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Sea salt aerosol is a very important constituent of the polar troposphere. It plays 
a role in the phenomena of Arctic Haze and the so-called Bromine Explosion. 
Bromine radicals released from sea salt have a major influence on atmospheric 
chemistry, e.g. for ozone depletion and the biogeochemical mercury cycle. Sea 
salt ions captured in ice cores are of fundamental importance for the paleo-
climatic interpretation of these. Recently it was hypothesized that salty frost 
flowers that grow on fresh sea ice  are the major source of sea salt aerosol in the 
polar regions. This hypothesis has many implications in different fields of 
research. These sea ice related physico-chemical processes are key issues in the 
upcoming International Polar Year 2007/09. Here we provide a brief 
introduction.

It was already recognized by Fridtjof Nansen that the Arctic is not a pristine 
environment but is being influenced by air masses that are transported from 
midlatitudes. More recently it is apparent that the Arctic troposphere is a unique 
chemical reactor playing an important role for global change. The phenomenon 
of a dense Arctic Haze was frequently mentioned by U.S. pilots flying over the 
Arctic Ocean from the late 1940s to the early 1960s [Mitchell, 1957]. Since the 
1970s the Arctic Haze phenomenon was investigated in numerous studies [e.g. 
Shaw, 1995; Barrie, 1986].
The first indication of photo-oxidant chemistry came from analysis of the 
atmospheric sulfur seasonal cycle by Barrie and Hoff [1984], who observed a 
significant decrease of the sulfur dioxide to sulphate ratio in spring. In 1988 
Barrie et al. [1988] observed a drop of ozone at polar sunrise and a coincident 
increase in filterable bromine [Niki and Becker, 1993]. The bromine sources and 
involved chemical mechanisms were unknown at that time.
Fan and Jacob [1992] described a heterogeneous autocatalytic reaction that 
causes an exponential increase of gaseous bromine radicals. The primary 
bromine source was identified to be sea salt aerosol generated by breaking 
waves on the ocean surface. This reaction became known as the so-called 
bromine explosion [Wennberg, 1999]. The bromide activation is driven by ozone 
and hydroperoxyl on acidic aerosols in the presence of sunlight, and is catalyzed 
by hypobromous acid and chloride [Vogt et al., 1996]. The presence of reactive 
bromine has a strong impact on tropospheric chemistry and is therefore 
important for the air chemistry of polar regions as well as the global climate 
system [Gauchard et al. 2005; von Glasow et al., 2004].
The advent of the measurement of tropospheric trace gases from space by the 
Global Ozone Monitoring Experiment, GOME, led to the discovery of enhanced 



amounts of BrO close to regions of sea ice in the Northern and the Southern 
Hemisphere [Richter et al., 1998; Wagner and Platt, 1998]. 
From the analysis of Antarctic sea salt aerosol it was inferred that brine 
originating from the sea ice surface was the dominating sea salt source in winter 
[Wagenbach et al., 1998]. Ion analysis showed a strong, systematic depletion of 
sulfate with respect to bulk sea water which was explained by the crystallization 
and precipitation of mirabilite below -8 °C [Nelson and Thompson 1954].
Rankin et al. [2001] hypothesized that frost flowers could be the long sought salt 
source and showed strong implications for the interpretation of ice core records 
(Fig. 2). This changed the paradigm on the origin of the primary marine ions 
found in these climate archives [e.g. Legrand & Mayewski, 1997; Wolff et al. 
2003]. 
Frost flowers grow on thin young sea ice from the water vapor phase. These ice 
crystals grow on a liquid layer of concentrated brine. The liquid brine gets onto 
the crystals by capillary suction resulting in an ion  concentration triple of that of 
sea water [Martin et al. 1995,1996; Perovich & Richter-Menge, 1994]. It is 
thought that the delicate crystals are easily blown away by the wind and thus can 
produce the salty aerosol [Hall and Wolff, 1998; Rankin et al., 2001; Wolff et al. 
2003].
A model to estimate the potential frost flower (PFF) coverage was developed by 
Kaleschke et al. [2004]. The PFF-model is driven by the sea ice concentration 
derived from satellite measurements and the surface air temperature. Briefly, 
the model identifies the new ice regions with especially cold surface air 
temperatures. By using advanced algorithms for sea ice retrieval it is possible to 
identify the regions where the new sea ice production takes place [Kaleschke et 
al. 2001, 2004ab; Kern et al. 2003; Spreen et al. 2005]. The regions of high PFF 
values are frequently connected with regions of enhanced BrO concentrations 
through air trajectories on a timescale of up to about three days (Fig. 2).
The bromine explosion requires a slightly acidic environment [Fickert et al., 
1999]. Today's surface ocean is saturated with respect to calcium carbonate and 
has a pH of about 8.2 [Orr et al., 2005]. The carbonate ions act as a buffer that 
stabilizes the pH. For this reason the bromine explosion have not been observed 
over the open ocean because the pH is above 7. This might be different on the 
sea ice surface or frost flower aerosol. CaCO3·6H2O is the first solid salt that 
appears when the sea water temperature drops below -2.2 C [Weeks and Ackley, 
1986]. This probably removes the carbonate from the freezing brine.  The 
remaining liquid will likely be much more sensitive to acidification and is 
therefore probably a strong potential source for the bromine activation. Very 
recent preliminary results of a sensitivity study using the atmospheric chemistry 
models MECCA and MISTRA demonstrated the dramatic influence of a carbonate 
removal.
The IGBP projects, IGAC and SOLAS, have jointly endorsed the task, Air-Ice 
Chemical Interactions (AICI), to determine the importance of some of the here 
mentioned processes, and assess how they would alter with a warming climate 
and shrinking sea ice cover. The Ocean-Atmosphere-Sea Ice-Snowpack 
Interactions Study (OASIS) will be the most important IPY project for the Arctic. 
Updated information can be found on the OASIS project website at 
http://www.oasishome.net. 



Figure1: Frost flowers on sea ice. Photograph by Hans-Werner Jacobi.

Figure 2: Example total PFF coverage (stars) and enhanced BrO amounts (isolines) over the 
Arctic. The maximum values of two consecutive days are shown: from 16 (21) to 17 (22) and 17 
(22) to 18 (23) March 1996 for PFF and BrO, respectively. The  stars mark the endpoints of 24h 
surface air trajectories starting at relatively large potential frost flower coverages, sampled every 
187 km. The PFF field was smoothed to 300 km spatial resolution in order to approximately 
match the GOME resolution. The total PFF coverage is proportional to the size of the stars. Two 
stars of 1% and 10% area coverage are shown in the lower right corner for comparison. The 
isoline corresponds to enhanced BrO amounts of the mean  plus one standard deviation. The 
black circle indicates the almost dark latitudes (solar zenith angle > 80°). Sea ice covered 
regions are presented in white and the open ocean is colored in black.
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