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Abstract

Per-and polyfluoroalkyl substances (PFAS) are used in many applications, and one of them is as grease-
proofing agents in food packaging materials. PFAS can migrate into food from food packaging materials,
posing risk to our health via diet exposure. This has raised public concern and regulatory actions are
starting to be implemented. In this work, we have established a robust LC-MS/MS method for
quantitative analysis of PFAS compounds in food packaging materials using the Xevo™ TQ-Absolute
Mass Spectrometer, with good linearity for the 27 PFAS analytes, with r? values all >0.995. Sample
preparation involved solid phase extraction (SPE) to clean the sample matrices using Oasis™ WAX for
PFAS cartridges and matrix effects were minimal after employing the SPE workflow. The SPE workflow

was fully automated by the Andrew+ Pipetting Robot configured with the Extraction+ connected device
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to increase the efficiency of the sample preparation process. The SPE workflow was tested by spiking in
14 labelled PFAS analytes to a food packing material and recoveries ranged from 93.6 to 126.6%. The
overall workflow was tested on five food packaging materials (1 packaging paper, 3 paper box and 1

paper bag) with a range of PFAS detected in all materials, the highest containing 12 native PFAS.

Benefits

= Maximize your laboratory productivity and efficiency with an automated pipetting and SPE protocol

using the Andrew+ pipetting robot and Extraction+ connected device

= Mitigate errorin standards and SPE sample preparation with an automated protocol that requires

less human intervention

= Achieve low levels of detection as low as 1 pg/dm? using an ACQUITY™ UPLC™ I-Class Plus coupled to

a Xevo TQ-Absolute Mass Spectrometer

Introduction

Per-and polyfluoroalkyl substances (PFAS) are used widely in many commercial applications due to their
properties and chemical stability. Due to their widespread use and persistence, these toxic chemicals
accumulate in the environment, humans, and animals. One of the major sources of PFAS exposure is
through diet, and PFAS which are used in food packaging materials as grease-proofing agents is a
potential source for dietary exposure.! With their unique amphiphilic property, PFAS can easily migrate
from food packaging into food depending on the material type, temperature and carbon chain length.?
This has led to public concern and regulatory bodies have started to take action. In 2020, Denmark
started to prohibit selling any food contact paper and board materials containing PFAS. With the
increasing concern on PFAS, there is more focus on potential contamination sources. Food packaging
can come in a wide variety and range which will be challenging especially with the different kind of

interferences that might be present.

The preparation of samples including solid phase extraction (SPE) can be time-consuming that can
dominate an analyst’ stime in the laboratory. With the addition of Andrew+ pipetting robot configured
with the Extraction+ connected device, it allows an automated laboratory preparation system to provide

the flexibility of freeing analysts’ time for other important tasks, resulting in a more efficient way of
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time management.

In this application note, an entire workflow is presented for PFAS analysis in food packaging samples
from automated sample preparation using Andrew+ Pipetting Robot configured with Extraction+

connected device to LC-MS/MS quantitative analysis with Xevo TQ-Absolute Mass Spectrometer.

Experimental

One of the main factors that may affect the analysis is matrix effect due to presence of different
interferences in a variety of food packaging materials. To ensure matrix effect is minimized, proper
sample clean-up was done using Oasis WAX for PFAS SPE cartridges. The SPE workflow was fully
automated using the Andrew+ pipetting robot with Extraction+. The design and execution of protocol
was done through OneLab™ Software. It is an intuitive software which allows user the full control of

vacuum pressure setting, thus eliminating the need for user intervention in the procedure.

PFAS native standards and isotope-labeled standards were obtained from Wellington Laboratories. An
internal standard calibration series in 1:1 ACN:2mM ammonium acetate with concentration ranging from

0.001-1 ng/mL was prepared using the Andrew+ Pipetting Robot.

An area of 1 dm? from a food packaging sample was cut into small pieces (ca. 1 cm?) and placed in a 50
mL polypropylene centrifuge tube. 50 pL of 10 ng/mL of internal standards were spiked into the sample
and left to stand for an hour. Additionally, 20 mL of 2% ammonia hydroxide in methanol was added into
the sample and sonicated at 60 °C for 60 minutes. Finally, 1 mL of the sample was added into 5 mL of 1%

formic acid solution (aq).

The sample was then subjected to solid phase extraction using the Oasis WAX for PFAS SPE Cartridge
(p/n: 186009345 <https://www.waters.com/nextgen/global/shop/sample-preparation--
filtration/186009345-0asis-wax-for-pfas-analysis-6-cc-vac-cartridge-150mg-sorbent-per.html>). The
Andrew+ Pipetting Robot configured with the Extraction+ connected device was used to automate the
SPE protocol as shown in Figure 1. The protocol was designed and executed using the cloud-native

OnelLab Software.
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« 1 dm? of sample was cut into small pieces and place into a PP centrifuge tube.
« Isotope-labeled PFAS standards were spiked into the sample

P
N
* 20 mL of 2% NH4OH in MeOH was added
» Sample was sonicated for 1 hr at 60 °C.
SR .« Add 1 mL of the supernatant into 5 mL of 1% FA
extraction /
« Condition: 4 mL of 2% NH4OH and 4 mL of MeOH A

« Equilibration: 4 mL of water and 4 mL of 25 mM ammonium acetate buffer (pH 4)

« Load: 6 mL of sample

« Wash: 4 mL of 25 mM ammonium acetate buffer adjusted to pH 4 and 4 mL of MeOH

« Elution: 2 x 4 mL 2% NH,OH <

SPE with
Oasis WAX

« Combine the eluent.
» Dry down the eluent and reconstitute with 1 mL of 1:1 ACN:2 mM ammonium acetate

Solvent
exchange &

Figure 1. Sample preparation for PFAS in food packaging material analysis.
SPE steps automated with the Andrew+ Pipetting Robot and Extraction+

are highlighted in the orange box.

LC Conditions

LC system: ACQUITY I-Class with FTN modified with PFAS
kit
Column(s): ACQUITY Premier BEH™ C15 Column, 2.1 x 100

mm, 1.7 um (p/n: 186009453)

Isolator column: Atlantis™ Premier BEH C1g AX, 2.1 x50 mm, 5

um (p/n: 186009407)

Column temperature: 40 °C

Flow rate: 0.4 mL/min
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Mobile phase A: 2 mM Ammonium acetate in water

Mobile phase B: 2 mM Ammonium acetate in ACN:water (98:2)

Injection volume: 10 pL

Gradient Table

Time Flow o o
(min) | (mL/min) ‘ ok ‘ i ‘ fuve
Initial 0.400 90 10 Initial
1.0 0.400 90 10 6
5.5 0.400 50 50 6
105 0.400 15 85 6
11.0 0.400 0 100 6
13.0 0.400 0 100 6
{184 0.400 90 10 6
17.0 0.400 90 10 6
MS Conditions
MS system: Xevo TQ-Absolute Mass Spectrometer
lonization mode: ESI (-)
Capillary voltage: 1 kv
Source temperature: 130°C
Desolvation temperature: 550 °C
Cone gas flow: 150 L/Hr
Desolvation gas flow: 1000 L/Hr
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Data Management

Chromatography software: MassLynx™ v4.2
MS software: MassLynx v4.2
Informatics: TargetLynx™ v4.2

Results and Discussion

PFAS internal standard calibration series

The preparation of internal standard calibrants is time consuming and involves a lot of repetitive
pipetting steps. The use of Andrew+ Pipetting Robot to automate the protocol helps reduce potential

human error and allows analysts to attend to more important tasks.
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Figure 2. Andrew+ Deck Layout for preparation of PFAS internal standard
calibrants using Andrew+ Pipettes and Domino Blocks: 1. Tip insertion
system (10-300 uL Optifit tips); 2. Collection labware rack; 3. Microtube;

and 4. Centrifuge tube.

The calibration series for 27 PFAS compounds with concentration range of 1-1000 pg/mL (1-1000 pg/dm
2) was prepared on two different batches. The results in Figure 3 show that the linearity of all the PFAS
compounds for the two automated batches are reproducible with r?>0.995. A set of calibration series
was also prepared by a skilled lab user as a comparison. From Figure 3, the results generated by
Andrew+ automated protocol and manual preparation are comparable. Using PFOA as an example, the
calibration curve and residual plot as shown in Figure 4 further suggest that similar results can be

obtained from both ways of preparation.
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Linearity comparison between calibration prepared by Andrew+ and Manual (i)
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Linearity comparison between calibration prepared by Andrew+ and Manual (ii)
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Figure 3. Comparison of calibration series established with preparation by

Andrew+ and manual.

Compound name: PFOA Compound name: PFOA Compound name: *Cg-PFOA Compound name: *Cg-PFOA
2 = 0.998547 (a) r?=0.999079 (b) % Relative SD: 2.91355 (6) % Relative SD: 245835 @
465 50+ ¥ x
2 x 5.00
= % gy 90 ] E X 5 %
3 00del X 2 x 2 ol s g 250 X
3 - xi = g ool —F——— ¥ 8 i 2 %
4 % 4 < 000
-10.04 X -10.0 § ¥ 50 X !
 ENMSASSNE————————— " Y Cone A Cone . R r 3
100000
0 200 100000
& 100 2 500004 & 50000 4
g : : ;
00 Conc 200 Conc 04 Conc 04 Cconc
0 250 500 750 1000 0 260 6500 750 1000 000 025 0850 075 100 000 025 050 075 1.00

Figure 4. Internal standard calibration curves for PFOA (a) automated by Andrew+
Pipetting Robot (b) manual preparation. External standard calibration curves for 13C8-

PFOA (c) automated by Andrew+ Pipetting Robot (d) manual preparation.

Recovery and matrix effect studies

As it is difficult to find food packaging that is PFAS-free, the recovery and matrix effect studies were

evaluated using 14 isotope-labeled PFAS standards spiked in food packaging matrix. The SPE protocol
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with Oasis WAX for PFAS was fully automated by the Andrew+ Pipetting Robot configured with

Extraction+, controlled by Onelab, a cloud-native software.

Onelab Software is an easy-to-use software with an intuitive interface which allows the user to get
started fast in designing and executing protocols without programming knowledge. It enables the full
control of the vacuum pressure, allowing the user to set different pressure profiles in protocols
according to the solvents used during the SPE steps. This eliminates the need for the user to control the

solvent flow manually, which is critical in achieving good recovery.

Figure 5. Andrew+ Deck Layout with Extraction+ connected device for
preparation of PFAS SPE protocol using Andrew+ Pipettes and Domino
Blocks: 1. Tip rack holder 10 mL; 2. Tip rack holder 5mL; 3. Collection
labware rack; 4. Collection labware rack; 5. Extraction+; 6. 15 mL conical
centrifuge tube; 7. 50 mL conical centrifuge tube; and 8. 250 mL glass

bottle.

Brown food wrapping paper was used for evaluation of recovery and matrix effects. Three batches of
sample were evaluated with one batch extracted with manual SPE protocol while two other batches
were extracted with automated SPE protocol. Good recoveries and matrix effects for all the compounds

were obtained ranging from 85.2%~121.8% and 78.0%~127.3% respectively.

Table 1 shows that the results are reproducible from the same sample type prepared in two separate
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batches. Also, manual SPE protocol and automated SPE protocol yield almost similar result.

Recovery (%)

Matrix effect (%)

(L1l LGB Manual | Automated | Automated | Manual | Automated | Automated

SRE SPE batch1 | SPE batch 2 SPE SPE batch1 | SPE batch 2
1 BC,-GenX 9919 112.8 107.7 78.0 107.6 105.4
2 BC,-PFBA 106.9 113.3 12.2 87.9 116.2 108.8
3 3C,-PFBS 103.0 111.5 114.5 84.0 110.5 118.8
< BC,-PFPeA 1056.3 114.4 110.8 86.6 108.1 112.0
5 | “C,-PFHxA | 105.0 17.0 1105 86.4 105.4 10.7
6 3C,-PFHxS 100.3 14.1 116.1 92.9 108.7 171
7 ®C,-PFHpA 106.4 118.9 118.9 82.2 035 102.6
8 BC,-PFOA 105.7 119.9 116.5 82.4 101.2 106.0
9 BCPEOS 101.4 121.8 108.8 91.3 101.8 112.8
10 BCqe-PFNA 106.8 17.5 114.5 92.4 109.1 109.2
il BC4,-PFDA 100.6 13.7 112.6 83.0 109.8 3.3
12 | ®C,-PFUnDA 93.5 114.6 107.8 86.7 114.9 171
13 | “C-PFDoDA 88.7 102.1 107.8 96.1 102.6 127.3
14 | “C-PFTreDA 85.2 94.3 116.2 921 102.1 103.6

Table 1. Recovery and matrix effect evaluated based on 14 isotope-labeled PFAS

compounds.

Food packaging matrices are complicated, and matrix effects will vary with each sample. Matrix effect is
determined by peak area of PFAS prepared in solvent divided by peak area of PFAS prepared in blank
sample extracts. Some matrices may cause ion suppression (Matrix effect <80%) which will reduce the
sensitivity of detection of native PFAS in samples. This will lead to inaccuracy in determining the right
amount of PFAS present in the sample. SPE clean-up helps remove unwanted matrix, giving a cleaner

sample and better sensitivity.

Figure 6 shows the comparison of MRM chromatograms of a sample with and without the SPE clean-up
procedure. With SPE clean-up, the sensitivity of 13C8-PFOS, 13C8-PFOA and 13C9-PFNA improves

significantly.
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Figure 6. Overlay of MRM chromatograms with solvent standard, SPE cleanup and
without SPE cleanup for 13C8-PFQOS, 13C8-PFOA, and 13C9-PFNA in food packaging

samples.

Detection of Native PFAS in Samples

Five food packaging samples (1 packaging paper, 3 paper box, and 1 paper bag) obtained from the
market were analyzed using the established LC-MS/MS method. These packaging materials are usually
used for oily or greasy food. PFAS compounds were found in all five of the samples. The number of PFAS
compounds found in each of the sample along with the detected concentration is illustrated in Table 2.
There are more than 12 native PFAS compounds detected in samples S4 and S5. PFOA is detected in all

samples, which is illustrated in Figure 8.
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Concentration (pg/dm?)

S1 S2 S3 S4 S5
6:2 FTS - - - - 199.3
9CI-PF3ONS - - - <LOQ -
ADONA <LOQ <LOQ <LOQ <LOQ <LOQ
N-EtFOSAA - - - 168.0 -
PFBS - - - 33:3 -
PFHxS - - - 127.3 -
PFOS - - - 184.7 -
PFNS - - - - 178.0
PFBA 974.7 1552.7 1030.0 1142.0 1312.0
PFPeA 31.3 20.0 40.0 26.7 145.3
PFHxA - - 40.0 58.7 -
PFHpA - - 37.3 31.3 170.7
PFOA 46.7 42.0 63.3 89.3 170.7
PFNA 28.7 20.7 29.3 62.0 177.3
PFDA 25.3 - 23.3 73 180.0
PFUNDA 23.3 - 20.0 79.3 189.3
PFDoDA - - - 72.0 148.7
PFTriDA - - - 46.0 59.3
PFTreDA - - - 64.7 106.0

Table 2. Concentrations of PFAS detected in food packaging samples
tested on the Xevo TQ Absolute MS. <LLOQ signifies a positive
identification, but concentration was not reported as it was below the

calibration range.
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Figure 7. MRM chromatograms of PFOA in diluent and sample S1~S5.

Conclusion

This work demonstrates the entire workflow of PFAS analysis in food packaging samples from
extraction, automated SPE clean-up using Andrew+ pipetting robot configured with Extraction+
connected device, to LCMS quantitative analysis with the Xevo TQ-Absolute Mass Spectrometer. The
results suggest the possibility of incorporating automation into the workflow for calibration curve
preparation and fully automated SPE protocol instead of repetitive manual tasks. This can help to
maximize efficiency by freeing up the time needed and eliminates the need for human intervention in
the SPE procedure. The methodology also allows for an easy and highly sensitive analysis of PFAS in

food packaging material to better monitor sources that could potentially bring PFAS to our food.
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