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The EPA is responsible for protecting and improving 
the environment as a valuable asset for the people of 
Ireland. We are committed to protecting people and 
the environment from the harmful effects of radiation 
and pollution.

The work of the EPA can be divided into 
three main areas:
Regulation: Implementing regulation and environmental 
compliance systems to deliver good environmental outcomes  
and target those who don’t comply.

Knowledge: Providing high quality, targeted and timely 
environmental data, information and assessment to inform 
decision making.

Advocacy: Working with others to advocate for a clean, 
productive and well protected environment and for sustainable 
environmental practices.

Our Responsibilities Include:
Licensing

	> Large-scale industrial, waste and petrol storage activities;
	> Urban waste water discharges;
	> The contained use and controlled release of Genetically 

Modified Organisms;
	> Sources of ionising radiation;
	> Greenhouse gas emissions from industry and aviation  

through the EU Emissions Trading Scheme.

National Environmental Enforcement
	> Audit and inspection of EPA licensed facilities;
	> Drive the implementation of best practice in regulated 

activities and facilities;
	> Oversee local authority responsibilities for environmental 

protection;
	> Regulate the quality of public drinking water and enforce 

urban waste water discharge authorisations;
	> Assess and report on public and private drinking water quality;
	> Coordinate a network of public service organisations to 

support action against environmental crime;
	> Prosecute those who flout environmental law and damage  

the environment.

Waste Management and Chemicals in the Environment
	> Implement and enforce waste regulations including  

national enforcement issues;
	> Prepare and publish national waste statistics and the  

National Hazardous Waste Management Plan;
	> Develop and implement the National Waste Prevention 

Programme;
	> Implement and report on legislation on the control of 

chemicals in the environment.

Water Management
	> Engage with national and regional governance and operational 

structures to implement the Water Framework Directive;
	> Monitor, assess and report on the quality of rivers, lakes, 

transitional and coastal waters, bathing waters and 
groundwaters, and measurement of water levels and  
river flows.

Climate Science & Climate Change
	> Publish Ireland’s greenhouse gas emission inventories  

and projections; 

	> Provide the Secretariat to the Climate Change Advisory Council 
and support to the National Dialogue on Climate Action;

	> Support National, EU and UN Climate Science and Policy 
development activities.

Environmental Monitoring & Assessment
	> Design and implement national environmental monitoring 

systems: technology, data management, analysis and 
forecasting;

	> Produce the State of Ireland’s Environment and Indicator 
Reports;

	> Monitor air quality and implement the EU Clean Air for Europe 
Directive, the Convention on Long Range Transboundary Air 
Pollution, and the National Emissions Ceiling Directive;

	> Oversee the implementation of the Environmental Noise 
Directive;

	> Assess the impact of proposed plans and programmes on  
the Irish environment.

Environmental Research and Development
	> Coordinate and fund national environmental research activity 

to identify pressures, inform policy and provide solutions;
	> Collaborate with national and EU environmental research 

activity.

Radiological Protection
	> Monitoring radiation levels and assess public exposure  

to ionising radiation and electromagnetic fields;
	> Assist in developing national plans for emergencies arising 

from nuclear accidents;
	> Monitor developments abroad relating to nuclear installations 

and radiological safety;
	> Provide, or oversee the provision of, specialist radiation 

protection services.

Guidance, Awareness Raising, and Accessible Information
	> Provide independent evidence-based reporting, advice 

and guidance to Government, industry and the public on 
environmental and radiological protection topics;

	> Promote the link between health and wellbeing, the economy 
and a clean environment;

	> Promote environmental awareness including supporting 
behaviours for resource efficiency and climate transition;

	> Promote radon testing in homes and workplaces and 
encourage remediation where necessary.

Partnership and Networking
	> Work with international and national agencies, regional 

and local authorities, non-governmental organisations, 
representative bodies and government departments to 
deliver environmental and radiological protection, research 
coordination and science-based decision making.

Management and Structure of the EPA
The EPA is managed by a full time Board, consisting of a  
Director General and five Directors. The work is carried out  
across five Offices:

1.	 Office of Environmental Sustainability
2.	 Office of Environmental Enforcement
3.	 Office of Evidence and Assessment
4.	 Office of Radiation Protection and Environmental Monitoring
5.	 Office of Communications and Corporate Services

The EPA is assisted by advisory committees who meet regularly  
to discuss issues of concern and provide advice to the Board.
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What did this research aim to address?
People are regularly exposed to chemicals through air, water, 
food, consumer products, and their surrounding environment. 
Despite stringent EU regulations, concerns about the cumulative 
impact of chemical exposure persist. Effective monitoring is crucial 
for assessing the extent of human exposure and evaluating the 
effectiveness of existing policies.

The HBM4IRE project aims to bridge this gap by assessing the 
feasibility of establishing a national Human Biomonitoring (HBM) 
programme in Ireland. HBM is a powerful tool that measures 
chemicals in biological samples (e.g. blood, urine), providing data on 
actual human exposure levels from all sources and pathways and 
offering a more comprehensive risk assessment approach. 

This research is crucial for policymakers, regulatory agencies, and 
public health authorities, as it supports evidence-based decision-
making on chemical safety. HBM4IRE plays a key role in aligning 
Ireland with European initiatives, including the EU Green Deal, the 
Chemicals Strategy for Sustainability, and the Zero Pollution Action 
Plan. HBM4IRE adopts an innovative, multi-stakeholder approach, 
aligning with EU-wide initiatives while tailoring its methodologies to 
Ireland’s specific needs. 

What did this research find?
The HBM4IRE project confirmed that Ireland has the capacity to 
establish a national Human Biomonitoring (HBM) programme, 
aligning with EU policies like the Green Deal and Zero Pollution 
Action Plan. The study produced Ireland’s first HBM priority 
chemical list and proposed a cross-sectoral governance framework 
involving agencies such as the EPA, HSE, and HSA and concerned 
ministries.

Key Findings:

•	 Feasibility has been confirmed, as comparable nations, such as 
Slovenia and Iceland, have national HBM programmes.

•	 Stakeholder engagement is crucial, with scientific experts, 
policymakers, regulators and the public emphasising co-creation 
and data transparency.

•	 HBM data will strengthen risk assessments, inform regulations, 
and identify vulnerable groups.

•	 Ireland can leverage EU-wide initiatives, such as PARC and the 
WHO HBM Working Group, for expertise and data comparability.

•	 Sustained funding and policy commitment are essential for 
success.

•	 Data-sharing and public trust need to be carefully managed.

HBM4IRE provides a solid foundation for an Irish HBM programme, 
ensuring evidence-based policymaking, enhanced public health 
protections, and integration with European biomonitoring efforts. 
Now is the opportune time for Ireland to act and establish this 
critical initiative.

How can the research findings be used?
HBM4IRE outlines a comprehensive framework for establishing 
a national Human Biomonitoring (HBM) programme in Ireland. 
Study recommendations include the creation of a National HBM 
Steering Committee, composed of stakeholders from various 
sectors (e.g., EPA, HSE, HSA, academic/research institutions), 
to coordinate and oversee the programme’s development and 
ensure that priorities align with chemical safety regulations and 
public health objectives. Study recommendations also provide 
the first chemical and biomarker priority list for Ireland for an 
HBM programme. Additionally, securing long-term funding and 
leveraging international collaborations, such as the Partnership 
for the Assessment of Risks from Chemicals (PARC) and WHO HBM 
Working Group, will be critical for the success and sustainability of 
the programme.

The study aims to achieve significant environmental outcomes 
by providing robust data on environmental chemical exposures. 
This data can guide policy decisions regarding chemical safety, 
occupational health, and environmental regulations and support 
the development of evidence-based policies and initiatives aimed 
at reducing chemical risk. Furthermore, the study’s outputs will 
contribute to raising awareness of chemical safety among the 
general public. Future ambitions will include addressing emerging 
contaminants, longitudinal exposure trends, and vulnerable 
subgroups to enhance the programme’s effectiveness.
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Executive Summary

The Human Biomonitoring for Ireland (HBM4IRE) 

project evaluated the feasibility of establishing a 

national human biomonitoring (HBM) programme 

in Ireland to assess chemical exposures and 

inform strategies for managing chemical risks. The 

urgency for such a programme is emphasised by the 

estimations of vastly increased chemical production 

worldwide and numerous initiatives in Ireland and 

the EU. The European Green Deal, the EU Zero 

Pollution Action Plan and the Chemicals Strategy for 

Sustainability all emphasise the need to have indicator 

information on chemical pollution and evaluate 

progress towards ambitious targets to protect human 

health and the environment.

�+�%�0���K�D�V���E�H�H�Q���L�G�H�Q�W�L�¿�H�G���D�V���W�K�H���³�J�R�O�G���V�W�D�Q�G�D�U�G�´��

for chemical risk assessment, analysing levels of 

chemicals in biological samples (e.g. urine/blood) to 

measure the systemic availability of chemicals from all 

exposure sources and routes. HBM offers robust data 

on chemicals and their breakdown products, including 

their exposure levels and aggregate and cumulative 

internal doses. HBM is a well-established method 

for assessing total exposures to a chemical from 

various sources, evaluating changes over time within 

a population and regional/population differences, and 

�L�G�H�Q�W�L�I�\�L�Q�J���S�R�W�H�Q�W�L�D�O���³�K�R�W�V�S�R�W�V�´���R�I���F�K�H�P�L�F�D�O���H�[�S�R�V�X�U�H�V��

and highly exposed or vulnerable groups. HBM is 

an incredibly valuable tool, as it provides reliable 

exposure information for performing robust and integral 

exposure and risk assessments. HBM contributes 

to the health policymaking process by providing a 

�T�X�D�Q�W�L�¿�D�E�O�H���P�H�D�V�X�U�H���R�I���W�K�H���U�D�Q�J�H���D�Q�G���P�D�J�Q�L�W�X�G�H���R�I��

exposures in a population, which provides evidence 

for prioritising actions and measures, as well as 

evaluating the effectiveness of policy measures. HBM 

has also been widely adopted in many developed 

countries through national programmes, which have 

demonstrated their value in understanding chemical 

exposure. Over the past decade, major advancements 

in HBM have been made through EU-wide initiatives 

to harmonise protocols, analysis, interpretation and 

communication in HBM studies. These efforts also 

play a crucial role in assessing the effectiveness of 

environmental and chemical legislation in reducing 

exposure to regulated and restricted chemicals. 

Ireland has already demonstrated its capacity to 

participate in such initiatives through its involvement 

in the DEMOCOPHES (Demonstration of a Study to 

Coordinate and Perform Human Biomonitoring on a 

European Scale) project.

�+�%�0���,�5�(���L�Q�F�R�U�S�R�U�D�W�H�G���V�F�L�H�Q�W�L�¿�F���D�Q�D�O�\�V�L�V���D�Q�G��

review, national and international expert stakeholder 

engagement, and public input to evaluate the criteria 

for a national programme. Study results demonstrated 

that national HBM programmes are available 

worldwide, including in countries with similar or 

smaller population sizes (i.e. Slovenia, Iceland) and 

that national expertise and resources exist to conduct 

such studies. Furthermore, analysis has demonstrated 

the enormous value of such programmes. HBM4IRE 

�S�U�R�Y�L�G�H�G���W�K�H���¿�U�V�W���+�%�0���F�K�H�P�L�F�D�O���S�U�L�R�U�L�W�\���O�L�V�W�V���I�R�U��

Ireland, a proposed governance structure and an 

implementation framework. Furthermore, HBM4IRE 

demonstrated need to map national resources, 

expertise and infrastructure for such a programme to 

incorporate a cross-department/agency committee and 

the importance of co-creation for such an initiative to 

have the greatest possibility of success, maximise its 

impact and ensure sustainability.

HBM4IRE recommendations include:

●�” establishing a national HBM Steering Committee 

with cross-sectoral collaboration to foster 

co-creation, strengthen inter-institutional 

partnerships and enhance resource sharing;

●�” aligning national priorities with policy requirements 

to maximise the use of HBM data in informing 

policy decisions;

●�” leveraging international expertise, resources 

and assistance to support the initial steps of 

establishing a national HBM programme and to 

ensure the quality and comparability of national 

studies with those conducted across Europe;

●�” developing national capacity through education 

and training, including the integration of HBM 

principles into multidisciplinary subjects at third-

level education;

●�” promoting discovery and innovation in HBM 

through dedicated research and development 

initiatives.
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It is an opportune time for the establishment of an 

Irish national HBM programme, as extraordinary 

progress has been made in Europe for HBM studies, 

and Ireland can leverage this substantial progress and 

resources for the Irish programme. Ireland has already 

demonstrated its readiness for such an ambition 

through its collaboration with the Partnership for the 

Assessment of Risks from Chemicals initiative, which 

will provide access to expertise from over 29 countries, 

more than 200 institutions and over 1000 contributors, 

and with the World Health Organization European 

Environment and Health Process Partnerships on 

the HBM Working Group, both of which will bolster 

Ireland’s ability to implement an effective HBM 

programme.
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1	 Introduction

1.1	 Chemical Prioritisation

�&�K�H�P�L�F�D�O�V���R�I�I�H�U���Q�X�P�H�U�R�X�V���E�H�Q�H�¿�F�L�D�O���D�S�S�O�L�F�D�W�L�R�Q�V����

yet the release of hazardous, toxic or restricted 

substances at various stages of their lifecycles can 

�S�R�V�H���V�L�J�Q�L�¿�F�D�Q�W���U�L�V�N�V���W�R���E�R�W�K���K�X�P�D�Q���K�H�D�O�W�K���D�Q�G��

the environment. The World Health Organization 

���:�+�2�����K�D�V���L�Q�G�L�F�D�W�H�G���D���V�L�J�Q�L�¿�F�D�Q�W���V�X�U�J�H���L�Q���J�O�R�E�D�O��

chemical production by 2050, nearly quadrupling 

from 2010 levels (WHO, 2021). Currently, more 

than 350,000 chemicals and chemical mixtures 

are registered for production and use globally, a 

�¿�J�X�U�H���W�K�D�W���L�V���X�S���W�R���W�K�U�H�H���W�L�P�H�V���K�L�J�K�H�U���W�K�D�Q���H�D�U�O�L�H�U��

estimates, with considerable variation across 

different countries and regions (Wang et al., 2020). 

More than 100,000 chemicals are available on the 

European market (ECHA, 2020). According to the 

European Commission’s 2020 Chemicals Strategy 

for Sustainability, global chemical sales reached 

€3347 billion in 2018. Europe, as the second-largest 

producer, contributed 16.9% of these sales, although 

its share has halved over the past 20 years and is 

expected to drop further by 2030, placing Europe 

third globally (European Commission, 2020). Notably, 

chemical pollution is now acknowledged as one of 

�W�K�H���³�S�O�D�Q�H�W�D�U�\���E�R�X�Q�G�D�U�L�H�V�´���±���F�U�L�W�L�F�D�O���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O��

thresholds that must be respected to ensure humans’ 

safe existence. This type of pollution also exacerbates 

challenges associated with other planetary boundaries, 

including climate change and the integrity of the 

biosphere. To address these challenges of chemical 

pollution, the European Commission has adopted 

numerous initiatives and action plans, including the 

European Green Deal, the EU Zero Pollution Action 

Plan and the Chemicals Strategy for Sustainability. All 

these initiatives aim to create a toxic-free environment 

to ensure that chemicals are safe for human health 

and the environment and to ensure the protection of 

the public and the environment. To ensure that we are 

achieving this progress, it is essential that there are 

robust monitoring and outlook mechanisms for the 

early detection of emerging issues. We are exposed to 

a wide range of chemicals through various pathways, 

including air, water, food, soil and the surrounding 

environment, as well as under-recognised sources 

such as personal care products and plastic packaging.

Although there are mechanisms for evaluating different 

routes of exposure, there is a need to understand 

overall exposures to the human population from all 

sources and routes, which is essential for evaluating 

their potential health risks.

1.2	 Human Biomonitoring Approach

Human biomonitoring (HBM) involves the analysis of 

biological samples (e.g. urine, blood) to measure the 

systemic availability of chemicals from all exposure 

sources and routes and is widely regarded as the 

gold standard for assessing chemical exposures 

(Louro et al., 2019). It directly measures the levels 

of chemicals in the human body, providing more 

�V�F�L�H�Q�W�L�¿�F�D�O�O�\���U�H�O�H�Y�D�Q�W���G�D�W�D���I�R�U���U�L�V�N���D�V�V�H�V�V�P�H�Q�W�V���W�K�D�Q��

extrapolations from environmental concentrations in 

soil, air or water (Angerer et al., 2007, 2011; Jeddi 

et al., 2022; Nakayama et al., 2023). HBM offers 

robust data on chemicals and their breakdown 

products, including their exposure levels and 

aggregate and cumulative internal doses. Moreover, 

it plays a crucial role in EU-wide early warning and 

action systems, enabling informed decision-making 

and proactive measures to safeguard public health and 

the environment. HBM is a well-established method 

for assessing total exposures to a chemical from 

various sources, evaluating changes over time within 

a population, regional/population differences, and 

�L�G�H�Q�W�L�I�\�L�Q�J���S�R�W�H�Q�W�L�D�O���³�K�R�W�V�S�R�W�V�´���R�I���F�K�H�P�L�F�D�O���H�[�S�R�V�X�U�H�V��

and highly exposed or vulnerable groups. Another 

notable aspect of HBM is that surveys can reveal 

increased exposure levels within subgroups, such as 

�L�Q�G�L�Y�L�G�X�D�O�V���Z�R�U�N�L�Q�J���L�Q���V�S�H�F�L�¿�F���R�F�F�X�S�D�W�L�R�Q�D�O���V�H�W�W�L�Q�J�V����

those residing near pollution hotspots or those with 

unique dietary habits (Lagerqvist et al., 2015). HBM 

also helps to identify population groups that are 

at greater risk. For instance, children have higher 

levels of pesticides, such as organophosphates and 

pyrethroids, in their bodies than adults, as reported 

by Becker et al. (2006). In addition, Koch et al. (2007) 

reported that children not only have a higher uptake 

of phthalates but oxidise a greater amount of the 

monoesters to form toxic metabolites.
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HBM can be conducted for numerous chemical 

substances that are the subject of global 

environmental health discussions, including metals, 

polycyclic aromatic hydrocarbons (PAHs), phthalates, 

�G�L�R�[�L�Q�V�����S�H�V�W�L�F�L�G�H�V�����D�U�R�P�D�W�L�F���D�P�L�Q�H�V�����S�H�U�À�X�R�U�L�Q�D�W�H�G��

compounds, environmental tobacco smoke and volatile 

organic compounds (HBM4EU, 2020a; i-HBM Working 

Group, 2024; WHO, 2023).

HBM is an incredibly valuable tool to support exposure 

and risk assessments, as it provides reliable exposure 

information for performing robust and integral 

exposure and risk assessments. HBM contributes 

to the policymaking process for health by providing 

�D���T�X�D�Q�W�L�¿�D�E�O�H���O�H�Y�H�O���R�I���W�K�H���U�D�Q�J�H���D�Q�G���P�D�J�Q�L�W�X�G�H���R�I��

exposures in a population, which provides evidence for 

prioritising actions and measures for policymaking, as 

well as evaluating the effectiveness of policy measures 

(Joas et al., 2012). HBM has also been widely 

adopted in many developed countries through national 

programmes (Apel et al., 2017).

1.3	 International Advancement 
in Human Biomonitoring 
Programmes

�2�Y�H�U���W�K�H���S�D�V�W���G�H�F�D�G�H�����V�L�J�Q�L�¿�F�D�Q�W���U�H�V�H�D�U�F�K���K�D�V���E�H�H�Q��

�F�R�Q�G�X�F�W�H�G���J�O�R�E�D�O�O�\�����S�D�U�W�L�F�X�O�D�U�O�\���L�Q���(�X�U�R�S�H�����L�Q���W�K�H���¿�H�O�G��

�R�I���+�%�0�����2�Q�H���R�I���W�K�H���¿�U�V�W���P�D�M�R�U���D�G�Y�D�Q�F�H�P�H�Q�W�V���I�R�U���+�%�0��

was the European Commission-funded COPHES 

(Consortium to Perform Human Biomonitoring on 

a European Scale) project, which aimed to create 

harmonised HBM protocols for better data comparison 

(Becker et al., 2014; Schindler et al., 2014). This was 

prepared by the ESBIO (Expert Team to Support 

Human Biomonitoring) consortium. In the twin 

project DEMOCOPHES (Demonstration of a Study 

to Coordinate and Perform Human Biomonitoring 

on a European Scale), these protocols were tested 

�L�Q���W�K�H���¿�U�V�W���(�8���Z�L�G�H���S�L�O�R�W���V�W�X�G�\�����6�F�K�Z�H�G�O�H�U et al., 

2017). These initiatives were crucial steps towards 

generating consistent and validated data on chemical 

exposure across Europe and, through the pilot study, 

demonstrated the utilisation of HBM data as a policy 

tool (Joas et al., 2012).

The lessons learnt and practical demonstration 

from COPHES and DEMOCOPHES were advanced 

upon when establishing the Human Biomonitoring 

for Europe (HBM4EU) project (www.hbm4eu.eu) 

�����������±���������������Z�K�L�F�K���Z�D�V���D���F�R�O�O�D�E�R�U�D�W�L�Y�H���H�I�I�R�U�W��

involving 30 countries and 120 institutions, including 

the European Environment Agency and the 

European Commission, with ambitions to enhance 

HBM knowledge and provide evidence on citizens’ 

chemical exposure and potential health impacts to 

inform policy decisions. HBM4EU formed a bridge 

between science and policy (Ganzleben et al., 2017). 

As part of the initiative, the HBM4EU consortium 

undertook a chemical prioritisation exercise to identify 

key chemicals of concern, conducted harmonised 

HBM studies across countries and developed public 

dissemination materials. These collective studies 

demonstrated the importance of producing comparable 

HBM datasets on the population’s chemical exposures, 

demonstrating the effectiveness of using HBM as a 

policy tool.

The substantial gains of the HBM4EU initiative 

will progress even further for the next-generation 

chemical risk assessment to protect human health 

and the environment through the Partnership for 

the Assessment of Risk from Chemicals (PARC) 

initiative (PARC, 2024), launched in May 2022. 

PARC builds on the work done in the HBM4EU 

project (Kolossa-Gehring et al. 2023), which aligns 

with the EU Chemicals Strategy for Sustainability 

�D�Q�G���W�K�H���(�X�U�R�S�H�D�Q���*�U�H�H�Q���'�H�D�O�¶�V���³�]�H�U�R���S�R�O�O�X�W�L�R�Q�´���J�R�D�O��

by providing new data, knowledge, methods, tools, 

expertise and networks. This multinational project 

involves nearly 200 institutions from 29 countries 

�D�Q�G���W�K�U�H�H���(�8���D�X�W�K�R�U�L�W�L�H�V���±���Q�D�P�H�O�\�����W�K�H���(�X�U�R�S�H�D�Q��

Chemicals Agency, the European Food Safety 

Authority (EFSA), and the European Environment 

Agency. Through these efforts, PARC supports the EU 

Chemicals Strategy for Sustainability, contributing to 

�W�K�H���³�]�H�U�R���S�R�O�O�X�W�L�R�Q�´���D�P�E�L�W�L�R�Q���R�X�W�O�L�Q�H�G���L�Q���W�K�H���(�X�U�R�S�H�D�Q��

Green Deal (PARC, 2024).

1.4	 Irish Human Biomonitoring 
Studies

In Ireland, a limited number of studies have been 

conducted on measuring chemicals in human 

�S�R�S�X�O�D�W�L�R�Q�V���Y�L�D���W�K�H���+�%�0���D�S�S�U�R�D�F�K�����$���V�L�J�Q�L�¿�F�D�Q�W��

study by Cullen et al. (2014) examined mercury 

�F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V���L�Q���K�D�L�U���V�D�P�S�O�H�V���I�U�R�P�����������P�R�W�K�H�U�±�F�K�L�O�G��

pairs in Ireland, revealing detectable levels in 79.2% 

of mothers and 62.5% of children, with arithmetic 

mean levels of 0.262 µg/g and 0.149 µg/g, respectively. 

Mercury was notably higher among individuals with 
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�J�U�H�D�W�H�U���¿�V�K���F�R�Q�V�X�P�S�W�L�R�Q�����7�K�H���)�R�R�G���6�D�I�H�W�\���$�X�W�K�R�U�L�W�\��

�R�I���,�U�H�O�D�Q�G���P�D�N�H�V���U�H�F�R�P�P�H�Q�G�D�W�L�R�Q�V���R�Q���¿�V�K���L�Q�W�D�N�H����

especially among vulnerable groups (e.g. pregnant 

women) (FSAI, 2025a). Another research project by 

Cullen et al. (2017) within the DEMOCOPHES pilot 

project detected phthalate metabolites in all individuals 

sampled, with higher concentrations observed in 

participants from lower educational backgrounds and 

those exposed to polyvinyl chloride, fast food and 

personal care products.

Further exploration of environmental contaminants 

in Ireland has highlighted the prevalence of 

persistent organic pollutants. For example, Wemken 

et al. (2020) analysed breast milk samples from 

�������P�R�W�K�H�U�V���D�Q�G���G�H�W�H�F�W�H�G���Y�D�U�L�R�X�V���E�U�R�P�L�Q�D�W�H�G���À�D�P�H��

retardants, with BDE-209 accounting for 65% of 

the total polybrominated diphenyl ether (PBDE) 

concentration. Similarly, Pratt et al. (2012) investigated 

the impact of the 2008 dioxin incident in Ireland on 

concentrations of polychlorinated dibenzo-p-dioxins 

(PCDDs), polychlorinated dibenzofurans (PCDFs) and 

polychlorinated biphenyls (PCBs) in pooled breast milk 

�V�D�P�S�O�H�V���I�U�R�P�����������¿�U�V�W���W�L�P�H���P�R�W�K�H�U�V�����F�R�O�O�H�F�W�H�G���L�Q��������������

A comparison with similar data from 2002 showed 

generally lower concentrations of PCDD/Fs and dioxin-

�O�L�N�H���3�&�%�V���L�Q���W�K�H�������������V�D�P�S�O�H�V�����F�R�Q�¿�U�P�L�Q�J���D���G�H�F�O�L�Q�L�Q�J��

trend in the levels of these contaminants. The mean 

combined PCDD/F and PCB WHO toxic equivalents in 

the 2010 breast milk samples was 9.66 pg/g fat, which 

was slightly lower than in international reports. Pratt 

et al�������������������F�R�Q�¿�U�P�H�G���D���G�H�F�O�L�Q�L�Q�J���W�U�H�Q�G���L�Q���W�K�H���O�H�Y�H�O�V��

of these contaminants but noted a slight increase in 

PCDFs from 2002 to 2010.

Recent HBM efforts in Ireland have expanded 

to include emerging pollutants such as per- and 

�S�R�O�\�À�X�R�U�R�D�O�N�\�O���V�X�E�V�W�D�Q�F�H�V�����3�)�$�6�������D�Q�D�O�\�V�H�G���L�Q���E�U�H�D�V�W��

milk samples by Abdallah et al. (2020). The study 

measured concentrations of 10 PFAS in 92 breast milk 

samples from 16 pools in Ireland. Four PFAS were 

�G�H�W�H�F�W�H�G�����S�H�U�À�X�R�U�R�R�F�W�D�Q�R�L�F���D�F�L�G�����3�)�2�$�������S�H�U�À�X�R�U�R���Q��

�Q�R�Q���D�Q�R�L�F���D�F�L�G�����3�)�1�$�������S�H�U�À�X�R�U�R�������K�H�[�D�Q�H�V�X�O�I�R�Q�D�W�H��

���3�)�+�[�6�������D�Q�G���S�H�U�À�X�R�U�R�R�F�W�D�Q�H���V�X�O�I�R�Q�D�W�H�����3�)�2�6������

PFOA was the most prevalent, detected in all samples, 

with a median concentration of 0.10 ng/mL (Abdallah 

et al., 2020). Rooney et al. (2022) found gender 

differences and regional variations in urinary metal 

concentrations in the Irish population. Women had 

higher levels of arsenic, cadmium, chromium, copper, 

lead and selenium but lower mercury levels than 

men. Compared with European data, Irish levels of 

aluminium, cadmium, chromium and lead were slightly 

elevated, while arsenic, copper, manganese and 

selenium levels were lower.

Numerous national pesticide studies have utilised 

HBM strategies, predominantly focusing on glyphosate 

exposures. Initially, these studies focused on 

workers’ exposures (Connolly et al., 2017, 2018), 

�¿�Q�G�L�Q�J���O�R�Z���O�H�Y�H�O���R�F�F�X�S�D�W�L�R�Q�D�O���H�[�S�R�V�X�U�H�V���D�P�R�Q�J��

amenity horticulturists and that task duration affected 

exposure levels. Further environmental exposure 

studies (Connolly et al., 2018, 2022) found low-level 

environmental exposure to glyphosate. Connolly 

et al. (2022) investigated glyphosate and its main 

breakdown product (i.e. aminomethylphosphonic acid 

(AMPA)) among farm and non-farm families, with 

�$�0�3�$���T�X�D�Q�W�L�¿�D�E�O�H���L�Q�����������R�I���V�D�P�S�O�H�V���D�Q�G���J�O�\�S�K�R�V�D�W�H��

in 32%. Exposure levels were found to be below 

�K�H�D�O�W�K���E�D�V�H�G���J�X�L�G�D�Q�F�H���Y�D�O�X�H�V�����D�Q�G���W�K�H�V�H���¿�Q�G�L�Q�J�V��

contributed to regulatory risk assessments (EFSA, 

2023).

These studies demonstrate that Ireland has the 

capability for executing HBM studies, and further 

investigation is required to establish whether Ireland 

could establish a continuing HBM surveillance 

programme as part of a framework for having 

indicators of chemical pollution and to inform policy.

1.5	 Aim and Objectives

The Human Biomonitoring for Ireland (HBM4IRE) 

project’s overall aim was to evaluate the criteria 

required to develop a national HBM surveillance 

programme for Ireland to contribute to monitoring 

environmental chemical exposures.

The objectives of HBM4IRE were:

●�” To undertake a comprehensive literature review of 

HBM national programmes, which also contributed 

to identifying and prioritising chemicals that are 

a burden to the environment and human health 

and identifying the state of the art in national HBM 

programmes.

●�” To develop and report from a national survey 

seeking input from policymakers, regulators and 

the general public to nominate the chemicals and 

substance groups of concern for inclusion on a 

national chemical priority list.
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●�” To develop a chemical priority list along with a 

�E�L�R�P�D�U�N�H�U�V���O�L�V�W���W�K�D�W���L�G�H�Q�W�L�¿�H�V���F�K�H�P�L�F�D�O���S�U�L�R�U�L�W�L�H�V���L�Q��

relation to the Irish context while aligning with EU 

priorities.

●�” To engage with stakeholders throughout the 

project’s lifetime to contribute to evaluating 

the feasibility of the HBM4IRE programme. 

Additionally, to conduct and report from the 

stakeholder forum, including hosting a World Café, 

to identify emerging subthemes for initiating a 

national HBM programme, inter alia the prospects 

and challenges, including practical/logistical, 

�¿�Q�D�Q�F�L�D�O���D�Q�G���V�F�L�H�Q�W�L�¿�F���E�H�Q�H�¿�W�V���V�K�R�U�W�F�R�P�L�Q�J�V��

●�” To provide recommendations for the long-term 

goals of developing a national HBM programme, 

including stakeholder commitments and 

requirements.
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2	 Methodology

2.1	 Human Biomonitoring Mapping

�7�K�H���¿�U�V�W���V�W�H�S���Z�D�V���W�R���F�R�Q�G�X�F�W���D���V�\�V�W�H�P�D�W�L�F���D�Q�G��

strategic review of national HBM programmes 

worldwide to evaluate the criteria required for a 

national HBM programme and determine priority 

chemicals.

The search for national HBM programmes combined 

database searches, grey literature reviews, information 

available on government websites and informal 

consultations with a few experts. We conducted an 

extensive literature review using Google Scholar with 

�N�H�\�Z�R�U�G�V���V�X�F�K���D�V���³�Q�D�W�L�R�Q�D�O���K�X�P�D�Q���E�L�R�P�R�Q�L�W�R�U�L�Q�J��

�S�U�R�J�U�D�P�P�H�´�����³�+�%�0���S�U�R�J�U�D�P�P�H�´ + [country name] and 

�³�K�X�P�D�Q���E�L�R�P�R�Q�L�W�R�U�L�Q�J���Q�D�W�L�R�Q�D�O���S�U�R�J�U�D�P�P�H�V�´�����7�K�L�V��

yielded scattered records, including peer-reviewed 

articles mainly focusing on HBM study results. To 

obtain the desired information, we supplemented 

�G�D�W�D�E�D�V�H���U�H�V�X�O�W�V���Z�L�W�K���J�U�H�\���O�L�W�H�U�D�W�X�U�H���I�U�R�P���R�I�¿�F�L�D�O��

websites of established programmes (e.g. NHANES 

(United States National Health and Nutrition 

Examination Survey), the German Environmental 

Survey and surveys in Czechia and Canada) and 

EU initiatives like HBM4EU and PARC. Informal 

consultations with researchers in Belgium, Slovenia 

�D�Q�G���,�F�H�O�D�Q�G���S�U�R�Y�L�G�H�G���X�Q�S�X�E�O�L�V�K�H�G���L�Q�V�L�J�K�W�V���D�Q�G���Y�H�U�L�¿�H�G��

operational details (e.g. funding mechanisms, cohort 

design).

The factors reviewed for each programme 

�L�Q�F�O�X�G�H�G���W�K�H �F�K�H�P�L�F�D�O���J�U�R�X�S�V���R�U���V�S�H�F�L�¿�F���F�K�H�P�L�F�D�O�V��

analysed, the strategy or criteria for selecting these 

chemicals, the methods of measurement and 

sample sizes, the collection protocols and cohort 

characteristics, the supporting funding agencies, the 

�L�P�S�D�F�W���R�I���+�%�0���¿�Q�G�L�Q�J�V���R�Q���S�R�O�L�F�\�����D�Q�G���W�K�H���D�Y�D�L�O�D�E�L�O�L�W�\��

and implementation of quality assurance (QA) and 

quality control (QC) measures in testing laboratories.

2.2	 Chemical Prioritisation

The chemical prioritisation methodology involved a 

multi-step approach designed to identify and prioritise 

chemicals based on both international best practices 

and the perception of people living in Ireland.

Initially, the chemicals recognised as high priority 

�D�W���W�K�H���(�8���O�H�Y�H�O���Z�H�U�H���P�D�S�S�H�G���I�U�R�P���W�Z�R���V�L�J�Q�L�¿�F�D�Q�W��

European initiatives: HBM4EU and PARC. Next, 

national HBM programmes were analysed for their 

prioritised chemicals (section 2.1), and these were 

consolidated into an initial list of groups and individual 

chemicals/biomarkers. These chemicals were 

ranked by frequency of appearance in priority lists, 

�V�F�R�U�L�Q�J�������I�R�U���(�8���V�S�H�F�L�¿�F���L�Q�L�W�L�D�W�L�Y�H�V�����+�%�0���(�8���D�Q�G��

PARC priority lists), 1 for EU countries and 0.5 for 

non-EU countries. Ireland shares similar regulatory 

frameworks, environmental conditions and public 

health priorities with other EU countries, making 

chemicals highlighted in EU initiatives highly relevant.

2.3	 National Survey

A national survey was developed to incorporate 

�S�X�E�O�L�F���S�H�U�F�H�S�W�L�R�Q���X�V�L�Q�J���D���P�R�G�L�¿�H�G���Y�H�U�V�L�R�Q���R�I���W�K�H��

HBM4EU social survey (HBM4EU, 2018), which was 

circulated via SurveyMonkey. Information collected 

included demographics, chemical awareness, hazard 

perception and input on prioritisation. The national 

survey was designed to capture the insights (level 

of awareness and perception) of people who are 

working on or associated with chemical management 

and also the general public who are not working 

on or associated with chemical management. The 

aggregate score for a chemical was estimated using 

Equation 2.1.

� � �� � ��� �
�

��
�
�

�

�

	 (2.1)

In Equation 2.1, pi is the proportion of people who 

responded for a perceived level of harmfulness hs. 

Notably, the perceived level of harmfulness was 

�P�H�D�V�X�U�H�G���E�\���¿�Y�H���F�D�W�H�J�R�U�L�H�V�����³�V�H�U�L�R�X�V�O�\���K�D�U�P�I�X�O�´����

�³�P�R�G�H�U�D�W�H�O�\���K�D�U�P�I�X�O�´�����³�V�O�L�J�K�W�O�\���K�D�U�P�I�X�O�´�����³�Q�R�W���K�D�U�P�I�X�O���D�W��

�D�O�O�´���D�Q�G���³�G�R�Q�¶�W���N�Q�R�Z���K�R�Z���K�D�U�P�I�X�O���L�W���L�V�´�����Z�L�W�K���D�O�O�R�F�D�W�H�G��

�V�F�R�U�H�V���R�I�������������������������D�Q�G���������U�H�V�S�H�F�W�L�Y�H�O�\�����Z�L�W�K���³�Q�R�W��

�K�D�U�P�I�X�O���D�W���D�O�O�´���D�Q�G���³�G�R�Q�¶�W���N�Q�R�Z���K�R�Z���K�D�U�P�I�X�O���L�W���L�V�´���E�R�W�K��

being assigned a score of 0).

�7�K�H���¿�Q�D�O���V�W�H�S���L�Q�Y�R�O�Y�H�G���V�\�Q�W�K�H�V�L�V�L�Q�J���W�K�H���U�H�V�X�O�W�V���R�I��

the survey and the chemicals listed in the HBM 
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programmes to create a comprehensive shortlist of 

the top 10 groups of priority chemicals for Ireland’s 

national HBM programme. This shortlist incorporates 

chemicals selected by the public, ensuring that 

Ireland’s HBM efforts address both societal concerns 

and the HBM programme’s recommended priorities.

Additionally, for each of the chemical groups, priority 

�E�L�R�P�D�U�N�H�U�V���Z�H�U�H���L�G�H�Q�W�L�¿�H�G���E�D�V�H�G���R�Q���W�K�H�L�U���I�U�H�T�X�H�Q�F�\��

of appearance in HBM4EU, PARC and national HBM 

programme lists. Each chemical’s biomarker priority 

list, along with the analytical methods, matrix for 

analyses and guidance values, were also studied.

2.4	 Stakeholder Forum

A stakeholder forum was hosted with the ambition of 

a two-way knowledge transfer between the national 

research group, the international HBM experts and 

national experts and was divided into two separate 

sessions: a morning session of presentations from 

the international experts, including a panel discussion 

with the audience, followed by a World Café. 

Presentation topics included an overview of EU-wide 

HBM initiatives, real-world examples of how HBM 

�G�D�W�D���F�D�Q���L�Q�À�X�H�Q�F�H���S�R�O�L�F�\���G�H�F�L�V�L�R�Q�V�����+�%�0���O�R�J�L�V�W�L�F�V����

laboratory requirements for biomarker analysis and 

ethical considerations in HBM studies. The expert 

presentation has been uploaded to the University 

College Dublin website: https://www.ucd.ie/phpss/

research/hbm4ire/.

2.4.1	 World Café approach

The World Café was organised based on the seven 

integrated design principles suggested by the 

originators of the World Café format, namely (1) setting 

up the context; (2) creating a hospitable space for 

Figure 2.1. Five themes discussed at a World Café involving cross-sectoral stakeholders (government, 

�P�L�Q�L�V�W�U�L�H�V�����+�%�0���H�[�S�H�U�W�V�����D�Q�G���F�R�Y�H�U�L�Q�J���+�%�0���S�R�O�L�F�\���D�O�L�J�Q�P�H�Q�W�����,�U�H�O�D�Q�G���V�S�H�F�L�¿�F���F�K�H�P�L�F�D�O���S�U�L�R�U�L�W�L�H�V�����S�X�E�O�L�F��

�H�Q�J�D�J�H�P�H�Q�W�����H�F�R�Q�R�P�L�F���V�X�V�W�D�L�Q�D�E�L�O�L�W�\���D�Q�G���L�Q�W�H�U�G�H�S�D�U�W�P�H�Q�W�D�O���F�R�O�O�D�E�R�U�D�W�L�R�Q��
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the participants; (3) exploring questions that matter; 

(4) encouraging everyone’s contribution; (5) cross-

pollinating and connecting diverse perspectives; 

(6) listening together for patterns, insights and more 

profound questions; and (7) harvesting and sharing 

collective discoveries as recommended in Brown and 

�,�V�D�D�F�V�������������������,�Q���R�X�U���V�W�X�G�\�����¿�Y�H���W�K�H�P�D�W�L�F���V�W�D�W�L�R�Q�V���Z�H�U�H��

�V�H�W���X�S�����H�D�F�K���I�R�F�X�V�L�Q�J���R�Q���D���³�N�H�\���T�X�H�V�W�L�R�Q�´���R�U���³�W�K�H�P�H�´��

for the HBM4IRE project, and each facilitated by a 

moderator (Figure 2.1). Participants rotated through 

the stations (i.e. 15 minutes per station), discussing 

�V�S�H�F�L�¿�F���T�X�H�V�W�L�R�Q�V���U�H�O�D�W�H�G���W�R���H�D�F�K���W�K�H�P�H�����Z�K�L�F�K��

enabled them to contribute insights across all topics 

and collectively address the policy needs, funding, 

chemical prioritisation, challenges and opportunities 

for establishing a national HBM programme in Ireland.
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3	 Results

3.1	 Mapping of the Human 
Biomonitoring Programme

A comprehensive review of national HBM programmes 

from various countries was undertaken to identify 

the key features of well-established, nationwide 

�L�Q�L�W�L�D�W�L�Y�H�V�����7�K�L�U�W�H�H�Q���F�R�X�Q�W�U�L�H�V���±���Q�D�P�H�O�\���W�K�H���8�Q�L�W�H�G��

States, Canada, China, Sweden, Germany, France, 

Belgium, Czechia, Norway, South Korea, Slovenia, 

�,�F�H�O�D�Q�G���D�Q�G���1�H�Z���=�H�D�O�D�Q�G���±���Z�H�U�H���V�H�O�H�F�W�H�G���E�D�V�H�G���R�Q��

�S�U�H�G�H�¿�Q�H�G���F�U�L�W�H�U�L�D���R�X�W�O�L�Q�H�G���L�Q���W�K�H���V�W�X�G�\�����7�K�H���U�H�Y�L�H�Z��

assessed several aspects of these programmes, 

including starting year, frequency of monitoring, 

inclusion of vulnerable groups, chemicals analysed, 

sample size and availability of QA/QC protocols and 

biobanks based on the information available on the 

public domain (CDC, 2024; Health Canada, n.d.; 

National Institute of Public Health, Prague, 2023; 

National Institute of Public Health, Slovenia, 2024; 

Norwegian Institute of Public Health, 2023) as well 

as personal communications. These programmes 

provided valuable insights into best practices and 

�V�W�U�D�W�H�J�L�H�V���I�R�U���V�X�F�F�H�V�V�I�X�O���L�P�S�O�H�P�H�Q�W�D�W�L�R�Q�����7�K�H���¿�Q�G�L�Q�J�V��

are summarised in Table 3.1.

�%�X�L�O�G�L�Q�J���R�Q���W�K�H���U�H�Y�L�H�Z���¿�Q�G�L�Q�J�V�����D���I�U�D�P�H�Z�R�U�N���I�R�U��

establishing a national HBM programme in Ireland 

has been developed under this study. The framework 

outlines the essential components and steps required 

to design a structured, sustainable and impactful 

programme. Figure 3.1 provides a detailed overview 

of the framework, highlighting the critical elements 

necessary for ensuring the programme’s effectiveness 

and long-term success.

3.1.1	 Setting up a human biomonitoring 
programme

National HBM programmes have been established 

worldwide to assess chemical exposures in 

populations and inform health risk assessments (Choi 

et al���������������������7�K�H���¿�U�V�W���V�W�H�S���L�Q���H�V�W�D�E�O�L�V�K�L�Q�J���D�Q���+�%�0��

programme in a country is advocating for and securing 

policymaker support through demonstrating public 

�K�H�D�O�W�K���E�H�Q�H�¿�W�V���D�Q�G���D�O�L�J�Q�L�Q�J���S�U�R�J�U�D�P�P�H���S�U�L�R�U�L�W�L�H�V��

with national needs. Participation in international 

initiatives like PARC and HBM4EU can provide political 

incentives, expertise, capacity-building opportunities 

�D�Q�G���F�R�V�W���V�K�D�U�L�Q�J���E�H�Q�H�¿�W�V�����(�Q�J�D�J�H�P�H�Q�W���Z�L�W�K���W�K�H��

health sector and citizen awareness campaigns 

can encourage policymakers to make actionable 

commitments (Figure 3.1).

It has been recognised that integrating HBM into 

legislation has also been pivotal for the establishment 

of national programmes. For instance, Slovenia’s 

�$�F�W���R�Q���&�K�H�P�L�F�D�O�V�����1�R���������������������I�D�F�L�O�L�W�D�W�H�G���L�W�V���¿�U�V�W��

HBM survey in 2007, while the Flemish Decree on 

Preventive Health Care (2003) incorporated HBM 

into policy. Similarly, France’s HBM programme is 

supported by the Grenelle Law for the environment 

(2009) and is included in national environmental health 

plans. Such legislative initiatives ensure alignment 

with multi-level governance and reinforce HBM’s policy 

relevance.

3.1.2	 Methodology and matrix selection

The development of a national HBM programme 

involves multi-phase studies to evaluate exposure to 

pollutants, establish reference values, and identify 

geographical differences in and groups vulnerable 

to exposure (Choi et al�������������������3�H�U�K�D�U�L�þ���D�Q�G���9�U�D�F�N�R����

2012).

These programmes involve the careful selection 

of biomarkers, matrices and analytical methods. 

Blood, urine, serum and plasma are commonly used 

�P�D�W�U�L�F�H�V�����Z�L�W�K���O�L�T�X�L�G���F�K�U�R�P�D�W�R�J�U�D�S�K�\�±�W�D�Q�G�H�P���P�D�V�V��

�V�S�H�F�W�U�R�P�H�W�U�\�����/�&���0�6���0�6�����D�Q�G���J�D�V���F�K�U�R�P�D�W�R�J�U�D�S�K�\�±

mass spectrometry analysis being commonly used. 

Non-invasive matrices like saliva, hair and breast milk 

are also being explored to facilitate easier sampling 

(Esteban and Castaño, 2009); however, their use is 

neither harmonised nor standardised yet. While study 

designs vary between countries, advancements in 

harmonised protocols for the methodology, guidance 

values and applicable human matrices are available 

via HBM4EU and PARC resources. These openly 

available resources outline EU-wide standards and 

practices, offering evidence-based frameworks that 
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support harmonised methodologies and reference 

values for HBM across European countries.

3.1.3	 Participant recruitment and sample 
collection

Effective recruitment strengthens HBM studies, 

requiring tailored strategies that consider target 

populations and resources. The approach to 

participant recruitment must be carefully designed 

along with results reporting, ensuring transparency 

through the consent process (Haines et al., 2011). 

These strategies can help overcome participation 

biases, which include a lack of trust, perceived 

�E�H�Q�H�¿�W�V�����F�R�P�S�O�H�[���V�W�X�G�\���G�H�V�L�J�Q�V���D�Q�G���F�R�P�S�O�L�F�D�W�H�G��

questionnaires (Morrens et al., 2017). Lessons from 

pilot studies, such as DEMOCOPHES, highlight the 

need for thorough planning, clear exclusion criteria 

Governance and Funding  

� Promoting or adopting legal measures for supporting a long-term HBM 
programme. 

� Creating a national steering group with key actors from health, environment, 
academia, and civil society. 

� Ensure ongoing financial support through government allocations, research 
grants, and collaborations with NGOs or international partners. 
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  Building Methodology 
� Chemical prioritisation by engaging experts and stakeholders to prioritise 

substances based on health risks, exposure evidence and policy relevance. 
� Establishing sampling strategy and protocols for sample collection, handling and 

storage. 

Objectives and Scope 
� Outlining what the programme seeks to achieve, e.g. tracking chemical 

exposure or guiding regulations and select target groups. 

HBM Sample Collection and Analysis 
 

� S electing appropriate matrices (e.g. blood, urine) and validated lab 
techniques. 

� Applying strict quality controls to ensure reliable results. 
� Using accredited labs (national or international) and interpret data using 

reference/limit values. 

Data Handling and Sharing 
� Building strong infrastructure for managing and interpreting large datasets. 
� Making data available to stakeholders following FAIR principles. 
� Establishing biobank for future research use. 

Integration with Public Health and Policy 
� Linking HBM data with health monitoring to track trends and impacts. 
� Using data insights to guide and refine health and environmental policies. 
� Involving stakeholders to ensure meaningful interpretation and application. 
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and consistent follow-up to maximise response rates. 

�2�I�I�H�U�L�Q�J���L�Q�F�H�Q�W�L�Y�H�V���V�X�F�K���D�V���¿�Q�D�Q�F�L�D�O���U�H�Z�D�U�G�V�����S�H�U�V�R�Q�D�O��

health results or expense reimbursements can 

improve participation but must align with national and 

international ethical guidelines (Halpern, 2011; Halpern 

et al., 2021). Participation and contributions were 

encouraged across several countries, with monetary 

�L�Q�F�H�Q�W�L�Y�H�V���S�U�R�Y�L�G�H�G���L�Q���V�S�H�F�L�¿�F���O�R�F�D�W�L�R�Q�V���I�R�U���+�%�0��

studies. These included Cyprus (€60 per participant), 

Israel (a voucher worth ~€13), the Netherlands (€35, 

facilitated by the recruitment service) and Denmark 

���D �J�L�I�W���F�D�U�G���Z�R�U�W�K���a�¼�����������0�D�W�L�V�—�Q�H et al., 2022).

Additionally, any travel expenses related to onsite 

events, such as those in Denmark, were reimbursed. 

However, providing incentives may introduce potential 

disadvantages, such as disproportionately attracting 

certain groups, limiting the representativeness of the 

sample (Resnik, 2015). However, this consequence 

could also be interpreted as a positive outcome, as it 

may attract more people who are disproportionately 

represented (i.e. low socio-economic status) to 

participate, and such recruitment can be challenging 

for HBM studies.

Sample collection strategies can vary across 

programmes, and standardising sample collection 

across different sites in HBM programmes is a 

�V�L�J�Q�L�¿�F�D�Q�W���F�K�D�O�O�H�Q�J�H�����6�D�P�S�O�H�V���F�D�Q���E�H���F�R�O�O�H�F�W�H�G��

at various venues, including during home visits, 

at participants’ workplaces or kindergartens, or in 

designated examination centres such as town halls, 

schools or clinics. In some cases, less common set-

ups like mobile labs are used to reach participants in 

remote or underserved areas (Fiddicke et al., 2021a). 

Each option, however, imposes some level of burden, 

such as time spent or travel effort. To address this, it 

�L�V���D�G�Y�L�V�D�E�O�H���W�R���R�I�I�H�U���S�D�U�W�L�F�L�S�D�Q�W�V���À�H�[�L�E�O�H���D�O�W�H�U�Q�D�W�L�Y�H�V����

allowing them to choose between being visited 

at home or visiting a nearby examination centre. 

Germany has developed a mobile epidemiological 

laboratory (epiLab) for the German Environmental 

Specimen Bank. This innovative approach includes 

reception, examination and laboratory areas, all 

designed to ensure highly standardised sampling 

conditions. The mobile set-up allows for consistent 

collection methods regardless of location, making 

it a valuable tool for enhancing the reliability and 

comparability of HBM data (Lermen et al., 2014). 

Similarly, NHANES, conducted by the Centers 

for Disease Control and Prevention, uses mobile 

examination centres to collect data from participants 

across the United States. These mobile centres travel 

around the country and are equipped with the tools 

and equipment necessary for health checks and 

laboratory tests, including sample collection; however, 

other countries also utilise local hospitals or clinics to 

obtain samples within regions.

������������ �)�X�Q�G�L�Q�J �D�Q�G �¿�Q�D�Q�F�L�D�O �V�X�V�W�D�L�Q�D�E�L�O�L�W�\

Economic sustainability of HBM programmes can 

be achieved by integrating them into existing health 

surveys, reducing costs through shared infrastructure. 

Many countries reduce the cost of these programmes 

by implementing them alongside a previously 

established programme. In Ireland, the Healthy Ireland 

Survey collects information from the general public 

and, for many years, conducted in-person interviews; 

the inclusion of HBM in this initiative would be a 

consideration (Government of Ireland, 2023). Diverse 

funding sources, including community involvement, are 

essential. By leveraging global insights and aligning 

strategies with national contexts, countries can 

establish sustainable HBM programmes that protect 

public health and inform environmental policies.

3.1.5	 Ethical compliance in human 
biomonitoring

Ethical compliance and data protection are critical in 

HBM studies to safeguard participants’ rights, privacy 

and well-being. Each study must be reviewed and 

approved by an ethics board, which assesses key 

aspects such as the respectful selection of the study 

population, recruitment and information provision 

procedures, sampling methods, data analysis and 

data protection measures. Ethical considerations 

must also extend to personal data feedback, ensuring 

that participants receive appropriate and clear 

communication about their data while maintaining 

�F�R�Q�¿�G�H�Q�W�L�D�O�L�W�\��

All HBM studies must align with national ethical 

regulations and the EU General Data Protection 

Regulation (Regulation (EU) 2016/679). Ethical 

approval requires detailed project descriptions, 

information materials and informed consent templates 

that explicitly outline participant rights, data handling 

procedures and potential risks. Data must be 

pseudonymised at the individual level and anonymised 
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where appropriate, but additional measures are 

needed to ensure privacy beyond pseudonymisation, 

such as strict access controls, secure storage systems 

�D�Q�G���S�U�H�G�H�¿�Q�H�G���G�D�W�D���V�K�D�U�L�Q�J���S�U�R�W�R�F�R�O�V��

�7�K�H���K�D�Q�G�O�L�Q�J���R�I���L�Q�F�L�G�H�Q�W�D�O���¿�Q�G�L�Q�J�V�����E�L�R�E�D�Q�N�L�Q�J���D�Q�G���W�K�H��

secondary use of data and samples are crucial ethical 

concerns that must be explicitly addressed in study 

protocols. Clear guidelines should be established for 

managing unexpected health-related discoveries, 

ensuring that participants are informed of relevant 

�¿�Q�G�L�Q�J�V���L�Q���D���U�H�V�S�R�Q�V�L�E�O�H���D�Q�G���Q�R�Q���D�O�D�U�P�L�Q�J���P�D�Q�Q�H�U����

Furthermore, policies on long-term data and sample 

storage, as well as potential future research uses, 

�V�K�R�X�O�G���E�H���G�H�¿�Q�H�G���D�Q�G���F�R�P�P�X�Q�L�F�D�W�H�G���W�U�D�Q�V�S�D�U�H�Q�W�O�\��

Given that the ethics approval process can take 

weeks or months, early engagement with ethics 

committees and data protection authorities is strongly 

recommended. Ethics compliance in the HBM4EU 

project involved training partners on new standards, 

ensuring valid ethics approvals and managing consent 

variations. Standardised templates and an interactive 

database facilitated transparency and sustainability 

(Knudsen et al., 2023).

�'�X�U�L�Q�J���W�K�H���V�W�D�N�H�K�R�O�G�H�U���I�R�U�X�P�����V�S�H�F�L�¿�F���F�R�Q�F�H�U�Q�V���Z�H�U�H��

�U�D�L�V�H�G���U�H�J�D�U�G�L�Q�J���G�D�W�D���D�F�F�H�V�V���D�Q�G���F�R�Q�¿�G�H�Q�W�L�D�O���K�D�Q�G�O�L�Q�J��

to ensure participant privacy. These concerns highlight 

the importance of robust governance mechanisms, 

such as tiered access to sensitive data, clear data 

ownership policies and accountability frameworks for 

those handling personal information. Addressing these 

issues strengthens trust in HBM research and ensures 

adherence to the highest ethical standards.

3.1.6	 Data management and dissemination in 
human biomonitoring

�(�I�¿�F�L�H�Q�W���G�D�W�D���P�D�Q�D�J�H�P�H�Q�W���D�Q�G���G�L�V�V�H�P�L�Q�D�W�L�R�Q���D�U�H��

critical components of HBM programmes. Robust data 

infrastructure is essential for securely handling and 

interpreting the large datasets generated during HBM 

surveys. Ensuring data accessibility for researchers, 

policymakers and the public while safeguarding 

�F�R�Q�¿�G�H�Q�W�L�D�O�L�W�\���I�R�V�W�H�U�V���W�U�D�Q�V�S�D�U�H�Q�F�\���D�Q�G���W�U�X�V�W�����$�G�K�H�U�L�Q�J��

�W�R���W�K�H���¿�Q�G�D�E�O�H�����D�F�F�H�V�V�L�E�O�H�����L�Q�W�H�U�R�S�H�U�D�E�O�H���D�Q�G���U�H�X�V�D�E�O�H��

(FAIR) principles ensures that HBM data is openly 

available and usable for ongoing research. In addition, 

establishing a national biobank for storing biological 

samples will further strengthen the HBM framework, 

enabling long-term research and supporting 

evidence-based decision-making on public health and 

environmental policies.

3.2	 Chemical Prioritisation

As one of the major objectives of the HBM4IRE 

project, chemical prioritisation was conducted based 

on the cumulative scores of chemicals listed under 

HBM4IRE, PARC and national HBM programmes, as 

well as on chemicals prioritised through the national 

survey. We did not perform independent hazard 

assessments for chemical prioritisation. Instead, 

we relied on chemicals already prioritised under 

the EU framework, PARC, and other national and 

international initiatives. The priority chemicals under 

these programmes have undergone rigorous hazard 

assessments and evaluations, ensuring that our 

�S�U�L�R�U�L�W�L�V�D�W�L�R�Q���D�O�L�J�Q�V���Z�L�W�K���Z�H�O�O���H�V�W�D�E�O�L�V�K�H�G���V�F�L�H�Q�W�L�¿�F��

and regulatory standards (Ougier et al., 2021). This 

approach allowed us to build on existing expertise and 

focus our efforts on addressing the chemicals most 

relevant for Ireland.

������������ �'�H�P�R�J�U�D�S�K�L�F �S�U�R�¿�O�H �R�I �W�K�H �Q�D�W�L�R�Q�D�O 
survey participants

The survey was completed by 218 participants; 

however, a few of the participants did not answer 

all the questions. The geographical distribution of 

responses to the HBM4IRE national survey closely 

aligns with Ireland’s population demographics, with 

42% of responses coming from County Dublin, the 

most populous region, home to over 38% of the 

population. Counties such as Galway (6.09%) and 

�:�H�[�I�R�U�G�������������������D�O�V�R���G�H�P�R�Q�V�W�U�D�W�H�G���V�L�J�Q�L�¿�F�D�Q�W��

engagement, contributing to a regionally diverse 

dataset (Figure 3.2). The survey captured a diverse 

demographic cohort, encompassing a range of 

residential, educational and professional backgrounds. 

In terms of residence, the majority of respondents 

�Z�H�U�H���I�U�R�P���X�U�E�D�Q���D�U�H�D�V�����������������������Z�L�W�K���D���V�L�J�Q�L�¿�F�D�Q�W��

portion representing rural areas (37.56%). This 

distribution ensures inclusivity and offers insights into 

both urban and rural perspectives on chemical-related 

concerns.

The duration of residence in Ireland varied among the 

�U�H�V�S�R�Q�G�H�Q�W�V�����Z�L�W�K���D���V�L�J�Q�L�¿�F�D�Q�W���P�D�M�R�U�L�W�\���K�D�Y�L�Q�J���O�L�Y�H�G��

in Ireland for extended periods. Over half (54.31%) 
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