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Cd and As immobilization in co—contaminated paddy soil using two urease—producing bacteria

CAI Qian, LI Xinwu, YANG Yuting, HUANG Jinfu, LUO Yan, YANG Run, WU Jun, XU Min"
(College of Environmental Science, Sichuan Agricultural University, Chengdu 611130, China)

Abstract : Microbial-induced carbonate precipitation (MICP) is a technology for heavy metal bioremediation with the main advantages of
being environmentally friendly and effective. In this study, we explored the effects of Sporosarcina pasteurii (SP) and Bacillus cereus (BC)
on cadmium(Cd) and arsenic(As) immobilization, soil properties, and soil enzymatic activities in a Cd and As co—contaminated paddy soil
under control (CK) and urea addition (UREA) treatments. The results of this study might assist in reducing the risk of agricultural soils
containing both Cd and As. CaCl,—Cd and CaCl,—As were significantly reduced by BC treatment compared to CK treatment, by 30.2% and
9.10%, respectively. Compared with CK treatment, SP treatment and BC treatment significantly reduced oxidizable Cd and increased
residual Cd, while only BC treatment significantly reduced oxidizable As and increased residual As. With the addition of UREA, SP, and
BC treatments, the carbonate content was increased. UREA, SP, and BC treatment significantly increased urease compared to CK treatment
by 48.0%, 32.8%, and 11.7%, respectively, indicating that these treatments stimulated the process of MICP. Compared to CK treatment, SP
treatment and BC treatment considerably increased soil total nitrogen, total phosphorus, total potassium, and ammonium nitrogen, but
decreased nitrate—nitrogen, which implied that the MICP method helped enhance soil fertility and stimulated ammonization but inhibited
nitrification. BC treatment enhanced soil phosphatase and sucrase in comparison to CK treatment, improving soil function. Taken together,

B. cereus immobilized Cd and As, enhanced soil fertility, and increased enzyme activity, making it a promising candidate for

bioremediation, particularly for soil that had been contaminated with both Cd and As.

Keywords : microbial induced carbonate precipitation; bioremediation; soil ecological function; urease—producing bacteria
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1.1 ikt

A4 7 R L IR ZR AT 14 (Sporosarcina pasteurii
accession No. CP038012.1) A1 I £ 2 78 #F 14 ( Bacillus
cereus , accession No. MT611946.1) , P Fp 4 5 15 e S&
A L R A Py R SR R A L IR AF T =80 °C
UKFE o PHFP AN 38k 22 IR FHME I AEBOR B, A
e PR DRIt =t e doe i A TR K B ER 2R A B D
I 2 A0 AT T TRV 20 N YE-NHL 5% 37 3 (B B B
Y120 o B R 10 ¢ B5E 20 ¢.0.13 M Tris 2% # I 1
L,pH=9.0)"" LB 15 F& Kk (B 111 R 10 g EEREHR ELY)
5 g FHALEN 10 g Z8M8K 1 L, pH=7.0) P p gEF TG AL 1
I, BT I 34 S B RIR , R IR 8, U, 2 FL A
o, BifiJ5 , 78 6 000 r-min™ F 250 5 min, #8751 (440
JHL, I FH G B 7K R TRA B B AR R TR T K
W ARAS YN A VI o R FH ODeoo 75 B2 FG 2F F0 AT B A1
US4 2 FO T T R A 4 TRV B2 43 531 R 3% 10° CFU - mL™!
F10.3x10° CFU - mL™"s Jr A7 85 5% 56 76 {1 FH iy 39 78
121 “C7F {5 K 4 20 mins

Mt - R AR B 1014 dR AT AR H (1040157
15"E,31°25'07"N) % )2 1 (0~20 cm) . -3 L BR
M FRAR AT B R KT, 3 2 mm JRIE G, 2548 & .
T A KA L AR T LR 1,
1.2 iR¥&i& T

IS E 4 b PR X B (CK) (TR IR 4
(UREA) | EL [RZF AT B WS N ZE (SP) s A 28 F AT 147
W41 (BC) , A PRE AT 39k, HARERAEMR  FR
B 100 g -4, 73 5N AR 2 0.694 mgP" | B [ 2 FLAT
B 10 mL S RE ZE AT B 10 mL, CK A AT Ay b 34 7R
SYJE U IMZEAR K, {35 K ORASF A FH E)4K it 1Y)
70% A4 T A FE S CE B SR A P G R RE R
25 C. RAFRTER N R RAN IR K. Lk

TERGFRAR R 7 20 d J5 U EA 7 T A0 21, B S FJES
12.0.15 mm Je I i, B 484 .
1.3 HmRESNE

T Ty 2 MR R AL B ) R E
B R PR AR = A I AR I 5 - 8 HL T (Organic
matter, OM) 7% 1 ; >R FH 7S e = SALAEE A2 U e e B ik
W 7 A 35 PH 25 28 # 7 (Cation exchange capacity,
CEC) ;2K FHIL K F A %2 4= & (Total nitrogen, TN)
ks R T AH B BT L 3 0 5E + 3 423 (Total phos-
phorus, TP) 75 3 5 R JH KU BE V2 28 + 38 4 3 (To-
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K BCR V& X T A [RUE A5 (9 Cd AT As i 17 52 JU™
Cd Hl As BB 250 vl S s VR ZE 5785 b I
SMBRIED o PIrA SO b i) E 45 R SR H RS
& B K i % {2 (Inductively coupled plasma mass
spectrometry, ICP —MS, NexION300X, PerkinElmer, ES
VI SE 5 >R FH H R A 0 o 3 v ORS TE E BR R
(CaCOs) [ B ™,
1.4 HiEsbiE

B4 K FH Excel 5 SPSS 26.0 #F47 4k 3 1 23143
B, >k H H#L I 28 (One—way ANOVA) J5 2243 1 #1 Dun-
can Ky 31k , Ab P [E) S 25 PR K-8 0=0.05. K FH Excel
K Origin 2022 HAE

2 ERG5H

2.1 HEHMG LIEESEANE RIS
ANAI AL A 3 CaCLIZ 45 Cd  As % 5 40T 1
o 5 CKANHAH L, 45 Ab BRI REAIE T CaCl,-Cd 7
i, (AN BC AR FR T 35 i 7K 7 (P<0.05) 5 5 CK Ab 3
AHEE, SP AL BE i & HE % T CaCl—As 15 5, 1M BC 40 #
] & 2 B AR T CaCl—As 7% 1 (P<0.05) . BC AL

®1 L T EEAE AR

Table 1 The properties of tested soil

AL FH B 7St 2R s S pute i
T H Ttem pH Organic matter/ Cation exchange capacity Total nitrogen/ Total phosphorus/ Total potassium/ Total cadmium/ Total arsenic/
(g-kg™) (CEC)/(cmol -kg™) (g-kg™) (g-kg™) (g-kg™) (mg-kg™) (mg-kg™)
& Content  6.73£0.78  20.6+<0.01 6.40+0.16 1.18+0.09 0.23+<0.01 1.74+0.01 2.74+0.72 64.1+2.60

1% WHART]
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Figure 2 The fractions of Cd, As in soil under different treatments

and CaCO; concentrations

HALF ) CaCOs 7 f I3 N, H BC AL PR A 35 2 257K
Y-(F=3.73,P<0.05) .
2.2 MEFH YT L EE L RA R0

KR8 G AN AL PR - e S A BAb 4 o dn 55
2R . 5 CKACHRAN FE , SP AL H i 5 3 i 1T - 4
pH., 177 - 58 BH 25 - 22 4 1 FAT ML & 10 76 A 7] Ak 2
) 22 S AN S 2 o TR GRS I A B e R A
R SRS R, 5 CKAFA L, SP . BCALEET,

WWW.Qes.019.CN




e LEETETTY woswm
FR2 AEACEEXT T B MR
Table 2 Effects of different treatments on soil properties
e FH B 7 2cHe i CEC/ - A HLE OM/ AR TN/ A TP/ SETK/ SR NH-N AR NO-N/
Item pH (cmol-kg™) (g-kg™) (g-kg™) (g-kg™) (g-kg™) (mg-kg™) (mg-kg™)
CK 7.11+0.02b 7.43+0.38a 21.79+2.08a 1.21+0.07b 0.26+<0.01b 1.60+0.34b 6.78+1.93b 527.5+13.3a
UREA 7.37+0.21b 6.81+0.26a 23.05+0.97a 1.51+0.21a 0.26+0.02b 2.19+0.23a 76.66+3.44a 373.1+38.0b
SP 7.87+0.19a 7.15+0.12a 21.44+0.74a 1.57+0.15a 0.28+0.01ab 1.72+0.30ab 75.87+0.68a 171.0+£10.0c
BC 7.27+0.35b 6.94+0.18a 22.43+0.62a 1.64+0.10a 0.29+<0.01a 1.87+0.18ab 78.07+0.66a 354.7+7.1b
F 6.354 3.268 0.978 5.318 8.888 2.667 896.842 144.747
P 0.016 0.080 0.450 0.026 0.006 0.119 <0.001 <0.001

SR W T RS RS T 30.0%~36.1%.
5.9%~9.2% .8.0%~17.2%. UREA b FEAY i 2 2 $2
2R (25.2%,P<0.05) 481 (37.3%,P<0.05) & &, T
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Figure 3 Effects of different treatments on soil enzymes activities
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Figure 4 Correlation between soil properties and heavy metal fractions
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