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Abstract: In order to better understand the occurrence of high arsenic groundwater, rare earth elements (REEs) analyses were
conducted for groundwater from the Datong basin. The results indicate that high arsenic groundwater usually has low 2 REE
concentration and enriches in HREEs relative to LREEs. The low concentration of 2JREE in groundwater samples could be due
to the scavenging of REEs onto the surface of solid phase Fe-Mn oxides/hydroxides within aquifer sediment. The enrichment of
HREE:s can be attributed to the combined result of complexation, and desorption and readsorption. The average up crust nor-
malized REEs patterns clearly exhibit significant positive Ce and Eu anomalies in high arsenic groundwater. The observed good
correlation between Ce/Ce” values and Eu and Fe-+Mn could be related to the reductive dissolution of Fe and Mn oxides/hy-
droxides. The relationship between As and Ce/Ce” value and Eu suggests that Ce/Ce” value and Eu concentration are useful

indicators of arsenic mobilization in groundwater system,
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1 FE M BR AL 2733 72 (Nickson et al. , 20005 Appe-
lo et al. , 2002; Smedley and Kinniburgh, 2002;
Oremland and Stolz, 2005).
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FHF T 7K — 3 /KA E A AR ] KoK SCHb BT R 1)
SR 9E (Johannesson et al. , 1997; Dia et al.
2000; Tweed et al., 2006; 4 F1 5 F1 ) K 1€,
2011). Hi UG R HEA MU BR AL 22 T R H K 3855
pH AL I8 T 45 8 VI B 5 25 5 2o 72 Y B0
(Wood, 1990; Tang and Johannesson, 2006) ,{#ifg
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VY 7] 73 b e et T 7K b T 3 MR AL A R 2R A T
THEUF WS T R T K A TR A i 2
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Fig. 1 Study area and sampling sites

T KR pH G5 (Ee) 287K i 2800 I 58 2
IKAEREE. AKAER 0. 45 pm JEAREIEF 7L Y8 AL 2 5
T3 S 4 JE T A HT AR B 4l HNO,
MRtz pH<2; F+ B8 7 B i RE SR R 1k, 7K
B K Na,Ca Mg % F 205 R H UGS %5
TR I3 4% (ICP-AES) ( Thermo IRIS Intrepid 11
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A X T K F 5K Na-HCO; & Na-Cl-HCO;,
UK, BA B HCO, ™ (222~1 010 mg/L) & H 4R ;
R K 255 . pH 24 TE A 7. 64 ~ 8. 34
(F D, MU T KPS &8y 1. 55~585. 10 pg/L
(& D21 R NKAE S A 19 PR S A 7 i it
AR DAHL (WHO) BLE I 10 pg/L AR KAR
e SRS i R K HAT LR 4R U (0. 02~
44. 88 pg/L) Mo (0. 38 ~148. 90 pug/L) J SO,*
(1. 2~613. 0 pg/L) & wAFE. U F1 Mo ¥4 % ik
JRABURRAH 43 FEAEE A T U EZ LR E M UVD
EBFETE T K b, U VD 3% 8 % 38 (Hsi and
Langmuir, 1985), M7EML R T U VD # i
W, P UO, JE UL 3E T 2K (Gorby and Lovley,
1992). 5 U —#, A0 P N KA v, I A
Mo £ Pk MoO, 8 MoO,S,—.* ¥ & U i€ T %k
(Tossell, 2005). A, w5 T K HA B U F1
Mo 5 RHIE » 3¢ B S0 A0 J5 R 85 2 4 ol = e b
KB EERNE. RAXEKZERGH Fe-Mn &1L
W/ S B ALY BN R B 32 2 2K (Xie et al.
2008) » R IA JF S5 F T, Fe-Mn 484k 91/ A S8 AL 9 1
W2 3T Z A7 I BB T 7K .
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LT K Hr A (Lowers et al. » 2007). R4
RS S W FEATINE BB 5T X = i i
K3 H B R 2 Ho S AR R BT SO Pk J5i AR
MK HLS HAR B & 7E HCO, & &/ F
800 mg/LIH F/KH HCO; ™ 5 As Z [ EK M H &
FHIERSCIEGR DL N KRG AP (OMD &
BB g S b R 7K p HCO, 119 8 2R I (Wang
etal., 2009). (K th, HCO; ™ 5 As (1Y 1EAH C 1 &
B ESEIR 45 F R L Fe (1ID L SO, %™ f38 )5 K OM
AR SRR FE T b R 7K rp e e 4R 1 B S R AL AR
Fi. A 7Em pH 2545 T HCO, &5 As KA
5 RS B T kP As S8 TS (Appelo et al. ,
2002).
2.2 HWTKBLTESEHFE

MR KRR ot R & AR AR, 2 REE 7R
0.072~0. 334 pg/1 Z A (G 2) , SR AR TN
5 i T E R E A R K b 2 REE (99 &, R K
s pH AR I A5 A B R BT/ fie R o 2 i 1)
2 24 T 7K o REEs % &8 F#iE (Wood, 1990;
Tang and Johannesson, 2006). 8fL&1F T . #i T 7K
RS REEs 2908 KA i Fe-Mn 8 46Y) /A
ALY M (Bau ez al. , 1998) , 1l 76 3 1A 5 3 455
T B Fe-Mn S48/ 8L 138 )57 # REEs
SRR T K . &l 2a R0 2b AL 5 2 REE
BT Kl BARARR U A Mo & &, Rk
JEAE A B F R K o REEs [ & 4. K385
REEs J6 B2 491t 2 S B F K REES %
. 1. REEs [d] HCO, JERAI 454 (Ln(COy),
F1 LnCO; ") (Johannesson e al. » 1997; Johannes-
son et al. , 2000). REEs 5 HCO,™ kK444 MW
WA 190K (LREEs) 3% L LnCO,  JERAE
£ T EM +0ZE (HREES) 2 Ln(COy), ~ B
FELE. T UL 2 P[RR SR LT R G5 Y
Jv e VAT PR SN [] s R o G5 25 7K A o vy 0 R4
2:533 LREEs 5 HREEs A9435 , H.W JFHAF 38
$3 HREEs 7538 T /K g 8. R kb 2
REE Hl HCO; ™ Z [0] J¢ i 2 A 5k (& 200, H i
HCO; ™ & &3 T /K B A & 1 2 REE & &A1, £
Blm HCO, WeE M L ou R K P LA
FIRZR. HE 2d AT F H, #Fsk i HCO, ™ & &
(La/Yb) fH B 52 AH G PE. QAT A 24 4T oK
Hoi B R A HCO, - i, HCO, &5t 5
HREEs ¥ ilifa E B455%) Ln(CO;),~ (Sholkovitz
etal., 1994; Johannesson et al. , 1997) M\ 53

HREEs 5 LREEs Z [i] #4535, A 16, HCO, 5
(La/Yb)n WA HCO, [ HREEs {£5E1F
R E 4 B A K.

Xie et al. (2008) W52 W] JS A BF5E X 4 T 7K
Wb T ORI JEIAEE H E K2 B A AE R FeIID %A
Y/ 28T Y. Fe (1D A4k Y/ A AL %F
REEs B A 52 2119 W fi /E ] ( Tang and Johannes-
son, 2006, iX A[ G &b T /K 1 REEs % 58K
FEEJFEMH. SR, 5 REEs [d] HCO, ™ 4% & 1E Had
FEAN[E]  LEME B 3t F v Fe (TTD 4611/ S 846 01T
Sk Bt LREEs(Tang and Johannesson, 2006).
I, Fe(IID bW/ A E ALY % LREEs /415 56 W B
A g2 T 7K HREEs AH% LREEs & 48 i) # %
JEL A s [ Bt 2 304 X Ml 7k o 2 REE &£ 4
HARAY R AL R4 pH 2% REEs & &t 3 i B
TN (Tang and Johannesson, 2006) ,{H#f5¢ X
K 2 REE 5 pH JfJC W] W AH M FIE, pH 4%
PFIHF AR R Hl A X T /K o REEs % 7 (1) £ 22
2.3 BEIRENHEKXEK Ce.EuRE

210 N N £ 1 v 7 3 6 S N Tl L 2 T
bR LIS R C o8 O e o A VAR R LR
i HREEs &4 (Kl 3) . (La/Yb)« {72816 3 Bl Ky
0.16 ~0. 72 (% 2). W I pr ik, HREEs # %} F
LREEs & £ 7] G I W B/ i W B B 2% 5 VE RS I R
JLEIVE R 45 . (AR B2 e LT R B sy
B B WP A R B BT B R A Ce & Eu
FIE SR (B 3). Sk ICP-MS it 17#6 Lo 5 & &
AyHrik AR, T Ba % Eu 9 T4 (Dulski, 1994),
2x 35 Ba/Sm Ml Eu/Eu” 22 6] £ 0 H 5 25 19 21k
FZ (Jiang et al. , 2007). {H K [7] 73 # T K FE 5
W, Ba/Sm Ml Eu/Eu” Z [0 JoH A et (& 4) . 3%
BIRE S Eu S50 B ROW T H R ZRE & i L ER fh 27
FRAE. A X Hb T K BRRE i SHY-71.72 1 76 4h HiAth
JiA B Ce/Ce” {H IR T &, H AL H hy
0.07~0.51(& 2). it Eu/Eu {38 1, A8
AEFEFE R 0. 45~1. 01(3 2).

Ho K H Ce IE 555 1T e D7 58 B3 5 K A ot
TR R 2. S K DU AR o K A TR 1)
Fe(IID &4k / A A9 Ul B LR 1 T S AL R 5%
(Xie ez al. , 2008). TEAAEME T, Ce (TID 5 4% 4R
fEAE R Ce(IV) , M 5 Hofth LREEs & 44359, A4k
FR Y Ce(IV) 2L CeO, A UTTE R K (Braun
etal. 1998 ;Bankser al. ,1999) 5 W& [t 75 [ #H 1)
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Datong basin
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Fe(1ID AL ¥/ 2 AL Y 5 ) 22 1 (Bau, 1999;
Ohta and Kawabe, 2001). R, 24 & 7K RGeiitb A
SRR R BREE IS, CeO, F Fe(1ID WY AL/ A A AL
W Wik IR v i 2 S 30 T oK Ce WIE S # . M
Tk Fet-Mn 55 Ce/Ce” Z[A] i IEAH K 5 5 (K]
Sby M, Fe, Mn A ALY 8™ 1) 13k [V A 2 L~
K Ce IERH B FE AL A X Tk Ce 1Y 1
IR 5 T 2 M S A R K HAE B e 22 . AR
125 (2010) WF5E & B, T E A 3 T /K Ce 82
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Ce, Ht, W E R MM T K FERIN Ce 1T TH
(ERAERHZE, 20105 Guo et al. 5 2010).
TESRIRJE IR BE T, Eu J2 81 R G K P fE—RE LA
MG BAEAEITTE (Lee et al. , 2003) , A I, 34
WIFIEET  Eu(ID 23 5 HAl REEs 43 &5, i F K
ik U.Mo 1 SOi™ & 8 FRAFE X H B sR 21 H. S
A RIS X 3 T K AL F ok JRERBE. 1 Eu &
5 Fe+Mn (115 A & Pt 15 B L 534 SRR 855 47 )
T Eu e R K E4E. R4 Eu fl Fe+Mn R
KA IEAH e . /5 Eu/Eu” [/ Fe+ Mn K H A48
PR SRR 43 22 [) 5 A 2 B I 3 M A e, 35
AR R A AN S8 Eu IE 9 A0 £ N 238
JFEERE T Eu(ID 5 Sr(ID H A HE L1 b 3R 1k 2= v
J5 Eu(ID A FHAM e E= W 5 5 SrdD 1E32
PRI A A R AR 2 i RS e, SRR e K
AU YA R T R 3 (Banks et al. , 1999).
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Fig. 6 The relationship between As and Eu concentration and

Ce/Ce” values in groundwater from Datong basin

319 N/ NG S OV B T B RS R L AR AR
YI iA OC, KA Y2554 53 Eu
A BT AT UTIE (Lee et al. » 2003). /K JZUT
B Wy o Hr 1 LR h K W e A e HL
MR K R T A A IE B A S S (Wang ez al.
200D UESE T 7 fif A1 A Fad A A PRk . &K Z DU
YA 1 ) A 4 S v A R RE 4R b K
Eu IE 58 8 2 R BEAh . b3 iy i B 55 fige 1
A FEATREXS Eu 19155 HAT — & B2 .
2.4 BRI HMHMTKERIFENER

F il Fe-Mn 246/ ALY I8 I i B0
SRR e R 7K I B 32 2 i R (Nickson et al.
20003 Smedley and Kinniburgh, 2002; Oremland
and Stolz, 2005). Wi Frik, #i K H Ce/Ce” 5
Eu k% £ 2 % 5| Fe-Mn £ ALY/ Q88 IR
fip it B4 L Ce/Ce™ H X Eu & i AERETE 8 &
IKIEZR G FeID S 40Y) /8L Wi 38 SR
JE TR As i Ce/Ce” [z Eu i
(AT 2 AH SR (H s As & & R 2 BAE Ce/
Ce" =0.1 8 Eu & 5% 0. 01 pg/L ML /K
(J# 6). B E 5 A AL 2 Ce/Ce” =0. 1 3 Eux
0. 01 pg/ LI}, #i F/KH IR Fe+Mn 582y
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9 200 mg/L, 4l Fe AL As 15 R RE S0
2 000 mg/kg (Smedley and Kinniburgh, 2002), Il
B R As 200 570 pg/L, A X HL T K
H AR B K As i — 3. AR I8 BRI
iRk Ce/Ce” 5 Eu S, i As &b 3
TTIRERE 6). X—HL o e S5k im0 T
SOF™ MR A & FEMIB SR IAEE T, £ % Fe-Mn
ALY/ BEMY T YK I8 SR R AR R Fe* L i
K SO B IR - AR R B R ST L R EE Y
S 45 Fer T e B AR i FeS ULTE. A4 I FeS Kt
WERR As, fifi 45 3 R K o As % & B AR (Lowers
etal., 2007). L, jdiid Ce/Ce™ 5 Eu WEE ]G 2L
878 Fe Mn 4L/ 2 8 B8 I AR B2 B b 7K
B As & K.

AR DX 7K rp S g A e e A T KR
LD REE & & & &4 HREEs #%4F . X REE 754k
TR R 0. 072~0. 334 pg/L, (La/Yb)n {H28 4k 35 Fl
g 0. 16~0. 72. it X REE &8 4FE Al g5 & /K2
FETER) Fe-Mn %8464/ 85T REEs /W Fff A
%, HREEs (1) & 4 Al B A2 W B M ik R AR 55
REEs M4 S 1EHRIES . suoh, mmih Tk A &
FH Ce I Eu 1S4 . Ce/Ce” J Eu & R 27
AALIE AR 1 S K2 DU R KA
A S R 24 T 7K Eu/Eu” {H ) 522 R
. Ce/Ce” K Eu g H 5 Fet+Mn & As & H 1YL
FRARW BT D A R K BT B 5 0 D P B
PIFHG, Ce/Ce” & Eu MBI A %48/~ Fe-Mn %1k
Yy /A A IR AR B SR K R As 1 5 A
I A5 A 32 o S K b2 2 55 REEs 2058
fe B R KR B R B AA AT A
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