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Abstract

The results of the SRXFA determination of the multielement composition of aerosols forming on fires in the boreal
forests of Siberia are given. A comparison of the multielement composition of aerosols in the convective column of large
forest fires and smoke plumes of surface fires with that of atmospheric aerosols of the Siberian region shows that the
mass concentration of all analyzed elements exceeds the background values upon fires. A substantial change is observed

in the quantitative composition of the aerosols. © 2001 Elsevier Science B.V. All rights reserved.

PACS: 89.60.+x; 07.85.Qe; 92.60.Hp

Keywords: Forest fire; Aerosol; Emission; Multielement composition; SRXRF

1. Introduction

Forest fires are a powerful source of environ-
mental pollution [1,2]. The bulk and composition
of the emissions depend on the type and amount of
combustibles, vegetation, meteorological condi-
tions and combustion regimes. Owing to the
complexity and variety of the factors that affect
combustion products, there are no rigorous
theoretical models for calculating the above
characteristics from initial data. Therefore, our
information about the structure, composition, size
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and concentration of particles forming due to
biomass burning has been provided by rather
complex and costly experiments performed in
different forest zones. By now, the most detailed
data have been obtained on the measurement of
aerosol characteristics upon the biomass burning
in forests and savannas of the tropic zone [3-5]. As
for the characteristics of aerosols resulting from
burning of forests of middle latitudes of the
Northern hemisphere and the boreal forests, they
are highly scarce and abrupt [6-8]. The closeness
of the boreal forests to the Arctic region is also
very important for determining the influence of
biomass burning on climate because this zone is
most sensitive to variations in climate. According
to rough estimates, every year about 10 x 10°ha
are subjected to fires in Siberia. As a result, for 2-3
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months of the fire-hazardous period 20 x 10°t of
biomass burn out. This paper gives the data on the
determination of the aerosol multielement compo-
sition collected from the convective column of
large forest fires [7] and the smoke plume of
surface fires [8] and similar data collected upon
combustion of forest combustibles in laboratory
and stand experiments.

2. Sampling sites

A large forest fire formed during the complex
International experiment FIRESCAN —Fire Re-
search Campaign Asia-North in 1993 in the
northern part of the Krasnoyarsk region. The site
of fire was an island covered with lichen pine forest
surrounded by a grass-sphagnum swamp (area
—49ha, coordinates—60°49’ NL. and 89°30
EL.). Fig. 1 shows the convective smoke column
used for sampling. Smoke plumes of surface fires
formed in autumn, 1997 in the south and in the
central part of the Novosibirsk region. The
laboratory-stand experiments were performed at
the Institute of Forest, SB RAS and its permanent
station 40 km from Krasnoyarsk. Fig. 2 shows the
experiment on aerosol sampling upon burning of
various combustibles in stand conditions.

3. The method of sampling and analysis

The aerosol samples were collected from the
convective column onto AFA-KhA filters and a
two-cascade virtual impactor fastened to the
undercarriage of the helicopter MI-8 during its
flight through the column at a height of 500-
1500 m. Aerosols of the smoke plume of surface
forests and those resulting from combustion of
forest combustibles were collected on AFA-KhA
filters. The multielement composition was deter-
mined by the SR XRF method.

4. Results

Fig. 3a presents the data on the relative con-
centration of different elements (Xjr.) in a sub-

Fig. 1. Picture of the large forest fire.

[

Fig. 2. The setup used to study aerosol emission from the
burning of forest combustibles.

micron fraction (d<1pum) of aerosols sampled
from the convective column of the large forest fire.
A similar value is true for the coarse-disperse
fraction (d > 1 pm) of aerosol particles. In this case
Xire = Ci/Cpe, where C; and Cr. are the mass
concentrations of the ith element and iron. Fig. 4
shows the ratio of the concentrations of different
elements when the observation sites in the settle-
ments of Klyuchi and Karasuk were covered with
the smoke plume of surface fires to the concentra-
tions of the same elements upon aerosol sampling
in the absence of smoke. Fig. 5 demonstrates the
fluorescence spectra of both initial forest combus-
tibles and aerosols formed from the burning of
these biosubstrates. Table 1 summarizes the values
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Table 1
Relative concentration of elements in forest combustibles (Xis;) and aerosols (Kic)™?

Grass Moss Coniferous needle Branch Bedding Birch leaves

FFS Aeros.  FFS Aeros. FFS Aeros. FFS Aeros. FFS Aeros. FFS Aeros.
E 520 250 73 90 120 21 76 92 51 7o 36 7.4
Ca 610 3.7 280 8.6 1040 5.6 700 7.5 180 BLD 610 BLD
Sc 2 0.75 1.3 BLD 20 BLD 4.7 BLD BLD 0.60 3.7 BLD
Ti 0.54 BLD 7.4 0.54 8.0 BLD 9.3 BLD 9.8 BLD 2.2 BLD
b 0.45 1 0.54 0.8 0.93 0.64 0.76 BLD 0.59 0.30 0.20 0.35
Cr BLD 1 0.077 1 0.65 1 0.10 1 0.29 1 BLD 1
Mn 19 0.53 15 0.18 14 0.28 4.6 0.24 8.4 BLD 10 BLD
Fe 4.1 0.83 27 54 37 1.1 34 BLD 28 BLD 8.1 BLD
Co BLD 0.1 0.09 0.037 0.15 0.058 0.17 BLD 0.11 0.062 BLD 0.03
Ni 0.12 0.34 0.05 0.51 0.14 0.51 0.09 0.48 0.07 0.47 0.03 0.52
Cu 0.17 0.21 0.12 0.37 0.072 0.20 0.12 BLD 0.048 0.11 0.055 0.10
Zn 0.91 0.55 1.0 0.75 2.0 1:3 1.0 12 0.44 0.20 1:2 0.73
Ga 0.02 0.01 0.02 0.042 0.034 0.06 0.009 BLD 0.029  0.027 BLD 0.018
Ge 0.01 0.03 BLD 0.028 BLD 0.011 0.015 0.056 0.003 0.038 BLD 0.012
As BLD BLD BLD BLD 0.02 BLD BLD BLD 0.012 BLD BLD BLD
Se BLD  0.009 BLD 0.029 BLD 0.03 0.002  0.014 BLD 0.036 BLD 0.16
Br 0.04 0.098 0.06 0.15 0.10 0.32 0.063 0.26 0.036  0.34 0.013 0.011
Rb 1 0.14 0.075  0.072 0.057 0.078 0.066 BLD 0.26 0.046 0.028 0.016
Sr 1 0.0041 1 0.079 1 0.047 1 0.018 1 0.045 1 0.0062
b BLD  0.01 0.015  0.01 0.028 0.017 0.015 BLD 0.032 BLD 0.006 0.0041
Zr BLD BLD 0.091 0.018 0.11 0.0067 0.12 BLD 0.32 BLD 0.028 BLD
Nb BLD BLD 0.003 BLD 0.005 BLD BLD BLD 0.02 BLD BLD BLD

“BLD: Below limit determination.
FFS: Forest fuel substance.

burning biomass. The ratio of these elements also
changes.
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Fig. 3. A change in the chemical composition of aerosols upon
forest fires.

w N O

-~

o

Ca

Ratio AA relative concentration
<XiFe>ﬁre/<XiFe>backgmund

Ti Cr Fe Cu Ga As Br St Zr Sb La Gd
Sc V Mn Ni Zn Ge Se Rb Y Nb Ba Nd Pb

[ Klyuchi [ Karasuk

Fig. 4. The ratio of concentrations of different elements on
surface forest fires.
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Fig. 5. The fluorescence spectra of the combustibles and
emission aerosols formed from the burning of biosubstrates.
(a) Grass multielement composition, (b) multielement composi-
tion of aerosols produced by burning grass.

of the relative concentrations of different combus-
tibles and similar values for aerosol particles
resulting from the burning of combustibles.These
data show that the composition of aerosols
forming from forest fires substantially differs from
the multielement composition of atmospheric
aerosols. The concentration of elements in a smoke
plume of surface fires exceeds by several times
the mass concentration of atmospheric aerosols
of the same region. The concentration of different
elements in aerosols formed from the burning of
forest combustibles varies with the type of



