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PHILIS Laboratories are staged at two strategic

* In 2021, over 25,000 calls logged by the e
National Response Center (NRC)
reporting environmental discharges

* 30% of an unknown composition ,
e Of those of an unknown composition, over e

Trace Atmospheric Gas Analyzer units( ) are dispersed across the

70% reported to penetrate a body of water S s s RS st B
near the release

* Targeted approach for an unknown
chemical is akin to “a shot in the dark”
* Clear need for systematic approach to

elucidating identity of unknown chemicals
- NTA!

Phillips et al., ET&C (2021); USEPA, NRC (2022)
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What is “NTA”?

SEPA

* Non-targeted analysis

* Mass spectrometry techniques for characterizing the chemical
composition of a given sample without the use of a priori knowledge
regarding the sample’s chemical content

e LC-MS, GC-MS (high resolution mass spectrometry, HRMS)

* No prior knowledge of sample’s chemical content = no use of
chemical standards

 How is identity determined?



“Features” in NTA data

* Molecular feature extracted from data collected during NTA studies

* Defined by an exact mass at a retention time, associated ions, and intensity of
an apparent unknown compound

 Feature annotation vs. feature identification

Chemical Formula Chemical Class Fr&gmanj I Meutral Loss )
Chemical Formula Annotation

Structural Information Collisicnal cross EV

NI/

Single Compound Identity
{with stated scopa)

Identification

Figure from: https.//nontargetedanalysis.org/reference-content/methods/data-processing-and-analysis/#annotation-and-id



<EPA

United States
Environmental Protection
Agency

Importance of HRMS

! A: Dashboard h of
/~ FENTANYL | ACEBUTOLOL \ 30220154 Bn o 8 oo |
E ’ (reflects high-resolution mass 33 candidates
0 E (Tﬁ spectrometers)
= a5
@ E " B: Dashboard search of
\336.220164 Da ! 336.204907 Dy (S'ggftﬁfm;’;:fso'”t'O“ mass 2,181 candidates

Need instrument with resolving power >> 20,000 to distinguish between the two
compounds; not plausible without high-resolution instrumentation

Phillips et al., ET&C 2021



NTA for Identification of Unknowns

e |dentification of novel PFECAs and PFESAs in F F
Cape Fear River Basin (GenX) o v

O F—a—rF

* |dentifying high-priority compounds found in
drinking water across central NC

* |dentifying previously undetected compounds

by ToxPi score

F
%—F 1 I Top 20 Ala compounds

in the Rhine River after major spill events e

* Daily screening of potable water sources for

concentration
- er=1
=

detection of potential spills

_,,.--"'J-'mriga ﬁﬁﬁﬁ

[kg/L]
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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
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NTA in Rapid Response

* Phillips et al. (2021); laid the framework of
how NTA could be applied in the field of
rapid response

e High-resolution mass spectrometry (HRMS) vs.
traditional, low-resolution instrumentation

* NTA has been proven as a tool for identifying
unknowns

* Logical step after the framework paper was
a demonstration

Phillips et al., ET&C 2021
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Rapid Response “Mock scenarios”

* Created samples intended to mimic situations in which a rapid
response would be necessary — two analysts for each scenario

nnnnn

(s | | . o . N
| Design and create Conduct the scenario Confirm or reject
scenario | eAnalyst 2 performed any results
additional sample prep * Analyst 2 reported
e Analyst 1 planned e Collected, processed, assigned identities to
scenario and analyzed data Analyst 1
* Prepared individual e Assigned identity to -Aqalyst 1 confirmed or _
samples unknown compound(s) rejected results of analysis
- - - /

8
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Method Development via “Mock”™ mock scenarios

“Mock” mock scenario 1

* Top priority: not
contaminating the

instrument/saturating the

detector

e LC-MS operating in ESI+ and

ESI- polarity mode
* ~ 30 min. run-time

° g ° "L VS Spectram Resutts roomed)
at around a ay walting for M. aBv¢aa00 MM BEAE 4= 7\
108 |+ESI Scan (it: 11.829 min) Frag=135.0v RR1Rerun3_Pos_MS1_CWA2spiked10xdil6ul_2.d
525 ?
5 E
s ;

dilutions to finish

e Eventually, correct
identification: triphenyl
phosphate

Counts vs. Acquisition Time (min)

Comparison of Sample vs. Blank chromatogram

m/z = 327.0770

1000x, 500x, 100x, 50x,
and 10x dilutions
(5 sets of sample &
matrix blank solutions =
10 total vials)

ESI+ and ESI- polarity
mode
(2 sets of runs per vial)

10 vials x 2 runs/vial x
30 min./run = 10 hours
of data collection

just to determine
appropriate dilution
and polarity mode!

MS spectrum of sample chromatogram at RT 11.829 min

Important takeaway: Need better
method for range finding!
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Method Development via “Mock”™ mock scenarios

“Mock” mock scenario 2

* Goals of “2"” mock scenario: * “Rapid range-finding method”; 9-minute
 Test a rapid range-finding LC-MS mejc od _
method * Determine appropriate
: . concentration/dilution factor
 Start to determine appropriate . Determi it larity (ESI+ or ESI-)
workflows for MS and MS/MS €lermine appropriate polarity or £51-

data * Tributyl Phosphate

Aclllcmaloglam Results

x
HBet QB¢ ¢ 4 96 5 ~ WLAMLS %% % B & = Mnues =
%108 |+ESI TIC Scan Frag=135 0V RR2_pos_MS1_20Xdil_1d
1 | /\/\
3 1 {\ 0 CH,
24 h |
] by
oAl 0—P=—0
o4
X108 |+ESI TIC Scan Frag=135.0V RR2_pos_MS1_20Xdil-Long-2ul_1.d |
al |\ O \/\/ C H 3
I
058 ‘ | ' [' \
H,C
o] | || ” || N\ 3
| It Ar o] / - A ||- |r “'. fn, . W o AN
0.4*_“”;‘.’-.%,\“_# e et It RN AN T ot T T e et _
i 2 3 4 5 6 7 B § W 1 12 13 1 15 1. 17 18 13 2 A 2 23 224 K 2% X 2 B Trl b Utyl P h Osp h ate ( DTXS' D302 1986)
Counts vs. Acquisition Time (min)

“Short” vs. “Long” LC-MS method sample chromatograms 10
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Method Development Conclusions

* In conclusion, after finishing “method development”, we found three
areas we should focus on:

e Data Collection Workflow
e Data Processing Workflow
 Metrics for Success
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Data collection workflow

-

Prepare samples and
blanks via serial
dilution

—

/
¢ 1000-, 500-, 100-,

50-, and 10-fold
dilutions

e Run on LC-MS in

concentration

increasing order of

~

/

“Rapid range finding”
LC-MS method

-

e Determine
appropriate
ionization mode
(ESI+, ESI-, or
both)

e Determine
appropriate
concentration/
dilution of sample

.

~

-

e Only
sample/blank pair
at appropriate
concentration/
dilution, in the
appropriate
ionization polarity

e Intended to
achieve greater
chromatographic
separation on
selected sample
dilution

~

|::> Longer LC-MS method ] |::> LC-MS/MS method ]

-

e Data dependent
acquisition (DDA):
collects MS/MS
fragmentation
data on m/Z’s
based on
abundance

e Also targets list of
m/Z’s, selected
during “rapid
range finding”
method

~
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Data processing workflow

MS! Data
Collection

LC-MS Analysis

MS? Data
Collection

Feature extraction
and formula
matching

Feature candidates from

DSSTox Database
Manual formula
prediction
—

Matching extracted
features to PCDL(s)

>

h 4

Feature extraction
and MGF file
exporting

CFM-ID predictions using

MGEF file

Final assignment of
chemical identity,
considering results

and metadata from all
five approaches

13



<EPA

United States
Environmental Protection

Data processing workflow

o et sites
SEPA i
Environmental Topics Laws & Regulations About EPA
54 Mass PrfilrProfesions - MPP - Experiment Nome - o x ‘e’EPA Eﬁr:é“%?e;‘ Protecion Contact Us
Project Search View Tools Methods Annotations Windows Help . - 1
/ ey PR ERETEEEE-o NTA: non-targeted analysis of MS data (beta)
Proctavgater 2 | Ly Experiment_Home. orkdon, 0 Environmental Topics Laws & Regulations About EPA Tools
o e ; .
e -~ G 7| T T — Tools
e | e T e e I e ]| e ContactUs Run MS2 CFMID Tool
Sompe_ . Contact Us _Mstreet
e s NTA: non-targeted analysis of MS data (beta) 182 GFMID Too
St _ s Tool Input Value
3 ools -
Cay Favortes Documentation
:x"m : I Ms1 Tool Run NTA IVISI TOOl Source Code Project name: Example ms2 nta
i
optrlamn Run MS1 Tool Positive mode MS2 files (mgf): Choose Files | No file chosen
= 1514 B | MS1 Tool Algorithms Input Value
?“;K:;;;K ! ‘§§Z9§§ : Logend - Spreadaneet ) MSL Tool QAQC Negative mode MS2 files (mgf): Choose Files | No file chosen
1110513 s Project name: Example nta X
1 Tool References Precursor mass accuracy (ppm): 10
322100 MS2 CFMID Tool Run test files only (debugging): no v Fragment mass accuracy (Da): 002
Gommemn ! Generating candidate lists via WebApp MS1 Tool
A Profie plot (Log2 Normakzed) | [} Spreadsheet Ram) X . .
— o MS/MS spectra matching to predicted MS/MS

spectra via WebApp MS2 Tool

[Zf Method Editor: Database Search Settings x

Feature extraction/formula matching via
Profinder and MPP

|Z Method Editor: Generate Formulas x

&= #E 9™ (B SearchLlibrary/ DB for All Compounds =

Method Automation A | SearchCiteia  Peak Limits & FPostivelons A Negative lons  Search Results

Charge camers Neutral losses

Chromatograms

@2 @EER 9™ - () Generste Formulas from Spectrum Peaks = [ Spectra

Method Automation & | A Alowed Species Limis  Charge State  Fragment Formulas Target/Suspect Screening A&

Generate Formulas A

MS ion electron state:

Elements and limits

allow both even and odd

Group hits with same formula (but different charge carriers)

Minimum Maximum
3 30

0 60

0 0

0 0

0 5

0 3

0 5

Molecular formula generation via Qual

Cations (this type is not applicable to CSV databases)

@ Chromatograms Charge carierto be assumed f not knonn sample Purity "
Positive ions: Negative ions:
Compound D
SIEm [ -electron ~ [] ~<lectren A e — a F . I . f h . I
] +H H
Ep— = =5 = taeaton Ina aSSIgnlllent OoT chemilca
. 0= (] +Br Identification Workflow 4 | Chame staes. i not known Aggregates
ertifcation Worktov: O [} +Hc00 S A Obimers  eg. prets . . . .
Databbase Search Settings [ +C2Hs []-cHicoo DS S Settinos A [ Trimers g, BMeHE
[ <Cats v [ml-CF3ca0 Loy Seareh set )
Library Search Settings PR A | DBiontype search mode
[ 0 I 3 I B 3 Generate Formulas A Neutrals

and metadata from all 5
approaches

MS/MS spectra matching to experimental MS/MS spectra PCDLs
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Defining Metrics for Success

Speed of analysis

2. Confidence in the eventual
chemical identifications

3. Degree of hazard assessment that éeve' Tool
Exact mass of interest Accurate mass search
can be performed \ o

Unequivocal molecular Formula
o R \ formula / 4 prediction/matching
4. Transferability of the designed NTA tenaive ]
method/workflow

candidatels) Informatics tools

2 Spectral databases

Increasing Confidence

<+—

Authentic standard

Number of Candidate Compounds

Figure from: Phillips et al., ET&C 2021
15
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Hazard

Comparison Module (HCM

No Metabolites ¢

No Analogs
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ek
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:
HiC N N C
D
NYL
NH;
Deisopropylatrazine
1007-28-9

Proof-of-concept, web-based
implementation of original
work of Vegosen and Martin
Chemicals searched by CAS

RNs, chemical names, DTXSIDs,

SMILES

Hazard information converted

into scores of low, medium,

high, or very high (L, M, H, VH)

Vegosen, Martin; Clean Tech. Environ. Pol. (2020)

Cheminformatics Modules

Chemicals: 32

Skipped (0)
Unlikely (0)
Filters (0)

@ sorting (0)
Structure

CAS
Name
139-40-2
2,4-Bis(isopropyl...
1912-24-9
Atrazine
5915-41-3
Terbutylazine
122-34-9
Simazine
6190-65-4
Deethylatrazine
1007-28-9

Deisopropylatrazine
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&
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Oral
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=
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=
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Emergency Response ¢ Y
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Emergency Response o
Human Health Effects Site-Speaific Soreening cotoxicity
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o o
=¥ =}
@ @
o o
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| w
L 2
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I I
M

M

=
o
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H
M
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Mock scenario 1: Nerve agent spiked into beverage

)
e o
; —
S CHy
o s:r:J—o/
)

CH, HC™

e Scenario: chemical warfare agent (CWA) spiked into alcoholic
beverage, intended to poison an individual

* Surrogate of chemical warfare agent, similar to Novichok nerve
agents, spiked into pure ethanol by Analyst 1

* Analyst 2 proceeded with data collection workflow
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Mock scenario 1: Results

/\ Chromatogram Resuts

Formula matching to MS-Ready formula e
* CyoHsO(PS,, scored 89.2 :

Formula prediction using Molecular formula
generator (MFG) tool

* Top hit = C;;H,,0.PS,, score of 99.11

NTA WebApp MS1 tool
* N=250, Malathion (C,,H,;40¢PS,)

1l Ms Spectrum Resutts (zoomed)

* N=33 , Isomalathion ( C 10 H 19 O 6 PS 2 ) T ——— AEEITE )

¢ N=17) Becampanel (C10H11N4O7P) :m: jES(?Scma:?;:Qo:lf':s??BSIOVJVTSO&OﬁZW os_ff RR3_FIRJI0xSample d
MS/MS matching to PCDLs :

* No good matches (very low scores)

9999999

NTA WebApp MS2 tool

* Multiple potential matches, malathion one of them “Rapid range finding” chromatogram and MS spectrum of 10x
(IOW Scoring) dilution at RT = 5.90 min; m/z of interest is 331.0437



Mock scenario 1: Metrics for Success

1. Speed of analysis o CHs
—

e 13 “active” hours S
Malathion

2. Confidence in identification o S 2 (C1oH1504PS,,
e Level 2 (structural assighment) DTXS1D4020791)

3. Hazard assessment O\ ’ \

. | | CH, CH,
Chemicals: 2 Toxicity: \WH - Very High H - High M - Mediu w usive N/A - Not Applicable Authority: Authoritative * Screening (¥ QSAR Model
o e Human Health Effects Ecotoxicit
4 I ra I l S e ra I It O t e ey Acute Mammalian Toxicity Z-é Neurotoxicity Systemic Toxicity -
[] Skipped (0 g &
Unlikely (2) 8 c =
- =] (=}
Filters (0) = g g - - ;
a p p ro a C @ sorting (0) z g 8 = S 5 E
’ A e {5} a a @ = = 2
Structure S = = fr a c = B g
5 2 ® @ @ @ = E o
CAS - o E 2 o o i = B ]
= = 7] < £ £ e 3 > o
[ N/A Name o = a o (7 @ 73 & <
B hik H L H
Malathion
H VH L L L H M
Ethanol
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Mock scenario 2: Raid on “drug house”

e Scenario: drug house raided under
suspicion of fentanyl processing with
another illicit drug

* Some illicit drug being “cut” with fentanyl or
fentanyl-analog

* Two surrogates (of illicit drug and Fentanyl)
spiked onto:

e Dusty area of benchtop in lab (surface wipe,
“traditional sampling”)

e Carpet sample (extraction of porous material,
“non-traditional sampling”)

20

Images taken from: TheSun and Houston Chronicle
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Mock scenario 2: Results

* Existence of multiple peaks made it unrealistic to choose individual
peaks of interest by visual inspection alone

* Sort by abundance after blank subtraction following data collection

* Feature 1 (C;;H,5CIN,O at 324.0783 Da):

* MS-Ready formula and MFG formula agreed with top hit from WebApp MS1
tool: a-hydroxy alprazolam

* Using WebApp MS2 tool, a-hydroxy alprazolam ranked 2"9 highest

* Feature 2 (C,5H;(N,0, at 372.2718 Da):

* MS-Ready formula and MFG formula agreed with top hit from WebApp MS1
tool: finasteride

 MS/MS match via PCDLs for finasteride



Mock scenario 2: Metrics for Success

1. Speed of analysis

e 30 “active” hours

2. Confidence in identifications

* Level 2 (structural assignments) Finasteride
4. Transferability of the approach .=
* Different individual (familiar with
NTA, but not with specifics of the et
workflows prior to this scenario) e

assumed role of “Analyst 2” e »

NNNNNNNNNNNN
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Mock scenario 3: Industrial spill into surface water

e Scenario: industrial chemical mix (agueous
film forming foam, AFFF) spilled into
river/lake

 Commercially available AFFF mixture
(Solberg Type 6) spiked into surface water
sample

 Selected a total of 14 features for further
investigation, multiple features assigned a
structure

23



Mock scenario 3: Results (Structural identifications)

* 6 features = 5 structural assignments
e Chemical (E) present in both ESI+/ESI- data

e For each of these chemicals, molecular
formula, WebApp MS1 tool, and one of the
MS/MS approaches agreed on identity

* Reported identifications in 68 hours,
structure assignments confirmed via

literature review

(A) O\\c/m
N N N
HsC C/ \\o
(8) \
PN N e
HaC o/ \\O
L .
LD N,
|
(0) )
ch/\/\o/\/ SN N
TH
(E) Tzo
R

(A) Octyl hydrogen sulfate; (B) Decyl hydrogen sulfate;
(C) 6:2 fluorotelomer sulfonic acid; (D) 2-(2-Butoxyethoxy)ethanol;
(E) N,N-Dimethyl-3-((perfluorohexyl)ethylsulfonyl)
aminopropanamine N-oxide
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Mock scenario 3: Results (All other assignments)

Polarlty Measured accurate
Feature ID RT (min Final Identification Level

- ESI+ 208.9575 8.449 Level 4 (C;HCL,N,S)
_ ESI+ 162.9899 6.275 Level 4 (C,H,CIN,O,)
_ ESI+ 99.9837 6.325 Level 5
ESI+ 184.1077 6.255 Level 5
ESI- 135.9952 6.256 Level 5
ESI- 257.9545 6.320 Level 5
ESI- 307.9910 8.447 Level 5
ESI- 335.9635 8.447 Level 5



Mock scenario 3: Metrics for Success

1. Speed of analysis

Single Exposure S|
e

* 68 “active” hours —
2. Confidence in identifications =
* Structures assigned for 5 : P
chemicals, confirmed post- . "
analysis

3. Hazard assessment provided ;

..........................

4. Transferability of the approach
* N/A; same Analyst 2 as scenario 1

. . 2 2
atic Toxicity 2 | 2
o | &

Acute Aqu:

Single Exposure 5]
=
Skin Sensitization

= T T Skin Irritation
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Metrics for Success for All scenarios

1. Speed of analysis
* All chemical assignments provided to Analyst 1 within 72-hour window

2. Confidence in the eventual chemical identifications
* Majority of chemicals were assigned a structure; all structure assignments were
confirmed post-analysis
3. Degree of hazard assessment that can be performed
» Utilized the Hazard Comparison Module to aggregate relevant measured and
predicted toxicity values for chemicals assigned a structure
4. Transferability of the designed NTA method/workflow

 Different individual assumed the role of “Analyst 2” for mock scenario 2 than the
other scenarios; method and workflow could ultimately be transferred to regional,
state, and other labs with minimal training to incorporate NTA
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Current Limitations and Future Work

e Current limitations/Future work:

* All scenarios included “known” chemicals
— continue to improve workflows for
narrowing down lists of tentative
candidates

e Qualitative, not quantitative =
incorporating quantitative NTA
approaches for concentration estimates,
improving hazard assessment

* Only used LC-MS - Exploring GC-MS NTA
methods for rapid response scenarios

Medium/High
Concentration

Trace Concentration

Known Chemical

Easy - chemicals of
interest can be identified
using rapid range finding

Easy - if information
about chemical(s) of
interest are available

(e.g., the masses of the

compounds)

Undocumented
Chemical

Medium Difficulty

- focus can be placed on
selected features; correct
identification is not
guaranteed

Difficult — situational
information is needed;
chances of identification
are lower

“Known Unknowns” vs. “Unknown Unknowns”
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Conclusions

e Situations where traditional, targeted methods cannot elucidate the
identity of an unknown = NTA is a useful, additional analytical tool

* The three mock scenarios presented showcase the applicability of
NTA approaches

* The success of each mock scenario against the identified metrics for
success was discussed

* Level of success increases as complexity of specific scenario decreases
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