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Abstract: Perfluorinated compounds (PFCs) are one type of anionic surfactants containing strong-polar carbon-fluorine bonds.
PFCs widely exist in aqueous environment because of their high solubility and stability, which has potential risk to human
health due to the high bioaccumulation and potential toxicity. Recently, various methods have been developed to remove PFCs
from aquatic environment. Compared with bulk materials, nano-materials have higher reactivity because of their special struc-
ture. In this paper, it presents some nano-materials such as carbon nanotube, modified clay minerals, nano-TiO,, In,O;,
Ga; O, , etc., which have been applied for adsorption. nanofiltration. photochemistry, electrochemistry, etc. Their advantages.

disadvantages and mechanism are compared in detail. Besides, it also discusses the issues and prospects for PFCs removal from
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water by nanomaterials.
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0 glH

i F 4 % AL & ¥ (Perfluorinated Compounds,
PFCs) M ey 14 A= A S FAF e 1, Fowl iz i T 4%
ANGdR (Midasch et al.,2006;Olsen et al.,2007) .4
S PR IR ER (PFOA) F1 42 913 ot i 1R £k (PFOS)
JEZ i PFCs Hil B AR 7E BF85 b e A 1 e fb 7= ) .
Sl BARE MM 2 Fh PFCs(So et al.,2004). fifi 5
PFCs 7E 4 BR {0 [l A 19 21 58 AR 198 00 45 %6
H (Saito et al., 20033 Boulanger et al.,2005; Pan
and You,2010;Pan et al.,2014) , HXF A Z&{E 5 /9
TETESEH B PR BE 0N 51 T AR OGN 51 1y e JE ORI
(Fujii et al.,2007; J& J& B F#EER K, 2007 ; Pan et
al.s2014) A [E T — & 1 be k2 Ak & 91 PFCs TEIK &
HV i BE RS L A PFOS K (5 % B2 570 mg/
L.PFOA Jy 3.4 g/L(Fujii et al.,2007) ,fdi 15 H ¢
KA T BRI RS E A L T UK MR K =R
KK IR ¥5 B¢ ( Yamashita et al., 2005; Skutlarek ez
al..2006) JRHA 75 G Bk — 20 3 I A 2 85 19 fe
. A I A fR] A R A /25 BR K AR B PECs 1975 3
CL 8 Ay B0 858 BT ATE 55 1 3R R (R 3745, 20125 Zhou ex
al.,2013a,2013b; 28 & %, 2014; Zhu et al., 2015;
Ololade et al.,2016;Zhang et al.,2016) , 52k F
NE B BLZEW R EZ—.

0K REAS [R]) T 4% G (0 B AR Rk, 24 R kA
YA TG AR A BT RST RO N RSF RO K
e/ S HIBON 55 L 3K SR A I P BT 9 KRR R
1 be e T AR HL R T T R A T3 Y Je T
R Bl /D AR AR 9 J5 - B AR RN E , 5 5 A - A
G546 B B A0S PE 3 T T R AR R Y
TP P o A R O B 00§18 3 1 A7 . PTG 4 K A ) 2
— 2R R I R ) AR A )L AS SCTE AR X Fe A B T
T A RSB B0 K R T 5 BR K AR rh PFCs 18T £
ARFHTTT 1 Je 4% E RRE L I XZ 0T 58 GG K
AT T R

1 Y EBRTT R KA
1.1 B

H T 28L& (PFCH 4 FH R TR 2T A
JUE RSP R R A 0 3R 7R O T ek LA

J5 I BRERE RS N T 249 73 kJ/mol , B ffi C—F #t Y
HERE 5 5 (=450 k] /moD). JiUIR T il 3 FE 1 2 42 T
SR AR AL T A T R R TR AR,
HIL R F R SR i &M C—CEgre R
B ORI Y BB (R R S BURA i THE I
TR I L5 B A L 3 W LA o) HL At i i) 1
[Fi] B 98U 1 A 2R SR B AR Y, JE R C— F
AR PEAR 38, C— F 5 1) e F 7 06 R IR A 1 92
17 5 SO A TR A, X2 B ep R A )2 R 6F
BELAS- 1 S0 FL 199 53 A% R0 482 30 ik it T & 2 Ak 2 R
7L TR I e 5 15 PFOS Fll PFOA BAA 5% Y
AR E M RE 22 18 1 ORI TR L UG AR S iAW
Wi it S R A D I A A 2 R A R I 55 R T
Y 4b 3R A AR ME B A %0 E B (Lemal, 2004 ; Zhou
et al.,2010,2013a). Wz Bt £ AR i T B A i B8 5 17 .
VR AL A BN T K PRCs 1 2B H
BT VE S 25 B PR 85 05 Y 11 W B 5500 45 1R 22 4810 4n 3
BB TS N L TME A BB S A AR T g
KA R s 48 K A8 A KORS 8 LK 4 R AR
Yy R A8 K MR (Yu et al.. 2016a, 2016b) . BA
BRI R TR B 5 2 TR K oA B
AP S L T ok i 22 b e 17 FH T TR B 2 B s e 1)
W5 (Karn er al.,2009) , T TH R T 4F 3 20 K #4861
TE W B 22 B KA B PECs 1 RIFSE FEAT 2 455 AR 22,

(D IRAIKE (CNTs) AR PIKE & 1991 4 b H
ARLER Tijima (1991) 30 8 HL B8 Bk & 3L, H A
A — 2 v s GO 25 AR 5 1 Ak 2E R e L ) Ah L
FCEA R b 2 T AR | e R B 5 R SR B K P L R
1t 5 B9 W [ 44 8} (Pan and Xing, 2008; Chen ez al.,
2009, 2011; Yang and Xing. 2010).8F5% & 3 , ik 44
KA TEWL B A LTS Y 9 T A B T 5 e 0 W R
Cf 88 3 PR 2R 55O 8 B B AY 4 # (Chakrapani ez
al., 2003; Pan et al., 2009).

Chen ez al.(2011) i@ i XF Ho £2 B L JK 43 1 B BE
ANk 4 (SWCNT) % PFOS #y W Bt B 1 & PH,
SWCNT XU 2 h gl 35 5] W B 1 4 . 08 B 8 2% 37 e
T4 7% (384 h) Al K 43 (48 h) . K/ FH & SWCNT
W Bt PFOS 9 229K 3 J1, T SWCNT A 5 K
Ll 2 1 AR, LT Al W B A RS 700 mg/ gL IR 4 R T
A IE LT bR T B KPR A A F R S 5 W B 5
L, H B B IR BB A AT PFOS (9 W B, 3L X5
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PFOS 1 °F 5 W Fff & & 600 mg/g, 1M £ & A
170 mg/g. B9k SWCNT [ W fff 2 45 5, {H i T H:
AN E A, PRI AE 8 P SWONTT ) e W B 4t 119
(7] s a1 ] e AR A 8 J AR A 2 — I i R

JEV 3 A5 (2012) ) BH 88 - 2 1 336 4 770 Y T3
TRALEE CTBA) FI 3R &0 W (PED X B 44 K 45 #E 47
WU BIF5E PECs 76 2501 B 90 K 48 1 i W B4 oy
PLEE. S5 R, 5 R 40 K & HH H, TBA S5 19
T 290 DK A8 W B R 038 I 2 % 5 i K AR P 2 IR 25 B
PFCs i F ZHLH; T PED 2 ¥ 5 09 8% 94 oK 45 %t
PFCsHM B 2B I T 2~3 %, FEW I HLE N
B K AE R L 5 | 4R .

Bei et al.(2014) & ¥ pH H XL B T £
BERR 99K B (MWCNTs) X PFOS B W . & pH {E
%M F MWCNTs % PFOS # W% Jff 2 AR A5 L 31X &
T pH S8 MWCNTs 21647 7 i, 5 7 B4 7
HLfT I PFOS & A & H HE R AR . AT 30 ) 7
PFOS 7E MWCNTs - % W Fff. 7K o BR 85+ i 7 7E
—J7 15 PFOS JE 5% 4 W B, 53 — 5 T 23 028 4
KRS B MWCNTs B9 R & R A, N 52
MWCNTsX} PEOS [ W B 2805 . i K A A7 7y BH 25
FXF PEOS 1452 W H1 A7 AH S 8 3 AR vk B 1% el 2
T (Cu® H B F (P> ) & PFOS i W f . {5
ERWE RN T T4 85 74 MWCNTs A
PFOS Z 8] &2 3] 1 22 ¥ /£ Hl, PFOS £ MWCNTs
B R A s TR | T

G340 K TR 1 LIS H WA ALY an R i R
MR 25T | BE R 25 %) PFCs 16 2 BERR 91 K & 1 1 W
Bt 77 76 [] B B2 M) ( Deng et al.,2015). MWCNTs
XiF AN [R) i < AAS 6] RE T PFCs LA AN [R) 11 W i
SO 4 HT S R (PFBS) << & 1 C % fiff IR
(PFHxS) << 4§ ¢ M (PFOA) << 4 % °F b fiff IR
(PFOS), 454 PFCs % A Wbt i, ik — 20 (k81
T AR TR R B Y 32 2K Bl )

TESCIEA T, B 5 35 SR R 5 AR 400 5 3 e 40
KX PFCs W Bt (928 8. Li et al.(2011) 3 38 HL T
FRK MWOCNT 71 25 31 8k il 3R 1 {75 0.6 VI HL
JE, BIATfff MWCNT X§ 8] 8% 224100 pg/ LY PEOA
FI PFOS B~ W B3t 5371 2 55 60 A% R A1 4%, 11 B
I B o 43 B R T 150 A5 94 £ B SEAS (AR AL
T WL 2 BRAK AR PFCs BB 7 ik, W40 58 T B4 ok
TR K Ak 3 v R .

RS 0 W oK 0 W B AR 5 0 SR K, 3
H 2k 5 K BTE B I R R A KA A 1 —

7 (Ma et al.,2017) K5 8" W) 7K 575 G 4 5 W Bt
filt W AE K AR TS e W) 00 S A% B A ok B bl 3 ) AR
FHAS 8 W00 BE AL, B R AR B9 K 250 L K
P i AR, Y B AR B ), e R AR
[ IR P 51

Zhou et al.(2010) 3 i 75 o B = WY BE 90 Ak g%
(HDTMAB) Xt 2Rk 2 £ 57 4 58 It A 47 4 )23 ek
M OZ R REY K T S A B2 B L B T RV
JIT . AR T SR B A A BB o ] R SR A Y
PE BT FR 23 7K P 7 A8 B K A 2 IS A LS A
X PFOS [0 B i 388 % 1.71 mmol/g . i % H &
2 ootk 2 B A, H X PFOS A9 W B & AL R
0.24 mmol/g W Mt &M B ZFH R FEHHFHIF
Jii A7 FP A MILBSR 5 B 34 i, PROS 38 i % /K 75 4%
e 2 A MLSE A 9 2 )L X PEOS 22 )5 B RE 5
HEAT XS R A 5 40 A (XRD) , 5 5 & 50 0% B Y
PFOS i 7 HL 52 Wi 4 2 [\ 1) HDTMAB k4 T &
He AL 2 Uk . PFOS 1 %638 2 i K VB 40 B %8 58 10t
HRJZEL SR G2 BB PFOS BB 7 1 HDTMAB
PR ES 18] (9 & e 5 0 /R I HDTMAB & 4 1 &
. HAs PFOS B8 7 5% 28 = m (& D.

1 ERWF AR |, Zhou er al.(2013a) 3k —
S5 2 B e 5 R 3h CAET) Hl+ 75 b 58 = H B R
b4 (HDTMAB) #t [7] % 5¢ i A #F 17 el v, 15 28
I Bif 5 AET-HDTMAB-Mt, [a] 45 W% Ff F 4 5% 7k
Y PFOS M H 8% Cr (VD RO B &, %

AN A X
I | (I) I 1 (IV)
I 1 | |
NV AW T

/7
[ﬁff e

(111 ) (V1)

K1 A HDTMAB 1 88 & 947 BL 52 i A W B PFOS i
JE RS 7R B
Fig. 1 Schematic diagram for the arrangements of
HDTMARB in the different organo-Mts before and
after PFOS adsorption
i Zhou et al.(2010)
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PFOS 1 Cr(VD 11 1 B it 43 5035 %) 7 890 mg/g
14 mg/ g. B K P A3 e/ & AET-HDTMAB-Mt I
B PFOS 4 3 20K 2l 7, e o /2 158 3R 19 T8 Bl 3
—EHE T PFOS YW [

U AR T2 A AE T R B BURLA) Hh i — Fb
ki + 1. Xiao er al (201D BF5E T &5 04 4 %) PFCs 1)
W A BILBE RN —H B 85 1~ (Na ™) 5 PFCs [8] (4 3% 4 W [
HLHL 5T 2 BH , Bl 4 60 25 Wk 19 7 5, PECs 19 T
Bt L TE L 3O R T R R B AN TR T e R
T P SRR J2 S 30C3R 18T Al 070 R A il 2D AT RIS T
5 PFCs M BYHESF 1. [0 4248 5 1 % PFCs fy W Fff. X
Xof R 5 o e R N S T A R s R b R K A 1T TR
KA o PECs BT #%8 FfG A A 28 5 L.

BR ] PECs 114 7 WL W B 55 56 Ak, i 58 % (Zhang
et al.,2014) F F 5 9k 4= J 59 21040 6% (ATR-FT-
IR) X G A7 3 (XRD) (i1 X565 2 R BOKS 20 45 44
(NEXAFS) 2§ % fF J7 1 %F i U8 1 70 52 13 A W% it
PFOS #4717 WOW )2 18 B @ A, Bl PEOS (1) i i &
Rk - ) 3 T ¥R 3k & AR Ak 2 O BREVE L P T R
TS 22 5w e X PFOS 22 SN2 )
BAF 52 WA B T A1 J2 W A 38 A )2 T g B AHL vy 08 £
XF PFOS 9 W B 475 88 LU 58 Wi A i s 76 5 08 1 3
I, PEOS B Fff 4 7.4 X 10 ° mol/nm?* , 1iij 5¢ it
AN 0.7X10 7 mol/nm”. 53 4, K IR K & h 3% 5
FETE I JE 5 R X AS + 0 9 W i PEOS 7 B 3% 5%
] o 5 B R 2 v R - 2 T A R B 6, HL AR T
JITHE L far X PEOS T8 1 o HE R 7R RO R AIK
ki L %) PFOS f W Fff

HCEEXT PFCs Ay W R 25 B A2 52 55 55 R AL
FoRE QKA 0 W 0 T SE PR K A B 3 T B i —
A 5E 5 H Al A BTG G W 3E S ug BRE LA B AR
FH 45 ) .

(3) F A B} BR L3R b4 A1, IF K At 8 784 4
DK 2 W% o 50 3 95 1k W B 2 B PFCs Al J2: H A A 52 1)
Wz —.

FERMEE — M BA YRR RARA L E >+
BEY RO RS AR BRI L 76 W B 25 BR R B
15 G W 07 T A AR R B N ET R Yu e al. (2008) Al
AT RMEH & T 2 A 9K 450 19 5 7 B0 41 %}
(MIP) . 7€ 2 B PFOS #iAR 53 F 5 » 76 M/ Bk 9
T T PFOS 43 B3 14 49 K 9 L, BE 18 HEBR b It
A7 8 T 0 F e 1 3k B 0 oo W B PFOS, H X PFOS
(14 W B £ = 15 560 pmol/g. 1M 8 A 28 ok B A Ak B (1)
FCRME/NER (NTP) A BA 3 Fp AR IR 454, HXF PFOS

R 2 B A R 258 pemol /g, BB MIP H ) B 35 44 K
LA K KA T 52 BB X PFOS 9 % £ 1
W it R

BIRAR A (2012) WF5Y T L PTTE il 4 19 Fe, O,
YK B R URE XF UK e PRCs B9 W% B g & B0 16
pH=3,PFOS ¥4 W £ H 4 mg/L W 561, [
24 h JFPFOS M ZBR A m ik 90%6.Fe; O, 44K 7 1%
FRLXT PEOS W B 47 & Freundlich W Fff 77 .

Wu et al.(2016) F I 43+ B 36 B AR il 45 1 F
I N 10 nm B9 & AL Bk 40 ok B (MIP-TiO,
NTs)  iZAEEX PEOA B W B & & ik 0.812 5 pg/
em”, H 58406 BB ™ A 1 3 w25 o] DL SR Ab B A
PFOA X PFOA 1R fifk 5 R 980 % 43 51l 3k 3] 84 %6
1 30.2 060 AHAF— M2 AETS KA 3 /Y 9 ik
sl MIP-TiO, NTs. % PFOA #K58A 1R & i9 1k
PR L BRAE T PR RGR B T 81100, Ak & Uk, th
FKIK BT ZEfE X PEOA B i 1) 52 i AR /1N L i b BHA
32 1 9 52 B 18 FH A (L

A L4 B AE S 454 L fAT AR MOFs, 2 Hh A HLEC 4
14w B 1 ok A A A e Ao 1 R TR B B A 4y
T NALEBR 0 A Bl — JEHL A% b # kL (Batten et al.,
2013). 1 T HZ AL R 25+ / Sh fE 1 2 REE , I 4 ok
FEIR B GBS B T 8Ok B2 1 OC . Liu et al.
(2015) LA B F R rhol 4 08 B 1 5 A HLEC AR 45 5 #4
i MOFs #1k, F LA B PFOS, £ 60 min 4 Rl ik
BB KW 1.89 mmol/g. HH % Bz sR BS TH 5B M
S S5 S AT, R BRI A B S A e
2% 397 T T R EL R 5 1 0 AR T, FH IR 9 2%
FrKH o PFOS A — & XU . B oy ot 42 Js o 1 4
JRIC R, — BB B A HLBC AR HE A K IR, 5 21 il =
WG BAR LI T o =M % T &R L AR 5 Bk
AT AR AL P ) B G A AR S AL R 9 BE R R S
B B AR AR W2 4 o NS il R R T E KU

Lu et al. (2016) WF5¢ T A K EH ALY ALO, .
Fe, 0, .Si0, Fl TiO, % PFOS W B 75 B 7 5
B 5 VR HIAN 910K S A0 W b RE 36 T BT A 1 R i
H5 PFOS My fifi fig L2 W & 8, iff — DR T
PFOS 1 W B 7Kk AR v Al 3 A7 42 J8 85 5 4 25
Cu(ID FYFETEXT G0 S AL DI B PFOS 2 3 T i
W5 FER B VE L B BSR4 7 2 W B PROS 1 ££ 7%
WG T 44 K S AL X Cu(ID By WL B, P 3 B A4
iE, H pH Eh 5 B ROCR e b B AR &, T
MUEL W 7E H AR P ) 2 A7 4E, L2 AL O, ,
SiO, 1 Fe, O, 2 ZF AL P 1Y £ 2 155, Kk, 94
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KA X PFOS F1 4 J& B 1 1 05 BRF 0 g iz AL 21
FEXTIFSE PECs TE 58 R i n] AR R RS MA i
L ORAS 20165 Yu et al., 2016a, 2016b).
1.2 #iE

VLA R, B A R B R A S IE (MEF) | B
(UPF) 4438 (NF) R B i (RO 12 I H Tk
RAC SOoK 5 G W iy 25 B Dt B2 ) ] 2F 37 5 fif
NG TN K S FRE B AL L 1 K4 F 4 5 n e ML RIURE
A ALY RN 5 A R DT BT K B A B Ak A
DEAE Ry —Fh 38 ) 12 0 B B R L % A2 15 Y K A
BG40 8 1R 5 S5 Lk 2 W 2 SR S Y A R Y
F B R (van der Bruggen er al., 1999; Kiso
et al.,2001).

Zhao et al.(2013) K IKIFE WK pH A K45 &
T HIFFAE SR NF270 40 3E BE X PFOS 9 25 B 3%
T B S B TS 0 TR, Ca® UURAE IR T, 7
JEFN PEFOS Z [ 4245 7 HT L fif PFOS 1Y # B 2 15
K 99.3 %0, A ATT X PR 3R T R A B M T I 43 vl
R 3R T A IO AR 38 I T BB 3R TEDREL B BE L DTG R AR T
3 L 14 e

Wang et al.(2015) DL 5 ] 4% — B ik 8] 2% — i
(PMIA) il JEEJEEAA A, SR 08 A % Ak 12 1 45 1
HARXFRE LN 0.4 nm ) PMIA
A SR AEGUIE AR, JF 5 48 T X PFOS 1Y #% /2. Bl
& PFOS W46 v B2 (9 Ty #8088 842 . 53 oh 5T
R BUK BB pH A S B A7 7R A B 2 5
PFOS M# B .2 pH H M 3.2 EFHE] 9.5 1), 4% B
RUR ARG T Ca® WAFTEWR AT PFOS 19 # %
P im 2 99 %0 LA b AR AR JEf P A9 0ok b [ A B
TRRFL A ZE Y 1) B R U, e O 1R R 45 0 O
RERE $2 =5 XF PFOS Y #8883, e A 6 1 £ fig
I, L B AK BB =2 [ 1 ST A 2 4 D BEAS DA S B N
KREREZ—.

Yu et al.(2016b) BF5¢ T VR BE 11 Ak 3 X5 94 98 22
Bk PFOS (5% M. 45 Bk W1 2858 ALCL, i 88 71 1 il
WG L FB 43 PFOS JE 1l 2R U0 3 - AT B AR T 44
DB RS B A L B2 R TR A IE L B PFOS 19 #B
N 55 V0 HE R 86 00, Uk B TR BRE 101 A B iR 4% A S B
X PFOS By 25 %K.

2 AmE R BRAT O AL

2.1 =
M 1972 4FE H AR ¥ FHAE n BIE FIK TiO, F&

K 1 6 4 1k 43 % il & VLK (Fujishima and Hon-
da,1972) , ZHOCHEAE AR B T AT K 1 2%

S A AL SN SR 4 2 2 S AR R T W — A i KT ER
ST RS TE R YOG M T ey D B
W R BRAE 2 T 1 R B 7 AR 28 X Chyy ) L IR N
T B MR F W . 9 H,O 5 O, i 384 i 5k [
A (OH - O aGB A A RO, « )4 mm OH -
o O, « Al BGR E A HLY . T A LY B 1k
(Hoffmann et al.,1995).PFCs By 648 1k L ) 3= 5
S 3 3 T S A U B B b T ERCH T S B
SeHE AL R (Park et al.,2009;Shao er al.,2013).H
T PFOA #5tgh F BUCRk &% - e A /9 H, H g s+
RO SR T PEOA 43T 5 5 38 250 (K
AHBHEF e, MAFHTF e, TN (Quet al.,
2010). HETH TOt b B g s e R A IR 2,
m = A Ak Bk (TiO,) . A AL 8 (In, O, & 1k
(Gay O5) 557 SO XTI AT 2k 40 2K b1 BLTE DG A b 25
Bk PECs i W 5% #E 47 45 Fl R 28,

(D “E AL EK (TI0,). TiO, | FHE K1 #
T AR A 3 I B A 9 B N B el v SRR AE BT AR
AL . Sansotera et al.(2014) | FH 48Kk — AL 4k
JGHE AL B i PEOA, AT & B, 72 TiO, W H
0.66 g/L.EAMEIT TR N 95 W/m® ,PFOA ¥ &
0.004 mol/L i, 4 h J§ PEOA # LA K 32%. 4
XPS 1 XRD 4387, 72 G A 52 B H - #5 R TiO,
HHBLER R TiO, R — EARFEFE 25 nm, M4 404
A TiO, K2 47 nm FEARE] T 33 nm . iX 7] BB &
T PFOA [ TR M F1 2 10 6 1 50 e 1 Al 35 4 TiO, #%
e AR S AH. XPS 25 R it — 25 8RR, #4 TiO, 5t
FALFER AL R BB BT TiOG ey OHLF, 289
J L e 25 T e A AT M X AT R 2 BRIl PEOA St i
AL R 1Y BB B2 R & . Gatto et al.(2015) 7F Sansotera
et al.(20140) Wy BE Al bk — B4R TiO, Sk i
PFOA () W ALEE, [ B s ¥ 4 h N A A 102 B
HEWT L R AE PEOA Bk 72 v R ik 6 1k B 1
IR B BE s B RO R AR SR B B, B A i —
A CF, . HEZ 20 1k A8 i F-NMR B # 3 4%)
SYBTRT L AEZE DT 9 h e AR R N S L TR T AT SR A
1E PFOA, %W PFOA Ff R 952 &0 k53 i .

JEAR ANk TiO, JEAH 1k 7 A 5 2 kg, i) dn
HCAR A B R T8 . BRSO A, 7 AR AR L
2S5 B A 5 80 I R BE T FE K 4R
Chen et al.(2015) F FH i ¥ 4 J& %t TiO, #E4748 7%
Yk, UV/Fe-TiO, #l UV/Cu-TiO, ¥} PFOA fy[%
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iR A R 0.001 5 min ' 0.003 1 min ', 1M
UV/TiO, B4 0.000 1 min ", 136 W] 3 ¥ 4 )& # 4¢
) Ti0, 2230 H 3 & 0 AL 16 . i — B 5 B
UV/Fe-TiO, fl UV/Cu-TiO, £ 7% 1 il 48 6 1k
T ey BIBABE IR 2 SR A F I E A L%,
AT 22 A H 2SS 5 s g 4 1 O Ak
HOE M PFOA MR fE %, H UV/Cu-TiO, 7E R M
12 h Ja X5 PFOA Y B figt 6 1 380 5% 43 i 3k 3] 1
91 % M1 19%.

T4 B AR IFORL AT TiO, FEAT B G LR
WA I BARTE L er al.(2016) 1 334k 2738 JFE K 57 4
JE& A UL (P, Pd L Ag) 138 8 TiO, i @ik SEM
Ml TEM % 2 4F T B, & B 5 4 Jm WURL 44 &) 43 A1 15
TiO, Fifi B F-¥84% R 5 nm; Pt.Pd Fl Ag &4 /Y
TiO, Xt PFOA (1% B fi# 38 5 43 53 o 26 TiO, 1y 12.5
5.5 5 2.2 M. & SR & BB S 1Y TiO, A ik
(A AL 50 R R Bt 4 S AR K JBORL 58 Y T LT
DIRE K TiO, My 7= A4 1 ) 6 AE il T e ok
AR RS AN ™ A= 23 705 PFOA RN

(2) F AL (In, Oy EIR T1O, HeOGAE AR X pa
AV 4 B A BORACE . A X T PFOA
Wit it S R Ak SR ABARAIG o R I L AR 5 o5 REO A4 Ak 770 i
fi# PFOA 475 KA 88 38 U1 AT B A Bk R . Li et al.
(201200 BIREBL T In, O, 1624 F BE WS 4 1L %
fit PEOA, BA#E AL N3 %2 TiO, 19 8.4 fiF.

Ml {1 3 NMR,NSR (#% H g — % 5h) 254> Br
TF-Bef s T 48 A 40 e Ak Sz (9 BILEE - 7E 28 51 % R 5
T In, Oy M7l ML F 8 A, 77 4 257X, T PEOA
14 2 3 3 XU A, RN 2R A T X B In, O, R 1T
Ak 5 A 7 K AR N B AR AR R AR (L 220 X 1B
PFOA 7 TiO, 3K M 0 #E 1k f . %€ 5006 B T
TiO, ol B F 8k . 77 A28 98, B T PFOA A
ERW A TiO, F M, B L5 785 25 BOK 805 56
KRBT A i OH « L1 J5 OH « #E1% PFOA
(E 2b) AR K A7 7E oA 1 3L AT <5 #8 OH -, H
2 i v B2 DT 19 253 T v BEL 000 R 96 1 i R 97
it OH » #EIHE L PFOA, S8R5 PFOA X
7Y FR R R R A L S i i R AR

Li ez al.(2012b) Lk InOOH/In(OH); A i 3K
.4 % T F ¥ FLAE N 6 nm 19 94 K & 1L 88 Bk
(NPNSs), Hi b E T K 39.0 m® /g TERZ ST,
NPNSs % PEOA 1 [ fif 3 2 73 5l J2& In, O, F1 TiO,
[ 9 i A1 54.6 1% BF 55 & BL, NPNSs = 20 H) 6 A 1k
o i 23 32 2 VA ) T A oK L 5 48 R0 R Y L R T AR

HOO -

OH™, H,0

C,F,.CF - _OH «
ciucoofmfﬁr\\
C,F,,CF: -
(a) | (b)

El 2 PFOA fE In, O; F1 TiO, 31 AJ A8 (¥ 4 i HL 21
Fig.2 Possible degradation mechanism of PFOA on surfaces
of In, O; and TiO,
i Li et al.(2011)

PFOA W B 7E In, O, 3R 5 %A 28 7 B 42 )0, iX
H52ZH Li et al.(20132) 8 1Y In, O, 18 1k %
PFOA Jz i ML — 2, {8 2 1 8 5 FRE 5t T4 #6 A0 L
ZHT A A Ak R R A B T AR DL 5T R SR b B Li
et al.(2013a) LA InCOH) 5 N Al 3R 44, B A [|] %
ALl T 3 FAEP ARG T In,O,——Z 4L
TR AR ST TR R K R =& X PFOA 4 4k
WA S 43 0 P25 TiO, 1Y 74.7 4%, 41.9 £ F0
17.3 % HZ LR In, O, 4L T 1Y PFOA 251
A 5.3 min, TiO, 1L PFOA 92 21K 35
391 min; i/ FL A& AL 0 99 K B (PNPs) i — 25 2 15
TICAELRE i PEOA MRCE 15 PFOA 192 3 1)
4% 4.4 min(Li et al.,2014).

Li et al.(2013b) i F1) F 7 I 48 Bl . 4 A7 56065 1
HH In, O, R, H 4 T 8 8 A AL F In, O,-
graphene. H: /7, 7 28 5 1E 4% 3 | F 19 2044, O
He L ARG WAL 3 45 PFOA L #E TG 2E B 1 A
25 3 1 R B R A AL ACR  Jiang et al . (2016)
Hlg T & BAESBA 0.86% CeO, B 2% 94 K
In, O, JEAEALFI SR PEOA, CeO, fEfs A R &%
AR A S E AL RV 60 min S5 54.8%
PFOA 9 5¢ 204k, SR H AR 5 10 Ak T 1

() EHAE (Ga, O B (Ga, O,) S — Fh 5
Ay AR, L FE BN H AE G L A (Zheng et al. s
2007).Ga, O; A 5 P [E 7 R 0. B, 7. 8,6, Ho
RN BRIk, B B-Ga, O,. 1 T B-Ga, O
(4.8 eV) I Ti0O, (3.2 eV) A %5 B 25 HF 56 & , H B-
Ga, Oy FAF LA (ECB= —2.95 eV) W& F TiO,
(ECB=—4.21 V), Flit I Al 738 JRL M5k T
Ti0, (Xu and Schoonen,2000).
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Zhao and Zhang(2009) B K LA 8-Ga, O, R
AL R fi# PFOA.JE E XRD.SEM #1 BET %43
BrF Bt AT & B PFOA GBS W M 7E B-Ga, O, 3 1H
TR A H 30 5 At A T T v Tm] B A T 3] 9L
Tk —E T B-Ga, O, XF PFOA B4 i1k [ firt
R Zhao et al . (2012) it — AL S 45 1 565 —
WAE A S R LA B-Ga, Oy Ry 648 Ak 50 41 £k 1%
PFOA; fEF TE AR B IR SR AN A B W h H R 3 h
J&i s PFOA 11 B fif 22 R B8 550 43 3 35 3] T 98.8 %4 Al
31.6 0 5 X B A 77 Wy HEAT 3 BT s R BT R RN
EFRIE PFCAs, HILATHEN PFOA 7ELL 8-Ga, O,
S AEAR TR S5 F T T RE A R AL . B-Ga, O,
WO Y RE S OR B O AR H AR
R FE ARG HE I PFOA rp 1) 48 ik I 4l i 2% 1 %
B C,Foiy ¢ s ZJA C.Foyy » 5 H,O N AE B
C,Fo o OH. % 5 HF W4/ C,F,, COOH, in
WAGER N, HE) n=1.

Shao et al.(2013) %F B-Ga, O; 454 #4711k
T ) 2R 20 B R AR (0 K ARTR A T AR IR 5 R Y B-
Ga, Oy BB T K HARAE 10 nm LR A9/M L, R
AR E] 36.1 m* /g 1 FHIKIE 8-Ga, O, I4s 140
K45, 15 B-Ga, O, 5 PFOA 45 & % %, 1
254 nm %A OG MR R, I Ry TR R Bk )
4.85 h ' 3R Ga, O Fl TiO, B 16 51 44
fi5.7E 185 nm E25 LAME M T . 40K ) B-Ga, O,
PG KA EE T Z g ok i PFOA R AT AR &5 1
Bt i %, HAS 32 7K rh At R R A AL 490 R ik TR 6 1) 5%
M) 33X % F B-Ga, O, 52 Fr W H A 8 28 AR, H
W 2 1 BN S 1 B 8 v 1) Ak B BUAR | 2 S B s K
Ao 3V A A 2 R R
22 HE

AR T H AR 2 SR A A BLTS e % G | R
TN & ) A Ak 2 b S K T g
IR B T X4 AT HLTS Y W R 9T BE . 2K T ik TR 45
(Pérez et al.,2010; Urtiaga et al.,2013) 1 Tl J&F
TR 8 ME R fi A BLTS e ) 55 (Urtiaga et al.,2014).
ZHEARBRA R4 5 T E s D ik
S L JE RS Y | A B AL R 4 S A S (Anglada
et al.,2009). 78 AL Ak 2% U Ak i A2 v o FL AR b R A 3]
TG HEAE . H AT, 81148 4% 4 NI A (BDD) | S AL )
(SnO,) EALHT (PO, ) %5 4l K ¢ i A b4 K 1 T
i PECs, HHUSR T 54 HROCR.

BDD 3 H i) b1 RE i B 28 7 b Ak LT A
I 5y 7 16 v B Rk A B, DA RO S [ AP PFCs

A AL 518 AT Z K3 (Enache et al.,
2009; Trautmann et al., 2015). Urtiaga et al.
(2015) ] FH A 0 K & 2595 2% 1) 4 WA Fl i vl A 2
fift PFOA, 78 L4 H 22 L3 %5 B 200 A/m” ¥ 6 h
Ji s PFOA MR BRZIE BN T 930, & i %F ) W i )
SAHUER CTOC) B 43 AT 45 ™ 228 95 %0, i#F —
AR R B OR L PR AR R R R,
XF PFOA 1Y 2 B 5 il

SR PEOA 1 PFOS 7E BDD HL #2171 B i
LA AEAE 0L, &8 3 W 55 # I PFOA il PFOS
TE FEL B 3 T P R Ao T 5 R A 1 R A S g o R
FAN 2 R 2 B (Carter and Farrell, 2008;
Ochiai et al.,2011) ;{0 55 — B WF 58 #H A Ny, FLR
Ferm AR R A B R 7E PEFOA/PFOS 1 B fift 18
PRl 3 BEARE AT, H O R ) 2P B8 (Niu ez al. s
2013; Urtiaga et al.,2015). SR, iX 28 B 57 4R J& 7¢
PFOA/PFOS ¥ FF K F 100 mg/L 1 % F F ¥t 47
), e R AR KR i PFOA/PFOS & &8 (<1 mg/L)
B LA B 9% (Backe et al., 2013; Pan et al.,
2014) , T LA BE AR 52 56 7 I N R 58 42 S it LSS K A v
Bk 22 % it PFCs i HLER. A1, 78 KSR K M i, 38
TEAE RIRA DL RIREL LCa® ' \Mg?" I HAh 5 YLy
A (JEHMEE.2017) .45 PFOA/PFOS e 4+ B 3 H
HH 35, 5% i) JH R ik S 7 38

Niu ez al.(2012) F| F H TR 2 il £ i 42 2% ek
PR Z LK PO, i 1A M B fL B . XF PFOA #E47
HL AL # R A%, 90 min 5. PFOA & fb s $ik 3 1
0.95 ; I8 48 W 4% J o 4o i 1) o fi] 7™ 49 R B - R
2 AL v FE AR AL L HE DU FRL Ak 2% B i PFOA AL
AR LL PbO, Sy H B A RE AT BB 23 7 H A R N 5
FEPORE Ph* T B K, Sy Tk sk I B0 kR
I 7E BEAR DGR 47 W 3, B 1k PB* T RIS R kTS
Yo FEBLFERE [ Niu ez al.(2013) F % 12 R BLIE
(DFD B4 T PFOA TE il 48 J% B Pk 1 2 L 94 K
PbO, fb 74 B A - i) B A LB IE B R 6 A
35 PFOA W [ Rk 5 BERE i ak 42, LK WP A
FE W S8 B HE T RN I R A, 4633 DFT 1
L PFOA R fff o FRALHE T 7 8 LR B0 L A
F 3 SN L R S 7 R e i 24 A S 0L 4. H T, S FE
ITAT 1, H Ak 24 i PFCs #7832 08 2= 5 /4 F i
AT B 00 S B B4 7K Ak B3 R R K B A 2 ke
Z R0 E 4 RV BEAE L 23 AH B b T PR A S BR K
A e e g 55k W B/ R A PFCs 2 4 R T 22 ikt 1Y
— R AL
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A3 %

3 Rgi5REH

ARSCLUHT B AV HLTS Y2 ) PFCs i 58 X
G0 T Y KR R i B B g etk i
o255 R L BR Kk v PFCs B 1% 1. B8R 4 K 41
BHLE BB R4 v A 17 B R 8 32 B AT R S,
YR} 1 ) 2 R A Ak S8 A& /N AR R 1) T
i Ak & T B B B B R AR IO, FH 3 A 5K ) B
LRGN EBEEAELRBSEECEHT T —E
(RIS o 1 1) A0F 5 R 25 4 e, v AL 7 DRl % 8 By
B R Horp — SR TE R it ff% #% PFCs Jr A —
SEMRCR (HE S PRCs (58 &0 E M LB EA i
Z PRI D3 A A LA G2 B — () W B s A 2 L BR L A
Jei R 25 1 2 AR I FH O T B — S Ak W — Fi fk
2 TR PRCs 825 B R 125 3 AR

References

Anglada, A., Urtiaga, A., Ortiz, L, 2009. Contributions of
Electrochemical Oxidation to Waste-Water Treatment:
Fundamentals and Review of Applications. Journal of
Chemical Technology & Biotechnology, 84 (12):
1747—1755.https: //doi.org/10.1002/jcth.2214

Backe,W.]., Day, T.C., Field, J. A., 2013. Zwitterionic, Cat-
ionic, and Anionic Fluorinated Chemicals in Aqueous
Film Forming Foam Formulations and Groundwater
from U.S. Military Bases by Nonaqueous Large-Volume
Injection HPLC-MS/MS. Environmental Science &
Technology »47 (10) : 5226 — 5234. https:// doi. org/10.
1021/es3034999

Batten,S.R.,Champness, N.R.,Chen, X. M., et al.,2013.Ter-
minology of Metal-Organic Frameworks and Coordina-
tion Polymers (IUPAC Recommendations 2013). Pure
and Applied Chemistry,85(8):1715— 1724, https://
doi.org/10.1351/pac-rec-12-11-20

Bei.Y..Deng.S.,Du.Z.,et al.,2014. Adsorption of Perfluo-
rooctane Sulfonate on Carbon Nanotubes: Influence of
pH and Competitive lons.Water Science and Technolo-
gy,69(7):1489 — 1495, https://doi.org/10.2166/wst.
2014.049

Boulanger.B.,Vargo,J.D.,Schnoor,J.L.,et al.,2005. Evalua-
tion of Perfluorooctane Surfactants in a Wastewater
Treatment System and in a Commercial Surface Protec-
tion Product. Environmental Science & Technology »39
(15):5524—5530.https://doi.org/10.1021/es050213u

Carter, K. E., Farrell, J., 2008. Oxidative Destruction of Per-

fluorooctane Sulfonate Using Boron-Doped Diamond

Film Electrodes. Environmental Science & Technology
42 (16): 6111 — 6115. https:// doi. org/10. 1021/
es703273s

Chakrapani, N., Zhang, Y. M. M., Nayak, S. K., et al., 2003.
Chemisorption of Acetone on Carbon Nanotubes. Jour-
nal of Physical Chemistry B.107 (35): 9308 — 9311.
https://doi.org/10.1021/jp034970v

Chen, H.,Chen,S.,Quan, X., et al.,2009.Sorption of Perflu-
orooctane Sulfonate (PFOS) on Oil and Oil-Derived
Black Carbon: Influence of Solution pH and Ca®’.
Chemos phere ,77(10) ;1406 — 1411 https: // doi.org/10
1016/j.chemosphere.2009.09.008

Chen, M.J., Lo, S.L., Lee, Y.C., et al., 2015. Photocatalytic
Decomposition of Perfluorooctanoic Acid by Transition-
Metal Modified Titanium Dioxide. Journal of Hazard-
ous Materials ,288:168—175.https://doi.org/10.1016/
j.jhazmat.2015.02.004

Chen, X.,Xia,X.H., Wang, X.L.,et al.,2011. A Comparative
Study on Sorption of Perfluorooctane Sulfonate (PFOS)
by Chars. Ash and Carbon Nanotubes.Chemosphere ,83
(10):1313 — 1319. https:// doi. org/10. 1016/j. chemo-
sphere.2011.04.018

Cheng.D..Liao,P.. Yuan,S.H.,2016. Effect of FeS Colloids
on Desorption of As(V) Adsorbed on Ferric Ion.Earth
Science +41(2) :325— 330 (in Chinese with English ab-
stract) . https://doi.org/10.3799/dqkx.2016.024

Deng.S.. Bei, Y., Lu, X., et al., 2015. Effect of Co-Existing
Organic Compounds on Adsorption of Perfluorinated
Compounds onto Carbon Nanotubes. Frontiers of Envi-
ronmental Science & Engineering .9 (5): 784 — 792.
https://doi.org/10.1007/s11783—015-0790-1

Enache, T.A., Chiorcea-Paquim, A. M., Fatibello-Filho, O. , et
al.,2009. Hydroxyl Radicals Electrochemically Genera-
ted In-Situ on a Boron-Doped Diamond Electrode. Elec-
trochemistry Communications, 11 (7). 1342 — 1345.
https://doi.org/10.1016/j.elecom.2009.04.017

Fujii, S. . Polprasert,C., Tanaka,S. ,et al.,2007.New POPs in
the Water Environment: Distribution, Bioaccumulation
and Treatment of Perfluorinated Compounds—A Re-
view Paper. Journal of Water Supply Research and
Technology—AQUA , 56 (5): 313 — 326. https:// doi.
org/10.2166/aqua.2007.005

Fujishima, A..Honda.K..1972.Electrochemical Photolysis of
Water at a Semiconductor Electrode. Nature, 238
(5358) :37—38.https://doi.org/10.1038/238037a0

Gatto, S., Sansotera, M., Persico, F., et al., 2015. Surface
Fluorination on TiO, Catalyst Induced by Photodegra-
dation of Perfluorooctanoic Acid.Catalysis Today ,241:



VFOBEAE ORI X KR PRCs 19 25 B AT 9 S LI 1733

8 —14.https://doi.org/10.1016/j.cattod.2014.04.031

Hoffmann, M.R.,Martin,S.T.,Choi, W.Y.,et al.,1995.Envi-
ronmental Applications of Semiconductor Photocataly-
sis.Chemical Reviews 95(1):69—96.

lijima, S., 1991. Helical Microtubules of Graphitic Carbon.
Nature ,354 (6348) : 56 — 58. https:// doi.org/10.1038/
35405620

Jia,D.W.,Tian,B.H.,Zhang,G.Z.,et al.,2012. Adsorption of
Pernuorooctane Sulfonate on Fe; O, Magnetic Nanopar-
ticles.Chinese Journal of Environmental Engineering »
6(2):389—392 (in Chinese with English abstract).

Jiang, F., Zhao, H., Chen, H., et al., 2016. Enhancement of
Photocatalytic Decomposition of Perfluorooctanoic Acid
on CeQ,/In, O3.RSC Advances,6(76):72015—72021.
https://doi.org/10.1039/C6RA09856 H

Karn,B.,Kuiken, T., Otto, M., 2009. Nanotechnology and In-
Situ Remediation: A Review of the Benefits and Poten-
tial Risks. Environmental Health Perspectives, 117
(12): 1813 — 1831. https:// doi. org/10. 1289/chp.
0900793

Kiso, Y., Sugiura, Y., Kitao, T.. et al., 2001. Effects of Hy-
drophobicity and Molecular Size on Rejection of Aro-
matic Pesticides with Nanofiltration Membranes. Jour-
nal of Membrane Science,192(1—2):1—10.https://
doi.org/10.1016/S0376-7388(01)00411-2

Lemal,D. M., 2004. Perspective on Fluorocarbon Chemistry.
The Journal of Organic Chemistry, 69 (1).1 — 11.
https://doi.org/10.1021/j00302556

Li,M..Yu,Z.,Liu,Q., et al., 2016. Photocatalytic Decompo-
sition of Perfluorooctanoic Acid by Noble Metallic Nan-
oparticles Modified TiO,.Chemical Engineering Jour-
nal ,286:232—238.https://doi.org/10.1016/j.cej.2015.
10.037

Li,X.,Chen, S., Quan, X., et al., 2011. Enhanced Adsorption
of PFOA and PFOS on Multiwalled Carbon Nanotubes
under Electrochemical Assistance. Environmental Sci-
ence & Technology ,45(19):8498 — 8505. https:// doi.
org/10.1021/es202026v

Li,X..Zhang.P..Jin.L.,et al.,2012a.Efficient Photocatalytic
Decomposition of Perfluorooctanoic Acid by Indium
Oxide and Its Mechanism. Environmental Science &
Technology 46 (10) : 5528 — 5534, https:// doi. org/10.
1021/es204279u

Li,Z., Zhang, P., Shao, T., et al., 2012b. In, O; Nanoporous
Nanosphere: A Highly Efficient Photocatalyst for De-
composition of Perfluorooctanoic Acid.Applied Cataly-
sis B—Environmental ,125:350— 357 .https://doi.org/
10.1016/j.apcath.2012.06.017

Li,Z., Zhang, P., Li, J., et al., 2013a. Synthesis of In,O;-
Graphene Composites and Their Photocatalytic Per-
formance towards Perfluorooctanoic Acid Decomposi-
tion.Journal of Photochemistry and Photobiology A
Chemistry,271:111 — 116. https:// doi. org/10.1016/j.
jphotochem.2013.08.012

Li,Z.,Zhang,P.,Shao, T.,et al.,2013b.Different Nanostruc-
tured In, O3 for Photocatalytic Decomposition of Perflu-
orooctanoic Acid (PFOA). Journal of Hazardous Ma-
terials ,260:40—46.https://doi.org/10.1016/j.jhazmat.
2013.04.042

Li.Z..Zhang,P.,Li,].,et al., 2014, Synthesis of In, O; Por-
ous Nanoplates for Photocatalytic Decomposition of
Perfluorooctanoic Acid (PFOA). Catalysis Communi-
cations »43: 42— 46.https://doi.org/10.1016/j. catcom.
2013.09.004

Liu, K., Zhang, S., Hu, X., et al., 2015. Understanding the
Adsorption of PFOA on MIL-101-Based Anionic-
Exchange Metal-Organic Frameworks: Comparing DFT
Calculations with Aqueous Sorption Experiments. Envi-
ronmental Science & Technology ,49(14) ;8657 — 8665.
https://doi.org/10.1021/acs.est.5b00802

Lu.X..Deng,S.,Wang.B..et al., 2016. Adsorption Behavior
and Mechanism of Perfluorooctane Sulfonate on Nanos-
ized Inorganic Oxides.Journal of Colloid and Interface
Science ,474:199 — 205. https://doi.org/10.1016/j.jcis.
2016.04.032

Luan, X.,Zhou,Q.,Bi, L., et al.,2014.Sorption Behavior and
Mechanism of Perfluorooctanesulfonate ( PFOS) on
Chlorella and Chlorella Residues. Chinese Journal of
Environmental Engineering »8(3):897 — 902 (in Chi-
nese with English abstract).

Ma,R., Shi, J., Shi, X., 2017. Spatial Variation of Hydraulic
Conductivity Categories in a Highly Heterogeneous Aq-
uifer; A Case Study in the North China Plain (NCP).
Journal of Earth Science,28(1):113—123.

Midasch, O. ., Schettgen. T., Angerer, J., 2006. Pilot Study on
the Perfluorooctanesulfonate and Perfluorooctanoate
Exposure of the German General Population. Interna-
tional Jowrnal of Hygiene and Environmental
Health ,209(6) :489 — 496. https://doi.org/10.1016/j.
ijheh.2006.06.002

Niu.J.,Lin,H.,Gong,C..et al..2013.Theoretical and Exper-
imental Insights into the Electrochemical Mineralization
Mechanism of Perfluorooctanoic Acid. Environmental
Science & Technology »47(24) :14341—14349.https://
doi.org/ 10.1021/es402987t

Niu,J., Lin, H., Xu, J., et al., 2012. Electrochemical Mineraliza-



1734 HERBLY:  http://www.earth-science.net 43 4

tion of Perfluorocarboxylic Acids (PFCAs) by Ce-Doped
Modified Porous Nanocrystalline PbO, Film Electrode. En-
vironmental Science & Technology » 46 (18): 10191 —
10198.https://doi.org/10.1021/es302148z

Ochiai, T.,lizuka, Y., Nakata, K., et al.,2011. Efficient Elec-
trochemical Decomposition of Perfluorocarboxylic Acids
by the Use of a Boron-Doped Diamond Electrode. Dia-
mond and Related Materials,20(2):64— 67, https://
doi.org/ 10.1016/j.diamond.2010.12.008

Ololade, I. A., Zhou, Q., Pan, G., 2016. Influence of Oxic/
Anoxic Condition on Sorption Behavior of PFOS in Sed-
iment.Chemos phere , 150 ;798 —803.https://doi.org/10.
1016/j.chemosphere.2015.08.068

Olsen,G.W.,Burris,J.M., Ehresman, D.]., et al.,2007. Half-
Life of Serum Elimination of Perfluorooctanesulfonate,
Perfluorohexanesulfonate, and Perfluorooctanoate in
Retired Fluorochemical Production Workers. Environ-
mental Health Perspectives, 115 (9): 1298 — 1305.
https://doi.org/10.1289/c¢hp.10009

Pan.B..Lin,D.,Mashayekhi, H..et al.,2009. Adsorption and
Hysteresis of Bisphenol A and 17 Alpha-Ethinyl Estra-
diol on Carbon Nanomaterials. Environmental Science
& Technology +43(2) ;5480 — 5485. https: //doi.org/10.
1021/es803362b

Pan, B., Xing, B., 2008. Adsorption Mechanisms of Organic
Chemicals on Carbon Nanotubes. Environmental Science
& Technology +42(24) ;9005 — 9013. https:// doi. org/
10.1021/es801777n

Pan,G., You, C., 2010. Sediment-Water Distribution of Per-
fluorooctane Sulfonate (PFOS) in Yangtze River Estu-
ary. Environmental Pollution, 158 (5): 1363 — 1367.
https://doi.org/ 10.1016/j.envpol.2010.01.011

Pan,G.,Zhou, Q., Luan, X., et al., 2014, Distribution of Per-
fluorinated Compounds in Lake Taihu (China) : Impact
to Human Health and Water Standards. Science of the
Total Environment ,487 ;778 —784.https://doi.org/10.
1016/j.scitotenv.2013.11.100

Park, H., Vecitis, C.D.,Cheng.J.. et al.,2009.Reductive De-
fluorination of Aqueous Perfluorinated Alkyl Surfac-
tants: Effects of lonic Headgroup and Chain Length.
Jowrnal of Physical Chemistry A+113(4) ;690 — 696.
https://doi.org/10.1021/jp807116q

Pérez,G. ,Fernandez-Alba, A.R., Urtiaga, A. M., et al..2010.
Electro-Oxidation of Reverse Osmosis Concentrates
Generated in Tertiary Water Treatment. Water Re-
search ,44(9): 2763 — 2772.https://doi.org/10.1016/j.
watres.2010.02.017

Qu,Y.,Zhang,C.,Li,F.,et al.,2010.Photo-Reductive Deflu-

orination of Perfluorooctanoic Acid in Water.Water Re-
search »44(9) : 2939 — 2947, https://doi.org/10.1016/j.
watres.2010.02.019

Saito, N., Sasaki, K., Nakatome, K., et al., 2003. Perfluo-
rooctane Sulfonate Concentrations in Surface Water in
Japan.Archives of Environmental Contamination and
Toxicology »45(2) ;149 —158.

Sansotera, M. , Persico, F., Pirola, C., et al.,2014.Decomposi-
tion of Perfluorooctanoic Acid Photocatalyzed by Tita-
nium Dioxide: Chemical Modification of the Catalyst
Surface Induced by Fluoride lons. Applied Catalysis
B—Environmental , 148 29 — 35. https:// doi. org/10.
1016/j.apcath.2013.10.038

Shao, T., Zhang, P., Jin, L., et al., 2013. Photocatalytic De-
composition of Perfluorooctanoic Acid in Pure Water
and Sewage Water by Nanostructured Gallium Oxide.
Applied Catalysis B—FEnvironmental , 142 :654 — 661.
https://doi.org/10.1016/j.apcath.2013.05.074

Skutlarek, D.. Exner, M., Farber, H.. 2006. Perfluorinated
Surfactants in Surface and Drinking Water. Environ-
mental Science and Pollution Research, 13 (5):
299—307.

So,M.K.,Taniyasu.S., Yamashita.N.,et al.,2004.Perfluori-
nated Compounds in Coastal Waters of Hong Kong,
South China, and Korea. Environmental Science &
Technology »38 (15) : 4056 — 4063. https:// doi. org/10.
1021/es049441z

Trautmann, A. M., Schell, H., Schmidt, K. R., et al., 2015.
Electrochemical Degradation of Perfluoroalkyl and
Polyfluoroalkyl Substances (PFASs) in Groundwater,
Water Science and Technology»71(10) ;1569 — 1575.
https://doi.org/10.2166/wst.2015.143

Urtiaga, A. , Fernandez-Castro, P.,Gomez,P. et al.,2014.Re-
mediation of Wastewaters Containing Tetrahydrofuran.
Study of the Electrochemical Mineralization on BDD
Electrodes.Chemical Engineering Journal ,239:341 —
350.https://doi.org/10.1016/j.cej.2013.11.028

Urtiaga. A.,Fernandez-Gonzdlez,C. , Gomez-Lavin, S., et al.,
2015.Kinetics of the Electrochemical Mineralization of
Perfluorooctanoic Acid on Ultrananocrystalline Boron
Doped Conductive Diamond Electrodes. Chemosphere »
129:20 — 26. https:// doi. org/10. 1016/j. chemosphere.
2014.05.090

Urtiaga, A. M., Pérez, G.,Ibdnez.R.. et al.,2013.Removal of
Pharmaceuticals from a WWTP Secondary Effluent by
Ultrafiltration/Reverse Osmosis Followed by Electro-
chemical Oxidation of the RO Concentrate. Desalina-

tion » 331: 26 — 34. https:// doi. org/10. 1016/j. desal.



VFOBEAE ORI X KR PRCs 19 25 B AT 9 S LI 1735

2013.10.010

van der Bruggen,B..Schaep,J., Wilms.D.,et al.,1999.Influ-
ence of Molecular Size, Polarity and Charge on the Re-
tention of Organic Molecules by Nanofiltration. Journal
of Membrane Science, 156 (1):29 — 41, https:// doi.
org/10.1016/S0376-7388(98)00326-3

Wang, T., Zhao, C., Li, P., et al., 2015. Fabrication of Novel
Poly(m-Phenyleneisophthalamide) Hollow Fiber Nano-
filtration Membrane for Effective Removal of Trace
Amount Perfluorooctane Sulfonate from Water. Journal
of Membrane Science ,477:74—85.https: //doi.org/10.
1016/j.memsci.2014.12.038

Wu, Y., Li, Y., Tian, A., et al., 2016. Selective Removal of
Perfluorooctanoic Acid Using Molecularly Imprinted
Polymer-Modified TiO, Nanotube Arrays.International
Journal of Photoenergy, 1 — 10. https:// doi. org/10.
1155/2016/7368795

Xiao, F.,Zhang, X., Penn, L., et al., 2011. Effects of Monovalent
Cations on the Competitive Adsorption of Perfluoroalkyl
Acids by Kaolinite: Experimental Studies and Modeling.
Environmental Science & Technology »45(23) ;10028 —
10035.https://doi.org/10.1021/es202524y

Xu.Y..Schoonen, M. A.A.,2000.The Absolute Energy Positions
of Conduction and Valence Bands of Selected Semiconduct-
ing Minerals.American Mineralogist ,85(3—4) ;543 —556.
https://doi.org/10.2138/am-2000-0416

Yamashita.N..Kannan, K., Taniyasu,S. et al.,2005.A Glob-
al Survey of Perfluorinated Acids in Oceans. Marine
Pollution Bulletin ,51(8—12):658 — 668. https:// doi.
org/10.1016/j.marpolbul.2005.04.026

Yang, K., Xing.B.,2010. Adsorption of Organic Compounds
by Carbon Nanomaterials in Aqueous Phase: Polanyi
Theory and Its Application. Chemical Reviews, 110
(10) :5989—6008.https://doi.org/10.1021/cr100059s

Yu,M.,Wang.Y..Kong,S..et al.,2016a. Adsorption Kinetic
Properties of As(III) on Synthetic Nano Fe-Mn Binary
Oxides. Journal of Earth Science, 27 (4):699 — 706.
https://doi.org/10.1007/s12583-016-0714-4

Yu,Y.,Zhao, C., Yu, L., et al., 2016b. Removal of Perfluo-
rooctane Sulfonates from Water by a Hybrid
Coagulation-Nanofiltration Process.Chemical Engineer-
ing Journal ,289:7—16.https://doi.org/10.1016/j.cej.
2015.12.048

Yu,Q.,Deng,S., Yu,G.,2008.Selective Removal of Perfluo-
rooctane Sulfonate from Aqueous Solution Using
Chitosan-Based Molecularly Imprinted Polymer Adsor-
bents. Water Research , 42 (12):3089 — 3097. https://
doi.org/10.1016/j.watres.2008.02.024

Zhang, R.. Yan, W., Jing. C., 2014. Mechanistic Study of
PFOS Adsorption on Kaolinite and Montmorillonite.
Colloids and Surfaces A— Physicochemical and Engi-
neering Aspects, 462 252 — 258. https:// doi. org/10.
1016/j.colsurfa.2014.09.019

Zhang,T.L.,Pan, G..Zhou,Q..2016. Temperature Effect on
Photolysis Decomposing of Perfluorooctanoic Acid.
Journal of Environmental Sciences, 42: 126 — 133.
https://doi.org/10.1016/}.jes.2015.05.008

Zhao,B., Lii, M., Zhou, L., 2012. Photocatalytic Degradation
of Perfluorooctanoic Acid with B-Ga,O; in Anoxic
Aqueous Solution. Journal of Environmental Sciences ,
24(4) 774 — 780.https://doi.org/10.1016/S1001-0742
(11)60818-8

Zhao, B., Zhang, P., 2009. Photocatalytic Decomposition of Per-
fluorooctanoic Acid with Beta-Ga, O; Wide Bandgap Photo-
catalyst. Catalysis Communications, 10 (8):1184— 1187.
https://doi.org/10.1016/j.catcom.2009.01.017

Zhao,C.,Zhang.J.. He,G.,et al.,2013.Perfluorooctane Sul-
fonate Removal by Nanofiltration Membrane the Role
of Calciumions. Chemical Engineering Jowrnal , 233:
224—232.https://doi.org/10.1016/.ccj.2013.08.027

Zheng, J. F., Tsai, W., Lin, T. D., et al., 2007. Ga,Os
(Gd, 03)/Siy N, Dual-Layer Gate Dielectric for InGaAs
Enhancement Mode Metal-Oxide-Semiconductor Field-
Effect Transistor with Channel Inversion. Applied
Physics Letters, 91 (22): 223502, https:// doi. org/10.
1063/1.2817742

Zhou,F.,Zhu,].,Zhang,P.,et al.,2017.Effect of Groundwa-
ter Components on Hydroxyl Radical Production by
Fe(ll ) Oxygenation.Earth Science .42(6):1039—1044
(in Chinese with English abstract).https://doi.org/10.
3799/dqkx.2017.082

Zhou, Q. ,Deng,S.B., Yu,Q.,et al.,2010.Sorption of Perfluo-
rooctane Sulfonate on Organo-Montmorillonites.Chemo-
sphere 78 (6): 688 — 694. https:// doi. org/10. 1016/j.
chemosphere.2009.12.005

Zhou, Q., Luan, X., Pan, G., 2012. Sorption of Perfluo-
rooctanoic Acid (PFOA) and Perfluorooctane Sulfonate
(PFOS) from Water.Chinese Science Bulletin ,57(17):
1526 —1532 (in Chinese with English abstract).

Zhou, Q., Pan, G., Shen, W., 2013a. Enhanced Sorption of
Perfluorooctane Sulfonate and Cr ( VI) on Organo-
Montmorillonite: Influence of Solution pH and Uptake
Mechanism. Adsorption—Journal of the International
Adsorption Society s19(2—4):709 — 715. https:// doi.
org/10.1007/s10450-013-9496-5

Zhou,Q.,Pan,G.,Zhang,].,2013b.Effective Sorption of Per-



1736 HERBLY:  http://www.earth-science.net

B
&
Gl

fluorooctane Sulfonate (PFOS) on Hexadecyltrimethyl-
ammonium Bromide Immobilized Mesoporous SiO,
Hollow Sphere. Chemosphere, 90 (9): 2461 — 2466,
https://doi.org/10.1016/j.chemosphere.2012.11.009
Zhou,Q.X.,Hu,X.G.,2007.Researching Progresses in Envi-
ronmental Pollution Behavior, Toxic Effects and Mecha-
nisms of PFOS/PFOA. Environmental Science, 28
(10):2153—2162 (in Chinese with English abstract).
Zhou, Y.P., Wen,B.,Hu,X. Y., et al.,2012. Adsorption of Perflu-
orinated Compounds on Cationic Surfactant Coated Multi-
walled Carbon Nanotubes. Environmental Chemistry s 31
(1) :43—49 (in Chinese with English abstract).
Zhu,Z.B., Zhou, Q., Zhang, M. Y., et al., 2015. Simultaneous
Multifunctional Sorption of PFOS and Cr(VD), on Ac-
tivated Carbon Prepared by One-Step Microwave Acti-
vation.Water Air and Soil Pollution, 226 (8):259 —
267.https://doi.org/10.1007/s11270-015-2496-1

Bt FR 325 2 Sk

BCZR B AR PE . 2016. FeS BEAR ST = M kR HE & As(V)
1) A W2 A Bk B 2% ,41(2) « 325—330.

TR, SRR, K E B, 4, 2012.Fes O, 94 0 1% 1 HHORE X 42
TR otk 2 R 1) T BEE R A TR A4, 6(2) : 389—392.

A JH B ER A 5F 2014. A S BE R (PFOS) 78 3 i /
INERE 1 0 W BRE AT R R HL B 3R 8 TR 2 4R, 8 (3) .
897—902.

JEWL AR L 8 L 45 L 2017, 3 R K AL 2 4L X Fe? ™ Sk 7= 2
¥ A 5 i BREL 22 ,42(6) . 1039—1044.

JEZE A58 IR A, 2012, 0K v LAY & F AL A W0 1 W BRE AT L B
25EHRL57(17) : 1526— 1532,

JA R A HTREL 2007 PFOS/PFOA 8575 Ye 47 4 5 35 M3k
N e L FRBIE 5 e BB R 2%, 28(10) : 2153 —2162.

JE AR IR, 2L 2012, 2 AL A W TE T B T R T TR
PEF B M e 0K A bR IR 2R BE 4k SR, 31 (1)
43—49,



