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1 WA 2 s be s e 5

B, fEMRAK RV . TR V508, A2
SEPRBE AR W R S v o B A R 4 R 2 e Ak
Y EBEAAE (1) R4 (Co~Co) 2L &Y S H AT
Y, (2) ARG B2FAE Y, (3) 2R BKEE T 5]
Bk 5 (—O=) T B 1) 42 960 2% ik A1 4 S Bk L e e 25 Ak
v, (4) FREERZHFAEGY. & IWHAEFEMmL
I BRI FNE . AR A IR SIFTR.

1.1 MR Y

R e A R R R i A e U TR 2 EE B b
G Z—. H PR A BT K B 4 R
&N BWEKT EFE, U2ER T AR
(perfluorobutanoic acid, PFBA) . 4> fi C 3t & ik
(perfluorohexanoic acid, PFHxA) . 4> 4R T 3 fiff i2
(perfluorobutane sulfonic acid, PFBS) 14 35 O L il ik
(perfluorohexane sulfonic acid, PFHxS)% C,fl1Cs%: %l
ety 058 MaksE NP E L HA, ERRE
2 FE AN R ERE KKK T EZBL T C,, Cs, Cy, Co
2 B R TN Co~Co 2 HUR IR S ML HE 2L 5 4. PFBS
APFBATEF 5 i I T 2R FH 7K Hh A ¥ 2 23 531 25 21 181
10 ng/L, it it & F PFOS(<0.39 ng/L) il PFOA(<0.44
ng/L); PFHXSTEE[EE TR FHK iy e v BE A6 14 (81 nglL),
11 PFOSHIPFOAJE AL JC i 11 (<0.017~0.040 ng/L). 45
R UIPFBA, PFBSHIPFHXSS 4 4 4> L &4 EAF
i PROSHI PFOA I 5 AR 7E #8433 IX A7 )32 1o T HL
H IR BE 5% B K7 © i PFOSHI PFOA il 3 22 Y 42
AT I

4 FRUBE Al 235 4 v ik SRUBEE (C—F) 19 B 1 (450
kJ/mol ) {5 % £ 4= S AL 5 WO AFE B AR PR 5T b R B k2
P, XEELAHEAT OCAR |« 2K S A A R A S R AR R Al i
TP Martind A7 0 8 1) fA D28 5 S 56 vp 2% B
42 R TR RN 4 8Bk 2 1 AR W) e 4R & 41 (bioconcen-
tration factor, BCF)5 4> Ji e S ik 41 1< B OC: PFBA,
PFHxXA HIPFB S5 Ji 4 4> i 1k & W) 7 2w AL iR AL
(M. BME . FFREANAESE) BTk i, R A
RIS B R A=A RIS PRHXSI A W) 5 R AR
(BCF=9.6 L/kg)™] i/ F-PFOS(BCF=1100 L/kg), B
KT PFOA(BCF=4.0 L/kg), % W PFHXSA a1
PE AR, TE RS Yxh /N B 2 1 28 8 I ik
S b, A AL S YR R B B R0 B AL

N, FLHE 2R . BUE PR A GE RS AR,
PFHXAN 7K A= A= M i) 2k 2V T PROA 3~545124%9,
WS, PFBA, PFHXA, PFBSHIPFHXSTE K -JiE e {4
Z o [ 53 i 2 80(Kg=0.004~2.9 L/kg) M /M T
PFOA(K4=4.9~6.5 L/kg), % W52 # k& 1E L+
HER Ve E Ry RE AL 5S, B TAriAE K, M
11T 1 58 fE A7 i R 2027,

SV, 2w ALS MRS P Y R
U FIVEE 0 75 1 35 55 T PFOSHIPFOA. [RI, Jof%
RGP BRI AT LA IR AT Ry, MELL K AR
fat BIF AT BB AT BE R RS . HET, AR
Wyt 5 R 4 AL A W ke D sk R ) B . BR
B H WL B CofN Co 2 AL & W4k, &3 & FE ff 1R
(perfluoroethane sulfonic acid, PFEtS) 14 % /N B fifi ik
(perfluoropropane sulfonic acid, PFPrS)% 5 5% C,H1C,
LA W AE SR BT A A PO S e g i 4 AL
GWIRRIE . A7 RV TS OANTE R, B AT
5547 LA BOU HE 1 A ) 2 0t 0 5 | kS I 25 Y
K.

1.2 MRATRUBERR

IR 4 Fbem2 (cydic perfluoroalkyl acids, CYPFAAS)
JE— B TR A U EE 2548 1Y 2 AL 5 1 GEL R
FICH RIS TCIR), B TR 28900538 P A e g ol
F. 49 L IR BEfif R (perfluoroethyl enecyclohexane
sulfonic acid, PFECHS)#% i\ N & —Fl il iR R A R A
PERUVEY) RBPER i, S A= RENY)
JBT T BN 3 ] ] 8 0 05 DR AP Jey A R ) o A o R SR
BT T 455120, B AL FC-985 i 1 T T A i FROIR
ERPEIR: 4L O LR (66%~70%), 4> H
3 FR 2 e il iR (perfluoromethylenecyclohexane sul-
fonic acid, PFMeCHS, 18%~22%) . 4= — F F:3A U
fifhi i (dimethyl perfluorocyclohexane sulfonic acid, 9%~
13%) 1 4= i ¥ & %€ fifk ik (perfluorocyclohexane sul-
fonic acid, 1%~3%). FC-987F 1994119984 it 4F /= ht
ik 5)4.5~227mfi %,

De Silva&s A\ B vk 7 b 38 1 0 4 31 7K i 1
ZERE b RS I B A R R 4 8UE R (PFECHSHI
PFMeCHS). PFECHSTE il 7K H 114 ¥k Ji 35 FFl 4 0.16~
5.65 ng/L, 5 PFOS¥k i 7K °F-(0.16~5.51 ng/L)#H 4,
I3 75 £ JEAE o R (0~3.7 nglg) . 3 ik T PFOS
(2.3~96 ng/g). At PFECHSTE ffi 2544 4 1t A= ) 2R
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F (bioaccumulation factor, BAF) ¥ & /» F PFOS
(PFECHS, logBAF=2.8; PFOS, logBAF=4.5). Wang%;
N PBUYE 3 [ b st [ bR bL 8 S K L R U A
o RE S R R BT 4 O 3 R 3G B i R (perfluoro-
propylcyclopentane sulfonic acid, PFPCPeS)Fl14 %
FEI B R [R) 2> A IR . HOMR 5 PFOSHI L BF
1B K 2 5 PFPCPeS I PFECHSTE ] /K Hf 1y He Jif
(PFPCPeS, n.d.~129 ng/L; PFECHS, n.d.~195 ng/L) i
% ¥ T PFOS(n.d.~13.2 ng/L); 7 Ji 6 i e JiE
(PFPCPeS, n.d.~0.39 ng/g; PFECHS, n.d.~1.86 ng/g)ffk
T PFOS(0.17~15.1 nglg); & i 28 K b iy ¥k
(PFPCPeS, 2.27~4.89 nglg; PFECHS, 22.0~52.2 ng/g)
L% T PFOS(196~322 ng/g). LA |45 5% i 7% PFPCPeS
I PFECHS7E 7K - ik T8 1K & i 18 W 43 e & %%
(PFPCPeS, K=7.05 L/kg; PFECHS, K4=55.1 L/kg)it
/N TPFOS(K¢=636 L/kg), #H]PFPCPeSHIPFECHSTE
e I RE s, S T EcAE K, FEIREE
I gETIE R, PFPCPeSHIPFECHSTE ffi {4 P () 4 ) 2
L H 7 (PFPCPeS, logBAF=1.9; PFECHS, logBAF=
2.7)[ARE/NT-PFOS(log BAF=4.6), 5De SilvaZ: A%
2% B AR 35— 2. HoudeZs A B3t sk 1A v ity o 700 3%
i FH ¥ E 470.06 mg/L i PFECH 4L #5512 dn, K
R PFECH 2= il I8 H: PN 43 0 22 B8 1117 2R B 1 — 2 9 A 3
BEE.

HET, &6 3R 4 5Ue IR 1 BF 9% 2 2L 48 R 7R 38
5 W AE S Yl vl FBE BB, 5 PFOSHH L, FRIR 49
BERRAS 52 TAEA RN B, A5 5 &R LT
B, AR 4 JUBE R 1 I 5% 1T R A P LA B W AR 1R A2 9
SRR A B ST R B =

1.3 Aol Kk

435 2 ik (perfluoropolyethers, PFPES)&E 7E 4= 3,
R IR B, 4 U R 53 1 2 U EE 45 40 h 5 AL 24
ik H (-O-)JE By —Fopr AL 2 Ak & . B TRk
(4 SR R Bk P i E A . CF,0(CF,);OCHFCF,COOH
(ADONA, 3M), CF3(CF,),OCF(CF3)COOH(GenX, Du-
Pont), CF,CF,O(CF,),OCF,COOH(EEA, Asahi)l % %
IR AE R =GR P A 42 U SR Ik 7 i 55 (3 S1). ADONA,
(Gen) Fil EEA 55 W] 1 iy 4> i ~F 2 £ (ammonium  per-
fluorooctanoate, APFO)#: {4 FH/E & R W Tl 4 7=
TR P LA R R R RO BT Y GenX 4F 7
i& #| 10~100 I (http://echa.europa.eu/information-on-
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chemical s/registered-substances).

ADONAFIGenX 7E Tl A= 7 i A8 th 23 bifi 45 1% 7K
BRI HERCE A B35S . ADONAYE T HEH B9 %
K R v 0.32~6.2 pg/L, 5 PFOAH 24 (0.03~
7.5 ug/L)(http://www.Ifu.bayern.de/analytik_stoffe/
analytik_org_stoffe_perfluorierte_chemikalien/doc/pfoa
adona_alz.pdf). [A]ififF5E A SLADONAR] i T.) Y
JEASCHE T 23 A e T TR 3 M, AR R Rk B
684 ng/(m? d)(http://www.lfu.bayern.de/analytik_stoffe/
analytik_org_stoffe_perfluorierte_chemikalien/doc/pfoa_
adona_mittelwerte_deposition.pdf). Heydebrecks A [*]
i SRR SR TR T = o A Rl I
GenX [ AETE: GenX 1 3 4] Tn] W Ab SR A s A7 A
e B 15 ) 86.1F173.1 ng/L, it ik T PFOS(1.84 Fll
1.71 ng/L)F1PFOA(6.56517.50 ng/L); 7£Fk & /)N i)
Tt 3T KA i v GenX Y VR B2 S [ A n.d.~3825 nglL,
] I 1 £ B A Uk B PFOA 19 K6 ) (38.07~152500
no/L). 255 R B GenX A Tolk Az ™ i 7 v iy i
el AN AT sk A b PR A B PR EE AN (R H DX T A 7
SERE I AN TR T BGH /3 . 1X GenX (1) 34 358 e J 7K - 128 it
i ik PFOAFIPFOS, Bih 2 i 285 ). Ak,
FRBE b b A AR 22 H A BT A 4 SUE R LA P A
19140 Strynar % N POE F AR K RRE i p R BROF S 52 T
107 4> 46 Bk 5L #R 2 (perfluoroalkyl ether carboxylic
acids, PFECAS) il 2 4= 3 Bk 2 fif 12 (perfluoroalkyl
ether sulfonic acids, PFESAS), X &£ 5T %1 4 5 ik 3t
b5 0 10 R TR RO B8 v B KT i ANTE A . H T X 4
FIRBEIE AL A Y B FRBEAT Ay T B AU AF 5 K SR AR
. TEADONARYFEHEMIX S g5 b, HEPE/N R T IRS d
J5 (298 mg/(kg d)), BALAIKFI100%, /N AR
[) (% 550 8 N T 5 b A AR L UE 4 20 B S
)ljt[?’?,]_

LRRBER MR L, A BRI 22
Sk, R W T A S A s R B A B S AR
JE R R UM Z WAL S W o i RE RN R Z—. TR
I, EERBACS YR AN &Y RE . I e
AR IH 25 1T 4% B8 ) 55 e 10 1Y 5 S 5008 X T IR B 1P
F G AT R AT AE R A W) R0, B 46 0 X

14 ARZHEMASYHEN LAY

HANZ WAL & W e A AL AL 59 (chlorine or
hydro substituted polyfluoroalkyl substances, Cl-/H-
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PFASS) 248 7 T 45 & A 1 s 2 A E R T A
JE i — 2R 2w A Y. Bl N EERE R
A=t V/INETS 2 AR Wkt R B2 TR S =]
TS A FR A ) R

Wang%: A E O T5 K AR H K F5a] KA A
o BT R A% 25 M 57 F-53B R Y 32 B 461 25848
2% Bk LA 2 (6: 2 chlorinated polyfluorinated ether
sulfonic acids, Cl-6:2 PFESAS). Fififi, Ruan: AB77E
TR 1 204 A [R) b DX 1) 75 YR A it v 4 Hh 3R R 2 0
ik L 1t 1% [7] 29 Cl-6:2 PFESA, Cl-8:2 PFESATI
Cl-10:2 PFESA. H:H1CI-6:2 PFESATYE A [ X ) i
AR R K, MR EE R 0.02~209 nglg, 5
PFOS(n.d.~218 ng/g)#H>4. CI-6:2 PFESATE fa Ay &
BLERTE BN ARSI . FERLO ISR, BRI
th LL PFOSHT B 5 i1 A= 1) R AAT M (Cl-6:2 PFESA,
logBAF=4.124~4.322; PFOS, logBAF=3.279~3.430),
[fi] I AP FE TE B C1-6: 2 PFESART 7K A= = 4y AT v 5 25
P, X BE D R L F FE 96 hity 2 BB L i (LCso) N
15.5 mg/L, 5PFOS(17 mg/L)2& . Liuggs A\ P7E 3k
) e LA T K R R I ) T R — AR — =
REFMHEY: —EMR2HFRMK (H-PFCAs) . — =1L
4 F /T (H-PFE/AS) . — 510 4 F 2 2 (CI-PFCAS)
Hl— S0 4 FUBS [k (CI-PFE/As). — S0 F—4ft %
FALG PRI 5 A SR R TN 4 U 2 AH [R] 14 o i
7R, B PE A [CFs] (MVz=118.992), [CsF7] (mVz=
168.988) Fi1 [ SOsF] ~(m/z=98.956) &5 4 fIF — 2 it 1% e
b ZEMRMEZ AR ZHAEGWERE 0 A
e Crimmins: A OV7E i fa kL S R BT — P
AR 4 U R 2 1k A ¥ F(CF,),,.CCl,S03H(n=2)(DiCl-
PFSAs); Baygi%: \H I 75 i i 0 4 5 vp 25 T 2 Ff
ZEAREZFIEY, ST 165 450 5 T
ik %8~20. H A X B A ACH AR FAL A i wE
FRZE XY Sk %, X HORIE . A=l
FEREE A 5 0 N T AE

2 ARJNAIEM L b HAL A P2 o3 B 3
Jiid:
LI A SR 0 5 BT O s 2 R T 1
F o e i e A1 1 LB a5, 1
T FRIEREAS o AT AR A W 1 SPBT TR %
o 1 4 S 22 B0 S A 5 ) 401 53 4 25 90

s WIES bR AEEY/E S ¥ 8 WP S /i £5 % N8 s
S 3 AR AL R A S SR P AR TR O ik A
TEARGEAE o P BA ML & i A E A PRI S
e, X ECHEDN AR RIAT HLIR &5 1 AR AR5 AR
PE PR BEAEA 28 S A SN R 4 SOR R S5 70 ) 5 1
P 2 S5 = T AT AR AL 5 P B0 25 2

2.1 Pk

FE G A S & (total fluorine, TR)ELFEA AL
. (organic fluorine, OF)FIJCHL% (inorganic fluorine,
[F) P 843, o et P A 3 A 2 R T 3ok Dt B R i oh
A B AL A WA T AR vl | o3 B8 IR R I )
MR i ] A B Y A HL S (extractable organic fluorine,
EOF) & it 5 T 142 J0UM 2 Filbe 561k 5 ) (W PFCASHI
PFSAS) H A HILFL 5 2 18] Y 2 5 Sk HE AR ot b oA
AU G . EREBOTEMER b, KRR W
[# FH %€ B3 (solid phase extraction, SPE)“?; ik . +
VYR R AR M S AT 2% 5 IR 3 R R S X AR B
A MLAE AR B . S NE5E), ZEEUS PR & AR
FEHURY 5 1 X i A e A Ak P 84348 oA B g
A HLIR B i AT R T 8 3% (combustion ion
chromatography, CIC)M! &} i S 4 il #% (conductivity
detector, CD)*HEATiNE. A UUG MFE e B %
SBUN= LY O L R ERIE R =t 7/ LN DR R 1K R 24
bR LSRR, TR 8 1 W 1 S S Ak M i T
W5 e Ak Sk i W B RS T R R S - g el &
A I X RS AT A AT R A SRR &2 U
FEAL AW 0 S T YRR €3 B I BT R A T I
A LIS PR A
MW,
MWPFAS g CPFAS' (1)
Hrb, CEAAMIRIEEE; nehy 04 56U 2 ke B ik
BV 5T AR R IE T B MWER JRUR T 1 28
IR, MWeeas i B 14 3R 22 Sl e Ak & W Y R
IRJE Y Ceras TN RE 19 BT 2 B 2 e b & 9
R BE . BRIl ZE IR A ML B S T A
SN Z2 SbE SR AL A W T A DL SRR R A 25 LD S R A
A AU AR RE . KRR T G 3 B4 T Ak BT S 25 4G
J7 ¥ L &I S1.

TR B 7K K 2k 1) (aqueous film forming foams,
AFFFs)J& 5% 4 950 FN 2 il e 540 & 1 1) 12 2ok IR
Z—. Weiner&: N\ 85 i1 g2k 127 73 B 7 2Kk 5

C.=n-x
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P A NLEAL S Yt T T E, KRB PLE L
B T 929%, 1 H R N 4 FEON 22 U 3
LAY (EFRIR . 4 FUEETR A 2 5R R AR 5 )1 L
B 5 1.0%~52%, 156HH it 4 7K R B vt oK K 2k
FIHAEAE R R A VLRI G, XS8R A HL
B A WAR T BE R T 2R M2 B R A Y

FLELE T AR BT A A YRR i 2L I PFASs S
A AR A HURAL 7 10 ], 45 5 7R A ol i A
I3 2 R 4 R RN 22 RUlE S AL B ) 7 EOF /Y L 3] 45
T (2B IX 5 150%), i H A A A 4 50 £ 581
Tt B AL B 1 B 58 AU 1Y) = R U5 A 4 R TR A1 4 R
T iR 5 O AT R 2 e 54k A, ek . 3
R Je 25 Ho A PRI A v 2 00 2 3R 2 b 31k
Y i EOFHY LI T-40%, 1t I 3855 v (R SR FEAE K i
AR I ML 5.

Y eung % A\ V04N F o SF- 4 o v R 94N I T
R R AL YR A o A ] 24 T R R 0 i A R A T
Ty, 254 R PR I RRT I A AT A O
AP I F AR —2 (P E: <4.00~94.4 ng
F/mL; f%[E: 5.29~115 ng F/mL). {H %04 %1 £
Fi AL B (R FRIR . 4TV R A4 SRS IR e 55) o
EOFIY He I A7 AR A K 22 5. T [ 3B 40 3 1l o IR o

TRE dh P BN A RN 22 U SR AL A R A HLIRAY &
i EOFHY He 4582 5 70%, 11 4 3 11 T B IffL Y A o v
£ 0 4 3R 22 R ke S B 0 R A BILIR Y
319%, AT AR T R B R i, R K
AR VLRGP AR, ok AR E 24T R
I A it A A 0 225 2 [R) R i 7R EOF Hh 47 0~48% A
BHHLRBAEALE, H 20004F L % 1 i B i 3% ke & o
KENA PR & 228 LTS

2.2 AfLEARTL

BT 5 A i R A R IR 1) 32 2 () 2ok R,
8: 22 FUIM 5K I 18 22 HUiM SR Ak i /& PFOA FIIPFHXA
SR RTIRGR, iR B L R h AT R AT S
KA PRI A 3 & 2R N s e A A T S
T M 2R A A A T35S S Ak B Al vk B R B X R
HU) & AL A W a SRR T, AE S0 56 == A N AL
T B PR ERAE R FR BT v (pH>12) FAfig A= i 2 3 A
LA b A AL B W SR AR ) 4R AR Ak Dl 4
SRR k. 2t b E AL TS R A A R R
WP 22 5, ATAEIRE 5 b A m Ak A T IR AR
i) . HoutzFl Sedl ak >8] F 32 35 1 phy 60 4 S8k
LM | 2o F R TR R A 22 JUbE SR R AT T A
fRALEE, % BT A (7R B BRI ] Ak Ok 4 SR TR

F1OFEMEYRER P AERBEVE. BERE IR CRPFASSH SR & v 3 B A AL 8L 5 Y Ha i

Tablel Concentrationsof EOF/TF components and ratios of known PFASs in the EOF components in various environmental matrices and biota

i X 7971 EOF TF L /i1 PFA Ssi EOF L. 3] 2% 3k
LRl #F(ng/g) 23.4~33.0 6340~7820 10.0%~12.0% [43]
I 1% 1 (ng/g) 123~145 14200~15300 0.47%~3.72% [43]
I JFE GRE IR . 710K, ng/g) 234~1590 447~9540 30.0% [44]
h I (A4, ng/mL) <6.0~60.0 60.6~166 30.0%~85.0% [49]
i MM (A4, ng/mL) <4.0~94.4 - 31.0%~86.0% [46]
LR + 3 (ng/g) 30.8~209 219468~738504 0.11%~3.8% [45]
I + 3% (nglg) 67.4~226 270117~949866 0.30% [18]
Je R + 4 (ng/g) 35.2~200 335099~738672 0~1.68% [47]
% I (A4, ng/mL) 17.8~59.0 140~189 85.0%~103% [50]
I JEJé(ng/g) <10.0~203 - 2.0%~44.0% [51]
eV T8 3 7 (ng/mL) 441~17800 475~18000 1.0%~52% [48]
H A 7K (ng/L) 80.0~991 815000~980000 10.0%~40.0% [42]
H A I (& B, ng/mL) 61.0~134 60.0~192 9.0%~89.0% [52]
BN I (A4, ng/mL) <6.0~8.89 181~262 84.0% [50]
(3ES| I3 (N4, ng/mL) <5.29~115 - 52.0%~100% [46]
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KA RZY. Flan, 4904 % (perfluorooctane sul-
fonamide, FOSA)T 4%l 4 1k PFOA; 8:2Z Jil i &
fifh /1% (8: 2 fluorotelomer sulfonate, 8:2 FTS)H18: 24 4
V5 B W2 1R (8:2 fluorotelomer phosphate diester,
8:2 diPAP) ] & fb 2y 4= i T- B R iR (perfluorononanoic
acid, PFNA), PFOAFIPFHXA%E. -4l it 25
TRAL G W o7 1450 v i B & il SRR RE TR A fh b 2
o T kA W 2 AR A R B R Y 4 ORI (K1 1).
Houtz25 A% 56 6 — 743 223 b By JCI ) v £ 7
49 7 S TR K KR LA K B 7KORD = S i 2R AT 4
POAL B 5 2 B0, 7K B R KR Hh i B AR AL S
oA IR 22 R A B ) SR (R OR TR . 42 IR TR
KR IR AL ) £ 41%~100%, i - 38 Fl 3 R KRR
mn AT SRR B W T o EL A BT R AR, h 23%~28%,
B AT SR AE A W0 AE 2E A 88 T UK 5 Al & A B
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Progress on analytical methods and environmental
behavior of emerging per- and polyfluoroalkyl substances

LIN YongFeng, RUAN Ting” & JANG GuiBin

Sate Key Laboratory of Environmental Chemistry and Ecotoxicology, Research Center for Eco-Environmental Sciences, Chinese Academy of
Sciences, Beijing 100085, China
* Corresponding author, E-mail: tingruan@rcees.ac.cn

Per- and polyfluoroakyl substances (PFASS) are a group of anthropogenic chemicals widely used in manufacture and
daily necessities, which are contaminants ubiquitous existed in various environmental matrices and biota. Due to the
persistent, bioaccumulative, long-range transport and potential toxic behaviors, production of perfluorooctane sulfonic
acid was voluntarily phased out. Perfluorooctanoic acid, its salt and related compounds were also proposed to be included
the Stockholm Convention. Restrictions on production and usage of PFAS chemicals have resulted in emergence of novel
PFAS compounds through direct manufacturing emissions and indirect transformation pathways, and increasing attention
has been focused on these aternatives. In this review, we summarized recent investigations on major groups of emerging
PFASs with various molecular structures, and current analytical strategies on the identification of unknown organic
fluoride components were overviewed. Four classes of emerging PFASs are covered, including short-chain perfluoroakyl
substances, cyclic perfluoroalkyl acids, perfluoropolyethers and chlorine or hydrogen-substituted polyfluoroalky!
substances. Current knowledge on molecular structures, production and application, environmental behaviors and
potential biological effects are summarized, if available. Known PFASs were noticed as a small part of organic
fluorinated compounds in the environment. Consequently, new analytical strategies, such as the mass balance analysis
and the oxidative conversion methods, were developed for the analysis of unknown fluorinated components. Mass
balance analysis of extractable organic fluorine were used to predict the content of unknown organic fluorine in various
environmental matrices including sea water, soil, and human blood. Extractable organic fluorine could be exactly
quantified after conversion into inorganic fluoride by high-temperature combustion, and known fluorinated components
could also be measured by liquid chromatography tandem mass spectrometry. The difference in contents between
extractable organic fluorine and known fluorinated components was thus considered as components of unknown organic
fluorine. The oxidative conversion method was especially superior for the analysis of fluorinated precursors such as
fluorotelomer sulfonates, perfluoroalkane sulfonamides and fluorotelomer phosphate diesters, in which these poly-
fluoroalkyl substances could be transformed into known perfluoroalkyl carboxylates (PFCAS) by reaction with hydroxyl
radicals at basic conditions. The content of polyfluoroalkyl precursors could be determined by comparing the change of
PFCAs contents before and after the oxidation assay. Compared with the mass balance analysis method, this oxidative
conversion method require quantification of more PFAS terminal products, and it was not applicable for stable
perfluorinated compounds. Meanwhile, occurrence of a variety of novel PFAS analogues have brought challenges on
PFAS analysis. For instance, varied molecular structures of emerging PFASs result in distinct physical-chemical
properties, which further complicate the analytical process including sample pretreatment and chromatographic isolation.
Development of additional methods, such as hydrophilic interaction chromatography (HILIC) for the analysis of short
chain PFASs and orthogonal liquid chromatography for the analysis of zwitterionic, cationic, and anionic fluorinated
chemicals, are urgently needed. Statistical tools including mass spectrum deconvolution, peak picking, alignment and
feature filtering would be promising for confirmation of novel PFAS molecular structures. Also, environmental
transformation of PFAS precursors are still ambiguous. Application of strategies in metabolomics analysis might
facilitate studies on degradation mechanism of PFAS chemicals.

short-chain perfluoroalkyl substances, cyclic perfluoroalkyl acids, perfluoropolyethers, chlorine- and hydrogen-
substituted polyfluoroalkyl substances, environmental occurrence

doi: 10.1360/N972017-00223
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