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Legal Notice < ISES .2

Fair Use Disclaimer

This presentation may contain copyrighted material used under the fair dealing exceptions in EU copyright law,
in accordance with Directive 2001/29/EC and Directive 2019/790. It is intended solely for non-commercial,
educational purposes.

Copyright Notice
© ISES Europe 2025

All rights to the original works are retained by their respective copyright holders. Any reproduction,
distribution, or use of this presentation, in whole or in part, requires explicit permission from the copyright
holder(s) or the author. Unauthorized use of any content is strictly prohibited.



Overview of All Training Videos < |SES =2

DoE 1)
DoE 2)
DoE 3)
DoE 4)
DoE 5)
DoE 6)
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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Module 1 Aggregate and Cumulative Exposure Assessment

Module 2 Fundamentals of Risk Characterisation
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Aggregate and Cumulative Exposure
Assessment
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Presenter

Meet Today’s Presenter:
* Current Role: Regulatory Officer | European Chemicals Agency (2024 — Present)

* Previous Roles:

* DuPont (2019-2024): Manager, Product Stewardship & Regulatory Affairs; Led global regulatory
submissions, risk assessments, and safety initiatives.

* Vitis Regulatory (2017-2019): Principal Exposure Scientist; Specializing in exposure and risk
assessment for industrial chemicals.

* Shell (2015-2017): Exposure Scientist/Industrial Hygienist; Handling risk assessments and ensuring
REACH and CLP regulatory compliance.

 Education:

* PhD in Nanotoxicology, ETH Zirich; MSc in Health Care Engineering, Technical University of Graz;
MSc in Health and the Environment, Cranfield University.

e Certification: Swiss Certified Safety Engineer.



Context and Disclaimers = ISES .2

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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e Describe key concepts of exposure assessment
* Explain the role of aggregate exposure assessment
* |dentify methods for conducting cumulative exposure assessments

* Discuss the role of multiple exposure pathways in risk evaluation
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What is Exposure Assessment < |SES 2

Definition:

Exposure Assessment is the process of measuring or estimating the intensity,
frequency, and duration of human or environmental exposure to harmful agents.

Key Aspects:
* Can involve a variety of chemical, biological, or physical agents.
* |dentifies exposure pathways and sources of harmful agents.

* Plays a key role in identifying the health or environmental risks
posed by these agents.



Types of Agents

* Chemical agents:

Over 30,000 chemicals in common use (e.g., pesticides, solvents,
food additives, pharmaceuticals, preservatives, contaminants)

* Biological agents:

Organisms (bacteria, viruses, fungi, etc.) and biological materials
(endotoxins, mycotoxins, enzymes, etc.)
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Source — Pathway — Receptor Model < ISES
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Exposure Routes

Primary exposure routes:

* Inhalation: Through the lungs Inhalation
* Oral: Through the digestive tract

 Dermal: Through the skin

* Injection: Intravenous, intramuscular, or intraperitoneal

Dermal

Effectiveness of absorption by route:
IV > Inhalation > IP > IM > Oral > Dermal

Designed by Freepik
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* Use of exposure models and assumptions to estimate exposure based on environmental conditions,
behaviours, and pollutant sources

 Examples: Mass balance models, environmental fate models, food chain models, etc.

Measurements

 Measurements to quantify exposure in environmental media or biological samples using standard
monitoring techniques

 Examples: Environmental monitoring (e.g., air, water, soil), biological monitoring (e.g., human
biomonitoring), workplace monitoring (e.g., personal sampling, area sampling)

Surveys and Questionnaires

* Collection of exposure data through surveys and questionnaires, capturing individual behaviours
and environmental factors.

* Examples: Household surveys, health symptom surveys, lifestyle or food consumption surveys.
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Exposure Assessment Methods < ISES 2
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The foundational concepts for (simple) exposure assessment were covered in:
DoE 3 Exposure Modelling: Modelling and simulation

DoE 4 Exposure Monitoring: Environmental and occupational measurements

= Simple exposure assessment usually provides data on exposure levels for particular agents
and limited pathways/routes

To accurately assess risk, it is crucial to consider and integrate
multiple sources, pathways, and routes of exposure
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Aggregated Exposure Assessment < ISES 2
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Aggregated Exposure:

Exposure to one agent from different exposure sources, via different exposure
pathways and/or exposure routes. ISES Europe

Aggregate

Designed by US EPA
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1) Problem formulation
* Define the scope, target population, and agent of interest

* |dentify relevant exposure sources, pathways, and routes

2) Data collection

e Gather use data from all relevant exposure sources (e.g., air, water, food, consumer
products)

3) Exposure estimation for each route
* Calculate exposure separately for inhalation, ingestion, and dermal routes
e Consider non-typical exposure route if relevant (e.g., ocular, mucosal, injection)

4) Summing exposure across routes
* Convert all exposures to a common metric (e.g., mg/kg body weight/day)
e Adjust for absorption differences between routes
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 Absorption & bioavailability: Not all exposures contribute equally to internal
dose—absorption rates vary by route

* Route-specific biotransformation: Some chemicals metabolize differently
depending on the exposure route, altering their hazard profile and limiting
aggregation accuracy

 Timing of exposure: The sequence and duration of exposure are critical,
especially for chemicals that metabolize quickly

* Risk of overestimation: Summing multiple low-tier exposure estimates may
significantly overestimate total exposure

 Biomonitoring provides integrated exposure estimates from all sources
and pathways
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Cumulative Exposure Assessment < ISES -2
Paspg

Cumulative Exposure:

Total or aggregate exposures (or doses) for multiple chemicals or stressors evaluated

together.
ISES Europe

'&.':3 Cumulative
*%

Designed by US EPA




Assessment Steps = ISES =

1)  Problem formulation
* Define the scope, target population, and agent of interest
* Identify relevant exposure sources, pathways, and routes
e Consider chemicals with similar mechanisms of action or affecting the same biological target

2) Data collection

* Gather use data from all relevant exposure sources (e.g., air, water, food, consumer products)
* ldentify co-exposures to agents that may act additively or synergistically

3) Exposure estimation for each route

e Calculate exposure separately for inhalation, ingestion, and dermal routes
* Consider non-typical exposure route if relevant (e.g., ocular, mucosal, injection)
e Account for interactions and metabolism differences

4) Summing exposure across routes

* |f possible, convert all exposures to a common metric (e.g., mg/kg body weight/day)

* Use Toxicity Equivalence Factors (TEFs) or Relative Potency Factors (RPFs) for agents with shared
mechanisms

* Adjust for absorption and metabolism differences between routes



Key Considerations = ISES 2

 Absorption & bioavailability: Exposures contribute differently to internal
dose—absorption rates vary by route and can differ between assessed agents

 Challenges in summing exposure: Different exposure matrices and
measurement techniques may pose challenges

 Timing of exposure: Exposure to different agents may not need to occur
simultaneously to act additively or synergistically

* Risk of overestimation: Combining multiple low-tier exposure estimates may
overestimate total exposure and/or biological response, leading to inaccurate
risk characterization

* Health outcome monitoring or effect biomonitoring can provide a more
integrated biological response from all sources and pathways
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. Aggregated exposure assessment

Consumer exposure to decamethylcyclopentasiloxane (D5)

Il. Cumulative exposure assessment

Occupational exposure to noise and styrene




Case Study — Aggregated Exposure | < ISES 2

 Agent: Decamethylcyclopentasiloxane (D5)

* Population: Dutch adults between 18 and 74 years old
 Exposure routes: Dermal, oral and inhalation

 Scope: Personal care products (PCPs)

 Use data: Questionnaire for use amounts and frequencies
Weight fractions: Empirical data from literature

*  Software: Probabilistic Aggregate Consumer Exposure Model (PACEM)

Dudzina et al. (2015): http://dx.doi.org/10.1016/j.envint.2015.03.006
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Case Study — Aggregated Exposure Il [SES
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Case Study — Cumulative Exposure | = ISES =2

 Agents: Noise and styrene

 Similar mechanisms of action: Ototoxicity (hearing impairment)

* Population: Fiberglass manufacturing workers

 Exposure routes: Inhalation (styrene) and auditory (noise)

 Exposure estimation: Personal air sampling (styrene) and noise dosimeter

*  Exposure matrices: Four groups were formed to overcome the problem
with the different exposure matrices: Control, Noise only, Styrene only,
Styrene and noise

Morata et al. (2002): https://doi.org/10.1097/00043764-200209000-00002
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Summary: Key Takeaways < IES 22

* Source — Pathway — Receptor Model

Understanding environmental compartments and exposure routes is key to identifying where and how exposure occurs

* Holistic exposure estimation

A simple exposure estimate is often the starting point, providing a foundation for more comprehensive assessments

* Aggregate Exposure

This approach sums up exposure across various routes to provide a broader view of total exposure

* Cumulative Exposure

Evaluates combined exposure to multiple stressors affecting a single biological target, considering multiple pathways

* Normalization in Cumulative Exposure

Necessary to adjust and combine effects of different agents on the same biological target



Consequent Modules < ISES 22

Module 2:
* Explores the concepts of risk characterisation.

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 < ISES 2

Guidance on Information Requirements and Chemical Safety Assessment — Part D: Framework for exposure
assessment (Version 2.0)

European Chemical Agency (ECHA)

https://echa.europa.eu/documents/10162/17224/information requirements part d en.pdf/70da6d4b-5acf-40d9-
8b75-1e1¢311378df

Framework for Cumulative Risk Assessment
US Environmental Protection Agency (US-EPA)

https://www.epa.gov/risk/framework-cumulative-risk-assessment

Aggregate Exposure and Cumulative Risk Assessment—Integrating Occupational and Non-occupational Risk Factors
Lentz TJ, Dotson GS, Williams PRD, Maier A, Gadagbui B, Pandalai SP, Lamba A, Hearl F Mumtaz M
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4654690/
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