CSIRO PUBLISHING

Environ. Chem. 2012, 9, 119-120
http://dx.doi.org/10.1071/EN11147

Comment on ‘Possible contribution of triboelectricity

to snow-air interactions’

Thorsten Bartels-Rausch™ and Martin Schneebeli®

APaul Scherrer Institute, Laboratory of Radiochemistry and Environmental Chemistry,

CH-5232 Villigen PSI, Switzerland.

BWSL Institute for Snow and Avalanche Research SLF, CH-7260 Davos, Switzerland.

Email: schneebeli@slf.ch

CCorresponding author. Email: thorsten.bartels-rausch@psi.ch

Received 30 November 2011, accepted 20 February 2012, published online 27 March 2012

Tkachenko and Kozachkov!!! discuss how the unique weather
conditions in wind-swept snowy areas, e.g. Antarctica, can
favour electrical phenomena in the lowermost atmosphere. They
suggest that electrical discharges can trigger and sustain
chemical reactions. They further postulate a significant influ-
ence of this effect on the chemistry in snow and on the budget of
atmospheric trace gases. Here, we take to opportunity to com-
ment on the paper by Tkachenko and Kozachkov by placing it in
a wider context.

In their paper, Tkachenko and Kozachkov open with an
interesting discussion, namely if there are important reactive
processes in snow chemistry under stormy conditions associated
with drift snow. Snow hosts a vivid chemistry. There is con-
vincing evidence from field studies, modelling and laboratory
investigations underlining the importance of this chemistry and
of snow—air exchange on atmospheric chemistry and snow
composition.?! It is now widely accepted that exceptionally
high concentrations of trace gases — for example above the
Antarctic plateau — result from snow-pack emissions that
concentrate in a stable and very shallow boundary layer.®
Field measurements of atmospheric trace gases under stormy
conditions, where the boundary layer is neither stable nor
shallow, are only rarely reported. To our knowledge Neff
et al.[! were the first to show persistent high levels of nitrogen
oxides during high-wind periods and a consequently thick
boundary layer. We agree with Tkachenko and Kozachkov that
the effect of electrostatic phenomena on chemistry is generally

not considered in atmospheric science.*”! Nevertheless, the
effect of electric phenomena is not completely overlooked.
Recently, Asmi et al.?®! characterised coastal Antarctic aerosol
and described charged ion formation events at days with high
wind speeds, which is an observation in support of Tkachenko
and Kozachkov. Also the latter paper is somewhat speculative,
the quantity and size of blowing snow events in Antarctica was
rather underestimated.'”’ In this sense, the hypothesis of
Tkachenko and Kozachkov should be investigated further.
Before coming back to the issue of triboelectricity, we would
like to discuss two other issues that might contribute to snow
chemistry under stormy conditions.

Blowing snow as surface for reactions

Jones et al."%! demonstrated that elevated BrO levels and the
chemistry destroying ozone are not restricted to a shallow
boundary layers, but prevail during blizzards. They further
showed that a combination of turbulent mixing, blowing snow
and ventilation favours ozone destruction under stormy condi-
tions. Clearly, this hypothesis might also, in a more traditional
way, explain the unique chemistry during windy conditions over
snow-covered areas. The effect of blowing snow on chemistry
still needs to be tested using photochemical box models. We fell
that other suggestions of mechanism explaining these observa-
tions, such as the electrostatic phenomena proposed by
Tkachenko and Kozachkov, are highly welcome.
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Snow metamorphism during storms

We fully agree with Tkachenko and Kozachkov in that the
current understanding of snow chemistry is insufficient to fully
capture observations in simulations. As they mention, one
reason might be the incomplete parameterisation of snow
metamorphism and its role on the release of trace gases to the
atmosphere. The role of the surface area of snow on the parti-
tioning of trace gases between the air and snow phase is well
established; and it is also clear that snow and its surface arca are
not static but change with time.['" Progress in parameterising
snow metamorphism under natural conditions has recently been
described. In their study, Pinzer and Schneebeli*?! discuss
surprisingly high recrystallisation rates when the snow was
exposed to temperature gradients typical for a polar environ-
ment and suggest that the high recrystallisation rates influence
chemical snow-air interactions. The role of wind on snow
metamorphism, and on the transport of trace gases through the
snowpack, is controversially discussed.'*'* Tt is thus not
surprising that chemical models do not capture observed trace
gas concentrations under windy conditions. Chemistry models
do currently not parameterise snow metamorphism at all.
Typically, the snow is described by densely packed, static ice
spheres.['”]

Ultimately, it remains unclear if triboelectricity is needed to
explain observations. However, it could still contribute as one
chemical factor, taken that blizzards are frequent in Antarctica.
Tkachenko and Kozachkov suggest — based on electric field
measurements — that corona discharges can take place up to
0.5 m above the surface. This alone would represent quite a large
dynamic volume for triboelectricity to take place. The high wind
speed and amount of snow transported in Antarctical'®!” make
a scenario where triboelectricity plays an important role in snow
chemistry not unlikely.

An open key question remains, however: what is the yield of
the overall chemistry? We suggest testing this hypothesis by
deriving efficiency, rates and products of the plasma chemistry.
This would allow an estimate of the relevance of the proposed
chemical pathway. Additionally, more field data on atmospheric
composition during storms are urgently needed to deepen our
understanding of polar chemistry.
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