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Effects of modified biochar on Cr speciation and enzyme activity in farmland soil

CHEN Yijie', WU Weijian', LI Gaoyang', ZHANG Weijian', WEI Ting', LIN Zhong®>, ZHEN Zhen'"

(1. College of Coastal Agricultural Sciences, Guangdong Ocean University, Zhanjiang 524088, China; 2. College of Chemistry and
Environmental Sciences, Guangdong Ocean University, Zhanjiang 524088, China)

Abstract: In order to study the effects of the modified cow dung biochar on Cr speciation and enzyme activity in soil, we investigated the
effects of HNOs;—modified biochar, FeCl;—modified biochar, and unmodified cow manure biochar on Cr morphology and distribution, soil
physicochemical properties, and enzyme activities. The results showed that external surface area, total pore volume, and micropore surface
area of HNOs—modified biochar were 2.86 m*+ g™, 0.004 cm’+ g™, and 0.01 m*+ g™ and those of FeCl;—modified biochar were 11.09 m*- ¢,
0.013 ¢cm’+ ¢, and 2.20 m*+g™" higher than those of unmodified biochar, respectively. However, the average pore size decreased by 1.28 nm
and 3.86 nm for HNOs;—modified biochar and FeCl;—modified biochar, respectively. Modified biochars had similar types of functional
groups, with an increased abundance of hydroxyl (—OH), carboxyl (—COOH ), and carbonyl(C=0). Batch sorption experiments revealed
that all biochars had remarkable sorption performance; the highest Cr( VI) reduction was observed with FeCl;—modified biochar application
(up to 15.90 mg-g™). After a soil incubation test (60 d), the acid soluble, reducible, and oxidizable fractions of Cr( VI) in soil amended
with added biochar were approximately 0.97%~2.15%, 0.28%~0.94% and 4.709%~9.40% , respectively, lower than the values for the
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controlled study. The residue fraction (approximately 42.3%~45.2%) of Cr( VI ) was significantly (P<0.05) higher in soil amended with

modified biochar than in soil amended with unmodified biochar (38.6%) and not amended with biochar (32.8%). Correlation analysis

results show that biochar remarkably changed soil physiochemical properties by increasing soil pH, organic matter, and cation exchange

capacity and promoted the conversion of Cr( VI) from an acid soluble state to a residue slate in soil; these are the greatest effects of FeCls—

modified biochar. The added biochar in soil caused a significant increase in the levels of urease, sucrase, and dehydrogenase in soil and

reduced the toxicity of Cr( VI ). Furthermore, soil enzyme activity with modified biochar was significantly higher than that of the controlled

study and that with unmodified biochar. Our findings prove that modified biochar can be used as a low—cost and environment—friendly

adsorbent to effectively remediate soils contaminated with Cr( VI).

Keywords : soil; modified biochar; Cr('VI); speciation distribution, enzyme activity
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Table 1 Basic physical and chemical properties of the cow dung biochar before and after modification
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. pH pHezc Specific surface Total pore volume/ Average pore Specific surface area of Micropore area/
Biochar s R . . , )
area/(m’+g™") (em’-g™) size/nm micropores/(m*+g™") (m*-¢g™")
CB 7.53 7.48 8.88 0.027 11.94 2.59 0.001 3
HCB 4.62 5.23 11.74 0.031 10.66 2.60 0.001 4
FCB 7.74 8.21 19.97 0.040 8.08 4.79 0.002 3
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Table 2 The basic elements of the cow dung hiochar before and after modification (%)

H M 5¢ Biochar o 0 Si Na Ca Mg Al p S K Fe
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Figure 2 FTIR spectra of the cow dung biochar before and

after modification
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Figure 3 The adsorption kinetic curves of Cr('VI) onto three
kind of biochar
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Table 3 Pseudo—first—order and pseudo—second—order model parameters of Cr( VI) adsorption onto three kind of biochar
gy iE— 2 ) J1 25458 Pseudo—first—order model 1 94 ) 715458 Pseudo-second—order model
Biochar Q. /(mg-g™) ky /b R Q./(mg-g™) k2/(gemg ' +h™) R
CB 3.58+0.15 0.116+0.011 0.984 4.62+0.34 0.023+0.005 0.978
HCB 4.07+0.21 0.107+0.012 0.978 5.19+0.36 0.020+0.004 0.981
FCB 5.63+0.30 0.112+0.014 0.974 7.01+£0.44 0.016+0.003 0.981
mg-g ' -mg- L) ™5 n kg 5 RS A SC Y B R, n<] B 187
HH W B L FEA T, 1<n< 15 B IR BT S50 E A 7, 2<n<10 st
DI BB B2 R, W B 25 5 1A T o Vé“ 1l
3FEE P okt Cr (VD) Y W B 45 il 2t RT 4, $U5 S
SHOLFA. LT, =59 Langmuir #4) =g
2 HURA Freundlich #4732 HERAS AE 50 4 01 45 it 2
S A L3 2 915 Laangmuie 24017 2708 0 ] — Langnyir
KR FIUET Freundlich #7 2=ARY | 31 H] Langmuir 0 -

S TS TR X SV A BB () 4D AT, B 3 A )
X5 Cr( VL) (W Bk B2 o Tl Bsf b 15 B 18 B 50 5 Cr (VD)
B B ok A R PR 2 B . Freundlich S5 iR AR R
LR R M R G LR R, AT,
Freundlich # %Y 1l & 15 2] /) 3 F 4= 9 % (CB . HCB .
FCB) (1) 1% [ 588 B2 55 n (B 53 1) Ry 2.48 .2.64 F12.43,
b F 2<n<10, Uk B B 500 5 4 J 2 - 22 IR0 AE B0
PIAHEAEF , V2S5 47 o TRl 3R 4 AT LU
CB HCB F1 FCB X Cr( VI) A9 I i KW B 2 Q. 53 5]
99.92.11.00 mg-g ' F115.90 mg-g ™, Hod FCB B
T S A 2 P i
2.3 &Mzt HiEd Cr(VI) B IR B R 4547
2.3.1 ASTRI Mk A W e %k Cr (VI 15 G 4 35 8 4 & 2
N iop-ALl|

Cr( VD) 75 3t + 32 v s I AS [l el v 28 9 o i 7 4
JETE AL 5. 5 CKAR E, 38 i A8 9 e 2 ol
T RERENIEA . ERFEE N, CB HCB I
FCB A FRHH R A5  nT iR S AT AL A% 2 B
BRI EEH(P<0.05) . H5HFRO dA L, Kr g5 E A4S
H(60 d)}, CB HCB HI FCB &b B iR 1] 75 2558 23 511 i
DT 11.3% . 15.4% F123.1%, Al b JE A5 W R R T

(I) l(I)O 2(I)0 360 4(I)0 500 6(I)0
STl Cv/(mg. L")

B4 £t Cr( VD) B IR MR 2

Figure 4 The sorption isotherms of Cr( VI) onto three

kind of biochar

2.3%.5.8% F19.8% , W] FAL KL T 9.7% . 15.7%
F119.5%. 5 CBAHLL, FCB &b BEXT R vl J5 45 | Al ik 5
AT AL AR S e Bk 3, LR HCB. [#15
(DR ER FRESHEY T RERE LIEH. 5
B SR 0 dAH L, K 92 45 ] ik CB \HCB 1 FCB Ab #1 5% i
BARAY SN T 18.5% .29.6% H138.8% , FCB &b ¥ 5%
TS S i 0 T (P<0.05) .
2.3.2 ARV AR s Cr (VD) V5 G 4 38 3 AL
1) 5 M

25 4b B E] 4 pH A0 6 (a) BT 7R, 7655 3% R
pHEEIAR B IS RIGZE T, 5 CK AL A
[t , CB . HCB.FCB b 3 fif 1- 3 pH 3% /i1 0.43~0.78, H.
PRI B EEZSR . Fe(bh) MK 6(c) AL H i
TN AE IR S I RE A8 S 3 B S CEC R - A BLT
S, 5 CKAHEL, IREe L5}, CB . HCB 1 FCB b 3
1 HE CEC 43 5 34 fin 5.22. 14.40 cmol - kg™ il 22.90
cmol - kg™, A LT 5t 3 B 9 3.06.10.32 g - kg™ Al

R4 EWx3t Cr(V) R A Langmuir #1 Freundlich 2B S ]

Table 4 Constants and correlation coefficients of Langmuir and Freundlich models for Cr( VI) adsorption onto three kind of biochar

Qb3 Langmuir % %! Langmuir model Freundlich %! Freundlich model
Treatment Qu/(mg-g™) Ki/(L-mg™) R Ki/[mg-g"'+mg-1.7")™] n R
CB 9.92+0.465 0.011 5£0.001 8 0.974 0.722+0.119 2.48+0.03 0.972
HCB 11.020.456 0.014 0+£0.002 0 0.976 0.967+0.169 2.64+0.03 0.963
FCB 15.920.688 0.011 9£0.001 7 0.981 1.1300.307 2.43%0.05 0.933
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Figure 5 The effect of biochar on heavy metal speciation in Cr( V) contaminated soil over time
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Figure 6 The effect of biochar on soil physical and chemical properities
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Figure 7 The effect of biochar on soil enzyme activity in Cr( V)

contaminated soil
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Table 5 Correlation between soil Cr speciation and soil physical

and chemical properities

TiH H AHUR ST PHE A
Item P Organic matter Humus CEC
[[REERAS -0.771%%  —0.951*%  -0.319  —0.951%*
Acid soluble fraction
CIBEYE -0.665% -0.806%*  —0.077  -0.837**
Reducible fraction
CIER iy -0.764%%  —0.902%*%  -0.217  —0.923%*
Oxidizable fraction
BRI 0.764%* 0.902%* 0.217 0.923%:*

Residue fraction

s " RIRTE 0.05 7K b R EAHIC ;" RIRTE 0.01 K- F B
FAK

Note: “*” means the correlation is significant at 0.05 level; “**”
means the correlation is significant at 0.01 level.
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