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FOR CONTROL OF EXPOSURES AT ENIWETOK ATOLL

INTRODUCTION

. .. .... .
Standards for protecting man against exposures to ionizing

radiation evolved from the use of radium and x-rays. They have

been extended during the development of nuclear technology which

has given us mau-rnaderadioactive elements. National and inter-

national groups of authorities have developed approaches for prctec-

.. @olAWd?LA
tion and established numerical standards which, in their view, provide

h“

a degree of radiological safety at least as stringent as is achieved

for other agents, such as chemiczls, explosives and toxic substar.ces.

Standards now exist for broad categories of exposure conditions.

They are in daily use by governmental agencies and other bodies
.

1

‘having responsibilities for health protection.

k
Standards are prepared so as toleasily understood and applied by

the professionals. The use of judgement rather than rigid application
. . ..

.. . .:,,
.2%Gi:.

is favored. There are benefits as well as risks associated with

radiation usages, and situations will arise to which standards are

not directly applicable. Such cases are handled on a cas~-by-case

basis, with professional judgments made as to exposure levels that

are justifiable under the circumstances.
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RADIATION PROTECTION STANDARDS RELEVANT ‘1’0ENIWETOK GUIDANCE

Within the United States essentially all radiation protection

activity is based on issuances of the

Federal Radiation Council (FRC)

National Council on Radiation Protection and Measurements (NCRP)

International Commission on Radiological Protection (ICRP)

Standards adopted and published by these bodies are in regular,

day-to-day use; they provide the bases for judgements and recommenda-

tions pertaining to radiation protection at Eniwetok Atoll in the

years ahead as it relates to cleanup, rehabilitation and reoccupation

of the islands by the Eniwetok Atoll People. The material which

follows is based on the philosophy and numerical values contained in

Zf? FR
-,’NCRP and ~ publications

A 6V51

, with the most extensive use being

TCHP +–PC
made of the ~. Some details of ~, NCRP and ~ guidance are

provided in,a concluding section. Readers are referred to the

w~% H &

L ~mtedfsre’erence’~ “-’””’-A”+~ issu d by the councils and commission.

RADIOLOGICAL CONSIDERATIONS FOR REOCCUPATION OF ENIWETOK ATOLL
z+!! /%c
=, NCRP and IdRP recommendations must be applied to Eniwetok

in rmnner different from that used for a proposed nuclear facility

or at a laboratory
..

machines are to be

distributed in the

where radioisotopes or ionizing radiation generating

used. At Eniwetok radioactive contamination is

environment and the owners of the atoll are absent

at a radiologically safe location. The problem is finding the

procedure, assuming one exists, through which all or part of the

atoll can be made safe as the permanent home for the Eniwetok
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Atoll People,~
. .

~

The basic principles of radiation protection are applicable

everywhere.c~”’‘~’””’““k~’” 1“. .
. .. “3tbi.e”-:g‘tzmL.2%ndarnentaldecisions D

~A
the exposure standards to be used in the evaluation of the

A.

radiological survey and the cleanup and rehabilitation options. u+
,.-;.- ,-..”.

r
L “-~-

~ &.’&%+&&f

he objectives, drawn from ICRP, are
.

(
a. to prevent acute radiation effects, and

b. to limit the risks of late effects to an acceptable level.

Implementation of the plans for recovery of Eniwetok Atoll will

require for their success:

1. Periodic assessments of environmental radioactivity

2. Measurements of humans by dosimeters and whole body counter

3. Forthright attention to the procedures which will keep

exposures as low as practicable.
.

4. The most critical element of the population receiving the

highest exposure will be used in applying numerical criteria

., . 5. Use of dynamic life style and diet adapted to radiological

conditio~s during the lifetime of returnees and later

generations .

6. Data on total annual exposures for those receiving,highest.
.

exposures

Risks and Benefits
“Q’*.

Risks associated~>adiation exposures during a life at Eniwetok
.

are assumed to be equal to others involving comparable quantities of

czJ
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radioactivity in conventional technological situations as treated by
. J-cd? ~if c

~ NCRP and~-. Radionuclides in the land, lagoon and sea

y!!#v
:.!... ...

., :”’.

environment are predicted to pass through various

To the extent that practical measures can reduce

is a degree of control available to inhabitants.

pathways to man.

exposures, there”

:...

Benefits a~::;ated with the return @+@~niwetok&@
L%,@,k

~@f5&have (&wi@statedbythe~ople. Recovery ofprop~rty, use
/, A

of land, lagoon and sea resources with minimal restrictions, obtain-

ing new housing and community facilities, and acquiring structures,

+M
etc., left behind by the U.S.A. qualify as benefits frcm[~viewpoint.

In this case, unlike some nuclear technology applications, risks

and benefits apply to the same persons; nevertheless there may be

some variation among Eniwetok families because of variations i.n

conditions between the family owned land holdings.

Steps taken to reduce exposures may have undesirable consequences.

Actions causing soil disturbance may reduce food crop production;

inability to construct a permanent home on an island for a period of

years would inconvenience the owners. The concept of net benefit

must he kept in mind,e
.

Remedial measure;

Engineering and advisory actions are the two categories of

remedial measures.
8
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1. Engineering actions taken during cleanup and rehabilitation

operations provide a basis for measurement or other determina-

tion of effectiveness and adverse impact. Good initial

assurance of satisfactory completion can be given.
~= .“4”

..
2. Advisory actions cover those activites of the returning

people and their professional counselors in response to
:..:,...,

instructions and technical advice on land use, housing

sites, dietary usages, etc. Results will be achieved over

a long period and,depend on the conscientious use of advice

and counsel and require continuing exchange of information

between inhabitants and technical sources. Because of time,

human factors, pressures and qualifications, less &&ct +46*

optimum effectiveness may be prudently expected, de’pite

a strong will to cooperate~ + iL Ctib.f.
Engineering actions are those upon which the U. S. parties to cleanup

and rehabilitation should place the greatest reliance for assuring

continuing “as low as practicable exposures.’l If the U. S. leaves

. . the atoll in nominally safe condition, it can put the control in the

Jhands of the people with a high degree of confidence that ~~w~.~l~. -
.-.::.:..?::- ‘~. ,, ~ ‘d.+ ~ ‘&li~Oii?{d~~n~~inated

@;[d. tiG+ ‘~ %(<f,~.
-.-,., :.x

nlmmll) .

.,

scrap, construction of permanent housing, selecting sites for any
.

planting of delayed yielding food sources such as coconut and pandanus,

and drilling and locating pumps at wells in uncontaminated ground

. water, are typical engineering actions. Dec~slon~AJ ~fi+1~
. .

A
approval and

.
cooperation of the Eniwetok People will be necessary for some of these.

. .

6 /. .
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Advisory actions should

exposure reduction planning.

islands. restrictions on use

be considered as a bonus in the

Restrictions on visits to certain

of spe~ific animal or vegetable foods,
(AS-e.0{ o“icf..

‘p%?;.,

advi7&;J:;gYLty,o,.ti bJvJ& .LL+G&-+wL/- U&-w
......’.. cii ~~Ait must be possible to

maintain exposures of people below recommended levels; otherwise

the U. S. parties must deliberate whether cleanup and rehabilitation

of the atoll should be initiated now or at some later time. The

application of the array of actions to the situation at Eniwetok

Atoll as portrayed in the report of the radiological survey must

lead to positive findings if the people are to be given clearance

for safe return to their traditional hone.

7& L,* :(
Recommended guides: “ “~cs “ .

~% issued by

lFI@rn&~~~ommended as the basic standardY
1’

for control of exposures~c /L4@lL(~’.i
& A

at Eniwetok,
LZ ‘+n”~’ “’ ~

. . .
““AL”

as long as tne L ule lT ~

~Th ii
J

-c

&*o~L
~~kis recommended tha~l~ot ‘al~

numerical value~houl~k used for an allowable exposure from a
wl%-n@&

singleAsource, in this’case radioactivity from weapons tests. ~ ti ,“f

proviso is made so that the Eniwetok people will not be denied benefits

of future nuclear technology because they are receiving exposure from

man-made radiation to the level of acceptable standards.

●
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Survev. CleanuD and Rehabilitation Evaluation

.:.,., . ...

...... . . . .
... . .. .

It is recommended in this context that
‘{

--l 04 fLJcti P PQJC ~1’wt 5
1. A limit of 50% of~& for individualsC&

A

be used. Tlhisassumes that the range of annual

exposure levels for persons receiving the higher

exposures will be known. ~ ~~ ~L&&~ ~TL +“[iW:., d

*A $0 k
. Be limit * gonadal exposure&ill b~ 5 reinsin 30 years6:

. . //.:.,..” .. ”.”... .. . . .. . . ... ... .. . . .. .. . . . . ,.. . . . . ../
/’‘
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/)= , “-T-’THE INTERNATIONAL COFIMISSIONON WDIOLOGICAL PROTECTION (ICRP
/i

“t h %
The ICRP originated in the Second

Radiology in 1928. It has been looked

W
to give general guidance on widespread

International Congress of

to as the appropriate body

use of radiation sources

caused by rapid developments in the field of nuclear energy. ICRP
-....:L

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,.. ..
.,, . ... . “...;““’.-.. ? ,-.-*.““’<~;~r..’cidei.of.$ractice”best su”it.ed~ko::.”thei’r-~coun’ir’i’es;;’,:::.4:”:,.?...,,.. ~Recomm&da tiotis,”’;‘:”“.:-~.”:.l

are intended to guide the experts responsible for radiation protection

,. practice.,.;-............:~-.. ,.;...”:.”-”%-....-..:.--+..,.::,..-’,;,..,;~:::”..*.+.-J-.“ “- !....‘.”,.’.....’..,..;.::_”:.!... ;.:,:;.......;.,..’..,.“..,....-,..”...-”.-.:”:’...:......... ..,......:“.’<.: “+ ...,2..::.,...”.-;.<-...j:.~::?..,,, ... . ;... ,-,..- ., . . .-., .. .. ,.
.. ICRP states that the objectivesof radiation protection are to

..:..’.,+, .. ... . . . .. . . . .. . . .
. . .... ,.. #,.. .:@reventa-cuteradiation,effects.and .to-limitthe-risks of~late “effects .“:”””.

it
to an acceptable ,level. It holds that is unknown whether a threshold,, ,, ‘“b ‘

. . .. ..*-, .. . . ,,.;:T{.exists.,+md.it.i,:,a,s,surned:.,.thateven the,srnallest.closes:,,ipvolve..~.,.,.,.:...,.,....’:
.:,.”’-,:...~...,,.::,..-...”?....+.’.-,..--,..:., .............. ....... .::.,::...:.”-. .... .,,.,.,:(. ..’,..: ,.-.”........’.“

proportionately small risk; No practical alternative was found to

assuming a linear relationship between dose and effect. This implies
. .

that there is no wholly.’’safeL’dose of radiation.

z.;.:.,:...-,.:........ Exposure+t%mn-natural background,.

of causing some somatic or hereditary

believes that the’risk resulting from

radiation carries a probability

injury. However, the Commission

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

(~”. /-
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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 F

recommendations.)
.

W 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

deemed to be acceptable to the indivudal and to society because of
..-.-.f . .......... . “..,. ........ . ....:.,..>..:....<.:t.:..w......... ...... ..*:...:’:.:..:.!.,?.,.-‘~“L..‘.‘:-:..,..:...”...:”::”-..‘-:.”...=:<.C,},“..”.: ::.::;.:,,:..“...~...<,$7;.,...;.-;...---

,....!..:.s,”,.:..-.-?........7..’.”tie””benef”i~s”d~iivid”litis<cfi-a~ti$~tieti~’:’’”;””~’““”-’W-”””}.””:Y””’““<:-”’-’”-
..:4..> .!“;...’..,.........●...

r..

For planned exposures of individuals and populations, the ICRP

.. .
?. .ba.q~.ec~end,ed.~.the .terWf1’d05e:l:irniC.,~’.j::,..:,:~j:,~..,<:<.'..:.....T..Y..=:j~:T.;..;,:,..+l.:.;:~~;.>";;1-1l:JJ,“.,~;”..,.*.... -,:”::.’.r-....... . ,.’ . . ,, .. . .
.. . .

... .
. . . It is not desirable to expose”mernbersof the “public to doses as

.,

> ,-:.::.;’--- ~.” - . ~:: .:~i.... .. ..: ..: ..’... $., .. .: ‘. . . . . .. .. :-
. . . ..

.

., .-. .:., .-. ..-:’.-”..’,’“-. .C. ...’”’ ?..;”: ..?-’4’.’-.. .... . “=j:.,~fi.:-!’ ‘:2”.’..”.-:.:
“higli””Asthose considere-~”to’:be”’ac<eptable~’”forradiation workers

because children are involved, members “of the publicdo not make the

...-,-.,.,,.:. .“, ,“-......,-.... .. ./.:“’-”~~@fc~”.~o.%i’exPosed;”and:mernbeis:.o”f+thep~~~ic”~re’”not: su~jec~’ 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 individual exceeds

this dose limit. Even when individual exposures are sufficiently

low so that the risk to the individual is acceptably small, the sum

--
/t: ,,

.,
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of these risks
.. . . .

limitation.

Where the

-#:.

may justify the effort required to achieve further

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

. . . . .
“tomembers of the public”from ’man-madesources’of radiation should’

be less than or equal to other risks regularly accepted in every-
.,+.:4.“..:.;-,.”.:.● ..4 ‘,

.* ..+. .. . .
.’..,.“.

.>. ,. ~.,., .7 ? > . . “i. ,, ...... .....- ~ J .. ...... . ..> “:.*: ’.. .’J $,:.””,.:::.,, :j::;.. ...
.,. ‘-. ... .’. .’ .”,.... .:..- r

. . . .. . . ..“

... . . . .. . . . .
~.r . .;- .:.: . . .. . . ?,;.,..’....”.1. 1.~:j, ~j..:.; .,. ,+:.;... . ~} l.:?,.;’.”> .1.: :.nl.,~~ .~”:.l:-.,~, ;.j;,~.p.: .: ~,

!>

day-life. They”shou”ld”a’lso~e justifiable’in’”termsof benefits that ‘

would not otherwise be received. ICRP has stated that when dose

;.:.. ...::..*.;+..-, ~.,. :.” .:~ ...> .~itiits.’havebeenexckeded..~$.ks~all-amh,nt,.<it ‘isgenera31ymore ~.’d-,.”-”.<:;:”,.. “ ..

.. ,. ‘ .-:. significant ”that there has”been a“failure of control’than “that“one ““ ““
........ . ,... .,. ... . .,:● .:.:..-+‘..”+.:...... ‘.’...:“.........0,,..-”,’.+;.’..,.---~.....:.:.::..:.“..“’....:“+.-......:..“..“:...’..’,>,-,’.:“.,’::-..

.. .,.......................,:,.,.!.;>--....-“:-......~”..’*.“.-.,:.;.:..!,:.!
or more individuals’haires’l”ightl”~exceeded the””lirnitsol”

4.’..+,.:

‘, “Dose limits” for members of thepublic”are intended””toprovide
.,..:..,“,,.: .)... .: .’” ... . .:. ..,,:. - ,. .’.

. . . ...-

. . . . .. . . . ‘“~:.=.”~’”sta”ncla;ds”’:~or’’desig~an”h”.~opera’t”ion‘of”rah’~ag~on“sou<”ces”’s”k;’thati’”~i$-”~s“.”:”:“:’”””;:~“

unlikely that individuals in the public will receive more than a

specified dose. The effectiveness is appraised by assessments through

sampling procedures in the environment, by statistical calculations, -

..-.-.;. ;,I..>
,..J& 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. “I-npractice

account of these sources of variability by

it is feasible to take

the selection of appropriate

~j-~ .
,,
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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 homogeneous group

. . . . .
rneans”thatsome members of ‘the’criticalgroup “willreceive d“oses “““”

somewhat higher than the dose limit. At the very low levels of
. . .,..,... ... .. ..- ,.. ,

-:.’:. . !.
. .

. . ..... . ... . . ~. . .. . .; .’ -, . . . “, ....~. ,,,.-:.i< .: ... . .. . ...:. ., ~q+,. .,;;. ,..-*..a . :,: : ,:* %’ .. ... , ..:, .,. ... . . .: .-- . ... .. . *.,. ; . .. ....: ““..’,*.’”,J, ‘f,. . . , ,:...’+.-:.:.%, ;“-.., ? -.. $.,. . ,+’ : ~.:, -,, , . ‘,.*:., -.+ .: ,. -, .,.-’. .:::: .(’/ ,*:.:: ..:.: .. .. ,. ; ... ... .

“risk’implied, the health consequence ~S likely to be minor’whether

the dose limit is marginally or substantially exceeded.’

.by“limitingthe’individual ~oses “andpartly ’by”limiting’’then“umber ‘, ‘“’”
.....................

.. ‘..::: .,;.’.:.>.“.:’”: ‘...,.,,j;:.,-,,:..=....*.;:;:..........:..;.?. ......,j-:.:,.,”.;::.,:..... ..... ... .,,$.:>..:........,..
..“.. ,:..,.......,.”.,..................:!...-................... .<

‘“ofpersons exposed. It fS of the utrriostitipor”tance~o’av”oid“actions ‘ “’-

“that”may prove to be a serious hazard later, when correction may be

The ICRP dose limits for individual members of the public are

Z-
in Table ~. 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 (correspondirigto 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, bon,e,

TABLE- ~

1/ICR? DOSE LII.ZITS–

Individuals

0.5 rem/yr

Population

thyroid

liandsand forearms; 7:5 remslyr.... .feet.andanklcs ~“ .. .. ....... . .:..’”.. . ‘ . . ● .. ... :.....‘

.. . .

~i For condi~ions and qualifications see ICRP Publication 9.

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

~i See paragraphs 84, 85, and 86, ICRP Publication 9.

,
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reinsin 30 years from all sources other than natural background and

medical procedures. No single type of population exposure should

. take

dose

up a disproportionate share of the total of the recommended

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.
.. .. . . .

.,.... ., .............. ..’,....;.-.......-.”..”..’.--(,’..,:..,.:......‘.:-,=- -.,:,.4...:..,..-,.-,.,,..*-,:...*...-...,..... . .........
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NATIONAL COUNCIL ON wDIATION prOteCtiOn ~h~ MEASUREMENTS>:(NCRp).

The NRCP was chartere y Congress in 196 to collect, analyze,

develop, and disseminate information and recommendations about pro-

tection against radiation, radiation protection measurements

and to provide a means for cooperation between organizations

with radiation protection.

The .NGRPposition is that the rationa~,use of radiation,.. ..

and units,

concerned

should ...

i-.!

conform to levels of safety to users and the public which are at

, :... ..leas~: as.a-~r~ngqnt,;nap:.thos$ ‘achieve-d:f~:,’othes”j,&erfu,l~&gentsi-JCon~-.~-~~;~;~~.’*:;::..’.::-:,.,,:............................. . ..... ,,.-,.

tinuing and chronic exposure attributable to peaceful uses of ionizing

radiation are assumed.
i .‘. .. ..,,

:.:”4.S..,:<.!..’”
.,. .:. ....4:.,:-J....”........,.,.,.,..:.”,.”.,.“,.....%:.’...-,...’..............-..’..,.,..-..,,

... . ..-. ......... < ... ... ,:+:.’~.?:.”,”.’.:”:::...-.:::.::.f,{..’”::‘.-”’:::...:::~;~:”:?’.’?.:;‘.”.;‘.’.’:
... ,The NCRP.has adopted the assumption of no-threshold dose-effects a -’

.~.-..l.?-..-.-:.,::4’.;.. .e,u,......~ela$$on$.and .U?,es-She term.~~dose.,limit,s!!.~pproyid$ng guidance.”-o~..,;.;::’--.’,-:-.....cy,. . .. . .

population exposures. F.adiationexposure is to be kept as low as .

practicable.. .The,numer.icq,l,v?-lues of exposure as presented are to be,,-, ...”.‘.+:::.+, ~,-:.:::.;:..:..,?.::;,.,.:.-..:./-.,,, .,..::“.:...”...::”:..... ....“;..... --”‘....,..,,,.-.”.,”,,..,...,..... .... .:.’.,’.,‘...“ ..........
.. .. ,. .,. ... ... ... ....,’.

interpreted as recommendations not regulations. Use of the no-threshold

concept inwlves the thesis that there is no exposure limit free from.
..-

some degree of risk.

%iiis 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 formelv the National Committee on Radiation Protection and

Measurements,~
-.-

&:’

/ *-
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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

exposure levels especially for infants and the unborn. NCRP also

: .. “... .. , . :.,. .) -.. .:, ;...,.. ..-; . . . <:. re+mends yearly,dose.:limits.”for..the.average.po~ulation based..upori:,.“..:::’:,... .
.. . .... .,.,, ..,...’.’ .. .“.. .....

smnatic and genetic considerations.and pIL,mi.<aLes CF,e ICRP limit of
-“:..-..1. ...-’..:-;...,..::,,...,.,,;,..;.!,,>.:,,.:,.,, ..... . .-‘-.’’*....,,.,,*.. “::.,;...t.’>:i---.,..-,. ,... ... .;:.:.+:,.:”...“.,;.......,’;~,..:

..
:.:..:..,,-....*,..,:’......;+ ,-:,..-...;<..:.,;.:-,.. “’5rerns’in-30years for go~adal””;xposuieof the U. S~ population. ““’”

:...

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

L
. . .

:.. :.... - ..’...’.. ..’.
. . . ...7.”+....T:~:,-3~~en~itl&dj ....

.‘.. “lB&sit:’Rad~ati’on”:”Protectio”nhiter~a’~”’’’’d”hted Jantiary’”15’,””~;“:4!””:

1971, contains the most recent updating of NCRP recommendations for

protection of the public.
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TARLE 3$EZ

NCRP DOSE LI}~TS

Tndividu.ql

Whole body 0.5 rem/yr

Gonads

Gonads (altern*tivez/
objective)

,.. .. ...

Em!&L&2

0.17 rem/yr

0.17 rem/yr 2/

5.0 rems/30 yrs

.,

,.”

l_/For conditions “and qualifications on application, see l;CRYReport..::=,-~...~:..~:...~.. No. 39,.“Basic Radistion ProtcctiollCriteria.”

~/ To be applied as the a~’erageyearly value far the popul~tiollof.,
the United States as a vhole. See paragraph 247, l;CRPReport ;;a.39.

~/ See paragraph 247, NC12PReport No. 39.
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L\ f Federal Radiation Council (FRc). In 1959 by Executive Order

e b
Y

the FRC was established to a’dviset e President and to provide

?,,,#w,J1/;fy$. e5& $*:*5~ge~o*~’
/’

guidance for Federal age cles.

Environmental Protection Agency in ‘~ [~ ? ~ ,

Basic FRC numerical s~andards and health protection philosophy
JCl+--z( m}+

~~are similar to those of the

Pro&e ~- --- . Numerical criteria and supporting material are
,..: .●,*.:....;;.2...’“:.” “.-:?&_.: :.$,,.:.;:;7,.::..,,.,;:$..,;::,,:-:.::.:..,:,;:.:::::.,;,,*L:...2.;~"-'>*:;;,,i.,<-.*::-:,:?:7:.;:.,?:<...,,.,.;..:...,......:.,...:..,..’.....+-...,

provided in&)Radiation Protection Guides (RPG) deal with exposures “
A

of individuals and of population groups where actions

0’+$

e directed

,.:,.l......;.:.?,:.,... .:.’pr~tirfly’”at”cbrlt+or OE &~”.60~rc&.& ‘~a~ioa~bi~i~; ~.:.l&”:,$;.”..+”....~.;.’.T.~.~;.
.:.., ... . ‘%#Q&lkh “+= ~~ ‘ -

Protective Action Guides (PAG) w exposures of individuals and
... ,:..,..;.::.%:.....A.:..,............:~;.......’..-.% ,,t..:.,.,7 .<.,.... .A.:,-;,.,;:-... ~...:.;;:,..”,.?..:~.,‘,L..;-.’:...“.,!:,

.. . .~,.....-3:::.T..:’.,-.....:.....,*......;?::..:.,...:,.+ :/,..t...“,:.:.-.”......:,●. ..... . . .. .... y.
population”groups to rad.ioactivi”ty.from an unplanned release where

actio”nis taken in the prbduc”tioriand use of f~otis, -
...

c

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

lifetime. The RPGIS for th population are

&
annual exposure except for gonads where

4
the

acceptable risk for a

expressed in terms of

ICRP recommended value cf

5 reinsin 30 years is used. FRC states that the operational mechanism

.P ;,;.. -.
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described for application of criteria to limit whole body dose for
A

individuals to 0.5 rem per year and to limit ~xposure 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.

w 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 andmonitoring efforts are to increase as .pred.i.ctedexposures ,<,,,,:..-,.....“....-..~.::.,....!+~:.,.,.:..:..:“.-32,:;.:..,>i::,-.::.:.;,.--;,,,);.::..+...,..;:.,-----.+2.:..;~:;;:,~. . .
.,...... -4’:.-......,...>-+-z--~......:.r....}’y.......-..”-.:...---... ~.,:j.:.:...!:.+.,~.,,:;..+.>

......-..’..,-....”. ,.’:-.~., .~:.....’ -..;:s.,.., .)... . .. .. . ,. ....:” ,.,

move upward through a range of values and approach the numerical value

of the RPG. A sharply rising trend approaching the RPG would suggest

-..:..”,. -.:;.. : . .’.. ...“.:.” ,. :, ,.. .A.... A. ..4 . ..- .. .. . ... . . .. . ....... . . .“. . ..... . . . . .

.. . . . - . ‘“*”strong“and”::prompt“aciicn”~””
:..

The rnagnitud’e”;’’bf’th”e”’’actibnsho%lbe;”;”““”~<“:’.”<”;’””

related to the.degree cf likelihood that the RPG would be exceeded..:,..:..;,. ,:.-.”.’..”+.,..x..:-t,‘:.-:,:.:.-..; -. .,..,...........+.,.::..,.,.:,..y,,.......,.:.,.;..,;,..::..::.,......,..:..... . -,:.. ... ...... :.>.:*(,’’;.-’”-.;,.., .......”..::-T.z - :..:”,’..?.-,.’..:..... ,:..’,.:.’>..~........ .,.:,....,. ... . ..... .. -:* .“=..~.”.
The child, infant, and unborn infant are identified as being more

sensitive to radiation thaa the adult. Exposures to be compared with
.. ‘--,...... ..,4.......”----......,,-,‘........... ...-’..,.-...-’::..<............ ,- :..:.;.,:...”.‘. ......,:,..-.. .......“’...,’<-’:... ... -:...’.-’..:..:.;.-?,:,........... ......... .,.., ....,

. ..:.~..,’.~“..., .‘“:,.““:~-$.,+“””.’-.A“..:.....,.;.,-.,...
the guidance are “tobe “derived’’”forthe”most sensitive member’s”in the

population. The 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;[i::i:....<r::
,P!.:&kd*i:.

technique may be modified to meet special situations.
.,

The FRC primary numerical guides, expressed in rem are provided

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

AF

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

of specific radionuclides corresponding to thz annual RPGts. Considera-
—-

tion is given to all radionucl%des through all patlx~aysto derive a
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TABLE ~
. . . ..

. . . . .. .

Individual Population Grou~—

Whole body 0.5 rem/yr 0.17 rem/yr
=
-:.:;. .:::

... .. .... . ....

Gonads 5 rems/30 yrs

Thyroid ~/ 1.5 rems/yr 0.5 rem/yr

Bcne marrow 0.5 rem/yr 0.17 rem/yr

Bone ‘1.5 rems/yr 0.5 rem/yr “

.

For conditicms and qualifications see FRC Report I!OS,1 and 2.

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

Or the biol,cgicalequivalents of these amounts of 226R:+..

.

27)
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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 comparisonjexposures from

others are verysmall.

m--......... ...

.“’ >..

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 a contaminating event. In setting

these numerical guides the FRC was concerned with a balance between the

risk of radiation expos”ureand the impact on public well-being

associated with alterations,of the normal production, processing,
:.<............. -.: “’_:,,.... .*.W,...,......;-:;.<+b...:..-,.....,,...!., ,,..-;,..m’. .’,4::-<:,...,...-.....,j.’,......o..o. ... . ................ ..>;.%::;L...(.,:,,.,,.,,.,,. .- .,.. ., ,::’”’;+,,?...:?;?.:!.!:'-.?.,:::~,,>:f?;..;:;i:-',,?>ti-.-’;:’..,+<.+:;’::=:’.:*.

.“ $.’-y’”!+:::,‘... .
““””’distribution and use of food.

. ... ,.>, ;...

A protective action is described as an action or measure taken

..~ .’,”...:. .: .:> : ... . .
;-. . ‘ ‘ . .. ..”. -.”..-t~.’~.vof~~most’of the ex”posureto”rad’iationthax.titildocc& $roti””future:”””’‘~.”””2’

... ..

ingestion of foods contaminated with radioactive materials. An actian
.. ..... ~,........b-.“+.;...:.....”..?*:..:.-.,.’::,..;~,:::,<1;:.:,.,{...s~..~.~..’.{&:>.’’,:fi,i~”.<,~,!+,!+i. +,:. ::: .~,.>.;,~:LJ+‘-..,~>”.:”.:.,!;,-.:..:,Z+,*J‘..- ; , -,.\J... ,. . -, .,..~:-.::,..-,, .- ;.,,..

.. - ..,,;.. . .a

is appropriate wfienthe health benefits a~s’ociatedwith the red~ction
...

in exposure to be achieved are sufficient to offset undesirable
,., .. ... ...’.. . . . . . . . . . . . . . . . . .. . . .

:“ “.’.’“: ..-.,.:.”..,!. .. .. . . . . . . .
,., .

.. featk’res”o~’the””prote~t”ive’’’ac~”io;.~ ““”
..-.....,,,.................. ...!......‘..,.;..... .,.- ...

A’n’’:event“requiringprotective “ “-”;’”’”

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 whict,

dose projections are to be made for comparison with the guides. For
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ins”tance,for 131I in milk, the critical segment is children one

. .
_ L.

year of age.,j.’..’

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
131I 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.

z
5 and 7 summarizedin Table~, ,..

—— &-
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