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Particulate Matter Size Distribution

E. Mészáros. Fundamentals of Atmospheric Aerosol Chemistry (1999)

Any aerosol (including the atmospheric aerosol) can be classified according to 
origin, size, source and chemical composition of the particles

K.H. Kim et al. Environ. Int. 74 (2015) 
R. Guaita et al. Int. J. Environ. Heal. R 21 (2011) 

The atmosphere is a mixture of gaseous and aerosols components. 
Particulate matter (PM) indicates solid and/or liquid particles suspended in the air 

(excluding rain droplets or ice crystals) with diameters ranging from few nm up to 100 µm
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Atmospheric Aerosol Size Distribution

P. R. Buseck and K. Adachi Elements 4 (2008)
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Atmospheric Aerosol Size Distribution

J.H. Seinfeld and S.N. Pandis. Atmospheric Chemistry and Physics – From Air Pollution to Climate Change (1998)
J. S. Lighty et al. Journal of the Air & Waste Management Association 50 (2000) 

Typical PM mass and number size distributions 
showing the multimodal nature of atmospheric aerosol
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Atmospheric Aerosol Size Distribution

P. R. Buseck and K. Adachi Elements 4 (2008)

A. Petzold and B. Kärcher. Aerosols in the Atmosphere (2012) 
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Atmospheric Aerosol Size Distribution

P. R. Buseck and K. Adachi Elements 4 (2008)

F > 2

G. Vitiello, G. De Falco et al. Combustion and Flame 205 (2019) 

1.5 < F < 2F < 1.5
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Atmospheric particle nucleation: an example

M. Boy and M. Kulmala Atmos. Chem. Phys. 2 (2002)
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Atmospheric particle nucleation: an example

M. Boy and M. Kulmala Atmos. Chem. Phys. 2 (2002)
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Binary Homogenous Nucleation: an example
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Binary Homogenous Nucleation: an example

SO2 + OH + M → HOSO2  + M (R1)
HOSO2  + O2  → SO3  + HO2  (R2)
SO3  + 2H2O → H2SO4  + H2O (R3)
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Ternary Homogenous Nucleation: an example

J. Pierce. Nature Geoscience 4 (2011)

Theory suggests that nucleation of H2SO4 aerosols,
even with the help of water vapor, should not
occur under conditions near the Earth’s surface.
NH3 and organic molecules can pair up with
H2SO4 early in the nucleation process, preventing
the small clusters of molecules from evaporating
and promoting the subsequent nucleation

J. Kirkby et al. Nature 476 (2011) 
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Atmospheric Aerosol

Primary Aerosols 
when emitted directly by sources into the atmosphere

Secondary Aerosols 
when formed in the atmosphere by physicochemical 

processes from precursor gases or preexisting aerosols. 

Secondary Organic Aerosols SOA 
Secondary Inorganic Aerosols SIA 

Elemental Carbon EC or Black Carbon BC
Organic Carbon OC
Inorganic Aerosol
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Atmospheric Aerosol
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Organic Carbon OC
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Photographs of atmospheric particles obtained by 
Transmission Electron Microscopy TEM:

(A) Chain agglomerate soot particles
(B) Sulfate attached to a sodium chloride particle

(C) Mineral dust particle coated with sulfate

P..H. McMurry, AEROSOLS | Observations and Measurements In Encyclopedia of Atmospheric Sciences (2003)
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Atmospheric Aerosol

Primary Aerosols 
when emitted directly by sources into the atmosphere

Secondary Aerosols 
when formed in the atmosphere by physicochemical 

processes from precursor gases or preexisting aerosols. 

Secondary Organic Aerosols SOA 
Secondary Inorganic Aerosols SIA 

Elemental Carbon EC or Black Carbon BC
Organic Carbon OC
Inorganic Aerosol

High-magnification TEM image of biomass-burning particles 
collected on a filter of lacey carbon

Buseck, P. R., and Adachi, K. Elements 4 (2008)

Secondary aerosols may present an internal mixing state 
between SOA and SIA, such as a shell of SOA around a 

core of ammonium sulfate 
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Atmospheric Aerosol

Primary Aerosols 
when emitted directly by sources into the atmosphere

main NATURAL sources:
• Mineral dust (soil, rock debris,…)

• Sea spray
• Biogenic aerosols (plant debris, microbial particles,…)

• Forest fire smoke (i.e., biomass burning)
• Volcanic emissions

C. Tomasi and A. Lupi. Primary and Secondary Sources of Atmospheric Aerosol (2016)
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Atmospheric Aerosol

Primary Aerosols 
when emitted directly by sources into the atmosphere

Secondary Aerosols 
when formed in the atmosphere by physicochemical 

processes from precursor gases or preexisting aerosols. 

main NATURAL sources:
• Gas-to-particle conversion of sulfur-containing and 

nitrogen-containing gases from natural emissions

C. Tomasi and A. Lupi. Primary and Secondary Sources of Atmospheric Aerosol (2016)
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Atmospheric Aerosol

Primary Aerosols 
when emitted directly by sources into the atmosphere

C. Tomasi and A. Lupi. Primary and Secondary Sources of Atmospheric Aerosol (2016)

main ANTHROPOGENIC sources:
• Fuel combustion
• Industrial processes

• Fugitive emissions and agriculture
• Road and non-road transportation 

Primary anthropogenic aerosols contain sulfate, 
ammonium, nitrate, trace metals, carbonaceous 
material and water. The carbonaceous fraction of 
this particulate matter consists of both EC and OC
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Atmospheric Aerosol

Primary Aerosols 
when emitted directly by sources into the atmosphere

Secondary Aerosols 
when formed in the atmosphere by physicochemical 

processes from precursor gases or preexisting aerosols. 

C. Tomasi and A. Lupi. Primary and Secondary Sources of Atmospheric Aerosol (2016)

main ANTHROPOGENIC sources:
• Fuel combustion
• Industrial processes

• Fugitive emissions and agriculture
• Road and non-road transportation 

Secondary anthropogenic aerosols contain 
secondary particles from SO2
secondary particles from NOX

secondary organic carbon SOC

Some examples
SO2+ OH → SO3 → SO3 + H2O → H2SO4,(v)

NO + O2 + H → HNO3,(v)

H2SO4,(v) + H2O → homogeneous bimol. nucleation
H2SO4,(v) + H2O + HNO3,(v) → homogeneous trimol. nucleation
H2SO4,(v) + H2O + HNO3,(v) → heterogeneous trimol. nucleation
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Atmospheric Aerosol

Primary Aerosols 
when emitted directly by sources into the atmosphere

Secondary Aerosols 
when formed in the atmosphere by physicochemical 

processes from precursor gases or preexisting aerosols. 

C. Tomasi and A. Lupi. Primary and Secondary Sources of Atmospheric Aerosol (2016)

main ANTHROPOGENIC sources:
• Fuel combustion
• Industrial processes

• Fugitive emissions and agriculture
• Road and non-road transportation 

Secondary anthropogenic aerosols contain 
secondary particles from SO2
secondary particles from NOX

secondary organic carbon SOC

Under atmospheric conditions, VOCs may undergo 
atmospheric oxidation with O3, OH, etc. to form less-

volatile products which undergo further reactions to the 
condensed phase. Also, absorption and condensation of 

semi-volatile organic compounds on existing particles can 
occur.

S.N. Pandis et al. Atmospheric Environment 26 (1992)
J.H. Kroll and J.H. Seinfeld. Atmospheric Environment 42 (2008)
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Atmospheric Aerosol

C. Tomasi and A. Lupi. Primary and Secondary Sources of Atmospheric Aerosol (2016)
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Atmospheric Aerosol: PM Composition and Sources 
Contribution at a Typical Industrial Urban Site

G. Zhang et al. Scientific Reports 10 (2020)

Online monitoring concentrations of PM 
from 01/01/2016 to 31/12/2016 in Laiwu, China
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Atmospheric Aerosol: PM Composition and Sources 
Contribution at a Typical Industrial Urban Site

G. Zhang et al. Scientific Reports 10 (2020)

OC/EC indicates:
- vehicle exhaust in the range of 1.0 – 4.2

- fired sources (power plants, steel industries…) in the range 2.5 – 10.5
- cooking emission in the range 33 – 80

SOC is generated when OC/EC > 2.0 and is a function of OC/EC
B.J. Turpin and J.J. Huntzicker Atmospheric Environment 29 (1995)
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Atmospheric Aerosol: Characteristics of OC and EC in 
Atmospheric Aerosols of an Urban Area

Graded aerosol samples were continuously collected by cascade 
impactors over one year, from March 2014 to February 2015 in Beibei 

District, a suburb of Chongqing Municipal City

X. Peng et al. Aerosol and Air Quality Research 18 (2018)
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X. Peng et al. Aerosol and Air Quality Research 18 (2018)
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Atmospheric Aerosol: Characteristics of OC and EC in 
Atmospheric Aerosols of an Urban Area
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X. Peng et al. Aerosol and Air Quality Research 18 (2018)
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Turpin, B. J. & Huntzicker, J. J.. Atmos. Environ. 29 (1995)
Chow, J. C., Watson, J. G. & Kuhns,. Chemosphere 54 (2004)

Atmospheric Aerosol: Characteristics of OC and EC in 
Atmospheric Aerosols of an Urban Area
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X. Peng et al. Aerosol and Air Quality Research 18 (2018)

SUMMER à Formation of SOC due to high photochemical activity (intense solar radiation)

Atmospheric Aerosol: Characteristics of OC and EC in 
Atmospheric Aerosols of an Urban Area
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X. Peng et al. Aerosol and Air Quality Research 18 (2018)

WINTER à lower photochemical activity, but lower temperature and high VOCs emissions

Atmospheric Aerosol: Characteristics of OC and EC in 
Atmospheric Aerosols of an Urban Area
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X. Peng et al. Aerosol and Air Quality Research 18 (2018)

WINTER à lower photochemical activity, but lower temperature and high VOCs emissions
optimal T for SOA formation, caused by the competing effects between

total secondary product increase with T due to change in reaction rate
VS

vapor pressure decrease and thus SOA increase with decreasing T by absorption 
and condensation of semi-volatile organic compounds on existing particles

R. Strader et al. Atmos. Environ. 33 (1999)

Atmospheric Aerosol: Characteristics of OC and EC in 
Atmospheric Aerosols of an Urban Area
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