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Abstract: To address the co-contamination of phthalic acid esters (PAEs) and cadmium (Cd) in agricultural soils of Guangxi
province, a novel approach using immobilized functional microbial agent has been proposed. A composite microbial consortium,
composed of three functional bacterial strains including Gordonia sp., Rhodococcus sp., and Bacillus sp., was developed with the
ability to tolerate Cd and degrade PAEs. The microbial agent was immobilized on a thiol-modified montmorillonite-biochar
composite carrier with optimized preparation conditions to enhance their remediation capabilities. The synergistic remediation
efficacy of the agent on PAEs-Cd co-contaminated soils and the underlying mechanisms were elucidated. The results demonstrated
that the composite microbial consortium achieved a degradation rate of 92.7% for total PAEs within 5days, while the carrier material
exhibited a Cd saturation adsorption capacity of 15.2mg/kg. The optimal immobilization conditions were determined to be 30°C,
with a bacteria-to-carrier ratio of 1:20 (V/M) for 1day. Under these conditions, the immobilized microbial agent achieved a
degradation rate of 95.4% for XPAEs within 5days. When applied at a dosage of 1% to PAEs-Cd co-contaminated soils, the
immobilized microbial agent resulted in 54.14% PAEs elimination and 37.06% decrease of exchangeable Cd after 50days. The
immobilized microbial agent exhibited favorable synergistic remediation efficacy for PAEs-Cd co-contamination. The research
findings provided a theoretical basis for the remediation of PAEs-Cd co-contamination in farmland soil of Guangxi and filled the
theoretical gap in the control and remediation of PAEs-Cd co-contamination.
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Table 2 Degradation kinetic equation of PAEs

&) B Iike M) R

DMP y=0.12433x+0.97439 2.23 0.907
DEP y=0.18349x+1.3818 2.32 0.982
DBP y=0.96563x+0.33297 5.78 0.966
BBP y=0.8416x+0.40533 3.78 0.842
DEHP »=0.90028x+0.25726 3.66 0.900
DnOP y=0.8712x+0.56546 4.45 0.871

W 9(b)yFIZK 2 Frs, I FI% 6 B PAEs [ B4 fif
I REIFF A — S N 8l F1 %%, PAEs 5k BRI L1 B



3400 LR 7 A & I 45 %

SRR B AR N () 22 1 AH DG LMW-PAEs V-3 H1#¢
9,1V 2.2d /i 4T ;HMW-PAEs il MMW-PAEs - %£ 1]
WK, 5 PAEs VERAGAE AR & R AH .

2.4 [EEA AN S A g RIS AR
2.4 [EEAE R S A5 G 3 PAEs 1T
YER MBI 10(a), 3% 1%$50 i i 1) 5 fb B )
RE GV 1 SPAEs E HH 2.56mgkg &R
1.17mg/kg, 55 [A] i 8] CK #HEL TPAEs 9% N
54.14%. H {5 X PAEs FEAFGUZE D 05T ey BRT-8%
WS TR AAZR A0 P ] 72 A R R A 35 PAES 15 % 311
IR A0 A 55 o 2R 2 4 0 1 4% 18 5 A 791, A
S% BN B AR X A JE Cd- 2 H 5 &
(PAHS) & A5 4 T3 60d i b 7716 25 1) Bl 5
52.39%. 2 % 3X — R I AT T 46 1 [ o AT 1) 2
A FAE Y PAEs TR RE.

100

(a) WA FIPAESTH AT H

80

=
=]
T

PAESTS (%)

S
S
T

20

0 1 1 1 1 1 1
DMP DEP DBP BBP DEHP  DnOP Total

(byE RlCAsEfL iR

80 - \

CARTFHEA(%)
%

0 1 i
CK 1%

10 WA R Gy Qe b FE = AR

Fig.10 The synergistic remediation effect of microbial agents

on composite contaminated soil
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