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Analysis of PFAS in products

Combustion ion chromatography and pyrolysis-GC/MS are two complimentary techniques

RISE Research Institutes

A,

of Sweden

Total
Fluorine
e.g. CIC

Structural
identity
e.g.
Pyrolysis
GC-MS

Skedung, L., Savvidou,
Identification and quantification of fluorinated polymers in consumer products by combusr.wn ion chromatography
and pyrolysis-gas chromatography-mass spectrometry. Environmental Science: Processes & Impacts, 26(1), 82-93.

Screening of
PFAS content

Both methods use direct :

thermal breakdown (no prior I

extraction step) and capture |

polymeric PFAS. |

Future ——— - —— -]
regulatory
compliance

, Schellenberger, S., Reimann, A., Cousins, I. T., & Benskin, (2024). S



Possible
enforcement of a
universal PFAS
restriction

Environmental Science & Technology ?
ASAP > Article

VIEWPOINT | August 14,2024

A Systematic Workflow for Compliance
Testing of Emerging International Classwide
Restrictions on PFAS

Robin Vestergren*, Anders Appelblom, Simona A. Bélan, Sicco H. Brandsma,
Thomas A. Bruton, lanT. Cousins, Jeremy R. Gauthier, Audun Heggelund,

Jenny Ivarsson, Anna K&rrman, Lisa Melymuk, Chijioke Olisah, Amanda Rosen,
Eleni K. Savvidou, Steffen Schellenberger, Lisa Skedung, Petteri Talasniemi,
Tonie Wickman, Jonathan Zweigle, Christian Zwiener, and Jonathan P. Benskin*
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Products

P e

2a) Supply chain communication
(Substance identity)

No information

2b) Chemical characterization
(e.g. pyr-GCMS, "*F-NMR)

Total fluorine Check for
screening CF; or3
(e.g CIC, PIGE) >50 ppm F
PFAS —F-
No CF; or CF.
<50 ppm F and >56 ppm Ig
Targgt Direct TOP or PhotoTOP
screening + LC-MS/MS of C1-C16 PFAAs

@

Option to supplement with additional
targets and/or non-target screening

4

CF, or CF;
and >50 ppm F

Non-
compliant

©

>25 ppb
individual PFAS

or
>250 ppb YPFAS
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PFAS restriction pr¢

PFAS shall not be manufactured, used or placed on the market as substances on
their own; nor not be placed on the market in another substance, as a constituent;
in a mixture, or in an article in a concentration of or above:

« 25 ppbforany PFAS
o 250 ppb for the sum of PFASs
* 50 ppm for PFASs (polymeric PFASs included)

If total fluorine exceeds 50 mg F/kg the manufacturer, importer or downstream user shall upon request provide to
the enforcement authorities a proof for the fluorine measured as content of either PFASs or non-PFASs.

L Also applies to imported goods and recycled materials!

RISE Research Institutes of Sweden


https://echa.europa.eu/restrictions-under-consideration/-/substance-rev/72301/term

Total fluorine in textile samples

The 50 ppm level in the restriction proposal makes sense

-
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1800 Known C6-SFP PFAS-containing textile impregnation consist

1600 - i of side-chain fluorinated polymers (SFPs)
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Q_ —————————————————
21200 -
GC) 1000 - I
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Pyrolysis-GC/MS for verification

The fluorinanted side-chain seem to be kept intact providing structural information

Reference textiles
5
1.9%10 —C4-SFP
—— C6-SFP
——C8-SFP
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>
8 t=2.2 min
5.0x10* t=3.2 min
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Counts

The retention times of PFAS-
fragmentsin theion
chromatogram and

corresponding mass spectra

3x10° — indicate a C6-SFP in this sample I—
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PFAS in 57% of the articles

Total fluorine (TF) concentrations of 13/23 articles in the range 65 ppm - 1450 ppm

TF>50 ppm

10 garments

y 7 work shoes/boots

TF>50 ppm

3 shoes

RISE Research Institutes of Sweden

16 commercial workwear garments

Presence of PFAS was verified in the 13
articles with pyrolysis-GC/MS.

C6-SFP was found in 10 of the samples
and C8-SFP was found in 3 of the
articles.




RISE Research Institutes of Sweden

Comparison analytical techniques

Method Sample A Sample B Proposed regulatory threshold
>PFAS22 (LC-MS/MS) 15 ppb 150 ppb 250 ppb

> PFAS22 (LC-MS/MS) after oxidation (TOP) 28 400 ppb 500 250 ppb?

Total fluorine (CIC) 1450000 ppb (1450 ppm) 275 000 ppb (275 ppm) 50 ppm

Concentrations under the proposed regulatory threshold with target
analysis.

Oxidation significantly increases 3PFAS in the target analysis. This is
why we propose oxidation (direct TOP) in step 3 before target
analysis.

T

The total fluorine concentrations clearly indicate PFAS and non-
compliance with future universal PFAS restriction.

(23]
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Analysis of a carpet

|
\

Total fluorine: 440 ppm (mg/kg)
All layers included in the analysis.

No PFAS detected with pyrolysis-

GC/MS in neither of the five layers.

RISE Research Institutes of Sweden

Elemental analysis with SEM-EDS*

Table shows atomic %

Spectrum (o7 o Al Si S Ca Ti

81 18 - 034 002 005 046 005

58 31 - 003 008 027 10
61 24 049 - 0.04 8 6
//

Example where quantified
fluorine is inorganic (not PFAS).

Pyrolysis-GC/MS is useful to
avoid “false positives”.

*SEM -EDS = Scanning Electron Microscopy with Energy Dispersive X-ray Spectroscopy S
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PFAS in 5% of the analysed articles

Total fluorine (TF) concentrations of 8/37 articles in the range 50 ppm - 1000 ppm

1200

1000 PFAS-fragments indicate 6 fluorinated carbons.

600

400

Total fluorine (ppm)
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|
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' |

\ |
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—— |
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|
|

200

50 ppm

Sample ID

RISE Research Institutes of Sweden

Prescence of PFAS verified in two of the articles (cupcake |
forms) with pyrolysis-GC/MS. The retention times of

Presence of PFAS could not be verified in the
other samples with a TF-concentration > 50

ppm.

Neither PFAS nor silicone chemistry are
found in the two samples with highest TF
concentration. We believe this is another

example where the fluorine is inorganic (not
PFAS).

4
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ZPFAS increases with oxidation (TOP)

Method 307 348 355

YPFAS22 (LC-MS/MS) 1.3 1.0 49 5.0 2.4 1.7 28 0.79 34 1.5 0.7 0.05 0.11 54 2.1 1.6 043

> PFAS22 (LC-MS/MS) after oxidation (TOP) nfa nf/a 17000 20700 n/a nfa nfa n/a 5.5 nfa n/a n/a nfa 210 n/a n/a n/a

n/a - all analysed PFAS-substances under LOQ for the TOP-method

SPFAS under the proposed 250 ppb regulatory threshold with target analysis for ' * | .
all articles including those where PFAS-chemistry was confirmed. :
|
|

A significant increase in ZPFAS in the TOP-analysis for the same two samples
where presence of PFAS was verified with pyrolysis-GC/MS.

(23]
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Ceramic non-stick coatings

Is the coating free from PFAS?

2 ination?
T Contamination:
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PFAS-chemistry verified in final

1

- |
Pyrolysis-GC/MS article AND the paint. I
|

|

|

—

Pyrolysis-GC/MS

I

PFAS-chemistry in the
I inorganic/organic network?

I
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PTFE as an additive in plastic

3000

2500

N
o
o
o

Total fluorine (ppm)

o)
o
o

1500

1000

Headphone case #1 Headphone case #2 Loudspeaker plastic

RISE Research Institutes of Sweden

Pyrolysis-GC/MS verifies that the quantified
fluorine originates from the fluoropolymer PTFE.

Pyrolysis-GC/MS also verified PTFE in the
construction plastic in my computer power cable.

(2]
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Study with European Outdoor Group

RISE Research Institutes of Sweden

lllustrative photos of analysed articles

* Disassembling of products

Analysis of selected components
based on function and higher
probability of finding PFAS

Analysis with pyrolysis-GC/MS

Target analysis (PFAS22) of displays
and printed circuit boards



Product type

Summary of analyses

Display

X = Analysed part
v =Presence of PFAS

Cables Outside battery/Battery case Plastic Textile part

Charging cable

Transparent lamp

Led vest?! X V X

Headlamp? X, X X X, V X X, X

Headlamp? X, X V X
Headlamp? X X, X, x N/ X

Headlamp? X X X X
Avalanche beacon? X, X, X, X X, X, X, X, X,X XX X X

Avalanche beacon! X X X

Battery pack? X X, X, X X, X, X, X

1Driven by non-rechargeable alkaline batteries
2Driven by rechargeable batteries

Fluoropolymer PTFE was found in the outside battery/battery case in 4 products.
Fluoropolymer ETFE found in 1/9 analyzed cables.
PPT-levels (extremely low) of specific PFAS quantified in the printed circuit boards and displays

19 RISE Research Institutes of Sweden
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I—0O—xT
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Cables

Fluoropolymer ETFE found in one of nine analysed cables

8.0x107 4

Product cable

6.0x107 4

4.0x107 4

Counts

2.0%107 4

00— T T T T T T T
0 1 2 3 4 5 6 7 8 9 10
n Time (min)

6
410 —— ETFE reference

3x10°

2x10°

1%10°

0- T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10
Time (min)

Counts

RISE Research Institutes of Sweden

Fluoropolymers have high
dielectric strength and

temperature resistance and may Polyethylene (PE)
be used in cables for electrical Polyvinyl chloride (PVC)
insulation. .
______________ I Glass fibres
Polyurethane
PP&styrene @ b oo o e e e e e e -
J/

Other cable materials in analysed products:

PVC + phthalates
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Quantfied fluorine may not be PFAS

2000

Some parts in an analysed coffee maker showed a total
fluorine concentration > 50 ppm.

The presence of PFAS in A, B and C could not be confirmed
with pyrolysis-GC/MS.

MICA used for fire protection and isolation is a possible
source of fluorine in electronic products

Total fluorine (ppm)

RISE Research Institutes of Sweden
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Conclusions

Main message 1:
There are
analytical
methods that
captures
polymeric PFAS!

Main message 2:
It is possible to
enforce a
universal PFAS
restriction!

* Proposed workflow for PFAS-analysis works in practice and on many different types of

products.

* Pyrolysis-GC/MS complements fluorine quantification, confirming organic nature (PFAS).

« Target analysis with oxidation (TOP) is recommended in stage 3 (higher chance to detect PFAS).

* Direct thermal breakdown is key to detect polymeric PFAS.

* Analysis on component level in complex products.

RISE Research Institutes of Sweden
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