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Worldwide AMS measurements of the chemical =
composition: the importance of organic aerosol
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Sources of that organic aerosol?
Which fraction Is primary, which secondary?

* Primary particles: directly emitted to the
atmosphere

e Secondary particles: formed in the atmosphere
by condensation (nucleation and growth)
after chemical transformation
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Traditional ways of determining primary and
secondary organic aerosol (POA and SOA)
A: OC/EC ratio
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But: SOA may be formed nearly instantaneously; -
Example: Wood combustion aerosol shows immediate
SOA formation after turning on the lights in a chamber
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Traditional ways of determining primary and

secondary organic aerosol (POA and SOA)
B: Tracers
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=»>much smaller primary fraction than expected from tracer ratios
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Dilution results in decrease of semivolatile OC in aerosol
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An alternative approach:

Use the full (organic) spectra of an aerosol mass
spectrometer to retrieve source contributions

Example:
Zurich, Summer
AMS mass:
19 ug/m?3

OM: 13 ug/m?3
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Positive Matrix Factorization (PMF) of full OM spectrum
for source identification and attribution
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The result of PMF
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The two different types of OOA behave dlfferently
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OOA-I and OOA-Il now found at many other sites
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How does this OOA compare to secondary organic
aerosol?
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The PSI smog chamber
AMS
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Paulsen et al.,
ES&T (2005)
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Early AMS smogchamber spectra e.g. of a-pinene
did not match aged ambient spectra = why?
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AMS m/z 44 gets close to ambient only
at low precursor concentration
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Smog chamber SOA vs. ambient OOA | & OOA Il
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Smog chamber SOA from a-pinene
vs. ambient OOA | & OOA Il from Zurich
1.0 - — 1.0
- .a_ o OOA Il
— 0.9 B N W - Lose
% . OOA | ‘;"‘oﬁ__ ® .o/‘,—o . g
c Tl P ® o
2 RIS < ¢ 5
& 0.8 T T e ° %8 §
Q - ~ .
8 ® ¢ ’// .. T 8
- _ -7 ® e ® [0
S 0.7- . * 07
E /// —
: e 2
o ®- =
© 064 o a-Pinene SOA| [06 =~
-®
0.5 i S s i i e e s i i ~0.5
3 4 5 6 789I 2 3 4 5 6 789I 2 3 4
10 100

Maximum SOA mass (uglms)

Lower VOC concentration = lower SOA mass = more oxidized and less volatile SOA
Higher VOC concentration = higher SOA mass = less oxidized and more volatile SOA

Alfarra et al., submitted

Paul Scherrer Institut « 5232 Villigen PSI



[JT—I::D PAUL SCHERRER INSTITUT ey

What does AMS m/z 44 mean at all?
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The link between m/z44 and the O/C ratio
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m/z44 is also correlated with hygroscopic growth
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Duplissy et al., in preparation
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Conclusions

« PMF of AMS data provides a highly suitable means to identify
sources of organic aerosol; both primary and secondary

« Smog chamber results are representative of the real
atmosphere if you do it right (low concentrations)

« AMS features can be related to fundamental chemical
signatures of the aerosol
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Thank you for
your attention

http://www.psi.ch/lac
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The use of a Multilinear Engine (ME-2) instead of PMF

a. HOA factar: soectral similarity to references and evolution . ; . ;
a. HOA factor: spectral similarity to references and evolution
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a-value = 0O: profile fixed a-value = 1: intensities can evolve from 0 to 200%

Additional constraints by other methods (e.g. radiocarbon analysis): a-value

cannot be higher than 0.8 (otherwise HOA overestimated (fossil SOA negative)
Lanz et al., ES&T, 2008
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Presentation Notes
The parameter a is called the ‘a-value’ or degree of variability of the a priori profile: e.g. setting the a-value of a given profile to 0 means that it is fixed and cannot be changed during iterative fitting. As another example, a priori profiles can evolve from 0% to 200% of the original signal intensities when the a-value is set to 1 


an upper limit of the possible HOA contribution can be derived from combination of the AMS and 14C analysis: for a=0.8 and higher, the HOA contribution (13%) is overestimated.  In this case, modeled HOA concentrations exceed the total estimated fossil OM concentration during one filter period - the resulting secondary fossil OM concentration would thus be below 0%, which is not meaningful. In addition, a-values close to 1 lead to unrealistic factors that are similar to the ones from a data analysis using PMF 
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