
Table 2: Trends and concentrations of trace gases at the South Pole and Palmer Station (9/1988-1/1992)

	

Differences	 Trends: Palmer	 Trends: S.P	 Difference
AC	 %AC	 a	b	 a	b	6b	b

N20	1.1	0.2	0.4	0.1	307	0.8	0.2	308	0.9	0.2	-0.1	0.2
F-12	-0.2	1.1	0.0	0.2	409	19.5	0.9	412	18.7	0.9	0.8	1.2
F-il	-0.8	0.6	-0.3	0.2	239	8.1	0.4	241	7.4	0.4	0.6	0.6F-113	0.8	0.3	-1.7	0.6	36	4.2	0.4	35	4.2	0.2	-0.1	0.3
CH3CCI3	1.4	2.0	-0.3	0.2	125	4.7	0.39	126	4.9	1.8	0.3	2
F-22	-0.4	0.5	-0.3	0.4	95	9.0	0.4	95	9.1	0.4	-0.1	0.5
CH3CI	-36	ii	-6	2	 611	-5	6	570	-4	4	-1.0	10
CBrF3	 2.3	0.4	0.2
CBrCIF2	 2.1	0.5	0.3
CH3Br	 8.8	0.0	0.8
CH2Br2	 2.3	- -
CH4	-2.2	1.8	-0.1	0.1	1645	11.0	0.9	1646	10.2	0.7	0.7	1.1
Co	-7.2	2.5	-15	6	 46	- -	 37	 -0.1	2H2	-8.9	2.5	-20	6	 55	- -	 45	 0.3	2

Units: Concentrations and differences of trace gas concentrations are in parts per billion (ppbv) for N 20, CO, H 2 , and CH4 , and in parts per trillion
(pptv) for the other gases. Trends are in ppbv/yr or pptv/yr as appropriate. Uncertainties: All ± values are 90% confidence limits, expressed as Ax
where x = A, %A or b.
Parameters: AC is concentration at Palmer minus the concentration at the South Pole. The difference in concentrations during each month is
averaged to calculate AC. %A is the percent difference of concentrations relative to Palmer measurements. The trends are calculated by the linear
model C = a + bt. Here "a" represents the concentration at the base time (1/1 988) and b represents the rate of increase in ppbv/yr or pptv/yr as
appropriate. The column under "difference" represents the trend of the difference of concentrations between Palmer Station and the South Pole.
When it is not statistically greater than zero, it means that the trends at the two locations are the same. - - represent cases when there are insuffi-
cient data to estimate the parameter.

in the last two columns of table 2. Beta is not significantly different
from zero.

We conclude that, based on the comparisons, for all practical
purposes the concentrations of long-lived trace gases are the
same at Palmer Station as at the South Pole.

Major funding for this project was provided by National
Science Foundation grant DPP 87-17023. We thank R. Dalluge
and R. Gunawardena for their contributions. Additional support
was provided by the Biospherics Research Corporation and the
Andarz Company.

References

Khalil, M. A. K. and R. A. Rasmussen. 1990. Seasonal cycles of hydrogen
and carbon monoxide in the polar regions: Opposite phase relation-
ships. Antarctic Journal of the U.S., 24(5):238-239.

Snedecor, G. W. and W. G. Cochran. 1980. Statistical methods. Ames: Iowa
State University Press.

Decline in the accumulation rates of
atmospheric chlorofluorocarbons 11

and 12 at the South Pole

T. H. SWANSON*, J. W. ELKINS, T. M. THOMPSON,
S. 0. CUMMINGS", J . H. BUTLER, AND B. D. HALL-I-

National Oceanic and Atmospheric Administration
Climate Monitoring and Diagnostics Laboratory

Boulder, Colorado 80303

*Also with: Cooperative Inst it utefor Research in Environmental Sciences,
University of Colorado, Boulder, Colorado 80309

tCurrent address: Washington State University, Department of Chemical
Engineering, Pullman, Washington 99164

Chlorofluorocarbons (CFCs) 11 and 12 represent in combina-
tion about 50 percent of the total abundance of organic chlorine in
the atmosphere (Prather and Watson 1990). After their useful
function in refrigeration, air conditioning, and the production of
aerosols and foams (Gamlen et al. 1986), the CFCs are released
into the troposphere where they are relatively stable. The CFCs
are subsequently transported into the stratosphere where ultra-
violet radiation from the sun breaks the CFC molecules down and
the released chlorine catalytically destroyes stratosphere ozone
(Molina and Rowland 1974). The discovery of the antarctic ozone
hole by Farman et al. (1985) led to increased international efforts
to reduce CFC emissions, including the Montreal Protocol to
Reduce Substances that Deplete the Ozone Layer (United Na-
tions Environment Programme 1987). It is useful therefore to
monitor the accumulation rates of the CFCs at the South Pole,
because it is the ground base station farthest removed from
industrial countries of the northern hemisphere where 95 percent
are the CFCs are released (Gamlen et al. 1986).

Scientists from the Climate Monitoring and Diagnostics Labo-
ratory (CMDL) within the National Oceanic and Atmospheric
Administration (NOAA) have been measuring the atmospheric
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mixing ratios for the CFCs and nitrous oxide at the Clean-Air
Facility (CAF) at Amundsen-Scott South Pole Station since 1977.
The most significant trend observed in data from the South Pole
station and other remote sites throughout the world has been the
growth of the mixing ratios of CFCs in the troposphere. How-
ever, recent data from the monitoring station at the South Pole
and from other sites have shown a significant decrease of the
accumulation rates of CFC-11 and CFC-12 during the last 2 years.

From 1977 to the present, NOAA scientists collected a pair of
flask samples of air once a week at the surface at the South Pole
during the austral summer field season from November to mid-
February (Elkins et al. 1988, Hall et al. 1990, Elkins et al. 1992).
Prior to 1982 flask samples were also collected once a month
during the rest of the year. In 1992, the program was expanded
again to have NOAA personnel collect flask samples during the
winter season, when the station is closed to air travel. The flasks
are sent back to the Boulder laboratories for analysis by electron
capture-gas chromatography (EC-GC). The experimental details
and data selection methods for flask sampling were described by
Thompson et al. (1985). The monthly means of the mixing ratios for
CFC-11 and -12 measured from flasks are shown in figure 1. The
mean standard deviation (s.d.) of the flask monthly means was ±1.8
parts per trillion (ppt) for CFC-11 and ±1.9 ppt for CFC-12.

During the 1983 summer field season, a manually operated
gas chromatograph (GC) was installed at the CAF to complement
the flask program (Elkins et al. 1988). This CC operated on a
weekly basis and provided measurements of CFC-11 and CFC-12
(see figure 1). For the manually operated GC, the mean standard
deviation of the monthly means was ±2.4 ppt for CFC-11 and ±3.4
ppt for CFC-12. In 1988, to improve the quality of the data,
computer-controlled switching valves were installed to allow for
the continuous automated operation of the in situ gas chromato-
graph (CC) and to make the South Pole CC to be almost identical
to our in situ CCs installed at other sites under the Radiatively
Important Trace Species (RJTS) program of NOAA (Hall et al.
1990). Cycling the CC every half hour, allowing a measurement
of ambient air every hour, also improved precision. This proce-
dure yielded analytical precisions for daily means of ±1.2 ppt (1
standard deviation, 1 SD) for CFC-11 and ±1.4 ppt for CFC-12.

Calibration of the in situ CC system involves using two work-
ing standards filled with air collected from Niwot Ridge, Colo-
rado. One is diluted with zero air to values below 10 percent of
ambient air at the South Pole. All working standards are certified
against gravimetric standards prepared by our laboratory to within
±2 percent (95 percent c.i.) or better accuracy at the ppt level.

The mixing ratios of CFC-11 and CFC-12 for air sampled at the
South Pole indicate definite increasing trends inboth flask and in
situ gas chromatographic data, which have also been reported
elsewhere (Rasmussen and Khalil 1986; Cunnold et al. 1986;
Elkins et al. 1988; Hall et al. 1990). The long-term trends of
increasing mixing ratios of the CFCs are apparent in figure 1.
Recent observations, however, seem to indicate that the growth
rates of CFCs have decreased since 1989.

To illustrate this change, we divide the data set into separate
data sets, before and after 1988, because the precision and sam-
pling frequency of the data set before 1988 were both less than
after 1988. A locally weighted least squares or loess fit (Cleveland
1979) was applied to each set. A loess fraction (f) of 0.45, a rigid
fit, was used for data prior to 1988. An f value of 0.23 was used
for data after 1988 (figure 1). Estimates of the growth rates for
CFC-11 and CFC-12 were calculated by differentiating the loess
fits versus time (figure 2). Prior to 1988, the mean growth rates of
the CFCs in the troposphere at the South Pole station were
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Figure 1. The mixing ratios in parts per trillion (ppt) of (A)CFC-1 1 and
(B) CFC-12, for air sampled at the South Pole Clean-Air Facility.
Monthly means are shown for the manually operated gas
chromatograph (GC,1I1) and the flask samples (.), while daily means
are shown for the In situ, Radiatively Important Trace Species (RITS)
automated GC (—). The dashed line is a calculated fit using the
statistical smoothing of a locally weighted least squares (loess)
regression (Cleveland 1979) from the Datapbot graphics and statistical
software (Fllliben 1981) (see text).

relatively constant at about 9.1±0.5 (1 SD; number of points, n=64)
ppt per year for CFC-11 and 17.5±1.4(1 SD; n=63)ppt per year for
CFC-12. Between 1988 and 1990, there was a slight increase in the
mean growth rates of 10.0±0.5(1 SD; n=19) ppt per year for CFC-
11 and 19.7±2.0 (1 SD; n=21) ppt per year for CFC-12. resulting
from increased production reported by the CFC producers
(AFEAS, 1991). From 1990 to mid-1992, the growth rates of CFCs
dropped to mean values of 5.8±1.8 (1SD; n=30) ppt per year for
CFC-11 and 12.9±2.0 (1 SD; n=28) ppt per year for CFC-12.

It has been proposed by Elkins et al. (1993) that the decline in
the growth rates observed by NOAA/CMDL are directly related
to the international efforts, both mandated and voluntary, to
reduce CFC emissions. During the upcoming 1993 and 1994 field
seasons, our laboratory plans further changes in the South Pole
system to improve the precision, reliability, and the quality of the
data, and to monitor more CFC molecules to document further
the decline and to extend our understanding of the transport of
these compounds to the atmosphere over Antarctica.

We gratefully acknowledge the contributions of all NOAA
personnel involved in collecting flask samples and maintaining
the EC-GC at the South Pole. Special thanks are given to the staff
and contractors of the U.S. National Science Foundation for their
operational and logistical support. We also appreciate the assis-
tance given by R. A. Rasmussen, W. D. Komhyr, E. G. Dutton, K.B.
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Figure 2. The change in growth rates in parts per trillion (ppt) per
year (ppt yr1 ) for (a) CFC-11 and (b) CFC-12, for air sampled at the
South Pole Clean-Air Facility. These estimates of the growth rates
for CFC-11 and CFC-12 were calculated by differentiating the loess
fit of the mixing ratio data sets in figure 1. The rate of changes for
both CFCs were calculated using a loess fraction (f) of 0.45 to
smooth data between 1977 and 1988 (I) and an f value of 0.23 to
smooth data from January 1988 to June 1992 (.) (Cleveland 1979).
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Mount Erebus, a stratovolcano composed of anorthoclase
phonolite lavas, is at present the most active volcano on the
antarctic continent. The unusual, highly alkaline composition of

Erebus magma presents a rare opportunity to study gases
exsolving from such a melt. The purpose of our work was the
characterization of the composition of volcanic gases emitted
from Mount Erebus. We examined three components (sulfur,
chlorine, and fluorine) in the gas. These components are also the
most abundant species in the samples we collected. Moreover, as
already documented in literature (Noguchi and Kamiya 1963;
Murata et al. 1964; Stoiber and Rose 1970; Menyailov 1975;
Naughton et al. 1975; Giggenbach 1975; Hirabayashi et al. 1982
and 1986; Miller et al. 1990; and many others), the relative abun-
dances of sulfur, chlorine, and fluorine in the volcanic gas plumes
are useful in the forecasting of eruptive activity and helpful in the
analysis of magma movement in the conduit. Finally, volcanic
gases act as transporting agents for various metals, many of
which form volatile compounds with either sulfur, chlorine, or
fluorine.
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