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Preface

This 1989 Annual Report from Pacific Northwest Laboratory (PNL) to the U.S. Department of Energy
(DOE) describes research in environment, safety, and health conducted during fiscal year 1989. The
report again consists of five parts, each in a separate volume.

The five parts of the report are oriented to particular segments of the PNL program. Parts 1 to 4 repont
on research performed for the DOE Office of Health and Environmental Research in the Office of Energy
Research. Part 5 reports progress on ali research performed for the Assistant Secretary for Environment,
Safely, and Heaith. 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 muftidisciplinary nature of
the research effort.

The parts of the 1989 Annua! Report are:

Part 1. Biomedical Sciences
Program Manager: J. F Park J. F. Park, Report Coocrdinator
S. A. Kremi, Editor

Part 2: Environmental Sciences
Program Manager: R. E. Widung M. G. Hefty, Report Coordinator and Editor

Part 3: Atmospheric Sciences
Program Manager: C. E. Elderkin . E. Elderkin, Report Coordinator
L Owczarski, Editor

Part 4; Physical Sciences
Program Manager: L. H. Toburen L. H. Toburen, Report Coordinator
K. A Parnell, Editor

Part 5: Environment, Safety, Heaith,
and Quality Assurance
Program Managers: L. G. Faust S. K. Ennor, Report Coordinator and Editor
P G. Doctor
J M

. Selby

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

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 assembied the
five pans, and to Ray Baalman, editor in chief, who directed the total effort.

W, J. Bair and T. S. Tenforde

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 1989. Research is directed
toward developing a fundamental understanding of processes controlling the iong-term fate and biological
effects of fugitive chemicals and cther stressors resulting from energy development. The reporn is
organized by major research areas. Within this division, individual reports summarize the progress of
projects in these areas. Addiional sections summarize exploratory research, educational institutional
interactions, technology transfer, and publications.

The PNL research program continues to make important contributions to the resolution of important
national environmental problems. The research, focused principally on subsurface contaminant transpont
and detection and management of human-induced changes in biological systems, forms the basis for
defining and quantifying processes that affect humans and the environment at the local, regional, and
global levels. Each research project forms a component in an integrated laboratory, intermediate-scale,
and field approach designed to examine multiple phenomena at increasing levels of complexity. This
approach is providing system-level insights into critical environmental processes. University liaisons
continue to be expanded to strengthen this research and to use PNL resources to train the scientists
needed to address long-term environmental problems.

Building on technical strengths in geochemistry, environmental microbiology, hydrodynamics, terrestrial
sciences, and theoretical ecology, research in the PNL environmental sciences is in an exciting phase,
as reflected in the formation (October 1, 1989) of the Environmental Sciences Research Center. This
Center has enabled PNL’s Subsurface Science Program to extend into basic research addressing key
problems in environmental restoration of DOE sites. New internal and external investments have been
made in molecular sciences, chemistry, bioremediation, remote imagery, subsurface fluid dynamics, geo-
statistics, and theoretical ecology. This report (note particularly the publications section) reflects the
results of many of these investments and illustrates the value of these results in environmental research.

Raymond E. Wildung
Program Manager
Environmental Sciences
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Detecting and Managing Change in Terrestrial Ecosystems

Extrapolations of predictions conceming how large-scale ecological systems respond to natural and
energy-related disturbances require a thorough understanding of critical controlling mechanisms that
influence ecological, hydrologic, biogeochemical, and atmospheric processes. The interaction of these
processes over local and regional scales largely determines the extent of long-term change. Only recently
has technology become available to make simultaneous measurements of ecological processes over large
areas. Expert systems, user friendly interfaces, and visualization methods are being developed to
effectively apply system-level modeis and provide new perspectives in data display. Development and
application of new technology to solve environmental problems provide the focus of this research,

Understanding Terrestrial Ecosystems

Long-term ecological research has been con-
ducted at Hanford as part of the Environmental
Research Park Program beginning with the estab-
lishment of the Arid Lands Ecology (ALE) Reserve
in 1966. Since the Research Park's inception at
Hanford, its ecological programs have made major
cortributions to understanding the functioning and
management of terrestrial and aquatic ecosys-
tems. The long-term research goal has been to
provide the U.S. Department of Energy (DOE) with
a scientific basis for management and policy deci-
sions regarding the future of arid and semi-arid
lands and interconnected surface waters
worldwide.

The physical and biotic features of the Hanford
Site are representative of a large portion of the
world; over 25% of the Earth’s land area is arid or
semi-arid. The Site encompasses over 1450 km?
in the western United States, a region that is likely
to be affected both by energy development activi-
ties and changes in climatic. regime during the
coming decades. Therefore, the Hanford Site is
well positioned to function as an intensive study
site to address questions concerning both regional
and global climatic change.

Field studies at Hanford include experiments rele-
vant to major policy issues facing DOE and the
nation. Three ongoing project areas are briefly
. described that form the core of our ecological
research program: 1) landscape ecological
studies, 2) arid lands water balance studies, and
3) microcosm-level gas exchange studies.
Hanford’s Environmental Research Park, another

core research area, is further discussed in the
Educational Institution Interactions section. The
Park provides the long-term protection, continuity,
and organizational structure necessary for the suc-
cessful completion of terrestrial ecosystem studies;
it also provides the necessary institutional struc-
ture for faculty and student participation from the
academic community.

Landscape Ecological Studies:
Quantitative Remote Sensing of
Ecological Processes-
Evapotranspiration

D. E, Gibbons, S. O. Link, B. A, Le Baron, and
A. R. Kirkham

Determination of evapotranspiration (ET), using
the energy balance approach, involves the quanti-
tative measurement of several parameters (e.g.,
net radiation, canopy temperatures, air tempera-
tures). It would be extremely valuable to determine
the distribution of the spatially variable parameters
of canopy temperature and net radiation by satel-
lite in order to scale estimates of ET from localized
(point) measurements to landscape size. During
FY 1989, a mulidisciplinary Pacific Northwest
Laboratory (PNL) stalf was engaged in
ET/quantitative remote sensing research. Field
measurements of vegetation/soil radiative proper-
ties, atmospheric quantities, and ET were con-
ducted for the Hanford National Environmental
Research Park, concurrent with two LANDSAT
Thematic Mapper (TM) overpasses. A suite of field
radiometers and thermographs from the PNL
remote sensing laboratory were used. Specifically,
the field activities included



» developing 100- by 100-m sampling plots
(located near ET measuring stations) with
50 gridded sampling points for the plots

s developing a vegstation/soil community
sampling technique (systematic sampling with
random starting points)

« conducting ground truth (GT) measurements
{concurrent with TM overpass) of
- canopy/soil temperatures and reflectances
- radiosonde atmospheric quantities
- aerosol optical depths [visible/near infrared
(NIR)]
- soil moisture
- plant/soil thermal emissivities

« ET measurements of
communities  using
stations.

vegetation/soil
lysimeter/Bowen ratio

FY 1989 tasks for the ET remote sensing study
were divided into three classes of measurement:
1) thermal, 2) reflective, and 3) lysimeter/Bowen
ratio.

Landscape Thermal Measurements

A distribution of the temperatures across large
areas must be determined in order to scale the
estimate of ET to landscape size from point
measurements. The LANDSAT TM has a 120-m
ground resolution thermal channel (band 6,
10.5-12.5 microns) that is highly calibrated, and
with proper atmospheric and ground corrections
can consistently yield surface temperature deter-
minations within 0.6°C of ground measuremsents
(Wukelic et al. 1989).

A thermal data collection was carried out on the
Hanford Site during FY 1989 to support the land-
scape measurements of ET using temperature
data determined by satellite. The objectives were
10 1) acquire TM data for Hanford and 2) produce
and verify a digital, quantitative temperature map
using the acquired TM data. Two LANDSAT data
acquisitions were obtained and analyzed. Concur-
rent with the overpasses, fieid data were collected
that included 1) radiosonde measurements
(launched from the Hanford Meteorological Station
(HMS)], 2) temperature measurements of the veg-
etation communities, 3) Columbia River tempera-
tures, and 4) thermal emissivities of vegetation and
soil  landcover. Since the TM  integrates

temperatures within one pixel from several
vegetation types In a community, a special
sampling technique for estimating temperatures
was devised. Sampling plots were laid out (as
noted above) before overpass. These plots were
chosen near weighing lysimeters/Bowen ratio
stations located in the various vegetation
communities on the Hanford Site.

The GT sampling of plant community surface tem-
perature, for comparison to TM band 6 data, is
constrained by the narrow field-of-view of hand-
held thermal radiometers and large spatial varia-
tion in surface temperature. Estimates are made of
the mean surface temperature of a plant stand
equivalent in size to 120 m. The field-of-view of
hand-held thermal radiometers used for GT sam-
pling may range from only 5 to 20 cm, depending
on the model and the height it is held above a
surface target. Within an Artemisia-Agropyron
community at Hanford, midday surface tempera-
tures in the spring can vary more than 30°C
between a patch of bare soil and the canopy of an
adjacent shrub. Therefore, sample size and sam-
pling bias are considered key issues in designing
a GT sampling plan.

Two sampling designs were compared and field
tested before overflight for the purpose of
obtaining an unbiased estimate of the mean sur-
face temperature of a 1-hectare Artemisia-
Agropyron stand: a weighted-average of selected
targets and a random transect sampling design.
The field results indicated that random transect
sampling would provide a less biased, more pre-
cise estimate of mean stand temperature than the
commonly used weighted average of selected tar-
gets. Some of the findings foliow:

» Weighted averages based on cover can give
low estimates of stand temperature.

» Post-stratification of the random transect data
showed that surface temperature was influ-
enced more by shade patches and cioud cover
than by species. Therefore, selective sampling
of species as stand targets does not necessar-
ily give a representative measure of the temper-
ature mean and variance.

» Use of LANDSAT TMthermal data requires con-
version of ground data, measured in °C, to
uncorrected  spectral radiance (R)). The
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Marine Sciences

The goal of this research, which is coming to a close this year, is to use invertebrate models to elucidate
the mechanisms of cancer induction and progression in humans, which may result from environmental
exposures to energy-related chemicals or other cancer inducing factors. Physical and chemical stresses
can act synergistically with naturally present pathogenic microorganisms or with latent cancer in the
organisms to result in significant diseases in both humans and marine invertebrates. Previous research
was used to select the one most applicable model among marine invertebrates to study these
fundamental biological processes. This model is hemic neoplasia on the bay mussel, Mytilus edulis, a
proliferative or cancer-like process, which shows increasing similarities to human and other mammalian

leukemias.

Cause and Progression of Leukemia in
a Marine Invertebrate

R. A. Elston, L. Berntsen-Stephens, D. Bonar,
K. Brooks, A. Lee, and J. Moore

The prevalence of hemic neoplasia was deter-
mined in 54 populations of mussels in Washington
State. Thirty of these populations were positive for
the disease with many exhibiting high prevalence
and average intensity of the disease. Some indus-
trialized sites such as Port Angeles harbor were
among the highest in disease intensity. Although
such observations do not permit any definitive
conclusions regarding the promotion of the neo-
plastic disease by environmental factors, they
suggest that further investigations regarding
chemical induction and neoplasia are needed.

In addition to previous studies demonstrating a
host cellular basis for remission in Mytifus edulis,
studies have been conducted on five additional
populations of Mytifus to determine their suscep-
tibility to hemic neoplasia. These include eastern
North American Mytilus edulis and three west
coast populations of bay mussels (i.e., Mytilus
galloprovincialis, Mytilus edulis, and Mpilus
galloprovincialis hybrids) as well as the distinct
species, Mytilus californianus. The results indi-
cated a decreasing proportion of susceptible
individuals of Mytifus in populations gecgraphically
distant and genetically distinct from the suscepti-
ble Puget Sound and Willapa Bay, Washington,
mussels used in our studies. These resuits sug-
gest that populations of Mytilus edulis, which are
more or less continuous in coastal areas, gradu-
ally shift in their genetic predisposition to the
disease. Some mussels in all populations retain
full susceptibility to the disease while the other
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mussels have acquired the ability to prevent or
reverse the progression of the neoplastic process,
possibly, in part at least, as a result of the cellular
recognition and containment response of certain
individual mussels to hemic neoplasia.

In two experimental studies using flow cytometry
to determine the DNA content of individual hemo-
cytes, it was found that progressive neoplastic
disease is characterized by the formation of
pentaploid cells in circulation, corresponding to
the merphologically transformed cells. Subse-
quently, these pentaploid cells form an autono-
mously cycling population of replicating cells in
circulation with a corresponding G, population of
cells that are decaploid.

A surprising discovery was made that an inde-
pendent and mutually exclusive pathway of
neoplastic transformation takes place in which
tetraploid cells (morphologically neoplastic)
predominate in the circulating cell population and
that a corresponding G, population of octoploid
cells appears in circulation. The rate of mitosis in
this afternate tetraploid form of the disease is
higher, as evidenced by a higher mitotic index (5.5
per 1000 cells as compared with 1.1 per
1000 cells in the pentaploid form} and an elevated
S (synthesis) phase of the cell cycle (28.7% of
cells in S phase as compared with 15.3% in the
pentaploid form). This important discovery may
explain the relatively low apparent prevalence of
the tetrapioid-octoploid disease in natural popu-
lations in comparison with the more frequently
observed pentaploid-decaploid disease. The rela-
tively rapid mitotic rate of the tetraploid-octoploid
disease appears to result in a more rapidly pro-
gressive and fatal condition, which results in a



shorter residence time for these individuals in the
population. The basis for the two forms of hemic
neoplasia remains unknown but represents a fer-
tile area for further mechanistic research on the
etiology and transformation process,

Preliminary karyoclogical studies have been con-
ducted on mussels with the disease in order to
elucidate the chromosomal basis for the altered
ploidy levels in hemic neoplasia. Typical karyotype
preparation methods used for mammalian cells
were not successful, but a procedure used for
studying cuttured cells was modified that proved
satisfactory for producing spreads of metaphase
chromosomes in either normal fertiized mussel
ova or neoplastic hemocytes.

Diploid metaphase chromosome figures with
14 pairs of chromosomes were observed in these
initial preparations: 4 metacentric, 7 submeta-
centric, and 3 telocentric, minute pairs of
chromosomes. Tetraploid cells of the tetraploid-
octoploid disease form seem to have a true and
complete duplicate of 2n chromosomes. Penta-
ploid cells, however, have 70 chromosomes plus
numerous fragments.

Preliminary screens for oncogenes have been
performed because an important aspect of the
karyological studies will be in situ hybridization of
DNA sequences {including known oncogenes) to
chromosome preparations. Southern blots of
genomic DNA cut with EcoR | and probed with
v-myc, v-os, v-Ha-ras, and v-Ki-ras (Oncor, Inc.,
Gaithersburg, Maryland} produced bands for
v-mye and v-Ha-ras only.

A panel of monoclonal antibodies against both
normal and neoplastic Mytilus hemocytes has
been developed with our collaborating laboratory
in France (IFREMER - La Tremblade). Two
antibody-producing clones (14F1 and 16G10)
reacting specifically with epitopes occurring on
neoplastic cells have been selected and further
characterized. These epitopes have been partially
characterized using Western blotting, peroxidase
staining, and immunogold labeling of sections of
tumor cells. Peptides have been identified of 80
and 110 kd, which occur on neoplastic cells from
the pentaploid form of the disease, by separating
proteins from water soluble neoplastic cell
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homogenates by SDS-PAGE and reactivity on
Western blots using anti-mouse immunoglobulin
peroxidase-labeled antibodies in conjunction with
our monoclonal antibodies. The immunogold label-
ing indicates that these epitopes occur on the
surface of the transformed cells. These studies
were conducted on fully transformed neoplastic
cells.

In exhaustive histological studies, it has been
observed that prior to the point at which hemic
neoplasia becomes a systemic disease, neoplastic
hemocytes can often be found localized in the
region of the accessory gills, between the mantle
and the base of the most distal folds of the pri-
mary gill. In this region, cells with neoplastic
morphology can be observed in the endothefium
of the vascular spaces. This finding suggests that
this endothelium may be at least one site of initia-
tion of the hemic neoplasia in the mussel and, as
well, that this endothelium may be the normal site
of hematopoiesis in the mussel (which has never
been determined).

Development of an in vitro infectivity system would
greatly faciltate studies of viral activation, cell
cycling, chromosomal lesions, and expression of
neoplastic antigens and viral genes as well as
provide a controlled environment to examine the
mechanism of remission as effected by normal
hemocytes. In attempts to develop such an in vitro
system, a tissue culture medium was formulated
based on the amino acid content of mussels tis-
sue and supplemented with nucleic acid precur-
sors, organic acids, sugars, vitamins, trace ele-
ments and Mytilus hemolymph. Neoplastic cells
can be aseptically obtained and maintained for
about 6 weeks using this medium. During the first
3 weeks of maintenance, the cells can increase as
much as fivefold, but following this the cultures
cease replication and appear to slowly degener-
ate. This method does, however, enable us to
maintain and use particular replicating populations
of hemocytes for experimental studies for up to
3 weeks,

Future Research

DOE support of this program will be discontinued
in FY 1990,
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Theoretical (Quantitative) Ecology

Recent national concerns include hazards from chemical waste sites, subsurface transport of pollutants,
and possible global changes. Approaches to study these issues and other field problems in ecology are
limited by the lack of theory and suitable designs for sampling contaminants and populations in time and
space. This program provides a firm scientific basis for the myriad of field studies required to understand
these issues. The program places strong emphasis on developing field designs based on clear objectives,
incorporating sampling theory rather than classical experimental designs, and using modern technology
to aid in solving global problems {e.g., satellite imagery). Applicable designs for classes of sampling
developed in other disciplines are generally unknown to ecologists and environmental scientists. Hence,
a portion of the research is devoted to expanding and adapting methods from geostatistics (e.g., remote
sensing and industrial research). In addition, the project combines elements of experimental design,
survey and analytic sampling, and modeling with geostatistical and biometrical methods to develop or
adapt cost-effective innovative field statistical methods for the study of environmental phenomena,
population dynamics, and hazardous waste problems.

New findings from research conducted in the theoretical ecology program during FY 1889 include:

» demonstrating that satellite data from both LANDSAT and SPOT can be used to duplicate ground-
based methods for determining the optimum size and dispersion of transects over landscapes (i.e.,
600 m long dispersed at least 100 m apart)

» developing simulation studies which show that double sampling can combat one of the major
shortcomings in contemparary fieldwork--inadequate sampling

« discovering that radio-telemetry is an excellent way t¢ account for edge effects in population studies.

Dynamics of Wild Populations » The classical life table is useful only for
studies of a stationary population or a
L. L. Eberhardt single cohort.
One of the major problems in attempting to » Changing populations can be assessed
develop principles for theoretical ecology is the through an "augmented" life table incorpo-
lack of suitable field data for testing models; rating reproductive data and the elements
therefore, any attempts to apply the model results of the Lotka-Leslie equations for population
to various present-day concepts of global threats dynamics.
may be overshadowed by our inability to show . . Lo
that the models have any basis in real data. A = Approximate solutions serve when individ-
main goal of the research is to focus on actual ual age-specific rates are not available for
data involving real populations. Another goal of the all age classes.
research is to develop and evaluate techniques to e Confusion about definition of parameters
provide numerical assessments of trends and can be reduced by comparing growth rates
other evidence of change in such popuiations. from population projections with solutions
During FY 1989, these goals led to investigating of Lotka’s equations.

the following four research areas. )
2. Asecond area of research showed that simple

1. Research on life tables led to development of approximation to the Lotka equations permits
an ‘augmented® Ife table that includes a using various comblnatlons_of population
measure of the dynamics of the population. dynz::imlc parameters to delermlr}e adult female
Research indicated the following: survival rates needed to sustain a constant
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population of grizzly and polar bears. The
approximation should be useful in evaluating
more complex models. Data on polar bears
were used to iliustrate a method for estimating
the ratio of juvenile survival rates to that for
adults. Such aratio may be useful in establish-
ing appropriate combinations of subadult and
total adult survivorship for sustained popula-
tion levels.

. The third area of research included a modeling
study of a seal population. The age of about
16,000 female tur seals from the Pribilof
Islands in pelagic collections was determined
from 1958 through 1974. A simple simulation
model of the female population was used to
vary population parameters until a minimum
chi-square value was achieved for the fit of
simulated annual age structures to those
observed in the pelagic collection. Population
trajectories resufting from either a diminishing
reproductive rate or diminishing adult female
survival rate approximated estimated pup
population sizes, which were not used in
developing the model except a subset of five
observations used to constrain model
trajectories to the observed pup populations.
The main finding of the study was that adult
fermale survival rates varied sharply during
1964 through 1974, after the major period of
harvests of female fur seals. Further study of
the age structure data may be useful in evalu-
ating the poorly understood long-term reduc-
tion in Pribilof fur seals.

. The fourth area of research assessed the use
of radio-telemetry for mark-recapture studies
when edge effects are important (i.e., individ-
ual animals move in and out of the study plot
on which the actual mark-recapture work is
done). Research results indicated the
following:

+ Radio-telemetry provides a technique for
estimating abundance under such circum-
stances, giving an average value for
population density on the area over time,
rather than an absolute estimate of
abundance.

+ Monte Carlo simulations indicate that either
a bias-corrected version of the "mean
Petersen® or a Petersen estimate based on
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the means of the observations may be
suitable for estimating abundance from radio-
telemetry data,

¢ The proposed bias correction may make it
possible to obtain useful abundance esti-
mates for very small populations, given
sufficiently high probabilities of marking and
recapture.

Designs for Environmental Field
Studies

J. M. Thomas and L. L. Eberhardt

Research conducted during FY 1989 has shown
that techniques for efficient field observation
developed in a number of disciplines are unknown
or, at best, very much peripheral to the interests
and experience of most ecologists who are
involved in the passive observation of some
process not under their control. For the most parnt,
these techniques amount to observation by sam-
pling in space or time. Biases may be guarded
against in the designs, or at least better identified.
The main drawback to field observation is the
weakening of the strong inferences made possible
by controlied experimentation. Often good experi-
mentation can at least identify the most likely ways
that inferences based on observation can go
wrong. One major objective of this research is to
provide new quantitative techniques within a work-
able classification of designs for environmental
field studies.

Because inferences based on unreplicated experi-
ments or passive cbservation of some population
or uncontrolled process are so uncertain, it is
doubtful that any particuiar inferential scherme can
be adheredto. Several formal inferential processes
have been proposed, as well as the wider use of
the hypothetico-deductive method, in which a
hypothesis is formulated and then tested by spe-
cific experiments testing deductions from the
hypothesis. :

Unfortunately, natural systems are subject to
chance fluctuations, and environmental research
techniques rarely measure anything exactly and
consistently. In these circumstances, it appears
desirable to adhere to aflexible viewpoint in which
along series of successive studies each yield a



statistical decision, but a conclusion ultimately
depends on a reassessment of the whole series of
individual results, some of which may then be
rejected. Such an outcome is generally unattain-
able under the rules of strict logic, even if false
rejections of statistical tests in individual
hypothesis testing can actually be maintained near
the assumed rate.

Experiments occur when the investigator controls
the circumstances of the study. The major ermor
made in many contemporary analyses is that of
confusing control of events or treatments with
control of the observational process. Thus,
replication denotes the abilty to repeat a
treatment, not just to take repeated observations.
It is important to treat the observationa! process as
a sampling scheme. Thus, in our classiication
scheme, the initial dichotomy is one of differen-
tiating between conducting a controlled experi-
ment and observing some uncontrolled process
by sampling.

When events are controlled by the observer, repli-
cated and unreplicated experiments cover nearly
all the textbook approaches. Experiments
designed to efficiently estimate parameters in
specific nonlinear models, such as those used for
reaction Kinetics in chemistry to guide piiot plant
operations on an experimental basis, are also
under the control of the observer. Even though it
might seem that studies designed to investigate
events such as the impacts of operating a new
power generating station or changes in atmos-
pheric pollution caused by opening a new freeway
are controlled by the investigator, these studies
are generally not under the control of the investi-
gator. In addition, such studies are often retro-
spective as opposed to being designed before the
event takes place. Our research indicates that
intervention analysis, which involves the use of
time series methods to study the effects of distinct
perturbations, is generally superior when enough
population cycles are available. Unfortunately, few
yearly cycles of population abundance are avail-
able in circumstances of interest to most
ecologists.

We have found that four categories of sampling
can be based on observing a process when no
distinct perturbation is evident and that they can
be characterized by the way samples are allocated
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over prospective sampling units in the population.
The best known is survey, or descriptive sampling,
which is usually concemed with estimation of
means of totals. We have used a survey sampling
technique known as *double sampling" as a way to
calibrate relative measures of abundance (indices)
against direct estimates of absolute numbers in a
population. These methods offer oppertunities to
use the more cost-effective population indices as
a means to estimate wild population numbers.
Other workers have divided survey sampling into
descriptive and analytical sampling where descrip-
tive surveys are designed to obtain information
about large groups and analytic surveys seek to
discover differences among population subgroups
and to ascertain the reason for the differences. A
sampling study can be classified as observational
when contrasting portions of the population are
deliberately selected for study. Sampling for
pattern has emerged from geostatistical research
where the need is to assess the extent and value
of a body of ore or the volume and extent of an oil
field. In many applications, sampling locations may
not be controlled by the observer, and the meth-
odology may be most useful as a way to reduce
biases resulting from haphazard sampling. These
techniques are useful for making maps of contami-
nant plumes and have the advantage of an
accomparrying error of the estimated contours. A
portion of our continuing research has been
directed toward assessing the validity of these
technigues in ecology and for mapping hazardous
waste sites.

During FY 1989, additional research was con-
ducted (in concert with an exploratory research
project) on ecological scaling issues as a part of
studies on sampling for pattern. We substantiated
last year’s findings that plant transects must be at
least 600 m long and at least 100 m apart. In addi-
tion, we reproduced these results (Figure 1) using
LANDSAT scenes which included the area near a
road on the ALE Reserve. Similar resulis were
obtained based on SPOT data.

Future Research

The two currently funded theoretical ecology
projects will be combined into a single program
in FY 1990. The resuliing single program will focus
on theoretical and quantitative ecology. Research
areas selected for emphasis include:
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FIGURE 1. Intreclass Correiation as a Function of Distance
Based on a 128-m Transect for Agropyron spicatum and 5
120-m Trensect Constructed from LANDSAT Pixels {30 m<),
The wheatgrass results were calculated from cover measure-
ments taken over a 2000-mm trensect. The zero correlation
peint is the distance at which the segments are independent
of one another, or where factors that affect cover are no
longer similar.

« Sampling for modeling - We expect to deal with
growth curves, since it is expensive to obtain
adequate observations on growth processes,
particularly population growth. Hence, we plan
initial studies on the techniques of sampling
for modeling on the logistic growth model.

s QObservational studies - We will continue our
approach using data on actual populations to

astimate parameters for simple models. Con-
trasting populaticns will be used to explore the
prospects for using the approach in observa-
tional studies. Initiai investigations will be
started using data on a predator-prey system.

Sampling for pattern - Research will be initiated
to determine how well the basic assumptions
of kriging methodology are met in environmen-
tal and ecological studies in which appropriate
measurements are presently available, In addi-
tion, we plan to extend our efforts in deter-
mining the spatial scale for plant species other
than Agropyron spicatum as well as the same
species at other locations.

Anatytic sampling - We expect that research on
analytical sampling will focus on developing
the concept of sampling as the principal
approach for field ecology, with experiments
largely designed to fit within an overall matrix
of field observation based on sampling
designs. The theoretical approach to this
concept will most likely be based on the
superpopulation idea, and at least initially will
follow existing statistical theory based on that
approach,



Related
Activities




Exploratory Research

Exploratory research projects are used to conduct preliminary investigations of new and promising scien-
tific concepts that have a high potential of making substantial contributions to environmental research. In
FY 1988, exploratory research projects investigated the biogenic cycling of volatile nitrogen-containing
species, new concepts for measuring and extrapolating ecological measures to the regional scale, devel-
opment of a knowledge-based system for predicting ecological change, remote detection of vegetation-
stressed communities, and new research concepts in marine systems,

Biogenic Cycling of Volatile
Nitrogen-Containing Species

B. D McVeety and S. O. Farwell

The short-term goal of this exploratory research
project was to develop the technical capability
necessary for determining the spatial andtemporal
fluxes of wvolatile nitrogen species that are
produced in soil/plant systems associated with
semi-arid ernvironments. The long-term goal has
been to develop the technical expertise at PNL for
quantifying a suite of carbon-, sulur-, and
nitrogen-containing biogenic gases and their emis-
sion rates from globally important ecosystems.
Using these capabilities, the careful study of
terrestrial biogenic emission rates is possible,
leading to a better understanding of global ele-
mental budgets and the role biogenic emissions
play in maintaining them.

The known volatile compounds of major signifi-
cance to the biogecchemical nitrogen cycle are
NHg, NO, NO,, N,O, N, and possibly organic
amines [CHsNH,, (CHZ),NH,]. Therefore, we
focused our efforts on developing and validating
a sensitive analytical methodology for field-based
emission measurements of these specific gases.
We have worked to keep the system design flexi-
ble, allowing for the detection and identification of
other currently unknown volatile nitrogen com-
pounds that may also play a significant role in
nitrogen budgets.

Building on the sulfur gas sampling and analysis
expertise deveioped at the University of |daho, the
first year of work was conducted at the University
by a graduate student working with Dr. Farwell.
Their effont focused on fashioning a nitrogen-
specific gas chromatcgraph detector from a
Monitor Labs 8440E NO chemiluminescence
detector. The detection cell was redesigned to
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minimize its volume and better accommodate the
small flow rates typical of capillary gas chroma-
tography (GC). This modification resulted in an
order of magnitude sensitivity improvement. A
thermal/catalytic oxidation inlet system employing
a platinum tube heated to 1200°C was added to
the detector inlet. This conversion system trans-
formed the nitrogen-containing species eluting
from a high-resolution GC column to NO for sub-
sequent detection through the NO + O = NO,
+ O, chemiluminescence reaction. Although the
modified detector was sufficient to test the
selectivity of the nitrogen-specific detection
mechanism, it was more than an order of magni-
tude less sensitive then a detector built by Sievers
Research (Boulder, Colorado). This detector, the
Model 270 NO chemiluminescence detector, was
optimized for capillary gas chromatographic
analysis and uses photon counting to further
reduce its detection limit.

The second-year research was focused on trans-
ferring the general gas sampling and measure-
ment ¢apability from the University of Idaho to
PNL, and further developing and refining the
nitrogen-specific  chromatographic  detection
system at PNL. Through capital equipment sup-
port, a Sievers 270 chemiluminescence NO detec-
tor was purchased for use on this project during
the second year.

The Sievers detector was successfully interfaced
to a Hewlett-Packard (HP) 5890 capillary gas
chromatograph through a customized mini-tube
furnace. A separate power supply and tempera-
ture controller were required to operate the
furnace. After additional insulation was added to
the tube furnace, it was squeezed between the GC
and the NO detector. A 20-cm length of
1/8-in.-diameter stainless steel tubing was passed
between the GC and the NO detector through the



fumace. The interface distance was minimized to
maintain the resolution of sample components
produced through the chromatographic separa-
tion process.

A small platinum tube, 0.8 mm in diameter and
25 cm in length, was snaked through the 1/8-in.
stainless steel tube, reducing the interface dead
volume to a level compatible with the wide-bore
0.53-mm-diameter capillary column. Initially, a
severe background problem developed because
of the short interface, as light generated in the
white-hot area of the tube furnace was passed
down the tube to the photomultiplier. This problem
was solved by bending several 90-degree corners
into the interface tube.

A gas sampling cryogenic concentration/injection
system was designed and built for the HP 5890
gas chromatograph using miniature three-way
Teflon® valves and a six-port Teflon injection valve.
The vatves were wired to allow control of their
action from the computing integrator that also
intiates and terminates GC operation and handles
data acquisition. Using this arrangement, the
injection/detection system has been successfully
tested using various dilutions of NO gas standards
and emissions for low-lass permeation vials. The
detection limit of the systern was determined to be
about 0.4 pg nitrogen with a signal-to-noise ratio
of 5to 1. Using cryogenic focusing, sub-parns-per-
trillion measurements of nitrogen-containing com-
pounds are now possible.

Of the various gaseous nitrogen compounds
tested using the thermalfcatalytic conversion
process, two compounds were found to be either
inert or difficult to oxidize. Fortunately, N, was inert
to oxidation using this process, as the N, back-
ground would have made the detector difficult to
use in our atmosphere. Yet it was also discovered
that N,O was resistent to oxidation. The oxidation/
conversion efficiency of N,O to NO using this sys-
tem was about 5% at 1200°C, giving an indication
of the stability of the molecule. Thus, it was
necessary to outfit another GC with a cryogenic
concentrationfinjection system and alsc an elec-
tron capture detector for the N,O analysis.

® Taflon is a registered trademark of E.I. du Port de Nemours
and Company, Wilmington, Delaware.
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The analytical capabilities developed within this
project are being coupled with the portable,
closed-loop controlled-environment whole-plant
gas exchange chambers developed at PNL for
application to a waste barriers project. Future
plans are to participate in experiments being
conducted at PNL on plant gas exchange and the
microbial community. Initially, within the laboratory-
controlled environment, experiments designed to
test the performance of the coliection, separation,
and detection system will be conducted using the
whole-plant gas exchange chambers. These
experiments will help identify and resolve any
major problems before field tests are initiated next

spring.

Optimal Measurement Scales and
Experimental Design for Detecting and
Predicting Global Ecosystems Change

J. M. Thomas, V. I Cullinan, and M. A. Simmons

The goal of this project is to develop a methodoi-
ogy for quantifying landscape changes that result
from global or regional environmental impacts. The
results will allow predictions about desertification
by providing 2 way to monitor landscape-level
change and thus will be usable in assessing
global change issues.

To achieve this goal, project objectives are to
1) develop guantitative methods for scaling meas-
urements of ecologic processes in arid environ-
ments to landscape levels; 2) demonstrate that
satellite-based (SPOT AND LANDSAT) imagery
can replace ground-based estimates of ecological
scale; 3) provide estimates of physical sample
size, dispersion, and numbers of samples needed
for studies of global change or landscape-level
monitoring; and 4} provide a theoretical link
between landscape-level measurernents and ana-
tytical sampling methods for studying global
change and the processes that cause
desertification.

The methods are based on a fundamental princi-
ple of ecclogy that states that components of
ecosystems are interrelated, Thus, the spatial
scale and strength of these interrelationships are
basic attributes by which ecological processes can
be characterized. The concept of the scale at
which ecological processes occur is particularly



relevant to studies of global ecosystem changes.
Plant cover data were obtained for desert grasses
and shrubs at two locations, which show that
transect size and dispersion needed to detect
- change over large areas are much larger than
currently used ({transects of about 600 m dis-
persed about 100 m apart compared to 1-m
transects about 1 m apart currently used). In
concert with the OHER project entitled Designs for
Environmental Studies, the ground-based findings
were substantiated using LANDSAT scenes (30-m
by 30-m pixels) that included the area both above
and below a road on the ALE Reserve. In addition,
SPOT scenes were obtained that provided resolu-
tion at the 20-m scale. Again, as was the case with
LANDSAT, the ground-based variance and correla-
tion models were duplicated using the SPOT
scenes. Most of the assumptions made in deriving
the models have been checked using computer
simulations that sampled the ground-based
transect data.

Based on these results, it was concluded that
1) the scale at which similar processes no longer
influence percentage cover is between 300 and
600 m, depending on the location and plant
species measured, and 2) the optimal transect
segment length is at least 100 m for all species.
LANDSAT and SPOT imagery provided similar esti-
mates of scale.

These results are significant because the scale at
which ecological processes occur is relevant to
studies of global ecosystem changes. Remotely
sensed images of ecosystems on large scales are
currently obtained from satelites to study the
nature of processes that affect change. Just as the
nature of the process may be masked by measur-
ing the system on too small a scale, however, so
too may the nature of the process be masked by
measuring the system on too large a scale. The
results also relate to biosphere/geosphere
modeling via the proportionality between plant
cover and ET. Since ET strongly influences water
balance in arid regions, it must be considered in
hydrologic and atmospheric models used to pro-
ject future changes in water balance.

Our results imply that long-term ecological moni-
toring or monitoring to detect giobal change
should consider the size and spacing of sampling
units over landscapes. Moreover, if ground truth
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for satellite-based measures can be obtained, then
LANDSAT methodology may offer an inexpensive
satellite-based means to assess global change.

During FY 1990, it is planned to conduct research
directed toward developing fundamental statistical
models that allow muttiple scales and to initiate
studies of the effects of multiple plant species on
the current models of spatial correlation and vari-
ance, These results will be crucial to applying the
models to more complicated semi-arid settings
and grasslands. Two tasks are planned. In the
first, measurements of plant cover at the interface
of arid grasslands and the ponderosa pine region
of the Blue Mountains will be made to demonstrate
the theory. This task will involve muttiple scales
and will cover a geographic area of interest in the
arid West. In the second task, the methodology
will be extended for use in monitoring arid land
ecosystems to detect change. This task can be
accomplished by estimating the Poisson parame-
ters from the model we have developed and using
computer simulation of plant removals {(e.g., via
rodents or insects) to determine efficiency in
detecting change in plant cover.

A Knowledge-Based System for
Evaluating Human Disturbance and
Global Climate Change in Arid
Regions

M. G. Foley, K. A. Hoover, and J. M. Thomas
(PNL) and J. Coughlan (University of Montana)

Available models do not integrate knowledge of
small-scale hydrologic processes to the large
spatial scale of a typical drainage basin over the
time scales necessary for quantitative prediction of
response to human disturbance or climate
changes. These models do not deal with the
details of basin geometry, do not address runoff/
evapotrangpiration/recharge processes represen-
tative of semi-arid/arid environments in a physically
based predictive fashion, and lack validation (i.e.,
predictive) testing at relevant spatial and time
scales. Such models are inappropriate for studies
of the hydrological and ecological effects of water-
shed modification and changing climate, water
availability, and desertification in the arid west.

This exploratory work is designed to develop the
conceptual model and implementation plan for a



computational framewotk (executive shell) and
prototype process submodels to spatially integrate
experimental-scale (point) fluvial and ecosystem
process models at the intermediate scale of slopes
and small drainage basins in shrub-steppe
ecosystems. As pan of this effort, process
submodels and data representative of semi-
arid/arid ecosystems must be developed or
adapted. The resuliant shrub-steppe ecosystem
and hydrologic medel, which would not be com-
pleted to a working prototype within the scope of
this project, would provide for the first time the full
capabilities of emerging GIS and digital terrain
analysis technology, arid-land process models,
and advanced computer workstations for predict-
ing effects of surface/vegetation disturbance and
climate changes on intermediate-scale drainage
basins.

Previous models of shrub-steppe ecosystems were
derived from the IGBP grassiand modeling effon,
in which the goal was to develop a general model
of grassland ecosystems. The product of that
effot was a grassland ecosystem model, ELM,
which was fully implemented to model Colorado’s
grasslands. Spin-offs based on ELM sub-models
were more readily used. The modeling approach
taken by the IGBP models with regard to photo-
synthesis and transpiration, however, was empiri-
cal and therefore not very useful over much less
studied areas because it required estimates of
many parameters. Moreover, it could not use satel-
lite input. Thus, although information gained from
ELM is valuable, the model is not suited for global
cr regional studies.

Part of the overall goal of this exploratory research
is to develop a regional ecosystem modeling
framework (REMF) capable of simulating effects of
dynamic vegetation, climatic, and hydrologic con-
ditions in a shrub-steppe ecosystem. To accom-
plish this goal, GIS, remote sensing, and expert
system technologies must be integrated with
process models of climate and plant growth to
generate evapotranspiration and gas exchange
estimates for large regions. The REMF will be
applicable to different climatic and atmospheric
conditions inasmuch as it is possible to model
such complex interactions. The REMF can provide
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the critical link between generalized, large-scale
meodels of the biosphere and smaller-scale
process models by confirming or parameterizing
larger-scale biosphere models.

The REMF defines an automated system required
to manipulate and apply the volumes of data
necessary for smaller-scale models. Figure 1
illustrates the major components of an example
REMF and illustrates the flow of control between
them. This REMF can use either LANDSAT T™M
(30 m) or NOAA-9-AVHRR (1-km) imagery data to
parameterize vegetative cover across an arid
landscape for use in an ecosystem model. In pre-
liminary studies, LANDSAT TM 30-m pixels will be
used. A GIS will coordinate the integration of land
surface parameters to the ecosystem model. The
GIS selects data for each pixel and invokes
a climate and ecosystem model 0 produce indi-
vidual estimates of evapotranspiration and
photosynthesis-respiration balances. Regional
estimates are summations of estimates for the
individual land units.

Expert systems technology has been suggestedto
model conceptual knowledge relating process
models to geographic influences on ecosystem-
level model parameters and to identify and correct
any inconsistencies between data layers. An
expert system will also be a part of the shrub-
steppe ecosystem model to better represent plant
phenology and plant responses to changing envi-
ronmental conditions. A weak link in current
ecological growth models is that they try to
represent complex plant behavior with equations.
Thus, an expert system would better approximate
the logic of plant responses. This hypothesis has
been previously suggested, but never imple-
mented or tested. Because of the links to process
modeling and expert system technologies, REMF
is unigue, unlike a general-purpose hydrologic
modeling system such as SHE (Abbott et al.
1986). A great deal of time and effort will be
required to implement the completa REMF shown
in Figure 1. In the early stages of this exploratory
project, the core of an REMF ‘shrub-steppe eco-
system model and accompanying climatic simula-
tor (enclosed by dotted lines in Figure 1} will be
built.
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Remote Sensing of Plant Stress:
Correlations with Plant Biochemical
Processes

R. J. Fellows, B. A. Le Baron, and D. E. Gibbons

The objective of this project is to determine if
significant correlations can be observed between
environmentally induced plant metabolic damage
and canopy reflectance properties in the near- and
far-infrared range as determined by scanning
spectrophotometry. Analyses of the reflectance
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data will be compared with specific changes in
selected marker metabolic pathways known to be
stress sensitive. Correlative changes could then be
explored in other species for potential extrapola-
tion to field and possibly satellite remote sensing
applications. These activities differ from those
currently undertaken at PNL in that the proposed
studies will attempt to provide a biochemical/
molecular basis for spectral changes of vegetation.

Environmental stress (exposure to extraordinarily
unfavorable conditions), including that induced by
atmospheric pollutants or groundwater contami-
nants, provokes an alarm response (defensive
andfor adaptive) in all higher plants provided the
organism is not in a dormant state. This initial
response wilt be an increase in metabolism on the
cellular level and is divided into two primary
phases. The first phase consists of enzymatic
attempts at oxidation, reduction, or hydrolysis of
the compound to alter #s toxicity. The second



phase comprises a conjugation/stabilization series
of processes to either reduce the toxicity of or
sequester the species.

Chemical stabilization often begins with reduction
of the highly reactive oxidized species. A high levet
{millimolar concentration} of reductant within the
cell available for conjugation is considered very
important in this step. Such a reductant may com-
prise reduced glutathione (GSH) and the enzyme
responsible for its production, ghtathione reduc-
tase (NADPH) glutathione oxidoreductase. The
activity of this enzyme has been shown to increase
significantly in plants under periods of temperature
and water stress and exposure to atmospheric
pollutants such as SO,

Determination of stress on the cellular and whole-
plant [eveis, however, requires varying degrees of
physical destructive sampling and can be further
complicated in a field situation by the natural
population variations of age and physical stature.
These limitations may be mitigated through the
use of remote sensing techniques in which differ-
ences in spectral reflectance in the visible (0.4 to
0.7 um), near-infrared (0.7 to 1.55 um), and mid-
infrared (1.55 to 2.35 um) regions have been
shown to correlate with several forms of plant
stress, including water, nitrogen, disease, heavy
metals, and SO, in various terrestrial ecosystems.

Although changes in spectral properties of vegeta-
tion may correlate with stress, the direct promotion
is not ensured uniess ground-truthing is also con-
ducted. The reflectance of spectral radiation may
be affected by the angle of interception, position
within the canopy, canopy species composition,
and canopy background conditions. Selection of
individual "marker" wavelengths, characteristic to
stress responses in predominant vegetation types,
may eliminate some of this problem. Previous work
has reported such correlations with changes in
specific wavelengths in connection with chlorosis
or plant lignin levels, both symptomatic of
advanced or necrotic levels of stress. To date,
however, no studies have considered the early
stages of stress when remedial action may still be
possible. The characterization of precise spectral
changes that may occur during this early stress
period (determined by the increased activity of
known stress marker enzymes) may provide
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'marker' wavelengths, which could then be
monitored remotely as indicators of vegetation
stress status.

In FY 1990, soybeans {Glycine max) will be grown
hydroponically under standard growth chamber
conditions. The plant roots will be exposed to
herbicides such as Glyphosate, which does not
directly affect either photosynthetic pigment .
production or lignification. This exposure will be
conducted at differing concentrations and expo-
sure times and will be followed by reflectance
measurements under a standardized light source,
geometry, and neutral background using PNL's
state-of-the-ant Deadalus-Portable Field Spectro-
radiometer. At the same time, single leaves will be
removed from random positions within the canopy
and assayed for GSH reductase activity. These
results will be statistically compared with spectra
changes to determine if specific wavelengths
within the spectra could prove useful as markers
of stress. Algorithms will be developed to eliminate
as much of the extraneous spectral noise as pos-
sible. if significant correlations are evident using
these improved signals, then experiments will be
conducted in FY 1991 employing additional expo-
sures so that a signal scale of plant stress severity
level might be constructed for soybeans and other
species under both greenhouse and field
conditions.

It is expected that the project will be of immediate
supportive value to ongoing remote sensing pro-
grams within PNL for the continued evolution of
such narrow-band, hyperspectral spectroscopic
studies as the evapotranspiration work at the
ALE Reserve. The potential for direct correlation
between spectral and biochemical changes in a
plant species may provide an accurate means of
calibrating the remote sensing data obtained to
date. A successful completion of the proposed
experiments would result in a publication.

Fluxes of Biogenic Gases from the
Ocean Surface

E. A. Crecelius

The objective of this project is the operation of
oceanic surface water mesocosms for the purpose
of investigating factors affecting the fluxes of



geoclimatologically significant trace gases from
the sea surface. in particular, the system will
investigate dimethyl sulfide (DMS) production by
estuarine phytoplankton.

A novel analytical method has been developed
that allows the direct speciation of elemental and
organomercurial compounds in air samples. This
method has also been applied to rain samples by
derivitization of the aqueous species to their
volatile ethyl-analogs before cryogenic gas chro-
matography and cold vapor flucrescence detec-
tion. A permanent sampling tower has been setup
on Cheekah Peak, on the northwest coast, and
daily samples are now being coliected by a sub-
contractor and delivered to PNL on a weekly basis
for analysis. A publication has resulted from the
work, detailing the analytical methods and the first-
ever observations of organomercury species in
rain. During FY 1989, the program was redirected
to the study of volatiie sulfur compounds; this
direction better matches the future research areas
of DCE than do the previous mercury speciation
studies.

In FY 1990, the seawater mesocosm system will
be tested. This system will be a valuable tool in
future research concerning fluxes of important
biogenic and anthropogenic trace gases at the
sea surface. This facility will allow the effects of
turbulence, wave breaking, and surface microlayer
to be investigated in a controlled manner. Because
the system under design will be sealed from the
environment, it will allow experiments to be con-
ducted with radiolabeled tracers, as well as natural
gases. In addition, a methodeclogy of organosulfur
compounds will be added to our trace element
speciation capabilities. In FY 1990, experiments
will be initiated to enhance our understanding of
the biogeochemical contacts on the fiuxes of
gases important to the climate change modeling,
such as DMS, CO,, and N,O.

Development of a Passive Diffusion
Sensor for the Measurement of
Ambient Mercury Vapor
Concentrations

N. 8. Bioom

The objective of this project is to construct a
discrete collector for atmospheric mercury levels

(1-5 pg/L) based on passive diffusion into a short
quartz column packed with gold-coated quartz
sand. Several physical designs will be evaluated
for collection efficiency and ease of construction.
The selected design will then be carefully exam-
ined under a variety of conditions to 1) calibrate
the collection rate; 2) examine the effects of
temperature, mercury concentration, and air turbu-
lence on collection rate; and 3) determine the
between-column reproducibility. Finally, the cali-
brated columns will be tested under field condi-
tions, and the data will be compared with data
collected using the traditional pumped-air sample
methodology.

After consideration of the limited budget for this
project, it was decided that the only sample device
configuration that could be produced and tested
was one made of quartz tubing, packed with gold-
coated quartz sand held in place between quanz
wool plugs. Sample columns of this type are cur-
rently in use at other laboratories for mercury
sampling by pumping large volumes of air through
the column before analysis. The minute amounts
of mercury (approximately 1-10 pg) were easily
detected as they were trapped on the test column
by diffusion over a period of days.

Columns tested were all 10 cm long, with a
packed zone containing 1 ¢m of goid-coated sand
at the center. The ends were sealed until use with
plugs, which maintained blanks in the range of
1-2 pg Hg per sample. Sample columns with inter-
nal diameters ranging from 0.4 t0 0.8 cm were
examined for collection efficiency and compared to
columns containing no quartz wool plugs (and a
small piece of gold foil). These experiments gave
the expected results, showing the collection effici-
ency of the columns to increase proportionally to
the square of the column diameter. Typically, the
quartz wool plugs reduced columns. The quartz
wool plugs serve as a diffusive barrier minimizing
the short-term changes in concentration and tur-
bulence on the average collection rate. Other
types of samples, based upon diffusion of mercury
through permeable membranes, were considered
but were rejected as too costly to fabricate.

Twenty columns with internal diameters of 0.7 cm
were constructed as identically as possible under
laboratory conditions. These columns were tested
for reproducibility by setting them in the ambient



room air (approximately 2-5 pg/L HQ) for 1 week
and analyzing the mercury c¢ollected. In general,
the columns produced uniform results, with a
standard deviation of about 3 to 4 pg Hg per
sample, or about three times the variability
contributed by the blanks. The 12 most reproduci-
ble columns were sub-selected for all further work.
It is anticipated that even smaller standard
deviations could be obtained if the columns were
manufactured by an automated mechanical
procedure,

The test columns were next carefully calibrated at
room temperature by comparison of mercury col-
lection rates to the mean mercury concentration
in the room air. The room air concentration was
monitored by taking daily 24-hour integrated
samples by pumping air through gold columns
under vacuum. Air flow was quantified using an
integrating mass flowmeter, The room temperature
was 21°C (+1°C) during this period, and the
weekly averages of seven daily mercury measure-
ments were typically 3.5 pg/L {+ 0.5 pg/L). The
calibration procedure was repeated three times for
1 week each, using all 12 columns. This experi-
ment revealed that the collecting efficiency of the
test columns was 9.2L airfweek (* 0.3 L/wk).
Reproducibility of the columns under these
conditions varied from 5% to 15% among the
12 columns for the three tests.

The columns were then tested for temperature
effects by placing them in ovens or refrigerators at
constant temperature, and measuring the actual
mercury concentrations as well as the values col-
lected by the columns, The results were less clear
because of problems in assessing the correct
blanks at higher temperatures and a rather high
level of mercury in the oven (2040 pg/L, varying
directly with temperature}. The elevated mercuryin
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the oven made continuous monitoring of the
actual concentration impossible. Thus, discrete
1-hour samples were taken several times each day
and averaged. As the 1-hour samples were much
more uncertain than the 24-hour integrals, the
data collected included more extranecus noise.
Overall, however, when considering data collected
from -2°C to 55°C, the temperature effect appears
very small (when a linear regression was per-
formed, an increase in uptake rate of about 0.2%
for every 10°C was observed, although the r* for
the test was only (0.65). These results suggest
that, within the normal environment range, tem-
perature variations within a sampling pericd can
be ignored and an average value used.

It was impossible, within the funds remaining in
the project, to conduct an ambitious field testing
project at the Oak Ridge National Laboratory
{where a major mercury problem exists and daily
samples are taken at many locations), as was
criginally hoped. Instead, the collectors were
tested over a 1-menth period at a residential
focation in Sequim, Washington, The values col-
lected at this site (1.5 to 4.2 pg/L Hg) are nearly
as iow as clean background oceanic air (1.8 pg/L).
The results of the four consecutive sampiing per-
iods show good agreement between the data from
the passive collectors and the actual 1-week
averages, as measured using the mass flowmeter/
pumping system. On average, the passive collec-
tors reported about 10% lower levels, with the
trend toward better agreement at higher mercury
levels. Although it was impossible to cortinue the
work necessary to prove the assertion, the dis-
crepancy was probably due to incorrect assess-
ment of the blank values--a difficult and critical
process when the total signal is on the order of
only three to five times the blank value.



Educational Institution Interactions

As part of its mission, PNL contributes to the expansion of science and technology education by building
partnerships and developing collaborative programs with high schools, colleges, and universities in the
region. Through these programs, students and teachers are provided access to some of the Laboratory’s
unique facilities, such as the advanced Biogeochemical Laboratories, the Environmental Research Park,
Marine Sciences Laboratory, Aerosol Research Center, Watershed Research Facility, Subsurface Environ-
mental Research Facility, and the Hanford Research and Model Validation Facility.

The Northwest Organization for Colleges and Universities for Science (NORCUS) and the Associated
Western Universities (AWU) serve as the mechanisms for students and faculty appointments to these
programs. The programs are coordinated by the PNL offices of University Programs and Pre-University

Education,

Pre-University Interactions

PNL scientists participate in pre-university edu-
cation activities such as 1) classroom instruction
and demonstrations; 2) student apprenticeships,
workshops, and field days in the laboratory,
3) teacher workshops and cooperative studies,
and 4) technical support and assistance to local
and regional schools.

During FY 1989, PNL hosted one of seven DOE
High School Student Honors Research Institutes.
This institute offered students from across the
United States and several foreign countries the
unique opportunity to study arid, alpine, river,
stream and ocean ecosystems. PNL researchers
guided students in field observations, laboratory
experimentation, analytical experimentation,
computer modeling and the use of advanced
satellite technologies, Spanning the state of
Washington, students learned how researchers
solve environmental problems within the context
of PNL's advanced capabilities in environmental
sciences. Students worked closely with PNL scien-
tists to observe, analyze, and measure environ-
memal change--both natural and human
induced--fearning about interactions among the
hydrologic, atmospheric, and biotic components
of the environment, on both local and global
scales, to better understand the potential impacts
of these changes on local and global systems.
Students worked at PNL in Richland, Hanford's
ALE Reserve, and PNL's Marine Sciences Labora-
tory in Sequim..
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Researchers also worked in the laboratory with
teachers participating in the national DOE-
sponsored Teacher Research Associates (TRAG)
program. This program gives teachers an oppor-
tunity to participate in "hands-on® science for
8 weeks during the summer. Eight of 20 national/
regional appointees were assigned to environ-
mental sciences research work participating in
research in marine sciences, terrestrial sciences,
geosciences, and atmospheric sciences. Teachers
assisted in such activities as 1) the development
of marine water column and sediment bicassays,
2) geochemical studies of low-level nuclear/
hazardous waste disposal, 3) vegetation and bird
nesting classification studies in sagebrush-grass
communities, 4) microbiological studies, 5) model-
ing of crustal plate motions and geology of the
Pacific Northwest, 6) precipitation studies, 7) wind
energy studies, and 8) gathering of radiotelemetry,
weather, and climatic data for use in ALE Reserve
studies. Each teacher participating in the program
developed instructional strategies for use in the
classroom based on their laboratory experience.

Researchers participated in a 1-week marine
research experience for Washington State high
school students at the Marine Sciences Labora-
tory. Studies included estuaring, intertidal, near
shore, field and forest studies of animals and
plants as well as water quality issues, marine
toxicant studies, and marine organism pathology.



Researchers made presentations at local, regional,
and community schools through the expanded
Sharing Science with Schools Program. These
presentations covered subjects such as wildiife
biology, ecology, and marine biology.

University Interactions

Through NORCUS, PNL provides university under-
graduates, graduates, postdoctoral scientists, and
faculty an opportunity to work together in research
activities and participate in seminars, scientific
meetings, and symposia.

During FY 1989, several university faculty, grad-
uate, and undergraduate students participated in
Environmental Sciences programs; some of their
research projects are summarized below. The
Environmertal Sciences Program also hosted
numerous visiting scientists during the year for
workshops, seminars, and DOE program reviews.

In addition, PNL staff also are members of the
graduate and teaching faculty at a number of
universities, including the University of
Washington, Washington State University, and the
University of idaho. Their faculty appointments
build on both PNL and university programs by
sharing ideas and technology through research
and teaching interactions.

Hanford Environmental Research Park

The focus of Environmental Research Park activi-
ties has been changed from its previous aim of
providing logistic support for graduate students
to that of providing a synthesis of existing
ecological data sets among the six Research Park
locations in Washington, Idaho, New Mexico,
llinois, Tennessee, and South Carolina.

Workshops summarizing ecological data sets,
plant succession, analysis of line transect data,
and computer facilties were conducted at
New Mexico State University, Oak Ridge National
Laboratory, and PNL during the past year.

Subsurface Science

Subsurface science research has been conducted
in close coordination with university scientists.
Through subcontracts and NORCUS appoint-
ments, PNL is collaborating with scientists from
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Oregon State University, University of Wisconsin,
Purdue University, University of Florida, Florida
State University, University of Illinois, Virginia
Polytechnic Institute, and Princeton University. For
example, Dr. J. Westall of Oregon State University
is providing expertise and research perspective on
the interfacial science and mechanistic modeling
of organic and inorganic solute adsorption, cur-
rently unavailable at PNL.

Collaboration with academic subsurface investiga-
tors has continued as part of the DOE Deep Micro-
biology program. This collaboration by Florida
State University and University of lllinois
investigators has continued this year
Dr. D. Balkwill of Florida State University will
continue to cooperate through his work on eluci-
dating the variation and diversity of heterotrophic
bacteria in aquifers. Drs. A. Valocchi and
B. Rittman of University of lllinois are collaborating
on the development of a model for multi-
dimensional solute transport with microbiological
and chemical reactions.

This year, collaborations were initiated with
Dr. D. Johnstone at Washington State University.
Dr. Johnstone spent several months this past
summer at PNL studying starvation effects on
subsurface bacteria. Collaborations are continuing
on starvation-degradation interactions.

Faculty and graduate students from Virginia
Polytechnic Institute and Princeton are performing
some of the modeling necessary to test hypothe-
ses on mukiphase flow. Drs. J. Parker and
R. Lenhard of Virginia Polytechnic Institute are
modeling idealized two-dimensional flow cell
experiments and making codes available to PNL. to
better evaluate flow experiments. At Princeton,
Dr. G. F. Pinder is directing graduate research on
the interphase transfer between isolated organic
liquid globules and water in porous media.

Marine Sciences

Battelle's Marine Sciences Laboratory is coilaberat-
ing with the University of Washington to determine
the fate and potential effects of spilled fuel oil on
the inter- and subtidal ecology of the Olympic
National Park and other areas of the Washington
coast,



Mr. Roger J. Peters received his master of science
degree in June 1989 from the School of Fisheries,
University of Washington. His thesis work was
conducted at the Marine Sciences Laboratory in
Sequim, Washington, and was supported in pan
by NORCUS. His thesis was entitled, "A Compari-
son of Two Methods for Determining Avoidance of
Water Soluble Petroleum Hydrocarbons by
Salmonids."

Theoretical Ecology

Cooperative research is currently being conducted
with Dr. John Skaiski of the University of
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Washington Center for Quantitative Sciences and
Dr. Don Siniff of the University of Minnesota's
population dynamics group. The theoretical
projects also supported a postdoctoral scientist
(Dr. Valerie Cullinan) who has been conducting
research on quantitative-methods in landscape
ecology and a doctoral student (Mr. Steve Smith)
who worked on new methods for the analysis of
survival data under intervention scenarios. These
appointees as well as other university scientists
strengthen our research capabilities in theoretical
and guantitative ecology.






Technology Transfer

Technology originating from research by DOE or other government agencies and industry may have
great vaiue in solving many of the pressing problems of the nation. This cross-fertilization of technology
and ideas can have a synergistic effect, adding to the usefuiness of the research. Contract arrangements
between DOE and Battelle Memnorial institute allow for inventive ways of accelerating the development of
technology and 1o facilitate transfer to and implementation in sectors that may make the best use of the
information, Examples of technology transfer activities to other Federal agencies and industry are sum-

marized below.

Detecting and Managing Change in
Terrestrial Ecosystems

PML is actively engaged in extending laboratory-
and program-based concepts to the marketplace.
This process has been made substantially easier
through the National Competitiveness Technology
Transfer Act of 1989. The "Biocbarrier Concept,'
originally developed in 1978, through DOE/OHER
and DOE/UMTRAP Programs, to limit the growth of
plant roots into waste containment areas has been
adapted to a variety of commerciai needs.
Through the joint venture process, PNL has
developed a series of commercial root control
products incorporating a class of herbicides
known as dinitroanilines and sustained-release
polymer delivery systems. Products can be engi-
neered to provide protection for anywhere from 5
to 100 years depending on application needs.
Product lines are currently available from Reemay
Incorporated of Old Hickory, Tennessee, which
markets a geotextile fabric incorporating biobarrier
systems for root control. These products control
root growth into buried waste zones, and are used
in the vertical configuration to protect sidewalks
and curbs from upheaval by tree roots. Agrifim
International of San Francisco, California, markets
a line of buried drip irrigation devices in which the
critical orifice is protected from clogging by roots,
and markets a product to limit adventitious shoot
and root growth in agronomic plant species.
Mantaline Corporation of Mantua, Ohio, markets
sewer line sealing gaskets which if breached will
prevent root intrusion. In addition, a number of
other product applications are in the licensing
stage.

Currently, a variety of new product applications
are being developed and deployed through the
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joint venture process. These include sustained-
release systems for mammalian growth hormones,
microbiai nutrients, plant growth regulators, and
insecticides. Notably among these are applications
pertinent to DOE needs. The first application is a
chemnical/biological control method to depress the
fire ant population in the southern tier states. The
fire ant is attracted to electrical fields and can
cause significant damage to electrical systems,
and thus poses a threat to construction of the
DOE Supercollider proposed for construction in
Texas. The second application is a biodegradable,
sustained-release, mixed density system to deliver
microbial nutrients within aquiters, and thus pro-
mote the effective use of microbial remediation
methods for groundwater cleanup.

In 1983 the PNL Aerosol Wind Tunnel Research
Facility was developed to address the impacts of
air-suspended materials to both the environment
and industry. This facility, located on the Hanford
Site, includes a climate-controlled wind tunnel that
has provided valuable information to studies for
the Department of Defense, DOE, U.S. Nuclear
Regulatory Commission (NRC), and the U.S. Envi-
ronmental Protection Agency (EPA). Specitic envi-
ronmental conditions are achieved within the facil-
ity’'s wind tunnel. Controlled conditions include
wind speed from 0 to 31 m/s (0 to 70 mph), tem-
perature from -2 to 46°C (28 to 115°F}, and
humidity from 5% to more than 95%. In addition,
lamps are used to recreate both visible and
ultraviolet wavelengths present in nature and to
permit studies of photochemical reactions such as
those associated with pollutant transformations in
pesticides and smog. Once an appropriate envi-
ronment is created within the wind tuninel, aerosols
are generated and vapors created by a variety of
methods including mechanical powder dispersion,



liquid atomization, and combustion. In addition,
specific aerosol tracers are used in studies of
deposition and resuspension. Aerosols arecharac-
terized using physical, chemical, and optical
methods.

The wind tunnel provides the capability to investi-
gate real-world events in a simulated environment
and allows tests to be performed at specific char-
acterized conditions in a cost-effective manner.
Ongoing research that could result in improved
technology includes study of the use of natural
materials for long-term stabilization of protective
barriers for waste sites in arid lands; character-
ization of the aerosol retention effectiveness of
engineered safety features present in nuclear
power plants; pesticide spray efficacy; and studies
of the generation, transport, physical properties,
chemical fate, and environmental effects of aero-
sols. Other future plans include investigations of
acid fog, pesticide sprays, panicle resuspension
from waste sites, dynamics of freeze-thaw and
frozen lens formation in soils; development of
aerosol tracers for subsurface drilling activities;
stabilization of mill taiting sites; and impacts of
aerosols on the environment.

Subsurface Transport

Research on the OHER Subsurface Transport pro-
gram led to the invention of a device, submitted
for patent, for measuring the concentration and
relative distribution of water and organic liquids in
porous media. The potential for technology trans-
fer applications is great. For example, the device
can be used to detect leaks from underground
tanks of gasoline, diesel and jet engine fuels, and
industrial solvents.

The low-cost device is constructed from a light-
emitting diode and a light-detecting cell on either
side of a small (4-mm-thick by 1-cm-square) plate.
The plate, if made of porous fritted glass, prefer-
entially abscrbs water; if made of porous fritted
polyethylene, it absorbs organic liquids. The
amount of liquid the porous plate absorbs is
refated to the amount of the liquid in the surround-
ing soil. In turn, the amount and capacity of the
absorbed liquid changes the amount of light
reaching the light-detecting cell. Because the cell
responds to the varying light with a change in
electrical resistance, the reading on an ohm meter
reflects the amount of liquid in the soils or
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sediments. For organic liquids in the subsurface,
the reading indicates the level of contamination.

The device is a major advance in the technology
available for measuring liquids in partially
saturated soil and other similar media. It allows
in situ measurements; it is not compromised by
the electrical conductivity of soluble ions; it
requires little maintenance; and it is much cheaper .
than previous methods.

Two studies funded by EPA are using capabilities
developed in the DOE subsurface transpon pro-
gram. In a recently completed study for the EPA
Office of Research and Development, estimates of
octanol/water parition coefficients and water
solubilities were reponted for selected high
molecular weight ¢hlorinated dioxins and dibenzo-
furans. Accurate measurements of the physico-
chemical properties of hazardous compounds are
important in exposure assessment. An ongoing
study funded by the same EPA office is evaluating
the status of knowledge of the influence of volatili-
zation and particle resuspension processes on the
atmospheric concentration of contaminants at
hazardous waste sites. The results are being used
to identify research needed to evaluate the relative
influence of vapor versus particle transport of low-
vapor-pressure, highly sorbed organic compounds
downwind from hazardous waste sites, Thus, the
results from both these studies are helping EPA
guide regulatory policy aimed at making sound
decisions for existing hazardous waste problems,
and help anticipate problems created by future
waste disposal practices.

Before genetically engineered microorganisms
{GEMs) can be released into the field, standard
biotechnology risk assessment protocols must be
developed to adequately test GEM fate and eco-
logical impact in the laboratory. These laboratory
systems must mimic the field to be of use for risk
assessment. One study funded by EPA is deter-
mining how well intact soil-core microcosms mimic
the field in determining the fate of added microor-
ganisms and their impacts on ecosystem structure
and function. Preliminary results suggest that
intact soil-core microcosms can adequately predict
microbial fate and ecological effects on other
microcrganisms and plant growth and function. A
field-microcosm comparison is currently under
way. These results are promising in developing



the intact soil-core microcosm as a standard
biotechnology risk assessment protocol that is
both cost effective and adequately mimics the
field,

Marine Sciences

During 1989, numerous requests were received
from regional fish and shellfish farms and from
federal and state government agencies to provide
advice or research on health management or
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disease problems of fish and shelifish. This activity
applies to both farmed and natural populations of
fish and sheilfish, No other organization provides
this assistance. Over eighty instances of such
assistance were provided. In conducting these
activities, specific research methodologies or
specific disease discoveries were used that
resulted directly from the OHER-sponsored
research conducted on this program since 1985.
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