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SUMMARY OF RADIATION STANDARDS

Federal Radiation Council (FRC). 1Imn 1959 by Executive Order

the FRC was established to advise the President and to provide
guidance for Federal agencies; The mission was assigned to the
Environmental Protection Agency in 19 __ .

Basic FRC numerical standards and health protection philosophy

are similar to those of the International Commission on Radiological

_Protectio?;£ICRP) Numerical criteria[§§é~suppo;tiag—meteri£i]are

w o
provided i?al.Radiation Protection Guides (RPG}ddeal with exposures

of individuals and of population groups where actions are directed
primarily at control of the source of radioactivity; z;fﬁq;
Protective Action Guides (PAG)igggyexposures of individuals and
population groups to radiocactivity from an unplanned release where
action is taken in the production and use of foods.

RPG, Radiation Protection Guides, express the dose that should
not be exceeded without careful consideration of the reasons for
doing so. Every effort should be made to encourage the maintenance
of radiation doses as far below this guide as practicable. The RPG's
are intended for use with normal peacetime operations, and there
should be no man-made radiation exposure without expectation of
benefits from such exposure. Considering such benefits, exposure
at the level of the RPG is considered as an acceptable risk for a
lifetime. The RPG's for the population are expressed in terms of
annual exposure except for gonads where the ICRP recommended value of

5 rems in 30 years is used. FRC states that the operational mechanism
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described for application of criteria to limit whole body dose for
individuals to 0.5 rem per year and to limit exposure of a siutable
sample of the population to 0.17 rem per year is likely to assure that
the gonadal exposure guide will not be exceeded.

Environmental radiation monitoring is a necessary paft of
complying with the RPG guidance. The intensity and frequency of
measurements is to be determined by the need to be able to detect
sharply rising trends and to provide prompt and reliasle information
on the effectiveness of control actions. Radioactive source control
actions and monitoring efforts are to increase as predicted exposures
move upward through a range of values and approach the numerical value
of the RPG. A sﬁarply rising trend approaching the RPG would suggest
strong and prompt action. The magnitude of the actionshould be
related to the degree of likelihood that the RPG would be exceeded.

The child, infant, and unborn infant are identified as being more
sensitive to radiation than the adult. Exposures to be compared with
. the guidance are to be derived for the most seﬁsitive members in the
population. The guide for the individual applies when individual
exposures are known; otherwise, the guide for a suitable sample (one-
third thé guide for the individual) is to be used. This operational

technique may be modified to meet special situatioms. j TZ:; z; :]l;~
m,&a//m ot

The FRC primary numerical guides, expressed in rem,A?re provgaed

in two reports, FRC Nos. 1 and 2: summarized in Table 1. Secondary

numerical guides developed by FRC are expressed in terms of daily intake

of specific radionuclides corresponding to the annual RPG's. Considera-

tion is given to all radionuclides through all pathways to derive &
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FRC RADIATION PROTECTTON GUIDES 1/

Individual Population Group
Whole body 0.5 rem/yr 0.17 rem/yr
Gonads | - ‘ 5 rems/30 yrs
Thyroid 2/ 1.5 rems/yr 0.5 rem/yr
Bone marrow 0.5 rem/yr 0.17 rem/yr
Bone 7 1.5 rems/yr 0.5 rem/yr
Bone (alternate 3/ 0.003 pug of 0.001 pg of
guide) 226Ra in adult 226Ra in adult
skeleton skeleton

1/ For conditions and qualifications see FRC Report Nos. 1 and 2.

2/ Based upon a childs thyroid, 2 gms in weight and other factors
listed in paragraphs 2.10-2.14 of FRC Report No. 2.

f 226Ra.

3/ oOr the biological equivalents of these amounts o
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total annual exposure for comparison with FRC guides. However, for

many practical situations a relatively few radionuclides yield the
ma jor contribution to total exposure; by comparison exposures from
others are very small.

PAG: The term "Protective Action Guide" has been defined as the
projected absorbed dose to individuals “in the general population which
warrants protective action following & contaminating event. In setting
these numerical guides the FRC was concerned with a balance between the
risk of radiation exposure and the impact on public well-being
associated with alterations of the normal production, processing,
distribution and use of food.

A protective action is described as an action or measure taken
to avoid most of the exposure to radiation that would occur from future
ingestion of foods contaminated with radiocactive materials. An action
is appropriate when the health benefits associated with the reduction
in exposure to be achieved are sufficient to offset undesirable |
features of the protective action. An event requiring protective
action should not be expected to occur frequently.

The numerical guides are related to three types of actions, (1)
altering productiom, processing, or distribution practices, (2) divert-
ing affected products to other than human consumption, and (3) condemning
affected foods. An additional category involves long-term, low level
exposure for which numerical guides are not provided; the need for
action is determined on a case-by-case basis.

The FRC identifies the critical segment of the population for which

dose projections are to be made for comparison with the guides. For
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instance, for 1311 in milk, the critical segment is children one

year of age.

In cases where it is not practical to estimate individual doses,
action will be based on average values of radiation exposure. Guides
for both individuals and a suitable sample are provided. For 1311 in

milk, the suitable sample is to consist of children approximately one

year of age using milk from a reasonably homogeneous supply.

Numerical guidance for PAG's is provided in two reports, FRC Nos.

5 and 7 summarized in Table II.

ISy
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FRC FROTECTIVE ACTICN GUIDE (i43) - INDIVIDUALS AND POI’ULA'I‘IO;‘ISy , Q
Environuental . Dose in Rndsg/ =
Caterory Pathway Sensitive Member Bodv Crean Sr-b3  S5r-.0  Cs-137  I-131 Total Reccmnended Acticns -
' : ' ]
None pasture~cow- children . dose to 30 1. Charge cattle from pasture to stored feed. !
: milk-man 1l year of ege thyroid ——— - -——- (10) -——- 2. Surstitute unaffected fresh milk ty altering !
(FRC #5) (2 gm thyroid) processing or distribution practices. 1
dose to 1
bone marrow ) 3/ 1. Change cattle from pasture to stored feed.
I pasture-cow=- children and 10 1c 20 15 2. Substitute unalrected fresh milk. Divert or
milk-nan ~1 year old whole body (3.3) (3.3} (3.3) ——- (5) dispose of contaminated milk.
(FRC #7) in first year
local population dose to 1. ¥odification of animal feed, food jracessing,
‘ E/ consuming bone marrow and marketing practices.
N ¢ other than locally produced and 5 5, 5 2. Diversicen of crops frem human food chaln.
Category I ~/ foods whole body (2) (2) (2) - = 3. Destruction of crops or animal feeds.
(FRC #7) ' in first year .
- long term PAG not provided for this category. Case by cace dctermination of desiraviliity of
plent uptake suitable chronic dose If arnual dcces after first year ex- ection, Action invclves lorg term chonzes in
III from root _ ‘saniple of to bone ceced 0.5 rads to indivicduel or farrming practices such as crop celecticn, chexic:
mats and soil population ‘marrow and 0.2 reds for suitsble scmple, situae and mechanical soil treatment, and land
(FRC #7) whole body  tion to be zpprozriately evaluated. utilization,

}7 Values for populations are given in parenthesis. The proper description of a "suitable saaple" of the ropulation is coantained in FRC reperts.

g/\uﬁides for individual catezories for Sr-89, Sr-90, and Cs-137 are suffici:ntly conscrvntive} i.e., low, tha* it is unnecessery to provide additionsl
lipitations on combined doses. Since ell three nuclides contribute to bere marrow dose, the sum of projectred doses from each should be compared to th:
nuzerical value of the respective guide in the appropriate category when the need for protective action is considered,

3/ Assunes dose from Sr-89 ard Cs-137 received in first year. Contribution to total dose from Sr-90 is estimated to be five times dose in first year.

3/ Action not usually required in this category if not required in Categcry I. No additional total dose criterion precented.
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NATIONAL COUNCIL ON RADIATION PROTECTION AND MEASUREMENTS* (NCRP).

The NRCP was chartered by Congress in 1964 to collect, analyze,
develop, and disseminate information and recommendations about pro-
tection against radiation, radiation protection measurements and units,
and to provide a means for cooperation between organizations concerned
with radiation protection.

The NCRP position is that the rational use of radiation should
conform to levels of safety to users and the public which are at
least as stringent as those achieved for other powerful agents. Con-
tinuing and chronic exposure attributable to peaceful uses of ionizing
radiation are assumed.

The NCRP has adopted the assumption of no-threshold dose-effects
relations and uses the term '"dose limits'" in providing guidance on
population exposures. PRadiation exposure is to be kept as low as
practicable. The numerical values of exposure as presented are to be
- interpreted as recommendations not regulations. Use of the no-threshold
concept{inu:lves the thesis that there is no exposﬁre limit free from
some degree of risk,

To establish criteria, NCRP uses the concept of "acceptable
risk" (where the risk is compensated by a demonstrable benefit) broken
down to fit classes of indiQiduals or population groups exposed for

various purposes to different quantities of radiation. Numerical

*This was formely the National Committee on Radiation Protection and

Measurements established in .
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recommendations for dose limits are necessarily arbitrary because

of their mixed technical and value judgement foundation. The dose
limits for individual members of the public and for the average
population recommended by NCRP represent a level of risk considered
to be so small compared with other hazards of life, and so well
offset by perceptible benéfits when used as inte&ded, that public
approbation will be achieved when th; informed public review process
is completed.

For peaceful uses of radiation NCRP provides yearly numerical
dose limits for individual members of the public, considering possible
somatic effects, and strongly advocates maintenance of lowest practicable
exposure levels especially for infants and the unborn. NCRP also
recommends yearly dose limits for the average population based upon
somatic and genetic considerations and promulgates the ICRP limit of
5 rems in 30 years for gonadal exposure of the U. S. population.

Table III contains a summary of recommended values. NCRP Report No.

39 entitled, '"Basic Radiation Protection Criteria,' dated January 15,

1971, contains the most recent updating of NCRP recommendations for

protection of the public.
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TABLE III1

NCRP DOSE LIMITS </

Individual Population
Whole body 0.5 rem/yr ‘ 0.17 rem/yr
Gonads - 0.17 rem/yr 2/
Gonads (alternative 3/ - 5.0 rems/30 yrs

objective)

1/ For conditions and qualifications on application, see NCRP Report
No. 39, "Basic Radiation Protection Criteria."

2/ To be applied as the average yearly value for the population of
the United States as a whole. See paragraph 247, NCRP Report No. 38.

3/ See paragraph 247, NCRP Report No. 39.
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THE INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION (ICRP)

The ICRP originated in the Second International Congress of
Radiology in 1928. 1t has been looked to as the apbropriate body
to give general guidance on widespread use of radiation sources
caused by rapid developments in the field of nuclear energy. ICRP
recommendations deal with the basic principles of radiation protection.
To the various national protection councils is left the responsibility
for introducing the detailed technical regulations, recommendations,
or codes of practice best suited to their countries.! Recommendations
are intended to guide the experts responsible for radiation protection
practice.

ICRP states that the objectives of radiation protection are to
prevent acute radiation effects and tp-limit the risks of late effects
to an acceptable level. It holds that;is unknown whether a threshold

exists, and it is assumed that even the smallest doses involve a

'proportionately small risk. No practical alternative was found to

assuming a linear relationship between dose and effect. This implies
that there is no wholly "séfe" dose of radiation.

Exposure from natural background radiation carries a probability
of causing some somatic or hereditary injury. However, the Commission
believes that the risk resulting from exposures received from natural
background should not affect the justification of an additional risk
from man-made exposures. Accordingly, any dose limitétions recommended

by the Commission refer only to exposure resulting from technical

7
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practices that aéd to natural background radiation. These dose
limitations exclude exposures received in the course of medical
procedures. (These same qualifications with regard to natural
backgmw und and medical procedures are applied to FRC and NCRP
recommendations,)

ICRP developed the concept of "acceptable risk." Unless man

e wishes to dispense with activities involving exposures to ionizing
radiation, he must recognize that there is a degree of risk and
limit the radiation dose to a level at which the assumed risk is
deemed to be acceptable to the indiv;igl and to society because of
the benefits derived from such activities.

For planned exposures of individuals and populations, the ICRP
has recommended the term "dose limit,"

It is not desirable to expose members of the public to doses as
high as those conéidered to be acceptable for radiation workers
because children are involved, members of the public do not make the
choice to be exposed, and members of the public are not subject to
éelection, supervision and monitoring, and are exposed to the risks
of their own occupations. For planning purposes, dose limits for
members of the public are set a factor of ten below those for
radiation workers. The dose limits for members of the public are

e a somewhat theo?etical concept intended for planning purposes. It
will seldom be possible to ensure that no single individuel exceeds

this dose limit. Even when individual exposures are sufficiently

low so that the risk to the individual is acceptably small, the sum
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of these risks may justify the effort required to achieve further
limitation,

Where the source of exposure is subject to control, it is
desirable and reasonable to set specific dose limitations. 1In this
manner the associated risk is judged to be appropriately small in
relation to the resulting benefits., The limitation must be set at
a sufficiently low level so that any further reduction in risk
would not justify the effort required to accomplish it. Such risks
to members of the public from man-made sources of radiation should
be less than or equal to other risks regularly accepted in every-
day life. They should also be justifiable in terms of benefits that
would not otherwise be received. ICRP has stated that when dose
limits have been exceeded by a small amount, it is generally more
significant that there has been a failure of control than that one
or more individuals‘have slightly exceeded the limits.

"Dose limits" for members of the public are intended to provide
standards for design and operation of radiation sources so that it is
‘unlikely that individuals in the public will receive more than a
specified dose. The effecpiveness is appraised by assessments through
sampling procedures in the environment, by statistical calculationms,
and by a control of the sources from which the exposure is expected
to arise. Measurement of individual doses is not contemplated.

Actual doses received by individuals will vary according to age,
size, metabolism, and customs, as well as variations in their environ-
ment. These variations are said to make it impossible to determine
the maximum individual doses. 1In practice it is feasible to take

account of these sources of variability by the selection of appropriate
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critical groups within the population, provided the critical group

is small enough to be homogeneous with respect to age, diet and those
aspects of behavior that affect the doses received. Such a group
should be representative of those individuals in the population
expected to receive the highest dose. ICRP believes that it will

be reasonable to apply the appropriate dose limit for members of

the public to the mean dose of this group.

The inate variability within an apparently homogenecus group
means that some members of the critical group will receive doses
somewhat higher than the dose limit. At the very low levels of
risk implied, the health consequence is likely to be minor whether
the dose limit is marginally or substantially exceededf

Limitation of exposure of whole populations is achieved partly
by limiting the individual doses and partly by limiting the number
of persons exposed, It is of the utmost importance to avoic actions
that may prove to be a serious hazard later, when correction may be
impossible or costly.

The ICRP dose limits for individual members of the public are
in Table IV. No maximum "somatically significant" dose for a popula-
tion is given. Using the linear dose-effect relationship and assuming
no- threshold, the ICRP indicates that an annual exposure of active
red marrov, averagea over each individual in the population, of 0.5
rem (corresponding to the annual dose limit for members of the public)
might at equilibrium lead to an increased incidence of leukemia, at
most, of about ten cases per year per million persons exposed.

The genetic dose to the population should be kept to the minimum

amount consistent with necessity and should certainly not exceed 5
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Gonads, red
bone-marrow

Skin, bone,
thyroid

Hands and forearms;
feet and ankles

Other single organs

‘Genetic dose 3/

TABLE IV

1CRP DOSE LIMITS L/

Individuals

0.5 rem/yr
3.0 rems/yngl

7.5 rems/yr

1.5 rems/yr

PoEulation

5 rems/30 yrs

1/ For conditions and qualifications see ICRP Publication 9.

2/ 1.5 rems/yr to thyroid of children Qp to 16 years of age.

3/ See paragraphs 84, 85, and 86, ICRP Publication 9.
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rems in 30 years from all sources other than natural background and
medical procedures. No single type of population exposure should
take up & disproportionate share of the total of the recommended
dose limit.

For exposures from uncontrolled sources, e.g., following an
accident, ICRP identifies the term "action levels." The setting of
action levels for particular circumstances is considered to be the

responsibility of national authorities.
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