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W E 2%ILEY (Perfluorinated compounds, PFCs) JE=—28Hr A ML HLT5 Yedl) , 22 IR 55 vp o 4G |, ™ 1 1
HNMERR | © BN BRI B M 2 — . PFCs A IR R Y L 7] 53 Sl i, HAE PR B il
HOIR R IKT- (ng/g 5% we/L) 300U T B ST AT 58 AR S i AL BRI B AR [ N A1 O v SR L
IR B PFCs MR T T KRB BFY (B A K Ze SRR b PRCs BTAL S5 ¥ o0 A 0 i B AU 45
T RGP AHXS B, A SCERIR T BREERE S OK LR/ 1508 58 ALY th PRCs (YA 3 5 1% e T
5 (R 1 3 A A ) B SR s JE A % LA DU 52 e, LA S AR DGR R 4R 2%

XER SFULEY; HWETEES, FESRTANER, BRSO ; [Fr A, BEIR
1 5| 5

25 AL G Y (Perfluorinated compounds , PFCs ) /&35 1k & 9143 F H 5 5k I 1% 32 10 &R 1 23 U
TR — A LAY, R4 LB & B Re A AN [R], 32 2E0] 43 42 R IR 24K 5 W) ( Perfluoroalkyl
carboxylicacids, PFCAs) £t fRIS b5 W) ( Perfluoroalkyl sulfonic acids, PFSAs) & 3EREERIL G
( Perfluorinated telomeric alcohol compounds, FTOHs) A 4= 3Bt A% 251k A4 ( Perfluorooctane sulfonamides
PFOSAs) ' % I FHEA R R RS f2ERa s RS M M B, PRCs )12 FIER &4 R
PER I AR, R T Tl ARl A O bl 2 R A K i A BREEY H AT E R TR
KU K R R e AT SR A R R A I P 3 G PRCs

PFCs B A K22 BERE R M ) C—F 8 3 ABREE SR ARMERL B A% , L rh PRCAs F1 PFSAs A= W) [ fif
MBI FRAE 2 BOERR (PROA ) R4 JRE B i R (PROS) 78 F AR BT LT AR & A [ fi 15 |
A7 3E N A2 TBE (il s e B S A A AL 55 ) T A BB B AR ' BRI A B P 1 PRCs AT
R AT, 7 38 S HE O 30378 b XL 55 g AU B b X R REAG Hh 20 [RIB PFCs 1 3 A A Ak Py 22
ARPIS 22 STIRU N S 7/ B M 51 NN NI ¢ N | N VR VNP N N <
PFCs, A NEREVE IRIGEEYE ATl Bk P2t N oI T IRk, R SO MRS ™ R A\ g
JEPO R PRCs #0958 75 Y 15 N (A (i i ) F0 8 RO 30 4T Ol 2 B2 B 2 2 B2 0F 5 1 6D B i Vi
I‘/%Eﬁﬁ[ls'zgj i

PFCs &4 8 £ [ 2 W S 5% AR (1L PFOA F1 PFOS A SEAR AR s ik B+ ) | HLHAEBR8 rhod
FIR K (ng/g 8% pe/LECES) , RIL I J PRCs PR I HLAd e (Rl BT 5 5, e 2 ] 4 R A0 FF & /T
ARBRAAG I FE AR E AT E PSS EE X FR R S PR A PRCs ARSI & T K i g7 (1A LR
SRS OCHORDURRY) | 4 AW SR e IREERE S b PRCs BTALEE B 7 A B RGP, DL K PFCs A
s 2 SR B L] 4 S R ARG I 7 ) R e S 5 I AR 3 /D o AR SCER IR T IR B /KRR AR 1 ARRE o (DTN
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Yo 56 e R ) o PRCs B AR B 5 35 R I O vk (0 R R g S A ) L K e T AR R
PFCs JU5E BYSZIR , LAISH PRCs P58 K AR B A 542415 %

2 HEEmBribiE

2.1 HmMER

2.1.1 JKEEZEEEL JKEET PRCs BYAEHE 2R B A IGE (SPE) %05 i B ZEBGERT 8 A HLIE
D, AT [R1E A7 AR BRI A AR A %00 8 R 10 [ AR A% BOHE 2 ZEAL 5 55 B 1 S8 ek (WAX) (5%
IKSENGF-#THE (HLB) FIBR-18 £ (Cpy) o Horh WAX HEREBGHUR U, %F PFCAs, PFSAs Hl FOSAs ¥4 %
TR BCE AR RE T, 1T HLB A R BRAE ) PFCAs FIl PFSAs HUAT %5 i 2K BUR SERE S0, € A U IR G
BB A —E 1) PFCs 208} (46 pg/L PFOA 112 pg/L PFOS) ) SR & PFCs @A 85T, i
TN, FARREERE (SPME) 2 7E SPE 1A 5L Al T & e >k B B B s HoR , B 22 L
T AR IO P | DR g SR, (F S B X 8 & B HE R A ALY, B ICSR % R £ L PFCs
i, T TATAE AL Monteleone 251407 )48 B B PN B - TN R SR 6 K BE v PRCAs HEATRT AL, 5
FETZS 15T AT AR O B, 22 BORCR: R A7 (I 84. 4% ~116.8% ,RSD 4 0.4% ~14.5% ),
2.1.2 IEHREFER  HAETEAER (L Y DU TS5 ) th PFCs Y 28 B 225K FH 75 2E
R (UAR) % ik B A BUOR e R FEBUR & B S RS B 00 ) IR g g 21 D) oy 4K
B, LA UAE 32K B3 rh PRCs ZRASBRAR MR (81.5% ~119.2% ) . B T UAE B:Ab, Jinid i 50 A5
(ASE) ¥t T REAHFE I PRCs ZEI, 1205 R A = i | o P A5 2 2 014 356 Jot v A LTS e i
Dk B FERE A SRR R TR WL D AR s . Wang % DL ASE 3L ZEBU A HEH PFCAS
(C6 ~C12,Cl14) Fl PFSAs(C4, C6, C8) By HE R 71.2% ~119.2% ,RSD<10% , SR, B T 85 W
AAARTHL R, ASE 5 78 S0 5 ok AR H

2.1.3 #EYMHMER 5N EYER(GR FYER RS o E %, PFCs Al i i S5 B
IKAEF T B e ) 2 5 X B R Jo i A W B 4 B, B O — U R AR BRI R B 221 R, A RE S v
PFCs T IR AR AR, DL W be- (SRR EL-FBE(99: 1, V/V) ) IRAHN(50:50, V/V) B A HL
ANEB S (A3 PHL0AH ) &30 (AR . ZE 1F) PFCAs(C4 ~ C10) 1 PFSAs( G4, C6 ~ C8,C10) Y315 B &
SESR PSR A 85% ) MG/ K BARA VAR BEA BRGS0 UZE T AR ) TRy
PFCAs(C4 ~C12) & PFSAs(C4, C6, C8, C10) , H: [ 70% ~105% ,RSD A 1% ~21% ', PFCs
FEBRE S5 T AT s R B AL A9, 9155 BHES B30 DU T JE AR e SU& (TBA ) 38 o 5 i fEL A F B
BB KBS -4 G 2 BT S A M A AR I, BT, L NaOH A f# B3 7), L TBA Sh 85 i
XFF, DL BT 3k (MTBE ) S A8 HGH 3 1o 3 1 B 6k A 7 75 2R B, B ORI RE i B PRCs 2R
MEE ik Felizeter 50 DI R ZEBUR [ BE 38 (A2 38 PHLIA MK 038 ) T PFCAs(C4 ~
C14) il PFSAs(C4 .C6.C8) A [MISCRAE 70% ~97% 2 I8, PFCA ( C4) [MISCREAIL (48% ) 5 56 T ok B4 ik
36 ARSI A 1 4 FH B it /i A AR B A G

2.1.4 FiR.ABRMERER SHYESAR,GR RN S RERE RS, 8 FRHEASEH T
XEER A X IEEE T P ) PRCs, FE AR TR AR IS B AR B SCHik[ 4, 43 ] D) 1% 2R M 2B
Rk F (R BE-1% UTR, 90:10, V/ V) 2885 M 75 A BT AR W TG 15 U 13 B PRCs, HIRIJICR K £
70% ~115% ,ANHMEE Y (PFTeA) MISCREAR (41% ), SiZAEWBREER K (C>10) . A5 M EIAAE
HURE R 58 % 3% BR 32 B 3 (R AR RO 6 56 . (EAHIE R A, B T PFCs 76 DU ALK IR ( THF) -KIR A T IR
A R (R T AR RN A3 IO BE T, P LUZ IR A T W (THE < K =75:25, V/V) AR, B8 7 A€ B0 i TR
Yy (ff %) TETETS IR (e 22 TG TR ) Y ) (S B N R SRR ) 1 R PRCs 3RS RAFRCR
(1M R 88% ~110% ,RSD<10% ) . 3 1 FIH TS AFRAT CHIEHE S (K 138 UIRR W 1516 )
H PRCs [ ZE BURIASIN  J7 7
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Table 1  Analytical procedures for determining perfluorinated compounds ( PFCs) in environmental samples
y : Tk e Fari 7 i [EN Kt PR
fﬁﬁ% ;frk trﬁ Extraction Ext ﬂi.B;l) fl L Detection Recovery Detection ?{C?k
natyte atnx method xiraction agen method (%) limit e
PFCAs (G4 ~ Cl4, C16, e [AIAIERHL HPLC-MS/MS 90 ~112  0.012 ~0.073
C18), PFSA ( C4, C6, Wat Solid phase - ( ) RSD<20% L [36]
Cc8, C10) ater extraction QaQ - ¢ ng/
4:2,6:2, 8:2, 10:2 £
FTOH, N-MeFOSAA KA f§$ hEx _ GC-MS/MS 80 ~97 | ~5 g/l [51]
N-EtFOSAA, N-MeFOSE,  Water eit;acﬁofe (Q-Trap) RSD<10% g
N-EtFOSE
g VRRRICTEL1% L8
PFCAs(C2 ~CI13), PFSAs 4 [/ 1% acidic methanol-1%  HPLC-MS/MS 73 ~112 0.03~0.3
(c4, C6, C8) Soil lr??‘l?“‘“ acetic acid (Q-Trap)  RSD:1% ~19% ng/g
exlraction (9 . 1 , V/V)
PFCAs( C6 ~ C14) PFSAs - AR I
(C6.C8) PFASs( NMeFO- j:}% Ultrasonic i Methanol HPLC-MS/MS ~ 91.3 ~ 10%' 5 0.012~0.875 [52]
SA .NEtFOSAA) Soil  traction (Q-Trap) RSD<20% ng/g
6:2~14:2,8:1,9:1, N
10:1,13:1, 15:1, 17:1  +#E P BT ik CC-MS 1.6 ~8.3 (617
FTOHs, 7Me FTOH,  Soil MTBE pe/g
9MeFTOH
PFSAs (C6, C8, C10), faey |RRETE1% LW
FOSSA, N-EtFOSAA, LA o 1% Acidic methanol- ~ HPLC-MS/MS 73 ~98 0.041~0.246 5
PFCAs(C8 ~Cl4) , Sediment rasonic 1% acetic acid (Q-Trap)  RSD:2% ~7% ng/
extraction P g
N-MeFOSAA , : (9:1, W/V)
PFCAs(C6 ~C14) , PFSAs . AR MS/MS
(co, C8), NMeFosA, JEPWI - hgonic U Methanol A A M €3
NEtFOSAA Sedument extraction rap - ¢ ng/g
S IR
o] PR% FE AL . _ -
PFOS S"f | Vibration Tetrahydrofuran HPL(CQ Ng)/ MS 95 0.01 ng/g  [44]
eaument e xtraction 3 V{E’l e‘ﬁ/v) !
PFCAs (C7~C12, Cl4)  yy,  HSAER . HPLC-MS/MS 0.01 ~0.1
8:2 POEA, 8:2 FOUEA, 4™ Ultrasonic I/ Methanol (040) 55.5% ~130% : [45]
PFOS, PFHxS, FOSA Sediment o vtraction q ng/g
PFSAs(C6, €8, C10), 1= i 1% FRAL B2/ 1% LT
PFCAs(C8 ~ Cl14) , W R %f“ I 1% Acidic methanol- ~ HPLC-MS/MS 41 ~87 0. 7g”/2 2 [43]
FOSSA, N-MeFOSAA , Suldge oo 1% acetic acid (Q-Trap)  RSD:1% ~3% ne’s
N-EtFOSAA Xlrac (9:1, W/V)
PFCAs(C4 ~C10), - A AR T P e
PFSAs(C4, C6, C7, v LEJ"‘fil Ultrasonic Dichloromethane- le]bc_:rMS/)M S Average 85% 0. 0/1 - h 5 [47]
Cc8, C10) C8elables o vtraction acidic methanol rap ng/g, dw
. JE P AR
PFCAs(C6 ~C12), B ! 50 ~69 0.3~3.3
PFSAs(C6, C8) Vegetables  Ulrasonic TBA®/ MTBE UPLC-MS-MS — popc159 /s, fw 48]
. W A
PFCAs( C4 ~C14) I . HPLC-MS/MS 0.001 ~0.054
‘ ; Ultrasonic TBA/MTBE 66 ~95 49
PFSAs(C6, C8, CI0)  Vegelables UlTasonic (Q-Trap) ng/g, tw 4]
a AR
PFCAs(C4 ~Cl4) , B A HPLC-MS/MS 0.001 ~0.053
PFSAs(C4, C6, C8) Vegetables ~ Ultrasonic TBA/ MTBE (Q-Trap) 48 ~97 ng/g, fw L0
PFPAs(C6, C8, C10), S . .
PFCAs(C4 ~C12) , i3 ﬁ{“zﬁm N Z;Hﬁ.fjfr_mf HPLC-MS/MS 70 ~ 105 1.8-20 5o
PFSAs(C4, C6, C8, Vegetables rasome e (Q-ToF-HRMS) RSD: 1% ~21%  pg/g, fw
ClO) extraction acetonitrile
2t 77— Lk ~
PFCAs(C4 ~Cl4) |, SR KRR , Punkri/ K HPLC-MS/MS ~ 58% ~110% 1-30
PFASs(C4 ~ (8) Vegetables, Ultrasonic Tetrahydrofuran- (Q0Q) SD. o/, f [46]
S fruits extraction water(3 :1, V/V) 5% ~10% pgg, 1w
6:2,7:2,8:2, 9:2, gupr PRI . 92 ~103
10:2, 112, 12:2, P Ultrasonic LE LR GC-MS RSD: 0-1~0.35 547
13:2. 14:2 FTOHs Weeds  _raction Ethyl acetate 1% ~10% ng/g, dw

s o PUT AR & Tetrabutyl ammonium hydrogen sulfate
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2.2 BB IMERYAE

2.2.1 #E&EWN KK PRCs 2B 3 % AT BBk 40 EAE, VAR ST (L4 A DU 5 TR
25 T AT E 2R BTN, PRCs ARG AR AP | 36 A4 A ol ] B A6 B, ik B 5% B8 120 25 P 3E PFCs
(ST DA ™ T 52 M 40 T o, PR 0 (7 R 3 J5 4K LS 3 5 R AT Al A T AR A B
(SPE) it PFCs A i b B FE b ofse i T i 07 =X, P PR AR AE 6045 HLB A\ WAX A | C8/ =
ERVR A AR R R R B (Florisil A% ) 125443 et WAX HEXT 250 PRCs 35 5A7 R ARSI, 1
Fo0 [/} £l e = SRR - 7/ AR 11 Y% 5L /) KRl =0 T Y (U PE X

2.2.2 ERMMBEEN Lol BAHRERGE SIS R L R /8 25 R Bk B A L T )
(Nt FYEE JRIAE) 21 IR RN, B A% B 66 B R4 il B AR & W0 AR sseR , S 3O
SE M (e S SR D 5 A B ) R RN R B R H AR A W B R A 5 0 S L M
JEZ (S i Seotven ) BIETIHRZ 5 HIE FIBR L RPRZ (K i/ Koo ) PEOT, BN, S, /S ven
K,/ Koo <0.9 BE A ANEI N, 2 S, /S rven B K/ Koo > 1. 1 B R B8R ZE R, 2% 0.9 <
S i’ Srotven B K i/ K gy <1 1 BTN 0] 2057

2.2.3 HEYHRERMN LTSN AR E SEPEE SR ALK& PFCs (AT EH R A X,
B ZE MR B TR % PRCAs(C4 €5 ,C10 ~ C12) K PFSA(C8) & A IMHISN (K, . /K
$90.19 ~0.90) , M HAH  ZE5% B BL M40 X PFCAs( C8) M2 PFSA (C6) Ml E A Hsm v (K, . /K. H
L1 ~1.12) 7 B AR, i 38 5% Al 40 339 X% PFCAs (C4 ~ C12) J PFSA ( C8) A3 1 il %4 1i
(K i/ Kogpyens 9 0. 19 ~0.89) , 11 FL 25 5% B 5 5t 5 43 X PFSA (€6 ) I 72 A7 38 58 B0 (K, i/ Kooy N
111) P00 PHLTAR T SR SEak B LS %) PRCAs (C4 (€8 ,C10 ~ C12) I 5 4 R0V ( K,/ K e
H0.34 ~0.84) , BRILZ AN LM 2558 B LR M40 % PRCAs (C4) tAg MR 0 L AT 58 41 5 30 i
FRIR, RIS EY T R (58 b A3 (AR ) i i R PFSA (C6 ) TIl5E 1Y
FEELT LS,

2.2.4 TEMRERRN  SHEYFESAE LG, A OC R R LTSS X PFCs AN BR800 14 4 A
b Li A BFSE Bo ,  HERR B TR AT X PFCAs (G2, C4) 46 45 5 & B3 ) 200 , T %) PFCAs ( C10 .
C11) K5 -4 g s ko He s, /8. # K /K, . 7£0.85~1.41 ZJd],

2.2.5 SiR.ABRYMHERERGL 150 DU SRS I 5 R R, HE PFCs 19 3 RN,
ARSI AL Li S R BV T R s DU % B LR 4 X PRCAs(C2 ~ C13) Y
IR T2 ZZR IR AW (K e/ K o N 0- 73 ~0. 87 ), TIHSZ I (FRINTT) FAE AT HURU 5% B L 5
O30 F R BB AN (K /K 9 1,10 ~1.35) 5 06 & BRI M5 U8 KAk 2 (TR BESE) 158 5% B2
FET 53R PFCAs(C2 ~ C13) 5 FA 36 BTSN A KT /N (K i/ K oy N 0. 84 ~ 1..03) , 117 Bt 15 P05
e 5% BR o Jst 43 W) ) R0 B S %) 400 ) B 9 BN (K i/ K e M 0. 66 ~0.99 B 1.06 ~1.37) . fH1%
TR SR , WO T T R A A 80N, 3228 & A TR BE PFCAs (C2 ~ C6) , T 4% 3 300 ) = %2 % AE
TEKAREE PFCAs(C10 ~ C13) , Ui A BRAE I B2t 5 38 s K/ 6, I I 35 52 5 Y S5 R 5 v PRCs
(ARG

2.2.6 ERBAIES A SEBK (ENVI-Carb ¥y ) HA 2 [MJZ2ARE5H , H o B 7] A R0OW L bR BA
05 PR PR G HY 1Y) % B R B Ly (ANt s R AF ) (H A HE DL 5 B A R L M SR ) PRCs AR ELAE
FHEAST A BB A I A A R R BRI UL 1, SR b s i PRCs I 52 3 A Hp ) 3 R AL
N, — BRI 5 AR B (R SR R ) AR O 2 ok [ A A BUA AL I E— 25 R A SRk Ry TE AT
PRI 2 BRI LS R | TR S B B I T A X PRCs A 56 SR K1 D 8 AR AR, AR A1 i
A3 30% ~50% 7 o Ryttt A B A R B A
it PRCs B, 38 5 R FHEE FARZE A T b i >, Hoh ek BE PFCAs(C6 ~ C9) (K fikEE PRCAs(C10 ~
C14) LA PFSAs(C6 ~ C8) A 435Il LARK [F] {37 ZARIC Y MPFOA ( °C,-PFOA) \MPFDA (" C,-PFDA) \MPOS
(PC,-PFOS)E R B G, 5 B 10 I AR 2, A5 it 04 56 J0 80 I -5 L i Ak 3880 R G ) 7 vk 485 DD AH G
U, SEEREA 2 AR i A ARSI 52 2 A 0 /0 18 2 B B UL (R T2 AFGE N B & B PFCs Rl i
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R AL FES R ( APCI) X B SR80 0 14 SIURR R 32 I 25 (IR L 35 B 1 U (ST, I AR & A I
0T R B R B R AR 4 R AR B BRSO N Takino 2810 SR APCT I A2 VAT K R A
PFCs B}, JE RN AT Z05 (S, /S nen M 0. 958 ~0.997) . HETA FEIRBERE S PFCs K60 3 5 R 0 7] 151
A SE O 5 | RS 5E 35 A EE AR, AR A X PG T bl 2o o v B IO ) R/ INRR B | 938 4 5 S A 2 9
P A i JB8ON; , (EAT DGR BT 1Y = 2520 R 3R A AL )y Th ik 5 IR ARG, LASBIAR A5 5 o
LY AR Ve YR AT = & Rz

ENVI-Carbon

| Extraction

K1 A bikAy (ENVI-Carbon ) X 4 HU 36 o ml o0 %) 25 5%

Fig.1 Removal of matrix contents by ENVI-Carbon in extracts

3 (X=Eah

3.1 S REEILE- BRI (HPLC-MS/MS) i&EH4 PFCs

HI TR ST 6 53 B d LA ], FLER IR B3 23 B e (MS/MS ) (9 B £ F0 R BRE I 3 v TSR i
AT AR (MS) 0 R, RS 3 SR FH o A0 TR0 €2 3% - A BG JB 3 () ( HPLC-MS/MS ) T 7 FR BT A ity o 1)
IR PFCs , Horp DA 8080 (3 - 5B 356 = H DU AR AT B 5 {) HPLC-MS/MS ( QqQ ) 7 fai &80 AH €2 33 - Bk Y
WAT LA B F BT (X HPLC-MS/MS ( Q-Trap ) i i fe) ™4 SR Fl HPLC-MS/MS ( QqQ ) Ml & ¥ 5%
Feath PRCs B4 1 BR ) 35 pe/L 8 pe/g B4, HorbKFE T3 DU/ 150 Kbk S e i PFCs B HY
BRI M 12 ~73 pg/LPT 10 ~100 pg/g ! 10 pg/g'™* F 1 ~30 pg/g'*’, Q-Trap Z3Hr#skf PFCs BA
BRI EEEME B REUER QqQ /M #sme A%, LA HPLC-MS/MS ( Q-Trap ) il K RE | 35 DI/ 158
Ko S RE S PRCs RS HBR 23 51 R 15 ~ 472 pg/LP 30 ~ 300 pg/g'® 41 ~ 246 pg/g'®
1 ~1500 pg/g"*" . 5 QqQ Fl Q-Trap ML, VUMEAT ATHFRI I ( Q-TOF ) Z3477 #4347 31 I 1 43 2R A
=, T4 PRCs BORE B 2 11 RSB 2 /NEUS R 4 7)), IR Tt B AR e v 4 i, (0 L4k v 3 Bl
A REUEBARH A AR, BT 2 T PFCs 250 % 5E | 16 MLSE 08 % ol 1 G B AG 0 b £
XA R, T RIS BN, R A (i - 2RI Q-TOF 23 K s 43 BEAS I 2% ( HRMS) J& , Hill % +
o DUZ T ARSI SE PRCs G FR AT 3k pe/g D% (1.8 ~20 pg/g) P, HEE| O-TOF-43Hr 4% (1 55
TEREME AR5 A SR LA 20 T A B 2 AR JE TSR it R PRGN B2 T,

Ak AR I A A s OB 0 35 B R (UPLC-MS/MS ) 16 20 45 WM £ 3% - I 1% 156 F 4% R (CLC-
MS/MS ) i A] ik 35 2 v & A% PR R IR PR B PRCs I 0 M BE 71, Yoo ™ il Onghena %5 X UPLC-
MS/MS H1 CLC-MS/MS Z3- 51 22 3] K FE Sy v PRCs , FL[FISCR 544 48 HPLC-MS/MS A1 24, {H 3 505 42 5
BAEEZE EAR, S AL UPLC-MS/MS W€ gk 32 h PFCs B4 1 BR AT 35 pe/g(0.3 ~3.3 pg/g) , H
A3 M L 58 HPLC-MS/MS #2 25 50fs ) |
3.2 StEBE-RBKRIE(GC-MS) ENEE PFCs

GC-MS 1] B 3 & B ¥5 & PE R PFCs (41 FOSAs F1 FTOHs 25 ) | ] 5 B3 % 5% FH 1E Ak 2 o 15
(PCI) 8RS AFHLES (APCI) VE B 75 . Ellington 25"V L PCI B 75, % H GC-MS & + 3¢ rp
FTOHs(6:2 ~14:2 FTOHs, 8:1 ~17:1 FTOHs, 7Me FTOH £1 9Me FTOH) AyA5 HiFR 2 1.6 ~8.3 pg/g;
PATRIRE 2 AN 2 ) (A BB K ORI 25 55) o FTOHs (6:2 ~14:2 FTOHs) AR HFR > 0.1 ~
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0.35 ng/g(dw) ™, A BIFEFEM, LA APCT R B F IR, R GC-MS/MS ( Q-Trap ) ] 7 /K # #f* FTOHs
(4:2~10:2) F1 FOSAs( N-MeFOSA, N-EtFOSA, N-MeFOSE K N-EtFOSE) B4 R K 1 ~5 ng/LP" |

55 PFOSAs 1 FTOHs AN[H], T PFCAs 1 PFSAs 38HMENE & , R GC-MS 215 — 3% iof 3 5 i b 47
Rk A AL R 7 B R ke 3Rk Bl A s mE e Ak ) H s % A A 5 A 55 IR | PR e
AL - F LS (le b)) L2, 4- T RUORME 3, 4- T SURMESE (BRI K = B IR AR AT N, 0- 3=
Ak L Mt fie (RESEALTR)) 55 0 AT LA 2, 4- SR M A T Ik e A A A=, DU 2 KA PRCAs (C2 ~ C9)
(RS B 47 0.5 /g™ 1T A = 38 AL BI-FP o S AR AT A, T 52 LR Hh PRCAs (C7 ~ C10) B I BR A
0.5~0.8 ng/g' ™', SR, tH TATAE SRR R N R 2% HEB A AT AR AL = W ASER 2 T, GC-MS e R I AR 7 %
PFCs J7 1 (9 15 FHAR X e 09
3.3 PFCs R4 RHAERNE

B ELEE =4, PRCs 2B 7= i fi b (LR H SRR ) &= A B 2 W TR 4 SR IR, A0 36 <085 S p 4A
(B P LR P L SRR I ) R B S AL R 250 P AR AR S5 4 T A 22 57, PRCs N [R) [R] 43S A 4 i )
YR SRR FEVERON S A AE ] 25 5 AN PFOS SZ4% MUK (1 ~ 5 m, iso-PFOS) 7E G #5475
HRR T H B8 SR (n-PROS) | I 2B A PROS I 5E0E AL LA Y | T 1 5 S A TE BRAA L )4
o 000 DRI v B I R BR R PO [R] PRCs [R) 20 S A AR 1 25 i B 4B 40 A %1 4 T B PP 12 2Rk &
{14 P R BRSO LA S LR g b 4 Jr T A T S

PFCs [F)7r SR AL 38R ] HPLC-MS/MS 1 GC-MS VEM 5 B AL/ S48 20 Fr it 1) 45 0 1 5
B PFCs ST AFTE2E 5 . N T H&mXT PFCs [R50 S A A By 43 BS B2, SR I HPLC-MS/MS WL 7 B, R
FH5 HAs PRCs ELA S5 AR T [ A7 (0308 2 | 2 g B al U I 2655 ) IO A ik A (3R 2) .
Houde %517 1) 4> 5= 5L 2 AH (3% 4%, 38 37 HPLC-MS/MS 2 T 7K K Ui B vh 2 Fl PFOS [ 43 544 14
(6 ~7 ), 73 BF1A] H20 min, Chen 28/ N3E i LC-MS/MS , A4 3 56 A (4338 44 [R) IRF 20 B 5 17
JK A 4 T PROA [ 53 5 44 A& B2 6 F#h PFOS [R] 43 5 44 1A 2 F FOSA [] 43 S5 44 4K J2 8 B 1 i PFCs , {H 73
F2 AT IR RER AR RE S b 2 & W5 SRR G 43 BT 7 2

Table 2 Analytical methods for the isomer of perfluorinated compounds ( PFCs) in Environmental water and solid samples

4 R 75 vk [éil E AH . (B A=l B AT ]
? *{? % Detection Solid T Derivatization Analysis time Ref.
nalytes . Matrax ) .
method phase reagent ('min)
4 kinds PFOA (isomer) , S fEK DUERY) NS
4 kinds PFNA ( isomer) . GC-MS Pl %‘ZIJEI ol Water, 5 i"]‘)igﬂﬂf 40 [71]
PFCSs(C6,C7,C10 ~C13) oyefiylene gyco sediment ST Toroantine
PR manw
. N DB-5MS, R
4 kinds PFOA (isomer) GC-MS FHE g Soil, sediment, Azide methanol 300 [72]
plant
Koy VIR ALY
7 kinds PFOS (isomer) HPLC-MS/MS Perfluorinated Water, - 20 [67]
octyl sediment
. e g PR K B
6 kinds PFOS (isomer) and HPLC/MS/MS  Pentafluorinated Water, - 60 [69]
5 kinds PFOA (isomer) phenyl cediment
19 kinds PFCAS (C6 ~C11) (i-
somer) s . . TR 3 g 352 e
24 kinds FFSAs (€6, C8.  ppreovis/Ms  Pentafluorinated | SL2 5T - 23 (73]
C10), (isomer) henvl 1 Landfill leachate
5 kinds POSAS (isomer) , phenylpropy
26 kinds FOSAA (isomer)
. . K Y IR
8 kinds PFOS(isomer) , 3 A
8 kinds PFOA (isomer) UPLC-MS/MS Cis W:;S?;ﬂ:;il’ 23 [74]
4 kinds PFOA (isomer) ,
6 kinds PFOS (isomer) Eof e e
2 kinds FOSAs (isomer) , HPLC-MS/MS Perfluorinated JKFE Water - 90 [68]
PFCAs (C6, C7, C9 ~C12) octyl

PFSAs (C4, C6)




54 1) PINEE KA . BRI R BT ARAE f v A AL 5 0 0 7 ik 5 i 607

B IAHE 35 90 min, T, 4F H A2 F |

-CF-PFOS 6-CF+-PFOS
FUARIE SR (0,38 K 38 1 HPLC-MS/MS [fl i TR R
,\100’ Linear PFOS structure 3-(;1?‘-?11}()21“ S 5.CFLPFOS
M T K KUY PROS (6 Fi) Al PFOA =
; N o 8oF B
(5 F) (TR Sep b, 7 BRIl R 090, 8% ~ & 2 e
127% (KBE) 74% ~124% (iRW)) , #e = % Middle groif
510,05 ~ 1.1 ng/L #10.025 ~0.56 ng/g, - | |
N1 . JE . e — E L ‘irst eluting isomers
SYBI L 60 min, (3IERMUE, PRCs W 20 AJ\
/= 0 L -

O3 SEAR R 3 4 £ B AN B T G s 20 2% 3 38
B K, DU 52 Wi He A8 SR £ 35 A vp i 0 t (min)
— B &, B IR H O 2 PFCs i 7K 14 B
55, 2 IRk, PRI, SC8E PRCs H 140 T T
B BE PFCs, H oy S 40 55 8 22, Y 04 1Bk
(F12)™, (PFP) phase®”

I AR RN H B ERE T
HPLC-MS/MS ¥: %t PFCs [A]43 SR I RE 3% Benskin 25172 F1) FH o 90K TR 36 SO MFL I Rl Az (20384 | 7
23 min P[RIBT 43 B 00 52 T b 3% 8 UEWE 19 Fl PFCAs (C6 ~ C11) . 24 Fl PFSAs(C6, C8, C10) . 5 F
FOSAFI 26 Ff FOSAAS [1[F] 4 #4914 . UPLC HEAR W #E— 25385 LC-MS/MS ME PFCs [F] 43 S A1)
fit 77, Kirrman 47 F|H UPLC-MS/MS, LA C, JOMI RS RE 75 23 min PIIRE T ERBERES (K R HERDT
W) 8 Fl PFOA [F] 43 A8 1K B2 8 F PFOS [F] 43 b

H A 0 B AN FE 7 B e S, R A R4 ES PRCs [Fl A AR, IRIIE GC-MS 7E 2 345 B iy
H PFCs [R50 A AT 2 B E ik de Silva 267V L 2, 4- 50RO AT AR AR, JF AR 2 Wk SE0R)
(R M B AT B GC-MS ME T Rk KBTI h 4 F PROA [R] 53 S Aa A S HAth 6 Fh ELEE 4 iR R
A PFCAs(C6, C7, C10 ~C13) . Fifr, Naile 2217 DB A B HATAEF], DL DB-5MS (30 m) FlF-1
iR (BGB-172,30 m) HREE i@ GC-MS M T +3 YR MY 4 Fh PFOA MR, (Hi% 7347
PIRG4S AN 3 43 25 B[R] 36 4 2% 300 min DAL,

550 E4E PRCs [6] 290007 r Al L, BRT PFCs 8] 43 M 1A 43 BT 7 v A7 A R AREEAR R g 1k
2 A [R5 SR AL A 02 ( 2Bk PROA Il PROS SRR ) | Al A6 I B 455 A 5 ik I3 315 B 4 7% 465 1)
R, AR 1 T T & R R AR M B N TS R TR

4 HiES5RE

IR Y IE— IR AN LTS Yy TR R i A | O PR 15 e 5 AR e A i Bh 2
SR A BROCTE B A TR A, RAEAT AR AORE R AT BOR RIS — B AT E . FRT, CA X ARG
FESL LT (DU IE)E R LA AR A5 ) hR i PFCs B0 T Ji 1 R BRI ST, #7130 i L R
BEBORIEAE i PRCs JTAL BRI VEFIAGIN B A , JE RIS 1A i B3O, % PFCs 0 A B 52 W) A48 0 7 925
(B SRFE RO Y T 2 N 2R T SL A D7 A 5 23— 2D WY, LASJAS i R0 2 &2 A i) PR3
FEdl R PRCs AR EE RO 8 JC 3 8N B 0 7535 o 93— D7 T, 5 33 ELBE PRCs [ R L, LA
PFCs [Fl 7 SeAG AR Wi 7 IEATAE RAEUEZAR RS ME2E AR LY A% 251 20 [, 3k 26 [R] AL B 5
FIARTRAT B T ik — 20 N7 2 R BRIEAE it P s 80 R ARE Y PRCs S HCR] o3 S M AR o3 7 O k| 2 AT
#t PFCs TEFRIE P AIE YRR 15 QRIR FRIEAT I BEVEROL i Ff 22 53 (BRSSO M I 3R 45, 3
B4 )5 PFCs I3 AT B AR SUsAIE FE ) R G R e

=

B2 PFOS [FlJ35i My A7 A2 SR IEAE (PFP) ) (5385 3 g
Fig.2 ESI (-IT-MS2) base peak chromatogram of technical
prigluotovysnr ( PFOS) separated on a perfluorinated phenyl
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Research Progresses of Determination of Perfluorinated
Compounds in Environmental Water and Solid Samples

SUN Teng-Fei' , XIANG Lei' , CHEN Lei', XIAO Tao', MO Ce-Hui*', LI Yan-Wen',
CAI Quan-Ying', HU Guo-Cheng’ , HE De-Chun®
'( Guangdong Provincial Research Center for Environment Pollution Control and Remediation Materials ,
School of Environment, Jinan University, Guangzhou 510632, China)
*(South China Institute of Environmental Science, Guangzhou 510655, China)

Abstract Perfluorinated compounds ( PFCs), a group of persistent organic pollutants, have been widely
detected in environmental media and posed great threat to human health. The researches on environmental
pollution and health concern of PFCs are the hotspot areas. Because PFCs contain lots of homologs and isomers
which are detected at trace levels (ng/g or pg/L) in environment, advanced and reliable analytical methods
for determination of PFCs in environment are urgently needed. At present, studies on analytical methods of
trace PFCs in environmental samples have been widely carried out in China and abroad. However, systematic
review on the sample pretreatment, analytical method, and matrix effect of PFCs determination in complex
environmental matrixes is relatively scarce. Therefore, this paper reviews the pretreatment methods, martix
effects, and detection techniques ( especailly isomers) of PFCs in environment samples ( water, sediment/
sluge, soil and plant). We hope that this review may provide valuable reference for the enviromental
researches on PFCs.

Keywords Perfluorinated compound; Environmental sample; Sample pretreatment; Matrix effects; Isomers;

Review
(Received 10 November 2016 ; accepted 12 February 2017)
This work was supported by the National Natural Science Foundation of China (Nos. 41573093, U1501233).



