Who Owns the Geritol Solution?: Problem Handouts

	[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.








[bookmark: _fd3kbfeshxtv]Who Owns the Geritol Solution?
[bookmark: _qt1wpbw6ano]Part 1
[image: ]
This SEM image of Fragilariopsis kerguelensisis is from the Mariner Diatom Index site, maintained by the Palaeoceanography Group at the University of Southampton SEM Centre.

John H. Martin, then director of the Moss Landing Marine Laboratories in California, suggested that we could lessen the threat of global warming by dumping iron into the waters off Antarctica. "Give me half a tanker of iron and I'll give you an Ice Age," he (only half-jokingly) remarked during a lecture before an audience of scientists at the Woods Hole Oceanographic Institute in 1988. Martin proposed that by spiking the Southern Ocean with 300,000 tons of iron, we could remove about two billion tons of carbon dioxide from the atmosphere.
Why iron? The origin of the "Geritol solution," as Martin's scheme later came to be known, is rooted in a longstanding speculation among biogeochemists. They wondered why the so-called HNLC (high-nutrient, low chlorophyll) waters or "desolate zones" of the Southern ocean around Antarctica and of the equatorial and subarctic Pacific are so barren (low in biological productivity), despite their seeming abundance of nutrients. Martin pieced together information about the sources and distribution of iron in open ocean waters and iron's solubility in water, and proposed that a low iron concentration limits productivity in these otherwise fertile areas.
Development of a way to measure the miniscule amounts of iron present in seawater led to a series of "iron in a bottle" experiments designed to test the basic premise of this iron availability hypothesis. The results of the first of these experiments showed that the amount of chlorophyll found in ocean water samples collected from the Gulf of Alaska could be increased up to nine-fold by the addition of iron. A repeat of this iron seeding experiment with water samples collected from a few hundred miles off the Antarctic coast showed that for every unit of iron added to the seawater, the organic carbon content of the water increased by a factor of 104
When prominent skeptics were reluctant to accept that these experiments led to an unequivocal conclusion, Martin (now referred to by some as "Johnny Ironseed" or the "Iron Man") proposed to fertilize a test plot of the open ocean with iron. What would happen? Was the Geritol solution a promising way to reduce the effects of excess carbon dioxide emissions, or a careless and potentially hazardous scheme that only a renegade scientist with a mission to prove himself right would propose?
[bookmark: _6vxku3f3k2ac]Questions to Consider:
1. The words "global warming" appear in the news almost every day, with humans and their activities cited as prime culprits. Is global warming really a problem?
2. What is the basis for Martin's premise that seeding the ocean with iron would help combat global warming? That is, how would the Geritol solution actually work?
3. What other reasonable explanations are there for why the "desolate zones" are so unproductive, biologically speaking?
4. On what basis might a skeptic question the validity of the "iron in a bottle" experiments? What are the possibilities?
5. Would you be willing to commit your "taxpayer dollars" to fund an open ocean test by scientists (for example, in a 50 square kilometer test plot in the equatorial Pacific) of the Geritol solution's effectiveness? If you were involved in planning for and conducting such a test, what signs of success or lack thereof would you be looking for? What would you choose to observe or measure?
6. What information did Martin need and what basic assumptions did he make in order to estimate the impact of dumping 300,000 tons of iron into the Southern Ocean?
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Ten years after John Martin launched the Geritol solution through his provocative remarks at Woods Hole, an environmental engineer with a reputation as an "ecohacker" patented what he claims is a scalable, efficient iron dispersal system. He has started a company called Ocean Farming, Inc. (OFI), and plans to farm phytoplankton to sequester carbon on behalf of potential clients, profiting from this and other commercial uses of the Geritol solution. OFI has recently secured an option from the Republic of the Marshall Islands to privatize a portion of the 800,000 square mile "Exclusive Economic Zone" for commercial fish production (as well as for carbon dioxide sequestration), using a mix of iron, phosphorus, and trace elements.
The founder, president, and CEO of OFI dismisses environmental concerns about his new business venture. "What I'm proposing isn't new. I'm just doing it in a new way… Mother Nature has been fertilizing with iron for eons," he explains in an interview in Wired magazine.
[bookmark: _8qpz3a1qyx17]Questions to Consider:
1. Who are OFI's potential clients? Why might OFI's founder think that there is a market for sequestered carbon?
2. Will OFI be selling a product that works? What evidence is there, if any, that the Geritol solution effectively sequesters carbon or enhances fish production?
3. Should a private individual be able to use the Geritol solution without restriction, and for a personal profit? Why or why not?
4. Is there a precedent for granting private rights to use of Exclusive Economic Zones? In your opinion, should this be allowed?
5. Environmentalists often view the prospect of adding nutrients to aquatic ecosystems with some concern. In the case of iron addition to the ocean, is there cause for a similar concern?
6. Photosynthesis requires CO2, and respiration produces it. How then, can the Geritol solution be used at the same time to both farm fish (who undergo respiration) for human consumption and sequester carbon? How is this (is this?) possible?
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Concept Mapping Assignment
A concept map is a collection of boxes, lines and words used to represent an individual's understanding of major themes and ideas on a subject, and how these ideas are interrelated. A common method used to construct a concept map is as follows:
· Identify all the words (nouns) that represent key concepts related to the subject. It is convenient to write these words on "Post-it" notes or index cards until ready to assemble a final version of the map.
· Rearrange (on any convenient surface) the notes or cards in hierarchies of importance, with more general concepts at the top, and a progression towards increasingly more specific concepts towards the bottom of the map. Alternatively, the most general concepts could be placed around the outer edges of the map, with a progression towards the most specific ones at the center. Feel free to be creative about how you organize your map, as long as the hierarchical scheme is clearly evident.
· Next, establish the propositional linkages between concepts. Propositional linkages are lines and words drawn between concepts that the mapper thinks are connected in some important way. Draw the lines directly from one concept box to another, then place a word or phrase (usually containing an adverb or verb) above each line that briefly describes the essential connection between the concepts.
· After drawing some of the important propositional linkages, you may want to begin drawing your finished version of the map on a standard-sized piece of paper.
· Finally, for some maps, cross-links can be drawn. These are similar to propositional linkages, but are used to convey connections between concepts in different map areas, rather than between immediately adjacent ones.
The Assignment:
1. To help pull together your ideas from readings, lectures and discussions, construct a concept map with one of the following titles:
· The Light-Independent Reactions of Photosynthesis
· The Global Carbon Cycle
· The Flow of Energy in the Biosphere
· The Geritol Solution
2. The map is due (with contributing group members' signatures and group number) mid-way through class on weekday, date. A recommended strategy is to start the map today in class, then assign group members to research (for the next class) any areas in which concepts and connections are not well understood at this point, yet are needed for completion of a well-constructed map.
3. A well-constructed map will be considered one that shows evidence of: 1) accuracy; 2) hierarchical organization; 3) evenness of coverage in different map areas (Is one side highly developed and specific, while another is full of white space?); and 4) completeness (Are big ideas related to the title included? Are the possible linkages present? Do linkages connect the concepts in meaningful ways?)
An alternate strategy for groups that may not be sure about how to begin: practice by making a concept map on a familiar topic, such as "The Campus Food Service."
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