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Characteristics of REE Distribution in the Surface Soil of the
Farmland in Wastewater Irrigation Area
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Abstract:A study was conducted on characteristics of the distribution of the rare earth elements (REE) in
the surface soil of the farmland in wastewater irrigation area of Baotou Southern suburbs(SFWA).Samples were
collected by using quincunx to determine the content of REE in the SFWA. The characteristics of the total
quantity and fractionation were analyzed systematically.The results indicated that the mean content of light rare
earth elements (LREE) in SFWA was 189.48 mg/kg, it was 1.40 times that of background total value in
HeTao.The average total content of LREE was 12.36 times that of heavy rare earth elements(HREE).The value
of ZLREE/XHREE was 11.16-14.47 with an average ratio of 12.36,(La/Yb)»>(La/Sm)»>(Gd/Yb)y, the average
value of 6Ce was1.02 and 0.89<3Ce<1.24, the 6Eu value was 0.69 and lower than 0.95.The content of REE
followed the Oddo-Harkin rule strictly. LREE and HREE separated obviously,showing that LREE was highly
enriched.Eu showed negative anomaly and Ce showed significant positive abnormal in some places.This
showed very significant LREE enrichment type, which indecates that External Rare-Earth has a signiticant
impact on the ecological environment in the SFWA.

Key words:REE; distribution; surface soil; farmland; wastewater irrigation area.

ALK T T KR S5 bt A 2 R B R B BT 50 R £ BB TR TE X B K AR R L UTRR P a4 £
JewT HUB L 0S8 U5 T, g L MRS R r R TR BT B A RO I Rk TR 2
R AT HE R B EERES, B TWEE R E TS0 R HE S SOR T AR E R T, &
REIERFEFEL QR R XRE LB L CE Lay Cey Prv Nd. Sm. Eu. Gd B 2B

KR E#: 2011-10-30  BEAR: 2012-02-23
HEETEH: NEHTABXESSKR%FRIE (NJ09142) AL TR EEINE (201152009-4-3-6)
EE® N KIKIE1961—), T, B, FTEMNFEREHEFESHEFMAR, E-mail: zhqh200549@126.com.



E3W 9K R R A5 v Y IX R W3R 2 R b T R OY AR AL 615

HWEs, TIXMUE SRS b -EESRAKE, (8§ XRS5 8 DML T R 2 A R il ik
HE MM, B, 00 H 4 LA L TTRR X BRI & SR A 4L B SR 175 KB BE X AR B L 3ROV BT
Fixt g, Xt LA E SR R IR RSP RELSMY 4 AR, HoMiTEXRERE LR
ML RN EESE, UEER SRR RREIPNT, RS REE. RIRBRMN SR
S EFAHC. RIEESTHEFRMERIEKE.

1 i X4t

£, 3 T (40°14'56"~42°43'49"N,109°15’12"~111°26'25"E) & T 3= T R Pl H KRG EE XK, 4F 8
RE 6.7 C, B ESIE 384 °C.B&1K-31.4°C, =10 CH MR N 2019.8 'C,F#/KE 240~400 mm,
— B EH KR K 308.9 mm. EE KR E 2 100~2 700 mm, — K IEHZKE3221.1 mm, EFELEH 125~
130d. EERNEHZKA, HEBTRENFEILER. ALHREUEE. Ht. PIMTYIERESHETL
WA, FREEER A T AL B E MRS E X, FER IR (REBERELAKHBENE
RERHFILAME, WiTEAHEAELE, HREARAEEKAKRKE) 2ADELND L+, &
BEHWE, MTAKEZER. £E1(0~25 cm) pH {H 7.021, BFFUX P Fb AR 490 i B 8k A 7K LLTS 7K
EBEKAhE. TARAFMEABRERED FERILK, MEF,

2 HEXERMARTE

2.1 HEREFRE
FEHER SRR TET 2009 4 9 H~2011 4F 6 F#1T; FAMREAMT. HWBRSH THET 2009 & 11

H—muﬁsﬁﬁﬁ Eﬁmﬁﬂnru%akm@ﬂmﬁwﬂﬁﬁmﬁt(En

: U ,ne \ ohao w l T tel
- anshuiquan Tablelan
Sy — — it 1q1,.1 ab
\ E:l‘:;; F ikl \ gy VAT - D,
\S u& Down Wohao \ ( Stat on  Chenic atﬁ?n trv Co
g — xR c1
g s \u // N L43) W
'”‘_e' Sewers ¥ ﬁf"?‘ 27 , L4
rualei REE Co TR 5
u’ ; Wanshuiquan Feivt
\ & ",
Y \
’: | ‘::‘. IEP\ & T
ohem || BRI g bk fdiflan farm No.6
DRIR SR g L 5 [ ; g farm No.6
Machi Town“‘eﬂ?\'“f;”‘;' Chengliang | 47 ﬂ'g Wanshui lnu\ / ; K
NO4 No.7 |Focuson| | <
5 }Sa.mplmg x\ outh Mﬁﬁjié P22
| Areas | |
7\7 GES, \\ 2 3 \ Rivive &
Hanqinj
4 “Si /(03?1/1 S
) uth around the city road \
Red flag farm No 4
i e
Machi Farms = 2 \ L Heil
W 5 e Ac?tz‘ié}qdzi S .
Ha_n‘.mgeau \ o
B 1 E AR R A E

Fig .1 Sampling district location
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fakr.
YLREE/SHREE=¥(La+Ce+Pr+Nd+Sm+Eu)/Z(Gd+Tb+Dy+Ho+Er+Tm+Yb+Lu) (1)
(DR HF: ZLREE RTBEM T UELE, SHREE R RFEWM L TE S E. LLREE/SHREE FR R BE
ERTTEZ AN EEE, SHESIN, BRI TEEE: SHE<LN, ERELTRELE.
(La/Yb)y=(La,/La.)/(Yby/Yb,) )
QRAF: P s HEER, EF ¢ AERBIBRA. (La/Yb)y £ 1 0 ZER B A bR vEAL B A o 43 70 i
SRR, B IR L B MR AR . B (La/Yb)y>1 B, IEZA A HA, BR L TR ER: La/Yb)<l
B, MILAEMA, ERLTREE.
(La/Sm)y thf8: REVES T2 BKSEREE, ZEBKX, BRLBELE.
(Gd/Yb)y tefE: RBRER L ZREMMBEE, ZEED, ERTBEE.
8Ce=Cen/(LayPry)"%;6Eu=Euy/(SmyGdy)"? (3)
(3)x\#, Cey~ Lay. Pry. Euy. Smy. Gdy A#r#EIE. 6Ce EER R Ce REMEE, 5Ce>1.05 4
ERE, 6Ce<0.95 M FH;: SBu FIREXMS 6Ce A
X L LR B R I H Eexcel AT,

3 RO

XX R HRE LR ORI 8 MR TROEE, FANLRRRTE 1.
®1 FRAKKEATHERBLTRSE

Tab.l1 REE contents of farmland Surface soil samples in the study area mg/kg
BFFH  TEEK #5 Sample No.

o o N S R S R A
57 La 45.20 42.94 41.39 42.99 45.28 38.20 48.50 55.03
58 Ce 83.31 82.49 79.56 90.99 73.17 77.89 108.60 132.60
59 Pr 10.060 9.588 9.452 10.09 8.732 8.965 11.480 12.020
60 Nd 36.94 34.83 34.51 36.96 31.23 32.49 40.99 42.93
62 Sm 6.084 5.718 5.786 5.875 5.000 5.411 6.274 6.696
63 Eu 1.327 1.212 1.112 1.183 1.096 1.178 1.207 1.249
64 Gd 4.862 4.777 4.856 4.863 4.049 4.411 4.979 5.428
65 Tb 0.681 0.703 0.699 0.700 0.591 0.643 0.685 0.760
66 Dy 3.794 4.001 3.965 3.932 3.465 3.650 3.923 4.371
67 Ho 0.745 0.827 0.793 0.801 0.728 0.748 0.785 0.906
68 Er 2.042 2.366 2218 2.218 2.039 2.085 2.245 2.540
69 Tm 0.303 0.361 0.323 0.336 0.313 0.307 0.336 0.382
70 Yb 1.997 2.438 2.156 2.277 2.094 2.044 2.234 2.525
71 Lu 0.308 0.372 0.343 0.360 0.325 0.324 0.351 0.403

RIERIEE 1, EIFEBIFIRPLI~85FRAEHL~8 (AMRIFHEESS) SR 14NH
TAESETME, BRI L TENLR (5R1H25]——% ).

MNE 1 HEEH, ARAR T EIR LR STERFERE~BEHEN, WNETRH 57 Sx&
La—HF| 71 SR Lu, SHMIAETERINHLBEAZTSTHETELESE, HEFLAZH®
RE .

WRIER 1, FHTER LTRSS EES R ARAELD, 3% AR e R BRI EFR R &4
SR HEERNR2, FURBEREENS AL REESEXRBARELBREME L T ERRBRA
SRR () B, mE2.

RIERIFR25, AHRAXFTRAANLEAER S, BLoRSENE R N187.11~279.84 mg/kg,
BEFHEA213.11 mgkg BN LBEHRAERLTESTENEEN164.13~250.53 mg/kg, HEBFHE
41189.48 mg/kg, BM L IUEFIHEEK/IMEK FCe (91.08) , La (44.94) , Nd (36.36) , Pr (10.05)
>Sm (5.86) , Eu (1.20) ; SN T EHEAER T TESENEEN13.60~17.32mg/ke, BEBEEHMEHR
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15.26 mg/kg; BT EEVHERERLEEFHERNI36M, RANFEFTHENERLEER: 15
EXOR B3 15 52 189.48 mg/kg 2 I E ML X + 8 + 1 R H 8 £ 135.53 mg/kg ) 1.4015",
X2 RARELERIOEIESHK

Tab.2 Main parameters of rare earth elements in surface soil of farmland

By 1 5 3 4 5 6 7 8 B BAE FHE
Sample No. Minimum Maximum Average value
SREE 201.65 198.62 194.16 211.56 187.11 188.35 243.59 279.84 187.11 279.84 213.11
SLREE 182.92 176.78 171.81 188.09 164.51 164.13 217.05 250.53 164.13 250.53 189.48
SHREE 14.73 15.85 15.35 15.49 13.60 14.21 15.54 17.32 13.60 17.32 15.26
SL/TH 12.42 11.16 11.19 12.15 12.09 11.55 13.97 14.47 11.16 14.47 12.36
(La/Yb)y 15.26 11.87 12.94 12.73 14.58 12.6 14.64 14.69 11.87 15.26 13.66
(La/Sm)y 4.67 4.72 4.50 4.60 5.70 4.44 4.86 5.17 4.44 5.70 4.83
(Gd/Yb)y 1.96 1.58 1.82 1.72 1.56 1.74 1.80 1.73 1.56 1.96 1.74
5Ce 0.94 0.98 0.97 1.06 0.89 1.01 1.11 1.24 0.89 1.24 1.02
5Eu 0.75 0.71 0.64 0.68 0.74 0.74 0.66 0.63 0.63 0.75 0.69
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surface soil
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£, BRILS5EHRTIN>RBHE; (La/Sm)yMILEIE H4.44~5.70, FIHEH4.83>1, RPBHK LT
TTENEETESRBRHE, HEERBEELICeRE. (GA/Yb)WHIELETERE #1.56~1.96, FHI{EH1.74,
RN TEHRLITEARZTESRAHE. BAERWELR, BMELICEA RIS HL A,
B L TEAOHLEAER, ERTOEMELNMBED; (GIYb)WIHLETEE K1.56~1.96, FIE
H174, RN TERITEEERBEIRIE. CelHLETER50.89~1.24, FHEHK1.02, HEHCeTELER
A B ETE, SEul b ETEE 20.63~0.75, FIE 0. 69, ¥ EFE<0.95, AHFH, RN TEu
TERME T T, ARAKMER L TEEANER L cRERERET, EWTERHANTH, Cert
RERFMATEERERY.
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