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FEVIWR S 11 A2 F & (PFCs) Mo k. i Zouth, e L/ b L ik & R
(C18) . N-NILZ % (PSA) B A4k ®E (GCB) ZHAELILINF, ESI M T L WL (MRM) &
TE SR, 11FPPFCsFEO0. 01 png/L ~ 10 pg/LyBE N MR I+ (R?>0.99), & HHR40.003 wgke, E=RN
0.01 pg/kg, 5FHPEMRSLEEST 3 AN IIFRAKE T PR RIfE 78. 8% ~ 115. 5%, AHXSPRUEMRZE A 1. 9% ~ 14. 6%, %
Dkt R . EIEL, EH TERE AR T 2 M PFCs R BRI . TEARE . . INE . &
THIEMAE S IR IR 2R EIR (PFOA), YREETEIE 0. 012 pg/kg ~ 0. 068 kg BRI HY 42 SRFBe iR
(PFOS) & &40.015 pgke ~ 0. 096 ng/ke; FiMHAH 2B (PFHXA) &84 0. 165 pefkg ~ 0. 243 pg/
kg, HI5GLuRES ERFZE . T U RHER ARG, BOISR WE IAIPEAL
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Abstract: An analytical method based on improved QuEChERS pretreatment coupled with ultra—
high performance liquid chromatography—tandem mass spectrometry (UPLC-MS/MS) was devel-
oped for the simultaneous determination of 11 perfluorinated compounds (PFCs) in seasonings. Af-
ter systematic optimization of the purification conditions, a combination of octadecylsilane bonded
silica (C18), primary secondary amine (PSA), and graphitized carbon black (GCB) was se-
lected as the purification adsorbents. Qualitative and quantitative analysis was performed in electro-
spray negative ionization mode (ESI™) using multiple reaction monitoring (MRM) . Good lineari-
ty was achieved for all 11 PFCs in the range of 0. 02 pg/L - 10 wg/L. (R2>0.99), with limits of de-
tection of 0. 003 pg/kg and limits of quantification of 0. 01 wg/kg. The average recoveries at three
spiked levels across five seasoning matrices ranged from 78. 8% to 115. 5%, with relative standard
deviations of 1. 9% - 14. 6%. The proposed method is simple, sensitive, and reproducible, suit-
able for the trace determination of multiple PFCs in seasonings with complex matrices. Analysis of
commercially available fish sauce, shrimp oil, shrimp paste, soy sauce, and oyster sauce

showed detectable levels of perfluorooctanoic acid (PFOA) in all samples, with concentrations
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ranging from 0. 012 weg/kg to 0. 068 pg/kg . Perfluorooctane sulfonic acid (PFOS) was detected in
shrimp paste at concentrations of 0.015 pg/kg - 0.096 pglkg, and PFHxA was detected in soy
sauce at concentrations of 0. 165 pg/kg — 0. 243 pg/kg. The contamination may be related to raw ma-
terial types, processing methods, and packaging material migration, indicating that monitoring
and assessment should be strengthened.

Key words: perfluorinated compounds; UPLC-MS/MS; QuEChERS; seasonings

2FAAEY (Perfluorinated Compounds, PFCs) J {2 M HF H & {H 28 s A Tolkr= s, B Ry
MK BRI, H ARG LIRS . TR RN EROE e =0 1 PR RBL, PRCsidid
ZIEEIENEYEE, WSS Y . ST R RE R Y, BN R AR RET
PFCs 1) FEIEIR,

FolE fm R AR E bR (sl wEI . fERSE) HIvEER, HIEBZH. B TEE Rk, W
REFAAE PFCs TS e B o IZZEF B BT 2, & midh . MERMEBERSE, X PFCsis ittt 1™
Rk PRI, AR A A FHR s B P AR R AR HE BRI € PFCs HYSGHE 0 47T, PFCsHE
BB 7 A WO AR BGE B AEGE . R IR . AHASEGE . B S AR EGE L)L K QUEChERS
RSP, HHr, QuEChERS P HARAESRIAE . Pk . ARSI Sl 2 W58 ti2t . QuEChERS J7idith,
O A W R SE R 4 45 N- P9 3 £ % (Primary secondary amine, PSA) . + J\ %% FE 8 & IR
(Octadecylsilane , C18) VUKt Bfbime (Graphitized carbon black, GCB), HTEEEFPEAEVLER .
HEZR I AT FETHY) . FESh PRCs B3 B AL RS2 FHEDRHI RS AN L () 52 , - 05 e R AR B A
BHIU R HE I & PFCs MR SU E A BUA I PFCs 20 B 7 i A48 S 635 (GC) 3k . WM a3 (LC)
% A EE-BERIGEE (GC-MS/MS) | B i - HRTE (UPLC-MS/MS) kLI S5 %
R (HRMS) JE%5 7, REHPFCs AR . Wb niim HAESAMX To B W, P LC-MS B
HIESHEAR, Hd, HRMSE M TIRE PFCs BARHLEIHIE 5 1 UPLC-MS/MS EAH RBUZ & | ik
BB FIPT TS, C O E AP IR B PRCs & AN 20577k

KREWTEAGE 7K IBEIR s IEvE & a kit Cnpailil . FLb0s) b PRCs A K25 Ge it
B AHRS TR X R T, k2 RGETERIMETT, JUHRRINE T A E R O/
AL R, DA JAURSAESL, JEREA RO BRI BTN Bl BB T %, AR
AW B ERENL — P T UPLC-MS/MS B, (R 2 e it o 11 Fp g2 PRCs 4387 7 1% BEXFAS
[EEEBTARRIE , DRAre AL B BR, BRI TH; IR @i o 25 5 B el 240, SRR I
SR EREINRCR o AW TE AL TS AR R i PFCs BRE HE MR I 5 XU A S SRR 3245
1 XLy
1.1 URE5&EE

EE G E O G EMOCER S AGETFR AR AT, 25 G16-WS), ZHIREIRAML (HELF:
& (L) ARAT, 295 VM5008), fRHERAUL O MREES S SEAR AT, 295 VORTEX1),
I IE B (PRI EFRE TR AR AR, #5 CR-030S), HLFAatiRF (LRI
PR ], 5 FA1004), =HPUARFFBHE (LESCIEX 4], 45 AP14000) , 8 S RCHAH (i
% (I Waters 28 7], 5 ACQUITY UPLC), TPFC100 &5k AW @iEARHERS RipH (7
M) FHAR AT,

1.2 7. HRERSHH

11 FP PFCs IR S FRMES: £ T2 (Perfluorobutanoic acid, PFBA) . £ #JKEE (Perfluoropentanoic
acid, PFPeA) . £ % .8 (Perfluorohexanoic acid, PFHxA) . 4 % P+ % (Perﬂuoroheptanoic acid,
PFHpA) . BFEM (Perfluorooctanoic acid, PFOA) . £ M8 (Perfluorononanoic acid, PFNA). 4%
1% (Perfluorodecanoic acid, PFDA) . &% CIEEEER (Perfluorohexanesulfonic acid, PFHxS) . 4 %JF#
FEmE R (Perfluoroheptanesulfonic acid, PFHpS) . LW E R (Perfluorooctanesulfonic acid, PFOS) |
A9 T BeiElZ  (Perfluorobutanesulfonic acid, PFBS) (Fis K Spg/mlL, JBFAKGEHE B AR A .
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10 PFCs [F) 0 WARRE S FRIEETE . “C,~PFBA ., “C,~PFPeA, “C,~PFHxA, “C,~PFHpA., “C,~PFOA
BC,~PFNA. “C,~PFDA. "“C,-PFBS. "“C,~PFHxS. “C,~PFOS (i@ J¥2 pg/mL, & T HEE, SIA4%
(B EWRHARA)

IR (hgral, 94%) . LMkl (ai24>99.0%) . &Aba (Pugkdl, 99.5%), WH LigkTH T4
R AR A T HEE (i, 99.9%) . LJEMATEER Ci/REHE ORED) AIRAR; +/\Uk
FLHE S R (Octadecylsilane, C18). N-NHZ i (Primary secondary amine, PSA) . B4R R
(Graphitized carbon black, GCB), WJHAIMH] (J7H) BHEZAR AT ; Shim—pack GIST C18 i
(150 mm x 2. 1 mmx1. 7 pm), W HBHEMLEHR (bE) GHRAA,

5 mmol/L ZIRERF B H] . FREL0. 3854 ¢ LZERERGT 1 LAk, JR2), BUEHLA .

2% HER-2 0 (VIv) ERIH . B0 mL IR TR, @BZE 1L, 14, BRI,

PAUR S AE S 24 e B S M T, s EE 34y (YLO1. YLO2. YLO3) . #Fili3 3 (XYO1.
XY02, XYO03) . ¥F¥ 545 (XJOl, XJO2, XJO3, XJ0o4, XJ05). WEi 6y (HYOl, HY02, HYO3,
HYO04., HYO05, HYO06). ¥ 74y (JYO1. JY02., JYO3., JYO4, JYOS, JY06. JYO7),

1.3 XAHZE
1.3.1 FRERGMES HEFFEE A PrCsIR GRS, (W EEHITREI T Es, kSR e
WFE A 100 pe/LIFRIEH I, -18°CIRAFE M.

HETIALE 125 LIRS RN R NFRAR (2 pg/ml) TS mLESMY, RAWERBEZZE, Bl
BTN 50 we/L 10 Fh PRCs 1 A5 [FA 2 AR TAE -

R HEE-K (30: 70, VIV) @WEATBREFGRE, FHBGRE /524 0.02, 0.05, 0.1, 0.2,
0.5. 1. 2. 5. 10 pg/LIIRAbRE TARR, A A Z PRI RIRESR 0.5 pe/Lo
1.3.2 HREAE ZHGR' PSR T SR, FEEPRHER S TR A T A . X TR S
PEIF . PSR BB E R A EE . I B RES, ETRARI2 g REIAE ST 50 mL 208,
AN 10 pLIE A WARARIE TAER (50 ng/mL) 5 X T BHOEHE . A 5 B0 A LI 71500 SR B e i |
IR FES, HEFFREC 2 o FIUAE S T 50 mL B0, I 10 pLiR S WbRhRiE TR (50 pe/l),
N 2 mL 2B 7K IATE S B3 5] 1) AR O & N 10 mLARER A ECA 2% MR- (Viv) HEHE,
PR 5 minIR21G, NI 2 g &ALEN, 4RZLTEIRY 15 min, LL5000 r/min 5.0 5 min, WCEERTAH L
B, B EWSEIEAT 50 mg PSA . 150 mg C18 15 mg GCB (1 15 mL &0 0, IEE S 2 min,
L1 10000 r/min &0 5 min, Y& LIHRGFFEREEWE Y, T40°CTARZEET, HPRE-/K (30:
70, VIV) WHERE 1.0 mL, EEWKL0.22 pm G LIS 1B G 468 2R/ NI, it UPLC-MS/MS
W
1.8.3 KM AR SRR A C R E 2R SIS ERSE, HT 08
3% R I3y, JFEBRETHE, @5 4&4F: Shim—pack GIST C18 3%+ (150 mm X 2. 1 mmx1. 7
pm) 5 FEIRARIEEE . 40 °C; MBI A NS mmol/L 2R, WA B M HE; BREEVENRFE: 0~ 1 min,
95% A; 1.0 ~ 3.5 min, 95%~50% A; 3.5 ~ 4.0 min, 50%~10% A; 4.0 ~ 6.0 min, 10% A; 6.0 ~9.0
min, 95% A; Ji#: 0.4 mL/min; BEEEARL: 2 pL.

Joik S WIS A (BSI) s Hai A Bl OB I (MRM) 5 & IR

500 °C; BSFALELE: —4500 V; KA (CUR): 35 psi; 2246 (GS1): 55 psi; HHBIIIFAVS (GS2):
50 psi; fiff#E< (CAD): 644,
1.3.4 FHEFEE TN RH L3 1EHIRAPRE TR, #0133 F40E, 2ibr
N2, [FIE, GRS POREZEFRES, (ffs . WRh . ReE . SR L 3 20 E ORIR
INEE 2 PRI ) . R 23 1 J T T AV Sk 300 T ) A [ 30 3 31 [T ) R ) B Joob v ARV, 4R
1. 3. 355 5E , Ahlbridh 28, i b 3 b ifi i 285 7 SR b e il 28 07 R Ak 20 A0 b AR 41 B
LAVAEAE

APETER . KR, EER: 2R%H0.02, 0.05, 0.1, 0.2, 0.5, 1, 2, 5, 10 pg/LAYIRAFRiE
TAERINERGEATINGE , L 11 FP PRCs 1 Bk B A br, BLHE bl & 0 s AR 5 068 B[R] 32 3
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Al & TR AR ) FUAE AL bR, ZefilbnidE TAERRZR, SREHE T FRAIAH G R, 10128 AR S TR
R BE TR A AR AR WG AT 007, e LB (SAN) A 3 110 715 % H bR 4 A i B9k R
(LOD) FlERFR (LOQ).

R GG . EFE . UFIh . R . SRR S S PP L AR SR N0, 01, 0.02, 1
pe/kg = MR BERNR SARE TAER, SMRE6A-F1T, AidbBErikEsii. 3.2, GEFEES1.3.3,
[FIIPARCZS SR8, S9FTBRAR ARG T H R I R SRS 2 B
1.4 HFELESSIT

AR B 558 0F 50 ok A Python 3. 13 #7858, EZf# M pandas (3.0.3) HEATHURIE e 58,
numpy (2.4.6) FHATHAE T H, scipy (1.17.1) SRS 5, matplotlib (3.11.0) J}z seaborn
(0.13.2) BEfTEIFRZM,

2 wR5IH

2.1 FUg&HMK
FE 1 3. 3BT, 206 11 Fh PRCs B BT i 280 T T4k . B 587E Q1 2T, e
m/z 50 ~ 600, 53 AR S FREEF AT 2, RS SN —R g . 2R G WAEESIEAT
DREFTFIEH [M-H] W78 70&, WGHEE hEE T BEE TS TR, XS 1
AN RIS REHEA T — R i, RIS T, B RS R & TR E &8 T,
FERESEHER R B T2 B X, R e s Ent s ae & R E . &iutk, 11 PRCs Al
10 F Py bR ) e i3 1% . 255 T A R B 2255 MRM i 40 B L3R 1,
1 1FEFASYN LR BRI Z BN (MRM) k24

Table 1~ Retention times and multiple reaction monitoring  (MRM) parameters of 11 PFCs

Analyte Rete(nrt;;):ll)tlme Pre(zl:;z); ion Daughter ion (m/z) Declutsi:irlzl;g] ;)oten Colhs(u:\l] ?nergy IS
PFBA 2.39 212.9 168. 9% -30 -14 C,~PFBA
PFPeA 3.03 262.9 218.9%, 69 -28 -13, -52 BC,~PFPeA
PFHxA 3.53 312.9 268.8%, 118.9 -37 -13, -60 C,~PFHxA
PFBS 3.68 298.9 80*, 99 -78 -60, -45 C,-PFBS
PFHpA 3.97 363 319. 1%, 169 -37 -15, =25 C,~PFHpA
PFOA 4.34 413 369%, 169 -41 -15, -25 "C,~PFOA
PFHxS 4.47 399 80%, 99 -89 -69, -56 C,~PFHxS
PFNA 4.53 463 418.9%, 218.9 -40 -16, -24 C,~PFNA
PFHpS 4.61 449 80%, 99 -100 -80, -62 C,~PFHxS
PFDA 4.65 513 469. 1*, 268.9 -43 -16, -25 "C,~PFDA
PFOS 4.72 499 80*, 99 -108 -93, -67 C,~PFOS
C,~PFBA 2.39 217 172 -30 -14
PC,~PFPeA 3.03 268 223 -28 -13
C,~PFHxA 3.53 318 273 -37 -13
C,-PFBS 3.68 302 99 -78 -45
C,~PFHpA 3.97 367 322 -37 -15
BC,~PFOA 4.34 421 376 -41 -15
C,-PFHxS 4.47 402 80 -89 -69
C,~PFNA 4.53 472 427 -40 -16
C,~PFDA 4.65 519 474 -43 -16
C,~PFOS 4.72 507 80 -108 -93

*quantitative ion

BRIZZEPFCs (PFBA, PFPeA, PFHxA. PFHpA. PFOA, PFNA, PFDA) 7EESI#zU F#HIE ifa
EMN [M-H] - B:EF, R E B gt AR (£KC0.), FEAERMER T m/z 168.9
(CsF77) . 218.9 (CaFo) . 268.9 (CsFii7); BEMRZXPFCs (PFBS. PFHxS. PFHpS. PFOS) HHFAERF
FEF A m/z80 (SO57) Flm/z99 (FSOs7 ). PRSI MTERE 22 7T, RIBKCERMR (13
~-16eV), BEMRREE (-60 ~-93eV), JG& T H KRER 7] LA MIFRL . {7 I ) B g 4 P Y
DTG EE3 (M 2.39 min (PFBA) #)4.65 min (PFDA) ), £F& A (A8 (8, 118 HAR7E 9
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min P SERAIR G (18 1) %TT AR AL, 7 BROR I, 2 il B AR

100

80 1011

60 4

Rel. Int.(%)
(e8]

40

204

) e JUL,LJWUL

0 1 2 3 4 5
Time (min)

1 11 R A S IR 8 (1-PFBA, 2-PFPeA, 3-PFHxA, 4-PFBS, 5-PFHpA, 6-PFOA, 7-PFHxS,
8-PFNA, 9-PFHpS, 10-PFDA, 11-PFOS)
Fig. 1 Total ion chromatogram of the 11 perfluorinated compounds (1-PFBA, 2-PFPeA, 3-PFHxA, 4-PFBS, 5-PFH-
pA, 6-PFOA, 7-PFHxS, 8-PFNA, 9-PFHpS, 10-PFDA, 11-PFOS)
2.2 BIAIERMHVIERE

RPN . AP IE Al & I O PRCs B2 30 1k VY, ARIIRTIE AR R ECk 2%
HIR CIETE AR ISR BRI, AR T LRI SR K PFCs, JFHRBURPEA . 2SR
A BRSSO A, IIONEACEN BRI TEAT . AU SRS 2 L, RRAR 7RO PRCs Y
g, Im it i n) e S e er)

CAMIRRNE, PSAVWRIMTAHLIR . BESREARIER >, TR IIE 4 0 PSA R B 2 Pe R BUR g1 2%
A, NECGE B e . CISRERFRHENENATR . H i =B ia2i W i KR a3, WHT
SRR LR . GCB R m-m HERE IR . SRS 2 RS 2% IR
PR3] LSRR SE, RSO Bk 3R R AT T R — 5 S P G AL RCR I LA 5T
ESEE e s Ty (I LA TN N i e S 1107 M v 1 o €20 3 i S0 o A Bl o = B i v o
B C18 & Tiitk, 3T 50 mg. 100 mg. 150 mg #1200 mg 25 4 Fp 2 EbAs, UL HMMEEWIN
UEETET AR B AR A SRR 2, PRI C18 Ak R B 2L AL |, X PSA BRI E (25 mg, 50 mg. 100
mgF1 150 mg) AT, BIE . MRS S PR G 0 38 & By, 20l TR GCB ¥k ek
BEEALROR, A TN AR S A s s g (E2) .

1EC18 R LI T (B 255—51), [EE PSAMGCBHE KO0, HECI8THME (50~200 mg)
g AR ), 5 REH, FEE C18 &M 50 mg N ZE 150 mg, 240tk & Wik g m AR i 52 1 Tt
A, X EZIHE T C18 MHERE TR A RO, Wi 7RO . SR, Y4 C18 stk — 5
F200 mghf, FALEYIM N A RERT, o EWER NI TEE, TR AT ER) C18 X H bk
ST e AR T RS SRR . R, C18 A FH B E A 150 mg,

%€ C18 &4 150 mg, EZEPSARMIE (25~150 mg) AN, 255 5 EoR, PSA &M 25
mg 34 % 50 mg I, 24 PFCs MU B 5T, R PSA WA R RBRRMERE T, SR, 24 PSA H
IS 50 mgf5, WEE AN BE TR EE R T, IR PSAWRES S HIRI L. LEFIE,
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A, =
PSA it 574 50 mg.,
PSARRILL GCEREtE
CieA Rt (C18=150mag) (C18=150mg+PSA=50mg)

60000 { (a) 4

8- PFBA PFBS *- PFHxS ~4- PFDA

- PFPeA % PFHpA —#— PFNA  —8— PFOS
50000 ~#— PFHWA  —#— PFOA —#— PFHRS

150

100 B 5
C18iml (mg) PSASHIR (mg)

GCBiM (mg)
B2 AREZEFC AT EX 1 2R S PIERBE . (a) - (o) 8FE; () - () @g&; (o) - () &l

(G) = () ¥Rl (m) - (o) WM. 5. C18 &Mtk S50 PSAHEMAL (C18=150mg); =%1: GCBJ]
2k (C18=150 mg+PSA=50 mg)
Fig. 2 Effect of sorbent dosage on peak areas of 11 PFCs in different matrices.

(a) = (¢) Shrimp paste;
sauce; (g) — (i) Soysauce; (j) — (1) Shrimp oil;

(d) = (f) Fish
(m) - (o) Opystersauce. Column 1: Optimization of C18 dos-
age; Column2: Optimization of PSA dosage (C18=150 mg); Column 3: Optimization of GCB dosage (C18=150 mg + PSA

=50 mg) .
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[# 7€ C18 47150 mg. PSA 450 mg, Hu4EGCB 5 mg510 mgMIRCR ., K26 =% x, WiHET
G YIEHR T R LR, R CCBEEM T ERARSFTIHY . BN A R E/R, 11FPPFCs
MR CCB HE TR L RELES (p>0.05), kit GCB W V25 PFCs it EENZIT , &t
ZEPFEGCB HE N5 mg,

ZE bRk, ARTFST 20 E 1) QUEChERS b J7 %€ 47 C18 (150 mg) + PSA (50mg) + GCB
(5mg). TEIZARMET, 1R PFCs BRAFES 0 DS 2800 B Ay idzna i, HL& S0 v i SR e Rs 45 31
FER &S
2.3 FHEZFWIE
2.3.1 BB CRHEA VAR BVCAC IR G bRk th Zer) R 5 50RO bR dh & R A
PEOY 11 FP PRCs AR TR0, (ME), M E B /R. 4 ME 45 80% ~ 120% i, I\ A SRy W] 2208 5 4
ME >4 50% ~ 80% 5%, 120% ~ 150% I, I\ R FAAE v 45 9 BE ) JL RN, ;24 ME < 50% 5 > 150% I, DA
IAFAER RN FE RN

AWFGELE RN, 11 FPPFCs ) ME 47 82. 6% ~ 113. 8% (#£2), FHIRENZHIL)E, HESRREL
N DL . A T R HERR E AT, AR NS E B, PRI RV N B AR S
SESTHTIREI o DR, AR T R A SRR Bh 22 5 50T o
2.3.2 ZMSEE. WHBR. EER /550 1R PFCs BTk E 40,02, 0.05, 0.1, 0.2, 0.5, 1,
2. 5. 10 py/L IR APRIE TAE RPN WG TIE , L1 #P PFCs I iR E AR A br, LLH bEB Y
A U TR AR 5 % 7 [ A 26 P ARAL S i i T FR I LB N AA R, 2l TAEM 2. 2525880, &ibh
YHAEIZGE N 2R IFR LR R, HRRERIIKT0.99 (W32),

K HEMELE, B2 ARES SR I E AR BT, B FsiE (S0l 10 IRk B2, 15
MERBRIKIE, EERN =02 VAR R BOEM . SRk Bl AFERIRE S S Rhas AR
fn, TEEEIRACE bR, SR AKCEMSIAEI =6 Ik, THEEMEL, JRife R IR AE R, 48
J7 AR R 4 0. 003 pe/kg, TERFRA0.01 werkg (WFE2) . %7715 Z U & [ P AMH bR RO RS
MFESR 202 Hodr GB 5009. 253-2016 FY 29 FER (PFOA) FI2RERRER (PFOS) )E &R 7004
0.01 ng/kg F0. 1 pe/ke; FERRE W22 IWE & Wi = 5 (HIERAEESIY) PFOS. PFOA .
PFNA I PFHxS #) H bR SR (LOQ) <0.3 pgrkg; A KIGAESIYIA PFOS, PFOA . PFNA HI PFHxS
) HbrE 2R (LOQ) <0.1 pg/kg (Commission Recommendation (EU) 2022/1431),

2 1FEFASNEHTER . HERE. MR, @ SRRSO

Table 2 Linear range, correlation coefficient, limit of detection, limit of quantification, and matrix effect of 11 perfluorinat-

ed compounds

Analyte Linear range (ug/L) Correlation coefficient (R*) LOD (pg/kg) LOQ (pgrke) ME range (%)
PFBA 0.02~ 10 0.996 0. 003 0.01 82.6~89.8
PFPeA 0.02~ 10 0. 998 0.003 0.01 83.3~88.2
PFHxA 0.02~ 10 0.998 0.003 0.01 82.8~93.7
PFBS 0.02~ 10 0.999 0. 003 0.01 91.2~113.8
PFHpA 0.02~ 10 0.998 0. 003 0.01 82.9~98.1
PFOA 0.02~ 10 0. 998 0.003 0.01 85.2~104.8
PFHxS 0.02~ 10 0.999 0.003 0.01 93.5~109.0
PFNA 0.02~ 10 0.998 0. 003 0.01 83.6~96.5
PFHpS 0.02~ 10 0.999 0. 003 0.01 85.8~95.9
PFDA 0.02~ 10 0. 998 0.003 0.01 83.7~112.3
PFOS 0.02~ 10 0.999 0. 003 0.01 87.2~108.7

2.3.3 EERSHEZE 115 PFCs 76 5 AR S B 3 A IbR/KF (0.01, 0.02, 0.1 pgkg) T
B ECREE R ILE 3, Bk B, BALEYR-FR IR LE T8, 8% ~ 115. 5% JEHIPY, AbTu]H252 75
P B IERACE BRI bR IEMR 22 (RSD) 294 1. 9% ~ 14. 6%, J7 % 0K 5 EAF 5 GB/T 27404~
2026 S2530 = BT RS HIHOE & AL EOR P WEERZERORE, WA TP B MR
(101.0%), WFEEIRAK (95.1%), SUFETRME . Mg E R TRHMEAST ;. MWIbRKFRE, ~FH#
WCRBEHR BT E g A LT (0.01, 0.02, 0.1 wekg KF5rH1497. 7%, 98. 6%, 99.5%), “F4) RSD |
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BEZFEAT (7.7%. 5.8%. 5.2%), FWIJNEAEHGLE RRAVREKF MAEA SRR SR .

o

0 4 () B8R ] (b) 4Fid

Bl (%)

o | (© 178 1 (o) i

EIHE (%)

10 4 (e) il il

. 0.01 pg/kg
. 0.02 pg/kg
. 0.9 pglkg

B (%)

P LT L

EWMALEN

K3 AR T S FhJER ST 1 R RSP MIFRRICR (o, 52 b, BFl; o SFE; d &l e BB
M, REELIRIREZE, n=6)
Fig. 3 Recoveries of 11 perfluorinated compounds in five seasoning matrices at three spiked levels (a. fish sauce; b. shrimp

oil; c. shrimp paste; d. soy sauce; e. oyster sauce, error bars represent SD, n=6)

2.4 LERFRNE

AUHATT X TS . WE . R, IR . ARAF 24 HEah b 11 R PRCs & BRI TINRE , 4521
WoRPTA RSB AR A T 2R PRCs (63). Hob, BUORIARR ATEA LIS G4 PROA 72 15 3 H
AR, RO 62. 5%, IRIEVEHIC 0. 012 pg/kg ~ 0. 068 pg/kg, PFOS FEERE I i ) &5 4L
i, IRIETEREIR 0. 015 pg/kg ~ 0. 096 pg/kg, TR PR AR SRS . JRZEFI W2RS5HR &)
I ICHE PRCs I PFOA RN PROS 25 == I HAMR S AE N T Fe b OIS0k 2R
i S5 BE— BT A% T 0B PRCso PRHxA ZES ARl P A S B, AR TEEIAE 0. 165 pg/kg ~
0.243 pg/kg , SIHEEILIE 4. REEEMETHEDIRIE LR LT, & ilb Az & PRCs ITRE S
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HIER, KB LE . RS AR ) PRCs IER A 5. RV SEPRAE L P PRCs ) 2 B
BIAZARE, {HARPRCs 15 H # I B RS i s, B2 5 R A 5 A o oG

100 -
80
‘6“‘—?-‘ 60
E
D
o
40 A
PFPeA PFHXA
20 3.07 3.51
PFHxS
4.54
0 ! T B e AN
0 1 2 5
Time (min)
B4 SRR R AR YR HPLC-MS/MS {435
Fig. 4 HPLC-MS/MS chromatogram of perfluorinated compounds in soy sauce sample
3 1R SRR G P SR
Table 3 Concentrations of 11 perfluorinated compounds in seasonings
A Fef (pelkg)
=g S ; : 5 P
Rl EH iz U iy
PFBA ND. ND. ND. ND. ND.
PFPeA 0.036 ~ 0. 053 ND. ND. ND. ND.
PFHxA 0.165~0.243 0.015 ~0.038 0. 025 ~0.032 ND. 0.025 ~ 0. 041
PFBS <0.01 0.011~0.016 0. 009 ~ 0. 024 <0.01 ND.
PFHpA ND. 0.016 ~ 0. 037 0.015~0.023 0.014 ~0.033 ND.
PFOA 0.017 ~ 0. 024 0.042 ~ 0. 068 0.025 ~ 0.039 0.021 ~ 0. 035 0.012~0.019
PFHxS 0.013~0.016 ND. ND. ND. 0.013 ~0.015
PFNA 0.012 ~ 0. 028 ND. 0.012 ~ 0. 020 0.015 ~ 0. 025 0. 020 ~ 0. 056
PFHpS ND. ND. ND. ND. ND.
PFDA ND. 0.012~0.018 0.011~0.018 0.013 ~0.021 0.014 ~0.018
PFOS ND. ND. ND. ND. 0.015 ~ 0. 096
ND. R AAG T Bl 7 GrER s SEIh 6 OYFEMh s MFE 3 AR R 3 HRESh; IR SRR .
‘
A\
3 # it

ARBRFL ST T R T 2k QuEChERS Fi ZbFIAE & 8 i i M i — B BB (UPLC-MS/MS) [l i)
SEPAWR S 1R 2R G (PFCs) WM 77k . 11 FPFCs7E0. 02 pg/L ~ 10 wg/L 3 Bl N 2tk K i
(R>0.99), KiBHEH0.003 perke , ERIAO0. 01 weke, STHEMSELT 3 A IFRACE FERm %
78.8% ~ 115. 5%, MIXHPRUEMZEA 1. 9% ~ 14. 6%, ZITILBAEEIE, REBE. M 5w R L
MGG TR, & R, I 400 JAMR St PFCs 75 G XS W ISR 7 HR S04 . i85 24 14
AR S P R IR EE RS ) PRCs, H5 Pl RE S OB RNZE . I o7 s TR ARG, Bt
— A DA R S PRCs 75 YK W A PEA
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