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Air-sea interactions over the Ross Sea
in the surface boundary layer

V. K. SAXENA and T. B. CURTIN
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Previous studies have demonstrated (Saxena 1981; 1982;
1983) that organic particulates are present in the antarctic coast-
al clouds over the Ross Ice Shelf. During the period from De-
cember 1982 to January 1983, our investigations were extended
to test our hypothesis regarding the origin of these organic
particulates. It is currently believed that organic particulates are
produced by the wave action at the surface of the Ross Sea off
the annual ice edge. Advection coupled with localized updraft
is responsible for ingesting these particulates into the coastal
clouds. Processes leading to the transfer of organic material
from the ocean to the atmosphere are already documented
(Blanchard and Syzdek 1972, 1974). Experiments over the At-
lantic coast have shown (Baier et al. 1974; Gershey 1983) the
abundance of organic material in sea-surface films and bubble-
generated aerosols.

The field team was deployed for about 3 weeks from 18
December 1982 through 11 January 1983. A cloud water collec-
tion probe (cwcp) was used aboard the LC-130 aircraft for pen-
etrating low lying stratus clouds. The procedure for collecting
the cloud water has already been described (Saxena 1983). Pre-
cipitation samples were also collected at the McMurdo Station.
Using the Coast Guard floatable helicopters, a portable buoy
was deployed over the exposed Ross Sea water off the annual ice
edge. Figure 1 shows the design of the buoy on which is
mounted a submicroscopic particulate sampling assembly (SPSA
in a sealed box. It is equipped with a time delay circuit so that

SPSA comes on 10 minutes after the helicopter has left the
deployment location. This precludes sampling of aerosol parti-
cles generated by the helicopter wake effects. A Niskin bottle is
attached to the buoy, which is 1 meter in diameter, to collect the
sea water samples simultaneously. For safety reasons, two heli-
copters were involved in the operations.

The experimental run started at 0830 New Zealand Standard
Time (NzsT) on a fair weather day, and the buoy was loaded on
one of the helicopters equipped with a sling. An SPSA unit was
placed on board the other helicopter which also carried a copper
sampling tube (2.54 centimeters, inside diameter) attached to its

side and projected sufficiently forward of its nose by a precalcu-
lated length to avoid sampling within the helicopter boundary
layer. Under the surveillance of the Coast Guard radar aboard
the icebreaker, helicopters were ordered to proceed to a pre-
determined site over the exposed sea water. On its way to the
experimental site, one of the helicopters collected Nucleopore
filter samples. Upon arrival at the site, the helicopter with the
buoy hovered to about 3 meters above the sea surface and
deployed the buoy while the other helicopter kept a vigil. After
deployment, the helicopters proceeded to Marble Point for re-
fueling. On our way back, the buoy was retrieved using the
radar tracking facility aboard the icebreaker and a Nucleopore
filter sample was taken. In the second to last mission, one of the
helicopters developed engine trouble at Marble Point, and the
mission was completed with one helicopter alone.

Cloud water samples were collected on 27 December and 31
December 1982 when the low-level clouds moved over the Ross
Ice Shelf. Satellite imagery was used to pick an experimental site

AIR/ WATER SAMPLING BUOY (PORTABLE)

DEPLOYMENT/ RETRIEVAL
RING

AIR SAMPLE INTAKE

STROBE LIGHT

RIGID TRIPOD

ROWER SUPPLY/CONTROLLER
AIR FILTER ASSEMBLY
SEALED UNIT

TOROIDAL BUOYANCY
ELEMENT (INFLATABLE)

RIGID BRIDLE

NISKIN BOTTLE

BALLAST WEIGHT RING

3ALLAST WEIGHT/
WC CA1.0rc

Figure 1. A portable buoy that was deployed by the Coast Guard
helicopters for sampling at the air-sea interface.
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and LC-130 aircraft was flown for a total of 10 hours for collect-
ing the cloud water using cwcP.

Analysis of the collected cloud water, precipitation, sea water,
and particulate samples is underway. The former three will be
analyzed for their pH content, salinity, cation and anion con-
centrations, organic material content, dry residue morphology
and elemental composition. Particulate samples on Nucleopore
filters will be analyzed to produce particle morphology, aerosol
concentration and size distribution (since the sample volume is
known), elemental composition, and organic particle identifica-
tion. Concentration of ice forming nuclei on the filters will be
measured using subfreezing thermal diffusion chamber and the
drop freezing technique.

The collected samples provide an unusual and unique oppor-
tunity to study the air-sea interactions using organic material
and elemental composition as tracers. Examples of the analysis
are shown in figures 2 and 3. Figure 2 (block a) shows the
morphological features of aerosol particles collected at 150
meters above ground level on 9 January 1983 during an experi-

Figure 2. (a) Electron micrographs of aerosol particles collected at
150 meters above ground level over the Ross Ice Shelf on 9 January
1983. (b) X-ray energy spectrum of three selected particles. ("1im"
denotes micrometers.)

mental run from McMurdo Station to the ice edge. Obviously,
aerosol particles ranging between 5-7 micrometers in diameter
are present in unexpected numbers. The X-ray energy spectrum
of three selected particles shown in figure 2 (block b) indicates
that two out of three particles have abundant potassium—a
characteristic of organic material such as phytoplankton. Elec-
tron micrographs of the cloud water residue collected on 27
December 1982 are shown in figure 3 (block a). The residue was
then washed with distilled water and dried, the morphology of
which is shown in figure 3 (block b). The X-ray energy scan of
the dry residue shows that sodium, silicon, chlorine, po-
tassium, and calcium are present in the sample. The last two
elements are again characteristics of organic material. Evidence
therefore exists that antarctic macroscopic meteorology is influ-
enced by the microlayer oceanography.

The work was supported by the Division of Polar Programs,
National Science Foundation grant DPP 79-22058. Assistance of

!01

Figure 3. (a) Dry residue morphology and X-ray energy spectrum of
the cloud water sample collected at the air-sea Interface on 27
December 1982. (b) Electron micrographs of the Insoluble residue of
the cloud water sample. ("rim" denotes micrometer.)
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tion, Boulder, Colorado in analyzing the samples is gratefully
acknowledged.
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Antarctic hydroxyl radical
measurements
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This research was directed toward determination of the hy-
droxyl radical concentration in the mid-January, lower-tro-
pospheric antarctic air. Current thought is that the hydroxyl
radical plays a central role in the Earth's atmospheric pho-
tochemistry as an oxidant of trace gases, including carbon mon-
oxide (CO), methane (CH,), and methyl chloroform (CH3CC13).
Campbell (1980) has shown that lifetimes of these trace gases are
shortest in the equatorial latitudes and longest near the poles
because of their inverse dependence on the tropospheric hy-
droxyl radical concentration. Thus, most of the photochemical
oxidation in the Earth's atmosphere occurs between the Tropics
of Cancer and Capricorn (22°N to 22°S). Measurement of hydro-
xyl radical concentrations at various latitudes would test this
hypothesis.

During the 1981-1982 austral summer research season, this
Washington State University group (Hopper and Hardy) per-
formed hydroxyl radical measurements at the McMurdo and
South Pole Stations. The carbon-14 tracer method (Campbell,
Sheppard, and Au 1979) used in these measurements involves
the injection of high purity carbon-14 labelled carbon monoxide
("CO) into a 100 liter ultraviolet-transparent teflon reaction
vessel, followed by rapid removal of small aliquots (3 to 14 liters)
at reaction times ranging between 20 and 90 seconds. During
this reaction time, a small fraction of the 14C0 is pho-
tochemically oxidized to ' 4CO2 by the hydroxyl radical. Samples
containing 14CO2 were returned to the Washington State Uni-
versity radiocarbon dating laboratory for additional purification
and were counted in low-level methane proportional counting
tubes to determine their 14CO2 contents. Plots of the fraction of
14C0 converted to 14CO2 as a function of time yield slopes that
are proportional to the hydroxyl radical concentrations. Be-
cause of low-level 14C contamination in some of the collection
tubes, it was necessary to treat the remaining data from the four
McMurdo Station experiments, conducted under nearly identi-
cal reaction conditions, in a single time-average regression anal-
ysis. The important reaction conditions-ozone, water vapor,
temperature, and ultraviolet intensity-were determined in
parallel with each hydroxyl radical measurement. The supple-
mentary data, [03, H20, temperature, and J(O'D), the pho-
toproduction rate of metastable oxygen] and the results of four

Table 1. Supplemental data for antarctic hydroxyl radical experiments

Measurement	 Temperature	 H20
	

03 (in parts	 J (OD)
(°C)
	

(torr)	 per billion)
	 (10-6 sec 1)

McMurdo
MCM-1	 -0.6

	
2.9	 1.0

MCM-2	 -4.0
	

2.2	 0.98
MCM-3	 -3.0

	
2.4	 0.78

MCM-4	 -3.0
	

2.4	 0.98
Average MCM	 -2.6 ± 2.3

	
2.5 ± 0.5
	

8.9 ± 0.3
	

0.92 ± 0.18
South Pole	 _30.4a	 0.32a	 7. la	 0.51 ± 0.1

POL-2,3,4

Personal communication, R. G. Williscroft, Station Chief, National Oceanic and Atmospheric Administration/Global Monitoring for Climate Change.
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