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What we breathe:
• 78% nitrogen (N2)
• 21% oxygen (O2)
• 1% argon (Ar)
• ~% water vapor (H2O)
• 380+ ppm carbon dioxide (CO2) – naturally 200-300
• 18 ppm neon (Ne)
• 1.8 ppm methane (CH4) – natural was 0.7
• 1 ppm krypton (Kr)
• 0.5 ppm hydrogen (H2)
• 0.32 ppm nitrous oxide (N2O) – natural was 0.27
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Locally elevated gasses:

• Ozone – 75 ppb is 8 hour Federal standard
• NOx (NO and NO2) – 53 ppb annual US

– Brown, leads to secondary (fine) aerosol and ozone

• NH3

– Odor, leads to secondary (fine) aerosol

• VOCs (hundreds of compounds in ppb range)
– Leads to ozone and secondary (fine) aerosol

• CFCs



Aside from N-containing VOCs:

• N2

• NH3

• NO and NO2 (interchanged by sun/ozone)
• N2O – the #3 greenhouse gas

• Plus the aqueous ion ‘siblings’:
– NH4+ and NO3-/NO2-



‘fixation’ N 2 � NH3
‘denitrification’ NO3- � N2
(NH3 � NO3- is oxidation)

These are natural processes, 
but elevated by human activity, 

especially since the industrial revolution



The Haber process now 
produces 100 million tons of 
nitrogen fertilizer per year, 

mostly as anhydrous ammonia, 
ammonium nitrate and urea. 

Estimated to consume 
~1-2% of humans’ annual energy use



Simple N-molecules in the air, 
with oxidation state of N in [brackets]

N2[0]

NH3[-3] N2O[+1] NO[+2] NO2[+4] HNO3[+5]

^^^^^^^^
NOx=NO+NO2

(others include nitro-compounds, nitrates, 
PANs, etc..) 



Simple N-molecules 
in the soil and groundwater

(also a wide variety of organoN compounds) 

NH3 and NH4+
N2

N2O
NO 

NO3- and NO2-
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Ecological
Applications
1997

• Doubled the rate of N flow
• Increased N2O
• Greatly increased N to waters
• Contributed to acidification (HNO3)
• Caused loss of K, Ca, other nutrients
• Increased quantity of organic carbon
stored within terrestrial ecosystems
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Soil microbes take up N2, but also NO, NO2, N2O, and others.

Of course, they also emit.



Groundwater studies
– active area of 
current research.





Modelling the complete C, N input-output cycle for GHGs.
(Agriculture, Ecosystems, & Environment 2006 Olesen et al)



Compared GHG emissions relative to land area, milk volume, 
….but the best summary is by energy value of product:

This is an
excellent
predictor!

(Agriculture, Ecosystems, & Environment 2006 Olesen et al)



GHG emissions 
per energy value 
of product are 
optimized by 
increasing Farm 
N efficiency:



To minimize GHG 
per unit of product energy…

Maximize N utilization efficiency:
Output/Input >20% is very good.




