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Meet Today’s Presenter: Dr Alison Connolly 

• Current Role: Assistant Professor at University College Dublin (UCD)
• Programme Director of the UCD Higher Diploma of the Safety, Health and Well-Being at Work

• Lead a research group in exposure science with a focus on using human biomonitoring strategies. 

• Chair the ISES Europe Education, Training and Communication Working Group. 

• Previous Roles:

• Marie Skłodowska-Curie Actions (MSCA) COFUND Postdoctoral Fellow 

• Education:
• PhD – University of Galway, School of Physics for research on 'Characterising occupational exposure to 

glyphosate among amenity horticulturists’.

• Honorary Bachelor of Science (B.Sc.) in Environmental Health & Safety degree (Level 8) from the 
University of Galway with 1st class honours.

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.



Learning Objectives

1. Understand the fundamentals of the risk assessment process

2. Understand hazard identification & different stressors (e.g. physical, chemical, biological).   

3. Understanding the exposure assessment process

4. Identify exposure evaluation techniques. 



Content

1. Recap of Concepts and Principles

2. Risk Assessment Process 

3. Hazard Identification 

4. Exposure Characterisation & Risk Identification

5. Summary: Key Takeaways



Fundamental principles of risk assessment

Hazard: intrinsic property of an agent with the potential to cause harm.

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. 

Risk: the likelihood that the potential for harm will be attained under the 
conditions of use and/or exposure. 

Risk Assessment: A process to estimate the risk for a specified organism, 
system, or (sub)population following exposure to a particular agent. 



Exposure Science

Exposure science studies the contact between stressors and 
receptors and the associated exposure sources, exposure pathways 
and processes potentially leading to impacts on human health and 
the natural and built environment. Stressors primarily refer to 
chemical, biological, and physical agents, and receptors range from 
molecules, cells, and organs to humans and other organisms.

ISES Europe 

Heinemeyer et al. 2021. (2015): https://doi.org/10.1038/s41370-021-00390-w
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Risk Assessment Paradigm
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Four Steps in a Risk Assessment

1.  Hazard identification/problem formulation 

2.  Hazard characterisation

3.  Exposure assessment 

4.  Risk characterisation

This Photo by Unknown Author is licensed under CC BY-SA
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1.  Hazard identification/problem formulation 

2.  Hazard characterisation

3.  Exposure assessment 

4.  Risk characterisation

Four Steps in a Risk Assessment

Short-term adverse effects 
interrupted sleep, anxiety and 
behavioural changes. 

Longer-term adverse effects, 
cardiovascular problems. 



1.  Hazard identification/problem formulation 

2.  Hazard characterisation

3.  Exposure assessment 

4.  Risk characterisation

Four Steps in a Risk Assessment

Average daily intakes are a 
maximum of about 320mg a day 
for adults



Four Steps in a Risk Assessment

1.  Hazard identification/problem formulation 

2.  Hazard characterisation

3.  Exposure assessment 

4.  Risk characterisation

https://multimedia.efsa.europa.eu/riskassessment/index.htm

https://multimedia.efsa.europa.eu/riskassessment/index.htm
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Hazard Identification/Problem Formulation

Chemical agents Gases, vapours, solids, fibres, liquids, dusts, mists, fumes, 

etc.

Physical agents Noise and vibration

Heat and cold

Electromagnetic fields, lighting etc.

Biological agents Organisms (bacteria, viruses, fungi, etc.) and biological 

materials (endotoxins, mycotoxins, etc.)

Ergonomic factors Lifting, stretching, and repetitive motion

Psychosocial factors Stress, workload and work organisation



Hazard Evaluation 

Toxicology (→ DoE 2):
The study of the harmful effects of agents on living organisms and the environment.

• Controlled studies to examine toxicity and potential harm.
• Aims to identify safe exposure levels and manage the effects of toxins.  

Environmental vs. occupational toxicology:
• Environmental: Focuses on the effects of environmental agents on all living organisms and 

ecosystems.
• Occupational: Focuses on the health effects of environmental agents in the workplace.

Intersections with related fields:
• Epidemiology:  Investigates the links between chemical exposures and health outcomes in 

populations (→ DoE 9).
• Ecotoxicology: Studies the impact of toxins on ecosystems (→ DoE 2).



Physical States 

The physical state of a substance is 
critical because it directly determines 
the exposure pathway and how the 
substance can enter the body or 
interact with the environment.

[Credit: work by SiliconProphet, CC BY-SA 4.0].



Vapour

Vapour - the gaseous state of a substance 
which is liquid at 25°C and 760 mm Hg (STP). 
Vapours form when liquids evaporate.

The term specifically refers to the gaseous 
form of a substance that exists alongside its 
liquid or solid form at room temperature.

Example: Solvents like Acetone or Toluene. 

This Photo by Unknown Author is licensed under CC BY-SA

https://risk-engineering.org/concept/BLEVE
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Aerosol 

Aerosol - general term for the dispersions of 
solid or liquid particles of microscopic size in a 
gaseous medium, although commonly used to 
term fine liquid spray (e.g. ‘aerosol can’).

It is a broad classification, encompassing dusts, 
fumes, mists, fog, and smoke.

Example: Natural Aerosols: Fog, smoke from 
wildfires, pollen. Manufactured Aerosols: The 
fine liquid spray from a pressurised "aerosol can" 
(e.g., paint, disinfectant).

This Photo by Unknown Author is licensed under CC BY

https://txitxiburduntzi-oiane.blogspot.com/2011/11/ozono-geruzaren-suntsiketa.html
https://creativecommons.org/licenses/by/3.0/


Mist 

Mist - liquid particles, large size generally 
produced by bubbling, splashing or boiling 
of a liquid.

Formed by mechanical or vigorous action on 
a bulk liquid. The particles are larger than 
fumes or smoke.

Example: Oil Mist generated from high-
speed cutting fluids or lubricants in 
machining operations. Spray Mists created 
by certain agricultural sprayers.

This Photo by Unknown Author is licensed under CC BY-NC
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Fume

Fume - Solid particles produced by condensation 
from a liquid or a reaction between two gases. 
The particle size of a fume <1 micron (µm) 
diameter anything larger is considered a dust 
particle.

Always originate from a high-temperature 
process. The particles are extremely small, 
typically < 1 micron (µm) in diameter, allowing 
them to penetrate deep into the lungs.

Example: Welding Fumes. 

This Photo by Unknown Author is licensed under CC BY

https://support.skillscommons.org/showcases/apprenticeships/
https://creativecommons.org/licenses/by/3.0/


Dust 

Dust - particles of solid material in the broad size 
range of 1 micron to 1 millimetre diameter. 

Anything of a larger particle size is considered to 
be grit and will be too heavy to remain airborne.

Example: Silica dust (from cutting concrete or 
granite), wood dust (from sanding or sawing), 
grain dust generated during harvesting or 
handling.

This Photo by Unknown Author is licensed under CC BY-ND

https://journalistsresource.org/home/silicosis-an-explainer-and-research-roundup/
https://creativecommons.org/licenses/by-nd/3.0/
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Fibre 

Fibre – Solid particulate which are long and thin 
i.e. have a high aspect ratio of length to breadth.

The hazard is often related to the fibre's 
aerodynamic diameter and length, which 
determines its ability to reach and lodge in the 
lungs.

Example: Asbestos Fibres (which cause 
mesothelioma and asbestosis) and Synthetic 
Mineral Fibres (e.g., fibreglass or rock wool).

This Photo by Unknown Author is licensed under CC BY-SA

https://en.wikipedia.org/wiki/Asbestos
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Exposure 
Assessment and Risk 

Characterisation 
(→ DoE 5)

30

Understand the exposure sources, 
exposure pathways and processes

Who could be affected and how? 

Evaluate the risks

Mitigate the risks 



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. 

⮚Analyse the source of contamination and release 

⮚Identify potentially exposed populations/regions/groups

⮚Identify potential exposure pathways

⮚Estimate exposure concentrations for pathways

⮚Estimate uptakes for pathways



Exposure Sources

The origin of an agent entering an 
exposure pathway for the purposes 
of an exposure assessment. 

Google Gemini. "Diagram showing various environmental exposure sources 
surrounding a central figure." Image generated by AI, 1 Dec. 2025.



Primary versus Secondary Exposures I

Primary (Direct Route) 

• individual or receptor interacts 
directly with the original source of 
contamination 

Examples:

• A worker spilling a chemical directly 
onto their skin.

• Drinking contaminated well water 
without treatment.

This Photo by Unknown Author is licensed under CC BY-NC-ND
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Primary versus Secondary Exposures II

Secondary (Indirect Route) 

• The agent is transferred to the receptor via 
an intermediate transport medium.

Examples: 

• Food Chain (Bioaccumulation): Eating fish 
from a contaminated water source. 

• Mother/Child: A mother's accumulated 
contaminant burden (e.g., lead or 
mercury) is passed to a foetus in utero or 
to a baby via breast milk.

This Photo by Unknown Author is licensed under CC BY

https://oap.ospar.org/en/ospar-assessments/intermediate-assessment-2017/pressures-human-activities/contaminants/heavy-metal-inputs/
https://creativecommons.org/licenses/by/3.0/


Exposure Pathways

The course an agent takes from 
the exposure source to the target. 

This Photo by Unknown Author is licensed under CC BY

https://www.eea.europa.eu/themes/human/chemicals/emerging-chemical-risks-in-europe
https://creativecommons.org/licenses/by/3.0/


Exposure Route

The means through which an agent enters a 
target organism after contact 

⮚ingestion

⮚inhalation 

⮚dermal absorption

⮚Injection (including needle stick injuries)



Factors Influencing Human Exposure 

The duration, frequency and intensity of 
contact with the contaminant.

Identification of individual activity patterns, 
population distributions and susceptible 
populations. This Photo by Unknown Author is licensed under CC BY

https://maken.wikiwijs.nl/130942/Arrangeren_digitaal_lesmateriaal_0957594
https://creativecommons.org/licenses/by/3.0/


Exposure Evaluation

Qualitative

Qualitative exposure assessment involves subjective assessment based 
on non-quantitative measurements or qualitative exposure modelling, 
yielding a qualitative conclusion without quantified accuracy or 
uncertainty.

Quantitative 

Quantitative exposure assessment that is based on direct
measurements or quantitative exposure modelling. Quantification
produces an outcome with well-defined uncertainty and probability.



Similar Exposure Groups (SEGs)

Similar Exposure Groups (SEGs) are a group of workers having the same 
general exposure profile due to the similarity and frequency of the tasks, 
the materials and processes and the similarity of the way they perform the 
tasks.

Why do we use SEGs?

1. It is more efficient.

2. Extrapolate a representative number of workers (a subset). 

3. Identify specific groups at highest risk to prioritise resources.



Exposure Assessment Methods (→ DoE 3 & 4)

Modelling-Based Approaches (→ DoE 3)
• Computational tools to predict exposure levels.

Measurement-Based Approaches (→ DoE 4)
• Sampling and analysis of environmental media (e.g., air monitors, water 

testing). 
• Using biological samples (e.g., blood, urine) to measure internal doses.

Big Data and Sensors
• Real-time monitoring using wearable devices and IoT-enabled sensors.



Evaluation of Data (→ DoE 9)

Requires robust protocols for: 

• Model development and validation (→ DoE 3)

• Sample collection/storage (→ DoE 4)

• Analytical analysis 

• Data analysis (→ DoE 9)

• Interpretation of data

Allows for: 

• Evaluating the level of risk

• Understanding distribution/variances in populations or SEGs

• Evaluating determinants of exposures

• Comparisons with health-based limit/guidance values
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Summary: Key Takeaways

• There are four main steps in the risk assessment process: Hazard 
identification/problem formulation, Hazard Characterisation, Exposure 
Assessment and Risk Characterisation. 

• To conduct a thorough exposure assessment, there is a need to understand 
exposure sources, pathways and routes.

• There are different exposure evaluations that can be conducted qualitatively and 
quantitatively using exposure modelling, measurement-based approaches, and 
big data. 



Module 3:

• Risk Management 

Future training videos:

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

Consequent Modules



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

The Four Steps of Risk Assessment

European Food Safety Authority (EFSA)

https://multimedia.efsa.europa.eu/riskassessment/index.htm

Monitoring for Health Hazards at Work

John W. Cherrie, Sean E. Semple, Marie A. Coggins

https://onlinelibrary.wiley.com/doi/book/10.1002/9781119615019

Occupational Safety and Health

German Federal Ministry of Labour and Social Affairs

https://www.bmas.de/EN/Labour/Occupational-Safety-and-Health/occupational-safety-and-health.html
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