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SEPA Introduction

United States
Environmental Protection
Agency

The timely characterization of the Tochnoagy o Ry frkiocs

human and ecological risk posed by NEWSCientiSt

thousands of existing and emerging e
commercial chemicals is a critical We've made
challenge facing EPA in its mission to 150,000 new chemicals

protect public health and the
environment ' i

We touch them,

Park et al. (2012); we wear them, we eat them
At least 3221 chemicals in humans, But which ones Sh{i}?uld
many appear to be exogenous we worry about?

SPECIAL REMORT, page 34

THE GOOD FIGHT CHAMBER OF SE(RETS 15 ITM.I'M'E
! winl The greatest ever find ificial worm could
of early human bones befrs‘tngmamnm

November 29, 2014
Office of Research and Development



<EPA

United States

High-Throughput
Bioactivity

Environmental Protection
Agency

Tox21: Examining >10,000 chemicals using ~50 assays
intended to identify interactions with biological
pathways (Schmidt, 2009)

= EPA Toxicity
Forecaster
(ToxCast):

For a subset
(>3000) of Tox21
chemicals run
>1000 additional
assay endpoints
(Judson et al.,
2010)

e

Response

In vitro Assay AC50

l

~

Concentration

Assay AC50
with Uncertainty

Concentration (uM)

-

4 of 31 Office of Research and Development

Most assays conducted in
dose-response format
(identify 50% activity
concentration — AC50 —and
efficacy if data described by
a Hill function)

Data are being revised, new
chemicals tested, new
assays added

All data are made pubilic:

http://comptox.epa.gov/dashboard/



http://actor.epa.gov/dashboard/

wEPA Limited Available Data for

United States

Environmental Protection ® ®
Exposure Estimations
300
250
200 - m ToxCast Chemicals
Examined
150 -
B Chemicals with
100 - Traditional Exposure
Estimates
50 -
O _

ToxCast Phase | (Wetmore et al. 2012) ToxCast Phase Il (Wetmore et al. 2015)

Office of Research and Development ° Egeghy et al. (2012) — Most chemicals lack exposure data



SEPA Using 215t Century Science to

emenapeecien [ aprove Risk-Related Evaluations

= January, 2017 National Academies of Science report:

* “Improving the amount and quality of the data that are needed to
develop parameters for the computational exposure tools is critically
important; without such data, the applicability of the tools is limited.”

 “Continued efforts to measure and estimate concentrations in
multimedia sources—such as indoor air, indoor surfaces, dust, and
consumer products—are required to address uncertainty in near-field
exposures and pathways.

 “Recommendation: Current efforts to obtain and organize information
on chemical quantities in and rates of release from products and
materials, particularly consumer products and materials in the indoor
environment, should be expanded substantially.”

6 of 31 Office of Research and Development



SEPA Thinking About Exposure

United States
Environmental Protection
Agency

Chemical Manufacture

Consumer yrd \
Products, Articles,

uilding Material \ Environmental
Release
Residential Use l \

(e.g. ,flooring)
Far-Field Ecological

Near:Field Near-Field
Direct Indirect

RECEPTORS A

| ” !
MONITORING Biomarkers Media Samples Biomarkers
DATA of Exposure of Exposure
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Figure from Kristin Isaacs

Direct Use
(e.g., lotion)

MEDIA

ry

lora and Faun




SEPA Exposure Pathways

United States
Environmental Protection

Agency
Chemical Manufacture
Consumer yra \
Products, Articles, \
uilding Material Environmental
Release
Direct Use Residential Use
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Figure from Kristin Isaacs
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SEPA Predicting Exposure

United States
Environmental Protection
Agency

We incorporate multiple
computer models into

Wambaugh et al. (2014) consensus predictions for
1000s of chemicals

Same five predictors work
for all NHANES
demographic groups
analyzed — stratified by
age, sex, and body-mass
index:

e Industrial and

Consumer use

. ¢ e Pesticide Inert
& e o S e Pesticide Active
S e Industrial but no
& N Consumer use
s  Production Volume

9 of 31 Office of Research and Development

Weight of Exposure Predictor
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United States
Environmental Protection

Chemical Use Identifies
Relevant Pathways

Consumer V’d \
Products, Articles,

Building Materials T Environmental
Release

Direct Use

Agency
>2000 chemicals with Material Safety Data Sheets ...and some pathways have
»» (MSDS) in CPCPdb (Goldsmith et al., 2014) much higher average
3 exposures!
E | .
() |
< . 0
Oy .
Z st 4t o
< ' :
T
=
LN
o
i
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Apparel

Auto and Tires

Baby

Beauty

Craft and Party Supply
Electronics

Grocery

Health

Home

Home Improvement
Patio and Garden
Pets

Sports and Outdoors
Toys

Office of Research and Development

(e.g. lotion) (e.g. flooring)

l Residential Use

MEDIA
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SEPA CPdat: Chemical Use Information
Eronmanal Prtesion for ~30,000 Chemicals

° Chemical_PrOduCt €« C' A [} actorepa.gov/cpcat/faces/chemicalUse xhtml|?casrn=57-11-4 e @ =

* Bookmarks & DSSToxViewer (@ Journal Selector, tarc- M) Journal / Author Narm (& Selection of GC-MS € [ Elsevier Journal Finds: € Travel Forms 1" science »  [CJ Other bookmarks

database (CPdat) maps

ma ny d iffe re nt typeS Of CPCat: Chemical and Product Categories 7 Contact Us
. . You are here: EFA Home » Computational Toxicology Research » Chemical Use

use information and

ontologies onto each

Ot h e r | Chemical: Stearic acid

* Includes CPCPdb
(Goldsmith, et al., 2014)

|.uHome ||pSearch ”*Results HaDimionary ”aDownIoad ||.PHeIp |

CASRN: 57-11-4

. . . we /\/\/\/\/\/\/\/\/L o

with information on

~2000 products from

major retailors

| Export Use Data ‘ | Export Product Data ‘
e Largest single database Hies Risa

has coarsest

. f . | Use Information:

I n 0 rm atlo n ° ACTO R CPCat Description ¢ Source Description & ACToR Data SetiList & Source & Class of Chemical Category &

U S e D B consumer_use ACToRUseDB Consumer Use ACToR UseDB Use Categories
food_additive ACToRUseDB Food Additive ACToR UseDB Use Categories
fragrance_ACToRUseDB Fragrance ACToR UseDB Use Categories
persenal_care ACToRUseDB Personal Care Product ACToR UseDB Use Categories
drug_ACToRUseDB Pharmaceutical ACToR UseDB Use Categories
inert_ACToRUseDB Inert ACToR UseDB Use Categories .

Office of Research and Development
http://actor.epa.gov/cpcat/
Dionisio et al. (2015)



Pilot Projects to Reduce Uncertainty

<EPA

s and Expand Validation Domain
Agency

Project Pilot Project Scope

High throughput chemical property 200 chemicals

measurement (e.g., log P)

Determine the chemical constituents of 20 classes of product, 5 samples each
products, materials, articles

Determine chemical emission rate from 100 materials
specific products, materials, articles

Screening for occurrence of large numbers of 500 individuals
chemicals in blood samples

e Expands application domain of physical chemical property computational models
e Better understanding of what chemicals are associated with household products
e Better understanding of chemicals in the indoor environment

e Expands validation domain of human biomonitoring chemicals

(PN Y Office of Research and Development



SEPA Targeted vs. Non-
ng'ft.?gnigaetﬁtsal Protection Targeted SC reen i n g

Agency

e Of 106 chemicals with urine biomarkers in CDC NHANES, roughly half were below

the limit of detection (Wambaugh et al., 2014)
e Park et al. (2012) found evidence of thousands of exogenous chemicals in blood

e Differences in sensitivity
e Differences in screening method — targeted vs. non-targeted screening

kXl Office of Research and Development




SEPA Targeted vs. Non-

Eré\éirzg\r;mental Protection Targeted SC ree n i ng

* Whenwedoa
targeted analysis for a §
particular analyte, “
you typically gain
accuracy and
precision (and
quantification) but
are deliberately
focusing on only part
of the story

e Targeting eliminates
background to focus
on analyte

XYM Office of Research and Development



wEPA Targeted vs. Non-

United States

Environmental Protection Targeted Screening

 Non-targeted
approach considers
the “background”

* Need to take into
account
transformation
(e.g., metabolism)

e Need to control for |4
background (e.g.,
endogenous
chemicals)

‘‘‘‘‘

(XYM Office of Research and Development



SEPA Applying Non-Targeted

Screening

®= Ongoing ExpoCast contract
consumer product scanning and
blood sample monitoring

= EPA has developed significant in
house capabilities

e Published on analysis of house dust
from American homes — can identify
50% of the mass but only 2% of the

chemicals Rager et al., Environment “I'm searching for my keys.”
International (2016)

= EPA is coordinating a comparison of non-targeted screening workflows
used by leading academic and government groups using known chemical
mixtures (ToxCast) and standardized environmental/biological samples
(Sobus and Ulrich)

(XYM Office of Research and Development



A Suspect Screening and
vEPA :
Igr?\:'%?gnsntwaetr?tsal Protection N on-Targeted Analytlcal
Chemistry

Agency

Each peak corresponds to a
chemical with an accurate mass
and predicted formula:

C17H19NO3

947 Peaks in an American Health Homes Dust
Sample

1500+

Multiple chemicals can have the
same mass and formula:

1000+

HO

Mass

500-

HO™"

L n ) ) ) )
15 20 25 30 35 40 45 Is chemical A present,
Retention Time chemical B, both, or some
other chemical (neither)?

We are expanding our reference libraries using ToxCast chemicals to enable greater numbers
and better accuracy of confirmed chemicals

(VXYM Office of Research and Development

See Rager et al., Environment International (2016)



<EPA

Appropriate Skepticism for
Omed Staes Non-Targeted Analysis and
Agency Suspect Screening

“As chemists we are obliged to accept the assignment of barium to the
observed activity, but as nuclear chemists working very closely to the field
of physics we cannot yet bring ourselves to take such a drastic step, which
goes against all previous experience in nuclear physics. It could be,
however, that a series of strange coincidences has misled us.”

Hahn and Strassmann (1938)

(k¥ Office of Research and Development



<EPA

Appropriate Skepticism for
Omed Staes Non-Targeted Analysis and
Agency Suspect Screening

“As chemists we are obliged to accept the assignment of barium to the
observed activity, but as nuclear chemists working very closely to the field
of physics we cannot yet bring ourselves to take such a drastic step, which
goes against all previous experience in nuclear physics. It could be,
however, that a series of strange coincidences has misled us.”

Hahn and Strassmann (1938)

1944 Nobel Prize in Chemistry for “discovery of the fission of heavy nuclei"

(NI Office of Research and Development



SEPA ExpoCast Consumer Product Scan

United States
Environmental Protection

Agency
Log,,(18/8)

The chemicals
found in a cotton
shirt

 MRDE M U.5.A. |

p{ NI Office of Research and Development

Phillips et al. (in preparation)



SEPA ExpoCast Consumer Product Scan

United States
Environmental Protection

Agency
Log,,(1g/g)

4= Chemicals that are present

_‘!’;}h@; : {? RY L
REMIUE FROWPTLY |

4= Chemicals that are absent (but found in other products)

Office of Research and Development
Phillips et al. (in preparation)



SEPA ExpoCast Consumer Product Scan

United States
Environmental Protection

Agency
Log,,(18/8)

The chemicals
- found in a cotton
shirt

 MRDE M U.5.A. |

r¥X Ml Office of Research and Development

Phillips et al. (in preparation)



SEPA ExpoCast Consumer Product Scan

United States
Environmental Protection

Agency
Log,,(18/8)

The chemicals
~ found in a cotton
shirt

 MRDE M U.5.A. |

¥l Office of Research and Development

Phillips et al. (in preparation)
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United States
Environmental Protection
Agency

Log,,(1g/g)

126
Confirmed

ExpoCast Consumer Product Scan

Chemical Category
M ToxCast
M Potent ER
M Flame Retardant

i}
I
Il
Il

|
| | I BIL
(I IIIII

928
Tentative

M Chemical in = 25 Products

Product Category
[ cotton clothing

[Evinyl upholstery

— M carpet padding

' M plastic children's toy
M cereals

M fabric upholstery
[CIshampoo

[ shower curtain

M air freshener

896
Tentative
Chemical Class

CTITTCITTTIVAT TN T 1T

Office of Res&?ch and Isevel?npment_ R
Of the 1,632 chemicals, 1,445 were not present in CPCPdb

M shaving cream

M deodorant

M indoor house paint
M glass cleaners
[Hsunscreen

M baby soap

M hand soap

- @ skin Iotion

. M carpet

_ M lipstick
= [[toothpaste

Phillips et al. (in preparation)



<EPA Product Scan Summary

United States
Environmental Protection
Agency

Carpet
Carpet Padding
Fabric Upholstery

Articles Shower Curtain
Vinyl Upholstery
Plastic Children's Toy

Cotton Clothing

Lipstick
Toothpaste
Sunscreen

M |dentified from SSA
M Found on Chemical List

Indoor House Paint
Hand Soap
- Skin Lotion
Formulations .
Shaving Cream
Baby Soap
Deodorant
Shampoo
Glass Cleaner

Air Freshener

Cereal

i

I
300 200
Unique Chemicals

yENJI I Office of Research and Development

T
.L:_|T:.
—1]

T
;

logiolug/g)

Phillips et al. (in preparation)
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United States
Environmental Protection
Agency

Predicting Chemical Function

Using the methods of Phillips et al., Green Chemistry (2017):

| EE E H E B B EEEEEEN Vinyl Uphoistery | il i
o B HEE HEEEN shower Curtain K i
HEEE EEE BEE EEE EEEEENriastic children's Toy| [N i )
HE B EEE B EEEN FabricUpholstery | | | i Articles
- | HEE BHENE N BN EEEE B EEN Cotton Clothing
[ | [ | . | HEE Carpet Padding : !
80 - [ | [ | | H HEER Carpet 1 i
©
2 [ | E B B P Toothpaste 1 ! !
€60 - HE EEEER Sunscreen ] : :
£ 7 B BEEEE  skintotion || | !
o [ | H BEEEEE Sshaving Cream | i i
©40 - [ ] . . = [ | =l.==l=. Shampoo - 1! :
2 Lipstick 1 I .
550 | H N HEEEEE HBEE Indoor House Paint | ] i i Formulations
u | [ | EEEEEEE  Hand Soap ] ! ,
[ | Al EEEEEN Glass Cleaner I |
1 HR EEEEER Deodorant r | !
[ | ANREREEN Baby Soap i i
[ | HE B N§ EEEER Air Freshener I
O [ | [ | A H ER EER HEEEN Cereal ol R ! Foods
>0 620 ELlEvooR Y5 0EsERECUGEEEEEGEESY 0 100 200
-E-Ch:n““’:gﬁﬂ.ﬁﬂ.ﬁ'i-a“E“CMZ"U-!_EECDmm.gunmmog . .
>%ac et SEE9E® §E5USSEIETSD 5652 52526 Unique Chemicals
380 . J2u BBl cgE 5ol V0 kg ey (ﬂ.ﬂmEU'm
EETEt SUhZnEYs=oenVESmf e 55 9205 s B Unconfirmed ID from SSA
w 9 L‘Izuoc';uu ooc :Gn_ g e SE S .
oa gg:gg;g 9 § £ S'a Found in FUse _
bg sTIga & 25 = e s Novel Predicted Function
-] o I3 0 — £
T 0o E o £
s * g ®
>

Chemical Function

Office of Research and Development

Phillips et al. (in preparation)



<EPA Caveats to Non-Targeted

United States .
Environmental Protection

Screening

* Chemical presence in an object does not mean that exposure occurs

e Only some chemical identities are confirmed, most are tentative
e Can use formulation predictor models as additional evidence

* Chemical presence in an object does not necessarily mean that it is bioavailable
e Can build emission models

* Small range for quantitation leads to underestimation of concentration

* Product de-formulation caveats:

e Samples are being homogenized (e.g., grinding) and are extracted with a
solvent (dichloro methane, DCM)

e Only using one solvent (DCM, polar) and one method GCxGC-TOF-MS
* Varying exposure intimacy, from carpet padding to shampoo to cereal

e Exposure alone is not risk, need hazard data

YA Office of Research and Development



<EPA High Throughput Risk

United States
Environmental Protection

Prioritization in Practice

ToxCast-derived
Receptor Bioactivity
Converted to
mg/kg/day with HTTK

ExpoCast
Exposure
Predictions
Near Field
Far Field
ToxCast Chemicals

Prioritization as in Wetmore et al. December, 2014 Panel:

(2015) Bioactivity, Dosimetry, and “Scientific Issues Associated with Integrated Endocrine Bioactivity and

Exposure Paper Exposure-Based Prioritization and Screening”

DOCKET NUMBER:

Office of Research and Development EPA—HQ—OPP—2014—0614



wEPA Conclusion

United States
Environmental Protection
Agency

We would like to know more about the potential risk posed by thousands of chemicals in the
environment — which are most worthy of further study?

= Using high throughput exposure approaches we can make coarse predictions of exposure
= We are actively refining and better validating these predictions with new models and data

= |n some cases, upper confidence limit on current predictions is already many times lower
than predicted hazard

=  Monitoring is tricky, and there are trade offs between the precision of targeted monitoring for
specific chemicals and non-targeted screening for all exogenous chemicals

= Expanded monitoring data (exposure surveillance) allows evaluation of model predictions
= Are chemicals missing that we predicted would be there?
= Are there unexpected chemicals?

The views expressed in this presentation are those of the

author and do not necessarily reflect the views or policies of
LN Office of Research and Development the U.S. EPA



‘ .
SEPA Measurement and Prediction of

R et Chemicals in Consumer Products”’
Society of Toxicology Annual Meeting

 What is the potential for new rapid forensic measurement techniques for characterizing
substances in consumer products (formulations, articles, building materials, food contact
materials)?

e How can modeling approaches that consider chemical structure and/or chemical use information
add value to rapid forensic measurement data?

* How should consumer product chemicals be categorized in terms of their use or properties for
informing read-across in terms of exposure pathways and sources?

* What efforts exist or are being initiated to manage, inventory, or quantify chemicals used in
products from manufacturing source through supply chain to finished product?

 How can consumer product chemical inventories (both ingredients and contaminants) inform
aggregate or cumulative exposure-based risk assessments?

e Ultimately, how can improved exposure estimates for chemicals in consumer products be
integrated with different types of toxicological information to support frameworks for risk-based
chemical evaluation and decision-making?

NI Office of Research and Development



‘ .
SEPA Measurement and Prediction of

R et Chemicals in Consumer Products”’
Society of Toxicology Annual Meeting

Panel discussion at the end of the session (Noon —12:15 pm)
 Deborah Bennett, University of California, Davis,
e Cian O’Mahony, Creme Global
e Kristin Isaacs, US EPA

* Treye Thomas, US Consumer Product Safety
Commission

e John Wambaugh, US EPA

CYNRYIN Office of Research and Development
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Demos by Our Scientists Meet the Directors Sessions

e EPA Lab, Center and Office Directors
e |nformal- 1 Hour Sessions

ECOTOX

SegAPASS

HTTK Package

CPDat

AOP WiKki

CompTox Chemistry Dashboard

ToxCast Dashboard and Data
Downloads

GenRA epa.gov/research/2017-sot

For full list of events and materials
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