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Outline

•WHO Air Quality Guidelines

•Effetti a breve termine

•Effetti lungo termine

•Stime di Impatto 



WHO AQG Summary (2005) 

Pollutant Averaging time AQG value EU standard 

(target or limit value)

Particulate matter

PM2.5

PM10

1 year

24 hour (99th percentile)

1 year

24 hour (99th percentile)

10 µg/m3

25 µg/m3

20 µg/m3

50 µg/m3

25 µg/m3

--

40 µg/m3

50 µg/m3***

Ozone, O3 8 hour, daily maximum 100 µg/m3 120 µg/m3***

Nitrogen dioxide, NO2 1 year

1 hour

40 µg/m3

200 µg/m3

40 µg/m3

200 µg/m3***

Sulfur dioxide, SO2 24 hour

10 minute

20 µg/m3

500 µg/m3

125 µg/m3***

350 µg/m3*** (1 hr)

WHO levels are recommended to be achieved everywhere in order 

to significantly reduce the adverse health effects of pollution

***Permitted exceedances each year



• To provide updated numerical concentration limits (i.e. 
guidelines) and, where possible, an indication of the shape of 
the concentration-response function for a number of ambient air 
pollutants, for relevant averaging times and in relation to critical 
health outcomes

• To provide a qualitative recommendation on the relation 
between exposure to desert dust and adverse health outcomes

Update of WHO global AQG 



Systematic Reviews

• The update of the WHO Global Air Quality Guidelines
– Approach to assessing the certainty of evidence from systematic reviews informing WHO global 

air quality guidelines

– Three systematic reviews already published: Environmental International 2020



RR=1.08

per 10 ug/m3

Env Int 2020



▪ Insulin Resistance

▪ Type 2 diabetes

▪ Type 1 diabetes

▪Bone metabolism
▪Skin Aging

▪Stroke

▪Neurological development

▪Mental Health

▪Neurodegenerative diseases

▪Cardiovascular Disease Mortality

▪Cardiovascular Disease Morbidity

▪Myocardial Infarction

▪Arrhythmia

▪Congestive Heart Failure

▪Changes in Heart Rate Variability

▪ ST-Segment Depression

▪Premature Birth

▪Decreased Birth Weight

▪Decreased foetal growth

▪ In uterine growth retardation

▪Decreased sperm quality

▪Preclampsia

▪High blood pressure

▪Endothelial dysfunction

▪ Increased blood coagulation

▪Systemic inflammation

▪Deep Venous Thrombosis

▪Respiratory Disease Mortality

▪Respiratory Disease Morbidity

▪ Lung Cancer

▪Pneumonia

▪Upper and lower respiratory symptoms

▪Airway inflammation

▪Decreased lung function

▪Decreased lung growth

Joint ERS / ATS statement ERJ 2017

Air pollution affects multiple organs immediately 

and has long-term consequences



THE EFFECTS OF AIR POLLUTION ON HEALTH ARE OFTEN 

CONVENIENTLY CLASSIFIED:

In short-term and long-term effects 

although there is probably a continuum of effects in the time 

scale, which are not yet fully understood.
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Acute effects

Temporal differences 

Chronic effects

Spatial differences  
Roma PM10 ed NO2



▪ Costruire un database nazionale con parametri 

spaziali e spazio-temporali per descrivere e 

stimare esposizioni ambientali multiple in Italia

▪ Stimare le concentrazioni giornaliere di PM10 e 

PM2.5 su una griglia di 1 km2 per l’intera Italia, per il 

periodo 2006-2015, usando molteplici fonti di dati, 

tra cui i dati satellitari

OBIETTIVI



PROGETTO BEEP

▪ Durata: 2 anni

▪ Partner

➢ CNR-IBIM Palermo

➢ DEP LAZIO Roma

➢ INAIL

➢ ARPA Emilia Romagna

➢ SSR Emilia Romagna

➢ CPO Torino

➢ CNR-IPCF Pisa

➢ ARES Puglia

➢ DASOE Palermo

➢ CNR-ISAC Roma



INDICATORI SPAZIOTEMPORALI. Esempi:

Aerosol Optical Depth (AOD)

▪ Misura di aerosol distribuiti nella colonna d’aria

▪ Dato originale raccolto dal MODIS, un sensore 

a  bordo dei satelliti NASA “Terra” e “Aqua”, 

con risoluzione spaziale 10x10-km

▪ Dati 10x10 rielaborati secondo algoritmo 

MAIAC, con downscaling a 1-km2 di risoluzione 



RISULTATI. Trend annuali



200620082007200920102011Esposizione. Contrasto spaziale 2012



Date

P
M

1
0
m

g
/m

3

Esposizione. Contrasto temporale



Short-term health effects







To estimate short-term effects of daily PM10 and 

PM2.5 on cardiovascular hospitalizations from 

specific causes

Short-term effects of particulate matter on 
cardiovascular morbidity in Italy. A national 

analysis (2013-2015)

Stafoggia et al (in press)



HOSPITALIZATIONS DATA

n % males females 0-64 65-74 75-84 85+

All cardiovascular diseases 2,154,810 100 54 46 22 21 34 23

     Cardiac diseases 1,470,370 68 56 44 23 22 33 22

          Hypertension 72,391 3 43 57 20 17 34 29

          Ischemic heart diseases 511,027 24 67 33 34 26 27 13

               Acute myocardial infarction 321,768 15 66 34 34 24 27 15

          Arrhythmias 200,207 9 52 48 24 24 34 17

          Heart failure 471,042 22 49 51 9 16 39 36

     Cerebrovascular diseases 542,671 25 49 51 18 20 36 26

          Hemorrhagic stroke 57,223 3 52 48 21 20 36 22

          Ischemic stroke 329,702 15 49 51 17 21 36 26

Total Gender (%) Age, years (%)
Disease
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PM10 PM2.5

% IR (95% CI) % IR (95% CI)

Total cardiovascular diseases 0-1 0.42 (0.27, 0.57) 0.64 (0.42, 0.85)

0-5 0.55 (0.32, 0.77) 0.97 (0.67, 1.27)

Cardiac diseases 0-1 0.58 (0.40, 0.77) 0.86 (0.60, 1.13)

0-5 0.79 (0.52, 1.07) 1.32 (0.97, 1.68)

Ischemic heart diseases 0-1 0.52 (0.22, 0.81) 0.98 (0.22, 1.74)

0-5 0.43 (0.01, 0.85) 0.84 (0.29, 1.39)

Myocardial infarction 0-1 0.62 (0.17, 1.07) 0.90 (0.29, 1.50)

0-5 0.28 (-0.24, 0.80) 0.77 (0.05, 1.49)

Arrhytmias 0-1 0.23 (-0.25, 0.72) 0.27 (-0.45, 0.99)

0-5 0.30 (-0.40, 1.00) 0.39 (-0.52, 1.30)

Atrial fibrillation 0-1 0.79 (-0.05, 1.65) 1.25 (0.26, 2.26)

0-5 1.03 (0.10, 1.97) 1.44 (0.15, 2.74)

Heart failure 0-1 1.15 (0.82, 1.48) 1.74 (1.23, 2.24)

0-5 1.70 (1.28, 2.13) 2.66 (2.09, 3.23)

Cerebrovascular diseases 0-1 -0.05 (-0.32, 0.23) -0.07 (-0.44, 0.31)

0-5 -0.09 (-0.44, 0.25) -0.03 (-0.49, 0.44)

Ischemic stroke 0-1 0.26 (-0.09, 0.62) 0.29 (-0.19, 0.76)

0-5 0.40 (-0.03, 0.84) 0.57 (-0.02, 1.15)

Disease

(ICD-9 code)

Lag

(days)
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Exposure-response functions



Long-term health effects



ESCAPE study areas in
EUROPE

PM+NOx

NOx only

http://www.riskmanagementsolutions.co.za/Escape.jpg


The ESCAPE project

PM10

(10 ug/m3)

PM2.5

(5 ug/m3)

Non accidental

mortality 1.04 (1.00–1.09) 1.07 (1.02–1.13)

CV mortality 1.02 (0.92–1.14) 0,99 (0.91–1.08)

Incidence of acute 

coronary events 1.12 (1.04-1.28) 1.13 (0.98-1.30)

Incidence of stroke 1.02 (0.90-1.16) 1.19 (0.88-1.62)

Lung cancer incidence 1.22 (1.03–1.45) 1.18 (0.96–1.46)



Geographical areas

Estimating the Effects of Exposure to Low 
Levels of Air Pollution – HEI studies

PI: Michael Brauer, 
U British Columbia
(~ 10 million)

PI: Francesca 
Dominici, Harvard

(~ 60 million)

PI: Bert Brunekreef, 
Utrecht University

(~28 million)

Average PM2.5 levels:

15 µg/m3 (Europe)

11 µg/m3 (US)

7 µg/m3 (Canada)



Pinault, Environ Res 2017



Original Article
Air Pollution and Mortality in the 

Medicare Population

Qian Di, M.S., Yan Wang, M.S., Antonella Zanobetti, Ph.D., Yun Wang, Ph.D., 
Petros Koutrakis, Ph.D., Christine Choirat, Ph.D., Francesca Dominici, Ph.D., and 

Joel D. Schwartz, Ph.D.

NEJM  June 2017 

N Engl J Med
Volume 376(26):2513-2522

June 29, 2017



2017





Cox PH models | Pooled cohort

Mortality HRs (N=325,367)

Natural CVD

PM2.5 (per 5 µg/m3) 1.13 (1.11, 1.16) 1.14 (1.10, 1.18)

NO2 (per 10 µg/m3) 1.09 (1.07, 1.10) 1.09 (1.06, 1.12)

BC (per 0.5*10-5/m) 1.08 (1.06, 1.10) 1.09 (1.06, 1.12)

O3 (per 10 µg/m3) 0.90 (0.88, 0.91) 0.89 (0.85, 0.92)



Full and subset anaylses – natural cause mortality
Pooled cohort

per 5 µg/m3

per 10µg/m3



Full and subset anaylses – natural cause mortality
Pooled cohort

per 5 µg/m3

per 10µg/m3



Natural splines (3 df) | Pooled cohort

Natural mortality
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Natural cause mortality

EU Limit value EU Limit value 
and WHO 
Guideline

WHO 
Guideline

• No threshold

• Results stable in 
two-pollutant 
models 

• Estimates higher 
than currently used 
in burden of disease 
calculations

• These effects occur 
below EU limits



Impact assessment 



The Lancet, May 2017

4.2 million deaths attributable

to PM2.5 in 2015   



Figure 5 

The Lancet DOI: (10.1016/S0140-6736(17)30505-6) 
Copyright © 2017 The Author(s). Published by Elsevier Ltd. This is an Open Access article under 

the CC BY 4.0 license Terms and Conditions

Deaths attributable to ambient particulate 

matter pollution in 2015

http://www.elsevier.com/termsandconditions




GBD 2015 Italy



GBD 2019, Lancet 2020



Italy 24.700 deaths



Next Generation 

EU (che in Italia ci 

ostiniamo a chiamare 

Recovery Fund)
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“Citizens are entitled to clean 
air, just like clean water and 
safe food”.

WHO Air Quality Guidelines 2000

We can't solve problems by using the same kind of 

thinking we used when we created them.

Albert Einstein

https://www.brainyquote.com/authors/albert-einstein-quotes

