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Abstract: Aiming at the problem of Cd pollution in the paddy soil in Hunan province, the effect of biogas residue hu-
mus on heavy metal Cd in farmland soil was studied by using humus extracted from biogas residue as soil leaching agent.
Through indoor simulation experiments, the effects of biogas residue humus solution on Cd removal effect and soil properties in

contaminated soil with different contents of Cd were studied by oscillating washing method, and the kinetics analysis of heavy

metals content in soil was performed. Finally, the

W B 49 :2022-09-14 mechanism of removing Cd in soil by leaching with biogas
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TEERAN T WE(1997-) 9 Wi % A B 50y 1 o 3% the washing time was 120 min, the Cd removal rates of low
EHMER , (E-mail) 1095658753@ qq.com Cd contaminated soil and high Cd contaminated soil by

residue humus solution was preliminarily discussed. The re-

sults showed that when the liquid-to-soil ratio was 4 : 1 and

BWAMEE A 2%, (E-mail) dengyun@ ejiangnan.edu.cn washing with biogas residue humus solution were 57.73%
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and 54.66% , respectively. The leaching of biogas residue humus solution was a heterogeneous diffusion process. After wash-

ing, the extractable Cd in the soil was obviously removed, the contents of nutrients such as organic matter, nitrogen, phos-

phorus and potassium were improved, and the enzyme activity decreased first and then increased. Compared with rice planted

on the soil before leaching, the seed germination rate, plant height, fresh weight and dry weight of rice planted on both soils

after leaching were also increased. In addition, leaching Cd contaminated soil with biogas residue humus solution could de-

stroy the O—Cd bonds in the soil. The results of this study proved that biogas residue humus had certain application potential

in the field of Cd contaminated farmland and industrial site remediation.
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Table 1 Basic physical and chemical properties of biogas residue

HHLRE MA B Jux:i cd
(%) (g/'kg) (g/'kg) (g’kg)  (mg/kg)

pH

9.25+0.34 73.75£2.75 1.83+0.26 0.33£0.09 3.91x0.31  n.d.
n.d. R Cd WRBLAR TR IR BR .
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Table 2 The basic physicochemical properties of soil
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- LR ke ke wh cd
b
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+AE2 6.56+0.17 10.31+0.24 15.45+1.31 52.05+1.47 32.50+0.98 16.33+0.45
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Fig.1 Removal rate of Cd from soil by biogas residue humus at different liquid-to-soil ratio( A) and leaching time(B)
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Table 3 Kinetic parameters of Cd from soil leached by biogas residue humus solution

— Y 12 & Ik iy
2% q K, R2 q2 K, R2
(mg/kg) (min™") ‘ (mg/kg) [kg/(mg + min) ] :
+HE 1 0.745 6 0.052 9 0.991 6 0.769 4 0.162 4 0.999 1
+HE2 9.003 1 0.069 0 0.991 7 9.216 1 0.021 4 0.997 1
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Fig.2 Kinetics of Cd desorption from soil 1( A) and soil 2(B)
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Table 4 Cd content before and after soil leaching

FRATEREES Cd AIAJRES Cd - TS € BRES Cd

TR Tk (ko) (ke (mg/lke)
WPERTEARE L 0.490 0.424 0.340 0.046
WEE LT 0.181 0.129 0.185 0.034
WPERT R 2 10.288 5.016 0.594 0.432
WkE L2 4145 2.688 0.288 0.289
2.3 st ETE LIEERTL
23.1 #RRETE LM EMER LA UL RERL

IR - RSk R AT 0 3 SR T i e
T (SEM) Xk BE RIS B L HEAT T 34, K
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1S ROIRESHY S, KRR 2 . 2R
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AR, IR AT AR 2 SRR AR IEOR , 221
T VS BRSOV M i ) e 2 el 2RO IR 4 B
AR BRI PRG54 , AT BE SR H T 28 B 5 ) A filE
TIEARLZE AR

a: T SE PR BERT 1 LR 15 b IR B BTV OM VR S5 19
bR o TR AT AT WK DR T A R R 25 o T T ST U
RGeS I R 2,

B3 HstarE LEMEEE T 2R0E (SEM)

Fig.3 Scanning electron microscope (SEM) images of soils be-

fore and after leaching
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Table 5 Proportion of main elements in soils before and after leaching

T 0 c Al Si Fe K Mg N Na Ca P Cd
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)

a 4175 33.22 6.29 10.96 1.58 1.62 0.27 3.68 n.d. 0.44 0.03 0.16
b 44.09 3348 5.89 12.03 1.32 0.42 0.11 2.36 n.d. 0.28 0.02 n.d.

c 5145 1575 9.54 14.81 4.74 1.65 0.72 0.28 0.30 0.55 n.d. 0.21
d 45.14 1932 8.15 17.15 4.46 1.54 0.60 2.9 0.21 0.38 0.15 n.d.

a: TR A A MR SR AT 1) B 15 b TS SR MR 19 e 15 o Y VO R R MR R I A9 e 25 o« ¥ 0 U 0 O YA ) 9 L e

2,

R AR ST AN R T Y B I
T M A S R LS AR T B UG
ES TN e e i < N e w0 A < R U
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Fig.4 Soil particle size distribution before and after leaching
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AR PERI BT, IRVERTIS 2 A AE b Asfk
Bl SC R RGeS, B e o it L Ik
A, R 1R AR 2 op i OO 5 A 430k 29. 80
mg/ kel 31. 45 me/ ke, 28 VA 1 J65 5 Jo s WOk Uk )=
AR T A AR 2 AR Rl BT & 30,04
mg/kg Ml 32.12 mg/kg, 43 5 & & T 0.81%

2. 13% , FH T 17 VA 8 LSS b 2 AT 0 1 AT
EA R B S T

TH I PR WO R S AT BILBE R A A
FROCER A M THYIE R, B Ah, X 288 F5 1) A i
VEr it AR R A 58 AT T R 1 300 5% 1 35 37
JLRK,

®6 WMEETELEAPFER
Table 6 Soil chemical properties before and after leaching
LA Ca Ak Mg GNP HHU
St H -
’ (g/kg) (&/kg) (mS/cm) (/kg)
a 6.40+0.26 9.57+0.87 0.95+0.23 0.84+0.01 9.61+0.12
b 7.61+£0.52 2.64+0.51 0.64+0.21 2.54+0.02 11.45£0.11
c 6.53+0.37 10.32+0.94 1.21+0.36 0.92+0.02 10.31+0.24
d 7.54+£1.07 3.42+0.58 0.86+0.31 2.71£0.01 11.23+0.21
a: T B BB MR R T AY e 15 b o YR T R A SOV W8 I A R 15 o« T VAL RV R0 R 0 T ) el 25 o Y 0 G L B VA MR 8 ) ) R
2,
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= I J < 25 B 25
E 03r I W g 2.0r % 20
B gof J g 15 g Br
i Wo1.0F & 10f
0.1F 0.5F : 5+
0 0 0
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Fig.5 Changes in total nitrogen (A), total phosphorus (B), and available potassium ( C) content in soil
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Fig.6 Changes of enzyme activities with time in soil 1 (a) and soil 2 (b) after soil leaching
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Table 7 Growth of rice before and after soil leaching

w0 W W
a 8.08+1.31 0.33+0.02 0.051+0.004 76.00+4
b 10.07+1.52 0.56+0.03 0.069+0.003 88.00+4
c 8.78+1.23 0.41+0.02 0.059+0.002 80.00+4
d 10.67+1.67 0.57+0.03 0.071+0.003 88.00+4
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Fig.7 Properties of the tested biogas residue humus
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Fig.8 Spectra of soil 1(a) and soil 2(b) before and after soil leaching by Fourier transform infrared spectroscopy ( FT-IR)
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