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Module 1: Introduction to Exposure Science

Welcome to the main of Expertise 1, Basic Concepts and Principles in Exposure Science.
This is a legal notion of fair use and copyright, and this has been previously discussed.
And this is an overview of all the domains of expertise, and we'll be starting with Domain 1.

Domain 1, Basic Concepts and Principles in Exposure Science, has three modules: Introduction to
Exposure Science, Risk Assessment Process, and Risk Management.

We will proceed with the introduction to exposure science.

| will tell you a little bit about my background. I'm Dr Alison Connolly, and I'm an assistant professor
at the University College, Dublin, in Ireland, where | am also the Programme Director of the UCD
Higher Diploma of the Safety, Health and Wellbeing at Work. | also lead a research group in exposure
science with a focus on using human biomonitoring strategies. And | also chair the ISES Europe
Education Training and Communication Working Group. And my background in education would be
in health and safety and exposure science.

This disclaimer, which we've been through before, but just to highlight, is an introductory framework,
so some of the topics have been simplified for ease of learning, and the content does not necessarily
reflect our organisations, nor the reference to organisations' tools or endorsements, and every effort
has been made to ensure accuracy within these slides.

So the learning objectives for this video are to understand how the scientific field has evolved;
identify the current day exposure science activity; comprehend the fundamental terms and
definitions that we utilise within exposure science; and understand the scientific remit of exposure
science and how it relates to other disciplines.

So you will see this content slide throughout the slides, and this will guide you to where each of the
topics will change. So first, we're going to start with the introduction.

Firstly, what is exposure science? Exposure science studies the contact between stresses and
receptors and the associated exposure sources, exposure pathways and processes, potentially
leading to impacts on human health and the natural and built environment.
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So what do we mean when we say stressors and receptors?

Well, stresses can be like chemical, biological, and physical agents, as seen on the screen, and
receptors can range from molecules, cells, and organs to humans and other organisms.

Exposure science is multidisciplinary and can be utilised to protect people, protect the environment
from the adverse effects of these stresses, as well as be used in legislation and initiatives across
Europe and internationally.

The risk assessment paradigm tells you that risk equals hazards times exposures, so you have to
understand the receptors, but you also have to understand the exposure pathways and scenarios
and the importance of the exposure assessment element in this paradigm.

Let us talk about how exposure science has evolved. To give you an overview of how exposure
science initiated and evolved, first we'll go to Georgius Aragola, referred to as the father of
mineralogy. His most famous work was on the nature of metals and was one of the first scientists to
base his observations on direct field research on miners' health.

Palacelius was another person referred to as the father of toxicology, known for his idea that the
dose is the poison and for understanding the dose—response relationship. Both of these individuals
formally recognised the idea of hazards and remedies and preventative methods.

Next, we'll move on to Bernardo Ramazzini, an Italian physician and professor regarded as the father
of occupational medicine. His work on the diseases of workers was published in the 1700s and was
the first comprehensive link between specific health hazards of different trades and professions.

Ramazzini famously advised all physicians to add a crucial question to their patient examination:
What is your occupation? This identified work-related causes of illnesses. He described diseases
caused by factories like irritating chemicals, dust, metals, as well as those resulting from awkward
postures and repetitive motions, making him one of the forerunners in the field of ergonomics.

Rachel Classen, sometimes referred to as the mother of modern environmental protection, is most
famously known for the published works of Silent Spring, which made the connection between
synthetic pesticides and their adverse effect on the natural environment and human populations.
This was a massive connection between chemicals used and how they affect our environment and
everything revolving around it, profoundly shifting public consciousness and moving environmental
concerns into a major political issue.

Alice Hamilton was an American physician and social reformer known as the mother of US
occupational medicine for her groundbreaking work investigating industrial diseases. She was one
of the first American physicians to devote her career to studying occupational health, systematically
investigating toxic exposures in factories and mines and mills across the United States, shifting the
focus from merely treating sick workers to investigating and preventing the cause of their illness in
the workplace.
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Though there are many other examples of pioneers in this area, this is just an overview of the
importance of identifying hazards and environments that were making people sick and the idea of
prevention of this illness. As you see, it has been centuries of work, people identifying these types
of issues. So now we need to identify why we need exposure science today.

The National Research Council in 2012 did a report, Exposure Science in the 21st Century: A Vision
and a Strategy, a pivotal document that re-envisioned the field of exposure science as a more holistic
framework, a transformative approach to understanding and assessing environmental health risks,
and broader recognition of the exposure scientist's role in supporting credible risk assessment and
thorough evaluation of exposure—response relationships.

It also highlighted the need to train the next generation of exposure scientists, which we are
continuing to do today and during this lecture series.

And of course, the societies that help build this vision. Though | give an overview in the introductory
slides of the society, I'll give a brief overview here of the International Society of Exposure Science,
the only dedicated scientific organisation for exposure science.

Originally founded as ISEA, which then changed to ISEE, and in 1991 the Journal of Exposure Analysis
and Environmental Epidemiology was established. They had their first conference in 1987 in Atlanta,
and they've been having annual conferences since. The words analysis and assessment were
replaced by science in 2006 and 2008, becoming ISES and JESEE, respectively, which is what is known
today.

This is a non-profit organisation to advance the field of exposure science and promote its use in
public, occupational, and environmental health. The Journal for Exposure Science and
Environmental Epidemiology, JESEE, is the official journal of ISES.

The society has regional chapters, as discussed earlier.

A strategy was developed, and five key areas were established as priorities: data repositories and
analytics, regulatory exposure science, building partnerships and collaboration, exposure data
production and monitoring, exposure assessment methods and tools, and exposure science
education, training, and communication. This work continues today, with new working groups such
as biological agents initiated this year.

Part of the strategy was to use harmonised exposure science terminology to ensure appropriate
interpretations and comparisons, especially given its multidisciplinary nature. Many of the
definitions used throughout this series are from this harmonised terminology. You can also find it on
the ISES Europe website under Glossary of Terms.

Now we're going to move on to the key definitions and concepts.
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For understanding the fundamental principles of risk assessment, some of the key definitions are
understanding hazard. This is defined as the intrinsic property of an agent with the potential to cause
harm.

So hazard is the potential to cause harm.

Exposure is the contact between this agent and a target. Exposure is measured as the concentration
or amount of a particular agent that reaches the target organism, system, or subpopulation in a
specific exposure frequency for a defined exposure duration.

So it is a specific concentration or amount for a frequency and duration.

Risk equals hazard times exposure, the likelihood that the potential for harm will be attained under
the conditions of use and or exposure.

Risk is evaluated with a risk assessment, the process to estimate risk for a specific organism, system,
or subpopulation following exposure to a particular agent.

Practically, this can be illustrated simply. In the diagram, the hazard is the shark; it has the potential
to cause harm. But when you're standing on the beach there is not a high risk. When you get into
the water, the likelihood of risk increases. Though simplistic, it illustrates hazard versus risk.

The next aspect is the exposure source, the origin of an agent entering the exposure pathway for
exposure assessment purposes. Sources include food or diet, your workplace, or consumables you
use.

Then the exposure pathway, the course an agent takes from the exposure source to the target, which
may be direct or indirect.

And then the exposure route, the means by which an agent enters the organism after contact. The
most prominent are ingestion, inhalation, dermal absorption, or injection. You can also have ocular
exposure or exposure through the mouth mucosa.

Moving on to exposure science.

Exposure science experts seek to analyse quantitative and qualitative information on stresses and
evaluate exposure sources, pathways, and processes with potential impacts on receptors, including
human health and the natural and built environment.

Exposure scientists work in areas like occupational exposures, environmental impacts, consumer
goods exposure, and dietary exposure for food and water intake.

A recent publication emphasised the need for exposure science across many EU initiatives such as
the Green Deal, Safe and Sustainable by Design, and the Circular Economy Action Plans.
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In the risk assessment process, there are four main steps: hazard identification and problem
formulation, hazard characterisation, exposure assessment, and risk characterisation. Exposure
assessment is an important step.

Why do we need exposure science? Exposure science is essential for understanding and preventing
and controlling non-communicable diseases, which include cardiovascular diseases, cancers, chronic
respiratory illnesses, and diabetes. These are rising steadily globally, and we are not on target for
our health-related Sustainable Development Goals. Exposure science is important for greater impact.

This is also true in the workplace; exposures to workplace risk factors affect millions of workers
annually due to the burden of disease and injury. Nobody should be getting sick doing their job.

To sum up:

The development of the field, the importance and need for exposure scientists, and the dedicated
Exposure Science Society.

Exposure science is multidisciplinary and evaluates the contact between stresses and receptors and
is an important step in the risk assessment process.

Exposure scientists specialise in evaluating exposure sources, pathways, and routes and conducting
exposure assessment, an integral part of risk assessment.

| hope you found this useful in understanding the basic concepts, and in the next video we will cover
the risk assessment process in more detail.

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

©2026 ISES Europe Page 5 of 5



