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SUMMARY OF RADIATION STANDARDS 
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Federal Radiation Council (FRC). In 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 

Protec-tt:~::R~~ Numerica 1 criteria ~e swp:;r:;.ag H1Bt:eria] are 

provided in 1. Radiation Protection Guides (RPG)lt deal with exposures 
/l 

of individuals and of population groups where actions are directed 

primarily at control of the source of radioactivity; 2. tp,i} 

Protective Action Guides (PAG) ~exposures of individuals and 

population groups to radioactivity from an unplanned release where 

action is taken in the production and use of foods. 

~' 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 

annua 1 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 part 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 reliable 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 sharply rising trend approaching the RPG would suggest 

strong and prompt action. Tite magnitude of the actionshould be 

related to the degree of likelihood that the RPG would be exceeded. 

Tite 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 sensitive members in the 

population. Tite guide for the individual applies when individual 

exposures are known; otherwise, the guide for a suitable sample (one-

third the guide for the individual) is to be used. This operational 

technique may be modified to meet special situations. n -f:-: ~ 
~~11--i~# 

The FRC primary numerical gu~des, expressed in rem,Aar~ provfded 
. 

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

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

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

tion is given to all radionuclides through all pathways to derive a 
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TABLE I c 

FRC RADIATION PROTECTION GUIDES l/ 

Whole body 

Gonads 

Thyroid 'l:.I 

Bone marrow 

Bone 

Bone (alternate 11 
guide) 

Individual 

0.5 rem/yr 

1.5 rems/yr 

0.5 rem/yr 

1.5 rems/yr 

0.003 µg of 
226Ra in adult 
skeleton 

Population Group 

0.17 rem/yr 

5 rems/30 yrs 

0.5 rem/yr 

0.17 rem/yr 

0.5 rem/yr 

0.001 µg of 
226Ra in adult 
skeleton 

!/For conditions and qualifications see FRC Report Nos. 1 and 2. 
'l:.I Based upon a childs thyroid, 2 gms in weight and other factors 

listed in paragraphs 2.10-2.14 of FRC Report No. 2. 

'l/ Or the biological equivalents of these amounts of 226Ra. 

c ? .;;.s.: o PL.+:_£¥¢ ·""*"' . . 4q.a . .: , a; «;+Jll4'!J!#it4p t4 . a;: . ;µ z p *'· c so•~"*'? G$_4tacw Ml? *?" • • • 



( 
' - 5 -

total annual exposure for comparison with FRC guides. However, for 

many practical situations a relatively few radionuclides yield the 

major 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 

w.arrants protective action following a 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 radioactive 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 production, 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 

p .4¢4£.£?._•·•• .. s_s; ?Pif?Z_4ft4C .t<•.:+r..-. .A Qi44?0¥44¥Q~i m:c•~e~ w .¥l@Uk5!14PIU@ .. I cu:w 4 - • Pi 491 - 44 04 
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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 . 
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Category 

None 

(FRC #5) 

I 

(FRC #'r) 

\.-....!':/ 

(FRC /tr) 

III 

(rnc tr> 

Environ:nental 
Pathwcy 

ps.sture-cow­
milk-man 

pasture-cow-
milk-l:lSn 

other than 
Category I 

ple.nt uptake 
:from root 

mats and soil 

Sensitive V.enber 

children 
1 year· of e..ge 
(2 gm thyroid) 

children 
....,1 year old 

local population 
consuming 

locally produced 
' foods 

suitable 
. GaI:fple Of 
population 

.TABLE II ~~·~ 

FRC PROTECTIVE ACTIGX GUIDE ( :.~'.J) - hD!'VID'Jl\L3 AND POP-UL.l\TI011S.!) ( 
Bodv Cr,;.'.J.n 

dose to 
thyroid 

dose to 
bone rr~'l.l"rov 

and 
vhole body 

in first year 

dose to 
bone mDrrow 

a!1d 
vhole body 

in first year 

long term 
chronic dose 

to bone 
marrow and 

whole body 

~-..---- !))RC ir. Eads?) 
Sr-bQ 2£.:~:~ C:.;-13"( I-l.11 Total 

10 lC 
(3.3) (3.3) 

5 5 
(2) (2) 

lO 
(3.3) 

5 
(2) 

30 
(10) 

---

---

153/ 
(5) 

---
PAG not provided for th!.s category. 
If ar.nual dc~es ~f:cr first yeo:r ex­
ceed 0.5 ruC::;; to i~d:!.viC.t:al or 
0.2 reds for G~itcole s~~ple, situa­
tion to be c.;ipro;ririately evs.luated. 

Rccc~ncnded Act1Cn3 

1. Cta:-~e cattle from p~3ture to stored feed. 
2. Su1:st1tute unaffected fresh r.:ilk t·y o.l:eri:-~ 

p~oces3ing or distribution p~o.cticc=. 

1. Chn~3e c~ttle from pnstare to stored feed. 
2. S1:b'; ti tute t:nn:'fected fresh milk. Divert or 

db pose of con';.ru:ilnnted milk. 

l. !~;;dlficntion of r.::i~nl fe•:d, food ;:-rr:.ce::;~~~. 

n:icl ru:lrketi::g prllcticcs. 
2. Dlv1:rsicn of cro;.:.; from h~':!'.J.n food chain. 
3. Destruction of croptl or animal f~cds. 

.Case by case determination of desira't>ility of 
ectior-.. Action involves lor.;; terr.1 cr.~:-..-~e:i in 
fu.r~in,; practices such as crop select1cn, cr.e~ic' 

a:tl ~ec~anical soil treatment, and lnncl 
utilization, 

].] "~lues for popul~tions are given in parenthesis. The proper dcGcription ~f a "suitable sa.01ple 11 of the population ie co!1tained in .FRC reports. 

gj\::ns.ides for individual cater,ories for Sr-89, Sr-90, and Cs-137 are suffici~ntly conservative; i.e., low, th~':. it is unnecessEcry to pro7ide cdditiQ~ul ~ 
lir.;i ':.o.tions on co:nbined do:;es. Since ell three nuclide3 contribute to bcr.e :no.rrow dose, the si.:.i: of projcctr.d <loses fro:n each should be co;n;;iared to t!::·r­
n'l;!!lerical value of the respective guide in the appropriate category vhcn ;:.he need for protective action is considered. 

JI AssUC1es dose from Sr--89 o.r.d. Cs-137 received in first year. Contribution to total dose :fro:n Sr-90 is estimat~d to be five t1':1es dose in first year. 

'.!} Action not usually required in this category if not required in Category r. No additional total doae 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. Radiation 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 in\Olves the thesis that there is no exposure 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 individuals 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 benefits when used as intended, that public 

approbation will be achieved when the 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. 

?i!•.s: us.-•A,;;:;w;e u1 )#U_ SU .. A. :11;:1.z I IC S4 •• ~4, .#444.j44W45PO¥ (¢#.$,4( ESQ 4W itµZt. $)JU CZ _44Ui4. .. 1 I .osw; 
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Whole body 

Gonads 

Gonads (alternative ll 
objective) 

( 
TABLE III 

NCRP DOSE LIMITS l/ 

Individual 

0.5 rem/yr 

Population 

0.17 rem/yr 

0.17 rem/yr ~./ 

5.0 rems/30 yrs 

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

~/ To be applied as the avercige yearly value for the population of 
the United States as a whole. See paragraph 247, NCRP Report No. 39. 

'}_/ See paragraph 247, NCRI' 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. It has been looked to as the appropriate 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 

It holds that is unknown whether a threshold 
A 

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 "safe" 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 limitations recommended 

by the Commission refer only to exposure resulting from technical 

117 
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practices that add to natural background radiation. These dose 

limitations exclude exposures received in the course of medical 

procedures. (These same qualifications with regard to natural 

background and medical procedures are applied to FRC and NCRP 

recommendations.) 

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

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 

' v deemed to be acceptable to the indiVl!dal 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• II 

It is not desirable to expose members of the public to doses as 

high as those considered 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 

selection, 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 

a somewhat theoretical 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 

••JU! ...... ¥# z SJ?MXU.£$ - »WJi.('9£..f#')i __ p P -
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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. In 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 effec.tiveness is appraised by assessments through 

sampling procedures in the environment, by statistical calculations, 

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. In 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 appropria~e dose limit for members of 

the public to the mean dose of this group. 

The inate variability within an apparently homogeneous 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 exceeded. 

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 avoiL 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 marrow, averaged 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 

IP 4U$¥ 4 .. C.4WWW 4 
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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 

ICRP DOSE LIHITS Jj 

Individuals Population 

0.5 rem/yr 

3.0 rems/yr'!./ 

7.5 rems/yr 

1.5 rems/yr 

5 rems/30 yrs 

l/ For conditions and qualifications see ICRP Publication 9. 

3_/ 1.5 rems/yr to thyroid of children up to 16 years of age. 

11 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 a 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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