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Background

◼ PFAS: a big family of >10,000 “Forever Chemicals”

https://pfas-1.itrcweb.org/2-3-emerging-health-and-environmental-concerns/DOI: (10.1021/acs.estlett.0c00255)



Background

◼ Industrial formulations are key sources of PFAS

Fluoropolymer
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• Lots of data about PFAS contamination in 

ambient environment exist, much less about 

the emissions from industrial sources.

• Some data revealed about PFAS in industrial 

formulations in other countries (e.g. US, EU), 

very few about Chinese products.



Background

◼ China as an example

• Class B foam surfactant (FS)

✓ Designed for Class B fires  - flammable liquids

• Textile finishing agent (TFA)

✓ Water, oil and stain repellent

• Chrome mist suppressant (CMS)

✓ Used in hard/functional and decorative chrome plating 

• Polymerization aids

✓ For the production of PTFE, PVDF, FEP, FKM, etc.

No data → no target → no action.

Side-chain

fluoropolymer might 

be contained.



Strategy for PFAS analysis

◼ Technical protocol Commonly measured PFAS

• GB 31604.35-2016 (2 PFAS)

• EPA Method 537.1 (18 PFAS)

• EPA Method 533 (25 PFAS)

PFAS

Precursors

• TOP assay

Unknown PFASs

• Suspect screening

• Non-target analysis

Total organic fluorine (TOF)

• CIC

• 19F NMR

→ TOP+ assay

→ TROF assay



Strategy for PFAS analysis

◼ The comprehensive test protocol of PFAS

Sample 

preparation

TROF assay

(IC)

Suspect screening and Non-target analysis

(LC/qTOF-MS)

Fluorine balance

Targeted analysis

Normal/direct test

(LC/MS-MS)

TOP(+) assay

(LC/MS-MS)



Development of test methods

1. TOP+ assay: a modified TOP assay

• UV254-activated persulfate (60 mM K2S2O8，pH=12) oxidation

PFAA 

precursors

PFOA + 

other PFCAs

PFAA 

precursors

PFOA + 

other PFCAs

Heat

UV

Fan et al., STOTEN. 2021



Development of test methods

✓ Houtz and Sedlak proposed TOP assay

✓ Persulfate, heat, basic pH condition in ~6h→

hydroxyl radicals lead to PFCAs precursors

conversion

✓ Analyze PFCAs concentration for precursors

concentration

`

1. TOP+ assay: a modified TOP assay

• The mechanism of TOP assay

Source: Houtz et al., Environ. Sci. Technol., 2012



PreDevelopment of test methodsPre

UV254, 1hr

TOP assay TOP+ assayEPA Method 537.1

Fan et al., STOTEN. 2021



Development of test methods

• Recovery comparison for typical precursors

Selected precursor 6:2 FTS 8:2 FTS FOSA

PFBA 39.90% 31.7% ± 1.9% 12.6% ± 0.5%

PFPeA 40.2% ± 5.4% 40.5% ± 0.5% 11.0% ± 2.8%

PFHxA 15.70% 3.6% ± 0.6% 0.90%

PFHpA 5.1% ± 0.3% 6.0% ± 1.3% 2.80%

PFOA 21.5% ± 2.3% 76.5% ± 2.9 %

PFNA - 1.75% -

TOP assay 80 ± 5% 89 ± 2% 97 ± 3%

TOP+ assay 100.9% ± 5.3% 105.1% ± 6.4% 103.7% ± 6.2%

*Corresponding ∆PFCAs/[precursor]0
Fan et al., STOTEN. 2021



Development of test methods

2. TROF assay: an alternative to CIC

• TROF = total reducible organic fluorine

• [MECHANISM] Convert organic fluorine to inorganic fluoride using hydrated 

electron (eaq
-) generated by UV/sulfite, an advanced reduction process (ARP) 

Patent: ZL2018106384817

RPR200, Southern New England 

Ultraviolet (Rayonet) Co. 

• UV Lamp: 253.7 nm, 16*8.0 mW/cm2

• [Na2SO3] = 20 mM

• [NaOH] = 150 mM

• t = 6 h
Fan et al., STOTEN. 2022



Development of test methods

• TROF assay comes from our previous studies — successful degradation 

and defluorination of various PFAS by eaq
- in alkaline UV/sulfite system

Bao et al., ES&T 2018

Bao et al., Water Res 2019

Bao et al., Chem Eng J 2020

Bao et al., J Hazard Mater 2021



Development of test methods

• Recovery and calibration curve
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PFAS concentreation (mg/L)

方程 y = a + b*x

绘图 F concentration (ppm)

权重 不加权

截距 0.76651 ± 0.46179

斜率 2.91315 ± 0.05306

残差平方和 4.45245

Pearson's r 0.99917

R平方(COD) 0.99834

调整后R平方 0.99801

y = 2.924x + 0.6184

r² = 0.9983

Fan et al., STOTEN. 2022



AFFF surfactants

◼ Fluorinated foams are dominant in China

AFFF

Fluorinated

foams

aqueous film-forming foam

AR-AFFF alcohol-resistant 

aqueous film-forming foam

FFFP film-forming fluoroprotein foam

AR-FFFP alcohol-resistant 

film-forming fluoroprotein foam

Fluorine-free foams (F3)

Class B foams

FP fluoroprotein foam

AR-FP alcohol-resistant 

fluoroprotein foam



AFFF surfactants

◼ Existing limits for PFAS in Class B foams

Regulation PFHxS PFOS PFOA
PFOA precursors 

(≥C7)

ECHA - 10 0.025 0.26

Queensland
10

(PFHxS + PFOS)

50 (as fluorine)

(TOP Assay C7-C14)

* Unit: mg/L and mg/kg

Source:

https://businessdocbox.com/Green_Solutions/74918344-Annex-xvrestriction-report.html

https://echa.europa.eu/documents/10162/13641/rest_pfoa_compiled_opinions_en.pdf

https://www.qld.gov.au/_data/assets/pdf_file/0025/68470/firefighting-foam-policy.pdf

https://businessdocbox.com/Green_Solutions/74918344-Annex-xvrestriction-report.html
https://echa.europa.eu/documents/10162/13641/rest_pfoa_compiled_opinions_en.pdf
https://www.qld.gov.au/_data/assets/pdf_file/0025/68470/firefighting-foam-policy.pdf


AFFF surfactants

◼ China is the top producer of fluorinated foams

• ~40% for domestic market, using PFOS-based surfactants produced in China

• ~60% for international market, using telomer-based surfactants imported

Year 2014 2015

Production of fluorinated 

foam concentrates (t) 27126.3 39341.2

Production of PFOS-based 

foam concentrates (t) 11592.1 15869.9

Consumption of PFOS (t) 54 74.7

Average content of PFOS (%) 0.47 0.47

Source: Zhuang 2017



AFFF surfactants

◼ Sample collection

• AFFF surfactants samples collected from Shanghai Vatten

• The leader in Chinese market, active in R&D of non-PFOS alternatives 

Purpose Vatten FS Chemical description

Domestic market

VF-368
C8, PFOS-based

VF-570

VF-6119
Fluorinated copolymer

International market

VF-6116

VF-9126

C6, telomer-basedVF-9128

VF-9129



AFFF surfactants

◼ Comparison: Normal test vs. TOP assay

• PFOS-based FS products

Mehvish et al., ES&T Lett. 2019

Normal test TOP assay



AFFF surfactants

• Telomer-based FS products

Mehvish et al., ES&T Lett. 2019

Normal test TOP assay



AFFF surfactants

Normal test

TOP+ assay

TOP assay

◼ Comparison: also TOP+ assay

Fan et al., STOTEN. 2021



AFFF surfactants

◼ Comparison: also TOP+ assay

Fan et al., STOTEN. 2021



Textile finishing agents

◼ Sample collection

• Textile finishing agents (TFAs) directly purchased from Chinese market



Textile finishing agents

◼ Comparison: Normal test vs. TOP assay

• Nearly zero PFCAs found in Normal test using LC/MS-MS 

• Together with GC/MS for FTOHs:

Mehvish et al., Front Environ Sci Eng. 2019

Telomer based TFAs ECF based TFAs



Textile finishing agents

• TOP assay

Mehvish et al., Front Environ Sci Eng. 2019

Increase of PFCAs (post-oxidation)



Textile finishing agents

• Application for a new set of TFA samples (2021)

Sample # Company Country Name

FG Zhanhe China NEXGARD FG-821

G45 Daikin Japan TG-4575

G48 Daikin Japan TG-4875C

G560 Daikin Japan TG-5601

G567 Daikin Japan TG-5671

G58 Daikin Japan TG-5871

TEX Deke China TEXNOLOGY 706

YG Yugan China YG-450



Textile finishing agents

• Big gap exists in terms of F mass balance

Fan et al., STOTEN. 2022

Sample # Type of sample Supplier

FS#1 AFFF surfactant 1 Vatten

FS#2 AFFF surfactant 2 Vatten

CMS
Chrome mist 

suppressant
ATOTECH

TFA#1
Textile finishing 

agent 1
Sunichem

TFA#2
Textile finishing 

agent 2
Sunichem



Textile finishing agents

* Consistency with a recent ES&T paper

Source: Xia et al., Environ. Sci. Technol., 2022



Summary

◼ Conclusions

• Normal test using LC/MS-MS is not effective for industrial formulations 

containing (side chain) fluoropolymers. Significant increase of PFCAs can be 

found when using TOP(+) assay for such samples.

✓ AFFF surfactants

✓ Textile finishing agents (TFAs)

• The results from TOP+ assay are quite comparable with TOP assay.

• Suspect screening and non-target analysis are necessary for a mass 

balance of fluorine (F).

* Ref.: Liu et al., Environ. Int. 2022 (https://doi.org/10.1016/j.envint.2022.107398)

• Further investigation is needed with the cooperation of the producers.

https://doi.org/10.1016/j.envint.2022.107398



