
Chemical composition of wildland and agricultural biomass 
burning particles measured downwind during BBOP study
Timothy Onasch1, John Shilling2, Arthur Sedlacek3, Edward Fortner1, Mikhail Pekour2, Duli Chand2, 

Andrew Freedman1, Shan Zhou4, S. Collier4, Q. Zhang4, Larry Kleinman3, Ernie R. Lewis3, Joda Wormhoudt1, 
Douglas Worsnop1, Robert Yokelson5, Kouji Adachi6, Peter Buseck7, Leah Williams1

1Aerodyne Research Inc., Billerica, MA; 2Pacific Northwest National Laboratory, Richland, WA; 3University of California - Davis, Davis, CA; 
4Brookhaven National Laboratory, Upton, NY; 5University of Montana, Missoula, MT; 6Meteorological Research Institute, Japan; 7Arizona State University, Tempe, AZ

Biomass Burn Observation Project (BBOP)

A Department of Energy (DOE) sponsored study to measure 
wildland fires in the Pacific Northwest and prescribed 
agricultural burns in the Central Southeastern US from the 
DOE Gulfstream-1 aircraft platform over a four month period 
in 2013. 
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Introduction and Methods

Evolution of biomass plumes Summary
Colockum Tarps Fire

07/30 Washington State
Southeast of Wenatchee G1 flight track

Downwind Chemical Changes

Wildland Fires: 
Shrub, Forest
Urban: Seattle, Portland,
Spokane
MBO: Fly overs
SEAC4RS: Joint mission

Prescribed Agricultural 
burns:
Rice, Soybean, Sorghum
Urban: Nashville, Memphis
cent

Laboratory generated tar balls

Observation of Rapid Downwind Transformations

Tar ball formation and evolution were clearly observed in BBOP samples examined
using electron microscopy. We initiated a laboratory study of tar balls to examine
chemical and optical properties to augment field observations.
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spread over the substrate
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~2.5 hours
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Aging results in highly 
spherical particles called 

Tar Balls

Optical Measurements
Extinction: 1- CAPS PMex (630 nm)

Scattering: 3- Nephelometer (450, 550, 700 nm)

Absorption: 1- PAS (355 nm)

1- PTI (532 nm)

3- PSAP (462, 523, 648 nm)

Chemical & Physical Measurements
NR-PM: SP-AMS, TEM

rBC: SP2, SP-AMS, TEM

Szie: UHSAS, PCASP, FIMS

SP – AMS

Tar ball formation

Downwind Optical Changes

TBs slow to evaporate under TEM 
electron beam, similar to ambient 
collected TBs

Exhibit low volatility

Measured quantitatively by AMS
Unsaturated hydrocarbon signals

Chemical signals may be related to 
brown carbon absorption 

Observed AMS collection 
efficiencies are between 0.5 and 1.0

Pyrolysis of pine needles/twigs

Measurement Variability

Flight 730b (31 plumes) BBOP wildfires (173 plumes)
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Ext/CO for a single fire spans range of observed wildfire plumes

Extinction / CO
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Flight 730b (31 plumes)

BBOP wildfires 
(146 plumes)

OA/CO for a single fire spans range of observed wildfire plumes
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• Rapid physical, chemical and optical changes
in biomass burning particles measured
downwind (< 3 hours) from wildland fires in
Pacific Northwest.

• The chemical composition of OA is rapidly
changing, with the O:C and OM:OC
increasing and primary components
decreasing.

• TEM’s observe formation of tar balls.

• SP-AMS found to measure laboratory
generated tar balls with high CE.

• SSA’s increase downwind, indicating
scattering increases faster than absorption

• Organic aerosol loadings ([Org]/[CO])
appear to be relatively constant with time
downwind suggesting that the competing
evaporation of primary and condensation
of secondary particulate material may be
of similar order within the first few hours.

• Variability in different burn plumes from one
wildland fire similar to the variability in
chemical and optical properties for all
sampled wildland fires

Tungsten vaporizer

Dual vaporizers

Laser vaporizer

PMF deconvolution

Refractory black carbon

Government Flats fire (8/21/2013) 

Dual vaporizers

MCE

Nonrefractory composition
Biomass burning plumes 
are > 92% Organic

OA / C Flight 730b (27 plumes)BBOP wildfires (96 plumes)

While MCE appears to be strong driver, atmospheric changes 
may provide secondary variances
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