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The column densities of several minor atmospheric constitu-
ents—water (H 20), nitric acid (HNO 3), ozone (03), fluorocar-
bon-11 (CF 2C1 2), and fluorocarbon-12 (CFC1 3)—are expected to
change over the course of the antarctic winter. The H 20 densities
are strongly sensitive to ambient temperature; the other constit-
uents are involved in stratospheric photochemistry and hence
are subject to alteration in concentration by the absence of solar
photon input for an extended period

A spectral radiometer is being readied for installation at South
Pole Station during the 1984-1985 austral summer to measure
the column densities of these gases by analysis of their thermal
emission spectra. This instrument will operate through the 1985
austral winter.

The radiometer is a 1.25-meter grating spectrometer using
three detectors, each operating in one of the first three orders of
the grating. The grating is blazed for maximum efficiency at 22

micrometers in the first order, and hence peaks at 11 microme-
ters in the second, and 7.3 micrometers in the third order. Order
sorting is accomplished with optical filtering at the detectors.

The range of wavelengths resulting from the three channel
operation gives optimum sensitivity for HNO 3 and the fluo-
rocarbons, and also covers a wide range of H 20 line strengths.
The optimum detectors for the spectral region covered require
cooling below 200 Kelvin. Liquid cryogents are not practical for
winter-over operations, so the system is equipped with a
closed-cycle helium refrigerator which will maintain the detec-
tors at 9°Kelvin.

The spectrometer and low-signal level electronics will be
mounted outside. Insulation and thermostated heaters will
provide suitable temperature environments where required,
but the instrument will follow the ambient temperature.

The high-level electronics, data recorders, refrigeration com-
pressor, etc., will be housed inside the clean-air facility.

Instrument operation is totally automatic under control of a
microprocessor. A sequence of spectral scans will be performed
at 8.5-hour intervals. Between spectral scans the radiance at key
wavelengths will be sampled once each second. The data will be
recorded in digital form on two 67-megabyte tape cassettes
which can store the winter's data without replacement.

Once the system is installed and checked out, human inter-
vention will not be required, except in the case of malfunction.
Data from the 1985 winter will be evaluated in November, and
based on this evaluation, the instrument will either be refur-
bished for another winter's operation or retrograded for
modification.

This work was supported by National Science Foundation
grant DPP 81-18005.

Atmospheric submicron particle
collection at South Pole Station,

1983-1984

Westinghouse Research Laboratories
Pittsburgh, Pennsylvania 15260

A device built at the Westinghouse Research Laboratories for
collection of particles by electrostatic precipitation (figure 1) was
installed in the clean-air facility at Amundsen-Scott South Pole
Station in December, 1983. The collector is designed to be most
efficient for collection of particles 0.3 micrometer in diameter
but will accumulate particles with decreasing frequency toward
its lower and upper limits of about 0.01 and 1 micrometer,
respectively. It is hoped that some fraction of the particles col-
lected by this device will prove to be of extraterrestrial origin.

With increasing availability of methods useful in analyzing
tiny particles there has been a resurgence of interest in cosmic

Figure 1. The electrostatic precipitator. The air Intake is at left, and
an exhaust fan is at right. The walls of the main chamber are plex-
iglass, therefore parts of the Interior can be seen. A 0.006 inch (0.15
millimeter) tungsten wire, maintained at a high-voltage potential,
extends across the left part of the main chamber and provides a
negative-charge ionization source for air molecules. Dust particles
pick up static charges from collisions with charged air molecules.
To the right side of the main chamber are nine 1.75 x 5 inch (4.45 x
12.7 centimeter) sampling plates arranged three across on each of
three shelves; these are maintained at a high positive charge, to
attract the negatively charged dust grams to the collecting surfaces.
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Figure 2. On the collection plate, a 200 mesh copper grid underlies the carbon coating. Dust grains on the surface of the carbon coating between
the copper grid members are directly available for scanning transmission electron microscope (STEM) analysis. At upper right, a STEM photo of
an unexposed, uncontaminated surface. Its STEM analysis spectrum, lower right, shows only a copper ("Cu" on figure) peak due to the
underlying grid. ("pm" denotes micrometer.)

dust collection (cf., Brownlee et al. 1980; Clanton, Gooding, and
Blanchard 1982). To our knowledge, however, no one else cur-
rently is seeking to find and characterize individual cosmic dust
particles in the submicron size range. We feel that in this size
range absolute numbers of extraterrestrial particles may be
greater, and that the character of these particles may be different
in one or more ways. We hope such differences will provide
insights into the source(s) of the particles.

The particle trapping technique used in our collector is de-
signed to minimize contamination after collection and avoid
problems connected with locating and physically transferring
submicron-size grains (figure 2). Preliminary examination of
plates exposed during December 1983 and January 1984 indicate
that the collector is operating as planned: a large number and
variety of particles were collected, and most were submicron in
size. Initial single-particle analyses indicate the presence of
sulfuric acid droplets (volcanic), fly ash (fossil-fuel burning),
and one fragment of a siliceous radiolarian shell (marine con-
tamination). Two additional particle types of unknown origin
are quite abundant: tiny grains containing calcium and sulfur,
and somewhat larger grains of iron or iron oxide composed of

aggregates of needle-like crystals (figure 3). Whether or not
these are extraterrestrial is still an open question, but they do
indicate that the method is capable of capturing very tiny, very
fragile grains. Collections are continuing during the austral
winter.

This work has been supported by National Science Founda-
tion grant DPP 78-21104. We wish to acknowledge a very satisfac-
tory and fruitful collaboration with Gaylord Penney and James
Hoburg of Carnegie-Mellon University and Raymond Sloss of
Westinghouse Corporation in the design and construction of
the dust collector.
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7t Figure 3. STEM photos of collected dust grains. Sphere is a fly ash
particle 1.5 micrometers in diameter. Needle-like crystalline aggre-
gates show only an iron peak on analysis, therefore are iron or an
iron compound. Selected-area-diffraction, (SAD) measurements
suggest it is either goethite (FeO.OH) or magnetite (Fe304). The very
small, more equidimensional grains show peaks due to calcium and
sulfur.

Air chemistrychemistry monitoring at Palmer
Station

E. ROBINSON, D. R. CRANN and W. L. BAMESBERGER
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The objectives of the 1983-1984 phase of this research pro-
gram, covering the fourth year of the program and the begin-
fling of the third year of field operations, were to continue the
operation of the Palmer air chemistry station and to continue the
analysis of the data being produced by the Palmer Station pro-
gram. Previous annual reports have described the establish-
ment and operation of the station. During 1983, the instrumen-
tal operations at Palmer Station proceeded with relatively little
instrumental down time during the winter period. Crews were
changed in December 1983 and the instrumentation was im-
proved by the installation of weather instruments that are re-
corded by the air chemistry data system and integrated into the
computerized data record. The recorded weather data include
wind speed, wind direction, air temperature, dew point, and

barometric pressure. Hourly values are recorded by the data
system to coincide with the hourly air chemistry data. In Janu-
ary 1983, the carbon monoxide channel of the Cane gas chro-
matograph was upgraded, and during 1983 essentially a full
year of carbon dioxide data was obtained. In addition, during
the period of January to March 1984, a program of precipitation
chemistry was carried out at Palmer Station using the station
laboratory facilities to determine the pH, acidity, and several
inorganic constituents of rain and snow at the station.

Data covering approximately the first 20 to 22 months of
routine operation of the sampling station are available for this
status summary. The halocarbon and nitrous oxide data given
here consist primarily of weekly average results beginning with
the week of 4 April 1982 through the week of 4 December 1983, a
total of 89 weeks. The carbon dioxide/carbon monoxide/meth-
ane data begin with the week of 31 January 1982, but the period
from 17 July 1982 until 15 January 1983 is missing because of
instrument problems during the winter. These sequences of
data were obtainedd from the HP-85 data tapes returned to
Washington State University for processing. Approximately a 4-
week break occurred in the record in December 1982 and Janu-
ary 1983 while the system was being refurbished.

Table 1 shows the results of a time-trend regression analysis
of the average weekly data for the Palmer Station record cover-
ing the period from the start of operations through the week of
11 December 1983. These concentration data are expressed as
mixing ratios with reference to dry air. Standardizations and
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