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WoOE: Bay 27 s i R AR XUZ HE 4G RO A €43 - R I PT % 7 (ultra performance  liquid
chromatography-tandem mass spectrometry, UPLC-MS/MS)[a]EF & 5 23 P4 fi il £ b 31k & ¥ (per-and
polyfluoroalkyl substances, PFASs) /MM ik, Fask iR, #0005, FISRG S aUg bR ig SUZ A AP
g AT A B 41k )5, Shim-pack GISS Hp 3 um C g (434432, LA 2 mmol/L B BR4&E /K VA RAN H M 37t 31
AHFEATRE RN, FRIG2R £ 5 WA (multiple response monitoring, MRM), NAREER . 58 23 FHb
L&A iR EA R, 76 02~50.0 pg/L SEHE N HA RIFLMEE =0.995), 2 T bk i)
(perfluorobutanoic acid, PFBA)FI4: 91 K¢ R B2 (perfluoropentanoic acid, PFPeA)R#: i B (limits of detection,
LODs)# 0.06 pg/kg. &% FR(limits of quantitation, LOQs)# 0.18 pg/kg; A 21 Fhra A £ Fbi ik &m0
LODs 4 0.03 pg/kg. LOQs 4 0.09 pg/kge TEREA . £a AR AFLE IR S R U 2.0 pg/keg A1 10.0 pg/kg
VR T K P TR A A T A RO b T S By, 2 2R R P B B 70.3%~120.0%, A X AR I i 25
1.56%~9.87%. 451 ZJrikmis, Yok, SRR . REUE S, WEAIE B 23 i PFASs.
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ABSTRACT: Objective To establish a method for simultaneous determination of 23 kinds of per-and
polyfluoroalkyl substances (PFASs) in food by high efficiency reinforced fat removal bilayer column-ultra performance
liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods The sample was extracted and
centrifuged, high efficiency reinforced fat removal bilayer column method was adopted for the purification, the sample
solution was separated on an Shim-pack GISS Hp 3 pm C;g column using 2 mmol/L ammonium formate and methanol
as mobile phase for gradient elution, detected by tandem mass spectrometry with multiple reactions monitoring
(MRM), and quantified by internal standard method. Results The 23 kinds of target compounds of PFASs were well
retained on the chromatographic column with good linearity in the range of 0.2-50.0 pg/L (r*>0.995). The limits of
detection (LODs) and the limits of quantitation (LOQs) about perfluorobutanoic acid (PFBA) and perfluoropentanoic
acid (PFPeA) were 0.06 pg/kg and 0.18 pg/kg respectively. LODs and LOQs about the remaining 21 kinds of
perfluorinated compounds were 0.03 pg/kg and 0.09 pg/kg, respectively. The recoveries of the 23 kinds of target
compounds of 2.0 pg/kg and 10.0 pg/kg spiked levels in the meat, fish and milk matrix ranged from 70.3%-120.0%
with relative standard deviations of 1.56%-9.65%. Conclusion This method is easy, fast, accurate and sensitive,
which is suitable for the determination of 23 kinds of PFASs in food.

KEY WORDS: per-and polyfluoroalkyl substances; high efficiency reinforced fat removal bilayer column; ultra

performance liquid chromatography-tandem mass spectrometry
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490 e % ke HE AL A 1Y (per-and  polyfluoroalkyl
substances, PFASs)J&—Fh A\ L& s kst 5T =AM
1 T R R 43 4 FH s R BT AR I — 2R,
3 W K P S R KM T RE TR DR R
fepfsE e | mEEE . BKe O R R e T
P, BRI T LU R AR L ARk R
2y AN B IR A A A A i RO R A A
TATIRE 9 R W PFASs HAT WA M2 B D). ol 5
PR A p A R N Ay B AR, X 2 AR

e R I RIS, o T B SR A R b,

PFASs HLATFFANES2022 | A g R BB 2V ot OB
BEVE DL A I B AT B S e P A5 S e ) 2 T A
HAEBRME R, BT B Y PFASs HEARISIRN, &
A ) B R o e S R OO, T
A Z R RO, 0T BE S SRR B IR sE AR 0T AR
- Bl R (perfluorooctane sulfonic acid, PFOS) M H:Eh 2% | 4
JHFFR (perfluorooctanoic acid, PFOA) K& HER 28R4 & 4t
fith 2 (perfluorohexane sulfonic acid, PFHxS)M H.3h2 M A1
KALE Y CARIR IR S EA RS (T HREA AL
T YL SRR BE ALY ) SRR A A LTS
(persistent organic pollutants, POPs)& #8751, Tk [E7E 2023
EAL G T AR BRTECR, B ERP A A (A
BG U ) PR 2023 4R 11 A, E PREEAERF S ML

PFOA HZE Xt A EUs "1 22808, PFOS IH2E T g
Xt NS 2B K EOE YO AR s A L R
JoRA f | O PR R EA K 58 1 4 Fhik 42 12 i PFASs,
HEYIBERICE EERIE . AR PFASs #5287 fE, HH
B am M 2 4E 5] 8 AE AR

Fe E BUATR AR E GB 5009.253—2016 { £ 5441
FKhRE ShPIRIE 6 4 FE L R (PFOS) Al 42 960 iR
(PFOA)RYIME ) i35 T PFOS F1 PFOA 2 1 #t% PFASs.,
FEl YAt f PFASs 600 i b B A AT I A B, 9 1 4
B, FEFHAEEC, QUEChERS #5014 10261 A6+ AR 4 153
% - B S $ R (liquid chromatography-mass spectrometry,
LC-MS)PY | 43 Bl AL it 5 AR P VR 43 i i i[04
S, WK PFASs RN MOLFNE L+ R 45212
LC-MS [HHARF M, . R e . Lk v G2
PFASs Kl 4 An el 20, £ i i PFASs K475 4% T i 3k
%o T 5, 550 PFOA 1 PFOS BURE BRI, HHZ
FREACHI  FAE . IR I R B AT 22 R, TR
G 0 2 HH B 0 26000 R € R B AR RS, JLUR, PFASs
T K- IR AR A, B SRS R s S IR L B
BRI AE, ROV AT ST 2, 4RI, bR E R
e, HATE RGO R AW R 55 B B s e
AR AE IR D 3l e i o B o 780 [ A A R D4 ke
etk 7 B AE TRV E S 2 T TR AL RN PRI, Bl A7 e LA R
4y BFR4L5r FEURICR 22 55 M8 FIR, PFASs J&—253F
Bl gy, AT, FRAR AR EE 14 5 an 4 70T bt
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R R (perfluorobutanoic acid, PFBA)TER M AL A . #E4S AT
B g KA o

ASHIEFE A P A 1 G SR B H AR &,
R RO RBR Ne SUZ A T, B AR A S R )
14 Flr, N7 T R ARORORE €03 - AR I5C BT TS () B A £
1 23 Fl PFASs By 1T 0518, B ahi PFASs (Il . i
1 5 EE NPT A A DG s T FHER ML T A R BRS04 .

1 #MR5RE%

1.1 XFE5RF

ACQUITY UPLC H-Class # 5205 AH (3% 1Y . Xevo
TQS = H PUM AT B4 (3€ [ Waters 23 #]); XPE105 + 7
I3 Z —H TR (Fi L Mettler Toledo A ®)); 3-18K 7 i# %
PR OHL(TEE Sigma 23 H); M8SOOH-C #8 75 i i vE AL (&
[# Bransonic %y F); Shim-pack GISS Hp C;5 (2.1 mm>150 mm,
3 um) @A (H 4% Shimadzu 23 F); Milli-Q #84fi KA (7 [
Merck A ]); SR RIS A2 % HI4: HLB-P/HMR-Lipid
(200 mg/300 mg, 6 mL, JtITZ4E A A,

23 A R Z TR EYIRAARHEN (5.0 pg/mL) . 4>
Fi T+ =12 NFR(50 pg/mL)(f%[E Dr. Ehrenstorfer 23 ®]); 13 Ffi
ERMEZFE A YIRS N Q0 ngmL, ME K
Wellington 23 #7)); LMt . FEE(EiE4l, 3£ E Thermo Fisher
Scientific A rl); HREL (%A, JbatnRl DREABRA A,
1.2 Rmt#sH

B RCRE T AL R . BeERE RO
RAER KT 500 g; FALRERE S Rl —tt 5 (@A B &
S L RFEE, B R REER KT 500 g, HAAMUREE
it 250 g Ph B, BRRFEACRAE 3~4 MudE, HAMuTE
250 g LRI, B0 RCRAE 5~8 M6,
1.3 LWHE
131 FiRBeH)

AR P 23 FR A bR
BT EHE R 200 ng/mL 2 FALEWIATR A FRE IR,
4 °CIR4% o

FIALRNAR IR FHEERR 14 B[RS RIRAG NbR
VA5 Y TEC ) BT B Mk 200 ng/mL 4RI Z AR I A
B AR TAE, 4 °CEATT o

FRUERLR: R A R TR A PR v TAE I B A
R 0.2, 1.0, 5.0, 10.0. 50.0 ng/mL IR AHRIER I,
FRifE 2R 4 S AL A R B AR BT EL MR BE R 5.0 ng/mL .
132 Heuaia#

R PARE UGS A AR M R T B AR, DI
e, AP R, SR BT RN R O,
PEAREE R BB, 43 BI2E ATE S g, W EIEbRie, T

—18 “CHEGLAATE; AR WELFTR, ML, 2
Wy B F R SR B DA o, VR RIRFE AR, 4%
NGRS, BEIFRIE, T-18 CCHRIFR .

BARE S (BB K™ A8 FREL HERRFRI 2 g(KSHf
£ 0.001 g)iFEET 50 mL HIEE.LEH, A 10 pL [
ZNAME W, HEFRIIA 2.0 mL B4i/K, WEEES 3 min,
JNA 8.0 mL ZJiE, IR AR 30 min, 10000 r/min 5.0
10 min, BCRHB F W AFEHL .

WARRE A RS . WS FLE) IR MERRFRIL 5 g(RE i
% 0.001 g)istFEE T 50 mL HLIEERZ.LE P, A 25 uL [
RNFMEAR, A 20 mL 21, JREIEHIRY 30 min,
10000 r/min Z.L> 10 min, B E7EH 10.0 mL Rk,

W I 3 8, Hed At =y oy 0 AR 2R O, ik
AT, N 1.5 g AR SR 43 )=, 10000 r/min
2.0 10 min, B EJZ 2052 4.0 mL &ZKIRT, 0.2 mL F B
A2 Vs Fev R R v 20T A 00 T - R BT (S 2 o
133 BEH

() BB AR s 4514

Shim-pack GISS Hp C;g (2.1 mmx150 mm, 3 pm), izl
AH: 2.0 mmol/L FEREL /KA (B,)-F IE(A,), HiE: 0.4 mL/min,
BEREATR: 2 uL, FEIR: 35 °C. A GRS B e AR F
0~0.5 min, 80% By; 0.5~9.0 min, 80%~5% B; 9.0~12.0 min,
5% By; 12.0~12.1 min, 80% B,

QiS4

B YR FLWEZE S (electrospray ionization, ESI), i1
BRI ESI(-); B HIE: 2.0 kV; fES: & B
FIAREE: 500 °C; Wiy i 1000 L/h; H#iEL: £

SN W5 (multiple reaction monitoring, MRM)#& 2L,

1.4 HUEALIE

AWFFEFR ] Masslynx 4.1 BT E PEE 0T, 4L
P 4b FRANZ & Microsoft Office 2021 #K{£F1 Origin
2021 #fF

2 HERE5HH

2.1 FRIEEHHMHKL

¥ 23 PR AR HEZROR 14 Fh AR B AL 0.1 mg/L
S I SR S L, TE AR RO, 439 7R IE B
TR PN A T — RS . 45 R R, 23 Ff
EA YA 14 Fh bR 7E 0B FROC R A SRS, i
B, kA s FETIE, BaFEFENE
B, Fb— b R, e R R . T
AN T F 43 B R o B B 1, Ak LA
FERRETERE R, 23 Fh LA YIRS SEUbas R % 1,
IR 11 23 Pk G ARHERS I MRM 035 E LA 1.
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Table 1 Mass spectrometry parameters of 23 kinds of PFASs and quantitative internal standards
S XT B i : P yaoy=]
e AT S hTRR MEE TET wgpr AR AHERER
(M2) (m/2) A% A%
SR TR pe‘g‘ilc"gocli’é“a“ PFBA 213.0 169.0* 13C,-PFBA 20 8
LR R perf})“izr;’gzman PFPeA 262.9 218.9% 13C5-PFPeA 24 8
312.9 268.9% 8 10
SO perfluorohexan PFHxA 13Cs-PFHXA
oic acid 312.9 118.9 8 16
R fluorohentan 362.9 318.9% 22 10
ES LA pertiuorohep PFHpA 13C,-PFHpA
oic acid P 362.9 168.9 ¢ P 22 14
N 412.9 368.9% 18 10
SR perﬂporopctano PFOA 3Cy-PFOA
ic acid 412.9 168.9 18 18
R 462.9 418.9% 8 10
LRI perfluorononan PFNA 13Cy-PFNA
oic acid 462.9 218.9 8 14
JET 512.9 468.9% 24 10
LRI perfluorodecan PFDA 3Cs-PFDA
oic acid 512.9 218.9 24 181
i 562.9 518.9% 10 10
SR perﬂu9r0ur}dec PFUAA 13C,-PFUJA
anoic acid 562.9 268.9 10 18
612.9 568.9% 30 12
N perfluorododec PFDoA 13C,-PFDoA
anoic acid 612.9 168.9 30 22
o i 662.9 618.9% 30 10
B R perfluorotridec PFTrDA 13C,-PFTrDA
anoic acid 662.9 168.9 30 26
712.9 668.9% 34 12
A9+ g perfluorotetrad PFTeDA 13C,-PFTeDA
ecanoic acid 712.9 168.9 34 28
812.9 768.9% 30 14
LR ANER perfluorohexad PFHxDA 13C,-PFTeDA
ecanoic acid 812.9 168.9 30 32
- L 912.9 868.9% 30 14
Y RN perfluorooctade PFODA 13C,-PFTeDA
canoic acid 912.9 268.9 30 30
298.9 79.9% 76 26
ST perfluorobutane [EF
AR T LR sulfonic acid PFBS 5989 958 C;-PEBS > >
e 398.9 79.9% 20 36
ES Y1 perf}‘f“’rf’he"?‘“ PFHxS 13C,-PFHxS
esulfonic acid 398.9 98.8 20 30
P~ = perfluorooctane 498.9 79.9* 13 20 42
K e <ulfonic acid PFOS 1989 958 Cs-PFOS m "
perfluorodecan 598.9 79.9% 20 52
E RS esulfonic acid PFDS 13C,-PFUdA
sodium 598.9 98.9 20 42
9-chlorohexade 530.9 82.9% 58 34
6/2 AR L mkpp ~ cafluoro-3-oxa F-53B(6/2) 13Cs-PFDA
nonane- 530.9 351.0 58 28
1-sulfonic acid
8: 2 chlorinated 630.9 82.9% 36 28
82 AL etk Polyfluorinated F-53B(8/2) 13C,-PFDoA
ether sq(lifomc 630.9 451.1 36 26
acl
548.5 79.8% 4 48
ES i1 perfluorononan PFNS 13C,-PFUdA
esulfonic acid 548.5 98.9 4 44
4,8-dioxa-3h-pe 376.7 84.9% 2 30
4.8-"FH-3H-2 TR rfluorononanoi DONA 13C,-PFHpA
c acid 376.7 250.8 2 12
. 348.6 79.9% 20 28
SRR pzsrﬂl‘;or‘?pem.zn PFPeS 13C,-PFHXA
ulfonic aci 348.6 98.8 20 28
i e 448.9 79.9% 94 36
LT R perﬂl‘;‘”‘.’hept.zn PFHpS 13C4-PFOA
esulfonic aci 448.9 98.8 94 32

e R T
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3800 44 - 1640
—PFDA l —PFHxS /\ —PFHpS k
P— S | G 160 . L ! 1000 . .
2960 — — _pFBE —PFPeSA
L 188 : . . ! 148 L L
2440 1 1 1 1 1 i\ 1 1 _PFODA _DONA
— PFOA o
- S 520 . . 2> 2160 . -
S 1720 ——— : X —PFHxDA k = —PFNS ,L
%(, _ PFHpA %P( 520 s s L | % 1720 | ! | !
i L , , . = L —PFTeDA = —F-53B(8/2)
840 ] =
E — PFHxA ‘g 440 ! ! 1 ! 1 = 2440 L ! !
ey —PFTrDA = —F-53B(6/2)
440 N 480
l_ . . . 4000 . L L
PFPeA k PFDoA A LPFDS k
252 1 1 1
356 1 L I\ L L 1
—PFﬁA L PFuDA A 640 —PFOS /\
0 L L L L L Il 1 0 L L 1 L s 0 ! ! ! ! i
2 3 4 5 6 7 8 9 10 4 5 6 7 9 10 5 6 7 8 9 10
LR B B ] /min PR ER R [)/min PR ER R A]/min
1 23 Fi PFASs MARMER I MRM 35 %1(10.0 ng/mL)
Fig. MRM chromatograms of standard solutions of 23 kinds of PFASs (10.0 ng/mL)

22 BIEFMHEE

Cy~C s A [RIBREE K L I 2 TN 2 BT A Wi v 22
SR, AT T B - K I S AR AR A LG - K S AR 1A
X ME IS YR AE I 2, KIULE PFBA
I PFPeA AN, FHAE- /KR SARIA R L L - /K sl AR 1A
FRHAREVEICH, B A - ARV i s A &R . A
5 e BRI 46 FP - /K O B A 1 2R 8 1 A s T A X 206 -

14000
12000
10000+
8000

6000+

40001

2000 -

0

W 7 58 J3E

—PFBA (i)

2.5

50000 [

Y
% 40000

i b

= 30000

20000

3.0 3.5
£ B s} [ /min

4.0 4.5

—PFBA (ZJI%)

24

34 3.6 4.0

AR B 5] ] /min

2.8

IK LSRR R R T, BERR/NIURLE 6 i A 2 B
R BRI B4, PR G E % 5 3 Shim-pack GISS Hp Cg
(2.1 mmx150 mm, 3 pm)@IEAAE N HAT, SRIEE R BIR
23 Fh LB W10 A B0 B BE RS i 1 R RS . FE R ShiAH
A FR R i R4 = B AR B 0 A i 1y S e e 7, k3 R
R4 VR IR R E 2.0 mmol/L, 45 ZH AW i {E . WA 1% 43 B
JRE T AR SR

W 7 5 B2

Wi 7 54

8000

6000

4000

2000

6000
5000

4000
3000
2000

1000 |

— C,-PFBA (/%)

T

2.5

30 35 40
£ 84 i ] /min

4.5

— BC,-PFBA (ZJi#)

1.0 15 20 25 30 35 40

£ B 5] ] /min

K2 WEE- KSR R R Z NG -K ISR R X PFBA L H AR AL RE % Ee
Fig.2 Comparison of elution capacity of methanol-water mobile phase system and acetonitrile-water
mobile phase system for PFBA and its internal standards
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2.3 RAIRIBEEMMRL
231 REBG XMk

PFASs MR BT A RIVERC, MERAHZER . &
SRR o B - R R  F o AR,
PFASs S5t 1 ZAEPE, S [R5 O 20X T4 L o
PFASs S SEA B e M . AP SR 2 3 vh &t it
VE S I RCRGF 00 S AT A, B AR, f
FEVEIT SE R, R A AR AL AT B TR, B
PFASs T 80% o ARBFFE K A 2.0 mL 7K 754043 H0 F PAB
FIEFUR A 8 mL ZBEHEE, A %0 e M AT Bl
VA R B Bl I 2 e AR o 2 IO 45 AT T R ) 2 B 1Y
T
232 A XAk

PFASs 7] LAZES DL B AL I 2 2 1 L BBk L i)
RV 2 b 48 B, PFBA 2 —A> FE T4,
PFASs 154k i FIR G 8 55 [ 223 8 | 1R BUSR 2
FAHIY | SRR R T A R B 78 4 AR ZE IO 3k LB i A
AR Z T ETEA . ERE . VYR, VR AR e iR R R,
HAFAERR 73 HARE B W) ICRARA TS O . AR LR T 3
PO XAy AE PRIME HLB. HLB-P/HMR-Lipid #1
Captiva EMR-Lipid, % ¥l HLB-P/HMR-Lipid & 53455 BR G
X2 ARG AL 5, BAEARRREE 4 Uk &4 i
PFBA Fl PFPeA ARG & AL, T/, Lk,
Captiva EMR-Lipid il PRiIME HLB ' PFBA & 23 5 hist
Fzs BMEAY 37 580 23 £5, WLIE 3. AHHFIT B R
HLB-P/HMR-Lipid =203 538 Bk s BUZ & F AR b 38
HLAT, 23 Bl PFASs [RIBCRSE ] 70.3%~119.0% . 2 [ A%
BETEH G A . BRI HRAE, Al TR AT B AR, wT
SEME ST H L, AR

16
13.800 1A
14+ mm 2-Captiva EMR-Lipid
mm 3-PRiIME HLB
0 = 4-HLB-P/HMR-Lipid
10 |
o 8.710
x gl
B
6 L
4L
2k
0.373 0.384
0 |
1 2 3 4
ANTR] [ AR AR BV

3 AS[E] AL S S AHFE U PEBAB B X LE
Fig.3 Comparison of PFBA residues in different pretreatment
solid phase extraction columns

233 HEENeikE

SRR K B EE G PFASs i, L8 MeOH Fi
MeOH:W (4:6, V:V)W Tl & %5 %5 71 (%) 7E £ (R 25 50 in A 2
1.0 pg/kg MK T EBAARNES A P RGO,
5 R MeOH:W (4:6, VVTE RIS, PFODA il
PFHXDA 4 [l RAR /N T 50%, WL 4, Bk R B 2%
il

HERE B B S50 R S HIE RIS — 3%, &5 E R
RN, FEIMIERESTE, WERURXTRR, &AM . A5 R
JHRILRF BN 80%HY 2.0 mmol/L R Ek /K i -20%
B SAR IR 2R, A 2.0 pL A ERERFNBE B 8 IR IR 7R3
o, FEVESHG R R TSR, 53 I mT o FH A 700 2000 T B A% AR
BRI R 10.0 pL, #E— L E G5 B A0 R BUE .
HEAE L R P PR VR A AP 2 K IR BE 9 PFASs Tl
PFODA # PFHxDA 5% B, TIREVS Yekk i, & PEfe &AM
fifi. % &%) PFODA 1 PEHXDA % 145 s 55 v e S VA i
Pt = A WU EL ], AT s/ Dok v .

140 -

Il MeOH

I MeOH:W(4:6,V:17")

120+

100
80

60

24/ %

40

20

0
o YO X
o) O” S SR
<f¢ Q‘((% <f¢ <§/ QQ\S Q,QQ {{O Q{g{‘v
SFhEFmMERIHIALEY
54 MeOH F1 MeOH/W Wi Ffi &2 %5 %5 71138 43 PFASs 19 [H1 IR X L

Fig.4 Comparison of the recoveries of partial PFASs in two
resolubilized solvents, MeOH and MeOH/W

24 ZMSEEIRKS LR

Fie 45 B AR 240 00 B3 o) o7 R, L WDVR B BRI TR
WA, TEARALSE B3 AR I BTG 25 44 T AT, LA
BRI A 1) €0, T e TR B LA VR P ) B R A TR ML
PIEME A 3 (SN=3)iT8& 4 H B (limit of detection, LOD),
fEME LR 10 (SN=10)1154 52 f BR (limit of quantitation,
LOQ). Z5H %, 23 Fl PFASs bRtk oLk 75 1
0.20~50.00 pg/L, ELAT RLIFZE 1 (r*>0.995), PFBA # PFPeA
1 LODs 4 0.06 pg/kg. LOQs & 0.18 pg/kg; Fl4x 21 Fh
PFASs 1) LODs & 0.03 pg/kg .LOQs 24 0.09 pg/kg, it &
i PFASs BYE BEALINEIK . 23 Fl PFASs MARHERTZ |
IR B, LODs #1 LOQs L3k 2.
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RO SR BRI SUZ AL 45 5 OB 3 - R IR Bk DR I 5 £ o 23 b 29l % . 53

2 23 7 PFASs MtRERIZR. #HXFRE. LODs #1 LOQs
Table 2 Standard curves, correlation coefficients, LODs and LOQs of 23 kinds of PFASs

%% aw LRMEVE L/ (ng/L) LT RE HEREU() LODs/(ug/kg) LOQs/(ug/kg)
1 PFBA 0.2~50.0 Y=1.51138x107'X 0.995 0.06 0.18
2 PFPcA 0.2~50.0 Y=1.71257x10"'X 0.999 0.06 0.18
3 PFHXA 0.2~50.0 Y=1.71257x10"'X 0.999 0.03 0.09
4 PFHpA 0.2~50.0 Y=2.69281x10"'X+3.104x107> 0.998 0.03 0.09
5 PFOA 0.2~50.0 Y=1.94797x107'X+1.2460x 10 0.999 0.03 0.09
6 PFNA 0.2~50.0 Y=1.94797x10"'X+1.2460x102 0.995 0.03 0.09
7 PFDA 0.2~50.0 Y=2.30514x10"'X+2.799x10° 0.999 0.03 0.09
8 PFUJA 0.2~50.0 Y=1.80455x10"' X+9.08x 10 0.998 0.03 0.09
9 PFDoA 0.2~50.0 Y=1.80054x10"'X+6.002x10 0.998 0.03 0.09
10 PFTrDA 0.2~50.0 Y=1.66319x10"'X+3.268x10 0.999 0.03 0.09
11 PFTeDA 0.2~50.0 Y=1.66319x10"'X+3.268x10 0.998 0.03 0.09
12 PFHxDA 0.2~50.0 Y=1.70122x10"' X+6.913x107> 0.999 0.03 0.09
13 PFODA 0.2~50.0 Y=6.8935x10 2X+4.637x10 0.999 0.03 0.09
14 PFBS 0.2~50.0 Y=3.7836X 0.999 0.03 0.09
15 PFHxS 0.2~50.0 Y=6.8935%10 2X+4.637x10 0.999 0.03 0.09
16 PFOS 0.2~50.0 Y=2.48873x10"' X+3.489x 10> 0.995 0.03 0.09
17 PFDS 0.2~50.0 Y=1.40464x107' X+7.849x 107> 0.999 0.03 0.09
18 F-53B(6/2) 0.2~50.0 Y=1.98794x10'X+2.2031x102 0.995 0.03 0.09
19 F-53B(8/2) 0.2~50.0 Y=7.9656x10 2X+6.184x10" 0.997 0.03 0.09
20 PFNS 0.2~50.0 Y=7.7446x10"2X+6.657x10" 0.996 0.03 0.09
21 DONA 0.2~50.0 Y=2.1765%10 2X+1.951x10" 0.998 0.03 0.09
2 PFPeS 0.2~50.0 Y=1.30911x10"'X+2.951x10 0.998 0.03 0.09
23 PFHpS 0.2~50.0 Y=1.02685%10"'X+5.239x10° 0.997 0.03 0.09

25 FHENERESKEEE

SPRITERGIR . HO RS FISER A TSN 2.0 pe/kg
H1 10.0 pg/kg HeBEEIKT-ITR G bR HEVE TR ABCIN R a5 52 56,
BB AT E 6 Ko S5 R BIR P B E Rl
70.3%~120.0%, FHXFHR1E 22 (relative standard deviation,
RSD)A 1.56%~9.87%, A7l 25531 RSDs BI/hF
10%, W 2y s % BE R DLAR S (0 7 v b B 4 1
JE FITAL B R 2 R/ D IR, FRIZ T I

RUF, G5RFENER 3. [FBAJ LM 5 H PFOA . PFNA .
PFOS. PFDA. PFuDA. PFdOA 6 Fh &9 & £ ke it &
VI R R R i 22 W) i R R SR R TR 7 B RG
FEAMET L, MEERELIE 6 K. AMEITIE 6
Wa 6 Rl H AR A UL Z Wbt S & W BE S E S % HA
FEIN, RSDs 4 3.80%~8.18%, 45HH i, HEWLFE 4. 1
A D5 T I A B S RG % JE RL, RB RS T &P PFASS
MEZR

=3 23 7 PFASs BIMFREUE (n=6)
Table 3 Recoveries of 23 kinds of PFASs (n=6)

e e R A i AT
VN
N(ng/ke) S5 IR /% RSDs/% S5 BT R /% RSDs/% S35 (B R /% RSDs/%
2.0 84.4 9.65 119.0 7.63 105.0 8.65
PFBA
10.0 99.6 7.34 105.0 8.67 84.6 9.07
2.0 107.0 8.77 103.0 7.44 88.3 8.74
PFPeA
10.0 84.0 7.96 98.7 7.01 89.5 7.45
2.0 85.2 8.02 95.6 4.55 97.6 3.20
PFHxA
10.0 80.1 7.98 104.0 6.34 113.0 5.73
2.0 88.1 5.89 103.0 4.54 89.0 243
PFHpA
10.0 85.7 6.88 88.7 6.78 87.1 5.61




B dn 2 4 R R I A 4R 55 16 4

= 3(8)
R vk A £ WASZL
7]
/(ng/kg) - [l /% RSDs/% S IR /% RSDs/% SEH IR /% RSDs/%
2.0 105.0 3.78 107.0 3.65 98.2 3.84
PFOA
10.0 88.9 6.09 96.2 7.85 104.0 4.55
2.0 97.4 7.34 107.0 6.56 75.0 8.35
PFNA
10.0 82.3 6.71 112.0 3.86 85.2 7.44
2.0 105.0 1.56 114.0 6.12 95.3 6.52
PFDA
10.0 98.5 5.62 104.0 5.78 102.0 6.23
2.0 112.0 4.45 102.0 6.34 112.0 7.35
PFUdA
10.0 109.0 7.83 113.0 4.02 105.0 3.78
2.0 99.6 5.98 112.0 3.56 108.0 7.61
PFDoA
10.0 86.7 7.98 98.7 4.76 89.1 5.34
2.0 104.0 8.50 114.0 9.02 113.0 8.79
PFTrDA
10.0 104.0 4.64 118.0 9.87 98.1 6.35
2.0 110.0 6.38 112.0 4.21 115.0 7.50
PFTeDA
10.0 108.0 5.94 117.0 6.56 120.0 9.43
2.0 108.0 4.12 70.8 5.68 77.6 6.88
PFHxDA
10.0 105.0 7.42 75.9 5.89 106.0 3.69
2.0 80.4 4.43 71.3 8.68 78.8 5.64
PFODA
10.0 85.4 5.12 80.4 7.41 81.6 6.33
2.0 88.3 3.98 112.0 4.15 86.4 6.00
PFBS
10.0 70.3 8.76 105.0 6.32 82.2 2.43
2.0 84.5 4.32 89.6 7.65 90.2 8.78
PFHxS
10.0 86.6 4.87 96.7 5.65 86.3 7.53
2.0 89.8 7.54 105.0 6.76 97.3 8.34
PFOS
10.0 82.7 2.43 113.0 7.98 101.0 3.56
2.0 81.7 5.65 78.7 7.66 86.4 4.34
PFDS
10.0 80.1 7.87 75.8 3.56 88.5 7.55
2.0 108.0 6.12 81.4 5.73 95.7 3.76
F-53B(6/2)
10.0 110.0 4.86 88.3 2.12 79.6 7.97
2.0 86.4 2.76 116.0 3.67 104.0 5.45
F-53B(8/2)
10.0 77.6 6.78 107.0 5.45 88.7 3.78
2.0 75.3 4.35 77.6 3.56 83.9 6.87
PFNS
10.0 77.2 4.66 76.7 7.78 89.3 3.25
2.0 93.6 5.87 109.0 3.54 98.3 4.78
DONA
10.0 84.5 6.45 105.0 8.44 102.0 3.76
2.0 87.8 3.42 100.0 6.32 87.6 5.23
PFPeS
10.0 70.6 5.32 112.0 3.78 85.5 8.76
2.0 73.4 4.56 77.3 6.54 78.3 3.23
PFHpS
10.0 74.2 6.87 76.2 5.46 94.6 3.98
F4 FIEEEBHNELSER0N=6) T T BAS
S &
Table 4 Determination results of the quality control sample 2.6 *Bm;l:iuntu}\]
fish meal (n=6) P B 5T 10 T B AR A TR . 45
AN 7. A % . N
fea#y P RSDs% XA/ eglkg) SR Kot PFASs Fii26A PFOA . PFOS. PFTIDA 3t
PFOA 4.44 8.18 4.62
3, K JEFE 0.042~0.210 pg/kg.
PFNA 5.67 5.95 6.00 i *Jﬁij{ﬁ@? . /\ugﬁg S L A -
PFDA 5.73 6.92 6.04 REIR: Ky PFASs #1284 PFBA. PFPeA. PFOA,
PFUdA 5.30 3.80 5.45 PFOS. PFNA. PFDA. PFUdA. 6/2F-53B. 8/2F-53B 4L 9

PFDoA 5.49 6.30 5.61 At IS 0.034~0.610 pgkg.
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