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Ecological in—situ passivation and morphological transformation of Cd in paddy fields in mining areas using
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Abstract: A paddy soil Cd pollution remediation test was conducted to analyze the effects of in—situ passivation of biochar on ecological
remediation of cadmium (Cd) — contaminated paddy soil in mining areas. Three treatments of sepiolite, biochar, and blank control were
performed. The gradient diffusion film technique was used to study the bioavailability of Cd in rice rhizosphere soil and determine its

effects on the bioavailability of Cd in rice rhizosphere soil and the transformation of soil Cd form. The results showed that : biochar input
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affected the Cd morphological ratio of rice rhizosphere soil in Cd—contaminated paddy fields. Biochar changed the form of Cd in paddy soil

and significantly increased the proportion of residual Cd content in the soil by 27.84%, which was conducive to changes in other forms of
Cd to a more stable residual state. Biochar changed the Cd bioavailability of rice rhizosphere soil in the Cd—contaminated paddy fields.
Compared with that in the blank control, biochar reduced Cd bioavailability in rhizosphere soil by 40.90% and Cd content in the soil by
9.53%. Cd bioavailability in soil treated with sepiolite was reduced by 83.90% when compared with that in soil treated with biochar. The
effective Cd content in soil treated with sepiolite was reduced by 7.73% compared to that in soil treated with biochar. Biochar improved the
soil quality of Cd-polluted paddy fields in mining areas. Biochar improved rice soil quality. Compared with that in the blank control, the
organic matter of the soil treated with biochar increased by 6.75%, the cation exchange capacity of the soil increased by 8.44%, and the pH
value of the soil increased by 7.44%. Compared with that in the sepiolite control, soil organic matter after biochar treatment increased by

2.95%, cation exchange capacity increased by 9.22%, and soil pH value decreased by 13.33%. In-situ passivation of biochar could

effectively reduce Cd bioavailability in Cd—contaminated paddy soil and improve the ecological restoration level.

Keywords : Cd—polluted rice field; in situ passivation; Cd morphological transformation; biochar; mining area
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Figure 1 Cd morphological classification of rhizosphere soil

during rice harvest
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Figure 2 Cd bioavailability and available Cd content in

rhizosphere soil during rice harvest
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Table 1 Effects of soil in—situ passivation by biochar on physical

and chemical properties

il AL FH S 72 ik pH fi
Treatment Organic matter/(g-kg™") CEC/(cmol-kg™) pH value
BC1 59.47+1.40b 23.53+0.59b 7.35+0.06a
BC2 61.23+1.12a 25.70+0.60a 6.37+0.05b
BC3 57.37+0.15¢ 23.70+0.67b 5.93+0.06¢

TE AN FREROR AL BN 22 57 1. 25 (P<0.05)
Note: Different lowercase letters indicate significant difference among
treatments ( P<0.05).
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AL PR s S i e 2 IR ARG (P<0.01)
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Table 2 Correlation between soil Cd forms and soil physical and chemical properties

TitH AR Cd A Cd RS Cd BRIt Cd
Ttem Exchangeable Cd Reducible Cd Oxidized Cd Residual Cd
439 pH {H Soil pH —0.835%* 0.107 0.504 -0.134
A HLJE Organic matter -0.004 -0.960 -0.480 0.333
FH 5 T3¢ it Cation exchange capacity 0.247 0.037 -0.481 0.394
T #IR P<0.05;5 %4378 P<0.01, [,
Note: * means P<0.05; ** means P<0.01. The same below.
R3 TECIEYAERES TEEBEAERIERXE
Table 3 Correlation between soil Cd bioavailability and soil physicochemical properties
TiH Cd A=W Rk T3 pHH AL PR RS St
Item Cd Bioavailability Soil pH Organic matter Cation exchange capacity
Cd WA RE Cd bioavailability 1 —0.864 -0.390 0.080
+ 3 pH {# Soil pH 1 0.224 -0.314
A L Organic matter 1 0.721%:

FH 8 5 38 48 i Cation exchange capacity

1

P 1%) WHARTY
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KRKZRP2, i A ke E T HEANRS &, A
PLET REFE HE BT 2 19 Cd 28 G 0L ad, IF HIB s R it 2%
G, A FF AR 5 Cd A A sk .
DR 16 A= ) e ] 308 ek 89 A 9 B AR 1 S B 28 3 T
W B 28 SRR - IR L AE — R A SO, AT FEAR Cd
FE e B AT RS Stk A AR A R IR BB T X
JA G Y+ H Y .
3.3 EYIRIH X CdiTRABHTIERENF N
AP R M EERS R~ A
W 5% 3= B, it FH A= 9 o g b 25 4 s - A ML
i, X5 BRI AR 45 A — B0, AWk A HL
e 5 £ v, RO AT R oy S TR R O i A
5o AWREERERW, AW ke & e 1 pH,
HR R 2 A= W e & A —COO FI—O B 2L A, &A1)
X pH HAT RS8R A 22 s i 7, Na' . Si*" \Mg™ . Ca™ . K'7E
A o A v A b R AR A ) SR R R S 3 T R AP
FH N, 148 pH 5 5 AP 5 A JC MR, e &
A5 438 pH Fh i . HEAh 1 3 BH B T A e SR R A
TIEGERE I E AR IR — o AR ERYEY
W ERE T IR A, X S A YRR E
HA M FE W& 8 E e S HoK g Esn , ]
T A R R A I R A OG- SRR
AT A A7 fr 980 5 T AR I R far g 2D, DA T - 45
JREAA A 24 7 HoL £ 5 B 80, 4 T - B PR - AS H e
J3P,

4 £t

(1) ZE W B B8 AT LA e FH A= 398 vp H A R 25 1
Cd [ B e MR B R 45 CA Ak BRI 25 Cd o He 4R
7 27.84% .,

(2) 29 < (K RE W AR I AR s 1 48 Cd A= 0 3K
PE B AL 40.90%, [F] 2 fif 1 5645 303 Cd 75 & B AIK
9.53%.

(3) A= 1 T 4 i PH 5 -3¢ 40 i - 498 pH (AL, 3
I+ FEA BT G RSB E K,
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