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T A7 0 & ARG T4 g H &
Wt 5] % T RS A U b T — R A
PRSGERBEIR 5 5 G [l AL, b b 3 < J {5 G DY LB
PR R | K I ] % B R B B i L o RE I RS ]
W2 5 IR T & Y 35 R
— RS RGP S (M) &
FARY D AR OR 32 B E N A )
AN A ETEBR R R R TS Y SR AR
VEM 5T 7 i A b BB BOL R AR B AE
ERRBOL IS A TREGE S L 0T IR A
—E R R BRE : s AR RIGEOE M EH P — R, BeA %
JEA AR RO A R 175 e TR b S 3 s ] 22
St TR G FHIREOE R IMBURA FE &S
DX BN VR 5 A2 255 4 B0 IR 25 1T
P Ve B T 22 0, A B e T G 18 R i wfe LA Jse
LTS YA FRAS R AE ' . [ AR R 45 K X
4 R Y A S XU TP T8 2 R O b L E PP
JrEt T FRE A AR SR L R L R
ERG AWM ERIRITY .

R e VL VY 48 E SRR A A 7 X, e K
Pl g 7 S £ B T R B R R X 2B
F5HT R R RSO AR B
M DX AT 1 AR A S S PR, SR FH LA
LEE T BRI NS HR B IR TE A S S AR
BEEZ TN T, 88 TR IX R AE AR DL Cd
Pb g 5% b B A R G g, U RO
BER o VA EPES Y LI E G e S A Dy s YR
(R B , (BR335SR A, K
LRpEE N TP E SR SRR R
FEIE , ANBE I BIT R B RA-IRAS X RE 1 L S 2B W)
ARERY S FSL b AR AR AR R
ERGRTF e A RS S (Risk
Assessment Code , RAC) M| &2—FfP R THEBIE ¥
A A R 3 2l AT T T A
RV HORE BR858 0 XU . RAC XURS: PF- A 125 40 bE
S KUK TP, B SE A St s /s I E B R 1Y
TERIGE LA B A A ™ o R X
K RAC XURG DY f ok % 85t g 45 7 Jol 30 L3 R 25
RS AT PEAT

BET LR & A5 B TIPS (ICP - MS) 2 AR
HuIRAL 27 23 BT B, AR S 5 00 7 455 v 1 TR o 2
M A7 X A3 6 A E 4 & L ER (Cd . Co,Cu Ni,
Pb .Zn) & &, 15 [ Tessier 427 H2 L0475 +
WX SR A R SR OU R S A AR KB

SO ARIE . IR T, R 3 RS EGE B
A SE FREOE TN RAC KUK I i %) 6% e s 100
DX 8 4 S A 25 XU BEA T DAY, S R 07 X
JEI AR Y A SR PR TR AE BRI XU , 32 1 A R BT 7
B IZARTEAR SUR A

1 SEURoy
L1 FeacR e

22 {f SRR R O R SR TP A e L
M X LA AR X S S B R R
T XA P ARTE BRI R K SF K &R
BT o SREE Ao (1) 03k 1R
A7 A R 8 T R L bR R A T i
BOIT ARME R, B RAE R | ~4 D FERL . i
PR TR 4R Tkg RJZ 1 HE(0 ~20cm) T4 4R
X RRET T 2 S HE RS B o

#1ORFHER

Table 1  Sample information

XA SRR REEL RS SRAE Rl
AY-1 4 AS-1~AS-4  EF MM
AY-2 2 AS-5,AS-6 B bR H
o AY-3 1 AS-7 JEH PR ATAL
%Ly 4 AS-8 B e 354 H
AY-5 2 AS-9,AS-10 @Il FyFsER
AY-6 2 AS-11,AS-12 W FEMHE4 H
LN-1 2 LS-1,LS-2 B R i 55 4 1
IN-2 2 1S-3,1S-4 R ML H
WM N5, 1S-5,1S-6 &1l Ll m
IN-4 2 LS-7,L5-8 Bl a5k H
APEFLE XW-1 2 XS-1,XS-2  F I R4k

1.2 FESIUGCR > Bral RVEOy J5 ik
1.2.1 FEShHTALEE

A ity B ] S 35 38 i FH OB AR A 22 TR A LA, 7E 60
~TOCIRE THERIEE (4 7 R) , PR AR 2 5%
2, AR Ja R DU 433 BORE , iF B )5 4210 075
mm (200 H ) [ bR AETR , 2 57 15 4 i B SRR T
100g, B AARASA H o BN 58 —ANFE s, i TR A
Wit T g, R SR 2 5 G

e JEIE SRS % Tessier 1.5 i ¥ 42 B
WP NSRS RIR RS A A AR AL
HEED AVIEEE B E, RBGS P T
7S A 7E 4mol/L i R ¥ 3 48h L |, 25mL 25
SRR R U F 0 BT, 28w FH KR T8 1K
EEHBSIESEIGIRIT
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(1) AJ A2 4285 I 1. 00g o I 1) - 4384 i,
A 8mL 1mol/L & ALEEH W (pH =7) ,25C 44 T
¥ 1h,4000r/min | B0 Smin, ] 3mL /K PE%, B0
WRNPREBIA A 25mL 285, R B K E %,
TR E LR AT 58 #0785

(2) BRIERERZE B3 5 — 2P 58 UG AN, I
A 8mL Imol/L ZFRENIFW (pH =5) ,25C 264+ T ik
¥ 5h,4000r/min | 4.0 Smin, ] 3mL /K ¥E%, .0
WHRERE—IFH A 25mL 8T, A8 17K
SERS  TH T SCHBRIRER 25 5 45 o

Q)P A NGB B E AR
Y1, A 20mL 0. 04mol/ L iR ¥ Bie 15 W (25% 1 £
FRVEJE W, pH =2) ,96 +3°C /KA T Al 8Pk 7% 6h,
4000r/min R &0 Smin, A 3mL K PEG, B O AIGE
W —IFHA 25mL b, A B FKESR,IF
W SRR F A 525

() BHLUREERE =Z5EE AN,
A 3mL 0. 02mol/L iR (pH =2) , -l A SmL 30%
A E,85 £ 2°C KA T M EMEIR G 2h, Z IS IA
3mL 30% 3 A AL A AE 85 + 2°C /KA T Bl Bk P 3R %
3h, BH1J5 25°C T SmL 3. 2mol/L Z, 1%k (pH =
2,20% A1 ) ¥ 7% 0. 5h,4000r/min | B.0> S5min, [
3mL KPR, B O S VR —IFIH A 25mL 55
Y, BB FKER B REOE SCHANLRE 5.

(5) FRIEDS SR DUAL 58 WG AR, R T &R
PR — ERIR — 1o SR — AR T A AR 3 A 25 T vl B AR
b SE A TR 25ml R LB FOKESR T
WA E ORI
1.2.2 R 32 R0 o s 4 ol

T SR IE A I i e H BT R B b
BRI BR b A A 5% i e i, MR k2% 4k
5 HiBR AL 2% TF M BE 43 BT8R ) (DD 2005 -
03) 7SR ICP - MS 3EdE T AE o R4 o 1t
E R+ 5 4 @ P O R ) 5T (GBW07436
GBW07437 .GBW07438 ) i 17 itk 4%, BB A% B A
SRR ZETE 5% LUN . 7i5h, il A E 2 AL
TR A, AR R AR R 2EAE 1% ~32%
ZIA] SRR IR 2SN 16% , Hop 3L A 28 4 245 Cd
FBRIRER S G A Cd AR 22 3K, A B 853 #r
Jo it BT, 45 A € b 5T S b 3R AL 2 PE AN )
(DZ/T 0295—2016 ) MM i E 2K
1.3 I3ERSBIE T
1.3.1 b RBHREGL

i EFFE 02 (Index of geoaccumulation, 7, ) &
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1969 4F i [ B} 2 5 Muiller™ 32 H (4 + 3 4 J@ ¥
PP vk . HABHE & S L 4 R 7 H 4P Y
RRRREL, Rl i T AR PR 25 R0 - R PR s BR L
FESENESREIE RN, &) ZMA T
WESBIGRIEN . HE AR .
Ci

15%8,

A CREFES T ITE | BSEIMREE ;B2 3 o0
i BRI R

HaE i R R (1,.,) 5 2R LR N
1., <0, TEH;0<1,, <1, BBERH;1 <1, <2, 1
RG22 <1, <3, RS <1, <4, fHER
M4 <1, <5, \ERBS <, , HE2H,

1.3.2 WEEASAEFEREOL

WE A fe F IR Bk & W g g B 22 K
Hakanson' ™' F* 20 {it 4 80 4EALEIEL 1, %7 LA
THEELSEAICE T M, S A ES R E
YEMREGITE N ES R ESEERE(E)
WIEAS KA E(RD) . ) Z W HTE AN
T SR A A B E RPN T B AR

RI=SE =T xC =T x%

AR — S HIRE M E S BB ES
WEEHEHGE, N3 s | M4 S EH 25
T Re i P 4R BRI R B, o F 4 B 1 b
5o 85 R K AR ) T 4 i I BB R, FE 42 )R Cd L Co
Cu Ni Pb . Zn JCER MR8 30.5.2.5.5,
10505 C s i P 4 J@ 5 Y R B0 €L O 155
FIEE 4 8 SEIE (pe/g) s € W I RAE (pg/g) o

EXF RI 5 LESEEREN LR N.
E' <40 RI <150, 5% {84 25 KU 540 < E' < 80,150 <
RI <300, i1 4 5 KL% 5 80 < E' < 160,300 < RI <
600 , 3 A= 5 KUK 5160 < E' <320 \RI > 600, R 5% A= 2%
KU E, > 320, 45k A= 25 KU
1.3.3 RAC XUG A%

RAC ( Risk Assessment Code) XU PEH 1 23T
TS IFET A ) — R D7 72, RAC K
BIP L Z O N A N LR IEHIES 5 SES
Z R LRy, X PR AE RS K . DAIE
TEA b T8 Z N LU GRS PE o 22 4 i X IR BE 1S
FE R R PEN TR A5, 16 HEIE S PT d7 EeA9] 5 RUS: 46 9%
IR e 2R A < 38 PEAS 5 Fe/NTF 1%, T0 XU 45 9
EHESH R 1% ~10% RS 5590 G M &

Igeu = 10g2 {
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H10% ~30% , 25 XU S5 25 15 PEAS 5 T 30%
~50% , i 5 KU S 05 T A 7 L R 50% , # s
R A

2 g5
2.1 b XIEESE RS

WX A 1 22 4 34 5 Cd Co,Cu Ni,
Pb Zn &2, FiA LIEEE ALY Cd Co Cu Ni,
Pb Zn £ 47 43 52 VPG 3 A ST 1 0. 43 ~

A2 IR 10" R T L R G

3.124% .0.31 ~1.47 £ .0.64 ~2. 12 4% .0.42 ~ 1. 38
Ff51.17 ~4.45 ££.0.96 ~1.70 5%, H.dh X 1 4
#in Cd Cu \Pb Zn V3418 & w2 VL PH L35 S
172 4% 1.20 4% 2. 14 4% 1. 31 /%, #E5 1S - 1 [y
Cd &R FIRES AS -4 | Pb & REAFRIAS] T 5

() 3. 12 f5F0 4. 45 A5, 857 1L Bl 20 ZERET LR i
554 I 32 Cd SER{E 400215 SHAE A9 1. 80 %
1.31 £%.2. 33 %, Pb P34 {E 43 il )& 5 5o fH A 1. 51
ft5.3.064% 1. 484% 0 X L IEAE S P Cd P &

Table 2 Heavy metal content in farmland around typical rare earth minerals in southern Jiangxi

B B HHBEITR T (ne/s)
SRAE AT SRR RS

Cd Co Cu Ni Pb Zn
AS-1 0.24 3.90 13.17 8.11 81.22 111.49

AS -2 0.13 11.16 37.96 14.91 136. 60 86. 85

AY -1 AS -3 0.07 14.75 43.00 14.47 138.20 73.22

AS -4 0.14 10.90 38.76 14.53 143. 64 82.54

SEHIE 0.15 10.18 33.22 13.00 124.92 88.53

W R AR H AS-11 0.05 13.04 31.66 14.35 70.87 66.67
AY -6 AS - 12 0.05 16.93 30.63 14.38 72.40 68.37

S 0.05 14.99 31.15 14.37 71.63 67.52
1S-3 0.16 7.17 17.64 15.27 86.39 101.52

LN -2 1S-4 0.17 7.00 16.90 14.81 82.81 94.34

SEHE 0.17 7.09 17.27 15.04 84.60 97.93
AY -3 AS -7 0.26 3.59 13.06 7.92 76.34 118.24

AS-5 0.21 6.55 19.41 21.46 55.50 87.92

AY -2 AS-6 0.17 7.25 18.79 19.92 51.34 87.61

e 0.19 6.90 19.10 20. 69 53.42 87.76

AS-9 0.18 5.07 21.55 18.82 47.43 88.88

AY -5 AS-10 0.18 4.67 17.88 16. 14 44.18 76.03

o SEHIE 0.18 4.87 19.72 17.48 45.80 82.46
il B 57 IS-5 0.20 6.40 20.30 14.94 48.60 89.13
LN -3 1S-6 0.18 7.82 20.47 17.37 46.56 90.26

SEHIE 0.19 7.11 20.38 16.15 47.58 89.69
LS -7 0.21 9.40 21.17 16.89 51.75 102. 63
LN -4 LS-8 0.21 7.89 17.59 13.25 45.04 101.13
SEHIE 0.21 8.64 19.38 15.07 48.39 101.88
AY -4 AS-8 0.27 11.43 30.40 19.99 72.30 100.27
IS-1 0.34 10.68 36.67 25.17 44.18 107.95
LN -1 1S-2 0.32 10. 64 36.67 26.00 43.88 113.14
IR U S5 A e 0.33 10. 66 36.67 25.58 44.03 110. 54
XS -1 0.20 8.46 16.77 16.19 41.08 77.88

XW -1 XS -2 0.14 7.59 14.09 14.22 37.72 74.47

SEHIE 0.17 8.03 15.43 15.21 39.40 76.18

/M 0.05 3.59 13.06 7.92 37.72 66.67
KA 0.34 16.93 43.00 26.00 143. 64 118.24

SR 0.19 8.74 24.30 16.32 69.00 90.93

bR 0.07 3.36 9.25 4.30 31.64 14.45

A5 S 2R 39% 38% 38% 26% 46% 16%

YLV 3R)Z H s 5l 0.11 11.50 20.30 18.90 32.30 69.40

AU i 3.0 - - - 700. 00 -

IR 5 0.30 - 100. 00 100. 00 120. 00 250. 00
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B3 vy 1o R W 87879 i~ L A £ e SR Y N
PrifE) (GB 15618—2018 ) & il i, Cd §ifi 1% (i i A
FEG 2 A, B3 9. 1% , 434 T LN = L(H™ 1L R i
T3 55 4 1) 5 Pb i 36 {8 88 B A 5 3 A4S, B AR R
13.6% 534 F AY - LR R4 ) ; Cu Ni,
Zn WIT GB 15618—2018 o Il - 138 X 6 Ui 1%
o VA ESSREN, &y X A& H A e 5 LR m
Cd . Pb ZFUELG, 43 A AH 1L T Ui 55 4% H AR 0
J2E B 3 A ) SRR R R
2.2 faby X IR RES

T Tessier 10T HE B2 X 6 Fi
%)@ (Cd.Co ,Cu ,Ni Pb . Zn) ¥y 5 FIE A (W] 38
B KRR YAV ERDS A&
SIS &5, RFE R 3 2K (A K91l Bl
W5 M, B RN FEMHE AR, C 2597 1L R 2%
RH) . HE 1 RTER 0 X R R e
Cd EZLI] A2 e 45 FER i B AFAE ; Co E 2 LIAR I
BAETE; Cu FELIFRIE S A YL & S AF1E; Pb
FEUBRE SR S S AEAE s Zn EZDIIRB S
WRIRERZE B SAFAE . B IERFE S L3 rh A S S
Cd (5 :C 2R >A K >B 3 n s Pb (i kB 2
SAESCHEAPEEE Cu ik C K >A K
>B IR ER A B Zn HIL:AZES>B E > C 2,

ST R, X IR E AR E LRI S
FEAE B2 & ik 65.5% it 4h, Cd Pb 78 1] 32
A, Cu TEAVURS G, Zn TEWRIRER S G BB K&
A, 5 Ak B 47, 1% (13, 5%  18. 8% Al
22.1% o &I FF 554 H -8 Cd i & f A 28
S b iR B] T 0. 25w/ #l 52.6% 5 FBHT
B3 A FH 398 Pb i 5 f AT sS4 A T o Lo B
KEN T 98. 72pe/g F121.4%
2.3 f by X LSRR SRR e R
2.3.1 b RBUEECGETE

BTG TS RS0 K s BEUEEGT

BEERWNZR 3 PR, B B0 XA H 56 FiE
GIBICE 1, HEF H:Pb(0.26) > Cd(0.03) >7Zn
(-0.24) >Cu( -0.43) >Ni( -0.77) > Co
(-1.05) , Ky X L5 Cd.Pb fF7ERM B, F
fhH 4 JEm TR TCI5 Y . HURFE S R &, Cd (1)
FUREBEAR AL 3Ry 37 LU R Tl 55 4% B (0. 60) >
Ly b i ) 55 A (0. 26) > B AT B A Ak
(=2.90); Pb () R BUREBE Ry BB W FE B T Ak H
(0.85) > "I N 54 (0. 05) > #™ [y | jife ]
S5ACH (0.01) o Z5RE/R, 07X 14 Cd . Pb i R
L, HL A3 LA Ll e 55 4 F R T ff 3 1
SRR,
2.3.2 SRS

SHEVTIE IR S 0 KEAE A S KU
RO B RN 4 R, i L3RRS Co.Cu,
Ni Pb.Zn JCR BRI TEA S GE R B (E) 78 0. 96
~22.24 2, XL FESEITRAESEERE
RIS 22 R RS R, 15 ASFESL Y Cd TR R
WOSTEAE S HERE(E) 7 40.02 ~75. 11, 4§
AR ERE, 5 T AY - 1 AY -2 AY -3,
AY -4 AY -5 LN -2 LN -3 LN —4;2 f~#: 5 Cd
TCR RIS TEAE S L H RE(E) )y 88.02.93.51, 2
SRAESAEEREE A0 T LN — 1 AR Ef /N T
40, RN ERE, 2/ T AY -1 AY -6,
XW -1, £IRFE S 4 Cd e R e B SR
K ZB0CE) HEFP 7 10 A 554 B (70.73) > @71l
US54 (53.93) > B AT A H (43.13)
FITA FE S 25 A v A2 KU 38 B (RT) /T 150, % i Ay
RGOSR A S8 H RE(E) RF3 M E &
HAJEN LR G R A S8 HE B DTk %, AT 1 Cd .\ Pb
PIFPICZE AT 4 R 25 A e AR S S T I DUk
ZHERE] T 84% ,H AL Cd #iik®] T 70% .

Vh_E T8 78 A 28 XUBS: DA 45 2R B, 1 IX 4
Co ,Cu Ni .Pb ZnJC R LG HE MWL ER

DA DBRRESAS 0 SEEMMARES B ANRSGE  mERES

100
80
60
40
20

HIBZE G E(%)

B
Cd Co Cu

PIL i b XE SRS i

Ni Pb Zn

Fig. 1 Distribution of heavy metals form in the rare earth mineral area
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Table 3  Geoaccumulation index in the rare earth mineral area
[gen
P I R KRS
Cd Co Cu Ni Pb 7n
AS-1 0.56 -2.14 -1.21 -1.81 0.75 0.10
AS -2 -0.34 -0.63 0.32 -0.93 1.50 -0.26
AY -1 AS-3 -1.23 -0.23 0.50 -0.97 1.51 -0.51
AS -4 -0.17 -0.66 0.35 -0.96 1.57 -0.33
SEHIE -0.16 -0.76 0.13 -1.12 1.37 -0.23
AP B A AS - 11 -1.81 -0.40 0.06 -0.98 0.55 -0.64
AY -6 AS-12 -1.61 -0.03 0.01 -0.98 0.58 -0.61
SEHE -1.71 -0.20 0.03 -0.98 0.56 -0.62
LS-3 0.00 -1.27 -0.79 -0.89 0.83 -0.04
LN -2 1S-4 0.06 -1.30 -0.85 -0.94 0.77 -0.14
SR 0.03 -1.28 -0.82 -0.91 0.80 -0.09
AY -3 AS -7 0.69 -2.26 -1.22 ~1.84 0.66 0.18
AS -5 0.38 —1.40 -0.65 -0.40 0.20 -0.24
AY -2 AS-6 0.10 -1.25 -0.70 -0.51 0.08 -0.25
S 0.25 -1.32 -0.67 -0.45 0.14 -0.25
AS -9 0.16 -1.77 -0.50 -0.59 -0.03 -0.23
AY =S AS-10 0.17 -1.89 -0.77 -0.81 -0.13 -0.45
Y 54 FHME 0.17 -1.83 -0.63 -0.70 -0.08 -0.34
IS-5 0.30 -1.43 -0.59 -0.92 0.00 -0.22
LN -3 1S-6 0.17 -1.14 -0.57 -0.71 -0.06 -0.21
SEHIE 0.24 -1.28 -0.58 -0.81 -0.03 -0.21
LS-7 0.37 -0.88 -0.52 -0.75 0.09 -0.02
LN -4 LS-8 0.40 -1.13 -0.79 -1.10 -0.11 -0.04
SEHIE 0.38 ~1.00 -0.65 -0.91 0.00 -0.03
AY -4 AS-8 0.74 -0.59 0.00 -0.50 0.58 -0.05
IS-1 1.06 -0.69 0.27 -0.17 -0.13 0.05
LN -1 IS-2 0.97 -0.70 0.27 -0.12 -0.14 0.12
LR i 254 SESAE 1.01 -0.69 0.27 -0.15 -0.14 0.09
XS-1 0.27 -1.03 -0.86 -0.81 -0.24 -0.42
XW -1 XS -2 -0.22 -1.18 -1.11 -1.00 -0.36 -0.48
S 0.05 -1.10 -0.98 -0.90 -0.30 -0.45

BE R K, Cd AR S E A A, LI ILR
Wem oA oS . LA, Cd 2R X L3
G R Y € 20 S N 0 SR S IR P e 20 e
TGS R E N STEE 4R Cd 75 Yedaii .
2.3.3 RAC RUGTEM1:

RAC R IEM Fi 727 @ % L BCR = 44R
Bk (SSRGS TR S T A A S MRt 25) 1
NSRS LSS BR RIS R i TR 2
I o AR TES /3 S % Tessier 251
PRI (AT As BRERER S A4 AR AL s &
B B A BRI P RS % 17
tH BCR 0 Tessier %] & F , BCR 75 1) 55 R 2
IS5 Tessier 145 1] 58 e 25 FIR BR R 45 A A X N, —
FHERAL 2 75 AR BEAh, 3845 RAC KU A vk
(RS R L AT 52 e 25 FRR R 45 4 S AR N I PR B
AN R AU S L L AT A 4 A G R R R 2

B SRR 2 B RAC XU fE T3, 57 X 4
HERESE KB SF R IR S, 6 FhE S JE RAC KUK
FHHm3]55.Cd(51.4) >7Zn(27.4) >Pb(21.2) >
Co(11.1) >Cu(4.0) >Ni(3.4), ARG T IE
H, Cd B AEAS KURHHER? 87 1L BRI S5 T (54.4) >
O LR WHR S5 T (51.4) > A R A IH (44.8)
Pb A XU HE R - A T H (27.4) > 41
ISR (20, 6) > LT R SR A (12.9) 5
Zn (A ZS RS HERR - 7 L BRI S5 (31.3) > )
O PERTE AR (23.8) > i I M A 554K (23.5) .

X RAC XU PE#r 45 SRR WA X - 3 R
Cd A= 5, Co Zn | Pb 145, Cu #1 Ni fiR. At
KA RIS, AR T A H 3 Cd AEZSA
R, Pb Co Zn W45 47 LI bl 554K H 08 Cd A=
AR =, Zn 5, Ph A S5 7 LR T 25 A< 1
e Cd ARSI = , P Zn 4
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Table 4  Potential ecological risk index in the rare earth mineral area
E
RAE T R FEih s RI
Cd Co Cu Ni Pb Zn
WEA S E TRE (%) 70 5 3 6 14 2
AS -1 66.39 1.70 1.30 2.14 12.57 1.61 85.71
AS -2 35.52 4.85 3.74 3.94 21.15 1.25 70.45
AY -1 AS -3 19.18 6.41 4.24 3.83 21.39 1.06 56.11
AS -4 40.02 4.74 3.82 3.84 22.24 1.19 75.85
S 40.28 4.43 3.27 3.44 19.34 1.28 72.03
N pliw | AS-11 12.87 5.67 3.12 3.80 10.97 0.96 37.38
AY -6 AS-12 14.70 7.36 3.02 3.80 11.21 0.99 41.07
SEXME 13.78 6.52 3.07 3.80 11.09 0.97 39.23
LS-3 44.92 3.12 1.74 4.04 13.37 1.46 68. 66
LN -2 LS -4 46. 84 3.05 1.67 3.92 12.82 1.36 69. 64
S 45.88 3.08 1.70 3.98 13.10 1.41 69.15
AY -3 AS -7 72.60 1.56 1.29 2.09 11.82 1.70 91.06
AS -5 58.73 2.85 1.91 5.68 8.59 1.27 79.02
AY -2 AS-6 48.30 3.15 1.85 5.27 7.95 1.26 67.78
SEH(E 53.51 3.00 1.88 5.47 8.27 1.26 73.40
AS -9 50.39 2.20 2.12 4.98 7.34 1.28 68.32
AY -5 AS-10 50.75 2.03 1.76 4.27 6.84 1.10 66.75
B A S (E 50.57 2.12 1.94 4.62 7.09 1.19 67.53
LS-5 55.52 2.78 2.00 3.95 7.52 1.28 73.06
LN -3 LS -6 50.47 3.40 2.02 4.59 7.21 1.30 68.99
SEAAH 52.99 3.09 2.01 4.27 7.37 1.29 71.02
LS-7 58.00 4.09 2.09 4.47 8.01 1.48 78.13
LS-8 59.28 3.43 1.73 3.51 6.97 1.46 76.38
LN -4 S 58. 64 3.76 1.91 3.9 7.49 1.47 77.25
AY -4 AS -8 75.11 4.97 3.00 5.29 11.19 1.44 101.00
LS-1 93.51 4.64 3.61 6.66 6.84 1.56 116.81
LN -1 LS-2 88.02 4.63 3.61 6.88 6.79 1.63 111.56
IR W 54 S 90.76 4.63 3.61 6.77 6.82 1.59 114.19
XS -1 54.28 3.68 1.65 4.28 6.36 1.12 71.37
XW -1 XS -2 38.66 3.30 1.39 3.76 5.84 1.07 54.02
S 46.47 3.49 1.52 4.02 6.10 1.10 62.70
2.3.4  =FPERESRRT L AU, Ph AR S XU R AR T Cd h§2JE, RAC

o BBURROE IR A S A F IR RGE R RAC K
R A v K e T i s 10 IX 88, U A 10
BN i 55 e Cd BA g AR S XU
AR LA PR TG SR Tt 1 A4 I 3 Cd /955
AT BEAh, t T R BRIR BOA P TE AR
S FRBAEYR HE &8 SR I 1, 15
26— B Z5I WIS DX R T R SRR TS
AU KPR, Cd 9 SRR AR 285 XU 52 7 L T 18
> A1 g > R A AR

=R 5 AR AE LA i A B 22 S
BN FEEMES B ROUR, b RS R
Cd.Pb AL XBR AR 3 O 2 5 H Cd R AR T
Ph AL A S XU 2 Cd IX 3 T A 5 Y 2R
— 732 —

SRR 75 Cd A5 XU 2, P g UK i 2R
BUEROE AR e A2 A48 B0k 25 BRI 45 R R Y]
Co . Zn JGi5 4, 1 RAC $5BUX AR L A PR J7 i
WG Y Co Zn FEAE A KR ; Cd B EA 45 8L
FIE A=A VAN HE RO S i s 200 L 3 A L
R, ZR AT IR R S5 A R Cd BB
B ey, TR 1L L) 5% 11 e Cd Tl PR i o

b AR B RENE S £ S B < A L DXk
TN BB, (A 5 B A SRR M AEY)
AN MEEAESEFIRLGIA T EUIEREER
4 BE PR AR R, R Cd SRR A R Y
ISP R RS 7R AN AU RULE O I UE Y 2E F S N
TRAEAE G AR HOE R G I8 T 4R AT B A0 P58
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Table 5 Risk assessment code index in the rare earth mineral area
I PETEAS T o H il (% )
P I Rt e
Cd Co Cu Ni Pb Zn
AS -1 55.2 12.2 6.1 6.4 34.5 24.9
AS -2 59.0 16.1 3.2 3.1 25.9 25.1
AY -1 AS -3 32.5 53.8 4.4 4.6 47.6 21.5
AS -4 56.7 26.2 3.7 3.2 32.1 26.4
SEIE 53.7 32.1 4.0 4.1 35.1 24.6
FR P A AS -11 36.7 28.0 6.0 2.1 13.0 23.9
AY -6 AS-12 33.6 7.9 5.6 2.1 6.4 24.2
SEHI(E 35.0 16.7 5.8 2.1 9.7 24.1
IS-3 42.3 4.5 2.9 2.7 36.3 30.4
IN-2 ILS-4 41.7 4.4 3.7 2.5 36.9 23.9
SEHE 42.0 4.5 3.3 2.6 36.6 27.3
AY -3 AS -7 48.3 7.9 3.8 4.4 28.3 19.2
AS -5 52.8 8.5 3.5 3.4 26.2 31.1
AY -2 AS-6 59.7 17.8 3.9 4.7 24.3 34.9
SEHE 55.9 13.4 3.7 4.0 25.3 33.0
AS -9 55.0 5.6 2.0 2.5 19.4 21.4
AY -5 AS-10 54.7 7.2 2.3 3.2 21.2 25.5
N SEI(E 54.8 6.3 2.2 2.8 20.3 23.3
WUl LB ILS-5 57.8 7.7 4.0 4.2 20.5 61.5
IN-3 IS-6 54.6 5.3 2.5 2.7 16.3 23.1
SEAY{E 56.3 6.4 3.2 3.4 18.5 42.2
ILS-7 50.9 8.9 4.2 4.6 18.5 28.8
LN -4 1S -8 50.2 7.7 4.7 3.6 17.8 24.7
S 50.5 8.4 4.4 4.2 18.2 26.8
AY -4 AS -8 39.6 5.3 2.7 2.4 11.1 25.0
ILS-1 61.9 7.9 5.6 2.8 15.4 23.8
LN -1 ILS-2 61.1 6.1 6.5 2.9 12.9 25.5
WL R R 554k FHE 61.5 7.0 6.0 2.9 14.1 24.7
XS -1 53.8 2.3 2.8 3.5 8.6 18.9
XW -1 XS -2 52.2 8.3 3.7 4.7 18.6 23.1
SEIE 53.1 5.1 3.2 4.1 13.3 21.0

TR RE BEA o RAC KUR AR U 5G : T H 4
LRSI PR IS MRS, 5 BTG, BiTFZ, &
SR B0 B R A A XU 2 A R R PR B
WAL A R ML i | B — 7 IR PPN O i
MELLRE A I B sl B =Mk TR 4 2R nl
PAFHELADSE , 455 S PR FIR 25 2 A X 65 i
A X R A A KU R TR RE T 4z
WL 52 e B <5 JoR X P I3 ) 5 e R AR XUBSIR B

3 4k

H4 Tessier T A7 42 BUE A ICP - MS 43 #r4L
AR TR LA XA H RIS SRR & & MBS
IIATRFHERT IT , 45 5 L 3R BRAE B T AR AR S XU
Hr JRAC U PEA, AT I 0 J a4k FH 4 33 1Y)
WTEPR GRS o WFE 4 SRR O T IX L 4

J& B LABRGE A, B 65.5% 0 BRI
Hh,Cd \Pb £ ] S 25 Cu fEA HLIR A5 A5 Zn 18
BRIRERZS & WA B & 5 @ X A i 3947 1
% Cd.Pb EBUBG, 7305 LAA™ 1L R W 55 4 1L R
O ERR AR T A SRARBE B e o 22. 7% REAR Y Cd
By P & i I XU e O B T IR0
W& RAE PhCo Zn {19 AE 25 XU A B2 K 5 18] 73 A1 45
7 A T 28 55 AR E R W i e s A DX 1 3
FOR 1 B R W 554 T A3 Cd HAT B iy R AR
T B R A 2 XSS

AUHETE TARE L L3 B SIS SN
PP 7 i, BN 1 IR B TR A S A T
By 2xiin LI AR S KUEIR DL . Cd Ak
BYHARRWEY R, 5 2T ARFE L&
T St RO, AT X 7 X 4 s R
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Forms Distribution of Heavy Metals and Their Ecological Risk Evaluation
in Soils of Ion Adsorption Type in the Rare Earth Mining Area of
Southern Jiangxi, China

ZHANG Sai ', YU Yang'* , WANG Deng — hong' , WANG Wei *, ZHANG Hong — guo" ,
CEN Kuang’
(1. Key Laboratory of Metallogeny and Mineral Assessment, Institute of Mineral Resources, Chinese Academy of
Geological Sciences, Beijing 100037, China;
2. School of Earth Sciences and Resources, China University of Geosciences ( Beijing) , Beijing 100084, China;
3. Scientific Institute of Geology and Mineral Resources, Sichuan Exploration Bureau of Geology and Mineral
Resources, Chengdu 610036, China;
4. Sichuan Huadi Exploration Co. , LTD, Chengdu 610200, China)

HIGHLIGHTS

(1) Cd and Pb in the soil around the rare earth mining area were cumulated and the proportion of the exchangeable
forms was relatively high.

(2) The results of multiple ecological risk assessments indicated that the ecological risk level of Cd was relatively
high in the farmland soil of the mining area.

(3) The Cd pollution was high in riverside farmland downstream of the mine, whereas the Cd activity was high in

riverside farmland upstream of the mine.

Ecological risk assessment
Mass spectrometer based on total content

Tessier five-step to determine form content / @

sequential extraction method
Comprehensive ecological

Soil sample
collection —> —> risk assessment

Ecological risk assessment
based on form content
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ABSTRACT

BACKGROUND: The open - pit mining of rare earth mines easily causes heavy metal pollution problems. Studies
have shown that the soil of the rare earth mining area in southern Jiangxi has been polluted by heavy metals of Cd
and Pb in low and moderate degrees. Environmental quality assessment usually uses pollution factors (total heavy
metal content) as indicators of the degree of pollution, which can only reflect the degree of enrichment of heavy
metals.

OBJECTIVES: To investigate the forms of heavy metals in the soil of the rare earth mining area in southern
Jiangxi Province, migration ability and bioavailability.

METHODS: Based on the forms analysis of soil heavy metals measured by inductively coupled plasma — mass
spectrometry (ICP —MS), the ecological risk of soil heavy metals in the rare earth mining area was evaluated using
the geoaccumulation index method, potential ecological hazard index method and RAC risk assessment.
RESULTS: The heavy metals in the soil in the study area mainly existed in the residual form, accounting for
65.5% of the total. The average content of Cd and Pb in the soil samples was 1. 72 times and 2. 14 times the soil
background value of Jiangxi Province, respectively. The average value of Cd in the soil in the farmland along the
river downstream of the mine and the average value of Pb in the farmland near the tailing pond were 2. 33 times and
3.06 times background value, respectively. The Cd or Pb content of the 22. 7% samples exceeded the risk
screening value. Among them, the exchangeable form of Cd and Pb accounted for 47.1% and 13.5% of the total
amount, respectively, secondary to the residual form. Geoaccumulation index and potential ecological risk
assessment results show that the accumulation degree and ecological risk level of Cd and Pb were higher, and Co,
Ni, Cu, and Zn were lower. RAC risk assessment results show that Cd ecological risk was higher, whereas Co,
Zn, and Pb was medium and Cu and Ni was low. Although the focal point and some results of the three evaluation
methods were also different, the comprehensive conclusion showed that the soil Cd pollution and migration activities
in the mining area were high, and the ecological risk was high.

CONCLUSIONS: The research results provide scientific basis for identifying the potential environmental risks of
farmland soil in rare earth mining areas and propose effective prevention, emergency response and mitigation

procedures.
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