Marine Photochemistry and SOLAS: A Prospectus





Dave Siegel (UC Santa Barbara), Ken Mopper (Washington State Univ.), 





Norm Nelson (UC Santa Barbara) & Dave Kieber (SUNY Syracuse)





Draft, August 28, 2000





Introduction:


Light, through its ability to drive photosynthesis, is the prime energy source for the cycling of carbon through marine food webs.  Light also provides the energy for many important chemical transformations of dissolved organic material (DOM) within the oceanic boundary layer.  These DOM transformations affect fluxes of important atmospheric trace gases (including CO2, CO, COS, DMS) and processes regulating the marine food web (DOC lability, trace metal cycling, UV radiation penetration, etc.).  Recent observations have shown that the colored fraction of DOM, CDOM, has a dominant role in the absorption of UV and blue light in the open ocean (Nelson et al., 1998; Siegel et al., 2000).  As CDOM itself is regulated in part by photobleaching processes, light availability for photosynthesis and the penetration of UV radiation within the marine environment are influenced by photochemical transformations.  As we will show below, photochemical transformations of DOM strongly impact biogeochemical cycling, especially near the sea surface.  However, considerably more research is required if we are to develop a predictive understanding of these processes in order to extrapolate these results to global scales. 





Role in the Carbon Cycle:


The photoproduction of inorganic carbon from DOM illustrates the importance of marine photochemical processes to global biogeochemical cycling (Mopper and Kieber, 2000).  The global photoproduction rate of CO from DOM appears to be in the range of 50 to 200 Tg C per year (Mopper et al., 1991; Jones, 1991; Erikson, 1989).  Ignoring this photochemical flux will contribute to uncertainties in closing global carbon budgets.  More importantly, recent fieldwork has shown that the photoproduction of dissolved inorganic carbon (DIC, as CO2) from DOM is 4 to 20 times higher than the global CO photoproduction rate (Miller and Zepp, 1995; Miller and Moran, 1997; Kieber et al., 1999; Johannessen et al., 1999; Miller and Johannessen, 1999).  Estimates of the global DIC photoproduction rate therefore range from ~0.2 to more than 1 Pg C per year!  Clearly, global photochemical conversion rates of DOM into DIC are important for constraining air-sea CO2 fluxes.  The factor of 5 range in DIC photoproduction rates is large and poorly constrained, as it relies mainly on inshore and coastal measurements.  Comprehensive field studies are needed to develop robust parameterizations for DIC photoproduction. 





Role in Food Web Dynamics:


In addition to the direct photochemical remineralization of DOM to DIC and CO, photoreactions can alter the bioavailability of refractory DOC within the DOM pool (Kieber et al., 1989; Mopper et al., 1991; Miller and Moran, 1997; Anderson and Williams, 1999; Kieber, 2000).  Biologically labile carbon substrates, such as formaldehyde and organic acids, can be formed photochemically from otherwise biologically refractory carbon, such as humic substances (Kieber et al., 1989; 1990; Mopper et al., 1991; Moran and Zepp, 1997;  Bertilsson and Tranvik, 1998; Mopper and Kieber, 2000).   Miller and Moran (1997) showed that a significant fraction of photooxidized DOC may be taken up by heterotrophs, and that this fraction is comparable to (or greater than) the abiotic photochemical formation of CO2 and CO from DOM. However, as with photochemical DIC formation, this oceanic photochemical/biological couple is poorly constrained, and it is complicated because photochemistry may destroy as well as form biological substrates (Amon and Benner, 1996; Obernosterer and Herndl, 2000). In addition to the impact on carbon cycling, important feedbacks between extracellular colored DOM release, protection from fluxes of UV radiation, the solubilization/reduction of important trace metals (like iron, copper and manganese) and release of nutrients are possible if not likely (Cotner and Heath, 1990; Bushaw et al., 1996; Kieber, 2000; Barbeau and Moffett, 2000).   


  


Role in the Marine Sulfur Cycle:


Characterization and prediction of air-sea fluxes of organic sulfur compounds is one of the foci of the international SOLAS program.  Photochemical processes are one of the prime loss terms for DMS within the ocean boundary layer (Brimblecombe and Shooter, 1986; Kieber et al., 1996).  Observations from the Bermuda Atlantic Time-series Station show significantly increased near-surface DMS concentrations in the summer when the mixed layer CDOM concentrations are reduced due to photobleaching (Siegel and Michaels, 1996).  Hence, seasonal changes in CDOM availability and captured light energy may have a regulating role on the near-surface concentrations of DMS.  It is also interesting to note that DMS concentrations are strongly affected by visible fluxes of radiation and not UV radiation (Kieber et al., 1996).    





Extrapolation to Global Scales:


Recently, investigators have begun to use satellite remote sensing techniques to make global maps of CDOM (Siegel et al., 2000).  These maps provide estimates of the chemical precursor(s) required for modeling photochemical rates.  Knowing the fluxes of in situ solar radiation and parameterization of quantum yields, we have the data to extrapolate process measurements made at a single point (i.e. the JGOFS time-series stations) to basin and global scales.  This information has been used to map production rates of DIC for the Mid-Atlantic Bight (Johannessen et al., 1999) and hydrogen peroxide and OH radical in Antarctic waters (Cullen et al., 1997) and CO (Siegel et al., in prep.) on a global scale.





Marine Photochemistry Research and SOLAS:


The above sampling of issues surrounding the potential role of marine photochemical processes in global biogeochemical cycles points towards many outstanding questions that must be investigated.  Here, we suggest four research areas that take us from the detailed understanding of photochemical processes to characterization of fluxes to the extrapolation to global scales. 





1.	Develop a predictive understanding of the rates and controls on climatically important compounds


Identify DOM precursors or sensitizers that affect specific photochemical reactions (i.e., what chromophores are involved?). 


Determine the factors (in the biological, chemical, and physical domains) that control the photoproduction/destruction of key species (e.g., CDOM, DIC, DMS).


Develop robust parameterizations for apparent quantum yields for important photochemical reactions including CO2 photoproduction, DMS photodestruction and CDOM photobleaching.  


Assess seasonal and geographic variability in photochemical reaction rates. 





2.	Characterize the role of marine photochemical reactions in air-sea exchanges of important atmospheric trace gases


	Determine the degree to which air-sea gas exchanges of CO, COS, DMS and other atmospherically important gases are influenced by photochemical reactions.


	Quantify DIC photoproduction in surface seawater and determine its effect on the air-sea exchange of CO2. 


	Assess the impacts of changes in global UV radiation climatology on air-sea fluxes of important trace gases. 


	Evaluate the role of photochemical processes in the formation and/or destruction of the surface microlayer and its impact upon air-sea gas exchange. 


 


3.	Understand the relationship between photochemistry and marine food web dynamics


	Identify the photochemical processes/mechanisms by which biorefractory DOM is made bioavailable and by which bioavailable DOM is made unavailable.


	Develop a predictive understanding for changes in DOM lability (increases or decreases) due to coupled photochemical-biological processes.  


	Examine the role of extracellular release of DOM as a photoprotective mechanism in autotrophs and heterotrophs.  Determine the role or effect of externally produced reactive phototransient species (e.g., free radicals) on the growth of autotrophs and heterotrophs.


	Determine the role of photochemistry in the availability (i.e., production or destruction) of organic ligands for the speciation/solubilization of important trace metals.  Determine the role of photochemically induced redox reactions on trace metal speciation and bioavailability.





4.	Extrapolate photochemical rates to global scales using remote sensing


	Use remotely sensed estimates of CDOM and available light flux to extrapolate photochemical fluxes to global scales.


	Assess the importance of marine photochemical reactions on tropospheric budgets of important traces gases (DMS, CO, COS, etc.).  


	Compare global estimates with other biogeochemically relevant quantities and develop a unified framework for understanding global fluxes of carbon and sulfur. 
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