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Abstract: A method of high-performance liquid chromatography-tandem mass spectrom-
etry (HPLC-MS/MS) was developed for the simultaneous determination of 16 perflu-
oroalkylated substances (PFASs) in oral liquid products. The residual of perfluoroalky-
lated substances in samples were extracted using methanol acidified with 2% hydrochlo-
ric acid solution as the extraction solvent, then enriched by N-propylethylenediamine

(PSA) and PestiCarb (GCB) absorbent after adjusting extract’s pH to neutral. Next,
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the compounds were eluted with 50 mmol/L triethylamine-methanol solution. At last,
the exact was analyzed by HPLC-MS/MS in negative mode with multiple reaction moni-
toring (MRM). All the analyte were calibrated by the internal method. Good linearities
were established for the 16 perfluoroalkylated substances in the range from 0.2 g/L to
20 g/L. For all of 16 perfluoroalkylated substances, the limit of detection is less than
0.15 g/L, while the limit of quantitation is less than 0.43 g/L. The average recoveries
of 16 perfluoroalkylated substances are between 80.8% and 119% in the spiking levels
of 0.5, 1.0, 2.0 and 5. 0 g/L. The relative standard deviation (RSD) of 16 perfluoroal-
kylated substances is less than 10.5%. The method is simple, rapid and sensitive,
which suits for determination of 16 perfluoroalkylated substances in oral liquid samples.

Key words: perfluoroalkylated substances (PFASs); oral liquid; matrix dispersive solid

phase extraction; HPLC-MS/MS
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Technologies 1290 £ %1 4,4 T {F %% . Po-
roshell 120 EC-C18 R /p#1 4t : 35 E Agilent 28
A) 7 il s Qtrap5500 LC-MS/MS £ Il & 4t : 56
AB Sciex 23 ) 77 il s & Z JHi-N-1H 3k (PSA,
40~ 60 pm) I f7 55 1L Bk % (GCB, 120 ~ 400
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1.2 FEHRERXF
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(PFUdA) 495+ B g (PFDoA) (&3 1 =
iz (PFTrDA) %5 bR fE a2 8+ I b R
(PFTeDA) 1R & #5 #E % WK (2 000 pg/1), PCi-
PFBA."”C,-PFHxA, " O,-PFHxS,"” C,-PFOA."” C,-
PFOS.” G,-PFNA, " C,-PFDA." C,-PFUdA i
P C,-PFDoA JRA WARIE K (2 000 pg/L) ¥
& KX Wellington Laboratories 2 &) F= i o
1.3 RSB S

A VR TR 4 T e IR s M i 4 YR 1) TG 1) < BB
100 pL 4 5B B2 . 4> 0 R IR & e UE VA )
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BRI RS T 4 CURFEIRAT
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TR it 4 BOU AR Sy R T3 v R TR T MR B2 R 0. 2
0.5.1.0,2.0,5.0,10.0 #1 20. 0 pg/L (&
pg/ L R B 2250 b5 HE 7

1.4 TEEHF

1.4.1 s @i%4E . Poroshell 120 EC-
CI18 F:(100 mm>2. 1 mmX 2. 7 pm); FEi 35 °C
A 10 pLs 3 3 200 pL/min; 3 ) AH -
5 mmol/L NH,Ac H &A% (A) 1 5 mmol/L
NH, Ac K# W (B) 5 B8 B PR AESF : 0~3 min,
90% ~30%A,3~13 min.30% ~0%A,13~14
min, 0% ~90%A,14~20 min,90 % A,

1.4.2 JFUik & ESIf g FHER, 2R
Wi CMRMD #5250, B8 7 (QL) /F B F (Q3)

AW (2000 pg/L)F 10 mL ZE B B X8Oy B0 B 45 B T N I BE B R T
ERELE AR5 T 4 CORA IR . Cdwell time) ¥y 0. 1 s. % 7 85 T W I 4% 14 91
TAEMZebr fER M R e i - R 0 2 3 B R T 1,
1 RiGwNEHE
Table 1 Experimental conditions of electrospray tandem mass spectrometry
et fE T FETQ R REEHIE/V R AR/ V BER7]
(m/2) (m/2) min
PFBA 213 169 4.0 —40 —14 13C,-PFBA
PFPeA 263 219 4.6 —50 —14 13C,-PFHxA
PFBS 299 80 4.7 —70 —55 13C,-PFHxA
PFHxA 313 269 5.1 —55 —15 15C,-PFHxA
PFHpA 363 319 5.6 —60 —16 180,-PFHxS
PFHxS 399 80 5.7 —90 —175 180,-PFHxS
PFOA 413 369 6.2 —70 —20 13C,-PFOA
PFHpS 449 99 6.3 —60 —52 13C4-PFOA
PFNA 463 419 7.1 —70 —20 13C;-PFNA
PFOS 499 80 7.0 —90 —90 13C,-PFOS
PFDA 513 469 7.9 —70 —20 15Cy-PFDA
PFUdA 563 519 8.7 —60 —15 13C,-PFUdA
PFDS 599 80 8.6 —90 —70 13C,-PFDoA
PFDoA 613 569 9.5 —60 —23 13C,-PFDoA
PFTrDA 663 619 10. 1 —60 —25 13C,-PFDoA
PFTeDA 713 769 10. 8 —60 —27 13C,-PFDoA
15Cy-PFBA 217 172 4.0 —40 —14 —
13C,-PFHxA 315 270 5.1 —55 —15 —
180,-PFHxS 403 103 5.6 —90 —52 —
135C,-PFOA 417 372 6.3 —70 —20 —
13C;-PFNA 468 423 7.0 —70 —22 —
13C,-PFOS 503 80 7.1 —90 —90
15 Cy-PFDA 515 470 7.9 —75 —22 —
13C,-PFUdA 565 520 8.7 —60 —15 —
13C,-PFDoA 615 570 9.5 —60 —52 —
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1.5 fEmALE

WERIBEL 1.0 mL AENY WA 1.0 mL 2%
TR - Y I £ IO R PR 5 min J& 5 BL 12 000
r/min &> 5 min, EFWRA 1. 0 mol/L &AL
BRI E pH 7.0 24 . FREL 200 mg PSA
20 mg GCB By AW B 5], A 1.0 mL A i
B IERE 5 min J5, LL 12 000 r/min & .[>
5min, 3¢ 2 bW W Fk A 0 A1 1.0 mL
50 mmol /L= & Jic-H 5 %5 W 0k I » I 45 1R &)
1 min)5, Lk 12 000 r/min &.0> 5 min, ] 1§
W22 0. 22 pm A AL LT UE 7 EHLIAE .
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A, R R A IS R A A F Btk &
PRET L AR AT LS RN B A i e
W 1.0 pg/L ) PFASs B & b 3 W 5 31
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220 WR-Z WGV T 3 Bl 77 % PEASs 42 Hit
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FH 5 W 6 T A5 PFASs 19 45 BUSCR Y R 84k
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WCRA 6. 8% ~50. 5% 4R Th 5 24 R IR ok &
it 2 V0 it Bl A W B B, B AR AR A T
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Ay AE 3.0.7.0.9.0, %% AR pH{E K H
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PETrDA il PFTeDA [l Uit R u& A5 T & i 7 A
AT RE S F W BRE5R A A R BT B, 4 GCB ik
F| 50 mg i}, 16 F PFASs [a] i Z #k F GCB
FHHEER 20 mg B IR, R I, A 52596 16 £
GCB &4 20 mg,
2.4 HERAIREREREE

s 2 7% SCHRL19 ], 28 28 5 AN ) i 1 WY e
VEWAE R P . & B T 6 B 70 %) PFASs
[o] e R 1 5% M 4 R, Hop L 50 mmol/L = 2,
i~ FEY T2 AR P 0k ISR 2880 R e B B A S I 3 P
VS WLAE R BRI
2.5 FAEMZEZUEE . KHRMEZR

FERfE B 43 B E 50 T A B 0 IR
FEFRIEWBCH 0.0.2,0.5,1.0,2.0.5.0,10,
20 pg/ LI R G bR HEH W b N AR ) vk
1.0 pg/L AR 10 p L, LI2r BT 9 5 M bR 81
Xof 1) 0 T AR BE HE AT L BT AR A5 R T R 2,
AL AL IAE 0. 2~20 pg/L &MEE I A
ARIFMEEXRR EAHHLRBDOHRT

0. 996, - HA B AR A Kt BR AN 1 B
2.6 HEMEREMBEE

SR FH 1) 25 LR i o O b o VS RV T vk
AT T (8] S 56 L s K -4 3R 0.5, 1.0,
2.0 F 5.0 pg/L 3 AL G 19 7 32 004700 5
FEAN R AT SE 6 WK AR AS IE , 45 5L 51
T3 3. AT UL AR v BE VS LN L PFASs 17
KR AE 80. 8% ~ 119 % 2 [4] ., AH % A5 7 i
ZH/NF 10.5%.,
2.7 XEHERIW

o7 BT A 57 04 43 BT O i R R Y T 4 1 B
BUR W 24 3y 1R FE & T 1 PEASs 5 &
PEATIN A A T 14 B Sk R &,
MR TR A, KRS REH, ORE
W3k AE AE — 5 [ PFASs 75 46 XU, 3 DA
PFBA,PFOA.PFHxA,PFHpA.PFNA,PFDA
S5 6 R W o Dl L, L B vk Bl 5. 05
pg/kgo AL X O f R e A U 2R
1A P05 Y W 45 T 2 AR AT

R2 OWMAENEEARE KUECE EXAH GHRMEER

Table 2 Linear equations, linear ranges, correlation coefficients,

limit of detections and limit of quantitations of analytical method

e Y ey i KN/ LIBT3 o i B/ E bR/

(pg/L) r) (pg/L) (pg/L)
PFBA y=0.4952x+0. 105 0.2~20 0.9998 0.15 0.43
PFPeA y=0.936x—0.127 0.2~20 0. 9986 0.12 0.42
PFBS y=0.383x+0.167 0.2~20 0.9965 0. 06 0.22
PFHxA y=0.409x+0. 0813 0.2~20 0.9993 0.08 0.28
PFHpA y=0.605x+0.162 0.2~20 0.9990 0. 06 0.22
PFHxS y=1.56x+0.0210 0.2~20 0.9999 0. 06 0. 24
PFOA y=0.461x+0.112 0.2~20 0.9993 0. 10 0. 30
PFHpS y=0.09842+0.0180 0.2~20 0. 9987 0.08 0. 26
PFNA y=0.6242+0.132 0.2~20 0. 9989 0. 06 0. 20
PFOS y=0.4522+0. 0666 0.2~20 0.9993 0. 06 0.22
PFDA y=0.4192+0. 110 0.2~20 0.9994 0.08 0. 24
PFUdA y=0.4442+0. 0924 0.2~20 0. 9989 0. 06 0.22
PFDS y=0.676x+0.0131 0.2~20 0.9997 0. 06 0. 20
PFDoA y=0.463x+0.0136 0.2~20 0. 9998 0. 06 0.22
PFTrDA y=0.3142x+0.0935 0.2~20 0.9978 0.10 0.32
PFTeDA y=0.1422+0. 0282 0.2~20 0.9976 0.08 0. 26
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F3 SWHENEKERNEINIRERZE (n=6)
Table 3 Recoveries and relative standard deviations of analytical method (n=6)
e WK/ A/ W) % *aﬂﬁ‘/ﬁ e K/ A A/ e *E‘Xﬂ‘/ﬂﬁ
(pg/1L) (pg/1) 2%/ % (ug/L) (pg/L) W2/ %
PFBA 0. 500 0.533 107 1. 33 PFNA 0. 500 0.476 95. 2 5.15
1. 00 1. 16 116 3.76 1. 00 1. 14 114 4. 82
2.00 2.29 115 2.97 2. 00 2.30 115 5. 65
5. 00 5. 77 115 1. 48 5. 00 5.01 100 1. 60
PFPeA 0. 500 0. 544 109 2.79 PFOS 0. 500 0.522 104 2.59
1. 00 1.13 113 2. 84 1. 00 1. 14 114 1. 82
2.00 2.32 116 3.11 2. 00 1. 87 93.5 1.93
5. 00 5.02 100 10. 5 5.00 5.17 103 9. 89
PFBS 0. 500 0. 549 110 1. 65 PFDA 0. 500 0. 486 97.3 5. 46
1. 00 1. 17 117 1.99 1. 00 1. 05 105 3.05
2.00 2.04 102 8. 47 2. 00 2. 36 118 10. 2
5. 00 4. 26 96. 8 2.71 5. 00 4. 77 95.5 1.99
PFHxA 0. 500 0.511 102 1. 11 PFUdA 0. 500 0.542 108 2.13
1. 00 0.963 96. 3 5.32 1. 00 1. 06 106 9.70
2. 00 2.32 116 5.93 2. 00 2.27 113 5.11
5. 00 4.52 90. 5 6. 21 5. 00 4. 88 92.7 3. 80
PFHpA 0. 500 0. 404 80. 8 3. 24 PFDS 0. 500 0.562 112 7.78
1. 00 0. 950 95.0 6.90 1. 00 1. 13 113 4.92
2. 00 2. 36 118 4. 66 2. 00 2.12 106 3.83
5. 00 4. 46 89. 2 8.93 5. 00 4.47 89.5 4. 44
PFHxS 0. 500 0. 564 113 1. 81 PFDoA 0. 500 0.538 108 2. 89
1. 00 1.03 103 5. 83 1. 00 1. 16 116 8. 35
2.00 2. 11 106 2.07 2. 00 2. 37 119 7.90
5. 00 4.16 83.2 1. 34 5. 00 4. 81 96. 3 2.03
PFOA 0. 500 0.571 114 2. 85 PFTrDA 0. 500 0. 439 87. 7 8.03
1. 00 0.993 99.3 6.55 1. 00 1. 18 118 4. 95
2.00 2. 31 116 6.72 2. 00 1.77 88.7 3.75
5. 00 4. 82 96. 5 2.50 5. 00 4.52 90. 4 6.32
PFHpS 0. 500 0. 540 108 5. 40 PFTeDA 0. 500 0. 543 109 8. 58
1. 00 1. 15 115 1. 00 1. 00 1.01 101 5.03
2.00 2.31 116 2.16 2.00 1. 69 84. 6 6.78
5. 00 5. 74 115 3.02 5. 00 4.98 99. 6 2. 40
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x4 EOEBREER B PFASs B 45 R (ng/L)
Table 4 Results of testing experiments in part of samples (pg/L)

Fesh PFBA PFPeA PFBS PFHxA PFHpA PFHxS PFOA PFHpS PFNA PFOS PFDA PFUdA PFDS PFDoA
1 0.509 N.D 0.798 0.593 <<1L.OQ N.D 0. 395 N.D 0. 504 1. 730 0.677 0. 668 N.D 0.416
2 0.843 <<1.LOQ N.D 1.840 <<1.LOQ N.D <10OQ N.D 0. 277 N.D 0. 242 N.D N.D N.D
3 0.164 N.D N.D 5.050 <LOQ N.D <LOQ N.D 0. 302 N.D 0. 234 N.D N.D N.D
4 0.719 4.350 N. D N.D <LOQ ND <1LOQ N.D N.D N.D 0. 234 N.D 0.293 N.D
5 1.170 <<1.OQ 0.384 0.449 <1.OQ N.D <1OQ N.D 0.318 N.D 0. 246 N.D N.D N.D
6 0.904 N.D 0.963  0.454 N.D N.D <LOQ N.D 0.321 <<LOQ 0.258 N.D N.D N.D
7 0.737 N.D N. D 0.425 <<LOQ N.D 0.313 N. D 0.300 <<LOQ 0.243 N.D N.D N.D
8 1.050 N.D 3.010  0.426 <1OQ <LOQ <LOQ <LOQ 0.311 N.D 0. 282 N. N.D N.D

TE: N D SRR R i LOQ 8 /8 BB 76 SEBRAE i i R A i PETrDA Il PETeDA. R 41 T3

3 g

ABIE ST HE ST T B BT 40 BRI AR A8 -] AL R
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