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FOREWORD

Stephen' VY. Kaye

The Health and Safety Research Division (HASRD) of the Oak Ridge National
Laboratory (ORNL) continues to maintain an outstanding program of basic and applied
research displaying a high level of creativity and achievement as documented by awards,
pﬁblications,’prbfcssional service, and successful completion of a variety of projects.
Our tocus is on human health and the scientific basis for measurement and assessment of
health-related impacts of energy technologies. . o

It is dur custom to publish a division progress report every 18 months that
summarizes our programmatic progressl and other measures of achieverent over the
reporting period.. Since it is not feasible to summarize in detail all of our work over the
period covered by this'report (October 1, 1988, to March 30, 1990), we intend this
document to point the way to the extensive open literature that documents our findings.

Major changes were effected in the Division's management by appointment of three
new Section Heads. Harvel A. Wright retired and was replaced by Robert N. Hamm as
Head of the Blologlcal and Radiation Physics Section. Tim Ensmmgcr transferred to the
Energy Division, and Po-Yung Lu was appointed as the new Section Head of the
Biomedical and Environmental Information Analysis Section. John C. Miller was
appointed Head of the Chemical Physics Section after W. Ray Garrett decided to return to
full-time research. The Division is indebted to the former Section Heads for their
dedicated service and their many contributions as managers.

The following individuals were appointed to group leader positions during the
reporting period: C. H. (Winston) Chen, Group Leader of Photophysics, Mary W.
Francis, Acting Group Leader of Environmental Regulations and Remediation, and
Robert H. Ross, Group Leader of Chemical Hazard Evaluation and Communication.

Rufus H. Ritchie was named a Senior Corporate Research Fellow of Martin
Marietta Energy Systems, Inc. His appointment elevated him to the highest level possible
for a scientist at ORNL and is a deserved recognition for his outstanding career as a
theorist in radiation physics and radiation dosimetry, surface physics, and plasmon
interactions. His career has been characterized by a sustained level of creativity and
productivity with major contributions to many fields.



Tuan Vo-Dinh, Leader of the Advanced Monitoring Development Group, was
recipient of the Medal of the Languedoc-Roussillon Region Award (1989) for his
scientific achievements and to commemorate the establishment of a research collaboration
between ORNL and the Laboratory of Physical Chemistry, University of Perpignan,
Frarice. o

In 1985, the Division established the Excellence in Research Award to be prcsented'
annually to a HASRD staff member for either applied research (eve11~numb¢rcd years) or
- basic research (odd-numbered years). The award is given for outstanding examples of
creative and innovative contributions to science as judged by a special panel of senior
ORNL staff. Tom Ferrell and Bruce Warmack were corecipients of the 1988 award for
their invention of the Photon Scanning Tunneling Microscope. In 1989, the award was
shared by Ray Garrett and Marvin Payne for their work in nonlinear optics.

A new HASRD award, the Distinguished Achievement Award, was instituted in
1989 for support staff. Ogene Jennings received the Distinguished Achievement Award
for Administrative Support for 1989. Judy Wyrick received the Distinguished
Achievement Award for Technical Support for 1989. The award will be given annually
hereafter. ' ‘

Three HASRD staff members were honored during Energy Systems Awards Night
ceremonies for outstanding achievements in 1989, Gloria M. Caton received the
Operational Performance Award for distinguished service in managing information for the
formal critical review of the Department of Energy (DOE) Energy Conversion and
Utilization Technologies Materials Program. T. L. Ferrell and R. J. Warmack shared the
Inventor Award for their Photon Scanning Tunneling Microscope.

One index of creativity of which we are particularly proud relates to receiving
patents. The HASRD staff were awarded a total of seven patents during the reporting
period. Additionally, for their invention of the Photon Scanning Tunneling Microscope,
Tom Ferrell and Bruce Warmack received both the Fabry-Gramont Award from the
French Optical Sdciety and, along with Robin Reddick, an R&D-100 Award. Plans are
proceeding to commercialize this promising new instrument.

Russ Knapp, Leader of the Nuclear Medicine Group, was recipient of the
prestigious Senior U.S. Scientist Award from the Alexander von Humboldt Foundation
of West Germany, in recognition of his achievements in radiopharmaceutical research and
the development of new agents for clinical applications in nuclear medicine.

During the reporting period the Division continued to maintain strong programs in

its traditional areas of R&D, but also achieved noteworthy progress in other areas. Our



health risk analysis initiative is a vigorous program that involves most of the Division and
has excellent prospects for long-term growth. Much of the Division's work on site
characteﬁzation, development of new field instruments, compilation of data bases, and
methodology development fits into this initiative. Other new work in tu\nneling‘
microscopy in support of DOE's Human Genome Program and the comprenensive R&D
work related to surface-enhanced Raman spectroscopy have attained new and exciting -
results. These examples of our progress and numerous other activities are highlighted in
this report. | - :

It is the HASRD staff who make all of these great things happen. Their
contributions to ORNL, Energy Sys‘tems, DOE, and other sponsors are highly
significant. We are confident that this high level of performance will carry on to the
future as new programs and challenges arise.

vii
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Research in the Health Studies Section is directed toward developing and applying
new methods for the measurement and assessment of human health impacts from
radiation and chemicals. This research is organized into four groups. The Advanced
Monitoring Development Group develops novel or improved instruments and methods for
assessing human exposures to low levels of toxic chemicals as well as for measuring
potential bioindicators of health effects. The Health Effects and Epidemiology Group
develops and improves human heaith effects assessment methodologies to assess the
impact and relative risk of various technologies on human health. The focus of the
Metabolism and Dosinvetry Research Group is on understanding the radiation exposure-

dose relationships through madeling the behavior of radionuclides within the body and
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the depositidn of ionizing energy within radiosensitive tissues from these radionuclides or
from radiation externally incident upon the body. The Nuclear Medicine Group is
involved in the design and development of new tissue-specific radiopharmaceuticals for
disease diagnosis and therapy. Effective transfer of developed technology to the public
(e.g., regulators and standard-setting bodies) and commercial sectors is emphasized by all
of the groups. Highlights of accomplishments during this reporting period are given in the
following sections. '

- 1Part-time employee.

2Dual capacity.

30ff-site assignment,

' 4Engineering Physics and Mathematics Division,
SComputing and Telecommunications Division.

ADVANCED MONITORING DEVELOPMENT

The research program of the Advanced Monitoring Development Group involves
multidisciplinary research efforts targeted toward three major areas: (1) cost-effective
chemical and biological screening techniques, (2) biological and chemical sensors, and (3)
~ basic technical advances of emerging monitoring technologies.

We have initiated the development of the second-generation fluoroimmunosensors
(FIS). The previous FIS devices were developed for "one-shot" measurements, whereas
the second-generation FIS devices are designed to be regenerablé. By combining FIS
technology with a capillary reagent delivery system, we have constructed microscale
sensors that are capable of performing a variety of heterogeneous FIS procedures
repetitively, remotely, and in situ. These procedures include adding solid- or liquid-phase
antibody, adding secondary reagents (e.g., the labeled "second" antibody when
performing sandwich assays), and rinsing to remove unbound impurities. In addition to
delivering reagents, the sensor has the capability of sampling analyte thrc " a membrane
via either diffusion or aspiration, The latter mode of sampling could be very beneficial in
the eventual use of the sensor for the measurement of large molecules.

During this reporting period we have successfully demonstrated the effectiveness of
fumed silica as a fluorescence enhancer on a paper support utilizing a biologically
important compound [viz, benzo(a)pyrene-tetrol (BPT)] as a model system. Experimental
factors such as the type and concentration of fumed silica and method of application were



evaluated in detail. The results indicate that fumed silica induces an efficient enhancémcnt
of the fluorescence emission signals from BPT on a filter-paper background and is
therefore potentially useful for the luminescence screening of polynuclear aromatic
(PNA)-DNA adducts, ‘

We continue to develop and evaluate solid substrates that are designed to be
practical, inexpensive, and effective for surface-enhanced Raman scattering (SERS)
hlcasurements. The ‘SE‘RS«active substrates based on microparticles (e.g., Teflon |
microsphere, titanium dioxide) have been further investigated and have demonstrated their
effectiveness. During this reporting period we have measured several purines and
pyrimidines and investigated their SERS spectral structures. Our substrates allow us to
perform SERS measurements in solution. ‘

We have produced a variety of DNA adducts by incubating calf thymus DNA with
the appropriate polyaromatic epoxides in vitro. Four different PNA compounds
‘ [benz(a)anthracene, dibenz(a,c)anthracene, benzo(a)pyrene, and methylcholanthrene]
were used to produce the adducts. Subsequently, the level of adduction for the various
PNAs' (i.e., PNA residue per unit of base pairs of DNA) was determined using
fluorescence to quantify the PNA (hydrolyzed from the DNA by acid) and ultraviolet
(UV) absorbance to quantify the DNA. Spectroscopic techniques were used to detect the
PNA as actual DNA adducts (i.e., nonhydrolyzed, bound to DNA). The synchronous
fluorescence technique developed in our group was found tc provide excellent selectivity
in identifying the PNAs bound to DNA. Limits of detection by this technique are currently
in the range of 1 PNA adduct per 105 to 107 base pairs, and research is under way to
extend the sensitivity to a lower level of adduct detection.

Novel DNA sequencing procedures using hybrid technologies are being developed.
We are applying the techniques of fluorescence to detect the sequence ladder and capillary
zone electrophoresis to develop the sequence. M13 Primer has been 5'-labeled with
fluorescein and biotin. Subsequent electrophoresis on conventional slab gels has
successfully demonstrated the performance of these modified primers in a standard
sequencing reaction. Detection of the fluorescein is accomplished with the argon ion laser
and a charge-coupled device as detector.

In addition, the development of an instrument for stepwise sequencing of DNA has
led to a new selective chemical oxident for alcohols that was shown to be quantitative
within minutes in tests conducted at room temperature and at -80°C. The reagent has been
demonstrated to react with both low-molecular-weight alcohols and oligodeoxy-

nucleotides. Work is in progress to optimize conditions for use in the DNA stepwise



sequencer, Design of a low-cost, large-scale parallel processing unit is under way. This
approach will provide additional sequence information that cannot be obtained by
conventional sequencing methods.

HEALTH EFFECTS AND EPIDEMIOLOGY

To improve human health risk assessments, the Health Effects and Epidemiology
Group synthesizes laboratory-based bioassay data, epidemiology results, and
mathematical models based on first principles. Work is intentionally balanced between -
studies at a fundamental level and applications. Long-term objectives include the
placement of hazards from varying insults (e.g., chemicals, nonionizing electromagnetic
energy, physical agents, ionizing radiation) on a common scale and the development of
methods to place the common scale of hazards in perspective with consequences of
normal daily human life. This report summarizes three of many activities during the
reporting period.

" One of the group's activities is focused on the development of microbiological
information needed to characterize the hazards of the human environment. Most studies
detailing the impact on health of aerosolization of microorganisms from aqueous
components of heating and cooling systems are concerned with industrial settings. Our
recent study was undertaken with the Consumer Product Safety Commission to detail the
microbiology of aerosolization reservoirs used in the home environment. Humidifiers
tested included cool mist, ultrasonic, console, and steam vaporizers, When these
humidifiers were initially filled with normal tap water, there was no obvious correlation of
the ability to support microbial growth with type of humidifier. Conversely, the ability o
aerosolize microbes was dependent on humidifier type. Cool-mist units aerosolized both
bacteria and Hydrophobic fungal spores while ultrasonic units aerosolized bacteria but not
hydrophobic fungal spores. Console units and steam vaporizers aerosolized few microbes
under test conditions used. Attempts to decontaminate humidifiers in laboratory studies
were only temporarily effective.

In addition to laboratory studies, the microbial content of 88 humidifier reservoirs
obtained from home environments was characterized. Several genera of bacteria (i.e.,
Pseudomonas, Flavobacterium and Bacillus sp.) and free-living amoebae were found in
the majority of units. An encephalitic Acanthamoebae sp. was isolated from one of the

units. Other potentially pathogenic or allergenic agents such as Balantidium and
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Enterobius as well as fungi such as Penicillium and Aspergillus were found in over
30% of the home humidifiers,

Work for the Defense Nuclear Agency included evaluations and validations of the
mathematical model of bone marrow cell-renewal kinetics that we have developed over the
past few years. The cell-kinetic model can now be used to equate any protracted
irradiation by photons to an equivalent prompt dose. The equivalent prompt dose can be
used to estimate the magnitude of the depressed hematopoietic function and to predict the
associated probability of death between about 5 and 60 days post-exposure.

The cell kinetic model is serving to elucidate biological mechanisms of mortality not
understood previously. For example, recent work has demonstrated that the rate-limiting

step for hematopoiesis may be structural integrity of the marrow stromal cells that provide

the microenvironment upon which the hematopoietic stem cells (HSCs) seed and
repopulate after injury from irradiation. A common opinion has been that only the
surviving fraction of the HSCs controls recovery from bone-marrow depression and that
the complete blood and marrow complex can be regeneyrated by very few of these cells—
perhaps as few as 30 in mice. Because of complex biochemical interactions between the
HSCs and the microenvironment, it has not been possible experimentally to explore the
exact interaction of these cell populations quantitatively, However, with our cell kinetics
model, we have been able to calculate the cell-survival curve for the rate-limiting ystep in
HSC proliferation. The rate-limiting step seems to be the surviving fraction of stromal
cells in the hematopoietic marrow. It is therefore expected that the exact number of
surviving HSCs is not directly related to the fate of the animal. Rather, the surviving
fraction of HSCs is likely to be a secondary index that is, under simple irradiation
conditions, just another index of the equivalent prompt dose.

The finding that formaldehyde resins in plumbing fixtures in a large Naval housing
complex could result in release of formaldehyde into residential drinking water prompted
a concern that chronic ingestion may present a carcinogenic risk to Navy personnel,
Based on a comprehensive analysis of formaldehyde metabolism and biological
mechanisms, and comparison of drinking water exposure levels with formaldehyde levels
commonly found in foods, it was concluded that low-level formaldehyde exposure
(20 ppb) through the drinking water in base housing does not constitute a health hazard.
By the same oral route of intake, humans typically ingest about 11 mg daily of
formaldehyde in foods, a level of intake almost 3(X) times greater than that from ingestion
of formaldehyde as a drinking water contaminant at 20 ppb. Metabolic studies indicate

that the low levels of formaldehyde contaminating the drinking water are readily



detoxified by enzymatic processes already in place for the normal utilization of
endogenous formaldehyde. |

Investigation of the biological mechanisms of formaldehyde indicate that
formaldehyde responses are distinctly nonlinear, resulting in an apparent threshold of
effects from formaldehydc exposure. The primary determinant of formaldehyde toxnuty
is the concentration, not the cumulative dose. Thus, small doses that do not overwhelm
metabolic detoxification do not result in cumulative toxicity. Furthermore, only cytotoxic
levels of exposure appear to be capable of inducing a carcinogenic response, and the
subcytotoxic levels, such as are found in the drinking water at the base housing and in
normal foods, are not likely to potentiate carcinogenesis. Our work offered an approach
to regulation based on available informatior suggesting that formaldehyde is'a normal
»roduct of metabolism, possesses an apparent threshold of effects, is characterized by a
nonlinear dose response, and is ingested daily in milligram ambunts Considering
mgestlon in foods as a surrogate chronic toxicity study, we estlmdted a permissible level
of formaldehyde in drinking water to be about 0.5 ppm. This dpproach does not rely on
linear extrapolation of the carcinogenic dose response from a chronic inhalation study to
estimate low-dose risk from ingestion, a method that results in an overestimation of low- -
dose risk and may place an unnecessary, costly burden on regulated sources. The
alternative approach offered by our analysis suggests that the regulation of formaldehyde
~should be based on a ldrger comprehensive body of knowledge incorporating all levels of
data instead of restricting the focus to formaldehyde's carcinogenic status,

‘ METABOLISM AND DOSIMETRY RESEARCH

The main task of the Metabolism and Dosimetry Research (MDR) Group is the
developmem of radiation exposure-dose relationships through modeling the biokinetics of
radionuclides within the body and modeling the deposition of ionizing energy within
radiosensitive tissues from these radionuclides and from radiation externally incident upon
the tody. Such exposura-dose relationships are the cornerstone of radiation protection
“and wlso serve an important role in the evaluation of medical diagnostic procedures
involving use of radiopharmaceuticals and X-ray machines,

Biokinetic models developed in the past to describe the behavior of radioactive
elements have been derived on an empirical basis—that is, by fitting simple mathematical
expressions to available element-specific retention data for adult humans and laboratory

animals. Such mathematical expressions provide some basis for calculating integrated



doses from radionuclides but, in general, have no discernible correspondence to the

physiological processes actually controlling behavior of the radionuclides in the body.

Development of models describing the biokinetics in persons other than a hypothetical

young adult male has required a substantial departure from this approach because of the
scarcity of element-specific data for special populations.

- As far as is practicai, the models currently being developed by the MDR group
explicitly depict the tissues and physiological processes controlling the movement or
retention of radionuclides in the body. The advantages of a physiologically realistic
approach are that it allows (1) incorporation of basic physiological information into the
model, (2) realistic treatment of decay products formed in the body, (3) meaningful
extrapolation of data from laboratory animals to humans, (4) meaningful analogies
between an element of interest and physiologically similar elements, and (5) linkage
between éxéreti()n of a radiouctive element z;i\d movement among body tissues and blood.
Biokinetic models developed by the group as well as age-specific dosimetric models are
featured in the first report of the International Commission on Radiological Protection

(ICRP} to tabulate data on the organ dose per unit intake for individuals of various ages.

In a collaborative effort with Children's Hospital National Medical Center in
Washington, D.C., routine diagnostic computerized axial tomography (CAT) scans are
being used to develop a data base of three-dimensional images of the body. The data base
is being used to define the volumes, masses, shapes, and spatial 'relationships of body
organs in an age-dependent manner. CAT images have been used to construct a highly
realistic anatomical rept‘“esen‘mtion used with Monte Carlo methods to evaluate radiation
transport in the body.

 Members of the group are involved in work of various committees and task groups
of the National Council on Radiation Protection (NCRP), the Medical Internal Radiation
Dose (MIRD) committee of the Society of Nuclear Medicine, and the ICRP. In addition,
the group provides technical support to the work of the Radiation Effects Research
Foundation (RERF) regarding the dosimetry of the A-bomb survivors and dosimetry
expertise to the National Cancer Institute and various other working groups. Of particular
relevance to our research interests is the work of Scientific Committée 57 on Internal
Emitters of the NCRP and the task groups of ICRP Committee 2 (the task group on
Revision of Reference Man, the task group on Age-Dependent Dose per Unit Intake, and
the task group on Dose Calculations). The MDR group has also provided expert

assistance to the local radiological health protection organization to help improve the



quality of radiological protection provided to contractor employees, guests, and the
public. '

NUCLEAR MEDICINE

Research conducted in the Nuclear Medicine ‘Program focuses on the design and
development of new tissue-specific radiopharmaceuticals for diagnosis and therapy. In
addition to the syntheéis and testing of new radiopharmaceuticals for in vivo nuclear
imaging, o'therv activities include biochemical studies to determine the mechanism of tissue
specificity of the radiolabeled agents and preclinical testing of new radiolabeled agents in
laboratory animals and various in vitro systems. In conjunction with the development of
radiopharmaceuticals, production and processing techniques are developed for
radionuclides of interest. New radiolabeling techniques are also developed to incorporate
radionuclides into various tissue-specific agents for both diagnostic and therapeutic
applications. New radiolabeled agehts are distributed internationally to approximately 20
Medical Cooperative Programs at clinics, universities, and other research’ institutions
for further collaborative preclinical testing and clinical evaluation. This balance between
basic research and development and interaction with key programs at other institutions
continues to form the basis of a strong Nuclear Medicine Program. Our collaborative
programs bridge the gap between our development and initial distribution studies of
agents in animals and more detailed preclinical testing in special animal models and
clinical testing with collaborators. _

Clinical testing in éonjunction with several medical cooperative investigators is
continuing. Iridium-191m from our activated carbon 1910s/191m]r g‘enerator system has
unique applications for the diagnosis of heart and vascular disease. The ultrashort half-
life of 191mIr (4.9 s) allows rapid, repeat studies with low radiation exposure. Clinical
trials are in progress through our Medical Cooperative Programs ir. Belgium and West
Germany, and over 600 patient studies have been performed. Work on this generator at
Oak Ridge National Laboratory (ORNL) is now supported by the National Institutes of -
Health (NIH) and is directed at optimizing generator fabrication and pursuing applications
such as continuous elution, In addition, the 1231-labeled (BMIPP) methyl-branched fatty
acids developed in our program are also in clinical trials. This unique agent is an
important tool in cardiology research and is used for the evaluation of differences in
regional myocardial blood flow (perfusion) and fatty acid energy substrate uptake by
single-photon cornputerized tomography (SPECT). One important collaborative program
with Brookhaven National Laboratory (BNL) involves use of our BMIPP agent to
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evaluate the effects of cocaine intoxication on myocardial metabolism. Cocaine-induced
deaths usually result from heart failure, ' | |

New radiolabeled maleimide agents for labeling antibodies and other proteins for
diagnostic and therapeutic applications are being further developed. The (piodophenyl)
maleimide (IPM) has been licensed to E. 1. Du Pont de Nemours & Company for
research applications and is the first agent under license from this program. Monoclon.l

antitumor antibody labeling studies with radioiodinated IPM conducted in conjunction

~with medical cooperative investigators have demonstrated good labeling yield and very

low loss of radioiodide in tumor-bearing animals. New maleimide analogues have also

been prepared for eas'y introduction of radioactive iodine to further expand the scope of
this important agent, - | _

New methods are also being developed for synthesyizing bifunctional chelates for
attaching radioisotopes of copper (64Cu-67Cu) and rhenium (!86Re and '88Re) to
antibodies for therapy and diagnosis. Our studies with 64Cu-chelate antibody complexes
are directed at developing an agent for tumor detection with positron emission
tomography (PET). The development of !88Re chelates parallels our development of the
new I88W/I88Re radionuclide generator system. We are also developing new radiolabeled
agents that bind to specific receptors in the heart and brain for imaging applications.

The development and use of radionuclide generators continue to be an imporizmt
focus of the program. Studies with the 133W/188Re radionuclide generator system
developed in our program are continuing to assess approaches for attachment of 188Re
to antibodies and particles for a variety of therapeutic applications. There is widesprcad
interest from both commercial manufacturers and cancer researchers in the use of 188Re,
which decays with the emission of high-energy electrons. | ‘

Another area of research includes the development of radiolabeled nucleoside
analogues for the localization and therapy of tumors. Nucleosides are major constituents
of nucleic acids and are attractive as carriers of radioactivity to tumors because of the.
increased cell division. Of particular interest are the radioiodinated acyclonucleosides
which have the potential of localization in the hypoxic necrotic areas of tumors, offering
diagnostic opportunities. The radioiodinated acyclonucleosides prepared under this project
show tumor speciﬁc‘i‘ty.

Transfer of our new technologies to the commercial sector is progressing. Several
U.S. patents have been granted, and discussions for additional licensing agreements are
in progress. Beginning in FY 1989, a major new activity was initiated to support

radioisotope production development technology for biomedical applications. This new
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effort, closely related to our traditional radiopharmaceutical development efforts, involves
development of production technology and radionuclide generator systems that have
applications in nuclear medicine and related biomedical research. With the 1990 restart
of the High Flux Isotope Reactor (HFIR), we also ex;ﬁect this resource to be available
once again for production of radioisotopes for our research. New opportunities are under
way in the area of PET in conjunction with the University of Tennessee Biomedical
Imaging Center. ' I |
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The major focus of the integrated groups in this section is the area of environmental
assessments as they impact human health, Specifically, this section develops, calibrates, and
uses instrumentation to measure radiological and chemical environmental contaminants and
evaluates the transport of these contaminants through the environment to assess potential
exposure to humans. Resources exist in this section to measure or sample virtually any
radiological or chemical contaminant in the environment, determine its magnitude and extent,
model its movement through the environment, and estimate potential human exposure to it,
Capability and interest exist in the section in the areas of measurement and calibration of
instrumentation and dosimeters in radiation detection, research and development of
instrumentation to detect a variety of organic chemicals in the environment, and field
investigations performed at federal facilities to develop new chemical and radiological survey
methodologies and to test newly developed instrumentation. Education, training, and
university interactions continue to be a major focus in the technology transfer process.

This section has several unique resources to enhance its research and development
initiatives: (1) the Health Physics Research Reactor is an unshielded, unmoderated fast
reactor suitable for mixed-field irradiation for research in health physics, radiobiology,
bxomedlcmc component testing, and related fields; (2) the Radiation Calibration Laboratory
is a facility with well-characterized radiation sources suitable to test radiation dosimeters to
the requirements of national accreditation programs; (3) the Indoor Air Program is ¢
nationally recognized effort to qualify and quantify a variety of indoor air contaminants,
including radon, formaldehyde, asbestos, and volatile organics; (4) an integrated system of

five high-purity germanium detectors is used for gamma spectroscopy of environmental
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samples; (5) four large mobile laboratories are used for extended survey support at off-site
locations; and (6) a facility with laboratories and technical staff is established in Grand
Junction, Colorado, for more cost-effective response to environmental assessments at
federal facilities in the western United States.

These collective resources enable this section to be a center of excellence in radiation
measurcment and calibration, development and application of chemical monitoring
techniques, assessment of contaminants in the environment, and, collaboratively,
determining the impacts to human health from these physical and chemical agents,

ILeave of absence.

ZPart-time employee.

3Research Reactors Division, ‘
4Instrumentation and Controls Division.
SEnvironmental Sciences Division.

60ffice of Environmental and Health Protection.

"MEASUREMENT APPLICATIONS AND DEVELOPMENT

The primary activities of the Measurement Applications and Development (MAD)
Group are aimed at measuring radiological and chemical pollutants in the environment and
assessing the impacts of these pollutants on the health and safety of potentially exposed
individuals. In support of these objectives, the MAD Group performs three major activities:
(1) identifies potential locations of environmental pollutants; (2) characterizes radiological or
chemical pollutants with regard to location, type, and concentration; and (3) conducts
-research and development of instrumentation and techniques to advance survey capabilities,
Based on existing expertise and equipment, the MAD Group has the capability to detect and
characterize almost any radiological or chemical environmental pollutant of concern to the
general public,

Much of the radiological characterization work performed during the report period
was in support of the Department of Energy (DOE) Formerly Utilized Sites Remedial
Action Project (FUSRAP), which is funded through the Office of Environmental
Restoration and Waste Management. This work involved surveying and identifying
properties requiring remedial action in the vicinity of sites designated by DOL. Funding for
this work, which had been almost constant for the past few years, decreased slightly for the

report period. Comprehensive radiological characterizations were conducted at two sites in
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Schenectady, New York. Preliminary scoping surveys were conducted at commercial
properties in Painesville, Toledo, Warren, Columbus. Hamilton, and Luckey, Ohio;
Madison and Granite City, Illinois; Springdale, Washington, and Pittsburgh, Pennsylvania;
and Ouak Ridge, Tennessee. In addition, a scoping survey was conducted at the Research
Reuctor Fucility in Piqua, Ohio, to determine the existznce of contamination and recommend
actions to remove property from the site. Recent directives by DOE indicate that the
scoping, characterization, and verification surveys will continue for several years at
FUSRAP sites.

In addition to the DOE-funded FUSRAP work, the MAD Group conducted a major
radiological contaming 1t characterization program at the Ouak Ridge National Laboratory
(ORNL). This effort was funded by the Environmental Restoration Division and consisted
of surveys at waste storage sites and suspected areas of contamination. Results of these
surveys are being used to identify and prioritize areas requiring remedial action at ORNL.

Throughout the report period, the MAD Group conducted chemical and mixed-
pollutant characterization efforts at the Y-12 and K-25 sites in support of corporate
environmental restoration programs. This work involved field sampling to detect and
measure all types of environmental pollutants, preparation of site-specific work procedures
and health and safety plans, and evaluation of measured results. In addition to the detailed
characterization efforts, staff members coordinated removal of underground storage tanks at
K-25 and soil gas sampling for organic pollutants at Y-12,

With regard to research and development efforts, projects were conducted to evaluate
the applicability of liquid scintillation techniques to analysis of soil samples, to develop
data management systems and pattern recognition techniques for analyzing large sets of data
for environmental sampling, and to determine methods for evaluating 238U concentrations
without neutron activation analysis. A comprehensive computerized sample tracking and
data management system for recording the status of environmental samples and preparing
data in report formats was implemented and expanded during the report period. This
system is the most efficient and comprehensive of any existing at organizations doing
environmental characterization work. The experience and capabilities acquired through the
expanding environmental pollutant characterization work will be used to continue to
advance methods and instruments used for environmental assessments and to support

technology transfer through publications, presentations, training courses, and workshops.
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POLLUTANT ASSESSMENTS

The Pollutant Assessments Group (PAG) has two primary m.issions, First, it
conducts assessments of environmental pollutants in a variety of settings. Resources exist
to measure or sample for any radiological or chemical contaminant in the environment,
determine the magnitude and extent of that contaminant, model its trangport, estimate
potential human exposure, and suggest or design remedial measures as well as estimates of
associnled costs. Second, staff conduct research and development toward more efficient or
aczurate methods for making pollutant measurements in the field, modeling pollutant
transport, or estimating risk to human or environmental receptors.

PAG has been involved in a variety of environmentally oriented projects.
Involvement in the Uranium Mill Tailings Remedial Action Project (UMTRAP) has
diminished because UMTRAP is drawing to a conclusion, The PAG's Inclusion Survey
Contractor activities have produced approximately 12,000 property survey reports during
the last six years, PAG will continue to support UMTRAP as the Independent Verification
Contractor for Grand Junction remedial actions through FY 1992, Similar projects that are
being conducted by PAG include verification of remedial actions both at the DOE Grand
Junction Projects Office and at vicinity projects in Monticello, Utah, under the auspices of
the Environmental Protection Agency (EPA) Superfund and the DOE Surplus Facilities
Management Program.

The once primary emphasis on radiological assessments to support the group has
largely been replaced by involvement in more detailed longer-term projects. During the last
two years, PAG staff have conducted Remedial Investigation/Feasibility Studies (RI/FS) at
five Department of Defense (DOD) fucilities. RI studies have been conducted at nearly a
dozen DOE and DOD sites from Tennessee to California. The R studies may range from
simple soil sampling to more complex air sampling to installation of monitoring wells and
subsequent water sampling and operation of computer models,

PAG staff are also involved in research projects to improve field accuracy and
precision of groundwaler velocity measurements, to allow in situ measurement of
diffusivity ir boreholes, and to develop field data collection devices for various pollutants,
PAG staft were instrumental in developing the UltraSonic Ranging and Data System
(USRADS), which simultaneously transmits radioactivity, chemical, or geophysical data as
well as the position of the measurement from field locations to a nearby microcomputer in
real time. USRADS is currently being adapted for use with an X-ray fluorescence system
to allow measurement of surface concentrations of heavy metals. PAG staff have also
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recently devised a system to directly estimate groundwater velocity in situ using a borehole
telescope to view colloids as they flow through the well. This groundwater velocity (GWV)
meter will advance groundwater modeling capabilities by allowing numerous measurements
of GWYV in a well field at a relatively low cost. In a related development, PAG staff have
designed a light, mobile drill rig that utilizes a hydraulic ram system to insert sampling tubes
into soil to a depth of up to 15 m. The. system allows rapid subsurface sampling of soil,
water, or soil gas.

Sponsors have recently indicated a need to provide performance assessment
capabilities to support new waste management facilities being developed and operated on
DOE sites. The PAG is adding staff who are familiar with environmental transport models
for a variety of environmental transport media. Consequently, performance assessment.
projects for a variety of DOE facilities are expected to be undertaken in the near future.
These projects fit within the strategy of PAG to provide comprehensive environmental
assessment capabilities to federal sponsors,

MEASUREMENT SYSTEMS RESEARCH

A mgjor function of the Measurement Systems Research (MSR) Group is serving as a
link between the Division's basic research groups and those engaged directly in
environmental sampling and measurement at hazardous waste sites. Our obje “‘ive is to
ensure that the Division has state-of-the-art field monitoring caprbilities. Since its inception
three years ago, the MSR Group retains its original split of interests between developing
monitoring devices for use at hazardous waste sites and investigations of indoor air quality.

The hazardous waste research is focused on developing and testing new in situ and
remote sensing field devices essential to cost-effective hazardous waste characterization and
management. Our work is supported by the Hazardous Waste Remedial Action Program
(HAZWRAP) demonstration and testing vrograms, EPA, various DOE and DOD
Operations Offices, and Laboratory Director's R&D discretionary funds. A fiberoptic
sensor coupled to a portable, derivative ultraviolet spectrometer is near field testing, The
probe has been reduced to about 1 ¢cm diameter. This adaption permits monitoring of
groundwater through narrow-bore wells for light-aromatic hydrocarbon constituents of

~solvents and fuels. Another fiberoptic sensor approach employs surface-enhanced Raman
scattering (SERS) as the means for remotely sensing a wide variety of trace contaminants.
Research groups in three of the Division's sections are engaged in a coordinated effort to

develop workable SERS substrates of requisite sensitivity and ruggedness. A portable
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SERS fiberscope accepting any one of a number of different types of probe is nearly
complete. Three-year support by Laboratory Director's R&D funds is being followed by
funding from the Chemical Weapons Reduction Verification Treaty, USRADS, used for
automatic surveyor positioning, has been interfaced with an electromagnetic terrain
conductivity meter. Successful demonstrations were made at landfills at the 1daho National
Engineering Laboratory and the Muniz Air National Guard Base, Puerto Rico. Work is
well advanced for interfacing USRADS with X-ray fluorescence probes for screening of
surfaces contaminated with heavy metals such as mercury, copper, lead, and arsenic.
Members of the MSR Group have served directly in instrumentation work groups
developing DOE's RDDT&E five-yexr and mid-to-long-term basic research plans for
environmental restorativn, and the group is helping prepare the response of Martin Marietta
Energy Systems, Inc., to these plans, Staff are also cochairing and organizing the Tenth
ORNL Life Sciences Symposium on Hozardous Waste Site Investigations: Toward Better
Decisions, to be held in May 1990,

The indoor air quality program derives support from two sources: the DOE-Office of
Health and Environn- atal Research (OHER) and the U.S. Navy. A basic research program
sceks understanding of radon availability and transport in hilly, karst terrains. A hitherto
unrecognized temperature-related, subsurface transport process driven by aerostatic
pressure differentials was hypothesized to explain anomalous radon soil-gas transport and
entry into houses. A more applied radon program, centrally managed by AIRHAS/
HAZWRAP, involves screening and assessment for the Navy at each of its 250 bases
worldwide. The ongoing screening phase is using 25,000 alpha track detectors from a
commercial vendor. The MSR Group is responsible for planning, protocols, quality
assurance and quality control, data handling, and interpretation. If a screening measurement
exceeds 70 pCi/l., the group is also responsible for immediate site evaluation, confirmatory
measurements, and preliminary remediation dizgnostics. The Navy Radon Assessment and
Remediation Program (NAVRAMP) is about to enter the assessment phase. An estimated
400,000 alpha track detectors and 20,000 charcoal canisters will be deployed in occupied
structures where screening has indicated radon at a level exceeding 4 pCi/L.. An
international symposium dealing with acute and subchronic health problems stemming from
inadequate indoor air quality was organized for the American Industrial Hygiene
Association in May 1989, There were about 1000 attendees, and invited papers were
published in a hardcover book.

We will continue efforts to provide a reasonable balance of funding between basic

research and applied activities derived from sources having more pragmatic interests.
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Essential to success will be our continued interactions with the more basic research groups
in HASRD as well as with those engaged in direct field work within the Environmental
Measurements and Applications Section,

DOSIMETRY APPLICATIONS RESEARCH

Dosimetry Applications Research (DOSAR) Group activities are directed toward
improving the quantification of the radiation dose received by individuals. These activities
are consistent with the HASRD mission of assessment of impacts of energy-related
technologies on human health,. The primary research tool of the DOSAR Group is the
Radiation Calibration Laboratory (RADCAL),

RADCAL dedication ceremonies were held on June 21, 1989, for RADCAL, which
contains various gamma, beta, and neutron sources as well as an X-ray machine. It features
computerized source control, data acquisition and logging, interlock assurance, and

environmental monitoring. It also has closed-circuit television monitoring of experiments,

rail systems for source/experiment positioning, and laser alignment. Although not yet fully

functional, RADCAL has already been used to support DOSAR staff research in neutron
dosimetry, in studies of nonperpendicular incidence of radiation on gamma dosimeters, in
studies of backscatter effects of a variety of different phantoms, and in a unique study of the
gamma spectrum associated with moderated and unmoderated 252Cf. It has been used for
work outside the group, including the performance of quality assurance testing of large
batches of dosimeters, the development of a neutron survey meter, the calibration of
sensitive ionization chambers, and the proof testing of dosimeter capabilities at extreme
doses.

The Fourteenth Personnel Dosimetry Intercomparison Study (PDIS 14) was
conducted using radioisotopic neutron sources at RADCAL, A total of 48 organizations (33
from the United States and 15 foreign) participated in the study. Government laboratories,
nuclear power plants, dosimeter vendors, universities, and medical facilities were included
in these organizations, which submitted over 1300 dosimeters for irradiation in the study.
The results of PDIS 14 provided us with current knowledge of the international status of
personnel neutron dosimetry.

The Second Conference on Radiation Protection and Dosimetry was organized and
conducted by DOSAR staff. This conference, completely funded by participant registration
fees, was attended by 196 persons (35 from outside the United States) representing a

variety of organizations interested in dosimetry. A total of 79 technical presentations (69
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formal papers and 10 works-in-progress reports) were made during the four-day meeting.
In addition 1o the technical presentations, attendees saw and discussed the latest available
dosimetry and radiation protection products with 16 vendors who had exhibit booths at the
conference, , ‘

- DOSAR staff members were involved in several other activities important to the field
of personnel dosimetry. The most significant of these were: (1) a staff member served as
chairman of the Health Physics Society committee charged with the responsibility of
revising ANSI N13.11, the national personnel dosimeter performance standard; (2) a staff
member served as an associate editor of the Health Physics Journal, (3) a staff member
served as a dosimetry assessor for the DOE Laboratory Accreditation Program (DOELAP);

(4) a combination bubble detector-thermoluminescence dosimetry albedo neutron dosimeter
~ with spectrometer capabilities was developed; and (5) an Energy Systems-wide radiation
source control system was dévelopcd and implemented in response to technical safety
appraisal comments. - ‘
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Activities within this section consist primarily of basic physics research studies directed
‘toward providing new scientific knowledge about the fundamental properties of matter in all

phases (gas, liquid, and solid) and, in particular, of processes and mechanisms important in

the interaction of pollutanm with biological materials. The section also maintains a strong
surface physics program. Both theoretical and experimental studies are mcluded in the
section's research activities, whichinvolve state-of-the-art technology in many areas such as
scanning tunneling microscopy, surface-enhanced Raman scattering, soft X- -Tay emission
spectroscopy, and microlithography. Some of the reqedr(,h highlights of the past 18 months
in each of the four groups in the section are reported below.

The section continues to have significant interactions with many other research
institutions, both in the United States and abroad. Thirteen visiting scientists from foreign
institutions, 10 visiting scientists from U. S. institutions, and 30 students worked within the
section at various times during this reporting period.

IPart-time employee.
2Biology Division.
3Instrumentation and Controls Division.

"
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ATOMIC, MOLECULAR, AND HIGH VOLTAGE PHYSICS

The research program of the Atomic, Molecular, 4nd High Voltage Physics Group is
devoted to the study of electron-molecule interactions and negative-ion processes, electron-
excited molecule interactions, interphase physics, the electrical properties of the liquid state of
matter, and the basic physics of gaseous dielectrics, pulsed power switches, and radiation
detectors. -

~ Extensive experiments with three different experimental arran gements helped us unravel
the mechanisms of photoenhanced electron attachment to thiophenol molecules. A new
technique has been developed for measuring photoenhanced electron attachment to very short-
lived (<108 5) electronically excited molec‘uleys. Using this technique, it was observed for the
first time that electron attachment to superexcited states of molecules can occur with enormous
(>10°11 cm2) cross sections that (for triethylamine) are about 107 times larger than those for
the ground state molecule. These incredibly large cross sections may involve high-lying
Rydberg states. | ‘

The intérphase study on the photoionization onset of a molecule (TMPD) in a dense
gaseous and liquid (ethane) medium has been completed. The observed density and
temperature dependencies of the photoionization onset have been explained from basic theory.
The observed lowering of the ionization onset with increasing medium density is principally
due to the effect of medium density on the photoionization electron’s ground state energy Vy
and the corresponding positive ion's polarization energy P*. |

- A systematic study has been undertaken of the electron transport properties (especially
electron drift and diffusion) of dielectric liquids, particularly at high applied electric fields.
Apparatus for the study of the electrical properties of cryogenic and room temperature liquids
has been designed and built. In particular, a new fast electron drift technique has been
developed for the measurement of very fast drift times (and diffusion) for excess electrons in
dielectric liquids. Using this technique, electron transport to very high applied electric field E
(~1.4 x 105 V cm") has been studied for a number of fast liquids (tetramethylsilane,
neopentane, tetramethyliin, tetramethylgermanium, and 2,2,4,4-tetramethylpentane) and their
mixtures.

The investigations on the electrical properties of the liquid state of matter and on the use
of the obtained new knowledge on the electrical (and other) properties of liquids to develop
novel (ultrafast and ultrasensitive) liquids for radiation/particle detectors progressed
significantly. They provided the basic foundation for identifying and assessing fast room

temperature dielectric liquids for Superconducting Super Collider calorimeters. They also led
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to a totally new idea concerning the switching of the electrical properties of a fast dielectric
liquid at submicrosecond times. The idea basically involves changing a good dielectric liquid
into a conducting liquid by photoinjecting electrons into it externally. A congept for a
dielectric-liquid pulse power switch employing flash lamps has thus been developed.

The study of slow electron—"hot" molecule interactions, especially electron attachment
to energy-ri‘ch 'organic molecules and electron transport in hot gases, continued with emphasis
on fluorocarbons, SOzF,, and CH3Cl. The weak dissociative electron attachment to CH3Cl
below ~1 eV increased by 3 to 4 orders of magnitude when the gas temperature was increased
from 300 to 750 K. Experimental studies have been initiated and apparatus has been built to
quantify the effect of internal energy of molecules on the rate of autodetachment and
autodissociation of their parent anions. |

Our comprehensive studies on electron motion and interactions in gases aided
profoundly our new initiative to develop and characterize gaseous media for the SSC muon
chambers. |

The role of electron collisions in gas switches has been documented in an invited paper
presented at the NATO Advanced Study Institute on Nonequilibrium Processes, and the basic
physics of gaseous dielectrics has been discussed in a similar paper published in the /EEE
Transactions on Electrical Insulation 25th year commemorative issue.

Plans to host the Sixth International Symposium on Gaseous Dielectrics in Knoxville
proceeded well.

"PHYSICS OF SCLIDS AND MACROMOLECULES |

The Physics of- Solids and Macromolecules Group concentrates on making basic
measurements, by a variety of techniques, of the optical and electronic properties of solids,
macromolecules, liquids, and thin films over a wide range of photon energies and
temperatures. Other areas of research include resonance ionization spectroscopy, soft X-ray
emission and absorption spectroscopy, photoacoustical measurements, gas decomposition
and ion c‘hemistry studies, and measurement and calculation of low-energy electron mean free
paths in solids and macromolecules. Studies in this program should lead to a better
understanding of biologically interesting materials and biological systems and to development
of new low-level pollutant detectors.

A new method of photodesorption that uses an amplified electronic field strength in the
surface region has been developed. The large field strength necessary for ph()todcsorpti(m 18

created by the excitation of surface plasmons in the attenuated total reflection (ATR)
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geometry. In this geometry, & thin aluminum film deposited on the base of a glass prism ig
irradiated with frequency-doubled photons from a Nd-YAG laser incident through the prism,
The desorbed aluminum atoms are ionized by a XeCl excimer luser and detected by time-of-
flight mags spectroscopy. The number of aluminum atoms desorbed from the aluminum film
as a function of incident angle shows excellent agreement with the theoretical angular
dependence of surface-plasmon production, A linear relation between desorption yield and
laser fluence was also observed. Rhodamine 8 molecules adsorbed on an aluminum fitm and
desorbed through this method showed the same dependence with incident angle and laser
fluence. The linear relation suggests a nonthermal desorption mechanism, This mechanism
may provide a useful method to desorb many biologically important substances in solid form
for analysis by mass spectroscopy without thermal degradation,
© We have also studied the discontinuities in the polychlorinated biphenyls (PCB)

concentration in the rings of some scales from striped bass taken from the Watts Bar
Reservoir. A pulsed, tightly focused ultraviolet (UV) beam from an excimer laser was
directed onto a known area of a fish scale placed within our zipparatlls‘ The UV beam ablates
material from the sample and ionizes it. The mass and quantity of the ions are identified by a
time-of-flight mass spectrometer. A knowledge of the relative PCB concentration in the
seasonal rings of these scales could help determine the location of the contaminants within the
Ieservoir. |

We have continued our studies of soft X-ray emission excited by monochromatized
soft X-ray photons from the National Synchrotron Light Source (NSLS). A new computer
operating system with new data acquisition software and a new detector providing improved
signal-to-noise ratio at very low photon count rates were put into operation. Papers were
published on the high-T superconductors (HTSC), on bonding at the interfaces of Si-C
multilayers, on the effects of excitation near threshold of Si L; 3 spectra, and on the photon
exciiation of emission spectra. Studies continue on the HTSCs, layered compounds, rare gas
solids, the effects of near threshold excitation, impurities in organic materials, and joint
excitation by synchrotron light and a pulsed laser phase locked to the synchrotron light
pulses. |

We have reviewed the published data on the optical properties of beryllium for the
spectral region from 0.03 to 300 eV. In the visible and infrared spectral regions, where
published data from various authors show very large variations, we have performed
experiments that identify the most probable sources of error and are using this information to
select the best data from published sources. The effects of surface oxide overlayers have also

been studied. A Kramers-Kronig analysis of the available reflectance and transmission data
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has been carried out to determine the optical properties in this spectral runge. These results
‘were published us an Qak Ridge National Laboratory (ORNL) report and have been submitted
for publication in a review volume of optical properties of solids.

Spectroscopic ellipsometry was used to measure the optical constants of liquid mercury,
both in the free state and in contact with dielectric overlayers, in the visible spectral region.
Reflectances of liquid mercury under vacuum and in contact with various overlayers were
measured directly at large and small angles of photon incidence, These directly measured
reflectances agreed well with those calculated from the optical constants determined by
ellipsometry. In an independent experiment, measured reflectances of polarized light from i
MgF; semicylinder/liquid mercury interface were used to determine the optical constants of
liquid mercury., In all these experiments, the non-Drude optical response of liquid mercury
was cléurly demonstrated. ‘ _ |

The production of SoFj as a by-product of SFq decomposition in spark and corona
discharges has been studied. The importance of S;Fy¢ is its extremely high toxicity
represented hy a Threshold Limit Value (TLV) for human exposure of 10 ppb. The possible
formation of this chemical has largely been dismissed by the utility industry because of the
lower thermal stability of this compound relative to other SFg by-products and the lack of
experimental data. Detection of SpF g in an SFg background is difficult unless some
separation technique such as gas chromatography (GC) is employed. Using GC techniques,
we have measured the spark and corona yields of §;F ¢ and attempted to de‘lineutc the
chemical reactions which lead to its formation. Basically, the combination of two SFs radicals
leads to SzFy¢ formation. However, reactions of impurities, such as water, with SFs or with
other SFe fragments can alter the net production rate of S3F . Our results have shown that
S,Fyp is readily formed by electrical discharges in SFg. As a consequence of this finding, a
collaborative project involving ORNL, National Institute of Standards and Technology
(NIST), and Ontario-Hydro (a Canadian electric utility) has been initiated. The objective of
this project is to determine whether SoI¥)( is generated in power equipment used in the field.

We have also examined the thermal stability of SoFg. Although S;Fyq is known to be
stable at temperatures below 200°C, we have observed a slow decomposition of SyF)q due to
surface catalyzed processes. The rate of'decay increases as the surface-to-volume ratio of the
storage cylinder increases. As a result, half-lives ranging from a few days to over a year have
been measured. Increase of moisture was also found to increase the S;Fyg decomposition
rate. Thus, improper samipling and storage of gas samples taken from SFg-gas-insulated
high-voltage equipment in the field can lead to large errors in the measured concentrations of
3aF 0.
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The positive- and negutive-ion chemistry of SFg corona over an SFg pressure of 10 to
300 torr has been examined using mass spectrometry. For positive polarity point to grounded
plane corona the major positive ions observed were SFs*, SF1*, and SFy*. Addition of
water vapor concentration in the range of 40 to 600 ppfn results in the formation of clusters of
water to these ions to form ions of the type SFy*(H20), and the clusters HY(11,0),. In the
case of negative polarity corona, the negative ions observed include SFq, SFs7, and F-.
Addition of water vapor results in clusters of two types: F*(HF), and OH"(H,0),, where the
HF is produced by reactions of fluorine with water in the corona, There Is speculation thas
OH"(H0)y is responsible for the detaching electron which initiates breakdown in SFg. This
is based on recent evidence that the threshold for electron detachment from SFg ions iy too
high to account for detached electrons,

LIQUID AND SUBMICRON PHYSICS

Research in the Liquid and Submicron Physics Group is devoted to the basic physics of
liquids and of submicron structures with allied applications developed as they evolve.
Important advances in microscopy, sequencing of the human genome, and detection of
ultralow levels of chemical compounds have thereby been made. Electron scanning tunneling
microscopy of isolated DNA molecules has been successtully carried out. This has produced
the first irnages of DNA molecules that contain complete genes, the helical structure being
readily apparent in the images. Sequencing of the human genome with simultaneous imaging
may thus be practicable, and a major effort is being carried out with this objective,

The group has also invented a new type of‘microscope: the photon scanning tunneling
microscope (PSTM). A patent is pending on the PSTM and commercial production will be
realized within the next year by a combined French and U.S. industrial effort. The group is
currently adding spectroscopic capabilities to the PSTM to develop a new chemical-mapping
instrument for biological and environmental purposes. This instrument produces data at
subwavelength resolution on insulators and yields a three-dimensional topographical map
which can be directly processed by computer,

Surface-enhanced Raman scattering (SERS) has been studied, used, and improved by
the group in collaboration with other groups. One goal of this work is to produce submicron
structures of high signal enhancement capability in order to reduce the cost and size of the
instrumentation. A highly useful, field-portable, chemical-screening instrument based on
SERS would permit unambiguous detection of pollutants and toxic compounds at remote
sites. The microstructures are vital to attaining this capability and have been improved using
microlithographic methods,
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ANALYTIC DOSIMETRY AND SURFACE PHYSICS

The Analytic Dosimetry and Surfuce Physles Group undertukes basic studies of the
interactions of radiation with matter, both for understanding the fundamental physics involved
and for application to dosimetry, instrumentation, and modeling of the chemical and
biological effects of radiation, Particular emphasis is given to matter in the condensed phase
and to surfuce physics phenomena. [n addition, the group conducts strong collaborative
studies with the Biology Division on the effects of chemical pollutants on biologically relevant
molecules and on the mechanisms of radiation dunmgc to biological systems,

A number of studies were completed or substantinlly advanced. A theory was developed
for directional effects associated with a heavy ion penetrating an anisotropic solid. A mode!
wis developed to calculate positron or proton energy-loss rates and inelastic mean-free paths
in condensed media from a knowledge of thelr optical properties. Multiple emission of
electrons from thin carbon foils was explored. The theory of the spatial dependence of
plasmon decay was developed to explain the good spatial resolution found experimentally in
secondary-electron emission scanning electron microscopy. An explanation was found for the
¢nergy defect seen experimentally in the spectrum of photons emitted in radiative capture of
clectrons by swift jons channeled in selids. Additional work was performed on geminate
recombination in liquid water. Other studies addressed the reported occurrence of nuclear
fusion from accelerated (D20),* clusters on TiD. In a dosimetry application, our electron
Monte Carlo transport code, OREC, was applied in calculations for assessing skin dose from
beta emitters, Some work also continued on the optical charged-particle track detector for
neutron dosimetry.,

In collaborative studies with members of the Biology Division, measurements and
calculations of the radiogenic products from glycylglycine irradiated by X rays in oxygen-free
solutions were completed. Very good agreement was found between theory and experiment,
supporting the proposed pathways of molecular damage. Work for the Human Genome
Project continued. Computer models of DNA that agree with Nuclear Magnetic Resonance
(NMR) Nuclear Overhauser Effect (NOE) data have been developed. Work progressed on
determining protein structures, particulur interest being focused on the human epidermal
growth factor (REGF) and a DNA repair enzyme. A study was initiated to examine the effects
that different metal ions have on the hybridization of oligonucleotides. The results of this
study could have practical use in achieving DNA sequencing by hybridization, In genetics
studies on Drosophila, the allele associated with strontium-ion toxicity was found to be on the
second chromosome,
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The reseuarch conducted in the Chemical Physics Section relies heavily on laser-
based spectroscopic techniques in studies of fundamental atomic and molecular processes,
These are relevant to energy-related problems in atmospheric physics and chemistry,
radiation chemistry, advanced instrumentation technology, laser development, and
advances in analytical methodology. In these efforts, laser-based resonance ionization
spectmséopy (RIS) and RIS combined with mass spectrometry are used in developing
ultrasensitive and/or highly selective techniques for chemical characterization and
detection under a variety of circumstances, For problems requiring laser capabilities
beyond those currently available, nonlinear optical processes are cxplored for their
potential use in extending the ranges of tunable laser wavelengths, Picosecond laser
techniques are being used to extend the range of accessible time scales for studies of fust
photoinduced chemical and physical processes.

The following brief summaries of activities in the Molecular Physics and
Photophysics groups provide general information on the accomplishments in the chenyical
physics program for the period October 1988 through March 1990. More detailed
information on all of the research can be found in the open-literature references at the end
of this report.

U

Hnstrumentation and Controls Division.

MOLECULAR PHYSICS

The Molecular Physics Group conducts basic and applied research in the area of
- Chemical Physics, that branch of science which interfaces physics and chemistry.
Experimental studies involve the use of sonic nozzle expansions in order to produce
ultracold molecules and molecular clusters, Gas phase molecules and clusters are then

studied using laser, charged particle, and neutral beams. These studies involve the
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formation and transformation of a vurlety of chemlcul species under fnteractions with
other molecules or radiation fields, Very fust radiation-induced processes in molecular
clusters, liquids, and surfuces are probed with plcosecond laser techniques. A strong
component of our program involves nonlinear optical studies (In order to generate vacuum
ultraviolet and infrared radiatlon) as well as multiphoton {onization, A major part of the
research 1y directed toward the development of advanced Instrumentation for health and
environmental applications,

The group has continued studies of Rydberg-atoni reactions with rotationally and
vibrationully cold molecules. The effect of the Rydberg "core" on charge transfer
reactions to form negative ions has been examined for hydrogen iodide and carbon
disulfide. In many cases, the presence of the "lon core" of the electron "donor" is
necessary to stabilize a negative ion which s produced by low-energy electron
attachment, An excellent example 1s the reaction A** + HI — A* + HI", In this interesting
reaction, HI* is formed only for alkali Rydberg atoms, A** at low principal quantum
numbers, where the HI" ion is "close" enough to the A* fon to allow for stabilization of
HI". This is the first observation of a stable negative ion from a hydrogen halide. In
another interesting example, an isotope-dependent rate constant for the formation of CSy°
in A** + CS; collisions has been studied. In these experiments, the formation of negative
ions during collisions between cesium Rydberg atoms and CS; molecules has been
studied for intermediate values of the effective principal quantum number (n* = 10 - 26).
The rate constants for CSy formation are found to be different for the two isotopes
C32834S and C328328 for a narrow range of n* near a* = 17, with the rate constant for
(328348" production being up to 4.5 times larger than that for C328328-,

The photoionization of an atom représents one of the most elementary collision
processes. During the past year we have performed elementary studies of single and
multiphoton ionization of many atoms and molecules, Noteworthy among these studies
are the first measurements of the photoelectron angular distributions for ns levels in
cesiurn, It has long been known that for photoionization from a pure s orbital (/ = 0)
without relativistic effects, the photoelectron angular distribution is a pure cos?0
distribution (i.e., the intensity of the photoelectron signal goes to zero when the electron
¢jection direction and the polarization direction are perpendicular), We have measured
photoelectron angular distributions for cesium atoms via the 8, 9s, 10s, and 12 states
and find values of the so-called asymmetry parameter which vary from +1.2 for the &s
state to -0.5 for the 12 state (a pure cos?0 distribution corresponds to B = 2). Deviations
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from a pure cos?d distribution are due to relauvistic spin-orbit interactions in the
continuum,

A major new picosecond laser fucility hus recently become operational, The center-
piece of this new laboratory is a state-of-the-urt Nd:YAG laser which pumps a novel
short-cavity tunable dye laser. The high-peak power of such a system (1012-1014
W/em?) will make possible the observation of high-order multiphoton processes in dense
atomic and molecular gases. The short pulse time (~5 x 10712 ) will allow study of very
fust chemical dynamiics of liquids, solids, and clusters which s important in radiation
chemistry and physics. In both cases, the ability to tune the wavelength of the laser will
allow Slllté;spcc.‘ilulc studies.

Currently two investigations are yielding promising new results, In the first, it has
been found that nonresonant multiphoton processes are surprisingly efficient at producing
ions of atomic and molecular clusters. Species such as Xe,(n = 1-19), (NO)p(n = 1-5),
AryNO(n = 1-10), and Ar,lo(n = 1-12) have been observed. Detailed spcctfoscopic
studies have been carried out on nitric oxide dimers, which are important parts of the NOy
pollution cycle in the upper atmosphere. Fast dissociative processes in (NO); can be
studied only with picosecond timing,

The second study focuses on laser-matter interaction in metals and on surfaces.
Short-pulse lasers are required to minimize thermal effects which mask the interesting
physics. Recent laser ablation studies of solid surfaces have been carried out using the
new picosecond laser system. Measurements of the mass-resolved kinetic energy
distributions of laser-ablated ions are providing interesting new information on the
fundamental physical processes involved as well as providing the basis for advanced
detection instrumentation, Carbon cluster ions from graphite show "magic number"
intensity distributions illustrating the switch from linear to cyclic Cp, structure at n = 10,
Enhanced ion signals are also seen in the region of the "soccer ball" structure of carbon
atoms (n = 60),

Other studies include laser ablation of palladium electrolytically loaded with
hydrogen. The most interesting results come from studies of picosecond laser intéraction
with roughened silver surfaces. Ag* ions are seen to peak at two energies, one at ~ (0.2
eV, which is attributed to a thermal emission process, and a second intense peak at 3.7 *
0.2 ¢V. The second peak corresponds very well to the surface plasmon energy for silver.
Mechanisms for possible ejection of silver iong at the plasmon energy are under
consideration.
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PHOTOPHYSICS

Major efforts in this reporting period fall into four broad categories and are detailed
below:

() Studies of Nonlinear Optical Phenormena and Molecular
Resonance lonization Spectroscopy: |

(@)  Effects that can strongly suppress andlor shift resonant multiphoton
excitation: We have continued our detailed studies of fundamental
processes that affect RIS, including nonlinear processes that can
strongly affect resonant multiphoton excitations of atoms and molecular
systems. We found that conditions can occur where photon fields
generated within the sample greatly modify the atomic response to an
incident laser field, resulting in reductions in expected resonant
excitation and/or emission rate or in a strong shifting of resonant line
positions at elevated pressures. Detailed experimental and theoretical
studies have provided substantial understanding of a number of these
cases,

(b)  Effect of two-photon interference on parametric four-wave mixing: We

~ have shown theoretically and confirmed experimentally that two-photon
interference effects involving parametric four-wave mixing (FWM),
which can suppress two-photon excitation at elevated gas procésses,
can also limit infrared (IR) and vacuum ultraviolet (VUV) emission from
two-photon resonantly enhanced FWM processes. A detailed study of
the interference effect on IR generation in sodium vapor was completed.
(2) Kinetics of Irradiated Materials:

(@) Desorbed ions and neutral molecules: A mass spectrometer was
constructed and used to measure spectra of ions and neutral components
desorbed and/or ablated from superconductors, metals, and fish scales.
The information generated is valuable not only for determining the
components of the target samples, but also for understanding the
mechanism of desorption processes. |

(b) Studies of neutralization and sticking mechanism of radon and its
progeny: The mechanism of the neutralization of 218Po in mixtures of
N3 + NO; has been modeled and experimentally studied. It was found
that ion-ion recombination between NO,™ and Po* is about 10°¢ cm/s.
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The fraction of 218Po which thermalizes as an ion has been measured in
N3 and Ny + NO; mixtures. In both cases, the result is 0.68 + 0.05.

Development of Advanced Instruments:

In-situ monritor for thin films preparation: A facility equipped with a

fluorescence spectrometer, mass spectrometer, and laser ablation capability

was developed to monitor thin film preparation. It can be used to monitor all

the desorbed species, such as excited atoms, ground state ions, and ground -

~ state atoms.

High-T, Superconductors:

(@)

(b)

‘(C)

We observed large amounts of O trapped in high-T¢ superconductors.
This indicated that trapped oxygen may play a key role in high-T¢
superconductivity. It also provided an explanation for the extra number
of oxygen atoms found in hig'h-Tc superconductors.

We studied the desorption mechanism of high-Tc supercohductors and
monitored all the desorbed species from laser ablation of these materials.
This work led to the development of an in situ monitor of thin film
preparation, .

We discovered that the addition of alkali carbonate to YBa,Cu3O7 can
enhance the stability of high-T¢ superconductors. This result can

possibly provide more stable high-T, superconductive materials in the
future.

an



5. BIOMEDICAL AND ENVIRONMEN'] AL INFORMATION

Research:

W. J. Allen

L. J. Allison
K. J. Brown
M. M. Brown!
"R.F. Carrier

G S Danford

g
> E:
s O
o]
O =1
aq
=3
o
=
<

LA dexdson
. C. Davidson!
. R. Ehrenshaft
. L. Etnier!

. Faust!

. Fielden
M. Floyd

. A. Francis
. W. Francis

ZEpe

Gove

.M.

.T.

. L. Heckman
. P. Hewins

. M. Holland!
. M. Houlberg!
. S. Hovatter

. M. Hubner

. G. Kilgore

. W. Kline

. B. Lewis

. K. Mansfield
F. M. Martin

K. H. Mavournin

wmwcmvrmhowxg>r~mm>gw

Technical Support.

J. W. Crutcher
S. C. Daniels
M. E. Gillespie
L. F. Goins

G. E. Groover

ANALYSIS SECTION

P.Y.LALl{ead

S taff |

= Z R

>”rw“wm<gxmwoo

@)
<

iller
iller
oore
organ!
unro!

==

89233

UNONZIT TR
& =

. Opresko!
. T. Owen

. T. Owensl
al
fuderer
icci
oseberry

W T W T
AIZEFNA 32 2P owun!
: 73'-:7'1:000

~
2g
S @
=w

. Slusher!
. G. Smith
. Stafford
. Talmage!
Templeton
. Thiessen!
. Uppuluril
. Uziel
. Von Halle
assom
Wedver
. Whitfield
illiams
oung

wu
o

AW MZN R I®
2

<€

J. P. Hutson

N. P. Knox
M. E. Langston
J. O. Mynatt

J. H. Scott

ghre1 Nikbakht



C. C. Seaborn
D. M. Stokes
J. W. Taylor

Clerical Support::

D. G. Arnwine
W. J. Barnard
G. E. Groover
B. S. Hayes
S. L. Roberts

Consultants.

A. E. Adamson
C. B. Bast

C. R. Catlett

. A. Douglas
. P. Drago

. M. Draime

. L.Eads

. G. Elledge

. E. Estepp

. D. Ferguson
. M. Ferrell

. E. Gibson

. S. Hammons
.D.
C

. T.

Haufe
Hawkins
. A. Holland

'-w—tug’-u;cmmin»-]‘*wzc

Guest Scientists:

None
Students:

M. G. Billings
B. C. Cheek

W, Hodge
. B. Holland

D. G. Jernigan

J. A. Longmire

~ Postdoctoral Fellows:

None

Hatmaker -

38

oulberg
hnson

e
500:1'.‘
<

ilgore
ver
artin
ayes
cNabb
onroe
a0
hockey
chumann
tockstill
hurmer
ebb
ilson
ust

ZS

FEELPEz

b3

FrEQSTORP SRR
2

ZpPuilroorg>eim=x
Z

~

. McClure

. Phillips
Qu1 ggins
. Robert

. Romines
Samples
. Santore-

Qs rvg»—
mo~30>>:§

z
®
o]
o

. Ordoubadian



39

Subcontractors:

G. Benke J. Perkins
A. Colb ‘ R. Purdy
K. Cooper V. Rose
J. Dragun G. Stoner
G. Lambert : G. Witz
K. Menon C.P. Yu
P. Mirkes ‘

The Biomedical and Environmental Information ‘Analysis Section (BEIA) has been a
part of the research and development environment of the Oak Ridge National Laboratory
(ORNL) since its inception as the Environmental Information Systems Office in 1971 and has
historically maintained its major scientific strength in the area of health and environmental
effects of hazardous materials.

During the past year, the Section continued work which has been under way‘for many
years in the development of computerized “health effects data bases. Funded by the
Environmental Protection Agency (EPA) and National Institute of Environmental Health
Sciences (NIEHS)/National Toxicology Program (NTP), the Environmental Mutageh and
Teratogen data bases now contain over 68,000 and 47,000 records, respectively, on
approximately 21,000 total chemicals. The Environmental Mutagen Information Center
(EMIC) has served as the focal point for the EPA Genetic Toxicology (Gene-Tox) Program.
The purpose of the Gene-Tox Program is to conduct a systematic review and validation of
genetic toxicology studies to establish a registry of test results for chemicals evaluated in
selected short-term bioassays. The peer-reviewed Hazardous Substances Data Bank now
contains over 4200 records on individual chemicals with comprehensive numeric and factual
information. During the past year, the staff has prepared and updated 2000 of these records,
which present a detailed profile of each substance. These resources, along with others, were
used by the section staff for preparation of numerous health hazard assessments and review
documents in related areas for EPA and the Army and publication in referreed journals.

A further‘application of these resources is the development of the computer-searchable
Material Safety Data Sheets (MSDS) Data Base. With support from Martin Marietta Energy
Systems, Inc. (Energy Systems), this data base has been developed to inform employees at
the Energy Systems facilities of toxic/hazardous materials with which they may come in
contact. This was a critical factor in bringing Energy Systems into compliance with hazard
communication regulations for the community and the workplace. The overriding need for
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high-quality health hazard data was the major factor in deciding to use the resources of the
section, rather than the commercially available syStems or chemical manufacturer's
information. The work has now expanded to provide MSDS information to the Army, Navy,
the Department of Energy (DOE) Toxic Materials Advisory Committee, the Pittsburgh Energy
Technology Center, and Lawrence Livermore National Laboratory.

A data base has been developed for the EPA Office of Environmental Criteria and
Assessment/Office of Health‘and Environmental Assessment (OHEA). The data base, which
has been titled the Chemical Unit Record Estimates (CURE), will contain all risk-related
values used by EPA and will become the central data resource for carrying out EPA risk
assessments. |

The Human Genome Management Information System (HGMIS) was initiated in 1989.
It is to serve as a primary information source and communication media for DOE's Human
Genome Program Tasks, which include publication of a newsletter and special reports and
maintenance of an electronic bulletin board. As a result of its successful work for DOE, ‘t‘he
National Institutes of Health has joined DOE in support of HGMIS,

In the energy and environmental areas, work has continued on development of
computerized data bases in support of hazardous waste management, transportation, disposal,
and remedial actions. Additionally, the staff has participated in radiological surveys of
contaminated sites and has prepared numerous Remedial Action Survey Assessment reports.
Collaboration with other Laboratory organizations includes acid deposition research and
environmental regulation and compliance evaluation for DOE and Department of Defense
(DOD) facilities with the Environmental Sciences Division; conservation and materials
research with the Metals and Ceramics Division; and fossil energy with the Fossil Energy
Technology Environmental Program. In conjunction with the latter effort, a flexible
information management system has been developed using the INQUIRE data base
management system. Features developed have proved to be transportable to other subject
areas.

A relatively new initiative involves computer technology applications—desktop
publishing and a personal computer (PC)-based expert system. There are a total of 14 major
environmental laws/reference handbooks prepared by the section using desktop publication
technology. The Section is also involved in PC-based expert system software evaluation,
application, and training. Thus far, we have developed three applications in environmental
review and compliance: (1) National Environmental Policy Act (NEPA) Environmental

Review and Compliance; (2) Air Permit Regulations; and (3) Determination of Resources
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Conservation and Recovery Act (RCRA)/Compfehensive Environmental Response,
Compensation and Liability Act (CERCLA) Compliance.

!Part-time employee.

HUMAN GENOME AND TOXICOLOGY

HGMIS was inaugurated in March 1989 and has completed a very successful year, It
was established to serve as a primary information resource for DOE's Human Genome |
Program. As part of its work, HGMIS has produced a quarterly newsletter, established an
electronic bulletin board, and prepared two reports. One of these reports reviews the
instrumentation currently used and that proposed for use in the DNA sequencing effort; the
other publication is the DOE program report for 1989-90. The work of HGMIS has provided
the DOE Office of Health and Environmental Research with one of its first opportunities to
draw attention to its role in the overall effort within the United States to map and sequence the
human genome. As a result of its successful work for DOE, the National Center for Human
Genome Research (NCHGR) at the National Institutes of Health has joined DOE in support
of HGMIS for the purpose of producing a joint DOE/NCHGR bimonthly newsletter. The
first issue of this joint publication, The Human Genome News, is scheduled for April 1990.

EMIC continued updating its computer file that contains the structures and test results
for over 6000 chemicals evaluated in one or more of 23 genotoxicity bioassays. This work
is carried out under the auspices of the EPA's Gene-Tox Program. All structures in this
EMIC file have also been assigned to three chemical classification schemes that allow for a
quick means of segregating chemicals with common structural characteristics. This feature,
coupled with the ability to visually examine the structures of chemicals within a specific class,
has proved to be an immensely effective tool for studying the influence of chemical structure
on genotoxic activity.

The CURE data base has been developed to provide OHEA access to EPA-generated
risk assessment data and to serve as a research tool for agency scientists. This data base is
currently in the Infodata's INQUIRE data base management system at ORNL and available to
the EPA through Telenet dial-up. The accomplishments this year include migrating the file to
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~ the Central INQUIRE, enabling work to be performed without interrupting the users. The
design of the CURE data base includes specialized subfiles developed for efficient use of the
data available in the EPA documents and special fields so that the data can be used for
modeling and structural activity work. There are currently 1900 chemicals in the chemical.
file, all of which have been clessified according to the structural categories developed in the
EPA Gene-Tox program. This will now provide a basis for structural activity to span genetic
toxicology, low-dose toxicology, and carcinogenicity, A PC version of selected information
from the mainframe file has been developed and is currently being tested within the OHEA.,
This is to be provided to the regional offices for ease of access to the complete information on
selected chemicals. Recently, a demonstration of the PC version of CURE was presented to
the assistant administrator of the EPA Office of Research and Development and received a
favorable review. Design and implementation of an environmental information subfile for the
appropriate information in the EPA documents have begun, and a test file is under review.
Plans are for CURE to be available within the agency in the next fiscal year.

CHEMICAL HAZARD EVALUATION AND COMMUNICATION

Under various environmental regulations, such as the Toxic Substances Control Act,
the Clean Air Act, the Safe Drinking Water Act, and Superfund and its amendments, the
Superfund Amendment Reauthorization Act (SARA), federal and state governments are
charged by Congressional mandate with protecting public health and preserving
environmental quality. The staff members of the Chemical Hazard Evaluation and
Communication (CHEC) Group have assisted EPA, the Agency for Toxic Substances and
Disease Registry (ATSDR), the Army, and the states of New York and Tennessee in
developing scientific documents and technical reviews on chemicals potentially subject to
these and other regulations. These reports facilitate the decision-making process of
establishing permissible toxic levels for chemical regulation. Types of reports include:
Toxicological Profiles; Chemical Hazard Information Profiles; Chemical Hazard
Assessments; Tier-1 Health Assessment Reports; Water Quality Criteria Documents; Health
and Environmental Effects (chronic toxicity and carcinogenicity) Documents; Reference Dose
Profiles (oral and inhalation); Reportable Quantity Profiles; Air and Water Quality Standards;
Methodology Development for Occupational Health Criteria; and Problem Definition Studies.

In support of the DOD Installation Restoration Program (IRP), CHEC staff members
are assisting the Army's Toxic and Hazardous Materials Agency and the U.S. Air Force's
(USAF) toxicology program at Wright-Patterson Air Force Base. Assistance to the Army is



43

through guidance on scientific and regulatory issues and through defining cleanup criteriu for
hazardous wastes sites, The Army has numerous waste sites that must be remediated in
accordance with applicable EPA policies and guidelines, CHEC scientists are using their
knowledge of EPA's regulations and risk assessment strategiss to define the necessary
criteria. - For the USAF, an extensive update and revision of the original three-volume IRP
toxicology guide was completed. The resulting four-volume IRP toxicology guide, covering
70 organic compounds, incorporated current (as of May 31, 1989) information on state and
federal regulatory status, health hazard data, analytical techniques, environmental fate, and a
wide range of toxicologic data including carcinogenicity, genotoxicity, teratogenicity, and
short- and long-term exposure effects on humans and laboratory species. Additionally, all of
the data were incorporated into an on-ling, relational data base using the ORACLE data base
management system. The present work involves compilation, analysis, and presentation of
similar information on a series of metals, comprising over 80 individual compounds or salts,
that are of concern to the USAF. This work, scheduled for completion in August 1990 and
also to be included in the on-line data base, will constitute the fifth volume of the USAF IRP
toxicology guide. ‘

With the promulgation of the Hazard Communication Standard by OSHA and SARA,
Title 111, 14 million workers at more than 320,000 manufacturing facilities as well as private
citizens were giveh the right to obtain chemical safety information about the hazardous
chemicals in their surroundings. To assist Energy Systems in complying with the law, CHEC
has developed an on-line, interactive retrieval system for MSDS. Data contents of MSDS
come from peer-reviewed data bases (HSDB, GENE~TOX, CHEMLINE, RTECS,
TOXLINE) and handbooks, as well as from manufacturers' and distributors' MSDS. The
menu-driven systeﬁx uses the INQUIRE data base management system, which resides on the
IBM 3033. The system'can be accessed through timc-shéring option on-site and is available
to all Energy Systems employees and Toxic Material Advisory Committee members/DOE,
Currently, the data base contains information on 2600 pure chemicals and 4873 trade name
‘products. This project has expanded to assist the Army and Navy in implementation of their
hazard communication programs,

HAZARDOUS MATERIALS AND ENVIRONMENTAL
INFORMATION

During the past two years, the Hazardous Materiuls and Environmental Information
(HMEID) Group has increasingly become involved in remedial action activities at ORNL and,
since the beginning of FY 1990, has been working with the Energy Systems Environmental
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Restoration Division (ERD), The staff continues to prepare radiologleal characterization
reports for radionctively contaminated sites on the Ouk Ridge Reservation and has ulso
assisted in on-site survey uctivities, “As u part of the preparation of the reports, HMEIL staf(
members have also been performing data synthesis, analysis, and evaluation to support
proposed remediation alternatives and creating digitized maps that detail the extent of
contamination at the sites being characterized,

The most significant area of growth in HMEI has been in providing information
management support to the ORNL Remedial Action Program Office and the recently created
Information Systems Management Group within ERD. The information management
activities that have been conducted for the ORNL Remedial Action Program since 1985 to
cover all Energy Systems facilities for ERD will be expanded, The HMEI staff will be on
loan to ERD to design and develop central information resources and provide guidance for,
and effective management of, those resources,

In support of the DOE Biomass Production Program, intense efforts were made to
verify all on-line data for short-rotation woody crops and to expand the data base to include
data from newly planted full-scale field trials and genetic research activities, Development of
a similar data base management system for herbaceous energy crops was begun. These
systems will provide important tools in assessing the energy potential, the cultural
management techniques, genetic manipulation, and selective breeding programs for these
energy crops that will lessen the U.S. dependence on imported fuels. |

The information support provided to the DGE Office of Remedial Action and Waste
Technology since 1979 will continue under the recently created Office of Environmental
Restoration at DOE headquarters. This office now has the responsibility for managing the
DOE Remedial Action Programs, the Formerly Utilized Sites Remedial Action Program
(FUSRAP), the Surplus Facilities Management Program (SFMP), and the Uranium Mill
Tailings Remedial Action Program (UMTRAP),

A program for the DOE Office of Environment, Safety, and Health (ES&H) for
technical and management support of its hazardous materials Packaging and Transportation
Safety (PATS) program has been developed and maintained. This includes the design of an
on-line PATS data base. An information center, including a library and data base, is provided
to the Energy Systems Waste Management R&D Program,

Several successful regulatory information projects continue to expand as the need for
this vital information increases in DOE and DOD. The Environmental Safety and Health
News (ESHNEWS), a current-awareness weekly publication on issues of environment and

safety, received an achievement award in the Society for Technical Communications
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Publications Competition in the newsletter category. The Environmental Regulatory Update
Table Is a monthly review of the status of pending and proposed environmental legislation
published in conjunction with the Environmental Sclences Division for the DOE Office of
Environmental Guidance and Compliance. Another cooperative effort with the Environmental
Sciences Division is the perlodic issuance of Environmental Guidance Program Reference
Books on the 14 major federal environmental acts,

A NEPA compliance assessment team was assembled and put into action in response to
Secretary of Energy James Watkins' introduction of a series of ten initiatives to strengthen
environmental protection and waste management at DOE sites, The staff assisted in the
development of the NEPA Compliance Audit Protocol, chiefly by designing and providing
the documentation for a data base to be used to organize and maintain the information
gathered during the review/audit process, including participation in "tiger team" audits at the
Rocky Flats Plant, Feed Materials Production Center (Fernald), Pantex, Kansas City,
Savannah River Site, and Lawrence Livermore National Laboratory,

The information management area has developed desktop publishing techniques for
several applications, including the preparation of newsletters, composition of course
manuals, development of a Drinking Water Regulations poster, preparation and updating of
reference books on legislation, and composition of questionnaires. The Ceramic Technology
Newsletter communicates developments in ceramic technology or advanced heat engines to
over 1200 interested persons in the United States and abroad. The newsletter received a
Society for Technical Communication Award in February 1989. In addition, a newsletter,
Radon Research Notes, in support of the DOE Office of Health and Environmental Research,
Radon Research Program, has been initiated.

A PC-bused expert system, NEPA Environmental Review and Compliance (NERQ), is
under development for the Environmental Monitoring and Compliance Section of ORNL's
Office of Environmental and Health Protection. This expert system is used in the preparation
of documentation of compliance with NEPA requirements and other applicable federal, state,
DOE, and ORNL environmental, safety, and health standards. Additional expert systems are:
(1) Air Permit Regulations and (2) Determination of RCRA/CERCLA Compliance. Both were
developed for the Environmental and Health Protection Division at the Y-12 Flant.



6. OFFICE OF RISK ANALYSIS

C. C. Travls, Coordinator

The Office of Risk Analysis (ORA) was organlzed to assist in the coordination of risk-
related actlvities at Ouk Ridge Natlonal Laboratory (ORNL), The office is involved in a
variety of risk-related activitles ranging from development of theoretical models to actual field
work characterizing risk at hazardous waste sites,

For the Environmental Protection Agency (EPA), ORA is evaluating the use of
pharmacokinetic models in risk agsessment. ORA has developed pharmacokinetic models in
mice, rats, and humans for tetrachloroethylene, methylene chloride, methyl chloroform, and
benzene, The ability of physiologically based phurmacokinetic models to extrapolate between
species provides a major tool for improving the estimation of human cancer risk based on
anlmal cancer bloassays, ORA is also evaluating the use of pharmacodynamic models in the
risk assessment process. These models relute fundamental cellular processes to the
epidemliology of cancer in animal and human populations. They are based on the
assumption that cancer is a two-stage process and incorporate data on genetic mutation
frequencies and cell turnover dynamics. These models appear to have excellent possibilities
of producing more realistic estimates of risk associated with hazardous substances, For the
Department of Energy, ORA is evaluating rapid methods for prioritizing chemicals with
respect to their potential threat to human health. Attributes of these methods are that they
provide estimates of the potential human toxicity of organic chemicals for which little
toxicological data exist, and they work equally well for carcinogens and noncarcinogens,
ORA is also performing health evaluatiops at hazardous waste sites throughout the United
States, |



7. CONTRIBUTIONS TO NATIONAL AND
LLEAD LABORATORY PROGRAMS
AND ASSIGNMENTS

ENVIRONMENTAL RESTORATION

B. A. Berven and C. E. Easterly

Environmental restoration is an extraordinarily complex and costly process. Basic
research is urgently required to reduce costs, improve quality, and reduce expostre to the
public and workers involved in the environmental restoration process, The Department of
Energy (DOE) Office of Energy Research (OER) has undertaken an initiative to advance
basic research in environmental restoration. The problem areas were identified in a planning
document, Evaluation of Mid-to-Long Term Basic Research for Environmental Restoration
(DOE/ER-0419). Basic research needs have been grouped into five major categories
patterned after those identified in the planning document: (1) environmental transport and
transformations; (2) advanced sampling, characterization, and monitoring methods; (3) new
remediation technologies; (4) performance assessment; and (5) health and environmental
effects of technology applications, Oak Ridge National Laboratory (ORNL) was asked to
prepare a document extending, updating, and focusing the initial plan presented in DOE/ER-
0419. Health and Safety Research Division (HASRD) representatives cochaired inter-
national working groups to assess basic research needs in advanced sampling,
characterization, and monitoring methods and health and environmental effects of
technology applications,

All DOE facilities have numerous waste sites requiring site characterization. These
waste sites retain a vast array of chemical and radiological contaminants, both as individual
contaminants and in complex mixtures. The extent and magnitude of site contaminants span
many orders of magnitude. Site characterization is a costly, time-consuming process that
balances the need to gather sufficient information about a site against the cost and time to
gather that information. Research and development in advanced sampling, characterization,

and monitoring will provide optimal solutions to cost versus benefit in site characterization.
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Improved temporal and spatial information about subsurfuce contamination prior to, during,
and after remedial efforts will enhance decision-making capabilities, resulting in grculcr cost
savings and minimizing likelihood of failed remediation.

The extent and choice of environmental restoration strategy depends, in part, on
estimates of human health and environmental risks. These include risks to the workers
occupationally exposed during the restoration process, risks to the residents in the
surrounding communities, risks to potentlal future inhabitants of the DOE sites, and risks to
the environmental components both currently and in the future. Because the risks of DOE
mixed wastes are poorly understood, HASRD is involved in both basic and applied
rescarch programs that will lead to a better understanding of human health risks from
environmental contamination, The overall program goal of the proposed basic research
program is to allow DOE to make significant fundamental scientific advance in the
quantification of risks resulting from mixed (or simultaneous) exposure to radiation and
chemicals that are associated with remediation and restoration of DOE waste sites. It is
essential that policy makers understand the comparative health and environmental risks and
costs of competing remediation technologies. The nature of DOE mixed wastes presents
unique biological exposures, necessitating the development of new and sensitive
approaches for predictions of exposure and biological response.
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APPENDIX A. SOURCES OF ‘FUNDING

FY 1989 FY 1990*

($K) (3K)
DEPARTMENT OF ENERGY
Biological and Environmental Research $ 5978 $ 6,048
Remedial Action and Waste Technology 4,919 3,414
Environmental Research and Development : 240 250
. Electric Energy Systems 332 55
Defense Waste and Environmental Restoration 468 330
Multiprogram - Facilities Support 287 0
Fossil Energy - Coal : 99 13
Solar Energy ‘ ‘ 110 111
Transportation , . 66 101
Multisector 79 ‘ 0
Energy Technology Center 48 6
DEPARTMENT OF DEFENSE _
Air Force (including HAZWRAP) 2,657 1,356
Navy (including DSRD) _ - 987 -~ 1,031
Army 519 1,152
National Security Agency 14 0
Defense Nuclear Agency 276 273
- Strategic Defense Initiative Organization : - 100 0
OTHER FEDERAL AGENCIES
Environmental Protection Agency 3,721 1,359
Department of Health and Human Services
National Library of Medicine 1,788 934
Agency for Toxic Substances and Disease Registry 1,423 817
National Heart, Lung and Blood Institute : 9 0
‘National Institute of General Medical Sciences 231 127
National Institute of Environmental Health Sciences 135 1
National Cancer Institute ‘ 157 82
National Science Foundation ‘ 288 282
Nuclear Regulatory Commission ‘ 199 84
Consumer Products Safety Commission 43 42
Bureau of Land Management ‘ 13 14
Office of the Inspector General 105 105
OTHER DOE
Battelle Pacific Northwest Laboratory ‘ - 35 32
Lawrence Livermore National Laboratory 25 0
Schenectady Naval Reactors Office ' ‘ 300 171
Los Alemos National Laboratory 482 610

Bendix ‘ 503 _ 450
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Nevada Operations Office g 8

Sandia National Laboratories 0 5
Y-12 - ‘ ‘ 843 1,340
K-25 : 145 1,526
ORQO/ORAU 45 0
EG&G Idaho ‘ ‘ 45 0
Multiplant e ‘ 137 291
ORO/Energy Systems ‘ ' ‘ ‘ 10 96

PRIVVATE, STATE AND LOCAL GOVERNMENT

Universities ,
University of Tennessee ' : 25 ' 0
University of Southern California ‘ 48 0
- New York University : 17 17
Cornell University 5 15
 University of New Jersey - - ‘ 5 0
Holmes and Narver ‘ 3 0
Federal Republic of Germany - 17 6
American Petroleum Institute 66 99
Radiation Effects Research Foundation 0 50
Soap and Detergent Association ‘ 0 - 55

INTERNAL ORNL

Seed Money and Discretionary Funds 959 1,043
Laboratory Overhead Accounts - 123 187
TOTAL Division $ 29,137 $ 23,988

*Budget information through March 31, 1990,
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APPENDIX B. PERSONNEL SUMMARY

Technical Administrative

Professional - Support Support Total
Permanent . 111 26 29 166
Temporary 13 7 22
Part-time - - 14 1 3 18
Leave of absence 1 0] 0 1
Off-site assignment ‘ 1 0 0 1
Division-supported loanees 18 3 0 ‘ 21

Many types of employees are required to run the division effectively and efficiently.
Several sources are used to staff the division to maintain the high standards. During this
- reporting period, we have had a total of 302 assignments to the division in the foliowing
categories: consultants, subcontractors, guests from universities, visiting scientists from
other laboratories as well as private companies, postdoctoral fellows, and students who
come to us under several different programs. Assignment terms vary in duration from a
few months to a year or more. We view this as a very economical way to bring different
and diversified talents to the division.
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APPENDIX D. SEMINAR PROGRAM

P. C. Srivastava

- The coordinator of the Health and Safety Research Division's seminar program
works with staff members to identify distinguished seminar speakers from various
disciplines of research interest to the Division.

During the period October 1, 1988, through March 31, 1990 the Division hosted
~ ten seminar speakers representing mduqtry, research institutions, and universities. A list
of the seminar speakers and topics follows:

Hartmut Walter

- Institute for Radiation Health Neuherberg, West Germany, "Atmospheric
Transport of Radionuclides after the Chernoby] Event Problems and Possible -
Soluuom " December 1, 1988. ‘

Mary Jean Sawey

Harvard School of Public Health, Boston, Massachusetts, "Activation of
Oncogenesis in Radiation-Induced Carcinogenesis," December 5, 1988.

Stephen W. Coates .
J. T. Baker, Inc., Marietta, Georgia, "Protein Purification," February 23, 1989.

Elaina M. Kenyon

Department of Toxicology, University of Massachusetts at Amherst, Amherst,
Massachusetts, "Extent and Implications of Interspecies Differences in the Intestinal
Hydrolysis of Glucuronide Conjugates," April 7, 1989.

Jae-Ho Yang
School of Public Health, University of ‘Massdchusetts at Amherst, Amherst,
Massachusetts, "Evaluation of Peroxisome Proliferation i in Rainbow Trout,"
May 25, 1989.

Becky Van Ben.eden

Duke University Marine Laboratory, Beaufort, North Carolina, "The Role of
Oncogenes in Carcinogenesis of Lower Vertebrates," August 15, 1989,

Philippe Garrigues

University of Bordeaux, Talance, France, "Shpolskii Luminescence Spectroscopy:
The Ultimate Tool for Selective Organic Analysis," September 25, 1989,
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Sandford A. Asher

Un‘lversxty of Pittsburgh, Pittsburgh, Pennsylvania, "UV Raman Speumscopy A

New Technique for Physical, Blophysxcal and Analytical Chemical Studies,"
January 22, 1990,

Jennifer V. Hines

Medicinal Chemistry, University of Michigan, Ann Arbor, Michigan, "General
Synthetic Methodologies for the Construction of Medicinally Important Compounds
and Their Analogues: Application to the Anti-Cancer Agent Bestatin and the
Glucosidase Inhibitor Australine," January 26, 1990,

Howard C. Kunreuther

The Wharton School, University of Pennsylvania, Philadelphia, Pennsylvania,
"Are Risk-Benefit Tradeoffs Possible in Sltmg Hazardous Facilities?"
February 2, 1990,



61

APPENDIX E. LIST OF HONORS AND AWARDS
FOR STAFF MEMBERS |

SPECIAL HONORS

T. L. Ferrell and R, J. Warmack
Recipients of the French Optical Society Fabry-Gramont Award for 1989

F. F. Knapp, Jr. ‘
Recipient of the Senior U.S. Scientist Award from the Alexander von Humboldt
Foundation of West Germany, in recognition of his achievements in
radiopharmaceutical research and the development of new agents for clinical
applications in nuclear medicine

C. S. Sims
Chosen to serve as an assessor for the Department of Energy Laboratory
Accreditation Program (DOELAP) for personnel dosimetry

C. C. Travis o
Appointed as a Senior Research Fellow with the Energy, Environment, and
Resources Center at the University of Tennessee, beginning January 1, 1990
Chosen to serve on the Scientific Peer Review of the Environmental Protection
Agency (EPA), Part 503, Comprehensive Sewage Sludge Regulations: Federal
Register, February 6, 1989

T. Vo-Dinh

Recipient of the Medal of the Languedoc-Roussillon Region Award (1989) for his
scientific achievements and to commemorate the establishment of a research
collaboration between the Oak Ridge National Laboratory and the Laboratory of
Physical Chemistry, University of Perpignan, France

R&D-100 AWARD

T. L.

Ferrell, R. C. Reddick, and R. J. Warmack
"Photon Scanning Tunneling Microscope"



SPECIAL AWARDS

S. L, Allman
Sigma Xi Support of Research Award, 1989

Gloria M., Caton
Martin Marietta Energy Systems, Inc, 1988 Operational Performance Award for
distinguished service in managing information for the formal critical review of the
DOE Energy Conversion and Utilization Technologies Materials Program

T. L. Ferrell and R, J, Warmack
Martin Marietta Energy Systems, lm 988 Inventor Award for invention of a
photon scanning tunneling microscope that could revolutionize optical microscopy
by ultimately allowing objects to be seen that are ten times smaller than can be
imaged by conventional means

Health and Safety Research Division Excellence in Research Award for 1988

W. R. Garrett and M. G. Payne
Health and Safety Research Division Excellence in Research Award for 1989

O. V. Jennings

Health and Safety Research Division Distinguished Achievement Award for
Administrative Support for 1989

R. H. Ritchie
Senior Corporate Fellow, 1990

J. M. Wyrick
Health and Safety Research Division Distinguished Achievement Award for
Technical Support for 1989

Recipient of the Distinguished Service Award, East Tennessee Chapter of the
American Society for Information Science (ASIS)

PUBLICATION AWARDS

Gloria M. Caton, Judy M. Wyrick, and the Ceramic Technology Staff

Society for Technical Communication Achievement Award for Ceramic Technology
Newsletter

Richard W. Leggett and L. R. Williams

Martin Marietta Energy Systems, Inc., 1988 Publication Award for "A Biokinetic
Model for Rb in Humans"

M. Uziel, N. B. Munro, D. S. Katz, T, Vo-Dinh, and E. A, Zeighami
Recipients of a Society for Technical Communication Technical Reports
Achievement Award for "DNA Adduct Formation by Twelve Chemicals with
Populations Potentially Suitable for Molecular Epidemiological Studies"
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COMMITTEE APPOINTMENTS

E. T, Arakawa
Member, International Advisory Board, Vacuum Ultraviolet Radlation Physics
Group, 1989 - 1992

B. A, Berven
Chairman, Environmental Section of the Health Physics Society Standards
Committee, 1985 - present

J. E. Carrington
Member, ORNL/Martin Marletta Energy Systems, Inc,, Values C()mmittee 1988 -
present

G. Christophorou
Member, ORNL/Publications Selection Committee, 1990

R. N. Compton
Member, Panel of Public Affairs (POPA), American Physical Society, 1989 -
present
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