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Record of ozone and aerosol concentration measurements taken during the trans-Pacific flight

Flight	 Ozone	Aerosol
level	 concentration	concentration

Location	(feet)	 Conditions	 (parts/million)	(per cm3)

West of Point	20,000 Fog and stratus. Easterly wind.	 0.055	300-500
Mugu, California

29°N 139°W	24,000 Cumulus below flight level. Northerly wind.	 0.035	 <200
100 nautical miles	24,000 Wind continued to shift to the west and became weaker.	0.035"	150-200
north of the	 Packed cumulus in the tradewind layer below flight level.
Hawaiian Islands
24°N 150°W

From Barbers	16,000 Cumulonimbus turrets visible at 18°N latitude. Air	 0.035	 350
Point, Naval Air	 relatively dry. Light northeasterly winds.
Station, Oahu,
Hawaii to 18°N

17°N	 18.000 Cumulonimbus turrets. Aerosol and ozone
concentrations increased in the convected air.

120 -1 0°N
	

20,000 Intertropical Convergence Zone (rrcz) marked by	0.010-0.020	500-1,000
extensive band of convective turrets and rising air that
was frequently water-saturated.

4°N
	

22,000 Cumulus became smaller; air became much drier.	 0.038
	

400
Aircraft flew out of the south side of the ITCz.

Southern
	

24,000 Very light wind. Dry air.	 0.020b	 250b
tradewind zone
160S	 -	Air quite moist.

17°S	 16,000 Air considerably drier. Weak westerly wind.

200S	 20,000 Northwesterly winds of 30 knots when the aircraft
entered the temperate zone spring season.

250S	 20,000 Dry westerly wind of 60 knots.
250S	 22,000 Westerly wind of 77 knots. Air slightly more moist.
280S	 22,000 Aircraft apparently passed beneath the core of the

subtropical jet stream. Wind maximum of 97 knots at
300°.

31 0 S	 24,000 Diminished westerly winds. Air uniformly dry.
24	Christchurch, New	18,000 Strong west-northwesterly winds. Large, deep storm in
October	Zealand	 flight track. Slightly turbulent. Water-saturated air.
1980

48.50S	 20,000 Aircraft in clouds. Winds at 290 0 at 80 knots.
51 0S	 20,000 Aircraft topped the cirrus and turbulence. Air slightly

drier. Westerly wind diminished to 60 knots.
580S	 22,200 Some cirrus.
67°S	 Descent for ice reconnaissance in clear air above the

polar easterlies.

"Comparable to measurements taken at Mauna Loa Observatory at 2,800 meters above sea level.
bComparable to measurements taken at 24,000 feet in the northern tradewind zone.

Aerosols over Antarctica and along the Christchurch-to-
McMurdo track were studied from October to November 1980
in experiments involving the science-configured C-130 air-
craft. Over open water and to altitudes extending to approxi-
mately 1 kilometer, sea salt material (indicated by the presence
of chlorine and sodium) predominated as an aerosol, but the
sea salt concentration declined above 1 kilometer, approxi-
mately as exp(-h/H) with H 1 kilometer (h = altitude).

Southern Hemisphere aerosols
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At altitudes between 2 and 8 kilometers, the predominant
aerosol was sulfur-rich material, presumably in the form of
sulfates, with trace amounts of other elements (i.e., silicon,
aluminum, calcium, magnesium, potassium, titanium, iron,
and zinc.)

Over exposed land, primarily over New Zealand, we found
irregular particles that frequently showed coincoidal fracturing
or evidence of being composed of crystalline material and
sometimes, especially over Antarctica, had conglomerates of
other particles attached to the parent by coagulation. Invari-
ably, these particles exhibited strong Al (aluminum) and Si
(silicon) X-ray resonance lines, indicating that they are crustal.
Generally, the crust-derived particles were more abundant at
low than at high altitudes, and the mean size of crust-derived
particles tended to decrease both with increasing altitude and
with increasing distance from exposed land. Their size and
the fact that they tend to be confined to an area of radius less
than 100 kilometers from the continental coast indicate that
they must have relatively brief lifetimes (approximately 1 day).
The idea that crustal aerosol is confined to regions around
exposed land is not completely accurate, however; some par-
ticles appearing to be crustal in nature occasionally were col-
lected as far south as the ice sheet, but they were rare and
always under 1 micrometer in diameter. The midtroposphere
aerosol is somewhat patchy, sometimes varying in concentra-
tion by a factor of 2 between consecutive samples taken 100

kilometers apart. However, the mixing ratio of particle mass
loading to air density was found to be nearly constant in the
Southern Hemisphere, in great contrast to what one finds over
polluted continental regions, where aerosol concentration
more usually decreases by a factor of 2 for each approximately
1-kilometer increment of altitude.

The airborne aerosol-sensing experiments were supple-
mented with surface-based measurements of the monochro-
matic optical extinction and optical scattering coefficients of
aerosols at several elevations in the Victoria Mountain Range
and at the South Pole. The data indicate that the aerosol over
the great ice sheet is homogeneous—on vertical scales of
approximately 6-8 kilometers and on horizontal scales of
approximately 1,000 kilometers. The form of the microparticle
size distribution function (sensed indirectly by inverting
optical measurements), the composition of the particles (pre-
dominantly sulfur-bearing compounds), and the large-scale
homogeneity lead us to conclude that most of the particles are
secondary products nucleated from trace sulfur-bearing gases,
presumably from marine sources, which have lingered in the
atmosphere for 0.1-0.2 year.

This work was sponsored by National Science Foundation
grant DPP 79-20804. We are grateful to the VXE-6 squadron and
to the Naval Meteorological Office for support and friendly
participation way beyond the call of duty.

Microphysical measurements in
antarctic coastal clouds and the

subcloud layer

V. K. SAXENA

Department of Marine, Earth, and Atmospheric Sciences
North Carolina State University
Raleigh, North Carolina 27650

During the 1980-81 austral summer, measurements of
microphysical parameters were made along the antarctic coast.
Objectives were (1) determination of the cloud nucleation
characteristics of aerosol particles that participate in the for-
mation of antarctic coastal clouds, (2) study of variations in the
cloud droplet size spectra through direct measurements within
the clouds, (3) simultaneous measurements of the Aitken
nuclei concentration, and (4) determination of the primary
chemical constituents of cloud water collected directly by
means of aircraft penetrations. In addition, aerosol samples
were collected for later analysis by electron microscopy and X-
ray energy diffraction spectrometry.

To accomplish the objectives, a cloud condensation nucleus
(ccN) spectrometer (Fukuta and Saxena 1979a, 1979b) capable
of measuring in real-time spatial and temporal distributions
of the CCN activity spectrum was installed in an instrumented
LC– 130 aircraft equipped with sensors for pressure, humidity,
and aircraft position. A forward-scattering spectrometer probe
(model FSSP-100, Particle Measuring Systems) was attached

to the tip of the left wing of the aircraft. The mountings for the
probe were designed to prevent the boundary layer effects on
sampling the cloudy air. Cloud water was collected by means
of teflon probes that were exposed to the supercooled cloud
droplets through a hole in the fuselage.

The results of these field experiments are being analyzed.
Figure 1 presents an infrared absorption spectrum recorded
by the Perkin-Elmer infrared spectrophotometer for the cloud
water collected on 3 November 1980 around 75°53'S 172°20'E.
The minimum in transmittance at a frequency of 3,400 per
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Figure 1. Analysis of the cloud water sample by a Perkin-Elmer
spectrophotometer. Absorption peaks can be seen as a function
of wavelength. Frequencies are given In per centimeter.
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