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source energies, mainly by Compt~;1 ·~<:att~~-in.r; 
0

i
0

n air. The ciose fror.1 each of tile resul.inl~ 
cr.cr~y intervals was calculated and plotted as:< f1·action of the total dose. This was seen to 
~roup roughly into three regions, with maxima ;it 100, 700, anci 1500 ~;ev. An exposure to sud1 

a source was thus the resultant effect of parti:ll doses f1·orn each region, m:1king the exposure 
energy conditions quite different from those of the clinic or laboratory. 

Figure 1.2 illustrates the dose spectrum of 4-day-old fallout from a cloud sample. In the 

absence of other data to lhe contrary, this hacl to be taken as representative of the fallout on 

all of the islands. Al this time the proportion of low energy component was at its maximum. 
During the several days before anct after this time, the general shape of the spectrum :ippa1·­
ently did not vary grossly from that illustrated here, since the observed flux decay rates 
closely followed th:it of the observed gamma dose rate. For the period between fallout and 
surveys, therefore, a knowledge of instrument response to each energy region allowed a total 
correction factor to b.':! calculated. The instruments used were ci.libr:i.ted just prior to the 
surveys, and their readings have been corrected for the spectrum shape here illustrated. 

1.4.2 Rate of Decay of the Fallout_~_!ixlur~ 

Decay rates of fallout samples were me;~sured in the field and in the hboratory, where a 
fairly consistent pattern was observed among 1·arious locations and samples. In addition, 
theoretical considerations based on the radiochemical conwosition of the fallout mixture per­
mitted decay rates to be calculated for different intervals between the times of initial exposure 
and later survey readings. These agreed well with the experimental data, and were used both 
in the dose calculations during the exposure intervals and in extrapolating the later survey 
readings to earlier limes. 

1.4.3 Time of Arrival of the .Radioactive Cloud!__Q_l'._ration of the Fallout, and Time of Evacua­
tion for Each Case 

Only the time of evacuation is known accurately for all the islands. On Rongerik, however, 
the time of arrival of the radioactive cloud was determined precisely by the r.oncinuously re­
cording dose rate monitor al the weather sl..-1.lion. The fallout became visible at the time the 

instrument first indicated the p1·csence of a r·adiation field above background. The material 
had the appearance of snow. The limes of beginning of fallout on H.onr;elap and Ailinginae 
were estim:ited from similar \'isual obsen•ations, combined with knowlcdt;c of the relative 
distances of these atolls from Bikini and lhc wincl velocities i11 the arc:<. Fallout was not ob­
served on Utirik, hence the estimate of arrival time there was made on the basis of the Hongc­
rik fallout time, wine!, and distance factors. 

Two extreme possibilities exist relative to the duration of the fallout: the first, that the 
fallout occurr·cd entirely within a short time; the second, that it was gradual and extended over 
a period of many hours. The monitoring instrument on Rongcrik went off-scale al 100 mr;hr, 
1
/ 2 hour after the dose rate bq~an lo rise above backi.;round. If this rate o[ increase is extra­
polated lo a point for which subsequent decay would reduce the dose rate to the 1·alues found at 
later limes, a long: fallout is implied. This was taken as one limiting: c1se, :incl co1-r-espondi11g 
doses we.re calculated. However. the possibility docs not seem g1·e:1t that this actually oc­
curred: Existing data are inconclusive, but several indications tending to favor the short time 
hypothesis arc summarized below. 

First: a long fallout probably would not be uniformly hc:1vy throu~hout, the fi;-sl portion 
being the most intense and the balance tailing off. The tot;1: phenomenon thus tends towarct 
the effec:t of a shorter fallout. This is supported by monitor· c!al:t from other nuclear events. 

Second: the estim;itcd durations of fallout, of :1llout [[l hours, which result from the above 
extrapolation for Horn:;crik and H.on['.dap, appc:1r tou long to b\'e e>ccurreci al the dista11ccs uf 

these> atolls from Bikini, since tlrc wind velo1:ily in the area was high enough [1ir lhe cloud lo 
pass over the isla11ds .11 a t:o11sidcrably shorter time. 

Third: the accou1;ts of the visibility of the f:dloul, althou~;h conflicting, do not seem to 
indicate such late cess;;tion. 
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Fourth: doses catculatecl on thC' long f:i.llout l;yji;1\r:c~i~ ;~~c lower than those due' to a short 
!.dlout, since a short fallout quickly deposits a laq~e amount o[ activity. On !\ongerik, a set of 
film IJ:<d,.;e rc:i.dings covered the ranb:e listed below. Several badges wcrn both outdoors and 
rnsidc buildings on the island read 50--65 r, and one b:<dge which remained outdoors OYer the 

2n.:i hr peYiod read 98 r. Another group kept i.ncloors inside a refrit;erator read 38 r·. These 
r.,,,,,~ \':dues represent a variety o[ conditions, but considering the shielding ancl attenuation 
f:tt'lurs, arc consistent with the assumption that the dose reached the calculated upper· limit 
outside, a11.ain [~ivoring the shorter fallout hypothesis. The upper· limit o[ 98 1· wili result if it 

15 :ts!;umed that the fallout hstecl one hour during; which the intensities rose from zero to the 
m:ixirnuin dose rate which then decayed to values obser\'ed later. A long fallout will not pro­
duce such a high dose of r;i.diation. 

Fifth: on Utirik, only a short f:.lllout time is consistent with the later dose rates observed, 
provided the fallout began as late as was estimated from wind and distance factors. A one 
hour duration• of fallout appears likely. On the other islands the actual fallout time is known 
to h:\\·e exceeded one hour; however, since the appr·oximate dose discussed above was seen to 
fit the film data on Rongerik, it was used for the other islands a:s listed in the calculations in 
Table 1.1. The hour limit is thus "an effective value." 

If the long fallout case is also considered, a lower limit for the close may also be est!­
matcd, though the upper limit is taken as most probable. The ranges are then as follows: 
nongcrik 50 r-104 r; Rongelap 102 r-175 r; Ailinginae 53 r-69 r; and Utirik-14 r. 

The dose value for Rongerik given in Table 1.1 is 75 per cent of the short fallout case 
value, averaged for 28.5 and 34 hour exposures. This best expresses the average air dose re­
ceived by personnel who spent roughly half their time inside structures where the dose rate 
was later found to be roughly half that outdoors. On the other islands no such shielding was 
present. 

Figure 1.3, for the Rongelap atoll, illustrates the cumulative dose as a function of time 
after the detonation. It can be seen that the rate of delivery of the dose varied continuously, 
the major portion being received at the higher dose rate prevailing in the early portion of the 
exposure period. By the time that 90 per cent of the close had been received, [or example, the 
dose rate had fallen to less than 30 per cent of its initial vall1e. Thus the dcse r·ate of exposure 
differed markedly from that usually encountered using x-ray units. 

1.4.4 Q~~'.2.~Y o[ the ExJ?~~~res 

A third difference between the type of exposure encountered here and other external ex­
posures lay in the geometry of 'he source. These closes were delivered from a plane source, 
so that lhe radiation fie'.d did not [ollow the narrow beam geometry usually employed experi­
mentally. In such a diffuse 360° field, the decrease o[ dose w.ith depth in tissue is less pro­
nounced than that resulting [rom a unilateral or bilateral exposure to an X-ray beam, so that 
[or·· a given energy, the dose at the center of the abdomen is approximately 50 per c1;nl higher 
than a given air dose would imply [or the narrow beam case. Figure 1..\ illustrates an ex­
perimental simulation of the field geometry usinf~ a sphe1·ically oriented group of Co 60 sources 
with a phantom plar:cd :it their center, compared with a conventional depth dose curve obtained 
with a single source. It would appear under the cir·cumstanccs that lhe miclline dose, ra:her 
than dose measured in itir, would be the bette1· parameter in terms predicting biological ef­
fects. On this oasi~:. the air dose values staled in Table l. l should be multiplied by approxi­
rnately 1.5 in order to compare their effects to those of an exposure using a narrow beam 
[.;eomelry. If this is clone, assuming a fast f~tllout of one hour, the following doses in terms of 
an air dose under labor;1tory conditions result: Rongelap 260 1·; P.ilinl'.inae 100 r; Horit:erik 
120 r; _and Utirik 21 r. 

•While it is obvious that the fallout lastccl longer than one hour, calculations of dos·2 arc 
based on an assumed one hour f:tllout as explainc~I in the text. 
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Jn addition to ch•.~ t•;~;il body g:i.111ma liL1se, the very soft g:i.mma :i.nd higher enerf:y beta 

ndi:itiun from the plan'.~ :ooun:e contributed to the skin dose. Further skin irradi:i.lwn re­
~ultcd froin local c!:~pc;,ils of fallout m:ileri:i.l on the body surface itself. The latter is impos­
sible lo f'Stimatc, but t;~,, former may be roughly attempted as follows. 

Tile beta dose r:1te in air al :i. hl•i;!ht of 3 feel above the surf:i.ce of an infinite plane con­

t:unin:tlcd with mi:-:cd /:4-hour-old fission 1noducts is estimated to be about three times the 
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gamn1a dose. The n~idline [~am ma do:;e is approximately 60 percent of the portion (if the air 
l:amrn:t dose ciue lo BO Y.v .radiation or aliove. This portion in turn is estimated to be 90 per 
cent of the garnm;t dosC> me;1s\lred in air by lhe instrument. Thus the dose al the surface of a 
phantom exposed lo mixed hssion product radiation from an external plane source might be 
expcctt>d lo be 3,"(0.C·)(0.9) or alJo\I\ six limes the :nidlinc close, if both occur al 3 feet off the 

l'round. Such a depth do!ie measurcnvcnl has in facl been made cxpcl'imental!y al a previous 
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field test,• usi n:~ :• 1.'h:111wm man c;:j::o.--'c~i lli b:ofi1 ·111e • ini ti'al a1id i·esi"ciu:1"i rc1dh t iun. Tl:e dept 11 
doses f<)l' c:tch sil:•:1•ic'I: :tre shown i1: Fi'.~· 1.5, with all data as per ce11t of the J 1·ei:lin:~'ler 
dose. With the di1·01·,~i:1~; initial 1·:1c!i:1t\un from tile 1)nint of explosion, the exit cil>Se '-'.t.S Sl't•n 

to be 63 pe::r cent •)f 1:1e 3 cm d'.'Sl', b·.1t with the dif[1:sc resiciuJ.I fielci of fissi11n prnci:id r;id1.1-

tion, a surface ciusE· some eight ti11JC•s ~re;1le1· lha11 the 3 cm a11d cieeper dose (rum 1lw h:irciL-r 

g-a'n1ma components was obsen·ed. T!:is is seen to !JC' of the same order of mao,;11itudt' .1s tlut 

estimated above. At hci~hts abl,,.-e and below the 3 fool level this surLt_ce dose would bL'l'Ome 

lower :tnd hi!,':her n:spectil·ely, but prubably would not exceed 50 limes the 3 foot air g.unma 

dose or f.0 times the 111idline dose, c\'en in contact wilh the g.1:ound. An estimate o[ skin dusc 

due to r;round conta:nin.1tio11 for the Hongelap c:ise:: would result, frir exzimple, in a fi!,;ure ol 

about 2000 rep to lllc' dorsum of the f0ol, GOO rep at the hip le\•el, and 300 rep :1l the head if 

continuous exposure! with no shieldinv, occurred. Some reduction in dose undoublecily rt''=>ultcd 

from shielding and movement, a11c! it seems probable that the external bct:t dose from lol·al 

skin contamination far outweighed that from the ground in importance. This is emiJhasized by 

the fact that clothint~ probably reduced lhe beta dose [:·om the ground by 10 to 20 µer ccnt. 

• F. W. Charnbcr·s, Project 2.2b, ncsidual Garnma Depth Dose Measurements in Unil­

Density ;\l:tterial, AFSWP, WT-719, Ope1·:1tio11 UPSHOT-t:NOTl!OLF:. 
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STATUS VfmFUtD UNCLASSIFIED 

CHAPTER 2 

CLINICAL OBSERVATIONS AND THERAPY 

2.1 INTRODUCTION 

It was known immediate!y that the exposed groups had received a significant amount of 
penetrating radiation to the entire body, extensive contamination of the skin, and possible inter­
nal deposition of radioactive materials. It was therefore decided thal clinical observations 
would be as extensive and frequent as facilit~es and personnel permitted in order to recognize 
and care for radiation effects as early as possible. Accordingly complete initial histories and 
physical examinations with numerous follow-up examinations were c:-trried out. Surveys of lhe 

skin were conducted at freque11l interv:-tls and the detailed skin findings are reported in chapter 
3. Extensive l;emat.ologicai studies were conducted, the detailed results of which arc presented 
in chapter 4. Hesults of examina•ic,ns ior urinary cxcrdion ol r::.dioisotopes are reported in 
chapter 5. 

In addition lo periodic· examinations, roul'.ne sick caU was r.eld twice daily. Meclic:il c;irc 
was available at all times and hospital facilities we:e :tv;>.ihbl2 at the Kwajalcin Naval Dispen­
sary. 

In view of the widespread conflicting opinions in regard to the va:'Je of various prophvl;i.ctic 
and therapeutic me;i.sures in tr{'alme11l of rJ.c!iatio;1 effects, it was decided in advance that 

thcr;tpy would not be given arbitrarily but would lie instituted as indicated clinicall:; for spe­
ciric conditions on an individual basis. However, if severe granulocytopenia developed (11•.'low 

1000 cells/cm) the prnphylact.ic use of anlibiotic·s was to be consicicred. Whole blood transru­
r;ions were likewise to be ui;ccl only in case o[ development or serious anemia. 

2.2 SYW.PTOMS AND SIGNS RELATED TO HADIAT!ON INJURY 

Several symptoms that developed during the first day or two after exposure probably we:e 
attributable to radiation. Itching and burnint; or the skin :i.nd eyes during lhis period occurffcd in 
over one quarter or the Rongclap popul:Jtion, lo a lesser extent in the Ailinginac and to a very 
slight exlenl in the Americans. The skin syrnlomatology • might have been due in part to the 
marked alkalinity or th'' fallout n:alerial (calciuri; oxide). A•Jout two thirds of the HongeL1p 
group reported na•isca durinL; this early period and one lent:i of the t:roup rrportcd ,·omiling 
and diarrhea. Only one Ail in[~in:tL· indivldual reported nausea. The people o[ Utirik and the 
A111ericans developed no si[~ns or sy111ptoms lhal migltl lie related lo radiali0n. 

Pf he t>y mlom atology is based on quc sllonings through a 11 i nle rp rcte r by 1;evc ra l obsc rvc rs. 
Despite lhL' rrµeatr:d inlt'rror::tlions and the i11t'vt1:1ble suggcHion of the intcrro~;ator;;. the sto­
ries rem:1i1\l'd rc111:trkalJty ("011sis~1·11t. 
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