Size-resolved particle concentration and hygroscopicity measurements at multiple surface sites during TexAQS Il
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Tandem differential mobility analyzers (TDMAs) were operated at the Moody
Tower and the Aldine, Bayland Park, and Deer Park sites of the Houston Triangle
during TexAQS-II. These instruments were used to continuously measure
submicron particle size distributions and size-resolved particle growth in response
to increased relative humidity. Such hygroscopic growth measurements provide
insight into both the size-dependent particle composition and the compositional
variability within a particle population. This poster is focused on those
measurements made as part of the Houston Triangle, which were coordinated with
those of an array of gas and particulate properties made by other researchers
supported by HARC. Beyond characterization of the spatial variability and evolution
of particulate concentration and properties, these measurements were designed to
provide details of the liquid water content present in the particulate populations,
which is needed to estimate the conversion rate of N,O5 to HNO,, both of which
were concurrently measured.

Consistent with measurements made during previous studies, the size-resolved
hygroscopic growth factor distributions were frequently bimodal, reflecting the
presence of distinct particle types in an external mixture. Ongoing work is directed
at examining study-averaged and time-dependent variability among the distributions
measured at the three sites and at integrating our data with those collected by the
other project participants.
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c.) Sept. 25

HYSPLIT Model analysis showing the back trajectories for each of the
three locations in the Houston triangle for a.) Sept. 20, b.) Sept. 22, and

Aerosol Properties

The hygroscopic growth factor, the fractional
representation of an aerosol’'s wet diameter to its
dry diameter (D,/D,*) as measured by a Tandem
Differential Mobility Analyzer (TDMA), for a given
particle is unique to that particle type. For
example, a purely organic or carbonaceous
aerosol will not grow when exposed to a high
relative humidity and therefore has a growth factor
of 1.0. To the left are shown hygroscopic growth
factor intensity plots of 200nm particles for each of
the three locations associated with the Houston
Triangle in 2006 with the growth factor on the y-
axis and the x-axis showing time in decimal day.
Hygroscopic growth factor distributions were
frequently bimodal, reflecting the presence of
distinct particle types in an external mixture.
Corresponding number concentration intensity
plots demonstrate a correlation with the change in
aerosol properties observed. Nucleation events
followed by growth correspond to a dramatic
change in aerosol properties with a trend to
hydrophobic tendencies consistent with a more
internally mixed particulate population. Such
changes in the aerosol properties may be a direct
result of source region as implicated by the
accompanying back trajectory analysis for each of
the three sites.

Aldine

A comparison of the particulate
mass concentration measured by
TCEQ and calculated using the
TDMA size distributions is shown at
right for both Aldine and Deer Park
(Bayland Park was not included
only because PM25 is not e pre Fm e
measured there). . There is rather Fractional day of year (260 = Sept 17)

good agreement between the two
throughout most of the 3-week
study at both the Deer Park and “©
Aldine sites. However, during the
period between September 21 (day
264) and September 24 (day 267),
there was an increased
discrepancy between the two. This
period is identified in the shaded
bands in the mass concentration

time series shown below in Figures 0 265 70 ES
Fractional day of year (260 = Sept 17)
la and 1b.
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Comparison of particulate mass concentrations reported by TCEQ
and calculated from the size distributions measured using the
TAMU TDMA. Measurements made during the time period
identified by the shaded bands are the focus of this report.

Mass Concentration

The disparity between the two is likely explained
by an increased contribution to PM2.5 by those
particles larger than the 0.75 mm measured using
the TDMA. The most likely responsible particle
types are dust and / or sea salt, both of which
typically have a supermicron mass median
diameter. The figures to the right are time series
graphs showing the hygroscopic growth factor of
0.6mm particles. Despite the noise, it is clear
that during the period of interest here the
hygroscopicity of the 0.6 mm particles is greater
than that measured during most of the remainder
of the study. Particles composed of dust or
primary organics, sulfates or nitrates, and sea
salt have growth factors of roughly 1.0, 1.5, and
2.0, respectively, identified as types 1, 2, and 3 in
the figure. Sea salt production rate is very
strongly related to wind speed, as is the efficiency
with which the very large and hygroscopic
particles can be transported. As expected during
periods of elevated sea salt concentration, strong
southerly winds were recorded at Houston Hobby
throughout this period, which is shown in the
figure to the right.
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Time series of growth factor distributions for 0.6 mm particles. A
description of the graphs was provided in a previous report and is also
available through our project website.

Wind speed and direction recorded at Houston Hobby airport
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