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NADP Annual Meeting and Scientific Symposium 

South Portland, ME 


October 2-5, 2012 


Tuesday, October 2, 2012 	 Room Location 

Opcn All Day 	 Registration Dcsk West Foyer 

8:30 a.m. - 9:45 a.m. 	 Joint Subcommittee Mceting Lighthouse A 

9:45 a .m. - 10:00 a.m. 	 Break West Foycr 

10:00 a.m. -	 12:00 noon Subcommittee Meetings 
Network Operations Lighthousc A 
Data Management & Analysi s Breakwatcr 
Ecological Response and Outreach Monhegan 
Critical Loads Wha\eback 

12:00 noon - I :30 p.m. 	 Lunch - On your own 

I :30 p.m. - 3:30 p.m. Joint Subcommillee Meeting Lighthouse A 
FOCUS (meets until 4:00 p.m .) Monhegan 

3:30 p.m. - 3:45 p.m. 	 Break West Foyer 

3:45 p.m. - 6:00 p.m. 	 Executive Committce Meeting Lighthouse B 

6:00 p.m. - 7:00 p.m. 	 Dinner on your own 

7:00 p.m. -	 9:00 p.m. Sub Committec on Urban Atmospheric Monhegan 
Monitoring 

Wednesday, October 3, 2012 	 Room Location 

Open All Day 	 Registration/O tTice West Foyer 

8:30 a.m. - 9:30 a.m. Welcome, Program Office Report Lighthouse Ballroom 
Awards and Announcements 
Andy Johnson: NADP Vice Chair. Symposium Chair 

Maine DEP, 13ureau or Air Quality 
David Gay : NADP Coordinator 
Kathleen Weathers: NADP Chair 

Cary Institutc or Ecosystem Studies 
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Wednesday, October 3,2011 Room Location 

Lighthouse Ballroom 

9:30 a.m . - 10:00 a.m. Break 

Technical Session I: 	 Acidic Deposition 
Session Chair: Richard Grant. Purdue University 

10:00 a.m. -	 10:15 a.m. Early Indications of Soil Rccovery from Acidic Dcposition 
in U.S. Red Spruce Forests 
Gregory 13. Lawrence. U.S. Geological Survcy 

10: 15 a.m. - 10:30 a.m. Simulating the response of eight forested lake-watersheds 
in the Adirondacks region of New York to acid deposition 
Ilabibollah Fakhrai. Syracuse University 

10:30 a.m. - 10:45 a.m. Recovery from chronic and snowmelt seasonal acidification 
at the I-Iubbard Brook Experimental Forest: Long-term 
trends in stream and soil water chemistry 
Colin 13. Fuss. Syracuse University 

10:45 a.m. -	 II :00 a.m. Stream ChemistI')' and Sensitivity to Acid Deposition along 
the Appalachian Trail 
Doug Burns. U.S. Geological Survcy 

Technical Session 2: 	 Critical Load 
Session Chair: Greg Lampman, NYSERDA 

II :00 a.m. - II: 15 a.m. Coml>arison of surface water critical loads of acidity with 
modeled and measured deposition in the United States 
Krish Vijayaraghavan. ENVIRON International Corporation 

II: 15 a.m. - II :30 a.m. Critical Loads Approach to Ecosystem Services 
Tim Sullivan, E&S Environmental Chemistry, Inc. 

II :30 a.m. - II :45 a.m. Refining empirical critical loads for nutrient nitrogen: 
Northeastern pilot study. 
Claire O ' Dea. US Forest Service 
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Wednesday, October 3, 2012 Room Location Wednesday, October 3,2012 Room Location 

Lighthouse l3allroom 

Critical Load (continued) 

Session Chair: Greg Lampman, NYSERDA 


Critical thresholds of atmosllheric deposition in view of 

changing climatic conditions 

Salim Belyazid, I3CC-AB, Sweden 


Lunch on your own 

IIrban Atmospheric Deposition 

Session Chair: Rich Pouyat, USDA rorest Service 


MercNet: A National Mercu!")' Monitoring Network 

David Evers, 


CMAQ estimates of deposition to urban area in the liS: 

Current approaches and future challenges 

Donna B. Schwede, US Environmental Protection Agency 


Pattern and Proccss in Atmospheric Deposition in 

Heterogeneous II rban Environments 

Tom 1-1 . Whitlow. Cornell University 


Assessing urban influences on ecosystems and the 
atmospheric 
Lucy I-Iutyra, 130ston University 

Effects of urbanization and tree species composition on 

nitrogen deposition and leaching 

Pamela Templer, Boston University 


Atmospheric nitrogen deposition in arid Phoenix, Arizona is 
lower than expected: Findings from a methods comparison 
Elizabeth M. Cook, Arizona State University 

110m 

Break 
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Technical Session 2: 

11:45 a.m. - 12:00 p.m. 

12:00 p.m. - I :30 p.m. 

Technical Session 3: 

I :30 p.m. - I :45 p.m. 

I :45 p.m. - 2:00 p.m. 

2:00 p.m. - 2: 15 p.m. 

2: 15 p.m, - 2:30 p.m. 

2:30 p.m. - 2:45 p.m. 

2:45 p.m. - 3:00 p.m. 

3:00 p.m. - 3:15 p.m. 

3: 15 p.m. - 3:30 p.m. 

Technical Session 4: 

3:30 p.m. - 3:45 p.m. 

3:45 pm. - 4:00 p.m. 

4:00 p.m. - 4: 15 p.m. 

Technical Session 5: 

4: 15 p.m. - 4:30 p.m. 

4:30 p.m. - 4:45 p.m. 

4:45 p.m. - 5:30 p.m. 

5:30 p.m. - 8:00 p.m. 

Thursday, October 4,2012 

Open All Day Registration/OfTice 
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Lighthouse Ballroom 

Agricultu re/Ammonia 
Session Chair: Wayne Rob<lrgc 
North Carolina State University 

An improved high-spatial resolution inventory for 
ammonia emissions from agricultural fertilization 
Srinidhi Balasubramanian, University or Illinois 

Ammonia emissions from hog farrow-to-wean waste 
lagoons 
Richard 1-1. Grant. Purdue University 

IItilizing the nitrogen isotopic composition of ammonia to 
investigate regionaltranspol't of ammonia emissions: 
o'5N-N1-f3 values at AMoN sites 
J. David Felix. University or Pittsburgh 

Better Measurements and Techniques 
Sess ion Chair: Dirk Felton 

Development of the Next Generation of Flux Measurement 
Tools 
Berkley B. Almand, University of Colorado 

Using measurements and model simulations to understand 
the cause of the seasonal variation in the oxygen isotopic 
composition of precipitation along the western liS coast 
Nikolaus H. Bucnning. University or Southern California 

Break 

Poster Session and Reception West Foyer/Sebago 

Room Location 

Registration/OtTice 



Thursday, October 4, 2012 Room Location 

Lighthouse Ballroom 

8:30 a.m. - 8:45 a.m. Opening remarks, announccments and overview of Day 2 
Andy Johnson. NADP Vice Chair. 
Maine DEP, Bureau of Air Quality 

Technical Session 6: Nitrogen Deposition 
Session Chair: Bill Thompson 
Pcnobscot Indian Nation 

8:45 a.m. - 9:00 a.m. Chemical Transport Modeling of Nitrogen Deposition in the 
Western U.S.: A National Park Perspective 
Michael Barna, National Park Service 

9:00 a.m. - 9: 15 a.m. Nutrient Criteria Development for Sierra Nevada Lakes 
Andrea 1·leard. University of California, Riverside and National 
Park Service 

9: 15 a.m. ­ 9:30 a.m. Initial Findings from GrandTReNDS: The Grand Teton 
Reactive Nitrogen Deposition Study 
J. L. Collett. Colorado State University 

9:30 a.m. - 9:45 a.m. Application of USEPA's Watershed Deposition Tool to 
Estimate Atmospheric Deposition of Nitrogen to the Indian 
River Basin, Florida 
Noreen D. Poor, Kivmctrics, LLC 

9:45 a.m. ­ 10:00 a.m. Using National Trends Network Oata to Assess Nitrogen 
Deposition in a Ncar-Coastal Environment: Marine Corp 
Base Camp Lejeune (MCBCL), Jacksonville, NC 
Wayne P. Robarge. North Carolina State University 

10:00 a.m. ­ 10: 15 a.m. Break 

Technical Session 6: Nitrogen Deposition (cont) 
Session Chair: Bill Thompson 
Penobscot Indian Nation 

10:15 a.m. ­ 10:30 a.m. State-Level Oxidi1.ed Nitrogen Source Attribution from 
CMAQ for the Chesapeake Bay TMDL I'rocess to Support 
Air-Water Trading 
Robin Dennis. U.S. Environmental Protection Agency 
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Thursday, October 4,2012 Room Location 

Lighthouse Ballroom 

10:30 a.m. - 10:45 a.m. Examination of Aquatic Acidilication Index (AAI) 
component variability and implications for charaeteri1.ing 
atmospheric and biogeochemical nitrogen processes. 
Richard Schcfle. U.S. Environmcntal Protection Agency 

Technical Session 7: Understanding Total Deposition of Nitrogen & Sulfur 
Session Chair: Tom Butler 
Cornell Univcrsity 

10:45 a.m. ­ II :00 a.m. New York's plan to enhance the pilot monitoring project to 
inform the next review of the secondary standards for 
oxides of nitrogen and sulfur 
Greg Lampman. New York State Energy Research and 
Development Authority 

II :00 a.m. ­ II: 15 a.m. Transference Ratios to Predict Total Oxidi1.cd Sulfur and 
Nitrogen Deposition 
Joseph Sickles. US EPA 

II: 15 a.m. ­ II :30 a.m. Evaluation and Variability of Chemical Transport Models 
Sulfur and Nitrogen Compound Deposition and Ambient 
Concentration Estimates 
Eladio Knipping. Electric Power Research Institute (EPRI) 

II :30 a.m. ­ II :45 a.m. Measurement of air-surface exchange of speciated nitrogen 
and sulfur compounds using a modified MARGA 2S: 
Assessment and control of data quality 
Ian C. Rumsey. U.S. Environmental Protcction Agency 

11:45 a.m . ­ 12:00 p.m. Measurement of ail'-surface exchange of spcciatcd nitrogen 
and sulfur compounds using a modified MARGA 2S: 
Concentrations and nuxes above a grass field 
John T. Walker. U.S. Environmental Protection Agency 

12:00 p.m. -	 12: 15 p.m. Assessment of I.ong-term Monitoring of Nitrogen, Sulfur, 
and Mercury Deposition and Environmental Effects in New 
York State 
Carrie R. Levine. SUNY College of Environmental Science and 
Forestry 

12: 15 p.m. - I :45 p.m. 	 Lunch on your own 
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Thursday, October 4, 2012 Room Location 

Lighthouse Ballroom 

Technical Session 8: Mercury 
Sess ion Chair: Barry Mower 
Maine DEP 

I :45 p.m. -	 2:00 p.m. Mercury wet deposition to a remote island in the west 
Pacific Ocean and a high-ele,·ation site in central Taiwan 
Guey-Rong Sheu, National Central University 

2:00 p.m. - 2: 15 p.m. RAMIX - A Step towards Understanding Atmospheric 
Mercury Chemistry and Tekran® Observations 
Mae Sexauer Gu~tin . University of Nevada-Reno 

2: IS p.m. - 2:30 p.m. A novel approach: Using financial market technical 
indicators to assess temporal trends in mercury deposition 
and concentrations 
Amout ter Schure. Electric Power Research Institute 

2:30 p.m. -	 2:45 p.m. Investigating sources of gaseous oxidi7.ed mercury in dry 
deposition at three sites across Florida, USA 
Mae Sexauer Gustin, University of Nevada - Reno 

2:45 p.m. -	 3:00 p.m. Compar'ing 6 years of event-based rainfall deposition of 
mercury, trace metals, and major ions collected close to a 
coal-fired power plant with nearby NADP/MDN sites. 
Arnout tel' Sehure. Electric Power Research Institute 

3:00 p.m. - 3: 15 p.m. 	 Break 

Technical Session 8: 	 Mercury (continued) 
Sess ion Chair: Barry Mower 
Maine DEP 

3: 15 p.m. - 3:30 p.m. Aquatic Mercury Assessment of the Savannab River Site 
Dennis G. Jackson. Savannah River National I ,aboratory 

3:30 p.m. -	 3:45 p.m. Seasonal variation in pathways of atmosphere-land exchange 
of mercury in a northern hardwood forest 
Xuying Wang, Syracuse University 

3:45 p.m. -	 4:00 p.m. Recent progress on mercury deposition studies 
Leiming Zhang. Environment Canada 

4:00 p.m. -	 4: 15 p.m. Closing Comments 

9 

Frida)', October 5,2012 

Scientific Tour - Wolf Neck State Park, Freeport and Bradbury Mountain State 
Park 

9:00 a.m. - Depart from hotel 

9:45 a.m. - Arrive at WolfNeek State Park 
(I-liking. visit to ME96, etc.) 

II :45 a.m. - Meet to depart for downtown Freeport 
(Lunch on your own) 

I :45 p.m. 	- Meet to depal1 for Bradbury Mountain 
State Park or explore downtown 
Freeport 

3:45 p.m. 	 - Meet to return to Freeport to pick up non-hikers and return to hotel 

OR 

8:30 a.m. - 2:00 p.m. 	 Total Dcposition Science Committee 
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NATIO~AL AT\'IOSPHERIC DEPOSITIOi\ PROGRA\,l OPERATOR AWARDS 

5 YEAR AWARDS 

Site Operator ;\'ame Site :'\ame Wet Start Agency 

ABI3 - :I,IDN TomHans.m Henry Kroeger 09121 !04 ATCO Power 

GA33 - ,"'ON Aim Gaddl s Sa~lo Isl and 09 "5, 07 GA-ONR 

KY03 - VrN B~linda Warden ~fackvilJe 1[12 9183 U,S Geological Sumy 

OK04- MOl\ Jeff Dillids011 Lake Murray 10.'3 0'0­ Oklah rna DEQ 
w 

PA52- :--"T.\ Ke\;n Homer LittlePine State Park 07,)1 107 P::I1IIS}lvania DEP 

\.;108 ­ )<11-: Christina Boc\ey \Iurphy Rid~e 03'c5 :86 Wymnng OEQ 

VIOl - l\""I1\ Devon Tyson Virgin Islands NP - Lind Park 04'1.l:98 Nattoml Park S-or\lce-ARD 

\\'V0 5 - 'IT\ Heidi LLndsay edar Creek Stil le Park 01 '26 '99 C,S EPA-Clean Air Markets 

WV99-MDN Julie Dzaack Canaan Valley IlIStitule 00. 26'07 NOAA 
AIRMoN Canoan Valley Instiblle 06,01 ;00 

\I1Y08 -\101" John Klaprusky Ydlowslone, ari onal Park-Te-wer rills ]o,2HJ 4 WYOlTUllg DEQ 

IU Y"at , \ward~ 

Sit\' OJX"'alor Slml' Site .'\llmc W(of SUrl , \!!{,II.~' 

G.0\33- . ;-r"S _-\irncc "add! s.po."~ bbnI 111002 u.,.. O:-'R I.iA 

10:"1 0 · \ r:. )cbroth.rl Jmug;m \!!IItIt1:IC4b la ": ,\ p. Ht'IJ.(Wl ~I ~ 2"112 :\"Ilmll M Scf\' II -AItD 

!lnv- - TIIl~'I Sed_til LOl'lTlIII p~ O\l 2~ 'XI • 1'(Yes! SemI 

1\V, . \r~' J ' br=n H(Iffio;m F d - O. cr~ \ C S t: L nJ \' l:1ll t~ 
-+::0. 

SDO~ - }; MarcClhln. WiJWI C," ''P-[J). ~h.'UtlIUI 110 01 • l li<'Ni Parl : lce·t\RD 

\ 'A' - ;T";\ Km H,d..tlWI }; . 1W"ll Rnd~~ 0- 02 I!! Ii ,S VOl::--1~ 'I 

:"'TN ~Hubocht:r Tr.... I.d:~ 01 2! 80 W, D'IR~"' 3ci 
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15 Year Awards 

Site Operator 'lame Site \ame \Yet Start Agency 

V> 

GA()Il·MD~ 

\IE02- Mm: 

~IN08-l\TN 

:-IC36 - ~Tl\ 

VT99-l\Th 
AIRMoN 

\\1199 -MD~ 

Rooald Phemetton 

Peter L(~wdl 

Mary Jo Flack 

Paul Anderson 

Miriam Pendleton 

Ted Peters 

Okefenokee NatIOnal Wildlife Refuge 

Bridgton 

Ho,'land 

Jordan Creek 

Underhill 

Lake G.eneva 

07J19J'97 

06 ' O3 ; 9~ 

12r3196 

10 '18'83 

06 12 ;8~ 

01 '27/93 

010' tl 7 

U. S. Fish & Wildlife Ser.ice 

~1i!ine DEP 

~linnescta PCA 

US Geologlcal Survey 

Uniwrsity of Vennonl 

Wisco IfiDNR 

20 Year Awards 

Site Operator 'lame Site i'lame \Yet Start Agency 

AK03- l\'11\ Andrea BI ake>ley Denali l\"p. Mt \lcJ.:iniey 06 1~.80 Natic'Ilal Pad; Sen·ice·ARD 

IL II - AIR\1o;\ ~1i chael Sni der Bondli ll c 10 01,92 'IOAA·ARL 

0\ 
MA08-l\r~ Daniel Pepin 

~Y6; • AiRl\ lo'\ T OIl1 Butler 

Quabblb Resl:rv cu 

IthaCl:! 

0105,82 

09·' 0,92 

:-IESCACM 

NOA.-\.· AR L 

WY99- :-'TN Rod Randal! Newcastle 0811 1/81 BL~t 



25 Year Awards 

Site Operator Name Site -"'arne Wet Start Agency 

--..] 

FL~) -:\Th 

KS3 ) . :\TI\ 

KY2 2 - );"TIl 

\ 00 · NT}J 

:\C25 -)IT>; 

April Ammo..,n 

Ro>m1dfY Rarntmdo 

Rc~Warts 

Les Fri el:le 

RONrt ~lcC('Uum 

\'\:Tna \\'ell Field 

KOIlLl Pr ruril! 

Lilley D:>metl \\'OM« 

Li ttle Bign<'!Tl Balllefieid :-; j Uona! 
\!omun<:t11 
Cowe~la 

08:15.83 

08;1 ; ,8 2 

09,0083 

0711384 

07.05. -8 

U S. Geological Survey 

S.'\ES-Krlll'OS Slale L:ni vt ISity 

U. S. Geological Sun'e)' 

li.S ~r)ogical Survey 

U. S. Fore>! Sef\icc 

00 



-3~ 
c.., ~ 
c.., (j 
s· >0:;::s (j Z-o -(j9 - ~ \:J (j t'" 
~. 0'00 

~ ~ ~~ . 00 
""0 00:; F)' o ­~~ 00 0 

("t;) ~ -""'l Z 

c:::~ - ..0 ­
-.0 ~ CJ Z 

~. ""'i: 
("t;) ~ 
""'i: ;::sc.., _....... 


~. 

N 
o 



Early Indications of Soil Recovery from Acidic Deposition in lJ.S. Red 

Spruce Forests 


Lawrencc. G.R.I. ShortIe. W.Cz • David , M.R l . Smith, K.T2 
• Warby. Rar' . and 


Lapenis. A.G. ' 


Forty to finy percent decreases in acidic deposition through the 1980s and 90s led to 
partial recovery or aeidilied surface waters in the northeastern United States. However. 
the limited number of studies that have assessed soil change found increased soil 
aeidilication during this period. To evaluate possible changes in soils through the 19905. 
soils in six red spruce stands in NY . VT. NH. and ML first sampled in 1992-1993. were 
resampled in 2003-2004. There were no indications of recovery in the upper 10 em of 
the 13 horimn. but Oa-horizon pI I was higher at three sites at p < 0.0 I, higher at one site 
at p < 0.1. and lower (p < 0.(5) at the NY site. The increase in pI! is likely to be tied to 
decreases in organic carbon concentrations (p < 0.05) that occurred at each or the sites 
where pH increased (Table I). The cause of the decrease in organic carbon 
concentrations is uncertain. but may be relatcd to decreased acidic deposition as well as 
incrcased temperature and precipitation that occurred at these sites. The strongest 
indication or recovery was a decrease ill exchangeable AI concentrations in Oa hori/.ons 
(p < 0.(5) of 20% to 40% at all sites except NY. However. Ca concentrations did not 
changc except lor an increase (p < 0.05) at Kossuth ML. The AI decrease can be 
allributcd to decreased deposition of S042-. which decreased the mobility or AI 
throughout the upper soil prolile. Decreased mobilization 01' AI within the B horil.On 
lowered hydrologic inputs of AI into the Oa horizon. and as the Oa decomposed and was 
replaced by organic maller from Ihe Oe. exchangeable AI concentrations in the Oa 
horizon were further lowered . These data are the lirst indications in North America or 
soil recovery from thc dcelining trend in ac idic deposition. Ilowevcr. an increase in 
availability of Ca in the mineral so il li'om decreased leaching was not apparent. Resulls 
indicate a nascent recovery in the Oa hori/.on driven largely by vegetative processes. 

'u.s. Geological Survcy, New York Water Sc,ence Ccnter, USA , glawrcnc{a1usgs gov 
' USDA Forest Serv,ee, Northern Research Station, USA, m,hurtlc(illtS fi,A lIS, kts(li'hoppcr unh cdu 
'University of IlIino,s. USA, mhdavidlaluiue.edu 
'Arkansas State lJniversll y, LJSA, rwarby(u1aslatc cdu 
'State UniverSity or New York at Albany, USA, antirci l(ll 'alh,my edt! 
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Simulating the response of eight forested lake-watersheds in the 

Adirondacks region of New York to acid deposition 


Ilabibollah Fakhraei*, Charles T. Driscoll" 

In this study the model PnET-BGC was applied to eight drainage lakes in the Adirondack 
region orNew York to assess the response orsoil and surface waters to change in 
atmospheric deposition. The eight lakes arc located throughout the Adirondack Park and 
monitored through Adirondacks Long Tcrm Monitoring program (ALTM). The lakes 
studied arc L3rook Trout I.ake. Conslable Pond. Grass Pond. Middle Branch Pond. Middle 
Selllement PoneL Squash Pond. West Pond. and East Copperas Pond. All lakes except 
Grass Pond (which elassificd as mediurn till and moderately sensitivc to aeidilieation) 
have thin deposits of glacial till and arc sensitive to acidification. Squash and East ponds 
have high dissolved organic carbon. bUlthe others have low DOC. The model-simulated 
monthly and annual volume-wcighled concenlrations of the major solutes indicated thai 
model simulations responded well to changes in atmospheric deposition and captured the 
trcnds or measured water chemistry at all eight sites. A sensitivity analysb was 
pcrlormed on L3rook Trout Lake to assess the sensitivity of major state variables in 
rcsponse to change in AI weathering rate and water holding capacity (WI·IC). The resull 
indicated that model predictions of inorganic monomeric aluminum. organic aluminum 
and base sa turation wcre highly sensitive to variations in AI weathering rate. Sensitivity 
analysis also showed decrease in ANC and N03 and increase in Mg and soil base 
saturation in response to increase WIle. 

Department olTiv" and Fnvironmental Lnginccnng, 151 I-ink Iiall, Syracuse IJrllvcrslty, Syracuse, 
NY 13244, lJSA 
·F·Ma,1 hrakhrac~Dsyrcdu. Phone 315 727 5329 
•• I:-Mail c tdrisco~jlsyr edu, Phone 315443 3434 
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Recovery from chmnic and snowmelt seasonal acidification at the Hubbard 
Brook Experimental forest: Long-term trends in stream and soil water 

chemistry 

Colin 13. Fuss*, Charles T. Driscoll** 

We investi ga ted long-term chemist ry trends in stream water (19K2-2011) and soil water 
(1984-20 II) along an elevation gradient to cvaluate the progress of recovery of these 
drainage waters from chronic acidic deposition at the Hubbard Brook i':xperimental 
Forest in the White Mountains orNew Hampshire, USA. Deposition ofsulli"lle and nitratc 
has dcclined throughout thc swdy period due to controls on em iss ions Ii-om electric 
utilitics. Dccreases in the concentrat ions of acid anions have decreased the leaching or 
base cations from the soi I. Strcam water pll has incrcased at a rate of 0.0 I un its yr-I and 
thc ac id neutralizi ng capacity (ANC) has gaincd 0.69 ~leq I-I yr-I. While the changes in 
strcam water chemistry broadly relleet changes in soil water chemistry. we lound 
variation by landscape posi tion in the magnitude and significance of changes in the 
chcmistry o f soil water draining the organic (Oa) and mincral (lis) soil hori/.Ons. 
Sno\Vmelt waters arc generally (; hara(;ter i/.cd by the lowest ANC values during the annual 
cycle. To test whether the episodic acidification associate with spring sno\Vmelt is 
improving along with the rest of the annual cycle, we analyzed the data from the 
samplings representing the peak snowmelt period for comparison with thc overall rccord . 
Strcam water during the snowme lt period has had vcry similar gains in ANC as ror thc 
overall time series (0 .69 and 0.78 ~Ieq I-I yr-1. respectively). Additionally, we li)und that 
for both the overall stream chemistry record and lor the snowmelt pcriod. the trcnds 
showed similar increases in pH. decreases in su lfilte, and decreases in nitrate. The 
similarity between the overall time ser ies and the snowmelt periods is an important 
linding that demonstrates the recovery from chronic aeidilication of drainage waters that 
travels via shall ow Ilowpaths as well as thc deeper mineral soil flowpaths that contribute 
to stream bascl1ow. Thi s linding indicates that episodic acidification associated with 
snowme lt is declining in scverity. 

'Colin B. Fuss, Departmcnt orCivil and Environmental Engineering, Syraeusc University, Syracuse, 

NY 13244. Email crllss(a]syr .cdll Phone 315-443-4121. 

"Charles T. Driscoll, Department orCivil and Lnvlronmemall.ngincering. Syracuse Uni verSity. 

Syracuse, NY 13244 . Email ctdnsco(iilsyr.cdu Phonc 315-443-3434 


23 

Stream Chemistry and Sensitivity to Acid Deposition along the 

Appalachian Trail 


Douglas A. Burns l • Karen C. Riee2
, Gregory 13. I.awrence', Timothy 1. Sullivan·, 


AIan C. r:llsworth ~ 


The Appalachian Trail (I\T) and its corridor of protected land (minimum of 1.6 km on 
either side of the trail) stretches tor 3,515 km from Maine to Georgia, and includes 
sevt:ral regions that arc among the most acid sensitive landseapcs in the US. 1\ study 
funded by the National Park Service. is evaluating the erfeets or atmospheric deposition 
on forested ecosystems along the AT through collection. analysis, and mOdeling of data 
from streams, soi ls. and vegetation. More than 250 headwater streams along the AT 
corridor werc sampled twice during 2010-12 with a goa l ortargcting high and low Il ow at 
each stream . Overall. 69% of the stream samples had an acid-neutralizing capacity 
(ANC) less than 100 microequivalents per liter (mcq/L). Thcse relatively low ANC 
stream values likcly reflect several factors. including high levels of acid deposition. steep 
slopes that produce rapid runore and slow mineral weathering rates that provide limited 
neutralization of acid deposition. Ilowc ve r, there was a wide range of ANC values among 
the streams (-54 to 1717 rneq/L), a rel1ection of wiuc va riati on in the above men tioned 
factors. Streams in the northern half (north of the MD-I'A border) of the AT (median 
ANC = 21 meq/l ,) were more acidic than th ose in the southern half (meuian ANC = 70 
meq/I.). Furthermorc, 20% of the northcrn AT stream s had inorganic monomeric 
aluminum concentrations greater than 2.5 micromoics per liter (mmoIlL). an indicator or 
stress in sensitive aquatic biota, whereas only 2% of southern AT streams exceeded this 
value. Streams in New Hampshire and Pennsy lvania had low med ian ANC values of 10 
meq/L and 19 meq/l " respectively. consi stent with prcvious stream studies in thesc states. 
Streams in Georgia. an area where strea m aeidilication is not well known and has not 
been widely swdied, had the lowest median ANC value 01"38 meq/L among the southern 
AT statcs. Streams in Massachusetts and Connecticut. another area not well known ror 
aciditied surlaee waters. had a low median ANC value or 13 meq/l '. Future work will 
explore the relations among these stream chemistry uata and various landscape and 
geochemical metries believed to be most strongly related to acid-base status with an aim 
of providing a spatial model of s trcam chemistry li)r the entire I\T. These modeled data 
will be compared to modeled acid deposition to cvaluate the relative amount of the AT 
corridor landscape relative to critical load s of sulfur and nitrogen deposition that arc 
alTeeting aquatic ecological resources. 

' Dollgla~ A Rums. US Geological Survey, 425 Jordan Rd., Troy. NY 121 80. 518-285-5662, 
daburns@usgs gov 
'Karen C. Rice , U.S . Geologi cal Survey, Charlol!csville, VA 
\(jregory R. Lawrence. U.S . Geological Survey, Troy. NY 
"Timothy J. Sullivan, F&S Environmental Chemistry, CorvallIS. OR 
'Alan C. Ellsworth , National Park Service , Washington. DC 
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Comparison of surface water critical loads of acidity with modeled and 
measured deposition in the United States 

Krish Vij ayaraghavan' . Ralph Morris '. Eladi o Knippin g2 

This paper presents a comparison of criti ca l loads for ac idity of surface waters in the 
United Stutes with estimates of acidifying nitrogen and sulfur deposition from 
atmospheri c modeling and measurements. Models and measurements o lTe r important 
complementary fealures for criti ca l loads studi es. Measurements of deposi tion provide 

data on atmospheric loading to eeosystems and atmospheric mode ling helps fill in ga ps in 

the spatial coveragc and chemical co mposition ofthc measuremcnt s. In this study. critical 
loads for ac idity were obtained from the CLAD US Critical Loads FOCUS database at 
over 9500 lakes and strea ms in the US and were examined in conjunction wi th measured 
and mode led atmospheric deposition in the US. Wet deposition measurements o f sulfate 
and nitrate at NAD P-NTN stations and dry deposition estimates of sulfur dioxide. total 
sulfate. nitric ac id and pal1iculatc nitrate at CASTNET monitoring stations were analyzed 
in add ition to depositi on simulated by the Community Multiscale Air Qua lity (CMAQ) 
model th at simulatcs the emi ssion. transport. chemical transformations and wet and dry 
deposition 01" several nitrogen and sulfur compound s. The relative importance of different 
chemi ca l species in wet and dry deposition as we ll as uncertainties and limitations in 
model estimates and measurements arc di sc ussed. 

'ENVIRON International Corroration, 773 San Marin Drive, Suite 2115, Novato, Calilornia 94998 
' Ucctric Power Re,carch Inslilute (I-:PRI), 200 L Streel NW , Suite 805. Washinglon l)C 20036 

Corresponding author: Krish Vljayaraghavan, 4 15-8'1'1-0700. krish(Clcnvironeorn.com 
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Critical Loads Approach to Ecosystem Services 

T.J . Sullivan and T.e. McDonnell 

Public policy decision-making on natural resource issues increas in gly relies on two too ls: 

ecosystem services (ES) and critica l loads (eL). An integrated approach is applied here to 
the application of I': S and CL for public land management . using as an example thc 
ac idifica tion of so il and drainage water by atmospheric depos ition of acidifying sulfur (S) 

and nit rogen (N) compounds. This case study of the central Appalachian Mountain region 
focuses on ,1rcas whcre effect s of ac idic deposition on aquatic and terrestrial resources 
have been relatively well-studied and pronounced. A conceptual Iramewo rk is presented 
that illustrates how the 1':S and CL approaches can be combined in ,1 way that enhances 
the strengths of eJeh. A suite of LS ca n bc lost or eompromiscd by ac idic depos ition. 
Impacted services arc associated with maintenance of a healthy li shery resource and the 
occurrence or benthic macroin ve rtebrates on whi ch they leed. To a lesser ex tent. affccted 
ES in thi s region include adverse impacts on the growth. vigor. and rcgeneration of sugar 
maple. whi ch is broadly distributed throughout the study rcgion and which is known to be 
sensi ti vc to ae idilica tion and base cation dcpiction. Rcd spruce is abo highly sensit ive. 
but only occurs within thc study region at scattered high-eleva tion locat ions. Impac ted 
aquatic and te rrestrial resources arc mapped and Cjuantilied. They relate to maintenance 

of healthy trout lisheries and sugar map le trecs. including recrcational li shing. touri sm. 
acs theti c values. iconic spccies va lues. and thc collage industries focused on maple sy rufl 
and related sugar maple products. 

L&S Environ menlal ChemiSlry , Inc 
PO Box 60<) 
CorvalliS, OR 97339 
(Im.sull ivdn'(l}esenv i ronlTlcnlal. COIn 
(54 1) 758·5777 
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Refining empirical critical loads for nutrient nitrogen: Northeastern pilot 
study 

O' Dea, C. R. and Pa rdo , LH , 

T he most ser ious thren ts to forest ecosystems in the U.S. inc lude c limate change, pest 
d isturbancc and nitrogcn (N ) de positi on. Prev ious fo rest ccosystem research has ty pica ll y 
focused on the im pacts of indi vidual s tresses. In order to e ffceti vc ly assess the 
suscepti b ility of fo rests, it is necessary to cva luatc thc intc rac ti on o f the effccts o r thcse 
three s tressors. O ne approach fo r assess ing the r isk to fo res t ccosystems fro m a ir 
po llution is thc criti ca l load (e l.), The CL is th ~ leve l of depos ition be low whieh no 
harmful ccologica l c ffec t occurs. T he obj ective o r thi s project was to re fin e the eurrcnt 
estimates o f cmpirica l CL fo r N at the ecorcgion sca le fo r thc U,S, to a finc r spa tia l scale 
and by incorpora tin g interactions with c limate change and pest di sturbance, 

In o rder to rcline C I. estim atcs to a 4 km2 g rid sca le within o ur N orthcas tern pilot study 
a rea, wc ide ntili ed abioti c modi fy in g fac tors ,I nd bio tic eharill; te ri s ti cs which can a fi cet 
CLs. Abioti c modi fy ing factors inc lude eit;vatio ll, p rec ipitation, and topographic and 
edaphic fac tors , For bioti c charactc ri st ics, we focused on spccies a nd hahitats of concern 
to loca l resource manage rs. Different spccies and rccepto rs can have diffe ren t empirica l 
c ritica l loads. We eva luated ava il able land eovc r data to best estimate spec ies 
compos it ion on the ground , We deve loped n protoco l to re line the C I. ror ench grid ce ll 
based on abio ti c mod ifying fnc tors and biot ic characte ristics, a nd assessed the costs and 
bendit s o f making these rciine mc nts at dil 'iCrent reso lutions, 

These rcli ne me nts in C L w ill make them more accuratc and usc ru l to po li cy makcrs and 
resource managcrs wh o usc c riti ca l loads as a sc icntitil: basis to assess the impact o r N 
depos ition on rores ts in c luding e va luating the potenti a l impact o f new po llutant sources 
on fo rest ecosystems. Thesc C L re lim:'nents will be incorpora ted into thc C l.AD FOClJ S 
dnta base and will bc re ported to the UN LC I·: in ruture submiss ions. In addition, these 
rc line ments w ill be in corporat ed into a lJS Forest Service repos itory to be used lo r lo rest 
management. 

Li nda Pardo, lJS Forest Service, ~02-951-677 1 x 1330, I pard o(t~ rs red . lIs 

Cla ire O'Dea. lJS Forest Serv ice. 202-205- 1686, cbodca(~fs fed liS 
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Critical thresholds of atmospheric deposition in view of changing climatic 
conditions 

Sa lim Hclyazid 

The assumpti on o f steady state, Le. that today's environmenta l parame te rs such as 
c limate and land usc will remain indefinit e ly s table , is ecntra l to thc de fini t ion of c rit ica l 
loads of a tmosp heric depos ition. Recause thi s assum ption is incorrect, it is impera ti ve to 
be ab lc to assess the impli cations of continuous ly chang ing environmenta l raetors on the 
s~ns iti v it y of ecosystems to atmosphcric pollutants, In recent years, a rangc or e ffo rt s 
havc been directed a t identi ry ing these impac ts, rrom laboratory ex perime nts, to 
ecosyste m monito rin g, manipulations and dynamic modcl in g exerc ises. This tnlk 
compiles the result s of long-te rm ecosystem monitori ng, fi e ld ex periments and dyna mic 
mode lin g s tudies in ves tiga ting thc e lTCCI$ o r climate change ( tem perature, prec ipita tion , 
C02) on tc rres tri a l ecosystems, "vidence sho ws th m while env ironmenta l changes will 
most certa inl y influe nce the rcsponse or ccosyste m to a ir po llut ion, it is unclea r how the 
c rit ica l thresho lds will be affected, The concept o r target loads may the re lo re be morc 
ro bust in info rming po licy in the future. 

sat' nl(lI)bclyazid.eonl , flee-11 K, Sweden 
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TECHNICAL SESSION 3: 
URBAN ATMOSPHERIC DEPOSITION 

Session Chair: Rich Pouyat 
USDA Forest Service 
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MercNet: A National Mercury Monitoring Network 

David Evers, BioDiversily Research Inslilule 
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CMAQ estimates of deposition to urban area in the lJS: Current 
approaches and futu re challenges 

Donna Schwede l
, Kalhleen Wcalhers2

, Jonalhan Pleim' 

I-:slimaling almospheric deposilion 10 urban areas is an emerging area of inleres!. 
Regional air qualily models 3re frequenlly used 10 characlerize air eoncenlralions near 
cilies and much errOrl has been made 10 improve Ihese eSlimales. Less alieni ion has been 
given 10 approaches ror modeling 10lal (wei and dry) almospherie deposilion 10 urban 
ecosyslems, parlicularly dry deposilion. The complexilies of Ihe urban landscape presenl 
parlieular challenges in modeling meleorology, chemieal IranSpOrl and, ullimalely, 
deposilion. In Ihis sludy, we show pallerns of urban deposilion across Ihe US using Ihe 
CommunilY Mulliscale Air QualilY model (CMAQ) and conlrasl Ihe resulls for diflerenl 
urban arcas in Ihe US including New York Cily, Allanla, Ilouslon, Chicago, Phoenix, and 
Los Angeles. These cilies cach presenl difTerenl challenges in emissions, meleorologicaL 
and air qualily modeling. We examine Ihe annual deposilion of oxidized nilrogen (N) 10 
illUSlraiC difkrences in chemical speeies conlribulion 10 N deposilion and 10 invesligale 
efTecls or underlying land lise Iype on modcl resulls. Finally, we suggesl some ncxl SICps 
for urban deposilion research. 

IUS I:nvironmenlal Proleclion Agency , Nalional Exposurc Rcsearch Laboralory, Almospher ic 

Modeling and Analysis DiVISion, Research Triangle Park, NC 27711: schwnk dnnnn(!!.cpa gov : 

(919) 541-3255 


'Cary InSllilile or FeosyslclTI SlUdics, Flox A B, Millbrook, NY 12545: ~~Gil\f!!~mYJn~IHuIC..llli: : 
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Pattern and Process in Atmospheric Deposition in Heterogeneous Urban 
Environments 

Tom H. Whitlow 

There have been two parallel approaches to studying atmospheric particulate mailer (PM) 
within the discipline of environmental science. The regulatory approach asks the 
qucstion. " How much is in the air'/" while thc biogeochemical approach asks. "Ilow 
much deposits on terrestrial surfaces?" Both approaches emphasize long tcrm. rcgional 
trcnds and pal1erns. with the result that we know relatively lillie about pallerns and 
proccss..:s occurring in cities and especially near roads and highways which dc3line the 
urban matrix. Cities havc long been recognized as hotspots lor producing and processing 
PM and importantly. whcre an incrcasing majority of our population lives. Wc present a 
series of case studics using brief monitoring campaigns to illustrate the importancc of 
local. short-tcrm events in detcrmining the loading rates of atmospheric pollutants and 
the role these play in biogeoehcmistry and hum an health and wellbcing. There is an 
emerging opportunity for synergy betwcen regulatory and basic rcsearch monitoring 
efforts that will allow us to address complex questions of the interacting dynamics of 
human and ccological systcms. 

Tom II. Whitlow <! hw2@cornel l.cdu> 
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Assessing urban influences on ecosystems and the atmospheric 

Lucy Hutyra ' " :lnd Steve Raciti l 

Urban arcas rcpresent a critical gap in current measuremcnt networks and modcling 
fram eworks that must be addressed to improve understanding of human impacts on the 
global environment. Nearly threc-quarters of anthropogcnic greenhousc gas (GIIG) 
emissions are allributable to cities. but most erforts to study atmospheric and terrestriul 
carbon and nitrogen dynamics avoid urbanized areas. thing an urban-to-rural gradient 
approach in the greater Bo~ton. MA area as a case study, we have been monitoring 
greenhouse gas mixing ratios. changes in ccosystem structure and chemistry. and land 
cover change to system atically evaluate how urbanization impacts on atmospheric 
chemistry and ecosystem productivity changes. We have round that aboveground 
biomass (Iivc trees. dbh > 5 cm) for thc Boston Metropolitan Statistical Area was 7.2 ± 
0.4 kg Clm2. rellccting a high proportion of forest cover. Vegetation C was highest in 
forest (11.6 ± 0_5 kg Clm2). lollowed by residential (4.6 ± 0.5 kg C/m2). and thcn other 
urban devcloped (2.0 ± 0.4 kg Clm2) land uses. Soil C (0-10 em depth) j()lIowed the 
same paller!) of decreasing C concentration from lorest. to residential. to other urban 
devcloped land uscs (4.1 ± 0.1, 4.0 ± 0.2. and 3.3 ± 0 .2 kg Chn2. respectively). Soil N 
concentrations wcre higher in urban areas than nonurban areas or the same land usc type. 
cxcept for res idential areas. which had similarly high soil N conccntrations. Unlike 
previous studies. we found no signilicant relationship betwecn NDVI or ISA fraction and 
loliar %N. Variations in li)liar %N appeared to be driven more strongly by changes in 
species composition rather than phenotypic plasticity across the urbani/_ation gradient. 
Median atmosphcric concentrations of C02 within Boston's urban core wcrc 12.7 ± 1.4 
ppm greater that concurrcnt measuremcnts at the rural Harvard Forcst study area (-100 
km away). Weekday concentrations were 2.1 ppm greatcr than weekend concentrations. 
with an 11 . 1 ppm and 5.1 ppm amplilude in the diurnal cycle on wcckdays and wcekends. 
rcspectivcl y_ Taken as a wholc. it is stillunclcar how urban modifications to the growing 
environment. such as cnhanced nitrogcn deposition, the urban heat is land lengthening the 
growing season. rcsidential fertili/.er applications. and enhanccd urban C02 
conccntrations balance again the negative impacts of urbaniza tion such as soil 
compaction. enhanced ozone and SOx concentrations. fragmentation, and human rcmoval 
or nutrients and organic mailer. 

I Roston University, Department or Larth & Environment, 675 Commonweahh Ave. Boston. MA 
02215 . 
• Phone: 617-353-5743 . Fmail: Irhutyru@bucdu 
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Effects of urbanization and tree species composition on nitrogen deposition 
and leaching 

Pamela Temp ler 

Forests of the nOrlheastern United States receivc elevated rates of atmospheri(; nitrogcn 
deposition. However. most measuremcnts or nitrogen deposition come from relatively 
undisturbed. rural locations. In thi s study. we examined rates of nitrogen dcposition and 
kaching in urban forest stands in Roston. MA and surrounding rural areas to determine 
flu xes along an urban to rural gradient. Our mcasurements show that rates of nitrogen 
deposition arc ten times greatcr within the city of Boston compared to surrounding areas 
and that some orthis can be cxplained by long-distance transporl or pollutants. as well as 
local sourccs. Results from this study suggest th at additional measurements or 
atmospheric pollutants should be madc within and adjacent to urban arcas to beller 
understand and constrain regional estimates of deposition. 

Pamela Templer 
Boston lJn iversity 
Department of Biology 
5 Cummington Street 
Boston, M A 022 15 
Lmail rtempler~l)bu .edli 

Phone 617-353-6978 
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Atmospheric nitrogen deposition in arid Phoenix, Arizona is lower than 
expected: Findings from a methods comparison 

Eli7.abeth M. Cook I' .Sharon J. 1-1 a II I , Ryan Sponsclier2. David P. Ilubcr i . 3 


Stevan R. Earll. Nancy H. Grimm I 


Cities occupy a small land area globally. yet atmospheric compounds generatcd rrorn 
human-dominated ecosyste ms have signillcant impacts on protccted lands. Atmosphcrie 
nitrogcn (N) deposition alters ecosystems. including biogeochemical cycling. primary 
production. and community composition. In arid ecosystems. considerable uncel1ainty 
surrounds estimates of atmospheric N inputs due to variable precipit ation and dinleulties 
in qU<lntifying dry deposi tion. We compared multiple approaches to quantify spat ial and 
temporal pallerns of N depos ition at locations within Phoenix. Ari7.ona and the 
surrounding native deserl. Using with the Community Multi-scale Air Quality (CMAQ) 
model li)r Phoeni x (fl)l' year 1996: Fenn et al. 2003) as a b<1se lor our predicti ons. we 
compared N deposition using wet-dry buckets (2000-2005: Lohse et al 2008). ion­
exehangc res in (IFR) collectors (bulk and through rail. 2006-2012), and inrerential 
method s using passive sinnpiers (atmospheric N concentrations x dcposition velocity: 
2010-2012). We found that rates ofN deposition estimated with resin collectors. passive 

l 2 d- Isamplers. and wet-dry buckets (median 0.9 mgN m· crl. 0.1-4.1 mgN m- ) arc 
signitlcantly lowcr than expected based on CMAQ model cstimates (1 . 1-3.2 mgN 111-

2 (I" 
I). Contrary to CMAQ model predictions with high deposition within and cast of 
Phoenix. inferential methods show elevated N deposition-in the form or amm on ia. 
nitrog(;n oxides. and nitric acid deposition- is rcstri(;\cci to the urban core. In addition. 
we I"(Hmd that pallerns or N dcposition vary tcmporally. For example. N throughfall 
estimates arc bellcr predicted by summcr monsoon precipitation than wintcr precipitation. 
Over two summer and winter seasons, we co-Iocatcd samplers and directly compared 
methods for quantirying N deposition at two sitcs. We found estimatcs rrom infcrential 
methods arc consistently higher than through rail cstimates in an urban si te. whereas 
inferential methods arc lower than tlnoughf"all estimates in a non-urban sitc. 
Inconsistencies bctween appro<1ehcs revea l how uncertainties related to quantil:ving site 
characteristics and deposition velocities can easi ly confound N deposition estimates. Our 
Iindings highlight the necd lor and benetlt or mixcd methods to quantiry wet and dry N 
deposition in arid systems. Overall. we round th<1t , despite the size and population of arid 
Phoeni x. N dcposition is lower than expected compared to other cities and is restricted 
mainly to the urban core. 

I School of Life Sciences, Arizona State l)llIversit y, Tempe, Arizona 
1 Department of torest F<.:o logy and Management, Swedish lJniversity of Agrleultoral Sciences. 
llmeii, Sweden 
, \)erarllllcnt of Biological Sciences, Idaho Stale lJniversity. Pocatello. Idaho 

'Elizabeth CooK School ofl.ifc Sciences. 1'0 Box 874601 . ArIZona State lJniversity , Tcm re, 
ArIZona, 85287·460 1, Fli7abcth.M Cook (cl)asu.edu, Phone 6 17.549.9145 

38 

http:Cook(cl)asu.edu




TECHNICAL SESSION 4: 
AGRICULTURE/AMMONIA 

Session Chair: Wayne Robarge, 
North Carolina State University 

41 42 



An improved high-spatial resolution inventory for ammonia emissions from 
agricultural fertilization 

Srinidhi Balasubramanian ' .', Sotiria Koloutsou-Vakakis . Christopher M.I3. Lehmann 2•' 
Mark J. Rood I 

It has been established that improved estimates of ammonia (NHd emissions and long­
term field measurements is required to successfully model and evaluate its role in 
atmospheric sewndary aerosol formation and beller estimate nitrogen inputs to aqueous 
and terrestrial ecosystems. Long-term records for wet deposited ammonium (NII4') arc 
available in the United States but a national network to l1lonitor long term Nil) 
concentration trends was implemented only as recently as 2007 . Yet. the connection 
between emissions from various sources and ambient concentrations remains largely 
uncertain. The need lor improved emission estimates from intensive agricultural 
Icrtilization (IAF) is recognized as one of the major limitations of current modeling 
efforts due to coarse spatial resolution (county-level). usc of Nil) emission lilctors 
applicable to ranning practices in othcr countries and non -s pecificity to crop 
eharaeterist ies. 
We have developed a ncw method for 11 high-spatial resolulion NH, emission invcntory 
for IAI' for the Statl;! of Illinois. While current spatial surrogates 1'01' IAF do not discern 
betwecn different intens ively managed crop types. our method overcomcs this limitalion 
by identifying loeali/.ed clusters of crop specific emissions. Corn fertili7<11ion was 
identilied as the major contributor (-48%) of net NII J emissions from IAF followed by 
Winter Wheat (-15%). Iiolspot analysis on thc higher spatial resolution inventory 
indicated localized cmissions occurring in central and eastern Illinois. Preliminary spatial 
autocorrelation studies provided no conclusive evidence for directly relating long term 
ambient gaseous Nil ] and wet deposited NII.,' measurements with improved emission 
estimates. Thi, points to the need to further closely investigate both the adequacy or the 
monitoring network and of the cmiss ion inventory. In order to understand what 
improvements in monitoring and emission inventories arc needed. we are currently in the 
process of relining thc high-spatial resolution Nil] emission inventory lor IAF to use as a 
direct input to air quality models and evaluate thc impacts at dillcrent spatial scales on 
understanding the fate and transport ofNI I,. 

'lJnivcr~ity of IllinOIS, Urbana- Champaign 
' lltmois State Water Survey 
'Corresponding author Snnidhi Balasubramanian 
Department orCh'il and I:nvlronmenlat Engineering, University or tllinois 
4153 NCEL. 205 N. Mathews I\ve. 

Urbana, II. 61801 

Telephone number + 1-2178989211 Email address: .blshrIll2(c/.11I1Il0IScdu 
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Ammonia emissions from hog farrow-to-wean waste lagoons 

Grant. IUI,'. M.T. Hoehm'. A..I. Lawrcnee2• A.J. Heher'. 13.W. Bogan 1 and J.C. 

Kam irez- Dorronsoro4 

AmmOnia (NH,) i, onen viewed as a major contributor 10 odor from livestock farms , and is a 
reported gas under the I-:mcrgcncy Planning and Community Right-to-Know Act (EPCRA). Nil, 
emissions were measured periodicall y over the course or two years at wastc lagoons of farrow-to­
wean rarms in Indiana, North Carolina and Oklahoma as part of the National Air Emissions 
Monitoring SllIdy (NI\FMS). One objective or the study was to determine the variation in N~" 
emiss ions with time or year. atmospheric conditiolls. and facitlly operatloll. Sow populations varied 
rrom 1,400 to 2,800 at the three farm s. i\l each measurement site , path-mtegrated ammonia 
concentrations were measured along 12 optical palhs ncar the ground around each lagoon using two 
scannmg tunable diod~ lasers (each tascr measuring two adjacent sides of the lagoon). Air pressure, 
temperature, humidity. and turbulence, and lagoon temperature, pi I. ilnd oxidation-reduction 
potentiat were also measured. Lagoon volatile so lids (VS) loading was calculated based on pig 
population and average weigh!. Emissions wcre calculated from these eoncentr<llion anu turbuten(:e 
statistiCS measurements using a backward Lagrangian stochastic model (Windlrax). I\nalysis showed 
that dall y emissions could be est imated to within 25% ir valid measur(:ments were obtained from at 
least 52°'0 of the day. Applying thi s threshold resulted In totals oj" 76 (IN), 34 (NC), and 83 (OK) 
days available to determine the annuat mean dall y emiSSions The annual mean Nil, emissions 
varied Irom 27 to 52 g NH'/d-sow (50 to 118 g NH.ld-l\lJ). Annual mean emissions were correlated 
with the calculated VS loading rat l's of the lagoons. The annual trend In dail y Nit, emiss ions showed 
lhe expecled maximum mCun monLhly emissions in slimmer and minimum mean monlhl y emiSSions 

in winter. The annual variation in NH, emissions was apparently largely driven by the temperature 
mlluence on ,olubility of dilute Nil, in water (although the temperature inl1ucnce on urease ae livlty 

may also contribute to the relationship). The 
7~O corrciatlon between the VS loading and the 

• tagoon emissions had an R' of 0 .96 (Figure 10.~ 200 
lell). Generally, the operational activities and 
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measured changes in lagoon chcmistry did not .. :r 
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correlate with the emissions, indicating the 
~~ relati ve influcnce of Ihese variables was less.-A 
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than the error or the meas urement.<t " 
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Calculated VS loading rate (kg VS/d) 
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lJtilizing the nitrogen isotopic composition of ammonia to investigate 

regional transport of ammonia emissions: o15N_N1-I 3 values at AMoN sites 


J. David Felixl. Emily M. Ellioll 2
• David Gai 

Ammonia (NIl;) emi ssions are largely unregulated in the U.S. allhough wet and dry 
atmospheric deposition of NH] and ammonium (NH.') can be a substantial source of 
nitrogen pollution to sensitive terrestrial. aquatic. and marine ecosystems. Despite the 
adverse dre(;\s of excess N 1-1 ) and N 1-1.' deposition (e.g. cutrophication of surface waters. 
dcereased biodiversity. and increased soil acidity). until recently. gaseous NH] 
concentrations were not routinely measured as part of the suite of NADP networks. The 
Ammonia Monitoring Network (AMoN). established in 2007. has rapidly grown to 55 
sites. Here. to supplement studies that trace Nil) across local landscapes (e.g. 
conventionally managed cornfields. eonlintd animal leeding opcrations. dairy 
operations). we deployed NH ] passive samplers at 9 AMoN sites to assess the isotopic 
composition of Nil ] (ol'N-NII.1) as a regional tracer or NH) emission sources. Monthly 
Nil) samples from 9 sites werc analyzed for nitrogcn isotopic composition over a period 
of a year (7 /09 to 6/10). Our results suggest that isotopic compositions of NII.1 at 
individual AMoN sites gcnerally corresponds with primary regional NI11 sources. To 
further explore thesc spatial pallerns. we couple an inventory of the li " N-NH1 values of 
NI11 sources with county-level Nil) emission inventory (Davidson et al. 2002) to moue! 
the average monthly o"N-NII) values occurring in lJ.S. counties. These modeled isotopic 
compositions are then compared to observed 8 I 'N-NH1 values occurring at individual 
AMoN sites. This comparison provided insight into possible inaccuracies in the NH1 
inventory and the lack of the modeled isotopic compositions to account for transport of 
Nil) sources. These results demonstratc how the nitrogen isotopic composition of Nil ] 
can bc utilizcd to investigate the source. transport. and fate of Nil] emissions across 
varying spatial scales. 

I . .I David FeliX ('corresponding ulilhor). lQ.!!EC!!mitt .cdl!. 412 624 8780. I)cparlmcnl ofGcotogy 
and Planetary Science. LJniversily or Pittsburgh. 4107 O'ltara SI, Pl\Isburgh, PA t5260 

2 Em"y M. ""iott , cellioJlC!!lJ.l ill.cdu. [)cpartmenl or Gcology and Planetary Scifncc, LJniverslty or 
Pittsburgh , 4107 O' Hara SI. Pilisburgh , PA 15260 
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Development of the Next Generation of Flux Measurement Tools 

Berkeley B. Almand l, Michael P. I-Iannigan l, Nicolas Massoni, Ricardo Piedrahita l, John 
Ortega2, Gregory Miller l, Eladio M. Knippingl 

The United Statcs Environmental Protection Agency (lcPA) has proposed a pilot program 
that will add the ability to measure atmospheric fluxes or N01 and NO to its existing 
atmospheric deposition program. Since these tluxes have the potential to impact changes 
to the secondary National Amhient Air Quality Standards (NAAQS). there is concern 
about the lack of actual dry flu x measuremcnts in current tlux assessment sehcmes. Our 
research effort will address this concern by creating and deploying a robust, inexpensive, 
and continuous multiplc-spccics gas-tlux monitoring system. which can provide data for 
a variety of relevant atmospheric pollutants. An inexpensive tool will allow lor an 
exploration of the spatial variability of tluxes as multiple flux measurements would be 
possible lor the samc resourccs as was previously required for a s ingle tlux measurement 
site. 
Wc havc dcs igned and built a prototype dynamic flux chamber. which currently measures 
CO2 and CO fluxes as well as soil moisturc and rainfall. The next step will be to integrate 
S02, NO, N02 and NH3 gas sensors. as well as meteorological sensors (wind speed, solar 
radiation. etc.). We arc also developing a model that will cnable us to compare observed 
data to existing theory. The complete lirst-generation chambers cost less than $2500, and 
the ultimate goal is to rcduce the cost to $1000 pcr chamber. This low-cost design is 
possible hecause of the usc of inexpensive sensors. The sensors range from $5 to $150 ill 
cost, and are currently used for alarm indicators in chemical and manufacturing 
processes. Through previous research efforts, we havc demonstrated that these 
inexpensivc scnsors arc orten well suited far environmental assessment applications. The 
CO2 sensor that is installed in the chamber is a non-dispe rsive infrared sensor, with noise 
of-I ppm. Elcctrochcmieal sensors will be installed to detect NH j • NO, and S02' Once 
these sensors are installed, we will conduct a feasibility study to characterize their 
performancc as well as develop in-lield automated calibration tools. 
We will present the Ilux chamber development efiarts and show pilot lidd study results 
lor CO2, ozonc and poss ible other pollutants species depending on progrcss to datc. We 
will also di sl:uss how I:hamhcr parameters (volume, !low rate, scnsor resolution etc.) 
allect res ult s. In addition, we will hring the !lux chamber to demonstrate the operation of 
the sys tcm. 

'Universi ty or Colorado, 427 UCB, Boulder, CO, 80309 
'Nationat Center for Atmospheric Research, 1' .0 . l30x 3000, Boulder, CO, 80307 
'Ekctric Power Research Institute. 2000 l. Strect NW Suite 805, Washington, DC 20036 
Prinripal Contact: llerkeley Almand. PhD Student. University of Colorado, 427 lJCI3, t t II 

Engineering Drive, l3oulder, CO, 80309, Phone (303) &07-7668, Fax: (303) 492-34')8, 
berkekyalmand',i gmail.com 
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lJsing measurements and model simulations to understand the cause of the 
seasonal variation in the oxygen isotopic composition of precipitation along 

the western lJS coast 

Nikolaus H Ruenningl, Lowell Stott l, Kei Yoshimura2, Max Berkelhammer1
. 

This study seeks to lind the primary influence on the seasonal cycle in the oxygen isotopic 
composition of prccipitation «)I'Op) along the west coast of the U.S. Archived precipitation 
samples were gathered from nine stations from the NADP's National Trends Network. The 
water samples were isotopically analyzed for '"01'('0 and D/H composition using a Picarro 
ring down spectrometer. The weekly measurements of S"Op were used to calculate long-term 
monthly mcans for each station. These data are combincd with results from previous studics 
l/AEAIWMO, 2006: Vachon el a/., 20 I 0: Rerke/hammer el aI., 2012], and mean seasonal o"Op 
eycles are presented lor t6 stations along the western U.S . coast. The results document high 
o"Op values in the summer and a drop in o"Op during the winter season. The Isotope­
incorporated Global Spectral Modcl (lsoGSM). nudged to reanalysis wind lields. also 
simulates this wintertime drop in ()"O" along the west coast of the U.S. However, it is not clear 
from the standard simulation alone what atmospheric vmiable(s) are responsible for the 
seasonal cycle in ()1>00. and deciphering what controls this iso topic cycle has important 
implications tDr paleodimatc studies that seek to usc isotope tracers to reconstruct past climate 
variability. We have investigated what factors give rise to the seasonal drop in S"Op in the 
model by performing a suite of IsoGSM simulations in which individual oxygen isotope 
fractionation processes were turned ofr These simulations reveal that the primary control on 
the seasonal variations is equilibrium oxygen isotopic fractionation that occurs during vapor 
condensation. There is almost no influence of the temperature dependence of equilibrium 
fractionation on the seasonal ()"O cycle for both ocean evaporation and vapor condensation . 
Additional experiments (including water tagging simulations) were performed to beller 
understand why Rayleigh distillation causes the seasonal variation in (5"0" The tagging 
simulations reveal that vertical oxygen isotope gradients and variations in condensation height 
arc primarily responsibk for the seasonal cycle in o"Op. The seasonal change in condensation 
height results Ii'om changes in the polar jet and subsequent changes in divergence and vertical 
velocities. which affects the uplift ofl11oisture. Thesc findings suggest that 0"0" in the western 
U.S. is a tracer of condensation height on seasonal timcscalcs. The strong influence of 
condensation height on S"Op complicates efforts to usc dimate proxy records (such as the 
0"0 value of tree cellulose) that do not resolve the seasonal cycle since seasonality is likel y 
not static. 

I Departl11cm of t~anh Sciences. lJniverSIlY of Southern Catlfornia, l.os Angeles. CA 
'Atmosphere and Oeean Research Institute. University or Tokyo, Kashlwa, Chiba, Japan 
)I)epanmcnt or Atmospheric and Oceanic SCIences, University of Colorado, Boulder. CO 
·'Cooperative Institute lor Research in Environmental Sciences, UllIversity of Colorado, 130ulder. CO 
'Correspondence (email: bucnning(l/)usc.edu): Nikolaus Buenning, UllIversity of Southern 
California, Department of Earth SCiences, Zumberge Halt of Science (ZHS), 3651 Trousdale Pkwy 
Los Angeles, C A 90089-0740 
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Chemical Transport Modeling of Nitrogen Deposition in the Western U.S.: 
A National Park Perspective 

Michael Barna. Marco Rodrieguez. KriSli Gebharl. Brei Schichlel, 

Willi am Maim. 


Millions of visi tors from around the world enjoy weslern nalional parks each year, and 
ollen regard these places as a nalural refuge from more polluled environs. However. 
moniloring and mode ling studics show thai even relnote parks are being influenced by air 
pollution. One example of Ihi s Irend is nitrogen deposilion. which can f'oster ecosyslem 
change oncc a crilical threshold is reached. Reeeni wet- and dry-deposition estimales for 
tota l nilrogen (defined as nitrogen conlributed from nitric ac id . ammonium and nitratc) in 
the western U.S. range between 0.8 kg ha-' y(t in westem Washington to 4.2 kg ha-I y(1 
in Ca lif'o rnia's Central Valley. AI Rocky Mountain National Park. located in northern 
Co lorado and Ihe site of exlens ive research on thc effects of nilrogen deposilion to 
sensilive alpine ecosystems, the measured 10lal wei deposiled nitrogcn belween 2005 and 
2009 ranged between 1.9 kg ha- I y(1 10 2_5 kg ha-I y(l. which is grealcr Ihan Ihe 
projected 'c rilicalload' of 1.5 kg ha- I y(l. It is nOlable Ihal ellrrenl monitoring efl'orts do 
not consider reduced gasco us nilrogen (namely ammonia). even Ihough signilicanl 
ammonia sources cxist Ihroughout thc wcslern U.S. Ihal could potentially have large 
impacls at downwind national parks. These sources arc primarily composed of 
agrieullural operalions such as ferlilizer application and animal Iced lOIS, and include 
Ca liforni a's Cenlral Valley. Idaho's Snake River Valley, and northeastern Colorado. and 
all arc cxamples of ammonia sources near nalional parks Ihal conlain sensilive high­
a lpine ccosySlcms. This presentat ion will discuss resu lls from re(;ent CA Mx air qualily 
model simulations lor nilroge n deposilion at wCSlcrn nalional parks. wilh Ihe aim of 
idcntifying " holspols" in scnsilive rt:gions thai are not currenlly monitored, and 10 
examine the emission sources Iha! are affccting Ihese areas. In particular. atlention will 
be given 10 nitrogen spccies Ihat are not currently monitored, including ammonia_ 
nitrogen oxides. and organic nilrates. 

Michael Barna, NatIonal Park Service, Fon Coll ins, CO 
Marco R ()<l ri ~guez. AECOM, Fon Collins. CO 
Kristi Gebhart, National Park Service, Fori Col lins, CO 
Bret Schichtcl. National Park Service. Fort Collins, CO 
William Maim , Colorado State Un iversi ty, Fort Collins, CO 
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Nutrient Criteria Development for Sierra Nevada Lakes 

Andrea M. Ikard. Dr. James O. Sickman 

Almospheric nilrogen (N) depos ilion is a llering biogeochemical cycles and ecological 
proccsscs in high-clcvalion aqualic ecosyslems. A need l'or sl ri cler siandards based on 
measurable eco logical ellecls has been idenlificd as an import anl slep lowards Iheir long­
Icrm proleclion. The purpose of our sludy is 10 develop nUlricnl crileria l'or hi gh-elevalion 
lakes in Ihe Sierra Nevada an d apply Ihese crileri a 10 synoplic survcys. Thc comparison 
10 exisl ing surv.::ys yields informal ion on Ihe lemporal and spalia l exl.::nl of pOlenli all y 
nulrienl-affecl ed lakes in Ihc Sierra Nevada spanning Ihe pasl 20 yea rs and allows us 10 
assess regional cflcels of almospheric N deposilion. 
We are developing nulrienl crileria using a bioassay approach where we measured 
phyloplanklon response 10 N addilions. Expcrimcnls were conduclcd in Silll al l'our lakes 
in Ihe Sierra Nevada. Si xleen mesocosms wcre inslalled al each sile and spiked 10 erealc a 
nilrogen gradienl. Phyloplankton response 10 nutrienl addilions was measu red as 
chlorophyll a and criteria eSlimaled using dose response curves. The dose response cu rve 
approach has becn success ful in developing nulrienl criteria fo r macroalgae in florida 
springs and is an atlraclive approach as il can be used to quantitatively delermine 
efleclive doscs (e.g .. 10. 50. 90% doses). The 10.50. and 90% doses f'or nitrate in our 
inili al experimcnls conducted in Ihe earl y growing season (July) are 0.44. 1.1 (0.7 SD). 
and 2.6 ItM. respecli ve ly. The 10, 50. and 90% doses lor Ihc lale growi ng se~son 
(September) arc 0.89, 4.0 (7.5 SD). and 18 pM. respeeli ve ly. In order 10 ensu rc wc 
captured the full range of effective doses. the inilial experimenls had a wide nUlrient 
grad ienl (0.0 - 50.0 /1M). Our data show thallhe nulrienl gradienl wenl well above the 10 
and 50% Ihresholds. The experiments were succcssful in narrowin g down the range and 
eSlimaling inilial crilcria. However. in order 10 address the large uncerlaintics associaled 
with Ihe estimales, we conducted additional cxperimenls to re line Ihe criteria and 
ex panded our spalial sa mple size to 4 siles in order 10 investigale va riab ililY among lakes. 
Preliminary resulls show a measurable response at all four s ites lVilh some siles 
responding at wncenlrations lower (han 1.0 pM . Wc arc modeling thesc results 10 refine 
our crileri a eSlimates and will be presenting Ihese refined eslimates along wilh 
app li ealion of Ihe nllirient erilcria to regional surveys. and an assessment of Ihe dose 
response curve approach 10 eSlimaiing nUlricnt crileria l'or Sierra Nevada lakes. 

Andrea M. I Icard (presentcr) 
University orCalilomia. R,vcrs,de and NatIOnal Park Service 
SequOIa and Kings Canyon National Parks 
47050 Generals Hwy 
Three Rivers, C/\ 9327 1 
Phone: 559-565-3786 
Lmail : <lhear()O!~!ler cdll 

Dr . James O. Sickman Department of Env iro nmental Sciences 
UniverSIty or California. Ri verside, CA 9252 1 
l;mail : t s i c~mm@\IcrsQ.u . Phone (951) 827-4552 
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Initial Findings from GrandTReNDS: the Grand Teton Reactive Nitrogen 
Deposition Study 

.I. L. Collen. Jr. I '. K. Benediet ' . T. Prenni '. Y. Lil. E. Levin I. D. Da/. T. Lee l. Y. 

Desyatcrik '. M. Schurman I. D. Chen l. S. M. Kreidenweis ' . W. C. Malmz. 


and B. A. Sehichtd 


Despite its sensitive alpine ecosystems and proximity to large agrieullur<J1 and oil and gas 
operations. relatively lillie is known about air quality or nitrogen deposition in Grand 
Teton National Park (GTNI'). The park is located east of brgc agricultural operations in 
Idaho's Snake River Valley and northwest of growing oil and gas operations in western 
Wyoming. Although the park is popular with visitors. it has not historically been home 
to air quality or deposition monitoring stations. The Grand Teton Reactive Nitrogen 
Deposition Study (GrandTReNOS) was conducted to provide a first look at air 
concentrations and deposition Iluxes of various reactive nitrogen species. The study took 
plaee from April to September 2011. At the study's peak. twelve monitoring stations 
were in operation in GTNP and the surrounding region. A core measurement site was 
located on the west s ide of the pmk at the Grand 'farghee ski resort. Other key 
me<Jsurement stations were located further west near Driggs. Idaho and on the east side of 
the park at the NOAA Climate Monitoring Station. Study measurements ranged rrom 
measurcment or gaseous ammonia with Radiello passive samplers to daily URG 
denuderllilter-paek measurements of PM z , composition and gaseous ammonia lind nitric 
acid concentrations to continuous measurements or key trace gas (NO,. NO) .. NII.J) 
coneentnllions and PM I composition mcasurements with an aerosol mass spectrometer. 
This presentation will provide an overview orthe study and a summMY of initial findings. 
Topi(;s to be discussed include spatial and temporal gradients in key gas and particle 
phase species con(;entrations. an overview of the reactive nitrogen deposition budget 
(including the importance of gaseous ammonia and wet organic nitrogen deposition) on 
the west and cast sides of the park. llnd an analysis or the (;ontributions or II wildllre that 
occurred during the study to concentrations or key readive nitrogen species. 

I Atmospheric Science Department. Colorado State University. I;ort Collins. CO 80523 lJSA 
'Coop Insl. lor Res in thc Atmosphere, Colorado State lIniv , Fort Collins, CO 80523 USA 
'National Park Service/ClRA, Colorado Statc University, Fort Collll1s. CO 80523 USA 
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Application of USEPA's Watershed Deposition Tool to Estimate 

Atmospheric Deposition of Nitrogen to the Indian River Basin, Florida 


Noreen D. Poorl. Donna B. Sehwedez. Virginia H. HarkerJ. <Jnd Rach V. McClureJ 

The Indian River Lagoon (IRL) is a long. narrow. and shallow estuary that extends lor 
156 miles along the central east coast or Florida and is elassilied by the USEPA as an 
htuary or National Signilicance for its biological diversity and habitat ror endangered 
species. The north and central sections or the IRL are under the jurisdiction of the Sl. 
John's River Water Management District (SJR WMD) and lilll within the (iroup 5 Rasins 
lor Total MaximUiD Daily Load (TM DL) development by the Florida Department of 
Environmental Protection (FD!:P). The Group 5 TMDLs lor the IRL include the Banana 
River Lagoon (BRL) and North and Central IRL. Segments or BRL and IRL are 
classified by the FDLP as impaired due to loss of seagrass. which is allributed to elevated 
nutrient loads. We applied lJSEPA's Watershed Deposition Tool with the Community 
Multi-Scale Air Quality (CMAQ) Model v4.7 output of reactive nitrogen (N) deposition 
lor 2002 to 2008 to estimate the contribution of atmospherically-deposited nitrogen to 
total nitrogen loading within the portion of the IRL under thejurisdietion of the SJWMD. 
ror this portion. the CMAQ-simulatcd 7-yr average deposition rate was 0.68 (± 0.10) kg 
N ha· l. Dry and wet deposition eontributcd approximately 60% and 40%. respectively: 
and oxidi7.ed Nand reduccd N contributed 80% and 20%. respectively. of the average 
deposition rate. FDEP ' s TMDt Report: Nutrient and Dissolved Oxygen TMDLs ror the 
Indian River Lagoon and Banana River Lagoon, March 2009. estimates that of the annual 
loading to impaired segments of Group 5 Basins 281 metric tons N y(l are from direct 
atmospheric deposition. 22.1 metric tons N y(1 from point sourccs. and 1,207 metric tons 
N y(1 from non-point sources discharged from the watershed in surrace water or in 
stormwater runofr. For these same segments CMAQ-modeling yielded a direct 
atmospheric loading to lagoon watcrs of 426 metric tons N y(1 and atmospheric loading 
to the drainage basin was 1.300 metric tons N y(l. We compared CMAQ-modelcd 
loading ratcs with those estimated from NADP', wet deposition and CASTNEr, dry 
deposition monitoring sites FL99 and IRLI41. respectively. as both sites are within the 
IRI, watershed. CMAQ-modeled atmospheric deposition rates were in reasonable 
agreeillent with NADP observations or wet deposition rates or oxidized N and in fair 
agreement with NAOP ohservations or reduced N. but werc significantly higher than 
CASTNET-modcled dry deposition rates I(Jr nitric acid . nitratc. and ammonium. 

'Kivmetrics, LLC, 1282 York Circle, Melbourne, FL 32904 : noreen [!Q('!r(iil!lt!Jl<tl. (813) 956-0855 
'US Environmental Protection Agency, National Exposure Research Laboratory, Atmospheric 
Modcling and Analysis Division, Research Triangle Park . NC 27711 , schwcdc.donmll,,:cpuJlillI., 
(919) 54 I -3255 
'Brevard County Natural Resources Management Onice, 2725 Judge Fran Jamieson Way, Viera. FL 
32940: vl[g!!lia harkcr(!!.hrcvardcoul1ty, us, bach mcclurc(g!.brcvardcounty us: (321 ) 633-2014 
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Using National Trends Network Data to Assess Nitrogen Deposition in a 

Near-Coastal Environment: Marine Corp Base Camp Lejeune (MCBCL), 


Jacksonville, NC 


Wayne P. Robarge'l and Karsten Raumann 2 

Long-term sustainability of our nation' s military training bases is of critical importance to 
national security. Prescnted here are the results of a now concluded multi-year effort to 
assess and quantify the degree of atmospheric loading of nitrogen (N) and other nutrients 
arising from wet and dry deposition to the aquatic and terrestrial ecosys tems at MC8CL. 
One question to be addressed by thi s research was whether National Trends Network data 
availahle from nearby collector NC29 at the Hofmann Fores!. Onslow Co.. NC was 
sulTicient to allow modeling of historic and current trends in N deposition. in order to 
support development of conceptual/mechanistic ecological models that will lead to 
efTective management f'or the long-term sustainability of military training. I:our battcry­
powered approved Mercury Deposition Network (MDN) collectors located across 
MCBCL were used to determine the wcekly composition of rainfall from July 2009 ­
June 2011. Spatial panerns in weekly rainfall amounts were determined using manual 
rain gauges and tipping-bucket gauges. 80th annual (20 I 0) and seasonal data were 
comparahle f'or inorganic N deposition between MCBCL and the 9-year average values 
derived from the NC29 dataset (2003 - 20 I I). Ilowcver. signilicant amounts of organic­
N in wet deposition (total N minus inorganic N) were present during all seasons of the 
year. ranging from -20% in Summer to -40% in Winter of total N deposition. Reliance 
on NTN data alone underestimated total N deposition by - I kg N ha" )-(1. Seasonal 
differences in NII.,'-N were evident between the datasets. perhaps due in part to the use 
of thymol as a preservative. Seasonal differences in SO/· deposition were also noted. 
with substantially more SO/· being recorded during the Summer 01'20 I 0 by NTN NC29 
than at MCBCL. No readily apparent gradient in N deposition was detected moving 
inland across MCBCL. thus the resull s from the 4 MDN collectors were combined to 
produce an uncertainty estimate. Average annual (2010) wet deposition of total N was 
4.3+/-0.7 kg N ha·1 y(l. ,1I1d f'or inorganic N wa~ 3.2+/-0.4 kg N ha" y(l. As expected. a 
definite gradient in wet deposition of CI' and Na' existed moving inland. Reliance on 
NTN NC29 data alone would underes timate cr and Na + inputs. both on an annual basis. 
and especially across seasons or the year. The overall agreemcnt betwecn measurcd 
amounts of the wet depos ition of inorganic N by this project to the nearby N'fN collector 
NC29 indicates that the amount of atmospheric loading of inorganic N to MCBCL has 
been relatively constant f'or at least the pas t 10 years. 

'Soil Science. NC State University. Raleigh. NC 
2Atmospheric Research and Analysis. Inc .. Cary. NC 

*Corresponding author: wayne robargc@,ncsu.cdu: 919-515-1454 
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State-Level Oxidized Nitrogen Source Attribution from CMAQ for the 

Chesapeake Bay TMDL Process to Support Air-Water Trading 


Robin I. Dennis. Sergey Napelenok. Mike Dudek 

Atmospheric deposition reductions from national CAA rules on NOx such as the Clean 
Air Interstate Rule (CAIR) are factored into the Chesapeake Ray Total Maximum Daily 
Load (TMDL) allocations. In their State Implementation Plans (SIPs) States may. 
however. go beyond national CAA rules to meet CAA air quality standards locally. The 
tributary nitrogen load reductions allocated to the s tatcs to meet the TMDL target for 
Chesapeake Bay are large and not easy to allain via controls on water point and nonpoint 
sources. It could be important to the TMDL process to take advantage of air emissions 
reductions that would occur with SIPs that go beyond the national air rules. The 
additional air deposition reductions could then be used to offset water quality controls 
(air-water trading). What is needed is a source to receptor transfer function that connects 
cmissions from a state to deposition to a trihutary. We would like to do this without 
having to run the regional air quality model many times over because it is 
computationally expensive. Tbere is a special source allribution version of CMAQ 
«()DM-3D) that can estimate the fraction of deposition contrihuted by labeled emissions 
(labeled by source or region) to the total deposition across space. We use the (,MAQ 
DDM-3D version to sct up simplified state-level della emissions-to-della atmospheric 
deposition transfer coellieient s by major source sectors within a state. since air 
regulations arc generally at the state level. 'fhe CMAQ 4.7.1 calculations arc performed 
at a 12 km grid size over the airshed domain covering Chesapeake Bay lin 2020 CAIR 
emissions. For resulls. we first present the fractional contributions of state NOx 
emissions to thc oxidized nitrogen deposition to the Chesapeake Bay watershed and Bay. 
We then present example tables or the frat:tional contributions of s tatc NOx emissions 
from mobile. off road. powcr plant and industrial emissions to key trihutaries: the 
Potomac. Susquehanna and James Rivers. Finally. we go through an example I'or a 
mobile source NOx reductions in Pennsylvania to show how the tributary load offsct 
would be calculated using the factors gcnerated by CMAQ DI)M-3D. 

Robin L Dennis, Sergey Napelenok 
U.S EnVironmental Protection Agency, National Exposure Research Laboratory, Atmospheric 
Modcl111g and AnalySIS Division 
Mike Dudek 
Computer Sciences Corporation. Research Triangle Park. NC 

Contact: 
Robin Dcnllls 
US I.:PA 
Tel 919-541-2870 
r111ail denllls.robln @cpa.gov 
NlRL Atmospheric Modcllng and Analysis Divis ion 
MD. E243-02 
Research Triangle Park. NC 277 I I 
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Examination of Aquatic Acidification Index (AAI) component variability 
and implications for characterizing atmospheric and biogeochemical 

nitrogen processes. 

Richard Scheffc, Adam Re fL Jason Lynch and James Kelly 

In 2006, EPA bega n the development or a secondary air quality s tandard to protect U.S . 
aquatic ecosystems from deposition of ambicnt oxides of sulfur and nitrogen (SOxINOy). 
These efl()rts culminated in a quantity ca lled the Atmosphcrie Acidification Index (AAI). 
which was a regionally representative parameter that was intcnded to project a water 
quality level resulting from depositing concentrations of SOx/NOy. T his work presents 
results of subsequent analyses that I) explores the possibilities of more flexibl e and 
effi cient formul ations or the AAL 2) evaluates the plausibility of the AAI approach 
aga inst ANC measurement data, and 3) investiga tes variability of AAI component 
variables to aid in pl anning futurc data collection effort s. 
Current AAI evaluation results generall y show strong correl a tions (e.g.. Rl > 0.9) 
between ncwl y developed water-body speci fic AAI values and ANC measurements at 
over 900 water bodies across the U.S. Spatial pallcms of AAI va lues capture relati ve 
adversity with rcspect to our current understanding of impac ted surface waters across the 
nation. Futun; year projec tions suggest that aquatic ac idification gradually will shift 
from an eastern U.S. locus dri ven largely by sulfur depositi on toward a more evenly 
di stributed picture of aquatic acidification nationally. with significant improvement in 
eastern systems and increasing importancc of nitrogcn deposition throughout the country 
(especially reduced forms) re lati ve to sulfur. Analysis of atmosphcric and 
biogeochemi cal components or the AA I model indicate greater relati ve variability 
associated with heterogeneity or surface and sub-surface featurcs, suggesting that 
enhances in the frequency and distrihution of water quality mo nitoring bc considered 
together with air monitoring design for future applications. 

~tl1dli: ndl!(/'cP-l.!$()\' . 9 t9-54 1-4650 
U.S. Environmental Prutectlun Agency. Orlice or Air and Radiation 
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New York's plan to enhance the pilot monitoring project to inform the next 
review of the secondary standards for oxides of nitrogen and sulfur 

Di rk Fellonl." . Kevin Ci vero lo ' . Karen Roy '. Greg Lampman2
• and Ri ch SeheffeJ 

The US EPA 's deve lopment o f the aquatic ac idification index (AI'II ) to address the 
secondary national ambient a ir quality standa rds for ox ides of nitrogen and sulfur was a 
novel mull i-po llutant . multi -media approach to air quality management. Although the 
Agcncy chose to retain the current standa rds until the next round of rev iew. the fin al rule 
ca ll s Ic r a pilot monitoring program in 3-5 sens iti ve eeoreg ions across the country to 
eva luate Federa l Reference Mcthods for sul fur and nitrogen ox ides. dry deposition 
measurement s and al gorithms. and ullimately the use fulness o f the AAI to protect public 
welfare. The Adirondack Mountain region in northern New York. which has been 
impaired by aeid deposition and has a long record of a ir. depos ition and water quality 
data whi ch were used to help develop the AAI. was se lected as one o f these sensiti ve 
ecoregions. The US EPA plans to augmen t current wet (N ADPfN TN) and dry (CASTNet 
liller pack. C FP) depositi on measurements at Huntington Wildlife with a pass ivc NH3 
sa mpler and a continuous NOy analyzer. The New York State Department of 
Environmenta l Conserva tion (NY SDEC) and partners pl an to enhance the pilot 
monitoring eno rt s by supporting eFPs and pass ive NH 3 at two additional wet deposition 
s ites in the Ad irond acks. T he first site - Moss Lake - is in the so uth western part of the 
Ad irondacks. a reg ion with many lakes and st reams st ill impacted by thc e lrcets o f ac id 
depos it ion. T he other s ite - Whiteface Mounta in - is in the "Iligh Pcaks" n:gion with a 
wea lth o f co-pollutant data. inc luding c loud chemistry data. PM 2. 5 mass and speci ation. 
and continuous S02. The N YSD LC a lso plans to trans ition it s own wet deposition 
samplers to NADPINTN sa mplers to provide additional info rmati on in and around thc 
Adi rondack region. Thesc enhanccd monitoring e ffort s will prov id e additional spatial 
information to better evaluate the va riability o rdcpos ition and the AAI across the region. 

I New York State Departmcnt of Environmcntal Conservation, Division of Air Resources 
1Ncw York State Encrgy Research and Devdopmcnt Authority. Environmental MOOitoring, 
Evaluati on, and Protection Program 
'United Statcs EnV ironmental PrOlccti on Ag~ncy. Ofticc of Air Quality Ptanning and Standards 
' Corresponding olllhor: New York State Energy Resea rch and Oevd opment Authority, 
Environmental MOOitoring. Evatuation. and Pro tecti on Program; 
c mai I gglfii1nyscrda lUg , 518-862-t 090 
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Transference Ratios to Predict Total Oxidized Sulfur and Nitrogen 

Deposition 


Joseph E. Sickles. II ' and Douglas S. Shadwickb 

Use of model-predicted .. transference rati os" is currently under cons ideratio n by the US 
EPA in the formulation of a Secondary National Ambient Air Q ualit y Standard for 
ox idized nit rogen and oxidized sulfur. This term is an empirica l parameter defin ed fo r 
ox idized sulfur (TS) as the ratio o f the tota l ox idized su lfur depos ition ( Ii-om dry plus wet 
deposition) to the a irborne concentration of oxidized sulfur. A mult i-yea r record of 
week ly measured and data-deri ved quantitics at se lected monitoring s ites in the eas tern 
US was exa mined to determine the variab ility o r TS that mi ght be expected Ii-om fi eld 
measurements. Weekly TS displayed considerable variability that depended on site. 
season. and year. but according to ANOVA. most heavil y on s ite and season. Us ing 
weekl y data. the va riability o r cieposition-reiated quantities and error propagation analysis 
o f TS both suggest that va ri ation in pa rameters re lated to wet depos ition processes are 
genera lly more important than va riation in pa rameters re lated to dry depos ition processes 
in determining vari ati on in TS. Corre ia lions between a irborne seasonal concentration of 
ox id i7.ed sulrur and the va rious components of seasonal depos iti on (i.e .. dry. weI. and 
tota l) a lso underscore the strong inlluence that the va riability in we t deposition processes 
can have on estimates o f total depositi on. Analys is o r monito ring result s sugges ts that 
95% C I for TS us ing weckly results ove r seve ra l years I'or a speeili e s ite and season could 
be as large as ±23 5% . but only as la rge as ±33% us ing annual aggrcga tes I'o r a spcc ilic 
site. At the annual scale. a regress ion model of thc fo rm that incorporates a site-speeilic 
transference rati o. yie lded estimates o r tota l ox idized sulll ir deposition to w ithin ±25% of 
the monitored values 295% of the time. S ince a ll of the major ox idized nitrogen species 
are not monitored regularly. a para lle l analys is was limited to only the monito red 
ox idi ·/.ed ni trogen speci es. Nevertheless. lindings lo r monitored ox idized nitrogen are 
consistent with those described above lo r oxidized sui rur. Thesc resu It s suggest that at 
spec ific s ites in the eastern US. annual estimates o r tota l deposition to w ithin ±25 to ±35 
% may be cx pected using speeies- and s ite-spec ific transrercnee ratios a long w ith annual 
ave rage monitored a irborne concentrations. 

;, US LPA, ORD. NE RL. Rescarch Triangtc Park, NC 277 t I. lJ S II 
slckbjoscph (li~c(XI go, 9t 9.541.244 6: 
"Computer Sc iences Corporati on, Durha l11 . NC 277 13. U.S. A 
dshadwlClII;CSC com 9 19.767.7526 
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Evaluation and Variability of Chemical Transport Models Sulfur and 
Nitrogen Compound Deposition and Ambient Concentration Estimates 

Eladio Knippingl , 13onyoung K002 and Ralph Morrisz 

Sulfur and nitrogen deposition are critical variables for evaluating the potential lor 
acidification of watersheds. Available deposition measurement s have limited spatial 
coverage, lack high temporal frequency and have incomplete representation of all 
species. Thus, air quality models are increasingly used to develop estimates of dry and 
wet deposition or sulfate and nitrate compounds in watersheds in an elTort to determine 
the acidifying deposition loads into the aquatic systems. However, these models need to 
be rigorously evaluated to ensure that one can rely on the modeled quantities instead or 
the measured quantities. In the U.S .. these models an: also being proposed to be used in 
establishing national standards based on modeled quantities. The U.S. Environmental 
Protection Agency (EPA) is considering acidification as the main ecological endpoint or 
concern in dctermining the secondary national ambient air quality standards ror nitrogen 
oxides and sulrur oxides. Acidification is ticd to deposition s of sulfur and nitrogen, 
which are linked to ambient concentrations or the clements. As EPA proposes to use a 
chemical transport model in linking deposition to ambient concentration, it is important 
to investigate how the currently used chemical transport models perform in predicting 
depositions and ambient concentrations of relevant chemical species and quantify the 
variability in their estimates. In this study, three annual simulations by Community 
Multiscalc Air Quality (CMAQ) modeling system and two annual simulations by 
Comprehensive Air Quality Model with I':xtensions (CAMx) for the entire continental 
U.S. domain are evaluated against available measurement dat<l (including NADP) for 
depositions and ambient concentrations of sulfur oxides and reactive nitrogen species. 
The model performance results vary by evaluation timc-scale and geographical region . 
I':valuation of annU<llized quantities (annual average ambient concentrations and annual 
tOlnl depositions) suppresses the large variances shown in the evaluation using the 
observation's native shorter-term time-scales (c.g .. wcekly). In addition. there is a large 
degree of bias and error (cspecially tor deposition Iluxes) in the modeling. The 
variability in the ratio of deposition to ambient concentration, so-eallcd the transference 
ratio that EPA has proposed to usc in linking deposition to ambient conecntration, is also 
examined and arc shown to vary considerably by geographical region and by model 
simulation. 

Elccrrie Power Research Institute (lYRt). 200 L Street NW, Suite 805, Washington DC 
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Measurement of air-surface exchange of speciated nitrogen and sulfur 
compounds using a modified MARGA 2S: Assessment and control of data 

quality 

Ian C. Rumsey*, .Iohn T. Walker 

Improved measurement methods are needed to characterize dry deposition of sulfur and 

nitrogen compounds to assess ecosystem exposure to nutrients and acidifying compounds 

and to develop atmospheric deposition budgets in support of critical loads assessments. 

The purposc of this study is to develop an integrated measurement system for speciating 

the dry deposition budget of nitrogen and sulfur lIsing mierometeorological Ilux 
measurement approaches. The Monitor l'or AeRosols and GAses in ambient air 

(MARGA) is an on-line analyzer that measures gases and soluble ions in aerosols at an 

hourly temporal resolution. The MARGA utilizes a Wet Rotating Denuder (WRD) to 

collect gascs. while aerosols are collected by a Steam .let Aerosol Collector (S.lAC). A 

modilied version or the MARGA 2S was used, which employs dual sa mple collection 
boxes, to measure vertical gradients of gas phase (N H), HNO IIONO, and SOz) and 

" parlicul<lte (N fl. ', NO)-, and S042.) for the purpose of calculating air-surface exchange 

!luxes via the modified Bowen-rntio technique. The presentation describes the 

moclillcations to the standard MARGA 2S employed to facilitate gradient measurements 

and the primary aspects of data quality assessment and control as related to concentration 

and gradient mcasurement s. These include the characterization and control of the 

stability of Nil, (NH1 + NH/) in liquid solution, control of accuracy in both the 

analytical and air sampling components of the system as well as co-location experimenb 

to charaetcri/.e precision. Method s ror quantilying concentration and gradient detection 

limits are also described within the context of quantifying Ilux detection limits and 
overall unCCI1ainty in measured !luxes. 

Orticc of Research and Dev('lopment. U.S 1':nVlrOnmcnlal Protection i\geney, 
Research Triangic Park. NC 277II.LJ .S.i\ 
• Corresponding author 
Email : rumsey ianli.!lcpa. gov 
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Measurement of air-surface exchange of speciated nitrogen and sulfur 
compounds using a modified MARGA 2S: Concentrations and fluxes above 

a grass field 

John T. Walker*. Ian C. Rumsey 

Improved measurement methods are needed to characterize dry deposition of sulfur and 

nitrogen wmpounds to assess ecosystem exposure to nutrients and acidifying compounds 

and to develop atmospheric deposition budgets in support of critical loads assessments. 

The purpose of this study is to develop an integrated measurement system for speci ating 

the dry deposition budget of nitrogen and sulfur using mierometeorological !lux 

measurement approaches. The Monitor for AcRosols and GAses in ambient air 

(MARGA) is an on-line analyzer that measures gases and soluble ions in aerosols at an 

hourly temporal resolution. A modified version of the MARGA 2S was used. which 

employs dual sa mple collection boxes to measure vertical gradients of gases (NII J • 

IINo.,. IIONO. and SOl) and aerosols (NI-I.'. No.,-. and SO/O j for the purpose of 

calculating air-surlace exchange !luxes via the modified Bowen-ratio technique. The 

presentation describes preliminary measurements of gas and aerosol concentrations and 

!luxes above a grass fie ld. during the late spring and summer of 2012 . with a focus on 

!lux data quality. The contribution of micrometeorological and chemical mcasurements to 

lotal uncertainty in the fluxes is examin"d. The gencral features of the compound-specific 

!luxes. including relationships with meteorological and surlace characteristics. are also 

discussed along with the relative importance of individual nitrogen compounds to the 
total nu .~ ofNI-I, + IlNO] + HONO + NI-I.' + NO,-. 

Ollice of Rcsearch and Dcvclopm~nt, U_S. Environmental Protection Agency. 
Research Triangle Park, NC 27711. U S.A 
• Corresponding author 
Email. walkcrjohnt(<?,epa.gol' 
Telephone (919) 54 1-2288 
Fax : (919)541-7885 
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Assessment of Long-term Monitoring of Nitrogen, Sulfur, and Mercury 


Deposition and Environmental Effects in New York State 


Carrie R. Levine' ·J. Ruth D. Yanai'. and Gregory G. Lampman2 

Air pollutants such as nitrogen oxides. sulfur dioxide. and mercury have had significant 
impacts on lakes. rivers, soils. fauna, and tree health throughout the northeastern US. 
Some areas of New York State are particularly susceptible to environmental degradation. 
such as the Adirondack and Catskill regions. which receive some of the highest rates of 
ac id and mercury deposition in the country. Long-term monitoring (LTM) efforts in New 
York State have produced data sets that have been extremely valuable for evaluating 
changes over time in air pollution loads and effects on the environment. It is important to 
evaluate LTM programs periodically to ensure that these program s remain efficient and 
elTective. To our knowledge. a comprehensivc evaluation of long-term environmental 
monitoring has never been undertaken in New York State. Such an analysis is necessary 
to identify possible improvements in sampling designs to maximize information gained 
relative to the resources required for data collection. 
We performed a comprehensive analysis of acid and mercury atmospheric deposition and 
environmental elrects in New York. We uscd a variety of statistical approaches to assess 
current sampling schemes in six topic areas: atmosphcric deposition. lakes. streams. 
vegetation. soils. and launa. Using this information. we were able to assess whether 
current monitoring dTorts are sufficient to identify long-term recovery trends. and also to 
assess whether some monitoring programs may be able to rcduce currcnt sampling efforts 
and apply these enorts to additional monitoring projects. In general. we f'ound that state­
wide coverage of wct dcposition monitoring is suflieicnt for measuring long-term trends 
in acid deposition. but that records of wet mercury deposition were oftcn not long enough 
to renect any signilicant trends. We f'ound that statewide stream chemistry sampling is 
sulTicient. but that there is little information in the state on small. acid sensitive streams 
or on stream export. We suggest ways thai lake sampling might be rcdistributed to beller 
identify trends in lake chemistry and biota l'or the same amount of cffort e.~pendcd. We 
also used a power analysis to assess the change needed to detect a significant difference 
in a variety of environmental variables such as loon and IIsh mercury. lake water and 
sediment mercury concentrations. soil nutrient concentrations. and stream concentrations 
based on a variety of one-time surveys. We hope that thc methods used in this assessment 
will be widely applicable to researchers interested in evaluating long-term monitoring 
programs throughout the country. 

, SUNY College of Environmental Science and Forestry, Department 01" "orest and Natural 
Resource Management . I Forcstry Dr., Syracuse. NY , 13210 
' New York State Energy Research and Development Authority. 17 Columbia Circle. Albany, NY, 
12203 
' Current address: lJC Berkeley. Department or Environmental Science, Policy, and Management. 
Ililgard Iiali. Bcrkeley. CA. 94720 

Con/acl in/ormation: 
Carrie R. Levine erlcviOI (a1syr.c@. 773-307-2583 
Ruth D_Yanai rdyana'(CI)syredu.315-470-4868 
Gregory G. Lampman: gg,I(lllnyserda.org. 518-862-1090 
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Mercury wet deposition to a remote island in the west Pacific Ocean and a 
high-elevation site in central Taiwan 

Gucy-RongSheu·· I. Ncng-Iluei Lin l 

Weekly rainwater snmplcs have been collected at Pengjiayu and I.ulin Atmospher ic 
Background Station (LARS) for total Hg analyses since late 2008 and early 2009. 
respectively . I'cngjiayu is a small remote island in the west Pacilic Ocean. with an area of 
1.14 km2and about 56 km distance to the north of Taiwan. Rainwater is sampled at 
Penjiayu Weathcr Station (25°3T46"N. 122°4 · 16.5'·!::. 10 1.7 m a.s.I.). On thc contrary. 
LABS is a high-e levation background site in central Taiwan (23"28'8.4"N. 120°52' IrE. 
2862 m a.s.I.). l!cre we reported the results of Hg wet deposition sampled in 2009 and 
2009/04-2010103 lor Pengjiayu and LAI3S. respectively. A total 01'35 rainwater samplcs 
were collected at Pengjiayu. Sample Hg concentrations ranged between 2.25 and 22 .33 
ng 1:1. with a volume-we ighted mean (VWM) conccntration 01'8.85 ng 1:1. Seasonal 
VWM concentrations were 7.23.11.58.7.82. and 9.83 ng 1: 1 for spring. slimmer. I ~l li. 
and winter. respcctively. A total of27 rainwater samples were collected at LABS: 
howe vcr. no sa mples wcre collected in 2009108·09 duc to road damage and electricity 
failure caused by a powerful typhoon. Sample Hg concentrations rangcd between 3.17 
and 37 .84 ng L·I. with a VWM concentration 01'8.06 ng 1:1. Seasonal VWM 
concentrations were 7.64. 9.47. 9.15. and 5.12 ng \: 1 lo r spring. summer. fall. and winter. 
respectivcly. Thesc ann ual VWM concentrations were comparable to the 2009 values 
reported by the Mercury Deposition Network (MDN) lo r the Southeastern and upper 
Midwestern states in USA. High rainwater Ilg concentrutions in summcr were al so 
observed at some MDN si tes. Since there is no major anthropogenic Hg emission source 
at or near Pcngjiayu and LABS. the observed high summertime rainwater Ilg 
concentration hints the importance of HgO oxidation andlor scavenging of upper-altitude 
Ilg(lJ) by decp convection. Direct anthropogenic Hg(ll) emissions from the East Asian 
continent may not contribute sign ificantly to the measured rainwater Hg concentrations: 
however. anthropogenic 1-lgO emissions may be transported to the upper troposphere or 
marine boundmy layer wherc it can be oxidized to produce Ilg(II). whieh will then be 
effectively scavenged by cloud water and rainwater. 

IDepartment of Atmospheric Sciences 
National Central Um ve rsily 
300 Chung-Da Rd ,Chung·I .I, Taiwan 

*+886·3-4227151 ex!. 65514 
'grsheu((!latm nell edll. tw 
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RAMIX - A Step towards Understanding Atmospheric Mercury 
Chemistry and Tekran(OY Observations 

Mae Sexauer Gustin l". Jiaoyan Huangl. Mat1hieu R. Millerl. Christianna Peterson l• 

Daniel A. Janez, Jessc Ambrose2. Brandon D. Finlei' . Seth N. Lymanz. Kevin McCallz. 


Anthony HynesJ
, Dieter Bauer). Stephanie Everhart ). James RemeikaJ

• Steven E. 

Lindberg4 


From August 22 to Septembcr 16. 2012. atmospheric mercury (Hg) was measured from a 
common manifold using dilTerent methods during the Reno Atmosphcric Mercury 
Intercomparison eXperiment (RAMI X). This was the first experiment to measure 
atmospheric Ilg while spiking elemental Hg. 1-lgBrz. ozone. and water vapor into a 
manifold in the ficld. During thi s project. the Univcrsity of Nevada group operated one 
Tekran(~) 2537 unit and two Tekran!R\ 25371113011135 systems. whilc the University of 
Washington leam managed the Detector for Oxidized Ilg Species (DOIIGS). and the 
group from University of Miami applied a Laser-Induced Fluorescence (L1F) technique 
and operated a Tekran@ 2537 unit. The spiking manifold was design cd by the University 
of Washington group and operated independently of those managing the DOJ-lGS during 
the experiment. Spike recoveries were caleulatcd when data were collected 
si multancously by one frec standing Tckran<l<l system and by one conneetcd to the 
sa mpling manifold. Using the Tckrano<'> data. GEM recoveries were - 76 ± 7%. while lor 
Hgl3rz these were 17 ±3%. 0 3 and water vapor spike recoveries ranged from 81 to 95% 
and 88 to 110%. rcspectively. The low 1-lgBr2 recovery by the Tekrano<'> system could be 
allributed to loss of the spike in the manil()ld. low recovery by the denuder. ozone and 
waleI' vapor interferences, or instrument artifacts. 

I Dcpartment of Natural Resources and Environmental Sciencc. UniverSity or Ncvada. Rcno,I664 N. 
Virginia Street. Reno. NV, USA, 89557 
2 Interdisciplinary Arts and SCiences. LJniversity of Washlngton-Bothcll. 181 15 Campus Way Nl: , 
Bothell, WA. USA, 98011 
, Division or Marine and AtmospheriC Chemistry, Rosenstici School of Marine and Atmospheric 
Science, Univcrsity or Miami . 4600 Causeway. Miami, FL, lJSA. 33149 
I Emeritus Fellow. Oak Ridge Nat ional Laboratory (Graeagle. CAl 
*Current address: I:llngham Research Center, LJtah Stale LJmversit y Ol'lice ofCommercwliz.atioll and 
Regional Developmcnt. 320 N_AgglC Blvd.. Vernal . UT 84078 

•• Corresponding author 1J1.ID!Stinq')C(Jhnr unr cdu 
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A novel approach: Using financial market technical indicators to assess 
temporal trends in mercury deposition and concentrations, 

Arnout ter Schure and David Gay 

For years. tradi ng del: isions related to the financial markets have been based on 
momentum and stol:hast ie oSl:illators among other technical indicators (Tis). Two of 
these Tis arc the Moving Average Convergenl:e-Divergenee (MACD. a momenlUm 
oscillator based on the dilferenee between two Exponential Moving Averages (EMi\s)): 
and the stochastic osc illator (STO. which shows how in the case or financial market s a 
stock's price is doing relative to past movements). Given that these Tis are easily 
cakulated and are independent of the nature of the underlying data-scI. they arc a 
potential powerful (easy to usc. l:heap and al:curate) tool to assess temporal trends and 
changes in trends within other types of data as well; in this case that of mercury (J-Ig) wet 
deposition and mercury conl:entrations in rai nfall as measured by the Mercury Deposition 
Network (MDN) . Here. resu lts of the Mi\CD and STO analyses lor MDN sites with at 
least 10 years worth of data. representing the " four corners" of the continental l Jnited 
States, are represented. Our analyses show that the MACD and STO can reveal long term 
(years) and short term (seasonal) changes in l-Ig deposition. dilTcrenl:es in changes 
between sites. as well as provide insights if current tTends will continue or nol. 

Arnout ter Schurc: Flectric Power Research tnstitute, 6508552281, olcr.;chull!cnn ,com 
DaVId Gay : National Atmosphcnc Deposition Program, tllinOls State WlIter Survey, lJniverslty or 
11I1I10is, 217 244 0462.ugaY~II II"nois . cdu 
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Investigating sources of gaseous oxidized mercury in dry deposition at three 
sites across Florida, USA 

Mae Sexauer Gustin l'. Peter S. Weiss-Penzias2
• Christianna Petersun l 

I-Ig in wet deposition in Florida is high compared to the rest of the United States. however 
there is lillie information on Hg dry deposition. From July 2009 to August 2010 passive 
samplers for the measurement of air Ilg concentrations, and surrogate surfaces lor 
measurement of Hg dry deposition. were deployed at locations near Ft. Lauderdale 
(DVF:) and Pensawla (OL!'). and in Tampa (TI'A). These samplers were co-located with 
air quality mon itoring stations put in place to collect data lor development of a statewide 
total m,lx imum daily load (TMOL) for mercury (Hg). All sampling locations were within 
15 km of 1000 MW electricity generating plants (EGPs) and major highways. The overall 
objectives of this work were to: I) investigate the utility of the pass ive sampling systems 
in an area with low and consistent air concentrations. 2) estimate dry depositiun of 
gaseous oxidized Ilg. and 3) inves tigate potential sources. Using 24 hour. biweekly.. and 
seasonal Ilg observations. criteria air pollutants. and meteorological data collected at 
each site, the potential sources of Hg deposited to surrogate surfaces were invest igated. 
Using thcse data and event analyses, in situ oxidation or Hg appears to bc a process 
contributing to deposition. The greatest deposition was measured at lPA where the 
sa mpling location was surrounded by highways. Hg imported into the arca associated 
with long range transport is contributing to deposition measured at all s ites in the spring. 
Local J:::GPs contribute GEM to thc DVE site however the GOM contribution is 
uncertain. Hased on the data collected with the Tekran"') and passive sampling systems. 
we suggest that diflerent chemicallorms ofHg arc associated with these sources. 

'Department or Natural Resources and L:nvironmcntal Science. lJnivers ity or Nevadu-Reno 
1University orCalirornia, Santa Cruz, Department or Microbiology ,md L:nvironmental Toxicology. 
Santa Cru7., Ca lilornia 
'Corresponding author. Mae Gustin mgustin(alcabnr.unr.edu 775-784-4203 
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Comparing 6 years of event-based rainfall deposition of mercury, trace 
metals and major ions collected close to a coal-fired power plant with 

nearby NADP/MDN sites. 

Arnout ter Schure. Jane M. Call'rey. 

Nish,mth Krishnamurthy and William M. Landing 


Evcnl-based (24-hour inlegraled) rainfall deposilion of mercury (I-Ig). Irace metals (Se. 
As. etc). and major ions (SO •. N03 ) has been monitored over the last 6 years at 4 
locations (3 inland locations and I close to Ihe coast over the past 2 years) around coal­
fired power plant (CFPP) Crist in Pensacola. FL. Over the years. emissions in the region 
have changed as a result of an increasing population. along with Ilg emission controls at 
Ihe CFPP. providing a great opportunity to evaluate the temporal and spatial patterns in 
atmospheric wet deposition. One goal of this project was to quantify the contribution of 
local emission sources -in this case the CFFP- to the tOlal atmospheric deposition flux of 
mercury and other metals to the Pensacola 13ay Watershed. There were no signiticant 
diflerenees in the rainfall Hg Ilux bClween the three inland sites or between nearby MDN 
monitoring sites along the GulfCoasl. Mercury deposition during the summer months is 
higher than other months due to higher concentrations in the rainfltll and higher summer­
time rainfall rates throughout the region. Sulfate deposition shows a consistent decline at 
the 3 inland sites over the years. The Hg/SO'I and IlglNO) ratios in wet deposition can be 
used to assess long term changes in emissions and diflerenttypes of weather systems that 
control short term variability. The scasonal paltern in I-Ig/SO" in precipitation is in the 
summer and fall in reeent years about twice thai of the previous seasons. In addition. the 
IIglS04 and HglN01 ratios are lower compared to that of nearby NAI)P/MDN sites. 

Arnout ter Schure: Electric Power Research Institute, 650 855 2281 . lltcrschu(//!cprI com 
Jane M. Cafli-cy. Center lor EnVironmental /)iagnostics and lliorcmediation, University o\" West 
Florida, 850 857 6089, )calfrcy(j)uwf edu 
Nishilnth Krlshnamurthy : Department of I"urth, Ocean. and I\tmospherlc Science, Florida Stilte 
University, nk08d@my I!;u.cdu 
William M. Landing: Department of Lanh, Ocean , and Atmospheric Science. Florida State 
University, 850 644 6037. wlandmgwilslI .euu 
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Aquatic Mercury Assessment of the Savannah River Site 

Dcnnis G. Jackson. Nancy V. Iiaiverson. Michael H. Paller. and 13rian B. Looney 

Savannah River Nalional Laboratory. Aiken. Soulh Carolina. USA 


An aquatic mercury assessment of the Savannah River Site (SRS). an 800 kml facility 
along the Savannah River in South Carolina. was performed 10 evaluate mercury nux to 
the surrounding ecosystem. "fhe stlldy produced a diverse dataset collected over three 
years. investigating: I) mercury concentration and speciation in industrial discharges. 
streams. and river: and 2) precipitation concentration/atmospheric deposition. 

Mercury inpuls totaled approximalely 17.3 kglyr and consisted of: inlluent from an 
offsite stream (0.1 kglyr). mercury addcd by SRS operations via the NPDES outfalls (0.2 
kglyr). and atmospheric deposition (10 kglyr wei and 7 kglyr estimated dry). Mercury 
outputs consisted primarily of eflluents via multiple site streams (1.1 kglyr). ASSlIming an 
approximate mass balance. the sum or the mercury storage and re-volatilization within 
the SRS boundary was approximately 16.2 kglyr. Thus. greater than 90% of the mercury 
input is being rctained in the soil. sediments. water bodies and vegetation. and/or is being 
reemillcd to the atmosphere. Mercury released through the SRS outfalls was equivalent to 
approximately I % of the total atmospheric deposition on the SRS. indicating that 
atmospheric deposition is the major source of mercury to the SRS environment. These 
lindings arc similar to many other studies (Lindberg et al. 2002. Ericksen and Gustin 
2004. Ericksen et al. 2002. Hintclmann et al 2002. I.andis and Keeler 2002). which found 
thaI. for a variety of sellings. a signilieant fraction of mercury is atmospherically 
deposited and that these mercury inputs are onen bound to soil and vegetation. In general. 
the baseline mercury eharaetcrization documented that SRS is a typical coastal plain site 
and that mcreury entering the site ' s waler sheds and ecosystems is subject to transport 
and transformation processes that arc analogous to other sites in the southeast. 

Lead I\uthor/Presenter. 
Dennis G Jackson 
Savannah Ri ver National Laboratory 
13uilding 773·421\. Room 210 
Aiken, Sc. USA 

VOice: 803 725. 146R 
Fax 803.725.7673 
dcnllls.jackson@srni doc.gov 
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Seasonal variation in pathways of atmosphere-land exchange of mercury in 
a northern hardwood forest 

Xuying Wang. Charles Driseoll ' , Xue Yu. Bradley Blackwell. Thomas Holsen and 

Jiaoyan Huang 


Northern forcst ecosystems can be sensitive to atmospheric mercury deposition. In this 
study we integrated data collected at the Huntington Wildlife Forest in the Adirondack 
region of New York to exa mine scasonal variation in pathways of mcrcury exchange 
between the atmosphere and the fore st ecosystem. The data included concentrations of 
atmospheric mercury. wet mercury deposition (Mercury Depos ition Nctwork), 
throughfall merwry, foliar accumulation of mercury, littcrfall mercury deposition, so il 
mercury evas ion, soil solution mercury flux es as well as estimates of mercury deposition 
predicted from the atmosphcric transport model CMAQ. In this analysis we examined 
mercury translers at a monthly time step over the annual cycle using average data over 
recent years (2004-20 II). Depiction of gaseous elemcntal mercury during the growing 
season gcnerally agrced with foliar mercury accumulation and litter mcrcury deposition . 
This pathway was the largest annual influx of mcrcury as dry mcrcury deposition (14.3 
~lglm2-yr) exceeded wet mercury deposition (6.7 ~lglm2-yr). So il cvasion was the grcatest 
mercury loss palhway (6.4 pg/m2_yr), exceeding vertical and lateral drainage Irom soi l 
(2.8 ~lg/m2-yr) . Ficld measurements of mercury !luxes generall y did not agree well with 
CMAQ simulations or mercury deposition. The upland hardwood forest was a nct s ink 
for mcrcury inputs. Our analysis showed marked seasonal variation in the transfers or 
mercury large ly mediated by annual canopy devclopmcnt of the foresl ccos),slem. 

, prescntlllg author 
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Recent progress on mercury deposition studies 

Leiming Zhang', PicrrcllC Blanchard', David Gay'. Guor-Cheng Fang'. Michael Chen", Xin Qiu' 

Mercury (Hg) dry deposition at multiple locations in eastern and central North !\merica were 
estimated using AMNeT dala. Thc est, mated Hg dry deposition agrees well wnh limited surrogatc­
surface dry deposition measuremems of gaseous OXidized Ilg (GaM) and particulatc-bound Hg 
(P13M) and al so agrees well with liuerlall Hg measurements conducted at multiple locations in thiS 
reg ion. Results suggest that gaseous e1emcntal Hg (GE M) contrlhutcs much more than GOM+P13M 
to the total dry deposition at the majority of the sitcs: the only exception is at locations close to 
siglllikant point sources where GEM and GOM+I'BM contribute equally to the total dry deposition. 
The rel ali ve magnitude of the spcciated dry deposition and their good comparisons with liuerfall 
deposition suggcst that mercury III litterlall originates primarily from GEM. 'folal dry deposition of 
mercury IS equal to , if not more important than, w ei deposition of mercury on a reg ional scale in 
eastern North America. 

Daily samples of hulk I'I3M dry de position and Size-fracti onated (18, 10.2.5 and 1.0 pm) PBM 
concentration were collected at three sites III central Taiwan. On annual average, PM, " contributed 
more than 50% to Ihe bulk conccntration allhe lrart.c and the industrial s,tes and cont[lhliled 25% at 
the welland site, PM",.!, contributed 25% to 50%. and coarse fraction (PM".,, ) con tributed 7% 10 

25%. Samples with vcry high hulk concentralions had large line fracti ons. Coarse PBM was 
eSllmated to contrihute 50-R5% of the total PI3M dry deposition. Daily dry deposition velocllics 
ranged from 00 1 to 7.7 cm 5" with annual avcrages of 0.29-0.60 em s- ' These values can be 
reasonably reproduced usi ng a size-resolved model and measured siz.c fra~tions 

The Maximum Likelihood Estimation method was used 10 eSllIblish a stati sllcal relationship between 
wet derosition amounts me<lsurcd in MDN and atmospheriC concentrations measured in !\MNcT 
Three super slations were selt'cted to establish the regression Illodel which was further validated 
using datasets from the other seven monitOring statIOns in castern USA . The model IS c"pahle of 
pal1itioning atmospht'ric GaM and PI3M using wet deposition measurements and thus increasing the 
spat ial coverage of GOM and PRM by taking advantage of the more extensive spatial coverage of 
the Wt' t deposition network . 

'Environment Canada. Toronto, ON , Canada: ' University of Illinois , Champaign, lL, US!\: 
'l-tllngKung Universit y. Taiehung, Ta,wan: ' York University, Toronto, ON , Canada~ ' Novus 
Environmental Inc ., Guelph, ON . Canada 
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Ammonia field measurements and CMAQ comparisons at some "clean" 

sites in the northeastern US: Implications for total N deposition 

Tom Butler*l.2, Roxanne Marinol, Donna Schwede) and Robert Howarth I 

We have measured low Nil) concentrations from 2006 to 2011 at a site in upstate NY 

(NADP/AlRMon- NY67: CASTNET - CrI ·1 110). and during some of this period at two 

other low NH) concentration sites (ARN. 13 km SE of CTH. and KEF in the Allegheny 

National Forest. 200 km WSW of CrI-l.) and an agricultural site (HFD, 40 km SE of 

CTH) for comparison, Comparisons of passive NH3 measurements with CMAO 

estimates (2002 to 2008) of concentration and deposition were made. At CTH, Nil) 

concentration measurements for 2007 and 2008 comparc well overall (slope of Passive vs 

CMAO = 1,02) with a mean value of 0.49 pg NI-IJ mJ for the passive measurements and 

0 .52 for CMAO estinlates, However there is some scatter in the comparison (r2 = 0.57) 

with CMAO showing higher concentrations in the summer, KEI·; shows lowcr annual 

concentrations than CTH. and CMAO has lower values (annual mean= 0, I 0 /Jg NIIJm)) 

than the passivc measurement concentrations (annual mean=0,23 ~lg NHJmJ) 

Measured Nil) concentrations at eTl-1. A RN and KEF all show a s imilar tcmporal pattern 

(high Nil) in late s pring and summer. low in winter). representing a regional background 

level of NH3. However, the agricultural site(IIFD) does not follow this pattern. with 

high concentrations driven by very localized emissions, The potential lor high ambient 

NI13 concentrations (2 to 7 ~lg NH/ml) exists throughout the year at liFO and are most 

likely the rcsult or manurc and iCrtilizcr application. Transects of NH3 concentrations 

across the liFO farm silt: and beyond show a decline from 6 to 14 ~g NHy m J to -2 )Jg 

N II/m· l within about I km of the farm center, further indicating the very localized 

distribution of N II) concentration in an agricultural area. CMAO model results do not 

show the temporal and spatial concentration changes measurcd by the passive samplcrs at 

the HFD site, 

Converting concentration estimates to nitrogen deposition of NHJ depends on estimates 

of deposition velocity or bidirectional nu ,x parameters, The differenccs in these two 

approaches are presented. and the relative importance of NH) deposition to other lorms of 

N dcposition is analyzed. In addition. othcr nitrogen deposition parameters (e,g. NOl • 

NOJ'(pi' N1-1. '(P). IINO). wet NO)' and NH; . etc,) are assessed. and estimates of total 

deposition are presented. The relative importance of Nil). even at low concentration 

sites. will be demonstrated. 

'Corresronding aUlhor !.ll,21;,korneILedu, 607255·3580 
'!-:cology and EvolUllonary Riology, CornellUlliverslly, IIhaca NY 14853 

'Cary InSlilute of Ecosyslem Sludies, Millbrook NY 12545 
1 Almospheric Modeling ilnd Anal ySIS Division, Nalional Exposure Research Laboratory, 

U.S . Environmenlal Proleclion Agency, Research Triangle Park, NC 27711 
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Long-tel'm wet deposition, particulate, and gas-phase sulfur and nitrogen 
measurements in New York State 

Kevin Civerolol". Oliver Rattiganl. and Dirk Felton l 

The New York Slate Department of Environmental Conservation (NYSDEC) has 

monitorcd air quality and wet deposition in urban, suburban. and rural areas across the 

state for decades, These long-term measurements are used to help evaluate the impacts 

of federal. regional. and state pollution control measures, The NYSDEC wet deposition 

network complements the NADP program in the state by capturing the effects of local 

sources and roadways, providing deposition data across a wider range of landscapes. 

Data records from th\;! NYSDEC network are robust enough to infer trends and exhibit 

substantial declines in acid deposition and criteria pollutant concentrations. I-Iere we 

present a comparison of deposition and concentration trends in su lfur and nitrogen 

species between urban and rural locations in New York, Consistent with lindings from 

national monitoring programs such as thc NADP. CASTNet, and IMPROVE. air 

concentrations and wet deposition of sulfur and nitrogen compounds across New York 

have decreased by about 40% or more over the past 2-3 decadcs. 

'New York Slale Departmenl or l;nvironrnenlal Conservallon, Division or Air Resources 

'Correspondmg author New York Slale Departmenl or Environmenlal Conservation, Division or 
Air Resources, 625 Broadway, Albany, NY 12233; Tel . 1-518-402·8383; Email 
kxcivero@gw,dec.slalc .ny .us 
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Bag Sampling with NADP NTN and AIRMoN Wet Deposition Samples 

Tracy Dombek ' , Mark Rhodes ' , and Greg Wetherbeez 

I Illinois State Water Survey, Champa ign, Illinois 61820 

2 USGSlBraneh of Quality Systems, Denver, Colorado 80225 


The Nationa l Atmospheric Deposition Program ' s Nation al Trends Network 
(NADPfNTN) and Atmospheric Integrated Research Monitoring Netwo rk 
(NADP/AIRMoN) began ope rations in 1978 and 1992, rcspectively. Through out thei r 
history, both networks have collected wet-deposition precipitation samples llsing 3.5 
gallon rood grade plastic buckets. In 20 II, a series of tests was conducted to assess the 
impact of evaporation on a sample's volume and its chemistry. Results of that testing 
suggest that despite elTorts to c lean the food grade buckets aner each use, a biological 
component can persist. This has implicati ons for the nitrogen species (e.g .. nitrate and 
ammonia) present in NTN and AIRMoN samples. The presence of phosphate in the 
sample was found to increase both the rate and the magnitude of nitrogen loss in the 
samples. 

Several procedural changes were tested in an attempt to eliminate the biological 
component from the w,111s of the sample buckets including both hydrogen perox ide and 
peracetic acid at varying concentrations, diffcrent application method s, and different 
contact times. These methods were found to bc inclTecti\'e , impractical. or presented 
sa fcty conccrns for laboratory stafr. 

Washed buckets nrc packaged in cleanroom grade plastic bags for storage. and shi pment 
to NADP s ites. These bags were redesigned to line the interior of the sample bucket to 
prevcnt the sample from contacting the bueke!. Hench tc~ ting was performed at the 
NADP Program Olliee in Champaign Illinois. Field testing was perlormt:d at thc NADP 
NTN site at I3ondville, Illinois and at the USGS test s ite in Arvada, Colorado. Sampling 
done at the Bondville si te used Ihe standa rd Aerochem Metrics (ACM) collector. 
Sampling done at the Arvada site used the N-CON bucket collector. 

Testing was perfo rmed in pairs, to allow comparison bctween the standard sampling 
protocol using the 3.5 gallon bucket. and the bag-lined bucket. QA bucket rinse samples 
were processed for weeks during which no precipitation occurred to comparc 
contamination potential l'or each protocol. 

Preliminary results suggest similar collection efficiencies l'or the two sampling protocols. 
Concentrations for all NTN and AIRMoN analytes, pH , and conductivity are similar as 
well. 
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Coastal and Marine Mercury Ecosystem Research Collaborative 
(C-MERC) 

Charles T. Driscoll' Celia Y. Chenz, Kathleen F. Lambert J , Robert 1'. Mason4. Elsie M. 
S.;nderland', Cathe rine V. SchmittO, David C. Evers7 

Most human exposure to mercury in the U.S. derives from thc consumption of manne !ish and shell 
fish , yet many Imp0rlant uncerlaint ies and gaps exist in our understanding of the sources of 
methylmercury in marine ecosystems and the pathways to human and wildlife exposure. The Coastal 
and Marine Mercury t:cosystcm Research Collaborative (C-MERe), sponsored by the Dartmouth 
College Tox ic Metals Superllmd Resea rch Program. has convened a team of scientists and 
stakeholders to elucidate key processes related to the inputs. cycling and troph ic transfer of mercury 
in marine ecosyslems. The C-M ERC crYon has resu lted in a series of papers on the state of lhe 
knowledge with respect to mercury in marine ecosystem s. The papers examine mercury sources, 
transpon , bioavallabllity and elkcls in six mar ine ecosystems (open ocean, Arctic Ocean . Gulf of 
MeXICO, Gul I' of Mmne, San Francisco Bay, tropica l oceans), mercury policy issues in the context of 
an international treaty , mercury-nutrient linkages m marine ecosys tems. and mercury exposure and 
health efleets. Inputs of mercury occur due to direct emissions from human act ivities (e .g, 
incll1eralion, electric utilities, mming), re-emissions of prcviouslv deposited mcreury (e.g., biomass 
burning, photovolatization, soi l respi ration) and natural release of mercury from gcogenic sources 
(e.g , volcanoes, so il) Mercury emiSSions arc generally deposited to the Earth 's surbce as inorganic 
mercury (iOnic. elemental). In reducing environments (wetlands. sediments. water column). ionic 
mercury can be convened to methylmercury, the form thai is readily transkrred up the food chain 
resulting in exposure to wildlife and humans. The diverse marine systems studied in C- MERe 
exhibit variable pathways of morganic and methylmercury supply For Inorganic mercury, dom inant 
inputs can be derived from direct almospheric deposition. ri verine mllows or inputs I'rom the open 
ocean Major mputs of met hylmercury can mclude supply from thc open ocean. riverine inflows or 
mternal mcthylal ion from the water column or coastal sediments. Thesc different pathways of 
mercury supply suggest that marine ccosyslems Will be highly variable in their response times to 
changes in atmospheric mercury emissions and deposi tion , and that open ocean rood webs from 
which much or our seafood is harvested will likely benefit i"rom decreases in atmosphcnc emiSSions 
Exposure of mercury can occur through two categories of consumers: the general consumer who 
largely obtains fish from global sources (e.g , tuna, pollack) and the local consumer who consumes 
local fish. tJnderstandlng contm,tlng pathways of mercury transport and exposure Will be central 10 

the developmcnl ofclTectivc policies to limit mercury exposure and to the accurate inlerpretation of 
monitoring resu lts 

'Department ol"Clvil and Environmental Lngineering. Syracuse Universit y, S)'racu~e NY . 13244. 
USA, ctdriscO(lIlsyr cdll (I-Iubhard I3rook LTCR) 
'Dcpurtment of Biological Scienccs, Dartnlouth College, I!;wover Nil, 03755, USA, 
Celia Y Chcl1@Ulirlmolith cdu 
'Harvard Forest , Ilmvard UniverSity, Petersham, MA 01366, IJSA, kl umlxnOI (", ra.~ , harvard "\lll 
'Department or Marine Sciences. University of Connecticut. 1080 Shennecossett Road , Groton, CT 
06340, USA, nlhcrt rnasoll@uconll cdu 
' ilarvard School of Public Health, Harvard Umvers it y, 401 Park Drive, Hos ton. MA 02215 , USA , 
clslc sundcrlund'tilhmvard Cgll 

"Maine SeJ Grant . University of Mainc, Orono. ME 04469, USA. 
CiIllicrine Schml~lllllLnJ!ll.!!c.c.!!\l 
1Blodiverslty Research Institute, 652 Main Street , Gorham ME, 0403R , liSA , 
david .cvcl;\@bIlf.QQ!U1Ill. 
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CITIZEN SCIENTISTS STUDY MERCURV IN DRAGONFLV LARVAE 
AT NATIONAL PARKS 

Colleen Flanagan and Dr. Sarah Nel son 

Mercury is a globally distributed contaminant that can harm human and wildlife health, 
and threaten resources the National Park Service (NPS) is charged with protecting. Due 
in part to cmissions and long-range transport rrom coal-burning power plants. even 
remote national park environments receive mercury deposition rrom the atmosphere. In 
an ctrort to increase public awareness regarding the mercury issue. a citizen science 
pr~ject was expanded in 2012 to collect dragonny larvae for mercury analysis in national 
parks. Dragonlly larvae (Ddonala: anisoplera) can serve as indicators of ecosystcm 
health by characterizing the risk and potential trophic trans fer or mercury. These aquatic 
macroinvertebrates are long-lived before emerging as adult dragonllies. widespread 
across the U.S .. predatory. important prey for fish species, they renect thc mercury 
scnsitivity or a spccillc watershed. and they arc rclatively easy to collect. 
Fourteen national parks across the U.S. are participating in the initial cl1ort: Acauia 
(ME), Big Cypress (FL). Cape Cod (MA), Channel Islands (CA). Denali (AK). Great 
Smoky Mountains (NCrrN). Mammoth Cavc (K V). Marsh-Billings Rockefeller (VT). 
North Cascades (WA), Rocky Mountain (CO). Saint Croix (WI/MN). Saint-Gaudens 
(NH). Santa Monica Mountains (CA). and Zion (UT). This citizen science project 
cngages students. teachcrs. and visitors in national parks. Moreover. the pr~jec t supports 
thc "Call to Action," the NPS Ccntennial Initiative, by connccting people \0 parks and 
advancing the cducational mission. 
Preliminary data indicate that there are s ignificant diflcrenccs among sites. evcn within a 
park. suggcsting that these bio-scntinels could be useful in describing line-scale 
dillcrences in mercury risk. For example. in two ponds at Acadia National Park where 
markcd dilTerences in fish mercury wcre reported in carlier research. uragonny larvae 
mercury followed the same pattern: dragonlly larvae mercury was approx. two times 
greater in thc pond with highcr-mcrcury fish (uragonny mercury mcan±SD=237±30 ppb. 
wet weight) as compared to the pond with lower-mercury li sh (dragonny larvae 
mean±SJ)=111±45 ppb, wct weight). 
In addition to increasing public awareness about mercury iss ues. this s tudy provides 

basel inc data to better understand thc spatial di s tribution of mercury contamination in 

national parks. It cxpands the geographic scopc or research previously conducted by 

scientists anu provides data that can be compared across parks. Funding options ror future 

years are currently being explorcd. 

Colleen Flanagan. Nalional Park Service - Air Resources D,vis,on 
(ph) 303-969-2806. (email) CallCe]l Flanagan(alnps.gov 
Dr. Sarah Nelson, University of Maine 
(ph) 207-581·3454 , (email) Sarah Nelson<alumil.mainc.edu 
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Surrace water quality trends rrom the TIME/LTM programs 

Funk. C.S .. and J.A. Lynch 


US EPA 1200 Pennsylvania Ave. N.W .. Washington. DC 20460. USA 


Suriace water chemistry provides direct indicators or the potential l:!ITccts or 

anthropogcnic impacts, such as acidic deposition and climate change. on the o\·crall 

health or aquatic ecosystems. Long-term surlace water monitoring networks provide a 

host or environmental data that can be used. in conjunction with other networks. to assess 

how water bodies respond to stressors and if they arc potentially at risk (e .g .. receiving 

pollutant deposition beyond its critical load). Two EPA-administered monitoring 

programs provide inrormation on thc efrccts or acidic deposition on headwater aquatic 

systems: the Temporally Integrated Monitoring or Ecosystems CI'IME) program and thc 

Long-Term Monitoring (LTM) program. These programs were designed to track the 

errectiveness or the 1990 Clean Air Act Amendments (CAAA) in reducing the acidity or 

surl~lce waters in : New England. the Adirondack Mountains. the Northern Appalachian 

Plateau. and the Ridge and I3lue Ridge Provinces. LTM water quality trends from 1990 to 

20 I 0 indicate signilicant dccreasing concentrations or sullate in mos t monitored sites in 

the NOl1hern Appalachian Plateau. Adirondack Mountains. and New I-:ngland regions. but 

in only 31% or streams monitored in the Ridge and Blue Ridge Provinccs. Most sites 

exhibited constant or only s lightly declining nitrate concentrations over the same timc 

pcriod. Acid Neutralizing Capacity (ANC) levels improvcd at ovcr 50% of sites in the 

Adirondacks and Northern Appalachian Plateau. but few sites showed increases in New 

England or the Ridgc and Rlue Ridge Provinces. The ANC of northeastern TIME lakes 

was also evaluated rrom 199 I to 1994 and 2006 to 2008. The percentage or lakes with 

ANC valucs bclow 50 Ilegll" lakes of acute or elevated concern, dropped by about 7%. 

Critical loads were calculated for TIMIC lakes in the Adirondack Mountains and TIM!, 

streams in the Ridge and Rlue Ridge Provinces. For the period from 1989 to 199/. 

berore implemcntation of the CAAA. 45% of lakes and 41% or thesc streams receivcd 

levels or combincd sulfur and nitrogcn deposition that exceeded the critical load. ror the 

2006 to 2008 period. 30% of lakes and 31 % of streams were in cxceedancc. Information 

from long-term monitoring has shown that emission reductions. have resulted in 

improved environmental conditions and increased ecosystem protection. Howcver. 

despite some ecological recovery. lakes and streams in thcsc regions remain at risk due to 

current acid deposition leve ls. The TIMUL1M programs. along with other monitoring 

network s. will continue to m()nitor surraCt' water trends for clTects of acid deposition and 

other anthropogenic impacts. 
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Large-scale Monitoring Data Inventory Projects Sponsored by 


US Geological Survey 


Cari Furiness l • Anne Choqucttez. John Wilsonl, Jell Dcaconz. and Gerard McMahon] 

Two related elYorls are being undertaken hy the US Cicologlcal Survey (USGS) of the US 
Department of the Intenor (DOl) to consolidate Infonnation and data from monitonng networks over 
large geographic areas III the US - one at a regional scale and one at a national scale 

f)f\'eloplllenl of a (jeosp{Jfial InrenlOI)' of E""ironlllt'nlal Moniloring I?esollrces in the SOlllheasl: 

f)OI ~olltheast Climate Science Center . The DOl Southeast Climate SCience Center (SECSe), 
based at NC State University , is Initiating a projcct with the objectl\'c to develop an IIlvcntory of 
phYSical, chemical, and biological data from terrestrial, aqualtc (includlllg coastal), and atmospheric 
monitorlllg networks in the southeast region A primary locus will be the development of a 
gcospatially-searchable portal for metadata about existing monitoring networks The region or 
inlerest is the region encompassed by thc SECSC and the Southeastllssoctation of Fish and Wildli!"e 
Agencies. The metadata portal will provide links to data useful lor science bemg conducted as pari 
of the Science Plan lor the SFCSC, which is designed to provide physical and biological research, 
ecological forecasting, and multi-scale model ing for Soulheastern resource managers. The ponal will 
al so provide a centralized localton lor information and links to data rclevantto adaptive management 
elTorts and deciSion-support tools developed in conjunction wilh Landscape Conservation 
Cooperati ves. and 10 other conservation panners. 

A Natio"al Compilation and IMenlol), of Water·QualilY MOllitoring 01110: USGS National Water 

QualilY Assenll1t'nl Program. SpecifiC objectives of this project arc to comptle readily available 
walcr-quality data Irolll federal , state, and regional government agencies, and non-governmental 
organi7.atlons ~ IIlventory. cal<110guc, and summarize these data~ and determine the suitability ofthesc 
data for addressing key environmental issues, such as energy development, nutrient enrichment. land 
use effects, and climate change. Water qualHy data types targeted III the compilation include suriilce­
watcr and groundwater chemistry, aquallc biota, and streamflow This compilation Will be used 
illltially to perform an inventory descnbing current and histone water-quality monitoring data 
available to address regional- to national-scale water rcsource issues. and to delineatc available uata 
reicvant lor several current or planned prolects, such as the National Network of Rclcrcnce 
Watersheds and Momtonng Sitcs and "Cyclc 3" (2013 to 2023) of the USGS Nallonal Water Qualtty 
Assessment Program. The USGS will usc this data compilation in collaboration With other agencies 
involved With multi-Slate watcr-policy I:;sues, assessments, and planning. Data from 32 states III the 
northeast, southeast, and midwest U.S. are currently being compiled, with the intent to expand to 
naltonal coverage. 

'NC State University, 'US Geological Survey, '1)0/ Southeast Climate Science Center 
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Metro East Community Air Quality Study 

N. Gartman l • L. Green l , T. Dombekl. C.Lehmannl · and Amy Funkz 


INational Atmospheric Deposition Program/Central Analytical Laboratory. 


Illinois State Water Survey. Prairie Research Institute, 


University of '"inois at Urbana-Champaign 


2204 Griffith Dr., Champaign . II, 61820 


Tel. 217-244-0869; Email: ngartman((l; illinois.edu 


ZAction Research Illinois. University of Illinois at Urbana-Champaign 


Illinois State Water Survey's Central Analytical Laboratory (ISWS/CAL) or the Prairic 

Research Institute at the University of Illinois at Urbana-Champaign performs measuring 

gaseous ambient nitrogen dioxide (N02) and suifur dioxidc (SOl) concentrations in Metro 

i':"st St-Louis rcgion. This study is a part of Metro East Community Air Project. which is 

sponsored by Action Rcsearch Illinois, at the University of Illinois. 

Passive type diffusion Radicllo ™ samplers. adsorbing NOz and S02 onto 

triethanolamine (TEA) arc deployed at 2S locations for onc weck every other month. 

After transporting to CAL. sampkrs an:: cxtracted. and thc cxtracts are then analyzed lor 

nitritc (NO l ' ) and sulfitc (Sot). N02' is directly determined by How injection Analysis 

(FlA); sot is oxidizcd to SO/' ' and then thc concentration of SO}· is detcrmincd by 

(on Chromatography (IC). 

A numbcr of measures (samp1c triplicates. travel blanks. preparation blanks. quality 

control analytical blanks, CtL) are provided II,.. producing quality assured data . 

Preliminary results are presented. 
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Nitrogen and Sulfur Atmospheric Deposition on Whiteface Mountain, 
1985-2010 

Ana R. Gordon' . Bradley D. Blackwell'. Charles T. Driscoll' . Jamcs E. DUkctt2. 

Karen Ro/ 


Controls of S02 and NO, emissions due to the 1990 Amendments of the Clean Air Aet 
and the U.S. Environmental Protection Agency Nitrogen Budget Program have resulted 
in marked decreases of atmospheric SO/· and NOJ ' deposition in the eastern United 
States. Because of the high elevation . high rainfall and shallow soil. the tores t ecosystems 
of Whiteface Mountain. Adirondack Park . New York are particularly sensitive to acid 
deposition. Acid anions in wet and cloud water deposition were compared before and 
arter 2000 to assess the relative elfectiveness of emiss ion controls. NH4t. NO)' and SO/­
ion data from the National Atmospheric Deposition Program were used to quanti fy 
annual nitrogen and sulfur wet deposition at 61 Om on Whitcface Mountain from 1985 to 
2010. From 1985 to 1999. the average annual Nand S lOtal wet dcposition were 4.80 kg 
N ha" and 5.94 kg S hal. respectively. Bctween 2000 and 2010. wet Nand S deposition 
averaged 4.06 kg N ha-' and 3.96 kg S hal. dccrcases of appro xi mately 15% and 33%. 
respectively. In addition to mcasured wet deposition. cloud deposition contributes 
significantly to ion fluxes at Whiteface Mountain. The magnitude of cloud water 
deposition was greatcr than wet deposition. averaging 7.29 kg N ha" and 7.96 kg S ha-' at 
1150m annually from 2001-2010. Both Nand S conccntrations in cloud water havc 
similar rates of dccline as wet deposition since the impleme ntation of emiss ion controls. 

'Department of Civil and Lnvlfonmental Engineering, Syracuse University, Syracuse. NY 13244 
2tldlfondack I.akes Survey Corporation 
'New York Stale Department of Environmental Conservation 

Primal)' contact i nformat ,on: 
(734) 834-9977 
~mf!ord()n(lIlsyr crtu 
858A Sumner Ave., Syracuse, NY 13210 
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Total Phosphorus: Significant or Not? 

Lee Green. Christopher Lehmann and Van Bowersox 

National Atmospheric Dcposition Program 


Central Analytical Laboratory (CAL), Illinois State Water Survey 

Prairic Research Institute 


Univers ity of Illinois at Urbana-Champaign 

Champaign. I L 61820 IcegrCCIl Ctililiinois.cdu 


Phosphorus can bc prcscnt in water samples in at least three forms : orthophosphale. acid­
hydrolysablc phosphate and organic phosphorus. Organic phosphorus is changed to 
inorganic by bactcrial action. Orthophosphate can be measured directly and the other two 
form s must bc converted to orthophosphate prior to testing. Total phosphorus 
measurements in precipitation samples from the National Atmospheric Deposition 
N etwork (NADP) were determined by now injection analys is from salllpit:s received in 
February 20 II to present. Prceipitation samples for this s tud y were collected from the 
Atmospheric Integrated Monitoring Network (AIRMoN). These samples are collected 
within a 24 hour precipitation event. are immediately refrigerated. and remain chilled 
during shipment to the NAf)P Ccntral Analytical Laboratory (CAL) in Champaign. II.. 

These samplcs werc tested by the CM . lor Orthophosphate and Total Phosphorus within 
onc week of arrival at the CAL. A second set of samples were collected at Bondville. IL 
(11.,11) s ite as a spccial study from February 2011 till October 2011. Thcse sa mples were 
collected side by s ide with the AIRMoN sample at this site but thc sample w as collected 
directly into a rcfrigcrated compartmcnt and never allowed to come to seasonal 
temperature. Only total phosphorus was analyzed on the special study samples. Filtered 
vs. unfiltered samplcs were also measured to identify any dim:rences . 

A sccond sct of precipitati on samples wcre also analyzed for total phosphorus. These 
samples were collectcd and kcpt frozen by The Canadian Air and Precipitation 
Monitoring Network (CAPMoN). in Toronto. Canada. The samples were shipped to the 
CAL in c(lOlcrs and analyzed f'or total phosphorus and orthophosphate. 

The total [lhosphorus method detection limit was determined to be 0 .005 mglL. Total 
eonvcrsion to orthophosphate was determined by lIsing two quality control standards 
every six samples during analysis. The recovery for a 0.025 mg/L trimethyl phosphate 
(TMP) was tound to be 96% and a 0.050 mglL sodium tripolyphosphate (31') was found 
to be 100%. Seasonal data from this study will bc presented as well as site ~pecific total 
phosphorus vs. orthophosphate concentrations throughout the year. 
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The Effects of Gaseous Ozone and Nitric Acid Deposition on Two Crustose 
Lichen Species From Joshua Tree National Park 

Elizabeth C. l' les~om I. Pamela E. Padgelt2 David R. Parker l 

Lichens lacking root systcms, are dependent on atmosphcric deposition for thc majority 
of thcir water and nutrients. This rcliance however, makes lichens highly sensitivity to 
atmosphcric conditions and pollutants. It is thi s sensitivity that onen allows lichcns to be 
uscd as bioindicators lar air quality. While studies have shown that epiphytic (tree 
dwclling) lichens show much promise as bioindicators, virtually nothing is known about 
crustosc (rock dwelling) lichens. The atmospheric pollutants ozone (0)) and nitric acid 
(HNO)) are two major pollutants faund within thc Los Angeles Basin . 07.0ne has been 
shown to not significantly afTect lichen: however HNO) has not been extensively studied, 
and seems to be phytotoxic to some lichen. 130th of these pollutants are deposited 
downwind from the L.A. basin into Joshua Tree National Park, A gradicnt of thcse 
pollutants in the Park has bcen demonstrated by previous research. Wc studicd two lichen 
of' particular interest from Joshua Tree National Park. Lohothallia praeradiosa (Ny!.) 
Hafellner, and Acarospo/'a socialis 1-1. Magn., roth of which arc crustosc species with 
unknown sensitivities to 07.one. as well as unknown and hypothcsi zed tolcrances to 
nitrogen compounds, rcspectivcly. Littlc rcsearch exists for either species, possibly 
because of how dil1icult it is to work with crustose lichen. This research allempts to 
expand the background knowledge of these species by fumigating them with varying 
levels of ozone and nitric acid . to asecrtain physiological rcsponses to the pollutants. 
I3ecause of thc lack of knowledge. it is diflieult to predict their responses to the 
fumigations, however based on previous research: it is fair to postulate that both species 
may not bc affected during the 0) fumigation exposures. Additioanlly, based on 
Acarospora's nitrophilous response to nitrogcn pollutants. it is postulated that 
Acarospora will exhibit a pos itive rcsponse to thc HNOJ fumigation. whcn comparcd to 
Lobotha/lio' s responsc. howeve r. s ince nitric acid has been shown to be phytotoxic. it is 
postulatcd that at higher fumigant exposure treatments. both spceies will exhibit negative 
physiological rcsponscs. To determinc physiological responses. chlorophyll Iluoresccnce. 
dark respiration . and microscopic imaging will be measured throughout the fumigations. 
Lichen washes and ambient nitrogen deposition samplers placed in the park will be uscd 
to determine the deposition levels the lichen are experiencing before and during the 
fumigations. Overall. this research seeks to broaden the background of these two 
unstudied Calif(lrnia crustose s pecies' sensitivity to Oi'.onc and nitric acid in the hopes of 
using them as bioindicators in the future. 

'University ol'Califorllla, Riverside, RiverSide. CA, USA 
, USDA Forest Service, Pacilie Southwest Rcsearch Station. Rivers ide, CA, USA 
Contact mformation i'or primary author 
Email : elizabeth.hcssom(!,lcmail . ucr.cdu 
Phone (909) 456 - 0553 
Mail 600 Central Av e .• Apt 238. Riverside. CA 92507 
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Table of Needs for Estimation of Total Deposition 

I). Schwede, G. Lear. K. Morris, J Walker, M. Puchalski, G. Beachley, D. SchmellZ .. T. Butler, 

C'. Rogers, S Isil" , B Schichtc1 


The total deposition science (TDEP) committee became an onicial part of the National 
Atmospheric Deposition Program (NADP) during the Fall 2011 NADP Scientific 
Symposium held in Providcnee. Rhode Island. The mission of the TDEP committee is to 
improve cstimates of atmospheric deposition by advancing the scicnce of measuring and 
modeling atmospheric wet. dry and total deposition of species such as sulfur. nitrogen 
and mercury by providing a forum for the exchange of information on currcnt and 
emerging issues within a broad multi-organization context consisting of atmospheric 
scientis ts. ecosystem scientists. resource managers and policy makers. 
In order to accompli sh its miss ion state ment the TDI-Y commillee establishcd specific 
charges. which include I) support of national atmosphcrie monitoring networks by 
providing information on emerging meas urement techniqucs. model development and 
uncertainties associated with thesc approaches, 2) identification and prioritization of 
knowledge gaps in the fields of measuring and modeling of atmospheric deposition. as 
well as 3) to encourage greatcr communication and collaboration bctwecn groups from 
different disciplincs with interests in atmospheric deposition. To hclp address these 
specific charges a ' Table of Nceds' was created by the commillee as a communication 
tool in which ongoing. planned. and nceded work could bc summarized. prioritized and 
used by agencies and/or groups as justilication for research proposals. The Table is a 
living document that is updated based on input from mceting participants as well as 
emcrging information. Thc actual table prescnted in thi s poster exists in spreadsheet 
format to facilitate sorting of thc various catcgorics based on area of intcrest. 

'Selma Isil, Senior SciClllisl 
AMEC Environment & Infrastructure. Inc. 
404 S W 140th Terrace, Newberry. FL 32669 
Ortice 352-333-6607 Mobile 518-593-98t4 
li!:lnill isiliill;lmcc com 
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Biological Sensors for Atmospheric Nitrogen Deposition 

Amanda James, James Sickman, and Mark Felln 

The Integrated Total Nitrogen Input (!TNI) mcthod is a technique for evaluating nitrogcn 
deposition by utilizing plants as collcction interfaccs. The ITNI method employs a plant­
liquid-sand system (PLS system) in which a plant is hydroponically grown in silica sand 
and labeled with "N tracer while growing in a greenhousc. Alter plants are labeled, they 

are deployed into the environment where the I 'N tracer in the plant tissues is diluted as a 

result of atmospheric nitrogen deposition input via gaseous, leaf and root uptake. At the 
end of the sampling pcriod, all components of the plant and system are harvcsted and 
analyzed on a mass spectrometer to determine the degrce of dilution of the tracer. The 
I 'N values obtained will be incorporated into a mass balance e4uation that accounts for 

the total deposition occurring on thc PLS system surfaccs and yields the total nitrogen 
uptakc from the atmosphere. In this study, we will cmploy Coastal Sage Scrub (CSS) 
species, a dcclining native California plant assemblage, to determine total nitrogen 
deposition occurring in thc Inland I':mpire of Southem Cali fornia. Traditional nitrogen 

deposition collection devices such as through fall and ion exchange resins will bc co­
located with the ITNI PLS systems to compare and assess the accuracy of such traditional 
collectors. We will also be simultaneously investigating prominent invasive species to 
determine, by nlte of isotope dilution, if nitrogen deposition is assimilated more readily in 
invasives than natives. This will explorc the notion that increased nitrogen deposition 
rates to CSS asscmblages increase invas ive species prolilcration and subsequent 
displacement of native CSS species. Previously calculated ecosystem critie~1 loads of 

nitrogen deposition will be evaluated relative to the ITNI deposition rates. CSS and 
invasive specics specific nitrogen deposition ratcs will be determined and compared with 
relative isotope dilution ratcs within the respective PLS systems. Lastly, i~otope dilution 

data will be constructed into a gradient map li:lr comparison against existing deposition 
data in California. 

UniverSity of Calilornia RiverSide: Environmental SCiences Department and US rorest Service: 

PacifiC Southwest Research Station of Riverside, California 951-310-1544, 

900 University Ave, RiverSide, CA 9252 t, .1£.0bbOO 1(,))ucr <'<I ll 
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Regional, Spatial, and Temporal Errors in NADP Deposition Maps 

Brian Kerschner and Robert Larson 

National Atmosphcric Deposition Program 


Illinois State Water Survey, Prairie Research Institute 


'fhe National Atmospheric Deposition Program (NADP) publishes maps that depict 
annual average concentration and dcposition values ofanalytcs present in precipitation. 
Concentration maps are produced using a standard invcrse distance wcighted (IDW) 
spatial interpolation model. A precipitation surface is generated by combining Ni\DP 
st~tion data with higher rcsolution data from the PRISM I model. A proeedurc was 
developed to smoothly blend the Ni\DP dat a with the PRISM data to create a single 
precipitation surface. 
A deposition surface is generated for each analyte by combining the precipitation surface 
with the concentration surface. 
The resulting output. as with any model. provides a best estimate of wet deposition. but 
also contains model errors. An understanding of the errors is essential for proper 
interpretation of the maps. 
This poster provides an overview of spatial interpolation errors, spccifically the root 
mean s4uare error (RMSL) ofNADP wet deposition maps. The RMSE's are analyzed 
fiJr all concentration and deposition analytes from 1985-2010. Spmial and temporal trend 
plots visualiz.e how the errors change over time and in dil1erent geographic regions of the 
country. 

I PRISM Climate Group, Oregon State University. hnp:l/prism.orcgonstate.edu, created 
Oct 2011. 
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A collector comparison for wet deposition at a coastal New Hampshire site 

Daniel Liptl.in, Michelle L. Daley and William 1-1, McDowell 

Department of Natural Resources and the Environment 

170 James Hall 

56 College Rd, 

University of New Hampshire 

Durham, NI-I 03824 

Phonc(603) 862-2249 

tzin((/' unh ,cdu 

Atmospheric deposition is quantified for various purposes such as quantifying Ilutrient 
budgets, determining critical loads for ecosystems, or assessing thc potential lor foliar damage 
from pollutants. These atmosph~ric inputs to ecosystems comprise a complex mixture of 
compounds originating from a variety of sources deposited via several mechanisms, Wet 
deposition should be the easiest of these processes to measure directly, but it can be affected 
by how the collcetor opens in r~'Sponsc to precipitation The Nalional Trends Network of the 
National Atmospheric Deposition Program (NADP) historically collected weekly wct 
deposition using the Aerochem Metrics (ACM) precipitation collector. In 2010, a different 
collector, the N-CON Atmospheric Deposition Salllpler w,t'> approved for use. One way these 
collectors differ is in the type of sensor that identifies precipitation, Recent rcsearch has 
suggested that thc ACM collectors respond differently to precipitation than thc N-CON. The 
goal of this project was to compare the chemistry ofwct deposition events in the two collectors 
at a single site lor a year. We examined several commonly mcasured components of 
precipitation (ammonium, nitrate, sulfate, and chloride) that diner in their origin and the 
chcmical properties in the atmosphere, We also evaluated differences in dissolved organic 
carbon (DOC) conccntrations, which havc not previollsly measured in other collector 
comparisons. Further, this coastal site is exposed to more marine inlluence than other 
previously cxamined sites. In general. the differences between collectors wcre most prominent 
for low precipitation events. Across all events, thc concentration in the N-CON was still 
signilieantly higher for ammonium, sull~l\e, and nitrate. but not for chloride and DOC. 
Similarly, the volume weighted mean concentration was higher for the N-CON for ammonium, 
sulfate, and nitrate, but not for chloride or DOC. The less consistent dilTerence between 
collectors for DOC and chloride may rcflect thc greater marinc influellee at this site, As 
collector comparisons have been done at relatively few sites, the reported dilTerenet!s among 
solutes in the magnitude of collector effccts cannot bc ascribed to random variation or to real 
slle-to-site differences in atmospheric chemical and physical processcs. Rather, the dilkrcnces 
among collectors may be highlighting the dilliculty in distinguishing betwcen wet and dry 
deposition. Thercfore, beller measurcments of total depositioll and dry deposition would 
minimize the inlpOrlanCc of variabil ity among collector types. 
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Cloud and Aerosol Ammonium Concentrations on Mount Washington, 

NH (1,540 m) 


(Jcorgia L. D, Murray', Kenneth Kimball", L. Bruce Hill b, Kathleen C. Weathersd 

Atmospheric acidity and sulfate concentrations have declined steeply in the US due to the 
1990 Clean Air Act Amendments (CAAA) and other more recent CAA emiss ion 
regul ation s, From 1990 to 20 II. national sulfur dioxide emissions dt!elined by 70%, 
nitrogen oxide emissions by 48%, Yet ammonium emissions have changed little since 
1990 (Source: National Emissions Inventory*), A multi-decadc summertime cloud and 
aerosol chemistry datase t Irom the Lakes of the Clouds (LOC) site on Moullt 
Washington, NH (1,540 m asl) reneets these emission changes with declines in sulfate in 
aqueous and aerosol phases, Acidity has also declined, however the relative amount of 
ammonium has increased with associated measured sulfate. Regression analysis of 
samples from pre and post 1995, e,g, implementation of the 1990 Clean Air Act 
Amendments (CAAA), showed that LOC site molar ratio of ammonium to sulfate in 
cloud water has increased from 0,77 to 1.08 while aerosol ratios have changed from 0,98 
to 1.22, Changes were also observed in lower elevation aerosol records pre and post 
CAAA, 
Cloud and rain water summer annual median concentrations, from 1996 -20 I 0, also show 
changes in ammonium level s relative to other ions. Median cloud water ammonium 
eonct:!ntrations transition ovcr thc record from relatively lower (1996-1999), to near cqual 
(2000-2004), and then exceeding (2005-20 I 0) hydrogen eoncentralions, In rainfall 
median (lmmonium and nil rate concentrations arc similar at LOC from 1996 to 2004 and 
then ammonium increases while nitrate does not from 2005 to 2008, All ions dipped 
dramatically in 2009, which was a very wct summer, but thcn rebound upward in 2010, 
A comparison of 72-hour back trajectories, using NOAA's I-IYSPLIT and North 
American Regional Reanalysis data, between relatively acidic vs, neutralized cloud and 
aerosol events mcasured at 1.0C will bc presented, Initial result s demonstratc that high 
sulfat<::-ammonium dominated occur when air masses have relatively longer !low paths 
from ammonia emission sourcc regions, 

• NEI 2008v2 at the Tier I Icvel hllp ://www,epa,gov/ltn/chic/i'trcnds/ 

"Appaladllan MountaIn Club, Research Dcpanmcnl, Route 16 Gorham, NH 03581 , USA 603-466­
2721 gmurraycci1outdoors.org or kkimball~il()utdoors , org 
" Clean Air Task Force, 18 Tremont Street, SUIte 530 130ston, MA 02108, LJSA 603-383-6400 
hruce@catrus 
"Cary Institute or Ecosystem Studies, PO, Box AI3 , Millbrook NY 12545-0129, USA (845) 677­
7600 Ext. 137 wcathersklillcarvinstitute,or 
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NADP SENSOR STUDY 

JefTrey Pribbl e, T im Leon, and Mark Rhodes 
Central An alytica l Laboratory. Illinois State Water Survey 

Prairie Resea rch Institute 
Unive rsity of Illinois, 22 04 Griffith Dri ve. Champaign . Illinois 6 1820 

In mid-20 12 the National Atmosphcri c Depos ition Program (NA I)I' ) began a fie ld study 
comparin g precipitation sensors used in its wet-deposition networks. The goa l of the 
study is to identify dillerem;cs between scnsors in terms of detectin g the onset of 
precipitation <J nd duration of the precipitation evcn\. The study includes both grid/plate 
typc sensors and optical sensors. Testin g focuscs on prec ipitati on sensors used in the 
NA DP netwo rk s. 

The stud y is being conducted at the N!\DP sitc in Bondville. Illinois. Sensors are 
configured in a grid. with each grid ce ll bcing approximatel y 13 n by 13 Ii (4m by 4m). 
The hei ght of eaeh senso r from the ground ranges from 4 It to 5 It (1. 2m to 1.5m). 
allowing fo r changes in elevation. 

N!\DP prec ipitation sensors used in the study are configured in pairs. This will help 
definc thc var iabilit y of a particul ar sensor. Placement or the scnsors was determincd 
th rough doub le randomization. Grid loca tions and indi vidual scnsors were ass igncd 
numcri c va lues using a random number gcnerato r. Numeric va lues werc th en matchcd. 

Rcsults of the study will prov ide in sight into the fo ll owing questiolls 
• 	 Whi ch ~c\lin gs (number of droplets per interval of time and switch-o fT delay) 

are most appropriate for operating the optica l sensors') 
• 	 Wh at impac t docs the precipit ation typc havc on the opcration ofthc scnso r') 
• 1·low sensiti ve is cach sensor type to blowin g snow and mis!') 

It is anti cipated that the sensor study at 11,11 will continue through 201 3 in order to 
capture diflercnces with ditTercnt precipit ation types. 
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In-Canopy Measurements of Ozone and Other Gases and Particles at 

Maine's Howland Research Forest 


Christopher Rogers l. AMEC, Inc. Jacksonville. FL 

Dr. Greg Reachley. U.S. Envi ronmental Protection Agency.. CAM D 


Kev in Mishoc. AM EC. Inc. Newberry. FL 


In Septcmber 20 11. the Clean Air Status and Trends Net work (CASTNET) began a 
coll ,lborati ve effort with Ameriflux to in vestigate atmospheric to vegetat ive exchanges of 
ozone and sulfur and nitrogcn species at the I-lowland Rescarch Forest Amerillux sitc in 
Maine. The fo rest is comprised of mature. lowland evergreen trees aged 40 to 160 years 
with a loca l canopy height of 20 meters. Meas urements taken at the site consist of hourly 
ambient ozonc concentrations sa mpled at eight levels throughout and above the evergreen 
canopy and weekly intcgrated ambient concentrations of gases and particles from 
CASTNET filler packs located above and bdow the canopy. Design fo r the ozone 
system centered on the use of a single ozonc analyzer and sitc transfer standard in 
conjunction with a solenoid system to all ow fur all eight Icvels to be measurcd with a 
res idence time less than 20 scconds using the same analy/.cr. Quality ass urance and 
ana lyzer performance is checked daily with calibration gas delivered through-the-probe at 
an in le t height of 23. 5 meters. The checks show no evidence of line loss. Hourl y ozone 
data collec ted thus far have shown cv id ence of episodic. ni ghllime negati vc concentration 
gradients with decrcasing sampling height that may be indica ti ve of potential deposition 
and scavengin g mechani sms occurri ng within the canopy. These losscs were compared 
with mctcoro logica l data to prov ide insight as to the degrcc of these phenomena as 
opposed to a gradicnt duc to poor mixi ng within thc canopy. 

Wee kly-integrated ambient concentrations measured with the filler pack support these 
observa tions having below canopy concentrations of approxi mate ly 60% and 64% of 
abovc-eanopy concentrati ons lor sulfur diox ide and total nitrate ( including gaseous nitric 
ac id). respec ti ve ly. Above and below-canopy concentrations fu r concentrations of 
p,1r1iculatc malleI' components ( i.e. total ammonium and sul fa te) show much less 
difference. whi ch may be ind ic<l tivc uf slower deposit ion rates compared with those of 
the gaseous spe<.: ies. In addition. both hourly ozonc and weekly filt erpack data arc 
collected at a ncarby (5 kilometers) C!\STNET site where measurements occ ur in a 
clearing at 10 mcters. For the first qUll rter 01' 201 2. concentnltions of sulfur dioxide and 
total nitrate at this site wcrc - 10% lowc r than thosc or the above-cllnopy filt er pack (R2= 
0.96). Particulate sulfate and ammonium concentrations were 2% (RC 0.( 9) and 8% 
(R"= 0. (8 ) lowcr. respecti ve ly. Hourl y ozone conccntrations were -9% lower than 
above-c,mopy measurements (R2= 0.(3). but more in vesti ga tion is needed as there is 
ev idence of a dimini shed cpisodic nighttime los$ consistent with that dcsc ribed fu r the 
forest canopy. Future work will in clude comparison of CASTNI:T data with !\meriFlu x 
carbon dioxide and nux data and the possibility the installation of simil ar equipmcnt at 
other AmeriFlux sites. 

I christopher.rogcrs(il)amec.wm: 904 .391 3744 
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Evaluation and Application of the CALPU FF Model for Evaluating 
Deposition Impacts to Support Critical Load Analyses on a Local Scale 

John Sherwell. Surya Ramaswamy and Mark Garrison 

The Maryland Power Plant Research Program (PPRI') has becn involved with evaluating 
impacts of regional sources of air emissions on air quality in Maryland and effects on the 
Chesapeake Bay for many years. The CALPUFF model is a use ful tool for conducting 
impact analyses of regional sources on nutrient loading to thc Bay and for specilic 
smaller water bodies. The Lagrangian form of the model is readily adaptable to "scale 
down" impacts to receptor areas that are no more than a Icw hundred meters in size; thus 
CALPlJlT is useful in assess ing impacts to scnsitive lakes. s treams. and coastal areas 
with a high degree ofresolutioll. A concern with CALPUFF is that its underlying science 
is 110t as complete as contained in more advanced eulerian grid models such as CMAQ 
and CAMx. Sinec CALPUFF provides a resolution not achievable by Ihe largcr grid 
models. its use in conjunction with thc grid models would seem to be a worthy objective. 
As a step towards this end. PPRP has conducted cvaluations of CALPUFF predictions 
compared to measurements of nitrate deposition and concentrations of species that 
contribute to deposition (e.g. particubte nitrate and nitric acid). obtained from na tional 
measurement networks including CASTNET. IMPROVI·:. and NADPINTN stations. 
This paper will provide a summary of these evaluations. illustrations for using CALPUPI: 
to assess critical loads for selected ,lreas. and provide insights into some possible steps to 
further harmonizc thi s Lagrangian approach wilh the more complex grid models. 

Corresponding Author: John Sherwell 

Addrcss: Maryland Power Plant Research Program (PPRI') 
580 Taylor Ave. 
Tawes Slate Olliee Building 
Annapol is. M D 2140 I 

Telephone: (410) 260-8667 
Email: JS II ER WE I .I .I(ildnr .~ latc,md.lIs 

Co-Authors: (iilcrm,com 

;nn 1;'1o"" ' (I ' (610) 514 3674 ,",IIII , ,",V I!! 

350 Eagleview Blvd 
Exton. PA 19341 
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Dose Response Relationships Associated with the Acidification of 

Freshwater Lakes and Streams 


Kaylyn Siporin'. Laura Datko-Williams ' . Jean-Jacques Dubois2
• Meredith Lassite';. and 


Tara Greaver2 


Secondary national ambient air qua lity standards (NAAQS) were established to protect 
public welfare (e.g. soils. water. crops. vegetation. animals. wildlilc. weather. visibility, 
and climate). The current secondary NAAQS for oxides of nitrogen (NO,) is an annual 
average of nitrogen dioxide not to exceed 0.053 ppm. and for oxides of sulfur (SO,), a 3­
hour average of sulfur dioxide not to exceed 0.5 ppm more than oncc per year. These 
standards are designed to prolect against gas-phase effects and are rarely exceeded. 
Howcver. damaging ceologieal elTccts of NO, and SO, also occur lhrough acidifying 
deposition. Those depos ition effects are widespread in the U.S . and include acidilication 
of aquatic ecosystems through terrestrial depos ition, which is followed by leaching of 
NO) ' and SO/' from soil to surface waters. 
We have assembled an inventory of published dose-response data and relationships that 
can be or have been used to eh,lraetcrize acidification in freshwater lakes and strC<lfns. 
The relationships of intercst are among water quality factors (biogeochcmical indicators) 
and responses of biota to changes in those factors (biological indicators). Examples of 
biogeochemical indicators include NO)'. SO/'. basc cations. acid neutralizing capacity 
(ANC). inorganic aluminum. and pI L Examples of biological indicators include 
presence/absence of organis ms. survival. growth. reproduction. and biodivers ilY. In the 
studies inventoried to date. pH and mortal ity were lhe most common indicntors evaluated. 
This research W,lS supported in part by an appointment to the Research Participation 
Program for the U.S. EPA. Ollice of Research and Development. adminis tcred by lhe 
Oak Ridge Institute lar Scicnce and Education through an interagency agreement 
bctween thc U.S. Department of Energy and EPA. The study was rcviewed by the 
National Center for Environmental Assessment. EPA . and approved lar publication. 
Approval docs not signify that the eonlents necessarily rellectthc view and policies ofthc 
I'.I'A. nor docs mention 01' trade names or commercial producl$ constitute cndorsement or 
recommendation lor use. 

'Oak Ridge Institutc 1<" Science and I':ducation, National Center lor Environmental Assessment , 
Olliee or Resea rch and Development. U.S. Environmental Protection Agcncy, Research Triangle 
Park , NC 

'National Center lor Environmental Assessmcnt , Office or Research and Oevelorment , U .S. 
F'nvlronl1lcntal ProtectiOn Agency, Research Triangle Park . NC 
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'\ational Atmospheric Depo sition Pro g ramiN

July 31, 2012 

ational Trends i\etwork Sites 

Slale/Pro' "inte 
S ile Code S ile "arne Co lloca li o n Spon.oring Agency 

Slarl 
Dale 

Alabama 

AL03 Cent ervi lle MDN AtmospheriC Research & Analysis. In c '02 / 11 

ALiO Black Bell Research & Exten sion Ce nt er US GeolOgIca l Survey 08183 

AL99 Sa nd Mountai n Research & Extension Cent er AMoN Tennessee Val le y Authority 10/84 

Alaska 

AKOI Poker Creek USDA Fo rest Service 1:2 192 

AKO:2 Jilll eau USDA Fo rest Serv ice.Uni ,ersit y of Alaska Southeast 06 /04 

AK03 Denali NP - Mount McKinlev National Park Service - Ai r Reso urces Division 06;80 

AK 06 Gates of the Arctic NP - Bettles MDN US Bureau of Land Ma nage ment 11 /08 

AK97 Katmal National Park - King Salmon Na ti ona l Park Service - Ai r Resources Divisio n 1109 

Argentina 

AGO I Laurent i-MAR NTN PROMAR- Centro de Zoolof,'ia Aplicada UNC J011 J 

Arizona 

AZ03 Gra nd Ca nyo n NP - Hopi Point National Park Service - Air Resources Division 08 /81 

AZ06 Or!,'an Pip e Cact us NM National Park Service - Air Resources Division 04 (80 

.0.297 Petrified Fo rest NP-Rainbo w Forest National Park Service - Air Resources Divisio n I:2f02 

AZ98 Ch"ica hua AMoN US Environmental Protection Agency -CAM D 02/99 

AZ99 Oliver Kno ll US GeolOgIcal Surve, 08/81 

StatefProvince Start 
Site Code Site "'ame Collocation Sponsoring Agency Date 

Arkansas 

AR02 Warren 2WSW US Geological Survey 05 /82 


AR03 Caddo Valley AMoN US Geological Survey 12i83 


ARI 6 BulTalo NR - Buffalo Poinl Nalional Park Service - Air Resources Di visio n 07/82, 
AR27 Fayetteville US Geological Survey 05/80 

California 

CA28 Kings River Experim ental Watershed USDA Forest Se rvice 04 /0 7 

0 
-j:>. 

CA42 Tanbark Flat USDA Forest Service oli82 

CA 45 Hopland US Geological Survey 10179 

CA50 Sageh en Creek US Geological Survey I lIO I 

CA66 Pinnacles NM - Bear Valley National Park Service - Air Reso ur ces Di vision 1\199 

CA67 Joshua Tree NP - Black Rock AM oN Nalional Park Service - Air Reso urces Division 09100 

CA75 Sequoia NP - Giant Forest MDN National Park Service - Air Resources Division 07 /80 

CA 76 Mont ague US Geological Survey 06 /85 

CAS8 Dav is US Geological Survey 09 /78 

CA94 Converse Flats MDN USDA Fore st Service 

CA96 Lassen Volcanic NP - Manza nit a Lake Nat ional Park Service - Air Resources Division 06/00 


CA99 Yosemite NP - Hodgdon Meadow National Park Service - Air Resources Division 12/81 


05/06 



StatelPro,ince 
Site Code Site 'arne Collocation Sponsoring Agenc~' 

Start 
Date 

COlorado 

COOO 

COOl 

C002 

Alamosa 

Las Animas Fish Hatchery 

Ni\\Ol Saddle 

US Geological Survey 

US Geoloh';cal Survey 
NSF-Institule of Arctic & Alpine Research /Unl vers,ty 

of CO 

04180 

IO i83 

06184 

C008 Four Mde Park US Env ironmental Prolect ion Agency-CAiVlD 12187 

C009 Ka\l,-aneech ee Meadow Grand County Water Information Net"urk 07! 12 

COlO Gothic US En\"ironmcntJI ProtectIon Agency-CAMD 02199 

COl5 Sand Spring US Bllreau of Land Management 03/79 

COl9 Rocky Mount ain NP - Beaver Meado\\$ Nalton al Park Sen"ice - Air Resourc(::; Oiv ision 05180 

0 C021 Manilou USDA Forest Sen· ice 10178 
Vl 

C022 Pa\\"nee NSF-Shongrass Steppe L TERiCo lorado State Universily 05'79 

C089 Rocky Mountain National Park-Loch Va il USGS'Colorado State University 09/09 

NSF-Inslillne of Arctic & Alpine Research /Uni versity 

C090 Ni""t R,dge-Selltheast of CO 01 /06 

C091 Wolf Creek Pass USDA Forest Serv,ce 05 /92 

C092 S<D1light Peak US Environmental Protection Agency-CAMD oli88 

C093 Ruffalo Pass - Dry Lake LSDA Fore;t Sen ,ce 10/86 

C094 Sugarloaf US En viron mental Prolection Agency -CAMD 11186 

C096 Molas Pass MDN USDr\ Foresl Se" ice 07/86 

C097 Buffalo Pass - Summ,t Lake MDN USDA Forest Service 02 /84 

C098 Rocky MOllntain NP - Loch Vale AMoN USGS'Colorado State Uni versity 08/83 

C099 Mesa Verde NP - Chapin Mesa MDN US Geo logical Survey 04/81 

StatelProv·i nce Start 
Site Code Site 'ame Collocation Sponsoring Agency Date 

Connecticut 

CT 15 Abinbrton AMo N US Environmental PrOlectlOn Agency-CAMD 01199 

Florida 

FL03 Bradford Forest US En vironmen tal Protection Agency-CAMD 10178 

FL05 Chassaho\\itzka NWR MDN US Fish & Wtldlife Service - Air Qualit y Branch 08/96 


FL II Everglades NP - Research C~nler MDNiAMoN National Park Service - Air Resources Divtsion 0680 


FLl4 Quincy US Geological Survey 03/84 

FL23 Sumat ra US Environ mental Protection Agency-CAMD 01 199 

0 
0\ 

Georgia 

FL32 

FL41 

FL99 

Orlando 

verna Well Field 

Kennedy Space Cenler 

Seminole County Public Works Department 

US Geolob~cal Survey 

NASAiln novati ve Health Applicallon s. LLC 

12 /05 

08 /83 

08i83 

GA09 Okefenokee NWR MDN US Fish & Wildlife Service - Air Quality Branch 0697 

GA2 0 Bdl\'ille US EnVironmental Protection Agency-CAMD 04r83 

GA33 Sapelo Island MDN NSFiUGA. & GA Dept of Natural Resources 11 /02 

G,,41 Georgia Station AMoN Atmosphenc Research & Analysis. Inc . 1017 8 

GA99 Chula US GeologlCal Survey 02 :94 

Idaho 

1002 Priest River Experimental Forest USDA Forest Service 12 /02 

100 3 Craters of the Moon NM AMoN National Park Service - Air Resource s Division 08 /80 

1011 Rey nolds Creek US Geological Survev 11 183 



05/81 

01179 

StatelPro\;nce Start 

Site Code Site "'arne Collocation Sponsoring Agency Date 


Illinois 
AIRJ'vloNi 

III I Bondville MDNIAMoN US Environmental Protection Agency·CAMD 02179 

ILl8 Shabbona SAES- University of illinoIs 

IL46 Alhambra AMoN US Environmental Protection Agency·CAMD o1i99 

IL63 Dixon Springs AgnClutural Center SAES-University of Illinois 

1L78 Monmouth US Geological Survey oli85 

Indiana 

0 IN20 Roush Lake US Geological Survey 08/83 
-....I 

IN22 SoUlhv\est Purdue Agriculture Center US Geological Survey 09;84 

IN34 Indiana Dunes NL MDN National Park SerYIce· Air Resources Division 07/80 

IN41 Agronomy Center for Research and Extension SAES-Purdue University 

Iowa 

IA08 Big Springs Fish Hatchery US Geological Survey 

IA23 McNay Memonal Research Center US Geological Survey 09;84 

Kansas 

KS07 Farlington Fish Hatchery I.S Geologrcal Survey 03,84 

KS31 Konza Pralfle AMoN SAES-Kansas Slate University 

KS32 Lake Scott Slate Park MDN US Geological Survey 

StatelPro\ince Start 
Site Code Site \arne Collocation Sponsoring Agency Date 

Kentucky 

KY03 Mackville AMoN US Geol ogical Survey 

KYIO Mammoth Cave NP·Houchm Meadow MDN National Park Service· Air Resources DiVision 08102 


KYI9 Seneca Park US Geological Survey 10/03 


KY22 Lillev Cornett Woods US Geological Survey 09183 

KY35 Clark State Fish Hatcher; US Geologrcal Survey 08:83 

KY99 Mlu!x:rry Flats TVA Murray State University 12/94 

Lou isiana 

0 
00 

LA30 SoUl heast Research StalJon US Geological Survey 01/83 

Maine 

MEOO Caribou MDN EPA/Maine Dept of Environmental Protection 04/80 

ME02 Bridgton MDN EPAIMaine Dept of Environmental Protection 09180 

ME04 Carrabasset t Valley MDN US Environmental Protection Agency· CAMD 03;02 

ME08 GIlead US Geological Survev 09;99 

ML09 Greenville Slation MDN EP A/Maine Dept of Environmental Protection 

ME96 Casco Bav . Wolfe's Neck Farm MDN EP A, Maine Dept of Environmental Protection 0198 

ME98 Acadia NP . McFarland Hill MDN National Park Service· Air Resources Division 1[181 

07/82 

08/84 

08/82 

03184 

11/83 

11179 



06/04 

State/Pro\'ince Start 


Site Code Site Name Collocation Sponsoring Agency Date 


Maryland 

MD07 

MD08 

MDI3 

Catoctin Mountain Park 

Piney Reservoir 

WJe 

\,1 DNi.-\'\lNel' 

AMo"i 

{\lal ional Park Service - Air Resources Division 

Maryland Department of Nat ural Resources 

SAES-UnlverSity of Maryland 

05/03 

06104 

03/83 

MDI5 Smith Island NOAA·AIr Resources Lab 06/04 

MDI8 Assat eague Island NS· Woodcock Maryland Department of Natural Resources 09/00 

\~I Dl'.','.AMNel 

MD99 Beltsville .-\~·'o~ Maryland Department of Nat lira I Resources 

~Iassachusetts 

0 
'Ci 

MAOI 

MA08 

North Atlantic Coastal Lab 

QIIJhbin Reservoir 

MDN Nat lanai Park Service· Air Resources Division 

Nor1 heast States for Coordinated Air L-" Ylanagement 

12/81 

0382 

\\ichigan 

MI09 DOllgla, Lake SAES-Michlgan Slat e University 07i79 

MI26 Kell ogg BIOlogical Slation SAES-Michigan Slate University 06179 

MI48 Seney NWR· Headquarters MDN US Fish & Wildlife Service· Air Quality Branch 11100 

MI51 Unionville US Environmental ProtectIOn Agency·CAMD 01/99 

MI52 Ann Arbor US Environlllental ProtectIOn A::,>ency· CAM D 

MI53 Wellston USDA Forest Service 10178 

MI98 Raco US Environmental Protection Agency·CAMD 

MI99 O lasse ll USDA Forest Service 02/83 

StatefProvince Start 
Site Code Site Name Collocation Sponsoring Agency Datc 

Minnesota 

MNOI Cedar Creek Minnesota Pollution Control Agency 12/96 

MN08 Hovland Minnesota Pollution Control Agency 12196 


MNI6 Marcell Experimental Forest MDN USDA Forest Service 07178 


MNI8 Fernberg MDNiAMoN US Environmental Protection Agency·CAMD 11/80 

MN23 Camp Ripley MDN US Geological Survey 10/83 

MN27 Lamberton MDN Minn esota Pollution Control Agency 

0 
MN28 

MN32 

Grindstone Lake 

Voyageurs NP . Sullivan Bay 

Minnesota Pollution Control Agency 

National Park Service· Air Resources Division 

12196 

05!00 

MN99 Wolf Ridge Minnesota Pollut ion Control Agency 12/96 

\!ississippi 

MSIO Clinton US Geological Survey 07/84 

MSI2 Grand Bay N E RR MDN!AMNel Mississippi Department of Environmental Quality 03/10 

MSI9 Ne\\ton NOAA-Air Resources Lab I 1186 

MS30 Coffeeville Tennessee Valley Authority 07/84 

Missouri 

M003 Ashland Wildlife Area MDN US Geological Survey 10/8 I 

MOOS University Forest US Geological Surve) 10/81 

01199 

05/84 

01179 



State/Pro\ince Start 
Site Code Site ~ame Collocation Sponsoring Agency Date 

Montana 

MTOO Little Bighorn Balilefieid NM US ~ologJcal Survey 07 /84 

MT05 Glacier NP - Fire Weather Station MDN National Park Service - Air Re so urces Divi sio n 06/80 

MT07 Clancy US ~ologJcal Survey 01/84 

MT96 Poplar RI ve r EPAfFort Peck Tribes 12/99 

MT97 Lost Trail Pass USDA Forest Service 09 /90 

MT98 Havre - Northern Agncultural Research Center US GeolOgical Survey 07 /85 

Nebraska 

NElS Mead MDN SAES-Unlversity of Nebraska 07178 

NE99 North Plalle Agricult ural Expe riment Station US ~ological Surve y 09 /85 

Nevada 

NV03 Smlt h Valley US Geological St~vey 08 /85 

W05 Great Basin NP - Lehm an Caves National Park Service - Air Resources Divi sion 01 /85 

\ew Ham pshi re 

NH02 Hubbard Brook AMoN USDA Forest Servic~ 07178 

New Je rsey 

NJO O Emlin B Forsythe NWR US Fish & Wildlife Service - Air Qualit) Branch 10/98 

NJ99 Washington Cro ; ing US Environmental Protection Agency -CAMD 08 /81 

StatelPro\'incc Start 
Site Code Site \arne Collocation Sponsoring Agency Date 

New Mexico 

NMOI CIlia Cliff D...ellings Ne>\ Mexico Environment Department - AQBIEPA 07185 

NM07 Bandelier NM National Park Service-Air Resources Division 06/82 

NM08 Mayhill US GeolOgical Survey 01/84 

NMI2 Capulin Volca no NM New Mexico Environment Depart ment - AQBIEPA II 84 

~ew York 

NYOI Alfred US Geological Survey 08/04 


NYtJ8 Aurora Research Farm USDA/Cornell University O~ , 79 


tv 
NYIO Chautauqua 

MDN/AMNet l 
US Geo logica l Survey 06/80 

NY20 HlUltingt on Wildlife AMo~ S Y-College of Environmental Science & Forestry 10178 

NY22 Ablesasne Mohallk - Fort Covington US Environmental Prot ec tion Age ncy - CAMD 08 /99 

NY29 Moss Lake US Geological Survey 07/03 


NY52 Bennet t Bridge US Environmental Protect ion Agency-CAMD 06/80 


NY68 

NY96 

Bisc ill t Broo k 

Cedar Beach . Sout hold 

MDN US Geological Survey 

EPAiSulloik Dept of Health Service-Peconic Estuary 

Program 

10/83 

II !O3 

NY98 Whiteface MOllll tain US Geologic"1 Survey 07'84 

NY99 West Point US Geological Survey 09/83 



Sta te fP ro\; n ce Start 

Site Code Site'iarne Collocation Sponsoring Agency Date 


North Carolina 

NC03 Le\\lSton North Carolina State University 10178 

NC06 Beaurort AMoN US Environmental Protection Agency-CAMD 01/99 

NC25 Co\\,eeta AMoN USDA Forest Service 07178 

NC29 Hormann Forest North Carolina State University 07/02 

NC34 Piedmont Research Station North Carohna State Universit y 10/78 

NC35 Chnton Crops Research Station North Carolina State Umversity 10178 

NC36 Jorda n Creek US Geological Survey 10/83 

NC41 Finley Farm s North Carolina State University 10178 

w NC45 Mount Mitchell US Environmental Protect ion Agency-CAMDINCSU I 1/85 

North Dakota 

NDOO T heodore Roosevelt NP-Palnted Canyon National Park Service-Air Resourc('s Division Ol IO I 

ND08 Icelandic State Park US Geological Survey 10/83 

NDII Wood\\Qrth US Geological Survey I 1/83 

Ohio 

OH09 Oxrord US Geological Survey 08/84 

OHI7 Dela\yare USDA Forest Service 10178 

OH49 Cald\\ell US Geologi ca l Survey 09178 

OH54 Deer Creek State Park AMoN US EnVironm ental Protection Agency-CAMD 0 l i99 

OH71 Wooster US Geological Survey 09178 

StatofPn,,'inco 
Site Code Site'iame Collocation Sponsorinl( Al(enc)' 

Start 
Date 

Oktahoma 

OKOO Sail Plain s NWR US Geol ogica l Survey 12 /83 

OK I 7 Kessler Farm Field Laboral ory NOAA-Air Resource s Lab 03/83 

OK29 Goo<l\\,," Research St at ion US Geological Survey 01 /85 

Oregon 

OR09 Si"er Lake Ranger Station US GeolOgical Survey 08/83 

ORIO H J Ardre\\s Expe rim enlal Foresl USDA Forest Service 05/80 

ORI8 Starkey Experimental Forest US Geo lo g1cal Sur\'ey 03/84 

OR97 Hyslop Farm US EnVironmenta l Prolectlon Agenc y-CAIV1D 04/83 

-j::>. Penns)'lvania 

PAOO Arendtsville MDN/,u.MoN US En\'ironmental Protection Agency-CAMD 0 1/99 

PA02 Crooked Creek Lake Pen nsylvan ia State Uni\'e rsi ty I 1/00 

PA 13 Allegheny Portage Railroad Nalional Hi storic Site MDN Penns), Ivan ia s.: ate Uni versit y 07111 

PAI5 Penn State AIRJvtoN NOAA-Air Resources LabfPA Game Commi ssion 06/8 3 

PAI8 YOWlg Woman's Creek US Geological Survey 04/99 

PA21 Goddard State Park MDN Pennsylvania 5(ate Un1versl ty 07 / 11 

PA29 Kane Experimental Forest MDN/AMoN USDA Forest Service 07/78 

PA30 Erie MDN Pennsylvania State University 07111 

PA42 Leading Ridge MDN SAES- Penns} lvanla State Uni ve rsity 04179 

PA47 Millersville MDN Pennsylvania Departmenl of Environmental Protection 11/02 

PA52 Lilli e Pine Stale Park MDN Pennsylvania State Uni\'erSity 07111 

PA60 Valle} Forge MDN Pennsylvania State Unlve rsit) 07ill 



11100 

StatefProvince 
Site Code Site 'iame Colloeation Sponsoring Agency 

Start 
Date 

PA71 Little Buffalo State Park Pennsylvania Siate University 07111 

PAn Milford MDN USDA Forest ServIce 12 /83 

PAS, Laurel Htll Slate Park Pennsylvania Slate University 07 / 11 

PA90 Htlls Creek State Park 

PA93 Frances Slocum State Park 

MDN Pennsylvania State University 

Pennsylvania Siate Universlly 

07111 

07 /11 

Pu e rto Rico 

PR20 EI Verde USDA Forest Service 02f85 

South Carolina 

9::'03 Savannah River MDN Savannah RJVer Nuclear Solul ion 12 / 11 

9::'05 Cape Romain NWR MDN/AMoN US Fish & Wildlife Service - Air Qualit)' Branch 

VI 
9::'06 Santee NWR US Geo logical Survey 07/84 

South Dakota 

SD04 Wind Cave Nattonal Park-Elk Mountain National Park Service - Air Resources Division 11 102 

SD08 Cotton\\00d US Geological Survev 10/83 

SD99 Huron Well FIeld US Geological Survey 11/83 

Tennessee 

T~04 Speed\\cll US Envlfonmental Protection Agency·CAMD 01 /99 

TNll Great Smoky Mountain NP - Elkmont MDN National Park Service - Air Resources DiviSIOn 08!30 

TNI4 Hatch.e NWR Tennessee Vailey Authonty IOf84 

Texas 

TX02 Muleshoe NWR US Geological Survey 06/85 

TX03 Beeville US Geological Survey 02 /84 

TX04 Bi" Bend NP . K·Sar National Park Service· Air Resources DiviSIOn 04 f80 

StatcfPro,ince Start 
Sile Code Site'iame Coiloeation Sponsoring Agency Date 

TXIO AIt\\,ater Prairie Chicken NWR US Geological Surve v 07184 

TXI6 Sonora US GeolOgical Survey 06 i84 

TX21 Lonb'vte" MDN Texas Commission On Environmental Qualtty 06 /82 

TX22 Guadalupe Mountains NP-Frijole Ranger SIn US Geological Survev 06/84 

TX43 Canoncet. AMoN Texas A&M UniverSIty/Texas Agrilife Research 07/07 

TX56 LBJ National Grasslands US Geological Survey 09 /83 

litah 

UTOI Logan .. \MoN US Geological Survey 12 /83 

UT09 Canyonlands NP . Island," the Skv National Park Service· Alf Resources Division 11/97 

LT98 Green River US Geological Survey 04/85 
0\ 

UT99 Bryce Can von NP . Repeater Hill National Park Sen' ICe - Air Resources Division 01 /85 

Vermont 

VTOI Bennington US Geological Survey 04/81 
,o,IRMoN 

VT99 Underhtll MDN/AMON US GeolOgIcal Survev 06 /84 

Virgin Islands 

VlO I Virgin Islands NP . Ltnd Point National Park Service· Atr Resources Division 04198 

Virginia 

VAOO Charlottesvtlle US Geolob~cal Surv"y 10/84 

VAI3 HOrlon's SIation Tennessee Valley Authorit y 07178 

VA24 Prince Ed\\ard AMoN US Environmental Protection Agencv·CAMD 01 199 

VA 28 Shenandoah NP . Big Meado",s MDN National Park Service - Alf Resources Division 05181 



-....l 

StatefPro\ince Start 
Site Code Site :'iame Collocation Sponsoring Agency Date 

VA99 Nat ur al Bridge St at ion USDA Forest Service - Air Program 07 /02 

Washington 

WAI4 Olympic NP - Hoh Ranger Slat ion National Park Service - Air Resources Di vision 05 /80 

WAI9 North Ca;cadcs NP-Marblemount Ranger Stn US G:ological Survey 02/84 

WA21 La Grande US Environmental Protection Agency-CAMD 04 /84 

WA24 Palouse Conservation Farm US G:ological Survey 08/85 

WA98 Columbia River Gorge USDA Forest Service - Pacific Norlh\\tSI Region 05102 

WA99 MOlJl1t Rainier NP - Tahoma Woods AMoN Nalional Park Service - Air Resources Division 10 199 

West Virginia 

WV04 Babcock St at e Park US G:ological Survey 09 /83 

WV05 Cedar Creek State Park US Environmental Protection Agency-CAMD 01 /99 

WVI8 Parso ns AMoN USDA Forest Service 07178 

Wisconsin 

WI09 Popple River MDN Wisconsin Depart ment of Nat ural Resources 12/86 

WllO P otal~a t omi MDN EPA /Forest County Potawatomi Communily 06/05 

WI25 Suring Wisconsin Department of Natural Resources 01 /85 

Vm8 Lake Dubay Wisconsin Depart men t of Nat ural Resources 06 /82 

StatelProlince Start 
Site Code Site :\ame Collocation S pon so ri ngAge n c~· Date 

WI35 Perkinstolln AMoN US Enl Ironmentat Protection Agency-CAM D Ot /99 

WI36 T roul Lake MDN Wisconsin Depart ment of Nat ural Resources o!l80 

WI37 Spooner Wiscon sin Department of I 3tural Resources 06/80 

WI98 W itdcat Mountain Wisconsin Department of Natural Resources 08/89 

WI99 Lake Genel a MDN Wisconsin Department of Natural Resources 06/8 4 

\Vyoro i ng 

WYOO SnO\\'Y Range USDA Forest Service 04 /86 

WY02 Sinks Canyon Bureau of Land Management 

WY06 Pinedale Bureau of Land Management ot /82 

WY08 Yellollstone NP - TOiler Falls MDN National Park Service - Air Resources Di'·islOn 06 /80 
00 

WY94 Grand Teto ns National Park AMoN State of Wyoming DEQ 0911 I 

WY95 Brook t ~ n Lake USDA Forest Sen ice 

WY97 SoUlh Pass City USDA Forest Service' Bridger Teton NF 04 /85 

WY98 Gypsum Creek USDA Forest ServicelBridger Teton NF 12 /8 4 

WY99 NellcaSlle Bureau of Land Management 08 /8 t 

Canada 

CAN5 Frelighsburg US Geological Survey 10101 

CAN6 Frelighsburg - Inl ercomparison US Geol06';cal Survey 10111 

51(20 Cactus Lake Saskatche\\an Ministry of Environment 0211 2 

51(21 Htrlson Ba y SaskatchellM Ministry of Enviro nm ent 04/12 

08/84 

09/92 
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"Iational Atmospheric Deposition Program /Atmospheric Integrated Research Monitoring Network Sites 

July 31,2012 

State 
Site Code Site Name Collocation Sponsoring Agency Start Date 

De I aware 

OE02 Le\\es NOAA-Air Resources Laboratory 09/92 

Illinois 

ILII Bondville MONINTN/AMoN NOAA-Air Resources Laboratory 10/92 

New York 
tv NY67 Cornell University AMoN NOAA-Air Resources Laboratory 09/92 

Pennsylvania 

PAIS Penn State NTN NOAA-Air Resources Laboratory 10/92 

Tennessee 

TNOO Walker Branch Watershed NOAA-Air Resources Laboratory 09/92 

Vermont 

VT99 Underhill MONINTN/AMNet Univerity of Vermont INEIWPCC 01 /93 

West Virginia 

WV99 Canaan Valley Institut e AMNetlMON NOAA-Air Resources Laborat ory 06/00 
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;\"lItiooal Atmospheric Depositio

Jul, 31.2012 

n Program lAmmonia I\-Ionitoring "etwork Sites 

State/Proyi n ce 
Site Code Site !'iame Collocation SpoDsoring Agency 

Start 
Dllte 

Alabama 

Arizona 

Arkansas 

California 

Colorado 

Sand MOlll1tain Research & Exten sion 
AL99 Cente r 

A298 Chiricahua 

AR03 Caddo Valley 

CA44 Yosemite NP- Turtleback Dome 

CA67 Joshua Tree NP - Black Rock 

CA83 Sequoia NP-Ash MOlll1tain 

COlO Gothic 

COl3 Fort Collins 

C08S Rocky MOlll1tain NP- Longs Peak 

C09S Rocky MOlll1tain NP - Loch Vale 

Con necticu t 

Florida 

CT 15 Abington 

FL I I Everglades NP - Research Center 

FL 19 Indian River 

NTN 

NTN 

NTN 

NTN 

NTN 

MDN 

NTN 

NTN 

NTNIMDN 

US EnVironmental Protect ion Agency - CAMD 

National Park Service - Air Resources Division 

US Environment a l Protection Agency - CAMD 

Nationa l Park Service ­ Air Resources Division 

National Park Service ­ Air Resources DiVISion 

National Park Serv ice - Air Resourc es Di v isIOn 

US En vi ronmenta l Protection Agency - CAMD 

US Environment al Protecti on Age ncy - CAMD 

National Park Service - Air Resources Di\' ision 

National Park Service ­ Air Resources Division 

US En Viron mental Protection Agency - CAMD 

National Park Sen Ice - Air Resources DiVision 

US Environmental Protection Agency - CAMD 

03/11 

03/1 1 

03/11 

03 / 11 

03111 

03/11 

06112 

11 /07 

05111 

05111 

03111 

0311 1 

04111 

State/Pro"ince 

Site Code Site !'iame 


Georgia 


GA40 York nile 


GA41 Georgia Sta t ion 


Idaho 

ID03 Craters of the Moon NM 

Illinois 

III J Bondville 

1L3 7 Stockton 

IL46 Alhambratv 
0\ 

Indiana 

INn South\\\est Purdue Agriculture Center 

IN99 Indianapolis 

Kansas 


KS03 Reserve 


KS31 Konza Prairie 


KS98 Coffeyville 


Kentucky 


KY03 Mackville 


KY98 Cadiz 


Maryland 

MD08 Piney Reservoir 

Collocation 

AMNetlMDN 

NTN 

NTN 

AIRMoNIMDN 

fNTN 

NTN 

NTN 

MDN 

NTN 

NTN 

NTN 

MDN/AMNet! 


NTN 


Start 
Sponsoring Agency Date 

At mospheric Research & Analys is 12 / 1 I 

US Environmental Protect ion Agency - CAM D 0611 I 

National Park Service - Air Resources Division 06 / 10 

US En v ironmental Protection Agen cy - CAMD 10107 

US Environmental Protection Agency - CAMD 04/11 

US Environmental Protection Agency - CAMD 03 / 11 

US Env ironmental Protect ion Agency - CAM D 06112 

US Environmental Protection Agencv - CAMD 10107 

Sac and Fox Nation of Missouri 10/ 11 

US Environm en ta l Protect ion Agency -CAMD 0311 I 

US Environmental Protection Agency - CAMD 

US Env' lronmental Protection Agenc~ - CAMD 03/11 


US Environmental Protection Agen cy - CAM D 0311 I 


State of MDI Department of Natural Resources 08110 



StatelPro,\; nee Start 

Site Code Site Name Collocation SpoDsorin\! Agency Date 


MDN1AMNet! 

M 099 Belt s,oille NTN State of MOl Department of Natural Resources 08/1 0 

~liehigan 

MI96 Detroit US Environmental Prot ec tio n Agency· CAMD 10/07 

i\'linnesota 

MN 18 Fernbe rg NTNIMDN US En, ironmental Protect ion Agency· CAMD 10107 

~ebraska 

NE98 Santee US Environmental Protect ion Agency· CAMD 04111 

;\·ewHampshire 

NH02 Hubbard Brook NTN US Environmental Protection Agency · CAMD 06/12 

!"ew Je rsey 

NJ98 Washington Crossing CAST NET US Environmental Protection Agency· CAMD 03/1 I 

New i\lexieo 

NM98 NavaJo Lake MDN US Environmental Protect ion Agency· CAMD 0 I 108 

NM99 Farmington US Environment a l Protection Agency· CAMD 01108 

New York 

NYI6 Cary Institute Cary Inst it ute Of Eco system St ud.ies 10/09 

MDN/AMNet l 

NY20 HuntinS'lon Wildlife NTN US Envlronmenlal Profect ion Agency - CAM D 06112 

NY67 It haca AIRJVloN US Environmental Protection Agency· CAMD 10/07 

North Carolina 

NC06 Beaufort NTN US Environmental Protection Agency· CAMD 04 / 10 

NC25 Co\\eet a NTN US En"ironmental Protection Agen cy · CAMD 05/1 I 

NC2 6 Candor US Env ironmental Prot ec tion Agency. CAMD 04/1 I 

NC30 Duke Forest US Environmental Protectio n Agency· CAMD 06 /08 

State/Province Start 
Site Code Site ~ame Collocation Sponsoring Agency Date 

Ohio 

OH02 Athens Super Site AMNet US Environmental Protection Agency· CAMD 10 /07 

OH27 Cincinnat i US Environmental Protection Agency. CAMD 10 /07 

OH54 Deer Creek State Park NTN US Environmental Protection Agency· CAMD 031\ I 

Oklahoma 

OK99 StII\\eJl MDN/AMNet US EnvIronmental Protection Agency· CAMD 10/07 

Pe nnsyha nia 

PAOO Arendt sv ille NTN/MDN US Environmental Protection Agency· CAMD 10/09 

PA29 Kane Experimental Forest NTNIMDN US EnvIronmental Protection Agency· CAMD 031\ I 

South Carolina 

seos Cape Romain NWR NTNIMDN US Environmental Protection Agency· CAMD 10 /07 

Tennessee 

TNO I Great Smoky Mountains Np· Look Rock National Park Service· Air Resources Division 031\ I 

N 

Texas 

TX43 Canonceta NTN 

Utah 

UTOI Logan NTN 

UT97 Salt Lake City MDN/A MNet 

Virginia 

VA24 Prtnce Ed"ard NTN 

US EnVIronmental Protec tion Agency · CAMD 

State of Utah 


St ate of Utah 


US Environmental Protection Agency· CAMD 

I I I I I 


I 11\ I 


031\ I 

00 

10/07 



N 
-.0 

w 
o 

Sta te!Pro\'i nce Start 

Site Code Site 'iame Collocation Sponsoring Agency Date 


Washington 

WA99 MOWl IRainierNP -T ahomaWoods 

West Virginia 

WVI8 Parsons 

Wisconsin 

WI07 Horicon Marsh 

WI35 Perkinsto\\n 

Wyoming 

WY94 Grand Tetons Nal ional Park 

WY95 Brookly n Lake 

NTN 


NTN 


NTN 


NTN 


Nalional Park Service - Air Resources Division 03111 

US Environmental Proteci ion Agency - CAMD 06111 

US Environmenlal Prolection Agency - CAMD 10/07 

US Environmental Proteci ion Agency - CAMD 03/11 

Nalional Park Service - Air Resources Divisio n 09111 

Nal ional Park Service - Air Resources Div ision 06112 
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Nahonal Atmospheric Deposition Program/Mereu!)' Deposition Network Sites 


July 31, 2012 


S,tatefPro,ince Start 


Site Code Site "arne Collocation Sponsoring A~enc)' Date 


Alabama 

AL03 Centreville NTN Atmosphene Research and AnalysIs, Inc 06/00 

AL 19 Birmingham AMNet Atmospheric Research and Ana[ysis, Inc 12 / [ 0 

Alaska 

AKOO Dutch Harbor State of Alaska Depar1ment of En\,ironmental Conservatio 09 /09 

AKO) Glacier Bay Nat IOnal Park-Bart let t Cove National Park Service-Air Resources Division 0311 0 

AK06 Gatesofthe Arctic NP - Bettles NTN US Bureau of Land Management I 1!O8 
VJ 
VJ AK98 Kodiak State of Alaska Depar1ment of Environmental Conservatio 09 /07 

Arizona 

AZ02 Sycamore Canvon Amona Department of Environmental Qualitv ,EPA 02 /06 

California 

CA20 Yurok Tribe-Requa Electric Power Research Institute 08/06 

CA7) Sequoia NP-Giant Fore st ~T\' National Park SerVice - Air Resources Division 07/03 

CA94 Con verse Flat s NTN USDA Fore st Service 04 /06 

Colorado 

CO[3 Fort Collins AMoN Colorado State Unlversitv 061\ 2 

C096 Molas Pass NTN US Bureau of Land Management 06/09 

C097 Buffalo Pass - Summit Lake NTN USDA Forest Sen'lce 09/98 

C099 Mesa Verde NP-ChJpln M~,;a '~l ~~ National Park Service - Air Resources Divi sion 12 iO I 

State/Pro,ince Start 
Site Code Site 'liame Collocation Sponsoring Agency Date 

Florida 

FLO) Chassaho"it zka NW R 'TN US Fish & Wildlife Service - Chas&lhovvitzka NWR 07 /97 

FLlI Everglades NP - Research Center NTNIAMoN South Florida Water Management District 03 /96 

FL34 Everglades Nut rient Removal Project South Florida Water Management District 07 /97 

FL96 Pensacola MvlNet Atmospheric Research and Analysis, Inc 121\ 0 

FL97 Everglades - Western Bro\\ard County South Florida Water Management D,stnct 11 /06 

Georgia 

GA09 Ok efenokee NWR NTN US Fish & Wildlife Service - Air Qualitv Branch 07/97 
Georgia Department of Natural Resources iSapelo Island 

VJ GA D Sapelo Island NTN NERR 09!07 
..j:>. 

GA40 Yorkville AMNet/AMoN Atmosphenc Research and Anal ys is, Inc 06/00 
IJ lin ois 

AIRMo N , TN! 
III I Bondville AMoN Illinois State Water SurveylNADP 01 !99 

Indiana 

IN 34 Indiana Dunes NL NTN National Park Service - Air Re sources DivisIOn 10100 

Kansas 

KS03 Reserve AMoN Kansas Department of Health and Environment 01 /08 

KS04 West Mineral Kansas Department of Health and Environment 10108 

KSOS Coffey COlUlt y Lake Kansus Department of Health and Environment 12i08 

KS24 Glen Elder State Park Kansas Department of Health and Environment 05108 

KS32 Lake Scott State Park NTN Kansas Department of Health and Environment 06 /08 

KS99 Cimarron Nat ional Grassland Kansas Department of Ilealth and Environment 12 /08 



Sta te!Pro,'i n ce Start 


Site Code Site :\ame Collocation Spons()ring Agency Date 


Kentucky 

KYIO Mammoth Cave NP-Houchin Meado\\' NTN National Park Service - Air Resources Di vision 08 /02 

:\1aine 

MEO O Caribou NTN Universltv of Maine 0< 07 

ME02 Bridgton NTN Maine Department of Environment al Protection/EPA 06 /97 

ME04 Carrabasset t Va lley NTN Penobscot Indian Nat ion 02/09 

ME09 Greenville Siat ion NTN Maine Department of Environmental Protection/EPA 09 /96 

ME96 Casco Bav - Wolfe's Neck Farm NTN Main e Department of Environm ental Protection/EPA 0 I 198 

ME98 Acadia NP - McFarland Hill NTN Maine Dept of Environmental Protection iNPS-Acadia NP ! 03/96 

w 
Vl 

Mar~' land 

MDOO Smithsonian Environmental Res Ctr MD Dl'-'RlSmithsonian Environmental Research Center 12 /06 

NT N AM Net l 
MD08 Pinev Reser vo ir AMoN MD DNRlUniversity of Maryland-Appalachian Lab 06 /04 

NTN IAMNeu 

MD99 Beltsville AMoN Maryland Department of Natural Resources 06 /04 

Massach usetts 

MAO I North Atlantic Coastal Lab NTN NPS - Cap e Cod NatIOnal Seashore 07 /03 

i\'Uchigan 

MI48 Seney NWR - Headquarters NTN US FIsh & Wildlife Service-Air Quality Branch II '03 

State/Pro,]nce 
Site Code Site :\ame Collocation Sponsoring Agenc~' 

Start 
Date 

;\linoesota 

MNI6 Marcell Experimental Forest NT N 
USDA Forest ServIce-North Central Research Station & 
Minnesota Pollution Control Agency 02196 

MNI8 Fernberg NT NIAMoN Minnesota Pollution Control AgenCY 03196 

MN23 

MN27 

Camp RJpley 

Lamberton 

NTN 

NTN 

Mmnesota Pollution Con trol Agency 

Minnesota Pollution Control Agency 

07 /96 

07,96 

MN98 

Mississippi 

Blaine Minnesota Pollution Co nt rol Agency 02/08 

w 
0\ 

MSI2 Grand Bay NERR 

MS22 Oak Grove 

NTN iAMNet MiSSissippi Department of Environmental Qualit)' 

Atmosphenc Research and Analysts. Inc 

0311 0 

06 100 

:\lissouri 

M003 Ashland Wildlife Area NTN Missouri Department of Nat ural Resources IEPA 07 10 

Montana 

M046 MmgoNWR MissoUfl Department of Natural Resources /EPA 03102 

MT OS Glaci~r NP - Fire Weather Station NTN Nallonal Park Service - Air Resources Division 10103 

Nebraska 

MT95 Badger Peak Nort hern Chey enne Tflbe II Ii 0 

NEI5 Mead NTN Nebraska Departmenl of Environmenlal Qualil)' 06/07 

NE25 Winnebago Wmnebago Tribe of Nebraska 11 /09 



StatefProvince 
Site Code Site "arne Corlocation Sponsoring Agency 

Start 
Date 

Nevada 

NV02 

NV99 

Lesperance Ranch 

Gibb' s Ranch 

Nevada Dept of Conservat Ion & Nat ural 

Resourc~slFront ler Global, Inc 

Nevada Dept of Conservation & Natural 

ResourceslFrontier Global, Inc 

01103 

02/03 

New Jersey 

NJ30 New Brunswlck AMNet US Geological Survey 01/06 

New Mexico 

w 
-..J 

NM98 

New York 

Navajo Lake AMoN New Mexico Environment Department-Air Quality Bureal 04/09 

NY06 Bronx AMNet New York Department of Environmental Conservation 01108 

NY20 Huntington Wildlife 

NT N/AMNeti 

AMoN Syracuse Universit y (EPA 12/99 

NY43 Rochester NYSERDA 01/08 

NY68 BiscUJ[ Brook NTN US Geological Survey 03/04 

~ortb Carolina 

NC08 Waccamaw State Park North Carolina Dept of Environment & Natural Resource5 02/96 

NC42 Pettigrew State Park North Carolina Dept of Environment & Natural Resource5 02/96 

StatefProvince Start 
Site Code Site Name Collocation Sponsoring ..\genc~· Date 

Oklahoma 

OKOI McGee Creek Oklahoma Department of Environmental Quality 10/06 

OK04 Lake Murray Oklahoma Department of Environmental Quality 10/07 

OK06 Wichita Mountains NWR Oklahoma Department of Environmental Quality 11/07 

OK22 Miami Peoria Tribe of Indians of Oklahoma 0311 2 

OK31 Copan Oklahoma Department of Environmental Quality 10/06 

OK99 Stilwell AMNet!AMoN Cherokee Nat ion/EPA 04/03 

Pennsylvania 

w 
PAOO Arendtsville NTN/AMoN PA Dept of Enl' Prolection/Penn Slale UniverSity 11/00 

00 PA 13 Allegheny Portage Railroad NHS NTN PA Dept of Enl' Protection/Penn Slate University 01/97 

PA21 Goddard Slate Park NTN PA Dept of Env Protection/Penn Slate University OJII 0 

PA29 Kane Experimental Forest NTN/AMoN PA Dept of Env Protection/Penn State University 0611 0 

PAJO Erie NTN PA Dept of Enl' Protection/Penn State University 06/00 

PA37 Waynesburg Electrical Power Research Institute 05/99 

PM2 Leading Ridge NTN PA Dept of Env Protection/Penn State University 03/1 0 

PM7 Millersville NTN PA Dept of Env Protection/Penn State Universily 11102 

PAS2 Little Pine Slate Park NTN PA Dept of Env Protection/Penn Slate UniversllY 07/07 

PA60 Valley Forge NTN PA Dept of En v Protection/Penn State Universily 11199 

PAn Milford NTN PA Dept of Env Protection/Penn Slate University 09 /00 

PA90 Hills Creek Slate Park NTN PA Dept of Env ProtectionfPenn State University 01/97 



Start 

Site Code Site "lame Collocation Sponsoring Agency Date 
StatefPro\;nce 

Sou th C a roli n3 

SC03 Savannah Ri\·er NTN Savannah River Nuclear Company 01 /0 1 

SCOS Cape Romaine NW R NTN /AMoN US Fish & Wtidlife Service - Air Quality Branch 03104 

SCl9 Congaree S\Vamp South Caroltna Dept of Health & Em·ironmental Control 03/96 

Sou th Dakota 

SDI8 Eagle But te Cheyenne River SIOUX Tribe,EPA 03 /07 

Tennessee 

TNII Great Sm oky Mountains NP-Elkmont NTN Nat ional Park Service - Air Resources DivIsion 01 ;02 

w Texas 
\.0 

TX21 Longview NTN Texas CommissIOn on Environmental Qualit y 03;96 

ttah 

UT97 Salt Lake CIIY AMNetJAMoN Utah Department of En vironmental Quality 05 107 

Vermont 

AIRMoN/NTN I 

VT99 Underhill AMNet Univ ofVT-Rubinstetn School of Env & Nat ReslNEIWPC 07/04 

Virginia 

VA28 Shenandoah N P-Big Meado\\s NTN Nat lonal Park Service - Air Resources Division 10102 

Washington 

WA03 Makah National Fi sh Hatchery Frontier Global Sciences 03107 

WAI8 Seatt le - NOAA IllinOIS State Water Survey & Frontier Global Sciences Inc 03/96 

StatelPro\ince Start 

Site Code Site "'arne Collocation Sponsoring Agency Date 


West Virginia 

AIRMoN/ 

WV99 Canaan Valley Instilule AMNet NOAA - Air Resources Lab 06/07 

Wisconsin 

WI08 Brule River Wisconsin Deparl menl of Nat ural Resources 03/96 

W109 Popple River NTN Wisconsin Department of Nalural Resources 03/96 

WIIO Pota\v3lomi NTN Foresl County POlavv.ltomi CommunityfEPA 06/05 

~ 
WI22 Milvv·aukee Wisconsin Deparlmenl ofNalural Resources 10/02 

0 
WI3I Devils Lake Wisconsin Department of Natural Resources 0110 I 

W136 Trout Lake NTN Wisconsin Departmenl of Natural Resources 03 /96 

WI99 Lake Geneva NTN Wisconsin Department of Natural Resources 01197 

Wyoming 

WY08 Yello\\stone NP-Tovver Falls NTN Wyoming Deparlment 01' Environmental Quality 10/0 4 

WY26 Roundtop MOWltain Slate or Wyoming - DEQ 12/11 



StatefPro\'ince Start 

Site Code Site \ame Collocation Sponsoring Agency Date 


CANADA 


Alberta 


ABI3 Henry Kroeger ATCO Po\\\:r 09/04 

ABI4 Genesee Jacques Whilrord Slanlec Axys Ltd. 07/06 

British Columbia 

BC 16 Sal urna Island Environment Canada 09/09 

~ova Scotia 
~ 

N&ll Kejimkujik N P AMNet Environment Canada 07/96 

Ontario 

ON07 Egbert Environment Canada 03100 

Quebec 

PQ 17 Chapais Environment Canada 11/09 

Saskatchewan 

SKI2 Bratt's Lake BSRN Environment Canada 0510 I 
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~alion.l Almolpberic InJMl1ilion Program :'Atmo~pher i c ~IHcury ~enrork Silu 

JulyJl , lOl1 

t; 

StUe/P rmlKe 
SiI, Code Sile !'i.me 

Alabam. 

ALI ~ Bi:rr.ir.~.afl'. 

CaliiHIlU 

CA48 EU: h<nn Slough 

Flori<b 

Gt orgia 

GA4 Yo,I.-;ille 

• !W& S,1!'3";il le II 

MiHiuippi 

~I S12 (rar.d B!y :-t: RR. 

~!~9 Grap~ B_W :-t:.P..R iI 

CollocAtion 

~lD)\" ~·n:.; .~ l o)\" 

SponJorillg AgIIK:r SI.n D.1e 

12 I 

01 10 

121 

12 10 

0 1. 12 

OI OS 

~OAA t; SEr.vi:or.m~r.!.1 Pfo:~c!ioc A~~r.: y -CA _ lD .10­

~C-AA t:SEr."'i:'''r.r.:~f.!JI ~o(~,!i~. A~~ r.-:v -C.=\,:,lD 11 0 6 

~.!tio na1 o,:.:.!!:i-: & A~o~t~!i<: Admir.i::.t!.3.!iM 

~.;;!ti.C'n.!l o.:. ~3 f:.i.: & AL~O~l:~!t: Adr.'.e--~ lH!!tion 

Slate.lPro1iDce 
Sae Code SaeNmae CoBoc.tioll Spoll5cring Agellcy Start Date 

New Jersey 

MDN 

NewYark 

..,. 
0\ Oklahoma 

OK99 Stih,?ll Cl:rrok<e Nali n 1 ,08 

Utah 

liT97 £aJt Lm City 08 

Verm(JIJt 

West Virginia 


W\"99 Canaan ', 31k'y instil!!t? 
 o 

1.04 



StatelPro\ince 
Sile Code Site ~ame Collocation Sponsoring Agency Start Date 

Canada 

NSl I Kejimkujik NP MDN Env ironmenl Canada 01/09 

Taiwan 

TWO 1 MI. Lun il Taiwan EPA 01 112 

""" 
00 











The National Atmospheric Deposition Program was established in 1977 under 

State Agricultural Experiment Station (SAES) leadership to address the problem of 

atmospheric deposition and Its cffects on agricultural crops, forests, rangelands, 

surface waters, and other natural and cultural resources. In 1978, si tes in the 

NADP prccipitation chemistry network first began wllecting one-week, wet-only 

deposition samples for analysis at the Illinois State Water Survcy's Central 

Analytical Laboratory (CAL), located at the University of illinois , lJrbana­

Ch'lInpaign. The network was established to proVide data on amounts, temporal 

trends, and geographic di stributions or the atmospheric deposition of acids, 

nutrients, and base cations by precipitation 

Initially, the NADP was organil.ed as SAFS North Central Regional Project NC­

141, which all four SAFS regions further endorsed in 1982 as Interregional Project 

IR-7. A decade later, IR-7 was rec lassified as Nallonal Research Support Project 

No.3 (NRSP-3), which it remain s. NRSI' projects are multistate activities that 

support research on topics of concern to morc than one state or region of the 

country Multistate projects involve the SAFS III partnership with the USDA 
Nallonal Institute of Food and Agriculture and other universltlcs, Institutions, and 

agencies. In October 1981 , the fcderall y supported National Acid Precipitation 

Assessment Program (NAPAP) was established to increase understanding of the 
causes and effects of acidic prccipitatlon . Thi s program sought to establish a long­

term precipitation chcmistry network or sampl ing sites distant from point source 

inlluences. Because of its experience in organi~lIlg and operating a national-scale 

network, the NADP agreed to coordinate opcrallon of NAi'AP 's National Trends 

Network (NTN). To benefit from identical si tin g Criteria and operating procedures 

and a shared analytical laboratory, NADP and NTN merged With thc designation 
NADP/NTN This merger brought substantial new fcderal agency participation 

into the program. Many NADP/NTN sites were supported by the USGS, NAPAP's 

lead fcderal agency for deposition monitoring. NAPAI' continues under Title IX 01 

the federal Clean Air Act Amendments of 1990. 

In October 1992, thc AIRMoN joined the NADI' AIRMoN sltcs collect samples 

daily when precipitation occurs. In January 1'196, the NA[)P established the MDN. 

the third network in the orgal1l7"1tlon The MDN was formed to provide dakl on the 

wet deposition of mercury to surface waters, lorested watersheds, and other 

receptors In October 200<), AMNet joined the NADP as the fourth net work . 

AM Net measures the concentratIOn of almospherlc mercury. In October 2010, 

AMoN Joined the NADP, measuring atmospheric ammonia concentrations using 

passive monitors. 
SAES project NRSP-3 was renewed In 200'1, and it continues to olTer a unique 

opportunity for cooperation among scientists from land-grant and other 

universities, government agencies, and non-governmental organizations. It 

provides a framework lor leveraging the resources of nearly 100 dliTerent 

sponsoring agencies to address contemporary and emerging issues of national 

importance 
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NADP Program Office 
Illinois State Water Survey 
2204 Griffith Drive 
Champaign, IL 61820-7495 

NADP Home page. http://nadp.isws.illinois.edu 
Phone: 2171333-7871 
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http:http://nadp.isws.illinois.edu
http:organil.ed

