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[1] We examined the chemical composition of aerosol samples collected during a
prescribed fire at a Great Basin Desert site in the context of samples collected from
controlled combustion of vegetation clippings from the same site and resuspension of soil
samples obtained prior to and after the burn event. We observed a distinct difference in the
composition of organic carbon resuspended soil dust after the burn, reflecting changes
caused by the heating of the soil. The relative abundances of minerals and organic carbon
fractions in aerosols collected during the first period of the burn were identical to those
measured in soil dust. For aerosol samples collected for the remaining two periods of the
burn event, the profiles of both minerals and organic carbon matched quite well those
observed for vegetation combustion. Reconstruction of aerosol samples collected during
the burn event showed that vegetation combustion dominated emissions but mineral
soil dust may account for about 10% of PM10 emissions (reconstructed) during the early
stages of the fire. A large fraction of emissions during the first two hours was also
unaccounted mainly because of the insufficient conversion of organic carbon to organic
mass. The abundance of heavier non-volatile organics in soil dust suggested the presence
of humic/fulvic acids that exhibit higher OM-to-OC ratios and thus, account for a
proportion of the unaccounted emissions. These findings indicated that soil dust may be
released into the air during a fire event, probably due to the enhanced turbulent mixing near
the burn front.
Citation: Kavouras, I. G., G. Nikolich, V. Etyemezian, D. W. DuBois, J. King, and D. Shafer (2012), In situ observations of soil
minerals and organic matter in the early phases of prescribed fires, J. Geophys. Res., 117, D12313, doi:10.1029/2011JD017420.

1. Introduction
[2] The consequences of wildfires include loss of life and
property and ecosystem destruction, soil erosion by wind
and water, and air pollution. During the last two decades,
wildfires in the United States (U.S.) were responsible for
burning areas in excess of 22,000 km2 yr1, which is about
three times higher than the rate between 1920 and 1980
[Stocks et al., 2002; Schoennagel et al., 2004; Gillett et al.,
2004]. Fire frequency and intensity are extremely sensitive
to changes in climate, land use practices, drought, spread of
invasive grasses, and accumulation fuel loads resulting from
near-total fire suppression efforts during much of the 20th
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century [Neary et al., 1999; Westerling and Swetnam, 2003;
Westerling et al., 2006].
[3] Direct atmospheric pollutant emissions during fires,
which contribute globally as much as 4.1 GtC yr1 into the
atmosphere and being responsible for severe PM2.5 (particles
with aerodynamic diameter less than 2.5 mm) and O3 episodes in downwind locations, are dominated by organic
gases and particulate matter (PM) formed during the burning
and charring of biomass [Radke et al., 1991; Andreae and
Merlet, 2001; Malm et al., 2004; Junquera et al., 2005].
Perhaps because combustion of the vegetation is such an
obvious source of pollution from fires [Reid and Hobbs,
1998], there has been very little attention paid to the role
of soils and the possibility that they that undergo transformations in their physical and chemical properties when
subjected to the intense heat conditions of a fire.
[4] The heating of soil during a fire can transform soil
organic matter (humic acids, carbohydrates and proteins) to
lipophilic aromatic compounds that form a water-repellent
layer on the soil grains [Fox et al., 2007; Finley and Glenn,
2010; Atanassova and Doerr, 2011]. Mineralization changes
may result in the formation of coarser soil particles through
the aggregation of clay particles into sand-size agglomerates,
alter the soil bulk density, and reduce soil porosity [Blank
et al., 1996; Vermeire et al., 2005]. This alteration of the
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soil texture can increase the erodibility (by water and wind)
of burned soils and influence the rate of re-vegetation and
the potential for introduction or propagation of invasive
species [Prater and DeLucia, 2006; Whicker et al., 2002;
Lesica et al., 2007; Keeley et al., 2008]. Fires in shrublands
have been shown to cause more pronounced changes in soil
structure than forest and grass fires because they are associated with a greater degree of soil heating [Sapsis and
Boone, 1991; Cruz et al., 2011]. Studies aimed at understanding the behavior of fires have demonstrated considerable turbulence can be generated by the buoyancy resulting
from heating in and around the fire front with the greatest
buoyancy being measured within the fire plume [Clements
et al., 2008]. This combination of conditions is likely to
induce the suspension of loose dust particles into the
atmosphere. Airborne suspended soil dust has been shown
to modify heterogeneous and multiphase transformations,
affecting the ozone chemistry, nitrate formation (from oxidation of NO2), the redox chemistry of Fe-containing dust
[Ito and Feng, 2010; Chen et al., 2011; Shiraiwa et al.,
2011] and ice nucleation [Koehler et al., 2007; Fornea et al.,
2009].
[5] The overall objective of this work is to provide a
preliminary characterization of the chemical signature of
soil dust before and after a fire event and relate this information to the amount of soil dust emitted during a prescribed fire event. This was achieved by in situ collection of
soil dust before and after a prescribed burn event using the
Portable In Situ Wind ERosion Laboratory (PI-SWERL)
[Etyemezian et al., 2007; Sweeney et al., 2008; Kavouras
et al., 2009] and time-resolved samples of the prescribed
burn emissions using the In-Plume Emission Test Stand
(IPETS) [Nussbaum et al., 2009]. A prescribed burn was
chosen for this preliminary work to facilitate the planning
and implementation of these measurements, which were
conducted for the first time.

2. Prescribed Fire Site and Methods
[6] The prescribed burn plot was located in the Upper
Gleason watershed (44.04 km2) within the boundaries of the
Great Basin Desert in east-central Nevada (39 23′43″N,
115 03′57″W, elevation: 2,183–2,397 m). The area is in a
transition zone between juniper (Juniperus osteosperma)
and pinyon pine (Pinus monophylla) trees at higher elevations in the watershed, and shrub communities dominated by
sagebrush species (Artemisia spp.). Fire suppression activities and overgrazing by cattle, sheep and feral horses in the
Great Basin have led to thick stands of sagebrush at lower
elevations, the encroachment of juniper and pinyon pine
downslope into sagebrush communities [Pierson et al. 2009],
and the rapid spread of invasive grasses such as cheatgrass
(Bromus tectorum) [Knapp, 1996], although invasives were
largely absent from the prescribed burn study site. Under
these conditions, larger and faster-spreading wildfires have
become more frequent, post-fire soil erosion appears to have
increased, and the natural, post-fire re-vegetation of native
plants has been under pressure by competition from invasive
species [Miller et al., 2005]. The predominant objective of
the prescribed burn was to reduce pinyon pine and juniper
encroachment into shrub communities, and to increase shrub
diversity by reducing the density of sagebrush. Soils on lower

D12313

slopes in the shrub communities were primarily sandy loams.
Prior to the burn, soil structure was medium blocky to granular structure in undercanopy areas, and moderate to coarse
blocky structure in interspaces between shrubs (Fine sizes:
0.5–2 mm; Coarse sizes:10–20 mm). Post-fire, structure in
the undercanopy and interspace sites had deteriorated to
weak and moderate in strength with only coarse sizes from 10
to 40 mm. The bulk density of burnt soil surfaces in the
undercanopy and interspace decreased by 15–16% as compared to those measured prior the burn (K. Chief et al., Lowintensity, fire-induced changes of soil structure, physical and
hydraulic properties, submitted to Soil Science Society of
America Journal, 2011).
[7] The burn was conducted on August 13, 2009. Figure 1
shows the boundaries of the prescribed burn, the locations of
PI-SWERL and IPETS measurements, and the prevailing
wind conditions during the prescribed burn. An area of
1.55 km2 that was covered with mixed sagebrush and pinyon
pine-juniper plant communities was burned. Slopes ranged
from 0 to 5% in the burn plot area. The primary aspect of the
watershed is southwest with minor northeast and southwest
aspects [U.S. Bureau of Land Management, 2006]. The fuel
load was classified as healthy with a sagebrush steppe
(group 2 or 3) and grass components. The total fuel load
(less than 7.62 cm in diameter, dead and alive) ranged from
0.2 to 1.8 kg m2 and the average fuel load was estimated to
be 0.54 kg m2 [U.S. Bureau of Land Management, 2006].
The intensity of the fireline was equal to 1710 kW m1. The
fire was ignited with a heavy drip-torch starting at the
southern boundary of the plot (heading fire); it lasted for
approximately 6 h and was low in intensity in the area of the
test plots, with soil temperatures reaching 315 C at 1-cm
depth under the sagebrush canopy. Limited re-ignition was
done occasionally during the burn when deemed necessary
to promote advancement of the burn front. As a result,
ignition and flaming might have dominated the early phases
of the burn, while smoldering (with episodic flaming) conditions probably prevailed during the later stages of the burn.
The PI-SWERL tests were carried out inside and outside
(control) the prescribed burn plot boundaries before and after
the event. The measurements outside the burn plot were
intended to represent a control surface that was similar in
soil and plant characteristics. The PI-SWERL used for this
study, described in greater detail by Kavouras et al. [2009]
and King et al. [2011], can be thought of as a portable
wind tunnel. Instead of air being drawn by a fan over a test
surface, the PI-SWERL uses the rotation of a flat, annular
blade to induce shear stress at the soil surface. In this study,
the PI-SWERL cycle consisted of: (1) a 60 s clean, filtered
air flush, (2) instant acceleration to 500 rpm (RPM)
(friction velocity (u*) of 0.14 m s1), (3) 60 s linear ramp
to 2000 RPM (u* = 0.33 m s1), (4) maintain 2000 RPM
for 60 s, (5) 60 s ramp to 3000 RPM (u* = 0.49 m s1),
(6) maintain 3000 RPM for 90 s, (7) 60 s ramp to 4000 RPM
(u* = 0.68 m s1), (8) maintain 4000 RPM for 90 s, and
(9) turn off motor and clean air flush for 60 s. The concentrations of PM10 soil dust within the PI-SWERL were
measured using a DustTrak (Model 8520, TSI Inc) nephelometer. Filter samples were also collected at the exhaust of
the PI-SWERL. In order to ensure adequate filter loading,
each set of filters represented a composite of eight individual PI-SWERL measurements, all obtained on the same

2 of 9

D12313

KAVOURAS ET AL.: SOIL PARTICLES IN FIRE EMISSIONS

D12313

Figure 1. The Upper Gleason burn boundaries and wind conditions.
type of soil surface. This same cycle of RPM speeds in the
wind tunnel is being used in a number of other wind erosion
studies and was adopted here for consistency. The cycle
alternates between linear increases in RPM and maintaining
a preset RPM for a period of time. The former is useful for
identifying the values of RPM that correspond to a change
in the wind erosion regime (e.g., achieving a threshold
value for dust emissions), while the latter is helpful for
determining the amount of material available for emission
as dust at specific values of wind shear stress.
[8] The IPETS system was deployed on the north/
northeast edge of the prescribed burn plot to capture the
plumes from winds that were predominantly from the south/
southwest at speeds lower than 10 m s1. One-minute PM10
ambient mass concentrations were continuously measured
using a DustTrak monitor. Aerosol samples were collected
during three intervals over the course of the prescribed
burn, corresponding to 0–2 h, 2–4 h and 4–6 h after the
primary ignition (ignition was repeated at different locations
as needed).
[9] Filter samples of ambient aerosol were collected
through PM10 size selective inlets (operating at 50 l min1 in
the IPETS and 5 l min1 in the PI-SWERL) on Whatman
47-mm Teflon (PTFE) (2 mm porous size) and quartz fiber
(QF) filters. Aerosol samples from the combustion of about
2 m3 of equal amounts of sagebrush, juniper and pinyon pine

clips were collected. The clips were retrieved from the site
and burned outdoors away from the study area in a heavyduty metal fire pit for 2 h. These samples were used to
characterize the chemical content of biomass combustion
aerosol, thus, we did not alter or manipulate the conditions
of the combustion. The fire was allowed to run its course and
extinguished without intervention. Sampling was done using
the IPETS. The inlet was placed about 1-m above the flames
of the fire. A 24-h background atmospheric sample was
taken one week after the event. The low levels of background atmospheric aerosol (PM10 conc. 5.8 mg m3) suggested that there were no other significant sources of PM10
near the prescribed burn plot.
[10] Particle mass and elemental composition were determined by gravimetric analysis and X-ray fluorescence
(XRF) spectroscopy of PTFE filters, respectively. An 1-cm2
portion of the QF was analyzed for elemental carbon (EC),
organic carbon (OC), water-soluble organic carbon (WSOC)
and carbonate (CO2
3 ). Four fractions of organic carbon
were evolved from the filter punch at 140 C (OC1, volatile),
280 C (OC2, semivolatile), 480 C (OC3, nonvolatile) and
580 C (OC4, nonvolatile) in a He-only atmosphere and
measured with thermal optical carbon analysis (on DRI
Model 1000 analyzer; IMPROVE protocol [Chow et al.,
2001]). Major water-soluble anions (chloride (Cl), nitrate
2
+
(NO
3 ) and sulfate (SO4 )) as well as cations (sodium (Na ),
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magnesium (Mg2+), ammonium (NH+4 ), calcium (Ca2+) and
potassium (K+)) were analyzed with a DIONEX500 ion
chromatography system.

3. Results and Discussion
3.1. PM10 Dust Emissions
[11] The cumulative emissions (geometric mean, m) from
the native soil in the same region before and after the prescribed burn up to a certain shear velocity (4000 RPM or
u* = 0.69 m s1) in the PI-SWERL cycle are shown in
Figure 2a, along with the range (from m-m/s to m•s-m).
Emissions due to wind erosion on burned soil surfaces were
up to two orders of magnitude higher than from the control
surfaces. It is noteworthy that the emissions from the control (not burned at any point) surfaces did change between
the two measurement periods, before the fire (August 4,
2009) and after the fire (September 17, 2009). This temporal variability in emissions is a result of long-term effects
of environmental factors such as humidity and temperature
and underscores the importance of using control surfaces in
these types of comparisons.
[12] For the steps in PI-SWERL tests in which the rotation speed remained constant for a period of time (60 s at
0.33 m s1, 90 s at 0.49 m/s and 90 s at 0.68 m s1), instant
PM10 dust emissions increased for a short period of time
and then reduced almost logarithmically. Figure 2b shows
the time needed to measure the instant highest PM10 emission and the time in which the instant PM10 emission was
equal to the half of the highest PM10 emission at the specified rotation speed. Before the burn event, it took 6–7 s to
reach the highest PM10 emission flux for the three threshold
velocities and lasted for 27–33 s. For burned soil surfaces,
the highest PM10 emission was achieved faster (7–10 s) for
threshold velocities of 0.33 m s1 and 0.49 m s1 and lasted
longer (41–83 s) for higher threshold velocities as compared
to before the burn (27–33 s). These differences reflected
variations in the magnitude of the dust reservoir at a given
friction velocity and indicated that there was an inherent
difference in how the soil responds to wind after the burn as
compared to before.
3.2. Chemical Composition
[13] The relative concentrations of minerals (Al, Si, Fe, K,
Ca, and Ti) and OC (OC1, OC2, OC3 and OC4) fractions of
resuspended (by PI-SWERL) soil samples from the burn plot
before and after the burn event are shown in Figures 3a and
3b, respectively. The relative concentration was calculated
as the percentage of the elements (e.g., Al) to the total concentrations of elements (e.g., Al, Si, Fe, K, Ca and Ti).
Resuspended soil samples from the interspace region
between shrubs and under-canopy regions (plant mounds)
were collected separately after the burn event. The relative
concentrations profile of mineral elements (concentration to
total concentration of minerals) from the burn plot before
and after the burn event were very similar, indicating that the
prescribed burn did not cause loss or accumulation of these
elements in the soil dust. In contrast, we observed differences in the relative concentration profile of the organic
carbon fractions (concentration in one fraction to the total
organic carbon) before and after the burn event. More specifically, the relative (compared to the other OC fractions)
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abundance in soil surfaces sampled with the PI-SWERL
prior to the burn, was highest for OC3 (compounds evolved
at temperatures between 280 and 480 C), with OC2 and OC4
approximately tied for the second highest relative abundances. We hypothesize that during the burn, evaporation
and/or thermal oxidation of soil organics resulted in a shift
of relative abundances rendering OC4 as the dominant fraction and reducing both the OC1 and OC2 fractions to near
zero [Vergnoux et al., 2011]. These patterns were observed
for soils from the burn plot (after the burn event) that were
obtained in the plant interspaces as well as the undercanopy
regions, suggesting that the shift in the relative abundances
of the OC fractions was not confined to the immediate
vicinity of the burning fuel (i.e., the interspace and undercanopy sites were similarly affected) [Tinoco et al., 2006].
[14] Figures 4a and 4b show the relative concentrations
profiles of minerals and OC from aerosol samples collected
during three intervals of the prescribed burn and during
the controlled combustion of native vegetation. In addition,
the profiles of resuspended dust from the burn plot before the
burn event are included for comparison purposes in both
figures. The mineral composition of aerosol samples collected during the first two hours of the burn event was
dominated by Si and Ca with contributions from Fe and K,
and was identical to the mineral soil dust profile. On the other
hand, K was the predominant element in controlled combustion of vegetation clippings from the burn site with minor
to negligible contributions from the other five elements
shown. The chemical profiles of the burn emissions during
the remaining two periods (2–4 and 4–6 h after ignition) were
comparable to one another and similar to those observed for
vegetation combustion (with maximum for K). Similarly, the
relative concentration distribution of OC fractions during the
first two hours of the burn event exhibited very similar proportions to those observed for resuspended soil dust before
the burn event, with OC3 being the predominant species. The
profiles for the remaining two periods (2–4 and 4–6 h after
ignition) of the prescribed burn were analogous to those
observed for vegetation combustion.
[15] These observations indicate that for the conditions of
the Gleason fire, emissions during the early phases following
ignition were composed of a mixture of vegetation combustion and soil dust; after the initial 2-h period, emissions
were largely, perhaps solely, due to combustion of
vegetation.
3.3. Mass Balance and Sources
[16] We used the IMPROVE mass reconstruction scheme
[Malm et al., 2004] and the Chemical Mass Balance (CMB)
Model (EPA-CMBv8.2) [U.S. Environmental Protection
Agency, 2004] to identify the major types of aerosol components and estimate the contribution of soil dust and vegetation combustion on the aerosol samples collected during
the burn event. The IMPROVE reconstruction mass equation is:
Reconstructed PM ¼ fEC g þ fOM g þ fNitrateg þ fSulfateg þ fSoil g
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Figure 2. (a) Cumulative PM10 dust emissions at specific points in the PI-SWERL cycle and, (b) the time
needed to measure the instant highest PM10 emission and half of the instant highest PM10 emission for the
PI-SWERL steps with constant rotation speed. Data are shown for measurements prior to the burn (Aug. 4,
2009) from the plot slated for burning as well as a control area, and measurements after the burn on
September 17, 2009 from the control area as well as the burned plot. Measurements from the burned
plot are separated by whether they were completed on burned plant mounds or interspace regions
between burned plants.
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the second and third periods of the burn. A very good
agreement between the mineral dust estimated using the
IMPROVE scheme and the CMB model was also observed
for the three sets of aerosol samples. These numbers
signified that fire emissions were dominated by vegetation
combustion for the last two periods of the burn event.
Mineral dust had a greater contribution during the first
period, representing12 percent of PM10 mass emissions and
6 percent of measured PM10 mass emissions. It is also
validated that the OC/OM conversion factor of 1.6 appropriately reflected the composition of organic aerosol during
the later phases of the burn event.
[18] The most noticeable difference for both the mass
reconstruction schemes was associated with the first period
of the burn event. Using both methods, less than 60 percent
of PM10 was assigned to a specific type and one of the two
contributing sources. Considering that the estimated amount
of mineral dust and the other aerosol components were very
low to account for the unexplained mass levels, the unexplained mass was potentially associated with the chemical
composition of organic aerosol (and thus the OM/OC conversion factor). For reconstruction of 90 percent of aerosol
mass (percentage of reconstructed mass for the last two
periods of the burn event) using the IMPROVE scheme, an
OC/OM conversion factor of 3.1 should have been used.
This value is substantially higher than those estimated for
any type of ambient organic aerosol including the watersoluble humic-like substances (HULIS) [Polidori et al., 2008;
Figure 3. (a) The relative concentration distribution of
minerals and (b) OC fractions in dust emissions from the
plot slated for burning before and after the burn event.
+
2
Where [EC], [OC], [NO
3 ], [NH4 ], [SO4 ], [Al], [Si], [Ca],
[Fe] and [Ti] are the elemental carbon, organic carbon,
nitrate, ammonium, sulfate, aluminum, silica, calcium, iron
and titanium concentrations (in mg m3), respectively. A
conversion factor of OC to organic mass (OM) of 1.6 is
typically used for urban PM2.5 atmospheric aerosol. Turpin
and Lim [2001] estimated that higher conversion factors
may be used for rural PM2.5 aerosol (2.1  0.2) and downwind of biomass burning (2.2 to 2.6) to reflect the presence
of oxygenated functional organic compounds formed during
transport. The regression analysis of PM2.5 mass and organic
carbon at IMPROVE sites implied an OC-to-OM conversion
factor of 1.8–2.0 (mean of 1.7  0.2) [Malm and Hand,
2007]. We initially assumed a conversion factor of 1.6
because PM10 aerosol samples were collected quite close to
the emission source and atmospheric oxidation (if any) was
likely minimal, and also because biomass burning emissions
are typically found in the accumulation range. The CMB
model correlates chemical profiles of contributing sources to
ambient sample data collected at a single location using an
effective-variance least squares method.
[17] The contributions (mean  uncertainty) of each type
of aerosol and source (vegetation and soil dust) are presented
in Table 1. Figure 5 illustrates the contribution of soil dust
and vegetation combustion on each aerosol chemical component during the three phases of the burn event. More
than 90 percent of PM mass was reconstructed using the
IMPROVE-reconstruction equation and the CMB-model for

Figure 4. (a) The relative concentration distribution of
minerals and (b) OC fractions in the three phases of the prescribed burn, vegetation combustion and soil dust (from the
burn plot before the burn event).
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Table 1. The Contributions of Aerosol Types and Sources
(Vegetation Combustion and Soil Dust) (in mg m3) to Particulate
Matter Collected During the Three Phases of the Prescribed Burn
Using the IMPROVE Mass Reconstruction Equation and the
CMB Model, Respectively
Prescribed Burn Event Periods

IMPROVE equation
Mineral soil
Elemental carbon
Organic mass
Ammonium sulfate
Ammonium nitrate
Reconstructed PM10 mass
CMB model
Soil dust
Vegetation combustion
Reconstructed PM10 mass
Measured PM10 mass

0–2 h

2–4 h

4–6 h

25  1
54  20
126  13
31
11
211  25
R = 0.87
27  6
135  13
162  13
342  17

31
25  17
422  27
41
31
460  32
R = 0.93
5  19
430  35
435  36
469  23

21
17  13
318  22
21
21
343  26
R = 0.92
5  15
334  27
339  28
358  17

Lin et al., 2010]. For soil organic matter, the most recent
OC/OM estimates in the U.S. varied from 2.31 for agricultural soil to 3.97 for mineral soils in Great Plains
[Cambardella et al., 2001]. While the analytical methods to
measure OC in atmospheric (thermal/optical reflectance) and
soil (loss on ignition) sciences are different, the ranges of
the OM/OC ratio values were comparable. Desert soils are
usually composed of higher quantities of fulvic acids (as
high as 40 percent) than humic acids and humin [Stevenson,
1994]. The fulvic acids are usually smaller molecules than
humic acids but contain a larger number of functional groups
(mostly carboxylic), with an OC/OM conversion factor of
higher than 2.5 (1.9 or less for humic acids) [Song et al.,
2005]. As a result, it is possible that a large fraction of
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organic aerosol emitted during the first period of the burn
may be associated with soil fulvic acids.
[19] This was further corroborated by the increased contribution of soil dust on the OC1–4 concentrations during the
first period of the burn (Figure 5, top). Minerals were almost
exclusively associated with soil dust, while carbonaceous
aerosol and K (soluble and total) were emitted for vegetation
combustion. As a result, it is possible that a part of the
unexplained mass by both the IMPROVE equation and
CMB model may be associated with soil organic matter.
Thus, the overall contribution of soil particles (both minerals
and soil OM) to fire emissions in the early phases of the burn
event was higher.
[20] While the mechanism of the resuspension of fulvic
acids and other soil organic material is not known, Clements
et al. [2008] showed that wind patterns near the burn front
exhibit higher wind shear (friction velocity of up to 3 m s1)
at the soil surface by up to a factor of three compared with
wind shear generated by the average ambient conditions.
This increase was preceded by a short-lived inflow of
3–4 m s1, which may enhance soil resuspension. Higher
levels of turbulence are observed near the active region of
the prescribed burn and the formation of a vortex ahead of
the fire front generates strong downdrafts behind and ahead
of the burn front [Clements et al., 2008]. A vortex ahead of
the fire front was observed. Under these conditions of
enhanced, localized turbulence and vorticity, the flux of soil
particles in dust devils (1 g m2 s1) can be up to ten times
higher than under typical wind erosion conditions [Renno
et al., 2004]. The level of soil heating may break up the soil
peds and increase the amount of fine particles on the soil
surface that are available for suspension (A. A. Albalasmeh
et al., Effects of low temperature fire on soil aggregate
stability, submitted to Plant and Soil, 2012). This suggests
that soil dust emission can occur as a result of prescribed

Figure 5. The contributions (in mg m3) of vegetation combustion and soil dust on the measured concentrations of aerosol chemical species during the three phases of the burn event.
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fires even if on the whole, prescribed burns are conducted
when there are steady, but relatively low velocity (16–24 km/h)
winds, a process that we hypothesize may be augmented by
the heating and destruction of soil cohesion during a fire.

4. Conclusions
[21] We obtained preliminary but compelling evidence
that soil dust is resuspended during prescribed fires. We
hypothesized that this is especially true during the early
stages of combustion, when turbulence generated near the
burn front enhances shear stress at the surface. The dynamics
of fires are complex and the study presented here represents
a small number of samples from a single prescribed burn in a
specific plant community in the Great Basin Desert of
Nevada. Nevertheless, it appears that about 10% of PM
emissions (more certainty for early emissions) from the fire
are suspended soil dust, suggesting that further investigation
into the magnitudes and conditions for soil dust emission
during fires is warranted. The absolute magnitude of soil
dust emissions during wildfires in arid regions characterized
by increased fuel loads may be globally significant because
ambient winds are often a contributing factor to large wildfires and because higher burn temperature is likely to result
in higher shear stresses at the soil surface arising from plume
buoyancy. Nevertheless, the results of this study may stimulate further discussion and research on the mechanisms of
soil resuspension during fire and the possible effects of soil
particles (both mineral and soil organic matter) on physicochemical processes within the smoke plume. The comparison
of the physical properties (e.g., size, shape) and chemical
composition of the organic fractions of resuspended soil
(before and after the burn) and biomass burning emissions
will identify which components of soil organic matter are
present in the fire plume and whether turbulence in the fire
front and/or temperature-induced structural changes enhance
the resuspension of soil organic matter. Furthermore, it is
important to evaluate the potential of soil dust resuspension
for other types of fires (e.g., grasslands, forests and agricultural) in order to obtain a precise estimate of the contributions
of this source on atmospheric dust burden.
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