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Table 1  Contents of rare earth elements and heavy metals of samples collected from Bayan Obo mining area
RERL | R o XA L ICR Y it (mg/kg)
G | KH REFLE La | Ce | Pr | Nd | Sm | Eu | Gd | T | Dy | Ho | Er | T Yb | | Y
y (o) I m Al
B89I5 | HA NS 7.3 | 8.21 | 1.27 | 4.47 {0.78 | 0.07 | 0.58 | 0.1 |0.62 [0.13 [ 0.39 | 0.07 | 0.52 |0.08 |3.71
- | AEAEEAS
B8916 - 1| 3% X 2 80km) 83.4 | 153 [17.5 [63.6 |9.45 | 1.76 | 6.48 | 1 |5.84 |1.13 |3.31 | 0.47 | 3.26 |0.49 [32.7
. AEGHEAHZ
B8916 -2| #-3% SR 2 80km) 18.8 | 35 |3.74|13.5|1.98 |0.35 [ 1.16 [ 0.17 | 0.96 | 0.18 | 0.47 | 0.06 | 0.42 |0.06|5.84
B8918 | X E3H B REX 387 | 703 | 70.5 | 238 |23.2 | 4.55(8.52(0.77 | 2.73 | 0.36 | 0.58 | 0.05 | 0.31 | ND |10.1
B8919 | fkfk F0 G AR A 425 | 783 | 79.6 | 267 | 27 |5.03|9.61 | 0.9 |3.31 |0.44 | 0.76 | 0.07 | 0.37 | ND [11.7
B8920 | #kfE | FH" 1626 F-&dufl | 651 | 1163 | 118 | 397 [38.8 | 7.31 | 13.7 | 1.25 | 4.43 | 0.6 | 0.96 | 0.08 | 0.50 [0.0515.4
B8921 — 1| ik FEHum 695 | 1174 | 112 | 360 |34.1 | 6.35 | 12.2 | 1.17 | 4.19 | 0.55 | 0.88 | 0.08 | 0.45 | ND [13.8
B8921 -2| -3 Ew- b 9039 | 15368 | 1383 | 4358 | 402 | 77.2 | 132 | 14.9 | 53.5 | 6.75 | 11.4 | 0.93 | 5.56 |0.61 | 141
B8922 - 1| %Ak FEu-um 380 | 652 | 64.5 | 216 |20.2 | 3.85 (8.18 | 0.72 | 2.57 | 0.35 | 0.59 [0.05 [ 0.30 | ND |8.55
B8922 -2| +1 FH- e 7188 12992 | 1198 | 3773 | 365 | 70.3 | 138 | 13.9 | 48.6 | 6.16 | 11.5 | 0.88 | 5.26 |0.59 | 135
B8924 — 1| ik R FE ] 553 | 1009 | 100 | 327 |32.6 | 6.07 |12.1 | 1.15 | 4.01 [ 0.52 [ 0.96 | 0.07 | 0.42 | ND |12.3
B8924 -2| 3 IR PG 8880 | 16851 | 1608 | 5175 | 503 | 92.4 | 168 | 17.2 | 59 |7.57 | 13.3 | 1.02 | 6.10 |0.67 | 155
B8925 — 1| Ak ARudemm 569 | 1025 | 102 | 338 |32.7 | 6.06 | 12.2 | 1.14 | 3.98 | 0.54 | 0.95 | 0.07 | 0.43 | ND [12.7
B8925 -2| -1 LW 9044 | 17174 | 1622 | 5247 | 519 | 95.3 | 150 | 18.4 | 62.3 | 7.85 | 15.1 | 1.05 | 6.26 |0.68 | 165
B8926 — 1| ik | 416 | 746 | 75.5 | 250 |23.8 | 4.44 | 9.36 | 0.82|2.89 | 0.39 | 0.61 | 0.05 | 0.29 | ND | 10
B8926 2| -3 AR AR 4689 | 8856 | 870 | 2876 | 286 | 54.5 | 108 | 10.8 | 39.6 | 5.35 [ 9.53 | 0.86 | 4.92 |0.56| 116
B8929 | %tk A B 430 | 761 | 75 | 240 [23.4| 4.3 |8.79 |0.82]2.79 | 0.36 | 0.70 | ND | 0.30 | ND [8.96
RE b i) o W XA T ICR S (mg/kg) | SLREE/ X H 4R IC R &  (mg/kg)
G | KH REFLE SREE SLREE SHREE| ZHREE | o0 Ma Ni Cu Zn G4 Pb  As FLHENE
SoYC PN
B89I5 | HA AEG 28.30  22.1 6.2 3.56 170 123 65.5 12.6 6.18 0.06 55.8 0.91  481.95
.| AEAEWEAS
B8916 -1 +1E BRI Z) 80km) 383.39 328.71 54.68 6.01 [71.3 743 35.7 29.8 87.4 0.15 21.7 12.7 1720.75
AUE(HH=
B8916 -2 -3 SR X 2 80km) 82.69 73.37  9.32 7.87 [15.4 277 7.09 16.9 53.8 0.26 5.38 2.97  520.80
B8918 | KB4 R IX 1449.67 1426.25 23.42 60.9 [5.68 447 3.41 12.7 122 0.29 23.1 3.70 1579.88
B8919 | Ak FUmMRE | 1613.79 1586.63 27.16 58.42 |5.34 579 5.05 12.6 146 0.49 32.4 4.75 1866.63
B8920 | Ak | 01626 F-&uM | 2412.08 2375.11  36.97 64.24 |7.46 705 5.08 11 137 0.43 32.2 3.57 2407.74
B8921 —1| %Ak Fu-um 2414.77 2381.45 33.32 71.47 |6.44 548 3.4 8.64 70.9 0.21 19.5 2.72 2080.81
B8921 -2| -1 FEuum 30993.85 30627.2 366.65 | 83.53 [54.3 6194 26 28.3 465 1.81 181 26.6 23807.01
B8922 — 1| ik FHum 1357.86 1336.55 21.31 62.72 |2.77 326 2.14 7.04 64.6 0.21 14.8 2.08 1388.64
B8922 -2| -1 Foum 25946.19 25586.3 359.89 | 71.09 |38.1 5297 26.6 32.6 583 1.73 202 28.9 24340.93
B8924 — 1| At R PEM 2059.2 2027.67 31.53 64.31 | 4.3 732 3.57 8.37 102 0.29 45 2.80 2299.33
B8924 —2| -1 LW FE ] 33537.26 33109.4 427.86 | 77.38 |40.4 9774 29.1 48.5 749 2.23 431 31.3 28893.53
B8925 — 1| ik Rl 2104.77 2072.76 32.01 64.75 |4.24 631 3.2 7.31 75.2 0.19 32 2.38 2282.52
B8925 -2| -3 ARy 34127.94 33701.3 426.64 | 78.99 [39.5 9454 29.2 37.7 778 2.21 420 32.1 31107.71
B8926 - 1| %Ak KU A 1540.15 1515.74 24.41 62.1 [5.05 439 3.82 7.12 71.3 0.14 23.6 1.37 1877.40
B8926 -2| -1 | 17927.12 17631.5 295.62 | 59.64 |58.7 5062 45.9 65 602 1.35 221 20.6 22317.55
B8929 | kit A A% 1556.42 1533.7 22.72 67.5 [2.98 380 2.34 5.22 51.2 0.09 18.9 1.58 1573.31

T :ND AURAR T A R (0. 05mg/kg) , Ak
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Fig.3 Comparison of total REE contents in plant samples from different areas of Bayan Obo mining area
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Distribution Characteristics of Rare Earth Elements and Heavy Metals in
a Soil — Plant System at Bayan Obo Rare Earth Mine, Inner Mongolia

GAO Juan —qin"*, YU Yang™* , LI Yi — ke’ , LI Rui —ping’, KE Chang — hui’
WANG Deng —hong”, YU Feng'?, ZHANG Sai’ , WANG Xue — lei’
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3. Chengdu Surveying Geotechnical Research Institute Co. , LTD. , Metallurgical Corporation of China, Chengdu
610023, China;
4. Altay Kaiyuan Mining Co. , LTD. , Altay 836599, China)

HIGHLIGHTS

(1) Soil and plants were enriched in light rare earth elements (REEs). The Ce content of soil and plants reached
49.95% and 48.55% , respectively, which was consistent with the Ce rich characteristics of Bayan Obo ore.

(2) The spatial variation of REEs in Limonium bicolor ( Bag. ) Kunize was highly consistent with the variation of
mineralization degree of three ore bodies.

(3) The accumulation of Zn, Cd and Pb in the soil of the mining area was detected, thus it is necessary to pay

more attention to the mining activities in the corresponding region.
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ABSTRACT

BACKGROUND: Rare earth resources are essential for a wide range of advanced technologies, which have
received considerable attention in the world. Bayan Obo is the largest rare earth mine in the world. The study on
the distribution characteristics of rare earth elements (REEs) and heavy metal elements in the environmental media
such as soil and plants in the Bayan Obo mining area can provide basic data for the investigation of the
environmental status of the mining area and provide reference for its environmental restoration.

OBJECTIVES: To investigate the distribution characteristics of REEs and heavy metal elements in various
environmental media at different areas in the Bayan Obo mine.

METHODS:: Nine plant samples, six soil samples, one rock sample and one cow manure sample were collected
from the Bayan Obo rare earth mine and surrounding areas. The contents of 15 rare earth elements and 8 heavy
metal elements of these samples were determined by ICP — MS, which were used to study the behavior of elements
and the variation rules in space.

RESULTS:; The results showed that the distribution patterns of REEs in rocks, soil, plants, and cow manure
samples were similar: obvious enrichment of light — REEs and depletion of high — REEs. The richest rare earth
element in soil and plant was Ce, reaching 49.95% and 48.55% , respectively. The spatial variation law of the
total content of rare earth element in Limonium bicolor ( Bag. ) Kunize was consistent with the mineralization
change of the three ore bodies: the main ore > the east ore > Dongjielegele ore. This indicated that the rare earth
content of this plant was basically controlled by the minerality of the ore body, and it was more accurate to indicate
the enrichment degree of rare earth in the growth environment. In addition, there was accumulation of
Zn (465 -778mg/kg) , Cd (1.35 -2.23mg/kg), Pb (181 —431mg/kg) in the soil of the mining area. Some
points of Cd and Pb were beyond the risk control value.

CONCLUSIONS: The ore, soil, and plant samples in Bayan Obo all show the characteristics of Ce enrichment.
Moreover, the rare earth content of plants is highly correlated with the ore body where it grows. The REE content
characteristics among the three media show obvious inheritance and consistency. Special attention should be paid to
the mining and agricultural activities in the main mining area in Bayan Obo because of the accumulation of Zn, Cd,

and Pb in these mining areas.

KEY WORDS: Bayan Obo; soil — plant; inductively coupled plasma — mass spectrometry; rare earth elements;

heavy metal elements; distribution characteristics
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