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Outline

* What additional information can HRMS provide for PFAS analysis?
* Targeted MRMHR Acquisition

— Similar to MRM acquisition but monitoring high resolution fragments
* Non-Target Analysis Using SWATH™ Acquisition

— Unknown ID using MS/MS fragmentation spectra (GenX impacted)
— MS/MS library matching in AFFF-impacted groundwater
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EPA Method 533 Mix: 25 ppb (SCIEX 5500+ TripleQuad)
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Unigue Features of a HRAM QTOF versus TripleQuad MS

* Q1 (mass filter) and Q2 (collision cell) are same as TripleQuad

* Q3 is replaced by very fast scanning time-of-flight tube (TOF)
— Allows for high quality, high resolution full scan MS data
— Precursor scans (TOF MS) and Fragment Scans (TOF MSMS)

* Applications:

— High resolution MRM Quantitation; HRAM fragments results in greater compound specificity

- Non-Target Acquisition with Suspect Screening; HRAM product scan for compound confirmation

- Unknown Compound ID
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SCIEX X500R QTOF System

DESIGN IMPROVEMENTS AND DETAILS

Heated Chamber & N-Shaped Flight Path

Minimized height, flight chamber heated to
60°C to maintain mass accuracy.

TwinSpray

An independent calibrant delivery
path for reliable auto-calibration.

Legendary Turbo V source
and Curtain Gas interface

Renowned ionization performance and ruggedness
for high sensitivity and sample throughput

Minimized footprint

The benchtop stature
(110 x 57 x 112 cm)* occupies less lab space
than any other HRMS system on the market.

Integrated calibration

~1.5 min for mass calibration;
negligible impact on batch time.
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MRMHR: Targeted Acquisition
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Targeted Acquisition: MRMHR Acquisition Method

HIGH RESOLUTION FRAGMENT IONS

+ High resolution fragment ions results in greater

compound specificity

* Optimized CE for each MRM

« Scheduled MRM capability to minimize scan time;

unique retention time window for each MRM

* Increased method flexibility

TOF MSMS

Mass Table
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@ Apply fragment ion mass

Apply TOF start/stop mass

CompoundID  Group name  Precursor ion (Da) Fragment ion (Da)

AST60 1
AST602
AS7603
F4106 1
F4106 2
F4106 3
uviz1
uv122
uv123
UNS90 1
UNS30 2
UNS90 3
Qzv471
Qzv47 2
QzY47 3

AST760
AS760
AS760
F4106
F4106
F4106
uwv12
U2
uv12
UNS90
UNSS0
UNS90
Qzva7
Qzva7
QzV4T

20597
205.97
205.97
219.94
219.94
219.94
293.00
293.00
293.00
293.99
293.99
293.99
307.02
307.02
307.02

122.0255
106.0305
78.0334
156.0239
779664
141.0004
205.9705
779662
142.0080
205.9688
77.9657
142.0073
219.9870
779668
156.0244

/| Apply Scan Schedule Import and autofill.. Sort by precursor ion
Accumul... | Declusteri... Collision energy (V) [| Retention time (min) ~Retention ti...
0.1500 -100 20 340 30
0.1500 -100 20 340 30
0.1500 -100 24 340 30
0.1500 50 -18 6.24 30
0.1500 60 32 6.24 30
0.1500 60 24 6.24 30
0.1500 60 24 249 30
0.1500 50 72 249 30
0.1500 60 -36 249 30
0.1500 60 26 361 30
0.1500 60 62 361 30
0.1500 50 32 361 30
0.1500 60 20 510 30 o—— —
0.1500 60 43 510 30 = »
0.1500 -60 32 5.10 30 Sc I Ex y
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GenX (PFPrOPrA, HFPO-DA), TOF MS

FFF FF
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50ppt - PFPrOPrA_TOF (Standard) 328.95...ell-4-50ppt.wif2), (sample Index: 1)
Area: 6.122e2, Height: 2.538e2, RT: 2.35 min
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50ppt - PFRrOPrA_TOF (Standard) 328.95...1I-14-50ppt.wiff2), (sample Index: 1)
Area: 7.493e2, Height: 3.279e2, RT: 2.35 min
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50ppt - PFPrOPrA_TOF (Standard) 328.95..11-24-50ppt.wiff2), (sample Index: 1)
Area: 6.628e2, Height: 2.848e2, RT: 2.36 min

350
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Row | Component... | Actual ... |Nu|l|...

Mean | Standa...|Percent CV| Accuracy | Value #1 ] Value #2 [ Value #3 |

1 PFPrOPrA_TOF | 10.00 0of3  N/A N/A N/A
2 PFRrOPrA_TOF | 25.00 Ocf3 N/A N/A N/A
50,00

PFPIOPrA_TOF

4 PFPrOPrA_TOF | 100.00 3of3 078 6.1 6.25
s PFRrOPrA_TOF | 500.00 3of3 5392 9.1 1.69
G PFRIOPrA_TOF | 100000 | 3of2 11514 222 1.03
|17 PFPrOPrA_TOF | 250000 |3of3 27139 1988 7.33
I PFRrOPrA_TOF | 5000.00 |3of3 | 5170.1 1103 213
BE PFRIOPrA_TOF | 1000000 | 2 0f3 | 844141 686.4 7.27

Nf& N/A N/& N/A 3065
N/ N/A MN/& N/A

1.5e5
07.84 94.6 104.9 940
107.85 529.6 547.8 540.2 g

= 1.0e5

115.14 11424 11767 11354
108,55 2540.1 20307 2670.8

5.0e4
103.40 51039 | 5109.0 5297.5
94.41 8700.2 | 93751 10158.2

Calibration for PFPrOPrA_TOF: y = 21.63039 x = -112.61747 (r = 0.996386, r* = 0.99274) (weighting: 1/x)

50-1000 pg/mL

* TOF MS, C6HF1103 [m/z = 328.9677], LOQ = 50 ppt
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GenX (PFPrOPrA, HFPO-DA): MRMHR 1

Blank Sediment River Water

Blank - PFPrOPra_2 (Unknown....wiff2), (sample Index: 1) CF5-1 - PFPrOPrA_2 (Unknow...wiff2), [sample Index: 1) RW36 - PFPrOPrA_2 (Unknown...wiff2), (sample Index: 1)
Area: N/A, Height: N/A, BT N/A min Area: 1.764ed, Height: 6.177e3, RT: 2.34 min Area: 6.202e3, Height: 2.277e3, RT: 2.36 min
] .
25 ] 6000 5283
2000 A i
5000
201
u - 4000 . 15004
o a a
U‘ 15_ U‘ U‘
E=y = 3000 4 %
5 B £ 1000 A
= 10 = E
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0- . T . . . T 0 - - T 7 T 0- : T : : :
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Time, min Time, min Time, min

* MRMHR 1, [m/z = 329.0 -> 284.9795]
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PFMOAA: MRMHR 1

Blank

Sediment

Intensity, cps
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CF5-1 - PFMCAA (Unkno...2), (sample Index: 1)
Area: 5.772ed, Height: 2.776e4, RT: 1.19 min
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e MRMHR 1, [m/z = 179.0 -> 84.9899]
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Non-Target Analysis with
SWATH™ Acquisition
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Non-Target Acquisition: MS/MSAX using SWATH™ Acquisition

A MODE OF DATA INDEPENDENT ACQUISITION PROVIDING MS/MSAL

counts

v

|

* Wide Q1 isolation window is stepped across the mass range

+ Can use variable mass windows to reduce complexity of MS/MS
spectra, increased specificity

» Unlike IDA (Information Dependent Acquisition), MS/MS
acquisition is NOT dependent on precursor intensity

counts

+ Advantage: Sequentially acquired MS/MS spectra of all
precursor ions across the mass range

* Retrospective data analysis retention time - N
“SCIEX/
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Molecule Fragmentation

* Compounds will break apart into characteristic fragments which
generally represent pieces of the original (precursor) molecule

* Fragmentation pattern can reveal the chemical structure

* TOF instruments obtain high resolution fragment masses resulting in

greater specificity

(o]
Il
C—0O

% Intensity [of 5814.0]

20% 4

10% -

0%

Perfluorooctanoate (PFOA) 100% -

168.9884 68,9764
369.9784
412.9646
218.9845
169.9925
628048 719,9907 363.6907
JI_ 1185567 20,0090 724
1 ]
100 150 200 250 300 350 400 -

Mass/Charge, Da
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HRMS — Multiple Lines of Evidence for Compound ID

1. Retention time (<2.5%) v

2. High resolution accurate mass (<5 ppm) v

3. Isotope Pattern (>80%) v

4. MS/MS Fragmentation Pattern Match with HRMS Library v/

50 ppb - Imidacleprid_TOF (Standard) 2..H-07-50 ppb.wiff2), (sample Index: 1) Spectrum from 20171129-SWATH-07-50 ...periment 1, from 4.979 to 5.012 min -@ Spectrum from 20171129-SWATH-07...ursor: 249.0-275.0 Da, CE: 35]
Area 2.101e5, Height: 3.50424, RT: 4,99 min 100% @ Library Spectrum: Imidacloprid (128261-41-3) , CE=35z15
35000 - 256.0597
4.992 175.0983
60%
1 i 200.0593
30000 ] g
: 80% 3
"
3 "
25000 : 70%
= 211.0564
& 60% = 57.0451 1140128 176.1022
= ]
20000 2 = ‘ 84.0558 ‘ 1460713 2100628 50 0,
= 5 ; pul | -
E S s0% = Loodgdode Ll o L0
£ = = [ L LA t
= g 5
15000 = 40% i
= ®
30% 258.0571
10000
20%
so00 . 2570632
10%9 253 2148 2501902
|254.0015 2551966 2601931
0 0%
4.4 46 4.8 5.0 5.2 54 5.6 254 255 256 257 258 259 260 100 150 200 250
Time, min Mass/Charge, Da Mass/Charge, Da
¥ Peak Details ¥ Formula Finder Results ¥ Library Search Results &
Precursor m/z Mass Error (ppm) Retention Time (min) Ion Ratio Name Formula Score m/fz(Da) Error (ppm)  Error MSMS { Name CASH Formula MM (Da) Fit Rev.Fit
256.060 06 499 1.0000 [N imideclonric 138261-41-3 COHIOCINGQ2 25505231 995 952 g
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Results — Diprotic Compound, C5H2F806S (m/z 340.9372)

MS/MS Fragmentation Spectrum

CFS-21 - diprotic 2 (Unknown) 34..CFS_21.wiff2), (sample Index: 1) ’.Spectrum from 20190801-5W..., from 0.899 to 0.918 min

Area: 4.134e5, Height: 1.725e5, RT: 0.90 min @ [C5H2F8065-H]-
3409379
16e5 20000
14e5
1265 10000
2 10es 5 341.0416
= = 1 L
z 8.0e4 z b v i
] z
= 6.0e4 =
-10000
4.0e4
2.0e4
-20000
0.0e0 .
0.7 0.8 09 1.0 11 340 341 342 343 344
Time, min Mass/Charge, Da
¥ Peak Details ¥ Formula Finder Results —
Precursor m/z Mass Error (ppm) Retention Time (min) lon Rati Name Formula Score m/z (Da) Error (ppm)
340.9372 2.2 0.90 N/A E! C5H2F806S 81.1 34093716 22 1

Sediment Sample, CFS-21
Precursor mass error = 2.2 ppm
MS/MS Fragment Spectrum:

*  CO2 neutral loss (m/z 296.9470)
*+ SO03(m/z 79.9573)

 CF3(m/z 68.9957)

— — —
Spectrum from 20190801-SWATH_neg-03-CFS_...min Precursor. 324.0-375.0 Da, CE: -35]
100% -

90% 4
80% 4

70%

% Intensity (of 3191.6)

30%

20% A

10%

0%

¥ Library Search Results

60% 4

50%

40% A

296.9470 340.9365

176.9478
68.9957 146.9872
79.9573
1
210.9459
297.9519
H 276.9431 l
Ll JJJJM"I L Jj 7| Y m
100 150 200 250 300 350
Mass/Charge, Da
a|
CAS# Formula MM (Da) Fit Rev. Fit Purity CE |
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Results — NVHOS, C4H2F804S (m/z 296.9473)

MS/MS Fragmentation Spectrum

CF5-21 - Poly2 (Unknown) 296.937..FS_21.wiff2), (sample Index: 1) ~ @ Spectrum from 20190801-SW..., from 1.426 to 1.445 min Spectrum from 2[;1QDSD‘\-SWA?H_nag-DS-CFS_Q‘\ wiff___ 1.612 min Precursar 2-74,0-325,0 Da, CE: -35]
Area: 5.734e5, Height: 2.519e5, RT: 145 min @ [C4H2FBO4S-H]-
2565 . 296.9488 2% 79.9568
11451
; 20000 .
20e5 - 20%
10000 18%
E ses 2 297.1365 299.0936
< - < 1 2979516 i
= z i fos T . 16%
g g
2 1.0e5 E = 143
-10000 = e
2
5.0e4 5 12%
-20000 =
= 134.9878
0.0e0 H 10%
13 14 15 16 296 297 298 299 300 E 98.9560
Time, min Mass/Charge, Da ES 8%
¥ Peak Details ¥ Formula Finder Results — 58,9956
Precursor m/z Mass Error (ppm) Retention Time (min) lon Rati Name Formula Score m/z(Da) Error (ppm) 6% 116.9973 162.9334
296.947 5.0 145 N/A n C9H2F4055 91.5 296.94863 0.7 1 a5 184.9850
130.8935 189.8933
2% {65.0011 147.0507 202.0924
Sediment Sample, CFS-21 g -
_ 60 80 100 120 140 160 180 200 220
PreCU rSOF maSS eI’I’OF - 5 ppm Mass/Charge, Da
. ¥ Library Search Results &
MS/MS Fragment Spectrum: |
Name CASH Formula MM (Da) Fit Rev. Fit Purity CE (eV)
. SO3 (m/z 79.9568)
. FSO3 (m/z 98.9560)

+ CF3CF20 (m/z 134.9878)
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Non-Target Analysis of AFFF-Impacted Groundwater

9 AFFF-impacted groundwater samples collected from near US Air Force Bases

Water samples analyzed by large-volume injection techniques, as detailed in
SCIEX Application Note (1)

- 1 mL water combined with 0.65 mL MeOH & mass-labelled standards
(Wellington Laboratories)

- 100 pL injection using SCIEX ExionLC™ system; gradient conditions

* Instrumental analysis using SCIEX X500R QTOF system with SWATH®
acquisition and MRM"R in positive and negative mode

* Components list from updated SCIEX Fluorochemical HR-MS/MS Library 2.0,
containing 253 compounds (positive, negative, zwitterion)

1. Roberts S, Hyland KC, Butt C, Krepich S, Redman E and Borton C.
(2016) AB Sciex Publication Number: RUO-MKT-02-4707-A

fS?TE‘X}
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SCIEX Fluorochemical HR-MS/MS Library 2.0

HIGH RESOLUTION MS/MS SPECTRAL LIBRARY RECENTLY UPDATED TO INCLUDE
ADDITIONAL COMPOUNDS DETECTED IN AFFF AND AFFF-IMPACTED WATER

* 252 PFAS compounds covering negative, positive and zwitterionic
compound classes

* Built specifically for the X500R QTOF system but also compatible with
SCIEX TripleTOF® and QTRAP® systems

N-HOEAMP-FOS... | Detis Ms Spectra

N-HOEAmMP-FOSE (N-hydroxyethy

i opyl

C1TH21048N2F1T
67239795

672.09503

((Fluoros 2.0

&
a

¥ Additional

¥ Library Search Thresholds

¥ Retention Times

Default LCModel Name Retenfion Time

¥ Transitions
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Ground Water Sample “A” — Legacy PFAS

EW2016 - PFBS (perflusrobutan...016:wiff2), (sample Index: 1)
Areat 1.011e7, Height: 2.356e6, RT: 3.62 min

I
3621
2200000

2000000
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1600000
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Intensity

1000000

800000
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400000

200000

3.2 34 36 38 4.0
Time, min
¥ Peak Details

Precursor m/z Mass Error {(ppm) Retention Time (min) Ioi
298,943 -13 362 N/

= @ Spectrum from 20170627-...from 3.633 to 3.667 min

@ [C4HFI03S-H]-
100%

90%

80%

70%
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% Intensity (of 2.1a5)

30%

20%

10%

0% i
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.I In " "
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¥ Formula Finder Results

Name Formula

Mass/Charge, Da

= @ Spectrum from 20170627-0...74.0-320.0 Da, CE: -35]
@ Library Spectrum: PFBS (per...lfonate) [neg], CE=-35230

100%
90%
80%]  9g.os4s
70%
60%
50%
40%

30%
819527

10% 168.9892

20% 218.9852

2989434

3009376
2009434

2895810
2996033

% |
-10%
-20%
-30%
-40%

% Intensity (of 3.3e5)

-50%
-60%
-70%
-80%
-90%
-100%

Compound Identified:
PFBS

Mass error = -1.5 ppm v/
Isotope ratio v

MS/MS Library Match v~

100

200

300

Mass/Charge, Da

¥ Library Search Results

Score  m/z(Da) Error (ppm

Name

[ pres inerfluorobutane sulfanate) Ineal [Smart Confirmatic

F /

0

5
.
i D// OH
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Ground Water Sample “B” — Legacy PFAS

EMFTOOSP - 6:2 FTS (6:2 fluo...P.wiff2), (sample Index: 1)
Area: 1,102e7, Height: 2.354¢6, RT: 4,56 min

= @ Spectrum from 2017062..m 4.575 to 4.609 min
@ [CEH5F13035-H]-

— @ Spectrum from 20170627....0-445.0 Da, CE: -35]
(5] Library Spectrum: 6:2 FT..onate) [neg], CE=-60=20

2200000

2000000

1800000

1600000

1400000

1200000

Intensity

1000000

800000

600000

-
4562

400000

200000

0 +

45

¥ Peak Details

5.0
Time, min

Precursor m/z Mass Error (ppm) Retention Time (min]

426,968

-10

456

Compound Identified:
6:2 fluorotelomer sulfonate (6:2 FTS)
Mass error = -1.0 ppm v~

v

Isotope ratio

MS/MS Library Match v/

100% 4 100% 4
426.9676
1269675 80.9644 406.9595
90% 4 80% 4
80% 60% 4 72,9364
427.9604
70% 40% 86,0541
T 60 T o0u] |s2ee0 9220
p I 819626 | || l
= 50%4 = 0% - Tt } bt
£ a0n] T 20%
E B
30% “40% 4
20% 4 -60% 4
10% 4279711 -80%
) |
0% " . . i -100% 4 T T T T
426 427 428 429 430 100 200 300 400
Mass/Charge, Da Mass/Charge, Da
¥ Formula Finder Results — ¥ Library Search Results ——m—m————— &
Name Formula Score m/z(Da) Error(j Name

E! 6:2 FT5 (6:2 fluorotelomer sulfonate) Ineal ISmart Con

F 5//D
F D// \‘DH

SCIEX

The Power of Precision




Ground Water Sample “B” — Novel PFAS

Area: 1.170e6, Height: 2.977e5, RT: 3.44 min

280000 | 3435

260000 4
240000 4
220000 4
200000 4
130000 4
160000

Intensity

140000 4
120000 4

100000 4

20000
60000
40000 4
20000 4

01— T T

e —
EMFTOOSP - N-SPAmMP-FPrSA.ifi2), (sample Index: 1)

30 32 34 36 38
Time, min
¥ Peak Details

Precursor m/z  Retention Time (min)  Ion Ratio
577.05% 344 N/A

— & Spectrum from 20170627 ...om 3.432 o 3.465 min
@ [C14H2508S3N2FT-H-
100% -

577.0593
30%
80% |
0% 4
3 e0%
&
o
)
= 50%4
E
5
= 40%
=
30% -
5780586
20% | 5750582
10% -
e
% . ] | S
576 577 518 5/3 580

Mzss/Charge, Da

o]

m/z (Da) Erm

¥ Formula Finder Results

Name Formula Score

— @ Spectrum from 20170627~ _or- 552.7 Da, CE- -35]
@ Library Spectrum: N-SP4 S [neg.pos] . CE=35+30
100% -

a0 ] 133.0496
80% 1 4550530

70% |

60%

50% 4 577.0559

2433458
40%

0% 1 1689883
20%
10% |
0%
-10% !
-20%
-30%
-40%
-50%
-60% -
70%
-80% 1
-80%

-100% — T ; ; T T
100 200 300 400 500 600
Mzss/Charge, Da

¥ Library Search Resuts —M8M8 ™ m

Name
[} 1-SPAMP-FPISAPS [neg,pos] [Smart Confirmation]

% Intensity [of 2.8e5|

Compound Identified:
N-SPAMP-FPrSAPS

Mass error = 0.8 ppm v
Isotope ratio v

MS/MS Library Match v/

F o
. \\s/”\/\\/w\/\/s\\o

0
DH\//
4
CH, CH )
i WO

W

o}
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Ground Water Sample “B” — Novel PFAS

Area: 2.631e7, Height: 4.255e8, RT: 4,57 min

"
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4000000
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Intensity
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Time, min

T ——
EMFTODSP - N-SP-FHxSA (N-s.. wiff2), (sample Index: 1)

¥ Peak Details

Precursor m/z Mass Error (ppm) Retention Time (min
519.956 -03 457

— @ Spectrum from 2017062...m 4.508 to 4.541 min

@ [COHEF13NO552-H]-
100%
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T0%
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50%

% Intensity (of 3.1e5)

40%
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10%

L

0% + +

510.9562
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-@ Spectrum from 20170627...0-545.0 Da, CE: -35]
@ Library Spectrum: MN-5P-...amide) [neg] , CE=25230
100% 4
357.0534

80%
60%| 779650
308.9541

% | 519.9592
40% 3999484
20,004 168.9893

358.6930

1N | l

2054

-20%

% Intensity (of 2.0e5)
2

-40% 1

-60% 4
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518

¥ Formula Finder Results

Name Formula

5
Mass/Charge, Da

¥ Library Search Results
m/z (Da)

Score

I I\521.9531
1 (-1
20 522 524

-100% -

100 200 300 400 500

Mass/Charge, Da
Name

B MN-5P-FHxSA (N-sulfopropviperfluorohexanesulfonami

Error

Compound Identified:
N-SP-FHxSA

Mass error = -0.3 ppm /
v

Isotope ratio

MS/MS Library Match ./

0

F S//{/ 0
D/f \NHMS"{/

s
D/}/ OH
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Conclusions

* HRMS provides additional power for PFAS analysis

* Increased specificity of MRMHR acquisition

— Mass resolve matrix interferences

* Non-target Acquisition; use of MS/MS fragmentation spectra

- Unknown identification from fragment assignment

— Compound confirmation using MS/MS library matching
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