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Abstract To explore the geochemical characteristics of rare earth elements in the surface soil of an
industrial park, understand their material sources and influencing factors, the surface soil samples
around the industrial park were collected, and the content and spatial distribution characteristics of
rare earth elements were analyzed. The distribution pattern and characteristic parameters of rare earth

elements were studied, and the influencing factors of rare earth elements were discussed. The results
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showed that the total content of rare earth elements (Wggg) ranged from 52.38 to 155.78 mg-kg™',
with an average value of 105.02 mg-kg™'. The spatial distribution characteristics showed that the
content of rare earth elements was generally high in the south and low in the north. The
standardization curve of chondrite is inclined to the right, light rare earth elements are enriched, and
heavy rare earth elements are deficient. 5Ce ranges from 1.00 to 1.09, with a mean value of 1.04, and
there are slight positive anomalies. dEu ranges from 0.65 to 0.76, with an average value of 0.71, with
some negative anomalies. (La/Yb)y ranges from 5.96 to 10.01, with an average value of 7.86.
(La/Sm)y ranges from 2.98 to 4.24 with an average value of 3.42, (Gd/YDb)y ranges from 1.41 to 1.92
with an average value of 1.65. There is obvious fractionation of light rare earth elements, and the
fractionation degree of heavy rare earth elements is low. The soil parent material in the study area is
the main factor affecting the content of rare earth elements in the soil. Chemical weathering activities
and minerals lead to the differentiation of light and heavy rare earth elements. Human activities affect
the spatial distribution of rare earth elements in the soil of the study area, indicating that rare earth
elements in the soil mainly come from natural factors, but later human activities will also make it
spatially differentiated.

Keywords industrial park, soil, rare earth element, spatial distribution, influencing factor.
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W98, IERARFEIL A3, bl X K Rk R LR & @G e . W= i T S AR AR A= 7= 25 i #ERE =D
WE5R DX (1) 7 F 8 A i J5 5 5 e e D ) B i oty , bW M 34 52 4%, Mgkl 2225—4488 m. AfF5EIX
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PR, (H T AL & i, 5 At b XA e, 2532 31— 1 T M 34 52 i), SO h TlURe () S 20
i & RIEV, BRI (HBEIRIRZERR, IRy 5°C. SHMREGR  CRECN 7R, W
%, b, REOUPFHAER KR ZE R 7 —F, 29 500 mm.
1.2 HEaCRES b
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Fig.1 Study area and sampling point distribution
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W9 X A e B &R SRR i 1 TR, BT 14 R T R A9 F B E AR RN
Ce>La>Nd>Pr>Sm>Gd>Dy>Er>Yb>Eu>Ho>Tb>Tm>Lu, 5 &4 + 35 S E A E 8 5 E0 K/
R — %k, ELAA R A S0 W KA R R, B La 4b, HiA U R #5144 589 58, Ce. Pr.
Nd. Sm. Eu., Gd Fl Tb B 28t o [ + 39 5o (l, (Fh 58 S (E R0, B T DX A 38 40 X 3 +
JCER T bR, (HIEIFATE. i 100 R B E i (Wyee) W0y 52.38—155.78 mg kg™, V-3 EH
105.02 mg-kg !, FoA PEEAR T S, I KMEN T H 88 B S E S b E RS S EZ M. 26+
JC R B i (Wigee) 18 BN 45.60—139.77 mg-kg ™', “F-¥I{H R 92.89 mg-kg !, i -0 F B & &1
88.45%, Ui FHFEHE + 0 Z AN & 4 A 0 R B & i (Wyges) 10 H N 5.87—16.02 mg-kg ', “FIIE N
12.13 mg-kg !, (X A A L0 R B EAY 11.55%, S o E A5 5.
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Table 1 Statistical characteristics of rare earth elements content in soil of the study area (mg-kg™)
o o o L ES Bk
Maxil?nj;n{%alue Miniﬁninlljr\n%alue Av:rii{ilue Standiiiﬁfiation Coefficient of Background vall?e
variation S| HiFE
La 31.92 9.40 20.47 4.77 23.32% 39.7 32.8
Ce 64.79 21.76 43.95 9.22 20.98% 68.4 58.3
Pr 7.61 2.45 5.06 1.05 20.77% 7.17 5.87
Nd 28.71 8.29 18.76 4.82 25.67% 26.4 23.7
Sm 5.56 1.81 3.79 0.89 23.58% 522 4.77
Eu 1.18 0.44 0.85 0.19 22.31% 1.03 0.93
Gd 5.12 1.80 3.62 0.85 23.59% 4.6 4.22
Tb 0.74 0.26 0.54 0.12 22.89% 0.63 0.6
Dy 4.13 1.51 3.16 0.71 22.50% 4.13 3.8
Ho 0.82 0.29 0.63 0.15 23.15% 0.87 0.77
Er 2.39 0.86 1.88 0.43 23.04% 2.54 2.32
Tm 0.34 0.13 0.27 0.06 22.55% 0.37 0.33
Yb 2.15 0.84 1.77 0.40 22.71% 2.44 2.07
Lu 0.33 0.12 0.26 0.06 23.40% 0.36 0.32
WREE 155.78 52.38 105.02 23.47 22.34% 163.86 140.8
W1REE 139.77 45.60 92.89 20.83 22.42% 147.92 126.37
WHREE 16.02 5.87 12.13 2.76 22.77% 15.94 14.43
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FHAT, #2904 v AR 53, U BIE S IX A H o0 2R IR AT BE— 20, HAE—E R 152 B s s

Nt — 2 T T X A 3 v s G ER  0 Ai RE AL, SR P B AU 3 20 R A A B AR W g
Wiree 1 Wiree #4725 [BHRE 34T, 200045 8 HE2S 18] 0 A [T (7 2).
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T 1, U] Bu A —E R T 5, — B0 Bu 520 2 U 4R R TR A9, TRGAR 2 A Bu 5057 5 1)
R a5 L AN, Bu, Ce 78 H AR S Al 5 LA R B0 257 7E, 18 L S IR IR U I 5 e A S8 A JRUSONE, A
W77 A A S 22 3 v (3 B R B 7™ A= AR Ak S, Ce™ By Wi AU Ak, & AR KT a6 4R, 15 Ce 2L IE S
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Table 2 Characteristic parameters of soil rare earth elements in the study area

W ree/ WiREE 5Ce SEu (La/Yb)yx (La/Sm)y (Gd/Yb)y
SEONIEE 9.48 1.09 0.76 10.01 4.24 1.92
H/ME 6.74 1.00 0.65 5.96 2.98 1.41
FHE 7.72 1.04 0.71 7.86 3.42 1.65

H: 8Ce=(Ce) /[(La) y*(Pr)y]"?, 8Eu=(Eu) \/[(Sm) *(Nd) "% HH (Ce)y. (La)y. (Pr)n. (Bu)n. (Sm)y. (Nd)HERKL P A AR
R, (La/Yb)y. (La/Sm)y. (Gd/Yb)(REERRBLA PRI 5.

Note: 8Ce=(Ce) n/[(La) *(Pr)y]"% SEu=(Eu) «/[(Sm) *(Nd)y]"*, (Ce)y. (La)n. (Pr)y. (Eu)y. (Sm)y and (Nd) are chondrite
standardized values, (La/Yb)y. (La/Sm)y. (Gd/Yb)y represent operations of standardized values for chondrites.

Wy riee/ Wire 0. 6.78—9.48, 3418 7.72, (La/Yb) y i Fl Ky 5.96—10.01, 211 7.86, 18] 5%
Fii HoC R AN B, HARER o0 R 2 W7 E 8 A0 5%, 54N (La/Sm)  JEFI R 2.98—4.24, (Y
3.42, (GA/Yb) \ A 1.41—1.92, FH4MH 1.65, 6 M + 0 A7 76 91 W19 /018, 1M A6 o0 5018
TR0 A 4

SEG 1R 4 T, 8Ce Fe KAEAE TY019 4b, SAF 1.09, 1F 5 F2 1 i i, DB 7E % 5 B /e X 38, Ce AHXT
& 4, SEu i/ IMETE TY009 &b, iK 2] 0.65, T 54 F2 5 i 3%, Ul TR 2 5 T 78 X3 Bu B0 7 8. AR5
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FIAL A TN ] BE 5 2 A [R) , 7 pl o 7 v 52 B X S 92 S i) 52, 23 S BOLEAR R 5 i B R AR, f
Y AR L ITER AR, WA A5 32 B T AR 7 L A AR A N2 16 Sl 2R, S Bl e
M 0 BUARS & R AR O R, B L TR A SR 2 B B AR IR AT S B AS R 2.
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K3 BIF G DX b Ak VG T A M, FEEEAEAE VY TR S SRR U, BRESE X Bk | TS =
2, e A B AR TR 2 . UTER A SEu "FXME R 0.68, 505 X £ 3/ o0 K SEu F3{E (0.71) #
i LA (La/Yb) ok 8.26, 558 X +- 476 10 &K (La/Yb) \ FI3IME(7.86) #HZE A K, I, IA R AF5T
X -3 PR e R A R B A N DR BRI

HHEP R £ TR S RN &2 B RE R 2, T ER LT R A RKARER I T e &
AR, MR £ o0 2 W 2w B e A R A, IR S BUR E M T R Y LA R G KRR R
T3 A2, BF 5% X 3 W, jee/ Waer “FXIME N 7.72, (La/Yb)  SEI{H N 7.86, BREM IR 05 0
=, UL X IR T R A AR A2 B WAk KA TS B A s e . [ BRI 9 DX A A AR TN
A B IR AR Y RIS AT . SRR AT R A W R T R AW, 13X — R AR SRR S
BT RM TR EE.
232 A3

e 1AL ARG IX RS TR AR AR S REONTE 20% DL b, IR E] T SRR AR 5, 1
] RESZ 31— ARG S AR . i 1 XA X 4 38 + o0 K & gk AT Person MG/, A5 14 FlR
+ICE Z R AIA S, 25 R AN SR 3 FR. MG A SRR I, 14 AR 1 o0 Z 18 AR E M 7E 0.85 LU
e, P 2 JR] 5 i S R AE G OC R (P<0.01) , Dd A 7E [R]— DX + 1A% - o0 2 nT g 2 2 AH R 1 2805 3
M.

*£3 WEILEMLHEEF(P<0.01)

Table 3 Results of correlation analysis of rare earth elements (P<0.01)

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
La 1
Ce  0.995 1
Pr 0992  0.991 1
Nd 0979 0977 0964 1
Sm 0976 0974  0.965 0.993 1
Eu 0967 0968 0957  0.985 0.987 1
Gd 0960  0.963 0952 0989 0989 0979 1
Tb  0.945 0.949  0.935 0979  0.983 0986  0.985 1
Dy 0920 0923 0.907  0.965 0967 0976  0.969  0.991 1
Ho 0.925 0928  0.908 0967 0968 0979 0972  0.990  0.995 1
Er  0.903 0.909  0.888 0.954 0958  0.969  0.963 0987 0997  0.995 1
Tm 0892 0.899  0.871 0.943 0.950  0.963 0.955 0.981 0.988 0.993 0.990 1
Yb 0868 0876  0.850 0920  0.931 0.944  0.935 0972 0.981 0.983 0989  0.989 1

Lu 0.875 0.875 0.858 0.923 0.934 0.944 0.938 0.969 0.974 0.983 0.978 0.987 0984 1

3 AR SE X A R e R A A A R AE (& 2), FF454 52 M A 0 i) i — 25 38 /s BF 9% IX 4 1A
FTIOCE RN R, R TR S W A0 BoR WF 5 X R R JE A T OC R A9 S B 4 X, e S
82, K IUIFSE X R o0 T AL AE TG 0 E B R 5 X, MiAE bR, T A AEA: 6 R 78 BE g di /b, T
T B IR S AR R B A e e — E R AR O R, RSl KRR iR B E A T, SR
BFG e R —20 w4, T RE R oY X 1 AR £ OC R S s ) oA e e AR ) B R R
3 4518 (Conclusion)

(D) H LI A (Weee) W 52.38—155.78 mg-kg ™, FHI{E M 105.02 mg-kg™!, H i FH(H
RTFEEME, K KMENTHFEHEE HESSMES P E S S EZ0, B o Z M &8, Bt R
FHRE 5 45, 23 8] 40 A B AE B Wagss Wiree M Wires 105 100 THF9E X AR o 88, Kok b2 30 1 B
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(2) WF5E DX - S 1 0 3R E 0B U v ] R | ORTy b Ml e A 56 U AR — B, A R %
A BURE, Ce AAAERBMMIESR T, Bu fAE—E R TR, BEH LR EFH D5, B L OURT
TEWT R B9 7348, TG o0 0 1R AR B AR

() BFFE X LI PR £ I0 R 32 AR R RSN Sl A XU S0 W5 DAY Al B 2 52 i HL 5 4
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