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Savannah River Ecology Laboratory

-+ FY2004 Overview -

The Savannah River Ecology Laboratory (SREL) is a
research unit of The University of Georgia (UGA) and has
been conducting ecological research on the Savannah River
Site (SRS) near Aiken, South Carolina for over 53 years.
The overall mission of the Laboratory is to acquire and
communicate knowledge of ecological processes and
principles. SREL conducts fundamental and applied
ecological research, as well as education and outreach
programs, under a Cooperative Agreement with the U.S.
Department of Energy (DOE).

The Laboratory’s research mission during the 2004 fiscal
year was fulfilled with the publication of 86 journal articles
and book chapters by faculty, technical staff, students, and
visiting scientists. An additional 53 journal articles have
been submitted or are in press. Other noteworthy events
took place as faculty members, staff, and graduate students
received awards. These are described in the section titled
Special Accomplishments of SREL Personnel on page 6.

Notable scientific accomplishments include work

conducted on contaminant transport in riparian systems,

the role of sulfate-reducing bacteria in contaminant
transport, and seasonal wetlands.

m  SREL and WSRC jointly published a report (SREL-71-
UC-66e, WSRC-TR-2003-00312) based on a
workshop that assessed potential research
opportunities for studies on contaminant transport in
riparian systems. A consensus among workshop
participants from around the nation was that DOE-
ERSD should expand its research focus to include
research on the fate and transport of contaminants in
fluvial riparian systems.

B Research by SRELs Andrew Neal and others from
Pacific Northwest National Laboratory, Montana State
University and Washington State University
characterized uranium complexes formed at hematite
surfaces colonized by sulfate-reducing bacteria.
Among other things their results, published in

Environmental Science & Technology, suggest higher
levels of uranium associated with hematite surfaces
colonized by sulfate-reducing bacteria than with
bacteria-free surfaces. Such knowledge is important
in modeling contaminant transport in the environment
as well as for optimizing bioremediation methods for
reducible metals and radionuclides.

B Dr. Rebecca Sharitz had an invited review paper about
Carolina bays of the Southeast published in the
September 2003 issue of Wetlands. Carolina bays are
isolated depression wetlands that are unique to the
southeastern Coastal Plain. Thousands of them exist,
including hundreds on the Savannah River Site. They
play an important role as critical habitat for plants
and animals and in maintaining regional biodiversity.

During the past year several faculty had accomplishments
worthy of special note.
®  Dr. Tom Hinton co-authored an article titled “Avoiding
Destructive Remediation at DOE Sites” that was
published in the March 12, 2004 issue of the
prestigious journal Science (SREL reprint 2728, see
page 72). The article highlighted PAR Pond on the
Savannah River Site and advocated that scientifically
sound risk assess-
ments, based on
realistic land-use
scenarios, be used
to a guide cleanup
decisions.

e p——

Remediation of Par
Pondwas the subject of
a paper in Science.
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® Dr. Travis Glenn was promoted in 2004 to Associate
Research Ecologist. Dr. Glenn, who originally came
to SREL in September 1998, has established a
molecular ecology program specializing in the
application of molecular genetics tools to problems
in conservation biology, genotoxicology, population
genetics, and natural resources management.

m  SREL research scientists Drs. Christopher Romanek,
Andrew Neal, Gary Mills, and Chuanlun Zhang, with
collaborators from The University of Georgia, Portland
State University, the University of Maine, the University
of Maryland, and Cornell University, received a million
dollar grant from the National Science Foundation’s
Microbial Observatory program to work in Kamchatka,
Russia. The goal of this unique interdisciplinary effort
is to increase understanding of geochemical/microbial
interactions in hydrothermal systems. The research
team plans to travel to Russia several times over the
course of the four-year grant. On the heals of this
award, Drs. Zhang, Romanek, and Mills received a
second NSF grant of over $450K to study the micro-
biology of hot springs in the basin and range province
of Nevada. This three-year grant, which includes Dr.
Juergen Wiegel of the Department of Microbiology at
UGA, is focused on studying the effects of pH,
temperature, and alkalinity on one particular group
of microorganisms, the crenarchaeota, in hot spring
environments. In a preliminary investigation, soon to
be published in Applied Environmental Micro-
biology, the group discovered an archaeal lipid
biomarker that was previously only found in marine
environments. The group plans on characterizing
community structure using various culture and
molecular techniques and determining the chemical
and stable isotope fingerprint of lipid biomarkers to
understand how this unusual group of microorganisms
has adapted to life in extreme environments.

During spring 2003 SREL underwent a Program Review
by the UGA Program Review and Assessment Committee
and the Office of the Vice President for Instruction. The
purpose of the review was to provide a systematic means
of assuring the continuous improvement of the University’s
academic, research, and service programs. The assessment
team provided a report of their findings in September 2003,

concluding that SREL is a “unique and outstanding program
under the UGA umbrella that brings the University
significant national and international recognition.” Major
recommendations included developing a strategic plan for
SREL within the UGA framework, providing annual
refresher training on performance evaluations to
supervisors, adding new 0.51 FTE joint academic positions
with UGA departments as appropriate, establishing new
Eugene Odum Research Fellowships for graduate students
with SREL overhead return funds from outside grants,
considering the construction of a new SREL laboratory
facility outside the SRS security fence, better advertising
SREL graduate and undergraduate programs to UGA
students, implementing an evaluation vehicle for SREL
outreach activities, securing 0.51 FTE staff appointments
with UGA Public Service and Outreach (PS&O0) for some
SREL outreach staff, and improving the linkage of SREL
outreach efforts with UGA PS&O programs.

In November, 2003, the Environmental Remediation
Sciences Division of the DOE Office of Biological and
Environmental Research (OBER) conducted a
Programmatic Alignment Review of SREL to determine
whether SRELs research activities were consistent with the
programmatic activities and overall mission of OBER. Five
external reviewers, selected by OBER, and several DOE-
SC personnel attended the two-day review, which focused
on SRELs research programs as well as the education and
outreach programs. As a result of this review, OBER
recommended that: (1) SREL focus on core competencies
that support the ERSD mission (including systems-scale
evaluation of environmental fate and transport of
contaminants, radioecology, and hypothesis-driven
research that supports the remediation of such
contaminants); (2) SREL recruit more postdoctoral fellows
and graduate students; (3) SREL extend its research to
other DOE sites and take a more formalized team approach
to research projects; (4) SRELs long-term databases be
made available to a wider audience; (5) the Lab’s education
and outreach activities develop a means to quantify
program impacts; and (6) SREL continue to support SRS
research needs.

The research, education, and outreach capabilities of the
Laboratory were highlighted at the annual meeting of the
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Ecological Society of America in Savannah, GA, in August,
2003. To advertise Lab capabilities to the national
ecological community, SREL prepared a large display that
summarized new research initiatives as well as the
education and outreach programs. Written materials were
also available for distribution to meeting participants. One
focus of the SREL display was the need for a southeastern
National Ecological Observatory Network (NEON). SREL
and The University of Georgia were instrumental in initiating
regional meetings on the feasibility of a southeastern NEON;
the ESA meeting served as an excellent venue from which
to recruit interested partners in this endeavor.

Partnering with UGA, with funding provided by the Office
of the Vice President for Research, SREL hosted a
Southeastern National Ecological Observatory Network
(SEEON) Planning Workshop at the Lab’s conference
center in October, 2003. The meeting theme was
“Visualization and Forecasting of Environmental Changes
in the Southeastern U.S. (and Beyond).” Workshop
organizers included Paul Bertsch from SREL and Alan
Covich from the UGA Institute of Ecology. SREL faculty
Rebecca Sharitz, Steve Harper, and Christopher Romanek
served as workshop co-chairs. More than 50 attendees
from across the southeastern U.S. and beyond participated
in discussions and break-out sessions. As a result of this
initial workshop, a SEEON website was developed (http://
www.seeon.org) and a final report of the meeting
proceedings was posted there. A follow-up workshop, held
in February 2004 at the Kennedy Space Center and hosted
by the University of Florida and NASA, focused on the
development of novel sensors and instruments, networking
of sensor arrays, advanced data management and
interpretation, and other information technology issues
related to an ecological network. Three SREL faculty and
staff attended.

Drs. Tom Hinton and Travis Glenn of SREL, with colleagues
from the UGA Aquatic Biotechnology and Environmental
Laboratory (ABEL), hosted a workshop on “Exploring
Potential Collaborative Research in Human Health and
Ecotoxicology Risks Using Medaka as a Model Organism”
in March, 2004 at UGA. The workshop was co-funded by
SREL and several UGA entities, including the Office of the
Vice President for Research, ABEL, and the Warnell School

of Forest Resrouces. Approximately 45 attendees, including
scientists from Japan, Sweden, and the Ukraine, came
together to discuss multidisciplinary research opportunities
using the Japanese Medaka fish as a model organism. After
the formal workshop in Athens, many of the workshop
participants came to the SRS to tour SREL's Low Dose Rate
Irradiation Facility (Lo

SRELs LoDif facility.

The Savannah River Ecology Laboratory’s primary funding
source is a Cooperative Agreement between the U.S.
Department of Energy and The University of Georgia
Research Foundation that covers a five-year period from
July 1, 2001 through June 30, 2006. The estimated total
cost of this agreement is almost $53 million, with DOE
contributing about $50 million and the University of
Georgia about $3 million. Additional funding, about $975K
in FY04, comes from contracts and grants involving a
variety of other organizations. SREL’s total operating
budgets from DOE and other federal sources in FY01, FY02,
FY03, and FY04 were $9.7, $10.2, $10.2, and $9.11
million, respectively. In FY04 SREL received about $7.6M
from DOE Office of Science (DOE-SC); the FYO5 budget
from DOE-SC is projected to be $7.78 million. SREL also
receives almost $550,000 per year from The University of
Georgia. During FY04 an additional $509K was received
from DOE and WSRC for SRS-related tasks.

Researchers at SREL currently have funding totaling about
$975K from 27 grants in addition to funds provided by
DOE-SR. Sources of grant awards range from private
foundations such as the American Honda Foundation to
federal agencies such as the U.S. Environmental Protection
Agency, the National Science Foundation, and the
Department of Defense (DoD). Important grants received
this year included an award of $100K from the National
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Science Foundation to Dr. Domy Adriano for a pilot study
on regulation of metal bioavailability in a floodplain
continuum and $69K from the American Honda Foundation
to Dr. Whit Gibbons and others for a hands-on “research-
to-classroom” outreach science program.

SREL currently has a permanent staff of about 155 people,
nearly all of whom are employees of The University of
Georgia. The staff includes 22 research scientists, six of
whom are co-staffed through tenure-track positions in
various departments at The University of Georgia and one
who is co-staffed through a tenure-track position in the
School of Public Health of the University of South Carolina.
There are another 10 Ph.D.s in postdoctoral appointments.
Research technicians (56), clerical and other support
personnel (42), and graduate students (25) comprise the
remaining staff categories.

research
scientists

graduate
students

post-doctoral

271%
support personnel
research technicians

In addition to holding faculty positions in 13 departments
at the University of Georgia, various SREL faculty have
adjunct status at 14 other colleges and universities. Faculty,
staff, and students also are active in providing outreach
and service to the scientific community. Representatives
from the laboratory hold more than 60 editorial or
committee positions in national groups and organizations
and also serve on several UGA academic and administrative
committees. Over 100 lectures, scientific presentations,
and posters were presented during the past year at scientific
meetings, colleges, and universities, including minority
institutions.

SREL purchased one major equipment item in FY04. An
epifluorescence microscope was purchased for one of the
Laboratory’s new research scientists, at a cost of about
$95,000.

Participants in the SREL Education Program during FY04

came from schools located throughout the United States
and included 18 undergraduate students and 44 graduate
students. The graduate students came from four different
universities in the U.S. and abroad, emphasizing the
national and international stature of the SREL program. In
the past year 12 graduate students from SREL earned
Masters Degrees and 3 earned Doctor of Philosophy
Degrees. A National Science Foundation grant from the
Research Experiences for Undergraduates Program for a
proposal titled “The Impact of Energy Technologies on
Natural Environmental Systems” continued to provide
funding for the undergraduate program at SREL.

The SREL Outreach Program reaches a different audience
in its efforts to communicate scientific awareness to the
general public. During the past year, SREL scheduled 401
talks, 21 tours, 26 exhibits, and 59 workshops, reaching a
total of 85,425 people. Topics of these presentations
included biodiversity, the process of science, animal
adaptations, plants and wetlands, environmental science
and chemistry, local ecosystems and conservation,
classification, and careers in ecology and research.
Educational products produced during the past year
included a metric ruler/bookmark and an emergency
services calendar that depicts animals, plants, and habitats
of the SRS, produced in cooperation with Westinghouse
Savannah River Company. In addition, a website
(www.kidsdoscience.org) was developed to provide lesson
plans and associated materials to teachers and students in
conjunction with a hands-on “research-to-classroom”
science education program conducted by SREL Outreach
personnel and funded by the American Honda Foundation.
These new materials and other Outreach products have
been extremely popular and thousands of copies have been
distributed during the past year.

The SREL Distance Learning Program continued to focus
its efforts on programming related to the Laboratory’s core
programs in ecology and environmental science. SREL, in
cooperation with and with funding from the UGA College
of Pharmacy, is offering a multidisciplinary Master’s Degree
in Environmental Toxicology via the Georgia Statewide
Academic and Medical Systems (GSAMS) network. This is
the first advanced degree offered by UGA through any
distance learning site in Georgia or South Carolina. Three
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students are continuing into the second year of coursework
for the degree. Four students have completed all required
coursework and are working on the research component
of the degree and three students have graduated from the
program. In an effort to expand their audience, the SREL
Outreach Program presented 10 Ecotalks via distance
learning to 36 elementary, middle, and high schools in
both South Carolina and Georgia. This approach allows
Outreach staff to reduce animal handling and transport
time and reach multiple schools simultaneously.

The Conference Center has continued to see wide use, both
by SREL personnel and the local community. The facility
was used to host a total of 67 scientific meetings and
environmental education programs for students, teachers,
and the general public this past year, and 2,169 people
visited the facility.

Representatives of the Laboratory also serve local and
statewide communities by organizing a canned goods drive
in November, managing a recycling program, participating
generously in the UGA Campaign for Charities, and
participating in the regional Heart Walk to benefit the
American Heart Association.
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--- Special Accomplishments ---
of SREL Personnel

Dr. William Hopkins was selected by the Society of
Environmental Toxicology and Chemistry (SETAC) World
Council to a three-year term on the editorial board of the
journal Environmental Toxicology and Chemistry.

Dr. Tom Hinton was selected as one of only eight
international scientists, and the only one from North
America, to participate in a review of two laboratories
associated with the French ENVIRHOM research program,
which was established to study the effects of chronic low-
level irradiation on humans and the environment.

The U.S. Department of Agriculture recognized the efforts
of SREL researchers John Mulhouse and Paul Stankus
with awards “In commendation for outstanding emergency
response to aid an injured co-worker during joint research
activities of the USDA Forest Service Southern Research
Station and the Savannah River Ecology Laboratory.” John
and Paul immediately notified SRS emergency personnel
when a student with whom they were working exhibited
an extreme allergic reaction after being stung by fire ants.

Erin Casey, an SREL graduate student and laboratory
technician, was selected to represent western South
Carolina Rotary 7750 during a five-week trip to South
Africa. She will be joining three other young professionals
from South Carolina who will enjoy the all-expenses-paid
trip to Port Elizabeth, South Africa in a Group Study
Exchange.

Graduate student Chris Winne, a student of Dr. Whit
Gibbons, received several awards this year for a paper,
with Michael Keck, on daily activity patterns in lizards.
Awards received included the University of Georgia Institute
of Ecology Best Student Publication Award, the Association
of Southeastern Biologists Student Research Award, the
Eugene P. Odum Award, awarded by the Ecological Society
of America, Southeastern Chapter, the Outstanding Student
Paper in Herpetology Award from the American Society of

Ichthyologists and Herpetologists, Southeastern Division,
and a Travel Support Award from the American Society of
Ichthyologists and Herpetologists, Southeastern Division.

Dr. Paul Bertsch was appointed to two National Academy
of Sciences Committees: the U.S. National Committee for
Soil Science and the Committee on Earth Resources. The
USNC/SS is the formal representative of the U.S. soil science
community to the International Union of Soil Sciences. Its
function is to provide advice and input to the union and its
activities on behalf of U.S. soil scientists. The Committee
on Earth Resources reviews development of new activities
relevant to mineral and energy resource affairs for the
Board on Earth Sciences and Resources.

Dr. Whit Gibbons received the ASB Senior Research
Award from the Association of Southeastern Biologists for
the presentation “Terrestrial Habitat: A Vital Component
for Herpetofauna of Isolated Wetlands,” which also has
been published in the journal Wetlands.

The SREL Outreach Program received “Awards of
Distinction” in the 2004 print media competition from The
Communicator Awards for two Outreach Products: the
PARC poster “From the Mountains to the Coast” and the
six-page “American Alligator” flier.

Rosemary Forrest, SREL Public Relations Coordinator,
received a Service Merit Award from Partners in Amphibian
and Reptile Conservation (PARC) at the Southeast PARC
meeting in 2004.

SREL research coordinator Charles Davis received a 2004
Affiliate Leaders Scholarship Award from the National
Wildlife Federation to attend the NWF annual meeting; only
10 such awards were given nationwide.

Dr. Beverly Collins was elected as Chair of the Vegetation
Section of the Ecological Society of America.
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Outreach educator Scottie Moore was honored at the
South Carolina School Boards Association Awards Banquet
as a Champion for Public Education.

Susanne Hauswaldt, student of Dr. Travis Glenn,
received the Gerald and Antonia Wilson Biological Sciences
Graduate Student Award from the University of South
Carolina Department of Biological Sciences.

Charles Davis was elected in January 2004 as First Vice-
President of the South Carolina Wildlife Federation Board
of Directors.

Dr. William Hopkins was nominated by two
environmental organizations to a National Academy of
Sciences/National Research Council Panel on handling coal
combustion wastes. Bill also was invited to sit on the
Department of Interior Advisory Panel on environmental
hazards of minefilling coal combustion wastes.

SREL postdoctoral fellow Dr. Bonjun Koo was appointed
as an Associate Editor for Journal of Environmental
Monitoring and Restoration.

Dr. Chuanlun Zhang was selected as a member of the
Petroleum Science & Technology Forum of One Hundred
Overseas Scholars for 2003.

Dr. Whit Gibbons received a Certificate of Appreciation
from Partners in Amphibian and Reptile Conservation
(PARC) for serving as PARC National Chair from 1999-
2004.

SREL postdoctoral fellow Dr. Heather Dion was
appointed to a three-year term as an Associate Editor for
the Soil Science Society of America Journal.
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-« An Overview of ---
Research Themes

SREL receives its DOE funding as a single operating grant
to support the activities outlined in the Laboratory’s
Cooperative Agreement. SREL's management and faculty
are responsible for establishing the research programs
and plans that implement the terms of the Agreement.

The long-term ecological studies that provide an
independent assessment of SRS activities on the
environment and demonstrate the relative health of SRS
ecosystems have been central to SREL's research
throughout its 53-year history. Discussions with DOE-SR
administrators in 1999 resulted in a reaffirmation of the
importance and value of long-term ecological studies, while
at the same time delineating SREL' role in emerging issues
related to environmental remediation and restoration.

To detail the research to be conducted with DOE-SC
funding, SREL prepares research plans and milestones.

Beginning with FY04, research plans have been assembled
according to three research themes: CHARACTERIZATION,
ECOLOGICAL RISK AND EFFECTS, and REMEDIATION AND
resTorRATION—Which reflect how the environmental
remediation process proceeds. This is done to provide a
more useful document for DOE managers and contractors,
and to provide researchers with a perspective on how they
might identify and address knowledge gaps in each of the
themes through scientific research. Numerous knowledge
gaps are associated with each theme and some cut across
all three themes. For example, processes controlling
bioavailability emerge as gaps across all themes; however,
the specific gaps and the approaches to dealing with them
within the three themes vary based on the level of
organization or scale at which they are addressed. The
knowledge gaps identified for each theme are not
comprehensive, but rather represent those gaps that were
addressed in studies planned for FY04.
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-+ Characterization -

Characterization is a necessary first step in determining environmental and health risks and devising remediation and
restoration strategies. Characterization has physical, chemical, and biological components, and spans molecular to
landscape scales. Although it includes a descriptive component, characterization is more than simply measuring
contaminant concentrations in biota or other media, or reporting the presence or quantity of various organisms at
contaminated locations. It includes developing an understanding of the processes that control distributions of
contaminants, chemical speciation, and bioavailability. Characterization also includes elucidating the environmental
and ecological patterns and processes that influence distributions of organisms, biological diversity and function, health,
and population processes. Characterization is necessary to construct models of how natural and engineered systems
function, both in the presence and absence of environmental perturbations such as anthropogenic contamination. In
other words, characterization is best viewed as an activity to better describe and understand particular habitats and
systems, both contaminant-stressed and more pristine.

Significant knowledge gaps exist that impair accurate risk assessment, limit remediation and restoration activities, and
make cost-effective management decisions difficult or impossible. Only with scientific advancements can informed
decisions be made about, for example, (1) whether there is a need to restore or remediate a given site; (2) the state to
which a site should be restored; (3) when the process has been completed, and (4) how successful and cost-effective a
remediation activity has been. There are significant knowledge gaps that must be closed to achieve the types of
characterization necessary to meet remediation and restoration goals. Research at SREL addresses these knowledge
gaps by taking advantage of unique expertise in the environmental sciences and ecology, the unparalleled field research
opportunities at the SRS, and the long-term data sets, research tools and capabilities that SREL has developed over the
last half-century.

Report on FYO4 Characterization Milestones

Question 1: biomolecules, colloids, and bacteria. When interfaced
What are the roles of microorganisms in biogeochemical on-line with ICP-Mass Spectrometry detection,
processes that affect contaminant cycling, speciation, and elemental data can be collected concurrently. In this
mobility, and how are these affected by co-contaminants? study we employed hyperlayer-FFF methodology to
How do the microbial populations and species diversity separate cells of aerobically grown Shewanella
affect or contribute to the overall function of the ecosystem? oneidensis strain MR-1 from exopolymers present in
washed cell suspensions. Cell suspensions were

(A) Use of field flow fractionation to investigate uranium exposed to increasing concentrations of U to establish
adsorption by Shewanella an adsorption isotherm and with fixed U concentrations
Investigators: A.L. Neal and B.P. Jackson at varying pH to establish a pH sorption isotherm.
Elution of cells was detected by UV absorbance (254

Field flow fractionation (FFF) is an aqueous size-based nm) and the eluant exiting the UV detector was
separation technique applicable to the separation of interfaced on-line to ICP-MS to detect U. A linear




-+ - Savannah River Ecology Laboratory -+ FY2004 - - Annual Technical Progress Report - - -

sorption isotherm was determined for U solution
concentrations from 0.2-6 pM. The pH sorption
isotherm showed maximum U sorption to S. oneidensis
occurs at pH 5. A relatively large molecular compound,
presumably a cell exudate, since the cells were
determined to remain intact with microscopy, was
identified by FFE. This cell exudate complexed U, and
at higher pH the exudate appeared to have a greater
affinity for U than the cell surface. Thus FI-FFF interfaced
with ICP-MS detection appears to be a powerful
analytical technique for metal sorption studies with
bacteria. Analysis can be carried out on very small
sample volumes and additional speciation information
can be gained because soluble organic constituents of
the cell suspension also elute from the FFF channel
and are resolved from the cells.

After optimization and calibrating the hyperlayer
separation conditions and demonstrating that the
conditions were applicable to the separation of S.
oneidensis, washed cell suspensions were amended
with increasing concentrations of U to determine an
adsorption isotherm. pH conditions were maintained
at 5. The amount of U bound by cells increased as a
function of initial uranium concentration and the
relationship was linear over the 0.2-16 pm
concentration range. This result demonstrates the
potential of FI-FFF-ICP-MS to calculate sorption
isotherms using small sample volumes and environ-
mentally relevant aqueous metal concentrations. It is
also noteworthy that ICP-MS is capable of simultaneous
multi-element detection; therefore this technique lends
itself to the study of competitive sorption in multiple
metal systems.

Uranium sorption as a function of pH was also
investigated over the pH range 5-9. Maximum sorption
occurs at pH 5 and as pH increases, the formation of
hydroxide and carbonato-U solution complexes act to
inhibit adsorption to the cell surface. An early eluting
U-binding species was identified in the Fl-FFF-ICP-MS
fractograms with an elution time of approximately 2
minutes. We hypothesize that this is a bacterially
produced extracellular polymeric substance (EPS) that
elutes under normal mode separation conditions.
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Preliminary size exclusion chromatography showed that
this compound was approximately 200 kDa, while
epifluorescent microscopy of the cell suspensions did
not indicate any cell agglomeration. Further
investigations of the exopolymer, including purification
and characterization studies, are on-going.

Recent discussions with Dr. Alex Beliaev (EMSL)
suggest that the high molecular weight exopolymer we
are observing with FFF is of a similar mass to that which
they are observing by SDS-PAGE under similar growth
conditions. This has elicited a collaborative effort
between our groups to characterize the exopolymer
and its secretion system.

(B) How do radionuclide and heavy metal inputs influence

microbial soil populations within a riparian system?
Investigators: C.L. Zhang, G.L. Mills, A.L. Neal, B.P

Jackson and PM. Bertsch, in collaboration with
colleagues at the Savannah River National
Laboratory and the Medical University of South
Carolina

The discharge to an unlined settling basin of M-Area
metallurgical process wastes, associated with nuclear
weapons production from the mid-1950’s until 1985,
has led to extensive contamination of groundwater,
sediments, and riparian soils within the Tims Branch,
Steeds Pond, and Upper Three Runs stream ecosystem.
These effluents included substantial quantities of
trichloroethylene (TCE), tetrachloroethylene (PCE),
nickel, natural and depleted uranium, and other metals
including copper, zinc, lead, and chromium. Total U
releases to Tims Branch have been estimated at 43,500
kg. Total releases of Ni are unknown, but comparable
sediment loadings suggest Ni releases on the same scale
as U, if not greater. Most of the metals were retained in
wetland and pond sediments along the stream’s 5 km
impacted corridor. Approximately 144,000 kg of TCE
and 820,000 kg PCE were originally released to the M-
Area Settling Basin, and the subsurface migration of
these solvents has resulted in large-scale vadose zone
and aquifer contamination. Outcropping of TCE- and
PCE-laded groundwater into the Tims Branch system
is a potential concern, and containment measures have
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been initiated. Natural attenuation of this plume has
been proposed as a cost-effective remediation option,
and endogenous microbial populations capable of
degrading TCE via aerobic and anaerobic pathways have
been identified. Riparian and wetland systems are
valued for their natural attenuation capacity resulting
from the synergy of high organic matter content, diverse
microbial populations, and the wide range of geo-
chemical conditions, which lead to the biodegradation
of organics and the biotransformation of metals.
However, as numerous DOE, DoD, and other sites are
contaminated with mixtures of organics and inorganics,
including heavy metals and radionuclides at potentially
toxic levels, it is critical to understand the effect of these
contaminants on microbial populations and the
consequent influence on #n situ biodegradation of
organics in support of intrinsic and enhanced
biodegradation as well as on the reduction of U(VI).

Influence of radionuclide and heavy metal input
upon microbial soil populations within a riparian
system

Investigators: A.L. Neal, G.L. Mills, C. Bagwell (SRNL),
and C.L. Zhang

We investigated correlations between contaminant
metals and the molecular composition of sedimentary
microbial communities from two locations in the Steed
Pond system. Soil metal burdens were assessed with
ICP-MS; C-N-S measurements were also made.
Environmental DNA was extracted using a laboratory
developed protocol to overcome problems associated
with the high metal and humic acid contents of the
sediments. Phospholipid fatty acids were also extracted
using a laboratory designed protocol. Microbial
community structure was assessed by 16S rRNA gene
based T-RFLP with Haelll and Rsal restriction
endonucleases and PLFA analysis. Near-full length
amplimers were obtained from all core depths;
however T-RFLP failed to detect products within the
100-1000 bp range from Steed Pond surface sediments
containing highest concentrations of metals (3006 ppm
U; 3238 ppm Ni). At depth, with metal burdens as low
as 3.4 ppm U and 21 ppm Ni, a complex, though
conserved fragment pattern was observed between soil
cores. This conservation was also observed with PLFA
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analysis of extracted lipids. Downstream Pond 25 cores
exhibited the reciprocal pattern, community complexity
mirrored contaminant burden and decreased with
depth.

Microbial community structure appears to be
differentially responsive to contaminant burdens in the
Steed Pond system, but metal reducing bacteria are
present within severely contaminated surface layers.
Bacterial strains isolated from contaminated sediments
from Pond 25 appear to be more resistant to metals
(Ni and Cu) than isolates from uncontaminated
sediments from Boggy Gut. We are currently
characterizing the isolates with a view to performing
comparative studies of metal toxicity and determining
the nature of the acquired metal resistance. These
results were presented at the 104™ General Meeting of
the American Society for Microbiology, May 2004.

We also completed preliminary characterization of
microbial communities in riparian soils of the Lower
Tims Branch stream system, which have different
degrees of heavy metal contamination. Samples were
collected along a transect from the lower to the upper
bank of the creek with each of two samples about 3
feet apart. Preliminary results show the bacterial
diversity at Lower Tims Branch was extremely high. A
total of 43 different bands were excised from the DGGE
gels. Most of the bands gave sequences that are distantly
related to identified species. This suggests that
microorganisms at the Lower Tims Branch are largely
unknown. The dominant bacteria in each soil sample
were different, though the same species could be found
at all sample locations. These results were presented
at the American Society for Microbiology Annual
Meeting, May 2004.

Effect of Ni and pH on the growth of Steed Pond
bacteria

Investigators: PM. Bertsch, P. Morris (MUSC), and
B.P. Jackson

We have also been investigating the toxicity of Ni to a
constitutive TCE degrader, B. cepacia PR1, (PR1) at
concentrations found in Steed Pond using carefully
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selected (from the perspective of chemical speciation)
growth media. Growth of PR1 was the same at pH 5, 6,
and 7 in the absence of Ni. This pH range was examined
because preliminary experiments using two
microorganisms (S. aureofaciens and K. cystarginea)
isolated from Steed Pond demonstrated greater growth
at pH 5, the native pH of Steed Pond sediments,
compared to pH 6 and 7 and because most metal
toxicity studies to microorganisms in the literature have
been performed at pH 7. In the presence of Ni, growth
of PR1 was influenced by the pH of the medium. Growth
was inhibited above 17.04 mM Ni at pH 5, 3.41 mM at
pH 6, and above 0.85 mM at pH 7, even though
calculations of Ni speciation predict decreasing free
metal concentrations with increasing pH. Preliminary
proteomics investigations have also provided evidence
for up-regulation of the stress protein GrowEL at pH 5
under Ni exposure, which is not expressed at higher
pH values. In contrast, our studies using Rolstonia
metallodurans CH34 and 31A found greater inhibition
of growth at pH 5 compared to 6. A manuscript based
on this work is currently in review in Environmental
Toxicology and Chemistry. We are also examining the
mechanisms of enhanced Ni toxicity with increasing
pH and expanding the proteomics studies.

Question 2:

How do coupled biological and geochemical processes
interact to determine the fate and transport of contaminants
in near-surface and surface environments?

(A) Upland land-use effects on downslope conditions
Investigators: S.J. Harper, B.S. Collins, and R.R.
Sharitz

Upland land-use can alter forest composition, structure,
and biogeochemistry, including movement of materials
along geomorphological gradients. For example,
forestry practices such as cutting and prescribed fire
can result in greater carbon, nitrogen, and sediment
movement downslope and inputs of these materials at
the upland-wetland interface. In turn, these inputs can
influence important drivers of biogeochemical
processes, including redox conditions, carbon pools,
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and nutrient dynamics. Improved understanding of the
effects of upland processes on drivers of biogeo-
chemical conditions located downslope will enhance
efforts to remediate organic and inorganic
contaminants concentrated at the wetland-upland
interface.

FY04 milestones for this research were to (1) initiate
field research along geomorphological gradients to
characterize land-use effects on the structure and
function of upland forests; (2) quantify the extent to
which these factors consequently affect important
drivers of biogeochemical processes (e.g., dynamics
of redox, carbon, moisture, and nutrients) that
influence remediation of contaminants at the wetland-
upland interface; and (3) collect biogeochemical field
data along wetland-upland gradients under different
land-use conditions. Over winter 2003-04, we
established three sets of sites along the gradient from
managed pine forest through slope hardwoods to the
wetland-upland interface along Tims Branch. These
sites represent the following combinations of land use
activities: (a) undisturbed upland, slope, and interface;
(b) burned [2004] upland, undisturbed slope, and
interface; and (3) burned [2004] upland, thinned [ca.
2000] slope, and interface. In spring, 2004, we initiated
field sampling to characterize the biogeochemical
effects of land use in each set of sites. Pre- and post-
fire sampling of lysimeters, deployed in upland, slope,
and upland-wetland interface regions in each set of
sites, revealed land use did not affect NO,-N
concentrations, but samples from the slope were
marginally higher than those from the upland or the
interface. Position on the topographic gradient did not
affect NH -N, but samples from the set of undisturbed
sites were marginally higher than those from the set of
sites with recently burned upland. Mass of organic layer
samples, collected along the topographic gradient in
each set of sites, differed (»=0.008) over the upland-
to-wetland gradient, and was less at the upland-wetland
interface than at slope or upland positions. Organic
layer mass also differed with land use (»=0.0001).
Downslope sites leading from burned and cleared
uplands had less organic layer mass than those leading
from burned or undisturbed uplands. These initial field
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data suggest prescribed fire and clearing can affect
carbon and nitrogen cycling by reducing organic layer
pools available for decomposition. However, there is
little immediate effect of land-use activities on nitrogen
loss/availability in lysimeter samples along the
topographic gradient.

(B) Effects of coal fly ash on ecosystems

Investigators: KW. McLeod, R.R. Sharitz, B.C. Collins,
WA. Hopkins, B.E. Taylor, and B.P. Jackson

Coal fly ash was released into a bottomland and swamp
forest from 1967 to 1977 as a result of runoff from a
filled settling basin. Up to a 2 m depth of fly ash was
deposited in some areas and total aerial coverage was
approximately 40 hectares. We characterized the extent
(length, width, and depth) of fly ash in a 3-dimensional
grid at the site. Elemental analyses were performed on
samples of the surface litter layer, fly ash, original soil
layer, and selected plant, invertebrate, and amphibian
species taken from the impacted area and adjacent
areas with no ash. Plant community composition in
the fly ash area was also determined and contrasted to
an adjacent clearcut and a thermally affected stream
delta, both of similar age.

Arsenic (As) and selenium (Se) were the primary
contaminants-of-concern, with maximum concen-
trations of 8 ppm and 7 ppm in the forest floor litter
layer, 85 ppm and 11 ppm in the fly ash, and 18 ppm
and 11 ppm in the original soil, respectively. Heavy
metal concentrations of the foliage of herbaceous plants
and trees were elevated in the ash plume area (generally
by a factor of 2-3 for As and 2-8 for Se), but As and Se
concentrations were less than 2 and 4 ppm, respectively.
Farthworms (Zumbricus rubellus) and land snails
(several species) had elevated levels of both As and Se
at sampling sites located on the ash plume. Earthworms
contained much higher levels of Se (up to 35 ppm)
than snails. Larval amphibians contained more As than
adult amphibians, but Se concentrations did not decline
with maturing life stage. Elemental concentrations were
generally higher in Bufo terrestris (southern toad)
than Rana sphenocephala (southern leopard frog).
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Concentrations of As, Se, and strontium were up to 11-
35 times higher in amphibian metamorphs from the
ash area than from an unpolluted area.

Plant species composition on the ash plume area has
shifted to an earlier successional stage, but community
characteristics such as basal area and density are
similar to those of an adjacent non-contaminated early
successional cut-over site. The present vegetation is in
transition from the former mature forest community
to an impacted and/or recovering community. The
amphibian and reptile community is characterized by
at least 18 amphibian (14 anuran and 4 salamander
species) and 17 reptile (9 snake, 3 lizard, 4 turtle and
1 alligator) species, respectively. Since the plant
community is adjusting to the deposited ash, the best
management for this site might be to leave the ash in
place. However, it must be demonstrated that the ash
contaminants are not migrating from the area of
original ash deposition or harming the biota, either
individually or by affecting community diversity.

Question 3:

What processes control chemical speciation and mobility
of toxic metals, organic contaminants and radionuclides
in biota, soil, wetlands, ground water and surface water?
What linkages exist between chemical speciation (and
other properties of contaminants at the molecular level)
and bioavailability, uptake and transfer of contaminants
by organisms?

(A) Use of transgenic nematodes to assay heavy metal
exposure
Investigators: T.C. Glenn, C.H. Jagoe, B.P. Jackson,
PM. Bertsch, and collaborators from the Idaho
National Engineering and Environmental
Laboratory (INEEL) and the Universities of Georgia
and South Carolina

To directly determine cellular response of biologically
available metals, we have developed transgenic
nematodes (Caenorhabditis elegans) with a metal-
specific promotor, metallothionein-2, linked to a Green
Fluorescent Protein reporter (mtl-2::GFP). We
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developed several lines of mtl-2::GFP transgenic worms
by micro-injecting the mtl-2::GFP construct into the
gonads of the C. elegans. Resulting transgenic worms
were then bombarded with radiation to produce three
lines that gave clear and stable patterns of GFP
expression in multiple generations of worms. We
focused on characterizing the line with the brightest
expression of GFP in response to Cd. All assays have
focused on aquatic exposure. Assays of GFP expression
were initially done using a microscope and digital video
camera. Expression in live worms was difficult to assay
because the low amount of light given from the GFP
required time integration of images for accurate
quantitation, but the exposures were blurred from
movement of the worms. Worms were subsequently
sedated or killed prior to GFP assay. Increased levels
of GFP were noted following exposure to 30 pM CdCl,;
significantly less than the concentration required to
effect behavior, feeding, reproduction, etc. Although
this was successful, it reduced a major advantage of
the overall approach assay: real-time assays of animal
response to heavy metals (both up regulation and
return to homeostasis) . Additionally, the amount of time
and energy associated with quantitation with this
method was not ideal. Thus, we determined that
methods for high throughput assays of GFP expression
would be necessary.

We spent significant resources developing a 96-well
plate assay of GFP expression in the mtl-2::GFP C.
elegans. After determining that the overall approach
would work, we purchased a 96-well plate reader that
could be dedicated to this research. Initial results with
the new plate reader suggest that sensitivity is increased
by about an order of magnitude relative to use of a
microscope and video capture. The limitation in the
number of assays that can now be performed is in the
production of stage/age specific worms, not
quantification of the GFP.

Manuscripts to describe the mtl-2::GFP worms, as well
as another strain to detect environmental mutagens,
are in preparation. Publication of these manuscripts
must be coordinated with student theses, as well as
potential patent applications. Thus, they will not be
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submitted until FY05.

Collaboration with Dr. Angela Stormberg, Ecological
and Cultural Resources Department, Idaho National
Environmental and Engineering Laboratory, was
initiated. An LDRD proposal was submitted and funded
through INEEL. Dr. Stormberg visited the laboratory of
Dr. Philip Williams, UGA, to learn laboratory rearing
methods and toxicity assays for C. elegans. Dr.
Stormberg was also introduced to the mtl-2::GFP
worms. A graduate student who finished her degree in
the spring of 2004 was hired as technician with LDRD
funds. Dr. Stormberg received final clearance to
establish C. elegans facilities at INEEL in June 2004.
Transfer of technologies developed at SREL/UGA to
INEEL will continue in early FY05.

Trace metal uptake and spatial distributions of metals
in C. elegans were also investigated. Recently a
standardized method for the use of C. elegans as a test
organism in soil toxicity testing has been adopted by
the American Society for Testing and Materials (ASTM
2001). The relatively short duration of the toxicity test,
coupled with the ease of recovery of C. elegans from
the soil media, suggest that this organism may be useful
in bioaccumulation studies. To date, however, there
have been few studies that have attempted to quantify
whole body uptake of C. elegans exposed to trace
elements or to study qualitative differences in trace
element accumulation. Thus, we used synchrotron-
based X-ray fluorescence (S-XRF) to probe the spatial
variability and localized concentration of Cu and Pb in
C. elegans exposed to those metals in aqueous solution.
C. elegans were exposed to solutions of Cu and Pb at
the EC,, concentration for movement (30 mg L' and
10 mg L, respectively) for 24 hrs. Nematodes were
washed and mounted in agar gel on kapton tape for
presentation to the X-ray beam line. Mapping of Cu
and Pb distribution and XRF spectra of Cu and Pb hot-
spots were collected using a 0.010 mm focused
monochromatic X ray beam at an energy set just above
the Pb La binding energy. Nematodes were mapped in
2D using a 6 by 15 micron step size. Localized hot-
spots of Cu and Pb were quantified by collecting XRF
spectra at these locations. Calibration of XRF response
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was performed using a agar gel spiked with known
concentrations of Cu and Pb. Clear qualitative
distribution differences are apparent between Cu and
Pb, with Cu uptake being relatively homogeneous
throughout the nematode whereas Pb uptake was highly
localized in the anterior. Quantitative XRF analysis of
Cu and Pb hot-spots revealed that Cu concentrations
were on the order of 80 pg g' whereas Pb
concentrations exceeded 1000 pg g'.

(B) Effects of mercury in the environment
Investigators: C.H. Jagoe, W.A. Hopkins, C.S.
Romanek, L. Brisbin, Jr., and A.L. Bryan Jr.

Most mercury released to the environment is in
inorganic forms, while methyl mercury is the form that
generally accumulates in fish and wildlife. Thus, better
understanding of the processes that influence or control
in situ mercury methylation, speciation, and transport
is essential to assessing and mitigating mercury
contamination in the environment. One study
completed this year examined mercury distribution and
speciation in amphibian larvae in wetlands, and their
food items. We found that mercury concentrations in
larvae from wetlands without obvious local sources of
pollution were similar to those that caused adverse
effects on growth and development in laboratory
experiments. This indicates the importance of
atmospherically-transported mercury in these systems.
Amphibian larvae from these wetlands also act as prey
items for a variety of wildlife, so such mercury
concentrations might indicate risks to consumer
species. We used the speciation data to calculate bio-
accumulation factors for inorganic and methylmercury
in a simple food web composed of periphyton to
amphibian larvae. Our results indicate that standard
EPA models do not accurately predict mercury
bioaccumulation in these wetland systems. A
manuscript on these findings has been submitted to
Environmental Pollution.

For eight years we have sampled tissues (blood, down,
feathers) and food items from wood storks (Mycteria
americana), an endangered species that nests in the
southeastern U.S. Based on this long-term data set, we

observed that mercury exposure and accumulation in
nestling wood storks varied with location and annual
rainfall patterns. Parent storks forage in wetlands near
the nesting colony and return prey (mostly fish) to their
nestlings. Mercury concentrations were consistently
higher in juvenile birds fed from freshwater wetlands
than in those fed from estuarine or salt water wetlands.
We hypothesize that this is related to higher methylation
potential in freshwater systems. In coastal colonies,
where both fresh and saltwater prey was available,
mercury concentrations in nestlings were higher in wet
years, when foraging habitat expanded in freshwater
marshes filled by rainwater. A letter describing this
relationship was submitted to Nature; it is now being
expanded into a full manuscript for publication in
another journal.

In addition to wood storks, feather samples have been
collected from more than 10 other species of nestling
wading birds (including egrets, herons, and ibis). These
samples were obtained from inland nesting colonies
where parent birds foraged exclusively in fresh water
and from birds in coastal colonies where parents
foraged in both fresh and estuarine/salt water habitats.
Collections will continue in the coming year. Mercury
concentrations and stable isotope ratios (C and N) in
these samples are now being measured. Carbon isotope
ratios will be used to differentiate between fresh water
and estuarine/salt water foraging sites, and nitrogen
isotope ratios will provide information on trophic
position within local food webs. Since mercury
biomagnifies (concentrations increase with trophic
position), the stable isotope data and mercury
concentrations for multiple species will provide a
unique opportunity to evaluate the relative impacts of
trophic position and feeding habitat on contaminant
bioaccumulation in bird populations. Studies will also
begin in FY05 on the kinetics of mercury accumulation
and elimination in biota from freshwater wetlands.

(C) Earthworms as biomonitors for uranium and nickel

Investigators: T. Punshon (CRESP), PM. Bertsch, and
B.P. Jackson

The EPA’s Earthworm subchronic toxicity test (EST)
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forms part of the Ecological Effects Test Guidelines,
allowing the characterization of potential ecological risk
from soil contamination by exposing earthworms to
various incremental mixtures of the test soil over a
period of 28 days, and measuring mortality. Toxicity
tests like this form an increasingly important part of
how regulatory bodies determine risk by attempting to
measure bioavailability. Although it represents an
important step forward from using purely chemical
methods to determine a complex biological endpoint,
the predictive power of these toxicity tests is limited.
As part of SREL's continuing attempt to advance the
accuracy of bioavailability characterization, tests are
being run on soils from the Ni- and U- contaminated
Steed Pond-Tims Branch riparian corridor. This is a
well characterized ecosystem, which is useful for
evaluating biomonitors and bioavailability test systems.
In particular, it is thought that the EST may have limited
application to U. Chemical tests, such as the frequently
used sequential extraction scheme of Tessier et al.
(1979, Analytical Chem. 51:844-851), have suggested
that only Ni is bioavailable in this ecosystem, and U
does not present a human or ecological health risk.

Key elements of the EST were varied to investigate for
certain artifacts. While numerous soil physical and
chemical factors influence bioavailability, the organic
matter content of the contaminated soil has a significant
role in controlling U bioavailability; therefore, one set
of bioassays added organic material in the form of peat
supplements to the standard bioassay. There was no
earthworm mortality found during the first EST,
although there were significant differences in the U
concentration within exposed earthworms. As a general
rule, the lower the percentage of Tims Branch (TB)
soil, the more effective peat addition was at reducing
the U concentration of the earthworms. Within each
TB treatment level, the more peat added, the lower the
U concentration of the exposed earthworms. Addition
of 20% peat reduced earthworm U concentration by
44-58% across all TB mixture rates.

Our work has confirmed several problems with the EST.
Firstly, the lack of mortality may be erroneously equated
to a lack of ecological risk in this case, despite the
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accumulation of =200 mg g' U within earthworms.
Secondly, interaction with components of the artificial
soil throws into question the applicability of this test,
at least for certain metals. Our experiments suggest an
interactive effect, with artifacts from CaCO, or organic
matter addition increasingly influential at lower
contaminant burdens.

One of the most important issues in the use of the EST
remains that uptake does not consistently equate with
toxicity, and it is upon this assumption that the EST is
based. Organisms such as earthworms are known to
avoid toxic effects by sequestering metals within
specialized structures within their bodies. These
structures or granules contain calcium pyrophosphate,
and are produced by organelles known as chlorago-
cytes, which occur in chloragogenous tissue located
on either side of the digestive tract. When contaminated
soil moves through the earthworm gut, excess metals
can be sequestered by the chloragocytes before the food
is assimilated. Hence, the worms can contain elevated
concentrations of metals without excessive mortality.
The central tenet of biomonitor use is that the organism
is affected by the contaminant in a predictable manner,
and that it does not posses any adaptive mechanisms
which obscure the dose response relationship. We have
shown that there are numerous issues inherent in the
EST which limits its use for assessing the risk due to
the presence of U in the soil.

The application of spatially-resolved metal analysis
techniques, such as synchrotron X-ray fluorescence
microspectroscopy (SXRF), allows the distribution and
concentrations of metals to be imaged within the
context of the particular biological structures in which
they are contained. Knowing where the metal is
primarily located allows inferences to be made about
the transport route into and its toxicity to the organism.
In this case, worms were collected from soils within
the Tims Branch depositional system and preserved in
formaldehyde prior to dissection, embedding, and SXRF
analysis. The digestive system of several individual
earthworms were dissected from the remaining tissue,
specifically the upper digestive tract. Calciferous glands
or chloragogenous tissue is located in the upper
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intestinal tract, between the esophagus and the crop.
Once the tract was removed, several samples were
prepared by embedding the soft tissues in Nanoplast™
resin, which maintains sample integrity by allowing
hydrated samples to be embedded.

The samples were analyzed using synchrotron X-ray
fluorescence (SXRF) microspectroscopy at beamline
X26A of the National Synchrotron Light Source.
Compositional maps were generated for numerous
metals, confirming that Ni was not accumulated in
significantly elevated amounts within the bodies of
earthworms, confirming findings from the earlier EST.
However, images of the Ca and U distribution of the gut
clearly show a localized and relatively elevated
distribution of these elements within the calciferous
tissue of the earthworm. Calcium occurs in other
regions of the digestive system, but it is only in these
tissues that both U and Ca are found.

Work is ongoing to isolate these enriched regions and
determine whether the speciation of the U is being
distinct from that found within U contaminated soils,
using x-ray absorption spectroscopy (XAS) and size
exclusion chromatography (SEC).

(D) Whole-lake experiments on the dynamics of cesium
Investigators: T.G. Hinton and B. Taylor, with

collaborators from Colorado State University

To document the short-term dynamics of cesium in an
aquatic system, we conducted a whole-lake experiment
by introducing 4 kg of stable Cs into an 11.4 ha reservoir
located on the SRS. We were interested in the dynamics
of the stable Cs throughout the reservoir ecosystem,
and on its impacts to the residual **’Cs contamination
that occurred from releases some 40 years ago. The
work is interesting because whole-lake experiments
provide a realistic experimental scale, but are rare and
difficult to conduct, and because little is known about
how the reservoir’s large mass of macrophytic plants
(approximately 26,000 kg) might influence Cs
dynamics. A recently submitted manuscript to Journal
of Environmental Radioactivity documents stable and
radioactive Cs dynamics during the first 260 days of
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the experiment. The data are important for modeling
early Cs dynamics within a contaminated reservoir (as
might occur from a terrorist use of a dirty bomb), and
in testing if the addition of stable Cs might be an effective
countermeasure/remediation strategy for radioactive
Cs contamination. We anticipate another two
manuscripts from the data in FY05.

(E) Chemical speciation in the environment

Investigators: B.P. Jackson, WA. Hopkins, T. Punshon
(CRESP), C.S. Romanek, and PM. Bertsch

Knowledge of chemical speciation is imperative to
understanding mechanisms of toxicity or tolerance to
contaminants in organisms. Plants and bacteria can
produce extracellular ligands either to enhance uptake
of an otherwise unavailable element or to limit uptake
of a potential toxicant. We have developed methods
based on interfacing a separation procedure such as
field flow fractionation or liquid chromatography with
inductively coupled plasma mass spectrometry to
investigate trace element speciation in environmental
and biological samples in support of a number of
research areas at SREL:

Selenium contamination of soils and sediments

SREL studies have focused on Se contamination arising
as a result of coal combustion where Se is input into
the system in inorganic form either as selenate or
selenite. However, plants readily convert inorganic Se
to selenomethionine, which is bioavailable to higher
organisms and may cause toxicity at elevated concen-
trations. Additionally, numerous other low molecular
weight organo-selenium compounds have been
identified, although little is known regarding their
chemical reactivity and toxicity. We tested a number of
different reagents for effectiveness in extracting Se
compounds from bullfrogs (Rana catesbeiana)
collected from a coal fly ash settling basin. These
extracts were analysed by size exclusion
chromatography (SEC)-ICP-MS to determine the
molecular weight of Se compounds in the extract. If
SEC-ICP-MS identified low molecular weight Se
compounds (<1000 Da) then the extract was analysed
by ion chromatography (IC)-ICP-MS to identify the
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compound. SEC-ICP-MS analysis using extractants that
do not degrade proteins indicated that Se was a
constituent of a high molecular weight compound
(>30,000 Da). The use of protease or chitinase as
extractants, two enzymes that degrade proteins to the
constituent amino-acids, liberated predominantly low
molecular weight Se compounds that were identified
as selenomethionine by IC-ICP-MS. Future work will
focus on determining Se speciation in the sediment and
food resources of bullfrogs and in higher trophic
organisms. Results from this study will be presented at
an international Plasma Mass Spectrometry conference
in Durham, England, and a publication will be
submitted to a peer reviewed journal in FY05.

Arsenic and selenium speciation in soils

Arsenic and selenium have several stable oxidation
states, and can exist in a number of low molecular
weight organic complexes. These different species
exhibit differing reactivity, toxicity, and availability, so
itis important to quantify As and Se on a species rather
than a total element basis. Ion exchange
chromatographic methods have been developed to
quantify different As and Se species that can occur in
environmental samples. This methodology was applied
to study residual As and Se in a soil profile five years
after application of flue gas desulfurized gypsum
stabilized with coal fly ash (both coal combustion
residues). Arsenic was found to have not significantly
leached from the 0-15 cm soil profile but Se had
significantly leached over 5 years. Increased water
soluble Se concentrations persisted five years after
application. Increased As concentrations were manifest
in the ligand exchangeable fraction. The main species
detected were arsenate and selenite, for As and Se
respectively. Plant uptake of Se was significantly
increased in direct relation to initial treatment, with
selenium present as selenate in plant tissue extracts
collected from invasive plants growing on the treated
soils. The one-time soil amendment with coal
combustion by-products was shown to have long-term
effects on soil As and Se concentrations and increased
Se solubility and availability five years after application.
The results of this study suggest that repeated
application of coal combustion byproducts to soil could
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be detrimental due to build up of As in the soil profile
and the long-term availability of Se. The results of this
study were presented at the International Conference
on the Biogeochemistry of Trace Elements in Uppsala,
Sweden, in July 2003 and will be published in an
upcoming proceedings volume.

Trace metal complexation by low molecular weight
organic acids

High concentrations of Ni and U exist in the sediments
of Steeds Pond and Tims Branch at the SRS. This
riparian site is the focus of a number of research
projects at SREL studying the solid phase speciation,
bioavailability, and trophic transfer on Ni and U.
Previous studies have shown that Ni is bioavailable at
this site with increased concentrations detected is
several plant species. Various low molecular weight
organic acids, notably citric acid and histadine, are
known to be important complexers of Ni in plants. We
have investigated analytical techniques to identify and
quantify Ni-organic ligands in the rhizosphere and plant
extracts from Steed Pond/Tims Branch. Using high
performance size exclusion columns we have separated
Ni-oxalate, -EDTA, -citrate, and -histadine, although the
retention time for each species was not solely based
on molecular weight. Analysis of a plant extract from
Tims Branch showed that Ni was complexed in a low
molecular weight compound, most likely Ni-citrate. We
are continuing to study the use of SEC-ICP-MS for the
separation of low molecular weight metal-organic
ligand complexes to characterize the effect of the gel
phase on the stability of the metal-ligand complex with
the goal of using the technique for unambiguous
speciation data of metal-ligand interactions in biological
samples.

Laser Ablation ICP-MS

Laser ablation ICP-MS is being used with increased
frequency in the environmental sciences because of
the spatial control afforded by laser sampling, the
reduced sample size requirements, and the ability to
sample the solid phase directly without needing to digest
the material. This technology was employed to study
the trace element content of mussel shells collected
from unimpacted and polluted streams on the SRS.
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Various standardization protocols are being developed
to relate the trace element geochemistry of shell
carbonate to laboratory standards of similar
mineralogy. In addition, a micro-digestion technique
was developed to ground truth laser sampling results
with ultra small volumes of carbonate that were
mechanically removed and dissolved for conventional
ICP-MS analysis. Trace element analysis of shell material
from the umbo to the outer shell margin will provide a
near continuous record of exposure over the time
period of shell growth. Stable carbon and oxygen
isotope analyses of material collected over an adjacent
area provide an independent measure of shell
chronology that will be tied to historical records of
stream chemistry that reside in various SRS databases.
This work will provide information on the factors that
influence contaminant exposure and transport in fluvial
systems of the SRS.

Laser ablation ICP-MS was also employed to study soil
particle resuspension to understory foliage at Tims
Branch. High concentrations of U were found in the
leaf tissue of understory plants that were not observed
in other plant samples collected from the site. We used
LA-ICP-MS to directly analyses leaf samples taken from
the site. By optimizing the laser power used for the
ablation we were able to adjust the time for ablation
through the leaf to 1 minute. During this ablation
process elemental data were continuously collected by
ICP-MS to create an element profile with depth.
Uranium was found to be associated with the leaf
surface, consistent with U being bound to sediment
particles adhering to the leaf surface. Nickel was more
evenly distributed throughout the leaf, consistent with
uptake of Ni by the plant. Washing removed 80% of U
and 32% of N, further substantiating the differential
partitioning of these two elements in the understory
leaves. The results of this study were published in the
Journal of Environmental Monitoring.

Field flow Fractionation

Field flow fractionation (FFF) has similarities to
chromatography in that it is an analytical separation
technique that separates the constituents of a sample
based on their hydrodynamic radius. Flow-FFF is a very
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versatile technique and, depending on the carrier and
cross flow rates, it can be used to separate biomolecules
or colloidal particles. By coupling flow-FFF to ICP-MS
it is possible to determine the elemental constituents
of eluting particles in addition to the size information
that can be gained from UV detection after calibration
of the FI-FFF technique. We have employed size
exclusion chromatography and FI-FFF coupled to ICP-
MS to study the speciation of U in sediment porewaters
taken from Steeds Pond. Size exclusion
chromatography-ICP-MS revealed that a large fraction
of ‘soluble’ U was excluded from the column, which
indicates that U is associated with constituents of the
solution phase >30,000 Da. The distribution was
bimodal and in addition to the excluded fraction, U
was also bound by dissolved organic matter (DOM) of
approximately 1000 Da; lower concentrations of Ni
were also associated with DOM. Over 80% of soluble
U eluted from the SEC column either in the excluded
volume or bound by DOM, hence the >0.22 pm fraction
that is ostensibly the dissolved fraction actually has very
little ‘free’ uranyl cation in solution. The high Al signal
in the excluded peak concurrent with the U peak
suggested that this phase may be an inorganic colloid.
To investigate this observation further FI-FFF was used.
This technique was calibrated using sized polystyrene
beads to allow accurate sizing of the colloidal particle.
FI-FFF-ICP-MS showed that the colloidal particle was
approximately 0.1 pm and contained Al, U, Mn, and
Fe.

(F) Use of Monitored Natural Attenuation for chlorinated

solvent remediation
Investigators: LA. Newman and faculty at University
of South Carolina

Monitored Natural Attenuation (MNA) is a concept that
is 