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ABSTRACT

The Lake Champlain basin, although predominately rural, is exposed to a variety of
atmospheric pollutants and related environmental stresses, largely originating outside the
basin. These include acid rain, dry deposition of sulfur and nitrogen compounds, organic
and inorganic toxic substances in gaseous and particulate forms, tropospheric ozone,
ultraviclet radiation, and climate change. The relatively large land area of the basin (18:1
tand:lake area) is a sink for airborne-polivtants which can be capiured and transferred in the
basin, producing direct and indirect effects on the fake and surrounding ecosystems.
Because of the growing human popuiation in this region, complex and diverse ecosystems,
and multiple ecosystem management issues, it is important to assess the status and impacts
of atmospheric contaminants in the basin. This report summarizes the relevant information
on regional air quality during the past two decades, collected at several monitoring sites in
northern Vermont, New York and Quebec. The data show patterns and trends for
concentration or deposition of acidifving compounds, mercury, toxic compounds, fine
particulates and ozone. Exposure to many of these contaminants continues to threaten
human and ecosystem health in the basin, despite increased regulation of air pollutants.
Analvsis of regional meteorology and application of air transport models to these data show
the probabilistic extent of the airshed affecting the basin and the contaminant source
regions. Finally, information gaps, research needs and management issues are examined 1o
provide guidance for future work to improve understanding and conwrol of air poiiution

issues in the basin.

INTRODUCTION

"The smoke of coal pits covered the land. The trees were swept away
as ifsome gigantic scythe bearer had mowed them over, One may travel
now for miles in that region and not find a ree large encugh o make a

respectable fish pole.”
- L.E. Chirtenden, around 1890

As this quote demonstrates, air pollution in the Lake Champlain basin is not a new
problem, but certainiy e form and extent of pollution has changed suhstantially in the past
130 years. Today, pollution and its effects in the basin are tikely to be comparatively subtie



and largely invisible to the average observer. Despite the absence of gross water or air
pollution, however, the public has become increasingly aware of and concerned about the
degradation of L.ake Champlain ecosystems by pollutants being transported into the basin
by the atmosphere. Concern about mercury contamination of fish in Lake Champlain and
the possible effects of acid rain on forests in the basin are but two examples of this

awareness.

The Lake Champlain basin (Figure 1) is a region that is particularly exposed to air
pollution in the eastern United States by virtue ofits location "downwing" of many poliutant
sources and its relatively large catchment area, The basin has a large (18:1) ratio of
watershed to lake surface area, so the capture and processing of atmospheric pollutants by
the terrestrial portions of the basin may be important in this region. Approximately 89% of
the basin is forested or agricultural, with the lake itself representing only 5% of the total
basin area (Table 1). This is in sharp contrast to the Great Lakes, for example, which
themselves represent a large proportion of their watersheds. These characteristics and the
relatively mountainous, high elevation terrain favor the capture and accumulation of air
pollutants in the basin by processes including wet and dry deposition, foliar wash-off, leaf
liwer-fall, spring snow-melt and runoff, and siream transport, as well as direct deposition

to surface waters. '

istorical Development of Air Pollution Management in the Basin

Alr pollution management and measurements in the Lake Champlain basin were initiated
on a “routine” basis in the late 1960's and early 1970, primarily in response to the 1963
Clean Air Act and its 1970 amendments. The federal 1963 legislation was motivated to a
large extent by a growing public perception that air pollution was a serious "local” problem
in many large urban and industrial areas, Pollution control efforts focused on the largest,
most poorly controtled sources or snurce categories. [n the Lake Champlain basin these
included open burning at dumps, asphalt plants, wood burning boilers and & few large
industrial sources. Earty ambient measurements were conducted predominantiy in urban
areas or in the vicinity of large sources. with primitive methods inciuding lead sulfation
plates (for sulfur dioxide), folded rubber strips (for ozone) and dust-fall buckets (for
particulate matter). The 1670 amendments required establishment of national ambient air
quality standards for a number of common “criteria” pailutants (carbon monoxide, nitrogen
dioxide, suifur dioxide, particulate martter, hydrocarbons and photochemical oxidants).
Improved measurement methods were developed. and routine monitoring was required to
cetermine compliance with the ambient standards, Given the effectiveness of eariy control
etforts at reducing the most obvious "smoking" sources, and the relatively small size of
urban areas and industrial sources in the Champlain Basin, few exceedances of natisnal
standards were recorded, and the general public perception was of pristine air quality -
rivaiing the clarity of Lake Champlain's sparkling waters. During this period similar
awareness and regulatory attention were given 1o surface waters in the U.S.. although only
recently has Lake Champlain water quality been recognized to be at risk.

The "discovery” of "acid rain" by the papular press in the late 1070's. dramatically
changed the public perception of air poHution in the region. It introduced the congepts of
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rainfail, surface waters and forest soils, Significant responses by the scientific community
ensued, and the upland Adirondack and Green Mountain sections of the Champlain Basin
became centers of major monitoring and research efforts to address questions of acid rain
effects. The first air pollution monitoring effort to address basin-wide questions began in
1982 with the establishment of an acid rain monitoring station at the University of Vermont
Proctor Maple Research Center in Underhill Center, Vermont. During the next decade 2
dozen more air quality monitoring studies were added at this site. Also during this period,
acid rain monitoring and related air quality studjes were upgraded at White face, NY (where
aMAP3S precipitation chemistry station had been established in 1976) and Sutton, Quebec
(where the CHEF Program had been established in 1985). Added to these sites, air quality
monitoring for criteria pollutants and assorted research measurements at several locations
in Vermont, New York and Quebec, plus the network of National Weather Service (NWS)
primary and cooperative stations were deployed to provide the basis for a modern
monitoring infrastructure in the basin (Figure 2), N

During the 1980s, new methods were developed and implemented to sample the chemistry
of precipitation and cloud water [Galloway et af. 1978, Scherbatskoy and Bliss 1684].
Routine measurements of criteria pollutants were extended to rural areas, where
surprisingly, the region’s highest ozone concentrations were observed on the remote top of
Whiteface Mountain, Accumulatior’of heavy metals was observed in forest soils and Jake
sediments in the "pristine” Adirondacks and Green Mountains [Friedland er ol 1984).
During this periad, inter-governmental agreements were developed for more efficient
management of shared ajr respurces, and by the late 1980%s, New York, Vermont and
Quebec had each committed to reducing and maintaining emissions of acidifying sulfur
emissions. In 1988, these three jurisdictions also signed a Memorandum of Understanding
en environmental cooperation on the management of Lake Champlain. In concert with the
rising awareness of the ecological interconnectedness among air, land and water resources,
inter-disciplinary approaches were developed and applied 10 environmental measurement
programs, ieading to the formation in 1990 of new coordinating institutions such as the
Lake Champlain Research Consortium and the Vermont Monitaring Cooperative.,

The 1990 Clean Air Act Amendments included requirements for phased reductions in
aciditving sulfur emissions from ¢lectric utiity sources in areas upwind of the Lake
Champlain basin {(with simitar emissions reduction commitments from Canadian sources).
Also under the 1990 Aamendments, New York and \'ermont were inciuded in the multi-state
Ozone Transport Region - composed of |1 "Northeast Corridor” States from Virginia to
Maine.  Lake Champlain was specifically included, along with the Great Lakes and
Chesapeake Bay, as one of the "Great Waters”, for which addi[ionalmmonitoring and
research was required to understand the extent. effects and causes ofatmespheric deposition
of hazardous air pollutants to these waers. I 1990, the Lake Champlain Special
Designation Act provided a range of new inter-gos ernmental management siructures, and
inctuded direct support for needed monitoring ard research programs, State-sponsored "air
toxics” monitoring programs were initiated in the Vermont, New York and Quebec sections
of the Lake Champlain Basin, and monitoring and research programs 1o assess
coneentrations, depositior.. sources and ecolegicalprocessing ofairborne mercury were also
established. Measurements of ultraviolet radiation, and additional maenitoring and research
of local meteorology and climate conditions werz injtiated. rellecting public and scientific
Loneerns aver emerging global air pollution issues,



Current 4ir Resource Issuvs in the Basin

Currently, mediaattention. public hearings and our experience suggest that public concern
about air pellution issues in the Lake Champlain basin appears to be focused on mercury
contamination of fish, global climate change, and acid rain, in that order of importance.
Althcugh not so widely perceived by the public, exposures to air toxics, fine particulates
and tropospheric ozone are currently receiving scientific attention as significant contributors
1o environmental quality in the basin. As discussed further at the end of this report, public
perception of immediate and obvious impacts on human health and economics often drives
decisions about resource management and research priorities, sometimes independently of
their scientific importance. Mercury contamination of waters in the basin captures public
attention in this way. Questions about the effects of acid rain on the health of forest
ecosystems in the basin have never been fully answered and recent findings of nutrient
depletion [Likens er ol 1996]. episodic acidification and nitrogen saturation {L1.S. EPA
1995] in northeastern forests have stimulated renewed attention on additional acid rain
controls. Although ozone concentrations have not exceeded federal standards in the basin
in the past several years. there continues 1o be persistent exposures at leveds of concern to
forest ecolegists, The recently revised, stricter ~zone standards may increase public
perception of this issue.

In light of this background, the purpose cf this report is to discuss the recent history ot air
pollution monitering in the Lake Champlain basin and to decument the long term trends and
current status of the major air pollutants affecting the lake and basin, including mercury,
acid deposition, tropospheric ozone, air toxics and fine particulates. In addition, analysis of
airtransport patterns for these polluants is used to show the probable geographic extent of
the airshed of the basin.

AIR POLLUTANTS [N THE LAKE CHAMPLAIN BASIN

Avid Deposition

Acidic deposition in precipitation has been menitored at three sites in the basin since 1934
under the National Atmospheric Deposition  Program National - Trends “Network
(NADP/NTN)Yatthe Vermont Monitoring Cooperative monitoring station in Underhill, VT
300 m elevation). at Whiteface Mountain, NY {620 m) and at Sutton, Quebec (244 m}.
Weekly data for the U.S, sites are available at the NADP Internet Web site [NADP 1995]
including meta-data and wet-only precipitation amount. pH. and cencentratien and
deposition of major cations and anions. Dry deposition of acidifving compounds has been
monitored in the basin since 1992 at the VMC site in Underhill, VT and since 19384 at the
Whiteface site. Using weekly filter-pack samplers, air concentrations of sulfur dioxide,
sulfate aerosol, nitric acid vapor and nitrate aerosol are measured and the corresponding
deposition of sulfur and nitrogen is calculated by inferential methods (Hicks er all 1991].
Natonally, 7 smissions have been declining stowly gince the early 1970s. with a sharp
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Air Act Amendments. These tends are apparent in the SO, concentration in precipitation
for the Lake Champlain basin ds well as many other northeastern locations. Figure 3 shows
pH and volume-weighted seasonaliy averaged concentrations for sulfate and nitrate in
precipitation at Underhill and Whiteface. The long-term downward trend for sulfate and
absence of trend for nitrate are obvious in these data. [n addition, pH appears to be
increasing only slightly, sulfate concentration is typically highest and nitrate the lowest in
the summer period, and sulfate concentrations tend to be slightly higher at Whiteface, while
nitrate concentrations are slightly higher at Underhill. During the summer seasons of both
1993 and 1994, sulfate concentration was noticeably elevated at both sites due to very high
sulfate concentrations in June and August. Another interesting observation is that calcium
concentration in precipitation at both sites has been declining at a rate of about 0.3%
annually (data not shown). Reasons for this are obscure, but concern about the effect ofthis
trend on forest ecosystem heaith has been expressed in other studies [Likens er al. 1996].

Figure 4 shows the concentration patterns of the compounds in the basin that dominate
drv deposition of sulfur and nitrogen as gasses (S0, and HNO,) and pamcuiates (50, and
N0, Note that the concentration of reduced {S0O.) and oxidized {S0,%) sulfur compounds
alternates seasonally, with sulfur dioxide concentration being greatest in the winter monihs
and sulfate being highest in the warmer months (as for precipitation). Elevated sulfate
cencentrations during summer 1994-are also apparent, suggesting a pessible relationship
between particulate and precipitation sulfur,

Annual wet and drv deposition rates of sulfur and nitrogen compounds at Underhill and
Whiteface are shown in Table 2. Over this period. annual wet deposition rates at Underhill
averaged 32% higher for nitrogen and 10% higher for sulfur than at Whiteface, suggesting
possible reduced influence of nitrogen sources ar Whiteface. These daia indicate that annual
depo;ilion of sulfur and nitrogen in the basin occasionally excesads the annual critical
toading rate of approximately 8 kg S'ha and 8.4 kg N.ha, levels at which changes in
auon composition (due to 1o nitrogen) or seil aluminum mobilization (due to sulfur;
be expected in this region {DeVries 1993).

e NOAA Air Resources Laboratory (ARL) measures daily precipitation chemistry at
the L ndﬂrh:l] VT site as part of the AIRMoN Network [AIRMaN 1998]. This site began
operation in 1992, shrily after the termination of the Whiteface, NY MAP3S station. and
is the only long-term daily monitoring station in New England. Daity measurements aliow
a much clearer evaluation of meteorological conditions than is possible with the weekly
NADP samples. ARL also maintains meteorological data and data analysis service via its
"READY"(Real-time Environmental Analvsis and Display sYstem) [nternet site [NOAA
1598]. Among other things. the READY site provides access o the HY¥SPLIT (HYbrid
Single Particle Lagrangian Integrated Trajectories) trajectory model [Draxler and Hess
1557) . The HY-Split trajectories can be caleulated backward (or forward) in time to track
the sath of airmass motion for air arriving at (or teaving from} a specitied receptor location.
Trazectory Cluster Analyvsis [Stunder and Arizi996] is a powertul statistical technigue
which allows large numbers of trajectories to be grouped into a much smailer number of
trajectory “clusters”, for which trajectories have common spatial characteristics which are
simvilar within each cluster and different from those in other ¢lusters.

In a recent analysis of the Underhill site AIRMoN rain events for 1995, backward HY'-
SPLIT 36-hour traje.tories were calculated for 88 of 99 precipitation events for which
emical analvsis was available, For 11 cases irajectories could not be computed because
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of missing meteorological data. This analysis resulted in 5 clusters {Figure 3)representing
the general paths of air masses resulting in the precipitation events eccurring at Underhil)
in 1995, Using the AIRMoN data, the chemical characteristics associated with the
trajectories in each cluster can be examined (Table 3). According to this anaivsis,
precipitation events associated with the Southwest Long cluster (¢cluster #1 ), accounted for
about 24% of the total 1993 precipitation volume at Underhill, but contributed about a third
of the total suifate and hydrogen ion deposition, and over 40% of the nitrate ion deposition.
Together, the three West-Southwest clusters (clusters # 1, 2 and 4) accounted for 69% of
the precipitation events, 77% of the precipitation volume and more than 85% of the 1993
deposition of sulfate, nitrate and hydrogen ion. Although the northwest sector is typically
the source of fair weather and clean air in this region, the concentration of sulfate and
hydrogen ion in precipitation from this sector in 1995 was nearly as great as any other,
Because this sector contributed only a small quantity of the total precipitation, the total wet
deposition of pollutants from these storms was smu.l (5%3."This analysis underscores the
fact that precipitation events arriving in the Champlain Basin are both frequent and poliuzed.
Fortunately, future reductions in sulfur and nitrogen emissions from Midwestern electric
utilities are anticipated from the 1990 Clean Air Act Amendments. and from EPA s recently
proposed nitrogen oxide reductions based on recommendations from the Ozone Transport
Assessment Group [OTAG 1998]),  +

Quone

Tropospheric ozone is a federally regulated air polfutant, harmful to afl animal respiratory
systemss and plant life. [t is routinely monitored at three locations in the Lake Champlain
basin, at 394 m elevation in Underhill, VT, at 620 m and 1142 m a1 Whiteface Mt., NY, and
at saveral elevations in Sutton, Quebec. Ozone is monitored by continuous photometric
anabysis and is reported as hourly average concentrations.

Ozone poliution is of concern for potential effects on human healih, forest ecosystems
and agricultural crops in the Lake Champram basin, The health-based federal standard for
ozere (formerly based on maximum 1-hour concentration v© 173 parts per billion [ppb])
has rezently been changed 1o protect against exposures at a tower thrasheid (83 ppb) over
a lenger averaging time (8 hours). Hourly data from Whiteface - which typicaliv
experiences among the highest concentrations in the Basin - indicate no exceedances ofthe
L-heur standard in the past five years (Figure 6, top panel), although this threshold s
frequently approached. and a number of exceedances were recorded there in the fate 1980's
and 2arly 1990's. The annual pattern of ozone concentration se=n at Whiteface during the
past five years is fairly representative of ozone behavior at the other monitoring sites in the
basin. Analysis of historical data indicates that ozone concentrations in the basin would
have been close 1o exceeding the new ozone standard on several oczasions, and the new
stancard will be more stringent (more easily exceeded) than the -hour standard.

Feoresthealth and agricultural scientists are more concerned with exposures exceeding 40

rpb, which oceur quite frequently atall sites in the basin, As indicated in Figure 6 (top
panei:. regional ozone exposures clearly peak during the summer growing seasen and also
exhibitdistinctdiurnal patterns and elevational gradients (Figure 6. hoattom panei). Atlower
elevation sites like Bennington, VT just south of the Lake Champiain basin). summer
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ozone levels typically fail off dramaticaliy atnight, a5 ozone formation requires sunlightand
ozone destruction by chemical reaction and physical deposition takes place predominantly
at or near the earth's surface. At higher elevations. the nocturnal destruction is minimal,
such that mountain forests in the basin are chronically exposed to higher ozone exposures
than low elevation counterparts [Poirot 1993)

Fine Particles and Air Toxics

Particulate matter pollution is of current concern for its potential effects on human health
and visibility, and for its contribution to the deposition of acidifying compounds and toxic
metals and organic contaminants in the Basin. The federal standards for particulate matter,
based on particles of fess than 10 micrometer (im) diameter (PM-10), are currenty being
revised to focus on smatler particles, less than 2.5 jum (PM:2.5). These smaller particles
penetrate and reside at further depths of the respiratory tract and tend to be composed of
inherently injurious substances, including acidic sulfates, and potentially toxic organic
compounds and trace metals. Analysis of historical data suggests that ambient fine particle
concentrations in the basin may be relatively close to the new PM-2.5 standard of an annual
average not 1o exceed 13 micrograms per cubic meter (ng/m*y.

Fine particles and air toxics have been monitered in the basin at various urban and rural
sites. including Burlington, Barre, Rutfand and Underhill in Vermont, Glens Falls,
Whiteface and Wilisbera in New York, and Sutton, Quebec, Methods for collection of fine
particles typically invelve the use of a size-selective inlet to remove large particles and
weekly or bi-monthly collection of a 24-hour air sample on a filter which is then subjected
1o various analysis by spectromerry, fluorescence or other techniques. Gassous air toxies
are wpically sampled in canisters or absorbant cartridges with subsequent analysis by gas
or tiquid chromatography.

PAI-2.5 data from 1993 in the Burlington, VT urban ares and at two nearby. remote
"background” sites at Whiteface Mn., NY and Underhill, VT are reported in Figure 7.
These data indicate that average background fine particle mass concentrations are about half
the level of the proposed standard, with about half of the background concentration
composed of sulfate compounds. As these sulfate particles resuit primarily from distant
sources, their concentration does not increase at the urban Burlington site. Organic
compounds and elemental carbon (soot} are substantially higher at the urban site {adding
about 3 pg/m’ to the background levels) indicating significant local source contributions for
these fine paricle species. -

L acal urban sources are also important (predominant} contributors to elevated local
concentrations of several toxic gaseous organic compounds. including formaidehyde,
berizene and 1.3-butadiene. As indicated in Figure 8, these compounds slightly exceed
\vermont's heaith-based toxic standards at the remote background site in Underhitl. and
increase by a factor of 2 10 4 in nearby suburban and urban areas. The Vermont toxic
standards for these 3 contaminants are based on an estimated cancer risk of 10 (1 cancer
death per million population) such that an ambient concentration of 10 times greater than
the standard would represent an estimated risk of 10, Local emissions of these
contaminants result primarily from mobile sources (gasoline and diesel vehicles and
associated refueling), and a reduction in the concentration of these toxic compounds will



require some combination of ¢leaner (or alternative] ransportaiion and. or major lifestyle
changes for the basin’s inhabitants.

Mercury

NMercury (He) contamination of fresh waters and their biota has become a widespread and
serious problem in many parts of the wortd, including northeastern North America, Health
advisories restricting consumption of some mercury contaminated fish in Lake Champlain
and other waters in the basin and throeughout the Northeast have focused public and
scientific attention o this problem. There is concern thas atmespheric sources of mercury
are responsibie for increasing Hg burdens in Lake Champtain [Scherbatskoy ef al. 1997,
Watzin 1892, Vasu and McCullough 1994], but mercury sources, transport mechanisms and
accumuiation are not yet well understood. There is growing evidence that forested
ecosvstems have an important and complex role in the transport of atmospheric Hg to
aquatic systems [Bishop er o/ 1995]. Recent studies have identified several processes
affecting Hg movement in ecosystems, including organic complexation in soils and water,
accumulation in plant tissues, foliar capture of atmospheric Hg, and a large watershed:lake
area ratio [Schuster 1991, Rea er 21996, Swain er of. 1992]. The Lake Champlain basin
is susceptible 1o mercury poliution because of it large proportion of forested fands where
these processes occur and its proximity to relatively large Ha emissions in the region
[NESCAUM [998)

Atmospheric mercury has been studied at two locations in the basin: for precipitation,
vapor and particulate forms of Hg since 1992 in Underhill. VT {Scherbatskey vr o/ 199§]
and for vapor and particulate forms in 1992-94 in Willsbero, NY [Obmez e ol 1996]. The
' nderhilt site is the longest running continuous monitoring program for ail three forms of
aimospheric Hg in the werld. and provides an important long-term and regional reference
for other studies that have recently begun in other parts of'the Northeast, The Underhill Hg
research program is a collaborative effort berween the Vermont Monitoring Cooperative
and the University of Michizan Air Quality Laboratory. Precipitation tor Hy and trace
metal analysis is collected at this site on an event basis in a moditied wet-only precipitation
coitector. and vapor and fine particulate (2.3 Loy air sampies are collected for 24 hours on
zold-coated sand vapor traps and glass-fiber filters, respectively . Sampling and analysis
procedures are described in detail by Burke er o/ [1995] A Willshoro similar methods
were used for He vapor and particulate sampling. using charceal vaper traps and Teflen
fHiters, respectively {Olmez er ol 1996], -

The long-term patterns of Hy concentration and depesition {r pravipitation, based on the
dara of Keeler er o/, [this volume), are shown in Figure 9. The magnitude and pattern of
seasonal increase in Hy concentration during the summer is similar 1o that seen atother sites
in the northern U.S. Because of greater concentration and precipitation in the summer
months, Hg depesition in the basin is greatest during this peried. Annual wet deposition of
Hy at this site averages §7 mg ha. Dry deposition of Hg vapor 10 the forest ecosysien is
large during the warmer months, but because of large uncertainties about the re-emission
of Hy from torests, it is ditficult at this time o acvurately 1x the tal wet plus dry nat
depositien. Re._ntanalvsis by Rea {1998] indicates that 30-120% of dry deposited Hg may
e re-emitted to the atmosphere from forests. Nonetheless, aocording w shantey eead [this
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terrestrial ecosystem (with some unknown amount returning to the mmesphere by re-
emission), and only 8% of this deposition is transported out of the ¢cosystem in stream
water, '
Descriptive statistics for concentrations of precipitation, vapor and particulate forms of
Hg at Underhill are presented in Table 4. These values are generatly similar to those for
other sites in the northern U.S. There do not appear to be any significant trends in
concentration at this site, except perhaps for Hg vapor which has declined from around 2
ng'm’in 1993 to around 1.6 ng/m’ recently (Figure 10). Comparable values for Hg vapor
were measured by Olmez er ai. [1996] at Witlsboro, NY during £992-1994, except for two
periods (winters of 1992 and 1993) when concentrations were approximately twice as high

as Underhill.

Mereorology and Ultraviolet Radiation .

Two other important issues related to atmospheric resources in the Lake Champlain basin
are global climate change and increasing solar ultraviolet radiation (UV-B). While these are
both potentially important environmenial factors in the Lake Champlain basin and
elsewhere, our data and understanding of their effects are very limited. Meteorological
menitoring in the basin has been enhanced in‘recent years by the addition of automared
weather monitoring stations located at regional airports, and by research weather stations
operated by the Vermont Monitoring Cooperative at Colchester Reef on Lake Champlain
and at several locations on Mount Mansfield. Data from these stations, plus data from the
National Weather Service cooperative weather stations throughout Vermont are available
through the Vermont Monitoring Cooperative Data Library. In addition, an assessment of
pracipitation patterns in the Lake Champlain basin has been racently conducted by A.R.D.
Ine. [B. Hegman, pers. comm. 1998) for use in watershed poliutant loading studies. These
data are valuable for interpreting recent and historical climate and ecological processes.

Ulrraviolet radiation has been monitored in the basin since 1993 ar the Vermoni
Monitoring Cooperative's forest research site in Underhill. VT using a broad-band
py ranometer ( Yankee Environmental Svstems UN'B- 1), in 1996, the Underhill site became
part of the U.S. Department of Agriculture UV-B Monitoring Program, a climatological
network of 23 sites nationwide using several broadband instruments. [nformation aboutand
data from this network are avaiiable from the program's Web site [USDA 1998). Because
of the limited data for this site. no trend or effects information is available at this time, but
the avaifability of these data for the basin is important for future environmental research.

THE LAKE CHAMPLAIN AIRSHED

A hile many pollutants attecting the Lake Champlain basin are of predominantly focal
origin (see Figures 7. 8), uthers are of more distant origin and subjected to long-range
ansport, Toxic metas, for example, are a current concern for their potential 2ffects on
human or ecological health in the basin. Certain metals tiike maroury pin our ambient air and
precipitation have signiticant local source contributions such as commercial incinerators,
while others (nickel. arsenic. seleniumi may result predominantly from more distant sources
It is valuable to identify source regions for these contaminants (as for acid deposiiion.



above). and to determine the extent of the airshed, the geographic region with significant
sources potentially affecting the basin. Poiroter o/ [this velume] examined the concept of
the synoptic-scale “Lake Champlain airshed”, cmploving 8 vears of (1 2 per day) backward
“air mass histories” to derive a tong-term “probabalistic” definition of “areas most likely
to be upwind™ of the Lake Champlain basin. Thev found this probabilistic airshed varied in
size and shape as a function of season, meteorological condition. and pollutant of concern.
For high local concentrations of fine particle arsenic, the basin’s air was tikely 1o have
previously resided to the northwest cver a Canadian region of large primary smelter
emissions. For high nickel concentrations, transport from East Coast metropolitan areas was
indicated, whife high selenium concentrations were associated with transport from the Ohio
River Valley.

Similar methods are empioyed and shown here in Plate | to explore the “airshed” for 3
Lake Champlain basin monitoring sites on an “everyday™ basis, and for high concentrations
of czone, PM-2.5 mass and PM-2.5 sulfur. The top row in Plate | displavs “everyday
upwind probability fields™ for sites at Whiteface Min,, NY, Underhill, VT and Lye Brook,
VT (outside but near the basin boundary in southeastern Vermont), These are based on all
available trajectories for these sites over an 8-vear (1989-96) period. The shaded areas
depict the smallest areas accounting for 20%. 40%5 and 60% of the trajectory “residence
time hours™ on the map. The patterns are similar for all 3 sites. and are cenerally oriented
in a westerly (or WNW) direction from the recepiors. The second row displavs similar
upwind probability fields, but in this case, only trajectories on days with high 8-hour ozone
concentrations at the receptors were included. While there is a strong southwesterly
orientation on high ozone days at all sites, note therg is also a strong southerly influence
tEast Coast urban corridor) on the Lye Brook site. Lve Brook also experiences somewhat
more southerly influence than the northern sites for fine particie mass and sulfur - which
generally show a dominant southwesterly influence at all the sites. Similar patterns for fine
particle mass and suifur are not surprising, since haif or more of the fine particle mass at
these rural sites is sulfate}. Sulfur in the fine particle phase can range from pure sulfuric acid
to fully neutralized ammonium sulfate. Alt of these sultate compounds efficiently absorb
water from the atmosphere.which increases their light seattering efficiency and makes them
the mast important causes (accounting for 60-70%0) of regional haze in the Champlain
Basin. The results here for fine particle sultur are quite consistent with the NOAA ARL
cluster analysis results for Underhill precipitation sulfate (Figure 31 Hence. a common
upwind source region is a major contributor to acid deposition. fing particle pollution,
regicnal haze, and ozone pollution in the Basin, and is a key component of the Lake

Champlain Airshed, -

AIR RESOURCE ISSUES IN THE FUTURE
Perception. Policv und Management

White our understanding of air poltution. and of the priority air resource issues in the Lake
Champlain basin is evolving and far from complete. much has been learned over the past
30 vears since routine measurement programs were initiated. The management of
environmental resources can be viewed as a policy respense to public perception of
ainvironmental issues of concern, Environmentai measurement. throuch routine monitoring



and more focused research efforts, can provide critical scienttic guidance for effective
management decisions by clarifving the nature. severity and causes of environmental
problems. Qver time, environmental measuren:ents can lead to changes in public perception.
and provide the means 10 assess envirenmental management decisions.

Specific issues facing air resource managers and the public in the Lake Champlain basin
include acid deposition, mercury, fine particles. air toxics, greenhouse gasses. UV-B and
climate change. There are numerous complex possible impacts of these stressors on human
and ecosystem health, which may be caused by direct single-factor and multiple exposures,
and by indirect processes. Effective responses to and management of these problems must
be guided by good quality information. Access to data such as those presented in this report,
however, faces several challenges. There have been several proposed cuts and actual lapses
in funding for several monitoring programs described in this report, even during the period
when air pollution levels were expected to respond to new regulations in the Clean Air Act.
Only through continued moaitoring of acid rain constituents were we able to see that indeed
these regulations were effective and that additional controls were still needed. In addition,
data access itselfcan be a problem for managers and policy-makers. in order to improve the
relationship between air pellution science and management. easy and rapid access to
monitoring data. is helpful. Finally, it is important to recognize that our perceptiens of
environmenta! problems change, and today’s issues in the basin will evolve and new issues
arise in the future. Good communication among stakeholders, scientists, managers and
policy makers is necessary to ensure dynamic and accurate responses to perceived
environmental problems. Thus, support for long-term monitoring, good data access. and
integrated communications are critical components of effective air resource management
in the Lake Champlain basin in the years ahead.

Air Reyource Management Needs and Recommendaiions

Although we have good information about some aspects of air resource issues in the
basin, there are a number of areas where improvements and additional data are needed.
Broadly, there are three tvpe of processes (o pay anention to when addressing air resource
issues in the basin. limospheric vxposure and deposition of acidifving substances, toxic
contaminants, and ozone are important aimespheric environmental stressors in the basin.
Ecasystem processes. including element and energy cycling, population dynamics, and
changing landscape structure, underlay the interactions between these stressors and
ecosvstems. Finally. climaie change processes are probably having significant direct and
indirect effects on the ecosysterns of the basin and their responses to atmospheric stressors
and other factors.

Ararecent workshop of the Lake Champlain Research Consortium [Mclntosh 1998], two
broad areas of research and menitoring were identified 10 improve our understanding of air
resource issues in the basin. These were 10 assess source-receptor relationships tor
atmospheric contaminants entering the basin, and to clarify the trensport mechanisms for
hazardous air pollutants within the basin. In addition, @ number of strategic
recommendations were made, including increased attention to air issues in the basin, under
the clean air regulations of the state and the Clean Alr Act Amendments section [12m).

W ohile many ofthe air polutants and eny ironmental stressaors affecting the basin originate
3 i . E



outside its borders, there are important focal sources of some contaminants such as mercury
and some volatile organic compounds. A betterinventory of these emissions and an analysis
of their contribution to pollutant exposures in the basin are needed. This represents a
significant gap in our knowledge and an impadiment to effective management of air
resources in the basin.

Transport and deposition of regional and locaj air pollutants are strongly atfected by
regionai and local weather patterns. As seen in this paper, regional and synoptic analysis of
meteorclogy and air pollution data allows assessment of transport patterns and some
understanding of scurce-receptor relationships. Local-scale processes, however, are poorly
understood, particularly as they affect deposition patterns and movement of locally
generated pollutants. Most ofthe modeting of deposition has been conducted at coarse scale
resolutions (>100 km), while meso-scale modeling (<10 km resolution) is needed to assess
deposition processes and source-receptor relationships within the basin. The NOAA Air
Resources Laboratory, as well as several other federal and university research groups, have
the capability to mode! wind-fields and poflutant deposition at this finer scale. Transferring
this technology to the Lake Champlain basin would benefit cur understanding and
management of air resource issues in the basin.

Although this report documents much useful information about air contaminants in the
basin, there remain a number of concerns that need specific attention. To achieve effective
air resource management in the basin in the foreseeable future, the roflowing additional
neads must be addressed. [ Support fong-term monitoring. Only with continuous. high-
guality monitoring at the appropriate frequency will we be able o provide reliable
information capable of detecting patterns and trends in spatial and temporal environmental
data. 2 dssess source-recepior relationships. Further analvsis of air transport and high
resolution chemical deposition data is needed 10 better identify regional and local scurces
of air contaminants in the basin. 3 Conducr elemenial speciation of fine particulates
Although new regulations set standards for fine particulate (2.3 zm) matter, there is
surrently inadequate information on the concentration of toxic elements in this material to
svatuate specific health risks and tdentify sources. 4 Clarifi wenersied pransport and
creling provesses. There are still important aps o our understanding of how Io.ested and
agricuitural watersheds arfect the mos ement of 2ir contaminants in the basin, particutarty
with respect to the eveling of mercury and land use effects on nutrients and contaminants.

F dssess environmentad wnd ecologreal effecis of climaie clhanye. Although this s
complex. collection of eavironmental data and development of ecological medels are
weeded that help ifluminate the direct. indirect, and interactive effects or climate change in
the ecosysterns of the basin, - -
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FIGURE 4. Scasonal (quarterly) average conventrations of ambient vapor and particulate suitur and mitrogen compounds in the Lake
) o = 3 b =
Champiain basin at Underhill. VT, from NOAA AIRMoN weekly samples in 1992 - 1997,



TABLE 1. Area and percent oftotal basin area of major land use classes in the Lake Champlain basin.
based on aerial photography in 1973 (Budd and Meals 19941

Class: Forest & Agriculture  Urbun Surface Lake Total Total
Wetland Waters  Champlain Non-Lake  Basin

Hectares: 1.322.306 367.262 55840 7SO0 113,000 2,026,719 2.133.719
Percent: 62% 27% 3% 1% 3% - -

TABLE 2. Annual wet and dry deposition as keoha of total sulter (SO § and SO, 8} and toul
nitrogen (NO; NONH,” N and HNG, N) at Underhill, VT and Whiteface, NY.

Year S, wet 5. dry S. total N. wet N. dry N, total
VT OONY I VT NY | VT ONY L VE ONY | VT NY | VT NY
1685 [ 7.34 7.34 2.03 9371630 52 1.69 £.90
1986 790 7.68 1.45 9.13 ] 6.32 477 1.58 8.35
1987 {7.04 724 1.48 870576 5862 1.50 712
1988 | 6.53 5.73 1.83 7.56 | 545 385 1.96 5.81
1589 | B.15 7.09 1.94 §03[685 577 229 §.06
1660 )1 849 703 1.98 BS3| 772 570 257 8.87
159 6.52 824 2.10 8345584 453 3353 808
1592 | 464 4.89 1.42 631|478 357 242 5.99
1683 [ 7.87 7491205 14419092 893|764 5181182 255{0946 773
1294 | 7.70 550|234 2223|1000 773|7.31 484|208 325:939 72§
1695 | 5.27 400|153 100|581 500|570 443]175 228745 871
*CGR 427 389|140 089|587 478530 448(1.78 2T017.09 858
1697 579 4861132 141|711 8271579 4801131 3451710 B80S
Mean: | 658 6081173 1683|790 770]630 4801175 243]810 7.23




TABLE 3. Contributions of each trajectory cluster shown in Figure 3 to the precipitation
chemistry at Underhill, VT in 1993,

Cluste- # ! 2 3 4 3
Cluster Name SW Lang W NW SW Shart NE
# of Trajectories per Cluster 32 17 11 20 7
Total Precipitation {cm) 2.2 9.2 2.4 17.9 9.8
VWA * SO, Concentration (steq L) 31 295 R 200 .5
2o ol Tewl SO, Deposition AR 23 N 30 9
VWAL NO, Concentration (pey. L) 297 22 {184 136 b
%y ol Total NO, Deposition 43 23 3 22 o
VWM H™ Concentration (peg’l) 443 KR 38.0 MR P34
2% of Total H™ Deposition 36 20 6 29 9

“Volume Weighted Mean

TABLE 4. Descriptive statdstics 1or atmospheric Hyg concentrations in Underiunll, VT rorthe
periad December 1992 through December 1997,

Mean Sid. Dev. n Minimum Maximum o Median
Vapor Hg (ng/m-) 1.67 0.49 24 Lol 7.3 L3
Particulate Hg (pa/m?}? 9,04 6.32 R 0 T30 - 779
Pracipitation Hg (ng/1.)? 823 8.4 353 L3 %9.8 $.03

Tes
tar

“Correeted 1o Standard Temperature (25 C)and Pressure (14
CVolume Weighted Mean
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