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aerosols arriving from OW regions had ten-fold more sea salt and similar amounts of water soluble organic 
carbon (WSOC) than aerosols originated in the SI region (Fig.�1). By contrast, SI aerosols contained 5 times 
more water soluble organic nitrogen (WSON). Chemical speciation analyses of WSON revealed the presence of 
biogenic low molecular weight alkyl-amines, including mono-, di- and trimethylamine. Methylamines released 
by plankton incorporate into aerosols through reaction with sulphuric or methanesulphonic acids5, which are 
formed via oxidation of dimethylsulphide (DMS), another volatile of planktonic origin6. In fact, both methanesul-
phonic acid (MSA) and non-sea-salt sulphate (nss-SO4) were also enhanced in the ice-in�uenced air masses 
(Fig.�1).

In situ high time resolution monitoring of aerosol composition by High Resolution Time of Flight Aerosol 
Mass Spectrometry (HR-ToF-AMS) also revealed the ubiquitous occurrence of organic nitrogen (ON) com-
pounds and their enhancement under sea ice in�uence (Fig.�1). To our knowledge, these are the �rst high time 
resolution aerosol composition measurements reported in the sea ice region of the Weddell Sea. As for the 
Atlantic Subantarctic region, a study conducted on Bird Island in the early summer reported aerosol compostion 
consisting of 47% sea salt, 21% nss-sulfate, 22% organics (including MSA and ON) and 8% ammonium7. �ese 
�gures re�ect a higher organic load than in our open-ocean aerosols, which average 85% sea salt, 5% nss-sulfate, 
5% WSOC, 2% MSA, 2% ON and 1% ammonium (Fig.�1). In the previous study, however, the high content in 
organic nitrogen components - including amino acids and amines - was attributed to emissions from densely 
populated colonies of the island fauna7.

In our work, a geographical source apportionment for our high-resolution aerosol components was conducted 
by Probability Source Contribution Function analysis of air mass back trajectories. �is analysis showed that the 
most probable, homogeneous source region for the measured aerosol ON was the ice-covered Weddell Sea and 
its marginal zone of ice-in�uenced ocean, along with some spots around the Antarctic Peninsula and the South 
Georgia phytoplankton bloom (Fig.�2).

Biogenic organic nitrogen and sulphur compounds have been shown to play synergistic roles in new particle 
formation8. We monitored the number of particles in the smallest size range (1�3 nm) in real time, and found an 
enhancement of almost 3 fold (189 cm�3 versus 69 cm�3) in SI air relative to OW air (Fig.�1). Although we cannot 
directly link any compound to the observed new particles, these data provide additional evidence of secondary 
aerosol production under sea ice in�uence.

Single particle analysis of the ambient aerosols with on-line Aerosol Time-Of-Flight Mass Spectrometry 
(ATOFMS) further showed an 8-fold enhancement of ON in ice-influenced air masses. Moreover, of all 
ON-containing particles analysed, 11% were internally mixed with sea salt. Whilst this con�rms a major second-
ary aerosol pathway for aerosol ON formation, it also shows an unneglectable contribution of sea-spray-associated 
ON. �e surface ocean is rich in colloidal and particulate organic matter including proteinaceous gels9, bacteria 
and viruses, which can act as sources of primary N-containing aerosol by bursts of entrained air bubbles10, 11. 
Whether sea ice could also be a source of primary ON aerosol was unknown. To test this, we collected sea-ice 
samples from the northernmost margin of the Weddell Sea. Sample chunks were selected amongst ubiquitous, 
ra�ed sea ice �oes discoloured by ice algae colonization at freeboard level. �ey were melted in a bubbling tank 
designed to produce sea spray. Mass spectrometric analyses of generated particles were compared with those pro-
duced by bubbling sea water. AMS characterisation showed that sea spray from melted ice contained more than 
twice as much organic carbon as seawater spray (11% vs 5%) and as much as 0.3�1% of ON, which was almost 
undetectable from seawater (Fig.�3). ATOFMS single-particle information on the mixing state revealed that 21% 

Figure 1. Characteristics of collected aerosols according to their origin. Average and standard deviations are 
given for aerosol chemical composition and ultra�ne particle concentrations in air masses with (le�, SI, n � 3) 
and without (right, OW, n � 3) sea ice in�uence. WSOC, NaCl, WSON, amine (sum of alkyl-amines), nssSO4, 
MSA and NH4 (ammonium) are given as mass collected on �lters; ON AMS is organic nitrogen-containing m/z 
fragments measured continuously in situ; N is number concentration of particles in the size range 1�3 nm. �e 
% probability that SI and OW averages are di�erent is given in parenthesis.


















