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• Particulate matter consists in liquid drops and/or solid particles

• Particulate material can be primary or secondary: 

• Primary particles are composed of material emitted directly 
into the atmosphere;

• Secondary particles form from condensable vapors formed 
by chemical reaction involving  gas-phase precursors or by 
other processes.

GENERAL CONCEPTS
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Emissions

Primary particles emission

Heterogeneous 
reactions

Condensation

Homogeneous 
reactions

(OH, O3, NO3,…)

Nucleation Coagulation

Dry deposition

Activation
Activation

Evaporation

Rain dropsGaseous 
molecules

Particles

Dp < 0.01 µm 0.01 < Dp < 0.1 µm 0.1 < Dp < 1 µm 1 < Dp < 10 µm

Wet deposition

Coalesce

Reactions in 
clouds

Reactions in 
clouds

Coagulation

ATMOSPHERIC PROCESSES THAT INFLUENCE 
PARTICULATE MATTER
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SEA SPRAY

• The bursting of bubbles in seawater forms small liquid aerosol 
particles;

• Evaporation of water  form the aerosol particles results in the 
formation on particles (sea salt nuclei).
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PROCESSES AFFECTING ATMOSPHERIC PARTICLES
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Idealized distribution of ambient particulate matter
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FINE FRACTION COARSE FRACTION
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C O N S T IT U E N T S  O F  AT M O S P H E R IC  F IN E  P AR T IC L E S  (<2 .5  µm ) 

P R IM AR Y S O U R C E S   S E C O N D AR Y S O U R C E S  

S p e c ie s  N a tu ra l An th ro p o g e n ic  N a tu ra l An th ro p o g e n ic

S O 4
2-  S e a  sp ra y  F o ss i l fue l 

co m b ustio n 

O xid a tio n o f S O 2 
a nd  H 2S  e m itte d  
b y vo lca nism  
a nd  fo re s t fire  

O xid a tio n o f S O 2 
a nd  H 2S  e m itte d  
fro m  fo ss il fue l 
co m b ustio n 

N O 3
- --- M o to r ve hic le  

e xha us t 

O xid a tio n o f NO X 
p ro d uce d  b y 
so i ls , fo re s t fi re  
a nd  lig hting  

O xid a tio n o f NO X 
e m itte d  fro m  
fo ss i l fue l 
co m b ustio n 

M in e ra li E ro s io n re -
e ntra inm e nt 

F ug itive  d us t; 
p a ve d , unp a ve d  
ro a d s; a g riculture  
a nd  fo re s ty 

--- --- 

N H 4
+ --- M o to r ve hic le  

e xha us t 

E m iss io n o f NH 3 
fro m  w ild  
a nim a ls , 
und is turb e d  so i l 

E m iss io n o f NH 3 
fro m  a nim a l 
husb a nd ry, 
se wa g e , 
fe rti lize d  la nd  

O rg a n ic  
c a rb o n  (O C ) W ild  fire s  

O p e n b urning , 
wo o d  b urning , 
co o k ing , m o to r 
ve hic le  e xha us t, 
ti re  we a r 

O xid a tio n o f 
hyd ro ca rb o ns  
e m itte d  b y 
ve g e ta tio n 
(te rp e ne s , 
wa xe s), w i ld  fire s

O xid a tio n o f 
hyd ro ca rb o ns 
e m itte d  b y m o to r 
ve hic le s , o p e n 
b urning , wo o d  
b urning  

E le m e n ta l 
c a rb o n  W ild  fire s  

M o to r ve hic le  
e xha us t, wo o d  
b urning , co o k ing  

--- --- 

M e ta ls   

F o ss i l fue l 
co m b ustio n, 
sm e lting , b ra ke  
we a r 

--- --- 

B io a e ro s o ls  V iruse s , 
b a c te ria  --- --- --- 
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CONSTITUENTS OF ATMOSPHERIC COARSE PARTICLES (>2.5 µm) 

PRIMARY SOURCES SECONDARY SOURCES 

Species Natural Anthropogenic Natural Anthropogenic

Minerals Erosion re-
entrainment 

Fugitive dust, 
paved, unpaved 
road dust, 
agriculture and 
forestry 

--- --- 

Metals 
Erosion re-
entrainment, 
organic debris 

--- --- --- 

Ions Sea spray Road salting --- --- 

Organic 
carbon --- tire and asphalt 

wear --- --- 

Organic 
debris 

Plant, insect 
fragments --- --- --- 

Bioaerosols 
Pollen, fungal, 
spores, 
bacteria 
agglomerates 

--- --- --- 
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Ion concentration as a function of particle size
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ORGANIC CARBON

POLYCYCLIC OGANIC HYDROCARBONS (PAH)

in 1975 the isolation of the first known cycloalkenyl derivate: 
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The process that proceed to the formation of stable  PAH structures: pyrosynthesis

ORGANIC CARBON
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SOME SECONDARY ORGANIC COMPOUNDS IDENTIFIED IN
AMBIENT PARTICLES IN URBAN AIR
COMPOUND n 

HOOC(CH2)nCOOH 1-8 

HOOC(CH2)nCHO 3-5 

HOOC(CH2)nCH2OH 3-5 

HOOC(CH2)nCH2ONO 3-5 

CHO(CH2)nCH2OH 3-5 

CHO(CH2)nCHO 3-5 

HOOC(CH2)nCOONO 3-5 

CHO(CH2)nCOONO 3-4 

HOOC(CH2)nCOONO 3-4 

HOOC(CH2)nCOONO2 4-5 

HOOC(CH2)nCH2ONO2 3-4 

(C6H6)-(CH2)nCOOH 1-3 

HOOC-(C6H4)-(CH2)nCH3 1-2 
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MEAN COMPOSITION OF PARTICULATE MATTER

URBAN AEROSOL

Organic compounds
31%

Elemental carbon 
9%

Not defined
18%

Ammonium 
8%

Nitrate
6%

Sulphate
28%



1616

Egyptian and Italian Cooperation Programme on Environment
Analysis and sampling of air and air pollution

Mr. Alessandro Di Menno Di Bucchianico

RURAL AEROSOL 

Organic compounds
24%

Elemental carbon
5%

Not defined
19%

Ammonium
11%

Nitrate
4%

Sulphate
37%

MEAN COMPOSITION OF PARTICULATE MATTER
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NATURAL AEROSOL 

Organic
compounds
11.0%

Elemental
carbon

0.3%

Not defined
56.8%

Ammonium
7.0%

Nitrate
3.0%

Sulphate
21.9%

MEAN COMPOSITION OF PARTICULATE MATTER
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Sampling and analysis

HV sampler for Total Suspended Particulates 
(TSP)
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Sampling and analysis

HV sampler for PM10
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Inertial impactors: (A) impactor, (B) cyclone

Sampling and analysisSampling and analysis
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dichotomous 

Sampling and analysisSampling and analysis
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PM10, PM2.5 dual sampler

FAI Hydra automatic sampler that can work with any sampling inlet
(PM10, PM2.5, PM1 ) within the operating flow rate range 0.8 ÷ 2.5 m³/h, 
on two distinct independent channels
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PM10, PM2.5 dual sampler
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diffusion denuder

Sampling and analysisSampling and analysis
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diffusion denuder
Sampling and analysisSampling and analysis
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gravimetric method

Sampling and analysisSampling and analysis
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Tapered Element 
Oscillating Microbalance

(TEOMTEOM)

Automatic samplers and analysersAutomatic samplers and analysers
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β gauge sampler

Automatic samplers and analysersAutomatic samplers and analysers
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Inlet head

Sampling
module

Inlet air

Inertial Impactor
(PM10 or PM2.5)

Air and selected particlesClean filters
holder

Sampled filters
holder

Pump
module

Exhaust

Automatic
flow rate adjustment

Flow rate
reading

Flow rate
generator
(span test)

Flow rate
control module

Filters moving
module

Mass measure
module

Reference
membranes

Beta
source

Sampling
filter

Filter
measuring

Movable shield

Geiger

Electronic section

Sampler module
LCD display - Keyboard - LED Analog

output
RS 232

Serial port

Atmospheric Dust
Automatic Monitor

(ADAM)(ADAM)

Automatic samplers and Automatic samplers and 
analysersanalysers
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