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Nitrogen deposition in Rocky

e Overall nitrogen deposition IS increasing.

e NO; (combustion sources) makes up >50%.
e NH, (agricultural sources) is increasing rapidly.
e Local and regional sources contribute to both.

e Local sources may contribute more during
spring and summer.
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Total NO, emissions

Emissions Distribution Map — Criteria Air Pollutants
United States

-- includes mobile and non-point sources
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Percent change in NO;™ In wetfall

Trend Significance
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Trends in NO3 Concentrations in Precipitation, 1994-2003
FY2004 Annual Performance Report for NPS Government Performance and Results Act (GPRA)
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Total NH; emissions

Emissions Distribution Map — Criteria Air Pollutants
United States

Yo oan 2t S

-- includes mobile and non-point sources

1999 County Emissions Density (Tons per sq.mi.) of Ammonia

0 >0-0.57 0.5/7/-0.86 0.86—-1.7

1.7=2.9 - 2.9=4.3 E 4,54

Source: US EPA Office of Air and Radiation, NEI Database Monday, May 17, 2004

2USGS



Ammonium lon Concentrations
1985-2001

/84//85[/86/ 87 88 89 90 91 92 93 94 95 96 97 98 99 00 01

Mational Atmospheric Deposition Program / National Trends Network




Ammonium lon Concentrations
1985-2001

/85//86(/87/ 88 89 90 91 92 93 94 95 96 97 98 99 00 01

Mational Atmospheric Deposition Program / National Trends Network



Ammonium lon Concentrations
1985-2001

85 /86//87[/88/ 89 90 91 92 93 94 95 96 97 98 99 00 Of

Mational Atmospheric Deposition Program / National Trends Network




Ammonium lon Concentrations
1985-2001

85 86 /87//88//89/ 90 91 92 93 94 95 96 97 98 99 00 0Of

Mational Atmospheric Deposition Program / National Trends Network



Ammonium lon Concentrations
1985-2001

)

85 86 87 /88//89[/90/ 91 92 93 94 95 96 97 98 99 00 0Of

Mational Atmospheric Deposition Program / National Trends Network



Ammonium lon Concentrations
1985-2001

85 86 87 88 [89f9a]/91/ 92 93 94 95 96 97 98 99 00 01

Mational Atmospheric Deposition Program / National Trends Network



Ammonium lon Concentrations
1985-2001

)

85 86 87 88 89 [90/[91//92] 93 94 95 96 97 98 99 00 Of

Mational Atmospheric Deposition Program / National Trends Network



Ammonium lon Concentrations
1985-2001

85 86 87 88 89 90 [91/[92]/93] 94 95 96 97 98 99 00 01

Mational Atmospheric Deposition Program / National Trends Network



Ammonium lon Concentrations
1985-2001

)

85 86 87 88 89 90 91 [92//93//94/ 95 96 97 98 99 00 of

Mational Atmospheric Deposition Program / National Trends Network



Ammonium lon Concentrations
1985-2001

)

85 86 87 88 89 90 91 92 [93/[94//95/ 96 97 98 99 00 of

Mational Atmospheric Deposition Program / National Trends Network



Ammonium lon Concentrations
1985-2001

)

85 86 87 88 89 90 91 92 93 [94/[95//96/ 97 98 99 00 of

Mational Atmospheric Deposition Program / National Trends Network



Ammonium lon Concentrations
1985-2001

)

85 86 87 88 89 90 91 92 93 94 [95//96(/97/ 98 99 00 01

Mational Atmospheric Deposition Program / National Trends Network



Ammonium lon Concentrations
1985-2001

85 86 87 88 89 90 91 92 93 94 95 [96//97[/98/ 99 o0 of

Mational Atmospheric Deposition Program / National Trends Network



Ammonium lon Concentrations
1985-2001

85 86 87 88 89 90 91 92 93 94 95 96 /97//98//99/ 00 01

Mational Atmospheric Deposition Program / National Trends Network



Ammonium lon Concentrations
1985-2001

85 86 87 88 89 90 91 92 93 94 95 96 97 [98//99[/0o/ o1

Mational Atmospheric Deposition Program / National Trends Network



Ammonium lon Concentrations
1985-2001

85 86 87 88 89 90 91 92 93 94 95 96 97 98 [99//og//o1/

Mational Atmospheric Deposition Program / National Trends Network



Ammonium lon Concentrations
1985-2001

W
x
85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 [o0/jo1f/0z] ﬂ"‘ *\.ﬂ‘g

Mational Atmospheric Deposition Program / National Trends Network



Ammonium lon Concentrations
1985-2001

/84//85[/86/ 87 88 89 90 91 92 93 94 95 96 97 98 99 00 01

Mational Atmospheric Deposition Program / National Trends Network




Ammonium lon Concentrations
1985-2001

85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 oo/[o1f/oz/

Mational Atmospheric Deposition Program / National Trends Network

=~ USGS



Percent change in NH4+ in wetfall
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Trends in NH4 Concentrations in Precipitation, 1994-2003
FY2004 Annual Performance Report for NPS Government Performance and Results Act (GPRA)
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Snowpack yJorens

Snowpack Sites Sampled Annually During
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Nitrate in
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Annual VWM Inorganic N conc. in wetfall
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»10-year mean DIN concentration (NO3 + NH4)
»NADP sites in Colorado and Wyoming > 2400m elevation
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- from NADP/NTN database
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Composition of N deposition for 1999—2001

ROM406

Dry NO3
0.97%

Wet NH4
37.86%

Source: CASTNETMNADP=NTN Only complde years are shown




Nitrogen concentrations in wetfall
by season

RMNP Loch Vale NADP
1994-2003 mean concentrations
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Ailrflow Into Colorado
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Bear Lake, Rocky Mt. Natl. Park
Bulk precipitation event samples

23 April 1999 29 April 1999
5.7 cm precip 4.2 cm precip

10.1 pmol/I DIN (NH4™ + 32.5 umol/l DIN (NH4* +
NO3) NO3")

NOAA AIR RESOURGES LABORATORY
Backnard Trajectories Ending- 16 UTC 23 APR 99

NOAA AIR RESOURGES LABORATORY
Backward Trajectories Ending- 16 UTC 29 APR 99
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Sources of nitrogen emissions in Colorado

Colorado Population, 1940 to 2025
HOG AND PIG INVENTORY
Colorado, December 1, 1982-97
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Source: U.S. Census Bureau, March 2001
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Source attribution using naturally occurring,

stable isotopes of nitrogen compounds.

» Provide capability of
distinguishing between major
source categories of
emissions.

> 3isotopes in NO;: °N, 180, 17O
» 15N in NH,*

» Recent advances in
methodology expand
possibilities.
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Montana .

d15N of Seasonal
Snowpack
1994-2001

Campbell and Kendall,
unpub. data
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Nitrogen deposition in Rocky

Overall nitrogen deposition IS increasing.

NO; (combustion sources) makes up >50%.
NH, (agricultural sources) is increasing rapidly.
Local and regional sources contribute to both.

Local sources may contribute more during
spring and summer.

Next steps?

- Integrated modeling and monitoring studies of air
quality + deposition, incorporating natural tracers to
iIdentify source categories.
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