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Effects of Applied Rare Earths on Properties of Phosphate Adsorption in a Luvisol Soil

XU Xing-kai', WANG Zi-jian®

(1.LAPC, Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029, China; 2.Research Center for Eco—
Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China)

Abstract It has been found that phosphate adsorption isotherms in rare earth—treated soil can be better described by Langmuir” s
adsorption equation, from which maximum phosphorus sorption capacity (MPSC), phosphorus sorption energy (PSE) and maxi—
mum phosphorus buffering capacity (MBC) are obtained. With increasing amount of added rare earths, MPSC decreased but MBC
and PSE appeared an increasing trend. When the amount of added rare earths increased up to 100 mg-kg™ in dry soil, there were
significant differences of MPSC, MBC and PSE in the rare earth—treated soil versus in the control (P<0.05). At dosages of less
than 10 mg-kg™ in dry soil, there was a negative linear relation between soil available P concentrations and MPSC  (P<0.05).
However, no relation between both variables was found at 100 mg-kg™ in dry soil. Thus, the application of rare earths at high
dosages can influence the availability of soil phosphorus, not only by affecting P adsorption but also possibly the transformation of
P forms in soil.
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Table 1 Constitutes and contents of rare earths in rare earth—containing fertilizer used in the test

Y La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu i
/g kg'1 dry wt /mg * kg'1 dry wt /g kg'1 dry wt
0.1 15.4 24.1 11.8 1.1 2.0 0.2 1.1 25.8 91.6 43 26.9 14 53 0.5 68.7
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Table 2 Main physical and chemical properties of the soil tested

fbHi AR ki FH 257 A8 e et oH fHLC SN AN &P AP
/g kg'1 /emol * kg'1 /mg kg'1
240 420 340 19.8 7.25 14 500 9 800 67.5 8 600 72.5
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Figure 1 Change in isothermal P adsorption amount by the soil

treated with rare eart
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Table 3 Soil P sorption parameters after treatment with rare earths using Langmuir equation

B+ /mg « ke BB I Qung + g W B S 55 B KL+ pg! BRZEvh s it MBC/mL » g LB
0 354.44 +27.59a 0.41+0.12a 141.68+30.45a 0.98"
1 304.31 + 19.64ab 0.57+ 0.07a 170.95+17.95a 0.98"
10 303.03 + 0.00ab 0.55+ 0.08a 167.60+23.55a 0.98"
100 277.78 + 14.38b 0.90+ 0.08b 245.08+7.84b 0.97"
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Figure 2 Relation between soil available P content and maximum

amounts of P adsorbed by soil

B P S AT TR G

e ) N SR PR B )
PESE AT IR L8 P A s, (EURARN TR L4 P Y
MR BEP A 2 A A ) A 22 S 2 SRR e A SR
PSRN A A A2, I, D T IR
PR AR kA T 390 PAIE P RE T BRI
A W ERABE TR L0 S AN RIS R A8 Pty Fff
R KOS AR P ORI

3 ZEie

iy it fin e A= 98 PS5 I I B T A A R
Langmuir W R HUE . BERS TR r3gm, H1E s
K P [ B2 AV 7T R o sz o i 5 e K % i 4 fe 1
T 245 EHEZE 100 mg-kg™ KT B, 5% BEAH FE 22
SRR B E K R AT 10 mg-kg! K+
Bf, BRI P f K PR A etk
TR SRIMAEF G 2 100 mg-kg™' i, HHEA R P
i 5 REAH LTSI Wi 25 5



908 TR BVEE it FH AR T 0 X000 - A A AR P P 52 )

20054F 10 H

&% 30k

(11 T AR A S PR B R T2 (7). + 16 Az, 1996,
27(2): 82 - 87.

[2] Jones D L. Trivalent metal (Cr, Y, Rh, La, Pr, Gd) sorption in two acid
soils and its consequences for bioremediation[]]. Eur J Soil Sci, 1997,
48: 697 - 702.

[3] B2, A7 R, BT, 30X Wl 0 2 A5 i B 5 e S TR 1.
FEYE IR SRR, 1995, 1(3&4): 29 - 34,

[4] THO5, PR 1R 322 L e B A BB RE 0 ROAFSE(D]. il
i, 1993, 24(2): 63 - 65.

[5] Fox R L, Kamprath E J. Phosphate sorption isotherm for evaluating the
phosphate requirements of soils[J]. Soil Sci Soc Am J, 1970, 34: 902—
907.

[6] Holford I C R. Evaluation of soil phosphate equation buffering indices
[J]. Aust J Soil Res, 1979, 17: 495 — 504.

[7] Xu X K, Wang Z J, Wang Y S, et al. Urea hydrolysis and inorganic N in a
luvisol after application of fertilizer containing rare—earth elements [J].
Aust J Soil Res, 2003, 41:741 — 748.
[8] Xu X K, Wang Z ]J. Effects of lanthanum and mixtures of rare earths on
ammonium oxidation and mineralization of nitrogen in soil[J]. Eur J Soil
Sei, 2001, 52: 323 - 329.
[9] Brown P H, Rathjen A H, Graham R D, et al. Rare earth elements in bio—
logical systems[A]. In: Gschneidner Jr K A & Eyring L Eds. Handbook
on the Physic and Chemistry of Rare Earths [C]. Amsterdam: Elsevier,
1990. 423 - 452.
[10] John R D, Owen B, Andrew F, et al. Atomic spectrometry update — En-
vironmental analysis[J]. JAnal At Spectrom, 1998, 13, 1 - 56.

[11] Kim H T. Soil Sampling, Preparation and Analysis[M]. New York:
Marcel Dekker, Inc., 1995.

[12] skAzER, HAH, Ta, 8. Rt A HUILFIH T KO 20k K
B LA ARSI B M. 357412, 1998, 35(3): 328 - 337.



