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Effects of three organic materials on Cd* adsorption capacity and remediation of Cd contaminated soil

LIU Yuan—yuan, LIU Chao, CHEN Zhuo—jun, XU Zhi, TANG Li"

(College of Resources and Environmental Science, Yunnan Agricultural University, Kunming 650201, China )

Abstract : This research aimed to study economic and effective technologies for use in repairing farmland soil damaged by heavy metal con—
tamination. Specifically, it focused on cadmium(Cd ) adsorption capacity in three typical agricultural organic wastes in Yunnan Province
of China:Tobacco waste(TW ), bagasse sludge(BS ), and rapeseed cake(RC) using an isothermal adsorption method. A soil culture and hi—
ological assay were carried out to investigate the available Cd in soil and the Cd uptake by pakchoi. The adsorption capacity of the three or—
ganic materials was ranked as BSSRC>TW. The maximum adsorption capacity ( Q,.,) of BS was 2 106.20 mg-kg™'. Compared with the con—
trol, TW, BS, and RC significantly reduced Cd bioavailability in soils by 39.79%, 48.81%, and 47.77%, respectively. BS and RC application
decreased the Cd concentration in pakchoi significantly when compared with the control, and the decrease was 35.93% and 34.43%, re—
spectively. Compared with the control, BS and RC application increased the pakchoi fresh weight significantly by 81.42% and 96.88%, and
increased dry weight by 131.75% and 128.91%, respectively. Thus, the effect of BS on reducing soil Cd contamination was the most effec—
tive among the three organic materials.
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PRIHR - H REUE FE A SR F il 12 25 7 4 L
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JR AR A HEAE ity 515 20 A AL 7 RS A A 0 R 51
A e REDE VAT I AR R R BUR (LR LE R 2T 4
BB AENT FEAR VT R AT A2 E SRR A HE AL AL
HERRU AT 3 Bl HLD At 5 AT D7 X5
B o PRI, AR SCERGE T RAER H REIE VR Il Skl
Aot X B < Jo R ) WA B R M HEX A s e R B
SO, LI DA A [T 8 S 9 ) -5 BRAMI T 1B 52 1
T AP B .

| RS

L1 a4
UK N 2T, R A AR AR Y, B R
KT S ek 2 mm i, BEAPERT LR 1.
PRI | H REUE TR A SR ihAL B 2 Bl
Regfft, AR B 1 mm G, 25 FEAS

PRI 2.

e Ryt £- %31 AL /N
Table 1 The basic physical and chemical properties of soil

for the experiment

A HUSE EERLER YL/ 4 Cd/

KR pH
HRRR mg-kg”! mg-kg!  mgkg'  grkg?  mgekg

1

2135 6.87  80.82 7.18 185.05  53.97 0

&2 XA R EAREU K
Table 2 The basic physical and chemical properties of organic

materials for the experiment

Wkt pH  &K%/% 4 Cl/% 4 N/% C/N
AR 8.76 14.86 3553 0.81 43.9
ek 6.82 5.63 13.43 0.54 249
SRR 8.02 7.06 33.56 2.63 12.8

1.2 IRF &
1.2.1 S e

STRREC L g HHLIEL, BT 250 mL = ffifH,
JIMAHE 435124 0.2.0.6.1.0.5.0,10.0.20.0 mg- L™ 1Y)
Cd*¥E 100 mL, 7£(25+1) CF LA 200 remin™ #R¥5 3
h Gk g, B4 3 K.
122 H3EE gL

AIRIAE 2 P AR KA AE )8 7 27 B 2 KA
PHEAT o B AR H RENE DR Sk HhA 23 )i Ao
I Cd 15 4L (B CACL #BOWEHy 1.0 mg-kg™ 1+
Sorh 45 404 HE 2.5 kg, S FMPRIR I 20 g-kg,
DIAHIE] Cd ¥ BE NI HLYIRHE -3 % B, (25+
1) CTFHEFR 35 do i1 4 D bFE, A0 3 A,
1.2.3 7315

KBRS, B B /N 138, B H BE LA
15 138 0 £ 1) 25 15 5K, (A5 - 38000 B8 R FH ) 45
KB 60% , LIAHTF] Cd W AT A ML R 1
BT R HAD S i 1.2.2 —3 7E A OB
THFR 35do T4 A0, AN 3 RE S,
1.3 #mRESNE

TEREFR 35 d I, 9 SR 38 a0 A 2k
B Y A R T B 0.149 mm i 5
TRAF o AFARAE i T 2 B /K 64, 105 “CATF IS 75 C
TR K EE G 0.5 mm G PRAT

K DTPA B4, KI5 o3 e e T2
FE THEARES Cd &M /A% Cd &5k A HNOy:
HCI04(3:2) IR BRI % , A1 550 I IR o o6 T HE
I E /N IR Cd 23 8215 /)N 11 S i 8 0T 3R TR 2
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1.4.2 S5 % BT AR TR AL 1521
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SRS 3 R I SRR B BT LA 0 T,
NGw (I

C 1 C.
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Freundlich #7 . Q=K x Ceun

O Qe N AL T A ML 5 R CA I B 2
mg -kg™; Ky, A FRAE WL B BE 77 1) Langmuir WY B 2 50,
L-kg™; Ki MRAEW B AE J1 1) Freundlich W R %%, L
ke™; 1/n 2 Freundlich A5 75 Hr FEAF X 8 43 J B WK o
VERR BRI 48 bR

2 FHRESH

2.1 NEEHIERT CA BRI
2.1.1 SR R 2
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) o PEARRUR L, Cd™ B B 2t it P Cd ™ Y 1
Jon o HR A o EBE A P R ik R ) I
i, HRENE U S SR X Cd> i R B 3 2 i
AN TR XS CdP 8y W o 58 I PR BN o AR A
WHIESRAE T L3 FCE AL Cd™ iy e KR B AR
B/ MUK R H BE Ve STH SR FIHAL > B AHA
2.1.2 F R i

K% H] Langmuir £ F1 Freundlich #5 %%} Cd>*1
WP B 5 3 RhAT HLRE G IR R 2 UL 5 2R R
HI(# 3), Freundlich FAIIRERC I HAD-5 T REUEVE |
TSR AR AR RS CA> W B4R, R* Y355 0.93

2000 7 <= gy T SRS, < Tk
- 1600
=Y
< ,
£ 1200 -
gg &
x soF B
© a0t S AT e
Y e
e
O?ﬁ:}-’ 1 1 1 1
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Cd™ ¥k i /mg - L™
1 RERETHFIXT Cd>H %R R b i £ (25 °C)
Figure 1 Isotherm adsorption of Cd* by different organic
materials(25 °C)

PIE ; Langmuir AR AT 5547 40L& H REBE IR X CA> )
W BFHESEE , R? 383 0.99 DL AELK i SR F- I A A0 2 0
RIS BCRAAE, R 43514 0.638 1 F1 0.553 3, 3%
Ui B Freundlich A5 76 AT G 47 iy 4 348 P2 00 A R S A
THIRX Cd® i S TR IR o

F Langmuir J5 B35 HREREVE . W SEAF AL
I A AR Cd>* 1 fe K W it 2 43 51 o 2 106.20,
885.24 .648.33 mg-kg™', K 3 A HLYIEL T H REDE
VX Cd> (AW R 28 e die K, T AR R X G () W B 25
AR, X5 SR R L R — K.

2.1.3 BIRISEL

HRENE VR HSFFIAG R X Cd* ) Ky 435
H 4.06.1.44 1.73 Lekg™, A H BEVETR MR, 1 156
3 FE PR H IR RS CA> N4 A RE i, HE
UCRIEIRA GHSEAFIIAY o 3 FPE HLAEE MBC( Q. Al
Ky TR F/INILRE Sy H REUE e SRR %
KT Qe FIEE IR B PR B 35— 30, 3K R BH T DR
TeXFCA* I ok .

H 2% 3 AT, 3 B MLRHE n (EARAL, THREDE
Jery Ki {50 1 658.40 L-kg™, 1 T MH AR FIH =R
FEAS , DL H RE B YR X Cd 10 B RE S FIE B 25
378 15 T MR AR A SR, 5 S I I B i e
—F

%3 ZRMHERMA S

Table 3 Fitness of isotherm models and corresponding parameters

Langmuir F%! Freundlich &7

HHLPE - - - -
Qua/mg-kg™? K/L-kg™ R? n K /L-kg™ R?
IR 648.33 173 05533 1.67 32752 09393
HrEEde 2 106.20 406 09912 1.50 165840 0.9822

0.638 1 1.43 471.99 09659

JHEEAFIAL  885.24 1.44
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22 AEENYRX HEFRE Cd 2N
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PR+ HEA RS Cd i) FeX BEFEAIR T 48.81%
47.77% 39.79%F1 44.02% 44.02% .43.80% .
23 AABNYRIIT/NAZE Cd EEM N

HRENEYE JHERAT AL S AR/ NS Cd %
TP T RN, BRI 43I AT 38 35.93% .34.43%
28.39%,3 R iR Z a1 e 2 25 5 (18 3),
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FARE T/ EY R, SEE NG T 8142% |
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0.2
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Different lowercase letters indicate significant differences
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among treatments( P<0.05 ). The same below
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Figure 2 Effect of different organic materials on soil Cd availability
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Figure 3 Effect of different materials on Cd content in

pakchoi(35 days)
HRENRV AR Al B Z A C B 5 25 5 (3R 4)
3 3t

3 P HLAEEXT C™ i B 2R B, Yl S pF i A
F B R A ZE TR B 3R A Freundlich £ 8Y A 4, H
JEVEN] Langmuir BIRIRK AL, X FTHES 3 A LYK
A BN [ 6 o £ Langmuir BRI K, AR08
5 C*MZ5a e, K EBER, YIRHITR: 5 Cd™ iy 4
B RESIHED Q. A1 Ky, AYFRFL(MBC ) 1T Sz A4} Xif
Cd* e R Ze i, Freundlich A K, A KR
FRRE TR 55 , K K, W BB 7 8 . HL XY n (HAZ IR
I, Ko {5 W FiE 25 i IEAHOC™, ARBiF9Egs Rk, 3 Fh
ALY Cd> W i B LA H REE R R B fE ( Q=
2106.20 mg-kg™) , FUCATMSAFIIAL EAEA o X AT
e S5 H RENE VR HA BB CA*EEARE T (K R SR
gt (MBC) FlE K W B 75 55 (Ko B K o A8 Fre—
undlich A 1/n hy - HEXT 85 4 & 2 W SR FH
FEATTHERR, Un /)N, 7R 4980 5 4 I 251 i IR ot
YER TR AW B, H R e i K ok, ok
SR, SRR AE Un AH LUE MR R R/, H

x4 FEBNHRINEREMENZIE (g 2
Table 4 Effect of different organic materials on the biomass of

pakchoi(g-pot™)

Jb fif TH
JEAHA 15.29+2.85¢ 1.69+0.40¢
AT A 49.79+6.53a 4.83+0.90a
H RN 45.88+0.88a 4.89+0.53a
Xif Ht 25.29+0.27h 2.1120.09b

T A Rl ING R AR B A] 22 57 2. 35 (P<0.05 )
Note: Different lowercase letters in the same column indicate signifi—

cant differences among treatments( P<0.05).
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