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BOOK PRESENTS INTEGRATED FOREST STUDY RESULTS
(Note References to Aluminum & Calcium)

A landmark book edited by an ORNL scientist and a former ORNL staff member contains valuable information
for researchers and environmental managers. The new book examines the effects of atmospheric pollutants on
forests and their implications for forest management and pollution control. One of its surprising findings
suggests that some American forests in the Southeast may be more vulnerable than those in the Northeast to
acidity from the atmosphere.

The book _Atmospheric Deposition and Nutrient Cycling in Forests_(Springer-Verlag Publishers, New York,
1992) was edited by Dale W. Johnson, a former ORNL soil scientist now with the Desert Research Institute of
the University of Nevada, and by Steven E. Lindberg, leader of the Atmospheric and Geochemical Processes
Group of ORNL's Environmental Sciences Division (ESD).

Lindberg was recently elected a fellow of the American Association for the Advancement of Science, which
cited him "for outstanding research elucidating mechanisms, pathways, and interactions of atmospheric
pollutants in forests and for unique creativity in developing techniques to quantify their biogeochemical cycles.”
He was the first ORNL scientist specializing in atmospheric and hydrospheric sciences to be named an AAAS
fellow.

The book is a detailed synthesis of the recently completed Integrated Forest Study (IFS), which was begun in
1985 and was an interdisciplinary project involving experts in the atmospheric, ecological, and soil sciences.

IFS studies were carried out at 17 forest research sites in Canada, Norway, and the United States--specifically,
in Tennessee, North Carolina, Georgia, Florida, Maine, New York, and Washington. ORNL scientists designed
the project, obtained the funding, and managed the work of more than 50 scientists representing 25 institutions
and universities in North America and Europe. The data obtained make possible far-reaching conclusions, the
editors say, because all sites were monitored over the same period, using comparable instruments and
standardized protocols.

For the first time, the IFS accurately measured the total deposition on forests of both wet and dry pollutants
from the atmosphere. The IFS measurements were made using a number of remote, automated collectors and
sensors, some of which were developed at ORNL, that took samples either during precipitation or after it
stopped; in this way, some of the samplers collected rain, snow, and cloudwater and the others collected only
dry pollutants.

According to Lindberg, "The IFS estimates of the total atmospheric deposition of acidity far exceed those of
the National Atmospheric Deposition Program, which used only rain samplers to collect wet deposition for the
National Acidic Precipitation Assessment Program.”

The primary goal of the IFS was to determine the effects of atmospheric deposition of sulfur and nitrogen
oxides, acidity, and ozone on the movements and availability of nutrients that trees take up from forest soils.
These nutrients include nitrogen, phosphorus, sulfur, potassium, calcium, and magnesium.

lons of some of these nutrients can be replaced at their soil sites by ions from deposited atmospheric acids,
making these leached nutrients unavailable to trees as they are washed away in soil water. Another element of
interest is aluminum, a toxic metal found in the soil. It can be made available for uptake by trees if the soil
becomes acidified by the deposition of sulfate and nitrate.

"The IFS findings," says Johnson, "could improve the accuracy of forecasts of nutrient deficiencies in forests
that may result from atmospheric deposition or harvesting.”



Among the important findings of the IFS study are these:

1. Atmospheric deposition of acidity, sulfate, and nitrate was greatest at the high-elevation sites
affected by cloudwater. It was higher in the southeastern United States (e.g., Smoky Mountains) than
in the Northeast (e.g., Whiteface Mountain in New Hampshire). This finding is unexpected and could
not have been revealed by traditional bulk collector measurements.

2. Except perhaps for mountain forests, acidic deposition combined with ozone exposure is unlikely to
cause tree leaves to lose significant amounts of their nutrients.

3. Deposition of sulfate and nitrate has increased the rate of nutrient leaching from most of the
forest soils at IFS site by 20 to 60%, making these nutrients unavailable for use by trees and
forest vegetation. Levels of potentially toxic aluminum rose in the most acidic soils.

4. Atmospheric deposition may have contributed to the declining health of some red spruce stands in
the Smoky Mountains, particularly Clingmans Dome, by increasing the leaching of both nitrate and
aluminum from the soil. As a result, nitrate levels increase in streams and aluminum becomes
more available for uptake by trees (in preference to the nutrient calcium) and for transport to
streams, where it can harm fish.

According to the IFS, an Oak Ridge loblolly pine site is considered vulnerable to total nutrient leaching by
deposited acids because its highly weathered soils are low in minerals that could neutralize these acids.
However, because of the high tolerance of loblolly pine to leached aluminum in soil solution, decline of the
loblolly pine forest around Oak Ridge is deemed unlikely.

One of the outside reviewers who praised the book said, "This synthesis has provided convincing evidence of
many issues in atmospheric deposition, and it will be an important text for years."

Although completed in 1989, the IFS has resulted in spin-off research projects at ORNL and elsewhere. Sandy
McLaughlin of ESD built on IFS findings in his proposal of continued studies of the effects of aluminum and
calcium on the physiology of spruce trees in the Smoky Mountains.

Helga Van Miegroet and Chuck Garten have received ORNL seed money to use nitrogen isotopes to
determine the critical sources and sinks for atmospheric and soil nitrogen in Smoky Mountain forests.

Supported by the U.S. Forest Service and the National Park Service, Lindberg and Jim Owens have designed
and conducted a study of sulfur deposition on forests at different elevations on Clingmans Dome. "Because of
the IFS findings in the Smokies," says Lindberg, "the National Park Service has committed to establishing a
long-term air pollution, water quality, and forest health monitoring study near the IFS site on Clingmans Dome.
Clearly, the IFS results continue to influence future research on the effects of air pollution on forests."
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