ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)
ENVIRONMENTAL SCIENCE

£

2013

RERFERESISHEHSR RO EH
4 4 & K B U




w % # 3 W34 % S

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2013 4E 5 A 15 H

H K

%?ﬁi{t%ﬂﬁﬁﬁ&*ﬂ%ﬁ% ........................................................................... ;J j@%\’ﬁ£¥ ,)% X’— ( 1645 )
REERFETPAN . [ B B O Fp B S 7R weeveeeeeeeenmennens kadk,ER, Ny, E4W, FFF, B, KXAE, AW (1653)
ENGIESE & Sty g w2 o g g 5 VS = b7 LTI B, B, HHE, kM, Fa, FRE (1667)
T 5] M AT R W A e A B RAE A AR FEM AL B PR B BFFTHE R cooeeereemrmmmm k&S, X, KFE (1679)
FET AR KT E W E SIS BAREGE oeeeeereeeeeennnnn ARE, EA} HELE, WA, 24 THE (1687)
TR FE AR AEH X M FE K TRALTIIR e v eeermmmmmeeeemmi ettt oL, R B BFE (1695)
DU TH KB K TR T EL I ST -+ oo eeeeeeeeemmmmmnnmmt ettt ettt e T4, 2 E (1700)
W T 57K SCAE (2011 48 ) B BRI O R AR AR IE B M R IFIE oeeeveeeeeeeeness R EANE EE,XKE (1707)
g AR A 43 e i S VAR BH BE U UR ) B B R v e B, RECANEE,KE,EH (1715)
KT 01 bR W 2 25 355 T e A AMBI FIIM-AMBI 5 ceveveeneeneennineninn, %i{%’_ﬁ{%’iﬂii,%ﬁ/ﬁ,%ﬁ% (1725)
TR IRTT AR BOD, F1 COD V5 YeRRAE K HAT R MRS v vvvvvveeeeeeeereremennnnnns F3, HAEE, BRYE, FHE (1735)
%ﬁu[’ﬁj%(?%ﬁ*ﬁ%wqﬁg\ﬁ{M%E{Mﬂ?@%ﬁﬂ:% ............................................................ %/J\j‘{‘—‘ ’%%’ gﬁj&i% ( 1745 )
FRIEEEHRZ pCO, SIFHHYIEYRAIER o RAT, U, ek AR E BE, RIL T (1754)
KSR FEXT B2 A K BOK RS HUEIAMIFIY  ceveevmmreeermmmmmseeeeniies FW, KR, S, LW, FTH (1761)
T R TR T 7K i A R H VR A MRS Y — HR R — Tk R) 2 e B gy - DB, KER, Far WHEE, E2H5M (1767)
YK Fe, 0,-H,0, JEXIH Fenton TR HEILEALARAE I} --oeeererrermmmmes ik, s, KEE, LR (1773)
IR HRZE A I AN R R = BEPERIFGT - oo AR, R B, B SCEE B4R AT A, BR O (1782)
R G Tk AR Ve f A B AR K P RS IR BORLBEAIE ST -ooeeereeee oo, R A ukok, TR R BB (1790)
FETE YL 2D B A A B ARTAEMESZIRTIFGT - overrremrreermmmmnee e MER ES AR, T RA, YK (1797)
F T C2EAE LR W S A5 25T B BB BE BT s - eeeeeeremmmm AME DAT EEE, ETHBE (1802)
Z:[ﬁjEE%{#EWT:%%%E@@EHR%*R%ME% ................................................ ﬁé%,ﬁﬂ@‘ﬁ,—% %ﬁ;‘(,éﬁ%%%’ ( 1808)
ST TN R G PR TR () ) £ B X FR AR (R IR B RILIR, +oeeeeveemmmmmmmm e R BB, RS, TS (1815)
IR V57K “ 9 KIS Y SRRAEEAIIIFIT e FRE,KED TE, THE, BT (1822)
B8 A”/0-MBR AFIIE AT IS K A FRIRAET cooeeeereeneermmmmeeiennns KEE ek Ry, TE,EHM, 8% F % (1828)
TR TE L THER BB 18 352 SRS AL I U SZIERIFGE «evvvvrreeermmmmmreermmmmi e e E% FEW, TE 3£ (1835)
SRR R AL SIS BRI S N, O BEURRIE e RN P R4 EHE (1845)
FHT FAERA K 2R A EGIISIYE ETIERAL e KA FER,E2GOL, WY (1851)
VB 15 Y 38 X M IS A S PR B SR DR IR RE IR -oeeeeee e W&, X B, A%, Bl g £, A (1857)
WL T 254 70 SR 56 A LA B 80 A T 1 B A R KU P - wERE, THW, FHE, ML (1864)
KR YA TT PRSI SRR - eeeveemee e AR, BER X, T, B (1871)
U U2 L3 22 TR B T B IO SRR - evvvveeeeemmmme e Wa L AT, ZuE (1877)
%@%%%{&ﬁ;%‘@m QSAR/QSPR ﬁ}% ...................................................... ﬁé& gj_,ﬂﬂ‘(ﬂ- , gﬁ;g f*& , gﬁ 75} ( 1882)
TR AW L Tl e X 22+ S R IG YeURT ZS FRAE <o HEN, AKX E,HikT, EHEE (1887)
2T U3k [ 2 S R X % R X 8 ] S50 T3 e AR TI AT ERAE <+ veeveemmmmmmmmmreee e e e oot

....................................................................................... A B A, B, ITIE KE (1895)
TR B S T B T 22 7] SRR AT TT woeeeeeeemememmsee s A K E, EAFE, EH L, BREMAK (1901)
4R 5 Y37 M PR RN AR (BRI SE - eveeeereerermmmn e FTEA,BERF,TEX,EH (1908)
IS RIAR L X s BB R G A ORI L e B A -eeeeeveeeeeee 6, A, O, T B R, FLUR KR (1915)
TEEEANTE N3 XF LR AR B BV BRI vveeereeeeeee oo R EHE K ES HER B, B (1922)
1 ARATES A SR K AR AL AN B LYOL f S5 B SR TERIGE  coveereereeeeeniennns X EGR EE, B 4R (1930)
LRI a ) B8 R B A B B DR S PR AR e ol Fle PR E R R UE, K MEH (1937)
2,274 4" - DU Rk AT E A IR - oeeeeeemee e 7K # , Giulio Franco, ZWe 47, PR & , B % , B A (1945)
FENE R B SR W 28R FE AR TR T B-737 MR o oeveeeeenvreeeenns ERMA, B, KER, AR, A, F1K A (1951)
1997 ~2011 EJET}‘TWZS%FPMﬁ%ﬁ%[‘%méﬂﬁﬁﬂcﬁﬁéﬁﬁif%ﬂ‘ﬁ .........................................................

................................................................................. F}‘f\,Eﬁ/ﬁ,fﬁ‘fﬁiﬁ,ﬁﬁﬁi?ﬁ,)ﬁfﬁm&,%?( (1958)
ﬁmg%7k@§f§&@$;%;qﬂﬁﬁﬁﬁ ................................................... E?ﬁﬁi,ﬂﬁ% &,%%X,é‘%%’?,?&*ﬁ,%fn% ( 1964)
BN AR S RS SRR PEBE T LM - eeeeeeeermrmmmmmmmmmee e e e eee e W, B, EE LR (1973)
TR ZE I 5 15 e FE R A U 08 HLBR B 15 YRR -eeeeveeeennnnnees BEE BAET BFEE, DARE, B, HEK (1982)
TREE = RITT 42 PM, A VURFICE MR A TTYAEIE  oeeeeeeeee VAT I BRIE A AL, B3 F I, KABE (1988)
T BRI PRIAR IR v ETE,NE,RBER,E) 4,48, 8K E, XF K (1995)
TR IX RS A B R coeeeee e R, I L BRER,REH, KL, ERF, £9§ (2003)
Vo BRI E] BT IR C EHERAL AR AE R EUREE T X ooeeeeereeeeeeeene &Ms HEER BISL R (2010)
JE T IRKZRE AR HITT CO, MRBEASAMARARIFST «ovvvevreeermmmmsse ZHW, B, BER, BHE, H7T (2018)
GC-MS Fl GC-ECD [FJHZEL MM AR AY HCFC-142b +oovevvvenseneennennnnn Seori Bhok, Blamwr, 3G, AR (2025)
T B RIS R EL B REE SR AEAFST oo FEE BHEEE, KK, A, EANE (2031)
IR T5AKANEE ) RS R RRIR 80U e PTG e HEk, EMax, EAK, x4 545, fiF, k&K (2038)
PRS2 5 A0 S KA TG YL B ML IEFAE -evveeeeeeeeremee XEG, BN B E BAE FEAK, Y (2044)
Xgiﬁ$%ﬁg#}ﬁ%ﬁgﬁ&%ﬂﬁ?jﬁﬁ§{ .............................................................................. ;‘uj;ﬂ“%gﬁp’igg /f% (205] )
FEFRE R P SRR I T B R IB AR E SR EIRHEDEFE oo, WL, 24 (2057)

(HIEREYAETT R 2 (1652) (HAEREYERG TR (1789) {54.(1807, 1821, 1881, 1987) LARAF R B 1 (1863)



55 34 FH 5 2 1% #l 2 Vol. 34 ,No. 5
2013 4E 5 A ENVIRONMENTAL SCIENCE May,2013

NELEXE=EHT XEEY XARTEFR LT
AR F0 4 T 451

T AT ERE R RO SR RROE?

(1. WZHRFIABE SIS B IS RE 0100215 2. ST Kb AL T 226, PERIESE  010021)

. WALT SN R A R R SK AR DR 2 SR A ™ DX 3 b s T 3R 435 G BRI 3 A1 R AE R AT 98 A B
X, B R R R X A 5 Y BRI O A B SR AR MBS AR IR, S5 AR SN S MK 9 R L
B, A3k BT KON A 7 3 7 Fpfs e R — e R ) R, S 2 A iF R Ce > La > Nd > Pr>Sm > Y > Eu;
B DX 7 or R 3ERG 05 e i SO BE B PE I 2% 50 m v R LA P B X, f T 3K La 11 145.0 mg-kg ™' Ce 23 636.0
mg-kg ™", Pr4568.16 mg-kg™' . Nd 6 855.51 mg-kg™' . Sm 582. 18 mg-kg ™', Eu94.21 mg-kg™' | Y 136.25 mg-kg ™' ; 21k E
DX AR 2 R KU PR XU 2, b 1T XU B 2R B 605 et ol T e, Hk O ARAL L PR L PEAL AL X T = ST X
LR I T FRE TR B E R T A X, A P E N La 3112.56 mg-kg ™', Ce 7142.12 mg-kg™' | Pr
1467. 12 mg-kg™"' . Nd 2 552.80 mg-kg™', Sm 210. 80 mg-kg ™', Eu 36.20 mg-kg™' . Y 63.22 mg-kg ' ; FHEAIILI 6 1~ X
FIE RGP R I NTT N R IX > 3 IX A0 > BREE AR > HE L4 > WX A > BREEFEMI; 5340, #RIEE 5 £t B 23 il
T IR LIS, W AE S AT ER T LR IR PR LT RO — BRI, Ak A R X R 2 SR IR A X Y
B AR £ 75 PR AE , 5 R 8D ARG 170 3 A0 Sl AR R, % 2 B S A 35 FR G A i AR R A T R

KW ASKED R AR X 18 FREi5TY; A RERE

RESHES: X53 XEIRIRE: A XEHS: 0250-3301(2013)05-1895-06

Distribution Characteristic and Current Situation of Soil Rare Earth
Contamination in the Bayan Obo Mining Area and Baotou Tailing Reservoir in

Inner Mongolia

GUO Wei', FU Rui-ying', ZHAO Ren-xin', ZHAO Wen-jing', GUO Jiang-yuan' , ZHANG Jun’

(1. College of Environment and Resources, Inner Mongolia University, Hohhot 010021, China; 2. College of Chemistry and Chemical
Engineering, Inner Mongolia University, Hohhot 010021, China)

Abstract ; The pollution status and distribution characteristic of rare earth elements in soil were analyzed around Bayan Obo mining area
and Baotou tailing reservoir located in Inner Mongolia grassland ecosystem, aiming at grasping the overall situation of grassland
ecosystem pollution caused by rare earth elements and providing basic information as well as theoretical basis. The results indicated that
seven rare earth elements in soils from different directions of Baotou tailing reservoir accumulated to a certain extent compared to the
soil background value of Inner Mongolia. The pollution degree was Ce >La > Nd > Pr > Sm > Y > Eu. Within 50 m from the edge of
tailing reservoir, soil rare earth contamination was the most serious, with the concentrations of La, Ce, Pr, Nd, Sm, Eu and Y
reaching 11 145.0 mg-kg ™", 23 636.0 mg-kg™', 4 568. 16 mg-kg ™", 6 855.51 mg-kg™', 582. 18 mg-kg™ ", 94.21 mg-kg™', and
136. 25 mg-kg ™", respectively. Owing to the dominant wind direction of northwest, soils from the southeast were contaminated most
seriously. For Bayan Obo mining area, the concentrations of seven rare earth elements in soil from the mining area were significantly
higher than those of other areas investigated, with the concentrations of La, Ce, Pr, Nd, Sm, Eu and Y reaching 3 112. 56 mg-kg ™",
7 142. 12 mg-kg™', 1467.12 mg-kg™", 2 552. 80 mg-kg™', 210.80 mg-kg ™", 36.20 mg-kg™' and 63.22 mg-kg™", respectively.
The soils of six areas of Bayan Obo mining area were all contaminated by rare earth elements, and the contamination degree was in the
order of mining area > outside the dump > east side of the railway > the dump > outside the urban area > west side of the railway.
Besides, the transportation of rare earth ore led to the soil rare earth contamination along the railway, and the distribution characteristic
of rare earth elements in soils along the railway was affected by the dominant wind direction of northwest. Baotou tailing reservoir and
Bayan Obo mining area had the same contamination characteristic, and the concentrations of rare earth elements were in accordance
with those in the tailings. The health and stabilization of local grassland ecosystem are being threatened by excessive soil rare earth
elements.
Key words : Baotou tailing reservoir; Bayan Obo mining area; soil; rare earth contamination; distribution characteristic
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Table 1 ~ Concentrations of the rare earth elements in the tailings

of Baotou tailing reservoir

fitoes it/ mg-kg ™!
La 12 460. 15 £455. 18
Ce 26 956. 13 £866. 13
Pr 5198.87 £201. 13
Nd 7799.98 £291.76
Sm 544.41 £22.19
Eu 83.04 £3.30
Gd 91.92 +£6. 07
Th 40. 85 +£3.01
Dy 8.92 +3.60
Ho 3.90 +£0.20
Tm 8.76 +1.39
Yb 7.79 £0. 26
Lu 3.28 +0. 08
Y 140. 05 £5.73
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Fig. 1 Collecting areas of soil samples

in Baotou rare earth mining area
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Table 2 Physical and chemical properties of the soil in mining area

7 X35 pH HHLFE/ % 4 N/% 4 P/% HEL P/mg-kg ! #HAL K/mg-kg™!  CEC/cmol * -kg ™!
B PEX 7.38 £0.58 1.59+0.77  0.10£0.04  0.11£0.08 11.0£8.22 86.5 +37. 4 13.7 £2.85
B X 7.23+0.95 1.52+0.83  0.12£0.05  0.130.06 8.36 £4.50 92.4 +33.7 15.1+3.06
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x3 BIETVEANTAAMIBFHRLITENEE" /mg-kg ™'
Table 3 Concentrations of rare earth elements in the soil of four different directions of Baotou tailing reservoir/mg-kg '
75 1) THE/m La Ce Pr Nd Sm Eu Y
50 2659.68 £853.11  5786.66 +1775.30  994.32 +342.79 1515. 65 £476. 86 137.37 £31.97 21.38 £5.63  44.89 +7.88
100 836.99 +481.49  1865.67 £1025.24  303.90 £147.92 487.74 £238.58 49.98 +24.83 11.83£3.56  23.43 +6.82
ARALFT 300 287.58 +44.86 684.75 £95.80 126.95 +18.23 209. 65 +27.47 20.99 +3.33 7.53+0.48  15.54+0.68
500 376.15 £45.95 878.41 +119.34 176.69 £17.82 264. 69 £36.94 26.34 £4.27 8.39+0.57 16.19+1.00
SFEHE 1040. 10b 2303.87b 400. 46b 619. 43b 58.67b 12.28b 25.01b
50 11145.00 £257.58 23 636.00 £426.96 4 568. 16 £86.57 6855.51 £105.18 582.18 £38.39 94.21 £8.76  136.25+7.29
100 9756.83 £346.08  20704.10 +781.95  3993.52 +137.68  5974.18 +191.34 493.76 £11.67 76.39 £1.95  128.20+1.79
REH 300 1947.40 +794.68  4157.91 £1662.74  804.90 +331.63 1191. 63 £477.85 102.90 £37. 84 19.58 £5.44  35.65+9.03
500 1117.79 £553.63  2422.78 +1160.03  454.41 £234.36 697. 54 £331.55 63.81+28.13 13.97 £4.09  25.75+6.96
FME 5991. 76a 12730. 20a 2455.25a 3679.71a 310. 66a 51.04a 81. 46a
50 1963.70 £511.00  4280.04 £1087.06  835.45 £219.36 1262.20 +312.06 123.78 £24.50 22.51+3.68  38.87 +5.63
100 681. 18 +58.59 1403.34 £121.86 328.28 £27.73 439.21 +34.29 51.11 +4.20 10.82£0.69  20.16 +0.43
FERJIm - 300 175.93 £62.09 359.16 £129.27 84.86 +31.03 121. 83 £40. 12 16.05 £4.41 5.67+0.65  13.72+0.78
500 96.25 +17.83 192.26 £35.46 44.06 £8.01 68.43 +£10.50 10.49 £1.25 4.82+0.17  13.61£0.20
THIE 729.26b 1 558.70b 323. 16b 472.92b 50. 36b 10. 96b 21.59b
50 441.01 £52.63 914.18 £109.50 213.36 £26.65 296.68 £35.78 36.49 £3.74 8.60£0.56  20.72 £0.47
100 273.14 £37.35 584.35 £81.74 140.45 £21.48 195.31 £25.48 24.62£2.52 6.92+0.45  18.27£0.90
PEdbA 300 243.26 £19.74 505.37 £38.6 117.94 +8.86 169.27 £12.27 22.06 +1.35 6.49 +0.21 17.98 +£0.50
500 160.52 +44.7 332.13£95.11 80.08 +21.04 113.14 £28.75 16.43 £3.20 5.69+0.47  15.64+1.20
FEHE 279. 48h 584.01b 137.96b 193.60b 24.90b 6.93b 18.15b
Ezmﬂ]ﬂ%&ﬁﬁﬂz 32.8 49.1 5.68 19.2 3.81 0.81 17.0
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