T

s Air Quality Study

Introduction — Goals and Approach. During TexAQS —
GOMACCS, the NOAA RV Ronald H. Brown encountered a wide
variety of aerosol types ranging from marine near the Florida
panhandle to urban and industrial in the Houston-Galveston area.
This wide variability in aerosol sources provided an opportunity to
investigate the role of chemistry and size in the activation of particles
to form cloud droplets. Recently published papers have investigated
the relative importance of size and chemistry but were limited by a
narrow range of chemical composition [Dusek et al., 2006] or a lack
of composition measurements [Hudson, 2007]. Here we use a Cloud
Condensation Nuclei (CCN) counter (DMT) to determine the fraction
of particles that activate to form cloud droplets, an Aerosol Mass
Spectrometer (Aerodyne Q-AMS) to quantify variability in chemical
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The critical diameter for activation is defined here as the diameter at
which

CCNuncasured / CNintegratea = 1.0

where CNiyeqaieq 1S found by integrating the number concentrations
from the largest diameter measured down to the point where the
above equation is satisfied (Figure 4). A frequency distribution of
critical diameters for the entire experiment reveals a size range of 60
to 160 nm (Figure 5).

Positive slopes also are found for each of the three Radon-defined
flow regimes although the degree of correlation varies (Figure 7).
The 12 value is largest for the Northerly Flow regime where HOA
mass fractions vary between near zero and near one and
concentrations are high so that the signal to noise ratio is high.

Figure 7. Similar to Figure 6 but for the three radon-defined flow
regimes.
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Modeled sensitivity of CCN concentration to
observed variability in particle size and composition.
A sensitivity study on the impact of size and composition on particle
activation was performed based on the observed variability in size
distribution and POM mass fraction and Kohler theory. To determine
the sensitivity to composition, the size distribution was held constant
with a geometric mean diameter of 60 nm, a standard deviation of
1.5, and a total number concentration of 3000 cm. For this case,
particle composition was varied between a POM mass fraction of 0.2
and 0.8, reflecting a conservative estimate of the measured
variability. To determine the sensitivity to size, a particle composition
of (NH,),SO, was assumed and the mean geometric mean diameter
was varied between 45 and 75 nm; again, a range that reflects the

composition in the size range relevant for particle activation (<200 Figure 4. Definition of critical Figure 5. Frequency distribution of
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To investigate the degree to which aerosol composition affects
particle activation we need a parameter to represent the observed
variability in composition. We use the mass fraction of Hydrocarbon-
like Organic Aerosol (HOA) for D,,e,, < 200 nm as determined by the
Q-AMS. For non-marine aerosol, HOA tends to dominate the mass in
this size range over Oxidized Organic Aerosol (OOA) and sulfate
(Figures 2 and 3).

Figure 2. Mass fraction of HOA and OOA relative to all aerosol

diameter is a function of particle size and composition. Particles that
are less than about 40 nm (geometric or Dy,) are too small to activate
regardless of composition while particles greater than about 140 nm
are large enough to activate regardless of composition. Within this
size limit, composition contributes to a particle’s cloud nucleating
ability. Here, we use the correlation between variability in critical
diameter and aerosol composition to quantify the effect of
composition on particle activation. Figure 6 shows the HOA mass
fraction for D~ < 200 nm versus critical diameter for all data
collected at 0.44% supersaturation and highlights Atlantic marine
aerosol, locations within the Houston-Galveston region, and, for
reference, (NH,),SO, test aerosol. Based on the coefficient of
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Figure 8. Dependence of the critical diameter on chemical
composition as a function of supersaturation.
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plays a dominant role in determining the fraction of
particles that are activated to form cloud droplets.
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