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The Chemicals and Products Database

<EPA
(CPDat)

United States
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Agency

* Comprised of chemical use and consumer product composition data from

a variety of public sources; includes measured, modeled, and reported
data

* Organized around a set of consumer product use categories (PUCs)
optimized for exposure modeling

e Sustainable way to organize, update, and disseminate these data

TP STq 7

g °
b
s
8 M
%
a %4, PRO“‘O

Chemlcal and Products Database

O .
¥ agenct

CompTox Dashboard



What is CPDat?

CPCPdb

Ingredient
Lists

Functional
Use Data

Measured
Data

https://comptox.epa.gov/dashboard

EPA

United States
Environmental Protection
Agency


https://comptox.epa.gov/dashboard

What is CPDat?

General use
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Contents lists available at ScienceDirect
Toxicology Reports

FELSEVIER journal homepage: www.alsevier.com/locate/toxrep

Exploring consumer exposure pathways and patterns of use
for chemicals in the environment

Kathie L. Dionisio?, Alicia M. Frame "', Michael-Rock Goldsmith®?,
John F. Wambaugh", Alan Liddell*-*, Tommy Cathey?, Doris Smith",
James Vail®, Alexi S. Ernstoff¢, Peter Fantke®, Olivier Jolliet’,
Richard S. Judson"-*

* LS. Environmental Protection Agency, National Exposure Research Laboretory, 109 TW. Alexander Drive, MC E205-02,
Research Triangle Park, NC 27700, USA
b 118, Environmental Protection Agency, National Center for Computational Taxicolagy, MC B205-01, Research Triangle Park,
NC 27709, UsA

© North Caroding Srate University, Department of Mathematics, Box 8205, Raleigh, NC 27695-8205, LISA
4 Lackheed Martin, Resmlcn Triangle Park, NC, USA

¥ (uanritative Sustai of gl 1z, Technical University of Denmark,
Produkrionstorvet 424, 2800 Kgs. Lynghy, Denmark
! Department of Environmental Health Sciences, School of Public Health, University of Michigan, 1415 Washington Heights,
Ann Arbor, MI 48109, USA

= Presence on other chemical lists

= Therapeutic use
= Consumer product-based use
= Industrial process use

index terms

= Broad categorization of chemical use

= Curated to a large number of relevant

vEPA
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; } =
Contents lists available at ScienceDirect e
Tasicology

Food and Chemical Toxicology

journal hemepage: www.elsevier.com/flocate/foodchemtox

Development of a consumer product ingredient database for chemical @C,U%Ma,k
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 **, ]. Johnson?, K. Holm?, M. Reich’,
J. Mitchell 5, D.A. Vallero =, L. Phillips ®, M. Phillips ®, J.F. Wambaugh “, R.S. Judson #,

T.). Buckley®, C.C. Dary®

*United States Environmental Protection Agency (U5 EPA). Office of Research and Development, RTF, NC 27711, United States
YSnudent Services Contractor at US, EPA, RTP, NC, United States

 Lockheed-Martin Information Technology, KTP, NC 27711, United Stotes

d jarth Caroling State Universiry, 2200 Hillshorough St, kaleigh, NC 27695, United States

= 0ok Ridge Institute for Science and Educarion Fellow, United States

fUniversity of North Caroling at Chapel Hill, Chapel Hill, NC 27514, United States

 Biosystems ond Agricwltunal Engineering Michigan State University, E. Lonsing, M 48524, United States

= MSDS-based composition information
for consumer product formulations

= Includes range of reported weight
fraction

= Provides quantitative input to
consumer exposure models
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Journal of Exposure Science and Environmental Epidemiology (2017) 00, 1-7
© 2017 Nature America, Inc, part of Springer Nature. All rights reserved 1559-0631/17

(o)
\ Y 4

EPA

United States
Environmental Protection
Agency

www.nature.com/jes

ORIGINAL ARTICLE
Consumer product chemical weight fractions from
ingredient lists

Kristin K. Isaacs', Katherine A, Phillips’, Derya Biryol'?, Kathie L. Dionisio’ and Paul S, Price’

Assessing human exposures to chemicals in consumer products requires compaosition information. However, comprehensive
composition data for products in commerce are not generally available. Many consumer products have reported ingredient lists
that are constructed using specific guidelines. A probabilistic model was developed to estimate quantitative weight fraction (WF)
values that are consistent with the rank of an ingredient in the list, the number of reported ingredients, and labeling rules. The
model provides the mean, median, and 95% upper and lower confidence limit WFs for ingredients of any rank in lists of any length.
WFs predicted by the model compared favorably with those reported on Material Safety Data Sheets. Predictions for chemicals
known to provide specific functions in products were also found to reasonably agree with reported WFs. The model was applied to
a selection of publicly available ingredient lists, thereby estimating WFs for 1293 unique ingredients in 1123 products in 81 product
categories. Predicted WFs, although less precise than reported values, can be estimated for large numbers of product—chemical
combinations and thus provide a useful source of data for high-throughput or screening-level exposure assessments.

Journal of Exposure Science and Environmental Epidemiology advance online publication, 8 November 2017; doi:10.1038/jes.2017.29

Keywords: consumer products; consumer exposures; ExpoCast; ingredients

Chemical composition of
consumer products from
ingredient lists

= Reported ingredients

= Predicted weight fractions
based on structured reporting
rules
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'B"EE& au “ “q“ & Cite This: Environ, Sci. Technal. 2018, 52, 3125-3135 pubs.acs.org/est

Suspect Screening Analysis of Chemicals in Consumer Products

Katherine A Phillipsr': Alice ‘1’:1u,:E Kristin A. Favela,” Kristin K. Isaacs,’ Andrew McEachmn.ﬁ'"
Christopher Grulke," Ann M. Richard," Antony J. Williams,' Jon R. Sobus,” Russell S. Thomas,"
and John F. \f‘\-’ambaugh*'”

"Mational Exposure Research Laboratory, Office of Research and Development, U.S. Environmental Protection Agency, 109 T. W.
Alexander Drive, Research Triangle Park, North Carolina 27711, United States

*Southwest Research Institute, San Antonio, Texas 78238, United States
f0ak Ridge Institute for Science and Education (ORISE), Oak Ridge, Tennessee 37830, United States

"National Center for Computational Toxicology, Office of Research and Development, U.S. Environmental Protection Agency, 109
T. W. Alexander Drive, Research Triangle Park, North Carolina 27711, United States

* Targeted and non-targeted

measurement of chemicals in consumer
products

= Measured weight fractions

= Confirmed presence

= Tentative identification

United States
Environmental Protection
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Contents lists available at ScienceDirect

Reported categories Toxicology Reports
Chemicals in I I| \|‘.\ H'|\'. journal homepage: www.elsevier.com/locate/toxrep
prOd u CtS Characterization and prediction of chemical functions and weight @ s
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Ingredient
Lists

PDat

L] od
Chemical and Products Database

Measured
Data

Functional

|dentification in Use Data

product samples

Chemical
role in
products

fractions in consumer products

Kristin K. Isaacs**, Michael-Rock Goldsmith "', Peter Egeghy ¢, Katherine Phillips®,
Raina Brooks?, Tao Hong®, John F. Wambaugh'

Green Chemistry

PAPER Ml oty

@gm_u_.u High-throughput screening of chemicals as
functional substitutes using structure-based

Cie this: Green Chem, 2017, 19, e -

1063 classification modelst

Katherine A. Phillips,**< John F. Wambaugh.” Christopher M, Grulke,®
Kathie L Dionisio® and Kristin K. lsaacs®

 Categorization by functional use
= Reported functional use
* Harmonized functional use
" Function Predictions
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Broad categorization of chemical use

Comprehensive hierarchical categorization
of chemical usage by consumer product

type
Functional use of chemicals

Quantitative chemical composition for
consumer products
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Product Categories in CPDat
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Predictive Models for Chemical Function

Chemical Structure and
Property Descriptors
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Phillips et al., 2017



CPDat Data in the Dashboard

DETAILS

EXECUTIVE SUMMARY
PROPERTIES
ENV. FATE/TRANSPORT
HAZARD

b SAFETY

» ADME

» EXPOSURE

» BIOACTIVITY
SIMILAR COMPOUNDS
GENRA (BETA)
RELATED SUBSTANCES
SYNONYMS

» LITERATURE

LINKS

T

Methylparaben
99-76-3 | DTXSID4022529

Searched by Synonym from Valid Source.

HO

H3C

EPA

United States
Environmental Protection
Agency

Wikipedia -

Methylparaben, alsc methyl paraben, cne of the parabens, is a preservative with the chemical formula CH3(CgHL(OHICOO). It is the

methyl ester of p-hydroxybenzoic acid.

Read more
Quality Control Notes {
Intrinsic Properties -

I Molecular Formula: C3HzOz & Mol File  Q Find All Chemicals
I Average Mass: 152.140 g/mol Ll |sotope Mass Distribution

I Monoisotopic Mass: 152.047344 g/mol

Structural Identifiers 4
Linked Substances q
Presence in Lists 1
Record Information {



CPDat Data in the Dashboard

-

DETAILS
EXECUTIVE SUMMARY
PROPERTIES
EMNV. FATE/TRANSPORT
HAZARD
SAFETY
ADME
EXPOSURE
CHEMICAL WEIGHT FRACTICN

CHEMICAL FUNCTIONAL USE

MONITORING DATA

EXPOSURE PREDICTIONS

PRODUCTION WOLUME

Searched by Synonym from Valid Source.

& Download v Columns ~ 10w

hair styling and care

hair styling and care: hair conditioner - leave-in
hair styling and care: hair conditicner
hair styling and care: hair styling

hair styling and care: lice shampoo

hair styling and care: shampoo

home office: pens and markers
inert_ingredient, Pesticides
inert_ingredient, non_food_use, Pesticides

make-up and related: eye liner

Categorization type

CPCat Cassette
CPCat Cassette

PUC

Showing 31 to 40 of 54 records

Product and Use Categories (PUCs) o

L1

EPA

United States
Environmental Protection
Agency

a1k




CPDat Data in the Dashboard SEPA

-

United States
Environmental Protection
Agency

Searched by Synonym from Valid Source.

DETAILS Product and Use Categories (PUCs) €)
EXECUTIVE SUMM
X Download + Columns ~ 0w
PROPERTIES
Product or Use Categorization ~ | Categorization type % Number of Unique Products ®
ENV. FATE/TRANSPORT | | oo e
hair styling and care PUC 1
HAZARD
hair styling and care: hair conditioner - leave-in PUC 1
SAFETY hair styling and care: hair conditicner PUC 1
ADME hair styling and care: hair styling PUC 2
hair styling and care: lice shampoo Puc 1
EXPOSURE
hair styling and care: shampoo PUC 1
PRODUCT & USE CATEGORIES
home office: pens and markers PUC 2
CHEMICAL WEIGHT FRACTION inert_ingredient, Pesticides CPCat Cassette 1
CHEMICAL EUNCTIONAL USE inert_ingredient, non_food_use, Pesticides CPCat Cassette 1
make-up and related: eye liner PUC 1
= = 1 2 3 3 6 » EES
MONITORING DATA
Showing 31 to 40 of 54 records
EXPOSURE PREDICTIONS
PRODUCTION YOLUME

All category data for a chemical can be downloaded



CPDat Data in the Dashboard SEPA

United States
Environmental Protection
Agency

_« [Methylparaben
+/[99-76-3 | DTXSID4022529

Searched by Synonym from Valid Source.

DETALLS Collected Data on Functional Use €)

EXECUTIVE SUMMARY
X Download »

PROPERTIES

. i Harmonized functional use ¥ Reported functional use ¢
EMV. FATE/TRANSPORT
fragrance fragrance
HAZARD
fragrance preservative
B SAFETY
» ADME
o EXPOSURE Predicted Probability of Associated Functional Use €)

QSAR Version/Date: 2015-11-06

PRODUCT & USE CATEGCRIES

+ Do
CHEMICAL WEIGHT FRACTION & Download w | 10 ¥

CHEMICAL FUNCTIOMAL USE - -
Harmonized functional use ¥ Probability v

preservative 0.088
MONITORING DATA uv_absarber 0.885
antioxidant 0733

EXPOSURE PREDICTIONS
skin_conditioner 0.661

PRODUCTION VOLUME

- fragrance 0.567
P BIOACTIVITY skin_protectant 0.457
SIMILAR COMPOUNDS chelator 0384
colorant 0.291

SCRID A A




CPDat Data in the Dashboard

Batch Search@

Step 3
&

Step Five: Click "Download"”

Please enter one icentifier per fine

Select Input Type(s) Enter Identifiers to Search (0
identifiers [1.2.3.5-Tetramethylbenzene
1.2,3-Propanetriol
B Chemical Ham, 3
/]< al hame € -Propanediol
[13-Butadiene
1.4-Dioxane

MS-Ready Formula(e) @

7 Exact Formulaie) €

® Displey All Chemicals = Download Chemical Data

Select Output Format:

Customize Results

Presence in Lists:

[ Sedect

tor Ac

JinChikey
1 1UPAC Mame €0
Steuctures

Vel Fie @
Osmies @
nChi String @)

i)
O a5an-Ready SMILES @
Intrinsic And Predicted Properties

emmical Inventory for ToxC

hamicals with stabilty problams (£

50 Insolubles (£

] CHEMIN oxCast Cheminventory List of Reactives O
under EPCRA/CERCLAVCAA §112(r) June 2019 Version)
abase

Metadata

O Curation L

Details ©
[ NHANES Predicted Exposure @
s @

nchude Toxsl Data Avaiatilty @

PubChem Data Sources @

[ cPOat Product Cccurrence Count @
Ors@
Orerrve

kipadis Articie

1QC Notes @

e links 10 ACToR reports - SLOW! (BETA) €

Enhanced Data Sheets
M

2 Input File (Beta) €
gerprints €
12 @

DI $ynonyms and Identifiers @

O Tourint sing?

D) abstract St inpot Fie (8

() Related Substance relationships €

ToxPrint fingerprints (ChemaTyper format - CSV

D) Associsted ToxCast Assays @

EPA

Chemical Identifiers
DTXSID €
Chemical Name €}

Oomcio €@

Ecasrn @

Ll inChikey €9

CJIuPAC Name €

Metadata

United States
Environmental Protection
Agency

CPDat Product Occurrence Count €)




CPDat Data in the Dashboard SEPA

United States
Environmental Protection
Agency

M United States :
“I-"'l EHVITOHmEHtﬁl Protection Home Advanced Search Batch Search  Lists %  Predictions Downloads
gency

bmpTox Chemicals Dashboard

882 Thousand Chemicals

m Product/Use Categories  Assay/Gene

CPCATARCHIVE Posted: 03/21/2019
The EPA CPCat (Chemical and Product Categories) database was released in May 2014, It maps =43,000 chemicals to a set of terms categonzing their usage or function. We have

compiled a comprehensive list of chemicals with associated categories of chemical and product use by compiling publicly available sources, Sources include, but are not limited to:
the Substances in Preparation in Mordic Countries (SPIN) database, information provided by companies, trade associations, and regulatory agencies such as the U5 Environmental
Protection Agency (EPA) and Food and Drug Administration (FDA), the DrugBank database of pharmaceutical products, and information mined from the Aggregated Computational
Toxicelogy Resource (ACToR) database developed by the LS, EPA. Unique use category taxonomies from each scurce are mapped onto a single common set of ~800 terms, The user
can search for chemicals by chemical name, Chemical Abstracts Registry Number (CASEN), or by CPCat terms (i.e. category names) associated with chemicals. See Dionisio et al,, 2074
for a full description of the database, sources used, interpretation of chemical categories, and potential applications. The zip file available at the "Download” tab of this website
provides a full copy of the database, available for free download, which can be freely searched and sorted for data analysis. The zip file includes a list of all chemicals included in
CPCat. A list of all sources included in CPCat is provided in the table below. This is an archive of the file that is available via the CPCat web application.

CPDATdownload Posted: 04,/10/2019
Quantitative data on product chemical compaosition is a necessary parameter for characterizing near-field exposure. This data set comprises reported and predicted information on
»75,000 chemicals contained in »15,000 consumer products. The data’s primary intended use is for exposure, risk, and safety assessments. The data set includes specific products
with quantitative or qualitative ingredient information, which has been publicly disclosed through matenal safety data sheets (M5D5) and ingredient lists. A single product category
frem a refined and harmeonized set of categories has been assigned to each product. The data set also contains information on the functional role of chemicals in products, which can
inform predictions of the concentrations in which they occur, These data will be useful to exposure and risk assessors evaluating chemical and product safety. The data set presented
here is in the form of a MySQOL relational database, which mimics CPDat data available under the 'Exposure’ tab of the CompTox Chemistry Dashboard
(httpsy/fcomptox.epagov/dashboard) as of August 2017,



High-Throughput Consumer Exposure Model SEPA
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EPA

United States
Environmental Protection
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Chemical Residues in
Foods

CPDat
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R package ‘ShedsHT”

Package ‘ShedsH'T”

August 26, 2019

Title The SHEDS-HT model for estimating human
exposure to chemicals.

Version 0.1.8

Author Kristin lsaacs [ant, cre|

Maintainer Kristin Isaacs <isaacs.kristin@epa.gov>

Description The ShedsHT R package runs the Stochastic Human Exposure and Dose
Simulation-High Throughput screening model which estmates human exposure 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
the user. The model is cross-sectional, with just one simulated day (24 hours)
for each simulated person, although the selected day is not necessarily the same
from one person to another. SHEDS-HT is stochastic, which means that many inputs
are sampled randomly from user-specified distributions that are intended to
capture variability. In the SHEDS series of models, variability 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.

License MIT

Encoding UTF-8

LazyData true

RoxygenNote 6.1.1

Imports data.table, geplot2, stringr, plyvr

Suggests knitr, rmarkdown

VignetteBuilder knitr

NeedsCompilation no

EPA

United States
Environmental Protection
Agency

R Package with help documentation and User’s Guide
Current model release

Default input files (e.g. population, food diaries,
CPDat data in correct form)

Example run-specific input files
Training materials
Example current applications

= Solvent emissions from consumer products for
government inventories

= Dietary exposures to process-formed chemicals

= Exposures for chemical-product combinations to
inform state decision-making

https://github.com/HumanExposure/SHEDSHTRPackage



L . -
Consensus Exposure Predictions with the SEPA
SEEM Framework kA ——

Agency
* Different exposure models incorporate knowledge, assumptions, and data (MacLeod et al., 2010)

* We incorporate multiple models (including SHEDS-HT, ExpoDat) into consensus predictions for 1000s of
chemicals within the Systematic Empirical Evaluation of Models (SEEM) (Wambaugh et al., 2013, 2014, Ring et
al., 2019)

* Evaluation is similar to a sensitivity analysis: What models are working? What data are most needed?

-

Estimate
Uncertainty I

Calibrate
models

A0

Inference

Model 1 Joint Regression on Models - e
s ¥ ’ > =
Model 2 : s

Inferred Exposure

Dataset 1

Evaluate Model Performance
and Refine Models Hurricane Path Prediction is an

Example of Integrating Multiple Models



Second Generation SEEM: Heuristics of

Exposure

2

L TE:#

—_—

- Total
- Female

== ReproAgeFemale

Regression Coefficient
I

- 66+years
BMI_LE_ 30
- BMI_GT_30

Q} QO\\ C}‘AQ) O%%
& &7 O
& =
\%

Wambaugh et al. (2014)

== 12-19_years
== 20-65_years

Use and production volume descriptors
used to build parsimonious model for
inferred exposure

Five descriptors explain roughly 50% of
the chemical to chemical variability in
median NHANES exposure rates

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

* Industrial and Consumer use

* Pesticide Inert

* Pesticide Active

* Industrial but no Consumer use

* Production Volume

What we are really doing is identifying
chemical exposure pathway

EPA

United States
Environmental Protection
Agency



Evaluation Data for SEEM: Exposures
Inferred from NHANES

Annual survey, data released on 2-
year cycle

Separate evaluations can be done
for various demographics

~2000 individuals per chemical,
with statistical weights allowing
inference for larger U.S.
populations

To date, we have used this to draw
inference about median exposure
rates

National Health and Nutrition Examination Survey

Urinary Bisphenol A (2,2-bis[4-Hvdroxvphenvl] propane)

Geometric mean and selected percentiles of unne concentrations (in pg/L) for the U.S. populatior
and Nutnition Examination Survey.

Total

Age group
6-11 years

12-19 years

20 years and older

Survey

years
03-04
03-06
07-08

03-04
05-06
07-08

03-04
05-06
0y-08

03-04
05-06
07-08

Geometric
mean

(95% conf. interval)

2,54 (2.38-2.94)
1.90 (1.78-2.09)
2.08 (1.82-2.26)

3,55 (2.95-4.20)
2.86 (2.52-3.24)
2,46 (2.20-2.75)

3.74(3.314.22)
2.42 (2.18-2.88)
2.44(2.14-2.78)

2,41 (2.152.72)

1.75 (1.62-1.86)
1,99 (1.82-2.18)

Selected percentiles
[ 5% confidence interval)

50th
2.80 (2.50-3.10)
2.00 (1.80-2.00)
2.10 (1.80-2.30)

3.80 (2.70-5.00)
2.70 (2.30-2.00)
2.40 (1.90-3.00)

4.30 (3.80-4.60)
2.40(2.10-270)
2.30(2.10-2.60)

2.60 (2.30-2.80)

1,80 (1.70-2.00)
2,00 (1.80-2.30)

T5th
£.50 (5.00-8.20)
3.70 (3.50-3.80)
4,10 (3.00-4.60)

6.90 (6.00-8.30)
5.00 (4.40-5.50)
4,50 (3.70-5.50)

7.80 (6.50-8.00)
4,30 (3.80-5.20)
4,40 (3.70-5.50)

5.4() {4.50-5.70)

3.40 (3.10-3.70)
3.90 (3.40-4.80)

CDC, Fourth National Exposure Report (2011)

S0th
10.6 (2.40-
7.00 (640
7.70 (5.60-

12.6 (950
13.5 (230
7.00 (830

13.5(118
8.40 (8,50
9,70 (7.30

9,50 (8.10-
6.40 (5.90-
7.40 (.60

United States
Environmental Protection
Agency




Second Generation SEEM: Heuristics of

Exposure

Estimated Parental Exposure

(mg / kg body weight / day)

~
J

D

(-
A)
I

—

N

N
I

1e-07 -

1e-09 -

R2~0.5

| | |
1e-09 1e-06 1e-03

Predicted Parental Exposure
mg/kg-BW/day

Use and production volume descriptors
used to build parsimonious model for
inferred exposure

Five descriptors explain roughly 50% of
the chemical to chemical variability in
median NHANES exposure rates

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

* Industrial and Consumer use

* Pesticide Inert

* Pesticide Active

* Industrial but no Consumer use

* Production Volume

What we are really doing is identifying
chemical exposure pathway

EPA

United States
Environmental Protection
Agency

Wambaugh et al., 2014



SEEMS3 Collaboration
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ah H. Bennett, Peter P. Egeghy, Peter Fantke, Lei Huang, Kristin K. Isaacs, Olivier Jolliet, Hyeong-
Moo Shm Katherine A. Phillips, Caroline Ring, R. Woodrow Setzer, John F. Wambaugh, Johnny Westgate

(2016), Ernstoff et al. (2017)

EPA Inventory Update Reporting and Chemical US EPA (2018) 7856 All
Data Reporting (CDR) (2015)
Stockholm Convention of Banned Persistent Lallas (2001) 248  Far-Field Industrial and Pesticide
Organic Pollutants (2017)
EPA Pesticide Reregistration Eligibility Documents ~Wetmore etal. (2012, 2015) 239 Far-Field Pesticide
(REDs) Exposure Assessments (Through 2015)
United Nations Environment Program and Society Rosenbaum etal. (2008) 8167 Far-Field Industrial
for Environmental Toxicology and Chemistry
toxicity model (USEtox) Industrial Scenario (2.0)
USEtox Pesticide Scenario (2.0) Fantke et al. (2011, 2012, 2016) 940 Far-Field Pesticide
Risk Assessment IDentification And Ranking Arnot et al. (2008) 8167 Far-Field Pesticide
(RAIDAR) Far-Field (2.02)
EPA Stochastic Human Exposure Dose Simulator ~ Isaacs (2017) 7511 Far-Field Industrial and Pesticide
High Throughput (SHEDS-HT) Near-Field Direct
(2017)
SHEDS-HT Near-field Indirect (2017) Isaacs (2017) 1119 Residential
Fugacity-based INdoor Exposure (FINE) (2017) Bennett et al. (2004), Shin et al. 645 Residential
(2012)
RAIDAR-ICE Near-Field (0.803) Arnot et al., (2014), Zhang et al. 1221 Residential
(2014)
USEtox Residential Scenario (2.0) Jolliet et al. (2015), Huang et al. 615 Residential
(2016,2017)
USEtox Dietar‘y Scenario (20) Jolliet et al. (2015), Huang et al. 8167 Dietary

EPA

United States
Environmental Protection
Agency

Ring et al., 2018



SEEM3 Considers Pathway!

We organize the
models by the
exposure pathways
they cover!

Total
Chemical
Intake Rate
(mg/

kg BW/
day)

Chemical-Specific

Pathway
Pathway Relevancy (5,)
Consumer Yes/No
Dietary Yes/No
Far-Field

Yes/No
Pesticides /
Far-Field

Yes/MN
Industrial es/No
Unknown

Predictors

United States
Environmental Protection

(Table 2) Agency
Average Unexplained
{am-'\-'.q..r\-r'
SHEDS-HT
FINE
RAIDAR-ICE
USEtox
Production Volume

Average Unexplained
(P

SHEDS-HT Dietary

Preduction Violume

USEtox

RAIDAR

Food Contact Substance
Migration

Average Unexplained
h‘:r;n::m}

Pesticide REDs

USEtox

RAIDAR

Stockholm Convention

Production Volume

Average Unexplained
P

USEtom

RAIDAR

Stockholm Convention

Production Violume

Average Unexplained
(2, the grand mean)

Ring et al., 2018



Pathway-Based Consensus Modeling

Consensus Model Predictions

1077

10 77

10 77

R%-0.816

Pathway(s)

2 Dietary, Pesticide, Industrial
O Dietary, Residential

<> Dietary, Residential, Industrial
£ Dietary, Residential, Pesticide
%7 Dietary, Residential, Pesticide, Industrial
® |ndustrial

#* Pesticide

& Pesticide, Industrial

+ Residential

[ Residential, Industrial

= Residential, Pesticide

/. Residential, Pesticide, Industrial

Intake Rate (mg/kg-BW/day) Inferred from
NHANES Serum and Urine

EPA

United States
Environmental Protection
Agency

Ring et al., 2018



Predicting Relevant Pathways for a
Chemical

EPA

United States
Environmental Protection
Agency

We use the method of Random Forests to relate chemical structure and properties to exposure pathway

|
VCETRATI 49 1622
EISICIGEE 94 1480
Pesticide
Far Field 42 5089

Industrial

Negatives

8865

567

6522

2913

&l OOB Error Rate

26

21

Positives Error

32

24

36

16

74

80

81

fSources of Positives

FDA CEDI, ExpoCast, CPDat
(Food, Food Additive, Food
Contact), NHANES Curation

CPDat (consumer_use,
building_material), ExpoCast,
NHANES Curation

REDs, Swiss Pesticides,
Stockholm Convention, CPDat
(Pesticide), NHANES Curation

CDR HPV, USGS Water
Occurrence, NORMAN PFAS,
Stockholm Convention, CPDat
(Industrial, Industrial_Fluid),
NHANES Curation

Sources of Negatives

Pharmapendium, CPDat (non-
food), NHANES Curation

CPDat (Agricultural, Industrial),
FDA CEDI, NHANES Curation

Pharmapendium, Industrial
Positives, NHANES Curation

Pharmapendium, Pesticide
Positives, NHANES Curation

Ring et al., 2018



Consensus Modeling of Median Chemical
I nta ke Eﬁgﬁgfnﬁfﬁ{‘:‘al Protection

10 a 1976 chemicals 104 b
>0.1 mg/kg-bw/day

Pathway(s)
Dietary
O Dietary, Industrial
Dietary, Pesticide
. Dietary, Pesticide, Industrial
v Dietary, Residential
H Dietary, Residential, Industrial
@ Dietary, Residential, Pesticide
A Dietary, Residential, Pesticide, Industrial
¢+ Industrial
O Pesticide
Pesticide, Industrial
Residential
t Residential, Industrial
Residential, Pesticide
Residential, Pesticide, Industrial
o Unknown

685383 chemicals
<0.1 mg/kg-bw/day

681574 chemicals
L1 ug/kg-bw/day _ |

1074+

Population Median Intake Rate (mg/kg-bw/day)
Population Median Intake Rate (mg/kg bw/day)

10°%

Of 687,359 chemicals evaluated, 30%

have less than a 50% probability for
10 10° exposure via any of the four pathways 10° 2x10° 4x10° 6x10°

Chemical Rank and are considered outside the Chemical Rank

“domain of applicability” Ring et al-; 2018




Exposure Predictions in the CompTox
Chemicals Dashboard

DETAILS
EXECUTIVE SUMMARY
PROPERTIES
EMV. FATE/TRANSPORT
HAZARD
» SAFETY
» ADME
v EXPOSURE
PRODUCT &t USE CATEGORIES
CHEMICAL WEIGHT FRACTION
CHEMICAL FUNCTIONAL USE
TOXICS RELEASE INVEMTORY

MONITORING DATA

EXPOSURE PREDICTIONS

PRODUCTION VOLUME

DY
Va \-.—ﬂ\

X Download ¥

Demographic
Ages 6-11

Ages 12-19

Ages 20-65

Ages 65+

BMI = 30

BMI < 30

Repro. Age Females
Females

Males

Total

Bisphenol A
=~ %4 180-05-7 | DTXSID7020182

Searched by Approved Name.
National Health and Nutrition Examination Survey (NHANES) Inferences (mg/kg-bw/day)

L1

Lower 95th Limit

3.80e-5

2.55e-5

2.79e-5

1.97e-5

2.38e-5

2.58e-5

284e-5

2.86e-5

L1

10 records

Upper 95th Limit
4.92e-5
3.38e-5
3.27e-5
231e-5
2.74e-5
3.30e-5
331e-5
3.03e-5
337e-5

3.08e-5

4k

Median

4.33e-5

2.93e-5

3.02e-5

2.10e-5

2.55e-5

3.16e-5

3.06e-3

2.80e-5

3.15e-5

2.97e-5

EPA

United States
Environmental Protection
Agency

L1

These are the exposure inferences used to calibrate the SEEM models.



Exposure Predictions in the CompTox
Chemicals Dashboard

—

(o)
\ Y 4

What about a chemical without biomonitoring data?

- 1,4-Dioxane
123-91-1 | DTXSID4020533

Searched by DSSTox Substance Id.

C

L1

L1

95th Percentile

1.62e-4

5.899%e-5

6.10e-5

5.69e-5

4.72e-5

7.87e-5

5.83e-5

7.16e-5

DETALLS € Exposure Predictions (mg/kg-bw/day)
EXECUTIVE SUMMARY 3
o Download +
PROPERTIES
Demographic ¥ Median
ENV. FATE/TRANSPORT
Ages 6-11 1.71e-6
HAZARD
Ages 12-19 9.55e-7
» SAFETY Ages 20-65 0.02e-7
» ADME Ages 65+ 7.26e-7
BMI = 30 0.97e-7
v EXPOSURE
BMI < 30 1.1%e-6
PRODUCT & USE CATEGCRIES
Repro. Age Females 042e-7
CHEMICAL WEIGHT FRACTION Females 06467
CHEMICAL FUNCTIONAL USE s

Gake-s

EPA

United States
Environmental Protection
Agency

TOXICS RELEASE INVENTORY

EXPOSURE PREDICTIONS

 SEEMS3 Predictions for Total Population
 SEEM2 Predictions for Other Cohorts



EPA

United States
Environmental Protection
Agency

Chemical use data are critical for understanding exposure pathways,
parameterizing high-throughput exposure models, and extrapolating
information to data-poor chemicals.

The results from multiple pathway-specific exposure models can be
integrated into consensus predictions for median population exposure.

The ExpoCast project is working to develop chemical use information and
exposure predictions for thousands of chemicals, and to provide these data
and tools via the Dashboard or other public platforms.

These “New Approach Methodologies” for exposure ultimately facilitate risk-
based prioritization of thousands of chemicals when integrated with in vitro
bioactive concentrations that have been converted to an equivalent intake
exposure.
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