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(2.00~0.20 mm) . K3 Z(0.20~0.02 mm) . F3i»
2£(0.020~0.002 mm) . KK 2%(<0.002 mm)+- 4 [4]
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= H
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e, AESBEIRER . SRR AN E , B
BT Ak (CEC) ] NH OAc ekl el
122 ParEFEAR Cd”. Cr(VD)R M &%k

(1) P TRALEE . FRECGE T3 IR AAE S 1.000 g
F 50 mL ¥ELELAE R, SN A RGBT
1) P (KH,POs) (3P O, 2.5, 5. 10, 20,
40, 60, 80 mg-L™") 20 mL, & LA 1:20, L 0.01
mol-L™ KCl AN S Frrafi i . P AU 0.01
mol-L™ HC1 Fl NaOH 15 pH & 5.50+0.02.
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¥ 2 h, fE{EEIE 22 h, FFEEE D . 285 LA 5000
rmin” B0 10 min, i EFER, FHBPIH G
HEORIE PR R R A, FH 220
PATEW R B0 R 95% LB 3
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Fig.1 Effect of phosphate on the adsorption of Cd*" by aggregates
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Table 1 Basic properties of aggregates

g pH wEEHLUR)Y  wliFE ARy w(ilfE B4Ry waERBRMEY  wlERBSAER) b(CEC) /
OK/E1:5) (gkg™h (gke™) (gkg™) (gke™ (gkg" (cmol kg™
[l ke 5.80+0.01 36.3+0.18 4.37+0.08 29.0+3.08 1.83+0.39 8.83+0.26 21.4+2.22
LD 6.05+0.02 25.7+0.41 2.07+0.29 14.3+0.10 1.31£0.91 5.49+0.16 16.7+2.24
bR 5.81£0.02 28.6+0.05 3.70£0.35 19.2+0.02 1.85+0.15 6.83+0.72 15.4+3.11
b e 6.02+0.01 46.9+0.08 5.31£0.22 32.0+0.41 2.58+0.39 10.3£0.05 47.3+2.14
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Fig.2 Effect of phosphate on the adsorption of Cr(VI) by aggregates
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Fig. 3 Kinetic curves of adsorption Cd** by aggregates
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Table 2 Kinetics parameters of Cd** adsorption by aggregates

— 2R3N 15T In(1- q/Gmax) = - Kt

PO g =a+ bt'? Elovich /i g =a + bint

e BEAK ; r :
Gmax k R a b R a b R

PR 10 TR 383 3.3650 0.906 7* 356.6 7.044 0.967 7** 363.1 6.571 0.998 6**

PLZ .
” [ 0.184 3 0.497 9* 374.3 1.520 0.993 5** 364.2 5.648 0.968 6**
& BB 10 TR 3703 2.9820 0.982 6** 349.5 6.650 0.907 8* 3554 6.322 0.972 9**
4 o i ’ 0.1822 0.676 6* 365.2 1.309 0.955 7** 354.2 5.424 0.993 2*
i B 10 (7S 3714 3.0350 0.994 4** 3349 7.146 0.872 0* 345.0 6.699 0.951 3**
- 2 ' 0.198 4 0.473 0* 364.4 1.120 0.984 2** 357.8 4.006 0.963 8**
ik 10 (7S 4012 3.494 0 0.979 6** 377.8 7.169 0.914 0* 3834 6.855 0.817 7*

2 .
) & 0.1700 0.508 2* 387.2 2.075 0.994 5** 370.9 8.302 0.963 9**
PR 10 TR 5123 3.8010 0.979 6** 519.8 6.169 0.914 0* 525.4 5.855 0.976 3**

PZ .
” [ 02129 0.673 8* 536.4 1.051 0.955 8** 528.1 4.222 0.990 9**
TR 3.0430 0.987 4** 468.0 11.66 0.895 9* 478.3 11.120  0.966 1**

LD 10 506.2

p AR :

- i 02182 0.464 2* 500.2 1.070 0.999 5%* 491.6 4.320 0.986 0**
ik

i B 10 {7 5155 3.2650 0.985 6** 479.0 10.94 0.900 6* 488.7 10.420 0.968 8**
- 2 ' 0.206 4 0.712 4* 509.5 1.100 0.934 5* 500.3 4.520 0.955 0**
ik 10 (7S 5554 4.048 0 0.967 8** 530.2 4.966 0.933 6* 534.7 4.687 0.986 3**

2 R
" & 0.198 7 0.598 9* 543.4 2.010 0.871 3* 530.0 7.594 0.952 6**

a. bRHEL, RENRSE BB, ONINHE], g e B FHR AR A me kg ™), Gma ORI FHE: (B0l mg kg ™), kN FE VLI B3 4, *+8Rp<0.01,

*Fmp<0.05
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* 3 HREERA Cr(V)RMEh hENESH

Table 3 Kinetics parameters of Cr(VI) adsorption by aggregates

XU HOTHE O=kCot"™"

Elovich i#2 g =a + bIn ¢

YO g=a+bs"?

T FEAKL B 2 2

k 1/m R a b R a b R
ki 11 0.883 6 11.370 0.881 3* 43.53 4.864 0.852 9* 46.50 1.920 0.940 1*
z A 11 0.606 6 11.110 0.979 2%* 38.69 4.486 0.982 2%* 42.69 1553 0.865 3*
5 NS 11 0.647 4 9.911 0.982 4** 31.11 4.632 0.990 0** 34.92 1.661 0.868 7*
RRLHR 11 0.899 4 7.391 0.978 6** 31.43 6.674 0.960 1** 36.54 2.457 0.920 7*
PR 11 0.3820 9.208 0.898 8* 18.35 2.838 0.893 2* 20.49 1.051 0.867 1*
bicky e 11 0.300 6 11.440 0.986 7** 21.56 2.454 0.974 0** 23.42 0.906 9 0.941 0*
5 B 11 0.446 8 7.849 0.957 3** 14.46 2.833 0.967 2** 16.65 1.039 0.921 3*
RPRIER 11 0.476 8 8.482 0.968 6** 22.98 3.869 0.938 8* 25.67 1.471 0.959 9**

a. BAWHRG RENHEE ZBL, ONIHE], ¢ RTEan 9 HEE (A hme kg ~"), kBN R R 350, Co IRk, **FRp<0.01, *377Rp<0.05

H—2 a8 )12 B T il A, BB,
HAHE R BRI AR IR K, T W A SR AR %
Cr( V) [ W B AS 2 Bl ply - 398 1) 2% 1o 4 Jo a4 38
W Cr(VHe BE R 3 . AU B 7
Elovich /7 #2 X} A AR B Cr(VD) 3l 1 2= i £ 47
A, MM E, SRLE3, H @27
T34 SRR Cr(VI) Y I B i A BEAR, AR A B
MRS RE R Y B0 FRIULA 84S o Elovich 7R HA
BAFRLATE, B EAA R LA AR O R AR
RAHE, DA S AR SR AR AR Y B A, XU
O FEEME A Freundlich 52, WH R 555
W2 o Fs2 I F1A) W I i TR R 551014 A

ALk FHL ) 1T SR A2 18 VR 3R 238 5K Ny
ALV TR R S i ST ey Vi N G BT /N
Ao, k R, HIR IR SR b S
kAB B0/ . BERRERAC RS , (SR T ISR
REH A, #0T Co(VD)RYWREE, sbah, 2 1 5
SRR AAE, (- gEsRm i Fm, G
THATR Cr(VDIm g, PR 2 90 LB W ff T
R g N,

3 it

(1) BERRERXT A A4 Cd> MBI S S 25
AR L, IO P W0, & P A2k mxIHR
A Cr(VI)WE A A S B3 7 A o SR AR Cd™
Cr(VI)W e 1 R /NIF Sy = R >0 2>
WP . b e, S5H CEC. S bgfapl
Jo B i RN — 3K

(2) RN Cd> Byme i FE T 43 hte . 18
P Be . PRI T BEAR AR P ALY A1 5
R —9 8 1 A Bt s FEI2 i f#rp
RALBRAG A SRR LAY HOG BEILA e, P AP
(I ATZRIRLL Blovich 772G Bt ARSI 2
Ko

(3) RAFEF P ALY A RMAXT Cr(VI)Y
W B 35 mT FHAUR B #6 05 #2 . Elovich i #2 4T

ik
R k% - e b i < TR B A R I S <
TRILL B A S, BT LSRR IE S 2 &
G TG R AR R T B AL B it
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Effect of phosphate on the Kkinetic of the adsorption of different types of heavy
metal: cadmium and chromium by aggregates in paddy soil

XU Haibo, ZHAO Daoyuan, LIU Peiya, ZHAO Jie, DONG Changxun*

College of Sciences, Nanjing Agricultural University, Nanjing 210095, China

Abstract: The different particle size fractions of paddy soil were separated using the low-energy ultrasonic dispersion and siphon
sedimentation methods, and the effects of different phosphate concentrations on the characteristics of the adsorption and the
adsorption kinetics of cadmium and chromium*" by aggregates in paddy soil were studied by the constant temperature oscillation
method. The results show that the adsorption amount of Cd** is lower than that of the untreated soil when the adsorption capacities of
phosphate by the sand, coarse silt, silt and clay are less than 50, 46, 50 and 97 mg-kg™, respectively, and the adsorption amount of
Cd*" is more than that of the untreated soil when the adsorption amounts of phosphate are more than the above values, respectively,
indicating that the low adsorption of phosphate inhibits the adsorption of Cd*', while the high adsorption of phosphate favors the
adsorption of Cd**. With the increase of phosphate adsorption, the adsorption of Cd*" changes in a trough shape variation. However,
the aggregates inhibit the adsorption of Cr(VI)significantly after the adsorption of phosphate. The adsorption amounts of Cd** and
Cr(VI) by the aggregates pretreated by phosphate are in the order: cosmid > sand > coarse silt > silt, which is the same as the order of
the concentrations of organic matter and free iron oxide. The adsorption process of Cd*" by the aggregates is divided into two stages,
which are the fast period and the slow period. In the fast adsorption period, the adsorption is fitted best by first-order kinetic equation,
while in the slow period, it is fitted best by the diffusion equation and the Elovich equation, suggesting that the adsorption process is
controlled by the different adsorption factors, and the adsorption kinetic constant of Cd*" increases when the aggregates adsorb
phosphate. The adsorption process of Cr(VI) by the aggregates does not have the fast and slow periods, and the adsorption of Cr(VI)
by the aggregates can be best described by the double constant rate equation and the Elovich equation, and the adsorption kinetic
constant of Cr(VI) decreases after the aggregates adsorb phosphate. The effect of phosphate on the adsorption of heavy metals in the
soil was related to the types of metal ions as well as the adsorption amount of phosphate. Therefore, the types of metal ions and
application amount of phosphate fertilizer should be paid attention to during the restoration of the heavy metal contaminated soil
using the phosphate fertilizer.
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