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W
e have just completed (January 1994), a planned 1-year
cycle of measurements to follow the behavior of select-

ed trace gases in the stratosphere over the South Pole. The
method of observation involves measurement of millimeter-
(mm-) wave rotational transition lines emitted by strato-
spheric molecules, using an ultrasensitive, ground-based
mm-wave heterodyne receiver and a 512-channel ifiterbank
spectrometer. Both line intensities and pressure-broadened
line shapes are measured, from which information can be
retrieved on mixing ratio vs. altitude for the species under
observation. Equipment was set up at the pole during January
1993, and regular observations began on 5 February. The day-
to-day operation and maintenance of equipment, and all pre-
liminary data handling, were carried out at the pole by C.
Trimble.

One of the primary objectives of this work is to obtain a
detailed measurement of the rate and extent of downward
transport as the polar vortex forms in the antarctic autumn.
Widespread recognition of the extent of downward transport
in the vortex seems to have occurred only in recent years, fol-
lowing measurements of extremely low nitrous oxide (N20)
concentration in the lower stratosphere over McMurdo Sta-
tion during the 1986 "NOZE" campaign (Parrish et al. 1988:
nitrous oxide has a long atmospheric lifetime and is thus a
good tracer of transport). Additional aircraft measurements of
N20 and other tracers in the antarctic spring of 1987 (Lowen-
stein et al. 1989) confirmed the NOZE campaign results. The
phenomenon is caused by a mixture of radiative cooling and
outward transport at the bottom of the stratosphere, and
changes the chemical composition of the stratosphere as a
function of height. The extent of this change is important in
initializing models that attempt to reproduce the chemistry of
the springtime "ozone hole" over Antarctica. To trace down-
ward transport, we have been using observations of N20 and
ozone (03), both of which are good dynamical indicators
throughout most of the winter. (Starting in late August, typi-
cally, ozone in the lower stratosphere is, of course, dominated
by chemical depletion, rather than transport, as the ozone
hole develops.) By using two different species as dynamical
tracers, we hope to distinguish chemical effects from dynami-
cal effects and also perhaps to distinguish effects stemming
from lateral vs. vertical transport.

Balloonborne ozonesonde measurements are taken on a
weekly basis at the pole throughout each winter but do not
reach altitudes above approximately 30 kilometers (km). We
have generally been making measurements every 2 to 3 days,
covering the range of approximately 16-55 km. These mea-
surements will give an unprecedented amount of detail on

the behavior of 0 3 throughout the polar winter. An unexpect-
ed result is already apparent in many of our mm-wave mea-
surements, in the form of a persistent dip in the mixing ratio
profile around 30 km altitude. To the best of our knowledge,
this has not been noted before, although hints have been con-
tained in balloon instrument profiles near the top of their
range. We are analyzing the possible causes (dynamical or
chemical) that might give rise to this feature.

A second objective of this project was to monitor the
behavior of as many other trace-gas species as we could
observe with the equipment at hand. This monitoring has
yielded some extremely interesting results. In addition to fre-
quent measurements of the vertical distribution of N 20 and
03, we have monitored chlorine monoxide (CIO) and nitric
acid (HNO3) on a regular basis. While monitoring CIO as winter
deepened, we unexpectedly observed the appearance of a sig-
nificant increase of nitrogen dioxide (NO 2) in the mid-to-upper
stratosphere. The observed signal from NO2 appears in the
form of four separate emission lines visible in the same spec-
tral window used for CIO observation, where it is normally
undetectable due to the weakness of these emission lines when
NO2 is present at its typical mixing ratio. More or less concur-
rently with the appearance of NO2, we have seen a significant
increase in upper stratospheric HNO 3. The latter followed
closely after a rapid decrease in lower stratospheric HNO3.

These observations will have to be correlated with other
information before they can be properly interpreted. It is
known from recent UARS observations, however, that quite
dramatic downward movements of mesospheric air can occur
in the antarctic vortex, and apparently we have witnessed
such an event rapidly bringing NO2 -rich air into the middle
stratosphere. Decreases of HNO 3 in the lower stratosphere are
expected in association with the formation of nitric acid trihy-
drate (NAT) aerosols or solid particles at sufficiently low tem-
peratures, and increases can follow the conversion of nitro-
gen pentoxide (N205) and C1ONO2 to HNO3 in polar strato-
spheric cloud (PSC) particles which subsequently evaporate
(see, for example, Solomon 1990). An increase in mid-to-
upper stratospheric HNO3 in the polar night is predicted in
new theoretical work by Garcia and Solomon (in press), as a
result of the hydrolysis of N 205 on water-bearing aerosols, if
they are postulated to exist with an exponential drop-off
extrapolated from densities measured up to 30-32 km by bal-
loonborne instruments.

During September 1993, we monitored the large increase
in low-altitude CIO in the antarctic spring, signifying the
chemical attack on ozone by chlorine that leads to formation
of the ozone hole, and followed the dynamical breakup of the
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vortex in November by continued monitoring of N 20 and 03.
Finally, we have made an unsuccessful search for hydro-

gen peroxide (H202), resulting at least in a useful upper limit
being placed for the first time on how much may be present
in the polar night stratosphere.

In summary, we have obtained a large volume of unique
data on several species (03 , N20, HNO3, NO2, CIO, and H202)
and have made some unanticipated observations that should
prove to be of considerable significance in characterizing
dynamical and chemical effects occurring in the heart of the
antarctic winter vortex.

This research is supported by National Science Founda-
tion grant OPP 91-17813.
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Carbon monoxide in the antarctic atmosphere: Observations
of decreasing concentrations
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H
ydroxyl radicals remove hundreds, perhaps thousands,
of organic gases from the atmosphere and are often

regarded as an index of the oxidizing capacity of the Earth's
atmosphere (Thompson 1992). In recent years, there have
been growing concerns that, over the past century and now,
human activities may be depleting hydroxyl concentrations
by adding huge amounts of carbon monoxide and methane to
the atmosphere. Reduction in the hydroxyl concentrations
can then indirectly lead to more global warming, stratospher-
ic ozone depletion, and other disturbances in atmospheric
chemistry.

1980	- - 32 35 - 44 - 43 52 - 44
1981	- - - - 37 - 41 48 48 51 49
1982	30 27

1983	34 51 40 40 43 57 63 59 59 66 56
1984	40 34 31 39 - 44 54 56 50 51 46
1985	35 48 88 75 94 75 79 66 71 73 51

1986	38 49 62 41 62 46 62 70 62 65 53
1987	36 32 48 55 51
1988	- 62 60 61 51 60 63 58 64 64 66

1989	38 33 36 41 45 53 43 44 42 35 36
1990	33 34 30 34 32 33 36 39 44 44 41
1991	29 28 24 19 30 23 28 31 40 44 43

1992	28 24 26 26 30 34 38 39 38 41 -

Carbon monoxide (CO) is a key component in the deter-
mination of hydroxyl radical (OH) concentrations: increases
of CO would lead to a decline of OH. Global increases of CO
had been observed in the 1980s (Khalil and Rasmussen 1985,
1988, 1990), but now it appears that the atmospheric concen-
trations of CO are falling. Here we will report data from
Antarctica that suggest recent decreases in the concentration
of CO.

Antarctic data are available between 1980 and 1992 from
three experiments. Two experiments are part of our flask
sampling program at the South Pole (90°S; 1983 to the pre-

sent) and more recently at Palmer Station (64.460S
64.05°W; 1988 to the present). The third experiment

per	was conducted at Mawson Station (67.36°S 62.53°E;
1980-1984; Fraser et al. 1986). These experiments
consist of taking (usually triplicate) flask samples, in

JILT specially prepared stainless steel containers, once a
-- week. The samples are sent back to the laboratory to
-	determine the concentrations of CO and other
41	gases. For various reasons, samples are not available
-	continuously or throughout the year from any of

these sites; in fact, there are substantial gaps in the
42	individual data sets. To determine trends and other
42	features of trace gases in Antarctica, we first calcu-

late monthly average concentrations. Concentra-
-	tions of CO in Antarctica are reported in the table as
44	a composite of the three experiments discussed

32	above.
38	 The salient features of these data are the sea-
38	sonal cycles and trends as described below (from the

table).
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