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o FE: B @ —FEVLEFRIL, BB AL . e RORH 5 - 5B BT % (ultra performance
liquid chromatography-tandem mass spectrometry, UPLC-MS/MS) R Hs} 0 2 3% 7K f1 2 UG SR IR . ULl
TR Je 22 TR SRR 3 2% 23 Fh 4 9 e 2 Fi s 34k AW (perfluorinated and polyfluoroalkyl substances, PFASs)F 4>
Mirik. Fsk DAk T @R 56t . BRI SH, 2548 T SR IO IR K [ AHZE BORE BUREXTRE S i =15
BREACBOR R, 8 T AR S AT AL PR SAN SR S . ROK ARG 2 2% IR/ TG IREUE, R L0
PPR Pro /Mi#t4k, LA 5 mmol/L W BRE/K A BE s, it Cs UM G402 BARY); Bk A H
W53 55 25 U5 11 12 T8 (electrospray ionization, ESI), LAZ i Wil A (multiple reaction monitoring, MRM)K;
W, FE R R AR ER . &R 23 ' PFASs HASHITE 0.5~100.0 ng/mL Sk BEE FI N Zbk 56 2 LA
(r*>0.980), ¥R H 0.030~0.170 pg/kg, TR N 0.100~0.567 pg/keg, 5 EICE S 72.9%~111.0%, HXTHR
AR 22 3.0%~17.5% (n=9). 453 Xy ILARAERI i, B, buTHivksR, K%y, &M TRk frh 23
Pl A e FEAR IR . A TR SR IV T 25 M) SR Akt i 1) B AGH I 43
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Simultaneous determination of 23 kinds of perfluorinated and
polyfluoroalkyl subtances in freshwater fishes by ultra performance
liquid chromatography-tandem mass spectrometry
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ABSTRACT: Objective To develope a method based on organic solvent extraction and solid phase extraction

purification combined with ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) for
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the simultaneous determination of 23 kinds of perfluorinated and polyfluoroalkyl substances (PFASs), including
perfuluorocarboxylic acids, perfluoroalkyl sulfonic acids, and fluorotelomer sulfonic acids, in freshwater fishes.
Methods The chromatographic conditions and mass spectrometry parameters were optimized, and the effects of
extraction solvent and solid phase extraction column fillers on sample recovery and purification were investigated. The
optimal sample pretreatment and instrument conditions were determined. Freshwater fish samples were directly
extracted with 2% formic acid and purified using a lipid removal PPR Pro column. With 5 mmol/L ammonium formate
aqueous solution and methanol as mobile phase, the target substances were separated by C;g chromatographic column.
The mass spectrum was detected by electrospray ion source (ESI'), multi reaction monitoring (MRM) and stable isotope
internal standard method. Results The 23 kinds of target PFASs had a good linear relationship within 0.5-100.0 ng/mL
mass concentration range (r>>0.980), with the limits of detection was 0.030-0.146 pg/kg and the limits of
quantification were 0.100-0.567 pg/kg. The spiked recoveries of serum sample were 72.9%—-111.0%, with relative
standard deviations of 3.0%-17.5% (n=9). Conclusion The method has the advantages of simple operation, high
sensitivity, strong anti-interference and good precision, and is suitable for the rapid detection and analysis of 23 kinds of
perfluoroalkyl carboxylic acids, perfluoroalkyl sulfonic acid and polyfluorotelomeric sulfonic acid in freshwater fish.

KEY WORDS: ultra performance liquid chromatography-tandem mass spectrometry; perfluorinated and

polyfluoroalkyl substances; freshwater fish; solid phase extraction
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& W K 2 W ki &k & W (perfluorinated  and
polyfluoroalkyl substances, PFASs)f&—Z87 45 A A HL
1S4, BTN T . PFASs [ Z A FHbFR
P/ G/ 75 Gt N L7 BN S 71 N D N
SN mh, HARERAME . mEEEE . AWERE
A YRR e 5 1O AR5 4 ke KL R (perfluoroalkyl acid,
PFAAs) L35 4 fi b KL 32 2 (perfluoroalkyl carboxylic acids,
PFCAs) il 4= 96 %t 5 i /R (perfluoroalkyl sulfonic acid,
PFSAs), H.H 43 F 82 (perfluorooctanoic acid, PFOA)I4:
L BEf B2 (perfluorooctane sulfonic acid, PFOS)f#i i il
RS SYISEI AR SR Y, PFASs BAT AR RENE,
TR R GRS . 2EFH . Mk B2 RN
T ARBUEET2, 2023 45 11 A, EFREEFTIL
Fgxf PFOA il PFOS MU MEIT PP, #2245 PFOA K
PFOS 43 5IIH25, 1 28R 2B 280,

Wit %45 PFASs A= 7 Ffl sz IR, BRI T
SRORAEA 7= AW TR BB, PET =4S
PRI R AP LR B2 1 3] 2020 4R K PFOS B HAh 2R A HA )
JRUL <A PUFKE PEASSs 113775 Y 136 HE 7 58 A 3
P EBRY, R4 f T PFOA # PROS HEATBR il Fiss
i, J5E PFASs # FVE R4 PFASs B, [ EYIAk
WH)JEEE PFASs g2 L H e QA4 A2k,
W5 4E PFASs RO A BRI M 2 FUREML &9, Hh 2
IR E 2R Tl iR (fluorotelomer sulfonic acid, FTSs), R b 4%
F-53B, # 1Z i1 PFAS (¥ P e A, i —2ek B3k
HH, FTSs fENHI 245 YW T 12 AFAE T 45 PR BE 5L Bofn A

Pl ARG SRR P AT B S8 R 10 2 R BRI
Re KLl (A HAGTEEM C-F #, 5154 PFASs 45 -
AR, AT HR B 2 5k 0 A AR R AN A A L
T C-F 82 H AR A am it —, iR hHEs
S 7 bR A v ELAT i B AR RV E R A, S TE
A AR A AR BRI e i ROV ORI RS R,
Nk PFASs 19 B2 UM &Y. EN KA AR
s SIS EYHE AR A Ak PFASs A9 F2581%, &
—HE PR BRI 60% L EOL, a2k BEEE . WAL . Ok
X . PSR CRGER & A PRASSI 72021 i et 250y
JENZHE i PFASs e EAYEIUGE P, B R R
KT RTTR, K75 PFASs 8150 RS ANZ 2.
Mo PRIHES K frh PEASs BAGIN Jy o0 2
i PFASs R I — R FH AR €8 33 - 5 6 o 1 1k
SRR (- R B R ) T & M PFASs IR A
AR A - R I T R A A, (B kA TR AR ) PFASs
AWt Ffin e Ak, mrAb B AR B 2, TR
T IR A LA B R B . R . R I
P, J& H AT PEASs Y )71 . BERGER %04 T
SH DU . RATHS AR B TS 3 RS A IR
PFASs MURCR, 45 EB 3 Tk i R ke, AT
FRF ) S5 335 P e B 4 o, (R R MR BRI AS ;o 1 I o
& T PFASs [6] 53 SR AR ) 2 T N5 48 A T — FE DO
FFRUIE HA MR 58 . et . EBE RIS, 8
4 PFASs [ H &R o ZEAE S RTAL 7T, F25HFF 5L
GHEAT . BRI TCHERSS, EIAR S PFASs Z [ HA
RAFRSERN ST, DR e S B AR 5 S AR 2R B G A 4y
R ERE AL PFASs RN E AL, BRBY B g il rh
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PFASs il 22 5% FHV RIZEIC. B xR e . 4k A
AT [ AR A ORE AU AR 25 G 5 12, i 3R A I [
AHAE R SS A 0 7 s RLELA W B 0 . i b sSOR A S E
FFLAT 2 N o 3% AT BRI . 55 B B P sS4k
(weak anion exchange, WAX)if+{k, . UPLC-MS/MS K5l 4
TEPER R 7 F PFASs, 7k ENREH 83.2%~106.8%, K
H FR(limit of detection, LOD)>k 0.018~0.034 pg/kg; #ixifh
2855 P S - X A, WAX Rtk s ssc R €2 3 s 1 I
TEAIMG AR 12 F PFASs, 45 BoRAEXSEH 12 Fh
PFASs f£ 2 ng/L FTREH B ACE (iR B 3 66%~129%,
LOD # 0.010~0.0952 pg/kg; XU/ 9 K b1kt
o AL W B R, HESr T AR &R 13 PP PFASs Y
UPLC-MS/MS ik, 1207 B B WS % e R,
IR AP0y T T QUEChERS [k i, R FIR B 4L
WA 5% - B BX R % 75 (ultra performance  liquid
chromatography-tandem mass spectrometry, UPLC-MS/MS)
K s erdhih PFOS K PFOA, 1ZJ7EEFE 2.0~55.0
ng/mL. 0.1~2.5 ng/mL Ju B NZM:E R AT, inbs EDBCRLE
85%~110%2 A FLHBe oG TRk rh PFASs Filll Jr ik i)
5T FEAE P TE PFCAs 5 PFSAs, H PFASs ko illFh 24/,
EEXHE I H 257120 FTSs Kl ik mros fif A il . %51
I, AP LU SR K i 14 Bl PFCAs, 7 7 PFSAs il 2

Bl FTSs A EFR, R 2% H iR/ 2 5B A 2 B4 L Y
E AT BE T, A R BRI K A IR A T, BT
T Rl 52 23 Fh PFASs ) UPLC-MS/MS 434 5%, SEFL
TIRKfH ZF] PFASs B-PLBORS AN, AT S OR i £6 2577
b R AR R S

1 MR5RE

1.1 #R5ERF

ZNE . W%, 3518 Thermo Fisher Scientific 23
Al); HRR((AIEAE) . R B (R 2t) (3 [ Sigma 24 v]); 52
B KIS Milli-Q B 2lizK AU il i alizk, Rk
RFEBEREIR | 4 IE B TS W (P L S B A A
FR/AHD); 23 Fh PFASs IR AFRMER (5.0 pg/mL, [H
Wellington A 7); 13 Flt PFASs [Al{v % NARIR A FRUEA TR
(2.0 pg/mL, FiELTEREHEARAE BRI PR W), 25
0% PPR Pro /ME(600 mg/6 mL, b HF22iksSeunRls; By
HBRAFD; WAX /ME (500 mg/6 mL, 20152 RH4%
A R R ) 5 JE K88 K- 1 £ (hydrophile-lipophile
balance, HLB)(600 mg/6 mL, I 8 {3 2l 7 A BRA &]);
TRIK AR (i X Ry st o 5 7™ 0 23 il PFASs HARE A9 1
13 FhFENZE AR BRI 1.

®1 23 MHEFRHANR 13 HELEARER

Table 1 Informations of 23 kinds of target compounds and 13 kinds of isotope internal standard

Hir¥) PR 45 CAS ¥ Wiy
TR perfluorobutanoic acid PFBA 375-224 C,HF,0, 214.04
Ex N7 perfluoropentanoic acid PFPeA 2706-90-3 CsHF,0, 264.05
2R perfluorohexanoic acid PFHxA 307-24-4 C¢HF,0, 314.05
AR BER perfluoroheptanoic acid PFHpA 375-85-9 C,;HF 50, 364.06
RIE R perfluorooctanoic acid PFOA 335-67-1 CsHF 50, 414.07
ERT]R perfluorononanoic acid PFNA 375-95-1 CyHF,0, 464.08
Ex R perfluorodecanoic acid PFDA 335-76-2 C1oHF 450, 514.08

AR perfluoroundecanoic acid PFUdA 2058-94-8 C1 HF,,0, 564.09

o 7 perfluorododecanoic acid PFDoA 307-55-1 C1,HF;0, 614.10
BRI perfluorotridecanoic acid PFTrDA 72629-94-8 C;HF,;50, 664.10
Eos Uiy perfluorotetradecanoic acid PFTeDA 376-06-7 C4HF,,0, 714.11
LT ISBER perfluorohexadecanoic acid PFHxDA 67905-19-5 C¢HF3,0, 814.13

B AN perfluorooctadecanoic acid PFODA 16517-11-6 CsHF350, 914.14
ST iR perfluorobutanesulfonic acid PFBS 375-73-5 C4HF,05S 300.10

AT bEi R perfluorohexanesulfonic acid PFHxS 355-46-4 C¢HF30;8 400.11

L HEBE R perfluorooctane sulfonic acid PFOS 1763-23-1 CsHF ;058 500.13

AP R RN perfluorodecanesulfonic acid sodium PFDS 2806-15-7 C1oF21NaO5S 622.13
AR GER R perfluoropentanesulfonic acid PFPeS 2706-91-4 CsHF 08 350.11
LA R perfluoroheptanesulfonic acid PFHpS 375-92-8 C;HF,50;8 450.12
AT BERE R perfluorononanesulfonic acid PFNS 98789-57-2 CoH,FsNaO5S 574.13

4.8- " HEAR-3H-2 | TR 4,8-dioxa-3H-perfluorononanoic acid DONA 919005-14-4 C,H,F 1,04 378.07
6:2 AACE WUt S kT Wt potassium 9-chlorohexadecafluoro- 6:2 FTS / CiCIF 08K 531.97

3-oxanonane-1-sulfonate
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Hir9 PR ] CAS sFK 4y fi

8:2 SURZ I BER R L p°tgsZ‘;‘;ﬁnljeccfi‘:‘]’es‘z‘f::iﬁgro 8:2 FTS / CiCIF»0:SK  631.97
PO T 13C -perfluorobutanoic acid BC,PFBA  1017281-29-6 / 218.01

BCs- AR IR 13C;-perfluoropentanoic acid BCs-PFPeA  2283397-79-3 / 269.01
PCs-E R iR 13C;-perfluorohexanoic acid Cs-PFHXA  2328024-54-8 / 319.02

BC- B 13C,-perfluoroheptanoic acid C,-PFHpA  2328024-55-9 / 368.03

BCe- 2R R 13Cq-perfluorooctanoic acid BC-PFOA  1350614-84-4 / 422.01

BCy-L TR 13Cy-perfluorononanoic acid BCo-PFNA  2283397-80-6 / 473.01

BCe- LTI R 3Cg-perfluorodecanoic acid BCe-PFDA  2328024-56-0 / 520.04
B2t —m 13C,-perfluoroundecanoic acid *C,-PFUdJA 2058-94-8 / 571.04

BC- & H T R 13C,-perfluorododecanoic acid C,-PFDoA  960315-52-0 / 616.08

BCy- AT Ukt 13C,-perfluorotetradecanoic acid C,-PFTeDA  2708218-82-8 / 716.10
PCy- 2T T Bl iR 3Cs-perfluorobutanesulfonic acid 3C;-PFBS 2708218-84-0 / 325.06
BCy- 2R O BE R R 13C;-perfluorohexanesulfonic acid C;-PFHXS ~ 2708218-86-2 / 716.10
PCy- 2 BE R 13Cg-perfluorooctane sulfonic acid 13C4-PFOS 2522762-16-7 / 530.06

TE: AR BUE NAR, AR AR B2 e, & 2 .

1.2 UE5E%

UPLC/Xevo TQ i i &5 W AH €5~ Hf B i A3 [0 AT H
53 2% 2 i (electrospray ionization, ESI), 3%[E Waters /A #l];
ACQUITY UPLC BEH Cg#[2.1 mm*100 mm, 1.7 um, ik
R RN () R Fl]; Shim-pack GISS Hp Cig#:[2.1
mmx 150 mm, 3 pm, 55 (L)L A RAE
GX-271 [& A1 2 BUAL (25 B Supelco 74\ #]); Sartorius
BSA423S HL 743 HT K F(0.01 mg, 75 [EFE L FIHT A A));
D-37520 #2850 HL(ZE E Thermo Fisher Scientific 23
r]); MS200 2 fL i BETR G d (b M 5 A A BR 2 ),
OA-SYS A ML (3£ [E Organomation 23 )); Milli-Q #E4E/K
1% (£ Millipore 23 ]).
1.3 WA
1.3.1 AR/ &R AL

HERARLHL 23 Flt PFASs 1R G ARERI 500 pL T 5 mL 45
Sfh, FIF B R 20, Wk 500 ng/mL 1R
BANE LA MERAFS B 13 Fh PFASs [ {7 2 AR A AR
W 1.0 mL F 10 mL #55ifih, FH REm RE = 208, o
JHEEH S 200 ng/mL 1 [FIA R APRIR AR AE TAEMR .
B IAEHAE-18 °CF RO

FHHEBEKE 23 F PFASs 1RGP IE TAERFERE, JHmA
FE [ 2 AR TR A PR T AR, Bl BOST it Mk B2 40 o
0.5, 1.0, 5.0, 10.0. 50.0. 100.0 ng/mL R FIFRUEER, M
bR JoE e B 3R 10 ng/mL,
132 HmegaTaz

(DR S 3R T

HERAFRI 2.0 gCKSHHZ 0.001 gifFEET 50 mL HLZEH

PIELOE R, A 20 pL [ R AR TAEM(200 ng/mL),
HERR A 2.0 mL #E2l7K, WWHEIRY 3 min, A 8 mL 2%H iR
-CNERRE, RIEYRY 20 min, 7 10 min, 6000 r/min .0
10 min, ¥ F¥EW® 10 mL £74vfk .

()R AL

WEHL 8 mL Y&, ad WIARAERURE, 72520 1 mL T,
CEERIAYR T 10 mL B.0E R, A 1.0 g SR AR
Y2, 6000 t/min &0 10 min, I HEZMEE 4.0 mL 7E
40 °CFASRT, A 0.2 mL B %, WHERS) 1 min,
fit UPLC-MS/MS il .
1.3.3 B EH

(s &1t

384 Shim-pack GISS Hp Cig 34 ( 2.1 mmx
150 mm, 3 um); WahAH: A HHEE, B & 5 mmol/L H g%
KW, AL 40 °C, FEFEAFR 5 uL, 3 0.3 mL/min;
6 B AE . 0~0.5 min, 20% A; 0.5~9.0 min, 20%
A~95% A; 9.0~12.0 min, 95% A; 12.0~12.1 min, 95%
A~20% A; 12.1~15.0 min, 20% A,

Q)F% &1

ESI 1 & F (ESI); £ Jx i Wi il (multiple reaction
monitoring, MRMYREATH; Wis5HE 2.5 kv; BRI
550 °C; A Er: 800 L/, B FUIERE 150 °C., HAkZ
B 2,
1.4 BUELIE

K Masslynx 4.1 #1702 & 08T, 28058 5k ak
R G5 3R 2R 281 2% FH Origin 2022 # 44 K Microsoft Office
Excel 2007 %44,



%3

W, 5 R BORAR €1 - H I TS [ B R iR K £ b 23 R di M Z b AL S W) 269

2 23 MHBEFHEYI 13 MEMNEAFHRIESH

Table 2 Mass spectrometry parameters of 23 kinds of target compounds and 13 kinds of isotopic internal standard

e I8 /i () rarmy  HULIE BT it
1A% m/eV
PFBA 2.70 213.1 169.0" 16 10 C,-PFBA
PFPeA 3.58 263.1 219.0° 15 10 13C5-PFPeA
PFHxA 426 313.2 269.17,118.9 12 10,16 13C5s-PFHXA
PFHpA 4.82 363.2 319.1%,169.0 12 10,16 3C,-PFHpA
PFOA 5.31 4133 369.1%,168.9 14 12,20 13C4-PFOA
PFNA 5.78 463.3 419.1°219.0 15 12,20 BCy-PFNA
PFDA 6.25 513.3 469.2",219.1 15 12,20 3C4-PFDA
PFUJA 6.68 563.3 519.2°,269.1 12 12,20 13C,-PFUdA
PFDoA 7.10 613.3 569.1°,169.0 20 12,25 13C,-PFDoA
PFTrDA 7.55 663.4 619.17,169.0 15 15,25 13C,-PFTeDA
PFTeDA 7.98 713.4 669.17,169.0 20 12,30 13C,-PFTeDA
PFHxDA 8.76 813.4 769.2°,169.0 18 15,35 3C,-PFTeDA
PFODA 9.42 913.45 869.4°,269.0 20 15,30 13C,-PFTeDA
PFBS 4.48 299.1 79.9",98.9 40 25,25 C;-PFBS
PFHxS 5.62 399.3 79.9",98.9 50 30,30 13C;-PFHxS
PFOS 6.56 4993 79.9",98.9 50 40,35 3Cs-PFOS
PFDS 7.43 599.3 79.9",98.9 60 45,40 3C,-PFTeDA
PFPeS 5.10 349.1 79.9,98.9 45 30,25 3Cs-PFOA
PFHpS 6.11 449.2 79.97,98.9 50 35,30 C¢-PFDA
PFNS 7.00 549.3 79.9",98.9 50 40,35 3C,-PFDoA
DONA 5.01 377.2 84.9"251.0 15 25,10 3C4-PFHpA
6:2 FTS 6.89 531.2 82.9°,351.0 40 20,20 3C,-PFUdA
8:2 FTS 7.75 631.3 82.9",451.1 40 30,25 3C,-PFTeDA
3C4-PFBA 2.70 217.1 172.0" 15 10 /
Cs-PFPeA 3.58 268.1 223.17 15 8 /
3C5-PFHXA 426 318.2 273.1" 15 10 /
*C4-PFHpA 4.82 367.2 322.17 15 8 /
BCs-PFOA 5.31 421.3 376.1° 15 10 /
3Cy-PFNA 5.78 4723 427.1 15 10 /
BCe-PFDA 6.25 519.3 474.17 15 10 /
3C;-PFUJA 6.68 570.3 525.1° 15 12 /
13C,-PFDoA 7.10 615.3 570.1° 15 10 /
3C,-PFTeDA 7.98 715.4 670.1°7 15 10 /
3C;-PFBS 4.48 302.1 79.9" 40 25 /
13C;-PFHxS 5.62 402.2 79.9" 45 30 /
B3C4-PFOS 6.56 507.3 79.9" 55 40 /

TE: * R e B TR,

2 HER50

2.1 UEFHMHK
2.1.1 GiEkeyik

hy SR AR I SR TN A B ROR, 2t IR OGS
HikJ5 & 3R, PFASs J&—2 A it HAT Bkt SRk 54,
ECR VBRI PEERHTY C s BOMRE S S A 54, RIt
ABFSERII %28 T Shim-pack GISS Hp Cyg (2.1 mmx 150 mm,
3 um), ACQUITY UPLC BEH Cyg(2.1 mmx 100 mm, 1.7 pm)
PR FEXT 23 F PFASs (B tERE . 45350, B
YA AN A R e 7 25 BN K, A BEH C g i

M FIEbR BN, HREE, F3 PFPeS 5 DONA.
PFHxS 5 PFNA . PFNS 5 PFDoA i {15 ok R 58 443 14,
[H 3k ] Shim-pack GISS Hp Cg A .
2.1.2 AFHAeikdF

ARG X L T HEE . ZIEVE A LA, 4K1EN
IKABBT B4 BSR4 53R B H B4 G MLAHET B AR
Oy BT . RN RS pH R LA ) g A
BRI S TR R S s A EAEF, AR
SEAETR AN A T I —E YR EE Y pH 1 0 LA el H AR 1
B RER ORI, PRES CREE TRA%
PRRE TR ERZS, PTG FARAE, BT X
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PEREG N 75 S IR 0E R, T PRASs OWEAIE  2.13 ik A4HHAL
BT E AMHTHR, (A ZRRE R GEK PFASs BT Y PFASs J§ FRATEIL &), PFCAs 15 PFSAs 43 T45Hg

B—t R AR e AR T M’Eﬁ?ﬁm*aﬂf
4fi/k5 2, 5. 10 mmol/L FREL 4 3IME R K MR i) €33

R RS . G5RELH SA0KM L, AR R Eﬁ%
4 U 7R e i o i B B S s, M R 5 mmol/L B
23 Filt PFASs YUY S m i i A, SR 10 mmol/L HfRE:
BB IR, 55 B R s ST S mmol/L
Wigsk, itk 2 ib)s, A6H55 R Shim-pack GISS
Hp Cs (%45, LAFELA S mmol/L FH BRERVA R IEATHh vk
T8O B B S5 F I 1.3.3), 23 Al BARI7E 10 min Py AT 53
AP . 23 Rl BAREA 0 ik 1 W 1.

351 6 15

3.0

20

M J7 3 5 10°

2 “ \
“l ull \H” il | |
ol LGN B L
0 1 2 3 4 5 6 7 8 9 10
{4 B3 I 7] /min

7E:1. PFBA; 2. PFPeA; 3. PFHxA; 4.PFBS; 5. PFHpA; 6. DONA; 7.
PFPeS; 8. PFOA; 9. PFHxS; 10. PFNA; 11. PFHpS; 12. PFDA; 13.
PFOS; 14. PFUdA; 15. 6:2 FTS; 16. PFNS; 17. PFDoA; 18. PFDS;
19. PFTrDA; 20. 8:2 FTS; 21. PFTeDA; 22. PFHxDA; 23. PFODA,

IS H AN FE AR COO™ 5 SO* M, — R i e
TR, AREHI R EWRE N 100 ng/mL [ 23 F
PFASs BARM N 13 R0 2 NARIY AR, & EigAE
BHEERE, SR MS Scan #5520, 7E mVz200~1000 3 Fl
WS, KB PFASs [[M-H] 43 &5 F ks, KB
PRI E R £ % COO R EE T E, fEILIERE E,
AW O Al o FL A R A, [M-HT 06 mi 0] A i, HLvR e
Daughter Scan #z(, PFCAs ZbA&9M g ikt h,
5y ER Wz=44 (WS T 8T, A[M-H-CO,] J&5 C-C ¥
ZUY A AR I [CE,] B h B PFSAs /LG5
THEF P SO BB H S, miz=79.9, MAMNAA & A R4k
Y C-C HEWTLJE 4 I 4 TR R BE A% [CWFy—S05] .
ﬁﬁﬁﬂtﬁﬂiﬁéi PR R 5 R S T4 )
VE R i . B, (RS P 2§48/ (PFBA
PFPeA), RER B — T BT A Em 23 F Birfb
G 13 ﬁlﬂqﬁ%ﬂﬁ”w' BT KRR AL L 2.
22 MBI EHRL
221 RBUEHM eGHAL
WK P AT B AR SR R, AR SRR E
CNE R —FI A RO FTTIRE R, e PR 2 I 1 R 25 B
7. PFASs J& TRRYELGY), AR T AT TR 2R
&, ARTHAGYM, FILARBTEEEE T &R RS
R RGBT R IR AW . ARFRER T O .
0.5% MR- LB . 1.0%F R-L IR . 2.0% T iR-2 06
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Fig.2 Effects of different extraction solvents on the recoveries of the 23 kinds of PFASs (n=6)
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K WAX /M b, B PFPeA , PFTeDA . PFBS 5 PFOS
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[Ht, ASHIFSE 23220l PPR Pro /INEAE Jy ik 151 .
23 FEFER
23.1 FEMABRXER, AHRE T ER

BRI A 0.5, 1.0, 5.0, 10.0, 50.0, 100.0 ng/mL
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222
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LOQ). 23 ' PFASs 1) LODs Jy 0.030~0.170 pg/kg, LOQs
7 0.100~0.567 pg/kg, HARGEH L3 3,
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I 2.0 g 25 [HR/KERE S, B8 1. 5 0 10 f% LOQ 1
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FAHSTFRAEIR 22, DAPEAN 5 3k BOVERf B SORG R . 25 e ]
23 Fiv PFASs H AR 2 17 4 46 1R K o B S im0 i 2
72.9%~111.0%, AH Xt H5 UE 1 22 (relative standard deviation,
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Fig.3 Effects of different purification materials on recoveries of 23 kinds of PFSAs (n=6)

&

3 237 PFASs UM A2, &MSEE. #HXREH(). 7575 LODs K LOQs (n=6)
Table 3 Linear equations, linear ranges, correlation coefficient (r*), LODs and LOQs of 23 kinds of PFASs (n=6)

Hiz¥ 2y VL Rl /(ng/mL) r? LODs/(pug/kg) LOQs/(ug/kg)
PFBA Y=0.82662X-0.420165 0.5~100.0 0.9935 0.150 0.500
PFPeA Y=0.791984X-0.377498 0.5~100.0 0.9974 0.150 0.500
PFHxA Y=0.946889X%-0.277021 0.5~100.0 0.9963 0.150 0.500
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= 3(8)
Hn4 2y 2 MEVE Bl/(ng/mL) r? LODs/(ug/kg) LOQs/(ng/kg)
PFHpA Y=0.653215X-0.623983 0.5~100.0 0.9857 0.100 0.300
PFOA Y=0.746692X+2.66714 0.5~100.0 0.9889 0.170 0.567
PFNA Y=0.73903X-0.504121 0.5~100.0 0.9972 0.090 0.300
PFDA Y=1.0948X-0.244595 0.5~100.0 0.9910 0.060 0.200
PFUdA Y=1.18316X-0.69153 0.5~100.0 0.9944 0.050 0.167
PFDoA Y=0.932256X-0.508988 0.5~100.0 0.9960 0.040 0.133
PFTrDA Y=0.809785X-0.31495 0.5~100.0 0.9946 0.130 0.433
PFTeDA Y=0.238474%-0.16961 0.5~100.0 0.9958 0.130 0.433
PFHxDA Y=0.183561X-0.0693887 0.5~100.0 0.9945 0.130 0.433
PFODA Y=0.269321%-0.124481 0.5~100.0 0.9980 0.130 0.433
PFBS Y=0.304578X-0.268669 0.5~100.0 0.9961 0.130 0.433
PFHxS Y=0.887908X-0.272432 0.5~100.0 0.9947 0.120 0.400
PFOS Y=1.21091X-0.515539 0.5~100.0 0.9943 0.150 0.500
PEDS Y=0.664659X-0.00343536 0.5~100.0 0.9967 0.100 0.333
PFPeS Y=1.43025X-1.08745 0.5~100.0 0.9967 0.100 0.333
PFHpS Y=1.0199%+ 0.315826 0.5~100.0 0.9979 0.070 0.233
PENS Y=1.34366X-0.495068 0.5~100.0 0.9928 0.100 0.333
DONA Y=1.82598%-0.401255 0.5~100.0 0.9990 0.030 0.100
6:2 FTS Y=3.17261X-1.3163 0.5~100.0 0.9949 0.030 0.100
8:2 FTS Y=3.28164X-1.06736 0.5~100.0 0.9992 0.060 0.200
4 23 F PFASs BONFREIULZRFD RSDs (n=9)
Table 4 Spiked recoveries and RSDs of 23 kinds of PFASs (n=9)
HE finkr& 0.5 pg/kg JFRIE 2.5 pg/kg fnbrfE 5.0 pg/kg
S R R /% RSDs/% -1 [ e /% RSDs/% SEH RIS % RSDs/%
PFBA 85.2 5.4 95.5 3.8 94.1 33
PFPeA 75.0 8.7 87.6 4.4 92.1 4.0
PFHXA 78.4 16.3 90.8 10.8 953 8.1
PFHpA 87.4 11.3 90.1 12.9 94.9 12.3
PFOA 753 14.7 90.8 10.7 94.7 14.0
PFNA 78.8 152 86.4 9.0 94.6 9.4
PFDA 80.4 14.4 86.1 53 84.4 11.2
PFUJA 73.9 15.6 88.2 14.0 98.4 15.5
PFDoA 82.8 14.9 87.9 12.5 91.9 15.9
PFTrDA 81.6 17.5 86.4 5.0 90.0 8.0
PFTeDA 77.9 13.3 82.1 7.0 85.0 11.3
PFHXDA 75.4 13.2 75.9 8.2 81.5 7.0
PFODA 72.9 11.0 87.4 9.6 86.1 5.8
PFBS 86.6 12.9 83.5 9.4 87.8 5.1
PFHxS 79.7 11.8 96.8 12.1 95.8 14.4
PFOS 81.0 6.4 86.2 10.6 83.4 9.6
PFDS 87.0 9.0 98.1 9.6 106.5 12.6
PFPeS 108.3 9.5 107.3 15.6 111.0 8.2
PFHpS 88.7 11.9 104.6 3.9 100.5 3.0
PFNS 92.0 10.5 89.9 7.7 108.1 10.8
DONA 80.0 14.5 87.0 45 89.6 9.9
6:2 FTS 82.7 14.1 88.3 9.8 89.7 9.5
8:2 FTS 94.1 10.7 100.7 10.4 109.3 8.9
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Fig.4 Determination results of PFOA and PFOS in quality control sample (n=6)
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