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Abstract: Perfluorinated compounds (PFCs) is a class of hydrocarbons (and derivatives) in which
hydrogens are replaced by fluorine atoms. Perfluorooctane sulfonate (PFOS) is a representative PFCs. It
has many aspects of toxicity for living organisms. Research shows that PFOS amost exists everywhere
and makes pollution, and the degradation of PFOS becomes an urgent problem. However, PFOS has high
stability to be degraded. In particular, studies of successful PFOS biodegradation are limited. Here, we
introduce the developing status and highlight challenges of PFOS degradation. In addition, we suggest
potential pathways for PFOS biodegradation.
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1 2FFLeniig Kk H AR H A
11 2RFERBERIKRESREE

24 E W) (perfluorinated compounds, PFCs)
EWRERA G Y S HATAY)) th &5 T2 B U
FHUVEIE i —2Rb A, Hoh iR b
(perfluorooctane sulfonate, PFOS)J& P H L7 (1)
— i aY, Wie A2 2wk & WTE
B h A B R 2 . PFOS HROMERE R . B 5E
C-F & At i b i s i 8, HAA o 1
P, HERERIA 486 kImol; vk, 3 AT
[ RTINS0V Al 20 vl [ s RV 9 o 19
SRR, (R PROS 14 1y AR
A W) & 4 [H T (bioconcentration factors, BCF) /&35
A WAL G P TE A Y A S AR P AR N vk B 5 K AR
G I 2 e BB, AR A
PFOS [1J BCF 7E 6 615-46 620 = [i]l®, 5 H 44
w5 M IR Y At R A PR HL TS B W) (persistent
organic pollutants, POPS)A#: )L

PFOS X AWt A M E A faE , HX A4
MIEHE LR ETERIERG . BEKE . MAERS.

# 1 PFOSHIEMEHM
Tablel Biological toxicity of PFOS

oI RG22 A7 T W HL R R B R L
#* 1. Zheng SF K EFET PFOS /MR L Tk
BN | SRR E S B BLAY NRE K
LR GE TG PFOS B, K BRUIN PN A 2838 o 4
TR A, FPIAT SR G2 e I YRR
HASCT PFOS Xf T AW s A Ep e B Be
ERCAHREVRINEE T PFOS 5T L
NG DG I8 26 3 e 3 A B i — A0 [l
T PFOS A< Bf (XEREfFPEFIRRAE Y s bk, =
FIREE PFOS Zhiliid Bt & 4 Jn A& kA
NEARN

PFOS i FH & A 5K C—F K8k LA 3E K LA
T F K KGR ARk BT R 2 . s U
L ESREOERER%, 2009 45 5 A, PFOS fEH
— TR AR VIS Y, gOIAR] CETHREA
A LG YW R R EEA L)) R A LTS G
PI(POPs) i 4 Barh® (A/EVFZE %, PFOS 5%
ks, REXFT PFOS A BwBR &,
[ SR RE AR 2 i PR A R T R, P AT A S
FAMAEA ™ PFOSZS™ i, AR it i1t 200t

B e S22 3CHk
Toxicity Characteristic References
P T AR 08 A ) Y e e e [6-7]
Immune toxicity Mouse lymphocytes were reduced, the thymus and spleen were damaged to atrophic
A B T R B SRR 6 AR AR A DGR (R B2k, S0 S2 7K T [8-9]
Reproductive toxicity There was found a deletion of male testosterone synthesis-related gene in male rats, and this gene

deletion influenced testosterone levels
BHEFEIE /NEL DNA 22451, R, 7 DNA &8 DK AR & A4 i g AR 1k [10]
Genetic toxicity Mouse DNA was damaged. The tail length, tail DNA content and tail moment changed significantly
KA ANRBE T T R, RS, FIEFLCAEL & 3245 [11]
Developmental toxicity Mouse mortality was increased and grew slowly, the liver and heart were damaged
U EzE A dR R B0 P AT 22 188 B A K i A HE R L R IR AT SR % % R TR Y AE AR [12-13]

Nerve toxicity
and lethargy

43U REAE

Endocrine toxicity

T8 P DA L2 S [ B % 45 1T Pk i

The content of neurotransmittersin the rat brain changed, showing signs of slowness of movement

PFOS i N /M R A IZETAL, BALARSMAL & B PFOS HA MERR IS . PRI [14]

PFOS caused disorders in the endocrine system, the group in vitro experiments found that PFOS has
estrogen synergistic activity, anti-thyroid hormone activity, and steroid hormone synthesis

interference effects
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PFOS ™ fi A= P il FH 3% 1 ™ B 5%, PFOS
BRI IZAFAE TR+ i, R R4 X
AKARH PFOS & UNER 2 s, [EAEENE, 1§
M5 Al e S8 PFOS & HE7E )5 A JEhb b1
2, AT RE R R i S PR P B M WK PFOS Y
FAEHTARY) AT T $5 4k TR B 9T 2 B RS
BRI R AFAE PFOS, 7F H AR P KAFE S ks
W T 200 ng/g i PFOS?, kS i 4 PFOS [
HIARY I, L) ik 2] 5 S A
YER N LY, PFOS. TEAWARNY, ARFERINEcHE
RIS YIANEK PFOS &5 T2 ¥R
(perfluorooctane acid, PFOA)?", ixTA[fE5 PFOS
IOFERAtY/ =8 S C SR
1.2 PFOS EBREARMRIIK

HETH WL PFOS LB G iR P
e b A R AR . BTt BT — S X
PFOS BRI bR 7k, (BARXTRFSE A D, X s
ARG T LR PFOS A —ERUR, (AR A7ELL

*2 RERSHXKEGIRK)T PFOSEE

Vruk . 26 345 T PFOS JRAE W £ AR i — st
BF5PE o

2 PFOS &:¥pef@i A

2.1 PFOS4YIP&mRaRIE

A ) ok it 2 25 BR IR B v s e ) ) — R B By
Ko WMAEYX AP AT FER 2 —2K
AR, BRARMEN T2, AP ERRE
T — RO EIVE iR, AR
XA TGP (PFCs) R, HAZ AR R AR,
HRAE G Py 08 WL (55 AL AL 43 A A S S A
TCEM . W22 M EERUL, PFCs & KiEgE
o, LA DA RUE Y A AR bR, (AR
H D MR B —HLH], SRR AT AR R o AR AR
oo A 4 W ke 3 & Y (perfluorinated  alkyl
substances, PFASs)HYIEH/D, FEAE A A X
YERMAE D R SC > . RIS C-F e
FERSER . DRI TR a0 BT A%
A= PR fif PFASs OBILT 32 B4R T o 48 B -

Table2 PFOSconcentration in somewater (surfacewater) of China

Hi X MK PFOS & &t 225 30k
Area Surface water PFOS content (ng/L) References
U a1 T RN v I N7 N G 0.49-1.79 [18]

The Nansihu lake in the Shandong province

(Nanyang lake, Zhaoyang lake, Dushan lake, Weishan lake)

4R 43 3 Vs v 4.20-25.40 [18]
Eastern coast of Shandong

KT B 0.62-14 [19]
Yangtze river in Shanghai

B 11174 Bt 2.7 [20]
Yellow river in Shanxi

BT DUEE ND-88.9 [21]

Han river in Wuhan

] 2.0-7.6 [22]

Hai river

it 9.06-132 [23]

East lake

PAETT 0.06-8.04 [24]

Songhuariver

¥: ND FRoRERMRLLIT.
Note: ND represents that data lower than the detection limits.
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Table3 Non-biological degradation of PFOS and assessment
PFOS LBREEA s B Z 3R
Non-biological Advantage Disadvantage References
degradation of PFOS
WLy Bk UR/A7S EERCE S i G [28-30]
Physical separation  Filtration High efficiency Membrane fouling
TR R
Incomplete degradation
W AR W o 590 T s e A ) [31]
Adsorption Easy operation Non-recyclable material
W& AR TCIEIC RSt
Cheaper cost Incomplete degradation
27 B i 1 AL AR 1 A AR PFOS A [32-34]
Chemical degradation Oxidative Completely biodegradable High cost
degradation SR AT H
Strict reaction conditions
et N TR PFOA, Xt [35-36]
Photochemical PFOS I R fgtif ox
degradation It is mainly applied to the
degradation of PFOA
T P i A [37-38]
Ultrasonic High cost
degradatio SR A H
Strict reaction conditions
HAtb 7 43 BV HABGE I B B N R e S TR B A [39-42]
Others Molecular They have more high efficient and high  High cost

imprinting method

RS TR
High-temperature plasma
(S-SR RN

L ow-temperature plasma

efficiency than the traditional approaches #ff5¢ % &b 768 45 [ B

Research is at an initial stage

R HETERXT PFOS YA W) I it 75 55 /0
B2 — ekt X Hifth PFASs A= ¥y [ fiff 19 AH S BF
5%, WFE 1996 45, Remde Z™i5E T 3 AR
R RGP AEA R ST AR, 455k
PR BH 5 8 Ak 32 11 790 A0 2K U TR e A SRR R AR
ST R AR YRR AR, B B T R Ak R
T P37 (40 PFOS Fil PFOA)TE AP 4514 F A2 &
A YRR, B B ROk R TR 1 SR (R 43 B
15 ok Jiie 3R 4 2 0 Tk ) (U A R4 1 R ik EL 32 %)
TREAE IR A I, DRI A 25 2 R T T
) A= 1 % i 5 44 %Ak 410 1A (@ammonia-oxidizing

bacteria, AOB)# ¢; Schroder®@t LC-MS #i
MS-MS 45 #th & B 25 S A2 T PR 7R 441
FAF T KA AR, B R Ak 2 T
(PFOA Fil PFOSYTEIRSASF T kA T HEWIRE S,
H. PFOS [HF4f## AT PFOA; Meesters 44
WM R TR ALK T PFOS MRS,
XS WEL ] T PFASs M4 MIREAR, (HEXT
FHARMACE AL H B A S — 2 5T, ik
FE PFASs MR R = FAH Gl . % 4 Zeit T
VT AR —SeSCEE RS2 ) PRASS [ 0 TR B B
4l
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®4 IEFEREENESYI(PFASS)E HIRE R R B

Table4 Biodegradation of perfluoroalkyl compounds (PFASS) in recent years

4518 LEAUE S VAR AR ) SR %A S5 30k
Material Species/Source Degradation effect/Degradation product Reaction condition References
8:2FTOH WS e 8:2 FTUA JR45 Anaerobic [46]
Activated sludge PFOA
PFPeA
PFEB etc
8:2FTOH EETE IR PFCAs 745 Aerobic [47]
Activated sludge (PFOA is the main component)
6:2FTOH P. oleovorans+P. fluorescens 5:2s FTOH, 6:2 FTUCA etc 745, Aerobic [48]
6:2FTOH P. butanovora+P. fluorescens 5:2 ketone, 5:3 Uacid, 6:2 FTUCA etc  #7-45 Aerobic [48]
6:2FTOH Phanerochaete chrysosporium 5:3 acid etc 148 Aerobic [49]
6:2FTOH Mycobacterium vaccae JOB5, PseudomonasPFEB 48 Aerobic [50]
oleovorans, and Pseudomonas butanovora 5:3 acid etc
PFOS Pseudomonas aeruginosa strain HJ4 PFBS, PFHxXS etc 745, Aerobic [51]

PFOS, PFOA  Acidimicrobium sp. strain A6

HFBA, PFPeA, PFHXA, PFHPA etc

JR4 Anaerobic [52]

211 FERREITT PFASs BIRERRE

Key 13 % {2 i il J& 1o i bk D2 %) T
1H,1H,2H,2H- 4 i =% ¢ filf 1R £ (1H,1H,2H,2H-
perfluorooctanesulfonic acid, H-PFOS)H A3 &4t
FITER, MXITF PFOS A R, MK R
F A bR SO A B ER AL T A G AL AL, T
PFOS f) Lok I A B R A9 . Liu 259 % Bl e
AT, T E AR S M — A N T3 e
BRI R OCY4 Al OCW4 AT LIE: AL 8:2 45
JHE(8:2 fluorotelomer alcohols, 8:2 FTOH), Ff:4ff
X — AR FALACH, MRS IR AR R 8:2
FTOH R Rt ki, Kim 4205 % 3 T RR i 2 g
B (T Be S AR Ry e Al PR R o (B B AR,
FITERRAR T LA 4:2, 6:2 A1 8:2 i) FTOH it 3, I
Xf 4:2 FTOH HAH mi B s [RIBHASE T
PR, — KB x2 T FR IR
(perfluorocarboxylic acid, PFCA), B — iz
A x:3 ZRALERA PFCA, R4 FE—ER
TRZR AT LA 2: 224~ CRo 21 . Kim 25075 2013 4K
5] 3 FhbekeREf i (Mycobacterium vaccae
JOB5 . Pseudomonas oleovorans . Pseudomonas
butanovor a) Fl—Ff i £, i £k 4 fi# 2 1 (Pseudomonas
fluorescens DSM 8341)[%f# 6:2 FTOH, FfH53% T
Z TIPSRt . — AR RS 6:2 FTOH

Wi R 4> 58 T 1 (perfluorobutyic acid, PFBA), %3
— ZRIEAE N AR R 5:3 AN AIER (5:3 unsaturated
acid, 5:3 Uacid), FiF—PFEfER 4:3 12(4:3 acid)
87 4 7R (perfluoropentanoic acid, PFPeA).
2014 4, AR L PR SREETE HIA B
3+ 48 h J ] fiff PFOS 732 67%, JFFAlH T4
S8 T kel R (perfluorobutane sulfonate, PFBS)HI4:
L C e % R (perfluorohexane sulfonate, PFHXS)%
— R W [FIEE, AR MR 2 S g A
B —LER AP T B R C-C HIbT
T BE .
212 REEREXT PFASs HYF£#7
RAWEHREAREIE TG . 8. KK
&, JLREENIE LAl o E A, W K EIAR
TR TR V) 00 AR EL A 0SS [) B B o) T v i
FEYIRI RIS, H ESREREE T MR A R 1 A 4R
ERA TR, I HIRA W el /A 3 & A S
Wang 2SRk A 3 A KA FL (waste
water treatment plant, WWTP)f & 115 Ve F A 6:2
AT A 1tk R £k (6:2 fluorotelomer sulfonate, 6:2
FTS), JFRR T HIEMEEE, 6:2 FTSZu AL
JI5 A% B 4% bk 6:2 FTUCA (6:2 fluorotelomer
unsaturated carboxylic acid), 25 iR i A 45—
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ZAN ALl 5:2s FTOH, &%k h4amc
1% (perfluorohexanoic acid, PFHxA)FI PFPeA; %
SEIA R IR, ok B PG U6 B T T B8 01k
6:2 FTS, {HJE¥ ZFhiEHI5 RIR A LLG T LARE
fift . Wang it 5y T 3G E M %t PFASS %
il SZESR R 8:2 FTOH Hiiy—~ C #7450
[8:2 FTOH, F(CF,);“*CF,CH,CH,0OH], 5% HAE LT
AR YRR AR, R 35% Y'C 5t
ahb, ATl T:3 1R . PFOA Fil PFHXA. Liu
2219016 91 6:2 FTOH U 48 41 Tl 3 i I 6 &
A~ CR 5[, 7427 PFBA. PFPeA il 4:3 R4 %
Ay, HARWE AR Z AT aim R R T 6:2
FTOH MR . WIm DT v i S E Py T
LIKEfR 6:2 FTOH®Y, %Wk 5:3 %, ik
T PFPeA. PFHXxA Fil PFBA 25— Z 5 a) =4 .

PL_E ¥ AT AR R R Al PFASs, I IR A%
23] T XKyE, Zhang A BFGE T 7 W4
2 WWTPIH Ak T5 U H FTOHS R SCHEA: W% 1k
R AR DR AE R AL, R B 6:2 FTOH #454kh
6:2 AR (6:2 fluorotelomer carboxylic acid, 6:2
FTCA). 6:2FTUCA fil 5:318, HF&fRisi2z
T 2 B A 4 AR R PR 2R 28 iR 4% (FTOH-
FTAL-FTCA-FTUCA-5:3 Uacid-5:3 acid)!™, &l 1
SEBIFH T #4y Liu %9 18 251 6:2 FTOH Uf484: 4
Vefiimiz, A BA LK PFOS A WIRE iR A
kg Ko

B T IX e B PFASSs FEARA CHIRFSY,
A B 5% DN Al A= P 44 A B A £ BE T R PFOS il
PFOA H = WIFe AR TAE . AWM T4 £ By
(260 pmol/L) 1 A fb 501, 5 Fr 4 R &k (1)
(36 mmol/L)— & E T A5 TR A P s
RS, SR RWGEZR By, fff PFOS KA T
S [FIRHZ S B0 IA & S Bk PFOS L2k PFOS 7E
iR B AR T 45 5 KA I
2.2 PFOS M&f#hZER o)

221 PFOSXTFEYIBEfEH S E It
Liou 29 2230 1 5230 E ] PFOA X TR 4R

YRR B S P, PFOS o PFOA &A1
CRAHHE £, Rtk s, [t 3N A BT Y 5
B AT DO ORI A e, A O B S AROE S
SEREYR RN AR X — R R, — 7 T AT AR
AR i S A b ig O X856, R A&
7 E G 2E B O IR e IR PFOS AR B 1 4
138 TR ONZ B AR T B E T C-C B4
AR, AF A B A b A PO i R
e N . 55 —JriE, v LR 2R RE ik
WHENS, BN, mYEES . 2846005,
TE 22 05 B ke W B A L T2 P A AE 2 I
RIFEDR AT, AR DA H] e X% i
L 2 GO B ke AT S B B G5 A8 N A
oA P SR e SR T B, R AR LU
TR, FE, WLTE PFOS Mefifid frh
SIAFFIHEEM A Y, ¥ PFOS §#4k°h 1H,1H,
2H,2H- 4= F, 2 ot fif R £k (H-PFOS) 26 ) Ji , Ik It
PFOS 1 U filk i B 45 5y & 1B e B2 W B A S )
HEMT C-F Wiael, x—d®masinm
Mo M HARAMT, REHES PFOS MIRLE
FEXTHE /D, G SO R HAT DR AU SRR 1 1 1A= 4
b ARG R iR T I T — e B I
b, BCE BT A T 0 A R S R T T T
T ka4 LA v B RN i #R g
WIS
222 PFOSRiftEZ RRMEMBY 5 7%

H i H F Y PFOS KA ™ sl k5t
o SR T e EL AT AR A RE T 1 TR AR — 2 I BELRS .
X A ) kA R RNOOME R - R kO
(HPLC-MS) . S AHEE-FTiEEH (GC-MS), #isk
WA B % - DU KR R AT B )R G5
(HPLC-Q-TOF-MS)&§ , i3k £y k38 ih LA Hir b #4
SRR, AEGT e FAT PROS [ RE 1 (0 TR RIS
RORAN R A AR T —285 Y PFOS Kl 7
. ChenZ%F PFOS 52 %' i A (nile blueA,
NBA)S W IR, 1:1 B T4ra%amn k. 7edk
EmAET, BRSSP nT DL i A IR
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g2, X T PFOS M1 Bl w2 i ik HoAA 2
s HEEEAMT, WLLEEYOERE, UV Al
W AN AR 3 (resonance light scattering, RLS)
XF PFOS & st il e, AR (limit of detection,

FF FF FF

F OH
F
F F FF F
6:2 FTOH
FF FF FF O
F
H
F

6:2 FTUCA

F \:/ F_

LOD)435 k3.2, 14.8. 1195 nmol/L. H4b, itA
N T A AL TR O SRR O i 2
ik, ARBAELIRAYT NBA 5 PFOS S b i)
B

— 42 Universal pathway
— PK4Z1 Pathway |
— 4711 Pathway 11

FF FF O EF EF
| MJ\OH — B
AT AT FY¥ ¥ Continue defluorination
F
5:2 Ketone 5:3 Uacid
FF pF OH F F F
>( OH
F
F F FF F FF 5F3/i g
ci
5:2s FTOH
BB

Continue defluorination

E 1 6:2FTOH BRigRZRRr=E"™

Figurel Simplified schematic diagram of two biodegradation pathways of 6:2 FTOH!®
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2.2.3 PFOSEBRHI7 FHEIDZENIBERNA

HHEICT PFASs AE YRR AH G R SE AL 4R
H PR R A SE , X 4> TR WA BRI R
TR, TR IE , XA E A Yk
fi# PFOS HyHETE LA KX WESE A SRR EE T W HEXS T
PFOS Wfifid fiA B2 L. A7 F1E
Wb 2 FTOH 2 [l ZS AR LM . i e i ke
it (Un e b B fin AL ) PT RE SR Bk Tl FTOH R Af 114 Ji
[A, K Rea-time PCR ) 532460 T alkB F& 1K (ke
Ferp L )Rk, KA alkB
SRR RB R R A B R R . BT
HFRIEFABE AR LIE, BT LLE %A AR N 2
VFZ RS MMA WE, $248 o i T g ot
R, IR ax sy g i 8 sl 5 & A i B R M BUE )
AP N TEE, WG AR
224 PFOS it (a] = 4ry &4 o) @

Hi T FTOH J& PFCASs [ & AT A, 53¢
HAE YRR 2772 PFCAs, fInE{s5 et
A AW . PROSTE R M B rp oAy vl gy AR 28
LI B Y, BEARRUE ST, 2k
fife AR, TR R I — s e it BRI v i
H . AR R T ARLAET FTOH
FeAbid TR PFCAs R Yu ZM55e T
SR WN W) /NE= R 3 ol IR A R (0K T G =/ e
FTOH #{bly PFCAs W%, KIARLKMIT,
PFCAs ™ A i A . [RIIN Fseng 2519V 4 R i 14
FER S 6:2 FTOH I HA H{IKAY PFCAS = Hi %, &
MR FEREA T PFOS Ffiftist i il LASR F$as il SOy 4%
F . B AN ) L O TR R S T ARk ARG
R R

3 PFOS A&:YMfE i R

HATET PFOS A= WK i (i A S SRAT) SR 84
b ABA Y RERRAE R — IR L BRAE R 2 R
=, HHEERKMETR ., PFOS AYRER AR
K JEDT 6 T REAS =7 TH

31 BEEETIESEIEEMESHEX
Egf%#%7 PFOS

MHT 1M EERE, PFOSTH] LME A E YT
W RE SRR, HJR SEBR bW 3 Y IR AR A
PFOS IS R A R 80 . R4S PFOS |12 4%
TET WG, (BXTFRAEYED, LI PFOS /E4
WP R A P ) Btk s O 2 Sy TR M, R R IR ok A
C—F ity s s AER, el o A Ak SR AT RE TG I 16
FZAR LR RE S, AT DL R I AR O A
Y- A R SR, HR e R RE T, A T B S
N R . BRI TR A A — S BT O TR
SR E ISR RUEY), (B REE WP ER I &
J&, AT LA Bl oy AR 2e 0 I B e AT i AT
980 BIANA] AT I Se i A= b SR A% PFOS A
K PhreRE B, SR T REZH 3, SEPR R Y
EA R BRI A TR, X} PFOS
PEATREARS
32 HEVESLFMEESELEERE

A A FH A= 400 5 itk 14 07 M L, I i A i
Yoy, AT A TR A 2 R Y A W o ik 4 6 A
fR R D5 W Un T A e A TR R gl ok A Bk
(nanoscale zero-valent iron, NZV)Z5 &4 YI1E LT
SR T L EIRESR TSR, IO NZVI
i A S5 0 o AR A A s 6, — T
FVEREMI TR 22B% T NZVI b i & @l =4, o1 —
5T v A R B TR T 1 e AR S B
RRPEm TREMRCR . BT X B el & b
it PFOS 5 ke 2 %, I AL B el fbas
I ER R B i Re s, AT B2
T SRR G A ECE A A Y B ST
AN RV Al bl et/ i - RN e
Fefim e hg; s EFTMr C-C Bl E a2 A Ja B 4
F, AR MR A e
33 KEMENFREEBEYER PFOS

A AR BT 20 Hhal, HEF
G A EA A B E 1 E Lo — RO A U
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Pyee e N AR RO, s HAT R E DIRERY DNA
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“Bottom to up” (A) and “Top to down” (B) strategy for constructing PFOS-degrading microflora
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