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Current conceptual model for
organic aerosol

 Primary organic aerosol
= Non-volatile
= Non-reactive

] Secondary organic aerosol

= High flux, but very volatile precursors
* Light aromatics
 Monoterpenes

= Absorptive partitioning of non-reactive
condensable products
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What is primary organic aerosol?

Measure with dilution sampler
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Gas-particle partitioning of primary
emissions with dilution

POA in Diesel Exhaust
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Volatility distribution of diesel exhaust
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Traditional POA emission factors biased high

Particle Fraction
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POA emissions for
high emitting sources
may be biased by a
factor of 5!
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“Large” Amounts of Low Volatility
Organic Vapors

Predicted Gas-Particle Partitioning at
T =298 K, 10 ug/m-3 of OA
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POA varies with atmospheric conditions
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Photochemical aging of diesel
exhaust

CMU smog chamber

Particle
Measurements:

= SMPS

» Q-AMS

"\

T=22+2°C
RH=7 + 3%

UV lights

Gas Measurements:
= Ozone Monitor
= PTR-MS
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Experiments done in CMU smog chamber 

10m3 teflon bag

Goal to measure as close to atmospherically relevant conditions as possible

Initial particle conc between 5 and 200 ug/m3, typically around 50

Add diesel with diesel generator

Turn on UV lights and monitor changes with:

Measure particles with SMPS, AMS

Measure gas with ozone monitor, PTR-MS�


Photo-oxidation creates significant
amounts of SOA
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First thing we noticed – lots of SOA is formed

Figure shows same data represented in two different ways

Experiment starts when diesel added to the bag

Let about half hour pass to characterize wall loss 

On log scale, first order wall loss appears as straight line

On bottom graph, data wall loss corrected so mass is flat

At time zero turn on lights – see kink in line which indicates SOA formation

If didn’t turn on lights measured mass would continue down black line that separates primary and SOA

As time passes SOA continues to grow in 

On bottom, primary stays constant and SOA starts growing in

See clearly in this figure magnitude of SOA formation - that total mass almost doubles

Want to understand where SOA is coming from.

Whether can be explained with know aromatic precursors. 

To do this we wanted to test with an experiment�


What Is contribution of known SOA
precursors?

/777, Known SOA precursors
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d SOAM I (Koo et al. 2003)

1 58 precursors
= Measured Aromatics

= Estimates for other
species

J Assume ideal solution
J Wall losses
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Figure shows results from model. Same figure shown at beginning of talk

Top measured mass on log scale

Bottom wall loss corrected mass

Blue striped section is contribution from traditional high volatility precursors

Only small fraction, ~10% of SOA accounted for

Lots of unexplained SOA�


Aging of low volatility vapors
source of unexplained SOA
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Figure shows results from model. Same figure shown at beginning of talk

Top measured mass on log scale

Bottom wall loss corrected mass

Blue striped section is contribution from traditional high volatility precursors

Only small fraction, ~10% of SOA accounted for

Lots of unexplained SOA�


Revised framework for primary emissions
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Traditional Approach New Framework
_ Non—vola}tllg VOCs
prlmary emISSIOnS 7000 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
7000 l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6000' I_ -
6000 I _— 90007 Redistributed primary -
5000 NEI 2002 I_ . > gggg emissions based on fit I
40001 - B 50001 of data — I
3000 i c ) . i
2000 . =L § 10001 - WP
1000 oy | = [] ) Tn, 400_: I
4001 . & 300+ -
300- _ = 200+ -
200- _ 100- -
| O' T T T T T T T
108'. WHH - 1041010°10'10°10°10*10°10°10"10°1010"1 0™
T T T T T T T T T T T T T T T 3
POA101010°10'1010°10*0°10°10"10"10°10" 10" C* @ 298K (ug/m”)
C* @ 298K (ug m™)
1.0
) /,
B Organic EF g ° Measured f: I
+—  0.6- 1g (kg-fuelyl = 0.8- Fit of data
% 9 O | - - - 95%PI -
L S
c 0.4 LL
o Q@
‘w o -
D 02 =
©
£ g
0.0 e
1 10 100 1000 10000

Dilution Ratio



Revised framework consistent
with ambient data

70004 —— e
6000

o0l NEI 2002 B | _
3000] ; Ambient Data from LA
2000 I
10003 -. 12 1?)8 [ I Non-Aromatic —
400 - gol ] Aromatic —
oo - 60| I UCM

200- _

1001

r)

Emissions (Ktons/Y

7000
6000
5000
4000
3000
2000
10004

Mass Conc. (ug m”)

400-
3004
200-
100+

Saturation Concentration C*

Mass (Ktons/Yr)

101010°1010%10°10*10°10°10"10°1010"1 0"

C* @ 298K (ug/m°®) Fraser et al. EST 1997, 1998

Carnegie MB“OII Center for Atmospheric Particle Studies



Aging Scheme

Gas-phase Aging
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Evaporation dramatically reduces POA
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Aging Creates Regional SOA

Traditional Model |

> Total OA

July 2001 ug m-3
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Revised model predicts a more regional
aerosol

Model- Measurement Comparlson
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Dramatic shift in primary-secondary split

Predicted fractional contribution of SOA to total OA concentration

Traditional Model Semivolatile Emissions + Aging

July 2001

Robinson et al. Science 2007.
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Look at implications for this research on a grander scale

Ideas implemented in chemical transport model 

Treat primary as semi-volatile

Talk at beginning of week

PMCAMx simulations for July 2001

Both figures show fractional contribution of SOA to total organic aerosol concentrations

Implies dramatic shift in SOA contribution to total OA, especially in rural areas

Suggests most of OA is secondary

�


Model vs. AMS HOA/OOA Measurements

Non-volatile: Basecase
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Conclusions #1

d Primary Emissions are Semivolatile
= Gas-particle partitioning of POA
= Photochemical aging of low volatility organic vapors

d Implications for regional OA
= Reduce POA
* |[ncrease SOA
= Developing control strategies?

 Need to update methods used to measure and
simulate POA
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Ratio with EC

Is POA non-reactive?

Pittsburgh Ambient Data
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Laboratory measurements of aging
of Molecular Markers

CMU smog chamber

7 ‘ 1500+ pg/m? aerosol

e

T=22+2°C
RH=7 + 3%
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Rapid Oxidation of Molecular Markers
In Hamburger Grease Aerosol
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Relative Rate Analysis
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Palmitoleic slope = 1.3 +/- 0.3

Cholesterol slope = 0.22 +/- 0.1

Pentacosane slope = 0.06 +/- 0.15�


Motor Oil and OH
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Hopanes and Steranes Oxidize at
Approximately Half Rate of Xylene
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Conclusions #2

 Molecular markers aging in realistic systems

 Treat mixing and aging as first order processes
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