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Background of Rapid Response 

• National Response Center 
(NRC) and EPA’s OLEM (Office 
of Land and Emergency 
Management)

• In 2019 alone, over 26,000 calls 
• 37% - unknown composition 

• ERLN and PHILIS
• Targeted analytical approaches 

• How we can help: 
• Non-targeted analysis (NTA) with 

our workflows and informatics 
tools Phillips et al., ET&C 2021.
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Background of Non-Targeted Analysis

• Non-targeted analysis (NTA) 
• Identification of unknowns 
• Processing data generated by 

high-resolution mass 
spectrometry instruments 

• Utilizes both MS1 and MS2 data 
for feature identification 

• Historically, this is a very slow, 
time-consuming workflow 

• Hope to speed this process with 
automation and various new tools 

3Strynar et al., ES&T 2015, 49, 11622-11630. Newton et al., Environ. Poll. 2018, 234, 297-306.  



Rapid Response Framework Paper 

• Laid the framework of how NTA 
could be applied in the field of 
Rapid Response (RR) 

• HRMS vs. traditional, low-
resolution instrumentation 

• NTA has been proven as a tool for 
identifying unknowns 

• Even in rapid response scenarios

Phillips et al., ET&C 2021. Strynar et al., ES&T 2015, 49, 11622-11630. Newton et al., Environ. Poll. 2018, 234, 297-306. Hollender et al., 
2017. Bader et al., 2016.  4



NTA as a tool for RR 

• Rapid screening of common suspects 
• Identification of unknowns 
• Informatics tools at EPA 

5Phillips et al., ET&C 2021. 



Goals of the RR mock scenarios 

• Create multiple scenarios in which some type of “chemical spill” 
is mimicked 

• Using our instrumental analyses and data processing workflows, 
show we can: 

• Correctly identify compound(s) of interest 
• Predict the chemical(s) as quickly as OLEM typically expects results 
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Planning

• Finding relevant 
EPA/ASTM methods, 
etc.

Sample Preparation

• Extractions, 
dilutions, etc. 

Data Collection

• LC-MS, GC-MS 
instrument run

Data Processing 

• MS1 workflows, MS2
workflows, CompTox
Dashboard, NTA 
WebApp, etc.



List of currently performed mock scenarios

• Method development mock scenarios: 
1. Unidentified chemical warfare agent (CWA) released inside a building 
2. Different unidentified CWA released inside a building 

• “Real” mock scenarios: 
3. Novichok nerve agent used to poison foreign operative via spiking into 
alcoholic beverage 
4. AFFF spill in river water 
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1st Mock Scenario: 
CWA released inside building

8
Comparison of Sample vs. Blank chromatogram using Qualitative Navigator

Comparison of Sample vs. Blank chromatogram using Qualitative Navigator

Extracted MS spectrum of sample chromatogram at RT 11.829 min

Important takeaway: Need better 
method for range finding!



2nd Mock Scenario 

• Goals: 
• Test a rapid range-finding method 
• Start to determine appropriate 

workflows for MS1 and MS2 data 

• Range finding method 
• Shorter, 8-minute LC-MS run for 

MS1 analysis 
• Used to: 

• Determine appropriate 
concentration/dilution factor 

• Determine appropriate polarity 
(ESI+ or ESI-) 

• It works! 

• Tributyl Phosphate

9

Comparison of Sample vs. Blank chromatogram using Qualitative Navigator, with 
extracted MS spectrum of sample at RT 6.329 min (using faster, range finding method)

Short vs. Long LC-MS method sample chromatograms



2nd Mock Scenario 

• Data processing workflows: 
• MS1: 

• Formula matching to MS 
Ready Formula (Dashboard)

• WebApp Search by Mass 
• Molecular formula prediction 

• MS2: 
• Matching to spectral libraries 
• WebApp match to CFM-ID in-

silico database 
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• Nerve agent, similar to Novichok nerve agents used in attacks in 2019, 
used to poison alcoholic beverage of foreign operative 

• 1000x – 10x dilution

50x dilution (353.0256)                                                                                  10x dilution (331.0437)
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3rd Mock Scenario: Foreign operative poisoned 
with nerve agent 



3rd Mock Scenario 

• MS1 Results 
• Formula matching to MS-Ready formula

• C10H19O6PS2, scored 89.2 
• NTA WebApp by Mass 

• 49 hits for mass 330.0365 
• Top hits on Data Source hits: 

• N=250, Malathion (C10H19O6PS2) 
• N=33, Isomalathion (C10H19O6PS2) 
• N=17, Becampanel (C10H11N4O7P) 

• Molecular formula prediction (MFG)
• Top hit = C10H19O6PS2, score of 99.11 
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Malathion (C10H19O6PS2)

Becampanel (C10H11N4O7P)Sobus et al., Anal. Bioanal. Chem. 2019, 411, 835-851. McEachran et al., Anal. Bioanal. 
Chem. 2017, 409, 1729-1735. 



3rd Mock Scenario 

• MS2 Results 
• Matching to spectral libraries (MS2)

• Two hits, very low scores for both 
• 25.48 and 27.32

• Match to CFM-ID in-silico database 
(using WebApp) 

• Compound did not fragment well during 
experimental MS2 instrument run
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WebApp CFM-ID matches

Dashboard search results of all hits from CFM-ID search



3rd Mock Scenario 

• Final results and prediction 
• Based on very low scores of all MS2

results, decided to rely on MS1 results for 
prediction, which all agreed with 
C10H19O6PS2 as compound of interest 

• Malathion was top hit based on Data 
Sources, by a landslide 

• Correct prediction!

• Start to finish, total of 14 working hours 

Malathion (C10H19O6PS2)
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4th Mock Scenario: AFFF in River Water

• AFFF are water-based, typically contain hydrocarbon-based and 
fluoro-surfactants 

• Examples of common chemicals: 
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Sodium Decyl Sulfate 2-(2-Butoxyethoxy)ethanol

1-Octanol
4,4’-bis-(sulfostyryl)-biphenyl 

disodium salt



4th Mock Scenario

• AFFF 
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Matrix blank chromatogram Sample chromatogram

MPP output file, organized by feature abundance in sample



4th Mock Scenario

• Picked list of “top” features for further 
investigation 

• 11 features from ESI-
• 6 features from ESI+ 

• Chosen based on being the top 5 most 
abundant features in the sample that had 
a Sample:Blank ratio >10 

• Next set of features chosen based on the 
same requirement of Sample:Blank ratio 
>10, but these features also had an 
obviously negative mass defect 
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4th Mock Scenario

• Confident structure identification (Level 2 Schymanski)  
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ESI- Feature 1 – Octyl Hydrogen Sulfate ESI- Feature 2 – Decyl Hydrogen Sulfate

ESI- Feature 9 – 6:2 Fluorotelomer Sulfonic Acid ESI+ Feature 3 – 2-(2-Butoxyethoxy)ethanol

Schymanski et al., Environ. Sci. Technol. 2014, 48 (4) 2097-2098. 



4th Mock Scenario

• Probable structure identification 
• (Level 3 Schymanski) 
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ESI- Feature 5 – either N,N-Dimethyl-3-
((perfluorohexyl)ethylsulfonyl)aminopro

panamine N-oxide

C13H17F13N2O3S



4th Mock Scenario

• Probable structure identification 
• (Level 3 Schymanski) 
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ESI- Feature 5 – either N,N-Dimethyl-3-
((perfluorohexyl)ethylsulfonyl)aminopro

panamine N-oxide

N-[3-(Dimethylamino)propyl]-
3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluoro-N-

hydroxyoctane-1-sulfonamide
or

C13H17F13N2O3S



4th Mock Scenario

• Formula assignment (Level 4 Schymanski): 
• ESI+ Feature 11 and 13: Best predictions are formula C5H5Cl2N3S and 

C4H3ClN2O3 

• Masses of interest (Level 5 Schymanski): 
• ESI- Features 11, 12, 17, and 18: m/z 306.9832, 256.9545, 134.9874, and 

334.9557
• ESI+ Feature 12: m/z 100.9915 

• Incorrect assignments: 
• ESI- Features 3 and 4: isotopologues of other features 
• ESI- Feature 15: false positive

• 50% identified at Tier 1 confidence, and 50% identified at Tier 2
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Conclusions/Next Steps

• Things we’ve learned: 
• Range finding is really important! 
• We utilize MS1 data much more than expected 
• The WebApp is a useful tool, and is being customized further for 

these applications 

• Things we can improve upon 
• Next steps for future mock scenarios 
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