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This new study is designed to determine the concentrations
and isotopic compositions of stable lead in antarctic surface
waters. The data are needed to complement existing mea-
surements of the global flux of lead to the oceans (Patterson,
Boutran, and Flegal 1985), which demonstrate the predomi-
nance of aeolian depositions of industrial lead aerosols in other
ocean waters (Flegal and Patterson 1983). This is a consequence
of the anthropogenic emission of 3.3 x 108 kilograms of in-
dustrial lead per year to the atmosphere (Nriagu and Pacyna
1988). Lead concentrations in antarctic surface waters should
be lower than those of temperate waters in the Northern Hemi-
sphere, which are most affected by atmospheric depositions
from highly industrialized countries in North America, Eu-
rope, and Asia (table).

It has been hypothesized that lead concentrations in antarctic
surface waters will be <20 picomoles per kilogram based on
the relative isolation of those waters and their seasonally high
rates of primary productivity. Most (70 percent) industrial lead
emissions are in the Northern Hemisphere (Nriagu 1979), and
they are latitudinally dispersed by prevailing wind patterns
(Flegal and Patterson 1983). Anthropogenic emissions of lead
in the Southern Hemisphere should also be dispersed in the
lower latitudes, where most industrial sources are located. This
latitudinal distribution should be comparable to those of the
lead-210 (Nozaki, Thompson, and Turekian 1976) and some
artificial radionuclides that have been released to the atmos-
phere (Cutter, Bruland, and Risebrough 1979; Koide et al. 1979;
Koide and Goldberg 1985). Lead concentrations should also
be lowered in antarctic surface waters during periods of in-
tensive primary productivity. That biological scavenging of
lead should parallel the scavenging of lead-210 in upwelling
regions (Nozaki et al. 1976; Flegal and Patterson 1983). There-
fore, based on parallels between surface water concentrations
of stable lead and lead-210 in the Northern Hemisphere, lead
concentrations in antarctic surface waters should be equal to
or lower than those of any other oceanic surface waters.

Approximately 50 percent of the lead in the antarctic surface
waters should be derived from industrial aerosols, despite their
relative isolation from atmospheric emissions from anthro-
pogenic sources. Measurements of lead concentrations in ant-

Observed and predicted atmospheric lead fluxes and lead
concentrations in oceanic surface waters."

Aeolian fluxesb
Location	Total	Industrial	Natural	Concentrationsc

Temperate	170	167	3	 165
North Atlantic
Temperate	50	50	0.3	 68
North Pacific
Tropical	6	6	0.3	 53
North Pacific

Tropical	3	3	0.3	 12
South Pacific

Antarctic	0.04	0.03	0.01	<12

a Observed data summarized in Flegal and Patterson (1983) is consid-
ered to be higher than present levels due to recent reductions in at-
mospheric emissions of industrial lead as reported by Nriagu and Pacyna
(1988) and measured in North Atlantic surface waters by Boyle et al.
(1986).

b In nanograms per square centimeter per year.
In picomoles per kilogram.

arctic snow (Boutron and Patterson 1983; Ng and Patterson
1981; Wolff and Peel in press) indicate the present aeolian lead
flux is approximately 0.04 nanograms of lead per square cen-
timeter per year (Patterson et al. 1985). While this is 50 times
less than the current lead flux in the South Pacific Westerlies
(2 nanograms per square centimeter per year), it is estimated
to be 2 times greater than the natural flux of volcanic and sea-
spray lead (Boutron and Patterson 1983; Ng and Patterson
1981).

The sources of industrial lead in antarctic surface waters may
be determined by their isotopic composition. The ratios of
stable lead isotopes have been used to distinguish Asian and
North American leads in the North Pacific (Flegal et al. 1986),
as well as Australian and North American leads in the central
Pacific (Flegal et al. 1984). Inputs to antarctic surface waters
may be derived from the compilations of lead isotopic com-
positions in terrestrial deposits (Doe 1970) and in aerosols (Pat-
terson and Settle unpublished data). Details of these procedures
have been reported elsewhere (Faure 1986), as have their ap-
plications in oceanographic research (Flegal and Stukas 1987).

Preliminary collections have been obtained on the Antarctic
Marine Research at the Ice Edge Zone (AMERIEZ) and Re-
search in Antarctic Coastal Ecosystems Rates and Processes
(RACER) expeditions. Samples from the AMERIEZ collections
extend over a mesoscale frontal system in the Weddell and
Scotia Seas, which is characterized by intense seasonal biolog-
ical productivity (Alexander 1980). Samples from the RACER
collection were also collected from areas of high productivity
along the Antarctic Peninsula. Intercalibrated measurements
of lead concentrations and isotopic compositions by thermal
ionization mass spectrometry are being made at the California
Institute of Technology and Lawrence Livermore National Lab-
oratory.

This research is being supported by National Science Foun-
dation grant DPP 86-14243 and the Institute of Geological and
Planetary Physics.
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The Ross Sea
data buoy project, 1986-1988
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Arrays of drifting data buoys, deployed annually on the ice
canopy, provide the first synoptic measurements of surface air
pressure, temperature, and sea-ice motion over the Ross Sea
during winter. Air deployments of the buoys are carried out
during June, as part of the Antarctic Midwinter Airdrop mis-
sion conducted by the U.S. Air Force. Each buoy reports ap-
proximately 15 times per day. Raw measurements are
transmitted by satellite data link, using the ARGOS data-col-
lection system. Buoy positions are also determined by ARGOS.
The pressure and position data are available to weather fore-
casters through the Global Telecommunications System. For
scientific research, the raw data are edited, smoothed, and
interpolated to produce high-quality time-series and spatial
fields of surface pressure, temperature, buoy position, sea-ice

* Present address: Department of Meteorology, University of Wisconsin,
Madison, Wisconsin 53706.

velocity, and selected space derivatives of these quantities.
These data sets are stored on magnetic tape, for use by all
interested scientists. A data report, to be published annually
beginning in 1988, lists mid-day values of pressure, temper-
ature, and position for each buoy, together with 12-hourly
synoptic maps that show sea level isobars and daily average
ice velocity. Project research includes studies of the synoptic
meteorology, the general circulation of sea-ice and surface cur-
rents, and the ice budget of the Ross Sea region.

The buoys deployed to date are model TAD (Tiros Arctic
Drifter), manufactured by Polar Research Laboratory, Inc. Buoy
positions are determined by satellite doppler techniques. Anal-
yses of position time series for buoys at a fixed, known location
yield a root mean square error less than 300 meters for indi-
vidual measurements. In 1986, the buoys reported position
only. In 1987-1988, the buoys were equipped with sensitive
barometers (Paroscientific Digiquartz series 125-A W-002) and
thermisters (YSI 700 series). Comparison studies among sev-
eral buoys and a precision aneroid show that individual mea-
surements have root mean square errors less than 0.5 millibars
and 1.0°C, respectively. A port in the buoy hull allows changes
in surface air pressure to communicate directly with the ba-
rometer. The thermister measures temperature within the buoy
hull. In general, the measured temperature differs from the
ambient air temperature, depending on snow depth, ice thick-
ness, incident solar radiation flux, and the buoy's thermal in-
ertia. With one exception, the buoys are designed to operate
for 1 year, by which time they typically reach the marginal ice
zone, where they are destroyed by colliding floes. Buoy 3883,
deployed on iceberg B-9 in 1988, has a 3-year design life.
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