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Abstract: [Objective] This study evaluated the effectiveness of different biochars mixed with polyac-

rylamide (PAM) on remediating mercury ( Hg)-contaminated acidic soils. [Method]) Soil culture experi-
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ment was conducted under greenhouse conditions, with Chinese cabbage as testing crop. Three biochar-
based composite materials of mixing corn stalks, cow dung and traditional Chinese herb residue produced
biochar with PAM at the ratio of 7 to 3 were applied with application rates of 1% ,3% and 5% ,respective-
ly. A treatment without biochar was included as the control. Soil organic carbon,pH,soil Hg form, availa-
ble Hg and Hg contents in shoot and root of Chinese cabbage as well as soil enzyme activities were deter-
mined at the end of experiments. [Result] Compared with single application of biochar,specific surface area
and pore diameter of biochar composite materials increased significantly,along with improved surface struc-
ture. Application of biochars resulted in increases in both soil organic carbon content and pH. The applica-
tion rate of 5% traditional Chinese herb residue biochar-based composite material was the best, with soil
organic carbon content and pH increased by 426. 36 % and 20. 95% , respectively. Effects of biochar-based
composite materials on soil Hg form varied depending on biochar type and application rates. Compared with
the control, three kinds of biochar composite materials decreased water-soluble mercury and exchangeable
mercury by 60.35% —87.03% and 40. 54 % —75. 58 % , respectively. Biochar composite materials increased
strong organic combined mercury and residual mercury by 41. 99% —125. 96% and 25. 77% — 34. 18 %.
Traditional Chinese herb residue biochar-based composite materials had the greatest effect on reduction of
soil water and exchangeable Hg. Compared with the control, soil available Hg content were decreased by
41.33% —74.67% under biochar composite materials treatment. Soil available Hg content decreased with
the increase of application rate. Biochar composite materials decreased Hg contents in underground roots
and edible stems and leaves of Chinese cabbage,with the largest reduction in 5% application rate of tradi-
tional Chinese herb residue biochar-based composite materials. Correlation analysis showed that Hg con-
tents in underground roots and edible stems and leaves of Chinese cabbage had positive correlation with soil
available Hg content,and negative correlation with soil pH and organic carbon content. Biochar composite
materials increased soil enzyme activity. Soil catalase and sucrase activities increased first and then de-
creased with the increase of application rate, while soil urease activity showed a gradually increasing trend.
[Conclusion) Biochar composite materials showed significant passivation effect on acidic soils moderately
polluted by Hg. The application of traditional Chinese herb residue biochar-based composite material at the
rate of 5% was the best.
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Table 1 Physical and chemical properties of different biochar based composites
H W) e S FE B A b R LR AR/ LR/ LA/ - 2 BoR/

. S o s FHFLAE/nm .
Biochar based pH (m? « g™ 1) (g kg (ecm® « g 1) Average aperture (mg + kg™ 1)
composites Specific surface area ~ Organic carbon Pore volume age ap Total Hg
JBI 8.75 71.12 478. 89 0. 46 12.33 0.08
JBI-P 8. 87 235.21 331.87 0.32 18. 21 0.06
NBI 8.95 27. 24 450. 34 0.15 4.78 0.13
NBI-P 9.18 105. 36 303.02 0.08 7.33 0.09
YBI 9. 86 93. 88 491. 36 1.17 16. 81 0.24
YBI-P 9.97 426.52 341.61 0. 85 28.42 0.18
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Table 2 Effect of different biochar composite materials on soil organic carbon content and pH

+ A BB Organic carbon in soil

+ 3¢ pH pH in soil

L WE /(g - ke D) WA % W i T
Estimated value Increases Estimated value increases
CK 3.68+0.12 g — 5.68+0.20 ¢ -

JBI-P1 6.52+0.21 e 77.17 6.12+0. 23 be 7.75
JBI-P3 12.65+0.63 ¢ 243.75 6.32%+0.15 ab 11.27
JBI-P5 19.04+0. 81 ab 417.39 6.6140.09 ab 16. 37
NBI-P1 6.064+0. 21 ef 64.67 6.14+0.12 be 8. 10
NBI-P3 11.41+0.74 d 210. 05 6.44+0.08 ab 13. 38
NBI-P5 17.38+1.02 b 377.72 6.72+0.14 a 18. 31
YBI-P1 6.89+0.42 e 87.23 6.15+0.11 be 8.27
YBI-P3 13.14+0.81 ¢ 257.07 6.50+0.07 ab 14. 44
YBI-P5 19.37+1.18 a 426. 36 6.87+0.16 a 20. 95
{4 Average — 240.16 — 13. 20

V22 ROl P B8 BRI 22 9 BRI A R IR/ TS 7 4 R I Ak i 2% 53 0 35 (P<<0. 05) ,

Note:Data were “average® standard error”. Different lowercase letters indicate significant difference among treatments (P<Z0. 05).
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Fig. 2 Effect of different biochar composite materials on available mercury content in soil
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Fig. 3 Effects of different biochar composite materials on mercury content in different parts of Chinese cabbage
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Table 3 Correlation between mercury contents in different parts of Chinese cabbage and soil pH,organic

carbon and available mercury content

- HR B OR & it 2R & i o A HLEK A i
EE R 1% pH :
Mercury content Mercury content in . . Organic carbon
Index . pH in soil . .
in root stem and leaf content in soil
g ERER
R R o i o 0.898" * 0.986 * —0.903 * —0.807*
Available mercury content in soil
&y S e A L
R AR . 0.904" > —0. 844" —0. 675"
Mercury content in root
- SR A B
ZEMOR A R _ —0.942" —0.852"
Mercury content in stem and leaves
0.942* *

44 pH pH in soil

W% o« LIRTE P<0. 01 /K By B A

* FRAE P<<0.05 /K BB EM K.

Note: * * indicates significant difference at P<C0. 01 level; * indicates significant difference at P<Z0. 05 level.
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