Single-Injection Screening and Quantitation of Gen-X and other
PFASs in Water and Soil using various Tandem Mass Spectrometry
Workflows
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SCIEX and PFAS

INSTRUMENT COMPATIBILITY

* SCIEX instruments excel in negative
ion mode

* Although chemically inert, some
PFAS congeners are prone to source
fragmentation

— Declustering and transmission by QJet is
remarkably soft, prevents fragmentation

— Only vendor that can prevent source
fragmentation for some PFAS analyte
classes

Extremely important for non-target
discovery and quantitation

INDUSTRY-LEADING EXPERTISE

* SCIEX application chemists extensive
experience with PFAS applications
have authored/co-authored dozens of
peer-reviewed publications

— Combined 30+ years of experience
across EFAB team

— ~2000 total citations

* Extensive experience helping labs get
set up for PFAS analysis, building
PFAS methods

* Collaborations with PFAS experts

SCIEX
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PFAS

Targeted Quantitation
using SCIEX
TripleQuad™ Systems
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SCIEX Triple Quad™ 5500+ System - QTRAP Ready

* For labs that need to quantify a large list of targets and
demand high quality quantitation results in the 1st injection.

* Only the SCIEX Triple Quad 5500+ system delivers high-
end speed and dynamic range, with an upgrade path to 7
include QTRAP® System functionality

OVERVIEW OF WHAT IS DIFFERENT FROM QTRAP 5500 SYSTEM

S

QTRAP System Enabled — field upgradable
Detector System — HED detector enables
v' Fast polarity switching
v' Expanded Linear Dynamic Range
Dual QJet® lon Guide
Analyst® Software 1.7.1 for Acquisition
SCIEX OS-Q Software for Data Processing SC'EX
The isi



Hybrid Triple Quadrupole Linear lon Trap Technology

NEW ON SCIEX TRIPLE QUAD™ 5500+ SYSTEM — QTRAP® READY

New HED Detector:

5 msec polarity switching, up to 6 . ™
orders linear dynamic range Linear Accelerator

New Dual QJET lon Guide:

Improved ion sampling and
transmission delivers higher
performance

Qurved
LINAC®

Same Orifice Collision Cell /SClEX)

. © 2019 AB Sciex The Power of Precision



Turbo V™ Source

FOR ROBUSTNESS AND RUGGEDNESS

* Built for robustness, simple to use

* Orthogonal spray design with V heater
configuration focuses heat in the optimal
spot to achieve high sensitivity from the ESI
droplets

* Versatile flow ranges - high analytical flow (5
— 3000 uL/min), microflow rates using hybrid
electrodes

* Wide compound class coverage with
additional APCI probe

The Power of Precision



EPA Method 537.1 — Sample Preparation

Method requires SPE concentration, and 10 uL injection on LC-MS/MS System

250 mL water sample,

polyethylene bottle Gphenome ne_xP

breaking with
Spike with surrogate standards (25 ng),
Wellington Laboratories .
Extraction with Phenomenex Strata-XL-AW weak anion >
exchange SPE Co|umn (88_8051 _HCH) On-ltl:nedE.:lract:on Microelution Plates 96- Well Plates
artridges
Rinse bottle with 10 mL of methanol R
with 0.3% NH,OH . "B E ‘
. . . stratas
Elute PFAS with bottle rinsate, evaporate to near dryness (evaporation 1.3,and 6mL SPE Tubes  Giga SPE Tubes (12 -
Opt|0na|) 150mL tubes )
MUST BE PERFORMED
Standards and blanks ON TRIPLE QUAD OR
prepared with 80% QTRAP FOR METHOD
Reconstitute with 500 pL of 80:20 methanol concentration COMPLIANCE

methanol:water, transfer to (96% MeOH for EPA 537
polypropylene vials compliance) SCIEX

8 The Power of Precision




EPA Method 537.1 — Chromatography

Column:
Dimensions:
Part No.:
Mobile Phase:

Gradient:

Injection:
Flow Rate:
Temperature:
Detection:

Gemini

Gemini® 3pm C18

50x2mm

00B-4439-B0

A: 20 mM Ammonium Acetate in Water

B: Methanol

Time (min) %B
0.00 10
0.10 55
4.50 99
4,95 99
5.00 10
6.50 00

10 pL

0.6 mL/min

40°C

SCIEX Triple Quad™ 5500 with a Turbo V™ source

Standards - PFHxS [Standard) 399.0 / 80.0 - (Pat..20181206_Calibration2.wiff), (sample Index: 10)
Area: 3.955¢5, Height: 1.497¢5, RT: L& min

3.0e54
2.8e5
2.6e5
2.4e5
2.2e5
2.0e5
1.8e5

1.4e5
1.2e5
1.0e5
8.0e4
6.084
4.0e4
2,084,

0.0e04

05 10

PFAS standard mix at 50 ng/L (ppt) containing all 14

PFBS
PFOSA
e
PFBA
LG — " PFHpS
PRHxS | PFOA 1} N-MeFOSAA
] 2) N-EtFOSAA
3) MeFOSA
PFNA 4) EtFOSA

15

20 25

30 35 40 4

.5

5.0

5.5 6.0

compounds in EPA 537.1 eluting within 6 minutes for an
11 minute total run time with a 10 uL injection.

6.5

- PFOS

Intensity

140000
130000
120000
110000
100000
90000
80000
70000
60000
50000
40000
30000
20000
10000

All branched
isomers

155 160 1685 170 17

ey LINEAr
| isomer

1.80 185 1980 195

Time, min

Intensity

80000
70000
60000
50000

40000

All
branched
isomers

30000

20000

10000

2353

Linear
isomer

19 20 21 22 23

24 25 Z%

Time, min

27 28 29 30

499.0/80.0 - (Path...20181206_Calibration2 wiff), (sample Index: 10) || ©
Area: 2.547¢5, Height: 8.848ed, RT: 2.55 min

L
_SCIEX
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EPA Method 537.1 — Performance

Calibration for PFBS: y = 74864042 x {1 = 099848} {weighting: 1/x)

Area

Area

Tab

Gab

Sef

PFBS
r2=0.997

Calibration for

1487

1.2a7

1.0e7

PFHxA; y = 163341525 x (r = 0,99759) (weighting: 1 /x)

486
g 8 0e6
36 6086
2a6 4.086
1af 2086
Osl} 0.0e
o 2000 4000 5000 Eono o 2000 4000 GO0D 8000
Concen! tration Concentration
Calibration for PFOA: y = 1830.80571 x {r = 0.09542) (weighting: 1/ x} Calibration for PFOS: y = 57044876 x (r = 0.99887) (weighting: 1/ x)
L] L
1,667
(0] s 0S
... PFOA PF
| r=0.991 «“| r2=0.998
1.087
3e6
B.0eb g
6.0e6 2ob
4.086
Teb
2.0e6
0.0e0 Oed
o 2000 4000 000 BDO0O o 2000 4000 G000 8000
Concentration Caoncentration
ation for N-MeFOSAA: y = 179.04308 x (r = 0.99774) {weighting: 1/x)  Calibration for PFTeDA: y = 187600807 x {r = 0.00680) (weighting: 1/x}
L
1.6e6 1.6a7
n-MeFOSAA PFTeDA
1.4e6 1.4a7
w1 r2=0.995 w1 r2=0.994
1.0e6 1.0 [}
B.0e5 < &.0e6
6.0e5 6 Deé
4.0e5 4086
2,085 2066
0,080 0.080
o 2000 4000 000 2000 o 2000 4000 :00] 8000

Concenteation

v Linearity of 6 of the PFASs analyzed out of
the suite of 14 showing R?>0.99 with a linear
fit forced through the origin and 1/x
concentration weighting.

v' The other 8 PFAS compounds also showed

R?>0.99

v' Asymmetry factor (AF) calculated for the first
2 eluting peaks, PFBS and PFHXxA, at a mid-
point standard concentration of 500 ng/L

Se5y PFHXA
AF: 14
4e5
3e5
2 PFBS
ﬁ AF: 1.0
= 2e5
1e5
0el
" /SCIEX
Time, min
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Mitigating Background PFAS Contamination

FOR ALL PFAS METHODS... 25p:tF:t);ﬁdard

3.0e4

* Use of “delay” or “trap” column
placed between the pumps and

2.5e4

autosampler, upstream of the 2008
analytical column H
g PFHXS
* PFAS leaching from the LC will be oot
retained on the delay column and 1 004 1stgf;1’faﬁer | Peak
separated from the analytical peak 20,000 ppt Std
* NOT helpful for contamination o M\
from method blanks, contaminated ooeol ) - h

standards

Time, min

Delay Column 7

(Luna C18 30x3mm x 5 um)

To MS

Analytical Column
(Gemini C18 50x2mm x 3 ym)

SCIEX

The Power of Precision
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SCIEX PFAS Online Community and Forum
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hing’s in th Tackle Your PFAS Analysis

Something’s in the Water: Tackle Your PFAS Analysis

Posted August 15, 2018 at 5:42 AM
By Community Manager (428) Views ® (0) Likes ¥  (0) Comments O
Exposure to per- and pelyfluoroalkyl substances (PFAS) residues could be dangerous. These
chemicals have been linked to a variety of adverse health ts including liver damage,
thyroid disease, decreased Tertility, high cholesterol, obesity, hormone suppression, and
cancer. In recognition of these potential risks, these water contaminants are making public
headlines as well as becoming core topics for reports, and scientific studies.

What are PFAS’? PFAS are unique chemicals that repel both oil and water,; this, among other
properties, makes them useful in a variety of applications. Globally, there are more than 3000
products that either once used or still use PFAS® Common examples include food packaging,
stain-resistant fabrics and carpets, non-stick kitchenware, paints, adhesives, elecironics,
personal care products, and firefighting foams'. However, there is only a limited amount of
information on the extent of PFAS usage as well as how much has accumulated in the
environment and made their way into our drinking water systems?

These substances are mixtures of humanmade fluoropolymers containing carbon-flucrine monomers'. Perflucrinated compounds
are those in which all hydrogen atoms have been replaced by fluorine®. It is the stability of the C-F bonds which prevents these
compounds from naturally decomposing in the environment and makes them highly resistant to acids, bases, oxidants, and heat.
Whereas, the term 'polyfluorinated' applies 1o chemicals where not all the hydrogens on the carbons of the molecule are
replaced by fluorine'# Per- and polyfluorinated substances represent a compound class of potentially hundreds of chemicals of
varying chemical structures and behaviors

But how is it getting into our drinking water? Although there is a lack of conclusive data to pinpoint the exact source, there are
researchers who suggest that extensive exposure 10 PFAS in \ is partly from firefighting foams and sprays used in training
simulations by the military and airport workers.

So, what does this all mean for public health? Health effects are widely debated, though there are many studies that link PFAS
exposure 1o a variety of health problems.® For that reason, regulators such as the U.S. Environmental Protection Agency (EPA) set
“Health Advisory” levels of PFOA and PFOS.

Food and Environmental

Quantitation of PFASs in Water Samples using LC-MS/MS
Large-Volume Direct Injection and Solid Phase Extraction
Slnwn Roberts', KC Hyland', Crmg Butt®, Scott Krepich®, EncRadman and Christopher Borton

Su&‘x;mmww CA), ? SCIEX (Fi

shan, MA),

(Torrence, CA), ! TestAmerica

Laboratories (Sacramenta, CA)

Overview

This application note presents two methods for the quantitation
of pef. and polyfiuonnated aikyl substances (PFASS) in waler
Sampées. While the MS/MS detection method usang the SCIEX
Triple Quad ™ S500 s similar Detween he two methods, the
sampée preparation and mjection volume differ significantly. The
first method presented here wilizes a weak-anion exchange solid
phase extraction (SPE) method 1o concentrate waler samples for
analysis using a 7.5 minuie HPLC gradient. The second method
ulilizes diution of a waler sample in methanol and direct injection
of 950 L of the diluted samgée using a 17.5 minute HPLC
gradient Special moaifications 1o the pumps and auiosampler
are described to mitigate Lboratony-based contamination of

In water, but fese levels ave been exceeded in some areas
exireme point source inputs of these chemicals”

PFASs Both methods achieved accurate at leveds of
approximatedy 1-10 ng/L 1or more than 17 PFASS.

Intreduction

PFASS ane unique dhwmicals whose physicochemical properties
make them importan for wse in a variely of mdustrial and
consumer products including carpets, cookware, food packaging.
fire suppressants, and oiners’. Chemically, PFASS are aliphatic
shuchures containing one or more C aloms on which H
subslitvents have been replaced by F aloms. Classification and
naming ks typicalty by the particular functional group present,
such as ackds, acigs, etc, as
well as the length of the carbon chain Desirable in various.
Industnal applcations fod heir chemical Stability and low

© 2019 AB Sciex

Given the remendous persistence of FFASS in he envirnment
and their KNown presence in human populations exposed via
dnnking water and ofher enviconmental routes, demonstration of
the capabiity for accurate and precise low-level quanbtation &
pArAmount fof Fesaarch and testing Laboraones. Fobust
quanbtative analytical methods utiee the specificty and
sersitivity of LEAMSME with MRM monfloring. However, a
primary anabydical chalkenge bo Bhis assay s e prevention and
reduction of background PFASs onginaling from the LT system
and contamination during sample collection and preparation. The
two anakytical methods described here employ siategies io
address PFAS contamination. These inchade the use of a delay
column for separation of a contamination PFAS peak from the

o
JSCIEX/
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PFAS
Targeted Quantitation
using High Resolution

Mass Spectrometry
(HRMS)
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Instrumental Methods

* X500R QTOF System
0.0 90 10

* ExionLC™ system 0.600

. _ _ 0.5 0.600 30 70

* Electrospray lonization with Turbo 6.0 0.600 1 99
VTM Ion SOUFCG 10.0 0.600 1 99

* Column: Phenomenex Gemini 10.1 0.600 90 10
C18, 3 mm x 100 mm, 3 um 12.0 0.600 90 10

particle

* MPA: Water (20 mM ammonium
acetate), MPB: Methanol

* Injection Volume = 100 uL

* Column oven =40 °C




MRMHR

HIGH RESOLUTION FRAGMENT IONS
Q

TOF MSMS
Mass Table Apgly fragment ion mas 55 pply TOF star ftop mass | Apply Scan Schedule Sart by precursar ion
Compound D Group name  Precursor jon (Da)  Fragment ion (Da) | Accumul..  Declusteri... Collision energy (V) | Retention time (min)  Retention ti... |
1 ASTRO T ASTED F 5 01500 100 0 30
2 5760 20597 1060305 0.1500 100 20 kY 0
3 ASTG0 3 ASTED 20597 TB.0354 0.1500 -100 -4 340 30
4 F4L06 1 F4106 219.94 1560239 0.1500 60 -18 6.24 k]
5 F4106 2 F4106 219.94 T7.9664 0.1500 -60 =32 6.24 k]
6 F4106 3 F4106 219,94 14L0004 0.1500 -60 -24 G.24 0
7 un121 uniz2 293.00 2055705 0.1500 -60 =24 249 30
8 umw122 un12 293.00 770662 0.1500 -50 -712 249 30
L] umw123 uw1z2 293.00 1420080 0.1500 -60 -36 249 30
10 UNS30 1 UNSS0 29399 2055688 0.1500 -60 -26 361 30
11 NS9O 2 590 2939 9657 11500 -60 -62 30
12 LES uNssD 9399 20073 1500 &0 32 30
13 JEVAT 1 QIvaT 702 T9HET) 1500 &0 0 30
14 3 Qv ] 79568 500 &0 48 30
15 1] Qi 702 5B0244 500 &0 32 30
15

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

Best MS/MS workflow
for sensitivity

MS/MS only acquired
for targeted compounds

o
_SCIEX)

© 2019 AB Sciex The Power of Precision



MRMHFR “MAX”: Quantitation and Compound ID

WE SIMULTANEOUSLY PERFORM SENSITIVE QUANTITATION AND COMPOUND IDENTIFICATION USING
AN MRMHR APPROACH
* First MRM transition for Compound Sensitivity:

» Use optimized CE for fragment ion
» Data processing extracts high resolution fragment ion

Second MRM transition for Compound ID:

+ Use CE spread (-35 £30V) to capture full range of fragmentation
» TOF scans entire fragment ion mass range

oF mente + MS/MS spectrum searched aaainst novel. exnanded PFAS library

Enhance dynamic range

Mass Table Apply fragment ion mass @ Apply TOF start/stop mass Apply scan schedule Import and autofill... Sort by precursor ion
Compound ID  Group name  Precursor ion (Da) | TOF start mass (Da) TOF stop mass (Da) Accumulati...  Declusteri... Collision energy (V) CE spread (V)

1 PFBA PFBA 21290 50.00000 1200.00000 0.0500 -25 -35 30

2 PFBA_2 PFBA 212.90 50.00000 1200.00000 0.0500 -25 -12 0

3 13C4_PFBA PFBA 217.00 162.00000 182.00000 0.0500 -25 -12 0

4 PFHxA PFHxA 31290 50.00000 1200.00000 0.0500 -55 -35 30

5 PFHxA_2 PFHxA 31290 50.00000 1200.00000 0.0500 -55 -12 0 — :

6 13C2_PFHxA PFHxA 31290 260.00000 280.00000 0.0500 -55 -12 0 s )

* / &
~SCIEX
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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

e 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-HOEAmMP-FOS... Details MS Spectra
N-HOEAmMP-FOSE (N-hydroxyethyldimethylammoniopropyl

C1TH21048NZF17

[_Fluoros 2.0

¥ Additienal

[ee———

Library Search Thresholds

ey
e
atet il
¥ Retention Times o
Default | LC Model | Name & Retention Time

¥ Transitions

The Power of Precision




MRMHR “MAX”: Ground Water Sample #1 - PFBS

TMPE G\wW15 - PFES (Unknown) 79.84... G\W15.wiff2), (sample Index: 1)
Area: 1.453e5, Height: 3.078e4, RT: 3.62 min

30000
29000
28000
27000
26000
25000
24000
23000
22000
21000
20000
13000
18000
17000
16000
15000
14000
13000 4
12000
11000
10000

3000 4

8000

7000

6000 .

5000 1. Retention
4000

3000 Time

2000 4

Intensity

2. Fragment
Mass Error

34 35 36 37 38 319 40
Time, min

ass Error (ppm) Retention Time (min)
362

™~ Fragmentmfz
< 79.957

— & Spectrum from 20170628-01-TMP__nt 1, from 3.642 to 3.677 min
@ [C4HF2025-H]-
100%

2985423
85%
80%
85%
80%
B5%
_ 60%
<
= -
I 55%
=
> 50%
2z
£ 45%
# o4y
5%
0%
25%
20 3. Isotope
15 Pattern
1o% 3009388
s 299.9457 |
% a L L i ]
297 258 298 300 am 02

Mzss/Charge, Da
¥ Formula Finder Results

Name Foermula Score mJ/z (Da) Error (ppm) Ei

— @ Spectrum from 20170628-01-TMP._recursor- 298.9 Da, CE: -35]
@ Library Spectrum: PFBS (perfluor...ne sulfonate) [neg] . CE=-35230
100%

2989415
90% o
20% o
70% 4 79.9567
60% o
50%
40%
98.9552
30% |
_ 20%
o
i 10% 4 82.9608
.‘_”E 1600308 |21 23856
= % T + L
2
2 -10% 4
® 0%
-30% 4
-40% 4
= | 4. MS/MS
-60% { H
Library Match
-70% 4
-80% 4
-90% 4
-100% -
100 150 200 280 300
Mass/Charge, Dz
4 Library Search Results &

Name «

rfluorobutane sulfonate) [neg]
. B PFBS (perflucrobutane sulfonate) [neg]
B PFES (perflusrcbutane sulfonate) [neg]

SCIEX
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MRMHFR “MAX”: Ground Water Sample #TMP6 GW15 — PFBS

@ Library Spectrum: PFBS (perfluerobutane sulfonate) [neg] . CE=-35:30

100%

80%

T0% 79.957

98.985

3
2
T8
8

118.991

168389
|
T

218.‘936

298,541

297 93D|

. ST T YT T T T — — — — ——
— @ Spectrum from 20170628-01-TMPE GW15.wiff2 (sample 1) - TMP6 GW15, Experiment 8, from 3.614 min Pre.._ wiff2 (sample 1) - TMPE GW15, Experiment 8, from 3.719 o 3.929 min Precursor: 298.9 Da, CE--35]

-100%

Strong
Library

Match for

PFBS!

60 70 & 0 00 10 130 130

140 160 160 170 180

180 200 210 220 230

240 250 26D

270

280 280 300 310

A Library Search Results
Name

PFBS (perflucrobutane sulfonate) [neg]

) B PFES (perflucrobutane sulfonate) [neg]

B PFBS (perfluorobutane sulfonate) [neg]

CAS#

Formula MM Fit
1000 994
C4HF9035 29485026 0586 85.0

945 934

Rev. Fit  Purity

994
573
333

Eé’

SCIEX
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MRMMR “MAX”: Ground Water #TMP8 GW17 — 6:2 FTS

20

[
TMPE GW1T - 6:2 FTS (Unknown)... 17 .wiff2), (sample Index: 1)
Area; 2.350e4, Height: 5.274e3, RT: 4.54 min

5000 4
4500
4000 4
3500
3000
2
2
= 2500
2000 4
1500 4
1000 4 .
1. Retention
500 | Time
2. Fragment i
44 45 46 47 48 43 50
Mass Error Time, min
TCOR DTS
Fragment mfz Fragm Mass Error (ppm)  Retention Tim
406.962 20 454

— & Spectrum from 20170628-01-._.. from4.525 to 4.555 min

@ [CEH5F12035-H-
100%

S0%

20% 4

7

U A

60% 4

50%

40% 1

% Intensity [of 116209

30% 4

20%

10%

4249515

426.3675

3. Isotope

Pattern
?28.9534

42.7.i598
|

426

¥ Formula Finder Results

Name Formula

427 428 429 430
Mass/Charge, Da

W Library Search Results

Score m/z (Da) Error (ppn

— & Spectrum from 20170628-01-_ursor: 427.0Da, CE:-35]
@ Library Spectrum: 6:2 FTS (6...ulfonate) [neg] , CE=-35230

100%
90%
80%
0%

60%

50%
40%

0%

0%
-10%
-20%
-30%
-40%
-50%
-60%

% Intensity [of 2.325|

-710%
-80%
-80%
-100%

Name

20% 4

426 9670
] 406.9609
1
IBD.BMB
1 |79.9575
B0.9763 5575873 386.9564
1 216.9885 1 1
v laagd i
fsa) I
1 |Library Match
T 20 a0 4k
Mass/Charge, Da
&
CASH Fo
m 6:2 FTS (6:2 fluorotelomer sulfonate) [neg] CBH

SCIEX
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MRMHAR “MAX”: Ground Water Sample #EISW-001 — PFOS

21

ES\":’-DD'I - EDSJ (Un..2), (sample Index: 1)
Ares: 7.748e3, Height: 7.827e2, RT: 4.24 min

700
600
500
400

Intensity

300
200 4

100

o 1

43 50 52
Time, min

¥ Peak Details

Fragment m/z Fragment Mass Error (ppm) R
79.957 -169 4

— @ Spectrum from 2017...4.824 t0 4.862 min
@ [CBHF17035-H-
100% -
90% 4
20% o
60% o
50% 4
40%
30% 4
20% 4 459.9331
|
10% 4
A - " l [ S
438 500 502
Mzss/Charge, Da

Name Formula Score  m/z (Da)

458.5303

% Intensity [of 1188.0]

¥

¥ Formula Finder Results

— @ Spectrum from 2017...99.0 Da, CE: -108]
@ Library Spectrum: P...] [neg] , CE=-60+20

100% 4
79.9560
98.9572

= 50%]
] 79,9627
< 79,8627
s | |
= % v
z ] | L 1
g
® 0 50% ]

-100% -

o 200 300 400 500

Mass/Charge, Da
¥ Library Search Results —— &

Name
B PFOS {perflucrooctane sulfonate) [neg] [Sm

MRM 1: Optimized CE
- CE=-108
- Library fit =15.9

Too much fragmentation
for library match x

[EISW-001 - PFOS (Unkn..2), (sample Index. 1)
£eZ, RT: 453 min

Area: 3.581e3, Height: 4.37

400 4

300

200 4

Intensity

100

od
48 5D 52
Time. min

¥ Peak Details

Fragment m/z Fragment Mass Error (ppm)
79.957 19

— & Spectrum from 2017...4.937 t04.974 min
@ [CEHF17035-H]-

100%

90%

80% 4

70%

458 9299

60% o
50% q
40%
30%
20%
10% 459.9227 ?00.92?8

bad i %
4539  BOO B0
Mass/Charge. Da

¥ Formula Finder Results

Name  Formula Score m/z (D:

% Intensity [of 3466.5]

— @ Spectrum from 2017...499.0 Da, CE -35]
@ Library Spectrum: P..) [neg] . CE=-35230

100%
= 5%
3 79,3575
IS 98.9559 4985044
= _ {4 2183828
= % M
W
5
® 80%
-100%

o 200 300 400 00

Mass/Charge. Da
¥ Library Search Results ——————— K€

Name CA
PFOS (perfluorcociane sulfonate) [neg]

MRM 2: CE Spread
- CE=-35+30V
- Library fit =100

- ID confirmation v

SCIEX
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lon Ratios Calculated From MRMHR “MAX” Spectrum: PFBS

22

200 ng/L std

Sample # EW2016

+ @ std 200 - PFBS_la (Standard) 79...td 200.wiff2), (sample Index: 1)
Area: 9.306e4, Height: 3.030e4, RT: 3.63 min

30000

625

& 200001 |on ratio: 0.58
g
= 10000
33 34 35 36 37 38 39 40
Time, min
¥ Peak Details

Fragment m/z Fragment Mass Error (ppm) Retention Time (min) Ion Rati
79.857 0.0 3.63 1.0000

- Spectrum from 20170628-01-std 2..in Precursor: 298.9 Da, CE: -35]
@ Library Spectrum: PFBS (perflucrobutane sulfonate) [neg] , CE=-35230

100%
so0n ?m&%ﬂ 2080414
[y
T 1% 200 250 300
Mass/Charge, Da
¥ Library Search Results &
Name CAS# Fo
B PFBS (perfluorobutane sulfonate) Ineal ISmart Confirmation] C4H

+ . EW2016 - PFB5_1a (Unknown) 79.9...2016.wiff2), (sample Index: 1)
Area: 1.629e5, Height: 3.818e4, RT: 3.60 min

30000 3.605
=
£ 20000
3
= 10000
3.3 34 35 36 37 3B 39 40
Time, min
¥ Peak Details

Fragment m/z Fragment Mass Error (ppm) Retention Time (min) Ion Rati
79.957 -19 3.60 1.0000

— @ Spectrum from 20170628-01-EW201... Precursor: 298.9 Da, CE: -35]
@ Library Spectrum: PFBS (perflucrobutane sulfonate) [neg], CE=-35230

100%
208.P415
-100% F T T T
100 150 200 250 300
Mass/Charge, Da

¥ Library Search Results &

Name CAS# Fo
B PFBS (perfluorobutane sulfonate) Ineal [Smart Confirmation] CAH

SCIEX

The Power of Precision



MRMHR “MAX”: Quantitation using Optimized CE

23

3 Orders of Linear Dynamic Range

Calibration for 4:2 FTS_2: y = 0.00806 x + 0.00914 (r = 0.99150, = 0.98207) (weighting: 1/ x)
iy 4:2 FTS
Standards: 1-1000 ng/L

Area Ratio
Fey

LOQ: 1 ng/L

Blank

S 1 - A1T75 2 (Sandard) 08 1 ) (pamele Index 1]
fuea 1032 Hoaght 2 5654e1 AT 358 man
3
|| 1m
n :

5

e

n

5

35 36 37 28 39 40 47 42 43
Tima, min
 Fasic Datais

Fragment m/z Fragment Mass Erros ippm) Retention Time (n|
306 %8 0 iw

blank 1= 42 FT5 (Unknown) 3% Lwiff2), (cample ndes: 1}
Aresc N/A, Hesght: N/A RT: N/A min

10
08
£ 06
£
z 04
0.2
T35 36 37 38 38 40 41 42
Tiree, rary
¥ Peak Detads
Fragment mr Fragment Mass Error (ppm) Hetention Tin)
306,958 Nk NiA
 —

100 200 300 400 500 600 700 800
Concentration Ratio

900

Calibration for PFHxA_2: y = 0.01003 x + 0.03466 (r = 0.99785, = 0.99571) (weighting: 1 /)
104

2 PFHXA

&
';" Standards: 1-1000 ng/L
5
4_
3
24
14
0

Area Ratio

sid 1 - FRHeA_Z (Standard) 268 _d 1 wifld), (sample index: 1)
Ao 2 3¥5), Hesght 39132, AT: 3.88 min

i
i

Time. min
¥ Pesk Detats
Fragment m/z  Fragment Mass Lirod tppm)  Retention Tim
%8 383 456 is
 ———— .

blank 1 - PFHrd (Unknean) 26 Lwiff2) (sample Indes 1)
Howa: NIA, Haght: NIRRT AR rran

: \f \[“ﬁ\_ \\/\/ﬁr

0

Intenay

35 36 37 36 19 40 41 42 43
Tirme. min

¥ Peak Detals

Fragment mfs Fragment Mass Froor (ppm) Retention Tin

P niA na
 ——— .

100 200 300 400 500 600 700 800
Concentration Ratio

900
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MRMHR “MAX”: PFHXxA in Solvent Standard

24

— —
std 5000 - PFHpA_2 (Sta. .fi2), (sample Index: 1)
Area: 1.307e6, Height: 2.255e5, RT: 4.16 min

200000

150000

Intensity

100000

50000

40 42 44 48
Time. min
¥ Peak Details

Fragment m/z Fragment Mass Error (ppm) Ret
318979 0E 41

— @ Spectrumfrom 20170...4.133 t04.175 min
@ [CTHF1202-H]-
100%

0% 362,969
= B0%
E -
g i s
= 60%
% 50%
@ 40%
E 0%
® 20%
10%, 363.9726
B i

363 364 365
Mass/Charge, Da

¥ Formula Finder Results

MName Formula Score  m/z (Da)

— @ Spectrum from 20170... 363.0Da, CE-12]
@ Library Spectrum: PF...d) [neg] . CE=-35+30
100%

318.9790
g 50%
o3
5 168.9838 ‘
= 0% T | |
]
g
= -50%
-100% -
100 200 30
Mass/Charge. Da
¥ Library Search Results ———
Name

B PFHpA (perfluora-n-heptancic acid) [neg] [Sm

MRM 1: Optimized CE

Higher area count
(sensitivity)

Simple MS/MS spectrum

—
std 5000 - PFHpA (Stand.. f2), (sample Index: 1)
Area: 1.124e5, Height: 1.773e4, RT: 4,16 min

15000
=
= 10000
g

5000

0 T y T
40 42 44 4B
Time, min

¥ Peak Details

Fragment m/z Fragment Mass Error (ppm) Ret
318979 oo 41

— @ Spectrumfrom 20170...4.133 t04.175 min
@ [CTHF1302-HJ-
100%

90% 62,9696
= 80%
s 70%
= 60%
i 50%
i 40%
8
= 30%
® 20%
10% 363.9726
0% ] ;
3E3 364 365

Mass/Charge, Da

Name Formula Score  m/z (Da)

¥ Formula Finder Results

— @ Spectrum from 20170... 363.0Da. CE -35]
@ Library Spectrum: PF...d) [neg] ., CE=-3530
100% 168.9892

18.9788
g 5o, {118.9825
o3
5
= 0%
A I |
g
= -B0%
-100% T T T
100 200 30
Mass/Charge, Da
¥ Library Search Results ———————— 1€

Name G
m PFHpA (perfluoro-n-heptanoic acid) [neg]

MRM 2: CE Spread

Lower area count

Complex MS/MS spectrum

(library searching)
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What about GenX?
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What’'s Next? GenX, PFOA replacement compound

Cape Fear River basin near Wilmington, NC is contaminated with FFE

<o 45 0N
GenX and other PFOA replacement compounds o ﬂ/ I ';{ e FEFE S
& E 4 OH
: : _ FiC ¥ IR, o e - ulhs - ol o>%(
What else is there? How do these chemicals behave in the 'ﬂxo = "i\ﬁi:- 0
environment? Are there degradation compounds? ol Ho Xy F PFO4DA
. . Homj;F Nafion by-product 2 F FF F F F F F F FF
SWATH allows for sample re-interrogation g F S S8 05 )QH,OH
- Digital sample archival Haskeor ¥
PFO5DoDA
Wellington is already making native and mass-labelled standards
for some of these:
Chemours to clean up GenX and
F F FE F E F FE F o pay $12 million fine
\ / \ / / \ / SO;K" \ / \ / \ / \ / " Legal deal would require company to test fluoroethers for health and
BN NP N N N L emvironmental effects
/N SN /N /\ N\ AN ovesaen 27,2008
F F F F F F F F
NaDONA
9CI-PF30ONS (main component of F-53B) The hunt is on for GenX
0 chemicals in people
E E E E E E E E E Analysis of North Carolina residents’ blood for Chemours PFAS yields
o NN NN | \C/ o o
\"“xc/ \\C/ \- / \“C/ \“O/ \“C \ / \‘\ / \“13 / \OH APRIL 7, 20015 | AFPLARED IN VOLUME 97, ISSUE 14
VANRVAN F/\F AN AN /\ /\ F/ bCF SC'EX

11CI-PF30UdS (minor component of F-53B) HFPO-DA The Power of Precision



PFPrOPrA (GenX), TOFMS

LOQ = 50 ppt

Data courtesy
of:

UNCW

i
F
F

30ppt - PFPrOPrA_TOF (Standard) 328...-4-30pptwiff2), (sample Index: 1) § 50ppt - PFPrOPrA_TOF (Standard) 328...14-50pptwiff2), (sample Index: 1) 50ppt - PFPrOPrA_TOF (Standard) 328...24-30ppt.wiff2), (sample Index: 1)
Area: 6.122e2, Height: 2.538e2, RT: 2.35 min Area: 7.493e2, Height: 3.279¢2, RT: 2.35 min Area: 6.628e2, Height: 2.848e2, RT: 2.36 min
350 5248 350
300
300 300 2356
2.247 230
250 250
- ” 200 .
5 200 5 E 200
g g 150 5
2 150 2 E 150
100 100 100
50 50 50
20 21 22 23 24 25 26 27 28 20 21 22 23 24 25 26 27 28 20 21 22 23 24 25 26 27 28
Time, min Tirme, min Time, min
Calibration for PFPrOPrA_TOF: v = 21.63059 x = -112.61747 (r = 0.99636, r* = 0.99274) (weighting: 1/ x)
2.0e5 A
1.5e5 4
@
2
< 1.06e5 A
5.0ed 4
0.0e0 - T T T T T T T T T
27 1000 2000 3000 4000 5000 6000 7000 8000 9000

Cencentration

OH

m——mn

F
|
|
F
PFPrOPrA (“GenX”)
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PFPrOPrA (GenX), MRMHR (m/z 168.987 fragment)

 LOQ = 10 ppt Data courtesy
.
10ppt - PFPrOPrA_1 (Standard) 168.9..1-2-10ppt.wiff2), (sample Index: 1) § 10ppt - PFPrOPrA_1 (Standard) 168.9...-12-10ppt.wiff2), (sample Index: 1) 10ppt - PFPrOPrA_1 (Standard) 168.9...-22-10ppt.wiff2), (sample Index: 1) O
Area: 2.476e2, Height: 7.286e1, RT: 2.35 min Area: 2.361e2, Height: 9.711e1, RT: 2.35 min Area: 2.406e2, Height: 9.490e1, RT: 2.35 min -
o

90

80

70

60

50

Intensity, cps
Intensity, cps
Intensity, cps

M
-

40

30

(0
OH

20

21 22 23 24 25 26 27 21 22 23 24 25 26 27 21 22 23 24 25 26 27
Time, min Time, min

i
F
F

-l ——

Time, min

F
|
|
F

O

i ”
Calibration for PEPrOPrA_1: y = 21.04723 ¢ + 75.28513 (r = 0.99847, ©* = 0.99695) (weighting: 1 /x) PFPI’ PI'A( Genx )
2,065
1.565 CﬁHF11O3
S 1.0e5]
5.0e4 ]
ool SCIEX
28 1000 2000 3000 4000 5000 6000 7000 8000 9000 S e
Concentration




Detection of GenX Compounds in Soil Sediment Samples

PFPrOPrA found in 4 different u
within calibration range

nknown samples

Data courtesy

of:

CFS-21 - PFPrOPrA_1 (Unknown) 168.9800 - 169.0000 - ...
Area: 2.832e3, Height: 9.989e2, RT: 2.37 min

1000
900
800
700
600
500
400
300
200
100

20190731 -samples-02-CFS_12.wiff2), (sample Index: 1)

Intensity, cps

240
Time, min

210 245 220 225 230 235 245 23530 255 2.60 263 270

MG1 - PFPrOPrA_T (Unknown) 168.9800 - 169.0000 - (Pa..a420190731-samples-04-MG1.wiff2), (sample Index: 1)
Area: 3.354e2, Height: 1.314e2, RT: 2.35 min

CFS-9 - PFPrOPrA_1 (Unknown) 168.9800 - 169.0000 - (P..\20190731-samples-02-CFS_9.wiff2), (sample Index: 1)
Area: 2.389¢e2, Height: 84911, RT: 2.35 min

100
a0
80
70
60
50
40
30
20
10

Intensity, cps

210 215 220 225 230 235 240 245

Time, min

250 255 280 265 270

CFS-1 - PFPrOPrA_1 (Unknown) 168.9800 - 169.0000 - (P..\20190731-samples-03-CFS_1.wiff2), (sample Index: 1)
Area: 119624, Height: 4.289¢3, RT: 2.34 min

UNCW

140 4000
120
100 3000
& a
& o
= 80 =
2 z 2000
I £
40 1000
20
0 0 = 2
210 215 220 225 230 235 240 3245 250 255 260 265 270 210 215 220 225 230 2335 240 245 250 255 260 265 270
Time, min Time, min
29

SCIEX

The Power of Precision



;
|
Increasing Sensitivity =
s
EVERYONE WANTS MORE l]

—
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Moving to Microflow LC

Sampling Efficiency %

IMPROVE SAMPLING AND IONIZATION EFFICIENCY

Nano Flow
100-1000 nL/min
20-130x
75 Micio Flow
60 Low pflow
1-10 pL/min
S- 60x High pflow

31

10-100 pL/min

60

250
High Flow

Alisuay|
«—

900

R T

Micro Flow

1.0

i
2.0 3.0

4.0

A

Standard Analytical Flow
100-1000 pL/min

1x

— —=

I I I 4

T 200 T 300 400 500
120 250

Flow Rate (pL/min)
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M5 Micro LC System

32

Delay column installed to retain PFAS
contamination from tubing

Initial tests shown here were performed without
replacing an?é FEP (fluoroethylene polymer)
tubing or PTFE parts

Eluent A: Water + 10 mM ammonium acetate

Eluent B: Methanol + 10 mM ammonium
acetate

Run time: 10 min
Injection volume: 1 uL
15 uL/min LC flow

Phenomenex Gemini C18 50 mm x 0.3 mm x 3
um

Delay Column
(Phenomenex Luna
C18(2) 30 mm x 0.3

mm)

SCIEX
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Micro vs Standard Flow: Sensitivity Improvements

M5 Micro -
15 uL/min ”

1 ul inject

Whhke %-tafe aas Ul FACDED®

TIC from 20190724 PFAS Sources.wiff (sample 17) - PFAS Optiflow 3333, -MRM (84 transitior ns)
]
PFOA
308 FFOS
PFHxS

PFTeA
PFDaA

7

30 35 40 45 50 55 60 65

15-20x sensitivity

Time,

improvement

Analytical HPLC ' ~
800 uL/min o
2 uL injection o

MEAt %-Lael ALl - GABDET

TIC fram 20190724 PFAS Sources.wiff (sample &) - PFAS 5 ul lonDrive, -MRM (84 transitions), offset by 0.400 min

AN

PFEA

FROA_ o
FHxS

FFDoA  pFTen
5 20 25 30 35 40 45 50 55 B0 85

Time, min

fSﬁéX)
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M5 Micro LC: PFOA Calibration (15 yL/min; 1 uL injection

Group by Concentration for Standards _» i Calculsted C =] X | [options  ~ [= ] %] Pre“minar Resul Findins
Row * | Compo... | Actual C...] Num.. Mean M e Calibration for PFOA: y = 0.00336 x + 0.28608 (r = 0.99915, r* = 0.99830) (weighting: 1/ x) /
ST Teronane e e e . 3 Orders Magnitude Good
2 PFOA 10.00 1of1 9.923 99.23 9 2_ .
3 PFOA 20.00 1of1 24313 121.57 3 20 r — 0-998 for PFOA- Potentlal
4 PFOA 50.00 1of1 42253 84.51 4 = .
S eonwee e man wa |2 improvements on LDR
6 PFOA 200.00 1of1 167.823 83.91 E 10
7 PFOA 500.00 1of1 469.930 93.99
8 PFOA 1000.00 |1ofl 1045.227 104.52 1 5 5 t - 5 b . .
s Trron 1200000 [1et1 [1ows1zs |1s778 : PP PP v Potential for overcoming In
10 PFOA 5000.00 1of1 5074.816 101.50 1 "
. - eoncaniaton fae source saturation

BBE MW anusi integration | @ [ options ____v J o] ]
.

ICAL BLK - PFOA (Unknown) 413.0 / 369.0 - (P...0190724 PFAS Micro.wiff), (sample Index: 2) JICAL 0005 - PFOA (Standard) 413.0 / 369.0 - ...201907 24 PFAS Micro.wiff), (sample Index: 3)

Area: N/A, Height: N/&, RT: N/A min Area: 1.746e4, Height: 5.238e3, RT: 3.20 min . l / Resu ItS Obtained Without

difying tubing in the LC
£ o Clean Blank £ o moaitying tubing In the
E 2000 £ 2000 \
0 0 - -
25 26 27 28 29 20 M 22 33 24 35 36 37 26 27 28 29 30 31 3B 33 34 35 26 37 38
Time, min

Time, min

ICAL 0010 - PFOA (Standard) 413.0 / 366.0 - ..20190724 PFAS Micro.witf), (sample Index: 4] ICAL 0020 - PFOA (Standard) 413.0 / 368.0 - ...20190724 PFAS Micro.wiff), [sample Index: 5) B a C k ro u n d P F OA
Area: 2.250e4, Height: 6.652e2, RT: .15 min Area: 2.127ed, Height: 8.658¢3, RT: 3.08 min /

6000
z 1 2z
2 4000 pp 2 5000 pp
K K]
= 2000 =
0 - 0
26 27 28 29 30 21722 22 34 25 36 27 25 26 27 28 29 30 %1 32 23 34 25 36 27
Time, min Time, min —
v )
34
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Using a Trap n Elute Workflow

* M5 system can use lon Exchange online SPE
— Phenomenex Luna NH2 30 mm x 0.3 mm

* Samples are loaded with 10 mM ammonium acetate (pH ~ 7)

* PFAS are eluted from the ion exchange column with 0.1% ammonium
hydroxide (pH ~ 10)

Contamination Trap Column

lon Exchange Column

Outlet to Analytical Column and MS

,,,,,,,
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To be continued...
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