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1. Introduction

Targeted screening methods are well established for monitoring Per-
and polyfluoroalkyl substances (PFAS) in environmental samples.
However, PFAS comprise a large and evolving class of compounds,
creating a need to screen existing, emerging, and transformation
products across diverse matrices. Non-targeted Analysis (NTA)
allows for the confirmation of suspected PFAS in the environment,
but the sample characterization is often limited by analytical
sensitivity. Microflow (0.5 — 40 yL/min) coupled with a multi-nozzle
emitter enhances sensitivity by improving desolvation. When this is
coupled to a high mass accuracy and resolution Quadrupole Time-of-
Flight Mass Spectrometer (QToF), capable of data-dependent and
independent MS/MS, PFAS characterization of unknown analytes is
possible. In this study, various environmental extracts were
processed and screened using NTA for PFAS compounds.

2. Methods

A Shimadzu Nexera Mikros LC was used to introduce the sample to
a Newomics DuoESI source with an M3 emitter on a LCMS-9050
QToF MS (Fig. 1). A direct injection on an octadecyl column without
delay column was performed. Direct injection was chosen over trap-
and-elute configuration to minimize selectivity bias caused by the
trap column. The mobile phase, gradient, and source conditions were
optimized in negative mode using known PFAS standards (Table 1).

Fig. 1. The Newomics M3 Multi-Nozzle Emitter and the Newomics Source
mounted on the Shimadzu LCMS-9050 QToF MS.

Table 1. Acquisition parameters.

YGRS

A: 2mM ammonium acetate in water
B: Acetonitrile
Shimadzu Shim-pack MC C18

Mobile phase

Column 0.175 mm x 50 mm, 1.9 um

Gradient (%B) 9% (3.0 min) = 95% (33.0 -38.0 min) = 5% (38.1-
50 min)

Column oven temp. 50 °C

Flow rate S ML/min

Injection volume 1 ulL

Rinsini tiﬁe Internal/External

lonization DuoESI source, negative mode
Mode MS m/z 1QO-1OQO
DIA, isolation window 34.6 Da
Nebulizer gas flow 1 L/min
Interface voltage -2 kV
DL temp. 150 °C
Heatblock temp. 150 °C
Collision energy 25217V
Loop time 0.93s

Environmental PFAS samples includes methanolic extraction of
AFFF-impacted soil from the NIST NTA interlaboratory study and
extracted landfill leachate. Multiple Shimadzu software (e.g. Insight
Explore, Insight Discovery, Profiler) were used to process the data
acquired under data independent acquisition (DIA) (Fig 2).
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Fig. 2. Schematic outlining the workflow and software features.

3. Results and Discussion

Kendrick Mass Defect (KMD) filtering is a feature in Insight Explore
to reduce data complexity and find new, putative compounds by
identifying the difference between the nominal and exact Kendrick
mass. For this work, difluoromethylene was used (CF,) and 80
mDa KMD tolerance was set to create a list of possible PFAS
compounds. Only series are shown for quick filtering (Fig. 3).
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Fig. 3. Workflow demonstrating the utilization of KMD (A) for tentativé”
identification. XIC of m/z 499.0033 (B) revealed a clean peak not currently in the
library or screening list. Observation of DIA deconvoluted MSMS (C) revealed a
diagnostic ion of FSO; suggesting a possible sulfated PFAS.

Further identification can be done by the Assign feature in Insight
Explore. Confirmed compounds can be easily added to libraries.
Once a screening list and library is established, Insight Discovery
can be used to process multiple data files for quick elimination of
the known PFAS compounds and to explore other chemicals in the
environmental samples (Fig. 4). Statistical analyses were used
to narrow down potential targets for further identification. PCA was
performed on environmental sample extracts and more than 1000
features were aligned with the m/z of each feature given on the
loading plot (Fig. SA). Further screening and library search yielded
that 6:2 FTS (m/z 426.966, RT 10.74 min) was among those that
contributes to PC2.

&

Shortcuts Batch Results ponents Found: 14: g | FAS Suspect List - Valid Hit(s): 5
File # Data Filename Vial Tray Data C = # Event m/z RT ~ Response Hit # | Lib. Compound Mame Lib. errRT Lib. RT Lib. 51| Predi
] - N"Lj -] A 4 v r r r r r | O
’- (] 4023889 Bisphenol ] l
a Anal
B ® 2 (5142026 Leachate?_..| 47 2| 1000 neee 8 1 ‘ : 1938] - 2-(Anilinometh y1)-6-met... . ‘ B[ O
|: » 2 1.0000 J.nl‘“l 8 2 1 287.12788 | 11.052 298813 ==|= NC ND ND| [
Open T .| 49| 2| 10000 @ @21 1|-  |453.20502 206440 3-Ami I )
[ 8 .| 50| 2| 1.0000 Predict |2 . 052| 205462 ---- | PyroGlu-Val s ! &
13 .. 51| 2| 10000 [ JEE] 1 21107559 | 11.067 185760 === | 4-{[3-({4-[1-(4-Hydroxyp... 11.067 0.000 68| [
ar- 0000 H] m 21 251 21AR2 | 11 548 127020 115 Ketnaractantandin £3 11 5an nonn =
[ I _Leachate 8_... .0000 Q
T 5142026 Leachate 9 54 2 1.0000 ibrary Sear... nt Polarity m/z RT Response | Predict | Predicted Formula lso Score Score Diff. (mDa) |
\l, @ 10 |5142026 Leachate 10... 7 2| 1.0000 hd hd v, v o A A T hd l
51- 133.06457 | 11.056 3031081 1 [----
| I I+

§ loe

||||||||||||||||||||||||||||||||||||||||||||||||||

CCCCC = Library Hits - D:\OneDrive - Shimadzu Scientific Instruments, Inc\Projects\Mikros Newomics GTOF\NewColumnData\5142026_Leachate 1_Directinj_PFAS Neg DIA 11 2ZmMAAACN_001.lcd - 5:MSMS(-)[221.1000] CE:8.0-42.0 RT:[11.040-11.071]
. . SMSH 21.1000] CE:B.0-42.0 RT:[11.040-11.071

Bisphenol , 4.4-(

lllllllll

T v | 40e5 ]
a 100 | 80-05-7 Bisphenol A Phenol, 4.4'-(1-... 228,115029 | C15H1602 T
- |

Fig. 4. Multiple samples were processed through Insight Discovery for feature
picking, screening, and library search.
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Fig. 5. (A) The scores and loading plot from the PCA of two environmental
extracts and blank. (B) Volcano plot comparing two different types of SPE
cartridge for leachate extraction.

Two sources of WAX based SPE cartridges were compared for
cleaning the leachate sample. Profiler picked 641 aligned features
and a volcano plot was generated (Fig. 5B). With quick filtering,
302 features were significantly higher in cartridge 2, whereas 129
features were significantly higher in cartridge 1.

4. Conclusion

With the increased sensitivity of microflow LC-QToF coupled with
multi-spray ESI with DIA acquisition, Insight Explore aided in NTA
PFAS analysis. When paired with Insight Discovery and Profiler, a
streamlined batch data processing workflow with statistical
analysis was shown to effectively handle complex environmental
matrices and their analyses.
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