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Ove rv I ew THE SCIENCE OF WHAT’'S POSSIBLE.

= PFOS analysis collaboration between Waters Corporation and
Orebro University
— Challenges of PFOS analysis

= Instrumentation: Synapt G2-S and HDMSE
- Ion mobility

= Analysis of environmental samples for PFOS using HDMSE

- Experimental
- Results

- Screening approach vs Software enabled identification (Development
of prototype software)
Dol

= Conclusions
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Waters
P FCS resea rc h THE SCIENCE OF WHAT'S POSSIBLE.’

Figure 3: PFAAs composition profiles in different groups of sample matrices.

From

Perﬂ uorochemicals in women ages 16to 49 VGRS Ejevated levels of perfluoroalkyl acids in family members of occupationally exposed workers: the importance of dust
in blood serum, 1999-2008 transfer

Jianjie Fu, Yan Gao, Thanh Wang, Yong Liang, Aigian Zhang, Yawei Wang & Guibin Jiang
Scientific Reports 5, Article number: 9313 | doi:10.1038/srep09313

Houde M, Martin JW, Letcher R], Solomon KR, Muir DC (June 2006). "Biological monitoring of

N
(%,

g polyfluoroalkyl substances: A review". Environ. Sci. Technol. 40 (11): 3463-73. doi: i
g— . 10.1021/es052580b. PMID 16786681. Supporting Information(PDF). .
@ Species Geography Year Sample PFOS (ppb)

%; Bald eagle Midwestern USA 1990-93 plasma 2,200 :
g Brandt's cormorant California, USA 1997 liver 970

é Guillemot Baltic Sea 1997 egg 614

% Carrion crow Tokyo Bay, Japan 2000 liver 464

'g Red-throated loon North Carolina, USA 1998 liver 861

g’ Polar bear Sanikiluag, Nunavut 2002 liver 3,100

° Harbor seal Dutch Wadden Sea, Denmark 2002 muscle 2,725

_ Charleston, South Carolina,
D4 Bottlenose dolphin 2003 plasma 1,315

and National Cent USA

e Common dolphin Mediterranean Sea, Italy 1998 liver 940
are adjusted for t

America’s Childrerfil\ilg] Michigan, USA 2000-01 liver 59,500
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PFOS Analysis Challenges THE SCIENCE OF WHAT'S POSSTBLES

= Matrix effects, retention time shifts.

= Correct PFOS isomer identification:

— The physical, chemical and biological properties may be affected by
perfluoromethyl branching.

— Source elucidation.
- Response factors of individual isomers.

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

= PFOS and TDCA as well as other cholic acids have similar
isomeric profiles, retention times and MRM transitions (499 m/z
—80m/z).

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

©2015 Waters Corporation
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Chemical Structures PFOS and Cholic Warters
Ac i d I n te rfe re n ce ’S THE SCIENCE OF WHAT'S POSSIBLE.®

Perfluorooctane sulfonate

Taurochenodeoxycholic acid

C,cH,sNOS= [M-H] = 498.2889 CgHF,,0,S= [M-H] = 498.9297

©2015 Waters Corporation 6
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Fragmentation Series for PFOS THE SCIENCE OF WHAT'S POSSIBLE.”
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H D M S THE SCIENCE OF WHAT'S POSSIBLE.®

= Uses high resolution MS and high efficiency ion mobility based
measurements and separations.

= Both precursor ion and fragment ion information can be acquired in a
single HDMSE experiment.

= This technique offers some unique advantages to profiling complex
matrices.

= HDMSE can provide a route to specific and unambiguous identification,
enabling the distinction of PFOS isomers.

0 (0.04:34.99) (1.00:200.00 (368 51458 17) UPLC_SynaptG2-S_12031309_IEJ.raw T max: 200 Dritt Time (Bins)

50 100 150 200 250 300
Retention Time (Mins)
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I on M O b i I ity S peCt rom et ry THE SCIENCE OF WHAT'S POSSIBLE.®

L |- pulse of mass-selected ions
separated by shape \

Arrival Time Distribution
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position
= Ton mobility spectrometry (IMS) is a rapid, orthogonal, gas phase
separation technique which allows another dimension of separation.

= Separation is driven by electric fields not under vacuum.

= Compounds can be differentiated based on size, shape and charge.

©2015 Waters Corporation 9
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SYNAPT G2-S High Definition MS

Woaters

THE SCIENCE OF WHAT'S POSSIBLE.®
1. Increased sensitivity
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DI m e n S I o n Of Se pa ratlo n THE SCIENCE OF WHAT'S POSSIBLE.®

10" seconds
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THE SCIENCE OF WHAT'S POSSIBLE.’

INTELLISTART Fragmentation in Trap or

Alternate Low and High
transfer

Energy Scans
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Environmental samples Waters

THE SCIENCE OF WHAT'S POSSIBLE.®

v
’nc“.

= SLU project
— Anna Rotander, Sara Persson

= Mink

©2015 Waters Corporation 14
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Extraction of environmental samples Warters

THE SCIENCE OF WHAT'S POSSIBLE.®

1 g homogenized liver
sample, Add labeled IS

v Condition: MeOH and water
Repeated ACN extraction

Load samples

Vortex & ultrasonication Wash: 4 ml NaAc (pH 4)

g / 4 ml 20% MeOH

E SPE, Oasis WAX Dry cartridges

- v Elute: 4 ml MeOH (discarded)
ENVI-carb 4 ml NH,OH

Filtration, performance
standards added

\

Instrumental analysis

©2015 Waters Corporation 15
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Experimental THE SCIENCE OF WHAT'S POSSIBLE?

UPLC: Waters ACQUITY UPLC I-Class (equipped with PFC kit)
Column: Waters ACQUITY UPLC BEH C18 (100 mm x 2.1 mm, 1.7 um)
Column temperature: 50°C Flow: 0.30 mL/min

Mobile phase A: H,0:MeOH/ACN 70:30 (80/20, 2 mM Ammonium Acetate)
B: MeOH:ACN 80:20 (2 mM Ammonium Acetate)

u Gradient
Time(min) Flow Rate %A %B
Initial 0.300 100.0 0.0
0.50 0.300 100.0 0.0
16.00 0.300 65.0 35.0
22.00 0.300 65.0 35.0
27.00 0.300 10.0 90.0
27.10 0.300 0.0 100.0
28.00 0.300 0.0 100.0
28.10 0.450 100.0 0.0

34.00 0.450 100.0 0.0

©2015 Waters Corporation 16
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Ex pe rl m e n ta I THE SCIENCE OF WHAT’'S POSSIBLE.

= MS: Waters SYNAPT G2-S

= Jonisation Mode: ES-

= Desolvation Temperature: 550 °C

= Acquisition Modes: IMS MSE

= M/Z Range: 50-600

= Acquisition rate: 10 spectra/second

= Capillary Voltage: 2.3 kV E
= Cone VoItage: 15V Nitrogen N, 28.0123 1.7403
= Drift Gas: CO, and N, Carbon Dioxide 44.0098 2.9110
= Collision Energy Ramp: 35-75 eV

= IMS Wave Velocity Range: 400 m/s to 550 m/s

= IMS Wave Height: 40 V

©2015 Waters Corporation 17



BPI Chromatogram for HDMS Analysis
of Extract of Mink Liver for PFOS.

50559 Components Detected

DL-09-007:205A 10 000ng/ul
UPLT SynaptG2-S_12031309_IEJ

100

M W

~
Waters

THE SCIENCE OF WHAT'S POSSIBLE.’

1: TOF MS ES-
BPI
3.54e6

T T T T T T T T T T T T T T T T
200 4.00 6.00 8.00 10.00 12.00 14.00 16.00

©2015 Waters Corporation
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LC-HDMSE means..... Waters

In Creased Peak Capa City . ¢ THE SCIENCE OF WHAT'S POSSIBLE.®
[ ‘

PEAK
CAPACITY
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Extracted ion chromatograms for matrix Waters
interferences and the PFOS isomers THE SCIENCE OF WHAT'S POSSIBLES

1: TOF MS ES-
v 20.25 21.97 498.906_498.9710.1000Da
4.14e6

Isobaric
Interference’s PFOS
(A,B) Isomers

' (C-G)

TTTTe00 T 1es0 ¢
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Mobility plots for the isobaric Waters
interferences and PFOS isomers using N, . ccence or wiars rosseie:

drift gas.

Ion Mobility Separation
TDCA Interference’s (N, Drift Gas)

max: 8.36 Drift Time (milli secs)

B (0.04:34.99) {1.00:200.00) (493 .28:408 32) UPLC_SynaptG2-S_12031311_IEJ.raw : 1

Ion Mobility Separation

PFOS Isomers (N, Drift Gas) i i

10.04:34.99) (1.01 00) (438.91:498.85) UPLC_SynaptG2-S_ 12031311 _IEJ.raw : 1

max: §.36 Drift Time (milli secs)

Drift Time (milli secs)
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Mobility plots for the isobaric interferences WClw’rerS
and PFOS isomers using CO, drift gas.

TDCA/TCDCA Interference’s (CO, Drift Gas) A

W (0.04:34.99) (1.00:200.00) (402.21:408.36) UPLC_SynaptG2-S_12031309_IEJ.raw : 1 mazx ;. 200 Drift Time (Bins)

PFOS Isomer Ion Mobility
Separations (CO, Drift Gas)

B

max : 200 Drift Time (Bins)

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘
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Ion Mobility Separation W’rers

THE SCIENCE OF WHAT'S POSSIBLE.®

Item name: UPLC_SynaptG2-S_12031343_IE)
7-
R TDCA/TCDCA - . A
Interference’s
6-
- Ton Mobility
755 Separation
&
S s
PFOS Isomers .
4,54 ¢ . ’ .
. . B
4
S S G G S
18 185 19 195 20 20.5 21 215 22 225 23
Retention time [min]

Component drift plot showing drift times vs retention time for nominally isobaric
interferences (A) and PFOS isomers (B)

©2015 Waters Corporation
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Time and Mobility Alighed Fragmentation Waters

THE SCIENCE OF WHAT'S POSSIBLE.’

N
TRIWAVE

ION MOBILITY
SEPARATION

||HI|I|HI| |||H|H|HH III

HELIUM CELL

_ —
‘ m/z m/z
2s S ®
@
@
Drift time Drift time
Precursor ions Precursor ions Precursor and products

are time aligned
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Ion Mobility Resolved TDCA Waters

(Interference A) with MSE Precursor  mescencorwiars rossiae:
and Fragmentation Spectra

EH&] My Work ]@ Explorer ]g PFOS NEG ION MSE FILE... X | ISearch folders... Pl IEE @
' Review Investigate Report
i € [ Review Results | @ Limits v [F] Process ) Edit ~ & Tools ~ rie ~

‘ Injections and'Compor™

il UPLC_SynaptG2-S... [1] TDCA A ‘ ?
& 0 @ 7 e -
Injecti M ) B 1=
Component Summary « iew: *Accurate Mass Screening IMS C... ii g “ﬁ | i =R
N
4 ame 4 i Component name Identification status Observed drift time (ms) m/z Mass error (ppm) Expected RT (min) Observed RT {min) Detector counts Adducts ‘
1 UPLC_SynaptG2-S_120313 )
10 TCDCAB Identified 6.64  488.2803 164 2252 2252 183685 -H=
11 | TDCAA Ioentified 665 4982813 359 2088 2089 1055397 -H= =
Chromatograms = 3y T - 4l Spectra
Item name: UPLC_SynaptG2-S_12031343 _IEJ A Item name: UPLC_SynaptG2-S_12031343_IEJ) Channel name: Low energy : Time 20.8890 +/- 0.0647 minutes : Drift Ti...
Channel name: TDCA A [-H+(6 ions)] : (25.0 PPM) 498.2913 4... Description: DL-09-007:205A 10 000ng/ul
27 498,287
, £
4 » l:‘ S
@ . = 1le7
Components & & 2e65-] %
7 = 424.2158 ;144'2417 L
4 Status Name . g 2 0 T T T T T T T T T
3 : 100 150 200 250 300 350 400 450 500
1 ) TCOCAB = - - - - .
-g‘ Item name: UPLC_SynaptG2-5_12031343 _IE) Channel name: High energy : Time 20.8890 +/- 0.0647 minutes : Drift Ti... # X
2 ) TDCAA g - Description: DL-09-007:205A 10 000ng/ul
3 @  PFOSG = 7 498 23gke7
4 @  PFOSM ICDCA B § le7
[s)
5 /) PFOSL :
S 799569  124.0076 206.0500
6 @)  PFOSK 0 . A £, L 1760183 / 276.1978 3162278  372.2902 4143007 480.27
il T 1 1 1 T T 1 T
7 @ pFOS) 10 20 30 100 150 200 250 300 350 400 450 500
Retention time [min] Observed mass [m/z]
: 29 ®K
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R @ A
PFOS (C) isomer, ion mobility resolved Waters
from isobaric interference TCDCA (A) resoeneorwars rossiowe:

at retention time 20.55 mins

EH&] My Work ] A PFOS NEGION MSE FILE.. X ] [ Search folders.. 2| |EE @

|‘ Review | Investigate Report

i €= | Review Results

@ Limits v [F] Process 3 Edit ¥ F Tools ¥ L [T File ~

& W UPLC SynaptG2-S... [1] PFOS C (5mPFOS) M | L 7 Filters ~
d Name 4 : Component name Identification status Observed drift time (ms) m/z Mass error (ppm) Expected RT (min) Observed RT {min) Detector counts Adducts -
i UPLC_SynaptG2-5.12031343 18 g‘ 1 PFOS G (nPFOS) Identified 475  488.8228 -1491 22.80 22.83 318131 -H-+ H

2 PFOS F (ImPFOS) Identified 443 4839319 340 2240 2241 233952 -H=

3 PFOSE Identified 447 4383310 166 2148 2148 106150 -H=+

4 PFOS D (isoPFOS) Identified 468  498.8318 312 21.20 2114 489107 -H-

5 PFOS C (SmPFOS)  Identified 459 4989321 3.72 20.52 20.52 392048 -H=+

4

Spectra v

ANl Chromatograms v

N [I] L I: ‘ Item name: UPLC_SynaptG2-S_12031343_IEJ 4 Item name: UPLC_SynaptG2-S_1203134... Channel name: Low energy : Time 20.52...
; 1| Channel name: PFOS C (SmPFOS) [-H+(5 ions)] : (25.0 PPM) 498.9321 499.9332 50... Description: DL-09-007:205A 10 000ng...
£ 9 or 498.933@e7
F S 7
‘0 2 le7
4 Status | Name ‘ 3e6] 3
O,
3 )  PFOSE 7 3, 47693087
c -
4 @ PFOSD(s0PFOS) 3 2e6 d 100 200 300 400 500
5 @ PFOS C (SmPFOS) g' Item name: UPLC_SynaptG2-S_1203134... Channel name: High energy : Time 20.5... ©
< Description: DL-09-007:205A 10 000ng....
6 ) PFOS 1 (3mPFOS 8 PFOS C (SmPFOS P 9
< Gmeres) E 1e67] 2055 Lseg, 7995674 498,93165¢6
7 (/) PFOSK g !
3 129.95462 22004858  279.94497
& (& prosL S ’ | | / 37993841
N 0 T T T LI T T 1 0 —r + T T T T
: & PrOSM 5 10 15 20 25 30 35 100 200 300 400 500
10 ¥) TCOCAB v Retention time [min] Observed mass [m/z]
29 ®x
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PFOS (D) isomer, ion mobility resolved Waters
from isobaric interference TCDCA (A) a#sceneorwars rossiowe:
retention time 21.14 mins

EH &) My Work ] A PFOS NEGION MSE FILE.. X ] | Search folders.. R| | @
|‘ Review | Investigate Report
i €= | Review Results @ Limits v [F] Process 3 Edit ¥ F Tools ¥ L [T File ~
i UPLC SynaptG2-S... [1] PFOS D (isoPFOS) | :
:}/ W S Filters ¥
Component Summary » View: *Accurate Mass Screening IMS C... iiTul i I ﬁ Lo LBl
N
4 ame 4 : Component name Identification status Observed drift time (ms) m/z Mass error (ppm) Expected RT (min) Observed RT {min) Detector counts Adducts -
1 UPLC SynaptG2-5 12031343 18] i _ H
1 PFOS G (nPFOS) Identified 475  488.8228 -1491 22.80 22.83 318131 -H-+
2 PFOS F (ImPFOS) Identified 443 4839319 340 2240 2241 233952 -H=
3 PFOSE Identified 447 4839310 166 2148 2148 106150 -H=+
4 PFOS D (isoPFOS) Identified 468 4989318 312 21.20 2114 469107 -H=+
5 PFOS C (5SmPFOS) Identified 458 4838321 3.72 20.52 20.52 352048 -H= -
A8l Chromatograms « L ] Spectra v
N [I] L I: ‘ Item name: UPLC_SynaptG2-S_12031343_IEJ Item name: UPLC_SynaptG2-S_1203134... Channel name: Low energy : Time 21.13... =~
é 1| Channel name: PFOS D (isoPFOS) [-H+(5 ions)] : (25.0 PPM) 498.9318 499.9335 50... Description: DL-09-007:205A 10 000ng...
F Qg OF _ 498.93172e7
N 2e6. Foes £ 1e7
4 Status  Name £ O 3
F 1
3 /) PFOSE 7 F i 0
[ [ T T T T T
4 {70 rrospsoros) | 3 2¢6 F d 100 200 300 400 500
5 ) PFOS C (SmPFOS) = PFOS D (isoPFOSﬂ Item name: UPLC_SynaptG2-S_1203134... Channel name: High energy : Time 21.1... # X
& 2114 iption: :
6 @ PFOS ) (3mPFOS) & 1e6. Description: DL-09-007:205A 10 000ng...
£ 7095676 498932576
7 @  PFosK £261 7
3 168.98987 229.9484
8 /) PFOSL 0 S 0 | L | 2 | # 329.94180 429.93852
™ T T T T T
o @ rrosm 5 10 15 20 2 20 35 100 200 200 400 500
10 ¥) TCOCAB v Retention time [min] Observed mass [m/z]
Administrator, UNIFI [Administrator] 9 ® K
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Unassighed PFOS (E), ion mobility Waters
resolved from isobaric interference  mescenceorunars rosssie:
TDCA (A) at retention time 20.88 mins

28|~ &1 My Work | Q Explorer | 4, PrOS NEGION MSE FLE... X | [Search folders.. ’He

' Review Investigate Report

i € [ Review Results | @ Limits v [F] Process ) Edit ~ & Tools ~ rie ~

Injections and Compors il UPLC_SynaptG2-S... [1] PFOSE <l » ?
Bl con v 7 @ . e ~
Injecti M ‘ - — =
Component Summary « iew: *Accurate Mass Screening IMS C... ii g “ﬁ | i =R
N
4 ame 4 i Component name Identification status Observed drift time (ms) m/z Mass error (ppm) Expected RT (min) Observed RT {min) Detector counts Adducts ‘
1 ¥
UPICSmapte2 S 2055 | 3 | IProsE Identified 447 4989310 166 2148 2148 106150 -H+ 5
4 PFOSD Identified 468 4989318 312 21.20 2114 469107 -H=
Chromato = ==l -
grams v o WIE: Spectra
Item name: UPLC_SynaptG2-S_12031343 _IEJ A Item name: UPLC_SynaptG2-S_12031343_IEJ Channel name: High energy : Time 21.4786 +/- 0.0647 minutes : Drift Ti... # X
Channel name: PFOS E [-H+(4 ions)] : (25.0 PPM) 488.9310 49.., Description: DL-08-007:205A 10 000ng/ul
2.39e5
! ~PFOS G 498.9308
“ » |1 3eb
lq‘ 2e54
Componenta & &
=z 7 ]
4 Status | Name S 2e6 ‘ ‘ g 1.3e5
o o
5 @ prosL % : U-S
6 @ Prosk 2 § 100000 799565
7 | @ prosy B 6 PFOSD =
PFOSF 98.9556
8 @ PFOS E PFOS g |/ 50000
9 &)  PFOSD PFOSL o 218.9864
PFOS PFOS
10 (/) PFOSF 0 Nl\ PFOSE . 129.?544
1 T 1 T 1 T 1 T 1
1 @ erosc - 10 20 30 100 150 200 250 300 350 400 450 500
Retention time [min] Observed mass [m/z]
Administrator, UNIFI' [Administrator] @ ® &
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Waters
P FO S I SO M E R C THE SCIENCE OF WHAT'S POSSIBLE.®

Item name: UPLC_SynaptG2-S_12031343_IEJ Channel name: High energy : Retention Time 20.5245+/-0.0647 minutes : Drift Time 118.56+/-8.49 bins : 3D mass peak list
Description: DL-09-007:205A 10 000ng/ul
49893271
14e+06
1.2e+06
79.95681

le+06
)
€
H
S 8e+054
2
Z
]
S

6e+05

229.94879
4e+05 129.95474
2e+05- 279.94529
179.95158
98.95555
100.95268 131.95069 181.94786 231.94502 280.94689 379.93873
68.99523 | | 7 / F 218-9|8650 7 / 360.94226  /
o T . T LI T LI T T w T T * T T T T T T T T
75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500

m/z
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Waters
P FO S I SO M E R D THE SCIENCE OF WHAT'S POSSIBLE.®

Item name: UPLC_SynaptG2-S_12031343_IEJ Channel name: High energy : Retention Time 21.1390+/-0.0647 minutes : Drift Time 120.88+/-8.48 bins : 3D mass peak list
Description: DL-09-007:205A 10 000ng/ul

2.5e+06] 498.93450

2.25e+06
2e+06-
1.75e+06

1.5e+06 1 79.95683

1.25e+06

Intensity [Counts]

le+06

7.5e+05

5e+05- 98.95572

129.95460
2.5e+05

320.94213
10095202 | 13105057 179.95156 J31.04510 279.94491 13000506
ol 6899494 ) ! ) P . o 218.9|86«I46 7 . . il - . | . 42093867 49877961~

L T T N T T T
75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500
m/z
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Waters

P FO S I SO M E R E THE SCIENCE OF WHAT'S POSSIBLE.’

Item name: UPLC_SynaptG2-S_12031343_IEJ

Description: DL-09-007:205A 10 000ng/ul

Channel name: High energy : Retention Time 21.4786+/-0.0647 minutes : Drift Time 115.56+/-8.50 bins : 3D mass peak list

98.95572
50000
40000
z
§ 300001
E 218.98667
2
]
S
20000
10000
100.95283 498.77720
/
c T T T T T T T T T T T T T T 1 T T
100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500
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PFOS ISOMER F

Item name: UPLC_SynaptG2-S_12031343_IEJ
Description: DL-09-007:205A 10 000ng/ul

98.95573
4.5e+05

4e+05
3.5e+05
3e+05

2.5e+05

Intensity [Counts]

2e+05
168.98986

1.5e+05

100000

50000
118.99250

170.00100
/

. fp208722 . |

AN LT/ y
Waters

THE SCIENCE OF WHAT'S POSSIBLE.’

Channel name: High energy : Retention Time 22.4055+/-0.0647 minutes : Drift Time 114.55+/-8.51 bins : 3D mass peak list

218.98676
418.97329

268.98401
219.99171 t,119.97641
/

. 498.77504

T T T T
75 100 125 150 175 200

©2015 Waters Corporation
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Waters
P FO S I So M E R G THE SCIENCE OF WHAT'S POSSIBLE.®

Item name: UPLC_SynaptG2-S_12031343_IEJ Channel name: High energy : Retention Time 22.8319+/-0.0647 minutes : Drift Time 122.61+/-8.47 bins : 3D mass peak list
Description: DL-09-007:205A 10 000ng/ul
79.95752
14e+07 1
1.2e+07
498.93400
le+07
98.95607

)
c
=l
S 8e+06-
2
Z
3]
S

6e+06

4e+06

2e+06

12995501 16898990 220.94852
279.94499
. 689 .|| | ’ }31.95065 179.9:5155 21898643 331.94526 | 3 29_9"152 370.03819 .
T T L T T T L T T T 1 T 1 1 T T T
75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500
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Summary for major PFOS isomers
and matrix interferences

PFOS
Isomers

Drift Time
(ms)

Mass Measurement
Error

Retention Time
(mins)

TDCA
Interferences

Drift Time
(ms)

Mass Measurement
Error

Retention Time
(mins)

C
5S5mPFOS
J
3SmPFOS

4.59
4.27

3.4 ppm
-0.23 ppm

20.55

TDCA

6.65

3.59 ppm

20.88

D
IsoPFOS

3.66 ppm

21.14

TCDCA

6.64

1.64 ppm

22.52

Waters

THE SCIENCE OF WHAT'S POSSIBLE.®

E F
2,2- 1mPFOS
perfluoro-
methyl
PFOS
(tentative)

a.a7 4.43

3.12 ppm 3.72 ppm

21.48 22.40

nPFOS

4.75

-14.91
(2.68ppm HE)

22.80

A summary of drift times, retention times and isomer assigments for

©2015 Waters Corporation

major PFOS isomers and co-eluting matrix.
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_ Waters
Screening database THE SCIENCE OF WHAT'S POSSIBLE?

= A screening database was created for branched PFOS
isomers based on observed retention times and
unique product ions

- 1m-PFOS, 3m-PFOS, 4m-PFOS, 5m-PFOS, 6m-PFOS, 4,4dim-
PFOS, 3,5-dim-PFQOS, 4,5-dim-PFOS, 5,5-dim-PFOS

= Environmental samples and a technical blend was
analysed and compared against the database.

» The software filtered the results to include only
isomers having a positively identified product ion.
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Component summary for PFOS W,
i i i aters
screening of mink liver extracts THE SCIENCE OF WHAT'S POSSIBLE:

ggH&] My Work ],g, PFOS NEG ION MSE FILE... X ] [Search folders..
Review | Investigate Report
f® @ [ Review Results ‘ @ Limits ~ Process Edit v & Tools v B2 | F File ~
é}‘) a? UPLC_SynaptG2-S... [1] @ PFOS C (5mPFOS) R T Filters ~
Bl piians Item name: UPLC_SynaptG2-S_12031343 IEJ
1 UPLC SynaptG2-S_12031343_IE)
= = = 20.89
TDCAA
4e74
3e7+
gl vy E
4| 5
o i
o> -
Components (UPLEISYREY &
S 2e7
A Status | Name ‘ k= 2114
20.21 2052 PFOS D (isoPFOS)
1 @)  PFOS G (nPFOS) 2052 J
“ PFOS J (smPFosz PFOS C (SmPFOS
2 () PFOS F (ImPFOS) .
3 ) PFOSE 1le7+ 2241
2 ) PFOS D (s0PFOS) pss PFOS F a,mPF(\)S)
5 (/) PFOS C (SmPFOS) 19.02 PFOS E 2252
PFOS M 1934 19.87 TCDCAB
6 &)  PFOSJ(3mPFOS) ot PFOS L PFOS K
Ll Ll 1 1 T T T T T |l T 1 1 T T T
7 ) PFOSK 19 19.25 195 19.75 20 2025 205 20.75 21 21.25 215 21.75 22 2225 225 2275
g @ PFOS L - Retention time [min]
®'" Administrator, UNIFI' [Administrator] . @ ) @ @
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Software enabled identification

. ?'

ltem name: FESO _March? IM 003
Channel rame 103um perfiuced-3-meyheptanesifonate [-H)
Descrption: 3m PFOS/A

882
de5 4
g JeS
oA
.‘;.“
pe Je5
o
100000 4
: AL
15 7S 0 225

Peterton time [mun)

Extracted ion chromatogram and spectrum for both low e

3

[FrevierE .

Item name: FESO_Mat

Dexcrption: 3m PFOS,
'c::',
“; 0\
£ Seb /\ \
£ 0” N\
. 0
0.
%0 100

Itemn name: FESO_Mad

Dexcription: 3m PFOS, 7995408

Waters

THE SCIENCE OF WHAT'S POSSIBLE.®

l ’I; . l!?'o‘o

F- Q0579 muntes : Drt Times: 4 56,

49892982

My 93173
7

= 50092626

0 450 00 50 600
I- Q0579 mintes : Drft Times: 446, @ X

2555 Mass emon -1.3 mDa 3 456
g -
F eh 45852903
2 12995279 X
s deb P r
s 27994321
t 179,549 .. 3189787
3 o o o 4299308 47293095
- YN 21858418 * . /
0 | vl ’ / . l
% 100 1% 20 2% 300 3% 400 4% 00 $%0 600

Cbserved mass /2]

nergy (top) and

high energy (bottom) collision states. Using the structure, proposed
product ions were deduced from the observed spectral peaks, as
indicated by the blue molecule icons.
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Drift time corrected spectrum

e |
Waters

THE SCIENCE OF WHAT'S POSSIBLE.®

1-PFOS
4590005
: NOﬂ‘dflhtlme ey e T[xAlsotope
’~ 1e7 corrected e duster
i spectrum
0L
4913105 £ Ll | soroens 29410 07 95408
3 $ H s i $ Y v ) “04 w9 " $° wa 0

Bem same FESO March7 LM O

Descrpton OLOPO0TLEY

Channel rame Low energy - Teme 20040 -

DOAM mntes Dot Tomas 401 «/- 0195 ms 4D mams pok It

454 95300
i Drift time
. comrected
- spectrum
amstas? ae
'UL &5)] 43) a4 1y o a7 a1 4 ) “4 ’ «“u

Corened mam [m. 7]

Spectrum for the same chromatographic peak, 1-PFOS, with
interference from TDCA evident in the top spectrum.

The bottom spectrum is from the same chromatographic peak and
injection, but with the removal of any ions that do not share the same

drift time as 1-PFOS.
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: Woaters
Conclusions IHE SCLENCE OF WHATYS POSSIBLE?

= Co-eluting isobaric biological interference’s TDCA and TCDCA have been
resolved from PFOS isomers using ion mobility.

= Utilising CO, as a mobility drift gas further enhanced the mobility resolution
between PFOS isomers and isobaric TDCA / TCDCA interference isomers.

= The enhanced mobility resolution induced using CO, has a drift gas also enabled
distinctive drift times to be obtained for the PFOS isomers.

= Single component precursor ion and fragmentation spectra have been
generated for PFOS isomers and TDCA / TCDCA interference

= PFOS isomers can be characterised without contribution from isobaric
interference isomers of TDCA / TCDCA.

= UPLC IMS MSE facilitates accurate and informative data generation by isomer-
specific analysis. This will be increasingly important as regulatory, scientific, and
public awareness of the environmental impact of perflouralkylsubstances
increases.
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