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S EPA Scale of the Problem

United States
Environmental Protection
Agency

e Parketal. (2012): At least 3221 chemicals in humans, many appear to be exogenous

Endocrine Disruptor Screening Program Number of EDélz)ll_:; ?
(EDSP) Chemical List Compounds 107
Conventional Active Ingredients 838 — . Chemicals
Antimicrobial Active Ingredients 324 Chemical /

. . o . . Universe
Biological Pesticide Active Ingredients 287 10,000 d

Non Food Use Inert Ingredients 2,211 chemicals
. (FIFRA & )
Food Use Inert Ingredients 1,536 SDWA) \
Fragrances used as Inert Ingredients 1,529 —
Safe Drinking Water Act Chemicals 3,616 ED(SZF;(')-:)" 1
TOTAL 10,341 67
Chemicals

So far 67 chemicals have completed testing and an
additional 107 are being tested



S EPA Scale of the Problem

United States
Environmental Protection
Agenc

June 2017: 67,709 Chemicals on
the TSCA Inventory

Rlsk-Based

TSCA section 6(b)(1)(A):
* Exposure potential of the
chemical substance




HT Exposure in the RED (“ExpoCast”) Project
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HT Exposure in the RED (“ExpoCast”) Project
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United States
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mg/kg BW/day
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vitro with
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Toxicokinetics

Potential
Toxicokinetics Exposure EXpOSU re

Risk Risk

Lower Medium Higher

Risk



ER Oral Equivalent Dose /

\eIEPA High-Throughput R|s.k Prioritization in
United States Pra Ctlce

Environmental Protection
Agency

® } ToxCast-derived
i Receptor Bioactivity
'
I 'ITITTTITTT-TTT’TTTTTT’ | Converted to
s |t I mg/kg/day with

TIT“T'hIHT'IT

| A
“U““ TINENLRET |l|||'||ln||||||||||||n||||||u}Expocast

HTTK

Exposure
Predictions

Predicted Exposure

Near Field
Far Field

ToxCast Chemicals

ExpoCast methods were reviewed by a December, 2014 FIFRA SAP
“Scientific Issues Associated with Integrated Endocrine Bioactivity and Exposure-
Based Prioritization and Screening”

 Prioritization as in Wetmore et al. (2015)



o EPA Forecasting Exposure is a Systems Problem

United States
Environmental Protection

Agency
Consumer Other Industry
USE Products and
and Durable Goods Environmental
RELEASE Release

Direct Use Residential Use

(e.g., surface cleaner) (e.g. flqoring) Occupation
Use

MEDIA Indoor Air, Dust, Surfaces

Food | Drinking |E Outdoor Air, Soil, Surface |

Water and Ground Water

EXPOSURE N .r-FieId N ar?FieId Oc

gtional pietary
(MEDIA + RECEPTOR) rect Indirect

Ecological

Ecological
Flora and Fauna

RECEPTOR



Forecasting Exposure is a Systems Problem
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Agency

USE PCOd"SUtme"d Other Industry

roaucts an —
and Durable Goods ~oo . Environmental
RELEASE R Release

Direct Use Residential Use

(e.g., surface cleaner) (e.g. flqoring) Occupation
Use

R . Waste \
- 1
~ éf<//NT\\\\“\~\\A
Food | ° Drinking |$ i Outdoor Air, Soil, Surface |
/

MEDIA Indoor Air, Dust, Surfaces ~<
' and Ground Water

EXPOSURE Near-Field Near-Field

: : Ecological
(MEDIA + RECEPTOR) rect Indirect

Ecological
Flora and Fauna

RECEPTOR

MONITORING 5 Sampli
DATA

g \2
E
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Provides critical
exposure pathway
information

USE
and
RELEASE

Direct Use
(e.g., surface cleaner)

MEDIA

EXPOSURE

(MEDIA + RECEPTOR)

RECEPTOR

MONITORING
DATA

Forecasting Exposure is a Systems Problem

Environmental
Release

Pcodnsimerd Other Industry
roaucts an <
Durable Goods S~ . v

Residential Use

(e.g- figoring)  occupation . Waste
Use c— VU — N
]
Indoor Air, Dust, Surfaces ~o )

r-Field Near-Field Oc

Outdoor Air, Soil, Surface
and Ground Water

DHang
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Forecasting Exposure is a Systems Problem
wEPA
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Data and Forward
Models (Pathway-

Specific)
USE PCOd"SUtme"d Other Industry
roaucts an —
and Durable Goods ~oo . Environmental
RELEASE - release

Direct Use Residential Use )
hNY Waste \
1

(e.g., surface cleaner) (e.g. flqoring) Occupation
Use

\
MEDIA Indoor Air, Dust, Surfaces S~ Food 1> Drinking Outdoor Air, Soil, Surface
' ~q ‘\Water |77 and Ground Water
S / I 4 >—
- o > \ Vi
EXPOSURE r-Field  Near-Field o0 ’ ‘ \ E : .
(MEDIA + RECEPTOR) ect Indirect /’ d Ecological

Ecological
Flora and Fauna

g v
E

RECEPTOR

MONITORING 5 Sampli
DATA

Evaluation
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United States

Number of Chemicals

Some Data Critical to Exposure
Estimation Are Limited

Environmental Protection

Agency

14,000

12,000

10,000

8,000

6,000

4,000

2,000

Data Category

Egeghy et al. (2012)

Use data for chemicals being
tested via high throughput
screening at EPA

# Chemicals

ToxCast Tox21

[[] Some use information available
[ No use information



The Chemicals and Products Database (CPDat)

<EPA

United States )
E\nwro nmental Protection Retail product category based
gency categorization of chemical use

Contents lists available at ScienceDirect

Broad index of chemical use

Food and Chemical Toxicology

% fooaana
Chamicat
Toxicalogy

oy AT Cantents ists avalable a1 ScienceDimct K- g
i ELSEVIER journal hemepage: www.elsevier.com/locate/foodchemtox

Toxicology Reports

Journal homepage: www.slsavier.comilacata/tonrep

Development of a consumer product ingredient database for chemical @ —
CPCPdb exposure screening and prioritization

M.-R. Goldsmith **, C.M. Grulke?, R.D. Brooks ", T.R. Transue®, Y.M. Tan?, A. Frame **, P.P. Egeghy *,
R. Edwards“, D.T. Chang?, R. Tornero-Velez?, K. Isaacs?, A. Wang **, J. Johnson *, K. Holm?, M. Reich',
J. Mitchell %, D.A. Vallero®, L. Phillips *, M. Phillips“, J.F. Wambaugh*, R.S. Judson®,
T.J. Buckley®, C.C. Dary*

Exploring consumer exposure pathways and patterns of use ®( -
for chemicals in the environment
Kathie L Dionisio®, Alicia M. Frame ™', Michacl-Rock Goldsmith 2,

Juhn F. Wambaugh®, Alan Liddell**, Tommy Cathey, Doris Smith ",
James Vail®, Alexi 5. Ernstoffe, Peter Fantke®, Olivier Jolliet!,

Categorization by functional use

Green Chemistry

@W“* High-throughput screening of chemicals as
ommiine . functional substitutes using structure-based
1063 7 classification modelst

Katherine A Phillips,*** John F. Wambaugh,® Cheistopher M. Grulke,”
Kathie L Dionisio® and Kristin K. saacs®

Chemical composition of

consumer products
New product Targeted and non-targeted

composition Measured measurement of chemicals in
by o data consumer products

nca& EE “ "qu % Cite This: Environ. Sci. Technol. 2018, 52, 3125-3135 pubsacs.arg/est

Suspect Screening Analysis of Chemicals in Consumer Products

Katherine A. Phi]lipsrf Alice Yau,¢ Kristin A. Favela,” Kristin K. Isaacs,’ Andrew Mc.Eachran,’\)‘"
Christopher Gl'l.llke,I Ann M. R.ichard,” Antony . Wi]liams,” Jon R. Sobus,’ Russell S. ThomasJ”
and John F. Wambaugh*’"

Journal of Exposure Science and Enviranmental Epidemiclogy (2017 00, 1=7
© 3017 Nature America, Inc. part of Springer Nature. Al rights reserved 1358-0631/17

www.nature.com/jes

ORIGINAL ARTICLE
Consumer product chemical weight fractions from
ingredient lists

Kristin K. |saacs', Katherine A. Phillips’, Derya Biryol ', Kathie L. Dionisio’ and Paul 5. Price’



Chemicals and Product Use Categories (PUCs) in CPDat
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CPDat

ot :
Arts and Crafts / Ofﬁce paint and stain and related products |

Personal Care

/ Number of \

PUCLevel Unique Chemicals

I 200
Level 1 ——

Level 2 ---- 150
Level 3 none 100

\

50

ar

general househoid cleaning [~
{pool cnemicais ERIR |
) Landscape/ Yard
- ) v

T . = Vehicle

general arts and crafts supplies |17

4

5

Pesticides

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

Home Maintenance



Predictive Models for Functional Use
wEPA
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Agency

Chemical Structure and Chemical Function Information

Property Descriptors FUSE

additive. additive_for_liquid_system t
0.6
04 o= add.l tlv'e additive | anti- anti- antistatic
additi for liquid
02 for rubb t | icrob oxidal agen:
stel |
oo buffer catalyst crosslinker

06 1
04
.JI cataly‘ chelatli I| colorant Il crosslmHI emolhi emulsifier
02
0.0

emulsion_stabilizer

i Toam Prediction of
AT i boosti foamer fragral .
o« | Sl = I JQ Potential
Z: hair condi- hair d heat AreeEh lubricating maskmg Tt FunCtIOI'lS for
024 tione stabili agen M
Unclassified

EEM ™ e
organic I g s I I Rhotos | plasticizer
pigme initiat:

duuhqy_modlbi

06+
04 pre- d rheology skin condi- skin soluble
02] vati recucel modifi tione protect: dye
00

uv

viscasity_controlling_agent

06+

EPI-Suite™ JMJ

Machine-Learning Based
Classification Models

viscosity wetting

agen

whitener

Phillips et al., Green Chemistry., 2017, 19, 1063.
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 SHEDS-HT predicts aggregate
population-based human exposures
to thousands of commercial
chemicals in consumer products,
consumer articles, and foods via
inhalation, dermal, ingestion, and
dietary pathways in a high-
throughput manner

» Design Purpose: development of HT
near-field exposure predictions for
use in chemical prioritization

(SHEDS-HT)

£ Rstudio
File Edit Code View Plots Session Project Build Tools Help
9-l2-1 8

(#] ShedsLite.R

[ [#]source on Save

(7 RunScenarios.R » | (ReadDataR » (]SummarizeR » (] Distributions.R ] PLot_ddd.R

‘1:"‘/.

71 getscenpatalrunName)

72 <<- size

73 -0

74 5

75 )

76 dietPools()

77 expFactorTables()

78 readchemProps ()

79 master.chem <- data.table(count(chem.props,"Casnew"))
80 master.chemSCAS <- as.character (master. chem$CAs)

81 master.chem$CASnew <- as.character(master.chemSCAsnew)
82 all.scenarios <- readscenarios()

83 all.scenarios <<- all.scenarios

84 chem. scen <- count(all.scenarios,c("CAsnew", "scenario”, "category”))
85 chem.table <- as.data.table(chem.scen)

86 names (chem. scen) [4] <- "count"”

7 nscen <- count(chem.scen, "casnew’)

88 set. seed(specsirunseed)

89 sets <- ceiling(size/specsisetrsize)

90~ for (loop in l:sets) {

a1~ if (loop<sets) { specsinLoop <<- specsisetsize

92 T else specsinLoop <<- size-specsiset5ize”(loop-1)
93 selectPeople(n=specssnLoop)

94 addMedia(n=specsinLoop)

a5 evalExpFactors(n=specsinLoop)

96 if (loop==1) { base <<- pdmf

a7 I else base <<- rbind(base,pdmf)

11 (Top Level)

Console

S — e Sy
1705 76-22-2 5Scen 6 DIRDERM categ= PERSONAL CARE; FACE CREAM O
1705 76-22-2 scen 7 DIRDERM categ= PERSONAL CARE; FACE MAKEUP O
1705 76-22-2 5Scen 8§ DIRDERM categ= PERSONAL CARE; LINIMENT O
1705 76-22-2 scen 9 DIRDERM categ= PERSONAL CARE; LIPS O

1705 76-22-2 5Scen 10 DIRDERM categ= PERSONAL CARE; NAIL POLISH O
1705 76-22-2 scen 11 DIRDER
1705 76-22-2 Scen 12 DIRING
1705 76-22-2 scen 13 DIRINH
1705 76-22-2 5Scen 14 DIRINH
1705 76-22-2 scen 15 DIRINH
1705 76-22-2 5Scen 16 DIRINH
1705 76-22-2 scen 17 DIRINH
1705 76-22-2 5Scen 18 DIRINH
1705 76-22-2 scen 19 DIRINH
1705 76-22-2 5Scen 20 DIRINH
1705 76-22-2 scen 21 DIRINH
1705 76-22-2 5Scen 22 DIRINH
1705 76-22-2 scen 23 DIRINH
1705 76-22-2 5Scen 24 INDIRE
1705 76-22-2 scen 25 INDIRE
1706 76-60-8 Scen 1 DIRDERM
1706 76-60-8 Scen 2 DIRINHV
1707 7601-54-9 5cen 1 DIRDE
1707 7601-54-9 scen 2 DIRDE
1707 7601-54-9 5cen 3 DIRDE
1707 7601-54-9 scen 4 DIRDE

5
[

1e+03-

Intake Dose (mag/kg/day)

1707 7601-54-9 5cen 5 DIRDE
1707 7601-54-9 scen 6 DIRIN

° 500 1000 1500
Chemical

] ShedsLite.R

High-Throughput Stochastic Human Exposure Model

=#Run | % | #Source -

m

R Seript

@

* 5th %ile
50th %ile
95th %ile
G99th %ile

* Mean




SHEDS-HT Exposure Scenarios
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United States

PUSSIESY: jist

Environmental Protection
Agency \ /
[
- S Dletary
Incidental Ingestlon
Direct Direct /
Ingestion of Inhalation of «
= Product Vapor from _
Product |
/ i
[
\\\ I 1
! Direct [
Direct Dermal 5 Inhalatlon
Application > g8 of Aerosol_—"

From

Of Product
/ / \ Product
Indirect

Indirect Exposure to
Exposure to Constant

—> Bolus Applied Emission of
Product Chemical

| 7"/ Down the Drain .\\

Release of Chemical



R Package ‘ShedsHT”
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Package ‘ShedsHT’

September 9, 2016
Title To run the SHEDS-HT screening model for estimating human exposun: to

chemicals. « R Package with help

Version 0.1.1

Author Kristin saacs [, cre] documentation and User’s Guide
Maintainer Kristin lsascs <isaacs _kristin@epa.gove

Description The ShedsHT R package runs the Stochastic Human Exposure and Dose o Cu rre nt mOdeI release

Simulation-High Throughpat screning model which estmates human ex posune to a
wide range of chemicals. The people in SHEDS-HT are simulated individuals who

collectively form a representative sample of the target population, as chosen by L4 Defau It In p ut fl IeS (e . g . pop u |at| On ,
the user. The model is cross-sectional, with just one simulated day (24 hours) . . .
for cach simulated person, although the selecied day is not necessarily the same fOOd dlarles CP Dat data N Correct
from one person to another. SHEDS-HT is stochastic, which means that many inputs !
are samipled randomly from user-specified distibutions that are inended o fo rm)
captur: variability. In the SHEDS series of models, vanabality and uncertainty
are typically handled by a two-stage Monte Carlo process, but SHEDS-HT currently . . .
has a single stage and does not directly estimate uncertainty. ° Example run'SpeC|f|C |nput flles
License MIT
Encoding UTE-3 e Training materials
LaryData trus

RoxygenNote 5.0.1

Imports datatable, geplot2, stringr, plyr
Sugpests knitr, markdown
VignetteBuilder knitr

https://github.com/HumanExposure/SHEDSHTRPackage
18



Other Pathway-Specific Exposure
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Agency

Have developed HT models for
exposure to chemicals in food
contact materials

Are currently exploring approaches
for occupational pathways

Ecological receptors are also of
interest; ORD is implementing or
developing models for water and
biota concentrations associated
with down-the-drain consumer and
iIndustrial releases

Models

Contents lists available at ScienceDirect

r» ] Environment International
2 -i%-l}_g

journal homepage: www.alsevier.com/locate/envint

High-throughput dietary exposure predictions for chemical migrants from
food contact substances for use in chemical prioritization

Derya Biryol™", Chantel L. Nicolas™', John Wambaugh®, Katherine Phillips", Kristin Isaacs™

m

o

R Science of The Total Environment
AR Volumes 605-606, 15 December 2017, Pages 471-481

Developing and applying metamodels of high resolution
process-based simulations for high throughput exposure
assessment of organic chemicals in riverine ecosystems

M. Craig Barber 2 2 & Kristin K. Isaacs P&, Caroline Tebes-Stevens 2 &

19



Consensus Exposure Forecasts
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Incorporate data
from many models;
those that perform
best are weighted
more heavily in
forecasts




Consensus Exposure Forecasts

<EPA

United States
Environmental Protection

Agency
| “orso NVGME acnm ~
Incorporate data &8N
from many models; AN
those that perform
| 1OFCL

best are weighted
more heavily in
forecasts

Calibrate
models

Estimate
Uncertainty l

Systematic Empirical Evaluation
of Models (SEEM) framework /E‘
(Wambaugh et al., 2013, 2014) G

Inference

| |
RAIDAR-I C E ee Model 1 - Joint Regression on Models
USEtox® T A
SH EDS'HT Evaluate Model Performance
and Refine Models

Inferred Exposure




\elEPA Collaboration on ngl:l T.hroughput
United States Exposure Predictions

Environmental Protection
Agency

Jon Arnot, Deborah H. Bennett, Peter P. Egeghy, Peter Fantke, Lei Huang, Kristin K. Isaacs, Olivier Jolliet, Hyeong-
Moo Shin, Katherine A. Phillips, Caroline Ring, R. Woodrow Setzer, John F. Wambaugh, Johnny Westgate

Predictor Chemicals Pathways
Predicted
EPA Inventory Update Reporting and Chemical Data 7856 All
Reporting (CDR) (2015)
Stockholm Convention of Banned Persistent Organic 248 Far-Field Industrial and
Pollutants (2017) Pesticide
EPA Pesticide Reregistration Eligibility Documents 239 Far-Field Pesticide
(REDs) Exposure Assessments (Through 2015)
FDA Cumulative Estimated Daily Intake (CEDI) 748 Dietary
MICHIGAN Food Contact Substance Migration Model (2017) 940 Dietary
UC DAV'S United Nations Environment Program and Society for 8167 Far-Field Industrial

univirsity oF catirorsia | ENvironmental Toxicology and Chemistry toxicity model

'Q‘ TEXAS (USETox) Industrial Scenario (2.0)

ARLIRGTON USETox Pesticide Scenario (2.0) 8167 Far-Field Pesticide
DTU ?:12::‘:1::5 Risk Assessment IDentification And Ranking (RAIDAR) 7511 Far-Field Industrial and
<= Universitet Far-Field (2.02) Pesticide
S ST EPA Stochastic Human Exposure Dose Simulator High 1119 Residential
g’ ° ,% Throughput (SHEDS-HT) Near-Field Direct (2017)
] Mog SHEDS-HT Near-field Indirect (2017) 645 Residential
ot pot Fugacity-based INdoor Exposure (FINE) (2017) 1221 Residential
RAIDAR-ICE Near-Field (0.803) 615 Residential
USEtox Residential Scenario (2.0) 8167 Residential

USEtox Dietary Scenario (2.0) 8167 Dietary
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SEPA  Exposure Datain the CompTox Chemistry Dashboard
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https://comptox.epa.gov/dashboard

Chemistry Dashboard oy v [P

Chemistry Dashboard Submit Comment

Methylparaben

-
g M o 99-76-3 | DTXSID4022529
T

Py @ Searched by Synonym frem Valid Source: Found 1 result for METHYL PARABEN'.
%41 ppote®

&

Q W B - Q-

Wikipedia

Chemistry Dashboar

Wethylparaben, also methyl paraben, one of the parabens, is a preservative with the chemical formula CH3(CBH4(OH)COO). It is the methyl ester of p-

H3C hydroxybenzoic acid. ...Read more
EBaarch a chemi b atamatie - A A 0 Intrinsic Properties
HO Structural Identifiers
Singin companent search L 1gnare isoto
0 Linked Substances

$e0 what people 08 £3ying, rAad ihe dastibosd co

Presence in Lists
Need more? Use

Record Information

758 Thousand Chemicals Quality Control Notes

Executive Summary (Beta) | Chemical Properties | Env. Fale/Transport | Hazad | ADME (Beta) = Exposure | Bioassays  Similar Compounds | Relaled Substances | Synonyms | Literalure | Links |~ Comments

Product & Use Categories

Lﬂtes{ NQW'S Download as: | TSV | Excel
| ) Chemical Weight Fraction
| SmaACToR b 1 286th highest exposure €
Ghemical Functional Use © Exposure Predictions (mg/ka-owi
——— Median 95th Percentile
Ages 6-11 1.88¢-05 2.00e-03
ExpussalEe Ages 1219 1.79¢-05 5.89e-04
Production Volume Ages 20-65 185805 111803
Ages 65+ 135805 1.250-03
BMI > 30 1.46¢-05 1.30e-03
BMI < 30 20505 1.63¢-03
Repro. Age Females  3.296-05 2.08e-03
Females 237805 1.442-03

Males 1.55e-05 1.14e-03



Improving Exposure Pathway Characterization and
9 .
vEPA Model Evaluation: Non-Targeted Analyses of

United States

ooy mental Protection Monitoring Data

e We know exactly what we’re looking for
e 10s —100s of chemicals
Non-Targeted Analysis (NTA):

 We have no preconceived lists Z
e 1,000s —10,000s of chemical

Targeted Analysis:

5
T

"

= H

-

% ———

};

Ongoing consumer product scanning and
blood sample monitoring

Development of significant in-house
capabilities

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

Goal is to develop tools, databases, and workflows for rapid analysis of any
sample for chemicals of interest, i.e. exposure forensics



Chemical Safety for Sustainability (CSS) Research Program CO" 3 borators

wEPA

United States Jon Arnot
Environmental Protection
Agency

Anne Louise Sumner

Anne Gregg

Rapid Exposure and Dosimetry (RED) Project

Rocky Goldsmith

Chris Grulke Yirui Liang™ Craig Barber Paul Price Mike Devito
Greg Honda* Xiaoyu Liu Namdi Brandon™ Jeanette Reyes* Steve Ferguson
Richard Judson Peter Egeghy Jon Sobus e Ses
Andrew McEachran* Jarod Grossman* John Streicher*
Robert Pearce* Linda Adams  Hongtai Huang*  Mark Strynar sleto Bosera
Ann Richard Christopher Brandall Ingle* Mike Tornero-Velez Timothy Fennell
Risa Sayre* Ecklund Kristin Isaacs Elin Ulrich orvey el
Woody Setzer Marina Evans Sarah Laughlin- Dan Vallero Chantel Nicolas
Rusty Thomas Mike Hughes  Toth* Barbara Wetmore .
John Wambaugh  Jane Ellen Seth Newton

“11; i 1 illi Alice Yau
Antony Williams Simmons Katherine Phillips Kristin Favela
Human Exposure Model Project Lesa Aylward

i * L . .
Cody Addlngton Dave Lyons » Lead CSS Matrix Interfaces: Caroline Ring
Namdi Brandon* Katherine Phillips
Nicholas Coco* Paul Price ﬁiﬂﬁiﬁi
Kathie Dionisio Steve Prince

Peter Egeghy Dan Vallero Olivier Jolliet
Kristin Isaacs

Alex Tropsha

The views expressed in this presentation are those of the author
and do not necessarily reflect the views or policies of the U.S. EPA

*Trainees
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