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DoE 1: Basic Concepts and Principles 
in Exposure Science

Module 1

Introduction to Exposure Science

Dr Alison Connolly 



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 how the scientific field has evolved 

2. Identify the current day exposure science activity 

3. Comprehend the fundamental terms/definitions utilised within exposure science

4. Understanding the scientific remit of exposure science and how it relates to other disciplines
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1. Introduction
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3. The need for Exposure Science

4. Basic Concepts and Definitions

5. Exposure Science 

6. Summary: Key Takeaways



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. 

ISES Europe 

Heinemeyer et al. 2021. (2015): https://doi.org/10.1038/s41370-021-00390-w



Stressors and Receptors

• Stressors primarily such as chemical, 
biological, and physical agents

• Receptors range from molecules, cells, 
and organs to humans and other 
organisms.

This Photo by Unknown Author is 

licensed under CC BY

This Photo by Unknown Author is 

licensed under CC BY-SA

Designed by Freepik

https://www.tasnimnews.com/en/news/2017/06/19/1440239/common-household-chemicals-lead-to-birth-defects-in-mice-research-finds
https://creativecommons.org/licenses/by/3.0/
https://en.wikipedia.org/wiki/Biological_agent
https://creativecommons.org/licenses/by-sa/3.0/
https://creativecommons.org/licenses/by-sa/3.0/
https://creativecommons.org/licenses/by-sa/3.0/


Overview

Exposure science is a multi-disciplinary discipline and can be utilised to 
protect people and the environment from adverse effects of stressors, as 
well as in legislation and initiatives across Europe and internationally. 

Risk assessment paradigm: “Risk = Hazard x Exposure”, understanding 
receptors, exposure pathways and scenarios, and the importance of the 
exposure assessment element. 
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Historical Overview 

Georgius Agricola (1494–1555)

• Father of Mineralogy

• Direct observations of miners’ health

Paracelsus (1493 – 1541)

• Father of Toxicology

• Dose-Response Relationship 

Agricola and Paracelsus formally recorded ‘hazards’ and 
‘remedies’.

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

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

https://culturacientifica.com/2017/02/07/paracelso-lutero-la-alquimia-i/paracelsus-03/
https://creativecommons.org/licenses/by-nc-nd/3.0/
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https://creativecommons.org/licenses/by-sa/3.0/
https://creativecommons.org/licenses/by-sa/3.0/
https://creativecommons.org/licenses/by-sa/3.0/


Father of Occupational Medicine

Bernardino Ramazzini (1633 – 1714): Italian physician in 1700 wrote: De 
Morbis Artificum (Diseases of Workmen)



Silent Spring 

Rachel Carson ‘Mother of the Modern 
Environmental Protection’ published in 
1962

Connection between synthetic pesticides 
and their adverse effects on the natural 
environment and human populations. 

Awakened a new environmental 
consciousness

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

https://oceanicas.ieo.es/rachel-carson-y-el-mar-que-la-rodeo/
https://creativecommons.org/licenses/by-nc-nd/3.0/
https://creativecommons.org/licenses/by-nc-nd/3.0/
https://creativecommons.org/licenses/by-nc-nd/3.0/
https://creativecommons.org/licenses/by-nc-nd/3.0/
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Mother of American Industrial Medicine

Dr. Alice Hamilton (1869–1970).

US physician who pioneered occupational 
epidemiology and industrial hygiene in the US. 

Shifted the focus from merely treating sick workers 
to investigating and preventing the cause of their 
illnesses in the workplace.

Hugely influential in the development of modern 
Industrial Medicine.

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

https://it.wikipedia.org/wiki/Alice_Hamilton
https://creativecommons.org/licenses/by-sa/3.0/
https://creativecommons.org/licenses/by-sa/3.0/
https://creativecommons.org/licenses/by-sa/3.0/
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Today ….

• National Research Council 2012: Exposure Science in the 21st 
Century

• A transformative approach to understanding and assessing 
environmental health risks.

• Broader recognition of exposure science's role in supporting 
more credible risk assessments and thorough evaluation of 
exposure-response relationships.

• Highlighted the need to train the next generation of exposure 
scientists. 



Exposure Science Society

1989 - International Society of Exposure Assessment (ISEA) founded

1991 - Journal of Exposure Analysis and Environmental Epidemiology 
(JEAEE) established 

1991: Atlanta, GA, 1st Annual Meeting of the ISEA

2006 and 2008 - The words “analysis” and “assessment” were replaced 
with “science” and became ISES and JESEE, respectively.

www.intlexposurescience.org/about-us/

https://www.intlexposurescience.org/about-us/
https://www.intlexposurescience.org/about-us/
https://www.intlexposurescience.org/about-us/


European Chapter of ISES

Founded in 2017

Established a ‘Roadmap for Exposure Science’ 

5 Priority areas 

1. Data Repositories & Analytics

2. Regulatory Exposure Assessment Science

3. Building Partnerships & Collaboration

4. Exposure Data Production & Monitoring

5. Exposure Assessment Methods & Tools

6. Exposure Science Education, Training & Communication

ises-europe.org/about-us/strategy

https://ises-europe.org/about-us/strategy
https://ises-europe.org/about-us/strategy
https://ises-europe.org/about-us/strategy
https://ises-europe.org/about-us/strategy
https://ises-europe.org/about-us/strategy


Harmonised terminology 

• Aligned exposure science terminology is crucial for ease of comparison. 

• Required for appropriate interpretation of exposure information, 

regulatory reports, and scientific publications.

• Due to exposure science multidisciplinary nature, diverging 

interpretations can occur when terminology is not used harmoniously. 

• Differing definitions have been identified for exposure science 

(Heinemeyer et al., 2021). 

Heinemeyer et al. 2021. (2015): https://doi.org/10.1038/s41370-021-00390-w



Harmonised Terminology 
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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. 



EFSA, 2023: https://www.efsa.europa.eu/sites/default/files/hazardvsrisk_infographic.png

https://www.efsa.europa.eu/sites/default/files/hazardvsrisk_infographic.png


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.



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)
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Exposure Science Experts

Exposure scientists seek to analyse quantitative and qualitative information 
on stressors and evaluate the exposure sources, pathways and processes 
that could potentially lead to impacts on receptors, including human health 
and the natural and built environment. 

• Occupational exposures 

• Environmental impacts 

• Consumer goods evaluations 

• Dietary exposure



Exposure Assessment

Risk Assessment process

1. Hazard Identification/problem formulation 

2. Hazard Characterisation

3. Exposure Assessment

4. Risk Characterisation 

Fantke et al. (2022): https://doi.org/10.1016/j.envint.2022.107555

https://doi.org/10.1016/j.envint.2022.107555


Noncommunicable diseases

• Globally, the share of deaths from 
noncommunicable diseases (NCDs) 
among all deaths rose steadily to 73.9% 
by 2019.

• SDG Indicators: Of 53 health-related 
indicators tracked, none are on course 
to achieve 2030 targets under current 
trends. 

33



The WHO estimates that 
globally:

• 1.9 million people die from exposure to 
workplace risk factors.

• In 2016, nearly 2 million deaths and 90 million 
disability-adjusted life years (DALYs) were 
estimated to be attributable to occupational risk 
factors and health outcomes.

• Work-related cancer is one of the biggest 
occupational health problems in Europe, with 
152,000 deaths per year from carcinogens in the 
workplace

Nobody should get sick or die from doing their job.

34
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Summary: Key Takeaways

• The development of the field and the importance and need of exposure scientists 
and the dedicated exposure science societies. 

• Exposure Science is multidisciplinary in evaluating the contact between stressors 
and receptors and is an important step in the risk assessment process. 

• Exposure scientists are specialists in evaluating exposure sources, pathways and 
routes, and conducting exposure assessment, an integral part of the risk 
assessment process. 



Module 2:

• The Risk Assessment Process

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

Overview of exposure science terminology

Towards further harmonisation of a glossary for exposure science—an ISES Europe statement

https://doi.org/10.1038/s41370-021-00390-w

Exposure Science in the 21st Century: A Vision and a Strategy

Committee on Human and Environmental Exposure Science in the 21st Century; Board on Environmental Studies and Toxicology; Division on Earth and Life
Studies; National Research Council

https://pubmed.ncbi.nlm.nih.gov/24901193/

The European exposure science strategy 2020–2030

Fantke, P. et al. 2022.

https://doi.org/10.1016/j.envint.2022.107555.

Framework for developing an exposure science curriculum as part of the European Exposure Science Strategy 2020–2030

Connolly, A. et al. 2022.

https://doi.org/10.1016/j.envint.2022.107477.
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