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Overview of Battelle’s Suspect
Screening Methodology Final Data:

Retention Time/Chromatogram

Low Energy/Mass Spectrum
Waters Acquity Waters qToF

Liquid Mass Spectrometer

Chromatograph High Energy/Fragment Spectrum
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Data Prior to Analyst Processing

Mass Defect- and Blank-Filtered Data
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Data After Analyst Processing

Analyst-Processed Results
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An Example: N-SHOPAmMP-FASA C6
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A | Component name Identificat... Formula Label | Meutral.. Observed m/z |Masserror (... |Expected... | Observed... |Resp... Adducts | lIsotope... | Common Neutral L...  Common Fragment lo... | Total Frag... | Mass Defect | Chromatographic width (min) | Mass peak resolution | Cale
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Sankey of Today’s Data
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Mass Accuracy
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Retention Time Stability
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Building a Proprietary Analyte Library




Library of Structure Files

Manage Components

_reate Import Paste Results Delete Edit Fragments.. Edit Adducts.. Add To Com

4 Component name Label |ltem tags | Expected RT (min) Expected neutral mass (Da) | Expected fragment (m/z) | Adducts | Excluded |Generate transformations | Formula

58.0651, 85.0886,
102.0913, 159.1492,

16 N-SHOPAmP-FASA C6 622.0477 166.0532, 184.0638, C14H19F13M 20652
348.0052, 411.9671,
485.0563
N-SHOPAmP-FASA C6 [PFAS - All Components] £} Tools ~ A
Property Value
ltem type Compound

Item description
IUPAC name

Formula C14H19F13N20652

O o
Hill formula C14H19F13N20652 F F F F F O \ +/ \\ / 0
Average molar mass 622.4197 F \\ / N N S
S N\

Monoisotopic mass 622.0477

Item tag O
15/C14H19F13N20652/c1-29
(2.6-8(30)7-36(31.32)33) F F F F F F

InChi 5-3-4-28-37(34,35)14(26,27)12

(21.22)10(17.18)9(15,16)11
(19.20013(23,24)25/
h8,28,30H,3-7H2,1-2H3
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Pitfall 1: Isomers
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Pitfall 2: Isobaric Suspects

PFHxS [PFAS - All Components]

Property

ltem type

Item description
IUPAC name
Farmula

Hill farmula
Average molar mass
Moneoisotopic mass

Item tag

InChil

Value

Compound

CEHF13035
CEHF13035
400.1148

399.9439

1S/C6HF13035/c7-1(8,3(11,12)5{15,16)
17)2(9,10)4(13, 14)6(18,19)23(20,21)22/
hiH,20,21,22)

C6 PFPIA [PFAS - All Components]

Property

ltem type

Item description
IUPAC name
Formula

Hill formula
Average molar mass
Monoisotopic mass

Item tag

InChl

Value

Compound

CEHZF1303P
CEHZF1303P
400.0313

399.9534

15/C6H2F1303P/c7-1(8,3(11,12)5
[15,16)17)2(8,10)4(13,14)6(15,19)23
(20,21)22/h(H2,20,21,22)
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Ensuring Extraction Robustness




Sensitivity and Selectivity for HRMS

", 0w . { }
ensitivity% = #{T#pz_PFN}

SelectiVity% — H{TP L FP

Evaluation, optimization, and application of three independent suspect screening workflows for the characterization of PFASs in water. Paige
Jacob, Ri Wang, Casey Ching, Damian E. Helbling. Environ. Sci.: Processes Impacts, 2021, 23, 1554-1565.

https://doi.org/10.1039/D1EM00286D

#TP)
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2021 Sensitivity and Selectivity — Aqueous Data
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Solid Validation: EPA 1633 vs Published Extraction

* 0.5¢ of soil, 4mL NH3OH in MeOH
e Sonicate, Centrifuge, Repeat

* 4mL HCIl in MeOH
Sonicate, Centrifuge, Repeat

SPE each 8mL extract
Cool Acidic Extract
Neutralize, Concentrate, Combine
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Enhanced Extraction of AFFF-Associated
PFASs from Source Zone Soils

Anastasia Nickerson, Andrew C. Maizel,
Poonam R. Kulkarni, David T. Adamson,
John J. Kornuc, and Christopher P. Higgins
Environmental Science &

Technology 2020 54 (8), 4952-4962
DOI: 10.1021/acs.est.0c00792

BATTELLE



2023 Soil Extraction Study:
Negative Detections Positive Detections




Optimizing Data Filtration
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Some Basic Mass Defect Stats

List Source: Battelle NIST GHDB

# of Analytes: 620 4951 39369
Mode/Adduct: (-H) (+H) (-H) (+H) (-H) (+H)
Lowest MD: -0.1682 -0.1033 -0.2643 -0.2487 -0.4186 -0.4030

Q1 MD: -0.0620 0.0482 -0.0397 -0.0241 -0.0396 -0.0240
Median MD: -0.0335 0.0673 -0.0007 0.0149 0.0030 0.0186
Q3 MD: -0.0023 0.0835 0.0464 0.0620 0.0405 0.0561

Highest MD: 0.1057 0.1214 0.3955 0.4111 0.4188 0.4344

NIST: PDR: Suspect List of Possible Per- and Polyfluoroalkyl Substances (PFAS) (nist.gov)
Getzinger-Higgins: DOI:10.7924/r4q23zg65 Dataset
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https://data.nist.gov/pdr/lps/ark:/88434/mds2-2387
https://research.repository.duke.edu/concern/datasets/2b88qc90r?locale=en

Mass Defect Filter Breakers
(Assuming * 0.15 Naively)

I-CI-PFOS @ 622.80674
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Validating Semiquantitation
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Example Calibration Curves

* 6:2 FTS (has IS) * 6:8 PFPIA (no IS)

® Calibration Data 100~ ® Calibration Data
254 — Unweighted Linear, r2 = 0.9950 —— Unweighted Linear, r2 = 0.9803
—— Weighted 1/C Linear, r2 = 0.9928 —— Weighted 1/C Linear, r2 = 0.9080
—— Weighted 1/C2 Linear, r2 = 0.9828 801 — Weighted 1/C2 Linear, r2 = 0.8089
204 Unweighted Quadratic, r2 = 0.9957 —— Unweighted Quadratic, r2 = 0.9864
—— Weighted 1/C Quadratic, r2 = 0.9920 —— Weighted 1/C Quadratic, r2 = 0.9829
—— Weighted 1/C2 Quadratic, r2 = 0.9924 60 1 —— Weighted 1/C2 Quadratic, r2 = 0.9042
1.5 1 [ )
40
1.0 1
20 A
0.5 -
U -
0-0 L] L] 1 I L] L] L] 1 1 L] L] 1 I L] L] L] 1 1
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
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Calibration Recovery Stability

Avg CAL Avg CAL Avg CAL Avg CAL Avg CAL
1Rec % 2Rec % 3 Rec% 4 Rec % 5 Rec %

Data Set

1 99% 102% 99% 99% 101%
Data Set

2 110% 86% 99% 107% 98%
Data Set

3 137%  103% 84% 108%  100%
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Calibration Average Response
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Calibration Response Stability
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11CI-F53B/8:2 CI-PFESA
4:2 FT5

- B:2 FTS
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Looking Forward
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DOCs for Complex Analyses

Gold Standard Confidence Assigned

CcL1 CL2b CL3 CL4 ND/CLG

Trainee CcL1 10 0 1 0

Confidence CL2b J 10 J L

Assigned CcL3 1 0 10 1 0
CcL4 1 0 0 10 1
NDfCL6 0 1 1 2 20
Count % of total . From Assigning

Scoring:

Total Overall: 72| 100.0% that CL

Total Correct: 60 83.3% CcL1 3

Missed CL1s 2 16.7% CL2b ]

FPs of any p 2.8% CL3 3

FPs of CL1-3 1 1.4%| CL4 ]

FNs of any 4 5.6% ND/CLG 11

FNs of CL1-3 2 2.8% Total 29

Example
Criteria Passing

Total Correct: |>80%

Missed CL1s: (<10%

FPs of CL1-3: |<5%

FNs of CL1-3: |<3%

Total Score: |<40

29
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Next Steps

Expanding Analyte Library Tackling New Chemistries
» Already offer an MS-only (no fragments) NIST list »Mixed Mode LC offers ultra-short-chain PFAS
method » Derivatization offers new classes like PAS
>Slmllar method could use the in-silico Ilbrary of > Nontarget Discovery of Per- and Polyfluoroalkyl Sulfonyl Halides in Soils by Integration
Getzin er et aI of Derivatization and Specific Fragment-Based Liquid Chromatography-High
g : Resolution Mass Spectrometry Screening. Kun Wang, Xin Xiao, Zhengzheng Liu, Jing

Wang, Xiangyu Zhu, Enhui Wu, Christopher P. Higgins, and Baoliang Chen.
Environmental Science & Technology Article ASAP. DOI: 10.1021/acs.est.4c01610

Improving Semiquantitation Automating the Process?
» Add non-PFAS internal standards into positive mode? » Already have filtering and post-processing in Python
» Correct using 1633 results? » Automate (initial) confidence level assignments?

> Requires either vendor API or
» Computer vision to look for co-maximizing peaks
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. BATIELLE

Director of PFAS Research
dasu@battelle.org It Ca n be done

Phone: (614) 424-3144

Cameron Orth www.battelle.org/pfas
Chemist Il

orth@battelle.org
Phone: (614) 424-4456

800.201.2011 | solutions@battelle.org | www.battelle.org
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