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Abstract [ Objective] Perfluorooctanoic acid (PFOA) is an emerging and widely used organic pollutant that poses a serious threat
to ecological environment and human health due to its strong chemical stability, making it extremely difficult to degrade in natural
environments. The treatment of PFOA pollution has become an urgent issue that needs to be solved. [ Methods] This paper reviews
various modification strategies for improving the photocatalytic degradation efficiency of PFOA, discussing various effective method in
detail, including surface modification of photocatalysts ( such as doping treatment ), the construction of metal-organic framework
(MOFs) materials, the application of defect engineering techniques, and the creation of heterojunction structures. [ Results] By
doping with metal or non-metal elements, the internal structure of catalysts can be significantly altered. This, in turn, enhances their
light-absorption capacity and improves the separation efficiency of charge carriers, enabling more efficient photocatalytic reactions.
Metal-organic frameworks material have showcased their unique performance advantages and performed exceptionally well in the field of
photocatalysis. Defect engineering effectively enhances the catalytic activity by optimizing the structure and properties of materials.
Different types of heterojunctions, based on their charge-transfer mechanisms, further improve the photocatalytic performance.
Meanwhile, this paper has also delved into the photocatalytic degradation mechanism of PFOA. The degradation process is a step-by-

step reaction, ultimately generating short-chain intermediates. Under ideal conditions, the products are carbon dioxide and fluoride
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ions. [ Conclusion |

effective technical means to address the issue of PFOA pollution.
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efficiency upgrading solution
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Fig. 1 Structure of PFOA: (a) Chemical Structure;

(b) Molecular Structure
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The result above mentioned are expected to promote the further development of relevant technologies and offer
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Fig.2 Degradation Process of PFOA
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Fig.3 Degradation Mechanism of PFOA in Sunlight and Photocatalyst System
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Tab. 1 Performance Comparison of Photocatalytic Defluorination Systems for PFOA under Different Reaction Pathways

RS et pH i IR AR Jhi 27 3k
H/F 284z SMIP@ N-CF 4.0 300 W AT 94.3% 85% [41]
H/F 28 fi% A% MIL-177-HT 6.3 450W SRIESLT 83.4% 32% [42]
H/F ZZHe stz Fe/Co-MOF/CNF 3.0 ER.PNPA 99% 59% [36]
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DHEH #1% In/TNTs@ AC 7.0 LHNUV) G >99% 60% [34]
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Tab.2  Application of Doping Technology in Photocatalytic Degradation of PFOA

SEHELF WG I e/ (mg- L) SR R[]/ h Reefifp % ik e 27 3k
In/TNTs@ AC 0.1 254 nm UV AT 4 >99% 60% [34]
Bi/TiO, 50 400 W oRAT 0.5 99.3% 58. 6% [45]
NH,NO;-In, 0, 0.414 350 W AT 18 254 100% — [43]
SMIP@ N-CF 10 300 W iiAT 3 94.3% 85% [41]
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Tab.3 Application of Metal Organic Framework Technology in Photocatalytic Degradation of PFOA

SR PR R/ (mg-171) b SR i)/ h e fipe JE IR S 3CHk
MOFs/CNF 20.0 H AR 2 99. 0% 59. 0% [36]
MIL-125-NH, 0.1 KT 24 98.9% 66. 7% [46]
MIL-177-HT 0.1 450 W RZESST 24 83.4% 32.0% [42]
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Tab.4 Application of Defect Engineering Technology in Photocatalytic Degradation of PFOA

bl | WG e e/ (mg- L) JEIR S A i/ (3 ES JBi TR S 3CHk
F-CN 10.0 a] ot 4.0 74.3% — [47]

BrB BiOCI 20.7 300 W AT 8.5 68. 8% 12. 86% [35]
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Tab.5  Application of Heterojunction Technology in Photocatalytic Degradation of PFOA

JeAEAEF Wt PR/ (mg- L") JEUR B it ]/ h [EFEAES JBE 27 3k
BiOI@ Bi;0,1 p-n 15 800 W )T 6 81% 82% [29]
Ce0,@ NiAI-LDHS 0.1 GBI 8 90. 2% 65% [50]
BiOCI( Br.I)/TiO, 50 254 nm UV )t 8 25°4 100% 82% [51]




FM, 20 IRAERT, A

I RRADCAEL T TR  HLEE G S kiR

Vol. 45, No. 8,2026

SRS SRR R AR L O S B i A, 3K
8l PFOA 75 84 B i, R RV R AL A B, Biol@
Bi; 0,1 p-n 500 45 5% 0l 45 e ¥ 90 56 i in 2K
T4 8 s BiOX/TiO, p-n SIRS5 5 2 | it 8k 1
FERERS ; H% Z B CeO,@ NiAl-LDHs 5 i 45 L&
BT A B AR i A R R RE A Bl R R
PFOA & CF, R &5 S 2t v &2

SR, PFOA A Ak K A TRk 1 i 2 &
Pk« SEBR AR B30 i 2% AR R 5 PFOA
REfRRE I TR, H AR AR M 5 1 45 AR i 29 0
MOFs FEH; RAFAEAR T i PROA B A | [0
R R EPEAN I s B TR 2 S L6 T4, i bk
PR 5 5 RS A0 M 5 5 5 445 4 R I 52 SE PR 7Kk A4
T A = B Tl A X 5 T R ], oA ofe 75 Mg e 7K
T, W 2 I hE MOFs, Ak ik BE 5 5 5 45 2%
¥, 4Bl AR S Ak, 2 T HE 20 AR D SE 50 % ) 5
BRI
3 BEMEZRE

ASCHET IR AR E NAMIE Y, 2538 T PFOA Dt
LR MR o b . Wit TR B4 S EHELE
SRR R4 R R A S JOT 4 A SR, A RO A B 4 A
HEM IR, sl F— B A, BRI T8
AL KA R PFOA BREf#ITERE, I PFOA 1A
R P 5 NI SEBRZK A4 i B =250 23 B PFOA )3
miGiE 2R, — 2T RS et ik, 4%
RGO G UK ST A5 - AR OC R B 5 T &
ZINRER A AR Z ; & rp AR I 5 5 X
R, YA BT R R (CAnBAH €3 — R T, LC-MS/
MS ) XoJ J IR g [ A ) 2 A0 AN 2 L b o ) o 52
Z 5 AR R S K e A R AR A AL
TR KU, H 7K oK R 7 i 1] RE AT

SRR IRES , 2R SR, WAL
IFTBARHT I T 2 B A A RS DA 45 22 4
JEUNRI R T, AT AT RGO A U R 4
F-MEREC R B T 2 TREE A LRI & T
N BB SR HOR AR E [ R AR ic ik,
SEAREYI I RS — AT s IO T REMEAX e 451
ML) AL R N 2 A RS, W, i
PR EAE  HEBS AR e ik, F R e, i B
PGB B 1 G AR PFOA iR s 36
PR THFE R R R SRR A S el

[5]

[10]

[11]

% 30k

Scheringer M. Innovate beyond pfas[ J]. Science, 2023, 381
(6655) : 251.

FRASZ. PFOA X ZFLAv ST o A 4 14 13 Lt R DR BEL 42
WFE[D]. KFF . RALmERY:, 2025.

Chen C L. Study on the stress mechanism and risk deterrence of

PFOA on microorganisms in porous mdeia [ D ].

Northeast Normal University, 2025.

Changchun ;

Wang T Y, Wang P, Meng J, et al. A review of sources,
multimedia distribution and health risks of perfluoroalkyl acids
(PFAAs) in China[J]. Chemosphere, 2015, 129. 87-99.
DOI:; 10. 1016/]j. chemosphere. 2014. 09. 021.

TR, TH A& TiO,/BiOBr & A Gk Ab A R P i 4 9 IR 11
PERERALHIATFR [ D], Brrg: SFE TR, 2023.

Zhang Y Y. Study on the performance and mechanism of
degradation of perfluorooctanoic acid by mixed ecrystal TiO,/
BiOBr composite photocatalytic system [ D ]. Jinan: Qilu
University of Technology, 2023.

XIEL. SEANERE MR BOR XA PSR v 4 iU FE IR 1 25 R P RE K
LWL D). BFRE . BFRER:, 2024,

Liu H. Study on the removal performance and mechanism of
perfluoroalkyl acid in water sources by ultraviolet degradation
technology[ D]. Jinan: University of Jinan, 2024.

B, LR, WM, . STRER(PFOA) fhof i 5541
SR ——LAH 52 CBA) R ] [ 7], AL EREE,
2020(4) : 60-63.

Su C, Jiang C, Zhang C L, et al. Brief analysis of response to
PFOA chemical pollution[ J]. World Environment, 2020(4) .
60-63.

RAE, WU, 2=k, . KITHRE AR A YT Y30k &
FSEHER VT[], FRIR 22 540K, 2022, 45(9): 219-
229.

Song J Y, Xu C, Li J, et al. Preliminary discussion on the
pollution status and environmental standards of perfluorinated
compounds in the Yangtze River Basin [ J ]. Environmental
Science & Technology, 2022, 45(9) ; 219-229.

Ge H, Yamazaki E, Yamashita N, et al. Particle size specific
distribution of perfluoro alkyl substances in atmospheric
particulate matter in Asian cities [ J ]. Environmental Science;
Processes & Impacts, 2017, 19(4) . 549-560.

Jovicic V, Khan M J, Zbogar-Rasic A, et al. Degradation of low
concentrated perfluorinated compounds ( PFCs ) from water
samples using non-thermal atmospheric plasma ( NTAP) [ J].
Energies, 2018, 11(5) . 1290.

Chen S, Jiao X C, Gai N, et al. Perfluorinated compounds in
soil, surface water, and groundwater from rural areas in Eastern
China[ J]. Environmental Pollution, 2016, 211 124 -131.
DOI: 10. 1016/]. envpol. 2015. 12. 024.

Lam J C W, Lyu J L, Kwok K Y, et al. Perfluoroalkyl

substances ( PFASs) in marine mammals from the South China



WK R
WATER PURIFICATION TECHNOLOGY

Vol. 45,No. 8,2026
August 25th, 2026

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Sea and their temporal changes 2002—2014: Concern for
PFOS? [ J].
Technology, 2016, 50(13) ;. 6728-6736.

alternatives  of Environmental ~Science &

Maclnnis J J, French K, Muir D C G, et al. Emerging
investigator series; A 14-year depositional ice record of
perfluoroalkyl substances in the High Arctic[ J]. Environmental

Science: Processes & Impacts, 2017, 19(1) . 22-30.

Dourson M, Gadagbui B. The Dilemma of perfluorooctanoate
(PFOA ) human half-life [ J ].
Pharmacology, 2021, 126. 105025. DOI. 10. 1016/j. yriph.
2021.105025.

Liu B L, Zhang H, Yu Y, et al. Perfluorinated compounds
(PFCs)

distribution, sources, and ecological risk assessment [ J].

Regulatory Toxicology and

in soil of the Pearl River Delta, China; Spatial

Archives of Environmental Contamination and Toxicology, 2020,
78(2) . 182-189.

Brown J B, Conder ] M, Arblaster ] A, et al. Assessing human
health risks from per- and polyfluoroalkyl substance ( PFAS) -
impacted vegetable consumption; A tiered modeling approach
[J]. Environmental Science & Technology, 2020, 54 (23).
15202-15214.

DRE, KAk, X, FIDWR ISR K4 A
BTG IR A S NBTEN [J]. AT 24, 2021,
30(7) : 1447-1454.

Tang J X, Zhu Y L, Li Y, et al. Pollution status and ecological
risk assessment of perfluorinated compounds in the Liao River
[J].
Sciences, 2021, 30(7) : 1447-1454.

, Jirling H, Kotthoff M, et al.

Basin and surrounding Ecology and Environmental

Felizeter S Uptake of
perfluorinated alkyl acids by crops: Results from a field study
[J]. Environmental Science: Processes & Impacts, 2021, 23
(8): 1158-1170.

PR, FEEUE, PRBE, 5F. ST LA I 2 R EORBF
FUHIELT]. MIFREE, 2016, 35(5) : 135-141.

Lu L J, Tang M K, Chen Y, et al. Research progress on the
removal technologies of typical perfluorinated compounds [ J].
Sichuan Environment, 2016, 35(5) : 135-141.

EK, BB, ZEEE S K LA Y TS Y ab B
FEERE[T]. KALERE A | 2016, 42(11); 5-11.

Wang F, Li X M, Li J Y, et al. Research progress on
degradation of perfluorinated compounds in water [ J ]. Water
Treatment Technology, 2016, 42(11) . 5-11.

Dickman R A, Aga D S. A review of recent studies on toxicity,
sequestration, and degradation of per- and polyfluoroalkyl
substances (PFAS)[J]. Journal of Hazardous Materials, 2022,
436 129120. DOI: 10. 1016/j. jhazmat. 2022. 129120.
VPR KB 2 AL 54 (PFCs) 1Y W B K D' AL R
BFFELD]. Hist: BHLTR, 2018.

Xu C M. Removal of typical perfluorinated compounds( PFCs) by
adsorption and photocatalysis[ D]. Nanjing: Nanjing University

of Science and Technology, 2018.

[22]

[23]

[24]

[26]

[27]

[29]

[30]

[32]

LuD N, Sha S, LuoJ Y, et al. Treatment train approaches for
the remediation of per- and polyfluoroalkyl substances ( PFAS) .
A critical review [ J]. Journal of Hazardous Materials, 2020,
386: 121963. DOI. 10. 1016/j. jhazmat. 2019. 121963.

Liang J, Guo L L, Xiang B, et al. Research updates on the
factors of the photocatalytic
degradation of perfluorooctanoic acid ( PFOA )
environments[ J ]. Molecules, 2023, 28 (11): 4489. DOI: 10.
33901/MOLECULES28114489.

Wk, 2580, NG, 5. HE TR SRR R Ob AL R
RO [T]. BB SR A, 2022, 38
(3): 273-280.

Xu B, LiJY, LiuJ H, et al. Research progress of photocatalytic

mechanism and  influencing

in  water

degradation of PFOA based on semiconductor materials [ J ].
Journal of Ecology and Rural Environment, 2022, 38(3) . 273-
280.

Liu G H, Feng M Y, Tayyab M, et al. Direct and efficient
reduction of perfluorooctanoic acid using bimetallic catalyst
supported on carbon[ J]. Journal of Hazardous Materials, 2021,
412, 125224. DOI. 10. 1016/j. jhazmat. 2021. 125224.

Tang H D, Zhang W J, Meng Y, et al. A direct Z-scheme
heterojunction with boosted transportation of photogenerated
charge carriers for highly efficient photodegradation of PFOA:
Reaction kinetics and mechanism [ J ].
Environmental , 2021, 285; 119851. DOI. 10. 1016/j. apcatb.
2020. 119851.

Jiang F, Zhao H T, Chen H,

Applied Catalysis B:

et al. Enhancement of
photocatalytic decomposition of perfluorooctanoic acid on CeO,/
In,04[J]. RSC Advances, 2016, 6(76) . 72015-72021.
Chen Y H, Ma H, Zhu J X, et al. New insights into ferric iron-
facilitated UV,s, photolytic defluorination of perfluorooctanoic
acid (PFOA ). Combined experimental and theoretical study
[J]. Journal of Hazardous Materials, 2022, 434. 128865.
DOI: 10. 1016/j. jhazmat. 2022. 128865.

Wang J Z, Cao CS, Wang Y Y, et al. In situ preparation of p-n
BiOI@ Bis 0,1 heterojunction for enhanced PFOA photocatalytic
degradation under simulated solar light irradiation[ J]. Chemical
Engineering Journal, 2020, 391. 123530. DOI. 10. 1016/j.
cej. 2019. 123530.

Xu B T, Ahmed M B, Zhou J L, et al. Visible and UV
photocatalysis of aqueous perfluorooctanoic acid by TiO, and
peroxymonosulfate; Process kinetics and mechanistic insights
[J]. Chemosphere, 2020, 243. 125366. DOI. 10. 1016/]j.
chemosphere. 2019. 125366.

Norsham I N M, Sambasevam K P, Shahabuddin S, et al.
Photocatalytic degradation of perfluorooctanoic acid ( PFOA) wvia
MoS,/rGO for water purification using indoor fluorescent
irradiation[ J]. Journal of Environmental Chemical Engineering,
2022, 10(5) . 108466.

Wang J Z, Wang Y N, Cao C S, et al. Decomposition of highly
acid by hollow Bi/BiOI,_ Fx:

persistent  perfluorooctanoic



FM, 20 IRAERT, A

I RRADCAEL T TR  HLEE G S kiR

Vol. 45, No. 8,2026

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Synergistic effects of surface plasmon resonance and modified
band structures[ J]. Journal of Hazardous Materials, 2021, 402
123459. DOI: 10. 1016/]. jhazmat. 2020. 123459.

Zhang D, Li Y M, Chen X P, et al. Wide spectra-responsive
Polypyrrole-Ag; PO, /BiP0O, co-coupled TiO, nanotube arrays for
intensified photoelectrocatalysis degradation of PFOA [ J].
Separation and Purification Technology, 2022, 287. 120521.
DOI:; 10. 1016/]. seppur. 2022. 120521.

Arana Juve ] M, Li F, Zhu Y M, et al. Concentrate and degrade
PFOA with a photo-regenerable composite of in-doped TNTs@ AC
[J]. Chemosphere, 2022, 300: 134495. DOI:. 10. 1016/j.
chemosphere. 2022. 134495.

Sun Y Y, Li G Y, Wang W J, et al. Photocatalytic
defluorination of perfluorooctanoic acid by surface defective
BiOCI: Fast microwave solvothermal synthesis and photocatalytic
mechanisms[ J]. Journal of Environmental Sciences, 2019, 84
69-79. DOI: 10. 1016/]j. jes. 2019. 04. 012.

Wang Y, Zhao M Z, Hou C, et al. Efficient degradation of
perfluorooctanoic acid by solar photo-electro-Fenton like system
fabricated by MOFs/carbon nanofibers composite membrane[ J ].
Chemical Engineering Journal, 2021, 414. 128940. DOI: 10.
1016/]. cej. 2021. 128940.

AR, FECL, KA. mROK AL 50 K A
FAER[T]. Tolkkab#t, 2017, 37(8) : 1-5.

Gu Y R, Dong WY, Liu T Z. Research progress in the hydrated
electron as a kind of efficient water treatment reductant [ J].
Industrial Water Treatment, 2017, 37(8): 1-5.

R, RIOE, WEE, 2 LML ERRK P AR IR AR
PLEBTFE[J]. BREERLSA S 4R, 2023, 46(5) : 76-87.

Si C Q, Zhang L Y, Zeng F, et al. Removal and degradation
mechanism study of perfluorooctanoic acid in water by
photocatalysis[ J]. Environmental Science & Technology, 2023,
46(5) : 76-817.

B, B, BRI, . SRR TR SRR
JCREAR R BALERAT T BERE [J]. FRBEMLA, 2022, 41(1):
46-56.

Zhan Y H, Qin Y X, Chen B L, et al. Photodegradation
technology and mechanism of perfluorooctanoic acid( PFOA) and
perfluorooctane sulfonic acid ( PFOS): A critical review [ J].
Environmental Chemistry, 2022, 41(1) : 46-56.
Luo P R, Zhang Y Y, Peng Z F, et al. Photocatalytic
degradation of perfluorooctanoic acid ( PFOA) from water; A
mini review[ J]. Environmental Pollution, 2024, 343. 123212.
DOI:; 10. 1016/]. envpol. 2023. 123212.

Wang Y, Chen Y B, Meng Q J, et al. Supramolecular imprinted
cellulose-based N-doped biomass carbon fiber for visual detection
and specific degradation of perfluorooctanoic acid[ J]. Separation
and Purification Technology, 2024, 332. 125824. DOI. 10.
1016/j. seppur. 2023. 125824.

Wen Y H, Kirchon A, Day G S,

et al. Photocatalytic

[46]

[48]

[50]

[51]

degradation of perfluorooctanoic acid (PFOA) by metal organic
framework MIL-177-HT: New insights into the role of specific
charge separation and dimensionality [ J ].
Separation and Purification Technology, 2025, 354. 128877.
DOI: 10. 1016/j. seppur. 2024. 128877.

LiuJ Q, Guo C J, Wu N N, et al. Efficient photocatalytic
degradation of PFOA in N-doped In,0;/simulated sunlight

surface area,

irradiation system and its mechanism[ J]. Chemical Engineering
Journal, 2022, 435. 134627. DOI. 10. 1016/j. cej. 2022.
134627.

Cao C S, Wang J Z, Yang L P, et al. A review on the
advancement in photocatalytic degradation of poly/perfluoroalkyl
substances in water; Insights into the mechanisms and structure-
function relationship [ J]. Science of the Total Environment,
2024, 946. 174137. DOI. 10. 1016/j. scitotenv. 2024. 174137.
Wang Z, Li M Y, Cao W, et al. Efficient photocatalytic
degradation of perfluorooctanoic acid by bismuth nanoparticle
modified titanium dioxide[ J]. Science of the Total Environment
2024, 927 172028. DOI: 10. 1016/]j. scitotenv. 2024. 172028.
Wen Y H, Renteria-Gémez A, Day G S, et al. Integrated
photocatalytic reduction and oxidation of perfluorooctanoic acid by
metal-organic frameworks: Key insights into the degradation
mechanisms [ J ]. Journal of the American Chemical Society,
2022, 144(26) : 11840-11850.

Chen Z S, Chen W R, Liao G Z, et al. Flexible construct of N
vacancies and hydrophobic sites on g-C;N, by F doping and their
contribution to PFOA degradation in photocatalytic ozonation[ ] ].
Journal of Hazardous Materials, 2022, 428. 128222. DOI; 10.
1016/j. jhazmat. 2022. 128222.

LiTF, Wang C S, Wang T C, et al. Highly efficient
photocatalytic  degradation

bromine doped BiOI with high exposure of (001) facet[]].

toward perfluorooctanoic acid by
Applied Catalysis B; Environment and Energy, 2020, 268.
118442. DOI: 10. 1016/j. apcatb. 2019. 118442.

Dey D, Shafi T, Chowdhury S, et al. Progress and perspectives
on carbon-based materials for adsorptive removal and
photocatalytic degradation of perfluoroalkyl and polyfluoroalkyl
substances (PFAS) [ J]. Chemosphere, 2024, 351, 141164.
DOI:; 10. 1016/j. chemosphere. 2024. 141164.

Tang H D, Zhang W J, Meng Y, et al. A direct Z-scheme
heterojunction with boosted transportation of photogenerated
charge carriers for highly efficient photodegradation of PFOA:
Reaction kinetics and mechanism [ J ]. Applied Catalysis B
Environmental , 2021, 285; 119851. DOI. 10. 1016/j. apcatb.
2020. 119851.

Liu X Q, Duan X G, Bao T, High-performance
PFOA by BiOX/TiO,

et al.
photocatalytic ~ decomposition  of
heterojunctions: Self-induced inner electric fields and band
alignment [ J ]. Journal of Hazardous Materials, 2022, 430

128195. DOI: 10. 1016/j. jhazmat. 2021. 128195.



