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Original definition

• Wild (2005) proposed a non-genetic complement to the genome - the exposome - to 

encompass all environmental exposures shaping phenotype.

Monitoring programmes

Earth observations
Exposure markers

Effect markers

Personal samplers, wearables

Mechanistic toxicology



Exposome redefined

• Exposome: the totality of environmental exposures, i.e. the 

totality of contact between external factors (agents) and a 

biological entity.

• Functional exposomics: the systematic and comprehensive 

study of environmental exposure-phenotype interaction over a 

defined time-period.

• Operational definition for studies considers the 

environmental exposures (contacts with external factors) 

that influence phenotype and health.

https://doi.org/10.1016/j.isci.2022.103976

https://doi.org/10.1016/j.isci.2022.103976
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A brief history of the exposome and exposomics



https://www.eirene-ri.eu

Gap in the 2018 ESFRI Roadmap

„There is a need to enable a research infrastructure that will facilitate

research on the human health and wellbeing at all stages in

development, including ageing, nutrition and behavioural studies,

and their connections to the social sciences and humanities. There

are geographic, economic and environmental drivers affecting

human health and wellbeing. Climate change, extreme weather,

dramatic changes in ecosystem services, environmental

pollution and exposure to harmful chemicals represent a new

combination of issues that require an integrated approach at pan-

European level.

At the heart of this approach is the EXPOSOME, taking a holistic

view throughout the human lifetime on the effect of exposures

to diet, lifestyle, and the environment on human health and

disease. The EXPOSOME coupled with advanced genetic and

medical approaches represents an opportunity to tackle this

complex issue by connecting to the landscape of Health & Food RIs

and other domains. Ongoing EU projects and networks on human

biomonitoring (HBM4EU and EMEP) are important steps to bring

together relevant parties.”



EIRENE RI: Prioritised in the 2021 ESFRI Roadmap

• Austria, Belgium, Czechia, Italy, Netherlands

• Germany, Greece, Island, Slovakia

• France, Norway, Sweden

• Finland, Slovenia, Spain, UK, US

• Cyprus, Denmark, LX, Portugal

• Australia

• EMBL/EBI

Members



Hostgaard et al. 2011

During a series of meetings ‘Accelerating Precision 

Environmental Health: Demonstrating the Value of the 

Exposome’, organised by the US NIEHS in 2022, several 

obstacles to progress in this field were identified:

• The need to establish standardized and robust 

approaches for biomonitoring of the human 

exposome;

• Data sharing in exposome research: databases, 

metadata, encouraging data sharing, and reporting 

responsibility;

• Creating and sustaining interoperable data 

repositories for environmental health data;

• Harmonizing exposome data across studies;

• Merging data from existing longitudinal studies;

• Making the exposome relevant to public health 

interventions and policy & addressing disparities by 

intervening on the social and physical environments;

• Establishing a community-of-practice.

Steps forward
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▪ To support integration into the biomedical sciences, exposomics should provide a readily deployable 

toolbox including methods of high-resolution mass spectrometry for detection of environmental 

chemicals and metabolic perturbations, epigenomics to measure environmentally mediated 

alterations to DNA, or geospatial techniques for mapping proximity to exposure sources. 

▪ Such a toolkit should be accessible to researchers from multiple fields demanding the analyses of tens 

of thousands (and potentially millions) of samples through the open-access services of the harmonized 

network of (laboratory and data) research infrastructures.

Exposomics challenge



EIRENE RI services

Open-access services

A – chemical (exposure) profiling

B – biological (response) profiling

C – hazard (risk) assessment 

D – environmental data

E – human data and samples

F – data processing tools & platforms

Central services

Quality and capacity enhancement in labs

Quality and capacity enhancement in data

HR development and training



RECETOX RI at the roadmap since 2011

RECETOX accredited trace laboratories

CELSPAC population studies

MONET air and water monitoring networks

GENASIS/GMP information platforms
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Data integration and visualization

Development, customization and operation of information 

and database systems

To support: Data integrations across systems and scientific 

domains

UNEP Regional Centre since 2008



Chemical exposures

Consumer 
goods

Diet

Industry

Medication

Transport

• Molecular characterisation of exposures 

focuses on chemicals (and their biochemical 

responses)

• Many environmental exposures do not elicit 

observable biochemical responses

• Cumulative nature of burden means association 

of exposure – effect is challenging 

̶ What distinguishes a response and an effect

https://doi.org/10.1136/jech-2011-200643



Biochemical response

• Molecular characterisation of biochemical responses 

focuses of endogenous metabolites 

• Molecular-level (biochemical) responses are not the same 

as higher-order phenotypic effect i.e. not necessarily 

biomarkers of clinical effect

• Molecular hallmarks of health are generalised and non-

specific

https://doi.org/10.1016/j.cell.2020.11.034

https://doi.org/10.1016/j.cell.2021.01.043

https://doi.org/10.1016/j.isci.2022.103976

https://doi.org/10.1016/j.cell.2020.11.034
https://doi.org/10.1016/j.cell.2021.01.043
https://doi.org/10.1016/j.isci.2022.103976


HRMS profiling

• Exploratory analysis of sample composition

• Detection and discovery of novel chemicals

• Broader chemical coverage but reduced accuracy:

• qualitative i.e. analyte identity

• quantitative i.e. analyte concentration

• QA/QC standards in the metabolomics field 

have largely not progressed since ~2000
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EIRENE chemical exposomics

• Integrate target & screening

• Harmonized QA/QC approaches

• Public SOPs & setup

• Public spectral libraries

• Public processing pipelines

• FAIR data & reporting

• First step = full transparency for reproducible, standardised 

single-site analysis

• Second steps = multi-site harmonisations 
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SpecDatRI (EIRENE-CZ) Data Infrastructure (upcoming)

• Robust open-source research data management software (i.e. iRODS)

• Integrating ELIXIR authentication mechanisms (LifeScienceRI)

• Interoperable framework of distributed data storage (SODAR) and processing solutions (Galaxy)

• Ontology based metadata annotations, standardized data formats and procedures
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scheme

Repositories for data on chemical exposures and their effects

Masaryk University, Faculty of Science

ÚOCHB AV ČR

Data and Metadata Collections

GENASIS 

chemical

exposure

repositorry

(soil, water, 

sediment, 

air, indoor, 

consumer

products, 

human

tissues)

Toxicology data 

repository

Metabolomics

data reporitory

Metadata 

scheme

Metadata 

scheme

Metadata 

scheme

Advanced

tools

Institutional data policy

Data curator



AQ:

PM2.5

PM10

NO2

Benzene

B[a]P

SO2

Other 

Exposome 

parameters:

Build-up Area

Road Network

Urban Green Space

Very High Spatial

Data Resolution

A new approach to urban health 

risk management as a long-term 

sustainable tool for Smart Cities

For policy decision making.

New tool, annual updated = on-

line live data linking and 

automatic recalculation.

Brno Living Lab

Long-term observation (2010-2024)

CVD and respiratory 

health conditions

Bronchitis

Asthma

Cardiovascular-related hospitalizations

Respiratory 

hospitalizations

Search for associations

Air Quality

Urban Exposome Tool
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INTERNATIONAL HUMAN EXPOSOME NETWORK PROJECT (IHEN)

Vision

To establish an international network that will improve global research 

and cooperation on the exposome

Maturation of the field requires 

coordination of worldwide efforts to 

• facilitate rapid exchange, 

• increase harmonization, 

• align future research efforts, and 

• translate scientific findings into 

effective policies.



4. Data Sciences Hub (Patel, 

Sirota). Harvard, UCSF

3. Geospatial Sciences Hub 

(Habre, Rajasekar). USC, UNC

2. Analytical Sciences Hub 

(Metz, Pollitt). Yale, PNNL/DOE

1. Administrative/Stakeholder 

Engagement Hub (Miller, Singh, 

Wu, Thualt-Restituito). 

https://www.nexus-exposomics.org/

Funded by NIH (NIEHS, NIA, 

NCI, NIAMS, NINDS, ORWH; 

funding started Sept, 2024)

NEXUS Hubs
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Partnership for Assessment of Risks from Chemicals (PARC)

VISION: Building infrastructural and human capacities in PARC



Thank you for your attention

jana.klanova@recetox.muni.cz

www.recetox.muni.cz

www.eirene.eu

mailto:jana.klanova@recetox.muni.cz
http://www.recetox.muni.cz/
http://www.eirene-ri.eu/
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