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Abstract: Jianghan plain has been determined as a new endemic arsenic-poisoning area in the southern China. In order to under-
stand the role of rare earth elements (REE)on arsenic mobilization in groundwater from the Jianghan plain, REE concentrations
were measured in 114 groundwater samples and 9 sediment samples from the shallow arsenic-affected aquifer system and the
REE speciations along the groundwater flow path were caculated by the hydrogeochemical PHREEQC simulation. The results
indicate that the REE concentrations range from 0.032 to 0.843 pg/L. The groundwater exhibite the enrichment of LREE and
dramatically positive Eu anomalies, and the Eu anomalies are positively correlated with As concentration. The REE speciation
mainly existes as LnCO; " and Ln(CO;),  , meanwhile the LnCO; " concentrations decrease and Ln(CO;),?  concentrations
increased along the regional groundwater flow path. The distribution of REE concentrations was mainly affected by the compl-
exation with HCO; ~ and the reductive dissolution of iron oxide minerals. The enrichment of LREE in the groundwater was af-
fected by the REE distribution patterns of minerals in the aquifer and the preferential desorption with LREE of iron oxide min-
erals, and the REE speciation was controlled by the pH along the groundwater flow path. The Eu concentrations and positive
Eu anomalies could indicate the enrichment of arsenic in the groundwater.
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Ji A v R K T S P T A A 3 L
" EE A PR £ R AE AL A b R K g R Y b
A rp B O N 254 [ B 2 T il ) 5 ™ UK ) B 35
JoT [F) R 2 — . rp B B 1 o I ] LA AE O 1
FE ™ ) B K Z — (Nickson et al.,1998; Smed-
ley et al.,2002; Polya et al.,2005;Postma et al.,
2007 ; Verplanck ez al.,2008) , i il T 7K 3= 250 A
TE VYL A 5T L BT 5 T I SF (Smedley et al.,
2003 ; FRAEWI A, 2007) K fE T 5 K BER B = 4t Ty
M DX A7 TR i B TEDOCT J5 T 2006 AEBEAHIA R
F 1 7 758 1Y ROK AL rp R g X (T 22 A LR RS
2007).

e Bt b R 7K I AL B — B 7K S 3K A 2 4 4k
WFFE 1 B2 0] B, 52 4y 1k HiE N T A () 1l 351 75
[:5: I N R A =T Ul N O S v
(Acharyya et al.,2000; Appelo et al.,2002; Harvey
et al.,2003) , Ho b AL W0 Wy %) 38 it 1 4 ik 3K
M BT 25 At 2 722 S Qi 28 250 0 T KX — HIL A A 2
T Z BN (Xie er al., 2008; % 1 il 5t 4% 55,
2011;Handley et al.,2013). HFi Xt T LI JF & A
MR K By B R AL BB 5 08 A R R 92 3% (Gan
et al.,2014) , KT HITEK — H A EARE A BT B 5%
b 7238 A AR 22 0] 8l 55 fige 2%

fChE I R A Dy K SO BR A 275 R Y s B ) A
AHREMER P U Mo, V. W 45 S L IE 5 i
T 73 1T DA MR 7K Y 48 3 D P B B — E Y 4R
AE R (FRAERHZE, 2003 ; Seiler er al. 2005 ; XE 4L,
2008) ; il & JC F 1Y M 1 JC & (rare earth ele-
ments, fil 7 REE) A] /E 24 U1 A 4 i U8 (3l 2 it 4%,
2016) S 58 K 5 AH L AE 89 ¥ 78 7 85 57 (Johan-
nesson et al.,1997) H 3 [E £ X & i 1y T K i £
TG R M ERAE A AR AR Y BF S A D s AR TP AE N 5l
AT 5 55 1L PG R[] A 1) o e b K A3 A DXL Y
500 I &7 J5 s A R K e REE 43 4R E R Eu
SRR /NAE 7R T R K B AR R (AR B AR
2010 5 L 7Y K [G] 7 by 5 B 3 R 7K o REE 43 5% F#4iE
1) Ce % M Eu A IE R THF K As 9%
# A Fe-Mn £ALY)/ 28 10 2 L [H 2 Eu
S HHIBCA FHL R K Y 2 B Y O R G
SEZEAE L 2012) « ph AT UL AS (] 3t 38 55 A 3t R UK O
T IR M BERAL A FRAE A 22 57 BF5Y REE 723U R K
8 3 - R AE LA S B34 A 46 7S 1 i b T 7K g

P TR BB T L

VLI SR AL T 9 4 45 vh s A A VL b i i X, i
A5 DUV b BT AR 3% X b AR M #RGHT 28 KUK, B K
Fe i o MU AR - 20 3 WA AR 22 L 18 SR AT
IR 2 B K e 2T R a3 R A GE AL R T K KR
[Qu] 5 B BB G LB AR K & K2 Qs +
Q.. JORTER . 2005) . & H G FL B K & K2 A1k &
SR AY - R WA R A S e A L 37 K PEAR 55
238 GE AL 7K 15 M R A B AR SR A HOK B2
H IR S NS AN 3 By 15 G HE T A 52 55
23 ()28 S PR ik b P BRI G LB R R 5 K 2
RS A D RR AT A PR e L K R R
Sy TR X R 7K 32251 e R T J2 AL R
3o O R B R FFIRAE 156 ~45 m JLICE )z
oA B S AR 25 K A h A b 2R R OK B
KRR VR S R R I e (R )
&3] 32.20 mg/L.4.55 mg /L. 19.70 mg/L K&
2 320.00 pg/ L. Jay &8 1 DX An Al Ak 7 0 0 )it ol 37 B it
0 TIT B K Btk Y A 4 e A IR K L v R A

ASCHHT T VLT JR X 2 3 i b K 7
A IC IR SCH IR A 2 B g S R AE S [ I o X 3
K EKIZUURY B+ REE 2 5 AfAE E 1T
XFEE s DA 7R VLI Ji g i 1l 7K 5 T AL B K A+
KB 7K SC L ER Ak 2 R

1 FF AR 8 B N o

1.1 HERESHmLE

TLDCF J5 R K 75 Ye 380 ™ B (As™>50 pg/L)
(R 4t DX R o 43 A AE il B R AR 8 b S M X (Gan
et al., 2014 ; XRME A2, 2015) , 3 BEAE 45 36 ] 01 108 i
o) A R AU R T VRN W R b DX R A 2 B A A
SRR IR R T 100 pg/ LA YW FE A T D0 Ji
i1 11 ] = P 251 R Y WG R BN B R i
B T KCRAE f L R R F I N ORI
HRKEE 114 B D, FERIFEEE P E 10~
45 m.

FH Geopump B 25 B T K S5, B i ff
FHBUHE 18 2 280K B3 Fr AL (HACH HQ40D) Il /&
MR K B K pH L HL R (Eo) , it FTE #5020 606
JETH (HACH 2800) I 5 #b T 7K v 1) 7. 2k Gl i 31 [l
0.02 ~ 3. 00 mg/L)., & & (MW X 5 Fl 0. 02 ~
2.5 mg/L) Ak (M Fl 5~800 pg/L) 5 LA
MR 25 G YE ] 0.002 ~0.300 mg/L). /K ¥ 28 it
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0.45 pmfelfL U Bk PR AR E AT A B, F T FE i
T 4 J8 JC R 43 A AR i L 24l HNO, Rk %2
pH<2; T B 740 B 9 FE SR R 1k,

A v 2 DRk T VD R R g e A — A A
BT —R 50 m BEGFL (455 SY03) , #5118 em¥)
AN AN A A AR BT P I R U SRR R
R RE A R s FH R DU R 20 1 7 5 B L e A
CERP N EREE S NI NN = A R
PRAF AR AL TR 5 1 L o R B T ¥R 2 &K=
B FARS R (1.5 m 2.5 m. 7.1 m.7.9 m) . &R
JZ(18.7 m.20.1 m,23.3 m,30.9 m) LA M JEE# kG + )2
(43.5 m) 9 A [F IR BE 19 DT R B b AR AT T
ESS Oatiig
1.2 #H&SHrEhR

KFEEH ) Ca.Mg.Na,K.Fe ,Mn % 80 % H
ICP-AES #1700 5€ (3¢ F 4 i 24 7] /Y IRIS Intrepid
I XSP#D;F .Cl" \H,PO, .Br .NO, .SO,’
ZERHE TR T T 0.4% {2 (Dionex 2500) #E 47 %€ 5
IKRETREE 23 BT R FH I 75 TAKBERSESE 24 h W58
B As VBRI 2O B T (b 3 R A Y
AFS-930 B FEATI 7€ ; i i ST R W Mo, Ni Pb,V,
U.W.Rb.REE 4§ 5} HI H B & 45 85 1K 5T 5 X
(ICP-MS) (Agilent75002) i %€ . K B i 32 R oG 2K LAl
Ko BB 4 B ¥ 7 o I 5 K 2 (R DO AR W S
PRI I ] 5% H S 50 5 5 L, K R R e R AE

Sampling sites and the distribution of As concentration in groundwater from Jianghan plain

] J57 R A (R0 by 5 ok AR 55 4 7 % 9 ] 5K i S
g HEAT DU B B B o0 R & & 0 1R TR R 1M
figg TCP-MS A, 75 [+ B¢ P I 25 5 5 7 I ik
rhuD S8 AR 3 R T R R e 2 03 a0 B iR 22 AR
T 5%.
1.3 MITKHBLTERSEINTELR

KM PHREEQC 34 (2.11 WA %I K 7K o
Wi 1 TR WL A AT B 2 T Lawrence Liv-
ermore National Library (LLNL) g /% , i F “ So-
lution” & H , 7E4) 4h ¥ W 2% 1 vh BB 3t T KR it %
2 5y & & J5 , PHREEQC 34 M2 48 N B 10 7 W
SRR e i g G T e T < | N o
(Parkhurst et al.,1999).

2 ZEH 518

2.1 MR TKLFRSFE

R X7k 240 F ik pH 258, HA7 & Fe
(0.01 ~22.40 mg/L, #{H K 5.44 mg/L) K U
(0.001~7.300 pg/L, ¥J{H A 0.42 pg/L),SO,*"
(0.01~100.80 mg/L, ¥{f # 6.30 mg/L).NO,
(0.01~ 95. 86 mg/L, ¥ M & 3.19 mg/L).Cl"
(0.01~107.96 mg/L, ¥~ 10.04 mg/L) B ¥ E
(£ D, BAKH Er {5(—238~—77 mV, ¥ {H K
—136 mV) (Gan ez al.,2014) &/~ & X N HL T KA4b
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Table 1  Water chemistry and concentrations of trace elements of high arsenic groundwater from Jianghan plain

e b Cl™ SO,2 AsTotl Fe Mn NO; U HCO;

K )#\{/ =X 25 i o H 3 3

A 4555 B HE PR (mg/L) (mg/L) (pg/L) (mg/L) (mg/L) (mg/L) (pg/L) (mg/L)
JHO01 113°40'39.37"  30°09'24.70"  7.15  6.15 0.00 1.00 0.80 1.55 2.51 4.034 592
JHO002 113° 40'40.76" 30°09'24.39" 7.12  4.38 0.03 155 5.76 2.28 2.43 0.028 581
JHO003 113° 40'41.41"  30°09'24.01" 7.09  4.28 0.09 108 5.68 2.45 2.29 0.006 567
JH004 113° 40'38.41" 30°09'24.13" 7.13  3.59 0.00 532 9.65 4.60 2.55 0.004 543
JHO005 113° 40'40.22"  30°09'23.80"  7.22  4.13 0.00 18.6 0.02 2.35 2.56 1.177 597
JHO006 113° 40'36.39" 30°09'24.24" 7.03  3.58 0.11 64.2 7.41 0.83 2.33 0.006 510
JH007 113° 40'37.66" 30°09'24.21" 7.05  3.69 0.02 75.1 9.16 1.25 2.43 0.003 509
JHO12 113°40'53.73"  30°08'40.38"  7.07  3.69 0.11 54.1 7.64 1.06 2.44 0.001 516
JHO14 113°41'07.89"  30°08'20.89"  7.11  0.46 0.14 6.40 3.96 0.31 2.30 0.008 472
JHO16 113°39'17.79" 30°08'17.84" 6.91  7.66 0.09 83.8 9.04 0.69 2.59 0.003 563
JHO18 113°36'40.87"  30°10'51.08" 7.03  3.16 0.04 632 11.76 2.32 0.03 0.003 675
JHo021 113°37'26.65"  30°10'25.08"  6.97  5.52 0.00 110 4.57 2.00 0.16 0.005 631
JHO024 113°36'25.87"  30°23'19.85"  6.56  40.7 57.8 1.10 ND 2.56 7.71 4.654 415
JHO031 113°24'45.79"  30°10'49.19"  6.77  9.73 2.45 44.8 9.01 0.24 0.03 0.005 435
JHO038 113°2938.80"  30°04'02.70"  7.48  4.80 0.06 2320 1.34 1.54 6.83 0.006 553
JHO44 113°29'38.45"  30°04'00.60"  7.51 1.20 0.05 1510 4.82 0.91 4.05 0.002 439
JHO045 113°29'41.40"  30°04'00.58" 7.06  1.16 0.02 323 0.75 1.47 0.08 0.005 517
JHO047 113°29'50.84"  30°03'58.42" 7.24  1.60 0.08 24.9 3.31 1.19 0.22 0.004 462
JHO51 113°30'28.89"  30°03'33.40"  7.25  0.97 0.06 8.43 1.81 0.12 0.20 0.002 486
JHO056 113°22'28.04"  30°11'17.01"  6.87  7.70 0.07 51.3 12.95 0.12 0.26 0.006 469
JHO057 113°45'35.10"  30°07'05.95"  7.15  4.94 0.09 387 1.08 0.35 0.13 0.004 532
JHO58 113°45'33.65"  30°07'06.40"  7.27  6.25 0.08 188 2.39 0.07 0.08 0.007 530
JHO061 113°45'29.86"  30°07'04.41"  7.25 .48 0.05 111 3.40 0.08 0.02 0.012 530
JHO067 113°45'33.67"  30°07'02.92"  7.33  4.45 0.06 95.8 3.96 0.08 0.10 0.005 531
JHO068 113°45'33.00"  30°07'02.42"  7.33  4.90 0.07 122 4.17 0.10 0.18 0.009 519
JHO072 113°27'05.38"  30°04'46.52"  6.95  71.7 0.02 9.80 8.46 0.30 0.24 0.002 521
JHO76 113°50'08.88"  30°03'43.47"  7.24  1.45 0.03 180 2.45 0.09 0.22 0.002 613
JHO080 113°47'14.32"  30°07'47.75"  7.34  10.9 0.11 47.5 1.85 0.08 0.39 0.002 552
JHO88 112°51'47.54"  30°28'8.42"  6.70  39.3 101 8.55 0.64 0.80 0.06 4.920 769
JHO089 112°57'10.89"  30°25'18.19"  6.64  70.8 34.2 0.57 0.34 0.47 0.01 0.851 799
JHO091 112°45'14" 30°30'44.3"  6.75  6.29 2.45 22.1 12.3 0.18 0.07 0.096 783
JH111 113°36'38.39"  30°10'50.71"  6.99 51 0.04 21.6 3.09 2.68 0.03 0.012 638
JH113 113°37'26.65"  30°10'25.08"  6.97  5.52 0.00 1.28 6.87 8.45 0.09 5.795 631
JH114 113°39'10.18"  30°10'11.83"  7.11  3.95 0.07 71.6 12.4 11.39 0.01 0.149 511

T “ND” %R not detected , B A I 45 51,
FIRJFEI B KA SO FEKF1 mg/L, 92 REE & f (0.019 ~ 3.447 pg/L) (34 B 45,

NO, & &#A8TF 3 mg/L, 1 A B 5 6 #R £k 1A 1R
b e B A e B TN B T A T e HE R i
A [F A8 Piper = 2k 181 (I 2) AT 0, BH 8 5 LA
Ca’" Hil Mg"" b E . BIE F L HCO, ™ b &, EE K
b2 f HCO,-Ca » (Mg) B, i % 1 7K o fif
W REREAN L P B 7 HCO, 2 v 4 B H 40 H &
B4,
22 MTKBITNESERSFHIE

W 5% X )2 R K A 00 R i SRR,
YIREE & #7F 0.032~0.843 pg/L. Sk E & F 174
KA Z5 Hbom A R UK 2 REE (0. 072 ~
0.334 pg/ L) HAR T P9 52t ] 5 4 1l & W 3t K o

20105 MHHE 4245, 2012) /i A BIF5E KB, S AL 38 5L ER
B R T K il o0 2 DL S B i S B e R
(Johannesson et al.,1997; Tang and Johannesson,
2006).

WFE X M 7K 89 71 ER {5 VL B R B i U
SO,*" i’%?‘é%i&?*&iﬂ‘ﬂﬂ?%fﬁ* A # T REE
5 As IR SE AL W 07 ) e fid 0 B RE T, PR O o
WRIAEE 1 REE 5 As W B — 0 & (64 1
45,2010). 181 3 1 2 REE 5 SO,* \Cl” Jf ok R
R OGP il L R R 2 REE FESTEAE T
ik SO, AR CL /Wy X, 156 BH X I8 b 7K 22 3178 &
WA VE RS2 W /N o AR SR 23 FUR AF 5 Xl T
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Fig.2 Piper diagram of groundwater in Jianghan plain

KH NO; ~ [d] REE, As 22 [8] 54 W . 14 A1 ¢ .
U Eh—F a8 id IR U T R R R JE IR B T DL
BIHEARH UO, TETUTE , A 1E 2358 i W AR A 9k 4
J& A LY [E £ (Tang and Johannesson,2006) , [ I
i 5 REE BUAE M & 7RI U B9 XA 3).

MRk H REE 5 Fe & & %A B W 09 #H 5¢ %
(JE 3). A~ 2 REE ¥ B 5 i I FE 5 (0.843 pg/L 5
0.796 pg/L) LA B Fo Ay KA 43 #E S B I8 76 T = Fe
(>5 mg/L) WX 8, $5 /8 #L T 7k b REE 1% & 4
A AT RE AN 32 B E AL 0 0 10 30 Do P fih W 5 5% i
(Wood,1990;Kuhn e al.,1998) , if 52 H A [H & #2
Hil. 44 R K HCO, ~ 83 ik, REE & & K3 H
I, R HCO, & i X i #h T /K REE
TERMHEERZ — XA REE M T =M AFEMN REE
K REMR HCO, BT 5 EES A, Wi S 3
MR K Hd REE & @ [ 7+ (Johannesson and Hen-
dry,2000). [ it HCO, 5 REE % & 1F H Ll ) Fe
ALY 5 A E AR B A T B R i REE ]
fig 2 X3 REE & f 28 ki = 25 i [ K.

WX P LT K s Lo R R B
LREE & %, K 54 1 % 542 LREE/HREE i [
M 0.62~15.99, F [A{E A 4.96.[ La/Yb Jxasc & Fl 4
0.24 ~49.17, X {H A 4.51, [Er/Nd Juasc 75 Bl K

0.07~6.54, %15 K 0.91(F 2). 11 FAKHH# 0K
()53 5t B2 Z B R WAR 12 A A0 Yo X
TK — 55 A EAE T LA B A [R] SR 95 R 7K TR A 1 T 52
i (Smedley, 1991 ; Johannesson et al.,2000). 1 F
DU R o AU B e s b 46 (3R 3) , R M
K R A E A AT R A7 B IR A TR T T )
F14) 5% T[] S 7 DX 38k R 7K 588 38 I A R T L 4Rk
Wy CEUEAR D 1 1 340 T P A T B B 2% 7 30 LREE
5 B i 3] # R /K H (Willis and Johannesson,
201 D)8 W 46 L X3 R /K AR Er/Nd Jyase B (3
fEH 0.91) HiEH T X — & (Tang and Johannes-
son,2006). K L2 i i 42 P LAY & 4 LREE B L
AR DL S R A AR 38 M R X LREE 19
A BT AT R & b Rk s 4 LREE 9 R 2 &K
2.3 B TR @ REE D HIFE

ARARY & P 1 N AT = A I R R
PEHL 8 MR JZ LT KB OFRZ) 25 m, B D, R 58
Rk REE 8 2543 15 W b 7K 3 1i 9 28 £k B A o)
JH PHREEQC X 3 7K # i i B 4031 53 45 SR 3R W
Wb T K3 ) REE %2 2L REE™ BB &8 41, A
BrH N K& A REMA G HCO, BF. Y
REE W4 & /X F N Ko REE B &4 A
% & E A2 I (Ronnback ez al..2008) , H B & # F



542 &

698 HERBLY:  http://www.earth-science.net
10° 10°
o °)
o° ° o
o o
_ o 6 o oo [ _ Oo o ¢ .
o ° o o O O 8 %
= O o o
& Q o2 ° 2 Qo °
2 10"+ d@%@é ° S @, o % 5 0.,
LUIJJ Oog @) o ° E O @(‘2@7 ° o o° oo
~ B 20 ° o N Yo SO
°h °o As (ug/L) 0?0 o°
° o 0<As<I10 °
o 10<As<100
O 100<As<200
O 200<As<2320
10'2 1 1 1 10—2 1 1 1 1
10° 10° 10" 10° 10' 10° 10" 10° 10' 10° 10°
U (ng/L) SO+ (ng/L)
0
10° P 10 5 5
o © $§ ©
o o °
. o % 4 ° o — O" ° o6 °
) ° o ) o
=0 b ° @b © = Oo @ o (&(})SOO oo(g)
=1 SN 00 =5 gL o) O le)
= 10 0 =10 Q 00 o °
m ° o) = °5 © o oo
m m & o ¢} @)
& o @] o ) RPN QOO
° 98 Ooéf oS o°0 ©
o ° ° OO
10° 1 1 1 1 1072 | | |
10° 10* 10" 10° 10" 10° 300 450 600 750 900
Fe(mg/L) HCOs " (mg/L)
10° 10°
o ° o o
o ° o ° 4
0® o ° .
= o 2 000 © OO o ° o 9 8@,00 o nn o
= o 20°7°% T 45 8 o) E3 ° o@g °° o
Sl T Koo o llel  bomde ©
m 5 ©° °© O Qo = o ®°
e ° §oc" 0 0"&8%0 o°o | 2 o ° ‘§b®0§% o,
o5 O o & Q ° QOD@
o o
o o
10* ! L 10 I I L
6.4 6.8 7.2 7.6 10" 10° 10' 10° 10°
pH Cl (mg/L)

& 3 H Rk REE 5 F2KAESEZH YRR
Fig.3 Relationship between REE and pH, As, Fe, HCO; , SO,* , Cl” in groundwater from Jianghan plain
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3 INFREARNSHMEINAVEE MEBLITERIERHME
Table 3 Lithology, arsenic and REEs contents in high arsenic sediments from borehole SY03 in Jianghan plain
. ; As Fe; O3 i Lo E & i (mg/kg)
FEfS WA (m) Ak
e - (mg/kg) (%) La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
SY03-01 1.5 WAt 12.2 7.03  46.48 87.93 11.08 40.64 8.14 1.67 7.53 1.31 7.58 1.50 4.22 0.70 4.40 0.59
SY03-02 2.5 b 19.2 8.75  44.16 84.81 10.36 37.38 7.29 1.59 6.41 1.04 5.90 1.19 3.17 0.52 3.19 0.46
SY03-03 7.1 AR £ 11.3 6.67 42.63 82.51 10.07 36.40 7.07 1.47 6.27 1.18 6.23 1.24 3.45 0.55 3.33 0.48
SY03-04  17.9 *h+ 20.0 7.91  46.00 88.52 10.94 39.47 7.86 1.63 6.89 1.18 6.91 1.39 3.82 0.63 3.88 0.54
SY03-05  18.7 B 88.2 6.16  41.33 79.26 9.82 35.59 7.03 1.47 6.31 1.06 6.08 1.21 3.37 0.53 3.19 0.44
SY03-06  20.1 Gk 107.5 5.08  35.68 67.92 8.49 30.87 5.89 1.28 5.27 0.87 4.94 1.00 2.74 0.43 2.50 0.35
SY03-07  23.3 th— > 24.2 5.42  31.39 59.81 7.40 26.72 5.14 1.17 4.41 0.73 3.96 0.80 2.17 0.35 2.03 0.28
SY03-08  30.9 i — 4 ab 25.6 4.44  26.94 50.56 6.17 22.86 4.47 1.03 3.84 0.62 3.43 0.67 1.81 0.29 1.65 0.23
SY03-09  43.5 R 1 15.5 7.72  36.02 68.23 8.34 30.32 5.90 1.25 5.18 0.85 4.92 0.98 2.72 0.44 2.61 0.39
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Fig.4 Comparison of REE speciation(Nd, Gd and Er)and complexation with HCO;

along the flow path
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24 WT/KHAKERE

Jb 25 TUAEFRMEAL IS 19 REE LA B B /9 89 (Eu/
Eu ) wasc IERH . FR XK F /K P11 (Eu/Eu” ) wase
SHEEAS Fe HTRRAFIFAPE (K 5 J8RE
Fe S0 5 S A AL 119 WL BFF / ik WO O AN 2 42 i X 35
(Eu/Eu’ ) wase SEH M BEZHZE M T Kb Sr AT
Eu i & & & AR & (157 ~ 891 pg/L). #1 F /K Eu
FEPL E UK B I SAAE, Hd Eo®t 2%
FETE TAASME T IR 55N Eu £ 2L, Ed®
TG SIETE, IF Bl T B 5 Se™ 4k M 5 14 4
Bl 35 TE R K & R A 38 e OB (Yan et al. s
2013). MR i PHREEQC M #IIT B 45 R B 5
Sr* " 1 22 4 N T BE R F B (Euw/Eu’ ) wase 1E 55
I N 2 —.

W55 X i o8 & (Eu/Eu” ) wase 7 % H £ 2 Eu
FEHDL T /K ) Bt AR SR I B As 5 Sk 1 i 344 o i)
MA (K 5) 8 IR ES T Fe S AbY CRELY) B9 1#
FEAY MR B PR s d L T UK REE 5 As & i,
JF H Eu 7638 J5 2 S A T HAB RS Loe R oG
BR, 5 TN F Fe AW/ S8 ALY 090 40 v g e i 22
H KA, As IR & an k. BB (Eu/Eu” ) wase 7 8 X T
X K As B ERREBA —E MR E XL
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AN FHEAR Sy Ce'™ FRIE WO AR T 4l i DA B W
MTE Fe S AL/ A E AL W 3% 24 7] DL S B (Ce/
Ce e A F % (Bau,1999;Dia es al.,2000; Tang
and Johannesson,2005). i T HF 58 X £ E A4 F 18 5
Wi, PHREEQC B 45 KR WM Tk Ce T
P Ce' WL HCO, F=A% &, L Ce'' BB AT
AR R ARAL, [ B pH 5 (Ce/Ce” ) wase 57 FE
VA WYt AH OGPk TR B S R 0 AR O R R iR
S 250,

AT 5 A 5T KR SR W TUR ) RE b REE Bt 43
BB e & B, LR i I R b B
5 1 (Ce/Ce™ ) nase T 5 5. L 1l R 7K (1 (Ce/
Ce" ) nasce B0 5% 1] g5 13 st i) B TR 1) T2 1l 30 5%
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Controlling factors of Eu anomalies and the relationship between Eu anomalies and As
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542 &

T H . 5 I R K T (Ce/Ce™ ) wase 1E 55 11
T RUAT RE 2 TR A B T & 8 h Ak /
SRRV RIS TR A Ce FERRRICAT S 20 LR
K (Ce/Ce™ ) nase A #B 4 FF & I B Fe & &2
BT TR 6) L X B R K H Y Ce IE
SHBR T 22 2R SR Y/ SRR W 1 I8 TR A R T
LA A 52 380 Al 2o 72 ) 4 .

WFSE X4 T K (Ce/Ce™ aase F Ce A 3
S As B BRI 114 DFEM T Ce 529
B 8 PR A AS 5 4 — B, BRI 9T X 9 (Ce/Ce ™ ) wase
5 Ce fri Xt T HUF KA As 095 S HUAE B A W W
UEE N
2.6 MBYEHTAKPHE LRSS EXTEE

HEHE AR &5 K 255 1, 28 3 L R4 SY03 4L
)9 AR AL TR B RE b (SY03-01~SY03-09, % 3)
DA FEAS [R) T B 5 7K 2 DURR 9 5 b R 7k H REE f9
Bt /A5 25 52 b R B 10 m A2 47 35 o 4
Gkl £ B K AR RS £, 10~ 20 m Ry K A8 (5 20
b, HfE17.5~18.2 m I — 2+, 7 21~36 m
NIRRT RS, B T UK R A R
10~20 mK A8 (4100 & K2 Al 21 ~36 m A KB A0

HORLAD & K2 KA 0 4 b B K B oL D A vk B
14 J65 B A AL & B . 18.6 m A A D A i
4 88.0 mg/kg,20.1 m MY 410 i B 68 A, 1] Gk
107.5 mg/kg.
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MIBC B (B 7 R e S0 T A DT
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Fig.6 Controlling factors of Ce anomalies and the relationship between Ce anomalies and As
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Fig.8 Comparison of different groundwater REE characteristics in Datong basin, Hetao basin and Jianghan plain

H(0.65,0.95) .5 A /KFEIE 5 (1.04~1.53).

H R K 5 BT b AR A 22 AR
X MR K AT BEAS S SR A A T SR P AT K T B
F 9 HAL 5 K 2R 48 B R K AR RN A T ok L Bl TR
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HAENFEMANE R, Z 2] T HEN A A &K—F

G 7K S Hb 3R Ak 2% 1 R Y 5 B0 2 & (Whitney and
Olmsted.1998) , il 2l LREE & 4 DL K 58 211
(Eu/Eu’ ) xase 7 8. o TR AT ZEH™ Y 19 KUAL 1 722 m]
IR Eu(Probst et al.,2000) , Kb Hh R 7K 7E 7
R ATREZE T K AKT Y AR A S IE
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YA Sr*t 5 Eut B9 ac R SO T R R Eu &AM
FEFERA.
27 REFEH#HBNSGHBTKNEEARAERER
T RHFMERT

NEURE ESY AR OR O NI N E S P E i
b 77 B 0 R K A D R AR RN T 22 (5
A 2007) LB J5 2 0 AF K B0 & B 1w i
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() REE HuBRIb AR AEAH b L VT DOF R A e R K B
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FAIX ) Eu S8 5 Ce 58 AT TLICE R Y
Ce IE 58 8 8 fe iy, ) 27 I 19 Eu 0F 5 2
o e (L 8D H v 1 7 K (] 45 i v il b, 7K 32 23R B
K Eu.Ce IERH , WEHWEVIHEERN Eu IE R
H,Ce TS B 0 I 3 A MR S il L X 1 Ce W5
B, Ce FHBEGIHZAER E I, ol fig 5 7 Hh it
TP BT 26 D5 AN TR DB 3R B8 A G L 38 JR 3R 58 5 4k
BE T B UTRRS%F Ce 19 W2 BFF /A T2 385 J50 52 1) » DA T
AR LR K Y Ce S Eu 5% — 7 161 %2 2 &
38 5 A AR A B 45 L 53— 5 T R A i ) Y
I 4 B A G L [ I Eu %t T T Kb As By & &
B —E e n & L.

3 it

(1) K & & & F 0. 026 ~
0.843 pg/L, Hoor A £ %52 5 HCO; ~ B & & 15 HI LA
TR A /A A A T I T e R e AR g
il b T AR 3 s A v T AR ) T A 2 1) 4k
DA ERE A ) S AT A SR i R X LREE (%)
Mo BT fiE 3 /K 4 LREE 15 A,

(2) 4 T 7K REE JE &40 2 LA LnCO; * LA
K Ln(CO,), A W X S R 7K 3 15 Ln(CO, ),
S TR LnCO, " & & B TF X FMIE AR L T BE 2
R K pH BT S 8L H LREE 76 #1 R K
[f] HCO, ~ My %4 & fig J1 s 5% , itk LREE 75 HCO, ~
TR T K PIE B 1R T HREE, iIX B Al GE 2 A
X 3 /K & 4 LREE )5 A,

X4 T /K BB H B (Eu/Eu’ ) yase IER
HLOATRERE R T ok e &R S 5 Bt R A
2 R LA K Fe A ALY /A A AL W 38 D 1 fige W T
i REG R Eu 5 (Eu/Eu’ ) aase 5% 25 #F K

TH As FEIEAML, HIE Eu 85 (Eu/Eu’ ) s
AE 5 1 000 b R K R i Y s A B R s i L

(O & K 2B L DU Y 5 T oK )
B b AHH T K BA IR (Eu/Eu’ ) yase 7 .
T AR S 2 S R R BT S X M R UK T
R TR B T Z 3 T A s YLLK H
At 2t 35K A 27 2o R ) i B A
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