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Abstract [ Objective | per- and polyfluoroalkyl substances ( PFASs) are a kind of organic pollutants with refractory,
bioaccumulative, and biotoxicity, have been frequently detected in environments and organisms and attracted a great attention due to
their ecological risks. Therefore, it is crucial to assess the environmental risks associated with PFASs and establish effective
technologies for PFASs removal. [ Methods] This paper reviews the distribution of PFASs in water bodies in China, summarizes their
toxicity to microorganisms, plants, animals, and humans, and provided an overview of the main PFASs removal technologies: physical
process, biological process, and chemical process. Physical process mainly focuses on adsorption and membrane separation processes;
while the biological process primarily targetes microbial removal; Chemical process includes thermochemical, electrochemical,
sonochemical, plasma, advanced oxidation process, semiconductor photocatalysis, and advanced reduction processes. The paper also
discusses the advantages and limitations of the above techniques. [ Results]  The biological process remains in the developmental
stage, while physical process are hindered by the issue of secondary pollution. Chemical process, in contrast, offer high mineralization
rates and short degradation times. Among these, advanced reduction process shows promising potential for further research. However,
chemical method are primarily confined to laboratory-scale studies, and the associated degradation costs remain high. [ Conclusion ]

PFASs are ubiquitously present in water bodies, posing notable biotoxicity risks to organisms and humans. Current degradation
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technologies exhibit certain limitations. A holistic approach that integrates multiple degradation method , leveraging the strengths of

each technique, can improve degradation efficiency and reduce the toxicity of PFASs degradation products, this integrates strategy

offers valuable insights for the removal and control of PFASs in environmental settings.
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Tab. 1 Existing Pollution Status of PFASs in Different Water Environment
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3.3.5 Fenton At AR

Fenton £ A2 HATHFGE I ) 2 MR S i AL
RZ— R EBAFK Fenton T 1894 442 H
% BAE R PRV T Fe™ 5 H,0, BI4L& 7T LA RL
SAACBEARIT AR, T 848X — &K B, Fe™ 5 H,0,
H2H A B A 44 M Fenton X5 . Fenton X F 4L
T2 % 4 WIS A0 AR T B RN S
A5, b F 2w (1) ~K(8)

Fe’* + H,0, — Fe’* ++ OH + OH™ (1)

Fe'* + H,0, > Fe’* + HO, + H” (2)
RH +- OH —R-+ H,0 (3)
Fe’* - OH — Fe’* + OH™ (4)

- OH + H,0, — HO, + H,0 (5)

Fe’*+ H,0 — Fe’"+ 0, + H* (6)

HO; + HO; — H,0, + 0, (7)
- OH +- OH — H,0, (8)

Horp , RH——F ML,
-OH—F23k A f 3k
HO,—— B LA H H 3,
R- SR INEN:E N
Fe™ ¥4 — AW F 4 H,0,,ff H,0, 5=
-OH'"™™ M H HLY h7E4E RH B, - OH A LI RH
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HRRE—A H R 77748 R+ R« 78 5 8209 S v P &%
A A L4 A2 A AF T - OH Fll R - 354
HGFAEAE G BT, 5 Fe® F H,0, W] LK
AL U5 €O, FTH,0 ) Mitchell 254 fifi
A 1 mol/L H,0, 1 0.5 mmol/L Fe’* X} PFOA #17
R 56, 38 136 & B, PFOA 7 150 min 1 5 fift
RN 89% ., Ye SV LABRALBLAN K A Ak 5 7 &
IR AL H,0, XF PROS #EA7 i S 56, i 1 ifF 5% &
PL,4 h IXF 50 mg/L (1) PFOS 1 ¥ (1) K fife 5 35 5]
96% , XF TR ik 2] 100% , H LA A= i Bt
PFASs, SRIMAER R T AEAE— 2L TOHLEE BT 23 AT Bl
15 Yy A e A O, 23 A A HL) R S AR i
RS R IR =AY Fe®* S K g OH K2k
T A 8 Fe (OH) 5 ULUE, iX i — 2055 T Fenton
KR AR )T, I HAR R TG ZEAWIR I Fe™ 5
H, 0, SRAERFR R R AL iE . L, Fenton LI
T BERRTE S R ok YRR R B E ke
3.3.6 BB A
ARG Ak i R T [ A g A BLe, N 1
Fim o PSR IR, S ol IRl i R 45 T
AT OGRS ERIE 2 S TR IR
BCHE 25 7N T 1E FL T2 32 FL -1 Sy £ e
AT 548 oA IR 3R 1 A AL FLR SR RE 7, mT L
¥ PFASs #EATEALREME . 4R HRTRIAT 9 RE , B
A K BT S OB A R 40 TiO, \In, 04 A
FHEAL B (g-C3N, ) . A Fili (CeO, ) FH I K&,
Gomez-Ruiz 22 i [l Ti0, (95% ) i 8 AL A7 B M
(1GO) (5% ) B AMEALFIVE R AT, 76 T HoR AT
HESF 12 h J5 % PFOA (0. 24 mmol/L) R AR50 AT
IKF] 93% A H T B Y TiO, ML F B rGO Ak 5

0,H,0

07/OH
" %

T
B1 SO A

Fig. 1 Semiconductor Photocatalysis Technology

IR ARASCR I B3N, Li S BE 9T 7 A R 4540 Y
In,0, %F PFOA [&fif (1) 5 i) , i 3 WF 95 % PR, 7E 254
nm [EIN(UV) BEE R IERIR In, 0, 7E 20 min Y1)
SEA ISR PFOA I A IRANSE 5 AR In, O f5E 4[5
1] 435104 40 min 1 120 min, {HE2XF T HATHY
PR AL, B TE Z TR R
S R 1 O e R BE AR, LW O B S 420 ~
520 nm, BHEFECT KEMELIEFH Y, HiK
PR IRMEATIELE B F R T 22, 5 5 R T 55 (]
B AR LR R RIOR R T2 SO b i b
RAIERESH PFASs H R
3.3.7 =YL )RANFRE

R ARAT AT LASR S 185,254 nm B UV, Hiif &
ZZEEAM(VUV) (185 nm) 48 ST L FHERE N 6.72
eV, MRS 1 h & B 24 REN 5.2 eV, T LA
VUV AT LB 8243 7K K %6 3009 /) PFAS, ] B+
VUV W AEIG 1L SOT . S,0% 2y it Ak ik JF M i
D TR AR b, SRS
T 15 e, MR SEHESUIR R, KA (9) FI (10)
IR, ff PFOA A SRR B A BB

AR 1 H, TH-4 3% ( C,F,,H,COOH)
AFEE , H B kA AR E B4 98 R (C4F;COOH )
5 CH, s (11), C,F,,COOH H47 AH [F] Y [ it 2
% 52N PFOA MRS Song E A A 2
FREL/UV i JEAR R B4 fift PROA | 75 2 W AK 2 FE i N,
BT, 1 h N PROA YR 8% A 100% , 31 HL7E
24 h IR EE N 88. 5% , 7E8h UV BUTEBL T, i%
TRZR I A TR ROR . Guo S5 S BRI HA
e R UL/ UV R 2R B A50R i &
B EE N, SR T ZIE R X PFOA [RE
ff ST FCR A R 67. 5% F1 23. 5% , T AS 43
HA B R i 3 R 360 % 53 0 R 8. 7% M1 3. 3% , iX %
BRI HA B3RS T FEMRReR . A L T At R i
HOR S YOL I HRRENS 7 A iR e A H B e,
AR F AL (SO, ) A A M (H ) 55 ] Refg L bR
BTG AL T2 TO T A B TS Y R, O H AR
A AR, G B E SR AL FEAR R HAT BT )

ERIPSKER A Erd NI 3 N 3
PFASs  (H BT AT HJm B, 4 ok i AF 53 75 22 4k
LR AR TSk 5 NI = ey & d N L
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SEPHD SO R AR AT AR A 22 Bl
fipbe R, KA E R B 50, 9 AL K i
R

C,F;COOH + ¢, — C,F,HCOOH + F~  (9)

C,F,,HCOOH + e}, — C,F,H,COOH + F~ (10)
C,F,,H,CO0H — C,F,COOH + CH, (11)

AR L BREORAE fe 25 A R X PRASs R BR R

W 2 Fis,

R 2 AFTFEAERAEZRM T PFASs By LFBRR
Tab.2 Removal Rates of PFASs by Different Processes under Optimum Conditions

ik RN g5 PFASs 255 LRI BRACR 27 30k
W 2% P T FH I PFOS 44.1 pg/L 93.3% [29]
B+ PFOA 10 pg/L 215. 8 wmol/g( WL E) [30]
PFOS 10 png/L 124. 9 pmol/ g ( Wit &)
3 Bk IR R R I A 20 0 A PFOS 150 pg/L 92.5% [31]
PFBS 150 pwe/L 52.4%
REENE 5 15 IR PFOS 100 pe/L >99% [32]
A [EENiN] 3% ki (DFD) 7 mmol/L / [34]
2 T B PFOA 100 pg/L 63% [36]
PFOS 100 pg/L 63%
HL Ak 2 ik BlaNA PFOA 15 mg/L >99% [39]
R/ ZHALET (T RuO,) PFOA 100 pe/L 94% [40]
PFOS 100 pg/L >99%
kAR WA (US) 43 kHz PFOA 10 wmol/L 100% [42]
PFOS 10 pmol/L 46.9%
580 kHz PFOA 1 mg/L 90% [43]
PFOS 1 mg/L 90%
R RS 30 kV/50 Hz PFOA 300 mg/L 71% [44]
200 W PFOS 10 mg/L >99% [46]
[SEERIA7R FARY/H,0, PFOA 60 mg/L >99% [49]
kL —4L(V,C)/H,0, PFOA 100 pg/L 89% [50]
R LS IRHIAZR 1GO-TiO, PFOA 50 mg/L 93% [52]
AALHA (In,0,) PFOA 50 mg/L 91% [53]
-4 L%k (Pb-TiO,) PFOA 30 mg/L >99% [54]
[P Y AVR Na,S$0,/UV PFOA 20 wmol/L 100% [57]
JERIBR (HA)/UV/KI PFOA 0. 03 mmol/L 67.5% [58]

4 DEERE

AT T PFASs 1Y FREE KUK DL K 24 Rif
PFASs 1) = E 45 ] FBL, PFASs | iZ /746 T Hb K
AARGCR T HL AR A2 Tolk bel X B PFASs
I YL g U BREE A PRASs £ SR LA AN
FA MR 7 AR T R, S ZE T PFASs MY FE L
BRTF B, ) 2B BB L R A e st R AT A | %)
il fif X S ) LA T JE B

(1) P B2 B4 R 2 3 & 45 PFASs M 4E
FHAERBESE K PFASs B RS, 7T LS i 57 8 43
B AT 2R oM, 7R R SR A R b W A R AT
PFASs fPEA#

(2) =k HRE X Z AL & W it AT R i, ELAR
R K, o7 DS A2 ik e AT A 4l T, X PRASs 528
BH A0 R Ak, SR T 483k A= Wik 58 i PFASs 1 58 42
w1k,
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