
direct sun observations were made during the austral sum-
mer.

7. Halocarbons: A stainless steel bellow pump was at-
tached to the sampling stack in the clean air facility to draw
air samples for halocarbon analysis. One pair of samples was
obtained each month throughout the year.

8. Turbidity: A hand-held sunphotometer (Eppley Labs)
was used to observe atmospheric turbidity on occasions when
clouds did not obscure the sun.

In the past NOAA personnel have operated and maintained
several cooperative programs, many of which were continued
through 1977. Air samples were taken twice a month for car-
bon dioxide analysis for Scripps Institute of Oceanography
(taken by C. D. Keeling). Flask samples were also taken for
atmospheric carbon-14 analysis (by L. Machta, NOAA). A
high-volume filter sampling program was maintained for the
Department of Energy (DoE), Environmental Measurement
Laboratory (H. Volchok, DOE). In addition, acoustic sound-
ing of the planetary boundary layer (F. Hall, NOAA),
ionospheric absorption measurements (E. Schiffmaker,
NOAA), atmospheric electricity measurements (W. Cobb,
NOAA), and net infrared radiation measurements (P. Kuhn,
NOAA) were made throughout the year. Also, special aerosol
observations were made with the Pollak counter (A. Hogan,
University of Albany).

A portion of the data from 1977 has been checked for
quality and submitted to the World Data Center-A in
Asheville, North Carolina, for archiving. Those data include

the aerosol, solar radiation, and weather observations. Recent
publications containing GMCC data from Amundsen-Scott
station include Global Monitoring of the Environment for Selected
Atmospheric Constitutents 1975 (GMESAC, 1977) with CO 2 data
and Proceedings of the 9th International Conference on At-
mospheric Aerosols, Condensation and Ice Nuclei
(Bodhaine, 1977). For a more complete review of GMCC ac-
tivities see Hanson (1978).
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Halocarbon and N 20 analyses in
Antarctica
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The 1977-78 austral summer was the fourth field season
during which I studied the atmospheric distribution of the
fluorocarbons and related chlorocarbons in Antarctica. The
immediate accomplishment has been preparation of data on
the concentrations and annual changes observed in the
halocarbons by measuring F- 11, F-12, CH 3CCI 3, CCI4, and
N20 in the antarctic atmosphere and its snow and ice. My
objective is to relate these data to the global and polar at-
mospheric processes that transport trace gases and remove
them from the atmosphere.

The research is organized to measure systematically the
year to year change in the concentration of F-li, F-12,
CH 3CCI 3, CCI4, and N20 in the atmosphere of Antarctica
and compare the values with representative Northern
Hemisphere midlatitude values. The internal consistency in
the absolute concentrations reported for each season's data
has been maintained since 1976 by calibration standards.

The interhemispheric difference determinations have a
greater precision than the annual change measurements
because of the comparative analyses that have been made
both at the South Pole Station and at the home laboratory.
However, both forms of the data are important to a better un-
derstanding of how materials essentially released in the
Northern Hemisphere affect the atmosphere of the high
southern latitudes.

The antarctic data have been augmented by air samples
collected during flights of the LC-130 science airplane from
Pt. Mugu, California, to Antarctica. These samples have
aided in a more accurate determination of latitudinal gra-
dients, hemispheric ratios, and interhemispheric transport
time of the halogens and N 20. All of these data relate to the
concentration distributions expected to be observed in the
antarctic atmosphere. In January 1978, a study was begun in
which the fluorocarbon (F-1 i) levels in samples of antarctic
air were compared with F-1 1 measurements made at Cape
Grim in Tasmania (43'S.) by P. Fraser of CSIRO. The last ob-
jective of the project is to determine whether or not enrich-
ment of the halocarbon trace gases on or in the surface snows
of the interior of Antarctica originally observed in January
1975 is a real occurrence. In situ analyses at the South Pole
are necessary for this.

Results from 1975 to 1978 fieldwork have shown a steady
increase in the atmospheric concentrations of the halocar-
bons in Antarctica (table 1). The F- li data show a definite
increase at the South Pole (90° S.) of 18.3 ± 4.5 pptv per year
averaged over 3 years. The F- li fluorocarbon (CFCI 3 ) is the
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Table 1. Annual interhemispheric differences in atmospheric
concentration of the halocarbons.

Pacific Northwest	 Antarctica	Ratio
concentration	 concentration	N/sb

(pptv)a	 (pptv)

1975
F-li	 125	 90	 1.39
Cd 4	 130	 120	 1.08
CH 3CCI 3	 90	 54	 1.67

1976
F-12	 228	 195	 1.17
F-il	 138	 113	 1.22
CCL4	133	 121	 1.10
CH 3CCI3	98	 57	 1.72

1977
F-12	 251	 216	 1.16
F-li	 154	 127	 1.21
Cd 4	 144	 128	 1.13
CH 3CCI 3	 107	 70	 1.53
N20	 330ppbvc	330	ppbv	1.00

1978
F-12	 280	 244	 1.15
F-li	 166	 145	 1.14
Cd 4	 154	 123	 1.25
CH 3CCI 3	 117	 85	 1.38
N20	 332ppbv	331 ppbv	1.00

aParts per trillion by volume.
bNorthern/Southern Hemisphere.
cParts per billion by volume.

species that can be most readily and accurately measured. Ac-
cordingly, the measurements have been carefully intercali-
brated with Fraser's. The annual increase determined by
Fraser at Cape Grim is identical (18 pptv per year) to the
average for data collected from the fall of 1976 to present.
This similarity is not surprising: the many air samples col-
lected in January 1977 over Antarctica and between McMur-
do and Christchurch, New Zealand, strongly suggested that
the concentration distributions of the halocarbons in the
lower quarter of the globe were very well mixed. This was
further strengthened by analyses of antarctic air samples
made at Cape Grim in January 1978 using OGC standards for
comparison with the ambient levels measured at Cape Grim.
The F-i 1 value determined for the antarctic samples studied
at Cape Grim was 142 ± 6.2 vs. 145 ± 5 parts per trillion by
volume (pptv) determined later on the same samples at OGC.
Similarily the differences in the ambient levels of F-li at
Cape Grim of 149 to 150 pptv and the South Pole values of
142 to 145 pptv are within the accuracy of the study method.
Calculation of the interhemispheric north/south (NIS) ratio
suggests that the difference between the concentrations of
F-i i over Antarctica and those measured in well-mixed tro-
pospheric air masses at the southern midlatitudes (40 to
450 S.) is very small, (a few percent). This is shown in part by
the decrease in the F-i i interhemispheric ratio of 1.2 ob-
served in 1976 and 1977 for Antarctica to 1.14 in January
1978. This latter value is very similar to the 1.10 to 1.12 ratio
determined in 1976 from integrated global N/S ratios ob-
tained from several extensive latitudinal survey studies made
over the Pacific Ocean between 40 and 45°S. The present in-
terhemispheric ratio of F- li between northern and southern
midlatitudes is also about an ii to 12 percent difference.

The data obtained so far for F-12, CH 3CCI 3, and CCI4

show less definite trends because of the shorter period of

measurement and some problems related to calibration. The
annual changes in the halocarbon concentrations are sum-
marized in table 2. Only the data from 1976 to 1978 are
shown because the accuracy in the 1975 calibration standards
is uncertain.

The F- 12 data for Antarctica suggest an annual rate of in-
crease of ii to 13 percent, which is similar to that of 10 to 12
percent measured for the Northern Hemisphere. The rates of
increase for F-12 and F-i 1 are plotted in the figure. While the
rate of increase of F- 12 is essentially the same in the Northern
and Southern Hemispheres, the F-i 1 data suggest a measura-
ble fall off (from 12 to 8 percent) for F-i i in the Northern
Hemisphere and a small increase (12 to 14 percent) in the
Southern Hemisphere. These observations may be consistent
with the decrease in production and release of the fluorocar-
bons, especially F- 11, over the past couple of years. The data
plotted in the figure also show graphically the very close
agreement between the independent measurements made for
F-i 1 by OGC (solid circles) and CSIRO (open circles) of air
samples from Antarctica and at Cape Grim.

Table 2. Annual halocarbon changes.

	

% increase	concentration

	

1976-77 1977-78	increase (ppt yr.l)a
1977-78

PACIFIC

NORTHWEST

F-lI	 12	8	 12
F-12	 10	12	 29
CH 3CCI3	9	9	 10
Cd 4	 8	7	 10

ANTARCTICA

F-il	 12	14	 18
F-12	 11	13	 28
CH 3CCI 3	23	21	 15
Cd 4	6	(4)b	 (5)
aParts per trillion per year.
bNumbers in parentheses are negative.
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The F-I 1 1977-78 increase of only 8 percent in the North-
ern Hemisphere vs. a 14 percent increase in the Southern
Hemisphere may be significant. Previous results from related
work in this and other laboratories (Pack et at., 1977; Singh et
at., 1977) have suggested the annual increase in F-i ito be 12
to 14 percent per year in the Northern Hemisphere. Accor-
dingly, the smaller rate of increase of only 8 percent may be
meaningful. Measurements of F-i 1 in the Southern
Hemisphere are less available, however. Wilkniss and others
(1975) reported a growth rate for F-i 1 of 22 percent per year
calculated for 1971-1974. A similar higher rate of annual
change of 20 percent per year is calculated for the antarctic
data between 1975 to 1978. Using only the 1976 to 1978 data
the rate is reduced to 14 percent per year. At the end of 1976
the F- il concentration at Cape Grim was calculated to have
been increasing at 19 percent per year (Fraser and Pearman,
1977). Pack and others (1977) deduced a 14 percent per year
growth rate for F-i 1 in the Southern Hemisphere from 1970
to 1975 data.

Similar trends and changes in the growth rate and in-
terhemispheric ratio of methyl chloroform and carbon
tetrachloride can be seen in the data in tables 1 and 2.
However, calibration and analysis problems are associated
with the earlier results. The 1978 N 20 data again support the

lack of any interhemispheric difference. They suggest that if
the atmospheric concentration is changing, it is doing so at an
annual rate that cannot be detected by the precision or ac-
curacy in the data used in these studies.

This research was supported by National Science Founda-
tion grant DPP 76-00437.

References

Fraser, P.J. B., and G. I. Pearman. 1977. Atmospheric halocarbons in
the Southern Hemisphere. Atmospheric Environment, 11(11):
1025-1030.

Pack, D. H., J . E. Lovelock, G. Cotton, and C. Curthoys. 1977.
Halocarbon behavior from a long time series. Atmospheric Environ-
ment, ii: 329.

Singh, H. B., L. Salas, H. Shigeishi, and A. Crawford. 1977. Urban-
nonurban relationships of halocarbons, SF 6, N20, and other at-
mospheric trace constituents. Atmospheric Environment, 11: 819.

Wilkniss, P. E., J . W. Swinnerton, R. A. Lamontagne, and D. J.
Bressan. 1975. Trichlorofluoromethane in the troposphere, dis-
tribution and increase, 1971 to 1974. Science, 187: 832.

Gamma ray activity from
radioactive fallout at the South

Pole
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During the 1976-77 and the 1977-78 antarctic field
seasons, an attempt was made to detect fallout products at the
South Pole by direct field measurements. The method was
first tested by lowering a detector crystal down the wall of a 4-
meter-deep pit on the Ross Ice Shelf at Williams Field
(77-52'S. 167-E.) (Zeller et at., 1977). Subsequently, a second
test was performed in Marie Byrd Land where a gamma ray
detector having a crystal volume of 256 cubic inches (4,195
cubic centimeters) was lowered into a 5-meter-deep pit. The
pit was located near the remote field camp designated Mabel
1. In both these experiments significant variations in the gam-
ma ray activity at specific levels below the surface were

detected. At Williams Field, the fallout appears to be concen-
trated in a zone about 2 meters below the surface. The in-
creased gamma ray flux is roughly 2.5 percent above back-
ground and must be considered significant because the stand-
ard deviation attributable to counting statistics is only about
1.5 percent. A similar result was obtained in Marie Byrd
Land with a peak superimposed on the cosmic ray back-
ground at approximately 3.3 meters depth. In both areas, the
precipitation rate is sufficiently high that only the uppermost
level of fallout products can be identified in shallow pits.

A much more successful test was conducted in December
1977 at a glaciological pit near South Pole Station. The pit
had been dug under the direction of Claude Lorius to a depth
of 10 meters and was made available to us for these measure-
ments. As the detector crystal was lowered, we made
measurements in 20-centimeter increments down the wall of
the pit to a depth of nearly 5 meters. At each increment, the
total counting time of 1.5 minutes resulted in a counting error
of approximately 1 percent. The results are shown in the
figure.

Three individual zones of fallout concentration are found
at depths of 1.4 meters, 3.1 meters, and 4.4 meters. The in-
creased gamma ray activity at these levels is very distinct and
amounts to a 5 to 10 percent increase over the level of the
background radiation. It should be noted that the back-
ground decreases as the detector is lowered into the pit
because it becomes progressively more shielded from cosmic
radiation by the snow in the walls of the pit. The figure shows
the correlation between the depth in centimeters and the year
of deposition as determined by snow stratigraphy. Beta ac-
tivity peaks have been found at the same three locations by
laboratory measurements (Pourchet and Valentin, 1977). It is
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