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Environmental context. Polar near-surface snow can act as a chemical reactor that alters the composition and
chemistry of snow and the overlying air. Although the mechanisms and driving forces of these reactions have
long been debated, triboelectrification (production of electrostatic charges by friction) of snow by wind has not
yet been considered as a factor. It is proposed that in polar regions, triboelectrification could significantly
influence the composition and chemistry of snow.

Abstract. Reactions that proceed in polar snow cover may significantly affect the chemistry of the overlying

atmosphere, but mechanisms and driving forces of these reactions are still under discussion. The proposed hypothesis
attempts to explain some experimental data that cannot be fully understood (e.g. the effect of wind on OH radicals, ozone
and persistent organic pollutants levels) by taking into account the influence of electrical phenomena on the snow surface.

We assumed that a combination of such factors as low humidity, high wind speed and low temperatures makes the
influence of triboelectrification of snow significant for polar areas, where purity and the depth of snow cover prevent fast
charge dissipation. Themajor points of the hypothesis are: (1)when the electric field reaches a value sufficient for the onset

of corona discharge, various free radical processes are initiated resulting in changes in the concentrations of ozone, OH
radical, nitrate, etc., and the decomposition of pollutantmolecules; (2) the high electric field can stimulate transport of ions
(such as bromide and nitrate) from the condensed phase to the gas phase; and (3) the ageing of charged snow can increase
its electrical potential.
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Introduction

It is well known that some volatile organic compounds can reach
the polar regions by long-range atmospheric transport where
they can be detected in polar snow.[1] Their accumulation in

these regions is powered by the so-called ‘cold condensation
mechanism’[2] which manifests itself in an increased efficiency
of trapping by snowflakes of large non-polar organic molecules,
including persistent organic pollutants, under low temperature

conditions.[3] What is the fate of pollutants in polar snowpack?
Is snowpack a long-term reservoir for contaminants? Can
pollutants be chemically destroyed in snow?These questions are

of fundamental importance because polar glaciers and ice-sheets
store ,75% of the Earth’s fresh water.

To clarify the fate of pollutants in polar areas we need to have

a clear understanding of the processes that take place in snow
cover and in the overlying atmosphere. Discussions about
mechanisms and driving forces of snow–air interactions started

with the discovery by Mauldin et al.[4] of surprisingly high
concentrations of some radicals and intermediates of radical
reactions at the South Pole. Subsequently, it became clear that
observed levels of these substances arise from chemical reac-

tions in the snowpack and at the snow–air interface.
Photochemistry is assumed to be the major factor in snow

chemistry processes (Grannas et al.[5] and references therein),

but in many cases[6–8] calculations that take into account only

the photochemical factor give levels lower than those observed.

This observation has led to speculation that some additional
coreactant(s) or unknown factor(s) play an important role
in snow chemistry processes. Here, we present our view about

the role of electrical phenomena in snow–air interactions.
Although the electrification of drifting snow is a well known
phenomenon,[9–14] the possibility that the polar snow’s electri-
cal energy could be transformed into chemical energy has not

previously been discussed.

Snow chemistry experimental data: gaps in our
understanding

Why do pollutant levels decrease so rapidly
under the influence of wind?

There is evidence (Herbert et al.[15] and references therein) that
the decline in concentrations of persistent organic pollutants
(POPs) and other volatile chloro-organic compounds during

fresh snow pack metamorphosis is quite rapid taking place over
a period of several months, which is much faster than values
predicted by snow models.[16] Herbert et al.[15] found a corre-

lation between decreases in the levels of POPs in snow and the
snow specific surface area (SSA). According to Halsall,[17]

these changes are even more significant when wind speed is

high: the loss of hexachlorocyclohexane over a 247 h period
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from a 0.5-m snow layer was 75% under conditions of high
wind speed (10m s�1), but only 5% when there was no wind.

At some point in their re-volatilisation from snow, POPs have
to rise, first, because of the advection-controlled mechanism
in POP transfer under wind[18] and, second, because of inten-

sification of snow dry sublimation which results in faster
re-partitioning of POPs into interstitial pore spaces and then to
the atmosphere.[19] However, existing models of the wind

pumping process are poor and a better understanding of the
parameters is necessary. It has never been considered in the
models that, under conditions of high electrification arising

from the wind, the decomposition of POPs might also become a
significant factor.

Unknown sources of OH� formation

Hydroxyl radicals (OH�) play a key role in controlling the oxi-

dising power of the atmospheric boundary layer in polar
regions.[4,20] Because radicals are short-lived, their concentra-
tions are regarded as the difference between the rate of

formation and decay. Concentrations of OH�measured recently
at the South Pole[4] and at Summit, Greenland,[6] were found to
be comparable with concentrations of this radical in the tropics
((3�6)� 106 cm�3 [21]) and 3–5 times higher than values mea-

sured at Palmer and Halley Research Stations (Table 1). It has
been suggested that recorded levels of OH� are a product of
photochemical transformations at the snow–air interface.

Molecules and radicals such as HCHO,[22] NOx,
[23] HONO,[24]

hydrogen peroxide,[25] higher aldehydes,[26] and HO2 radi-
cals,[27] produced by other photochemical processes taking

place in the snowpack, are considered as sources of OH�

formation Measured levels of these compounds were used in
calculations by a steady-state photochemical box model.[27,28]

For data obtained in 2000 at the South Pole, model predictions
of OH� were accurate only in a certain range of NO levels.[4,27]

For data obtained at Summit, the discrepancy between model
and measured values was found to depend strongly on meteo-

rology:[6] when the wind was light (,6m s�1) the measured
value was twice the calculated values, whereas in high wind
(.6m s�1) and blowing snow the measured value was an order

of magnitude higher than the calculated value.[6] Thus, the
model calculations that have used only photochemical reactions
have underestimated the level of OH� in all cases. Possibly,

some unknown additional coreactant(s)[7] or unknown factor(s)[6]

might be playing a substantial role in OH� formation.

Increase of ozone level under the wind
at Summit, Greenland

In recent years it has been discovered[29] that ozone is present in
the interstitial air of the polar snowpack at levels comparable
with those in ambient air. At Summit, up to 90% of ambient

ozone levelswere observed at a depth of up to 1m.[30] According
to Helmig et al.[30] photochemical destruction is the dominant

mechanism for ozone loss at Summit, and maximum loss is in
the near surface layer, where ozone depletion follows both the

diurnal and seasonal cycle in solar radiation. Ambient ozone is
practically uninfluenced by diurnal cycles. For the investigation
of gas exchange processes taking place at the atmosphere–

snowpack boundary, Helmig et al.[30] used such parameters as
the ozone concentration gradient, which was estimated as the
ambient air ozone level at 2m minus the snowpack ozone

concentration at �30 cm. When the snowpack ozone decom-
posed, the gradient increased.When radiation was,100Wm�2

the gradient was small (,5 ppbv), and the largest gradients

(.20 ppbv) were observed at high levels of solar radiation
(.500Wm�2) and low wind (,4m s�1). But as the wind speed
increased, the ozone gradient tended to zero. When the wind
speed was .8m s�1, a dramatic increase of snowpack ozone

levels occurred which practically compensated the destructive
influence of the photochemical factor.[30] We suppose that the
wind pumping mechanism cannot completely explain this

phenomenon.

Ozone depletion events (ODEs) under high wind
in the sea ice zone

ODEs describe a phenomenon that takes place in spring during

polar sunrise when boundary layer ozone values drop rapidly
from background levels to instrumental detection limits.[31] The
mechanism of ODEs is not understood completely, but it is

known that the phenomenon is associated with the polar sea ice
zone and coincides with enhancement of BrO levels (a ‘bromine
explosion’). Current understanding of ODE chemical processes

may be represented by the following equations

Br2 ! 2Br� ð1Þ

Br� þ O3 ! BrO� þ O2 ð2Þ

BrO� þ BrO� ! 2Br� þ O2 ð3Þ

S2O3 ! 3O2 ð4Þ

where Reaction 4 is the sum of Reactions 2 and 3.

BrO� þ O3 ! Br� þ 2O2 ð5Þ

In the presence of ClO�, interhalogen compounds can form

BrO� þ CIO� ! BrCIþ O2 ð6Þ

Spectroscopic detection of Br2 (up to 25 ppt) and BrCl (up to
35 ppt) have been reported by Foster et al.[32] during an ODE at
Alert, Nunavut, Canada. Hydroxyl and superoxide radicals as

well as atmospheric nitrogen oxides, carbon monoxide, meth-
ane, and hydrogen also participate in radical reaction cycles.

Table 1. The median measured number density for hydroxyl radicals above snow

Place and time of measurement Density Method Ref.

Palmer Station (64 8460S, 64 8030W), Anvers Island, 1994 7� 105 cm�3 Chemical ionisation mass-spectrometry [8]

South Pole, ISCAT expedition (Investigation of Sulfur Chemistry

in the Antarctic Troposphere), November1998–January 1999

2� 106 cm�3 Chemical ionisation mass-spectrometry [4]

Summit (72 8340N, 38 8290W, 3250 m ASL), Greenland, 2003 6.4� 106 cm�3 Chemical ionisation mass-spectrometry [6]

Halley Research Station (75 8350S, 26 8190W), 2005CHABLIS program

(Chemistry of the Antarctic Boundary Layer and the Interface with Snow)

3.9� 105 cm�3 Laser-induced fluorescence method [7]
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Bromine compounds, however, are considered separately
because they are very effective ozone depletion catalysts. But

the mechanism of bromine release to the gas phase is not fully
understood, nor has it been physically interpreted yet.

ODEs are usually associated with stable or low wind, i.e. ‘fair

weather’ conditions. But in the investigation of Jones et al.,[33]

enhanced BrO and depleted boundary layer ozone over the
Weddell Sea coincided with high wind and saline-blowing snow.

Vertical column densities of BrO were over 1� 1014 molecules
cm�2 for the majority of the Weddell Sea (its area is ,2.8�
106 km2) andBrOwas detected even atHalley Station. The role of
wind in triggering ODEs and in the release of bromine-containing

compounds to the atmosphere is not clear yet.

Triboelectrification processes under high wind

Although the electrification of drifting snow under the influence
of wind is well known to meteorologists,[9–14] the chemical
consequences of such a phenomenon has never been discussed.
Dry snow is a loose material that undergoes triboelectrification

under the action of the wind when drifting snow particles rub
against each other and strike the underlying surface. Similar
triboelectrification of sand can be observed during sandstorms

in deserts.[34] When wind blowing over hard snow is particle
free, changes in electric field strength are small.[14] With the
addition of snow particles, however, the field strength increases

significantly, frequently changing polarity, reaching values of
30 kVm�1 at a height of 4 cm above the eroding snow surface,
and exceeding fair-weather field values by four orders of

magnitude.[14] Both blowing particles and surfaces accumulate
some electric charge. Negatively charged snow particles pre-
dominate in drifting snow.[13] Freshly fallen, blowing snow can
have the opposite sign to snow that has lain for some time.

Attractions of dissimilar charges may explain the high adhesion
of freshly fallen blowing snow, i.e. its ability to form snowdrifts,
dunes, and cornices.[35] We propose that electric phenomena on

the snow surface may explain the empirical relationship found
by Lipenkov et al.[36] between snow blanket density and wind
speed for a region of the East Antarctic ice slope, where the

mean wind speed is more than 6m s�1 and temperatures range
from �47 to �20 8C.

Factors affecting triboelectrification

Factors affecting triboelectrification have been analysed quan-
titatively by Petrenko et al.[37,38] Under their experimental

conditions, when the temperature decreased from �10 to
�35 8C, the density of charge I increased by an order of mag-
nitude and I collected from the surface increased non-linearly

depending on the sliding velocity (v). At t¼�10 8C, I is pro-
portional to v, at �14 8C, I increases as v1.5 and at t¼�25 8C it
increases as v2.[38] Thus, triboelectrification of snow grains by

wind increases when the temperature is low and the wind speed
is high. With a decrease in humidity, triboelectrification
increases because dry air is a poor conductor of electrical cur-
rent. It is worth noting that ‘Antarctica is the coldest, the

windiest, and the driest place on Earth’ (Table 2).
Another factor that promotes triboelectrification is a

friability of polar snow. Firnification of snow in the Antarctic

generally has a reverse direction in comparison with the same
process in the middle latitudes.[39] As temperatures of upper
layers decrease, evaporation or sublimation goes from the top

down, transforming snow of deep layers to ice andmaking snow
of the upper layer more friable. In addition, triboelectricity
accumulated during snow drifting cannot be grounded on most
of theAntarctic area because of the high thickness of snow cover

(on average 2040m). We suggest that this electrical energy
partially converts into chemical energy.

Triboelectrification mechanism

The mechanism of ‘asymmetrical rubbing’ was proposed to
interpret ice frictional electrification.[40] According to this
mechanism, the charge separation caused by ice-to-ice rubbing
occurs as a result of temperature and concentration gra-

dients.[40–42] During friction between two ice pellets, each of
them heats up in a different way. A constant rubbing point
becomes warmer than a variable rubbing point. When the tem-

perature increases, the concentrations of Hþ and OH� in the ice
increase. Because Hþ ions move more rapidly to colder regions
than do OH� ions,[41] a temperature gradient leads to the

appearance of an ion concentration gradient. Thus, the colder
parts of the ice and snow particles become positively charged

Table 2. Factors that could amplify the triboelectrification in Antarctica

Taken from the Antarctic climate handbook[55]

Main features of Antarctic climate Explanation

Big area covered with snow Snow covers 99.7% of continent surface.

Low temperatures Mean temperatures in East Antarctica during the coldest month, August, range from �40 to �70 8C,

and in the warmest month, February, range from �15 to �45 8C. In coastal regions, the average temperature

in the warmest month is 1.2 8C and in July it ranges from �8 8C on the Antarctic Peninsula to �35 8C near

Ross ice shelf. The Pole of Cold of the planet is in Antarctic. It is Russian Vostok station on the inland ice cap,

where the lowest outdoor temperature (�89.6 8C) was recorded in 1983.

High wind speeds The Polar Plateau is a constant source of dense cold air that flows from the high continental interior down towards

the coast. These winds created by temperature inversions move down through indentations and channels

in the landscape intensifying during their transforming to so-called katabatic winds (average wind speed near

the coast is 12m s�1). Merging with cyclonic flows they make hurricanes (50–60m s�1, sometimes 90m s�1).

In the windiest spot on Earth, Cape Dennison at Commonwealth Bay, mean annual wind speed is 22m s�1.

At Antarctic stations Mirniy, Molodezhnaya and Mawson, the average annual numbers of storm days

are 207, 214 and 331 respectively. Storms start and end abruptly, and can last up to 8 days, usually accompanied

by drifting snow. On some Antarctic stations, snowstorms are recorded on an average of 260 days per year.

Low humidity Precipitation level is less than 5 cm per year (as in deserts). Low moisture content in the atmosphere is also

explained by low water volatilisation from the surface of ice cover due to lack of free moisture on the surface

and low air temperature. Maximum absolute humidity is registered in summer, and the minimum in winter.

At Vostok station, aqueous surface tension is 0.29 gPa in summer, and the average value for the year is 0.07 gPa.

Triboelectricity in snow–air interactions
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whereas the warmer parts take on a negative charge. Hobbs[43]

termed this phenomenon the ‘thermoelectric effect’. Besides
protons and hydroxide ions, charge can also be carried by
defects in the ice, so called protonic point defects,[44] that

deviate locally from the ice lattice. Petrenko[37,38] described the
ice as a protonic semiconductor.

Measured charge-to-mass ratio for individual blowing
snow particles: possibility of corona discharge

Direct measurements of charge-to-mass ratio for individual
drifting snow particles have been carried out by Wishart[13] on
Byrd Station during the Antarctic summer in wind speeds

ranging from 8 to 15m s�1. The average value obtained by
Wishart[13] was �50mCkg�1. The author noted that during the
experiment ‘very high wind conditions and intense electrical

effects did not occur. Thus the results obtained may not be
applicable to these winter and spring blizzard conditions’. At the
same time,Wishart pointed out that some snow particles carried

charges ‘close to the maximum values deduced by Wishart and
Radok[45] from corona discharge considerations’. A comparable
value of average charge-to-mass ratio (�10mCkg�1) has been
reported by Latham and Mongtagne[35] who measured the

electrification of drifting snow in Montana. These measure-
ments were carried out using drift traps constructed on the
principle of Faraday’s Cage.[13,35] In the 1990s, Schmidt

et al.[14] carried out quantitative measurements of charge-to-
mass ratio for blowing snow particles and of the electric field
gradient near the snow surface in south-east Wyoming with the

aim to evaluate the influence of electrostatic force on the
trajectory of snow particles moving by saltation. It was found
that this influence is comparable with the effect of gravitational
and fluid forces. Schmidt et al.[14] concluded that all earlier

reported data were under-estimated because drifting particles
with opposing charge coexist in saltation, and thus the Faraday
cage most likely registered averaged values.[14] Even in the

conditions of the Wyoming experiment, where the wind speed
was not high (11–14m s�1), measured particle charge-to-mass
ratios (ranging from 72 to �208mCkg�1) were substantially

higher than values reported earlier. The electric field strength
fluctuated, reaching þ30 kVm�1 at a height of 4 cm above the
snow surface and increasing towards the surface of the snow-

pack. More recent measurements were provided in February
2008 during an Arctic blizzard in Iqaluit, Nunavut, Canada, by
Gordon et al.;[46] the measured electric field strength was
26.2 kVm�1 at a height of 0.5m, which corresponded to model

predictions given by the same authors.[47]

According to Dunin,[39] when the electric field strength
achieves the value 10kVm�1 electric energy starts to dissipate

through corona discharges that most likely occur on sharp edges
where electric field gradients have maximum values. During
snow blizzards, blue and violet flashes and glows are often

observed, and the noise level in radio signals increases.We expect
that the needle-like morphology of snowflakes, which is typical
for precipitations of central Antarctica,[48] can also promote the
occurrence of corona discharges. Furthermore, we propose that

under high winds with high triboelectrification, corona discharge
becomes a significant factor in snow chemistry processes.

Chemical processes that can be initiated by corona
discharge

Corona discharges appear in regions with a high gradient of

electric field as channels of energy dissipation. Obviously,

reactions that proceed in the field of a corona discharge take

place in the gas phase and at the snow–air interface. Under the
influence of a corona discharge, molecules become excited and
the degradation of the excited states leads to the formation of

reactive species such as radicals, atomic oxygen, ozone, etc.
Under the influence of a corona discharge, oxygen trans-

forms to atomic oxygen and ozone as shown in reactions 7–9.

O2 ! O2
� ! 2O ð7Þ

O2 þ OþM1 ! O3 þM1
� ð8Þ

O2 þ O2
� ! O3 þ O ð9Þ

The water molecules that become excited by the corona dis-
charge decay to yield OH� and H� radicals (reaction 10)

H2O ! H2O
� ! OH� þ H� ð10Þ

In oxidative conditions H� radicals are oxidised according to

reaction 11:

H� þ O3 ! OH� þ O2 ð11Þ

or with assistance of a third particle M (reaction 12)

H� þ O2 þM2 ! HO2
� þM2 ð12Þ

It might be expected that if organic compounds present in the
gas phase or at the snow–air interface come under the influence
of the corona discharge, they could undergo ionisation and

degradation to fragments, or be chemically transformed by
the action of reactive species. Indeed, a corona discharge is
used both as a standard way of manufacturing ozone and for
the removal of unwanted volatile organics, such as solvents,

pesticides, and chemical weapons from the atmosphere and
water.[49]

Collisions of free radicals with each other, a third particle or

with the surface lead to their decay (reactions 13 and 14).

OH� þ OH� þM3 ! H2O2 þM3 ð13Þ

H� þ OH� þM4 ! H2OþM4 ð14Þ

Thus, in places that are affected by a corona discharge, the levels

of OH�, atomic oxygen, ozone, and hydrogen peroxide are
expected to increase. Nitrogen present in the ambient air under
the influence of a corona produces atomic nitrogen, NO3

� and

NH4
þ ions. The influence of a corona discharge can be a possible

explanation for the above-mentioned increase in the level of
OH� under wind (see ‘Unknown sources of OH� formation’

section above) and the increase in ozone concentration in the
interstitial air of snowpacks (see ‘Increase of ozone level under
the wind at Summit, Greenland’ section above). In the later case,
we propose that ozone production under wind occurs in quan-

tities that are comparable with its photochemical loss and this is
the reason why the concentration gradient decreases.

In the investigation of Jones et al.,[33] however, high wind

initiated an ozone depletion event. To understand this phenom-
enon, a distinction should be made between pure Summit snow
in the experiment of Helmig[30] and the saline snow of Weddell

Sea blizzards described by Jones et al.[33] We propose that if
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a corona discharge occurs in the case of saline snow blizzards,

a mechanism becomes apparent whereby halogens (including
bromine) can be released from the condensed phase to the gas
phase.

We propose that under a positive potential both the oxidation
of bromide anions and the formation of volatile brominated
compounds can proceed and the direct emission of negative
bromide ions to the gas phase can occur under negative

potential.

½Br��cond phase ! ½Br� � nH2O�gas phase " ð15Þ

As mentioned above, bromine is an extremely effective ozone

depletion catalyst (reactions 1–6), so any ozone present in this
environment would be destroyed. In this way a ‘bromine
explosion’ and a consequent ODE could be triggered under the

influence of wind that comes from the sea ice zone.

‘Ion shooting’ in an electric field: another possible
mechanism of ion transport from the condensed
phase to the gas phase

‘Shooting’ of charged particles from charged frosty surfaces

under high electric potentials has been reported. In the experi-
ment of Latham,[50] a frost specimen was exposed to airstreams
of different temperatures resulting in charged ice splinters being

blown away. The colder airstreams charged the blowing
splinters positively, whereas warmer airstreams charged them
negatively. This effect was explained[50] as a manifestation of

the thermoelectric effect: positive ions (Hþ) diffuse down the
temperature gradient faster than OH� ions (see ‘Triboelec-
trification mechanism’ section above). Such temperature
gradients are produced down a frost needle owing to the dif-

ference in temperature between the air-stream and the frost
deposit causing the outer and inner tips of the needle to acquire
equal and opposite charges. If the needle was then broken and

blown off by the air-stream, it would carry away a charge of one
sign leaving that of the other sign on the frost deposit on which it
had grown.

Ejection of multiply charged ice fragments from the frosty
surface of a growing ice crystal have been also described by
Schaefer and Cheng,[51] where electric potential occurred as a
result of ice growth (so-called ‘freezing potential’[52]). On the

basis of microscopic observations, those authors suggested that
strong electric effects were involved with ice dendrites twisting
and turning and occasionally ‘shooting off‘.[51] This effect of

‘spraying’ of charged particles into a gas phase is a way to
decrease the total energy of the system.

For liquid media, a similar phenomenon of charged particles

being ejected from droplets under high electric potential is
observed in electrospray ionisation, which is commonly used
in mass spectrometry to produce gas-phase ions.[53] Under the

conditions of electrospray ionisation, charged micro-drops
decrease in size as a result of solvent evaporation until they
reach a critical size when surface tension becomes less than the
Coulomb repulsion forces (Rayleigh limit) whereupon they

burst to form new smaller droplets. This process repeats until
the formation of single charged particles. If a similar mechanism
could be invoked for charged ice pellets, it might explain how

ions such as nitrate and halogens could be transported from the
condensed phase to the gas-phase. This hypothesis needs
verification.

Electric potential on the snow: ways of transformation

Using physical reasoning it can be shown that when the charge
on a body is constant while the surface of the body decreases, the
potential increases. We believe that the same effect could be

occurring in charged snow. The ageing of charged snow can
result in an increase in its electrical potential. This conclusion
also follows from the work of Eroshenko[54] who studied the

thermodynamics of interfacial areas with the aim of analysing
the dispersion, accumulation and transformation of energy. He
showed that during the isothermal compression of a heteroge-

neous systemwith highly developed interphase boundaries, part
of the energy is transformed into electrical energy.[54] Because
snow is a thermodynamically non-equilibrium system, its

specific surface area decreases as the snow ages, and energy is
released partly as heat and partly as electrical energy.

At the same time, the system tends to compensate for this
potential increase by equalising the charge in two ways: first, by

aggregation of oppositely charged grains, and, second, by the
creation of local currents that flow from positive to negative
areas thereby initiating electrochemical processes.

Experimental validation: where to now?

To gather experimental support for the proposed hypothesis, we
have started to construct a model device, a modification of a
vertical mechano-turbine activator with two contra-directional

closed circuit snow flows, to simulate friction and attrition of
snow grains under blizzard conditions. The interior volume of
the reactor needs to be covered with inert material, such as

Teflon, or glazed with ice. In such an experimental device –
a mechano-activation reactor – with integrated sensors we
propose to study the friction and collision of ice particles, snow
friction on ice and the chemical consequences of snow triboe-

lectrification. Under these experimental conditions, natural
snow as well as artificial snow generated by a snow-making unit
can be investigated. Test compounds could be added to the snow

to study their behaviour as well as free radicals and ozone levels.
We hope that our discussion may stimulate polar researchers

to find evidence for or against the presented hypothesis.
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