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Figure 1 Absorption spectra of PFOA
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(C6F13C007) (3K (17)). 78 AL RE R R P in A
BRI, P DL m PROA MR 10, Hirh, — 4K
RO i R A2 L CO5- A i R (2(18)), 1 CO5-A
F0T L H AL PFOA, L CoF s A i 3 (3 (19)),
C/Fis A 3 & h 5 5 3ok 28 Ly i &2 24E R
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Figure 2 (Color online) Reaction mechanism of PFOA degradation in the presence of TiO, photocatalyst, comprehensive of both photo-redox (A)

and B-scission (B) pathways
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Figure 4 (Color online) The proposed possible reaction pathways of C;F;sCOO™ in electrochemical degradation process
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Figure 5 Possible photo-induced reductive defluorination pathways of PFOA!
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Figure 6 (Color online) Representative scheme of the sonochemical degradation of PFOS and transformation into its inorganic constituents
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1 PFOA BERTUHMRELE

Table 1 Summary of representative reports for PFOA degradation

e A 2 5 2 S/ HEHH e fERE 2
A (mL) (7in2) (kJ pmol e ik
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TiO G AL I Co: ;i? 2“1’;‘°ICLlll g}/;g310~400 nms 55750 0.69 d"'/1440 min  50% F 265 [96]
B RAR A Cor 1505 r;Tn(;ll Iiff Si X;ﬁs 4nm; 23/1000  0.012 min"'/58 min 5;%,’5 ;Re. 12 [28]
T 1 -05-H 0, A AL R fift Cy: 0.012 mmol L™ 85/1000  0.072 min~'/9.68 min 99% Re. 49.36 [53]
In,0 G AL R A Co: 0.1 mmol L™, UV: 254 nm, 02 ¢ 23/400  5.89 h™'/7.1 min 7;(9%7%13 Re. 2.7 [24]
Tn,O: 24 K P K I i Gﬁifggi”“Wﬂﬂm“ 15/100  7.94h™"/5.3 min 100% Re.  0.66 [74]
Ti/SnO,-Sb-BiHi fiff Co: 0.1207 mmol L™ 3.3/25 1.94 h™'/45 min 6;‘;7”%26. 5.9 [31]
Ti/Sn0,-Sb-Bi Ce-PbO, ML Cy: 0.2415 mmol L 1100 0.037 min /187 min 530 F 55 (32]
P A Co: 0.020 mmol L™ 150/600  0.018 min"'/39 min  95% F~ 67 [97]

a) Co HPFOAWIIGVE B, UV GHEAL T MG B, Coaw WHEALTI FH & b) 5B 1 pmol PFOA 1) BEFEAR 41 % i PFOA 2 . — 2247
TR v BE B RERERR LA BT 2 BR AU PFOABE /R T 5, (HARTE B MIE, T B M RERE MWl Uh ik B DI G, Wl MR, REREMA, X

5% b) F 5 BB, Re HEPFOAM £ FRZH

PFOATC FE AL AL 1% H A7k 15, PROA R B M 5 i 17
TE— SRR B 5 1 (1) PFOARE A B A Bl /b il 2
IR 2R, VectisZE N TR BT F B AR (0 s 4514,
ALFE T A0 BE R TR | R A ZR A A FEURI ) U R R LA
S PROA R i I i 1) 811 1 22 S 50RPE 2 R T 45 4%
AR AE PR 0 e B — 2B BT g O e . dR I, R LE
G5 7 VAR SCHRARGE /) 3 B R PROARY T 2 414 Fn
Refiaine, BAREA —EMSHNE, (R TET
BRI RE R SPIRWEEA & HIE LR, WIRRE M,
I BT BT B R D MK T IR R
BRI RA, Wi EAET] . SEE R Y
BAS . DR G AR A Se PR N B R ok, i — e
PFOARFREE AR BIIEM AR R, (2) SB[ R 5%
WAL TR B, — SE R Ak WL I R IR R B A
KA N RN TERE, A — SRR AR R 1 [ A
b2 FRAETE L. (3) PROARE M R 215 T A
A Sk e 0 BI38 5K = AU R S B2, PROARE % =4
LG —SL A BE ) HORIR, XL HRIREA
B AR, B R AN E, DN R 5 A 5T SE
PFOAW™ b A #UE T 1 — A L i E AR . (4) PFOARE
i F AR S A 28 PN Al v S A 2R N K R SR £
FE S B T AR v i 0 A 28 A X 82D, AR R 9
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ARG T, BIANENGeRK . BB . AL TR
VR i 2y RN S NP PN (e
TORFES bR TARE PR MRACR, ok, A7 r JCHLE T
5 LAt A A v A ) ST B PRO AR g5 R B4 52 i 40
LD, Bin, mAR G AT BRI SO
Hh,ERAR P 3 75 R A WAL, DA R
T HO GRS Y i e .

6.3 KJEJim

TE 5 M PRO AR f A AL AT 5 B AN 24 1 A A2 A 3
filh b, 45 PROARE AR B 5% 5 22 LA R JLAS 5 1
Fr () IR FR: @7 IF 52 EPROARE R H RN LR &
VEN vk, EELIICEA A AbR, MARERERAS |
e B RUAS MR AL B AR 45 07 1 T, AT X A4
RIS (2) FERIFST: RE RO R H AR LR,
— BB LA e B B o AR E— 2P s, Bl ok
A H T XTPFOA MR R MLIE . J61b 2 7 LB ff PFOA
i & CyF 5 2| C,F sOH B HARfb 2 ad 72, LA S
AL R B S ), W — 5. 3) B A
FARTF K WEFEAS [ 42 AR B [F] % i PFOA R i 1, FF
K AL TR I PROA L E AL A HAR, Flin, #s
P FE PR AMIN AR IE [ 3T LU LR SR AL



(R R i, DRI mT DA 25 BEORE 7R AR S AR RO A
FEAMRRLE. (4) EPR AT S E I PFOAR
3 B R AR, R AT A% R e R i 4 ok
MERE, 2 BN A 55 B W B BB ) SE PFOA,
M B BB e PROARBE 11, ST B E>
J5 F AL 4R B R PRFOARE i+ AR AE SEBRoK 1A

MR, BEEIRER IR WA LY . &R E 15
XTPROAFRE A SZ MR, 44K 4544 1 S AL 40 A1 BB AT 452
g B A i RE T RN A A, T DL — 2D B S P A
AL RE J1 MEAR A H = 0 AL RE ), SEBUPFOARY I
FACAL B, [ 28 S PFOA Y 0 3 A Ak 3L IF 1Y A
JEA e K SR B E A T T
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The degradation pathways and mineralization of perfluorooctanoic
acid (PFOA)

ZHANG TiLiang & PAN Gang

Department of Environmental Nanomaterials, Research Center for Eco-environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China

Perfluorooctanoic acid (PFOA) is an anthropogenic contaminant different from most other organic pollutants. Notably, PFOA is water
soluble, does not bind well to soil or sediments, and bio-accumulates in serum rather than in fat. PFOA thus enhances the health risks,
including endocrine disrupting properties, immunotoxicity and developmental effects etc. In addition, PFOA is extremely resistant to
environmental degradation processes and thus persists indefinitely. Reducing treatment technologies such as reverses osmosis,
nano-filtration and activated carbon can remove PFOA from water. However, incineration of the concentrated waste is required for
complete PFOA destruction. Unlike most other persistent and bioaccumulative organic pollutants, PFOA is oxidatively recalcitrant and
resistant to most conventional treatment technologies. The related studies on the exploration and establishment of the effective
degradation techniques for PFOA have become the new hotspot to the degradation of organic pollutants in the field of environmental
technology. Recently, a number of chemical technologies for PFOA decomposition have been reported. This study briefly classifies
the PFOA degradation techniques, including direct photolysis, oxidation, photochemical oxidation, photocatalysis degradation,
electrochemical degradation, reducing degradation, high temperature pyrolysis and several coupling technology. Based on the
classification, different PFOA degradation techniques are compared in terms of removal efficiency and the defluorination rate. The
degradation mechanisms of different techniques are explored and the general laws of PFOA degradation and the inspiration for future
techniques are summarized. The latest research progress are introduced. The most promising treatment alternatives to degrade PFOA
efficiently, such as sonochemical, electrochemical and photochemical degradation are comprehensively discussed. Transient bubble
collapses generate average vapor temperatures near 5000 K and could thermolysis PFOA quickly. Electrochemical decomposition of
PFOA in aqueous solution performed well over several anodes, including Ti/SnO,-Sb-Bi, Ti/SnO,-Sb/PbO, and Ti/SnO,-Sb/MnO,.
PFOA molecule tightly configured on the In,O; surface could be decomposed by photogenerated holes under UV irradiation.
Nanostructured In,O5 with greater oxygen vacancy defects shows higher photocatalytic activity to degrade PFOA. Finally, The current
problems are discussed and the future trends for the development to degrade PFOA in terms of the harmless treatment are prospected.

perfluorooctanoic acid, degradation, photodegradation, sonolysis, mineralization
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