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PFAS Analysis: The New Wild West

2019

14 compounds:
3 PFSAs
9 PFCAs

2 Precursors

2009

18 compounds:
3 PFSAs
9 PFCAs

2 Precursors
4 ethers

2018

25 compounds:
4 PFSAs
9 PFCAs
6 ethers

3 Precursors
2 Cl-PFAS

US EPA Method 537.1 
(Drinking water) 

US EPA Method 537
(Drinking water) 

US EPA Method 533
(Drinking water) 

2021 – 2023

40 compounds:
8 PFSAs
11 PFCAs
6 ethers

13 Precursors
2 Cl-PFAS

Drafts US EPA Method 1633
(All matrices) 

2024

US EPA Method 
1633

(All matrices)

PFAS analytical methods are still evolving
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WAX

Analysis of PFAS in Biosolids by US EPA Method 1633
Extraction Cleanup Evaporation

Dried Biosolid 

Spike isotopically 
labeled PFAS

Extract with 
methanolic 
ammonium 
hydroxide

Supernatant ENVI-Carb

Cleanup Elute with MeOH

Evaporation

Mix with H2O

Mix with H2O
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Ozelcaglayan et al., 2023, Environ. Sci: Water Res. Technol.

Ozelcaglayan et al., 2024, ACS ES&T Water



Dried Biosolid 

Spike isotopically 
labeled PFAS

Extract with 
methanolic 
ammonium 
hydroxide

Supernatant 

ENVI-Carb
PSA
C18

Extraction Cleanup Evaporation Mix with H2O

PFAS in Biosolids Analytical Workflow 

LC-MS/MS

Filtration (0.2-µm 
alumina membrane)
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Adsorbents used in the cleanup step Type of organics that can 
be removed

Graphitized non-porous carbon (ENVI-Carb) Planar, non-polar compounds
C18-functionalized silica (C18) Non-polar compounds
Primary-secondary amine-functionalized 
silica (PSA)

Hydrophilic compounds: fatty 
acids, sugar, pigments

Hydrophilic-lipophilic balance (HLB) resin Anionic & neutral compounds
Weak anion exchange resin (WAX) Anionic compounds

Ozelcaglayan et al., 2023, Environ. Sci: Water Res. Technol.
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An Investigation of Factors Affecting In Situ PFAS 
Immobilization by Activated Carbon

Project ER21-3959

Cumulative
Particle 

Distribution
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An Investigation of Factors Affecting In Situ PFAS 
Immobilization by Activated Carbon

The unknown: How long will AC barriers last?

Specific objectives
• Investigate factors affecting sorption of PFAS on CAC

• Evaluate the transport and binding of CAC in porous media

• Assess long-term adsorption capacity and potential for PFAS re-release

Project ER21-3959
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An Investigation of Factors Affecting In Situ PFAS 
Immobilization by Activated Carbon

Bench-scale 
sorption 

experiments

Transport and binding of 
CAC, and immobilization of 

PFAS by a CAC barrier

A field experiment to 
evaluate the immobilization 

of PFAS in a CAC barrier

Development of a 
reactive transport 

model

Project ER21-3959



An Investigation of Factors Affecting In Situ PFAS 
Immobilization by Activated Carbon

Naval Air Station, Jacksonville, FL
 Firefighter Training Area (FT-02)
 PCA 15 – FFTF (PCA 15)
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An Investigation of Factors Affecting In Situ PFAS 
Immobilization by Activated Carbon
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An Investigation of Factors Affecting In Situ PFAS 
Immobilization by Activated Carbon

230,000xg

0.02 µm Al2O3 filter
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2007

2019

14 compounds:
3 PFSAs
9 PFCAs

2 Precursors

2009

18 compounds:
3 PFSAs
9 PFCAs

2 Precursors
4 ethers

2018

25 compounds:
4 PFSAs
9 PFCAs
6 ethers

3 Precursors
2 Cl-PFAS

US EPA Method 537.1 
(Drinking water) 

US EPA Method 537
(Drinking water) 

US EPA Method 533
(Drinking water) 

2021 – 2023

40 compounds:
8 PFSAs
11 PFCAs
6 ethers

13 Precursors
2 Cl-PFAS

Drafts US EPA Method 1633
(All matrices) 

2024

US EPA Method 
1633

(All matrices)

Draft Method 1621
(AOF in Aqueous 

matrices)

Method 1621
(AOF in Aqueous 

matrices)

2022
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Analysis of Total Organic Fluorine (TOF) by CIC 
PFAS HF F-PFAS

• Complementary to LCMS analysis
• Cheaper (?)
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Challenge #1: Instrument LOD & LOQ
PFAS HF F-PFAS

IC LOQ: ~ 1 µg/L

10 mL

100 µL 

Instrument LOQ (best-case scenario): ~ 100 µg/L
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Challenge #1: Instrument LOD & LOQ
PFAS HF F-PFAS

Boat blank F- peak area 
((µS/cm)×min)

Instrument LOQ

May 2022 0.20 – 0.35 ~ 750 ppb

March 2023 0.04 – 0.06 ~ 100 ppb

(with a 1-mL injection loop)

(Lesson learned: bake it till you make it)

10 mL

100 µL 

IC LOQ: ~ 1 µg/L

Instrument LOQ (best-case scenario): ~ 100 µg/L
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Challenge #1: Instrument LOD & LOQ
PFAS HF F-PFAS

IC LOQ: ~ 1 µg/L

10 mL

100 µL 

Instrument LOQ (best-case scenario): ~ 100 µg/L

(Han et al 2021)
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Challenge #1: Instrument LOD & LOQ
PFAS HF F-PFAS

• Load more sample on the boat 

( max ~ 0.5 mL liquid or 50 mg solid)

10 mL

100 µL 
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Challenge #1: Instrument LOD & LOQ
PFAS HF F-PFAS

• Load more sample on the boat 

( max ~ 0.5 mL liquid or 50 mg solid)

• SPE extraction of aqueous samples

• Use a larger injection loop (1 – 2 mL)

Aqueous sample

Sorbent that retains TOF

Ion Exchange: Extractable Organic Fluorine (EOF)
Activated Carbon: Adsorbable Organic Fluorine (AOF)

Best case scenario: lower LOQ by ~200,000
18



PFAS HF F-PFAS

• Load more sample on the boat 

( max ~ 0.5 mL liquid or 50 mg solid)

• SPE extraction of aqueous samples

• Use a larger injection loop (1 – 2 mL)

Aqueous sample

Sorbent that retains TOF

< 1%           > 99%

TF =  TOF +   IF

Do these adsorbents contain inorganic fluorine?

Challenge #2: Separating F- from Organic Fluorine

Ion Exchange: Extractable Organic Fluorine (EOF)
Activated Carbon: Adsorbable Organic Fluorine (AOF)

Best case scenario: lower LOQ by 200,000 (!)
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(Han et al 2021)

Challenge #2: Separating F- from Organic Fluorine
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(Han et al 2021)

Challenge #2: Separating F- from Organic Fluorine
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PFAS HF F-PFAS

• Load more sample on the boat 

( max ~ 0.5 mL liquid or 50 mg solid)

• Decrease the absorber volume (min 10 mL)

• SPE extraction of aqueous samples

• Use a larger injection loop (1 – 2 mL)

Aqueous sample

Sorbent that retains TOF

Ion Exchange: Extractable Organic Fluorine (EOF)
Activated Carbon: Adsorbable Organic Fluorine (AOF)

MDL is controlled in part by the concentration of
F in the sorbent and the IF concentration in the sample

< 1%           > 99%

TF =  TOF +   IF

Do these adsorbents contain inorganic fluorine?

Challenge #2: Separating F- from Organic Fluorine



Challenge #3: Analysis of TOF in solid samples
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< 1%           > 99%

TF =  TOF +   IF

How about solid samples?
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• Direct analysis of solid samples  TF, not TOF
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• Separating IF from solid samples: methods?

• Extracting TOF without extracting IF?



Challenge #3: Analysis of TOF in solid samples

21

< 1%           > 99%

TF =  TOF +   IF

How about solid samples?

• Direct analysis of solid samples  TF, not TOF

• Separating IF from solid samples: methods?

• Extracting TOF without extracting IF?

NaF solubility in MeOH: ~4  mmol/L

NaF solubility in MeOH: ~50  mmol/L



< 1%           > 99%

TF =  TOF +   IF

How about solid samples?

Challenge #3: Analysis of TOF in solid samples

21

• Direct analysis of solid samples  TF, not TOF

• Separating IF from solid samples: methods? 

• Extracting TOF without extracting IF?

• Extracting TF, followed by IF separation

WAX

Extraction Cleanup Evaporation

Solid sample

Methanolic 
Ammonium 
hydroxide

Supernatant 

Cleanup Elute with MeOH

Mix with H2O



Summary

PFAS analysis by LC/MS/MS: expensive; many compounds; analytical methods are still evolving

Quantifiable
(50+ compounds) 

Semi-quantifiable
(~ 50 compounds?) Identified but not yet quantifiable 

(300+ compounds)

LC/MS/MS
LC-HRMS

Unknown PFAS (15,000+ compounds?)



Summary

PFAS analysis by LC/MS/MS: expensive; many compounds; analytical methods are still evolving

TOF analysis by CIC: methods are less developed

Quantifiable
(50+ compounds) 

Semi-quantifiable
(~ 50 compounds?) Identified but not yet quantifiable 

(300+ compounds)

LC/MS/MS
LC-HRMS

Unknown PFAS (15,000+ compounds?)

• Not all TOF are PFAS (e.g., Teflon)

• How can we use TOF results for risk assessment?





We need solutions that treat PFAS contamination at the source
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