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Drivers for EPA Research Initiatives
_ _ _ _ ~86,000 Chemicals on the TSCA
= Many industrial & commercial chemicals are covered by the Inventory
Toxic Substances Control Act (TSCA), which is ‘
administered by EPA.
_ _ Risk-Based
= TSCA updated in June 2016 to allow risk-based Prioritization

evaluation of existing and new chemicals.

= Characterization of risk requires exposure and hazard data.

= EPA's Office of Research and Development (ORD) is
developing new approach methodologies (NAMSs) for rapid
risk characterization.

Risk
Evaluatio
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“EPA  The Era of High-Throughput Assessments
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<EPA The Need for Chemical Measurement Data

Un t d States
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Agency

* Well-known chemicals
e 100s - 1,000s (e.g., NHANES)
* Quality exposure data

= Known but data-poor chemicals
e 1,000s - 1,000,000s (e.g., TSCA)
* Limited exposure data

Non-Targeted
AnaIyS|s (NTA)
" | |

* Chemicals not yet known to exist

e Unknown #
* No exposure data




SEPA What’s So Great About NTA?

Environmental Protection
Agency

ﬁc:w;wase o A Y T
fRaeldIy Scr?en Samples Resolution MS %2 1 ﬁ)anr?zglt?on Mode
or knowns - W | = | 300 Extracted “Molecular Features”
R e SR ¥ |
. b —_—) —_ | .
Discover Wﬂ W : (1) | {
“unknowns” [~ \
Uncover historical
exposures 1) Prioritize “molecular features”
2) Correctly assign formulas
Generate source 3) Correctly assign structures
. . 4) Predict chemical concentrations
fingerprints... 5) Determine chemical sources
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Example Uses and Requirements

Agency
Decision Context
Sample Chemical Semi- Example
Study Level Classification | Annotation Quantitation Example Uses of NTA Data Stakeholders
- Classify locations impacted by point-source emitters - EPA, USGS
- Classify locations impacted by inadvertent environmental releases - FEMA, EPA
1 Required Optional Optional - Classify exposure status for active or former military personnel - DoD, VA
- Classify food items not meeting criteria for product certification - FDA, NIST
- Identify natural or synthetic chemical nerve agents - DHS, CDC
- Identify chemicals associated with product-related illness - CPSC, FDA
2 Required Required Optional - Identify chemicals released in emergency response scenarios - FEMA, EPA
- Identify designer drugs used for athletic performance enhancement - DEA, FDA
- Assess occupational health risks from exposure to fire-fighting foams - NIOSH, DoD
- Assess consumer health risks from exposure to household products - CPSC, EPA
3 Required Required Required - Assess ecological health risks from exposure to urban wastewater - USGS, EPA
- Assess maternal and infant health risk from exposure during pregnancy - NIEHS, EPA

_ Office of Research and Development
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“EPA  Science Questions for Research Community

» How variable are tools and results from lab to lab? I%HL‘EM
* Are some methods/workflows better than others?

 How does sample complexity affect performance? @
« What chemical space does a given method cover? —
How sensitive are specific instruments/methods?

EPA’s Non-Targeted Analysis Collaborative Trial
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Chemicals from ToxCast Library Reference & Fortified House Dust

~1200 ToxCast Chemicals
(highest quality)

10 Mixtures l ‘ ) .
(100-400 chemicals each) Multi-Well Plates
“ B
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;. 1 4 e - :
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et hoch 4

~25 Collaborators & 6 Contractors*: Reference & Fortified Silicone
Weristbands

1st: Blinded analysis

2nd: Unveiling of chemicals &

3'd: Unblinded evaluation
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475 Y Accessing ENTACT Chemistry Data
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< @ comptox.epa.gov/dashboard aQ @& %

i United States
w ‘ranmental Protection Home A~ _.edSearch Batch® arch  Lists w  Pr dictions Downloads

CompTox Chemicals Dashboard

882 Thousand Chemicals

8 M1 Product/Use Categories = Assay/Ge

=Y

[ ldentifier substring search

See what people are saying, read the dashboard comments!

Cite the Dashboard Publication click here

Latest News

Read more news

CompTox Chemicals Dashboard primer videos available

June 2nd, 2020 at 11:57-46 AM

Explore the wealth of data and features available in the CompTox Chemicals Dashboard vgth these link instructional videos namrated by EPA scientists

Office of Research and Development
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List Acromym

TOXCAST V3
EPACHEMIMV_AVAIL
CHEMIMWY
TOXCAST
TOXCAST_PHASEN
TOXCAST_PH3
TOXCAST_PHASE

TOXCAST_E1K
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Chemicals in the ToxCast Physical
Library

8 comptoxepa.gov/dashboard/chemical_lists

Advanced Search  Batch Search Lists w Predictions Downloads
10 ™

List Name * | Last Updated #

TOHCAST: EPA ToeCast Screening Assay In Vitre DB 2013-10-05

Version 3

CHEMIMW: TowCast/Tox21 Chemnical imventony 2018-11-21

gvailzble as DM30 solutions [20181123)

CHEMIMW: B Chemical Inventory for TowCast 2017-02-23

TOXCAST: EPA TmeCast Screening Librany 2017-04-11

TOHCAST_Phaselll - EPA TowCast Screening Library 2017-04-11

[Phasze [| Subset)

TOXCAST_ph3 - EPA ToxCast Screening Library (ph3 2018-04-11

sulnset)

TOHCASET_Phasell - 24 TowCTast Scresning Librany 2016-01-29

[Phasze [| Subset)

TOXCAST_e1k - EPA ToxCast Screening Library (21k 2016-01-25

Subset)

Select List

Mumber of Chemicals
L

D403

B2

4534
2678
laed

794

Q,

TowCast n Copy Filtered Lists URL

List Description
IrvitroDB is the list of chemicals with corresponding asssy dats in EPA's TowCast Database (W3 public release,
October 201 8)

EPACHEMIMY_AVAIL is list of unique D55Tox substances available as DMSO solutions for ToxCast and Tox2 1
partner projects, managed by EPA Chernical Contract Senvices.

CHEMIMVY is full list of unique D55Tox substances mapped to historical chemical inventory of physical samples
registered by EPA's TowCast Chemical Contractor (Evotec) since laundh of TowCast program in 2007,

TCHCAST is the complete list of chemicals having undergone some level of screening in EPA's TowCast research
program since 2007 (last updated 4/11/2017); sublists included.

TORCAST_Phaselll is the full =2t of chemicals available for scresning in Phase |1 of the ToxCast program,
consisting of the majority of chemicals screensd in Phase || and newly added ph3 chemicals.

TOXCAST_ph3 is the ph3 subset of TOXCAST, added to the most recent Phase |l of the TowZast program to
further increase chemical diversity and coverage of chemicals of concern to EPA programs.

TOXCAST_Phasell is the full set of chemicals screened in Phase || of the ToxCast program, consisting of
TCOHCAST_phiva, ph2 and =1k sublists.

TOXCAST =1k is the a1k subset of TOXCAST, selectad for screening in endocrine-related assays.

) * ¢
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SEPA Accessing Specific Chemicals

Agency

(&) CompTox Chemicals Dashboard X +
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A /
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Acstamide
DTXSID:DTXSIDT020005
CASRM:G0-35-5

TOWCAST:17/364

Dehydroacetic acid
DTHSID:0TXSIDG020014
CASRM:520-45-6

TOMCAST:5/436

Acetaminophen

DTX5ID:DTXSID2020006

CASRMN:103-90-2
TOXCAST:E/B40

A-Acetylaminophemdacet

DTXSI|D:-DTXSI DO020020
CASRMN-18689-02-0
TOXCAST-2/308

Acstoheamids

OTXSIDDTXSIDT020007

CASRMN-B68-21-0
TOMCAST:7/403

ey ’,.,VJ
J LI

2-{2-Chiloro-d-{triflucromethyd jphenosy)...

OTXSID-DTXSID0020022
CASRMN-E0584-56-6
TOHCASTF3/AT

Acetonitrile
DTXSID:OTXSIDT020009
CASRM:TE-05-8

TOXCAST:0/235

HzCMO

Acrolein
DOTX5ID:DTX5ID5020023
CASRM:107-02-3

TOMCAST:2/235




"’EPA Accessing Chemical-Specific Info

(8! CompTox Chemicals Dashboard X + —

&« & 8@ comptox.epa.gov/dashboard/dsstoyg "H “i carch=DTXSID2020006&abbreviation=CHEMINY a & % B o

"2 1 United States
7 Environmental Protection Home AdvancedSe ch BatchSearch Lis ; v Predictions Downloads copy * W share = W submis Comment _
Agency

N
CHEMINV L AC - nophen
CHEMIMNY: EPA Chemical FrT

Inventory for ToxCast o 103-90-2 | DTXSID2020006

Searched by D55Tox Substance Id.
(== ] o :

Paracetamol alzo known 2= acetaminophen, i= 3 medication used to treat pain and fever. It is typically uzed for mild to moderate pain relisf. Bvidence is mbed for its use

to relieve fever in children. It is often sold in combination with other medications, such as in many cold medications. Paracetamol is also used for severe pain, such as

PROPERTIES cancer pain and pain after surgery, in combination with opioid pain medication. It is typically used sither by

Read more

H
N CH,
\”/ Quality Control Notes 1
/O/ 0 Intrinsic Properties -
HO

I Molecular Formula: C;HoNG; | o Mol File | '@ Find All Chemicals

EMW. FATE/TRANSPORT
HAZARD
SAFETY
ADME
EXPOSURE

BICOACTIATY I I | Average Mass: 151.165 g/mal | |l |zpeope Mass Distribution

_ I Monoisotopic Mass: 151.063228 g/mal
SIMILAR COMPOUMDS

GEMRA (BETA)

Structural Identifiers 1
RELATED SUBSTAMNCES
Linked Substances 1
SYMONYMS
b LITERATURE Presence in Lists 1
Record Information 4
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e AcCCeSSINGg Chemical Info via Batch Search

8 comptox.epa.gov/dashboard/dsstoxdb/batch_search Q © W

™ United States
\1.-’. |::||'u'r|_||||||r_~|||._1| Protection Home Advanced Search Batch Search  Lists w Predictions Downloads _
Agency

Batch Searche@

Step 1 Step 2 Step 3 Step 4 Step 5

Step One: Select Input

Please enter one identifier per line

Select Input Type(s) Enter Identifiers to Search (Ons per line. Searches should be limited to <5000 identifisrs,
O idertifiers
O chemical Mame €)
Do e Enter NTA Data Herel
O inchikzy €¥
[ os5Tox Substance 10 €Y
[ D55Tex Compound 10
[ inchikey Skeletan €
[ v45-Ready Formulz=) €3
(O Exact Formulale) i)
[ nionoisotopic Mass i)

® Dizpla Chemicals ** Download Chemical Data
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350

300

250

200

150

100

Number of Chemicals

50

0

Design of ENTACT Mixtures

m 5 NTA method replicates
m Grade A - replicate 90 set
Grade A - unique to mix
m Grade A - all isobaric set (replicated)
" Grades B,C - lower purity mix RePIication In

substance spikes
500 501 502 504 506

offers a unique
reproducibility!
500 501 502

means to assess
NTA method
Mlxture Number
Ulrich et al. 2019. doi: 10.1007/s00216-018-1435-6
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SEPA EPA Lab Results for ENTACT

Environmental Protection
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Mixtures
Spiked Substances - ~1,200
10007 | Observed Features - ~26,000 | - L
8001 1% LC-QTOF HRMS
N . . -200 (ESI+ and ESI-)
S 600 | e , Real Features - ~12,000 Kept
' ; 10001| Noise/Artifacts=> ~14,000 Removed
400 WL, lealae : ¥
e - .| 8007
200 N i | 1200
S 600 53 AR True Positives > ~1,000 © Pass
. : : . . i 2 Al 1000 iti 2D~ Other
0% 5 =5 e 2 400! | : e False P03|t|ve§. - ~11,000 |
RT (min) L ' , % ol G . ‘ :/" 800
. 2007 &0 ‘ =
Substance Spiked? g 6001 |
0L : ; ; ;
Yes No 0 . 15 4 400
RT (min)
o 9 True Positives False 200 &
oIl > (< 65%) Positives?
8l £ 0
4= 0 5 10 15 20
3 § 2 False Negatives Tru_e RT (min)
(= 35%) Negatives?
Sobus et al. 2019. doi: 10.1007/s00216-018-1526-4
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A Processing ENTACT Data Submissions

Individual methods treated separately (if appropriate)

One candidate mass/formula/compound per feature
Confidence level revised as needed (with consensus)
Matching to spiked substances by mass, formula & structure
“Observed” if structure or formula (no spiked isomers) match
“Identified” if structure match

“Reproducible” if correctly ID’d >50% of the time

* For compounds spiked >1 time and identified =1 time



“EPAA __ Method Comparison: “Observed” Compounds
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7 Labs, 12 Methods

~5% Not Observed by Any Method 1200

69% 46% 45% 45% 42% 39% 29% 22% 22% 21% 48% 62%

[ aaaal—
1000 -!5
= 800 A I B B
O — T —
c —_—
8 600_ ————————
Q_ I R
= ——
@) = I E—
O 400 - =
LU 200_ )
0 ! ! ! ! ! T
0 O f0p 0 0 fop o “op o fof By %
D R S SRS S S
~ ‘. i ol g g g Ry Ry %y Ry Ry Ky, 9
g 0 (66 (@é (Gé (@é (@é o) % % % % °6 é)/

RS R AL TR A 7 2 VA

Biochanin

DTXSID:DTXSID0020577 1022394 DTXS D802986: DTX SIDE044303
CASRN:536-33-4 CASRN:491-80-5 CASRI 3-00-5 CA: 523-03-8
m TOXCAST:2/400 TOXCAST:143/470 TOXCAST:63/400 TOXCAST:66/448 b d b d




SEPA Method Comparison: Total Performance

Environmental Protection
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1.20 @ GCxGC El (Lab 7) _
Metrics (all %):
@ LC ESI+ (Lab 4) }
5. 0.80 0-39 0.22 9 g 0.62 @ LCESI+ (Lab 3) m K
2 @029 % 9, olC ol (L) How often correct?
e 0.36 0.48
'S 0.60 0.46 @ LCESI+ (Lab 1)
-3 : 0.22| 1 0.45 QLCESI- (Lab 4)
g_ @ LCESI- (Lab 3) Y-AXiS >
o 0-40 @LCESI- (Lab 2) :
How consistent?
@ LCESI- (Lab 1)
0.20
e Coverage
0.69 1 0
0.00 - -
0.00 0.20 0.40 0.60 0.80 1.00 1.20 Bubble Size >
() How much coverage?
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Reproducibility
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(% of max score)

Precision: 88%
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Reproducibility: 78%
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= Simple performance summary file (n=1 per method):

* #and % correct identifications per sample

* |ndividual results files (n=10 per method):
* Mass match (yes/no), formula match (yes/no), compound match (yes/no)
* Highest confidence level (as reported or after consensus revision)

" Composite results file (n=1 per method):
* For each spiked substance (n=1,269)
— # of spikes (1-10), # of isomer spikes (1-5)
— # mass hits, # formula hits, # compound hits
— Observed (yes/no/undetermined), Correct ID (yes/no), Reproducible (yes/no)

“ Office of Research and Development



N Some Challenges (to date)

" Multiple chemical candidate submissions per feature

" Inconsistent & inaccurate use of scoring metrics

" Inconsistent & inaccurate chemical naming procedures
" Inconsistent and unclear feature filtering protocols

" Limited engagement regarding collaborator follow-up
= Determining false positives vs. unanticipated true positives

= Determining true negatives and dependent metrics
= Slow evaluation process vs. rapid method development processes

“ Office of Research and Development
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Extraction

|

Extraction

3)

Extraction

4)
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EPA Experiments with SRM Dust

. Solvent spike

(best case)

: Post-extraction

high spike

: Pre-extraction

high spike

: Pre-extraction

low spike
(ENTACT sample)

# of Compounds

400
300
63% not identified
2007
10% lost (matrix)
100 ,\E% lost (extraction)
'\9% lost (conc.

Newton et al. 2020. doi: 10.1007/s00216-020-02658-w
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N s EPA E ment th SRM Dust
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Agency
10107
] ® Reported using LC-ESI
1091
. —_ E ® Notobserved using NTA
Results for Unfortified SRM Dust 2 10e] | @ observed using nTa
c ] L
Chemical All Reported Reported Observed :’ 10 7.; © Spikedin ENTACT samples
Class Compounds  Using LC-ESI  Using NTA " @ Spiked at higher conc.
> 4
PAHs 69 0 0 (] 1061 ® Est. to cause bioactivity in children*
PCBs 44 0 0 c ]
PFAS 31 31 12 — 1054
BFRs 30 3 0 o
OCPs 15 0 0 S 1044
OPEs 12 9 4 = e
Phthalates 7 0 2 S 1034 oo o R
Total 208 43 18 2 ®oel, 00
O 1027
(@) E
10*1
] —0—
10 0 1 ] I ] | |
|| .
Non-fortified SRM Dust Fortified SRM Dust

* the concentration that would be needed (for the most-sensitive 5% of the population)
. to produce a steady-state plasma concentration equal to the 10 percentile of the
IEEI  Newton et al. 2020. doi: 10.1007/s00216-020-02658-w ToxCast AC50 distribution across assays for the given chemical.
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10 Synthetic Mixtures:
1,269 Unique ToxCast Substances
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Competitive fragmentation modeling of ESI-MS/MS spectra
for putative metabolite identification
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LC-QTOF HRMS:
Data Dependent Acquisition
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Prediction Model
MS2

Reference
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DSSTox MS2
spectra Probable

‘ ‘ Structures

SC'ENT'F'C DATA;":S":,‘: in silico Library

(~765,000 DSSTox Substances)
OPEN ' | inking in silico MS/MS spectra
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identification of unknowns
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DSSTox structures
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Structures
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EPA Evaluation of in silico Spectra

Analytical and Bioanalytical Chemistry
https://doi.org/10.1007/500216-019-02351-7
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In silico MS/MS spectra for identifying unknowns: a critical
examination using CFM-ID algorithms and ENTACT mixture samples

Alex Chao 2 « Hussein Al-Ghoul "2 - Andrew D. McEachran ' « llya Balabin® - Tom Transue* - Tommy Cathey* -
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377 ENTACT Compounds
with MS2 Spectra

////
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Match Match
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* Regulatory drivers necessitate NAMs for rapid risk characterization
 Measurement data are needed to inform and evaluate NAMs

« Targeted measurement methods can’'t keep pace with needs of NAMs
 NTA methods may meet needs, but require development and validation

« EPA/ORD is working to:
* Develop tools to support NTA studies
« Apply NTA methods to identify and prioritize chemicals based on anticipated risk
« Evaluate NTA state-of-the-science via ENTACT
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 NTA methods are suitable for many ToxCast chemicals
 ~5% of ENTACT compounds not observed by any method

« Multiple methods required for broad characterization
* No “one size fits all” method
* <1% of ENTACT compounds observed using all methods

« Performance determined across 3 categories:
« Coverage = Ability to Observe - (Range = 22% to 69%)
« Precision = Ability to Identify those Observed - (Range = 7% to 99%)
« Reproducibility = Ability to Consistently Identify - (Range = 7% to 97%)

« Concentration, media, and extraction techniques will affect performance
« Mixtures/data are highly valuable for NTA method development/evaluation
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