
All solvent tubing utilized in the PAL System is free from PFAS. 
The following tools and modules were installed:

Vortex Mixer
Agitator
Centrifuge
Tray Cooler (for 2/10/20 ml vials)
Tray Holders with rack (for 2/10/20 ml vials)
Micro-SPE Tray (for 2 ml vials and micro-SPE cartridges)
Fast Wash Module
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Manually weigh 1 ± 0.01 g of cut sample
into a 10 ml vial and load onto PAL System.
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Volatile PFAS can migrate from packaging into food, posing a health risk. Analyzing them typically involves labor-intensive
manual sample preparation that is prone to variability.

A fully automated workflow using a PAL System for all preparation steps, from solvent dispensing and extraction to final
injection into the GC-MS/MS.

The automated method showed outstanding linearity (R² > 0.99), recovery (most analytes 65–135%), and precision
(%RSD < 17%) for quality control samples at multiple levels.

At a Glance

Here we establish a high-throughput workflow for the quantification of
34 volatile PFAS in food contact materials (FCMs), achieving method
detection limits (MDLs) of 1ug/kg for 25 target compounds. 

By utilizing a PAL RTC for automated internal standard addition and
solvent extraction, we eliminated manual handling errors, resulting in
better reproducibility (%RSD <10% at medium QC levels). Coupled with
Agilent 8890 GC and 7010D GC/TQ, this system provides a robust solution
for routine, unattended monitoring of grease-resistant packaging.

Affiliations
¹CTC Analytics AG, Switzerland
²Agilent Technologies, Inc.

Automated Setup & Experimental Design

What are volatile PFAS
C-F Volatile PFAS are synthetic chemicals used in food contact materials (FCMs) like

grease-resistant paper for their water- and oil-repellent properties. Unlike ionic
PFAS, these compounds have high vapor pressures, making them highly mobile and
suitable for gas chromatography (GC) analysis. This workflow targets 34 specific
compounds across several key classes:

Fluorotelomer Alcohols (FTOHs) are often the dominant (6:2 FTOH) volatile PFAS
in food packaging and are known to migrate into food, especially at high
temperatures (Loureiro et al., 2024; Simonetti et al., 2024).

Compounds like FTOHs and fluorotelomer acrylates (FTAs) can degrade
into persistent "forever chemicals" such as perfluorooctanoic acid (PFOA)
(Vorst et al., 2021).

Additionally, we also measure perfluorinated sulfonamides (FOSAs) and
sulfonamidoethanols (FOSEs), which are used in various industrial
applications.

The experimental setup utilized a 120 cm PAL RTC equipped for Robotic Tool Change, coupled to an Agilent 8890 GC and
7010D GC/TQ with a High-Efficiency Source (HES 2.0). Samples (1.0 ± 0.01 g of paper coffee cup) were analyzed in n=4
technical preparations for each QC level (20, 100, and 200 ug/kg). The automated sequence included ethyl acetate
addition (4 ml), internal standard (ISTD) spiking, and micro-SPE cleanup using a reversed-phase Poros M sorbent to
remove matrix interferences without analyte loss. Procedural control was maintained via reagent blanks (RB) and matrix
blanks (MB) to monitor for ultra-trace background contamination.

Quantitative Performance at the LOQ and Method Precision. 
The robustness of the automated workflow is confirmed by technical replicates and recovery statistics:

MRM overlays of four independent technical
preparations at the Limit of Quantitation (LOQ) for
4:2, 6:2, and 8:2 FTOH demonstrate near-perfect
overlap, confirming the precision of the
automated extraction.

The % RSD of recoveries at the medium QC level
remained consistently below 10% for the majority
of the 34 targets. This level of reproducibility
highlights the advantages of automation platforms
to minimize technical variation compared to
manual pipetting and extraction protocols.

Take-Home Message
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Learn more about PFAS and how to minimize their
presence in hardware.

The detection of specific PFAS, including PFOSA and MeFOSE, at concentrations above the MDL in the matrix blanks (MB) shows that
the solvent extraction effectively leaches target analytes from the paper coffee cup samples. C-F

Chromatographic Selectivity
The optimized dynamic multiple reaction monitoring (dMRM) method targets 112 transitions to quantify 34 native analytes and 4 internal
standards (ISTDs) within a 30-minute run. The workflow achieves baseline separation for critical isomers even in complex FCM extracts. Our
target list includes:

Fluorotelomer Alcohols like 4:2, 6:2, 8:2, and 10:2 FTOH.
Acrylates and Epoxides like 8:2 FTAC and 3-(Perfluorohexyl)-1,2-epoxypropane.
Sulfonamides and Amides like PFOSA, MeFOSE, and various perfluorinated amides.
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 PAL RTC equipped for Robotic Tool Change, coupled to an Agilent 8890 GC and 7010D GC/TQ with a High-Efficiency
Source (HES 2.0)

Explore the entire list of analytes and
method parameters.

Category Compounds Significance

FTOHs (Fluorotelomer Alcohols) 6:2 FTOH, 4:2, 8:2, 10:2 FTOH FDA phase-out targets

FOSAs / FOSEs (Sulfonamides)
PFOSA, MeFOSE, EtFOSE, N-

MeFOSA
Detected leaching from FCMs

FTACs (Acrylates)
8:2 FTAC, 1H,1H-Perfluorooctyl

acrylate
Precursor to persistent PFOA

Amides (Perfluorinated) Perfluorooctanamide High-sensitivity industrial markers


