
c_ . 

. 

Radiation Characteristics of the Fdht Materiai and the 
Determination of the Dose of Radiation 



ISTERSAL DEPOSITIOS OF RADIOSUCLIDES Sl 

and the snnlysis at 1 mo11t11s repwsents oul> 

rntliological decay. Tl\us, tile results are not 

directly co1nJx1r;1blr to tl10se obt:~inetl from :1ni- 

mals wl~ich were t:etttriirtl alive, :11id in wllich 

biologic:tl turuo\-er as well :1s r:r~liolo,~icxl clw:~\ 

were 0perntinF. 

The lnrgest ftxctiol1 of tile gross bet:\ ;tc.tivitJ 

in the fisli w:is coiit ributed by the col~centlxtion 
of radioactive inntei~i:ll in the viscew. In two 
of the fisli in wl1ic11 1)011es ;ind tnl1sclc were i-‘ep- 

nixted illld ni1:ll!.retl, ecJll;Il :111101111fS Of ncti\it\ 

were foitnd iii e:icl~ fixrtioli. However, tlie 

storage of these fisli in foim~~ltlel~yde for 3 

months imy 11nve Jw~mittetl tlie tliii’iision of 
the rntlioeleillents froiii lmie to inusclv to take 
place. Further st utlies 011 fresll tisll \vill cl;I14fJ 

this point. 

The contan~in:ltiol~ of tile fis11 in tl1e I;I~oI~ 

u-as consicleixbly ~iwtc~~ t11n11 tli;\t of the Ii~nd 
nnjm;lls stutlied. -1s fish foim1 n Inye staple 
jteln in the diet of tile ,\J:1~11nllesc, tile ltizll 

level of C0llfillllill:lti0ll is iluprt:iilt. 

_%t the end of a 2$&1uo11th esperinlent:tl 
period. the escrction by tile cliickel\s of both 
bet;\ nntl ~;II~I~:I activitv per 2-1 11o111.s N:IS 5 

J’ercent of tl1e v:iJtie l\~eil~\llWl nt tllc st;\l? nt 3i 
clays post tletomtion ( Fig. 5.1). 

.2nnlysis of pig esci.et:t iutlic;iied ;I ci111il:li 

tlecrensc of activity wit11 tirrte. In ;i 6.\YWl; 

period. tllc ~:\IIII\I:I activity esci,ered per S-1 

hoti cleci~e;isetl to nboilt ?..i l,ercent of tile ~lc- 

ti\-ity escretetl ;it 4-k tl:iys post tlcton:lt ion. 
Tile escretn of the pip from Utirik contninrd 

less tllaii 10 percent of tile gi’oss bet;1 ncticitj 
found in the escretn of the pigs flom I?ol>gel:\p 

at the s:tnle time. Tllis ratio of 10 was :I~~I’os- 

imntely the saint ratio found between the nc- 

tivity of the food, mxter and soil wml~les of the 

two loc;itioiis. 

Inay represctnt the tlk!rihtion in 11umnn beings. 

TIE ;rltsolute :II~~IIIII of intertuxl contnnlinntion 

iu tlie IZon~el:iJ~ J!eol~le \v:is, Iio\ve\-e~~~ only :I 

teilth of tli:it fouricl ii1 the aniinnla. 
.\t 4 iiiolitll‘; pod cletonntjoii, the nllinline 

eartlis cotnJ)i4setl less tli:lii 2 percent of the total 

;1cti\-ity i1t the clan1 (T;tble 5.10). The rate 

e;irtll g1.0111) colistitiltml X1 J~eixe~it of tlie tot:11 

bet;\ :1ctivitx. Tile. bnl:lnce Of tlie activity \VilS 

coutriblited cliiefly by %I,“” (21 pcix-ent ) :\lld 
I<\I’“‘.~‘” (2 percent). _4bout 50 Jwrcriit of tlie 

in:iteri;ll found iii the \iscer:i of tlie tisli \v:L.- 

of tile rnre wllh gtmrlp. \‘rq 5li1:lll :iniollllts 

of stvontiun1 nud Lxiriu11i lvere fo1ilirl. Iii tile 

ticsites of tile fish, strontium, b:iriliiu :intl tlie 

r:ire c:iithc co~iti~ihiitetl 011ly :iboiit I(2 J)ercellt of 

the tot21 nctivjty. 

5.43 Autoradiographs 

_I ilu111bei~ of nutoi~:itlio~l~;~~‘Iis of tile tibixc 

ant1 feniitrs of 1 chick, 4 pigs. 1 ioo~tei~ nut1 2 

chickens w2i.e J)reJ);iretl both at tlie ussnnr, 
il lid at tlte l\~gollne Sat ioii:ll T,:\bul~ntor~ 

(_ISJ,) to tletrimii~e the Jxitteixi of tlepitioil 
of fission l)i.oducts. Coiit:ict l)rii~tiiig on S-m\ 

iio-screell fillll Iv25 fi)llllcl to be tllc lllost Tilt is- 
f:lctor~ 1i1ctl~o~1 of JIieJxii’ill~ the ni~torndio- 

,~IX~IJK Tlie clisctmioil ant1 coi~c111~ions pw 

cente(l belo\v suni~~~;~rize rlic lindii~g‘: i~eJ)oi?e~l 

1,~. S0ri.i: (15). 
‘Ule nlltoi~:iclio~,rl.;~~~li of :I tibi;i frown ;I chicken 

wcrificed at 45 tl:lys post detvn;ltioll (Fig. >.3) 

intlirnterl n relatively uliiform tlisfributioll oi 

the ncti\.ity througllo\~t most of the bone, xitll 
tlte 1ligliez.t concentwtion of activity in the awn 
ntlj:Icent to the epiphpis. This area of hirll 

iictivit!- cowesponds to nn :ire:l of dense tlxlxr- 

cril:ir bone. 
‘I’lle tibi;\ :~nd fenlur of :I baby cllick, whicll 

diet] 5])olit;~ilecJilsly -i'i d;tys pOst ~tctO11~itioii. 

sllcl\vetl file 1ic;iviei.t collceiltr:it ioii of ixtlio;lc- 
tive Ilintei.i;~l ii\ tlle tlia\)l~ysi5 (Fi?. 5.3). Tlw 
ell(l rr;ioll~ of tile I~oI~c, wllicll were I:litl down 
:1fte1. tile :liiiili;tls were 1~eiiio\-cd fmiii the con- 
tilniiii;~ted eiiciiminei~t, were rclati~ely lacking 

in :ictivily. l’lic region of yxtest activity \YilS 

jll tlre tli;tI)ll)xis, xllicll ;~J)Jw:~rctl to be nb- 
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1.1 Nature of the Event and Description of the Exposed Groups 

FOJ_,L~~VISG TIIE DETOS.ATICIS of a nuclear de- 

vice at the Pacific Pro\.ing ground in tile Spring 

of 1954, Si~liticillIt ~lllOulltS of radioactive 111:\- 

terinl fell 011 nei~l~bt)i.ing l)OpUlitted 3tOllS. 

The ~f;~rshnlle~e inh:lbitnnts of Rongelnp atoll 

(desiql;ltrtl :IS Gr011p I) rcceirc~o~~;; 1~~1;;~ 

calculnted tlOSf2 of IXdiiltiOll. 1 

Rongclxl) peol’le rrere locntetl temporarily on 

Ailinginae ntoll from the time of the fnllout 

until they were ewcu:lted (Group II). ‘I’lleil 

calclllnted dose W:IS smnller tl1:111 th:\t of the 

other members of the parent group. The 

;imrric;~ri service men (Group 111) were lo- 

cated on Rongerik atoll. T,he lilrgest p.0~1) of 

,\i:Irsl~;~llesc (Group I\-) \\-ere locntetl 011 I:tirik 

atoll nnd received the .smnllcst dose. T11c Liar- 

slinllrse v-ere living ul~drr relntively primitive 

conditions in lightly covstructetl palm hoilses 

(Fig. 1.1). 

ns duties \vould permit, tile?. remnined inside of 

:Iluminunl buildings. In contrast, most of the 

Sl~~rsl~nllese rem:linetl out-of-doors and thus 

were mow I~rnvily conlnniin:lted by the ma- 

terinl falling on tile atolls. Some of the 

M;~rslinllese, llov-eyer, \yent s\rimnling during 

the f;rllol.lt nnd m:lny of the cllildwn w-adetl in 

t,lie \I-ntcr, thus \rasliillg x consideixble nmount 

of tile nlnteriiL1 from tlleir skin. 

Tlte esl)osed I)ersonnel 1vel.e evacuntcd to 

I<wtj;~lcii~ by air and surface trnnsl)ort;\tion. 

Since :I survey of all individuals shorretl tllnt 

t1iei.e \vassitmlficant cont:tniinntio~~ of skin. 11air 

illld clotlles, prompt decolltaminntion 1vn.s in- 

stituted. Clothes \vere removed ;lnd laundered 

:1nt1 repc:lted wnshings of tile skin 2nd II:I~I 

with fresh writer nlicl soap were carried out. In 

mnny of tlie Xars!!allesc, it vas difficult to \v:vh 

the l’;iklio;tct i\-c mnterinl frown the hair bec:ll15v 

of the lle:l\.y coconut-oil hnir dressill<. 

1’11e esposure groul)s xith individu:tls iI,- 

I.ol\,ed, tile cnlculnted doses of rntiintioii, tlie 

I)rob;tble times of bc$nliing of tlie fnilollt :11!~1 

111~ c\.;lcu;lcion fillies 21.c givcii iI1 ‘T;~hle !.I. 

Table l.l-Exposed, and Control Unexpo_wd Groups 

I 

1 I 
I 

TOT ,!. 
.4?rP,OXlWATE j 

ORC: P Dr:~cs~;rov srr!EER 
I\ Gfi0l.P 

i I 

TI>IF OF cov. , 
HE’CEI!L:;T or 

TLwr or Er*CC*T,OS 

FALI.OL>T 

1 J$;;‘,;‘I;;‘,,:“;;;;’ nf;;$f 
LATIOIS 1)WE IY 

AIR (r, 
---- -__ 

Group I.-Ronge!sp 6-I II + 4 to G H + 50 hrs. (16 people) 3T5 mr!hrs., H + 7 175 

hw. H $ 51 hrs. (4s people) days 

Croup II.-.4ilinginac 1s H -+ 55 hrs. 100 mr,‘hrs., H + 9’ 69 

i 2s 

1-I + 4 to G 

hrs. days 

Grmp III.-Rongcrik , Ii + G.8 hrs. II $ 25.5 hrs. (6 men) 2SO mrjhrs., II + 9 76 

H i- 3-1 hrs. (20 men) 

Group I\‘.---Ut irik 
) i 

157 II + 22 hrs. Stnrted at H + 55 hrc. / -IOIz!hrs, II + St 1-I 

/ Completed at II + i6 IIK. , 4 
~Iarshallesc, Colllrol 1 11; 

Group ,4 
’ , 

I 
Americans, Control Iitva- I 105 

jalein-American 

Total E~pozed-2Gi; Total Controls-222 

3 



4 EFFECTS OF IOXIZIXG RADIATIOX 
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E\‘EST ASD DESCRIPTIOS OF EXPOSED GROUPS 5 

1.2 Whole Body Gamma Doses carried out, nor was its sperating conditioii 

~IIOWII to be sntisfactory alldev tlie emergenq 

TIIE ES~IZIATFD ~7.~~t.~s of esternal dose given conditioii prevailing at t!:e time of use. For 

in Table 1.1 were c;ilcul:ited from readiiigs of these reasons the Inter readings, whicli were 

radiation field SW\-ey instruments.* _I\-erages liiglier t11an the e;irly survey by nn xvernge of 

of a iiumber of (lose r;ife mcxnreinents 011 cncli 50 percent vihen corrected to the wine times, 

island nt a given time were used. The rend- were used in computing tlie doses listed. The 

ings rrere tnken in ilil’, apl)rositiiately three instruments used for the Inter rnex5uremellt.s 

feet above ground, seveixl days after the inliab- were calibrated just prior to the surveys. 

I- 

,- 

___-_- ORIGINAL SOURCE SPECTRUM 

- INFINITE PLANE.3’IM AIR 

00: f 0 L : ) 
I ’ 

; I I I I 1 : ( ; I 200 400 600 800 1000 I , . ,505 

itants \\'ere e\~:icii;itrtl. I<efore tliis time, nde- 1.21 Characteristics of the Gamma Radiarion 



6 EFFECTS OF IOSIZISG RADIATIOS 

cli;ltio\\ :\s it e\\\i\t\2ted fronr the n\fitel’iill itself 
m;\(le possible HII npprosi\\\;\te cnlculntion of 
t]\e 1)roportioii of total close delivered in ench 
of se\.er:\l e\\ergy regio\\s. Siicll n cnlc\\li\tio\\. 
\\si\\g spectro\\\etric diltn 011 tlIe source iimteri:~l 

of niisetl fission 1)roclIIcts ;inc\ tnkilIg illto :\c- 

CouIit tl\is ei\ergy tleg\xtl:\tiol\ Ly COllll)tOll SCilt- 

teriiy nloiig tlie pntlI ilI nil., (1) led to tile 

(lose-energ. IlistognnI s110wn ill Figt\re 1.2. 
Ro~I~l~l~~ t1Iel.e were three regions: vitlI In3s- 

im:\ nt 100, li@U :\~\d 1.500 ICE:\-. TlIe total es- 
I)usure WIIS th\\s tile I’eslIltilllt efYec.t Of partial 
doses from e:Icli energ? region, rnnkiIIg the es- 

l)Os\Ire eIiei r. -7~ coIlditioI\ sig~ific;~ntl\- clift’eI.eIlt 

from tliose of r;idi:ition tlIer;il)y Or es;,erimeIItnl 

Ixtliobiology. 

Tile d;It;l itI FigtIre 1.2 ;Ire based on tlIe spec- 

tl’\\l\l Of 4 di\y Old tissioil l\l’Od\ICts fro111 n f:Ill- 
u\\t snInl)le. III tile ;il,.ieIice of other data, tl\k 
w:is tnkciI :IS re~)reseIIt;Iti\-e of tile fklllout 011 

a11 of tlIe isl;IrItls t0 \vl\icl\ tl\e i\\tli~itli\nls were 
es posetl. _%]I energy CoI~I~ectioIi f:Ictor for ttic 

rntlii\tiol\ me;\s\\rii\ g in.it\~\\n\e\it IViIS c;\lc\il:\ted 
I,\- weigllti\\y thr tlo5e fro\\1 e:\cl\ energy inter- 
val b>. a11 ~\YIX~P meter resl)oIIse f;lctoI. for 

tlI:It energ! (2). X peoii1eti.y correction f;lCtol 

\V:lS ills0 CillCUli~tetl. Tile tot81 Correctioii I.esIIlt- 

ing fIwIIi tlii5 procetlure IV;IS fniIIIt1 to l)e ;IbOIIt 

twcIlty l)eweIit. 

IwsiiIg tlIi_i correctioIi. the (103 rnte5 On the 

isi;\\l~l~ at tlie tirlle of 61\rvex were tlrte\.n\il\etl. 
Silice r:\tlio:\ct ive tlec:\y of tlie fhiori p\.od\\ct5 
11:itl ocCtIrret1 bet\reeIi tile stnrt Of t11c esl)osIIw 

;\II~I tlIis tirnr, it W’:IS necess~1I’3‘ to obtniII n ~nlue 

for tlIis tlec,:i>. l’i\te duriIIg tlie eslwiII~e periO:l 

irt ortlrr~ to cnlcul;Ite :I tot:\1 dose iII e;ICli c:Ise. 

_\ Iill’gf! IIUIIIL~I. Of Ixclioisotol)es :I1’c lJre5eIIt iI\ 

j.;II,j.iIIg l~I~c~l~oI~tioIis ii1 tIIe fi5sicrIi 1)uxl11ct niis- 

ture, ;11\t1 tlir. tot;11 r:ite Of cli:~iige of i3tlintinIi 

ilitelisitj. res\ilt ii\g from tl\er\i inns’ tlifl’er sol\\e- 

\vllnt \vitl\ I)l;lce nr\tl tiir\e. Vie best tl:\t;\ avail- 

xtle ir\ tl\i:i c;\se C:II\I~ from fnlloIIt snnil)les 

tilkrii 50011 after tltr tletc~IintioII iit 1wiIIts seine 

cli?tilllW fl.oIn tile coIIti\IniIl:Itetl ntOll5. I)ec:I!. 

r;ite_; Of tllese sainpler; were ine:isurctl ill jlle 

ti~l~l ;IIICI iII tlIe I:tborntoy-, :III~ :I fairI!. co’~l- 

si.-tt,Iit p:ItterII w;Is olrt~i~~~etl nnic>IIr I.;II~~II\I~ lo- 

cntions ntitl sxInpleS. III nclclition, theoretiwl 

consitler:ItioIIs bnsetl on the rndioclIemic:~l con.- 

position of tlIe fnllout mixture permitted tleC;!> 

ri\tes to be calculntecl for (liferent iIIterv:lls be- 

tweeI1 the time of initial esljosure ant1 Inter.su~~- 
vex rentli\\gs (3). These agree Tell rritl\ the 
esl)erinlent;\l tl;ttil! :111tl u.ere used both iI1 tlIe 

dose cnlcul~~tioiis during tl\e exposure intervals 
nntl i\i estrnpolntiiig tlie Inter survey rending3 

to enrliei. times. 

1.22 Duration of rhe Exposures 

Tire time of evi\cu;rtion js known accur:ktel? 

for nil the isl:IIlds; however, tl\e time of fil’ri\‘ill 

of the i-ntlionctive cloud u-ix detemIinet1 pre- 

cisely oIII~ for RoIlgeril; by nIe;~ns of il continu- 

ou5ly recoIding dose r;Ite monitor IOCi~tetl ;Lt tlk 

we:\tl\er Stilti 011 that iltOl1. -1s tlIe rnlli:ltion 

intensity rose ;Ibore tlIe bnclqrountl, n rnnteI.i;ll 

wit11 il misty nl’lN?:\ri\nCe beg:\\\ to fill]. Tile 

times of be,ninIIiIIg of f:Iilout frlr Rongel;Il~ nntl 

Aili\\Kinne atolls \vere estiinntetl fro]\\ sirnil;\\, 
vis\\;\l ohervntio\\s. TlIese estinlntes were con- 
sirtent with the relative tlisia\\ces from tl\e sitp 
of cleto\\;itio\l alit1 the ki~on-ii u-iii(l vlocitic5. 
E‘;\llo\\t wiis not observed 011 I’tirik. hei\ce tl\e 
est im:\te of ;l\.ri\;\l tin\e \\.;I’ n~nde 011 tlIe b;lsi- 

of nititl velocity ri:~tl tlist:iIice. 

Two rstreIIlr lm:iLilitic.; esist rel:lti\.e tcr tllc. 

clrir:itintI of tile f:tlloIits: tlie fibf, tliat tlir f:ill- 

0iIt 0c~ciIrI~etl eIItiI,cl!. witllin :I sliort tiIlIc; tliv 

hecOiid, tli;lt it \v;ls ~l’il(lllnl alid estentleil Over ;I 

lo11ger period. TI ie InoIiitoi~iIi~ inctrkmeiit 011 

IioIlgeI,il; \yeIIt OH’ sv;rle :rt 100 mr,‘l\r, one-haIf 
IIOUI~ :Ifter tile tlO5e Ixte beg:III to rise nbo\-c 

b;\cl<pI~O\\I\tl. If tl\is x\te Of iI\ct,e;\se is t;\I<eI\ ~5 

Collst;lIlt. iIllt1 i’; esr~~;~~~~~l;\tr~l to :\ poiiit f@\, 
wl\ivl\ subseq\\et\t decay ~voultl reduce tlie doye 
r;\te to tlie Ti\l\le~ f~I\ll\tl ;It Iilt?l’ times. tll? :ls:- 

s\\n\l,tir)u Of :I 1011, cr f:iIloiit of :ibOut 1G 11oIi15 i.-; 

foIlIIt1 to be nece5s;Ir>.. TlIi5 slow r;lte of f;kll 

i111d 1:Ite ninsiIiiltIII tinif Of dose r:ite u’iis 011e 

IiIiIitiIig Gil??; lio\~c!.ei. tlIis sitiixt ioii w:is IIot 

cntIsitleI.etl likeI>.. F,sistiIlg tl:lt:I nre iIIcoItcltI- 

si!.e, but se\-emI iiitliwt ioil’; f;lVoI. il sltol.tCI 

“eft’ecti1.e f;tllorIt t iirie lIylwtlIesi5” xi1t1 are suiI~- 

IIlnrizetl lwlo\~. 

_ .___-____. -.- ._ 
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EI‘EST .iSD DESCRIPTIOS OF ESPOSED GROUPS 7 

The estimntcd durntions of fnllout \vlrich 
result from the nbovc cstrnpolntion of initial 
fallout rnte for Group I nttd III apprar too 
long to hnve occurred nt thr distances of 
these people from the sltot island, since the 
wind velocity in the arcn \vns high enough 
to move the cloud over tlic islnhtls in a 
considerably sliortrr time, as littlc OS one- 
hnlf of thr nbo\-e intlicatctl time. 

The.nccounts of the visibility of thr fnllouts, 
althougli conflicting, do not indicntc such 
lntr crssntion. 

Doses cnlculnted OII n long fnllout constant 
rate of incrcnse Iiypothrsis are lo\vcr thnn 
those due to n short fnllout, since a short 
fallout quickly deposits n lnrge nmount of 
activity. For botli a 16 hour and S liour 
fallout ussumption, n dose vnluc wns esti- 
mntcd. The railgrs arc then nc follons: 

Table I:2 

For TJtirik ntoll Group I\‘, only a fnllout 
time of nbout 13 hours or less is consistent 
with the lntcr tlosc rates observed, provitlrd 
the fnllout nctunll\- brgnn as lntc RS wns 
cstimnted from wind nnd tlistnnce fnctors. 

A lon,o fnllout probably ~voultl not bc UII~- 
formly lirn\v?- throughout, the first portion 
being tlrc most intrnsc nrrd the balnncc dc- 
crensing with time. The totnl pltrnomcnon 
I\-ould t11us trnd to\vard the cffrct of n 
sltorter fnllout. Tliis is supported by morti- 
tar datu from other nuclcnr e~cnts. wlrere 
initinlly heal->- falloul is rcportcd lo I>rotlucc 
a pcnk of air-borne radionctivit!- soon nftrr 
arrivul, \vith the nirborne nctivit!. Ic\-cl rlicn 
decreasing. T11c latter pnrt of t11e fnllout, 
though still tlctecteblr ns dust! mny tltcri 
produce onI>. n smnll frnction of the tolnl 
dose from mliteriul on the grouild. Hrncc 

the totnl dose rnn\‘ be estimntcrl fairI!- a(:- 
curntcly b?. assuming n conslnnt fnllour (0 
IIn\-e been complete in 0 much shol.t~.r. 

“eflcclive” time. 

Or> Rorlgerili (Group III) n 5e1 of film bntlgc 
rrudings \\‘crc obtnincd \vllich constitute tltc 
only direct evitiencc of totnl dose. Scvcrnl 
bndgcs \!‘oi-‘31 botlt outdoors nnti iJlSidC lightI> 
construct4 buildings .on the islnird rend 
nbout 50 IO Gki r, nnd OI~C badge \I.hiclr rc- 
mninrd outdoors ovrr the 2S.j hour period 
rcntl 9s r. .knotlirr group of bndges. )rrpt 
indoors ihsitlc u steel wfrigcrntor, rend 3s r. 
Tltrsc dose vn111cs rcprc~s~~~~t n vnriet_v of 
collditiolls, but. rolh4(l~fil.ifl~ I11c sllirldilig 

nntl nttrnuntion fnr.tors. nrcs rol~~i.itcnt vitll 

lhc nssumptinn tll:it t11r tlosc~ orilsi~ly tlurirlg 

the first 26.5 110~1s nftrr tltr Iwginning of 
tlrr fnllout correspol~tl~tl to ,il)olit 12 llours 

of constnnt fnllout. 



S EFFECTS OF IOSIZING RADIATIOS 

91) prcellt of the dose had bee11 received. the 

(lose rate had fallen to less tllnll 40 percent of 
the dose at thr center of the body is nl,prosi- 

nliltely 31 percent higher th:\n would result 
its illitial \-lllue. Thus the dose rate 31~0 dif- 

fered front the usual constant rate in tlie 
from a given air dose wit11 narrow benm geom- 

laboratory. 
etry. Figure 1.4 illustrxtes the deptll dose 
curve from an experimental situation using 

1.23 Geometry of rhe Exposure 

In acltlitioll to tile dose rate and encl.gy dif- 

fereltce:, tl~e gc0rlletl.y of tlte esl)osure to fall- 

out rxtliation is sigiific;xntl~ tlifl’erent front the 

us11:i 1 I:lt,ol~atol~\. SOklrces. .s;11,, f:llloUt rncli;~- 

tiori is tleliv~~~~i from n pl:tnnr soIlire the usu:11 

II:~I’Iu\\~ be:tm geoinetry is not np~~licnl~lc. III 

SUrll :I tliff’use 360” field, the tlecreitse of dose, 

\\.itll tleptll in tissue is less pronouncetl than 

tllat resulting from n bil:tteral exposure to nn 

S-ray IJenm hewuse fnlloff front irlverse square 

is in eticct ncutrulized. For tile same energ., 

spllericnlly oriented COG0 sources with :I ph;111- 

torn placed nt their center, conlpared n-it11 a 

conventional bil;\ter:tl depth close curve ob- 

tained with ;I single source (4). In tile lilttel 

case, the air dose is usunllJ measured nt the 

point subsequently occupied by the center of 

the prosinlnl surf:1ce of tile patient or nninwl 

with respect to the source. For the field case, 

all surfaces are “pr-osimnl,” in the sense tllat 

the nir dose measured i\IIyL\-IlCW in tlie space 

sutrsequelltlJ occupied by tile individual is the 

SiIIllf?. It is this air dose wliich is niexsurecl 

by a field instrument ; it does Ilot be:lr the SILII~P 

.----- _- - 
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relntiolhp to the sllrf;lce dose and depth dose source” hem air doses with colnl);\r;\ble bio- 
as does the air dose me:w~red in a “point source!’ logic efl’ect il1.e obtained : 

beam in the clinic or lal~or~tory. It II-ould 

nppenr unde.r these ciwumstnnces and in most 
I\‘ollzelxp. Gr011p I________ 261) 1’ 

experimentnl conditions that the midline dose, 
Ailill~ini~e, Group II________ 100 r 
Hongci’ik~ Groilj) 111 ______ 1% 1 

mther than dose measured in air, would be the TVtirik. (;i~oul~ I\‘___________ ;‘(I r 
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DIVERGING SOURCE 

0 5 IO IS 20 25 30 36 

CM MASONITE 

DEPTH DOSE DlSTRli3UTlON IN CYLINDRICAL PHANTOM, C060 FACILITY, (NM R I) 

FIGURE I.tCornp,nribort 01 depfh dose curvc8 irl tnoecmilc phot~lot~~s fro,)1 
bilrrtcrol srposrrre lo d tingle poiv/ IOUI’CE, nnd aitnultnlreorts crpolurc lo 
nltiltipfe POIITCC(I lcith (I aphcricnl di8fri~litiOYl urotrvd file phantom. 

bet tel. col~ilnoi1 p2txllleter in terms of wliicll to The geonletry of rndiatiotl from R f:lllout field 

predict biological effect. On tllis nssumptio~~, is not identical either to the ,neonietry of bi- 

tile air do.% villues stated in Table 1.1 should bc Iaternl point sources or spheriwlly distributed 
multiplied LJ 3pprosini:itclJ 1.5 in order to sources since the pl;lne source delivers tile rndia- 

compare their eft’ccts to tllose of a given ai 

do.% from n “p0int mum-e” be;lm &olnetry de- 

tion largely at n gxziiig nllgle. However, tllc 

total field situation is better approximated b) 

livered bililtel~;~ll~. If this is done, assuming solid tll:ln Ly plane geometry. Esposure geoln- 

:i fallout of 12 lIoui3, the follo\ving “point etrg in R radioactive cloud ~vo111tl be spllericnl. 

381 i12 0-_jC--2 
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1.3 Superficial Doses of Radiation 

From Beta and Soft Gamma 
Radiation 

‘~IIERE Gas RF. no d011bt that the doses of rndia- 
tiolr to the surfnce and tlie fi~.st few millimelers 
of tile botl~* were substnnti;~lly hipher than tile 
nlid-line dose of gnmm:k rnclintion as a result of 
physical considerations of g;\mma energy and 
depth dose. III addition, the clinical observa- 
tions of the skin lesions (see Chnl). III) force- 
full! demonstrnted that the dose to the skin 
varied consiclernbI> betrreen inclividunls and 
orer tile sllrface of an1 given individual. As 
Kill become evident in the fo1loKing discussions 
of surface dose, it is obvious that any nunlbers 
presented are at best only estimates nlld repre- 
sent an approsimntion of some minimal value. 
In areas n-here lesions were sewre the doses 
must hnye been significantly higller than in non- 
tlamoged areas. 

To arrive at some physical estinlnte of the 
skin close, 311 attempt must be IIIntle to ndd 111~ 

tile contributions of the )?igh enerm gamma. 
the Yery soft ~i\llllTlil! nnclflre higher energ betn 
wdiation from tlie liirge plnn:tr source in wllich 
tlie intli\-itlu;lls 1ver.e of Ilece.>sity esistillg. 
FIoIvever, :IS nllittlecl to nb01.e nncl enlphasizetl 
iii C’hnl)ter TIT. tlIe l:LI.ges;t compoi1eiIt of Skill 

iri-acliation rewlted from tlie spotty Iowl (It;- 
IJosits of f;\llont IlInteYii\l 011 esl)Oxd surfnces 
of the bocl!.. Tlie dose from cleI)osired mnteri;~l 

is impossible to estimate; ho\vever: tllnt from 
the l:lrge pl:knnr source niny be roughly est i- 
ninted as foIloKs : 

Tile bet;1 tlo<e rate in nir 3 feet nbo~e the 

s\irf;\ce of ;III illfinite pl;tne co~\tnniilinted witl\ 
nlisecl 24 hour old fissiorl products is estimated 

to be about tllree times the total air gwmma close. 

?‘11e mid-line g!nmrii:I close is :1pl)I’osim;itel~ 60 

I’ercent of tile air dose remiiilling after euclucl- 

irlg that port ioii of tlIe dv;e below 80 I<\*. 

This portion iii turn is estini:?ted +o be 40 Iwr- 

cent of tile gan\ina close nleas~iwcl in air 1’3‘ tlie 

illstrument. Tllus tl]e do= nt tile s\lrfilce bf :t 
~JllillltOl1l exposecl t0 IniSetl fission ~)rotlllct 

1’ildi:ltiOll fIYJrI1 nn external IJlnl1e sf~urcc nii~l~t 

be expected to be 3/(0.6) (0.6) or about 8 times 
the mid-line dose, if LotIt nre tnken at 3 feet off 
tl1e pround. Such n depth dose mensweinent 
11~~ in filet been made esperimentnlly at n previ- 
011s test, using a phantom mnn esposed to both 
the initial and residual radiation (5). The 
depth doses for -encli situation nre shown in 
Fig1lI.e 1.5, with all data as percent of the 3 centi- 
meter dose. 7\-ith tile diverging initial rndin- 
tion from the point of esplosion: tlie esit close 
was seen to be 63 percent of the 3 cm. dose, but 
with the diffuse resiclual field of fission products 
providing n semi-infinite planar source, a sur- 
face dose some 8 times greater than the 3 cm. and 
deeper dose from the harder gnmmn components 
was observed. This is seen to be of the snme 
orclw of magnitude as that estimated above. 
At lieights nbove and belorr the 3 foot level this 
surface dose rrould become lower and higher 
respecti\,ely, but since it is due to soft radiation 
of short range? it probabl? Kould not esceecl 50 
tinles the 3 foot air gamma dose or 80 times the 
midline dose, even in contact rrith the ground. 
An estimate of skin dose clue to ground contnmi- 
nation for the Rongelnp case vould result, for 
e?tnlnple, in a figure of about 2,000 rep at the 
level of the clorsum of the foot, GO0 rep at tile hip 
level and 300 rep at the. head ij c071li71votr.~ er- 

poh1/w u-it/~ 710 shier’tli74g occ1cwd. ~-IIkIiO~~n 

vnri:ltioll in close uncluubtetlly resultecl from 
shielding 2nd movement. It thus seems proll- 

able that tile esternal bet;1 dose from local direct 
skin CO~~till~~iIl~tiOll f:ir orlt\veighed thnt from 
the gwund in impOrti\nCe, since the l:\tter n-X5 
not high enougll to procluce tile observed lesions. 
ClotllinF probnbl1 reduced the betn dose frortl 
tile ground by 10 to 20 percent. 

1.4 Summary 

H.\nIa~ror 1hJsf.s from ganjmn rays origillnting 

estern:klly were Ci~lClll:ltetl for the 267 indivitlu- 

nls who \vei’c nccitlent;\ll~ .esposecl to f;\lluut 

following tile nuclr;ir detonation nt tile Pficitic 

Provifig GI~OIIII~~ in the Spring of 1934. The 

dose est im:lt ioils v’cre ninclr usiilg informnt ion 

resultii~g f I’on1 riItli0lct~iC:11 safety wr\-eye 011 
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12 EFFECTS OF IOXIZISC RADIATIOS 

titati1.e data were ~~vnilable 011 the betn xxdin- 2. 

tjoll intensity frofrl either tile skit! C~II~~IIII~II~I- 

[ion 01’ ftwtn tlke gl‘OUlld, but :I I~ougll estilllale 
of superfici:\l dose fl,otn the l;\tter \\‘;Is 111ndr. 

3. 
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