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OVERVIEW 

INTRODUCTION 

A major objective of the biomedical and environmental sciences (BES) research at 
the Oak Ridge National Laboratory (ORNL) Is to provide Information on environmental, 
health, and safe ty considerations that can be used In the formulation and 
implementation of energy technology decisions. Research is directed at securing 
Information required for an understanding of both the short- and long-term 
consequences of the processes involved In new energy technologies. Investigation 
of the mechanisms responsible for biological and ecological damage caused by 
substances associated with energy production and of repair mechanisms is a 
necessary component of this research. 

The administration and management of BES programs is the responsibility of the 
Associate Director for Biomedical and Environmental Sciences . The research is 
carried out by the staff of four divisions and one program: Biology Division, 
Environmental Sciences Division, Health and Safety Research Division, information 
Division, and the Life Sciences Synthetic Fuels Program. These organizations are 
shown in Fig. 1. The Associate Director reports directly to the Director of Oak Ridge 
National Laboratory. The organizational structure of ORNL is shown in Fig. 2. ORNL is 
a government facility operated by the Union Carbide Corporation Nuclear Division for 
the U.S. Department of Energy (DOE). 

ORNL operates on a fiscal-year basis, from October 1 through September 30. 
Funding for biomedical and environmental research at ORNL is expec ted to be 
approximately $ 5 4 million In FY 1982 , of which 61 % will be provided by DOE and 39% 
by other agencies, primarily the Environmental Protection Agency, the Department of 
Health and Human Services, and the Department of Defense. The DOE off ices that 
fund BES research are ( 1 ) t h e Office of Health and Environmental Research (OHER), 
Office of Energy Research and (2) the Office of the Assistant Secretary for 
Environmental Protection, Safety, and Emergency Preparedness (ASEPSEP). The 
non-DOE sponsors. are. listed in .Table 1. .The proportion of funds provided by the 
various agencies is shown in rig. 3. Over the last decade, support in terms of actual 
dollars provided by DOE and its predecessors (the Energy Research and Development 
Administration and the Atomic Energy Commission) has steadily Increased, as shown In 
Fig. 4; however, In terms of constant dollars, DOE funding began to decline in 
FY 1 9 7 9 (Fig. 5). The portion of funding provided by non-DOE agencies ("work for 
others") has Increased (Fig. 5). 

The DOE/OHER work is broken down into two major categories: (1) life s c i e n c e s 
research and nuclear medicine applications and (2) biological and environmental 
research. The life s c i e n c e s work is devoted to the basic study of biological damage 
caused by chemical and physical agents associated with energy production and with 
the production and use of radiopharmaceuticals. The biological and environmental 
research is a vast and diverse program that encompasses a broad effort to 
understand the interaction of energy-related pollutants with living organisms, 
including the transport, chemical evolution, and ultimate fate of such pollutants In the 
environment. Areas of research include the following: radiation biology, dosimetry, 
carcinogenesis, mutagenesis, genetics, carbon dioxide e f f e c t s research and 
assessment, and health and environmental risk analysis. The ASEPSEP-supported 
research covers many f a c e t s of environmental monitoring, research, and regulatory 
compliance. The majority of the research performed for the Department of Defense 
is done for the U.S. Army and involves physical and chemical characterization of 

1 
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Fig. 1. Organization Chart for the Office of the Associate Director for Biomedical and Environmental 
Sciences (July 1982). 
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Tabla 1. Non-DOE sponsors of biomedical and anvironmantai 
research at Oak Ridge National Laboratory 

Canadian Department of Consumer and Corporate Affairs 
Consumer Product Safety Commission 
Cornell University 
Council tor Tobacco Research 
Department of Agriculture 
Department of Commerce 

National Oceanic and Atmospheric Administration 
Department of Defense 

U.S. Air Force 
U.S. Army 
U.S. Army Corps of Engineers 

Departmer . of Health and Human Services 
Food and Drug Administration 
National Cancer Institute 
National Heart, Lung, and Blood Institute 
National Institute of Child Health and Human Development 
National Institute of Environmental Health Sciences 
National Institute of General Medical Sciences 
National Library of Medicine 
National Toxicology Program 

Department of Interior 
Electric Power Research Institute 
Environmental Protection Agency 
Florida Institute of Phosphate Research 
Library of Congress 
Massachusetts General Hospital 
National Aeronautics and Space Administration 
National Science Foundation 
PEDCo Environmental, Inc. 
Tennessee Valley Authority 
University of Tennessee 
University of Washington 

military occupational exposure. The Environmental Protection Agency supports 
research into the toxic e f f ec t s of pollutants associated with energy production 
processes and waste disposal. The work supported by the Department of Health and 
Human Services covers research in carcinogenesis, genetics, and toxicology. 

A breakdown of the total number of scientific, technical, and administrative 
support staff follows: 

Biology Division 
Environmental Sciences Division 
Health and Safety Research Division 
Information Center Complex, information Division 
Life Sciences Synthetic Fuels Program 

2 7 9 
178 
131 
110 

2 
Total 7 0 0 
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ASEPSEP - ASSISTANT SECRETARY FOR ENVnONMENTAL PROTECTION. 
SAFETY AND EMERGENCY PREPAREDNESS 

DOD - DEPARTMENT OF DEFENSE 
DOE - DEPARTMENT OF ENEROV 
EPA - ENVIRONMENTAL PROTECTION AGENCY 
HHS - DEPARTMENT OF HEALTH AMD HUMAN SERVICES 
OER - OFFICE OF ENEROT RESEARCH 

Fig. 3. Proportion of support provided by funding agencies for Biomedical 
and Environmental Sc iences Research at Oak Ridge National Laboratory for 
FY 1982. 
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INTERACTIONS WITH UNIVERSITIES 

ORNL conducts numerous cooperative research and training programs with col-
leges and universities across the country. For the biomedical and environmental pro-
grams, these Include approximately 1 0 0 students and 3 0 faculty members yearly. 
These programs are listed in Table 2. They cover undergraduate, graduate and post-
doctoral training and faculty research. In addition, each year over 1 0 0 seminars are 
presented at ORNL by visiting university staff addressing biomedical and environmen-
tal topics. 

The Laboratory Is fortunate to have the University of Tennessee-Oak Ridge Gra-
duate School of Biomedical Sc iences located within the Biology Division. The program 
Is primarily designed for training leading to the Ph.D. degree, although there are a 
f e w Master's degree candidates. Doctoral students are supported by The University 
of Tennessee in the form of research assistantshlps or federal training grants 
awarded to the School by the National Cancer Institute and the National Institutes of 
Health. The School currently has 4 6 students working toward the Ph.D. degree and 
four in the Master's program. As of June 1982 , 7 6 students hav9 been awarded the 
Ph.D. degree, and eleven students have received the M.S. degree. 

The fall quarter of 1 9 8 2 marks the beginning of the School's seventeenth year. A 
major portion of the School's teaching and research training is provided by the staff 
of the Biology Division who serve as "shared" faculty. The students form a very 
active group of investigators in training, and their names appear on a number of 
manuscripts each year. They contribute significantly to the productivity and e x c e l -
lence of ORNL's Biology Division. 
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Tabla 2. University program* at Oak Ridge National 
Laboratory offarlng training in blamadlcal 

and environmental sciences 

Approximate 
Program term of Eligibility 

tenure 

ORAU student research 
participation0 

Great Lakes Colleges 
Association and the 
Associated Collages 
of the Midwest 

Southern College . 
University Union 

Environmental Sciences 
Cooperative Curriculum 

Summer Forestry*1 

ORNL summer research 
Internships 

ORAU laboratory 
graduate participation' 

Students under 
R&D contracts 
with universities 

Graduate Students 
(thesis research) 

The University of 
Tennessee-Oak 
Ridge Graduate 
School of Bio-
medical Sciences' 

Undergraduate training 

Summer College Juniors in physical, life, environmental, 
or social science; engineering; and math. 
Preferred GPA 3.0/4.0. U.S.oitlzens or 
permanent resident aliens. 

Fall Juniors and seniors from 26 mldwestern colleges 
semester (Albion, Antioch, Denison, DePauw, Earlham, 

Hope, Kalamazoo, Kenyon, Oberlin, 
Ohio Wesleyon, Wabash, Wooster, Belolt, 
Carleton, Coe, Colorado, Cornell, Grinnell, 
Knox, Lake Forost, Lawrence, Macalester, 
Monmouth, Rlpon, St. Olaf). 
Preferred GPA, 3.0/4.0. 

Spring Juniors and seniors from 8 southern colleges 
semester (Birmingham-Southern, Centenary, Centre, 

Flsk, Mlllsaps, Southwestern at Memphis, 
University of the South, Vanderbflt). 
Preferred GPA, 3.0/4.0. 

Quarter or Undergraduates from Emory, University of 
semester Wisconsin-Stevens Point, Ferrum College. 

Summer College juniors or seniors. 

Graduate training 

Summer College graduates and graduate students. 
Preferred GPA, 3.5/4.0. 

Full-time M.S. or Ph.D.; 15—20 candidates in 
physical, life, environmental, and 
social sciences, engineering and 
mathematics. All degree requirements except 
the research must have been completed. 
Applicants must be U.S. citizens or 
permanent resident aliens. 

Formal or informal arrangements between 
university and ORNL for thesis 
research of graduate students. 

12 months (M.S.) or 
24 months (Ph.D) 

Variable 

3 years Bachelor's degree or equivalent. Students and 
faculty with M.S., D.V.M., or M .r degrees 
are also accepted. 

e 

The University of 
Tennessee-Oak 
Ridge Graduate 
School of Bio-
medical Sciences 

Postdoctorate training 

1 or 2 years Ph.D. or equivalent. 

e 
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Table 2 (continued). 

Program 
Approximate 

term of 
tenure 

Eligibility 

Eugene P. Wlgner 
postdoctoral 
fellowships 

ORAU postdoctoral 
fellowships8 

ORAU faculty research 
participation8 

ORAU short-visit 
research travel 
contracts® 

Great Lakes Colleges 
Association and the 
Associated Colleges of 
the Midwest0 

Southern College 
University Union 

The University of 
Tennessee-Oak Ridge 
Graduate School of Bio-
medical sclencos 

ORNL Faculty 
guests 

Faculty under 
ORNL R&D 
contract 

ORNL Faculty 
Consultantships -

e 

Postdoctoral training (cont.) 
2 years Outstanding postdoctoral students. 

1 or 2 years 

Faeult 

Summer and 
academic year 

Resident faculty 
for science 
semester 

Resident faculty 
for science 
semester 
Variable 

Short-, long-term, 
and Intermittent 
appointments 
c 

Outstanding poatdootoral students. 

rch 

Full-time faculty, U.S. citizens or permanent 
resident aliens. 

Full-time faculty, U.S. citizens or permanent 
resident aliens. 

Faculty from U.S. and foreign academic Institutions 
and Institutes. 

Contractual arrangement with academic 
institution to carry out specific 
investigation by both students and faculty 
at the Institution (and ORNL if necessary). 

Qualified faculty. 

aFor information contact: Oak Ridge Associated Universities, University Programs, P.O. Box 
117, Oak Ridge, Tennessee 37830. 

bFor information contact: Oak Ridge National Laboratory, Office of University Relations, P.O. 
Box X, Oak Ridge, Tennessee 37830. 

Contractual arrangement. 

^Proposed research must lie In the programmatic Interest of DOE and must require resources 
not available on campus. Furthermore, research proposed by graduate students must be accept-
able to the degree-granting institution. 

eFor information contact: Director, University of Tennessee-Oak Ridge Graduate School of 
Biomedical Sciences, Biology Division, Oak Ridge National Laboratory, P.O. Box Y, Oak Ridge, Tennes-
see 37830. 
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INTERACTIONS WITH INDUSTRY 

ORNL's major point of Interaction with Industry Is through research and develop-
ment subcontracts. The BES sciences programs do not utilize subcontracts as 
extensively as the nuclear, engineering, energy, and basic physical sc iences pro-
grams do; however, BES programs have been engaged In 3 6 contractual arrange-
ments with Industry during FY 1982. The firms Include technology and engineering 
firms, microbiological and agricultural laboratories, consulting firms, chemical and 
electric companies, and mathematical and computer services. 

In addition, significant Interactions often take place on an Informal basis, occurring 
as a result of frequent visits by representatives of various Industries and profes-
sional societies. 
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1 dCHNOLOGY TRANSFER 

There are several means of transferring technology developed at ORNL to Indus-
try, universities, government agencies, and the public: 

• publications including technical and scientific journals, popular literature, and 
books and reports; 

• press releases; 

• public service announcements and programs; 

• symposia and conferences; 

• cooperative research projects; 

• university programs (discussed in the section "Interactions with Universities"); 
and 

• activities of the ORNL Technology Transfer Program. 

The ORNL Technology Transfer Program has been active since 1970, and the 
activities and objectives of this progr&m satisfy the intent of the Stevenson-Wydler 
Technology Innovation Law. The present program, now under the Office of Research 
and Technology Application (ORTA), identifies new technologies having potential for 
transfer; publishes and distributes Technology Applications Bulletins for use by state 
and local governments and industry; and arranges workshops, briefings, and confer-
rals as necessary to encourage interactions. ORTA processes 2 0 0 0 requests for 
information and prepares 35 Technology Applications Bulletins yearly. The Technol-
ogy Applications Bulletins, distributed to 1200 industrial contacts, may describe com-
puter models, instrumentation, and sampling and laboratory techniques. 
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RECENT ACCOMPLISHMENTS 

Accomplishments in the BES programs include advances toward understanding 
potential health and environmental Impacts of energy technologies and understanding 
fundamental biological processes , as well as the development of innovative research 
techniques and instrumentation. These research findings result in numerous publica-
tions, patents, and awards. A small sample of recent key accomplishments of BES 
divisions and programs follows. 

PROGRAM ACCOMPLISHMENTS 

Recent Accomplishments of the Biology Division 

• Have partially characterized, with newly designed affinity labels, the catalytic 
s i te of the C02 fixation enzyme. 

• Developed highly sensitive methods for detection, quantitation, and purification of 
an enzyme capable of removing promutagenic and procarcinogenic Ofl-
methylguanine in DNA and of In vitro quantitation of mutagenic potential of the 
alkylated base. 

• Obtained first evidence that hormones regulate expression of specific genes by 
altering translational efficiency of messenger RNA. 

• Developed mutant mice with skin characteristics more similar to human skin than 
those of other experimental systems. 

• Found that oxygen is much more toxic to a damaged lung than to a normal lung 
and that this may be a hitherto unsuspected etiologic factor in the development 
of adult respiratory distress syndrome. 

• Demonstrated that upgrading and distillative fractionation of key energy-related 
materials reduced their biohazard. 

• Demonstrated that oxygen-consuming cytoplasmic membrane fragments can be 
used to produce In bacteriological media conditions that stimulate the growth of a 
wide range of anaerobic microorganisms. 

• Demonstrated that recombination and DNA replication are coincident in Drosophlla 
oocytes. 

• Developed a new hypothesis for the mechanism of induction of chromosome aber-
ration that allows for an explanation of differences in sensitivities of different 
species , different cell types in the .same spec ies , and cell cycle s tage sensitivity 
differences. 

• Developed and validated an assay for determination of chromosomal deletion and 
loss In a Chinese hamster-human hybrid cell line for mutagen screening. 

• Characterized the only x-ray-induced mutations to be analyzed In a mammal at 
the molecular level. The induced mutations are deletions of a globln genes of 
mice; these mice are the only experimental models for human thalassemia. 

• Demonstrated that the mouae spot t e s t Is a useful prescreen for the induction of 
heritable gene mutations: In quantitative comparisons for 17 agents, the unit 
mutation rate in the spot t e s t was generally one to ten times that found in the 
specific-locus test , and the spot t e s t gave no false negatives. 
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• Through theoretical and technological advances In inhalation exposures of mloe, 
established a basis for relating molecular dosimetry to results of genetic t es t s , 
thus gaining capabilities for using mammalian test sys tems In genetic risk a s s e s s -
ment. 

Recent Accomplishments of the Environmental S c i e n c e s Division 

• Quantified uptake and bloconcentration potential of polycyllc aromatic hydrocar-
bons in vegetation. 

• Developed evaluation method to determine vegetation toxicity of sulfur-containing 
gase s . 

e Experimentally proved that toxicity of residue chlorine spec i e s In aquatic environ-
ments is additive; chlorine spec ie s do not show equivalent toxicity. 

• Developed remedial action strategy for 90Sr release from solid waste storage 
areas and full-scale chemical suppression of sosr In solid land burial trenches. 

• Completed environmental characterization of the southern Appalachian granitic 
region fc. Office of Nuclear Waste Isolation. 

• Completed six-volume series of major environmental issues of small-scale 
hydroelectric development. 

e Results of air pollution research incorporated into Environmental Protection 
Agency compliance documents. 

e Absence of post-TMl contamination documented for the Susquehanna 
River/Chesapeake Bay. 

e Environmental transport models for licensing review process se lec ted by Nuclear 
Regulatory Commission. 

e Global carbon inventory in terrestrial biosphere accepted as reference value by 
DOE. 

Recent Accomplishments of the Health and Safe ty Research Division 

e Synthesized a stable iodinated fatty acid incorporating a tellurium heteratom for 
imaging of the myocardium. 

e Invented a nondestructive surface emission monitor to measure emission of 
organic vapors from consumer products. 

m Developed a new health risk assessment methodology for examining the relative 
potency of chemicals. 

e Developed a multimedia environmental transport methodology for chemicals. 

e Correlated physical parameters of metals with acute toxicity in mice and Droso-
phila. 

m First direct measurement of very low-energy electron attenuation lengths in thin 
carbon films. 

e Developed unique gas mixtures for use In diffuse-discharge switches for puised-
power generation. 
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• Developed theory of surface plasmon resonance contributions to surface-
enhanced-Raman scattering and obtained angular dependence of the e f fect . 

e Developed new mobile gamma-scanning equipment and procedures that will s a v e 
DOE millions of dollars via rapid vehicular screening of suspected contaminated 
s i tes . 

e Estimated long- and short-term atsiiospherlc concentrations and population expo-
sures for Incineration of organic hazardous substances at 2 2 commercial Incinera-
tion s i tes in the United States. 

e Published unique analyses of uncertainties implicit In estimates of radiation dose 
and associated health e f f e c t s . 

e Made significant progress toward the development of an ion implantation mass 
spectrometer and vacuum ultraviolet laser sources for the low-level detection of 
noble gases . 

• Made the first measurement of a ground s tate , three-body reaction for gaseous 
atomic lithium, which is of fundamental importance to the field of chemical kinetics. 

• Demonstrated, by spectroscopic studies including absorption and one- and two-
photon ionization, the feasibility and possible analytical utility of a new vacuum 
ultraviolet light source based on third-harmonic generation. 

• Made a fundamental addition to long-standing theories in nonlinear optics through 
detailed experimental and theoretical studies that have firmly established and 
characterized cooperative e f f e c t s on multlphoton ionization. 

Recent Accomplishments of the information Center Complex 

a Systematic evaluation of In vivo and In vitro biological a s s a y s used for the t e s t -
ing of chemicals for mutagenic activity. 

• Critical review of the mutagenic and other genotoxic e f f e c t s of direct coal 
liquefaction (with ORNL Biology Division staff ) . 

• Human health assessment of the scientific rationale for selection of toxicology 
testing methods. 

• National responsibility for data management, evaluation, and networking for the 
DOE Carbon Dioxide Climate Research Program. 

• Provision of numeric data on mining accidents and Injury types in readily usable 
formats to risk assessors . 

Recent Accomplishments of the Life Sciences Synthetic Fuels Program 

• Alkaline polycycllc aromatic amines were found to be largely responsible for the 
increased mutagenicity of shale, and especially coal oils, compared to that of 
petroleum crudes. Polycycllc aromatics containing primary amino substituents 
were found to be the principal mutagens of this class. Alkaline azaarenes are 
responsible for the remaining 5 to 10% of the mutagenicity of this c lass . 

• Mutagenicity not accounted for by alkaline compounds la found to be largely due 
to neutral (classic definition as partitioning into diethylether from both aqueous 
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acid and aqueous base) polycyclic aromatic compounds containing polar substl-
tuents. Amino and carbonyl substituents are currently suspect as the determining 
factors. Carbonyl compounds have been confirmed to be present. 

e Polycyclic aromatic hydrocarbons were found to contribute very little (probably 
l e s s than 1%) to the mutagenicity of shale- and coal-derived petroleum substi-
tutes. 

e Nuclear magnetic resonance spectrometry and diffuse reflectance infrared Fourier 
Transform spectrometry were found very promising for predicting the relative 
mutagenicity of crude petroleum substitutes. 

e A skin permeability chamber has been designed for which a patent application Is 
pending. The chamber permits kinetic analysis of skin penetration by pure com-
pounds in complex matrices as well as the cross comparison of different spec ies . 

• Samples of process condensates from the H-Coal pilot plant were processed 
through bench-scale stripping, solvent extraction, ozonation, and carbon adsorp-
tion systems. New insights were produced regarding both the process chemistry 
of treating these wastewaters and the toxicity phenomena associated with 
streams at various levels of treatment. Recommendations were made for future 
design of wastewater treatment systems. 

• A mobile process development unit (PDU) containing individual modules for ozona-
tion, carbon adsorption, and reverse osmosis processes was constructed at ORNL 
and installed on the H-Coal pilot plant s ite for field testing. The operation of this 
PDU will allow R&D to be performed with key treatment processes needed tor the 
practice of "zero-discharge" technology. Because the PDU is designed for a 
nominal flow of 6 0 ml/s (~1 gpm), the information produced will allow future 
scale-up studies with t h e s e systems to be performed on a credible basis. 

PUBLICATIONS 

The staff maintains an excellent publication record, publishing largely in the open 
literature and also writing books, book chapters, and laboratory reports. Table 3 lists 
the numbers of 1980 and 1981 publications, which totaled 6 9 0 and 6 9 8 respec-
tively. 

AWARDS 

The Oak Ridge National Laboratory Is extremely proud of the large number of 
scientists who have received awards for their outstanding contributions to sc ience 
and technology. Recent awards presented to staff of ADBES divisions follow. 

1981 IR-100 Awards 

The IR-100 Awards are presented annually by the magazine Industrial Research A 
Development to the 1 0 0 new products or processes judged to be most significant In 
Industry. Three staff members In the Health and Safety Research Division received 
the 1981 award: 

e Paul J. Caldwell and Edward T. Arakawa received their award for the development 
of an extreme ultraviolet monochromator for detecting ultraviolet and extreme 
ultraviolet regions of the electromagnetic spectrum. 
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• The award was presented to Tuan Vo-Dlnh for his development of a passive 
polynuolear aromatic vapor monitor for use at synthetlo-fuel-from-coal facilities. 

1981 E. O. Lawrence Award 

The Lawrence Awards are given by DOE to U.S. citizens who are early In their 
careers and have made recent meritorious contributions to the development, use, or 
control of atomic energy. The field of effort can be in any area of science related to 
atomic energy, including medicine and engineering. 

A 1981 E. 0. Lawrence Award was presented to Paul B. Selby of the Biology Divi-
sion. He was honored for the development of a series of radiation-induced dominant 
skeletal mutations in the mouse that have important applications for the determina-
tion of risk estimates of low-level radiation exposure. 

Chester R. Richmond, Director of Biomedical and Environmental Research at ORNL, 
Is a previous recipient of an E. 0. Lawrence Award (1974) for meritorious reseach 
and administration in the field of radiation biology. Other recipients include 
John B. Storer in 1968 and Arthur C. Upton in 1966. 

Table 3. Summary of Biomedical and Environmental Sciences 
Publications in 1980 and 1981 

Books, Book Chapters 
Division Journals and Proceedings Reports Totals 

1 9 8 0 1981 1980 1981 1980 1981 1980 1981 

Analytical Chemistry 7 4 4 6 1 11 11 
Biology 130 199 49 3 2 3 4 182 2 3 5 
Central Management 4 19 23 
Chemical Technology 9 11 6 A 10 14 2 5 
Computer Sciences 6 2 1 1 7 3 
Energy 3 1 3 6 1 12 
Engineering Technology 2 2 
Environmental Sciences 8 8 88 5 7 2 0 5 3 56 199 1 6 4 
Health and Safety 

Research 
107 105 5 7 2 5 7 2 46 2 3 6 176 

Information R&D 2 4 5 5 3 3 32 4 0 41 

Instrumentation and 
Controls 

1 1 

Operations 1 1 
Solid State 2 2 4 

Totals 3 6 0 4 2 3 179 9 7 161 178 6 9 0 6 9 8 
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PATENTS 

In the period 1980 to 1982, five patents were granted to the following staff 
members of the Health and Safety Research Division: 

J. G. Carter, L. G. Chrlstophorou, D. L. McCorkte, D. V. Maxey, "Gas Mixtures for Gas-
Filled Radiation Detectors," 1982, U.S. Patent 4,309,307. 

J. G. Carter, L. G. Chrlstophorou, D. L. McCorkle, D. V. Maxey, "Gas Mixtures for Gas-
Filled Particle Detectors," 1980, U.S. Patent 4 ,201 ,692. 

L. G. Chrlstophorou, M. 0. Pace, D. R. James, R. Y. Pal, "Gaseous Insulators for High-
Voltage Electrical Equipment," 1980, U.S. Patent 4 ,176,048. 

R. B. Gammage, J. J. Thorngate, D. J. Christian, "Method of Improving BaO as a 
Thermoluminescent Detector," 198C, U.S. Patent 4 ,224,519. 

F. F. Knapp, Mi23mTe-Labeled Biochemicals and Method of Preparation," 1980, U.S. 
Patent 4,216,046. 
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NEW INITIATIVES 

As part of ORNL's annual long-range planning process, the Associate Directors and 
Division Directors se lect new areas of research that are to be pursued and that build 
on the expertise of the Laboratory. These new research areas, designated "new ini-
tiatives," are given top Laboratory management support, which may be In the form of 
key personnel support, in-house funding, and communications with potential outside 
funding agencies. The BES new Initiatives that are developing into strong research 
programs and continue to receive Laboratory and DOE attention are as follows: 

a global environmental concerns, 

a life sc iences instrumentation development, 

a biotechnology development, 

a risk assessment, 

• hazardous waste technology, and 

a toxicology. 

GLOBAL ENVIRONMENTAL CONCERNS 

Acid Deposition from the Atmosphere 

Acid deposition is rapidly becoming one of the major environmental issues of the 
decade. The occurrence of acid rain and its potential e f f e c t s on terrestrial and 
aquatic ecosystems in Sweden was brought before the United Nations in 1968, and 
since then innumerable research projects on the subject have developed in Scandi-
navia, northern Europe, the United States, and Canada. With few notable excep-
tions, early reviews and research plans on the "acid rain problem" revealed the atti-
tude that e f f e c t s on the environment would be detrimental. While potential for such 
detrimental e f f ec t s exists, some beneficial e f f e c t s may also result from the 
accelerated deposition of essential nutrients associated with acid rain. Acid rain 
research at ORNL is predicated upon the philosophy that this important environmental 
issue must be approached with scientific objectivity to form the bases of national 
e f fec t s and assessments studies and subsequent policy decisions. 

The major contributors to acid deposition are sulfuric and nitric acid, which are 
formed as a result of atmospheric loading of sulfur oxides and nitrous oxides emitted 
from both stationary and mobile sources. Changing patterns of energy use, advanced 
fossil energy technologies, Improved environmental control technology, and revised 
air quality standards are all potential factors determining future patterns of acid 
deposition. 

Current ORNL research efforts associated with assessment of the long-range 
consequences of acidic deposition represent a broad-based interdisciplinary 
approach to understanding the scientific issues involved. ORNL research in atirios-
pheric chemistry and deposition has served a leading role in understanding the impor-
tance of the dry particulate component of atmospheric deposition in the cycling of 
elements In terrestrial ecosystems. In addition, innovative techniques developed at 
ORNL have led to advanced knowledge of the role of forest canopy structure in 
scavenging of pollutants from an air mass. The ecological consequences of acidic 
deposition have been a major focal point of ORNL programs dealing with air pollution-
related impacts of energy technologies. ORNL research on vegetation e f f ec t s of 
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acid rain has served as a model for methodology development In the simulation of 
rainfall for e f f ec t s research. 

ORNL scientists were the first to exploro the potential for Interactive e f f ec t s of 
acid precipitation and gaseous pollutants of regional Importance such as ozone and 
sulfur dioxide, and new initiatives currently underway will expand this effort to full-
scale studies of crops under field conditions. 

Research on ORNL's Walker Branch Watershed (WBW) represents the second 
longest continuous study of the role of precipitation chemistry in forest nutrient 
cycling In the United States. From Its beginnings during the International Biological 
Program, WBW has produced detailed analyses of the cycles of nitrogen, sulfur, and 
certain heavy metals in the forest ecosystem. Current research on WBW includes 
new Initiatives to quantify the Importance of soil sulfate adsorption to soil nutrient 
depletion and to characterize the organic sulfur pools on the watershed. A major 
product of soils-related research at ORNL has been the capability to predict the sen-
sitivity of soils to acid deposition ef fects . Soil sensitivity has been evaluated from 
the perspective of potential losses of nutrients from the soil as well as from the 
standpoint of the soil's capacity to transmit the acidity In rainfall through the soli 
profile to receiving streams and lakes. 

Biogaochemical Cycles and Carbon Dioxide 

Recognition that Increases in the concentration of carbon dioxide in the atmo-
sphere resulting from fossil fuel combustion may lead to a significant modification of 
the earth's climate has led to intense efforts by the world scientific community to 
understand the dynamics of the global carbon cycle. Building on a strong history in 
the study of global biogeochemical cycles, ORNL is Involved in major research pro-
grams to refine our understanding of the global carbon cycle, its dependence on cli-
mate, and Its relationship to other chemical cycles such as nitrogen and sulfur. 

Carbon cycle research at ORNL emphasizes the role of terrestrial ecosystems. 
Recently, improved estimates of the present-day storage of carbon in vegetation 
and soli have been prepared. These are based on computerized maps of the distri-
bution of types of terrestrial ecosystems. Using these data, ORNL investigators have 
developed mathematical models for the terrestrial carbon system which are used for 
analyzing changes In the carbon cycle in the recent past as well as for projecting 
future responses. 

The degree to which the release of C02 by forest clearing activities may also 
contribute to rising atmospheric levels remains controversial. ORNL scientists have 
contributed detailed summaries of the changes in terrestrial carbon storage and 
associated releases to the atmosphere for regions where they have particular 
expertise, the eastern United States and Malaysia. 

S+'idles of the terrestrial component of the global carbon cycle are continually 
analyzed in a total carbon cycle context. In particular, scientists at ORNL have 
developed models for the turnover of carbon in the world ocean. In a recent study 
various alternative approaches to modeling the ocean reservoir were compared with 
attention to the Implication of assumptions about the ocean for complementary histor-
ical exchanges of carbon between the atmosphere and terrestrial ecosystems. 

Projections of carbon cycle response to future climate change are based in large 
part on studies of past climates and carbon dynamics reconstructed from proxy data 
such as tree-ring Increments or pollen abundances. ORNL staff are engaged In the 
research as part of the Laboratory's overall carbon cycle programs. 

ORNL carbon cycle studies are moving toward greater emphasis on the influence 
of climate on the dynamics of the cycle. At the same time, data summaries and 
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models are being refined to reflect added spatial detail. Models ,—c under develop-
ment that explicitly treat the dependence of the distribution of terrestrial vegetation 
and associated carbon storage on climate. These models will have a spatial resolu-
tion of 6° In latitude or longitude. 

Several new C02-cllti.ate initiatives are being pursued. ORNL investigators are 
developing methods for sensitivity analysis of general circulation models of the atmo-
sphere used to a s s e s s the climate change likely to arise from increases In C02. 
ORNL staff are also pursuing studies of carbon in freshwater ecosystems. One effort 
is focused on assessment of the transport of terrestrial carbon to the ocean by the 
world's rivers. Another is analyzing the role of reservoirs in the carbon cycle and 
changes In reservoir management Implied by a C02-lnduced climate change. 

LIFE SCIENCES INSTRUMENTATION DEVELOPMENT 

There is a crucial need to identify and monitor a spectrum of pollutants associ -
ated with a variety of new energy technologies. The requirement for these tech-
niques ex i s t s In Lcth the workplace and in the environment. A principal goal has 
been to devise new techniques and Improved monitors for detecting pollutants from 
coal conversion processes . New instruments are needed to warn workers of 
e levated pollutant concentrations, monitor levels of pollutsnt exposure, and demon-
strate compliance with federal standards limiting concentrations of polynuclear 
aromatics (PNAs) in the work environment. Skin contamination Is a major concern in 
industrial hygiene, and the hand-held llght^lpe luminoscope has been developed to 
de tec t this contamination In a s a f e and efficient manner. A derivative ultraviolet 
absorption spectrometer (DUVAS) has been developed to characterize and monitor 
aromatic vapor levels. These instruments are now being field t e s t ed at actual syn-
thetic fuel facilities. The IR-100 Award from Industrial Research & Development 
magazine was given to the Oak Ridge National Laboratory for the portable spill 
spotter, which is used to detect coal conversion pollutants on surfaces. Synchro-
nous luminescence and room-temperature phosphorescence techniques are being 
developed as rapid-screening analysis tools and for possible application in a passive 
monitoring badge for PNA vapors. 

Over the past four years major growth has occurred in the development of 
broad-based laser-related research with application for single-atom detection. In 
addition to the program in resonance ionization spectroscopy in g a s e s , new efforts 
include laser spectroscopic analysis of materials from solid surfaces; muitiphoton ion-
ization spectroscopic studies of organic, atmospheric, and pollutant molecules; laser 
photoelectron spectroscopy of molecules; and combinations of laser muitiphoton and 
mass spectroscopy of molecules and of isotoplcaliy se lec ted atoms. It can be antici-
pated that this research program will have a major impact on pollutant characteriza-
tion and detection methodologies in the future. It will not only help to ensure an abil-
ity to monitor compliance with regulatory standards for pollutant emissions, but it will 
also bring new tools to bear on scientific questions concerning the transport, chemi-
cal evolution, and ultimate fate of energy-related chemical species . 

BIOTECHNOLOGY DEVELOPMENT 

ORNL has a commitment to pursue several research directions in the field of 
biotechnology. In the recent strategic plan, biotechnology (at ORNL) is defined a s 
follows: 
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the exploitation of free-living cells or cell components to provide certain 
goods and services. Free-living cells are cells that can be grown, manipu-
lated, and maintained in the laboratory. They may (1) be producer of 
desired end products, (2) a f fec t or aid a desired proof ? - function, or 
(3) serve as probes or Indicators* 

Biological processes offer great promise for both near- and long-ter„i production 
of fuels and chemical Industry f e e d materials, as well as for the abatement of pollu-
tion and the recovery of valuable resources. Bidc^ical systems can also be valuable 
tools In the production of materials for tha biomedical sc iences . Innovative 
approaches are needed for monitoring and measuring bloprocess Intermediates and 
products and other fluid constituents that are important in the biomedical and 
environmental areas. 

ORNL p o s s e s s e s the expertise In process engineering R&D and In the biological 
and environmental s c i ences to contribute significantly toward (1) the development of 
efficient bioprocesses for fuel production from blomass; (2) the development of eff i -
cient waste treatment techniques, especially for those was te s associated with 
energy production; (3) the recovery of valuable resources such as fuels and metals; 
and (4) the development of advanced concepts for measuring biologically important 
constituents In complex mixtures. 

Biotechnology research at ORNL covers four major areas of concentration. The 
first of these , bioenglneering research, involves investigation of advanced bioreactor 
concepts such a s the ANFLOW system, which is an anaerobic packed-bed bioreactor 
for wastewater treatment; high-resolution separation techniques for biological 
materials; and immobilization of active biological agents. The second area, applied 
biological and chemical research, involves reaction kinetics and other areas lending 
support to the development of specific processes. The third major area, advanced 
Instrumentation, focuses on the development of Instrumentation either to measure 
and monitor important parameters In bioprccesses or to measure environmental and 
human exposure to energy pollutants. Bioprocess development is the fourth major 
area of concentration. In this area, the potential usefulness of various bioprocesses 
in environmental control technology, biomass use, and resource recovery are Investi-
gated. This effort involves determining the most efficient biological agents and the 
optional conditions for a given biological process. Fuels, such a s methane or alcohols, 
and other chemicals that can be derived from waste materials or biomass by microor-
ganisms are being studied. 

RISK. ASSESSMENT 

Site-specific, regional, and generic assessments of energy technologies and 
assessments of generic i ssues have been performed by ORNL and others. Many of 
t h e s e assessments stopped at estimation of exposure and did not proceed to a risk 
assessment. The Laboratory has now organized a risk analysis activity to develop 
and apply comprehensive principles of risk assessment and to provide a basis for 
broad scientific and political acceptance of risk concepts. In concert with these 
ongoing activities In risk assessment , ORNL Is undertaking information activities In 
three areas: (1) collecting and indexing articles on risk assessment methodologies; 
(2) compiling an automated locator file of information resources such as subject 
experts and collection of data; and (3) compiling and automating data on health 

* S. E. Shumate, Strategic Planning for Biotechnology at Oak Ridge Notional 
Laboratory, ORNL/CF-82/62, May 1082, p. 3. 
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e f f e c t s related to risk assessment. Information staff serve as members of the risk 
assessment teams and as such compile, document, and evaluate data used In the 
risk assessments . 

Because a rlsk-Vree s tate of life does not exist, It Is clear that practical i s sues 
such a s risk apportionment, comparative risks, risk-benefit trade-offs, and e f fec t ive 
input to policymaking must be addressed. To date no energy technology has been 
totally rejected because it was too risky. Rather, It has been the c a s e that energy 
policymaking has been dominated by political decisions that are often based on 
Inconsistent combinations of readiness, economic factors, technological feasibility, 
perceived risks, and actuarial estimations of risks. Energy crises can and have over-
ridden ail other considerations. A concerted effort on risk assessment, accompany-
ing technology development, will be necessary if we are to surmount some of the pol-
itical and perceptual problems related to energy technologies and to ensure that the 
best scientific documentation is available for Input to energy policymaking. 

HAZARDOUS WASTE TECHNOLOGY* 

Hazardous materials, as defined and regulated by the Environmental Protection 
Agency (EPA) in the Resource Conservation and Recovery Act (RCRA), and low-level 
radioactive (LLR) waste , as defined and regulated by the Nuclear Regulatory Com-
mission (NRC), have similar was te management traits. Both are exposure hazards to 
the public and are persistent in the environment for long periods of time. In addition, 
both are political Issues with a high public awareness and concern. It is, therefore, 
essential that ORNL have an e f f ec t ive program for managing these wastes . 

Until recently, the ultimate disposal method of hazardous and LLR was te s was 
shallow land burial in unllned trenches. With the advent of RCRA- and NRC-proposed 
regulations, It became evident that more stringent waste management requirements 
would be Imposed. Stringent requirements were recommended for permeabilities and 
other geologic parameters for hazardous waste disposal. Engineered barriers and 
leachate collection systems were proposed where site conditions did not conform. 
The method of pathways analysis to identify and evaluate potential exposure routes 
for LLR was te disposal facilities was proposed by NRC. Hydrologic studies at ORNL 
have shown that water movement, and thereby was te movement, is frequently 
through fracture-flow systems. Previously, porous-flow systems were assumed to be 
the predominant method of water movement. Because present-day models are based 
on porous flow, new models are being formulated at ORNL to include fracture-flow 
systems. For both hazardous and LLR wastes , the primary goal is to protect the pub-
lic and the environment from exposure to the materials of concern by providing long-
term isolation. Facility designs to provide positive containment will, therefore, be 
similar. 

The toxicity extraction procedure used by EPA to classify nonnuclear and solid 
w a s t e s a s hazardous or nonhazardous under RCRA is being evaluated and modified at 
ORNL to include capabilities to extract organic compounds. An alternate extraction 
procedure Is also being developed for EPA which simulates the leaching of an indus-
trial was te deposited in a municipal waste landfill and which can be used in aquatic 
and phytotoxicty testing protocols. Another area of study is the action of microor-
ganisms on waste, particularly fossll-fuel-derived waste . Acidic leachates result 
from microorganisms attacking such w a s t e s containing sulfur and iron. The acid con-
dition favors leachability of formerly fixed Ions and hinders the absorption properties 
of the soil. Several mitigating actions are being tes ted . 

* This section Is adapted from Oak Ridge National Laboratory Institutional Plan 
FY 1982-FY 1987, December 1981 , pp. 3 6 - 3 7 . 
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An expanded geoscience research group has contributed to waste management 
practices by providing (1) predictive capabilities related to the hydrologic circuit, 
mineral reactions, rock fracture patterns, and trace element transport; (2) informa-
tion for preventing or minimizing potential adverse e f f ec t s resulting from man's 
actions; and (3) methodologies for mitigating or correcting existing undesirable con-
ditions. Geological studies include the mineralogy and geochemistry of waste 
Interactions with elements such as Cd, As, Ba, Cr, Pb, Hg, Se, and Ag. One example 
of these geological studies in the area of fossii-fuel-derlved waste is the study of 
arsenic absorption that is dependent upon valence state. Depending upon coal 
combustion conditions, two valence states, arsenates (AsOa) and arsenic oxides 
(As203), are formed. Arsenates are not absorbed by soil, whereas arsenic oxides 
become part of the soil matrix material. 

As a result of the regulatory framework imposed, ORNL has initiated several 
actions to address the waste management problems associated with hazardous and 
LLR wastes. Where possible (i.e., when wastes are not contaminated with radionu-
clides), hazardous waste will be disposed of at commercial facilities. A building for 
collecting, handling, storing, and shipping wastes for commercial disposal is proposed 
as a general plant project. ORNL is also participating in a solid waste management 
planning effort for the Oak Ridge reservation. Early studies are Indicating that new 
facilities will be required for storage and disposal of hazardous and sanitary wastes. 
Efforts continue at ORNL for improving operations of existing burial grounds and parti-
cipating wfth the Oak Ridge Gaseous Diffusion Plant and Y-12 Plant in locating and 
designing new facilities for disposal of LLR waste. 

TOXICOLOGY 

Experimental data on acute, subchronlc, and chronic toxicity of new synthetic 
fuels and the by-products of their production are urgently needed to provide a basis 
for assessing the health risks to Individuals who may be exposed when these new 
energy systems are developed and put Into full-scale use. 

Confirmation and extension of initial results on acute toxicity from exposure to 
such materials are needed. More Importantly, however, data on subchronic and 
chronic toxicity caused by long-term, low-level exposure are almost nonexistent, and 
this gap must be filled. 

ORNL has already initiated a program to.study the acute and subacute toxicity of 
energy-related materials and other environmental pollutants and has added a small 
team of toxicoiogists and pathologists to the existing support staff of chemists, biol-
ogists, ecologists, and physiologists. Moreover, some of the needed facilities are 
available, particularly the disease-free quarters that are required for subchronic and 
chronic toxicity experimentation. The Laboratory has extensive experience In carry-
ing out long-term animal experiments with hazardous chemical, substances in which 
protection is provided to ensure the integrity of the experiment, the health of the 
workers, and the protection of the environment within and around the Laboratory. 

In this program, materials obtained from various developing energy processes will 
be examined initially for acute toxic e f fects , using standard protocols. Selected 
materials will then be Investigated more extensively for subchronic or chronic toxi-
city caused by long-term exposure at various exposure levels. Damage at both the 
point of entry into the body and In organ systems will be characterized to determine 
the kind and severity of disease produced, the part of the body affected, and the 
comparative responses of several animal species. For selected representative tes t 
materials, the uptake and fate of the substances in the body will be determined to 
relate the doses delivered by different routes of exposure to the adverse health 
ef fects . For the most important compounds, the mechanisms by which the materials 
produce their toxic e f f e c t s will be investigated. The combined data on toxicokinet-
ics, pathology, and mechanisms ultimately will be the basis of the health risk a s s e s s -
ment. 
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Biotechnology Program 

Many anaerobic microorganisms produce significant quantities of organic materials 
useful a s fuels in Intermediates for organic synthesis. Methane, hydrogen, acetone, 
butanol, and ethanol are examples of these products. Recently developed tech-
niques for produolng oxygen-free conditions by the use of oxygen-consuming mem-
branes derived from biological sources will allow researchers to propagate anaerobic 
microorganisms In pure cultures In the laboratory. Progress is being made on the 
physiological and genetic manipulation of anaerobic microorganisms to Improve the 
yields of desired end products. Work In the Biology Division Is directed toward remo-
val of undesirable compounds from coal by the use of a community of microorganisms. 
Efficient cos t -e f fec t ive methods for the removal of organic sulfur are being 
developed. The techniques of DNA transformation are being used to allow the intro-
duction of genes into Clostridium butyrlcum, an anaerobic organism that makes 
butanol In significant amounts. 

Biophysics instrumentation Program 

A new program has been established In the Biology Division that involves meas-
urements on cells, chromosomes, and other biological particles as methods of search-
ing for the rare events required to establish dose-response relationships at low 
doses . A capability in flow cytometry and cell sorting is being established. These 
techniques permit the identification and physical separation of biological cells at 
rates of 1 0 , 0 0 0 per second. The high statistical accuracy resulting from the high 
throughput makes these techniques suitable for detection of rare events . 

Many of the chemical compounds that are under Investigation for mutagenic and 
carcinogenic e f f e c t s are fluorescent as are their metabolic products. This property, 
in conjunction with the use of fluorochromes for DNA, enzymo substrates, or fluores-
cent antibodies, is under evaluation a s a probe for metabolic studies. 

These studies also require high-resolution (spectral and time-resolved) measure-
ments. The program Is expec ted to expand into these areas a s the biological end 
points become better defined. 
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RESEARCH 

The remaining sections of this report discuss the research that is carried out in 
each of the major BES research units. Additional information about biomedical and 
environmental work at ORNL may be obtained by contacting the directors and 
managers listed in Appendix A and also by obtaining the publications that are listed in 
Appendix B. 

BIOLOGY DIVISION 

INTRODUCTION 

A major objective throughout the history of the Biology Division has been to 
develop a scientific foundation for evaluating the health e f f ec t s of new and changing 
technologies. At first major emphasis was placed on the investigation of health 
e f f ec t s of ionizing radiation, both genetic and somatic, during the emergence of 
technologies related to atomic energy. More recently the area of interest has been 
broadened to Include investigation of various chemicals and complex substances pro-
duced by a variety of energy technologies, especially that of fossil fuel. 

The strategy has been to use a few whole animal models to obtain data that may 
be most directly applicable to human risk models and to underpin that work with stu-
dies on lower organisms and cell systems and with Investigations of fundamental 
mechanisms at the cellular and molecular levels. This combination has provided 
answers to pressing problems of i.nmediate concern while at the same time keeping 
the mission-oriented research in constant contact with its scientific roots. Thus 
developments in fundamental science serve as a source of new knowledge upon 
which the success of future applied work depends; in addition, the nucleus of scien-
tific expertise is regularly called upon by those working on applied programs for help 
in solving their problems. The interaction also works in the reverse direction by mak-
ing investigators in fundamental science aware of the practical problems and the 
ways in which their science relates to those problems. 

ORGANIZATION 

As Fig. 6 shows, the Biology Division is organized into five sections and two pro-
grams. The sections are 
• Molecular and Cellular Sciences, 

• Carcinogenesis, 

• Cellular and Comparative Mutagenesis, 

• Mammalian Genetics and Teratology, and 

e Toxicology. 
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Fig. 6. Organization Chart for the Biology Division (July 1S8Z). 
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The programs are 

• Biotechnology, and 

• Biophysics Instrumentation. 

The research In each of these units will be briefly outlined. 

Molecular and Cellular Sclancas 

With the early realization that an understanding of genetic and somatic e f f e c t s of 
human exposure to radiation would require a knowledge of gene structure at the 
molecular level, strong programs in nucleic acid chemistry and biochemistry were 
established in the Biology Division. Simultaneously, molecular radiation biology fluor-
ished, especially with respect to recognition and characterization of processes by 
which DNA damaged by Irradiation could be repaired In vivo. 

Other areas that grew naturally because of a major emphasis on genetics were 
Investigation of protein synthesis (the final product of gene expression), enzymology 
(especial study of how regulation of enzyme action controls gene expression which, 
in turn, is linked to carcinogenic and mutagenic events), and developmental biology 
(an area that can provide valuable insights into regulation of gene expression). 

Although the missions have been broadened to include studies of adverse /.eaith 
e f f e c t s of chemicals (including those related to coal products) and viruses, it is 
recognized that, as with radiation, the more profound consequences of exposure to 
t h e s e insults result from their interaction with the cellular genome. 

Many of the fundamental studies are closely integrated with mission projects 
through formal collaborations between senior investigators. Some specific problems 
being tackled Jointly by members of applied and basic groups include mechanisms of 
cell transformation by viruses, characterization of DNA-carcinogen adducts formed In 
vivo, and Influence of carcinogens on In vitro transcription of chromatin. 

Current investigative emphasis remains on nucleic acids, Including programs In 
molecular biology (i.e., replication and transcription of DNA and their regulation, repair 
processes , molecular genetics, and structure/function relations in DNA and chroma-
tin). These fields are clearly directed toward acquiring a more comprehensive under-
standing of carcinogenesis and mutagenesis. Also represented are developmental 
biology, cryobiology, enzymology, protein chemistry, protein biosynthesis, membrane 
biology, and x-ray diffraction. 

Carcinogenesis 

The objective of the section Is to determine the mechanisms of radiation (both 
ionizing and ultraviolet), chemical, and viral carcinogenesis. Because cancer is an 
alteration in the most fundamental elements and functions of cells that is modulated 
by many cellular and tissue factors, the study of mechanisms involves many f a c e t s 
of biology. 

Many chemical carcinogens undergo metabolism that detoxifies the agents but 
may also produce the ultimate carcinogen. There will be continued study of the 
nature of these metabolic pathways, their t issue-, spec ies - , and age-dependency as 
well as the structure of the ultimate carcinogen. The chemical nature and confirma-
tion of the metabolites are important in relation to the DNA adduct formed. A s y s -
tematic but Innovative examination of structure-function relationships for carcino-
gens may in the future allow reasonable predictions of potential carcinogenicity. 
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The possibility of a common pathway for different carcinogenic agents has been 
attractive, and error-prone repair has been a candidate. Another possibility Is the 
transposition of genetic elements and activation of oncogenes. The studies to 
determine the role of gene transposition and expression of oncogenic potential will 
continue. 

Because cancer Involves altered gene expression, an understanding of control of 
gene expression is required. Recombinant DNA techniques are being employed to 
provide probes for determining how genes are Influenced by hormones. 

Immunology will be applied to cancer studies In three separate ways: (1) develop-
ment of drug-containing liposomes targeted with antibodies specific to cancer cells; 
(2) use of monoclonal antibodies in the development of tumor markers; and (3) deter-
mination of cellular and humoral factors that Influence the susceptibility for 
carcinogenesis in different strains. 

It Is clear that host and exogenous factors play a major role In the expression of 
cancer. Determining the mechanism of tumor promotion will continue to be a major 
part of our program. The discovery that promoters of skin carcinogenesis are free 
radical generators opens up investigations both of mechanisms and of methods of 
chemopreventlon. The commonality of free radical generation by chemicals and radi-
ation will Influence the design of future experiments. 

The results of the experiments In radiation carcinogenesis have made it possible 
to underpin the arguments against the appropriateness of a linear dose response as 
the basis of protection standards for radiation involving low-linear-energy transfer. 
The current and future research will provide data on neutron radiation carcino-
genesis , in particular, myelogenous ieukemogenesis. The mechanism of leukemo-
genesis is being investigated in a study involving the determination of the transposi-
tion of genetic elements at the molecular and chromosomal level. If, as seems likely, 
studies from Hiroshima will not provide risk estimates for cancer induced by neutron 
radiation, then experimental data will become of paramount importance. 

Cellular and Comparative Mutagenesis 

Experiments with lower organisms provide relatively rapid and inexpensive means 
for mutagenicity testing of large numbers of chemicals. The applicability of some of 
these t e s t results to whole-mammal mutagenesis must subsequently be determined in 
order to make risk estimates for man. 

A major program employs established t e s t s for mutagenic action on bacteria 
(Ames test ) , yeast , Drosophila (fruit fly), and mammalsan cells in vitro to investigate 
compounds and mixtures generated by fossil fuel technology. The comparative 
approach used in this program provides a better indicator of potential hazard than 
the use of one t e s t system alone. The testing is closely coordinated with chemical 
analysis of the same materials carried out by the Analytical Chemistry Division. Some 
of the materials found to be positive in these sys tems are then investigated further 
for mutagenesis in whole mammals. There is also close cooperation with direct t e s t -
ing of these same materials for carcinogenesis. This program will continue to t e s t 
materials of interest as they become available. 

The use of the lower-organism systems for mutagenesis testing is based on the 
belief that the results are pertinent to the preliminary identification of human risks 
because of the many similarities among the genetic mechanisms of all organisms. 
However, a number of disturbing unexplained differences have been found between 
the results with lower organisms and those with whole mammals. One approach to 
clarifying such problems is to obtain a better understanding of the basic mutagenic 
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mechanisms Involved In the various test systems. Another is to use mammalian test 
systems that more closely approximate the human situation. Both approaches have 
been and will continue to be used. 

Work on mutagenic mechanisms in bacteria includes studies on the effects of 
mutagenic agents on DNA replication and repair and on the role of these processes In 
mutation Induction. Attempts are being made to determine the classes of mutagenic 
mechanisms and to assign mutagens to one or more such classes through knowledge 
of their chemical structure and their Interactions with DNA and other cellular com-
ponents. Specially permeabilized cells as well as normal cells are valuable tools for 
some of this work. 

Mammalian Genetics and Teratology 

The areas of research of the section are heritable effects of environmental 
agents; related studies in basic genetics and cytogenetics; reproductive effects of 
environmental agents, especially as related to genetic effects; and mammalian tera-
togenesls. 

A major effort is devoted to the study of heritable effects of environmental 
agents in the mouse in order to permit assessment of genetic risk to human beings. 
This includes the design and validation of whole-mammal mutagenesis tests to cover 
the spectrum of heritable lesions that might be induced in various types of reproduc-
tive cells and in appropriate somatic-cell models. Table 4 lists the various tests, 
most of which were developed in our laboratory, and shows the type of damage they 
measure. 

Since mammals possess metabolic systems that can alter the introduced sub-
stance in such a way as to make it either more or less mutagenic, mechanisms that 
can affect the transport of the substance or its metabolites to the target cells in the 
gonads, and specific repair mechanisms in reproductive cells, the results of whole-
mammal mutagenesis tests do not always parallel results obtained in simpler test 
systems. To relate genetic effect(s) in the mouse to the amount of mutagen reach-
ing the target, molecular dosimetry studies are conducted. Among other ancillary 
studies used in connection with the mouse genetics experiments are cytogenic 
investigations. 

In addition to determining the frequencies of induced genetic lesions of various 
types, the whole-mammal work also concerns itself with the physical expression of 
the damage in the first-generation offspring. Among effects studied are skeletal 
abnormalities (resulting from gene mutations and other lesions throughout the 
genome) and interferences with male fertility (mostly resulting from certain types of 
chromosome abnormalities). Subtle effects on viability and reproductive capacity of 
well-characterized gene mutations and small deficiencies are also under investiga-
tion. 

The mutagenesis studies yield a wealth of genetic materials that are used as 
tools for studies in basic genetics, such as the detailed characterization of the 
structure of certain chromosomal regions and investigations of genetic expression. 
Other basic studies have grown out of the discovery that the fertilized egg of some 
strains of mice can repair potentially mutational lesions introduced by sperm that had 
been earlier exposed to chemical mutagens. The genetics and biochemistry of repair 
competency or repair deficiency are under investigation, as are the possible correla-
tions between genetic repair deficiency and susceptibility to toxic effects or carci-
nogenesis. The processes by which premutational lesions are converted into aberra-
tions are also under investigation. 
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Table 4 . Spectrum of genetic damages measured In tests used by 
tha Mammalian Genatlca and Teratology section 

Qene 
mutations 

Genetic damages 

Gross 
chromosomal 

damage 

Nondis-
junction 

Direct 
DNA 

damage 

Germ-cell 
killing, 

etc. 

Specific locus 

Heritable 
translocation 

Dominant lethal 

Total reproductive 
capacity 

Dominant skeletal 
e f f ec t s 

Numerical s e x 
chromosome 

Testis UDS,® 
alkaline 
elution 

(+) 

(+) 

(+) 

(+) 

(+) 

(+) 

M o u s e s p o t 

aA plus symbol indicates that the particular t e s t detects the particular genetic 
end point. 

Parens indicate that the particular end point can also be detected, although the 
particular tes t was designed primarily for another end point. 

^Detected in experiments involving exposure of mates primarily. 
Detected in experiments involving exposure of females. 

®UDS = unscheduled DNA synthesis. 
In somatic cells (embryonic melanoblasts). 

Studies on reproductive e f f e c t s of environmental agents are essential for a 
proper understanding of the genetic e f f e c t s of these agents. Thus, it is becoming 
increasingly apparent that both the quantity and quality of heritable lesions are 
strongly dependent on the interactions between specific mutagens and specific germ 
cell types. An understanding of the normal kinetics of germ cell formation and 
renewal and of the mutagen's e f f ec t on germ cell mortality are prerequisites to a 
proper Interpretation of genetic data. In addition, reproductive e f f ec t s by them-
se lves may be Important end points for evaluation of environmental agents, and our 
identification of exquisitely sensitive germ cell s tages in both s e x e s provides an aid 
to such studies. 
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One area of work in the section concerns teratogenic e f f e c t s of environmental 
agents. Investigations on the initiation of abnormal developmental pethways are con-
centrating on various components of teratogenesis, namely, cell killing, altered dif-
ferentiation potential, and maternal e f f ec t s . Teratoma ceil lines are also being util-
ized for part of this study, particularly for the development of an in vivo terato-
genesis prescreen. In addition, we have developed a rapid and sensitive In vivo 
prescreen (the homeotlc shift test ) that is based on quantitative changes in the 
axial skeleton and on the choice of a strain of mice that Is developmentally labile for 
these characteristics. 

Toxicology 

The objectives of the Toxicology Section are to understand mechanisms of 
disease caused by chemicals. At the time being, two organ systems receive particu-
lar attention—the respiratory tract and the skin. Both organs represent major areas 
of exposure to chemicals present in the environment. Understanding how chemicals 
may a f f e c t proper functioning of the two organ systems will ba important In a s s e s s -
ing risk to humans exposed to potentially toxic chemicals in the environment. 

To study the cellular and biochemical events that underlie the development of 
acute lung disease, several compounds that produce lung damage are used. Toxic 
inhalants are CdCI2 aerosol, 3-methylfuran, and oxygen in above ambient concentra-
tions. Several chemicals are also used that produce lung damage if injected into 
animals, such as butylated hydroxytoluene, paraquat, antitumor drugs, and others. It 
has now been established that often the Interaction between a bloodborne agent and 
a toxic inhalant produces much more serious lung damage than would either agent 
alone. Such interactions may produce pathologic changes in lung that closely resem-
ble a condition known in human medicine as adult respiratory distress syndrome. 

A second line of research deals with mechanisms of respiratory carcinogenesis. 
For this, a combination of In vitro and In vivo models is being used. Of particular 
importance Is a newly developed model in which rat tracheas are Implanted under the 
skin of compatible hosts. The epithelium of ti?e implants can be repeatedly treated 
with known or suspected carcinogens, and samples can be taken at intervals for 
detailed and continuous analysis of the biochemical and morphologic events associ-
ated with carcinogenesis. 

Finally, there is a rather large ongoing effort to study the pulmonary e f f e c t s of 
certain smokes and fumes that may be encountered by military personnel under field 
conditions. Lung function and lung defense mechanisms are systematically studied 
under conditions of acute and chronic exposure to chemically and physically well-
characterized aerosols. 

A substantial program deals with the pathobiology of the skin. A system has been 
developed that allows us to study the penetration through the skin and biotransfor-
mation of compounds. Skin is a metabolically active organ and the conversion of, for 
example, procarcinogens into carcinogens, may be an Important feature in skin carci-
nogenesis. The interaction of certain model compounds with skin DNA is also being 
studied. Finally, a large ser ies of experiments have been designed to detect com-
pounds that are likely to produce skin cancer in man. The biological data, obtained in 
mice, are analyzed wi" * advanced statistical methods that allow determination of the 
carcinogenic potency he compounds studied with reasonable accuracy and confi-
dence. 

Some work has also been devoted to characterization of the acute toxic proper-
ties of several materials associated with coal conversion processes . This whole 
animal toxicology complements the In vitro work done with the same compounds in 
other sect ions and will provide a comprehensive toxlcological profile of the chemicals 
under investigation 
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ENVIRONMENTAL SCIENCES DIVISION 

INTRODUCTION 

The principal objectives of the Environmental Sciences Division (ESD) are 
research on environmental aspects of energy technologies and assessment of exist-
ing knowledge applied to the development and siting of these technologies In a sound 
environmental manner. The ESD is the Department of Energy's largest single environ-
mental research unit for analyzing the environmental Impacts of nuclear and nonnu-
clear power generation. The Division has built an international reputation in ecology 
and in applying concepts and techniques from physics, chemistry, and mathematics to 
environmental problems. 

ORGANIZATION 

The organization of ESD reflects the interdisciplinary and multidlsciplinary charac-
ter of research in the environmental sciences. The division is organized and 
operated in a matrix mode, with principal areas of study s e t up along project or func-
tional lines. The scientific and technical staff is administratively located in four 
research sections, each responsible for intradisciplinary research within its purview 
( see Fig. 7). Multldisciplinary initiatives are carried out through six programs, with 
staff drawn as needed from the research sections. Discussions of these ten 
research units follow. 

Aquatic Ecology 

The Aquatic Ecology Section is involved in basic and applied research that 
focuses on environmental problems and on gaining a better understanding of the 
structure and function of aquatic ecosystems, in addition to interacting with the 
programs and other sections of ESD, the Aquatic Ecology Section Interacts with 
several other ORNL divisions (e.g., Analytical Chemistry, Energy, Health and Safety 
Research, and Information), with the Union Carbide Corporation Nuclear Division's 
(UCC-ND's) Computer Sciences Division, and with several outside research organiza-
tions in the Southeast [e.g., Tennessee Valley Authority, The University of Tennes-
see , Tennessee Technological University, and the National Reservoir Research Pro-
gram of the U.S. Fish and Wildlife Service (FWS)]. 

System-level studies of streams and ecosystems continue to be a major emphasis 
in the section. The National Science Foundation-funded project on material spiralling 
in stream ecosystems has been renewed for a second three-year period. One of the 
current areas of study is the controlling influence of benthic macrolnvertebrates on 
phosphorous spiralling. The field study of e f f e c t s of reducing macrolnvertebrates 
density indicates that the mechanism through which macroinvertebrates influence 
nutrient turnover in woodland streams indirectly results from the macroinvertebrates' 
control of microconsumer density, which, in turn, regulates the turnover of nutrients 
and microbial biomass associated with detritus. 

The DOE-funded Reservoir Studies Project is still In transition from research on 
the e f f e c t s of power plants per s e to a more holistic approach to reservoir research. 
The study of prey-spawning dynamics in southeastern reservoirs indicates that the 
timing of ovulation resulting in synchronous spawning of the dominant forage fish, 
threadfin shad, may contribute to the ability of this population to expand rapidly fol-
lowing mass mortality during cold winters. Efforts are continuing to develop a sound 
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conceptual basis for reservoir ecological research that will be applicable to effect ive 
impact prediction, benefit/risk assessment, and decision making regarding energy 
technologies and river-reservoir ecosystems. 

The project on analysis and modeling of aquatic populations and ecosystems 
involves development and application of quantitative methods designed to a s s e s s a 
variety of man-made Impacts. The areas of research are (1) the e f fec t of stochas-
tic variation on estimates of entralnment mortality and (2) the e f f ec t s of multiple 
stress on fish populations. A computer simulation program was developed to aid in 
designing field sampling programs and in evaluating the bias of a.* "mates of entraln-
ment mortality and determining the best methods for correcting these estimates. 
This second area reflects an evolution in our research toward the development of 
methods for assessing the e f f e c t s of s tresses other than entralnment and Impinge-
ment, such as toxic substances and acid precipitation, not only on single populations 
but also on communities and ecosystems. 

Research on impacts associated with power plants continues to be prominent. 
Pathogenic microorganisms in artificially heated waters are a growing area of con-
cern. Our research is now focused on determining the distribution, viability, and 
Infectivity of Legionnaires' Disease Bacterium and on defining the conditions promot-
ing its proliferation. Our study of toxicant formation in condenser cooling systems, 
which ends after FY i g 8 1 , is directed toward determining optimum chlorination pro-
cedures at power plants. Current research focuses on equivalent toxicity and addi-
tive toxicity of residual chlorine, llpophlliclty and fish toxicity of residual halogen 
species, and bioaccumulation of chlorinated organic compounds by the Asiatic clam. 

Terrestrial Ecology 

The Terrestrial Ecology Section provides expertise in terrestrial environmental 
sc iences to both basic and applied research areas. The section is currently engaged 
in studies involving ecosystems, environmental impacts, advanced fossil energy, and 
nuclear programs. Within the section, a basic research program Is maintained to 
ensure continued development of our technical abilities in selected areas of 
terrestrial ecology. Current section research encompasses four major areas: eco-
logical e f f e c t s of air pollutants, with emphasis on acid precipitation; element cycling 
studies on Walker Branch Watershed; ecosystem studies; and global carbon cycling. 

A broad spectrum of activities are presently under way involving both laboratory 
and field studies. The recently completed controlled-fumigation facilities have been 
utilized for a variety of research projects, including evaluation of the importance of 
relative humidity on gaseous pollutant uptake, interactive e f f ec t s of S02, 0 3 , and 
acid rain on plant growth and physiological processes, and the development of 
biochemical and physiological screening methodologies for testing pollutants from coal 
conversion processes. Two major new research projects have been initiated with 
EPA during the past year in the areas of acid deposition e f f ec t s on forest growth and 
forest soils. Both are regional-scale studies aimed at documenting the magnitude 
and geographical extent of e f f e c t s of acid rainfall and other associated anthropo-
genic s t res ses on natural terrestrial systems. 

Acidic deposition-related studies continued to focus on soil processes relevant to 
understanding and interpretation of the relative impact of atmospheric acidity, sulfur, 
and nitrogen on natural cycles of these,substances. New Initiatives include studies 
under both greenhouse and field conditions of the net e f f ec t of the combined 
s t r e s s e s of acidic precipitation and gaseous pollutants (S02 , NO , 0 3 on both natural 
and crop vegetation. Preliminary results of experiments examining the e f f ec t s of 
acid rain on gaseous pollutant and C02 uptake indicate that acid rain may be capable 
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of affecting plant sensitivity to gaseous pollutants by altering the effective pollutant 
dose (the amount of pollutant actually entering the plant tissues). Experiments of 
this type provide an effective technique for rapidly screening a variety of plant 
species for interactions between acid rain and other gaseous pollutants. A second 
new Initiative focuses on determination of the mechanisms and rates of Interactions 
among the deciduous forest canopy, precipitation, dry deposition, and ambient gase-
ous pollutant concentrations. Our emphasis is on particulate, soluble, and gaseous 
forms of trace metals, sulfur, nitrogen, and associated acidic components. 

Hydrologlc research continues on the variable source-area concept and under-
standing of role of soil macropores In the subsurface flow of water. Hydrologlc 
consequences of soil macropores were Investigated with a modified version of our 
hydrology model by Including algorithms for macropore flow. Initial runs indicate that 
macropores can cause a major change In simulated drainage patterns under high-
rainfall conditions. 

Bioclimatic work focuses on specifying changes In geographical patterns of vege-
tation under climatic changes projected for C02 increases. Preliminary results based 
on state-of-the-art climate-model simulations for a C02 doubling indicate an accom-
panying northward shift of agricultural patterns of about 3 0 0 - 5 0 0 km for the grain-
growing region of central North America (i.e., the "corn belt" would still lie mainly In 
the United States rather than In Canada). Further work will involve more detailed 
assessments of specific crop responses to climatic conditions projected by s tate-
of-the-art climate models. It is also planned to incorporate results of others who are 
investigating direct e f fec t s of increased C02 on plants. 

Global carbon cycle research is directed toward clarifying til?.' changes in atmos-
pheric C02 concentration expected to result from fossil fuisl combustion and other 
perturbations in the cycle such as forest clearing. Relationships between carbon 
cycle dynamics and climate are a major theme of this research. Mathematical models 
are used to account for the dynamics of carbon exchanges among the atmosphere, 
the oceans, and terrestrial ecosystems and in reconciling estimated releases of C02 
to the atmosphere with observed changes in CO., concentration. These models are 
then used to project future C02 increases under assumed patterns of additional fos-
sil fuel use. The world oceans are potentially a major sink for e x c e s s atmospheric 
C02, but the rate of net carbon uptake by the oceans is influenced by ocean 
chemistry and mixing. Measurements of the distribution of tracers, such as 14C and 
3H, are used In calibrating models of carbon turnover in the oceans. Over the past 
two centuries, forest clearing and othe*- land management activities have caused the 
terrestrial component of the carbon cycle to be a net source of carbon to the atmo-
sphere. Within this time period, income-loss balances may shift to net uptake from 
the atmosphere as a result of revegetation or other perturbations such as climate 
change. The compensating nature of these carbon exchanges with the atmosphere 
is studied with models which are organized around the correlation between terrestrial 
carbon cycling and climate. 

Environmental Resources 

Specific groups within the section are Regional Studies, Modeling and Systems 
Analysis, Environmetrlcs, Computer and Statistical Services, and the Environmental 
Research Park. Regional studies historically have focused on site-specific subjects 
which mainly characterize conditions involved in potential impacts. Such studies are 
closely tied to existent data bases or the collection of new data to meet new objec-
tives in regional analysis. The value of such studies will continue, but additional 
approaches are being developed to help managers plan alternatives relating to 
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overall land use In a given region. Systems analysis activities continue to be closely 
allied with research project planning and analysis. In addition, staff are active In the 
development of new system analysis approaches to determining how uncertainty can 
be handled with greater confidence when dealing with natural systems. Section 
staff provided considerable development and aid to ESD and outside agencies In 
numeric data activities through statistical and computer analyses In the past year. 
Further, continued acquisition, organization, updating, and use of both extant and 
newly collected data added significantly to ESD resources and capabilities. Environ-
mental Research Park activities In assembling Inventories of natural resources on the 
Oak Ridge Reservation will aid planning of land use alternatives and subsequent 
management. 

Earth Sc iences 

Most of the contributions of the Earth Sciences staff are directed to accomplish-
ing the missions of programs within ESD; these include the Synthetic Fuels, Nuclear, 
Low-Level Waste, and the Multimedia Modeling programs. A continuing growth area Is 
represented by the nonnuclear Solid Waste Technology efforts. 

The Resource Conservation and Recovery Act requires that all nonhazardous 
wastes be disposed of in sanitary landfills. In the past, the term sanitary landfill was 
poorly defined; in fact, some open dumps were called sanitary landfills. The EPA has 
now published a new s e t of regulations concerning land disposal of nonhazardous 
wastes titled "Criteria for Classification of Solid Waste Disposal Facilities and Prac-
tices" (44FR 53438-53464) . Efforts are underway to evaluate the applicability of 
the EPA-ieaching procedure in classifying different solid waste landfills in the coun-
try. Companion studies are also underway to develop a leaching and concentrating 
technique for organic waste types. In addition, sanitary landfill leachates are being 
generated and evaluated for potential codisposal with industrial wastes . 

investigations of impervious liner development and sealing techniques of trenches 
are part of an overall program on environmental control technology. As part of poten-
tial environmental control application, feasibility of in situ liner application using 
grouting techniques is being evaluated for abandoned waste piles. 

Advanced Fossil Energy Program 

Potential environmental problems associated with developing coal utilization tech-
nologies are being Identified in terrestrial and aquatic environments. Emphasis Is 
placed on understanding the mechanisms whereby organic materials move through, 
act upon, and are modified by the environment. This allows extrapolation of potential 
fate and e f fec t s In different regional environments and for e broad suite of technolo-
gies. 

Atmospheric releases from new facilities will occur In areas already containing 
pollutants. Identification of phytotoxicity of effluent components unique to advanced 
coal technologies and their toxicity in concert with regionally important pollutants or 
environmental variables (i.e., humidity) will allow determination of regional implications 
of the siting of advanced coal technology facilities. 

Liquefaction of coals will result In significant quantities of solid wastes (approxi-
mately 10% of the feedstock), which represent a major environmental concern 
because of their potential to contaminate surface and groundwaters. The solid 
waste research has the primary goal of developing an understanding of the geo-
chemlcai interactions of various wastes so that the fate and e f f e c t s of solid waste 
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components In the environment can be anticipated. enable development and 
utilization of disposal/management strategies that mln. vlronmental Impacts. 

Accidental releases (either acute or chronic) of oducts are among the 
major potential environmental hazards of synthetic reduction. Research on 
transport fate and e f fec t s of whole oils and their >.o<.,.agents is conducted through 
laboratory, microcosm, and outdoor pond studies. This effort provides input to the 
modeling components designed to predict fate and e f f ec t s of these organics in the 
aquatic environment. Additionally, it is designed to evaluate the utility or scalability 
of laboratory and microcosm studies to real world predictions. 

Food chain transport of organics to man is an Important long-term question related 
to advanced fossil technologies. Experimental studies have shown that vegetation 
does take up polycyclic aromatic hydrocarbons through roots and leaves. Partitioning 
between the various components of the plant (leaves, pods, etc.) and food chain 
experiments are necessary before the Importance of this pathway to man, or organic 
contaminants, can be assessed. 

Assessment of the environmental risks associated with synthetic fuels technolo-
gies is being conducted in association with the Environmental Impacts Programs. Five 
methods are currently being investigated to determine their utility in estimating the 
e f fec t s on several socially valuable environmental end points (production of game 
fish, crops, etc.). Greater detail Is contained within the descriptive material of the 
Environmental Impacts Program. 

Biomass Program 

Biomass research activities deal with production and harvest of wood for fuel and 
the environmental constraints associated with utilizing agricultural and forest resi-
dues for fuel. Woody biomass production studies are conducted by university, 
Federal, and private research organizations under the direction of ESD staff. 

Results to date showed that wood-energy plantations can be a v'able source of 
supplemental energy income locations ($^2-25/<^ry t), that biomass production of 12 
to 25 dry t ha" year' (5 -10 tons acre" year' ) can usually be achieved on good 
sites In the East, Midwest, Pacific Northwest, and South, and that genetic improve-
ment and species screening can raise this figure 25% or more in the first or second 
generation of selection efforts. The Southeast has the greatest potential for sus-
tained wood-energy production, arjd surprising results occurred with semiarid shrubs 
of the Southwest (35 t ha" year - with irrigation). 

Environmental e f f ec t s of forest residue removal and whole-tree utilization beyond 
those caused by contemporary harvesting techniques are being studied at sites 
selected in northern hardwood (New Jersey), oak-hickory (Tennessee), northwestern 
coniferous (Washington), and southern pine (Florida) forests. The selected sites, 
including one on the Oak Ridge Reservation, have generated large data bases of 
nutrient cycling in undisturbed systems providing a reference point for possible 
nutrient depletion and erosion. In addition, a slash pine experimental forest near 
Macon, Georgia, was selected for study to evaluate the long-term e f fec t s of 
repeated plantation harvests on productivity. Questions to be answered as a result 
of this research are: (1) What are the e f fec t s of total aboveground woody biomass 
removal on erosion and nutrient loss and subsequent changes In water quality? 
(2) What are the changes In nutrient supply? (3) What will these changes mean in 
terms of subsequent biomass productivity under whole-tree or residue removal har-
vesting rotations? To date, all s ites have been harvested following one year of 
baseline measurements, and nutrient losses through biomass removal have been 
determined. Results suggest that nitrogen losses through whole-tree harvesting are 
insignificant compared to calcium losses; removal of 170 t/ha at the Oak Ridge site 
results in losses of 1 % phosphorus, 8 n i t r o g e n , and 36% calcium. 
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Environmental Impacts Program 

Tha Environmental Impacts Program (EIP) prepares environmental analyses and 
conducts assessment research related to the Federal energy planning and decision-
making processes. Activities Include preparation of Environmental Impact Statements 
(EISs) and Environmental Impact Assessments (ElAs), development of environmental 
monitoring strategies and protocols, and the preparation of guidelines and environ-
mental compliance documents. 

The EIP is organized around six project areas: Biomass and Special Studies, 
Environmental Compliance Analyses, Environmental Risk Assessment, Hydroelectric 
Project, Geothermai Applications, and Nuclear Fuel Cycle Projects. Activities in EIP 
directly related to preparing EISs and ElAs for compliance with the National Environ-
mental Policy Act of 1989 are cooperative efforts with the ORNL Energy Division, in 
which EIP analyses deal with terrestrial ecology, aquatic ecology, water quality, land 
use, and water use. 

Current activities of the Biomass and Special Studies Project include the prepara-
tion of generic analyses of the environmental, health, and safety implications of con-
ventional alcohol fuels technology and the preparation of ElAs for loan guarantee pro-
jects of the DOE Office of Alcohol Fuels. In addition, new EIP initiatives are initially 
coordinated within this project. 

The Environmental Compliance Project supports DOE's Environmental Compliance 
Office (ECO). Major activities include the preparation of environmental guidance 
documents for regulatory compliance of DOE programs, technical review of DOE NEPA 
assessments, and In-depth analyses to assist ECO in the performance of Its environ-
mental overview responsibilities. 

The Environmental Risk Assessment Project includes tasks that develop and apply 
methods to analyze the probability of occurrence of adverse e f f e c t s on defined 
environmental end points. End points of environmental risk assessment are selected 
to be clearly defined, quantifiable, and relevant to societal concerns. Environmental 
risk assessments are currently being prepared on direct and indirect coal liquefac-
tion, oil from shale, and the LMFBR fuel cycle. 

The Hydroelectric Project Includes environmental research and environmental ana-
lyses related to the development of small-scale hydroelectric projects. Research 
and analyses focus on generic issues including e f f e c t s of dredging, turbine mortality 
and fish passage problems, water quality, and in-stream flow requirements for 
aquatic biota. Field research to evaluate methods for specifying minimum stream 
flows is the current major project focus. 

The Geothermai Applications Project staff have been Involved in preparing ElAs 
and EISs on geothermai energy facilities since DOE began its geothermai R&D pro-
grams. The EIP has developed a center of expertise In the area of geothermai 
environmental e f f ec t s and has significantly influenced DOE's environmental planning 
and decision making. 

The Nuclear Fuel Cycle Project staff prepare ElAs and EISs related to the licens-
ing of uranium mills and nuclear fuel fabrication plants. In addition, staff members 
have analyzed the environmental concerns associated with decommissioning of these 
types of facilities and with mill tailings stabilization. Current project activities also 
include input to an environmental assessment of fusion technology. 

Low-Level Waste Research and Development Program 

The objective of this program is to provide environmentally sound guidance for 
low-level radioactive waste management. Radionuclide leaching and transport from 
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disposal s i tes are measured, and the natural and man-made control on radionuclide 
movement are identified. This information is used as the basis for development of 
improved disposal technology and for remedial actions. The program Integrates gen-
eric work carried out for the DOE Low-Level Waste Program with site-specific work 
carried out under interim waste operations. 

Site-specific projects. This work adapts generic low-level waste management 
technology to the ORNL site. At the same time, the ORNL site is used as a t e s t bed 
for waste disposal methods and remedial actions that may be applicable at other 
humid sites. Work includes geologic characterization, groundwater and surface water 
hydrology, and vegetation management. 

Generic projects. These projects are designed to produce information useful for 
low-level waste disposal, particularly in environments such as those found In the 
eastern United States. Subtasks Include site selection procedures, improved burial 
methods development, remedial action technology, site stabilization and closure, and 
shallow land burial handbook preparation. 

Low-level radioactive waste disposal is almost totally by shallow land burial. This 
project develops and tests improved burial procedures that yield batter (or longer-
term) radionuclide containment. Burial practices that minimize trench subsidence are 
sought. 

Measures to correct for the escape of radionuclides and other contaminants from 
disposal s i tes are developed and evaluated. Contaminant immobilization methods and 
groundwater movement control methods are used. Major emphasis is given to clear 
definition of the problem to be solved by remedial action and assurance that the 
actions taken are appropriate. 

Toxic Substances Program 

The Toxic Substances Program consists of two major areas of research. 
Radioecoiogy and environmental chemistry research Is conducted for DOE. Areas of 
importance Include the actlnide elements, particularly the transuranium group Pu, Np, 
Am, and Cm. Emphasis is on establishing their ecological distributions using histori-
cally contaminated sites. Othei research for DOE Includes terrestrial behavior of 
99Tc near operating uranium enrichment plants, 9SNb behavior in freshwater ecosys -
tems, and radionuclide cycling in coastal environments, and field validation of 
assessment models. Staff expertise In environmental chemistry of the artificial 
radioelements Pu, Np, and Tc has also assisted DOE waste management efforts In 
evaluating long-term migration in repositories. 

Research and te s t development in the area of ecotoxicology is under way for EPA 
Office of Toxic Substances. The issue of muitispecies test protocols for hazard 
assessments on new chemicals was recently addressed in the form of workshops and 
a review document. Several muitispecies test protocols recommended for develop-
ment are now under experimental evaluation. Single species test protocols are also 
being evaluated before incorporation into EPA's chemical assessment scheme. 
Aquatic e f f ec t s tes ts for determining structure-activity relationships for seven 
phthalate esters is underway. A multimedia modeling project is expanding the ORNL 
Unified Transport Model to Include toxic substances (organics). This model will assist 
EPA in evaluating chemical dispersion and potentials as part of a chemical a s s e s s -
ment. 
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Carbon Dioxide Program 

The principal purpose of this program is to develop a scientific basis for assessing 
the response of the global carbon cycle, particularly changes in atmospheric CO, 
concentration, to further releases of C02 by fossil fuel combustion. Mathematical 
models of the carbon cycle are being developed and updated with refinements in 
basic understanding and improved estimates of key parameters. Sensitivity and 
error analysis provide a basis for selecting aspects of models requiring refinement. 
Basic data s e t s underlying carbon cycle models are improved where indicated by 
model studies, with particular attention in this program to the terrestrial component of 
the cycle. A complementary objective of this program is to provide assistance to the 
Carbon Dioxide Research Division in the development, management, and research for 
its entire carbon cycle research program. This involves 

e monitoring the research progress of all assigned contractors; 
e organizing, coordinating, and conducting contractor review meetings; 
• identifying research needs to support global model development and recommend-

ing methods for fulfilling these needs; 

e reviewing research proposals; 
e letting subcontracts to achicve goals as se t forth in an annually updated techni-

cal plan approved by DOE, presently in the areas of modeling and terrestrial bio-
sphere data acquisition and analysis; 

• providing state-of-the-art reports for assigned program area; and 
e preparing technical support and topical reports upon request. 

During the next five years, the global carbon cycling program activities will 
undergo a significant expansion to encompass new research in terrestrial carbon 
dynamics and global carbon cycle modeling, as well as new responsibilities in carbon 
cycle research management for DOE. Research efforts will be focused on the 
assembly and implementation of disaggregated (multidimensional) models of the global 
carbon cycle. Managemont activities will Involve the gradual assimilation of a 
greater share of contract execution activities for the DOE Carbon Cycle Research 
Program, particularly in the areas of oceanic and atmospheric data collection and 
analysis. This broad array of activities and expertise is necessary to develop the 
information and models necessary to provide accurate projections of C02 buildup in 
the atmosphere over the next century from both natural and anthropogenic sources. 
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HEALTH AND SAFETY RESEARCH DIVISION 

INTRODUCTION 

The programs of the Health and Safety Research Division (HASRD) encompass a 
broad range of basic and applied research defining how energy-related technologies 
af fect man. Many of the bloenvironmentai and health-related problems In the United 
States cannot be solved without increased understanding of the nature of a variety 
of pollutants and their e f f ec t s at the fundamental chemical and physical levels. The 
division maintains a strong fundamental rsnearch program in atomic, molecular, and 
chemical physics that aims to achieve a better understanding of physical and chemi-
cal processes relevant to pollutant detection and characterization and to predicting 
the ultimate ecological fate of pollutant species. 

Because most biological material exists in the solid or liquid phase and because 
pollutants must cross or interact at surfaces in biological systems, the division con-
ducts a vigorous research program involving the study of properties of materials in 
the condensed phase (liquids and solids) and of interaction mechanisms within or at 
the surfaces of condensed media. 

The division has developed multldlsciplinary competency in assessing the impacts 
of energy technologies. Although pollutant transport and dosimetry are handled ade-
quately within HASRD, truly integrated assessments require collaboration with the 
Energy and the Environmental Sciences Divisions. HASRD's advanced modeling tech-
niques pertaining to radionuclide transport have been adapted further to nonnuciear 
pollutants as the succes s of that approach is well documented by our many nuclear 
facility assessments. A major field activity deals with radioactive contamination at 
industrial sites associated with the early U.S. atomic energy program. 

The division has played a premier role In the establishment of acceptable 
dosimetry models on the national as well as the international level. This leadership is 
maintained by supplying state-of-the-art dosimetry models that emphasize age 
dependency, refined metabolic parameters, improved biological radionuclide data 
bases, and stochastic processes. Much of the success of HASRD's modeling of tran-
sport and dosimetry phenomena is due to the extensive application of this methodol-
ogy to assessments of actual energy production facilities and their associated parts. 

ORGANIZATION 

HASRD is organized into four sections and includes the Office of Risk Analysis 
(Fig. 8). The sections are as follows: 

Biological and Radiation Physics, 
Health Studies, 
Chemical Physics, and 
Technology Assessments. 

Information about research in each of the sections is provided in the following 
descriptions. 

Biological and Radiation Physics 

Research activities consist primarily of basic studies of the fundamental proper-
ties of matter in ail phases (gas, liquid, and solid) and are directed toward providing 
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information on topics such as the structure and properties of materials of biological 
importance, the physical processes that are important in the transport of pollutants 
through the atmosphere, and the interactions of pollutants with biological materials. 
Because most biological materials exist in the solid or liquid phase and the pollutants 
must interact at surfaces In biological systems, the section has a vigorous research 
program involving the study of properties of materials in the condensed phase and of 
interaction mechanisms and energy transfer processes within and at the surfaces of 
condensed media. In the study of atomic molecular interactions, researchers have 
succeeded in making accurate and quantitative measurements of the e f f e c t s of den-
sity on the motion of slow electrons through dense polar gases. Two techniques, 
integrated fluorescence and laser two-photon ionization, have been developed for 
the study of one- and two-photon ionization processes In liquids. 

in the broad area of surface physics, efforts of HASRD are directed at elucidating 
the fundamental physical mechanics Involved in interactions of both microscopic and 
macroscopic particulates with condensed-matter surfaces. To supplement existing 
classical theories, the quantum theory of the image potential was developed. Some 
specific problems studied include dynamic and geometric e f f ec t s on the physical 
absorption of atoms, particle trajectories under the influence of an image potential, 
deposition of charged particles from laminar flow in cylinders, and the contribution of 
ripplon modes to aerosol interactions. In collaboration with the Biology Division, the 
behavior of heavy metals in living systems is being characterized and the physical 
parameters appearing to correlate with toxicity are being determined. Work In elec-
tron beam-target interactions has begun recently and has grown out of our long-
standing interest in charged-particie track structure. 

The section has established a significant program in high-voltage research. The 
program emphasizes studies of basic phenomena underlying dielectric behavior and 
the development of Improved dielectrics to permit higher transmission efficiencies 
and greater reliability of switching devices. Elucidation of the fundamental physical 
parameters governing dielectric behavior under high-voltage loads and Impulses led 
to studies of the toxicity of various gaseous and liquid dielectrics as well a s their 
degradation products. 

Health Studies 

The Health Studies Section has as its principal mission the envelopment and appli-
cation of theoretical and analytical techniques to characterize health risks associ-
ated with a variety of technology-related activities. In addition, section expertise is 
directed towards the development of radiolabeled substances for application in 
biomedical research. Analytical approaches generated by the staff within this s e c -
tion range from those necessary to determine the extent of pollutant exposure to 
those necessary to determine the health risks resulting from human activities. 

The Health Studies Section is composed of four research groups, with assistance 
from approximately a dozen medical cooperatives. The Instrumentation and Measure-
ments group is responsible primarily for the development of instrumentation to deter-
mine the nature and extent of exposure to noxious substances In the outdoor 
environment, the workplace, and the home. Research efforts emphasize real- or near 
real-time monitoring of chemical pollutants, particularly as applied to the manufacture 
and use of synfuels. These efforts have led to a PNA vapor badge to provide pro-
tection against and monitoring of these pollutants in the workplace. Staff members 
also are active In new initiatives centered on indoor air pollution and are monitoring a 
wide range of pollutants on the extent of pollutant exposure in the general populace, 
a s well as providing demonstrations of the ability to monitor these pollutants rou-
tinely. 
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The Exposure Analysis group provides research efforts In the modeling of pollu-
tant transport from the source to the point of human exposure. Current studies are 
centered on the development of multimedia environmental transport models to assess 
the movement of nonnuclear pollutants through air, soil, and water. The intent is to 
provide regulatory agencies with state-of-the-art environmental models that have 
sufficient flexibility to be used either as screening aids or In complete assessments 
of technology-related activities. As part of the risk assessment activities under way 
In this group, studies are being performed on the health Impacts likely to result from 
the Incineration of chemical wastes. 

Work on generalized methods for treating on a common scale the risks following 
human exposure to nuclear- and nonnuclear-generated pollutants has continued in 
the Health Effects and Epidemiology group. These methods are a significant advance 
over previous risk assessment techniques and utilize the extrapolation of relation-
ships developed from fundamental biological, radiobiological, and biochemical studies. 
The result is a body of dosimetric concepts and methodologies for relating a wide 
range of poilutants according to their impact on human health. These studies are 
supported by an active epidemiological program which Is examining, among other 
things, the relationship between coronary heart disease or stroke and the concentra-
tion of minerals and trace elements In drinking water. This expertise provides the 
final link in the ability of the Health Studies Section to perform complete risk assess-
ments from the source of pollutant generation to the ultimate ef fect on human health. 

The Nuclear Medicine Technology group has widespread recognition In the design, 
synthesis, and animal testing of new radiopharmaceuticals for use in clinical nuclear 
medicine and of other radiolabeled agents for fundamental biomedical research. 
Vigorous medical cooperative programs with prestigious clinical research groups 
enable the researchers to evaluate quickly the results of research efforts. Current 
research focuses on the development of labeled fatty acids to study heart uptake 
and functioning and on the perfection of a generator for the production of radioactive 
Iridium from isiOs. 

Chemical Physics 

Activities in the Chemical Physics Section consist of basic physical and chemical 
studies that are relevant to energy-related problems in atmospheric physics and 
chemistry, radiation chemistry, pollutant detection technology, laser development, 
and analytical applications of laser techniques. Experimental techniques employed in 
these research efforts include use of molecular beams, mass spectroscopy, sonic-
nozzle-jet molecular-cluster sources, conventional laser spectroscopy, muitiphoton 
ionization, and saturated-resonance ionization spectroscopic methodologies. 

The division holds a prominent position in laser-related research. The scope of 
the work Includes unique applications of optical techniques to basic atomic and 
molecular physics studies, solid state and surface studies, and the development of 
new analytical techniques by involving high-resolution, high-power tunable laser sys-
tems. Solutions to the difficult task of characterizing and identifying complex organic 
and inorganic molecules are being sought through laser fluorescence studies of rota-
tionally and vibrationaiiy cooled molecules and through the recently developed tech-
nique of two-color muitiphoton-lonization mass spectroscopy. 

Resonance Ionization spectroscopy (RIS) originated at ORNL in 1974 for the study 
of the interaction of radiation with matter. Subsequently, the method has been per-
fected and generalized for the detection of single atoms, whether stable or radioac-
tive. A wide variety of applications has been made of RIS both at ORNL and world-
wide. At ORNL we are concentrating on the detection of single atoms of the noble 
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gases. Applications which will Involve the counting of a few noble gas atoms Include 
measurement of solar neutrino flux and of double beta decay, polar ice cap dating, 
groundwater hydrology, and oceanography. 

Technology Assessments 

A broad spectrum of projects have as their common focus the development, 
evaluation, and application of theories and methodologies for assessing impacts on 
man resulting from effluents released to the environment via energy technology 
research, development, and implementation. Laboratory and field elements of this 
section's programs are dominated by measurement and survey activities in support of 
DOE's Formerly Utilized Sites for Remedial Action Program and by applications of the 
Health Physics Research Reactor In mixed-field (neutron plus gamma-ray) dosimetry 
research. Theoretical elements of the programs are dominated by activities to 
develop and apply concepts, models, computer codes, and data bases for quantita-
tive simulation of pollutant movement from point of release to point of human expo-
sure, with subsequent estimation and evaluation of potential impacts on individuals 
and populations. 

The Consequence Analysis group provides expertise in the development of quan-
titative models for the environmental transport of nuclear and nonnuclear pollutants. 
These models, as well as strategies for their use in decision processes, are provided 
to such regulatory agencies as EPA and NRC to facilitate specification and Implemen-
tation of exposure standards. Current efforts center around radiation standards for 
airborne pollutants and the isolation of high-level radioactive wastes. These pro-
jects are intended to underline the long-term collective dose commitments, health 
effects, and uncertainties associated with the regulated activities. The group's 
strong program has made It a national center for the coordination of symposia on a 
range of related topics. 

In the Assessments Projects group, analyses of both operating and decommis-
sioned nuclear fuel cycle and nonnuclear fuel cycle facilities are performed. Radio-
logical studies have been and are being performed on the Florida phosphate industry, 
with attention being placed on radon accumulation in buildings and radium transport 
through the food chain. In addition, recent initiatives have examined the uncertain-
ties underlying the use of models in standards development, a crucial link in the rela-
tion between scientifically derived predictive models and their application to societal 
problems. 

The Metabolism and Dosimetry group investigates the metabolic behavior of ing-
ested or inhaled substances and develops dosimetric models for assessing the risks 
following exposure to these substances. Efforts have been particularly pronounced 
in the area of age-dependent metabolism and dosimetry, with applications being 
developed for use in risk analysis, occupational radiation protection, nuclear medi-
cine, bioassay, etc. Age-dependent physiological models for the respiratory and 
gastrointestinal tract, as well as models for retention of systemic burdens, have 
been developed and applied to a range of regulatory problems. Other recent initia-
tives have focused on the relation between age and the risk of inducing carcinomas 
following irradiation, including age-dependent modeling of the transport and absorp-
tion of radiation in the human body. The group has continued to provide expertise in 
the revision of the atomic bomb survivor dosimetry and in the development of secon-
dary radiation protection limits as issued by the International Commission on Radiolog-
ical Protection (1CRP) in 1CRP publication 30. 

The Remedial Action Survey and Certification Activities (RASCA) group has played 
a lead role in documenting and evaluating the present radiological status of sites 
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associated with the Manhattan Engineering District (MED) and the Atomic Energy 
Commission (AEC) and any properties in the vicinity that may have been contam-
inated. After remedial action has been performed by other contractors, the RASCA 
group conducts further radiological surveys at each site to assure compliance with 
existing standards. A mobile gamma radiation-scanning van was developed to locate 
and determine the source of anomolously high gamma radiation In the vicinity of the 
MED/AEC sites, and the group maintains the necessary expertise to develop new 
Instrumentation as required. 

The Health Physics Research Reactor Is an excellent research facility maintained 
within the Technology Assessments section, providing a small, unshielded, unmo-
derated fast reactor which yields up to 1017 fission in the pulse mode and 10 kW in 
the steady-state mode. The program using the HPRR features radiobiological 
research, dosimetry research, education, and training. Present emphasis of the 
dosimetry research program is on nuclear accident dosimetry and personal dosimetry 
intercomparison studies. The purpose of the intercomparisons is to provide objective 
comparison of dosimetry systems In the interest of establishing reasonable expecta-
tions for the systems presently in use and to improve the state of the art in person-
nel monitoring. 

The Off ice of Risk Analysis 

The Office of Risk Analysis exists as a separate entity within the Health and 
Safety Research Division. It was formed fn .response to the perception of risk 
analysis as an emerging scientific field, most aspects of which are well represented 
by existing programs within the divisions at ORNL. The intent of the office is to 
stimulate and coordinate activities at ORNL relating to the assessment of risks asso-
ciated with societal actions. These coordinating functions take the forms of educat-
ing and training ORNL staff in the issues of risk analysis, creating information files 
and data bases to facilitate research efforts, stimulating and promoting existing 
expertise, and fostering interactions between individuals and groups involved in 
selected aspects of risk analysis. 

In addition to strengthening ORNL participation in risk analysis activities, the 
Office of Risk Analysis seeks to identify new initiatives towards which ORNL staff 
might contribute. These initiatives include probabilistic risk analysis, conservation, 
Health Effects and Environmental Effects Documents such as those on H-Coal 
liquefaction and a commercial Liquid-Metal Fast Breeder Reactor fuel cycle, and the 
methodologies to be applied to Superfund. In general, the office represents ORNL to 
the funding agencies, providing a stable entity to which these agencies may turn in 
seeking to establish large, multidisciplinary projects in risk analysis. The office is 
relatively unique and establishes ORNL as one of the leading centers for risk 
analysis. 
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INFORMATION DIVISION 

INFORMATION CENTER COMPLEX 

The Information Center Complex (ICC) is the information research and develop-
ment component of the Information Division at the Oak Ridge National Laboratory. In 
addition to providing information support services ranging from query response and 
current awareness services to abstracted and keyworded bibliographies, ICC per-
forms major tasks in response to concerns of national and international importance. 
These Include 

• publishing comprehensive state-of-the-art and assessment reports on topical 
subjects; 

• developing data bases for specific areas In toxicology, environmental concerns, 
air and water pollution, management and transportation of hazardous wastes, and 
energy resources and conservation; and 

• acquiring data files and making data available in a form that can be readily used 
by researchers. 

ICC's programs are focused in four major areas: 

• Chemical toxicology, which includes acute and chronic toxicity, mutagenicity, 
teratogenicity, and carcinogenicity; 

• information support and assistance to the legislative and policy process in the 
subject area of environmental impact of energy resources, production, and utiliza-
tion; 

a nuclear and chemical waste; and 

• global carbon dioxide and the greenhouse effect. 

ORGANIZATION 

Organizationally, ICC comprises ten major units that perform particular tasks 
according to their mission (Fig. g): 

• Carbon Dioxide Information Center, 

• Center for Energy and Environmental Information, 

• Chemical Effects Information Center, 

• Ecological Sciences Information Center, 

• Environmental Mutagen Information Center, 

• Environmental Teratology Information Center, 

• Fossil Energy Information Center, 

• Hazardous Materials Information Center, 

• Toxicology Data Bank, and 

• Toxicology Information Response Center. 
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Carbon Dioxide Information Center 

The DOE is the lead agency for the nation's carbon dioxide and climate research 
program and has as its objective the development of a sound quantitative COz 
knowledge base to aid in the energy policy decision process. To address the need 
for a dedicated data management and network system that serves the scientists, 
administrators, and legislators involved with understanding and resolving the C02 
Issue, the Carbon Dioxide Information Center (CDIC) was established at ORNL. The 
broad objectives of CDIC include 

1. identify and highlight data needs and priorities; 

2. stay abreast of other important national and international data collection activi- -
ties, providing network referral and follow-up; 

3. collect, organize, process, evaluate, package, and disseminate numeric, biblio-
graphic, and other related C02 information (e.g., computer models, benchmark 
analysis results); and 

4. develop and implement procedures to ensure quality of numeric data supporting 
the C02 assessment effort. 

Center for Energy and Environmental Information 

The Center for Energy and Environmental Information (CEEI) provides programmatic 
and information R&D support to ORNL and DOE programs in the interdisciplinary areas 
of energy and the environment. The scope of CEEI's activities include 

• buildings' energy conservation and consumption, 

• cogeneration and district heating, 

• data validation, 

• energy conservation, 

• energy technologies assessment, 

• energy supply/demand and econometric models, 

• the legislative process, 

e regional studies, 

e solar and decentralized energy technology, and 

e transportation. 

In addition to responses to technical queries, CEEI services and products include 
newsletters, fact sheets, literature overviews and state-of-the-art reports, informa-
tion critiques, bibliographies, and workshop and symposia support. The CEEI staff 
has provided support for siting guides, data validation analyses, national policy 
assessments, handbooks for environmental monitoring of coal conversion facilities, 
and energy conservation and energy use data books. For the Residential Conserva-
tion Service program, CEEI staff have collaborated in the preparation of program 
guides, fact sheets, and a model audit. CEEI has constructed public comment data 
bases for the Residential Conservation Service and the Buildings Energy Performance 
Standards programs. 
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Chemical Effects Information Center 

The Chemical Effects Information Center (CEIC) provides Information support to 
scientific and administrative communities concerning health and environmental 
effects of chemical pollutants. This support may be In the form of »tate-of-the-
knowledge reviews such as Cadmium In Foods and Review of the Environmental 
Effects of Fluoride, or health and environmental assessment reports such as Levels 
of Chemical Contaminants In Nonoccupatlonally Exposed U.S. Residents and Scientific 
Rationale for the Selection of Toxicity Testing Methods: Human Health Assessment, or 
specialized chemical data bases and catalogs such as Chemicals Tested for Phyto-
toxiclty and Chemicals Identified In Human Biological Media. CEIC has a staff of 
multldlsclplinary technical personnel who hold advanced degrees in one or more of 
the following areas: biology, biochemistry, chemistry, ecology, environmental sci-
ences, nutrition, and pharmacology. 

Ecological Sciences Information Center 

The Ecological Sciences Information Center (ESIC) has as its primary concern the 
acquisition, analysis, and dissemination of technical information related to risk 
assessment. The Risk Assessment Information Project is compiling three specialized 
data bases: 

1. a numeric file compiled by the U.S. Department of Labor's Mine Safety and Health 
Administration of mine injuries and fatalities, 

2. a bibliographic file representing a broad spectrum of risk assessment projects, 
and 

3. a locator file of data and experts in risk assessment. 

Activities include performing customized information searches and developing data 
bases and bibliog-aphles. 

ESIC has long experience in compiling bibliographic data bases on the environmen-
tal effects of electricity generation. These data bases include thermal effects on 
aquatic systems, environmental effects of cooling towers, effects of transmission 
lines, and life histories cf several fish species. 

Environmental Mutagen Information Center 

The Environmental Mutagen Information Center (EMIC) collects, organizes, and 
disseminates information of relevance to the field of genetic toxicology. 

Information in the EMIC data base is obtained from reports in the open literature 
relating to mutagenicity testing of environmental agents. There are currently over 
40 ,000 entries from approximately 2800 sources, most published since 1968. Each 
record contains bibliographic Information, assay systems and/or biological end points, 
and keywords defining agents tested and organisms studied. Approximately 13,000 
agents, more than 90% of the unique chemicals in the EMIC file, are identified by 
Chemical Abstracts Service Registry Numbers. 

EMIC has played an essential role In the U.S. EPA Gene-Tox Program (A Sys-
tematic Review of Selected Bioassays on Genetic Toxicology), which is evaluating 
2 3 genetic bioassays. The first phase of this project is nearing completion. EMIC Is 
closely associated with both the United States Environmental Mutagen Society and 
the International Association of Environmental Mutagen Societies and also cooperates 
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with the International Agency for Research on Cancer and the International Commis-
sion for Protection Against Environmental Mutagens and Carcinogens. Members of 
the EMIC staff serve on editorial boards of several professional journals and as off-
icers of professional societies. 

The EMiC data base is accessible online through the National Library of Medicine's 
TOXLINE system and DOE's RECON system. Information services available from EMIC 
are literature surveys, Indexed bibliographies, and bibliographic references on 
specific agents, organisms, and other Indexed terms. 

Environmental Teratology Information Center 

The Environmental Teratology Information Canter (ETIC) collects, organizes, and 
disseminates information on the evaluation of chemical, biological, and physical 
agents for teratogenic activity. Easy access to this literature facilitates health 
assessment and research planning and prevents duplication of effort in the field of 
environmental teratology. 

There are currently more than 25 ,000 entries from approximately 2200 sources 
in the ETIC data base. Each entry contains bibliographic details and keywords defin-
ing agents tested, biological end points observed, and organisms studied. Chemical 
Abstracts Service registry numbers are provided for all unique chemicals. Information 
is available on approximately 5500 different compounds. 

ETIC is involved in an extensive teratology data extraction project that will pro-
vide evaluated data linked to the ETIC and EMIC master files as well as all ETIC and 
EMIC auxiliary files. 

In addition to Its Involvement with the Teratology Society of the United States, 
ETIC Is also associated with the international Federation of Teratology Societies and 
the International Agency for Research on Cancer. ETIC is working with the Institut 
de la Vie, Paris, to prepare a program for an international meeting to be held in Stras-
burg, France, in October 1982. 

Information services provided by ETIC are literature surveys, indexed bibliogra-
phies, and bibliographic references on specific agents, organisms, biological end 
points, and other indexed terms. 

Fossil Energy Information Center 

Emphasizing the needs of ORNL fossil energy research, the Fossil Energy Informa-
tion Center (FEIC) collects, analyzes, and disseminates information on various facets 
of fossil energy, including engineering, basic physical sciences, characterization, 
health and environmental effects, coal conversion technologies, and coal combustion. 

FEIC provides current awareness tools, constructs specific searches from the 
large commercial data bases available In machine readable form at ORNL, and 
develops specialized technical data bases. Reviews, state-of-the-art reports, 
bibliographies, and other types of publications are also produced, resulting in a full 
range of information products. 

Hazardous Materials Information Center 

The Hazardous Materials Information Center (HMIC) collects, analyzes, and 
disseminates technical information related to effects produced by radioactive 
substances and hazardous and nuclear waste. HMIC is primarily concerned with 
nuclear fuel cycle studies, including health effects, costs, and environmental impacts 
of transporting, storing, and disposing of nuclear fuels. HMIC has developed and 
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currently maintains a large group of Interlocking computerized Information files per-
tinent to nuclear fuel technology. These include files on low-level radioactive waste 
technology, high-level nuclear waste Isolation, decommissioning of nuclear facilities, 
and transportation technology legislation. In addition, HMIC maintains a computerized 
data base defining limits of Intake of radionuclides by workers as determined by the 
International Commission for Radiation Protection and a risk assessment data base by 
which human health risks can be more readily evaluated. Other HMIC activities 
Include publishing bibliographies and a quarterly newsletter, Radioactive Waste Tech-
nology Newsletter', performing customized information searches; and preparing spe-
cialized reports, such as Uranium In U.S. Surface, Ground, and Domestic Waters, 
which required assessment of approximately 100,000 records collected from each of 
the fifty states. 

Toxicology Data Bank 

The function of the Toxicology Data Bank (TDB) is to provide an online interactive 
file of chemical, toxicological, and environmental information on selected chemical 
substances that are potentially hazardous to human health and environmental quality. 
There are 2500 records currently available online on TDB through the National Library 
of Medicine's MEDLARS System. 

Information in TDB is organized around each chemical substance with records com-
posed of approximately 60 different data elements. The elements are grouped into 
eight categories which include chemical, physical, biological, pharmacological, toxico-
logical, and environmental information. 

Some of the elements are listed below with a brief description. 

Descriptive 
Profile 

Excerpt Terms 

contains chemical identification information 
such as TDB numbers, CAS Registry Numbers, 
chemical names, molecular formulas and Wiswesser 
line notations. Also status and last revision 
of the TDB record are provided. 

contains human and animal/nonhuman 
toxicity excerpts, interaction excerpts, 
and laboratory method excerpts. 

Index Strings 

Values 

generated by indexing the corresponding 
excerpts using TOXMeSH vocabulary, or 
chemical names and CAS Registry Numbers. 

contains various toxicity values (LCfi0, 
LCLO- L D60- L DLO' M L D > T D 

minimum fatal closes, max 
threshold limit values, and maximum dally 
doses, genetic toxicity and poisoning 
potential. 

ou 
I0, m^L, • J. 0 , TCL , and TLM), 
doses, maximum dally intakes, 

Pharmacology/ contains information on absorption, 
Toxicology distribution, excretion; metabolism; antidote 

and treatment; pharmacotherapy; therapeutic 
uses; warnings and cautions; idiosyncrasies; 
tolerances and resistances; and mechanisms 
of action. 
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Environmental 
Information 

contains Information on environmental 
and occupational exposure and limits 
pollution potential, fire potential, 
explosive limits, radiation limits 
and potential, and shipment and 
disposal methods for toxic compounds. 

Manufacturing 
Data 

contains various types of manufacturing 
information, including major uses; 
methods of manufacturing; manufacturers; 
consumption patterns; and U.S. production, 
Import, and export information. 

Chemical- contains information on the following: 
Physical chemical-physical properties 
Properties boiling, melting, and flash points; 

color and form; density; vapor pressure; 
solubility; stability and shelf life; 
spectral properties; and molecular weight. 

Toxicology Information Response Center 

The Toxicology Information Response Center (TIRC) serves as a national and 
International center for the collection, analysis, and dissemination of toxicology-
related information. TIRC provides information on a variety of chemicals, Including 
food additives, pharmaceuticals, Industrial chemicals, environmental pollutants, heavy 
metals, and pesticides. 

In response to requests from users, TIRC staff members acquire, select, store, 
retrieve, evaluate, analyze, and package information from comprehensive literature 
searchs. Interested persons may request specific published toxicology data, cus-
tomized literature searches, annotated and/or keyworded bibliographies, state-of-
the-art overviews, individually profiled searches of computerized data bases, current 
awareness service, access to over 660 literature searches generated annually, and 
use of the Center's toxicology library. In addition, selected reports authored or 
prepared by TIRC staff members are available through the National Technical Infor-
mation Service and the Federation of American Societies for Experimental Biology. 
Publication lists, information brochures, and associated fact sheets are available from 
the Center upon request. 
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LIFE SCIENCES SYNTHETIC FUELS PROGRAM 

INTRODUCTION 

The Life Sciences Synthetic Fuels Program (LSSFP) has the objectives of sup-
porting development of environmentally acceptable fossil fuel technologies, develop-
ing health and environmental information on principal issues, and conducting and vali-
dating health and environmental assessments. Key environmental and health con-
cerns in coal conversion relate to worker and public health and safety, solid waste 
management, air and water quality, and ecological and socioeconomic Impacts. The 
program consists of two major components: a core research component coupled with 
an applied monitoring and testing component, which is being implemented at several 
fossil energy facilities. The program emphasizes those processes for converting coal 
to synthetic fuels; however, the program also contains research In health and 
environmental aspects of coal combustion and oil shale. 

The LSSFP provides a systematic framework for the interdisciplinary research 
being directed at fossil fuel technologies, with the emphasis on developing data 
bases for use In assessing the environmental acceptability of these processes. The 
research program framework consists of the elemonts: 

• characterization, monitoring, and measurement—development of sampling tech-
niques, separations and fingerprinting methods, and surveillance instrumentation; 

• occupational toxicology—Identification and screening of potentially hazardous 
materials and assessment of dose-response relationships for chronic or acute 
exposures; 

• environmental fate and effects—investigation of material dispersion, reconcentra-
tion, and impact on biological communities and development of techniques for 
effluent and emission reduction; and 

• assessments—optimization of plant and operations sitings through development 
and application of methods of risk analysis. 

Field studies include (1) the Gasifier in Industry Program of DOE, which is con-
cerned with demonstrating the integration of low-Btu gasification technology in vari-
ous operational environments, and (2) the H-Coal pilot plant, which will provide Infor-
mation on the liquefaction of coal. State-of-the-art technology for monitoring and 
testing will be applied in the several gasifier projects and in our H-Coal project. 

ORNL staff have prepared comprehensive study plans for gasiflers at the Univer-
sity of Minnesota-Duluth (UMD) and at Pikevllle, Kentucky, and for direct coal 
liquefaction at the H-Coal pilot plant at Catiettsburg, Kentucky. 

The assessment objective is to provide data and information that will enable DOE 
and other federal agencies to arrive at Judgments on the potential environmental and 
health impacts and consequent environmental acceptability or further commercializa-
tion of low-Btu gasification processes. The following discussions of the UMD program 
illustrate the types of studies being undertaken. 

Characterization, Monitoring, and Measurements 

Numerous samples are taken and analyses performed by the environmental and 
health staff to characterize both the process streams and plant effluents and to 
assess the efficiency of environmental control devices. Process characterization 
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provides Information for control technology evaluation and for Interpretation of biolog-
ical and ecological test results; effluent characterization provides Input to health 
effects considerations and guidance In ecological testing and environmental monitor-
ing In an environment that Is already subjected to Industrial contaminants; and in-
plant characterization provides for occupational health controls and correlations with 
potential occupational exposures. The sampling strategy provides for characteriza-
tion of materials introduced into the process, of Intermediate or final products, and of 
recycle or waste streams. Grab samples and samples classified by use of four spe-
cial sampling trains will also be used In process and effluent characterization. 

Personnel Protection and Occupational Toxicology 

In the Industrial hygiene program, area monitoring is used to indicate possible 
exposures, while personnel monitoring and dosimeters define the actual exposure. 
This monitoring program covers a variety of potential insults: noise, mercury vapors, 
heat, carbon monoxide, coal tar, dust, and a number of organic and inorganic com-
pounds. The program is intended to identify potential health hazards in coal process-
ing plants, thereby reducing employee exposures. 

Two types of monitoring for potential exposures are provided. Area monitoring for 
carbon monoxide, polynuclear aromatic hydrocarbons, dust, heat, noise, and various 
chemical stresses Is carried out. Personnel monitoring, using filter and gas badge 
techniques, defines the actual exposure. Medical surveillance includes complete 
physical examinations of plant workers, with special attention to skin abnormalities. 

The principal focus of the occupational toxicology component of the program is 
the testing of the by-product tars and primary effluents for potential effects' on man. 
A two-level bioassay program is seeking answers to questions about relative toxicity 
of by-products and effluents, toxicity variation with process conditions, and toxicity 
potential of fugitive emissions. At the first level, cellular bioassays are used to 
ascertain how relative toxicity varies with process changes, to screen for further 
testing, and to correlate with whole-animal effects. Level two, mammalian somatic 
toxicity tests, involves the use of whole animals to characterize the acute, suba-
cute, and chronic toxicity of products and effluents. Only selected samples will be 
used Initially in the more expensive toxicity tests, with selection based on the pro-
bability of direct or Indirect human exposure and on current Information of potential 
emissions. 

Environmental Fate and Effects 

Environmental area monitoring includes the collection and analyses of samples, 
operation of continuous monitors, and application of appropriate ecological toxicity 
tests. Information derived from these activities is used to characterize and quantify 
air, water, and solid effluents that may Impact the immediate environs of the plant. If 
stack monitors Indicate sufficient efflux of noncriteria pollutants (e.g., COS, NH3, 
HCN), additional measures will be adopted to monitor for these pollutants. Water 
quality measurements will be limited to samples taken from wells for ash disposal. In 
the event of unusual plant operating conditions, liquid effluents and surface streams 
will be monitored. Gaslfier ash will be leached, and the water samples and leachates 
will be analyzed for a variety of organic and inorganic constituents. Screening 
activities will be used, as appropriate, to test the toxicity, transport, degradation, 
and bioaccumulatlon characteristics of either whole effluent streams, selected chem-
ical fractions, or specific model compounds. 
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Assessments 

Site-specific assessments will be used to ensure a maximum integration and utili-
zation of information developed by the program elements of sample collection, analyt-
ical characterization, biological and environmental testing, and occupational control 
and medical surveillance. 

Analyses of potential Impacts include consideration of 

a. assessments of human health, including that of the industrial workers and the 
general public; 

b. ecological assessments of both terrestrial and aquatic systems in the site area; 
and 

c. operational assessments involving environmental control equipment, Its efficiency 
and reliability, occupational health control, and the engineering systems used to 
reduce fugitive emissions. 

information developed in these assessments will be combined with that from studies 
of several other low-Btu gasifiers and will be used to investigate the potential 
Impacts of anticipated industry growth. 

ORGANIZATION 

The LSSFP involves researchers from eight ORNL divisions (Fig. 10). The project 
areas can be defined as follows: 

e Chemical Characterization, 

• Health and Safety, 

e Biological Effects, 

e Environmental Transport and Ecological Effects, 

e Control Technology, 

e Assessment and Siting, and 

e Information Support. 
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Fig. 10. Organization Chart for the Life Sciences 
Synthetic Fuels Program (July 1982) . 
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OTHER BIOMEDICAL AND ENVIRONMENTAL PROGRAMS 

Other divisions within the Laboratory, in addition to the ones already mentioned, 
are Involved in biomedical and environmental research. The divisions are 

• Analytical Chemistry, 

e Chemical Technology, 

e Computer Sciences, 

e Energy, 

e Operations, and 

e Engineering Physics. 

Brief examples of some of the work in these divisions follow. 

ANALYTICAL CHEMISTRY DIVISION 

Efficient, cost-effective analytical methods and Instrumentation for the determi-
nation of workplace and environmental contaminants are being developed. Process, 
occupational, and environmental samples from coal conversion plants are being taken 
and analyzed. Ammonia chemical i^vzation mass spectrometry, nuclear magnetic 
resonance, and infrared spectroscopy are used in combination with chromatographic 
separations to identify alkaline and neutral mutagens. Other projects involve the 
characterization of aerosols produced from diesel fuels and cigarette smoke. 

CHEMICAL TECHNOLOGY DIVISION 

Fundamental relationships are being explored between the areas of bioengineer-
ing research, including microbial and enzyme engineering, and monitoring and separa-
tion techniques as they apply to energy-related processes. Biological treatment 
methods are being studied for aqueous effluents from coal gasification and liquefac-
tion. Constituents amenable to biological treatment include phenols, thiocyanates, 
ammonia, nitrates, and other carbon compounds. Advanced high-flow-rate bioreactor 
designs (e.g., fixed film, fluidized bed) are being developed and tested using both 
real and simulated effluent streams. 

Instruments are being developed for monitoring environmental problems associated 
with coal conversion and shale oil production. A single-cell microfluorometer is being 
developed'to monitor exposure of plant personnel to polynuclear aromatic hydroca-
bons. H-Coal process streams and plant effluents are being chemically and physi-
cally characterized by on-line and in-plant sample collections and measurements. 
Control technologies are being tested on coal conversion wastewaters, sludges, and 
gaseous effluents. 

COMPUTER SCIENCES DIVISION 

Statistical and mathematical advice is given to biologists for planning and analyz-
ing experiments. Better methods for handling statistical problems are being 
researched, especially for experiments that are designed to investigate health 
effects of chemicals or radiation. Research supports the development of tests and 
assays by improving the design and analysis of animal experiments for screening 
potential mutagens and carcinogens and for risk estimation. 
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ENERGY DIVISION 

Data and analyses are being provided in support of regional and national technol-
ogy assessments of alternative energy technologies and energy fuel cycles. 
National and regional databases and assessment methods are being developed and 
applied to assess the potential environmental, social, and economic ef fects of alter-
native energy technologies. Recent assignments Include (1 ) an assessment of 
energy conservation strategies In the urban conservation sector, (2) an assessment 
of the response of the chemical and petroleum industries to recent environmental and 
energy legislation, (3 ) a technical review of the environmental residuals and resource 
needs associated with current energy systems, (4 ) an environmental control cost 
study of the indirect coal liquefaction technology, (5 ) an assessment of the health 
and safety impacts associated with small hydropower applications, and ( 6 ) an 
assessment of the environmental aspects of a district heating system supplied by 
cogeneration. Potential large-scale threats to public health and safety from activi-
ties related to various forms of energy production and use, especially threats related 
to terrorist acts, nuclear accidents, and nuclear war, are being anticipated and 
analyzed and countermeasures are being developed. 

OPERATIONS DIVISION 

The Nuclear Medicine Technology group of Health and Safety Research Division 
and the ORNL Operations Division work together to design and synthesize various 
radiopharmaceuticals and radiolabeled agents for fundamental ecological research. 
The chemicals are irradiated in the 86-ln. Cyclotron which is located at the UCC-ND 
Y -12 Plant in Oak Ridge and operated by the Isotope Section of the Operations Divi-
sion. The thrust of the program is to enhance the chemical and radio purity of the 
radiopharmaceuticals as well as to maximize production yield. This work is of direct 
benefit to the practice of nuclear medicine, the fundamental biomedical research util-
izing radiolabeled agents, and the radiopharmaceutical industry. 

The Operations Division also works cooperatively with HASRD in the operation of 
the Health Physics Research Reactor (HPRR). The objective Is to support research 
in radiation dosimetry and radiobiology and to support university training. The HPRR is 
a unique facility for research in neutron and gamma dosimetry and is used in the 
development of both personnel and accident dosimeters. Data obtained from neutron 
radiobiology experiments correlate biological response and the radiation environment, 
with emphasis on neutron carcinogenesis, dose rate effects, and t adio-protective 
drugs. The HPRR assists universities by providing training in radiobiology, health phy-
sics, and nuclear engineering. Professors and students take advantage of the 
HPRR's inherent safety, versatility, and ease of operation to learn basic concepts as 
well as specific applications. 

ENGINEERING PHYSICS 

As part of the range o1: carbon dioxide research programs at ORNL, the Engineer-
ing Physics Division has the responsibility for two major projects: (1 ) sensitivity 
analysis of a major computer model used to analyze the climatic impacts of increased 
C0 2 on climate and (2 ) operation of the Carbon Dioxide Information Center (CDIC). 

A major undertaking of the C0 2 research program Is to determine how sensitive 
the results are of atmospheric general circulation models (GCMs) to uncertainties in 
input parameters. An efficient and comprehensive adjoint method of sensitivity 
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analysis, recently developed at ORNL, has been successfully applied to a rad/at/ve-
convectlve model that contains many of the complex nonlinear processes found In 
GCMs. The purpose of this work Is to apply the adjoint method to one of the major 
GCMs currently being used to analyze the climatic Impact of Increased C02, the Ore-
gon State University two-level GCM. The resulting sensitivity Information will point 
toward the most Important measurements or parameterization improvements needed 
to reduce model uncertainties. The overall objective Is not to eliminate the need for 
physical and mathematical Improvements In GCMs, but rather to Identify the needed 
Improvements and to provide the climatic modeling community with a basis for sys-
tematic analysis of uncertainty. 

CDIC supports the DOE Research Division by providing a focal point for the compi-
lation and distribution of Corre lated Information and data under systematic quality 
control to aid In energy-related policy and Corre lated research. CDIC continuously 
provides reliable knowledge for assessing the consequences of using some of our 
Important energy options. Information resources are drawn from the national and 
International communities. The Center Is a collaborative effort of four ORNL divisions: 
Information, Engineering Physics, Environmental Sciences, and Computer Sciences. 
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