Final Exam (100 points)
LRES 555
Soil and Water Chemistry
Due 5 pm, 5/10/07
Note: Independent work and thought is required for all aspects of the final exam. No exceptions.  Also, it is not appropriate to copy any text directly from either a report or journal article, unless quotations are used and the source is adequately referenced. 
1. Case Study (50 pts). The Mississippi River basin is the largest river basin in North America and the third largest river basin in the world. The drainage area of the basin includes all or parts of 30 States. About 70 million people live within the Mississippi basin, and it contains one of the most productive farming regions in the world. The Gulf of Mexico has one of the most productive fisheries in the world. The combined economic value of the farm industry of the Mississippi River basin and the fishing industry of the Gulf is estimated to be more than $100 billion. The land-use and cultural changes that have occurred in the Mississippi basin this century have had measurable and sometimes deleterious effects on the quality of water in the Mississippi River, its tributaries, and the Gulf of Mexico. 

Important References Available as pdf files on the RCN link. 
1. Flux and Sources of Nutrients in the Mississippi-Atchafalaya River Basin. D. A. Goolsby  et al.  CENR Topic 3 Report. 1999. 
2. Integrated Assessment of Hypoxia in the Northern Gulf of Mexico. Draft For Public Comment. 

Questions

a. What is the hypoxia problem in the Gulf of Mexico? Specifically, what are the primary pollutants and sources responsible, and how do these cause hypoxia? Please be specific regarding chemical and biological mechanisms contributing to hypoxia.
b. What mechanisms are responsible for delivery of these pollutants into streams? As a start, list and contrast the sources of N and the sources of P (e.g. various species, and dissolved versus particulate) to the total flux of each nutrient to the Gulf of Mexico. Why is so little of the N flux represented as ammonium (NH4+-N), while the majority is nitrate (NO3--N)? Why is particulate-P more important to the total P flux than particulate N to total N flux? Be specific about different species and pools of N versus P, and discuss important sorption mechanisms and or transformations among different species when appropriate. 
c. Estimate the average concentration of total N in mg L-1 in stream waters of this watershed using the estimated mean annual flux of total N to the Gulf of Mexico given in metric tons in Table 4.1 (Flux and Sources of Nutrients in the Mississippi-Atchafalaya River Basin. D. A. Goolsby  et al.  CENR Topic 3 Report. 1999), and the total volume of water discharged annually into the Gulf of Mexico. Compare your answer to total N concentrations (mg L-1) in streams comprising the watershed given in Table 3.1. 

d. Based on estimates provided in the CENR Topic 3 Report, which watersheds appear to contribute a disproportionate share of the annual flux of N to the Gulf? Since we live in one of the sub-basins represented in this watershed, find the estimated total N contribution to the Gulf flux that comes from the Upper Missouri River Basin, in terms of total metric tons of N, total N yield (kg km-2 yr-1), and as a percent of total N flux to the Gulf (see Table 4.2). What factors are responsible for the disparity in total N yields (kg km-2 yr-1) from watersheds like the Missouri versus the Ohio? What measurements would you make to further evaluate nutrient contributions from sub-basins of the Mississippi watershed? 

e.  What land-uses and or land-use practices contribute to nutrient loads in the Mississippi River Basin, and how could these be modified to reduce nutrient loads?

f. Inevitably, environmental problems are complex, because they represent the interactions of physical, chemical and biological processes often played out across large landscape scales. The hypoxia issue in the Gulf of Mexico is an excellent example of such a problem, given that this is the third largest watershed in the world, and the potential sources of pollutants are many. Also, it is natural for different public interest groups to polarize around environmental issues and develop disparate views concerning possible causes and possible solutions. Identify some (at least 5) of the key stakeholders who have a legitimate interest in the hypoxia problem, and state what their interests are. 

2. Abstract (25 pts).  A recent manuscript on the interactions of Hg(II) with soil organic matter was selected by the Editor (Dr. J. Schnoor) of Environmental Science and Technology (ES&T) as the best paper for this journal during 2006. Write an abstract (250 words or less) covering the major contributions of this paper. A good abstract should be comprised of an introduction and rationale, followed by main goals or objectives, with the main approaches used followed by primary results, and a wrap up summary sentence on implications. 
3. Microorganisms are commonly responsible for catalyzing redox processes in soil and water environments via oxidation of organic matter and utilization of oxidized species as electron acceptors (25 pts) 

a. Write balanced redox reactions (couples) and calculate log K values that reflect the oxidation of glucose with each of the electron acceptors: NO3- , Fe (OH)2+ , SO42-, and CO2.  Based on your calculated log K values of these redox couples, order them from highest to lowest in terms of thermodynamic favorability.

Reactions Given






log K
C6H12O6 (glucose) + 6H2O  =  6CO2 (g) + 24e-  + 24H+

5.03

NO3- + 10 H+ + 8e-  = NH4+  +  3H2O




119.1

Fe (OH)2+     +  e-  +  2 H+      =  Fe2+   +   2H2O


18.7


SO42- + 8e-  + 9 H+   =  HS-  + 4H2O




33.64

CO2(g) + 8e-  + 8 H+ = CH4 (g)  +  2H2O



22.91
b.   Calculate ratios of the activities of oxidized to reduced species for each of the following redox pairs at pe values of 10, 5, 0, and -5:  (NO3)/ (NH4+), (Fe (OH)2+)/(Fe2+),  (SO42- )/ (HS- ), (CO2)/CH4).  For example, express these ratios as log[(oxidized species/reduced species)]. Assume a pH value = 6. Based on these data, at what pe values would you anticipate that (i) Fe-sulfide (i.e. FeS), or (ii) methane production will begin to be an important process?
