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Abstract: REE biogeochemistry is important in understanding the occurrence, migration and fractionation of REE and its eco-
logically environmental effects. In order to explore the REE biogeochemistry of soil-vegetation system in mining affected
region, Dabaoshan mine, a typical polymetallic mine, was chosen as a study area. Soils and leaves of dominant Dicranopteris
Pedata and Pinus massoniana, from and outside the mine, were collected. Then REE contents were measured by using the ICP-
MS. REE distribution patterns, > REE, §Eu and 6Ce were analyzed. Results show that mining area, with the mean > REE
284. 99 mg/kg, has significantly higher REE contents than outside areas. , In addition, REE contents in epipedon are much
higher than those in subsoil due to the effects of mining activity. What's more, the fractional degree of HREE and LREE of
both soil and plant is much weaker in mining area compared with that outside the mine. The soils and plants collected are all
characterized by Eu deficiency and Ce enrichment. And the accumulator Dicranopteris Pedatahas lower REE enrichment coeffi-
cient than Pinus massoniana by the presence of heavy metal. Therefore, the mining environment has negative effect on the nor-
mal migration and fractionation of REE in soil-vegetation system and growth of plants.

Key words: rare earth elements; soil-vegetation system; distribution; fractionation; Dabaoshan; geochemistry.
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S8 T T Z B9 (Fu and Tasuku, 2000; Fu ez
al., 2001; F 7 F4E, 20065 T+ 1%, 2006). {HEF
X I o A0 GRS B 46, 2002) , HR#RE T
i 0 X A W18 5 (BRLIE 5745 . 2001 5 1 4 25
20085 1 IS5, 2013). SR 16 S T TRER 1 4
7 B2, AR JE R A 7 I A 2% 1 R b BR A 27 3R
Bes 5t FEWT 1L BERfh 2 PR 5 Y (] J O 17 5%
201D, KW 2 WA 42 @ o Ll ) 120 1 - SRR 4
AEAEH W 4 Jm 15 e (B E AL A, 2004 5 XIHLEE 4%
20065 Z=PEER A, 2008 TR /KR FlFéIa 3, 2010) . (H4:
JEW X — R R T T —HE A R G Lo R A
AEFN G A FEAE 0 HLA .

KRELZERKBEZEEY 10 K EE gk
PR HRBEE R BRI AH AT R AL H PR A 4
B H SRS AL ET MEMEE TR B
R & . 1987). 40 ZAERR LT FE 45 K 5 I ok
TR RS [, 1 X A AE A Y Cu J5 5%,
1M Cd.Pb.Zn,As 1 Hg %502 A A [F1#2 B i
b (RIS SR 3 B 45 Ui B3 R T E Y Cd,
Cu.Pb. Zn 75 Y& (47 ¥& 1l B 42, 20065 7 # 55,
2007).
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Fig. 1 Plants in study area and sampling area
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(2) FESH. M UK B DYREE= Y La~
Lu+Y, BB & JC 2 42 1 805 B2 d AR 1 40 18
> Ce/ XY (X LREE/ X HREE) . i # + 70 £ 15 La~
Eu, HM 10K K Gd~Lu+Y; KT 1 Uil &£ R
Wi b, 2, B AN S Eu il Ce 1Y 579
SEu=Euy/2 X (Ndy X Smy) Fll 6Ce = Cey/2 X
(Lay XPry) o KT 1 NESHNT 1R, Xy
FRTLER X BORL A AR MEAL JS B9 {E. Eu/Sm R
Eu 1 Sm 14 F4HF-IE.

(3) P E RN HARR U M RT3 A i 2 vl
SR A BELIBIR A 53 (1) La~Nd; CI1)
Nd~Gd; ([l ) Gd~Ho; (IV) Ho~Lu, £ Ut & 4H
2 AL T s T R A BGE  BOPR PO EEAKONE.
SR TPAEAE 2 2 RY Y DO S < S M WY,
PE MO RL U T {EE SR I (Irber,
1999; Monecke et al. s 2002; T -BH%E,2006) .
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(4 H= Y I 2 %0 (The Biological Absorption
Coefficient, BAC) (Fortescue, 1980) :

REE,
REE,’

REE, Ml REE, 70 A 7 # £o0R
R R R

BAC=

(3
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2.1 TEHBITESHT

KT H X A 3R 00 R A A S
F7 284. 99 mg/kg, it A E R TR S &
187. 7 mg/kg (BRI BE45,1991). 1% J& i1 T K5 1l
S0 A TR M X R R 22 W A2 AR AR iR B
3R TR KRR, DT A X 3ERS 2 9 7
FIoeEE A X IR E 0 R R 26
RIBIF A FEH R (E ER AN FAE, 199D). 1Lk,
WX R (O Eu/ YY) B{E R 11, 41, 155
TeEEEHRER LI 3. 72 (B R %%,
1991) AR A 453 SR B i PR R AR A A

T AR AT R A CT 4687, 1995) , TR F 1L IX.
WA SR ZL s 1R A o SRR

TR IX A 7 X 5 8 55t X S b 6 28 BRORE B
A3 BEBE AL AL 2) A L, HLAR AR AL Oddo-
Harkins At (HI R F PR 8O A TR R R
THLPTEOCEFEE). 2 MU XA 38 2w -
Eu/Sm.Sm/Nb.Gd/Eu(F 1 I {E A% #23T . Eu
R TS5 OEu (HHE HAE 0. 45~0. 53 Z[Hl.
Hiy - SFER +TC R I3 A A X S 2% S BT HE BT T4
() i B 2R R AH [F].

WX TR L EEmRAE R X a2k
446. 62 mg/kg,b JZK 311. 35 mg/kg, 1 3|
WK a JER LSS w i R R, T 5t X 14
s LOCR MG ERMG, L a b 2L oE S &
A5k 176. 5 mg/kg.205. 5 mg/kg, 22 74N, P
FE LRI LREE X1 & 4, LREE 5
HREE kA7, HbJZKTF a2 X 2Eu/
LYK LR X WP AS B L
FOXHE RX R TR Ce KEmEE, HA
Mo L5 B 6820 ~86 00, KB WL IE S+ 8. X 5K
ZHBNAL 7 1) 7 {iIE — 2 (Banfield and Eggleton,
1989; Braun et al. » 1993), 13 Ce't 5 & 4k ik,
Ce'™ B XA TE 1 2R 4 45 4 UKL S5 1% ot i
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Fig. 2 REE distribution pattern of soils
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Table 1 The concentration REE in soils and key REE parameters
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm
Ba 8. 29 147. 80 1.70 5. 67 1. 22 0. 25 1. 61 0.19 1. 18 0.25 0. 82 0.15
Bb 8.43 176. 40 1.74 5.85 1. 27 0. 27 1.77 0. 20 1.22 0. 25 0. 85 0.15
Ma 8. 22 302. 00 12. 82 45. 60 8.99 2.08 9.41 1. 30 7.58 1.48 4. 24 0.63
Mb 18. 95 240. 20 3.83 13. 46 2.79 0. 68 3.76 0.51 3. 30 0.71 2.21 0. 36
Yb Lu Y > Eu XY >REE 2Fu/>2Y SEu 0Ce Eu/Sm  Sm/Nb  Gd/Eu
Ba 1.13 0.19 6. 10 164. 92 11. 62 176. 54 14. 20 0. 45 8. 22 0. 20 0.21 6.53
Bb 1.18 0.19 5. 70 193. 95 11.51 205. 46 16. 85 0. 47 9. 60 0.21 0. 22 6. 957
Ma 4.01 0.59 37.69 379.70 66. 92 446. 62 5. 67 0. 49 6.13 0. 23 0. 20 4,53
Mb 2. 38 0. 36 17. 86 279.91 31. 44 311. 35 8. 90 0.53 5. 88 0. 24 0. 21 5. 04
BB S KG M P SR D 153 N O, e a J2 135 b b 2 358 S B me/kgs 530 AR Z P 5 5 —.

F2 HEUBLIRTERHEELSH
Table 2 Key REE parameters in vegetation

AR TH

BN BO MN MO BN BO MN MO
La 0.071 0. 182 0.129 0.779 38.08 222.28 159. 63 153. 83
Ce 0. 405 1.377 0. 181 1. 768 345.27 2 387.77 309. 06 565. 83
Pr 0. 015 0. 039 0. 029 0.189 19. 51 112. 54 110. 21 108. 78
Nd 0. 054 0. 140 0. 103 0. 707 13.23 76. 23 83. 64 83.11
Sm 0. 008 0.023 0.017 0.117 5.82 33.73 37.75 38.19
Eu 0. 002 0. 006 0. 003 0. 024 2.79 15. 35 17. 24 17. 44
Gd 0. 009 0. 028 0.014 0.123 6. 00 39.82 19. 19 21.03
Thb 0. 001 0. 003 0. 001 0.016 2.74 15. 09 9. 84 9.90
Dy 0. 004 0.016 0. 008 0. 089 1. 45 8. 27 5.13 4. 91
Ho 0. 001 0. 004 0. 001 0.017 1.19 5.93 3.02 2.86
Er 0. 002 0.011 0. 004 0. 047 1.01 5.62 2.79 2.67
Tm 0. 001 0. 002 0. 000 0. 007 1.21 4.52 1.50 1. 40
Yb 0. 002 0.011 0. 003 0. 043 0.81 4.29 1. 30 1.23
Lu 0. 001 0. 002 0. 001 0. 006 1.05 3. 34 0.79 0.77
Y 0. 020 0. 108 0. 039 0. 462 1. 02 5. 66 2.37 2.17
> Ce 0. 562 1. 794 0. 474 3.706 424.69  2847.90 717.53 967. 19
XY 0. 038 0.183 0.072 0. 809 16. 48 92. 54 45. 93 46. 94
oEu 0.632 0. 347 0. 509 0. 386 1. 61 0. 26 2.47 0. 25
Eu/Sm 5.833 5. 091 5. 125 5. 206 0.48 0. 46 0. 46 0. 46
2Ce/2Y  14.693 9. 827 6. 597 4. 579 25.77 30. 77 15. 62 20. 60
oCe 2.590 6. 310 0. 470 9.821 2. 64 5.72 0.41 10. 73
> REE 0. 600 1. 976 0. 546 4. 515 441,17 2 940. 44 763.46 1014.13
Sm/Nb 0. 140 0. 161 0.162 0. 166 0. 44 0. 44 0. 45 0. 46
Gd/Eu 5. 833 5. 091 5.125 5. 206 2.15 2.59 1.11 1.21

2.2 HWBITESREE

22,1 EEPHLITNEZRERSHERX KR
HH PSR B B 1Y) = 4R O K AR )1, 2 REE #/4E
400 mg/kg VA I, e ik 2 2 940. 44 mg/kg (3 2).
DEw/ XY KA 20 L LR ER L F S
HORZL. A LR SR IMN/NMEZ B T AR
i Ce TRART 1Ab HARMERLE 10 °~10 4L
HRZIA, ZREE /N5 g/kg. T H HHEAE N 4
T +oC R BRI Z —  Feim & ik 3 358 pg/

N
=)

&}

(LUK A1) Gk 7K 45, 2001 5 4 W45 . 20035 FA7
F.,2005; B 1FE 55, 2006) . L P H AR a8 ) B R A 1
(RRE T+ 2 H ATC AR 5 e A G 55
A, 2000). Th R AR ) B X AR b 59 0 R AR A
fiE s AT A (2008) 52 v 25 R A & it A 0 7
AAE 0. 8~5. 0 mg/kg. GAM L LAHFF.

AN T R A 7] b DX S s AT P e Bk
REBRAT R EAL 3 TR X HR R B A i Y, 48 IR
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Fig. 3 REE distribution patterns of vegetation
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HA I Ce S8 RHIE, E M ARR N IE 5, 5 =
DO R I B R RN T2 0 X
A58 20 5 1. Eu/Sm,Sm/Nb.Gd/Eu 5 J 1 5%
TR A A K, Eu/Sm LA K Sm/Nb 7 [ # g
PR e B A AR A A AR . TR EE R X
Gd/Eu RF#[X.
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KRV P 1 S B [V 179 U B A5 5 Ry ML 8,
223 BImENLTEINERAHNSE DEMR
Xof s T ITER RIS R ECERAR AR, 7 0. 001~0. 020 Z
B (E 4a), KD EMX LR E E£1ERHRE
55 Horp o R AR A E A b Lo ALY IR I/E
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Table 3 REE tetrad effect in soils and plants
T4 A it
B M BN BO MN MO BN BO MN MO
t 0.81 0. 80 1. 26 1. 45 0.63 0.78 3. 66 3.98 1. 60 2.19
t3 1.25 1. 08 0. 85 0.70 0.78 0. 81 0. 74 0.73 0.93 0. 90
1y 0.68 0. 69 1. 15 0. 65 0. 58 0. 66 1.13 1. 00 1.03 1.03
T 0. 65 0. 68 1.08 0. 87 0. 66 0.75 1. 45 1.42 1. 15 1.27
@ m B - 0.028[ (b) B
— ] M 0.024F M
10
B - _ 0.020F
i 11N 0.016} ]
&
W&
= 1 0.012F
=
0.008 |
0.004
o H 1 m Il m et Il
0.000 I e e Y I

LaCe Pr NdSm Eu Gd Tb Dy Ho Er TmYbLu Y ZXREE
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Fig. 4 The BAC of REE by vegetation
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M T ICER & AR AE ) 1 R FR B AT R 4
KAELIER LIOCR F & M0 X, Wk R 8 KN
7. 84, 35/ MU 0. 01, 43Il i& Xt Pr 1 Yb By 78
G NS AN T &N QU TS B v Sy
A 39. 29 0. 12, FEFR LU R & B/ 5
DX, P T OT R W E R T E KT IX (B 4b).
R Ce &b, 2 FIRE O 5517 B 155 1 76 2 IR
FREE/IN AL I Oddo-Harkins AL, 1 %f +- 3
G UNGYSE RS O E 2 iob ey = T iiE Ul

3 &g

(DRI +1 > REE {83k 284. 99 mg/kg,
REM LR ZR I E R R N R, 57X
5 5 X 1 REE 43 £ 8 XA 81, Eu/Sm, Sm/
Nb.Gd/Eu.0Eu #i . RIK Ce IERH BB 15
A TR T 40 HE DT A B S A [

(2)SRAy™ X - ey £ 5 B 38 T S XL P
15 b )RR ER LRI W X a 2 R
TE R BAX b EEE R §RXEE

i 4R A, B SR Ce IE . RUIG3h
S X 8RR o A  AEHLIE AR 5T

(3) T H R A E R - ou R, e KA m ik
2 940. 44 mg/kg B EM L IOEMBEE DR
i G2 B SRR 59, SR O A A 40 A A
A AE (Eu 3% Eu/Sm LI K Sm/Nb 20 AK. Ce
S H RN B 25 S P A T RRE B R R R B R
MR AR YRR, B0 Ce IE S 0 5 %,

()5 56 X5y AR T i 2 ik DU 8 AN ] 5 43
Bk M RUFN W R 7 [X 72 R W L AN
7] e, DX A R BR 0 19 2 2 S s s A [) 7 D A5
HR R M7 AL,

(5) T RS XS - TC R R R BN A& T
FICEEEMY. WX PR R FOT Proil 40,
XF2REE Ji 10,8 X R I R EUMF 2, R X £
B AT R T A L T XA A X —
FHIE.

AR AT R AR L R B AN R A £
TCRRHEN N AP 50 250 A 43 SR AiE 5 ) X
A THR R, I L B AT 5 338 T B .
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