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Overview of All Training Videos

DoE 1) Basic Concepts and Principles in Exposure Science

DoE 2) Fundamentals of Environmental Chemistry and (Eco)Toxicology

DoE 3)   Exposure Modelling

DoE 4) Exposure Monitoring

DoE 5) Exposure Assessment and Risk Characterisation

DoE 6) Risk Management and Sustainability Assessment

DoE 7) Relevant Legislative Frameworks

DoE 8) Risk Communication and Stakeholder Engagement

DoE 9) Statistics and Epidemiology

Access all videos via: https://ises-europe.org/



Domain of Expertise (DoE) 3:
Exposure Modelling

Module 1

Module 2 Human exposure modelling: General concepts and worker

Introduction, context&regulation, concepts for exposure modelling 

Module 3 Human exposure modelling for the general population

Module 5 Validation&evaluation, advantages&limitations, conclusions

Module 4 Environmental exposure modelling



DoE 3: Exposure Modelling

Module 1

Introduction, context & regulation, concepts 

for exposure modelling
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Meet Today’s Presenter: Dr. Natalie von Goetz

• Current Role:

• Project Leader | Swiss Federal Office of Public Health (FOPH)

• Lecturer | Federal Institute of Technology (ETH) Zurich

• Previous Roles:

• Group Lead Human Exposure Modelling @ Safety and 
Environmental Technology Group | Federal Institute of 
Technology (ETH) Zurich

• Expert for environmental fate of pesticides | BASF

• Education:

• MSc Chemistry (Heidelberg University), PhD Natural Sciences 
(TU Braunschweig)

• Special Expertise: Exposure modelling

Presenter



Context and Disclaimers

About This Lecture

This lecture provides an introductory framework, with some topics simplified for
ease of understanding.

Disclaimer

• The content presented herein does not necessarily reflect the opinions, views, or positions of the
presenters' employer or any affiliated organizations.

• References to specific organizations, tools, or entities are for illustrative purposes only and do not
imply endorsement or critique.

• While every effort has been made to ensure the accuracy of the information presented, errors or
omissions may occur.
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The Risk Assessment Paradigm mirrored in DoEs
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ISES-Europe Exposure Modelling WG

Strengthening exposure science by

providing training 

is one of the key areas of the 
European Exposure Science Strategy 

Schlüter et al., 2022 JESEE https://doi.org/10.1038/s41370-022-00455-4



Definitions for Exposure Modelling

Exposure 

Contact between an agent and a target. Exposure is measured as the concentration or amount of a 
particular agent that reaches a target organism, system or (sub) population in a specific exposure
frequency for a defined exposure duration (OECD, 2003; WHO/IPCS, 2004 part 1).

Exposure Assessment
The process of estimating or measuring the magnitude, frequency, and duration of exposure to an 
agent, along with the number and characteristics of the population exposed. (US-EPA, 2011).

Exposure Scenario
A combination of facts, assumptions, and inferences that define a discrete situation where 
potential exposures may occur. These may include the exposure source, the exposed target 
population, and the time frame of exposure, microenvironment, and activities. Scenarios are often 
created to aid exposure assessors in estimating exposure (WHO/IPCS, 2004).
Please note: REACH uses a different definition

Heinemeyer et al., 2021 JESEE https://doi.org/10.1038/s41370-021-00390-w



European Regulations Requiring Exposure 
Assessment (Non-Exhaustive)

Worker exposure General population/consumer 

exposure

Environmental exposure

REACH Regulation (EC/1907/2006)

Regulation on Classification, Labelling & Packaging (EC/1272/2008)

PPPR Regulation for pesticides (EC/1107/2009)

Chemical Agents Directive 

(98/24/EC) and OEL Lists

Chemical, Physical and biological 

Agents at Work Directive 

(91/322/EEC)

General Food Law (EC/178/2002)

Regulation on Food contact 

materials (EC/1935/2004) 

Directive on Cosmetic products 

(76/768/EEC) 

Directive on Toys (EC/48/2009) 

General Products Safety Directive 

(2001/95/EC) 

Water Framework Directive 

(EC/2000/60)

à DoE 7: Module 1
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Receptors (targets) in Risk Assessment

Worker
(Occupational)

General population Environment

Receptor Human Being Animals, Plants, Ecosystem

Bounding

conditions

Somewhat defined 

working environment Highly variable Highly variable

Dominant

methods

Measurement

Modelling

Modelling

Measurement

Modelling

Measurement

Legislation Well-established 

threshold limit values

(e.g. MAK-value)

Well-established 

(e.g. pesticides and

emission legislation)

Food legislation,

for all products

new under REACH

Effect 

Assessment
Toxicology, Epidemiology Ecotoxicology



Exposure Monitoring & Modelling for Risk 

Assessment
From source to receptor

Monitoring

Modeling
Risk theorem

Kandlikar et al., 2007 Journal of Nanoparticle Research 

https://doi.org/10.1007/s11051-006-9154-x



Exposure Measurement vs Modelling

Criterion Exposure measurement Exposure modelling

Specificity Specific assessment for a specific situation Generic assessment based on mean or 

worst-case parameters

Extrapolation Extrapolation possible, if scenario data 

available, and larger number of measuring 

points

Extrapolation straight-forward within 

the model application domain

Cost Comparatively high Comparatively low

Availability Some exposure metrics are not accessible 

by measurement (e.g. intake fraction, 

short duration exposure, exposure at 

target organ…)

Parameters accessible, in case a model 

is available

Equipment Sampling and analytical devices Hardware, suitable exposure models

Schlüter et al., 2022 JESEE https://doi.org/10.1038/s41370-022-00455-4



Available Models and Tools

• An overview of available models in the 

area of occupation/general 

population/environmental models has 

been put together as an effort of ISES 

Europe: Schlüter et al., 2022

• OECD: «Report from the Survey of 

Exposure Models used in a regulatory 

context», ENV/CBC/MONO(2023)38

(Database under development)

Schlüter et al., 2022 JESEE https://doi.org/10.1038/s41370-022-00455-4

OECD 2023 ENV/CBC/MONO(2023)38 https://one.oecd.org/document/ENV/CBC/MONO(2023)38
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Source to Dose Modelling

Source Transport, Intake route Receptor

Substance



From Source to Exposure

• Air at workplace

• Resources and devices 
used at work

• Food

• Consumer products

• Environment

• Industrial emissions

• Domestic emissions

• Agriculture

• Urine

• Blood

• (exhaled air)

• Blood

• Urine

• Exhaled air

• Mother milk

• Soil, air, water

• Whole animal: faeces, blood, 
organs

• Plant

Worker

Consumer

Environment

Source Concentrations Receptor Receptor concentrations
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Human Exposure Modelling

Source x containing

substance

Intake route y Consumer

Oral uptake

Inhalation

Dermal uptake

Single source exposure

D: dose (internal exposure)

C: concentration in source x

q: quantity of x taken up

r: uptake fraction via y



Exposure Settings are Highly Diverse

To handle this, exposure assessment follows a tiered approach



Tiered Approach

1. Tier 
conservative, upper bound assumptions: maximal intake/use amounts 

together with maximal  concentrations

2. Tier
refined upper bound assumptions

3. Tier/ higher Tier
realistic case (deterministic, probabilistic)

more 

complexity and 

precision à

more resources 

needed

High complexity

Low complexity
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Summary

• Exposure modelling is needed because measurements cannot cover 

all possible exposure scenarios

• Differences/Ranges in exposure settings can be modelled by 

parameter variation

• Use of tiered approach in exposure modelling



Consequent Modules

Module 2:

• Human exposure modelling: General concepts and occupational

Module 3:

• Human exposure modelling for the general population

Module 4:

• Environmental exposure modelling

Module 5:

• Validation & evaluation, advantages & limitations, conclusions

Future training videos:

• Additional details may be covered by ISES Europe in specialized training videos.



Thank You!

We appreciate your participation and attention

We encourage you to explore other ISES Europe training 

videos for deeper insights and broader understanding

Access all videos via: https://ises-europe.org/



Further Reading

Exposure Modelling as part of the ISES Europe strategy 2020-2030

Schlueter U et al.

https://doi.org/10.1038/s41370-022-00455-4

Good modelling practice in the context of risk assessment for pesticides

EFSA PPR Panel

https://doi.org/10.2903/j.efsa.2014.3589

Refining Aggregate Exposure: Example using Parabens

Cowan-Ellsberry CE & Robison SH

https://doi.org/10.1016/j.yrtph.2009.08.004

https://doi.org/10.1038/s41370-022-00455-4
https://doi.org/10.2903/j.efsa.2014.3589
https://doi.org/10.1016/j.yrtph.2009.08.004

