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Point Estimates of Complex Phenomena Are Problematic



Dealing with uncertainty like a toxicologist

Assume a depth of 4 ft, then add an uncertainty factor of 10 for geological variability and an 
additional 10 for database uncertainty, thus assumed an estimated depth of 400 ft - the river 
is uncrossable.



Hazard Based Screening Assessment

Water is neither a carcinogen, mutagen nor reproductive toxicant. No 
sensitization potential. The river is safe!



Probabilistic Risk Assessment



Probabilistic Risk Assessment

EPA said that the cancer risk estimates 
were “extremely unlikely and reported 
with high uncertainty.” 

• Key endpoint is often derived from the 
most toxic substance in the mixture (for 
fuels this often benzene)

• Exposure scenarios are very 
conservative – for example, assumes 
that planes are idling through a full tank 
of gas per day 

• Assumes residents nearby would 
breathe the exhaust round the clock, 
every day over their lifetime





Environmental Fate



EpiSuite

Physicochemical Properties

• Water solubility

• Octanol-water partition coefficient (Kow)

• Vapor pressure

• Henry's Law constant

• Boiling & melting points

Environmental Fate

• Biodegradation rates & pathways, including 

waste water treatment

• Hydrolysis products & rates

• Atmospheric oxidation

• Bioconcentration factors (BCF)

• Soil & sediment sorption (Koc)

• Multimedia fugacity model 



EPISUITE
Application: Compares predicted values against regulatory criteria (EPA, REACH) to flag 

chemicals requiring detailed assessment

Persistence (P)

Biodegradation half-lives in 

water, soil, sediment, and 

air - numerical criteria

Bioaccumulation (B)

BCF estimates and 

potential for 

biomagnification -

numerical criteria 

Toxicity (T)

Acute and chronic aquatic 

toxicity predictions ??





Models over all have 80-85 percent accuracy

Similar range to reproducibility of animal tests as well 
as the extent to which animal tests predict each other

Many of the inaccuracies are caused by weak sensitizers 
– several commonly used topical skin agents have 
sporadic reports of sensitization and are therefore 
classified as skin sensitizers 

Skin Sensitization



We think of each event in 
the AOP  mechanistically, 
but in fact for each event 
is highly dependent on

o Potency factor of 
chemicals 

o Exposure patterns

o Genetic background

o Stochastic element 



Structure provides information about molecular 

properties - reactivity, protein binding, mechanism. 

But both potency and individual response emerge 

from the interaction of those properties with 

biological context. 

QSAR (and other structure-based approaches) gives 

us the chemistry; we need to add the biology

. . . structure will never be enough



1. Structure → Consistent Potency, Variable Response

• Cyanide, some direct-acting toxicants

• Biological variability can be understood mechanistically (e.g. organophosphates there is a 40-fold difference in 

efficiency of detoxifying enzymes)

• Chemical similarity metrics that focus on RFG will predict potency 

2 Structure → Reactivity Potential, Context-Dependent Potency

Skin sensitizers, systemic toxicity 

• Structure predicts electrophilicity/reactivity 

• But potency depends on:

◦ Penetration (skin barrier)

◦ Bioactivation (local enzymes)

◦ Protein binding (tissue context)

◦ Immune competency (individual status)

• QSAR can't predict potency, only reactive potential - and this can't be fixed easily be fixed with better 

chemoinformatics that focuses on reactive functional groups.   

Structure Gives Us Different Information in Different Contexts



Direct DNA damage → Low variability (works in all cells) 

Receptor-mediated → Moderate variability (receptor polymorphisms and 

biological context) 

Metabolic activation → Moderate variability (enzyme polymorphisms)

Immune-mediated → Very high (HLA types, immune status)

Mechanism matters for variability



Uncertainty surrounding molecular 
initiating event – many chemicals in a 
food contact database could bind to 
greater than 15 nuclear receptors

Probability of Hazard



Endocrine Disruption



Endocrine Disruption



High predictive value for simple pathways (steroidogenesis). . . but  
lower for more complicated pathways. 

Some in vitro endpoints were too noisy (e.g. transcriptomics) 

Binding predictions alone performed poorly, but combined with other 
data (and multiple predictions for the same target) binding data 
consistently was the top feature

Random Forest outperformed neural nets and deep learning based 
methods - for sparse toxicology datasets, simpler models often 
win.

Mechanism grounded models



Can Transfer Learning Make Models More Biologically 
Grounded?



Probability of biological effect: Will target tissue concentrations lead to an adverse outcome?

Why This Gap Is Hard to Bridge

• In vitro data is noisy - thousands of genes change, which 
matter? High false positive rates in HTS

• Adaptive vs. adverse - receptor binding ≠ toxicity; gene 
expression changes ≠ disease

• No established thresholds - what magnitude of 
perturbation causes harm?

We Need: Quantitative AOPs



Class Based Assessments

Flame retardants exposures are ubiquitous and can be very high in children

Over 500 discrete chemicals currently identified as flame retardants



Class based risk assessment can obscure 
significant differences within a class as 
well as similarities between classes  

Exposure data is often class-based vs 
chemical-based 



There is an extraordinary 
diversity of metabolites in some 
chemical classes – many flame 
retardants are metabolized 
into other flame retardants

Many of the metabolites were 
verified by a literature or 
database search -
chemoinformatics can help 
guide exposure science 

Phase II metabolism was more 
likely

Exposomics: Metabolites





(Q)SAR → Molecular interactions vs complicated 

endpoints 

PBPK → Tissue concentrations and population 

variance

Systems biology → Pathway perturbations considering 

genetic variability and biological context 

Population model → Distribution of outcomes

Multi-scale modeling



Data doesn't just appear - someone has to decide who counts, what we 
quantify, and how we encode that

Because of that - all data is biased. We can be more thoughtful about 
this fact but we cannot get rid of it 

AI often makes this less obvious.

For respiratory sensitization: Is asthma encoded with equal precision for 
men vs women? For patients of different backgrounds? Different 
occupations and exposure scenarios? How useful is an encoding of 
asthmatic/non-asthmatic?

Biased Data



Challenges: AI



Challenges: AI  

All chemicals 
have some 
published or         
predicted 
hazard.

Image:Lesswrong.com



AI: Challenges - Mining the Literature



• Inferred connections between asthma and 23,457 chemicals

AI Challenges - Mining the Literature



• How many genes does Bisphenol A interact with? - Most of the human genome!

How many diseases is it implicated in? 5,830 



Communicating Risk in the Era of Exposomics, NGRA and Probabilistic Risk Assessment 
Will Be a Challenge 



• As a community, we need to think more carefully about how we report our findings: 

• Emphasize the importance of casual inference - "linking" an exposure to an outcome disguises that 
correlating to variables from (often high-dimensional) data 

• Honest about uncertainty and explore ways to meaningfully communicate this

• Focus on meaningful health impacts - the difference between a shift in population means vs 
adversity will be critical going forward 

Communicating Risk in the Era of Exposomics, NGRA and Probabilistic Risk Assessment 
Will Be a Challenge 



Data isn’t enough. . . 


