
The F-I 1 1977-78 increase of only 8 percent in the North-
ern Hemisphere vs. a 14 percent increase in the Southern
Hemisphere may be significant. Previous results from related
work in this and other laboratories (Pack et at., 1977; Singh et
at., 1977) have suggested the annual increase in F-i ito be 12
to 14 percent per year in the Northern Hemisphere. Accor-
dingly, the smaller rate of increase of only 8 percent may be
meaningful. Measurements of F-i 1 in the Southern
Hemisphere are less available, however. Wilkniss and others
(1975) reported a growth rate for F-i 1 of 22 percent per year
calculated for 1971-1974. A similar higher rate of annual
change of 20 percent per year is calculated for the antarctic
data between 1975 to 1978. Using only the 1976 to 1978 data
the rate is reduced to 14 percent per year. At the end of 1976
the F- il concentration at Cape Grim was calculated to have
been increasing at 19 percent per year (Fraser and Pearman,
1977). Pack and others (1977) deduced a 14 percent per year
growth rate for F-i 1 in the Southern Hemisphere from 1970
to 1975 data.

Similar trends and changes in the growth rate and in-
terhemispheric ratio of methyl chloroform and carbon
tetrachloride can be seen in the data in tables 1 and 2.
However, calibration and analysis problems are associated
with the earlier results. The 1978 N 20 data again support the

lack of any interhemispheric difference. They suggest that if
the atmospheric concentration is changing, it is doing so at an
annual rate that cannot be detected by the precision or ac-
curacy in the data used in these studies.

This research was supported by National Science Founda-
tion grant DPP 76-00437.
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During the 1976-77 and the 1977-78 antarctic field
seasons, an attempt was made to detect fallout products at the
South Pole by direct field measurements. The method was
first tested by lowering a detector crystal down the wall of a 4-
meter-deep pit on the Ross Ice Shelf at Williams Field
(77-52'S. 167-E.) (Zeller et at., 1977). Subsequently, a second
test was performed in Marie Byrd Land where a gamma ray
detector having a crystal volume of 256 cubic inches (4,195
cubic centimeters) was lowered into a 5-meter-deep pit. The
pit was located near the remote field camp designated Mabel
1. In both these experiments significant variations in the gam-
ma ray activity at specific levels below the surface were

detected. At Williams Field, the fallout appears to be concen-
trated in a zone about 2 meters below the surface. The in-
creased gamma ray flux is roughly 2.5 percent above back-
ground and must be considered significant because the stand-
ard deviation attributable to counting statistics is only about
1.5 percent. A similar result was obtained in Marie Byrd
Land with a peak superimposed on the cosmic ray back-
ground at approximately 3.3 meters depth. In both areas, the
precipitation rate is sufficiently high that only the uppermost
level of fallout products can be identified in shallow pits.

A much more successful test was conducted in December
1977 at a glaciological pit near South Pole Station. The pit
had been dug under the direction of Claude Lorius to a depth
of 10 meters and was made available to us for these measure-
ments. As the detector crystal was lowered, we made
measurements in 20-centimeter increments down the wall of
the pit to a depth of nearly 5 meters. At each increment, the
total counting time of 1.5 minutes resulted in a counting error
of approximately 1 percent. The results are shown in the
figure.

Three individual zones of fallout concentration are found
at depths of 1.4 meters, 3.1 meters, and 4.4 meters. The in-
creased gamma ray activity at these levels is very distinct and
amounts to a 5 to 10 percent increase over the level of the
background radiation. It should be noted that the back-
ground decreases as the detector is lowered into the pit
because it becomes progressively more shielded from cosmic
radiation by the snow in the walls of the pit. The figure shows
the correlation between the depth in centimeters and the year
of deposition as determined by snow stratigraphy. Beta ac-
tivity peaks have been found at the same three locations by
laboratory measurements (Pourchet and Valentin, 1977). It is
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Radiation profile of the gamma-activity between 0.4
megavolts and 3.0 megavolts from a glaciological pit at the
South Pole. The three distinct peaks at 1.4 meters, 3.1 meters,
and 4.4 meters are thought to represent fallout from different

nuclear weapons test series.

apparent that each fallout zone represents a nuclear weapons
test series. The peak we found at 4.4 meters apparently came
from the nuclear test series that was terminated in 1958 (Pic-
ciotto and Wilgain, 1963), whereas the peak at 3.1 meters
resulted from the new series of thermonuclear detonations
fired in September 1961. Finally, the peak at 1.4 meters can
be correlated with the French nuclear tests on Muraroa Is-
land during 1970 and 1971 which were in the megaton range
(Anonymous, 1971).

Thanks are extended to the French glaciological team
under the direction of Claude Lorius for their aid in prepar-
ing the pit at South Pole Station and the information they
provided relating to the beta ray radioactivity measurements.
Research for this program was supported by National Science
Foundation grants DPP 7508075 and DPP 7623441.

References

Anonymous. 1971. Radiation and data reports. U.S. Environmental
Protection Agency, Washington, D.C.

Picciotto, E., and S. Wilgain. 1963. Fission products in antarctic

snow, a reference level for measuring accumulation. Journal q
Geophysical Research, 68(21): 5965.

Pourchet, M., andJ. P. Valentin. 1977. Private communication.
Zeller, E. J . , G. Dreschhoff. K. Krisler, and F. Tessensohn. 1977

Resource and radioactivity survey in Southern Victoria Land. Ant
arctic lournal of the Us., 12(4): 112.

Particles in the air at the South
Pole
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The sources and physical properties of particles sus-
pended in the air at South Pole Station were studied by per-
forming inversions on measured optical extinction and scat-
tering data (Twomey, 1965). Submicron-sized particles, or
aerosols, are found in concentrations ranging from 10 to 1500
particles per cubic centimeter throughout the antarctic tro-
posphere and above the surface boundary layer. The total
mass of particles in a vertical column is about 5 x 10 grams
per square centimeter, which represents an average mass
mixing ratio of particles-to-air of only 2 x 10; the antarctic
aerosols are truly trace constituents.

The aerosol size spectrum tended to be bimodal, with par-
ticle concentrations enhanced at radii of 5 x 10 centimeters
and at 5 x 10-7 centimeters. This bimodal structure can be in-
terpreted to mean that the natural aerosol over the antarctic
plateau consists of two fundamentally different modes: an
Aitken mode (average radius 5 x 10- centimeter; concentra-
tion 1500 per cubic centimeter), which dominates the num-
ber concentration, and a large-particle mode (average radius
5 x 10- centimeter; concentration 0.5 per cubic centimeter),
which dominates the mass concentration.

Calculations have been made on the dynamical behavior
of particulates that coagulate together under the action of
Brownian motion. The results indicate that the smaller
Aitken particles cannot be more than 2 days old; they must
have been produced in the vicinity of the antarctic plateau it-
self, probably by nucleation from trace atmospheric gaseous
constituents. The equivalent saturation vapor pressure of the
Aitken particles is only 3 x 10- 10 Torr, or smaller than typical
partial pressures found for many trace gases, such as SO 2, in
clean atmospheres. The conversion rate of gas-to-particles is
calculated to be 4 x 10 .21 grams per cubic centimeter per sec-
ond (equivalent to a particle production rate of 0.01 Aitken
particles per cubic centimeter per second).

Although the Aitken particles predominate in the
measured aerosol number concentration at South Pole, they
constitute at most only a few percent of the total particulate
mass. Likewise, most of the particulate mass and hence the
largest portion of material deposited in snows or caught on
filters must come from the relatively few in number, but large
in size, atmospheric particles in the particle mode centered
near 5 x 10- centimeter radius. Possible sources for these
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