Production of sub-micrometer aerosols by bubble bursting at the ocean surface: a potentially important global source of CCN
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Identifying, characterizing and quantifying sources of hygroscopic sub-micrometer aerosols in the remote marine atmosphere is important because those aerosols can act as cloud condensation nuclei (CCN) which can affect cloud properties. Bubble bursting at the surface of the ocean is well known to produce super- micrometer sea salt aerosols, which could act as CCN. However, their importance is likely limited because they are relatively few in number and have sufficiently large gravitational settling velocities and short atmospheric residence times compared to sub-micrometer aerosols. To investigate the importance of bubble bursting as a source of sub-micrometer aerosols, we built a glass and Teflon model ocean where filtered air injected via frits formed bubbles and rose from the bottom of a column of constantly refreshed sea water. The bubbles burst at the surface of the sea water forming purely marine aerosols in enclosed headspace over the sea water. Air with controlled relative humidity carried those aerosols to an Aerodynamic Particle Sizer (TSI Model 3310) and a Scanning Mobility Particle Sizer (TSI Model 3934L) which measured the marine aerosol number size distribution from 13 nm to >15 µm. In addition, some of the same air carried the marine aerosols to a Micro Orifice Uniform Deposit Impactor (MSP Model 100) for subsequent analysis of size resolved major ions by ion chromatograph and total organic carbon by carbon analyzer. In addition to the expected super-micrometer sea salt aerosols, we observed relatively larger numbers of sub- micrometer aerosols. These aerosols occurred in a log-normal mode whose centroid ranged from ~80 to 145 nm for relative humidities ranging from 33 to 95%, respectively. The change in size with relative humidity suggests water constitutes at least 75% of the aerosol volume at 80% RH. The majority of the remaining sub- micrometer aerosol mass was made up of organic matter and inorganic sea salts with a mass ratio of roughly 6:1. These results provide unequivocal confirmation of bubble bursting at the surface of the ocean being an important source of sub-micrometer, hygroscopic, organic-rich aerosols. These results support the hypothesis that mechanical processes at the surface of the ocean are an important source of sub-micrometer CCN in the marine atmosphere.
