What we breathe:

78% nitrogen (N,)
21% oxygen (O,)
e 1% argon (Ar)
* ~% water vapor (H,0)
Peter Green, Ph.D * 380+ ppm carbon dioxide (CO,) — naturally 200-300
University of California, Davis ¢ 18 ppm neon (Ne)
e 1.8 ppm methane (CH,) — natural was 0.7
e 1 ppm krypton (Kr)

Nitrogen: From the Atmosphere
to the Dairy and Back Again

* 0.5 ppm hydrogen (H,)
* 0.32 ppm nitrous oxide (N,0) — natural was 0.27

Locally elevated gasses:

¢ Ozone — 75 ppb is 8 hour Federal standard
NO, (NO and NO,) — 53 ppb annual US
— Brown, leads to secondary (fine) aerosol and ozone
* NH;
— Odor, leads to secondary (fine) aerosol

¢ VOCs (hundreds of compounds in ppb range)

150 + a,':::n]"guse — Leads to ozone and secondary (fine) aerosol
100 .

s | Potential ° CFCS

o |
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Aside from N-containing VOCs:
‘fixation” N, = NH,
‘denitrification” NO5;- = N,
(NH; = NO,- is oxidation)

s N,
* NH,
* NO and NO, (interchanged by sun/ozone)
* N,O —the #3 greenhouse gas
These are natural processes,
* Plus the aqueous ion ‘siblings’: but elevated by human activity,
— NH,+and NO;-/NO,- especially since the industrial revolution
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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 soil and groundwater
(also a wide variety of organoN compounds)

NH; and NH,+
N,
N,O
NO

NO,- and NO,-

Ecological
Applications
1997

* Doubled the rate of N flow

* Increased N,O

® Greatly increased N to waters

e Contributed to acidification (HNO;)

e Caused loss of K, Ca, other nutrients
¢ Increased quantity of organic carbon
stored within terrestrial ecosystems

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

N,[0]
NH;[-3] N,O[+1] NO[+2] NO,[+4] HNO;[+5]
PAVAVAVAYAYAYAVAN

NO,=NO+NO,

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

ECOIOgiCal HUMAN ALTERATION OF THE GLOBAL NITROGEN CYCLE:
SOURCES AND CONSEQUENCES
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Soil Microorganisms as Controllers of Atmospheric Trace Gases
(H,, CO, CH,. OCS, N,0, and NO)
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Groundwater studies Environ, Sci. Technal. 2007
— active area of |
current research.  Saturated Zone Denitrification: ol
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Chewical S¢

We present results from field studies at two central
California dalnes that rfemnnstrale the prevalence of
saturated-2one denitri with *H/
*He apparent ages of <35 \fears Concentrated animal
feeding operations are suspected to be major contributors
of nitrate to groundwatar, but saturated zone denitrification
could mitigate their impact to groundwater quality.

Modelling the complete C, N input-output cycle for GHGs.
(Agriculture, Ecosystems, & Environment 2006 Olesen et al)
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Flows of C and N :n 3ad ou of the 1otal model farm syciem and betueen compartmerts within the system reprecented in FarmGHG.

Soil microbes take up N,, but also NO, NO,, N,0, and others.

Of course, they also emit.
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Modelling greenhouse gas emissions from European
conventional and organic dairy farms
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Abstract

Agriculiure s 2n important contributor 1o global sons of (GHG for methane (CH,) and de
(N:0). Emissions from farms with 2 stock of ruminast animals are particularly Bigh dse to CH, emissions fram enteric fementatoa and
manure handling, 1ad due 1o the intensive nitrogen (N) cycle on such farms leadiag 1o direct and indirect N,O emissions. The whole- farm
model, FarniGHG, was desigaed to quantify the flows of carbon (C) and ritrogen (N} on dairy Farms. The aim of the model was 1 allow

of effects of practices opsions ca GHG The model provides assessments of emissions
froem both the production umit aad the pre-chains. However, the model dazs not quantify Ln.—mg, in soil C sorage.

Model cairy farms ithin fi logical zones for e: 1 systeens. The model farms

Compared GHG emissions relative to land area, milk volume,
....but the best summary is by energy value of product:
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(Agriculture, Ecosystems, & Environment 2006 Olesen et al)
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Ozone Model Response At Arvin Monitor Site to
Reductions in 2020 VOC and NOx Emissions
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i location, attainment
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To minimize GHG
per unit of product energy...

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