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R R OB IS HEHR 5 BRI, 3 ST AR 2 B 453 ok A AR AR OR A Tk, Cos (35 HE 3 28, HTBEAT S mmol/L £
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JEEINLIE R AT, HERBORT 0.994, FRIEN 0.10~0.25 pgkg, FAEENFHAINERR . 1.0 pgkg M
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Simultaneous determination of 22 Kinds of perfluorinated alkyl substances in
aquatic products by ultra performance liquid chromatography-tandem
mass spectrometry
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ABSTRACT: Objective To establish a qualitative and quantitative method for the simultaneous determination of
22 kinds of perfluorinated alkyl substances (PFASs) in aquatic products by ultra performance liquid
chromatography-tandem mass spectrometry. Methods Aquatic products with complex matrix components were
selected as the detection target. The samples were extracted by vortex oscillation from 1% formic acid-acetonitrile
extract, the disper solid phase extraction was combined with purification through a type solid phase extraction column,
the samples were separated by a C;g column, and then eluted by gradient elution with methanol and 5 mmol/L
ammonium acetate solution, the samples were collected by multiple reaction monitoring negative ion mode, and
quantified by isotope internal standard method. Results The linear relationships of the 22 kinds of PFASs were

good within the corresponding mass concentrations, with the correlation coefficients greater than 0.994 and the limits
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of quantification were 0.10-0.25 ng/kg. The recoveries of 2 kinds of samples at spiked levels (the limit of detection,
1.0 pg/kg, 10.0 ug/kg) were 71.8%-98.2%, the relative standard deviations were 3.9%-10.9%. Conclusion This

method has the advantages of strong anti-interference, simple pretreatment operation, fast analysis speed and high

sensitivity, and is suitable for the rapid and accurate detection of 22 kinds of PFASs in aquatic products.

KEY WORDS: ultra performance liquid chromatography-tandem mass spectrometry; aquatic products;
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2 F W) i (perfluorinated alkyl substances, PFASs)
R—RERTRAVAEY, M 20 4 50 FREH R
V2 PR T T R R AT A W R T A e
A BRRE SRR A A . ISR PR A ik
P2 A3 AR i AT Ao i 2 B Rk L SRR R S
FAEEMECT, ZFh PFASs MM EAEF 2 45 A fa pie iy o
XU AR ST W, AE 22 i KT R L S
PR PO e Z2 Rl i K A 0 ke o U S A v A T K Y
PFASs. [k, 1EA#i Bl RE2e A HLI5 %), PFASs U4
S E AN SR, 2009 4F 5 H (BT REEAN L)
P44 BB N T A o o R R LR 2 MR (i
FHRBENY) ) Gh2 IR, 3 e 56 T HERCH) B A g 4 v Ak
& AW R A5 ATk A SR B R,
H 2019 4 3 [ 26 HEIKEEE I 4 5o iR S LR 2B
R PR AN A= | A L R U

T il it A S A v Y 3 R A (R 0k R 1 IRV R o —
HZ R EN R ER, Heetazen, M
Sk e e b B9 4 O R T SR AL AR AR UL AR LA
FERFFEAE B,  H AR 1 K™ S 4 AR 6 A
AL WL EEMESERY, AR
PFASs 2T B 2 dh U™, T LK™ il &b of PFASs 1
V5 Y I DU SR o K™ i A= g = B, 1 HL
AHRZHEREBINF, ST T08E 2%, XA
KT, FEESL POk | P R R
DR RAGITE K o B R S 4 e SR A A S
A GB 5009.253—2016 { &% 2EZmHE s iEM:
£ A LR BR (PFOS) M4 L BR (PFOA) I 5E ).
SN/T 3544—2013  H 17160 i b 4 95 R 42 - Be il 2
RO E WAH -/ TR ). SN/T 4588—2016( 1
MBE3E KR Z R 2RI S PN E AR - 5 K
FUi ) FSN/T 5222—2019 (M2 20 Fh 4l 3eAb
BYHIE ARG - R R ) 58, B T K il
w2 A e S T AR I T v AR SR
K MR E R WD e FA G YR kR R,
T B IGF AL 7 A OB AR T . [ AH 26 TR Pt 4 2
kRO (AAE AR B L RIS AE A L BRI AR

T B Y 52 2R R T v ARG AR A R A, Ay T
R ARG A Y B A |
A 03 - K T A8 Y 3 - P I T A S A T A
T U428 ST A SR T b R 2 G T 45 A ARG T A
WAEA WM, 5 )5 BR T2 5E 5 AL BE A S &b 78 #9300
BV AR AR TE ARG I A7 AR B A B A RSB B[R]
B, B2 A7 AT R X K™ A X S T S
R WRE S AL TR BE R 0 () R, ASRIF 9T LUK 1 i
WFFERT G, 456 B 526 0 2 4 W B AG St 40 ) (2021 4
R0 P K A S AT AR L S I BT, AR TR
AT B E KT R R EUKT  faEE
RN K P b o PFASs (RGN J7 ¥k . ASBFFT R
53 HIC I A 25 B 5 3 ok =K 1 A 2 BRURE e Ak Oy AT R i
AL 2, AR Al DA i 38 e £ T B E T A (A 9 4 B
WEFE Cis ZEHUN LBRBEAR AR (124 BT, BEPE S —He-N-1N
F:(primary secondary amine, PSA)FE R L B2 . HHL
PR T By 2 55 % o, e B2 {k ik (graphitized carbon black,
GCB) W[50 L bR Mg i e Al R 55 T4, Wik T B4y
B ARZE IO REXT PFASs BOIHERCR o il 36 1iE (1% 4%
PR B3 S 015 B e A 43 88 5 58, R R w8 ORORE £ 1
#:(ultra performance liquid chromatography, UPLC)F &1 43
B RESCH 22 F PRASs BRI > 85, R TR 3R bR i%
AT ER IR B B AT o AW SE DA 7 R B AR T 2 4 Ak
AR S B A A, SURE T T 18 A0 Y DR £ A ) R
RS 5 T vk, SRR i A A e R I vh 2 A b R )
Jo 4 A5 e s R RS W B ARG R S AE

1 MR5ERZE

L1 #MR5IKF

FRESh: 4% T B2(perfluorobutanoic acid, PFBA)., 43K
fi(perfluoropentanoic acid, PFPeA) , 2%\ (perfluorohexanoic
acid, PFHxA) , 49 R (perfluoroheptanoic acid, PFHpA) . 498
3F & (perfluorooctanoic acid, PFOA) . 4 i T MW
(perfluorononanoic acid, PFNA). 43 %% R (perfluorodecanoic
acid, PFDA)., 29— (perfluoroundecanoic acid, PFUdA).,
It ek (perfluorododecanoic acid, PFDoA), 49+ =kt
2 (perfluorotridecanoic acid, PFTrDA) . 4= i + MU %% R
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(perfluorotetradecanoic acid, PFTeDA) . 4= ﬁ T+ 7N bt R
(perfluorohexadecanoic acid, PFHxDA) . 4= % 1 /\ k¢ &
(perfluorooctadecanoic acid, PFODA) . é BTk R
(perfluoro-1-butanesulfonate, PFBS) . £ % % %t fif 8
(perfluoro-1-pentanesulfonate, PFPeS) . 4= fi © %¢ fiff B
(perfluoro-1-hexanesulfonate, PFHxS) . 4% 9\ B¥ ¢ Bl iR
(perfluoro-1-heptanesulfonate, PFHpS) . £ i 2 K¢ fiff /R
(perfluoro-1-octanesulfonate, PFOS) . 4 i T %¢ i MR
(perfluoro-1-nonanesulfonate, PFNS) . é % J("L‘ fith 2
(perfluoro-1-decanesulfonate, PFDS) . W 8 : 7

(perfluoro-1-dodecanesulfonate, PFDoS)(é@ E=99%, &
K Wellington Labortories 2% ) ); "“Cs- & W ¥ B
("*Cg-perfluorooctanoic acid, *Cg-PFOA), "*Cy-4TRF befik
1% ("*Cg-perfluoro-1-octanesulfonate, '*Cg-PFOS) (4 ¥ =99%,
2% [# Cambridge Isotope Laboratories 2\ #]); 490 befiski ik
Jl (perfluorodecanesulfonic acid, PFOSA) (%l = 99%, Hi[H
LGC ~Hl);, WEE. ZIE(igel, 18E Merck A H]); HER
(32, £E Fluka A ), JTOKBRRREE . SALEN( L,
Iﬂ*ﬁ%ﬁl%%iﬁ*ﬂﬁﬁﬁé}ﬂ); Cis ZEH370(50 um). PSA %
BGA (CREE N EAIRA R, A Bk (32 [ Supelco 24 H);
Captiva EMR-Lipid i@ 22U AHAE B . 0.22 pm 420l €
#R(EE Agilent 22 F])o
483 Al A (AR L . Rk . . TR
2 B 225 F 2020 45 11 A % 2021 45 3 A1
AE ST RARET . MEH A ETEMIE,

(100 mmx2.1 mm, 1.7 pm)(3&[E Waters /A )); XHF-DY 45
LTI Z /A7), Heidolph figiiR & e B E s
J7); SIGMA 3K15 m# & CHL(FERE Sigma 2vH]); ANPEL
DC24H-RT W AY( |7 ANPEL /A &]); ULTRA 10 MK2 j#4[;
AKAL (e E ELGA A ],
1.3 LIFEE
1.3.1 B4

A 03K R F Waters ACQUITY UPLC BEH
Cis (100 mmx2.1 mm, 1.7 pm); A : 35 °C; i :
0.30 mL/min; #EFEE: 5 pl; FAIAIKA: 5 mmol/L Z. Rk
IR FEHAEPUAR: PR, BEEVERAR P LR 1,

®1 BERRERF

Table 1 Condition of gradient elution

B} 1] /min KA/ % HHLAE/% i £&
0 95.0 5.0 6
1.00 5.0 95.0 6
3.00 5.0 95.0 6
3.01 95.0 5.0 6
6.00 95.0 5.0 1

TS BLIE 55 B T JK (electrospray ionization, ESI),
zfiﬁ J'm{J”'J(multlple reaction monitoring, MRM)f & Fi

K, BAEHRIE: 2.5 kv, BTFIHRIRE: 140 °C; FIEHRISH
1.2 UBE5EF B A 1000 L/hg BEAEFICREE: 350 °C; LA
ACQUITY H-CIASS #8 FH R A (%X AL Xevo TQ-S AR 30 L/h AR &< 0.15 mL/min. HABFES
B I DU AR AT R 1%L . ACQUITY UPLC BEH Cg (0iAT: Bk 2,
*2 BRUEVIERESH
Table 2 Mass spectrometric parameters of the target compounds
5 & CAS & BB (/i) FEF(m/iz) T4 il /e V HEFLH R /RV
169.1%* 20 8
1 PFBA 375-22-4 213 168.9 50 N
219.1* 20 8
2 PFPeA 2706-90-3 263 509.0 50 1
269.0% 25 8
3 PFHxA 307-24-4 3129 101 50 18
319.1* 20 15
4 PFHpA 375-85-9 363
169.2 20 27
369.0% 20 16
5 PFOA 335-67-1 413
169.1 20 30
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=28
ha= E&W CAS 5 BB T(m/z) FET(mfz) i AE eV HEFLHL R /RV

419.1% 25 20

6 PFNA 375-95-1 463
219.0 25 30
469.0% 20 20

7 PFDA 335-76-2 513
219.0 20 30
519.1% 20 20

8 PFUJA 2058-94-8 563
219.0 20 30
569.1%* 25 23

9 PFDoA 307-55-1 613
169.0 25 45
619.0% 25 23

10 PFTrDA 72629-94-8 663
169.1 25 45
669.1%* 25 26

11 PFTeDA 376-06-7 713
169.0 25 55
769.1% 25 25

12 PFHxDA 67905-19-5 813
169.1 25 58
869.0%* 25 25

13 PFODA 16517-11-6 913
169.0 25 60
79.9% 50 48

14 PFBS 45187-15-3 299
99.1 50 35
79.9% 32 31
15 PFPeS 2706-91-4 348.9 059 b 20
79.9% 65 55

16 PFHxS 355-46-4 399
99.1 65 40
79.9% 16 34

17 PFHpS 375-92-8 449
99.0 16 34
79.9% 20 55

18 PFOS 1763-23-1 499
99.0 20 55
80.1%* 65 55

19 PFNS 98789-57-2 549
99.1 60 50
79.9% 85 60

20 PFDS 335-77-3 599
99.1 85 52
99.1%* 70 57

21 PFDoS 1260224-54-1 699
130.0 70 60
77.9% 25 80

22 PFOSA 754-91-6 498
169.1 25 30
79.9% 30 70

23 13C4-PFOS 1763-23-1 507
99.0 30 65
223.0% 20 16

24 BC4-PFOA 335-67-1 421
376.1 20 16
RN ERE TN PCo-PFOS S 23 BB RIS A (4 %, PCs-PFOA Ry 4 3 FRZE TN 2 3 e e S AL A5 90 19 IR o

1.3.2 ARfw 2 ug/mL MIRGARERE R, T P B R T VR

AT R AR AL, AR NARIEE R K 22 200 /L (IR-A IFR AR . FEIGE b i o ) v P Y e
Filt PFASs AR iE) J5t H HY B C il B3 49 B2 100 pg/mL FA7E T T R B G 22 0.1~10.0 /L S8 905 61 69 R B v
BARUERE AR, T AR B IC A 200 ng/mL bR TAEWR, BECIL . G ORI 2 2 ng/L WARAL
[0 900 o PR PO b A 4 4 T Y B RC R B BE T A AR BB B B AR BR(X, pg/L), 2 RS TR
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2
1.3.3 Hopfa
FEAARIG 07K 7= S H AR 1 7= b o BRI AE itk
i S BORE, HLA 2K ™ il b BT B 43 1A 7 5 % b 3
SR A o FREX 2.00 g YIFTFES T 50 mL #5048, A
INFRYI(Cy-PFOA . *C4-PFOS 4 2 ng)fl 2 mL &4k, i
BEIRA 1 min J&, A 2 g TOKBRREER 1 g &AL, AL
(% 1%HR)10 mL A HENR Y $2EL 10 min, LA 9000 r/min
B0 S min, k.

Pl LERBARD —HOEFRMA 60 mg
PSA 130 mg GCB 72/ RHEIR A )5 9000 r/min #.0» 5 min,
VW 5 mL Z38 2 AR ZE O e ik . S AL AN
REI B IR AIIA PSA Fil GCB, HAZHLIF
W 5 mL Zlad X EAHZEB S . ik )E 3RO 4
40 "CAMKET, AHFBEAZE 1.0 mL, @i 0.22 pm 450
BUR/js&cr SUR) -9 =R O] s /A8
13.4 HHELE

e 22 ' PFASs g & w4 ()i

Ci xV x F

-

X; )

(D
Xi——iRFEH PFASs (5, ng/g;
Ci— AT P PFASs & i, pg/L;
V——HE SV BOE 25 R, mL;
F——F il 75 TR PR A

PR he st i i, go

2 HER5SH

2.1 HmEIEGERMRL
2,11 RIRF 9k

X F AR AR S SERE A R PFASs I9$RIRZE SR A
HEE . ZAE/K . ISR LR T S 202 S HR— O g1 7
PRI 2 BN K= ] i HAT = 8 L SRR R, A
FENBIH OIS 1%F ). PR 1%FER)M 90%Z
i K WGEAT T AR E, H IENISCR OR B A [R] 2 B o B

m

PRAE AR EIE . BRER, I 1% T IR
RIRAF, 16 2 pg/L WINACETS, BAREA Wi DR LE
70.2%~108.4%Z [f], $EBHRIL T HALPIF, FILiEEL
(1% P R VE RG]
212 #F Xk

XFFEZFLR T PFASs B4k 7 =G LA 22 5% I & A
LR RO A B AR AR B, (H AR ZE O TR B 1h 4k .
Ve VEMLAERAE, P BRORERT R o A3 HI A A B
BRAEACSOR A IR o A7 1R 38 o 2 R A AL B 45
Sy ELE A AEE, XF Cg ZEHUR . PSA ZEHGRIFI GCB 454 [H)
PR B T AR AE RO B HEEA T 4 . S5 SR B, Cog 25U 2L
AT RBRER S 2% o, HAE 5 38 2 =X A 28 BOGR) AH T 5
LR A WG #, BT LR R B, Crp ZEBGRI Y 1
FHXTZE I ks, BTl Hik# T PSA il GCB iX
PRI B AR ZE B R . 382 PSA ZEBU 2 B A HLER A1
AR LE Y& IR, FIF GCB £ R, HEamdR
PR 2 TR 25 B B (I BRS04 St BT () P 58 K
Fek, SCRBIRUEEH LA o A< U7 ik LA B Sk S A BL X PSA
BRI GCB MR E S e F(1:1, 2:1, 3: D47 T [
WCREE, SRR, EEEHN 221 KM FAafEskd
PFASs B EITZETE 75.2%~103.1%:2 6], IS4 T oAt
PP L) Ho A B AR, & 5t T I AN, B &k 4%
60 mg PSA 130 mg GCB (2:1)43 ¥ [t A A BUs P 288 1 2K
[ A 2 U A A
22 BIEEHFSML

ATy EAT UPLC (W a b BEAT A, eSS IR ] P
22 Fift PEASs FIA 35050 B o ARSI G TR ) AtlantisT 3-C g
B35+ CAPCELL AQ-C g UM E AT IR A7 AL 4R 2 R0 g
KR, A% T ACQUITY UPLC BEH C5 (100 mm
x2.1 mm, 1.7 um)Fl ACQUITY UPLC BEH C;5 (50 mmx
2.1 mm, 1.7 pm)PFHRIS ) 35, 255 B R 100 mm A9
TR BA AR 2800, RBIBAE 6 min A RS2 22 Fi
PFASs, WEIXIFR H 5 TP e A 305 8 . B e #
ACQUITY UPLC BEH Cjg (100 mmx2.1 mm, 1.7 pm) @
TR EEBRIE )y AR G 55 FEfILZS R AL R dF AT 22 Fi
PFASs 5 pg/kg W BE A IARSELS, Hi kg s Rt i 1,

2.59 278 2.87
100 rprgA 100 pppea 100  pppxA 100 [~ pFHpA
S S S S
i i i i
= = = S
E z - S
4.71 4‘71
0 ) - 1 0 J il al 1 1 1 1 1 /\g_l 1 1 1 1
1.002.00 3.00 4.00 5.00 1.00 2.00 3.00 4.00 5.00 1.002.00 3.00 4.00 5.00 1.00 2.00 3.00 4.00 5.00
£ 88 Bt B] /min A5 B8 B} [] /min £ B8 B 8] /min £ 88 B 8] /min
B 1 fadLas (IBREE S A 22 Ff PFASs (9 MRM &35 (5 pg/ke)

Fig.1

MRM chromatograms of a blank fish ball sample spiked with 22 kinds of PFASs (5 pg/kg)
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WRIAT T HEL S8R BN, CIE-CRREIR R EIERIET,
HRBUEREAR, TE- LR R R RN FR H R BUE RS
PEAE S AH T IA Z BB AT AR R PFASs 8 LR,
VI RE, AH 2 TR v P 5 v Xt TR A U A il 4 S, e
DA 5 v e H -5 mmol/L ZRRE KV IRAE Ry i sl

23 ;= 1E| ‘%ﬁ: E’J ﬁﬁﬂﬁ

TE ESTE 1 3 7850 T lf PFASs IR &

554 W O, GE RO - 5 I ST R [ B K e 22 A SR B o 1137
2.96 3.05 3.14 3.25
100 FopoA 100 peNa 1001 pepa 1001 beuda
N RS S X
# i il i
=t | b= =S|
B = ® &'
Z Z E z
0 1 1 1 1 1 1 1 1! 1 1 0 1 1 1 1
1. 00 2. 00 3. 00 4, 00 5.00 1.00 2.00 3.00 4.00 5.00 1.00 2.00 3.00 4.00 5.00 1.00 2.00 3.00 4.00 5.00
1 B3 Fis} (8] /min A B4 s} 8] /min £ 8 i 8] /min A3 B4 1t 8] /min
3.36 3.90
100 Mpppoa 100 ™ ppTrDA 100 pETeDA 100~ pRHXxDA
& S S S
# i il X
| o a oA
® ® ® ®
Z Z Z Z
0 L L L L 1 0 1 1 1 | 1 1 1 1 "’ 1 0 1 1 1 1 1
1.00 2.00 3.00 4.00 5.00 1.00 2.00 3.00 4.00 5.00 1.00 2.00 3.00 4.00 5.00 1.00 2.00 3.00 4.00 5.00
AR E5 bt [B] /min PR B3 Bt [B] /min 3 B3 B} 1] /min PR E5 it [B]/min
100 425 100 2.68 211 100 2.84
PFODA PFBS PFPeS PFHxS
1 i ) #
o | 2 o
B’ & ® ®
Z Z Z Z
0 1 0 1 1 1 1 1 1 0 1 1 1 1 1
1.00 2.00 3.00 4.00 5.00 1.00 2.00 3.00 4.00 5.00 1 00 2. 00 3. 00 4. 00 5.00 1.00 2.00 3.00 4.00 5.00
£ B 5} [ /min £ B8 i [8]/min £ B bt ] /min A B 5} (8] /min
2.93 3.01 3.1 3.20
100 PFHpS 100F beos 100 100 Fpeps
i i = il
el o o e
' ® ® ®
Z Z Z z
0 1 1 1 1 1 1 0 1 1 1 1 1
1 00 2. 00 3.00 4. 00 5.00 1.00 2.00 3.00 4.00 5.00 1. 00 2. 00 3. 00 4. 00 5.00 1.00 2.00 3.00 4.00 5.00
A B4 B} 8] /min A B4 B} 8] /min R B bt ] /min £ B8 bt ] /min
341 3.20 3.01 2.96
100 Fprpos 100 rprosA 100T5c pros 100 Fisc _proA
B = RS S
i # # #®
b= = =t o
B Z z Z
0 1 1 1 1 1 0 L L L L L L L L 0 L L | L
1.00 2.00 3.00 4.00 5.00 1.00 2.00 3.90 4.005.00 1.002.00 3.004.00 5.00 1.00 2.00 3.00 4.00 5.00
13- 84 B 18] /min A4 B 18] /min LR B B ] /min {5 88 B[R] /min
B 1(5E)  faALas [ nRAE S b 22 F PFASs #9 MRM (SR8 (5 pg/kg)
Fig.1 MRM chromatograms of a blank fish ball sample spiked with 22 kinds of PFASs (5 ng/kg)
ATE I S A FR G X AT o s e 235, DUAE I

PRV A

B AT Ik vR i, X B RIE . HEfLHUE | LR
8 70 B A S B T S B A TR, LU S W
M0 E A AL S I B AR B 26 1R . b B A i X 4%
AP R (E R AR, e 2.5 kV N BT LUK,
Hoft B SRR W 2.
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24 FHAERHE. &MEE. EMESHEEE

JH PFASs IR GARUERIR S ARG R Y Bt 2., 2F T
24 [B]J /347, 22 Fft PFASs 77 PFBA , PFPeA , PFBS . PFHxS .
PFNA, PFOS. PFDS. PFHpS. PFPeS. PFNS £l PFDoS 7E
0.1~10.0 pg/L JHIMEIEEIN . PFHpA. PFHXA . PFOA.
PFDA .PFUdA . PFDoA . PFTtDA . PFTeDA . PFHXDA . PEODA
H1 PFOSA 7E 0.25~10.00 pg/L i B Bl N2k 56 R R4,
AL RFII KT 0.994, F5RFENE 3,

3 S A fa AL R B Sk RE S PR I E SR L 1.0 1
10.0 pg/kg Ve BE AT HFRAEDD TABOINAR IS S2 56, BNk i
HOEFATINE 6 Ko S5 BR TS 71.8%~98.2%,
A XT kR ME fR 22 (relative standard  deviations, RSDs)
3.9%~10.9%, Z5RIENFE 4, 45 B0 BA 7 R HER I Sk
PR R, RBAS T I R . FEZS BRIV B K
SRR, W5 25 R ME R (S/N) = 10 5 4541 4 i
B, ZRTEILER 3, &2 50E BB 0.10~0.25 pg/kg.

=3 22 7 PFASs B MSEREl. EIVAFTE. HERBMEER

Table 3 Linear ranges, regression equations, correlation coefficients and limits of quantitation of 22 kinds of PFASs

Ta&Y LR PETE I/ (ug/L) 811 )5 7 P (() E R/ (ng/kg)
PFBA 0.1~10.0 Y=0.107024X+0.14179 0.998815 0.10
PFPeA 0.1~10.0 Y=0.100064X+0.00472 0.998853 0.10
PFBS 0.1~10.0 Y=0.481905X+0.10115 0.999245 0.10
PFHpA 0.25~10.00 Y=0.0788913X+0.01450 0.998313 0.25
PFHxS 0.1~10.0 Y=0.635881X+0.014244 0.999653 0.10
PFHxA 0.25~10.00 Y=0.194514X+0.0523412 0.997781 0.25
PFOA 0.25~10.00 Y=0.103678X+0.0343127 0.998034 0.25
PFNA 0.1~10.0 Y=0.0275602X+0.001794 0.998133 0.25
PFOS 0.1~10.0 Y=0.766576X+0.098636 0.999657 0.10
PFDA 0.25~10.00 Y=0.056391X-0.003524 0.998783 0.25
PFUdA 0.25~10.00 Y=0.102155%X+0.009059 0.997269 0.25
PFDS 0.1~10.0 Y=0.860263X+0.048053 0.998615 0.10
PFDoA 0.25~10.00 Y=0.0536934X+0.004738 0.998030 0.25
PFTrDA 0.25~10.00 Y=0.0541849X—0.001187 0.995640 0.25
PFTeDA 0.25~10.00 Y=0.0218498X-0.009098 0.994737 0.25
PFHxDA 0.25~10.00 Y=0.0718024X-0.006240 0.998400 0.25
PFODA 0.25~10.00 Y=0.107525X+0.005113 0.997218 0.25
PFHpS 0.1~10.0 Y=0.194514X+0.052341 0.997781 0.10
PFPeS 0.1~10.0 Y=1.23804X+0.091755 0.999183 0.10
PFOSA 0.25~10.00 Y=0.0761557%-0.018315 0.996058 0.25
PFNS 0.1~10.0 Y=0.856569X+0.057385 0.998014 0.10
PFDoS 0.1~10.0 Y=0.516015X+0.082145 0.997208 0.10

2.5 FESENER A

ATy ¥ S [ R 24 W B S St 40 I (2021
AE R P AR B A3 2807 TR HEA T RE A N B, R4 483
ANEESL, PR 55 A4S G S K R 181
A KFEBIIERESL 127 4. ERBUK=M 23 4. AR
b 88 A HAh K P 9 A KNS5 SR & BEL, 22 Fl' PFASS
th, PFBA. PFOA #l PFOS % Hi R & &, 2510 37.06% .
41.20%F1 43.27%, IABALA WK 2R IE F AT 0~24.22%
TWIEl P9 . PFOA FE7K 7™ sl 2 0 3k vh 5 i B K 43.96 pg/kg;
PFOS 7 Tl K7™ i i = {8 51.09 pg/kg; PFBA 1E 24
Tl A il b e = B 7.51 ng/kg; PFHXA 1535
A R A 12.12 pg/kg. HoAt 18 Fl 43 iR
K Hi~0.44 pg/kg TP, B R AR IS & 52385 LN o 3 X
R ity ARSI 7 P 158 B AR 3 - 22 K ) A
R0 A, SE PR R

F4 HERNAREYRERLER(=6)
Table 4 Recovery results of spiked samples (n=6)

f S fh
Hipy %ﬁamuﬂzﬁ?mm/ %@muﬁz; RSDs
/(ng/kg) o o
/% % /% /%
0.10 84.5 8.8 84.4 9.9
PFBA 1.00 82.1 10.6 81.4 8.8
10.00 84.8 8.0 89.3 10.3
0.10 85.6 9.1 86.1 9.6
PFPeA 1.00 79.8 9.8 86.8 8.7
10.00 90.2 10.6 86.2 9.7
0.25 82.2 9.2 73.8 9.2
PFHxA 1.00 90.5 8.1 81.1 8.3
10.00 88.6 8.4 87.6 7.3
0.25 82.0 6.1 86.1 9.2
PFHpA 1.00 78.3 7.9 78.8 9.5
10.00 935 6.4 91.2 10.3
0.25 75.7 7.3 77.0 8.1
PFOA 1.00 79.4 7.9 80.5 9.0
10.00 87.8 6.6 86.9 8.1
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%48 T8, & B
=45
Fingy I :Fﬂﬂ@%;i%RSDs/ ”?i@liliift RSDs
Huglkg) 0 0
1% % 1% 1%
0.25 83.0 7.7 88.2 8.2
PFNA 1.00 84.8 8.2 83.6 9.1
10.00 88.8 9.5 82.0 10.5
0.25 84.0 9.2 87.2 10.1
PFDA 1.00 81.4 8.6 88.0 9.0
10.00 89.2 9.8 86.1 9.2
0.25 81.9 7.9 823 103
PFUdA 1.00 79.9 8.6 90.7 8.3
10.00 89.3 10.5 86.6 9.0
0.25 78.9 8.3 91.1 73
PFDoA 1.00 86.0 8.3 88.9 10.1
10.00 90.5 9.2 94.3 7.8
0.25 81.9 7.9 81.5 9.8
PFTrDA 1.0 81.8 8.7 87.3 8.0
10.00 89.2 7.6 92.2 9.2
0.25 87.9 9.0 87.5 10.5
PFTeDA  1.00 87.2 8.2 93.5 7.1
10.00 92.0 7.8 98.0 6.3
0.25 772 10.2 72.1 9.3
PFHXDA  1.00 82.1 8.6 79.9 9.1
10.00 93.7 5.2 88.8 73
0.25 86.8 10.9 77.8 10.0
PFODA  1.00 85.5 9.5 80.5 8.2
10.00 91.1 7.3 86.2 8.1
0.10 80.9 9.3 79.1 9.2
PFBS 1.00 72.7 9.2 84.1 9.1
10.00 96.2 8.2 93.6 8.2
0.10 74.8 9.6 84.5 6.8
PFPeS 1.00 82.1 8.3 77.8 7.9
10.00 90.6 7.7 93.5 6.1
0.10 78.6 8.2 78.1 7.5
PFHxS 1.00 72.7 9.0 72.6 8.2
10.00 85.9 8.2 84.5 9.0
0.10 86.0 6.3 77.5 8.2
PFHpS 1.00 96.8 7.9 75.1 8.2
10.00 88.8 6.8 93.1 6.6
0.10 78.5 9.2 86.5 8.4
PFOS 1.00 89.3 8.5 823 7.0
10.00 98.2 6.3 96.3 5.1
0.10 76.1 6.3 78.6 8.8
PFNS 1.00 80.2 6.0 80.8 7.2
10.00 86.1 5.2 93.5 53
0.10 71.8 7.1 79.1 6.2
PFDS 1.00 76.0 8.2 82.8 4.0
10.00 88.6 6.3 88.9 53
0.10 73.7 6.8 72.8 6.9
PFDoS 1.00 81.7 5.7 80.4 5.8
10.00 86.0 6.0 86.3 6.1
0.25 75.5 48 73.9 44
PFOSA 1.00 78.2 3.9 76.3 41
10.00 82.3 53 77.9 5.1
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