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Mass Spectrometry Resolution?

LR MS or MS/MS HRMS

This Photo by Unknown Author is licensed under CC BY-SA

This Photo by Unknown Author is licensed under CC BY-NC

Resolution is “the ability to “image” a detected ion in a mass spectrometer and differentiate it
from any other”.  Balogh 2004 Debating Resolution and Mass
Accuracy LCGC NORTH AMERICA VOLUME 22 NUMBER 2



Mass Spectrometry Resolution?
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_ MassAccuracy

PFOA: MW 412.9 +-0.11t0 0.5 Da MW 412.9964 +/- 0.0004 Da (1ppm)

photos by Mark Strynar

Mass accuracy is the ability to measure or calibrate the instrument response against a known
entity. Usually expressed in parts per million (ppm), the measurement indicates the deviation of
the instrument response from a known.
Balogh 2004 Debating Resolution and Mass Accuracy
LCGC NORTH AMERICA VOLUME 22 NUMBER 2



HRMS Measurable Parameters
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Figure 1: (Top) Mass accuracy determination
and (bottom) the FWHM method for deter-
mining resolution for a mass spectrometer
Balogh 2004 Debating Resolution and Mass Accuracy measured at a given ion.
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What is our sample analysis comfort level?

® Known %

m Unknown %

All Features: Matched and Unmatched
n=3,761

©Matched 590 (n=157) (4.2%)

@ Matched 80-90 (n=161)

©Matched 7080 (n=139)

© Matched <70 or Unmatched (n=3,304, n= 3,060 unmatched) (81.4%)
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What is our sample analysis comfort level?
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A few items defined

Targeted Analysis - analyzing for a suite of analytes with a validated method
e.g. How much Fipronil is in my water?

Non-Targeted Analysis (Untargeted Analysis) - no preconceived notion
of chemical present
e.g. What chemicals are in my water?
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How good is good enough??
Can we give quantitative values of these chemicals?
How will this data be used?
What are the important analytes?
What is my confidence in identification?

What if | miss something?

17



HRMS is A tool in the
environmental/analytical
chemists tool belt:

- a powerful tool
- a very useful tool
- not the only tool

18



Conceptual Model of APFO Emission
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Conceptual Model of APFO Emission
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Isotope Signatures: Negative Mass Defe

Positive Mass

Mass Defect

SOME KEY TOOLS
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Isotope Signatures: Negative Mass Defe
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Cape Fear River Sample Comparison
SOME KEY TOOLS
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Gas Phase n-mers (HFPO-DA) SOME KEY TOOLS

Strynar et al., 2015 ES&T
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Diagnostic Fragment lons contd.
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Diagnostic Fragment lons contd.
SOME KEY TOOLS
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Post PFOA Stewardship Agreement

Fluoropolymer manufacture

Metal plating
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Post PFOA Stewardship Agreement

Ethers/Polyethers
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Metal plating
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Post PFOA Stewardship Agreement

Ethers/Polyethers
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Post PFOA Stewardship Agreement

Ethers/Polyethers

Polyfluorinated

Chlorinated

Wang et al. Environment International, 2013, 60, pp 242-248
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Identification of Novel Perfluoroalkyl Ether Carboxylic Acids (PFECAs)
and Sulfonic Acids (PFESAs) in Natural Waters Using Accurate Mass
Time-of-Flight Mass Spectrometry (TOFMS)

Mark Strynar,*" Sonia Dagnino,r":’ Rebecca McMahen, ™ Shuang Li.mg," * Andrew Lindstrom,’

Erik Andersen,” Larry McMillan,” Michael Thurman,' Imma Ferrer,' and Carol Ball*

o

)

Table 1. Accurate Mass of Polyfluorinated Compounds and In-Source Artifacts Found in Extracted Water Samples

[M - H]” [2M - H]~
number formula CAS no. name [M]® m/z [2M = 2H + Na] " m/z m/z
Monoether PFECAs
| C HF O, 179.9846 178.9773 380.9438 358.9619
2 C4HF;0, 2299813 228.9740 480.9372 458.9553
3 CHF,0,4 863090-89-5 279.9782 278.9709 580.9310 558.9491
4 CeHF,,04 13252-13-6 undecafluoro-2-methyl-3-oxahexanoic acid 329.9750 328.9677 680.9247 658.9427
5 C,HF,,0, 379.9718 3789645 7809182 758.9363
6 CgHF,0, 429.9686 428.9613 880.9118 858.9299
Polyether PFECAs
7 C;HF,0, 3949291-6 perlluurw 3,5,7,9,11-pentaoxadodecanoic 443.9515 4429442 908.8776 886.8957
acid
8 CgHF 04 39492-90-5 perfluoro-3,5,7,9-butaoxadecanoic acid 377.9598 376.9525 776.8942 754.9123
9 CHFyOq 39492-89-2 perfluoro-3,5,7-propaoxaoctanoic acid 311.9681 310.9608 644.9108 622.9289
10 C,HF;0, 39492-88-1 perfluoro-3,5-dioxahexanoic acid 245.9764 244.9691 5129274 490.9455
PFESAs
11 C,HF ;0.8 66796-30-3" 443.9337 442.9264
12 C,H,F,,08 463.9399 4629326

3 Found in human serum Wilmington, NC (Kotlarz EHP accepted 2020)

Example Structures

)Se( %/OH Monoether (6):
° ! GenX

Polyethers
sulfonates (2);
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Identification of Novel Perfluoroalkyl Ether Carboxylic Acids (PFECAs) Example Structures
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Time-of-Flight Mass Spectrometry (TOFMS)
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Erik Andersen,” Larry McMillan,® Michael Thurman,' Imma Ferrer,' and Carol Ball* (o]
! GenX

Table 1. Accurate Mass of Polyfluorinated Compounds and In-Source Artifacts Found in Extracted Water Samples

M - H]- [2M - H]~
number formula CAS no. name [M]® m/z [2M = 2H + Na] " m/z m/z EF Fg
Monoether PEECAs F >< FE
| C HF O, 179.9846 178.9773 380.9438 358.9619 HO\%O DX ’%F
2 C4HF;0, 2299813 228.9740 480.9372 458.9553 o]
3 CHF,0, 863090-89-5 279.9782 278.9709 580.9310 558.9491 [a) F
l 4 CgHF,,04 13252-13-6 undecafluoro-2-methyl-3-oxahexanoic acid 329.9750 328.9677 680.9247 658.9427 I
3 G0, TTO.0718 780003 TR00152 380303 P0|yether5 (4)
6 CgHF 04 429.9686 428.9613 880.9118 858.9299
Polyether PFECAs
7 C;HF,0, 3949291-6 perlluurw 3,5,79,1 I-pcnl.m.\.ldmlc(.mui( 443.9515 4429442 908.8776 886.8957
acid
8 CeHF,,04 39492-90-5 perfluoro-3,5,7,9-butaoxadecanoic acid 377.9598 376.9525 776.8942 754.9123
9 CHFyOq 39492-89-2 perfluoro-3,5,7-propaoxaoctanoic acid 311.9681 310.9608 644.9108 622.9289
10 C,HF,0, 39492-88-1 perfluoro-3,5-dioxahexanoic acid 245.9764 244.9691 5129274 490.9455
PFESAs
1 CHF, 08 667963037 443.9337 4429264
12 C,H,F,,08 463.9399 462.9326

Polyethers

sulfonates (2);
3 Found in human serum Wilmington, NC (Kotlarz EHP accepted 2020)
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and Sulfonic Acids (PFESAs) in Natural Waters Using Accurate Mass
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Table 1. Accurate Mass of Polyfluorinated Compounds and In-Source Artifacts Found in Extracted Water Samples

[M - H]" [2M - H]”
number formula CAS no. name [M]® m/z [2M = 2H + Na] " m/z m/z
Monoether PFECAs
| C;HFO, 179.9846 178.9773 380.9438 358.9619
2 C4HF;0, 2299813 228.9740 4809372 458.9553
3 CHF,0, 863090-89-5 279.9782 278.9709 580.9310 558.9491
I 4 CgHF,,04 13252-13-6 undecafluoro-2-methyl-3-oxahexanoic acid 329.9750 328.9677 680.9247 658.9427 I
s Gl a0 3700718 TIR.0005 TR0.0152 ToR.0303
6 CgHF ;04 429.9686 428.9613 880.9118 858.9299
r PEECAs
7 C,HF;,0, 39492-91-6 perllu oro-3,5,79,11 -]:-cnl.mx.ldmlm:anuic 443.9515 442.9442) 908.8776 886.8957
acid
8 CeHF,,04 39492-90-5 perfluoro-3,5,7,9-butaoxadecanoic acid 377.9598 376.9525) 776.8942 754.9123
9 CHFyOq 39492-89-2 perfluoro-3,5,7-propaoxaoctanoic acid 311.9681 310.9608 644.9108 622.9289
10 C,HF;0, 39492-88-1 perfluoro-3,5-dioxahexanoic acid 245.9764 244.9691 5129274 490.9455
PFESAs
Ll CHELOS 66796-30-3" 4439337 442 9264
[2  cHF.0s 4639399 462.9326 |

3 Found in human serum Wilmington, NC (Kotlarz EHP accepted 2020)

Example Structures

)Se( %/OH Monoether (6):
° ! GenX

Polyethers
sulfonates (2);




Data Mining

Trends
Clustering
Fingerprinting

Previously Undiscovered

McCord and Strynar ES&T
DOI: 10.1021/acs.est.8b06017
Environ. Sci. Technol. 2019, 53, 4717-4727

38



Data Mining

C7THF13058 CTH2F14058 C8HF15058

C8 H2 F14 O7

Normalized Abundance

Sampling Event

Trends

Clustering
Fingerprinting

Previously Undiscovered

McCord and Strynar ES&T
DOI: 10.1021/acs.est.8b06017

Environ. Sci. Technol. 2019, 53, 4717-4727 39




Data Mining

p <0.05 cluster
Distance:Euclidean
Cluster.Method:Ward.D2
27 28
- s
[Clustering]
Fingerprinting

Previously Undiscovered

McCord and Strynar ES&T
DOI: 10.1021/acs.est.8b06017
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Data Mining

Trends

Clustering

[Fingerprinting ]

Previously Undiscovered
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Retrospective Analysis

N=20 NC monitoring Wells (M-H)

HFPO-TA CAS 13252-14-7
DTXSID00892442

OH_
F
o%x
0 F
F
F——F
F. O—1—F
F
F F=1—F
F
F F 2
F

Molecular Formula: C,HF,,O,

Monoisotopic Mass: 495.960338 Da
[M-H]-: 494.953061 Da

Pan et al., 2017 ES&T

DOI: 10.1021/acs.est.7b02259

Xiaoqing River China near fluoropolymer production facility

Found in water, carp and nearby human serum 42



Retrospective Analysis

N=20 NC monitoring Wells (M-H)

HFPO-TA CAS 13252-14-7 =
DTXSID00892442
34 o_
OH 3.2 F
g F 3 o;ge(':
° : 0, ¥
= 2 2 F——F
F——F . Fo——F
F O—_F 1.8 F F—+—F
F 16 Fol
F F—r—F 14 F F F F
F 1.2
F F 1
F F 0.8
Molecular Formula: C,HF,,O, :: "'MW TR h
0 Ll AN 01

‘ | ’1 \' 1 il
il ”“ MQ LA ”“lah J{“Ul}',»;hlm ‘W

[
=—a e
4 56 58 6 6.2 64 65

‘u
n
5(5525 68 7 72 74 76 78 8 82 84 86 88
Time

Monoisotopic Mass: 495.960338 Da
[M-H]-: 494.953061 Da

02 04 06 08 1 12 14 16 1.8 2 22 24 26 28 3 32 34

Pan et al., 2017 ES&T

DOI: 10.1021/acs.est.7b02259

Xiaoqing River China near fluoropolymer production facility
Found in water, carp and nearby human serum
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Retrospective Analysis

N=20 NC monitoring Wells (M-H)

103 - 1

H FPO-TA CAS 1 3252-14-7 ¥ ;; 4 |- EIC(450.9627) Scan WorklistData20.d

DTXSID00892442 sof?
a4, } co,

OH_ 2242 o 43,9898 Da
o F 32 0 i’ : F
26 z 0 F
O F F 2442 F——FF
e i : -
F. o—1—F “t F F——F
F 1632 F
F F—r—F 14: F - F F
F 12 6
F F 3 2 i i CaFwoz

1 450.9627 Da

Molecular Formula: C,HF O, )

Monoisotopic Mass: 495.960338 Da 4

[M-H]-: 494 953061 Da 03

=
L o 1
Pan et al., 2017 ES&T oI T I TR
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Xiaoqing River China near fluoropolymer production facility
Found in water, carp and nearby human serum 44



Retrospective Analysis

N=20 NC monitoring Wells (M-H)

HFPO-TA CAS 13252-14-7 o e e =
DTXSID00892442

1 1

C,F,0,
o 1439834Da

C6F1302
350.9691 Da |

Molecular Formula: C,HF,,O, 02

Monoisotopic Mass: 495.960338 Da ’
[M-H]-: 494.953061 Da 0s

o s e 0 NN R B e W N E D BB N B O &G DA O e

i | | | |
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Pan et al., 2017 ES&T L M:uﬂz,,hﬂ.‘m! R TR Y H VL. Vi
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Retrospective Analysis

Three TOFMS ions
consistent with HFPO-TA

410 6 |- EIC(184.9837) Scan WorkiistData11. .
1 Non-SpeCIfIC lon 11256719.29 1
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Novel Compound Identification

C4CIF,0,~ Fragment?

366.9404
368.9351
367.?407
3é6 3%8 I 3}0
m/z
C,CIF O
=»200.9548
200 300

CsCIF,,0,
460.9268
462.9238
461 .|9302
46|0 I 462 m/z l 464 I
400 500 600
m/z

Dimer

460.9268*2+1.00784 = 922.8614

922.8613

923.8646

924.8566

925.8616

l

921 923 925 927 929
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700 800

900
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ctural Elucidation by M

200.9537
F
cl F e
Cl
F o
F
F
F 202.9507
Cl F
F
F F - Foc F
F \/ Fd 184.9833 cl F R J)—F
- 134.9623 F o
68.9953 Fod F 366.9380

4 a o ol ll — .
L N R N S N R N D I N I S N I D Y N Y N O B D B N D B O B L L L L I L L L L L L

100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460
m/z

* Unequivocal assignment of terminal Cl and ether positions based on MS/MS experiments

» Confirmation of Dimers and in-source fragments from prior slide, with additional experiments (not
show)
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iterature Support

Fluoropolymer manufacture

-
ADONA (CAS No. 958445-44-8)
Fa Fa
/O'\‘ /C\ /0\ /C\
C C c CO0
Fe Fa HF

FyC

GenX (CAS No. 62037-80-3)
& o €00
i .
re” N \FT/
2
Asahi's product (CAS No. 908020-52-0) \. 7 propyl ethyl
c C 0 coo
T Syt \?/ \.E/
2 2

Solvay's product (CAS No. 329238-24-6)

. Chloro perfluoro polyether carboxylic
e NSk Se|  acids CIPFPECAs(n,m)

Wang, Z., et al. (2013). Environ. Int. 60: 242.
EFSA J, 8 (2) (2010), p. 1519, 10.2903/j.efsa.2010.1519
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Homologous Fluoropolymer Series

From single identified mass of
interest we identified additional
species related by CF,
repeating units

M-CF M+OCF, .
2 Washington et al., 2020 Nontargeted mass-spectral

detection of chloroperfluoropolyether carboxylates in
M+OCF20F2 New Jersey soils Science

DOI: 10.1126/science.aba7127

/ M+OCF,CF,CF,
l
L (U

| | | | | | | 1 | | | | | | | | |

5 10 15
Time (min)
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uctural Homologs

CAS 329238-24-6

F e 0
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F J o Monoisotopic Mass: 411.937175 Da

F
F F F g F ﬁ: (0]
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F F (0] o F F Monoisotopic Mass: 627.919315 Da

F
F F F F E o
cl FF F
F o OH
F (0]
F (0] F F F
F

Monoisotopic Mass: 527.925702 Da
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You only see what you are looking for

HRMS has a role to discover the
undiscovered

HRMS should be used in concert with
LRMS or other methods

Retrospective analysis is possible
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The views expressed in this presentation are
those of the author(s) and do not
necessarily represent the views or policies
of the U.S. Environmental Protection
Agency.

Questions?

Contact Information
strynar.mark@epa.gov

U.S. Environmental Protection Agency



