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The transport of tropospheric air masses from the north to the
south (longitudinal transport) is responsible for bringing aero-
sols and trace gases to Antarctica from the lower latitudes. The
atmospheric materials and pollutants from both natural and
anthropogenic sources may then become part of the geological
climatic record if they are trapped in the southern polar ice
sheet. If we are to use this record to evaluate the potential
greenhouse and albedo effects of air pollutants on global cli-
mate, we need to understand the transport mechanisms in-
volved. The antarctic tracer experiment was designed to im-
prove our scientific comprehension of these north-south trans-
port processes by the use of unique atmospheric tracers.

"Heavy" methanes were chosen to track the antarctic winds.
These are the heavy isotopic analogues of methane—so named
because they are composed of the heavy isotopes of carbon and
hydrogen, namely carbon-13 and deuterium. We released spe-
cific amount of 13 CD, and ' 2CD4 gas into the antarctic at-
mosphere and subsequently conducted air and surface sam-
pling in search of the tracer gas. Figure 1 shows the
experimental concept and the location of the sampling stations.

Sampling and mass spectrometric analysis techniques de-
veloped by Los Alamos National Laboratory's Isotope and Nu-
clear Chemistry Division can detect these tracers in quantites as
small as a few parts in 10 11 in air. Because of their extremely low
natural abundance, their long atmospheric lifetime, and the
high sensitivity for their detection, these isotopically unique
methanes are ideal for experimentally tracking air masses in
Antarctica over long periods of time and more than 4,000 kilo-
meters from the release point.

Tracers were released between New Zealand and Antarctica
in January, June, and October 1984. In January and June, 1
kilogram of 13 CD, was released by aircraft 18,000 feet above sea
level. In October, 20 kilograms of 12CD4 was discharged into the
antarctic atmosphere 18,000 feet above sea level and was fol-
lowed by 1 kilogram of 13 CD, at 5,000 feet. Following each
release, the network of ground-based sampling stations (shown
in figure 1) was activated and air samples were collected for a
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Figure 1. Schematic showing the location of stations used for
ground-based sampling of heavy methane tracers during the Ant-
arctic Tracer Experiment.

period of 60 days. Although no above-ground air sampling was
possible during the austral winter, we did collect samples by
aircraft after the January and October releases.

Detection of heavy methane tracers in Antarctica. By August 1985,
all the samples collected in Antarctica were returned to Los
Alamos for analysis. Before any samples were analyzed for the
heavy methane tracers, we determined normal methane con-
centrations by gas chromatography with flame ionization detec-
tion. This step is necessary because the mass spectrometric
analysis of the heavy methanes is normalized to methane in the
sample to increase the precision of the procedure. For a number
of the samples, we have observed higher than anticipated levels
of normal methane. We expected the concentration of methane
in antarctic air to be approximately 1.65 parts per million with
little variability; however, a number of analyses have given
values exceeding 2 parts per million. This poses no problem for
the heavy methane tracer measurements, but it raises some
interesting questions about our understanding of atmospheric
methane sources and sinks in the Southern Hemisphere. We
are evaluating these observations more carefully to determine
whether the samples reflect local contamination, sampling,
and/or storage artifacts.

Figure 2 summarizes the results of heavy methane tracer
analyses for samples collected during the first 3 weeks after the
January 1984 release. Vectors indicate where the path of aircraft
sampling occurred; solid vectors represent samples in which
tracer was detected, and dashed vectors denote samples where
the tracer was not observed (that is, the tracer was below detec-
tion limits). Aircraft sampling altitudes were usually between
22,000 and 26,000 feet above sea level.

In the aircraft-collected samples, the tracer was first observed
over the Ross Ice Shelf approximately 26 hours after the release.
For the first week following the release, the tracer was observed
in nearly every sample collected by aircraft over western Ant-
arctica. However, the heavy methane tracer was not detected in
the McMurdo Station surface samples, indicating that the tag-
ged air parcel had not yet mixed down to the surface as the air
passed over the edge of the continent. The tracer's very rapid
transport to the continent from the point of release was unex-
pected. Meteorological trajectory analyses did not predict that
this would occur. During the second and third weeks following
the release, the frequency of positive samples declined, which
suggests that the tracer was being transported out of the region.

The first detection of tracer at the surface of the South Pole
occurred 6 to 9 days after the release. During this 3-day period,
the surface winds were blowing from the Weddell Sea sector.
When this meteorological condition prevails, warm, moist, par-
ticle-laden air from the open ocean in the Ross and/or Weddell
Sea areas is blown over the polar plateau. These conditions
frequently coincide with the breakdown of the inversion over
the South Pole and the enhanced downward mixing from above
the inversion layer to the surface. We believe that the tracer was
carried down to the polar surface in this manner. After a travel
time of about 10 days, tracer was detected at Halley Bay (United
Kingdom), which is located on the coast of the Weddell Sea.
Analysis of several samples from the Palmer, Casey, Mawson,
and Dumont d'Urvjlle Stations (collected after the last detection
of tracer at Halley) have all been negative.

Atmospheric dispersion of the tracer. One exciting outcome of this
experiment has been the comfirmation of a theoretically pre-
dicted atmospheric dispersion process. For years, a number of
atmospheric researchers throughout the world have been
searching for evidence of a transition between the regime in
which the dominant atmospheric dispersive process is three-
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Figure 2. Aircraft sampling trajectories for the Antarctic Tracer Ex-
periment. Solid vectors indicate flights in which tracer was de-
tected; dashed vectors represent samples for which the tracer was
below detection limits. (a) 9-16 January 1984, (b) 17-23 January
1984, (c) 23-30 January 1984. ("0" denotes not tracer detected. "T"
denotes tracer detected. "NA" denotes sample not available.)

dimensional turbulence and a regime dominated by quasi-two-
dimensional circulation systems. These meteorological systems
cause extensive distortion by stretching, contorting, and break-
ing the tracer puff into a "lumpy" tracer plume. This distortion
process effectively accelerates the rate at which atmospheric
dispersion takes place because each "lump" then behaves as an
independently dispersing puff of tracer.

We expected that the transition between these two regimes of
atmospheric dispersion would occur at travel times of approx-
imately 100 to 200 hours. Because the heavy methane tracers
have a very high sensitivity for detection, we were able to follow
the tagged air masses in the Antarctic Tracer Experiment over
this time scale and thus were able to compare experimental data
with theory. Figure 3 is a plot of the tracer concentrations as a
function of transport time. The data clearly indicate that there is
an apparent increase in the tracer's rate of dilution at times of 100
to 200 hours (that is, increased slope). This, to the best of our
knowledge, represents the first direct experimental con-
firmation of the transition between the three- and quasi-two-
dimensional dispersion domains.

If we are to solve the environmental problems that depend on
atmospheric distribution of trace gases and aerosols (including
air pollution, spatial wet and dry deposition, and climatic im-
pacts of nuclear war), we must understand the processes that
transport and mix airborne material on the continental to hemi-
spheric scale. The Antarctic Tracer Experiment is making sig-
nificant new contributions to our knowledge of atmospheric
dispersion and transport on time scales that were heretofore
inaccessible.

This research was supported by National Science Foundation
grant DPP 81-18562.
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Figure 3. Heavy methane concentrations as a function of air mass
travel times are graphically represented. The change in slope after
100- to 200-hour travel time is the first direct experimental indication
of two dispersive regimes in the global troposphere. ("h" denotes
"hours.")
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