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Nitrogen in south polar ice and
snow: tool to measure past solar,
auroral, and cosmic ray activities
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Wilson and House (1965) report nitrates plus nitrites in
antarctic snow and ice but detect no ammonia nitrogen.
Claridge and Campbell (1968) emphasize the importance of
this source of nitrogen to the productivity of terrestrial Ant-
arctica. Nitrogen oxides are formed in the upper at-
mosphere from auroral activity (Wilson and House, 1965;
McElroy and McConnell, 1971; Crutzen, 1970, 1971;
Nicolet and Vergison, 1971; Johnston, 1971) and from
cosmic rays of solar and galactic origin (Ruderman et al.,
1976). Sunspots correlated with the auroral activity have 11-
year, 22-year and other cyclic patterns (Pasachoff, 1977).
We find no attempt to test the hypothesis that changes in
NOx concentration with depth (age) in glacial ice reflect
these upper atmospheric and solar cycles. Accordingly, we
have begun studies of fresh South Pole ice core made
available during the 1976-1977 austral summer and are con-
tinuing to pursue the promising results using previously col-
lected South Pole ice core.

Core was cut into approximately 18-centimeter sections
with a clean ice saw, melted at room temperature, and
analyzed within 24 hours. For nitrate-nitrogen (NO 3 . N), we
used the cadmium reduction technique (American Public
Health Association, 1971), and for ammonia-nitrogen
(NH,-N), the phenol hypochlorite method (Martin, 1972).
Internal standards, replicate variability and precision of
these methods are discussed by Fortner et al. (1976).

The figure shows the data for NO 3 -N and NH,-N (as
micrograms of nitrogen per liter) from the sequential sec-
tioning of a 3.10- to 9.44-meter segment of South Pole ice
core collected in 1974. We detected no NO 2 -N in any of the
ice core sections, although we had detected low levels of
NO2 -N in ice and snow collected near South Pole Station in
January 1977. Note in the figure the NO 3 -N peaks at
3.28-3.43, 5.44-5.61, and 8.66-8.85 meters and the NH,-N
peaks at 3.44-3.60, 5.44-5.61, and 8.66-8.85 meters. Based
on estimates of a 19-centimeter average annual accumula-
tion of snow at South Pole (Gow, 1965; Epstein et al., 1965)
and the relatively small density change from the surface to
these shallow depths, we calculate the approximate
minimum ages of these ice sections from the 1974 core as
follows:

3.28-3.43m = 17.26-18.05igN/1 = 1957-1956
3.44-3.60m = 18.10-18.94zgN/l = 1956-1955
5.44-5.61 in 28.63-29.52gN/l = 1945-1943
8.66-8.85m = 45.57-46.57zgN/1 = 1928-1927

There are, of course, other peaks and low concentration
points elsewhere in this approximately 33-year sequence of
ice core. We suggest that these NO 3 -N and NH,-N level fluc-
tuations reflect changes in the rates of nitrogen fixation in
the upper atmosphere perhaps along with some second- and
third-order effects. Moreover, the 11-year cycles of sunspots,
auroral activity, and cosmic ray fluxes may relate to the con-
centrations of NO 3 -N and/or NH,-N found in South Pole
snow. The concentration peaks need not necessarily coincide
with those of sunspots, as auroral activities reach their max-
ima about 2 years after the sunspot maxima (Chamberlain,
1961) and the maximum production of NOx comes at the
minimum of the sunspot cycle when the solar magneto-
sphere fails to protect the earth from galactic cosmic rays
U.P. Lodge, personal communication.) The time lag for
deposition of nitrogenous matter in South Pole snow is
unknown, and the annual snow accumulation estimates,
along with errors from sastrugi, further complicate our core
age calculations.

Our failure to detect NO,-N and our detection of NH3-N
in the 1974 South Pole core at first may appear to differ
from the report of Wilson and House (1965). However, the
diphenylamine analytical method used by Wilson and House
did not distinguish between NO 3 -N and NO 2 -N. Further,
our mean value for NO 3 -N (38.54 ± 6.72) is rather close to
that reported for NO 3 -N + NO 2 -N by Wilson and House.
Fehsenfeld et al. (1976) assert that the rate constant for the
reaction NO 3 - + 0 3 NO2 - + 209 + 0.35 electron volt is
less than 10 cubic centimeter per molecule per second and
is too low a value for the reaction to have a significant role in
the stratosphere; in contrast, they recognize as significant a
number of reactions that lead to NO3-

As to the presence of NH,-N, we suggest it was previously
overlooked because the direct Nesslerization for NH,-N, as
used by Wilson and House, was sensitive only to about 15
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NO3•N and NH4-N composition of 34 segments of 1974
South Pole ice core between 3.10 and 9.44 meters.
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micrograms nitrogen per liter. The concentration, thus,
would not have been detected by direct Neslerization. In
fact, using direct Nesslerization on seven samples of South
Pole ice core water containing levels of NH.-N ranging from
4.68 to 20.48 micrograms nitrogen per liter we detected no
change in absorbance from that of our blank.

While our data are still too limited for far-reaching con-
clusions, we suggest that NO 3 -N and NH,-N concentrations
in South Pole ice may provide a new, simple, and useful tool
for the measurement of past upper atmospheric phenomena
such as auroral and cosmic ray activities. Mechanisms such
as sea-to-air dispersal of substances also cannot be ruled out
as sources of second- and third-order effects. We do not ex-
pect that the same mean concentrations of NO 3 -N will
necessarily be found throughout the antarctic ice sheet.
However, if this be the case, we calculate that the average
annual electrochemical and photochemical fixation of
nitrogen oxides for continental Antarctica would exceed
2,000 metric tons of NO3 . This calculated value is especially
interesting when compared to the value of 7.6 million metric
tons of NO3 estimated for the earth's total annual physico-
chemical production (Kormondy, 1976). It would appear,
thus, that a re-estimate of the earth's total annual physico-
chemical production of nitrogen compounds, using data
from Antarctica, would help to achieve more accurate
biosphere estimates.

The potentials for using ice analyses of these types to
evaluate past sunspot activities, ice core ages, past world
climate, or the contribution of nonbiological nitrogen fixa -
tion to the biosphere are intriguing and deserving of further
investigation. Consequently, we are undertaking a much-
expanded investigation of ice core chemical composition.
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and T. Allnutt, B. Bishop, D. Brown, J . Crate, V. Howard,
D. Wendt, and S. Wendt for assisting in the core collection
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Thermal response to albedo
reduction on antarctic snow -

modeling results
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Antarctica is the continent with "whitest surface" (highest
albedo) and coldest climates even though the South Pole
receives more 24-hourly extra-atmospheric insolation during
the December solstice than any other point on earth in any
season. If other conditions remain unchanged, how would
the thermal regime be modified if antarctic snow were per-
sistently "dirtied"? In the future this might occur if mining
or other industries were established on the continent and
dust, continuously emitted from smoke stacks, were permit-
ted to settle on downwind areas.

A quantitative answer to the question can be provided by
climatonomy. For previous applications of climatonomical
modeling to arctic and antarctic regions see H. and K.
Lettau (1975) and A. Riordan (1976); for details of a model
algorithm suitable for calculating thermal response caused
by albedo reduction see H. Lettau (in press). A brief sum-
mary of method and results follows. The south polar plateau
was selected for the study because: (i) summer insolation is
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