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PARTICULATE MATTER 

Complex heterogeneous mixture of solid and 

liquid components 

 

Sources: 

 Power plants and industry 

 Motor vehicles 

 Domestic coal burning 

 Natural sources (volcanoes, dust storms) 

 Secondary small particles from gases (nitrates and 

sulfates) 



Particulate matter - definitions 

A complex mixture of airborne solid and liquid 
particles, including soot, organic material, 
sulfates, nitrates, other salts, metals, biological 
materials.   

 

• PM10  --  inhalable particles 

• PM2.5  --  fine particles 

• PM10-PM2.5  --  coarse particles 

• PM 0.1  --  ultrafine particles 

http://images.google.com/imgres?imgurl=www.oneworld.org/cse/html/dte/dte991215/p36.jpg&imgrefurl=http://www.oneworld.org/cse/html/dte/dte991215/dte_analy.htm&h=200&w=420&prev=/images%3Fq%3Ddiesel%2Bexhaust%2Bparticles%26num%3D20%26hl%3Den%26sa%3DG


Science 307:1857-1861, News Focus, March 2005 
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Particulate Matter 
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Karagulian F et al , Atmosph Env,  120(2015), 475–483 
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SIZE MATTERS 

 Coarse particles (2.5–10 

microns) deposited in the 

upper respiratory tract and 

large airways 

 

 Fine particles (< 2.5 

microns) may reach 

terminal bronchioles and 

alveoli 



Annual average PM10 concentrations observed 

in selected cities worldwide, 2000-2004 
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Annual average PM10 concentrations (µg/m3)
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Osservazioni satellitari 

 
 Environ Health Perspect 118:847–855 (2010).  



Satellite-derived map of PM2.5 averaged over 2001-2006. Credit: Dalhousie 
University, Aaron van Donkelaar 



Il particolato 

14 



AIR POLLUTION MAPS, ITALY, 2006-2012 

Maps of PM10 in Italy at high resolution using satellite 
data (1 Km grid) 

Stafoggia et al, Env Int, 2016 



61 industrial 

sites 

(44 

municipalities) 

European Pollutant 

Release and Transfer 

Register (E-PRTR) 

 

”Revealing the costs 

of air pollution from 

industrial facilities in 

Europe”  
European Environmental Agency, 

2011 
 

 

Industrial sites in Italy  



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 



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 



Short-term health effects 



Deaths from London Smog, December 1952 



Long-term health effects 



POPE ET AL,  JAMA 2002 

Long-term exposure and mortality  





Adjusted mortality relative risks (RR) 
associated with 10μg/m3 change in PM2.5* 
 
 
(Pope et al, 2002) 

Cause of     

mortality  RR (95% CI) 

 
All cause   1.06 (1.02 – 1.11) 
Lung cancer  1.14 (1.04 – 1.23) 
Cardiopulmonary 1.09 (1.03 – 1.16) 
All other cause  1.01 (0.95 – 1.06) 
 
*Adjusted for age, sex, race, smoking, education, 

marital status, body mass, alcohol consumption, 
occupational exposure, diet. 



Brook et al, 2004. AHA 

Possible biological mechanisms linking PM 
with cardiovascular diseases 







Mice on normal diet  Mice on high-fat diet 

Filtered air              PM2.5  Filtered air              PM2.5  

Long-term Air Pollution Exposure and Acceleration of 

Atherosclerosis… Sun et al.   JAMA.2005; 294: 3003-3010.  

Diet, air pollution and atheriosclerosis 



Recent statements and 
publications on air pollution 



68th World Health Assembly  

 

 

 

 

 

 

May 26, 2015 



IARC Monographs 



IARC Monographs 



Fonte: Lancet 2012 

GBD 2010: Air pollution is a major risk factor 
for public health 

Lancet, 2012  



 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, 2016) 

Health effects of particulate air 

pollution 



 
 

 
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 



Average PM2.5 and Ozone Concentrations in the 
Continental United States, 2000 through 2012. 

Di Q et al. N Engl J Med 2017;376:2513-2522 



Risk of Death Associated with an Increase of 10 μg per 
Cubic Meter in PM2.5 or an Increase of 10 ppb in Ozone 

Concentration. 

Di Q et al. N Engl J Med 2017;376:2513-2522 



Concentration–Response Function of the Joint 
Effects of Exposure to PM2.5 and Ozone on All-

Cause Mortality. 

Di Q et al. N Engl J Med 2017;376:2513-2522 



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)  

Deaths attributable to ambient 

particulate matter pollution in 2015 
 


