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soil leads to excessive Cd in crops, which can be trans-
ferred to humans through the food chain, posing a signifi-
cant threat to human health. Therefore, it is urgent to take

BIVEE .S {5, (E-mail) Ixdeng@ 126.com reasonable countermeasures. The purpose was to mix dif-
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ferent materials ( potassium hydroxide; K, attapulgite: A, calcium magnesium phosphate fertilizer; M, polyacrylamide ;
P) with biochar for ball milling modified (Q) treatment. The Cd adsorption performance of the modified biochar and its
passivation effect on Cd-contaminated agricultural soils were investigated through adsorption equilibrium and pot experi-
ments. The results showed that the modified biochar had richer functional groups and mineral elements than the unmodified
biochar (YC). The adsorption kinetics curve of Cd adsorption was in accordance with the proposed second-order kinetic e-
quation. The adsorption mode of Cd was mainly monolayer adsorption. The increase of pH value and temperature could im-
prove the adsorption capacity of cadmium ions by biochar. The addition of biochar to the soil significantly increased the soil
pH value and nutrient content, and reduced the bioavailable cadmium content in the soil. Among them, the application of
biochar + potassium hydroxide + attapulgite + calcium-magnesium-phosphorus fertilizer + polyacrylamide ball-milled modi-
fied biochar ( QKAMP ) and biochar + potassium hydroxide + attapulgite + polyacrylamide ball-milled modified biochar
(QKAM) significantly reduced the bioavailable Cd content by 25.5% and 23.4% ( P<0.05), respectively, compared with
the control (CK), and significantly reduced the bioavailable Cd content by 16.84% and 14.57% (P<0.05) , respectively,
compared with unmodified biochar (YC) treatment. Meanwhile, the addition of QKAMP and QKAM significantly reduced
the cadmium content in Brassica rapa var. chinensis (Linnaeus) Kitamura aerial part by 36.1% and 33.6%, respectively,
compared with the control (CK), and by 21.6% and 18.6%, respectively, compared with the unmodified biochar treat-
ment. It can be seen that, as a heavy metal passivation material, QKAMP is more effective in reducing the bioavailability of

cadmium in cadmium-contaminated soils (pH 7. 07, cadmium content<<1. 75 mg/kg) and ensuring the safe production of

agricultural products.
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Table 1 Test sample processing code list

AL At R

CK ERIE b

YC AR (R )

Q AIMA e (BRI )

QK TSI A o+ S AL ER (i EE 10. 000 ¢ 1. 000, BREEBCHE:)
QM WINAEY) He+ 5 BEREAL (BT 1L 10. 000 = 1. 000, BREE Bt )

QKA BRI Wy 5+ E A AL B+ 1™ B 1 (B 1L 10.000 : 0.500 :
0. 500, BRI i)

QKM W hnAE o+ A AL B+ E5EE B NIE (B L 10.000 © 0.500 :
0. 500, BRI B )

QKAM I A 9y o + & 48 A0 B+ 190 0™ R 1 + A EE B AR (& L
10. 000 : 0.500 : 0.300 : 0. 200, BREEHPE)

QKAP BRI B+ R S A+ U1 M =+ B 1 SR AR IR (SR
#110.000 : 0.500 : 0.500 : 0. 005, BREE )

QKAMP ¥ JinAE o+ S S8 AL B+ 11 i - + A5 EEBE I+ B 1 RN
BN (B 10.000 < 0.500 ¢ 0.300 : 0.200 : 0.005, Bk
JE B )

1.3 BUMEA ok 3 5 B R BT S A IR 56
1.3.1 EWsh A% WA 200 ml gk E N
50 mg/LAY CA* AW T 500 ml HEIE I, 150 BIFK
0.2 g REAEYIRIMA CI™ % (pH £ =6.0)
W B D B R B T ERR S B A L 7E 25 C
FIAAM T F 180 r/minflki% 24 h, % B3 B A [A]
Fof B o P BURE | 0. 22 pum FLAR (74 08 55 5 0, ~7 B
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i 1
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7 Ky, 4.

Horfr g, .q 5000 ¢ B2 W B AR ) e Xof
HEJRW M (mg/g) ;¢ AWBEFETE] (min) ; K, |
K, o 0 Rt —2 HE 03l 75 07 TR Y IR0 3 3R
B A 4330 minT' mg/ (g + min)

1.3.2 RWFRLRE 250000 50 ml B8
A 20 ml FHWE R 5 mg/L. 10 mg/L .25 mg/L 50
mg/1, 100 mg/LA1 150 mg/L# Cd* W (pH {H =

6.0) , £ MA 0.02 ¢ NFEIKA Y%, 7E 25 CEIRSK
4 FF 180 r/min #£3% 24 h, B E3H K, i3 0.22 pm
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EEa o 3 T £ /= W T

1 1 1
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If AR R o i W (mg/L) 5 K 0 W 1 2 8
(mg/g) ;n N Freundlich # %, 2R W M58 & 0, N
TN B (me/g) K, Freundlich %4,
1.3.3 pHAERFECME A M F R W B 0 Yo M 9IFK
B 0.02 g AS[RIALBREPE 9 A 9 e T 50 ml B0 4
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124 5.00.6.00.7.00.8.00.9.00,10.00 [ Cd* %
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B 3K,
134 BESARANERWEGHH DRI
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g/kg, 5 H (1.32+0.03) g/cm’, BB 2 &5 & (41.5+
0. 84) mg/kg, FH WU & (34.8+0. 21) mg/kg, HAL
& (74.00+0. 78) mg/kg, Cd & (1.75£0.01)
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142 Z&#HXBHFE R LI A ) ki IR
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Fig.1 X-ray diffraction (XRD) spectrum analysis of modified

biochar
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Fig.2 Infrared spectrum analysis of modified biochar
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Table 2 The main elemental content and pore structure parameters of modified biochar

b R B A U=y H AR i A FLBRA R FLER B
(%) (%) (%) (%) (m*/g) (em®/g) (nm)
YC 0.46 67.60 2.104 0.433 197.697 0.132 1.178
oM 0.38 64.82 1.971 0.340 188.983 0.085 1.178
QKM 0.40 63.13 2.039 0.330 97.346 0.065 1.126
QKAMP 0.40 64.87 2.188 0.247 67.833 0.054 1.126

QKAMP QKM QM . YC W3 1,

2.1.4 F@HR R U AT LI I b UL
LR e T B IE AR, B 3 Ry AR BOPE A 9 o F
QM QKM QKAMP 3 Fofr gl P4 A5 4 7 1) HRL B8 41 4 445
AT UR AR Y i SR T O BAFTE RN =
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Fig.3 Scanning electron microscopy results of morphology and structure of modified biochar
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Fig.4 Adsorption Kinetic curve of modified biochar
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Table 3 Kinetic fitting of modified biochar

W % = 7%
S OEL Qe exp
qe. K, R? 9. K, R?
YC 10.97 9.132 0.134 0.881 9.634 0.019 0.944
QM 12.94 11.177 0.223 0.862 11.768 0.012 0.925
QKM 36.42 31.333 0.274 0.879 32.659 0.116 0.925
QKAMP 38.95 33.699 0.199 0.890 34.724 0.007 0.932

R

222 AMFERL HATAZ ARSI A S
M AR LR, A RIS AR 4L 645 3 A 25 3 wT DL R
R AR W e R W B R0 Je ALl HHP | Langmuir
Freundlich #7859 0 FH &) 12 , B BO W BH IR B L) B
JEWER A 3 TS A W B DL 22 43 T2 R B
BT AE 2 b R AR R R LA SRk
“LPIEAHY I ARG b 4 FiEY) skt Cd* i
M8« L7 I8 ZE AR R A9 BV BE T, QKAMP
QKM X Cd™ iy B ik 77 BH 58 F QM YC, i 5 YC
FHEL, QM XF Cd** [ B BE I TESR (181 5) .

% 4 AT A, 4 AW 5% 1) Langmuir #5 7 ()
R*53 58 0. 998 0. 995 .0. 989 .0. 996, ¥ K T Fre-
undlich BRI R* 156 B A= 4 e % Cd™* 1 W o 32 22
R Ko F)IZ W, 256 B 5 AT, AW s Te
G 5 R VR BE SR T X CdPT A I B RE ) Bk B A

QKAMP QKM QM . YC WL3% 1, q, ., : VBB 5 g, BIOEF-HE BE o K 2 3002 — SO RT3 26 0 50 K < 3l 2 S B A0 8 R - e
H

JRH T BT Y TR, A Cd™ I W B RE T % RS
X2 R R B B AS B 1) I BEE A A A Y 2 TR
JoT HE v AR IS, Cd™* o 0 W B A7 605 i 5 Vo
UL AR BN, T AR B 174 457 B ke i 2> | S 3 o
AR S B Langmuir B 8Y () 481 & 45 15 1,
QKAMP QKM QM YC XF Cd>* 114 1 1 [t 5 4 ik
A 57.32 mg/g.52.95 mg/g. 20.38 mg/g.21.57
mg/ g, QKAMP f9 16 1 W fff 2 /& YC 19 3 5 A4
A Z AR B A YR QKAMP ) 3 1
B RE IS B K& BT T X Cd® i fE
71 Freundlich BRI 45 R IR, 241/n>1 B,
WG b ot i DA TS A 9 ) B B 35 2 1 /n< 1 B, A
fhf g Bt R =0 FE AR R SE R, 1/n< 1, 3R B
QKAMP QKM QM F1 YC X Cd** i) W i i< 7 32 %2
WA T A 2E R
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Fig.5 Isothermal adsorption curve of modified biochar
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Table 4 Isothermal fitting results of modified biochar

Langmuir ALY

Qu K, R? K; 1/n R?

Freundlich 571

JOEL]

QKAMP 57.32 0.024 0.998 9.24 0.344 0.978

QKM 52.95 0.023 0.995 8.98 0.334 0.961
QM 20.38 0.047 0.989 1.62 0.458 0.979
YC 21.57 0.065 0.996 1.14 0.521  0.992
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