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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

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:
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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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Presenter

Meet Today’s Presenter:

* Current Role: Full Professor Occupational and Environmental Health| NOVA University Lisbon
(2024 — Present)

* Previous Roles:
* NOVA University Lisbon (2019-2024): Assistant Professor of Occupational and Environmental Health.

* Polytechnic Institute of Lisbon (2000-2019): Assistant Professor Environmental Health.

* Merloni Electrodomésticos (2001-2003): Director Occupational Health and Environmental
Management.

 Education:

* PhD in Environmental and Occupational Health, NOVA University Lisbon; MSc in Applied Toxicology,
University of Surrey; MSc in Occupational Health, University of Lisbon.

* Risk Assessment Committee (RAC) Member (2021 — Present)
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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 < |SES =2

Describe key concepts of risk characterization and risk assessment

Differentiate between qualitative and quantitative risk assessment methods

|dentify appropriate Threshold Limit Values (TLV)

Select suitable exposure estimates for risk characterization

Calculate risk levels for environmental agents



Content

1. Introduction

2. Selection of a Threshold Limit Value

3. Quantitative risk characterisation

4. Qualitative risk characterisation

5. Semi-quantitative risk characterisation
6. Summary




What is Risk Characterisation = ISES =

Definition:
Risk characterization summarizes and combines outputs of the exposure and

toxicity assessments to characterize baseline risk, both in quantitative expressions

and qualitative statements. US EPA

Key Aspects:
* Estimates risk levels and potential health effects (e.g., cancer, non-cancer).
 |dentifies uncertainties and variability in data and assumptions.
 Communicates findings clearly for decision-making and risk management.
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Types of Risk Characterisations < ISES 22

— Involves calculating numerical estimates of risk.

—> Provides specific values for the likelihood and severity of adverse health effects and environmental
impacts.

— Examples: Noise and neurotoxins.

Qualitative risk characterisation:

—> Involves a descriptive assessment of potential risks based on available data, expert judgment, and
scenario analysis.

—> Focuses on identifying possible hazards and their impacts without numerical estimates.
— Examples: Skin and eye irritants.

Semi-quantitative risk characterisation:
—> Combines numerical estimates with qualitative judgment to provide a more flexible risk assessment.
— This approach is useful when a clear, safe exposure benchmark may not exist.
— Examples: Carcinogens and persistent, bioaccumulative, toxic (PBT) chemicals.




Content

1. Introduction

2. Selection of a Threshold Limit Value
3. Quantitative risk characterisation

4. Qualitative risk characterisation

5. Semi-quantitative risk characterisation
6. Summary
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Selecting an appropriate Threshold Limit Value (TLV) is essential for | .
accurate risk characterisation

REL R
. STEL REC
Human Health: Environment:
ADI T
Exposure route: Protection target:
* Inhalation, dermal, or oral T NoR
! ! * Ecosystems or general population
Exposure duration: i i OEL  MAK WEL
o _ Regulatory considerations:
* Ceiling limits, 15 minutes, 8 hours, or o . REL RFC
daily and longer e Legally binding or guidance STEL - WA
Exposure target: ADI TDI
* Workers or consumers/general population OEL  MAK WEL TLV PNEC  NOEL EQS
Regulatory considerations: REL RfC DNEL OEL  MAK WEL I
* Legally binding or guidance OEL — MAK WEL TV STEL Ric  DWA AGW REL RFC DNEL
REL RfC DNEL ADI DI NOAEL STEL RiC DWA A
STEL
RFC DWA AW oNEC NoEL EQS AQG . . NOAEL



Selection of a Threshold Limit Value Il <ISES:

* Sources for TLV selection

Use trusted authorities and organizations

* Consideration of uncertainties in TLVs
Not all TLVs account for uncertainties in toxicological data (i.e., Assessment Factors). If not, these
uncertainties must be addressed in the risk characterization process.

* Toxicological vs. feasibility considerations
Some TLVs are based purely on toxicological data, while others incorporate technological and economic
feasibility into their calculations

* Biological TLVs

Biological TLVs are often difficult to link to a specific source and/or route. For risk characterization, they may
require an aggregated or cumulative exposure assessments ( ).
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Selection of a Threshold Limit Value 11l <.ISES:

Additional considerations:

Hierarchy of benchmark values: If multiple TLVs are available,
follow the hierarchy of threshold limit values, prioritizing the
most relevant (e.g., legally mandated) and widely accepted
standards.

Recency and scientific basis: Ensure the TLV is based on the
most current scientific evidence and the latest research findings

Non-threshold substances: For non-threshold substances,
evaluate the acceptable risk of adverse effects, ensuring that
the risk is aligned with sensitive populations (e.g., children,
elderly, workers)

Lack of benchmark values: If no established benchmark values
are available, use accepted methods to identify substitutes,
such as read-across, threshold of toxicological concern (TTC), or
other banding approaches

Transparency: Document all decisions and methodologies used
in selecting TLVs transparently to ensure clarity and
reproducibility
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Quantitative
Health-Based OELs
/ A

Traditional OELs
Regulatory, Authoritative

(TLVs, MAKs, WEELs, PELs, RELs)

(internal company, trade association, vendor limits)

[ Working Provisional OELs ]

Control Banding = Hazard Bands + Exposure Risk Assessment +
Exposure Management

Deveau et al. (2015): http://dx.doi.org/10.1080/15459624.2015.1060327



http://dx.doi.org/10.1080/15459624.2015.1060327
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Summary
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Typically carried out for endpoints where a safe exposure level is thought to exist

Risk assessment focuses on estimating exposure levels below which adverse effects are unlikely to occur

Chemical agents:
* Neurotoxicity (e.g., solvents like acetone)
* Aguatic toxicity (e.g., glyphosate in water)

Biological agents:

* Bacterial infections (e.g., E. coli in drinking water)

Physical agents:
* Noise-induced hearing loss (e.g., exposure >85 dB)

N/

|

* Thermal pollution (e.g., wastewater discharge)

Designed by Freepik



How to Calculate Risk and Key Metrics

Risk Characterisation Ratio (RCR):

F la: RCR = Exposure Estimate
ormua: = Threshold Limit Value (e.g., DNEL, PNEC)

Interpretation:
RCR £ 1: No concern, exposure is within acceptable limits
RCR > 1: Refined assessment or extra risk management may be required

Margin of Safety (MoS):

No-Observed-Adverse-Effect Level (NOAEL)

Formula: MoS = Exposure Estimate

Interpretation:
MoS > 100: Generally considered a safe margin
MoS < 10: Indicates higher risk and need for action
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Risk Characterisation Ratio (RCR):
_ Exposure Estimate
Formula: RCR = Frrashold Limit Value (e.g., DNEL PNEC)
Inteer

A risk characterization cannot be considered complete
unless the numerical expressions of risk are accompanied
by explanatory text interpreting and qualifying the results

MargirmrorsaretypvrooTs

Formula: MoS = No-Observed-Adverse-Effect Level (NOAEL)

Exposure Estimate

Interpretation:

MoS > 100: Generally considered a safe margin
MoS < 10: Indicates higher risk and need for action
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* Representative data: Ensure exposure data reflects real-world scenarios relevant to the
assessed use of the chemical or agent

 Model scope & applicability: The utilised exposure model must align with the
chemical’s intended uses and real-life applications. Choose an approach suitable for the
scenario (e.g., daily vs. occasional exposure)

* Consider sensitive populations: Account for high-risk groups (e.g., children, elderly,
individuals with pre-existing conditions)

 Exposure alignment: Ensure exposure duration (acute vs. chronic), route (inhalation,
dermal, ingestion) and unit (ppm, mg/m3, etc.) match relevant threshold limits

* Exposure percentiles: Use an appropriate percentile (e.g., 90t or 95t") to capture high-
exposure individuals
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Types of Hazards < ISES 22
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Applicable for substances where precise numerical risk values are
unavailable or difficult to calculate

Risk characterisation based on expert judgment and qualitative descriptors to assess potential risks

Human Health:
e Aspiration Hazards: Chemicals that, if inhaled or ingested, can cause damage to the lungs or airways

* Irritants: Substances that cause irritation (e.g., skin, eyes, respiratory system)

Environment:

 Difficult-to-Calculate PNEC, . .: For some substances, particularly insoluble or hydrophobic chemicals, it may

water*

be impossible to calculate a reliable PNEC due to insufficient short-term effects in aquatic tests

water



Steps in Qualitative Risk Assessment < |SES -2

Define exposure scenarios:
* |dentify the context of exposure (e.g., occupational, environmental)

 Consider sensitive populations (e.g., children, elderly, workers)

Estimate degree of exposure & likelihood of contact:

* Judgment-based: Assess exposure degree and contact likelihood based on severity and
frequency

* Consider exposure controls in place (e.g., PPE, engineering controls)

Final judgment & risk categorization:
e (Categorize overall risk (e.g., low, medium, high)

e Decision: Determine if additional actions (e.g., stricter controls, substitution) are needed
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Applicable for substances where a safe exposure level is uncertain or
cannot be reliably established

Human Health:
» Carcinogenic, Mutagenic (CM) substances: Potential for severe long-term effects, often non-threshold

* Sensitisers: Can cause allergic reactions, safe exposure level often cannot be established

Environment:

* Persistent, Bioaccumulative, and Toxic (PBT) & Very Persistent, Very Bioaccumulative (vPvB) substances:

Accumulate in the environment and living organisms

* Persistent, Mobile, and Toxic (PMT) & Very Persistent, Very Mobile (vPvM) substances: High mobility in

water systems, difficult to remove, with potential for widespread exposure
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How to Calculate Risk and Key Metrics < [5E5:
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Risk Characterisation:

. TS Exposure Estimate
Formula: Risk Characterisation = oo cr ot Value (e.g., DMEL PNEC)

Interpretation:
RC < 1: Risk level of low concern — Supporting gualitative risk assessment needed

RC > 1: Further risk management is needed

Margin of Exposure (MoE):

Point of Departure (e.g., NOAEL)
Exposure Estimate

Formula: MoE =

Interpretation:
Higher MoE = Lower concern — Supporting qualitative risk assessment needed
No universally safe MoE for non-threshold substances, e.g. EFSA uses 10,000 for genotoxic carcinogens
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Risk Characterisation:

For1  The same data requirements for exposure values apply as

Interp for quantitative risk characterisations
* Representative data

 Model scope & applicability

* Consider sensitive populations

MargiL  Exposure alignment

* Exposure percentiles

Formula: MOE =

Expdsure Estimate

Interpretation:
Higher MoE = Lower concern — Supporting qualitative risk assessment needed
No universally safe MoE for non-threshold substances, e.g. EFSA uses 10,000 for genotoxic carcinogens
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Because quantitative thresholds may be unreliable, semi-quantitative risk
characterisation often includes

* Minimisation of exposure & releases
* Prioritising risk mitigation (e.g., closed systems, protective equipment, emission controls)

* Emphasise engineering controls and substitution with safer alternative where feasible

* Control measures & precautionary approaches
* Implementing strict operational conditions and regulatory controls

* Focusing on exposure reduction rather than precise dose-response relationships

* Weight of evidence consideration

* Integrating multiple data sources to assess risks holistically

* Using expert judgment where data gaps exist
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Summary: Key Takeaways = ISES 22

* Align TLV with scope of risk assessment

Ensure TLV matches the risk assessment scope, considering factors like exposure route, target organ, and
duration of exposure

» Select appropriate exposure estimate

Choose an exposure estimate that aligns with the risk characterization requirements, using representative
data, considering sensitive populations, and ensuring consistency with the selected TLV

* Risk characterization approaches

o Quantitative: Numeric risk assessment
o Qualitative: Descriptive risk assessment

o Semi-Quantitative: Combination of numeric and descriptive risk assessment




Consequent Modules < |SES 22

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/
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Guidance on Information Requirements and Chemical Safety Assessment — Part E: Risk Characterisation
(Version 3.0)
European Chemical Agency (ECHA)

https://echa.europa.eu/documents/10162/17224/information reguirements part e en.pdf/1da6cadd-895a-
46f0-884b-00307c0438fd

The Global Landscape of Occupational Exposure Limits—Implementation of Harmonization Principles to
Guide Limit Selection

Deveau M, Chen C-P, Johanson G, Krewski D, Maier A, Niven KJ, Ripple S, Schulte PA, Silk J, Urbanus JH, Zalk DM,
Niemeier RW

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4654639/



https://echa.europa.eu/documents/10162/17224/information_requirements_part_e_en.pdf/1da6cadd-895a-46f0-884b-00307c0438fd
https://echa.europa.eu/documents/10162/17224/information_requirements_part_e_en.pdf/1da6cadd-895a-46f0-884b-00307c0438fd
https://echa.europa.eu/documents/10162/17224/information_requirements_part_e_en.pdf/1da6cadd-895a-46f0-884b-00307c0438fd
https://echa.europa.eu/documents/10162/17224/information_requirements_part_e_en.pdf/1da6cadd-895a-46f0-884b-00307c0438fd
https://echa.europa.eu/documents/10162/17224/information_requirements_part_e_en.pdf/1da6cadd-895a-46f0-884b-00307c0438fd
https://echa.europa.eu/documents/10162/17224/information_requirements_part_e_en.pdf/1da6cadd-895a-46f0-884b-00307c0438fd
https://echa.europa.eu/documents/10162/17224/information_requirements_part_e_en.pdf/1da6cadd-895a-46f0-884b-00307c0438fd
https://echa.europa.eu/documents/10162/17224/information_requirements_part_e_en.pdf/1da6cadd-895a-46f0-884b-00307c0438fd
https://echa.europa.eu/documents/10162/17224/information_requirements_part_e_en.pdf/1da6cadd-895a-46f0-884b-00307c0438fd
https://echa.europa.eu/documents/10162/17224/information_requirements_part_e_en.pdf/1da6cadd-895a-46f0-884b-00307c0438fd
https://echa.europa.eu/documents/10162/17224/information_requirements_part_e_en.pdf/1da6cadd-895a-46f0-884b-00307c0438fd
https://echa.europa.eu/documents/10162/17224/information_requirements_part_e_en.pdf/1da6cadd-895a-46f0-884b-00307c0438fd
https://echa.europa.eu/documents/10162/17224/information_requirements_part_e_en.pdf/1da6cadd-895a-46f0-884b-00307c0438fd
https://echa.europa.eu/documents/10162/17224/information_requirements_part_e_en.pdf/1da6cadd-895a-46f0-884b-00307c0438fd
https://echa.europa.eu/documents/10162/17224/information_requirements_part_e_en.pdf/1da6cadd-895a-46f0-884b-00307c0438fd
https://echa.europa.eu/documents/10162/17224/information_requirements_part_e_en.pdf/1da6cadd-895a-46f0-884b-00307c0438fd
https://echa.europa.eu/documents/10162/17224/information_requirements_part_e_en.pdf/1da6cadd-895a-46f0-884b-00307c0438fd
https://echa.europa.eu/documents/10162/17224/information_requirements_part_e_en.pdf/1da6cadd-895a-46f0-884b-00307c0438fd
https://echa.europa.eu/documents/10162/17224/information_requirements_part_e_en.pdf/1da6cadd-895a-46f0-884b-00307c0438fd
https://echa.europa.eu/documents/10162/17224/information_requirements_part_e_en.pdf/1da6cadd-895a-46f0-884b-00307c0438fd
https://echa.europa.eu/documents/10162/17224/information_requirements_part_e_en.pdf/1da6cadd-895a-46f0-884b-00307c0438fd
https://echa.europa.eu/documents/10162/17224/information_requirements_part_e_en.pdf/1da6cadd-895a-46f0-884b-00307c0438fd
https://echa.europa.eu/documents/10162/17224/information_requirements_part_e_en.pdf/1da6cadd-895a-46f0-884b-00307c0438fd
https://echa.europa.eu/documents/10162/17224/information_requirements_part_e_en.pdf/1da6cadd-895a-46f0-884b-00307c0438fd
https://echa.europa.eu/documents/10162/17224/information_requirements_part_e_en.pdf/1da6cadd-895a-46f0-884b-00307c0438fd
https://echa.europa.eu/documents/10162/17224/information_requirements_part_e_en.pdf/1da6cadd-895a-46f0-884b-00307c0438fd
https://echa.europa.eu/documents/10162/17224/information_requirements_part_e_en.pdf/1da6cadd-895a-46f0-884b-00307c0438fd
https://echa.europa.eu/documents/10162/17224/information_requirements_part_e_en.pdf/1da6cadd-895a-46f0-884b-00307c0438fd
https://echa.europa.eu/documents/10162/17224/information_requirements_part_e_en.pdf/1da6cadd-895a-46f0-884b-00307c0438fd
https://echa.europa.eu/documents/10162/17224/information_requirements_part_e_en.pdf/1da6cadd-895a-46f0-884b-00307c0438fd
https://echa.europa.eu/documents/10162/17224/information_requirements_part_e_en.pdf/1da6cadd-895a-46f0-884b-00307c0438fd
https://echa.europa.eu/documents/10162/17224/information_requirements_part_e_en.pdf/1da6cadd-895a-46f0-884b-00307c0438fd
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4654639/
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