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Influence of different kinds of biochar on Cd and Pb forms in soil

AN Mei, DONG Li, ZHANG Lei", SUN Chong-hai, XIA Pei-yu

(College of Resources and Environment, Qingdao Agricultural University, Qingdao 266109, China )

Abstract; The bioavailability of heavy metals in soils is closely related to their chemical fractions. In this study, four kinds (made from the
common wastes of urban sludge and maize, cotton, and wheat straws ) and two levels of biochar were added to soil contaminated with Cd and
Pb to investigate their effects on the chemical fractions of Cd and Pb and to further analyze the immobilization and remediation of heavy met—
als in soil. The results showed that the physical and chemical properties of the soil were changed by biochar application and the pH, CEC,
and SOM were significantly improved, especially with the 4% application treatments, with increases of 2.7%~11.6%, 12.7%~54.3%, and
252.0%~594.8%, respectively. Overall, adding the four kinds of biochar reduced the weak—acid—extractable and reducible fractions, where—
as the oxidation and residue fractions increased. Regarding the immobilizing effect of soil Cd pollution, the cotton straw biochar showed the
best passivation, followed by corn straw, wheat straw, and sludge biochar. When the cotton straw biochar was added at a rate of 4%, the
weak —acid —extractable and reducible fractions of Cd decreased by 5.2% and 25.5%, respectively, and the oxidation and residue fractions
increased by 177.8% and 166.7%, respectively. Similarly, adding the biochars showed passivation effects at different levels of the soil Pb
pollution. Among the four kinds of biochars, the sequence of immobilizing effect was corn straw >wheat straw>cotton straw>sludge. Correla—

tion analysis showed that the changes in soil physical and chemical properties were likely to be important factors that induced the changes in
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the heavy metal forms of the soil. The results implicated that applying biochar can effectively change the chemical fractions of heavy metals

in soil and reduce bioavailability, thus can be used as a solution to soil heavy metal pollution.

Keywords: biochar; Cd; Pb; immobilization; bioavailability
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Table 1 Physicochemical properties of biochars
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Figure 1 SEM micrographs of the corn straw biochar
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Figure 3 SEM micrographs of the wheat straw biochar
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Figure 2 SEM micrographs of the cotton straw biochar

Figure 4 SEM micrographs of the sludge biochar
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Table 2 Effect of various biochars on physicochemical

properties of soil

LR I " HHUR BT

P % P g+kg” emol -kg™!

CK 0 6.66:0.02¢f  9.74x124f  25.02+1.30f

N 1 7.04£002d  28.93x0.37d  32.36x1.20c

4 7.17£0.03c  67.67+1.19a  38.61x1.17a

158 1 7.16£0.03c  27.87+0.51d  25.54x1.22f

4 7.1820.03c  62.92+1.27a  28.2120.76¢

i 1 6.72¢0.0le  23.77x1.23¢  28.94x1.15¢

4 6.84:0.02de  34.28+2.11c  34.96:0.24b

B S 1 732:0.03b  26.83x143de  28.46x1.04e

4 743£0.03ab  59.07+1.11b  30.83x1.02d

T RS R ] 7 BE R TE P<0.05 K E22 5t B, Rl
Note: Different letters at the same column indicate significant differ—

ence at P<0.05 level. The same below.
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Table 3 Effect of biochars on soil Cd forms/mg-kg™

ER7 S W% SRR IS AR )R A A S IR/ et Bt A
CK 0 2.33+0.35ab 0.51+0.04a 0.09+0.02d 0.06+0.02ef
AL 1 2.25+0.13¢ 0.45+0.07be 0.19+0.03b 0.10+0.03d
4 2.21+0.11d 0.38+0.05ef 0.25+0.02a 0.16+0.06ab
Tk 1 2.24+0.13bc 0.48+0.06b 0.19+0.02b 0.09+0.02de
4 2.22+0.16d 0.40+0.03d 0.24+0.04a 0.14+0.06¢
156 1 2.33+0.32ab 0.50+0.10ab 0.10+0.03d 0.07+0.02¢
4 2.31+0.22b 0.47+0.07b 0.15+0.06¢ 0.07+0.01e
INAZ 1 2.29+0.32b 0.50+0.03ab 0.13+0.03c¢d 0.08+0.12de
4 2.25+0.10c 0.44+0.05bc 0.19+0.04b 0.12+0.02¢d
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Table 4 Effect of biochars on soil Pb forms/mg-kg™
R I /% R YRGS TRADRSAE it
CK 0 270.03+11.7a 1 049.99+14.00ab 89.99+2.67f 90.00+1.26f
inbia 1 219.76+6.67¢ 1 044.23+9.31b 127.30£0.73d 108.71+2.67e
4 216.24+4.30d 1 044.51+3.74b 128.84+3.87d 110.41£2.30e
FoK 1 228.77+5.83b 1 001.13+6.12¢f 140.05+7.09bc 140.22+2.59b
4 197.31+£7.39f 997.52+5.14f 157.90+1.28a 147.27+1.27a
5l 1 228.77+4.84b 1 046.95+9.96b 104.57+4.14e 119.72+3.19d
4 225.55+2.09bc 1 036.81+8.4¢c 111.99+2.60de 125.65+2.61cd
INFE 1 208.48+4.04de 1 023.04+2.87cd 133.51£2.63¢ 134.96+6.58¢
4 200.81+5.35¢ 1 016.23+7.13de 144.52+4.49h 138.44+1.16bc
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Figure 5 Cd fractionation in treatment of 1% biochar application
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Figure 6 Cd fractionation in treatment of 4% biochar application
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Figure 7 Pb fractionation in treatment of 1% biochar application
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Figure 8 Pb fractionation in treatment of 4% biochar application
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Table 5 Correlation analysis between chemical forms of Cd

and soil properties

A pH FHE F o BB
SRS -0.298 -0.298 -0.283
LIBYaLY/ e e —0.465% -0.014 —0.52] %
AR A 0.539%* 0.009 0.646%*
Bt A 0.013 0.184 0.253

TE = R 3 ) 3R 3K B i 3 AR Sk (P<0.05 ) Rl 2 35 AR Sk
(P<0.01)7KF, R,
Note: * and ** indicate the level of P<0.05 and P<0.01, respectively.

The same below.

& 6 Pb MMULFERES TIEMRMBEXES
Table 6 Correlation analysis between chemical forms of Pb

and soil properties

HIEZS pH FHE Faciet AR
SRS -0.338 -0.432% —0.719%
LIPYa Y/ e v -0.289 -0.376 —0.866%*
AR A 0.226 0.591%* 0.619%*
Bt A 0.287 0.608* 0.375
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