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Forecasting Exposure is a Systems Problem

Critical Exposure-Relevant Domains
 Chemical use and release. Provides critical 

information for identifying chemical sources, 
exposure pathways, and relevant predictive 
models for a given chemical.

 Media occurrence, environmental 
surveillance, and biomonitoring. Provides 
exposure data for evaluating predictive models.

 Exposure estimates. Predictions of chemical 
intake in mg/kg/day that can be compared with 
hazard information to inform risk.

 Toxicokinetics. Provides real-world exposure 
context to in vitro high-throughput screening data 
and biological receptor monitoring information. 
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 Proposed originally as case study Triaging Chemical 
Exposure Data Needs and Tools for Advancing Next-
Generation Risk Assessment

 First landscape analysis exercise (~6600 APCRA inventory 
chemicals) presented at APCRA 2 meeting

 Subsequent publication of multiple exposure NAMs papers, 
including formal definition of NAMs for exposure (Wambaugh 
et al. 2019), Chemicals and Products Database (Dionisio et al. 
2018), ExpoCast SEEM3 exposure estimates (Ring et al. 
2019), harmonized monitoring databases (Isaacs et al. 2022), 
in silico toxicokinetics (e.g., Dawson et al. 2021)   

 Updated analysis presented at APCRA public webinar in 
March 2020 

 Final analysis examined updated published datasets for 
an inventory of 38,715 regulatory-relevant chemical 
substances 

Case Study History

The Chemical Landscape of High-Throughput 
New Approach Methodologies for Exposure

In press, Journal of Exposure Science and 
Environmental Epidemiology
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 Chemical descriptors that provide information on chemicals 
in an exposure context (e.g., how chemicals are used)

 Machine-learning approaches that use these descriptors to 
fill gaps in existing data

 High-throughput exposure models for various pathways

 High-throughput measurements to fill gaps in monitoring 
data

 High-throughput approaches for measuring and predicting 
chemical toxicokinetics

 New evaluation frameworks for integrating models and 
monitoring to provide consensus exposure predictions

 All these pieces together provide the tools for high-throughput 
chemical prioritization

Eight Classes of NAMs for Exposure
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Traditional and NAM Exposure Datasets

Machine learning 
models for chemical 
function
(Phillips et al. 2017)

Exposure
Estimates

Chemical
Use
and

In-vitro protein binding 
and clearance (Wetmore et al. 
2015,Pearce et al. 2017, 
Wambaugh et al 2019a.)

In-silico machine 
learning models for 
protein binding 
and clearance (Sipes 
et al. 2017, Ingle et al. 
2018)

IVIVE

Release

In-vivo toxicokinetic parameters collected from the 
literature (Sayre et al., 2019) 

Non-Targeted analysis studies for 
various environmental media from 
EPA (Newton et al. 2018, Rager et al. 
2016, Phillips et al. 2018)

Traditional (targeted) monitoring 
data for various environmental 
media from publicly available 
monitoring databases

Machine learning models for 
media occurrence

High-Throughput Models for 
Various Pathways and 
Consensus Predictions from a 
Collaborative Modeling Study 
(Ring et al., 2019)

Publicly Available 
Traditional Assessments 
from Regulatory Bodies

Cumulative 
Estimated Daily 
Intakes

Chemicals 
Management Plan 
Environmental and 
Consumer 
Assessments

Chemical
Data 
Reporting

New quantitative and 
qualitative chemical use 
descriptors from EPA’s 
Chemicals and Products 
Database (CPDat, Dionisio et 
al., 2018)

NAM dataset

Regulatory or agency data 
reporting of chemical use
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Chemical Inventory

 Combined list of 38,715 
chemicals from several 
regulatory inventories from EPA 
(e.g., TSCA, EDSP), the U.S. 
Food and Drug Administration, 
ToxCast and Tox21 in vitro 
libraries
 High degree of coverage of 

other lists (Canada DSL, 
pesticide actives/inerts, etc.)    

 Inventory examined in terms of 
use sector and structural classes

 Aided in identification of data 
gaps
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Use and Release Data

 Efforts to collect and curate publicly 
available information on how 
chemicals are used have greatly  
expanded reported use information

 Quantitative release information is 
still a bottleneck

 QSUR predictions have provided 
new information for many organic 
chemicals

 Data for UVCBs is still a critical gap
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Monitoring Data

 Only 2960 chemicals 
with traditional 
monitoring data
 Most coverage of 

water categories
 Most data for 

pesticide actives
 NTA studies have 

provided new 
information for near-
field sources

Percent of Chemicals in Sector 
with Traditional Monitoring Data
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Exposure Estimates

Traditional Assessments SEEM3 (ExpoCast Consensus)

 Consensus HT models for exposure have 
improved availability of exposure estimates 
for common chemicals

 Still significant organic chemicals outside 
the domain of current models
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HT Toxicokinetics and Risk Prioritization

 In silico parameters still have bias toward 
pharmaceutical domains

 There are some chemicals with bioactivity 
data for which we can’t currently develop a 
SEEM exposure estimate
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 Expansion of chemical use information or QSUR predictions to inadequately-covered 
product types and sectors

 Expansion of models for predicting chemical releases into ambient or near-field 
environments

 Expansion of NTA approaches to include quantitative methods
 Refinement of monitoring databases and development of quantitative machine-learning 

models for media occurrence and concentrations   
 Use of available exposure NAM data in the design of monitoring studies  
 Development of methods for characterizing, annotating, and modeling use and exposures 

for UVCBs
 Continued evaluation of the chemical domain of models for estimating physicochemical 

properties and toxicokinetic parameters
 Expansion of the SEEM framework to additional human and ecological receptor 

populations

Recommendations for High-Value 
Activities in Developing Exposure NAMs
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