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The antarctic tracer experiment is designed to aid scientific
understanding of meridional atmospheric transport processes
in Antarctica. Meridional transport is responsible for bringing
pollutants, both natural and manmade, to Antarctica from the
lower latitudes. These materials then become part of the record
of climate history that is frozen in the polar ice sheet. The
project consists of releasing unique gases into the atmosphere at
a time and place of our choosing and subsequently sampling the
antarctic atmosphere in search of the tracer gases. Figure 1
shows the experimental concept and the location of the stations
where sampling for the tracer is being conducted.

ANTARCTIC TRACER EXPERIMENT

HEAVY METHANE
TRACER GAS

PACIFIC OCEAN

ZEALAND	 ROSS SEA

do	

tAUSTRALIA)

Figure 1. Conceptual view of the antarctic tracer experiment

The tracers used are 13CD4 and "CD,. These gases are isotopic
analogs of methane and are called "heavy methanes" because
they are composed of the heavy isotopes of carbon and hydro-
gen, namely carbon-13 ( 13C) and deuterium. These gases can be
detected in the atmosphere at a level of a few parts in 1017 in air.
This extremely low level of detection means that the gases can
be detected over 4,000 kilometers from the point of release.

During the austral spring of the 1983— 1984 season, samplers
were deployed to eight stations on the antarctic continent. The
stations included the U.S. stations at McMurdo, Palmer, and
Amundsen-Scott. Samplers were also installed at Halley Bay
(United Kingdom), Dumont d'Urville (France), Syowa (Japan),
and Casey and Mawson (Australia). Sampling at these locations
is being conducted with the cooperation of personnel stationed
there.

After the sampling network was established, we conducted
the first release of the tracer gas. This took place at 55°00'S and
167°47'E at 5,500 meters above mean sea level on 9 January 1984
(0015Z). One kilogram of 13CD4 was released from a National

Science Foundation LC-130 airplane flying from Christchurch,
New Zealand, toward McMurdo Station. Upon release of the
tracer, all sampling stations were notified to begin sampling.
The sampling protocol consists of collecting one sample contin-
uously over a 3-day period. This is followed for 60 days after the
release. Thus, 20 samples are collected by each station following
each release.

Following the January release, additional samples were col-
lected by a cryogenic sampler developed for use on board
LC-130 airplane. Samples were collected on a nearly daily basis
from 9 January to 15 February by taking advantage of the nor-
mal flight operations of VXE-6. Samples were collected on
flights between McMurdo and Siple, Byrd, Amundsen-Scott
Stations as well as between McMurdo and Christchurch. Other
flights on which samples were collected included flights to the
Siple coast, Martin Hills, Mount Smart, and the Ohio Range
areas. About 100 samples were collected by this means.

A second release of 1 kilogram of 13 CD, was made on 8 June
1984. This release was conducted with the assistance of the U.S.
Air Force using a WC-135 airplane and was made at 59°40'S and
160°45'W at 5,500 meters altitude. Sampling was conducted at
the Antarctic stations in the manner described above. Of
course, no airborne sampling could be conducted during the
austral winter.

The third and final release took place on 18 October 1984. This
release was comprised of two releases of different tracer gases at
62015'S 172 010'E but at different altitudes. The release of 1 kilo-
gram of 13CD4 was made at 1,530 meters while 20 kilograms of
12 CD, was released at 5,500 meters altitude. The releases were
made from a U.S. Air Force C-141 airplane enroute from
McMurdo to Christchurch, New Zealand. Following this re-
lease, we again collected samples during LC-130 airplane flights
in the manner used for the January release.

Understanding the path by which the tracer travels is an
important aspect of this research. A trajectory forecast of the
first tracer release in January 1984 has been performed by mete-
orologists of the U.S. Air Force, British Antarctic Survey, and
National Oceanic and Atmospheric Administration (NOAA).

The results are shown in figure 2. Trajectories A through D
were forecast by David Limbert of the British Antarctic Survey
while trajectory E was forecast by the U.S. Air Force. The
forecast by Elmer Robinson of NOAA is essentially the same as
trajectory C. The dearth of meteorological observations in th
high southern latitudes exacerbates the uncertainties associate
with trajectory forecasting. The plotted trajectories of the trace
show a wide divergence of possible paths after just a few days
However, all of the trajectories agree that the initial path wa
toward the east and south. Similar trajectory analyses hay
been performed for the other releases.

We are currently analyzing the samples that were obtaine
following the January release for the presence of heavy met -
ane. We have detected heavy methane in samples collected t
7,333 meters over the Ross Ice Shelf 26 hours after the releas
The tracer was found to have persisted in this region for sever 1
days following the release. This finding indicates that sout -
ward transport from the release point was much faster and
further than had been predicted from trajectory analysis. Smll
amounts of tracer have been detected in samples collected at tFe
South Pole and at Halley Bay within about 1 week to 10 dars
after the release. However, during this same time interval, ro
tracer was detected at McMurdo. This suggests that the heavy
methane did not mix down to the surface until after passing
over McMurdo.
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gure 2. Forecast tracer trajectories following the release on 9 January 1984.

Determination of sulfur gases in the
antarctic atmosphere
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A research program was conducted during austral summer
85 to survey the ground-level concentration of atmospheric

sulfur gases in Antarctica. The source of most of these gases is
presumed to be natural biogenic emissions from productive
marine waters (Andreae and Raemdonck 1983). They are subse-
quently transformed in the atmosphere to sulfate aerosol parti-
cles, transported across the Antarctic Continent, and even-
tually deposited to the ice sheet.

The measurements were made by metal foil collection/flash
vaporization/flame photometric detection (MFC/FV/FPD). This is a
relatively new method developed by S.O. Farwell, R. A. Kagel,
and coworkers at the University of Idaho (Kagel 1983). Sample
air is passed over a palladium foil strip which adsorbs the sulfur
gases. The loaded foil is flash heated by an electric current, and
the desorbed gases are carried to a flame photometric detector
which is sensitive to sulfur molecules.
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