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Strengthening Environmental
Management in Guatemala

ORNL is helping Guatemala improve its environmental manageme
and decision-making to protect its biodiversity.

In the Peten region in northern Guateextended MBP for four additional yearsonly a basis for discussions at the highest
mala lies an enormous rain forest. It is ghrough March 2000, with a total estimatedevels of government but also has been
treasurehouse of biodiversity and the lardife-of-project budget of $50 million. widely recognized as setting a new standard
est carbon sink in the Western Hemisphere One aspect of the extension added a hdar improving information for environmen-
north of the Amazon River. Because [opolicy component intended to improve thdal decision making in Guatemala. In the
Guatemalans’ demands for jobs, homes, am@pacities of Guatemalan government ageand, the Guatemalan president disapproved
farm land, this region has been threatenegies (equivalents of the U.S. EPA and Nathe proposal, but discussions continue on
by deforestation, which can eliminate entional Parks Service) to manage thether alternatives, influenced by ORNL's
dangered species of medicinal value anenvironment for the long term. Since themanalysis.
increase global greenhouse gas concentr@RNL's Tom Wilbanks, Tim Ensminger, As a part of this assessment, ORNL rec-
tions. By the late 1980s, it was feared thaBob Perlack, and Sherry Wright have travemmended that the country develop a work-
the region would be completely deforesteéled frequently to Guatemala to meet twable environmental management plan for
within three decades if nothing was dong.challenges: assisting Guatemalan parinére Rio Dulce area. In 1997 the Laboratory

As a part of its development assistancagencies in conducting environmental imwas asked to help organize and lead an ef-
programs in Guatemala, the U.S. Agencpact and policy assessments related to| thart to develop such a plan, which would
for International Development (USAID) most pressing national controversies angive Guatamalans their first experience with
established a Mayan Biosphere Projedetting up a partnership between ORNL aral public participation process.

(MBP) in 1991. The goals were to help prea Guatemalan counterpart, Fundacion So- What makes ORNL's accomplishments

serve the rain forest and raise the standalat, to transfer expertise. different from those of, say, a consulting

of living for the region’s people, many of  The first of the controversies was profirm is that our assistance is grounded in
whose Mayan ancestors go back 1000 yearoked by a proposal from a U.S.-base&nowledge obtained through our research
USAID asked ORNL to organize and leadnultinational forest products firm. It soughtin environmental management, environ-
the multiyear project through an interagencyo transport logs from a Guatemalan tremental impact assessment, biodiversity pro-
agreement with DOE. The project involvedlantation to the Atlantic coast by barge jotection, global climate change, and energy
working with a diverse team of nongovernthe scenic Rio Dulce, through the heart of and environmental institution building. Be-

mental environmental organizations aneational park, and to construct a barge tesides applying this knowledge to foster sus-
local groups. minal at the park’s edge. This proposal wasinable development, we are bringing back

ORNL's Keith Kline was assigned to heatedly opposed by environmental grougfsom Guatemala unanswered research ques-
live in Guatemala City, where he has servednd advocates of ecotourism developmerttons that may be added to future research
as the USAID Mission’s environmental of-USAID asked ORNL to assist Guatemala'agendas.
ficer and leader of the project, with suppprequivalent of the EPA in assessing the en-
from other ORNL staff members. Sincevironmental impacts of the proposed activihe project was funded by USAID
MBP began operating in 1992, the projedty and suggesting alternatives to thehrough an interagency agreement with
has significantly slowed the rate of deforproposed action. ORNL's work became noDOE.
estation in the Peten region and helped i ;
400,0QO residents shift to a lifestyle I_ess d Eftﬁon;ﬁigﬂgligg;: e(soi(;(;r\}(_j
structive of the forest. For example, insteal

) éral ORNL researchers
of clearing forests to grow corn and beans

Who assessed the envi-
some people collect and sell forest products. .
Others have improved cultivation practicegonmental Impact O_f a
and introduced agroforestry. As a focus Opropos_ed log bargm_g
the effort, the project established a natio &peratm_)n on the Rio
park to provide effective environmentalPulce (river shown be-
management in the area. hind the men on the boat

In 1996, a formal evaluation of ajldock and in the photo-
USAID environmental programs worldwidedraph on opposite page)
ranked MBP number one in effectivenes$s a part of an environ-
In 1997 the agency’s Latin American andnental assessment of
Caribbean Bureau ranked it first in perforthe Rio Dulce National

mance in the hemisphere. In 1996, US
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ORNL’s Big Role In
a Major DOE Study

ORNL played a major role in DOE’s 11-lab report on

technology opportunities to cut greenhouse gas emissions.

In an address to the United Nations|imnd at times as many as 300 people ac
June 1997, on the occasion of the fifth arthe DOE system were involved. Because
niversary of the Rio Conference on the Enthe need to complete the report on a cg
vironment, President Clinton spoke on theressed schedule, the report was plann
need for a vigorous technology researchyritten, and revised largely through ele
development, and demonstration (RD&D}ronic mail submissions, conference te
program to address the challenge of globghone calls, and reviews of draft reports t
warming. He noted that the United Statewere posted on the World Wide Web.
has only 4% of the world’s population yetORNL some 30 scientists, managers, w
produces more than 20% of its greenhouses, editors, artists, and electronic publis
gases, largely because the nation relies pgfs were involved in putting together ti
marily on fossil fuels to heat, cool, and lighteport.
buildings, run its factories, and power its The report describes technology opp
vehicles. “In order to reduce greenhoustunities “that have significant potential {
gases and grow the economy,” he said, ‘Wweduce greenhouse gas emissions” betw
must invest more in the technologies of theow and 2030. In its second volume,
future. Government, universities, businesspecific technology pathways are profilg
and labor must work together. All thesélhese technologies fall in three categori
efforts must be sustained over years, indeeshergy efficiency, clean energy, and carh
decades.” sequestration (removing carbon from em

Following this address, Presidensions and increasing storage of carbg
Clinton directed his cabinet to respond t@OE is already developing many ener
the challenge of reducing greenhouse emisfficiency technologies, such as refrige
sions in the United States. In turn, Energtors and cars that will be two to three tim
Secretary of Energy Federico Pefia askedore efficient than today’s models. The 1
ORNL Director Alvin Trivelpiece and Rii port proposes a strategy to improve and
chard Truly, director of the National Renew<crease the use of clean-energy sources
able Energy Laboratory, to lead a DQEmit little or no carbon, such as natural g
national laboratory effort to identify cost-burners, nuclear power plants, renewal
effective technologies to reduce greenhousmnergy (e.g., solar and wind power, elé
gas emissions. Ateam of 11 laboratories wascity and fuels from agricultural biomass
mobilized to respond to this request. Thand fuel cells that use hydrogen to prody
result was a two-volume report entitlecelectricity. Carbon emissions could also
Technology Opportunities to Reduce U.Sreduced by switching transportation fue
Greenhouse Gas Emissions. from gasoline to biodiesel fuel and ethan

More than 150 persons from all 11 naby distributing electricity more efficiently

and wires; and by removing carbon from
fuels before combustion. The third category
of technology pathways includes those that
would efficiently remove carbon dioxide
from combustion emissions before they
reach the atmosphere or would increase the
rate at which oceans, forests, and soils natu-
rally absorb atmospheric carbon dioxide.
Technologies to store carbon deep in the
ground or in aquifers over a long time might
also be devised.
In the report, the DOE lab directors con-

roskide that (1) by 2030, a vigorous RD&D
girogram could deliver a wide array of cost-
neffective technologies that together could
eatduce the nation’s carbon emissions by 400
cto 800 million tonnes of carbon per year;
e{2) basic research is needed to advance sci-
hagnce and technology enough to reduce U.S.
Atgreenhouse gas emissions significantly yet
ritsustain economic growth, partly through
shside benefits such as improved air quality,
needuced U.S. dependence on imported oil,
and increased exports of U.S. technologies
orto help other nations reduce their green-
ohouse gas emissions; (3) adequate support
eéor an accelerated RD&D program could be
Adouble the current levels of funding for de-
dvelopment of energy-efficiency technolo-
egies; and (4) strategic public-private
oalliances provide the best approach for de-
isveloping and deploying most greenhouse
nyas-reduction technologies.
gy The report recommends that the United
aStates develop and pursue a detailed, com-
eprehensive technology strategy for reduc-
eing greenhouse gas emissions.
inmplementing such a strategy, the report
treaites, would be an “investment insurance
apolicy,” one that “DOE’s national labora-
blories stand ready to champion.”
2C-
),Other DOE national laboratories that
Iceontributed to the report were Argonne,
b&rookhaven, Idaho (INEEL), Lawrence
|Berkeley, Lawrence Livermore, Los
olAlamos, Pacific Northwest, Sandia, and

the Federal Energy Technology Center.

]

tional laboratories participated in the effortusing superconducting transformers, cab

David Reichle, Marilyn
Brown, John Sheffield,

and Mike Farrell were the
technical co-leaders for
the planning and drafting

of the DOE report, which
was released by Secre-
tary Pefia on Earth Day,
April 24, 1998 (see http:
/Iwww.ornl.gov/
climate_change).

o
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terrestrial ecosys-
Wh Carbon tems? It is not

now possible to
directly observe
exchanges be-

Sto rage On tween the atmo-

sphere and
terrestrial sys-

- tems at regional, A4 08 -06 -0.4
ald varlesS e o oo
bal scales be- %% Estimated net terrestrial exchange in 1982 (kg/m2)

ORNL researchers are using cause of the large
¥ magnitudes and

computer modeling to better| temporal varia-
understand the influences oftions of natural

. carbon cycle
terrestrial ecosystems and | 1 ves and the
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SRS

climatic variation on vast amount of
atmospheric CQcontent. carbon stored in
vegetation and
soil.
What is the
hat goes up sometimes comefate of the unac-
Wdown. By burning gasoline to counted-for car-
power cars and trucks, coal to probon? To help find A 08 06 04 02 0 +0.2 s04 +0.5 +0.8 +1
duce electrical power, and forests to cleasut, ORNL re-
land for agriculture, people have altered theearchers led by 5174 SOLInCE

earth's atmosphere. Fossil fuel combustiowilfred (Mac) Estimated net terrestrial exchange in 1984 (kg/mz2)

and forest clearing currently inject 8 billignPost are using The estimated net ecosystem production (plant biomass
tonnes of carbon per year into the atmazomputer model- growth) changed by 2 billion tonnes of carbon globally
sphere, which, combined with the carbping to better un- between 1982 and 1984 as a result of changing weather
dioxide (CQ) already naturally present,derstand how patterns produced by the 1982-83 EI Nifio.

could speed the onset of global warming.terrestrial ecosys-

The good news is that not all the carbotems influence CQroncentrations in the at- decreased by 1% from 1900 through 1988.
added each year stays in the atmospheraosphere. They have discovered that, in thdowever, when a moderate C@:rtiliza-
According to computer model estimatespast 100 years, environmental conditiongon response was added in the model, ter-
about one-third of this amount is later takehave changed slightly, enabling plant biorestrial carbon storage increased by 3%
up by the oceans. Another one-sixth (1.5 tmass to increase and terrestrial ecosysterhecause plants took up more carbon for pho-
2 billion tonnes) is removed from the atto soak up more COPlants may be growr tosynthesis than they released through res-
mosphere at least temporarily by the world’shg faster and larger because they are beiqration. In short, terrestrial ecosystems
terrestrial ecosystems—forests, vegetatioffertilized” by increased atmospheric con-have become more of a carbon sink than a
soils, farm crops, and pastures. But terresentrations of Cfand increased depositionsource over the past 100 years. Also, com-
trial ecosystems are a source of carbon @f air pollutants containing nitrogen, a planputer model results suggest that climate
the atmosphere as well as a sink for its canutrient. Even more significant, the ORNLchange combined with C@ertilization in-
bon. Although 15% of all atmospheric carcomputer model results show that carbonreased carbon storage in terrestrial ecosys-
bon, or about 120 billion tonnes, is annuallgxchanges between the atmosphere and tegms enough to account for 55 to 70% of
taken up by trees and vegetation for phateestrial ecosystems are sensitive to climatthe missing sink from 1900 through 1988.
synthesis to build plant tissue, about jamariations, such as the increase in average ORNL's models indicate very large year-
equal amount is returned to the atmosphegobal temperature of 6 (1°F) over the| to-year variations in net carbon exchange
as carbon dioxide from both plant respitapast 100 years and the El Nifio-Southern O®etween terrestrial systems and the atmo-
tion and the decomposition (by bacteria andillation, the large-scale climatic fluctuationsphere—on the order of 1 to 3 billion tonnes
fungi) of plant litter and soil organic mat-of the tropical Pacific Ocean marked by an either direction. Whether the larger frac-
ter. Another small source of carbon fronwarm surface current. In a growing seasotion of carbon goes up or down in atmo-
terrestrial ecosystems is forest fires. during an El Nifio, terrestrial ecosystemsphere—land exchanges depends on

Scientists are unable to determine whertake up 1 to 2 billion tonnes of additionallarge-scale climate fluctuations.

0.5 to 1 billion tonnes of carbon goes edcbarbon, but much of that extra biomass may

year after it enters the atmosphere. They|agecompose and release carbon in succeetlhe research was sponsored by DOE’s
trying to account for the “missing” sink re-ing years. Office of Biological and Environmental
quired to balance this century’s global car- When climate change alone is consi{dResearch, Environmental Sciences
bon budget. How much of this carbon gaesred, according to model results, carboivision, Carbon Dioxide Research
to the ocean and how much is absorbed Isyorage in the global terrestrial biospheré&rogram.
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Spinach Power:
Biomolecular Electronics

ORNL has discovered ways to orient electrically charged
spinach leaf proteins, bringing us closer to biomolecular

electronic devices.
Tdevices may be based on spinach, n@hey showed that platinum anchors PSI
silicon. Photosynthetic reaction cena gold surface and that it does not dam;
ters from spinach could be used for supeRSI or render it inactive.
high-resolution video imaging, ultrafast The next hurdle was to orient the PS
switching, and solar power generation. | so that the same ends point in the same
Green plant leaves contain two pigmentection. A scanning tunneling microsco
protein complexes that convert light energySTM) was used to determine the orien
into chemical energy (photosynthesis). Bottion of each PSI because the tunneling ¢
chlorophyll-containing proteins—calledrent is affected by the preferential directi
Photosystem | (PSI) and Photosystem bf the electron flow. PSI will act like a cu
(PSll)—use the energy of the sun to makeent rectifier under the STM if it is perper
plant tissue. When each of these photosydicular to the surface. If a PSI is parallel
thetic reaction centers receives a photon tfe surface, it will act like a semiconduct
light, charge separation can occur in 10 tmstead. If all PSls are perpendicular to t
30 picoseconds—100 times faster than surface, current will flow only if all are
silicon photodiode. If these photosynthetipointing in the same direction, but not if ha
reaction centers could be lined up perpemre pointing up and half down.
dicular to a metal surface, current wodld The initial success at turning a PSI m
flow, and biomolecular electronic devicescule at will came when the group dep
would be possible. ited a nanometer layer of platinum ato

he next generation of optoelectronielectrical conductor) on one end of P4

In 1997 the ORNL group found an even
better way to achieve preferred orientation
of PSlIs: chemical treatment of the atomi-
cally flat gold surface on a mica substrate.
They coated gold surfaces chemically with
three different chemicals and reported the
results in the October 27, 1997, issue of
Physical Review LettersNo preferential
orientation was observed with 2-
dimethylaminoethanethiol. “For mercap-
toacetic acid,” they reported, “83% of the
PSI reaction centers were parallel to the
surface, whereas for 2-mercaptoethanol,
5170% were oriented perpendicularly in the
taup’ position and only 2% were in the
aggown’ position.” Apparently, the sulfur
atom in each molecule binds strongly to
blgold, and the other end selectively binds to
dire oppositely charged part of a PSI, caus-
peng it to point either up, down, or parallel to
tathe surface. Thus, PSI reaction centers can
ube selectively oriented by chemical modi-
priication of a gold surface.

- These findings suggest the feasibility of
n-the concept of a “lean clean green machine”
tahat uses sunlight and operates without fos-
osil fuels. Such a machine could meet many
hBOE mission goals by generating electri-
> cal power, producing clean hydrogen fuel,
alfand fixing carbon dioxide on a ruthenium

film to produce methane fuel, reducing the
platmospheric content of greenhouse gases.
ndt could be a DOE dream machine.

s

In the past decade, ORNL researchemmn the reducing end of a PSI, which is pasifhe research was supported by DOE'’s
Eli Greenbaum, James Lee, and Ida Leévely charged. The deposited platinumOffice of Computational and Technology
came up with a number of significant ideasveakened the electrostatic attraction of thaResearch, Advanced Energy Projects
and findings. First, PSl and PSII can be is@nd for a negatively charged gold surfaceand Technology Research Division, and

lated from spinach leaves. Second, PSI

dwusing the other positively charged end tBOE’s Office of Basic Energy Sciences,

PSII can be rewired to produce fuels bye more strongly pulled to the gold surfaceDivision of Chemical Sciences.

metallocatalysis and photosyn-
thetic water splitting (2KD = O,

+ 4H" + 4¢€). In plants, the
photoenergized electrons are
used to form carbohydrates
(CH,O) to build plant tissue. But
these electrons (2ecan also be
made to recombine with the pro-
tons (2H) to yield hydrogen by
metallocatalysis, or the electrong K544
can be put to work as electric cury
rent. The group demonstrated tha
spinach PSI and PSII together cal
be made to produce both oxyge
and hydrogen, a clean fuel.

To generate electrical current
the researchers found they had t
provide PSI reaction centers wit
an electrical contact and a pre
ferred orientation. They learned
how to deposit platinum (a good

Electrically charged plati-
nized Photosystem | (PSI)
reaction centers from spin-
ach leaves are oriented in
the same direction, making
possible the development
of biomolecular electronic
devices. The gold (Au) base
is treated with a chemical
whose sulfur (S) atoms bind
strongly to gold. The nega-
tively charged ends of mol-
ecules in this chemical
selectively bind to the posi-
tively charged free ends of
the PSls. As aresult, all PSls
point in the same direction.
Drawing by Ida Lee.
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Intrinsic
Bioremediation
Across a Plume of
Chlorinated Solvents

ORNL researchers are helping define a method
for determining whether bacteria at a given site
will effectively degrade contaminants such as
trichloroethylene.

trichloroethylene (TCE), are theit was thought that bacteri:

most common contaminants in soithat feed on gasoline would b
and groundwater because they are used @esent in adequate numbe
solvents and degreasers in manufacturingy break down most TCE
maintenance, and service installationghere.
Elimination or treatment of such contami- The problem in likely
nants through methods such as pump-anbioremediation sites is to de
treat technology and soil removal can p&ermine whether in situ bio:
difficult and expensive. Fortunately, soil andogical destruction is
groundwater contaminated with TCE oft rproceeding at a rate that Wlllb\ member of the project team cuts a sediment
under certain conditions, chlorinated solfectively—and uniformly in ppotograph by Susan M. Pfiffner.
vents are completely degraded naturally tall directions. To date, little
harmless end products through microbjiavidence has been obtained regarding |tla¢ea, and it is consequently impossible to
action, a process known as intrinsichanges in microbial population and activelefine the exact location of the sample. In
bioremediation. ORNL researchers are paity, or heterogeneity, across subsurface aridonic drilling,” a rapidly vibrating drill is
ticipating in a study at Dover Air Force Basdlowing-sand aquifers. Recent analyses \binserted into the aquifer. This technique ob-
(AFB) to help define a method for deterthe ORNL investigators have demonstratedates the problems of ordinary methods and
mining whether in situ biological destruc-significant differences in rock strata, microallows the researcher to determine exactly
tion will occur at a given site. If the bial biomass, and microbial diversity in boththe location of the sample. The sampling
conditions for intrinsic bioremediation arethe horizontal and vertical directions. Typi-consists of multiple drillings across a hori-
present, expensive measures can|lwally, their geostatistical analysis has rezontal cross section of the aquifer. The drill-
avoided. vealed significant heterogeneity at scales dhg equipment, which is supplied by a

Bioremediation is possible if the kindsgreater than 1 meter. At these scales, the hestibcontractor, can be set up in only a few

of microorganisms that will destroy the conerogeneity of the microbial populations isninutes and takes 10- to 20-ft cores at
taminant are already present and if they empparently closely tied to the geochemicalepths of 50 to 60 ft. The results of these
ist in adequate numbers across thand physical environment. These changesudies will expand the understanding of the
contaminated area, or contaminant plurnean be pronounced across regions with diireterogeneity of microbial activity and
In the case of TCE, these organisms are|nigring physical and geochemical propertiezommunity structure in the subsurface and
likely to be present unless contaminants In order to study horizontal subsurfacedts impact on the bioremediation process.
other than TCE are present because the béeterogeneity across the TCE plume at the
teria prefer to feed on the other contamibover AFB test site, researchers used sonithe work is sponsored by the U.S.
nants. So bioremediation is a very likehdrilling technologies, proven at uncontamiDepartment of Energy, the U.S.
possibility if TCE is a contaminant in a land-nated sites, in a TCE-contaminated aquifeDepartment of Defense, the U.S.
fill or a swamp, and not likely if TCE is Sampling in sand aquifers with ordinaryEnvironmental Protection Agency, and
simply found in a clean sand environmendrilling methods is unsatisfactory becauséndustry, through the Remedial
In the case of Dover AFB, gasoline is alssand very rapidly seeps into the samplin@echnology Development Forum.

C horinated solvents, includingpresent as a contaminant, !
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