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A copy of the subjectpaper, proposedby Dunning for
deliverybefore the RadiologicalSociety of North Americain
Chicagoon December 13, is attached, The Societyhas requested
Dr. Dunning to supply an advancecopy of the paper as soon as
possible.

The paper has the approvalOf the D~v~sion of B~Q~~gy and
Medicine. The Divisionof Classificationhas stated that it
does not containRestrictedData. Dr. Libby has seen a COPYS
and we understandfrom Dr. Dunning that he had no objectionto
it,

We are callingthe paper to your attentionbeoause It goes
beyond previouslyreleasedinformationin severalrespmts, and
we feel that its Issuanceinvolvespolicy considerations,even
though it is a technicalpaper for presentationbefore a
scientificgroup. For example,Graph Two, discussedon page 4
of the text, shows the gamma do8e rates on the Island of Rongelap
over a period of nearly a year followingthe March, 1954 fall-out?
Graph Six, discussedon page 9 of the text, is an idealizedmap
showingthe boundary lines for doses of 400 roentgens 100
roentgensand 50 roentgensfollowingthe March ls 1954 detonation,
and Table Two gives the extent of the encompassedareas in
squaremiles. Dr. Dunninghas informedus that these areas are
consistentwith the 7FO00 squaremile figure
mission’sstatementof February 15} 1955} on %%% ::m-
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High-YieldNuclear Explosions”,but they providenew numbers
whioh are likely to be picked UP by the press. The SectIon
entitled “ProtectiveMeasures” (pages IO-16) discussesthe
persistenceof radiationin a fall-outarea and the length of
time such an area might be denied to normal oocupancy.

Dr. Dunning has informedus that he believesthe paper
will be useful in scientificevaluationof variousproblems
of interestto oivil defense,such as estimatingthe effective
biologicaldose of radiationwhich might be receivedafter a
fall-out,and such problemsas shelter$evacuationand return to
a fall-outarea,

It is our judgmentthat issuanceof the paper would provide
additional evidence of the Commissions interestin publishing
scientificdata relatingto fall-outas it is developed. The
paper will be of interestprimarilyto scientists. It iS too
technicalto have much meaning for the averagereporter,but
almostundoubtedly will be of interest to some of the writers
with scientific backgrounds, However,Dr, Dunnings’sconclusions
are more conservativethan the bulk of the unofficialstatements
which alreadyhave been made publicly. Therefore,we favor on
informationpolicy grounds issuanceof the paper,

May we have your approvaland/or comment?

Attachment:
Subjectpaper
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ORITERIAFOR EVALUATINGGAMMARADIATIONEXPOSURESFROM FALLOUT.— — ——

?N3LIQWINGNUCLEARDETONATIONS

By

GordonM. Dunning

HealthPhysicist

Divisionof Biologyand Medicine

U. S. AtomicEnergyCommission

Washington25, D. C.

~ernal gammaradiationemittedfromthe materialafter

depositionon the groundis the radiationfactorof greatestconcern

to humansh evaluathg falloutfollowingnucleardetonations.Due

to the limitationof tiresthis is the only factordiscussedherej

althoughexternalbeta dosescan be significantwhen highlyactive

falloutmaterialremainsin contactwith the bare skin and internal

depositioncan be hazardousunderCer’taticonditions.Experience

frompast nucleartestsstronglyindicates,however~thatinterns

depositionof the radioactivefalloutconstitutesa hazardof secon=

* impotimce, at least for timesimmediatelyfollowingthe deton-

ation.

ComparativeRadiationDosesand BiologicalEffec%s——

In evaluatinggammaradiationexposuresfrom falloutit

is naturalto turn to the many biologicalexperimentstha% have

beenperformedin the laboratory.Thereare differenceshcwever9

whichnecessitatefurtherconsiderationsin estimatingradiation

dosesreceivedfrom falloutand the possibleresultantbiological

effects.
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Firs%jmost of the laboratoryexposureshare been narrow

besm$unilateralor bilateral. Radiationsfrom a

maY representa souce i~t is fi hfigeomet~jor

factorof geometryand thus depth-dosecurvesmay

falloutfield

nearly so. This

be importantfor

largeanimalsas illustratedby one set of experimentswherethe

LD 50/30valuesfor swinedecreasedfrom ~00 roentgensfor narrow

beamunilateralexpome to 350-400roentgensfor bi~ater~ e~o”

1
mme.

Secondjexperimentswith Rhesusmonkeysj2using 250 Km?

X rays and a rotatingexposurecageto provide.hfigeometryjgave

= D 50/30daYsof 530roentg=~oThe interestingpoint here is

that significantnumbersof the monkeysdiedafterthe 30thday. If

the survimil.dataa% 100 days (theexbentof the datareported)are

utilizedjthe LD 50(100daysvaluemaybe near 4.30

effectis also qualitativelysuggestedin a second

with Rhesusmonkeys.3 Whereas,it is qtiteproper

Lll

we

In

as

~0/30values,it maynbtbe as relevantfor our

roerkgenso This

set of experiments

to report=d use

purposessince

are concernedwith the generalhealthand welfareof the public.

thesetermsja man dyingon the hundredthday is aboutas serious

one dyingon the 30th day. Tha% this factormightbe extrapolated

fromone prima%eto anotheris suggestedin the Japanesedata.4 tie

numberof reporteddeaths$betweenthe 20thand 29th day,were 137

and 87$ in the groupsampledfor Hiroshimaand Nagasaki,respectively.

Therewere XL7 additionaldeathsreportedafterthe 29th day for

H&oshima and87 for the Nagasaldgroups. It

therewas the very difficul%task of accurate

-2”
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isolatingand identifyingthe causes

extentof theirradiationinjuy and

stronglyindicatethat radiationwas

numberof the Japanesewho succumbed

of death,but an analysisof the

the time of their

a majorfactorin

after30 dayso

deathswould

a significant

The last differenceto be mentionedherebetweenexposuresexper-

iencedin the laboratoryand dosesfromfalloutis that of the energy

spectrumof the radiation. The gamma

materialis complex. GraphO~F ~}:ws
A+ F!ve dRy5 +

.
~r the detonationof

—
5

spectrumemanatingfrom fallout

the gammaspectrumf~

March19 1954 a% the Pacificl?rov-
a

It is recognizedthat these

spectramay vary and that any singlevaluemay concealimportantfeatures~

but as a firstapproximationa valueof 0.’7Mev mean energyhas been

quo%ed.6 The dependenceof LD valueson the energyof the radiation
..

is illustratedby one set of experimentsusingburroswheretherewas a

‘Mf’“f“ ‘oi’o“om78]~“~$?(r=(jo~Me. mea e.e.bfeens with cobalt-60(1 2 Mev mean energy]
to 585 roentgenswith Zrg
In theseexperimentsthe animalswerewithina few feet of the sourcesand

thus probablya smallerpercentageof theirtotaldose camefrom radiation

that had experiencedmultiplescattering.With an extendedSourwejsuch

as fallout~a significantpercentageof the dosereceivedprobablywould

be due to scatteredradiationand thus changesin the primaryenergyof

the sourcewouldnot be so

The variablenature

ing is suchas % make i%

criticslin affectingLD values.

Weathering

of %he two

impossible

all situations~yet they are real and

and Shielding

parametersof weatheringand shield-

to establisha precisemile to cover

operativein determ&ningthe total

exposureone may receive. The followingtwo exa@es may give someper-

“3”
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spectiveas to theseeffects.

The falloutpatternafterone of the nucleardetonations

Site in 1953 consistedof a long,thin fingerto the eastward.

shot,a strongsoutherlywind aroseand continuedfor two days.

a situationof a highwind blowingnearlyat rightanglesacross

contaminatedsandysoil - almostidealconditionsto examinethe

at the Nevada

The day after

Test

the

Herejtherewas

a thin stripof

effectsof winds.

The gammadoseratestakenat threefeet abovethe groumdin variousplaceswithin

the contaminatedareaon the fourthdaywere lessby factorsof threeto six than

thosecalculatedon the basisof decayfrom the firstday,accordingto the well.

knownprincipleof time-T”20 The actualdecayof samplesof falloutmaterial

takeninto the laboratoryon the firstday did followfairlycloselyt“1e2,so

the abovementionedreductionmay be attributedto the winds. Owingto the par-

ticular conditionspresent,statedabove,thisexamplemay lie near the upper

rangeof effectsto be expectedfromwinds,nor wouldthis magnitudeof effect

be expectedwhen largeland areasare contaminated.

The secondexamplerefersto the MarshallIslandsin the

gammadoserateshavebeen followedsinceMarchof 19.5!4.After

eventof March lst,the windswere lightand the firstrainfall

Pacificwherethe

untilabouttwo weekslater. GraphTWO showsthe gammadoseratestakenat three

feet abovethe groundon the Islandof Rongelap

It will be notedthat for the first10 daysthe

accordingto t-102e This is roughlyconsistent

Tate. The breakbetweenthe 10th and 2Sthday,

over a periodof nearlya year.

activitydecreasedapproximately

with the knownradiologicaldecay

therefore undoubtedlyrepresents

the effectsof rain (andpossiblywinds)whichwas lmownto have occurred. The

remainderof the pointsfallroughlyon a Une of t-1075againrepresentingthe

majoreffectsof weathering.In utilizingthesedata,however,one mustiextrapo-

late from an islandin the Pacificto otherlandareas

-4-
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havingdifferingclimaticconditions.

One cannotpredictthe exacttime of occurrenceof windsand rains

nor the precisemagnitudeof reductionof doserates. Thesetwo parameters

are obviouslyquantaeventsand

function,as in GraphTWO, only

first,and perhapsconservative

may be proposed. For the firs%

one may ascribeto them a ~simaightline

by the processof genersliza%ion.As a

approximation,the followingestimates

week afterfalloutOccnu’s$assumethe

“102,for &he s.emondweek % ~measuredactivitydecaysaccordingto t -1...3

and for the thirdweek and thereafter~t‘-1.4”

Fieldmeasurementsas well as calculationshave indicatedthe atten-

uationof gammadoseratesto be expecteddue to shielding.Some of

theseare summarizedin ‘TableONE. For the momentjhowever$let us con-

siderthe casewhereno specialevasivemeasuresare %a.kenand people

continueto livenormallyin the contadnatedenvironment. ‘There may

be greatvariancein the amountof amnumilatiedradiationdose due %0

the locationof personnelin relationto differenttype structuresor

naturalterrainfea%mes snd to the lengthof

During the 1955 nucleartest seriesat

numberof fihnbadgeswere placedoutsideand

stayat these places.

the Nevada!&s% Site5a

insideschoolbuildings.

Therewere understandabledifferencesin the ratiosbetiweenthesepairs

of badgesowingto the differenttypesof structures,but the mean value

for the ratioof out-of-doorsto in-doorstiseswas three. Sincethe

durationOf theseexposureswas generallylessthan one weeksthe effect

was undoubtedlydueprincipallyto shieldingratherthan to weathering

effects. A Hmi.tedamount of dataalsowere collectedby personnel

(schoolteachers,physicians,mechanics,etc.) wearingfilmbadgesas

-5-
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theywent abouttheirnormalactivitiesin communitiesaroundthe Nevada

Test Site. out-f-door radiationdoseswere predictedon the basisof

monitoringteams surveydata shortlyafterthe timeof fsllowt(suchas

wouldbe donein emergencysituations)and latercomparedwith the doses

indicatedon the personnelfilmbadges. The ratiosof dosesmeasured

on the filmbadgesto thosecalculatedforout-of-doorsgenerallyfell

between0.4 andO.~. The durationsof exposureswere two to threeweeks.

Once againa conservativefkst approximationof the reductionof doses

due to shieldingduringnormaloccupancyofan areamaybe set at 25$

less than that of a personfullyexposedfor 24 hourseach day.

One may combinethe assumptionsmade for weatheringand

and arriveat a familyof curvesthatestimatethe accumulated

dosefor personslivingnormallyin a contaminatedarea (Graph

shielding

radiation

THREE)o

SinceGraphTHR.EEis basedon an assumeddoserate of one roentgenper

hour at time of fdlout~ the accumulateddosesmay be Hneasly extrapo-

latedto any otherdoserate at time of fallout.

Timed-Dosesand BiologicalEffects

It has been recognizedthat the longerthe time intervaloverwhich

a givenradiationdoseis delivered,generallythelessistheresultant

biologicaleffect,exceptfor suchaspectsas geneticsand life-shortening,

althoughrecentlytherehas been some doubtcaston the Iinesrityof dose-
-’ 8effectrelationshipfor the latterfactor. Sincepast experimentsusually

have been designedfor otherpurposes,their dataare not readilyamenable

to the elucidationof the rate of repairor the proportionsof reparable

andirreparabledamageto be expectedwith varyingtimeddoses. Experiments

-6-
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that have beenperformedshowvaryingrelationships,dependingupon the

specieand sometimeseven strainof animal,as well as the criterion
values.

selected,suchas skin damage,life shorteningand LD/~0/ Our present

stateof knowledgedoesnot permitus to establisha preciseover-all

relationshipfor timeddosesversusbiologicaleffects,yet thereare

sufficientconvincingdatafor us properlyto attemptan estimationof

the effectof this phenomenon.

h 1944Strsndqvistginvestigatedthe effectsof fractionationof

doses. Using100 to 175 KVP, X rays givenat 30 to 200r/minutein a single

treatment(Do)were equivalentin theireffectson normalor malignant

human skinto a totaldoseof 1.26Do givenin two exposuresone day apart.

When plottedon log-logpaperthetotaldoseversusdayselapsedbetween

initialandfinaltreatmentovera periodof 40 daysapproximatesstraight

lineswith a slopeof 0.22. Thesedata,of course,concernthemselves

onlytith effectson one tissuewhichis recognizedto be one that is rela-

tivelyrapidlyreparable.

BlairlO’‘, ~th12 >

tensiveanalysesof existing

speciesof animals. Blair$s

Davidson13and othershavemade very ex-
tti-spaced doses

datarelativeto effectsof /for several

and Davidson?sanalysesindicatea very

markeddifferencebetweenspeciesin the rate of recovery. Generally9

thisrateofrecoveryforthelargermammalssuchas dogsislessthan

formice,tiththehalf-timeforrecoveryofmanestimatedat somethree

to fourweeks.Themostconservativeestimateforapplicationtothe

problemsbelow is that

a plot of accuxuilated~

of exposurethatwould

exposure(GraphIWR).

of Davidson. Usinghis analysis,I have constructed

equallyfractionateddailydosesversusduration

resultin the samebiologicaleffectas an acute

-7-
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The calculationsnecessaryto incorporatethe factorof timed-

dosesinto thosefor radiologicaldecay,weatheringand shieldingare

rathertedious. Thesecalculationsmaybe approximatedby merelysuper-

imposing

essence,

the timed-dosecurveuponthosecurvesin GraphTHREE. In

this analysissaysthat at timesbeyondthe pointof tangency

of the two curves,the potential.rate of body repairwill be greater

than the rate of accumulationof dosesfrom falloutprovidedthe accumu-

lateddoseup to the pointof tangencydoesnot exceedthatrequiredto

producethe assumedbiologicaleffect. The effectof bodilyrepairat

timesup to the pointof tangencyis incorporatedintothe slopeof the

timed-dosecurve. Actually,thismethodof analysisis conservativesince

the calculatedaccumulationof dosesby the timed-dosecurveis by the

routeof equallyfractionateddailyexposureswhile in the case of fallout,

largerfractionsof the totaldoseare accumulatedin the earliertimes

afterthe exposurefirststarts. A greaterrelatiw biologicaldamageis

incurredearlyin the exposureperiodby the latterroute,and thus allow-

ing a longerperiodfor the repairprocessto operatebeforethe total

accumulateddosesby the two methodsare equal (thepointof tangency).

GraphFIVE is basedon the aboveassumptions.As in the previous

graph,the accumulateddosesmay be linearlyetirapolatedto any other

doserateattimeof fallout.As a meansof identification,I have

calledtheradiationdosearrivedat by these calculationsthe llEffec-

tiveBiological

It is to

and ignoresthe

Ikseil.

be repeatedthatGraphFIVE is basedon

geneticaspects. It mightbe difficult

somaticeffects

to justifyits

applicationin estimatingroutineexposures,but it wouldnot seeminap-

-8-
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propriateto considerthisphenomenonofbodilyrepsir

situationswherea possiblerelativelylsrgeradiation

weighedagdnstothermajorrisks.

for trulyemergency

exposuremust be

FalloutPatternl?romHigh-YieldWeapons

UtilizingGraphFIVE and data suchas that containedin the Febru-

aryl~,1955pressreleaseoftheU. S.AtomicEnergyCommissionffThe

Effectsof High-YieldNuclearExplosionsffM and speechesby Dr. WillardF.

15 I have preparedanLibby,Commissioner~U. S. AtomicEnergyCommission,

idealizeddiagrsmof effectivebiological.dosesfor fmout from the March1,
PacificProvingGround.

1954 surfacedetonationat the / It is to be emphasizedthat (a):.—— — ——

different@elds of weapons,differentwind structures,and differentkinds

of landsurfaces,wouldresulth differentpatterns @I_ *Ms is the—— —— — ———

amountof fslloutfroma shzqlehigh=-~eldweapon.—.

The two innermostisodoselinesshownwere selectedto suggest

regionswhere (a) a significantpercentof personnelmightbe expectedto

die (@O roentgens)and (b)a few percentto becomeill.(100roentgens)

if personnelcontinuedto livenormallyh these areasand took no special

protectivemeasures. Thesepercentageswould,of course,rise withinthe

encompassedareas. The SO roentgeneffectivebiologicalisodoseline

shownhas no uniquesignificancebut is suggestiveof the magnitudeof

dcsewhereemergencymeasuresagainstradiationexposuresmightbe

indicatedevenin the faceof otherpossiblehazards. TableTWO shows

the approximateareasencompassedby thesethreeisodme lines. For areas
or later

wherethe falloutoccursa fw hws / afterdetomtion, many daysor

weekswill be requiredto accumulatethe majorportionof theseeffective

“biologicaldosesso that spot decisionstivolv5ngadditionalhazardsmight

-9-
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not be reqtied.

ProtectiveMeasures

The abovemap is basedon the conceptthat peoplecontinueto live

normsllyin an area - thafithey do nothingspecialto protectthemselves.

Of coursejthereare in reslitymanymeasuresthat can be takento reduce

this radiationdose drastically.Thesemay be categorizedunderfour

headings: 1. evacuation, 2. shielding,3. decontaminationof the

environs,and h. lapseof time.

tivelysmallnumbers

solution. For large

invol* an element

Where onlyrela-

of peopleare involved,evacuationcouldbe an easy

communities,thereare many majorrelevantfactors

of dangerand/orhardship. Each situationmay be

uniqw,and independent &cisions mustbe made accordingly;it is not

possibleto establishany prior generalizedrule of actionbased on

radiologicalconsiderationsalone. The very obviousstatementmaybe made

that the radiologicalsituationshouldbe determinedor predictedbefore

evacuationor else evacueesmay be no betteror even in a

ical situation.This maybe especiallytrue for multiple

falloutpatterns.

worseradiolog-

detonationsand

The amountof protectionto be expectedby the secondfactor-

shielding- is suggestedin TableONE. For example,the interiorof a

multi-storyconcretebuildhg or threefeet of earthwill prowhieessen-

tiallycomplete

the cellarof a

about10. This

protectionfromthe gsma radiationfrom fsllout. Even

framehousewill reducethe doserateby a factorof

might spellthe differencebetweenrelativesafetyand

dangerousamountsof radiationthatmightbe receivedby one fully

-1o-
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exposed. Withinthe innermostellipseas shownin the diagramtherewould

be a smallerarea of heaviestcentaminationwherethis factorof 10 might

not be adequateto keepthe accumulateddosebelowhazardousamountseven

for a periodof a half day afterfalloutoccurred,and othermore p~ote~tive

sheltersor evacuationwouldbe calledfor. In the eventof a surprisefall-
not only

out,however~takingcoverin a cellarcouldprovideprotectio@y keeping

the radioactive

thuspreventing

to thattissue,

materialfromcomingindirectcontactwiththeskinand

possibledeliveryof significantdosesof beta radiation

but slsoby providingsomeshieldingduringthe times

of highestgammadoserates.

The thirdmeasurethat

is the decontaminationof the

mightbe takento

environmentafter

TableTHREE suggeststhe degreeof reductionin

feet abovethe groundthatmightbe expectedby

reducethe radiationdose

fallouthas occurred.

gamnadoseratesat three

variousoperationson soils,

basedon fielddata.16 Similardatasuggestthe degreeof decontamination

of buildingsand streets

(TableFoUR)16. In this

tion applies’onlyto the

that mightbe obtainedby meansof fire hosing

lattercase,however,the reductionin contamina==

actualobjects; the

environsmay not be reducedcorresponcjingly.

test on a model stripof highway15 feettide,

gammadoseratesin the

For exa@e, in one field

fire hosingreducedthe

surfacecontami&.tiondue to falloutto ~% of its fiti~ v~ue~ Yet the

gammadoseratetakenat three feet abovethe centerof the road was
Was

reducedto 75%. This / &e to the simplefact thatthe radioactivity

was washedto the sidesand continuedto contributesignificantlyto the

doserate at the centerof the road. This also suggeststhat merely

cleaningoff the roof of a building9but snowing this activityto remain

-IL-
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gxmnd nearbymaynot significantlyreducethe gammadoserates

the building(theradiationlevelon the upperfloormigh%be less

the firstfloormightbe greater). Otherfieldeqerimentsdo

indicatethat substantialreductionin ganmadoseratesin the.erncironment

may be accomplishedby suchrelativelyshple methodsas fire-hosingof

surfaces followedby removalor shieldingof the radioactivematerial.

The lati factor

iationdoseis that of

the activitydecreases

that can fielda majorbenefith reduction

lapseof time. Basedon radiologicaldecay

approximatelyaccortig to the principleof

Thus,for everysevenfoldlapseof time aftera nuclear

will be a tenfoldreductionin doserate. For example,

falloutoccursthreehoursaftera detonation,the dose

explosion$

of rad-

there

in the event

rate will.be 1/10

of its initialvalue 18 hourslater;

requireaboutfive additionaldaysof

the benefitsof protectionduringthe

and whereit is possible,of delayof

is especiallytrue for areasnear the

an additionaltenfoldreductionwould

waiting. This rapid decaysuggests

esrlyperiodsafterfalloutoccurs,

entryinto a contaminatedarea. This

pointof burst. For exaqle$ follow-

ing the MarchIy 1954 detonation

one mighthavereceivedat 10-20

than that at 100 miles downwind.

in the Pacific,the total lifetimedose

mileswas greaterby a factorof abouttwo

Sincethe initialfalloutat 10-20miles

occurredat abouta half hour afterdetonation,the initialdoserates

were considerablyhigherthan at 100 milesdownwindat the time of fallout

for eachlocality.

The qwstion

withina shelteror

answerdependson a

is frequentlyaskedas to the timesthat one must stay

remainout of a contaminatedarea. obviously,this

nuder of parameters,suchas the criteriaestablished

for

the

maxhum permissibleradiationdoses,as well as lengthof staywithin

contaminatedarea. Knowingsuchfactorsas the magnitudeof the radia.=
-’12-
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tionlevelspresentandtherateof deeay(%-1”2),it is possibleto plan

andexecutea shortstayevenina h@C& con~ted area.Planningfor

a continuousoccupancyw51!.requiremore extensiveanalysis. The following

datamay give somepersp@etivefor suchevaluation.

The falloutmap and Table

for a eonttiuousoccupancyunder

TWO suggestthe degreeof radiationexposure

normallivingconditionsstartingfrom the

timeof initialfalloute However,if one waitsuntilfourmonthsafterthe

initialfalloutto enterthe falloutzone,and then continuesto live there

indefinitelythe area encompassedby the SO roentgeneffectivebiological

isodoseline wouldhave shrunkfrom about2.#,000to 2,500squaremiles.

At suchtime - fourmonthssfterfsllout- theremightbe sn area of about

1,000 squaremileswithinthe ~0 roentgenisodoseline havingthe higkst

tiongamountingto aboutthreetimesthe peripherydoseresidualcontsmina

rates. The 0.3 roen%genper week outoof-doorsisodose-rateline might

extendto aboutthe samepositionas the ltie markedSO on the map.

AS one attemptsto extrapolatesuch datato a time of one year

afterfallout,the analysislxcomesstillmore difficultand uncertain.

The data suggest,howeverjthat if returnwere at one year afterfsllout~

the SO roentgeneffectivebiologicalisodcselinewouldhave disappeared.

At one year the 13000squaremilesof highestcontaminationmight have an

out-of-doorsdoserate of aboutfourroentgensper week. Based on the
conditionsand Weatheringj

assumedfactorsof shieldingundernormallid this mightresultin a

dose of about100 roentgensfor the followingfirstyear of exposureand

an additional90 roentgensover the next threeyears. It wotidbe

e~ected that the biologicalrepairfactorwouldbe relativelygreatfor

suchlong periodsof time,thus reducingthe effectivebiologicaldose

below SO roentgens. The 0.3 roentgenper week out-of-daorsLsodose+ate

-13-’
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linemightencompassan area somewhatlargerthan the linemarked400 on

the map. (Theweatheringfactorfor the islandsin the Pacifichas been

greaterthan the assumedmlue for largelandmasses so that at one year

the out-of-dams doserate on theseislandsis less,by a factorof almost

two, thanwoul.dhavebeenpredi.ctedbyt’hemethodSuggestedhere.)

The analysesh the precedingparagraphswere basedon conservative

estimatesof normal.weatheringand shieldhg factors. They are basedalso
only,

on onlypassivefactors,/nottakinginto accountthe actionsthatpeople

may take ti reducingthe degreeof contamination.If it was assumed~for

examplejthat a permauentreturninto an areawere delayeduntil one ye=

afterfallout,it mightbe eqected that the radiologicalsituationwould

havebeen adequatelyappraised,and decentaminationoperationsimitiated.

Further,with the returnof a populaceinto a knowncontaminatedarea, .,

more thannormalprecautionsmightbe ewected in regardto use of more

protectivetype of buildingsand reductionof timesspentout-of-doors.

It wouldnot seemunreasonableto assumethat the theoreticalout-of-doors

&se ratesfor the areasof highestresidualcentsminationcslcul.atedby

the etirapolationsgivenaboveactuallymightbe reducedby a factorof

many-fold. ~us. the

contaminatedareafor

not 10 or 20 years.

Althoughit is

datasuggestthatdqnialofeventhemostheavily

continualoccupancymay be in the orderof one years

not intendedhere to enterinto a full discussionof

tion of the food supply,this questionnaturallyariseswhen con-contsmina

sideringreturnto an areathat has been contaminated.Our basictiowledge

of the soil-plant-=snimalcycleis fsr from complete,especiallyin relation

to selectiveuptakeof key radioisotopesfoundin falloutmaterial. It

wouldappearthat in earlytimesafterformationof the fissionproductsj

the greatesthazardmightbe the generalimadiation of the gut if large

-1-4-
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quantitiesof falloutmaterislwere
probably

be dw#to surfacecontaminationsnd

washingof the foodstuff. At later

ingested. Much of thiswould

couldbe reducedmateriallyby simple

tties,suchas severalmonthsor a

yearsthe mah mncern is the amountof intakeof strontium-90.Unfortunately,

thisisotopehasa longMf-life of 2?o~Ye=s andc~gs rather*ena~ioU~lY

to the soilparticles. However~due to the processcalledfractionation,

somewhatless than the predictedamountof strontium-90basedon gross

fissionproductactivitymay be presentin falloutmaterialin nearby

areasof

A

and neai

heaviestcontamination.

continuingphysicsland biologicalsurveyis beingconducted

the PacificProtig Groundjbut it is yet too earlyto give

at

definitiveanswers. HoweverJit wouldappear,for example,that a year

afterfalloufijeven in the areaof heaviestcontamination,the amountof

availablestrontium-90presentmightnot be very many timesabovethatwhich

couldresultin personsaccumulatinga maximumpermissibleamountof one

rnicrocuriein theirbones - a quantityconsideredsafe- if they were to

subsistentirelyoff food suppliesraisedti this area. Some of these

foods~such as the liverof fish$may containsignificantlyhigherconcen-

trationsof activitythan the average,indicatingthe obviousneed for

monitoringthe sourcesof supply. Sinceit is $he totalintakeof

strontium-90Mad is the determiningfactor,a limitedconsumptionof this

isotopemay be pernritted.l?urther~sincethe areawhere suchrestrictions

may haveto be applied

it wouldnot appearto

theseinhabitantswith

is of the orderof one to a few thousandsquaremiles,

be an insurmountabletask to supplementthe diet of

uncontaminatedfoodsgrownelsewhere.

-15-
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The task of evaluatingradiationqosures from

with many uncertainties~ and one distinctivelyshrinks

criteriabased on suchvsriablesand intangibles.Xet

falloutisfraught

fromproposing

wewouldbe doiag

ourselvesa dissetice if we didnot attemptan analysisof the relevant

factorsand ticorporatethem into someconceptualschemeas suggestedhere.

The analytical.approaches,and certtiy the quantitativevaluessuggested

aboveare not to be consideredprecisebut ratherare intendedto give

orderof magnitudeestimates. It is believed~however,that they are in

generalconservative,i.e.,they do not underestimatethe potentislhazards

involved.

-16-
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TABLEONE

ESIZMATEDATTENUATIONFACTORSOF GAMMADOSERATES

FROMFALLOUT

TYPE STRUCTURE APPRCKCMATEFACTOR

FRAMEHOUSE

First~OO&x 2

Basement-x 10

NULTI-STORYREINFORCEDCONCRETE

LowerFloor*% 10
(Awayfromwindows)

Basement* Up to 1000 or more

SHEZTER(equivalentof three
feet of earth)++ 1000

$+Estimationsbasedon fieldmeasurements.
+$?+Basedon calculationssuchas foundin Effectsof Environ-
ment in ReducingDoseRatesProducedby RadioactiveFallout
fromNuclearExp10SiOnSe Hill,J. E. The Rand Corporation,
ResesrchMemorandum- 1285-1.

---17 -
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TABLETWO

APPROICCMATEAREASENCOMPASSEDBY
THE EFFECTIVEBIOLOGICALISODOSE

LINESSHOWNIN THE MAP

IsodoseLine
lRoentgens)

.~wseci
(SqusreMiles )

,50 25,000

100 12,500

400 5,000

-18-
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TABLETHREE

ESTIMATEDREDUCTIONIN GAMMADOSERATESAT THREEFEET ABOVE

THE GROUNDTO BE EXPECTEDFROMVARIOUSDECONTAMINATION

PROCEDURESON LANDSURFACES*

PROCEDURE

PILX?ING
(to depthof eightinches)

BULLDOZINGOR GRADING
(to depthof fourinches)

(cleandirt to depthof sixinches)

APPR02CCMATEREDUCTIONFACTOR

3

SCRAPING
(toa depthof four inches,with
concurrentremovalof exhumeddirt)

5

10

++BAsED ON DATA IN RADIOLOGICALRECOVERYOF FIXEDMILITARY
INSTALLATIONS. U. S. NavalRadiologicalDefenseLaboratory,
san ~ancisco 24, Cal-ifofia.August1953.

--19-
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Concrete

Wood

Metal

Roofing
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TABLEFOUR

EstimatedReductionin Contamination

of SurfacesUsinga FireHosingMethod%

ApproximateReductionFactor

10

30

30

30

-~Based on a dry contaminate.Surfacescontaminatedwith a

slurrywouldhave lesserreductionfactors. Hot liquidcleaning

or scrubb5ngand pre-protectionof surfacesusing such as sealers

or paints,wouldincreasethe reductionfactor.

(Basedon datain RadiologicalRecoveryof FixedMilitaryInstal-—..

lations. U. S. NavslRadiologicalDefenseLaboratory,San Francisco

24, California.August1953.)
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