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Importance of secondary aerosols

Beijing: Paris:

- Secondary aerosol particles are formed in the atmosphere from gaseous precursors

- Secondary inorganic aerosols (SIA) are secondary particles with inorganic composition -
formed mainly of SO2, NOx and NH3 precursors

- Secondary organic aerosols (SOA) are usually understood as particulate matter formed from 
gaseous organic precursors (VOC) in the atmosphere – possibly thousands of different 
precursors

Kathmandu:
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Huang et al., 2014, Nature

Composition of ambient air particulate matter

-> Secondary aerosols form
substantial fraction of PM 
even in areas with high
local pollution
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www.thelancet.com/lancet/visualisations/g
bd-compare

Health effects of air pollution and SOA

“we attribute 340 000 PM2.5-related premature deaths per year to 
anthropogenic SOA, which is over an order of magnitude higher than 
prior studies”
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Methods
 Fuels

– Pine, Alder, Vacchelia
Nilotica

– Birch branch splitted, 
Birch branch, whole
(wetter birch)

• Stove types
• Solo Stove = ND 

Gasifier stove
• ND Rocket stove
• Mud Stove

• UEF/SIMO
• WBT Protocol
• Primary aerosols
• SOA formation
• 26 experiments
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Average Primary and Secondary PM 
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Real-time Primary and Secondary PM emissions
(Solo Stove, Pine Test 1)
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Formation of SOA varies, e.g. Rocket
Stove, Vacchelia Nilotica Test 2
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Potential of VOCs to produce SOA?

SOA / VOC (%)

SOA/VOC (%) value typically 4-8 %
Slightly higher in Vacchelia Nilotica
Clearly higher in Solo Stove with Pine
Needs to more detailed analyses
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Alder Birch Birch (wet) Pine Vacchellia
Mud Stove 5,3± 1,2 5,0 ± 0,9 4,9 ± 1,2 6,3 ± 4,0 6,8 ± 3,5
Rocket Stove 5,3± 2,0 ± 9,3 ± 6,0 10,2 ± 1,7
Solo Stove 7,7± 0,3 4,2 ± 0,6 5,3 ± 1,3 20,0 ± 4,1 9,2 ± 3,0
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Particle mass size distributions
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w/o aging – dotted line
with aging – solid line

Red Solo Stove
Blue Mud stove
Black Rocket Stove
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Summary
 SOA is an important pollutant 

component in atmosphere and should 
be taken into account in emission 
regulations

 SOA formation potential of biomass 
combustion is still relatively poorly 
studied. 

 The role of secondary aerosols 
increases, when emission legislations 
are focusing on primary particles. 

 In cookstove tests, SOA was formed in 
all tested cases

– Primary emission PM has to be multiply
averagely to a factor 2.2 ->PRI+SOA

– Especially, Stolo Stove with Pine wood 
produced lot of SOA 

 More data analyses are needed.
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uef.fi

Thank you!
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