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Objectives

« Assess sensitivity and quantitative performance of Thermo Scientific™
Orbitrap Exploris™ 240 MS for 48 targeted PFAS compounds:
 Direct injection of raw/finished drinking water via LC-HRAM
» Analysis of NIST Standard Reference Material for PFCAs

« Perform AcquireX-mediated non-targeted analysis of AFFF formulations for
PFAS discovery

» Mixture of six AFFF formulations diluted 10,000x and measured using 5 injections for
DDA MS?2

« ESI+ and ESI- acquisitions performed

» Analyze NC Haw river water extracts (WAX) for PFAS and other emerging
pollutants

« Thirteen water samples analyzed via AcquireX workflow (3 DDA MS? injections of two
mixtures)



Leading Performance

With leading performance, application versatility, and operational simplicity,
the Orbitrap Exploris 240 mass spectrometer fast tracks your path to high-

confidence discovery and identification.

Environmental testing

Food Safety testing

Academic Research analysis

Clinical Proteomics Research analysis
Metabolomics analysis

Lipidomics analysis

Biopharmaceutical analysis

Mass range:

Quad isolation:

Scan rate MS2:

Max resolution:
Dynamic range:

40 - 6000 m/z (8000 m/z optional)
down to 0.4 u & up to 2500 u

up to 22 Hz

240,000 (FWHM) at m/z 200

> 5000:1

Mass Accuracy: 3 ppm RMS ext., 1 ppm RMS int., sub 1 ppm EASY-IC
Polarity Switching: 125 ms tSIM scan

Dissociation:
Scan Analysis:
Analyzer:
Compact:
Options:

Higher energy Collisional Dissociation (HCD)
dd-MS2 Top N, APD, Acquire X, TMT @ 45k res
Quadrupole, High Field Orbitrap

530 x 760 x 700 mm (w,d,h)

BioPharma , FAIMS Pro interface



Thermo Scientific Orbitrap Exploris 240 MS Schematic

EASY-IC Internal

OptaMax NG calibrant source Independent
Electrospray lon Consistent sub-ppm mass Charge Detector
Source accuracy for confident results Improved control
of ion fills lon Routing
L) Multipole

Facilitates dynamic trapping of
ions and performs HCD
fragmentation.

|

Advanced Active Beam

Guide (AABG) Advanced Quadrupole
with axial gradient Technology (AQT)
Prevents neutrals from entering the Isolation widths down to 0.4
quadrupole and improves robustness by u improves sensitivity and : . .
eliminating the effects of local charging selectivity. Configuration High Field Orbitrap

switching prolongs Mass Analyzer

endurance.



New Emerging Contaminates from Farm to
Environmental to Fork .

* Newly introduced or newly discovered I
compounds S
» Improved knowledge of health effects | 9§
from exposure st A e
e Vo
e Changes in occurrence data v/-'\-’
* Observed concentrations have Sl g DN
elevated or are now detectable due to QW k \g\g w! o
changing environmental conditions e e B
(e.g., drought, bioaccumulation) or "i\ﬁ
advances in sensitivity of monitoring a1 Ve

technologies

* Feasibility of monitoring and or
treatment technologies

* Future exposure risks &




Targeted AnaIyS|s Method

v
gﬁ %L:::[::I:#'% Iﬁfﬁu‘ﬂtﬁ‘ﬁ

!I_ll—ll_illllzllb d

.

. Thermo Scientific Orbitrap Exploris 240 MS

ESI spray voltage: 3500 V - Legacy Compounds

1500 V - Ether Acids
« Sheath Gas: 40 - Legacy compounds
30 - Ether acids
* Auxilary Gas: 10
 Sweep Gas: 1

» lon Transfer Tube: 325 °C — Legacy Compounds

150 °C — Ether Acids
» Vaporizer Temp: 300 °C
« EASY-IC enabled
« Full scan (120K resolution)

J

« Thermo Scientific™ Vanquish™ UHPLC System

Thermo Scientific™ Accucore™ RP-MS 2.6 um, 100x2.1, analytical column 0 100

Thermo Scientific™ Acclaim™ RSLC 120 C18, 2.2 um 120 A 2.1 x 50mm 1 70

delay c.:o.lum'n 6 55

50 pL injection

Flow rate: 0.5 mL/min 13 20

Mobile phase gradient (A) 98:2 H,O: MeOH, 2mM NH,OAC, 0.1% CH,COOH 14 0
(B) 98:2 MeOH: H,0, 2mM NH,OAC, 0.1% CH;COOH  18-21 100

0
30
45
80
100




Estimated Detection limits for targeted
PFAS compounds

Fluoroalkyl sulfonamides Perfluoroalkylcarboxylic acids
(ng/L) (full scan) (ng/L) (full scan) (ng/L)
PFBSA 1 1 PFBA 1 50
PFHXSA 1 2 PFPeA 2 2
PFOSA 1 20 PFHXA 2 2
NMeFOSAA 1 50 PFHpA 1 5
NEtFOSAA 5 50 PFOA 1 1
Fluorotelomer sulfonates PFNA 5 5
(ng/L) (full scan) (ng/L) PFUNDA 1 50
4:2 FTS 1 5 PFDoDA 1 50
6:2 FTS 1 5 PFTrDA 2 50
8:2 FTS 1 20 PFHXDA 10 50
10:2 FTS 1 50



Estimated Detection limits for targeted PFAS
compounds (50 ul injections) can switch

Perfluoroalkylsulfonic acids Perfluoroalkylether acids
(ng/L) (full scan) (ng/L) (ng/L) (full scan) (ng/L)
PFBS 1 1 PFMOAA 5 50
PFPeS 1 PMPA 1 1
PFHxXS 2 2 PFO2HxA 1 200
PFHpS 1 2 PEPA 1 5
PFOS 1 10 NVHOS 1 1
PFNS 1 10 PFO30A 1 50
PFDS 10 10 GenX 1 2
PFDoS 10 50 PFO4DA 1 20
ADONA 1 1
Fluorinated zwitterions Hydro-EVE acid . .
(ng/L) (full scan) (ng/L) —— 5 50
Ll b 8 50 Nafion by-product 2 1 1
N-TAmP-FHxSA 1 50 F-53B (Major) 1 5
N-CMAmMP-6:2FOSA
(6:2 FTAB) 2 200 F-53B (Minor) 1 10



Outstanding sensitivity for legacy PFAS (PFOA)

PFOA-44
¥ =T7218e-3¥ - 3.27%-4; B*2- 0.9932; Crigin: lgnore; W 17¢; Area

Area Ratio

BFOA#
¥ = 7.218e-3X - 3.279-4; R"2: 0.9932; Origin: Ignore; W: 17X; Area

=
w
&

0.25:

=
ha
=
sl Tl T s Ty

Area Ratio

o.00 e e
10 5 20 25 30 35 40 45 50 55 60

ngiL

PFOA

F
F—1—F
F—1—F
F——F
F—1—F
F—1—F
F—1—oF
F—1—F

HO/‘%O

Ppol_FSdda_pasneq_leg_new PFOA-44 miz: 36897660

Spol_fSdda_pasneq_leg_new PFOA-44 miz: 368 97660

14000
12000
S 10000
E e
OO
2000
2000

L

BT 1082
AL 06
A T039
SN INF
&
PP
z
wr IDIH ' 0.8 "Itl ' ||I1 '
RT{min)

RT 1054
AR FITIE
AH: 14656
SN INF
&
z
T T T T T T 1 1
wr 10s 0 "o m
HT{mn)

fidopt_FSdda_posneg_leg_new PFOA-44 miz: 368 97660

RT 1052
AA TaEE1
AH: 20109
SN INF
25000
10 ppt
15000
10000
5000
L T T T T T T T
wr nws 2 nao ni
HT{man)

R0ppt_FSdda_posneg_leg_new PrOA-44 miz: 368 97660

HT 102
AR TR
AH: 74328
SN INF
i ]
EO0O0
20 ppt
AU000
20000
20000
10000
oy T T T ¥ '
o 108 109 noe na
HT{mn)



Outstanding sensitivity for emerging PFAS (GenX

Area Ratio

Genx-44
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Perfluoroalkylcarboxylic acids (PFCAs)
Perfluoroalkylsulfonic Acids (PFSAs)

Fluoroalkyl sulfonamides (FASAs)
Zwitterions

Fluorotelomer Sulfonates
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Perfluoroalkylcarboxylic acids (PFCAs)

Perfluoroalkylether Acids (PFEAs)
Perfluoroalkylsulfonic Acids (PFSAs)

Fluoroalkyl sulfonamides (FASAs)
Zwitterions
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Quantitation performance for PFCAs in NIST
SRM 8446
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In-source fragmentation for PFAS: comparison of Orbitrap Exploris
240 MS & Thermo Scientificm
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Non-targeted analysis of PFAS in Aqueous Film-
Forming Foams

307 Total compounds detected from Six AFFF formulations in ESI(-)
449 Total compounds detected in ESI(+)

AcquireX analysis: 100% DDA MS2 acquisition coverage for both
polarities (5 injections)

140 putative PFAS compounds detected in ESI(-), 116 PFAS in ESI(+)
Note: Many “redundant” detections because of branched isomers
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Enhanced data acquisition methods for
increased DDA MS? coverage

AcquireX = Results for analysis of EPA ENTACT
workflow | |= samples:

1. Standard DDA (three replicate

. s Samg Samg Sam injections) with intensity-
Full MS Full MS T —_ e dependent precursor selection —
< 60% MS? coverage (typical)

2. AcquireX DDA (three sequential
| = : injections) with updated

Exclusion List automatically updated run-to-run inclusion/exclusion lists eXCIUSion/inCIUSion IiStS —_ 85—
100% MS? coverage

lonna Ntai et al. (2018) Improved Metabolome Coverage and Increased Confidence in Unknown Identification
Through Novel Automated Acquisition Strategy Combining Sequential Injections and MS". Poster presented at
the 66" ASMS Conference on Mass Spectrometry and Allied Topics, San Diego, CA, June 3 — 7, 2018.

15



mzCloud annotation example: PFOS

Structure Proposals || Compounds per File || Predicted Compositions

&

Checked | Compound Match | Structure

Merged Features || mzVault Results | [k IGRITICl | Mass List Search Results

MName

Formula

—— F1: Ansulite_neg ——— F10: FS_AFFF_Mix F3: Blue_Drum_neg ——— F4: Chem_Guard_AR_neg —— F5: FireAce_New_neg ——— F6: Green_Drum_neg ——— F7: Light_WAter_neg
. RAWFILE(top): ID_AFFF_02 (F12) #7676, RT=16.833 min, MS2, FTMS (-), (+
700 4 Ll near RE:OERENCE(bottom): mzCloud library, Perfluoro-1-octanesulfonic acid (PFO
16.816 ]
600 - 60
& 40
& 500 =] 98.95578
fc_, = 20 | 7995728
- £ 7 118.99252 22994794
- =1
€ 400 2 0
3 K 229.94796
< 2 o 98.95577
Z a 79.95736
£ 300 . L
g £ 40 ] -
= Branched isomers 0] q;
0
200 - -60 -
.50 T T T T T
100 4 16.748
61832 100 200 300 400 500
miz
0 T T
16.0 17.0
RT [min]

Molecular Weight | AMass [Da] | AMass [ppm] | Match = | Best Match | Best Sim. Match | S

Perfluoro-1-octanesulfonic acid (PFOS)

C8HFIT0O35

499.93749 -0.00019 -0.38 87.3 95.0 98.3




Novel PFAS annotation via custom mzVault library

—— F1: Ansulite_neg —— F10: FS_AFFF_Mix F3: Blue_Drum_neg ——— F4: Chem_Guard_AR_neg —— Fb5: FireAce_New_neg —— F6: Green_Drum_neg —— F7: Light_WAter_neg
RAWFILE(top): ID_AFFF_01 (F11) #7608, RT=16.690 min, MS2, FTMS (-), (F
FS_AFFF_Mix (F10) #1547, RT=16.718 min, MS1, FTMS (-) REFERENCE((bottom): mzVault library, CI-PFOS (chloro-perfluorooctane sulfc
4 C8 H CIF16 O3 S as [M-H]-1 16.718 400 —
3.0 4 514.90063 300 J
[M-HJ-1 .
© 200 4
~ 5 25 17.021 1}
@ 3 S 2
) = = 100
p = 2.0 4 )
= (0 3 L
g < 3 0 i+
3 8 15 i~
S — = -100 4
z 2 2 2
@ c ]
& g 10 2 -200 ]
€ £ =
= 16.957,
0.5 -300 4
" 0.0 e L ey ; 400 4 : : ; ;
514 515 516 517 518 519 16.624 100 200 300 400 500
m/z m/z
16.348 16.446
0 T T T M e T T
15.0 15.5 16.0 16.5 17.0 17.5 18.0
RT [min]

Structure Proposals || Compounds per File || Predicted Compositions || Merged Features | [yl @ICET Il | mzCloud Results || Mass List Search Results

=3} Checked | Compound Match | Structure MName

Formula

Molecular Weight | AMass [Da] | AMass [ppm] | Match ~ | Best Match | Scan # | mzVault ID ChemSpider ID | mzVault Library

Bs)
1 | i 5/" CI-PFOS (chloro-perflucrooctane sulfonate) [neg]
F /7 oH

CBHCIF16035

515.90794

0.00000

0.01 79.0 79.0| 7608 240 HigginsFluoroLib

Note: this Thermo Scientific mzVault library is custom-translated from a colleague’s
PFAS HRAM spectral library collected on a Sciex QTOF. Total # compounds: 320

compounds, 633 spectra.



Novel PFAS annotation via custom mzVault library

—— F1: Ansulite_neg —— F10: FS_AFFF_Mix F3: Blue_Drum_neg ——— F4: Chem_Guard_AR_neg —— F5: FireAce_New_neg —— F6: Green_Drum_neg —— F7: Light_WAter_neg
20 4 RAWFILE(top): ID_AFFF_01 (F11) #6708, RT=14.823 min, MS2, FTMS (-), (
’ REFERENCE (bottom): mzVault library, N-diHOPAMHOB-FHxSA (N-dihydrox)
14.834 300 -
OH 200 o
1.5 4 o
- 0 HC ~ CH, g
3 N OH 2 100
e F I w AW z
g 5 N % 0 II I |
3 F ] | = ! | |
L. 1.0 n o >
_.uz; ‘2 100 A
c [0}
E F OH IS
-200 -
0.5 4 15.133
-300 T T T T T T
14.435 14621 100 200 300 400 500 600
14.308 ; m/z
0.0 - r I\ 7 T T T T
13.0 13.5 14.0 145 15.0 15.5 16.0 16.5
RT [min]
Structure Proposals || Compounds per File || Predicted Compositions || Merged Features . mzVault Results | mzCloud Results || Mass List Search Results
B Checked | Compound Match | Structure Name Formula

Molecular Weight | AMass [Da] | AMass [ppm] | Match ~ | Best Match | Scan # | mzVault ID

ChemSpider ID

mzVault Library

N-diHOPAmMHOB-FHxSA (N-dihydroxypropyldimethyla:

C15H21F13 N2055

588.09636 0.00003 0.05

6708 232

HigginsFluoroLib

Note: this mzVault library is custom-translated from a colleague’s PFAS HRAM
spectral library collected on a Sciex QTOF. Total # compounds: 320 compounds,

633 spectra.




PFAS and other emerging pollutants in

NC river water

1200 -
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Molecular Weight

400 A

200 -

6,767 Total compounds detected from 13 water samples in ESI(-)
AcquireX analysis: > 90 % DDA MS2 acquisition coverage (3
injections)

139 mzCloud matches with score > 80

145 mzVault matches with score > 80

228 “unique” library matches with score > 80
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Two chimeric mixtures were analyzed via

AcquireX -
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Hierarchical clustering of 228 librar
matches

27 03 33

I — — 27 03 23
A —
'S
e —
B — |
T R
I —
__:__E:
e —_— —— S
I I —
= =
e _—
— — o
—— - —
_— —
2 = = 2 = = = = 2 = = = =
£ [ [ [ £ £ 5 5 [ = [ = 5
G o G o ] ] S o o o o S S
£ i L Z & 4 £ i ity & &£ =4 -
I ] U ] ] U ] I 1]
IS = o ] = = =
=] = s_ = < 8 § E § v g @ 2

Iy

CCA_FSonl

Iy

JFAR_FSonl
JOVR_FSonly

ly

CCC_FSonl
CCO_FSonly

Iy
Iy

EWWB_FSonly

OCB_FSonl

EWWA_FSonl

Iy
Iy

HCCC_FSonl

SAX_FSonl

ly

SWW _FSen

Iy

HOVR_FSenly

BYN_FSonl

2-{8-Hydroxy-4a,8-dimethyldecahydro-2-naphthalenyl)acrylic acid,...

4-methylpyridine-3-sulfonic acid, MW: 173.01468, RT: 0.834

Perfluoro-1-hexanesulfonic acid (PFHxS), MW: 39994305, RT: 9.617

Tetradecylbenzenesulfonic acid, MW: 354.22285, RT: 14.454
Pentafluoropropanoic acid--1-phenylpiperazine (1/1), MW: 163.9897...
1-{Carboxymethyljcyclohexanecarboxylic acid, MW: 186.08919, RT: 4....
1-Chlorobenzotriazole, MW: 153.00942, RT: 4.158
6-Chloro-5-methyl-1H-1,2,3-benzotriazole, MW: 167.02502, RT: 5.219
Perflucrononanoic acid (PFNA), MW: 463.97067, RT: 11.882
Perfluoroheptanoic acid, MW: 363.97691, RT: 9.433
Perflucropentanoic acid, MW: 263.98327, RT: 4.210
Perflucrobutanoic acid, MW: 213.98648, RT: 2.358

1-Chlorobenzotriazole, MW: 153.00941, RT: 5.943



EASY-IC ion source yields exceptional mass

accuracy

Freqguency

80
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40

20

Library match mass error distribution

Examination of mass accuracy
distribution of compounds having
confident mzCloud/mzVault
spectral library matches (n =
228) reveals extremely high
mass accuracy (< 0.5 ppm in all
cases).

Mass Error (ppm)



Perfluoroheptanoic acid in Haw river
water

RAWFILE{top): ID_HawRiver_Mix2_02 (F39) #4886, RT=0.442 min, MS2, FTMS (-), (HCD, DDA, 363.1813@(15,45.60), -1)

REFERENCE(bottom): mzCloud library, Perfluoreheptanoic acid, C7 H F13 02, MS2, FTMS, (HCD, 362.9696@(10,30,40))

—— F16: BYN_FSonly ——— F17: CCA_FSonly F18: CCC_FSonly —— F19: CCO_FSonly
—— F20: EWWA_FSonly —— F21: EWWB_FSonly —— F22: HCCC_FSonly F23: HOVR_FSonly
—— F24: JFAR_FSonly = —— F25: JOVR_FSonly F26: OCB_FSonly —— F27: SAX_FSonly
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Structure Proposals || Compounds per File || Predicted Compositions || Merged Features || mzVault Results | Qi raslIGRIET G | Mass List Search Results

@ Checked | Compound Match | Structure Mame Formula Molecular Weight | AMass [Da] | AMass [ppm] | Match ~ ||

Perflucroheptanoic acid CTHF1302 363.97630 0.00001 0.04 917




An example of in silico

Structure Proposals

2

—— F16: BYN_FSonly F17: CCA_FSonly F18: CCC_FSonly
- F20: EWWA_FSonly —— F21: EWWB_FSonly =——— F22: HCCC_FSonly
— F24: JFAR_FSonly =~ —— F25: JOVR_FSonly F26: OCB_FSonly

F19: CCO_FSonly
F23: HOVR_FSonly
F27: SAX_FSonly
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Compounds per File || Predicted Compositions || Merged Features || mzVault Results | W@ OG RN GN | Mass List Search Results

Checked | Compound Match | Structure Name Formula

Maolecular Weight | AMass [Da]

MS/MS library
match for PFAS ID: 6:2 FTS

6:2 Fluorinated telomer sulfonate C8H5F13035

427.97518

-0.00006

RAWFILE(top): ID_HawRiver_Mix1_01 (F32) #5492, RT=10.718 min, MS2, FTMS (-), (HCD, DD.
REFERENCE (bottom): mzVault library, 1-Octanesulfonic acid, 3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluc
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RAWFILE(top): ID_HawRiver_Mix1_01 (F32) #5492, RT=10.718 min, MS2, FTMS (-), (HCD, DD,

REFERENCE((bottom): mzCloud library, 6:2 Fluorinated telomer sulfonate, C8 H5 F13 O3 S, MS:
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The most abundant compound in the samples

IS a mystery.

—— F16: BYN_FSonly

—— F17: CCA_FSonly F18: CCC_FSonly
20: EWWA_FSonly —— F21: ENWB_FSonly —— F22: HCCC_FSonly
—— F24: JFAR_FSonly =~ —— F25: JOVR_FSonly F26: OCB_FSonly

—— F19: CCO_FSonly
F23: HOVR_FSonly
—— F27: SAX_FSonly
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HCCC_FSonly (F22) #2041, RT=9.433 min, MS1, FTMS (-)
C14 H12 O6 Br4 as [M-H]-1
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polybrominated
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@ Checked | Name Formula Annotation Sc ] | FISh Coverage Molecular Weight | RT [mim
1 += | C14 H12 06 Brd BO00 591.73713 9.4& 5657729822
2 = C7HBrC2FN4012P2 |HOOO 593.73475 | 9594
3 = CEHSCIZF4 1204 P BOOE 59573274 | 9.607| 2220257608
4 = [Similar to: (-)-Spiculisperic acid; AMass: -43.9899 Da] | C16 H28 C4 BEROO 28419872 | 13.105| 1454538524
5 & [Similar to: 4-methyl-2,3,5,6,7 7a-hexahydre-1H-inden- ORDE 391.68699 3278 | 1314436484
6 = [Similar to: N-{{{2R.45,5R)-5-[6-(2-Bromophenyl)-2-met | C6 H2 Brd EROO 380.68011  3.170| 1282064043
7 + [Similar to: NP-010966: AMass: 45.4538 Da] C7TH2 Brd O2 [ | [m[m] 433.67878 | 09487 | 1171742791
g = NA C5HFI 269.99023  7.193| 850676092
9 = 4-Dodecylbenzenesulfonic acid Cl18H30035 32619157 | 13421 826080288
10 + 57772133 | 8393 | 782108547
1+ MNA C5HFN 269.99029 | 7.244| 660304701
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Something unexpected and unknown...

e ID_HawRiver_Mix2_02 #4921 RT: 9.48 AV: 1 NL: 2.42E+006
100 504 72540 Ealsuin ety T: FTMS - p ESI d Full ms2 590.7297@hcd40.00 [62.3309-623.3093]
§ T: FTMS - p ESI Full lock ms
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C-HO:™Brs 4326711
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Still trying to solve the structure...

ID_HawRiver_Mix2_02 #4921 RT: 9.48 AV: 1 NL: 2.42E+006

T: FTMS - p ESI d Full ms2 590.7297@hcd40.00 [62.3309-623.3093]
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* Nothing in CAS, PubChem, or the EPA
DSSTox databases with the formula
C14H4106Br,

* In-silico MS/MS is of limited value
(fragmentation tree only)

» Best guess is a brominated phthalate flame
retardant that’s not been seen before
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Conclusions

* Thermo Scientific Orbitrap Exploris 240 MS provides high sensitivity
for quantitative analysis of PFAS in drinking water sources through
direct-injection LC-HRAM

* The combination of this instrument with AcquireX data acquisition
software provides complete MS? coverage for analysis of PFAS in
firefighting foam

« Exceptional mass accuracy (< 0.5 ppm achieved in practice) coupled
with expanded HRAM MS? spectral libraries allows high-confidence
compound annotation in non-targeted analysis of water samples.



