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Recovery from chronic and snowmelt seasonal acidification at the Hubbard
Brook Experimental Forest: Long-term trends in stream and soil water
chemistry

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

We investigated long-term chemistry trends in stream water (1982-2011) and soil water
(1984-2011) along an clevation gradient to cvaluate the progress of recovery of these
drainage waters {rom chronic acidic deposition at the Hubbard Brook Experimental
Forest in the Whitc Mountains of New Hampshire, USA. Deposition of sulfate and nitratc
has declined throughout the study period duc to controls on emissions from electric
utilitics. Decreases in the concentrations ol acid anions have decrcased the leaching of
basc cations from the soil. Strcam water pll has incrcased at a rate of 0.01 units yr-1 and
the acid neutralizing capacity (ANC) has gained 0.69 peq |-1 yr-1. While the changes in
stream water chemistry broadly reflect changes in soil water chemistry. we found
variation by landscape position in the magnitude and significance of changes in the
chemistry of soil water draining the organic (Oa) and mincral (Bs) soil horizons.
Snowmelt waters arc generally characterized by the lowest ANC values during the annual
cycle. To test whether the episodic acidification associate with spring snowmelt 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 the overall record.
Stream water during the snowmelt period has had very similar gains in ANC as for the
overall time serics (0.69 and 0.78 peq I-1 yr-1. respectively). Additionally. we found that
for both the overall stream chemistry record and for the snowmelt period. the trends
showed similar incrcases in pH. deercases in sulfate, and dccreases in nitrate. The
similarity between the overall time scries and the snowmelt periods is an important
finding that demonstrates the recovery from chronic acidification of drainage waters that
travels via shallow flowpaths as well as the deeper mineral soil flowpaths that contribute
to stream bascflow. This finding indicates that cpisodic acidification associated with
snowmclt is declining in scverity.

*Colin B. Fuss, Department of Civil and Linvironmental Iingineering, Syracuse University, Syracuse,
NY 13244, Email- cfussiaisyr.edu Phone: 315-443-4121.

**Charles 1. Driscoll, Department of Civil and Lnvironmental ingineering, Syracuse University,
Syracuse, NY 13244 Email ctdnsco@syr.cdu Phone 315-443-3434
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Stream Chemistry and Sensitivity to Acid Deposition along the
Appalachian Trail

Douglas A. Burns'. Karen C. Rice”, Gregory B. Lawrence®, Timothy J. Sullivan®,
Alan C. Ellsworth®

‘The Appalachian Trail (AT) and its corridor of protected land (minimum of 1.6 km on
cither side of the trail) stretches for 3.515 km from Maine to Georgia, and includes
several regions that arc among the most acid sensitive landscapes in the US. A study
funded by the National Park Service. is evaluating the cffects of atmospheric deposition
on forested ccosystems along the AT through collection. analysis, and modeling of data
from streams. soils. and vegetation. More than 250 hcadwater strcams along the AT
corridor were sampled twice during 2010-12 with a goal of targeting high and low flow at
cach stream. Overall. 69% of the stream samples had an acid-neutralizing capacity
(ANC) less than 100 microcquivalents per liter (meg/l.). These relatively low ANC
strecam values likely reflect several factors. including high levels of acid deposition. steep
sfopes that produce rapid runoff. and slow mineral weathering rates that provide limited
neutralization of acid deposition. However, there was a wide range of ANC values among,
the strcams (-54 10 1717 meg/L.). a reflection of wide variation in the above mentioned
factors. Strcams in the northern half (north of the MD-PA border) of the AT (median
ANC = 21 meq/l.) were more acidic than those in the southern half (median ANC =70
meq/l.). Furthermore. 20% of the northern AT streams had inorganic monomeric
aluminum concentrations greater than 2.5 micromoles per liter (mmol/L.). an indicator of
stress in sensitive aquatic biota. whercas only 2% of southern AT streams cxceeded this
value. Streams in New Hampshire and Pennsylvania had low median ANC values of 10
meq/Land 19 meqg/1 ., respectively. consistent with previous stream studics in these states.
Streams in Georgia. an area where strecam acidification is not well known and has not
been widely studied. had the lowest median ANC value of 38 meg/L. among the southern
AT states. Streams in Massachusctts and Connecticut, another arca not well known for
acidified surlace waters. had a low median ANC valuc of 13 meq/l.. Future work will
explore the relations among these strecam chemistry data and various landscape and
gcochemical metrics belicved 1o be most strongly related (o acid-base status with an aim
of providing a spatial model of strcam chemistry for the entire AT, These modeled data
will be compared 1o modceled acid deposition to evaluate the relative amount of the AT
corridor landscape relative to critical loads of sulfur and nitrogen deposition that are
affecting aquatic ceological resources.

"Douglas A Burns. U.S. Geological Survey, 425 Jordan Rd., Troy, NY 12180, 518-285-5662,
daburnsiciusgs gov

“Karen C. Rice, U.S. Geological Survey, Charlottesville, VA
'Gregory B. Lawrence, U.S. Geological Survey, Troy, NY
“Timothy J. Sallivan, E&S Lnvironmental 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 Vijayaraghavan'. Ralph Morris'. Eladio Knipping?

This paper presents a comparison of critical loads for acidity of surface waters in the
United States with estimates of acidilying nitrogen and sulfur deposition from
atmospheric modeling and mcasurements. Models and measurements offer important
complementary featurcs for critical loads studics. Measurements of deposition provide
data on atmospheric loading to ccosystems and atmospheric modcling helps fill in gaps in
the spatial coverage and chemical composition of the measurements. In this study, critical
loads for acidity were obtained from the CLAD US Critical Loads FOCUS database at
over 9500 lakes and strcams in the US and were examined in conjunction with measured
and modcled atmospheric deposition in the US. Wet deposition measurements of sulfate
and nitratc at NADP-NTN stations and dry deposition estimates of sulfur dioxide. total
sulfate. nitric acid and particulaic nitratc at CASTNET monitoring stations were analyzed
in addition (o deposition simulated by the Community Multiscale Air Quality (CMAQ)
modc! that simulatcs the emission, transport. chemical transformations and wet and dry
deposition of several nitrogen and sulfur compounds. The relative importance of ditfercnt
chemical species in wet and dry deposition as well as uncertaintics and limitations in
model cstimates and measurements arc discusscd.

'${NVIRON International Corporation, 773 San Marin Drive, Suite 2115, Novato, California 94998
*Eleetric Power Rescarch Institute (EPRI), 200 1. Street NW, Suite 805, Washington DC 20036

Corresponding author: Krish Vijayaraghavan, 415-899-0700, krishi@environcorp.com
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Critical Loads Approach to Ecosystem Services

T.J. Sullivan and 'I".C. McDonnchi

Public policy decision-making on natural resource issues increasingly relies on two tools:
ecosystem scrvices (1:S) and critical loads (CL). An integrated approach is applied herc to
the application of I:S and CL for public land management. using as an examplc the
acidification of soil and drainage water by atmospheric deposition of acidifying sulfur (S)
and nitrogen (N) compounds. This case study of the central Appalachian Mountain region
focuscs on areas where effcets of acidic deposition on aquatic and terrestrial resources
have been relatively well-studicd and pronounced. A conceptual framework is presented
that illustrates how the LS and Cl, approaches can be combined in a way that enhances
the strengths of cach. A suite of XS can be lost or compromiscd by acidic deposition.
Impacted scrvices arc associated with maintenance of a hecalthy fishery resource and the
oceurrence ol benthic macroinvertebrates on which they feed. To a lesser extent. affected
IS in this region include adverse impacts on the growth. vigor. and rcgeneration of sugar
maple. which is broadly distributed throughout the study region and which is known 1o be
sensitive (o acidilication and basc cation deplction. Red sprucc is also highly sensitive.
but only occurs within the study region at scattered high-clevation locations. Impacted
aquatic and terrestrial resources arc mapped and quantified. They relate to maintenance
of healthy trout fisherics and sugar maple trecs. including recrcational (ishing, tourism,
acsthetic values, iconic species values, and the cottage industries focused on maple syrup
and related sugar maple products.

[:&S Lnvironmental Chemistry, Inc
P.O Box 609

Corvallis, OR 97339
um.sullivan@esenvironmental . com
(541) 758-5777
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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 matter (PM)
within the discipline of environmental science. The rcgulatory approach asks the
question. “Tlow much is in the air?” while the biogeochemical approach asks. “How
much deposits on terrestrial surfaces?™ Both approaches emphasize long term. regional
trends and patterns, with the result that we know relatively little about patterns and
processes oceurring in cities and especially near roads and highways which de3fine the
urban matrix. Cities have long been recognized as hotspots for producing and processing,
PM and importantly. where an incrcasing majority of our population lives. We present a
scries of case studics using brief monitoring campaigns to illustrate the importance of
local. short-term events in determining the loading rates of atmospheric pollutants and
the role these play in biogeochemistry and human health and wellbeing. There is an
cmerging opportunity for synergy between regulatory and basic research monitoring,
cfforts that will allow us to address complex questions of the interacting dynamics of
human and ccological systems.

Tom 11. Whitlow <thw2(@cornell.cdu>
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Assessing urban influences on ecosystems and the atmospheric

Lucy Hutyra'" and Steve Raciti'

Urban arcas rcpresent a critical gap in current measurement networks and modcling
frameworks that must be addressed to improve understanding of human impacts on the
global environment. Nearly threc-quarters of anthropogenic greenhouse gas (GIG)
cmissions are attributable to cities, but most efforts 1o study atmospheric and terrestrial
carbon and nitrogen dynamics avoid urbanized areas. Using an urban-to-rural gradicnt
approach in the greater Boston. MA area as a case study. we have been monitoring
greenhouse gas mixing ratios, changes in ccosystem structure and chemistry. and land
cover change (o systematically cvaluale how urbanization impacts on atmospheric
chemistry and ccosystem productivity changes. We have found that aboveground
biomass (live trees. dbh > 5 ¢m) for the Boston Metropolitan Statistical Area was 7.2 £
0.4 kg C/m2. reflccting a high proportion of forest cover. Vegetation C was highest in
forest (11.6 + 0.5 kg C/m2). followed by residential (4.6 + 0.5 kg C/m2). and then other
urban developed (2.0 + 0.4 kg C/m2) land uses. Soil C (0=10 ¢m depth) followed the
same pattern of decrcasing C concentration from forest. to residential. to other urban
developed land uses (4.1 + 0.1, 4.0 £ 0.2, and 3.3 + 0.2 kg (/m2. respectively). Soil N
concentrations were higher in urban arcas than nonurban arcas of the same land usc type.
cxcept for residential arcas, which had similarly high soil N concentrations. Unlike
previous studics, we found no significant relationship between NDVI or ISA fraction and
foliar %N. Variations in foliar %N appcarcd to be driven more strongly by changes in
species composition rather than phenotypic plasticity across the urbanization gradicent.
Median atmospheric concentrations of CO2 within Boslon's urban core were 12.7 + 1.4
ppm greater that concurrcnt measurements at the rural Harvard Forest study area (~100
km away). Weekday concentrations were 2.1 ppm greater than weckend concentrations.
withan 111 ppm and 5.1 ppm amplitude in the diurnal cycle on weekdays and weekends.
respectively. Taken as a wholc. it is still unclcar how urban modifications to the growing
environment, such as enhanced nitrogen deposition, the urban heat island lengthening the
growing scason. residential fertilicer  applications.  and  cnhanced urban  CO2
concentrations  balance again the negative impacts of urbanization such as soil
compaction. enhanced ozone and SOx concentrations, fragmentation, and human removal
of nutrients and organic matter.

I Boston University, Departiment of Farth & Linvironment, 675 Commonwealth Ave, Boston, MA
02215.
* Phone: 617-353-5743. Email: Irhutyrai@bu.cdu
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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*. lan C. Rumsey

Improved measurement methods are nceded to characterize dry deposition of sulfur and
nitrogen compounds 1o assess ccosystem exposure {o nutrients and acidifying compounds
and to dcvelop atmospheric deposition budgets in support of critical loads assessments.
The purpose of this study is to develop an integrated measurement system for speciating
the dry dcposition budget of nitrogen and sulfur using micromelcorological flux
mcasurement approaches. The Monitor for AcRosols and GAses in ambient air
(MARGAY) is an on-line analyzer that measurcs gascs and solublc ions in acrosols at an
hourly temporal resolution. A modified version of the MARGA 2S was used, which
employs dual sample collection boxes to measure vertical gradients of gases (NI,
1INO;. 1HONO. and SO;) and acrosols (NH,'. NO;~. and SO,*) for the purpose of
calculating air-surface exchange fluxcs via the modified Bowen-ratio technique. The
presentation describes preliminary measurements of gas and acrosol concentrations and
fluxcs above a grass field. during the latc spring and summer of 2012, with a focus on
flux data quality. The contribution of micrometcorological and chemical mcasurements 10
total uncertainty in the fluxes is examined. The gencral features of the compound-specific
fluxes. including relationships with metcorological and surface characteristics. are also
discusscd along with the relative importance of individual nitrogen compounds to the
total flux of NH; + HNO; + HONO + Nid,' + NOy.

Oflice of Research and Development, U.S. Environmental Protection Agency,
Rescarch Triangle Park, NC 27711, U S.A

* Corresponding author

Email. walker johnt@epa.gov

Telephone (919) 541-2288

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'?, Ruth D. Yanai'. and Gregory G. Lampman®

Air pollutants such as nitrogen oxides, sulfur dioxide. and mercury have had significant
impacts on lakes, rivers, soils, fauna, and tree health throughout the northcastern US.
Some arcas 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
acid and mercury deposition in the country. L.ong-term monitoring (LTM) efforts in New
York State have produced data sets that have been cxtremely valuable for evaluating
changes over time in air pollution loads and cffects on the environment. It is important to
evaluate 1.TM programs periodically 1o ensure that these programs remain efficicnt and
effective. To our knowledge. a comprehensive 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 (o maximize information gained
relative (o the resources required for data collection.

We performed a comprehensive analysis of acid and mercury atmospheric deposition and
cnvironmental etfects in New York. We uscd a variety of statistical approaches 1o asscss
current sampling schemes in six topic areas: atmospheric deposition. lakes, streams,
vegetation, soils, and fauna. Using this information. we were able to assess whether
current monitoring cfforts are sufficient to identify long-term recovery trends, and also to
assess whether some monitoring programs may be able to reduce current sampling efforts
and apply these efTorts to additional monitoring projects. In general. we found that state-
wide coverage of wet deposition monitoring is sufficient for measuring long-term trends
in acid deposition, but that records of wet mercury deposition were often not long enough
to reflect any significant trends. We found that statewide stream chemistry sampling is
sufficientt, but that there is little information in the statc on small, acid sensitive streams
or on stream export, We suggest ways that lake sampling might be redistributed to better
identify trends in lake chemistry and biota for the same amount of cffort expended. We
also used a power analysis to assess the change needed to detect a significant difference
in a varicly of environmental variables such as loon and fish mercury. lake water and
sediment mercury concentrations, soil nutrient concentrations, and strcam concentrations
bascd on a variety of one-time surveys. We hope that the methods used in this assessment
will be widely applicable to researchers intercsted in evaluating long-term monitoring
programs throughout the country,

"SUNY College of Environmental Science and Forestry, Department of Forest and Natural
Resource Management, 1 Forestry Dr, Syracuse, NY, 13210

? New York State Lnergy Rescarch and Development Authority, 17 Columbia Circle, Albany, NY,
12203

* Current address: UC Berkeley, Department of Environmental Science, Policy, and Management,
llilgard Ilall, Berkeley, CA, 94720

Contact information:
Carrie R. Levine crleviOl(@syr edu, 773-307-2583
Ruth D. Yanai: rdyanai@syr.edu, 315-470-4868

(@ !
Gregory G. Lampman: ggl@nyserda.org, 518-862-1090
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CITIZEN SCIENTISTS STUDY MERCURY IN DRAGONFLY LARVAE
AT NATIONAL PARKS

Collcen Flanagan and Dr. Sarah Nelson

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 from coal-burning power plants. even
remole national park environments receive mercury deposition from the atmosphere. In
an cffort (o increasc public awareness regarding the mercury issue. a citizen science
project was expanded in 2012 to collect dragonfly larvae for mercury analysis in national
parks. Dragonfly larvae (Odonata: anisoptera) can serve as indicalors of ecosystem
health by characterizing the risk and potential trophic transfer of mercury. These aquatic
macroinvertebrates are long-lived before emerging as adult dragonflies. widespread
across the U.S.. predatory. important prey for fish specics, they rcflect the mercury
sensitivity of a specific watershed. and they arc rclatively easy to collect.

Iourtcen national parks across the U.S. are participating in the initial cffort: Acadia
(ML), Big Cypress (FL). Cape Cod (MA), Channel Islands (CA). Denali (AK). Great
Smoky Mountains (NC/TN). Mammoth Cave (KY). Marsh-Billings Rockefcller (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. teachers. and visitors in national parks. Moreover. the project supports
the “Call 10 Action,” the NPS Centennial Initiative, by connccting people to parks and
advancing the cducational mission.

Preliminary data indicatce that there are significant differcnccs among sites, even within a
park. suggesting that these bio-sentinels could be useful in describing finc-scale
differences in mercury risk. For example. in two ponds at Acadia National Park where
marked differences in fish mercury were reported in carlier research, dragonfly larvae
mercury followed the same pattern: dragonfly larvae mercury was approx. two times
greater in the pond with higher-mercury fish (dragonfly mercury meantSD=237+30 ppb.
wel weight) as compared to the pond with lower-mercury fish (dragonfly larvae
mean£SD=111+45 ppb, wct weight).

In addition to increasing public awarencss aboul mercury issucs. this study provides
baselinc data to better understand the spatial distribution of mercury contamination in
national parks. It cxpands the geographic scope of research previously conducted by
scientists and provides data that can be compared across parks. Funding options for future
ycars are currently being explored.

Colleen Flanagan, National Park Service — Air Resources Division
(ph) 303-969-2806. (cmail) Colleen_Flanagan(«nps gov

Dr. Sarah Nelson, University of Maine

(ph) 207-581-3454, (cmail) Sarah_Nelson(@umit. maine edu
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Surface water quality trends from the TIME/LTM programs

Funk, C.S.. and J.A. Lynch
US EPA 1200 Pennsylvania Ave. N.W.. Washington, DC 20460. USA

Surface water chemistry provides direct indicators of the potential effects of
anthropogenic impacts, such as acidic deposition and climate change. on the overall
health of aquatic ccosystems. Long-term surlace watcr monitoring networks provide a
host of environmental data that can be used. in conjunction with other nctworks. 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 information on the effects of acidic deposition on headwater aquatic
systems: the Temporally Integrated Monitoring of Ecosystems (TIMI) program and the
Long-Term Monitoring (I.1'M) program. These programs werc designed to track the
effectiveness of the 1990 Clean Air Act Amendments (CAAA) in reducing the acidity of
surface waters in: New Lngland. the Adirondack Mountains. the Northern Appalachian
Platcau. and the Ridge and Blue Ridge Provinces. LTM water quality trends from 1990 Lo
2010 indicate significant decreasing concentrations of sulfate in most monitored sites in
the Northern Appalachian Plateau. Adirondack Mountains. and New Lingland regions. but
in only 31% of streams monitored in the Ridge and Blue Ridge Provinces. Most sites
cxhibited constant or only slightly declining nitrate concentrations over the same timc
period.  Acid Neutralizing Capacity (ANC) levels improved at over 50% of sites in the
Adirondacks and Northern Appalachian Plateau. but few sites showed increases in New
I'ngland or the Ridge and Blue Ridge Provinces. The ANC of northcastern TIME lakes
was also cvaluated from 1991 (o 1994 and 2006 to 2008. The percentage of lakes with
ANC values below 50 peg/l.. lakes of acute or clevated concern, dropped by about 7%.
Critical loads were calculated for TIMI lakes in the Adirondack Mountains and TIMI:
streams in the Ridge and Blue Ridge Provinces. For the period from 1989 to 1991,
before implementation of the CAAA. 45% of lakes and 41% of these streams received
levels of combined sulfur and nitrogen deposition that exceeded the critical load. For the
2006 to 2008 period. 30% of lakes and 31% of strcams werce in excecdance.  Information
from long-term monitoring has shown that emission reductions. have resulted in
improved environmental conditions and increased ccosystem protection.  tHowcver.
despite some ecological recovery. lakes and streams in these regions remain at risk due to
current acid deposition levels. The TIME/LTM programs, along with other monitoring
networks. will continue to monitor surface water trends for cffects of acid deposition and
other anthropogenic impacts.
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