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ISES Europe Training Series 
 

DoE 1: Basic Concepts and Principles in Exposure Science 

Module 2: Risk Assessment Process 

 

 

Slide 1  

Welcome to the Domain of Expertise 1: Basic concepts and principles in exposure science.  

 

Slide 2 

This is the legal notice on Fair Use and copyright, as discussed in the introduction to the education 

series.  

 

Slide 3 

This is the overview previously discussed, and it is the first in the series.  

 

Slide 4 

This domain of expertise includes the Basic concepts and principles in exposure science with three 

modules:  

1. Introduction to exposure science 

2. Risk Assessment Process 

3. Risk Management  

 

Slide 5  

We will continue with the Risk assessment process.  

 

Slide 6  

I covered this in the previous video, I am Dr Alison Connolly and I am an Assistant Professor at 

University College Dublin (UCD) and my areas of expertise are human biomonitoring, exposure 

science and health and safety.  

 

Slide 7  

A disclaimer that this is an introductory framework and these subjects have been simplified for ease 

of understanding and this subject matter does not necessarily reflect organisations, and reference 

to such organisations and tools are for educational purposes and not an endorsement and every 

effort has been made for accuracy but errors/omissions can occur.  
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Slide 8  

The learning objectives for this video are to:   

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.  

 

Slide 9  

The content is:  

1. Recap of concepts and principles from the previous lecture  

2. Risk Assessment Process  

3. Hazard Identification  

4. Exposure Characterisation & Risk Identification 

5. Summary: Key Takeaways  

This slide will come at each section to show the changing topic.  

 

Slide 10 

We previously covered these definitions:  

Hazard: the potential to cause harm. 

Exposure: Contact between an agent and a target.  

Risk: the likelihood that the potential for harm  

Risk Assessment: A process to estimate the risk  

 

Slide 11 

Exposure science studies the contact between stressors (like chemical, biological, and physical 

agents such as chemical, biological, and physical agents) and receptors (like humans and other 

organisms). 

 

Slide 12 

Now we can move to the risk assessment process.  

 

Slide 13  

You will see this figure throughout the education series, explaining the entire risk assessment 

paradigm, from the risk assessment process to risk management. For this video, we will focus on the 

risk assessment aspect.  

 

Slide 14 

However, each individual aspect will be covered across the different domains of expertise.  
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Slide 15 

The four overarching steps of risk assessment require you to understand both hazards and exposures 

in a simple approach that will be expanded on throughout the domains of expertise.  

The first step is Hazard identification/problem formulation – where you might identify a 

chemical/product or process with the potential to cause harm, such as the naturally occurring 

chemical compound as shown in this slide.  

 

Slide 16 

The second step is now to understand the effects of the hazard identified, through controlled studies 

(which will be explained in detail in the DOE 2) and calculate a safe level of exposure for consumers 

where possible. In this example, the studies showed both short- and long-term adverse effects, 

ranging from disrupted sleep to cardiovascular problems.  

 

Slide 17  

The third step is to evaluate the potential exposure to this hazard, and calculate daily intakes and 

potentially identify at-risk groups.  

Studies showed that for this compound, the average daily intakes are a maximum of about 320mg a 

day for adults. 

 

Slide 18 

Finally, the risk characterisation provides the context between hazard and exposure, quantifies the 

likelihood of a risk occurring, defines margins of safety, and enables regulatory decision-makers to 

conclude the level of risk, there is a safety concern for consumers or specific groups, determine 

whether the safety margin is sufficient, and whether the risk is acceptable. 

For our example, most people are not at risk with their daily coffee, but high consumers (e.g., adults 

consuming more than 400mg a day) may need to control their intake. 

The provided link leads to an interactive resource from the European Food Safety Authority (EFSA) 

that explains the four steps of the scientific risk assessment process used to ensure the safety of 

food, animals, plants, and the environment. 

 

Slide 19 

In this section, we will discuss hazard identification in more detail.  

 

Slide 20 

Hazard Identification include  

• Chemical agents (e.g. gases, liquids) 

• Physical agents (e.g noise and vibration) 

• Biological agents (e.g. bacteria and mycotoxins) 

• Ergonomic factors (e.g. repetitive motion) 

• Psychosocial factors (e.g. stress).  
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Slide 21  

Hazard Evaluation determines the effects of agents.  

Toxicology studies investigate the harmful effects of agents in controlled settings to evaluate safe 

exposures and manage their effects, whether environmental or occupational, with a focus on 

environmental agents versus workplace agents. This is expanded on in DOE 2.  

Hazard evaluation also intersects with fields such as epidemiology, which investigates the links 

between exposures and health outcomes (expanded on in DOE 9), and ecotoxicology, which includes 

studies on the impact of toxins on ecosystems (expanded on in DOE 2).  

 

Slide 22  

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. 

Solids 

Description: Materials with a defined shape and volume (e.g., metals, wood, powders). 

Liquids 

Description: Materials with a defined volume but no fixed shape (e.g., solvents, acids, oils). 

Gases 

Description: Materials with no defined shape or volume that will expand to fill their container (e.g., 

carbon monoxide, chlorine, welding gases). 

These states can change depending on the environmental factors (e.g. freezing versus melting).  

 

Slide 23 

Vapour - the gaseous state of a substance which is liquid at Standard Temperature and Pressure. 

Vapours form when liquids evaporate. You can see the liquid in a container, but the vapours rising 

from it are what you inhale.  

 

Slide 24  

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”). 

 

Slide 25 

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. 

Vapour is the gaseous state of a substance that is normally a liquid or solid at room temperature (like 

water vapor). It consists of individual, invisible gas molecules. 

Aerosol is a suspension—tiny liquid droplets, solid particles, or both—dispersed in a gas (usually air). 

Examples include smoke (solid particles) or fog/mist (liquid droplets). 

Mist is a specific type of aerosol that consists only of liquid droplets suspended in a gas, such as the 

fine spray from an atomizer or the natural phenomenon of fog. 

Slide 26 
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Fume - Solid particles produced by condensation from a liquid or a reaction between two gases. 

When welding, the metal rod and base material are heated to a very high temperature, vaporizing 

the metal. This metal vapour cools immediately upon hitting the surrounding air, condensing into 

sub-micron solid metal particles (fumes). 

 

Slide 27 

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. 

 

Slide 28  

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

such as asbestos fibres.  

 

Slide 29  

Now we have identified the hazard, we will move to exposure characterisation 

 

Slide 30  

Exposure Assessment and Risk Characterisation includes:  

• Understand the exposure sources, exposure pathways and processes 

• Who could be affected and how?  

• Evaluate the risks 

• Mitigate the risks 

The topic will be introduced here and further expanded on in DOE 5.  

 

Slide 31  

Exposure Assessment is 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 

 

Slide 32 

Reminder from previous lecture that Exposure Sources are the origin of an agent entering an 

exposure pathway for the purposes of an exposure assessment.  

 

 

Slide 33 
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These pathways can be Primary versus Secondary Exposures.  

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. 

 

Slide 34  

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. 

  

Slide 35 

Exposure pathway is the course an agent takes from the exposure source to the target.  

 

Slide 36  

The exposure route is the means through which an agent enters a target organism after contact 

The most prominent routes are:  

• ingestion 

• inhalation  

• dermal absorption 

• Injection (including needle stick injuries) 

You can also have Ocular/eye and Buccal Mucosa, which is the inner lining of the cheeks.  

 

Slide 37  

Factors Influencing Human Exposure  

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

Identification of individual activity patterns, population distributions and susceptible populations. 

 

Slide 38  

Exposure Evaluation can be qualitative or quantitative  

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  
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An exposure assessment that is based on direct measurements or quantitative exposure modelling. 

Quantification produces an outcome with well-defined uncertainty and probability. 

 

Slide 39  

In workplaces, they often use Similar Exposure Groups when conducting risk assessments. 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? 

It is more efficient. 

Extrapolate a representative number of workers (a subset.  

Identify specific groups at highest risk to prioritise resources. 

 

This is a brief description but you will learn more about this topic in DoE 9, module 2.  

 

Slide 40  

Mechanisms for evaluating exposures can broadly done via expert opinion or the following 

approaches:  

• Modelling-Based Approaches using Computational tools to predict exposure levels. 

• Measurement-Based Approaches: collecting and analysing samples  

• And Big Data and Sensors, such as Real-time monitoring  

These approaches will be covered in DOE 3 and 4.  

 

Slide 41 

These approaches will produce data for evaluation, and these statistical methods will be covered in 

the DOE 9.  

 

To ensure that the data is high quality and robust, it is essential that:  

Models used have been development and validated and define application domains and limitations, 

this will be discussed in DOE 3.  

It is also essential that sample collection/storage and analytical analysis be conducted according to 

good practices, and this will be expanded on in DOE 4.  

It is also important that data analysis is done appropriately, including data cleaning, censoring data, 

data exclusions, and left-censored data and the interpretation of the data (expanded on in DOE 9)  

 

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 

Slide 42  
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To sum up  

 

Slide 43 

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.  

 

Slide 44 

In our next video in this domain of expertise, we will cover the risk management.  

 

Slide 45 

Thank you for your participation and attention. We encourage you to view the other videos in the 

series and the reading materials.  

 


