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BERERIE-SH RS IFERFEN aamaF
HEEEMTRRELEY

1 oy T o w2 %) 1
E B kY BB BT i
VO R BT NIRRT RT , SEiEIR SR £ SIS Y AT AR A F T S 28, TN 510640)
2O R BRI e, TN 511447) PR EBEBEARSE, JLET 100049)

i E S EeFEMERELIE A Y (PFASs) MK R M E TR IR 2 — , 38 i f Ik B4 Al 52 ) A4
fat e o ABIF SR SR A o 8O (% - H I DU A AT/ fR 7 L3 B g 439 33 (UHPLC-Q-Orbitrap HRMS) , AR 45
i B B BB (KMD) BRiE , #8577 4kt i b PRASs BYIESE ) i ik . R G A ZEIRUS SR
UHPLC-Q-Orbitrap HRMS #EA 7437, e — 4 (Full MS) FIEUE MY 2% F 85 Tt (dd MS?)
BTSSR . W ST PRASs (L4 @ B R B MY RIE 5 BOHGEA T4 A B . AR S B KMD {E7E
0.85~1 1% 0~0.15 3 il P9 () ST, A7 22 PRSP HC 5 24995 )2 KMD (B0 22 (Oxwp ) <0.001 H. CF, iR %
(Ows)<15 ppm (107 )i, WA R N ALY PFASs [RI R 9. AREEERS T GLiE A (MS®) LS A BE Bt Il (RT)
5 A PFASs fk2200 2 PFASs AV ECRREE K0k th TS £E PRASs 738 5 R B (5% (CL1~CL5) . KAl
JrRAE 13 BT e & Aot 5 A 8 Fh ikl S R s Y 15 25 CL3 KL LB (F 1Y PFASs , IG5 T B
U A TRt SR TR R SR A TR S R 5 YR BV IRl 1.9~98.1 ng/g. ARG E 37 (Y AR HE ) 7 A R BE 6%
7 PR b O A Akt it P Y PRASs KL R Y, A Aot i s i) PRASs S48 T HOR 244

KR EFEMZEEEEYTG Ml 8 RSB G- DU/ A BB B R B s R e
B AR A

AN 2 S R (PFASs ) & — 2 SR T2 s /9 R THUR A LS e et BA R
SERB A R E PSR P T G A s L Bk R I
TR B B R T R R R T . FLALRI R BRI S . T PRASs HAHRALE
) BRRPERNTENE A0 SRR R BRI P AR | BV S R G A A AR — e K
PFASs, IR (PFOA ) FI 2 F S LE iR (PFOS) 45, T8 AR AYEA HLTS el , e 2 [ K 4 PR 1l
A PR 2 R B RN S Y PEASs ANWT B 1 S AR AR DAL SR T oK, S8
R PRASs JRAM BN 2614150,

VAR B e K H B R/ X AR LR 5 T 415 PRASs BOBR S5 . 2024 4F 12 A | BRSPS
SERlE (AR SR ) (PPWR) , BRFIE S S 2 v i ] PRASS! . [ 2025 4Fik2 , 35 [H
A JE 5 PH 7 Al 0 R 37 7 A A 11 287 8 s 1 SO TR PRASs T 37 7 22 SR P B e A,
2026 4F 12 7 31 B, ¥4 148 (E#E ORI A 2 545 PRASs ffbticin L IR % & 1E S K R4l
(OECD)Xf PFASs i 5E X, 7& PubChem 04 A 700 £ 77 Fib & Wil 4350 PAFSs ' X 450158 A5t
MR T FORIPkE . BT, X EREE R PRASs BRI T 1 35 MR G2 W R 3Tk (ELISA) 20 | Hifkey
L SO A - BRREIE TTE (GC-MS) 2 L R VA €2 335 i I P (LC-MS/MS ) 3145 ki3 2
WFFE B A TP ) 3BT 5 v MELATR 55 BT AT 19 PRASs . 1546 T 55 /0 Pl (HRMS) Fe R i & e fEf =
FRUER R A LT, AR [ 34T T S HRMS 3R A4 60 (4 O et , R IR s T 18 R 2 R e e
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TEFCRRBRBA T (KMD) 24507 vk A8 Bt S0 A5 AR ERBE A ORI 15 e 045 PRASs , L 7E
15K . V5 IR R A RO ARG BT RISE R Y PRASs M HIF R W), I mBERIR . 11U PFASs Al
SRS A2

BEE AT KW R, Al fh TSt & e, bl il oi PRASs ROt R 712 560, i
SRR RSB . BRI AR A5 B Aot b B 2R 2R PRASSEOY i Balan 255 R E T 25 E
B A 1 SO B PFASs 0, Horb B2 FEERS . Sk 4Py 5 L TRV TR L B
FL AT PAFSs (4715 8 PFASs 419 90%D 1. Schultes 2552755 T 37 19 Aot & v AG
F IR (PFHpA) . 2R C R (PFHXA ) M4 S SRR TS (PAPs )45 PFASs. Harris 2505 i #1811
Al ERR AT | AL S S AP 5 S A 2 Fh PFASs 4345 PFOA . PFOS. PFHxA FIZ F b IE MR

REE Ho KM 1 22 U RE B BRI 10 & ik 1080 wef/g. SR, H BTk A PRASs RIS £ B4

AL B PFASs , i FUGEILRIR (PFCAs) . 2 FUBESLRAR (PFSAs) Al PAPs 55 | IS¢ Ffkatl it h B
R PFASs MR FE ff DLARE

ABIFSE R FH R S s AR 3% (UHPLC) - DU AT/ L 3 BB BIF (Q-Orbitrap ) HRMS,, FI ] KMD SR , 45
A AR R B, M T Al st o PRASs AARFR ) B 7k . il ad % (MST) A DL AL,
X Y 1) PRASs T B AR KF (CL) 08, HElb AT A e o o A7 ikl F 1 U kot
HUBT R PRASs, Akt i i A 7 R FH RIS A BRER LR A

1 SLIE#ES

1.1 B5iHA

Vanquish & =5 08 (L 135-Q-Exactive DU 7 HUIE B3 B 5 20 PRSI 3R 40 (S E AR B G
IREHE A T]) s CPA225D /0T KO (TEEZEZ RIITEA A ] ) 5 TKA MS3 ieindik % ar (FEE SR A H]);
KQ-250DV # A= P g VA (R I B A S A BR A F ) 5 3K15 iyl 2O ML (FE E VE#K IS A F] ) 5 BF-2000
RIS A O\ 2B A TR D) o

15 Ff PFASs FRfEd) 5 (9IRS VA, 405 KT 98% , U dE 2R (PFPeA ) . 9 CL R (PFHxA) |
4R (PFHpA) . 2R (PFOA) . 2 TR (PFNA) . %M (PFDA) . 2% +—M (PFUJA) .
T BERETREN (L-PFBS) . 2 RUREERETR4N (L-PFPeS) . 29RO EEBEFREN (L-PFHXS) . 2 BELE il iR 4h
(L-PFHpS) . EFHAELEREBREN (L-PFOS) . TR T HEREREN (L-PFNS) . S LEREFREN (L-PFDS) Fl4: 35
+ TBEREER B4 (L-PFDoS) , LA K 13 FIRIM R ARIC I ARIE A I (MPFAC-MXA ) , 245 PC,- 28 T 82
(MPFBA) . "Cs- 25U AR (MSPFPeA) . PCs- 2 CIR (MSPFHXA) . PCy- 2R (M4PHpA ) . PCe-43R
FHR(M8PFOA) . PCo- 29 T2 (MOPFNA) . PCo-2 ISR (MOPFDA ) . PCo- 2+ —FR (M7PFUdA)
BC-2 %+ 8 (MPFDoA) . BCp-2 % 1 VUl (M2PFTeDA) . BCy-2 3 T Ll (M3PFBS) . PC-2 %0
BERETR (M3PFHXS ) Fil P Cy- 430 e iR (M8PFOS) | 4l KT 98%., | IRIF IS [ 5= K 2 R 52 6
FNE ., WEEOREAE, MR EERTE A F ) s NaOH (40#T4l) . HCL(PERAE ) FaK (4304t ) (7 Ak
J7) s BT REmE (A Al By S AR A F] ) 5 500 mg A1 AR ALEK R (CNWBOND  Carbon-GCB) [ 4
AEBUNE (SR AU A PR 7 ) o SE56 K R 3€ B Millipore 28 /] A HE 4l 7K 2 458 4% A8
éiﬁﬂ(( 18.2 MQ+cm),,
1.2 #m

13 AL S T N A M5 T3, (g 6 Pl ARZE . 3 FoBy IR . 2 Fhat (M 2 Rl k25 1b ik
fis o T TR 3RAS 8 iAo Rk, T R SR AR T T R R
1.3  {ktamep PFASs B9ZEEX

At it PRASs B2 S 25 SCHR (30 ] 7 RIS Akt . 4 0.1 g HEAL T 15 mL JRNM B 04
HMA 50 L 100 ng/mL IRA R R PR, A S mL B AT 0.5 mL 0.2 mol/L 1) NaOH ¥, 153
=¥ 5 min, A FHBIHEEC 30 min; LA 8000 r/min &.0> 10 min, FIEWHB R GE.OE P FERIRM
FES O 5 mL P EE R IR AH R AR PP A T4, B IR 32 OB, IR A 50 L 2 mol//L Y HCL, AKX
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% 1 mL; KM CNWBOND Carbon-GCB SPE £ (500 mg) ik — 5 ALFE S, L 10 mL & 5% NH,OH Ay
MTBE-MeOH (90: 10, V/V)IERGERL , PRI AE R 40 N, S P28 & 215, LA BEA i 45 2 500 pl.
1.4 UHPLC-Q-Orbitrap HRMS %4
1.4.1 #HHEAEEEE

Hypersil Gold C;g #(50 mmx2.1 mm, 1.9 pwm); BN A S 0.01% M BRI , Wi shAH B A . BREE
YEME: 0~0.5 min, 10% B; 0.5~6.5 min, 10%~95% B; 6.5~7.5 min, 95% B; 7.5~8.0 min, 95%~100%;
8.0~11.5 min, 100% B; 11.5~12.0 min, 100%~10% B, #£if 35 °C, & 0.3 mL/min, ¥R R 3 pl.
1.4.2 [EEHG

HA I 25 15 -5 (HEST) SR AT B A I s %5 B 3.0 kV, BAIEIRIE 320 G5 FHEIU(N) W
12 arb, M 350 °C; BH(N) W 45 arb; FUBEEE BN — A2 (Full scan) IS HOH:

(DDA) ) T B T 44158 (dd-MS?) |, B G LN m/z 100~1500, — 2% i 4 i 0 3R A
70000, dd-MS* 23385k 17500, PURRAFRG B % 118 miz 1.6, % 8 3 NH—{bhERE R (NCE) M 30, 60 Fl

90 eV, /) H s s B AME (AGC target) % M 8.0x10°, 17575 5314 (Dynamic exclusion)i% 4 6.0 s.
1.5 PFASs L FmEMEL

PFASs b7 5 A4S 3R 15 i PFASs ARifE il , FFUE 7 5 B6 72 MS-DIAL (https://systemsomicslab.
github.io/compms/msdial/main.html ) $H Y 6936 Flt PFASs LA M Compound Discoverer 3.3 {4 P9 i B0 ds 1
i) 238 Fft PFASs.
1.6 IF#ETFEFH EMEL

A AR AN 1 PR o DN HRMS FRH raw A% A B ST, 1T MZConvert HeAL A mz XML A0S, &5
ANBEER R AEBE AT T B0 T RIES I “xems” AFEFT ISR, (UAE BE (515 1L
(SIN)=3 HIESR=1.0x10" B O k% . T PFASs 70 TALH KEZAFAESE I B0 CF,(49.99681 Da) |, il
i F KMD 220 R alibs 5 07 FH AL 2216 A 23 (TUPAC) i X4 i 640 9 Kendrick B>, HAUAG B4
KMD {7 0.85~1 F1 0~0.15 F BT [RINF 5 PFASs Ab2% 5 22 rh PFASs 9 KMD {8, HAB 7E2E I
KMD YE R Z P KRR 89 KMD {65 PRASs fk22 821 PFASs B89 KMD {EZEF 73 L, A R AR LA
KMD (B 728 B4, IV AE [ R 4HE B 15 PFASs b2 5 28 A N AL B 85 3 T CF, i iR
2 (OMS.q)o 247 2 KMD {E 2 (Oxun)<0.001 H. OMS,_ <15 ppm(10°0) i, MITA i 2 A1 85 Tk i%2k
PFASs BIISTEIRI R . XTI VEBC PRASs A2 5 2 89 KMD {8, 5 76 S SR~ AL B 25 1
&£ OKMD<0.001 H 6MS; <15 ppm Z544, WIHEWTH A AR ) PRASs [F] 529, PFASs [ R 40 (i (1 88 it
] (RT) B HG BT LU (mdz) BB TIT RN 7 2445 e R g g5 1 BA T ) 2t 2 910 . (81 Xealibur
XEFER PRASs [R 2410 73000, 13 Bl HH 43 7508 CisoHo_5000-10N0-2P0-2S0-2Clo.2F g0 , FRFITIL
G245 (RDBEs) 2 0~5'8) | 0ys<5 ppm. MR FIEEI L%, 76 H # PFASs 624 5% . PubChem LI
ChemSpider S AL 2= M R THE R

W07 Y (4 PFASs 92 BESCHR[ 38 I 1A EAT CL 434, MS. MS” LK RT ¥ 545 HE S VE LA PFASs
N CLL; 745 MS Al MS? (R REZ5 K , 38 5 12 TRy F vl #f o ELAf DI 45 4, w5 ] e 0 85cdis 2 DL TC Y PR ASs
N CL2; A5 MS FI MS™ fy T RESEH , FL T LIS HA B 45 ik &k CL3; R4 FaUE R 45k B
REERE LAY R CLA; To4r T2 H I AR ) A 2R PR AV FE TR R AR CLS (81 1)
1.7 EEEFEENW

X} 15 Fi CL1 4214 PFASs SRR R AR IE L AT 5305 X2t Y CL2 A1 CL3 9% PFASs
K5 IR | SEFAEAI ARG PFASs b if A 10 i 2Rt 4724 5 F oo b7, BN HAT FR IR st R ik A1 FY
A BRI 5 AR R SR B RE BT PFASs Briff it ELAT AR A BE JR i Ry, R 72 oA s ikt
EAHIBLE Y, RIS O A AR BRSSP 2 e
1.8 RERIESHREEH(QA/QC)

FRURHRE R , {6 P S S A Y VRO I 3 0 ST o T 2t of P I 2 SR R A A R i 1 3 vk A
o RS BT AS RS R ZS RS, DR E i R TS . MR B R AR IR SIN=3 H
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HRMS raw data

1 MS Convert

mzXML data

1 R “xcms” package
Peak picking: S/N = 3 & Intensity = 1.0 X 10°

l

KMD: 0.85~1 or 0~0.15

|

Database matching: SKMD < 0.001
Yes l No

Oys=abs(1-omz_ d/49.996% 1*round(dmz, ,/49.99681))

6MS_, <15 ppm For i=1 to n-1
Forj=i+1ton
A 4 l
PFASs homologue candidates list [¢ 5KMDLJ. <0.001 & (5MSLJ,) <15 ppm

y

CL1: Reference standard

Confidence level assigned " CL2:MS. MS? with libarary and diagnostic evidence
CL3: Tentative structures

CL4: Molecular formula

CLS5: Exact mass of homologous series

K1 At T 290 2 UL 5 1) (PFASs ) AR ) 7 A i e
Fig.1 Workflow for nontarget screening and identification of per- and polyfluoroalkyl substances (PFASs) in

cosmetic products

SR >10° (I, HE4T KMD 43T B 3 AR BEZKF- (19 PFASs BRaitim ALt iR il v, 0 5 b [l

2 SRSt

2.1 RiEkEHRMmL

K Full MS/dd MS? TR EST- 4504 B A7 i A 1R AE 5 , RIS Full scan PEHGHR
Bl 5 A EEE THETT MST . O T B PRASs 7R b i SO R L (8, DAk TR . SRR
NCE %R S8, BB MBS ST 90 12 145 arb . BEE R 3.0 KV, FRAH0 R 5 R
B TSI . R T AR ITAL T O (R B, B E NCE {2 30, 60 F190 eV, AGC {H>h 8.0x10°, i
A B A RCRIR B RS R R TR 2 1 i B 1 R RS HORAE 15 Fh PFASs frife
SIS . nZE 1 R, 15 B EAR PFASs ()5 SR 223/ F 0.88 ppm, 2 0] HRMS (RS, 7
PASEIE PFASs FORGHf 45 il A2 AR 40 ) i A oK
2.2 JFiERIEEE

7 FH R BT 1 3291 PFASs TR A bR VA TR, 38 3ot i) 00 38 N AR IE A T 8 40T , AR 5 vl o7 R
PR BT RE e 7 FEAE R A b , EA TR A 2317, S5 SR 43R 2 B, 15 Ff PRASs 4351 7E 0.1~10 ng/mL
1 1~50 ng/mL ¥ EEE RN R EIC R RAF  EMEARDCR BRI KT 0.998, 43 I H{E I LL (S/N)3 A5 Al
10 A58 7k B (LOD) FE 1B (LOQ) , HiHr, PFCAs (% LOD F1 LOQ 4351124 0.3 Fi1 1.0 ng/g, PFSAs
¥ LOD F1 LOQ 425114 0.06 1 0.20 ng/g. 7EAA S h AR KT 1. 2 Fl 10 ng/g i) PFASs IR AHRIE
VEWGHATIN E AR KPR 3R, BB 2 AT, 15 Fh PFASs BYIIFR BICR 72.1% + 10.2%~
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115 B PRASs ifet Y B 2
Table 1 Mass spectrometric information of 15 kinds of PFASs standards

oy e %%Eﬂgﬂ iﬂi@ﬁfﬁ?tt iiﬁ!ﬂ)ﬁﬁtb )ﬁiﬂﬁﬁé

Compound Chemical formula Retentl(?n time/ Theoretical Experimental Mass dei;latl()n
min (m/z) (m/z) (10™)
LI PFPeA CsHF,0, 425 262.9760 262.9762 0.62
AT Rk PFBS C4HF5058 5.14 298.9430 298.9430 0.20
SFRC MR PFHxA CeHF 0, 4.96 312.9728 3129731 0.85
LI IERETR PFPeS CsHF},058 5.83 348.9398 348.9399 0.15
4298 BHR PFHpA C;HF 30, 5.63 362.9696 362.9699 0.88
A LERERR PFHxXS CeHF 3058 6.49 398.9366 398.9367 0.19
PR PFOA CsHF 150, 6.27 412.9664 412.9667 0.69
SR PHERIR PFHpS C;HF 5058 7.04 448.9334 448.9336 0.33
4 TR PFNA CoHF 1,0, 6.92 462.9632 462.9636 0.77
L RERERR PFOS CgHF ;058 7.45 498.9302 498.9305 0.47
SRR PFDA C1oHF 140, 7.49 512.9600 512.9601 0.20
S EERETR PFNS CoHF 5058 7.77 548.9270 548.9272 0.30
49 +—2 PFUJA Cy HF,,0, 7.90 562.9568 562.9570 0.22
B LEERR PFDS C1oHF,,058 7.95 598.9238 598.9238 -0.10
ST TR PFDoS CpHF5058 8.30 698.9174 698.9174 —0.03

7E(Note): PFPeA: 2% IR (Perfluoro-n-pentanoic acid); PFBS: 25 T e TR (Perfluoro-1-butanesulfonic acid ) ; PFHxA: 4% C 2 (Perfluoro-
n-hexanoic acid); PFPeS: 4N EEHER (Perfluoro-1 -pentanesulfonic acid); PFHpA: AR ( Perfluoro-n-heptanoic acid); PFHxS: LR EkE
Ti# 1R (Perfluoro-1-hexanesulfonic acid); PFOA: 498 (Perfluoro-n-octanoic acid) ; PFHpS: L RBERERERE (Perfluoro-1 -heptanesulfonic acid) ;
PFNA: 2 FHR (Perfluoro-nonanoic acid); PFOS: 49 ¥ Lei# R (Perfluoro-1-octanesulfonic acid); PFDA: 495 (Perfluoro-n-decanoic
acid); PFNS: 49T Helififz (Perfluoro-1-nonanesulfonic acid); PFUdA: 4Fi+—M8& (Perfluoro-n-undecanoic acid); PFDS: 4R BElififR (Per-
fluoro-1-decanesulfonic acid); PFDoS: 49+ _%¢hilifiz ( Perfluoro-1-dodecanesulfonic acid) o

149.1% + 5.5% , 5 SCHRARIE BO45 SR 2411024
2.3 {irmn[ERR PFASs BAESB @ iF &

& 3A AT UL EAE Y PRASs [R] R 9 KMD {EAE 0~0.15 F1 0.85~1 Z 8], FLIA] &7 K LF4b T
[ —/K 2R b AR HUBE RS iR A ] (1] 3B) , H KMD FE[Rl— K4k I, BREE A (n) 40, RT 2
BEA RS NI AT PRASs [R 291,

DL 451 RT=4.37 min IEEES F m/z 280.9525 (C4HFSO3) M, He MS? &3 (& 3C) th & —%
WE R BT milz 79.9561(S03) . 98.9545(S05F ). 130.9914(C5Fs) 1 180.9892( C,F7) , 136 1% 45 44 ELA fiff
PR B A, [ i JE 75 B2 B0 CF, 1Y PRASs BYTEE RN , B 76 1 PRASs . AN, B S A A BT
mlz 260.9485(C4F;803) 51 B 5 (m/z 280.9525) , & 1 i i 2% 4 20.0066 Da, AT BEAEAE HF Hiik: %
Ko P ZE5H T RRAATE H BUR ) J8 T AU 2R . SR, iR TICk e H U B B X
—KFRZWBIT R CL3, 455 Wang 252 (RFTE A — L.

T 22RO I 4 T, MS R ELAT B S T m/z 168.9885(C4F7) il 84.9895(COF;)
(A 3D), KW A T BB REH N OH BY—2 PFASs, H 5503 E— 2, N iZ b S %5 CL2.
Wang 25078 GRAL T80 3 Bl X 14 K IFFE i % B0 T 49 T I

SZLTERBRA AL G RIEN R Z 5 Akt it B SRR it v i At 193 A4S AT B8 04
SRR B b AT/ T B A MS b, L0 A 1526 43 Fb CL3 K LA B PRASs (5 3) , f 4%
1 Fh CL2 %51 PFAS F11 42 Fl CL3 4% PFASs., B4 113 4 A] Bel i 4 7200 B R #5803 K CLA (1
WS SCRBEER ST B4R 37 ANBEES 0500 2[R Z 4 o1 DR BA 1 1) 5 22 LA K KMD 4347, Bk 5 ok
CLS(HLF SR RHE R % S2) .
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#2215 Fh PFASs FULRPEVLE . 2ot ma AR AL Ao R 5L

Table 2 Linear ranges, linear equations and correlation coefficients of 15 kinds of PFASs

et ZepERE Yl AHERICR I XISV
Compound Linear range/ Lincar regression cquation Correlation z(tt)efflclent Corresponding internal
(ng/mL) (R standard
S T BEfR PFBS 0.1~10 y = 0.1193x + 0.0061 0.9995 M3PFBS
AGINHERRR PFPeS 0.1~10 y =0.1037x — 0.0013 0.9997 M3PFHxS
L9 CERETR PFHXS 0.1~10 y = 0.0996x + 0.0008 0.9999 M3PFHxS
PR PFHpS 0.1~10 y = 0.0935x + 0.0014 0.9993 M8PFOS
EFELEERR PROS 0.1~10 y = 0.1141x — 0.0054 0.9999 M8PFOS
ST HERERR PFNS 0.1~10 y = 0.0796x + 0.0133 0.9993 MSPFOS
B BERR PFDS 0.1~10 y = 0.2255x — 0.0363 0.9992 M8PFOS
S ZBERIR PFDoS 0.1~10 y = 0.0805x + 0.0032 0.9994 M8PFOS
AFRUNIR PFPeA 1~50 y = 0.1255x + 0.0435 0.9981 M5PFPeA
IREEE PFHxA 1~50 y = 0.0858x + 0.0342 0.9993 M5PFHxA
PR PFHpA 1~50 y = 0.1348x — 0.0103 0.9995 M4PFHpA
SHETR PFOA 1~50 y = 0.1142x + 0.0496 0.9990 MSPFOA
29T PFNA 1~50 y =0.0977x + 0.0115 0.9992 M9PFNA
A FH B4R PFDA 1~50 y = 0.0713x + 0.0404 0.9992 M6PFDA
S —TR PFUJA 1~50 y = 0.1372x — 0.0047 0.9998 M7PFUdA

1 (Note): M3PFBS: PCy-4298 T befii iR (Sodium perfluoro-1-[ 2,3,4-°C; Jbutanesulfonate ) ; M3PFHxS: Ca-42 98 O 4l iR (Sodium perfluoro-1-[ 1,2,3-
13C; Jhexanesulfonate ) ; M8PFOS: PCy-490F kil 2 (Sodium perfluoro-1-[ Cy Joctanesulfonate) ;  M5PFPeA : *Cs- 25N (Perfluoro-n-[ °Cs ]pen-
tanoic acid); M4PFHpA: “C,-4- 5 B#R (Perfluoro-n-[ 1,2,3,4-°C,] heptanoic acid); M8PFOA: *Ce-4 92 (Perfluoro-n-[ *Cg Joctanoic acid);
MOYPFNA : PCo-42 98 -2 (Perfluoro-n-[ *Co Jnonanoic acid); MEPFDA : *Ce-2 9 35HR (Perfluoro-n-[ 1,2,3,4,5,6-°C¢ Jdecanoic acid); M7PFUdA: *Cs-4>
R —EERR (Perfluoro-n-[ 1,2,3,4,5,6,7-C; Jundecanoic acid) .

170
lng/g
[ 2 ng/g
150 | % (2010 ngrg
u - H 0
% u Y % T K :} %
| I K | 1 ==
7 zu . -7% TH - |
. - < 7 s | |« T |
100 H Hl v - - : - - T o
S H T { a : i PHl g
me " ntiNniisn
> = P { o L P Tt PR O il h
L my : 4 A7 SIS 7 S 7= S 7 E i me PH
) — | ] 1 A | g H: 1] | 4 I EE’. . N o
3 PR 9 N7t 7 R S 7 S b A o I 1 e
Q = e 4 e 7 S 7 15 7 I I v 3 O 4 5 ¢ B ¢ 4 -
~ He o RIZE St 7w 7 I 7 S 7 7 e R S /2 Y R 7
H VRl pEd O de pE o B OB e R e i g o
{1 e e« { [ i - - ] { T [} |« — " g i
dZau 7 a7 7S A7 R W 7 s 7 7 B/ /0 R 7 M 7
50 | ORED e DR e O R R AR ok PR e e A e
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Fig.2 Recoveries and standard deviations (SDs) of 15 kinds of PFASs
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Fig.3 (A) Kendrick mass defect plot of potential PFASs homologues; (B) Plot of relationship between retention
time and carbon number of hydrido perfluoroalkyl sulfonic acid homologues; (C) MS/MS spectra of hydrobutane
sulfonic acid; (D) MS/MS spectra of perfluorobutanol

H-PFSA: ﬁ{téﬁﬁ%ﬁﬁ@(Hydrido perfluoroalkyl sulfonic acid); UPFSA: K@Wéﬁﬁ%ﬁﬁ@(Unsaluraled perfluoroalkyl
sulfonic acid); PFASA: gﬁﬁgﬁﬁm(l:’olyﬂuomalkyl sulfonic acid); PFASAA: gﬁﬁ%ﬁﬁ%ﬁﬁlM(Polyﬂuoroalkyl sulfo-
namide acetic acid); PFESA: 2L REAR (Perfluoroalkyl sulfinic acid)

3 ARl AEUR R CL3 SR B PRASs IO S B L
Table 3 Structure and semi-quantified concentrations of PFASs with CL3 or above in cosmetics and ingredients

e

EMHFR et g ; ‘ EAEE
Concentration/ .
Name Structure Formula Confidence level
(ng/g)
E F E F
SITHE F
C4HF,0 15.8~1740.0 2
Perfluoroalkyl alcohol F OH e
F F F
ARSI
CF,),,H,0;S 33677.4 3
H-PFSA ( Z)m 2V3
TR Joe Stk i
e L C,yF3(CF,),05S 2190.1 3
UPFSA
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23243 (Continued to Table 3)

y N idia .
Ik g5k (22N Lo IR
Concentration/ .
Name Structure Formula Confidence level
(ng/g)
e N E FE F F
1,1,1,2,2,4,4,5,5,6,6- 1 —3-3-H Fe & - 3-1% E F
1,1,1,2,2,4,4,5,5,6,6,6-Dodecafluoro-3- F C7H,F,0 98.1 3
methylhexan-3-ol F F OHF F
1R AU3E)-1,1.2.2- P IR-2-(= T 438 N
Y5 F. O, )\
HF .
1-(Difluoromethoxy)-1,1,2,2-tetrafluoro-2- FX o F CaHFSO; 505 3

(trifluoromethoxy)ethane

F
O
2,2- 2SI A L E o
C3HF50 33.1 3
2,2-Difluoro-2-(trifluoromethoxy)acetic acid F>( OH T
F F F
2.2,3-=8-3-(1,1,2,2,3,3- 7N -3 (= 5 )

F O
e F F
CoHoF 1,0 360.6 3
2.2,3-Trifluoro-3-(1,1,2,2,3,3-hexafluoro-3-  © Y OH  B7Rith
F F -3 F F
0o o

(trifluoromethoxy)propoxy)propanoic acid

(E)-2-((2,3,3,4,4,4-75 90 T - 1-0-1- 8 ) #i 5L

CgHyFO 5.6~16.6 3
(E)-2-(((2,3,3,4,4,4-Hexafluorobut-1-en-1-yl)oxy) e
carbonyl)acrylic acid
5-5-1,1.2,2,3.3,4,4,5,5- 1 5U8LJe- 1R
5-Chloro-1,1,2,2,3,3,4,4,5,5-decafluoropentane-1- CsHCIF,0;S 18.9 3
sulfonic acid
2-(3,3,4,4,4,5,5,6,6,7,7,8,8- 1 =¥ 3k) F1 Q
Rt S
F OH CioH7F 30,8 1.9~2.1 3
2-((3,3,4,4,5,5,6,6,7,7,8,8,8-Tridecafluorooctyl) 10T
thio)acetic acid Fls
(@]
RN IL\)K
N-FH B N-(G 3 N i k68 H &R Ps
F - N- (U &%i}ﬁ ﬂ@a' i\ OH CeHeFyNOS 225798 3
N-Methyl-N-((perfluoropentyl)sulfonyl)glycine F O
Fls
T
SRR — 2 F PN CaHLF,0,P 57.2 3
Perfluoropropyl dihydrogen phosphate 0 | OH
¢, om
(@)
il
X N
SIBETE L ~
F OH CF,),HO,S 1186.8 3
Perfluoroalkyl sulfinic acid (CF),HO;
F
- p
1L
L e TN
Z e S—OH CHg(CF),055 3575.9 3

Polyfluoroalkyl sulfonic acids l |
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23243 (Continued to Table 3)

y N idia .
&4k g5k it o BRI
Concentration/ .
Name Structure Formula Confidence level
(ng/g)
F
E F
LI LR £ R e Fo
Polyfluoroalkyl sulfonamide F -\ /N\)kOH (CFp)CoFsH;304NS 29.1 3
acetic acids .
(6]
F lk

H(Note): a,#:2 PFASs LYfﬁ/\ﬁénuEP Kt N IRRE i  ELARHE BE (If PFASs is detected only in one sample, the specific concentration of that
sample will be displayed); FF7EZEESHAGH, IR EE VLRI /R (I it is detected in some samples, the concentration range will be indicated). m=
2-10,12,14,16,18,20; n=5,7,9,11,13; p= 4,6,10,12; ¢=2.4,6,8,10,12; k=0,4,8,6.

2.4 A{EmAERF PFASs B9

15 2% CL2 Ml CL3 % PFASs it /AT 25 5 (18] 4) R B, I PRASs Fh e 2 H & b, A6
RATFUGEILRAIR . 2 BB SLRR R A 22 o LA R G 2. RS 8 28 PFASs, P VK JE h 29.1~33677.4 ng/g.
ZHRA A it SR H — Ao PFAS,,JZU“ T 1.9~98.1 ng/g ZI] , F-IIUEE Ny 30.5 nglg. BHIEIEAI
B2 Ao it o ) PRASs Pl 2 FH g3kt it , o, 1,1,1,2,2,4,4,5,5,6,6- 1 —5(-3-H1 3L L e -3- WA

25

20

—
(9]
T

lg[C/(ng/g)]

—
(]
T

B4 Al ARk PFASs By 202 FvR B

Fig.4 Classification and concentrations of PFASs in cosmetics and ingredients

H-PFEA: 1-( 5 A 3E)-1,1,2,2-PU5-2- (= &3 ) ZKE (1-(Difluoromethoxy ) -1,1,2,2-tetrafluoro-2- (trifluoromethoxy)
ethane); H-PFECA: 2,2,3-=i-3-(1,1,2,2,3,3- /N J-3- (=90 FH 4008 ) PN 48086 ) IR (2.2.3- Trifluoro-3-(1,1,2,2,3,3-hexafluoro-3-
(trifluoromethoxy ) propoxy ) propanoic acid); PFA: 423 T B (Perfluoroalkyl alcohol); UPFECA: (E)-2-((2,3,3,4,4,4-75 T 2-
1-05-1-58385 ) B 3L ) IR ((E)-2-(((2,3,3,4,4,4-Hexafluorobut-1-en-1-yl )oxy ) carbonyl acrylic acid); PFECA: 2,2-—J-2-(=
SR 423 ) £ 1R (2,2-Difluoro-2-(trifluoromethoxy)acetic acid;); PFAP-PAP: 49N JEBEHR — 4 1 (Perfluoropropyl
dihydrogen phosphate); FT-thioether: 2-((3,3.4.4.4,5,5,6,6,7,7,8,8-1 =¥ 4 Bl LBR (2-((3.3.4.4,5,5,6,6,7,7.8.,8,8-
Tridecafluorooctyl )thio)acetic acid); CI-PFSA: 5-5-1,1.2,2,3,3.4.4,5,5- % 5E-1-6%2 (5-Chloro-1,1,2,2,3,3.,4.4,5,5-decafluoro-
pentane-1-sulfonic acid); MePFA: 1,1,2,2,2,4,4,5,5,6,6-1 —3-3-H 3 00 be-3-F7(1,1,2,2,4.4,5,5.,6,6,6-Dodecafluoro-3-methylhex-
an-3-ol); MeFASAA: N-FAIL-N-(ZFHUCHEL ) B BESL ) H 282 (N-Methyl-N-( (perfluoropentyl )sulfonyl ) glycine)
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WA P AR T R, 9 98.1 ng/g; (E)-2-((2,3,3,4,4,4- 759 T HE-1-05-1- 8050 ) BRI ) PR R B 4G
HITR (19% ) B , 76 B I AL SR Al i rh A MR M 5.6~16.6 nglg.

3 #ig

ARFGEHEET UHPLC-HRMS, i1t F 409 R Bdaab PR e 254 KMD &7 T 1tk i vh i PFASs 1)
RO ) i A e SR AR D IR AE T B At = i S Uk 3G 0 s HH 193 B PRASs JrT BE4, Horfr, CL3
KUL 1/ PEASs A 1528 HL 43 B A48 2 T . S0 A 300 S R A S0 2 U SRR R 4 . P it
ST EE SR, Atk i PRASs i 1.9~98.1 ng/g, K3 I AR A {5 o (%) PFASs RS RN BE Y & F
Hefeflodt o A7k o] TP i et i B9 PRASs , MK PFASs B S 4 (IR AR 40
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Nontarget Screening and Identification of Novel Per- and
Polyfluoroalkyl Substances in Cosmetics Using Ultra-High
Performance Liquid Chromatography-High-Resolution
Mass Spectrometry

LI Xin-Ling'?, YANG Tao'?, LIANG Wen-Yao’, TAN Jian-Hua >, PENG Xian-Zhi'
'(State Key Laboratory of Advanced Environmental Technology, Guangzhou Institute of Geochemistry,
Chinese Academy of Sciences, Guangzhou 510640, China)
*(Guangzhou Quality Supervision and Testing Institute, Guangzhou 511447, China)

3(University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract Cosmetics may be an important source of human exposure to per- and polyfluoroalkyl substances
(PFASs), posing risks to human health. In this study, a nontarget screening method for PFASs in cosmetics was
developed using ultra-high performance liquid chromatography-high-resolution mass spectrometry (UHPLC-Q-
Orbitrap HRMS) based on the Kendrick mass defect (KMD). The sample was extracted by ultrasonic assisted
extraction prior to being analyzed by UHPLC-Q-Orbitrap HRMS. Acquisition of HRMS data was achieved in both
full scan and data-dependent (Full MS/dd MS?) mode. The data collected by HRMS were imported into an in-lab
built R seript for processing. Samples retained the mass spectra peaks with KMD values in the range of 0.85-1 or
0-0.15 for in-and out-of-library matching; when KMD deviation (Oxyp) < 0.001 and CF, mass error (Oys) < 15 ppm,
it was considered as a potential PFASs homologues. According to matches of parent ions (MS), fragment ions (MS?)
and retention time (RT) with the in-house built PFASs database, the screened and identified potential PFASs were
categorized to 5 confidence levels (CL1-CLS). A total of 15 kinds of PFASs homologues with confidence level of
CL3 and above were screened from 13 cosmetics products and 8 cosmetic raw materials, including perfluoroalkyl
alcohol, hydroperfluoroalkyl sulfonic acid, chloroperfluoroalkyl sulfonic acid, etc. with concentrations ranging from
1.9 ng/g to 98.1 ng/g. The nontarget screening method could be used to screen and identify PFASs homologues
feasibly and therefore provided data basis for management and control of PFASs addition in cosmetics.
Keywords Per- and polyfluoroalkyl substances; Cosmetics; Ultra-high performance liquid chromatography-high-
resolution mass spectrometry; Kendrick mass defect; Nontarget screening
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