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Summary

The toxic effects on health of fine particulate aerosol (particles smaller than 2.5 µm) are discussed in a
number of studies.1,2 In contrast to inorganic aerosols, which are often well characterized, only ca. 15%–
50% of the organic carbonaceous (OC) particulate mass has been characterized. The characterized
compounds are almost exclusively nonpolar.3 The limited knowledge of OC fractions is due to the use of
organic solvents, which are able to extract only nonpolar or slightly polar organics. In addition, polar
compounds cannot usually be analyzed via gas chromatography with a mass spectrometer (GC/MS).
Consequently, the toxicity of organic aerosols has been primarily studied for nonpolar OC (for example,
polyaromatic hydrocarbons [PAHs]), while the toxicity of significant polar fractions of OC is not
known. Moreover, with conventional solvent extracts, toxicity tests on OC are difficult to perform
because the solvents employed are toxic for biological systems. Finally, polar organics may also be
important for mobilizing toxic metals from air particulates in biological systems by chelation reactions.4

Recently, subcritical water (defined as hot water under sufficient pressure to maintain the liquid state)
has been used to extract organics with a wide range of polarities. The advantage of water extraction is
not only in the “nontoxicity” of water, but also in the ability of water to change polarity by changing the
temperature. At lower temperatures (e.g., 25°C to 100°C), water can extract polar compounds; with
increasing temperature (e.g., to 250°C), the polarity of water decreases and becomes comparable to the
polarity of organic solvents, allowing nonpolar compounds to be extracted.5 Earlier studies have shown
that compounds of different polarities such as phenols, PAHs, and alkanes could be sequentially
extracted from a petroleum waste sludge by increasing subcritical water temperature.6 A particular
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advantage of subcritical water extraction is that the resultant extracts can be used directly for toxicity
tests and, thus, can be used to determine the importance of individual water fractions for further
characterization.

In this study, subcritical water was used for the first time for the extraction and fractionation of organic
atmospheric particulate. Two different types of carbonaceous aerosol, diesel exhaust particulate (a
relatively nonpolar matrix) and wood smoke particulate (a polar matrix), were sequentially extracted
using subcritical water at temperatures ranging from 25ºC to 300ºC.

To evaluate the importance of each fraction, a toxicity test was performed with Polytox, a rapid test for
measuring the toxicity of wastewater based on the inhibitory effect on respiration rate of mixed bacterial
cultures. For both aerosols tested, the fractions extracted at lower temperatures (higher-polarity
organics) exhibited the highest toxicity. The toxicity of diesel exhaust particulate also increased for the
higher-temperature fraction collected at 300°C. The diesel exhaust fractions collected at 100°C, 150°C,
and 200°C also showed at least 10% inhibition of bacterial respiration, but results were not unequivocal
because the samples themselves had a tendency to consume oxygen.

The initial mass balance data showed that, while traditionally used organic solvents such as acetone or
methylene chloride extracted ca. 30% of wood smoke and diesel exhaust particulate, the total mass
recovered with subcritical water was ca. 60%. In contrast to the total mass balance, the extractable and
elutable mass obtained from gas chromatography with flame ionization detection (GC/FID) was
comparable for organic solvents and subcritical water. Although quantitative analysis based on GC did
not bring additional information, the identification of individual components in each fraction of wood
smoke particulate using GC/MS showed trends that can be related to the toxicity observed. The lower-
temperature fractions of wood smoke particulate, collected at 25º and 50°C, contained a higher
concentration of phenolic compounds, lignin pyrolysis products such as syringol and levoglucosan
derivatives, phenols, and benzenediols. Interestingly, a high quantity of levoglucosan, a typical marker
of wood burning, was found in water extracts while not observed in acetone extracts. Unfortunately,
GC/MS analysis of diesel exhaust was not as informative as that of wood smoke particulate, because the
GC elutable fraction of diesel exhaust consists mainly of alkanes, which are not extractable by water.

Further characterization of individual water fractions was based on elemental CHN analysis,
determination of sulfur content, pH determination, and inductively coupled plasma mass spectrometry
(ICP/MS) metal analysis. For lower-temperature fractions (which were the most toxic), increased sulfur
content was also observed. The initial concentration of sulfur in diesel exhaust particulate was 40 mg/g.
In the first fraction collected at 25°C, 50% of the sulfur was found, and an additional 25% was recovered
in the 50°C fraction. The analyses of diesel exhaust particulate for metals revealed a similar trend of
increased concentration of some metals in the most polar fraction. The fraction collected at 25°C
contained 75% of total zinc, which was the most abundant metal present at a concentration of 1.8 mg/g.
The concentration of all other metals (Mn, Cr, Cu, Ba, Pb) in diesel exhaust particulate was in the range
of 20–70 µg/g, and only manganese showed extraction behavior similar to zinc.

In future work, further attention will be given to additional toxicity tests to confirm current results. As in
this work, the main effort will be to focus on the characterization of the most toxic fractions.
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