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PFAS Introduction
• Per- and polyfluoroalkyl substances (PFAS) are a family of 

human-made chemicals that are found in a wide range of 
products used by consumers and industry.
– https://www.fda.gov/food/chemicals/and-polyfluoroalkyl-substances-pfas

• Per- and polyfluoroalkyl substances (PFAS) are a group of man-
made chemicals that includes PFOA, PFOS, GenX, and many 
other chemicals. PFAS have been manufactured and used in a 
variety of industries around the globe, including in the United 
States since the 1940s. PFOA and PFOS have been the most 
extensively produced and studied of these chemicals.
– https://www.epa.gov/pfas/basic-information-pfas



US Regulations for PFAS
• EPA
• DOD
• CERCLA
• Individual States



Common PFAS Structures
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Common PFAS Structures



EPA Master List of PFAS Substances



EPA Master List of PFAS Substances
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Published Sample Matrices for PFAS Analysis
• Drinking water
• Wastewater
• Groundwater
• Surface water
• Soil
• Sediment
• Earthworm
• Spinach
• Tomato
• Corn
• Cereal

• Root vegetable
• Melon
• Fish tissue
• Egg
• Milk
• Yogurt
• Cottage cheese
• Sour cream
• Butter
• Meat
• Peppers

• Cabbage
• Cucumber
• Lettuce
• Beans
• Carrot
• Fruits
• Breast milk
• Baby food
• Shellfish



Some Publish Sample Matrices for PFAS Analysis
• Drinking water
• Wastewater
• Groundwater
• Surface water
• Soil
• Sediment
• Earthworm
• Spinach
• Tomato
• Corn
• Cereal

• Root vegetable
• Melon
• Fish tissue
• Egg
• Milk
• Yogurt
• Cottage cheese
• Sour cream
• Butter
• Meat
• Peppers

• Cabbage
• Cucumber
• Lettuce
• Beans
• Carrot
• Fruits
• Breast milk
• Baby food
• Shellfish



Most Common Matrix

Drinking Water
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Sample Preparation Techniques / Products 



Sample Preparation Techniques / Products 

Water Samples

Solid Samples



PFAS Analysis
from Water, Sample Prep/SPE

Spike with surrogate standards (25 ng), 
Wellington Laboratories

Rinse bottle with 10 mL of methanol 
with 0.3% NH4OH

250 mL water sample, 
polyethylene bottle

Extraction with weak 
anion-exchange SPE 

column

Elute PFAS with bottle rinsate, 
evaporate to near dryness 

Reconstitute with 500 μL of 80:20 
Methanol:Water, transfer to 

polypropylene vials

Strata-XL-AW 100 μm
500 mg / 6 mL
Condition:     4 mL of 0.1% ammonia/methanol

4 mL of methanol, 
4 mL of water

Load: Sample Water 

Wash: 4 mL of acetate buffer (pH 4) 

Elution:  4 mL of Methanol
4 mL of 0.1% ammonia/methanol fraction. 

Rinse: Rinse Sample bottles with methanol and use 
for the elution of SPE cartridge. 



PFAS Analysis
from Water, On-line SPE



Solid Phase Extraction

EPA method 537
Reversed phase retention (Strata®-X)

Mixed Mode Anion-Exchange
Anion-Exchange + Strata-X 

Strata-X-A Strong Anion-Exchange

Strata-X-AW Weak Anion-Exchange



PFAS Analysis
from Sediment using QuEChERS and LC-MS/MS
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Basic HPLC System
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Mass Spectrometer Parameters: Compound Specific

Compound Q1 Q3 DP CE

PFCAs

PFBA 212.9 169 -25 -12

PFPeA 262.9 219 -20 -12

PFHxA 313 269 -25 -12

PFHpA 363 319 -25 -12

PFOA 413 369 -25 -14

PFNA 463 419 -25 -14

PFDA 513 469 -25 -16

PFUdA 563 519 -25 -18

PFDoA 613 569 -25 -18

PFTrDA 663 619 -25 -20

PFTeDA 713 669 -25 -22

PFHxDA 813 769 -25 -24

PFODA 913 869 -25 -26

Compound Q1 Q3 DP CE

PFSAs

PFBS 298.9 80 -55 -58

PFHxS 399 80 -60 -74

PFHpS 449 80 -65 -88

PFOS 499 80 -65 -108

PFDS 599 80 -85 -118

Other 
PFASs

6:2 FTS 427 407 -50 -32

8:2 FTS 527 507 -50 -40

PFOSA 498 78 -60 -85

MeFOSA 512 169 -75 -37

EtFOSA 526 169 -75 -37

N-MeFOSAA 570 419 -40 -36

N-EtFOSSA 584 419 -50 -36

- De-clustering Potential (DP) and Collision Energy (CE) optimized for each compound
- One MRM transition monitored each analyte and internal standard
- Scheduled MRMTM algorithm used to maximize dwell times and optimize cycle time 
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HPLC Column Outline
• Why do we need chromatography
• How does chromatography work
• PFAS examples
• Available column chemistries
• Methodology
• PFAS column screening

– Sample
– EPA 533-Similar
– Epa 533 Acetonitrile Altered



PFAS Specific Challenges

System 
Contamination

Trace Quantities IsobaricWide Hydrophobic 
Range

Why Do We Need Chromatography



Mobile Phase

Stationary Phase

Mobile Phase

Stationary Phase

How Does Chromatography Work



Interactions of the Analytes with the Stationary Phase

Hydrophobic Polar Ionic



Specific PFAS Example 1
PFAS Analysis from Water, LC-MS/MS



Specific PFAS Example 2
PFAS Analysis from Sediment using QuEChERS and LC-MS/MS



Kinetex® Core-Shell 1.3, 1.7, 2.6, 5 µm

LUNA® OMEGA C18

LUNA OMEGA Polar C18

Luna® Omega Fully Porous 1.6, 3, 5 µm

LUNA OMEGA PS C18

Kinetex Polar C18

Kinetex PAH

Some Available Column Chemistries



Methodology



EPA 533  
• HPLC Method Conditions

Time (min)
% 20 mM 
Ammonium 
Acetate

% Methanol

Initial 95 5
0.5 95 5
3 60 40
16 20 80
18 20 80
20 5 95
22 5 95
25 95 5
35 95 5

Chromatographic Method Conditions



EPA 533  
• HPLC Method Conditions

Time (min)
% 20 mM 
Ammonium 
Acetate

% Methanol

Initial 95 5
0.5 95 5
3 60 40
16 20 80
18 20 80
20 5 95
22 5 95
25 95 5
35 95 5

Chromatographic Method Conditions
533 Similar   
• HPLC Method Conditions

Time (min)
% 20 mM 
Ammonium 
Acetate

% Methanol

Initial 55 45
15 10 90
21 10 90
21.5 55 45



EPA 533  
• HPLC Method Conditions

Time (min)
% 20 mM 
Ammonium 
Acetate

% Methanol

Initial 95 5
0.5 95 5
3 60 40
16 20 80
18 20 80
20 5 95
22 5 95
25 95 5
35 95 5

Chromatographic Method Conditions
533 Similar   
• HPLC Method Conditions

Time (min)
% 20 mM 
Ammonium 
Acetate

% Methanol

Initial 55 45
15 10 90
21 10 90
21.5 55 45

40 → 80 
in 13 min
3.08% per min

45 → 90 
in 15 min
3.0% per min



Column Screening:  Sample
Wellington Laboratories:  EPA‐537PDSL‐R1
Contains all of the linear isomers of native PFAS analytes required by Method 537

PFHxA
PFHpA
PFOA
PFNA
PFDA
PFUdA
PFDoA
PFTrDA
PFTeDA

HFPO-DA
N-MeFOSAA
N-EtFOSAA
L-PFBS
L-PFHxS
L-PFOS
NaDONA
9Cl-PF3ONS
11Cl-PF3OUdS



EPA 537 vs EPA 533

Time (min)
% 20 mM 
Ammonium 
Acetate

% Methanol

Initial 60 40
1 60 40
25 10 90
32 10 90
32.1 60 40
37 60 40

Time (min)
% 20 mM 
Ammonium 
Acetate

% Methanol

Initial 95 5
0.5 95 5
3 60 40
16 20 80
18 20 80
20 5 95
22 5 95
25 95 5
35 95 5

EPA 533  
• HPLC Method Conditions

EPA 537  
• HPLC Method Conditions

40 → 80 
in 13 min
3.08% per min

40 → 90 
in 24 min
2.08% per min



EPA 537 vs EPA 533

Time (min)
% 20 mM 
Ammonium 
Acetate

% Methanol

Initial 60 40
1 60 40
25 10 90
32 10 90
32.1 60 40
37 60 40

EPA 537  
• HPLC Method Conditions

40 → 90 
in 24 min
2.08% per min

533 Similar   
• HPLC Method Conditions

Time (min)
% 20 mM 
Ammonium 
Acetate

% Methanol

Initial 55 45
15 10 90
21 10 90
21.5 55 45

45 → 90 
in 15 min
3.0% per min



Column Screening:  Sample
Wellington Laboratories:  EPA‐537PDSL‐R1
Contains all of the linear isomers of native PFAS analytes required by Method 537

PFHxA
PFHpA
PFOA
PFNA
PFDA
PFUdA
PFDoA
PFTrDA
PFTeDA

HFPO-DA
N-MeFOSAA
N-EtFOSAA
L-PFBS
L-PFHxS
L-PFOS
NaDONA
9Cl-PF3ONS
11Cl-PF3OUdS

Abbreviations 
for Experts



Perfluorobutanesulfonic acid 
Perfluorohexanoic acid
hexafluoropropylene oxide-dimer acid 
Perfluoroheptanoic acid 
dodecafluoro-3H-4,8-diosanonanoate 
perfluoro-1-hexanesulfonate 
perfluoro-n-octanoic acid 
perfluoro-n-nonanoic acid 
perfluoro-1-octanesulfonate 
9-chlorohexadecafluoro-3-oxanonane-1-
sulfonate 

perfluoro-n-decanoic acid 
N-methylperfluoro-1-
octanesulfonamidoacetic acid 
N-ethylperfluoro-1-octanesulfonamidoacetic 
acid 
perfluoro-n-undecanoic acid 
11-chloroeicosalfluoro-3-oxaundecane-1-
sulfonate 
perfluoro-n-deodecanoic acid 
perfluoro-n-tridecanoic acid 
perfluoro-n-tetradecanoic acid 

Column Screening:  Sample
Wellington Laboratories:  EPA‐537PDSL‐R1
Contains all of the linear isomers of native PFAS analytes required by Method 537

Chemical 
Names for 
Chemists



Perfluorobutanesulfonic acid 
perfluoro-1-hexanesulfonic acid 
perfluoro-1-octanesulfonic acid 

Perfluorohexanoic acid
Perfluoroheptanoic acid 
perfluoro-n-octanoic acid 
perfluoro-n-nonanoic acid 
perfluoro-n-decanoic acid 
perfluoro-n-undecanoic acid 
perfluoro-n-deodecanoic acid 
perfluoro-n-tridecanoic acid 
perfluoro-n-tetradecanoic acid 

hexafluoropropylene oxide-dimer acid 

dodecafluoro-3H-4,8-dioxanonanoate 

9-chlorohexadecafluoro-3-oxanonane-1-sulfonate 
11-chloroeicosafluoro-3-oxaundecane-1-sulfonate

N-methylperfluoro-1-octanesulfonamidoacetic acid 
N-ethylperfluoro-1-octanesulfonamidoacetic acid 

Column Screening:  Sample
Wellington Laboratories:  EPA‐537PDSL‐R1
Contains all of the linear isomers of native PFAS analytes required by Method 537

Chemical 
Names 
Sorted by 
Functional 
Groups



Perfluoro alkyl carboxylic acids
Perfluoro alkyl sulfonic acids
Perfluoro octane sulfon amido acetic acid 
Perfluoro oxide-dimer acid
Polyfluoro dioxa nonanoate
Chloro Perfluoro oxa sulfonate 

Wellington Laboratories:  EPA‐537PDSL‐R1
Contains all of the linear isomers for native PFAS analytes required by Method 537

Functional 
Groups in 
This Set of 
Compounds



Functional Groups Applied to Chromatography

Perfluoro-n-octanoic acid 

Perfluorobutanesulfonic acid 

Codecafluoro-3H-4,8-dioxanonanoate

Hexafluoropropylene oxide-dimer acid 

9-chlorohexadecafluoro-3-oxanonane-1-sulfonate 

N-ethylperfluoro-1-octanesulfonamidoacetic acid 



Screening Data:  TIC Chromatogram

Gemini C18
3m 3x100mm

14 Peaks
18 Compounds



Screening Data: Extracted Ion Chromatograms
Overlayed

Gemini C18
3m 3x100mm

18 Peaks
18 Compounds
Difficult to visualize



Screening Data: Extracted Ion Chromatograms
Stacked

Gemini C18
3m 3x100mm

Difficult to compare 
other columns / samples



Screening Data: Tabulate Compounds and C18 Retention Times
EPA 533‐similar:  Ammonium Acetate / Methanol

Retention Time
(min.sec) 

Overlapping 
Peaks

Gemini C18
3m 3x100mm
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Compare Gemini C18 + Kinetex C18
EPA 533‐similar:  Ammonium Acetate / Methanol
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Compare Kinetex XB‐C18 + Gemini C18 + Kinetex C18
EPA 533‐similar:  Ammonium Acetate / Methanol
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Compare Kinetex Polar C18 + Other C18 Columns
EPA 533‐similar:  Ammonium Acetate / Methanol



PF
Hx

A

HF
PO

‐D
A

PF
Hp

A

L‐
PF

BS

L‐
PF

Hx
S

N
aD

O
N
A

PF
O
A

PF
N
A

L‐
PF
O
S

9‐
Cl
‐P
F3
O
N
S

PF
DA

N
‐M

eF
O
SA

A

PF
U
dA

N
‐E
tF
O
SA

A

11
Cl
‐P
F3
O
U
dS

PF
Do

A

PF
Tr
DA

PF
Te
DA

Gemini C18 7.37 8.24 9.51 9.52 10.03 10.90 11.42 13.11 13.12 13.58 14.28 15.02 15.35 15.36 16.06 16.32 17.23 18.11
Kinetex C18 6.41 7.38 9.39 9.40 9.59 10.02 11.57 13.40 13.44 14.33 15.03 15.36 16.11 16.13 16.47 17.11 18.02 18.48
Kinetex XB‐C18 5.31 6.18 7.55 7.56 8.10 8.14 9.54 11.31 11.34 12.24 12.51 13.28 13.58 14.03 14.31 14.55 15.47 16.30
Kinetex Polar C18 4.58 5.48 7.19 7.19 7.33 7.37 9.17 10.54 10.57 11.53 12.17 12.51 13.26 13.27 14.03 14.25 15.19 16.05
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Omega Polar C18 6.19 7.11 8.29 8.31 8.39 8.47 10.16 11.43 11.43 12.34 12.58 13.30 14.03 14.05 14.38 14.59 15.47 16.29

Compare Luna Omega Polar C18 + Other C18 Columns
EPA 533‐similar:  Ammonium Acetate / Methanol
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Kinetex Polar C18 4.58 5.48 7.19 7.19 7.33 7.37 9.17 10.54 10.57 11.53 12.17 12.51 13.26 13.27 14.03 14.25 15.19 16.05

Luna Omega Polar C18 6.19 7.11 8.29 8.31 8.39 8.47 10.16 11.43 11.43 12.34 12.58 13.30 14.03 14.05 14.38 14.59 15.47 16.29

PF
Hx

A

HF
PO

‐D
A

PF
Hp

A

L‐
PF

BS

L‐
PF

Hx
S

N
aD

O
N
A

PF
O
A

PF
N
A

L‐
PF
O
S

9‐
Cl
‐P
F3
O
N
S

PF
DA

N
‐M

eF
O
SA

A

PF
U
dA

N
‐E
tF
O
SA

A

11
Cl
‐P
F3
O
U
dS

PF
Do

A

PF
Tr
DA

PF
Te
DA

Luna Omega PS C18 6.34 7.21 8.46 8.46 8.55 9.05 10.35 12.03 12.06 12.53 13.24 14.01 14.31 14.35 14.58 15.23 16.08 16.45

Compare Luna Omega PS C18 + Other C18 Columns
EPA 533‐similar:  Ammonium Acetate / Methanol



Elution Order 
Changed
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O
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PF
Do

A

PF
Tr
DA

PF
Te
DA

Gemini C18 7.37 8.24 9.51 9.52 10.03 10.90 11.42 13.11 13.12 13.58 14.28 15.02 15.35 15.36 16.06 16.32 17.23 18.11
Kinetex C18 6.41 7.38 9.39 9.40 9.59 10.02 11.57 13.40 13.44 14.33 15.03 15.36 16.11 16.13 16.47 17.11 18.02 18.48
Kinetex XB‐C18 5.31 6.18 7.55 7.56 8.10 8.14 9.54 11.31 11.34 12.24 12.51 13.28 13.58 14.03 14.31 14.55 15.47 16.30
Kinetex Polar C18 4.58 5.48 7.19 7.19 7.33 7.37 9.17 10.54 10.57 11.53 12.17 12.51 13.26 13.27 14.03 14.25 15.19 16.05

Luna Omega Polar C18 6.19 7.11 8.29 8.31 8.39 8.47 10.16 11.43 11.43 12.34 12.58 13.30 14.03 14.05 14.38 14.59 15.47 16.29
Luna Omega Ps C18 6.34 7.21 8.46 8.46 8.55 9.05 10.35 12.03 12.06 12.53 13.24 14.01 14.31 14.35 14.58 15.23 16.08 16.45
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Kinetex PAH 2.04 2.36 3.57 3.59 4.17 4.18 5.49 7.37 7.46 8.37 9.10 9.44 10.19 10.30 11.09 11.42 12.45 13.43

Compare Kinetex PAH + Other C18 Columns
EPA 533‐similar:  Ammonium Acetate / Methanol



C18 Summary
EPA 533‐similar:  Ammonium Acetate / Methanol

The elution order was consistent for most of the C18 columns
The Kinetex PAH column had 2 compounds reverse elution order
There were slight differences in overlapping peaks
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Do
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PF
Tr
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PF
Te
DA

Gemini C18 7.37 8.24 9.51 9.52 10.03 10.90 11.42 13.11 13.12 13.58 14.28 15.02 15.35 15.36 16.06 16.32 17.23 18.11
Kinetex C18 6.41 7.38 9.39 9.40 9.59 10.02 11.57 13.40 13.44 14.33 15.03 15.36 16.11 16.13 16.47 17.11 18.02 18.48
Kinetex XB‐C18 5.31 6.18 7.55 7.56 8.10 8.14 9.54 11.31 11.34 12.24 12.51 13.28 13.58 14.03 14.31 14.55 15.47 16.30
Kinetex Polar C18 4.58 5.48 7.19 7.19 7.33 7.37 9.17 10.54 10.57 11.53 12.17 12.51 13.26 13.27 14.03 14.25 15.19 16.05

Luna Omega Polar C18 6.19 7.11 8.29 8.31 8.39 8.47 10.16 11.43 11.43 12.34 12.58 13.30 14.03 14.05 14.38 14.59 15.47 16.29
Luna Omega PS C18 6.34 7.21 8.46 8.46 8.55 9.05 10.35 12.03 12.06 12.53 13.24 14.01 14.31 14.35 14.58 15.23 16.08 16.45
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Kinetex PAH 2.04 2.36 3.57 3.59 4.17 4.18 5.49 7.37 7.46 8.37 9.10 9.44 10.19 10.30 11.09 11.42 12.45 13.43

Elution Order 
Changes
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Gemini C18 7.37 8.24 9.51 9.52 10.03 10.90 11.42 13.11 13.12 13.58 14.28 15.02 15.35 15.36 16.06 16.32 17.23 18.11
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Kinetex
Phenyl‐
Hexyl 3.54 4.34 5.58 5.58 6.23 6.25 7.41 9.06 9.21 10.18 10.23 11.08 11.20 11.42 12.13 12.18 13.01 13.41

Elution Order 
Changes

Compare Kinetex Phenyl‐Hexyl + Gemini C18
EPA 533‐similar:  Ammonium Acetate / Methanol
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Gemini C18 7.37 8.24 9.51 9.52 10.03 10.90 11.42 13.11 13.12 13.58 14.28 15.02 15.35 15.36 16.06 16.32 17.23 18.11
Kinetex Phenyl‐Hexyl 3.54 4.34 5.58 5.58 6.23 6.25 7.41 9.06 9.21 10.18 10.23 11.08 11.20 11.42 12.13 12.18 13.01 13.41
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Kinetex Biphenyl 2.06 2.14 3.49 3.49 4.07 4.32 5.35 7.02 7.28 8.11 8.34 9.44 9.90 9.90 10.00 10.21 10.45 11.23

Elution Order 
Changes

Compare Kinetex Biphenyl + Kinetex Phenyl‐Hexyl + Gemini C18
EPA 533‐similar:  Ammonium Acetate / Methanol



Elution Order 
Change
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Do
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PF
Te
DA

Gemini C18 7.37 8.24 9.51 9.52 10.03 10.90 11.42 13.11 13.12 13.58 14.28 15.02 15.35 15.36 16.06 16.32 17.23 18.11
Kinetex Phenyl‐Hexyl 3.54 4.34 5.58 5.58 6.23 6.25 7.41 9.06 9.21 10.18 10.23 11.08 11.20 11.42 12.13 12.18 13.01 13.41
Kinetex Biphenyl 2.06 2.14 3.49 3.49 4.07 4.32 5.35 7.02 7.28 8.11 8.34 9.44 9.90 9.90 10.00 10.21 10.45 11.23
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Kinetex F5 5.07 5.50 7.29 7.30 7.51 7.59 9.27 11.06 11.21 11.53 12.28 13.22 13.38 13.50 14.05 14.37 15.28 16.12

Compare Kinetex F5 + Biphenyl, Phenyl‐Hexyl + Gemini C18
EPA 533‐similar:  Ammonium Acetate / Methanol



The elution order was different from the C18 columns and between phenyl columns
The Kinetex F5 column had similar order to the C18 columns and only 1 overlap

Elution Order 
Change
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Te
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Gemini C18 7.37 8.24 9.51 9.52 10.03 10.90 11.42 13.11 13.12 13.58 14.28 15.02 15.35 15.36 16.06 16.32 17.23 18.11
Kinetex Phenyl‐Hexyl 3.54 4.34 5.58 5.58 6.23 6.25 7.41 9.06 9.21 10.18 10.23 11.08 11.20 11.42 12.13 12.18 13.01 13.41
Kinetex Biphenyl 2.06 2.14 3.49 3.49 4.07 4.32 5.35 7.02 7.28 8.11 8.34 9.44 9.90 9.90 10.00 10.21 10.45 11.23
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Kinetex F5 5.07 5.50 7.29 7.30 7.51 7.59 9.27 11.06 11.21 11.53 12.28 13.22 13.38 13.50 14.05 14.37 15.28 16.12

Phenyl Stationary Phase Summary
EPA 533‐similar:  Ammonium Acetate / Methanol



533 Similar (previous data)
• HPLC Method Conditions

Altered Chromatographic Method Conditions
533 Acetonitrile Altered   
• HPLC Method Conditions

Time (min)
% 20 mM 
Ammonium 
Acetate

% Methanol

Initial 55 45
15 10 90
21 10 90
21.5 55 45

Time (min)
% 20 mM 
Ammonium 
Acetate

% 80‐20 
Methanol    
Acetonitrile

Initial 55 45
15 10 90
21 10 90
21.5 55 45



Screening Data: Tabulate Compounds and C18 Retention Times
EPA 533‐similar

Gemini C18
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7.37 8.24 9.51 9.52 10.03 10.90 11.42 13.11 13.12 13.58 14.28 15.02 15.35 15.36 16.06 16.32 17.23 18.11

Methanol



Screening Data: Compare Methanol with Methanol ‐ Acetonitrile
EPA 533‐similar
533 Acetonitrile Altered Gemini C18
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2.25 2.58 3.52 3.53 4.27 5.33 5.45 7.14 8.54 9.05 9.05 9.49 10.15 10.26 11.51 12.58 13.10 14.22
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7.37 8.24 9.51 9.52 10.03 10.90 11.42 13.11 13.12 13.58 14.28 15.02 15.35 15.36 16.06 16.32 17.23 18.11

Methanol

80-20 Methanol - Acetonitrile



Elution Order 
Changed
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PF
Te
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Gemini C18 7.37 8.24 9.51 9.52 10.03 10.90 11.42 13.11 13.12 13.58 14.28 15.02 15.35 15.36 16.06 16.32 17.23 18.11
Kinetex C18 6.41 7.38 9.39 9.40 9.59 10.02 11.57 13.40 13.44 14.33 15.03 15.36 16.11 16.13 16.47 17.11 18.02 18.48
Kinetex XB‐C18 5.31 6.18 7.55 7.56 8.10 8.14 9.54 11.31 11.34 12.24 12.51 13.28 13.58 14.03 14.31 14.55 15.47 16.30

Kinetex
Polar 
C18 4.58 5.48 7.19 7.19 7.33 7.37 9.17 10.54 10.57 11.53 12.17 12.51 13.26 13.27 14.03 14.25 15.19 16.05

Luna Omega
Polar 
C18 6.19 7.11 8.29 8.31 8.39 8.47 10.16 11.43 11.43 12.34 12.58 13.30 14.03 14.05 14.38 14.59 15.47 16.29

Luna Omega Ps C18 6.34 7.21 8.46 8.46 8.55 9.05 10.35 12.03 12.06 12.53 13.24 14.01 14.31 14.35 14.58 15.23 16.08 16.45
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Kinetex PAH 2.04 2.36 3.57 3.59 4.17 4.18 5.49 7.37 7.46 8.37 9.10 9.44 10.19 10.30 11.09 11.42 12.45 13.43

Compare Kinetex PAH + Other C18 Columns
EPA 533‐similar:  Ammonium Acetate / Methanol



Compare Gemini C18 + Kinetex C18, XB‐C18 and Polar C18
533 Acetonitrile Altered

Elution Order 
Changes

PF
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PF
Te
DA

Gemini C18 2.25 2.58 3.52 3.53 4.27 5.33 5.45 7.14 8.54 9.05 9.05 9.49 10.15 10.26 11.51 12.58 13.1 14.22
Kinetex XB‐C18 1.22 1.38 2.14 2.14 2.42 3.41 3.45 5.16 6.48 6.52 7.16 7.56 7.57 8.13 9.31 10.34 10.5 12.05
Kinetex Polar C18 1.5 2.15 2.55 2.56 3.26 4.18 4.31 5.44 7.08 7.2 7.22 7.59 8.26 8.27 9.41 10.51 10.52 12
Luna Omega Polar C18 1.19 1.35 1.58 2 2.23 3.08 3.18 4.27 5.54 6.05 6.1 6.49 7.13 7.16 8.31 9.37 9.4 10.45
Luna Omega PS C18 1.52 2.21 3.06 3.07 3.4 4.41 4.52 6.17 7.45 7.54 8 8.43 8.56 9.06 10.23 11.27 11.42 12.55
Kinetex PAH 0.46 0.5 0.56 0.57 1.03 1.2 1.21 2.12 3.27 3.3 3.48 4.19 4.2 4.46 6.05 6.54 7.28 8.49
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Kinetex C18 1.25 1.41 2.18 2.2 2.48 4.08 4.18 6.24 8.17 8.27 8.32 9.17 9.37 9.54 11.21 11.21 12.31 13.6



C18 Summary
533 Acetonitrile Altered 

There were more overlapping pairs than with Methanol
The elution order was consistent for most of the C18 columns
The Kinetex C18 column had several compounds change elution order

Elution Order 
Changes
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PF
Te
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Gemini C18 2.25 2.58 3.52 3.53 4.27 5.33 5.45 7.14 8.54 9.05 9.05 9.49 10.15 10.26 11.51 12.58 13.1 14.22
Kinetex XB‐C18 1.22 1.38 2.14 2.14 2.42 3.41 3.45 5.16 6.48 6.52 7.16 7.56 7.57 8.13 9.31 10.34 10.5 12.05
Kinetex Polar C18 1.5 2.15 2.55 2.56 3.26 4.18 4.31 5.44 7.08 7.2 7.22 7.59 8.26 8.27 9.41 10.51 10.52 12
Luna Omega Polar C18 1.19 1.35 1.58 2 2.23 3.08 3.18 4.27 5.54 6.05 6.1 6.49 7.13 7.16 8.31 9.37 9.4 10.45
Luna Omega PS C18 1.52 2.21 3.06 3.07 3.4 4.41 4.52 6.17 7.45 7.54 8 8.43 8.56 9.06 10.23 11.27 11.42 12.55
Kinetex PAH 0.46 0.5 0.56 0.57 1.03 1.2 1.21 2.12 3.27 3.3 3.48 4.19 4.2 4.46 6.05 6.54 7.28 8.49
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Kinetex C18 1.25 1.41 2.18 2.2 2.48 4.08 4.18 6.24 8.17 8.27 8.32 9.17 9.37 9.54 11.21 11.21 12.31 13.6



Elution Order 
Change
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Gemini C18 7.37 8.24 9.51 9.52 10.03 10.90 11.42 13.11 13.12 13.58 14.28 15.02 15.35 15.36 16.06 16.32 17.23 18.11
Kinetex Phenyl‐Hexyl 3.54 4.34 5.58 5.58 6.23 6.25 7.41 9.06 9.21 10.18 10.23 11.08 11.20 11.42 12.13 12.18 13.01 13.41
Kinetex Biphenyl 2.06 2.14 3.49 3.49 4.07 4.32 5.35 7.02 7.28 8.11 8.34 9.44 9.90 9.90 10.00 10.21 10.45 11.23
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Kinetex F5 5.07 5.50 7.29 7.30 7.51 7.59 9.27 11.06 11.21 11.53 12.28 13.22 13.38 13.50 14.05 14.37 15.28 16.12

Compare Kinetex F5 + Biphenyl, Phenyl‐Hexyl + Gemini C18
EPA 533‐similar:  Ammonium Acetate / Methanol



Elution Order 
Change

Compare Kinetex F5 + Biphenyl, Phenyl‐Hexyl + Gemini C18
533 Acetonitrile Altered
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Gemini C18 2.25 2.58 3.52 3.53 4.27 5.33 5.45 7.14 8.54 9.05 9.05 9.49 10.15 10.26 11.51 12.58 13.1 14.22

Kinetex
Phenyl‐
Hexyl 1.03 1.11 1.23 1.24 1.36 1.59 2.16 2.57 4.06 4.2 4.28 4.49 5.1 5.28 6.1 7.05 7.27 7.56

Kinetex Biphenyl 0.38 0.51 0.59 0.59 1.04 1.12 1.2 1.34 2.06 2.2 2.22 2.41 2.49 3.14 3.36 4.19 4.49 5.02
Kinetex F5 1.16 1.27 1.56 1.56 2.17 3.08 3.15 4.33 5.56 6.03 6.32 6.5 7.02 7.13 8.26 9.14 9.38 10.45



The elution order was different from the C18 columns and between phenyl columns
The Kinetex F5 column was less similar to the C18 columns with acetonitrile in the eluent
The Kinetes F5 still only had 1 overlap

Elution Order 
Change
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O
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Tr
DA

PF
Te
DA

Gemini C18 2.25 2.58 3.52 3.53 4.27 5.33 5.45 7.14 8.54 9.05 9.05 9.49 10.15 10.26 11.51 12.58 13.1 14.22
Kinetex Phenyl‐Hexyl 1.03 1.11 1.23 1.24 1.36 1.59 2.16 2.57 4.06 4.2 4.28 4.49 5.1 5.28 6.1 7.05 7.27 7.56
Kinetex Biphenyl 0.38 0.51 0.59 0.59 1.04 1.12 1.2 1.34 2.06 2.2 2.22 2.41 2.49 3.14 3.36 4.19 4.49 5.02
Kinetex F5 1.16 1.27 1.56 1.56 2.17 3.08 3.15 4.33 5.56 6.03 6.32 6.5 7.02 7.13 8.26 9.14 9.38 10.45

Phenyl Stationary Phase Summary
533 Acetonitrile Altered
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• PFAS analysis is a long list of complicated topics
– Sampling, Sample Prep, HPLC instrumentation, Methodology, Columns, Detectors

• Specific methods are designed around a particular set of compounds from a specific 
sample matrix

• The HPLC methodology in EPA 533 and EPA 537, uses methanol and ammonium 
acetate as eluent components. 
– Various C18 stationary phases, show subtle differences between the different “flavors” of C18  
– Phenyl based phases show wider differences in selectivity

• When a method can be adjusted or is being developed, using a mixture of acetonitrile 
and methanol can provide different selectivity than using methanol alone 

• A variety of HPLC column chemistries are needed for the wide range of PFAS related 
compounds such as: polar acids, non-polar acids, esters, amides, and sulfonamides.  
All of which can be complicated with branched vs. linear isomers

Summary



Thank You


