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ExpoCast: Understanding Chemical Exposure Pathways

• The U.S. Environmental Protection Agency must 
prioritize thousands of commercial chemicals for 
further study: which have the highest potential risk?

• Requires both exposure and hazard information
• Many of these chemicals are data-poor with 

respect to exposure
• EPA Office of Research and Development’s ExpoCast

project is charged with characterizing exposure 
pathways for thousands of chemicals 
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• Chemicals used in a “near-field” or residential 
context have higher observed concentrations in 
biomonitoring studies (Wambaugh et al. 2013, 2014)

• ExpoCast has been addressing several critical 
research questions around characterizing near-field 
(residential) exposures to many chemicals
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• What chemicals are in products 
(formulations and household articles)?

• Which of these chemicals are released, 
how, and how much?

• Where do these chemicals reside in 
the indoor environment (e.g., dust or 
air)?

• What exposures result (single 
chemicals, co-exposures?)



Overview

• Characterization of chemicals in consumer 
products

• Characterization of emission processes
• High-throughput exposure modeling
• HT measurement of chemicals in air, dust, and 

biological media
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Integration: Model evaluation 
and refinement



Characterization of Chemicals in Consumer Products

• We have collected over 400,000 documents describing composition of 
consumer products

• Material Safety Data Sheets, ingredient lists, manufacturer disclosures

• Data are curated (text extraction, cleaning, categorization, harmonization 
of chemical identifiers) using our Factotum curation application

• Harmonized data are released in the Chemical and Products Database 
(CPDat) (Dionisio et al., 2018)

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

https://www.epa.gov/chemical-research/chemical-and-products-database-cpdat

https://comptox.epa.gov/dashboard



 Allows for linking to consumer 
product exposure models
Maps to habits and practices 

(product use) data 
 Chemical release
 How much?
 Compartment of release 

Maps to exposure algorithms – if 
chemical and product are known, 
models can be rapidly 
parameterized

Isaacs et al., 2020

Personal Care

Electronics

Pets

Pesticides

Home Maintenance

Arts and Crafts/Office

Household Care

Landscape/Yard

Vehicle

Hair Styling
Makeup

Nails

Body Hygiene

Lotions

Fragrance

Deodorant

Sunscreen

Oral care

Shaving 

Facial cleansing
Hair coloring 

Air freshener

Dishwashing Computers and supplies

Auto body

Engine
Pet care

Insecticide
Paints and Stains

Surface cleaning
Pool

Laundry

Craft supplies

Product Categories in CPDat



Characterization of Emission Processes

• Many mass-transfer models are available for modeling emission sources 
for volatile and semivolatile organic compounds (VOCs and SVOCs) in 
indoor materials such as flooring under different conditions  

• Detailed modeling of emission sources depend on parameters such as 
material/air partition coefficients, solid-phase diffusion coefficients, 
adsorption/desorption rate constants, mass-transfer coefficients, and 
initial material phase concentrations (weight fraction in the material)

• Often these parameters can only be estimated using experimental 
systems (e.g., chamber studies)

• Such work is ongoing in EPA ORD for chemical classes of interest: 
organophosphate flame retardant and per- and polyfluoroalkyl substances 
(PFAS)



Characterization of Emission Processes

• For SVOCs with low volatility, emission source models 
can be simplified in such a way that they depend on a 
critical parameter, y0, the steady-state gas phase 
concentration at the material surface.

• This parameter can be used to parameterize high-
throughput exposure models.
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• For SVOCs with low volatility, emission source models 
can be simplified in such a way that they depend on a 
critical parameter, y0, the steady-state gas phase 
concentration at the material surface.

• This parameter can be used to parameterize high-
throughput exposure models.

• We recently applied structure-based group 
contribution models to estimate polymer-chemical 
interactions (as quantified by the activity, a: the ratio 
of the steady state gas phase concentration to vapor 
pressure) and y0 for a variety of plasticizers in PVC as 
a function of material weight fractions.

• This allowed us to estimate high-throughput 
exposures associated with several different types of 
products in CPDat.

a=y0/Vapor Pressure
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60,000 U.S. households from their National Consumer Panel 
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Identification of Co-Exposures Indoors

• EPA Office of Research and Development entered a 
collaboration with the Nielsen company

• Nielsen provided consumer product purchasing data for 
60,000 U.S. households from their National Consumer Panel 
Study (“Homescan”)

• Data were integrated with CPDat ingredient data by Universal 
Product Code

• Used a data-mining technique (Frequent Itemset Mining) to 
identify frequently-occurring combinations of chemicals 
across households (broad group of chemicals and potential 
endocrine-active chemicals)

• Were able to examine impact of demographics (race, 
household size, income, education) on frequent combinations

{Chemical1, Chemical8, Chemical 20}



Identification of Co-Exposures Indoors

Stanfield et al., submitted

Broad TSCA Inventory

• Here demographics and chemical sets are 
clustered to indicate the similarity of 
rankings of chemical combinations

• Cell color reflects relative prevalence of the 
chemical combination (rank across all 
prevalent combinations) for the 
demographic versus total population

• We could identify patterns in chemical co-
occurrence in both the broad chemical 
group and potential endocrine active 
chemicals

• Results can be used to prioritize chemicals 
for testing in in vitro systems



High-Throughput Consumer Exposure Model
(SHEDS-HT)

 CPDat has allowed for rapid parameterization 
of consumer exposure models, like the High-
throughput Stochastic Human Exposure Model 
(SHEDS-HT, Isaacs et al. 2014) 

 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

 Includes a fugacity-based indoor fate and 
transport model to predict indoor chemical 
concentrations in air (particles and gas-phase) 
and on surfaces (particles and residues).

SHEDS-HT



SHEDS-HT: Overview
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Chemical Residues 
in Foods

Food Intakes

Chemical Weight Fractions

Indoor Chemical Emission 
from Articles (y0)



Population Exposures
mg/kg-BW/day

SHEDS-HT: Overview

Chemical Residues 
in Foods

Food Intakes

Chemical Weight Fractions

Indoor Chemical Emission 
from Articles (y0)



R package ‘ShedsHT”

• R Package with help documentation and User’s Guide
• Current model release
• Default input files (e.g. population, food diaries, 

CPDat data)
• 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



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

 Non-Targeted Analysis (NTA) or Suspect 
Screening Analysis (SSA)

• We have no preconceived lists
• 1,000s – 10,000s of chemical

 Can supplement and evaluate predicted 
concentrations in consumer products, 
concentrations in indoor media and, estimated 
exposures (e.g., blood concentrations) 

High Resolution Mass Spectrometry

Non-Targeted Analysis of Environmental
and Biological Media



Consumer Products

Recycled Consumer Materials

Residential Dust

• Rager et al., Env. Int., 2016

• Phillips et al., Env. Sci. Tech. 2018

Published and Ongoing NTA Studies in the ExpoCast Project

Consumer Product Emissions from 
Different Substrates

Residential Air Pooled Human Blood

Comparison against known 
chemicals used in the home 

(Using CPDat and inventory of 
products in the home)



Summary

• In ExpoCast, we are developing data and models necessary for characterizing near-field 
(residential) exposures associated with thousands of chemicals
• Consumer product ingredients
• Emission processes
• Aggregate and combined exposures

• We are using new analytical measurement data to evaluate and refine these datasets and 
models 

• Estimates of population exposures associated with near-field sources and pathways feed 
existing ORD consensus exposure models that integrate many different pathway-specific 
estimates into a population median exposure

• These consensus estimates are being used in multiple decision-making contexts to prioritize 
chemicals for further study  
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