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Anaerobic Biodegradability of Perfluorooctanoic Acid ( PFOA)

LI Fei, CHEN Yi-dan, ZHOU Zhen-ming, LIAO Xiao-bin, MA Hong-fang, YUAN Bao-ling "

(College of Civil Engineering, Huagiao University, Xiamen 361021, China)

Abstract ; Perfluorooctanoic acid (PFOA) , one of the most typical representatives of perfluoroalkyl surfactants (PASs) , has relatively
high detection rate and level of pollution, and the accumulation of PFOA in the environment has been a serious threat to human health
and security of the whole ecological environment. Therefore, studies on anaerobic biodegradability of PFOA are very important for
elucidation of its environmental fate. This study used anaerobic sludge from municipal sewage treatment plant ( WWTP) and 5.0
mg+L"" vitamin B, (VB,,) as catalysts for the degradation of PFOA in the anaerobic environment. The anaerobic biodegradability of
PFOA was examined by liquid chromatography tandem mass spectrometry ( LC-MS/MS) and ion chromatography while some indictors,
such as molar recoveries of PFOA as well as concentrations of fluoride, acetate, 2H-PFOA (F(CF,),CHFCOOH) , and shorter chain
( <C8) perfluorocarboxylates (PFCAs) etc. , were selected according to the reductive degradation results reported by predecessors.
The results indicated that the molar recoveries of PFOA significantly decreased from 101% +5% at the initial incubation (3 d) to
85.6% +3.9% at the end of incubation (250 d), while fluoride concentrations significantly increased from 0.59 mg-L~" +0.02
mg-L™" at the initial incubation (3 d) t0 0.63 mg-L™" +0.02 mg-L™" at the end of incubation (250 d) in biodegradation samples.
Meanwhile, certain amounts of acetate, 2H-PFOA, and short-chain PFCAs, the products of reductive degradation of PFOA reported by
precursors, were detected in biodegradation samples. However, there was no significant difference between these indicators in
biodegradation samples and their corresponding controls. Therefore, no evidences were found to certify the anaerobic biodegradability of
PFOA under the conditions described in present study, though the microorganisms were able to obtain enough energy for growth from
reductive defluorination of PFOA in the thermodynamic aspects.

Key words: perfluorooctanoic acid; reductive degradation; degradation products; anaerobic sludge; biodegradability

R LT IGPE] (PASs) R4k Z B WA PFOA % PASs BRI AE = — M 80 ~
TWEYL 5 H 25 5 EE A AEA YL 160 kI -mol ', it K T R R SRR Y ok AR R
(POPs). 498312 (PFOA) YEN PASs 8004 B fgst (43000 38 kJ-mol ~' #1131 kJ-mol "), /&
Tz — WEAREKHRANS YK, S B4R RUE W A @G 3, X 8 PROA YR E AW
R E L Hm B A SRR E ST R T EE SER.

e ER N EREE AR B B B ST Bl 2 — L TR Remde %14 J&- i AR IH PASs £E W) P& i B WF 5T
S L AR R (R G R A5 e R L A A R P

H 2 AR5 B R B R ag L i 2 — (4 450 W B : 2016-03-21; 1&3T HEA: 2016-07-28

KJ-mol ™) , WA AR FH & AT (R 0 e e i s 2 o s L e o s
7, FTLL PFOA %5 PASs MR AE S RasE 23 Ay AR FAEREAA B IR H (JA14014 ) ; fHEA H

SRBL2£ L4 T0 H (2014J01196)

Fft e BB A LS e R RN R EEIRR EERN: ?%%981 - )Ih{% , %L,r?]ﬁﬁ,i%bﬁé‘fﬁﬁ%/kié%
NV . e, K-mail xyz@ gmail. com
-, ﬁﬁ Parsons %'ZJ ,jf/fl:jj ?1‘[‘;%;%5%&%@% B BE%LEE # G IHIEE R A, E-mail; blyuan@ hqu. edu. cn



4774 7S

B % 37 %

HOREHAEE R CO, A4 M RENSIE I PASs 7E
USRS R AR T ¥ 0] Lt A R i (R A
KIS T BERA . Schroder™ F1 Meesters 25
R SE 45 SRR I, FE IR S 45 1 PFOA Il 42 95 ik
2 (PFOS) 4% PASs 4 1] LA #% 25 B, 1H J& Il Remde
S EE RIS, T A AR T 3] 6 T Mk R .
Wang %[7] FIl Washington LSRR oY - e A G
i 8: 2GRN B (8: 2 FTOH) B 6L 3R ¥ kit IA
2H-PFOA[ F ( CF, ) ,CHFCOOH ] 1] A€ /& PFOA Y &
SRS TR, BRI, Liou 251 HISA MK ) 2H-PFOA
A RERIAFIA 4l T B0, WA JE i PROA A= W) % fif
A Y RS AT TR AR 58 = G £ 0 R SR S 3L AR
PFOA I3 B PROA S BEA BT R . )i o251
TN B s SR B IT 3R A5 T PFOA MR AR, H
REF =) S T SRR ok nl I, PFOA 1A=
YyaT R AT AEZEAR R 413

SR, PFOA BE 75 A= W) 56 fite 25 ™ i 5% e L PR 5%
H i, PR A SCAR 8 1 N B9 G R i BIE O 4
SRS 10120 SR PROA BE/R IR KB F | &
FRHR | 2H-PFOA Tl 4% 4 FURRR (PFCAs ) Y FE A2 1k
AR RERAE b, B 58 T BUS K AR B35 e IR
AEYIREfR PRFOA T REM:.

1 HH5HE

1.1 HrifERGH

PFOA( =90. 0% ) Fil Analytical Standard 2% — 7
PR (TFA) W B Fluka 23 &), 4= 56 B¢ iR ( PFHpA ,
9% ) . & C M (PFHxA, =97%) . 4 F LR
(PFPeA,97% ) . 4% T 2 (PFBA,98% ) Fl1 4= N
2 (PFPrA,97% ) W H Sigma-Aldrich 23] ; 4k &R
B, (VB,,,=98% )l [ Sigma 2\ 7, = %A {6 3%
(HPLC) WP EE( =99.9% ) FIZ 5 ( =99. 9% ) 4
Sigma-Aldrich /A ; HPLC 2SR £% ( =99. 0% ) Iy
B Fluka 23 ; EnviCarb 43 547 58 W2 Fff 50 9 4
Supelco 2y Fl; BioXtra 2 L84 (= 99% ) W H
Sigma-Aldrich 23 7] ; HABTCHLIAFIII R AR 9,14 H
25 4R .
1.2 JREIGIeRES fiak

S FH DR S S Y B R T T B0 K Ak 3
JT(WWTP) i 2 S B, %75 /KA EET SR A*/0
T2, WA FEEE S 4.5 x 10* m*-d " AR TR T5 K
AT R B2 6:4. KiZ WWTP R 55 X 431
A /N GEAL T Al A S A i 20 4l AT AT AE 3L
K RS A R E Y PASs. 5236 TS Ve SR AR

], 3% WWTP #E7K F s PASs W 5 1k1 911 ~2 425
ng-L~', L PFOA ¥k A F 259 ~316 ng-L7'Z
[E]. V5IRHILRETAN T . SRV (SV) N 33% ,
TSVRUTFEAE R (SVI) g 127 mL-g ™", BV [ A vk F
(SS) 242600 mg-L~", # % P& 77 [ A ik 5
(VSS) #2000 mg-L~" pH {HZA N 7.5, FR L
91250 pS+cm ™.

JE ARG AT R W15 e AT IR, (B %
WWTP [ E7K & A B R v BE Y PASs, JIr A5 T
XF PASs WiZEA — & WA RE 1. A PRAEZ R R
FHIRIRERY 5 U PR R it 8 2 9L BB i (8: 2 FTOH) ,
5T B2 W] 8: 2 FTOH 1] 9 A= My K& it , I A miL o
B 44k PFCAs( <C8) MH 2 &AL &Y (1
SR TR 19 R e SR S ) A R A ) (A SOR A
AT ) | 3Kt KSR AR IR R X WWTP 1
15 UEXT PASs HAT— 7 1 % it g

FEIREFERN, Fl BUnl 475 8 A SR TR 30
min, 7+ & PIHWRE , B g AT g, Kk s T
Je IELC I FJC EUB 4lik oh sk 7ok, IR I3 30 s
(Lab Dancer, IKA, 78 ) R 2] 514 €, % #2755
522 W, DS BRI R I s A R . B
Ja IS TRIR ST, B K32 R 85% ,FREL 2.0 ¢
ZI5UeF 50 mL RN (PP) B A .

1.3 STk

S B IR S B8 Zhang R R | , I
WIS, 0 mg- L1 VB, FE AL 7). O BE il 4 1)
EFRM S 5 A, T AR SRS % T
4°C T IRAER L.

EREFERMN, I 30 mL i 88 FR R 2%
A 2.0 g VEBRIGTRIYELOE N, FUERA I 600 wL
1.00 g-L ™' PFOA HH B fith A5 A, foff JFL e 240 Uk 35 24
h20 mg- L' 0 A TG 2 B, IR TR 30
s, REHIMIRATEM, 8 THRE R 35C, Kl
90 r-min ' YK I FE IR B . i%ﬁgﬂﬁé, iRl
PFOA | 5UES R B RAif 7= (0 vk 32, LA PPA HE
SRR PR R TG TR A

TR IE S5 56 25 R R AE B IR B i T
Yo FEASE 3% Xk HEAE . 176 T 0T R A9 SI2 50 7 28
100375 B R A R L AU 600 WL 4 B EE AR 8 PFOA
P P it 28 YA 5 1T 2K 3485 X BERE 190 4k B v B 28 0L T
I PR BRRE  SCKE T3 YR S 7E 121°C T i R K3 30
min, H ' E L RFIELINEHE 24 h (KA TEHM
WERAE. AR TR B R AL I ) G 3 (6] B i
3 AT,



12 4 ZRAE IR (PFOA) RAEA: W)l A o 4775

1.4 FESTALEL SR AT

P45 SIS B0 E6 000 remin ! AR R B
0> 15 min, ¥ FIHREEA 100 mL PP &N, 17
BTSRRI 10 mL HEE IR BB 30 s JE R
I 15 min, F7E6 000 r-min ' Ay 5 3 T 8.0 15
min , $f FIERBE A iR 100 mL PP A&, HEE
R AERUE IR 2 K. B, F T EEK (50: 50, (R R
) BOEZEE 100 mL 5, BBHC 1.0 mL £ 1.5 mL
PP B0 A, IR IR AN 25 mg 3 A7 BRI B ) | it
FAEHE 30 s 5, 7E15 000 r-min ~' ( HI850R,, ¥ 4 il
10) B B0 15 min. 55 B S AR SR H vk
JEH B — B A5 U EA TR BT

PROA J KA v] BB 2 50 HLIE 7= 9
V18 43 B R A 1 A A 0 SR AR B A m) A
1) LC-20A BY = 20opH 5.3% A1 38 = AB 22 \] 2B 7 1Y
API3200 Y = H PUHAT B, WAH (5 H R 36 H
Agilent 23 7 42 7% () ZORBAX Eclipse Plus C18 #E
(2.1 mm x 150 mm, HFEHFE 3.5 wm) , HHEEH
10 L, FBIAH N Z 05 A1 10 mmol - L™ TR S 1A K,
WA 300 pLemin 'L TSR A S 25 H S U
(ESI) , B TR B 420°C , Wi55 L 3200 V, %
A AR B B AR, T A I 10, 8.0
5.0 Lemin ™', G ShAIARBE R WLSCHR 14 ].

T TR TR I R P A BT R B T E
FI A P2 1) Metrohm 930 %l B 143, i 58 6] 514
UE SR GE T i WL SCHR[ 15 ]

2 ZR5itie

2.1 PFOA EE/R B ZR

FEfi iR R PROA Si T [ — BB A R 2 ok
WIS AR AR O IR A I 9T A K3k 250 d i
B v Uy 22 1 DNV TR AR A A R TG G BRAE Hf PROA
% BA A, AT RE IR I 25 S LA 1.

L 1 AR, B 55 3R I [R] B 38 i, PFOA BE /R
[T A T DA R i A b B T U B0, (HAE A Bl 3 1)
TR (P <0.05) , BRI 3 d BHY 101% +5% [%
250 d Y 85. 6% +3.9% ; SR, 76 K IG # Hil ke
TSR BT R H— A FFE ST B L B
EPE(P>0.05). LA, BRAS T AAE I B R A A v
PFROA ) B8 R T ig 3R — i I 251K K3 X BERE , B
TG PR PFOA MR BT B, X 2B F T A
BB IE 45 5 600

JEE R BISC 3 ( Ry B ) Wi o 5% 3% B [l f 84 o i
FEA— ELAR 2055 I /& PFOA A A W R figt 1Y

120

—o— GTFRRRAE
—O— KiEA

110

100 4

90

PFOABEIR [ Y 3/%

80

70 L L I ! ! I

0 50 100 150 200 250
it fia)/d
El1 PFOA EE/REIE
Fig. 1 Trends of PFOA molar recoveries
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