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Objective: To accurately characterize black carbon and organic carbon emissions from 
wildfires and include a robust estimate of uncertainty as part of the Environmental 
Measurements Program.  

Problem: Agricultural biomass burning and wildfire activity throughout the world are major 
sources of atmospheric aerosols that adversely affect global climate, health, and visibility. The 
chemical characterization of particles from burning is essential for assessing its contribution in 
ambient air and, in turn, for predicting the health and environmental effects of unabated 
burning. Due to emission variation, sampling artifacts, and measurement method differences, 
fundamental challenges exist in determining the carbon composition of aerosols that 
accurately represent large-scale vegetative burning. 

Approach: Several controlled fires in Northwest Territories, Canada, were conducted as part 
of the International Crown Fire Modeling Experiment, a four-year summertime effort for 
collecting fire data under conditions that foster wildfires which reach the forest crown. 
Particulate emissions were collected with samplers in the fire path at ground level and in 
aircraft. Volatile and semi-volatile organic compounds were also collected. Efforts focussed on 
two fire stages: the relatively brief flaming stage during which high-temperature gas-phase 
reactions produce copious black carbon, and the longer smoldering stage during which lower-
temperature processes produce proportionately less black carbon. A virtual impactor at ground 
level separated particles into two size classes: =2.5 mm and 2.5 mm to 10 mm in diameter. 
Fig. 1 shows the flame front exiting the plot and releasing soot that approaches the sampler 
(arrow). Concurrently, the two stages were sampled with a high-volume sampler by helicopter 
at ca. 400 m above ground. Several passes were made each through a dark plume from the 
flame front and a light plume from smoldering that followed. Particles were collected on quartz-
fiber filters backed by an additional filter to account for adsorbed gas-phase compounds and 
particle losses. 
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Results and Future Plans: Black carbon (BC) and organic carbon (OC) were determined by 
the thermo-optical method. Uncertainties were propagated to account for variance from: 1) the 
measurement method, 2) composition within filters, 2) blank carbon, 3) different size fractions, 
and 4) different fires (Fig. 2). The BC to total carbon (TC) ratio for flaming was 0.085 ± 0.032 
( ), based on the airborne platform. BC/TC for smoldering was 0.0088 ± 0.0046 from the 
ground-based platform. Future measurement efforts will focus on determining a multi-species 
carbon-13 signature of boreal and temperate zone wildfires as distinguishable from other 
combustion sources. 

Publications: Conny, J.M. and J.F. Slater, "Black Carbon and Organic Carbon in Aerosol 
Particles from a Crown Fire in the Canadian Boreal Forest," J. Geophys. Res., 2000 
(submitted). 
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Figure 1. Aerosol sampling during flaming. Figure 2. Analytical variances.
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