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FOREWORD

Stephen V. Kaye

The Health and Safety Research Division (HASRD) of the Oak Ridge National

I.,aboratory (ORNL) continues to maintain an outstanding program of basic and applied

research displaying a high level of creativity and achievement as documented by awards,

publications, professional service, and successful completion of a variety of projects.
Our iocus is on human health and the scientific basis for measurement and assessment of

health-related impacts of energy technologies.

lt is our custom to publish a division progress report every 18 months that

summarizes our programmati c progress _and other measures of achievement over the

reporting period. Since it is not feasible to summarize in detail ali 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 Biological and Radiation Physics Section. Tim Ensminger 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 Sectionafter 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.
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Tuan Vo-Dinh, Leader of the Advanced Monitoring Developnlent Group, was

recipient of the Medal of the Languedoc-Roussillon Region Award (1989) for his

scientific achievements and to c()mmemorate tile establishment of a research collaboration

between ORNL and the Laboratory of Physical Chemistry, University of Perpignan,
Fra nce.

In 1985, the Division established the Excellence in Research Auard to be presented

annua!ly to a HASRD staff member for either applied research (,even-numbered 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

ttieir invention of the Photon Scanning Tunneling Microscope. In 1989, the award was

shared.by Ray Garrett and Marvin Payn_ 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 Pe_.?)rmance Award for distinguished service in managing infom-mtion 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 Society and, along with Robin Reddick, an R&D-IO0 Award. Plans are

pr(x'eeding 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 Gemaany, 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&I), but als() achieved noteworthy progress in other areas. Our

vi



health risk analysis initiative is a vigorous program that involves most of the Division mad

has excellent prospects for long-term growth. Much of the Division's work on site

characterization, development of new field instruments, compilation of data bases, and

methodology development fits into this initiative. Other new work in tunneling

microscopy in support of DOE's Human Genome Program and the comprehensive 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 Systems, 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.
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1. HEALTH STUDIES SECTION

A. R, Hawthorne, Head

Staff

Research:

K. R. Ambrose 1 D.C. Kocher3
A. P. Callahan R, W. Leggett
M. Cristy D.W. McPherson
C. S. Dudney 2 S. Mirzadeh
C. E. Easterly P.C. Srivastava
K. F. Eckerman R. L, Tyndall
G. D. Griffin M. Uziel
T. D. Jones T. Vo-Dinh
G. D. Kerr A.P. Watson
F. F. Knapp, Jr.

Technical Support:

J. F, Allred B.A. Owen
C. R. Lambert D.E. Rice
G. H. Miller

Clerical Support:

L. K. Ailey S.L. Freels
A. B. Brown 1,2 L.E. Thurston
J. B. Cooper R.R. Weston

Consultants:

A. Bockisch M.K. Griffith
C. Brihaye G.W. Kabalka
M. M. Goodman D.J. Laborde

Guest Scientists:

V. Ananthanarayanan T.-W. Lee
S. J. Boyarsky M. Panjehpour
R. E. Faw M.R. Pawel
A. M, Hoyt R.D. Piccard
A. M. Helmenstine A.G. Montague
B. M, Hoffman J, Muniz
J. A. Holland R.J. Nichols
K. S. Houck M.S. Ryan
K. S. Ironside A.K. Pal
R. A. Jemigan T. Pal
E. L. Kleinpeter R.D. Piccard
J. Kropp M.J. Sepaniak
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M, G. Stabin A. A, Vass
D. L. Stokes Pi Viallet
E. Tan R. A, Zingaro
G. Umbricht

Students:

J. P: Alarie D. S, F, Hyder
K, K. Barnes S, J. Larnbert
H, S, BusChe M. Mouton
C, F. D'Cruz L.I. Pedraza-Martinez
F, G. Dolislager K, Purcell
S, K. Farrar K, W, Stretch
L. D. Ford B.J. Tromberg
W. M. Hietpas W. E, Watts
A. B. Holland R.J. Westfall
J, L. Holmes L, Zuckerman

Postdoctoral Fellows:

J. M. Bello R. W, Johnson
S. L. Blystone A. Hasan
H, F. Cheng E. C, Lisic
L, R. Glass

Std)contractors ;

T, E. Aldrich C, B, Hamilton
L,T. Dillman L.R. Williams
P, C. Gailey

Loanees from other divisions:

M,D. Morris 4 A, J. Sjoreen 5
J. C, Ryman 5 R, C, Ward 5

Research in the Health Studies Section is directed toward developing and applying

new methods for the me,asurement and assessment of human health impacts from
i.

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 health effects assessment methodologies to assess the

impact arid relative risk of various technologies on human health. The focus of the

Metabolism and Dosimetry Research Group is on understanding the radiation exposure-

dose relationships througln modeling the behavior of radionuclides within the body and
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the deposition 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 radiopbarmaceutic_ds 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.
3Off-site assignment.
4Engineering Physics and Mathematics Division.
5Computing 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 regenerable. 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 thr( ,,t_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

importan: 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 enhancement

of the fluorescence emission signals from BPT on a filter-paper background and is

therefore potentially useful for tile 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)

measurements. The sERs..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 adductlon 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. M1 3 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 ti)r use in the DNA stepwise
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sequencer. Design of a low-cost, large-scale parallel processiYlg unit i._under w'w. This

approach will provide additional sequence infomaation that cannot be obtained by

conventional sequencing methods.

HEALT'H EFFECTS AND EPIDEMIOLOGY

To improve hun'ian 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 piace the common scale of hazards in perspective with consequences of

nomaal daily human life. This report summarizes three Hf many activities during the

reporting period.

One of the group's activities is focused on the development Hf microbiological

informatiofi needed to char:acterize the haz,'u'ds 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 to

aerosolize microbes was dependent on humidifier type. C(x)l-mist units aerosolized both

bacteria and hydrophobic fungal spores while ultrasonic unit:+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 taome environments was characterized. Several genera of bacteria (i.e.,

Pseudomonas, FIavobacterium and Bacillus sp.) and free-living amoebae were found in

' the majority Hf units. An encephalitic Acanthamoebae sp. was isolated from one of the

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

Work for the Defense Nuclear Agency included evaluations and wtlidations ot' the

mathematicalmodel of bone m,'trrow 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
¢' '1 .i "'iassoc ated probability of death between about 5 and 60 days post-exposure.

The cell kinetic model is serving to elucidate biological mechanisms of mortality not

underst(x)d 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 Inicroenvironment upon which the helnatopoietic stem cells (HSCs) seed and

repopulate after injury from irradiation. A common {)pinion 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 regenerated by very few of these cells_-
I

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 step in

HSC proliferation. The rate-limiting step seems to be the surviving fraction of stromal

cells in the hematopoietic marrow, lt 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 fommldehyde 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 fore:aldehyde levels

commonly found in food',-;,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 f(×)ds, a level of intake almost 3(X)times greater ttaan that from ingestion

of fomaaldehyde as a drinking water contaminant at 20 ppb. Metabolic studies indicate

that the low levels ot' formaldehyde contaminating the drinking water are readily
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detoxified by enzymatic processes already in piace for the normal utilization of

endogenous tbrnaaldehyde.

Investigation of the biological mechanisms of formaldehyde indicate that

formaldehyde responses are distinctly nonlinear, resulting in an apparent threshold of

effects from formaldehyde exposure. The primary determinant of formaldehyde toxicity

is the concentration, not the cumulative dose. Thus, small doses that do not overwhehn

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 informatiop suggesting that formaldehyde is a nornaal

prodnct of metabolism, possesses an apparent threshold of effects, is characterized by a

nonlinear dose response, and is ingested daily in milligram amounts. Considering

ingestion irl foods as a surrogate chronic toxicity study, we estimated a permissible level

of formaldehyde in drinking water to be about 0.5 ppm. This approach does not rely on

linear extrapolation of the carcinogenic dose response from a chronic inhalation study to

estinaate low-dose risk from ingestion, a method that results in an overestimation of low-

dose risk and may piace 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 larger, comprehensive body of knowledge incorporating ali level,_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

__ development 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 body. Such exposure-dose relationships are the cornerstone of radiation protection

and _lso 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 mathematic_d expressions provide some basis for calculating integrated
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doses from radionuclides but, in general, have no discernible COrTespondence to the

physiological Processesactually controlling behavior of tile radionuclides in the body.

Development of models describing tile 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 practical, tile 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 excretion of ,aradioactive element and movement anaong body tissues and blcx'_d.

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 tile 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 representation used with Monte Carl() 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 F'rotection (NCRP), the Medical Internal Radiation

Dose (MIRD)conamittee of the Society of Nuclear Medicine, and the ICRP. In addition,

the group provides technical support to tile 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 ()tiler working groups. Of pm'ticular
relevance to our research interests is the work of Scientific Committee 57 on Internal

Emitters of the NCRP and the task groups of ICRP Committee 2 (tile task group on

Revision of Reference Man, tile task group on Age-Dependent Dose per Unit Intake,, and

the task group on Dose Calculations). The MDR group has also provided experl

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 con, lucted in the Nucle_u-Medicine Program focuses on the design and

development of new tissue-specific radiopharmaceuticals for diagnosis and therapy. In

addition to the synthesis and testing of new radiopharmaceuticals for in vivo nuclear

imaging, other 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 cc,njunction.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 agents 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 blidge 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 conjunction with several medical cooperative investigators is

continuing. Iridium- 19lm from our activated carbon 191Os/191mIrgenerator 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 it. 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 123I-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 computerized tomography (SPECT). One important collaborative program

with Brookhaven National Laboratory (BN1,) involves use of our BMIPP agent to
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evaluate tile effects ot"cocaine intoxication on myocardial metabolism. Cocaine-induced

deaths usually result from heart failure.

New r_ldiolabeled maleimide agents for labeling antibodies and other proteins for

diagnostic and ther:lpeutic applications are being further developed. The (piodophenyl)

maleimide (IPM) has been licensed to E. 1. Du Pont de Nemours & Company for

resem'ch applications and is the first agent under license from this progra m. Monoclon,,l

antitumor antibody labeling studies with radioiodinated IPM conducted in con,iunclion

with medical cooperative investigators have demonstrated good labeling yield and very

low loss of radioiodide in tum(_r-bearing animals. New maleinlide analogues have also

been prepared for easy introduction of radioactive iodine to further expand the scope of

this important agent.

New methods are also being developed for synthesizing bifunction,'fl chelates for

attaching radioisotopes of copper (64Cu-67Cu) and rhenium (186Re and )_Re) to

antibodies for therapy and diagnosis. Our studies with 64Cu-chelate antibody complexes

are directed _lt developing an agent for tumor detection with positron emission

tomography (PET). The development of 188Rechelates parallels our development of the

new l_xW/l_SRe 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 important

focus of the program. Studies with the 188W/188Re radionuclide generator system

developed in our program are continuing to assess approaches for attachment of l_gRe

to antibodies and particles R)r a variety of therapeutic applications. There is widespread

interest from both commercial manufacturers and cancer researchers in the use of 188Re,

which decays with ihe 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 httve the potential of localization in the hypoxic necrotic areas of tumors, offering

diagnostic opportunities. The radioiodinated acyclonucleosides prepared under this project

show tumor specificity.

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 w;ts 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 systenls that have

applications in nuclear medicine and related biomedical research. With the 1990 restart

of the High Flux Isotope Reactor (HFIR), we also expect this resourceto 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.



2. ENVIRONMENTAL MEASUREMENTS AND
APPLICATIONS SECTION

B. A, Berven, Head

Staff

Research;

D. E. Bohrman D.C. Landguth
M. A. Buckner C.A. Little
R, F. Carrier J, E, Nyquist
W. H. Casson J.E. Peterson
W, D. Cottrell D, A, Pickering
T. A, Cronk J, L. Quil!en
K. S, Dickerson R.E. Rodriguez
C. S, Dudney C, S, Sims
M, I_,.Espegren D.R. Smuin
D, E, Fields M.W. Smuin
R, D. Foley R. E, Swaja
R, B. Gammage E. A, Wachter
F, G. Gardner S.J. Wallace
L, G. Greeley L K. Williams
D. W. Greene 1 D, L. Wilson
J. W. Haas III D.A. Witt
D, K, t-talford E, A, Zeighami
S. C. Hall

Technical Support:

J. A. Atencio G.A. Pierce
A. C. Butler E.M. Pilz
R: L. Coleman D. A, Roberts
M. K. Jensen D.A. Rose
R. R. Knott T.R. Stewart
R. P. Lenc J.E. Thate
N, F. Lewis P, F. Tiner
R. A. Mathis G. H, Triplett
C, A. Muhr W. Winton
V, P. Patania K.M. Woynowskie
R, C. Phillips

clerical Support;

D. K, Barslund T, J. Graves
T, L. Bradford S.E. Huckaba
A. W. Browne O, V. Jennings2
D, E. Chavarria G. Morrison
L, E, Collins L, R, Pyles
A, DeI.x)zier C, D. Retolaza
D, F. Dickerson L. H, White2



14

Guest Scientists:

L. L. Cole S, C. Reddy
A. Moreno H. Sabuncu
H. Murakami P, K, TerKonda

Consultants;

M. M. C_u'rabba J. F, Pankow
J. A. Cherry D.L, Perry
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Subcontractors:
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J. R. Davidson A, K. Klitz
J. C, DePriest B, J, Krall
P, V. Egidi L, R, Lesperance
D, B. Ertel D. S, List
S. M, Field D.A. Locke
G, R, Foltz D, :', Marty
D. S. Foster R, L, Meredith
W, L. Foutz M. Mumby
C, C, Francis D.A. Over
L. L. Friese A, T. Payne
D, Glbson R. G, Phillips
R, C. Gosslee D, T, Redding
C. Griffith J, A, Rice



15
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The major focus of the integrated groups irl 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,

biomedicine, component testing, and related fields; (2) the Radiation Calibration Laboratory

is a facility with well-characterized radiation sources suitable to test radiation dosimete_'s to

the requirements of national accreditation programs; (3) the Indoor Air' Program is a

nationally recognized effort to qualify and quantify a variety of indoor air contaminants,

i11cluding radon, formaldehyde, asbestos, and volatile organics; (4)an integrated systet_aof

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 ira Grand

Junction, Colorado, for more cost-effective response to environmental assessments at

fedend facilities in the western United States.

These collective resources enable this section to be a center of excellence in radiation

measurement and calibration, development and application of chemical monitoring

techniques, assessment of contaminants irt the environment, and, collaboratively,

determining the impacts to human health from these physical and chemical agents.

1Leave of absence.
2part-time employee.
3Research Reactors Division.
4Instrumentation and Controls Division.
5Environmental Sciences Division.
6Office 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 I)epartment of Energy (DOE) Fonnerly 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 DOI::.. 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. t-tamilton, and Luckey, Ohio;

Madison and Granite City, Illinois; Springdale, Washington, and Pittsburgh, Pennsylvania;

and Oak Ridge, Tennessee. In addition, a scoplng survey was conducted at the Research

Reactor Facility in Piqua, Ohio, to determine the existence of contamination and recommend

actions to remove property from the site. Recent directives by DOE indicate that the

charactenzatmn, and verification surveys Will continue for several years atscoping, ' '
FUSRAP sites.

In addition to the DOE-.funded FUSRAP work, the MAD Group conducted a major

rachologmal contaminz, _t charactenzauon program at the Oak 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 characterizatmn efforts at the Y-12 and K-25 sites in support of corporate

environmental restoration programs. This work involved field sampling to detect andi

measure ali 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 ewduate

the applicability of liquid scintillation techniques to analysis of soil samples, to develop

data management systems and pattern recognition techniques for mlalyzing 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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I:'OI,I.,U'I'AN'I' ASSESSMENTS

The Pollutant Assessments Group (PAG) has two primary ,,._ssions, First, it

conducts assessments of environmenttll pollutants in a wu'iety of settings. Resources Exist

tO measure or sample for ally radiological or chernical contaminant in the environment,

determine the magnitude and extent of that corltamintint, model its transport, estim+lte

potential hunlan exposure, and suggest or design remedial measures as well as estimates of

associated costs, Second, staff conduct research and development toward more efficient or

ac::urate methods fox"making pollutant measurements in the field, _nodeling pollutant

transport, or estimating risk to huhmn 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 tire

being conducted by PAG include verification of remedial actions both at the DOE Grand

Junction Projects Office and at vicinity pwjects in Monticello, Utah, under the auspices of

the Environmental Protection Agency (EPA) Superfund and the DOE Surplus Facilities

Manageme nt Pm gram.

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 Inst

two years, PAG staff have conducted Remedial Investigation/Feasibility Studies (RI/FS) at

five Department of Defense (DOD) facilities. RI studies have been conducted tit nearly a

dozen DOE and DOD sites from Tennessee to Calift_rnia, The RI studies may range ft'ore

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 groundwater velocity measurements, to allow in situ measurement of

diffusivity ip. boreholes, and to develop field data collection devices for various pollutants.

PAG staff were instrumental in developing the UltraSonic Ranging and Data System

(USRADS), which simultaneously transmits radioactivity, chemical, or geophysical data as

well asthe position of the measurement from field locations to a nearby naicrocomptlter in

real time. USRADS is currently being adapted for use with an X-ray fluorescence system

to allow measuremer_t 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 adwmce groundwater modeling capabilities by allowing numerous measurements

of GWV 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 tlp 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

fnr 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 major 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 five is to

ensure that the Division has state-of-the-art field monitoring c,'.p_,bilities, Since its inception

three years agn, the IVlSRGroup retains its original split Hf interests between developing

monitoring devices for use at hazardous waste sites and investigations of indc.mrair 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

managernent, Our work is supported by the Hazardous Waste Remedial Action Program

(HAZWRAP) demonstration and testing x_rograms, EPA, various DOE and DOD

Operations Offices, and Laboratory Director's R&D discretionary funds, A fiberoptic
S _ "q•_.nsor coupled to a portable, derivative ultraviolet spectrometer is near field testing, The

, probe has been reduced to about 1 cna diameter. This adaption permits monitoring of

" groundw,'tter 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 wtriety 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 oiae of a number of different types of probe is nearly

colnplete. Three-year SUl;_portby Laboratory Dlrectc_r's R&D funds is being followed by

t'tlncling 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 Idaho National

Engineering Laboratory and the Muniz Air National Guard Base, Puerto Rico, Work is

,,veil advanced for interfacing USRADS wittl 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-year and mid-to-long-term basic research plarls for

environmental restoratitm, 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 H_lzardous Waste Site Investigations: Toward Better

I)ccisions, to be held in May 19901

The indc×)r air quality program derives support from two sources: the l)OE-Office of

Health and Environn- ntal Research (OHER)and the U.S. Navy. A basic research prograrn

seeks understanding of racltm availability and transport in hilly, karst terrains. A hitlaerto

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 radorl 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 frorn 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 ibr immediate site evaluation, contqmaatory

measurements, and preliminary remediation diagnostics. The Navy Radon Assessment and

Remediation Program (NAVRAMP) is about to enter the ,assessment phase. An estimated

4()0,0()0 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 t'tlnding 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

. _ . 9,

Dosimetry Applications Research (DOSAR) Group acttvltms are directed toward _a

improving tile quantification of the radiation dose received by individuals. Thcse activities _i'

are consistent with the HASRD mission of assessment of impacts or' energy.-related

technologies on hun'mn health, The prirnary research tool of the DOSAR Group is tile

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, lt 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. lt 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.

Tile 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 neuu'on 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

wlriety 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 tile four-day meeting.

In addition to the technical presentati0rs, attendees saw and discussed the latest available

dosimetry and radiation protection products with 16 vendors who had exhibit booths at tile
conference.

DOS&R staff members were involved in several other activities important to the field

of personnel dosimetry. The nx)st 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 perfomlance standard; (2) a staff

member served as ata associate editor of the ttealth Physics Journal; (3) a staff member

served as a dosimetry assessor for the DOE Laboratory Accreditation Program (DOELAP);

(4) a CombinatiOn bubble detector-themaoluminescence dosimetry albedo neutron dosimeter

with spectrometer capabilities was developed; and (5)an EnergySystems-wide radiation

source control system was developed and implemented in response to technical safety

appraisal comments.
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H. J. Gill R.C. Reddick
G. H. t-Iamlan J D. Richards
C. M. Kachur J.M. Roesler
J. Lawn J.P. Sawyer
I. Lee B. Seidemann
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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 ali

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

the interaction of pollutants with biological materials. The section also maintains a strong k

surface physics program. Both theoretical and experimental studies are included in the
'. !

section s research activities, which involve state-of-the-art technology in many areas such as

scanning tunneling microscopy, surface-enhanced Raman scattering, soft X-ray emission

spectroscopy, and microlithography. Some of lhe research 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.

1Part-time employee.
2Biology Division.
3Instrumentation and Controls Division.



25

ATOMIC, MOLECULAR, AND HIGH VOLTAGE PItYSICS

The research program of,the Atomic, Molecular, and 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 arrangements 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 (<10-8 s) electronically excited molecules. Using this technique, it was observed for the

first time that electron attachment to supere×,c!ted states of molecules can occur with enomaous

(>1011 cm 2) 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-lyir_g

Rydberg states.

']"he interphase 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 VI)

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 al: 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 × 105 V cm 1) has been studied for a number of fast liquids (telramethylsilane,

neopentane, tetramethylfin, tetramethylgermanium, and ,.,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

_emperature dielectric liquids for Superconducting Super Collider calorimeters. They also led



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 go(xi dielectric liquid

into a conducting liquid by photoinjecting electrons into it externally, A concept for a

dielectric-liquid pulse power switch employing flash lamps has thus been developed.

The Study of slow electron-"hot" molecule interactions, especially electron attaclmlent

to energy-rich organic molecules and electron transport in hot gases, continued with emphasis

on fluorocarbons, SO2F2, and CH3CI. The weak dissociative electron attachment to CH3C1

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 paperpublished in the IEEE

Transactions on Electrical Insulation 25th year commemorative issue.

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

proceeded weil.

PHYSICS OF SOLIDS 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, sot't X-ray

emission and absorption spectroscopy, photoacoustical measurements, gas decomposition

and ion Chemistry studies, and measurement and calculation of low-energy electron mean fi'ee

paths in solids and macronaolecules. Studies in this program should lead to a better

underst,'mding of biologically interesting materials and biological systems and to development

of new low-level pollutant detectors.

A new method of photodesorption that uses an anaplified electronic field strength in the

surface region has been developed. The large field strength necessary for photodesorption is

created by the excitation of surface plasmons in the attenuated total reflection (ATR)
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geometry, In this geometry, ii thin aluminum film deposited on the bltse of a glass prism is

irradiated with frequency-doubled photons from a Nd-YAG laser incident through tlm prism,

The desorbed aluminum atoms are ionized by a XeC1 excimer laser and detected by time-of-

flight mass spectroscopy, The number of aluminum atoms desorbed from the aluminum film

au 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, Rhodamir_e B molecules adsorbed on an aluminum film 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 itnportant substances in solid foma

for analysis by mass spectroscopy without themaal 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 apparatus. The UV beana _blates

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 detemaine the location of the contaminants within the
reservoir.

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-Tc superconductors (HTSC), on bonding at the interfaces of Si-C

multilayers, on the effects of excitation near threshold of Si I-,2,3spectra, and on the photon

ext.',_._.tior_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 ctetemline the optical properties in this spectral range, These results

were published as an Oak Ridge National Laboratory (ORNl.,) report and h_tvebeen submitted

for publiczttion in a review volume of optical properties of solMs,

Si_ectroscopic. ellipsornetry was used to measure the optical constants of liquid mercury,

both in the free state and in contact with dielectric overlayers, in the visible, spe,ctral region,

Reflectances of liquid mercury under vacuulll 0,hd irl contact with various overlayers we,re

measured directly _lt large and small angles of photon incidence`, These directly measured

reflectances agreed well with those calculated from the optic_fl const_mts determined by

ellipsometry. In an independent exlaeriment, measured reflectances of polarized light ft'ore lt

MgF2 semicylinder/liquid mercury interface were used to detemline the optical constants of

liquid mercury, In ali these experiments, ttie non-Drude optical response of liquid mercury

was clet.trlydemonstrated.

The production of S2Fl0 Its a by-product of SF6 decomposition in spark an d corona

discharges has been studied, The importance of S2FI0 is its extremely high toxicity

represented _y a Fhreshold Limit Value (TLV) R)r 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 SF6 by-products and the lack of

experimental data. Detection of S2FI0 ill an SF6 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 $2F10 and attempted to delineate the

chemical reactions which lead to its form:ltion. Basically, the combin,'ttion of two SF5 radicals

leads to S2FI0 formation. However, reactions of impurities, such as water, with SF5 or with

other SF_, fragments can alter the net production rate of S2FI0. Our results have shown thttt

S2FIOis readily fbrmed by electrical ali';charges in SF6. 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 S2FIo is generated in power equipment used in the field.

We have also examined the themml stability of S2FIo. Although S2Flo is known to be

stable at temperatures below 200°C, we`have observed a slow decomposition of $2F10 due to

surface catalyzed prcEesses. 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 S2FI0 decomposition

rate. Thus, improper sampling and storage of gas samples taken from SFei-gas-insulated

high-voltage equipment in the field can lead to large errors in the measured concentrations of

,:_2Flo.
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The positive- and rmgative-iort chemistry of SF_,corona over an SF6 pressure of 10 to

30(1torr has been examined using rnass spectrometry, For positive polarity point tct grounded

plane corona the major positive ions observed were SFs +, SF3+, and SF2+, Addition of
,

water vapor concentraticm in the range of 40 to 600 ppm results tn the formation of chlsters of

watertotheseionstoformlc'msofthetypeSFx+(H20)nandtheclustersll+(l120)n,Inthe

caseofnegativepolaritycorona,thenegativeionsobservedincludeSF+,,SFs',andF,

Addition of water vapor results in clusters of two types', F'(HF)t_ and OH(H20)n, where the

ttF is produced by reactions of fluc_rtne with water ivathe corona, There is speculation that

OH(HzO)n is responsible for thedetaching electron which initiates breakdown in SF6, This

is based on recent evidence that the threshold for electron detachment from SF6 ions is toc_

high to account for detached electrons,

LIQUID AND SUBMICRON PHYSICS

Research in the Liquid and Submicron Physics Group is devoted to tile basic physics of

liquids and of subnficron structures with allied applications developed as they evolve.

Important advances in microscopy, sequencing of the htllrtan genome, and detection of

ultralow levels of chemical compounds have thereby been made. Electron scanning tunneling

microscopy of isolated DNA molecules has been successfully carried out. This has produced

the first images of' DNA molecules that contain complete genes, the helical structure being

readily apparent in tile images. Sequencing of the human genome with simultaneous imaging

may thus be practicable, and a major effort is being carried out with this objective,

Tile 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 gToup 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 collaboraticm 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 instrtxment based on

+ SERS would permit unanabiguous 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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ANAI,YTIC I)OSIMETRY ANl) SURI_'ACI_ I'HYSICS

The Analytic' l)ositr_etry and _;tlrf'iice F'hyslcs Group undertakes basic studies of tile

interactic_nsof radiation with nanttov',both fewunderstnnding the fundcmlentnl physics inv_,_lvec.l

and f'or applicatic_V_to dosimetry, iristrumentation, and modeling of the chemical und

biolc_gical effects of rtidiation, Petrticular ernphelsis is given to rnatter in the cortdensed phase

and to surfltce physics phelu_mena, In addition, the group conducts strong cc_llaborative

studies with the I:liolc_gyf)ivisicm on the effects of chemicnl fx_llutarttson biolc_gicallyrelevnnt

molecules und on the mechanisms of radiatior_damage to biological systems,

A nttml:_erof studies were completed or substantially tu.lvartced, A thecwy was developed

for directional effects associuted with a heavy ion penetrating an anisotrt_pic solid, A tnodel

was clevelc_pedto calculate positron or l'm_tr.:menergy-lc_ss rates arid inelastic mean-free paths

in condetlsed media from a kr_owledge of II'mir optical properties. Multiple emission of

electrons t'ron! thin carborl ft'Als wets explored. The theory of the spatial dependei_ce of

plasrnon decay was developed to explain the good spatial resc:,lution found exlmrimentally in

secondary-electron emission scanning electron microscopy. An explanatIoll wetsfound for the

energy defect seen experimentally in the st)ectrum of photorls emitted iri radiative capture of

electrons by swift ions channeled in so'lids, Adcliticmal wc,rk wets performed on getnitrate

recc'_mbinatic)nin liquid water. Other studies addressed the reported occurrence of nuclear

ftzsion from accelerated (D2('))n+ clusters on TiD. In a dosimetry application, our electron

Monte Carlo transpc'Jrtcode, OREC, was applied in calculatic)ns for a,,:sessing skin dose t'rcwn

beta emitters. Some work also continued on the optical charged-particle track detector for

netltrcm dosimetry,

In collaborative studies with nlembers c:,fthe Biology Division, measurements and

calculations of the radiogenic products from glycylglycirle irradiated by X rays in ()xygen-free

soluticms were completed. Very good agreement was fcmnd between thecwy and experiment,

suppcn'ting the pwposed pathways of molecular damage. Work for the Human Genome

F'roject continued. CorTll:)utermodels of DNA that agree with Nuclear Magnetic Resonance

(NMR) Nuclear Overhauser Effect (NEE)data have been developed. Work progressed on

determit:ting protein structures, particular interest being focused on the human epidemaal

growth factor (hEGIv) and tt DNA rel)air erlzyme, A study was initiated tc)examine the effects

that dilTerent metal ions httve on the hybridization of olig,:)nucleotides. The results of this

study could have practical use in achieving DNA sequencing by hybridization. In genetics

studies c)n Dr'o,s'ophila,the allele associated with strcmtium-ion toxicity was found to be cm the
second chromosorne,
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The research conducted in the Chemical Physics Section relies heavily orJ laser-

based spectros,'opic techniques in studies of fundamental atomic and molecular pr(xzesses,

These are relevant to energy-related problems in atmospheric physics and chemistry,

radiation chemistry, advanced instrumerltation technology, laser developrnent, and

advances in analytical methodology, In these efforts, laser-based resonance ionization

spectroscopy (RIS) and IllS 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 fi_st

pho:c)induced chemical and physical prcxzesses,

The following brief sun:maries of activities in the Molecular Physics and

Photophysics groups provide general information on the accomplishments in the chemical

physics program for the period October 1988 through March 1990. More detailed

information ota ali of the research can be found in the open-literature references at the end

of this report,

l lnstrurnentatiorl 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 bean as, These studies involve the
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formation and transfox'nmtioxl of a variety of chemical species under Interactions witl!

other molecules or radiation fields, Very fast radlaticm-lndticed processes in molecular

clusters, liquids, and surfaces are probed with picosecond laser techniques, A strong

component of our program involves ncmltnear optical studies (lh order to generate vacuum

ultraviolet und infrared radiation) as well as multiphoton ionization, A major part of the

research iu directed toward the development of advanced instrumentation for health and

envircmmental applications,

The group has continued studLes of Rydberg-atom reactions with rotationally and

vibrationally 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 "ion core" of ttae electron "donor" is

necessary to stabilize a negative ion which ts produced by low-energy electron

attachment. An excellent example iu the reaction A** + Hl _ A+ + Hl'. In this interesting

reaction, Hl" is formed only for alkali Rydberg atoms, A**, at low principal quantuna

numbers, where the HI ion is "close" enough to the A+ ion to allow for stabilization of

HI', This is the first observation of a stable negative ion from a hydrogen halLde. In

another interesting example, an isotope-dependent rate constant for the formation of CS2"

in A** + CS2 collisions has been studied, In these experiments, the formation of negativ5

ions during collisions between cesium Rydberg atoms and CS2 molecules has been

studied fl)r intem'ledtate values of the effective principal quantum number (n* = I0 - 26).

The rate constants for CS2 formation are found tc) be d;fferent for the two isotopes

C32834S and C32S3_S for a ntu'row range of n* near n* = 17, with the rate constant for

C3_2S34Sproductiotx being up to 4,5 times larger than that for C32S32S".

The photoionization of an atom represents one of the most elementary collision

processes, During the past year we have performed elementary studies of single and

naultiphotcm ionization of many atoms and molecules, Noteworthy among these studies

are the first measurements of the photoelectrcm angular distributions for ns levels in

cesium, lt has long been known that for photoionization fronl a pure s orbital (1 = 0)

without relativistic effects, the photoelectron angular distribution is a pure cos20

distribution (i.e., the intensity of the photoelectron signal goes to zero when the electron

ejection direction and tlm polarization direction are perpendicular). We have measured

photcmlectron angular distributions for cesium atc)ms via the 8s, 9s, 10s, and 12s states

and find values of the so-calle,d asymmetry parameter which vary frc)nl +1.2 for the gs

state to -0.5 for the 12s state (a pure cos20 distribution corresponds to [3- 2), Deviations
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t'ronl a pure cos20 distribution are due, to relativistic spin-orbit interactions it) the

C()lltilltltlIll,

A major ne,w picosecond laser facility hns recently become operationlll, The center-

piece of this new laborntory is a state-of-:the-art Nd:YAG laser which pumps a novel

short--cavity tunable dye laser, The high-peak power of such a system (1()12-1014

W/cre 2) will make possible the observntion of high-order multiph()ton processes in dense

atomic and molecular gases, The short pulse time (~5 × l0 "12s) will allow study (if very

fast chemical dynamics of liquids, solids, and clusters which is inlportl.lIlt iii radiatioll

chemistry and physics; In both cases, the ability to tune the wavelength of the laser will

allow state-specific studies,

Currently tw()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 Xen(n = 1-19), (NO)n(n = 1-5),

ArnNO(I1 = 1-10), and Ar,)12(n = 1-12) have been observed, Detailed spectroscopic

studies have been carried out on nitric oxide dimers, which are important parts of the NOx

pollution cycle in the upper atmosphere, Fast dissociative processes in (NO)2 can be

studied only with picosecond timing,

The second study focuses on laser-matter interaction in metals and ()ii 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 picosec()Ild 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 nunlber"

intensity distributions illustrating the switch from linear to cyclic Cn 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 p,'llladium electrolytically loaded with

hydrogen. The most interesting results come ft'ore studies of picosecond laser interaction

with roughened silver surfitces. Ag + ions areseen to peak at tw() energies, one at ---0.2

eV, which is attributed lo a themaal emission process, and a second intense peak at 3.7_+

(),2 eV. The second peak corresponds very well to the surfitce plasmon energy for silver.

Mechanisms for possible ejection of silver ions at the plasmon energy are under
consideration.
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PHOTOPHYSICS

Major efforts ill this reporting period fail into four broad categories and are detailed

below:

(1) Studies of Nonlinear Optical Phenomena and Molecular

Resonance Ionization Spectroscopy:

(a) Effects that can strongly suppress and/or sh(ft 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 mcvdify 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 confinned experimentally that two-photon

interference effects involving parametric four-wavemixing (FWM),

which can suppress two-photon excitation at elevated gas processes,

can also lin'tit 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:

(a) Desorbcd ions and t:eutral molecules: A mass spectrometer was

constructed and used to measure spectra of ions and neun'al 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 mectianism of the neutralization of 218po in mixtures of

N2 + NO2 has been modeled and experimentally studied, lt was found

that ion-ion recombination between NO2 and I:'o+ is about 10.6 cm:_/s.
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The fraction of 218po which thermalizes as an ion has been measured in

N2 and Ns + NO2 mixtures. In both cases, the result is 0.68 + 0.05.

(3) Development of Advanced Instruments:

In-situ monitor ibr thin films preparation" A facility equipped with a

fluorescence spectrometer, mass spectrometer, and laser ablation capability

was developed to monitor thin fihn preparation, lt can be used to monitor all

the desorbed species, such as excited atoms, ground state ions, and ground
s_.ateatoms.

(4) High-Tc Superconductors:

(a) We observed large amounts of O2 trapped in high-Tc superconductors.

This indicated that trapped oxygen may play a key role in high-Tc

superconductivity, lt also provided an explanation for the extra number

of oxygen atoms found in high-Tc superconductors.

(b) we studied the desorption mechanism of high-Tc superconductors 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.

(c) We discovered that the addition of alkali carbonate to YBazCu307 can

enhance the stability of high-Tc superconductors. This result can

possibly provide more stable high-Tc superconductive materials in the
future.
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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 InformationSystems Office in 1971 and has

historically maintained its major scientific strength in the area of health and environmental

effects of hazardous materials.

Dur!ng 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 Mutagen 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 arid 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 assessmentt: 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 ira deciding to use the resources of tile

section, rather than the commercially aVailable systems or chemical manufacturer's

infomlation. The work has now expanded to provide MSDS infom]ation to the Amly, Navy,

the Department of Energy (DOE) Toxic Materials Advisory Committee, the Pittsburgh Energy

Technology Center, and Lawrence Livem'_ore National Laboratory.

A data base has been developed for the EPA Office of Environmental Criteria and

Assessment/Office of Healthand Environmental Assessment (OHEA). The data base, which

has been titled the Chemical Unit Record Estimates (CURE) , will contain ali risk-related

values used by EPA and will become the central data resource for carrying out EPA risk

assessments.

The Huh'mn Genome Management Information System (HGMIS) was initiated in 1989.

lt is toserve as a primary information source and communication media for DOE's Hunmn

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, the

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 depositionresearch and

environmental regulation and compliance evaluation for DOE and Department of Defense

(DOD) facilities with the Environmental Sciences Division; conservation and materials

resem'ch with theMetals 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 involvecl 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 (13)Determination of Resources
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Conservation and Recovery Act (RCRA)/Comprehensive Environmental Response,

Compensation and Liability Act (CERCLA) Compli',mce,

1Part-time employee.

HUMAN GENOME AND TOXICOLOGY

HGMIS was inaugurated in March 1989 and has completed a very successful year, lt

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. Ali 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 tile 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 classified 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 infommtion on

selected chemicals. Recently, a demon 'stratlon 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 infommtion subfi!e for the

appropriate infommtion in the EPA documents have begun, and a test file is under review.

Plans are for CURE to be :wailable 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-I Health Assessment Reports; Water Quality Criteria Documents; Health

and Environmental Effects (chronic toxicity and cm'cinogenicity) 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 Wright2patterson Air Force Base. Assistance to the Army is
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through guidance on scientific and regulatory issues and through defining cleanup criteria for

hazardous wastes sites, Tile 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 strategies 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

,,vide range of toxicologic data including carctnogenicity, genotoxicity, teratogenicity, and

short- and long-term exposure effects on humans and laboratory species. Additionally, all of

the data were incorporated into an on-line, relational data base using the ORACLE data base

management system. The present work involves compilation, analysis, and presentation of

similar infommtion 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 III, 14 million workers at more than 320,000 manufacturing facilities as well as private

citizens were given the right to obtain chemical safety information about the hazardous

chemicals in their surroundings. To assist Energy Systems in complying with the law, Ct-IEC

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 system uses the INQUIRE data base management system, which resides on the
,,

IBM 3033. The system can be accessed through time-sharing option on-site and is awfilable

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 Materi,]s and Environmental Information

(ttMEI) Group has increasingly become inw)lved 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 stnff continues to prepnre radiologicnl chnructeriznti(_ll

reports for rtlciionctively contamlnnted sites on the Oak Ridge Reservation nnd has ttlso
4 1,

assisted in on-site surveynctlvttles, As tt part of the preparation of the reports, llMEl staff

members hnve also been performing ct(ira synthesis, analysis, and evttltlttllon to stlpport

proposed remecllallon lttternative!; and creating digitized mnps thttt ctetttll the extent o1'

contamination tit the sites being chnracterized,

The most slgt_it'tcitrlt area of growth in HMEI has been in providing il_f()rn'mtlou

management support to the ORNl., Remedial Action l:)rogrtml Office and the recently created

I)_t'ormation Systems Management Group within ERD, The information management

activities that have been conducted for the ORNL Remedial Action l:'rogrtlm since 1985 to

cover ali 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 provkle guidance for,

and effective management of, those resources,

In support of the DOE Biomass Production Program, intense eft'orts were made to

verify ali on-line data for short-rotation woody crops and to expand the data base to include
) ) :1,data from newly planted full-scale field trials and genetic research activltms, Development of

a similar data base rnanagement system for herbaceous energy crops was begun, These

systems wil)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 infonnation 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 Envir()nn_ent, Safety, and Health (ES&H)for

technical and naanagernent 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 infornuttion projects continue to expand as the need for

this vital inforrnation increases in DOE and DOD. The Environmental SaJ'ety 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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Publictttions Competition tn tile newsletter category. The Envtrcmrllental Regulatc_ry Update

Table Is a monthly review of the status of pending and proposed environmental leglslatLon

published in conjunction with the Environmental Sciences Division for the DOE Office of

Environmental Guidance and Compliance, Another c_perative effort with the Etwironmetatal

Sciences Division is the periodic issuance of Environmental Guidance F'rograrn 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 naanagement 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 tearn" 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 adwtnced 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-based expert system, NEPA Environmental Review and Compliance (NERC), is

under development fox' the Environmental Monitoring and Compliance Section of ORNt,'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 stan 'dards, Additional expert systems are:

(1) Air Permit Regulations and (2) Detemaination of RCRA/CERCLA Compliance. Both were

developed for the Environmental and Health Protection Division at the Y-12 F_,ant.



6. OFFICE OF RISK ANALYSIS

c, C, Tz'avls, Coot'dlr_titor

The Office of Risk Analysis (ORA) was c_rgartizedto assist in the coorclLnatiotaof risk-

related activities at Oak Ridge Nattonal Lt_bc_x'atory(ORNl,), The office is Involved in a

vtu-iety of risk-related activities x'angix_gft'ore clevelt)pmetlt of theoreticid models to actual field

work characterizing risk at tmzat'dous ,,vtlste sites,

For the Environmetltal Protecttc._t't Agency (EPA), ORA ts evaluating the use of

phan'_aacoktnettc models Ivarisk assessment, ORA Ims developed pt'_amaacoktnetic mcxtels tn

,nice, rats, and humans for tetrachloroethylene, methylene chloride, methyl chloroform, and

benzene, The ability of physiologlcaUy based pharm_cokLt_ettcmodels to extrapolate between

species provides a major tool for inaprovlng the estlnaatlon of human cancer risk based ota

_.mlmalclmcer bloassays, ORA is also evltluclting the use of pt'iarnaacodynanaic models in the

risk assessment process, These rnodels relate fundamental cellular processes to the

epidemiology of cancer in animal and htlm[tla populations, They are based on the

assumption that cancer is a two-stltge process a1_dincorporate data on genetic tnutatton

frequencies and cell turnover dynamics, These mc_delsappeltr to have excellent possibilities

of producing more realistic esthn,_tes of 'risk _ssocit_ted with hazardc_us substances, For the

Department of Energy, ORA is evaluating rapid t'nethods for prioritizing cherr_icals with

respect to their potential threat to hum_tn health. Attributes of these methc_ds are that they

provide esttml_tes of the potential htinmr_ toxicity of organic chemicals for which little

toxicological data exist, and the), work equt_lly well for carcinogens and x'lc)rlcax'cinogelas,

ORA is also perfonning health evaltnatiox_sttt hazax'dc)tnswaste sites throughottt the United

Sttttes,



7. CONTRIBLITIONS TO NATIONAl, AND
LEAD 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 exposure 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

transt'omaations; (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 d(x:ument 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,

Ali 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 infomlation, Research and developrnent in advanced sampling, chm'acterization,

and monitoring will provide optimal solutions to cost versus benefit in site characterization.
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lnlproved totnportd and splttinl infornmtion ab(mt stll:'>stlrl'l.tcec('mtamination pri(n' t(), dtlritlg,

und ttf'tort'otnedittl el'forts will enhlttlce decision-nutklug cttpttbilities, resulting in grouter cost

snvings and minimizing ltkelih(xx:t of failed remeditttion,

The extent and choice of environn_etltttl rest(_rlttiotl strtttegy depends, itt pltl't, on
cstimntes o1"human health and onvirontlmntnl risks. These include risks to the workers

occupntionully exposed during the restorLttion process, risks to the residents in the

surrout'tding cotnmut'lities, risks to potentinl f'uture inhnbitat_ts of the I)OE sites, und risks to

the envir()nmetttttl compoI'tents both currently rind in the future. Because the risks ()t"DOE

mixed wastes tlm poorly understood, HASRD is involved in both basic und tlpplied

resenrch programs thtlt will lead to n better understnnditlg of humatl he_alth risks from

environmental contamination. The over_dl t)rogr_tm goal of the proposed busic research

prograrn is to allow DOE to make significant fundamental scientific advnnce in the

tlutu'ttificntion of risks resulting ft'ore mixed (or simulttlneous) exposure to radintion rind

chemicals that ttre associated with remediation and restortttion of DOE waste Sites. lt is

essential thut policy makers understand tile comparative hetdth and environment_tl risks and

costs of cornpeting remedi_ltion technologies. The n,tture of DOE mixed w_lstes presents

uniqtm biological exposures, necessitatin!: the development of new _lnd sensitive

approttches for predictiotls of exposur e and bit,logical response.
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APPENDIX A. SOURCES OF FUNDING
q

FY 1989 FY 1990"
• ($K) ($K)

DEPARTMENT OF ENERGY

Biological and Environmental Research $ 5,978 $ 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 4,68 330
Multipro_am - 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 Ale.mos National Laboratory 482 610
Bendix 503 450



Nevada Operations Office 8 8
Sandia National Laboratories 0 5
Y-12 843 1,340
K.-25 ].45 1,526
ORO/ORAU 45 ()
EG&G Idaho 45 0
Multiplant 137 291
ORO/Energy Systems 10 96

PRIVATE, STATE AND LOCAL GOVERNMENT.

Universities
University of Tennessee . 25 " 0
University of Southern California 48 0
New York University 1'7 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 55r

INTERNAL ORNL

Seed Money and Discretionary Funds 959 1,043
Laboratory Overhead Accounts 1 2 3 1 8 7

TOTAL Division $ 29, i 37 $ 23,988

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

, Technical Administrative
Professional Support Support Toted

Pemaanent 111 26 29 166

Temporary , 13 7 2 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 havehad a total of 302 assignments to the division in the following

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. Srivastaw_
,,

The coordinator of the Health and Safety Research Division's seminar program
works withstaff 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 industry, 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 Chernobyl Event: Problems and Possible
Solutions," 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 lnterspecies Differences in the Intestinal
Hydrolysis of Glucuronide Conjugates," April 7, 1989.

Jae-tlo Yang

School of Public Health, University of Massachusetts at Amherst, Amherst,
Massachusetts, "Evaluation of Peroxisome Proliferation in Rainbow Trout,"
May 25, 1989.

Becky Van Beneden

Duke Uni.versity 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

University of Pittsburgh, Pittsburgh, Pennsylvania, "UV Raman Spectroscopy: A
New Technique for Physical, Biophysical, and Analytical Chemical Studies,"
January 22, 199().

Jennifer V. Hines

Medicinal Chemistry, University of' Michigan, Ann Arbor, Michigan, "General
Synthetic Methodologies for the ConstructioI'_ 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 SchQol, University of Pennsylvania, Philadelphia, Pennsylvania,
"Are Risk-Benefit Tradeoffs Possible in Siting Hazardous Facilities?"
February 2, 1990.
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APPENDIX E. LIST OF HONORS AND AWARDS

FOR STAFF MEMBERS

SPECIAL ItONORS

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 ira
radiophalxnaceutical 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
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 estabhshment 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. Wannack
° "Photon Scanning Tunneling Microscope"
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SI'ECIAI_ AWARDS

S, I....Allman
Sigtna Xi Support of ttesetu'ch Awttrd, 1989

Gloria M, Caton
Martin Marietta Energy Systerns, lhc, 1<+)88Operath_nal Perfornlance Award for
distinguished service !n managing infornmtion for the ft)final critical review of the
DOE Energy Conversion and Utilization "l"echnol()giesMttterials Prograrn

'1",L, Ferrell and R, J, Warmack

Martin Marietta Energy Systems, Inc, 1988 inventor Award for invention of a
photon scanning tunneling microscope that could revolutionize optical rnicroscol+y
by ultirnately allowing objects to be seen that are ten times smttller than can be
imaged by c(mventiorlal means

Health and Safety Research Division Excellence tta Research Award for 1988

W, R, Garrett and M, G, Payne
Health and Safety Research Divisi(m Excellence in Resem'ch Award for 1989

O, V. Jenilings
Health and Safety Research Division Distinguished Achievement Award for
Adrninistrative Support for 1989

R, 11,Ritchie
Senior Corporate Fellow, 1990

J, M, Wyrick
Health and Safety Research Division Distinguished Achievernent Award for
Technical Support for 1989

Recipient of the Distinguished Service Award, East 'Fertnessee Chapter of the
American S¢x:ietyfor Infonnation Science (ASIS)

PUBLICATION AWARDS
+

Gloria M. Caton, Judy M, Wyrick, and the Cerarnic Techrtology Staff
Society for Technical Comnaunication Achievement Awm'd for Ceramic Technology
Newsletter

Richard W. l..,eggettand 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 C()rnmunicatiorl Technical Reports
Achievement Award for "DNA Adduct I::orrnati(m by Twelve Chemicals with
Popuhttions Potentially Suitable for Molecular Epiderniol()gical Studies"
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C()MMITTEE APPOINTMENTS

E, "I',Arakawa
Mernber, International Advisory Board, Vacuum Ultraviolet Radiation Physics
Group, 1989'- 1992

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

J, E, Can'ington
Member, ORNL/Martin Marietta Energy Systems, Inc,, Values Committee, 1988 -
present

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

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

M, Crlsty
Member, Task Group on Dose Calculations, Committee 2 on Secondary Limits,
International Commission on Radiological Protection, 1985 - present

Vice-chairman, Task Group on Revision of Reference Man, Committee 2 on
Secondary Limits, International Commission on Radiological protection, 1985 ..
present

Corresponding member, Task Group on Age-Dependent Dosimetry, Committee 2
on Secondary Limits, International Commission on Radiological Protection, 1988 -
present

C, E. Easterly
Member, Electromagnetics Subpanel of the Free-Electron Hazards Advisory Panel,
U.S, Army Environnlental Hygiene Agency, 1988 - present

Member, Subcommittee on Dose Assessment, DOE Emergency Management
Coordinating Committee, 1989 - present

Member, ASTM Subcommittee E34,70, Single Crystal Whiskers, of Committee E-
34 on Occupational Health and Safety, 1988 - present

Member, Monitoring and Modeling Subcommittee of the Oak Ridge Full-Scale
Exercise Advisory Committee, 1988 - present

K. F. Eckerman
Member, Task Group on Modeling and Scaling to Humans_ DOE, 1985 - presen t

Member, National Council ota Radiation Protection and Measurements, 1990
i
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Member, C(+tr'Jmlttc+ 2 on Secondary l.,Imlts, International C+2.onlrnlssl¢'mon
l+,adiologlcttl l:_rotection, I¢)82 -present

Chalrman, Task Group on Dose C?,ttlcuttttiorls,Cotntnlttee 2 on Secondary Limits,
Interrmtional Cornmissl(m on Radi(+l(+gicalPr(_te,:ti(m, 1982 -present

Metnber, "I'ttmk(3r(._ur_on Agc-l)cl)endent Dosimetry, C(wnrnittce 2 on Sec(mdary
l..,imits, Interrlati()i_tdCotnmissiorl on Radiological Protection, 1988 - present

Mernber, Scientific Comrnittee 57, Irltert!aI t?',rnitterStandards, Natlor_ttl Cotlncil on
Radiatlort l:h'otectiot_and Mettstlret'nerlts, 1979 - present

Mernber, Scientific Comrnittee 64, Task Group 5, F'ublic E×posure from Nuclear
Power, National Courlcil ota Raditttton Protection arid Measuremerlts, 1979-
present

Metnber, Scientific Committee 64, Task Group 6, Screening Models, Ntttionttl
Council on Radiation F'rotectlotl and Measttrernents, 1979- present

Mernber, Advisory Group, Health Effects Model Revision, Nuclettr Regulatory
Commission, 198()- present

R. t3. Gamtnage
Member, Indt×_r Air Quality Comnaittee, Arnericar_ Industrial Hygiene Associati(m,
1987 . present

Mernber, DOE Research Development Demonstration 'Testing and Evaluation
Working Group for lnstrttmentatiorl, 1989- present

T. D. Jones
Mernber, DOE Erwiror_rnerttal Standards Steering Comrrtittee, 1990

G. D, Kerr

Member, Task Group on Revision of Reference Man, Committee 2 on Secondary
Limits, Interrlatk)n,:d Cornmission on Radiological Protection, 1985 - present
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