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Outline
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1. The need of nontargeted analysis for PFAS treatment technologies

2. Nontargeted analysis (NTA) workflow

3. NTA example 1: Identify the nonfluorinated recalcitrant DOC during 

hydrothermal treatment of foam fractionate

4. NTA example 2: Identify fluorinated transformation products during 

hydrothermal treatment of PFOS with Ru/C

5. Conclusions



Not�every�treatment�technology�can�fully�defluorinate�PFAS
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1. The lag between degradation and 
defluorination

UV/Sulfite of PFCAs

Plasma 
treatment 
of PFOA

2. The missing fluorine mass balance

Destructive technologies

1. Incineration
2. Hydrated electron
3. Electrochemical oxidation
4. Sonochemical
5. Supercritical water oxidation
6. Hydrothermal treatment 
7. …

Bentel et al, Environ. Sci. Technol. 2019, 53, 7, 3718–3728; 
Zhang et al., Environ. Sci. Technol. 2021, 55, 23, 16067–16077  

60% Defluorination100% Degradation

Missing F



NTA is needed to help understand PFAS treatment technologies
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1. Identify PFAS transformation products during treatment
2. Close fluorine mass balance and confirm no products of incomplete 

destruction (PIDs)
3. Elucidate the reaction mechanism

Transformation�products�from�PFOS�degradation ﻿Degradation pathways for perfluoroalkyl ether carboxylate�

Bowers et al., Environ. Sci.: 
Processes Impacts, 2023, 25, 
472-483
Bentel et al., Environ. Sci. 
Technol. 2020, 54, 4, 2489–
2499



HRMS�data�acquisition�with�LC-Orbitrap-MS
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Sample preparation  HPLC Separation Mass Spectrometry 
Detection

100-1000X 
dilution

Mix with IS 
and methanol

1. C18 column
2. 50 uL injection
3. Mobile phase: 20 mM ammonium 

acetate aqueous solution and 
methanol, gradient elution

1. ESI NEG mode
2. Full scan-DDA 

mode



NTA workflow�with�Compound�Discoverer
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Compound Discoverer from Thermofisher Nontargeted analysis workflow

NTA workflow for PFAS is available in 
the most updated CD 3.3



NTA workflow�with�Compound�Discoverer�(CD�3.3)
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PFAS and hydrocarbon surfactant list and 
library that we used in the CD 
1. PFAS list from NIST, Mines, and Duke University including 

80 targeted + 4968 suspected structures. Some of them 
have MS2 library

2. AFFF hydrocarbon surfactant list from adapted Raymmah 
et al (Jenniffer Field group’s publication)

Most mass lists and libraries are available in the most updated CD 3.3



General�confidence�level�and�PFAS confidence level�(PCI) 
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General confidence level (Schymanski et al) PFAS confidence level (Charbonnet et al)

Schymanski et al., Environ. Sci. Technol. 2014, 48, 4, 2097–2098
Charbonnet et al., Environ. Sci. Technol. Lett. 2022, 9, 6, 473–481

More criteria in the paper



The unique hydrothermal technology used for PFAS destruction
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Hydrothermal Media 

• Elevated temperatures and pressures (200 – 374 °C , 2-22 MPa)

• Water properties changed dramatically. 

• Avoids parasitic energy losses associated with water vaporization

• Less energy required to heat liquid water to hydrothermal condition than to evaporate water at 
room temperature.

H2O:  ΔH25300 = 1.2 MJ/kg  
          ΔHvap = 2.5 MJ/kg

Peterson, Andrew A., et al. Energy & environmental science 1.1 (2008): 32-65.

High Temperature 
High Pressure!



Example�1:�Hydrothermal�alkaline�treatment�of�foam�fractionate
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Foam concentrate 
(200 kL – 0.6 L)Foam fractionation (FF)

µg/L PFAS mg/L – g/L PFAS

Tertiary foam

Hydrothermal 
alkaline treatment 

(HALT)

>99% destruction

The NTA of post-treatment samples did not show transformation 
products of PFASs other than targeted and suspected PFAS decay



Example�1:�Recalcitrant dissolved organic carbon during hydrothermal
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DOM Hydrocarbon 
surfactants PFASs

Foam Concentrate

HALT

HALT-stable DOC is more recalcitrant than PFAS

PFASs contributed to TOC: 16%

DOC degradation over reaction time

PFAS�was�gone

Hao et al., Environ. Sci. Technol. 2023, 57, 44, 17154–17165



Example�1:�Homologs of CnH2nO2 identified at confidence level 2
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LC-Orbitrap-MS for non-targeted analysis A series of homologs CnH2nO2�identified 



Example�1:�Other hydrocarbon surfactants identified
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A total of 129 molecules associated with different structures including aromatic and aliphatic 
functional groups were identified

Hao et al., Environ. Sci. Technol. 2023, 57, 44, 17154–17165



Example�2:�Hydrothermal�reaction�of�PFOS�with�Ru/C
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Ru/C Catalyst (100 mg/mL)

A�study�to�explore�the�heterogeneous�catalyst�to�degrade�PFOS�in�
hydrothermal�reaction�

More�details�in�the�poster�presentation�
(E5. Innovative Ex Situ PFAS Destruction Technologies)

+

Conditions: 350 °C, No NaOH 
60 mg/L

Missing F mass 
balance

What products were PFOS 
transformed into other 
than fluoride?

Cronmiller et al., manuscript in prep



Example�2:�Comprehensive approaches to identify TPs
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Hydrothermal 
reaction of PFOS 
with Ru/C

Gas phase

Liquid phase

• GC-MS
• GC-TCD

• Targeted analysis (PFOS decay)
• ISE Probe (defluorination)
• Nontargeted analysis  (TPs 

identification)

• Organic solvent extraction 
for further analysis

Solid phase
Cronmiller et al., manuscript in prep



Example�2:�Comprehensive approaches to identify TPs
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Molecular structures of H-PFSAs

H-PFBS (C4)

H-PFPrS (C3)

H-PFEtS (C2)

Homologs of H-PFSAs

Confirmed with 
standards

MS1
H-PFEtS

H-PFPrS

H-PFBS

MS2 of H-PFBS



Example�2:�Degradation pathway we proposed
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Semiquantitative analysis showed the total mass of H-PFSAs accounted for 
~5% of total F in post-treatment samples. We proposed a portion of the 
degradation pathway

The complete mechanism for degradation and defluorination will be shown in the 
poster presentation



Conclusions

1. A NTA workflow for PFAS and hydrocarbon surfactant analyses was proposed

2. NTA revealed recalcitrant hydrocarbon surfactants and PFAS transformation 

products during hydrothermal treatment 

3. NTA is a useful tool to close fluorine mass balance and explore reaction 

mechanisms for PFAS treatment technologies
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