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EmP2akkZakEF taMahE AR

gk xREX R # A RRE SRE KEY TEE

AR R S E T T e b el

W B

2R % fke I ALA 4 (Per- and polyfluoroalkyl substances, PFAS) B Jt 3 #5 € 4
BB KE AN R RAAEATE RS B A R AR
BRI A ob 22 2 M A2020 R - B S e H W B F - AR TR H 0 FIE - B8 - AR
B RIE AR FERAFFE - AR B AA 2R E LPFOA » PFNA » PFHxS &
PFOSZ #4#74.4 ng/kg bw/wk ° [ 2 B & ¥ 2 5% + PFASHL S48 iz » Bk H 7R 562023 4F
ST b A S TAAE ] B A e 2 [REAR AR 0 A8 3] FRE B8 [E 4 400.2-50 pg/kg 0 Ao R
B A 1.3-50 nglkg o AFFRATE B N KA BRAACRANBALTES
YAQUEChERS AT J% 22 3% fit & 4% FEMR lipid [2] 48 35 B [2 i AL RAZ - 38 A 1 4 8 HE i
RRF R T PRI B SRR AT R ot T 192 APFASZ 77 ik o W i Jm |k
R tE R T > TH K FE R G AR BN 8NN TT.2-97.9%%2.8-16.3% 5 KA
AT3.7-91.1%%4.6-18.3% 5 F4B3863.7-97.7% % 3.2-14.9% : # A H5471.7-96.3%
53.3-15.1% 5 M R#E5270.0-106.0% A& 2.7-20.6% » b il 45 F % 55 A48 A 4 4] 38 A
UM IR T A AL R R R X R | o A iR R FARRA40.02-0.25
ug/kg » A% A AR 2 42 M 85 1] 40.005-0.5 ng/mL 0 r{A 2%0.994 F > AP BAE RAF o A
TEER AR MM SRR HAA RIFOEEREMEEE  THERSFH
168 e

RAfRE 2R HESERELSY - QUEChERSAHIERIE » EMR lipidEI#EZEH[E - ;&40
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Epie) =

|

Al

2HE ML H L EY(Per- and poly-
fluoroalkyl substance, PFAS)—JEH C-F#H
I NTALEY) - BEEERENE © T 2% K&
/K B - W R FE Y LR HE
AVER G - PEASHLERRE M HE DI H
R iE - INERE R R E R - A EEY)
PEEDERE AR B T KA LEYE
(Forever chemicals) ; " - HAETELAIPFASHL &

BTHEAEY  IRBHS T EREER
7 Ry 2 B S F SRR (Perfluoroalkyl carboxylic
acids, PFCAs) » 2 bc & lm L (Perfluoroalkyl
sulphonic acids, PFSAs) » %= 7 7t 2 fist [ i
(Perfluoroalkyl sulphonamides, FASAs) ~ 4=/
F % (Perfluoroether carboxylic acids, PFECAs)
Ko g4t 2% & Bk i (Chlorinated polyfluorinated
ether sulphonic acids, CI-PFESAs)% % R H
B o gril T - PFASERIZ A A £ i
IR~ P s A - PR R
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R~ IR ERR S R NG - B R
TEHFIE - 158 L6 8 DU BR 55 FH A PFAS AT
FEE B E AR AR AKRIEY - B
FeHA » REAFRBEMNPFASHIREE AT - H
IRBRDIRESRE ~ RIERMAE K& EEEE
R\ - b ANPFASTRER 4 JE A M B o Ko iR
FEH BB - Rt o BIERMEEEE B
Bian o~ Bon iSRS 2 K EH K E T E PFAS
ZEVERIE o EBER TR E (Environmental
Protection Agency, EPA)E1 %8 H 7K FPFOA -
PFOS * PFNA  PFHxS &, HFPO-DAJIEE R
E5 A4 ~ 410~ 105210 ppt” 5 BUER
Commission Regulation (EU) No 2019/10213Z{f
TR R B8 I AF B T B A ) R R SBPFAS®
i A Commission Regulation (EU) No 2020/2184
I EEAKF20fEPFASHE I B IR (H 50.1
ng/L? ; B A 572 % /5 (European Food Safety
Authority, EFSA)$Z H BB i} 52 i HUE (Tolerable
weekly intake, TWI)/5PFOA ~ PFNA * PFHxS
FPFOSH#A14.4 ng/kg bw/wk® ; B i A7 AZ
#£Commission Regulation (EU) No 2023/9153
{Erh$H ¥ PFOA + PFNA - PFHxS K, PFOS%4
mn P G ] B FE B Bl s dE AN R E AR E
SIS TH0.2-50 pg/kg R 1.3-50 pg/kg"” s FEH
BREHAIRI3FEILH25H A SEAKKE
H1E » PFOABEPFOSIIHE K PFOSELPFHX S
2 /R PRE 2 B 0.00005 mg/L K20.00007
mg/L""

AT T B B PR AE B AR SR e 225
B2 1 JEL B o SEEV19IEPFAS (W13 —)fE
Rt B - DIfdH - S5 &8 00
MR NBEREE iR RG22 5 £
FILEEY)E M 5 (United States Food and Drug
Administration, US FDA)JC010.03 5 778
AL AT DRI 52 P B HE i FA B A T
VBRI ik o AT 2 S ik
12 DT E S KBS s 2 Y a7 7%
R -

MFERTE

—  REERIR

Al 5 R AT RGP R h e (R B K
B 2 HY - i ERIR-20°CEE R
7 SR EE B R - HIE R AR
i H R o iele - (FRhZEZaRE -
=

()R
PR B UK IS R 22 PR B BE R R >
Nacalai Tesque Inc. (Kyoto, Japan) ° H[E &
IR TR TG i E e - I H Merck
Ltd. (Darmstadt, Germany) ° fE/KEZALER
/KB M &% » Primary secondary amine
(PSA) ~ Graphitized carbon blacks (GCB)
KEnd-capped C18IgEH ik - HEH
Agilent Technologies Inc. (Santa Clara, CA,
USA) » E@EF/K(ELEAR25CAIE18
MQ - ecmPl L) -

(PR IR Y 5 K FAPAS QC2E Y E
Perfluoro-n-hexanoic acid (PFHxA) »
Perfluoro-n-octanoic acid (PFOA) »
Perfluoro-n-decanoic acid (PFDA) »
Perfluoro-n-undecanoic acid (PFUdA) »
Perfluoro-n-dodecanoic acid (PFDoA) »
Potassium perfluoro-1-butanesulfonate
(L-PFBS) » Sodium perfluoro-1-
hexanesulfonate (L-PFHxS) » Sodium
perfluoro-1-octanesulfonate (L-PFOS) »
Perfluoro-1-octanesulfonamide (FOSA-I) »
N-methylperfluoro-1-octansulfonamide
(N-MeFOSA) » Sodium dodecafluoro-3H-
4,8-dioxanonanoate (NaDONA) * potassium
9-Chlorohexadecafluoro-3-oxaundecane-
1-sulfonate (9CI-PF30NS) » Potassium
11-chloroeicosafluoro-3-oxaundecane-
l-sulfonate (11CI-PF30UdS) »
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2,3,3,3-Tetrafluoro-2-(1,1,2,2,3,3,3-
heptafluoropropoxy)-""C;-propanoic acid
(M3HFPO-DA) ~ Perfluoro-n-[1,2,3,4,6-
"C,] hexanoic acid (M5PFHXA) ~ Perfluoro-
n-[”C4] octanoic acid (M8PFOA)
Perfluoro-n-[1,2-"C,] decanoic acid
(MPFDA) * Perfluoro-n-[1,2,3,4,5,6,7-
"C,] undecanoic acid (M7PFUdA) »
Perfluoro-n-[1,2-"°C,] dodecanoic acid
(MPFDoA) » Sodium perfluoro-1-[2,3,4-
C,] butanesulfonate (M3PFBS) »
Sodium perfluoro-1 -hexane['°0,] sulfonate
(MPFHxS) ~ Sodium perfluoro-1-[1,2,3,4-
C,] octanesulfonate (MPFOS) ~ Perfluoro-
1-[°C,] octanesulfonamide (MSFOSA-I)
N-Methyl-d;-perfluoro-1-octanesulfonamide
(d-N-MeFOSA-M) J Perfluoro-n-[1,2,3,4-
"C,] heptanoic acid (M4PFHpA) (50 pg/mL
in methanol)¥5# H Wellington Laboratories
(Guelph, Ontario, Canada) ; Perfluoro-
n-["°C,] nonanoic acid (MIPFNA )% H
Cambridge Isotope Laboratories (Tewksbury,
MA, USA) ; Perfluoro-n-nonanoic
acid (PFNA) » Perfluoro (2-methyl-
3-oxahexanoic) acid (HFPO-DA) »
Perfluoro-n-heptanoic acid (PFHpA) »
Perfluoroheptanesulfonic acid (PFHps)
S Perfluoropentanesulfonic acid (PFPeS)
¥Jl#% H AccuStandard (New Haven, CT,
USA) ; Perfluorodecane sulfonate (PFDS)
B HLGC (Teddington, UK) ° 87187 &
(Dried egg)ZE V)& (FAPAS T06142QC)H%
B 4 B K e & i B ER SR i 52 R (Food and
Environment Research Agency, UK) °

= G RERE

() (1% (Allegra 25R Centrifuge, Beckman
Coulter, USA) °

C) & 7 BU#E B (GenoGrinder” , SPEX
SamplePrepP, USA) °

E) g R & %5 (Vortex-Genie 2 mixer,
Scientific Industries, USA) °

(o) B 17k B HE(MIL-Q SP Advantage A10
System, Millipore, USA) °

(1) /= L RE VRUAH T ER B =V R R (ACQUITY
UPLC/ Xevo TQ-XS, Waters, USA)

U ~ 7B SR
()& 1%EERE 2 50% F FE A T
AU UKESIE 1 mL > 150% B S VA 6F 52 100
mL -
CREEIEE R
1. BEHE A
THINEE L $40.154g » DA T /KA R
1,000 mL » PAJEMSEE -
2. BEIEA B
HEsKT mL » I EEEER1,000 mL > LA
TEESEE -

f EERRZ B S

FETEE LS50 pg/mL 19TEPFAS % I8 FfZive
200 L R B E i 2 1 338 USRS AE i - 45
B DL B AR Fl E A 2210 mL - (EEIEUE R
e [FI 32 B AR E R - V2 R T - B A
RE 43 ) B 2 R A SRR e 25 [ 57 3R N BB AT
JFORE S - PLE 1%E8 FR 2 50% 9 s VA i i T
210 ng/mL » HEVEREHEVE R R [F] 17 32 A e
VTR T ISR -

7N~ AR SRR E R ERIE R
(I AH R AT
J& M7/E FE{# F Atlantis Premier BEH C18
AX (2.1 mm % 100 mm * particle size 95 A,
1.7 um) » JEMTERAFAIER -
C) R
it - V5 PR 5 8 Ul U (Electrospray ion
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Parameter Condition
LC system ACQUITY UPLC I-Class with Sample manager (FL)
Column Atlantis Premier BEH C18 AX (100 x 2.1 mm, 1.7 um)

Delay column

Atlantis Premier BEH C18 AX (50 x 2.1 mm, 5 um)

Mobile phase A: 2 mM Ammonium acetate in H,O
B: 0.1% (v/v) Ammonium hydroxide in methanol
Gradient program Time (min) A (%) B (%)
0o — 2 99 — 99 11— 1
2 — 3 9 — 75 1— 25
3 = 8 75 — 50 25 — 50
8§ — 15 50 = 15 50 — 85
15 — 16 15— 0 85 — 100
16 — 20 00— 0 100 — 100
20 — 20.1 0 — 100 100 — 0
20.1 — 235 100 — 100 0— 0
235 — 24 100 — 99 0— 1
Flow rate 0.3 mL/min
Injection volume 20 pL
Column temperature 40°C
MS instrument Xevo TQ-XS
Ionization mode ESI negative
Capillary voltage 0.5kV
Desolvation temperature 400° C
Desolvation gas flow 1,200 L/hr
Cone gas flow 250 L/hr
Ton source temp. 100° C

source) * HETEEE R - BEIZLEN

Jf& {5 I = (Multiple reaction monitoring,

MRM)ETTEH - BRI 28«

— » MRM{EHEIZ Bt A 05— -
iz R

B FEA A iR EIR 211% - B
5 g fEHEREE » EAARRERS% - I
2 g fEREREE - BHAS0 mLEELVE T - AR
TUAWR100 L - BRE30 8 - FHE TN EHE

F7K5 mL » Zf510 mL ~ FEE150 uL ~ FaZ&
BAUVERZENERE - & EEoEZ R
R EBR - PGB - LSS
BUEEE 1,000 rpmiik 2 80 DA ISR 1B 1 40 6
% » DL5,000 < Bl (25575 - B BB - BN
{LHEE LB R - DUSE s R E LL1,000 rpmifz
BEDAFHEIREG 1 388 %  DL5,000 <gBfE (S
SrgE o BU E3EW mL » EHLEMR lipid[EFHZE
INE A - R - I EER2 mL - BR
EMR lipid @& FHAZHLFE - WS O+ B
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HiE 1 mLE 15 mLEELVE T 0 1R40°CLLAESR
WEREZ » BEEYILLE 1%EE % .2 50% F S A
1 mLIARE - EEGEE - LERMR -

I\~ (AR HUAE

W = AR A B N AR & - DLE
1%06 .2 50% H F= A i 220.005-0.5 ng/mL
(&N EBEEME MR EO.1 ng/mL)

U~ BBEXUET G

DMEAEHR 47 (Standard calibration curve,
SCC) e FEE VLl & ## (Matrix-matched
calibration curve, MMC).Z £} 3R ET(5 BB 30
AR
. MMC /\: ??_SCC /\: =
HEAE%) = (MMCZ#ER ZHER)

SCCZ A

+  AINEI R BRI B

B mesgE8%k - A FERA A
BRS¢ 3 R NIBFERES A2 g - FETERE
TE o IAGE EAR AR R AR » BV IAR
HE RS /1 20.02-0.25 ng/kg @ BFE 3095
A P 7 37 A VR B B AR S 1T R H VS ] e
b - STRESEEME R SRR s
R E(Coefficient of variation, CV) ; 2 H GBS
53 IR HIHE R Bl E R - KIS
(B L 3R R 8 B AR B (n=10) © VN IR B [T R
J B ERARE R H E D R i L e
Tk HESORE G A TR R
e
+—  ERERZ I

WP T BT InEIGG s - DA
E 2 E T EHR B E R 2 LB (S/N ratio)
> 10 EMEHEFZS/N ratio > 3.2 RAKIRINE -
[RIRF S E R B BRI S R A
(LB B 7 eSO EL T R e 2GR -

% 100%

HRRER

— HEIMMEH2EEI AT RER

&l

AW H B9 R ALC-MS/MSHET £ it 1 %
BEL L EIAE LG 2T - NS SEE
B R T YIIRETR Z BT - R
HREIETERSN - INEHEE DI B - &
FifE AR EE R AT AT RS B H AR 1R R RS
Rt A B MR I EE B iie
KALAE - B2 E g RAEE S - DA
PFASIFHEVE AL B IR FEALRIF (R ) - il
BRI R HAENIE ZMRM2 B (R —) »
TR S NI S AT B 3 e ] — -

PFASERGFENREEE R =M K
HaxE T HEBEER - a0 R
Fill < Ry o0 K] A VIR % 5 S 1T 52 2 00 A A
F o R FE R KR E B DAK K R
BiRkEEREBMHEMAESE @ IHEZRERE
o BeAh - R ERERTE T R — R FE
VY%, £ K% (Polytetrafluoroethylene, PTFE)ff &
VS FE B AT 78 R B A Rl T K K
(Polyetheretherketone, PEEK)#'E » #& DAJRA
PFASTG B2 - I INZEE R (Delay column)
REEHE &R (RE ) - DURERE &
R B HIPFASTE 44V - 75 FH I R 7= Bl
WWHPFASTHE » DA 15 515 R B R 52
%ﬂf °
~ - BIRIERAEZ L

B EITIEIRM S 2 FHE - AFZEECE 10
ng/mL.Z PFASKEHEVATE » 43 B VB R — @/ LM
(Polyvinylidene difluoride, PVDF) » JEFE(Nylon,
NY) * ZEf7a 8 S (Polyethersulfone, PES) k2 £
E {4 (Regenerated cellulose, RC)H:4fE &
PFASHE Z IR AE 1T IS NEIECHIE - B Bl
SANE =R - RCIEE FRPFASHIV BN
KU E R HAM3EAME - RCIEMR A KM
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m/z 363 =319

m/= 377 =251

m/z 413 = 369

m/= 463 > 419

m/= 499 > 80

BAEEYIIRRESR RN
5.05
100, /=299 > §0
3 ] n.
< | PFBS
0- ] 1 III. 1 1 1 L ] 1 Ll L T
4.00 6.00 8.00 10.00 12.00 14.00
100 >P9 m/=313 > 269
o | PFHxA
0ty U T 1 T T T LA VUV
4.00 6.00 8.00 10.00 12.00 14.00
6.1
10;: ! HFPO-DA m/= 285 > 169
0-:., B e T
4.00 6.00 &.00 10.00 12.00 14.00
6.14
1004 |I PFPeS mi/= 349 > 80
2 |
0 T T 7 T T T S LR 1 ]
4.00 6.00 8.00 10.00 12.00 14.00
7.68
10 .
:% PFHpA
0+ A AL I L T T T L WL LU
4.00 6.00 8.00 10.00 12.00 14.00
10 8.01
- NaDONA
5%
D v T N T T v T - I. v T T T d T T
4.00 6.00 8.00 10.00 12.00 14.00
818
100 [ PFIIxS mi/= 399 > 80
= !
0%y L T T T T L L T
4.00 6.00 &.00 10.00 12.00 14.00
100 9.?5
% | PFOA
0ty T T T T L e L P M
4.00 6.00 8.00 10.00 12.00 14.00
9.87
100 .
! ' /= 449 > 80
3,% ! PrHpS "
04— T T T T T T T T T T T
4.00 6.00 8.00 10.00 12,00 14.00
100 10:8?
ag% .~ PFNA
C T I T T T T T I T
4.00 6.00 8.00 10.00 12.00 14.00
10.28
100 PFOS
;»% |
c T T T T T T T T T T
4.00 6.00 8.00 10.00 12.00 14.00
Time (min)

B — » LILC-MS/MS73fT19I8PFASIRE S R B EMUZRAIRAYREO.1 ng/mLZ MRMEATEFE
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11.‘01

100
% FOSAT | /=498 > 78
0+— "1""|"".'"'1‘"‘1""1""r"":l""1"“1""|
4.00 6.00 8.00 10.00 12.00 14.00
100- 11,55
ag‘i 9CI-PF3ONS | m/=5309 > 83
0 T N T T I WL T T T II R T T
4.00 6.00 8.00 10.00 12.00 14.00
100 11.}31
3?:1 PFDA I m/=513.0 > 469
0 T S T T S B B —t T A
4.00 6.00 8.00 10.00 12.00 14.00
100 12[59
\Qj PFUdA I m/= 563.0 > 519.0
0 o A B A S e B S L S AN En A
4.00 6.00 8.00 10.00 12.00 14.00
100 1261
PFDS | m/= 598.9 > 80
04— L L B B A B B B L B S B L B |
4.00 6.00 8.00 10.00 12.00 14.00
100 12;83
35% N-MeFOSA-M m/z512.0 = 219
L S
4.00 6.00 8.00 10.00 12.00 14.00
13.00
100 , 5 -
gi 11CI-PF30UdS | m/= 630.9 > 451
0 . I 1 1 1 1 1 L 1 L L Ill. I
4.00 6.00 8.00 10.00 12.00 14.00
13.27
100 i - 613.0 > 569.
PFDoA '. m/z613.0 > 569.0
0%y e o e 0 LN S e S e L L B I |
4.00 6.00 8.00 10.00 12.00 14.00
5.05
100- i c0 >
aa% ,' M3PIBS m/= 302 > 80
0 - T T 7 |'II T T T T T T T T T T T T
4.00 6.00 8.00 10.00 12.00 14.00
100 68 m/=318 > 273
MSPFHxA
0 - T T T T T T T T T T T
4.00 6.00 8.00 10.00 12.00 14.00
100 6.'12 m/= 287 > 169
.&q M3HFPO-DA
04— L L B B S B B A I B B B S B R
4.00 6.00 8.00 10.00 12.00 14.00

Time (min)

E—  LILC-MS/MSA T 19I8PFASIR# & R ERI{U R ARAIRE0.1 ng/mLZ MRMEAT[BIFE (1)
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100 7.68 m/= 367 > 322
a‘% M4PFHpA
0 B T T T S S T e T S S SRR
4.00 6.00 8.00 10.00 12.00 14.00
8.18 m/= 403 > 84
1°°§ | M4PFHxS
2 fl
r-——r———r——————r————————r————————————
4.00 6.00 8.00 10.00 12.00 “ann
064 m/= 421 =376
100 :
g MSPFOA |
o o e e I y b o e e R
4.00 6.00 8.00 10.00 12.00 1400
m/= 472 =427
100 MOPFNA 1087
2 |
0 "1""1-'"1“"r""]""r‘"'1"".'r""1"'-r"“r
4.00 6.00 8.00 10.00 12.00 14.00
m/=502.9 > 80
100 1098
% MOPFOS _
- _
0 T L L | LA AL L R L B LA NLANL R L S LA INLNL LA B R LA T T T
4.00 6.00 8.00 10.00 12.00 14.00
m/= 506.0 > 78
1003 MSFOSA-I
RS
0 T T T T T T T 1 I. T T T
4.00 6.00 8.00 10.00 12.00 14.00
11.82
100+ " /= 515.0 > 470
o MPFDA | "
0E T UL L L B L B N R B B L B AL A N S R "".\_T""I LA |
4.00 6.00 8.00 10.00 12.00 14.00
: 12,59 /= 570.0 > 525.0
1904 M7PFUdA 1 "
= .
0: T T T T T T T T T T by T
4.00 6.00 8.00 10.00 12.00 14.00
12.94 A
10‘2; d'N'MCFOSA'M ”bf: 5150 - 169
C:- T 1 U I ML T UL T i L T U L
4.00 6.00 8.00 10.00 12.00 14.00
13.26 .
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EBET/K14 mLFER S - WA TESEDLE
0.3%Z K Z S ) 17K 15 L Z WAX SPE
[ AH 25 H L R R B 0 A B AHZE L 1%
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=~ 19IAPFASH & AAEE 2 TR NN BT Brft SR R E B4R

famw BE A4 B Bl FHAT

0.02-0.04 pg/kg  0.05-0.10 pgkg  0.02-0.10 pg/kg  0.02-0.04 pg/kg  0.05-0.10 pg/kg  0.05-0.50 pg/kg
M e v M e o 209 pe oy 109 g cv L0 e oy 109 e, v L0

00 () (g (0 (0 () () () () G () (00 (o 0 ()
PFHxA 86.7 9.9 0.02 873 104 0.05 83 69 0.02 84.1 87 0.02 950 6.0 0.05101.8 3.8 0.05
PFHpA 88.1 10.6 0.02 83.7 183 0.05 8.3 59 0.02 824 15.1 0.02106.0 43 0.05 979 2.7 0.05
PFOA 88.0 73 002 84 9.0 0.05 879 5.1 0.02 8.6 4.8 0.02100.5 4.6 0.05 954 65 0.05
PFNA 919 69 0.02 825 73 0.05 8.6 63 002 852 62 0.02 992 74 0.05 93.7 10.3 0.05
PFDA 872 72 0.02 8.9 62 005 8.3 43 0.02 8.5 43 002 982 57 0.05 999 79 0.05
PFUdA 979 52 002 87.0 52 0.05 8.1 35 002 8.3 53 0.02 998 50 0.05 925 13.1 0.05
PFDoA 91.1 59 002 8.9 61 0.05 82 44 002 8.8 33 0.02 99.8 28 0.05 93.7 84 0.05
PFBS 87.7 81 0.02 85.7 11.6 0.05 84.0 95 0.02 80.5 102 0.02 983 84 0.05 974 58 0.05
PFPeS 84.6 163 0.02 88.8 11.6 0.05 950 32 0.05 8.4 6.1 0.02 958 57 0.05 96.6 7.0 0.05
PFHxS 89.9 62 0.02 82.6 4.6 005 8.7 53 0.02 91.1 5.6 0.02103.7 45 0.051003 3.6 0.05
PFHpS 863 7.2 002 8.0 85 005 829 149 0.02 83.7 3.7 0.02 948 10.6 0.051022 9.9 0.05
PFOS 93.7 6.6 0.02 87.7 10.0 0.05 97.7 83 0.02 89.0 4.7 0.02 992 8.0 0.05 90.5 20.6 0.05
PFDS 81.1 6.5 0.02 762 7.8 005 71.2 65 0.02 732 7.7 0.02 87.0 57 0.05 74.7 10.6 0.05
FOSA-I 8.4 69 0.02 81.1 80 0.05 901 47 0.02 878 42 0.02 967 51 0.05 90.5 7.8 0.05
N-MeFOSA-M 864 103 0.02 82.9 12.0 0.05 88.5 10.6 0.02 85.8 11.4 0.02 78.7 125 0.05 969 12.6 0.25
NaDONA 862 7.1 0.02 80.7 6.2 0.05 8.6 48 0.02 963 6.1 0021047 57 0.05 8.9 6.0 0.05
HFPO-DA 893 2.8 0.02 87.1 7.3 0.05 8.0 54 0.02 8.1 85 0.021008 7.1 0.05 90.5 4.8 0.05
9CI-PF30ONS 974 12.0 0.02 91.1 6.9 0.05 89.1 13.0 0.02 851 12.5 0.02 99.0 104 0.05 88.6 7.6 0.1
11CI-PF30UdS 77.2 6.0 0.02 73.7 6.8 0.05 63.7 7.3 0.02 71.7 82 0.02 87.0 3.6 0.05 70.0 11.6 0.05

270.0-102.2% » B EARE ST 22.7-20.6% © 7

b PRS2 e T kB R AT A EHE B RS

BE S KHERARSTMERNREE ZE

MR B1771520.02-0.25 pg/kg (A1FE=) @ IR

A RFE B E R AENE(EU) 2023/915" S0 {414t
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ZPREEK .
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L-PFOS.ZFAPASEGFE 2 Y)E L8 izl

hEE 73

T

HEEE) AT TR ARG - EF BT
FEETHE - AR - FRER - 4
AT 2 b B i B2 92.5-111.9%35 7]
AR Z| < 2HIEIEIN » BRI 7 AT $PFOA
PFNA  PFHxS } PFOSHETHERE 2 B &34
HE BRI ERRE -

AT ERETE A - A8 - B8
e PN R E S RE SR 1L - TR B HPFAS &
BAEN) - EhfEasa e R -
Rk HPFDA ~ PFUJA - PFPeS K2 PFOS °
Bt b HPFHpA § B&EmEEEHR
KFEA - IRFEA TR HHPFHpA 5 T #EE
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EME R EERPPFASZ OMRER

FAPAS T06142QC

A et ‘fgé%ﬂﬁ B Ccv NN ), tt{ﬁb
H# FE(ugke) (ug/ke) (%) (ng/ke) (%)
?%Pil :0.03
HEE ¢ 0.09
it 0.04
PFOS 3 HERT 2 0.11 0.2631 221 0.27 (0.151-0.387) 97.81
FERF ¢ 0.41
22475 1 0.02
PFPeS 3 i 0.03
HERT : 0.06
a2 B
> 00
PFNA 1 FERT 1 0.05 0.0768 12.24 0.08 (0.0465-0.1195)  92.53
PFBS 1 R0 1 0.02
PFHxA 0 -
PFOA 0 - 0.2751 3.34 0.28 (0.159-0.409) 96.87
PFDoA 0 -
PFHxS 0 - 0.4131 3.49 0.37 (0.206-0.531) 111.95
PFHpS 0 -
PFDS 0 -
FOSA-I 0 -
N-MeFOSA-M 0 -
NaDONA 0 -
HFPO-DA 0 -
9CI-PF30NS 0 -
11CI-PF30UdS 0 -
"n=3

*LLAE(%) = BRIHHE/AZR{E x 100

@ HHPFHpA 5 WA 4= 4h#% HPFHpA ~ PFBS
K PFPeS ; NI EEHNT » 560 NFERT - %
- rh g HHPFPeS 52 PFOS - F&HF i HPFNA
PFDA * PFUdA K. PFOS ° DL I f B & 52 1 e
B85 (2023/915/EC) 23 o B # g 448 srg O
3Bt HPFOS » BE 1T H0.11

ng/kg ~ 1A H0.04 png/kg K 1 EFERT %
H0.41 png/kg » ¥R EZATIE 2 R & (6-7
ng/kg) s HEVFFF G EEE HPFNA 0.05
ng/kg » IRAEEFZIERE Z [R5 (0.4 ng/kg) °
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Development of an Analytical Method for Per- and
Polyfluoroalkyl Substances in Foods

CHIA-HSIN LIU, MIN-CHIH YUAN, YU WU, GUAN-JHIH PENG,
SHU-HAN CHANG, YA-MIN KAO, MEI-CHIH LIN
AND SU-HSIANG TSENG

Division of Research and Analysis, TFDA, MOHW

ABSTRACT

Per- and polyfluoroalkyl substances (PFAS) are widely used across industries due to their
exceptional stability as well as hydrophobic and oleophobic properties. However, these compounds
are highly persistent to decompose which carrying risk of bioaccumulation. The European Food Safety
Authority (EFSA) proposed in 2020 that PFAS may cause developmental effects and adverse impacts on
serum cholesterol, liver function and immune system. EFSA proposed a tolerable weekly intake (TWI)
of 4.4 ng/kg body weight/week for the combined exposure to PFOA, PFNA, PFHxS and PFOS. The
European Union set the maximum levels for PFAS in food stuffs in 2023. 0.2 to 50 pg/kg for individual
PFAS and 1.3 to 50 pg/kg for the sum of the four regulated compounds. This study established a method
for the determination of 19 PFAS in fish, meat, eggs, milk, and edible offal. The approach combined
QuEChERS pretreatment, an EMR lipid solid-phase extraction cartridge, and a delay column to eliminate
background interference from the analytical system in liquid chromatograph-tandem mass spectrometry
(LC-MS/MS) analysis. The results of the spiking tests showed that the average recoveries of 19 PFAS
in fish were 77.2-97.9% with the coefficients of variation of 2.8-16.3%; those in eggs were 73.7-91.1%
with the coefficients of variation of 4.6-18.3%:; those in milk were 63.7-97.7% with the coefficients of
variation of 3.2-14.9%; those in meat were 71.7-96.3% with the coefficients of variation of 3.3-15.1%;
those in edible offal were 70.0-102.2% with the coefficients of variation of 2.7-20.6%. All results met
the “Validation guideline of the food chemical testing method” published by the Taiwan Food and Drug
Administration. The limits of quantification were 0.02-0.25 pug/kg, and the linear range of the standard
calibration curves calibrated by the internal standards were 0.005-0.5 ng/mL with the coefficients of
correlation higher than 0.99. The developed method is sensitive, stable, suitable for various applications
across diverse food matrices, offering good accuracy and precision suitable forroutine momitoring and

public helath protection.

Key words: per- and polyfluoroalkyl substances, QUEChERS pretreatment, EMR lipid SPE
cartridge, LC-MS/MS





