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Abstract

This manuscript presents an overview of published work on nitrous oxide in the
permanently ice-covered lakes of the McMurdo Dry Valleys, Antarctica. One of these
lakes contains the highest concentration of nitrous oxide reported for natural aquatic
systems (> 500 000% with respect to the global average mixing ratio in air). Recent data
on nitrous oxide from the major lakes in this region of Antarctica are used to draw
general conclusions regarding sources and sinks for this gas within the liquid water
column, and to estimate exchanges with the atmosphere. Nitrous oxide maxima are
usually found in regions where oxygen concentrations and redox potentials are decreasing
(i.e. where high gradients exist); nitrous oxide is virtually absent in anoxic, and very
low redox zones. These trends, together with positive relationships between apparent
oxygen utilization (AOU) and apparent nitrous oxide production (ANP) indicate that
nitrous oxide is primarily a product of nitrification; experiments showed that denitrifica-
tion is a sink for this gas in anoxic water. ANP/AOU ratios are several orders of
magnitude higher than that for the ocean. Yield ratios for nitrous oxide [ANP/(NO2-
+ NO3-)] averaged 4.2% (i.e. 1 atom of N appears in nitrous oxide for every 24 atoms
appearing in oxidized N), greatly exceeding existing reports for pelagic systems, being
similar to that from reduced sediments. Production and consumption rates, computed
with a one-dimensional diffusion model, ranged from 0 to 5.3 nM-N d-l and 0-2.7 nM-N
d-l, respectively. Rates were usually greatest in the region of largest oxygen and inorganic
nitrogen gradients. Turnover times averaged 2917 and 1277 years for production and
consumption which is in the range of the mixing times for the lakes. Areal flux from
the lakes to the atmosphere (6.17 gN m-2 y-l) is several hundred times greater than areal
fluxes reported for oceanic systems. Owing to the relatively small combined surface area
of these lakes, absolute atmospheric transfer (1.2 X 105 gN y-l) is only a small fraction
of annual global emission.
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Introduction

Nitrous oxide (N20) is a long-Iived (100-150 y; Cicerone
1989) atmospheric trace gas that contributes to the global
radiation budget and stratospheric ozone depletion (Shine
et al. 1990; Watson et al. 1990; Kroeze 1994). Data from
Antarctic ice cores show that present day concentrations
are higher than those over the past 45 000 y (Leuenberger
& Siegenthaler 1992). Long-term data sets indicate that
atmospheric nitrous oxide has been increasing between
0.2 and 0.30;0 y-l for the past two decades (Rasmussen &
Khali11986; Prinn et al. 1990). Despite the global impor-

tance of nitrous oxide, global budgets for this trace gas
are still out of balance; between 30% and 50% of the
known sinks are not balanced by sources (e.g. Cicerone
1989; Khalil & Rasmussen 1992; Robertson 1993).

Nitrous oxide has both biogenic and anthropogenic
sources. Marine and natural soil systems are the major
natural biogenic sources (Schlesinger 1991). Anthropo-
genic sources comprise land-use change, nylon produc-
tion, fossil fuel burning and fertilizer usage (summarized
by Kroeze 1994). In general, anthropogenically impacted
sites have received more study than natural sites
(Bouwman 1990) and terrestrial sites have been studied
more intensively than aquatic sites.
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Fig. 1 Map showing location of the McMurdo Dry Valley region
of Antarctica and lakes within these valleys.


