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Abstract:  The unanimous consensus of atmospheric scientists is ʀɴɭʀ ʃɱ ɭɾɱ ɭɸʀɱɾɵɺɳ ʀɴɱ ɱɭɾʀɴ́ɿ ɯɸɵɹɭʀɱ ɮʅ 
releasing greenhouse gasses into the commons  ͑ʀɴɱ ɱɭɾʀɴ́ɿ ɭʀɹɻɿɼɴɱɾɱ̵  ǭɴɵɸɱ ɳɸɻɮɭɸ ɯɸɵɹɭʀɱ ɯɴɭɺɳɱ ɵɿ ɻɲʀɱɺ 
reported on, less commonly spoken about is the degradation of surface and subsurface waters by discharge of 
wastewaters into the commons  ͑surface and subsurface waters.  Instead we have long hid behind the euphemism 
͂ɰɵɿɼɻɿɭɸ̲̓ ɭɿ ɵɲ ɵʀ ʃɱɾɱ ʀɾʁɱ ɿɵɹɼɸʅ ɮɱɯɭʁɿɱ ʃɱ ɸɭɮɱɸɱɰ ɵʀ ɿʁɯɴ̵  ǭɴɵɸɱ ɰɻɹɱɿʀɵɯ ʃɭɿʀɱʃɭʀɱɾ ʃɭɿ ɻɺɯɱ ɭɷɵɺ ʀɻ ɭ 
dilute manure solution, since ʀɴɱ ɵɺɰʁɿʀɾɵɭɸ ɾɱʂɻɸʁʀɵɻɺ ɵʀ ɴɭɿ ɵɺɯɾɱɭɿɵɺɳɸʅ ɮɱɯɻɹɱ ɭ ɰɱʂɵɸ́ɿ ɮɾɱʃ ɻɲ ɱɺɰɻɯɾɵɺɱ 
disruptors, prescriptions, and personal care products (EDC/PPCPs) resulting from our science, technology, and 
consumer culture.  Even advanced municipal secondary wastewater treatment does little to remove contaminants 
which have inimical ecological effects at parts per million, parts per billion, and even parts per trillion levels1.  
Recent research has found that domestic wastewater must be treated to drinking water standards to remove trace 
contaminants.2  As treatment to that degree presently carries a very large ecological footprint we must find other 
ways to remove contaminants or face continued degradation of our surface and subsurface waters.  Be it a 
community releasing effluents into surface waters, or a single family dwelling discharging even most Type III 
effluent into an aquifer, a discharge into the commons carries with it a very high ecological price.  The end of the 
pipe is NOT the end of the problem; it is merely the beginning of the commons.  Treatment and dispersal may be 
by centralized or decentralized methodologies.  To avoid inimical ecological effects before release, however, 
wastewater must be either treated to near drinking water standard by physio-mechanical means or exposed to 
vast surface areas which supply attachment locations for microbial and invertebrate communities, and time for 
the aquatic organisms to digest the tens of thousands of differing compounds.  Decentralized dispersal is an 
ecological imperative, consequently the future of wastewater management. 

 

Productivity of surface waters highly variable:   The waters of North America have a high degree of 
natural variability in productivity.  Even without anthropogenic influences some lakes are highly productive due to 
their geomorphology.  Shallow lakes tend to be much more productive given the same nutrient input than do 
deep lakes.  For Example, Oneida Lake in New York has long exhibited summer algae blooms that are 
characteristic of overly enriched (hypereutrophic) waters. French voyagers called Oneida "le lac vert" (the green 
lake) and colonial travelers refused to drink from it for fear of contracting "lake fever."  ǜɵɾɿʀ Ǥɭʀɵɻɺɿ́ ɲɻɸɷɿ ɯɭɸɸɱɰ 



 
ɵʀ ͂ɿʀɵɺɷɵɺɳ ɳɾɱɱɺ̵̓ 3, 4   Klamath Lake in Northern California is another example of a lake that was eutrophic well 
before the watershed was settled by agriculturists.4   ǣɭɺʅ̲ ɹɭɺʅ ɸɭɷɱɿ ɵɺ Ǥɻɾʀɴ Ǘɹɱɾɵɯɭ ɭɾɱ ɯɭɸɸɱɰ ͂ǝɾɱɱɺ Ǣɭɷɱ̓ 
in reference to frequent algae blooms. 
 

History of our knowledge:  We have known anecdotally for centuries that the introduction of wastewaters be 
they of domestic or agricultural origin into lakes results in an increase in productivity, and a shift in species 
composition.  The history of the science is somewhat more recent but exceeds a hundred years.5, 6, 7    By 1950, the 
public had widely ɾɱɯɻɳɺɵʆɱɰ ͂ʀɴɱ ɱɺɰ ɻɲ ʀɴɱ ɼɵɼɱ ɵɿ ʀɴɱ ɱɺɰ ɻɲ ʀɴɱ ɼɾɻɮɸɱɹ̓ ɿɵɹɼɸʅ ʃɭɿ ɺɻʀ ʀɾʁɱ and were 
demanding pollution control measures be implimented.7   ǘʅ ʀɴɱ ͮ;ͻͭ́ɿ ʀɴɱ ɯʁɸʀʁɾɭɸ ɱʁʀɾɻɼɴɵɯɭʀɵɻɺ ɻɲ Ǣɭɷɱ Erie 
ɴɭɰ ɭɰʂɭɺɯɱɰ ʀɻ ʀɴɱ ɼɻɵɺʀ ʀɴɱ ɸɭɷɱ ʃɭɿ ɾɱɲɱɾɾɱɰ ʀɻ ɭɿ ͂ɰɱɭɰ̵̓  There was even a Dr. Seuss book, The Lorax that 
focused Ǣɭɷɱ Ǜɾɵɱ́ɿ eutrophic state.8 

Pre-European settlement: Before European agriculturists settled in North America, there was about the same 
order of magnitude of animal biomass as there is now.  Formerly mammalian biomass was dispersed though out 
the continent. Dung was widely deposited, and runoff filtered through forest and grassland soils, with the last 
vestiges of contaminants removed by the once extensive wetlands.  Aquatic communities, be they fresh or saline 
did not evolve receiving large quantities of complexed nutrients.   

Present:  Now much of the human population lives near rivers and in coastal areas in large agglomerations.   
There is as much manure produced in the San Fernando Valley by dairy herds as by humans residing in the Los 
Angeles area.  Surface discharge, be it riverine, lacustrine, or oceaneanic, of wastewaters was deemed to be a 
satisfactory solution.  As human populations increased in North America, the effect of wastewater discharges 
upon surface waters has been typically harmful.   
 
Changes in Fresh Water:  Lakes become eutrophic, even hypereutrophic with concomitant species shift to that of 
beneficial algae to that of often toxic blue green algal species.  Lowered dissolved oxygen levels are frequently 
characteristic of dense algal populations.  During periods of bright sunlight, oxygen production can super saturate 
surface waters.  During periods of darkness, algal respiration can reduce oxygen levels precipitously.  As individual 
algal cells senesce, they sink to the bottom where bacterial populations feed on them.  Bacterial respiration can 
reduce dissolved oxygen level to the point of being toxic to other life forms. 
 



 

  
 

Lakes Huron, Erie, & Ontario in 2003, showing dense algae blooms 

 
 

A view of the blue-green algae bloom affecting Taihu Lake in Wuxi, the second largest city of eastern China's 
Jiangsu province on June 1, 2007  Plans are to spend US$14.5 billion to clean up lake Source:  Sipa Press file 

 
Changes in Marine Waters:  Increasing discharges to coastal waters is also devastating shifting the basis of 
the food web from that of green algae and diatoms to that of dinoflagellates.  Coastal waters do not process 



 
excessive nutrients well unless they are in an elemental form such as occurs with upwelling.   Approximately 
75% of commercially important ocean fish species dependent at some time in life history on coastal and 
estuarine waters.  Urea, one of the main nitrogenous components of urine, has been found to differentially 
favor dinoflagellates over that of diatoms, as an example of but one mechasim.10   
 
The sheer quantity of nutrients coming from land has also become a problem.  When nitrogen to 
phosphorus to silica ratios become skewed, species and taxa of phytoplankton utilized by economically 
beneficial species of fish and shellfish cease to flourish.  Immense disruptions occur.  It grows worse with the 
addition of the wastes from each animal, from each human, from each suburban lawn, or crop fertilizer is 
added where runoff occurs.  And it́ɿ ʀɴɱ ʃɻɾɸɰ ɻʂɱɾ̲ ɺɻʀ ɶʁɿʀ Ǥɻɾʀɴ Ǘɹɱɾɵɯɭ̵ 

 
ǟɹɼɭɯʀɿ ɻɺ ʀɴɱ ʃɻɾɸɰ́ɿ ɻɯɱɭɺɿ ɻɲ ͮͼ ɰɵffering variables 

 
Sources: Benjamin S. Halpern, National Center for Ecological Analysis and Synthesis & Science 15 February 2008:  Vol. 319. no. 5865, pp. 948  ͑952 

 



 

 
 

Harmful Algal bloom off of Norway 
Source:  NASA image courtesy Jeff Schmaltz, MODIS Land Rapid Response Team at NASA GSFC 

 

 

 
 

Pseudo-nitzschia bloom off Vancouver Island which releases domoic acid 

http://rapidfire.sci.gsfc.nasa.gov/

