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Analysis of volatile PFAS in water using Head-Space Solid Phase
Microextraction-Gas Chromatography/Mass Spectrometry
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AL ol 2x0| 9ICtD HDEYUCH FTOH (Fluorotelomer dEME 25| Qo BEEAEE SIEAHO0|A HEO[O| 5,
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A0 XMI|E2 0|25} IO R YAXISIE Al & Q) (Internal Standard)2 2t2} 1 000 ng/L =2t =5 #II510
20| ®|SHEICH D) HEREFHoZ AT S 2SIt

2 SAEONE 0 MS HekP| S 4T 5 iy > O[O FRIES (NaChS BIIsHo} 2E%22 o
PFASE Head-Space Solid Phase Microextraction-Gas SEE 2% NeCllw/v)2 BH= 20| 30 S¢ Hoi 22
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PFls, FTls, FTACs (Fluorotelomer acrylates), FTMACs
(Fluorotelomer methacrylates), FTOHs 2 FASAs (Perfluoroalkane
sulfonamides) (¥1)0|Ct.
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H 1. PFASHI J|2 HE

PFAS J&9 (acronym) =3Yg Q0] CAS Number HZ=AF
o Perfluorohexyl iodide PFHxI 355-43-1 - .
Perfluoroalkyl iodides(PFls) o Millipore Sigma
Perfluorohexyl iodide PFOI 507-63-1
4:2 Fluorotelomer iodide 42 FTI 2043-55-2 TCl America
(n:2) Fluorotelomer iodides (FTIs) 6:2 Fluorotelomer iodide 6:2 FTI 2043-57-4 . .
e Millipore Sigma
8:2 Fluorotelomer iodide 8:2 FTI 2043-53-0
6:2 Fluorotelomer acrylate 6:2 FTAC 17527-29-6 Mill i
. illipore Sigma
ngz/zgs';‘or"te'omer acrylates 8:2 Fluorotelomer acrylate 8:2FTAC  27905-45-9 pore >19
1H,1H,2H,2H-Perfluoro-n-octyl acrylate-ds 6:2 FTACd3 7527-29-6 Sapphire North America
(n:2) Fluorotelomer methacrylates ~ 6:2 Fluorotelomer methacrylate 6:2 FTMAC 2144-53-8 . )
Millipore Sigma
(FTMACs) 8:2 Fluorotelomer methacrylate 8:2 FTMAC 1996-88-9
8:2 Fluorotelomer alcohol 8:2 FTOH 678-39-7
AccuStandard
(n:2) Fluorotelomer alcohols 10:2 Fluorotelomer alcohol 10:2 FTOH 865-86-1
(FTOHSs) 2-perfluorooctyl-[1,1-2H2-1,2- 13C2]-ethanol 8:2 FTOH'3C2  872398-73-7 ;
) - Cambridge Isotope
2-perfluorodecyl-[1,1-2H2-1,2- 13C2]-ethanol 10:2 FTOH'"C2 865-86-1
N-Methyl perfluorooctane sulfonamide MeFOSA 31506-32-8 AccuStandard
i ccuStandar
FFeArgxg)roalkane sulfonamides N-Ethyl perfluorooctane sulfonamide EtFOSA 4151-50-2
n-ethyl-d5-perfluoro-1- octanesulfonamide EtFOSA d5 936109-40-9 Cambridge Isotope
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Gas Chromatography

Nexis GC-2030

Injection mode

Carrier gas

Injection port temperature (C)
High pressure injection
Column

Flow control mode (cm/sec)
Total flow (mL/min)

Oven temperature

Splitless
Helium

240

Auto, 250 kPa, 1 min

SH-I1-624Sil MS Capillary (30 m x 0.25 mm ID x 1.40 um)

Linear velocity, 44.4

50

40 °C (7 min) = 5 C/min - 188 C = 40 ‘C/min - 300 C (5 min)

Mass Spectrometer QP2020 NX
Interface temperature ('C) 280
lon source temperature (C) 200

Detector voltage (kV)
Threshold

Acquisition mode

Tuning mode

Relative to Tune +0.4

0

Qualitative analysis : Full scan(/m/z 50 to 600)
Quantitative analysis : SIM (Event time 0.3 sec)

High Sensitivity

SPME analysis

AOC-6000 Plus

SPME Fiber

Incubation time (min)
Extraction time (min)
Desorption time (min)
Agitation speed (rpm)
Extraction temperature (C)
Sample volume (mL)
Desorption temperature (C)

Sampling salinity

50/30 pm DVB/CAR/PDMS

5

30

7

300

50

10

240

2 % NaCl (w/v)
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_ N R L N N o ™ ol MaF MM 0|32f OtOILHT| 28K o
BBWIA sEc A w6 Sitck gumyae U PASSLHE B 02K (/A8 o) P o
AIZS| DY AJ2L, D|o| 2ot e AR Wsto] T TEEE Mool O Ol= 2HEY GM) HEAS
[ o e o
Al & o, 62 HIISHO ZEI4E St AIZ 4 ULk MESHRL, BFEXS Fsh HPRELoR FFUS
ot 2MSEUCEH. HS-SPME GC/MS Q| % X 3=l
HH|ZAL 9lo| T 20] LIELHROM, 2t PRASO Cifgt 2 2
g 0|22 IREE=H2 ot 2| & 304 7|AHSHIAC.
I 3.E}2 PFASSHISTDO T3t ISTD 18 U RT, HZ0[2, HAo|2
Compound Type Name Ret. Time Quantitative ion (/m/2)  Reference ion #1 (m/2) Reference ion #2 (m/2) ISTD Group
PFHAXI 6.6 319 69 231 3
PFOI 125 169 419 119 3
42 FTI 151 374 227 69 3
6:2 FTI 19.7 474 141 327 1
8:2 FTOH 226 127 131 119 1
6:2 FTAC 232 418 327 - 2
Targets 8:2 FTI 23.6 574 119 427 2
10:2 FTOH 25.8 505 563 - 3
6:2 FTMAC 257 432 113 367 1
8:2 FTAC 26.5 518 169 456 4
8:2 FTMAC 28.8 532 86 113 4
MeFOSA 337 131 94 119 4
EtFOSA 34.3 448 80 108 4
8:2 FTOH13C2 225 450 400 417 1
Internal 6:2 FTACd3 232 421 101 327 2
Standards 10:2 FTOH 13C2 257 510 169 500 3
EtFOSA d5 34.3 450 113 169 4
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PFASQ| CarryoverE Hotot?| e 71E =2 sZ9
FARE BF T 20| HIEARE FFSIUC. Bk

Carryover &7} 0.2% O|THO|QICt HIEFA|EQ| PFASS

SEe g A5k 0|20 2 EHE|/ULCE
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75 10.0 125 150 17 6 20.0 22 5 250 275 300 325 350
Retention time (min)
2l 2. 1352 Ef2I PFASS| £ 0|2 3 20IET Y (5% 5 mg/L)
Q319.00 (+) 1.94e4 Q 169.00 (+) 3.78e4 Q 374.00 (+) 3.06e5
RT=6.342 RT=12.479 RT=15.054
F’FHXI - PFOI 4:2 FTI
i 2.0e
1. 094— 2.0ed-
U er- Ooeo:_I_I_I_|_I_I_I_I_|_I_I_I_I_|_I_I_I_I-|_ Ooeo T T T T T T T T T T
6.5 120 125 13.0 15 16
RT{mln) RT (min) RT (min)
Q474.00 (+) 2.30e5 Q127.00 (+) 2.37e5 Q418.00 (+) 1.02e5
RT=19.734 RT=22.558 RT=23.205
2.0e5] 6:2 FTI 2. OeS- 8:2 FTOH 1.0e 6:2 FTAC
1.0e 0es’ 5.0e
0.0e TT T IT T[T T T[T TTTTIT UUEU: 0.0e
19.0 19.5 20.0 205 220 225 230 225 23.0 235 240
RT (min) RT (min) RT (min)
Q574.00 (+) 1.49e5 Q432.00 (+) 1.66e5 505.00 (+) 1.56e4
" RT=23638 " RT=25.749 @ " rr-2s7se T
A\ 4
8:2 FTI 7| 6:2 FTMAC ]10:2 FTOH
1.0e 1.0e5 1.0e4]
U'erllllllllllllllllllll U'Uec-u||||||||||||||||||| |:]'Oeo_||||||||||||||||||||
23.0 235 240 245 25.0 255 26.0 26.5 25.0 255 26.0 26.5
RT (min) RT (min) RT (min)
Q518.00 (+) 2.80e4 Q532.00 (%) 31.00 (+) 3.
RT=26.526 : RT=28.833 Q131.00 (+) RT=33.742 29¢6
8:2 FTAC | 8:2 FTMAC MeFOSA
2.0e 4. 094—
5.0e
1.0e 2.0e4—
O'Oe TTT T T ITTITTITTrrIrrrrrrri Ooeo|||||||||||||||||||| O'Oe.l....l....l....|..
26.0 26.5 27.0 28.0 285 29.0 295 33.0 33.5 340 345
RT (min) RT (min) RT (min)
Q 448.00 (+) 6.01e4
RT=34.335
c ge 45 EtFOSA
2.5e47
U'er-|||{¥l||||||||||||||
33.5 34.0 345 350
RT (min)

& 3.1332| Ef2l PFASS| SIM 3 20ETH (5= 100 ng/L)




=& 82 9 R?, RF %RSD

b

=2Y HEMH 5= -9 (hg/L) R2 RF(Response Factor) %RSD
PFHxI 2.5-2000 0.993 10.89
PFOI 2.5-2000 0.997 10.26
4:2 FTI 2.5-800 0.993 8.28
6:2 FTI 25-800 0.994 13.53
8:2 FTOH 25-2000 0.997 5.37
6:2 FTAC 25-2000 0.998 19.87
8:2 FTI 2.5-800 0.996 13.59
10:2 FTOH 2.5-2000 0.999 10.38
6:2 FTMAC 2.5-800 0.995 12.43
8:2 FTAC 5-250 0.995 14.81
8:2 FTMAC 2.5-250 0.998 19.51
MeFOSA 5-2000 >0.999 17.79
EtFOSA 10-2000 0.999 11.40
Area Ratio Area Ratio AreaRatio Area Ratio
| PFHxI JPFOI 8-: 4:2FTI 436:2FTI
2'OE R?=0.993 1r2=0.997 R?=0.993 3 R?=0.994
1.5|9%RSD: 10.89 2] %RsD: 10.26 6] %RsD: 8.23 %RSD: 13.53
1.03 ] 47 2
| 14 n
0.5 ] 23 1
O'O-Illlllllll O-|||||||||| O- rrrrrrrrrrrrriitTa U rrrrrrrryrrrriTh
0 1000 0 1000 0 250 500 750 0 250 500 750
Conc. Conc. Conc. Conc.
Area Ratio Area Ratio Area Ratio Area Ratio
10.048:2 FTOH . 6:2 FTAC 2.048:2 Tl 110:2FTOH
;e{w =007 “dre-0908 1 5{R*=0.996 1.09R2=0999
4 %RSD: 5.37 1.59%RSD: 19.87 %RSD: 13.59 1 %RSD: 10.38
1.04
20 1.0 E 0.54
25 05 0.55
0.0t 0.0 0.0 0.0 111111
n 1000 0 1000 0 250 500 750 0 1000
Conc. Conc. Conc. Conc.
AreaRatio Area Ratio AreaRatio Area Ratio
18:2F1AC 18:2FTMAC {MeFosA { EtFOSA
0.02|g?=0.995 0.045 RZ2=0.998 0.4]r?=>0.999 0.41R?=0.999
%RSD: 14.81 J%RSD: 19.51 -|%RsD: 17.79 4%RSD:11.40
0.0H 0.02 0.2 0.2]
0 100 200 0 100 200 0 1000 0 1000
Conc. Conc. Conc. Conc.
Al
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1. Bach, C., Boiteux, V., Hemard, J., Colin, A., Rosin, C., Munoz, J., & Dauchy, X. (2016). Simultaneous determination of
perfluoroalkyl iodides, perfluoroalkane sulfonamides, fluorotelomer alcohols, fluorotelomer iodides and fluorotelomer
acrylates and methacrylates in water and sediments using solid- phase microextraction-gas chromatography/mass
spectrometry. Journal of Chromatography A, 1448, 98- 106. https://doi.org/10.1016/j.chroma.2016.04.025

2. ANALYTICAL SCIENCE & TECHNOLOGY Vol.15, No.5, 51 A ~ 62 A, 2002 Printed in the Republic of Korea, Theory and
Applications of Solid Phase Microextraction DBPIA-NURIMEDIA

3. C146-E424A Smart SPME Fibers and Arrow Selection Guide (shimadzu.com)
https://www.shimadzu.com/an/sites/shimadzu.com.an/files/pim/pim_document_file/brochures/13985/c146 e424. pdf
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For Research Use Only. Not for use in diagnostic procedures. Not available in the USA, Canada, and China.
This publication may contain references to products that are not available in your country. Please contact us to check the availability of
these products in your country.

The content of this publication shall not be reproduced, altered or sold for any commercial purpose without the written approval of Shimadzu.

Sh | madZu CO rporatlon Company names, products/service names and logos used in this publication are trademarks and trade names of Shimadzu Corporation, its
. subsidiaries or its affiliates, whether or not they are used with trademark symbol “TM"” or “®".
WWW_Sh|madZu_00m/an/ Third-party trademarks and trade names may be used in this publication to refer to either the entities or their products/services, whether or
. . . not they are used with trademark symbol “TM" or "®".
Sh | madzu Sclentlflc Korea Shimadzu disclaims any proprietary interest in trademarks and trade names other than its own.
. The information contained herein is provided to you "as is" without warranty of any kind including without limitation warranties as to its
WWW.ShImadZU.CO.kr accuracy or completeness. Shimadzu does not assume any responsibility or liability for any damage, whether direct or indirect, relating to

the use of this publication. This publication is based upon the information available to Shimadzu on or before the date of publication, and
subject to change without notice.

Copyright © 2024 SHIMADZU group. All rights reserved.
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