CE 60330 – Environmental Biotechnology

Homework No. 2
Due September 18, 2009
Thermodynamics and Stoichiometry
1) Organic contaminants in a groundwater plume typically are biologically degraded using naturally present electron acceptors.  The most highly energetic electron acceptors are consumed first, followed by the less energetic acceptors.  
Use the ∆Go’ values to suggest in which order the following acceptors would be used in a groundwater plume: 
· Nitrate (NO3- to N2), 
· Nitrite (NO2- to N2), 
· Ferric iron (Fe3+ to Fe2+), 
· Carbon dioxide (CO2 to CH4), 
· Sulfate (SO42- to HS- and H2S), and 
· Oxygen (O2 to H2O).

2) Nitrification is the oxidation of NH4+ to NO3-.  It is carried out in two steps, each catalyzed by a different group of bacteria:

Ammonium oxidizing bacteria (AOB): 
NH4+ ( NO2-
Nitrite oxidizing bacteria (NOB): 

NO2- ( NO3-
Both groups of bacteria are autotrophic, meaning they use HCO3- has a carbon source, and are aerobes.  Using the stoichiometric method presented in class: 
(a) determine the theoretical yields for AOB and NOB.  
(b) based on the above, determine what fractions of a typical nitrifying community are AOB and NOB.  
Note: you don’t need to write full stoichiometric equations to determine yields.

3) The intermediate products of nitrate reduction to nitrogen gas are nitrite (NO2-), nitrous oxide (N2O), and nitric oxide (NO):      
NO3- ( NO2- (NO (N2O ( N2
(a) Show the half reactions for each step and calculate the ∆Go’ values, per electron and per N, given the following redox potentials:   

Eo’ NO3- / NO2- = 0.43 V

Eo’ NO2- / NO = 0.34 V

Eo’ NO / N2O = 1.17 V
Eo’ N2O / N2 = 1.36 V

(b) Which step is likely to provide the greatest yield on a per-electron basis? 
(c) Which step is likely to provide the greatest yield on a per-nitrogen basis?
4) You had lunch at McDonalds and are heading to the gym to work it off.  You ate a Quarter Pounder with cheese, a medium fries, and a medium Coke, and you determine (from the McDonalds website) that these have 510, 380, and 210 Cal, respectively (note that Cal are actually kCal).  If you use the Stairmaster, how many meters would you need to climb to work off your lunch?  If one flight of stairs is 3 meters, how many flights of stairs would this be?  Assume your weight is 50 kg, and neglect calories burned during normal (non-exercise) metabolism.    
5) You are interested in biodegradation of glutamate.  Write overall stoichiometric equation for growth with glutamate as the electron donor and nitrogen source, assuming the acceptor is 
(a) oxygen, and 
(b) sulfate.  
Would glutamate provide enough nitrogen in both cases, or would a nitrogen source need to be added? 
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