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‘How important is AD-N as a "new” N source?

* What are the origins & chemical forms of AD-N?
» What are the ecological impacts on specific coastal ecosystems?

* What are the spatio-temporal issues for monitoring and assessment?
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“ Estimated contributions of AD-N* to ""'new" N inputs in
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estuarine, coastal and open ocean waters

Elmgren et al. 2001
Holland et al. 1999
Martin et al. 1989
Valiela et al. 1996
Nixon 1995

L. I. Sound Study 1996
\aligura et al. 1996
Moser et al. 2002
Castro et al. 2002
Correllfand Ford 1982
Whiitall et al 2003
Paerl et al. 2002
Salasota Bay NEP 1906
Goplshy et all 2000

*|ncludes estiimates of Wet and dry deposiition, INerganics and erganics



Why The Ecological Concern About AD-N in Coastal Waters?

eMany of these N-sensitive eutrophying waters waters are currently impacted by AD-N




Example: The Neuse R. Estuary-Pamlico Sound
Excessive  loading — eutrophication —

hypoxia — WQ/habitat decline

Flum ldand LTER
Chesapoake Hay
Warunie £ Pamil oo

Norith Inlet

UNC-IMS

Neuse ModMon
DUML
NOAA/NOS

DOT Ferry Routes

=

e R Modeling & Monitoring Program (ModMon)
WWW.Imarine.unc.edu/neuse/modmon

Partners: UNC, ECU, Duke, NCSU;, USGS, NCDENR, EPA,

Collaborators: NOAA-NOS, NASA, NADP, \Weyerhaeuser

Neus



RUNoT (eExcitding AD=N)anay oo" I SOUKCe Valles
om Dedd et ail 1992,
AID-IN"vased on / alfly/ aVErages
from 19896-1998 0ata; frem \Wiltalifet alt, 2005



Total AD-N for Neuse R. Estuary

Wet Organics* Based on yearly averages
from 1996-2002 data

*Whitall et al. 2003
*Walker et al. 2004

Dry NH,*

Wet NO,
Wet NH,*

Dry Organics???
Dry NOy

“ Estimate based on previous studies and limited data from this study;
wet organics comprise approx. 209 of total wet N deposition



In Eastern NC, estuarine and coastal waters are getting more
ammonium-rich. Why?




An possible increase in hypoxia may be one
reason

Data Sources: ModMon Project: & NC DENR-DWQ®
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Fish kill data base: http://www.esb.enr.state.nc.us:80/Fishkill/fishkillmain.htm
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Where are the hogs relative To Tne IN sensitive waters:

—— County line
=mmm eyse River Basin

Number of Hogs

[ 1 <1000

(1 1000-9999
] 10000-34999
B 35000-99999

B >100000 prevailing wind direction
(from National Climatic Data Center)
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Why the Ecological Concern About
Ammonium?

Not all ferms; off N are usediequally.

INH g+ Vs: NOzaVs: @rganiciN



Ammonium is a

preferred N source by

phytoplankton
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Looking into the : phytoplankton taxonomic group
responses to specific forms of = enrichments by
HPLC-ChemTax Analysis

pigment

| concentrations
\, [:E H |
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Bogue Sound Bioassay August, 1996
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Scaling up to the Ecosystem

Nutrient and
Hydrologic drivers

PHYTOPLANKTON
COMMUNITY

}

FORM of Limiting Nutrient
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Nutrient Ratios, Residence Time

Linkages Between Nutrient Inputs, Hydrology,
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Hypoxia and Fisheries Habitat

“‘----.....'.
o* %e
. R
o -
R .
#0 “
L4 s
L4
‘ OoXIC
n CONDITIONS
Grazing and . DECREASED
Water Column O, Depletion ™ ]
Carbon Recycling Potentials Mixing
‘0‘ > PHYSICAL
¢ | CONTROLS
Carb A INCREASED Stratification
arbon *® >
Deposition “‘ O, Depletion {}
(POC) . Potentials

A am
am
an Grazed
sssssgqd Phytoplankton
u Species
[ ]
[ ]
[ ]
- Nuisance / Toxic
- Phytoplankton
A o Species
Some Dinoflagellates
Cyanobacteria

Decomposition of POM

Nutrient Regeneration 1 ‘e, R
L 4
0. - “

“ HYPOXIA
‘. ANOXIA F’




Seasonal Variability in ADN Is also important
10 NRE Sites Pooled
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Atmospheric N inputs can bypass the estuarine N “filter”
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PRINCIFAL OXIDIZED NITROGEN AIRSHEDS FOR:
NARRAGANSETT BAY, CHESAPEAKE BAY,
PAMLICO SOUND, TAMPA BAY, MOBILE BAY,

KE PONTCHARTRAIN

The Airshed Scale: Bypassing the
Estuarine Filter & Influencing the
Coastall Zone
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Relative Importance of AD-N Flux to the
Annual N Budget of NC Coastal Waters

Direct Deposition
of AD-N to Coastal
Waters

(903 kg N/km?/yr)

Land Based N Flux
to Coastal Waters
(1877 kg N/km?/yr)

Land Based DIN Flux values for Southeastern U.S. region
Include AD-N deposition to land (Howarth et al. 1996),

AD-N values from UNC-IMS 1990-2000 data
(DIN+DON; where DON is estimated at 20% of DIN flux)



Spatial and temporal Issues: Implications for Monitoring
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TOTAL OXIDIZED NITROGEN TOTAL REDUCED NITROGEN
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Ammonia Deposition: 36—-km CMAQ

July 2001
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Nitric Acid Deposition: 36—-km CMAQ
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Ammonia Deposition: 12-km CMAQ
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Spatial Heterogeneity of AD-N in the Neuse-Pamlico Sound System
Take-home message: 12-36 km grid is highly relevant

Annual Atmospheric N Deposition

New Bern Pamlico Beaufort Cedar Island
Site

20km



Conclusions 9
/)4

- AD-N is a significant source of N enrichment to
coastal waters downwind of sources.

- AD-N impacts production and composition of
phytoplankton. AD-N plays a role in
eutrophication dynamics of these waters.

> Chemical forms of AD-N are important and
ammonium is of' growing concern

> Spatial heterogeneity is important;, from both
monitoring and ecological effects perspectives

> Impac#tsi and' management: of AD-IN! should
include local, regional, and global scales
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