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= General PFAS Introduction

= Experimental
— UPLC with PFC Kit
- High Resolution MS with Ion Mobility (IMS)
— Atmospheric Pressure Gas Chromatography
= Targeted vs Non-Target (Suspect) vs Unknown Screening
= High Efficiency Ion Mobility
— Collisional Cross Section (CCS)
— Spectral Cleanup
= PFAS in Water Example
— UPLC ESI-
- APGC+
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Standards in PFC Analysis Kit

Perfluorobutyric acid
(C4HF702)

Perfluoropentanoic acid
(C5HF902)

Perfluorohexanoic acid
(C6HF1102)
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Perfluoroheptanoic acid
(C7HF1302)

FFFFFEF

Perfluorooctanoic acid
(C8HF1502)

Perfluorononanoic acid
(C9HF1702)

OH
P F FF F

Perfluorodecanoic acid
(C10HF1902)

Perfluoroundecanoic
acid (C11HF2102)

Perfluorododecanoic
acid (C12HF2302)

Perfluorotridecanoic
acid (C13HF2502)

Perfluorotetradecanoic
acid (C14HF2702)
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Structures Courtesy of ChemSpider
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Perfluorobutanesulfonic F=t—F F
acid (C4HF903S) F—1—F

Perfluorooctanesulfonic
acid (C8HF1703S)

FO\‘\,DH

Perfluorohexanesulfonic
acid (C6HF1303S)

F Perfluorodecanesulfonic
acid (C10HF2103S)

HO™ % F

Perfluoroheptanesulfonic
acid (C7HF1503S)

ISs in PFC Analysis Kit
Perflurooctanoic acid (1,2,3,4-13C,)
Perflurooctanesulfonic acid
(1121314_13(:2)
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Water is One Main Route to Human Waters

Exposure of PFASs THE SCIENCE F WHAT'S PSSIBLES
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P FOS An a IySiS C h a I Ie n g es THE SCIENCE OF WHAT'S POSSIBLE.
= Matrix effects, retention time shifts.
= Correct PFOS isomer identification:

- The physical, chemical and biological properties
likely affected by perfluoromethyl branching.

—-Source elucidation.
—Response factors of individual isomers.

= Increased scientific interest in toxicity, environmental
transport, degradation and bioaccumulation of
iIsomers.

= Interferences can be mistaken for PFOS and lead to a
positive bias.
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Residue Screening Classification

= Targeted screening
— Well defined target list of analytes
— Selective acquisition &/or processing modes
— Analytical standards available for every compound

= Non-targeted (suspect) screening
— Usually in combination with targeted screening

— Screen against a comprehensive library of known
compounds

— Analytical standards available for many compounds

= Unknown screening
— No defined target list

— Compound not present in the library, maybe a new
chemical structure

— Structural elucidation required

©2016 Waters Corporation
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Non-Target Screening

B

Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

-

Manage Components \‘
Create Import Paste Results Delete Edit Fragments.. Edit Adducts.. Add To Common Fragments Add To Neutral Losses
. Component name i Expected RT (min) 1  Expected neutral mass (Da) @ Expected fragment (m/z) Excluded  Formula g
5 " : 668.9574, 127.0012, =
Perfluorotetradecanoic acid 468 713.9545 168.9894, 218.9862 C14HF2702
2 : 3 : 618.9606, 168.9894,
Perfluorotridecanoic acid 457 663.9577 218.9855, 118.9926 |E| C13HF2502
3 Perfluorododecanoic acid 443 613.9609 368.9630, 1682804, C12HF2302
118.9926
4 Perfluorodecanesulfonic acid 428 599.9311 s e B | C10HF21035
168.9894
? Perfluoroundecanoic acid 427 563.9641 HIBAG70. 1683895, C11HF2102
118.9926
5 Perfluorodecancic acid 4,09 513.9673 St e TRt |E| C10HF1902
118.9926
T Perfluorooctanesulfonic acid 3.89 4999375 73574, 16R 2000, TRA8535, C8HF1703S
197.9779
8 12C4(130)
C13PFOS 3.89 503.9509 D AHF1703S
9 4189734, 168.9894,
Perfluorononanoic acid 3.86 463.9705 155.9840, 118.9926, COHF1702
2189881, 203.9652
Perfluoroheptanesulfonic acid o . . C7THF1503S
" 118.9926, 129.9542 L] s
Ll Perfluorooctanoic acid 3.60 413.9737 ??ﬁfi,‘?? 16800t C8HF1502
Kl | >
Tips for defining expected components @ Tips for using internal standards
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Non-Target vs Target Screening
- Mink Liver Extract Example

Nominal Mass Transition

Waters
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Ionization & Separation VS PFC type THE SCIENCE OF WHAT'S POSSIBLE.”

LC-ESI APGC*
Perfluorocarboxylic acids: Fluorotelomer Alcohols:
Ci1a 4:2,6:2, 8:2,10:2

Perfluorosulfonic acids:

Ca67,3,10

©2016 Waters Corporation 10



Woaters
U P LC P FC ISO I atio n Kit THE SCIENCE OF WHAT'S POSSIBLE.”

PEEK tubes
for solvent_ lines

Fixed length
stainless steel tube
(Isolator column to injector)

{PFC Isolator Column

Solvent mixer

Coiled
stainless steel tube i
Mixer to
PFC isolator column
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Wa te r EXtra Ct Sa m p I e Prepa rat|0 n THE SCIENCE OF WHAT'S POSSIBLE.”

1) The cartridge was first conditioned with 5
mL methanol, and 10 mL water. -

2) Pass 250 mL water sample through HLB
cartridge (200 mqg).

3) Purge dry for 20 mins.

4) Elute with 2 mL methanol into PPE 15 mL
collection tube.

5) Take 500 pL of this and dilute with 500
UL water (end result is a 125x
enhancement)

©2016 Waters Corporation 12
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- LC C h r'o m atog r'a p hy THE SCIENCE OF WHAT'S POSSIBLE.”

» LC system: ACQUITY UPLC I-Class with the PFC Analysis Kit
= Column: ACQUITY UPLC BEH C18, 1.7 pm 2.1 x 50 mm

= Column temp.: 55° C
= Mobile phase A: 98:2 Water:MeOH 2 mM ammonium acetate
= Mobile phase B: MeOH 2 mM ammonium acetate
= Gradient:
Min. Flow Rate %A %B
Initial 0.65 90 10
0.5 0.65 90 10
5.1 (.65 0 100
6.6 0.65 0 100
6.7 0.65 90 10
8.5 0.65 90 10
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Experimental Waters
- APGC Chromatography THE SCIENCE OF WHAT'S POSSIBLE.”
= GC Type: Agilent 7890
GC Injector: Multimode

[

= Injection Type:

= Injector Temp:

= Injector Pres:

= Septum Purge:

= Transfer Line Temp:
= GC Run Time:

Splitless [Purge Flow 50 mL/min at 2.05 min]
250 °C

14.9 psi Rate Value Hold Time Run Time
: °C/min __ °C min min
3mb/min e - e0 2 2
240 °C Ramp1 10 200 0 16
19.6 min | Ramp 2 25 240 2 19.6

APGC Source Conditions

Corona Mode:
Corona Current:
Sample Cone:
Source Temp:
Cone Gas:

Aux Gas:

©2016 Waters Corporation

Current Portoles et al. Gas

chromatography-tandem mass
3.0 pA spectrometry with atmospheric
20V pressure chemical ionization for
150 °C fluorotelomer alcohols and

perfluorinated sulfonamides
determination. J. of Chrom. A
350 L/H 1413 (2015) 107-116

50 L/h
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Protonation
M

H,0 :
Corona Pin N,* 2 H30+L)' [M+H]

—
Ng* +OH"
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- M ass S peCt rom ete B THE SCIENCE OF WHAT'S POSSIBLE.
= MS system: SYNAPT G2-S

= Jonization mode: ES -

= Desolvation temp.: 550 ° C

= Acquisition mode: Ion mobility

= Mass range: 50 to 600 Da

= Acquisition rate: 10 spectra/s

= Capillary voltage: 2.3 kV

= Cone voltage: 15V

= Jon mobility gas: N,

= Collision energy: 35 to 75 eV ramped
= IMS wave velocity: 650 m/s

= IMS wave height: 40V

= IMS duty cycle: 10.8 ms

= Lock mass: Leucine enkephalin (554.2610)

©2016 Waters Corporation 16
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IO n M (o) b I I |ty S pECt rom Et ry THE SCIENCE OF WHAT'S POSSIBLES

= Separation of ions as they drift through a gas under the
influence of an electric field

= Rate of drift is dependent on ion’s mobility through the gas

= Mobility is dependent on factors such as

~A

—Mass Té

—Charge
— Interaction Cross Section

©2016 Waters Corporation 17



Ion Mobility Spectrometry (IMS) Warters
- Another Separation DimenSion THE SCIENCE OF WHAT'S POSSIBLE.

Small, Large,

compact

extended



SYNAPT G2-S High Definition MS

- Ton Mobility Explained

1. Increased sensitivity

Waters

THE SCIENCE OF WHAT'S POSSIBLE
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MSE Time Aligned vs HDMSE Time W,
aters
and Drift Aligned Spectra THE SCIENCE OF WHAT'S POSSIBLE.”

PFOS Isomer
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UPLC ESI-: Lake Water (Non-Target)
- Componentized MSF Spectra (PFOS)

s
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Channel name: Low energy : Time 3.8737 +/- 0.0355 minutes ~ ~
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APGC+: Lake Water (Non-Target)
- Componentized MSE Spectra (FTOH)

s
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Channel name: Low energy : Time 6.6269 +/- 0.0219 minutes * -
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LC-ESI-: Lalfe Wate!' _(N(_)n-Ta_1rget) Warters
- Screening Identification with CCS THE SCIENCE OF WHAT'S POSSIBLE:

I Component name 1+ ¢ Mass error (ppm) Expected RT (min) Observed CC5 (A‘] Expected CC5 (A’] Collisicn cross section error (%) i

- Perfluorooctanesulfonic acid 11 4.20 166.96 166.93 0.02 |

Chromatograms (O U I SR et v
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What is Collision Cross Section (CCS)? Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

= CCS is an important
distinguishing
characteristic of an ion
which is related to:

— chemical structure

— 3-dimensional
conformation

= CCS is a physicochemical
property of an ion.

©2016 Waters Corporation 24
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APGC+: Drinking Water (PFOS x10 less) \\/qters

- CCS Values Conserved at low conc. THE SCIENCE OF WHAT'S POSSIBLE.

Component name

Perfluorooctanesulfonic acid

1+ i Mass error (ppm) Expected RT (min) Observed CCS (Azj Expacted CCS (Az] Collision cross section error (%6)

4.20 166.97 166.93 0.02
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|

Chromatograms =
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= Universal ionization coverage affords comprehensive coverage
of analyte classes which vary in physical and chemical
properties and require GC and LC analyses

= Accurate mass low and elevated collision energy spectrum
provides fragmentation pathway information which can be used
for further screening analyses and isotope fidelity for both low
and high energy

= Including ion mobility, and additional dimension of separation,
in the screening workflow adds an additional identification
parameter, CCS, which is conserved despite ionization
mechanism, concentration, and retention time.

©2016 Waters Corporation 27
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= Ingrid Ericson Jogsten — MTM Research Center

ﬁ] OREBRO UNIVERSITY

MAN TECHNOLOGY
ENVIRONMENT
RESEARCH CENTRE

= Laruen Mullin, Gareth Cleland, Adam Ladak - Waters Corp.
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