4 October 2005
G436 Biogeochemistry

Assoc. Prof. A. Jay Kaufman
Reading: Bacterial Biogeochemistry chapter 5: Aquatic sediments


What are the general principles that control the biology of sediments?


Sediments are essentially heterotrophic systems in which the products of primary production are mineralized and recycled back to photoautotrophs.
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Figure 1. The roles of biosynthesis in autotrophic and in heterotrophic organisms.




Thus, the quantity of particulate organic matter (POM) is the controlling factor on the biology (and on long term variations of carbon isotopes in seawater).  In addition to organic matter, sediments contain minerals formed by weathering reactions and largely carried to standing bodies of water through rivers and streams.  

Heterotrophy


An organism that needs a food source and a way to oxidize it to produce energy and metabolic intermediates through cellular respiration is known as a heterotroph.  The oxidants used by heterotrophs include O2, NO3-, Mn4+, Fe3+, SO42- and CO2.  Since O2 is generally the most effective oxidant, its distribution in marine and freshwater bodies and sediments controls the abundance of utilizable organic matter.
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Cellular respiration is the process of glycolysis, which is the breakdown or splitting of glucose (6 carbon sugar) into two 3-carbon molecules called pyruvic acid, protons, and ATP.  Glycolysis is probably the oldest known way of producing ATP. There is evidence that the process of glycolysis predates the existence of O2 in the Earth’s atmosphere and organelles in cells.  This occurs in the mitochondria of our cells.
· Glycolysis does not need oxygen as part of any of its chemical reactions. It serves as a first step in a variety of both aerobic and anaerobic energy-harvesting reactions. 

· Glycolysis happens in the cytoplasm of cells, not in some specialized organelle. 

· Glycolysis is the one metabolic pathway found in all living organisms. 
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In cellular respiration, the pyruvic acid molecules are broken down completely to CO2 and more energy released as ATP. Note that three molecules of O2 must react with each molecule of pyruvic acid to form the three carbon dioxide molecules, and three molecules of water are also formed to “use up” the hydrogens.

Pyruvic acid + 2H+ + 3O2   3CO2 + 3 H2O + 34 ATP
 (a total of 40 ATP formed through glycolysis)


In contrast, fermentation starts with glycolysis but the pyruvic acid molecules are turned into some “waste” product (lactic acid or ethanol and carbon dioxide), and a little bit of energy (only two ATP molecules per molecule of glucose – actually four are produced in glycolysis, but two are used up) is produced. Out of many possible types of fermentation processes, two of the most common types are lactic acid fermentation and alcohol fermentation. 
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Lactic acid fermentation is done by some fungi, some bacteria, and sometimes by our muscles. Alcohol fermentation is done by yeast and some kinds of bacteria. The “waste” products of this process are ethanol and carbon dioxide (CO2). 

Autotrophy
An organisms that creates its own food source, like land plants, algae, and cyanobacteria are known as autotrophs.  These organisms generally obtain their energy and reducing power by harnessing light energy and pulling electrons from water.  
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Chemoautotrophs are rare, and do not need light.  These organisms produce organic compounds by oxidizing inorganic compounds.  They ultimately depend on photoautotrophy to furnish them with reduced compounds like NH4+, Mn2+, Fe2+, HS-, H2 and CH4, and often live at oxic-anoxic interfaces.
Aquatic environments

Comparison of fresh and marine environments:  What are the differences?

Volume

Salinity

Tides

Stratification (salinity or temperature)
Eh and electron acceptors

In particular, marine environments have abundant sulfate, which is the most important electon acceptor in the oxidation of organic carbon in the marine environbment with the coupled production of HS-.  It can also be important in lakes even though concentrations are low.  In lakes the end product of carbon degredation is CH4, which is non-toxic, but also has a low solubility.  This results in CH4 bubbling out of lake sediments which have received high organic C input. 

Concentrations of anions

Composition of organic detritus

In lakes this includes leaves as well as other vascular plant detritus – cellulose, hemicellulose, lignins; in the oceans the POM mainly comes from pelagic algal cells, either directly or as faecal pellets of zooplankton.

POM as it sinks is degraded (mineralized) to an extent that is proportional to its residence time in the water column.  Depending on the depth of the water column not much POM reaches the sediment, and as it is raining down both P and N are preferentially stripped away.  In general lake sediments probably have more POM with lower (C/N) due to their shallower water masses.  Dissolved organic matter (DOM) is produced by the hydrolytic attack on POM by microorganisms.
The fate of DOC in sediments


Model calculations presented in Bacterial Biogeochemistry indicate the fate of dissolved organic carbon in sediments is to be effluxed back to the water column through bioturbation and other processes or to be mineralized (forming either CO2 or alkalinity) by various reparation processes using O2, SO42-, or NO3-.
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Oxygen in sediments

The concentration of oxygen in the water column and sediments varies as a function of the abundance of dissolved organic carbon, and the diffusion of HS-, as well as the degree of bioturbation and presence of other reductants. 
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