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Drop-freezing experiments using a large number of drops
have, in the past, been used to study heterogeneous nucleation
of water droplets. The range in observed freezing temperatures
of the drops is due to the presence of ice-forming nuclei (IFN) of
different activities in the sample. This technique applied to the
coastal environment of Palmer Station provided us, for the first
time, with an understanding of IFN involved in the hydrologic
cycle of the Palmer Peninsula. The objectives of this experiment
were first, to investigate log-normal distribution of freezing
drops and identify aerosol particulates responsible for ice nu-
cleation and, second, to find any correlation between the ele-
mental composition of IFN and the threshold freezing tem-
perature. The aerosol samples taken at Palmer Station were
analyzed using methodology by Vali (1971a, 1971b). Results
show that the range of threshold temperature is - 5°C to
- 14.3°C, with ice forming nuclei concentrations ranging from
8.5 per cubic meter to about 100,000 per cubic meter.

Much attention has been given to condensation nuclei and
cloud condensation nuclei characteristics of the antarctic con-
tinent (Hogan 1975; Hogan and Barnard 1978; Hogan 1979; and
Bigg 1980), yet the role of ice-forming nuclei are rarely analyzed.
The objective of our investigations is to study the ice-nucleating
characteristics of antarctic aerosol so that an understanding of
precipitation mechanisms could be evolved.

A submicroscopic particulate sampling as described by Sax-
ena et al. (1985) was used to collect aerosol samples on Nu-
clepore filters (47 millimeters in diameter, 0.1 micrometer pore
size). Sampling was done by the research staff of the Wash-
ington State University under the direction of Elmer Robinson
during the period from 30 December 1982 to 8 December 1983.

Each of the exposed filters was sectioned in halves and pro-
cessed according to Vali (1971b). The test thermometer was
calibrated against an accurate surface thermistor with a tem-
perature range of - 10° to 20°C. The accuracy of the temperature
readings was within 0.1°C. Each filter took approximately 25
minutes to process. Filters were exposed for a maximum period
of 9 days. Each filter is representative of the station environ-
ment. An elemental analysis of each of the filters was conducted
using an electron microscope in conjunction with an X-ray
energy diffraction spectrometer (Ruggiero 1987). IFN con-
centrations are calculated by relating the temperature at which
the droplets freeze to the ratio of the filter area covered by
droplets and relating those values to the volume of air sampled.
The correlation between chemical elements in individual drop-
lets on each of the filters and their threshold temperatures were
calculated by taking their ratio:

I' = °a (Ti)
where a = the percentage by weight of a particular element

0 the threshold temperature of the filter containing a T =
the warmest temperature at which the droplets began to freeze
during the experiment.

Differential and cumulative concentrations of ice forming nu-
clei for five of the filters are shown in figure 1. These figures
show a wide range in freezing temperatures indicating varying
freezing characteristics. The cumulative spectra shows skew
log-normal curves indicating an exponential increase of IFN with
decreasing temperature. These results do compare well with
those reported by previous investigators such as Vali (1971a),
Vali and Stansbury (1966), and Bigg (1953). Although this inves-
tigation was not intended to determine whether or not the
process is stochastic or singular in nature, the procedure used to
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Figure 1. (a). Differential spectra of four representative filters pro-
cessed via drop-freezing method. (b). Cumulative spectra of five
representative filters, which also include the integrated sum of the
spectra shown in block a.
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obtain the IFN spectra, however, was similar to that of Vali
(1971b). The singular characteristic of drop freezing, noted by
Pruppacher and Klett (1978), attributes the freezing mechanism
to the active sites and average chemical and crystallographic
properties of the particle, while the stochastic hypothesis at-
tributes it to the random manner in which the water molecules
join the clusters absorbed at active sites, forming the ice-like
germ.
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Figure 2. The ratio () of chemical elements as a function of threshold
freezing temperature. The correlation coefficients for zinc, silicone,
and potassium are 0.93, 0.96, and 0.65, respectively.

Elemental analysis showed common and not so common
elements expected in the "pristine" environment of Palmer Sta-
tion. The common elements included chlorine, aluminum, sil-
icon, calcium, and sulfur while not so common elements were
potassium, titanium, cromium, iron, cobalt, copper, and zinc.
Figure 2 shows a positive correlation between the threshold
temperatures and three chemical elements namely, potassium,
silicon, and zinc.

A Pearson product-moment correlation was performed on
the data. As a result, correlation coefficients of 0.96, 0.93, and
0.65 were computed for silicon, zinc, and potassium, respec-
tively. The straight lines are the least squares fit to the data.

Such a correlation tells us that there is a potential for these
elements, which are assumed to combine with other elements
and water as allowed by their valences, to serve as good ice
nucleants. The coastal environment of Palmer Station also lends
itself to the possible source of biogenic nuclei from the sur-
rounding ocean. Saxena (1983) has suggested evidence of bio-
genic nuclei in the Ross Ice Shelf region, in which he pointed
out a possible link between the ocean plankton and the growth
of algae in the antarctic cloud water. The implication is that
"warm" freezing temperatures initiate precipitation more read-
ily due to Find eisen-Bergeron mechanism.
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