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Nitrous oxide (N20) and chlorofluorocarbons (CFCs) are re-
ceiving considerable attention because of their role in green-
house warming (Ramanathan 1988) and ozone depletion
(Farman, Gardiner, and Shanklin 1985). Atmospheric N20,
CFC-12 (CC1 2F2), and CFC-11 (CC13F) have been measured in
flask samples by the Climate Monitoring and Diagnostics Lab-
oratory (formerly Geophysical Monitoring for Climatic Change)
of the National Oceanic and Atmospheric Administration
(NOAA) since 1977. Although flask samples provide an ade-
quate record of the long-term growth rates (Elkins et al. 1988;
Thompson, Komhyr, and Dutton 1985), finer time resolution
and better precision can be achieved by in situ gas chroma-
tography to resolve issues involving ozone depletion and at-
mospheric circulation.

A manually operated gas chromatograph was installed at
the South Pole in 1983 to measure atmospheric N20, CFC-12,
and CFC-1 1 by electron-capture gas chromatography (Elkins
et al. 1988). This single gas chromatograph was replaced by
an automated gas chromatograph system in 1988. In the new
system, two Shimadzu Mini-2 gas chromatographs are confi-
gured for automated analysis of atmospheric N20, CFC-12,
CFC-1 1, CFC-113 (CC12FCC1F2), methyl chloroform (CH3CCI3),
and carbon tetrachloride (CC14), every 2 hours. N20, CFC-12,
and CFC-11 are separated on a Porasil A (Waters Associates)
packed column while CFC-12, CFC-13, Ch 3CC13, and CC14 are
separated on an SP2100 column (Supelco). The system is cal-
ibrated with ambient air stored in high pressure, Aculife-treated,
aluminum cylinders (Scott Specialty Gas). Calibration runs
bracket each air analysis. Data are stored on an IBM PC and
transmitted to Boulder each week via satellite.

In January 1989, we improved precision by eliminating the
elution of late peaks. In summer of 1990, we replaced the ultra-
pure nitrogen carrier gas on the Porasil A column with a 5 percent
methane-in-argon mixture to minimize carbon dioxide interf er-
ence with N20. At that time, the frequency of analysis was
increased to one atmospheric sample each hour, providing cleaner
calibration runs and reducing error due to instrumental drift.

Even though the measurements reported here encompass
only 3 years, our estimated growth rates are reliable (figure).
The growth rate of atmospheric N 20 calculated from both the
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Daily average concentrations for N 201 CFC-12, CFC-11 (Porasil A),
and CCI4, for flasks () and the in situ gas chromatograph (+).
Trends are calculated from the flask and the gas chromatograph
data (90 percent confidence level). In situ gas chromatograph meas-
urements from 1987 are not shown because the electron capture
detector became severely contaminated, resulting in poor preci-
sion. Absolute concentrations for N 20 and CCI4 are based on Na-
tional Institute of Standards and Technology (formerly National
Bureau of Standards) gravimetric scales prepared by J. Elkins.
CFC-12 and CFC-11 concentrations are based on the NOAA 1990
halocarbon scale. (ppb yr' denotes parts per billion per year. ppt
yr 1 denotes parts per trillion per year.)
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flask samples and the in situ gas chromatograph measurements
from 1986 to June 1990 is 0.7±0.1 parts per billion per year
(90 percent confidence level). This trend agrees with that of
0.66±0.07 parts per billion per year reported NOAA/GMCC
flask samples taken from 1977 to 1987 (Elkins et al. 1988).
Brunke, Sheel, and Seiler (1990) reported a 0.65 parts per billion
per year increase in N 20 at Cape Point, South Africa, from
1983 to 1987. Our trends for CFC-11 and Cd 4 are 9.6±0.2
parts per trillion per year and 2.6±0.3 parts per trillion per
year. Rasmussen and Khalil (1986) reported increases of 11.3 ± 1.0
for CFC-11 and 2.4 ± 0.5 parts per trillion per year for Cd4,
derived from flask samples collected from 1975 to 1985 at the
South Pole. Our recent results show that CFC-12 is increasing
at 18.5 ± 0.2 parts per trillion per year. This is somewhat higher
than the growth rate of 16.3±0.5 parts per trillion per year
previously reported by Elkins et al. (1988) but agrees with the
value of 18.8± 0.9 parts per trillion per year reported by Ras-
mussen and Khalil (1986). CH 3CC13 data are not reported be-
cause of contamination problem in 1988 and 1989; however,
we are currently measuring about 161 ±5 parts per thousand
CH3CC13 at South Pole.

Although maintaining a gas chromatograph at such a remote
site has not been without problems, our data have improved
considerably over the past 4 years (figure, table). Improved
precision in 1989 and 1990 revealed a steeper growth in CFC-
12 and CFC-11 during 1989, leveling off late in the year. The
growth rate of CFC-11 seems to be decreasing during the first
half of 1990. These features could be related to changes in
antarctic circulation. We are now detecting subtle variations
in halocarbons (less than 2 parts per trillion for CFC-11) which
may help resolve issues such as whether atmospheric circu-
lation affects the lifetimes of these trace gases (Tuck 1989).

In summary, the study of N20 and halocarbons at the South
Pole by the Climate Monitoring and Diagnostics Laboratory
has progressed from the periodic measurement of flask sam-
ples for three gases to continuous in situ measurement of six
gases. The system has been improved each year and now
delivers highly precise and accurate measurements that can
be monitored throughout the year. Because of the increased
sampling frequency, we cannot only monitor global trends but
can begin to evaluate smaller changes over shorter time scales.

We thank K. Egan, for his work with the automated gas
chromatograph system and J. Sczechowski and S. Cummings
for their work in the flask program. We also acknowledge the
dedication of numerous NOAA personnel at South Pole, in-

Analytical precision (in percent) for measuring N 201 CFC-12,
CFC-1 1, CH 3CCI31 and CCI 4, by flask samples, the manually

operated gas chromatograph, and the automated gas
chromatograph system. Precision is reported as one relative

standard deviation based on daily mean concentration values.

N 20 CFC-12 CFC-11	CH 3CCI 3 Cd4

Flasks	 0.7	0.5	0.8	N/A	N/A
(1986-1990)
Manual gas	1.6	2.0	2.0	N/A	N/A
chromatograph
(1986)
Automated gas	0.15	0.3	0.2	0.8	0.5
ch romatog raph
(1990)

cluding T. Mullen, M. Winey, F. Schrom, R. Poston, E. Crozer,
and C. Groenevald. NOAA/CMDL nitrous oxide and halocar-
bon data are available on diskette in IBM PC text format from
James W. Elkins.
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