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Magnitude of the Worldwide Chemical Inventory

• A total of 19 inventories 
surveyed

• 350,000 chemicals and 
mixtures of chemicals were 
registered in one or more 
inventories.

• Total number of substances 
likely an undercount due to:

• Thresholds required for 
registration.

• Does not include degradation 
products.

• Does not include contaminants.
Wang et al., Env Sci Technol., 2020
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Contextualizing the Domestic and Worldwide 
Chemical Inventories

Chemicals in 
Environment

Multimedia Monitoring DB

Literature Survey of Chemicals 
in Produced Water

EPA List of Chemicals Found 
in Biosolids

Chemicals in 
Waste Streams

Literature Survey of Chemicals 
in Blood (TSCA Subset)

Chemicals in 
Human Body

Contaminants of 
Emerging or 

Immediate Concern
OECD PFAS List

Chemicals in 
Commerce

TSCA Active Inventory

3,270

1,197

739

4,896

4,729

33,856

2

Chemical Sets 
Representative of 

Different Exposure and 
Regulatory Contexts
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Less Than Half of Chemicals Within the Representative 
Sets Have Traditional Toxicity Testing Data

3

Chemicals in 
Environment

Chemicals in 
Waste Streams

Chemicals in 
Human Body

Contaminants of 
Emerging or 

Immediate Concern
Chemicals in 
Commerce
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*Toxicity testing data 
obtained from ToxVal v9.4
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Even Fewer Chemicals Within the Representative 
Sets Have Human Health Assessments
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IRIS – US EPA Integrated Risk 
Information System

PPRTV – US EPA Provisional 
Peer Reviewed Toxicity Values

ATSDR MRL – Agency for Toxic 
Substances and Disease Registry 
Minimal Risk Levels

OW DWS – US EPA Office of 
Water Health Advisories

OPP – US EPA Office of 
Pesticide Programs
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Similarly Few Chemicals Have Traditional Exposure 
Monitoring and Assessments

5Isaacs et al., J Expo Sci Environ Epidemiol, 2022

Percent of Chemicals in Sector with 
Traditional Monitoring Data

Percent of Chemicals in Sector with 
Traditional Exposure Assessment



Center for Computational
Toxicology & Exposure

6

Time From Required to a Understand Human Health 
Risks Using Traditional Approaches is Significant

Time from chemical 
identification to 

finalizing report can 
range from 2 – 10 

years.

• Time to perform a typical 
human health assessment is 
4+ years (Krewski et al., Arch Toxicol.,
2020).

• More complex assessments 
can take substantially longer 
(NASEM, 2009).

6

Time to develop an EPA 
validated analytical 

method can range from 
2 - 5 years.
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So, Is The Issue A Lack of Data?
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Broad Range of Technologies and Methods Available 
for Generating Alternative Data on Chemical Hazard

8

Whole Genome/Reduced 
Set Transcriptomics

Multi-Parameter Cellular 
Phenotypic Profiling

Organotypic Culture 
Models

Integrated Approach to Testing 
and Assessment for DNT

Volatile/Aerosol In Vitro 
Exposure Systems

Generalized Read Across 
Methods and QSAR Modeling

~700 Biochemical/Cellular Assay Endpoints

Cholinesterase
Phosphatases

Proteases
XME metabolism

GPCRs
Ion channels

Transcription Factors
Transporter
Cytokines

Kinases
Nuclear Receptors

CYP450 / ADME

ToxCast High-Throughput In 
Vitro Assay Battery
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Similar Range of Technologies and Methods 
Available for Exposure and Toxicokinetics

LC and GC Non-Targeted 
Analysis

SEEM Consensus 
Exposure Model

SHEDS-HT Exposure 
Pathway Model

humectant lubricating 
agent

perfumer pH 
stabilizeroxidizer

heat 
stabilizer

photo-
initiator

masking 
agenthair dye

organic 
pigment

flavorantflame 
retardant

film 
forming 

agent

foam 
boosting 

agent
foamer

reducer rheology 
modifier

skin 
protectant

skin condi-
tioner

soluble 
dye

catalyst chelator colorant crosslinker emollient emulsifier

fragrance

plasticizer

monomer

solvent

antistatic 
agent

anti-
oxidant

anti-
microbial

adhesion 
promoter

additive 
for rubber

additive 
for liquid 
system

whitenerwetting 
agent

viscosity 
controlling 

agent
vinylUV 

absorber
ubiquitoussurfactant

pre-
servative

oral care

hair condi-
tioner

emulsion 
stabilizer

buffer

additive

QSUR Functional Use 
Machine Learning Models

In Vitro Toxicokinetic 
Assays and Modeling
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Literature Review Supports Dose Concordance 
Between Disruption of Gene Activity and Toxicity

• Literature review identified 140 chemicals in 32 studies.

• Studies covered 4 exposure routes, multiple exposure durations 
(<1 day to 90 days), 8 tissues, 3 technologies, and broad range of 
physicochemical properties and toxicokinetic half-lives.

• Across 38 chemicals with chronic bioassays, the Pearson’s 
correlation coefficient for the transcriptomic BMD versus chronic, 
apical BMD was 0.842 with an RMSD of 0.565 (log10 mg/kg-d) 
and a median absolute ratio of 2.1 ± 0.7 (MAD).

• The RMSD is similar to the range of inter-study standard deviation 
estimates for the lowest observable adverse effect levels 
(LOAELs) for systemic toxicity in repeated dose studies (0.45-
0.56) (Pham et al. Comp Toxicol., 2020). 

• Dose concordance was robust across exposure durations, 
exposure routes, species, sex, target tissues, physical chemical 
properties, toxicokinetic half-lives, and technology platforms.

10
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Refining Dose Response Analysis Methods to Derive 
Transcriptomic Points-of-Departure for ETAP

• Standardized study design based on NIEHS 
DTT/NTP data sets:
• 5 day, repeat oral dosing in male Sprague Dawley 

rats.
• Transcriptomic measurements in the liver and kidney.
• Reduced gene set targeted RNA-Seq platform 

(S1500+) (Mav et al., PLOS One, 2018).

• Concordance of transcriptional and apical 
responses

• Pearson’s correlation = 0.910
• RMSD = 0.567
• Median absolute ratio = 3.2 + 1.9 (MAD)

• Inter-study reproducibility
• Inter-study log10 BMD SD = 0.24

• False positives
• Family-Wise Error Rate = 0.006

NTP Dataset #1
Gwinn et al., 2020

5 day In Vivo Transcriptomic Dose 
Response Data for 14 Chemicals 
with Chronic Rodent Bioassays 

NTP Dataset #2
DOI: 10.22427/NTP-DATA -002-00099-0001-000-1

5 day In Vivo Transcriptomic Dose 
Response Data for 3 Chemicals 
with 3 Inter-Study Replicates

Combined Vehicle Control Data 
from Both Studies

Dose Concordance of 
Transcrip�onal and Apical 

Responses
Family-Wise Error Rate Inter-Study Reproducibility

11Collaboration between EPA and NIEHS
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EPA Announced Proposed Release of a New Human 
Health Assessment Product Based on Transcriptomics 

EPA released public notice for upcoming scientific peer-review and public comment on a new draft ORD 
human health assessment product for data poor chemicals.

EPA Transcriptomic Assessment Product (ETAP) ad hoc Board of Scientific Counselors FRN

12

• Development of transcriptomic points-of-departure from short-term in vivo studies 

• Derivation of transcriptomic toxicity values for chronic toxicity; and

• Incorporation of transcriptomic toxicity values into a new standardized assessment 
product intended for data poor chemicals.

• Example application of the ETAP to a data poor per- and polyfluoroalkyl substance 
(PFAS).

https://www.federalregister.gov/documents/2023/02/15/2023-03194/request-for-public-nominations-of-
experts-to-serve-on-a-review-panel

https://www.federalregister.gov/documents/2023/02/15/2023-03194/request-for-public-nominations-of-experts-to-serve-on-a-review-panel
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International Case Study to Demonstrate Application of 
Alternative Methods To Screening Level Assessments 

Paul-Friedman et al., 2020

13

~700 Biochemical/Cellular Assay Endpoints

Cholinesterase
Phosphatases

Proteases
XME metabolism

GPCRs
Ion channels

Transcrip�on Factors
Transporter
Cytokines
Kinases

Nuclear Receptors
CYP450 / ADME

ToxCast Evaluation of 
Biological Targets

In Vitro Toxicokinetic 
Assays and Modeling
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In Vitro Bioactivity and Toxicokinetics Provided Health 
Protective Screening Assessments for Most Chemicals
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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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Commercial Decision Making 
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Importance of Considering Time as a Factor in 
Chemical Risk Assessment

16

• The NAS committee reflected that time is a “major and rarely 
acknowledged influence in the nature and quality” of a risk 
assessment.

• Additional studies or improvements in the assessment may reduce 
uncertainty, but they require additional resources and the delay “can 
have significant impact on communities who are awaiting risk 
assessment results.”

• A Value of Information (VOI) analysis listed as a recommendation in 
the report to provide a more objective decision framework in assessing 
the trade-offs of time, uncertainty, and cost.

• VOI is a decision analytic method that quantifies the expected value of 
additional testing/data in reducing decision uncertainty (Tuffaha, 2021).
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Difficult Trade-Offs of Uncertainty, Cost, and 
Timeliness in Toxicity Testing Methods

17

• 6 – 20 years
• “Smaller” uncertainties
• $Ks - $Ms

• <1 year
• “Bigger” uncertainties
• $Ks

Option 1 Option 2

What choice would you make?

Alternatives Based
Traditional

~700 Biochemical/Cellular Assay Endpoints

Cholinesterase
Phosphatases

Proteases
XME metabolism

GPCRs
Ion channels

Transcrip�on Factors
Transporter
Cytokines
Kinases

Nuclear Receptors
CYP450 / ADME
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Incorporating Important Features in Chemical Risk 
Assessment Into a Value of Information Framework

18

Exposure Level
Population Variability in Exposure
Affected Population Size
Health Effects
Population Variability in Toxicity
Control Costs

Relevant Chemical 
Characteristics

Toxicity Testing 
Characteristics

Regulatory Decision 
Context

Uncertainty in Effect Level
Timeliness
Cost



Center for Computational
Toxicology & Exposure

19

Timeliness Has Significant Positive Impact on 
Value of Toxicity Tests

19

Example Scenarios
• Two hypothetical toxicity tests 

• Test A – lower cost ($5K), shorter duration (1 yr), higher 
uncertainty (4 orders of magnitude) 

• Test B – higher cost ($5M), longer duration (5 yr), lower 
uncertainty (2 orders of magnitude)

• Different health endpoints and decision types
• Chemicals regulated based on benefit-cost analysis and 

target risk levels
Overall Conclusions

• Timeliness has a significant positive impact on the 
VOI of toxicity tests, even in the presence of higher 
uncertainty.

• The positive impact of the shorter tests may be 
multiplicatively amplified by the ability to test more 
chemicals.

Trade-Offs of Uncertainty and Time of Hypothetical Toxicity 
Testing Methods

(Target Risk Decision Maker)

Hagiwara et al., Risk Anal., 2022
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EPA Announced Case Study on Value of Information 
Analysis of the EPA Transcriptomic Assessment Product 

EPA released public notice for upcoming scientific peer-review and public comment on a case study 
evaluating the public health and economic trade-offs associated with the timeliness, uncertainty, and 
costs of the draft EPA Transcriptomics Assessment Product (ETAP). .

20

• Comparison of the ETAP with traditional toxicity testing and human health 
assessment processes across:

• Different chemical exposure scenarios

• Health endpoint valuations

• Exposure mitigation costs

• Decision contexts

https://www.federalregister.gov/documents/2023/02/13/2023-03018/request-for-public-nominations-of-experts-to-
serve-on-a-review-panel

ETAP Value of Information Case Study ad hoc Board of Scientific Counselors FRN

https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Furldefense.com%2Fv3%2F__https%3A%2Fwww.federalregister.gov%2Fdocuments%2F2023%2F02%2F13%2F2023-03018%2Frequest-for-public-nominations-of-experts-to-serve-on-a-review-panel__%3B!!HYmSToo!aASm5L9kGMSaW8oBBOuLY0qRL1_ug6Pu5YyWNWyNNDEzqyIjqd2fximn0r_c5fc7tBWkeVjibP6LWmWkVDFUJ0FVtmZ__msfJA%24&data=05%7C01%7CThomas.Russell%40epa.gov%7Cc1b24263b75b4d36630208db0ed5bcc7%7C88b378b367484867acf976aacbeca6a7%7C0%7C0%7C638120083382428487%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=gvVf6fjrtHN8nQgFuZZiwTfwgT7nH5O8nof15FnOMbU%3D&reserved=0
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So… The Question is Do We Lack the Data or Need a 
Change in Perspective to Use New Approaches?

21
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