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Exposure Science in the 21st Century:
What are Key Drivers?

1) Understanding causes       
of disease

“…70-90% of disease risks are                                               
probably due to differences in                                       
environments”

2) Ensuring chemical safety     
and human/eco health
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How Much Do We Know About Exposure?
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Analytical Chemistry Jargon

Targeted Analysis
• The “known knowns”

• <<1% of the exposome

We can’t solve 21st century public 
health problems if we’re blinded to 

+99% of exposure data

Suspect Screening Analysis (SSA)
• The “known unknowns”

• ~5-10% of the exposome

We need efficient methods 
capable of rapidly measuring 

poorly studied compounds

Non-Targeted Analysis (NTA)
• The “unknown unknowns”

• 90-95% of the exposome

We need ways to characterize 
compounds of interest that aren’t 

yet known to exist

We often use “NTA” as a generic term for any research that isn’t “targeted”
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NTA: Tools of the Trade
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EPA CompTox Chemistry Dashboard

- Chemical Properties
- Structural Identifiers
- Exposure & Use Data
- Tox. & Bioactivity Data
- Much more…
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General Goals of NTA

1) Prioritize “molecular features”

2) Correctly assign formulas

3) Correctly assign structures

4) Predict chemical concentrations

5) Determine chemical sources
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• Difficulty handling all observed features
• Data processing and data storage limits

• Analytical focus on features that stand out
• Bias towards high-intensity compounds
• Bias towards compounds that are enriched

• No standardized methods
• Difficult to compare results across labs

• Conventional confirmation uses analytical standards 
• Many chemicals not previously studied  no standards
• Thousands of chemicals to confirm
• EXTREMELY low throughput

Challenges of NTA
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Challenges of NTA
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EPA NTA Workflow
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EPA NTA Workflow
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EPA NTA Workflow
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EPA NTA Workflow
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EPA NTA Workflow
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EPA NTA Workflow
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EPA NTA Workflow
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EPA NTA Workflow
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EPA NTA Workflow
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EPA NTA Workflow
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Applications of NTA Workflow

• Exposure surveillance
• What chemicals are in food, products, dust, blood, etc.?

• Chemical prioritization
• What are the most important chemicals & mixtures?

• Exposure forensics
• What are chemical signatures of exposure sources?

• Effect-directed analysis
• What are the biologically active chemicals in complex mixtures?

• Biomarker discovery
• What chemicals are predictive of bioactivity/health impairment?
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Product Analysis Pilot Study 
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House Dust Pilot Study
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Identifying Tracers of Indirect Dust Ingestion

Dust Ingestion Tracers Must Be:

1) Ubiquitous in dust
2) Unique to dust
3) Excreted in an accessible medium
4) Measurable as a biomarker

NTA is suitable for 
evaluating candidates 

based on each of these 
criteria!
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Drinking Water Pilot Study

NC Triangle Area:
- 9 samples representing 4 municipalities & 2 wells

-15 out of top 100 confirmed
- 8 out of top 20 confirmed
- Several not on monitoring lists
- Reflects consumer uses+   
industrial processes 
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Lingering Science Questions for NTA

• How variable are tools and results from lab to lab?
• Are some methods/tools better than others?
• Does sample complexity affect performance?

• What chemical space does a given method cover?
• Can we comprehensively characterize any sample?
• How does chemical content vary across media?

• To what extent do MS spectra aid in identification?
• How do we make MS spectra widely available?
• Can we crowdsource exposure data for ToxCast chemicals?
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Lingering Science Questions for NTA
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Samples, Participants and Products

ToxCast 
Chemicals 

Reference 
House 
Dust

Reference 
Human 
Serum

Reference 
Silicone 
Wristbands

Method 
Evaluation 

Reference 
Libraries

Model 
Training 
Sets
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Part 1                   Part 2

~20 Collaborators & 5 Contractors*:
1st: Blinded analysis

2nd: Unveiling of chemicals
3rd: Unblinded evaluation
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Part 3

~4600 ToxCast substances

Instrument/software vendors & select labs

Reference libraries for the public
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Take-home Points

• NTA methods must become mainstream

• Currently no standardized methods/techniques

• EPA is working to establish benchmarks

• Using ToxCast chemicals to test NTA methods
• Building/sharing chemistry databases
• Developing tools for rapid & accurate characterization
• Integrating data with international NTA community
• Coordinating international collaborative trial
• Discovery, surveillance, forensics & prioritization
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• Iceberg: https://vimby.com/wp-content/uploads/2015/01/iceberg.jpg
• LC-ESI-TOF: https://masspec.scripps.edu/instruments/images/Agilent-ESI-TOF.jpg
• GC Q-TOF: http://www.agilent.com/cs/publishingimages/7200B_front_730x730.png
• Orbitrap: http://planetorbitrap.com/data/fe/image/QExactive.jpg
• Black pepper 1: https://sc02.alicdn.com/kf/UTB8mBZpXwnJXKJkSaelq6xUzXXae/Quality-Ground-Black-Pepper-

for-Industrial-goods.jpg
• Tire crumb: http://assets.change.org/photos/5/hq/kx/zSHQkxioHipfgDd-1600x900-noPad.jpg?1426174444
• Brita filter: https://www.brita.com/wp-content/uploads/faucet-hero1.png
• Minnow: http://fishing.boyslife.org/files/2013/03/minnow-feature-620x465.jpg
• Burning chair: http://www.motherjones.com/wp-content/uploads/burningchair.jpg?w=990
• Consumer products: http://coreyko.fatcow.com/OC/wp-content/uploads/2013/10/CONSUMER-PRODUCTS.jpg
• Blood: https://ichef.bbci.co.uk/news/660/media/images/79490000/jpg/_79490509_135018352.jpg
• Soil: https://bonnieplants.com/wp-content/uploads/2011/12/soil-in-hands.jpg
• Urine: https://cdn.shopify.com/s/files/1/0996/0350/products/urine-specimen-cup__44522_0924aa8b-864a-47df-

936f-58d9cebdbf21.jpeg?v=1499751369
• Wristband: https://www.wristbandbuddy.com/blog/wp-content/uploads/2016/03/Cheap-Silicone-Bracelets.jpg
• Water effluent: http://nts-industrie.com/wp-content/uploads/sites/2/2015/09/photo-traitement-de-leaux4-

200x300.jpg
• Dust: https://www.ecocleanmadison.com/wp-content/uploads/2016/11/dust.jpg
• Pilot: https://upload.wikimedia.org/wikipedia/commons/thumb/9/9e/Defense.gov_News_Photo_060803-F-2907C-

107.jpg/220px-Defense.gov_News_Photo_060803-F-2907C-107.jpg
• Personal care products: https://nourishingtransformations.com/wp-content/uploads/personal-care-products.jpg

Web Art Links
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• Black Pepper 2: https://sc01.alicdn.com/kf/UT8E_BLX_xXXXagOFbXi/Organic-Black-Pepper-Powder-in-bulk-.jpg
• Soaps: http://www.bbcleaningservice.com/wp-content/uploads/2011/10/AntibacterialSoaps.jpg?x98918
• Insect repellant: http://labs.russell.wisc.edu/mosquitosite/files/2012/05/Deet-small.jpg
• Cosmetics: https://il8.picdn.net/shutterstock/videos/4062139/thumb/1.jpg
• Foam soap: https://pureessentialsupply.com/wp-

content/themes/pureessentialsupply/shopp/images/Foaming%20soap.jpg
• Non-stick pans: https://cdn1.healthambition.com/wp-content/uploads/2017/02/28094108/Teflon-Dangers3.jpg
• Chair: https://s-media-cache-ak0.pinimg.com/564x/dd/c0/1d/ddc01d0078185b800e80df51a8afcb73.jpg
• Yellow dye: http://sunnychemi.com/wp-content/uploads/2016/06/product-3-550x410.jpg
• Water bottle: https://img.washingtonpost.com/wp-apps/imrs.php?src=https://img.washingtonpost.com/news/to-

your-health/wp-content/uploads/sites/26/2015/01/bigstock-sport-and-diet-concept-sport-49821368.jpg&w=480
• SRM plasma: https://www.nist.gov/sites/default/files/styles/220_x_220_limit/public/images/mml/csd/srm-

1950_1.jpg?itok=E8aCgLDJ
• MSMS spectrum: https://image.slidesharecdn.com/ms-100204133503-phpapp02/95/mass-spectrometry-protein-

identification-strategies-32-728.jpg?cb=1265290569
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Exposure Science in the 21st Century:
What are Key Drivers?

1) Understanding causes       

    of disease



“…70-90% of disease risks are                                               probably due to differences in                                       environments”











2) Ensuring chemical safety     

    and human/eco health
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How Much Do We Know About Exposure?
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Analytical Chemistry Jargon

Targeted Analysis

The “known knowns”

<<1% of the exposome



We can’t solve 21st century public health problems if we’re blinded to +99% of exposure data



Suspect Screening Analysis (SSA)

The “known unknowns”

~5-10% of the exposome



We need efficient methods capable of rapidly measuring poorly studied compounds



Non-Targeted Analysis (NTA)

The “unknown unknowns”

90-95% of the exposome

We need ways to characterize compounds of interest that aren’t yet known to exist

We often use “NTA” as a generic term for any research that isn’t “targeted”
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NTA: Tools of the Trade
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EPA CompTox Chemistry Dashboard

- Chemical Properties

- Structural Identifiers

- Exposure & Use Data

- Tox. & Bioactivity Data

- Much more…
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General Goals of NTA

Prioritize “molecular features”



Correctly assign formulas



Correctly assign structures



Predict chemical concentrations



Determine chemical sources
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Difficulty handling all observed features

Data processing and data storage limits



Analytical focus on features that stand out

Bias towards high-intensity compounds

Bias towards compounds that are enriched



No standardized methods

Difficult to compare results across labs



Conventional confirmation uses analytical standards 

Many chemicals not previously studied  no standards

Thousands of chemicals to confirm

EXTREMELY low throughput





Challenges of NTA
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EPA has developed ENTACT as a response to these Challenges
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Challenges of NTA
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EPA has developed ENTACT as a response to these Challenges
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EPA NTA Workflow
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EPA NTA Workflow
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EPA NTA Workflow
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EPA NTA Workflow
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EPA NTA Workflow
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EPA NTA Workflow
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EPA NTA Workflow
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EPA NTA Workflow
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EPA NTA Workflow
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EPA NTA Workflow
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Applications of NTA Workflow

Exposure surveillance

What chemicals are in food, products, dust, blood, etc.?



Chemical prioritization

What are the most important chemicals & mixtures?



Exposure forensics

What are chemical signatures of exposure sources?



Effect-directed analysis

What are the biologically active chemicals in complex mixtures?



Biomarker discovery

What chemicals are predictive of bioactivity/health impairment?
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Product Analysis Pilot Study 
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House Dust Pilot Study
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Identifying Tracers of Indirect Dust Ingestion

Dust Ingestion Tracers Must Be:



Ubiquitous in dust

Unique to dust

Excreted in an accessible medium

Measurable as a biomarker

NTA is suitable for evaluating candidates based on each of these criteria!
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Drinking Water Pilot Study

NC Triangle Area:

- 9 samples representing 4 municipalities & 2 wells

-15 out of top 100 confirmed

- 8 out of top 20 confirmed

- Several not on monitoring lists

- Reflects consumer uses+   

  industrial processes 
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Lingering Science Questions for NTA

How variable are tools and results from lab to lab?

Are some methods/tools better than others?

Does sample complexity affect performance?



What chemical space does a given method cover?

Can we comprehensively characterize any sample?

How does chemical content vary across media?



To what extent do MS spectra aid in identification?

How do we make MS spectra widely available?

Can we crowdsource exposure data for ToxCast chemicals?
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Lingering Science Questions for NTA
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Samples, Participants and Products

ToxCast Chemicals 

Reference House 

Dust

Reference Human 

Serum

Reference Silicone Wristbands

Method Evaluation 

Reference Libraries

Model Training Sets
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Part 1                   Part 2


~20 Collaborators & 5 Contractors*:

   1st: Blinded analysis

      2nd: Unveiling of chemicals

         3rd: Unblinded evaluation
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Part 3

~4600 ToxCast substances

Instrument/software vendors & select labs

Reference libraries for the public
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Take-home Points

NTA methods must become mainstream



Currently no standardized methods/techniques



EPA is working to establish benchmarks



Using ToxCast chemicals to test NTA methods

Building/sharing chemistry databases

Developing tools for rapid & accurate characterization

Integrating data with international NTA community

Coordinating international collaborative trial

Discovery, surveillance, forensics & prioritization





Office of Research and Development

‹#›



Acknowledgements







Office of Research and Development

‹#›





31



Iceberg: https://vimby.com/wp-content/uploads/2015/01/iceberg.jpg 

LC-ESI-TOF: https://masspec.scripps.edu/instruments/images/Agilent-ESI-TOF.jpg 

GC Q-TOF: http://www.agilent.com/cs/publishingimages/7200B_front_730x730.png 

Orbitrap: http://planetorbitrap.com/data/fe/image/QExactive.jpg 

Black pepper 1: https://sc02.alicdn.com/kf/UTB8mBZpXwnJXKJkSaelq6xUzXXae/Quality-Ground-Black-Pepper-for-Industrial-goods.jpg 

Tire crumb: http://assets.change.org/photos/5/hq/kx/zSHQkxioHipfgDd-1600x900-noPad.jpg?1426174444  

Brita filter: https://www.brita.com/wp-content/uploads/faucet-hero1.png 

Minnow: http://fishing.boyslife.org/files/2013/03/minnow-feature-620x465.jpg 

Burning chair: http://www.motherjones.com/wp-content/uploads/burningchair.jpg?w=990 

Consumer products: http://coreyko.fatcow.com/OC/wp-content/uploads/2013/10/CONSUMER-PRODUCTS.jpg 

Blood: https://ichef.bbci.co.uk/news/660/media/images/79490000/jpg/_79490509_135018352.jpg 

Soil: https://bonnieplants.com/wp-content/uploads/2011/12/soil-in-hands.jpg 

Urine: https://cdn.shopify.com/s/files/1/0996/0350/products/urine-specimen-cup__44522_0924aa8b-864a-47df-936f-58d9cebdbf21.jpeg?v=1499751369 

Wristband: https://www.wristbandbuddy.com/blog/wp-content/uploads/2016/03/Cheap-Silicone-Bracelets.jpg 

Water effluent: http://nts-industrie.com/wp-content/uploads/sites/2/2015/09/photo-traitement-de-leaux4-200x300.jpg 

Dust: https://www.ecocleanmadison.com/wp-content/uploads/2016/11/dust.jpg 

Pilot: https://upload.wikimedia.org/wikipedia/commons/thumb/9/9e/Defense.gov_News_Photo_060803-F-2907C-107.jpg/220px-Defense.gov_News_Photo_060803-F-2907C-107.jpg 

Personal care products: https://nourishingtransformations.com/wp-content/uploads/personal-care-products.jpg 



Web Art Links





Office of Research and Development

‹#›



Black Pepper 2: https://sc01.alicdn.com/kf/UT8E_BLX_xXXXagOFbXi/Organic-Black-Pepper-Powder-in-bulk-.jpg 

Soaps: http://www.bbcleaningservice.com/wp-content/uploads/2011/10/AntibacterialSoaps.jpg?x98918 

Insect repellant: http://labs.russell.wisc.edu/mosquitosite/files/2012/05/Deet-small.jpg  

Cosmetics: https://il8.picdn.net/shutterstock/videos/4062139/thumb/1.jpg 

Foam soap: https://pureessentialsupply.com/wp-content/themes/pureessentialsupply/shopp/images/Foaming%20soap.jpg 

Non-stick pans: https://cdn1.healthambition.com/wp-content/uploads/2017/02/28094108/Teflon-Dangers3.jpg 

Chair: https://s-media-cache-ak0.pinimg.com/564x/dd/c0/1d/ddc01d0078185b800e80df51a8afcb73.jpg 

Yellow dye: http://sunnychemi.com/wp-content/uploads/2016/06/product-3-550x410.jpg 

Water bottle: https://img.washingtonpost.com/wp-apps/imrs.php?src=https://img.washingtonpost.com/news/to-your-health/wp-content/uploads/sites/26/2015/01/bigstock-sport-and-diet-concept-sport-49821368.jpg&w=480 

SRM plasma: https://www.nist.gov/sites/default/files/styles/220_x_220_limit/public/images/mml/csd/srm-1950_1.jpg?itok=E8aCgLDJ 

MSMS spectrum: https://image.slidesharecdn.com/ms-100204133503-phpapp02/95/mass-spectrometry-protein-identification-strategies-32-728.jpg?cb=1265290569 

Web Art Links





Office of Research and Development

‹#›



image2.png

N

Propylparaben

==

PFOA =

) 557
—— Triclocarban &
Piperine

“ous conc (2

Chemicals Found in House Dust Samples

N-Do
meth

Di(propylene l

glycol) C.l. Disperse
dibenzoate Yellow 3

—)
N\

Bisphenol S

decanoyl-N-
ylglycine

TDCPP

(4







image1.jpeg







image3.png

EPIDEMIOLOGY

Environment and Disease Risks

‘Stephen M. Rappaportand Marty . Saith

lthough the risks of developing
chronic diseases are attributed to
h genetic and environmenta fac-

fors, 70 to 90% of disease risks are probably
dueto diffvences in environments (/3). et,
epidemiologiss increasi

wide association studies (GWAS) 0 invest
gt disease, while elying on questionnaires
to characterize "environmental exposures.”
This s because GWAS represent the only
approach forexploing the totalit ofany risk
factor (gencs inthis case) asociated with dis-
case prealence. Moreover, the value ofcosly
‘genctic information i diminished when inac-
curate and imprecis environmental data lead
o biased inferences regarding gene-caviron-
ment interactons (4). A more comprehensive

sure is needed if epidemiologists are (o dis-
coner the major causes of chronic discases.
An obstacle to idenifying the most
important environmental exposures is the
fngmenationof pdemiloial resarch
along lines defined by diff
‘When epidemiologists investgate environ-
‘menta risks, thy tend to concentrate on &
particular category of exposures involving.
air and water pollution, occupation, diet
and obesity, sress and behavior, or types
of infection. This slicing of the discase pic
along parochisl lines leads to scientific
separation and confuses the definition of
“environmental exposures™ In fact, all of
these exposure categorics can contribute to
chronic discases and shoukd b investgated

and View of enviro expo-

S of Pl s, vy of il ety
RST20.735, U5 -, saprpon@buicir b

460

col rather than sep

To develop a more cobesive view of envi-
conmental exposure, it i mportant o
nize that toxic effcts are mediated through

st bypsS

Anew paadign i needed toasess howa

chemical tht alter ritical molecules, clls,
and physiological processes inside the body.
“Ths, it would be reasonable to consider
the “environment” as the body's inernal
chemical environment and “exposure:

s of biologically active chei-
cals i ths el evirneet. Under this:
view, exposures are no restrcted to chemi-
cals (toxicants) entering the body from air,
water, or food, fo example, but also include.
chemicals produced by inflammaion, oxids-
tivestrss, lipid peroxidation, infections, gut

and other atural processes (5, 6) (see
the igure). This internal chemical environ-
‘ment continually fuctuates during lfe due
o changes in external and inernal sources,
aging, infections, life-styl,sees, psychoso-
cial factors, and preexising disases.
The term exposome” refers 1o the ttal-
ity of envronmentl exposures from concep-
tion omwards, and has been proposed 10 be a

220CTOBER2010 VOL330 SCIENCE wwwsciencemag.org.







image4.png

GIVE ADOG A PHONE
Technology for our furry friends

NewScientist

We've made
150,000 new chemicals

Tie

We touch them,
we wear them, we eat them

But which ones should
we worry about?

SPECIAL REPORT, page 34

CHAMBEROF SECRETS IS ITALVE?
The, s A







image5.png

There are known knowns. These are things we
Rnow that we know. There are Rnown unknowns.
That is to say, there are things that we know we

don't know. But there are also unknown
unknowns. There are things we don't know we
don't know.

(Donald Rumsfeld)

izquotes.com







image6.png

Analytical Instruments

Comp. Tools & Workflows

sl MassBank

ChemSpider "1 oot

‘The free chemical database

PubChem ke






image7.png

(K€D §74
o s,

Y

%, <
74y prote®

oAy

&
0
W agenct

Chemistry Dashboard

Neod mare

747 Thousand Chemicals

Advanced Search

Mass Search

. £

@ secomponet B s sowes

Generate Molecular Formula(e)

Molecular Formula Search

https://comptox.epa.gov/dashboard

Project Lead: Antony Williams,
williams.antony@epa.gov







image8.png

4 wlle) Minutes. M
x\ﬁ tzawmm&mrmaow‘mnsmmm
“l - 1 Dust Sample
%l | - Negative lonization Mode
% | - 300 Extracted “Molecular Features”

2345 ETEINNRRUBRIBRAA2ANBRIBDNIRBUBET BRI 284
‘Counts (%) vs. Acquisition Time (mir)

@ O ® “4)

Ci7HigNO; — O)\/\/AC[E)}_' 12pglg —
o &







image9.png

New NTA Workflows and
Analysis Tools
EPA-led Collaborative
NTA Trial






image10.png

Raw Samples

Extracted Samples

v

Raw Features

¥

Processed Features

¥

Predicted Formulas

i

Candidate Structures

Data for Selecting Top Candidates Structures

Data Sources

Media Occurrence

Retention Time

Method Compatibility

v

Top Candidate Structures

Prioritized Structures

v

Final Proposed Structures

¥

Predicted Concentrations

v

Data for Prioritizing Across Top Candidate Structures

Abundance

Exposure (ExpoCast) Bioactivity (ToxCast)

Detection Frequency







image11.png

Raw Samples

'

Extracted Samples

¥

Raw Features

v

Processed Features

]

Predicted Formulas

¥

Candidate Structures

Prioritized Structures

]

Final Proposed Structures

¥

Predicted Concentrations







image12.png

Raw Samples
[Rewmsmteas ]
Extracted Samples

2ot QAY ¢ X[A0c ¢ r[e]LAXL K%%E & M -3

x102 [-£51 E1C(830.2529) Scan Frag=80.V WorkisiData05 ¢
11

“| - 1 Dust Sample

% | - Negative lonization Mode
Processed Features % | - 300 Extracted “Molecular Features”
v
Predicted Formulas
!

Candidate Structures

Prioritized Structures

v

Final Proposed Structures

1234856783 NNRBUBHTBNAN2BABFIBANIRVABHIBDONL84
‘ Courts (%) vs. Acquision Time (vin)

Predicted Concentrations







image13.png

Raw Samples

Extracted Samples

v

Raw Features

!

Predicted Formulas

i

Candidate Structures

Prioritized Structures

v

0 — g v 3 0 m v =
1 ioniton M Compound Scoe Wi Retenton_Time Sample_AE_1 Sampl_ A2 Sample_AC_3 ample_6_1 Sample_6¢_2 sampl. 5.3
2o coiomo s e osw s e s s mwm s
Sese conizo ms i  am e
e comiino e ioioss oo waw  swn  gmm s s s
slean cantoos os om0 lsol s s dowss s e
oo cantoon e e
7o cantoon son osem s eew s men  sus  men s
i cnao ar s am @ wma s som  waw
s cionas a s pse e sen  nwe e e o
o caniz s o deam s nw  bwss oss  mse e
canmo B wmen oo ews  m e usw woon et
1nmsseossmn toasms osa1 W mse nen e mm s
lnase10 oo o ame e ow e s s
ey me  unme oo s e s e e mn
| canie B6 dows am  mmw ses s e sse o
i e canie @ uowe nm  mwn s wew o o s
1 e came 7s  uamme s wme e uews  me e e
s e e 6o uams ps  mem e  ues  men  wme e
s s oo s ses s s s s wen s
F s ws ammm e  maws  mns  osews e wonn  nows
n canie @6 e e o wmss  sess s s s
2 e cannino i soss s e sw
5 e cannvo an e oms e eson  owme  emam s eenms
e contoon s e toms e ame e s s
s e canno oo s 1o mug ses e sow  mwes s
0 e camon W nemm s s e som we e e
B conizon 3 iteoss o e e sew moe  ese  oew
B canizon o uews s s ewn e uoss s e
5 canizon me  usww sem s s usies o s v
o e csmwoz e mom ose wess s wi s sowm s
e camsno e ose o oow s e ey i
S mu guw oo o w0 x|

Final Proposed Structures

¥

Predicted Concentrations







image14.png

Raw Samples

Extracted Samples

v

Raw Features

¥

Processed Features

Predicted Formulas

Candidate Structures

Prioritized Structures

v

Final Proposed Structures

!

Predicted Concentrations

Compound
C108rF21
1001100
10012720
CI0H108:CI02S
C10H1002
C10H1003
CI0H12N605
C10H1203
C10H1204
CI0H14N4O10P2S
CI0H15N2P
CI0HISNO
C10H1504P
C10H150P
CI0HI6NAO17P4.
CI0HI6N5011P3
C10H1703P
CI0HI9NOSPS
C10H20C1408P2
C10H2002
C10H21NO2
C10H2102P
C10H2206
C10H23NO
C10H27N4P
C10H2F1802
CI0H3CI3F3N302
C10H3F150
CI0HACIEN20252
CI0HACIEN206
C10HACI6S2
CI0HSBANO2
CI0HSBICI3NO252
CI0HSBICINO2S
CI0HSF17035
C10H6B2Cl6
C10H6B404

For_Dashboard_Search

-
SRy

NouIAKy
%,
W agenct

g S
Pt o

| Chemistry Dashboard

Batch Search®

https://comptox.epa.gov/dashboard/
dsstoxdb/batch_search







image15.png

Raw Samples

Extracted Samples

i

Raw Features

!

Processed Features

v

Predicted Formulas

i

Prioritized Structures

v

Final Proposed Structures

I

Ty

31480930

aci0, 2-methy-, &-hycroxyphenylester

Predicted Concentrations

S ST

NouIANy
W agenct

% S
it o

| Chemistry Dashboard







image16.png

Raw Samples Data for Selecting Top Candidates Structures
Extracted Samples Data Sources
{ Retention Time Media Occurrence
Raw Features Method Compatibility
v
Processed Features
v C7H7NO3
Predicted Formulas 0 05 1 15 2 25 3 35 4

* DTXSID5024506 I —
L |

—
. DTXSID3020962 I
Candidate Structures DXSID0026961 E—
—

DTXSID2022591
|

P TT] DTXSID9059208 I
Prioritized Structures e
DTXSID1052298 EEEEEE— | — —r
S Tz
# DTXSID5075365 I | g'\\ o "'ﬁ
E ]
i — H g
Final Proposed Structures DTXSID2062535 %,Mj
T DIXSID0046066 I — i
DTXSID90197716 I I |Chemistry Dashboard
Predicted Concentrations
mData Sources  m Retention Time  ® Media Occurrence  m Method Compatibility

Figure from Andrew McEachran







image17.png

Raw Samples

v

Extracted Samples

v

Raw Features

v

ToxPi Key

Detection
Frequency

Bioactivity|

Abundance

Exposure

Processed Features

]

Predicted Formulas

7

Candidate Structures

20 Qe

Chemical A Chemical B Chemical C Chemical D Chemical E

Prioritized Structures

Final Proposed Structures

v

Predicted Concentrations

Data for Prioritizing Across Top Candidate Structures

Abundance

Exposure (ExpoCast) Bioactivity (ToxCast)

Detection Frequency

Figure from Julia Rager







image18.png

Raw Samples

[ "%
Extracted Samples fow
7 Library TCP | . 4
Fragmentation Spectra .
Raw Features (20eV) ﬁ
v
CHy 21
Processed Features o ff 1of 587
v \/P\o ar: I oo N E e
d
Predicted Formulas o X104 tsi Product lon (piﬂ 19-12.22 min. 2 scans) Frag=80.0V Cl &(
¢ e 4 369238
35
Candidate Structures 3
25
Observed
Prioritized Structures Fragmentation Spectra
(20eV) 15 121.0637
* 1 227.1267
327.0767
Final Proposed Structures e 1)530 l iz
0 hloo Bolbvs B /b,y 0 Dol ) h

75 100 125 150 175 200 225 250 275 300 325 350 375 4(

Predicted Concentrations

Figure from Jarod Grossman







image19.png

Raw Samples

Extracted Samples

v

Raw Features

!

Processed Features

¥

Predicted Formulas

i

Candidate Structures

Conc (ug/g)

0.01 1 100 11

Prioritized Structures

]

Final Proposed Structures

I

Predicted Concentrations

Unique Chemicals

Samples







image20.png

20 product categories, 5 products per category
(12 formulation cat. + 7 article cat. + 1 food cat.)

Number of Chemicals

Identified

Product Ingredient  Tentative

Category List NTA Hits
air freshener 4 183
baby soap 9 9%
deodorant 6 115
glass cleaner 4 133
hand soap 10 79
lipstick 14 54
shampoo 10 125
shaving cream 9 78
skinlotion 10 80
sunscreen 7 69
toothpaste 6 66

Carpet T
Cotton Clothing [ i
Carpet Padding —L——

Articles Fabric Upholstery
Shower Curtain
Vinyl Upholstery

Plastic Children's Toy

o Comrmegortemate || Lipstick T
chemical dentfication || Toothpaste T
Previously known chemical | | T
™ related to consumer products | | Sunscreen
T T ] Indoor House Paint —
1 H ' Shaving Cream T
i Hand Soap —HI
Formulation: i i
ormulations 1 Skin Lotion — T
| Baby Soap milme]
i Deodorant I
: Shampoo — T
! Glass Cleaner T —
i Air Freshener — T
Foods | | BN o | T
B0 200 150 100 50 0 4 2 0 2 4

Unique Chemicals 109:0(49/9)

19% of chemicals identified by NTA are on
consumer product chemical lists

material from Katherine Phillips, submitted







image21.png

Dust samples from 56 homes (American Health Homes Survey)

"! Piperine

) 55
Triclocarban ﬁ

Propylparaben

Chemicals Found in House Dust samples

Unique Chemicals

N-Dodecanoyl-N-
methylglycine

TDCPP

glycol)

Di(propylene
C.l. Disperse

| dibenzoate

Yellow 3 -

7 |

Thousands of
compounds prioritized
using ToxPi

!

Detection
Frequency

Bioactivity

Abundance

Exposure

!

45% of confirmed

compounds never

before measured in
dust







image22.png

Figure from Julia Rager

Samples

Molecular Features






image23.png

ToxPi Score

m Abundance
m Detection Frequency
1 Exposure

M Bioactivity

Thousands of
compounds
prioritized
using ToxPi

iy H| '
Il

Uy

Top 100 Priority Compounds

A) PCA of Peak Areas in
Categories by Sample

Pittgboro (Well)

Cary (Tap)

Pittsboro (Tap)

A

A purham (Tap1)

Chapell Hill (Tap) A

Durham (Tap2)
Raleigh(Tap)

material from Seth Newton, submitted







image24.png

EPA's Non-Targeted Analysis

Collaborative Trial (ENTACT)







image25.png

AN]D’IE;'EI[T{YTDA Duke - Agilent Technologies|

UNIVERSITY

EMORY eawag ABSCIEX

UNIVERSITY aquatic research

’ THE

ScrRIPPS

ﬁ SAN DIEGO STATE
A UNIVERSITY

REsEArRcH

Pacific
Northwest

Oregon State USU o
NIIST Thermo

SCIENTIFIC
c STATE Wisconsin State
UNIVERSITY Laboratory of Hygiene "
UNIVERSITY OF WISCONSIN-MADISON
UNIVERSITY of ’ ° :
UF |FLORIDA

A 8

Mount UNIVERSITYOF
Sinai BIRMINGHAM

THE SCIENCE OF
WHAT'S POSSIBLE"

CalEPA

California Environmental
Protection Agency







image26.png

Chemicals from ToxCast Library

~1200 ToxCast Chemicals
(highest quality)

10 Mixtures . .
(100-400 chemicals each) Multi-Well Plates

®2e0 0" :
®os000

Fortified Reference House Dust

]' g

100-200
chemicals

Fortified Reference Human Serum

100-200
chemicals

Fortified Reference Silicone Wristbands
Y

— T

100-200
chemicals







image27.png

>

e

e e

[

Inensity

MS/MS Spectrum







image28.png

Credit: the Research Triangle Foundation

EPA NERL

Derya Biryol*
Kathie Dionisio
Jarod Grossman*
Kristin Isaacs
Sarah Laughlin*
Aurelie Marcotte*
James McCord*
Rebecca McMahen*
Seth Newton
Katherine Phillips
Julia Rager*
Mark Strynar

Elin Ulrich

EPANCCT
Chris Grulke
Richard Judson
Kamel Mansouri*

Andrew McEachran*
Ann Richard

John Wambaugh
Antony Williams

EPA OSA
Marie Russell*

*= ORISE/ORAU/ASPPH








Advancing and Integrating Non-Targeted
‘Analysis Rosearch at the U.S. EPA





