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Primary particles from high temperature sources tend to form very fine and ultra-
fine particles that reflect the source materials (EPA 1996). Normally, very fine (D, <0.26
um) and ultra fine (D, < 0.1 um) particles have a short life time due to high diffusion
rates, but under cases, such as rapid dilution into the clean, dry conditions seen in the
southwest US, they can persist and become an important component of the ambient
aerosol (Cahill et al, 1993). Near Big Bend NP, there are many such potential sources
including coal fired power plants and industrial sources in both the US and Mexico. Such
large point sources, however, often produce relatively narrow plumes of aerosols that
may affect a receptor site for a limited duration, requiring highly time resolved as well as
size resolved data. In order to establish transport patterns into Big Bend NP during
BRAVO, we initiated a study to collect and analyze very fine particles by size, time, and
composition.

Particles were collected in an 8 stage rotating drum impactor (Raabe et al, 1988)
modified to a slotted configuration and with cut points of 12 to 5, 2.5, 1.15, 0.75, 0.56,
0.34, 0.26, and 0.09 wm aerodynamic diameter (DELTA 8 DRUM) . The flow was held
at 10 L/min by the final slot which was a critical orifice. The rotation rate was 6 mm/day,
which for 4 weeks gave 8 Apiezon greased Mylar strips each 168 mm long. The finest of
these strips, representing particles 0.26 > D, > 0.09 um, were analyzed on the DELTA
Group synchrotron x-ray fluorescence (S-XRF) microprobe on ALS beam line 10.3.1.
(Bench et al, 2002). The extremely high x-ray flux and 100% polarization allowed highly
sensitive measurements of all elements sodium and heavier, to a few 10’s of pg/m’,
although elements heavier than molybdenum and lighter than gold are often interfered
with by more abundant light elements. The seven larger DRUM strips were archived.

The results for two of the most abundant elements, silicon and sulfur, are shown
for August, 1999. Generally, the average concentrations of these particles are very low,
(Si=0.14 pg/m’, S = 1.88 pg/m’) with the very fine sulfur (presumably sulfate) a small
fraction of PM; s sulfate. However on occasion sharp increases in both Si and S occur,
always in correlation (r* = 0.95 for August, for example). Comparison with high
resolution PM; 5 sulfate data show that on one occasion, August 18, there were three
hours in which almost all the PM, s sulfate was in the very fine size range. The silicon is
not accompanied by other crustal elements (enrichment factor vs aluminum, ~ 20) but is
probably derived from the same processes as the “large glassy plerospheres” long
associated with coal fired power plants; SiO, — SiO in the reducing fuel rich region of
combustion, followed by oxidation to SiO; in the flame and rapid condensation to very
fine glassy mist that can form very fine particles, some of which agglomerate into the
large “plerospheres”. The sulfur in the largest peaks is probably H,SOj4, based on
hydrated droplets seen even after vacuum, which argues against long range transport.



Very fine (0.26 > Dp > 0.09 micron) aerosols at BRAVO

Sulfur
S-XRF via DELTA Group, UC Davis

70

60

50

40
|

\
10 : — . |

l
' I\ v . L \ o, }l‘;
0 W PO I SR R, TP (VLR Y P SN L DT IS TN W /W e, ey

30
20

Nanograms/m3

1 5 9 1317 2125 29 2 6 10 14 18 2 26 30 3 7 11 1519 23 27 1 5 9 13 177 21 25 29
3 7 11 1519 283 27 31 4 8 12 16 20 24 28 1 5 9 13 177 21 25 20 3 7 11 15 19 23 27 31

July August September October

HYSPLIT4 (NOAA ARL READY 2002) isentropic backward trajectory analysis
was performed at 500, 1000, and 2000 m AGL for these events and shows that the largest
of these events in early and late August occur on slow southeast winds up the Rio Grande
Valley, in many cases passing within a few kilometers of the Carbon II power plant.
HYSPLIT analysis was also used to study the vertical stability of the atmosphere and
examine the conditions under which the elevated plume could ventilate down to ground
level. It is unlikely that these very fine particles could long survive in high humidity
conditions such as over the Gulf of Mexico or the eastern US. On one occasion, and only
for one hour, August 4, 11 AM, we saw a complex mixture of very fine elements, a
plume containing a complex mixture of elements Si, S, Ca, Fe, As, K, Cu, Zn, and Se, the
latter 7 elements missing from the typical pure Si/S plumes. We interpret this as
indicating an additional high temperature source or sources that, from trajectory analysis,
could be the city of Monterrey, Mexico.

The high PM; 5 sulfate episodes of September and October did not have strong
Si/S signatures. Thus, if they were from coal fired power plants, they were much farther
away than Carbon II or the meteorology had changed and resulted in destruction of the
very fine plume, perhaps by particle growth in high humidity. The latter explanation is
less plausible than the former since the silicon, almost certainly in non-hydrophilic glassy
particles, was also missing from the aerosol.

In summary, we propose that if very fine and highly correlated Si/S is present,
without other trace elements, coal power plant influence is assured. Absence of these
particles does not, however, infer no power plant influence, as these very fine particles
would not survive long range transport in humid conditions.
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