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I can’t talk about Nutrients without including:
Population growth - urbanization

Demand for natural resources
Resource depletion

Energy
Water
Food
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The	Economist:	Bright	Lights,	Big	Ci4es:	h5p://www.economist.com/node/21642053				February	2015	

Ci6es	in	2015	

In	1950,	there	
were	2	
“megaci4es”,	
New	York	and	
Tokyo;	in	
2015,	there	
were	23	



h5p://www.economist.com/node/21642053		



Steinhart	&	Steinhart,	1974	

Energy	use	in	
the	global	and	
US	food	system	



Steinhart	&	Steinhart,	1974	

Energy	use	
in	the	global	
and	US	food	
system	

No	net	
increase	
since	1970	



Steinhart	&	Steinhart,	1974	

Changes	
since	1974	



Water is moved close 
to the Earth’s surface 
by solar energy, 
gravity, and the energy 
of the Earth’s rotation

The	Hydrologic	Cycle	

The amount of fresh 
water available for human 
use is a tiny percentage 
of the water on Earth

Water is a FULLY 
RENEWABLE resource!
	



Human 
civilization 
has disturbed 
this cycle



GLOBAL	WATER	“USE”	

Precipitation onto land surface = ~110,000 km3/yr (green circle)
~55,000 km3/yr are re-evaporated, or transpired by plants
~55,000 km3/yr flow, eventually, to  the ocean, via surface runoff or 
groundwater (blue and brown circles)

Humankind intercepts, for “use”, 4,300 km3, or ~4% of that flow
75% of that use is for irrigated agriculture

*	

*	7	m3/person/yr	*we	waste	30%	

*



Plant-essen6al	nutrient	(18	+/-)	



Elements (nutrients) essential to plant life:

0. major non-mineral:  O, H, C

1. primary: K, N, P 

2. secondary:  Ca, Mg, S

3. micro:  Fe, Mn, Cl, Zn, Cu, B, Mo

?. (maybe micro:  Na, Si Ni)

From atmosphere, hydrosphere; from rocks; from symbionts, lightning.
Nutrients other than O, H, C, and N predominantly form positively
charged ionic cations, which are adsorbed and stored on unsatisfied
negative ionic sites on clay-mineral skeletons and organic debris in soils.

Nitrogen predominantly forms negatively charged anions, which are
flushed through soils to ground and surface water and, eventually, to
the global ocean. N has long been recognized as a limiting nutrient,

Renewable	nutrients:	
	

O,	H,	C,	N,	maybe	Fe	
	
Also	solar	insola6on	



C	



Harvest, process, 
consume, dispose

To	atmosphere,	ocean	
as	CH4,	CO2,	HCO3

-,	
CO3	

-2,	[C6H12O6]	

To	streams,	
ground	water,	
ocean	as	organic	
waste	

We	interrupt	this	cycle:	





Loss	to	surface	and	ground	water	and	ocean.		
P	is	oden	described	as	the	most	“threatened”	nutrient		

Process,	
consume,	
dispose	

fish	





To	ground	and	surface	water	
we	waste	30%	of	applied	N	

as	guano	

Haber-Bosch	 Harvest	 			 Lost	
to	
sea!	



global	oceanic	dead	zones	

USDA,	2012	

Most	of	this	stuff	eventually	gets	to	the	ocean	



2015 “dead zone” in the Gulf of Mexico spans 16,760 km2 — about the 
size of Rhode Island and Connecticut combined—making it the largest 
since 2002, when the Gulf dead zone stretched over 22,000 square 
kilometers. Red denotes toxic areas with oxygen concentrations <2 mg/l 
of water. Nancy Rabalais, LUMCON; R. Eugene Turner, LSU, NOAA

Courtesy of:

Joe Piotrowski, former 
Chair of the Hypoxia 
Task Force 
Coordinating 
Committee, US EPA



Springtime river discharges into the northern Gulf of  
Mexico carry sediment and nutrient-laden water.     
             NASA Aqua Satellite 

Courtesy of:

Joe Piotrowski, former Chair 
of the Hypoxia Task Force 
Coordinating Committee, US 
EPA

This discharge  
facilitates plankton 
bloom; oxidation of 
dead plankton 
consumes oxygen 
in water column; no 
fish can survive in 
the water

WE DON’T EAT THE 
PLANKTON!!



Status	of	marine		
global	fisheries	

Wastewater	pollu6on	is	a	
problem	near	shore;	
overexploita6on	is	the	major	
cause	of	fisheries	decline	

MIT	2015	



WE	WASTE:	
	
ENERGY:	via	excessive	use	at	every	stage	
Water:	via	careless	applica6on,	contamina6on,	over-extrac6on		
Soils:	via	urban/suburban	development,	erosion		
Nutrients:	via	overfer6liza6on;	loss	of	storage	capacity;	harvest	
Fisheries:	via	overexploita6on,	pollu6on,	bycatch,	loss	of	gear,	

	habitat	destruc6on		
	

Opportuni6es:	renewable	energy	sources,	hydroponics,	
aquaculture,	 	IT-managed	applica6ons,		
Food:	post-harvest,	in	USA,	>	40%	



How	did	we	get	here?	



Foraging;	
coastal	fishing	



Stone	tools	



Fire	



Domes6ca6on		
of	food	animals	



Agriculture	



Irriga6on	



Ci6es	

Tel	Arad,	1,000	BCE	

The	beginning	of	the	end	of	“sustainabllity”	



Hydraulic	
engineering	

Persian	artesian	well	in	
Kharga	Oasis,	Egypt	



Universi6es	

University	of	Baghdad	



Nitrate	
fer6lizer	

Guano	Islands	



	Sanitary	engineering	
(It’s	our	fault)	



We	(water-supply	engineers)	started	it!		The	modern	global	
human	popula6on	explosion	is	much	more	the	consequence	of	
enlightened	sanitary	engineering	than	of	“modern	medicine”	
	

Roman,	Persian		“civil	engineers”	knew	that	it	was	not	a	good	idea	
to	drink	human	sewage.	They	just		didn’t	know	why….	

Franklin	Court,	Philadelphia	

(Ben	Franklin	
didn’t	even	know	
that	it	wasn’t	a	
good	idea….)	

Ben	on	a	bench,	Univ.	of	Pennsylvania	



Coal,	gas,	oil	



Germ	theory	



Modern	medicine	



Bone	meal;	rock	phosphate	



Haber-Bosch	

Fritz	Haber														Carl	Bosch							1911-1913	



World	War	II	



Green	revolu6on	
Norman	Borlaug	
1914-2009	



Human	Reproduc6on	
Control	



GMOs	



IT	



The	world	is	
changing…..	

Neanderthal	meets	Cro-Magnon,	
~50,000	BCE	



THE	WORLD	IS	CHANGING………	
	

In	the	last	~100	years,	humankind	has	commited	to	an	
industrialized,	energy-intensive,	technology-facilitated	food	
system.		That	has	been	made	possible	by	low-cost	fossil-fuel	
energy,	applied	in	abundance	
	

In	that	century,	the	human	popula6on	has	grown	from	1.6	to	7.3	
billion,	and	is	now	predicted	to	reach	11	billion	before	declining	
birth	rates	lead	to	a	stable,	or	even	shrinking,	human	popula6on.		
	

Half	of	those	7.3	billion	people	now	live	in	ci6es;	that	%	will	
increase	
	



WE CAN’T GO BACK
In 1900, the world supported 1.6 billion people. Futurists of the time agreed 
that the carrying capacity of Earth was not more than 2.5 billion. Today, we 
feed 7.3 billion people, more calories/person than in 1900, higher in the food 
chain, and on less cultivated land.  We have accomplished that thanks to 1) 
Haber-Bosch, 2) Norman Borlaug, and 3) fossil hydrocarbons
To return to traditional agriculture will require that >3 billion people starve
And 60% of those who survive must return to manual tillage of the soil
In contemporary subsistence-agriculture societies, neonatal mortality is 
~50% and life expectancy is ~40 years
No Smartphones, no internet, no NFL, no oranges in NYC in January, no 
Upenn, no Novocaine….

Ain’t gonna happen…..



We	require	unsustainable	prac6ces	to	feed	the	
people	now	on	Earth.	
	

We	can	realize	very	substan6al	reduc6on	in	
resource	use	(and	mis-use)	by	improving	
efficiencies	of	current	systems.	
	

We	can	feed	11	billion	people	
	

We	will	s6ll	be	far	from	“sustainability”.	



Medford	NJ	
Environmental	
Planning	Study,	
1971-1972	 Atco,	NJ	

Medford	Lakes	



Medford	NJ	
Environmental	
Planning	Study,	
1971-1972	 Atco,	NJ	

Medford	Lakes	

1986	
Blueberry	
Princess	



Stage 1:  Stream valley in Pine Barrens

Stage 2:  Bog-iron-ore excavation
Stage 3:  Cranberry bog

Stage 4:  Lakes in 2nd-home developments;
       too much lawn fertilizer = 
       eutrophication

Stage 5:  Remedial dredging;
       residents collected
       dredge spoil for NJ
       tomatoes   

1	

2-3	

4	

5	



Rabat	

Casablanca	

Morocco,	2010	



Rabat	

Casablanca	

Morocco,	2010	



Milorganite	(since	1926)	

Philorganic	(ca	1972)	
	

Because	Philadelphia’s	old	waste-
disposal	system	included	both	CSO	
and	industrial	effluent,	the	sludge	
produced	at	Philadelphia’s	waste-
water-disposal	plant	was	not	suitable	
for	soil	applica4on	

A	Modest	Beginning:	



Another	small	step:	

Windhoek,	Namibia	

Singapore	



UNEP	2016	



Today,	an	es6mated	80	per	cent	of	global	wastewater	is	being	discharged	untreated	
into	the	world’s	waterways.	

….. if properly managed, wastewater could be a source of water, energy, 
fertilizer and other valuable materials and services. Each year, for 
instance, approximately 330 km3 of municipal wastewater are generated 
globally. A recent study showed that resources embedded in this 
wastewater would be enough to irrigate and fertilize millions of hectares 
of crops and produce biogas that could supply energy for millions of 
households.

ECONOMIC	VALUATION	OF	WASTEWATER	
THE	COST	OF	ACTION	AND	THE	COST	OF	NO	ACTION	

ECONOMIC	VALUATION	OF	WASTEWATER:	The	cost	of	ac4on	and	the	cost	of	no	ac4on:	UNEP	2015	



Since	~1945,	the	combina6on	of	agriculture,	the	food	
industry,	and	wastewater	treatment	has	produced	a	giant	
pump	that	flushes	plant-essen6al	nutrients	out	of	
bedrock,	out	of	soil,	through	plants,	people,	and	other	
animals,	and	out	to	sea.	
	
To	feed	11	billion	people	by	2100,	we	must	learn	to	reverse	
that	flow.	



H2O,	CO2,	N2	

mineral	
nutrients	

H2O	

plant-essen4al	nutrients	

bedrock	
fer6lizer	

to	sediment	

P	(fish)	



For generations, we have thought of wastewater as:
WASTE water

We have been successful in our efforts to treat and dispose of 
wastewater in a way that protects Public Health in the West. We 
have not extended that success to the developing world
Now we must think of wastewater as a RESOURCE
We will not feed 11 billion people with an industry that manages 
nutrient resources so inefficiently

SDG	6:	Ensure	access	to	water	and	sanita6on	for	all	
	

PROPOSED	SDG	18:	Preserve	essen4al	plant	nutrients	for	all	



Grow food where the water is – reform irrigation technology;
move food, not water 

Apply:  1) fertilizer only as utilized by crops; recycle nutrients; 
    2) pesticides, herbicides only as needed 

Protect soils from erosion
Recycle sewage as irrigation and drinking water, and as biosolids
Close most of global ocean to fishing until fisheries recover; 

replace by aquaculture  
Recycle nutrients between hydroponics and aquaculture 
Use gene manipulation to further increase agricultural yields, 
  reduce loss to pests, enhance photosynthetic efficiency
Reduce waste late in the food-production process 
Eat plankton, insects

Global	strategies	to	conserve	essen6al	plant	nutrients:	



Bon	appé4t	



Wallace	MacRae	
	
The	“Cowboy	
Curmudgeon”	
	
“Reincarna6on”		1992	



 
 
 
 
 
 
 
 
 
 
 
 
 
 

Reincarnation 
 
"What does Reincarnation mean?" 
A cowpoke asked his friend. 
His pal replied, "It happens when 
Yer life has reached its end. 
They comb yer hair, and warsh 
yer neck, 
And clean yer fingernails, 
And lay you in a padded box 
Away from life's travails." 
 
	

"The box and you goes in a hole, 
That's been dug into the ground. 
Reincarnation starts in when 
Yore planted 'neath a mound. 
Them clods melt down, just like yer 
box, 
And you who is inside. 
And then yore just beginnin' on 
Yer transformation ride." 
 
"In a while, the grass'll grow 
Upon yer rendered mound. 
Till some day on yer moldered grave 
A lonely flower is found. 
And say a hoss should wander by 
And graze upon this flower 
That once wuz you, but now's 
become 
Yer vegetative bower." 
 
"The posy that the hoss done ate 
Up, with his other feed, 
Makes bone, and fat, and muscle 
Essential to the steed, 
But some is left that he can't use 
And so it passes through, 
 
"	

And finally lays upon the ground 
This thing, that once wuz you.” 
 
“Then say, by chance, I wanders 
by 
And sees this upon the ground, 
And I ponders, and I wonders at, 
This object that I found. 
I thinks of reincarnation, 
Of life and death, and such, 
And come away concludin':  
 
'Slim, You ain't changed, all that 
much.'" 
		
	

©	Wallace	McRae,	1992,		
	Cowboy	Curmudgeon,			
Gibbs	Smith,	Publisher		





essen4al	plant	nutrient	



Metal	tools	


