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Charactenstlcs and Evaluatmnf of’ Sml Rare Earth Elerhent Pollution -in- thea

Bayan Obo Mlnlng Region of Inner Mongolia & e

WANG lele » ZHAO Ying-chen', LUQ Yl feL ,J ZHENG Chun-li'” BIAN Yuan', ZHANG Guang-yu'

(”l Schoolf ‘of Energy and Environment, Ihner Mongoha Unlverslty of Science and Technology, Baotou®014010, China; 2. School of
Env1ronment Beij jing Normal University, Beijing 100875 Ch}né‘j

Abstract The Bayan“Obo deposit is the largest light rare earth ore deposit in the world, which releases rare earth elements (REEs) to
the surzounding environment through long-term mining processes. To inform restoration plans, it is necessary to investigate the
concentration, spatial distribution, pollution level, and ecological risk of REEs. Sample analyses showed that the average total
concentration of REEs in this area is 6 064.95 mg-kg™', which was higher than the background levels of control soils (207. 44
mg-kg™"), Inner Mongolia (150.95 mg-kg™"), and China (184.72 mg-kg™"). Light REEs (LREEs) accounted for 83%-99% of
the detected REE, and Ce was the dominant element. Areas with high REE concentrations were mainly located near the source bed,
and the distribution was extremely inhomogeneous, being greatly affected by external interference. Chondrite normalized REE patterns
of different functional areas were similar and normalized curves inclined to the right, indicating district fractionation between the LREE
and heavy REEs (HREEs). Significant negative Eu anomalies and positive Ce anomalies were observed in the soils based on 6Ce and
SEu values. La/Yb, La/Sm, and Gd/Yb ratios all indicated that the soils were LREE-enriched, whereas the LREEs were more
fractionated than the HREE. Four methods were employed to evaluate the pollution and ecological risk of the detected soil REEs. The
average values of Ce, Nd, Pr, and La reached heavily contaminated levels based the geo-accumulation index (/,,,). The modified
degree of contamination method showed that the average mC, values of REEs in different functional areas ranged from 7. 14 to 31. 38.
The tailings pond had a high level of pollution, residential and industrial areas had a very high pollution level, and the mining area and
waste dump showed extremely high levels of pollution. Based on the pollution load index, the tailings pond is moderately polluted while
all other functional areas are severely polluted. The potential ecological risk index values ranged from 120. 99 to 6 376. 46, with REEs
in soils posing high strong risk, very strong risk, strong risk, moderate risk, and low risk in 33%, 16%, 12%, 30%, and 9% of the
sampling sites, respectively. Based on these findings, measures for controlling current pollution and potential ecological risks from REE
in the soils of the Bayan Obo mining region are urgently needed.

Key words : mining area; rare earth elements (REE) ; characteristic parameters; pollution; ecological risk
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Fig. 1 Location map of the study area and sampling sites
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Table 1 ~ Physical and chemical properties of soils in the study area

HALPE e/ IME ISON( e EHIME bR R
pH 7.86 9.67 8.41 8.43 0.35 0.04
AR L AL/ mV 278. 67 383.33 312.33 312.17 20. 48 0.07
A3/ uS-em ™! 76.76 5983.33 216. 67 954. 84 1509 1.58
FH B T35 4 i/ emol - kg ™! 0.78 23.88 5.55 6.91 5.39 0.78
BHHLF % 2.91 22.65 9.46 10. 09 4.11 0.41
HMA/g kg ™! 0.16 4.26 2.11 2.33 0.15 0.64
H/g kg ! 0. 07 1.89 0.10 0.45 0.71 1. 60
M/ gkg ! 7.57 29.06 21.39 21.46 4.85 0.23
AR/ g kg ™! 0.22 3.05 0.54 0.97 0. 88 0.91
kL 33.47 71.47 49.67 51.58 8.85 0.17
R AR i/ % pip A 2.81 52.80 29.48 29.33 13.55 0.46
Fkr 0.01 3.51 1.06 1.06 0.81 0.76
1.4 THR T ERIESEL Eu,.
igﬁ‘iﬁ%q:%?ﬁé%ﬁ@?ﬁ 6Ce \8Eu\La/Yb\ 8En _ Eureference (2)
La/sm *ﬂ Gd/Yb- %ﬁﬂﬁfﬁﬁl@%a*ﬂ—‘ YE{‘B{E‘I’_I»%: 9 J Smsample Gdsample
i_l‘%‘/z_\\itﬁn_l: [20] H Smreference Gdreferenne
Cesample La/Yb ( Lasample/Lareference ) ( 3 )
6(: Cereferenne ( 1 ) ( Ybsample breference )
e =
/\/ Lasample % Prsample La/Sm _ ( Lasample/Lareference ) (4 )
Lareference Prreference ( Smsample/smreference )



1506 7D 53

B 42 %

(Gd,, ,./Gd

( Yb, ./ Yb (5)
#H, sample il reference 43 5l 5 X # #ii - o0 K 78
A v Y S A R AR 0T R 0 BRORL B A AR
.

sample reference )

Gd/Yb =

reference )

1.5 B3R 75 4 KA B XU AN J7 12

ABEFER M RBURROE BRI R L 5
PR E BOL M L A 1 75 Qe AR B2 SR AT A AR
SN EOE AT A S B P, BARTH R A U
SERIN IR 2.

R2 SREHHSE
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Table 3 REE contents of surface soil in the Bayan Obo mining area/mg-kg~
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Fig. 3 Spatial distribution of REE concentrations in soil
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Table 4  Pearson’s correlation analysis for REE concentrations in soils
La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu Y
La 1
Ce 0.981" 1
Pr 0.892" 0.960" 1
Nd 0.888* 0.945* 0.984" 1
Sm  0.921" 0.965" 0.975° 0.975* 1
Eu 0.919" 0.963" 0.981" 0.980" 0.991* 1
Gd 0.981% 0.990" 0.949" 0.948* 0.971* 0.974* 1
Th 0.853" 0.919" 0.973* 0.981" 0.982" 0.983" 0.931" 1
Dy 0.958" 0.979" 0.964" 0.967" 0.977" 0.984" 0.989" 0.951" 1
Ho 0.960" 0.964° 0.915" 0.918" 0.970" 0.958" 0.980" 0.929" 0.967" 1
Er 0.939% 0.977" 0.982* 0.981" 0.984" 0.991* 0.984" 0.969° 0.990" 0.960* 1
Tm 0.940" 0.950" 0.906" 0.896" 0.940" 0.935* 0.959" 0.894" 0.951* 0.963* 0.955* 1
Yb 0.938" 0.942" 0.875" 0.865" 0.929" 0.903" 0.939" 0.868" 0.923" 0.969° 0.920° 0.972* 1
Lu 0.877" 0.874" 0.804* 0.782" 0.830" 0.822" 0.869" 0.761* 0.857" 0.867" 0.861" 0.963" 0.933* 1
Y 0.981° 0.980" 0.926" 0.921* 0.961* 0.959* 0.993" 0.914" 0.981* 0.989* 0.970" 0.967" 0.955" 0. 883* 1
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Fig. 4 Chondrite normalized REE distribution patterns in soils
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Table 5 REE characteristic parameters in the soils

from different functional areas

Uikex. 8Ce 8Eu La/Yb La/Sm  Gd/Yb
MA 1.30 0.73 397. 07 9.31 10. 59
1A 1.28 0.74 186. 87 7.12 7.19
DA 1.28 0.74 314.45 8.69 9.79
TA 1.30 0.70 75.57 5.05 3.85
RA 1.29 0.78 182.7 8.16 6.11
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