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Overview of All Training Videos

DoE 1)
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DoE 7)
DoE 8)
DoE 9)

Basic Concepts and Principles in Exposure Science

Fundamentals of Environmental Chemistry and (Eco)Toxicology

Exposure Modelling

Exposure Monitoring

Exposure Assessment and Risk Characterisation

Risk Management and Sustainability Assessment

Relevant Legislative Frameworks

Risk Communication and Stakeholder Engagement

Statistics and Epidemiology

Access all videos via:

https://ises-europe.org/
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DoE 3: Exposure Modelling

Module 1

Introduction, context & regulation, concepts
for exposure modelling

Dr. Natalie von Goetz
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Presenter ISES

Meet Today’s Presenter: Dr. Natalie von Goetz

e Current Role:
* Project Leader | Swiss Federal Office of Public Health (FOPH)
* Lecturer | Federal Institute of Technology (ETH) Zurich

* Previous Roles:

e 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
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Context and Disclaimers WISMES
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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.



Learning Objectives

What are
exposure
models?

How do they
relate to
exposure

measurements
?

Purposes of
exposure
models in
different
research areas
(e.g.,
environment,
occupational,
consumer
exposure)

Provide
knowledge of
scientific and
technological
principles of
exposure
modelling

How do they
fit in with
wider
exposure
assessment
approaches?

Types of
exposure
models
available,
introducing a
tiered
approach to
modelling

Exposure
models for
various routes
of exposure
(inhalation,
dermal,
ingestion)

General
advantages
and limitations
of exposure
models

General things
to consider
when using
exposure
models

Where to find
more
information?

Use of case
studies
demonstrating
use of
exposure
models



Content

1. Introduction, Definitions, Regulation
2. Measurement vs Modelling

3. Concepts for Exposure Modelling

4. Summary
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The Risk Assessment Paradigm mirrored in DoEs < [SES:2
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DoE 2 : DoE 8

Hazard Stakeholder
identification . engagement

Dose-response DoE 5
assessment .
Risk

characterisation

DoE 3,4 and 7 DoE 8

Exposure - Risk
assessment . communication

DoE5 | DoE 6
Risk assessment - Risk management



ISES-Europe Exposure Modelling WG < ISES =2

Strengthening exposure science by
providing training

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

Strategy implementation

Standard scenarios for reg. mod. (SO 4)

Peer review of models (SO-1)
;

Best practices handbook (SO-1, SO-3),
incl. criteria for data (SO-2)

WG Models -J
& WG Education

Training course on exposure modelling (SO-3)

& WG Data . : Fo
Information on modelling events on website (SO-3)
oo [0y o ey
Webinars / Workshops for exposure modelling (SO-1)
ISES Europe Enhance dialogue by biannual chapter meetings (50-1, SO-2)

2030

l") Check for upds

REVIEW ARTICLE OPEN
Exposure modelling in Europe: how to pave the road for the

future as part of the European Exposure Science Strategy
2020-2030

Urs Schliter'™, Jessica Meyer', Andreas Ahrens?, Francesca Borghi’, Frédeéric Clerc?, Christiaan Delmaar®, Antonio Di Guardo®,
Tatsiana Dudzina®, Peter Fantke’, Wouter Fransman®, Stefan Hahn®, Henri Heussen'®, Christian Jung'', Joonas Koivisto'?,
Dorothea Koppisch', Alicia Paini'*, Nenad Savic'*, Andrea Spinazzé®, Maryam Zare Jeddi® and Natalie von Goetz'*'”™

Theoretical Background and Application of
Occupational Exposure Models

ISES Europe Workshop, 20.10.2020

Iheoretical Background of Occupational-Lxposure
Models—Report of an Expert Workshop of the ISES

Furope Working Group “Exposure Models”
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Schliiter et al., 2022 JESEE https://doi.org/10.1038/s41370-022-00455-4
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Definitions for Exposure Modelling ISESN
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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

COMMENT OPEN W) Check for updates
Towards further harmonization of a glossary for exposure
science—an ISES Europe statement

Gerhard Hei nemeyer * Alison Connolly?, Natalie von Goetz**® Jos Bessems®, Yuri B ruinen de Bruin®'?, Marie A. Coggins?,
Peter Fantke’, Karen S. Galea Johannes Gerdlng John D. Hader , Henri Heussen'', Stylianos Kephalopoulos".

Heinemeyer et al_' 2021 JESEE https//do|0rg/101038/541370_02 1-00390-w Josephine McCourt5, Paul T. J. Scheepers'?, Urs Schlueter'®, Marti je van Tongeren's, Susana Viegas'®'7, Maryam Zare Jeddi'® and

Theo Vermeire'®



European Regulations Requiring Exposure
Assessment (Non-Exhaustive)
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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)
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1. Introduction, Definitions, Regulation
Measurement vs Modelling

Concepts for Exposure Modelling
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Summary



Receptors (targets) in Risk Assessment < ISES:

Receptor

Effect
Assessment

Bounding
conditions

Dominant
methods

Legislation




Exposure Monitoring & Modelling for Risk N
Assessment

From source to receptor

Pollutant
Emissions

Production levels;
Emission factors

Environmental Envi al Exposure
media monitoring c—— Quantification
Concentrations
Environmental
Modeling l
Human exposure -
monitorin Human Exposure Risk Assessment
I Exposure T
Modeling : :
Biologically
relevant dose
Pharmaco-kinetic l Effect
modeling Quantification
Interactions with

macromolecules

'

Adverse Health
Effect

Monitoring

Modeling

Quantitative In vitro toxicity Animal toxicity
Structure-Activity studies studies
Relationships

Risk theorem

Epidemiological
Studies

Kandlikar et al., 2007 Journal of Nanoparticle Research

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



Exposure Measurement vs Modelling < I5E5:

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 | Parameters accessible, in case a model
by measurement (e.g. intake fraction, is available
short duration exposure, exposure at
target organ...)

Equipment Sampling and analytical devices Hardware, suitable exposure models

Schliiter 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: Schliter et al., 2022

* OECD: «Report from the Survey of

Exposure Models used in a regulatory
context», ENV/CBC/MONO(2023)38
(Database under development)

Schliter 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

A 8 ¢ ’ ¥
monn.nr name of the model |exposure route of product class/che description
1 >} £ | exposure/matricd = >
2 | type of assessment
oth flatter direct emis. the
different environmental compartments an
considered for the calculation
< kgroun. contrations on regonal =
ontinental leved. For local scale assessme
widespresd uses the model assumes,
ominsions to wanste wat ated
MUNKCPa sewage trestment plant wh
21 a point s0u
BG-Spray AG-Spray Worker nhalstion, dermal on-evaporating tances The model BG-Spray is a system alan,
appled means -y, QU It jone- tone model and two-
processes moded) wh alow the concents o
a room over time to be calkculated (100
KMANN et ol 2007)
TREXMO TRansiation of EXposure MOdels Worker nhatation herricals TREXMO st en Tool, das entwickelt wurde
Um MYt sechs international anerkannten
Models targets & route: type of model OECD WPMN SG 8 -+
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Concepts for Exposure Modelling
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Source to Dose Modelling

Source

Receptor
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Source Monitoring

From Source to Exposure

Source Concentrations ‘ Receptor

Receptor concentrations

. * Urine
* Air at workplace . Blood
* Resources and devices Worker _
used at work * (exhaled air)
* Blood
e Food * Urine
 Consumer products Consumer « Exhaled air
* Environment « Mother milk

* |Industrial emissions
e Domestic emissions
* Agriculture

Environment

Soil, air, water

Whole animal: faeces, blood,
organs

Plant

Environmental
Monitoring

Human Biomonitoring



Human Exposure Modelling

Oral uptake
>

Inhalation
>
Dermal uptake

>

Source x containing Intake route y Consumer

substance
C * D: dose (internal exposure)
. X qu * 5 C: concentration in source x
xy . y g: quantity of x taken up
bOdywelght r: uptake fraction viay

Single source exposure




Exposure Settings are Highly Diverse

To handle this, exposure assessment follows a tiered approach




Tiered Approach < IES 22

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

together with maximal concentrations

2. Tier

refined upper bound assumptions more
complexity and
precision 2>

3. Tier/ higher Tier e

needed
realistic case (deterministic, probabilistic)
High complexity
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Concepts for Exposure Modelling
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Summary
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* 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
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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.
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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

