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High Throughput Risk 
Prioritization

• High throughput risk prioritization 
needs:

1. high throughput hazard 
characterization (e.g., ToxCast, 
Tox21)

2. high throughput exposure forecasts

3. high throughput toxicokinetics (i.e., 
dosimetry)

• RED focuses on developing data and 
tools to address 2) and 3)

• We consider human AND ecological 
exposures!

Potential 
Exposure Rate

mg/kg BW/day

Potential Hazard 
from in vitro
with Reverse 

Toxicokinetics

Lower
Risk

Medium Risk Higher
Risk



Office of Research and Development3 of 21

High Throughput Chemical Risk Prioritization

Toxicokinetics Exposure

Hazard

High-Throughput
Risk 

Prioritization



Office of Research and Development4 of 21

Application to U.S. EPA Endocrine 
Disruptor Screening Program (EDSP)

July and December 2014 FIFRA Scientific Advisory Panels reviewed research as it 
applies to the Endocrine Disruptor Screening Program

HUMAN ECOLOGICAL

HAZARD

EXPOSURE

Human Hazard Eco Hazard

Human Exposure Eco Exposure

mg/kg BW/day



Office of Research and Development5 of 21

HUMAN ECOLOGICAL

HAZARD

EXPOSURE

Human In Vitro Assays 
(HTT/ToxCast)

Predicted Ecological 
Species Effects

SeqAPASS (LaLone, 2016)

High 
Throughput 

Toxicokinetics
(Pearce, in press)

Exposure Predictions  
Calibrated to NHANES
(Including SHEDS-HT)

Exposure Predictions  
Calibrated to USGS 
Water Monitoring

mg/kg BW/day

July and December 2014 FIFRA Scientific Advisory Panels reviewed research as it 
applies to the Endocrine Disruptor Screening Program

Application to U.S. EPA Endocrine 
Disruptor Screening Program (EDSP)
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ToxCast-derived 
Receptor Bioactivity 
Converted to 
mg/kg/day with 
HTTK

ExpoCast
Exposure 
Predictions

ToxCast Chemicals

Near Field
Far Field

December, 2014 Panel:
“Scientific Issues Associated with 
Integrated Endocrine Bioactivity and 
Exposure-Based Prioritization and 
Screening“

• Prioritization as in Wetmore et al. (2015)

Application to U.S. EPA Endocrine 
Disruptor Screening Program (EDSP)
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Toxicokinetics: High-Throughput 
Approaches for Prioritization
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Wetmore et al., (2012, 2014, 2015)
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High Throughput Toxicokinetics 
(HTTK) for Statistical Analysis

 “httk” R Package for in vitro-in vivo extrapolation 
and PBTK

 553 chemicals to date
 100’s of additional chemicals being studied
 Pearce et al. (2017) provides documentation and 

examples
 Built-in vignettes provide further examples of how 

to use many functions

https://CRAN.R-project.org/package=httk
Can access this from the R GUI: 

“Packages” then “Install Packages”

8 of 21

https://cran.r-project.org/package=httk
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Change in Risk

Ring et al. (2017)

Change in Activity : Exposure Ratio

Toxicokinetic IVIVE:
Convert HTS µM to mg/kg/day

• We use HTTK to 
calculate margin 
between bioactivity 
and exposure for 
specific populations 
(CDC NHANES)

Potential 
Exposure Rate

mg/kg BW/day

Potential hazard 
from in vitro

converted to dose 
by  HTTK

Lower
Risk

Medium Risk Higher
Risk
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Forecasting Exposure is a 
Systems Problem

Consumer
Products, Articles, 
Building Materials

Food Air, Soil, 
Water

Air, Dust, 
Surfaces

Near-Field
Direct

Near-Field 
Indirect

Human Ecological
Flora and Fauna

Dietary Far-Field

Direct Use
(e.g., lotion)

Residential Use
(e.g. ,flooring)
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Media Samples

Ecological

Waste

Chemical Manufacture
Data and
Forward
Models

Evaluation 

Environmental 
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USE
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Chemical Use: Chemicals and Products 
Database (CPDat)

Broad “index” 
of chemical 
uses

MSDS 
Data

Ingredient 
Lists 

CPCat
(Chemical and 

Product 
Categories)

Occurrence data

Occurrence and quantitative 
chemical composition

CPDat
Functional 
Use Data

and 
Predictions
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Chemical Structure and 
Property Descriptors

Classification Models for Chemical 
Function

…

Prediction of
Of Potential 
Functions for 
Unclassified 
Chemicals

FUse

Physical and Chemical
Properties

Chemical Function Information

Machine-Learning Based 
Classification Models

YES NO

We have been able to build successful models for 41 functions
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Stochastic Human Exposure and Dose 
Simulation Model   

High-Throughput Forward Exposure 
Modeling

CPDat

Isaacs et al. (2014), Environmental Science and Technology

Public R Package “Sheds-HT”
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Consensus Exposure Predictions 
with the SEEM Framework

• We incorporate multiple models (including SHEDS-HT, ExpoDat) into consensus predictions for 1000s 
of chemicals within the Systematic Empirical Evaluation of Models (SEEM) framework

• We evaluate/calibrate predictions with available monitoring data 

• This provides information similar to a sensitivity analysis: What models are working? What data are 
most needed? This is an iterative process.

• To date we have relied on median U.S. population exposure rates only

Integrating Multiple Models
Wambaugh et al., 2013,2014
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SEEM Results: Human Exposure 
Predictions for 134,521 Chemicals

Lowest NHANES limit of 
detection (LOD) 
roughly corresponds to 
~10-6 mg/kg BW/day

95% confident that median population 
would be <LOD for thousands of chemicals

Ring et al., in prep.
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Improving Exposure Pathway Characterization 
and Model Evaluation: Non-Targeted Analyses of 

Monitoring Data

 Targeted Analysis:
• We know exactly what we’re looking for 
• 10s – 100s of chemicals

 Non-Targeted Analysis (NTA):
• We have no preconceived lists
• 1,000s – 10,000s of chemical

 Ongoing consumer product scanning and 
blood sample monitoring

 Development of significant in-house 
capabilities

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

 These monitoring data (and others) are being pushed into our public 
databases, along with other data being curated with program office 
partners
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ORD Tools for 
Identifying Unknowns

Chemical and Products 
Database
(CPDat)

Chemistry
Dashboard

House Dust: 
• 56 houses
• 45% of confirmed chemicals not previously 

studied in dust

Rager et al. 2015 Environment International

Non-Targeted Analysis Case Studies

Models for Functional 
Use, Media Occurrence or 
Transformation Products
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Non-Targeted Analysis Case Studies

Chemical and Products 
Database
(CPDat)

Chemistry
Dashboard

Phillips et al. (submitted)

Tentative or Confirmed Chemicals
Chemicals currently in EPA exposure or
hazard-related databases

Consumer Products: 
• 5 examples each of 20 product types
• 1,632 chemicals, 1,445 were not present in the 

Chemicals and Products Database
ORD Tools for 

Identifying Unknowns

Models for Functional 
Use, Media Occurrence or 
Transformation Products
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Caveats to Non-Targeted Screening

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

• Only some chemical identities are confirmed, most are 
tentative

• Can use formulation databases and predictor models 
(e.g., Isaacs et al. (2016) and Phillips et al. (2017))

• Chemical presence in an object does not necessarily mean 
that it is bioavailable

• Can build emission models (e.g., Biryol et al., 2017)
• Product de-formulation caveats:

• Samples are being homogenized and are extracted with 
a solvent (dichloro methane, DCM)

• Only using one solvent (DCM, polar) and one method 
(GCxGC-TOF-MS)

• Exposure alone is not risk, need hazard data

Small range for quantitation may lead 
to lead inaccurate concentration
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EPA’s Non-Targeted 
Analysis Collaborative 

Trial (ENTACT)

Method 1

Led by Jon Sobus and Elin Ulrich (EPA/NERL)

Phase 1: 
• Collaborators provided 10 

mixtures of 100-400 ToxCast 
chemicals each

• MS vendors provided with 
individual chemical standards 

Phase 2: Fortified reference house dust, 
human serum, and silicone wristbands

The Chemical Universe

Method 2

What NTA methods are available? What is the coverage of chemical 
universe and matrices? How do methods differ in their coverage?

See Sobus et al. "Integrating Tools for Non-Targeted Analysis Research 
and Chemical Safety Evaluations at the US EPA“ (JESEE, in press)
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Moving Forward from Prioritization 
to Risk Evaluation

Source-to-Dose
(based on SHEDS-HT)

Residential 
Characteristics

Population 
Characteristics

Behavior and
Product Use 

(Habits and Practices)

Product 
Composition

(CPDat)

Human Exposure Model

Chemistry
Dashboard

Chemical Exposure
(days to years)
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Classification Modeling Results

Phillips et al., Green Chemistry., 2017, 19, 1063.

“Vague” categories yield 
worse validation results
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Predicting Chemical Emissivity

• As we discover new chemicals in our environment, we need to characterize exposure potential
• A proof of concept model (Biryol, et al.) has been developed for food migration, but now modeling 

ExpoCast contract and NRMRL data for consumer products and articles of commerce

Biryol et al. (2017)

Results of the HT model for migration 
of packaging chemicals into food

SHEDS-HT Predicted aggregate 
exposures


	Exposure Research in EPA’s Chemical Safety for Sustainability Research Program
	Slide Number 2
	High Throughput Chemical Risk Prioritization�
	Application to U.S. EPA Endocrine Disruptor Screening Program (EDSP)
	Application to U.S. EPA Endocrine Disruptor Screening Program (EDSP)
	Application to U.S. EPA Endocrine Disruptor Screening Program (EDSP)
	Toxicokinetics: High-Throughput Approaches for Prioritization
	High Throughput Toxicokinetics (HTTK) for Statistical Analysis
	Toxicokinetic IVIVE:�Convert HTS µM to mg/kg/day
	Forecasting Exposure is a Systems Problem
	Chemical Use: Chemicals and Products Database (CPDat)
	Chemical Structure and Property Descriptors
	High-Throughput Forward Exposure Modeling
	Consensus Exposure Predictions with the SEEM Framework
	SEEM Results: Human Exposure Predictions for 134,521 Chemicals
	Slide Number 16
	Non-Targeted Analysis Case Studies
	Non-Targeted Analysis Case Studies
	Caveats to Non-Targeted Screening
	EPA’s Non-Targeted Analysis Collaborative Trial (ENTACT)
	Moving Forward from Prioritization to Risk Evaluation
	Human Exposure Model Project
	References
	Classification Modeling Results
	Predicting Chemical Emissivity

