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No evidence for acid-catalyzed secondary organic aerosol formation in
power plant plumes over metropolitan Atlanta, Georgia
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[1] Aircraft-based measurements of the water-soluble
fraction of fine PM organic carbon (WSOC) and inorganic
salt composition in the Atlanta, GA region were conducted
in the summer of 2004. Five notable plumes of SO,,
apparently from coal-fired power plants, were intercepted,
and had NH;/SO3 ~ molar ratios ranging from approximately
0.8 to 1.4 compared to molar ratios near 2 outside of
the plumes. Sulfate aerosol concentrations increased from
a regional background of 5-8 ug m™> to as high as
19.5 ug m > within these plumes. No increase in WSOC
concentrations was observed in plumes compared to out-of-
plumes within a WSOC measurement uncertainty of 8%.
These measurements suggest that secondary organic aerosol
formation via heterogeneous acid-catalyzed reactions within
power plant plumes are not likely a significant contributor to
the ambient aerosol mass loading in Atlanta and the
surrounding region. Because this region is rich in both
biogenic and anthropogenic volatile organic carbon (VOC),
the results may be widely applicable. Citation: Peltier, R. E.,
A. P. Sullivan, R. J. Weber, A. G. Wollny, J. S. Holloway, C. A.
Brock, J. A. de Gouw, and E. L. Atlas (2007), No evidence for
acid-catalyzed secondary organic aerosol formation in power plant
plumes over metropolitan Atlanta, Georgia, Geophys. Res. Lett.,
34, L06801, doi:10.1029/2006GL028780.

1. Introduction

[2] Compounds containing organic carbon (OC) are a
large fraction of ambient fine particles in the southeastern
United States (U.S.), and during the summer when air
quality generally worsens, secondary organic aerosol
(SOA) is a large component of this particulate OC. Many
laboratory studies with both biogenic and anthropogenic
volatile organic compounds (VOCs) have suggested that
heterogeneous reactions involving acid aerosols can cata-
lyze the formation of secondary organic aerosol through
polymerization reactions [Gao et al., 2004; linuma et al.,
2004; Jang and Kamens, 2001; Kalberer et al., 2004;
Limbeck et al., 2003; Tolocka et al., 2004]. However, little
ambient data exists to test these experiments, and from the
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few observations, the results tend to be mixed. Ambient
measurements in Houston, TX by Brock et al. [2003] show
that measured particle volumes increased at much higher
rates than what could be explained by SO, oxidation and
condensation in plumes that contained both high levels of
VOCs and SO,, whereas plumes mainly of VOCs did not
exhibit this increase. In contrast, Gao et al. [2006] found no
evidence for oligomer formation and no correlation between
particle-inferred acidity and a large number of organic acids
measured in the southeastern United States. Zhang et al.
[2004] found no significant enhancement of organic carbon
concentration during the Pittsburgh Supersite experiment
during acidic aerosol events, suggesting that acid-catalyzed
formation of secondary organic aerosol is not a significant
contributor during these conditions. The findings of this
paper adds to these ambient results by presenting recent
airborne measurements conducted over metropolitan
Atlanta to investigate evidence for acid-catalyzed reactions
that may lead to organic aerosol formation. In this paper,
measurements and discussion of WSOC concentrations in
acidic aerosol conditions caused by power plant plumes are
compared with WSOC concentrations under apparently
more neutralized aerosol conditions occurring immediately
surrounding each plume. This is a more direct measurement
compared to other studies that rely on correlations between
apparent aerosol acidity and organic aerosol concentration
from ground-based data. Elucidating the sources of fine PM
is important since, for example, the Atlanta metropolitan
region often fails to meet National Ambient Air Quality
Standards for particulate matter. If acid-catalyzed aerosol
formation is an important process as some smog chamber
studies suggest, it is likely to occur in the Atlanta metro-
politan region since it is rich in both biogenic and anthro-
pogenic VOCs and is surrounded by large coal-fired power
plants that generate acidic sulfur-containing aerosols.

[3] In support of the New England Air Quality Study in
the summer of 2004, US National Oceanic and Atmospheric
Administration’s WP-3D research aircraft was deployed for
airborne sampling of atmospheric components. The payload
included measurements of CO, SO,, ozone, VOCs, particle
size and number distribution, and fine particle bulk compo-
sition. For the majority of the mission, the aircraft was
stationed at Portsmouth, NH (43.08N, —70.82W). Most of
the research flights concentrated on the northeastern US,
eastern Canada, and Ohio River Valley with particular
emphasis on urban and power generation facility outflow.
Near the end of the study, while the aircraft was transiting to
its home base in Florida, US, a large region of northern
Georgia was sampled for approximately 105 minutes.

[4] SOA is thought to be formed through oxidation of
VOCs, which increases polarity and decreases its vapor
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