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wfafaferal & erer gorer B TS et W fRiar 3T @ B R w7 ¥ T A9 aRE § e @
IRIFE (As) T BFT AT wWRew & oy ugw waxt # A B '
TR fhar 2 | adH R W, SR W & aforar Rrenm @ fog et
4 ik RiEE & fou s@a Sugmar @ S @ TS TR 9
(WrETEd, AW, deer 3R gWe) W (FE, 2015) @ SR GRGRI 298 TH(110—140 WIT @B TEE) A
Uha fby 7Y YoTe & AT BT i AR AMGS! BT edied fBar T g 9@ gen 5 Mgzt Na'
R k' @ gom F Bfewdw wHE g (cation) ¥ vd Cl73iR SO,” @1 gerer ¥ HCO,~g@ O A1
(anion) ¥ | Tl & fow (Ca®* M) @ @l G (total cation) & dTF WheX SUM §F ABNIHD
Heddy (R2 = 0-73) fawrar 2 ofR g9 woiat & dfosrm ek 0w & 9= #ren @1 gomar 21 93w
IRE 1 gea faar & v wsgr Rosed deefifty Ca Mg HCO, TR & 2| wwarfie oo
qa Tl fb T 70% AT H RS @ wigar 1opg/iex I e off | FRER 5y U St & A A
NS B Aigare! AH () FoddR 46lpgl TF Y| FE Yoe T H Ca2’, Mg, @R
HCO;—3IAT &) |igdl U 9l 8g Wier 99 ¥ wurel off | SAR Hed & MR R R & waiomr @
oy o @1 999 9§ SugE Ao & dEd " ue © |

Abstract

Groundwater resources are utilized for drinking, irrigation and industrial purposes. There is growing
concern on deteriorating quality of groundwater due to geogenic and anthropogenic activities. Arsenic (As)
contamination of ground water is one of the major threats to human health especially in the Ganga river basin (GRB)
and it has attracted national and international attention. In the present study, the hydro-chemical characteristics of
groundwater and its suitability for drinking and irrigation purposewas investigatedforBallia District, Uttar Pradesh.
Groundwater samples collected during pre-monsoon season (May, 2015) from India-mark-hand pump (110-140 feet
depth) from four As affected blocks (Sohaon, Hanuman-ganj, Bellhari and Dubhad) ofBallia district for evaluating
the physicochemical parameters and the results revealed that calcium is the dominant cation followed by Mg”*, Na',
and K" and HCO5 is the major anion followed by CI and SO,". The scatter diagram between (Ca>"+Mg*") vs. Tz
for groundwater showed a strongly positive correlation (R°=0.73) and it reflected the high abundance of calcium and
magnesium in the groundwater. The Piper diagram suggested that major hydro geochemical faciesare of Ca-Mg-
HCOj; type. The chemical results showed that approximately 70% of samples were enriched with As concentrations
>10pg/. Arsenic concentration in the monitored water samples ranged from below detectable limit (BDL) to
461pug/L. The concentration of Ca*’, Mg®" and HCO;™ ions exceeded the acceptable limit of drinking water in many
of groundwater samples. Groundwater is recognized as under good to suitable category for irrigation purposes based
on SAR value.
Key words: Arsenic, ground water quality, Sodium adsorption ratio, Ballia district, Central Ganges Basin
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R

TR @ P2 fow H SUeEl ool Gl @) gedl e Ud U Oidl &) Iueerdr & w9 o9 §
UF qS Gde B ugAE P T & (AT e o, 2001 Gua, 2000: R TS e, 2012) | oiel H SRAG
&) ggg digdr N 1P Aas Riar a9 7 2 &R g R F T Auwdiell g aon 9y | w9 | wEifsar

@ (P Te o1, 2008), A9 @ (WeaiaiR b= g, 2002), AU & (TGADY T A 2001), e B
@ ge o, 2001) 3R WRd @ (Ghadl Ye o, 2003) F sHe RUE @ & a9 Hem H|
RS- Rradoed aega By MY €| S W & W BT SRR & 3R ARND qeh STeryd & BRoT
F g B forg iR Fan® iR IU=RHe SURl @ WivH @ fog fy U S (@ A9 Ue 3 2003).
ARG SUHRIEY ¥, oRifE @ ST Wigdl @l Ugell 9R d$rTe &7 (@Ram @R tae wodt @ e |
(& ok Bie, 1976) aare 8 ofl, gud 4rg URHH S B BB el (@Y Yoid 1€, 1997: Thad TS 3,
2003: HHAMR TS e, 2004, F&oTl, 2006) H U TE | WRA H, AfyepiE AT TM—FEGA-TEA R et
Hifew IR d@ Afd & ok de s R § g aeaye By 7v & | S 7T 9RE § g v 9Q
A vy e € SR wew ok R, o f wedl 99 ggfid—<eer womelt F W Us & vd g7 oAl A '
ATETEY ATl & WS €| Blel B HY TUDT H, Tl AN &% D A X, RiErE SEn @ fog foiet @
qad A7 A A6l 3R GF A qolel @ @ud QlEd &1 Ag fhaT| MYE Fra #, 39 & gRfdd sik
o TETEY ATl g €, 39 seaud H ey @) Refy # e g fiar 1 vy 2| 99 uew d Sdfe
H TR BT G Ugel 9y 2003 # Rren ferar ¥ ffted @ ¥ o qen e Ren e @ TR w9
giRd el & ¥ Ue | Tofon, adwd sgge §, orudd &3 @ ggel-RE A9 & ahsE @ 5
forr | aferan fer @ AR T3t wifel @ fory aif® faawor aHfE o wHifres Hed @ Wref
gl fifRdarel te Reow e Iaed g ik 78 SuRd $e1 WM & | 99 SR Riws @
TS @ oY oiel @l Sugehal &1 1 affeber febar T |

gferar SR ue¥ &7 Wy qdf frer 8, O 2081 9 B @ &F @1 SR AT B, I§ 25°33 WIR
26° 11' S, & el 3 83° 38 AN 84° 39' Y & iR b WA R ¥ e & IR A wrawy A4 R
<8 # wier Wy iR T T g8 ¥ | gaAe v #, aferar el @ g@a | i ¥ AR STl i
T e, gAY, dered S ge (R 1) W eae »fad e ) semwe &3 # offwa vl o83 il @
Ud airerd gifies dT9HE 27 °C ST 54°C 9 41.5°C & ey uRakid grar 2| aforan v 3y wam e 2 1 Rl
¥ R @ 8 9id 8A (U) aRere e RiwE ex ek () Toau (o) RrEdr 7261% oid ek 27.39%
HAE Ol &1 R &= F °rERT AR T A BT SAR-—VaE & 2 d WP e € |
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THATHRYT gfepIor iR RS fgeryor

q¥ 2015 & HAGT W Jd A3 AE P GNF GYHN VS GH (110-140 Wie TeNE) § Yol b
gHUA T U 0| i B T WIS T-Ad & e Red sferr Rt @ 4 werdfe <ite @
JreRTed HRal 8 | T eyl @ faaxer fm 1§ g mar g o &g 298 °
FAIT AT Y 045 AgHI & fIreetl fhoey YR | B @ 919 HDPE aidal #§ Wxféd frar o e
A A T B AT vd reRfAd | uf @ Q1 W JuR Ry MY AREd T B OSTEnT 4R/ 29 Og
3T @ fqeeryor & fog fFar o, Safd i e faver & o omiRfET T @ SuanT fdar |
FifE B Aisar &1 fveer gia oA Wagier (ErEiil-uAaey, Afed W | Told SRS,
ufdd TSR §P) BN AT AT AT| NaiR K® wom-wierer gRT & fear | ca?, Mgt @i
HCO;—®! AU R STd fBar 71 vd CI,NO; 3R SO4° &1 Fal-gw Wagrpiemiex (s s
ADR—6000 TM, Hach Inc.) &RT ST fhar mam | ) wrarell &7 A faferai (APHA, AWWA, WEF, 2012) &
AR et e |

gRume &R ==t
3.1 H{ole XHIA

difere— & fafr=r ifte—mmafe auds! & wifes wri g & w2 9g" &1 99
(3 A 7.25 & WI2N) 654 W TBR 856 D T AT T QU © [F YoIA B AWHIY T AR @y
wpfd & 8 wdfe g T9Al &1 fag[@ ardear (BC) W9 (tad A 681-S/em @ W) 479 W WdR
1047—S/cm@® WA AT| §9 Ay # AT & fwemor & fow 0 iR G 9+ & d9 e W wght
wfia T8 @ S Wl | Ho glera o (S€Igw) 1 w9 (@i A7 4645 e, Wfier @ W) 3060 ¥ o
N 7450 e, Sfiex grar a1 Mg, Na, @ik K' @& 418 qofel & 91 # dfewrad (Ca®') W@ &9 & Ul
AT 8, S M & X9 IS ¥ s @r @ fF S0,— U9 NO,T @ 9] HCO; o €7 uHE ama
g1 R 2 @ s iar & 6 Ca¥' ger de 3 aS (Sl de JATUH )BT 3T 49.0%, HIT g & U
3D 918 Na (24.9%), Mg® (23.0%) 3R K(3.1%)@1 IreE ¢ W& €| fvafva fe o gl & sna grar fb
Hol o) amT 4ff (Ca®'@m Mg®) &R (Nat+ To K+) &1 afdres ®| o1 ¥R, sl & HCO3— eled
M arst (TZ) &1 Sid- 88.6% T 9T & $9d a8 CI (8.9%) , SO4° (2.3%) 3R NO;. (0.2%)®T
ANTe &d € | Fshuifr gty F av 2009 # garan 5 dfeerm ik HRem &y Wi dedrse (CaCo3)
3R SrAmEe CaMg(CO3) 2 Iwh Fraie FgM & |dHd &, U4 Ca fiferde @fsil amf ca—plagioclase,
e aliR WoguR aMfy g1 AMel BT AnTer <o & arferer 2% TDS &R HCO, , Ca®', Mg2' 3R Na'®
9 e W U BT ARy SUAT §, S U8 9Tl € % oremgs e # uie @) y—waeE & PR e
@ fory srEfe smer wRE e i e 2

K*:31% $0.:2.3% CI:89%
%

\’

o 2. U @ AT Ay Ml @ W Sgol fRw arer uE =

B34l TSI STl FITSS—2019 TG AT GRIH, TSI

—35%2 —



arferar 1. Hifte—AAS Ted &1 AR R 9T o $WBIS(2012)W$W@E=|T|

Parameters pH EC ™S | HCO, | 50, | NO; | ca® | mg® | Na* | K+ ‘(";pb)
A 6.54 479 | 305 | ND 195 |ND |ND |267 |104 |137 | 14 |322
sfdaw 8.56 1047 | 744 | 213 |547 |45 29 |110 |575 | 100 | 105 | 461
EIGE 7.19 707 | 488 | 37 368 |97 |05 |74 |35 |374 |465 |73
s W 6.5-8.5 = 500 | 250 |200 |200 |45 |75 |30 | 200 10
(BIS, 2012)
gy No )
e e 2000 | 1000 | 600 | 400 | 100 | 200 | 100 50
2012)
THAT T %
wwrd #wra | Nl 39 Nil 93 Nil Nil | 45 67 Nil | - 70
A ¢
aiferat 2. =T fageryor farg 1o emoel & wewey #fgaw (T = 31) |

PH EC DS | CI HCO; | SO,” | NOy | Ca* [ Mg¥ [Na® | K' As
PH 1.00
EC 034 | 1.00
TDS 032 | 096 | 1.00
Ccr 005 |043 |042 | 1.00
HCO, |-021 [050 |049 |-041 |1.00
S0.,- | 017 0.13 0.14 0.18 -0.25 1.00
NO;” |-007 |-011 |-009 |-008 |0.09 -0.30 | 1.00
Ca™ 015 | 066 |066 |034 |o048 0.02 | 001 | 1.00
Mg®* |-017 |05 |052 |020 |049 002 |004 |059 |1.00
Na* 006 |058 |055 |032 |029 010 |-007 |006 |003 |1.00
K 015 |013 [013 |049 |-020 |001 |-007 |043 |o041 |-017 | 1.00
As 019 | 034 |035 |-010 |o043 019 |-009 |035 |[-008 |033 |-010 | 1.00

3.1 O UPR AR TES IS 6™

TSR ARG U SUATl wWie & S o e faeear & SR W) O @ Wi @ aified
EA B | U ARG & By @ amafie &3 9 uar godr § 6 qeid & A9 Ca ueR @ 9, wafe
e FHr & Afdwier T agEEEe TR (RF 3) & O | URwR @ T &89 B PR ¥ TIEuR Il §
TG el HhR/Eeeriifay @l Ca—Mg—HCO, 3R ATl Sid R Mg Na HCO;—2 | SfRmier «qufet =9t
4, &N 91g (Ca™ Mg™ &R &1g & S&<0 (Na' K') & 3w 8| (Ca® Mg )/TZ' IIurd gRT dlEMe BeRe
e ERT AR Yofel 3 (Ca® Mg® )&t wgRar @1 gfte &7 ot 2|
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o 3. eaae &3 @ fveor f5y 1T T @ g aew @i |

&3 # AFauifa Tfafafet (Rie ve ol 2008; aifg Ue are, 2005) GRd $8 SRS gRT FaHd @1 odl &
frarsfed <e1 @ fres & o (e, 1970) W wife fbar T ik fRarn o & s &9 &
Na'/(Na"'K") @1 3/urd &R (CI” CI')/(CI=HCO, ) &7 Igurd 9= TDS il ®1 FRifyd & § ggrl &
U @ W &1 Had <dl & | (R 4)

100000 - 100000 -
10000 10000 9
T 1000 4 S 1000 4
E E
S S’
w w2
2 100 4 2 100 4
= =
10 4 10 4
1 . T r v \ 1
0.0 0.2 0.4 0.6 0.8 1.0
Na*/(Na'+Ca*) CH(CIHHCO )

R 4. o & IaRfE WaeE S U aren e @ e |

32 Y9 & WOl 3 oY W[orel @ SugwHar

4 @R RiEg & SuAT & fory s6e Sugmar & Wod # EEg-Rrefed A grr o
AMHgl d Hedi fhar war| diferdr— # 99 ofk wrdefe wren st @ fou aRdw a9e @R
(emged, 2012) BRI SR e fRenfrde geat & |y fgeryor fby T AESt S qerr @ T | gore
& A BT 40" AT A TS T B BISHR, I THEAT @ o 97 wa @ fore PuiRa A 65 @ oiaw
8.5 ®I Rf&TT WA & MR B | LT B AT 39% AT F 500 fAefm/dier & et @ 4 aifte &
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AR T A A BE N T 20 Feium/eier @ g @ @ e T8 g1 31 T A A 9350% A
HCO,—a fory el Wmr & oife &1 C, 80,7 & NO,— & forg =wAr # 3 faft ot =g & g¥ar w11 4
A 250 MAeiam/eNex, 200 Fefum/eier ik 45 fcigm/ciier @1 wWord A 4 sifge =8l urn
Uote ¥ Aifeud wigar @ Wi W 200 el T /e (BIS, 2012) B Sw AifgEH dad @
Sed GhAM, Sed ged T 3R df3er fAeR iR < & SRRg 81 Wadl | Bl "l favayer fby
vorel AT H 200 Frefm/eier & Wier W & iR 21 45.20% W 67.70% A H ol H Ca’ 3R
Mg® @) digar HHYE vd 75 3R 30 Fefum/eiey @ e W @l 9R @R T | dfewrm ok AR
g1, df@T a3 iR SIf¥e Rem & Ry araegs do & od 3@y & fog Ca?' @ = Wigdl ®I Y89
B W SEBI Whel UHIG USdl & 39S BRVT S BT UeRT P @Rl 9¢ §edl & (AHTar Ue ard, 1996) |

3.3 U9 oI # amdfe SuReIf SR sHa Sughdr

fawaifia =1 § i wigdr @ @ 461,10 G (@ ;736 W) 2| aife Bg wWier
AR argh A deTETE, 2012 B AR 10 AR 50 G 2| Reewer fFy wu T @ 70% T e
e | Afde 9w Y| fam 5 @ AR W | uar @eln @ % deEd ik gus @il d AN |igdl Haw
257 W BN 461.1 IR 56 ¥ oy 2460 NAN(EEw w® Rfeww) @ & o ¥ <@ S= AifFS |igdr
arel WA ¥ | gAY 3R, BIHITE IR Soredl wiidl ¥ o @ A H e @ AigdeHurg TS | afern
frer @ sotel AT S mifIE @Y "ET IRy E@arel (AR TS 31e, 2010; HIEM YT e, 2009, HIY TT
el 2009) S g Y 9a1g T ¥ |
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150 -
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50 - ) ) CI—
’ImT 'I -

0

Belhari Hanumanganj Sohaon Dubhar

ot 5. aeage & ¥ aife (i) & <ife IR Figar o1 U T IR @i

g e H ot # e wigar @ venfae fwwdr < 12 o9 faF 6 @ A 9 e o
AHAT B | Sellgd @ Slel [T Sei—dsne iR Sa—y—Imamafie faPvar &1 sege fhar s =2y
qfe STelig Ted # Arifie @ yde "eaT & WA o 9 [@18 3 HaH § AGE de @ iy e @l
IR P ATT—31eT Siiadhdial (@R 3R 3, 2009) FRT AT T 2 |
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st 6. T &7 @ Yo & T A ARG B imar (i) a1 wnfe AR aEkE |

3.4 R=rs SuArT & forg Sugmhar

@o1  fagd =merear (EC), AIfdyw wigar, \Ifas Sifbreiyor orura (THyeTR), | ufrerd (Na%),
3R HRE W (TAd) sfe Aecyel fenfier € o @ve wU @ s @ fow 9o @ Sugwdr @
el B H TUINT Py o & (3R 3R dvcdre, 1985) | RiaE W @7 fipa o= # fae@ =rcidan
E) iR WifsTw A 957 AE@qel ¥ U § ARTw A et wimar @) § @e awe H e A @
T BT AT B B iR gHfey I8 RiEE Wi & aifewur # ue Aecyyl AMes €| 39 WieRen T @) A
BT AIETH i (Na%) v Wiz ifdreiwr aur (SAR) gRT (TH9IHH Ue ard, 2013 3R Rig ve o,
2012) §RT AFATG & T & |

|NfETH wferd (Na%)
Ul @ AL A Na & FforRrd w9 @) Frferftad aidvor gRT 7o @ SR 8

Na% = (Na+K) /(Ca+Mg+Na+K) X 100

s &9 § HIfan uferd 14.6% 3R 68.85% (i¥ad: 27.41%) & 49 & | Wifewm &1 S=a wfoea
el & Fha AR IRTIA b fEuer R g BT PR gar &) RiE oa § e e fdwt @
AR, A AR W RDHaH 60% AIfeaw @ ReRe & ot 81 fE—7 F fiega areear (€¥0) vd Na%
& e sieel § adr gedr 8 5 AR & ftera ae ageiRia gt @ iar & S Riag &g wie
% fog Sugw 2|
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ot 7. faega =@ iR AR AT (Acaiad, 1948 & Q) $ AER W YoIdl Tl B fST

35 QReTH Sfreior sruE (@R TSHIGTH YWY (SAR)

Rfarg 2g oTdl @ SUgHA BT N Juagavd e (e ardedr ok aifeaH sty s
& 9 e BT YUEUHU, 1954) B AR UR AU fhAT Wfer 2 | 39 v H, e & ol @ o (EC
=<250 pS/cm), WEAH (250—750 750—uS/cm), $Td (750-2,250 mS/ecm) IR 3fd ST (2,250—5,000—uS/cm) F
w0 § qiffpa fear mar &) A @1 wawn, $¥ @ Ef # s Aw &1 Ue A9, A @) s
Tfafafey o & ox ST & R 39 uer A 9 url SR Uive ddl & ArEe | 9 9= Sl & (AIeiE
Te 37e, 1999) | Ul H quT @) Sed Higdl ML @ 7oA @l AR I1ar ® iR 9w wifeww Almar an g
@ fawra @ AR Trar 8| R & urll # g8 9Hn sy &l H U o EHRT € Wil ardleR &
HEH W U @ g1 Sifiead € | WEl ofdl e EE gl € 98 Rt $ & §9E A arell efdore
BT TR WY AfB I B B | UE qTe} qe DI UG b 0TS &F @ dyd ded B FgAf < B, e
) @ HAE B ATIER & 918 SRl 9fg o Aemw | A & 9 d AeIH dau &1 A9l Bl © |
foarg & forg ot § WIfss o7 &R &1 @R de Arg B Yot R we disar 9 FuiRa gar 8 ek e
SAR ERT &h &l STl © | $9&T gAM 11 g3 §R1 - ST ebell &
SAR =Na/[(Ca+ Mg) /2] 0.5

afe R @ v syl fear oM 9ren Wo aifeuy § srfde 3 dfess § &9 8, @ cation—ex
change TRER WIfETH & W G & G & | 98 WE & S & DA & SR FL @B W1 Bl T
PR ThAT B | FEIE &5 H TACAR BT AT 0.34 W oD 334 meq/l (3T 0.94) & we¥ 2| Ra eraorar
NG WX Al B e fFar . R faeq arerddr @ daurdr & @R AR THUIR B ARIAd B WY
& wy ¥ forar o B, 9% <wiar & f6 5@ @ afdster T €281 3R €381 #0f HF o § S wemd 9 9w
SqurEr SR = 7 e e &1 Wad od & (R 8) | 39 U @1 SR 9 A9d AW dTel gl
& forg far o\ 2|

SAR Water Category | % Sample | EC pS/em | Water Category | % Sample
0-10 | Excellent (S-1) 100 <250 Low (C-1) 0.0
10-18 | Good (S-1I) - 250-750 Medium (C-1I) 70.9
18-26 | Fair (S-3) - 750-2250 High (C-3) 29.1
>26 Poor (S-4) - >2250 Very High (C-4) 0.0
Bodl I ol FIE1—2019 TSR Tl HRIH, TS
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grefl 3. Ri9E a8 a1 SAR 3R EC & MR W IR Af[ § g fear mr 2

32
54 I
\2\8‘_‘;
T
53 24 \
[~ 20 | \
B " \
o I \\
2 o1 f \
8 | \ \
s1 Wl ) \L\
0 I MB&%
250 750 2250 5000
EC(uS/cm)
c1 c2 c3 c4

fora 8. GifeEm afdraiyor srgur (gHvemR) ol S R emRa Rimg sia affaor |

4 fspy

eI &F b YoTel WA s T Ca™ >Mg® >Na™>K' &1 wqje@ R wafe &y 9@ (Ca™
~Mg’) | €9 AT Windl (TZ') &1 720% &1 fwemer by o T35 & o=l @ It o
HCO;—>Cl>804 —>NO; & gl HH &I RV Hxd & | MRS bl & W wie § udl =@er &
THE el Bl HBHR Ca’ —Mg’ —HCO, Y9Q elggi—rdiaffidd Habrdl & wu § 2| Aegy & & Sfd &l
AR A vuoe ok argHSe ™ Gkl | ARG §9YC @ W1 9EM 99 dlel Wil & SUe &
Y ®I guial & | fAoeied e 5fa oxar & & aferar & 39 aR <l &1 oo R weE & fog
SR AUl @ o Sapt 2| SMRE davdr MW @ IR W, U8 sy arer o adar @ 5 oa @
arfererer T €281 3R C3S1 9o & Aof 3 ey & S Hemw @ S=a Fgvran of R i emdiar @1 Had ad
€| BFAFTISl 3R dEEN @ oI H Agad iR qEve wife &9 § Iwd aife digdr 3@ TS | aAe
Feggd & uRomd #§ gdr goar & b fAvewer fdy Ty 9 @1 @ 709% 99 @ U H mRifE @
Wit A4 10 G, (@engva Al & IR, 2012) ¥ &fdF 2 |

aa
o HIE Uelo, IHRIHT THe, dtaret e, td wefeam 3o, af 2005. wig & gigomRas & vd ey @Y Sosrl-, vfdacs afas
# ST YaTE T FHA H do & AU sgrrafas 3 Ak Al &1 3odlr |- SEid 3% grsgieion | 305: 40-621
e APHA, AWWA, WEF, 2012, 9=l 3R 30ffce o 1 o & fow #ee ol | 22v ofdesr | amifea ofeas gou
TR, aTReTe, 3|

S UHO, T THoHTo, I EroHTo, HIH Terodlo, AN o, Ud I seeqe, a¥ 2001. fada # e AR 47 ST
& AT FeuUHEd FET W UH - Wl gl gdiaor e deetia| 35: 2621-26261

o dloagoude, A 2012 HRAR AWH YA HeTH) fATRE-10500 F g HAEA FSHTH Fa (13.060.20]

o M et dIE @Y 1997, 9REH Frer 7 T HRifAE asTer| dehete RIS, s@ern 2 AT e §1S )CGWR), i
&1, Folehedll, 3 THR|

o diar THoUdo, Wifew# Telo, Ta dldiar oo, af 2001. ToreU #H USRS FRIAH| ARAT 5| UidcH| @]
43:177-89|

TEhad, o, HESA THoHTe, Ofdy THo, VAT T odo, TG T oTHo, Terly Yodho, Fier Fo, ey e o, Weharcl Todvo,
Td &g Sftode, af 2003 HA # fER Usw & Wy A Aged RS Hete HeuuTHiEST @ U qeiEter @a
FQTEy GG 111: 1194-1201
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digret dfe wHo, fAdHaT HWood)., wlgTet o, TR Telo, YFHFEIA Tefo, T 2009 HRA & ek Hexl T & aferdm
el & e fae= 3R amdifae s & a9 HeAehr 75: 83-91)

gear Frodie, UG @il THodo, a¥ 1976. 3call HRA # Adadl & ofd & IRifF, ar # IWAARTEG F v
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