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THE PHILOSOPHY
BEHIND THE FEDERAL RADIATION COUNCIL GUIDES

Paul C. Tompkins, Executive Director
Federal Radiation Cuncil*

ABSTRACT

The basic philosophy of the FRC in making recom-
mendations for the control of radioactivity associated
with normal peacetime operations is given in FRC re-
port Radiation Protection Guides for application-
to activities such as Powshare would be derived on
the basis of this phi Iosophy. Considerations in volve
a balance of benefit versus risk for each Powshare
activity that is proposed for industrial application
using potential exposures small in comparison to the
basic guide of 017 rem per year as the primary ref-
erence condition.

Alternate approaches to achieving an appropriate
balance have been suggested. These include aZloca-
tion of a fraction of the 017 rem per capita per
year to each relevant activity; setting a universally
applicable MPC for each nuclide of interest, and the
concept of the does commitment. Data to show the
benefit in terms of the national need for the re-
source in question (e.g., gas production) and the
risk indicated by the amount of residual radio-
acti vity i a prerequisite to setting guidance for
using Plowshare techniques in conjunction with con-
sumer products available to the general public.

It is a privilege for me to have the opportunity to dis-
cuss with you today the general philosophy of the FRC in the
formulation of basic guidance in radiation protection for use
in Federal agencies. In order to gain an appreciation of the
general philosophy used by FRC I should start with a descrip-
tion Of how the FRC operates and the general nature of some
of it s principal recommendations. Formation of the FRC re-
sulted from a government-wide review of radiation protection
responsibility conducted in 1959 by the Director of the Bureau
of the Budget, Chairman of the Atomic Energy Commission, and
the Secretary of the Department of Health, Education, and
Welfare. The decision to conduct such a review was in response

*The views expressed are those of the author and do not neces-
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to the public confusion and concern over fallout hazards
associated with atmospheric testing of nuclear weapons, and
the fact that there appeared to be no single agency within
the executive branch of the Federal Government responsible
for the formulation of radiation protection guidance.

The study group concluded that, under the prevailing
scientific assumption that any exposure to ionizing radiation
is associated with some risk of causing harmful biological
effects, the derivation of basic guidelines for radiation
protection involves reaching a balance between total health
protection, which can be achieved only if there is no radia-
tion, and the benefits from activities causing the exposure.
This balance in turn involves health, economic, social, and
ethical considerations of such a nature that the person or
persons making the decisions represented by that guidance
should be publicly accountable. No single agency could be
found with the appropriate breadth of responsibility and juris-
diction, and it was recommended that the President be advised
by a Federal Radiation Council on radiation matters directly
or indirectly affecting health, including guidance for Federal
agencies in the promulgation of operating radiation protection
standards, and in the establishment of programs of cooperation
with the States.

The President accepted this recommendation and created
the FRC by Executive Order 10831, August 14, 1959. The Council
was made statutory in September 1959, by an amendment to the
Atomic Energy Act of 1954 - PL 86-313 (section 274h).

The Council now consists of the Secretary of Health,
Education, and Welfare (designated by the President to serve
as Chairman); Chairman of Atomic Energy Commission; Secretaries
of Defense; Commerce; Labor; Agriculture; and Interior. The
Special Assistant to the President for Science and Technology
also serves as an adviser to the FRC; he has always taken a
strong interest in the activities of the Council and has been
quite influential in the formulation of many of the basic
guidelines that have been adopted.

Administratively, the FRC is treated as an independent
agency. Staff members are employees of the Council and are
independent of any operating agency. For example, we prepare
and submit our budget directly to the BOB and appear before
the Congressional appropriation committees just as all other
agencies. The heart of the FRC operation is vested in its
Working Group. Members of the Working Group are senior tech-
nical representatives appointed by the various Council mem-
bers to convey to the FRC staff the agency interest and views
in matters being developed for consideration by the Council.
When the Council is engaged in a specific project, the work
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is conducted by means of task groups of technical people in
Government, and when appropriate, consultants from the scien-
tific community, representatives of State agencies, industry,
and labor. The law states: "The Council shall consult qualified
scientists and experts in radiation matters, including the
President of the National Academy of Sciences, the Chairman
of the National Council on Radiation Protection and Measure-
ment, and qualified experts in the field of biology and medicine
and in the field of health physics." We accordingly have a
contract with the Academy to support an advisory committee
to the FRC, and a contract with the NCRP to review in depth
the biological and physiological models used by the FRC in
developing its guidance for strontium-89, strontium-90, and
cesium-137.

A sincere effort is made to get unanimous agreement on
recommendations going to the President, because upon approval
by the President and publication in the Federal Register,
these recommendations become official guidance for Federal
agencies. If there is a controversy (and this happens quite
often), the basic issues are isolated with the assistance of
the WG and various alternatives are considered. Attempts are
then made to resolve the differences by appropriate meetings
of officials directly below the Secretary level to reduce to
a minimum the unresolved issues that must be solved by the
principals themselves. The basic philosophy of the FRC is
given in FRC report and is similar to that of the NCRP and
also that of the International Commission on Radiological
Protection (ICRP). All three organizations have made it clear
that their guidance deals quite differently with two distinct
conditions of exposure: (1) in which the occurrence of the
exposure is foreseen and can be limited in amount by control
of the source, and by the development of proper operating
procedures; 2 in which the particular exposure is accidental
(i.e., has not been planned) and which can be limited in amount
only, if at all, by remedial actions.

In 1962, the FRC explained the distinction between these
two types of exposure conditions when it took the position
that its Radiation Protection Guides (RPG) in FRC report 2
should not be used to determine when remedial action to reduce
or limit the intake of iodine-131 from atmospheric testing
of nuclear weapons should be initiated. It pointed out to
the JCAE that the RPG's were originally developed for appli-
cation as guidelines for the protection of radiation workers
and the general public against exposures that might result
during normal peacetime operations in connection with the
industrial use of ionizing radiation. The term normal peace-
time operation referred specifically to the peaceful applica-
tions of nuclear technology where the primary control is placed
on the design or use of the source. Since the numerical values
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and the guides were designed for the regulation of a con-
tinuing industry, they were necessarily set so low that the
upper limit of Range II, as shown in FC report 2 is con-
sidered to fall well within the levels of exposure acceptable
for a lifetime. Furthermore, to provide the maximum margin
of safety, the upper limits of Range II were related to the
lowest possible level at which it was believed that nuclear
industrial technology could be developed.

These guides for normal peacetime operations are not
intended to be a dividing line between safety and danger in
actual radiation situations; nor are they intended to set a
line at which protective action should be taken, or indicate
what kind of action should be taken : There is, of course,
an essential difference between environmental radioactivity
resulting from a long term permanent industrial operation and
that related to intermittent production from individual wea-
pons tests or series of weapons tests. With the former, it
is predictable that introduction of radioisotopes into the
environment will persist at a known rate throughout the life
of the source. On the other hand, weapons tests are sporadic
in nature and the radioactivity produced will rise at the time
of testing and decline at various rates for different isotopes
after conclusion of a test or series of tests. As applied to
an intermittent source, such as fallout from weapons testing,
average annual intakes of radionuclides equivalent to the
RPG's for normal peacetime operations should be used as an
indication of when a need for detailed evaluation of possible
exposure hazards and a need to consider if any protective action
should be taken under all the relevant circumstances, including
the probable continuity or repetitiveness of the activities
leading to the release.of the radionuclides to the environment.

There is substantial agreement between the ICRP and the
FRC philosophies in guidance applicable to industrial prac-
tices, fallout from atmospheric testing of nuclear weapons,
and accidental release of radionuclides to the environment.
However, there is a substantive difference in the two philos-
ophies regarding the applicability of the numerical values
for RPG's. In its report 9 the ICRP said: "Accordingly,
any dose limitations recommended by the Commission refer only
to exposure resulting from technical practices that add to
natural background radiation. The dose limitations are there-
fore intended to include such exposures as those that result
from mining, from flight at high altitudes, or from the pres-
ence of radioactive materials such as radium, uranium, or
thorium in concentrated form."

The FRC philosophy as applied to such technological
practices as mining and high altitude flying is encompassed
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in two recommendations in FRC report 1. The applicable para-
graphs read: "There can be no single permissible or accept-
able level of exposure without regard to the reason for per-
mitting the exposure. It should be general practice to reduce
exposure to radiation, and positive efforts should be carried
out to fulfill the sense of these recommendations. It is
basic that exposure to radiation should result from a real
determination of its necessity.

"There can be different Radiation Protection Guides with
different numerical values, depending on the circumstances.
The Guides herein recommended are appropriate for normal peace-
time operations." As we have interpreted the Radiation Pro-
tection Guides in report 1, mandatory extension of the numerical
values in that report is not necessarily appropriate and each
activity of this type may be considered separately and on its
own merits under the FC philosophy. As a matter of faqt on
the basis of competent scientific advice, the FRC has already
set aside andatory application of the RPG approach in deriving
its recommendations for radiation protection associated with
underground uranium mining. The guidance in this case is
derived from an evaluation of the epidemiological information
derived from the DHEW study of lung cancer rates in uranium
miners as related to exposure expressed in a unit called the
Working Level Month.

In common with the practices of the NCRP and ICRP we
accept the oncept that there is no threshold in the relation-
ship between exposure to ionizing radiation and the possibility
of causing adverse biological effects. We also accept the
concept that this relationship is monotonic; that is, the
probability of causing a harmful biological effect increases
with the radiation exposure. As do most professional bodies
concerned with deriving appropriate practices involving radia-
tion protection, we utilize many of the principles derived
from the assumption that the relationship between radiation
exposure and the probability of causing harmful biological
effects varies linearly with the radiation dose, although we
recognize that such a cause-effect relationship is not true
in the real world. Acceptance of the linear hypothesis pro-
vides a basis for deriving an appropriate course of radiation
protection, but it by no means implies that the FRC accepts
this relationship as a fundamental law of nature.

The concept that guidance for radiation protection in-
volves reaching a balance between the benefits derived from
the activities causing radiation exposure and the risk result-
ing from radiation exposure has led to the development of
s�veral different ways of examining both the benefits and the
risks. Acceptance of the linear hypothesis as a basis for
the development of radiation protection guidelines and practices
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permits the conclusion that the total risk increases with the
total man rems regardless of how these man rems may be dis-
tributed among various individuals in the population at risk.
However, when there is a choice we usually consider that a
very small change in incremental exposure per individual, even
though it may affect a larger population, is preferable to
a course of action that would limit the population at risk
at the cost of a sharply increased radiation dose per indi-
vidual.

A significant concept that has grown in the FRC is that
reduction in risk is correspondingly achieved by a reduction
in total man rems and cannot be achieved by simply spreading
the same exposure over a larger number of people. This con-
cept has been influential in the distinctions drawn by the
FRC in developing its Protective Action Guides (PAG) for coping
with uncontrollable exposures. An extension is the view that
a particular radiation environment considered unacceptable
for one person should also be considered unacceptable for all
persons. The guidance developed for categories 2 and 3 in
FRC report 7 resulted directly from this concept. For example,
category 2 is concerned with the transmission of strontium-89,
strontium-90, or cesium-137 to man through dietary pathways
other than through milk during the first year following an
acute contaminating event. This involves the use of feed crops
for animals, including dairy cattle, and plant products used
directly for human consumption. The intent of the guidance
for category 2 is that the purpose of protective action is to
prevent unacceptably contaminated produce from entering the
market. The population at risk may be hypothetical and the
PAG for these nuclides and crops assumes all of the crops are
utilized in the immediate local area. If the contamination
level is unacceptable, as derived in this hypothetical case,
major contributors to the potential intake should be prevented
from entering the market.

Application of the linear hypothesis is also fundamental
to the concept of the dose commitment as first developed by
the United Nations Scientific Committee on the Effects of
Atomic Radiation. The dose commitment in this case may be
defined as the mean population dose per year of practice, and
has been used to evaluate the relative risk associated with
activities as divergent as fallout from atmospheric testing
of nuclear weapons and the significance of radiation exposure
associated with medical practice.

Of the various ways in which the risk side of the pro-
jected balance may be evaluated, the FRC prefers to examine
the dose commitment in relation to the basic RPG's as given
in FRC report and against the average dose rate associated
with natural background radiation, as well as the range of
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dose rates occurring naturally in various occupied parts of
the world. These relations allow one to gain some perspective
on-the significance of the practice or proposed practice in
� way that allows for qualitative as well as quantitative
ignorance of yet unrecognized radiation effects, and automatic
weighting for various somatic effects, as well as genetic
effects.

There is no known way by which the benefit side of the
balance can be quantitatively evaluated in a manner made pos-
sible on the risk side through utilization of the linear hy-
pothesis. The FRC has not adopted the often made suggestion
that it should pro-rate the basic guide of 017 rem per capita
per year on the basis of relative benefits, so that the sum
of dose commitments from all activities would not exceed the
basic RPG. We find this "pie cutting" approach objectionable
for several reasons. The first is that the approach presumes
clairvoyance regarding various applications, not now visualized,
and the benefits that might be presumed to accrue from them.
The second is that the RPG is not a dividing line between
safety and danger so that simple compliance with the RPG
itself is not an a priori ustification for the degree of
control exercised. Another reason is that both control capa-
bility and national need for the activity may be expected to
change with time. Continuous review of national needs, as
well as keeping estimates of dose commitment under surveil-
lance, appears a more appropriate way to approach formulation
of Presidential policy guidance concerned with activities re-
sulting in human exposure.

The FRC has not developed radiation protection guidance
with the specific application of the peaceful uses of nuclear
explosions in mind. Under the FRC philosophy it is doubtful
that a single numerical criterion applicable to all potential
applications of the Plowshare type would be meaningful. Each
application such as nuclear excavation, gas stimulation, and
metal extraction from low grade ore involves such a diversity
of benefits and potential dose commitment that a single number
applicable to all would, at this time, appear to be meaningless.

The Plowshare Division of AEC in its cooperative research
program with the Department of the Tnterior and industry is
developing quantitative information on the radionuclides pro-
duced, what nuclides appear in the consumer product and in
what quantities, and information on the distribution of the
consumer products. An important part of this "source term"
is the average release rate of nuclides such as T and "Kr
to the environment per unit of time. From the laws of radio-
active decay, the environmental burden will stabilize when
the number of radioactive atoms decaying per unit time in the
environment equals the amounts added to the environment during
the same unit time.
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Since both T and "Kr are by-products of other activities
such as the nuclear power industrv, it would appear appropriate
that the addition of these nuclides from Plowshare activities
be small compared to the total environmental burden from all
activities. In addition to technical considerations, both
legal and political considerations mav become involved. For
example, petroleum products with a higher than natural T/H
ratio may be used for the manufacture of other roducts if
these uses result in the hydrogen being incorporated into food,
the interpretation of the Delaney amendment by the Food and
Drug Administration would have to be resolved within the FRC
as an integral part of its guidance.

In summary, the development by the FRC of guidance ap-
plicable to activities such as the Plowshare program would
involve an estimate of the dose commitment that might be in-
volved, an evaluation of the national need for the resources
that could be made available from the program plus possibly
some legal and political considerations that could influence
the particular form the guidance might take.
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QUESTIONS FOR PAUL TOMPKINS

From Wait Kozlowski:

At what specific levels do you expect the environmental burden
to stabilize? Upon reaching these levels, be they safe or unsafe,
would it then become necessary to shut down the radiation sources?

ANSWER:

Well, In order to answer that question, I would have to make more
assumptions than I am willing to make. First of all, you would
have to pick the nuclide, you would have to pick the specific
disposal type, and so orth. This will give a different answer
for practically any nuclide you want to mention and I have not
had occasion recently to do a check on the total environmental
burden of certain nuclides, so I don't think I could honestly
answer at what level I would expect any of these nuclides, such
as krypton-85 for example, to stabilize. As I indicated, when
you are putting in more than will be removed by decay, the level
will increase. When you are putting in less than will be removed
by decay, the level will decrease. The point I tried to make
was in an activity such as Plowshare where it is a repetitive
program and this will involve the release of certain known
quantities of radionuclides, these levels, based on the frequency
and the quantities, can be predicted, and one can get an advance
fix on the potential dose commitment. But I would have to have
the data on the number of shots per year, the number of kilotons
per year, the fractions of these ki lotons or megatons or whatever
it Is that is fission versus fusion fuel and then perhaps I could
answer it.

With regard to the second part, our philosophy in so far as it is
possible is to anticipate. The question of shutting down radiation
sources is not the kind of question that the FRC would attach a
number to. The concept involved there is that you are dealing'
with a danger line of go, no-go sort of operation. This may be
appropriate for certain legal or regulatory applications which I
am not capable of talking about, but certainly on a policy level
within the Federal government it would certainly not be approached
In this manner.

2. From Robert Karsh:

You have made crystal clear that when you weigh benefits against
risks, everything depends upon what you put in the balance pans.
How do you decide when national security and public welfare go
into the same pan or into opposite pans?
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ANSWER:

Well, I would answer that in two ways also. The requirements of
national security are in a pan all by themselves. I think it
is obvious that the nation wi I I do things where it feels that
its national security is at stake that it would not tolerate
for a lesser reason. I have been personally of the conviction
that weapons testing was never started because it's safe, that
is not true, nor was it stopped because it's overly dangerous.
The real reasons were pol itical , strategic--many, many factors.
But whenever activities involving the national security are done
because of national security, there is quite often a risk side
to that particular activity. Now, with regard to industrial
applications, or sources that would also be sources of exposure--
Plowshare, for example. There the benefit has to do with social
development, the real need for power, the real need for the re-
source and, as I indicated, we cannot put a quantitative state-
ment on that. In the last analysis, it bcomes a high level
political judgment as to when and how thes-- two things come into
coincidence.

3. From George Anton:

Please remark on the future of the benefit versus risk philosophy.

ANSWER:

I think as a philosophy it is probably not only going to remain in
force, but will in fact be extended to many new activities, many
environmental contamination problems that have not yet quite been
so formally examined in this particular way. As a concept, I think
it has a lot to offer. It has very strong deficiencies in making
it easy to apply in a systematic way to a wide variety of con-
ditions. Conventions for balancing benefit-risk in radiation or
in any other activities are simply not as mathematically firm
as the ICRP approach to computing the appropriate MPC1s and so
forth. I don't know if this really answers your question, but
if your notion is that a different or more formal philosophy
might replace it, I rather doubt it.
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