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Introduction

Biomass combustion is an important primary source of particles in the global atmosphere. It
contributes many trace substances which are reactants in atmospheric chemistry and soot particulate
matter that decreases visibility and absorbs incident radiation (e.g., Levine, 1991; Seiler and Crutzen,
1980). Thus, there is a need to characterize additional specific tracers for this input process, although

various melecular markers have already been proposed (e.g., Hawthorne et al., 1992; Simoneit et al.,
1993).

Process

The injection of organic tracers to smoke occurs primarily by direct volatilization/steam stripping
and by thermal alteration based on combustion temperature. The degree of alteration increases as the
burn temperature rises and the moisture content of the fuel decreases. Although the molecular
composition of organic matter in smoke particles is highly variable, the molecular tracers are generally
still source specific (e.g., Standley and Simoneit, 1987). For example, retene, a thermal alteration
product from resin diterpenoids (e.g., abietic acid), has been found in aerosols in Norway and Oregon,
and at trace levels in some urban areas (Ramdahl, 1983; Mazurek et al., 1991; Standley and Simoneit,
1987, 1994; Simoneit et al., 1991a). Retene was not detectable in aerosols of rural or urban regions of
Nigeria, SE Australia and Amazonia, Brazil, because no conifers grow there to be used for fuel (Abas et
al., 1995; Simoneit et al., 1988, 1991b). Since there is no major non-cormbustion source for retene, it is
useful as an indicator of wood burning, but only for conifer. However, retene is not always concentrated
enough for detection. Thus, defining additional tracers of thermally-altered and directly-emitted natural
products aids the assessment of organic matter input from biomass combustion to aerosols.

Tracers

The homologous compound series and biomarkers present in smoke particles are derived directly
from plant wax, gum and resin by volatilization and secondarily from pyrolysis of biopolymers (e.g.,
cutin, suberin, lignin), wax, gum and resin. The complexity of the organic components of smoke aerosol
will be illustrated with a couple of examples.

Amazon Biomass Smoke

The first is a smoke sample from composited vegetation in Amazonia (Abas et al,, 1995) and the
various bitumen fractions are shown in Fig. 1. The total extract is comprised mainly of n-alkanoic acids,
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Figure 1. Representative gas chromatograms of the lipid fractions from an Amazon smoke sample: a)
total, b) aliphatic hydrocarbons (F1, early eluting homolog of doublets is the n-alk-1-ene), ¢) PAH and
esters (F2 + 3), d) ketones (F4), e) dicarboxylic acids and oxy-PAH (F5), and f) alcohols (F6) [ni = carbon
numbers of homologous series, additional numbers (le., b: 1-6, c. 1-10, ef 1-12) see text, Ut =
unknown, F = friedelin and IS - internal standard, n-Ca4D5g).

n-alkanes, polynuclear aromatic hydrocarbons (PAH), and triterpenoids. The n-alkanes range from Cj7
to C37 with a Cryax = 29/31 and high CPI (Fig. 1b), which is similar as reported for aerosols from the
Amazon region, indicating that alkanes from burning are indistinguishable from plant wax alkanes in the
ambient aerosol. The same is the case for the n-alkanoic acids and n-alkanols (Fig. 1c, f). More specific
homologous aliphatic tracers for combustion may be the n-alk-1-enes, n-alkan-2-ones and o,@-
alkanedioic acids (Fig. 1b, d, e).

Biomarkers or molecular tracers are the indicator compounds best utilized for confirmation of
genetic sources of carbonaceous fractions in smoke emissions. As applied here, biomarkers are utilized
as indicators of origins from natural products of vegetation and their alteration residues due to
combustion.

The aliphatic hydrocarbon fraction contains a group of derivatives from the amyrins {peaks 1-6,
Fig. 1b) which are various diaromatic A-noroleananes and A-norursanes (Abas et al., 1995). These
compounds are not known as natural products and are therefore indicators for combustion of biomass
containing amyrin precursors. The ¢t~ and B-amyrins are the predominant biomarkers in the total smoke
lipids (Fig. 1f), and - and B-amyrones (mild oxidation products of amyrins) and friedelin are also
significant (Fig. 1d, f). Phytosterols from plant waxes are trace components in this smoke sample and
consist mainly of B-sitosterol with lesser amounts of other Cag and Cag isomers. This is characteristic as
observed for other smoke emissions from vegetation (e.g., Simoneit et al., 1993).



The PAH are pyrogenic molecular markers in smoke, where the unsubstituted analogs are usually
the characteristic compounds of high temperature combustive processes. Major amounts of PAH are
found in this sample (Fig. lc, peaks 1-10) and consist primarily of phenanthrene (1),
methylenephenanthrene, methyiphenanthrenes (3,5), fluoranthene (6), pyrene (7), and chrysene (9), and
traces of benzofluoranthenes (10), benzo(e+a)pyrenes, anthanthrene, indenopyrene, benzo(ghi)perylene,
and coronene. Oxy-PAH are also significant (Fig. le, peaks 1-9) and the predominant compounds are
fluorenone (1), anthra-9, 10-quinone (2), cyclopenta(def)phenanthren-4-one (3), benzo(a)fluoren-11-one
(5), benzanthrone (9), and naphthanthrone (8), with minor amounts of methylanthra-9,10-quinones,
benzo(c)fluoren-7-one and benz(a)anthra-7, 1 2-quinone.

Phenolic products from the pyrolytic breakdown of lignin in vegetation have been proposed as
tracers specific for plant classes (taxa) (e.g., Hawthorne et al., 1992; Simoneit et al., 1993). The
dominant markers for lignin in this smoke sample are vanillic acid, syringaldehyde, syringic acid,
vanillin, and guaiacylacetone, with traces of various other phenolic products. This group of tracers
confirms the relative contribution to the smoke from each biomass taxa in the fuel (Abas et al., 1995).

Conifer Wood Smoke

The second example demonstrates that diterpenoids are good indicators for smoke from burning
of gymnosperm wood (Ramdahl, 1983; Standley and Simoneit, 1987, 1994). Resin acids such as abietic
or pimaric acids are produced by conifers. These compounds and their derivatives at various stages of
thermal alteration have been found in ambient aerosols (Simoneit and Mazurek, 1982; Simoneit, 1989)
and in smoke from slash and wood burning (Standley and Simoneit, 1987, 1994; Simoneit et al., 1993).
This can be illustrated with the mass fragmentograms for the extract fractions (acids as methylated
derivatives) of fine aerosol particles from a fireplace where pine wood was burned (Fig. 2a, b; Rogge et
al., unpublished data; Simoneit et al., 1993). The major diterpenoid compounds in the smoke are
pimaric (2), sandaracopimaric (3), isopimaric (4), dehydroabietic (5), and abietic (6) acids (Fig. 2a, b).
Dehydroabietic acid can be regarded as an altered product from resin acids and the other diterpenoid
acids are directly volatilized unaltered marker compounds. An aerosol sample taken during winter in
Los Angeles is also shown for comparison (Fig. 2c, d). Dehydroabietic acid is the dominant diterpenoid
marker and the other resin acids are present at reduced levels. A8:15_Pimaradien-18-oic acid (1, Fig. 2)
appears to be an alteration product, and retene and other hydrocarbon diterpenoid derivatives occur at
trace levels only. This demonstrates that diterpenoid acids are recognizable tracers in the urban
atmosphere for wood smoke.

Pine Wood Smoke
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Conclusion

The major organic components of smoke particles from tropical biomass are straight-chain,
aliphatic and oxygenated compounds and triterpenoids from vegetation waxes, resins/gums, and
biopolymers. Several compounds (e.g., amyrones, friedelin, aromatic A-noroleananes and other thermal
derivatives from triterpenoids, syringaldehyde, vanillin, syringic acid, vanillic acid) are potential key
indicators for smoke components from combustion of such biomass. Burning of biomass from
temperate regions (i.e., conifers) yields characteristic tracers from diterpenoids as well as phenolics and
other oxygenated species, which are recognizable in urban airsheds. The precursor to product approach
of organic geochemistry can be applied successfully to this environmental problem.
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