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Research progress and prospects of PFOA-degrading
microorganisms
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Abstract: Perfluorooctanoic acid (PFOA), a representative per- and polyfluoroalkyl substance
(PFAS), has emerged as a priority-controlled emerging contaminant of global concern due to its
extreme environmental persistence, bioaccumulation potential, and toxicity. It poses a serious threat
to ecosystem stability and human health. Microbial degradation has become one of the most
promising technological approaches for PFOA remediation, owing to its core advantages of being
environmentally friendly, cost-effective, and amenable to large-scale application. This paper
systematically reviews the research progress in PFOA-degrading microorganisms in terms of the
characteristics, degradation efficiency, and underlying mechanisms of isolated and identified
functional strains (bacteria and fungi). Subsequently, this paper synthesizes the response patterns
of microbial communities and strategies for resource exploration in various contaminated
habitats harboring potential PFOA degraders. Finally, it highlights key scientific challenges
currently facing the field and makes an outlook on future research directions. This review aims
to provide a reference for the resource development, mechanism elucidation, and engineering
application of PFOA-degrading microorganisms, offering theoretical support and forward-
looking perspectives for advancing microbial remediation technologies targeting global PFOA
contamination.

Keywords: perfluorooctanoic acid (PFOA); per- and polyfluoroalkyl substance (PFAS); degrading
microorganisms; contaminant remediation
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Perfluorooctanoic acid, C,F,;COOH, molecular weight=414.07 g/mol, cas number: 335-67-1
Bl 2£&FHRPFOAMKLER
Figure 1 Chemical formula of perfluorooctanoic acid (PFOA).
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#z1 BrIEREN A EBEPFOARME T3

Table 1 Microbial species currently identified as capable of degrading PFOA
Strain name Strain source Degradation Enzymes Degradation products References
mechanism
Bacteria
Pseudomonas Soil around the perfluorinated Co-metabolism - - [11-12]
parafulva compounds-producing plant in
YAB-1; Wuhan, China
Pseudomonas
parafulva F3-52
Ensifer Soil collected at the site for storage Decarboxylation, - PFHpA [13]
adhaerens M1 and testing of fire-fighting defluorination,
equipment partial
mineralization
Pseudomonas Soil of the enterprise for the Decarboxylation, - PFHpA [14]
plecoglossicida  production of halogen-containing  defluorination,
DD4 herbicides partial
mineralization
Pseudomonas Arable soil which had been Decarboxylation, Haloalkane PFHxA [15]
mosselii 5(3) affected by pesticide defluorination, dehalogenase,
contamination in the Yanaulsky partial haloacetate
district of the Republic of mineralization dehalogenase
Bashkortostan, Russian Federation H-1
Pseudomonas Saint Louis, Missouri, US Removal of -CF, - PFHxA, PFHpA, [16]
aeruginosa; groups PFPeA
Pseudomonas
putida
Acidimicrobium  Soils from a temperate forested Feammox process - Short-chain [17-21]
sp. A6 riparian wetland at the Assunpink  under anaerobic perfluorocarboxylic
Wildlife Management Area, New conditions acids (PFBA, PFPeA,
Jersey PFHxA, PFHpA, etc.)
Fungi
Trichoderma sp. Fluoride waste factory in Zhuzhou, - Laccase, - [22]
Mucor sp. Hunan, China polyphenol
oxidase,
peroxidase
Phanerochaete  USDA Center for Forest Mycology The cross- Laccase, lignin  Fluorinated [23]
chrysosporium  Research Program, Northern coupling and peroxidase, aldehydes, alcohols,
BKM-F-1767 Research Station rearrangement of manganese and aromatic ring
free radical peroxidase

PFOA 5 4% I sk iR A, DA~ [QRIT T
F, ML 2 A08 B R EEAL . BiLas
A SR, H AR R P A 7 5k
PME A s A0 45 7 sUHE T PFOA FEff A E . R

Pl ie SO0 WMLl 22 5, A ER k.
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58.6%, H.iZ 4wk E A RAF st e i e vk,
TR T PR T A SR S T DA TR AR R A 2 e
D5 AT

112 fRER-BERANTSHERRESX
TRIhEERS

JI R Ji5 3 A0 2% — CFp ik AT A i B 4 R
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HTE M PEOA [EA# TN RE Pk P e i A A 77 =X
HAZBEALH Y TERZ 7085 H PFOA {594 1,
ZAREL) PFOA JAME—BRIFA A, S
1, HUIIRESTTR BE B b, X2 — IS nl i
P AT LA B DI B 1 2% D1 B R B K St i
/5 PFOA 1y C-F HEWi 24 5 B it 22,

% S\ (Ensifer adhaerens) M1 5 3 fiR
B B (Pseudomonas plecoglossicida) DD4 H. A
FHARL B R ML AN RCR . E. adhaerens M1 S& D\
A5 Y KK IR L 2 W AR G AR B 2
MIIRETE R, HOWHF 2 [RPIPE . TE2E Yz 3l
FFBE, 7E 26 °C. 160 t/min 454 F Fffad 2 5
FRIGHE [R5 P plecoglossicida DD4 W) J& I AE 7
R BRE R A A ZE g TR
H IR AE PFOA Wl 1.0 g/L ISR, K53
4 d Wik B 58 R, B R v AF B RS T
(FOReJ, Hilid LC-MS-IT-TOF 43 HriF st 7 H
R S5 PR AR AR (18] 2): PFOA SEZBR A 4
BB R R, R A B AR R 4 GRBR TR
(perfluoroheptanoic acid, PFHpA), {H PFHpA 1]
REXT T SRR AR A7 AE S FHT 14,

JBE G AR 50 1 (Pseudomonas mosselii) 5(3)
(0 B i 3% S0, T DARE €0 45 PFOA 1E N i
A C7-C10 K5 4 R M2 (PFCAs), 7F 28 °C.,

FFFFFFF O FFFFFF
S T
FFFFFFF O CO FFFFF

PFOA Perfluoroheptane

/! AN
H,0
- “ee HF
N = CTTTTTTN
F FF F FF

Perfluoroheptanoic acid

[El2  Ensifer adhaerens M1K1Pseudomonas plecoglossicida DD4%TPFOARIBE A H1314

Figure 2
DDA,

Degradation mechanism of PFOA by Ensifer adhaerens M1 and Pseudomonas plecoglossicida
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180 v/min (Y 2514 F, 7. d N5 & REff, T
fi C7-C10 PFCAs ¥ #§ % 1k 4 W C W
(perfluorohexanoic acid, PFHxA), HK: £ F (1)
R, I AT BB A R MR ER AR - SRR 5 & 2P
Wi CF BT, St Z WA RN, 5
B PFHxA; i af SR04, fee= 50 a
FE AL e A E 5 bl il 2 R (dhad) . AR SR
i i H-1 JE 5 (dehHT) VL B 9808 F % i BE A
(creB); [RIBIZTR PR IA BEHS 42 900 e I L A
¥ (perfluorooctane sulfonic acid, PFOS) . [% fi# A
PFHXA , eI Ao Bl FR 5 B8 i AUl 5L A (ssu )
25 7 iR R W 2 SRR KRR
W (Delftia acidovorans) R fi DI HE M AR B 5E 256
iIE, {HILAEAE DL PFOA g ME—fic I 1 15 55 ik
AR, ELWSE 3 gplvte BE B Sl 1 s B PR A
S 2 BB E 1Y b R W 2R i (DeHa 1 Al
DeHa 1)} FAcD; i [R] YR £ 485 . 454 I A
KIGFFR IR, KR KBGFTF# DeHa 1
LUARAER R EE PFOA T H:5% 4 h Ja nl Bl F2°0,
PR PFOA B R A RO A b 2 VR B
HWE, R PROA XHRIBRAE K SIEARIE PEAT
TE R S HIAE 5 B 2 B BRI TR (Pseudomonas
aeruginosa)ft 4 d WX PFOA R R ih ik
JEREARTT & . WIS R BE 10 mg/L B R fiff 224
3.17%, 1 mg/L M THZE 12.0%, 0.1 mg/L i ] ik
27.9%; Rt R AR U 3 PFHXA — =4,
HHMR BT AR, $278 PFHxA 1] 9% g pk ik —
AR . % BB P I (Pseudomonas putida) TE
ARIFRE SR R S AN R R R B PFOA. R fi%
Iy R 10 mg/L B 1.84%. 1 mg/L I} 12.3%.

FFFFFFF OH FFFFFF O
e N
TTTTTTIN < TTTTT1IN
FFFFFFF O FFFFFF O
PFOA PFHpA

Pseudomonas putida

0.1 mg/L B} 19.0%; F# fi% ) ¥ £ #& PFHxA .
PFHpA, Y7 0.1 mg/L 41 v # 3] 4> 56 % iR
(perfluoropentanoic acid, PFPeA), Fr A ;=4 ik fi&
BIFE 2 d Wik B R 8L T JETREf
PPN 52 AR, HE 2 PR {5 BR TR 1 3
B F B —-CF, JE A1 SE 3 PFOA [&ff , A= i ikEE
e 1) e HRIR T (K 3)10,
1.1.3 Feammox i34 R &1L E 7 @8 M4
PR A1)

TR (Acidimicrobium sp.) A6 #2: Hif PFOA
e Wy 5 St AT BRI 5% R R G0 . WL A W ) B g
WMk Z —, AL B HLE R IR A 55 Rk
R AAENERIR RS & DR AR A ML) i B A IR
PR ST 4), BDDLEZ B8 (NH, ) o B bR,
DL =M Bk [Fe(IID] o 2 M T 324K, 8o ik
NH, A= il B2 35 (NO, ) . 38 JF Fe(IIT) 4 W 4%
BT Fe(IDMYIRIRS, HErE i 2 HARG 4 sl
C-F HZE LWL, R W) 56 J 5k 2 WUOR TR
[4298 ] T2 (perfluorobutanoic acid, PFBA), PFPeA .
PFHxA Al PFHpA 251 FITCHLEE T(F).

LRI PFOA R A A50C3 R BE FR AR &R i 5
PR 4l B FR K & 100 d 9 PFOA [ fif % 3k
33%, TE A6 & HEIKR (T 5 IR W) T PFOA FEfiR
RIETEE 50%, 1F T is /KA V51K R
150 d N PFOA il IR ik 67.6%; TMAE
Tl A W H 7 2 (microbial electrolysis cells, MEC)
LA SR AR BHAR AR Fe(TIN1E Ay B 1 32 A4,
18 d N PFOA V- ¥R 32T ik 77%, #i R HIE
N2 (polyacrylic acid, PAA) (U7 AU ATk 1E H
HL A2, AT3E AT B AR A far S A B Ty L st

FFFFF OH FFFF OH
RRRRY LY/
<o JTTTIN < "TTTIN

FFFFF O FFFF O
PFHxA PFPeA

Pseudomonas aeruginosa
Pseudomonas putida

Pseudomonas putida

&3  Pseudomonas aeruginosa®lPseudomonas putida¥tPFOARYFE R |10
Figure 3 Degradation mechanism of PFOA by Pseudomonas aeruginosa and Pseudomonas putida'®),

P4 actamicro@im.ac.cn, 7 010-64807516



WIHBH 5 | AR, 2026, 66(6)

2663

Org. F

Fe** NO,” H*
-
ccepto
&
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Acidimicrobium sp.
F Fe2+ A6 NH4+ H2

[El4  Acidimicrobium sp. A6PEFEPFOARY R =E"
Schematic of PFOA degradation by
Acidimicrobium sp. A6,
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Figure 4

[N & (Trichoderma sp.) . &5 )& (Mucor sp.) .
T )5 B - 55 5 (Phanerochaete chrysosporium)],
55 90 TR ARSI b M AR AL L PR AR I AR 1 B A
PLHIASTE ,, X PFOA YR 22 LU AL Bl 2
Iy A A A RO AL O BR AR, BRI ALRE
SIRYIWEIE . KA R WK BRI OG, B
PRBE R 5 2R R R ATAE B8 25 57
1.2.1 BESMELEE RIXBNEY PFOA X i
B o

Trichoderma sp. AF1 5 Mucor sp. AF2 = M
W R RN B AL P 5 T nyis e -, i
1L PFOA il — Bl B & AR Uk 43 B AR 1Y
PFOA F#ff ELIH ; WL PFOA ¥ A 500 mg/L
ICHLER B R 36, F 28 °C . 160 r/min #5577
FUT, 2 MREH YR AR L
0-12 h MIE ], 12-48 h JE A X HAd: K,
48 h NG 22 TR B, FEE AR E S
W 2 BRIATY PFOA FERRCRRESEFRIN (]2
T, F 72 h WA BIEKAE, HH Trichoderma
sp. AF1 1Y) PFOA [% i %6k 24.24%, Mucor sp.
AF2 (R 28.12%; (HIHFEMIE, 2 B
T Bk 4 B2 v 25 3 I (laccase, Lac) 16 M, 3%
72 h A I 3 G558 1Y 2 M AEU A i A O A
il 1, I S ML AN R A RS R B S 5
BhA5: T PFOA MRt 2>
122 KRZEEBRBENSHNEHES KR
BERE

P. chrysosporium BKM-F-1767 J2& H BT
RGLH) PFOA B R H R, HX PFOA Y
P LA WAt R F2 (R 1.91%), A% AR
KT R BRI R A0 A RN . IR AT
LR . AR ER 1 E AL P (lignin peroxidase,
LiP) 1 4% i & 1k ¥ 1§ (manganese peroxidase,
MnP), H i LiP J2& W 75 /Y B fiff OC 52 i, 1E
PFOA {4 58 o HW PR BH A 2 Fliil &y 1-2 4k
Y% HIRERENE, PFOA WIS HI RS
PE(HT 14 d LiP A1 MnP % 1 53 50 FE K 47.57% F0
47.41%), 14 d J5 BRI 30 B AL A8 e 1
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EHR(LIP TR IR AL BT 605.43%); 7F pH
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715 \
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i R (R 24 S B0 IE ) & AR AL R — 25 575
[T, HRIREE T PFOA 14 Wik Ak 2 4 fh ik
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o
eV g co,
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CF L-0 L5 CF,,
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CHy (Product 1)

) @. CcH=CH-CH;
/
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¢~ )-CH=CH-CH,

(Product 5)

CF ;CHF-

-CHF . D_ C,H;

cF HA{_Y-CH,

CeF\;,CHF- (Product 6)

CF 1~ _)-CH-CH-C,H,

(Product 7)

&5 Phanerochaete chrysosporium BKM-F-1767%fPFOARYE fE &R 7 12
Figure 5 Possible PFOA degradation pathways of Phanerochaete chrysosporium BKM-F-1767%.

P4 actamicro@im.ac.cn, 7 010-64807516



WIHBH 5 | AR, 2026, 66(6)

2665

T 266 K 22 B8 ) W e I A o (N T
P& - BEMA N | AH S B B B ) 4 5 SR
R, HIFLSCH PFOA [ ) fie i A o gl 4%
IR B 5 ) SR AF BB E . I, AR AT
PEVG VRN TN s . 75 44 L /DT P axX K
PFOA {51 DA NHED , RGUIR LA M%)
PFOA Jifpif iy Mo B KL, 475 AN ] A= 58 P e v
N PR S e R 25
21 EMEREMARMEFHEDS
PFOA HYMm [ K2 & 7E P AR B

T M5 e S AR W) RO 4 02 PFOA V5 YL /K 4K
HHMZO TRIAR, HEWREZ AN TiE
4R 4 .3, %) PROA (1) Jip et np o7 5 B 9
KAz IR . (1) PFOA RAMZFE A 56 5 25 Bk
AR, SRR A IR AE YRR, Fral B iE o3I
SRV E 10 TR, R AR AR 2 AR MO e A T
15 . WRTEREMZERE . Chiavola 25 S A E 5L 7%
M5 Ve W B PFOA M0 RIS 77 76 A= W R i L 42
WE B R & iR A7 76 H PFOA AL B AT 9
Huang Pk —2 % B, K PFOA R4 W
F ARG T Ve VR 2R, TRl 1) AR T
= RO TR . (2) BET& i N, B A 35 R
BEAREE, DRAER R T Y & AR A T I 3 g
W, AR R R E Sy F, 4t
IR 28 A% 0 5 13 2R B 22 3 2o ] 45 1 s A TR]
{2 UF PFOA #%1k. Huang %P7 W% T A IF 52
PRI DRAESMN T FEE4E
2118 5 1 & (Rhodopseudomonas). B KT 1 J&
(Flavobacterium). 12K AT 5 & (Ignavibacterium),
USR5 T UL EFE R S (Bubacterium) . 24
W W & (Hyphomicrobium) . W %t & 3% H )&
(Methyloversatilisy N ¥, [FIFIRRE(Azospirillum)
18 #5700 1 & (Sporomusa) & 2 ZS IR LB ) 2%
LR 0 1. Long S0P HE A AL A YY)
Ry, W Pd LS ARG S8 PFOA
TR B R (B R 3R 81%), 23 443 HT R
VR Z R 7 ko A 0 SR L TR (Dechloromonas sp.)
CZR5 ., N2EA4 K (Brucella anthropi) <5 V& 1F

It A
2.2 BREFDHEYIX PFOA BN
RTERERERE

15 Y M (AN AL T R/ v G+ 18 ) 2 v
1E PFOA [Eff i A= Yy 2 A% 2, S8 tE s
A% PFOA. 136 i 1 22 B = KA 0 KL AR
ARSI AT W A B Sk, (1) PFOA X HF
& AR R RE M S0 M, I T R R s
B EFRAR AR, Ik B T Yl ml 5 40 S A 25
fife Tt ZHEtE, ZR ST deu s | BRI,
SRS 2 B I OG . Tang 50 Sun %P2
X G A SR BT AR B, K
W PFOA Wil 25 W 2 FRARHE IS AR s T Xu
3 Cai FEPVER X AKTE G 4 HEA I IE &
PFOA % il BRI TH VR Z R . (2) TR AE
WG it S T 1 e AR R AR 5 2R BT AR Ak T SR 1
HL 2 AR BE 2 AR OC . IR R B/ B B iR
Yo 2w AR BRI | Bk I Vs RE 1Y 16 RE
H IR, WG ZRIE B (Flexilinea flocculi) |
B 2 I ER M TR J® (Sphingomonas) . Wi AT T &
(Thiobacillus). & At B B}l B J& (Sulfurimonas)
E T R L A L o A
R R E RO R, AR EE . B’
27 K ¥ I8 (Hydrogenophaga), VA N TR FT 1 )
(Acidobacteriota) . %% %5 W [ ] (Chloroflexota) 55
DN, RAUR AR R T R S AR R
¥ 1 J& (Dehalobacter) . 7 £ {1 J& (Sporomusa)
SRR I RE R LR D, 3) AR
PFOA HJAEWIFE A EEARASRE v DR R, il 2a
— B RIS AVEH . PFOA V5 eI R A2 00 i 28
P2 e . I EEMCHE, fon
[B) ELAE S A AR PFOA B AL iAZ0 ksl 11 .

Li LR, PRSP RUZEYIRXT PFOA 1Y
Jop T A AE 3 AR AR B R E I (1) BF
P& A R 7 ] B TS P L AR BRI 2R
FEPE: (2) I TERE M A 1 & AR BT B2 i A 5
Sk, DA E BRI T ) A T SR DG 1Y

http://journals.im.ac.cn/actamicrocn



2666

HU Chaojian et al. | Acta Microbiologica Sinica, 2026, 66(6)

TLRE H IR, OF s B AR DL s AU
FRWNE; (3) BIAIREE A% 0 28 s 2
A AL E U, 45 HAE PFOA #%
A e s e Y AR AR TR . SR, A
SRR, H AR AE ) 4 R 22 B T e R A TR
A5 BA AR R I J2 T B AH DG PRI, L OE 3 ) 4l
B2 B, JFEIE PROA R i D RE 1Y 18 #R(UH
Acidimicrobium sp. A6 ZEH /DR, AR KA
00 281 ST 56 56 AT 2 92 0 8 % A 5 A 1 A% O
iR

T FIRGURAF T BT, AR LLBR YT
it B AL V5 YU R A A R R, R T AR X
) PFOA F¥f DIRe 1248 T/E. A W5 i
HEEERVT IR A71E PFAS 1552, H PFOA 1EN#%
OFHES QY , TE5 . W3 875 otk 3=
SRS, DI AT S, A K e
] & 43557 (LA PFOA R ME—RiiIR) S Z 58 TR 7
Eaifh, LIRS KA il #F PFOA #E# %1 T
FE A KB TE DI RE bR . SR SLiF s 45 &%
R | 2 i s 21 45 2 21 2 B R S A WokG
TERTIN RN 0 TIE 3 2 TR AR R 7 HLOE B A L
PFOA AME—RiR A T A KA RE 1, f#HT R
PR ) £ o i) B A DG 2R B HEXT o A R 38 i R 5 L
il ARV A A R A I A 1 o R e B E
.

3 REH5RE

25 TR, PFOA fUEWIRE MR B AR T ATk
= 0 e MO = = s = S i) 5 e
Prm s o . BRI, BT — @ A
%, HA 4N UL P parafulva. Acidimicrobium
sp. A6 WL HHE, FLIELL P chrysosporium 4
R, o3 milid i B J A AL . Feammox #55 .
FI e RS R AL S B PFOA 1 — & A
Il Dehalobacter J& %V TE VI REEMF & Z H v I
TR ] B HAf R AU B BE

JL4E PFOA oA W) B At 52 . HUES B Be Pk
M, ABZ5 G S PR FH 5 oK 5 R A IS R B

P4 actamicro@im.ac.cn, 7 010-64807516

RIS AFAE VL KAZ D PR R R e . (1) S3K
R ff TR DS IR A2 IR AN T HARe AT PR, A P 2R
AR5 2 A7 E B R A G L ST 32 Y L
FEFRFRAT 20 SE ) (2) T RRRE AL a]
PRI ANTE W, CEEDIRE LN | A% R
5 e ] = A v AT IR AT (3)
T A= Wy Rl ) BAE X PFOA A9 A ML A 52
AR, HRBEE TR M B AEB 5K
o TAA s (4) BOR TR FHAS
A W 5E 2 45 v T S0 00 5 21 05 R sl R R
BEXTSEPRIG Gk iR . 8. 15eE R AL
E AL S RE R = .

BB B e R N R Bk R R TR
P Sk . B, ZHEERW
A N R K HES) PFOA [ AL 4 TR A i
Bro 2P 2 0] RGEIZIATEREA IR TE R
FefDiae R, #5752 5 PFOA Ak i) DA
W HE S AR e s RS S R EN
gl 2p ] P — 204 78 PFOA JWhid T~ T RgJk Bl 1) 22
ISP Sh AR, P N TG YL 2 58 A% O D e
s A2 2% D) T 38 2R oA I v ) AR =
A PFOA HYREARACIIZE , kI i X 2 i
BN R AR . FR 2 AR LR G
;A B < R AR AR FE T e B AR, el
HETE F el 0 r LR P s . =k, &
%A W2 Sk e R PFOA P TR T ik T I
THBAR . — 5, AT B SRR AR R A
B3 UE PFOA [ fifAH OC iz e Tl B S5 DA 1) [ A 0 1k
R T IRMIEAZ LN, FERX TR E
FOSERE ) PROA R ARACITE S, SCEl T g AL b
e Mot S et s —Jrim, AR G
BHR (U CRISPR/Cas9 F45) % BLA B A ik itk
7R M e, B 5 HXT PFOA MO 321 . W)
AN BB AR filhn, vk A6 TRk
Feammox JCHET BEBI P T A FRIR I8 Wy P B 9 1Y)
fa W, SRR, DI S mE B Ak Te Pk
FEfFRLRENN . BEFRA IR 2055 PR

AN, B A AR TE AT U ) BAERLE S
AR T AR T R R . e RRE



WIHBH 5 | AR, 2026, 66(6)

2667

) o7 28 PR AT H R 5 B i 2 63, TR R AR
FETE TPORS TR IS BR 1Y PFOA 4 4b/MA; 3T
A R BT S T AN T I RERETE, A
PLARAES RGP P R, &R
BRI F AR TR AR RE ) AT A 7k

RAHFIT R T B EaR i, 254 R
FRICH & SR IR AR S 200, KilEEH
02 Z PR B VAR I R S A TR o RIS, Sl
BT RE R SR IS A R R R B G TR R
S [0 45400 5 A R PFOA MY RE TR bR . Bl
1 35 DR 44 A A i A R R B s BE R IR AR
MrfEE R A EAERLT], SA4xBk PFAS V5 44 IR F 4R
(LIRS PRI 3 73 5 SRR AR

1 SRk = FH

WU LT SCERISE | IR SO RS B g
BT 7B RSO B S e T A RIRET: A
ROCHRAPICEE SR T A s X, RFFAL: B30F
KIRRYZ2H T #2000 iSCiiE s 5
TAE,

{EEF &R AT EEA

VR PRI A AEATA AT BE 2 RN AS SR o A
M E M2 M it ol AR AR

S

[1] Post GB, Cohn PD, Cooper KR. Perfluorooctanoic acid
(PFOA), an emerging drinking water contaminant: a
critical review of recent literature[J]. Environmental
Research, 2012, 116: 93-117.

[2] Liang LY, Pan YL, Bin LH, Liu Y, Huang WJ, Li R, Lai
KP. Immunotoxicity mechanisms of perfluorinated
compounds PFOA and PFOS[J]. Chemosphere, 2022,
291: 132892.

[3] Zahm S, Bonde JP, Chiu WA, Hoppin J, Kanno J,
Abdallah M, Blystone CR, Calkins MM, Dong GH,
Dorman DC, Fry R, Guo H, Haug LS, Hofmann JN,
Iwasaki M, Machala M, Mancini FR, Maria-Engler SS,
Moller P, Ng JC, et al. Carcinogenicity of
perfluorooctanoic  acid and perfluorooctanesulfonic
acid[J]. The Lancet Oncology, 2024, 25(1): 16-17.

[4] Chen FY, Zhou Y, Wang LP, Wang PF, Wang TY,
Ravindran B, Mishra S, Chen SH, Cui XM, Yang Y,
Zhang WP. Elucidating the degradation mechanisms of
perfluorooctanoic acid and perfluorooctane sulfonate in
various environmental matrices: a review of green

degradation pathways[J]. Environmental Geochemistry
and Health, 2024, 46(9): 349.

[5] Zango ZU, Khoo KS, Garba A, Kadir HA, Usman F,
Zango MU, Da Oh W, Lim JW. A review on superior
advanced oxidation and photocatalytic ~degradation
techniques  for  perfluorooctanoic  acid  (PFOA)
elimination from wastewater[J]. Environmental Research,
2023,221: 115326.

[6] Luo PR, Zhang YY, Peng ZF, He QY, Zhao WD, Zhang
WF, Yin D, Zhang YH, Tang JW. Photocatalytic
degradation of perfluorooctanoic acid (PFOA) from
water: a mini review[J]. Environmental Pollution, 2024,
343:123212.

[7] Liang J, Guo LL, Xiang B, Wang XY, Tang JX, Liu Y.
Research updates on the mechanism and influencing
factors of the photocatalytic  degradation  of
perfluorooctanoic acid (PFOA) in water environments[J].
Molecules, 2023, 28(11): 4489.

[8] Phong Vo HN, Ngo HH, Guo WS, Hong Nguyen TM, Li
JX, Liang H, Deng LJ, Chen Z, Hang Nguyen TA. Poly-
and perfluoroalkyl substances in water and wastewater: a
comprehensive review from sources to remediation[J].
Journal of Water Process Engineering, 2020, 36:
101393.

[9] Zhang ZM, Sarkar D, Biswas JK, Datta R.

Biodegradation of per- and polyfluoroalkyl substances

(PFAS): a review[J]. Bioresource Technology, 2022, 344:

126223.

s, WF, T, RO, PR, Dk 22

TBEIEAL G W A W e A R S E e 5 e B (0], AR

Wre#id i, 2025, 52(12): 5548-5575.

Zhang KK, Xie F, Dong MJ, Zhu XQ, Xu DM, Zhou L.

Advances and prospects in microbial degradation of

per- and polyfluoroalkys substances (PFASs)[J].

Microbiology China, 2025, 52(12): 5548-5575 (in

Chinese).

[11] Yi LB, Chai LY, Xie Y, Peng QJ, Peng QZ. Isolation,
identification, and degradation performance of a PFOA-
degrading strain[J]. Genetics and Molecular Research,
2016, 15(2): gmr.15028043.

[12] Yi LB, Peng QZ, Liu DM, Zhou LL, Tang CJ, Zhou YY,
Chai LY. Enhanced degradation of perfluorooctanoic acid
by a genome shuffling-modified Pseudomonas parafulva
YAB-1[J]. Environmental Technology, 2019, 40(24):
3153-3161.

[13] Chetverikov SP, Loginov ON. A new Ensifer adhaerens
strain M1 is capable of transformation of
perfluorocarboxylic acids[J]. Microbiology, 2019, 88(1):
115-117.

[14] Chetverikov SP, Sharipov DA. Biodegradation of

perfluorooctanoic acid by Pseudomonas plecoglossicida

strain DDA4[J]. Baghdad Science Journal, 2022,

19(6(Suppl.)): 1502.

Chiriac FL, Stoica C, Iftode C, Pirvu F, Petre VA, Paun I,

Pascu LF, Vasile GG, Nita-Lazar M. Bacterial

biodegradation of perfluorooctanoic acid (PFOA) and

perfluorosulfonic acid (PFOS) using pure Pseudomonas

strains[J]. Sustainability, 2023, 15(18): 14000.

[16] Chetverikov S, Hkudaygulov G, Sharipov D, Starikov S,

[10

[

[15

—_

http://journals.im.ac.cn/actamicrocn



2668

HU Chaojian et al. | Acta Microbiologica Sinica, 2026, 66(6)

[17]

[20]

(21]

(22]

(23]

(23]

[26]

(27]

Chetverikova D. Biodegradation potential of C7 — C10
perfluorocarboxylic acids and data from the genome of a
new strain of Pseudomonas mosselii 5(3)[J]. Toxics,
2023, 11(12): 1001.

Huang S, Jaffé PR. Defluorination of perfluorooctanoic
acid (PFOA) and perfluorooctane sulfonate (PFOS) by
Acidimicrobium  sp. strain  A6[J]. Environmental
Science & Technology, 2019, 53(19): 11410-11419.
Huang S, Sima M, Long Y, Messenger C, Jaffé¢ PR.
Anaerobic degradation of perfluorooctanoic acid (PFOA)
in biosolids by Acidimicrobium sp. strain A6[J]. Journal
of Hazardous Materials, 2022, 424: 127699.

Park J, Huang S, Koel BE, Jaffé PR. Enhanced Feammox
activity and perfluorooctanoic acid (PFOA) degradation
by Acidimicrobium sp. strain A6 using PAA-coated
ferrihydrite as an electron acceptor[J]. Journal of
Hazardous Materials, 2023, 459: 132039.

Li MY, Gou X, Zhang C, Zhang XW, Jiang W. Enhanced
ecological risk of PFOA degradation products: insights
from concentration-dependent transcriptomics, adverse
outcome pathways, and biomarker verification[J].
Environmental Science & Technology, 2025, 59(26):
13131-13142.

Ruiz-Uriglien M, Shuai WT, Huang S, Jaffé PR.
Biodegradation of PFOA in microbial electrolysis cells
by Acidimicrobiaceae sp. strain A6[J]. Chemosphere,
2022, 292: 133506.

JEI BB, 2T AR, RE DD DRI . WA A R R LA 1Y 53
BH%ED]. PEMESSAGE, 2019, 31(3): 249-253.
Zhou LL, Peng QZ, Qiong L, Yi BL. Isolation and
identification ~of  perfluorooctanoic  acid-degrading
fungi[J]. Chinese Journal of Microecology, 2019, 31(3):
249-253 (in Chinese).

Zhou LN, Li WT, Zhang J, Mao H. Removal of
perfluorooctanoic acid (PFOA) in the liquid culture of
Phanerochaete chrysosporium[J]. Chemosphere, 2023,
345:140427.

Ye DY, Wang ZY, Qian XF, Ouyang K, Wu DZ, Tang F,
Hrynsphan D, Savitskaya T, Chen J. Biodegradation of
per- and polyfluoroalkyl substances: microbes, enzymes
and their interactions[J]. Reviews in Environmental
Science and Bio, 2025, 24(1): 43-62.

Harris JD, Coon CM, Doherty ME, McHugh EA, Warner
MC, Walters CL, Orahood OM, Loesch AE, Hatfield DC,
Sitko JC, Almand EA, Steel JJ. Engineering and
characterization of dehalogenase enzymes from Delftia
acidovorans in  bioremediation of perfluorinated
compounds[J]. Synthetic and Systems Biotechnology,
2022, 7(2): 671-676.

Wan LY, Liu H, Wang XZ. Anaerobic ammonium
oxidation coupled to Fe(Ill) reduction: discovery,
mechanism and application prospects in wastewater
treatment[J]. Science of the Total Environment, 2022,
818:151687.

Ding BJ, Qin YB, Luo WQ, Li ZK. Spatial and seasonal
distributions of Feammox from ecosystem habitats in the
Wanshan region of the Taihu watershed, China[J].
Chemosphere, 2020, 239: 124742.

P4 actamicro@im.ac.cn, 7 010-64807516

[28] Chiavola A, di Marcantonio C, Boni MR, Biagioli S,
Frugis A, Cecchini G. PFOA and PFOS Removal
Processes in Activated Sludge Reactor at Laboratory
Scale[M]. Advances in Science, Technology &
Innovation, 2019: 375-377.

[29] Huang DY, Xu R, Sun XX, Li YB, Xiao EZ, Xu ZM,
Wang Q, Gao P, Yang ZH, Lin HZ, Sun WM. Effects of
perfluorooctanoic acid (PFOA) on activated sludge
microbial community under aerobic and anaerobic
conditions[J]. Environmental Science and Pollution
Research, 2022, 29(42): 63379-63392.

[30] Long M, Zheng CW, Roldan MA, Zhou C, Rittmann BE.
Co-removal of perfluorooctanoic acid and nitrate from
water by coupling Pd catalysis with enzymatic
biotransformation[J]. =~ Environmental =~ Science &
Technology, 2024, 58(26): 11514-11524.

[31] Tang ZW, Vogel TM, Wang Q, Wei CL, Ali M, Song X.
Microbial defluorination of TFA, PFOA, and HFPO-DA
by a native microbial consortium under anoxic
conditions[J]. Journal of Hazardous Materials, 2024, 465:
133217.

[32] Sun YJ, Wang TY, Peng XW, Wang P, Lu YL. Bacterial
community compositions in sediment polluted by
perfluoroalkyl acids (PFAAs) using Illumina high-
throughput sequencing[J]. Environmental Science and
Pollution Research, 2016, 23(11): 10556-10565.

[33] Xu R, Tao W, Lin HZ, Huang DY, Su PZ, Gao P, Sun XX,
Yang ZH, Sun WM. Effects of perfluorooctanoic acid
(PFOA) and perfluorooctane sulfonic acid (PFOS) on soil
microbial community[J]. Microbial Ecology, 2022, 83(4):
929-941.

[34] Cai YP, Chen HL, Yuan RF, Wang F, Chen ZB, Zhou BH.
Metagenomic analysis of soil microbial community under
PFOA and PFOS stress[J]. Environmental Research,
2020, 188: 109838.

[35] Zhang KK, Deng JY, Lin WH, Huang CD, Hou DY.
Synergistic pyrogenic carbon-microbial dehalogenator
taking the “forever” out of “forever chemicals”[J]. Water
Research, 2026, 291: 125137.

[36] Chen LG, Tsui MMP, Lam JCW, Wang Q, Hu CY, Wai
OWH, Zhou BS, Lam PKS. Contamination by
perfluoroalkyl substances and microbial community
structure in  Pearl River Delta sediments[J].
Environmental Pollution, 2019, 245: 218-225.

[37] Lin W, Zhao JL, Wu XQ, Jiang JK, Zhou CY, Zheng JT,
Zhang C, Guo Y, Wang L, Ng HY, Li S, Wang SR. The
effects of perfluoroalkyl substance pollution on microbial
community and key metabolic pathways in the Pearl
River Estuary[J]. Ecotoxicology and Environmental
Safety, 2025, 298: 118293.

[38] KIEHT, 228, i . BRVL) M Bk i b 4/ 2 i e 1

A W 1 25 8] F0 2215 23 A 4R AR (], 23 A 0 a2 41
2024, 43(8): 1204-1211.
Zhang XL, Li HZ, You J. Spatial and seasonal
distribution characteristics of per- and poly-fluoroalkyl
substances in water from the Guangzhou reach of the
Pearl River, China[J]. Journal of Instrumental Analysis,
2024, 43(8): 1204-1211 (in Chinese).



