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Environmental equity

How to define air pollutants concentration

• Modelling simulations

• Experimental approaches

…and expected exposure and impacts population

• Relative risk (epidemiological evidences)

• Toxicological evaluation

Inte
g

ration
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Modelling simulations
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VIIAS project
(Integrated Assessment of the Impact of Air Pollution on the Environment and Health)

Adapted from WHO 
(2016)

www.minni.org

Modelled years:

Baseline
• 2005 and 2010
Future scenarios
• 2020 Current Legislation (CLE)
2020 with different scenarios
• T1: compliance with EU and 

Italian air quality standards
• T2: -20% CLE concentration

Annual mean

SOMO10 
SOMO 35

Modelled pollutants:

National air quality model

BaselineRisk functions



Modello Integrato Nazionale a supporto della Negoziazione 
Internazionale sui temi dell’inquinamento atmosferico

RAMS  (METEOROLOGICAL MODEL)
• prognostic non-hydrostatic
• open source http://www.atmet.com/index.shtml
• compiled in its parallel version
• implemented in MVAPICH environment

EMISSION MANAGER (EMISSION PRE-PROCESSOR)
• Modular pre-processing system  for model-ready

emissions input (Spray, Chimere FARM)
• different geometries treatment (point, area, line)
• different speciation schemes (SAPRC90/99)

FARM (CHEMICAL TRANSPORT MODEL)
• 3D Eulerian grid dispersion model
• K-closure turbulence 
• SAPRC90/99 chemical mechanisms
• AERO3 aerosol model
• OpenMP compiler directives

http://www.minni.org/
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Modelling simulations
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VIIAS project

•Air quality simulations of PM2.5 •Exposed population
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Modelling simulations
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VIIAS project

•Health impact prediction 

Death rates attributable to PM2.5 each 100000 inhabitants 
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Modelling simulations
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Modelling for impact surveillance

• EU LIFE+ Pilot project, 2013-2016, 790 m€ funding by EC

• 4 countries: Italy, France, Slovenia and Spain - 7 partners (national and 
regional env. agencies and epidemiological surveillance agencies, 1 
university)

• Objective: to set up a low-cost surveillance system of long term 
effects of air pollution, based on routine air quality and health data 
(National Health Interview Surveys, mortality and hospital admissions 
registries, air pollution models)

• pollutants: PM10, PM2.5, NO2, O3
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Modelling for impact surveillance

• EU LIFE+ Pilot project, 2013-2016, 790 m€
funding by EC

• 4 countries: Italy, France, Slovenia and Spain -
7 partners (national and regional env. agencies 
and epidemiological surveillance agencies, 1 
university)

• objective: to set up a low-cost surveillance 
system of long term effects of air pollution, 
based on routine air quality and health data 
(National Health Interview Surveys, mortality 
and hospital admissions registries, air pollution 
models)

• pollutants: PM10, PM2.5, NO2, O3

WHO: 

1.06 (1.04-1.09)

Our low-cost approach
is in line with the data 

obtained from 
epidemiological

analyses
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Impact assessment from monitoring data
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Impact of O3

From monitoring O3

data (2015) to spatial 
distribution of ozone 
exceedances 
considering four 
thresholds (no 
threshold – A, 35 ppb 
EU limit – C, 50 ppb 
WHO limit – E and 
80 ppb – G)

From spatial 
distribution of ozone 
to spatial distribution 
of expected 
premature deaths 
(no threshold – B, 35 
ppb EU limit – D, 50 
ppb WHO limit – F 
and 80 ppb – H)

From premature 
deaths to impact 
costs quantification

Manuscript in preparation
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Experimental activities
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A case study in Rome 

1. Lower concentrations,
2. Black carbon,  
3. Smaller particles

1. High concentrations, 
2. Brown carbon, 
3. Bigger particles

or

What does determine the health effects associated to fine and ultrafine PM? 
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Online monitor and source identification
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µ
g

/m
3

Aerosol Chemical Speciation Monitor (ACSM)

Experimental activities

PMF
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Innovative exposure systems
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BEAS-2B

Evaluation of biological effects

Environmental exposure

Parallel characterization of air 
pollution with monitorsALI culture Cell type selection

From the lab bench to….

Inflammatory response
Gene expression

Experimental activities
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From ex-post action to exposure prevention
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A step forward toward health protection

• Po valley basin agreement: 
- Structural actions (increase of alternative fuels, sustainable mobility, 
biomass burning, emission reduction from agricultural activities)

- Emergency actions ex post if:
After 4 consecutive days of PM10 > 50μg/m3 After 10 consecutive days of PM10 > 50μg/m3
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A step forward toward health protection

•ENEA air quality forecast

ENEAGRID/CRESCO, an 
integrated computational
infrastructure (~140 Tflops)
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A step forward toward health protection

•ENEA air quality forecast
http://www.afs.enea.it/project/ha_forecast/index.html
http://www.afs.enea.it/project/ha_forecast/forecast3/stats_it.html

•… and the possibility to develop tools to inform population about forecasted
air pollution and possible associated health effects
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Conclusion

> ENEA is working both by modelling approaches and experimental ones, 
integrated with epidemiological and toxicological analyses to define the expected 
impact of air pollution on human health

> Modelling systems may provide useful scenario of air pollution to evaluate the 
impact of structural action of future concentration of selected pollutants  

> Experimental activities (high resolution characterization of PM, related sources 
and environmental toxicological effects) may provide innovative insight on the 
mode of action of air pollution on exposed population

> Forecast models may promote the prevention of undesired exposure and to 
activate preventive action.
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