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Determination of 12 perfluoroalkyl substances in human serum by UPLC-Q-Orbitrap HRMS
WANG Zheng®®, ZHANG Jiming*®, GUO Jiangiu>®, ZHANG Lei*>®, DAI Yiming®®, WU Chunhua®®,
ZHOU Zhijun®"® (a.School of Public Health b.Key Laboratory of Public Health Safety of Ministry of
Education, Fudan University, Shanghai 200032, China)

Abstract:

[Background] Perfluoroalkyl substances (PFAS) are a novel type of persistent organic pollutants
with potential human health effects. To establish a method for determination of PFAS in
biological samples is of great significance for both exposure and health risk assessments.

[Objective] This methodological study aims to establish an ultra-high performance liquid
chromatography-quadrupole/orbitrap high resolution mass spectrometry (UPLC-Q-Orbitrap
HRMS) method for simultaneous determination of 6 perfluorinated carboxylic acids
(perfluoroheptanoic acid, perfluorooctanoic acid, perfluorononanoic acid, perfluorodecanoic
acid, perfluoroundecanoic acid, and perfluorododecanoic acid), 5 perfluorosulfonic acids
(perfluorobutane sulfonate, perfluorohexane sulfonate, perfluoroheptane sulfonate,
perfluorooctane sulfonate, and perfluorodecane sulfonate), and 1 perfluoralkyl sulfonicacid
(perfluorooctane sulfonamide) in human serum.
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[Methods] Three solid phase extraction (SPE) columns, namely ProElut PLS, Oasis HLB, and Supelclean ENVI-18, were compared for
their retention of PFAS. To obtain a better extraction recovery rate, methanol wash solutions with four different fractions and three
eluents (acetonitrile, methanol, and isopropanol) were tested. Ammonium acetate buffer salt was added to improve the peak shape. A
pre-separation column was used to reduce background noise. PFAS were quantified by isotopic internal standard method. The limits of
quantification were determined at 10 times signal-to-noise ratio. The accuracy and precision were evaluated by recovery rate and intra-
and inter-day relative standard deviations. The established method was applied to 20 umbilical cord serum samples.

[Results] An optimal recovery rate (39%-103%) was achieved by using Oasis HLB column, washing with 30% methanol (v/v) and eluting
with isopropanol. Good peak shape and mass response were obtained by using H,0-methanol (containing 5 mmol-L™ ammonium
acetate) as mobile phase and C;s column as separation column. The linearity ranges of calibration curves of 12 analytes were from 0.01
to 10.00 pg-L* (perfluoroheptanoic acid and perfluorooctane sulfonate: 0.10-10.00 pg-L™ ; perfluorodecane sulfonate and perfluorooctane
sulfonamide: 0.05-10.00 pg-L™), with a limit of quantification between 0.01 and 0.10 pg-L™. The average recoveries of the analytes in spiked
serum samples ranged from 81.0% to 123.7%. The relative standard deviations of the intra- and inter-day precision were from 1.2% to 14.8%
and from 0.4% to 16.1%, respectively. PFAS were detected in all the 20 serum samples, and 9 kinds of PFAS were 100% detectable.

[Conclusion] The established method is featured with good linearity and a low limit of detection. Various methodological indicators show
that the method can be applied to the simultaneous determination of multiple PFAS in serum samples accurately and rapidly.

Keywords: perfluoroalkyl substances; serum; ultra-high performance liquid chromatography; quadrupole/orbitrap high resolution mass

spectrometry; solid phase extraction
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Figure 1 Structural formula of 12 PFAS
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Z[E) ; SpeedVac SPD1030 E &K 451X (ThermoFisher,
E &) ; Hypersil GOLD €18 & i #+ (100 mmx2.1 mm,
1.9 um, ThermoFisher, 3 [E) ; Milli-Q#8 48 7K & 4t
(Merck, fE[E) ; Oasis HLB SPE4E (30mg, 1 mL, Waters,
E[E) ; Supelclean ENVI-18 SPE# (100mg, 1mL, Sigma-
Aldrich, 3£[E) ;ProElut PLS SPE % (30mg, 1mL, Dikma,
FE).

12T PFASTTE S | 2RER. 28 FR. 28T
R, 2R XRR. 28Tk, 2/ T KR, 28T
HIERR. 2/ FEER (dEDH1H99%. 4. 2
Mr4di. 98%. 96%. T4, 97%. 96.4%, Sigma-Aldrich,

EEH), 2R CEER (94, Apollo Scientific,
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ZEBEER (9748, Chiron AS, 8B ; 2 Fh PFAS EIiL
ZAIR  PC-2RFRM c- 2R FEBER (4E
1979 99%, Cambridge Isotope Laboratories, E[E) ;
B-HE WEELERES (Sigma-Aldrich, £EH) ; 2B - 28
& FR (pH=5, B BB BRAE, RE) ;
B&4F 5% (Sigma-Aldrich, £F) ; BEZ. 25, BREE.
B R ZER R (BIELR, Sigma-Aldrich, EE),
12 BN E 28 FHBRE L INR 1 FiR.
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Table 1 Quantitative ions and mass-to-charge ratios of 12 analytes

Syl AR EICREN EEBETF EE2FmELL
Analyte Internal standard Theoretical mass lon identification m/z
7,20 (Perfluoroheptanoic aci Cs- 251 2 364.06244 M-H 362.96962
£ HEE (Perfluoroh d) CCe REER [M-H]
=, % (Perfluorooctanoic aci Cs- 25| 3 414.07029 M-H] 412.96643
LEFE (Perfl ic acid) “Cr REFER [M-H]
25T (Perfluorononanoic acid) Bl 2 HFE 464.07813 [M-H] 462.96323
£ ZF (Perfluorodecanoic acid) B 2H R 514.08597 [M-H] 512.96004
2&+—I%E (Perfluoroundecanoic acid) e 2 EFR 564.09382 [M-H] 562.956 84
28+ Jz8 (Perfluorododecanoic acid) B S FFER 614.10166 [M-H] 612.95365
2 & T EEB (Perfluorobutane sulfonate) Bee 2 EFEEER 300.09910 [M-HT 298.94299
LECEREER (Perfluorohexane sulfonate) - 2 EFEEERA 400.11478 [M-H] 398.936 60
LEBEERBE (Perfluoroheptane sulfonate) Bl 2 EFEERA 450.12262 [M-H] 448.93341
SEFERER (Perfluorooctane sulfonate) U R EEER 500.13047 [M-H] 498.93022
L EZERER (Perfluorodecane sulfonate) B 2 E T EER 600.146 15 [M-H] 598.92383
L HEFEBERELAZ (Perfluorooctane sulfonamide) Bl EEEIER 499.14622 [M-H] 497.946 20
Bes- 2 & FE (PCs-perfluorooctanoic acid) 422.00879 [M-H] 420.99323
Pes- S EFEFER (PCs-perfluorooctane sulfonate) 508.06897 [M-H] 506.956 84
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HTER. D5 —EEZMETERMNATLE
R, BREHZER0.1mg L AEARFA 0.1 mg L1 BY
MRS R, BT 4°CkEHFRE.

F50% (KRR 0D#) BEAREREMAR, i
#1& 10 MK EKF (0. 0.01. 0.05. 0.10. 0.20. 0.50.
1.00. 2.00. 5.00. 10.00 ug.L") BItT ML (Hh e
BRI 2 M E R LR NTERAIT RN N 8
REIKTFE, RE0.01pg L' M 0.05pgL? ; EREERE
Bl | F B EER LR NER TR 9D
KEKFE, R50.01pugl)o ERFMMBEFIMNER
AR, R SFERLERREKFNTErhE R
. F. &3 1KE (0.20. 1.00. 5.00 ug-L™) BIFIEHRE

&, BT 4°CkFEHRE.
1.3 ok

R B R AT RS R AT AR & (I
BREBEBAFAHIDEFROCEZASHAE (E
S ! IRB#2016-12-0607) , BX#FBYIEE R AR K ER]
BREIE] M -80°CirkFEENY, =R K. EZRESIE
BEY 200 uL iFMEBETF 15mLREBELE, BERXIIAN
0.1 mg-L* EIZEWAR 10 uL, pH=5.0 N EL - ZBRER 48
AR 100 L, B- EENEEEERES 15 uL, MERESET
37°CIKA 6he RENEERFNIN 200 uL Z F5 5 A B
A, TE4°C LA 21380xg B0 10mine BX E/F&R E1FF
2 1mLBFEM 1 mLBAKERESPER, BA 1mL
FBAHIKFN 1 mLMRMSE, G 2 mL SRR R
S BIELER R AR 3 7 SPE 7% (ProElut PLS #%. Oasis HLB 7%
0 supelclean ENVI-18 #%) . 4 fh A< [&] bt 171 BR B2 b 370
({RFR D #9579 10%. 30%. 50% F170%) F0 3 ik
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B (FREE. CRENRAER) X SPE BIREM M, 7
L SPE M. WEEMRE FTETREN, KFE2hE
TFo MO 200 uL BREZ - KGR (11 1, (FFRLL) &5,
BERES B B, [l
1.4 {285 MH

BEDIIWEZFHWN T, B : Thermo Hypersil
GOLD Cis ¥ (100mm x 2.1mm, 1.9um) ; #58 : 40°C ;
R D 0.4mLmin®  HFEE 10uL ; RENAE  DRIE
LRIMRMBRR, KBEK (A) -FEBAEK B). &
1mmol-L* ZEREEHIKATR (A) - & 1 mmol-L* ZERTZAY
FREZAR (B) A& smmol-L ZERFRAVKBR (A) -8
Smmol-L! ZERZNFEDARK (B) . TEREERTFH IR
Z 8118 1N 118 B 1Z £ (Thermo Hypersil GOLD Cis 1%,
100mmx2.1mm, 1.9um). ENHEIRE LR IZF A
0~1min, 5% B ; 1¥2min, 5%~30% B ; 2~6 min, 30%"~
90% B ; 6~7min, 90%~100% B ; 78 min, 100%~5% B ;
8~10min, 5% Bo

FREDMEHENT. MABHREEFIR: f
BFEARN ;, BFERERE 320°C; BER
[E :-3.0kV ; BHSRIE :40arb (Thermo FRIEEE &1,
{IEATF Thermo B11&, /&) ; HWENISMIR © 15arb ;
HBSURE 1300°C; HiEA T [ £  HiEEE (R

farkk) 1 150~1000 ; ¥R : 70000 (FI£FE) ; C-trap
A2 (AGC target) : 3x10° ; C-trap JENBTE] : 200mso

2 4
2.1 SPE&MHHIHE

R 2 B, ANERST AT B IIAREE SR ANAT & SRR R,
AL EIT B EIURER, thIRT 10 gL = B INATAE o
22 Supelclean ENVI-18 SPE #%. ProElut PLS SPE #£70 Oasis
HLB SPE A FAM R[S RVEIURER, &I Oasis HLB SPE FE X
KIFEM P KEPFAS T A B RIFIIRE, R BRI
#a 39 O I8 50%, FE I IRI0 AR 22 1% Oasis HLB
SPE 1, ARARIEZ R T MR E LLHIRY R EZME R YT
Oasis HLB SPE #E[EIUINZAIFZM, FE 10% #130% ((AFR5
) R EEMEE R R REAREIUER 7 39%~103%,
FA50% (AR 53 %0) FREZMEET A2 5% PFAS SN2 FUBRER
Mem T EBEREARTEUL, MA70% (R 2 #)
REMTNReREEBRN 2R FEEEREIND
B E LR EI, FItbZASif R &ELIER 30% (1K
D) BERIERNMNER. KIELZIMLL30% (KR
#0) BYFREZ MK Oasis HLB SPE 1[5 N FA Z BE. FREZHN
FAE=MARERME RN AR ERIFIEXT B
X, FIthxEFE 7T S MSERNEREIEER K.

R2 T SPE F A4S BRI R0

Table 2 Absolute recovery rates under various SPE conditions

AL (Unit) © %

SPE#F FREE AL /% AT
B4 SPE column Methanol fraction/% Eluent
Analyte Supelclean  ProElut  Oasis 10 30 <0 20 2213 ZiE SRz
ENVI-18 PLS HLB Methanol Acetonitrile Isopropanol
L EIMBERA (Perfluorocarboxylic acid)
27 BEA (Perfluoroheptanoic acid) 2 50 39 41 39 8 0 41 38 36
& FEEL (Perfluorooctanoic acid) 40 63 58 55 58 33 0 54 52 51
£ & TF8 (Perfluorononanoic acid) 108 75 79 72 79 62 1 73 71 70
£HZFEL (Perfluorodecanoic acid) 91 77 89 83 89 82 2 87 84 83
28 +—)z8 (Perfluoroundecanoic acid) 65 65 78 75 78 77 3 76 77 75
&+ Iz (Perfluorododecanoic acid) 46 56 67 63 67 67 7 66 66 64
LR (Perfluoralkyl sulfonicacid)
28 T EBEE (Perfluorobutane sulfonate) 1 49 59 65 59 6 1 66 62 50
2& CERER (Perfluorohexane sulfonate) 5 74 89 87 89 65 1 93 90 82
S HFBEEREE (Perfluoroheptane sulfonate) 70 83 103 100 103 95 3 104 103 94
L@ FEER (Perfluorooctane sulfonate) 94 88 102 100 102 99 5 101 102 94
LHEZEEMEEL (Perfluorodecane sulfonate) 70 79 85 82 85 85 31 85 84 81
L EFERBRSE (Perfluorosulfonamide)
SEFEBHAL (Perfluorooctane sulfonamide) 83 118 52 46 52 55 47 68 69 65

2.2 BIERHIRE
ZS2583% FH Thermo Hypersil GOLD Cys BT
BN NS, ER 3T AERUREIEERR (K - BEZ.

& 1mmol-L* ZERFZBI7K - R EZ LA X & 5 mmol-L* 2 ER
RAYK - BBEZ) , SRIRRABN A A 5 mmol-L* 2B % B9
K- BEARMBRIEN, BisYEEEE EOER
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9F, LEFZXSHR, Q0B 2 o

5.7x10° 4.8x10°
3.8x10° 3.2x10°
1.9x10° 1.6x10°
0 L L L L L L 0 L
13.8x10° 7.5x108 |1
9.2x10* 5.0x10°
4.6x10° 2.5x10°
0 L L L L L L 0 L L L L L L
25.2x10° 8.7x10°
16.8x10° 5.8x10°
8.4x10° 2.9x10
0 L L L L L L o L L L L L L
’E
2 24.3x0°|(D] 24.3x10°
£ 16.2x10° 16.2x10°
= 8.1x10° 8.1x10°
o o b o
nn
4.5%10° 3.3x107
3.0x10° 2.2x107
1.5x10° 1.1x107
0 L L L L L L 0 L L L L L L
5.4x10° 14.4x10°
3.6%10° 9.6x10°
1.8x10° 4.8x10°
0 L L L L L L 0 L L L L L L
6.3x10° 9.6x10° | [N]
4.2x10° 6.4x10°
2.1x10° 3.2x10°
0 L L L L L L ! 0 L L L L L L !
12345678 12345678

B8] (Time) /min B8] (Time) /min
CEIA: 28BFER ;B 2R8FR ;. 28R ;0 2RXR £
2R F 2R+ 2R ; 6L 2R T EBEE 1 2R
CEER | 2HRRERER ) 2R TEER K oRREER
L: 2RFEEBHAR ; M | 5C- 2|MFER ; N | °C- ERFEHEE,
MENEAE 5mmol-L* ZERTZRYK - FRERZ{R R
[Note] A: Perfluoroheptanoic acid; B: Perfluorooctanoic acid;
C: Perfluorononanoic acid; D: Perfluorodecanoic acid; E:
Perfluoroundecanoic acid; F: Perfluorododecanoic acid; G:
Perfluorobutane sulfonate; H: Perfluorohexane sulfonate; I:
Perfluoroheptane sulfonate; J: Perfluorooctane sulfonate; K:
Perfluorodecane sulfonate; L: Perfluorooctane sulfonamide; M:
3Cq-Perfluorooctanoic acid; N: **Cg-Perfluorooctane sulfonate.
Mobile phases consist of 5mmol-L* ammonium acetate in water-
methanol.
2 JRITFES 127 PFAS J2 2 MR ERHRAIRENE FRE
Figure 2 Extracted ion chromatogram of 12 PFAS and 2 isotope
internal standards in quality control samples

2.3 BERERHER
MEMSBEEEFsEESTINSHERPNE
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HERPeaFRESNBITHEN2AERIETE D
=, WE 3Fim.
2.4 RERLNEESR
BLEC- 2RFRIEN SRR LM EYHINIR,
L 2RFEBRENSEBBRENR S ABENRE
LEMHRIR, LEIRCEYIRENELIE, BiRK

EYEmRE AIRIE A LU E RN LR L SR E
fh4k, ZEMYIREEE S RIF. RS A&H)
T1EMi%, 2R FRN S FEBRNLMTTERA
0.10~10.00 pg-L*, EEMREBRMN £ B FEBEMAZDN
Z4ESEE 9 0.05~10.00 pg-L?, H A 8 N B iR¥IHY
T ERRE &M SEEY /9 0.01~10.00 pg-Lt, X FREK
r¥gRKF0.996, LL10EERLLREE N HEEER
(limit of quantitation, LOQ) , 12 ¥ PFAS B T{ERRZE K2
LOQ UM% 3 Fi7o

6.0x10°
A
5.0x10° 1

4.0x10°
3.0x10°
2.0x10°
1.0x10°
o ft Al
X 4

30010
25x10*
20x10*
15x10*

10x10*
5x10*

RT: 3.68
AA: 1915551

SR Z (Intensity)

RT: 4.51
AA: 1053454

2
RT: 5.00
AA: 1151897

SR E (Intensity)

0
_5x10* I I I I )
0 2 4 6 8 10

B8] (Time) /min
] 1 BRI RS E R RERER 2 (SHEERERERE ;
3 BUHEE R 2FER ; RT | REE ; AA ¢ IEER.

[Note] 1: The sample and background perfluoroheptanoic acid are eluted
together before modifying; 2: The sample perfluoroheptanoic acid
after modifying; 3: The background perfluoroheptanoic acid after
modifying; RT: Retention time; AA: Area.

3 ohi#Es (A). /g (B) 0.5 pug L i mh e SRR
B FRE

Figure 3 Extracted ion chromatograms of perfluoroheptanoic acid

before (A) and after (B) modification in 0.5 pg-L™ standard sample

#®3 MEF 127 PFAS T Frh%k. X REFEER
Table 3 Working curve, correlation coefficient, and limit of
quantification of 12 PFAS in serum

Sy E35iE . Loa/
Analyte Regression equation (=)

L HEEELS (Perfluorocarboxylic acid)

£ BE (Perfluoroheptanoic acid) ¥=0.0116+0.0607X  0.9980 0.10
2@ ¥EH (Perfluorooctanoic acid) ¥=0.0364+0.229X 0.9988 0.01
2@ FEL (Perfluorononanoic acid) ¥=-0.0277+0.486X  0.9982 0.01
L@ ZEEL (Perfluorodecanoic acid) ¥=-0.0234+0.511X  0.9961 0.01
2@m+—Ixh2 (Perfluoroundecanoic acid) ¥=-0.0383+0.617X  0.9977 0.01
2@+ k8 (Perfluorododecanoic acid) ¥=-0.168+0.754X 0.9974 0.01

L EEELZ (Perfluoralkyl sulfonicacid)
2& T EIEES (Perfluorobutane sulfonate)
2@ OEER (Perfluorohexane sulfonate)
LEEEREL (Perfluoroheptane sulfonate)
L EFEMEES (Perfluorooctane sulfonate)
SEZEEMEEL (Perfluorodecane sulfonate)

L EIERALZE (Perfluorosulfonamide)
DRMIFEEEEAL (Perfluorooctane sulfonamide) ¥=-0.0212+0.199X

¥=0.00511+0.00868X 0.9968 0.01
¥=-0.00839+0.164X  0.9990 0.01
¥=0.00641+0.172X  0.9998 0.01
¥=0.317+0.235X 0.9992 0.10

¥=-0.0334+0.325X  0.9979 0.05

0.9991 0.05
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2.5 FBEEMEHRE

MU= B mINIREIN R RTR G EAERE, LAE
SHTEIRZE (relative standard deviation, RSD) R /57E
HFEEE, XK. F. E=1KE (0.2, 1.0, 5.0pgL?)
BRI A ITINIBEN 24, 8—REKF#HIT
5RFEATNE , 1TE S BIRYRYINAR R B A

BE, E43d EE ERRE, iTEZ BRI EEfE
BE, Bint &M FI9RIRZERTE 81.0%~123.7% Z (8],
HM RSD 7 1.2%~14.8% Z[8], HIB]RSD T£ 0.4%~16.1%
Z 8, 12 7 PFAS BYF 3B UK = X B A0 H 81 RSD I
x5, BRERY, aJLA

x40 ERERAEAF AR
F ;5 12 7 PrAS BYEHRE £

R4 IMREBRERITERQNS AN EREFBERE (n=5)
Table 4 Accuracy and precision of established method in quality control samples at different concentrations (n=5)
B (Unit) @ %

FHERER

HM RSD

HialRSD

E}?ﬁiﬂ Average recovery rate Intra-day RSD Inter-day RSD
02pgl’  10pgl’ s.0pgl’ 0.2pgl"  1.0pgl’ 5.0pglt 0.2ugl”  10pgl’  sopgl’

L EIBELA (Perfluorocarboxylic acid)

2&FE (Perfluoroheptanoic acid) 100.7 104.2 94.1 14.8 12.2 2.1 3.7 9.4 8.0

L HFE (Perfluorooctanoic acid) 122.4 107.5 94.4 4.2 5.8 1.2 11.4 15.8 1.0

2 & EF2 (Perfluorononanoic acid) 116.4 102.5 90.7 47 2.8 3.2 4.0 35 5.7

& Z%EL (Perfluorodecanoic acid) 109.5 93.7 84.1 7.2 5.8 1.8 3.2 43 4.1

28 +—)xER (Perfluoroundecanoic acid) 121.4 92.9 82.9 6.8 1.7 2.5 1.5 4.7 34

2/ + )28 (Perfluorododecanoic acid) 101.7 101.0 79.7 7.9 2.7 29 16.1 1.0 0.4
2R (Perfluoralkyl sulfonicacid)

& TEBEER (Perfluorobutane sulfonate) 104.1 81.0 101.2 6.3 4.9 4.5 12.4 7.0 0.9

L@ EEES (Perfluorohexane sulfonate) 123.4 95.1 94.3 3.1 1.4 3.4 4.4 1.1 1.2

SHBEERER (Perfluoroheptane sulfonate) 102.4 98.2 97.1 7.3 1.4 33 24 3.2 4.2

2R FEEIERL (Perfluorooctane sulfonate) 93.3 87.5 92.2 5.9 1.8 1.4 3.8 1.6 1.1

SEXEEE (Perfluorodecane sulfonate) 119.0 90.2 86.9 2.8 1.5 2.6 5.0 1.8 0.5
2 EEEIRZE (Perfluorosulfonamide)

L@ FEBEELAZ (Perfluorooctane sulfonamide) 123.7 84.6 90.5 2.3 1.6 2.4 1.5 1.4 1.1

2.6 RErEmIR

NEARGE, T 20934 ) LEFB &S 12 f
PFAS K, ERUNFKR SR, T EERMEURESZ
P EEMRITE, PFASTEFTEEMPEIRH, KED

FRAK, FEPFASHIREHERRE, remSEERA
R FEENRIG E KT 20% 5b, EM 107 PrAS
B HE> 90%, ERFRMN SR FEBRENHIRE
BRI PFAS, AR{iI$153 579 3.53 ug-L* #1 2.03 pg-L ™o

®5 20T HEMERP 12 M PFAS KR HERRGRERE S

Table 5 Distribution of 12 PFAS positive rates and concentrations in 20 cord blood serum samples

% 3M{E (Detection value) / (ug-L™)

EEney| K HEE /% —
Analyte positive rate/o  VISSEE/VEIREE  BME , , , BAME
GMGSD Min ® * ’5 Max
LEIMBERS (Perfluorocarboxylic acid)
£ FBEEL (Perfluoroheptanoic acid) 100 0.21+1.24 0.15 0.18 0.21 0.25 0.31
L HFEL (Perfluorooctanoic acid) 100 3.00£2.77 0.08 2.77 3.53 5.00 8.98
£&F# (Perfluorononanoic acid) 100 0.21#3.58 0.03 0.06 0.23 0.63 3.12
L FEZEL (Perfluorodecanoic acid) 100 1.0142.71 0.16 0.42 1.26 2.27 4.69
L H+—/)xE8 (Perfluoroundecanoic acid) 100 0.74+2.07 0.09 0.45 0.78 1.19 3.15
L&+ )xfs (Perfluorododecanoic acid) 100 0.15+1.75 0.05 0.10 0.16 0.21 0.58
2R (Perfluoralkyl sulfonicacid)
28 T EEES (Perfluorobutane sulfonate) 90 0.11#1.30 - 0.09 0.11 0.13 0.19
L HECEMEES (Perfluorohexane sulfonate) 100 0.11+1.56 0.05 0.09 0.10 0.13 0.40
L EFEEERS (Perfluoroheptane sulfonate) 100 0.08+1.50 0.04 0.07 0.08 0.09 0.22
L& FEERS (Perfluorooctane sulfonate) 100 2.25+1.57 0.99 1.74 2.03 2.88 6.70
L EZEEEL (Perfluorodecane sulfonate) 5 0.09+1.00 — — — — 0.09
2 EIBEELAZRZE (Perfluorosulfonamide)
L EFEEALAZ (Perfluorooctane sulfonamide) 10 0.09+2.23 — — — — 0.16

[* (Note)] — : <LOQ,
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3 itig

AER S X M E A R T A B AN B8 0 S 1
B, @I IE NS BB ERNEES
F L, B T & F UPLC-Q-Orbitrap HRMS 32 A BY R
R, ER. BESIEIES 12 7 PFAS IREM 5%, 7
EEEMR0.01~0.10 pg-Lt, 12 Fh BT FIYEIMER
£ 81.0%~123.7% 2 i8], HAFI HI& RSD 73579 1.2%~
14.8% F10.4%~16.1%. K73 AN AT %) LB W&
FEARBIAN, PFASTEFR B RFIIBER Y, b5 ER
LUAE B ERNNEE,

HFMEFREREZ, PFASSE2]MN, WER
VIR EE 2RI IENEEIRT, PFAS Z 51
BPNEHEALEAMAEMRTPERY, EILSLREA
B- B EEREEARE KR S S PRAS, TINZBEIRFE 0
LUMRE R EBE SPEIREUE . SPERRARETA
FIRED. DEXRRE. REREREIMEERS,
SAT A [E] SPE ARV mm k8 RIE RIS BY WA T R At
BRIEZMAXT SPE IEIINEBRAF M, HRT Cu it
(Supelclean ENVI-18 SPE#F) , 3% 7K 3E B8t (ProElut PLS
SPE ##0 Oasis HLB SPE 1) X3 PFAS FUIREBBE S BB UF [
E MR EREELL GRS N, SRR BE I IL0R,
50% 1 70% (TR E0) BEZMRBVERRE IS 58,
4G PFAS M SPE E_E5ER% , 1S RRARIEERIAEST BN,

BIEFNRENEREESBEXERFZMH
BEirYIB X5, PFASTER—RIREYIR, AEHARIRHE
NERIEIEER T RE AN s RIEEIER, LIK-BEZ
MEBERR BT B, ZREIAMR BN B IR
Y ERER R FEFR ISR, AR INZR AL BT LB RUthiA 15
EhAE pH, IEIBEFIRE, B IR, RLL7ERDh
HAERFPIMN—EENZRZET REpH B F

RESERRSERTEENRIREM, BT PFAS
BEFKEEEMSREEY, EZRYNRUAS
#ERATREGIEERGIE, BEEHFAREAPFAS
ENBRTERERSKRH T, 5" BiRERM,
ARV ESEFEARFRERI G ERT
MHENEFFRMNEAER, ARRIX—0E, B8
MEMR W ERE SRR 2 i in— 1R e,
1SR AT HAY PFAS TERT IR I AT RS, 6
{234 B9 PFAS BY U I B 8] 4B Eb SE PR A &3 R PFAS HY
B EIIE , ARTHSRIRRY BRI D BHERE 2,

UPLC-Q-Orbitrap HRMS 1E /i R FT B A V= 53

PERFRE, UEMABEAMRES 2R T ESERN, [
RNEEEES T EHERFHNRA Y, HREREE
SN0 PFAS FREWF YT, Orbitrap & 2 ¥
B 5 = Sk FRIEAELL, 1 H IR, BEENERE
R, AAESIMAE S B AL, B8 EERK.
HmAZELD. DWIEREERS, NAXAEE 2045
B AR A9 H T PFAS, KEBD BERIBI HER
79100%, BI#ERFEAREY N PIRIE. &R, B
MFE M5 %74 PFAS BISEPR T Ko
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