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B 24.4%), HHLE S &R 13.5g/ ke, pHE X 7.25. R LI % OECD L% 5 MR A ¥ B4 1
PAERKRRREFE#AT, TEREFEEHNERRT, T 5mm )5, H3/0TF 20pumB 2 B8 &
17.4%, HELRA LHNBER, HFMO0.Skg BETHEZN 12em F 12em MR D, &R 10 BEEX
(FE 95, HRRBEIEWITRE), B X (6:00 Z 18: 00) X MR BE X 2500~ 30001x, 4§ 3 X 50ml/ &L
EWTRRE. THYER=HHRE LREAR LT KR, HARUB L TEITSH0,1,510
M 20mg/ kg T, EMEBEARIANEE. BEMWEFBLTENHEARURTE LaARERLTEY
HEmE 1 iR,
F1 EMARBLIRB(ER)PRLITROSRBEEI Laf bl

Table 1 REE composition and La/REE ratios in “Changle” fertilizer

TER B wmiak TR AR wmtaR
La/REE La/REE
Element Content of REEs(mg/g) Element Content of REEs(mg/g)

La 132.49 Sm 4.02 330
Ce 63.25 2.1 Gd 2.46 53.9
Pr 26.39 5.0 Dy 0.05 2484.1
Nd 40.01 33 Total 268.62

KA 25C WE R IR E P #AT, REAWH LML 2 BHEHEY M LRESHTR LTRSS
.

12 BR#ESH

HYA S REE LR BRKMBREOR, REAZBWTABE=R, HYEES (], 2, )4 5178
B4 (CEM MDS-2000) ##tF 60min, BB /51t 1mm §§. FRER 0.1g #5 T HHAR Teflon™ W W+, 4
BUMA Sml # HNOM 3mi ¥ H,0,, T 2.6MPa 1 44 T MBI SOmin. /bS5 899 MR T8BUS B
ZBFRERE 25ml HEWAA.

TR REMR TS, it 200 B 5, BRI 0.1g £ &% T 3 X Teflon™ 4 1% M, 4+ BIIIA 6ml ¥
HNO,# 2ml % HF, F 2.6MPa /1 %4 T 4 Pi4> MB M # 4 SOmin, WABHBRBRRTRAGEALHT
KEEZE 50ml WA,

HYM L WERR L TRHTERB ICP—MS (PQTurbo I, VG Co.)ME. WENERA 1.0ml/
min & B 40s B B 4T, LA In o PIAR, LA BaCL %k E R IE.

2 ZR5ite

21 SMEELRABMA R LR L TR E AR I .

BESMER LTREAR (C) MK, TRPEFB L TR BEYM. B FMAMSR
BEITRENTLREGH LS BMSAIEND (FLRH L TETR 138mg/ ke, BA
BnA 20mg/ kg) , MR i3 & B4 AT 4R X 4 i SM ARG LA, {H2 5 18+ La/ REE
PLAE H R, “H A" BB ®Y La/ REE WE W B A8 %, Bt La/ REE HoA8 328 T BAFE 4
Em LB AR 880,

R2FARLUMARFF B MRS TP B LTRSS Lady AT, HFE
1% La/ REE LEH P BT “¥ K" HAE 8 La/ REE H{8, B & A & #9381, La/



366 + W ¥ M 37 %

R ERIAERALTRPELTRAL/REELH

Table 2 La/REE ratios in soils of different treatments

La/REE{#
La/REE La/REE ratios
o' 1 5 10 20

La/Ce 0.38 0.43 0.45 0.44 0.52
La/Pr 3.66 3.83 395 3.87 4.30
La/Nd 1.21 133 1.36 2.88 1.69
La/Sm 5.61 597 6.68 6.64 8.44
La/Gd 5.16 6.79 7.49 7.58 8.39
La/Dy 6.40 742 8.04 7.28 9.96

1) hEmABEARE, B Amg kg

REE LUE# B B3 i, BoR HAMNRH LM m.
2.2 SMEMLIROBI EXRRPHLTRARAOEMR
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Hl HLoREERBRPRROABRERLXER
Fig.1 Dose dependent accumulation of REEs in corn root

BREREXRFHRLORSERRMIA. E 1 RHEMAR R B8 H LSS ERR
BHm LR SRR, TR B LR AR i P B B AR (<1mg
/kg FH)BERBPH L TR ERAES R, T INEEREN, - KN RTFRAR
RBTE. XMAREHTERMK LR EERH L TREHRH ARG LE, ZEANER
A EE RN Bt A R B, Yk B _E TR T 7RG v PR et R B PR R0 5 AR TR SR R B
B EMRFBETRFEAR. EXRPIBLORKE(C)SHMBLTREE(C)Z
BRI XRTLGEBARETERA: C, = 1145+ 3.49C, (= 0919, n = 4)

RA LR “HE 804 Mt R, AR 3 MBIRTT AR i, BEAMNER LA BATIEK, La/
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REE WEZW K, B S “¥ 5" MAE+ K La/ REE HAEZA, RH LA RN 20mg/ kg
FLBt, La/ Ce EFHE > 1. X—EREHEARE XSG, TRRERBCD R R T
HE, YHBARIKXE 20mg/ kg TLEF, EXREIBRUCRAR LMENH TR, dilt
AR, REENHR LRV TEER LN 1/7, EHAEBLIHEREAERT LBH
+.

£3 AEAFR®ELERXBRLa/REEL &K MR
Table 3 Influence of doses of REEs on La/REE ratios in corn root

£ LALE 4] a/REEM
La/REE La/REE ratios in the treatment groups
0" 1 5 20
La/Ce 0.44 0.62 0.77 1.51

La/Pr 4.25 5.08 5.00 6.23
La/Nd 1.30 173 175 3.19
La/Sm 6.31 9.91 9.64 22.44
La/Gd 6.53 10.26 1034 28.56
La/Dy 8.39 13.82 16.55 50.96
1) REHTABAME, B Hmgke
FIHBEERPERED LB La RKBR T HMBE L TRORKER, &R
FERAEYR P La/ REEWER T LK.

4 SMRBLIXERRPBLIEMRY (F) KR
Table 4 Influence of exogenous REEs on REE enrichment factor in corn root
ERRY(F)
Enrichment factor
0? 1 5 20
REEs 0.04 0.12 0.19 0.37
La 0.04 0.14 0.30 0.66
Ce 0.04 0.10 0.15 0.23
Pr 0.04 0.12 0.21 0.45
Nd 0.04 0.11 0.20 0.35
D ERRB(F,) = HYFHLTE(C) / TRTRLTRER(C)
2) REMTABHAWE, BAIN mg/kg
EHFZHEXEWERESR TR Zn A1 Cd FM BB F, B 4 R BT AR AW
DATBIBREERTRBENRRK. RIBRFEAMARBTERBABLINEER
. TLUE L, BEMER LA BRI, EXRBERRBEN YK, MR 20mg / kg
Fia HERETHWERERBA R RAN 9 5. X—FERURASER L TRERHEH
ARTFLEA SR L TROARE. ERBT La 9 ERRBOYIMBK (b 3 FET 0.04 K
HHEAR 20mg/ kg T LB 0.66), it SR L ERRHKN 1565 TR ERLMIES La
HEBRBEAX.
2.3 SMEREIMBMEKZPHLTRRREEE
2AEKEFR LI CETBRENER IEARN T/, HERLXE(C)REIMNE

AREH

Element
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B R (C) 2 i ) B 38 R i 4R
S5ERBREAR, ELA&ETB
R AR: C, = 0597C, + 1.288 (* =
0915, n=4),
EXRZETHEIEBAAREEY
177, B8R, RA -/ LT RE
mREMH AT ER. HHBARNERK
(Slmg/ kg FL)m, B—RM v RE
EXREFHEFEKFHNCe> La>
Nd > Pr, 5 TP HH LT RETEK
. === B 5 b B SR —
N BT, AT S KB, TURHR
REES applied (mg/kg soil) B La EHBRR, MENEBES
B2 WMEITREERZDPRRMABRNEXR MBPBRTABIBLEITR, ERI
Fig2 Dose dependent accumulation of REEs in com stem  Frxf M4 La/ REEHEXZHKTF +
W, BABREMN GSmg/ kg TH), ZEPREITRNTBRFEHH N La> Ce >
Nd > Pr, 5% LB P AR LIRS BKF — B I T IR LRI W,
M 5 IR HTIE AT E B, W LRI B AR (<1mg/ kg T 1) B, EKZE La/ REE
PO R R A — B, T W LA B8 (>5mg/ kg T 1) /Y, La/ REE HEZ
X, EET 5% EIHE -, KA IBAREK (>5mg/ kg T L), EXZEU
WPk BRI BENR TR A E, XHER S TR —B, HISMER LHEEAR
B/het, EXZ A La/ REE HE PS5 LB ], 3280 x5MRR 09 R R KRR E
N,

14 =C— REEs

REEs content in com stem (mg/kg)
EXREPRLEE

%5 REFRE LR ENE B La/REE L KW
Table 5 Influence of doses of REEs on La/REE ratios in corn stem
&% LA E M1 2/REEM

La/REE La/REE ratios in the treatment groups

0" 1 5 10 20
La/Ce 0.31 0.29 1.10 1.85 1.96
La/Pr 4.33 7.15 6.76 6.64 6.57
La/Nd 1.16 ' 2.99 3.32 4.08 3.85
La/Sm 447 23.76 31.98 32.83 36.29
La/Gd 732 12.38 34.31 63.85 68.28
La/Dy 1.63 6.32 10.17 2393 32.13

1) AERLABEARE, B Hmg kg

EXENBLEIORNEERRMENER LEMBRHMTH K GEe), MEN
10mg/ kg FLbf, HER LW ERERRL A RAR 7 4, HUASMERE LMK HEM, th
SIFBERZRUM LTREM., EXZN LaWEEREEK, AR EMH L0 2685, XA
BERLIMET LaNSTBRERAX. SEARBLELERELE, EXERLITERY
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Table 6 Influence of exogenous REEs on REFEs enrichment factor in com stem

ERRN(F.)
TREHK Enrichment factors
Element 0? 1 s 10
REEs 0.008 0.009 0.022 0.057
La 0.007 0.018 0.046 0.107
Ce 0.008 0.011 0.017 0.025
Pr 0.006 0.005 0.025 0.063

Nd 0.007 0.004 0.017 0.034
D ERAN(,) = HYPHLER(C) / LRIBLTRER(C) .
2) AEWMIABARE, 26K me/ ke

5000 T K, 559 T K 2 3 R S

LRRE R R "

24 SMERLRIBX E KM FAL 035

TRAREE R R
EEAREPHRETRAEN D

TRLELERS CLEY PRI R

HEXRBETRARM 1/ 20~ 3 5 o

1/200. 1P 3 WE S, ERBAEKR § X o4

LA TRLTRGREN

ERAS LR, 15 SPSS B One-way & '

ANOVA(P < 0.05, n = ) H#ITH it 4 0.05

#i. LS. Do HLERE, ExME£4A o

CLESE 5 SA-E LT F " mmans

W*i“ﬁiﬁi{kﬁyg Ce> La> REE:s applied (mg/kg soil)

Nd > Pr, 5 P M S BKRF—H.
R EH EKMH+ La/ REE A .
5+ R0 (R 7), YRR B AR K ST

R7 FRFRB L EHKMH B La/REEMAIN M
Table 7 Influence of doses of REFs on La/REE ratios in comn leaf

A3 BEITREERMHBFRRORBREREXR
g.3 Dose dependent accumulation of REEs in com leaf sheath

EW L4 H]La/REEHE
La/REEs La/REE ratios in the treatment groups R
0" 1 5 20
La/Ce 0.57 0.35 0.67 0.52
La/Pr 4,28 5.33 5.58 7.54
La/Nd 1.74 1.92 1.81 3.51
La/Sm 6.02 6.93 10.63 39.51
La/Gd 8.03 12.10 10.27 20.55
La/Dy 8.23 11.69 11.67 24,34

1) AEWMEABMAME, B hmg/ke
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FRLTRESHPT IR TR LOETRELRE. ERREMEMT, B Lash, SMERK L5
& La/ REE A%, RPAHSNER LXBEY KR, AT EHEMNR/ BEXE
FRTE, XEASMRM LR RBAT b PRI T

3 & it

EXRBHEFR LTS BIESNAR LA BN HEK, FE T ENBBEX
£. EXMBMZET La/ REE HAEBESMFR £ HE i b ¥ B8 8 K T 297 5 % 008 (%K) &
F—3. RPBERARLTRREQ N, EXREKHE L TREZSFHE A ERHIMNE
FEINA £ HOERER. BERMR RN, BRI RN E R R KB R, PSR L
MAYEREHERT LEB TR, #IE La/ REE LWE, RAERHZEAT, SRR
TREBREMEXRY L, EHTEERER.
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DOSE-EFFECT RELATIONSHIP FOR UPTAKE OF
RARE-EARTH ELEMENTS IN CORN AFTER
APPLICATION AS REE-FERTILIZER

Liu Ding—fang Wang Zi—jian*
(State Key Laboratory of Environmental Aquatic Chemistry, Research Center Jor Eco—Environmental Science,
P. O. Box 2871, Beijing 100085)

Summary

Accumulation of rare earth elements (REEs) in com after application of
REE-fertilizer was studied by pot experiment and the dose—dependent accumulation of
exogenous REEs in different parts of com was reported. Ratio of La/ REE in soil,
REE-fertilizers, and different parts of corn was used as fingerprinting in accompany
with quantitative information. We found that the exogenous REEs could be
incorporated into cormn root and stem. When the dose of REE-fertilizer increased,
exogenous REEs become gradually dominant in plant root and stem. When doses of
REEs increased, REE enrichment factor in corn root and stem increases. It indicates
that the bioavailability of exogenous rare earth element should be significantly higher
than that in soil matrix. Incorporation of exogenous REE into com leaf was found by
fingerprinting analysis, but no significant accumulation of REEs in corn leaf was
found even at high dosage. :

Key words Rare earth elements, Dose~dependent accumulation, Com
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