Unexpected consequences of increasing CO2 and ocean acidity on marine production of DMS and CH2ClI: Potential climate impacts
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Increasing atmospheric mixing ratios of CO2 have already lowered surface ocean pH by approximately 0.1 units compared to pre-industrial values and pH is expected to decrease an additional 0.3-0.4 units by the end of this century. These and related changes in seawater chemistry are expected to impact the physiology and ecology of marine biota in a variety of ways, with possible consequences for elemental cycling and air/sea gas exchange. Marine micro-organisms are known to both consume and produce climate-relevant organic gases. To test the effects of ocean acidification on the production of organic trace gases measurements were conducted during the latest Pelagic Ecosystem CO2 Enrichment (PeECE III) Study in the large-scale mesocosm facility at Bergen University, Norway. In this study nine enclosures each containing 27 m3 of ambient water were aerated with CO2-enriched air to achieve concentrations of 350 μatm (1×CO2), 700 μatm (2×CO2) and 1050 μatm (3×CO2). Following nutrient addition, the development and decline of a plankton bloom was monitored over 24 days, including daily measurements of dimethyl sulphide (CH3) 2S and chloriodomethane (CH2ClI) concentrations. Dimethyl sulfide concentrations were 26% (±10%) higher in the 2×CO2 treatments and 18% (±10%) higher in the 3×CO2 mesocosms compared to mesocosms with present day CO2 levels. For CH2ClI the 2×CO2 treatments were 46% (±4%) greater than the controls and the 3×CO2 mesocosms were 131% (±11%)

higher.

Enhanced DMS production at elevated CO2 levels, if relevant in the natural environment, may contribute to a negative feedback mechanism, leading to increased cloud albedo in a warming climate. Emissions of CH2ClI to the atmosphere contribute to the destruction of O3 and to aerosol nucleation. Therefore, an increase in marine production of CH2ClI may impact marine boundary layer photochemistry and cloud radiative properties. Unlike atomic Cl, or to a lesser extent Br, I does not react with hydrocarbons to form reservoir species. Thus, I atoms are very efficient in the catalytic removal of O3. Because the chief atmospheric oxidant, the hydroxyl radical (HO), is produced primarily from O3 and water vapor, the abundance of tropospheric O3 is pivotal to the oxidative capacity of the atmosphere, which governs the lifetime of many climate relevant gases including methane (CH4) and DMS. Photooxidation of iodocarbons can also lead to aerosol nucleation.

While it is still an open question to what extent these results can be extrapolated on a global scale, they highlight the need to for more in-depth studies on the effects of ocean change on the production and consumption of climate-relevant gases in marine systems.
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Fig. 1 
Seawater concentrations of chloriodomethane (CH2ClI) in the mesocosms during the course of the PeECE III experiment. The enclosed water in the mesocosms was aerated with CO2-enriched air to achieve initial concentrations of 350 μatm (green), 700 μatm (blue) and 1050 μatm (red).
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