
At altitudes between 2 and 8 kilometers, the predominant
aerosol was sulfur-rich material, presumably in the form of
sulfates, with trace amounts of other elements (i.e., silicon,
aluminum, calcium, magnesium, potassium, titanium, iron,
and zinc.)

Over exposed land, primarily over New Zealand, we found
irregular particles that frequently showed coincoidal fracturing
or evidence of being composed of crystalline material and
sometimes, especially over Antarctica, had conglomerates of
other particles attached to the parent by coagulation. Invari-
ably, these particles exhibited strong Al (aluminum) and Si
(silicon) X-ray resonance lines, indicating that they are crustal.
Generally, the crust-derived particles were more abundant at
low than at high altitudes, and the mean size of crust-derived
particles tended to decrease both with increasing altitude and
with increasing distance from exposed land. Their size and
the fact that they tend to be confined to an area of radius less
than 100 kilometers from the continental coast indicate that
they must have relatively brief lifetimes (approximately 1 day).
The idea that crustal aerosol is confined to regions around
exposed land is not completely accurate, however; some par-
ticles appearing to be crustal in nature occasionally were col-
lected as far south as the ice sheet, but they were rare and
always under 1 micrometer in diameter. The midtroposphere
aerosol is somewhat patchy, sometimes varying in concentra-
tion by a factor of 2 between consecutive samples taken 100

kilometers apart. However, the mixing ratio of particle mass
loading to air density was found to be nearly constant in the
Southern Hemisphere, in great contrast to what one finds over
polluted continental regions, where aerosol concentration
more usually decreases by a factor of 2 for each approximately
1-kilometer increment of altitude.

The airborne aerosol-sensing experiments were supple-
mented with surface-based measurements of the monochro-
matic optical extinction and optical scattering coefficients of
aerosols at several elevations in the Victoria Mountain Range
and at the South Pole. The data indicate that the aerosol over
the great ice sheet is homogeneous—on vertical scales of
approximately 6-8 kilometers and on horizontal scales of
approximately 1,000 kilometers. The form of the microparticle
size distribution function (sensed indirectly by inverting
optical measurements), the composition of the particles (pre-
dominantly sulfur-bearing compounds), and the large-scale
homogeneity lead us to conclude that most of the particles are
secondary products nucleated from trace sulfur-bearing gases,
presumably from marine sources, which have lingered in the
atmosphere for 0.1-0.2 year.
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During the 1980-81 austral summer, measurements of
microphysical parameters were made along the antarctic coast.
Objectives were (1) determination of the cloud nucleation
characteristics of aerosol particles that participate in the for-
mation of antarctic coastal clouds, (2) study of variations in the
cloud droplet size spectra through direct measurements within
the clouds, (3) simultaneous measurements of the Aitken
nuclei concentration, and (4) determination of the primary
chemical constituents of cloud water collected directly by
means of aircraft penetrations. In addition, aerosol samples
were collected for later analysis by electron microscopy and X-
ray energy diffraction spectrometry.

To accomplish the objectives, a cloud condensation nucleus
(ccN) spectrometer (Fukuta and Saxena 1979a, 1979b) capable
of measuring in real-time spatial and temporal distributions
of the CCN activity spectrum was installed in an instrumented
LC– 130 aircraft equipped with sensors for pressure, humidity,
and aircraft position. A forward-scattering spectrometer probe
(model FSSP-100, Particle Measuring Systems) was attached

to the tip of the left wing of the aircraft. The mountings for the
probe were designed to prevent the boundary layer effects on
sampling the cloudy air. Cloud water was collected by means
of teflon probes that were exposed to the supercooled cloud
droplets through a hole in the fuselage.

The results of these field experiments are being analyzed.
Figure 1 presents an infrared absorption spectrum recorded
by the Perkin-Elmer infrared spectrophotometer for the cloud
water collected on 3 November 1980 around 75°53'S 172°20'E.
The minimum in transmittance at a frequency of 3,400 per
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Figure 1. Analysis of the cloud water sample by a Perkin-Elmer
spectrophotometer. Absorption peaks can be seen as a function
of wavelength. Frequencies are given In per centimeter.
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centimeter represents the presence of amines and/or hydroxy
compounds, and three consecutive minima in the frequency
range of 1,600-1,400 per centimeter represent the presence of
proteinaceous matter. For the desiccated water specimen,
scanning electron micrographs and energy dispersive X-ray
scans were made. An abundance of formed elements, which
are biological in origin, were found. The X-ray data showed
the major inorganic elements present to be silicon, sulfur,
chlorine, and potassium. The silicon seems to derive from
silicates, which are also indicated by the infrared scans shown
in figure 1 at 1,040 per centimeter, and the sulfur seems to
derive from the sulfates that are indicated at 1,100 per centi-
meter. The relatively high abundance of potassium and chlo-
rine suggests that the major ionically bonded salt in the cloud
water was potassium chloride (KC1), which is known to be
enriched inside the biological cells. These observations lead
to the conclusion that the antarctic coastal cloud water con-
tained cloud condensation nuclei derived from biogenic
sources. This is the first time directly sampled cloud water has
shown the involvement of the biogenic nuclei in antarctic
coastal clouds.

In figure 2, CCN concentration (active at 1 percent super-
saturation), dew point, and air temperature are plotted as
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Figure 2. Number concentration of cloud condensation nuclei (ccN)
active at 1 percent supersaturation as a function of altitude at a
location of about 76006'S 186035'E. Dew point and air temperatures
also are plotted. Concentration is given In per cubic centimeter.

functions of altitude at approximately 76°06'S 168°35'E. The
CCN concentration varied from 50 to 325 per cubic centimeter,
the minimum occurring at 640 meters measured from sea level
and the maximum at 830 meters measured from sea level. The
CCN measurements in the subcloud layer will be correlated
with the cloud droplet size distribution data. In figure 3, the
Aitken nuclei concentration, measured with the help of an E-
One counter, is shown plotted as a function of altitude at
75050'S 169024'E. The maximum (approximately 1,200 per cubic
centimeter) in the Aitken nuclei concentration occurs at 2,500
meters measured from sea level. Such vertical profiles will be
used to analyze the sources of aerosol in the antarctic region.
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Figure 3. Number concentration of Aitken nuclei as a function of
altitude at a location of about 75 050'S 169024'E. Concentration is
given In per cubic centimeter.
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