 

Question from Oregon teacher on ocean acidification
Hello Doctor Tom, 

      I am a marine science teacher in Oregon…thanks for what you do! Quick question: is the acidification of ocean waters being exaggerated? I read that current data on acidification doesn’t jive with Henry’s law? Could you frame this in a logical answer for me? Thanks so much. I spend a lot of time focusing on Oregon’s invertebrates and our last class examined/worked with 55 live species. (all that returned home)

 Thanks again, John F. Borowski
 
Dear John,
 Thanks! The answer to this simple question is a very long one, because one must deal with the interior dynamics of the ocean and the entire carbon cycle, as well as Henry's Law, and most people, even so called experts, ignore all these real world complications. 
 Henry's Law is just the physical law that relates the concentration of a gas in the air phase with that in the liquid phase, as related by the solubility coefficient (which is a function of temperature, pressure, and chemical composition of the liquid phase), assuming that the two phases are in physical and chemical equilibrium.
 In the real ocean they never are quite in equilibrium because of the intense internal physical and chemical dynamics, most of it mediated by biological processes. All of this is typically not understood at all by most of those who discuss the subject the loudest. 
 Very briefly the ocean is a net SOURCE of CO2, not a sink, as can be shown by the facts that a) more organic matter enters the ocean than is buried in it, and b) the mean oxygen concentration in surface waters is less than Henry's Law predicts, both facts indicating that there is more net decomposition and respiration in the ocean than photosynthesis (this also indicates that people who say the ocean provides half our oxygen have confused net with gross fluxes).
 Because oxygen, carbon dioxide, and limestone are more soluble in cold water, the gases dissolve in polar waters and are carried by internal ocean circulation into the deep sea, where decomposition of organic matter adds CO2 and removes O2. When deep water gets upwelled to the surface it is supersaturated in CO2 according to Henry's Law, and when it warms up at the surface, it de-gasses CO2. As the result the tropical oceans are SOURCE of CO2 to the atmosphere, not a sink.
 The fact that CO2 is the major acid in the ocean system, and hence controls its pH, is the first lesson learned in marine chemistry after the fact that it is salty. So all the hype that ocean acidification is a brand new and unexpected threat is total garbage, this has been well known all along. Nearly 35 years ago we used to make undergraduates in the Harvard introductory geochemistry course calculate the equilibrium change in ocean pH for doubling of atmospheric CO2 as a homework problem!
 People who follow fads and say that ocean acidification will kill corals by dissolving their skeletons understand neither corals nor the carbon cycle. Warmer waters make limestone more insoluble, and corals control their internal pH through biochemical processes, so it is very different from that of the water around them. Corals can grow in acid waters, even with no skeletons, but it makes skeleton reef formation harder. The fact is that corals now only have a few years left because of global warming, so ocean acidification will at worst dissolve their dead skeletons decades or centuries after the heat kills them. People who are saying that acidification is a threat to coral reefs are simply serving the agenda of the global warming deniers by ignoring the real and immediate threats and pointing instead to minor and irrelevant ones.
 To put this all into a whole ocean perspective, the threat of ocean acidification is greatest in cold polar waters and in the deep ocean, and coral reefs will be the last place to be affected, as the ocean turnover time is about a thousand years. Ocean acidification IS a serious threat, but most of all for cold waters and least of all for warm waters. Oregon is a place that will be much sooner affected because the northeast Pacific (Alaska, British Columbia, Washington, & Oregon) is the very tail end of ocean circulation, an area where deep cold water is upwelling to the surface, supersaturated in CO2. So it is already on the edge of what organisms with limestone shells can stand, and increased atmospheric CO2 is already pushing it over, making it impossible for larval oysters to grow their shells, causing massive failure of new oysters to settle there.
 Best wishes,
Tom
 

