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Qtrap ( MRM) - (IDA) -
( EPI) 23 PFASs Cig
( GCB)
PFASs °
2
2.1 .
Prominence UFLC ( Shimadzu ) ; 5500QTRAP - ( AB SCIEX
) ; T18 basic ( IKA ) ; XW-80A ( ) ; Himac CR 22G II
( Hitachi ) ; NEVAP112 ( Organomation ) 5 Milli-Q ( Millipore ) o
. . \ N- N-
N- “N- o e,- .
P Ce- ( Wellington Labortories ); N ( HPLC Merk ) N
(HPLC  Fluka ) (18.2 MQ) * cm); Cy (50 pm ) ( CNW-
BOND Carbon-GCB 120 ~400  CNW ) o
2.2
2.2.1 100 ~200 g 10000 r/min 5 min, 2.0¢g 50 mL
( PP) ("c,- e,- o 1 ng)
10 min 3 mL 1 min 2% 10 mL 1 min
4 ¢ MgSO, .1 g NaCl ( MgSO, ) 8000 r/min 5 min,
2.2.2 150 mg Cq <50 mg (GCB) 1.5¢ MgSO,
15 mL 8000 r/min Smin 5 mL 45°C
-5 mmol /L (1:1 v/V) 0.5 mL 12000 r/min 10 min
0.2 wm LC-MS/MS o
2.3 -
. Kinetex XB-C (100 mmx2.1 mm 2.6 wm); N OP (2.1 mmx
50 mm 5 pm); :40°C; :0.30 mL/min; 'S5 uL; A 5 mmol/L B

; 0~1.5 min 10% B;1.6 ~2.0 min 10% ~40% B;2.1 ~5.0 min 40% ~ 50% B;
5.1~10.5 min 50% ~95% B;10.6 ~16.0 min 95%B; 16.1 ~18.0 min 10% B.

: ( ESI) ( MRM) : . 4.5 kV;
10.24 MPa; :0.02 MPa; 650°C; =10 V; =12 V;
120 ms; Gasl:0.34 MPa; Gas2:0.34 MPa., 1,

1 23  PFASs
Table 1 ~ Mass spectrometry parameters for 23 perfluoroalkylated substances( PFASs)

Compounds Internal standard Pe(lr’e;ln/tz)inn Pr?(irl.ll;;)inn Declustezir\l/g); potential Collis(i(;r{/ ;nergy
Perfluorobutanoic acid( PFBA) MPFOA 213 169° -40 12
- anoic aci 219" -40 11
Perfluoropentanoic acid( PFPeA) MPFOA 263 69 40 56
269" -45 13

Perfluorohexanoic acid( PFHxA) MPFOA 313 119 45 27
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1( Continued to Table 1)

. Parent i Product i Declusteri tential  Collisi
Compounds Internal standard “(‘r;“/zi‘m “(J(’;LIZ)IUH eclus e?r\llg) potential o 15(1?:\1/ )energy
319" -30 14
Perfluoroheptanoic acid( PFHpA) MPFOA 363 169 =30 24
. 369" -40 14
Perfluorooctanoic acid( PFOA) MPFOA 413 169 —40 24
419" -35 16
Perfluorononanoic acid( PFNA) MPFOA 463 219 -35 24
: 469" -40 18
Perfluorodecanoic acid( PFDA) MPFOA >13 219 —40 26
519° =70 16
Perfluoroundecanoic acid( PFUdA) MPFOA 363 269 =70 28
569" -70 18
Perfluorododecanoic acid( PFDoA) MPFOA 613 169 =70 36
619" -65 20
Perfluorotridecanoic acid( PFTrDA) MPFOA 663 169 —65 38
; 669" -85 20
Perfluorotetradecanoic acid( PFTeDA) MPFOA 713 169 -85 38
769" -90 18
Perfluorohexadecanoic acid( PFHxDA) MPFOA 813 169 -90 40
869" -40 25
Perfluorooctadecanoic acid( PFODA) MPFOA o13 169 -40 45
79.9" -90 64
Perfluorobutanesulfonic acid( PFBS) MPFOS 299 99 -90 38
79.9° -90 88
Perfluorohexanesulfonic acid( PFHxS) MPFOS 399 929 -90 72
79.9" -90 105
Perfluoroheptanesulfonic acid( PFHpS) MPFOS 449 99 -90 80
79.9" -105 106
Perfluorooctanesulfonic acid( PFOS) MPFOS 499 99 -105 98
: 79.9" -120 124
Perfluorodecanesulfonic acid( PFDS) MPFOS 399 99 -120 110
71.97 -85 -84
Perfluorodecanesulfonic acid( PFOSA) MBFOSA 498 169 -85 -38
V- 169" ~110 38
N-methylperfluorooctane sulfonamide M8FOSA 512 219 110 34
( NMeFOSA) -
A 169" ~110 38
N-ethylperfluorooctane sulfonamide M8FOSA 526 219 _110 36
( N-EtFOSA)
N—
N-methylperfluorooctane sulfonamidoethanol M8FOSA 616 59" -65 84
( N-MeFOSE)
N—
N-ethylperfluorooctane sulfonamidoethanol MS8FOSA 630 59° -65 80
( NEIFOSE)
B, -
Perfluoron— 1 2 3 43C, octanoic - 417 372 =55 16
acid( MPFOA)
13 C4 _
Sodium perfluorod— 1 2 3 45¢, - 503 79.9 -120 96
octanesulfonate ( MPFOS)
B, -
Perfluorod - " Cg - 506 77.9 -80 90

octanesulfonamide ( MSFOSA)

* ( Quantitative ion)
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Fig.1 The path of liquid chromatography system by impurity delay
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Fig.2 Extracted ion chromatograms of PFHxA PFHpA PFOA PFNA
(1.0 pg/L)

PFUdA and PFTrDA by impurity delay
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3.2
" LC-MS/MS
MRM 4 ( Identification Point IP) ( P 1.0
IP 1.5) . 7 PFBA PFPeA PFHxA PFOSA N-MeFOSE
N-EtFOSE MRM
MRM
PFPeA PFHxA PFOSA MRM ( 1);
MRM-DA-EPI 23
MRM MRM
EPI MRM
; EPI o MRM
o MRM EPI
(
<0.1 pg/kg) MRM
o 3 MRM-DA-EPI MRM 0.1 pg/kg PFOA
o 3 EPI 10
m/z 413 m/z 369 169 m/z 219 395 P 7.0
6.0r 6.0r
A 368.8 B
501 5.0f MRM
c 40f EPI 40
X X
z 30f Z 30f
g g
E 2.0r 412.8 E 2.0r
Lok 370.0 Lok
.0 1 |16[)'1 2189 1 371\‘8\ 3915\‘ ) 'O )
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Fig. 3 Contrast of mass spectra in enhanced product ion ( EPI) scanning mode and MRM scanning mode in positive

canned sardine( 0.1 pg/kg PFOA)

3.3
PFASs 7 Sg 2¢g
0 2.2.1
2 ng PFASs Cpe 50 ~
250 mg Cq Cis 150 mg ( 4
o GCB N
150 mg C;3 30 ~60 mg GCB GCB
50 mg 90%( 95)- 150 mg C,+

50 mg GCB
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3.4 N
PFASs 2.3
5 0.1 pg/Le.
2.2 (S/N) =10
(LOQ) 2. 23 0.02 ~0.10 pg/kg
PFASs e,
1001 96T
o4f
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4 Cy (n=5) 5 GCB (n=5)
Fig.4 Influence of amount of C; on recoveries( n=35) Fig.5 Influence of amount of graphitized carbon black

2 23  PFASs

~ ~

( GCB) on recoveries( n=5)

Table 2  Linear range regression equation correlation coefficient and quantitation limits of 23 PFASs

Compounds Linear range Regression equation Correlation coefficient LOQ
(pg/l) (7) (peg/ke)
PFBA 0.20 ~20 y=0.28908x+0. 14944 0.9989 0.10
PFPeA 0.20 ~20 y=0.26946x+0. 14131 0.9999 0.10
PFHxA 0.20 ~20 y=0.30763x+0. 04764 0.9999 0.10
PFHpA 0.20 ~20 y=0.38896x+0. 11778 0.9996 0.10
PFOA 0.20 ~20 y=0.34169x+0. 11692 0.9994 0.10
PFNA 0.20 ~20 y=0.30683x+0. 11685 0.9998 0.10
PFDA 0.20 ~20 y=0.26689x+0. 04667 0.9998 0.10
PFUdA 0.20 ~20 y=0.19771x+0. 04227 0.9993 0.10
PFDoA 0.20 ~20 y=0.19193x+0. 02878 0.9989 0.10
PFTrDA 0.20 ~20 y=0. 17334x+0. 03166 0.9992 0.10
PFTeDA 0.20 ~20 y=0.12373x+0. 00683 0.9997 0.10
PFHxDA 0.20 ~20 y=0. 14969x+0. 00868 0.9995 0.10
PFODA 0.20 ~20 y=0.20594x-0.01301 0.9993 0.10
PFBS 0.10 ~20 y=0. 86426x+0. 01903 0.9999 0.05
PFHxS 0.10 ~20 y=0.69475x+0. 02786 0.9998 0.05
PFHpS 0.10 ~20 y=0.38413x+0. 00613 0.9999 0.05
PFOS 0.10 ~20 y=0.71085x+0. 02409 0.9997 0.05
PFDS 0.10 ~20 y=0.51431x+0. 02738 0.9996 0.05
PFOSA 0.04 ~20 y=0.99404x+0. 04387 0.9994 0.02
N-MeFOSA 0.20 ~20 y=0. 12552x+0. 00986 0.9987 0.10
N-EtFOSA 0.20 ~20 y=0. 13507x+0. 00582 0.9997 0.10
N-MeFOSE 0.20 ~20 y=0.13248x+0. 01345 0.9993 0.10
N-¥tFOSE 0.20 ~20 y=0. 12850x+0. 01420 0.9987 0.10
. 0.1 1.0 10.0 pg/ke PFASs
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. PFASs 72.2% ~108. 1%
5.2% ~12.8%; PFASs 75. 1% ~ 116. 4%
7.2% ~13.5%; PFASs 67.5% ~ 104. 6%
5.9% ~14.7% .
3.5
20 ( N 5 )
PFASs  ( 3) 0.82 ~7.437 pg/ke EPI
90% PFOA PFOS  PFOSA .
PFASs PFOA.PFOS  PFOSA .

Table 3 Concentrations of PFASs in contaminated processed products collected from market( pwg/kg)

Sample code Samples PFASs Found ( pg/kg)
1 Fish ball PFOA PFNA PFOS 0.252 0.149 1.28
2 Fish ball PFOA PFOS PFOSA 0.465 0.116 0.269
5 Fish ball PFOA PFNA PFOS 1.03 0.122 0.901
8 Shrimp ball PFOA PFOS PFOSA 0.171 1.22 0.695
17 Canned sardine PFOA PFNA PFOS PFOSA 2.90 1.22 0.503 0.242
18 Canned sardine PFOA PFNA PFDA PFOS 4.93 0.264 0.133 2.11
19 Canned sardine PFOS PFOSA 0.542 0.278
4
PFASs o
; Qtrap MRM-DA-EPI
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Simultaneous Identification and Detection of 23 Perfluorinated
Alkyl Substances in Processed Aquatic Products by Impurity
Delay Using Liquid Chromatography Coupled with
Quadrupole/Linear Ion Trap Mass Spectrometry

2
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ZHAI Yu=Xiu'?

Abstract A comprehensive method for the simultaneous identification and detection of 23 perfluorinated alkyl
substances ( PFASs) in processed aquatic products by impurity delay was developed using liquid
chromatography coupled with quadrupole/linear ion trap tandem mass spectrometry ( LC-Q/Trap-MS) . The
sample was extracted with acidified acetonitrile cleaned-up by dispersive solid phase extraction using C,; and
graphitized carbon blacks ( GCB) . The separation of 23 PFASs was performed on a Kinetex XB-C4( 100 mmx
2.1 mm 2.6 pm) column using gradient elution of 5 mmol/L ammonium acetate and methanol as mobile
phase. And a short C; HPLC column was inserted between the mixer and the autosample which delayed
compounds coming from the LC system. A scheduled multiple reaction monitoring ( MRM) in negative mode
as survey scan and an enhanced product ion ( EPI) scan as dependent scan in an information-dependent
acquisition ( IDA) experiment were adopted in mass spectrometry acquisition. On-ine lab-built MS/MS
library and the isotope internal standards were employed for the identification and quantification. The
calibration curves for the detection of 23 PFASs were linear well with correlation coefficient over 0. 995. The
limits of quantification for all analytes were ranged from 0. 02 pg/kg to 0. 1 pg/kg. The average spiked
recoveries for 23 PFASs were between 67.5% and 116.4% with relative standard deviations ( RSDs) from
5.2% to 14.7% . The background coming from the part of LC was controlled well by the impurity delay. The
proposed method can be used to identify and detect the 23 PFASs in a single run and also suitable for the
analysis of processed aquatic product samples.

Keywords Perfluorinated alkyl substances; Processed aquatic products; Impurity delay, Liquid

chromatography-quadrupole /linear ion trap tandem mass spectrometry
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