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Measurements of atmospheric and dissolved chlorofluoro-
carbons (CFCs) were made in the Weddell Sea as part of the
ANT V/4 expedition on the West German research vessel Po-
larstern. Detailed water column profiles of the concentrations
of two dissolved CFCs, CC1 3F (F-il) and CC12F2 (F-12), were
obtained along a section crossing the Weddell Gyre and at
stations along the southern margin of the Weddell Sea in the
region near the Filchner Ice Shelf. Detectible levels of these
anthropogenic compounds were present in all seawater sam-
ples analyzed during this expedition. The observed distribu-
tions of these dissolved CFCs can be used to study the exchange
of atmospheric gases with the ocean, and the rates and path-
ways by which dense surface waters in this region are mixed
into the interior of the ocean.

During the January to March 1987 expedition in the Weddell
Sea (see figure 1), more than 1,000 seawater samples were

Figure 1. Cold, dense waters are formed along the southern margin
of the Weddell Sea on the continental shelf and slope. These waters
sink to abyssal depths and are transported northward through the
Weddell Sea as bottom currents. The currents carry dissolved CFCs
from near-surface layers to the deep Weddell Sea.

collected for analysis of a number of components including
salinity, dissolved oxygen, nutrients, oxygen isotopes, helium-
3 and helium-4, carbon-14, and CFCs. Continuous vertical pro-
files of salinity, temperature, and depth were obtained during
each hydrocast using a conductivity-temperature-depth in-
strument. Air samples were analyzed at least twice daily for
F-il and F-12 concentration. All CFC samples were analyzed
using electron-capture gas chromatography (Bullister and Weiss
1988).

The concentrations of F-li and F-12 in the atmosphere have
increased monotonically since production of these compounds
began in the 1930s. More than 90 percent of the production
and release of F-il and F-12 occurs in the Northern Hemi-
sphere. Due to the low reactivity of these gases and rapid
mixing processes in the troposphere, the concentrations of F-
ii and F-12 are relatively uniform over the Earth's surface.
Figure 2 shows a model of the increases of F-li and F-12 in
the troposphere over the Weddell Sea for the period 1930-
1987. This model is based on industrial production and release
estimates (CMA 1985) for these compounds during the period
1930-1975, and a time-series of measurements of F-il and F-
12 made at the South Pole during the period 1975-1986 (Ras-
mussen and Khalil 1986). The industrial production and release
estimates are corrected for stratospheric photolysis losses, and
the entire time-series is normalized to the air measurements
made in the Weddell Sea during 1987 using the Scripps Insti-
tution of Oceanography calibration scale (Bullister 1984).

F-il and F-12 can cross the air-sea interface and dissolve in
surface seawater. At equilibrium, the concentrations of these
compounds in the surface layer of the ocean is a function of
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Figure 2. Model of the increases of F-il and F-i 2 in the troposphere
over the Weddell Sea. These compounds dissolve in the surface
ocean, and the transport of CFCs into the interior of the ocean can
be used to study ocean circulation and mixing processes.

200

100

142	 ANTARCTIC JOURNAL



the temperature and salinity of the seawater, and the concen-
trations of these gases in the overlying atmosphere. From the
surface layer, dissolved CFCs are carried into the interior of
the ocean and can serve as tracers of the rates and pathways
of ocean circulation and mixing processes.

Antarctic CFC studies. Intense cooling of surface waters, and
the process of brine rejection during sea-ice formation leads
to the production of very dense waters in the southern ocean
around Antarctica. The Weddell Sea is an especially important
source for deep and bottom-water masses which spread
throughout the world ocean. A central goal of the ANT V/4
expedition was to determine the initial tracer content in dense
waters produced in the Weddell Sea and follow the tracer
signal as the waters move away from the source region.

During the ANT V/4 expedition, measurements of CFCs were
made on the continental shelf and slope region north of the
Filchner Ice Shelf. Due to the presence of sea-ice cover for
much of the year and the isolation of these waters from air-
sea gas exchange as they circulate under the extensive ice
shelves lying along the southern margin of the Weddell Sea,
F-li and F-12 concentrations in shelf waters were found to be
significantly (more than 20 percent) below atmospheric equi-
librium values. The overflow of ice-shelf water formed in this
region was detected as plumes of very cold, high-CFC water
(figure 3) flowing along the continental slope of this region.
These plumes rapidly mix with surrounding warmer, more
saline deep waters (of much lower CFC content) to produce
new Weddell Sea Bottom Water. The input of CFCs into the
deep Weddell Sea via this process can be modeled as a function
of time using these measurements, and the model for CFC
increases in the atmosphere (figure 2).

Newly formed Weddell Sea Bottom Water moves westward
and northward as a deep boundary current along the Antarctic
Peninsula, carrying dissolved CFCs to great depths (more than
4,000 meters) in the Weddell Sea. Along an ANT V14 section
crossing the Weddell Sea, near-bottom maxima in dissolved
CFCs were observed which were strongly correlated with the
presence of a dense bottom layer of cold Weddell Sea Bottom
Water. The high levels of CFCs and near-modern F-11/F-12
ratios observed in the core of the Weddell Sea Bottom Water
boundary current at distances greater than 1,000 kilometers
from the source region show that the renewal rate of this water
mass is rapid relative to the overlying deep waters, and that
these compounds are rapidly carried by deep circulation pro-
cesses to the northern edge of the Weddell Sea.

The measurements of dissolved CFCs (and other anthro-
pogenic substances) made during the ANT V/4 expedition are
being used to estimate the formation rates of deep water masses
in the Weddell Sea, and to trace the pathways by which these
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Figure 3. Dissolved F-il concentrations (x 10-12 moles per kilo-
gram) along continental slope section north of Filchner Ice Shelf.
The section shown extends from 74 040'S to 74010'S along about
35030'W. Dots indicate locations in water column where samples
were collected. The sea floor is indicated by the solid line. Lowest
F-i 1 concentrations (less than 0.5) are present in waters most iso-
lated from recent atmospheric contact. The near-bottom F-i 1 max-
ima at a depth ofapproximately 1,700 meters are associated with a
plume of cold, very dense water descending along the continental
slope of this region. Mixing of this plume with surrounding waters
leads to the production of new Weddell Sea Bottom Water con-
taining elevated levels of dissolved CFCs.

waters spread northward and enter the deep circulation of the
world ocean.
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