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Outline of this presentation

•What are PPRTVs?

•Advent of Appendix Screening Values: Expert-Driven Read Across

•n-Heptane example 

•p,p’-DDD example (integrating ToxCast bioactivity)

•Limitations and challenges 



Provisional Peer-Reviewed Toxicity Values

• Annual goal: Derive provisional human health reference values for 12 priority 
chemicals for OLEM/Regions when such values are not available from IRIS

• OSWER Directive 9285.7-53 (Dec. 5, 2003) established a hierarchy for selecting Human 
Health Toxicity Values for use in Superfund Risk Assessments 

Tier 1 IRIS 

PPRTV 
ATSDR MRLs
CalEPA
PPRTV appendixes 

Tier 2

Tier 3 Other Tox Values 

OSWER 9285.7-86 (2013)



• For over two decades, the PPRTV program has developed human health assessments 
for chemicals with highly variable hazard databases

• Includes development of subchronic and chronic non-cancer reference values (RfVs) 
and cancer values for chemicals of interest to OLEM/Regions

• A data-rich PPRTV assessment might provide up to six provisional values
• PPRTV ‘appendixes’ were a key development circa 2007 
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Traditional Tox Data Availability

Tungsten

p-CBSA

Provisional Peer-Reviewed Toxicity Values
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Expert-driven Read Across

• Approach is based on evidence integration and synthesis to select the best analogue 
chemical based on three proposed similarity contexts/categories  (Wang et al., 2012)

• Similarity Contexts are: 
(1) structural (including physchem), 
(2) metabolic, and 
(3) toxicity-like

• Analogue chemicals are selected based on evidence across all three similarity contexts 
(i.e., analyses are integrated not sequential/linear) 

• The POD(s) from the selected analogue is used as a surrogate to derive screening 
PPRTVs for a target chemical of concern



General Expert-Driven Read Across Workflow

Adapted from Wang et al., (2012)



n-Heptane (CASRN 142-82-5)   

 Saturated aliphatic 
hydrocarbon

Used as a non-polar 
solvent and also as a 
standard in gasoline 
engine testing

Poor hazard and dose-
response database

Requested for human 
health assessment

Physicochemical Properties of n-Heptane
Property (unit) Value

Physical state Liquid

Molecular weight (g/mol) 100.21

Vapor pressure (mmHg at 25°C) 46

Henry’s Law constant (atm-m3/mol at 25°C) 
(estimated)

2.27

Solubility in water (g/L at 25 C) 0.0034

Octanol-water partition constant (log Kow) 4.66



• Identify commonalities in structural/physicochemical properties between potential 
surrogates that have available toxicity values, and target chemical of concern

Identify Structural Analogues of n-Heptane



Identify Toxicokinetic Similarities

• Identify commonalities primarily in metabolism (metabolic precursors, metabolites), 
but also absorption, distribution, and excretion, between potential analogue chemicals 
that have available toxicity values, and target chemical of concern



Identify Toxicity/Bioactivity Similarities

• Identify commonalities 
in toxicity (e.g., effect 
levels, target 
organs/tissues) and/or 
bioactivity between 
potential analogue(s) 
(with available toxicity 
values) and target 
chemical of concern.

PLEASE DO NOT DISTRIBUTE FURTHER



Evidence Integration and Synthesis: n-Nonane as 
selected analogue 

• Similarity Context 1: high structural similarity to n-
Heptane (>84%)

• Similarity Context 2: n-Nonane is metabolized in vivo 
similarly to n-Heptane (higher relative amounts of the 
2- and 3-alcohol and γ-valerolactone metabolites 
formed, compared to the neurotoxic γ-diketone 
compounds from n-Hexane candidate analogue)

• Similarity Context 3: n-Nonane-induced proliferative 
forestomach lesions are similar to the lesions observed 
after oral n-Heptane exposure (as compared to unique 
n-Hexane-induced neurotoxicity)



Identify Structural Analogues of p,p’-DDD



Putative Toxicity Targets for p,p’-DDD and 
Analogues 

• Liver
• Reproductive



Analysis of Similarities in Bioactivity between p,p’-
DDD and Analogues 

• p,p’-DDD and 
analogues exhibit 
similarities in cell-
specific responses and 
target gene pathways 
in in vitro ToxCast 
assays conducted in 
Human Liver Cells 



Comparative receptor activation between p,p’-
DDD and Analogues 

• p,p’-DDD and analogues exhibit similar upregulation of Steroid/Xenobiotic-sensing 
Nuclear Receptors in in vitro ToxCast assays conducted in Hepatoma HepG2 Cells



Summary of Comparative ER/AR Bioactivity  

• p,p’-DDD and 
analogues exhibit 
similar estrogenic 
and anti-androgenic 
activities in in vitro 
ToxCast assays and 
model predictions 
for the ER and AR 
across multiple 
tissues and cell lines 



Table 3. Evidence Integration Summary and Conclusion

Similarity Context Summary of Findings Evidence Integration conclusions 

Structure and 
physicochemical 
properties 

• p,p’-DDD and identified analogues (p,p’-DDT and p,p’-DDE  and 
methoxychlor) demonstrate similarities in basic structural features 
(chlorinated diphenylalkane structure)

• p,p’-DDT and p,p’-DDE also share key functional groups (p,p’-chlorine 
substituents) and physicochemical properties important for 
bioavailability (lipophilicity and low BCF values) with p,p’-DDD

• p,p’-DDT is selected as a suitable source 
analogue for the assessment of non-cancer 
oral toxicity of p,p’-DDD based largely on 
toxicokinetic similarities, with supportive 
information from in vivo toxicity testing, 
structural similarity evaluations and in vitro
bioactivity from HTS assays

Toxicokinetics • p,p’-DDT is a metabolic precursor of p,p’-DDD and both chemicals 
show similarities in toxicokinetics (Absorption, Distribution and 
Metabolism [ADME]) in humans and experimental animal models 
(preferential partitioning into fat, similar metabolism and excretion 
pathways and prolonged elimination rates)

• Other analogues demonstrate differences in ADME in comparison to 
the target. p,p’-DDE is less metabolically active; methoxychlor is 
metabolized differently and appears to be less bioaccumulative

Toxicodynamic  • Consistency and coherence across health effects in experimental 
animals for non-cancer oral toxicity among the analogues point to 
putative toxicity targets for p,p’-DDD (primarily liver and reproductive 
toxicity)

• Similarities in in vitro bioactivity profiles from ToxCast assays between 
the target and analogues with respect to cell-specific responses and 
target gene pathways provide mechanistic plausibility for the liver and 
reproductive effects associated with this group of chemicals



Strengths, Limitations, and Challenges of Expert-
Driven Read Across

Strengths
• Provides an opportunity to develop human health values where none would be 

possible based on traditional risk assessment approaches and practice
• Approach is flexible, nimble, and evergreen

Limitations
• Is not high-throughput per se
• Current approach is dependent on analogue space with existent health values

Challenges
• Toxicokinetics (e.g., metabolism) is a critical similarity context that is often highly data-

poor
• Increase throughput…



Acknowledgements

• EPA Office of Research and Development: 
(NCEA) Lucina Lizarraga, Scott Wesselkamper, Jay Zhao, Jeff Dean

(NCCT) Grace Patlewicz

• Questions?
• Jason Lambert, ORD/NCCT – Lambert.Jason@epa.gov

mailto:Lambert.Jason@epa.gov

	U.S. EPA’s use of Read-Across in Provisional Peer-Reviewed Toxicity Value Assessments
	Slide Number 2
	Slide Number 3
	Provisional Peer-Reviewed Toxicity Values
	Provisional Peer-Reviewed Toxicity Values
	Expert-driven Read Across�
	General Expert-Driven Read Across Workflow
	n-Heptane (CASRN 142-82-5)   
	Identify Structural Analogues of n-Heptane
	Identify Toxicokinetic Similarities
	Identify Toxicity/Bioactivity Similarities
	Evidence Integration and Synthesis: n-Nonane as selected analogue 
	Identify Structural Analogues of p,p’-DDD
	Putative Toxicity Targets for p,p’-DDD and Analogues 
	Analysis of Similarities in Bioactivity between p,p’-DDD and Analogues 
	Comparative receptor activation between p,p’-DDD and Analogues 
	Summary of Comparative ER/AR Bioactivity  
	Slide Number 18
	Strengths, Limitations, and Challenges of Expert-Driven Read Across
	Acknowledgements

