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COMMITTEE ON INTERAGENCY RADIATION RESEARCH 
AND POLICY COORDINATION 

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

MEMORANDUM 

TO: Dr. John H. Gibbons, Assistant to the President for Science and Technology, 

Office of Science and Technology Policy 

THRU: Dr. Philip R. Lee, Chairman, Committee on Health, Safety and Food R&D 

FROM: Dr. Alvin L. Young, Chairman, Committee on Interagency Radiation Research 

and Policy Coordination (CIRRPC) A A U . 

DATE: September 18, 1995 

SUBJECT: The CIRRPC Final Report 
Your letter of February 10, 1995 advised me that CIRRPC would not be re-chartered and that 
I was to initiate actions to bring to closure all of the Committee's programs and activities by 
September 30, 1995, the closing date of the 1995 Fiscal Year budget. Enclosed is the Final 
Report of the Committee on Interagency Radiation Research and Policy Coordination: 1984-
1995, which is being submitted in fulfillment of your instructions. 

CIRRPC was chartered on April 9, 1984, by Dr. George A. Keyworth II, then Science Advisor 
to the President and Director of the Office of Science and Technology Policy (OSTP). Dr. 
Keyworth saw a continuing need to address Congressionally mandated and agency-instigated 
issues related to radiation research and policy. He was concerned with ensuring that regulations 
to control radiation exposures in the workplace and, especially, levels of radioactive materials 
in the environment were based on the best available and credible scientific evidence regarding 
human health effects. He therefore established CIRRPC as a committee of the Federal 
Coordinating Council for Science, Engineering and Technology (FCCSET) to address this need 
and to serve as a forum where its 18 member agencies could exchange information and discuss 
and resolve issues of national significance. In 1994, CIRRPC became a subcommittee of the 
Committee on Health, Safety and Food, under the National Science and Technology Council 
(NSTC). 

The Committee endeavored to meet the responsibilities assigned to it by OSTP as it addressed 
a number of issues, including those concerned with protection standards, compensation, 
measurements, emergency preparedness, and public information. More than two dozen CIRRPC 
major reports have been distributed, used, and referenced throughout the Government, 
universities, the private sector and the international radiation protection community. Preparing 
these reports was challenging and often controversial. This was especially true when CIRRPC 
addressed interagency issues associated with radon, electromagnetic fields, and radiation 
protection standards, such as the standards for radioactivity in drinking water. The Final Report 



not only highlights our efforts on these issues, but also provides a strategic plan for future 
radiation research and a list of topics for future attention by the interagency committee that will 
follow CIRRPC 

In addition to submitting this report, I will share with you a few personal observations I have 
gleaned from my service as Chairman of CIRRPC. For an interagency committee to function 
effectively, it must meet the tests of continuity, competency, and consensus. In CIRRPC's case, 
its continuity over the past 11 years allowed it to be nationally and internationally recognized 
as the focal point for U.S. Federal interagency radiation activities. The key to earning this 
recognition was the availability of a Secretariat consisting of a small, full-time staff and a neutral 
facility. Second, the Science Panel gave CIRRPC the competency and the credibility necessary 
to ensure that the best science was provided for the resolution of issues addressed by CIRRPC. 
A dilemma recognized by the Committee has been the gradual loss of scientific expertise in 
radiation sciences within our Federal agencies. This situation does not portend well for the 
ability of our Federal agencies to provide advice or for the future use of radiation technology for 
the benefit of our society. 

The issue of "consensus" speaks to the necessity and the willingness of all agencies to use 
interagency mechanisms to resolve issues, and clearly most Federal agencies have a vested 
interest in participating in the process. In the last few years, unfortunately, CIRRPC was not able 
to achieve this consensus. The Federal Radiation Council guidance authority, which was 
provided for in the Atomic Energy Act and was transferred to the Environmental Protection 
Agency (EPA) Administrator by the President's Reorganization Plan in 1970, has become a tool 
for independent action without consensus, rather than for cooperation in addressing radiation 
issues. As noted in the September 1994 report of the General Accounting Office (GAO/RCED-
94-190), "...in general, EPA deals directly with other agencies on radiation policy rather than 
through the forum of CIRRPC." I believe EPA is chiefly influenced by its regulatory 
responsibilties and that its views on radiation policy matters are shaped accordingly. I suggest 
that the Federal Radiation Council guidance authority to advise the President, with respect to 
radiation matters, should be lodged in OSTP. 

Lastly, I would like to acknowledge the contributions of the many individuals who constituted 
the membership of CIRRPC and its panels and subpanels. The high standard of dedication and 
professionalism demonstrated by the hundreds of men and women representing our Federal 
agencies is an outstanding tribute to this Nation's radiation protection community. It has been 
a great honor and a privilege for me to have served as Chairman of the Committee on 
Interagency Radiation Research and Policy Coordination. 
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PREFACE 

Radiation plays a role in all segments of American society—in health, energy, defense, 
communications, transportation, space exploration, foreign affairs, etc.—either in the form of 
technology or research. Total avoidance of exposure is not possible because radiation and 
radioactive materials are ubiquitous in our natural environment. Whether they are 
electromagnetic waves ("ionizing" and "nonionizing") that emit radiant energy or radionuclides 
that emit ionizing particles, radiation sources have beneficial and/or detrimental attributes (health 
risks). Therefore, it is necessary to ensure that Federal policies and research applicable to the 
use and control of these sources are well coordinated and integrated. The creation and 
maintenance of a convenient neutral forum that provides opportunities for examining various 
agency interests in a given radiation issue is an important government responsibility in meeting 
public interests and goals because such policies and research cut across many Federal agencies. 

The need to achieve public expectations is mandatory in regard to Federal policies that 
involve the assurance of protecting public health and safety. The evolution of radiation 
protection, from the beginning of the "atomic age" and even earlier, has involved the recognition 
of the need for interagency and international coordination. Over this history, both public and 
governmental organizations have been established to achieve this public assurance. Examples 
of non-Federal organizational mechanisms established in the past to meet this recognized need 
are the National Council on Radiation Protection and Measurements and the International 
Commission on Radiological Protection. At the Federal level, two past organizations, the Federal 
Radiation Council (established by President Eisenhower) and its successor organization, the 
Radiation Policy Council (established by President Carter), and the Interagency Radiation 
Research Committee performed this important coordinating activity. 

By charter, dated April 9,1984, Dr. George A. Keyworth II, Science Advisor to the President 
and Director of the Office of Science and Technology Policy (OSTP), established the Committee 
on Interagency Radiation Research and Policy Coordination (CIRRPC) to address national and 
international issues involving ionizing and nonionizing radiation. OSTP recognized the 
importance of the effective coordination of the Federal government's multiagency programs to 
ensure that matters of policy involving radiation and radioactive materials would be based on 
sound science established through scientific research and technological developments. 

Senior "policymakers" from 18 Federal departments and agencies constituted the 
Committee's membership. In addition, 14 of these departments and agencies were represented 
by senior scientists on the Committee's Science Panel. The Chairs, Vice-Chairs, and Executive 
Secretaries of the Committee and the Science Panel constituted CIRRPC's six-member Executive 
Committee. A unique attribute of CIRRPC was the availability of a supporting administrative 
and technical staff, funded by multiagency contributions. Oak Ridge Associated Universities 
(ORAU), a not-for-profit management and operations contractor, provided this service. An 
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employee of the Department of Energy served as Technical Director for the ORAL) support 
project and was an ex-officio member of the CIRRPC Executive Committee. 

In the 11 years since it was chartered, CIRRPC established various policy and science 
subpanelsto undertake the oftentimes difficult task of resolving and coordinating agency policies 
and responses to issues dealing with radiation. Issues addressed by these subpanels included, 
among others, the metrication of radiation units, the policy impact of the radioepidemiological 
tables, naturally occurring and accelerator-produced radioactive materials, radon protection and 
health effects, pre-disaster planning for human health effects research, ionizing radiation risk 
assessment, and the health effects of low-frequency electric and magnetic fields. These 
subpanels and the reports they produced represent CIRRPC's efforts to seek a common position 
on issues of national significance and interest. The monthly Science Panel and Executive 
Committee meetings, as well as the Policy Meetings attended by all the member agencies' policy 
representatives, served as the mechanism for keeping CIRRPC and its members informed of 
developments related to radiation and scientific issues of mutual interest; for conductingbriefings 
on activities, including research programs; and for reviewing the CIRRPC program and the 
reports developed by the science and policy subpanels. 

In November 1993 President Clinton established (by Executive Order 12881) the National 
Science and Technology Council (NSTC) to coordinate science, space, and technology policies 
throughout the Federal government. The Committee on Health, Safety and Food Research and 
Development (CHSF) was created as one of nine committees under NSTC. Early the following 
year, in the FY95 Program Document prepared by OSTP, CIRRPC was listed as one of the CHSF 
standing subcommittees, which had existed under the Federal Coordinating Council for Science, 
Engineering and Technology, that would "continue to exist under NSTC." The need for an 
interagency committee on radiation research (a "Subcommittee on Radiation Research") was 
agreed upon, pending CHSF review and redirection of current interagency work in that area. 
In July 1994 CHSF Chair Dr. Philip R. Lee requested CIRRPC to submit a report to familiarize 
himself and the CHSF representatives with CIRRPC and "to provide a starting point for discussion 
of the role for CIRRPC in relation to the CHSF." 

The CIRRPC report was submitted to Dr. Lee and was circulated among CHSF members for 
comment. At the December 14 CHSF meeting to discuss CIRRPC, Dr. Lee concluded that the 
final decision on CIRRPC's future role rested with the OSTP Director, Dr. John H. Gibbons. The 
discussions at the meeting focused on the fact that there was a role for CIRRPC, but that the 
Committee did not fit into the CHSF structure because CIRRPC's role was broader and different 
from those of other CHSF subcommittees. 

In February 1995 Dr. Gibbons informed the CIRRPC Chairman that the Committee's charter 
would not be renewed.1 Among the factors Dr. Gibbons cited were the creation of NSTC as 
"the Administration's mechanism for addressing interagency science and technology issues," the 

'A copy of Dr. Gibbons' letter is provided in Appendix A. 
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General Accounting Office report2 on nuclear health and safety, and the Administration's efforts 
to create "a government that works better and costs less." Dr. Gibbons accepted the CHSF 
recommendation to phase out CIRRPC's activities on the basis of these factors and the 
understanding that CHSF would establish a new subcommittee to coordinate interagency 
radiation research activities, "in accordance with NSTC roles and responsibilities." 

On February 16, the CIRRPC Executive Committee met to determine the elements and 
actions necessary for phasing out CIRRPC's operations. The Executive Committee recommended 
a phase-out date of no later than September 30, 1995, the end of the fiscal year. The CIRRPC 
Science Panel then took steps to close out the remaining Science Panel and subpanel activities.3 

This CIRRPC final report is a record of CIRRPC's activities and accomplishments. It 
provides information on the lessons learned throughout CIRRPC's history of more than 11 years 
and suggestions for the new radiation subcommittee regarding agency issues and concerns that 
should be addressed. The recommendations and conclusions from the numerous policy and 
science reports published by CIRRPC are summarized in the main body of this report. The 
subpanels that were unable to complete all the tasks outlined in their work statements before 
CIRRPC was phased out were provided an opportunity to include a summary of their activities 
and preliminary recommendations and conclusions as an appendix to the report. It should be 
noted, however, that the subpanel recommendations and conclusions in the appendices did not 
undergo the usual, extensive review process that CIRRPC reports underwent before publication; 
therefore, they represent the opinions only of the members of the subpanels, not of CIRRPC. 

The report is divided into three sections. Section I provides a summary of CIRRPC's history, 
structure, and operations. CIRRPC's most significant activities, findings, and recommendations 
on national radiation issues of sufficient importance and scope to require interagency attention 
are highlighted in Section II. Section III identifies several topics for future consideration by the 
Federal agencies. The appendices include materials referred to in the body of the report and 
a list of acronyms (Appendix P). 

2U.S. General Accounting Office, Nuclear Health and Safety: Consensus on Acceptable Radiation 
Risk to the Public is Lacking, GAO/RCED-94-190 (September 1994). 

3A chronology of events leading to the phase out of CIRRPC is provided in Appendix B. 
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I CIRRPC: Its History and Legacy 

CIRRPC'S GOAL 

CIRRPC's goal was to complement Federal agency radiation research and policy activities 
by coordinating radiation matters among its member agencies, evaluating radiation research, and 
providing advice on the formulation of radiation policies. Its function was not to change or 
diminish the statutory authority or responsibility of any agency or department. It was to act as 
a neutral forum where its member agencies could discuss and resolve radiation issues to best 
serve national interests. 

A. HISTORY, STRUCTURE, AND OPERATIONS 

CIRRPC was chartered on April 9, 1984 by Dr. 
George A. Keyworth II, 4 ' 5 then Science Advisor to 
the President and Director of the Office of Science 
and Technology Policy (OSTP), after the charters of 
three earlier interagency committees dealing with 
radiation had expired. Dr. Keyworth saw a 
continuing need to address Congressionally 
mandated and agency-instigated issues related to 
radiation research and policy. He established 
CIRRPC as the single Federal Coordinating Council 
for Science, Engineering and Technology (FCCSET) 
committee charged to address this need and to serve 
as a forum where its member agencies could 
exchange information and discuss and resolve 
radiation issues of national significance. 

CIRRPC became a subcommittee of the 
Committee on Life Sciences and Health in January 
1991 after the FCCSET committees were reorganized 
and rechartered. In 1994 President William J. 
Clinton created the National Science and 
Technology Council (NSTC), and CIRRPC became a 
subcommittee under the NSTC's Committee on 
Health, Safety and Food Research and Development 
(CHSF). 

A copy of Dr. Keyworth's memo is provided in Appendix C. 

5A copy of the CIRRPC charter is provided in Appendix D. 

CIRRPC'S LOCATION 
IN THE EXECUTIVE BRANCH 

EXECUTIVE OFFICE OF THE PRESIDENT 

NATIONAL SCIENCE AND 
TECHNOLOGY COUNCIL 

(NSTC) 

COMMITTEE ON HEALTH, 
SAFETY AND FOOD R&D 

COMMITTEE ON INTERAGENCY 
RADIATION RESEARCH 

AND POLICY COORDINATION 

18 MEMBER AGENCIES 



CIRRPC was made up of 18 member agencies that were each represented by subcabinet 
or senior policy officers.6 These officials represented their agencies on CIRRPC and its subpanels 
and reviewed and approved reports developed by CIRRPC. A Chair, a Vice Chair, and an 
Executive Secretary served as CIRRPC's officers. CIRRPC held general Policy Meetings two or 
three times a year to review the program and to address radiation policy issues that cut across 
multiple Federal agencies. Topics covered in Policy Meetings included risk assessment and risk 
management, cooperative radiation research activities between the United States and the former 
Soviet Union, decommissioning and cleanup criteria related to waste management, health 
concerns over exposures to depleted uranium during the Persian Gulf War, and the status and 
scientific significance of the Radiation Effects Research Foundation (RERF), a program jointly 
managed by the United States and Japan. These briefings served as an effective means for 
sharing information and enhancing cooperation on the topics discussed. 

The CIRRPC Science Panel was composed of senior science representatives from 15 
member agencies with interest in technical and scientific issues. The Science Panel also had a 
Chair, a Vice Chair, and an Executive Secretary. These officers made up the Science Panel 
Executive Committee, whose principal responsibilities were to develop agendas for the Science 
Panel meetings and to oversee the progress of the numerous Science Panel activities. The 
Science Panel met monthly not only to discuss radiation and scientific issues of mutual interest, 
but also to conduct briefings on activities, including research programs, and to review reports 
developed by the science subpanels. 

The CIRRPC and the Science Panel officers made up the CIRRPC Executive Committee, 
which was responsible for overall planning and for the general management of CIRRPC's 
programs and resources.7 The Department of Energy (DOE) Technical Assistance Director also 
participated in the deliberations and activities of the Executive Committee. CIRRPC's operations 
were governed by procedures set forth in the Report of the Ad Hoc Group on CIRR.PC 
Procedures (1991). Both the CIRRPC and the Science Panel Executive Committees also held 
monthly meetings. 

The technical and administrative support required to facilitate CIRRPC's operation was 
provided through a DOE contract with Oak Ridge Associated Universities (ORAU), a not-for-
profit research and development consortium of universities and colleges. Throughout the 
Committee's 11-year existence, highly professional and competent individuals from ORAU were 
affiliated with CIRRPC's programs. A list of these individuals is provided in Appendix G. 

In addition to working through its subpanels, CIRRPC maintained its commitment to public 
education and information on radiation issues by supporting education-related activities, projects, 
and workshops, as well as the appointment of university professors for one-year sabbaticals with 
CIRRPC. 

6A list of CIRRPC member agencies and their representatives is provided in Appendix E. 

7A list of CIRRPC Executive Committee members is provided in Appendix F. 

2 



B. ISSUES 

CIRRPC pursued issues as a direct result of agency requests, in response to mutual interest 
among its members, or at the request of OSTP. Once an issue was brought to the attention of 
CIRRPC, the CIRRPC Executive Committee determined whether or not to accept the issue. 
Issues were usually accepted if they were of interest to more than one member agency, of 
national importance, and within the scope of CIRRPC's charter. Approval of an issue also 
depended on the Executive Committee's determination that the necessary staff and financial 
resources required for undertaking the issue were available. 

Issues of interest to CIRRPC included: 

• ensuring a sound scientific basis for radiation protection standards; 

• updating health risk estimates, including their accompanying uncertainties; 

• building consensus among Federal agencies on radiation policies and research needs; 

• facilitating improvements in public perceptions of radiation exposures and radioactivity; 

• reviewing and facilitating consistency in proposed regulatory requirements; and 

• reviewing assessments of radiation risk from specific sources at doses and dose rates 
experienced by workers and the public, such as routine releases of radioactivity from 
operating facilities and potential releases from waste disposal sites. 

C REPORT DEVELOPMENT 

CIRRPC usually expressed its views on radiation research and policy issues through the 
publication of reports. Once the decision was made to accept an issue, the CIRRPC Executive 
Committee determined whether or not the issue involved primarily scientific or policy questions 
and chose the procedure for developing the report. Normally, CIRRPC reports were developed 
by either a policy or a science subpanel established for that particular purpose, but it was also 
possible to address the issue through other mechanisms (e.g., through contracts with outside 
organizations, such as the National Academy of Sciences [NAS] and the National Council on 
Radiation Protection and Measurements [NCRP], by the Executive Committee itself, or by the 
ORAU/CIRRPC Secretariat). Regardless of the mechanism chosen, the first step in the 
development of a CIRRPC report was the preparation and approval of a work statement that 
clearly stated the tasks required to address the issue. 

D. REPORT REVIEW 

The review and approval process for CIRRPC reports gave all CIRRPC member agencies and 
their representatives the opportunity to provide comments and input. The goal was to achieve 
consensus on all CIRRPC policy and science reports. However, in cases where consensus was 
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not possible, a report reflecting the range of the CIRRPC member agencies' positions was 
prepared, as stipulated in the CIRRPC procedures document.8 

Aside from reviewing its own reports, CIRRPC also coordinated interagency reviews of draft 
reports developed by member agencies, as requested. 

E. INTERACTIONS WITH THE NATIONAL 
AND INTERNATIONAL SCIENTIFIC COMMUNITIES 

In addition to participating in interagency activities, the CIRRPC Executive Committee and 
the agency representatives to CIRRPC, its Science Panel, and subpanels also interacted with 
numerous national and international scientific organizations. 

National organizations that frequently met with or exchanged scientific information with 
CIRRPC included the National Academy of Sciences/National Research Council (NAS/NRC) (see 
Section II.D.1), NCRP (see Sections II.C.1, II.C.5, and II.F.4), and the Health Physics Society (see 
Section II.J.1). Other U.S. organizations that periodically interacted with CIRRPC included the 
Conference of Radiation Control Program Directors, the American National Standards Institute, 
the Electric Power Research Institute, and the Nuclear Energy Institute (formerly the Nuclear 
Management and Resources Council). 

Several times during its existence, the CIRRPC member agencies considered what role the 
Committee might play in assuring that U.S. participation in international organizations was 
consistent with U.S. radiation policies and in encouraging cooperation in research and 
information exchange. 

One of the results of these discussions was the issuance of two reports on the Federal 
government's participation in international programs. Each of the reports contains: 

• points of contact within the Federal agencies that have liaisons with international 
organizations and an interest in radiation matters; 

• Federal employee attendance at international meetings on radiation matters; and 

• a list of international organizations that routinely invite agency representatives to 
participate in such meetings. 

These reports clearly illustrate the extensive involvement that Federal agencies have with the 
international radiation protection and research communities. 

CIRRPC coordinated its efforts with international scientists and policymakers who, in turn, 
recognized the importance of having access to a U.S. interagency committee with representatives 
from 18 Federal agencies. Members of the international scientific community regularly 

JA list of CIRRPC reports is provided in Appendix H. 
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interacted with CIRRPC and participated in some of its activities. Specific examples of CIRRPC's 
activities dealing with international issues and interactions with the international radiation 
protection and research communities include the following. 

• Periodic meetings were held between the CIRRPC Executive Committee and 
representatives of the United Kingdom's National Radiological Protection Board and the 
International Commission on Radiological Protection (ICRP) to exchange information on 
the status and development of U.S. and European radiological protection issues. 

• The CIRRPC task group responsible for the report on research needs to better determine 
the biological effectiveness of neutrons included two prominent scientists from the 
Medical Research Council in the United Kingdom and the Institute of Applied 
Radiobiology and Immunology, TNO, in Rijswijk, the Netherlands (see Section II.E.1). 
This arrangement was specifically requested by DOE to allow the task group to benefit 
from the European research community's expertise in this area. 

• Electricity de France, the major French electric utility, invited three of the experts 
involved in the development of the ORAU report on the health effects of low-frequency 
electric and magnetic fields to participate in an international workshop on the issue. 

• Representatives from the European Union (formerly the Commission of European 
Communities [CEC]) participated in a 1992 CIRRPC-sponsored workshop on research 
needs in internal dosimetry, as part of CIRRPC's broader effort to identify research to 
resolve occupational radiation protection issues (see Section II.1.5). CIRRPC and the 
Union also interacted regularly on radiation issues of mutual interest to the United States 
and the European community. 

• CIRRPC devoted its July 1994 Policy Meeting to a discussion of several aspects of RERF, 
a program jointly funded by the United States and Japan to assess the human health 
effects of ionizing radiation exposure among the Japanese A-bomb survivors and their 
offspring. Speakers were invited to address the Foundation's long history and its current 
activities, the scope and amount of data and resources available to RERF and their 
applicability to other studies, and the management and financial issues associated with 
the Foundation's future. CIRRPC and its member agencies were concerned about RERF's 
prospects and the continuation of NAS' managerial oversight of U.S. participation in the 
program. Because data derived from the program constitute the most important source 
of basic information available on radiation risk and form the foundation for radiation 
protection practices worldwide, scientific credibility of the study, as established by NAS, 
is vital to their use (see Section II.D). 
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F. FUNDING AND CONTRACTOR SUPPORT 

Federal agencies are authorized by statute9 and by Presidential Executive Order 1 0 to make 
resources available for interagency committee activities such as CIRRPC. In accordance with 
this authority, member agencies were contacted by letter before the beginning of each fiscal year 
and were asked to provide funds for CIRRPC's operating costs by transferring funds directly to 
DOE's Oak Ridge Operations Office. The funds were available for CIRRPC's use through the 
Management and Operating (M&O) contract between ORAU and DOE, and were expended on 
a monthly basis to cover costs. Under the contract, ORAU, a not-for-profit research and 
development consortium of universities and colleges, also provided the technical and 
administrative support required to facilitate CIRRPC's operations. 

Each year ORAU prepared a proposed financial plan, based on the estimated costs for the 
successful operation of CIRRPC for the fiscal year. These costs included office rent, supplies, 
printing, publications, equipment, communications, expert consultants, travel, personnel salaries, 
benefits, and other necessary expenditures, such as contracts with NAS and NCRP. Specific 
examples of CIRRPC projects funded by multiagency contributions through the DOE/ORAU 
arrangement included the NAS/NRC report, Health Effects of Exposure to Low Levels of Ionizing 
Radiation: BEIR V (approximately $900,000); the NCRP reports on collective dose and radon 
(approximately $250,000); and the ORAU report, Health Effects of Low-Frequency Electric and 
Magnetic Fields (approximately $550,000). The total overall CIRRPC budget was approximately 
$1.2 million per year. 

The benefits of this arrangement to the government were many, including the ability to 
provide rapid and expert technical, contractual, and consultant support. But perhaps the most 
important benefit was having CIRRPC's operations housed in a central and neutral facility that 
served as a focal point for the radiation coordination activities of the member Federal agencies 
and departments. Thus, this contractual arrangement provided a stable, long-term method that 
enabled the Committee to operate continuously for over 11 years. No other arrangement would 
have been able to support the hundreds of subpanel, Executive Committee, Science Panel, and 
Policy meetings and other CIRRPC activities, including the publication of reports. 

9FCCSET was established by the National Science and Technology Policy, Organization and 
Priorities Act of 1976 (P.L. 94-282), 42 U.S.C., 6651G. 

10FCCSET was reestablished by Executive Order 12039, dated February 24, 1978. 
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CIRRPC Activities, Findings, 
and Recommendations 

II on Specific National Radiation Issues 

At the first CIRRPC meeting on May 25, 1984 the member agencies were requested to 
identify radiation issues of current concern to them. A similar request was sent to appropriate 
Congressional committee chairs and their members and to national professional organizations 
concerned with radiation matters. This section follows the list of national radiation issues 
developed as a result of this exercise and summarizes CIRRPC's activities and reports in response 
to these concerns. 

A. FEDERAL RADIATION POLICY, 
REGULATIONS, AND STANDARDS 

As noted in Section I, radiation plays some role in all segments of American society, and, 
thus, most Federal departments and agencies have interests in Federal policies that affect the 
production, application, and control of radiation-producing machines and radioactive materials. 
In some instances, these policies are implicit, such as in the acceptance of nuclear-generated 
electric power as an energy option and in the use of radioisotopes in medicine and research. 
In other cases, policies are more explicit, such as in the development, promulgation, 
implementation, and enforcement of regulations designed to ensure that radiation benefits are 
achieved with adequate protection for public health and the environment. A major raison d'etre 
for establishing CIRRPC and its predecessor organizations was to enhance cooperation and 
organization among Federal agencies to achieve coordination on regulations—based on the best 
available science—to protect workers and members of the general public. 

CIRRPC ACTIVITIES AND REPORTS 

1. A Compendium of Major U.S. Radiation Protection Standards 
and Guides: Legal and Technical Facts (ORAU Report, 1988; Updated: 1992) 

The Compendium is a one-volume source of information on major U.S. radiation protection 
standards and guides applicable to workers and the general public. The idea for the 
Compendium resulted from the survey of radiation issues of concern conducted by CIRRPC and 
discussed above. The government agencies, Congress, industry representatives, professional 
organizations, and individuals in the radiation protection community who responded to the 
survey expressed the need for: 

• consistent Federal radiation policies and reviews of existing standards and regulations; 
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• mutually consistent and coordinated radiation regulations and standards, particularly 
those involving multiple agencies and jurisdictions; 

• the establishment of radiation levels below regulatory concern; 

• the coordination of U.S. policies and positions on radiation issues at international 
meetings; 

• clarification of an "as low as reasonably achievable" (ALARA) policy; 

• scientifically based standards; 

• an examination of "umbrella" dose limits, dose commitment methodology, collective 
dose application, etc.; and 

• the introduction of a risk-based standards system using standardized radiation risk 
estimation techniques and comparability with other risks. 

In addition to these expressed needs, a June 1985 letter to the Science Advisor to the 
President from the Secretary of Commerce specifically suggested that CIRRPC (a) study the 
problem of inconsistency in regulations and the lack of an agreed-upon level of radiation 
exposure at which "no radiation hazard exists" and (b) assist agencies in achieving consistent 
Federal guidelines. In August 1985 the Director of DOE's Office of Energy Research expressed 
similar concerns and suggested that CIRRPC "develop and publish for Federal agency use, a 
coordinated and modernized guide for the development and implementation of radiation 
protection standards." 

The Compendium contains summaries of legal and technical facts on requirements for over 
20 radiation protection standards. It includes Federal Guides on radiation protection, approved 
by Presidential signature, as well as standards promulgated or proposed by the Environmental 
Protection Agency (EPA), the Nuclear Regulatory Commission (NRC), the Occupational Safety 
and Health Administration, the Mine Safety and Health Administration (MSHA), and the Food 
and Drug Administration. Aside from serving as a source of information on standards and 
guides, the Compendium also clearly reveals the degree, or lack, of consistency among them. 

In 1992 an update was developed on the following five new/revised Federal Standards. 

• 40 CFR 61 , EPA National Emission Standards for Hazardous Air Pollutants: 
Radionuclides (1989). 

• 40 CFR 141, EPA's Proposed National Primary Drinking Water Regulations for 
Radionuclides (1991). 

• 40 CFR 192, EPA's Proposed Standards for Remedial Actions at Inactive Uranium 
Processing Sites (1987). 
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• 10 CFR 20, NRC Standards for Protection Against Radiation (1991). 

• 10 CFR 61 , NRC Requirements for Land Disposal of Low-Level Radioactive Waste 
(1982,1989). 

The need for such a document on U.S. radiation protection guides and standards is evident 
in the current use of this reference by over 800 scientists, lawyers, and professional 
organizations. 

2. Review of EPA's 1991 Proposed 
Drinking Water Regulations for Radionuclides (1991) 

In a memorandum, dated December 4, 1991, OSTP requested CIRRPC to conduct an 
independent review of the scientific basis of EPA's proposed drinking water regulations, in 
accord with a prior request from the Office of Management and Budget. The proposed 
regulations would limit concentrations of radon, radium, uranium, beta- and gamma-emitting 
radionuclides, and other alpha-emitting radionuclides in drinking water. 

With the exception of EPA (because of its direct involvement), the CIRRPC Science Panel 
members were asked to provide reviewers to comment on both the proposed regulations and 
the background and criteria documents, in light of comments and recommendations made by 
the EPA Science Advisory Board's Subcommittee on Radioactivity in Drinking Water. The 
CIRRPC reviewers concluded that "...many, if not all, of theMCLs [maximum contaminant levels 
proposed by EPA] may be safely raised or eliminated, and that in...promulgatinga final rule for 
radionuclides in drinking water, EPA [should] give further attention to resolving...scientific issues 
in a manner that establishes a credible scientific base for its proposed regulation." These 
conclusions were consistent with the EPA Science Advisory Board subcommittee's opinions. 
CIRRPC's conclusions and recommendations, along with agency and individual comments, were 
transmitted to both OSTP and EPA with a letter from the CIRRPC Chair. 

3. Report of the Executive Committee Regarding EPA NESHAP Regulations 
on Radionuclides for Medical Research Institutions 
and Radiopharmaceutical Manufacturers (1990) 

This CIRRPC Executive Committee report was developed in response to a request from the 
OSTP Associate Director for Life Sciences. CIRRPC was asked to determine the validity of 
comments submitted by the American College of Nuclear Physicians (ACNP) and the Society for 
Nuclear Medicine (SNM) in relation to EPA's proposed National Emission Standards for 
Hazardous Air Pollutants (NESHAPs): Radionuclides. ACNP and SNM felt that NRC's regulation 
of nuclear medicine activities was adequate and that the EPA standards would only institute dual 
regulation over activities where there were no demonstrated public health hazards to warrant 
additional regulation. 

CIRRPC compiled and reviewed available information relative to the comments submitted 
by ACNP and SNM and solicited input from the National Institutes of Health (NIH) and NRC. 
The report identifies major issues associated with the implementation of the EPA standards and 
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discusses the compiled information in support of these issues. The report also provides 
information on the status of regulatory and Congressional actions at the time. In the report, the 
reviewers concluded that there appeared to be no compelling public health protection reason 
for EPA's promulgation of NESHAP regulations to control air emissions of radioactive materials 
from NRC-licensed facilities engaged in activities associated with the practice and development 
of nuclear medicine. They believed that NRC's existing regulations provided the necessary 
controls for protection and that EPA's regulations would only add burdensome reporting 
requirements at substantial cost to medical treatment and diagnosis. The reviewers also stated 
that implementation of the EPA standards could also impact the availability of nuclear medicine 
practice and delay advancements through research. 

4. Review of Health Standards for Ionizing Radiation 
at Underground Metal and Nonmetal Mines (1988) 

In response to a Department of Labor (DOL) request, CIRRPC reviewed MSHA's revised 
Health Standards for Ionizing Radiation at Underground Metal and Nonmetal Mines. The intent 
of this rulemaking was to improve protection for underground miners by using standards that 
reflected current developments in the principles of radiation protection. As a result of the 
review, CIRRPC informed DOL that it had no objection to the promulgation of the rule. 

B. RADIATION MEASUREMENTS, RECORDS, 
AND CONTROLS 

Federal agencies and professional societies have cited the need for accurate radiation 
measurements in the workplace, hospital, and environment; quality control and the calibration 
of dosimetric instruments; more comprehensive recording of individual radiation exposures; and 
a better means to control occupational radiation exposures. 

CIRRPC subpanels have addressed several elements of the above issues, which were 
identified in CIRRPC's Report on Identification of Federal Radiation Issues (1986). The need for 
"internal dose assessment models and model validation" was addressed at the 1992 CIRRPC 
workshop on internal dosimetry (see Section II.I.5) and a "review of the Federal philosophy of 
radiation control, with regard to implementing a risk-based system" was a regular topic of 
discussion within CIRRPC and its subpanels. 

While not specifically identified as a radiation measurement and records issue of concern 
in the above-referenced report on Federal radiation issues, in 1985 CIRRPC established a 
subpanel to address U.S. policy on the national use of the International System of Units (SI 
[Systeme International] units) in the field of radiation. The subpanel reviewed the impact of the 
use of SI units on international commerce and communications and on U.S. programs and 
prepared a report on this issue. The subpanel's report, SI Metric Radiation Units, is summarized 
below. 
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CIRRPC ACTIVITIES AND REPORTS 

1. SI Metric Radiation Units (1986) 

This report addresses the use of the International System of Units (SI) metric radiation units 
(the coulomb per kilogram, becquerel, gray, and sievert) in place of the conventional radiation 
units (roentgen, curie, rad, and rem). A major portion of the report deals with an analysis of the 
impact of the conversion to SI radiation units in three major areas: radiation protection, 
emergency preparedness, and trade and commerce. In developing the report, the subpanel 
evaluated a spectrum of policy options, ranging from retaining the status quo to establishing a 
deadline date for full conversion. The subpanel found that while the transition to SI radiation 
units was already occurring in some sectors at quite different speeds and that, ultimately, general 
SI usage would take place, the voluntary general conversion to SI radiation units would probably 
be a long-term proposition, given the significant difficulties associated with conversion faced by 
certain sectors. 

The subpanel concluded, therefore, that the Federal government "should not try to influence 
the rate of conversion in any sector; but that it should serve to ease conversion for those sectors 
where conversion is advantageous and to mitigate economic and safety concerns." In its 
recommended policy on the conversion to SI radiation units, the subpanel wrote: 

Recognizing that use of the International System of Units (SI) for radiological quantities 
is increasing internationally but is not currently widely accepted in the United States, 
and recognizing that the existing U.S. policy is to plan for the increasing voluntary use 
of SI units domestically, it is recommended that it be U.S. policy to use dual radiation 
units in Federal activities. However, it is recognized that in certain operational 
situations, by reason of economy or safety, the utilization of dual units is undesirable. 
Therefore, in justified situations, agencies may adopt that system of units which best 
meets their needs. 

C EXPOSURE, DOSE, AND RISK ASSESSMENT 

Risk assessment and risk management are fundamental issues that concern many 
government agencies responsible for protecting members of the general public, as well as 
workers exposed to ionizing radiation. CIRRPC addressed several issues relevant to improved 
radiation risk assessments. These were (a) the assessment of the exposure of the U.S. population 
from all radiation sources (see Section II.C.1), (b) the development of risk estimates based on the 
latest scientific data (see Section II.C.2 and 3), (c) the examination of alternatives to the current 
use of absorbed dose in risk assessment (see Section II.C.4), and (d) the review of how certain 
concepts used in controlling radiation exposures should be used in assessing health risks 
resulting from such exposure (e.g., the collective dose concept, see Section II.C.5). 

In addition, it also should be noted that long-term funding of multidisciplinary research in 
physics, chemistry, and biology has resulted in many scientific advances, especially new insights 
into mechanisms of radiation damage in biological systems and of the molecular, cellular, and 
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systemic factors involved in gene expression and cancer induction (see Section I I.I below). These 
advances have the potential to significantly improve the quality of radiation risk assessment. 

CIRRPC ACTIVITIES AND REPORTS 

1. NCRP Report on the Assessment 
of Radiation Exposure to the U.S. Population 

CIRRPC sponsored an NCRP assessment of the radiation exposure of the U.S. population 
from both natural and manmade sources. NCRP Report No. 93, Ionizing Radiation Exposure 
of the Population of the United States (1987), provides, to date, the most comprehensive 
assessment of the radiation exposure of the U.S. population from all sources. In the report, 
major sources contributing to the 360 mrem (3.6 mSv) average annual effective dose equivalent 
to the U.S. population include natural radioactivity and occupational, nuclear fuel cycle, 
consumer product, miscellaneous environmental, and medical sources. The report's conclusion 
states that: 

Natural sources make the greatest contribution to the average annual effective dose 
equivalent for members of the U.S. population. Among these natural sources, radon 
and radon decay products indoors are the largest contributors to the average annual 
dose equivalent....Among manmade or enhanced sources, medical exposures 
contributed the largest exposure. These exposures are different in character, however, 
from inadvertent exposures, in that they contribute to the benefit of the specific 
individual receiving them. 

2. CIRRPC Science Panel Report No. 8, 
Ionizing Radiation Risk Assessment: BEIR IV (1991) 

In 1986 the Department of Defense (DoD) requested CIRRPC to develop a coordinated 
Federal position on risk assessment for low levels of ionizing radiation. DoD proposed that the 
CIRRPC Science Panel undertake the task of providing coordinated interagency positions on the 
use of information in the reports of such groups as the NAS Committee on the Biological Effects 
of Ionizing Radiation (BEIR), the United Nations Scientific Committee on the Effects of Atomic 
Radiation (UNSCEAR), and NCRP because Federal risk assessment activities are based primarily 
on the scientific data and analyses in authoritative review documents prepared by these groups. 
A CIRRPC science subpanel review of the 1988 NAS report, Health Risks of Radon and Other 
Internally Deposited Alpha-Emitters: BEIR IV, was the first CIRRPC effort in response to the DoD 
request. 

The Subpanel on Ionizing Radiation Risk Assessment reviewed the BEIR IV risk factors for 
exposure to alpha-emitting radionuclides and made some judgments regarding their validity 
and/or the uncertainties involved. The subpanel also discussed the potential impact of these risk 
factors on the Federal agencies and indicated individual risk factors that could be used by them 
in risk assessment. 
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The subpanel concluded that the radon risk value specified in the NAS report does 
represent a basis for Federal agreement; values for other internally deposited alpha emitters are 
acceptable for use, with some conditions. In its concluding remarks, the subpanel wrote: 

...while BEIR IV is not the definitive document originally planned, it is a vital resource. 
Portions of the report offer the potential for consistent use in Federal risk assessments. 
The benefits of BEIR IV as a compilation of our knowledge on the health effects and 
the uncertainties make it a necessary part of every Agency's deliberations. To be 
useful in coming to common ground in risk assessment, it is first necessary that Federal 
agencies understand the extent to which each does or does not intend to use BEIR IV. 

The subpanel believed that the dialogue that began with BEIR IV should be continued in 
reviews of future resource documents. It further recommended the consideration of this pilot 
study "as a first step in the development of a process for the review of BEIR V, UNSCEAR 1988 
and future documents." 

3. Science Panel Report No. 9, Use of BEIR V and UNSCEAR 1988 
in Radiation Risk Assessment: Lifetime Total Cancer Mortality Risk Estimates 
at Low Doses and Low Dose Rates for Low-LET Radiation (1992) 

As the second effort in response to the DoD request described above, CIRRPC established 
a science subpanel review the 1990 NAS/NRC report, Health Effects of Exposure to Low Levels 
of Ionizing Radiation: BEIR V, and the United Nations report, Sources, Effects and Risks of Ioniz
ing Radiation: UNSCEAR 1988. The purpose of the review was to facilitate agency use of the 
reports in a coordinated manner in Federal risk assessment for health effects associated with low 
levels of low-LET (linear energy transfer) ionizing radiation, such as is produced by x rays and 
gamma rays. The main objective of the CIRRPC effort was to identify areas of fundamental 
scientific agreement, after a review of the diversity of analytical approaches and models in the 
BEIR V and UNSCEAR 1988 reports. 

In this report, the subpanel recommends two nominal risk estimates for lifetime total cancer 
mortality, following whole-body exposure to low levels of low-LET ionizing radiation: one for 
the general population and one for the working-age population. The recommended risk 
estimates reflect the general agreement of information in BEIR V and UNSCEAR 1988 for total 
cancer mortality. The subpanel's risk estimates and associated statements are intended to meet 
the needs of the Federal agencies for (a) values that are current, (b) values that are relevant to 
the low-dose and low dose-rate ionizing radiation exposures principally encountered in carrying 
out Federal responsibilities, (c) a statement of the change in the estimates of lifetime total cancer 
mortality relative to estimates in previous authoritative review documents, and (d) a practical 
statement on the scientific uncertainty associated with applying the lifetime total cancer mortality 
values at very low doses. 

BEIR V and UNSCEAR 1988 also provided lifetime cancer mortality risk estimates for certain 
individual tissues or groups of tissues. However, differing judgments were used in the two 
reports to develop these risk estimates, and these differences would need to be reconciled before 
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nominal risk estimates for specific cancers can be recommended for consensus use by Federal 
agencies. 

4. Science Subpanel on a Fluence-Based System 
of Radiation Risk Assessment 

Scientists have long recognized the limitations of conventional dose quantities as an 
adequate predictor of biological effects, in general, and of cancer risk, in particular. However, 
Federal radiation protection programs continue to use the established approach of using 
absorbed dose and derived quantities, such as dose equivalent and effective dose equivalent, 
as the primary quantities on which to base estimates of harm, risk, or detrimental effects because 
no alternative to absorbed dose has been widely accepted. It appears desirable to consider other 
radiation quantities that might be used for risk assessment. Such quantities, when combined 
with the increasingly precise information about biological targets and mechanisms of radiation 
action at the cellular and organism levels, may be able to provide improved estimates of risk 
with smaller uncertainties. 

As a first step in examining alternatives to the current use of absorbed dose in risk 
assessment, the CIRRPC Science Panel established a subpanel to examine the use of particle 
fluence to improve the capability for radiation risk assessment and to estimate the extent to 
which uncertainties associated with risk prediction may be reduced by the use of particle fluence 
for various radiations. This subpanel was established in response to a National Aeronautics and 
Space Administration request because the use of particle fluence (the number of particles per 
unit area traversing a biological target) could be particularly important in the assessment of 
health risks from exposures to particulate radiation, such as radiation from high-Z particles 
encountered by mission personnel during space exploration. 

Because the fundamental risk assessment questions that needed to be addressed had a much 
wider application than just space exploration, the subpane! conducted an overall review of the 
current system of absorbed dose-based risk assessment, as well as of the most promising 
alternative approaches. These included systems based on track structure, risk cross sections, 
microdosimetry, and the hit-size effectiveness function. In the months prior to the phase out of 
CIRRPC, the subpanel was in the process of drafting a report summarizing the models it had 
examined and suggesting areas of research to reduce uncertainties. A status report on the 
subpanel's findings and recommendations is provided in Appendix I. 

5. NCRP Report on Collective Dose 

CIRRPC sponsored a contract with NCRP for a critical review of the concept of collective 
dose, relative to its use in controlling radiation exposure and in assessing health risks resulting 
from such exposures. The concept of collective dose (the product of the numbers of persons 
exposed, multiplied by their average exposure) is used in assessing population health risks and 
in making radiation protection decisions. It is a topic of continuing interest to many Federal 
agencies and other national and international organizations because, in recent years, collective 
dose has been applied ever increasingly to prospective radiation protection problems, 
particularly in relation to the long-term effects of environmental radiation. 
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The June 1995 draft NCRP report, Principles and Applications of Collective Dose in 
Radiation Protection (to be published as NCRP Report No. 121), includes (a) a review of the 
current applications of the collective dose concept, (b) an examination of the scientific basis and 
the validity of applying the concept of collective dose to radiation protection and risk 
assessment, and (c) an examination of the meaning and usefulness of the collective dose 
concept, as used in protecting both workers and members of the general public. 
Recommendations are provided for applying collective dose, based on current scientific 
knowledge of the health effects and potential risk of radiation. 

D. HEALTH EFFECTS OF LOW LEVELS OF RADIATION 

One of the major challenges encountered by Federal agencies, in fact by the entire radiation 
protection community, is determining the health effects of low levels of ionizing radiation; 
information that is obviously necessary in ensuring that U.S. standards adequately protect both 
workers and the general public. At the typically very low levels of occupational and public 
exposures, any effects of radiation can neither be observed nor easily calculated because most 
radiation-induced effects are no different from those that occur spontaneously and because of 
the low statistical probability of detecting any effects, given the high natural occurrence of such 
effects as cancer. Therefore, risk estimates for low levels of radiation must be extrapolated from 
high-dose and high dose rate human-exposure data or from animal and cellular research data. 
The A-bomb survivors in Hiroshima and Nagasaki continue to be the major source of high-dose 
exposure data used for the development of human radiation risk estimates. These data have 
been used by NAS/NRC in a series of reports prepared by the BEIR Committee to advise the U.S. 
government on the biological effects of low levels of radiation. 

CIRRPC ACTIVITIES AND REPORTS 

1. Health Effects of Exposure to Low Levels 
of Ionizing Radiation (BEIR V) (1990) 

Following the reassessment of the A-bomb dosimetry, CIRRPC sponsored an update of the 
1980 NAS/NRC report on the biological effects of ionizing radiation. This report, Health Effects 
of Exposure to Low Levels of Ionizing Radiation: BEIR V, not only evaluated 11 more years of 
Hiroshima/Nagasaki cancer mortality data, but also reviewed new data on persons irradiated for 
medical purposes and relevant experiments with laboratory animals and cultured cells. CIRRPC 
asked the BEIR Committee to use the results of their review of the data to provide, to the extent 
the available information permitted, new estimates of the risks of genetic and somatic effects in 
humans due to both external and internal sources of ionizing radiation. 

The BEIR report includes chapters on (a) the scientific principles, epidemiological methods, 
and experimental evidence for biological and health effects in populations exposed to low levels 
of ionizing radiation, (b) the scientific evidence for heritable effects, (c) a discussion of 
mechanisms involved in the initiation, promotion, and progression of cancer induction, (d) a 
description of the Committee's radiation risk models and the total risk of cancer following whole 
body exposure, (e) site-specific cancer risks for the various organs and tissues of the body, 
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(f) evidence for fetal and other radiation-induced somatic effects, and (g) low-dose 
epidemiological studies. 

The Committee's risk estimates were higher than had been reported in earlier BEIR reports 
due to the new risk models used, the revised dose estimates for the survivors of the Hiroshima 
and Nagasaki atomic bombs, and the new epidemiological data on both the atomic bomb 
survivors and the persons irradiated for medical reasons. The Committee also reported that 
fetuses exposed to low levels of radiation between the eighth and fifteenth week of gestation 
have a higher risk of mental retardation than previously recognized. The Committee also 
concluded that heritable effects of radiation have yet to be clearly demonstrated in humans. 

E. HIGH LINEAR ENERGY TRANSFER RADIATION 

The initial survey of issues of concern to the Federal agencies noted that the biological 
effects of high linear energy transfer (high-LET) radiation, such as neutrons, alpha particles, 
protons, and heavy nuclei, are not as well known as those of low-LET radiation, such as x rays, 
gamma rays, and beta radiation. Specific high-LET radiation issues raised were (a) the neutron 
quality factor and relative biological effectiveness, (b) absorbed doses, (c) dosimetry, (d) dose 
response relationships at low doses and at the molecular, cell, tissue, organ, and organism levels, 
and (e) the effects of internally deposited radionuclides. 

In response to the above concerns, the CIRRPC Science Panel established the Subpanel on 
High Linear Energy Transfer Radiation to monitor the status of research and analyses addressing 
these types of radiations and their biological effectiveness. The subpanel's responsibilities 
included (a) maintaining an awareness of relevant review and assessment activities being carried 
out by national and international organizations addressing high-LET radiation research and/or 
protection related issues and (b) identifying high-LET research needs that had not been or were 
not being addressed by past or current research activities or that have not been addressed by 
national organizations. CIRRPC published reports on two of the above issues: research needs 
to more precisely determine the biological effectiveness of neutrons (see Section II.E.1) and the 
neutron quality factor (see Section II.E.2). CIRRPC also dealt with dosimetry issues as part of 
discussions on occupational radiation protection research needs (see Section II.I.4) and evaluated 
the current risk estimates for internally deposited radionuclides (see Section II.C.2). 

CIRRPC ACTIVITIES AND REPORTS 

1. Biological Effectiveness of Neutrons: Research Needs (1994) 

This report was developed in response to a DOE request for CIRRPC to provide a 
conceptual plan for a research program that would provide a basis for determining more 
precisely the biological effectiveness of neutron radiation, with emphasis on endpoints relevant 
to the protection of human health. This request was consistent with a provision in CIRRPC's 
Charter for "...[the CIRRPC] Science Panel [to] assist the Committee in preparing an appropriate 
research agenda on selected radiation issues...." The resultant report, Biological Effectiveness 
of Neutrons: Research Needs, was prepared by an international task group that included two 
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prominent scientists from the Medical Research Council in the United Kingdom and the TNO 
in Rijswijk, the Netherlands.11 This arrangement was specifically requested by DOE to allow 
the task group to benefit from the European research community's expertise in this area. 

The task group report presents the experts' findings for seven particular categories of 
scientific information on neutron biological effectiveness. These are (a) the radiobiological 
mechanisms underlying the assumptions used to estimate human risk from neutrons and other 
radiations, (b) the qualitative and quantitative models used to organize and evaluate 
experimental observations and to provide extrapolations where direct observations cannot be 
made, (c) the physical principles governing the interaction of radiation with biological systems 
and the importance of accurate dosimetry in evaluating radiation risk and reducing the 
uncertainty in the biological data, (d) the chemical and molecular changes underlying cellular 
responses and the LET dependence of these changes, (e) cellular and genetic changes that lead 
to mutation or neoplastic transformation, and (f) and (g) deterministic and stochastic effects and 
the data required for the prediction of such effects at different organizational levels (cell, tissue, 
organ, and animal) and for the extrapolation from experimental results in animals to risks for 
humans. Gaps and uncertainties in these data were examined relative to data required for 
establishing radiation protection standards for neutrons and procedures for the effective and safe 
use of neutron and other high-LET radiation therapy. 

The research plan proposed by the task group consists of research recommendations and 
priorities for four specific research areas: tumorigenesis; mechanisms of neoplastic 
transformation; mechanisms at low doses; and facilities, resources, and environment. These 
research priorities are meant to reflect not only the importance of anticipated research results 
to the desired improvement in the estimation of human health risks from exposure to neutrons, 
but also the general aspects of the anticipated timeliness of technological progress and research 
feasibility as the recommended research plan progresses. 

2. Science Panel Report No. 10, Neutron Quality Factor (1995) 

The initiative for this report was a decision of the CIRRPC Science Panel to examine, as a 
collective body of Federal scientists, the scientific basis and concepts used in developing U.S. 
radiation protection standards and guides. In particular, the initial task was to study the scientific 
bases of the recommendations promulgated by ICRP, and subsequently adopted by NCRP. 
However, due to the complexity of, and the controversy over, the issue, the Science Panel's 
efforts focused solely on the ICRP (1985) and NCRP (1987) recommendations calling for an in
crease in the quality factor of neutrons (Qn, or the corresponding new modifying factor, wR) by 
a factor of two; in effect, increasing the recommended Q for fast neutrons from 10 to 20. This 
radiation comparison is a normalizing parameter related to biological effectiveness and, 
physically, to linear energy transfer; therefore, this recommendation could be interpreted to 
mean that the biological effectiveness of neutrons is two times greater than previously thought. 

"A list of panel members is provided in Appendix J. 
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Recognizing that a decision to increase the value of Q n would have a major impact on the 
regulations and radiation protection programs of Federal agencies responsible for the protection 
of radiation workers, a CIRRPC Science Panel working group (a) examined the general concept 
of "quality factor" (Q) in radiation protection and the rationale for the selection of specific values 
of Q n and (b) made such recommendations to the Federal agencies, as appropriate. After 
carefully considering the related science, the working group concluded that there exists "...no 
compelling basis for a change in Q for neutrons at this time" and that the recommended nominal 
Q n value of 10 used by Federal agencies should be maintained "until such time as a need for 
change is firmly established." This conclusion is consistent with current Federal agency 
practices. The working group's conclusions and recommendations were presented in the report, 
Neutron Quality Factor (1995). 

F. RADON 

Radon is a ubiquitous, naturally-occurring, gaseous radioactive element that has received 
national and international attention in the last decade due to findings of higher-than-expected 
levels in some homes, caused by the seepage of radon from soil in the surrounding ground and 
from soil below the ground. Based on epidemiological studies of underground miners, 
principally uranium miners, these higher levels of indoor radon constitute a lung cancer risk that 
is subject to reduction through relatively simple and economic measures. CIRRPC addressed 
the radon issue both in regard to policy and in the coordination of scientific research. 

CIRRPC ACTIVITIES AND REPORTS 

1. Science Panel Report No. 4, 
Radon Protection and Health Effects (1986) 

This CIRRPC report provides several recommendations pertaining to research, the 
coordination of, and the approaches to radon issues by Federal agencies. The report identifies 
and discusses the following questions related to scientific and policy issues regarding indoor 
radon exposures. 

• Are risk projections based on epidemiological studies of miners adequate for the general 
population? 

• Is it appropriate to establish levels of indoor radon/radon daughter concentrations to 
guide State and local governments and individuals with respect to possible remedial 
action? 

• Is sufficient information available on ground sources of radon and transport mechanisms 
to estimate the radon exposure potential of sites of existing structures and new 
construction? Can "hot spots" be identified from the evaluation of geological, soil, and 
aeroradiometric data? 
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• Are U.S. population exposures sufficiently well known, and, if not, what is needed to 
determine them? 

• Does the technology exist to prevent the accumulation of high indoor radon levels in 
structures? 

In response to these questions and uncertainties, the subpanel developed the following 
recommendations. 

• Because of the importance of valid risk estimates in assessing health consequences 
resulting from indoor radon exposures, research should be accelerated on (a) additional, 
well-designed epidemiological studies of lung cancer and radon progeny exposure in 
housing, (b) tests of risk projection/analytic models, and (c) basic research into the 
mechanisms of lung cancer induction by alpha radiation, the development of 
mechanistic models of radiation-induced lung cancer, and a better definition of the cells 
at risk in the respiratory tract and the radiation interactions with them. 

• Federal consensus on recommended action for indoor radon control is urgently needed 
and should be established. 

• The ability to predict the radon exposure potential of building sites is crucial to an 
effective control and mitigation program. 

• A national indoor radon survey needs to be conducted as soon as possible. 

• Remedial and mitigation measures must be as simple, reliable, effective, and inexpensive 
as possible. 

The subpanel endorsed the significant steps taken by the Federal Committee on Indoor Air 
Quality, through its Radon Workgroup, to develop mechanisms for interagency collaboration in 
the development and conduct of a coherent, Federally sponsored radon research program. The 
subpanel also saw a clear role for the Federal government in responding to the issues defined 
in its report, but each agency's role and mission would need to be clarified. The report 
facilitated the determination of research priorities and assisted in the establishment of Federal 
agency programs. 

2. Federal Programs on Indoor Radon (1988) 

The purpose of this report was to conduct a critical review of Federal activities pertaining 
to issues and recommendations in CIRRPC Science Panel Report No. 4 (see Section II.F.1 above) 
and any additional work mandated by the amendments to the Superfund law (Superfund 
Amendments and Reauthorization Act [SARA] of 1986, P.L. 99-499), which included some 
provisions for indoor radon. The report discusses and provides conclusions for such issues as 
research on the effects of radon exposure, remedial action guidelines, the prediction of high-risk 
locations, a national survey of population exposures, remedial and mitigation measures, 
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measurement quality assurance, and privacy and Freedom of Information conflicts and tort 
liability. 

The report was prepared by a subpanel charged to (a) review the recommendations and 
both the technical and policy issues of Science Panel Report No. 4, and the Superfund 
requirements, (b) determine the extent to which these were being addressed by the various 
Federal agencies working on indoor radon, and (c) note areas that were either not being 
addressed at all or not being adequately addressed, or, where unnecessary duplication of effort 
was occurring. 

The subpanel found that, overall, the initial Federal response to the issues identified in 
Science Panel Report No. 4 was comprehensive and appropriate and that there were no major 
deficiencies or overlaps in Federal programs or activities on radon. The subpanel provided the 
following recommendations dealing essentially with improved Federal coordination and the 
development of guidance imparting Federal programs. 

• A system should be established to coordinate present and future Federal programs 
related to indoor radon. 

• A comprehensive Federal plan defining the roles of all responsible agencies should be 
developed. 

• Major Federal actions in the plan should include (a) a reexamination of the present 
action guidelines and their applicability to Federal programs, (b) a schedule for surveys 
of structures other than single-family homes and the development of appropriate action 
guidelines and remedial or construction guides, as required, and (c) policies and 
programs for implementation. 

• As new radon health effects information becomes available, the guidelines or action 
levels should be reviewed and revised, as necessary. Any proposed changes in action 
levels should be circulated for review by all interested Federal agencies. 

• Meetings of all interested Federal agencies should be convened to discuss proposed 
significant changes in programs and policies. 

3. Briefings on Federal Programs on Indoor Radon 

In late 1993 the CIRRPC Executive Committee initiated a series of briefings on the Federal 
agencies' radon programs. The briefings were held in response to continuing CIRRPC 
programmatic interest in the issue and to revisit the subject, in light of earlier recommendations 
in the CIRRPC Policy Report, Federal Programs on Indoor Radon (1988), discussed above. The 
recommendations were intended to improve the coordination of plans, policies, and programs 
among Federal agencies. 

The briefings were conducted by representatives from EPA, DoD, DOE, and the 
Departments of the Interior (DOI), Commerce, Health and Human Services, and Housing and 
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Urban Development. Emphasis was placed on the development of programs at EPA and DOE 
since the CIRRPC report was published, relative to the recommendations in the report and the 
Memorandum of Understanding between the two agencies. The agency presentations also 
covered new legislative requirements and areas of cooperative interagency efforts. 

The presentations and discussions demonstrated the existence of active multiagency Federal 
programs that have been reasonably effective in the pursuit of research on biological and human 
health effects and in the development of guides on exposure measurements and mitigation 
protocols. However, major differences exist in the agencies' views on action levels for radon 
reduction in homes and on the content of public education documents. 

4. NCRP Contract on Radon Exposure Levels 

This CIRRPC-sponsored contract between ORAU and NCRP deals with the development 
and publication of a comprehensive report examining the radon exposure levels experienced by 
the U.S. population and the health concerns associated with these levels. The report will reflect 
the considerable amount of new information available since the publication in 1984 of NCRP 
Report No. 78, Evaluation of Occupational and Environmental Exposures to Radon and Radon 
Daughters in the United States. It will also include more detailed information on estimates of 
radon exposure levels in underground mines, which provide the basic data for establishing a 
relationship between radon exposures and lung cancer. 

G. NONIONIZING RADIATION 

The issue of nonionizing radiation exposure was initially raised by a number of Federal 
agencies and national organizations. It was noted that the growing use of equipment generating 
various frequencies of nonionizing radiation in telecommunications, electrical power generation, 
defense, consumer products, and medical practice was increasing the U.S. population exposure 
levels to nonionizing radiation and that the magnitude of this increased exposure and any 
potential health consequences were not known. 

CIRRPC ACTIVITIES AND REPORTS 

1. Review of EPA's Report on the Carcinogenicity 
of EM Fields (1991) 

In 1991 EPA requested CIRRPC to conduct an interagency review of the draft EPA report, 
Evaluation of the Potential Carcinogenicity of Electromagnetic Fields. The CIRRPC policy and 
science representatives were asked to comment on both the technical accuracy and the policy 
implications of the document. 

In a letter of transmission to EPA highlighting the agencies' major comments, the reviewers 
concluded that the evidence presented in the EPA report did not provide a scientifically sound 
basis for linking cancer to exposures to electric and magnetic fields. The reviewers 

21 



recommended a substantial revision of the report to address comments raised by the group and 
the individual agencies. 

2. Subpanel on the Health Effects of Electromagnetic Fields 

This subpanel was initially set up by the CIRRPC Science Panel in response to a request 
from DOL and OSTP for a review of the literature on the possible health risks to humans from 
exposure to low-frequency electromagnetic fields (EMF) (see Section II.G.3 below). After 
developing a work statement and identifying non-Federal scientists to respond to this request, 
the subpanel served as a resource for CIRRPC on activities related to EMF issues and functioned 
as a forum for the interchange of information among Federal agencies on emerging operational 
and research programs, regulatory issues, and significant research reports in the field. The 
subpanel did not complete a CIRRPC report, but a summary of their conclusions and 
recommendations on Federal involvement in research and in the development of a policy on 
the health effects of radiofrequency and extremely low-frequency electric and magnetic fields 
is provided in Appendix K. 

3. Health Effects of Low-Frequency Electric 
and Magnetic Fields (1992) 

In response to the DOL request to evaluate a series of articles in the popular press reporting 
various health effects from exposure to electric and magnetic fields, CIRRPC asked ORAU to 
establish a panel of experts from the academic community to conduct an independent 
evaluation of the reported health hazards of exposures to extremely low-frequency electric and 
magnetic fields (ELF-EMF) generated by power lines, household appliances, and video display 
terminals. DOL was especially concerned about reports of cancer and reproductive and 
neurophysiological effects. 

The 11 members12 of the ORAU Panel on the Health Effects of Low-Frequency Electric and 
Magnetic Fields were selected to include the scientific disciplines required to perform a 
comprehensive review of the exposure data and the reported biological and health effects. The 
panel was asked to review and evaluate all appropriate information on this subject published 
within the last 15 years. The panel focused on power frequencies (15 to 180 hertz [Hz]) and 
video display terminal frequencies (10 to 30 kilohertz [kHz]) because these sources appeared 
to be of greatest public concern. They were not asked to review the scientific literature, 
guidance, and standards relative to higher frequencies in the electromagnetic spectrum above 
30 kHz, which would have included radio, microwave, and radar frequencies. 

The literature review consisted of approximately 1000 journal articles that were evaluated 
according to (a) the strength of the evidence that the electric and magnetic fields cause the 
reported phenomena, (b) the biological basis for potential adverse human health effects, (c) the 
dose-effect relationship between the fields and adverse human effects, (d) the uncertainties 
involved in epidemiological studies, and (e) the strengths and limitations of laboratory and 

, 2A list of panel members is provided in Appendix L. 
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theoretical studies. The panel was also requested to address the adequacy of available data 
upon which to base reasonable quantitative risk assessments. 

In developing the report, specific chapters, especially when they involved original work, 
were reviewed by experts in the scientific community. However, to preserve the independence 
of the panel, neither the Federal agencies nor OSTP were provided draft material for review. 

The panel members concluded that "...there is no convincing evidence in the published 
literature to support the contention that exposures to extremely low-frequency electric and 
magnetic fields (ELF-EMF) generated by sources such as household appliances, video display 
terminals, and local power lines are demonstrable health hazards." Although the panel noted 
some biological effects produced by these fields that may be of scientific interest, the panel also 
concluded that "...in the broad scope of research needs in basic science and health research, any 
health concerns over exposures to ELF-EMF should not receive a high priority." 

H. RADIATION COMPENSATION 

Responding to a Congressional mandate under the 1983 Orphan Drug Act, NIH published 
in 1985 its report on radioepidemiological tables (NIH Publication No. 85-2748) relating "...the 
probability that certain cancers could result from prior exposure to radiation." This effort was 
undertaken for the purpose of establishing a scientific basis for considering possible 
compensation of health damages that might result from radiation exposure associated with 
weapons testing in Nevada. Based on the publication of the NIH radioepidemiological tables 
("the Tables"), the Veteran's Administration (VA, now the Department of Veterans Affairs [DVA]) 
sought a methodology for using the Tables in the adjudication of veterans' claims of radiation 
injury. CIRRPC participated in the review of the Tables prior to their publication and in the 
development of a "screening" methodology, based on the Tables, for VA to use in evaluating 
the potential merit of claims of injury. Compensation has continued to be an important issue 
for both the public and private sectors. 

CIRRPC ACTIVITIES AND REPORTS 

1. Science Panel Report No. 3, Report of the National Institutes of Health 
Ad Hoc Working Group to Develop Radioepidemiological Tables (1986) 

CIRRPC reviewed both the draft and the final versions of the report of the NIH Ad Hoc 
Working Group to Develop Radioepidemiological Tables (NIH Publication No. 85-2748). The 
review was conducted to determine the applicability of the report's radioepidemiological tables 
in adjudicating veterans' claims, the conditions and uncertainties for which the Tables may be 
useful, and the impacts that the adoption of the Tables might have on various sectors of the 
society. The reviewers concluded that the NIH final report represented a significant contribution 
to the increased understanding of the causal relationships between dose from ionizing radiation 
and cancer. 
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In light of available scientific information at the time the NIH report was completed, the 
reviewers further believed that the report generally provided sound estimates of Probability of 
Causation (PC) values under conditions of radiation exposure reasonably analogous to those 
under which the data used in generating the pertinent table entries were derived. In addition, 
from the standpoint of their possible use, the reviewers stated that the Tables may be most 
valuable in extreme cases where it can be reliably inferred that a particular cancer is either 
highly likely, or unlikely, to have been caused by a given dose of radiation. In the intermediate 
range, more careful examination of specific circumstances may be required, "but the Tables can 
still serve an important function by supplying an authoritative, expert estimate of the PC and the 
associated uncertainty based on current knowledge." 

The reviewers recommended a revision of the Tables once the results were available from 
the reassessment of the A-bomb dosimetry, the NAS study of internally deposited alpha emitters, 
and other related activities by various national and international scientific organizations, such 
as ICRP, NCRP, and the International Commission on Radiation Units and Measurements. The 
revision should include "in addition to a review of the new data, a reexamination of both the 
models used for estimating risk and the methods used for treating uncertainties." 

2. CIRRPC Science Panel Report No. 6: Use of Probability of Causation 
by the Veterans Administration in the Adjudication of Claims of Injury 
Due to Exposure to Ionizing Radiation (1988) 

This Science Panel review of the above-mentioned 1985 NIH study was in response to a 
VA request for CIRRPC to provide the agency guidelines with respect to the following questions. 

• For what levels of radiation exposure, if any, could the radioepidemiological tables be 
used credibly in the rulemaking VA was conducting pursuant to Public Law 98-542 (the 
Veterans Dioxin and Radiation Exposure Compensation Standards Act)? 

• Did CIRRPC's views in this regard vary with the type of cancer involved, and was the 
use of the NIH tables for certain cancers more justifiable than for other cancers? 

Using terms described in VA's proposed and final rules (published by VA in 1985 to 
implement P.L. 98-542 in the adjudication of claims of service-related radiogenic cancer) as 
decisional criteria, the Science Panel developed and adopted the following question as its task 
statement. 

To what extent can the NIH report be used credibly to assist in adjudicating a veteran's 
claim of radiation injury in a manner that satisfies the "no reasonable possibility" and 
the "at least as likely as not" criteria stated by the VA and that is consistent with the 
VA's "reasonable doubt policy" acting in the claimant's favor? 

The Science Panel acknowledged the importance of recognizing the uncertainty that 
inevitably associated with judgments of causation, whether such judgments are based on 
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general clinical experience or on relevant biological information. Nevertheless, the Science 
Panel found the NIH report useful in providing: 

• a list of radiogenic cancers applicable to claims of radiation-induced disease; 

• a probability-of-causation methodology upon which to base a screening test that, for 
additional claim development, involves only knowledge of the type of radiogenic cancer 
and the estimated radiation dose to the organ/tissue of interest; and 

• important scientific information that can be used as part of the evidence for further 
assessing causality in those claims that are not eliminated by the screening test. 

The report contains the following Science Panel recommendations. 

• The NIH report is directly applicable only to the following cancers listed as radiogenic 
diseases in the VA's final rules for adjudicating veterans' claims: all forms of leukemia, 
except chronic lymphatic leukemia; colon cancer; esophageal cancer; female breast 
cancer; kidney cancer; liver cancer; lung cancer; pancreatic cancer; stomach cancer; 
thyroid cancer; and urinary bladder cancer. 

• For purposes of screening claims, Tables 1 through 3 (in the CIRRPC report) may be 
used to deny causality for those claims that have "no reasonable possibility" of meeting 
the decisional criterion of "at least as likely as not." The selection of an appropriate 
credibility level to be used for applying this criterion is left to VA. 

• The NIH report should be considered a scholarly and scientifically responsible 
document and should be accepted as a valid basis not only for the screening procedure 
developed, but also as a learned opinion of medical scientists in evaluating, along with 
other evidence, cases not eliminated by the screening procedure. 

This CIRRPC report provides member agencies guidance in the adjudication of claims of 
injury due to exposures to ionizing radiation and is applicable to many cases. 

3. DVA Request for an Update and Expansion 
of CIRRPC Science Panel Report No. 6 

Prior to the decision to phase out CIRRPC, the Committee received a DVA request for an 
update and expansion of CIRRPC Science Panel Report No. 6 (discussed in Section II.H.2 
above). DVA had found the report useful in its adjudication of veterans' claims relating to 
radiation exposure and requested an expansion and update of the report to include information 
on screening doses for some additional diseases that the agency had accepted as being 
radiogenic by statute and/or regulation and any additional scientific data that may have become 
available since the CIRRPC report was published in 1988. 

The update of the 1988 CIRRPC report was deemed contingent upon the update of the 
radioepidemiological tables by the NIH/National Cancer Institute. Therefore, CIRRPC's initial 
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response to the DVA request was to communicate with the NIH Director to inquire about NIH's 
plans to update their 1985 publication, Report of the National Institutes of Health Ad Hoc 
Working Group to Develop Radioepidemiological Tables (see Section II.H.1 above). The inquiry 
was based on a provision in the Orphan Drug Act, which states, "The Secretary of Health and 
Human Services shall update these [radioepidemiological] tables and formulas every four years, 
or whenever necessary, to ensure that they continue to represent the best available scientific data 
and expertise." 

After the decision to phase out CIRRPC was made, CIRRPC requested the NIH Director to 
respond to and communicate directly with DVA on this matter. The continuous updating of the 
tables is important to ensure that, in their applications, the best scientific information is 
employed in adjudicating claims of radiation injury and in justifying compensation awards (see 
Section III). 

I. FEDERAL RADIATION RESEARCH AGENDA 

To fulfill the provision in CIRRPC's Charter calling for the Science Panel to assist the 
Committee in (a) preparing an appropriate research agenda on selected radiation issues and (b) 
reviewing completed research reports, the Science Panel addressed a number of radiation 
research issues of interest to the Federal agencies. Science subpanels and task groups reviewed 
and made recommendations on the overall Federal radiation research agenda (e.g., see Sections 
II.I.2, 1.3, and 1.6 below), developed research agendas on specific radiation issues (e.g., see 
Sections II.E.1 and II.I.4 and 5), and reviewed proposed research proposals (e.g., see Section 
ll.l.l). 

CIRRPC ACTIVITIES AND REPORTS 

1. CIRRPC Science Panel Report No. 1, VA Health Assessment 
of Veterans with Military Service at Sites of Temporarily Augmented 
Ionizing Radiation (1984) 

In 1983 VA requested CIRRPC to conduct a scientific review and evaluation of the 
feasibility of conducting an epidemiological study to determine the health status of veterans 
exposed to low-level ionizing radiation at sites of temporarily increased ionizing radiation. This 
proposal was prepared in response to P.L. 98-160, which requires the VA Administrator to 
determine the feasibility of conducting a scientifically valid study of the long-term adverse health 
effects of exposure to low-level ionizing radiation during military service in Japan or at nuclear 
weapons test sites. The VA proposal indicated that 99% of the exposed veterans received less 
than 5 rem and that the average exposure of the entire group of about 250,000 veterans was 0.5 
rem. 
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In an earlier review of the proposal, the Interagency Radiation Research Committee (IRRC)13 

concluded that the VA's proposal did not appear "feasible as a mechanism to advance scientific 
knowledge about the hazards of low-level radiation or as a viable guide to compensation 
policy." The CIRRPC Science Panel accepted, without dissent, this general IRRC conclusion. 

The Science Panel's recommendation was for CIRRPC to advise VA that the Committee did 
not believe that the proposed research represented a scientifically useful study of the adverse 
health effects in veterans exposed to ionizing radiation from the detonation of nuclear devices 
in Japan or during the testing of such devices. The reasons for this recommendation included 
(a) the low level of radiation encountered by the body of veterans, (b) the low incidence of any 
ill effects, (c) the uncertainty of precise dosimetry precluding the development of a dose-effect 
relationship, (d) the small number of persons exposed in relation to the low doses, (e) the 
difficulty of defining a comparison or control group, and (f) the manifold confounding factors, 
such as smoking, chemical exposures, and other hazards. This recommendation was transmitted 
to the VA Administrator by Dr. Keyworth on November 8, 1984. 

2. Federal Radiation Research Agenda 

One of CIRRPC's first activities was the establishment of an ad hoc panel of the Science 
Panel to address the research provision in the CIRRPC Charter referred to above. After the 
Science Panel approved the ad hoc panel's recommendations on how to address an overview 
of the Federal research agenda related to low-level radiation effects, CIRRPC tasked ORAU to 
develop an overview report comparing the FY85 and FY81 Federal radiation research programs. 
The CIRRPC member agencies and the National Science Foundation provided data on FY85 
research programs, and data for FY81 were extracted from the 1982 report of the IRRC 
Subcommittee on Radiation Research Strategy Implementation, entitled Assessment of Radiation 
Research Strategy Implementation ("the Implementation report").14 The research data for these 
fiscal years were to be categorized according to the radiation research needs identified in the 
1981 IRRC report, Federal Strategy for Research into the Biological Effects of Ionizing Radiation 
("the Strategy report").'5 

The ORAU report, The Federal Ionizing Radiation Research Agenda Related to Low Level 
Biological Effects: FY 1985 (1988), deals with how the FY85 Federal radiation research agenda 
met the research needs specified in the 1981 Strategy report in four categories: physics, 
chemistry, and related areas; biological sciences; epidemiology and the health sciences; and 

13The Interagency Radiation Research Committee (IRRC) was established by the Secretary of 
Health, Education and Welfare (now Health and Human Services), upon the instruction of President 
Carter by memorandum (dated February 21, 1980). 

14This report was prepared by the Subcommittee on Radiation Research Strategy Implementation 
for IRRC in response to the Congressional mandate under The Biological Research Extension Act of 1978 
(P.L. 95-622). 

1SIRRC, Federal Strategy for Research into the Biological Effects of Ionizing Radiation, National 
Institutes of Health Publication No. 81-2402 (June 1981). 
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sources of exposure to ionizing radiation. The report also comments on how the FY85 agenda 
satisfied the recommendations in the National Research Council's 1981 report, Federal Research 
on the Biological and Health Effects of Ionizing Radiation ("the FREIR report").16 

The ORAU report contains detailed tabular data on the titles and numbers of projects and 
levels of FY85 funding for all of the Federal agencies that either have the authority to perform, 
or fund others to perform, research related to the biological and health effects of ionizing 
radiation, and, therefore, have authority to implement the Federal radiation research program. 
These data were used to identify trends, both with regard to emphasis in research categories and 
in the level of Federal support. 

The report states that, overall, there was no apparent overlap in FY85 among the Federal 
agency projects in any of the research areas. The report also concludes that when all the 
research data are considered collectively, the FY85 research agenda appears to have satisfied the 
needs identified in the Strategy report and the recommendations in both the Strategy and the 
FREIR reports. 

3. FY94 Update on Federal Radiation Research Programs 

In November 1993 and January 1994 the CIRRPC Science Panel held a two-session briefing 
on ionizing radiation research needs and programs, during which the Federal agencies presented 
a series of brief overviews on their major radiation research programs. The briefings provided 
an opportunity for all of the member agencies to obtain updated information on the overall 
elements of the current Federal ionizing radiation research programs and to gain a perspective 
on the agencies' future research plans. 

The briefings included areas covered in the earlier report, The Federal Ionizing Radiation 
Research Agenda Related to Low Level Biological Effects; FY 1985 (see Section II.I.2 above). 
These areas were research needs related to (a) understanding and measuring the interaction of 
radiation with biological material, (b) determining the effects through experimental and 
epidemiological studies, and (c) assessing exposures and doses from the variety of sources 
encountered in the workplace and the general environment. 

The overviews described the main elements of the agencies' FY94 research programs, the 
rationales for these elements, the changes (substantive and financial) in the elements over prior 
years, and the nature of any interagency interactions related to developing, funding, and 
conducting the research programs. 

16Committee on Federal Research on the Biological and Health Effects of Ionizing Radiation, 
National Research Council, Federal Research on the Biological and Health Effects of Ionizing Radiation 
(Washington, DC: National Academy Press, 1981). 
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4. Occupational Radiation Protection Research 

The Subpanel on Occupational Radiation Protection Research was established by the 
CIRRPC Science Panel to review research needs related to occupational radiation control 
practices, especially needs that were not being addressed at the time. During its review, the 
subpanel conducted an extensive canvass of government, professional, societal, commercial, 
state, and local occupational radiation protection organizations to determine these research 
needs. A record of the information obtained from these groups was published in the subpanel's 
background report, Research Priorities for Occupational Radiation Protection (1994). 

In this report, the subpanel addressed broad areas of radiation research it had identified as 
particularly important to worker protection. These were (a) the reduction of uncertainties in 
health risk coefficients, (b) improvements in external personal dosimetry and internal bioassay 
techniques applicable to workplace exposures and limits, and (c) advanced techniques for health 
physics instrumentation. The subpanel also recommended workshops for each of the major 
research areas as "the best mechanism for identifying the highest priority research needs and the 
level of funding requirements." The subpanel, itself, conducted a workshop on research needs 
in internal dosimetry (see Section II.1.5 below). 

After the decision to phase out CIRRPC was made, the subpanel felt there were still 
numerous occupational radiation protection research issues that needed to be addressed. These 
issues, which were derived from subpanel deliberations, are listed in Appendix M. 

5. Workshop on Internal Dosimetry 

A workshop on research needs in internal dosimetry was conducted in April 1992 by the 
CIRRPC Subpanel on Occupational Radiation Protection Research in Atlanta, Georgia (see 
Section II.I.4 above). The workshop focused on the identification of deficiencies and 
corresponding research needs in the area of internal dosimetry. Participants, including 
representatives from both the U.S. and the European scientific communities, identified research 
needs in three areas: metabolic models/metabolic data, data bases/registry data, and computation 
and dose calculations. The report, Proceedings of the Workshop on Internal Dosimetry, includes 
summaries of presentations and discussions on such topics as systemic, gastrointestinal, and 
respiratory tract models; transuranium/uranium registry data; autopsy tissue analysis; and 
bioassay/whole body counting. 

The workshop led to several cooperative efforts, including the DOE-NRC follow-up work 
on the intercomparison of internal dosimetry measurements. As a result of deliberations at the 
workshop, the subpanel recommended three areas for Science Panel consideration and for 
possible major Federal efforts. These were (a) a "Generic Model Structure" for internal 
dosimetry, (b) a national registry of human and animal tissue data, and (c) an intergovernmental 
effort to quantify background levels in biological samples. 
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6. Strategic Plan for Radiation Research 

In the Fall of 1994 Dr. Gibbons requested all NSTC committees to prepare a Strategic 
Implementation Plan (SIP) to be used to support both the FY96 and FY97 Federal research and 
development (R&D) budgets. CIRRPC was requested to develop the input on radiation research 
for inclusion in the CHSF Plan. CIRRPC invited representatives from the 21 organizations within 
the Federal government with authority to perform, or fund others to perform, radiation research 
to serve on the Radiation Research R&D Panel that developed the CIRRPC input to the CHSF 
plan. 

The panel identified five policy issues and six research priorities in the radiation area. 
Policy issues included (a) occupational, public health, and environmental concerns and 
consequences associated with all aspects of the nuclear fuel cycle, (b) nonmedical uses of 
radiation and radioisotopes in the civilian sector, such as in food irradiation, and (c) medical 
uses of radiation and radioisotopes for diagnostic and therapeutic procedures and treatment. 
Scientific goals and research priorities included (a) the development and refinement of health 
risk estimates, (b) the investigation of biomarkers for validating radiation exposures and 
predicting the risk of diseases, and (c) the investigation of the mechanistic effects of radiation at 
the cellular and subcellular levels. 

These draft issues and research priorities were included in the Strategic Plan for Radiation 
Research transmitted to the Subcommittee on Health Promotion and Disease and Injury 
Prevention for inclusion into the overall CHSF plan. Because the final SIP for CHSF did not 
contain the level of detail provided in the radiation research plan developed by the CIRRPC 
panel, most of the CIRRPC material was not included in the CHSF plan. Therefore, the Science 
Panel decided to include the plan, as modified to include some minor and/or clarifying 
comments from the Science Panel members, in the CIRRPC final report (see Appendix N). 

J. PUBLIC INFORMATION AND EDUCATION 

The need for improvements in public information and education was raised in the 1986 
report on the identification of Federal radiation issues. This issue has two distinct components. 
The first is the inadequacy of communications and interactions among the Federal agencies, the 
scientific community, the public, and the various segments of the media on the subject of 
ionizing and nonionizing radiation. The second component concerns the reduced flow of 
scientists trained in radiation from the academe to the Federal and industrial sectors. 

The public information and education issue includes the need: 

• for a coherent and coordinated Federal public information policy on radiation; 

• for consensus by radiation scientists and their peers; 

• to enhance public confidence in Federal and state authorities in radiation matters; 
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• to support the academe in the education and training of radiation scientists; and 

• to reverse the loss of radiation scientists to government and industry. 

In follow up to the identification of these needs, CIRRPC authorized a study, Report on 
Policy and Activities Concerning Public Awareness of Health Effects of Low-Level Radiation 
(1986), to determine policy and practices relevant to the public dissemination of information on 
radiation health effects in three Federal agencies: DOE, DOI, and the Federal Emergency 
Management Agency. The study aimed to provide answers to two questions. 

• What, if any, are the policies under which Federal agencies operate in disseminating 
information on the health effects of radiation? 

• What are the current programs and activities designed to provide the public with 
information on the health effects of radiation? 

Based on interviews conducted with appropriate personnel for each of the three agencies, 
two summary statements regarding policy were developed. 

• There was no single, coherent policy regarding public awareness of radiation health 
effects for any of the three agencies. 

• There was no consistent statement of the need for program and policies regarding this 
issue. 

The following observations are also noted in the report. 

• The agencies did not consider themselves to be the primary agent for the dissemination 
of public information on radiation health effects. 

• As the respondents pointed out, there was disagreement within the scientific community 
on the definition of low-level radiation and its health effects. 

• A factor that might bear on the absence of specific policies pertaining to radiation health 
effects was the question of whether there was a need for a specific policy or policies. 

• Another factor was the lack of communication within agencies to clarify the various 
departments' perceptions of policy and program needs in this area. 

The report's authors concluded that the information on radiation health effects available to 
the public is sparse and difficult to obtain. The agencies included in the study did not have 
articulated policies related to information dissemination on the subject and were divided in their 
perceptions of such a policy. Activities were reactive, and some personnel expressed concern 
over the public's lack of understanding about radiation, its sources, applications, and health 
effects. 
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To address the issue of public education and the associated concerns and findings expressed 
in the two above-mentioned reports, CIRRPC sought to promote and provide support for public 
education and information activities, including the Health Physics Society Summer School on 
the Biological Basis of Radiation Protection Practice, the Federal workshop on public 
information, the sponsorship of one-year sabbaticals with CIRRPC for university professors, and 
internships for students pursuing degrees in science. 

The task of specifically addressing and responding to the concerns expressed in the two 
above-mentioned reports, however, was the responsibility of the CIRRPC Subpanel on Public 
Education (see Section II.J.3 below). 

CIRRPC ACTIVITIES AND REPORTS 

1. The Health Physics Society Summer School of 1991 

The HPS Summer School was held in July 1991 at the Georgetown University in 
Washington, DC. The School attracted over 70 American and international students and 
featured 17 eminent scientists invited to present lectures on various aspects of radiological 
protection practice and its biological basis. CIRRPC provided support for scholarship awards to 
11 students and funds for the publication of the lectures in a book, entitled The Biological Basis 
of Radiation Protection Practice. The book contains reviews by an outstanding group of 
contributors who bring a wide range of perspectives on major biological effects of ionizing 
radiation exposure of interest in radiation protection. The papers cover (a) low-dose radiation 
effects, including genetic effects, developmental effects, and cancer, (b) the acute effects of 
radiation, which occur following whole-body or partial-body exposure to high-dose, and (c) 
special topics in radiobiology of interest in health physics, including radiation protection of 
human subjects in research studies, contemporary issues in radiation health, and the role of 
radiobiology in operational health physics training. 

2. Workshop on Federal Agency Radiation Information and Education 

This workshop, held in Emmitsburg, Maryland in May 1991, was conducted by the CIRRPC 
Subpanel on Public Education to provide information relevant to the subpanel's development 
of a coherent and coordinated Federal policy on public information on radiation and its health 
effects. The workshop also yielded information relevant to the subpanel's collection of views 
and comments on its preliminary recommendations. The workshop drew participants from the 
public affairs/media, policy/management, and education areas of 13 Federal agencies, in addition 
to the subpanel members. The participants focused on four major issues: credibility, short-term 
and long-term solutions, the information clearinghouse concept (radiation information center) 
and education. 
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The findings and issues discussed at the workshop include the following. 

• Government credibility is influenced by perceived intrinsic Federal trustworthiness, 
biases and perceptions extant in the public, and the journalistic filtration of Federal 
communications with the public. 

• The credibility of proposed solutions for improving public education and information 
may be enhanced by, among others, implementing a positive and proactive, rather than 
a negative and reactive, approach; using information sources "with no axe to grind" 
because these are perceived as more credible; acknowledging mistakes; and keeping 
science and politics separate. 

The proceedings of the workshop is in Appendix C of the subpanel's report, Balancing 
Radiation Benefits and Risks: The Needs of an Informed Public, discussed below. 

3. Balancing Radiation Benefits and Risks: 
The Needs of an Informed Public (1994) 

This report was developed by the CIRRPC policy subpanel established to: 

• determine which radiation issues are important to the Federal agencies for public 
education; 

• determine which Federal agencies are involved in public education about radiation and 
what role, if any, nongovernment agencies play; 

• collect and evaluate past and current public education programs on radiation from 
Federal agencies and any nongovernment groups; and 

• determine what role, if any, the Federal government should play in the development and 
implementation of a unified public education program concerning radiation. 

In addressing these charges and in formulating its report, the subpanel requested each 
CIRRPC member agency or department to provide information on its policy regarding public 
education, its efforts in education on radiation issues, and its current and future concerns related 
to radiation. Private and public sector groups representing diverse positions on the balance 
between the benefits and risks of radiation technologies were also invited to brief the subpanel. 
Finally, the subpanel sponsored a three-day workshop in 1991 to further solicit ideas about 
public education issues and to develop preliminary recommendations (see Section IIJ.2 above). 

This report, which summarizes the subpanel's findings, deals with the public's knowledge 
of radiation, their perceptions of benefits versus risks, and the Federal government's role in 
public education. It covers radiation issues important to Federal agencies for which public 
education programs need to be established or enhanced. The report also provides information 
on Federal agencies with public education programs on radiation and the nature of the programs 
they support, as well as elements identified by the subpanel as critical to the development and 
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implementation of an effective Federal program in the area of public education on radiation 
issues and nuclear technologies. 

The subpanel developed the following recommendations as useful strategies in addressing 
education issues. 

• Establish a Federally sponsored, independent National Radiation Information Center to 
communicate information on radiation issues to the general public. 

• Establish and/or expand academic outreach programs for students and teachers. Such 
programs may involve workshops, summer laboratory internships, and the development 
and distribution of educational literature and computer software. 

• Enhance the communications infrastructure within agencies. Federal departments and 
agencies should review their current public education and information programs on 
radiation issues and focus their efforts on the development of a coordinated and 
comprehensive program, in accordance with individual department or agency mandates. 

• Encourage curriculum reform in mathematics and science education for students in 
grades K through 12 to improve their understanding of science in general and radiation 
issues in particular. 

K. EMERGENCY PREPAREDNESS 

Responding to large-scale nuclear events that could result in the release of vast amounts of 
radioactivity and the disruption of normalcy requires comprehensive planning not only to avoid 
preventable harm to public health and welfare, but also to enhance the capability to learn from 
the experience. CIRRPC produced two reports related to the development of such plans. The 
first examined the consequences of nuclear war on agriculture, and the second dealt with 
planning for follow-up research on human health effects, in the event of a nuclear accident. 

CIRRPC ACTIVITIES AND REPORTS 

1. SCOPE 28, Environmental Consequences of Nuclear War: 
Volume II, Ecological and Agricultural Effects (1988) 

This review of The Environmental Consequences of Nuclear War, a report of the Scientific 
Committee on Problems of the Environment (SCOPE), was prepared by an ad hoc panel of 
agricultural experts formed by CIRRPC and the Department of Agriculture (USDA). The main 
focus of the review was the evaluation of the models and assumptions used to calculate effects 
on crop production under conditions of reduced temperature and solar radiation, as a result of 
nuclear war. The reviewers concluded that agricultural production would be so disrupted that 
many of the acute-phase survivors would starve during the chronic phase. The report also 
concluded that the methodology used in the SCOPE report was sound, although several 
important factors were not adequately treated and given enough emphasis (e.g., the loss of large 
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areas of irrigated agricultural land due to the destruction of dams). The final report was 
submitted to USDA. 

2. Science Panel Report No. 7, Planning for Human Health Effects Research 
in the Event of a Nuclear Accident (1990) 

This report was completed by a CIRRPC subpanel that addressed the feasibility of planning 
for the collection of vital health-related information in the event of a nuclear accident. The 
subpanel was to recommend "either for or against an organized pre-disaster planning effort to 
organize the collection of vital health related information." In developing the report, the 
subpanel reviewed documents relating to disaster scenarios, gaps in research, and existing 
contingency plans. As stipulated in the subpanel's charge, scenarios associated with nuclear 
warfare were not discussed. 

Among the subpanel's conclusions are the following. 

• There is a need to augment our current knowledge about both the acute and long-term 
effects of ionizing radiation on human health. 

• Opportunities for medical investigation were missed in some past radiation accidents. 

• It is increasingly important, in view of the present state of human and animal health 
effects research, for clinical and/or epidemiological research to be performed in the 
event of a significant human population exposure to ionizing radiation. 

• At present, there are no plans for post-accident medical research included in Federal and 
local plans for coping with radiation accidents. There are, however, plans for screening 
and treatment that could lay the foundation for protocols for medical research. 

It was not the subpanel's intent or responsibility to determine precisely how the existing 
emergency preparedness procedures might be modified to accommodate research efforts. 
However, the subpanel did present the following recommendations. 

• A central decision mechanism, which would evaluate an event to decide whether a 
research effort should be activated, should be developed and included in Federal plans 
for coping with radiation accidents. 

• Federal plans should be developed for assuring the availability of medical research 
teams for assessing health effects following a radiation disaster. 

• Legal difficulties in obtaining information from questionnaires and biological monitoring 
should be identified and resolved. 

• A uniform radiation research questionnaire should be developed and tested. 
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• Plans should be developed for obtaining a census of those affected by an accident and 
for establishing a study cohort for possible follow-up analyses. Methods for selecting 
an appropriate comparison group should be identified. 

• Research response should be kept current on the effectiveness of various types of 
biological dosimetry. 

• Research plans may have to be modified in the event that competent authorities 
consider the distribution of blocking agents. 

L. FOOD IRRADIATION 

The U.S. Public Health Service/Food and Drug Administration estimates that between 24-81 
million American consumers experience a food-borne illness annually and that as many as 
10,000 die as a consequence. The great majority of food-borne illnesses result from the 
consumption of contaminated meat and poultry products. In the real world of meat animal 
production, all livestock and poultry normally carry with them a staggeringly wide range of 
microorganisms. The vast majority of these bacteria are harmless—indeed, most are 
beneficial—but some may be pathogenic to humans. Once these pathogens contaminate meat 
or poultry products, they are difficult, if not impossible, to remove entirely. 

Several processing technologies have been proposed to reduce bacterial contamination of 
raw meat and poultry. The majority of these technologies are based on surface washes or rinses 
involving chemical detergents or bactericidal agents. All can reduce bacterial numbers, but 
none is able to achieve the ultimate goal of destroying essentially all pathogens present in the 
product. 

Only one processing technology available at this time is virtually 100% effective in 
destroying the pathogenic bacteria responsible for millions of cases of food-borne illnesses 
reported annually: cold pasteurization. This process uses ionizing energy—irradiation—to do for 
raw meat and poultry products what heat accomplishes during the pasteurization of milk and 
other liquids. The result is a raw meat or poultry product that is virtually free of bacteria causing 
human illness, but that, if kept too long under refrigeration, will spoil, just as pasteurized milk 
will turn sour. Cold pasteurization of raw meat and poultry products would make these foods 
as safe as pasteurized milk. 

Food irradiation, which has been researched in depth for over 50 years, is endorsed by the 
U.S. Public Health Service, the American Medical Association, and the World Health 
Organization, to name but a few of the agencies and organizations that have advocated its wider 
application to improve food safety. 

Considering the impact cold pasteurization could have on the incidence of food-borne 
illness and its associated pain, suffering, and loss of life, the time has come for this tested and 
proven technology to be used for the benefit of the American public. A coordinated effort, 
involving Federal agencies, the academic community, and the private sector, should be 
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undertaken immediately to educate and inform consumers about the safety of food irradiation 
and the health benefits to be gained from its wider use. 

The need for alternative methods for the disinfestation of food commodities due to the 
banning of carcinogenic or mutagenic chemical fumigants and other chemicals used for 
pathogen and pest control was one of the early concerns raised by CIRRPC representatives. A 
paper on this issue presented by the CIRRPC Chairman, Dr. Alvin L. Young, is included in 
Appendix O. 

37 





Ill Topics for Future Attention 

Substantial improvements in the scientific basis for radiation risk protection are necessary 
and should be given high priority. 

In general, radiation issues involve the realization that the need for protection exists because 
of the presence of radiation-exposure sources whose production results in direct or indirect 
societal benefits. 

CIRRPC, in recognition of this trade-off between the benefits and risks of radiation, has 
identified the following specific topics for future consideration, in a spirit of cooperation and 
consensus building, by Federal agencies. 

• Updating Science Panel Report No. 6, Use of Probability of Causation by the Veterans 
Administration in the Adjudication of Claims of Injury Due to Exposure to Ionizing 
Radiation (1988) (see Section II.H.2 and 3). 

• Review of the linear nonthreshold dose-response relationship as the basic assumption 
underlying radiation protection. There is scientific evidence suggesting that this basic 
assumption overestimates radiation health risks to humans experiencing low exposures 
in the workplace and in general. 

• Assessment of the derived benefits vis-a-vis risk consequences resulting from food 
irradiation, specifically in its application to the prevention of salmonella in poultry (see 
Section ILL). 
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THE WHITE HOUSE 

APPENDIXA W A S H I N G T ° N 

February 10, 1995 

0* Dear Dr/fiung: 

Thank you for your letter of December 2 regarding the future of the Committee on Interagency 
Radiation Research and Policy Coordination (CIRRPC). We owe you a great debt of gratitude for your 
outstanding service over the years and accept your decision to resign as chairman of the committee. 

For a number of years CIRRPC has successfully complemented radiation research and policy 
activities of the Federal agencies. Under your able leadership CIRRPC has produced a number of highly 
referenced documents and provided a forum for the resolution of often contentious policy and scientific 
issues. However, a number of factors have led to a recent examination of CIRRPC as the appropriate 
body to coordinate radiation matters among agencies, evaluate radiation research and provide advice on 
the formulation of radiation policies. The creation of the National Science and Technology Council 
(NSTC) as the Administration's mechanism for addressing interagency science and technology issues, the 
October 1994 General Accounting Office report on nuclear health and safety, and our efforts to create a 
government that works better and costs less are some of those factors. 

The NSTC Committee on Health, Safety and Food (CHSF) leadership has reviewed CIRRPC's 
role in relation to the charter and the factors described above and recommended that CIRRPC phase out 
its activities. I have accepted this recommendation with the understanding that CHSF will establish a new 
subcommittee to coordinate interagency radiation research activities in accordance with the NSTC roles 
and responsibilities. Accordingly, the CIRRPC charter will not be renewed. 

I want to thank you for your unwavering commitment and leadership over the past decade in the 
interagency radiation research and policy environs. You clearly have played a critical role in CIRRPC's 
many successes, and I commend you for your work and dedication. 

Sincerely, 

Joan H.jGibbons 
AssistJgLtirthe President 

for 
Science and Technology 

Dr. Alvin L. Young 
Chairman 
Committee on Interagency Radiation 

Research and Policy Coordination 
1019 Nineteenth Street, NW, Suite 700 
Washington, D.C. 20036 

cc: M.R.C. Greenwood 
Phil Lee A-1 





APPENDIX B 

CHRONOLOGY OF EVENTS LEADING TO THE PHASE OUT 
OF THE COMMITTEE ON INTERAGENCY 

RADIATION RESEARCH AND POLICY COORDINATION 

1993 

November 23 President Clinton establishes the National Science and Technology 
Council (NSTC) to coordinate science, space, and technology policies 
throughoutthe Federal government (Executive Order 12881); Committee 
on Health, Safety and Food R&D (CHSF) is created as one of nine NSTC 
committees 

1994 

March 

July 

July 14 

July 27 

August 14 

September 

FY 1995 Program Document prepared by the Office of Science and 
Technology Policy (OSTP) lists the Committee on Interagency Radiation 
Research and Policy Coordination (CIRRPC) as one of the CHSF standing 
subcommittees, which existed under the Federal Coordinating Council for 
Science, Engineering and Technology, that "will continue to exist under 
NSTC' 

Need for an interagency committee on radiation research (Subcommittee 
on Radiation Research) is agreed upon, pending CHSF review and 
redirection of current interagency work in this area 

CHSF Chair, Dr. Philip R. Lee sends CIRRPC Chair, Dr. Alvin L. Young, 
a memo requesting a CIRRPC report to familiarize Dr. Lee and CHSF with 
"CIRRPC and to provide a starting point for discussion of the role for 
CIRRPC in relation to the CHSF;* after report is submitted, Dr. Lee to 
meet with Dr. Young to decide on issue 

CIRRPC submits report to Dr. Lee 

Dr. Lee circulates the CIRRPC report among CHSF members; requests 
agencies to comment 

CHSF members respond; out of 10 agencies, seven express full support for 
CIRRPC's continuation, two call for its dissolution, and one suggests its 
continuation or its reorientation as a CHSF Subcommittee on Radiation 
Research; seven out of 10 CHSF member agencies express in their 
comments their support for the continuation of CIRRPC; the CHSF 
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Executive Secretary develops five draft options, based on the agencies' 
comments; all of the options developed assume that "CIRRPC's charter 
will not be renewed, and that a new radiation subcommittee will be 
formed to report to CHSF, receive mandates from CHSF, submit products 
to CHSF for approval, and conduct business as a CHSF subcommittee;* 
two of the options would "give the new subcommittee the same mandate 
that CIRRPC had," and two "would significantly change the mandate of 
the new subcommittee" 

October 6 

October 11 

Dr. Young requests postponement of October 12 meeting with Dr. Lee; 
among other reasons, Dr. Young cites the need for more time to work 
with the nine CIRRPC member agencies having a major stake in the 
interagency coordination of radiation issues that are not represented on 
CHSF; adds that he is working with these agencies to ensure that their 
needs are addressed under any options document; also mentions that any 
decision pertaining to CIRRPC should include consideration of a contract, 
funded by CIRRPC member agencies, for Oak Ridge Associated 
Universities to provide support to CIRRPC 

Dr. Young's request to postpone discussions on CIRRPC at the October 12 
CHSF meeting is relayed in a note from the CHSF Executive Secretary to 
Dr. Lee; note also mentions that Dr. Lee already has made a preliminary 
decision not to renew the CIRRPC charter 

October 17 CIRRPC informs member agencies of a meeting of Policy and Science 
Panel representatives on November 8 to discuss and make recommenda
tions to Dr. Lee on the future of CIRRPC 

October 25 Dr. Lee transmits to CIRRPC a set of final options for a new CHSF 
radiation R&D subcommittee; options are to be distributed by December 
1 to CHSF member agencies for their December 14 meeting to discuss 
and decide on the creation of a new CHSF radiation subcommittee 

November 8 33 representatives from 15 of the 18 CIRRPC member agencies attend 
CIRRPC meeting; after a review of CIRRPC's strengths and weaknesses, a 
vote is called on a proposed recommended option supporting the 
continuing need for a CIRRPC, i.e., the need for a formally chartered 
committee for the interagency coordination of radiation matters of interest 
to multiple Federal agencies and one that would: (a) be comprised of 
senior staff from Federal agencies having radiation programs or that utilize 
such programs, (b) have an Executive Committee to direct and manage the 
committee, and (c) have a technical support staff; allowing one vote per 
agency, 13 of the 15 agencies vote for the option; EPA and DOE vote 
against it 
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November 14 

December 2 

December 14 

Option developed at November 8 CIRRPC meeting is circulated among 
CIRRPC member agencies for final approval and to give each agency an 
opportunity to provide detailed comments; DOE rescinds earlier negative 
vote and concurs with the proposed CIRRPC recommendation 

Results of the CIRRPC meeting and the recommended option are 
transmitted to Dr. Lee 

CHSF members meet to discuss CIRRPC; Dr. Lee decides that the decision 
on CIRRPC's future rests with the OSTP Director; discussions center on 
the fact that there is a role for CIRRPC, but that the Committee did not fit 
into the CHSF structure because CIRRPC's role is broader and different 
from those of other CHSF subcommittees; OSTP Associate Director, Dr. 
M.R.C. Greenwood is appointed to discuss the issue of CIRRPC's future 
and role with the OSTP Director, Dr. John H. Gibbons 

1995 

February 10 

March 23 

In a letter to Dr. Young, Dr. Gibbons informs CIRRPC of his decision to 
accept the CHSF recommendation that CIRRPC phase out its activities. 

In response to Dr. Gibbon's letter, Dr. Young informs him that he has 
"scheduled the final CIRRPC Policy Meeting for April 18th. The agenda 
will include discussion of the Executive Committee's proposed plans for 
phasing out CIRRPC's activities and producing a final Committee report 
no later than the end of FY95." 

September 30 CIRRPC is phased out 
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APPENDIX C 

THE WHITE HOUSE 
W A S H I N G T O N 

A p r i l 16 , 1984 

MEMORANDUM FOR THE SECRETARY OF STATE 
THE SECRETARY OF DEFENSE 
THE SECRETARY OF THE INTERIOR 
THE SECRETARY OF AGRICULTURE 
THE SECRETARY OF COMMERCE 
THE SECRETARY OF LABOR 
THE SECRETARY OF HEALTH AND HUMAN SERVICES 
THE SECRETARY OF TRANSPORTATION 
THE SECRETARY OF ENERGY 
THE DIRECTOR OF THE OFFICE OF MANAGEMENT AND BUDGET 
THE CHAIRMAN OF THE NUCLEAR REGULATORY COMMISSION 
THE ADMINISTRATOR OF THE NATIONAL AERONAUTICS AND 

SPACE ADMINISTRATION 
THE ADMINISTRATOR OF THE VETERANS ADMINISTRATION 
THE ADMINISTRATOR OF THE ENVIRONMENTAL PROTECTION 

AGENCY 
THE DIRECTOR OF THE NATIONAL SCIENCE FOUNDATION 

FROM: 
SUBJECT: 

G. A. KEYWORTH 
Committee on Interagency Radiation Research and 

Policy Coordination 

Recently the Charters expired of the Interagency Radiation Research 
Committee, the Radiation Policy Council and the Federal Coordinating 
Council for Science, Engineering and Technology (FCCSET) Committee on 
Interagency Radiation Policy. I have determined that there is a 
continuing need for an Interagency Committee to address 
Congressionally-mandated and Agency-instigated issues related to 
radiation research and policy. Accordingly, I have directed the 
formation of a single FCCSET Committee on Interagency Radiation 
Research and Policy Coordination (CIRRPC). The new committee will 
report to the Office of Science and Technology Policy, and will act 
as a coordinator, clearinghouse and evaluator of the Federal research 
efforts on designated radiation research projects. It will also 
coordinate radiation policy between agencies. 
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I am enclosing a copy of the Charter of the new Committee. I 
have designated a member of my staff. Dr. Alvin L. Young, Senior 
Policy Analyst for Life Sciences, to serve as Chairperson. 
Please forward to Dr. Young the name(s) of your designated 
representative(s). I recommend that you appoint a senior 
official qualified to address policy issues to serve on the 
Committee and a senior research scientist to serve on the Science 
Panel. For your information, I have enclosed the roster of the 
previous Interagency Radiation Research Committee. 
This Interagency Committee will be charged with a series of most 
important responsibilities, many of which must be undertaken 
without delay. Dr. Young would like to schedule a meeting of the 
Committee and Science Panel in mid-May. Thus, your prompt 
attention to this matter is essential. 

cc Alvin Trivelpiece 
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APPENDIX D 

CHARTER 

Committee on Interagency Radiation Research and Policy Coordination 
A Subcommittee of the 

FCCSET COMMITTEE ON LIFE SCIENCES AND HEALTH 

INTRODUCTION 
Sources of radiation (ionizing and nonionizing) affect all 
Americans, play a significant role in many scientific and 
technological segments of American society (diagnostic and 
therapeutic medicine, research, consumer products, industry, energy 
production, and national defense) and are ubiquitous in our natural 
environment. Recognizing a continuing need for an interagency 
committee to address Congressionally-mandated and Agency-initiated 
issues related to radiation research and policy, on April 9, 1984, 
the Director of the Office of Science and Technology Policy (OSTP) 
who was also the Chairman of the Federal Coordinating Council for 
Science, Engineering and Technology (FCCSET) signed the Charter 
creating the Committee on Interagency Radiation Research and Policy 
Coordination (CIRRPC) . Since the establishment of CIRRPC, the OSTP 
and FCCSET organizational structures have been changed. One of 
those changes established the FCCSET Committee on Life Sciences and 
Health which incorporates CIRRPC as a subcommittee. 
ESTABLISHMENT 
Research and policies dealing with protection from radiation 
exposure and with activities designed to take advantage of 
radiation benefits cut across many departments and agencies of the 
Executive Branch. To ensure that the scientific and technological 
policies of the Executive Branch effectively address these issues, 
it is desirable to continue the operation of an interagency 
mechanism to coordinate radiation research and policy. Therefore, 
the Committee on Interagency Radiation Research and Policy 
Coordination is hereby continued, functioning as a subcommittee of 
the Committee on Life Sciences and Health, a Committee of the 
Federal Coordinating Council for Science, Engineering and 
Technology. 
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PURPOSE 
The Committee on Interagency Radiation Research and Policy 
Coordination shall act to complement the radiation research and 
policy activities of member agencies. The existence of this 
subcommittee in no way changes or diminishes statutory authority or 
responsibility of any agency or department. As appropriate, CIRRPC 
shall act as a coordinator, clearinghouse, and evaluator of Federal 
radiation research efforts. Radiation research efforts, areas, and 
projects may be identified by CIRRPC, OSTP, or the Chairperson, 
FCCSET Committee on Life Sciences and Health (CLSH). CIRRPC shall 
coordinate radiation policy among the agencies, resolve policy 
conflicts and advise on the formulation of broad radiation policy. 
MEMBERS AND CHAIRPERSON 
The Chairperson, CIRRPC shall be appointed by the Chairperson of 
the FCCSET Committee on Life Sciences and Health after consultation 
with the Chairman, FCCSET. The Vice Chairman, Executive Secretary, 
Science Panel Chairman, Science Panel Vice Chairman, and Science 
Panel Executive Secretary will be appointed by the Chairman, 
CIRRPC, after consultation with the Chairman, CLSH. Membership of 
CIRRPC shall be subcabinet officers or other senior research or 
policy officials who are qualified to address both radiation 
research and radiation policy issues identified by those Federal 
agencies having significant radiation interests or concerns. In 
addition, as deemed necessary by the CIRRPC Chairperson or at the 
request of the Chairperson of the FCCSET Committee on Life Sciences 
and Health, additional members or observers may be appointed. 
The Committee on Interagency Radiation Research and Policy 
Coordination shall include representatives from: 
Department of Agriculture 
Department of Commerce 
Department of Defense 
Department of Energy 
Department of Health and Human Services 
Department of Housing and Urban Development 
Department of the Interior 
Department of Justice 
Department of Labor 
Department of State 
Department of Transportation 
Department of Veterans Affairs 
Environmental Protection Agency 
Federal Emergency Management Agency 
National Aeronautics and Space Administration 
National Science Foundation 
Nuclear Regulatory Commission 
Office of Management and Budget 
Office of Science and Technology Policy *(ex officio) 
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Member agencies may be added or deleted by the Chairperson of 
CIRRPC with the concurrence of the Chairperson of the Committee 
on Life Sciences and Health to accomplish the changing 
requirements of CIRRPC activities and functions. 
ADMINISTRATIVE PROVISIONS 
(a) CIRRPC will report to the Chairperson of the FCCSET 

Committee on Life Sciences and Health (CLSH) through the 
CIRRPC Chairperson. 

(b) Meetings of CIRRPC shall be called by its Chairperson or at 
the request of the Chairperson of the FCCSET Committee on 
Life Sciences and Health. At least one meeting of the full 
subcommittee should be held semi-annually to serve as a 
forum for identification of research and policy issues, 
exchange of relevant agency and CIRRPC program information, 
and evaluation of the CIRRPC program. 

(c) CIRRPC shall establish a Science Panel to assist the 
subcommittee in (1) preparing an appropriate research agenda 
on selected radiation issues; (2) reviewing completed 
research reports; and (3) advising CIRRPC on science issues 
important in formulating policy. Members of the Science 
Panel will be appointed by their respective agencies with 
approval of the CIRRPC Chairperson. The CIRRPC chairperson 
will, after consultation with the Chairman, CLSH, appoint 
the Science Panel Chairperson, vice-Chairperson, and 
Executive Secretary. Non-members with special expertise may 
be invited to participate in the resolution of specific 
research issues as deemed appropriate by the CIRRPC 
Chairperson and the Science Panel Chairperson. 

(d) Special studies, analyses and recommendations may be 
initiated by the subcommittee. As necessary, subpanels or 
working groups with participation not restricted to CIRRPC 
members may be formed to assist CIRRPC in its work. These 
types of studies will normally be responsive to concerns of 
the member agencies. 

(e) CIRRPC members will assign such working staff as requested 
by the CIRRPC Chairperson and as is necessary and feasible 
for the conduct of CIRRPC activities and the achievement of 
its purpose. The agencies shall pay for direct and 
incidental costs arising from the participation of their 
members and staff in CIRRPC activities. 

(f) All members will be full-time Federal employees who are 
allowed reimbursement for travel expenses by their agencies 
plus per diem for subsistence while serving away from their 
duty stations in accordance with Standard Government Travel 
Regulations. 
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DURATION 
The CIRRPC activities and the continuing need for CIRRPC will be 
reviewed by the Chairperson of CLSH annually. The findings and 
recommendations of the Chairman, CLSH, with regard to CIRRPC will 
be submitted to the Chairman, FCCSET, for approval. 
DETERMINATION 
I hereby determine that the continuation of the Committee on 
Interagency Radiation Research and Policy Coordination is in the 
public interest in connection with the performance of the duties 
imposed by the Executive Branch by law, and that such duties can 
best be performed through the advice and counsel of such a group. 

Recommended: 

ywi- 0 ' n/U*J~(7*L-
es 0. Mason, M.D., Dr.P.H. 

LSH Chairman 

Approved: 

>. Allan Brom! 
FCCSET Chairman Date 1 ', '1*2-
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APPENDIX E 

CIRRPC MEMBER AGENCIES 
AND THEIR REPRESENTATIVES 

(as of August 1995) 

U.S. Department of Agriculture 

Executive Committee: Dr. Alvin L. Young 

Policy Panel: Dr. Alvin L. Young (Alt.) 

Science Panel: Mr. John T. Jensen 

U.S. Department of Commerce 

Policy Panel: Dr. Leslie E. Smith 
Dr. Bert M. Coursey (Alt.) 

Science Panel: Dr. Bert M. Coursey 
Dr. Lisa R. Karam (Alt.) 

U.S. Department of Defense 

Executive Committee: Dr. E. John Ainsworth 
Mr. Robert L. Brittigan 

Policy Panel: Dr. Harold P. Smith, Jr. 
Major General Kenneth L. Hagemann (Alt.) 

Science Panel: Mr. D. Michael Schaeffer 

U.S. Department of Energy 

Executive Committee: Mr. ThaddeusJ. Dobry 

Policy Panel: Dr. Tara O'Toole 
Mr. C. Rick Jones (Alt.) 
Dr. Harry J. Pettengill (Alt.) 
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U.S. Department of Energy (continued) 

Science Panel: Dr. Matesh N. Varma 
Dr. Marvin E. Frazier (Alt.) 

U.S. Department of Health & Human Services 

Policy Panel: Dr. Marvin Rosenstein (Alt.) 

Science Panel: Dr. Gilbert W. Beebe 
Dr. Bruce W. Wachholz (Alt.) 
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APPENDIX I 

STATUS REPORT OF THE SUBPANEL ON THE USE 
OF PARTICLE FLUENCE FOR RADIATION RISK ASSESSMENT 

I ntrod uction/Rationale 

Risk assessments and risk management are fundamental issues that concern many 
government agencies responsible for regulations of exposure to radiation. At issue is the 
protection of the general public as well as individuals exposed in the workplace. A large 
proportion of the radiation exposure is to particulate radiation, involving neutrons produced by 
nuclear power generation, helium nuclei resulting from radon decays, neutrons from high 
altitude aviation, proton beam irradiation for cancer therapy, and high energy nuclei in the 
interplanetary space environment. New technological advances and long-term funding of 
multidisciplinary research in physics and biology have resulted in vast amounts of new scientific 
information. The quest for increased understanding of mechanisms of radiation damage in 
biological systems and of the molecular, cellular, and systemic factors involved in gene 
expression and cancer induction may provide the basis for new risk assessment strategies. In 
the interests of both public safety and the ability of government and the private sector to make 
sound risk/benefit analyses, it is essential that these new strategies be examined. 

The risk associated with human exposure to ionizing radiation is the probability of 
observing one or more injurious consequences of that exposure. These consequences depend 
on a large number of factors, some of which are: the type and composition of the radiation 
fields, the biological site or sites exposed, the magnitude of the radiation exposure, its duration, 
the time elapsed since the exposure, and the general health of the individual. 

Our current limits on exposure to radiation are based on various assumptions about the 
relationship between absorbed dose and risks. Although the definitions of absorbed dose and 
its derivative radiation protection quantities have evolved since first being introduced, they 
continue to be used in spite of acknowledged weaknesses in quantifying the physical events that 
are thought to be important in understanding and quantifying radiation damage in biological 
systems. These quantities continue to be used because the risk assessment system which has 
developed using these concepts is familiar, can be applied to any set of exposure conditions, 
is reasonably consistent with existing laboratory and epidemiological data, and no consensus for 
an alternative has been reached. Nevertheless, there are large uncertainties in the risk 
assessments associated with an absorbed dose-based system. It is evident that uncertainties can 
be reduced by developing a system based on an understanding of the basic mechanisms of 
radiation action. However, such an understanding is insufficient unless proper means are found 
to incorporate it into the process leading to radiation protection standards. 

Absorbed dose as defined by the International Commission on Radiation Units and 
Measurements (ICRU Report 51) as the quotient de by dm where de is the mean energy 
imparted by ionizing radiation to matter of mass dm. The weakness of the concept as applied 
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in radiation protection is that it depends explicitly on an average of many possible energy 
deposition events rather than on the characteristics of the physical event itself. The quantity can 
be expected to be appropriate only under conditions in which many events are expected to 
occur (e.g., for exposure conditions in which there are many energy deposition events within 
cellular or subcellular target volumes or, alternatively, for biological effects that depend on 
damage over large volumes of tissue). For many radiation protection applications, however, the 
exposure or exposure rate is quite low and the variation in energy deposition may be large. 
Consequently, the average over many energy deposition events that differ by orders of 
magnitude is arguably unsuitable because health effects can be attributed to single events that 
occur near microscopic, sensitive sites. 

One example of special importance, is the case of heavy ion exposure expected for 
astronauts conducting missions outside the earth's atmosphere. The large gradients in the spatial 
distribution of energy deposition from interactions between high energy, heavy ions and 
biological tissues is a case in which relatively few cells are exposed. Experimental evidence 
suggests that there is a high probability of a transforming event that ultimately leads to a 
neoplasm at absorbed doses that are quite small when averaged over macroscopic volumes, but 
that are quite high for volumes on the order of the dimensions of a cell. 

Accordingly, at the request of the National Aeronautics and Space Administration (NASA), 
the National Council on Radiation Protection and Measurements (NCRP) formed Scientific 
Committee 88: Fluence as the Basis for a Radiation Protection System for Astronauts. The task 
of the NCRP committee is: "(a) reviewing the present methods of estimating risks in the mixed 
radiation environment found in space, (b) reviewing several new methods including those 
involving (1) risk cross section, (2) hit-size effectiveness function, and (3) specific quality 
function, and (c) evaluating the efficacy of each approach, including predictive ability, sensitivity 
to accuracy of input data, practicality, and behavior in the mathematical sense (e.g., positivity 
and smoothness). The Committee will make recommendations on the relative merits and 
limitations of the identified methodologies and existing methods for the characterization of risks 
from radiation exposures in space." The Committee's work will be published as an NCRP 
Report. 

Because the Committee on Interagency Radiation Research and Policy Coordination 
(CIRRPC) expected that the fundamental risk assessment questions being addressed by the NCRP 
had wider application than space exploration, a Science Subpanel on the Use of Particle Fluence 
for Radiation Risk Assessment was established. The Subpanel reviewed the current system of 
absorbed dose-based risk assessment as well as the most promising alternative approaches. 
These included systems based on track structure, risk cross sections, microdosimetry, and the 
hit-size effectiveness function. A partial bibliography of the many papers reviewed by the 
Subpanel is attached. The Subpanel also reviewed recent comprehensive reports that summarize 
experimental data relevant to radiation risk assessment. The following section summarizes the 
findings of this Subpanel. 
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Subpanel Findings/Conclusions 

An acceptable system of risk assessment for radiation protection purposes has the 
following characteristics. First, the most important requirement for a risk assessment system is 
that it have predictive power, i.e., that it be based on testable scientific hypotheses. Second, the 
system should be consistent with relevant experimental data. These data should include 
endpoints that are relevant to the biological effects of concern for humans (e.g., cancer, lifespan 
shortening, genetic effects etc.). Third, the system should be consistent with available 
epidemiological studies (e.g., A-bomb survivors). Fourth, the system should be comprehensive. 
That is, it should be applicable to a wide variety of exposure conditions including mixed 
radiation fields and a broad range of exposure rate conditions. Fifth, the system should be based 
on quantities that can be measured in the field or derived from field measurements. 

The Subpanel concluded that the data were at present insufficient to determine whether 
uncertainties associated with these alternative approaches were, as yet, lower than those 
associated with the current system based on absorbed dose. The Subpanel also concluded that 
with advances in our knowledge over time, a more scientifically defensible approach for risk 
estimation can be achieved. However, to date, few experimental model systems have been 
developed with the specific biological endpoints that are both relevant to human risk assessment 
and for which there are data available for a suitably wide variety of radiation quantities to test 
competing risk assessment approaches. With few exceptions, when data are available, the 
biological models used are insufficiently sensitive to evaluate effects at doses low enough to 
provide data of relevance to anticipated human exposures without being prohibitively expensive. 
Accordingly, the Subpanel concluded that it is essential to obtain more data using sensitive in 
vivo models and that new in vitro models be developed that can be used to predict whole 
organism responses. New irradiation strategies that can reliably target specific sites within cells 
should be encouraged. Whenever appropriate, reports of experiments should include sufficient 
data, in addition to absorbed dose, to allow interpretation in terms of spectral fluence, track 
structure, and mechanistic descriptions of radiation effects. New data should be reported in 
terms of quantities other than absorbed dose. The Subpanel strongly recommends the 
continuation of the above research at appropriate institutions. 
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APPENDIX K 

CONCLUSIONS AND RECOMMENDATIONS OF THE SCIENCE SUBPANEL 
ON HEALTH EFFECTS OF ELECTRIC AND MAGNETIC FIELDS 

Federal Involvement in Research and in the Development 
of a Policy on the Health Effects of: 

A. Radiofrequency Fields 

Public concerns over a well-publicized lawsuit, which claimed that the radiation exposure 
of an individual from the antenna of a cellular telephone caused brain cancer, as well as general 
misgivings about excessive exposure to electric and magnetic fields have led the 
telecommunications industry to embark on a research program to investigate the possible 
adverse health effects of radiofrequency fields (RF) associated with these devices. This is a 
modest program, which, as this report points out, deals with a potentially major public health 
problem. The CIRRPC Subpanel on the Health Effects of Electromagnetic Fields (EMF) 
recommends the active involvement of Federal health regulatory agencies in carrying out 
radiofrequency health effects research. The subpanel also recommends that these agencies 
develop appropriate policy, exposure guidelines, or standards for the avoidance of hazardous 
exposures. In addition, the subpanel recommends the diligent monitoring of current 
developments in this field, with the goal of proactively preventing undue public exposure to 
hazardous situations. The rationale for these recommendations is discussed below. 

Following the invention of radar during World War II, it was recognized in the United 
States and other countries that radiofrequency field exposures in excess of 100 mW/cm 2 were 
hazardous. RF fields of 10 mW/cm 2 were considered tolerable for most individuals since the 
heat burden added to the body was modest, and fields less than 1 mW/cm2 were considered 
insignificant. Exposure standards adopted 10 mW/cm2 as a permissible level for continuous 
exposure, with limited time periods allowed for fields between 10 and 100 mW/cm 2. 

In the 1980's exposure guidelines were significantly revised to account for the fact that 
the amount of absorption in the body from RF fields is highly dependent upon the incident 
wavelength or frequency. Guidelines were than designed to limit the magnitude of the RF fields 
at various frequencies so that absorption when averaged over the whole body would always 
remain below a level of 0.4 watts per kilogram (W/kg) of body weight. Absorption at this level 
would contribute to a heat input to the body comparable to those typically experienced from 
minor physical exertion or under mildly elevated ambient temperature conditions. 

Before World War II and throughout the course of natural history, humans and animals 
had no substantive exposure to radiofrequency radiation. Since then, however, exposures have 
increased as the use of radiofrequency for navigation, the detection of weather patterns, 
entertainment, information, and communications has proliferated. From 1945 to about 1990, 
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the major sources of radiofrequency radiation were radio and television broadcast stations, 
military and civilian long-range communications systems, and radar and navigational systems. 

An Environmental Protection Agency (EPA) study conducted about 20 years ago found 
that approximately 99% of the U.S. population had been exposed to levels typically hundreds 
of times below permissible exposure guidelines at that time which were based on whole-body 
heating. Exposures to the majority of those in the remaining one percent, primarily those living 
adjacent to radiofrequency transmitting facilities or with occupations involving radiofrequency 
exposures, were also found to be below permissible levels. 

An individual's exposure is largely determined by the nearest single source, which could 
be a nearby TV station, a neighbor's ham radio station, or a cellular telephone. Many more 
sources are found in the environment. The rapid development, since 1990, in the use of cellular 
telephones and other personal communications devices, which has been made possible by 
recent advances in electronics, means that a large number of people will now be in close 
proximity to radiofrequency-emitting devices. The ambient background radiation is also 
increasing, although background levels are now still many times lower than levels required for 
whole-body heating. 

In the United States, over 10 million portable telephones are now in use, and the list of 
new devices and those being developed is growing longer. The Federal Communications 
Commission (FCC) has released a draft Notice of Proposed Rulemaking authorizingthe registered 
use of many bands of the radiofrequency spectrum, including: highway vehicle location devices 
operating near 0.9 GHz, which is the same region as current cellular telephones; personal 
communications services in the 2.4 GHz region, which is now also used for microwave ovens; 
and automobile radars and short-range wireless radio systems in many new bands between 47.2 
and 153 GHz. 

Future technologies are likely to increase the background levels, as well as the number 
of devices, to which the population is exposed. With more devices using radiofrequency power, 
radiation sources will either have to increase power or increase the number of retransmitters or 
relays to operate effectively. In addition, the miniaturization of devices leads to compact sources 
of more intense, localized (partial body) exposures. 

Urban sources of radiofrequency radiation are also proliferating. On a typical AM or FM 
transmitting tower, there are antenna farms and amplifiers for the rebroadcast of cellular phone 
and cable TV signals. There will be more paging services and specialized security or emergency 
services. There will be new kinds of radar for air traffic control, radio astronomy, and for 
monitoring weather and air pollution. Radiofrequency devices involving tagging, tracking, and 
location technologies, as well as combining satellite position locations with satellite or ground 
communications using voice or digital data transmission are being introduced. There will be 
multifrequency integrated devices combiningcomputers and wireless communication in personal 
communication networks. There will be new types of public services such as pagers, radio 
location, radio navigation, security services, emergency services for priority vehicles, commercial 
vehicle services, electronic toll collection, and vehicle collision avoidance radar. 
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Competition for available spectrum space has led to new technologies for wireless and 
cellular phones. Spread spectrum technology used in new police radars and detectors involves 
skipping through several frequency bands to find less noisy channels. New transportation 
technologies might include electric and hybrid vehicles with switching/choppingequipment,fuel 
cells, magnetic levitation trains, automated guideway transit and other rail propulsion systems, 
and advanced control and signaling systems. 

Very little is known about the potential chronic health effects due to exposure to low-
intensity EMF and radiofrequency radiation fields beyond the heating effects that form the basis 
of the current maximum limits for partial and whole-body exposures set by the American 
National Standards Institute, the Institute of Electrical and Electronic Engineers, and other 
nongovernment organizations. Most of the research to date has been conducted at a few 
specific frequencies between 27 MHz and 6 GHz, which are associated with common devices. 
The assumption universally made by the engineers and industry leaders developing these new 
devices for the marketplace is that there is no adverse effect in humans in the absence of heating 
and that the heating effects are well-described by the electromagnetic field theory. Under these 
assumptions, there is no need for experimental health studies to verify safety for each new 
frequency or modulation technology that engineers might design, as long as the whole-body 
absorbed energy is small enough to avoid heating effects. Little or nothing is known about 
organ specific effects or frequency "window" potential bioeffects. 

However, there is some evidence that these assumptions about heating effects are not 
necessarily valid. Biological effects resulting from sub-heating levels of radiofrequency energy 
absorption have been reported in studies of animal and cell systems. Some of these effects are 
discussed below. Whether these biological effects are capable of leading to human hazards is 
not known. There are individual cases where cancer has been attributed by the victims or their 
families to exposure to radiofrequency fields. In addition, there have been some epidemiologic 
studies of populations exposed to radiofrequency fields that show excess rates of leukemia. This 
epidemiologic evidence is certainly not yet compelling enough to conclude that radiofrequency 
fields cause, or contribute to the causes of, cancer. However, the evidence does suggest that 
low-power radiofrequency exposure might lead to hazardous effects. 

Several studies of biological effects from low-power radiofrequency exposure have 
possible but uncertain significance with respect to adverse health hazards. An example is the 
finding in a number of experiments that 16 Hz amplitude modulation of both 147 MHz and 450 
MHz radiofrequency radiation induces changes in calcium ions bound to brain tissue and 
changes in intracellular enzymes in cell preparations. Another example of low-intensity effects 
recently reported in the European literature is the finding of changes in the rate of bud formation 
in yeast (ascribed to the alteration of chromosome function) over a narrow frequency range near 
42 GHz, at intensity levels many times below heating limits. 

Research in the United States on the health effects of radiofrequency fields is practically 
nonexistent at present. In fact, over the last 10 years (1985-1995)the only major radiofrequency 
health effects research program in the United States has been an effort by the Air Force to 
explore the effects of extremely short-duration, high-intensity electromagnetic pulses (EMP) being 
generated to test the ability of electronic systems to withstand a major nuclear detonation. The 
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emphasis in this program has been on dosimetry, the biochemical and cellular mechanisms of 
action, and acute and long-term effects in animals. Relatively small programs have been carried 
out by the Army and Navy to investigate the effects of EMP and radar-like pulses. The programs 
of all three Services have recently been combined at Brooks Air Force Base. The health-related 
Federal agencies, such as the Food and Drug Administration (FDA), the National Institute of 
Occupational Safety and Health (NIOSH), and EPA, have been forced to abandon radiofrequency 
health research over the last 10 years due to decreases in funding and changing policies or 
priorities. Other regulatory agencies, such as FCC, the National Telecommunications and 
Information Administration (NTIA), and the Department of Transportation, look to the health-
related agencies for nonionizing radiation standards and guidelines to protect workers and the 
general public. 

In addition to the need for Federal involvement in health research, there is an acute need 
for sound national policy and/or standards on public radiofrequency exposure to stationary and 
portable sources of radiofrequency fields. This is necessary to assure safety, permit continued 
innovation and productivity in the telecommunications and electronics industry, and create a 
favorable competitive climate for the United States in international commerce. Lack of Federal 
standards has led to inconsistent State and local regulations, lack of public confidence in the 
safety of devices, and litigation challenging radiofrequency operations. 

In summary, the Federal government, through the FCC and NTIA, is opening new regions 
of the radiofrequency spectrum for extensive new uses that will substantially increase the 
exposure of the general public to radiofrequency fields. At the same time, the Federal health 
and regulatory agencies are no longer in a position either to conduct research that assesses 
possible health hazards or to assure the safety of these exposures. In addition, no Federal 
government organization is responsible either for overseeing the collective public safety of these 
new devices and their applications or for assessing their public health impact before exposure 
occurs. 

The members of the Subpanel on the Health Effects of Electromagnetic Fields recommend 
that these functions be performed across appropriate agencies in the Federal Government and 
that some coordination and communication mechanism be established to incorporate health 
considerations into plans for introducing these new technologies into public use. 

B. Extremely Low Frequency Electric and Magnetic Fields 

A 1992 CIRRPC-sponsored review by ORAU indicated that "there is no convincing 
evidence in the published literature to support the contention that exposures to extremely low-
frequency electric and magnetic fields (ELF-EMF) generated by sources such as household 
appliances, video display terminals, and local power lines are demonstrable health hazards." 
Nevertheless, public concerns still persist and research reports on human observations and 
laboratory experiments with these fields continue to show conflicting effects. In addition, this 
public concern is still causing considerable economic impact in the electrical distribution and 
appliance industries and it is affecting employers of highly exposed workers. 
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In the face of these concerns, there is a dual need for Federal involvement: a) in research 
to resolve questions of potential hazard and b) in establishing whatever guidelines, recommenda
tions or standards are necessary to communicate facts on potential risk, to ensure the orderly 
development of the electrical power distribution network, and to ensure the "safe" design of 
appliances for both the domestic and foreign markets. 

Currently, the main research program of the Federal Government for low-frequency fields 
is the five-year program carried out jointly by the Department of Energy (DOE) and the National 
Institute of Environmental and Health Sciences (NIEHS) which is due to end in 1997. In all 
likelihood the final report will not be able to come to a definitive resolution of the complex 
health issues involved. Consequently, members of the Subpanel recommend a continuation of 
the core research programs of DOE, NIEHS, FDA, and NIOSH so that a proper scientific basis 
for policy guidance will become available for implementation by the appropriate regulatory 
agencies. 
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APPENDIX M 

SUBPANEL ON OCCUPATIONAL RADIATION PROTECTION RESEARCH: 
ISSUES REMAINING FROM SUBPANEL DELIBERATIONS 

There is a need to develop more standardized internal dosimetry models that are more 
robust and accurate in their estimation of uptake and calculated internal deposition and 
dose. Models need to be (a) developed for each element or chemical family, (b) more 
physiologically based, and (c) able to accommodate changes in data as they become 
available. Current models are not representative of physiological processes, but instead 
are most often curve fits of bioassay or animal-derived data (typically a sum of 
exponential). These models are not easily adapted to differences between individuals, 
populations, and age groups. 

There needs to be increased focus on obtaining data on the internal dose to 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. 

There is a need for guidance on the following aspects of sampling to detect uptakes of 
radioactive materials: (a) the frequency at which bioassay samples are collected, (b) 
alternative methods of processing bioassay samples (such as the concept of batching 
samples), and (c) the proper uses of other monitoring devices such as nasal smears and 
personnel monitors. The simplest approach would be the development of a good-
practices manual for interpretation of bioassay data. A more complex solution would be 
the development of an expert computer program. Such a system would guide the 
internal dosimetrist in the proper use of bioassay samples and other monitoring results 
to determine if an uptake has occurred. 

A handbook for medical personnel and dosimetrists needs to be developed to give 
guidance and dose criteria on when to recommend the use of chelators. Better 
knowledge of the mechanism by which chelators work could provide added insight into 
the metabolism of nuclides to which they bind. 

There is a need to ensure the adequacy of radiation protection standards for actinide 
elements, verifying or modifying, as appropriate, the existing biokinetic and dosimetric 
models, determining the distribution and concentration of the uranium series and 
transuranium elements in tissue, and the revision of biokinetic models used for radiation 
protection purposes. 

More needs to be done to make technologies such as accelerator and ICP mass 
spectrometry, kinetic phosphorimetry, and fission track analysis available at affordable 
cost to screen and baseline populations that are exposed to transuranics. 
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Epidemiology studies of cancer among uranium miners is hampered by lack of exposure 
and dose information. A strong correlation exists between bone 2 1 0Pb measurement and 
exposure history. Better 2 1 0Pb data would be invaluable in clarifying dose-consequence 
relationships and provide needed validation of dose-response characteristics. 2 1 0Pb 
should be measured in uranium workers. 

There is a need for a better neutron dosimeter that can more accurately monitor neutron 
dose equivalent received from daily exposure activity. Such a dosimetry should have an 
energy-independentdose equivalent response. Research is needed to investigate possible 
nuclear or chemical reactions that duplicate the dose equivalent response function and 
to develop monoenergetic neutron beams for quantifying response vs. energy. 

There is need to capitalize on the vast amount of national animal data base archive 
information for modeling references and to compliment the data on human experience. 
It was costly to collect all this important data and an organized approach is needed to 
identify its location, determine how this information can best be used to apply to current 
concerns, and who could help in making the data useful. 

The dose and risk to the lung associated with inhalation of radionuclides are dependent 
on the times that the radionuclides spend in the various parts of the lung. There is 
evidence that radionuclides remain in the bronchial area longer than previously 
suspected. There is need for research that clearly monitors the movements of particles 
after they enter the lung. The current apportionment of risk needs to be reevaluated 
based on the portion of the lung exposed and in light of recent data from the Japanese 
atomic bomb survivors. 

There is a need for research to improve the physiological basis for the factors used to 
determine the uptakes of radionuclides from the gastrointestinal tract. A better 
understanding of internal dose received from ingestion of contaminated food and water 
could greatly assist in the determination of environmental release limits for sites that 
contain radioactive materials. 
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APPENDIX N 

STRATEGIC PLAN FOR RADIATION RESEARCH 

A. Goal and Opportunities 

To further advance scientific understanding of the uses and beneficial or adverse health, 
social and economic impacts associated with or derived from exposures to natural and 
man-made sources of radiation to assist the U.S. government in its decision-making 
process. 

B. Policy Issues/Questions 

Policy issues that can benefit from research in the fields of radiation research and allied 
sciences generally can be characterized in one or more of the following four related 
areas based on the 1983 National Academy of Sciences paradigm: 

• Exposure Assessment - The characterization of radiation exposure(s) to which a 
population, person, tissue or organ has been, is, or is expected to be subjected, 
including all aspects of physical and biological dosimetry, and of dose 
reconstruction. 

• Health Effects - The biological consequence(s) of living matter exposed to 
radiation(s), including both the beneficial and detrimental effects of radiation, and 
the identification of sensitive individuals or segments of the population. 

• Risk Assessment - An assessment of the quantitative as well as qualitative 
relationship between exposure(s) to radiation and the health effects(s) resulting 
from such exposure(s). 

• Risk Management - Administrative, physical and biological procedures or 
techniques that can be established, implemented and/or administered prior to or 
following exposure to radiation in order to modify, reduce or eliminate the 
adverse biological consequence. 

Policy issues include but are not limited to: 

• Occupational and public health and environmental concerns and consequences 
associated with all aspects of the uranium fuel cycle, including decontamination 
and disposal. 

The nuclear fuel cycle includes the mining and milling of uranium ores, 
conversion to nuclear fuel material and fabrication of fuel elements; the 
production of energy in the nuclear reactor; the storage of irradiated fuel, or its 
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reprocessing with the recycling of the fissile and fertile materials recovered; and 
the storage and disposal of radioactive wastes. At all stages of the cycle, the 
radiation doses to individual members of the public from releases of radioactive 
materials and the doses to workers from normal operation of the nuclear fuel 
cycle must be determined in order to assess any health effects resulting from the 
exposures. Other issues relative to the fuel cycle that need to be addressed 
include: storage and disposal of both high- and low-level radioactive waste; health 
benefits from clean up of nuclear facilities; and determination of acceptable levels 
for releasing uncontaminated materials from nuclear sites. 

Concerns of the public and of past and present military and civilian participants 
in military activities, including all aspects of nuclear weapons research, 
development, manufacture, testing, deployment, and disposal. 

There is growing public concern that military radiation risk activities might have 
caused certain service personnel and civilians to contract and often die of cancer, 
immunodeficiency disorders, or other diseases more frequently and at younger 
ages than expected. Much of the public's focus has been on the nuclear weapons 
program, including weapons development, testing, maintenance, handling, 
deployment, disposal, environmental contamination and remediation, or site 
restoration as possible activities contributing to adverse health effects. 

In response to these concerns, the Federal Government has undertaken health 
effects studies of four relevant populations: two of veterans who participated in 
the atmospheric weapons testing program, one of shipyard workers servicing 
nuclear-powered Navy ships, and one of Navy personnel assigned to nuclear-
powered submarines. Three of these studies have been completed and have not 
detected increased mortality due to cancer; further studies are in process to 
discern if there is an increase in other adverse health consequences. A first-time 
study of veterans participating in Operation CROSSROADS (the first peacetime 
U.S. atmospheric nuclear weapons test conducted in 1946) is in progress. 
Additional opportunities should be explored to investigate health consequences 
among selected populations with respect to service-related radiation exposure, 
provided the populations are of sufficient size and received exposures that would 
permit a valid and credible scientific study. 

Non-medical uses of radiation and radioisotopes in the civilian sector, including 
food irradiation and industry segments such as mining, drilling, quality control, 
electric utilities, and communications (e.g., electromagnetic, microwave, radar). 

Food irradiation has significant potential for preservation and protection of the 
U.S. and world food supplies. However, it is a controversial issue whose many 
aspects are discussed in the media. It is likely that without further research to 
provide fundamental answers, these public controversies will become global in 
scope. 
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Nuclear sources are gaining popularity in industry because of their sensitivity and 
application in non-destructive testing. They are used in materials handling, 
processing, and storage, as well as in manufacturing, particularly in situations 
where structural integrity is of paramount importance. They are also used in 
construction and mining, such as in well logging, where geological information 
is required. Expanding use will generate additional need for technological 
improvement, as well as questions regarding concurrent public health 
consequences. 

Advances in communications have increased public exposure to, as well as 
public awareness of, non-ionizing sources of radiation. Non-ionizing radiation 
(e.g., extremely low frequency, microwave) is a current public health issue with 
consequences for electric utilities and for housing and urban planning. These 
technologies have already influenced the American public and questions are now 
being raised about their health impact, particularly on the young. 

In all of these situations, research is needed to determine the presence or absence 
of long-term public health consequences to an exposed diverse population. 
Research typically has focused on adult males, while there has been limited 
research on women, minorities and the young. To achieve the benefits of the 
technology as well as to promote responsible action, more accurate information 
is needed to evaluate options for benefits and to manage consequences. 

Medical uses of radiation and radioisotopes for diagnostic and therapeutic 
procedures and treatment. 

Approximately one quarter of the American population now alive will be 
diagnosed with cancer during their lifetime. Many of the current diagnostic 
procedures involve radioisotopes to determine the presence, location, size and 
stage of the cancer. About one half of those so diagnosed will survive for more 
than five years without symptoms after receiving treatment. About 90% of these 
long-surviving patients will be symptom free because of local control of their 
primary tumors. Surgery contributes about 50% to this 90%, radiation therapy 
about 25%, and combinations of surgery and radiation therapy another 15%. 
Thus, about 40% of these long-surviving patients are treated with some form of 
radiation therapy. 

Radiation therapy research encompasses a range of scientific disciplines including 
biology, chemistry, physics and clinical oncology as well as the specialized 
treatment modalities such as photodynamic therapy and hyperthermia. Research 
efforts range from the investigation of basic mechanisms at the atomic and 
cellular levels to controlled clinical trials for a multitude of diseases using single 
or multimodality treatment schemes. This research has resulted in increased 
sophistication and effectiveness of X ray and gamma beam therapy, and of the use 
of specific radionuclides for certain cancers. In addition, a number of new major 
modality regimens are under active investigation, both in the laboratory and in 
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clinical settings. The focus of research areas in the near future include: 
hyperthermia, photodynamictherapy, radiation modifiers, particle and conformal 
radiotherapy, boron neutron capture therapy and radioimmunotherapy. 

• Naturally occurring background radiation (e.g., radon) and remediation effects 
in high exposure area. 

This topic is the subject of an extensive discussion included in the report of the 
Committee on Environmental and Natural Resources. 

C. Scientific/Technological Coals and Research Priorities 

• Development and refinement of health risk estimates. 

• Radiation dosimetry research to improve capabilities for the determination 
of human exposure to radiation leading to a firmer basis for the evaluation 
of human health risk and for the development of radiation protection 
guidelines that will enhance protection of radiation workers and the 
general population. 

• Improve occupational monitoring methods and health surveillance 
procedures for detecting exposure, estimating risks and defining the 
genetic predisposing factors that influence individual worker susceptibility 
to radiation exposure. 

• Improve the quantitative understandingof molecular and cellular radiation 
effects and of radiation oncogenesis after exposure to various types of 
radiation by incorporating fundamental knowledge in physics, chemistry, 
and biology and using this information to develop an integrated model for 
estimating risk. 

• Improve the reliability and accuracy for assessment of exposure from 
incorporated radionuclides by increasing the knowledge of relevant 
biokinetics processes. 

Large doses of radiation kill extensive numbers of cells in the exposed tissues; this 
can lead to recognizable radiation-induced effects. Mutagenic and carcinogenic 
effects, in contrast, may result from subtle damage to individual cells and can also 
be caused by smaller doses, as can injury to the developing embryo. Such effects 
are of potential concern in any population exposed to elevated levels of ionizing 
radiation. With low doses and chronic exposure, however, assessments of the 
risks of such effects must rely primarily on extrapolation from observations of 
populations exposed at higher doses and higher dose rates, such as the atomic 
bomb survivors, owing to the lack of adequate information about the effects of 
radiation that can be distinguished from those due to other causes; these 
assessments are fraught with much uncertainty. 
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Because human data are available with protracted exposures to cumulative doses 
sufficient to enable clear and precise estimates of any resulting effects, such 
populations, especially among women, children and minorities are, therefore, 
clearly a high priority for study whenever they can be identified. 

However, low-dose studies face two severe problems: 1) large sample sizes are 
required for effects to be detected and, 2) the magnitude of potential confounding 
effects may be as great or greater than the magnitude of the radiation effects 
under study. Thus, investigators need to be selective and study circumstances 
and populations that will permit a valid study design and control of confounding 
variables. High-dose studies of children have suggested that carcinogenic effects 
may be greater among irradiated children than among those irradiated in 
adulthood; however, the risk to adults who were exposed as children is currently 
unknown, so continued follow-up of such populations as the Japanese atomic 
bomb survivors is essential. 

The use of laboratory animals and/or cultured cells can complement human 
studies and elucidate the health effects of ionizing radiation in ways that are not 
possible in human beings themselves. In vitro studies, including techniques to 
investigate somatic cell genetics, oncogenes, tumor suppressor genes, and 
cytokines, and other advances in molecular biology, will help to elucidate the 
mechanisms of effects and to investigate whether they possess any characteristics 
specific to radiation exposure. Further exploitation of new techniques of 
molecular analysis, such as the polymerase chain reaction (PCR) or fluorescent 
in situ hybridization (FISH), may ultimately enable the prediction of variations in 
human susceptibility to disease and the early detection of cancerous changes. 
Research is needed, however, to harmonize and integrate the results of such 
studies in vitro and to utilize techniques of molecular epidemiology. 

Investigation of biomarkers for validating radiation exposures and predicting 
risk of diseases. 

• Identify biological factors that determine an individual's responsiveness 
and susceptibility to radiation-induced damage/disease. 

• Continue to develop molecular probes and techniques to detect radiation-
induced damage and to develop more sensitive biological markers of 
exposure and dose for use in human epidemiological studies. 

• Improve biological dosimetry for use in exposure assessment and develop 
techniques for detecting individual susceptibilities and/or predisposition 
to disease, including cancer. 

Known biomarkers do not provide sufficient sensitivity, specificity, and 
persistence for identifying the effects of chronic, low-level radiation exposure. 
New biomarkers, particularly ones that could provide a radiation-specific 
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signature applicable to long-term risk assessment, need to be developed, 
including analyses to define changes in oncogenes (both dominant and recessive) 
and to characterize the molecular spectrum of relevant mutations in relation to 
the LET and dose rate of irradiation. For use in large populations, measurements 
of such biomarkers should be simple, inexpensive, and highly reproducible. With 
appropriate institutional and individual consent, banking of tissues from 
individuals soon after their exposure is highly recommended for use in future 
research on biomarkers that could also permit early detection or prediction of 
disease. 

Investigation of the mechanistic effects of radiation at the cellular and 
subcellular levels. 

• Develop new molecular-based tools for health surveillance and biological 
dosimetry using information coming from cellular and molecular studies. 

• Isolate and characterize genes that regulate damage repair and cell 
proliferation and examine alterations in those genes that occur during 
radiation-induced carcinogenesis. 

• Conduct research to increase our understanding at the cellular and 
molecular levels, of the fundamental mechanisms of the long-term health 
effects (e.g., cancer, immune impairment, etc.) of exposure to radiation. 
Use that information to increase understanding of low-dose radiation 
effects in order to assess risk and establish whether a threshold exists for 
adverse health effects. 

• Develop an integrated, comprehensive study of the physical, chemical, 
molecular, and cellular biological processes induced by radiation that will 
provide an understanding of the mechanisms by which that (DNA) 
damage leads to cancer, and facilitate the development of a sound method 
for the estimation of radiation risk at low doses accumulated over long 
periods of time and the extrapolation of risk from experimental animals to 
man. 

Most knowledge of the biological mechanisms underlying the health effects of 
ionizing radiation has come from studies of the effects of acute exposures. As 
mechanistic studies are attempted at lower doses and dose rates under chronic 
exposure conditions, it becomes increasingly difficult to overcome the problems 
of diminished statistical reliability of the results and increased lack of sensitivity 
to detect the end points being measured. Important issues still to be addressed 
include: 

• The extent to which mechanisms underlying the health effects of radiation 
exposure change qualitatively and quantitatively as the exposure varies 
from acute, high-dose exposure to chronic, low-dose exposure. 
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• Differences in the risks resulting from exposure to sparsely ionizing (low-
LET) radiation (X-and gamma rays), as compared with densely ionizing 
(high-LET) radiation, such as alpha particles from radon. 

• The mechanisms operative under chronic exposure conditions that can be 
used to develop indicators of exposure, dose, sensitivity, and effect. 

• The quantitative and qualitative similarities/differences produced at the 
molecular, cellular and organism level between the damage produced by 
normal oxidative metabolism and that produced by chronic irradiation. 

• The development of new instrumental and molecular biological 
technologies to increase sensitivity for detection of end points after 
biological systems are irradiated at low doses/dose rates. 

• The extent to which genetic susceptibility or exposure to other 
environmental agents might modify the molecular or cellular response to 
radiation. 

Investigation of radioprotectant agents to provide for intervention and 
prevention of radiation injuries applications to patient survival, cancer 
induction, and treatment. 

Past research into radioprotectant drugs has focused on three areas: the removal 
(scavenging) of free radicals, peroxides, and superoxides; the repair of 
biomolecules damaged by these species, in order to restore metabolic function; 
and the stimulation of depleted cell populations, particularly depleted stem cell 
populations. These studies have resulted in the development and utilization of 
chemicals with protective properties that have the potential to become useful as 
prophylactic drugs. However, at present, the radioprotection is effective only 
over a limited exposure range and, in many cases, produces several adverse side 
effects in experimental animals. Studies utilizing combinations of different 
radioprotectants are promising to lower the adverse side effects while still 
providing radioprotection. Very little research on the development of 
radioprotection from high-LET radiation, protection from early effects of chronic 
irradiation, and protection against cancer and other late effects has been 
conducted. 

In light of the above discussion, several areas of research on radioprotectants 
need to be addressed: 

• Efforts to develop and test pharmaceuticals that provide prophylactic 
effects against low-LET radiation must be expanded. This should include 
additional drug combinations that not only stimulate molecular and 
cellular radiation repair processes, but also decrease adverse side effects. 
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Survival may be increased following acute or chronic exposures that 
otherwise might lead to death within 60-120 days. 

• Prophylactic measures against high-LET (e.g., alpha particles, neutron 
recoil ions, etc.) radiation effects should also be developed. 

• Pharmacological agents that can reduce the long-term effects of radiation, 
such as cancer, should be identified. 

• Studies are needed to expand the application of radioprotectants to reduce 
damage in "normal tissues* during cancer therapy, both by using radiation 
treatments and chemotherapy, which would allow for the optimization of 
cancer radiotherapy or "radiosurgery*. 

Development of new diagnostic and therapeutic radiation modalities. 

• Technology developed under this topic provides a non-invasive capability 
for detection and localization of small lesions, for quantitative 
measurement of dynamic organ function, and for selective radioisotope 
and radiation therapy of cancer. 

• Improve radiation dosimetry in support of diagnostic and therapeutic 
medical procedures in order to reduce costs, lower radiation exposures, 
reduce risk, and provide better health care delivery. 

• Develop the information base needed to allow the effective use of 
radioprotectants as adjuncts to radiation therapy and chemotherapy. 

• Continue to develop advanced tools and methods for medical diagnosis 
and treatment including: research to develop new radioisotopes; 
development and application of new radiopharmaceuticals; research on 
imaging instrumentation; exploration of new radiation therapy modalities 
with emphasis on boron neutron capture therapy; and development of 
molecular nuclear medicine to use the advances in molecular biology to 
address research needs in nuclear medicine. The goal of this program is 
to demonstrate the clinical feasibility of these new, advanced medical 
technologies. 

Following are examples of new radiotherapy modality regimens that will be the 
focus of laboratory and clinical investigations in the next few years. 

The use of hyperthermia plus radiation therapy as a treatment modality continues 
to interest the medical community. However, further research is needed to 
develop and improve methods for achieving reliable and uniform heating of 
tumors, especially deep seated tumors. Improvements in thermometry are needed 
as well, especially methods of non-invasive thermometry. Hyperthermia as an 
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effective adjunct to radiation and chemotherapy needs to be confirmed by 
standardized, randomized clinical trials for specific tumor and anatomic sites. 

Photodynamic therapy (PDT) may be a possible treatment modality. Better 
chemical compounds for light-stimulated radiation treatments are being sought, 
and will require clinical testing. Development of improved light-producing lasers 
and light delivery systems will be encouraged, as well as systems and methods 
for photodosimetry. 

Chemical modifiers of radiation damage are being investigated for use in 
conjunction with radiotherapy. The goal for their use is to increase the sensitivity 
of neoplastic tissue to radiation. Attempts to improve the efficacy of these agents 
and to decrease their toxicity are continuing. Many of these agents have 
radiosensitizing and chemosensitizing activity, while others act as prodrugs that 
are activated in tumors. New compounds need to be developed, but this is 
dependent on devising a more rapid screening system with greater capability to 
screen a large number of compounds for radiosensitizing activity. 

Boron neutron capture therapy (BNCT) continues to become more promising as 
advances are made in the chemistry and biology of boron containing compounds 
that may concentrate in tumors. 

Conformal Radiotherapy using conventional photon and/or electron beam 
accelerators is a new research area in which complex treatment plans are 
developed and implemented that conform precisely to the tumor treatment 
region, resulting in a greater sparing of normal tissues. This development will 
require advances in three-dimensional treatment planning, robotics vision 
techniques, expert knowledge systems and digital imaging verification systems. 
Technology transfer from the artificial intelligence community and medical 
informatics will greatly assist in this effort. 

Some tumors are located adjacent to critical normal tissues such as the spinal 
cord. Because proton beams have a finite penetration distance into tissue that is 
a function of the energy of the incident beam, there is less scattering and less 
damage to adjacent normal tissue than with conventional therapy beams. 
Therefore, protons can be used to achieve extremely precise radiation dose 
distributions, so that smaller volumes of normal tissues surrounding tumors are 
exposed to high doses, and higher doses can be delivered to tumors, increasing 
the probability of local control and improved survival. 

Proton beam therapy experience based on the treatment of more than 2000 
cancer patients has confirmed this expectation and has resulted in a greater tumor 
control rate, comparable or lesser morbidity, and no increase in marginal failures. 
This experience is consistent with the concept that improved radiation dose 
distribution yields better therapeutic results. 
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The history of radiation therapy shows clearly that major improvements in dose 
distribution have yielded clinical gains. Further gains will come if worthwhile 
improvements in dose distributions can be realized. Major issues regarding the 
use of new techniques which yield further improvements in dose distributions 
are: the ability to image the target and non-target tissues/structures precisely; the 
ability to align the target and the beam and to define the uncertainties of that 
alignment; the ability to deliver the dose to all of the defined target (in three 
dimensions) at each treatment session, and the cost (personnel, equipment, space, 
etc.). To the extent that gains are demonstrated, the results will prompt efforts to 
study additional sites for proton beam therapy. Positive results will also support 
the study of radiation therapy strategies other than protons to improve dose 
distributions. 

• Investigation of radiation technologies to reduce ecologic and human health 
impacts for the control or elimination of foodborne pathogens, spoilage 
organisms, and insect pests. 

Ionizing irradiation can be used to eliminate or greatly reduce the number of 
foodborne pathogens and insects that may contaminate foods, thereby improving 
the safety or wholesomeness of foods for the consumer and avoiding the use of 
pesticides for insect control. Research is required to identify appropriate radiation 
doses especially when applied in combination with other food processing 
methods to achieve the desired effect. An example of needed research is the 
evaluation of the safety and efficacy of treating poultry and red meats with 
ionizing radiation in combination with modified atmosphere or vacuum 
packaging for control of foodborne pathogens and spoilage organisms. To obtain 
the full benefits achievable by food irradiation using contemporary food 
technology practices, research is needed on the interactions between ionizing 
radiation and foodborne pathogens or spoilage organisms associated with meats 
and poultry packaged under vacuum or modified atmosphere. 

A second example of a research need is this area in determination of the doses 
and conditions of radiation required to kill or to prevent emergence of adult 
quarantined insects while maintaining the desired quality of the irradiated fruit or 
vegetable. Use of the fumigant methyl bromide may be completely banned in 
the near future; there is no known substitute for most of its uses, and irradiation 
may provide an environmentally safe substitute for quarantine control of insects 
on some products. Regulatory agencies need much more data on the 
effectiveness of irradiation in killing or preventing the emergence of adult insect 
pests. 

D. International Dimension 

The goal, policy issues, and research interests are broad in scope, and, therefore, the 
United States plays a major role in international organizations involved with radiation 
protection research, including the International Commission on Radiological Protection 
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and the relevant agencies of the United Nations (i.e., the International Atomic Energy 
Agency and the Scientific Committee on the Effects of Atomic Radiation). Most important 
is the continuing U.S.-Japan study of the atomic bomb survivors under the Radiation 
Effects Research Foundation, which provides much of the scientific basis for estimating 
risks of cancer from low-level radiation exposures. The United States has on-going 
collaborative radiation research with other countries, such as those of the former Soviet 
Union (Russia, Belarus, and the Ukraine) and sites of previous U.S. atmospheric nuclear 
weapons detonations and accidents, and participates in reviews/discussions of research 
sponsored by other countries, such as those of the European Union and the National 
Radiological Protection Board of the United Kingdom. 
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APPENDIX O 

POLICY ISSUES ASSOCIATED WITH FOOD IRRADIATION* 

A. L Young 
Committee on Interagency Radiation Research 

and Policy Coordination 
Executive Office of the President 

It is indeed a pleasure for me to be the opening speaker at this important international 
conference that will focus on facilitating the commercial adaptation of food irradiation 
technology. For this audience it is of given acceptance that, "The use of irradiation to improve 
the safety, protect the nutritional benefits, and preserve the quality of fresh and processed foods 
is a well established and proven technology,* as stated in the announcementfor this conference. 
Having established (i) a safe and effective irradiation technology; (ii) clear evidence that foods 
properly irradiated are safe for human consumption, without affecting nutritional values; and (iii) 
enhanced public health protection by the reduction of pathogens in food—what then are the 
policy issues that need further consideration and, most importantly, actions to bring about this 
facilitation of further commercial development of this beneficial technology? 

The aforementioned announcement lists the following issues to be included in your 
considerations and serve as a guide as to what issues implementation of a national policy on 
irradiated foods should seek to accomplish: 

• the public health need to reduce pathogens in food (comment: food-borne 
diseases pose a widespread threat to human health); 

• consumer perceptions of irradiation as a food process (comment: an informed 
consumer is in the best interest of advancing this technology); 

• governmental regulatory mechanisms affecting implementation of the technology; 

• the extent to which international trade could be adversely affected by failure to 
implement the technology (comment: the inability of countries to satisfy each 
other's quarantine and public health regulations is a major barrier to trade); 

• the financial capability of the food industry to make the capital investment 
necessary for the technology (comment: the cost to build food irradiation facilities 
is within acceptable cost range); 

'Presented at the International Conference on Safeguarding the Food Supply through Irradiation 
Techniques, October 25, 1992, Orlando, FL. 
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• the need for irradiation technology to eliminate quarantine pests from fresh fruits 
and vegetables; and 

• overcoming barriers to informing the shopping public about the technology 
(comment: the need for accurate, factual information so that an informed public 
can make informed choices). 

The policy questions associated with these topics have elements that include the need 
for decision-making on issues of science, economics, sociology and psychology that must 
involve both the public and private sectors in a spirit of cooperation. 

From my own experience in dealing with research and policy matters concerning dioxin, 
biotechnology, and radiation (from electric and magnetic fields generated by household 
appliances and local powerlines to the cleanup and disposal of radioactive wastes), policy 
questions are by far the most difficult to resolve, especially those that attempt to change 
misperceptions of public health risks that may be associated with a given technology. This 
difficulty is in spades when the policy involves radiation technologies, both those technologies 
that "create" radiation or radioactive materials, such as electric power generation, and those that 
use radiation for societal benefit, such as in the case of food irradiation. Unfortunately, the 
voices most heard by the public on public health issues involving "radiation" fail to differentiate 
what is radiation, what does irradiation mean, and when is material radioactive. Thus, the most 
difficult issues in the above listing are those that require active programs in education on why 
irradiated foods are not radioactive or otherwise hazardous or unsafe and why the public health 
benefits of this technology should be acquired as a matter of choice. "Prudent* public health 
decisions often are not "prudent" economic health decisions and often the net outcome is a 
negative social benefit. 

The point is that education will be the key to recognizing the best balanced decisions in 
accepting or rejecting a given technology. To this end the Federal agencies, through the 
Committee on Interagency Radiation Research and Policy Coordination, are presently developing 
a report that will provide a strategy for improving knowledge about radiation through schools 
and incentives and for increasing public awareness. Hopefully, this effort will have some 
positive bearing on changing public perceptions about health concerns associated with irradiated 
foods and on acceptance of irradiated foods in the markeplace. I would encourage all of you to 
read Susan Conley's recent article—Paralyzed by Perception: A Report on Consumer Acceptance 
of Food Irradiation. 

Having made these rather general remarks, let me now focus on the technology at hand. 

The Federal government does have a national policy on irradiated foods—it is to endorse 
the use, under existing regulatory authority, of irradiation processing of foods as an alternative 
technology that will help ensure that consumers are provided with a wholesome, safe, and 
nutritious food supply (USDA). 

The USDA has implemented this policy in approving the irradiation of poultry—chicken, 
game hen and turkey—having found the technique to represent "no hazard to consumer and... 
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no adverse affects on the poultry's nutritional value." The U.S. Department of Agriculture 
regulations, which appeared in the September 21 Federal Register, provide elaborate rules that 
call for poultry irradiation plants to institute quality control programs that ensure worker and 
product safety as well as excellent sanitation (to be enforced by USDA processing inspectors), 
and limit the agency's approval of the technique to the lowest practical levels that will control 
such pathogens as Salmonella, Listeria, Yersinia, and Campylobacter. All irradiated poultry will 
be required to carry on its packaging the international symbol for irradiation as well as the words 
"Treated with Radiation* or "Treated by Irradiation.* The rules took effect on October 21 . 
USDA estimates that 35 percent of chicken carcasses are contaminated by salmonella {Nuclear 
News, October 1992). 

It is noteworthy that this rule resulted from one Federal agency (USDA) filing a petition 
on food irradiation in November, 1986 with another Federal agency (FDA). In response, the 
FDA in May, 1990 approved the use of irradiation to control some food-borne pathogens in 
uncooked poultry, and in July, 1985 approved the irradiation of fresh or previously frozen pork 
to control trichina. USDA granted its approval for this process in 1986. Irradiation treatment 
has been found to be safe and also approved by the FDA for insect disinfestation of grain and 
spices and for control of insects in fresh fruits and vegetables. These FDA approvals have been 
granted under the food additive provisions of the Federal Food, Drug and Cosmetic Act. 

With the overall national policy established by USDA that endorses the use of irradiation 
processing of foods in ensuring consumers are provided with a wholesome, safe, and nutritious 
food supply, the Federal government and the private sector must step up its research and 
educational initiatives to convince the public that the government and the food processing 
industries have the evidence that supports our contention that approval of irradiated foods is in 
the interest of public health protection. Considerations during this conference of the list of 
issues identified by the conference organizers should greatly enhance collective interests in 
facilitating the commercial adaptation of food irradiation technology. The ultimate goal is public 
acceptance, if not preference, for "irradiated foods.* 

We in the United States must recognize the magnitude of this technology in the 
international arena—we must Jearn from you, your experience in commercializing this 
technology, and in obtaining public acceptance. We in the U.S. must also now extend our 
recent regulatory approval for poultry to beef and seafood. Here exists responsibilities for both 
the government and the private sector. 

Lastly, public acceptance of technology is now a subject of great interest not only to the 
scientific and private community, but also the government. The focus of this interest is on risk 
assessment and how to communicate with the public about risks. It is crucial that we 
standardize how we conduct risk assessments, how we manage risks and, finally, how we 
effectively communicate decisions on risk to the public. 

For food irradiation technology, the time is right for the U.S. government to participate 
with the international community in discussing the risks and benefits of this technology. I 
encourage the participants of this conference to reach consensus on the many policy issues you 
have addressed in your program and to provide proceedings of this conference, so that those of 
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of us in policy positions can use them to guide the actions of our government in adopting this 
technology. 



ACRONYMS 
FOR TERMS USED IN THE MAIN REPORT 

ACNP American College of Nuclear Physicians 

BEIR Committee on the Biological Effects of Ionizing Radiation 

CHSF Committee on Health, Safety and Food Research and Development 

CIRRPC Committee on Interagency Radiation Research 

and Policy Coordination 

DoD Department of Defense 

DOE Department of Energy 

DOI Department of the Interior 

DOL Department of Labor 

DVA Department of Veterans Affairs 

(formerly the Veterans Administration) 

ELF-EMF Extremely low-frequency electric and magnetic fields 

EMF Electromagnetic fields 

EPA Environmental Protection Agency 

FCCSET Federal Coordinating Council for Science, Engineering 
and Technology 

FREIR Federal Research on the Biological and Health Effects 

of Ionizing Radiation 

ICRP International Commission on Radiological Protection 

IRRC Interagency Radiation Research Committee 

LET Linear energy transfer 
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MSHA Mine Safety and Health Administration 

NAS National Academy of Sciences 

NAS/NRC National Academy of Sciences/National Research Council 

NCRP National Council on Radiation Protection and Measurements 

NESHAP National Emission Standards for Hazardous Air Pollutants 

NIH National Institutes of Health 

NRC Nuclear Regulatory Commission 

NSTC National Science and Technology Council 

ORAU Oak Ridge Associated Universities 

OSTP Office of Science and Technology Policy 

PC Probability of Causation 

RERF Radiation Effects Research Foundation 

SCOPE Scientific Committee on Problems of the Environment 

SI Units International System of Units 

SIP Strategic Implementation Plan 

SNM Society for Nuclear Medicine 

UNSCEAR United Nations Scientific Committee on the Effects 
of Atomic Radiation 

VA Veterans Administration (now the Department of Veterans Affairs) 
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