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Abstract: In response to existing research gaps—such as insufficient understanding of the mechanisms of microbial degradation of
organic pollutants, the complex influence of environmental factors, and the unclear indicative role of these factors in natural
attenuation processes—this study systematically reviews the metabolic mechanisms of microbial degradation, the regulatory effects
of key environmental factors, and the application of microbial indicators in natural attenuation assessment.The research reveals that
the biodegradation of organic pollutants exhibits synergistic multi-pathway characteristics, where microorganisms synthesize specific
enzymes under the regulation of functional genes to achieve efficient degradation through diverse pathways. Key environmental
factors, including pollutant concentration and electron donors/acceptors, directly affect the efficacy of natural attenuation by
regulating microbial activity and community structure. Microbial indicators such as metabolic products, community structure, and
functional genes can effectively reflect the progress and potential of natural attenuation.Based on these findings, this paper deepens
the systematic understanding of microbial metabolic mechanisms, the role of environmental factors, and their indicative functions.
This not only forms the core theoretical foundation for optimizing natural attenuation management but also provides a scientific basis
for developing monitoring and regulation strategies based on microbial responses.
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Fig.1 Equation of microbial geochemical reaction of organic

pollutants
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Fig.2 The process by which microbial cells recognize, absorb and metabolize pollutants
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Fig.3 The biological metabolic process of microbial degradation of organic pollutants
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Table 2 Functional genes involved in microbial degradation of organic pollutants under anaerobic conditions
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Fig.4 Schematic diagram of microbial degradation of phenanthrene

1.2 TAEYIREAREA LTS B AR &

T P B A LS e 2 B T AR . R
AU AR A PR SRR R B A i 4.
121 AR TCEW AR IR AR Bk B OB T
WAL M AR AR &N EERA R
IRAEIR . ZIRIBIEIA(TCA IR E I SA AT oL 7
AT 5620 R COy F1 HO, M1 R H i
W & (Pseudomonas)TEUF A ZAF Tl TCA 13K

B 2R 3 A b TG AR RS0 36+ K T LTS
Y 1R 8 At Ak A 0 ) R ROURSE e S5 s, — g T
Ik B AR 7K At (L i 077 1 2 ) S ISR S ) () A
SR oy — J7 TR F A8 B 2R (R 4l 80
ST ) M A R S R A R A R A e
Pseudomonas =5 % fift B R F R 048U (alkB) i N\ TR
ANEJR TR C-H 8P B ma AR AL
2P R W 1 S (ADH) 4 2 B3 Ak s,



1004 A 46 1

DAL K IR

122 REAHE  IREACE R oA B =5 T
AR P 0 5 S AR S B AT LTS e i e A 4%
oML A F B2 A TR 42T R348 I K Y B
A A, 91 an SR A IR (N DY S &0, — 5 S 72 IR
AT AT R AR S M i, b i R R AR AR 1)
HL - B B i — 0 B, 38 20 it 2 iR A I
7= T 22 56 4 IS (U L0 ), SE IR FE AP
G B -5 10 TG P A 10 O B PR A 3 4270, L, AT i
JHE 0 L DR W 340 Ji 2 b [ 2 W TR I (Azospira) Al
Pseudomonas 5% &), 1 56 38 1 il FE 38 5 1 (Prca)
R A 05 S A R 0 R A 1y v TR A% 40k 17 28 4 Ji
I it (Hao) 11 HTE B8 7 ) A0 o o R R ey B4,
AEAE DS N 38 A 28 08 Jr i 38 20 3 A A 41
R S 3,4 RS (R 4)2,

WG AR o0 e B Ad s G (n 2,4— R 3 R 2R (1)
AR AR 75 R 73 B B AU SR WS, i S PR3 Jir I o
i FEAR A 45 1 (DO<0.5mg/L) T )i 30, 1M Ji 84 £k )
AT AR SRR 33 TR 95 A Ak S W ) LT
RZ AL AV B HE R o1 1F 5 805 7 el 2 284
Rl S o 7 TR 3 S A i 3k 4 1 B Y S
I Ji Ay A PO Sl R S R A S,
1.2.3 LA AR IR YR 2 B AR A L
V5 QWA Dy FE EERIER HEAT A2 AR 1 [R] I i ik
A S 1 g I e v T A ) A D ] s I it EC Ak
B i v e W R AR 7 XL B 90L 3K
(Dehalobacter) F1 It 1xi ¥ i) 1 (Dehalogenimonas) W3
T BT 0T G ) S AT 30 D o S s I () o R A s
SR RAL A AR RIS AN 7 324410 3 3 i S 3t
WP 1,2,4- = SR S0 — SR [A) 7 S R A I
LR ST RO R AN AR AT DA i 4R PR AR AR
W5 58 1T Gy 1) B At , A T R o A 1 4
M CIRUIN AU )5 3 S R Cn 2 PR B A 3 S50
A B O A R AR S AR P TR s A
I SR S AR B 7 2
1.2.4 ReBRREMREAT B T A ROV AMEAED L
CIRVSGEuR/1F &R d NYRate o¥a ot 7/ S TPy cepnllecy vl il b
SRV PR (e 3)OH Ak e R i
I 32 ) Wi [ 20 58 A8 A 1) o AR ) 2 R 1 R TN
1) 5 R AK, 27 40 o BRI AT 2 ) o (1) 5 T S AT A
BEANAN o i ) T R A I I A S

TS A 00 P e, 98 R o 3 3 S A 2 40 it
ey A F A A9 Gt R A B 23 A0 T B 1) v
B ml sk, T I 5 R 2 FR AT R (Brevibacillusbrevis)
B JEE 5 IR i 7K &5 G AR S 5 TR N 4 IS A AT
52 0 i 8 AR O, A ) 8 T3 0 00 T DA PR AN R
FHZ TR R T 5K 0, R TR TR A A R Rl A, T 32 =
W e 151 {5 4 AN S KT 15 8 (A cinetobacter) T 1 73 W
PR AR T 70 s A A R S AR S ) e i),

*£3 SWHENSRYEPERH
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Fig.5 Mechanisms of microbial interaction
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Table 6 Study on the relationship between abundance of functional genes encoding key enzymes and response among pollutants
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