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Phosphate Adsorption and Its Effect on Adsorption—Desorption of Cadmium in Red Soil and Cinnamon Soil
GONG Chun-yan'?, WU Ying'"?, XU Ming-gang?, ZHOU Shi—wei? LV Fen-tao?, CHEN Miao—miao®

(1. Resources and Environmental Sciences College, Northeast Agricultural University, Harbin 150030, China; 2. Institute of Agricultural Re—
source and Regional Planning, Chinese Academy of Agriculture Sciences, Key Laboratory of Plant Nutrition Cycling, Ministry of Agriculture,
Beijing 100081, China; 3. Institute of Soil and Fertilizer, Heilongjiang Academy of Agricultural Sciences, Harbin 150086, China )

Abstract: A batch experiment by using isotherm adsorption method was conducted to study phosphate adsorption and its effect on adsorp—
tion—desorption of cadmium in red soil and cinnamon soil. The results indicated that adsorption the amount of phosphate increased with in—
creasing concentration of phosphate in equilibrium solution with phosphate application levels ranging from 0 to 64 mg+L™ in two soils. The
relationship could be described by Langmuir or Freundlich equation. The maxmium amount of adsorbed phosphate and constants of adsorp—
tion(K )in red soil were higher than those in cinnamon soil. After phosphate adsorption, the adsorption amount of cadmium ion increased with
increasing concentration of cadmium ion in equilibrium solution in two soils after adding cadmium ion from 0 to 5 mg- L™, which fitted a lin—
ear equation with significantly correlation at P<0.01. However, the changes of phosphate adsorption resulted in difference of adsorption of
cadmium ion, showing that the adsorption of cadmium ion was enhanced by higher phosphate and inhibited by lower phosphate concentration.

'in red soil

The cadmium ion sorption decreased with an increase of phosphate sorption when adsorbed phosphate was less than 40 mg-kg~
and 37 mg-kg™ in cinnamon soil, the average of adsorption ratio declined by 16% and 10%, respectively, as compared to no phosphate ap—
plication. Moreover, cadmium ion sorption increased with increasing phosphate sorption when adsorbed phosphate was higher than 79 mg-kg™
in red soil and 70 mg-kg™ in cinnamon soil. The adsorption ratio increased by 11% and 6% on an average, respectively as compared with
control. Desorption of cadmium ion from red soil and cinnamon soil increased with increasing adsorption of cadmium ion, however, the des—
orption amount of cadmium ion showed different dynamics for the two soils after phosphate adsorption. When adsorption amount of cadmium
ion was less than 10 mg-kg™, the desorption ratio of cadmium ion was reduced at higher phosphate concentration in red soil, but no signifi—
cant difference was observed within experiment concentrations of phosphate in cinnamon soil.

Keywords: phosphate; cadmium; red soil; cinnamon soil; adsorption—desorption
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Table 1 Basical physical and chemical properties of soils used

S5 pH Q@?/gkg" ﬁmfﬁ/g'kg’] CaCOy/% Kk (<2 wm)/% WiES Fe,0y%  iiE ALOY% CEC/emol -kg™ /jé/ﬁ%/mg'kg’]
Fag: ! 4.95 0.4 14.8 0.06 38.27 10.10 24.50 5.9 0.119
5+ 8.08 1.6 19.6 3.30 26.00 4.30 12.46 14.2 0.630

T pH e K L R 2,501,
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Figure 1 Adsorption isotherms of phosphate in red soil and

cinnamon soil
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Table 2 Parameters of phosphate adsorption equations in red soil

and cinnamon soil

e Langmuir J5 2 C/X=1/(XmxK )+C/Xm  Freundlich J5f# X=A C*

R? Xm K R? A B
EaR:1d 0.976™ 310.6 2.350 0.980" 146.8 0.469
[ 0.968™ 199.6 0.443 0.998™ 49.1 0429

TE X Ay TSP A doe R, mg - k™5 X Ay b ST B 14 WAL
o, mg-kg's C AR BP A LI PR IR L, mg - L5 K S50
BFE 5 BEATI G I 3 4, mL kg 54 AU C=1 (LT R 12 ) I - 398
WS o5 B 2 Freundlich 7 FREMEALIG ML P AR 9 RE 3 R W PuE
FHL; o FORTE 19%KF T REAIE

2, HHE R BEYTE 0.96 LU L, ihH i 25 /KA, 33 FiH:
TR A R — 3>,

Langmuir J7 % tP £1 38 X0 9 1 Je R B 5 X, A1
W B8 5 BE 23 1) 48 19 1.6 %51 6 £% . Freundlich
JriE iy A AR C=1 B ) T IR
BFEE A (BB, 1SRRI B RE s, 2 2, 4r
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03, UL R RN RE ) R T
X FER A S A T e 1Y, 48 1 e
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R FIA TSN A, R AR s . £1A
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ARIERLfr, PRSI T 20 iR AR () e e 5 |, I
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Figure 2 Adsorption isotherms of cadmium ion in red soil and

cinnamon soil with different phosphate adsorbed
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Table 3 Parameters of cadmium ion adsorption linear equation under different amount of phosphate adsorption in red soil and cinnamon soil

PRI B a1k BRI, BB #wt
mg kg mg-kg! K R N mg kg mg-kg’! K. R? n
0 PO 175.2 0.989" 7 0 PO 1 978.8 0.983" 7
20 P20 188.7 0.983" 7 20 P19 2 005.3 0.783" 7
40 P40 219.9 0.993" 7 40 P37 23323 0.985™ 7
80 P79 191.3 0.998" 7 80 P69 15849 0.994™ 7
160 P155 186.1 0.986™ 7 160 P121 2 164.8 0.848" 7
320 P292 181.7 0.966™ 7 320 P190 2 495.5 0.960™ 7

{E:P0. P20, P40 S5 A LIRS 1, mg - ke s X ARRIRIE B B, mg - kg5 K. 0 AR IORER, BRI MICREG C O Firg s e 1
BRVRIE , mg - L5 0 U 20 RP 2 AT PRI DRE BB+ FRIRTE 1%7KF T I AC
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Figure 3 Adsorbed ratio of cadmium ion in red soil and cinnamon . . . L q . q
Figure 4 Desorptive ratio of cadmium in red soil and cinnamon soi

soil with various adsorbed phosphate with various adsorbed phosphate

BT AC B TG 20k ISR i ey B SRR B B RN AR AR B 1 L A B
TE LA A SR B B ) Na PR s 2R i o AT e AR ST ) - SRR A g P A P
VR, o 215X 5 B IR AR R D sk , fige IR 8 5 1L P 4 Z5 RIS 2 218 b G T2 i B i i 2
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Table 4 Amount of desorptive cadmium in red soil and cinnamon soil under different adsorbed phosphate

AR /mg - kg

T ARA IR 4k
Cd 25 Cd5 Cd 10 Cd 20 Cd 30 Cd 40 Cd 50
Eap- PO 0.93 b 249 b 558 a 12.00 b 17.64 a 2321 a 27.57 a
P20 1.03 a 2.67 a 578 a 11.46 cd 17.00 b 22.06 ab 26.37 b
P40 0.71 ¢ 221d 530 a 1091 e 16.21 ¢ 21.69 b 25.40 ¢
P79 0.73 ¢ 2.30 cd 530 a 11.17 de 16.76 b 21.64 b 26.29 be
P155 0.79 ¢ 2.36 be 590 a 12.63 a 16.98 b 22.10 ab 25.73 be
P292 0.72 ¢ 2.36 bed 5.46 a 11.69 be 17.55 a 22.44 ab 26.47 b
5+ PO 0.73 E 1.93 D 433 C 9.53 AB 14.06 A 18.52 A 22.37 A
P19 0.80 D 1.97 D 458 B 9.99 AB 14.43 A 18.38 A 23.50 A
P37 0.90 C 220 C 4.57 B 9.64 AB 14.11 A 19.56 A 2329 A
P69 1.11 B 2.28 BC 4.77 AB 9.97 AB 1491 A 18.92 A 22.63 A
P121 1.34 A 2.42 AB 4.80 AB 934 B 1438 A 18.72 A 22.90 A
P190 1.38 A 2.61 A 495 A 10.13 A 14.77 A 18.72 A 2285 A

{E:Cd2.5.CA10 SR A L , mg- ke s R P AR RIS BE /NG FEORTE 0.05 KPR 2Em A .
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