The Effects of Air Pollution
in the Great Smoky Mountains

Consistent, long-term monitoring of its natural resources will belp determine
whether chosen strategies are effective in preserving the natural ecosystems in

our most visited national park.

Stephen C. Nodvin

he Great Smoky Mountains National Park rep-

resents one of the most pristine forests in east-

ern Morth America. Its more than 500,000
acres have been protected for more than 60 years,
Because of this protection, the Smokies have largely
recovered from abusive land management practices
that occurred after the turn of the century,

Due to its extensive elevational range (850-6,600
feet) and geographical location, the park is a center
of biological diversity, It contains approximately
1,200 native vascular plant species, more than 300 li-
chen species, and more than 2,200 species of macro
fungi. In addition, the park is internationally known
for its wildlife resources. Two-hundred thirty species
of birds have been recorded in the park (Alsop
1991), as have more than 800 species of moths and
butterflies and more than 60 species of mammals.

Despite efforts to protect it, the park is still vul-
nerable to impacts from air pollutants generated both
locally and from as far away as 1,000 miles or more.

*Faculty and adjunct faculty members from the
Department of Forestry, Wildlife and Fisheries (FWF) who
have panicipated include the late Dr. George Weaver as
well as Drs. John Rennie, Helga Van Miegroet, and Dale
Johnson, From the Department of Plant and Soil Science,
Drs. Michael Mullen, Jeanne Logan, and John Ammons
have looked at soils and climate processes, Other UT
adjunct faculty who have participated include Drs. Steven
Lindberg and Samuel McLaughlin of the Oak Ridge
National Laboratory and Dr. Niki Nicholas, a TVA Forest
Scientist.

FWF Research Associates Heather Bhodes and Man
Malick and Research Assistants John Shubzda and Ellen
Williams have been instrumental in establishing and
maintaining the monitoring and research program.
Graduate students in Forestry and Ecology, including Terry
Flum, Joressia Jamison, Anita Rose, Hope Barrett, and Lala
Chambers and Postdoctoral Research Associate Eric Pauley
also have played major roles.

Air pollutants can impact the park in three principal
ways. First, visibility within the park and views of
the Smokies from surrounding areas may be de-
graded (Fig. 1). Secondly, elevated ozone levels in
the park may impact vegetation. Finally, deposition
of pollutant-derived substances by acid rain and
other mechanisms may negatively impact park eco-
system functions and water quality.

My research, with assistance from a host of Uni-
versity of Tennessee, state, federal, and private coop-
erators,” has focused on atmospheric deposition.
Over the last six years we have intensively studied a
high-elevation forest ecosystem. Based on thousands
of hours of field investigations as well as the analysis
of tens of thousands of samples, we have a better
understanding of the “health” of forests and aquatic
systems in this mountain region of Tennessee and
North Carclina.

Methods

In the early 1990s, the National Park Service ini-
tiated a national monitoring program for evaluating
long-term trends in the status of natural resources.
The Great Smoky Mountains National Park was one
of the first “Prototype Monitoring Parks.” The UT Co-
operative Park Studies Unit, in conjunction with the
Department of Forestry, Wildlife and Fisheries, estab-
lished a long-term ecosystem and water-quality
monitoring project in the Smokies.

Qur research design included (1) intensive, year-
round monitoring of a high-elevation watershed near
the highest point in the Smokies and (2) spatially ex-
tensive monitoring of more than 350 stream locations
within the park. In the past five years, scores of
people have participated in the effort, but the back-
bone of our program has been the dedication of the
Department of Forestry, Wildlife and Fisheries. Over
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Atmospheric Deposition

In the 194%0s, we have expanded upon these

findings by looking at park-wide water-quality issues

and by working to relate atmospheric and terrestrial

processes o water quality and ccosystem health, Our

results document additional impacts of air pollution
and atmospheric deposition o air-quality-related
vitlues of terrestrial and aguatic systems in the

Materials can be “deposited” in an ecosystem
by way of the atmosphere in one of three ways: wet
depaosition, dry deposition, and cloud deposition.

We are all familiar with the processes of wet
deposition, in which water and materials enter an
ecosystem in the form of rain and snow. Dry depo-
sition occurs when materials in the atmosphere are
directly deposited to vegetation or to the ground,
The primary forms of dry deposition are as dust,
gasses, or acrosols. Dust particles are often gener-
ated by human activities including construction and
are generally heavy enough to settle out of the air
relatively near to their source, Gasses, such as nitric
acid vapor travel hundreds or thousands of miles
from their source and can either be taken up di-
rectly through openings on plant surfaces called sto-
mata or can dissalve into moisture on plant or ground
surfaces, Avrosols are particles but they are so small
{less than 1 micrometer) that they do not setle ow

ust What Is Atmospheric Deposition?

TLE LERE SITIIKIES iy PeCeIvIng SO on e Imgnest
rates of atmospheric deposition in North America
(Shubzda er al, 1995),

Further, we have found that significant amounts
of nitrogen are leaving some forests in the Smokies
and winding up in the streams as dissolved nitrate
(Fig. 2). This is especially the case in forests in the
spruce-fir zone at high elevations. Nitrogen is a pri-
mury plant nutrient, and most terrestrial ecosystems
are thought to be nitrogen limited. Therelore, most

of the atmosphere by gravity and, like gasses, can
travel hundreds or thousands of miles from their
source. Aerosols can deposit directly 1o vegetation
or ground surfaces by “sticking” to those surfaces
through a process called impaction.

Significant amounts of water and materials can
be deposited directly to vegetation or ground sur-
faces when conditions allow for clouds or fog m
ground level. Above 5,500 feet in the Grear Smokies,
cloud water can deposit 100 of total annual water
inputs to the ecosystem and, since cloud water tends
to be much more concentrated than rain or snow, it
can comprise as much as 30% of the ol atmo-
spheric deposition of some elements.®

*lohnson, [ W, and 5. E Lindberg (eds.). 1992,
Atmospheric Deposition and Forest Nutrfent Cyefing
Eealogical Studies, vol. 91, Springer-Verlag Pub. New
York. 707 p.

Fall 1996




I Ohio River [l Inner Southeast
Il Gulf Coast [l Midwest
[ | Northeast

Fisure 3. Relative sources of sulfate entering the Smokies
{after Malm 1892).

nitrogen saturation will probably become a more ex-
tensive concern within the park.

The Future

Yeurs of research and monitoring at the Great
smoky Mountains National Park have documented
negative environmental impacts of air pollution to
the park in three areas: (1) visibility degradation,

(2) ozone injury 1o vegetation, and (3) atmospheric
deposition impacts to terrestrial and aguatic systems.
However, many questions remiin to be answered,
Are forests declining in response o air pollution and
atmospheric deposition? While studies have or are
documenting foliar orone damage, excess calcium
export from witersheds, and possible declines in
tree growth rates, current data do not answer this
uestion.

Are conditions worsening? Implementation of
The Clean Air Act, passed in 1973, caused the for-
merly rapidly increasing annual emissions of sulfur
dioxide in the eastern United States to level off. Still,
annual sulfur dioxide emission levels remain rela-
tively high, and nitrogen emissions, which are not as
strongly regulated, are increasing. Our five-yvear re-
sults from the Noland Divide Watershed Study show
sustained, high levels of tomal sultur deposition at
high elevations in the Smokies and a general trend
of increasing stream export of caleium over the pe-
riod. We have not measured a massive degradation
of ecosystem functioning at this point.

Many studies have documented over the years
the capability of ecosystems 1o recover from environ-
mential impacts once pollutant inputs are recduced or
removed. Reducing air pollution emission levels in
the eastern United States should result in improved
visibility, reduced ozone damage to plants, and the

reversal of acidification of soils and surface waters in
the Great Smoky Mountains National Park. Technolo-
gics exist 1o reduce emissions. But even if emissions

are reduced, it will only be through determined and

consistent long-term monitoring of the park’s natral
resources that we will be able 1o determine whether

chosen strategies are effective in restoring the status

of natural ecosvstems in the Great Smoky Mountains
National Park.
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