BioE 202 Exam 1 Solutions
Open book, no computers, September 28, 2010
Use additional paper only if needed, 1h
Question 1  (10 points)
Write about 1 page on how you interpret the utility of using transgenic plants to improve crop production or to extend the range of agricultural products.  Do the benefits outweigh the risks and costs?  This represents your own opinion with the benefit of now having more information through what you have learned in the course. 
This was done at home a few days earlier and you all did well with this.
Question 2 (15 points)
Three sequential lagoons of equal size are used to treat wastewater of 250 mg/L at a flow rate of 2 ML/d.  The degradation of the BOD occurs at a first-order rate of 0.3d-1.  What volume is required for each, assuming that the contents are fully mixed, to attain an effluent BOD (Le)  =  30 mg/L?   Tip: solving equations you set up for volume may be difficult by analysis.  It helps to test an estimated volume until you get one that works roughly – no need for an accurate answer. 



Set up a mass balance over each lagoon, which will provide us with 3 equations and 3 unknowns.
kL1V  =  2(250 – L1);  kL2V  =  2(L1 – L2); 30kV  =  2(L2 – 30), where k = 0.3.
You could make substitutions to eliminate the unknown BOD values L1 and L2 to leave an equation in terms of V only.  This equation could be solved analytically, but this is usually tough.  The easiest is then to assume a logical value, test and iterate towards a solution.  Some of you may have calculators that will do simultaneous solutions of such equations, like Polysolve. 

The answer is that each lagoon should be 6.85 ML.  I accepted 7 or 8 ML as close enough.
Question 3 (15 points)
Calculate the amount and composition of biogas that can be generated per day from 10 m3/d of piggery waste in an anaerobic system, which removes 80% of the degradable COD and 10% of the organic material removed is converted to biomass.  The wastewater contains 5 g/L of organic material with a hypothetical composition of C11H20O4 and also 400 mg/L SO4=-S.  The COD can be accepted to amount to the oxygen required to oxidize all of the organic material to CO2 and H2O.
The most important step is to do a mass balance for C, O and S.

The COD would be measuring how much oxygen will be required to oxidize C11H20O4 fully.

C11H20O4  +  14O2   (  11CO2  + 10H2O

The 14O2 represents the 5g/L BOD under the assumption that all would be oxidized during the test.
Therefore, the O in the C11H20O4 will be 4/28 x 5 g/L  =  0.714 g/L  or 7.14 kg/d, and the 
C  =  132/64 x 0.714 = 1.47 g/L, or 14.7 kg/d.
S in the water is 0.4 g/L. or 4 kg/d.  This is equivalent to 96/32 x 4 kg SO4, which carries 8 kg O.
Practical conditions dictate that only 0.8 x 0.9 = 0.72 of the carbon will be converted to CO2 and CH4.

Therefore, CO2 production will be limited to what can be formed using 0.72 x 7.14 + 8 kg O  =  13.04 g/L O
This amounts to 44/32 x 13.04 =  17.9 kg CO2 formed, which contains 17.9 – 13.04 =  4.86 kg C
This leaves 0.72 x 14.7 – 4.86 =  5.7 kg to be converted to CH4, which is  16/12 x 5.7  =  7.6 kg CH4
The H2S formed will be 34/32 x 4  =  4.2 kg

So, the composition of the biogas will be 13 kg CO2, 7.6 kg CH4 and 4.2 kg H2S, total 24.8 kg.
No need to convert to a volume basis as this has not been asked, but observe that CH4 will become the dominant gas volumetrically, with a density lower than half of either of the other gases.
Just a general education remark.  Do not assume that the oxygen in sulfate is the electron acceptor – it is actually the S, which is reduced from the +VI oxidation state to –II in H2S.  However, this is equivalent to the number of electrons that could be accepted by 2O2.
Hydrogen oxidation  to water has been ignored as more hydrogen is needed for making CH4 than available in the hypothetical formula.  The excess could originate from the water.

Question 4 (30 points, about 2 per question)
a)  What microbial environmental preferences makes anaerobic treatment operationally difficult?

The major problem is the two different optimal pH values for acidification and methanogenesis.  
The compromise pH value of ca. 7 is difficult to maintain with temperature and toxic variations.
b)  What are the two main savings in operational cost in anaerobic compared with aerobic treatment?

No need for aeration and the lower biomass generated.  A minor is energy gained from methane.
c)  What is the mass ratio of ethanol to CO2 in the stoichiometric yeast fermentation of glucose?
The stoichiometry shows that CH3CH2OH and CO2 are formed in equimolar quantities (2 mols of each per mol of glucose).  The mass ratio is 46:44.
d)  Explain the statement that ethanol is carbon neutral by way of chemical balances.

Photosynthesis converts 6 mol CO2 to 1 mol glucose.  Fermentation to ethanol releases two mol CO2 and two mols of ethanol.  Combustion of two mols ethanol produces 4 mols CO2.  Overall 6 mols of CO2 used in production and 6 released per cycle.  Ethanol production  =  corn production: the process is C neutral.

e)  What is thin stillage from the dry-grind corn ethanol process?  Explain in one sentence.

Thin stillage is the leftover of corn fermentation in water after distilling off the ethanol and removal of most solids by centrifugation.

f) Why is it easier to make ethanol from corn kernels than corn stover?
Corn kernels contain mainly starch, which is easier to degrade to sugars than the lignocellulose of stover.

g)  Why are filamentous fungi easier to harvest than yeasts?

The filaments are much longer and thereby easier to screen.  Also, the filaments are inclined to form pellets, which are several mm in diameter and easy to screen out.

h)  Explain why glycerol is a coproduct in the production of biodiesel.

Biodiesel is made by transesterification of the three fatty acids in triglycerides, leaving one mol glycerol.
i) What are two main limitations on full-scale cultivation of algae to produce oil?

Light energy and, if sunlight is used, large areas required.  Secondary CO2 and nutrients.
j) What are the main limitations on saccharification of lignocellulosic material?
Removal of lignin and breakdown of cellulose requiring high energy and/or chemical processes.

k) Which are the main coproducts of butanol in the A.B.E. fermentation process?
A.B.E. stands for acetone, butanol and ethanol.  Further byproducts are of secondary importance.

l) Why is a catenoidal horn not as effective as a donut horn in ultrasonication?

The donut horn is much more effective in transferring its vibration to the water passing through it.

m) Name a fungal species capable of saccharifying lignocellulosics.  Common name will do.

White-rot fungi, e.g. Phanerochaete chrysosporium or brown-rot fungi, e. g. Gloeophyllum trabeum 
or soft-rot fungi, e.g. Trichoderma reesei 
n)  Name a fungal species that is effective in producing oil from sugars.  Mucor circinelloides
o)  What byproduct is obtainable from lignocellulosic pretreatment with ammonia?    Lignin
Of course, there will be cellulose and hemicellulose, but these are the primary products.
Question 5 (20 points)
a) Is vinegar production anaerobic or aerobic fermentation?                                 
Aerobic
b) Name two lactococcal products formed during soy or milk whey fermentation.
Nisin, lactic acid
                                                           
probiotics
c) Which fungal genus is used to provide characteristic tastes in some cheeses?
Penicilium
d) Is Spirolina an alga or a cyanobacterium?                                                        
Cyanobacteria
e) Fusarium graminarium is used to produce a mycoprotein marketed as

Quorn  

f) Which important product is made during idiophase of sucrose fermentation 
Citric acid
g) Which element is oxidized by Thiobacillus in microbial mining of metals?                 S (to H2SO4)
h) Name two foul-smelling substances made by cyanobacteria.   


MIB and geosmin
i) How do fertilizers lead to hypoxia in the gulf of Mexico?



Enabling excessive algal growth, requiring too much oxygen for respiration in the dark.
j) Name an example of gene transfer between members of different kingdoms 

Agrobacterium or Bacillus thurigiensis introducing plasmids to plant cells
k) Explain the need for recycling the mixed liquor in denitrification  

Nitrates are formed during oxidation (of ammonia) under aerobic conditions.  Anoxic conditions, along with 

degradable organic material, results in reduction of nitrate to N2.  This is achieved by recycling biomass 
and nitrates to the incoming wastewater.
l)  Name a biodegradable polymer that can be made from a bacterial fermentation product  

PLA – polylactic acid
m)  Which bacterium is conveniently used to transfer genetic material to plants?   

Agrobacterium tumifasciens

n)  An example of how color changes can be induced in plants by introducing genetic material from other plant. 

Delphinium gene introduced into carnations to make blues or daffodil genes into rice to make “golden rice”.
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