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Our organization celebrated its tenth year of antarctic field
research during the austral summer of 1984 - 1985. Black and
Hogan arrived at South Pole Station soon after it opened to
make aerosol observations and particle collections. Early
November is usually the period of maximum air exchange be-
tween polar and lower latitudes. Murphey arrived in Antarctica
in late November and recovered data recorded the previous
winter, an extension of his McMurdo wintering program of
1983. He also made a wind survey of the Arrival Heights and
radio transmitter areas of the Hut Point Peninsula, to assist in
site selection for a planned meteorology/air chemistry obser-
vatory. He then went on to South Pole Station and began a series
of atmospheric water vapor measurements.

Samson, Barnard, and Obremski arrived at South Pole Station
in January. Barnard and Obremski updated wind instrumenta-
tion on the meteorological tower and installed an experimental
precipitation collector at the 25-meter level of the tower.
Obremski made vertical measurements of temperature on the
tower and found persistent lapse conditions in the lower few
meters. Samson worked with the new South Pole Station com-
puter system and established a series of programs to facilitate
on-site analysis and reduction of meteorological, cli-
matological, and upper-air data. (See figure.) Isentropic chro-
nologies of air mass movements over South Pole Station are now
available, on station, to other investigators.

The South Polar Plateau had a different appearance when we
arrived in early November. The "heavy" snowstorm of January
1984, the several winter storms, and record surface winds had
resulted in a positive precipitation balance in every month at the
stake field (Gilchrist personal communication). These com-
bined to produce very large sastrugi in the vicinity of the sta-
tion. We used a polished steel funnel as a radiation shield and
made temperature measurements on the surface of these
sastrugi, finding large temperature differences between the
sunlit and shadowed sides of the sastrugi. We also found tem-
perature lapse in the meter above the sastrugi and in the lower
tens of meters of the boundary layer by making temperature
measurements from different levels of the meteorological tow-
er. We were assisted by the station meteorologists (Mark Miller,
Kitt Hughes, Tom Smith, and Nick Barrett), who launched
several slow-rising balloons and verified the presence of this
layer of lapse conditions. Samson and Barnard's additional
slow-rise balloon soundings in January and Obremski's tem-
perature measurements on the tower showed these near surface
lapse conditions to predominate through the summer. This
frequency of lapse, as opposed to the dominating inversion
condition found near the surface by Carroll (1981) in the mid
1970s and by Dalrymple, Lettau, and Wollaston (1963), in an
interesting phenomenon. We are preliminarily attributing the
cause of lapse to differential surface heating and increased sur-
face roughness contributed by the large sastrugi.
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TIME PRESS	M-MSL	TEMP DP-DEP	POT T

	

0.0 693.1	2835.	-30.7	4.0	269.3

	

0.5 686.4	2904.	-27.9	2.1	273.1

	

1.2 682.0	2951.	-25.8	1.6	275.9

	

1.7 677.5	2999.	-25.3	0.9	277.0

	

2.2 673.0	3047.	-25.4	-0.1	277.4

	

2.5 668.6	3095.	-25.6	0.2	2177.8

	

3.2 664.2	3143.	-24.4	3.8	279.7

	

3.6 659.8	3191.	-23.7	5.6	280.9

	

5.4 646.8	3337.	-23.B	8.8	282.4

	

7.5 629.6	3533.	-24.2	9.9	284.1

	

8.6 621.0	3634.	-24.2	10.0	285.2

	

9.7 612.4	3735.	-24.6	8.3	285.9

	

12. 0 595.8	3935.	-25.7	8.2	287.0

	

14.2 579.2	4139.	-27.0	8.1	287.8

	

19.8 538.8	4658.	-29. 2	S. 4	291.1

	

22.0 522.8	4873.	-30.7	8.4	291.9

	

24.1 507.2	5088.	-32.1	8.4	292.7

	

25.2 500-0	5188.	_32.8	8.4	293.1

Example of output generated from South Pole Digital pop-i 1 com-
puter, viz program.

The November aerosol experiment period was unusually
clear, cold, and windy. Little ice-crystal precipitation occurred,
and wind directions were generally confined to the northeast
(grid) "clean-air" quadrant. A new impactor concentrator was
used to collect particles with diameters greater than 0.1 microm-
eter but less than 0.5 micrometer which seem to dominate the
particle mass, according to light-scattering measurements.
Analysis of these particles showed an abundance of sulfur, in
agreement with prior work by Zoller, Gladney, and Duce (1974).
Silicon-containing particles were frequent in the size classes
above 0.5 micrometer, those collected on the first stage of the
impactor. We did not encounter a stormy condition or apparent
deep mixing and exchange during this experiment period.

A similar experiment was conducted during January when an
hourly observation schedule was established to record mete-
orological parameters as well as aerosol size and concentration
measurements for 2 weeks. These hourly data were supple-
mented by six hourly filter changes to determine the aerosols'
chemical nature. Also on a 6-hour basis, vertical profiles of
temperature structure, condensation nuclei, and wind direction
and speed were obtained from the 30-meter meteorological
tower. Daily slow-rise balloons complemented the twice daily
rawinsonde flights from the meteorological office. One of the
most interesting aspects of this period was the strong, and
unusually high, temperature inversion located about 1,000
meters above' the surface.

This research was supported by National Science Foundation
grants DPP 81-15231, DPP 83-14537, and DPP 83-14763. We express
our thanks to the station meteorologists at South Pole and
McMurdo Stations, to the National Oceanic and Atmospheric
Administration, Global Monitoring for Climate Change person-
nel, to Bill Smythe's computer group, and to all the logistics
personnel for their help.
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The trend of
bromochiorodifluoromethane and the

concentrations of other bromine-
containing gases at the South Pole

M.A.K. KHALIL and R.A. RASMUSSEN
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Manmade bromine-containing trace gases can deplete the
stratospheric ozone layer more efficiently than many of the well
known chlorofluorocarbons such as CF3C1 (F-li) and CF2C12
(F-12). When both bromine- and chlorine-containing trace gases
are present in the stratosphere, they may act synergistically and
destroy even more ozone (Watson 1975; Yung et al. 1980; Wofsy,
McElroy, and Yung 1985). Therefore, the concentration dis-
tributions, sources, removal processes, and trends of bromine-
containing trace gases are of considerable interest for at-
mospheric chemistry (see also Cicerone 1981; Berg et al. 1983;
Rasmussen and Khalil 1984; National Academy of Sciences
1985). At present, however, most bromine-containing trace
gases in the Earth's atmosphere exist in extremely small
amounts.

Because Antarctica is far from the origins of manmade pollu-
tion, the global increases of long-lived trace gases can be accu-
rately estimated from the measurements taken at the South
Pole. Here we report the concentrations of eight manmade and
natural bromine-containing trace gases at the South Pole during
the last quarter of 1984, and we will document the increasing
concentrations of bromochlorodifluoromethane (CBrC1F2).

Samples of air at the South Pole were taken for us by the
National Oceanic and Atmospheric Administration using spe-
cially prepared stainless steel flasks. The samples were sent to
our laboratory. We used a Perkin-Elmer 3920B gas chro-
matograph equipped with an electron capture detector to deter-
mine the concentrations of the bromine-containing trace gases
at the South Pole. (See Rasmussen and Khalil 1984.)

CBrC1F2 . It is believed that the presence of CBrC1F 2 in the
atmosphere is due entirely to anthropogenic sources, mostly
from its use as a high-technology, fire-extinguishing com-
pound. Although its present atmospheric concentrations are
relatively low, its rate of increase is rapid. The seasonally aver-
aged concentrations over nearly 6 years (from January 1979

through December 1984) are shown in the figure. The rate of
increase is given in table I and turns out to be 23 percent per
year (range 17 to 26) using nonparametric statistical methods
(Hollander and Wolfe 1973) and 21 ± 6 percent per year by
standard statistical methods (Snedecor and Cochran 1980). The
present concentration is a little above 1 part per trillion by
volume, which is about 5 percent of the total gaseous bromine
observed at the South Pole.

Based on these observations, we conclude that there is about
3.5 ± 0.4 x 1010 grams of CBrCIF2 in the Earth's atmosphere,
most of it in the troposphere, and this is increasing at a rate of
about 0.5 x 1010 grams per year. The ratio of the northern
hemisphere to southern hemisphere concentrations is about 1.3
suggesting that the atmospheric lifetime of CBrC1F 2 is relatively
long, probably much longer than a decade.
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The increase of bromochlorodifluoromethane (BcF) at the South
Pole. The concentrations plotted are average values over southern
hemisphere seasons. ("pptv" denotes "parts per trillion by
volume:')

Other bromine gases. The concentrations of seven other bro-
mine-containing gases at the South Pole during the period from
October through December of 1984 are reported in table 2. The 
total gaseous bromine concentration is about 22 parts per trillion
by volume. The ratios of the concentrations observed at the
South Pole and at Point Barrow in the Arctic at about the same
times are also shown in table 2. For many gases, these ratios are
near their maximum values during the austral summer, because
during the winter in the northern hemisphere, trace gases and
particulate pollutants are most concentrated in the Arctic caus-
ing arctic haze while at the South Pole gases are being removed
most rapidly compared to other times of the year because of the
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