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Abstract: Soil contamination with phthalate esters (PAEs) is a worldwide environmental issue, and a stable and efficient functional

microbial agent could be applied to achieve synergistic PAEs degradation. The review comprehensively compared various methods

and pathways of microbial immobilization. The different factors on PAEs elimination such as mass transfer environment, substrate

concentration, immobilization conditions, and strain combinations were demonstrated. The metabolic pathways of PAEs driven by

enzymatic reactions of functional microbes were elucidated. The biological mechanisms of synergistic degradation of PAEs by

microbial communities were clarified, and crucial future research areas may include the construction of microbial composite

communities, optimization of immobilization carriers, and creation of microbial agent products. Compared to single-free bacteria, the

immobilized PAEs-degrading microbial agents not only resist the interference of complex external environments, but specifically

perform well on PAE degradation. In addition, immobilized microbial agents may positively promote crop growth.
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Table I The characteristics of functional strain degrading PAEs
BRRA TR il FEfR IR WE(C)  pHIH THIRAE (%) Uit 222 3Lk
Pk .
JDC-41 Ochrobactrum sp. DBP 30 7.0 87 X s [29]
b R
L)} JDC-11 Pseudomonas sp. DBP 30 8 100 Sy [ AR ) [30]
[ wi4 Rhodococcus sp. DEHP 28 7 96.4 I [31]
0426 Glutamicibacter sp. DBP 31.7 6.9 100 =LY [32]
YC-JY1 Xanthobacter sp. DBP 30 7 94 Vet EE S w [33]
THE-2 Pseudomonas putida DMP 20 3 89.5 Sp/ MRt [34]
L1 LMB-1 Rhizobium sp. DMP. DEHP 37 6 71.5. 88.1 bt w1 [35]
:ﬁi W34 Bacillus subtitles DBP. BBP 30 7.2 100 HH [36]
i . .
- M-11 Camelimonas sp. DEP. DBP 40 8 72. 56 Vo g, Kk [37]
LUNF1 Bacillus sp. DBP. BBP. DEP 40 8.9 90. 59. 14 75K V5 [38]
WTZ-1+WTZ-R1+  Bacillus sp., Rhodococcus . .
DEHP 30 7.5 98.04 NGRS [39]
WTZ-R2 sp., Rhodococcus sp.
Glutamicibacter sp., DMP.DEP.BBP. N
ZIUTW+LH1+ TR
Cupriavidus sp., DBP. DEHP. 30 7 100 N [40]
GZ-YC7 BV E: 8L
Gordonia sp. DOP
g Acinetobacter bumannii,
i;f DP-2+DP-5+DP-6  Acinetobacter bumannii, DBP 30 7 95.35 TV U [41]
:
Citrobacter freundii
Microbacterium sp., . .
USTB-Y+USTBZALI DBP. DEP 30 75 100, 100 R [42]
Comamonas sp.
Sphingobacterium sp.,
DMP. DBP. 97.62. 94.29. N .
MIJ1+MJ2+MIJ3 Bacillus sp., 30 7 B HEFR 17 [43]
DEHP 92.55

Paracoccus sp.
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Table 2 The comparison of immobilized microbial methods
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Fig.1 Degradation pathways and mechanisms of PAEs
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