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The PFAS universe

2https://one.oecd.org/document/ENV/CBC/MONO(2021)25/En/pdf



The analytical instrumentation universe for PFAS

3https://doi.org/10.1016/j.trac.2019.02.024



Historically, focus on ionic PFAS

4https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7584354/



Growing interest in neutral and volatile PFAS
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• Diverse sample types

• New methods being published by EPA and other 
standardization organizations

• LCMS can be used… but GCMS is most suitable



Sample introduction for GCMS

6

SHS Static Headspace Direct TD Direct Thermal Desorption

DHS
Dynamic Headspace 

(Purge & Trap)
Liq Liquid Injection

SPME Solid Phase Microextraction Py Pyrolisis

TD Thermal Desorption DI Direct Injection
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Comparison of techniques
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Comparison of techniques for PFAS analysis
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Most commonly used

• Liquid injection

• Thermal Desorption



What about Headspace and SPME?
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Successful analysis of PFAS by HS-GCMS

12https://doi.org/10.1016/j.hazl.2022.100070

Henry’s Law constants of 15 per- and polyfluoroalkyl substances 

determined by static headspace analysis 

Abusallout et al. 2022



Successful analysis of PFAS by HS-GCMS
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• Contribution to closing the mass balance of PFAS in 

the environment:

• Simplified analytical method

• Determination of physico-chemical properties

Abusallout et al. 2022 https://doi.org/10.1016/j.hazl.2022.100070



More about SPME
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• Direct immersion

• Head Space



HS-SPME-GCMS
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Occurrence of volatile PFAS in liquid and 

solids samples of diverse origin 

(environmental, food, consumer products) 

with same set-up



Instrumentation and targets
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Shimadzu’s GCMS QP-2020NX

Shimadzu’s GCMS TQ-8040

Chemical Class Compound Acronym CAS Number

Perfluoroalkyl iodides (PFIs)
Perfluorohexyl iodide PFHxI 355-43-1
Perfluorooctyl iodide PFOI 507-63-1

(n:2) Fluorotelomer
iodides (FTIs)

4:2 Fluorotelomer iodide 4:2 FTI 2043-55-2
6:2 Fluorotelomer iodide 6:2 FTI 2043-57-4
8:2 Fluorotelomer iodide 8:2 FTI 2043-53-0

(n:2) Fluorotelomer acrylates 
(FTACs)

6:2 Fluorotelomer acrylate 6:2 FTAC 17527-29-6
8:2 Fluorotelomer acrylate 8:2 FTAC 27905-45-9
1H,1H,2H,2H-Perfluoro-n-
octyl acrylate-d3

6:2 FTAC d3 7527-29-6

(n:2) Fluorotelomer
methacrylates (FTMACs)

6:2 Fluorotelomer
methacrylate 6:2 FTMAC 2144-53-8

8:2 Fluorotelomer
methacrylate 8:2 FTMAC 1996-88-9

(n:2) Fluorotelomer alcohols 
(FTOHs)

8:2 Fluorotelomer alcohol 8:2 FTOH 678-39-7
10:2 Fluorotelomer alcohol 10:2 FTOH 865-86-1
2-perfluorooctyl-[1,1-2H2-
1,2- 13C2]-ethanol

8:2 FTOH 13C2 872398-73-7

2-perfluorodecyl-[1,1-2H2-
1,2- 13C2]-ethanol

10:2 FTOH 13C2 865-86-1

Perfluoroalkane sulfonamides
(FASAs)

N-Methyl perfluorooctane
sulfonamide

MeFOSA 31506-32-8

N-Ethyl perfluorooctane
sulfonamide

EtFOSA 4151-50-2

n-ethyl-d5-perfluoro-1-
octanesulfonamide

EtFOSA d5 936109-40-9



Optimized method conditions

17

Gas Chromatography Nexis GC-2030

Injection mode Splitless

Carrier gas Helium

Injection port temperature (°C) 240

High pressure injection Auto, 250 kPa, 1 min

Column SH-I-624Sil MS Capillary, 30 m x 0.25 mmID x 1.40 um

Flow control mode (cm/sec) Linear velocity, 44.4

Total flow (mL/min) 50

Oven temperature 40°C (7 min.), 5°C/min. to 188°C (0 min.), 40°C/min. to 300°C, (5 min.)

SPME analysis AOC-6000 Plus

SPME Fiber 50/30 µm DVB/CAR/PDMS

Incubation time (min) 5

Extraction time (min) 30

Desorption time (min) 7

Agitation speed (rpm) 300

Extraction temperature (°C) 50

Sample volume (mL) 10

Desorption temperature (°C) 240

Sampling salinity 2 % NaCl (w/v)

Mass Spectrometer Common Parameters

Interface temperature (°C) 280

Ion source temperature (°C) 200

Detector voltage (kV) Relative to Tune 0.4

Threshold 0

Mass Spectrometer QP-2020NX

Acquisition mode

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

Tuning mode High Sensitivity

Mass Spectrometer TQ-8040

Acquisition mode Acquisition mode: MRM, 

Loop time: 0.3 sec.

Tuning mode Normal mode



Experimental plan
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• Chromatographic and MS methods, by liquid injection

• Single Quadrupole

• Triple Quadrupole

• SPME parameters - optimization 

• Calibration curve and linear range

• Carry-over

• PFAS in the background

• Analysis of environmental samples

• Low system background

• Precision and accuracy 

• Matrix effects



Results - Chromatography
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TIC chromatogram of the 13 targeted PFAS compounds at 5 mg/L



SIM and MRM

20PFAS compounds at 100 ng/L in ultrapure water



Calibration curve
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QP-2020NX TQ-8040

Compound
Calibration Range

(ng/L)
R2

RF (Response

Factor) %RSD

Calibration Range 

(ng/L)

R2 RF (Response 

Factor) %RSD

PFHxI 2.5-2000 0.993 10.89 2.5-2000 0.999 13.68

PFOI 2.5-2000 0.997 10.26 2.5-1000 0.998 18.94

4:2 FTI 2.5-800 0.993 8.28 2.5-2000 0.997 9.30

6:2 FTI 25-800 0.994 13.53 1-2000 0.998 17.18

8:2 FTOH 25-2000 0.997 5.37 2.5-2000 >0.999 6.31

6:2 FTAC 25-2000 0.998 19.87 2.5-2000 0.998 4.03

8:2 FTI 2.5-800 0.996 13.59 2.5-2000 0.999 9.05

10:2 FTOH 2.5-2000 0.999 10.38 2.5-2000 >0.999 6.45

6:2 FTMAC 2.5-800 0.995 12.43 2.5-2000 0.998 10.41

8:2 FTAC 5-250 0.995 14.81 2.5-2000 0.999 11.32

8:2 FTMAC 2.5-250 0.998 19.51 2.5-2000 0.999 9.98

MeFOSA 5-2000 >0.999 17.79 2.5-2000 0.999 6.85

EtFOSA 10-2000 0.999 11.40 1-2000 >0.999 7.17

The linear range of each PFAS target includes at least seven calibration levels

Results showed a good linear fit for all compounds with R2 ≥ 0.993 and RF %RSD < 20. 



%Accuracy and precision with TQ-8040
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What about PFAS in the background?
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Consumables and reagents

• SPME vials

• SPME fibers

• Salt

• Solvents 

• Commercial standards

No fluorinated components 

in sample flow path



Background and carryover
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• None of the target PFAS in the 

laboratory blank samples 

showed quantifiable results 

• The area of peaks of in the 

blanks were less than 1/5 of the 

lowest calibration standard

• The carryover effect was 

evaluated by analyzing a blank 

immediately after the highest 

calibration standard: <0.2%



More results - Samples
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LFB, 100 ppt, n=5
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Take home messages

27



Take home messages
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Take home messages
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• Demonstrated the suitability of HS-SPME-GCMS for 

the analysis of selected classes of volatile PFAS in 

environmental liquid samples, without the need of 

extensive sample preparation

• Sensitivity: 

• SQ: 2.5 - 25 ppt

• TQ: 1 – 2.5 ppt 

• Minimal sources of PFAS in background

• More work on-going…
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For any questions, contact:

Ruth Marfil-Vega 

rmmarfilvega@shimadzu.com

For more information, visit:

www.OneLabOneEarth.com

Connect with us:

X - @shimadzussi

Instagram - @shimadzussi

LinkedIn - /company/shimadzu-scientific-instruments/

YouTube - @ShimadzuScientificInstruments

http://www.onelaboneearth.com/
https://czhzq04.na1.hubspotlinks.com/Ctc/RI+113/cZhzQ04/MVDbmPfclzhW12xyz57jl7vwW93kvSZ4WLJ8vN861KBG3q90_V1-WJV7CgH_CW4BTNLL8fBcD-N38JF9fjc1M5W8KBjln60jfFSW1qTm3D7TKM98W1YYtjq5m04tnN40bJ7-H_QT5W8WtrQ78yySM9W4V9GZs6HgB32W8J2TnX6mxzXLW7QHnzc5YGbkcW4m110C56WzFyN6jHLX2mNQ_DVVtrT4454kk9W6MJSh82t8f-YW1D2wrb9jqvX2W3bDpBX8MGSqnW7Kks-T1nkMZLW61vs0x8896RwW8RPQkJ43l5zpW4Gv9mL8fHjN5W2BR19J3Vv209W32wscT78_lyzW9kypR-7drg9pW4DZ_P57Q2VtRN7q5q30WynyjW8JYSxw88qg79W3l8kYS4Kt3cPW6bt1g_5RsbHpW2XsFfR1NKhczW6P-k6g215TNK37Mc1
https://czhzq04.na1.hubspotlinks.com/Ctc/RI+113/cZhzQ04/MVDbmPfclzhW12xyz57jl7vwW93kvSZ4WLJ8vN861KzN3q905V1-WJV7CgW1TW91lb4t9bpMV1VchvwB6mCLX-N8jJs744pYC3W748lCm3kGrpWN4hRtLTnm0CKN7nlsCmfrHvqW6xJqC69kCzTbVt2h5Y7J4-6JW8Z3l7j87fWkmVcYLpD5s_tP-W7LFT7922ZKn1W5FMBXn7lQ_jQN1gRfMgWJZqSW5JWnXt5_zjqLW3lq2lB2YdBQ6Vc1FH849VnNYN4BfYdqRV9SPW415Qhh2fPWM1N61jPlc6swHqN8SyQRM-l0zrW8-3Z1H8bWGbDW8nrcdh6pVrNlW8VlVMV2Jqd-TVPN64L13pCTT3cgx1
https://czhzq04.na1.hubspotlinks.com/Ctc/RI+113/cZhzQ04/MVDbmPfclzhW12xyz57jl7vwW93kvSZ4WLJ8vN861KBm3q90JV1-WJV7CgMdbW5wcCgr7h-Qk0W7Z4vg8292G9fW2sZ29R83jsQwW4Jfl1z883dSxW5RLtNl6KDy0qW2dKHhR3vYt_7W8_MpBY39QPD7W8KnPCh226BCTW5S6HwY8hsPJwW2N1P2t293xhCM_LpskdSqvZW6SB0P82_xh5qW4xC_9R91pbPQW3SBR6-4tSNLBW1ZxD3B278mt1W1fnzqB3l4CsVW1Z_2QP5H_LRmN2RyC71hsPw-V_J8__77lYvTW5m1z2W4ZjR6MVqHF3d73ggQnW1jBfqk3XlBhDW98zDYz3f6s1RW2Z-Tf27k0spvW2mxyV_4-DcnCW71B5LN7qPZJhW2swxLS2Hk8fJW6ywSJ27PQM993b9j1
https://czhzq04.na1.hubspotlinks.com/Ctc/RI+113/cZhzQ04/MVDbmPfclzhW12xyz57jl7vwW93kvSZ4WLJ8vN861KB33q90pV1-WJV7CgJPTW4H_lr31F5bcqN55LbNch-M2xW7n376y68ClCwW6W1J8g6yQ2rLW5n0jcs7RZL7FW1HNCn44b2MgNVTshtP7rMQhKVp_1J16kK8bvW6bNy-q3J8s2-W5HcM-13LnJcRW37md0P6918pDVpzjf525XZWgW2b7cNw3kh_VcW8GJv7x86vGrCN6TrBfCrHB-wVrkT1l6mBFxTW3z4WHt2Bv04WW8wpFnG6VrClnW47QSRx2pRNJRW4lNPH15g9vmhW4zHpbm8Smqr8W3v67QB774b1jW1s5HMH3tPlYhW2HYz0X3xzJv9W8Tz1bT20jN6SW8whXF55yJdnf3gqc1
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