
(Khalil and Rasmussen 1986). We speculated that this decrease
may be caused by a greater than normal level of hydroxyl radi-
cals that may have removed more methane during the year of
the El-Nino than during normal years. The higher levels of
hydroxyl may be caused by warmer sea-surface waters during
El-Nino. Other trace gases that are removed primarily by react-
ing with hydroxyl radicals would therefore also be less abun-
dant during the El-Nino. The lower concentrations of the C 2-
hydrocarbons at the South Pole during January 1983 suggest
that this may be the case, but the lower concentrations do not
constitute conclusive evidence since they do vary considerably
both from year to year and during different seasons presumably
caused by the natural variations of the sources, removal, and
transport of these gases to the South Pole or variations of sea-
sonal cycles.

Recently, during the austral summer of 1984-1985 we ob-
tained air samples from October to January. During this period,
many trace gases undergo rapid seasonal variations at the South
Pole in response to the onset of summer and the consequent
natural increase of hydroxyl radicals that are generated by sun-
light, ozone, and water vapor. These cycles, previously shown
for carbon monoxide and methane at the South Pole (Khalil and
Rasmussen 1984), also exist for the C2-hydrocarbons as shown
in the figure. Based on the observations shown in the table, it is
likely that the concentrations and depth of the seasonal varia-
tion may vary from year to year, but the general pattern of
decreasing concentrations from October to January is probably
typical of atmospheric levels of the C 2-hydrocarbons over the
South Pole and probably over the most of the mid and high
latitudes of the Southern Hemisphere.

We estimated the decrease of concentrations of the hydrocar-
bons during the 105 days of the experiment (X C) and found that
acetylene decreased by about 24 percent and ethane decreased
by about 57 percent while ethene did not show a statistically
significant change, possibly because of the large variability in
the data caused by the lack of precision of measurement or by
unknown environmental processes. The percentage change is

based on the formula: C = a - bt where a and b are determined
by standard regression analyses. The percentage change or A C
is equal to 100 percent x b (parts per trillion by volume per day)
X 105(days) I a (parts per trillion by volume). The observed
decreases are consistent with the lifetimes of these gases in the
atmosphere of the South Pole. The shorter lived species would
decrease more rapidly in the absence of nearby sources.

This work was supported in part by the National Science
Foundation grant ATM 84-14020 and by the Biospherics Research
Corp. and the Andarz Co. We thank the National Oceanic and
Atmospheric Administration, Global Monitoring for Climate
Change for collecting air samples.
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Measurement of the column densities
of water, nitric acid,

ozone, and fluorocarbons 11 and 12
during the antarctic winter

F.H. MURCRAY, F.J. MURCRAY, and D.G. MURCRAY

University of Denver
Denver, Colorado 80208

The spectral distribution of the infrared radiation emitted by
the atmosphere over the South Pole was monitored over a
period from late November 1984 until early September 1985.
The measurements were taken with a 1 1/4-meter grating spec-
trometer, which chopped incoming radiation against a black-

body reference to provide absolute radiance levels. Three detec-
tors gave simultaneous measurements of the first, second, and
third grating orders. Order separation was provided by optical
filtering of each detector. The three orders permitted a range of
spectral coverage from 7 micrometers to 24 micrometers.

The primary purpose of the experiment was to measure the
total column abundances of nitric acid, ozone, fluorocarbon-1 1,
and fluorocarbon-12 and their changes during the antarctic
winter. A second objective was to monitor water vapor column
density and cirrus cloud cover.

The 0.6° by 4.5° field of view was directed in elevation angle
(with the 0.6° dimension in the vertical plane) through a rotata -
ble plane mirror. A programmed data sequence produced two
spectral scans at each of three elevation angles [450, 150, and -15°
(snow surface)].

After each sequence and a calibration scan the elevation was
returned to 45° and the grating parked at 20.4 micrometers to
monitor cloud cover. The spectral scan sequence occupied ap-
proximately 2 hours and was repeated at 9-hour intervals. The
instrument is discussed more completely in a previous issue of
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the Antarctic Journal (Murcray, Murcray, and Murcray 1984). A
detailed description of the system and design philosophy is
being prepared for submission to the Journal of Atmospheric and
Oceanic Technology.

The spectrometer was installed on the roof of the clean-air
facility at Amundsen-Scott South Pole Station. The spec-
trometer had to be outside because the facility windows do not
transmit infrared radiation. The roof installation was chosen in
the hope that it would be above the level of blowing snow.
Unfortunately, this was not always the case and some data were
lost due to snow blowing into the instrument entrance. The
winter personnel did an excellent job of correcting the resulting
problems.

Good data were obtained until early April, when power to the
facility was lost for several days. The winter crew, through
dedicated effort, was successful in restarting the system once
power was restored. Data were obtained through early Sep-
tember when the detector cooler became overloaded due to
deterioration of the cold head vacuum. The unit was returned to
the United States in December 1985.

The data obtained with the system consist of spectra which
are proportional to the difference in spectral radiance between
the sky and the reference blackbody. To retrieve information on
the constituents of interest, it is necessary to reduce these data
to absolute spectral radiance of the atmosphere. This requires
that the spectra be calibrated both in wavelength and absolute
intensity. The grating position is part of the data that is record-
ed; however, the information is not accurate enough to deter-
mine the wavelength to within a spectral resolution element. As
a result, spectral calibration is performed using known at-
mospheric lines. This results in accurately calibrated spectra but
requires more operator interaction in the data reduction and
slows the process. Initial data reduction has been completed for
a representative set of spectra obtained during what appears to
have been clear conditions. These are shown for the second
order of the grating in figure 1. Spectra obtained with the first
order of the grating are given in figure 2. Spectral features due to
the various compounds of interest are identified on the spectra.
Determination of the column density from these data requires
that comparison spectra be generated using line-by-line the-
oretical calculations and complete radiative transfer calcula-
tions, because the spectral features in most cased are outside of
the linear region. Programs to perform these calculations have
been developed for use on the National Center for Atmospheric
Research CRAY computer. Using these programs to determine
total column amounts for ozone, water vapor, and nitric acid is
the next step in the analysis.

The data set is large and has not been examined in detail at
this time. Information on the variation in column amounts of
various constituents with time, the percentage of clear days,
and the radiative properties of snow surface in the infrared are
all contained in the data set. This information will be retrieved
as additional data are reduced and analyzed.

This research was supported by National Science Foundation
grant DPP 81-18005.
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Figure 1. Samples of atmospheric emission spectra obtained with
the spectrometer system. Data were obtained at an elevation angle
of 150 and with the second order of the grating. ("CF 2Cl2" denotes
fluorocarbon 11. "HNO3" denotes "nitric acid." 11 cm 2" denotes
"square centimeters:' " [Lm" denotes "micrometer:')
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Figure 2. Samples of atmospheric emission spectra obtained with
the spectrometer system. Data were obtained at an elevation angle
of 150 and with the first order of the grating. ("H 20" denotes water
vapor. "HNO 3" denotes "nitric acid." 11 cm 2" denotes "square
centimeters:')
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