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Background

◼ Class B foams: designed for Class B fires - flammable liquids
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Background
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◼ PFAS release from fire-fighting foam 



Background

◼ PFAS in foams - a changing story since 1963

Main foam fluorosurfactants:

• PFOSF based formulations 

using ECF technology

• C8-telomer based formulations 

using fluorotelomerization 

technology

• C6-telomer based formulations 

using fluorotelomerization 

technology

• Others (e.g. OBS)



Background

◼ PFAS in foams - regulatory limits

• EU: POPs regulation; 1000 ppb for PFAS proposed

• DOE/USA: 1 ppb for PFAS in MIL-PRF-32725

• Queensland (Australia): See details below



Methods for PFAS analysis

◼ Tools for PFAS analysis in foam samples

• Targeted PFAS: direct analysis using LC/MS-MS and GC/MS

• Total oxidizable precursors (TOP): heat activated persulfate oxidation + LC/MS-MS 

• Total organic fluorine (TOF): combustion ion chromatography (CIC)

• Unknown PFAS: untargeted analysis using LC/HRMS (e.g. TOF, Orbitrap)



Methods for PFAS analysis

◼ Two new tools we developed

• UV-based total oxidizable precursors (TOP+): UV254-activated persulfate oxidation + LC/MS-MS

Fan et al., Determination of total oxidizable precursors in foam surfactants and foam contaminated water based on UV-activated persulfate oxidation. 

Science of The Total Environment. 2021, 763: 142943 (DOI: 10.1016/j.scitotenv.2020.142943)



Methods for PFAS analysis

• Total reducible organic fluorine (TROF): hydrated electron reduction + IC

Fan et al., Determination of total reducible organofluorine in PFAS-impacted aqueous samples based on hydrated electron defluorination. Science 

of the Total Environment. 2022, 829: 154548 (DOI: 10.1016/j.scitotenv.2022.154548)



Practice in China

◼ Foam surfactants

• PFOS-based products

Mumtaz et al., Per- and Polyfluoroalkyl Substances in Representative Fluorocarbon Surfactants Used in Chinese Film-Forming Foams: Levels, Profile 

Shift, and Environmental Implications. Environmental Science & Technology Letters. 2019, 6(5): 259-264 (DOI: 10.1021/acs.estlett.9b00154)

TOP assayDirect analysis



Practice in China

• Telomer-based products

Mumtaz et al., Per- and Polyfluoroalkyl Substances in Representative Fluorocarbon Surfactants Used in Chinese Film-Forming Foams: Levels, Profile 

Shift, and Environmental Implications. Environmental Science & Technology Letters. 2019, 6(5): 259-264 (DOI: 10.1021/acs.estlett.9b00154)

TOP assayDirect analysis



Practice in China

◼ PFCAs increase under TOP(+) assay
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Practice in China

◼ PFCAs increase under TOP+ assay

Direct analysis

0.01-2.81 g L-1

2.08-26.2 g L-1

TOP+ assay

0.005-0.28 g L-1

3.5 - 60.2 g L-1



Practice in China

◼ TOP assay vs. TOP+ assay

TOP assay

TOP+ assay



Practice in China

◼ HRMS analysis

• A workflow of suspect screening and nontargeted analysis of PFAS was established

• Various of PFAS structures were found in the samples.

https://www.agilent.com.cn/cs/library/applications/5994-6954ZHCN.pdf

https://www.agilent.com.cn/cs/library/applications/5994-6954ZHCN.pdf


Practice in China

◼ PCA analysis for detailed PFAS profiles of foam surfactants

ECF-based SF Telomer-based SF

Liu et al., Suspect screening and nontargeted analysis of per- and polyfluoroalkyl substances in representative fluorocarbon surfactants, aqueous film-

forming foams, and impacted water in China. Environment International 2022,167: 10739 (DOI: 10.1016/j.envint.2022.107398)



Practice in China

◼ Compliance with the reference regulations



Summary

◼ Conclusion

1. Regulatory limits for PFAS in foams already exist in EU, USA and Australia, which require 

comprehensive test methods such as targeted PFAS analysis, TOP assay, TOF by CIC.

2. Test methods and instruments are well developed for the purpose:

• CIC: TOF (or EOF)

• LC/MS-MS: targeted PFAS

• GC/MS: neutral PFAS (e.g. FTOHs)

3. Advanced suspect and nontargeted analysis using HRMS can provide additional information 

about unknown PFAS, which can be useful to realize the fluorine mass balance of test results.

4. The practice in China demonstrate the substitution of PFOS based foams to C6-telomer 

based foams, which can be attributed to China’s responsible implementation of the 

Stockholm Convention.



Thanks for your attention!
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