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How much P do you 
have in your body?

A.  0.01 lb (4.5 g)

B.  0.1 lb (45 g)

C. 1 lb  (450 g)

D. 10 lbs (4.5 kg)

E. 100 lbs (45 kg)

~1.4 lbs actually



The storyline:

stars

P atoms

DNA

bones
crops

dead zones

mines

scarcity?

! ?

solutions!
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source:  Wiki media commons
Phosphorus in the 15th element in the Periodic Table. 

P is elemental.



Most of these were made 
billions of years ago in stars 

and in supernova explosions!

Periodic Table of the Elements



How do we 
know about P?

www.fotosearch.com

*

* in chemistry, 
a “mole” = 6.023 x 1023 atoms of an element



Henning Brand (1630 -1710)
German alchemist & the 
discoverer of phosphorus 
while searching for the 
“philosopher’s stone”.

But from where did he get 
this P?





Is P important?

www.fotosearch.com
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P is 
essential.

Every living thing needs P.



ribosomes (RNA + protein):
P-rich growth machines!



P is essential.

An adult human body contains about 1.4 pounds of P.
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P is limiting.

In both natural and agricultural ecosystems.
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I cannot over-emphasize the 
importance of Phosphorus not only to 
agriculture and soil conservation but 

also to the physical health and 
economic security of the people of the 

nation.



“Green Revolution” = 
high yield crops + water 

{

+ fertilizer



So where does 
all the P go?

www.fotosearch.com



This side of the lake received 
carbon, nitrogen AND phosphorus.

P is a pollutant.

Inputs of P from cities and from farm runoff lead to 
“eutrophication”.

This side of the lake received 
carbon and nitrogen only.
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Dave Schindler



Excess P is a pollutant. 

2007 Lake Taihu
City of Wuxi ( 5 million)
No drinking water for one week. 



Excess P is a pollutant. 

2014
City of Toledo
No drinking water for three days. 



What about Flathead Lake?

- Flathead Lake nitrogen (N), phosphorus (P) 
concentrations are variable but showing little 
systematic change.  Good news!

- Why are N and P in Flathead Lake constant?

N

P

In-lake concentrations
of nitrogen and phosphorus



- River inputs of N & P are variable (due to discharge) but 
showing little systematic change.  Declining?  Good news!

N P
River inputs of nitrogen and phosphorus

What about Flathead Lake?



Implications and Actions

• These data are exciting and encouraging.
• We did the right things for Flathead Lake!

• Watershed protection (Glacier NP, wilderness areas)
• Phosphate detergent ban
• Investment in advanced wastewater treatment

• What do we still need to do?
• Remain diligent and alert
• Continue to invest in advanced wastewater treatment
• Maintain and modernize septic systems
• Consider modular wastewater treatment
• Protect wetlands & other critical habitat
• Get a handle on agricultural N, P use
• Tackle air pollution (N deposition, P in dust)
• Tackle climate change (forest fires)



OK, but where 
does all this P 
come from?

www.fotosearch.com



Geological sources of P are not widely distributed.
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Satellite view of phosphate mining region in Jordan.



Source: USGS (2009)
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How much P do we have?



Meet N. America’s Phosphorus...

USA Phosphate Rock Trade



Meet your future Phosphorus...



Yeah but there’s 
more P where that 
came from, right?

www.fotosearch.com



Is P running out?

Will there be enough P in the future?
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growing population
(11 billion by 2050?)

growing global affluence
(meat consumption)

growing biofuel 
economy

Spiralling demands 
for P



2008



The Price of P

Yikes!

From: Elser and White.  Foreign Policy magazine 
(online, 4/22/10) 

P rock in 2023 5x higher (inflation 
corrected) than in 2007.



“Quite simply, without phosphorus we 
cannot produce food.  
At current rates, reserves will be 
depleted in the next 50 to 100 years.” 

Dr. Dana Cordell (in 2008)
senior researcher
Institute for Sustainable Futures 
University of Technology, Sydney



How much P do we have?

Source: USGS (2009)
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new adjustment
by IFDC

IFDC claim: 300-400 years of P
 (at current rates of consumption)

Response from Cordell et al.:  “... it only pushes 
forward the peak phosphorus timeline several decades. 
It does not remove the threat of peak phosphorus.”

Source: USGS (2012)

How much P do we have?



• “a fantasyland glorifying the 
country's mineral inheritance”

• “Fossils …. displayed in a 
sparkling museum powered by 
wind and sun”

• “a depleted mine… transformed 
into gardens, performance 
spaces, and housing”

• “a ‘mega-amusement park’ 
including an equestrian center, a 
cable car, and an indoor ski 
slope on a pile of mine waste.”

Nov 4 2010

Morocco:  The Dubai of Phosphorus



What about China?

China uses 36% of global fertilizer.

What about China?

In December 2010, China applied a 
110% peak season export tax on 
fertilizer.



Geological availability? (How much extractable P IS there, 
really?  Costs?  Quality?)

Geopolitical volatility? (Will China continue to close its P 
market?  How will Morocco handle its new position in global P 
economy?)

Key question is three-fold:  
How much P, for whom, & at WHAT PRICE?

The main issues now?



Waste Dead zonesResource Productivity

Hunger & ConflictSecurity

A new alchemy.

ScarcityAbundance



Finding P 
solutions.

What to do?
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What about the three 
R’s? 

Reduce, reuse, recycle.
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Research.

geology
agronomy
genetics

agroecology
biogeochemistry
civil engineering

economics
political science

Five R’s
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Reduce.

erosion
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Five R’s
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Reduce demand.

Five R’s

UN population forecast

2050
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Five R’s

P footprint by country
(per capita)

plant
meat

we’re 
#2!

We estimate that 1/3 of increased 
human P demand during last 50 

years is due to changing diet (more 
meat).

Metson, G, E. Bennett, and J.J. Elser. 2012. The role of diet in phosphorus demand. Environmental 
Research Letters 7: 044043 

Reduce demand.
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Phosphorus Footprint

> > >



Five R’s
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Cellular 
agriculture.

Reduce demand.



Five R’s
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Reduce food 
waste.

~30-40% of food 
is wasted 

globally (for lots 
of reasons).



Five R’s
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Recycle.

crop “waste”
animal “waste”
food “waste”

human “waste”

“No-mix” Toilet

Finally!



For human waste in cities (centralized, developed).

http://www.ostara.com/nutrient-management-solutions

Struvite
NH4MgPO4·6H2O

Struvite clogging pipes.



Energy & Fertilizer

http://www.richboroughenergyplant.co.uk/

For food waste in cities.
For manure from feedlots.
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agriculture
cities

“waste” 
bioenergy

Re-imagine
& Re-engineer.

Five R’s

In 2010, 10% of total fertilizer P use in 
USA was used for corn ethanol. 



Nice R’s, but what are 
people actually doing 

about it?

www.fotosearch.com



The Sustainable P Initiative at ASU
Finding P 
solutions.

A consortium of natural and social scientists, engineers, 
educators, and communicators focused on P sustainability.

so
ur

ce
:  

W
ik

im
ed

ia



2017



Academics mostly just 
move air molecules & 

electrons around.  
Maybe time for action, no?



PhosphorusAlliance.org
@sustainP

Modelled on;
European Sustainable 
Phosphorus Platform 

(ESPP)

http://phosphorusalliance.org


We envision a food system that manages phosphorus 
more sustainably to provide abundant, nutritious food while 
protecting the health of rivers, lakes, and oceans. 

Webinars
Annual Phosphorus Forum
Focused Research Projects
Phosphorus Science Now! series



2013

2003

2007

2008

2010

2010

2012

2012

2013

2011

2012

2011

2010

P-RCN 2013

2013 SPA 2016

2008

The global phosphorus sustainability movement
2003 - now…

2014

STEPS 2021



$25M over 5 years
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What can you 
do to  help?

- Consider your diet.  Less meat.  
Less P-intensive meat.

- What about that lawn?
- Reduce your food waste.
- Maintain your septic system.
- Support nutrient recovery 

infrastructure in your town / city.
- Support nutrient management as a 

political priority for clean water 
sustainable food security, and 
climate change mitigation.
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Walter Munk
Scripps Institution of Oceanography
UC San Diego
(1917-2019)

In discussions leading up to Pope Francis’ encyclical on climate change:

“This requires 
a miracle of 

love and 
unselfishness.”



Thanks.

phosphorusalliance.org

Thanks to our supporters:

National Science Foundation 
ASU Office of Knowledge Enterprise Development
ASU School of Life Sciences
ASU Global Institute of Sustainability & School of Sustainability 
Members of Sustainable Phosphorus Alliance & STEPS STC

http://phosphorusalliance.org

	Slide Number 1
	Slide Number 2
	Slide Number 3
	How much P do you have in your body?
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	P is essential.
	ribosomes (RNA + protein):P-rich growth machines!
	P is essential.
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Excess P is a pollutant.	
	Excess P is a pollutant.	
	What about Flathead Lake?
	Slide Number 24
	Implications and Actions
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slide Number 52
	Slide Number 53
	Slide Number 54
	Slide Number 55
	Slide Number 56
	Slide Number 57
	Slide Number 58
	Slide Number 59
	Slide Number 60
	Slide Number 61
	Slide Number 62
	Slide Number 63
	Slide Number 64
	Slide Number 65
	Slide Number 66
	Slide Number 67

