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Multi-stage screening of biochar and its effect on remediation of nickel and cadmium contaminated acidic soil
in a cold region

WANG Yuqi, WU Di, ZHANG Xiufang, LI Mingtang”

(College of Resource and Environment, Jilin Agricultural University, Changchun 130118, China)

Abstract: Biochar has been widely considered an effective material for the remediation of heavy metal contaminated soils. However, there
are scant systematic and in—depth data concerning the remediation of acid soil polluted by nickel and cadmium in cold regions.This lack of
knowledge has hindered the practical application of biochar. In this paper, the adsorption and immobilization of nickel and cadmium on
biochar and the effect of biochar on absorption, enrichment, and transport of nickel and cadmium by pakchoi ( Brassica campestris L.) were
systematically studied by the solution—soil—plant three—stage screening technology. Biochar prepared at high temperature (600 °C) potently
adsorbed nickel and cadmium. Under the different modified conditions, the saturated adsorption and desorption capacities of nickel and
cadmium on biochar derived from mushroom residue and chicken manure differed markedly. CaCl, and KMnOs modified biochar derived
from mushroom residue had a strong adsorption capacity for nickel and cadmium, which were not easily desorbed. The immobilization
efficiency for nickel in soil by CaCl, and KMnOs modified biochar derived from mushroom residue on soil reached 72.30% and 67.30%

respectively. The respective immobilization efficiencies for cadmium were 52.05% and 51.10%. The immobilized nickel and cadmium were
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difficult to release under soil acidification and freeze—thaw conditions. CaCl, and KMnO4 modified biochar derived from mushroom residue

could transform nickel and cadmium in soil and leaves from high to low mobilities, and enhance the retention of nickel and cadmium in cell

walls and vacuoles. This reduced the accumulation and transportation of nickel and cadmium in soil and significantly increased the plant

height, fresh weight, and the contents of chlorophyll, soluble sugar, and soluble protein in pakchoi. The biochar derived from CaCl,

modified mushroom residue was most effective. The data indicate the practical application value of biochar for the efficient and safe

remediation of acidic soils polluted by nickel and cadmium in cold regions.

Keywords: nickel; cadmium; combined pollution; soil remediation; modified biochar; speciation distribution; subcellular distribution;

pakchoi(Brassica campestris L..)
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Figure 1 Saturated adsorption capacity of nickel and cadmium on various biochars
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Figure 2 Effects of biochar modification on saturated adsorption capacity of nickel and cadmium
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Figure 3 Effects of modified biochar on residual adsorption capacity of nickel and cadmium
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Figure 4 Effects of biochar on the immobilization of available nickel and cadmium in soil
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Figure 6 Effects of soil acidification on the immobilization of available nickel and cadmium by various biochar
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Table 2 Effects of biochar on growth and quality of stem parts of pakchoi

[T it BT T AT AT
Treatment Plant height/cm Fresh weight/g ~ Chlorophyll(SPAD)  Soluble sugar/(mg-g?)  Soluble protein/(mg-g™)
I 7.60+0.25¢ 6.17+1.35d 24.20+0.50d 4.69+0.23b 0.23+0.02b
i 10.000.56h 9.63+1.44c 29.00+0.50c 6.92+0.52a 0.35£0.02a
CaCl B Pk TR 5 14.50+0.15a 12.98+1.59% 35.60+0.40a 8.26+0.17a 0.45+0.04a
KMn O, P b5 10.800.33h 10.91+1.41b 32.90+0.60b 7.23+0.22a 0.3820.05a
T 2 [F— SR ING P BE R R A B R] 22 57 i 25 (P<0.05) . R IR,

Note: Different letters in a column indicate significant differences (P<0.05) among treatments. The same below.
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Table 3 Effects of biochar on root system of pakchoi
Ab 3 SR iSRS R HR EAE MR
Treatment Total root length/em  Root projection area/cm®  Root surface area/cm’ Root diameter/mm Root volume/cm®

PPl 22.70+0.25¢ 0.76+0.09¢ 1.73+0.24d 0.25+0.02b 0.02+0.01¢

FIHER 30.05+0.44b 1.16+0.10b 3.65+0.31¢ 0.39+0.02a 0.04+0.01b

CaCl et P ¢ 44.36+0.56a 1.77+0.13a 5.57+0.25a 0.40+0.01a 0.06+0.01a

KMnO. 0P BB 31.70+0.37b 1.29+0.21b 4.05+0.16b 0.40+0.02a 0.04+0.01b
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Table 4 Effects of biochar on accumulation and transport of nickel and cadmium in pakchoi

LbFq # Nickel % Cadmium
Treatment ‘w4 Z 8 Enrichment factor #328 280 Transfer coefficient B4 Z B Enrichment factor 5512 R %1 Transfer coefficient
X R 0.31+0.04a 1.65+0.02a 0.54+0.04a 2.63+0.07a
R 0.26+0.07h 1.17+0.05b 0.38+0.05¢ 1.14+0.05¢
CaCL S 1 T A 0.18+0.06¢ 0.83+0.02d 0.33+0.02d 0.93+0.03d
KMnO. 0P e 0.23+0.07h 0.90+0.03c 0.42+0.06h 1.39+0.06b
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Figure 7 Effects of biochar on speciation distribution of nickel and cadmium in pakchoi leaves
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Figure 8 Effects of biochar on distribution of nickel and cadmium in subcellular components of pakchoi leaves
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Figure 9 Effects of biochar on speciation distribution of nickel and cadmium in rhizosphere soil of pakchoi
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