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A Journey of PFAS Testing
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A Journey of Measurement Technologies

Targeted Analysis

NTA

Non-target Analysis

AOF/EOF

Volatile PFAS

ppq – ppt

ppt

ppb

ppt, ppb(?)

1100 °C



Remember the Basics
PFAS ≠ PFAS

PFAS

Chain Length

Functional Groups

Matrices

C1 – C18 and beyond

• Carboxylic acid

• Sulfonic acid

• Ether

• Sulfonamide

• Alcohol (FTOH)

• Cl, N, O, H replacement

• Waters 

• Biological fluids

• Cosmetics 

• Consumer goods

• Food packaging materials

• Air 



Solubility

pH

Stability

Interference
e.g. bile acid separation

EPA 1633, AOAC SMPR 2023.3

Peak

shape

Sensitivity

Recovery

Remember the Basics
PFAS ≠ PFAS



A Journey of Sample Preparation Technologies

Direct Injection SPE QuEChERS Thermal Desorption Air Canisters



A Journey of Solid Phase Extraction
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A Journey of LC Columns
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A Journey of LC Columns
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C18 ≠ C18

Raptor C18   1.8um, 50x2.1mm

Force C18   1.8um, 50x2.1mm

OK for
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C18 ≠ C18
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Table 3

Conventional

PFAS Methods

Exotic

PFAS Methods

Ultrashort-Chain

PFAS Methods

Methodologies



Table 3 Compounds



New Replacement PFAS found by NTA (Non-Target Analysis)

• Polar

• Ionic

• Short & Ultrashort

HQ-115

TFSI
HFO-1234yf

MMF



Confirmation Options



US FDA C-010.03

Confirm using HRMS.

PFPeA false positive for Total Diet Study

Chocolate cake with icing: PFPeA at 17,640 ppt 



AOAC SMPR 2023.003

Confirm using HRMS.



EPA 1633

• Parent ion

• Quantitation ion

• Confirmation ion



EPA 1633

Parent ion Quantitation ion Confirmation ion Ion ratio



EPA 1633

Ignore ion ratio for confirmation on these analytes.

IAR (Ion Abundance Ratio) does not apply.

• PFBA

• PFPeA

• NMeFOSE

• NEtFOSE

• PFMPA

• PFMBA



EPA 8327



EPA OTM-45



Ion Ratio is NOT available.

• 1 MRM Transition Only

• Weak 2nd Transition

Confirmation Options?

• PFBA

• PFPeA

• NMeFOSE

• NEtFOSE

• PFMPA

• PFMBA

HQ-115

TFSI
HFO-1234yf

MMF



Hint from EPA 8081B

Dual ECD

GC-MS/MS



Revisiting Problems of Short Chain PFAS Confirmation

1 MRM Transition (1 product ion)

Retention Time 1

Retention Time 2

Retention Time 1

Ion Ratio

PFBA(?)

PFPeA(?)

MMF(?)

TFSI(?)



Short-Chain PFAS Confirmation Tools

Two different retention mechanisms for 
short chain PFAS analysis

• Retention time 1

• Retention time 2

Polar

modified

Polar X

High-res MS

OR

Ultra IBD



Two Polar Columns for PFAS

Polar

modified

Polar X Ultra IBD

1 MRM transition problem solved for short chain & ultrashort-chain PFAS

by having 2 different retention times on two polar LC columns

TFA
(4.15 min)

TFA
(1.95 min)



Polar Column #      (Polar X)

• Isocratic Condition

• No Delay Column



POTW Sample by Polar X PFOS

PFHxS

PFBS

PFOA

PFHxA

PFBA

PFPrA

TFA



Ultrashort-Chain PFAS in Real Samples by Polar X

EPA

Residential 
and 

commercial

Store bought



Polar Column #      (Ultra IBD)

Column Ultra IBD 100x2.1mm, 3.0µm

Delay Column PFAS Delay Column

Mobile Phase A 5mM ammonium formate, 0.1% formic acid in water

Mobile Phase B Acetonitrile

Gradient Time (min) %B

0.00 50

8.00 95

10.00 95

10.01 50

12.00 50

Flow Rate 0.4 mL/min 

Injection Volume 5 µL

Column Temp. 40°C

C14 

C13 
C12 

12 
C11 

C10 

10 9 

C9 C8 

8 7 6 5 
4 

C7 
C6 C5 

C4 

3 

1 
2 

C2 

C3 

Perfluoroalkyl carboxylic acids
Perfluoroalkyl sulfonic acids

11Cl-PF3OUdS

9Cl-PF3ONS

ADONA

H
F

P
O

-D
A

PFEESA

P
F

M
B

A

PFMPA

Per- and polyfluoroalkyl ether carboxylic acids
Per- and polyfluoroalkyl ether sulfonic acids

3:3 FTCA

5:3 FTCA

7:3 FTCA

6:2 FTS

4:2 FTS

8:2 FTS

Fluorotelomer carboxylic acids
Fluorotelomer sulfonic acids

Perfluoroalkyl sulfonamides

Perfluoroalkyl sulfonamidoacetic acids

PFOSA

N
-M

eF
O

S
A

N
-E

tF
O

S
A

N
-M
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O

S
A

A

N
-E
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• Gradient

• With Delay Column



Human Plasma & Serum

By Ultra IBD



NIST SRM 1950 & SRM 1957

Ultra IBD is an excellent tool for PFAS analysis in 
human plasma & serum samples.

• Ultrashort Chain

• Short Chain

• Long Chain



Publications

Polar

modified



Conclusion

• PFAS testing has been evolving from # of analytes, functional groups of PFAS, and 

technologies across sample preparation, measurement systems.

• Polar, ionic, short-chain PFAS need a pair of innovative polar LC columns for confirmation.

• New approach on wider range of PFAS compounds including ultrashort and short-chain 

PFAS has shown excellent results on various matrices (drinking water, wastewater, river 

water, bottled water, blood) by Polar X and Ultra IBD columns.

Polar

modified



• PFAS testing has been evolving from # of analytes, functional groups of PFAS, and 

technologies across sample preparation, measurement systems.

• Polar, ionic, short-chain PFAS need a pair of innovative polar LC columns for confirmation.

• New approach on wider range of PFAS compounds including ultrashort and short-chain 

PFAS has shown excellent results on various matrices (drinking water, wastewater, river 

water, bottled water, blood) by Polar X and Ultra IBD columns.

Complementary column set for 

challenging PFAS producing only 1 MRM

Polar

modified

Both quantitation and confirmation are 

available on this column set.

Conclusion



Contact Us

www.RESTEK.com/PFAS

Mike Chang

      mike.chang@restek.com
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