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the earth or m towers and me Mb induoeZlaWxkotivityin a vari9ty

of mterlal.s, %is remlltHfor the most part in ZWUomcleides of

relativelyshorthalf-lifemmh as Fe-59 half-llfe47 days,mmganese

54 Alf-life 310 day~,Si-41 half-ltie2.6 hours,and 01.38half-life

37 tiutes, sbluBM4 bM-Me 34.8hOUIXJ.bamblo

Zn-65half-life250 dSys, and 00-60haIf-lMe !503Wars

detectedin falloutmkterial.

amounts of

havealso been

h twti fn~otlt f?m @ 8Urf?WB t?#3@10SiCXA&a6t~0180tiope?3Of t$~W’t

half-livesire quiteabundantand may representa very importantpart

of the totalaotlvity. b fact the externalradiationdose from the

short-livedgmm ray multti.ngisotopesin near-infallout

the principU haaardto unshieldedparsonsas was the ease

MarshallIslandersonthe ATOLL of l?.ongdapat the time of

my constitute

WI* the

the March1,

1954 detonation(31]. From the @xmdpoint of -possibledamagefrom radio-

isotopes whichmy be ingestedor Inhaledsoonafterfalloutthe dose to

the

the

and

thyroidghmd, to the gastro-intertindtractsnd to otherregionsof

bodyfrom 1-231with a half-1.ife of eightdays,and *-lLO, Strmtium-@

Stmmtium++lwithhalf-livesof X2.8 days fifty-fivedays and ten hours

respectivelymy overshadowin significancethe effectsof the longer-lived

flssion groduots. ‘Mess fissionproductshave been identifiedin fallout

and in ‘oiologioalmterial, plants,animals,and animaland humanurine

colleoteda few daysto a few weeks,and inthe ease of Sr-89several

months,afterthe passageof a cloudof nucleardebrisoveran arm 06 S 33S

H, 32). Theseisotopesare importantin -troposphericlatitudinal.fallout
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up to distanoesof severalthousandmilesfrom surfaceburstsof high

fissionyieldmegatonrangeveapons. They are of lesserlmportame with

fallout(off-site)from kilotonrangetwte. l%rtgering’sstudiessuggest

thatundertheseoiruumstancesthe amountsare smallin absolutetermsand

that the radioactivitymay gainacoessto the humanbody by inhalation

ratherthan I+y going throughthe food uhain. From the standpointof the

long-termworld-widefallouthasard,however,theseisotopesare of Mttle

aoneern.

TIM important fmsifm produofw from

or delayedfsllout,are Sr-$)0 and CS-337

the standpoint of world-tide,

with b~-~W)8 of 2$ and 27

years,reapect%vely.Theirj.mportanuein delayedfaUOut lies h @J~

relativelylonghalf-lives,and theirreadyassimilation~ the human

bodyand the fact that theyare producedin relatively largequantities

tn the fissionprooes8. Ce.144of half-life275 daye is also readily

takenup by the body. It belongsto the rare earthsand Is not readily

takenup by phd43 . Hav!ngan intemmdiatehal.f-llfeit mightIx3of 8onm

concernvere it presentin greaterquantitiea than it is and more readily

absorbedfrom the soilby vegetationintothe food chain.

Flnall.y, a word concerningRI-239 (22). Althoughthe mass of

plutoniumdisseminatedby a nucleardetonationmay be greaterthan the mass

of strontium-90or of cesiun+237it is takenup very poorlyfrom the soil

by plants- onlyabout ono ~rt in 10,000. Further,the hurs?inintestinal

tracttakesup onlyaboutone partin 10,000to one part in MIO,(XXIof Pu

whichmy be presentIn the food. Addingto thesefactsknowledgeof the

amountsactuallydis-permdin nucleartestsone can readilydismissPu

as unimportantin the long-termfallout-problem.
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*fore disouming the threegenwal typesof fallout,it is well

to callattentionto the fact thata deep undergroundburstsuohas waa

acwmplislmd in Wmada in September1957 is completelyaontaiwd and

produocwno aurfmx or atmosphericeontaminatia.

here are threedifferentolassesQf falloutfromtests,the x’ela-

tiveabundanceof whioh iS determinedby the MtUXY9 of the WCt8~, its

y~dd, and

firing●

L@3al

touohesor

the mndithns ofdetonatlonfpartiutirlythe altitudeof’

or near-infallout

oomessuffiuiantly

ooourswhen the firetallof the bamb

closeto the groundto drawup into the
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determtningregionsof greateror lesserconcentration.(26?27)

Trapospherief’sllouthas mntrlbuted significantlyto the radio-

activedebrisnow encounteredoverthe northernhemisphereas a result

of weaponstestingin the Paoific,in hvada and by the UWW.

Stratosphericfallouthas somewhatdiffemmt eharacteristimand

distribut%ona.It mnsists of Partio%eswhiohrise intothe atmosphere

but whiohdo not fall out eitheras near-inor earlyfalloutor as

troposphericor latitudinal falloutduringthe firstmonthor two follow-

ing theirformationbut beoaus8of theirSslall1912Ware lv?movedfrom

the upperatmosphereso slowlythat theiraverageperiodof suspension

ia a matterof years. Machtastatedthat it is not know whethertheyare

carrieddown fito the tropo~use onlyby air currentsor are also carried

down by their,own weight~ He cmnjeotured,however,that the prlnGipal

fautorin removalia downwatiatmosphericmotions,thoughthe partiales

may in additim settledownwardsat a rata of a mile or so a year. Un-

fortunately,knowledgeof atmosphericmovenwntin the stratosphereis

stillve~ primitiveand it will take severalmra years of intense

effort,much of it asaouiatedwith studiesof nuclearweaponsteatsdebrts,

beforeone aan mke more definitive

Thereare two mj or hypotheses

thtenient s on this point.

as to the distributionpatternof

stratosphericfalloutwhichare beingconaideredat the presemttime.

One is the re~tively s~~e one of relativelyrapidhorizontalmixing

with more or lessuniformpassageof the debrfsthroughthe tropopsuae,

th?noeto be relativelyuniformlydistributedoverthe surfaceof the

earthas a resultof troposphericweatherphenomena. In thisease,

therewouldbe essentiallyno faUout wherethereis no rainat all and
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t,<;:,(;: variationsby f~utorsof no more3Wan two to threeat the mostamong

thoseareaswhersrafnf’allis modemte and heavy.

The otherm jor hypothesisdlsousmd at the fallouthearingswas

that of lkwer of lhgland(6). Machtadescribedthistheoryof a slow

pohfard drmlfktion of stratosphericair fro=the equatorialregions

duringwhlohtimethe air may be oarriedto height8in the mnge of

100,000feet. Acoordi@y, debrisinjeotedinto the stratosphereat

Xl%, the longitude of the I%uifiotmt site,wouldbe transportedin

lesser8mountate the Southern13stipherawith the Ma’s sharenmvlng

towardstheTemperateand Ara%iutititudes. Maohtastates(26,27) that

it is possiblethat the formatiozxof new highertropopmses by the passage

of stems In tk Tmperate latitudemy entrapstratosphericafr imtothe

troposphere,and that the break$ the $rqxqxiusefoundfrequentlyin

the vicinityof the jet streamis a plaoeof preferentialexchangeof

air betweenthe troposphereandthe stratosphere.A corollaryto this

wouldbe lessstratosphericfalloutnear the equatorwherethe tropopause

is very persistentand clearlydefinedas opposedto the polarregionswheze

it is generaUy lowerand less distinct. With presentpatternsof testing

this wouldmam a

and polarregions

greaterremovalof stratosphericdebrisin the Temperate

of the I@rthernHemispherewith littleor no debrisconfng

out near the equatorand again sormbut lesseramountsof falloutappearing

in the SouthTemperateand South polarregions.

Actuallythe observeddistributionof strontium-90is similarto

that Msaussed by Maahta. The only

in the NorthernHemispherecouldbe

fac!tthat the nationswho have done

troublehere is that suoha pattern

in largeparta refI.ectionof the

the mo~t w-pens testingto date
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tt: : have done so qtiteextensivelyi.nthe if~thTemperateZoneand farther

nor%h. The observedfalloutptt ern mightthus representdistribution

of fmopospheriof.alluut.Undoubtedly,an appealable p’t of the fall-

out observadAn the NorthernHemisphereM the resultof thtsmeohsmism

of transport,but whetherth$smeohanismaocountsfor five or ten or

more mu Sr-90/mi2of the presentmmage of 30 mo Sr-90/m12in the USA

is at presentumertain. The pot oolleotionsof the MC Healthand

SafetyLaboratoryin Heu York City (15)show jumpsin ti amomt of Sr-w

uolleotedduringtlm titers of 1954-55and 1955-56. There *S a definite

inorewm in the slopeof this cumulativetabulationat the time of Operation

TW~ at the Mevadatest site in the springof 1955,bW the foutig

year the inorea$eoccurredpriorto the beginningof OperationRELWINOat
,,, ,-.-
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of the United States soil samplingprogram

the aamplw himself. In the UnitedStates

and has colleatedmmy of

sam@es bVO keen oollected

pericdioallyfrom 17 sitesin additicxxto samplingfor specialstudies.

Ona world-widebasis 51 sites wem sampled in 1956 md most of these

sitesare beingresamph!tin I&oh, W58. Samplesare oolleotedfrom

levelopenareasuncultivatedand with low groundcoversuohas grass.

Samplesare takenusuaUy down to a depthof two incshesand againfro=

two to six inohesin depth. The amountof Sr.90foti per unitarea

smepledis readilymnverted to equivalentSr-90 per squaremile. ?’or

the firstseveralyears of sampUng the top two inohesoontainedprac-

ticallyall of the Sr-90. Recentsamplesindioatepenetrationby maw

of the Sr.90 to belowthis layerto a depth of severalmore inches. It

has *en olearlyshownfrom thesestudiosthat in areaslikeAntofagasta,

Chile,where

Sr-90, i.e.,

withina few

thereis essentially no raM?allg thereis pmoticallyno

O.W in 1956as comparedwith 2,0 Sr-%? mc/sii2 in areas

hundredmileswithadequaterainfall(24). Sr-90values

in soilscollectedalongthe equatorthe sameyear rangedonlyfrom 1.8

to 2.9 mo/rai2in areaswithaverageannualrainfallof from 50 to more

than 100 inche6.

The data presentedby Mr. MerrilRisenbudat the JCAE HeariIw (13)

dearly indioate that h terms of Sr-90/mi2fallouthas been heaviest

acrossthe Morwhern‘UnitedStates. Presentaveragevalues
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tionsfor October,

4.4 April 1957- 6.75

%.17 Msy 1957 - 9.79

7.38 June 1957 -10.91

July 1957 -17.33

enough,Eritishdata on milk Sr.90from SAX looa-

1956,rangefromA.6 to 10.3 (5). The samemonth

Mnndan,WrthDakota milk contained8.9 ppo Sr-90/gmCa and I%rry,Mew

Yomk milk 5.68. This was in spiteof the fact thatthereWS more

strontlum+llin the correspondingUnitedStatessoilnthan in the United

Kingdomsoils. UndoubtedlymilkSr.90refleotstoa signifhantdegree

not onlyuptakeof Sr.90 intothe mind food from SOIIbut alsoSr-90

thathas adheredto the plantsin the fieldand henoehas by-~ssed the

soil. Thw, the milk data to someextentrefleutrate of fallout.

A&lyses for CM37have beendone on milkand other=tetil

includinglivinghumanbeingsand humanurine. Andersonand &@am

(2)have put forthstrongargumentsforthe conceptthat soiland plant

data on CS437 which is generallyvery poorlytakenup by plantsbut

is readilytakenup by animals

falloutin soiland of rate of

from Cs.137 in all .anI,.ysesare

activepotassium-40,in h~

mightbe usedas an indexof awmmulated

falloutonto plants. Radioaotiv%ty

very smallin termsof naturalradi~

about l/ZOth. Havinga half-retention

time in the humanbody of aboutIJ+Odays it is not likelyto buildup

aignlfi,oantlywith a constantintake. IrIotherwords,the CS-137con-

tent of humms reflectsratherwell the intakerate,whileas will be

seen later,the Sr-90 contentof humns reflectsits build-upin the

soil and the Sr-90 to @lcium ratioof’the diet.
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E4Mnplesof humanbone from all over the worldand representingall

ages have been colleotmxl~ Dr. J. L. Kulp (12$20) of ColumbiaUniversity

and analyzedfor Sr-90. The most reoentdata, 1956-57$indhate an

averagein sA.I.ahildren(a few month8to a few yeara old)of about

O.S~ Sr-90/gniCa. Samplesoontainlngmore than threotiawsthisflguxw

have not bean xqortad for thissge group. Oldsr ohildranand adultarun

appreciablylower. ~t&e@ing& enoughand not imconsiatentWith the

milk data fromW#8#MWnEurope

UnitedMates and for Western

the Sr-90 levels An humanbe for the

EurQpeare not very different●

AS

bare to

fell to

UnifOrm

mmtioned earlier,suoh i%rm practicesas leavingslopingground

erosion& mtir or @ wind mm move the falloutfrom whereit

someplaoeof wnmniktion. Thin, of aourae,Imkeafor nor+ t

distributionLX an area.

The verticaldistributionof falloutin a SOIImay be alteredby
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Eielting snowhas

higherthanthat

been foundat timesto oontai.n levelsof radioactivity

in the moreusual souroes. In the eventof nuulear

war withhigh levelsof fallout,muoh, indeedmost,of it couldbe re.

moved& watersoftenersand ion ex&ange reBlns(21).

A few yearsago, when the Boil rmntainedlessfalloutand the rate

of fa310utwas increasing,a ~j or dara of the Sr.!Xlin forma oonsuxd

by Iivestookwas fromdireotfallouton the vegetation.Stioethe level

has inmeased h the soil, tb indioatkms are that most of th Sr-90

nov gets intothe plantby way of tk soiland root uptake. Experbnts

with blaok-eyedpeas,

during1956indioated

tion oamefrom direot

suchaa thatqxxted

lima beans > and Snap beansat Beltsville,Maryland,

that onlya smallpart of theSr-90 in the vegeta-

depositionon the plantsurfaces. In situations

by Alexanderof alfalfawhichWZMIgrownon two

very sandysoilsin Illinoisand derivedits calciumfromhigh aalolum

subsurfacehorizonsratherthanfrom the plowedlayer,the uptakeof

Sr.90was very small.in comparisonto vegetationthat obtainsits calcium

largelyfrom the plowdepth,wherethe Sr-90 ooours.

* This and the followingsectionare lased almostentirelyon the

testimonyof Dr. ~le Qexandw., l!%-.Robert%itmeier and Dr. Alan

Seymourin The Gatureof ‘%.adioactivefalloutaud ita effectsOrlRB~9

Iisaringsbeforethe SpecialSubeowmitteeon

Committeeon Atomic~IRrgy,Congressofthe

29, and Jane3, 1957,Part 1, pp. 5X2-523.

Radiationof the Jojnt

UnitedLtates,My 279 289
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55% uptakein rektion to oalaium. Equilibriumatitestudiesin humans

or aninds have not yet been

The 00W does a very good job

formationof milk. fie milk

tiUm-$@X&$iUm ratioOf the

done 60 this=y be a PSs?dmist$cfi@UW?.

of discriminatingagatistSYMO Q the

has onlyabout Ifithto @lth the stron-

Cow”sdiet. (1,7, $) Comarhas desoribed

soresfactorpresentin milk whtoh if taken in at the sametime tendsto

increasethe Sr-9@alcium uptakeratiofromvegetablestowardsthat of

milk itself (9)0

~ of Uor-e FalloutCo.n~

~~ for #@ Futu

The disoussicmswhichfollowconcernthemselveswith levelsof

felbut and theirbiologicaleff@te outsidethoseareasnearbynuclear

weaponc4test siteswhere‘near-in9 falloutIMLybe heavyand whbreI%outi’:

effectssuchas radiationburnsand whole bodyrad$ation Injury would

be expeotedin unshelteredpersonspresentin the area. The effectsof

the lattersort of

Radiation in Ikumn

wherereferencexa

falloutare fullydiEIcussedin ‘SomeEffectsof Ionizing

Beings”(30). It shouldbe kept in mind also that

EYMe to the ‘$presentrate of testing’tor m~esent

patternof testin~ we are not dealingwith somethingrelativdy pracise

like the presentbirthrate. The numberof weaponstested,the f%ssion

productyield,and the relativeamountaof fissionproductdebrisdis-

tributedas near~ fallout9latitudinalfalloutand as world-wide

stratosphericfallouthave ‘beendfffwent eaoh year. In orderto simplify

the p$cturewhen extrapolatingto futuretesting,we have quitearbitrarily

had in mind effectsthatwuildresultwere the ~tterns of testingprior

to 195’?or its equivalentrepeatedITY1965.
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At the presentwritingthe exposureof humansin the U.S.A.to pen-

etratingexternalgammaradiationfrom falloutis at a rate of about

0.1 r (0.02to 0.5 r) for 30 yearsaccordingto the 1956NationalAcademy
(74)

of Sciencerepo
?

Cesium-137,which is the souroeof an cppreei,ablefrao-

tiozzof this figure,has been shownby Iangharn(21)not to conmntrate in

the gcmadsabove otkw non.mumitecontainingbody massesso doesnot add

100allyh a aigntfloantway to the gonadaldose fromM-137 ti the musoles

(0.03 r), otherradionuolefdssin the balyand from

radionuuLsMM and uosmioradiatZms h the general

Sr.90Iavelsin the bonesof infantsand young

Cs.137and other

environment.

ohfldrenaverage

0.8~o/gm of oalclumwith an observedrange pluscm minusof no more

thana factorof 3. Adultbme~ containmuch lessSr-90. Therefollows

a Iabledevelopedat a meetingof an ad hoo groupoalledtogetherby the
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* tive QQ@ut am 1~ effectson ~ clearingsbefora
the SpecialSubcommitteeon Radiationcd?the JointCommi{teeon Atomio
Fnergy,Congressof the UnitedStatas,tiashingtmGovernmenti>rinting
Ufftce,%rts 1 & 2, 1957.
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JJfe sQ#)Q

To,the tit of our knowledge,exoeptfor high levelradiationto

vitalorgans,%he life shorteningaffectof,ionizingradiationIs the

resultof totalM@ exposureor it may manifestitselfin succeeding

genera%lonsas a resultof geneticdamage. There is uonsldmableex.

perimentaldata b sndl nmmsnleon the affeatsof fairlylargesingle

eventwholebody exposure,i.@.,one to two hundredr and more given

eitheronceor repeated. There la considerablyless

malM’”dose izmrements. Xn gtimmal, tt an be said

Wm4menta (1OCJr or more)theieM a curtailmentof

informationat

Wat with large

Mfe expectancy

from the time of e~omre of approximately25% per LD/50. Thus,a

singledose of 200 r wou2dbe expectedto reduoean individual.’slife

expeotamy from thatpointon w roughly22.5$. (28) Uitb smallerinore-,,,,,

ments,severalr to upwards 05? 100 r, the affectin experimentalanbsls

is lessnE@&. Probablythis ean be explatiedon the kasisof a partiaUy

effeativerepamtive processso that the ourtdlment of lifeexpectamy is

a littleleasthan 1$ per lCKlr. (4) If this holdsfor humns a group

of personswho had accumulatedat the age of 45 yearsapproximately100 r

in incrementsof several

expecitedto liveanother

of their Mfe spin.

roentgensat a

25 yearswould

time and who would normallyb

low an average of 2.3 months
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%%3pwm-lt Mmxwiia rmiO ha M’w U’t’d.ted Staa$ 3s qgmximataly

X3&@ @am* per yfur. 1$ is.an W3tabushad i%ict inmany axpM.n?dJl!J

dons ml an5.#MAl?$thkt My&3 Ckw3j?ll& %w’iiatit?a Md’utw k uk@dA* h%

MXM expmtxmats$ dM-mgh tha wtiitnwibar d cam% w W incweawd$

+x359Cm!w Wa8 glwat%y amxn6#ratiJM by tlw radlatiun i!mpa?ama. 13Mn3gh
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the datafrom the Atomic BombCasualtyCommissionin Japanare still

fmgmen~ and will not be completefor ta number of years,theyoan

be Merpreted as oonai~tentwith the comept that largssinglsdoses

of radiatzonto man do definitelyinoreaeeor aooeleratethe appear.

anoe of Mukmia (27). The data whiuhhave aowmulated on the inatdenoe

of Muksmia amng radiologistsZs comistent with the hypothesisthat

largetotaldosesin thevicinityof’severalhundredto 1000r and more,

evenwhen receivedin snmllinorwwmts,are leukemogen.%oin saw individuals.

FinaIIy,the studyof Court-&own and Doll ti ~gland ~ tha tiaid~- of

leukemiain radiat~cm--treatedpatientswith s.pondylarthritisankylopoietioa

suggeststbt largedosesof radiationto the bone marrowmay resultin

leukemia.(M) The controZgroupfor this studyis so smallthat one

reallyhas no.informationon vhat the ino$deaosof Makem$a $M $hese ,,

patientswouldhave beenwithoutradiotherapy.However,if comparedwith

the Incidenceof leukemiagenerallysmong &he Britishpopulationas a

whole the effeatis clear-out. The availableexperimentaldata from

fairlyextensivestudiesindicatethat dependingon the type of leukemie

the inductioncurvemay be eithsrslgmoidalor linear. For dosesof less

than ZOO r in humansand in statIstkcallysignificantnumbersof experi.

mentalanimalsthee aro vary littledata. Whetheror mt there1s a

thresholdfor leukemiainductionby radiationis not definitolyknown.

While it haa been genmal~v accfptid&MOngstudentsOf ~eukemiathat there

is somedose of radiation:>erhnpsin tinevioinityof 50 r belowwhich

leukemiais not induced,Or. R. ?3.Lewisof CaliforniaInstituteof

Technology(22)~ and M. llamltaJonesof the UnivemitiyM Californiaat

Berkeley (17 ) have propo;:cdthe ~;~~dh?~i~ tkLd hd&)~ hd l&i~A~ fr~m
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ionhing radiation iaa linear funotlonof dose regardlessof dose rate

and have suggestedthat for eachmr expoeureper year to the entirepop-

ulationof the IJnif’ed States therewouldeventuallybe an additional10

oases of leukemtaper year, i.e.,aboutM casesp~r year as a resultof

fallout. Usingthis samereasoningtherewouldbe roughlyan additional

3,333oasesper y~rwere the populationto receive10 r @ nm-mde

radiationevery30 years$the exposureoonsiatentwith the ~ecommndaticms

Of the N.A.S.Committ@eon Genetics.

It has also been postulatedthat bone-seekingradioactivenuolaids

suchas radiostrontiummightbe Mdcemogentc. The present average body

burden of Sr-90 in childrenin the UnitedStatesis slightlyless than

@lOth the mximm permissiblebone concentrationfor Sr.90far the

populationas a“whole. This has been givenas 0.1 microourieforan

adult,i.e.,100 micrmd.crocurie pm gram of calcium. 100ppq@’am

calciumwould MM to an ex+posureto nearbybonerwarrowof aboutO.lL

rad per yza?,F?@ +&t is, O.bowtM railirla Mfe time cm leasthan 5

rad in 370pars. If Lewis’hypothmis is correct, that leukemia ind.uc.

tion fs Mnear with dose to the bom rm..rrow$anclwere all the buneEErrow
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effeotof a lmg% singleexposureto radiation(M). One of the problems

in attemptingto est-te the leukemgenioaffsotaof relativelylow

dome of radiationis thatus do no% know the proportion,if any, of the

presentineidenoeof leukemiawhioh=y be the resultof naturalradio-

activity. Undoubtedly,hereditary faeton play a role. Caroinogenio

hydrocarbonsare known hdcemogens (29) whilein experimentalstudies

susoeptlbilityto radiatiuninched leukemiaoan be appreciablyaltered

by arti.fidal.ly induoed endoorineimbalances(19). It is logicalto

ass- that endoorinefaotopsSLSwell ae ohemiod, and hereditary ones sll

playmjor rolesIn detwmtning the MnaturalInoidenuenof leukemia.

It appears

XeukemiaOan be

*ion untempered

weaponstesting

numberof oases

countryh Sol@

then that if leukemiain generalor even one type af

the remiltsimplyof a radiatlou-induoedsomaticmta-

~ homeostatlofao%orp, falloutat the presentmte of

could,on the basisof certainaammptions as to the

of’leukemtadue to hokgrmmd radiatton,resultin this

30-40additionaloases per year or about2000per gen-

eration. The sameassumptionsMad to a figureof 900 casesper year

UA8the resultof medioalx-rays (27,000 per generation).If small

amountsof Sr.$)0 relativelyuniformlydistributedin boneoan Indeed

produceleukemiain the manner

tinuedweaponstestingwat the

35 to 250 additionalca8eaper

podnllatedby

present rateh

year (1000to

Lewis, falloutfrom con-

oouldeventuallyleadto

7000 per generation). To

oompletethe story,one must keep in mind that co-careinogeniofaotors

and additivefactorsmay in certainsusceptibleindividualspreparethe

way for a sswaI.1doeeof radiationto trigger8 oass of leukemia.
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The presentI,noidenaeof bone sarccm in this ooumtryLa about,

2000 oasesannually.~hat, if any, part of this is the W38d$ of na-

turalradioactivity3.snot known. It is quitea;prent from the observatias

Of radiotherapists-t a

than 1000r given100ally

oamer induction by doses

closeof externalmadiationof aomethlng=re

to the bone ia requiredto Induoec$ancer,and

of leasthan 2000 r ts a vary rare oeourrence.

As to the induoticmof oamer ~ chronicirradiationfrom bone-seeking

radionuoleidsw havea analderablebody of data in humans (3,~].

Practicallyall of this Mfornmt&a daalawith exposureixicmrradduring

adult life. In the recentstudfes ten of the fiftypersonswho reoeived

radiumtherapeutioa13ywere discoveredbeoausaof symptomsattributableto

the zwMsa @u& as bonermrrau,whileaf the twenty-el#htM@xmM dial

workersstudiedsixteenoameunderobservationbeoauseof syrnptone. ‘hue,

they representa heavilybiasedsample. b orderto aohlevea more complete

pictureof radiumand mssothoriumtoxioityin humansstudtashave begunon

severalhundredaddi.ttonalexposed persons not kmwn to kve sym~boms at

tha presenttime. Brieflyit can be statedthatno casehas come to our

attention&f bone oamer in an individualexposedto pureradiumsaltin

adult I.lfewho had left in him st the time of observation(usually20...3(I

yearsafterthe materialWS ingested)lessthan 1.3 microcuriesof radium.

The NationalCommStteeon RadiationProtetstionandthe lkdxmnatio~1

Commissionon Radiological1 Protectionhave takm a littlelesstl’na

I/10thof thisfigure,0.1 micracurie,as the permissibleradiumburden

for adultworkersaw? l~Oth of that or 0.02 PC for the population as

a whole. ‘ithradiumthe exposure to the bone is not uniform. If it
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were,a personwith 0.01microeuriewouldbe gettingapproximately4
,,.,,,,,:

rads per y%ar to the bcneand one with one miwoo’uricwouldget apprcx-

hately 40 rads per year. ?&we radiumdistributiontendsto be spotty

one must thinkin termsof localisedareasreoeiving10 or more times

tldsi averageexpomm. On the otharhand,Sr-90tendsto be much more

evenlydistributedin bone. This wouldbe espeutiUy true in growing

bone. The rad@tlcn fromSr-90 M a xwxleratelyenergetiebeta rayas

oppo.edto the princtpdly ve~ shortrange

The dose to the bone thentill be moh more

work in mice (14)indicatingthatat higher

alpharadiationfrom radium.

unflcrm. Thereis experiment

doao levelsthe moreuniform

the distributionof the radiationin bone the more tumoreare produced.

One hundredppc of radioAwntiun/gm calcium,Ihe presentlyconsidered

pemaiasiblebodybmkm for the pf@kilatim us * whole,wouldgiveabout

0.28railper year or 20 rad In 60 years,i.6.,threetimesthe exposure

rate to bonefromnaturallyoccmrrlngradioactivity

timesthat from the Sr-90body

—*

Experimentalwork in mice

burdenestimatesfor

and dogs at ~W body

or from4 to 2$

1975referredto on page

incomplete,but the evidenceto date seemsquitedear thatthe mrve

for bonetumorformation in mice is eithersteeplysigmoidalwith mud

less relativeeffectat low doses orthat thereis actuallya threshold

at about10 microcuries per kilogram at bodyweight. In otherwords,

very few if any bonearcoms will resultfrom iOO uuc Sr-$10/gramof

calcium(U).
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WorId-WideRilJmzt M’fe@s in the EhwntM a l?~ w

?3Mh’th ~e

JMmmingthat‘thepresentrate of testin~ lies somndwre betwwm

5 d 10 megatonsof fissionperyem, we aan very orudalyetxtrapalate

to the vorld.wi~ sffeotaof a nualearwar Ioaalisedto the Northern

lk!mcisphere.Tn areasnot actuallyinvolvedin nea?+n falloutfor eaoh

1000 megatonsof fissionone wouldmultipQ by from 100 to 200 the

first generationeffacts,the possibleincreasein leukemiacases,and

the effedton averageMfe spanas estimatedaboveto rwitt fro~ the

mpresentrate of testfngW. Any Sr-90effactswouldbe ten to twenty

timesthosewhiahmightresultfrom test~carriedout priorto 1957.

This of courseassunesa megatonto kilotondetonationmtio and pattern

.,
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