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Home Environment55 %

Work Environment33 %

Other Indoor Locations 4  

%

Outdoors 8  

%

Approximately 90% 

Indoors

How much time do we spend indoors ?

Source : Questionnaires AIRMEX project
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Indoor environment emission sources
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Indoor exposure ðGeneral aspects

o Mixture interaction among the several contaminants met indoors

o People spend most of their lives indoor (90%) and consequently the majority of exposure

events are related to indoor activities

o There is a vast number of physical, chemical and biological agents contaminants affecting

indoor air quality

o Concern related to newer contaminants such as flame retardants, phthalates, insecticides

o Estimation of actual exposure -internal dose to indoor contaminants

Why Indoor exposure is important

Data gaps - Challenges

o Indoor environments contain a lot of chemical comprising an environment of òcumulative

exposureó, while also many individual contaminants met indoors are part of a wider

exposure pattern that constitutes òaggregateexposureófor this contaminant

o Utilization of environmental and biomonitoring data for exposure assessment

o Global warming adaptation and mitigation measures effect to Indoor Air Quality
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Gaps in knowledge

ÅAdverse health effects of microbes and bio-aerosols present in indoor air, 

especially other than respiratory tract effects

ÅContribution of indoor air pollutants to child respiratory diseases.

ÅExposure-effect-functions for vulnerable groups. 

ÅPossible effects and risks of nanoparticles in indoor air.

ÅContribution of particles from indoor sources to ill health.

ÅControlled clinical studies (including biomarkers of effect) among persons 

with symptoms in water damaged buildings 

ÅAnalysis of the mechanisms of action for possible carcinogens and 

endocrine disrupters (e.g. benzene, formaldehyde, PAHs, PM, phthalates, 

brominated/chlorinated flame retardants)
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A glimpse from our own data

What is the exposure situation in Europe?
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Total VOCs in public buildings in selected EU cities
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Formaldehyde in public buildings in selected EU cities
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Total VOCs in schools/kindergartens in selected EU cities
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Formaldehyde in schools/kindergartens in selected EU cities
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Importance of outdoor air quality for the 

determination of indoor air quality across the EU

Key projects:

ÅMACBETH 

ÅEXPOLIS

ÅEXPOLIS-INDEX

ÅINDEX

ÅTHADE

ÅAIRMEX

ÅEuropean Parliament Pilot Project

No significant work 

done on the 

impact of climate 

change on the 

indoor:outdoor 

ratio
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Environmental exposure
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13

Variability in Ambient E/C Ratios by Season (2006) 
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Seasonal Differences: Seasonal AER Distributions

Site Differences: Population Distributions & Time-Activity

We expect variability between sites and seasons to increase with refined AER, and by examining age-gender-employment 

subcategories

Variability in Ambient E/C by Site & Season (2006)
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Gaps in knowledge

ÅSource apportionment of the pollutants in indoor environment, including 

ambient air, preferably in quantitative terms. 

ÅResearch on a probabilistic model approach, to analyse in depth 

correlation among the various elements.  

ÅIn depth, holistic study of the effect of climate change on indoor air quality 

and on how potential rise in ambient air mean temperature and 

exacerbation of extreme climate events magnitude and frequency may 

affect indoor air pollution. 

ÅConsumer behaviour studies to determine the lifestyle choices that 

influence the most the contribution of ambient air to indoor air quality.
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Limited data on distribution and concentration levels of pollutants at 

European level (EXPOLIS, MACBETH, AIRMEX, GermanENV-study)

Toxicological data exist for single compounds and for concentrations typical 

for occupational environments

Toxicological data for chemical mixtures are very few, in particular for high 

doses, which do not represent the real indoor environments

Measuring campaigns focus either on monitoring of chemical/biological 

contaminants or on epidemiological studies ïCombined studies are missing

Data availability
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Correlation between psychosocial and indoor 

exposures

Wright & Subramanian, 2007
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Socioeconomic Status

Race/Ethnicity

Allergen Exposure

Education Income

Air Pollution

Psychological Stress

Disease

Nutrition

Access to care
Peters, 2009
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Data needs to support health risk assessment

ÅData requirements and gaps in knowledge related primarily to 
identification and exposure to pollutants

ïReview of existing data

ïSource apportionment of indoor air pollutants

ïExposure patterns

ïHarmonisation/developments of transport/fate models

ÅData requirements and gaps in knowledge related primarily to 
health effects of indoor air pollutants

ïñCocktailò effect

ïExposure-effect relationships

ïAdverse health effects of biologicals

ïAdverse health effects of nano-, ultrafine, fine particles on childrenôs 
health
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Toward Exposure Biology, through

Modelling and Data assimilation

cell organ organism

òSystems Biologyó Approach

òPhysiomeó Approach

Physiologically Based Pharmacokinetic (PBPK) Models
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An integrated platform for indoor exposure assessment
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Lifetime internal exposure assessment

Contaminant kinetics

Mother ðFetus link

Breast feeding link

Metabolite(s) kinetics
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Organ volumes (V) and blood flows (Q) were taken

from the ICRP(2002) report and the obtained data

were fitted to time (T) in order to exclude

continuous time depended non lineal polynomial
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Advantages of Biology Based exposure 

assessment ðmechanistic approaches

o Exposure during the day is not constant . Internal dose variation is exposure -dependent

but not linearly linked to encountered microenvironment concentrations . Inhaled

contaminants and the produced metabolites are dynamically and continuously calculated

through time (not just steady state estimations)
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MCMC simulation (Biological 
parameters only)

MCMC simulation 
(Exposure+Biological 
parameters)

o Dose response relation takes into account the internal dose at the target tissue,

which is the real exposure metric

Early 

biological 

responses

0.01%

0.1%

Average 

exposure

Advantages of Biology Based exposure 

assessment ðmechanistic approaches
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Advantages of Biology Based Risk Assessment 

ðmechanistic approaches

o Emissions, Concentrations, Exposure, Internal Dose and Health

Endpoints are linked within a òcontinuousómathematical frame allowing

the exploration of alternative scenarios and the explicit incorporation of

uncertainty and variability in the overall exposure

o Capturing both toxicokinetics , toxicodynamics and exposure dynamics

allowed us to incorporate mechanistic knowledge on exposure assessment

and thus improve on the validity and relevance of the exposure -response

relationship

o Multiple pathways (air, water, food, consumer products) and routes of

exposure (inhalation, oral) for the same pollutant can be incorporated into

the PBTK/Dmodel and provide a realistic aggregate exposure assessment
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Exposure Biology

Characterization

of   Exposure

Factors

Aggregate and 

Cumulative

Exposure Models

ÅBiologically Effective

Dose

- Early Biological

Effects

DoseðEffect Models

Biomarkers of

Åexposure

Åeffects

- Life Styles

- Polymorphisms

Individual

Response

Biomarkers of

individual

Susceptibility

Individual Profiles

Population Studies Molecular

Dosimetry

Assessment of

Risk Factors

Probabilistic

Exposure 

Expressomics

Integrated Multi-tiered Approach 
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Biomarkers and

Systems Toxicology

Models

Gene Identification

Validation by Quantitative PCR Statistical Evaluation

Tissues RNA

Mice, Rats, Humans

Whole Genome Discovery 

Systems
(32.000 genes)

Experimental Design
Environment and Health

Signature of chemicals in products

Implementation of Risk Assessment
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with

Proteomics/Metabonomics

Genes Modulation
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Genes Pathway

Toxicogenomics approach
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IAM: red 

Aromatics: green

Aldehydes: orange

Terpens: blue

Yellow: components 
in more than one 
treatment

p53 Pathway: differential modulation of gene 

expression in A549 cells by Indoor Air Mix 


