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During the last decade, we have taken systematic measure-
ments of trace gases at the South Pole and documented their
increases and variability (Rasmussen et al. 1981; Rasmussen
and Khalil 1982a; Rasmussen and Khalil 1983; Khalil and
Rasmussen 1984). These data contain the framework for study-
ing the effects of human activities on the global environment,
climate, and habitability.

Gas chromatographic methods have been used since 1979 to
observe the concentrations of several hydrocarbons, including
the C2-hydrocarbons (C 2H2, acetylene; C 2H4, ethene; and C7H6,
ethane). These hydrocarbons are produced by both natural and
anthropogenic processes and, along with other hydrocarbons,
are important components of atmospheric chemistry. On aver-
age, in the mid latitudes the atmospheric lifetime of acetylene
and ethane may be 2 or 3 months based on their reactivity with
hydroxyl (OH) radicals. The lifetime of ethene may be consider-
ably shorter (see Graedel 1978; Hampson 1980). Under the
proper conditions other chemical and physical processes may
also remove these gases from the atmosphere.

The table contains the average concentrations of C 2-hydrocar-
bons during the austral summers from 1979 to 1985. In the
Northern Hemisphere, concentrations of these hydrocarbons
are many times greater than at the South Pole (Rasmussen and
Khalil 1982a,b). The concentrations at the South Pole are
marked by large variability from year to year and no discernible
trends. Yet there is one notable feature in these data: the con-
centrations of ethene and ethane were lower during the austral
summer of 1983 compared to the other 6 years. On average,
there was about 74 parts per trillion by volume of ethene and 163
parts per trillion by volume of ethane at the South Pole during
the summers between 1979 and 1985, but only 33 parts per
trillion by volume of ethene and 153 parts per trillion by volume
of ethane during the austral summer of 1983. Statistically, based

Wolfe 1973). Previously, we had observed that methane levels
decreased during the last major El-Nino event of 1982-1983
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0. 1), and there are insufficient data for acetylene (Hollander and	C2-hydrocarbons at the South Pole.

The concentrations of C 2-hydrocarbons, in parts per trillion by volume at the South Pole 1979-1985

1979	 1980	 1981	 1982	 1983	 1984	 1985

C2H2	-	-	-	-	-
C2H4	86±40	 50±20	 150	 73±40	 33±8
C2H4	147±15	161±29	 172	 162±30	153±4

a The ± values are 90 percent confidence limits of the mean concentrations.
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(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.
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of water, nitric acid,
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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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