THE PHOSPHORUS CRISIS – Scientific American, June, 2009
Collected references and resources – David A. Vaccari

Inorganic Phosphorus and Potassium Production and Reserves 

By  T.L. Roberts and W.M. Stewart 

Better Crops/Vol. 86 (2002, No. 2) 

http://www.ppi-ppic.org/ppiweb/bcrops.nsf/$webindex/ADC8E71EF80F70D785256BDB004837F8/$file/02-2p06.pdf
Jasinski, S.M. (2007) Phosphate Rock, USGS 2006 Minerals Yearbook
http://minerals.usgs.gov/minerals/pubs/commodity/phosphate_rock/myb1-2006-phosp.pdf 

2009 USGS estimates are now available:

http://minerals.usgs.gov/minerals/pubs/commodity/phosphate_rock/
Peak Phosphorus. Links to many good articles

http://www.energybulletin.net/28720.html
http://minerals.usgs.gov/minerals/pubs/commodity/phosphate_rock/phospmcs07.pdf 
http://www.sciencemag.org/cgi/content/summary/283/5410/2015 
http://www.backyardnature.net/phosphor.htm 
http://www.ecosanres.org/pdf_files/Fact_sheets/ESR4lowres.pdf 
http://www.apda.pt/apda_resources/APDA.Biblioteca/eureau%5Cposition%20papers%5Cthe%20reuse%20of%20phosphorus.pdf 
http://findarticles.com/p/articles/mi_m1132/is_n3_v50/ai_21031831/print 
http://www.internal.eawag.ch/~maurer/abstracts/09larsen.html 


http://www.u.uts.edu.au/index.lasso?-token.recid=34269&-token.index=story&-token.date=No%2008%3A%206%20November%20-%204%20December%202006&-Nothing 
The earth's available reserves of phosphate, which is the primary ingredient in fertilizers, could be exhausted within the next 50 to 130 years. So why hasn't news of this looming threat appeared on media and other radar screens?

Global Phosphorus Research Initiative (GPRI)
 http://phosphorusfutures.net/ The GPRI is a joint initiative between the Institute for Sustainable Futures at the University of Technology (UTS), Sydney, and the Department of Water and Environmental Studies at Linköping University, Sweden. The main objective of the GPRI is to undertake quality transdisciplinary research on sustainable global phosphorus resources for future food security. 
Phosphorus Matters
Compost, Food Shortages, Soil Composition, Soil Conservation, Soil Erosion & Contamination — by Marcin Gerwin
Part One: Closing the Phosphorus Cycle
http://permaculture.org.au/2009/01/14/phosphorus-matters/ 

The problem with the lack of phosphate fertilizers does not start, however, when all phosphate rock reserves are gone. It starts as soon as the demand for phosphate fertilizers exceeds the supply of phosphate rocks available for export, meaning: farmers living in countries that do not have a local source of phosphate rocks would like to buy phosphate fertilizers, but there are not enough bags for everyone. And this situation may appear within the next 10-20 years.

Steen, P. 1998. Phosphorus Availability in the 21st Century: Management of a Nonrenewable Resource. Phosphorus and Potassium 217. Available from: 

www.nhm.ac.uk/mineralogy/phos/p&k217/steen.htm 

Tiessen, Holm, ed. 1995. Scope 54: Phosphorus in the Global Environ-ment: Transfers, Cycles and Man-agement. Wiley, 1995. Available from icsu-scope.org 
http://ffas.usda.gov/itp/wto/florida/racjheal.html    dated June 4, 1999
"Florida provides about 75 percent of the nation's phosphate supply and about 25 percent of the world's supply."

ALARM BELLS:

The Ultimate Mineral Resource Situation – An Optimistic View

H.E. Goeller, Oak Ridge National Laboratory

Proc. Nat. Acad. Sci.USA, Vol 69, No. 10, pp. 2991-2992, October 1972.

http://www.pnas.org/content/69/10/2991.full.pdf 

“…it appears extremely essential to undertake strong conservation measures at an early date to extend existing resources.” “Further, because of the poor geographic distribution of major phosphate rock supplies throughout the world, international control of this very important element seems in order.” 

Dils, et al, 2001: “Continued exploitation is, however, not sustainable as despite P being the 11th most abundant element in the earth’s crust, it is a finite resource and is declining in both quality and accessibility. There is an urgent need to close the phosphorus cycle in order to achieve a sustainable system.”

Stockholm Environment Institute www.sei.se 
http://www.ecosanres.org/pdf_files/ESR-factsheet-04.pdf
“all sources agree that continued phosphorus production will decline in quality and increase in cost. The relatively inexpensive phosphorus we use today will likely cease to exist within 50 years (see Figure 1). It is imperative that we begin to recycle phosphorus and return it to the soil to decrease the need for mined phosphorus as artificial fertilizer. Within a half century, the severity of this crisis will result in increasing food prices, food short-ages and geopolitical rifts.”

Cordell, 2008, “When the world runs out of cheap, accessible phosphorus fertilizers in the coming decades, how will we produce enough food?”

Newman, 1997: “The high crop yields obtained in developed countries today are much dependent on P fertilizer (Table 1), most of which is made from rock phosphate. When the world’s readily accessible reserves of high grade rock phosphate are exhausted there will be a problem. This paper aims to draw attention to that problem; it does not discuss possible solutions.”

Abelson, in Science, 1999: But resources are limited, and phosphate is being dissipated. Future generations ultimately will face problems in obtaining enough to exist.

IMPHOS: http://www.imphos.org/
2006 Annual report: http://www.imphos.org/download/rap-2006_en.pdf 

Message from the president, Mostafa Terrab:

“With the anticipated requirements for phosphate for agricultural and industrial uses, the world is likely to run out in the near future of low-cost recoverable phosphate rock.”
Works by Vaclav Smil:
Smil, V (1990) Nitrogen and Phosphorus, in The Earth as Transformed by Human Action, eds B L Turner, RWKates, J Richards, J T Mathews, and W Meyer, Cambridge University Press, New York.

Smil, Vaclav, Enriching the Earth, Fritz Haber, Carle Bosch, and the Transformation of World Food Production (The MIT Press, 2001).

Useful references:

Firssel, M.J. ed., Cycling of Mineral Nutrients in Agricultural Ecosystems. Amsterdam: Elsevier (1978).

FAO’s food balance sheets: http://apps.fao.org
Smil, V., 2000. Cycles of Life, Scientific American Library, New York. ISBN 0716750791.

Smil, V., Global Population and the Nitrogen Cycle, Scientific American, v227, n1, (July 1997).

Smil, V (2000) Phosphorus in the Environment, Annu. Rev. Energy Environ., 25, 53–88. http://arjournals.annualreviews.org/doi/abs/10.1146/annurev.energy.25.1.53 
Phosphorus: Global Transfers Vaclav Smil

Volume 3, Causes and consequences of global environmental change, pp 536–542

Edited by Professor Ian Douglas in Encyclopedia of Global Environmental Change
(ISBN 0-471-97796-9), Ed. Ted Munn (John Wiley & Sons, Ltd, Chichester, 2002)
http://home.cc.umanitoba.ca/~vsmil/pdf_pubs/EGEC-1.pdf 

Global material cycles

Smil, Vaclav (Lead Author); Cutler J. Cleveland (Topic Editor). 2007. "Global material cycles." In: Encyclopedia of Earth. Eds. Cutler J. Cleveland (Washington, D.C.: Environmental Information Coalition, National Council for Science and the Environment). [Published June 2, 2007; Retrieved June 5, 2007].

http://www.eoearth.org/article/Global_material_cycles 

THE PHOSPHORUS CYCLE
Also see works by Smil

Tiessen, H, ed (1995) Phosphorus in the Global Environment: Transfers, Cycles and Management, John Wiley & Sons, Chichester.

Jahnke, R A (1992) The Phosphorus Cycle, in Global Biogeochemical Cycles, eds S J Butcher, R J Charlson, G H Orians, and G V Wolfe, Academic Press, London, 1–379.

Interactions of C, N, P and S Biogeochemical Cycles and Global Change, 
eds R Wollast, F T Mackenzie, and L Chou, NATO ASI Series, Springer Verlag (1991).

Mackenzie, F T, Ver, L M, Sabine, C, Lane, M, and Lerman, A (1993) 
C, N, P, S Biogeochemical Cycles and Modeling of Global Change, in Wollast et al 1991. Contains a detailed conceptual and mathematical model of global cycles with interactions based on ratios of elements in particular processes. 

C, N, P, and S in Rivers: From Sources to Global Inputs, M. Meybeck, in Wollast et al 1991. Table with data on river concentrations of nutrients in natural unpolluted systems, including statistical distributions of macronutrients, and budgets for discharge to oceans from rivers.
Martens, Christopher S., Recycling Efficiencies of organic Carbon, Nitrogen, Phosphorus and Reduced Sulfur in Rapidly Depositing Coastal Sediments, in Wollast et al 1991.

Föllmi, K.B., H. Weissert, and A. Lini, Nonlinearities in Phosphogenesis and Phosphorus-Carbon Coupling and their implications for Global Change, in Wollast et al 1991. Describes negative feedbacks between climate and weathering.

Ruttenberg, K.C., “The Global Phosphorus Cycle,”  in Biogeochemistry, W.H. Schlesinger, volume editor, Volume 8 in Treatise on Geochemistry, Exec. Editors H.D. Holland and K.K. Turekian, Elsevier 2004.

Biomineralization

H.C.W. Skinner and A.H. Jahren

Chapter 8.04 in Treatise on Geochemistry

Volume 8, Biogeochemistry

http://serc.carleton.edu/files/quantskills/activities/Phosphorus_Cycle_readme_first.v2.pdf
Chameides, W.L., and Perdue, E.M., 1997, Biogeochemical Cycles: A ComputerInteractive Study of Earth System Science and Global Change, New York: Oxford University Press, p. 97-107 (Chp. 5, The Global Phosphorous Cycle). 
Jahnke, R.A., 1992, The Phosphorus Cycle, in Butcher, S.S., Charlson, R.J., Orians, G.H., and Wolfe, G.V. (eds.), Global Biogeochemical Cycles, New York: Academic Press, p. 301-315. 

Lerman, A., Mackenzie, F.T., and Garrels, R.M., 1975, Modeling of Geochemical Cycles: Phosphorus as an Example, Geological Society of America Memoir 142, p. 205-218.

Nutrient Cycling in Terrestrial Ecosystems (Soil Biology) (Hardcover)
by Petra Marschner (Editor), Zdenko Rengel (Editor) , Springer-Verlag, 2007

Tyler Volk, Gaia's Body: Toward a Physiology of the Earth. 
The MIT Press (paper), 2003
Describes the idea of cycling ratio; gives it for phosphorus as 46 for terrestrial ecosystems and 800 in the oceans. 

Liu, Y., G. Villalba, R.U. Ayers, H. Schroder, Global Phosphorus Flows and Environmental Impacts from a Consumption Perspective, J. Industrial Ecology, v12, n2, pp229-247 (2008). http://www.blackwellpublishing.com/doi/abs/10.1111/j.1530-9290.2008.00025.x 

Alexander, R.B., R.A. Smith, G.E. Schwarz, E.W. Boyer, j.V. Nolan, J.W. Brakebill (2008) Differences in Phosphorus and Nitrogen Delivery to the Gulf of Mexico from the Mississippi River Basin. Environmental Science and Technology, v42, n3, pp822-830. 

Cordell (2008), The Story of Phosphorus, poster presented at Food Security and Environmental Change Linking Science, Development and Policy for Adaptation, Session 18: Institutional and policy challenges for agro-ecosystem management in relation to food security. 2 - 4 April 2008, University of Oxford, UK.
http://www.gecafs.org/FoodConferencePresentations.htm 

“When the world runs out of cheap, accessible phosphorus fertilizers in the coming decades, how will we produce enough food?”

“According to some Swedish and Zimbabwean studies, the nutrients in one persons’ urine is sufficient to grow 50% - 100% of the food requirements of another person.” (Drangert, 1998; Esrey et al 2001).

Cordell, D. (2008), “8 reasons why we need to rethink the management of phosphorus resources in the global food system”, The Story of P Information Sheet 1, Global Phosphorus Research Initiative, Institute for Sustainable Futures, University of Technology, Sydney (UTS) Australia and Department of Water and

Environmental Studies, Linköping University (LiU) SWEDEN. www.phosphorusfutures.net
http://phosphorusfutures.net/files/1_P_DCordell.pdf 

Climate and Phosphorus

The Global Phosphorus Cycle: Past, Present and Future – Gabriel M. Fillipelli; Elements, Vol 4, pp 97-104 (April 2008). 

Global Biogeochemical Cycles in the Climate System

By E.-D. (Ernst-Detlef) Schulze

Published 2001, Elsevier

ISBN 0126312605

From The New York Times Op-Ed, Sunday, July 29, 2007:

The Great Swiss Meltdown, by Peter Stamm. “The change is most clearly visible in the shrinking of our glaciers (in Switzerland), which have lost almost 50 percent of their surface area in the past 150 years; half of this loss has occurred in the last 30. Some 100 out of our nearly 2,000 glaciers have already disappeared, and researchers predict that most will have melted away by 2050.”

Sunny California, by Mike Madison. “It takes a lot of power to move that water around, and it’s the single biggest expense on my farm.” “That crisis has a twist to it. In the third year, the lakes and reservoirs are empty, and not only is water in short supply, but so is electricity, for with empty reservoirs there is no flowing water to turn the hydroelectric turbines. We get power failures that frustrate irrigation and every other sort of industry.”

Dining in a Drought in Australia, by Justin North. Regarding the disappearance of a kind of farmed fish: “So where was the Murray cod? The response was there just wasn’t enough water and feed for the farmers to keep up the supply.” 

Inverse of the Himalayan effect:

>http://www.infozine.com/news/stories/op/storiesView/sid/31926/
Glacial Erosion Changes Mountain Responses to Plate Tectonics

Monday, November 17, 2008 :: infoZine Staff 

Intense glacial erosion has not only carved the surface of the highest coastal mountain range on earth, the spectacular St. Elias range in Alaska, but has elicited a structural response from deep within the mountain.

Quaternary tectonic response to intensified glacial erosion in an orogenic wedge
www.nature.com/ngeo/journal/v1/n11/abs/ngeo334.html
Nature Geoscience 1, 793 - 799 (2008) 
Published online: 26 October 2008 | doi:10.1038/ngeo334
PHOSPHORUS RESOURCES
Steen I. 1998. Phosphorus availability in the 21st century. Phosphorus Potassium 217(5):25–31

Mortvedt, J.J. and J.D. Beaton, “Heavy Metal and Radionuclide Contaminants in Phosphate Fertilizers” Chapter 6 in Tiessen… 

Tinker, P B (1977) Economy and Chemistry of Phosphorus, Nature, 270, 103–104.

Phosphate Deposits of the World

Series: PHOSPHATE DEPOSITS OF THE WORLD 1 
Volume 1: Proterozoic and Cambrian Phosphorites 

Edited by PJ Cook

404 pages, illus. Cambridge University Press
ISBN-10: 0521619211

Phosphate Deposits of the World

Series: PHOSPHATE DEPOSITS OF THE WORLD 2 
Volume 2: Phosphate Rock Resources 

Edited by AJG Notholt, RP Sheldon and DF Davidson

600 pages, illus, tabs, maps. 
Cambridge University Press
ISBN-10: 052167333X

Phosphate Deposits of the World

Volume 3: Neogene to Modern Phosphorites 

By William C. Burnett, Stanley R. Riggs

Cambridge University Press, ISBN 0521333709

Paperback  (ISBN-13: 9780521034180 | ISBN-10: 0521034183)

Sheldon, R.P. 1987. Industrial minerals, with emphasis on phosphate rock. 

In D.J. McLaren & B.J. Skinner, eds. Resources and world development, pp. 347–361. 

New York, USA, John Wiley & Son Limited.
Sheldon refers to:

Krauss, U.H., Saam, H.G., and Schmidt, H.W., 1984. International strategic minerals inventory summary report – phosphate. U.S. Geol. S. Cir. 930-C. 

Stowasser, W.F. (1983) Phosphate Rock. U.S. Bureau of Mines Mineral Commodity Profiles. 

IMPHOS: http://www.imphos.org/
2006 Annual report: http://www.imphos.org/download/rap-2006_en.pdf 

Message from the president, Mostafa Terrab:

“With the anticipated requirements for phosphate for agricultural and industrial uses, the world is likely to run out in the near future of low-cost recoverable phosphate rock.”

International Fertilizer Industry Association www.fertilizer.org
Mining guide: http://www.fertilizer.org/ifa/publicat/pdf/2001_mining_guide.pdf 

EFMA: Production of Phosphoric Acid (2000)

http://cms.efma.org/EPUB/easnet.dll/ExecReq/Page?eas:template_im=000BC2&eas:dat_im=000EAE 

Phosphate recycling in the Phosphate Industry, Schipper, et al 2001

http://www.thermphos.com/Documentation/~/media/Pdf/documents/PhosphorusRecycling%20pdf.ashx
An introduction to phosphorus: History, production, and application 

Author: William Gleason

Journal: 
JOM Journal of the Minerals, Metals and Materials Society
Publisher: 
Springer Boston

ISSN: 
1047-4838 (Print) 1543-1851 (Online)

Issue: 
Volume 59, Number 6 / June, 2007
DOI: 

10.1007/s11837-007-0071-y

Pages: 
17-19

Subject Collection: 
Chemistry and Materials Science
SpringerLink Date: 
Friday, June 01, 2007

The 13th Element: The Sordid Tale of Murder, Fire, and Phosphorus

John Emsley ISBN: 978-0-471-44149-6, Paperback, 352 pages, Wiley, January 2002

Florida Institute of Phosphate Research

http://www.fipr.state.fl.us/index.html
How long will Florida Phosphate Mining Go On?

http://www1.fipr.state.fl.us/PhosphatePrimer/0/D180A63B2294832985256F770069E962
The Potash & Phosphate Institute/Potash 
& Phosphate Institute of Canada (PPI/PPIC) 
has been integrated into the newly organized 
International Plant Nutrition Institute (IPNI)

http://www.ipni.net/ 
Contrary views on peak phosphorus:

http://peakoildebunked.blogspot.com/2007/12/321-peak-phosphorus.html
http://www-formal.stanford.edu/jmc/nature/node23.html#SECTION001140000000000000000
``There are surely billions more tons in reserve that have not yet been discovered. ... Oceans are rich in phosphate, a virtually limitless supply which needs only extraction technology and economics to make it a viable source."
B. C. Darst. Personal communication. Potash and Phosphate Institute, Norcross, Georgia, April 26, 1993, 1993.

Root web site: “How Much Land Can Ten Billion People Spare for Nature?”

http://www-formal.stanford.edu/jmc/nature/nature.html 

Also:

"Essential Environmental Science" by Keller and Botkin, says:

"Total U.S. reserves of phosphorus are estimated to be about 2 billion metric tons, enough to supply our needs for several decades. However, if the price of phosphorus rises as high-grade deposits are exhausted, phosphorus from lower-grade deposits can be mined at a profit. Florida is thought to have several billion metric tons of phosphorus that can be recovered with existing mining methods if the price is right."
 

Carter, L.J., 1980, Science 209:44-54.

The Reuse of Phosphorus

Arne Haarr, EUREAU (European Union of National Associations of Water Suppliers and Waste Water Services)

Sheldon, 1987: “No shortages of industrial minerals, including fertilizer minerals, can be foreseen for long into the future.” 
PHOSPHORUS RECOVERY AND RECYCLING

Dils, R., S. Leaf, R. Robinson, and N. Sweet (2001) Phosphorus in the environment-why should recovery be a policy issue?, Environment Agency. CEEP 12-13 March 2001, http://www.nhm.ac.uk/research-curation/projects/phosphate-recovery/Nordwijkerhout/Sweet0204.doc. 
Water Science & Technology—WST Vol 57 No 3 pp 451–456 © IWA Publishing 2008 doi:10.2166/wst.2008.065
Development of a process for the recovery of phosphorus resource from digested sludge by crystallization technology

K. Shimamura, A. Mizuoka, H. Ishikawa and I. Hirasawa

Ebara Environmental Engineering Co., Ltd., 4-2-1, Honfujisawa, Fujisawa-shi, Kanagawa, Japan E-mail: mizuoka.asei@ebara.com; shimamura.kazuaki@ebara.com
Ebara Environmental Engineering Co., Ltd., 1-6-34, Konan, Minato-ku, Tokyo, Japan E-mail: ishikawa.hideyuki@ebara.com
Department of Applied Chemistry, Waseda University, 3-4-1, Ohkubo, Shinjuku-ku, Tokyo, Japan E-mail: izumih@waseda.jp

K. Stark, Phosphorus Recovery – Experiences from European Countries

http://www.lwr.kth.se/Forskningsprojekt/Polishproject/StarkSthlm19.pdf
Recovery of high purity phosphorus from municipal wastewater secondary effluent by a high-speed adsorbent

I. Midorikawa, H. Aoki, A. Omori, T. Shimizu, Y. Kawaguchi, K. Kassai and T. Murakami, Water Science & Technology—WST Vol 58 No 8 pp 1601–1607 © IWA Publishing 2008
Struvite formation, analytical methods and effects of pH and Ca2 +

X.-D. Hao, C.-C. Wang, L. Lan and M. C. M. van Loosdrecht; Water Science & Technology—WST Vol 58 No 8 pp 1687–1692 © IWA Publishing 2008

Veerapeneni, S., B. Long, S. Freeman, and R. Bond, “Reducing Energy Consumption for Seawater Desalination,” Journal AWWA, 99:6 pp 95 – 106 (2007). 

Imperial College of Science (1997) Phosphorus Removal and Reuse Technologies, Selper Publications, London.

http://www.phosphorus-recovery.tu-darmstadt.de/index.php?option=com_content&task=category&sectionid=7&id=21&Itemid=54
This website aims to provide an information platform on the recycling of phosphates. 

Phosphate Recovery: An Economic Assessment by Nannette Woods/CH2M HILL Liliana Maldonado/CH2M HILL Glen T. Daigger/CH2M HILL Introduction
http://www.extension.org/pages/Research_Summary:_Phosphorus_Removal_from_Covered-Digester_Effluent_with_a_Continuous-Flow_Struvite_System
Research Summary: Phosphorus Removal from Covered-Digester Effluent with a Continuous-Flow Struvite System, By Philip Westerman, Kelly Zering, Mike Adcock, NC State University Keith Bowers, Multiform Harvest, Inc. 

Selected nutrients and heavy metals in sewage sludge from New Jersey POTWs

KROGMANN Uta (1) ; CHIANG Hai-Ning C. (1) ; 

 (1) Department of Environmental Sciences, Rutgers University, 14 College Farm Road, New Brunswick, New Jersey 08901-8551

Journal of the American Water Resources Association (2002), vol. 38, no3, pp. 681-691. 

Enrichment of Trace Elements from Sewage Sludge Fertilizer in Soils and Plants

A. Andersson and K. O. Nilsson

Ambio, Vol. 1, No. 5 (Oct., 1972), pp. 176-179   (article consists of 4 pages) 

Published by: Allen Press on behalf of Royal Swedish Academy of Sciences

Titles     Land application of sludge: food chain implications   

Personal Authors             Page, A.L.; Logan, Terry J.; Ryan, James A.

Corporate Authors          United States. Environmental Protection Agency; California Univ., Riverside (USA); Ohio State Univ. (USA)

Publisher            Lewis

Publisher Place                Chelsea, Mich. (USA)

Publication Date              1987

ISBN      08-737-10835

Sewage Sludge-Soil Interactions as Measured by Plant and Soil Chemical Composition

Hue et al. J Environ Qual.1988; 17: 384-390

European Journal of Soil Science

Volume 32 Issue 1, Pages 85 - 95

Published Online: 28 Jul 2006

Journal compilation © 2009 British Society of Soil Science

SOLUBILITY AND SORPTION OF CADMIUM IN SOILS AMENDED WITH SEWAGE SLUDGE

Y. K. SOON  (Dept. of Land Resource Science, University of Guelph, Ontario, Canada NIG 2W1)

Journal of Environmental Quality 32:1114-1121 (2003)

Phosphorus Sorption and Availability in Soils Amended with Animal Manures and Sewage Sludge 

Muhammad Tariq Siddique and J. Stephen Robinson* 

Department of Soil Science, The Univ. of Reading, Whiteknights, P.O. Box 233, Reading RG6 6DW, UK 

* Corresponding author (j.s.robinson@reading.ac.uk)

Cadmium in sewage sludge in a Swedish region: sources and reduction opportunities Journal  Environmental Engineering and Policy

Publisher            Springer Berlin / Heidelberg

ISSN       1433-6618 (Print) 1434-0852 (Online)

Issue     Volume 2, Number 3 / February, 2001

DOI        10.1007/s100220000026 

Pages    145-154

NITROGEN CYCLE

http://www.engineeringchallenges.org/cms/8996/9132.aspx: 
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POPULATION

Richard, Gigi. “Human Carrying Capacity of the Earth.” ILEA Leaf, Winter 2002.

Brown, Richard and Hal Kane. Full House: Reassessing the Earth’s Population Carrying Capacity. Worldwatch Institute, 1994.

Frantz, John. “Biology’s Integrating Insights for Medical Science.” Available online at www.frantzmd.info. Click on “Other Science and Technology.”

Scientists Linked to the Vatican Call for Population Curbs 

By ALAN COWELL, 

Published: June 16, 1994

http://query.nytimes.com/gst/fullpage.html?res=9807E0D9163DF935A25755C0A962958260
INTERNATIONAL CENTER FOR SOIL FERTILITY AND AGRICULTURAL DEVELOPMENT (IFDC)

http://www.ifdc.org/New_Layout/Publications_Catalog/Lecture_Series/index.html 

Sustainable Agriculture and Sustainable Development: At the Crossroads

Dennis R. Keeney, First Travis P. Hignett Memorial Lecture (1995).

FEEDING A WORLD OF 10 BILLION PEOPLE: The TVA/IFDC Legacy, Dr. Norman E. Borlaug (2003). 

The United Nations Industrial Development Organization (UNIDO) 

http://www.unido.org/ 

Guillebaud, John, and Pip Hayes, “Population Growth and Climate Change” Free Inquiry Pp 34-35, April/May 2009. “Why consider infringing on human rights when around half of pregnancies world-wide are unplanned? Moreover, numerous countries as varied as Costa Rica, Iran, Korea, Sri Lanka, and Thailand halved their total fertility rates primarily through meeting wormen’s unmet fertility needs and choices.”

Narveson, Jan “Overpopulation? No Way!” Free Inquiry pp 40-41, April/May 2009. “The answer is both absurdly simple and yet radically profound. We do not depend on the earth or natural resources for the goods we have. Instead, we make them.” “In 1969, it was estimated that by the best availble agricultural methods, the amount of land needed to grow one person’s food supply indefinitely was about twenty-seven square meters…” For hydroponic growth: “I recently saw a sketch of a building that would house a coule of thousand people; all the food necessary for feeding all those people would be grown on the middle few floors of the skyscraper in question. This was not a sci-fi fantasy- it was an actual, realistic architectural plan.” “Of course, hydroponic farming requires water, fertilizers, etc. But non of those resources in exhaustible. Plants are natural recyclers: the stuff of which they are made turns into soil on which more plants grow, etc.” “However, the point of this short essay is that it doesn’t matter, because there simply is to “limit to growth,” no “carying capacity of the globe.” Further reading: Bailey, Ronald, ed. Earth Report 2000. New York: McGraw-Hill 2000, especially essay by Nicholas Eberstadt, “World Population Prospects for the Twenty-First Century: The specter of ‘Depopulation’?” Bailey, Ronald, ed. The True State of the Planet. New York: Free Press, 1995 (ten essays). Simon, Julian. Population Matterss. New Brunswick, NJ: Transaction Publishers, 1990.
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ENVIRONMENTAL IMPACTS AND EUTROPHICATION

Halting Hypoxia, by Jay Landers, Civil Engineering Magazine, June 2008, pp54-65.

P loading to the Gulf between 1985 and 2005 ranged from 80,700 to 180,000 Mt (annual). At the 1.2 bgd (4.5e6 cu m/d) Stickney Water Reclamation Plant in Chicago, to reduce N to 3.0 or 2.18 mg Total N /L and 1.0 or 0.5 mg TP/L, would cost $2.4B or $2.9B, respectively by upgrade, or $870M and $1.4B using wetlands to offset.

Fertilizer phosphate demands could corrode water safety, news item reported by Rebecca Renner, ES&T v42 n19 p7030. 
“A perfect storm of shortages and escalating prices for essential water treatment chemicals, in particular phosphate, is threatening the quality of drinking water in the U.S. and the U.K.” “In 2001, more than half of the medium to large U.S. drinking-water companies used phosphate chemicals to inhibit corrosion in lead pipes and to keep the poisonous metal out of drinking water (McNeill, L.S.; et al. J. Am. Water Works Assoc. 2002, 94, 57-63).”
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