

















The scurfy mutant mouse was discovered by
William L. Russell in 1949. Russell, who was
scientific director of the Mammalian Genetics
Section in the Biology Division, noticed a litter of
young mice that contained several runted animals
with scaly skin. Thinking that these animals were
sick, he promptly discarded them! Happily, when
similar offspring appeared in a litter from a closely
related female, he immediately recognized their
problem as a genetic disease and began to
investigate its inheritance pattern. 1t soon became
apparent that only male offspring were affected,
whereas female mice were unaffected carriers of
the trait, suggesting that the scurfy gene was
located on the mouse X chromosome—the first
sex-linked mutation to be discovered in the mouse.
Because the mode of sex determination had not yet
been established for mammals, this conclusion
could not yet be a firm one.

However, a few years later, scurfy mice provided
the means for demonstrating how sex
determination takes place. Occasional female
offspring were found that had the scurfy disease.
Although they were doomed to die before they
were old enough to reproduce, their genetic
constitution could be tested by William Russell by
transplanting their ovaries to healthy host females.
The results of these genetic tests of scurfy females,
in conjuction with genetic data and chromosome
counts obtained by W. J. Welshons and Liane B.
Russell (now head of the Biology Division’s
Mammalian Genetics and Development Section)
for another mutation, enabled the team to prove
that the exceptional females possessed only a single
X chromosome (XO) instead of the normal two and
that the Y chromosome is male-determining in
mammals. These findings contributed to Liane
Russell’s subsequent hypothesis that one of the X
chromosomes in females is genetically inactive.

My initial examinations of scurfy mice revealed
startling results. Scurfy males had massively

nlarged lymph nodes and spleen, a shrunken
hymus, severe anemia, and thickened scaly skin.
Iistologic sections revealed a massive activation
nd proliferation of lymphoreticular cells affecting
ymphoid organs, liver, and skin. These lesions
uggested that the scurfy mouse immune system
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was reacting uncontrollably, possibly against its
own tissues.

1 attempted to control this immune reaction by
surgically removing the thymus gland from scurfy
mice on the first day after birth. Thymectomy
almost doubled the lifespan of scurfy mice (from
24 to 45 days), but the mice still developed
disease and died. This experiment suggested that
the thymus gland and its T lymphocytes were
important in scurfy disease and that sufficient
disease-producing T cells formed in the
embryonic stage to cause disease after birth.
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My subsequent work on identifying the disease-
producing cell in scurfy mice has largely
consisted of crossing the scurfy trait onto various
lines of mice having other mutations affecting the
immune system. For example, I mated scurfy
carrier females with nude mice, which lack a
thymus gland (and T lymphocytes). We found that
the scurfy-nude mice are free of scurfy disease.
Similarly, I crossed scurfy carriers with SCID
mice, immunodeficient mice that are unable to
form mature B or T cells. 1 observed that mice
bred to be scurfy-SCID have T cells that fail to
mature and, thus, these animals are also free of
disease. I was also able to transfer scurfy disease
to T cell-deficient nude or SCID mice by giving
them a transplanted scurfy thymus. These
experiments proved that mature T lymphocytes
were the critical mediators of scurfy disease.

We are now testing scurfy on several lines of
“knockout” mice—mice created with specific
genetic defects by use of the techniques of
homologous recombination and embryonal stem
cell transfers. In this technique, an artificially
disrupted mouse gene is created in the laboratory
and inserted into cultured mouse embryo cells.
Some of the mouse embryo cells accept this
nonfunctional artificial gene into their genetic
material in place of the homologous natural gene.
Replacement of the natural gene with the
artificial, nonfunctional gene causes the cell to
lose the ability to produce the gene product;
hence, a “knockout” of the gene function results.
The mouse embryo cells containing the knockout












had marked time in the limestone ledge since the Paleozoic seas covered the land.

The break came when a bur-oak root nosed down a crack and began prying and

sucking. In the flash of a century the rock decayed, and X was pulled out and up into the
world of living things. . . . Between each of his excursions through the biota, X lay in the soil and was
carried by the rains, inch by inch, downhill. . . . One year, while X lay in a cottonwood by the river, he was
eaten by a beaver. The beaver starved when his pond dried up during a bitter frost. X rode the carcass
down the spring freshet, losing more altitude each hour than heretofore in a century. He ended up in the silt
of a backwater bayou, where he fed a crayfish, a coon, and then an Indian, who laid him down to his last
sleep in a mound on the riverbank. One spring an oxbow caved the bank, and after one short week of

freshet X lay again in his ancient prison, the sea.

Traditionally, many people, including the

eminent naturalist Aldo Leopold, have

thought of streams and rivers as little more than
pipes channeling excess water and eroded
materials from the land to the sea. This simplistic
view of our waterways has been greatly expanded
by scientists in the Environmental Sciences
Division (ESD) of Oak Ridge National
Laboratory, who view streams and rivers as
dynamic ecosystems, living laboratories for the
study of how organisms interact with and modify
their environment. In addition to important basic
questions of ecological science, studies of streams
and rivers at ORNL contribute to our
understanding of how to manage these systems to
preserve or enhance their value as drinking water
sources, recreation areas, and wildlife habitats.

A factor that affects both ecological and human
health is the concentration of various nutrients in
streams. If the concentration of a nutrient in a
stream is too high, for example, it can become a
matter of public concern. Too much nitrate in
stream water used for drinking can be potentially
toxic to infants. Excess phosphorus can cause
algae to grow rapidly in streams and remove
dissolved oxygen needed by fish and other
organisms; as a result, manufacturers have
reduced the amount of phosphates in detergents to
lower the amount of phosphorus that is washed
into streams.

Aldo Leopold, A Sand County Almanac

So how do streams and rivers work? Why can’t
they be considered just pipes transporting runoff
from the land to the sea? These questions have
served as the basis for a long history of research
in ESD on the cycling—use and reuse—of
nutrients in streams. This effort spanning 25 years
has involved a number of current and former
ORNL staff members and guests, beginning with
the studies of the late Dan Nelson and Jerry
Elwood in the 1960s and early 1970s on the
uptake of phosphorus by algae in Walker Branch,
a small stream on the Oak Ridge Reservation.

Much of the focus of research over the years
has been on the cycling of phosphorus because
this element is a critical biological nutrient that
often controls the productivity of plants and
microbes in aquatic ecosystems. When
phosphorus availability is very low, plants and
microbes cannot grow as rapidly, restricting the
productivity of organisms higher in the food web,
such as fish. In contrast, when phosphorus
availability is very high, plants and microbes may
grow excessively, resulting in the depletion of
dissolved oxygen in the water when they die and
decompose.

What sets the ORNL work apart from nutrient
cycling research conducted at universities and
other research institutions is the technique of
injecting short-lived radioactive isotopes of
phosphorus into streams and tracking their

Patrick Mulholland (left) and Alan Steinman prepare for a radiotracer injection to Walker Branch to
determine the spiraling length of phosphorus. A solution containing radioactive phosphate is pumped into
the stream, and samples taken at several locations downstream are analyzed for concentrations of

radioactive phosphorus.
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under controlled conditions. These streams, each
40 meters long and 0.3 meter wide and made of
fiberglass, were housed in a greenhouse and
supplied with water from a spring near the west
end of ORNL. This type of research facility is
available at only a few other institutions in the
United States. We have used these streams for
studies of the effects of primary consumer
organisms—those that eat algae or detritus—on
nutrient cycling in streams. Contrary to our initial
hypothesis, we found that primary consumers
reduced the efficiency of phosphorus cycling,
increasing spiraling lengths in streams. The
implication of these results is that stream
ecosystems do not develop so as to maximize use
of scarce resources, such as phosphorus.
However, because of the continuous flow of
water, inefficiencies in upstream communities
become the inputs to, and resources for,
communities downstream. In other words,
nutrients not used by upstream organisms are
available to downstream organisms.

In 1986 a new phase of nutrient cycling
research at ORNL was initiated with a third grant
from the NSF, in part as a result of the success of
earlier work. This new project diverged
somewhat from previous studies, focusing on the
relationship between nutrient cycling and the
rates of recovery of stream ecosystems from
disturbances such as adding chlorine or blocking
out light. The project was conducted by a team of
ESD scientists—Don DeAngelis, Jerry Elwood,
Bruce Kimmel, Tony Palumbo, and me—as well
as Alan Steinman, a University of Tennessee
researcher, Anita Parker; the project technician,
and several graduate and undergraduate students
from the University of Tennessee, University of
Louisville, and Earlham College. Computer
models relating nutrient cycling and ecosystem
recovery were developed, and hypotheses
generated from these models were tested
experimentally in the laboratory streams. The
computer modeling work, headed by Don
DeAngelis, suggested that high rates of nutrient
cycling would result in ecosystems that
recovered more slowly from disturbances
because nutrients would be less available to
stream organisms when cycling was disrupted.

However, in streams in which plant-eating
animals prevented the accumulation of plant
biomass, the relationship between nutrient
cycling and recovery from disturbance would b
weaker because nutrient cycling should be less
a factor in these systems.

To achieve greater replication and
environmental control, the laboratory streams
were moved inside ORNL’s Aquatic Ecology
Laboratory and reconfigured as eight 20-meter-
long channels with overhead lights and water
reservoirs (see photograph on p. 11). Pumps to
recirculate water and heat exchangers to contro
water temperature were also installed. By
recirculating different fractions of the flow
independently in each stream, we could vary th
incoming flux of new nutrients to each stream
while maintaining identical conditions of total
flow, light, and temperature in all streams. Thi
degree of flexibility in operation of the streams
unique among laboratory stream facilities.

In our first experiments we found that nutrie
input had little effect on the amount of algal
biomass and productivity in the streams, but ra
of nutrient cycling were much higher in low-
input streams (streams with 90% of the flow
recirculated) than in high-input streams. Our
studies suggested that the biological communit
could compensate for lower input of nutr ;1
increasing the efficiency with which nutrients
were cycled but that this response depended or
the accumulation of sufficient biomass to
promote cycling. We did not observe greater
nutrient cycling in low-input streams in which
the biomass of algae was held at low levels by
the addition of herbivorous snails.

To test the hypothesis that the rate of recove
from disturbance is inversely related to nutrien
retention and cycling, a variety of experimenta
disturbances were imposed on the laboratory
streams and their effects monitored. Disturban
included a 3-hour scour, simulating the bioma:s
removing effects of heavy rainfall on a stream;
3-month elimination of light (a “nuclear winte
scenario); chlorine addition; and a drying up o
the stream. The immediate impact of these
disturbances was related strongly to disturbanc
type and the amount of algae present but only
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minimally to nutrient
cycling. Impacts of
chemical disturbances
(e.g., chlorine) were
lower in streams with
high biomass (no snails),
but impacts of physical
disturbances (e.g.,
elimination of light)
were lower in streams
with low biomass (with
snails).

In terms of the rate of
ecosystem recovery, the
effect of nutrient input,
retention, and cycling
was not consistent. In
fact, only in the case of
elimination of light did
the ecosystem recover
more rapidly when
nutrient inputs were high
and retention and cycling
were low, as
hypothesized from the
model results. The
combination of intense
consumption of algae by
snails and low nutrient
input as a result of high
water recirculation
resulted in the slowest
rates of recovery of the
algae from most
disturbances, although
this was not predicted
from the model. Perhaps
most importantly, these
studies underscored the
need to empirically test
predictions made from
model simulations to
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Models of nutrient cycling in stream ecosystems have been developed with
no hydrologic storage zone (Model 1) and with a hydrologic storage zone
(Model 2). Predictions of the amounts of living biomass (algae) supported at
steady state are a function of the loss rates (resulting from such factors as
cell death and sloughing) and the nutrient input rate N (with N >N } but are
quite different for the different models. In general, the inclusion of a
hydrologic storage zone results in predictions of higher living biomass at low
loss rates but lower biomass at higher loss rates than when storage zones
are not included.

evaluate and refine those models before using such as variations in water velocity and

them to make real-world predictions. exchange rates at different points in the stream,
Research at ORNL on nutrient cycling in determine the importance of nutrient cycling and

streams is continuing with the initiation of a new response to disturbance. Erich Marzolf and

project in 1991, again with NSF support, to Susan Hendricks, Oak Ridge Institute for

evaluate how stream hydrodynamic features, Science and Education postdoctoral fellows;
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ak Ridge National Laboratory has

an ultrasensitive instrument that can

reduce the cost of monitoring
workers for radiation exposure, determine
concentrations of trace elements in tree cores to
assess the effects of acid rain on soil chemistry
and tree growth, and even identify counterfeit
bolts that need to be replaced.

Developed for ORNL’s Analytical Chemistry
Division (ACD), the inductively coupled plasma
mass spectrometer (ICP-MS) has also been
helpful to other ORNL divisions in their research.
“The new mass spectrometer is creating
wonderful new opportunities for ORNL and the
Department of Energy,” says Joe Stewart, leader
of the Special Projects Group in the division.

One area in which the ICP-MS may someday
demonstrate its value is in the DOE-required
monitoring of workers exposed to radioactive
materials such as uranium. The Oak Ridge Y-12
Plant uses alpha spectrometry to check 900 to
1000 employees for uranium exposure on a
monthly basis by measuring the alpha-particle
radiation emitted by uranium in samples of the
employees’ urine over a 16-hour period. The
alpha-counter method requires a 1-liter sample
from each worker collected over a 24-hour period
each time the test is due. “Having to collect, store,
and analyze this much urine,” Stewart says,
“presented obvious technical and aesthetic
problems.”

Cumbersome as the alpha-counting procedure
is, the Y-12 effort has been equal to or better than
that of any other facility in the DOE system.
Recent tightening of the regulations, however,
makes it necessary to detect 0.1 picocurie, or 107
curies, of each isotope of uranium (U-234, U-235,
and U-238) per liter of urine.

Stewart believed that the ICP-MS could be used
for the urine bioassays, but he had to find a way to
improve its sensitivity. The government standard
required measurements of concentrations as low
as five parts per trillion, or 5 x 107" grams per
gram dry weight, for the U-234 isotope. This is a
quantity about one million times smaller than can

be weighed on a sensitive laboratory balance. His
group chose to concentrate on U-234, the isotope
that is the most radioactive and the most difficult
to detect because it is in the lowest concentration
in natural and enriched uranium. The researchers
knew that if they could detect U-234, they could

detect any other uranium isotope.

1e Me |

While at home one evening, Stewart read about
some related work being done at Argonne
National Laboratory. Researchers there had
developed a uranium extraction method for
measuring uranium isotope ratios to determine the
age of dinosaur bones found in tar pits in the
West. Their method combined the best features of
liquid-liquid and solid-phase extractions to obtain
pure uranium samples and eliminate the
troublesome interferences of calcium, potassium,
sodium, and iron ions.

The next day, Stewart called Philip Horwitz,
the Argonne researcher who had developed the
method. Horwitz agreed that the method might be
useful in solving the U-234 problem and arranged
for extraction columns and instructions for their
use to be sent to ORNL. Jeff Wade, leader of the
Low Level Radiochemical Analysis Group, and
Perry Gouge, a technician in the group, began to
develop the extraction procedure. Shelby Morton,
a technician in the Chemical and Physical
Analysis Group, began to test the ICP-MS using
effluents from the Argonne columns.

Wade and his colleagues sought to demonstrate
the effectiveness of the chromatography material
in the Argonne extraction columns to separate
uranium from urine. In chromatography, each
element or compound moves through a column at
a characteristic rate based on its strength of
adhesion to the chromatography material, thus
making separations possible.

The researchers first used aqueous samples
spiked with known amounts of uranium to test the
column material. After repeated successful
separations with the spikes, the researchers

( -igin

Jeff Wade (left) inserts a tree-ring sample into ORNL'’s new inductively coupled plasma mass spectrometer

as Joe Stewart watches.
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time and at the required low detection limits, the
Laboratory could quickly recoup its investment in
the instrument.

Working together, Stewart, David Smith, and
Warner Christie wrote the specifications for the
instrument they wanted VG Elemental to build for
them. “They were tough specs,” Stewart says. “We
wanted the new ICP-MS to do things no instrument
had done before, and we wanted an instrument that
would not become obsolete in a short time. We
wanted to be able to upgrade the instrument without
expensive modifications. We wanted attachments
that might be purchased later, such as the ETV and
the laser ablator, to be perfectly compatible with the
existing unit.”

The instrument maker accepted the challenge,
even sending an engineer to ORNL from England to
work closely with the ORNL MS section. The new
instrument arrived on December 17, 1989, and
Stewart says it was *“a beautiful Christmas present.”
The ICP-MS, which was up and running by the end
of December, was accepted by ORNL in the second
week of February 1990.

Or (e e’y

Spectrometry has a long history. Since the early
part of the 19th century, scientists have been able to
identify elements in a material by looking at its
spectral lines—lines of colored light emitted when a
material is heated. For example, yellow lines
indicate the presence of sodium and green lines the
presence of copper.

Over a century later, in the 1970s, British
scientists invented an ICP optical spectrometer that
could identify and measure concentrations of up to
40 elements at a time at detection limits 100 times
more sensitive than ever before. The key to this
technology is a radiofrequency power supply similar
to one that might power a local FM radio station. 1t
converts an aqueous sample, such as groundwater
containing trace amounts of cadmium or lead, into a
plasma—a hot mass of positively charged ions and
electrons that may reach a temperature of 6000°C.
The solution to be analyzed is instantly vaporized.
As a result, it gives off light that is diffracted by a
grating into the different colors characteristic of the
elements present in the sample.
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ORNL bought its first ICP optical spectrometer
in 1982. At that time, the instrument met all DOE
standards for detection limits of trace elements.
About 200,000 analyses of materials, such as
groundwater and soil samples, were needed each
year, and the ICP optical spectrometer met the
demand. However, the federal government lowered
its required detection limits, requiring ACD to find
a new, more sensitive instrument.

In 1985 the division began to consider the
inductively coupled plasma mass spectrometer,
another product of British ingenuity. Instead of
relying on the wavelength emission of light to
determine which elements are present, the
researchers using this technology measured
elemental concentrations using the ions created by
the flame torch, which were sent into an ordinary
mass spectrometer. In the mass spectrometer, the
ions, each with a characteristic mass and charge,
travel through magnetic fields and are deflected
according to their masses. In this way, isotopes of
the same element as well as different elements can
be identified and quantified.

The laser ablation attachment has one additional
advantage: it can analyze solid samples directly,
without digesting them first. Sample digestion
usually involves heating the raw sample with a
strong acid to bring the desired analytes into
solution. The digestion process is time and labor
intensive and a frequent source of sample
contamination.

Future uses of the ICP-MS at ORNL have yet to
be imagined. The Laboratory is in the process of
acquiring a second instrument for special research
projects. “We’re now entering phase two,” says
Stewart, who thinks the ICP-MS is just beginning
to show its research potential. With its help, ORNL
should continue as a world leader in mass
spectrometry
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A graduate student doing her dissertation
\ on waste disposal examined two

A » different burial sites for low-level
radioactive wastes. The first was a new site
currently receiving waste for disposal, and the
second was an old site currently undergoing
cleanup. She was told that the levels of
radioactivity in materials that could be disposed of
at the new site are much greater than the goal for
levels of radioactivity after cleanup at the old site.
When she asked about this difference, she was
told that the two sites are regulated under different
laws, and the maximum allowable health risk to
the public from disposal at the new site is at least
100 times greater than the risk goal for cleanup at
the old site.

This hypothetical situation involving two
radioactive waste sites illustrates a general
problem with laws and regulations for hazardous
substances in the environment. This problem and
a possible solution are discussed in this article.

Routine exposures to radionuclides and other
carcinogenic (cancer-causing) substances in the
environment are controlled under a variety of laws
and regulations that essentially limit health risks
to the public. However, clear inconsistencies exist
in the levels of health risk regarded as acceptable
for two general categories of standards:

« standards that apply only to radionuclides, as
developed under the authority of the Atomic
Energy Act, and

standards that apply to any carcinogens,
including radionuclides, or only to chemical
carcinogens, as developed under the authority of
other laws.

Standards in the first category apply to any
radionuclides associated with the nuclear fuel
cycle, such as radionuclides produced in nuclear
power plants. Standards in the second category
apply to a wide variety of other man-made or
naturally occurring sources of exposure to
radionuclides and chemical carcinogens. All

standards for environmental carcinogens fall into
one of these two categories. Note that the two
categories of standards do not apply exclusively
to either radionuclides or chemical carcinogens
because radiation exposures can be regulated in
either category, depending on their source.

In this article, we first discuss the inconsistency
in levels of acceptable health risk for the two
categories of standards described previously. This
inconsistency arises from the fundamentally
different approaches to regulation taken in the two
cases.

We then propose a set of principles we believe
would provide more consistent regulation of
health risks to the public from exposure to any
environmental carcinogens. Such a consistent
approach would encourage consideration of risks
from exposure to any chemical carcinogen or
radiation source in the context of the total cancer
risk from all sources and would ensure that cancer
risks much less than the largely unavoidable
background risks do not receive unwarranted
attention. Ultimately, a more consistent regulatory
approach should save money and benefit public
health by ensuring that the greatest emphasis is
placed on those exposure situations involving the
most important risks.

Our proposal for more consistent regulation is
based primarily on distinguishing unambiguously
between unacceptable cancer risks from any
source of exposure and risks that are trivial. Our
proposal also takes into account such important
factors as the costs and benefits of reducing risks,
technical feasibility, and public perceptions of
risk.

1= Ap

The framework for regulating routine radiation
exposures of the public under the Atomic Energy
Act is what we call a “top-down” approach. This
approach has two components. First, a limit on
radiation exposure corresponding to an upper
bound for acceptable risk is established. Then,

nach

Owen Hoffman (right) discusses environmental regulations with David Kocher at the boundary of ORNL's
Solid Waste Storage Area 6, where radioactive waste from the Laboratory is stored. Photo by Bill Norris
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the Atomic Energy Act clearly is
fundamentally different from the
- bottom-up approach used in
regulating exposures to radionuclides
. and chemical carcinogens under
other laws. As a result, the upper
bounds on risks to the public
regarded as “acceptable” in the two
cases are clearly inconsistent—
upper-bound lifetime risks range
from about 1 in 10 to 1 in 1000 in the
former case but from about 1 in
10,000 to 1 in a million in the latter.
This inconsistency is particularly
apparent in the case of disposal of
low-level radioactive waste.

-40 -3.0 20 -1.0 00 1.0 20 3.0
Log of population risk (cancers per year)

Summary of EPA decisions to reduce risks to the public from
chemical carcinogens by regulation prior to the mid-1980s.
The three regions where the EPA always, sometimes, and
never regulated are consistent with our proposed regulatory

framework in the figure on p. 25.

individual carcinogens that are based on lifetime
risks that would not exceed 1 in 10,000 for
members of the public receiving the highest
exposures and 1 in a million for the greatest
number of persons in exposed populations.

Second, EPA standards for cleanup of
hazardous substances at Superfund sites
developed under the authority of the
Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA)
specify that remediation goals shall consider,
among many factors, an upper bound on lifetime
cancer risk in the range of 1 in 10,000to 1 ina
million. In contrast to the other standards that use
the bottom-up approach, the goal for an upper
bound on lifetime risk in this case applies to the
total risk from all carcinogens.

The top-down approach used in regulating
exposures to radionuclides under the authority of

4.0 Currently, acceptable waste disposals
under the authority of the Atomic
Energy Act present a maximum
lifetime risk to hypothetical
individuals who inadvertently intrude
into disposal facilities of about 1 in
100. However, standards governing
cleanup of old waste disposal sites
under CERCLA include, as a goal,
an upper bound on lifetime risk to inadvertent
intruders of between 1in 10,000 and 1 ina
million. This considerable difference in acceptable
risks for virtually identical practices seems quite
illogical.

We believe that the fundamental inconsistency
in current approaches to regulating exposures of
the public to radionuclides and chemical
carcinogens can be reconciled and that a
reasonable basis for more consistent regulation of
health risks from exposure to all environmental
carcinogens can be developed. Our proposed
regulatory framework, shown in the figure on p.
25, contains three basic elements:

* a de manifestis lifetime risk in the range 1 in 10
to 1 in 1000, which would define an upper
bound on acceptable risk from all carcinogens
and sources of exposure and above which
regulatory action to reduce risk would be taken
regardless of cost;

* a de minimis lifetime risk in the range 1 in
10,000 to 1 in a million, which would define
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risks from any carcinogens and sources of
exposure that are so trivial that regulatory
action to reduce risk is not warranted; and

» reduction of risks based on application of the
ALARA principle for lifetime risks above de
minimis levels.

The key to our proposal is to recognize that
the lifetime risks of 1 in 10,000 to 1 in a million
embodied in many standards developed using
the bottom-up approach, in fact, define de
minimis (trivial) rather than de manifestis
(mandatory action) levels. In particular, such
low risks are not analogous to the upper bound
on acceptable risk implicit in radiation
protection standards, which are based on the top-
down approach.

We would also emphasize that achieving a de
minimis risk is not the goal of ALARA, because
the ALARA principle implies a process to be
applied to each exposure situation, not a
generally applicable and predetermined result. It
could be reasonable in many situations—for
example, after consideration of costs and
benefits—to decide not to reduce risks by
regulatory action at levels well above the
proposed de minimis values.

The proposed de manifestis and de minimis
risks are given as ranges rather than single
values. This approach would permit taking into
account the size of an exposed population. That
is, the higher values could be used when only a
few individuals are at risk, but the lower values
could be used for large populations. The use of
ranges also would permit considerable flexibility
in accommodating the kinds of subjective
societal judgments involved in applying the
ALARA principle to particular exposure
situations. Thus, absolute uniformity of
regulatory decisions for limiting cancer risks to
the public would not be required.

The interpretation of lifetime risks of 1 in
10,000 to 1 in a million as de minimis, which is a
key element of our proposal, is clearly supported
by an analysis of EPA regulatory decisions for
chemical carcinogens before the mid-1980s.
This analysis was performed by a group headed
by Curtis Travis of ORNL’s Center for Risk
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Management and Richard Wilson of Harvard
University. As shown in the figure on the facing
page, the EPA always declined to reduce risk by
regulatory action when the risk to a few
individuals was below 1 in 10,000 or the average
risk in large populations was below 1 in a
million. This is the meaning of de minimis, and
the EPA decision in each case is consistent with
our proposed de minimis levels.

This analysis also indicates a consistency with
the other elements of our proposed regulatory
framework. First, the EPA always decided to
reduce risk by regulatory action when the

lifetime risk was above 1 in 100 to I in 1000, V-

which is consistent with our proposed de

manifestis risk. Second, the EPA took regulatory a

action in 50% of the cases when the lifetime risk our

was between the de manifestis and de minimis ‘
L . Propo.

levels, primarily on the basis of expected costs

and benefits. This approach is consistent with fra e

our proposed use of the ALARA principle. be ad

Although the EPA regulatory decisions for
summarized in this figure are consistent with our

proposed regulatory framework, these decisions r 6
were made on a case-by-case basis rather than I
within the context of an explicit regulatory tr
framework for all carcinogens and exposure fr
situations. In contrast to the ad hoc approach

previously used by the EPA, we are advocating ¢
that all elements of our proposed framework be {
adopted as an explicit set of principles for ¢

regulating risks to the public from all exposures
to any carcinogens.

In our discussions of the top-down and
bottom-up regulatory approaches, we indicated
that our proposed regulatory framework is
consistent with many standards and guidances
for both routine and accidental exposures to
radionuclides and chemical carcinogens. Our
proposed framework also is consistent with
exemption (de minimis) levels of radiation
exposure recommended, for example, by the
NCRP, which correspond to a lifetime risk of
about 1 in 10,000, and the current action level
for polychlorinated biphenyls (PCBs) in fish,
which corresponds to a risk of 1 in 1000.

Therefore, our proposed regulatory framework
is consistent with virtually all current regulatory
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policies for limiting routine and accidental
exposures of the public to radionuclides and
chemical carcinogens. Again, however, a
consistent regulatory framework for all
carcinogens is achieved only if lifetime risks in the
range of between 1 in 10,000 and 1 in a million
embodied in many standards developed using the
bottom-up approach are interpreted as de minimis.

Our proposed regulatory framework for limiting
risks to the public from all carcinogens and sources
of exposure is useful for risk management but is
not concerned with estimation of risks for any
exposure situation. However, we believe that
certain important differences in risk estimation
procedures for radionuclides and chemical
carcinogens should be reconciled in implementing
our proposed regulatory framework.

The first is an inconsistency in the risk factors
that convert exposure (or dose) to risk. Risk factors
for radiation exposure, such as those recommended
by the ICRP, are intended to be best estimates
(mean values). For chemical carcinogens,
however, risk factors developed by the EPA are
intended to be upper-bound estimates (95%
confidence limits) and, thus, provide more
conservative estimates of risk. In addition,
radiation risk factors take into account cancer risks
for all organs of the body, but risk factors for
chemical carcinogens usually consider only one
organ at risk and, thus, ignore risks to other organs.

Second, the primary measure of risk from
radiation exposure is fatal cancers, but the EPA
uses cancer incidence as the measure of risk for
chemical carcinogens. For organs in which most
cancers are curable, such as the thyroid gland or
skin, risk estimates based on cancer incidence can
be a factor of 10 or more higher than estimates
based on fatal cancers. Radiation risk factors that
take into account nonfatal as well as fatal cancers
have been introduced by the ICRP, and similar risk
factors could be developed for chemical
carcinogens.

Finally, in assessing radiation exposures, the
intent usually has been to provide best estimates of

dose using reasonable assumptions for like
exposure scenarios. However, risk assessm
procedures prescribed by the EPA for use
Superfund sites, for example, often empha
unreasonably pessimistic assumptions. Th
resulting risk estimates may greatly exceec
values that reasonably could be experience

We believe that more consistent regulat
risks to the public from exposure to radion
and chemical carcinogens along the lines
proposed here would have two obvious be
First, it would encourage consideration of
from any carcinogen and source of exposu
the context of the total cancer risk from all
sources. [n the past, the EPA has undertak
regulatory actions in a rather piecemeal fa
particularly for chemical carcinogens, prir
because of inconsistent requirements in th
laws under which the EPA operates.

Second, the proposed range of de manif
risks is consistent with lifetime risks from
naturally occurring carcinogens. Natural
background risks average about 1 in 100 f
radionuclides and at least 1 in 100 for che
carcinogens. Therefore, the proposed rang
minimis risks would ensure that canc s
much less than the largely unavoidable
background risks do not receive unwarran
attention.

Can we hope that a more consistent reg
framework for all environmental carcinog
eventually will be implemented by the EF
encouraging developments suggest that th
inconsistency between the top-down and |
up regulatory approaches and the need to
reconcile them have been recognized. Fir:
EPA office that administers the Superfun
program recently indicated that site reme
need not be undertaken if the maximum li
risk to individuals is below 1 in 10,000 ar
higher risks would be acceptable when ris
reduction is not feasible. Such a policy sh
help overcome the widely held and unrea:
view that risks above 1 in 10,000 are
unacceptable (i.e., intolerable).

Oak Ridge National Laboratory




























recognition systems for robot sensors and other
applications. The results are expected to have
considerable impact on the important problem of
designing systems consisting of multiple,
relatively simple agents that cooperate to solve
problems of realistic complexity. Examples
include crews of multiple mobile robots, each
capable of executing relatively simple behaviors,
such as obstacle avoidance, or other control
algorithms and capable of adapting their
behavior through learning.

Part of CESAR’s research addresses issues
that arise when the technologies developed in
our programs are integrated in robot test beds
and prototypes to demonstrate increasingly
complex capabilities. In the fall of 1991, Pin and
Alex Bangs of CESAR and Steve Killough of
ORNL'’s Robotics and Process Systems Division
automated several manipulation and safety-
enhancing functions on an outdoor material-
handling vehicle prototype (see photograph on
pages 34 and 35). The customer, Fort Belvoir
Research and Development Center in Fort
Belvoir, Virginia, is now field testing the
prototype. The operator of the vehicle can now
control the position of the forklift directly,
instead of having to control separately each joint
of the long-reach manipulator to which the
forklift is attached, as was the case before the
vehicle was outfitted with new controls. This
work is a good example of our ability to move
basic research results (in this case, control of
kinematically redundant mechanisms) into
fieldable sy: » in a short amount of time (in
this case, 15 months).

In early 1991 another technology integration
demonstrated the ability of ORNL’s mobile
robot, HERMIES-III, to perform surveys of
surface radiation contamination in waste storage
containers as a way of reducing hazards to
workers at waste facilities. This experiment used
HERMIES-III as a telerobot controlled by a
human operator (see photograph on p. 30). Many
functions were executed automatically, such as
path planning, navigation with local obstacle
avoidance, range image analysis to locate the
waste storage containers, control of the seven-
degree-of-freedorn manipulator on board
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HERMIES-III, and positioning of the platform
so the robot hand holding the beta-radiation
detector could scan the container surface. The
experiment was the result of collaborative
research among four teams at the universities of
Florida, Michigan, Tennessee, and Texas. It
involved the integration of over 100,000 lines of
software developed by the university teams and
at CESAR, running on a total of 27 central
processing units on board and off board
HERMIES-III in a heterogeneous network. The
integration was made possible by the Helix
programming environment developed by Judson
Jones at CESAR and Phil Butler of the Robotics
and Process Systemns Division. Helix simulates
shared memory on a heterogeneous network of
computers. The machines in the network can
vary with respect to their native operating
systems and internal representation of numbers.
Helix, which was designed to present a simple
programming model to developers, also
considers the needs of designers, systemn
integrators, and maintainers.

Ne ) n 5

Can we build useful intelligent robots? Yes,
but for quite a while they may not have the
“right stuff” for the movies. Intelligent robots
represent exciting new opportunities for
research that transcend the boundaries of
traditional scientific and engineering disciplines,
such as mechanical and electrical engineering,
physics, biology, mathematics, computer
science, and materials science. The dialogue
among experts in these disciplines who are
making a serious commitment to communicate
and learn from each other is a vital ingredient
for a successful program in intelligent robots.

We also must meet new challenges in
educating the next generation of experts. Since
the start of the CESAR programs, we have been
working closely with our colleagues in
academia. A great number of undergraduate
students have had their first exposure to
interdisciplinary research with us. Many
graduate students have performed a significant
part of their thesis research using our special
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irface Processes

) ecently I spent a day in California
looking at hydraulic fluid spills

beneath old garages for servicing
motor vehicles. Apparently hydraulic lifts leak
small amounts of fluid. As a result, plumes of
hydraulic fluid percolate through the ground and
eventually may contaminate groundwater. At some
time these sites must be cleaned up. However, to
accomplish this task we must know where the
contaminant is and where it will move as a result
of cleanup activities. As with other subsurface
problems, this question arises: Can soil samples
at the contamination site provide an accurate
picture of the location of specific contaminants?

Unlike our more traditional areas of
engineering, knowledge of subsurface flows is
made difficult by the enormous uncertainty of
the data collected. For example, a hapless
engineer may insert a chemical-sensing
probe at the very spot where a weary
traveler spilled some unwanted soda pop
the night before. In this case, the
environment created for the sensor
may be totally different from that of
the rest of the site. This
uncertainty is made more critical
by the large cost of collecting

, soil data—possibly reaching
several thousand dollars for a
single sampling point. Thus, it
is critical that methods be
developed soon for economical
sampling of possibly contaminated
sites.

Statisticians have developed sampling methods
that seem almost miraculous. For example, within a
few minutes after polls have closed, statistical
methodology makes surprisingly precise election
predictions. Their methodology is based on so-
called “probability” models in which the
parameters of interest are permitted to be random
but are dictated by certain “probability
distributions” indicating that random parameters
are inclined to be nearer to certain values than
others—much the same as heights of people or the
way people vote in elections.

These distributions have been found on the basis
of exhaustive analysis of past elections and the
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determination of small but highly representative
subsamples of the population. Peculiarities of
certain subcollections of parameters (e.g., teenagers
enjoying louder noises than do their parents) are
taken into account for the sampling process.
For subsurface processes, sources of such
special behavior might include soil strata,
hills, and the history of the site of interest.
For many years mathematicians and
3 engineers have developed deterministic
2 (nonprobabilistic) models of flow in soil.
These models, however, require precise
knowledge of such features as
8 contaminant distributions at some
initial time and soil parameters at
9 depth. Hence, they are not wholly
suitable for the “real world” problem

“F cently,
s’ tistici s

7 in which such knowledge is not really and mathe-
available. . . ,
Recently, statisticians and maticians :
mathematicians at ORNL have broken ¢ NL have
new ground by melding their L._xen n
respective perceptions of subsurface
events. The mathematicians have models ground by
that are totally deterministic, whereas m 7g_ i -
the statisticians have models that are respective
wholly geared to data. By joining perc mns
forces they have produced new tools of
that promise substantially improved
sampling methods. They will be subsurface
able to better answer questions of events.”

when and where to take samples and

what kinds. Their approach is to
“teach” the probability distributions to reflect the
underlying behavior of processes when they are
used to guide the sampling process. The teaching
process uses a combination of tools drawn from
partial differential equations on one hand and
sampling theory on the other.

Using these and similar approaches, eventually
an environmental engineer can go to a site needing
cleanup and determine from a dialogue with a
computer where and when to sample the site to get
the most nearly accurate view of underground
contamination. Such a capability may even allow
the engineer to say with certainty, “Someone
spilled some soda here last night.”

—Alan D. Solomon
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physics.” Most early research facilities measured
neutron cross sections using a “fast chopper” in
conjunction with a reactor. “The chopper,” says
Harvey, “was a rotating cylinder with slits in the
sides, which provided microsecond-long bursts of
neutrons. This was adequate for measuring cross
sections in low-energy regions, up to a few
thousand electron volts, but the resolution was not
good enough to work at higher energies.”

In 1965 plans were announced to build
plutonium fast breeder reactors, including Oak
Ridge’s Clinch River Breeder Reactor project,
which was ultimately canceled in 1983. Breeder
reactors rely on neutrons given off during the
process of nuclear fission by reactor fuel, such as
plutonium-239, to transform a blanket of non-
fissionable material, like uranium-238, into
plutonium-239. This approach to reactor design
harnesses the fission process for the production of
both fuel and power. Because plutonium breeds
fissionable material best at high energies,
researchers needed high-resolution information on
nuclear interactions that occurred at energies
between a few thousand electron volts and a few
hundred thousand electron volts. “As a result,”
says Harvey, “funding was approved for a facility
capable of measuring the cross sections for
reactions in these regions. That’s why ORELA
was originally built.”

ORELA was designed primarily to measure
neutron cross sections of materials thousands of
times more precisely than could be done using
fast choppers. At the time of its construction, the
facility produced neutron bursts that were 10
times as intense and 5 times narrower than those
of comparable facilities, filling a gap between
experimental results provided by low-energy fast
choppers and high-energy cross sections provided
by Van de Graaff accelerators then operating at
ORNL and other laboratories.

Stretching the neutron. Measuring neutron cross
sections of various materials isn’t the only activity
going on at ORELA, however. Because the
facility’s pulsed neutron source is so intense
compared to its background “noise,” it has
recently been used to probe the structure of the
neutron itself.
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The neutron is believed to be held together by
the so-called “strong” force, one of the four
physical forces in the universe, a group that also
includes gravity and electromagnetism. Previous
experiments have suggested that neutrons are made
up of three subatomic particles, known as quarks.
One quark has two-thirds of a positive charge, and
the other two have one-third of a negative charge

each, making the total charge of the neutron zero. me re
To measure the force holding these quarks 2 force
together, researchers had to find a way to stretch

the neutron, slightly separating the positive quark rks

from the negative quarks.

To accomplish this feat, a group of Austrian
researchers, along with Harvey and Nat Hill, a rs
retired researcher from the Instrumentation and la
Controls Division, fired beams of low-energy
neutrons at a target of lead-208, an isotope with an
extremely strong electric field around its nucleus.
The interaction between this electrical field and the
neutron’s charged quarks causes the quarks to
separate slightly.

Using a new detector and other special
electronics provided by the Austrian research team,
it was determined that, as a result of this
separation, more of the neutrons were scattered by
the lead-208 sample, rather than passing through.
By comparing the results of this experiment to
those obtained when no target was present,
researchers determined the change in the “size” of
the neutron resulting from its interaction with the
electrical field of the lead-208 nucleus, and from
that they dete: :d the magnitude of the force
holding the neutron’s charged quarks together.

“Twenty earlier attempts at measuring this force
at other research centers have resulted in values
with margins of error that were greater than the
values obtained from the measurements,” said
Harvey. “The value obtained in the work with the
Austrians was four times larger than the margin of
error.”

N

Phonons and  rerconductiv . ORELA also
provides researchers with an opportunity to study
the role of phonons in superconductivity.
Superconductivity occurs when electrons in a metal
are attracted to each other, but because electrons
are all negatively charged, they usually repel each
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studies, such as those planned for a cooperative
research and development agreement between
ORNL and AT&T Bell Laboratories.

This joint effort will employ slow-positron
spectroscopy to develop more effective
semiconductor devices. Inefficiencies in
semiconductor performance are often the result of
defects, such as missing atoms, which trap
positrons. The number and distribution of these
defects determine how the device’s performance
will be affected. Once snared by a defect, a
positron’s lifetime is extended, changing the
energies of the gamma rays produced when it
finally interacts with an electron and is
annihilated. Measuring these gamma emissions
enables researchers to determine if defects are
present in a semiconductor and whether or not
they occur in areas critical to the device’s
function.

The positron facility is also being used to try to
get a fundamental understanding of how organic
molecules like benzene are ionized—how
electrons are removed—by comparing spectra
produced by positrons with those produced by
electrons and photons. This line of study may
eventually lead to better ways of doing analytical
mass spectrometry.

Understanding the ionization process in
medium-sized organic molecules, like benzene,
may also result in a better understanding of how
larger organic molecules, such as DNA, are
ionized. Preliminary studies using bacteria have
found that extremely low doses of positrons may
have mutagenic effects.

Over the years, thousands of
publications, reports, and presentations have
documented research results from ORELA, but
researchers are not content to rest on their laurels.
Plans for the future include continuing the
research initiatives mentioned previously, more
collaborations with the Austrians—this time
hoping to measure the charge distribution of the
nentron at lower energies, and further forays into

w rophysics to determine the
properties of heavy elements formed in and
around stars as a result of lighter elements
capturing neutrons. ORELA is also involved in
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Electrons carry negative charges (e7), so when
one passes through an array of positively charged
metal ions (+), it attracts them, leaving a
concentration of positive charges in its wake.
These positive charges may then attract other
electrons, causing an indirect attraction between
electrons, a necessary condition for
superconductivity. The units of energy that cause
the metal ions to move toward the electron are
called phonons, and understanding their behavior
may be one of the keys to understanding
superconductivity.

detector development for DOE’s multibillion-dollar
Superconducting Super Collider project, as well as
other radiation damage and characterization
studies.

“Normally, accelerators have less than a 20-year
life span, but we’'re 23 and we’re still going
strong,” says Harvey, who shows no signs of
slowing down either. “We really have an excellent
facility here, and it’s running well. We’ve done a
lot with it, and I think there’s stil! = 1ot of good

)

work to be done.”—Jim Pearce
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year program. Some of the kids here at the fair
today will be the scientists doing the cleanup work
of tomorrow.”

Pamela Jetter, who teaches fifth grade at the
Tennessee School for the Deaf, said the fair was
shedding entirely new light on the subject of the
environment for many of her students. “Some of
them have not really been aware of environmental
issues,” she said. “Some have the chance to watch
closed-captioned television news programs, so they
see environmental news. Others don’t. I think the
fair is a good opportunity for them to be introduced
to new concepts.”

For instance, at a booth demonstrating the
dilemmas of waste disposal, some of her students
were unfamiliar with the notion of a landfill. “But
after I pointed the word out to them and explained
what a landfill is and that many are filling up, they
became very interested and excited,” she said.

A few examples of other environment-related
demonstrations included the “Inchworm,” an
ORNL robot equipped with a TV camera that
inspects pipes by crawling through them; an
explanation of radiation found in everyday items;
naturally occurring microscopic “bugs” that eat
waste; and high-tech methods for treating
industrial wastewater.

“All in all, it looks like the fair accomplished
exactly what was intended because the students
learned a lot about the environment and had fun in
the process,” Sleeman said. “If we can get them
excited about science and the environment at this
stage, they will carry it with them forever and will
be instrumental in making their world a cleaner,
better place to live.”

DeLozier pointed out that the fair could never
have taken place without the support of more than
300 volunteers from Energy Systems, DOE, and
DOE contractor employees. “This event,” she said,
“is just another example of the commitment these
employees have to the local community.”
—Wayne Scarbrough

Con
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Teachers and students at three Oak Ridge
schools will soon have the world at their fingertips
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via the Oak Ridge Educational Network
(OREN). Developed at ORNL, this wide-area
computer network will allow access to such
educational resources as the Earthquake
Information Center, the Library of Congress, the
National Weather Service, and the Lunar and
Planetary Institute.

The development and implementation of the
OREN prototype, which was funded by DOE,
could set the stage for establishment of wide-
area educational networks originating from other
DOE national laboratories, providing teachers
and students access to technology and
information that would otherwise be out of their
reach.

Users of the network will have a direct
connection to a collection of worldwide
computer networks, known as the Internet. They
will be able to access public data bases, major
university libraries, and electronic mail, which
will allow them to communicate with
researchers and other educators from around the
globe. Approximately one million people use the
Internet daily.

In cooperation with the Oak Ridge school
system and SURAnet, the regional provider of
Internet services, the system has been installed at
three Oak Ridge schools—Jefferson Junior High
School, Robertsville Junior High School, and
Oak Ridge High School.

The exposure to this type of educational
resource will enable students in grades K-12 to
better develop the research skills necessary to
function in the global community of the 21st
century. “Several teachers have already begun to
plan ways of incorporating information location,
gathering, and assessment into their classrooms,
so this project will give us the ability to identify
what teachers need and can actually use in the
classroom, how students can use the network to
supplement their other school resources, and
how school administrators will manage and use
information resources as we enter the next
century,” said John Wooten, principal
investigator for the OREN project.

—Bunny Tharpe t
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Tests of cutting tools made of the tungsten
carbide-nickel aluminide composite performed by
Tennessee Technological University have shown
that the new composites are harder than
conventionally used cobalt-bonded tungsten
carbide cutting tools.

Research begun in 1987 by Terry Tiegs and
industrial collaborators resulted in a patent on the
use of intermetallic alloys as bonding agents in
ceramics in 1990 and another patent on the use of
these composites as cutting-tool materials in
1991.

Tiegs and his colleagues in the Metals and
Ceramics Division have fabricated composites
using several different intermetallic alloys in
ceramic matrices such as tungsten carbide,
titanium carbide, titanium nitrite, aluminum
oxide, and zirconium oxide. The use of a wider
range of metallic and intermetallic bonding alloys
in non-oxide and oxide-based ceramic matrices is
being further explored by Tiegs and Kathi
Alexander, respectively.

Joachim Schneibel is developing the required
alloys and evaluating their mechanical and other
properties. H. T. Lin and Paul F. Becher are
examining the properties of model composites to
aid in interpretation of the mechanical property
results. In a collaborative effort, researchers at the
University of California at Berkeley are
investigating the fatigue properties of these
composites.

Further development of these composites is
being supported by the U.S. Department of
Energy, Assistant Secretary for Conservation and
Renewable Energy, Office of Industrial
Technologies, under the Advanced Industrial
Materials Program.—Carolyn Krause
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Liquid Fu 1
ORNL researchers have discovered that
chemically modified enzymes from bacteria can
convert coal to liquid fuel.
“The idea of making liquid fuel from coal isn’t

altogether new, but until recently, the thought of
using enzymes as catalysts in the process was not
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considered,” says Chuck Scott, director of
ORNL’s Bioprocessing Research and
Development Center. In fact, until the enzyme-
modification work started at ORNL two-and-a-
half years ago, nobody realized that enzymes
could effectively interact with coal to make
liquid fuel. “That knowledge simply did not
exist,” Scott says.

However, now that Scott and his colleagues
have developed a clean, efficient way to convert
solid coal to liquid fuel using chemically
modified bacterial enzymes, the idea is being
given serious consideration. The resulting liquid
fuel is comparable to crude oil and could be
refined for use as a clean-burning alternative to
gasoline.

This development is particularly timely,
coming on the heels of the National Energy
Policy Act of 1992. Among the goals of the act
are reducing the nation’s energy consumption by
8 billion barrels of oil and promoting the
development of clean-burning alternative fuels.

The enzymes Scott and his team are using are
similar to those that stimulate chemical reactions
in the human body. For example, enzymes in
your stomach allow you to digest food; others
play critical roles in cell reproduction.

These coal-conversion enzymes normally
function best in water, but ORNL scientists
discovered that certain enzymes, such as the
bacterial enzyme hydrogenase, can be modified
with a chemical called dinitrofluorobenzene,
allowing them to be mixed with various organic
solvents to convert solid coal to a liquid fuel
product more efficiently.

To say that Scott’s team has made the enzymes
“usable” may fall short of expressing the
significance of their accomplishment. In fact, the
modified proteins are proving to be highly
effective at converting coal from a solid to a
liquid. The researchers have been able to convert
more than 40% of solid coal particles to liquid.
“That’s a significant quantity,” Scott says, adding
that the quality of the liquid fuel obtained has
been equally impressive.

The solid residue left by this process is still a
combustible fuel, so two usable fuels can be
obtained from a single source—liquid fuel, for
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gestate, the offspring will show observable
mutations. The mutation can be readily mapped
because the foreign DNA provides an obvious
marker. Most mutations are not extraordinary, but
subtle, such as altered fur color, ear size, or tail
length. However, some of the mutations are more
dramatic and relate more closely to humans.

For instance, scientists may notice that mice
develop a kidney problem at a particular point in
life if certain genes have been “turned off.” The
researchers can then deduce that the inactivated
genes must have something to do with kidney
development. By doing similar research with fetal
mice, scientists can better understand how an
organism develops almost from the time of
conception.

The fourth task, involving the science of
“informatics,” ties the project together in a
computer data base, which is being developed by
Richard Mural of the Biology Division and Ed
Uberbacher of the Engineering Physics and
Mathematics Division.

Because of the size of mammalian genomes
(one billion to three billion basic building blocks),
the international project will generate a vast
amount of data. If compiled in books, the data
would likely fill 200 volumes, each the size of a
1000-page Manhattan telephone directory. To
read all the information completely would require
26 years of round-the-clock concentration.

The informatics data base will allow
researchers studying animal chromosomes to
quickly access and identify matching sequences
of human DNA as they search for genetic clones
and will aid in predicting protein sequence and
structure—an important step in understanding
individual gene function—Wayne Scarbrough
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Although they are less abundant in the
atmosphere, trace gases may be worse than
carbon dioxide (CO,) in contributing to global
warming, according to a report issued by
ORNL’s Carbon Dioxide Information Analysis
Center (CDIAC). Trace gases include nitrous
oxide (N,O) the chlorofluoro-carbons CFC-11
and CFC-12, tropospheric ozone (O,), and
halocarbons such as methane.

Excerpts from the report were quoted in the
January-February 1993 issue of The Futurist
magazine.

According to the ORNL report, “Although
less abundant than either CO, or CH, (methane),
a number of other ‘minor’ atmospheric trace
gases are also able to perturb the radiative
energy balance of the Earth-atmosphere system
and are, therefore, potentially important
contributors to global climate change.

“Extrapolations of current trends in the
atmospheric concentrations, along with estimates
of their relative abilities to alter the global
energy balance, suggest that the collective
contribution of the minor trace gases to any
future global warming is likely to approach or
even exceed the contribution from CO,.”

The source of the information was a chapter
written by Bob Sepanski in Trends '91: A
Compendium of Data on Global Change, a
widely distributed CDIAC document
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commercially yet because of problems in
fabricating dense, precisely shaped components
that are reliable at high temperatures. To
overcome this problem Norton is developing new
silicon nitride materials by adjusting the
chemistry of the silicon nitride (Si,N,) powders
and sintering aids (e.g., oxides of yttrium and
aluminum) used to form the material and make it
dense.

The ORNL researchers tested the Norton
ceramics for high-temperature creep
deformation—a gradual change in length, or
strain, in a material as a result of prolonged
exposure to stress and high temperatures. They
also evaluated each ceramic for static fatigue—
the time it takes for a material to fail under a
constant stress—to determine its long-term
reliability.

The ORNL researchers subjected both
materials to tensile tests, applying stresses of 100
to 200 megapascals (MPa) at temperatures of
1260°C and 1370°C, the temperature that turbine
components must endure. Dumbbell-like tensile
specimens of each material held through
Supergrip™ couplers were pulled at each end and
heated to high temperatures at the center. ORNL
results showed that, under the same conditions of
100 MPa and 1370°C, Norton’s commercial
ceramic deformed at a higher rate and failed after
1200 hours, whereas the new material survived
for 4800 hours.

“We found that NT164 lasted four times as
long yet accumulated three times as much strain
as NT154,” says Jenkins, now with the
University of Washington in Seattle. “The new
ceramic clearly was more resistant to creep
degradation and static fatigue and more reliable in
the long term than the already commercialized
material.”

To determine the reason for the mechanical
superiority of the new material, the ORNL
researchers characterized the microstructure of
both ceramics using transmission electron
microscopy.

“What we found was that NT164 had very little
intragranular cavitation,” Jenkins says. “It had
little of the Swiss-cheese-like appearance of the
NT154.”
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Commercial silicon nitride ceramics can also be
processed to be self-reinforced rather than
reinforced with silicon carbide whiskers (which
may pose a health hazard if they are inhaled and
deposited in the lungs). By using sintering aids
such as oxides of rare earths (e.g., yttria, ytterbia,
and scandia) and applying proper processing
temperatures and pressures, long columnal grains
are grown among the uniformly sized grains. The
long grains act like whiskers, bridging cracks and
toughening the material. During this processing,
amorphous, or noncrystalline, material may form
between the ceramic’s crystalline grains, areas
called grain boundaries.

When silicon nitride is exposed to high enough
temperatures, this glassy material softens,
allowing creep deformation by mechanical and
diffusional mechanisms. In mechanical
deformation, the silicon nitride grains slide
relative to each other; creep cavities or holes may
develop, and the ceramic becomes deformed. In
diffusional deformation, elemental material (e.g.,
silicon and nitrogen) may dissolve into the glassy
material, forming holes or cavities in the silicon
nitride grains, and redeposit or unite with other
grain-boundary elements.

This elemental transport took place at junctions
between two grains but not at three-grain
Jjunctions where enough glassy material was
trapped and crystallized. The dissociated elements
cannot move through the crystalline regions in
these “triple points,” which are formed during
processing.

“By controlling the chemistry of the starting
material and sintering process for NT164, Norton
researchers almost eliminated the formation of the
glassy material at the two grain boundaries,”
Jenkins says. “We found that the glassy regions in
NT164 were only about one nanometer thick
compared with several nanometers in NT154.
Norton researchers made grain boundaries so thin
that the bulk of the glassy material was forced
into triple points where it becomes crystalline.”

This collaborative work between ORNL and
Norton, says Jenkins, is a good example of how
the diverse and unique user facilities and
personnel available at the HTML can help
industrial firms solve problems.—Carolyn Krause
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exactly where the acid was coming from. If we
wanted to know more about the acid, we could put
some tubing on the robot and draw up a sample as
it entered the stream.”

Another possible use for Inchworm is at the
K-25 Site, where miles of ducting are
contaminated with uranium-235 (U-235). Dry-ice
blasting, a new method of cleaning surfaces similar
to sand blasting but using solid carbon dioxide
(CO,) pellets instead of sand, could be used to
decontaminate the pipes, but no method currently
exists for moving the blasting head into the
pipelines.

“We could put the blasting head on the robot
and let it blast its way down the pipeline as the
robot moves along it and then pull the CO, back
with a vacuum and collect the U-235 particles,”
Box says. “This way we could clean out these
pipes more safely than we could with an acid
cleaning system or by cutting the pipe up first
and then cleaning it afterward.”

The demonstration model of
Inchworm is about 0.3 meter (1
foot) long at rest and
10 centimeters (4 inches) in
diameter. It has expandable head
and tail ends linked by three
columns of flexible tubing. Two
inexpensive pumps supply the air
pressure and vacuum to run the
robot. Vacuum and pressure
applied to the tubing in various
combinations make Inchworm go
forward, backward, and around
corners.

Box controls the robot with a set of
switches now, but he is computerizing
the control mechanism so that it will work
with a joystick. Images from Inchworm’s on-
board, high-definition color television camera
appear on a video monitor magnified up to ten
times. In use, the robot looks very much like its
namesake. It gives the impression of being a living
thing as it crawls through clear plastic tubing in the
laboratory.

Several industrial firms are very interested in the
Inchworm robot, and Box expects to be involved in
a number of cooperative research and development

agreements as soon as his patent application is
approved. Inchworm will save its users time and
money as well as improve worker safety by
creeping into places humans can’t or shouldn’t
go because of physical, chemical, biological, or
radiological hazards.—Marilyn Morgan
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Researchers from ORNL and the University of
Chicago have succeeded in thawing and hatching
deep-frozen fruit fly embryos, some 25% of
which develop into fertile adult flies. The finding
may enable biologists to store, rather than
maintain in living cultures, some 15,000 different
genetic stocks of mutant Drosophila, saving
considerable time and money. It may also help

entomologists understand the genetic basis of

malaria transmission by mosquitos.
For 80 years fruit flies have been
useful sources of information on
heredity. Geneticists like them
because they have a life span of
only 10 days, are easy to culture
in the laboratory, and carry a
small number of chromosomes,
some of which are large and
easily visible in the microscope at
the larval stage. The fly is
particularly appealing because it
easily undergoes changes in its
genes to produce detectable
mutations. Furthermore, many of
the genetic principles are applicable
to human genetics and the human
genome program.

Some 15,000 genetically characterized strains
of fruit flies, each having a unique set of
mutations, now exist in the world. However, only
about 20% are in active use; the rest represent
completed research or are available for future
studies. Geneticists don’t like the cost and time
required to maintain these stocks in living
cultures by frequent transfer of adults for
breeding. They also worry that the frequent
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transfer can result in genetic drift and mistakes
that can lead to stock losses.

For almost 20 years scientists sought
unsuccessfully to preserve embryos of live fruit
flies by freezing them in liquid nitrogen.
Ironically, during that time, cryobiologists
succeeded in freezing cow embryos from
superior cattle, and the technique has been used
to increase the production of high-quality beef.
Embryos of mouse stocks at ORNL and at the
Jackson Laboratory in Bar Harbor, Maine, are
now being frozen using a technique based on the
one first demonstrated by Peter Mazur, Stanley
Leibo, and David Whittingham in 1972 at
ORNL.

Putting fruit flies to sleep in frozen storage has
been easy, but making sure they will wake up
during thawing has been trickier than catching
one between your fingers. However, the problem
of preserving them for future use was finally
solved in 1992 by Mazur, Kenneth Cole, Jerry
Hall, and Paul Schreuders, all of ORNL’s
Biology Division, and Anthony Mahowald of the
University of Chicago. Schreuders is also with
the University of Tennessee—Oak Ridge
Graduate School of Biomedical Sciences. They
reported on their success in the December 18,
1992, issue of Science magazine.

Incredibly, the frozen fruit fly embryos are
among the most complex organisms preserved by
cryobiologists. These embryos each contain
50,000 cells, whereas the mouse embryos are
generally frozen at the 8-cell stage.

To preserve living cells, little or no ice can be
allowed to form in each cell and a special
chemical must be added to each cell to protect it
from freezing damage. Thus, cells must be
permeable, like a window screen, so that water
can be forced out by dehydration and the
cryoprotectant can be forced in. In conventional
freezing used successfully with mammalian
embryos, water is withdrawn by osmosis from
cells and it freezes outside them.

The problem with Drosophila is that it is
impermeable to both water and the
cryoprotectant. So the first task of the
cryobiologists was to make fruit fly cells
permeable by dissolving the waxes on the
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embryo membranes. The Oak Ridge group
solved this problem by treating the embryos
with precisely controlled amounts of a gasoline-
like alkane and an alcohol.

Then Mazur and his associates discovered
that Drosophila embryos are so sensitive to cold
that those in the early stages died even before
ice had formed in the cells. They decided that
con-ventional freezing would not work and that
ice formation must be prevented.

To achieve this end, they chose the alternative
strategy of vitrification—the formation of
glassy, or noncrystalline material, rather than ice
crystals. Based on an approach reported by Peter
Steponkus and colleagues at Cornell University
in 1990, vitrification was accomplished by
chilling the embryos to —205°C very rapidly
(100,000° per minute) to “outrace” the lethal
consequences and by using up to 8 times the
normal amount of cryoprotectant (ethylene
glycol) to dehydrate the cells and vitrify the
water. However, Mazur’s group found that this
strategy worked well only on embryos in a
certain developmental stage—those that were
frozen 14.5 hours after the eggs were laid. The
Oak Ridge group found that 68% of these
embryos hatched to larvae and that 40% of the
resulting larvae developed into normal adult
flies.

The ORNL strategy may be useful for
preserving mosquitos, houseflies, and other
nonmammalian embryos. Cryopreservation of
various lines of mosquitos coulc ke possible
identification of the gene that makes some
mosquito types susceptible to carrying malaria
and of the gene that makes other mosquito lines
resistant to it.

According to the Science article by Mazur et
al., “The optimal developmental stages being
frozen are probably the most complex systems
that have been cryobiologically preserved. The
embryos are highly differentiated into tissues
and organs including muscle and nerve, which
indicates that differentiated multicellularity is
not a barrier to cryopreservation. The findings
also represent perhaps the first case in which
vitrification procedures are required to obtain
survival.”—Carolyn Krause
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Grouting increases the original volume of liquid
nitrate-containing radioactive waste by 40% in this
case, whereas the new ORNL process for
removing nitrate from the waste by producing a
ceramic reduces the waste volume by 55%.

form a ceramic. The alumina settles out in the
chemical reactor, and the ammonia is released and
later burned to form harmless nitrogen and water
vapor.

Mattus notes that this reaction is the opposite of
the process used by aluminum companies to
convert alumina from bauxite ore to aluminum.
“We use the metal to release the energy put into it
electrolytically and form alumina again,” he says.

Mattus says that the process will be
demonstrated in a pilot plant being built at ORNL
(Building 2528). DOE has expressed interest in
using the ORNL process to address the massive
nitrate problems of Hanford Engineering
Development Laboratory and other DOE sites.

A patent on the process has been filed. Martin
Marietta Energy Systems, Inc., is seeking to
license the technology for commercial use, and
several companies have expressed interest in
further developing and marketing the process.
—Carolyn Krause
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ORNL System Will
Save NASA Time
and Money

ORNL is developing a system to automatically
monitor and verify the status of electronic
components in systems used for U.S. space
launches. The development is expected to help the
National Aeronautics and Space Administration

(NASA) reduce its costs and number of launch .
delays. This

¢ ability
would

dec sethe
time neec’ !
forre s
betw.
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Once perfected and deployed, this Intelligent
Configuration Identification System (ICIS) will
eliminate the need for costly and time-consuming
physical inspections of the thousands of sensors on
the space vehicle and on the launch pad and the
miles of cables running from the sensors to the
launch control complex, often called the firing
room. The result should be reduced turnaround time
between launches and fewer delayed or aborted
launches.

“The amount of time spent tracking down broken
wires in cables or mismated cable connectors is
amazing,” says project engineer Mike Hileman. “A
system like ICIS could save a lot of time and
money.” The ICIS project, sponsored by NASA, is
being carried out by engineers in ORNL’s
Instrumentation and Controls (I1&C) Division.

ICIS was originally conceived as the solution to
problems the Laboratory had with several large data
acquisition and control systems. “It can be a
nightmare trying to determine which of thousands
of sensors are tied to which channels of the data
acquisition and control system,” says Hileman. “We
had a real need for something that could
automatically determine the configuration of a
system.”

NASA had the same problem. Ground support
personnel were spending many hours verifying the
cabling and configuration of their systems. The
space agency contacted ORNL after the 1&C
Division received an IR+100 award in 1987 for
work on configuration and control systems. In
1989, DOE and NASA entered into an agreement to
develop the technology for NASA’s new National
Launch System (NLS).
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“For instance,” says Jim McEvers, 1&C’s
instrument-development group leader, “ICIS
transmits a signal to a sensor, asking, ‘Are you out
there, and if so, where and who are you?’ The
sensor then responds with the requested
information.” Currently, to obtain this type of
information, someone must physically verify the
location and status of the component in question.
“And that is painstaking and costly work,”
McEvers says.

In the next phase of ICIS development, ORNL
1&C engineers plan to reduce the size of the
hardware so that the sensor identification and
integrator modules fit inside and become integral
parts of the cables they will monitor. Also planned
are the addition of the capability to identify every
cable conductor in a signal path, programmability
of identification modules by technicians in the
field, development of a programmer’s station, and
the ability to customize reports and graphic
displays for various applications. Ultimately, ICIS
technology will be transferred to private industrial
firms.

ICIS has applications in all phases of space
exploration. It can be useful in pre-launch quality
assurance and post-launch assessment. “Even
though launch engineers try to protect the
hardware, cables may still be damaged in a
launch,” Hileman says. “After a launch, ICIS could
identify which cables need to be replaced. This
capability would decrease the time needed for
repairs between launches.”

ICIS will provide real-time fault detection and
monitoring of the space vehicle’s power,
communication, and data systems. It may also be
used on the proposed space station to experiment
with different system configurations and for
verification of the integrity of the station after a
system failure.—Marilyn Morgan

Trees’ R ;ponses to
| ising CO, Levels

Trees do not necessarily grow bigger and faster
in an atmosphere enriched in carbon dioxide (CO,),
according to a study by Rich Norby, Stan
Waullschleger, Carla Gunderson, Gerry O’Neill, and
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others in ORNL’s Environmental Sciences
Division. The researchers concluded that at least
one tree species may be responding to elevated
CO, concentrations by growing additional fine
roots rather than leaves that take up carbon.

The ORNL scientists are studying the effects of
increased atmospheric CO, concentrations on
photosynthesis and leaf respiration in forest tree
species, as well as other responses that may
determine how trees in natural forests will grow in
the future. Their work is described in detail in an
article in the May 28, 1992, issue of Nature.

Photosynthesis is the tree’s use of energy from
sunlight to convert atmospheric CO, into
carbohydrates. In a reverse reaction process, leaf
respiration is the release of CO, from tree leaves
back to the atmosphere as carbohydrates are broken
down for use as fuel by the tree. The two processes
together determine the tree’s net carbon uptake and
potential for subsequent growth.

The concentration of CO, in the atmosphere is
increasing, largely because of the combustion of
fossil fuels for energy and the deforestation of the
earth, especially the cutting and burning of tropical
forests. Many scientists expect increased levels of
atmospheric CO, to trap more heat near the earth’s
surface rather than allow it to radiate into space,
resulting in a rise in the average surface
temperature of the earth, commonly known as the
greenhouse effect.

To accurately predict the amount of global
warming, scientists must be able to project the
atmospheric level of CO, at a given time. For these
models, they must have information about the
uptake, storage, and release of CO, by plants.

In the past, most studies have focused on the
uptake side of the equation—photosynthesis. Those
studies that dealt with leaf respiration have used
crop plants such as rice or alfalfa. However, as
Waullschleger points out, “You can’t use rice as a
model for something as complex as a forest
ecosystem.”

“The trouble is that trees are a whole lot harder
to deal with,” Norby observes. “Three years is the
longest any of these forest trees have been exposed
to elevated C02, so our results on carbon uptake
and release are really very important. We don’t
know if we can extrapolate the results of
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Lanxide makes components from a broad range
of proprietary composites of ceramic and metal.
These composites are lightweight but very strong
materials that have ideal properties for many
applications. However, because of their hardness
and wear resistance, they can be difficult to
machine.

The purpose of the collaborative effort is to
develop cost-effective machining techniques for
these composites. Work also will be done on
establishing process control and material
characterization techniques. The high cost of
machining is considered to be a principal barrier to
the use of ceramic-containing composites in the
automotive industry.

Initial work will be conducted at the Y-12 Plant
during establishment of the Ceramic Manufactur-
ability Center in the High Temperature Materials
Laboratory (HTML). The HTML, which is open to
industrial users, houses a unique collection of state-
of-the-art equipment for analyzing and studying
ceramic materials. The Ceramic Manufacturability
Center, which is being established under a
cooperative program for Cost-Effective Machining
of Ceramic Components, is its most recent
addition.

Cooperative research and development projects
under CRADAS such as this one with Lanxide and
earlier agreements with Coors Ceramics Company
and the Detroit Diesel Corporation will help U.S.
industry to maintain a position of leadership in the
machining of precision components and
manfacturing advanced materials. It is expected
that additional CRADAS will be forthcoming from
other U.S. companies.

Specific objectives of this project include
improving the accuracy and consistency of critical
workpiece dimensions that are generated by
processes such as threading, drilling, grinding,
honing, cutting, broaching, turning, and milling.
The initial focus of the project will be development
of techniques and tooling for the cost-effective
machining of metal matrix composite connecting
rods and brake calipers and rotors.

The existing Lanxide machining processes will
be characterized and test bed activities will be
conducted in Oak Ridge to demonstrate the
feasibility of applying Y-12 Plant manufacturing
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technology. Test pieces will be provided by
Lanxide for the evaluation and feasibility
demonstration. Characterization of machined test
pieces will be shared by Lanxide and Oak Ridge.

Lanxide Corporation represents the world’s
largest development and commercialization
effort devoted to ceramic and metallic
composites, according to Marc S. Newkirk,
president and chief executive officer.
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ORNL and General Motors (GM) Corporation
are working under a CRADA to develop longer-
lasting, heat-resistant assemblies for heat-
treating furnaces used in producing automotive
parts. The collaboration focuses on using nickel
aluminide alloys developed at ORNL to
manufacture assemblies consisting of trays,
support posts, and fixtures. These assemblies
will be used to hold automotive components as
they are being heat treated in specialized
furnaces.

The goals of the CRADA for GM are a more
energy-efficient manufacturing process for
producing automotive parts, an increase in
component throughput, and a reduction in cost
stemming from longer tool life. To achieve these
goals, the ORNL and GM researchers must
develop an improved casting process,
characterize and modify the alloy to optimize its
manufacturability and performance under typical
heat-treating furnace operating conditions, and
test and evaluate specimens and prototype parts.

A collaborative study between ORNL and the
Babcock and Wilcox, Inc. (B&W), Alliance
Research Center in Alliance, Ohio, may help
electric utilities increase the efficiency of some
power plants while reducing pollution.
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