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EPA’s Path Towards More Rapid, Efficient, 
and Protective Chemical Testing with 
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The EPA Needs to Make A Range of Decisions on 
Chemicals

• Decisions on the manufacture, use, release, disposal, and clean-up of 
chemicals is governed by a range of statutes and associated amendments
– e.g., Safe Drinking Water Act, Clean Air Act, Toxic Substances Control Act, 

Food Quality Protection Act
• The statutes provide the framework for the decisions while Agency rules 

and guidance outline the interpretation of the statutes and how decisions 
are implemented

• Different decision contexts exist within the statutes, which determine the 
type of data and level of certainty required
– Prioritization (e.g., EDSP, TSCA)
– Emergency response (e.g., AEGLs)
– Screening-level assessments (e.g., CCL, PMN)
– Provisional assessments (e.g., PPRTVs)
– Toxicity assessments (e.g., IRIS)
– Endangered species protection (e.g., pesticides)
– Risk assessments (e.g., MCLs, pesticides, TSCA risk evaluations)
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There is a Lack of Data on Hazard, Toxicokinetics, 
and Exposure for Most Chemicals
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Egeghy et al., Science of the Total Environment, 2012
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There are Large Numbers of Chemicals on Various 
National Inventories
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The Costs and Time Associated with Traditional 
Testing and Assessment are Extensive 
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• Time from chemical 
selection to completion of 
subchronic and chronic tox 
studies requires 2+ years

• Time to perform a typical 
chemical assessment is 4+ 
years (Krewski et al., 2020)
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EPA Intends to Overcome these Challenges while 
Reducing Animal Testing

o Aims to:
 Reduce requests for, and funding of, mammalian studies by 30% by 2025
 Eliminate all mammalian study requests and funding by 2035
 Come as close as possible to excluding reliance on mammalian studies from 

its approval process (subject to applicable legal requirements).
 Achieve reduction in animal use through the development and application of 

New Approach Methods (NAMs)

o Work Plan includes:
 Evaluating regulatory flexibility for accommodating NAMs
 Develop baselines and metrics for assessing progress
 Establish scientific confidence in NAMs and demonstrate application to 

regulatory decisions
 Develop NAMs to address scientific challenges and fill important information 

gaps
 Engage and communicate with stakeholders
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Multiple Opportunities Exist for Research in the 
SRP to Contribute

o The EPA NAM work plan explicitly encourages development and 
evaluation of NAMs by external parties
o More rapidly closes important information gaps and accelerates 

movement toward achieving the overall goals.
o Increase acceptance of new methods

o Superfund research program has a long history in developing 
methods that can help inform decisions on chemicals and 
demonstrating application
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The Development and Integration of NAMs is a Key 
Component in Achieving the Goals

• High-throughput and high-
content screening

• Tiered testing
• Organotypic models

• HTTK assays
• IVIVE methods and models

• Consensus exposure 
models

• NTA/SSA
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Developing High-Throughput Phenotypic Profiling 
Methods to Evaluate Effects in Multiple Human Cell Types
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Nyffeler et al., TAAP, 2020
Images from PerkinElmer
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Expanding High-Throughput Transcriptomic Assays to 
Evaluate Volatile Chemicals

Inlet
Nozzle

Sample 
Flow

Mode-of-Action 
Identification

Concentration Response 
Modeling

Whole Genome 
Transcriptomics (HTTr)

A.Speen (CPHEA), M. Higuchi 
(CPHEA), and J. Harrill, 
Unpublished

ACGIH
TLV-TWA (ppm)

BEAS-2B
HTTr POD (ppm)

HBEC
HTTr POD (ppm)

Acrolein 0.1 0.58 --
Formaldehyde 0.3 NA --
1,3-Butadiene 10 13.98 --
Acetaldehyde 25 NA --

1-Bromopropane 0.1 * 2.25 NA
Carbon Tetrachloride 10 9.56 NA

Trichloroethylene 50 44.8 28.1
Dichloromethane 100 142.13 266.7

* The ACGIH TLV TWA for 1-bromopropane was updated to 0.1 ppm in 2012.  Prior to that the TLV-TWA for 1-bromopropane was 10 ppm.
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Developing Organotypic Culture Models to Identify 
Tissue/Organ Effects

Deisenroth et al., Toxicol Sci, 2020
Blue, Hoechst 33342 /DNA
Green, Phalloidin/Actin
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Developing and Improving High-Throughput 
Toxicokinetic Assays and Modeling Approaches

Rotroff et al., Tox Sci., 2010
Wetmore et al., Tox Sci., 2012
Wetmore et al., Tox Sci., 2015
Wambaugh et al.,Tox Sci., 2018
Wambaugh et al.,Tox Sci., 2019
Linakis et al., J Expo Sci Environ 

Epidemiol. 2020
G. Honda and J. Wambaugh, 

Unpublished

Oral Dose Required to 
Achieve Concentrations 

Equivalent to In Vitro
Bioactivity

Liver 
Metabolism

Plasma Protein 
Binding

Population-Based  
IVIVE Model

R package “httk”
• Open source, transparent, and peer-

reviewed tools and data for high 
throughput toxicokinetics (httk)

• Allows in vitro-in vivo extrapolation 
(IVIVE) and physiologically-based 
toxicokinetics (PBTK)

• Human-specific data for 987 
chemicals

• Allows propagation of uncertainty

Tissue 
Partitioning

Incorporating Generic Inhalation PBPK Model
Improving Oral PK Models
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Developing and Improving High-Throughput 
Exposure Modeling Approaches

Predictor Reference(s)
Chemicals 
Predicted Pathways

EPA Inventory Update Reporting and Chemical 
Data Reporting (CDR) (2015)

US EPA (2018) 7856 All

Stockholm Convention of Banned Persistent 
Organic Pollutants (2017)

Lallas (2001) 248 Far-Field Industrial and 
Pesticide

EPA Pesticide Reregistration Eligibility Documents 
(REDs) Exposure Assessments (Through 2015)

Wetmore et al. (2012, 
2015)

239 Far-Field Pesticide

United Nations Environment Program and 
Society for Environmental Toxicology and 
Chemistry toxicity model (USEtox) Industrial 
Scenario (2.0)

Rosenbaum et al. 
(2008)

8167 Far-Field Industrial

USEtox Pesticide Scenario (2.0) Fantke et al. (2011, 
2012, 2016)

940 Far-Field Pesticide

Risk Assessment IDentification And Ranking 
(RAIDAR) Far-Field (2.02)

Arnot et al. (2008) 8167 Far-Field Pesticide

EPA Stochastic Human Exposure Dose Simulator 
High Throughput (SHEDS-HT) Near-Field Direct 
(2017)

Isaacs (2017) 7511 Far-Field Industrial and 
Pesticide

SHEDS-HT Near-field Indirect (2017) Isaacs (2017) 1119 Residential

Fugacity-based INdoor Exposure (FINE) (2017) Bennett et al. (2004), 
Shin et al. (2012)

645 Residential

RAIDAR-ICE Near-Field (0.803) Arnot et al., (2014), 
Zhang et al. (2014) 

1221 Residential

USEtox Residential Scenario (2.0) Jolliet et al. (2015), 
Huang et al. 
(2016,2017)

615 Residential

USEtox Dietary Scenario (2.0) Jolliet et al. (2015), 
Huang et al. (2016), 
Ernstoff et al. (2017)

8167 Dietary

Ring et al., Environ Sci Technol. 2019



Center for Computational
Toxicology & Exposure

Data Curation and Non-Targeted Measurement 
Methods to Parameterize Exposure Models

Group Type Documents Raw Chemical 
Records

Curated Chemical 
Records

Consumer Product 
Composition

473,271 3,738,350 1,791,250

Functional use 33,770 34,680 11,946
CPCat Categories (Public 
chemical lists)

2,088 117,231 68,133

Occupational exposure 1,304 4,825 1078
Literature monitoring 1,175 966 In process
Habits and practices 
(Consumer Product Use 
Patterns)

202 NA NA

Dionisio et al., Sci Data. 2018

Phillips et al., Env. Sci. Tech. 2018
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NAM-based Hazard, Toxicokinetic, and Exposure 
Methods are Beginning to Be Used for Prioritization 
and Screening-Level Assessments

https://www.epa.gov/sites/production/files/2020-
01/documents/6_508_tara_barton-
maclaren_nams_2019.pdf

https://www.epa.gov/sites/production/files/2020-01/documents/6_508_tara_barton-maclaren_nams_2019.pdf
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Take Home Messages…

• EPA makes a broad range of decisions on chemicals that require 
different data and levels of certainty

• Most chemicals EPA regulates have limited data on hazard, 
toxicokinetics, exposure

• EPA is committed to filling data gaps and evaluating chemicals for 
potential human health and environmental risks while reducing 
animal testing 

• Research on NAMs by both EPA and external groups will play an 
important role in achieving the Agency’s goals

• Use of NAMs in regulatory decisions has increased rapidly over the 
last 5 years
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Questions?
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