23 22 1 31 11 223
Median 8.1 0.28 - 68 36 10 16 1 28 9 189
25 percentile 7.8 0.20 - 52 21 2.5 13 1 12 5 130
75 percentile 8.2 0.40 - 99 71 30 29 1 32 14 245
GARADIH AREA, CENTRAL SINGHBHUM (n =48)

Min 6.3 0.12 <1 31 10 2.5 3 <1 8 5 91
Max 8.1 1.52 2.3 378 359 120 142 8 142 70 937
Average 7.2 0.46 - 139 62 27 28 1.7 40 17 315
Median 7.2 0.38 - 115 33 10 21 1 36 10 287
25 percentile 7.0 0.20 - 78 18 5 12 1 17 6 159
75 percentile 7.5 0.58 - 167 69 35 35 2 48 19 404
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ALL SAMPLES, WESTERN AND CENTRAL SINGHBHUM (n=114)

Min 6.3 0.10 <1 23 7 <5 3 <1 8 <1 87
Max 8.2 1.58 9 378 420 120 142 8 220 70 948
Average 7.4 0.43 - 115 67 22 25 1.3 39 14 285
Median 7.3 0.30 - 104 32 10 18 1 28 10 217
25 percentile 7.0 0.20 - 68 17 5 13 1 16 5 144
75 percentile 7.8 0.56 - 138 77 30 33 1 44 16 383

Table 2. Statistical summary ofydrogeochemical parametersgrbundwateiof Bangurdih-
Rajdah Garadihareas

Hydro- Gibbs  Gibbs Total
. 0,

geochemical CAI-1 CAI-2 Ratio Ratio rCa/ rNa/ 4 SAR “\RSC PI Hardness
rMg rCl Na (CaCo3

Parameters -1 -2 ppm)

BANGURDIH AREA, WESTERN SINGHBHUM (n=31)

Min -2.23 -0.47 0.12 0.12 0.17 0.13 9018 0.62 -10.72 32.07 18.04
Max 0.87 2.57 0.78 0.83 4.32 3.18 . 47.66 254 1.61 148.21 280.04
Average -0.10 0.33 0.39 0.39 2.07 1.07./28.62 1.23 -1.53 87.57 71.41

Median 0.13 0.08 0.34 0.38 1.94 0.85)°25.63 1.10 -0.25 89.33 40.02

25percentile  -0.40 -0.11  0.23 0.31 1.41 055 2207 091 -162 71.94 25.36
75percentie  0.43 0.43 0.59 0.49 2.78 134 3779 139 0.22 110.00 8245

RAJDAH AREA, CENTRAL SINGHBHUM (n=35)

Min -289 -049 0.17 0.19 0.48 0.27 1395 037 -6.13 36.79 9.67
Max 0.73 3.59 0.84 0.66 14.40 3.86 56.75 278 042 136.80 164.3
Average 0.01 0.46 0.48 0.42 2.31 096 3112 128 -1.25 73.20 49.61
Median 0.31 0.16 0.45 0.42 1.44 068 2886 121 -0.82 69.39 40.34

25percentile  -0.20 -0.06  0.85 0.32 1.03 047 2090 084 -1.59 60.48 24.55
75percentie  0.49 0.62 0.66 0.53 2.40 118 4020 154 -0.21 86.87 56.06

GARADIH AREA, CENTRAL SINGHBHUM (n =48)

Min -1.60 ¢ -0.30 0.12 0.10 0.27 021 444 015 -760 25.77 18.36
Max 0.77 1.22 0.90 0.57 5.28 254 4429 4.18 143 140.98 240.34
Average -0:03 0.14 0.37 0.38 1.90 099 2749 131 -115 84.76 68.90
Median 0.22 0.07 0.30 0.39 1.68 077 2818 121 -0.55 86.48 56.54

25percentilel  -0.32  -0.07 0.22 0.31 1.24 055 2124 0.78 -1.81 68.76 28.64
75 percentile %...0.43 0.28 0.48 0.45 2.33 126 34.06 1.67 0.02 100.71  84.52

ALL SAMPLES, WESTERN AND CENTRAL SINGHBHUM (n=114)

Min -2.89  -0.49 0.12 0.10 0.17 0.13 444 015 -10.72 25.77 9.67

Max 0.87 3.59 0.90 0.83 14.40 3.86 56.75 4.18 1.61 148.21 280.04
Average -0.04 0.29 0.41 0.39 2.07 1.00 2891 1.28 -1.29 8197 63.66
Median 0.24 0.10 0.37 0.39 1.69 0.73 28.74 117 -0.53 80.54 44.53

25percentile  -0.29  -0.08 0.25 0.31 1.20 0.52 2125 0.83 -1.66 62.98 26.11
75percentie  0.45 0.46 0.58 0.48 2.45 125 38.04 155 0.08 103.04 74.29
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5.1 Groundwater Properties and Classification

pH: This parameteis based on the relative hydrogen ion concentration in water suggesting
acidic or alkaline nature. Studied groundwater samples ghbwaryingfrom 6.3 to 8 with an
average of 7 suggestingts near neutral stat&roundwater of Rajdah area is mardjynanore
alkaline(7.9) as compared to other areas.

Electrical Conductivity (EC)i Total dissolved solids (TDSElectricalconductivity, also called
salinity, is an indirect measure of the presencalisolvedinorganic solids in groundwater
(arises fromweathering of rocks and soils) and the temperature conditions, which sympathetically
impact the flow of electrical currenf.DS was calculated by using the cationic and anionic
concentrations corroboratingstrong positive correlationto conductivity. Conductivity values
range from 0.1 to 1.6nS/cm(Av. 0.4 mS/cn). Slightly low conductivity in Rajdah ‘area can be
attributed to low calculated TDS.Based on conductivity values, Raj (2004), has suggested
classification of groundwater into fresh (EC.5InS/cm) brackish (EC=&i 3, mS/cm) and
saline (EC >&1S/cm) categories. As per this classificati8% ofgroundwater of the study area
can be classified as relatively fresh desk saline category.

Major Cations, Anions and HydrochemicdaFacies: Groundwater chaistry of studied samples
indicate marginal fluctuations in major cation and anion concentrations. Besides, boviseell
differences in major ion chemistry are perhaps caused’ by the differential lithological
characteristics and the groundwater flow/uspgttern.Generahorder of dominance oétionin
groundwateris C&* > Na" > Mg?* > K* while that for anion-is HC®> CI' > SO?. CO:” is
analyzed below detectable limit.

Major cations and anions via", Mg*, Na"; Kf,_ HCQ;', SO and Cl were caverted
from parts per millioen /J(ppm) to equi-mnadrent per
diagrambé (Piper, 1944) t o c h afaciascirt spacé aneétime.he var i
The plot shows that the groundwater of the'study areCi®; dominant,mixed Ca Mgi Cl type
(Fig. 2) HCOs' dominance points to the meteoric source of the groundwater.

It i's al so app.ar ¢xiff, 1951)poted with thef af/efage valuesaof r a m
catiorranion concentrations in meg/lit for Garadimpjégah and Bangurdih arettzat most othe
samples (92%) represent @avig >"Na + K (alkaline earth exceeds alkalis) hydrogeochemical
facies(Fig. 3) Based on anion concentration, it was observedabatit70% of samples fall in
weak acid HCOs' + CO# .=, ClI' + SQ) field, while remaining in strong aciCIl' + SQ? >
HCGQs' + CO?) field.

5.2 Hydrogeochemical Processes

Groundwater chemistry effectively acts as a track record of flow system where major ion
concentrations.and ratios can trace vaiphiysicochemical processes operative in the area such
as mineral weathering and ion exchangeathering of carbonate, silicate and sulphide minerals
and dissolution ‘of evaporates are the major lithogenic source of the dissolved ions in the
groundwater-

Dissolution/of minerals: It is one of the major contributors to the groundwater chemistng. T
relationship of the chemical components of waters from their respective aquifer lithdiagies
beenielaborated by Gibbs (1970) basedatios, calculated by thellowing formulae, where all
ionic concentrations are expressed as meg/l.
Gibbs Ratio 1 (for anion) = €I (CI' + HCOs')
Gibbs Ratio 2 (for cation) = Na K*/ (Na" + K* + C&")

Gibbs has classified groundwater in three distinct fields, viz., pratigit dominance,
evaporation dominance, and resfter interaction dominance areas based on TDS and Gibbs
ratio plot. The groundwater of the study adkstinctly shows the predominance of interaction
between aquifer rocks and groundwater as the main alomy mechanism for chemical
composition (Fig. 4).

21



1: Ca- HCO3;

2: Na-ClI

3. Mixed Ca- Na- HCO3;
4. Mixed Ca- Mg- ClI

5. Ca- Cl

@ Bangurdih
B Rajdah
® Garadih

Calcium (Ca) o
CATIONS “omeq/l

Chioridd (CI) “
ANIONS

40

®  NatK HCO3+CO; ¥

Fig. 2 Piper diagram showing thevariation in major cation and anion and geochemical

facies of groundwater.

Mg

Cations —— Anions
[ T T T | T T T T 1
Na+k [&]]
ca GARADIH (n—%o%cos
S04

Ca BANGURDIH (n=3%303
Mg S04

RAJDAH (n=35)
Ca HCO3+CO3
Mg S04

Na+K Cl

Na+K Cl

Fig.3sti fféds diagram showing the rdiognst r

22

but

(0]

r



'z%"

2
- AGGS <™

Journal of Groundwater Research, Vol.5/2, December 2016

100000

10000 4

1000 A

TDS (mgll)

100 A

10 A

recipitation

100000

) 10000 A
Evaporation

1000 -

TDS (mg/l)

—
(=]
=}

Rock - Water
Interaction

Evaporation

’

’
/45recipitation

& Bangurdih ’
B Rajdah ¢ Bangurdih
@ Garadih B Rajdah
® Garadih
! : T T : 1 , . : :
0 02 04 06 08 ! 0 02 0.4 06 08 1

(Na+K) / (Na+K+Ca)

Fig.4Gi bb@© sy r at i

0]

plots

" CI/(Cl+ HCO5)

showing

processes

lon-exchange processThe chemical reactions in which i@xchange between the groundwater
and its host-environment occurs during theiqeeof residence and movement is one of the
dominant processes theaqueous system. It can be explained by ckidkaline indices (CAI 1
and CAIl 2;-Schoeller, 1977) calculated usitige following formulae, where all ionic
concentrations are expressedvaxy/l.

CAI1=Cl i (Na +K")/Cl

CAI2=Cli (Na' + K" /(SQ' + HCO;' +CO# + NO3')
Exchange of Na and K ions from water with Mg and Ca ions in aquifer rocks or vice
versa are reflected by positive or negative CAl, respectiwgjority of groundwater samples
(62%) of the study area has indicated predominance of positive CAl vdliadde 2) signifying
sodium and potassium in water are exchanged with magnesium and calcium in rock following

6base exchange
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Negative CAI values obtained ftine rest38% samplegTable 2) indicate exchange of
magnesium and calcium from water with sodium and potassiurack, i.e., cation exchange
reaction(chloroalkaline disequilibrium).

Ca++, Mg++ >
Water

Country rock

<«—— Na', K'
Silicate weathering: The rNa/rCl ratiogr: elemental component in epm or meafe important
indicator of sources of salinity during groundwater flow (Cartwright and Wea@85) and
signify the role of silicate weathering. The rNa/rCl ratios lie betwe®t0.3.90with average of
1.0 (Table 2). The samples with higher rNa/rClti@s (>1) also show negative .CAl.values,
suggesting chloroalkaline disequilibrium conditions. The rNa/rCl ratios of, >1 are typically
interpreted as Na released from a silicate weathering (Meyth®8K; Jankowski and Acworth
1997)and can be attributed tinteraction of groundwater with feldspathic sehist/soda granite
Similarly, rCa/rMg ratios of >2 also suppdhte role of silicate mineral weathering. The Ca and
Mg content in the groundwater can be attributecoése rchange reactions, where chlorite
schists and basicrocks are the dominant aquifer litho{Bay 5).
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Fig. 5rCa/rMg and rNa/rCl ratio plot showing mechanism of dissolutions.

5.3 Principal Component Analysis

Principal component analysis (PCA9 a widely usedechniquein hydrogeochemical
studies to interpret various mechanism of ionic dispersion pattern under different agueous

environment through a multivariate statistical approach (Suk and Lee, 1999; Gunter et al.,

2002,

Saha, 2012)In the present study, &it removal of outlier values and normalization by suitable
mathematical transformations a total of fourteen varialles pH, Conductivity, HC@ ClI, SQ,

Na, Ca, Mg, CAlland 2, Gibbs ratiel and 2,

24
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component exaction process. CK and Uare not consideredince these aranalyzed below
detectable limiin most samples

R-mode Principal component analysis with varimatation (Kaiser, 19585 performed
on normalized data where the first PC represents tharlicembination of the variables with
maximal variance. Princip&omponents (PCsre considered to beigen vectors of correlation
matrix. Only the components witigen value of more than 1lraextracted. Further computation
is done sequentially in ordesf variability for a €t of mutually orthogonal PC axewhere
coefficients of componentsinaxe ar e ref erred as Al oadingso. Stro
and component is indicated by loading close to + 1.0 whereas a loading close to zero indicate
weak correlation (Wayland et al., 2003). To simplify patterngahponentioading;. varimax
rotation (converged in 8 itirations) of the extracted B@erformed.

Communality indicatesthe extent to which a variable correlates witthcomponents
consideed Communalities of the considered variables aignificantly high (> 0.7) thereby
ensuring the selectadriablesire fit to load significantly on either of the Princig2dmponents
(Table 3). Inthe component extraction process, it was observedhidirst four PCavith egen
vector > laccountfor morethan89% of the totalariance andhenceareconsidered

The computedcomponent matriXTable3) show high positive loadings of Conductivity,
HCG;, Cl, Na, Ca, Mg and hardnesa PQ 1 (account ford0%.0f total varianceyvhich suggest
that conductivity of the water is predominantly controlledtbgsecationanion concentrations
Further, HCQ@ dominancein groundwaterand positive<interelemental correlation reflected
betweenHCOs-CaCl-Na-Mg pointstowards the meteorisourceof waterand also corroborates
to the categorization of the groundwassmixed HCOs-Cai-Mgi Cl facies However,considering
thelow concentration of catioranions it is understood thahe less saline nature of groundwater
is due tohigh groundwater recharge in the ar&D; only shovs low positive loading on PQ,
possibly due to EipH conditionsrestrictingthe oxidation of pyrite (ferrous sulphidejsually
leadingto formation of sulphuric acid in~aqueous system and irgpgtith the bi-carbonates
present in the groundwater / aquifer racks

Table 3. Communalities and loadings of variables on rot®edcipal components

Communalitie Principal Components

S PC-1 PC-2 PC-3 PC-4
pH .783 -.196 .184 -.173 .825
Cond 971 .973 .036 141 .053
HCO3 .945 .884 -.200 .307 -.173
Cl .987 .923 .338 -.145 .004
SO 732 .347 -.187 .539 .535
Na .989 .940 -.155 -.282 .041
Ca .954 .938 .163 214 -.035
Mg .702 .525 -.071 .645 -.070
CAlL .924 -.032 .920 .268 -.064
CAI2 .985 .090 .978 -.142 -.029
Gibbs ratio-1 .928 .156 .684 -.588 .302
Gibbs ratio-2 .895 -.021 -.468 -.814 110
rNa/rCl .964 -.051 -.863 -.105 -.192
Hardness .795 .893 .150 .373 -.068
Eigen values 5.96 3.53 2.00 1.06
% of Variance 40.09 25.26 16.05 8.26
% of Cumulative Variance 40.09 65.35 81.40 89.66

Rotation Method: Varimax with Kaiser Normalization; Rotation converged in 8 iterations.
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PG-2 accouns for about 25% of total variancend show high positive loadings of the
physicochemicalvariables viz. CAl-1, CAI-2 and Gibbs ratiel (for anion) while negative
loading forrNa/rCl ratia PG3 onthe other hand;ontributesto about 16% of the total variance
andhas negative loadings for Giblkatio-1 and2 (for anions and cations respectively) other than
moderate positie loadings for Mg and SOConsidering these two PCs together, it is understood
that negative loadings for Gibbatioson PG3 suggest limited watenock interactiordue to less
residence time of water in aquifer conditishich is actuallydue toadequée rainfall andhigh
groundwater rechargéligh positive loading of both chloralkaline indices (CAll, CAI-2) on
PC-2 explains thaboth basexchange and cation exchange reactions prevdilddg the limited
waterrock interactionNegative loadings afNa/rCl ratio onall PCssuggesinsignificantsilicate
weatheringand justify the low salinity of groundwater

PG4 was found to be less significat8% of total varianceghowing,_high positive
loadings of pH and moderate positive loading of.SThis eplains the redox condition
controlled by near neutral ptdvouringlimited oxidation ofsulphides.

6. Groundwater Quality

The suitability of groundwater for irrigation and drinking purposes mainly depends upon
the chemical composition of water, which had impact on<health of human being, soils and
crops. Hence, analytical results were evaluated in terms ‘of groundwater potability and its
suitability for irrigation. Brief details are discussed below.

6.1 Uranium in groundwater

Uraniumis present in meaurable concentrations”in most of the naturalewaources.
Drinking water contributes to almost 85% of the total ingested uranium by human {&imgjs
et al.,, 2013).Uranium has dual effect on human health due to its chemical and radioactive
properties andthe chemical toxicity of uranium is'more than it¢aderious radiological effects as
chemical toxicity may cause damage_to liver, kidnegproductive systeandmay also induce
bone cance(Sridhar Babu et al., 2008; Tahir and Alaamer, 20arium prevails innatural
systemsmainly as U* and U* oxidation states. Generally, U" minerals viz., uraninite,
pitchblende and coffinite are most abundant in uranium deposits and exhibit low solubilfty of U
in reduced aqueous solutions:, In contrasigieed waters (Eh <200 mV) are highly potential to
contain dissolved uraniumymainly as uranyl ions )9 which ultimately forms carbonate
complexes of varying.“sthiometry as a function of pH and the partial pressure of(§)O
(Gomez et al., 2006)-he uranium concentration in groundwater also depends on factors such as
lithology, geomorphology and other geological conditions specific to that region. Besides,
anthropogenic activities such as usage of phosphatic fertilizers for cultivation also irdluence
hydrauraniumdistribution pattern in groundwat@rindha et al. 2011).

In the study area, out of 114 samples, h@Verecorded uranium valukeslow detectable
limits (<1ppb)’5 valueslie between 1 2 ppb while2 other samples record&dppb and 9 ppb
(Table 2) Highest concentration of uranium was recorded in Banguidihalimurup areawell
within‘the permissible lim# in groundwateras prescribed bifferent regulatory bodiesviz.,
AERB, 2004 (60ppb), USEPA 2012(30pph andWHO, 2011(15ppb) However, assessment of
analytical resulthias indicatedho definiterelation/trend of uranium values with other parameters.
Recent assessment of groundwater around the oldest uranium mine in Jaduguda area has analysed
highest concentration of 28 ppb of niam at a distance of about 5 km from mining industry
(Sethy et al., 2011)Gechydrodynamical studies and its seasonal fluctuation in Bagjata area in
the eastern part of SSZ has also revealed very low radioactive contamimatiod (<0.57 4.0
mg/n?); #Ra (12i 41 Bg/nf) in groundvater (Singh and SingR010).

Weak acidic conditiofHCOs' > CI' + SQ?) and neameutral pH levebf groundwater
restricts the solubility of uranium in groundwater in the study afsaexplained by principal
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component aaysis,adequate rainfaih the areaaccountdor sufficient recharge ajroundwater
and low conductivity This allows lessresidence timdor water within the aquifer and limited
cationranion concentration to form complex with uraniuhime occasional uraum values may
also be attributetb theuse of phosphatitertilizers (0.0057 0.020% U)for agriculturalactivity
in the area.
6.2 Potability of groundwater

Studied samplesre compared with the specifications prescribed by World Health
Organization (WHD, 2011) and Bureau of Indi@andards (BIS, 20053 assess the potability of
groundwaterTable4). The water samples indicategar neutrapH, well within the prescribed
desirable limits (6.5 8.5); hence,is suitable folhumanconsumption

Table 4. Comparison of groundwater chemistry with water quality standards

Desirable limits / (Permissible limits; in the Analytical data of studied samplés'(n=114)
absence of alternate source)
Parameters BIS WHO Range Samples beyond BIS/WHO
(2005) (2011) 9 desirable limits
pH 6.57 8.5 6.57 8.5 6.37 8.2 | Nil
DS 12.samples analyzed more than
(ppm) 500 (2000) 1000 871 948\ /BIS prescribed limits falls wel
PP within the WHO limits
TH - :
(as CaCQppm) 300 (600) 9/7i-280 | Nil
Calcium 75 (200) 500 81220 | Nil
(Ppm)
Magnesium 30 (100) T <171 70 12 samples
(Ppm)
Bicarbonate 300 T 2371 378 | 3 samples
(Ppm)
Chioride 250 (1000))| 250 71 420 | 5 samples
(Ppm)
Sulphate 200 (400) 400 <5i 120 | Nil
(Ppm)
Uranium 60 ppb (AERB, 2004),
(ppb) 30ppb(USEPA, 2012) ah <179 Nil
PP 15 ppb (WHO, 2011)

Low)conductivity valueg0.1- 1.6 mS/cm) indicate low TDS content of the groundwater
TDS-was calculated by using the cationic and anionic concentratimhsalues range between
871948 ppm (Av. 285 ppmOn comparisonvith the drinking water standardd3% ofsamples
are found to bdessthan the BIS prescribed desirable limits (500 ppmbile the rest samples
show more than the BIS prescribed limitbut falls well within the desirable limits of WHO
(1000 ppm).Adequde rainfall and high groundwater rechargeccount for low salinity and low
TDSin the area

Total Hardness (TH) is an important parameter for categorization of groundwater quality
for potability. It is measured in terms of mibquivalents per litre orgrivalent CaC®ppmand
classified as soft {I75), moderately hard (7350), hard (150300) and very hard (>300).
Groundwatersamples indicated Tlds equivalent CaG{ppm (Table2) ranging from9.7 to 280
ppm Av. 64 ppm), well within the desired limits (® ppm; BIS 2005) Based on water hardness
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classification, nearly6% of samples fall irsoft water category, 13% moderately hard water
category while remaining1%belong to hard water.
6.3 Groundwater Quality for Irrigation

Parameters related tsuitability of groundwater for irrigatiorviz., Percent Sodium
(%Na), Sodium AdsorptionRatio (SAR), ResidualSodium Carbonate (RSC) anBermeability
Index (Pl)were computedo assess thgroundwatemuality (Table2). An assessment of other
parameters on vier quality for irrigation purpose is discussed below.

Salinity hazard assessment

%Na together with Sodium Adsorption Ratio (SAR) and Conductivity (EC) are very
useful to assess alkali and salinity hazards in soil by groundwéficox, 1955).-These
paraneters indicatehte degree to which irrigation water tends to enter into cabmhmange
reactions in soil (U.S. Salinity Laboratory, 1958 in water reacts with sail and produces
undesirable effects of changing soil properties including deflocculatohimpairment of the
permeability of soils (Domenico and Schwartz, 199%Na in water<is\determined using
following empirical relation of cationic concentrations, which are expressed as meg/I.

% Na= (Nd + K*) x 100 / (C&"Mg** Na" + K%

Groundwater s classified based on %Na as excellent (<20), goot4®0 permissible
(40i 60), doubtful (6080) and unsuitable (>80Btudied samples have indicated %Na varying
from 4.4 to 57 with an average o029, and are well within.the permissible limits (upto 60) fo
irrigation purposes (Rao and Devadas, 2005). Further-evaluation of data indicates th@%bout
of the samples fall in good water category.

Salinity hazard isalsodetermined by the absolute/and relative concentration of cdtjons
using following formua and is expressed in terms®ddium AdsorptionRatio (SAR) The ionic
concentrations are in meg/I.

SAR= (Nd/ {[Ca®+Mg?"] /12}°9

Irrigation watershave been classified into four categories on the basis Safdium
AdsorptionRatio (SAR) viz., S1 (<10),/S2 (1018), S3 (1826) and $4 (>26). Similarly,
salinity hazard in terms of conductivityyis dependent on condemisaof soluble salts in water,
and is classifived as | ow (EC<250 §52%0)¢S/mem) um
and very high« (EC>2250 €S/ cm) salinity zones (Ri

The SAR valuesf studied samplesange from0.20 to 4.20 with an average of1.30
(Table2) and fall in the<category of low alkali wateElectrical conductivity values raegirom
100t01600e S/ c.m wi t h 480t Sd Whjprity ofehe wdteisampleg84%)belong to
low to medium conductivitywhile rest are in hig conductivity categoryThis shows that the
groundwater of-study area is suitable for irrigation and other agriculture purposes
Residual Sadium Carbonate (RSC)

The quantity of HC@and CQ in excess of the alkaline earths generally influences the
groundvater-quality for irrigation purpose as it tends to precipitate Ca and Mg carbonates in the
soils leading to reduced permeability. Furthermore, this also increases the relative proportion of
Na in.water in the form of sodium carbonalbe excess of carbate and bicarbonate in water is
denoted byResidualSodium Carbonate (RSC) and is determined usthgfollowing formula
(Richards,1954), where ionic concentrations are expressed in meg/|.

RSC = COy' + HCGY') i (Ca* + Mg®)

According to the U.S. Sality Laboratory (1954),RSC values of groundwater are
classified into three categories i.e., gded.25 meg/l; safe for irrigation), medium (11255
meq/l; marginal quality) and poor (>2.5 meg/l; unsuitable for irrigatibnjhe study areaRSC
value ranges from 1 10.7 to 16 with an average of1.3. 55% faling in good categoryand rest
45% in medium categond hence, belongs to safe category for irrigation.
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Soil Permeability Index (PI)

Long term use of groundwater with high contents af 8a, Mg ad HCG; reduces soll
permeability. Hence, to evaluate the suitability of groundwater for irrigation purpose, Doneen
(1962, 1964) hasuggestedPermeabilitylndex (P1). The PI isleducedy thefollowing formula
using ionic concentrations in meg/I.

Pl = [(Na" + HCQJ') / (C&* + Mg?* +Na")] x 100

According to the permeability indicethe groundwater is divided into three types.,
Class |, Il and Ill, where first two types are good for irrigation with 75% or more of maximum
permeability while the ClasBl with maximum permeability of 25% is unsuitable. The studied
groundwater samples have indicated Pl ranging f26ro 148% with an average @2% falling
in Class | and Il category

7. Conclusion

Geochemical ratios, indices and principal component asadygigest.thathemistry of
the agueous system in the central and western parts of SinghBineainZone is primarily
controlled by the chemical interaction between aquifer rocks and<groundwater. Hoveever, |
salinity and low conductivity of groundwater che attributed to.adequate rainfall, groundwater
recharge and less residence time of water within the aquifer, Excess of alkaline earth (Ca, Mg)
over alkalis (Na, K) and predominance lzfseexchange reaction over caticanion exchange
reaction suggest thahlorite rich schistose rocks are_the/doeminant aquifer litholbtsteoric
source of the groundwatés inferred based on the dominance of HG®d mixed Ca Mgi Cl
typehydrogeochemicdhcies.

The chemistry of uranium in agueous systems is mainly céedrbly pH, redox potential
and type of complexing agen®uch as carbonates, phosphates, vanadates, fluorides, sulfates and
silicates (Langmuir, 1997)n the study area, recharge through adequate rainfall has increased the
groundwater level andherefore uranium “is susceptible to bdeached outon reaction of
recharging water withthe weathered'\rocks in the unsaturated zone. However, as recharge
continues, concentration of uranium »in groundwater begins to reduce due to dilution by
continuous flow ofreshrecharging watein the systemFurther, ear neutral pH levedndweak
acidic nature(HCO;' > CI' +-SQO?) of groundwaterare the possible reasons which restricted
uranium solubility and mobility in thaqueousystem.

In the light of above,discussionspnsidering the chemical and radiological toxicity of
uranium, its low concentration in groundwater around the active and potential miningofireas
Singbhum Shear-Zonaround Rajdali Narwapahar Banadungri- Garadih and Bangurdih
Mahalimurup is" of{prira environmental significancélthough, toxic parameters likduoride
andarsenic were not analyzethe other potability parametengz., salinity, hardness, TDS and
uraniumcontent in groundwatarebelow theBIS (2005) and WHO (2011) standards. Rart
in terms of 'salinity hazardskesidual Sodium Carbonate content an@ermeability Index, the
groundwatein the study areas of SSZ halsobeenfoundto besuitable for irrigation practices.
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SUPPORTING INFORMATION

Table. Chemical analysis of water samples of GardRifildahBangurdih areas

Sample Cond U HCO3 Cl SO4 Na K Ca Mg TDScarc
iD pH (mS/cm) (ppb) ( \
(PPmM)
GRD-1 7.2 0.46 <1 105 65 50 32 1 44 13 310
GRD-2 7.3 0.28 <1 104 42 5 20 1 38 11 221
GRD-3 7.1 0.46 <1 200 50 15 25 1 50 12 353
GRD4 7.5 0.54 <1 152 66 50 40 I 60 9 378
GRD-5 7.8 0.36 <1 166 35 <5 33 4 40 12 290
GRD-6 7.5 0.8 <1 170 138 60 64 1 88 10 531
GRD-7 7.5 0.21 <1 92 20 5 23 2 22 <5 164
GRD-8 7.5 0.43 <1 140 66 10 15 1 40 10 282
GRD-9 7.3 0.2 <1 92 20 <5 15 1 18 6 152
GRD-10 8.0 0.14 <1 61 18 5 7 1 14 6 112
GRD-11 7.0 0.56 <1 240 36 25 25 2 50 24 402
GRD-12 7.4 0.3 <1 152 17 <5 15 1 30 12 227
GRD-13 7.0 0.3 <1 134 30 <5 14 1 28 12 219
GRD-14 7.3 0.16 <1 74 13 5 7 1 16 6 122
GRD-15 7.2 0.16 <1 65 13 10 12 1 16 <5 117
GRD-16 7.1 0.56 <1 203 80 <5 35 2 50 20 390
GRD-17 7.2 0.28 <1 134 20 <5 19 1 30 6 210
GRD-18 7.2 0.3 <l 147 20 <5 16 1 36 6 226
GRD-19 6.7 0.22 <1 97 16 10 18 2 16 <5 159
GRD-20 7.4 0.39 <1 113 24 50 31 2 40 <5 260
GRD-21 7.0 0.47 1 188 54 10 30 2 46 12 342
GRD-22 7.2 0.23 <1 129 14 5 23 1 20 <5 192
GRD-23 6.8 0.18 <1 107 12 <5 18 1 12 <5 150
GRD-24 7.7 0.16 <1 54 23 10 13 1 14 <5 115
GRD-25 7.7 0.19 <1 97 16 <5 12 <1 14 <5 139
GRD-26 6.7 0.12 <1 64 14 <5 6 <1 10 <5 94
GRD-27 6.6 0.15 <1 75 10 <5 8 <1 14 <5 107
GRD-28 7.0 151 <1 225 294 120 105 1 142 50 937
GRD-29 7.4 0.45 <1 150 59 20 37 3 38 <5 307
GRD-30 6.7 0.5 <1 79 112 12 31 5 40 14 293
GRD-31 7.2 0.78 <1 134 165 19 68 2 48 19 455
GRD-32 7.3 0.65 <1 140 112 14 37 8 72 10 393
GRD-33 8.1 0.46 <1 268 32 13 51 4 36 14 418
GRD-34 6.3 0.14 <1 31 29 <5 10 1 8 10 89
GRD-35 6.8 0.2 <1 72 36 <5 10 2 20 10 150
GRD-36 7.2 144 <1 293 220 34 54 5 140 60 806
GRD-37 6.8 0.16 <1 85 18 <5 6 1 16 10 136
GRD-38 7.5 0.75 <1 366 58 21 8 1 44 70 568
GRD-39 7.0 0.32 3 226 18 8 25 1 28 20 326
GRD-40 7.5 0.85 <1 378 90 18 13 2 72 65 638
GRD41 7.6 0.62 <1 348 39 11 9 1 28 62 498
GRD-42 6.9 0.68 <1 108 85 100 33 3 44 36 409
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GRD-43 7.1 0.78 <1 59 146 100 46 <1 48 38 437
GRD-44 6.9 044 2 117 25 80 35 <1 32 14 303
GRD-45 7.2 0.32 <1 41 11 100 3 1 28 19 203
GRD-46 7.1 0.64 <1 108 114 80 46 1 56 19 424
GRD-47 7.5 1.52 <1 68 359 100 142 1 126 29 825
GRD-48 7.9 0.2 <1 41 14 40 7 1 12 10 125
RJD1 8.1 0.14 <1 45 21 <5 8 1 16 5 96
RJD-2 8.2 0.2 <1 45 21 30 17 1 8 10 132
RJD-3 8.2 0.89 <1 104 128 100 31 1 112 14 490
RJD-4 8.2 0.17 <1 50 25 <5 16 1 8 <5 100
RJD-5 8.2 0.21 <1 63 14 30 13 1 16 10 147
RJD-6 8.1 0.22 <1 63 36 <5 16 1 20 <5 136
RJID-7 8.2 0.2 <1 59 36 <5 13 1 20 <5 129
RID-8 6.9 0.41 <1 86 82 <5 22 1 40 10 241
RJD9 6.9 0.28 <1 68 53 <5 18 1 32 <5 172
RJD-10 8.2 0.32 <1 117 36 <5 29 1 28 <5 211
RJD-11 8.2 0.4 <1 63 78 10 27 1 32 14 225
RJD-12 7.8 1.13 <1 117 284 50 49 1 80 48 629
RJD-13 8.2 0.17 <1 77 14 <5 16 1 12 <5 120
RJD-14 8.2 0.36 <1 59 75 <5 33 1 32 <5 200
RJD-15 7.5 0.73 <1 68 213 <5 41 1 80 17 420
RJD-16 7.5 0.14 <1 23 39 <5 11 1 8 <5 82
RJID-17 7.7 0.13 <1 45 21 <5 14 1 8 <5 89
RJD-18 7.9 0.1 <1 54 7 <5 14 1 8 1 85
RJD-19 7.9 0.33 <1 68 P4t <5 30 1 32 <5 202
RJD-20 8.2 0.19 <1 54 28 <5 14 1 12 <5 109
RJD-21 7.7 0.75 <1 95 220 <5 67 4 48 24 458
RJID-22 7.8 0.13 <1 45 14 <5 8 1 12 <5 80
RJD-23 7.4 1.08 <1 126 249 10 45 <1 84 48 562
RJD-24 8.2 0.3 <1 86 36 10 11 <1 36 10 189
RJD-25 8.2 0.4 <1 lo4 32 50 22 <1 24 20 252
RJD-26 8.2 0.27 <1 104 14 30 35 <1 24 <5 207
RJID-27 8.2 0.2 <1 72 18 20 26 <1 12 <5 148
RJD-28 8.2 0.31 <1 50 71 20 14 <1 28 12 195
RJD-29 7.9 0.34 1 126 28 30 27 1 28 7 247
RJD-30 8.1 053 <1 113 46 100 33 1 32 24 349
RJD-31 8.2 0.28 <1 81 21 30 10 1 28 9 180
RJD-32 7.9 0.15 <1 36 14 20 5 <1 12 9 96
RJD-33 6.9 0.43 <1 108 39 80 15 <1 44 14 300
RJD-34 8:2 0.32 <1 95 11 80 11 1 28 14 240
RJD-35 6.9 0.26 <1 41 25 60 7 3 32 9 177
BNG-1 7.3 0.14 <1 80 10 <5 13 <1 10 <5 113
BNG-2 7.3 0.7 1 166 82 30 30 2 42 25 377
BNG-3 7 0.72 9 139 110 40 45 1 56 15 406
BNG-4 7.2 0.18 <1 97 14 <5 21 <1 12 <5 144
BNG-5 7.2 0.17 <1 80 14 5 15 <1 14 <5 128
BNG-6 7.1 0.77 <1 123 131 30 54 2 10 35 385
BNG-7 7.5 0.38 <1 209 17 <5 35 1 28 <5 290
BNG-8 7 0.25 <1 118 23 <5 15 1 24 <5 181
BNG-9 7 0.91 <1 139 173 30 38 1 54 42 477
BNG-10 7.5 0.19 <1 80 16 <5 13 <1 16 <5 125
BNG-11 7.3 0.17 <1 80 12 <5 17 3 12 <5 124
BNG-12 7.1 0.21 <1 97 14 <5 27 <1 18 <5 156
BNG-13 7.5 0.21 <1 113 12 <5 19 <1 18 <5 162
BNG-14 7.2 0.45 <1 150 56 10 31 1 36 <5 284
BNG-15 6.9 0.16 <1 59 17 <5 8 <1 16 <5 100
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