ENVR 710
ENVIRONMENTAL PROCESS BIOTECHNOLOGY

Spring 2007
http://www.unc.edu/courses/2007spring/envr/710/001/
This course is designed to be accessible to students with either engineering or non-engineering backgrounds (see General Course Objectives below). Students enrolled in the course are expected to have completed or be enrolled concurrently in a course in microbiology. An appropriate course in this department is ENVR 412.

Class Hours and Location: MWF, 10:00–10:50, 0015 Hooker Research Center
Instructor:
Michael D. Aitken


office: Room 106 Rosenau Hall
phone: 966-1024
fax: 966-7911

email: mike_aitken@unc.edu

web address: http://www.unc.edu/~aitken/

Office Hours: after class or by appointment

Recommended Text: Metcalf and Eddy, Inc., Wastewater Engineering, McGraw-Hill, N.Y., 4th edition, 2003 (ISBN 0-07-041878-0).

Supplemental Text: B.E. Rittmann and P.L. McCarty, Environmental Biotechnology: Principles and Applications, McGraw-Hill, N.Y., 2001 (ISBN 0072345535).
Course Scope. Biological processes are used in a variety of situations in environmental engineering practice, including the treatment of wastewater (both municipal and industrial), bioremediation of contaminated soil and groundwater, and biofiltration of contaminated air. The focus of this year’s version of the course will be on biodegradation of organic contaminants in environmental matrixes and on bioremediation of contaminated soil and groundwater. Students in this course will be introduced to the biochemical and microbiological phenomena underlying microbial transformation and degradation of chemical contaminants, and to the principles that form the basis for quantifying biotransformation and biodegradation as well as the design of bioremediation systems.

The course begins with a general overview of biological processes and some relevant concepts in microbiology, including microbial ecology and microbial physiology. We then cover fundamentals of stoichiometry, energetics (thermodynamics), and kinetics, followed by the application of stoichiometric and kinetic principles to ideal reactors; these fundamentals form the basis for a quantitative understanding of all biological processes. Next we consider the biotransformation and biodegradation of important classes of chemicals. The semester ends with coverage of processes used to remove specific chemicals from contaminated media: biofiltration of air and bioremediation of contaminated soil and groundwater.

General Course Objectives. Graduate students from a variety of academic backgrounds in science or engineering may be interested in learning about engineered biological processes. One objective of this course is to present the material in such a way that each student learns the key features of biological processes, regardless of background.

Every student will be expected to demonstrate knowledge of the basic quantitative elements, the underlying science, and the general concepts of biological treatment by completing periodic written assignments and discussing relevant journal articles. Assignments will include questions or problems that cover a range of difficulty; problems intended to be quantitatively challenging (requiring synthesis of kinetic and stoichiometric concepts covered in class) will be identified as such. Students can work on the assignments in groups, which should facilitate the learning process by combining the strengths of individual students.

Another objective of the course is to improve students' abilities to read the current literature critically. We will accomplish this by reading and discussing recent journal articles every Monday during the semester (noted as "Reading" on the lecture schedule). Every student will also be expected to synthesize knowledge, in the form of published literature, on a biological process of the student's choosing (subject to instructor approval) and present this synthesis in written and oral reports at the end of the semester.

I hope that a diversity of student backgrounds in the classroom will lead to a mutually beneficial learning experience for everyone. Some of the topics to be covered in class will be more familiar to some students than to others. For example, every student needs to understand basic principles of reactor theory and the formulation of mass balance equations before we can discuss their application to biological process design and analysis. Students who have taken ENVR 451, Process Dynamics in Environmental Systems, will have learned these principles, while other students may be unfamiliar with them. We will review these principles in class but I will also provide more detailed information and example applications in supplementary materials. Similarly, understanding the biodegradation of specific chemicals by microorganisms requires knowledge in chemistry, microbial physiology and microbial genetics that some students might be more familiar with than others.

Specific Objectives. Students should leave the course with an understanding of fundamental concepts, such as:

· How reactor design and/or the reaction environment influence the selection of certain microorganisms within a microbial community;

· That microbial selection has a direct impact on the performance of the reactor or system, and that such selection is often controllable;

· Why organic chemicals are biodegraded in some situations and not in others;

· How the biodegradation of chemicals that cannot serve as growth substrates is fundamentally different than the degradation of chemicals which can serve as growth substrates.

Students completing this course should also understand how to:

· Size a biological reactor based on loading information and loading rates;

· Size a bioreactor based on loading information, the relevant kinetic expression(s), and mass balance equations;

· Determine the quantity of oxygen required for an aerobic process;

· Estimate the requirements, if any, for inorganic nutrients and electron acceptors other than oxygen;

· Estimate yields of biosolids (waste biomass), methane from anaerobic processes, and other products.

Student Evaluation. Grading will be weighted as follows:

Written assignments (including field trip reports): 35%

Class participation (including answers to questions on readings): 20%

Written report: 30%

Oral report: 15%

Assignments. Although written assignments can be worked on in groups, every student must turn in an individual solution to each assignment. Solutions should be in the student's own words and should demonstrate an understanding of how the solution was obtained. For quantitative problems, the more work you show the more I can understand how you obtained a particular solution and can identify mistakes. The approach should be logical and the solution easy to find - I am not interested in trying to evaluate scrap paper.

Rather than providing numerical grades, I use a "check" system to evaluate solutions to assignments. A "check" indicates that a significant effort was made by the student. If the effort appeared to be cursory or if the assignment is turned in late a "check minus" is given, and if the solution is essentially perfect a "check plus" is given. These marks are converted to numerical scores at the end of the semester for purposes of weighting the effort on assignments. I post my own solutions to the assignments on the course web site shortly after the due date. In the absence of an approved excuse, solutions to assignments will not be accepted after my solutions are posted.

Field Trip Reports. There are two field trips tentatively scheduled. After each trip, you should prepare a brief report summarizing your observations during the visit. While you can describe a range of relevant observations, each report must include information on (1) the nature of the facility and the types of wastes that are generated and/or treated there; (2) the quantity of waste handled at the facility (e.g., flow rate, organic loading rate, sludge production rate); and (3) the fate of the treated material (e.g., liquid effluent) and residuals (e.g., sludge). These reports are due the lecture period following the field trip.

Questions on Readings. For every reading, I provide notes and study questions that are intended both to ensure that each student reads the assigned paper and to stimulate class discussion. Written answers should be turned in for each reading, for which I will check the answers as described above for the written assignments.

Term Report. Students should select the term report topic early in the semester. The report must be on a biological or biochemical process relevant to environmental matrixes, on a specific aspect of such a process, or on the biotransformation/biodegradation of a particular chemical or class of chemicals. The topic should not be so broad as to be difficult to define a reasonable volume of relevant literature, nor so narrow that only a few journal articles could be cited. Two or more students can choose to work on the same topic as a means of combining expertise while gathering and interpreting the background literature, but reports must be written and presented individually.

The written report should describe the state of scientific knowledge of the selected process and summarize the technical issues and criteria for process design or analysis (note that the relative emphasis on process design/analysis vs. the state-of-the-science will depend on how well the process is established in practice). If a report focuses on the biotransformation/biodegradation of a particular chemical or class of chemicals, it should include a discussion of quantitative issues (stoichiometry and kinetics). Reports should be on the order of 15–20 double-spaced pages (not counting references), and should have on the order of 20–40 references. Grading of the reports will be based on the level of difficulty of the literature reviewed, the scope of the review, the student's ability to synthesize the information from the literature and criticize it as warranted, organization of the report, and clarity.

Oral reports will be 15 minutes each, followed by questions and discussion as time permits. The presentations will be graded on timing, organization, clarity, appropriate use of visual aids, and delivery (primarily ability to maintain audience interest). Presentations should be prepared in PowerPoint format.

The following deadlines will be used for the term reports:

February 9: identify topic

March 9: submit bibliography (i.e., have all references collected)

April 25: submit written reports
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Lecture Schedule

	
	
	Text Chapter (pages)

	Date
	Lecture Topic
	M&E a
	R&M b

	1/12
	Introduction
	
	

	1/15
	Holiday 
	
	

	
	Microbiology Principles
	
	

	1/17
	General Concepts in Microbiology
	7 (547-565)
	1 (all)

	1/19
	Concepts in Microbial Physiology/Biodegradation
	handouts
	

	1/22
	Reading
	
	

	1/24
	Anaerobic Microbiology
	7 (629-635); 10
	13

	1/26
	Molecular Tools in Microbial Ecology
	7 (561-562); handouts
	1 (112-119)

	1/29
	Reading
	
	

	
	Quantitative Fundamentals
	
	

	1/31
	Stoichiometry (electron equivalents and electron acceptors)
	7 (565-580); handout
	2 (126-150)

	2/2
	Stoichiometry
	
	

	2/5
	Reading
	
	

	2/7
	Stoichiometry and Energetics (biomass yield)
	
	2 (150-161)

	2/9
	Stoichiometry and Energetics
	
	

	2/12
	Reading
	
	

	2/14
	Kinetics of Growth and Substrate Removal
	7 (580-587)
	3 (165-171)

	2/16
	Kinetics of Growth and Substrate Removal
	handouts
	

	2/19
	Reading
	
	

	2/21
	Kinetics of Growth and Substrate Removal
	
	3 (191-197)

	2/23
	Reactor Theory (ideal reactor models)
	4 (215-224); handouts
	5 (261-270)

	2/26
	Reading
	
	

	2/28
	Reactor Engineering and Modeling (coupling rate expressions and reactor models)
	4 (224-231; 257-282)
	5 (270-299)

	3/2
	Reactor Engineering and Modeling
	
	

	3/5
	Reading
	
	

	3/7
	Reactor Engineering and Modeling
	7 (588-602)
	3 (171-191)

	3/9
	Reactor Engineering Example
	
	

	3/12
	Spring Break
	
	

	3/14
	Spring Break
	
	

	3/16
	Spring Break
	
	

	3/19
	Reading
	
	

	
	Removal of Specific Chemicals/Bioremediation
	
	

	3/21
	Degradation of Aromatic Compounds
	handouts
	14

	3/23
	Degradation of Halogenated Organics
	
	14 (663-678)

	3/26
	Reading
	
	

	3/28
	Bioavailability and Biodegradation
	handouts
	15 (705-711)

	3/30
	Field trip c (placeholder date)
	
	

	4/2
	Reading
	
	

	4/4
	Biofiltration of Contaminants in Air
	handouts
	


	
	
	Text Chapter (pages)

	Date
	Lecture Topic
	M&E a
	R&M b

	4/6
	Holiday
	
	

	4/9
	Reading
	
	

	4/11
	General Concepts in Bioremediation
	
	

	4/13
	Field Trip d (placeholder date)
	
	

	4/16
	Reading
	
	

	4/18
	Engineered in situ Processes e
	
	15

	4/20
	Natural Attenuation e
	
	15

	4/23
	Reading
	
	

	4/25
	Student Presentations
	
	

	4/27
	Student Presentations
	
	


a Metcalf and Eddy, Inc., Wastewater Engineering
b Rittmann and McCarty, Environmental Biotechnology
c Trip to OWASA wastewater treatment plant

d Trip to Novozymes North America, Franklinton

e Lectures by Dr. Gaylen Brubaker, Retec, Inc.
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1

