
areas. Thus, the findings to date are not enough 
to allay concerns about future supply. Society 
should therefore face the reality of an impending 
phosphorus crisis and begin to make a serious 
effort at conservation. 

Rock Steady 
The standard approaches to conservation apply 
to phosphorus as well: reduce, recycle and reuse. 
We can reduce fertilizer usage through more 
efficient agricultural practices such as terracing 
and no-till farming to diminish erosion [see 
"No-Till: The Quiet Revolution," by David R. 
Huggins and John P. Reganold; SCIENTIFIC 
AMERICAN, July 2008]. The inedible biomass 
harvested with crops, such as stalks and stems, 
should be returned to the soil with its phospho­
rus, as should animal waste (including bones) 
from meat and dairy production, less than half 
of which is now used as fertilizer. 

We will also have to treat our wastewater to 
recover phosphorus from solid waste. This task 
is difficult because residual biosolids are con­
taminated with many pollutants, especially 
heavy metals such as lead and cadmium, which 
leach from old pipes. Making agriculture sus­
tainable over the long term hegins with renew­
ing ou r efforts to phase out toxic metals from 
our plumbing. 

Half the phosphorus we excrete is in our 
urine, from which it would be rel..Itively easy to 
recover. And separating solid and liquid human 
waste-which can be done in treatment plants 
or at the source, using specialized toilets­
would have an added advantage. Urine is also 
rich in nitrogen, so recycling it could offset some 
of the nitrogen that is currently extracted from 
the atmosphere, at great cost in energy. 

Meanwhile new discoveries are likely just to 

foresta II the depletion of reserves, not to prevent 
it. For truly sustainable agriculture, the delay 
would have to be indefinite. Such an achieve­
ment would be possible only with a world pop­
ulation small enough to be fed using natural and 
mostly untreated minerals that are low-grade 
sources of phosphorus. As with other resources, 
the ultimate question is how many humans the 
earth can really sustain. 

We are running out of phosphorus deposits 
that are relatively easily and cheaply exploit­
able. It is possible that the optimists are correct 
about the relative ease of obtaining new sourc­
es and that shortages can be averred. But given 
the stakes, we should not leave our future to 
chance. _ 
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PHOSPHORUS 
FACTS 
The average adult needs about 
one gram of phosphorus a day. 
To sustain one person's balanced 
diet, modern agriculture requires 
mining 22.5 kilograms of phosphate 
rock a year. 

At least as much phosphorus ends up 
washed away by erosion as ends 
up in food. In the Illinois River basin, 
for example, about 1.2 kilograms 
of soil is eroded for each kilogram of 
corn produced. 

A phosphorus-fueled outburst of 
plant growth 40 million years ago 
took enough carbon dioxide from 
the atmosphere to cause a period 
of global cooling. The extra phospho­
rus came from the uplift of the 
Himalayan-Tibetan plateau. 

MORE TO 
EXPLORE 

Phosphorus in the Environment: 
Natural Flows and Human 
Interferences. Vaclav Smil in 
Annual Review ofEnergy and the 
Environment, Vol. 25, pages 53-88; 
November 2000. 

Eutrophication of Lakes Cannot 
Be Controlled by Reducing Nitro­
gen Input: Results of a 37-Year 
Whole-Ecosystem Experiment. 
David W. Schindler et al. in Proceed­
ings of the National Academy of 
Sciences USA. Vol. 105, No. 32, pages 
11254-11258; August 12,2008. 

Phosphate Rock Statistics and 
Information. U.S. Geological Survey. 
Available at http://minerals.usgs_ 
gov/minerals/pubs/commodityl 
phosphate_rock 
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