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EAD provides more structural information than CID SCIEX
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Outline SCIEX

* Aqueous film forming foam (AFFF) is complex mixture of PFAS
compounds, poorly understood

* SCIEX 7600 ZenoTOF system has alternative fragmentation mechanism,
electron activated disassociation (EAD)

* EAD fragmentation is “softer” than traditional CID, provides additional
structural information

* Application of EAD fragmentation to AFFF sample



Early awareness of PFAS in AFFF SCIEX

Novel 2001 paper from Analytical Chemistry

* PFAS in Etobicoke Creek near Pearson Airport (Toronto, ON)
« 22,000 L spill of AFFF

+ Total PFAS measured using 19F NMR

*  PFOS, PFHxS, PFOA by LC-MS/MS

Anal. Chem. 2001, 73, 2200—2206
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Introduction: characterizing PFAS in AFFF
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ABSTRACT: Aqueous film-forming foams (AFFF:
(PEASs), are released into the environment duri
historical applications of AFFF at military sites w
equipment testing. Recent data on AFFF-impacted|
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1 based AFFFs, | products,
military bases was conducted to identify the remal
time-of-flight mass spectrometry was used for o
Kendrick mass defect plots and a "nontarget” R scri
of previously reported PFASs. Forty classes of nov
discovered, and an additional 17 previously reporte
and/or AFFF-impacted groundwater. All 57 dasses 1
from collective author knowledge. Thirty-four of tf
clectrochemical fluorination (ECF) processes, mas
newly discovered PFASs found only in AFFE-impa;
two dasses are fluorotelomer-derived, which sugge]
environment.

ABSTRACT: Recent studies comparing the results of total AFFF/

organofluorine-combustion fon chromatography (TOE-CIC) Ion o —"" Suractant
to targeted analysis of perfluoroalkyl and polyflucroalkyl
substances (PFASs) by liquid chromatography tandem mass
spectrometry (LC-MS/MS) have shown that a significant yet

~—— High Resolution MS

CiaHigNOoF,
¥

variable portion of the total organofluarine in environmental - | Lc MS/MS
and biological samples is in the form of unknown PFASs A Strong Acid

portion of this unknown organofluorine likely originates in Weak Acid TOF-CIC :SI’T"
proprietary fluorinated surfactants not included in LC-MS/MS Fluorinated?

analyses and not fully characterized by the environmental [ Neural ] Yes '104 CHZ:C(OH}Z
science community, which may enter the eavironment through !

use in agueous flm forming foams (AFFEs) for firefighting.
Contamination of water, biota, and soils with various PFASs
due to AFFF deployment has been documented. Ten
fluorinated AFFF concentrates, 9 of which were obtained from fire sites in Ontario, Canada, and two commercial fluorinated
surfactant concentrates were characterized in order to identify novel fluorinated surfactants. Mixed-mode ion exchange solid
phase extraction (SPE) fractionated fluorinated surfactants based on ionic character. High resolution mass spectrometry assigned
molecular formulas to fluorinated surfactant ions, while collision induced dissociation (CID) spectra assisted structural
ucidation. LC-MS/MS detected isomers and low abundance flucrinated chain lengths. In total, 12 novel and 10 infrequently
reported PFAS dasses were identified in fluorinated chain lengths from C3 to CI5 for a total of 103 compounds. Further
research should examine the environmental fate and toxicology of these PFASs, especially their potential as perfluoroalkyl acid
(PFAA) precursors.

Permanent Cation CID Mass Speura

AFFF is more complex than only
PFOS & PFOA!

Contains >40 classes of PFAS; some
classes can degrade to
perfluorinated carboxylates &
sulfonates

High-resolution mass spectrometry
used to identify novel PFAS classes

Mass spectral libraries are built to
aid compound identification
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Unique AFFF-derived PFAS
contain perfluorinated tail and
complex alkyl headgroups
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Introduction: characterizing PFAS in AFFF
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« Targeted LC-MS/MS methods poorly quantify PFAS

in AFFF

* Majority of “unknown” PFAS are precursors to
perfluorinated acids

Source: Ruyle et al. Environ. Sci. Technol. Lett. 2021, 8: 59-65



Power of Precision

SCIEX

The

Unknown PFAS in an AFFF-impacted environment
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Characterization of environmental samples
SEC ae

TIMS DMS RPLC

HILIC

GCx

GC
cIM Analytical tools for

the Lo

characterization of LC

environmental
ECD samples \IR
Spectroscopy
EAD
CID NMR \ ‘V
El
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ZenoTOF 7600 system ::: ZenoTOF 7600 System

QUALITATIVE FLEXIBILITY COMBINED WITH QUANTITATIVE POWER

s * ZenoTOF 7600 system combines the flexibility of
multiple fragmentation options

* High sensitivity MS/MS with
the ZenoTOF 7600 system

* SCIEX OS software provides an intuitive
workflow interface for easy acquisition and data
processing

10 RUO-MKT-11-14729-A © 2022 DH Tech. Dev. Pte. Ltd.



ZenoTOF 7600 system

:: ZenoTOF 7600 System

HARDWARE ADVANCEMENTS

Zeno trap | ¢

Improved MS/MS
duty cycle gain 290%
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°
* 5GHz, 10bit ADC with

40GHz TDC timing with 25
psec detection rate. High
speed pulse counting to
maintain resolution and
mass accuracy >130Hz and
over 5 orders LDR

e

Complementary fragmentation with
increased sensitivity using the
EAD cell
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Electron activated dissociation (EAD)
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SCIEX

Electron activated dissociation (EAD)
e- ,
B | A
molecular ions (9) » . e : . ‘
electron capture intermediate fragments

radical state

0 ECD - Electron Capture Dissociation
_ S ; : _
* Free electrons are captured by ions and form d (multiply charged peptides and proteins)
. . > 5 Hot ECD - Hot Electron Capture Dissociation
a radical state which then fragments 5 (glycopeptides, disulfide-bonded peptides, etc.)
c
. . . . . w 10 EIEIO - Electron Impact Excition of lons from Organics
— Electrons introduced with different energies will % (singly charged molecules)
induce fragmentation in different molecule types g 15
&
= 20
L
w
25

T. Baba et al. Anal.Chem. 2014



CID vs EAD

SCIEX

The Power of Precision
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Ramping the kinetic energy

Intensity, cps
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Ramping the kinetic energy

Intensity, cps
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ECD - Electron Capture Dissociation

(multiply charged peptides and proteins)

Hot ECD - Hot Electron Capture Dissociation

(glycopeptides, disulfide-bonded peptides, etc.)

EIEIO - Electron Impact Excition of lons from Organics

(singly charged molecules)



Where does EAD become useful?
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Using CID
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Where does EAD become useful?

SCIEX

The Power of Precision
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Where does EAD become useful?
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Analyzing AFFF with EAD SCIEX

PERFLUOROBUTANE SULFONAMIDO PROPYL DIMETHYL QUATERNARY AMINE PROPANOATE
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Querying EAD MS/MS spectra
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Future work

SCIEX
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Next steps:

22

Negative mode

Structural elucidation
workflows

Identify fragments unique to
PFAS compounds/classes

RUO-MKT-11-14729-A
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Conclusions SCIEX

* EAD fragmentation is an alternative to traditional CID

* EAD forms additional, diagnostic fragments that can be useful for
structural elucidation of AFFF-derived PFAS

* Emerging technology with significant application in unknown screening of
many environmental contaminants



Trademarks/licensing SCIEX

The SCIEX clinical diagnostic portfolio is For In Vitro Diagnostic Use. Rx
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Not for use in Diagnostic Procedures.
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