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Abstract: To evaluate the spatial distribution and risk of rare earth in mining soil, in this paper, 141 pieces of
surface soil and three sets of 30 pieces of columnar soil were collected from a tin mining area, and then 14
kinds of rare earth elements content of these samples were analyzed and determined. It was systematically
studied by single pollution index, the geo-accumulation index , Nemerow comprehensive pollution index and
potential ecological risk index. The results showed that: (1) the average values of 14 rare earth elements in all
the samples exceeded the soil background values in Hunan Province; The geo-accumulation index (I,) in
descending order is: Tm (0.468)>Pr (0.420)>Tb (0.403)>Nd (0.377)>Dy (0.320)>Sm (0.317)>Ho (0.267)>Yb
(0.157)>Er (0.150)>Eu (0.117)>Lu (0.112)>the Gd (0.051)>La (0.02)>Ce (—0.159), indicating they are

pollution-free; The Nemerow comprehensive pollution index (Py) showed that the comprehensive pollution
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index of all samples was concentrated in 0.29~8.96, with an average of 2.48, suggesting they are mainly light

polluted; (2) As for the proportion of potential ecological risk factors (E!), the proportion of minor ecological
risk of three groups of La-Ce-Yb, Pr-Nd-Sm-Eu-Gd-Dy-Er and Tb-Ho-Tm in samples were 100%, >90% and
>84.8%, respectively. Potential ecological risk index (RI) ranges from 25.43 to 1904, with an average of

199.44, which means the soil is in a moderate ecological risk; (3) XREE, Lggg, Py and RI have the same spatial

variation law. It is confirmed that the accumulation of rare earth in the surface soil is mainly controlled by

granite weathering and hydrological conditions, and the mining development has limited influence on it. In

short, the light soil rare earth pollution and little ecological risk in the area are safe and controllable.
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Fig. 1 Study area location (a), geological map (b) and sampling location map (c)
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PR IR N R A 25 BRI Y R ECH : La=1, Ce=1,
Pr=5, Nd=2, Sm=5, Eu=10, Gd= 5, Tb=10, Dy=5,
Ho=10, Er=5, Tm=10, Yb=5, Lu=20, Y=2 (Chen H
Betal,2020); P, WE 4R i 154550 C, AV ES
J&m iR SEIE; Coy HIERE SR IOTRE =
B LA RKEAEET 4 i (RI<150).
HhEE (150<RI<300), & (300<RI<600), 1}
(600<RI<1200) FIH} & (R1=1200) FL 554 .
23 TRER

AT L ARGt L 1 SR
NI R HE 14 RS o0 R S I
My T 5{H; La, Ce. Pr. Nd. Sm. Eu. Gd.
Tb. Dy. Ho. Er, Tm, Yb. Lu 7 & #{E 5 5 4
AR 1.98, 1.66, 2.65, 2.52, 2.46,
212, 1.94 | 2.51 | 231, 2.17, 1.97, 2.44, 1.96,
1.89 1%, A8 45 % 43 B ok 74.85%. 78.36%.

92.98%. 90.64%. 93.57%. 88.30%. 94.15%.
92.40%. 92.40% . 785 ZEAT LA WG HoCRTESS
] I B O AR SRR R, AR S R AR R 2
BN (Li X et al., 2017); DXPRE LS 5+
ZE0(CV) B KB/MKIR A Eu>Nd>Pr>Sm>Tb>
Dy>Gd>La> Ho>Er>Yb>Tm>Lu, Eu, Nd. Pr. Sm
ARG ZE I 1.29, 1,12, 1.10, 1.08, FHix L
TR EA W B2 125 5, AR N5 4L T fg

A Al ZREE, Lpgg Hyee & 505 B L5 2,
AR 5 7 10T A A T (e R ) 1 e
A (7 PR EE I 1990), 15 Hype 25 50
T 54185 Lppe/Hgee 70T 4.51 ~ 12.40 Z[H], -
7 8.61, 78 5 R AL (Lay/Yby) BAK (0.29); I 7 X
W AR PR R o AR (R R R A
— B

3 e s ) 2R A ML

90.06%. 89.47%. 88.89%. 84.21%. 80.70%. TEFRJZ T HE A-A'FITH L, 111 FFFE 4D ZREE,
*1 MIREXIEHLTEE (x10°) 555
Table 1 Soil rare earth content(x10°) and index statistics in the study area
JLER La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
BRI 519 396 192 776 128 265 959 154 887 13 367 572 353 521
F/ME 686 599 17 663 127 022 129 019 125 023 071 01 058 0.087
M 73.99 122.50 16.61 60.03 10.75 174 1042 151 9.18 167 477 0.8 4.63 0.68
s Frifid 22 6422 77.15 1829 6729 11.62 224 937 145 833 132 3.63 057 341 050
A S R 087 063 1.10 112 1.08 129 090 096 091 079 076 073 074 0.73
WrE TSR 374 739 626 238 437 082 536 06 397 077 242 032 236 036
hEFHE R 397 684 7.7 244 522 103 46 063 413 087 25 037 244 036
BRME 13.88 536 30.67 32.61 2929 3232 17.89 25.67 2234 16.88 15.17 17.88 14.96 14.47
F/ME 0.18 0.08 027 028 029 027 024 032 031 030 029 031 025 024
P, - HH 198 1.66 265 252 246 212 194 251 231 217 197 244 196 1.89
Pt 2% 172 1.04 292 283 266 273 175 242 210 172 150 177 144 138
5 A 087 063 1.0 1.12 1.08 129 090 09 091 079 076 073 074 0.73
HBRME 321  1.84 435 444 429 443 358 410 390 349 334 357 332 327
F/ME —3.03 —421 247 243 —237 248 —2.64 —224 —225 -233 —235 -226 —2.61 —2.63
Lyeo - HE 0.02 -0.16 042 038 032 0.2 005 040 032 027 015 047 016 0.1
Bt 22 1.01  1.03 099 096 100 092 091 093 088 083 080 079 079 0.77
TR FRE 4739 -645 236 254 314 790 17.77 230 274 311 534 169 501 692
FBRME 13.88 536 1534 6521 146.5 3232 89.46 256.7 111.7 168.8 75.83 178.8 29.92 289.4
F/ME 0.18 0.08 136 056 145 268 120 3.17 157 299 147 3.13 049 483
E} M 198 1.66 1327 504 1230 21.16 9.72 25.11 1156 21.70 9.86 24.37 3.92 37.80
PRt 22 172 1.04 1461 565 1330 27.33 874 2420 1049 17.19 7.50 17.73 2.89 27.51
A5 S R 087 063 1.10 112 1.08 129 090 096 091 079 076 073 074 0.73
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Table 2 Rare earth geochemical parameters of soil in the study area

itk e br YREE(x107°) Lgge(x107%) Hype(x107%) Lyee/Hyee Lay/Yby S Sce
SN 2062 1767 295.9 12.40 21.72 0.73 2.42
e/ MH 29.33 24.89 4.44 4.51 6.34 0.16 0.10
SFEHIEL 319.3 285.6 33.64 8.61 10.75 0.52 1.01
PRt 22 237.7 211.3 28.44 1.88 3.16 0.14 0.40
5 FRE 0.74 0.74 0.85 0.22 0.29 0.26 0.40
Wir s LI 5t 181.10 144.55 38.04
i g 184.72 145.92 38.80
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B s B e AR TR I s ) T Ak — 2k il
KA /N, A AT, i A 2 Rk i 4 o] Rg
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18 ~ 30 SAEM AL TR MR X, i+ &k s H 5 8
SR MmGEEEE - BHR SRS HT1 4
KRB H Y, [FIRE SR 6 16 X 76 1 & 4
TUHRE /MR (18] 22) 456 F3C, )= 15
i ZREE, Lege &2 5 Py, RIMEEA E2—E0
Ak H (4] 2b),

X 4 MR 3 ) o AR LA B OR, HTZ1,
HTZ2, HTZ3 =AY REE. Lege 7 #HA 5

SRS RS (4] 2¢ ~ 2¢). HTZ1 HIiH [ HE
% 220 om M B RS TROE, BTSSR
IR AR R A PR Ry 1 b /02 B L ROk e,
PRER T REA KR - BFG H e R . HTZ2 i
F 19 2 URERAG 1 i g, BORE A A T
Wi, AT KIRER 5 EHER . HTZ3 HHr)
iS5 Cu. Pb. Zn, Cd. As S EAIMA L
BB Bl RN RRAIS, R E R R
i, HLAE 0~ 40 om VRN & & TR, 40 cm
ZFIRE SR TRE . AR5 T E D AR X AT
J1, HTZ1 5531 JE R X, HTZ2 535 %4 X, HTZ3
AR R T, 45 R R = A F Y REE,
Lpgs o AR MR & 2 ) LF— 8, dE—2E sy
W ITF % . B M HZ 0 X 0 3 A 1 R
M) AN s FLURT AL R I sl B, W] B2 K S %44
S S SRR S e, TR
I, AUCR AR BT A i Hege & 5B, 2210
T E/IN, ZEKF ) AL 55 SREE, Ly £
AT, H T ] AR AN O S5 D Mgy 5 1 E 2
T T RE WA R

4 - 35EH KU

His - BTG Ye e K (Py) GEit WL 1< 3a R, P
PIE MR B IME A : Pr(2.65)>Nd(2.52)>Tb(2.51)
>Sm(2.46)>Tm(2.4)>Dy(2.31)>Ho(2.17)>Eu(2.12)>
La(1.98)>Er(1.97)>Yb(1.96)>Gd(1.94)>Lu(1.89)>
Ce(1.66). V5 YRR FESEH A 3b iR, iAotk
WLARR BETS Yl 3, B i F A9l 46.8% ~ 62.5%;
VY LY 10%.
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Fig. 2 Spatial distribution characteristics of ZREE ., Lggz. Hggg content, Py and Rl in soil in the study area
a. T4 A-A", B-BHITIHR/Z 1 IREE. Lyge. Heep, BARME As, Cu, Pb., Zn i (FOIFETF, 20230) AL (LA
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Tb(0.403)>Nd(0.377)>Dy(0.320)>Sm(0.317)>Ho
(0.267)>Yb(0.157)>Er(0.150)>Eu(0.117)>Lu(0.112)
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W, i B IC R AR TS YA g Rk
. JCT5 YeRe T o Lu il 2T 34% ~ 60% Z J],
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(15 4); ARITER BAHLE W

P 25 S5 YR O T 45 R W, Bk HT1-

63 SFEMZE G T AR ECH 27.20 4b, & T 170 14
FERZE A TS YR BN 0.29 ~ 8.96, ¥I{H 2.48; %4>
(Py<0.7). B AH (0.7<P\<1). B E 5§ (1<
P\<2). I EEV5 YL (2<P\<3) M 5 YL (Py=3)
BT 5 He A543 30 3.5%. 2.3%. 48.5%. 20.5% Al
25.1%, IR TS el 32 (1<Py<2; 4] 2¢. d. e),
EARTSCHE, Py=3(FBETG YY) MURE S S G
PR IX AL 5 5 X, Py T 19 SR 7K o I 1 e 5 11
Hi DX s AE T ) b, AN Y Py, RIE AR fb 34
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