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COMMITTEE ON INTERAGENCY RADIATION RESEARCH 
AND POLICY COORDINATION 

1019 Nineteenth Street, NW, Suite 700 
Washington, D.C. 20036 

July 21, 1994 

Workshop Participants and CIRRPC Members: 

Enclosed are proceedings of the Workshop on Internal Dosimetry held in Atlanta, 
Georgia in April 1992. The recommendations from the Workshop were considered by the 
CIRRPC Subpanel on Occupational Radiation Protection Research in identifying those areas 
to be undertaken by individual Federal agencies or in cooperative efforts. For example, both 
the U.S. Nuclear Regulatory Commission and the Department of Energy have participated in 
an intercomparison of laboratory internal dosimetry analyses modeled after that by the 
European Communities. The Nuclear Regulatory Commission has revised their Regulatory 
Guide "Interpretation of Bioassay," based on the workshop discussions and the subsequent 
review by individual workshop participants. 

Many participants have indicated the benefit they derived from the Workshop, 
particularly their personal interaction with their peers. 

We wish to add our thanks to the participants and organizers of the Workshop for 
their efforts. 

Sincerely, 

Alvin L. Young, Ph.D. 
Chairman, CIRRPC 



PREFACE 

The workshop described in these Proceedings was conducted as one effort by 
the Committee on Interagency Radiation Research and Policy Coordination 
Subpanel on Occupational Radiation Protection Research to fulfill its 
responsibility for identifying research, encouraging joint efforts to address the 
needs and providing CIRRPC with recommendations to focus management and 
budget support for the research required. The Workshop resulted from the 
deliberations of the Subpanel and other CIRRPC groups, after discussions with 
individuals, U.S. Federal agencies and non-government groups as described in the 
Subpanel background report to the CIRRPC Science Panel (February 1994). 

The names of Subpanel members, U.S. and Commission of European 
Communities technical advisors, consultants and Oak Ridge Associated 
Universities personnel who were directly responsible for the preparation for and 
execution of the workshop are listed below. The joint efforts of all the participants 
led to the success of the workshop. 
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CEC Advisors 
Dr. Mike Bailey 
Dr. Klaus Henrichs 
Dr. J.A.B. Gibson 
Dr. Hans Menzel 

U.S. Technical Advisors 
Dr. John Auxier 
Dr. Keith Eckerman 
Dr. John Poston 
Dr. Kenneth Skrable 

Oak Ridge Associated Universities 
Ms. Grace Belcher 
Ms. Brenda Campbell 
Mr. David Smith 



PROCEEDINGS OF THE WORKSHOP 
ON INTERNAL DOSIMETRY 

BACKGROUND 

The CIRRPC Workshop on Internal Dosimetry was held at the Lenox Inn, Atlanta, 
Georgia, from Monday, April 6, to Thursday, April 9, 1992. The Workshop was conducted 
by the CIRRPC Subpanel on Occupational Radiation Protection Research and focused on 
identifying deficiencies and corresponding research needs to rectify these deficiencies in the 
area of internal dosimetry. 

An Organizational Meeting was convened on Monday morning, April 6, at 9:00 a.m. 
with the Subpanel Topic Chairs, the Plenary Overview Presenters, and the United States 
(U.S.) and Commission of the European Communities (CEQ Technical Advisors that provided 
a pre-Workshop session to set objectives for the workshop and make sure that all was in 
readiness for the proceedings of the Workshop in each of the three topical areas: 

Topic A: Metabolic Models/Metabolic Data 
Topic B: Data Bases/Registry Data 
Topic C: Computation and Dose Calculations 

The Workshop began with a Plenary Session on Monday, April 6, at 1:00 p.m. with 
an overview of the Subpanel historical beginnings, a review of the Subpanel work statement 
and objectives, and the series of important governmental interactions by the Subpanel with 
national health physics organizations that lead to the current focus for a workshop on internal 
dosimetry. A list of 17 Workshop focus issues were presented to provide a kick-off for the 
Workshop deliberations that was refined at the Organizational Meeting, typed, and made 
available for the Workshop members' use. A copy of the workshop agenda and a list of 
participants is attached as Appendix A. 

A CEC Overview of Internal Dosimetry was then presented by Hans Menzel, 
Directorate General's Office for Science, Research and Development at the CEC's Joint 
Research Center. Menzel was assisted by J.A.B. (Tony) Gibson, Radiation Dosimetry 
Department, AEA Environment & Safety, Harwell Laboratory; M.R. (Mike) Bailey, National 
Radiological Protection Board, Chilton, United Kingdom; and Klaus Henrichs, GSF Institut 
fur Strahlenschutz, Germany. 

A presentation by each of the three U.S. Technical Advisors was next presented to 
review the planning objectives for each of the four subtopical issues to be addressed within 
each subtopical area. Kenneth Skrable, University of MassAowell, Department of Physics 
& Applied Sciences reviewed Topic A objectives; John Auxier, Auxier & Associates, Inc., 
Knoxville, Tennessee, reviewed Topic B; and John Poston, Texas A & M University, 
Department of Nuclear Engineering reviewed Topic C. 



Each subtopic reviewer/moderator was asked to provide a review of current status of 
ongoing activities, current state of the art, deficiencies, mechanisms to accomplish needed 
actions, resources needed, game plan, specific tasks or needed sources for information, 
priorities, and quantifications of improvements. This framework was recommended as a way 
to assist in review and cross-cut across the eight topical areas covered in a three-hour 
breakout session that were held each morning and early afternoon on both Tuesday and 
Wednesday, April 7 and 8. 

SUMMARIES OF TOPIC SESSIONS 

This document presents summaries of the following sessions: 

Session A.1 : 

Session A.2 

Session A.3 

Session A.4 

Session B.1 

Session B.2 

Session B.3 

Session B.4 

Session C.1 

Session C.2 

Session C3 

Applications and Limitations of ICRP 
and Other Metabolic Models 

Applications and Implementation 
of the Proposed ICRP Lung Model 

Estimates of Intake from Repetitive Bioassay Data 

Chelation Models for Plutonium Urinalysis Data 

Transuranium/Uranium Registry Data 

Autopsy Tissue Analysis 

Bioassay/Whole Body Counting 

Data Base Formatting and Availability 

An Overview of Calculational Techniques in Use Today 

The Perfect Code 

Dose Calculations Based on Individuals instead of 
Averages 

Session C.4 : From Macro Dosimetry to Micro Dosimetry 
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WORKSHOP SESSIONS 

SESSION A.1 : APPLICATIONS AND LIMITATIONS OF ICRP AND OTHER 
METABOLIC MODELS 

SESSION A.2: APPLICATIONS AND IMPLEMENTATION OF THE PROPOSED ICRP 
LUNG MODEL 

Given the close relationship of the topics presented in these two sessions—i.e., 
systemic, gastrointestinal tract, and respiratory tract models—the summary for these sessions 
is combined here. 

Synopsis of Sessions 

Charles Schmidt (Lawrence Berkeley Laboratory) started the session by reviewing the 
basis of modeling for internal dosimetry. This lead into a discussion of the shortcomings of 
the existing models. Key issues that were brought out in this discussion were as follows: the 
status of the models; the intended versus the actual use of the models; the approach taken 
in developing these models (curve fitting versus physiological basis); the need for models 
which provide more robust and accurate estimates of internal dose and uptake; and the need 
to ensure that models are properly used. 

Keith Eckerman (Oak Ridge National Laboratory) pointed out that there is a great deal 
of data available that could be used to develop improved models. The primary concern is 
to obtain the resources needed to analyze and use these data. 

Ray Guilmette (Inhalation Toxicology Research Institute) presented a brief talk on 
how to develop a model. Among the points covered in this talk were a definition of the 
purpose of the model, the type of data to be used as input for the model, and incorporation 
of data from aerosol science into the models for inhaled nuclides. 

Patricia Durbin (Lawrence Berkeley Laboratory) proposed a project to develop what 
she termed as a 'generic systemic model* to replace the systemic models currently in use 
for each element or chemical family of elements. This model would be physiologically 
based and be designed to accommodate changes in data as they became available. As part 
of this discussion, the topics of dose to the embryo/fetus and dose received from breast 
feeding were raised. Because of the magnitude and complexity of this proposal, the 
discussion moved into methods of managing and obtaining support for this project. 

The afternoon session began with a brief discussion of gastro-intestinal(GI) tract 
modeling. Among the issues raised were the proper use of the Gl tract model and the need 
for research on Gl absorption factors. It was also pointed out that Gl tract dosimetry was 
now more important because of the new weighting factors recommended by the ICRP. 
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For the balance of the session, Tony James (Pacific Northwest Laboratory) presented 
a review of the new respiratory tract model under development by the ICRP. The initial part 
of this discussion covered the structure of the model and how it differed from the existing 
respiratory tract model. The next part of the discussion focused on the apportionment of the 
cancer risk between the various tissues comprising the respiratory tract and the clearance or 
removal time for materials that are taken into the lung. In addition, the effect of the new 
model on dose calculations for nuclide with long retention times, such as plutonium, was 
demonstrated. 

Existing Deficiencies/Impact/Approach 

1 . Systemic Models (Generic Systemic Model) 

Deficiencies. Current models are not representations of physiological processes, but 
instead are most often curve fits of bioassay or animal-derived data (typically a sum of 
exponentials). These models are not easily adapted to differences between individuals, 
populations, and age groups. 

Impact. As the regulations grow more stringent, there will be more need for models 
that are more representative of the true impact of an intake. The development of a single 
systemic model that could be applied to all elements (radioactive or stable) would go far 
toward meeting the need for such a model. This model would be physiologically based. 
The model could be adjusted to account for age dependency and disease state. Because it 
applies to all elements, it will be of value in toxicological evaluations as well as other fields 
outside of internal dosimetry. Failure to develop such a model may lend to unnecessary 
costs and measures to control internal exposures. 

Approach. The development of a generic systemic model is a relatively large and 
very complex project. Such a project lends itself to a multi-agency approach in which 
CIRRPC would play a significant role. Funds would be required from more than one agency. 
The various features comprising this project would have to determined. Funding and 
schedules for completing tasks would have to be established. An organization (Federal 
agency or national laboratory) would have to be designated to coordinate the many features 
of this project. Note that many of deficiencies listed below could be resolved as part of the 
development of the generic systemic model. 

2. The Need for Interpretation of the ICRP Systemic Models 
as Applied Bioassay Programs 

Deficiencies. Because of the variety of the current impirical systemic models, many 
internal dosimetrists may not be aware of the appropriate bioassay program to use with each 
model. Accordingly, guidance is needed on the proper systemic model to use for a given 
situation and the proper methods for collecting the bioassay data needed for use with that 
systemic model. 
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Impact. Inconsistent and inaccurate determination of internal dose and intakes will 
continue to be performed. 

Approach. The resolution of this deficiency is a short-term task that requires support 
for an individual or a group of individuals to review exiting models and bioassay techniques 
and develop a good-practices manual. Cost: $200K. 

3. Evaluation of Data on Radionuclides 

Deficiencies. Large amounts of data, both human and animal, exist on the metabolic 
and biokinetic properties of various elements that can be applied to internal dosimetry. 
Resources are needed to support the evaluation and incorporation of these data into models 
for use in internal dosimetry. Chemical properties of these elements, especially Pu and Np, 
should be considered. 

Impact. The development of new, physiologically based models for use in internal 
dosimetry depends for the most part on the evaluation of existing data. Accordingly, the 
evaluation of existing data is a prerequisite of any program for significantly improving 
internal dosimetry. 

Approach. This is a relatively short-term task with little risk involved. The rate is 
dependent on the amount of information evaluated. The cost is estimated as one man-year 
effort ($200K) per nuclide or class of similar nuclides. The work can be performed either 
independently of other tasks or as part of tasks to develop specific models. 

4. Particle Characterization 

Deficiencies. Studies are needed to characterize particles in terms of size, density, 
and chemical form. Note that these studies, particularly those on solubility, are of extreme 
importance in the CI and respiratory tract models. 

Impact. This area is key to the determination of intakes and internal dose. These 
studies are essential in determining how much of an intake will be transported to the blood 
and therefore become a systemic uptake. Accurate calculation using improved systemic 
models cannot be performed without accurate knowledge of systemic uptake. 

Approach. These studies are most likely to be supported as part of research on the 
systematic, respiratory tract, or Gl tract models. 

5. Embryo/Fetus 

Deficiencies. Increasing importance should be placed on providing data on the 
internal dose received by the embryo/fetus. Currently, there is very little guidance on how 
to determine the internal dose received by the embryo/fetus, even though this dose is limited 
by international and national guidance limits. 
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Impact. Other than restricting a pregnant worker from exposure to sources of internal 
exposure, there is no generally accepted method for demonstrating that the internal 
component of dose received by the embryo/fetus is within regulatory guidelines. 

Approach. A collaborative effort by the Federal agencies interested in this issue 
would seem to be the most likely method of resolving it. 

6. Gastrointestinal Tract 

Deficiencies. A need was identified for research to improve the physiological basis 
for the factors used to determine the uptakes of radionuclides from the Gl tract. 

Impact. Research in this area is primarily of use for environmental studies where the 
internal dose to humans from ingestion of contaminated sources of food and drink is 
calculated. Thus, improvements in this area could affect the determination of environmental 
release levels for sites that contain radioactive materials. 

Approach. This is not a complex task. Accordingly, this deficiency could be 
resolved through direct collaboration of the interested agencies. 

7. Respiratory Tract (Experimental/Theoretical Resolution of Slow 
Bronchial Clearance) 

Deficiencies. The dose and risk to the lung associated with inhalation of 
radionuclides are dependent on the times that the radionuclide spends in the various parts 
of the lung. There is evidence suggesting that radionuclides remain in the bronchial area 
longer than previously suspected. 

Impact. This finding needs to be verified or disproved in order to properly determine 
the dose received by the lung from radionuclides. 

Approach. Support needs to be provided for a set of experiments that clearly 
monitors the movement of particles after they enter the lung. As this is likely to be a 
relatively small task, it could be funded by one agency. 

8. Respiratory Tract (Risk Apportionment between Bronchi/Bronchiole/ 
Alveolar Interstitium) 

Deficiencies. The cancer risk to the lung from exposure to radionuclides varies with 
the portion of the lung that is exposed. The current apportionment of risk needs to be 
reevaluated in light of recent data from Japanese atom bomb survivors. 

Impact. Resolution of this deficiency is needed to properly determine the risk of lung 
cancer from exposure to radionuclides. 
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Approach. This task is based on a review of available data and could be funded by 
one agency. 

9. Development of Dissolution/Absorption Rate Constants 
from Human/Animal Data 

Deficiencies. The use of the new lung model requires the development of 
dissolution/absorption rate constants for radionuclides in order to account for the amount of 
materials transferred from the lung to the blood. Note that this deficiency is related to the 
need for particle characterization. Accordingly, the impact of this deficiency and the 
approach to resolving it will be the same as those developed for particle characterization. 

SESSION A.3 : ESTIMATES OF INTAKE FROM REPETITIVE BIOASSAY DATA 

Synopsis of Session 

Ken Skrable (University of Massachusetts at Lowell) started this session by describing 
approaches used to estimate intakes and doses from repetitive bioassay data. His discussion 
emphasized the practical methods used to determine uptakes, and he pointed out areas 
where improved guidance or alternative approaches were needed. 

Two areas that were emphasized were the analysis of a single or "batched* sample 
from a number of workers as an economical and effective means of determining if an uptake 
had occurred and the use of personnel (lapel) air monitors. These methods were suggested 
as approaches to ensure that intakes would be rapidly identified. 

Tony Gibson (Harwell, England) suggested the use of an expert computer system to 
guide an internal dosimetrist in the proper use of bioassay samples and other monitoring 
results to determine if an uptake has occurred. The program would then provide guidance 
in the procedures to follow once an uptake had been identified. 

Existing Deficiencies/Impact/Approach 

Deficiencies. There is a need for guidance on the following aspects of sampling to 
detect uptakes of radioactive materials: (1) the frequency at which bioassay samples are 
collected, (2) alternate methods of processing bioassay samples (such as the concept of 
batching samples), and (3) the proper uses of other monitoring devices such as nasal smears 
and personnel air monitors. 

Impact. Actions necessary to limit internal exposure to personnel will not be 
instituted as quickly unless uptakes are identified as soon as possible after the intake 
occurred. In addition, as limits and administrative levels become more stringent, it becomes 
necessary to identify individuals with uptakes at an earlier time after the uptake has occurred. 
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Approach. The simplest approach would be the development of a good-practices 
manual as suggested for the interpretation of bioassay data. Such a task could be supported 
by one or two agencies and should require a man-year effort ($200K). A more complex 
approach would be the development of an expert computer program. This approach would 
be more costly and possibly require a collaboration between two or more agencies. 

SESSION A.4 : CHELATION MODELS FOR PLUTONIUM URINALYSIS DATA 

Synopsis of Session 

Tom Labone (Savannah River Site) led a discussion that provided an overview of the 
questions associated with the status of chelation. He pointed out that models of chelators 
were needed to give guidance to medical personnel and provide the internal dosimetrist with 
dose criteria on when to recommend the use of chelators. In addition, once their mechanism 
is understood, chelators may provide insight into the metabolism of the nuclides to which 
they bind. 

Fun Fong (Oak Ridge Associated Universities) provided an update on the latest 
medical guidance associated with the use of chelation therapy. 

Ray Guilmette (Inhalation Toxicology Research Institute) discussed the result of 
experiments that he has performed on the action of chelators and pointed out that relatively 
little data was needed in order to develop a model to explain the action of a specific 
chelator. 

Existing Deficiencies/Impact/Approach 

1. Model of Chelator Action 

Deficiencies. There are at present no completed models to describe the action of 
chelators. 

Impact. Without this information, the most effective use of chelators in reducing 
doses from radionuclides with long effective lives may not be established. 

Approach. Approximately one year's effort is needed to complete the existing 
research on the mechanism of chelators. 

2. Documentation of the Efficacy of Chelation Therapy 

Deficiencies. The effectiveness of chelation therapy has not been documented. 

Impact. Without guidance on the effectiveness of chelation therapy, this approach 
to reducing the consequences of an intake of radioactive materials may not be properly 
applied. 
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Approach. A relatively small effort is needed to collect and analyze data resulting 
from cases in which chelators were used. 

3. Chelation Therapy Handbook 

Deficiencies. There is no handbook that provides guidance regarding the use of 
chelators. However, related information is provided in the following publications: NCRP 
Report No. 65 "Management of Persons Accidentally Contaminated with Radionuclides". 
Radiation Protection Dosimetry Vol. 41, No. 1, 1992 "Guidebook for the Treatment of 
Accidental Internal Radionuclide Contamination of Workers" (published by CEC and USDOE 
OHER), IAEA Technical Report Series No. 184 "Treatment of Incorporated Transuranium 
Elements". This deficiency may have been resolved by the publication of CEC/US DOE 
Handbook. 

Impact. Chelators may be used improperly or ineffectively. 

Approach. Adopt the handbook developed by the CEC. 

Update Note: Currently chelation therapy is used to reduce concentrations and is 
appropriate in dose reduction practice. 

SESSION B.1 : TRANSURANIUM/URANIUM REGISTRY DATA 

Synopsis of Session 

Darrell Fisher provided an overview of the Registry based on material supplied by 
Ron Kathren. The Registry was initially founded in 1968 as a plutonium registry and has 
since been broadened to include the entire spectrum of transuranium elements. A uranium 
registry was established in 1978. They have received specimens from 278 donors and have 
499 living registrants. A review of the birth decade of current registrants indicates the 
Registry may expect an increasing work load over the next 10 years. 

Administrative responsibility for the Registry was recently (2/92) transferred from the 
Hanford Environmental Health Foundation to Washington State University, under a 3 year 
grant from DOE (funding approximately $3.7 M for the 3 years), to establish greater 
independence and enhance credibility. 

Their primary objectives are to: (1) ensure the adequacy of radiation protection 
standards for actinide elements, verifying or modifying, as appropriate, the existing biokinetic 
and dosimetric models on which the standards are based; (2) determine the distribution and 
concentration of the uranium series and transuranium elements of the tissues of volunteer 
donors with documented exposure through radiochemical analysis; (3) evaluate and compare 
estimates of dose, intake, and incorporation into various tissues and organs made during life, 
with postmortem radiochemistry results; (4) evaluate and verify, appropriately modify, refine 
or revise existing mathematical (biokinetic) models used for radiation protection purposes; 
(5) compare results of animal experiments with human data to assess the validity of 
interspecies comparisons; (6) obtain, preserve, and evaluate histopathology slides and 
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samples for the possible radiation induced changes; and (7) act as a resource for research 
relating to the actinides in humans, including maintenance of the National Human Tissue 
Archive for radiological specimens. 

Basic operations of the Registry were reviewed, as were collaborating research efforts 
with other institutions. 

Existing Deficiencies/Impact/Approach 

Deficiencies. Publication of data, findings and other research results from the human 
tissue sampling program of the Registries has been slow, frustratinglu so to a small number 
of researchers working in this area. 

There is a significant backlog of unanalyzed samples for which radionuclide analysis 
have not been done. 

There is a lack of suitable uranium registrants and insufficient numbers of uranium 
donors to cover the necessary range of exposure situations. 

There is a need to obtain bioassay data and in vivo counting information on 
registrants between retirement and death. 

The staff of the Registry is too small. A review of registrants' birth decade indicates 
a coming workload increase. 

Approach. The Registry should continue to propose jointly funded collaboratory 
work at other sites to increase information exchange and utilization. Expansion of the 
academic involvement of the Registry may also be appropriate. This will aid in gaining a 
broad interpretation of the data and help insure timely utilization of the information. 

The backlog of samples should be analyzed with increased funding required for 
radiochemical analysis, intercomparison and standardization, analytical methods 
development and staff development and training. It is our understanding that the current 
Registry budget is approximately $3.7M for 3 years for both data and sample analysis. This 
is inadequate to address the sample backlog or make data widely available for community 
use in a timely fashion. 

The technical staff of the Registry should be increased, with increased funding. 

An effort should be made to register additional uranium workers. Support and 
encouragement of the various federal agencies overseeing uranium operations is needed to 
refer potential registrants and publicize the program. 

DOE should support and encourage the Registry's ongoing efforts at collaborative 
research. The computerization of the Registry's data base and the tissue repository data base 
should be expedited. 
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Impact (improvements resulting from research/impacts of not performing research). 
The Registry performs a vital role in collecting and preserving critical information for the 
resolution of litigation cases, the improvement of dosimetric models, and the development 
of standards essential for site remediation, public protection, and worker health. 

Restricted funding has limited the Registry's ability to meet radiation researchers' 
needs or to maintain current analyses. 

SESSION B.2 : AUTOPSY TISSUE ANALYSIS 

Synopsis of Session 

The status of tissue data bases was reviewed by Ed Wrenn and instances of 
unpublished data were noted. In some instances there has been difficulty in obtaining 
appropriate tissues as significant cases have not been identified. There appears to be a 
decreasing interest in uranium cases as there is less build-up in tissue than expected or 
predicted by current models. The urinary excretion of uranium in man is better understood 
than bone retention. A review of the current information about uranium distribution in tissue 
shows wide variation from that predicted by models. 

Ultra-sensitive analytical techniques are now available: accelerator and ICP mass 
spectrometry, kinetic phosphorometry and fission track analysis. These techniques permit 
the study of variations in background populations for such factors as age and geography. The 
reported uranium background in unexposed populations has decreased significantly over the 
past 20 years due almost entirely to improvements in analytical techniques. 

Existing Deficiencies/Impact/Approach 

Deficiencies. There is a need for a central 'clearinghouse* to maintain cognizance 
of existing tissue data bases, eventually leading to a national archive data base. 

More extensive analysis of the normal range of nuclides in tissue is required to 
bracket the range to be expected as a function of age, sex, organ, and location of isotopes 
common in the environment. 

Pb-210 measurements should be conducted on uranium miners to complement 
epidemiology studies. 

The previous CIRRPC review of BEIR IV identified areas requiring additional 
investigation, and should be reviewed. 

Tc-99 levels and distribution in man require additional investigation. 

Performance objectives should be established for tissue analysis, and intercomparison 
tests should be conducted. 
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Considerable data on tissue analysis exist in unpublished form and should be made 
available to the general research community. 

Impact. Valuable information on tissue analysis is unavailable to many researchers 
because of its obscurity. This information is needed to improve modeling efforts and to 
avoid duplication of research efforts. 

Many dosimetry programs now are operating at the edge of background, and without 
more complete information about background variation in internal organs, they are unable 
to validate significant exposure of occupational or environmental origin. Expanded 
information about the normal range of nuclides expected is required to ensure exposures are 
not the result of facility operation. 

Epidemiology studies of cancer among uranium miners is now hampered by lack of 
exposure and dose information. A strong correlation exists between bone Pb-210 
measurement and exposure history. Better Pb-210 data would be invaluable in clarifying 
dose-consequence relationships among that exposed population and provide needed 
additional validation of dose-response characteristics. 

Approach. Specific tasks or needed sources of information (in descending order of 
priority): 

• Establish a clearinghouse for tissue analysis data, potentially leading to a 
national archive data base. 

• Determine normal background levels of nuclides as a function of age, 
location, etc., for non-occupational exposure to establish baselines for 
occupational dosimetry and demonstration of compliance with regulatory 
guidelines for clean-up of mining, milling, and chemical processing and 
radioactive waste disposal sites. 

• Establish a broad-scope, uniform intercomparison of tissue analysis 
performance. 

• Conduct Pb-210 measurement in uranium miners. 

Required resources to perform research: 

• A centralized clearinghouse of tissue analysis information will require 
approximately one full-time employee and may be added on to a similar on
going effort at some university (i.e., University of Utah). 

• Background determination of common nuclides will require an ongoing 
laboratory effort of ultra sensitive radioanalysis. Analysis can be made 
utilizing existing analytical equipment at specialized laboratories. 

• The intercomparison study could be conducted from within existing agency 
resources and required of those laboratories meeting various regulatory 
standards. 

12 



• The measurement of Pb-210 in uranium miners should be accomplished in 
two years at a cost of $ 1M. 

SESSION B.3 : BIOASSAY/WHOLE BODY COUNTING 

Synopsis of Session (George Campbell and Darrell Fisher) 

The current lung detection limits for Pu-239 is 50 nCi. This value is higher than 
previously claimed detection limits of about 16 nCi as calibrations and interferences have 
come to be better understood. 

Ultrasound has improved the measurement of chestwall thickness and the 
determination of wall composition. MRI offers significant further improvements and is being 
used now experimentally. 

The use of the realistic torso phantom and the BOMAB phantom for calibration was 
reviewed by George Campbell. 

Improvements in separation chemistry techniques have continued to lower detection 
limits in the bioassay of various radioisotopes. New techniques, such as laser 
phosphorimetry and accelerator and ICP mass spectrometry, offer order of magnitude 
improvements in detection and make possible studies of variations in non-occupationally 
exposed populations. 

Existing Deficiencies/Impact/Approach 

Deficiencies. The following deficiencies were noted at the session: 

• Assessment methods are poorly documented, are not validated, and have 
changed with time. 

• Recovery techniques have been done in batch mode and may not address 
individual sample interferences. 

• There are undetermined errors beyond counting statistics. 

• There has been limited QA/QC. 

• Data are not readily retrievable, zero data have not been preserved. 

• There is a lack of NBS/NIST traceable standards. 

• The determination and estimation of true errors or uncertainty is not 
standardized. 
Uhe following references were cited in this regard: Measurement error 

Models, Wiley, 1987, Godfrey, K. Compartmental Models and Their Application, Academic 
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Press, 1983, Finkelstein, L, and E.R. Carson, Mathematical Modelling of Dynamic Biological 
Systems, 2nd ed., Research Studies Press, 1985.] 

• There is no broad intercomparison program to support uniformity in 
performance. 

Approach/Impact 

• Develop a listing of intercomparison standards. Development of a list of 
required standards can be done by professional society standards 
communities (ANS, HPS, etc.) at no expense. This is necessary to guide 
future standards work and ensure the selection of a set of standards testing 
the range of issues faced by analytical laboratories. 

• Fund NIST for the preparation of standards for bioassay and in vivo 
intercomparison. NIST will require funding to provide appropriate standards 
and test matrices. Various facility laboratories can conduct the 
intercomparison tests along with their routine program at little added cost. 

• Establish national and international intercomparison studies for both bioassay 
and in vivo measurements. Failure to initiate a standards program with 
intercomparisons between analysis laboratories will result in continued 
variations in data quality and uncertainties in performance. Differences of an 
order of magnitude have been observed in some preliminary comparisons. 
Such uncertainty invalidates the entire program and leaves sponsoring 
agencies and facility operators liable to suit. The development of appropriate 
standards as noted above is a critical first step. 

• Sponsor university funding for education and research programs in 
radiochemistry and in vivo measurements. The need exist for equipment, 
staff, and fellowship support. Scholarship support of approximately $500K/yr 
will support 10 graduate students. Also critical, is the need to develop 
centers of excellence in universities to serve as research resources. This may 
be done through MOUs between agencies and the university, partnerships 
with national laboratories, or long term grants. 

University programs providing professional graduates in the area of 
radioanalysis and radiation safety have been dwindling and many have 
ceased operation due to a lack of funding support. As the nation faces large 
decommissioning and decontamination (D&D) and remediation efforts about 
nuclear facilities, an active university program is critical to provide new staff, 
ideas, and approaches. 

• Form a committee for the standardization of error propagation (uncertainty 
analysis). A variety of techniques are currently in use, most of which 
recognize that all errors are not being taken into consideration. To establish 
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credibility, it is necessary to determine the types of errors and their range in 
a consistent manner. 

Provide R&D funding for detector development to define nuclide location in 
organs and improve Pu and uranium sensitivity. 

Current detectors are a factor of 5 to 7 away from being able to detect 
quantities of radionuclides of concern. Significant funding over the next 5 
years is needed to develop the next generation of detector. This is a research 
program that may not provide a successful outcome. 

Current focus of operating facilities on compliance activities has seriously 
reduced research into new techniques and equipment. Such efforts must be 
restored if operators are to achieve compliance with current standards. 

Establish a program to count deceased registrants prior to autopsy. This 
information could provide a much better link between in vivo measurements 
and their calibrations and the actual organ content. 

Participate in CEC human uptake studies of lung inhalations. Measurement 
of these human subject volunteers will provide much needed 
intercomparisons and calibration experience to U.S. measurement facilities. 

Continue funding for programs designed to enhance the sensitivity of excreta 
for actinides, e.g., ICP mass spectrometry, laser-induced spectrometry. 

Develop a more realistic, anthropomorphic phantom for low-energy photons 
and develop standards for phantom design and construction. There should 
be a set of phantoms that are approved or certified by NIST that are available 
for use as primary calibration sources (loaned to, but not owned by, the 
various users). 

SESSION B.4 : DATA BASE FORMATTING AND AVAILABILITY 

Synopsis of Session 

Bruce Church of the NV/DOE office reported that they have established a huge data 
base of over 4 million exposure records. The difficulties of handling such a volume of data 
and of dealing with specific cases was discussed. The experience in establishing this data 
base made clear the problems of QA/QC, raised questions of electronic security, and 
highlighted the intense effort required to bring historical records up to a consistent modern 
data base. The records have been valuable in legal cases and in providing input to 
epidemiology studies. The need for relational data bases, to permit links to extra data, was 
emphasized. A concern was expressed that information in addition to the actual data; e.g. 
how it was collected, reporting periods, error practices, MDLs, etc., needs to be accumulated 
and preserved as well. 
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A summary of the Comprehensive Epidemiology Data Resource (CEDR) panel was 
presented by Don Bihl. The panel is to review and evaluate the consistency, documentation, 
and interpretation of data going into the data base and provide a user guide. They have 
established specific criteria for the computerized information and specify the use of I ARC (a 
CEC protocol) formatting. They encourage the generation of a site history of specific data 
and the exposure conditions as well as a technical assessment of the uncertainties associated 
with the data. 

Recommendations have been made for improvements to the data base in the future. 

Existing Deficiencies/Impact/Approach 

Deficiencies 

• Huge data bases are difficult to manage on small computer systems. 

• Some data storage media (computer tapes, etc.) are not adequate for long 
term storage and the state-of-the-art in electronics is changing so as to make 
them obsolete. 

• Data bases need to be stored as relational data bases to link necessary 
information. 

• Considerable effort is required to get data bases complete for epidemiology 
studies and preserve all the information present. 

• DOE sponsored a Comprehensive Epidemiology Data Resource (CEDR) panel 
to review and evaluate the consistency, documentation and interpretation of 
its radiation dosimetry. The findings of this panel are appropriate to all 
agencies handling such data. 

a. A history of the data and exposure condition is required. 

b. An international (IARQ protocol should be used in formatting the data. 

c. A technical assessment of the data uncertainties is needed. 

d. Codes should be modified to give absorbed organ dose in addition to the 
EDE. 

Approach/Impact 

• Develop facility guidelines from CEDR recommendations to bring about 
uniformity in data reporting. Releasing the CEDR recommendations could be 
done through CIRRPC by one of its subpanels at no cost. 
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Radiation dose information is currently being stored in a variety of data 
bases and on a variety of storage media. These are not currently compatible 
and make epidemiology studies and other comparisons nearly impossible to 
conduct. 

Establish a national radiation dose data base to combine all historical data 
and track all current workers' doses. A national radiation dose data base will 
require policy change and several full time employees to maintain. With 
each of several government agencies maintaining its own radiation records 
and controls, it is possible for workers to be exposed under different systems 
and for their total dose to be inadequately tracked. Some groups, i.e., 
medical, may not be currently reported to any central record or data base. 

Complete reporting of the Pu injection studies initiated by W. Langham. The 
number of samples remaining to be analyzed from the Pu injection studies 
is small and costs will have to be estimated by the individuals at ANL and 
LANL. 

A national exposure and dose data base is needed to include all radiation 
worker records. This multiagency approach will provide a better 
epidemiology base and ensure workers are not being over exposed through 
multiple employment. 

The national animal data base archive needs to be maintained for modeling 
references and to compliment human experience. 

Unpublished data from the studies of Pu injections, originally reported by 
Langham, need to be compiled and released for use by other researchers. 

SESSION C 1 : AN OVERVIEW OF CALCULATIONAL TECHNIQUES IN USE TODAY 

Synopsis of Sessions 

John Poston presented an introduction to the subject. 

The beginnings of internal dosimetry were based on very simple geometries and 
assumed point sources within spherical organs of uniform density. Radiations were assumed 
to be monoenergetic. From these origins cylindrical geometries developed. The first human 
surrogate structures (phantoms) were 60 cm tall, 30 cm in diameter (torso), with no organs 
and uniform density. With the presentation of'reference man,* the first true phantoms were 
developed. It was not long before there was a family of phantoms. 'Reference woman* was 
based on a 12-year-old boy with breast tissue added. Using the Cartesian coordinate system, 
organ sizes and shapes were distributed to approximate average humans. With the aid of 
modern electronics, we can now approximate organ anomalies, different growth stages, and 
even pregnancy. 
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The field of internal dosimetry is still a long way from being able to assess individual 
dose from intake. Organ dosimetry is still crude. Individual variation in dose assessment is 
an area of needed future research. Much work is being done in small-scale and sub-organ 
dosimetry as well as microdosimetry and track dosimetry. 

The bottom line is that much more biological data is needed. Clear flexible models 
need to be developed so that internal dosimetrists can model individual situations. 
Computation is not a problem. There is promising work being done, but at this time, 
biological data is a critical need. 

The beagle studies followed nuclide-injected dogs from birth to death. Many dogs 
were examined during the development of the study group to determine things like bone 
marrow content as a function of age and nuclide retention at different stages of development. 
Yet even with a relatively large population under the complete control of the researchers, the 
dose estimates were no better than plus or minus 33%. The implication of this variation 
needs to be examined.. 

ICRP 'reference man* includes ranges for all parameters. The use of these ranges is 
much less clear. When studies using loaded phantoms are compared to human studies, we 
find that the calculation of the content of radioactive material in the phantoms is reasonably 
accurate. The calculation of the content of radioactive material in humans is far less 
accurate. Again, calculation is not the problem. Specific models for specific radionuclides 
are needed. With every estimate of dose from intake, an uncertainty analysis should be 
included. Selected nuclides could utilize standardized, simpler approaches. 

SESSION C.2 : THE PERFECT CODE 

Synopsis of Session 

Tom Labone presented an overview of the subject. 

Qualities of such a code would include the following: 

- has an intuitive interface 
- has a short learning curve 
- gives fast, responsive operation 
- allows the use of a variety of models 
- suggests reasonable defaults 
- will not crash 
- will be free of bugs 
- informs user when it has computational problems 
- has an easy-to-interpret screen 
- gives only the information desired in the form desired 
- is reasonably priced 
- is available on several different computers 
- has excellent user documentation 
- has responsive technical support 
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The problem is, even if one had a perfect code, one does not have perfect data, 
perfect subjects, or perfect models. So, at this point, the perfect code would not help much. 

SESSION C.3: DOSE CALCULATIONS BASED ON INDIVIDUALS INSTEAD OF 
AVERAGES 

Synopsis of Session 

Dave Hickman presented "Individualized Parameters Using Monte Carlo Neutron 
Photon Transport Code in Conjunction with Magnetic Resonance Imaging.* 

In 1990, a workshop was held at the National Institute for Standards and Technology 
(NIST) on the development of phantoms for internal dose assessment. The recommendation 
that came out of the workshop was to build a series of phantoms that would represent a 
wide range of developmental stages, sexes, sizes, etc. These phantoms would be loaded 
with known but undisclosed quantities of radionuclides, then shipped to accredited bioassay 
laboratories for analysis. The results of the analysis and the phantom would be returned to 
NIST. Continued accreditation of the laboratory would be dependent on satisfactory 
calculation of the content of the phantom. It was estimated at the time that this program 
would cost over $5 million to establish the program and $500,000 per year to operate. 
While it is clear that inter-comparison is desirable, the NIST proposal is cumbersome and 
expensive. 

Another approach is to develop a computer program that would simulate the 
attenuation qualities of a phantom, and merely ship a small vial or point source and the 
computer code for evaluation. Using this approach, it is possible to consider calibrating in 
vivo bioassay systems for the exact attenuation values of the individual being assayed if the 
body can be defined and converted to digital machine-readable format. This approach 
would eliminate much of the uncertainty in bioassay evaluation of radionuclide intakes. 

The first requirement is to define the body in a machine-readable format. This is 
done using magnetic resonance imaging. Using a strong electromagnetic field, the spin of 
hydrogen atoms can be momentarily aligned. When the electromagnetic field is removed, 
these atoms return to random rotations. As this occurs, a detectable RF signal is generated. 
As it happens, the RF signal is different for hydrogen atoms aligned with water than it is for 
hydrogen atoms aligned with fat. Using available technology, we can identify bone, which 
has little hydrogen; bone marrow, which is largely fat surrounded by bone; lung tissue, 
which does not image at all; the fatty liver; organ boundaries; and muscle, which is largely 
water. We can determine tissue densities, fat layer dimensions, organ sizes, and a wealth 
of other information useful in determining body nuclide content. 

The body is divided into regions (head, torso, legs), then subdivided into voxels 
approximately 1.6 mm x 1.6 mm x 1 cm. The density and composition of each voxel is 
digitized. Using Monte Carlo Neutron Photon Transport, photon energies at the detector are 
predicted. Ratioing this figure with the detected energies provides the needed data for 
calibration of the system for the parameters of the individual to be counted. This approach 
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is expected to be particularly useful in the areas of bone dosimetry, lung dosimetry, and dose 
to bone marrow studies. 

SESSION C.4: FROM MACRO DOSIMETRY TO MICRO DOSIMETRY 

Synopsis of Session 

Darrell Fisher presented an overview of the subject. Wesley Bolch presented 'Track 
Structure Research.' Micheal Stabin presented "Molecular Dosimetry.* 

These presentations were predominantly slides showing specific analysis results. It 
is apparent that there have been rapid advances over the years. Hardware and software are 
readily available. The research efforts are small but well focused. There are specific needs 
in some areas, but current efforts are adequate if continued support is available. 

Existing Deficiencies/Impact/Approach 

Deficiencies. In its current state of the art, internal dosimetry calculation is based 
upon simple phantoms and models. The level of sophistication of the calculational 
techniques available has not, for the most part, reached the user. Calculations within a factor 
of three are considered acceptable in occupational ranges. 

The phantoms in use today are only crude representations of reference man. They 
cannot possibly be expected to represent individuals in any but a very few cases. 

The models available today are not adequately flexible to allow for input of varying 
parameters with a great deal of confidence. 

Solving these problems requires a computerized phantom, much better models, 
internal dosimetry 'cookbooks* giving standard approaches to common intake situations so 
that some internal dosimetry can be done with confidence by ' in the trenches* HPs, and 
continued work on MRI/MCIMP methodology. 

Approach 

• As an immediate action, advise NRC to produce a regulatory guide utilizing 
ICRP 54 methodology. 

• As an immediate action, support inter-comparison study similar to CEC 
study. 

• As an immediate action, remind Federal agencies of the importance of 
supporting organizations like ICRP and NCRP with both dollars and 
manpower. Progress is slow in part because those individuals doing the work 
are volunteers with little employer support of their activities. 
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• As a short-term action, ask for agency support for standardized approaches 
for 'key* radionuclides (the 'cookbook* approach). 

• As a short-term action, request DOE to accelerate the effort to analyze the 
backlog of tissue samples. 

• As a long-term action, seek interagency or congressional funding for 
development of better models. 

• As a long-term action, encourage agencies to increase funding to educational 
institutions so that more internal dosimetrists will enter the field. 

Impact. The MRI/MCNP/computerized phantom work is underway and adequately 
funded. No further resources are needed at this time. Once the main work on this project 
is done, which is essentially just for in vivo calibration, the work will have to be picked up 
and applied to internal dose assessment. This will take an additional three years or so and 
about three full-time employees, and should not commence until 1995. 

The internal dosimetry 'cookbook* requires about two full-time employees and a year 
to produce, and is of immediate need. 

The work on models requires the evaluation of mountains of data now in existence 
but as yet unanalyzed. The task of collating and utilizing this data, in addition to studying 
the effects of outside factors on clearance, will take the work of tens of full-time employees 
and many years. 

Correction of the deficiencies will yield a better estimate of dose at occupational 
levels, resulting in a better estimate of risk of occupational exposures. 
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APPENDIX A 

COMMITTEE ON INTERAGENCY RADIATION RESEARCH 
AND POLICY COORDINATION 

SUBPANEL ON OCCUPATIONAL RADIATION PROTECTION RESEARCH SUBPANEL 

WORKSHOP ON INTERNAL DOSIMETRY 

AGENDA 

Monday, April 6, 1992 

1:00 Welcome Address (Mr. R. Thomas Bell) 
2:00 U.S. Overview (Dr. Keith Eckerman) 
3:00 E.C. Overview (Dr. Hans Menzel) 

6:00 Reception 

Tuesday, April 7, 1992: A. MODELING/METABOLIC DATA 

Chair: Dr. Joel Rabovsky 
U.S. Technical Advisor: Dr. Ken Skrable 

CEC Technical Advisor: Dr. Mike Bailey 

B. DATA BASES/REGISTRY DATA 

Chair: Dr. Tom Crites 
U.S. Technical Advisor: Dr. John Auxier 

CEC Technical Advisor: Dr. Tony Gibson 

C. COMPUTATION AND DOSE CALCULATION 

Chair: Ms. Charleen Raddatz 
U.S. Technical Advisor: Dr. John Poston 

CEC Technical Advisor: Dr. Klaus Henrichs 
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COMMITTEE ON INTERAGENCY RADIATION RESEARCH 
AND POLICY COORDINATION 

WORKSHOP ON INTERNAL DOSIMETRY 
April 6 - 9, 1992 
Atlanta, Georgia 

SESSION PARTICIPANTS 

A. MODELING/METABOLIC DATA 

Chair: Dr. Joel Rabovsky (DOE) 
U.S. Technical Advisor: Dr. Kenneth Skrable (Univ. of Mass.) 

CEC Technical Advisor: Dr. Mike R. Bailey (NRPB) 

A.l Applications and Limitations of ICRP and Other Metabolic Models 
Reviewers: Dr. Raymond A. Guilmette (ITRI) and Mr. Charles T. Schmidt (LBL) 

• Respiratory Tract Models 
• Gastrointestinal Tract Models 
• Systemic Models 

A.2 Concepts, Applications, and Implementation of the Proposed ICRP Lung Model 
Reviewer: Dr. Anthony C. James (PNL) 

• Evaluation of Doses, ALIs, and DACs 
•• Estimation of Intakes and Exposures 
• Implications for Design and Conduct of Bioassay Programs 

A.3 Estimation of Intakes from Repetitive Bioassay Data 
Reviewer: Dr. Kenneth Skrable (University of Massachusetts, Lowell) 

• From Acute Intakes 
• From Chronic Intakes 
• From Statistical Fits Based Upon Reference Man Versus Models and Parameter 

Values Estimated From the Data of Exposed Workers 
• From Non-Statistical Methods 

A.4 Chelation Models for Plutonium Urinalysis Data 
Reviewer: Mr. Thomas R. LaBone (SRP) 

• Inhalation Intakes 
• Wound Intakes 

A.5 Other topics, as recommended by session participants 
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OTHER SESSION PARTICIPANTS: 

Mr. Donald E. Bihl (PNL) 
Ms. Elizabeth M. Brackett (MMES) 
Mr. Frazier Bronson (Canberra) 
Mr. Eric L. Darois (New Hampshire Yankee) 
Dr. Patricia W. Durbin (LBL) 
Dr. William C. Inkret (LANL) 
Dr. Ed Powers (NRC) 
Dr. Otto G. Raabe (UC, Davis) 
Mr. Robert Robinson (GE) 
Mr. Leonard R. Smith (DuPont) 
Mr. James E. Tarpinian (Bechtel National) 
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B. DATA BASES/REGISTRY DATA 

Chair: Dr. Tom Crites (DOE) 
U.S. Technical Advisor: Dr. John Auxier (ITC) 

CEC Technical Advisor: Dr. J. A. B. Gibson (Harwell Lab.) 

B.l Transuranium/Uranium Registry Data 
Reviewer: Dr. Darrell R. Fisher (PNL) 

• How much data is available and how good is it? 
• Do available data include a significant number of Whole Body Counts and Urine 

Analysis? 
• Are there much data available from tissue/autopsy analysis? 

B.2 Autopsy Tissue Analysis 
Reviewer: Dr. Luiz Bertelli (University of Utah) 

• How much tissue analysis data are available? 
• Are there significant sources not included in the uranium-transuranium registry? 

B.3 Bioassay/Whole Body Counting 
Reviewers: Dr. George W. Campbell (LLNL) and Dr. Darrell R. Fisher (PNL) 

• Where are the best sources of Bioassay and Whole Body Counting Data—i.e., in 
vitro and in vivo data? 

• How can the data of individual Department of Energy (DOE) contractors be 
assessed? 

• How can other such data bases be assessed? 

B.4 Data Base Formatting and Availability 
Reviewers: Dr. Howard M. Prichard (ITC), Mr. Bruce W. Church (DOE), 

and Dr. Keith F. Eckerman (ORNL) 

• Is formatting going to make the comparisons of data bases difficult? 
• Which sources of data are readily accessible? 
•• Which sources of data are not readily accessible? 

B.5 Other topics, as recommended by session participants 

•• Problems of privacy 
• Problems of organization "turfdom" 
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POINTS FOR DISCUSSION: 

Urine Analysis Data: one of bigger bases is uranium; how much data are available and how 
good they are; good small base on Americium 

Whole Body or Lung Counting Data: also a big data base on uranium; Thorium is also 
important, as are all bases on Plutonium and Americium; how much data are available and 
how good they are 

Autopsy and Tissue Analysis Data Bases: e.g., uranium and transuranium registries 

DOE Contractor Data Bases: number, quality, and accessibility 

Nuclear Regulatory Commission (NRC) Licensee Data Bases: number, quality, and 
accessibility 

Non-U.S. Data Bases and Registries: 

- U.K. 
- IAEA 
- WHO 
- EURATOM 
- Other 

OTHER SESSION PARTICIPANTS: 

Dr. Fun Fong (ORAU) 
Ms. Cynthia Jones (NRC) 
Dr. William A. Mills (ORAU) 
Dr. James W. Neton (Westinghouse) 
Dr. Robert G. Thomas (ANL) 
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C. COMPUTATION AND DOSE CALCULATION 

Chair: Ms. Charleen Raddatz (NRC) 
U.S. Technical Advisor: Dr. John Poston (Texas A&M Univ.) 

CEC Technical Advisors: Dr. Klaus Henrichs (IS) 
Dr. J. Piechowsky (DPHD) 

C.l An Overview of Calculational Techniques in Use Today 
Reviewer: Dr. John Poston (Texas A&M University) 

C.2 The Perfect Code 
Reviewer: Mr. Thomas R. LaBone (SRP) 

• What would it do? 
• How would it differ from what we have now? 
• What do we need to produce this code? 
• How would it compare with codes like CINDY, RBD, INDOSE, REMEDY, and 

others? 

C.3 Dose Calculations Based on Individuals Instead of Averages 
Reviewer: Mr. David Hickman (LLNL) 

• Defining the Body Using MRI Techniques 
• Combining MCNP and MRI to Replace Standard Man 

C.4 From Macro Dosimetry to Micro Dosimetry 
Reviewer: Dr. Darrell R. Fisher (PNL) 

C.5 Other topics, as recommended by session participants 

OTHER SESSION PARTICIPANTS: 

Dr. W.E. Bolch ((Texas A&M University) 
Dr. Richard J. Brake (LANL) 
Dr. Fun Fong (ORAU) 
CDR Eric Kearsley (DOD) 
Dr. Neal Nelson (EPA) 
Dr. Michael G. Stabin (ORAU) 
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