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Data on how humans are exposed to cosmetic ingredients

Consumers Workers

https://ec.europa.eu/health/syste
m/files/2021-04/sccs_o_250_0.pdf 

https://chesar.echa.europa.eu/documents/736332/
8711025/Chesar_3-6_user_man_en.pdf/65edfa9e-
57b8-f334-07f7-afb9841e8099 

Using probabilistic modelling and aggregate exposure 
considerations  

https://ec.europa.eu/health/system/files/2021-04/sccs_o_250_0.pdf
https://ec.europa.eu/health/system/files/2021-04/sccs_o_250_0.pdf
https://chesar.echa.europa.eu/documents/736332/8711025/Chesar_3-6_user_man_en.pdf/65edfa9e-57b8-f334-07f7-afb9841e8099
https://chesar.echa.europa.eu/documents/736332/8711025/Chesar_3-6_user_man_en.pdf/65edfa9e-57b8-f334-07f7-afb9841e8099
https://chesar.echa.europa.eu/documents/736332/8711025/Chesar_3-6_user_man_en.pdf/65edfa9e-57b8-f334-07f7-afb9841e8099


Generating specific information on human exposure

Simulated consumer 
exposure methods

Exposure Modelling

Water 
bath

Fraction 
collector

Pump

Cells

Heated 
arm

Receptor 
solution 
reservoir

e.g. Skin Penetration                                                            e.g. Inhalation Exposure

Near-field 
Products sprayed directly at the body

Far-field 
Spray directed away from the body

Steiling et al (2014) Toxicology Letters, 227, 41-49
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Caffeine in Body Lotion - Permeation through 
Human Split-thickness Skin into Receptor Fluid

https://reader.elsevier.com/reader/sd/pii/S037842741400126X?token=EDCB8D15C8730BFE83D6E96E66E33A2EFFA9702515F93CD85A0C3594A2B7B5B627FFC4CCABF8F558DFEFFDD62BF6B0B4&originRegion=eu-west-1&originCreation=20220428144811


Exposure in Next Generation Risk Assessment (NGRA)

Dent et al (2018), Computational Toxicology, 7, 20-26 Berggren et al (2017) Computational Toxicology 4, 31-44

https://www.sciencedirect.com/science/article/pii/S246811131830032X?via%3Dihub


Lung

Heart

Adipose

Kidney

Gut

Liver

Brain

• Physiological parameters (e.g. body weight, blood flow rates, tissue volume)

• Physico-chemical parameters (e.g. LogP, Fup, tissue/plasma partition coefficients)

• Kinetic parameters (e.g. dermal absorption, hepatic metabolism, renal excretion) 

• Product use information (e.g. dose, frequency, site area, formulation)

Absorption, Distribution, Metabolism, Excretion

ADME properties

Output

Cmax, AUC, Tmax

Input

Physiologically-based Kinetic (PBK) Modelling

Li et al (2022) Toxicology and Applied Pharmacology, 442, 115992 



Level 0:

• Characterise exposure scenario (who, where, how 
often, and how much )

• Product & chemical information

Level 1:

• Predictions from  in silico only

• parameterisation & sensitivity

Level 2:

• PBK modelling based on in vitro parameterisation

Level 3: 

• Generating human PK data for validation or/and 
calibration

• The progression between levels is closely related to the 
risk assessment process

• Use tools that are as complex as necessary to make 
the decision 

• move to more complex tools if more data is needed

Identify use scenario

Estimate consumer exposure by assuming worst case consumer habits 

and practices based on available use data

Collecting existing data on ADME 

parameters, human clinical PK data 

and PK analogues, etc. if available

Chemical

Is output from 

QSARs in the 

same space as 

training data

Use expert judgement to prioritise parameters

Generate in silico parameter and 

apply ECCS classification

Perform sensitivity analysis to 

determine the influential parameters

Perform uncertainty and variability 

analysis to obtain the possible prediction 

output, e.g. distribution of Cmax

Run PBK model for prediction

Generate in vitro data for highly 

sensitive & uncertain parameters

Run PBK model with new parameters

Compare with in vitro 

PoD to derive BER.

Risk assessor: is there 

enough precision to 

make decision?

Yes

No 

Compare with in vitro 

PoD to derive BER.

Risk assessor: is there 

enough precision to 

make decision?

Exit

Exit

Yes 
No

Generate clinical PK data and calibrate the model 

with human PK data

Rerun PBK model for prediction

Yes

No/not available

Is it a novel 

chemical?

Yes

No

Level 0

Level 1

Level 2

Level 3

Confidence 

level

Check for PK analogues

Perform uncertainty and variability 

analysis to obtain the possible prediction 

output, e.g. distribution of Cmax

Is it feasible to 

generate human 

PK data?

Exit
No

Yes 

Exposure estimation: From applied dose to internal exposure 
based on NAM*s

PBK Modelling 
Framework

Li et al (2022) Toxicology and Applied Pharmacology, 442, 115992 

* = New Approach Methodology



The BER considers various sources 
of uncertainty in translating 
NAMs into a safety decision. These 
include:

Exposure

Clearance

Metabolism

Cmax/AUC

PoD

Cell/tissue 
sensitivity

Biological 
coverage

Time-
dependence

Integrating Exposure and Bioactivity Data from NAMs to Make Safety 
Decisions 

Bioactivity 
Exposure 

Ratio (BER)

Baltazar et al., (2020) Toxicol Sci 176, 236–252

In vitro 
True dose



APCRA* approach to evaluate the integration of exposure and 
bioactivity

• Evaluation of in vitro NAMs, exposure modelling and dose-response models. 

• For 89% of the chemicals NAM PoD was more conservative than the traditional 
POD.

• Bioactivity : exposure ratios (BERs) approach useful for accelerate screening 
and assessment using NAMs for hazard and exposure. 

Paul Friedman et al (2020), Toxicol Sciences, 173, 202-225
* Accelerating the Pace of Chemical Risk Assessment



NGRA and Worker Safety

• Understanding worker exposure

• Routes

• Levels of exposure

• PPE*, engineering controls, ventilation etc.

• PBK for worker exposure 

• NGRA

• BER approach for worker exposure

* PPE = Personal protective equipment



Exposure and Hazard must BOTH be considered when evaluating 
NAMs for safety assessment

Skin allergy risk assessment:
Reynolds, et al (2021) Reg Tox & Pharmacol, 127, 105075

Systemic safety risk assessment:
Middleton et al (2022) Toxicol Sciences (submitted)



Summary Slide

Safety assessments for cosmetics are always exposure-led

Exposure assessment is equally important for NAM-based 
consumer safety assessment as it has always been for safety 
assessments that utilise toxicology data from animals

NAM-based human safety assessments rely on estimates of 
systemic exposure (PBK), not just habits and practices 
information

Worker and consumer exposures can be different, both must be 
defined for NAM-based safety assessment

To fully understand the use and validity of NAMs for safety 
decision-making, exposure AND hazard information must be 
used
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