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PFAS Classifications and Terminology
EEA reports >4700 PFAS compounds in commerce

Common Acronyms

PFCA Perfluoroalkylcarboxylic acid

PFOA Perfluorooctanecarboxylic acid

PFAS Perfluoroalkylsulfonate

PFOS Perfluorooctanesulfonate

PFASI Perfluoroalkylsulfinate

FOSA Perfluorooctanesulfonamide

FOSAA Perfluorooctanesulfonamidoacetic acid

FOSE Perfluorooctanesulfonamidoethanol

FTOH Fluorinated telomer alcohol (-OH functional group)
FTA Fluorinated telomer acid

FTUA Fluorinated telomer unsaturated acid

FTS Fluorinated telomer sulfonate

PFAPA Perfluoroalkylphosphonic acid

PFPi Perfluoroalkylphosphinate

PAP Mono-substituted polyfluoroalkylphosphate ester
diPAP Di-substituted polyfluoroalkylphosphate ester
PFAI Perfluoroalkyl iodide

SFA Semifluorinated alkane

FTI Fluorinated telomer iodide

FTO Fluorinated telomer olefin

FTAC Fluorinated telomer acrylate
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Sub-classes of PFASs

PFCAs
(CoF2n4s=COOH)
PFSAs o
(CoFynsa—SO;H)
perfluoroalkyl acids - n'2n+1 3
frean PFPAs -
iz =PO;H,)
PFPiAs o
(CaFans—POH=C i Foms)
PFECAs & PFESAs -
(CoFanin=0=CrFamun=R)
PFASs PASF-based
(Cannﬂ_ R) substances
(CHFZnﬂ_Soz_R)
> over 3000
PFASs may PFAA -
have been precursors
the global
(':‘a'k:‘g o fluorotelomer-based

substances
(an2n+|_c2H4_R)

fluoropolymerso
others:

© 100s of others

o polytetrafluoroethylene (PTFE)

o polyvinylidene fluoride (PVDF)

o fluorinated ethylene propylene (FEP)
perfluoroalkoxyl polymer (PFA)

o perfluoropolyethers (PFPEs)

Examples of Number of peer-reviewed
Individual compounds® articles since 2002**
C PFBA (n=4) 928
O PFPeA (n=s) 698
o PFHxA (n=6) 1081
> PFHpA (n=7) 1186
PFOA (n=8) 4066
PFNA (n=9g) 1496

o PFDA (n=10) 1407
© PFUNA (n=n1) 1069
PFDoA (n=12) 1016

O PFTTA (n=13 426
PFTeA (n=14) 587

o PFBS (n=4) 654
PFHXS (n=6) 1081

o PFOS (n=8) 3507
o PFDS (n=10) 340
PFBPA (n=4) 3

O PFHXPA (n=6) 33
PFOPA (n=8) 31

O PFDPA (n=10) 35
O C4/C4 PFPIA (n,m=4) 4
o C6/C6 PFPIA (n,m=6) 12
C8/C8 PFRIA (n,m=8) 12

o C6/C8 PFPIA (n=6m=8) 8
2 ADONA (CF,—O—C Fg—O—CHFCF,—COOH) 4
GenX (C,F,~CF(CF,}~COOH) 2

© EEA(C,F,-O-C,F,—O—CF,-COOH) 6
© F-538 (CI=CgF,,~0=C,F,~SOH) 14
0 MeFBSA(n-a‘R-N(CH,)H) 25
MeFOSA (n=8,R=N(CH,)H) 134

0 EtFBSA (n=4.R=N(C,H,}H) 7
O EtFOSA (n=8.R=N(C,H H) 259
MeFBSE (n=4,R=N(CH JC H,OH) 24

0 MeFOSE (n=8R=N(CH,)C,H,OH) 16
O EFBSE (n=4R=N(C,H,JC,H,0H) 4
0 EtFOSE (n=8R=N(C,H,)C,H,OH) 146
O SAMPAP {[C4F ,SO,N(C,H,)C,H O], PO, H} 8

© 100s of others

4:2FTOH (n=4,R=0OH) 106
6:2 FTOH (n=6,R=0H) 375

O 8:2 FTOH (n=8 R=0H) 412
0 10:2 FTOH {n=10R=0OH) 165
12:2 FTOH (n=12,R=0H) 42

© 6:2 diPAP [(C¢F ,C,H,0),—PO,H] 23
© 8:2 dIPAP [(C4F,,C,H,0),~PO,H] 25

Wang, Z et al. (2017). Environ. Sci. Technol. 51, 2508-2518.
EEA: European Environmental Agency




Per- and Polyfluoroalkyl Substances (PFAS) in Drinking Water

According to the Environmental

Working Group, an advocacy

group that tracks pollution and Compound PFOA +

supports tougher standards: PFOS
Concentration (ng/L) 70
 PFAS contamination has Year 2018 (ADEQ)

been found in at least 172
sites in 40 states

P
<

* More than 1,500 drinking
water systems serving 110
Million people may be
contaminated with
perfluorooctanoic acid
(PFOA), perfluorooctane v

sulfonic acid (PFOS)

Compound
PFOA/PFOS

Concentration (ng/L)
6/5

Year 2017

NEMC 2023

PFAS regulation state-by-state — Numerical Limits

Compound PFOA + PFOS | Concentration (ng/L) 70 | Year 2016 EPA DWHA

Minnesota

Compound
PFOA/PFOS

Concentration (ng/L)
35/27

Year 2017

—

Compound
PFOA/PFOS/PFNA/PF

HxS

Concentration (ng/L)

9/8/9/84
Year 2009

—

e Massachusetts

Compound PFAS (total)
Concentration (ng/L) 70
Year 2017

—> New Jersey

Compound
PFOA/PFOS/PFNA

Concentration (ng/L)
14 (40)/13/13

North Carolina Year 2017 (2007)

Compound GenX

Concentration (ng/L)
140

Year 2017
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Environmental Protection Agency (EPA)

Recently Proposed Regulation for PFAS in Drinking Water and the Environment.

March 2021, the EPA issued a final regulatory determination to regulate perfluorooctanoic acid (PFOA) and perfluorooctane
sulfonic acid (PFOS) as contaminants under Safe Drinking Water Act (SDWA).

March 29, 2023: The EPA proposed individual maximum contaminant levels (MCLSs) of 4.0 ng/L or ppt for PFOA and PFOS.
EPA also proposed to use a Hazard Index (HI) approach to protecting public health from mixtures of PFHxS, HFPO-DA and
its ammonium salt, PFNA, and PFBS because of their known and additive toxic effects and occurrence and likely co-
occurrence in drinking water.

On April 13, the EPA proposed regulating seven PFAS, besides PFOA and PFOS, and their salts and structural
iIsomers must be tested for all wastewater discharges, in soil and sediment for any construction, land permitting or
infrastructure projects:

Perfluorobutanesulfonic acid (PFBS)

Perfluorohexanesulfonic acid (PFHxS)

Perfluorononanoic acid (PFNA),

Hexafluoropropylene oxide dimer acid (HFPO-DA, sometimes called GenX)

Perfluorobutanoic acid (PFBA)

Perfluorohexanoic acid (PFHxA)

Perfluorodecanoic acid (PFDA)

NOoOOGkWNE

https://www.federalregister.gov/documents/2023/03/29/2023-05471/pfas-national-primary-drinking-water-regulation-rulemaking
https://www.federalregister.gov/documents/2023/04/13/2023-07535/addressing-pfas-in-the-environment
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International Trend Is to Implement PFAS Regulation

PFAS in biosolids: A review of
international regulations

Insights into global PFAS management and the Australian context

by Water Source — 03/03/2021 in Technical Papers, Public Health

Influence of exposure to perfluoroalkyl substances ... Q-
https://www.sciencedirect.com/science/article/pii/S0160412017314952

Apr 01, 2018 - Regulation of PFASs in the US and Europe began earlier than in Asia; PFASs have been
used with no regulation until recently in Korea (Webster, 2010). According to the international trend of
PFAS regulation, we anticipate that PFAS exposure among people in Korea increased from the 1970s to
the early 2000s, reaching a plateau around the mid 2000s, and then declined during the early 2010s.

Cited by: 46 Author: Sung-Hee Seo, Min-Hui Son, Sung-Deuk Ch...
Publish Year: 2018

H Hall, D Moodie, C Vero.
First published in Water e-Journal Vol 5 No 4 2020.

* Sung-Hee Seo et al., Influence of exposure to perfluoroalkyl substances (PFASs) on the Korean general population: 10-year trend and health effects, Environment

International, V. 113, 2018, Pages 149-161, https://doi.org/10.1016/j.envint.2018.01.025.
« https://watersource.awa.asn.au/publications/technical-papers/pfas-in-biosolids-a-review-of-international-regulations/

: Agilent
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FluoroMatch Flow for Non-Targeted PFAS Annotation

>4700 Per/Polyfluoroalkyl substances (PFAS) compounds in commerce!*

o

.«

o

Generate MS/MS spectra based on
fragmentation rules or simply use
the default 7000+ MS/MS spectra
for annotation and processing of
your nontargeted PFAS LC/Q-TOF
data.

FluoroMatch Flow simplifies the
process with drag-and-drop
simplicity. Import the correctly
named files into FluoroMatch Flow,
select an output directory, and click
Run. The software performs file
conversion, peak picking, blank
filtering, identification, and
combining positive and negative
mode data.

FluoroMatch Generator can be
used to generate MS/MS spectra
based on class/type specific
fragmentation rules and SMILES
strings indicating repeating units.

L5 [M-CO,HJ

Workflow

Separate & FluoroMatch Flow
Detect

Automated Annotation

74, 2% 325, 9%

m A: Confident

@ B: MS/MS Evidence

1450, 39% J/ 645, 17%

OC: Series with Aor B
O D: Exact Mass Evidence

OE: Likely not PFAS

Thousands of PFAS automatically detected in aqueous film
forming foam (AFFF) using an Agilent 6540 LC/Q-TOF.

MassHunter ESI
negative LC/Q-TOF
data files can be
dragged-and-dropped
into FluoroMatch
Flow.

Simply follow the software’s
progress in the command-line
interface boxes.

\ ! /7
@ Advantages

Screen 7000+ PFAS across 70+
subclasses.

Automated — requires only a few
clicks.

FluoroMatch Flow automatically
integrates retention time, mass,
and fragmentation for confident
PFAS annotation/identification.

Generate predictive libraries
based on fragmentation rules
optimized on Agilent hardware.

» Future FluoroMatch projects to integrated ion mobility and GC/MS data.

» Future FluoroMatch Generator project to generate in silico libraries with predicted retention times.

“https://www.eea.europa.eu/publications/emerging-chemical-risks-in-europe
https://comptox.epa.gov/dashboard/chemical-lists/pfasmaster

NEMC 2023
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Confident PFAS Annotation Requires RT, MS, and MS/MS

MS/MS RT MS

fragment screening

homologous Series
(777 fragments)

\ / (RT, MS)
class-based MS/MS

(70 classes, Annotation exact mass
6,879 species) » Confidence library hit (MS)

in-silico MS/MS
EPA: 2,589 species / \ mass defect (MS)




Agilent’s Q-TOF Data Acquisition Strategies
Balance between sensitivity and fragment confirmation quality

Acquisition Mode Cycle Acquisition rate  Cycletime Data points Mass Resolution DA Workflow

distribution (seconds) per 6s peak

MS Only 2 Hertz 0.50 12

6 Hz for MS 0.50 12
6 Hz for All lons >30,000 FWHM
at m/z 118 and
>60,000 FWHM
: atm/z 2,722 of
: — spectral peak,
Q-RAI 8 Hz for MS 0.49 12 WFi)th all "
24 Hz for Q-RAI instrument
segments parameters set

by autotune

8 Hz for MS 0.54 11
16 Hz for MS/MS

NEMC 2023



Data Acquisition Strategies
All lons instrument cycle time

No compromise with

mass resolution
0.50 seconds

Relative counts

o 1.2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19
Relative Retention time (seconds)

Actual Count - ® = Measured Count
Parameter Unit Value
Typical chromatographic peak width (seconds) 6
Number of CEs (CEs) 3
MS acquisition rate (spectra/sec) 6
Calculated cycle time (seconds) 0.50
Data points per peak 12.0

NEMC 2023



Data Acquisition Strategies
Q-RAIl instrument cycle time

© o
© ©

Relative counts
OCooo0oo0o000o
OFRP NWDMOOO N

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
Relative Retention time (seconds)

Actual Count = @ = Measured Count
Parameter Unit Value
Typical chromatographic peak width (seconds) 6
Number of Q-RAI segments (segments) 5
MS acquisition rate (spectra/sec) 8
MS/MS acquisition rate (spectra/sec) 24
Calculated cycle time (seconds) 0.49
Data points per peak width 12

Q-RAI = Quadrupole Resolved All lons

NEMC 2023

Agilent



Data Acquisition Strategies

All lons Quadrupole Resolved All lons (Q-RAl)

x10 4 | Low energy
249 1421 x10 4 |+ESI Scan:1 (rt: 8.134-12.776 min, 270 scans) Frag=135.0V PestMix_Avocado_AIM_4CE(0-10-20-40).d

Target Mass Range 5.5

4 1218 ] 2421431
4.5
5 398.3277 922.0101 .
‘ 3.5 121.0507
779.5445 3] 195.1222
O A mlm‘ ! LHJ,.L ml‘ \J“.‘V(Alm ML.ALH\LW ik ‘x \ . . . w0 L 254 .
) 2 922.0101
x104 High energy 15 ol 531.4082
922.0093 1 m
0.5 779.5445
1 Fr?gnmsem oL Lok M‘A\‘L\J‘ ! M“ \l ull \J‘\“‘_\LA ‘LI‘LJJW.‘UJJULLW‘\hmt Ll L.Ldu.um‘m | } L ) |
7 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
Segment Segment| Seg. Seg. Seg. Seg. [Segment|Segment
0.5- 401.2671 3 4 5 6 7
M | ‘ 797.5159
O _ ”h ‘ V\Mmﬂhu L J L \ . lliad .L.M“m Jm . . \ L i L.l
I I

102800 300 400 500 600 700 800 900
e (Mm/z)

Potential interfering noise Quadrupole filtering of wide bands to

reduce complexity of the fragment spectra.

In low m/z region
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Data Acquisition Strategies
Auto MS/MS: What is it?

Centroid spectrum Find isotope groups Calculate purity,
« Eliminate peaks below by applying isotope apply stringency
storage threshold model Rank by charge state \ . re-rank list
- Determine charge state and/or abundance

MS Profile spectrum

» Eliminate candidates with
undesired charge state

ﬂuto MS/MS \

Apply variable number

of transients cutoff
Schedule top N

proportional to MS/MS measurements

acquisition time

wed MS/MS

NEMC 2023



Data Acquisition Strategies v ——
_ _ 0 compromise with
Auto MS/MS instrument cycle time mass resolution

0.57 seconds 0.9

elative counts
o o
(6} e}

R
o
N

0O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
Relative Retention time (seconds)

Actual Count — @ —Measured Count
Parameter Unit Value
Typical chromatographic peak width (seconds) 6
Number of MS/MS precursors (Precursors) 2
Number of CE’s/precursor (CEs) 3
MS acquisition rate (spectra/sec) 8
MS/MS acquisition rate (spectra/sec) 16
Calculated cycle time (seconds) 0.54
Data points per peak 11

NEMC 2023



Acquisition Modes Supported by FluoroMatch
lterative MS/MS

[To trigger Iterative M5/MS, you need to do two things. First setup parameters in LC-MS method, then
trigger iterative method in worklist. You need to add the “lterative” column to the worklist. By default, it
is blank in the column. To trigger iterative, add the word “start” or “reset”. Any word in the following
rows will continue the precursor exclusion on a rolling basis. A blank row or standby script will put aside
the exclusion list (i.e. not be used but also not clean up) until it meets another “start™ or “reset”.

Spectsl Favametess | Colision Enegy  Precursar Selecion | | Frecurer Selection § | Prefermsd/Esetat

I_ Precist Shatbg Exchusion Hamge List .
:?! - s Statie Exchusion Range Table ¥ [Law FL oy M3/ dorions
“ G Procuason Thanshold Shaet Endmz Iesadive M5/M5
Ao Abs. Tresshold  [3000°  cewnts Maee oot lokaeance [+/-pom] [0
2 et Rel Thieshakd (%) [00m % AT enchation tokesarsce
- ngd Bicte Excchason [02 [min) 03 [eme)
H
Bl W Enshied
Evchded aher [T Spectis
Feleased aftes [ 2

B Poali  Wadldl  Feip

T EE E RO e fee d iorosd] n

Sarmpl e Wos s Sowple Poamar Hatsnd Dwtm Fila
1 R i 1 it - e iy Pt 00k el
H ‘Tribba et :u'l'\.'u'.l. F1#4 m A At urse s e Tim e o 201 d
3| eabststiesnt g Fi-5i S T s s B
d Tribiy Hl-l'lw.'. F1#4 I T bburireal o] i m oo i 03d
1 VoAb i o e Tl Pronghl. FiFd a5 TR b sl w1 i ssaicedl B
] redb st Senal [ Jughl F1#4 pﬂlrl-r-m-: |b'_11‘:l.u I.:H am 'HH At ed 1l r e depireriil 4
£ TRAL § Mwsaae sl | Pyl Fi1+F4 |23 il - e Wk et o] bk LI L o) i
L} redi g apah-Je pal 1 Duggll F1#4 prpA - ang - Thrmey- 40041 Ko -'I:"!1:I nllb-\.mrm-ﬂ-r- g ek |
L} VLT Wl WA I et Fi1+5d sl v s st Er et b v TR e R B i el
(B ey mor e Dl Fiaq PP e apg - Mireey- g L Fu e el mte s 2 LEETL ] B
i TRAI & B s Pl Fi¥d o - B e e e 1 B I e T e L L ET ]
1Z TG | e S e B Dagrdl. Flrd PRS- B3 B M AaL ks TR vt mas- 3w a-aaroaverid] A
il ey ol m Al S ] Pl Fi=d iipharra apip m- By - T bribirip ol i 2w e-droie g o
14 reih o smace oAl [ fugll Fl#4 P da-m e sy Mman-die b 1891 Hrat-urmen 5370 w a-tarnr 21 d
"% ey g enp ol it B Dyl F1#y prph e mpy wp- ey e L b TN i o A mer-dugrom il o
& | méniswshdscstlighl = FIE PHAHN T O T P e
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Acquisition Modes Supported by FluoroMatch
Auto MS/MS (lterative MS/MS) and All lons

PFSA C8 DDA All-lons
Annotated MS/MS Spectra Annotated MS/MS Spectra
Feature @2937 @ Annotated Feature @2937 @ Annotated [M-H]
y 4K 0o o L 2 L 2 L 2 [SO3] ¢ ¢[SO3F|
2l x — § g E JET ‘g 10K
£ o O 8 = s | CF3S0}- ?
8 OK . .(—j.)—lq —) - ‘l_‘ - La . So oo. o - e U~ OK l [l ]
0 200 400 0 200 400
O O O -0
mz mz
x10 4 |-ESI EIC(168.9895) Scan Frag=90.0V CID@40.0 Alllons_Nat_Std.d -ESI EIC(168.9895) Scan Frag=90.0V CID@40.0 Alllons_Nat_Std.d [803] g
74
6 [SO3F]-
. : [C2F5]- X
" ' [(_;3F7]- X ’/\
A\ \.\\ / \
34 \y /
2_
1- =3
N S N B — SN e /
688 69 692 694 696 698 7 702 704 706 708 71 712 714 694 69 698 7 702 704 706 7.08 71 712 794 7.6

Counts vs. Acquisition Time (min)

NEMC 2023
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Generic FluoroMatch User Workflow

Agilent .d File(s) Feature Table:
Full-scan m/z and retention time
Blanks

Peak Picking ) FluoroMatch

Agilent .d File(s)
(Q-RAl or AIF) Deconvolution

Parameters:
Correlation cutoff
Number of scans to Correlate
Intensity cutoff

Retention time range

MSConvert

(ProteoWizard) ms2

NEMC 2023 -3 Agilent



FluoroMatch Flow (Dependent on MZmine for Peak Picking)
FluoroMatch Flow to Systematically Annotate PFAS Molecules

@ Output Directory Optional
blank filtering

= v [P~ — - — E@ YU
Parameters Progress Wi

Project Name: Directory fordExporting Results & Blank Filtering:a = b :;(E +(cxB,) e —
EXpOI’t Name —l | Browse a= 1 | b= 2 | c= 3 |
SoSTo o TTn T MNegative Mode Raw Files Positive Mode Raw Files
Drag
MS files (.d Neg Mode
Blanks, QCs,
Dre}g : Sample?s)
MS/MS files (.d)
(DDA, IE-DDA, MZMINE Output
targeted MS/MS)

Remave Remaove Remove
et s Containing Fesi Ls MS/MS intensty threshold fiie conversion) -
hes M NS ity Mok wie] i cdicms] Data conversion and
Full-scan Intensity threshold file conversion)
L m/z Search Tolerance MS1 (Da) 0.007 Save Annotation ]
import Group Names m/z Search Window MS/MS {ppm) E o Click Start!
l:| Log transform | Scan filter in seconds min:| | max:l | EIC and MS1 spectra generation for visualizer
Start.
Mot run

NEMC 2023



FluoroMatch Visualizer for In Silico PFAS Interpretation
FluoroMatch Visualizer is built upon Microsoft Power Bl Desktop

Power Bl Desktop necessary for interactive
FluoroMatch Visualizer:

FluoroMatch 3.3 currently outputs a Microsoft
Power Bl readable CSV file with over 35 columns
of information.

Visualizer interface consists of three graphs, two
filters, and four tables.

Visualizer is interactive and Crossfiltering allows
simplified evaluation of a feature, PFAS series, or
other groups of features.

\. DDA or full-scan

4 HRMS and HRMS/MS Data-acquisition (Input Files) )

[ Samples l IPooIs E E Extraction
- Blanks

DDA or [E-DDA

Full-scan )

FluoroMatch
Software

@ Annotated MS/MS
Annotated Feature Tabl

Visualizer
e .

Agilent

NEMC 2023



FluoroMatch Visualizer for In Silico PFAS Interpretation
Crossfiltering allows simplified evaluation of PFAS series

retention time range miz range
Q FluoroMatch ® ) s 3 Ve File y
Visualizer 000 10.00 0.00 1.200.00 . .
EEEEE ’ Mame/Clas: e Score #in Series w Fragment w/ Fluorine Normalized Mass Defect MS/MS File w

A All Al R Multiple 5. All o 100 1.00

Fl u 0 ro M atC h Vi S u al i Zer . Kendrick Mass Defect Plots (Normalized to CF2) Retention Time vs m/z Plot Fragment Screening
) Name or Class @ PECA-per. @PFCA-p.. WPESA-perfl. @PFSM-c ®PFSM-N.. Name or Class @PECA perfl. @OECA perfl.. @PESA perfl. @EFSM -carb_ @BFSM-N formmiis =,
C4ras0l [
.

|II
4

 Visualizer interface consists of five graphs: S ——

L e @D L -] CaHIo2

- Visualizer has filters: C|- D,
A. Score, chemical, and number in series. I g
B. Files and MS/MS files. o

C. Normalized mass defect plot. o—— — o} i

Kendrick Nominal Mass

D. Interactive m/z vs. retention time. SE— | P

E_ FUH-Scan MS Spectra_ FFeature(FiIe] ®33521 (F.. ®33521 (F.. @33521 (F.. @33521 (F._ @33521 (L » T 350 - = E:JEQ‘EJNOEC 2;::5

F. EXtraCted I O n C h ro m atog ram S . E o é:‘:a::j‘-?‘i:f i:::_‘tr.a‘?.'._'-_' @9057 @49525 §3728 §13521 @76355 $ Annatated égj:'lL‘-l‘iECE ? :ééé
G. Annotated MS/MS Spectra. | I = T "T oo |
- - - . 4 - - L o L . ...I 0 C3HI0F | 63K

* Visualizer includes tables: - - : "o - =
H ’ AnnOtated and Scored featu reS. ﬂ.mnotaled Feature-T:lbl:T - - —
|. Annotated fragments. L

Ints ity

G057 A ICF2In 87 552 312573 1 PFCA-perfluproaliogd-standands-Multiphe ¥O8HF 102000 =00 FWFICIFRFICIFFICIFICFICIFIFIFM-H]
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FluoroMatch Visualizer Demonstration
Series Shown in KMD and RT vs. m/z Plots

FluoroMatch RS MS/MS Files Score Series Type Identifier v
|-‘" Visualizer watch tutoria Al o 2 VoA d
Kendrick Mass Defect Plots (Normalized to CF2) Retention Time vs m/z Plot ' : » Fragment Screening
Series @[CF2]n_0 ®[CF2]n_1 @[CF2]n_100 ®[CF2]n_1000 ®[CF2]n_1001 » Series @[CF2]n_0 ®[CF2In_1 @[CF2]n_10 @[CF2In_100 @ [CF2]n_1000 » Fragment Filter  Intensity A
—_— 93,900K
e SO4H 297K
E CF30 201K
8 5 PO4H2 155K
s ‘ C2F50 129K
< 6?8 § : s03 125K
% - 300 400 500 500 BRI bt
o ‘ PO3 56K
@ O ) SO3H 55K
= miz C5H6F3502 48K
x e C8H18N20552 35K
E " N ? Annotated MS/MS Spectra M-C2H302 32K
: s k o e ° 3 N - C8F17503 24K
~ . Feature 192 93 @7 812 @19 $20 927 @37 939 943 9441 043 @55 ) C3F7 22K
L C6F13 19K
.\ ‘ ° C14H12F19N... 18K
010 @ @ ® 500 CTH2F55 17K
= ® SO2F 16K
200 400 600 ‘ 0 0 00 1,000 ggﬂ;igzsa :SE
(O ) C4F90 14K
Nominal Kendrick Mass 1 SO3F 12K
g DAL= R C11H14F11N... 11K
Annotated Feature Table MEE3ES02 10K
: ] C7H4SF11 5K
Feature Score Series RT m/z Name/Class ﬁdduct Formula SMILES ~ C5H2ES sk 3
4282 A [CF2In_128 1.96 212.9791 PFCA-perfluoroalkyl [M-H]- C4HF702  OC(=O)C(A(FICHF)(FIRFIFIF C2F5 aK
2133 A [CF2In_128 431 262.9759 PFCA-perfluoroalkyl [M-H]- CSHF902  OC(=O)C(F)(FIC(FFIERIFCFIFF
534 A [CF2In_128  6.14 362.9696 PFCA-perfluoroalkyl_branched [M-H]- C7HF1302 OC(=0)C(F)(F)C(F)(CF)(F)C(F)(F)CF)(F)FICIF)FIF . )
18702 D-  [CF2ln.0  1.88 80.9650 NA NA NA NA Selection Logic <
11213 D-  [CF2]n.0 1.89 81.9529 NA NA NA NA AND
9390 D-  [CF2In.0 5.82 82.9607 NA NA NA NA v @ OR

<
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FluoroMatch 3.0: “MSmatch Visualizer’ Power Bl
GUIPFCA-H Identified in Show
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A series of five PFCA-Hs were detected in snow:

« Two had scores of “A”
¢ One had a score of “B+”
« Two had scores of “B”
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Evaluating Snow Features
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Building an In Silico PFAS Screening Method

Retention Time Projection

Compound Name RT (min)

Perfluorobutanoic acid 213 H
Perfluoropentanoic acid 2.81 RT Corre|at|0n
4:2 Fluorotelomer sulfonic acid 3.21
Perfluorohexanoic acid 3.40 10
Perfluorobutanesulfonic acid 3.50
Perfluoroheptanoic acid 4.00 Lee
6:2 Fluorotelomer sulfonic acid 4.34 et
Perfluorooctanoic acid 4.60 8 Y *
Perfluorohexanesulfonic acid 4.90 *%

Perfluorononanoic acid 5.20

Perfluoroheptanesulfonic acid 5.54| y = 09783)( - 0763

P 21 measured RTs

—
8:2 Fluorotelomer sulfonic acid 5.40
Perfluorodecanoic acid 5.72 e R2 - 09001
Perfluorooctanesulfonic acid 6.10 ~
Perfluoroundecanoic acid 6.20 E 4
Perfluorododecanoic acid 6.70 A
Perfluorotridecanoic acid 7.20 © 32 p rOJ eCted RTS
Perfluorotetradecanoic acid 7.70 E et °
Perfluorooctanesulfonamide 7.37| > 2 ?. ot
2-(N-Methylperfluorooctanesulfonamido)acetic acid 7.38 2]
2-(N-Ethylperfluorooctanesulfonamido)acetic acid 7.81 8
4,8-Dioxa-3H-perfluorononanoic acid 4.56] ™ 2 O

(2E)-3,4,4,5,5,6,6,7,7,8,8,8-Dodecafluoro-2-octenoic acid 4.44)
2-Perfluorooctyl ethanoic acid 5.66| 0 2 4 6 8 10

2-Perfluorodecyl ethanoic acid 6.83| . R
2H-Perfluoro-2-octenoic acid 4.40 RT from Coggan et. al . (mln)
2H-Perfluoro-2-decenoic acid 5.64
2H-Perfluoro-2-dodecenoic acid 6.79|
Ethyl heptafluorobutyrate 3.20]
2H,2H,3H,3H-Perfluorooctanoic acid 4.41
3-Perfluoroheptylpropanoic acid 5.68|
Perfluoropentanesulfonic acid 3.83|

Analytical and Bioanalytical Chemistry (2019) 411:3507-3520
https://doi.org/10.1007/500216-019-01829-8

Perfluorononanesulfonic acid 6.07| RESEARCH PAPER
Perfluorodecanesulfonic acid 6.60)
Perfluorododecanesulfonic acid 7.52
Perfluoro(2-((6-chlorohexyl)oxy)ethanesulfonic acid) 5.84) - Check for
2-[(8-Chloro-1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8-hexadecafluorooctyl)oxy]-1,1,2,2-tetrafluoroethanesulfonic acid 6.92] . . . . up dates
10:2 Fuorotelomer sulfonic acid 7.1 A single analytical method for the determination of 53
N-Methylperfluorooctanesulfonamide 8.15| .
8:2 Fluorotelomer sufonamide .52 legacy and emerging per- and polyfluoroalkyl substances (PFAS)
N-[(1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-Heptadecafluorooctyl)sulfonyl]glycine 6.14] . h
N-Methyl-N-(2-hydroxyethyl)perfluorooctanesulfonamide 8.17|
N-Ethyl-N-(2-hydroxyethyl)perfluorooctanesulfonamide 8.51 In aqueous mat"ces
Phosphonic acid, (tridecafluorohexyl)- 3.22|
PFOPA  4.35 . 1 5 2 i 1 1
Perfluorodecylphosphonic acid  5.57 Timothy L. Coggan ' ( - Tarun Anumol“ - James Pyke“ - Jeff Shimeta ' - Bradley O. Clarke
6:2 Fluorotelomer phosphate diester 7.92|
6:2/8:2 Fluorotelomer phosphate diester 8.48|
8:2 Fluorotelomer phosphate diester 8.90| Received: 30 November 2018 /Revised: 27 February 2019 /Accepted: 3 April 2019 /Published online: 9 May 2019
Bis(tridecafluorohexyl)phosphinic acid ___7.39 © Springer-Verlag GmbH Germany, part of Springer Nature 2019

(Heptadecafluorooctyl)(tridecafluorohexyl)phosphinic acid 8.07|
Bis(heptadecafluorooctyl)phosphinic acid 8.60|
Ammonium bis(N-ethyl-2-perfluorooctylsulfonaminoethyl)phosphate 9.35|
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Use the In Silico Predictions to Tentatively ldentify PFAS

Simultaneous Quantitation and Screening Filter compounds that are
Verified, Needs Review, Not

Agilent MassHunter Quantitative Analysis (for TOF) - 130314_USEPA_2 - 190214_USEPAdirectinj.batch.bin D e te Cte d
Methad Tools o X 88 Targets 88 Suspects A Previous Sample | 16AGWOS =\ Next Sample 4 3 358 Total| 375
Restore Default Layout Load / Save Layout v Add/Remave Columns Load Column Settings Auto Review Samples Status Compound Name CAs# Formula RT. RT. Diff. Final Conc. Mass Match Score  Target lon Mass Accuracy # of Verifiec
Preset Layouts ¥ Toolbars v Restore Default Columns  Save Column Settings Auto Review Compounds (Heptafluoropropyl... 3834-4... CEHOF7SI 2694 752 241.0289 3.9509 2
o Maximize Pane v Batch Table Layout ¥ Reset Sort Lock Sample/Compound Columns PFBA 373-224 Ca4HF702 2079 0.041 505.8249 2129792 0.6329
Layout o e Auto Review PFPeA 27069..  (SHF302 2777 0.031 4489793 878 2629760 0.4738
42FTS CEHSF9_ 3162 0.048 880.0983 868 3269743 -0.2175
Batch Teble v ®X PFHxA 307-24-4 C6HF1102 3363 0.027 475.3056 B65 3129728 -0.2771 - -
" . r
iisample: A | 16AGWOS - Sample Type:| <All- v d: PFHpA <
i: Sample: | SampleType: empound: £ PrHa PR PFES 375735 CAHFRO. 3489 359.3383 293 298.9430 <x=n [N Set 0 utl Ier flag aCCO rd I ng to
Sample PFHpA M-| PFHpA Results ‘ C“‘“""‘e”-| Qualifier.. ‘ @ PFHRA 375859  C7THF1302 3955 478.2087 96.7 362.969 0.5386 . .
@ | ¥ | Name | DataFile Type ‘ Level ‘ Acq. Date-Time Exp. Oonc.l RT | Resp. |MI ‘ Accur&cy‘ Ratio ‘Mll Ratio ‘MI‘ Perflucrooctanesul 45298- . CBHF17035 5933 937 4989302 -1.2617 SA N I E u Id el I n eS
@ ¥ 16AGWO4 1BAGW04.d  Sample 3/14/201910:02 PM 3951 52287 O 1B21 0 810 §2FTS CBHSF13. 4286 0078 9113406 216 4259579 05854
1141
| @ ¥ 16AGWO5S 16AGW0Sd  Sample 3/14/201910:54 PM 3953 23013 [ 157.1 1 78 [ 2H-perfluoro(2-me._ 30320-_ C6HF13 3956 82 3189798 09730
P @ ¥ 16AGWOE 16AGWOEd Sample 3/14/2019 3:40 PM 3955 78190 O 1488 820
| @ ¥ 16AGWO7 16AGWO7.d  Sample 3/14/2019 854 PM 39050 7623 [ 1250 [0 O Peiuoro(2-ethoxy...  113507..  CAHF904s 3785 718 3149379 0.4641
[ @ ¥ 16AGWOB 16AGWOSd  Ssmple 3/14/20196:53 PM 3948 50538 [ 1356 00 8300 Perfluoropentanes. 27069..  CSHFLIO3S  4.165 983 3489398 06516
@ ¥ 16AGWOS 1GAGWOS.d  Sample 3/15/20194:21 AM 3966 999 [ O 139.0 O 1-Hydroperfluoroh.. 375837 C7HFIS 4511 874 368.5766 0.4435
@ ¥ 16AGWID 16AGWI0.d Sample 3/14/2019 11:11 PM 3940 7570 0 14230 1w090 PFNA 375-95-1 COHF1702 5058 303.9080 B19 4629632 03774
| @ v 16AGWI1 16AGWI1d Sample 3/14/201910:37 PM 3948 10361 [ 082 [ 1540 < e —
| @ ¥ 16AGWIZ 16AGWI2d  Sample 3/14/2019 223 PM O O O - SM Scan CID@0.0 ((3.800-4,117 min, 25 scans) 16AGW06.d PFHpA / Perfluoroheptanaic acid 1 1
© ¥ 16AGWI3 1BAGWI3d Sample 31412019 1:54 PM 3994 6061 O 1493 O 202 18701339 £ x10% | 362.b604 aSS u n er u an I a Ive
[ @ ¥ 16AGWHM 16AGWI4d  Sample 3/15/20194:33 AM O m] O 3 o 3
@ ¥ 16AGWIS 16AGWISd Sample 3/15/2019 2:03 AM 3970 4253 [ 186.2 (] 582 [ 12 1 B h I k) -
@ ¥ 16ARWOI 1GARWO1d  Sample 3/14/20196:01 PM 3958 4868 [] 2491 [0 402 8 a C = at_ a_g a n Ce VI eW
| @ ¥ 16ARW0O2Z 16ARW02.d Sample 3/14/20196:36 PM O ] ]
| @ ¥ 1BARWO3 1BARWO3.d Sample 3/15/20191:25 AM 3972 5308 [0 055 0 2000 "
@ ¥ 16ARWD4 T1GARWD4d  Sample 3/14/20198:02 PM 3943 13307 O 1835 0 138 O s o8 ‘
| @ ¥ 16ARWO5 16ARWOS.d  Sample 3/15/20195:47 AM 3975 546 1 1369 O 5 -
| @ ¥ 16ARWOE 16ARWOGd  Sample 3/15/2019 238 AM 3963 32998 [ w60 930 9600157
@ ¥ 16ARWO7 16ARWO7.d  Sample 3[14/20192:11 PM 1 1 1 hd 4 o8
Compound Information - X Calibration Curve - L X 3 04
e T AL AV EIYIMAALSE D Ao e . &y Twe Linear + Crigin: Ignore - | Weignt: 2
- ESM (362.9696) Scan 16AGWD6.d - SM Scan CID@0.0 ((3.928-4.004 min, 8 s. ;FH b Leves L ‘ Used & Pints. & Ponis Lsed, 0 GC. I . 02 363.9730
g xo! " R i e o= | l lm 3189785 (Mmm' A 3635775 3.57'1'824
3 3 3 [ 4 R"2=0.59687610 m . I . (M:H- (M4H)- . (MH)-
28 ; 2; % 36 TypeiLinear, Originignore, Weight 1/ 0 200 400 500 800 1000 383 382 355 388 36
26 | 19 = 344 Mass-to-Charge (m/z) Mass-to-Charge (i
24 18 3§’ - SM Scan CID@10.0 (3.900-4.117 min, 24 scans) 16AGW06.d (Target/Qualifier icns only}- SM Scan CID@20.0 ((3.900-4.117 min, 24 scans) 16AGW06.d (Target/Qualifier ions only . .
! Review isotope pattern match
22 i 28] gu s gu i VIEW IS '
2 15 264 8 3
12 14 244 5 s
i 2 i
14 11 i 7 7
980.0157 184
12 i 1 164 & 6 .
03
1 Review Fragments
" o 12} 5 s View r n
06 3 s 1 168.9892
4 (- 4
0 05 089 roon 3189793
04 064 3 3 (-100)
02 | 0a 04
0 02 024 2 2
02 01 04
0 -0.24 1 1
T T T T T T T T T T T
35 4 45 200 400 600 800 1000 0 200 400 600 800 1000 1200 1400 1600 1800 2000
Acquisition Time (min) Mass-to-Charge (miz) Concentration (ng/ml)
o 200 400 600 800 1000 o 200 400 600 B0 1000
Modified 16ACWO6 PFHpA 70 Samples {70 total) MSDZ4-1304\MSD Mass-to-Charge [m/z) Mass-to-Charge (m/z)

See Agilent application note # 5994-1744EN for details on LC Screener setup.
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Monitoring Suspect PFAS Using LC Screener

Screening summary PDF report

Screening Summary Report -4~ Agilent
Sample name: 16AGWOB Good 4 Warning 17 Error 354
Status Screening Summary Report Formula R.T. R.T. Match Target Ion Mass Accuracy # of Qualified Final Conc.
Diff. Score Ions
] (Heptafluoropropyltrimethylsilane CEHOF7SI 2.694 241.0289 3.95 PPM 2
+ PFBA C4HF7 02 2.079 0.041 212.9792 0.63 PPM 2 472. 7851
+ PFPed C3HF202 2777 0.031 262.9760 0.47 PPM 2 448.9793
42 FTS C6 HSF9 03 § 3,162  0.048 326.9743 022 PP 880,0983
+ PFHxA CoHF11 02 3.363 0.036 312.9728 -0.28 PPM 2 475.3056
I preS C4HFI O3S 3460  0.031 298.9430 039 PFr'-'I 359,3393
] 3H-Perfluorobutancic acid CAHZ2Fe02 3.530 0,499 194,9886 -1.07 PPM 1
| Perflucrooctanesulfonate C8HF17035S 5,933 IEWET] 498,9302 -1.26 PPM 2
+ g:2 FTS CBHSF1303 5 4,266 426.9679 -0.59 PPM 2 911.3406
] 2H-Perfluorol2-methylpentane) CeHF13 3.956 316.9798 -0.97 PPM 2
1 Perfluoro(2-ethoxyethane }sulfonic acid C4HFI045 3.785 314.9379 0.46 PPM 2
| Perflucropentanesulfonic acid CS5HF1103s 4,165 348.9398 -0.65 PPM 2
] 1-Hydroperfluoroheptane C7HF15 4,511 368.9766 -0.44 PPM 2
1 PFMA COHFL7 02 5.058 462.9632 -0.38 PPM 2 303.9080
] %,3 3,3-Tetrafluore-2-(perfluoropentoxy)propan- CBH3IF1502 414.9821 0.81 PPM 2
-0
1H-Perfluorohexane CBHF13 . 318.9798 -0.97 PPM 2
((Perfluorooctyl)ethyl)phosphonic acid C10HBF1703P 5.300 0.485 526.9710 4,37 PPM 1
4-[3-(Perfluorobutyl)-1- Cl4H13F902 6,167 0.221 383.0699 2.89 PPM 1
propyloxy]benzylgalcohol
(Perfluorooctyl}propanoyl chloride C11H4CIF170 508.9606 -2.22 PPM 1
PFOS 8 H 408 03] ] PEM 2 63.0760
FOSA F|agg|ng ' 1 0.4484

Flagging

RT outlier number of

verified ions
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What Challenges Do PFAS Researchers Have?
The biggest problem is >12000 PFAS compounds identified in the EPA's PFASMASTER

« They are considered forever chemicals. They don’t readily degrade.

« PFAS are found in UHPLC degassers, inlet lines, solvent bottle caps, glass filters, etc. (See
Consumables guide 5994-2357EN and application note 5994-0919EN for guidance.)

 There are many PFAS compounds in commerce. However, there are few standards, and
those are prohibitively expensive.

« Both targeted and nontargeted methods are required, depending on the study goals.

« Using a PFC-Free Kit to Delay Background Contamination helps reduce interferences.

 The eMethod, application notes, and the Order Guide are designed to provide solutions to
address targeted needs.

« Nontarget tools like FluoroMatch software, methodology for modeling In Silico PFAS
libraries, and the LC Screener aid putative identification of novel PFAS.

Note: PFASMASTER is a consolidated list of PFAS substances spanning lists of current PAFS of interest to researchers and requlators worldwide.
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Appendix

Please contact me at stephan_baumann@Agilent.com with any questions or comments.

Quick Links:
PFAS Resources on Agilent.com:
https://www.agilent.com/en/solutions/environmental/water-analysis/pfas-in-water

EPA circular on PFAS Regulation in nonpotable waters and soils:
https://www.federalregister.gov/public-inspection/2023-07535/addressing-per--and-polyfluoroalkyl-

substances-in-the-environment

Where to Download FluoroMatch Software:
http://innovativeomics.com/software/fluoromatch-flow-covers-entire-pfas-workflow/

Where to Download Microsoft Power Bl Desktop:
https://www.microsoft.com/en-us/download/details.aspx?1d=58494

Note: There are links to informative YouTube videos on the Innovative Omics website.
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