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PBK model – physiologically based kinetic model
PDE – partial differential equation
BPAD – biological pathway altering dose
Kow – octanol-water partition coefficient

Exposure Science Research Priorities

Current exposure assessment

In vivo kinetics

In vitro kinetics

Applications for risk assessment

Refinement to exposure based 
waiving (under construction)

Approaches to Exposure

Next Generation Methods

In vitro Free Concentration
• Effect concentrations in in vitro assays are often based on nominal 

concentrations, however for some chemicals the nominal concentration is 
not representative of the biologically effective (e.g. free) concentration.

• The chemical may partition into plastic or evaporate into the headspace. 
The chemical can also bind to protein.

• We aim to develop modelling and measurement approaches to better 
estimate concentration effect relationships.

• Simple mass balance models can predict the steady state free
concentration in an exposure system (e.g. Kramer et al., 2012; Armitage et
al. 2013).

• These models are based on principles of chemical partitioning, and
partition coefficients are calculated from Kow-based regressions.
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Example: SPME
In collaboration with Waterloo University we are 
developing an automated solid phase 
microextraction (SPME) approach for the 
determination of time-course free concentrations of 
chemicals in e.g. 96-well plate in vitro assays 
(purpose: to obtain in vitro kinetic parameters for 
improved characterisation of the dose in vitro for in 
vivo extrapolation of dose-response relationships)

Passive Dosing
• Many ingredients are technically difficult to work 

with due to non-specific binding to surfaces, matrix 
and organic/inorganic matter, low aqueous 
solubility or instability in the test system. 

• Challenges arise particularly but not exclusively for 
hydrophobic chemicals (e.g. UV filters, bioactives) 
when trying to quantify toxic effects in vitro for 
extrapolating to real life situations.

• Passive dosing is investigated as an approach to 
maintain defined free steady state concentrations in 
in vitro test systems.

Applied Dose
• Current models/approaches focus on an estimation of an external applied dose based on 

knowledge/data of how consumers use products
• Tiered approach is taken to applied dose estimates starting with conservative initial estimate
• Higher tier (probabilistic) capability exists for most personal care products

Data requirements
• Consumer habits surveys.
• Physiological data (body weights, skin areas)
• Skin retention
• Simulated use studies (inhalation)
• Co use data (aggregate applied dose)

Published surveys/studies
• Cosmetics Europe study (Europe)
• Personal Care Products Council studies (US)

PBK Modelling
• Evaluation of PBK models using case studies for 

dermal penetration
• Determination of applicability domains for 

component parts e.g. partitioning
• Inclusion of parameter and model uncertainty in 

predictions
• Long term: extending applicability domains  to 

cover all chemical groups of interest

Skin Penetration In Vitro
• Evaluation of methods and characterization of 

uncertainty and variability

• Developing model of capillary absorption 

• In silico predictions and 
experimental 
measurements: log P, 
pKa, water solubility etc.

• Ongoing work to develop 
better predictive models 
and characterise error.

Exposure Based Waiving
• The toxicological threshold of concern (TTC) is a pragmatic 

approach to risk assessment. This approach based on 
historical data has been developed for oral dosing but is 
being extended to include topical application.

• An exposure based waiving approach has been developed for 
inhaled materials (Carthew et al, 2009)

Uncertainty Analysis
Each step of the exposure assessment will have associated 
uncertainties and variabilities (e.g. measurement/prediction 
error, variability in consumer physiology and behaviour). We 
are developing approaches to take account of this 
uncertainty that will be used to inform decision making and 
risk assessment. For example, using Bayesian methods to 
estimate parameter uncertainty and Monte Carlo 
simulations to propagate uncertainties through combined 
exposure and hazard models (i.e. adverse outcome 
pathways). 

• Characterization of 
methods for estimating 
hepatic metabolism

• Methods for slow 
clearance compounds

• Extrahepatic metabolism 
particularly in skin.

Biological Read Across
The concept:
• In vitro assays have determined that chemical A

alters a cellular pathway through a particular mode
of action above a measured concentration.

• A group of chemicals (B, C, D,…) with well
understood safety profiles are known to elicit similar
pathway responses via the same mode of action.

• Through understanding similarities/differences in
both the in vivo and in vitro kinetics and dynamics an
argument can be advanced for assessing the risk of
chemical A through comparison to the group of
chemicals (B, C, D…).

SCHEMATIC OF AN IN VITRO SYSTEM 
WITH BOTH A PASSIVE DOSING 
COATING AND AN SPME PASSIVE 
SAMPLING FIBRE. 

Formulation
• Create a dynamic, multicomponent model to estimate 

evaporation and absorption rates of formulation 
components from the skin surface.

• Assess the utility of using a log-linear co-solvency modeling
approach and/or COSMOtherm thermodynamic activity 
calculations for investigating interactions between ‘target’ 
chemicals and individual formulations

Skin Penetration In Silico
• Evaluation and refinement of literature models
• Developing 2D ‘bricks and mortar’ cell based 

PDE model

Chemical 
Read Across

EXAMPLE PLOT OF CHEMICAL SPACEKRAMER ET AL. (2012)

ARMITAGE ET AL. (2013) MASS BALANCE
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