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PREFACE

This 1986 annual report from Pacific Northwest Laboratory (PNL) to the Department of
Energy (DOE) describes research in environment, health, and safety conducted during fiscal
year 1986. The report again consists of five parts, each in a separate volume.

The five parts of the report are oriented to particular segments of our program. Parts 1to 4
report on research performed for the DOE Office of Health and Environmental Research
in the Office of Energy Research. Part 5 reports progress on all research performed for the
Assistant Secretary for Environment, Safety and Health. In some instances, the volumes
report on research funded by other DOE components or by other governmental entities
under interagency agreements. Each part consists of project reports authored by scientists
from several PNL research departments, reflecting the multidisciplinary nature of the
research effort.

The parts of the 1986 Annual Report are:

Part 1: Biomedical Sciences
Program Manager - ). F. Park D. L. Felton, Report Coordinator and
Editor

Part 2: Environmental Sciences .
Program Manager - R. E. Wildung R. E. Wildung, Report Coordinator
K. A. Borgeson and
S. G. Weiss, Editors
Part 3: Atmospheric Sciences
Program Manager - C. E. Elderkin C. E. Elderkin, Report Coordinator
E.

L. Owczarski, Editor

Part 4: Physical Sciences
Program Manager - L. H. Toburen L. H. Toburen, Report Coordinator
P. L. Gurwell, Editor
Part 5: Nuclear and Operational Safety
Program Managers - L. G. Faust L
W.E. Kennedy, Jr. S
J. M. Selby

B. L. Steelman

. G. Faust, Report Coordinator
. K. Ennor, Editor

Activities of the scientists whose work is described in this annual report are broader in
scope than the articles indicate. PNL staff have responded to numerous requests from DOE
during the year for planning, for service on various task groups, and for special assistance.

A major effort was in response to OHER's request for assistance in collecting information
on the release of radioactivity from the nuclear power plant accident at Chernobyl. Environ-
mental and chemical scientists participated in collecting and analyzing atmospheric and
environmental samples in Sweden, over the Pacific Ocean, along the northwest coast of
North America and along the path of the radioactive plume as it passed across the United
States.

Credit for this annual report goes to the many scientists who performed the research and
wrote the individual project reports, to the program managers who directed the research
and coordinated the technical progress reports, to the editors who edited the individual
project reports and assembled the five parts, and to Ray Baalman, editor in chief, who

directed the total effort.
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Members of the Scientific Advisory Committee established last year are:

Dr. Franklin i. Badgley University of Washington
Dr. Leo K. Bustad Washington State University
Dr. Franklin Hutchinson Yale University

Dr. Albert W. Johnson San Diego State University
Dr. ). Newell Stannard University of Rochester

University of California, San Diego

W. |. Bair, Manager

5. Marks, Associate Manager
Environment, Health and Safety
Research Program
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FOREWORD

This report summarizes progress in environmental sciences research conducted by Pacific
Northwest Laboratory {PNL) for the Office of Health and Environmental Research in

FY 1986. The past year has been one of transition and achievement. The Laboratory
implemented the second phase of a reorganization designed to improve disciplinary
alignment and renew its commitment to scientific quality. A cohesive program plan deve-
loped to guide the OHER Environmental Sciences Research program has also been imple-
mented to meet refined objectives. Research is directed toward developing a fundamental
understanding of the key processes controlling the long-term fate and biological effects of
fugitive chemicals and other stresses resulting from energy development.

The program is focused on terrestrial, subsurface, and coastal marine systems, and this
research forms the basis, in conjunction with remote sensing, for definition and quantifica-
tion of processes leading to impacts at the global level. The plan entails building on PNL
technical strengths in biogeochemistry, hydrodynamics, molecular biology, and quantita-
tive ecology. These strengths are applied in multidisciplinary programs to probe basic rela-
tionships. Unique intermediate-scale experimental systems are employed for examination
of arid land watershed dynamics, aerosol behavior and effects, and multidimensional sub-
surface transport. Advanced field laboratories (National Environmentat Research Park and
the Marine Research Laboratory) are used in conjunction with remote sensing to validate
concepts and models and extrapolate results to the system and global levels. Strong uni-
versity liaisons now in existence are being markedly expanded to form consortia for effi-
cient use of PNL laboratory and field resources and the specialized technical capabilities in
the university community.

This report is organized to reflect the new programmatic structure. Sections are devoted to
Detection and Management of Change in Terrestrial Systems, Biogeochemical Phenom-
ena, Subsurface Microbiology and Transport, Marine Sciences, and Theoretical (Quantita-
tive) Ecology. Emphasis has been placed on vertical integration of research, utilizing the
basic results of disciplinary research at the chemical, molecular, and cellular levels to aid in
understanding observations of these processes at the field and ecosystem levels. This
approach has already resulted in significant advances in our understanding of the complex
relationships governing the effects of energy development within a global context.

A volume synthesizing the results of 30 years of research at PNL in Terrestrial Ecosystems
has been completed and the results used to conceptualize and plan future research. The
recently completed Arid Land Watershed Facility has been used to test hypotheses on the
relationships between plant processes and water balance and extending, by the use of
remote sensing, these results to the regional and global scales. Investigation into the inter-
actions between biological and geochemical processes has demonstrated the importance
of key organic acids and peptides in the complexation and transport of elements in plants
and root zones, forming the basis for new advances in understanding the role of the rhizo-
sphere in biogeochemical cycles.

The Subsurface Transport Program has played a major national role in the early stages of
an exciting new endeavor to investigate the previously unexplored subsurface ecosystem.
PNL research has shown that organisms in the deep subsurface possess diverse capabilities



to degrade organic contaminants and carry plasmids that reflect their stressed environ-
ment and that offer new possibilities for aquifer restoration through genetic technology.
Concurrently, investigations of mineral surface-water interactions in the subsurface have
advanced our understanding of electrostatic and hydrophobic reactions for multiple
organic contaminants and the importance of steric effects in sorption processes.

Marine studies directed toward understanding the molecular, biochemical, cellular, and
organismic responses to environmental effects have identified initial relationships between
certain diseases and environmental stress, which should be amenable to examination of
unique gene transcripts controlling the expression of stress-related proteins.

Finally, in the Theoretical {Quantitative) Ecology Program, new statistical approaches have
been developed from standard experimental theory, as well as other fields such as geosta-
tistics, providing more precise methods for sampling and experimental design in areas of
mobile wildlife populations, hazardous wastes, and subsurface microbiology.

Research in the environmental sciences is in an exciting and challenging new phase, and
the PNL research program is now positioned to make major contributions to the reselution
of important national environmental problems.

Raymond E. Wildung
Subprogram Manager
Environmental Sciences
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SOIL/PLANT BEHAVIOR OF ORGANIC XENOBIOTICS
0. A, Cataldo, R, J, Fellows, R. M. Rean

Organic pollutants released to the environ-
ment as a result of man's activities can
result in a range of perceived and/or real
environmental and health concerns. However,
the myriad of individual compounds of poten-
tial interest presents a very real problem in
understanding the general fate and impacts of
organic residues entaring the environment.

In the past, the selection of compounds for
study was based on either their perceived
importance, as in the case of PAHs, nr
because they were present in emissions from
specific sources. The large number and types
of organic residues entering the environment
make this approach less than suitable for
predictive purposes, The preferred approach
is a systematic evaluation of the comparative
behavior of a range of representative organic
polTutants, These should include important
compound classes varying in physicochemical
properties, and within each class, a series
of representative compounds with increasing
complexity and substitution. This framework
provides a systematic data base from which
the behavior of a wide range of organic
residues can be assessed,

In the present studies, the comparative
behavior and chemical fate of organic res-
idues in plants are evaluated in simple soil
and hydroponic systems. Organic compounds
were selected from the 28 representative
species comprising seven compound classes
currently being evaluated in DOE/DHER subsur-
face transport programs, The objectives of
these studies are to establish 1) root
absorption rates for individual organic res-
idues, 2) plant mobility and distribution
patterns, 3] rates of foliar volatilization
and reemission to the atmosphere, and 4) the
chemical fate of these compounds once accumu-
lated. Four compounds, representing four of
the compound classes, have been studied:
phenol, aniline, quinoline, and most recently
indole. The wide range in relative behavior
and chemical fate observed with these com-
pounds serves to demonstrate the complexities
involved in understanding the envirommental
behavior of xenobiotics.

Experiments using indole labeled with e in
both soils and hydroponic systems demon-
strated that soybeans were able to accumulate
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significant amounts of label within short
periods of time, Twenty-one-day-old plants
grown in a 50-ppm *"C-indole hydroponic solu-
tion accumulated over 37% of the total sup~
plied label within 72 hr; plants grown from
seed in soil amended with 50-ppm “"C-indole
accumulated over 20% of the total supplied
Tabel after 30 days.

However, when the plants were analyzed for
the parent compound indole, 1ittle or no
material was observed within the roots (<0,1%
to N.5% of initial concentration), and no
matarial was detected in either the stems or
leaves. A more detailed analysis of those
compounds that cantained Tabel derived from
indole was therefore conducted, The results
of a typical analysis are given in Table 1.

Roots contained approximately 70% of the
total label accumulated by the plants.

Within the roots, the 8¢ was predominantly
found in the protein and insoluble [cell wall
and structural protein) fractions, while the
basfc {amino acid) fractian of the water/
alcohol extract {soTubTes} contained a
majority of the ~“C. Amino acid analysis of
the basic fraction further revealed that more
than 80% of the label associated with this
fraction was recovered in tryptophan,

In stem tissue, approximately half of the 14¢
was found to be in the insnluble fraction,
while 36% was recovered in the water/alcohol
soluble fraction. Following fon exchange
separation of the soluble fractian, 90% of
the label was found to be in the amino acids,
and again, more than 80% of the label was
recovered in Eryptophan. Once accumulated in
leaves, the 140 partitioned mainly into the
protein and the water/alcohol soluble frac-
tions. _The amino acids contained over half
of the 19C in the water/alcohol fraction,
with greater than 70% of the amino acids
being tryptophan. Acid hydrolysis of pretein
fractions indicate that the associated ~'C 1is
in tryptophan.

Although indole is an intermediate metabolite
in synthetic patbways for several compounds,
including the auxins and the amino acid tryp-
tophan, indole does not accumulate in
tissues. Experimental rasults indicate that
indole, once absorbed by roots (96.1 ug
indole/g dry wt/hr), is rapidly assimilated
and metabolized by the roots of soyheans,
This occurs by the tryptophan synthests



TABLE 1. Distribution of C Derived from Indole Within 21-Day-Old Soybean {Glycine max cv, Williams} Plants Following

72-hr Incubation in a 50-ppm Indole-Hydroponic Salution,

% Total “C Recovered
Plant Segment

Sample/Fraction Roat Stem Leaves
Total Plant 70.72 13.35 15.93
Solubles
Water/Alcohol 13.73 35.58 20.47
Chloroform 7.14 2.40 2.46
Protein 35.65 4.68 56.20
Starch 5.07 6.3 10.38
Insaluble 38.42 51.03 10.49
100.0 100.0 100.0
Water/Alcohol-lon Exchange
Neulrgl(a) of saluble fractions 14.94 4,25 19.71
BasiciP) 61.91 88.97 62.41
Acid 1(¢) 17.73 4.50 14.99
Acid Hid) 5.42 2.28 2.89
100.0 100.0 100.0
{a} Sugars

{b} Amino acids
{c} Organic acids
(d) Sugar phosphates

pathway, with a significant fraction being
incorporated into soluble and structural pro-
teins. In addition, excess tryptophan
appears to be the major, if not sole, trans-
port form moving from root to shoot, This is
supported by the fact that no indole could be
isolated or identified in stem or leaf
tissues,

IndoTe, Tike phenol, appears to be rapidly
metabolized by the plant and converted to
natural componants, However, unlike phenol,
aniline, or guingoline, the primary site of
indole accumulation within the plant may be
in proteins or amino acid-derived compounds.

FUTURE RESEARCH

The primary goal of this research is to
dafine the influence of soil microbial and
plant processes on the hehavier of specific
represantive inorganic elements and organic
compounds. The fundamental metabolic
approach taken to achieve this goal is now
providing the basis for evaluating the con-
tepts developed for describing more general
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phenomena and defining the soil microbial-
plant rost environment as an integrated
system,

Research to define the role of plant ligands
in the transport of polyvalent cations will
build on previous results that indicated the
importance of both specific peptides as
complexing 1igands in the plant xylem, and
several distinct low molecular weight
complexing 1igands in the plant rhizosphere,

Concurrently, a specialized model system to
examine rhizosphere 1igands in the absence of
soil will be employed to define rhizosphere
leachates from native and agronomic plant
species important to the shrub-steppe regions
of the world.

Research to define the behavior of anions in
soil is currently centered on 1) examination
of metabolic processes responsible for
technetium reduction and incorporation;

2) initiation of detailed studies to
quantitate the gaseous fluxes of nitrogen,
sulfur, selenium, jodine, and trace oxyanions
from ail and plant rhizospheres; and



3) initiation of studies on the effects of
oxyanions {initially technetium} on soil
nitrogen cycling and the relationship to
oxyanion mobility in soil.

Field investigations will be focused on
establishing a basis for refining and
calibrating thermodynamic equilibrium and
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metabelic transport models for both cation
and anion elements.

Thus, the biogeochemical studies have evolyed
to the point where major contributions to our
general understanding of ey processes
controlling elemental cycling can now he
realized.
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¢ University Interactions

PNL scientists recently formulated a proposal to form a Laboratory Science Education Center under the
auspices of the Department of Energy. The Education Center is aimed at making the scientific resources of
the laboratory more available to students and faculty from the university and pre-university communities.
The Environmental Sciences programs have for many years served as a model for these types of interac-
tions, with active university collaboration on every project. However, new emphasis is being placed on
expanding the participation of educational institutions in research planning and implementation, and use
of unique PNL facilities. The latter represent a major resource and include advanced biogeachemical
laboratories, the National Environmental Research Park at Hanford, the Marine Research Laboratory at
Sequim, the Aerosol Research Center, the Arid Land Watershed Facility, and the new Intermediate-Scale

Subsurface Transport Facility.

The PNL university program is administered
through the PNL Office of External Affairs on
a cooperative basis with the Northwest Organ-
ization for Colleges and Universities for
Science (NORCUS} in the Tri-Cities Universi-
ties Center (TUC},

During FY 1986, overall laboratory support to
the universities was significantly increased,
This included direct support via subcontracts
and indirect support to NORCUS for stipends
to allow student and faculty participation at
PNL. 1In addition, several new collaborative
relationships were developed under a Collab~
orative Agreement between PNL and Washington
State University {WSU). The new agreement
includes provisions for the appointment of
selected university faculty as PNL Affiliate
Staff Scientists {PASS}, with full privileges
of access to and use of PNL facilities.

Joint planning is also under way for the
development of a physical facility to house
and better integrate these cooperative activ-
ities with other ongoing educational activ-
ities of both PHL and TUC. Under the new
PNL/WSY Collahorative Agreement, Dr. David
Bezdicek, Professor of Soil Science at WSU,
was awarded a PASS appointment in the Envi-
ronmental Sciences,

Twenty unfversity faculty members, 2 postdoc-
toral scientists, and 30 graduate students
working on dissertations participated in
PNL's ongoing projects in FY 1986, Their
work covered a wide range of topics in earth
and environmental sciences, fncluding geo-
chemistry, geohydrology, biotechnology,
remote sensing, sofl physics, meteorology,
ecology, witdlife biology, and atmospheric
chemistry, In FY 1986 these university
collaborative studies resulted in eight re-
search papers published and two dissertatfons
filed, 1In addition, four research papers are
pending with publishers, and two new
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dissertation studies commenced in FY 1986,
Citations are in the Publications and
Presentations Section.

In additfon to university faculty and gradu-
ate students, the Center also provided oppor-
tunities for "hands-on' experience to

36 student trainees (third and fourth year
college). The Environmental Sciences Depart-
ment also hosted 34 visiting scientists dur-
ing FY 1986 as part of the research and
review of OHER programs.

NATIONAL ENVIRONMENTAL RESEARCH PARK

The MNational Environmental Research Park
{NERP) provides a mechanism for wniversity
environmental scientists and their students
to tnteract with PHL scientists and to uti-
1ize PNL facilities and NERP lands for their
research, Student research at the Pacific
Northwest Laboratory has primarily focused on
the ecological sciences and has provided in-
formation critical to the long-term use of
large areas of undeveloped land on the Han-
ford site.

Currently, 19 dissertation studies on eco-
logical topics are in progress, providing
opportunities for students to combine real-
world experience in environmental sciences
with their formal training., Examples of this
research include studies of elk, coyote,
Canada goose, and hald eagle populations.
Student research also iacludes population
studies of the rasponse of two plant Species
{(Lupinus sulfureus and L. Jeucophyllus) in
relation to long-term vegetative recovery
following wildfire,

Although the current NERP program is quite
active in regard to faculty and graduate
student participation and sponsorship of



dissertation studies in the ecological
sciences, future plans call for expansion of
both the scientific scope and types of
activities to be undertaken. This expansion
shoutd significantly brgaden the NERP
scientific program into new topical areas and
should significantly increase recognition of
Hanford NERP activities and facilities within
the scientific community. Topical areas
scheduled for increased emphasis are within
the Atmospheric Sciences, Geosciences, and
Environmental Sciences.

Available for student use at PHL are state-
of-the-art research eguipment, logistics sup-
port, and mentoring. Students are encouraged
to publish the results of their studies in
peer-reviewed scientific journals.

SUBSURFACE MICROBIOLOGICAL TRANSPORT PROGRAM

The PNL Subsurface Transport Program con-
tinues to have strong ties with the univer-
sity community, with university scientists
functioning both as technical advisors and
collaborators. Technical advisors to the
pragram review research plans for laboratory
and intermediate-scale experiments and sug-
gest alternative and possibly more fruitful
approaches where necessary. Several univer-
sity research groups possessing unique exper-
tise are collaborators on the PNL program as
subcontractors to strengthen fundamental re-
search in specific scientific areas germane
to subsurface transport. Collaborative re-
search is also under way with other univer-
sity scientists who are funded separately by
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the DOE/OHER Subsurface Transport Program,
Major new interactions occurred in FY 1986
through the consortia of laboratory and uni-
versity scientists participating on the first
joint subsurface microbiological sampling
effects at Savannah River Laboratory. Joint
research with the university sector will ex-
pand as the PNL program extends experimental
efforts into multiphase transport and micro-
bial phenomena and progresses from basic sci-
entific research in the laboratory to larger-
scale experiments in the intermediate-scale
facility and the field, Currently, the
collaborative relationships exist with the
following universities: Purdue University,
Princeton University, University of Florida,
California [nstitute of Technology, Stanford
University, University of Notre Dame, Auburn
University, University of VYirginia, Univer-
sity of Oklahoma, Cornell University, Massa-
chusetts Institute of Technology,
Pennsylvania State University, and University
of Il1linois.

OTHER INTERACTIONS

Pacific Northwest Laboratory staff members
hold affiliate or adjunct appointments at a
number of universities, and contribute to the
universities’ educational programs directly
and through the Tri-Cities University Center
in Richland, Washington. Approximately two-
thirds of the TUC teaching staff are scien-
tists and engineers from PNL, including

14 senior staff members from the Earth and
Environmental Sciences Center.



® Technology Transfer

Research for non-DOE federal agencies and for industry offers the opportunity to both develop new
technology in the environmental sciences, and apply existing talent in solving practical problems. Con-
tract arrangements between DOE and Battelle Memorial institute provide unique avenues at PNL for

probiem solving and technology transfer.

A brief synopsis of representative examples of technology transfer are outlined below by major program

darea.

DETECTING AND MANAGING CHANGE IN TERRESTRIAL
ECOSYSTEMS

For the Department of Defense {Army), two
major studies are continuing on the char-
acterization of army smoke aerosols and smoke
effects on vegetation, using the advanced
instrumentation available in the PNL wind
tunnel facility. MNonintrusive particle char-
acterization by the new laser optical tech-
nigue is beaing successfully applied to
severagl smokes, and the facility has now bheen
modified to bring under control the extremely
wide range of environmental conditions needed
o determine the effects on vegetation of
these complex, polydisperse aerosols. Re-
cently, studies were initiated at the Yakima
Firing Center to develop a means for the
rapid assessment of environmental damage
associated with Army training activities,
This research is based on proven sampling
technigues develcoped at Hanford, coupled with
advanced computer analysis and remote sensing
techniques available at PNL., Additional work
for the lepartment of Defense includes the
development of bioassessment technigues to
evaluate the relative biotoxicity and sources
of chemicals at open-burning/open-detonation
sites, Advanced statistical approaches
developed on DOE programs are being utilized
to define the distribution of pollutants over
large areas of firing ranges.

RIOGEOCHEMICAL PHENOMENA

Pacific Northwest Laboratory has been
conducting a Tong-term study for the Electric
Power Research Institute (EPRI} on chemical
reactions that occur in coal combustion waste
materials, soil, and the groundwater aquifer,
and that control the dissemination of
ingrganic contaminants. The wark focuses on
measuring precipitation and adsorption
reactions that immobilize chemical
constituents in wastes and the subsurface,
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Thermodynamic and kinetic descriptors of
these phenomena are being developed at the
mechanistic level for inclusion ia reactfon-
based transport codes. The work will eventu-
ally provide EPRI and member utiltities with
rigorous scientific data and models to fore-
cast contaminant movement and devise effec-
tive disposal and mitigation strategies where
neaded,

For NRC, efforts are under way to develap
sampling strategies and models for prediction
of biolngfcal transport of radionuclides from
Tow=level waste disposal sites. This will
allow validation of models developed in part
by DHER. In other studies for NRC, a project
to be completed in FY 1987 is examining the
effect of excretory products from tree roots
in mobilizing soil-dispersed radiocactivity,
extending capabilities initially developed by
OHER to define radionuclide complexation by
extracellular soil microbial metabolites,

For the EPA-Corvallis Environmental Research
Laboratory, three new projects have heen ini-
tiated, The first is directed toward devel-
opment of a “microcosm" test system for
evaluating the transport, fate, and effects
of genetically engineered microorganisms
(GEM}. The second project is designed to
evaluate the relative importance of the
routes of pesticide exposures to wildlife.
The third project is evaluating hydrogeochem-
ical models used to estimate the effects of
acid rain on watersheds., The PNL wind tunnel
has been modified to address this concern.

In other work for EPA, the PNL environmental
staff will continue to aid in planning exer-
cises on acid rain and global change re-
search, and will be providing technical
guidance for acean dumping of low-level
radicactive wastes, identification of screen-
ing madels for dose assessment, and technical
quidance for Superfund activities in

Region X,



MARINE SCIENCES

Information from the Marine Chemistry program
on sedimentation rates and the distribution,
sources, and fate of contaminants in Puget
Sound is being used by NOAA, EPA, and local
regulatory agencies to plan cleanup strate-
gies for the Puget Sound region.

Wwork on a DOE-sponsored program on the ef-
fects of environmental stress and disease on
marine organisms has yielded results with
practical significance for the regional, and
possibly worldwide, shellfish industry. This
program required that we characterize a lo-
cally occurring disease of the flat oyster.
The disease is caused by an cbligate intra-
cellular pathogen of immune cells, and thus
causes a fatal immunodeficiency in the oyster.
It was first discovered that this disease is
bonamiasis, which has nearly eliminated pro-
duction of the flat ocyster in France and the
Netherlands and has spread to England,
Ireland, Denmark, and Spain, with devastat-
ing effects on the shellfish industry in
Eurape. It was also determined that the
disease spread to Europe from a North
American source, Perhaps most significantly,
a local stock of oysters has been identified
which seems to have acquired a substantial
degree of resfstance to the disease. MNeed-
less to emphasize, these discoveries have
been of great interest to the governmental
agencies concerned with shellfish diseases
and the local industry, both of which have a
keen interest in the eradication and manage-
ment of this disease in Pacific Northwest
waters. The Washington Department of Fish-
eries requested technical advice on eradica-
tion or management of the disease in
Washington and on methods to evaluate various
oyster stocks for the presence of the
disease. The discovery of a strain resis-
tance to the disease may have worldwide sig-
nificance ta the culture of the flat oyster,

In work for the Army Corps of Engineers,
studies will continue on the effects of
dredging at several locations in Puget Sound,
including effects on the behavioral responses
of crabs, Research will also be undertaken
to identify the hydrochemical causes of fish
toxicity observed in new Snake River
hatcheries.

Field studies were conducted off the coast of
California for the Pacific Outer Continental
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Shelf IJffice of the Minerals Management Ser-
vice to examine how sound emissions from geo-
physical survey operations might affect the
commercial fishery for rackfish, Both

in situ behavicral experiments and experimen-
tal fishing were done to discern the effects
of air-gun sounds on rockfish behavior and
fishing success, The statistical design of
the experimental fishing used concepts and
techniques developed in the DOE-sponsored
research on assessing impacts on populations
of mobile species.

Studies are under way for the Alaska Office
of NOAA/OAD on the effects of petroleum con-
tamination on the spawning migrations of
Pacific salmon. In the first year of work,
faboratory studies have shown that salmon can
detect petroleum hydrocarbons at low concen-
trations. Additional laboratory work and/for
field tracking experiments are planned for FY
1987,

A series of studies are under way for the
Seattle District of the U.S. Army Corps of
Engineers on the environmental impacts of the
Grays Harbor Navigation Improvement Project.
Other work for the Grays Harbor Project has
included reporting on the aocean surveys con-
ducted by MRL to select ocean disposal sites,
a series of studies to assess potential im-
pacts to the Dungeness crab, and the devel-
opment of plans for management and monitoring
of the ocean disposal sites off Grays Harbor,
Washington,

Studies for the Mational Cancer Institute are
under way to determine if early embryonic ex-
posure of fish to organic environmental con-
taminants results in the subsequent
appearance of cancer in the fish. Other
studies are utilizing marine invertebrates as
models for the development of cancer in hu-
mans and are addressing fundamental biolog-
ical mechanisms at the molecular and biochem-
ical level,

Studies have been conducted to evaluate the
importance of the sea-surface microlayer as a
site for emryogenesis of valued marine
species, and to determine the current levels
and biological effects of sea-surface con-
tamination in Puget Sound. The sampling and
analysis methods developed under this project
may provide a model fer evaluating sea-
surface contamination in other areas.



The MRL alsc aided in designing a field sur-
vey of juvenile lingcod in the Grays Harbor
estuary. The statistical design and analysis
henefitted from concepts developed in the
DOE-sponsored research on pepulations of
mobile species,

THEORETICAL ({QUANTITATIVE) ECOLOGY

The publication of a PNL wildlife monograph
by the Wildlife Society will make available
to the public a myriad of statistica?
approaches to optimizing wildlife investiga-
tions. Based on this research, environmental
impact studies can be designed so that the
prabability of success will be known in
advance.
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Basic research on vertebrate population dyna-
mics has resulted in techniques and models
that allow use of limited data for decisions
concerning both endangered species and normal
management activities.

The U.5. Army has recently begun to use DOE-
sponsored research results on suryey designs
to define the potential environmental hazards
caused by open burning and detonation at
their ammnition plants.

Fundamental ideas on compositing samples,
developed under the OHER quantitative ecology
program, are being used by other Hanford con-
tractors in an attempt to provide more cost-
effective worker radfation exposure
survaillance.






o Exploratory Research

PNL is committed to major investments of discretionary resources on basic science programs. Direct
investments were made in the Environmental Sciences as well as in those areas that strongly support
efforts in environmental sciences, including advanced analytical technology, molecular biclogy, geologi-
cal modeling, hazardous chemical/mixed wastes, and advanced computational methods. The investments
should have long-term impact on the scientific depth and quality of research throughout the laboratory.

Exploratory research investments in the Environmental Sciences for FY86 reflected, in part, the new direc-

tions and goals of these programs.

DETECTION OF GENETICALLY ENGINEERED
MICROORGANISMS

J. K. Fredrickson

Recombinant DNA technology holds many prom-
ises, but there is also concern over the re-
lease of any genetically engineered micro-
grganisms {GEMs) into the environment,
whether deliberate or accidental. Risk
assessment requires careful monitoring of
GEMs once released. Research at PNL has
established capabilities for detecting GEMs
and determining their fate and potential
hazards to the ecosystem. To achieve this,
model GEMs were constructed by inserting
transposable genes into soil bacteria for use
as identifiers. A rapid most-probable-number
procedure, used in conjunction with DNA
hybridization, was able to detect the model
GEMs in several soil types at a sensitivity
equal to or greater than presently available
methods, Our procedure could detect selected
genetically modified bacteria at densities

of less than 10 per g (1 cell in 107),
although for less-easily cultured bacteria
the sensitivity was diminished, This tech-
nology has been used directly in research
funded by the EPA; with further refinement

it will he a candidate for technology trans-
fer, Future research will include refining
methods of DNA hybridization to increase the
sensitivity and specificity of environmental
detection of GEMs, In addition, PNL scien-
tists have made presentations to private com-
panies and the U.S. Army to discuss the
potential of this technology for such uses as
monitoring agricultural applications and
verifying the Biological Warfare Treaty.

This technology might also be used for devel-
oping in situ toxic waste biodecontamination
processes. For instance, the present capa-
bilities could help in determining the
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survival and effectiveness of bacteria genet-
ically engineered to degrade environmental
pollutants.

REMOTE AER(QSOL MEASUREMENT FOR WIND TUNNEL
TESTS

M. W. Ligotke

Environmental wind tunnels can provide oppor-
tunities to investigate the interactions of
gaseous and particulate pollutants in simu-
lated natural conditions. Formation, trans-
port, fate, and effects of air-suspended
particles are studied by scientists at PANL to
provide new understanding of the ways man
influences his environment. OFf controlling
importance in these investigations is the
need to accurately measure the concentration,
particle size, and chemical composition of
the airborne contaminants studied in wind
tunnel tests. Previously used methods of
obtaining these data required that physical
probes be placed within the test canopy.

This method often led to inaccurate measure-
ments, caused by limitations of the probes in
collecting suspended particles, or from dis-
turbance of the air flow by the probes them-
selves, One method of avpiding these
problems, a remote laser particle analyzer,
was modified and demonstrated in the wind
tunnel of the PNL Aerosol Research Facility.

An existing laser particle spectra analyzer
{LPSA) was set up to propagate a helium-neon
laser beam through the transparent walls of
the PNL wind tunnel! and to receive the light
scattered from particles passing through a
specific portion of the laser beam., The LPSA
was positioned on a three-dimensional track
to allow rapid focusing of the system's
“viewing volume" at most locations within the



20~ft-long wind tunnel test section. The
particle-scattered pulses of 1ight were con-
verted to an electrical signal via a photo-
voltaic processor and then apalyzed to pro-
vide information on particle size and
concentration.

The LPSA was shown to be practical for pro-
viding information on air-suspended particle
characteristics in plant canopies, above
s0ils, and clpse to other environmental sur-
faces. In addition, the system may pravide
information quickly and accurately on the
resuspension of particles from surfaces, such
as mill tailings and storage piles. Future
work will measure a wider range of particle
sizes and the addition of computer contral
for faster and more accurate focusing.

REMOTELY ACQUIRED THERMAL DATA FOR ENERGY
EXCHANGE IN ARIN REGIONS

P. A, Beedlow

The objectives of this exploratory research
are to determine how data from the Landsat 5
satellite can aid our understanding of the
enerqy exchange processes affecting the heat
and water balance of arid ecosystems, and to
develop techniques to measure those processes
over large regions. The data collected in

FY 1986 will address these objectives more
specifically by 1) producing a calibrated and
verified map of soil and camopy temperatures
for Hanford [such a map is key to calculating
energy budget parameters), and 2} developing
and validating a model to predict latent heat
flux from soil and canopy temperature data
{this model is necessary for calculating en-
ergy budget components from satellite data).
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During FY 1986, our research brought together
an interdisciplinary team of scientists from
the geophysics {G. E. Wukelic and J, E, York},
Hydrology (G. W. Gee and R. L. Skaggs), and
Terrestrial Sciences [S5. 0. Link) sections of
PNL, and D. F, Gibbans of Fort Lewis College,
Qurango, Colarado. This team has identified
areas of joint research that are not only

key to this effort, but that alsg contribute
to the development of their respective disci-
plines.

lLandsat § scenes of Hanford were acquired for
single days in October 1985, and May, June,
and July 1986, Rawinsondes were flown, and
ground truth data (sail and canopy tempera-
ture, reflectance, and soil moisture} were
gathered for reference points within the Han-
ford landscape on each of the overflight
days. Micrometeorological stations were
established to collect complete energy budget
data at reference points for the Landsat b5
overflight days. Preliminary analyses indi-
cate that temperature resolution on the order
of 0.6°C is attainahle for water bodies when
the thermal data are corrected for local
atmospheric effects (the resolution potential
of Landsat 5 is 0,5°C).

Research proposed for FY 1987 will focus on
establishing the relationships between satel-
lite data and basic parameters of the energy
budget for arid landscapes. Beyond FY 1987,
research will address other key landscape
processes, possibly including a new research
program to develop methods using satellite
data for measuring evapotranspiration from
arid landscapes.
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