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The Primary Issues Surrounding Chemical Safety 
Have Not Changed
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There is a Lack of Data on Hazard, Toxicokinetics, 
and Exposure for Most Chemicals
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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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Solving these Issues in Chemical Safety Requires a 
Clear Vision of Both the Forest and the Trees…
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There is a Significant Overlap Between Elements of 
the EPA Big Picture Visions for Chemical Safety

EPA NAMs Work Plan EPA CompTox Blueprint
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Mapping the Trees to the Forest Highlights a 
Complex, Multi-Disciplinary Research Program

• DSSTox
• Chemical library
• Read across
• SAR/QSAR modeling
• Chemotypes
• TTC

• Eco/HH HTS (HTTr, HTPP, ToxCast)
• Tiered testing
• Organotypic models
• Addressing limitations (metabolism, 

chemical space)
• Statistical and Biologically-based 

Modeling
• AOPs

• HTTK assays (metabolism, 
bioavailability, binding)

• Partition coefficients
• HTTK R package
• Multi-route models
• Model verification (e.g., 

CvT)
• In vitro disposition

• CompTox Chemicals 
Dashboard

• RapidTox
• Factotum
• ECOTOX
• SeqAPASS
• CEA and VOI Frameworks

• ExpoCast
• NTA/SSA
• ENTACT
• Product emissivity

• SEEM
• ToxBoot
• HTTK
• ToxRefDB

• OECD/ APCRA Case 
Studies

• NAM Work Plan
• Reference Materials
• Reporting Templates

• Communities of 
Practice

• ToxCast Owners 
Manual

• Training courses/ 
videos
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With Multiple Areas of Active Collaboration with 
HC and ECCC (         )

• DSSTox
• Chemical library
• Read across
• SAR/QSAR modeling
• Chemotypes
• TTC

• Eco/HH HTS (HTTr, HTPP, ToxCast)
• Tiered testing
• Organotypic models
• Addressing limitations (metabolism, 

chemical space)
• Statistical and Biologically-based 

Modeling
• AOPs

• HTTK assays (metabolism, 
bioavailability, binding)

• Partition coefficients
• HTTK R package
• Multi-route models
• Model verification (e.g., 

CvT)
• In vitro disposition

• CompTox Chemicals 
Dashboard

• RapidTox
• Factotum
• ECOTOX
• SeqAPASS
• CEA and VOI Frameworks

• ExpoCast
• NTA/SSA
• ENTACT
• Product emissivity

• SEEM
• ToxBoot
• HTTK
• ToxRefDB

• OECD/ APCRA Case 
Studies

• NAM Work Plan
• Reference Materials
• Reporting Templates

• Communities of 
Practice

• ToxCast Owners 
Manual

• Training courses/ 
videos
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Today, I’m Going to Highlight a Few Areas of 
Progress and Show How They May Fit Together…

• DSSTox
• Chemical library
• Read across
• SAR/QSAR modeling
• Chemotypes
• TTC

• Eco/HH HTS (HTTr, HTPP, ToxCast)
• Tiered testing
• Organotypic models
• Addressing limitations (metabolism, 

chemical space)
• Statistical and Biologically-based 

Modeling
• AOPs

• HTTK assays (metabolism, 
bioavailability, binding)

• Partition coefficients
• HTTK R package
• Multi-route models
• Model verification (e.g., 

CvT)
• In vitro disposition

• CompTox Chemicals 
Dashboard

• RapidTox
• Factotum
• ECOTOX
• SeqAPASS
• CEA and VOI Frameworks

• ExpoCast
• NTA/SSA
• ENTACT
• Product emissivity

• SEEM
• ToxBoot
• HTTK
• ToxRefDB

• OECD/ APCRA Case 
Studies

• NAM Work Plan
• Reference Materials
• Reporting Templates

• Communities of 
Practice

• ToxCast Owners 
Manual

• Training courses/ 
videos
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A Tiered Testing Approach is an Important 
Component in the Blueprint
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High-Content Screening Being Perform Across 
Diverse Cell Types, Chemistry, and Taxa  

BEAS2B HBEpC Daphnia 
magna

MCF7 U2O2 HepaRG

Pimephales 
promelas

Chironomus 
dilutus

Raphidocelis
subcapitata

~100 chemicals
Conc response
24 hr exposure

RNAseq Phenotypic 
Responses

TempOSeqPhenotypic 
Profiling

Cell Type X

TempOSeq

>1000 chemicals
Conc response

6, 24 hr exposure

~300 reference 
chemicals

Conc response
6, 24 hr exposure

Human Health Focus Human Health with Volatiles Ecological Focus
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Using High-Throughput Transcriptomics to 
Screen Multiple Human Cell Types

MCF7 U2O2

HepaRG
>1000 chemicals
Conc response

6, 24 hr exposure

TempOSeq

Mode-of-Action 
Identification

Concentration Response 
Modeling
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Using High-Throughput Transcriptomics to Screen 
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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Using High-Throughput Transcriptomics Evaluate 
Responses Across Taxa

Mode-of-Action 
Identification

Concentration Response 
Modeling

Whole Genome 
Transcriptomics (HTTr)

K. Flynn, A. Biales, D. Bencic, 
R. Flick, J. Martinson, D. 
Villeneuve, K. Jensen, J. 
Cavallin, R. Hockett, T. 
Norberg-King, M. Le, K. 
Santana-Rodriguez, and K. 
Bush, Unpublished

Replicates

Control

Phenotypic 
Responses

Chemical Transcriptomic POD Mortality-based POD
CuSO4 0.03 mg/L 0.2 mg/L
ZnSO4 0.00023 mg/L 3.2 mg/L
NiSO4 0.33 mg/L 3.9 mg/L

Imidacloprid 8.8 mg/L > 10 mg/L
Flupyradifurone 1.3 mg/L > 10 mg/L

Clothianidin 8.1 mg/L > 10 mg/L
Thiacloprid 57.2 mg/L 85 mg/L
Sertraline 0.6 mg/L 0.9 mg/L
Fluoxetine 0.02 mg/L 0.8 mg/L
Paroxetine 1.0 mg/L 1.1 mg/L

Preliminary Results from Initial Subset of Chemicals 
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Incorporating Xenobiotic Metabolism Into In 
Vitro Assays

AIME Method: S9 Fraction Immobilization in 
Alginate Microspheres on 96- or 384-well peg 

lids

Deisenroth et al., Tox Sci, 2020
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Conc (uM)Conc (uM)

Application to ER Transactivation Assay (ERTA)
Pilot Screening Results of Pinto et al., 2016 Library

Bioinactivation Bioactivation

Δ AUC Δ AUC

Preliminary Analysis of 768 ToxCast Chemical Screen

Number of Chemicals

Negative

Positive

C. Deisenroth, Unpublished
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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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Expanding Toxicokinetic Data Availability Using 
High-Throughput In Vitro Data and Modeling

Rotroff et al., Tox Sci., 2010
Wetmore et al., Tox Sci., 2012
Wetmore et al., Tox Sci., 2015
Wambaugh et al., J Stat Softw., 2017
Wambaugh et al., Tox Sci., 2018
Wambaugh et al., Tox Sci., 2019

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)
• v1.10 features 942 total chemicals
• Now allows propagation of uncertainty

Tissue 
Partitioning
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Extending High-Throughput Toxicokinetic Models 
to Inhalation Route

Evaluating Performance of Generic Inhalation PBTK Models

142 Exposure Scenarios 
41 VOCs

Linakis et al., J Expo Sci Environ Epidemiol. 2020
Sayre et al., Scientific Data. 2020
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Consensus Exposure Predictions with the SEEM 
Framework

• Incorporate multiple models (simple heuristics, SHEDS-HT, USETox) into consensus predictions for 1000s of chemicals within 
the Systematic Empirical Evaluation of Models (SEEM) (Wambaugh et al., 2013, 2014; Ring, 2019)

Hurricane Path Prediction is an 
Example of Integrating Multiple Models
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R2 ≈ 0.14

Wambaugh et al., 2013

Near-field
+

Far-Field

R2 ≈ 0.5

Production Volume
+

5 Functional Use 
Heuristics

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

Development of First and Second Generation 
SEEM Models

Wambaugh et al., 2014
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Curating the Data to Support Pathway-Based 
Exposure Models for 1000s of Chemicals

General use 
categories

Reported 
chemicals in 
productsChemical role 

in products

Identification in 
product samples

CPDat

CPCat

CPCPdb

Ingredient 
List

Measured 
Data

Functional 
Use

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
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Intake Rate (mg/kg BW/day) Inferred from 
NHANES Serum and Urine
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Integration of Twelve Exposure Pathway Models 
in the Third Generation SEEM Model

Ring et al., Environ Sci Technol. 2019

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
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Initial Case Study on Evaluating NAMs for 
Screening Level Assessments

• Multiple international case studies stemming from 
2016 inter-governmental workshop

• Example: In Vitro Bioactivity as a Conservative Point 
of Departure

• Participants include EPA, Health Canada, ECHA, 
EFSA, JRC, and A*STAR

• Goal:  Determine whether in vitro bioactivity from 
broad high-throughput screening studies (e.g., 
ToxCast) can be used as a conservative point-of-
departure and when compared with exposure 
estimates serve to prioritize chemicals for future study 
or as lower tier risk assessment.
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Case Study on Evaluating NAMs for Screening 
Level Assessments 

PODtrad
PODNAM

EPA - ToxCast

Apply httk

Exposure Bioactivity-
exposure ratio

PODtrad : 
PODNAM ratio

• NOEL, LOEL, 
NOAEL, or LOAEL

• Oral exposures
• Mg/kg-bw/day units

~400 chemicals

5th %0-5th

%
95th %

ExpoCast

ToxVal
EFSA
ECHA

ToxVal
EFSA
ECHA

Health Canada
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Regulatory Focused Case Study on Evaluating 
NAMs for Screening Level Assessments
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For ~89% of the 
chemicals, PODNAM
was conservative.

(~100-fold on 
average), but less 
conservative than 

a TTC

ExpoCast PODNAM (PODTraditional PODEFSA PODHC)

Chemicals where 
PODNAM was not 

conservative 
enriched in 

OPs/carbamates
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Follow-Up Prospective Case Study on Application 
To Data Poor Chemicals on National Inventories

PODNAM

ToxCast Targeted 
Assay Set

HTTr HTPP

HTTK

Exposure

Bioactivity-
exposure ratio PODNAM Cutoff

0-5th

%
95th %

Hazard Flags

Css Cmax AUC

PODNAM < X
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Preliminary Analysis of Follow-Up Prospective 
Case Study on Application To Data Poor Chemicals

Red box is chemicals with 
BER ≤ 10,000
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Incorporating Approaches into Decision Support 
Frameworks

Components of a Cost Effectiveness Framework for 
Toxicity Testing Methods
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Systematic Evaluation of Trade-offs of 
Speed, Cost, and Uncertainty

𝐶𝐶𝐶𝐶𝐶𝐶𝑗𝑗 |𝑙𝑙 =
∑

𝐶𝐶𝑦𝑦
𝑗𝑗

(1 + 𝑟𝑟)𝑦𝑦−1
𝑦𝑦T,𝑗𝑗
𝑦𝑦=1

∑
𝐷𝐷𝐷𝐷𝐷𝐷𝑦𝑦

𝑗𝑗 |𝑙𝑙

(1 + 𝑟𝑟)𝑦𝑦−1
𝑇𝑇𝑇𝑇
𝑦𝑦=𝑦𝑦T,𝑗𝑗+𝑦𝑦TA ,j

  

• 𝐶𝐶𝑦𝑦
𝑗𝑗 cost of performing the 𝑗𝑗th testing methodology and interpreting results in the yth year (millions of dollars)

• 𝐷𝐷𝐷𝐷𝐷𝐷𝑦𝑦
𝑗𝑗|𝑙𝑙(Decision Making Value) probability of correctly making the 𝑙𝑙th type of regulatory decision given the 

findings of the 𝑗𝑗th testing methodology in the yth year (unitless)
• 𝑦𝑦T,𝑗𝑗 time it takes to perform the 𝑗𝑗th method of toxicity testing (years)
• 𝑦𝑦𝑇𝑇𝑇𝑇,𝑗𝑗 time required to convert the findings of the jth testing methodology into a toxicity assessment (years)
• 𝑦𝑦𝑇𝑇𝑇𝑇 time horizon of the analysis where 𝑦𝑦𝑇𝑇𝑇𝑇 must be greater than the sum of 𝑦𝑦𝑇𝑇𝑇𝑇,𝑗𝑗 and 𝑦𝑦𝑇𝑇,𝑗𝑗 (years)
• 𝑦𝑦 time since the beginning of the toxicity testing (years)
• 𝑟𝑟 annual discount rate (fraction per year)
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Incorporating Approaches into Decision Support 
Frameworks

Toxicity Testing Methodology
1 2 3 4 5

Parameter Description Units
Base 
case

Less cost Less time
Less 

uncertainty
Less all 
three

𝑦𝑦T,𝑗𝑗
Duration of toxicity 
testing

Years 10 10 2 10 2

𝐶𝐶𝑗𝑗
The total cost of 
toxicity testing one 
chemical

Millions $ 5 1 5 5 1

𝜎𝜎 �𝜇𝜇𝑡𝑡𝑡𝑡𝑡𝑡
Uncertainty in the 
geometric mean of 
toxicity 

Unitless 1 1 1 0.2 0.2

Regulatory actions

Parameter Description Units
No 

action
1 2 3 4 5

�𝜇𝜇𝑘𝑘,𝑒𝑒𝑡𝑡𝑒𝑒
Log10 of geometric mean of 
exposure in the population 

Log10 (mg/kg/d) -8 -8 -8 -8.5 -9 -14

�𝜎𝜎𝑘𝑘,𝑒𝑒𝑡𝑡𝑒𝑒
Log10 of geometric standard 
deviation of exposure in the 
population

Log10 (mg/kg/d) 0.5 0.4 0.3 0.5 0.5 0.1

Simple Decision

Complex Decision
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Incorporating Approaches into Decision Support 
Frameworks

Average value of 𝑪𝑪𝑪𝑪𝑪𝑪
across all values of 

𝝁𝝁𝒕𝒕𝒕𝒕𝒕𝒕

Value of 𝑪𝑪𝑪𝑪𝑪𝑪 for the value 
of 𝝁𝝁𝒕𝒕𝒕𝒕𝒕𝒕 most impacted by 

uncertainty
Simple 

decision
Complex 
decision

Simple 
decision

Complex 
decision

Toxicity Testing Methodology #1 (Base case) 22 45 38 350
Toxicity Testing Methodology #2 (Less cost) 4.4 9.1 7.5 70
Toxicity Testing Methodology #3 (Less time) -
maximum impact 1.4 2.8 2.3 21
Toxicity Testing Methodology #4 (Less uncertainty) 20 23 33 72
Toxicity Testing Methodology #5 (Less cost, less 
time - min, less uncertainty) 0.24 0.28 0.41 0.88

Ratios of 𝑪𝑪𝑪𝑪𝑪𝑪 values for Toxicity Testing 
Methodologies 

Impact of less cost 5.0 5.0 5.0 5.0
Maximum impact of less time 16.4 16.4 16.4 16.4
Impact of less uncertainty 1.1 2.0 1.51 5.21

Combined impact of less of cost, minimum impact 
of less time and less uncertainty 92.8 160.3 125.7 425.3

Base Case         Less Cost         Less Time       Less Uncertainty     Less All

Base Case         Less Cost         Less Time       Less Uncertainty     Less All

1Values are determined based on the set of data with the largest difference between Toxicity Testing Methodologies #1 and #4. 
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Log10 Geometric Mean of Toxicity (μTox)
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To Succeed it will Take a Complex, Multi-
Disciplinary Research Program, but…

• DSSTox
• Chemical library
• Read across
• SAR/QSAR modeling
• Chemotypes
• TTC

• Eco/HH HTS (HTTr, HTPP, ToxCast)
• Tiered testing
• Organotypic models
• Addressing limitations (metabolism, 

chemical space)
• Statistical and Biologically-based 

Modeling
• AOPs

• HTTK assays (metabolism, 
bioavailability, binding)

• Partition coefficients
• HTTK R package
• Multi-route models
• Model verification (e.g., 

CvT)
• In vitro disposition

• CompTox Chemicals 
Dashboard

• RapidTox
• Factotum
• ECOTOX
• SeqAPASS
• CEA and VOI Frameworks

• ExpoCast
• NTA/SSA
• ENTACT
• Product emissivity

• SEEM
• ToxBoot
• HTTK
• ToxRefDB

• OECD/ APCRA Case 
Studies

• NAM Work Plan
• Reference Materials
• Reporting Templates

• Communities of 
Practice

• ToxCast Owners 
Manual

• Training courses/ 
videos
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The Chemical Safety Groundhog Day is Coming 
to a Close…
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