Who Owns the Geritol Solution?: Instructor Guide
Title:
Who Owns the Geritol Solution?
Author:
Dr. Deborah E. Allen
209 McKinly Laboratory
University of Delaware
Newark, DE 19716
deallen@udel.edu 

	[image: Creative Commons License]
This work by Deborah Allen is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License.
As an open educational resource, feel free to modify and distribute this work under the conditions stated by the Creative Commons license. Originally developed as a part of the PBL Clearinghouse at the University of Delaware.



Discipline:
Biological Sciences
Target Audience
Introductory, majors and non-majors
Keywords
Carbon cycle, environmental science, global warming, marine ecosytems, oceanography, photosynthesis
Length of Time/Staging
5-6 class periods. Requires out of class research.
Abstract
The Geritol solution is based on the premise that iron availability limits primary productivity in the high-nutrient, low-productivity zones of certain ocean waters. John Martin proposed that by dosing these waters with an iron tonic, we could harness the latent primary productivity of marine phytoplankton to lessen the impact of excess carbon dioxide emissions on global warming. In the context of this "Geritol solution," students encounter and make connections between major concepts related to global biogeochemical cycles, cellular energy transformations, and marine ecosystems. They engage in environmental decision-making concerning use of the Geritol solution, particularly as it relates to its patenting and exclusive commercial use (for carbon sequestration and fish farming) by an environmental engineering firm.
Date Submitted
2/8/2002
Date Published
2/16/2002
Format of Delivery
Staged in two parts—students receive Part 2 when Part 1 is resolved. Used in a small enrollment majors course with peer group facilitators, and in a large enrollment non-majors course in which groups are guided solely by the instructor.
Student Learning Objectives
This problem was written with the following objectives in mind:
1. To understand how CO2 is used in photosynthesis (and that it is produced in respiration).
2. To understand the role that pigments such as chlorophyll play in photosynthesis
3. To understand the role that photosynthesis and cellular respiration play in the global carbon cycle.
4. To acquire a basic familiarity with the life histories and nutritional requirements of marine phytoplankton, and their roles in marine food webs.
5. To understand the nature of the global (and ocean) carbon cycle—including the nature of the various sources and sinks for carbon, their relative importance, and their interrelationships.
6. To understand the factors that influence whether marine waters will serve as a net sink or source of CO2 in different ocean regions.
7. To understand what the "greenhouse effect" is—what factors contribute to it, and how they contribute.
8. To undertake a basic analysis of the evidence for the existence of global warming.
9. To understand the factors that contribute to global temperature change (particularly those that contribute to and ameliorate increases in temperature).
10. To compare and contrast the factors that shape and constrain design of small-scale versus large-scale experimental settings.
11. The process of estimation and the underlying assumptions associated with large-scale systems.
12. To explore the ethical and moral questions underlying global "climate engineering" schemes such as the Geritol solution, and to develop personal perspectives on the "answers" to these questions.
13. To undertake a cost-benefit analysis of ocean iron fertilization, a situation with costs and benefits that are partly subjective.
[bookmark: _ke22fmpf0gnj]Supplementary Objectives:
For more advanced courses in marine biology or environmental biology, the following objectives are also encompassed by the problem and could receive additional emphasis:
To understand:
1. The sources of iron to marine ecosystems
2. Iron solubility in water
3. Why iron concentration varies in different ocean waters
4. Iron transport (uptake) in phytoplankton
Please note: the problem has been written so that the degree of emphasis given to each of these objectives can be adjusted to suit the classroom setting in which it is used. The objectives are not distributed to student groups until they have reached initial resolution of the problem. General goals of the course and of the PBL process are provided in the course syllabus. In addition, a short list of biology background topics is provided for students (who are new to PBL and college level study of biology) at the onset of the problem so that students may get a broad and general sense of the areas of biology and other topics that they will be exploring as they work through the problem.
Student Resources
Many of the underlying biology background content topics can be researched by students in standard biology or environmental science textbooks, including:
· Photosynthesis - light-dependent and light-independent reactions
· Marine ecosystems and food chains
· Global carbon and energy cycles
· Global climate changes (global warming and the greenhouse gases)
It is a matter of individual choice as to whether the instructor wants to identify these topics to the students before or during their work on the problem. For the non-majors and majors course in which the problem has been used, these topics are identified in advance for the students for the following reasons: 1) the students are PBL novices when they encounter the problem; 2) the students are new to college level biology; and 3) the topics are not phrased as "learning issues," and thus do not supplant the students' efforts to identify their own.
The provision of links to web sites or references to articles (from the accompanying "Resources for Instructors" or another source) to the students is again a matter of instructor choice. The author's choice has been to provide links to the front pages of government agency sites on global warming, the global carbon cycle, and phytoplankton for the biology majors course. For non-majors, the provided links were to the more specific locations within these sites (as provided in the "Resources for Instructors" section). Information (from web sites and popular science press articles available on-line) on the Geritol solution, John Martin, the iron fertilization hypothesis and experiments, and Markel's Ocean Farming Inc. are found readily by students in both courses (who have been subjected to a classroom session on the rudiments of effective search strategies), so these resources are not provided. Students also readily find information on global climate change, carbon cycles, and marine phytoplankton, but are not always on the same wavelength as the instructor about the requisite quality or depth of coverage of the sites. Providing these links has been chosen as the way to convey instructor expectations without shortcutting students' efforts to acquire skill at identifying appropriate resources.
Selected references to the original reports of the Iron Ex I, Iron Ex II and SOIREE series of experiments are included in the "Resources for Instructors" for use in courses with learning goals that include ability to read and analyze the primary literature.
[bookmark: _iehyzigwrjru]Instructor Resources
[bookmark: _m6kbpb3dwflu]On the Iron Fertilization Hypothesis:
Baskin, Y. (1995). Can iron supplementation make the equatorial Pacific bloom? BioScience 45: 314-317.
Boyd, P. W., A. J. Watson, C. S. Law, et al. (2000). A mesoscale phytoplankton bloom in the polar Southern Ocean stimulated by iron fertilization. Nature 407: 695-702. (Available on-line by searchingNature archives at www.nature.com). Report of the Southern Ocean iron-release experiment (SOIREE).
Chisolm, S. W. (1995). The iron hypothesis: Basic research meets environmental policy. In, U.S. National Report to International Union of Geodesy and Geophysics, 1991-1994. Reviews of Geophysics 33 Supplement. (Available on-line from the American Geophysical Union website at http://onlinelibrary.wiley.com/doi/10.1029/95RG00743/full)
Coale, K.H., S.Tanner, F. P Chavez, et al. (1996). A massive phytoplankton bloom induced by an ecosystem-scale iron fertilization experiment in the equatorial Pacific Ocean. Nature 383: 495-501.Report of Iron Ex II.
Goddard Space Flight Center. Distributed Active Archive Center. (Date unavailable). SOIREE: A phytoplankton party in the southern ocean. Earth Sciences - Ocean Color Data and Resources. http://disc.sci.gsfc.nasa.gov/education-and-outreach/additional/science-focus/ocean-color/soiree.shtml
Kunzig, R. (1991). Earth on ice. Discover 12: 54-61.
Martin, J.H. (1990). Glacial-interglacial CO2 change: The iron hypothesis. Paleoceanography 5: 1-13.
Martin, J. H., R. M. Gordon, and S. E. Fitzwater. (1991). The case for iron. Limnology and Oceanography 36: 1793-1802.
Martin, J.H. and S.E. Fitzwater. (1988). Iron deficiency limits phytoplankton growth in the northeast Pacific subarctic. Nature 331: 341-343.
Martin, J.H., K.H. Coale, K.S. Johnson, S.E. Fitzwater, R.M. Gordon, et al. (1994). Testing the iron hypothesis in ecosystems of the equatorial Pacific. Nature 371: 123-129. Original report of Iron Ex I.
Monastersky, R. (1995). Iron versus the greenhouse: Oceanographers cautiously explore a global warming therapy. Science News 148: 220-222.
Watson, A.J., C.S. Law, K.A. Van Scoy, et al. (1994). Minimal effect of iron fertilization on sea-surface carbon dioxide concentrations. Nature371: 143-145. Additional results from Iron Ex I.
Watson, A. J., D. C. E. Bakker, A. J. Ridgwell, P. W. Boyd, and C. S. Law. (2000). Effect of iron supply on Southern Ocean CO2 uptake and implications for glacial atmospheric CO2. Nature 407: 730-733. (Available online by searching Nature archives at www.nature.com)
Weir, J. (Date unavailable). John Martin (1935-1993). Earth Observatory - On the Shoulders of Giants. http://earthobservatory.nasa.gov/Features/Martin/
[bookmark: _9aqjux9p4wdo]On Global Warming:
Cunningham, W. P. and B. W. Saigo. (2001). Environmental Science: A Global Concern. New York: McGraw Hill.
Hamburg, S. P., N. Harris, J. Jaeger, T. R. Karl, M. McFarland, et al; United Nations Environment Programme - World Meteorological Organization. (August, 2001). Common questions about climate change.United States Global Change Research Information Office (GCRIO). http://babel.hathitrust.org/cgi/pt?id=psia.ark:/13960/t8rb8bn7b;view=1up;seq=3
Intergovernmental Panel on Climate Control (World Meteorological Organization and the United Nations Environment Programme). Third Assessment Report - Climate Change 2001 (three-volume report). www.ipcc.ch
Kasting, J. F. (1998). The carbon cycle, climate, and the long-term effects of fossil fuel burning. Consequences: The Nature and Implications of Environmental Change Vol. 4. http://www.atmo.arizona.edu/students/courselinks/spring08/atmo336s1/courses/spring07/atmo551b/CarbonCycle.html
National Oceanic & Atmospheric Administration. (December 10, 1999). Global warming. National Climate Data Center. lwf.ncdc.noaa.gov/oa/climate/globalwarming.html
United States Environmental Protection Agency. (December 21, 2001).Global warming. www.epa.gov/globalwarming Section on "Climate" provides basic information about the greenhouse effect and global climate changes, and that on "Emissions" provides information on greenhouse gases.
Woods Hole Research Center Personnel. (September, 1999). The warming of the earth. Woods Hole Research Center - Science Education. http://www.whrc.org/resources/primer_home.html
[bookmark: _5qlnscab495z]On the Global Carbon Cycle:
National Oceanic & Atmospheric Administration. (Date unavailable). The carbon cycle. Earth Observatory.earthobservatory.nasa.gov/Library/CarbonCycle/
Preuss, P. (February, 2001). The oceans and their role in the global carbon cycle. Berkeley Lab. - Science Beat. www.lbl.gov/Science-Articles/Archive/sea-carbon-cyc.html
United States Department of Commerce/NOAA/OAR/CMDL. (October, 2001). Climate Monitoring and Diagnostics Laboratory - Carbon Cycle Greenhouse Gases. www.cmdl.noaa.gov/ccgg/
United States Department of Energy. (Date unavailable). Carbon sequestration. Fossil.Energy.Gov. http://energy.gov/fe/science-innovation/carbon-capture-and-storage-research
Woods Hole Research Center Personnel. (September, 1999). Carbon cycle. Woods Hole Research Center - Science Education. http://www.whrc.org/resources/essays/pdf/WHRC_CO2_LongBrochure_v7_WEB.pdf
[bookmark: _hwozy2dgo342]On Phytoplankton:
Brand, L.E. (1991). Minimum iron requirements of marine phytoplankton and the implications for the biogeochemical control of new production. Limnology and Oceanography 36: 1756-1771.
Herring, D., National Oceanic & Atmospheric Administration. (Date unavailable). What are phytoplankton? Earth Observatory. earthobservatory.nasa.gov/Library/Phytoplankton/
Hudson, R.J.M. and F.M.M. Morel. (1990). Iron transport in marine phytoplankton: Kinetics of cellular and medium coordination reactions.Limnology and Oceanography 35: 1002-1020.
[bookmark: _n4csncnt73sj]On Commercial Use of the Geritol Solution:
Graeber, C. (2000). Dumping iron. Wired 8.11: 170-190. (Available on-line at www.wired.com/wired/archive/8.11/ecohacking.html)
Markels, M. Jr. (1998). Farming the Oceans: An update. Regulation 21: 9-10. (Available on-line at http://object.cato.org/sites/cato.org/files/serials/files/regulation/1998/4/pers2-98.pdf#page=2)
Nadis, S. (1998). Fertilizing the sea. Scientific American 278: 33. (Available on-line at http://www.scientificamerican.com/article/fertilizing-the-sea/)
Schueller, G. (1999). Testing the waters. New Scientist 164: 34.
Author's Teaching Notes
[bookmark: _qq4z5m5g0ng4]General Comments:
courses in environmental or marine biology. It is intentionally written in a dry, informational style (third person; no dialogue) with the knowledge that when students start to research learning issues, they encounter a multitude of articles and web sites that grab their attention far better than any problem would. This has been a popular problem in both the small enrollment majors and larger enrollment non-majors courses in which it has been used, perhaps because it connects events that operate on a small scale (cellular energy transformations) with their contributions to global events and processes, and links these to issues such as global warming that pervade the news.
Because of its complexity, it is not used as the first problem in the semester. Some of the questions at the end of Parts 1 and 2 are difficult, but it should be possible for students to approach answering them, particularly with instructor guidance and feedback.
[bookmark: _d05f1uuoadg3]Relationship of Problem Stages to Student Learning Objectives:
Part 1 is designed to launch students towards achieving learning objectives 1-11. A series of related objectives that may be included with this part of the problem (see supplemental list in the "Student Learning Objectives" section) relate to iron availability, solubility, and uptake by phytoplankton. One or more of these are sometimes identified as learning issues by students in both courses in which the problem has been used, in which case they are given "air time" in the class. Distribution of the instructors learning objectives (after resolution of Part 2) tips the students off that they will not encounter questions related to these issues on the exam.
Because of the abundance and nature of the information that students will encounter when they begin to research their learning issues at the end of the first class, Questions 3-6 have the best potential for providing practice at critical thinking if they receive attention on Day 1 of the problem. These could be assigned to the class for a "brainstorming" session, followed by a round of group reports and class discussion, on the first day. Students may need to be reassured that you are not seeking a particular right answer, but reasons to justify the answers or opinions that they come up with.
Most of the "answers" to these questions are easily found by consulting articles and web information provided in the "Instructor Resources." The review by Chisolm (1995) is particularly helpful for Questions 3 and 4, which link to #4 on the list of Instructors Learning Objectives (and in the case of Question 3, to the first three supplementary objectives). Briefly, light limitation and control by zooplankton were seriously considered alternatives to iron availability as limiting factors or regulators of primary productivity in these regions (once nutrient availability was eliminated as a possibility; Question 3). A major reason given for reservations about Martin and colleagues' conclusions from the "iron in a bottle" experiments (Question 4) is as follows:
"...for you fill the experimental bottles with surface water, you are not just capturing the phytoplankton, you are capturing all the members of the planktonic foodweb that will be collected in the 10 to 30 liter sampling bottles typically used. This will include representatives of all bacterial species, most phytoplankton species, and most of the microzooplankton (which eat the small phytoplankton), but will exclude the large zooplankton. The latter, which eat the larger phytoplankton cells and also the microzooplankton, are simply not numerically abundant enough to be captured by the water samplers. The foodweb is a highly non-linear, interconnected system, and eliminating one factor has a cascading effect on all the linkages, profoundly changing the character of the system." (Quoted from Chisolm, 1995)
Any of the original accounts of iron fertilization experiments (for example, Martin et al, 1994) would provide insight into what was actually measured (Question 5, which links to #10 of the Student Learning Objectives). This question (5) was designed to see if students are aware of how the setting for these experiments could have imposed limits (or alternatively, opened up possibilities) not present under laboratory conditions, and their insights into "standard conditions" and appropriate "controls" in such a setting. (Would you measure chlorophyll concentration, photosynthetic rate, nutrient levels? How do you [can you] measure CO2 concentration? Would you look at the types of organisms that were found in water samples collected before and after iron addition? Is there a need for "controls" - what would they be?). For this question (5) in particular, it is important to point out again that students will readily encounter abundant information on the iron fertilization experiments on the Internet; once this happens, this question requires less thinking power (little beyond comprehension and perhaps synthesis of what they have read) to address.
The Kunzig (1991) article cited in the Instructor Resources section provides some insights into Martin's reasoning when he estimated the ratio between added iron and CO2 draw down that is the subject of Question 6 (relates to Student Learning Objective #11).
Basic familiarity with the Geritol solution (for example, from reading one or two popular press articles) should make clear the connection between the problem, the end-of-page questions, and the content-oriented learning objectives, with the possible exception of the second of the Instructors Learning Objectives. The role of iron in photosynthesis is somewhat obscure, so I do not emphasize the details of it for either the majors or non-majors class. The majors inevitability add it to their list of learning issues, and after their independent research surmise that it plays a role in synthesis and function of carriers in the electron transport system linking photosystems I and II; I am content to leave it at this (although some sources report that iron plays a role in chlorophyll synthesis).
Part 2 was written to encompass objectives 12 and 13 on the "Student Learning Objectives" list, and to revisit 1-9. Questions 3-5 were written to set the stage for investigation of the underlying issues that will allow for informed decision-making. Question 2 (which links to Instructors Learning Objectives 3, 4 and 6) requires an understanding of the various outcomes of the iron fertilization experiments, and of the importance of the biological pump to carbon sequestration (as does Question 6). An additional goal of Question 6 is to help students consider the relative roles of photosynthesis and respiration in carbon cycle (Learning Objectives #3, 5 and 6) - the question connects to their understanding of a plausible explanation for why iron fertilization had such a transient effect in Iron Ex I (that is, the phytoplankton bloom may have attracted zooplankton, which consumed the phytoplankton).
[bookmark: _vge3nqn57y51]Teaching Strategies:
The problem unfolds in 5-6 class periods. In the small enrollment majors course, in which upper-level undergraduates serve as group facilitators, the problem is not preceded by lecture (other than a 2-3 minute "coming attractions" type introduction) or other instructor-generated activity. In the larger enrollment non-majors course, students are assigned textbook readings on food chains, food webs, and energy flow (that includes general, descriptive overviews of major energy-transforming processes in living things) before Part I is distributed. To help foster individual accountability (a role that the undergraduate facilitators play in the majors course), a visible quiz, following by a quiz that "counts" (next class period) is given on this reading.
In both courses, a combination of short lectures, active learning activities, and whole class discussions (in which groups report out) is interspersed with student-generated discussions and investigations. In the majors course, there are fewer of these instructor-generated interventions, and lectures are primarily on a "need to know" basis. The whole class discussions can be prompted by asking the students to report out on their findings on one or more of the end-of-page questions from Part I and II, on a subset of one or more of these questions, or on a question that is even larger in scope to help them connect this particular scenario (the Geritol solution and its potential commercial use) with broader concepts and principles.
Whole class discussions and a concept mapping exercise (see “Assessment Strategies”) are useful in helping move student content understanding to a deeper level in the course of working on Part 1. These types of activities are particularly relevant to understanding of what the biological pump is, and the importance of its operation to carbon sequestration. Students move on to Part 2 after the concept mapping exercise is completed in the majors course. In the non-majors course, a short lecture on the basics of photosynthesis is given if feedback from students indicates this is needed to help clarify or confirm their understandings of its overall role in energy flow through food chains and webs, and/or of the requirement for CO2.
A class debate and/or formal listing of the risks (or costs) and benefits of this large-scale environmental engineering scheme can be conducted when most student groups are nearing resolution of Part II of the problem.
[bookmark: _tvfnnqhx5eqg]Assessment Strategies
In both the small enrollment majors course and larger enrollment non-majors course environments in which this problem has been used, assessment of student learning has both formative and summative, as well as group and individual components.
[bookmark: _hieogwwrhcxr]Visible Quiz:
In the non-majors course, a "visible quiz" on basic biology content is sometimes used early in the students' encounter with the problem. During the visible quiz, students hold up color-coded index cards to indicate their groups' response to multiple-choice questions on basic aspects of the biology content. This strategy provides formative feedback on students' content understanding in often difficult to grasp areas such as photosynthesis and its relationship to energy flow and the carbon cycle. It is best used if multiple-choice questions will be encountered on an upcoming exam or graded quiz.
[bookmark: _9d3u0nz45hey]Concept Map:
A more commonly used strategy has been to conduct a concept mapping exercise as students are nearing resolution of Part 1. Approximately one and a half class periods are allowed for completion of the map. Students are given a handout with a description of a method for constructing a map, plus a list of possible concept map subjects (see attached file for a sample handout) at the end of one day's class. Distribution of the handout allows students the option of advance preparation (this option was requested by students in the majors course who felt they were left out of the discussion if map titles were "sprung on them."). Groups are not told which of these subjects they will be assigned until the next class meeting, when class time is first given for construction of the map. On the second day's class meeting, approximately 20 min. is given for completion of the map before students are required to hand it in for instructor review. Feedback occurs as maps are being constructed, by instructor display of and comments on (the positive features of) at least several of the completed maps to the entire class, and/or or by a "show and tell" session in which groups post their maps on the wall of the classroom (on plastic sheets) for viewing and discussion by other groups. Students receive credit for completing a map that represents a serious effort (see the sample handout for how this is defined). This assignment is nevertheless considered largely formative in nature, since no group has yet received less than full credit (all efforts have been "serious" ones). This exercise can be counted on to evoke high-quality discussions of fundamental content objectives associated with the problem.
[bookmark: _72pcgbx4c5kh]Problem-Related Essay Question:
A commonly used strategy for this problem (and a traditional PBL strategy) has been to assign a one to two page essay, to be completed on an individual basis, that requires understanding and integration of major areas of problem-related content (and low-level analysis, if this has not taken place during group discussions). Variations of Question 2 at the end of Part 1 and Question 6 at the end of Part 2 are suitable for this purpose. In the larger enrollment non-majors course, only one individual per group is responsible for writing the essay for each problem - the assignment rotates. Sample essays are later posted on the course website (anonymously, and with student consent) with instructor commentary on the positive features to ensure that all students have access to instructor feedback.
This assigning of essays was requested by students to help verify for them that they have understood major areas of content that will likely be the subject of hour exam questions. A more recent strategy that represents a compromise between the students' and instructors’ viewpoints on the course's learning goals is to make this writing exercise slightly more authentic by having it take the form of, for example, a letter to the editor of a local newspaper. In this example, students are asked to take the perspective of an individual (commonly, a name and affiliation are given for the individual) who is for or against use of the Geritol solution as the basis for a commercial environmental engineering enterprise, and to write so persuasively and appropriately about the reasons for their opinions that their letters will be published.
[bookmark: _3e2zkgjogrin]Exam questions:
[bookmark: _r0sgi4czj71d]Multiple-choice questions. 
These are used as a time management strategy (for the instructor) in the larger enrollment class, along with essay type questions. They are clearly content oriented, but written to require a slightly deeper and more integrated understanding than typical test bank questions.
[bookmark: _sfxle5ayg6e7]Essay questions. 
Some of these are shorter, content-oriented questions paraphrased from those at the end of Parts 1 and 2, but that usually require students to briefly explain their reasoning. Others are constructed to tell a brief story of either an alternate solution for global warming, a situation in which an individual or company seeks "ownership" of an environmental commons, or an environmental engineering strategy in which nutrient cycles or food webs are manipulated. These questions require students to define the major relevant issues (which in some cases ethical or moral ones), then provide and justify an opinion on the validity of the strategy. In another variant, students are asked to provide a general design scheme (identify major areas of content and appropriate visuals) for an informational website sponsored by either an environmental advocacy group or an environmental engineering firm, and that either supports or is against use of global engineering schemes such as the Geritol solution.
An example of an essay question used in both the majors and non-majors courses is a hybrid of the shorter and story-telling question styles described above. It is (a slightly modified) end-of-chapter "Science, Technology and Society" question from the 1993 (3rd ed.) of Campbell (Biology, New York: Benjamin Cummings), and is provided below:
"Tropical rainforests cover only about 3% of Earth's surface, but they are estimated to be responsible for more than 20% of global photosynthesis. It seems reasonable to expect that the lush growth of jungle foliage would produce large amounts of oxygen and reduce global warming by consuming carbon dioxide. But in fact, many experts now believe that rain forests make little or no net contribution to global oxygen production or reduction of global warming. Explain what the basis of this belief might be."
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