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Abstract

Folloning the detonation of a thermomuclear device on Bikini Atcll
on March 1, 1954, 28 Americens and 239 l'larshalleaé were exposed to fall~
out. One hundred fif{y-seven of the Marshallese were on Utirik Atoll,
64 ware on Rongelsp Atoll, and 18 were on the neighboring atoll of
kilingnes, The 28 Americans were on Rongerik Atoll., The presence of
significant fallout on thess atolls was first determined by a recording
dosimeter located on Rongerik, when this device went off sesle at 100
¥R per hour shortly after the detonation. Emergency surveys of radie~
tion were detected upon the inhabited atolls, and evacuation of inhabi-
tante to the Neval Station at Kwajalein wes promptly can;ied out, The
does of radiation to which the individuals were exposed was celculated
from the intensities found on the islands and the decay exponent of the
fallout meterial. The individuals on Rongelap received epproximately
175 r, those on Ailingnee received aprroximately 69 r, and the Mric&w
on Rongerik received an average calculated dose of 78 ro The Mershallese
on Utirik received approximetely 14 r. The fallout on Rongelsp, Alling-
nae, and Yo 8 lesser extent on Rongerik was distinetly visibls, Ne
fallout was cobserved on Utirik, 4 signifieant muber of individuals on
Rongelap suffered from mild nausea and one or two irdividuals vomited
on the day of the exposure. With the exception of rnauses in ons Alling-
nae individuel, there were no other definite gastrointestinal symptoms
in the other lMarshallese or the Americans. The Harshellese on Rongelap
and Allingnas, and the Amoricans experienced to a varying degree bwrn~
ins of the eyes and itching of the skin for 1 to 3 days. Later signs
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of redlation injury included definite epilation in the Rongelap and
Ailingnae groups,and the development of spotty, superficial, hyper-
pigmented skin lesions that desquamated from the center of the lesions
outwards, In some capes the skin damege was sufficient toc result in
rav, weeping lesions. There was no full thickness necrosis of the ekin,
The Americans developed only minor skin lesions without ulceration,
There were no skin lesions in the Utirik natives, All lesions healed
rapidly with no further breaskdown of the skin nhoted during the pefiod
of observation, Microscopice examination of blopsles of the leslone
showed changes usually easociated with radiation injury. Fully clothed
individusls and those remaining inside of buildings or huts were protected
to varying degrees from development of lesions, Hematologic changes
vwere dasfinite in the Rongelap, Ailingnae, and the American groups.
lymphopenia appeared promptly and was peraslstent for a prolonged period
of tims, Neutropenie occurred in all of the individuals with initial
minimm valuesa oecwrring around the 11th day followed by an lncrease in
the counts and a secondary minimm around the 40th to 45th day. The
most consistent hematologic change was the depression in the platelet
counts. Platelets were below normal when first counted on the 10th day
post exposure and progreesively decreesed attaining a minimum between
the 25th and 30th day., Although recovery commenced following this
minimum, the platelet counts hed not returned to normel by the completdorn:
of the initial study on the 76th post exposure day. The incidence of
variocus respiratory and cutaneous infections was identical in all
exposure groups and bore no relationship to the hematologic changes.
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Poreward

Thls report is one of the reports presenting the resulta of the
3, projects pariicipating in the Militery Effects Program of Operaticn
Castle, which included six test detonations. For resders interosted
in other pertinent test information, reference is made to ITR-934.
SIMMMARY OF WEAPONS EFFECTS TESTS, Military Effects Program. This
summary report includes the following information of possible genersl
interest.

{a) 4n over-all description of eech detonation, including yield,
height of burst, ground zero location, time of detonation, ambient
atmespherie conditions at detonation time, ete., for the 3 shots,

(b) Discussion of all project results,

{e) A summary of each project, including objectives and results,

() A complete listing of &ll Teports covering the Military
Effects Test Progranm.
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Operation Castle did not include a biomedicel progrem. The
participants in project 4.1 were dramn from various laboratories and
wore totally unprepared for s field program when the Commandsr,
Jola! Task Force 7, urgenLtly requested that a joint DOD-AEC Medical
Research Tesm be organized.

Dr., John C, Bugher, Direstor, Division of Biology and Medicins,
AEC, and Lt. Col. Browning, M, USA, Surgeon of the Armed Forces
Speciel Weapons Project, selected the Projeet Officer and reguseted

' that the selection of technical and professional peraonnel be
commeneed immedistely, The cooperstion of the Surgecns General of
the Army, Navy, and Alr Foree was solicited, Rear Admiral Clarence
Brown, Deputy Surgeon General, Medical Department, U.S. Navy, gave

) irmediate and complete suppori of &1l nevel medicel research activitics

and assigned responsibllity to Capt. Van Tipton, MC, USK, and
Commander Berry Etter, MC, USN, of the Atomic Defense Division,
Bureau of Hedicine and Surgery, Navy Department, for the implemente-
tion of the project.

Since little detalled information was available sbout dose and
initial symptomatology, the reseerch team was organized to include
the fellowing talents for the constitution of the emergency medical
team: Ainternal medicine, hematology, radlation technology and radio-
biclogy. In the selection of personnel the emphasis was placed on
pest experiance in blomedical research in the field with atomic
wegpons, In addition, provisions were made for & second echelon of



additional specialized personnel in case they were needed. Accord-
ingly, a preventive medicine unit of the Commander=in~Chief, Pacific
Fleet, was alsrted for possible bacteriologic studies; blood bank
personnel, and additional elinielans end nurses were notified in
cace conditions justified their services in the Ewajalein eres, Hear
Admirel Bartholomew Hogan, MC, USK, Pacific Fleetl Medical Offilcer,
imrediately made any needed medical facilities of the Pacific Fleet
avallabls,

Personnel wers cbtained within the Continental limlits of the U. S,
for the research team as follows:

Naval Medical Research Institute

4 medicel officers (E. P. Cronkite, R, A. Conard, N, R,

Shulmen, and R. S, Parr)

2 medical service corps officers (W. H. )chapma.u and R.
Sharp

6 enlisted men (C. R. Sipe, P. K, Schork, C. P. A. Strome
®. C. Clutter, R, E. Hansell, J, S. Hemby)
U. S, Navel Radiologicsl Defense Laboratory
1 civiltan ¥,D. (V. P, Bond)
1 medicel service corps officer (L. J, Smith)

4 enlisted men (W. H. Gibbs, J. C. Hendrie, W. S. Argonza,
J. {(n) Flanagen)

Division of Biology and Wedicine, AEC
2 civilian M,D.'s {C, L. Dunham and G. V. LeRoy)
Armed Forces Special Weepons Project
1 Army Medical Officer (L. E. Bromning)
Proliminary studies had been made by Commander W. S. Hell, MC.
USH, Station Medical Officer and his staff, and decontamination of
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the individuale was well underwey when Project 4.1 persommel arrived
in the field, Preliminary hematologic studles indicated that the
individucls probably had not received acutely fatsl doses of rediztion,
The prirmery responsibilitiee within the project group were delegated
as follows:
Clinical observations end care - Lt, N. R, Shulman, MC, USN
Orgenization and operation of laeboratory = Li. R. S, Farr, MC, USH
Compllation and daily analysis of all data -~ Dr. V. P, Bond
Decontamination end radiation measurement = Lt,(jgz) R. Sharp,
MEC, UsH
Senior Peity Offlcer in charge of lsboratory - P. K. Schork,
HiiC, USN
As the clinical plcture developed, a further breakdown in responsibility
wes necessary., OCommander R, A, Conard, I'C, US{l, wes made responsible
for a daily survey of skin lesions, and Dr, S. H. Cohn was made respon-
sible for studying the problems concerned with the excretion of radio-
icotopes and the estimstes of body burdens in the exposed individuals.
The project offieer commends all of the professional and technical
» menbers of the group for thair excellent motivation, inltiative, and
volunitary long hours of extra work that were essential for the
aecorplisirent of the e¢liniecal and research objectives, and for
the rspid completion of the preliminary report in the field. It is
emphasized that the work wes a cooperative endeavor in which all were
mutually dependent upon sach other. The willing efforts of all con=

cerned constituted a remarkeble example of tesm-work end saerifice of
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personal ambitions and desires for the good of the project at large,

The authore wish to express thelr gratitude and indebtedness to
Dr, John C. Bugher, Capt. Van Tipton, and Commander Harry Etter; Capt.
W. E. Kellum, MC, USN, and Capt. T. L. Willmon, Commanding and
Executive Officers, respectively, Naval lledical Research Institutlej
Copt. R. 4, Hinners, UNS, Director, U. S. Naval Radiolosicael Defense
Leboratory, and Cept. A. R. Behnke, !C, USN, Associate Director,
USNRDL; 811 of whom gave unlimited support and reduced administrative
rrocedures to & bare minimm, thus making it possible for the unit to
be assembled and underwasy in a matier of hours,

Dpon arrivel et Kwajalein Rear Admiral R, S, Clarke, UNS, Command~
ing O0fficer, U, S, Navel Station, Kwajelein, supported Project 4.1 with
all the faclilities at his disposal, As & result, a laboratory and
clinic was estgblished and operating within 24 hours after arrivel of
the project personnel.

Project personnel also wish to acknowledge the outstanding con=
tributions of Col. C. S. HMaupin, IT, USA, Field Command, AFSWP, Cept.
H. H. Height, 1T, USN, Division of I!"11itary Application, AEC§ Col, E.
Houghton, 1C, US/AF, Speclal Vleapone Center; Cept. Donald Dement, INC,
Usl¥, COXPAC Fleety Dre. T. L. Shipman, T. White, and P. Harris of
LiSLs Dr. Gordon Dunning, Division of Biology and lediedne, ARG, and
Dr. G. V. leRoy, University of Chicago. During all phases of the
eerly care of the exposed individuals the foregoing participsted as
mch a3 their other primary duties would permit. In addition we wish
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to thenk them for the extensive and complete data which they collected
in the atolls or their home laboratoriee and kindly furnished to the
project personnel. |

The continuous help and cooperation of Trust Territory repre-
sentatives, and their aid in obtaining necessary control data on
natlve Marshallese at Majuro, i1s hereby acknowledged., Ve wish in
particular to acknowledge owr indebtedness to lir, John Tobin., Hie
help as an interpreler, and his extansive knowledge of the Marshallese
language and hebits were invelusble, Lt. J. S. Thompson, MC, USH,
furnished his records on the exposed individuals deconteminated by
the redietion group of the VP=29 squadron stationed at Kwehalein,

The authors wish e¢speclally to express thelr admiration for the
axcollent job done by the modicel personnel of the U, S. Naval Dispene
sary, Kwajalein, in completing the extensive laboratory examinations
thet were required to cbtain a prompt initial evaluation of the sevority
of the radiztion injurye.

The authors are deeply grateful %o Dr. David A. Wood of the
University of Californie Hospitel, San Francisco and Dr. Edward L.
Alpen and liiss Pat Roan of the Neval Rediological Defense Leboratory,
Sar Franclsco for 4nvalusble ald in carrying out the histopathologicsl
eveluation of skin lesions. The extensive cont.::ibutiona of Mre C. A

Sondhaus of the USNRDL in dossge calculations are gratefully acknow-
1Bdg9do
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CHAPTER I
INTRODUCTIOR

1.1 gObjectives

Project 4.1 vas organized with the followlng specific osjectiven:
1.1,1 To evaluaste the severity of the rediation injury in the hunen
beings exposed to the fallout radiatlon.
1.1.2 Teo provide for all necessary medicel care for thesa individusls,

1.1.3 To conduct & scientific study of rediation injury in humen

beinge.

1.2 Geperel Description of the Ixpoged Groups
On 1 Hareh 1954 at 0700 Enivetolr time a thermonuclear devies wan

detonaied, Following the detonetlon signifiecant amounts of radio-
active materials fell on the following populated neighborins atelis:
(1) Rongelep, (2} Aflingnae, (3) Rongerik, end (4) Utirik, FExposure
groups ere identified according to their geogrophical locztldon st
the tire of exposure, The mmbers of individuale involved, their
locaticn, the distance of tho atoll on which they were located firom
the sits of the detonation on Bikini, the calculated dose of radia=
tion, the probably time of beginning of the fallout and lts duration
ave tebulated in Table l.1l. The Rongelap group received the highoct
calculsted dose. These individuals were living under relatively
prinitive conditions in lightly constructed palm houses (Fig 1.1).
The Adlingnae peoplie were a pari of the Rongelap group who were on
thelr farms located on this neighboring atoll from the tiue of tho
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fellout urtli they rere evacuated. Their calculated dose was emsller
than thet of the othor members of their group that had remained oa
Rongelap. The third and lergest group of Yarshallese, inhabltants
of the etoll of Uiiril; received the smellest dose of radiation.

The fmerican military personnel exposed on Rongerlk were awers

of the significance of faliout and

pronpily rut on adéitlonel clothing to proteet the skin, As far as
duties would permit, they remained 4inside of Butler~type budldinga.
In contrast; most of thz pative Harshellese rexmined out of doors
and thus were more heavily contaminated by the material falling oa
the atolle, Sope of the Marshallsse, howaver, went swimning during
the fallovt and many of the children waded in the water; thus wech-
ing & considerabls amount of tho matericl from thelr skins,
1.3 Evicuetion and Fearly Care of the sed G

The tpericsn rmilitary personnel vere evacuated to Ewejalein vic
elr in two groups on 2 liarch. Ths native Narshallese were evacusted
by e conbination of air and surface transportation. Sintce a swrvey
of &1} incividusls shoved that there was significant contamination
of skin and elothes, prowpt decontamination was instituted., Cloibese
were renovod and leundered. Repsated weshings of thelr skin and hair
with fresh water and scap wes carried oute In many individuals,
particularly in the Uershallese, it was diffjicult to wash the redio-
ective materlial frem the helr because of the heavy cooonmut=oll hsir
drescing used by these paqpleo
1.4 Estitation of Whole Body External Dose

"he estirated wvalves of externgl dese given in Table 1.1 wers

S
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based on readings of AN/PDR-39 field instruments. Aversges of a
rupber of dose rate measurements on each island at & given time were
ured, The readings were tsken in air, apprmﬂmtaly three feet akove
ground, several days after the inhabitants were evacuated. Before
this tire, adequete surveys with well oslibrated instruments had not
been possible,

Severzl varlsbles which influence the resuits are indicated
balow, These will be discussed in greater detall in an addendum
report on external dose, which will contain the date, methods and
calculations by which the externsal dose analysis was made,
lo4el Energy distribution of the fallout ganma radistion, its varie~

tlon with time, the reosponse of the meter in eech energy region
end ite correction factor for the total dese spectrum,

Fellout deposited as an effsctively infinite plans souree resulied
in thc dose-energy histogram shown in Fig 1.2, Its energy distxribution
vaz the result of degradation of the originel scurce energles, meinly
by Compton scettering in air, Theo dose from each of the resulting
enargy intervals was calculeted and plotted as a fraction of the totcl
doge. This was seen to group roughly into three replons, with maxtme
at 100, 700 and 1500 XEV. An exposure to such & soures wac thus the
rasultant effect of partial doses from each regilon, making the exposurs
en3rgy conditions quite different from those of the elinie or labor-
atory.

Fig 1.2 illustrates the dose spectrunm of 4 dey old fsllout from
a2 cloud sample., In the absence of data to the contrary, this had to

b2 taken es representative of the fallout on 8ll of the islands. At
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this timc the proportion of low energy component was at 1t mecciznm,
During the seversl days befors and after this time, the general shzpe
of the spectrum apparently did not vary grossly from that 1llustrated
hero; since the observed rale of decgy of the flux Intensity closely
folloved that of tie observed gemma dose rate. For the period betwaon
fallout and surveys, therefore, a knowledge of instrument reeponse
to each enorgy region allowed a total correction factor to be ealcw-
lated, The instruments used were ealibrated just prier to the surveys,
eni thelr roedings hove beon corrected for the spectzum shape here
11lustrated,
1.4.2 Rete of deagy of tho fallout mixturs

Decgy rates of fallout sarples were measured in the field end
in the lsboratory, where & felrly consisitent patltern waes observed
smong verious locations and samples. In addition, thecreticel con-
giderations based on ithe radiochenieal compositdon of the f21lout
clisbhure permitied decay rates to be caleulated for differeont inter
vals betwoen the times of initial exposure and later survey readings.
These sgroed well with the experimentsal date, and were usod both in
the dose caleulations dwing the exposure intervils and in extrapo
laxning the later survey readings to earlier times.

1.4.3 Time of arrival of the radiocactive clowd, duration of the
fellout and tire of evacustion for earch cesa,

Only the last of thess 48 known aceuretely for all the islands.
On Rongerik, however, the time of arriveal was determined precisely by
the continuously recording dose rate monitor at the westher station.

20



L] '

Th: fallcut became visible at the time the instrument firgt indicsted
the presence of a redlation field sbove baclground, and the material
hal the eppearance of snow, The tires of bezinning of fallout on
Rongelap and Aflingnee were estimated from similar visual cbservations,
conbined with knowledge of the relstive distances of these atolls
from Bikinl end the wind velocities in the srea., Fallout was not
observed on Ttirik, heneo the estimate of arrival time there was mado
on the bacls of the Rongerik fallout time, wind and distence facters.

Tro oxtrene possibilities exist relative to the duration of tue
folloutss the first, that the fellout ocewrred entirely within e
short tire; the second, that 1t was gradual end extended ovor a period
of many hours., The rmonitoring instrument on Rongerik went off scale
ot 100 mr/fr, 4 howr after the dose rste began to rise obove back-
ground, If this rate of increase ls extrapolated to a point for vhickh
sunseaguent decay would reduse the dose rate o the values found et
later times; s long fallout Is iepplied. This was taken cs one Mmite
inn case, and corresponding doses were ealovlated, Hovever, the
possibility does not seem greai that this ectuslly occurred, Exdsting
de%e are Inconclusive, but seversl indiceticns tending to favor the
ghert timc hypothesis are summarized below,

First: a long fallout probably wouwld not be unifornly heavy
thoughout, the first portion belng the most intense and the balense
telling off. The total phencmenon thus tends toward the effect of e
shorter fallout, This is supported by monitor data from other muslear

events,
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Second: the estinated durations of fallout, of about 18 hrg,
which result from the above exirapolation for Rongerik and Rongelan,
appear too long to have coowred at the distances of these atolls
frar Bikini, since the wind velocity in the area was high enough to
pess the cloud over the islands in a considercbly shorter time.

Thirds the accounts of the visibllity of the fallouts, although
conflieting, do not ssem to indicete such late cessetion.

Fourth: Dosee eglculated on the long fallout hypothesis are
lower than those dus to a short fallout, since a short fallout quickiy
deposits & large amount of estivity. On Rongerik, a set of £1ilm
badge reedings covered theo range listed below. Several badges worn
doth outdoors and inside buildings on the island read 50 ~ €5 r, and
one bofze which renained outdours over the 28.5 hr period reed 98 1o
Another group kept indoors inside a refrigerator read 33 », Those
dos¢ wvalues represent a variety of conditions; but considering the
ghi.; ding and attermation feetors, ere consistent with the assumption
that the dose reached the ealeulated upper limit ounslde, sgain
favorins the shorter fallout hypotheeis,

Fifths On U4drik, only & short fallout tims is censistent will
the later dose rates observed, provided the frildlout began es late e
wae estirated from wind and distance foctors. & one howr duration
of fellout appeare lilely here, snd this velus was also assumed in
caleuletine &1l the dose eatinmztes for the other islands in Table l.i.

If the long fellout:case is also considerod, & lover limlt for
the dosc mey also be estinsted; though the upper liwmit is taken as
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most prcbable. The ranges are then as followsy
Rongexdk 50 « 1041
Rongelap 102 = 175 ¢
Alingnee 53 r = 69T
Ttirik - lir
The dose wvalue for Rongeriic given in Tsbls 1.1 is 75 per cent
of the short fallout ecese walue, averaged for 28,5 and 34 howr ew-
posures. This was fell to best express the average alr dose ro-
ceived by personnel who spent roughly half their time Inside strve«
twren where the dose rete was later found to be youghly headf that
outdeors. On the otker islsnds no such shielding was preseni,
Fiz 1.3, for tke Rongelap atoll, illustrates the ecurulaiive
c¢ooe as & function of time efter the detonatlion. It can be scen that
the rate of delivery of the dose waried contimuousiy,; the major porrdic.
telins received at the higher dose rate prevalling in the carly portlcn
of the exposure period., By the time that 90 per cent of the dose had
basn received, for exzample, the dose rete had fallen to less than 30
or cant of ite inttiel wvalue. Thus the dose rate of expesure differ-
€d markedly fyom thet ususlly encountered using x-ray units.
1,404 Geocumstry of the exposures
A thiré difference between the type of exposure encountered hene
ond othor extornel exposures lag in the geometyy of the s s These
doses were delivered from a plane source, so thal the radlation flelis
did not fellow the narrorr; bean gecretry uvsuallr emplorsd experi~
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mentally, In such a diffuse 360° £1eld, the decrease of dose with
depth in tilssue is less pronounced than that resulting from s unis
lateral or bilateral exposure to aa x-ray beanm, so that for e given
energy; the dose at the eenter of the ebdomon 1= approximately 50
per cont higher than & piven eir dose would Smply for the nerrow
boam case. Fig 1.4 {llustrates zn experimental simulotion of the
field gecmstry using & spharieelly orlented group of 0060 sources
with 2 phantor placed at their senter, compared with a conventional
depth dose curve obtained with a single source, It would appesar
undéer the ecircumstances that the nidline dose, rather than dose
measured in air, would be the better parameier in terms of whieh to
rrediet biologieal effect, On this basis, the alr doss vaiues stated
ir Tahle 1,1 should be pultiplied by approxinately 1,5 in order to
corpere thoir effects to those of an exposure using a narrow bean
geometyy. I this is done, assuming o Test fallout of one hour, the
followins doses in terms of an alr dose undor lsboratory conditlons
results

Rongelap 260 r

A1lingnae 100

Ropgerik 120 r

Utirik 2 r
1,5 Estimate of maximal eldin dose from the ground

In edditlon to the total body gamma Goss, the very soft gamma

and higher energy bete radiation from the plene sowree coniributed
% the slin dose., Fuorther skin irradietion resulted from local
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deposits of fallout materisl on the body surfece itself. The letter
is impossible to estimate, but the former may be roughly sttempted
as follown.

The beta dose rate in elr at a height of three feet asbove the
surface of an infinite plane contamineted with mixed 24 howr cld
Liaslon products 12 estimated to be shout three times the gemma
dose. The midline gamma dose is epproximately 60 per cent of the
porticn of the air pamma dose due to 80 EV radiation or shove., This
portion in turn is estimated toc be 90 per cent of the gamma dose
measured in air by the instrument, Thus the dose at the surfuce of
a phantom exposed to mixed fission product radiation from an externel
rlane scurce might be expected to be 3/(0.6)(0.9) or about 6 times
the midline dose, if both cecur et three feet off the ground. Juch
&8 depth dose messurement has in fact heon made experimentslly at e
previcus field test,™ using a phantom man exposed to both the initial
end residusl radistion. The depth doses for each situation ere shown
in Fig 1.5, with all data es per cent of the 3 centimeter dose. With
the diverging initlal radiation from the point of explosion, the exit
dose was seen to be 63 per cent of the 3 em dose;, but with the diffass
residuel field of fission product radiation, a surface dose some B
times greater then the 3 em and deeper dose from the harder gamma
compeonents was observed. This is geen to be of the same order of
magnitude as that estimated above. At helghte above and below the
3 foot level this surfece dose would becoms lower end higher respect~

# F, W. Chanbers et al unpublished data from Operation Upshot/

Knothole
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ively, but probably would not exceed 50 times the 3 foot sir gamma
dose or 80 times the midline dose, even in contact with the ground.
An estimete of skin dose due to ground contamimf;ion for the Rongelap
case would result, for example, in a figure of about 2000 rep to the
dorsum of the foot, 600 rep at the hip level, and 300 rep at the
head if continuous exposure with no shielding ocourred. Some
reduction in dose undoubtedly resulted from shielding and move-
mont, and it seems probable that the extermal beta dose from

local skin contamination far outweighed that from the ground in
importance. This is emphasized by the fact that elothing probably
reduced the bets dose from the ground by 10 to 20 per cent, while

it tended to collect and iocalize ths direct skin contaminetion.
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Fig. 1.1 The living area on Rongelap Island, indicating
the light, opan-type of construection
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Fig. 1.2 Aistogram of proportiocn of total dose
contributed by various enorgy regions
from the fallout radiation.
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Gt Fig. 1.3 Cumulative dose as a funotion of time after
i the datonation.
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Fig. 1.4 Comparetive depth doses for bllateral exposure
from 8 small source gd mltiple source 4 1T
exposure with codbalt
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Fig. l.4 Comparstive depth doses for bilateral exposure
from & small source gd mltiple soures 4
exposure with coball
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Pig, 1.5 Comparetive depth dosea in a phantom men of
inftis) stomic bomb radiztion and radistion
fron a field of fission products
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A Chapter I ‘
Clinical Obseprvatlone and Therapy

2.1 Jpiroduction
It was known immediately that the exposed groups had recelved

a significant amount of penatrating radiation to the entire body,
extensive contamination of the skin end possible internal deposition
of radioactive materials. It was therefore decided that clinical
obsarvations would be as extenaive and frequent as facilities and
personnel permitted in /order to recognize and care for raedistion
effects a8 early as possible. Accordingly complete initiel histories
~and physical examinations with numerous follow-up exmminatlons vere
carried out. Surveys of the skin were conducted at frequent in-
tervals and the deteiled skin findings are reported in Chapter I1lI.
Extonsive bematologicel studles were conducted, the detalled results
of whiek are presented in Chapter IV. Results of examinations for
urinery excretion of radicisotopes are reported in Chapter V,

In addition to periodic examinatlons, routine sick csll was
held twice daily. Medicsl care was evallable at all times and
hospital facilities were aveilable at ths Kwajalein Navsl Dispensary.

In view of ths widespresd oconflicting opinions in regard to the
valus of various prophylactic and therapsutic messures in treatment
of radiation effects, it was decided in advance that therapy would
not be given arbitrerily but would be instituted as indieated clin-
ically for specific conditlons on an individual basis. However, if
severe granulocytopenia developed (below 1000 cells/om) the prophy-
lactic use of antibiotios would be considered on an individual basis.
Whole blood transfusions would likewise be resorted to only in thops
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cases developing frank anemis,
202

Soverzl symptoms that developed during the first day or two
after exposure probably were attributable to redistion. Itching
and bwrning of the skin and eyes during this periocd occurred in
over one quarter of the Rongelap populstion, to @ lesser extent in
the Allingnze and toc a very slight externt in the Americsns. The
skin symtomatology* might heve been due in part to the marked slkelin-
ity of the fallout meterianl (calcium oxide). About two thirds of
the Rongelsp group reported nauses during this early period and onms
tenth of the grouwp reported vomiting and dlarrhes. Only one Allingnse
irdividusl reported nsusea. The people of Utirik and the Americans
developed no eigns or symptoms that might be related to radistion.
Witk the exception of the development of skin lesions and epila~
tion, physical examinations at no time revesled findings 4n any
group that could be attributed with certalnty to radiation. The
various elinical conditions encountered in the most severely expos—
ed groups were not remarkebly different from those seen in the least
expoced Utirik group. The skin lesions and epilation made their
appesrances beginning about the 12th to 1l4ith post exposure days.

* The syrtomatology is based on questionings through an interpreter
by several observers. Desplte the repested interrogetions and the in-
eviteble suggestion of the interrogators, the atories ramained re-

markably consistent.
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Although detailed hamatologicsl findings asre presented in

Chapter IV, certzin considerations of the relation of clinical to
hematologicel findings ere discussed here,
2.3.1 Leukogvie Counbs

Betwasen the 33rd end 43rd post-sxposure days, 10 per cent of
the Rongelap imdividusls resched an sbsolute granulocyte lovel of
1000 per cubic millimeter or below. The lowsst cowat observed
during this period was 700 granulocytee. During this interval ths
edvirnability of giving prophylactic antibiotic therapy to such in-
dividusls was carefully reconsidered. However, prophylactic anti-
bistics wore not Instituted bscause of the following considerations:

{1) 431 individuals were under cortimious medical cbservation
so that infection would be discovered in its earliast stages,

(2} Since some individuals mizht require antibiotics for long
periods of time if Infection occwrred, the preamsture adminirteation
of such drurs would not only posalbly obscure medicel indication of
treatment, bul might potentislly lesd to the develcpment of drug re~
sfatent orginiams in an Individusl with an already lovwered resistance
to infection.

{3) There is no accurate krowledge of thc nmumber of granulocytes
requaired by man o prevent the types of inlection seor in sgramilo-
cytosis.

(4} The observed situationm was not strictly comparsble to agran-

ulocytosis with an aeplsctic mcrrow due to potentlally lethal dosse
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of rediation. In the latter instance, gramlocytes fall rapidly
and there are practically none in %he circulation whon infection
occurs. In the present group of individusls exposed to radistion,
although most counte were approximately ome~fourth of normel, the
fall to that level was gradusl and there was some evidence of gran-
ulocyte regeneration.

White counts were repscted at 3 or 4 day intervals on all of
the exposad individuals and more frequently on those with the low-
ost coumts. Those with symptoms or elevated temperatures were
treated only after an attempt to establish a diagnosis wae made,
even i1f s period of observation wag necessary. During the observa-
tica pericd  tihe patienis sure exendned st frequent intervals and
the temperature checked every few hours.

Twenty-seven individuals had total leukocyte counts of 4000 or
belor or absolute meutrophil counts of 2500 or less at some time
during the period of obssrvation. Of these 27, 13 had symptoms
of disease that required evaluation for possible antibiotic therapy.
Eleven of the 13 had severe upper respiratory infections, one ine
divicual had abdominsl paine and fever, and one hed urticarie with
fever. Ths incidence and type of symptoms in the group with low
leukceyte counts did mot differ materially from those in the remaind-
er of the population and it appesred that the ocourrence of disesse
and the presence of leukopenia was coincidental. The 13 instences
in which it waes necessery to consider the use of entibiotic thearapy
in peutropanic individusls are summarized below:
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Elaven of the 13 individuals hed severe upper respiratory lr-
fectiona. Eight of these had malaise, sore throat and nasal dis-
charge, and temperatures that varied betwsen 99 and 10l1.4 and then
fell to normal within s 12 hour period. Since the response of this
group to upper respiratory infection eppeared identical with that
of individuals without nsutropenia, no therapy was given. Two of
the 11 had marked malaise, headache, abdominal pein, pausea,
diarrhea, and high fewer. Both were children, one age 7, the other
ege 2. In both instances, the symptoms were out of proportion to
the physical L£indings, which were negative except for coryrs and
mlld pharyngeal injection. The seven=-ysar old child had & tempsra-
ture of 102.6 when firat seen and four hours later, 104, The two-
year old child had an initial temperature of 101-8 degrees which
rose to 103~5 degrees in 4 howrs. Both were given intramuscular
procaine perkillin when the sharp rise in temperature occurred,
and both were asyr.omatic and afebrile the following day. A second
injection of perkillin wae given at this time, and therapy was dis-
continued. In spite of the fect that the neutrophils remained de~
presesd in both cases long after the febrlle epimode had passed,
beth individuals recovered ard hed no further illmess. In Figure
2.1 the bloocd counte and platelste of the two-year old patient
and the time of the occurrence of the febrile illnese are 1llustrat-
ed. A one-year old boy had symptoms of upper respiratory infection
for sevaral days befors belng brought to the clinfe. When he was
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seen, his temperature was 100.8 degress. In eddition to the coryze
there was pharyngeal injectlon and numerous coerse rhonchi through-
out the chest. A dlagnosis of uppar respiretory infectlon with
gssocinted bronchitis was made and the child was given a single in-
tramuscular inijection of proceine penicillin. On the following day
no rales or rhonchi were heard, the temperzture was 99 degrees,

and he remasined asymptomatic without further treetment.,

One of the 13 imdividusls wea a 50-year old man who reported
to the clinic with weaknass, nervousness, mild sbdominal pein and
shooting pain in the upper enterior chest, bilsterslly. He appear~
ed moderaiely ill, temperaturs wes 99.6 degrees and the only positive
physicel finding was moderate tendermess in the right upper quedran*
of the abdomen. Sinece his granulocyte count remained low on repeat-
ed examination he wes seen at freguent intervels, Within & ten~
hour period the temperasture rose to 101.6 degreea, following which

t fell gredunally to normal. The abdomins) tepndermess continued
for 24, hours and thern gradually disappeured during the subsequent
tvo deys. A diggnoasis of cholecystliis was made. No specific
therapy was given. In Figure 2.2 his white blood count and plate-
let counts in relatlon to the appearance of symptoms are shown.

A femsle aged 38 developed generalized urticaris, fever, end
headachs. Urticaria end fever subsided within & hours witbout any
therapy.

2.3.2 Platelet Countg
A1l individuals with a platelet count of 100,000 or less wera
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exsnined daily for evidence of hemorrhage into the skin, mucous
merbranes, and retinse. Urine was examined for red cells ard al-
burin, snd women were gquestioned concernling excessive menstruation.
There was no evidence of hemorrhage into tisesues even thoughk 11
individuels reached platelet levels between 35,000 and 65,000,
Two women menstrusted when their platelet counts were 150,000 and
130,000 respectively. Both menstruated several extrsz days amd thourht
that the bleeding was more than ususl but not suffiecient to cause
them undue concern.
2.3.3 [Hematocpit Changeg

Ninsteen individuals in the Rongelap grcup had hematocrits of
35 per cent or below; howevar, nope of these were below 31 per cent.
Nine of the 19 were chlldren, mged 1 to 5 ymers who would be expsct-
od to have a lower hematocrit than normsl adults; four were over 70
yoars of age, in which age group a decreased hematocrit is frequent-
ly preeent without obvious stiology. Two of the 19 hed had menorrhagis
prior to the determinsiion, two wers 3 to 4 months pregnant and had
not received supplementary iron, and two were young women. The low
hematocrits that were obsaerveicould be explained on the basis of
normal physiologicel variations rather than to the effects of lrradin-

tion on hematopoiesls.

2.4 The Effect of an Epiiemie of Upper Respirstory Infection on an
Arradisted Pepulstion

Betwesn the 27th and 42ni post-~exposure days an epidemic of
uppar respiratory diseases {URI) occurred. Fifty-eight per cent of
the Rongelep group and 56 per cent of the Ailingnae group were in-

15 v



volved. Seventy per cent of the affected individuals developed
syuptoms between the 27tk and 32nd post-exposure days. During
the pericd in which individusls were developing symptoms cof the
respiratory infection, the mean leukocyte count of the entire
poplation did not follow the trend of decrease. On the contrary,
fifty-tvo per cent of the leukocyte counta were observed to increase
to higher levels, the inerease being due primarily to granulocytes
{See Chapter 4)., Since the increase in the mean grammlocyte count
of the entire population occurred ebout the time the epidemic of URI
developed, it seemsd pertinert to determine whether in individusl
inctances the increase was gpontsneous or was in some way related
to the prepence of respiratory infectlon. The relationship between
the observed leukocyte incresse and the presence or absence of upper
respirstory symptoms in the individuals exposed to radletion suggesi-
ed that the two effects were unrelated. Of the &4 individusls
from Rongalap, 27 hed no respiratory infection end of these 13 (46
per cent) without URI showed a rise in leukocytes; 37 had the ine
fection, and of these 2, (53 per cent) showed a rise; 7 of these
2, shoved a rise three or more daye before symptome appearec. Of

~ the 17 from Ailingnae, & had no respiratory infection and 3 (37
per cent) of these showed & rise; 10 had the infection, of these,
3 (33 per cent) showed & rise in count.

It is also of intersst that nolt only the irradisted individusls

developed the respiratory infect?on but in addition the medlcel

personnsl involved in their cazre end study slso developed equally
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gsevere raspiratory infections. The respirstery infections oona;stw
ed of moderate mslsise, sors throat with prominent lymphoid follicles,
pharyngitis, moderate fever on the first dsy, and a purulent nasal
and trach:zl discharge for 10 days.

The disesses thet wers ssen in the Rongelap and Ailingnae groups

during the period of obssrvation are listed in Table 2,i. Nons of
these appeared to be reluted to the effects of irradiation, either
directly or as a result of the hematologic disturbances. For com-
parison, the diseases that were seen in the Utirlk group during

the perlod of observation are listed in Tgble 2.2. The high incidence
of gamstroenteritis in both groups i1s probebly due to the Marshallese
keeping perlshable foods unrefrigersted for long perlods, and was
not seen after this practice was stoppsd. It would sppear that &
higher percentage of the Rongelap~illingnse group developed upper
respiretoryinfections compared to the Utirik group. BHowever, &ll
of the Rongelap-Ailingnas group were questioned concerning even mild
symptoms of URI, whereas only those of the Utirik group with severe
synptoms of URI came to the clinic for treetment. Similarly, the
per cent of the Rongelsp-Ailingnse group that developed purulent
infections mppsars higher than the Utirlk group. Howsver, the
diseasec are tabulated for the perled of observatlon of each group,
end the Utirik group was observed for only half ss long since they
wore moved to another islerd when it was evident that further study

WAS UNNECeEBATY.
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The body meight of individumls in the Rongelap-Ailingnae group
was followed routinely. Since they had an unrestricted diet and ell

ate well, thelyr change in weight mizht be taken as an indication
of sny disturbance in thelr over-all metgbeliam. The welight chenges
ars sumarized in Table 2.:. It would be expected that within &
period of 6 wecks, individusls below 16 years and particularly
those below € years would galn some weight. The fact that most of
them lost weisht may indicgte that they received ¢ dose of reila-
tion sufficlent to interfere with normal metabolism. In spite of
their relatively inactive life and hearty appetites, most of the
adults alsc lost weight which mey indicate some initerference with
their normel metabolism. There is little difference in chserved
weights betsean the Rongelep and Allingnse groups. It appears
that the differencs in doses received by the two groups did not 4if-
forentially affect their body weight. Whether the failure to gain
welzht was connected with radiation or changes in enviromment is
open to questlon. Unfortunately, the welght of the Uilclk group
ves not gystematically foliowed and no sstisfactory coatrol exists
to aid in interpreting the lose in weight of the Rongelap~Ailingnae
group.
2.7 ZIhe Effects on Prerpsncy

Four women in the Rongelap group were pregnant when brought to
Kwajelein, Twc were in the first trimester, one In the second

trinsster, and one in the third trimester. None of these women had
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abnormal symptoms raferable to pregnancy, and ac far as can be de-
termined pregnency continued in = normal fashion. In the allingnse
group, ons woman was in the second trimester. No abnormality wac
dotected. Fetsl movemonis were unaffected in the individusl in

the third trimester. The hematologle chanres of the pregnent womer
are llsted in Table 2.,. Two individunls in the first trimester
had marked depression of plitelets but &t no iime was ithere eny
vaginal bleeding. Hownver, all of the pregzmant women were tlood-
typed as a precautionsry messure. The redistlion dese received,

to the time of this report, did not have & delstericus effeet on
pregnepnsy. Sinee the departure of the medical group from Emejeleir,

one apparantly normal baby heas been born.

2.8 Dizeusaiop op the Use of dntibiloties in whis Groun gnd in
Rediatiop Injumy

There were few infications for the usc of entiblotice when the
principles of treatment previously mentioned were used. Individusls
in the Rongelap end Allingnme groups that received azntibiotics are
listed ip Teble 2.». Qf the individuals t~ested with the anti-
bioties, the first thres recelves it prophrlscticelly end it wonld
heve beor indiested had they not been irradisted. The indicatior
for its use in the next three was guestionnble. There was a def-
irite indication for its use only in the next thres indivudualp and
agein it would have been given for similar conlitions in unirrsdint-
e@ individuals. The lest two Individusle with fwruncles would proba-

bly have mesponded equzlly well to surgical treatment slome, since
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the infection was well localizhd and easily drained.

In general, it can be concluded that human beings with the
degrees of deprassion of hematopoiesis noted do not need antibloties
prophylacticelly. With severer degrees of rucistion injury result-
ing in a greater depression of hematopolesis, praphylectic anti-
biotic therapy may be indicated in selected cases. If the number
of individusls is small enmouch so thst changes in the blood ecount,
temperature, and clinical evidence of infection can be follawed
clossly, it would appear that antibiotics should not bs started

until there is & clear-cut clinical indication for the use of these

agents,
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Table 2.1

Diseases that Appeared During Observation
of the Rongelap and Allingnse Groups

( Dissase Hmber of Individusls

Fuarunele

Gum abscess
Cholecystitia

Tinea

¥ittleschmerts
Generalized urticaris
Erythema multiforme
¥igraine heedeche
Bronchitis

Apthous ulcer of tonguo
Spondylolisthesis
Impatige

Tooth extractions

O s T = = T SR ™ I ™ R R T R WA

=
(=

Gastroenteritis

D
~3

Upper respirgtory infections

ot

Folliculer tonsillitis
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Table 2.2

Diseasses that Appeared During Observation

of the Utirik Grouwp

Diseasa

¥urher of Casss

Osteoarthritie
Epitheliome of ankle, with necrotic degeneration
Chronic bronchitis
Furunele of calf
Chronic bronchitis and bronchiectasis
Abscess of sole of foot
Cerbuncle on right thigh
Tooth extraction
Funyus infection of pums and palste
Contusion, traumatie
Gastroenteritis
Uppar respiratery inf'ections
Arteriosclerctic heart disease, decompenseted
Pyelonephritis
Ins=¢t bite, with marked palpsoral inflammation
Chorilorstinitis, unknowa etlology
Thrombophlebitis, antecubital vein
Inpetigo
Dysmenorrhea
Bxfoliative dermatopliytosie
Eetropion; right eye
Ast'ma
Benign hypertension with headache
Hyparmetropie with headache
Hyopie with headache
Funmus infection, auditory canal
Trichwomonas with cysultls
Tinas

irole heedache
Broachltis
Poszibla ruptured intervertebrel disc
Fevars of unknown origin
Honryololdism

B = e 3 A 10 0 12 et et B0 b 0 Bt e 0 B 0 et b Nt B G et Bt 1 et 1t e e A

Preznancy

e
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Table 2.3

Welght Changes, Rongelap end Allingnae Groups

Age Catepgories

Below 7 years | Below 16 yearsi Above 16 yeers

RONGELAP GROUP
Fumber observed 17 24 36
Mumbe: that gained 4 5 14
weolght
Aversze gain, ibs, 5 3 35
Sprea’ of goin, lbs, 0.5 = 10:0 0.5 = 10:0 1= 1.5
Number that lost 13 19 21
welght
Average loss, lbs, 2 2 FA
Spreac of loss, lbs. 0.5 = 5.5 0.5 = 5.5 0.5 « 8
Per cant of group 77 ! 80 58
thet lost weight ;

DYT.HAE GROUP
Burber observed 7 = 9
Nurber that geined [¢] - 3
waight
Everare gain, lbs. - = 2.7
Spread of gain, lbs. - - 2= 4
Humber thot lost 6 - 6
weight
Averace loss, lba, 2 - 2
Spread of loss, lbs, 05 = 3 - 0.5 = 4,0
Par cent of group 88 - 67

that lost waight
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Table 2.4

Blood Counts on Pregnant Individusls
Rongelap and Aflingnas Groups

Trimester of Lowoet Plaislet Lovest Lowest
Pregnanecy Count WBC Neutrophile Count

RO GLLAP GROUP

Pirat 35,000 4,500 3,000

Firat 50,000 5,000 2,500

Second 150,000 4,000 3,000

Third 120,000 10,000 7,000
LILINCHAE CRCUP

Secord 170,000 7,000 3,200
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Teble 2.5

Pationts Trested Vith Antibiotics

i,

Fatlient

Condition

i

-}

10

Deep sxtensive glough of epidermis
of foot

Tooth extraction
Tooth extraction

Inflammed tonsils with high
temperatuwre and URI

URI end bronchitis with high
temperature

TRI, severs, tith pheryngitis and
high temperature

Rapld progressing undermining
impetige

Trevnatic gangrone of foot
Cytitis

Furunele on buttock
Furuncle on forebead

No. of Ders Antibiotiec
Tregted Uged

2 Peaicillin
1 Penteillin
l Penleillin
2 Penicillin
r} Penieillin
2 Peniecillin
2 Penicilliin
7 Penicillin
5 Gantrasin
2 Penicillin
I Penicillin
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Fig. 2.1 The blood count shanges in a two year old child
with a fehrile 1lincss
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Fig. 2,2 The blood count changes in & £ifty ysar old man
with & fobrils 1liness
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CHAPTER 11X

SEDT LESIORS, EFILATION, AND NAIL PIGIEINTATION

><1 Introdugtion - Eerly symptomatolooy refersble to the skin

The larshallese on Rongelap saw 2 visible fallout of powdery
niateria® thet begen epproximately five hour after the initisl flesh
as sesn. This povder whitensd the helr and sdhered to their skin
es a salt=)ike £ilm. The MNershsllese on Ailinznae Teporied o
Fimiler but less striking fallout. The Americans on Rongerik also
ecw & faliout and described 1t es "mist=like.® The Marshellese on
Ttdrik did not sez a fellout. The early symptome were limitad to
ke Ronpelep,; Alisgnes, end to & lesser extent the Americans on
Tongeril. The eerly symptons conslsted of a generalized itehing
cnd burning of tho skin, lirmited almost erclusively to the exposed
roris of the body. A less consisient sympton was buming of ths eyas
eceompanied by lecrimation. The symptoms begen the night of the
fallout and contimied inte the noxt day. A few individuels had
cymptoms lasting a3 lonz e&s two or three days. Decontaninstion of
the skin of the exmosed individunls was initiated elther eboaré th»
{eatroyers while they vere being evacuasted or upon their errival ot
the navel bese on Kwejeledn. The classical initiel erytheme of
redretion injury to the skin was not noticed by tho observers who
exanined thege individuels during the first ten deys. If an initicl
érythema developed in the native Marshallese, it vas masked by their
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dark skin., An erythema wes not seen in the vhite ekinned Arericans
exposed on Rongerik.

3.2 Skin lesions

3.2,1 General description

Skin lesions first eppeared in the Rongelap group &fter 12 o
15 dgye and in the Allingnas and Rongerik groups after 20 days,
There were no skin lesions in the Mirik group. There was consider-
able difference in the length of time necessary for the development

f the variouve lesions. Howsver, it was found that there was a ccr-
sistent pattern in the sequentis) development of leslons on various
perts of the body. The principsl leeions which developed orn various
exposed portions of the body cceurred roughly in the following
sequantinl order: scelp (with epilation); meck, axillary region
antecubital fossee, feet, arms, legs, and trunk. lesions on the
flexor surfaces tendsd to precede those on the extengor surfaces (Sez
Teble 3.1 for the time of appearance of various lesions).

4 clear cut prinary erythems was not seen, nor was a late ery-
thema. In a few cases, there was considersable scratching of the gkin
due to pruritis prior to development of gross lesicns. 1In these ceses;
an erythema of questionable eticlogy was cbserved. This erythema
nay well have been due to the scratehing. DEryihene was not observed
preceding doveloprent of nild leslons in the white and negro Americans
of the Rongerlk group.

The first indication of a developing lesion was an inerease ir
pigmentation. These pigmented arems asppeared in the form of mecules;
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papules, raised plaques, or larger areas of hyperpigmentaticn. The
necules and papules {1 to 2 mm in dlameter) usually oocurred in
clusters end sometimes coalesced into lerger leeions. The latter
were characteristically found on the scelp, neck, end the antecubital
fossae., The raised plagues varied 1n size from & few millimeters to
several centimeters in diameter, wers thiek, rough, dry, and hai a
leathery feel. This type of lesion occirred predominently cn the
feet and in ths entecubital fossae and tc a much lesssr extent on

the neck. Areas of increased pigmentation alsc ocourred on the limba,
trunk, end cn the face,

The majority of the lesions were superficial., In these lesions.
vesicles were not observed. A few days sfter sppesrance, dry, scely
desquemation ocewrred in the central portion of the hyperpigmented
ereas. The desquammtion left a pink to white epithelimm not remeric-
sbly different in texrture from the surrounding ekin., 4As the desgus-
nation proceeded outwvard, the ereas developed & characteristic appear-
ence of u contral depipmented erea fringed with a hyperpigmented zZona.
&t & later stgre, pigmentation began in the central areass and spread
cutwards. After a few weeks the cycle was corpleted, leaving in
wosi instances a relatively normel appeering slrdn.

Approxinmately 20 per cent of the Rongelap group developed
lesions which were more severe, These lesions might be considered
&8s comparsble to sacond degree thermnl burns, The deeper lesions
occurrad principally on the feet and to a lesser extent on the scain

and neck and in one eese on the ear, Vesicle formation was not
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COImON .« Houuver; on the fesct, some large bullae appeared. After
a few days, the hyperpigmented lesions showed wet desquamastion
with weeping end erusting, leaving depigmented raw surfaces of
varying sreas. Some of these lesions became secondsrily Iinfected,
Epithelium repidly covered the ulcerated erems within & week to
10 days. Pigmentstion followed during the next few weeks. 4s
healing oceurred, some of the deeper lesions and some of the less
severe lesiong developed a thickening of the skin with an "orange
peel™ appearence and s dusky, grayisb-brown color (See Plate 3.4).
in Teble 3.1 1z tabulsted the incidence of the various types
of lesions in the Hongelap with a breakdown as to age and the
mediar time of appearance for the Aflingnae and Rongerik groups

are shown.
3.2.2 pescription apd Illuatrptlion of Spescific legions.
The scalp and fopehead lesions began their appearance 12

to 1. days following exposure along with spilation in the Rongelap
group. The skin lesions were maculopepular with a spotty distiribu-~
tion. They ere concentrated in the areas of spilation. These
lesions are 1llustruted in plates 3.12 to 3.16. Scalp lesions
contlinued their sppearance over & period of about e month. Thus,
groups of lesions in various stages were present in the same in-
dividual. This was partioularly notable among the children. The

incidence of scalp lesions was greatest im the O to 15 yr. growp

& ——,

(Sce Teble 3.1).



D ‘

Ihe neck lesiong were the most eormon and begsn thelr ap-
pearance s few days after the ecalp 1esion§. These leslons ap~
peared as hyperpigmented macules and ~ples which spresd and
coalesced into raised plaques. The isslons usually appeared first
or the side and front of the neck end spread besckwards. They
were more common and more severs in women. Plates 3.1 through
3.4 and 3.9 1llustrate neck lasions in the wvaricus atagees of de~
velopment., Some of the deeper neck lesions tended to occur in
women where their thick bheir touched their necks.

Axillery Jesions were masculopapular, less abundent, apd de~
veloped simultaneously with the neck lesioms. These lesions are
11lustrated in plates 3.10 and 3.11. The axillary lesions were
more comron in the young children.

Ankecubltal forese Jleslons appeared about a week later then
éid the peck and axillary lesions. Theses are illustrated in
Plates 3.9 end 32.10.

The foot legions developed lster than the lesions of the

antecubital fosmse., These lesione were located wainly on the
dorsum of the foot between or an the toes. They were initielly
cheracteriged by large pigmented plaques with subsequent bullous
formation and in eight cases raw crusting lesions of varylng de-
gree followed the bullae. The foot lesions were not as common in
children under 5 years of age as in the older age groups. Sequen~
tisl lesions in & l4-year old girl are shown on lates 3.5 to

3. 7. One of the more savere foot lesions 1e shown in Plate 3.8,
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Ihe neck lesiong wers the mogt common and begasn thelr ap~
pearance & few days sfter the scalp lasioné. These lesnions ap-
peared as hyperpigmented macules snd -pules which spresd and
coalesced into raised plagquss. The sesions ususlly appeared {irst
or the side and front of the neck and spread beckwards. They
were more commen and more severs in women. FPlates 3.1 through
3.4 snd 3.9 11lustrate neck lesions in the various stages of de~
velopment. Some of the desper neck lesions temdsd to occur in
women where their thick halr touched their necks.

Axillsry lesions were maculopapular, less abundant, and de-
veloped gimultaneously with the meck lesions. These lesions= gre
1llustrated in plates 3.10 and 3.11. The axillary leslons ware
more comron in the young children.

Aatecubltal forsse lealops appearsd about s week later than
did the peck and axillary lesions. These are illustrated in
Plates 3.9 and 3.10.

The foot lesions developed latsr than the leslors of the

antecubltal fossae. These lesions were lecated mainly on the
dorsum of the foot between or on the toes. They were Initiaslly
cheracteriged by large pigmented plaques with subsequent bullous
formation and in eight eases raw crusting lesions of varying de-
gree followed the bullae. The foot lesions were not as common in
children under 5 years of age as in the older age groups., Sequen=~
4ial lesions in a li-year old girl are shown on [lates 3.5 to

3 7., Onea of the more severe fool lesions iz shown in Plate 3.8,
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k were less com~
mon, less severe and developed later, Areas of lncreased plgmen-
tation were scattered over the abdomen, chest, erms, legs and face.
Increased pigmentation of the sides of the face is Illustrated in
Plate 3.4. A striking early lesion was an erythematous, weeping,
excorieting lesion surrcunding ths anns which cccurred in seversl
of the bgbies and a fex of the older people. These lesions were
severe initially but healed rapidly.

Most of the larshallese had multiple lesions. The combination
of epilation and the contreasting hyperpigmented and depigmented
arees adjacent to normsl skin presented a striking appesrance.

_ The multiple lesions are illustrated in Plates 3.8 to 3.11.

It is not feasible to quantify accurately the severity end
extensiveness of the skin lesions in the various groups. How=
ever, it was the uniform opinion of sll observers that the most
severe and extensive lesions occurred in the Rongelap group. The
leeions thst developed in the Allingnae group were much less severs
and extensive,and the Rongerik group (Americans) had only mild
lesions. Skin lesions were completely ebsent in 60 per cent of
the Ropgerik group,; as copposed to approximataly 10 per cent in
both the Rongelsp and Ailingnee groupa. Transepidermal pecrosis
occurred in 20 per cent of the Rongelap and in 5 per cent of the

Lilingnee people. No lesions of this severity were seen in the

& L
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The lesions appeared earlier in the Rongelep group suggestiny
a higher dose. The comperison of the incidence of epilation amd
neck lesions end time of gppesarance is illustrated in Figure 3.1
for the Rongelap and Ailingnae groups.
3.2.4 Histopathology

Seven biopsies were teken of neck leslons and one of an
exillary lesion during the third to fourth week after exposure on
the Rongelap people., The lesions biopsied at that time were in the
hyperpignented mtage with litile or no desquamation having occurred.
Most of these biopsiss were teken from individusls who showed lesions
of greater than average severity. 4 second group of blopsies from
the Rongelap group (repeated in three individuals) were taken;
four at the seventh week post-exposure and five et the eighth~
weak periocd., These were taken from the neck and antecubitel
fosaase. All of these lesions had desquamated and the depigmented
skin had repigmented to a dusky, gray colr with some thickenlng
{*srange-peel® sppearance) of the skin. Biopsies wers not taken
from open lesions or from the feet for fear of infection, 4ll
biopey .ounds healed raplidly with no secondery complications.

The microscopic findinge ars summarized as follows:

Transepidermal damage was noted with a few intervening
arcades showing less damspe (Plates 3.18 and 3,19). The epidermis
in the most extensively involved areas showed consideresbls a-
trophy with flattening of the rete pegs. In places the epidermis
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was reduced to a thickness of 2 to 3 vells (Plates 3.20 eand 3.21).
The cells of the Malphigian layer showed plecmorphic nuclei,
pyknosis and cytoplasmic halos, glant oells and in a few instences
multinueleated cells. Pyknosis of cells of the basal layer was
cormonly seen. Focal disorgenization of the Malphigian and basal
layers was usually present in the more extensively demapged ercades.
Cells laden with pigment wore frequently present throughout the
spidermis and intercelluler pigment waes noted in some sections.
The stretum granulosum was nsually atrophic or ever absent, Im-
perfect keratinization with parakeratinosls was visible in gll
seciions. Hyperkeratoasis present was alsc seen. The stratum
corneur was loosely fibrilisted.

The arcasdes of minima]l damage were usually found in areas
where swest ducts spprosched the epidermis (Plate 3.19). There
was an apparent increase in the mmber of cells and mitotic
figures in the neck of the ducte and the adjoining areas where
regeneration wag underway. In these areas the stratum granulosum
wes near normal width and pigmentetion of the basal cells noted
in the more severely damaged areas was lacking.

Changes in the dermis were larpgely confined to the pars
pepillaris (Plates 3.18 through 3.21). Kild edema in some cases
was nodted. Capillary loops were often indistinct and when discern-
ible they frequently were assoclated with incregsed number of
pericytes. The endothelial cells showed swelling and were polygonal
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in shepe. Telangiectatle changes were noted in areas where the
overlying epidermis showed greatest damsge with lymphocytic infil-
tration surrounding the telaglectatic spaces. Chromatophores,
filied wilth melanin pigment, were prominent in the superficial
dermis. The fine eslastic fibrils running into the pars papil-
laris were often altered or absent.

Little if any damege was seen below the superficisl pars
reticularis, The hair follicles were narrow (Plate 3.22) and
in most instances devold of shafis in this region. There was
soms telangisctasis of the capillary spaces bounded by lympho-
cytee and monuclear phagocytes in the superf{iclal pars retic-
ularis. Some of the large elsstic fikers in this region show-
ed slight swelling in some instances. NRo desmage to fibrocytes
or ccllagen fibers was noted.

Second perjes, Tth and 8th weeks post-exposure. Epidermis.

In general, reparastive processes of the epidermis appear-
ed to have been falrly good, except for m few persistent areas
of atrophy with narrowing of the epidermls end finger-like
downgrowihs of the stratum Malpighii (Plste 3.24). These occur-
red in greas of greatest epidermal narrowing ani the cells show-
ed rether prominent pigment content. There wer: meny outward
epldermal excresecences covered by thickened strstum corneum
which was still loosely leminated ~- such phencmenon producing

a rugose appearancs whleh probably sccounted for the “orange-pesl®
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like appearance of the skin noted grossly in the areas biopsied
(Plate 3.22). In glmost all instances the basal loyer was in-
tact with little or no disorgenizetion noted. There were a
fow peattered sreas in which oceszslonal eplthelial ecalls with
prkootic nuclei and perinuclear cytoplasmic hales occurred in
the stratum granulosum and Malphigien layera (Plate 3.23).
Thers were cocecasional ercedes 1n which the epidermis, particular-
ly the stratum granulosum, appeered to be amctuelly widened.
These occurred slmost predominantly in relationship to the con-
tiguous swest glend ducts at sites whore the latter penetruted
the epldermls. 4 narrowx zone of perakeratinosis ard amorphous
debris wns still present between the stratum grenulosur enc the
lccsely lamingted stratum corneunm.

Dernis

The caplllary loops in the dermal paplllae, slthough
present, were not uniformly distinct. Pericytes remained in
ircreasecd number but fewer lymphocytes were present. Generally,
there appeared to be slight telsgiectasis of the eapillsriea in
the pars papiliaris and the superSicial parc reticulsris (Plate
3.24). There was some edema of the pars papillaris (Plate 3.22).
Scattersc pigment laden chromatophores were irregularly dis-
tributed in the papillary layer (Plate 3.23). In some cases
heir shafts in the superficizl pers reticularis were quite nar-
row, atrophic, and occasicnally absent; in others the hair

shaf'ts appeared normal. Small heir follicles (Plate 3.22) end
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secretory swest ducts in some cases ahowed'mild atrophy.

Biopsies of three pigmented mild lesions were taken from
two of the vhite Ronperik Americans. Only one of the three
geve svidence of damage, which was nominzl and confined to the
epidermis.

3.2.5 Symptomatolocy and tregimept.

On the day of exposure, iltching and burning of the skin
wes prevalent. This subsided end for a period of ten to four-
teen deys or longer there was neither subjective nor objective
evidence of skin injury. Itching and burning reappesred either
prior to or in the early pigmentatlon stage. With the deeper
leaions there was sglso pain. Pain was rather merked with the
foot lesions. During the psinful peried some of the foot
lesions were elsc hot and presented a brewny edema. A common
complaint was a tenderness in the great toss medial to the
neila. However, viafble leslons in this sres were infrequent.
This sympton usuaslly preceded the appearance of gross lesions
elge #hore on the feet. iany of tha indivliduals who developed
peinful foot lesions were observed waikiag on their heels for
several days. The peinfulness of the foot leslcns may heve re-
stlted from their greater severity, and mazy have beern sccentuat-~
ed by the dependsnt nature of the foot. OSome of the lssions of
tke neck and axills were painful upon turning the head or raize
ing the arms. The scute reaction end pein subsided@ after &

few days. There were no constitutionsl symptoms.
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The treetment of gkin lesions waes largely non-epecific.
llost of the suparifcilal lesions were treated with calamina lotion
with 1 per cent phenocl, which in most cases relieved the itch-
ing, burning or pain. A few of the painful hyperpigmented
lesione not relleved by calamine with phencl were treated with
pontoceine olntment, with epparent success. When the epitheliun
disquanated the itching was relieved by daily washing with scap
and water and the application of a water soluble vanishing type
ointmert which kept the injured skin soft and plisble. Raw
areas, which became seconderlily infected, were treated by wach-
ing with scap and by the application of aursomycin ointment.
Bullous lesions of the feet were left intact es 1ldng ms no
symptoms were present. If psinful, the bullae were aspirated
with sterile technijie to remove the clear strew-colored fluid.
& sirgle aspiration was adequete since the bullse did not refill
One foot lesion developsd an extensive, raw weeplng ulecer. Proply-
lectic penicillin was given for two days, during which time the
lesion developed healthy granulation tissue. Some of the lesior:
of the skin of the foot remained thickened less pliable &nd pain-
ful after desquemation. This was relieved by the use of vase-
line or cocoe butter to soften the tiesues. One persistent
ear lesion did not heal after desquamation. This was trested
with werm boric mcld compresses and waching vith surgicel
goap 10 remove the escher. Granulation tilssue formed,and

enithelium was slowly growing in from the edges of the
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N
ulecer when the initisl observation period was terminated 74
deys after exposure. Upon resurvey six months after exposure
healing wes complete, with a depligmented scar remaining as
evidence of the previous ulcer,
3.3 Eplistiop
The incidence of and time of appearance of epiiation in
the Rongelap and Ailingnee groups is 11lustrated in Table 3.1,
3.2 and Fig. 3.1. Eplletion was first obssrvel on the l4ith
roat-axposure day in the Rongelep group, and was confined to the

head. The epilation was divided arbitrarily into three degress
of severity. "1&" eplletion indicates loss of hair without

cbvious thinning; "2} " indicetes & loes of hsir sufficient to
casuse obvious thin gpots; end "34" indicates an extensive epila-
tion witk beld spots. Taeble 3.1 1llustrates that there wes s
greater degree of epiletion in the children {0 to 15 years).
Cver 90 per cent developed epiiation of some degres in the 0 to
15 years group, compared to only 28 per cent ir the older
gge group. The preponderance of scalp lesions in the aress of
epilatior indicates thet radiation from the fallout materlal
cn the skin 1s primarily responsible for the epilation. 1In the
2ilingnee group only 3 cases of mild epilation developed in
children.

Slight regrowth of hair was observed in &ll individucle
¢ weeks after exposure. Hair regrowth wes complete gnd ncrmal

six monthes aftar exposure.
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3.4 Nail Picmeptetion

An unexpected observstion was the discovery of e bluish-
brown pigmentation of the fingernsils which was first well
documented on the 23rd posteexposure day. The discocleration
began in the senilunar erea of the fingernnils (to a leager
extent in the toenalls), and tended to spread outward sometimes
in stresks. As tpe d_scolored area grew outwards the semilunar
zr~a usually became clear. In a few cacss, detachment of the
end of the nall from the nail bed was obassrved when the pig-
mentation reached the end of the nail. Plate 3,17 shows pig-
mented bands in the nails at 77 days. The discoloration of
the nalls was seen in 89 per cent of the Rongelap and 78 per
cent of the Allihgnee group. It appeared to bes & radiation re-
sponse peculiar to the dark skin races since it was seen in
all of the Americen negroes in the Rongerik group and in none
of the white men. This leslon was not observed in the Utirik
group, nor in the control Marshsllese. Since the nail pigmenta~
tion occurred in individusle without skin leslomns, it appear-

ed to be the result of whole bodg rather than local exposure.

3.5 Factors Ipfluencing the Severity of Skip lesions.
3.5.1 The Chaoracteristics of the Fell-out Meterial

The fell-cut material was composed mainly of caleium oxide
from coral, with adherent fisslon products. The skin lesions
obeserved were undoubtedly the result primarily of beta radistion
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from falle-out material deposited on the skin, with minimsl or
ne contrlbution from chemical irritetion. The pamme dose to
the skin was small compsred tc the heta dose, and thus was
relatively unimportant in producing the lesiocns,
3.5.2 Epergy of Betg Psrticles

From available data on the fallout material i1t hee been
caleulated thst 50 to 80 per cent of the beta rays during the
exposure period were soft with an averasge energy of sbout 0.1
¥ev., =Since 80 microms of tissue produces 50 per cent sttenuae
tion of such radiation(3.l), the greeter rcrticu: of energy was
dissipated in the epithelium which 1s roughly 40 to 70 microns
in thickness. The remaining 20 to 50 per cent of the beta rays
were of higher energy, with an average of approximately 0.6 Mev,
The lstter would penetrate weall into the derme since it tsokes
800 microns of tissue to produ&e 50 per cent sttenustion (2.1, 3.2).
In addition, a wide spectrum of gamma ensrgies irradisted the
skin. Approximetely ten per cent of the totsl gamme spesetrum
wzs below BO KEV which would be absorbed largely in the super-
ficiel lsyers of the skin. The remainder of the gamma spectrum
iz distributed between iOO and 1600 KEV with a large proportion
between 600 and 800 KEV,

3.5.3 _Phveical Poge fo the Skip
There is no prectical way to estimste the physical dose

to the areas of skin where lesions were found. The entire

surface of the body of the Rongelap group received approximetely
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175 r from gamma irradistion derived from fission products
distributed on the ground, trees and buildings. To thie 175 r
would have to be sdded the beta component. In view of the high
bet::gamma ratio i, fission products, ome might expect the totzl
beta surface dose to the skin to be larpe. The meximal skin
doses from the plaene field of radiation are estimated in Chapter
1. To these doses must be added the contribution of the material
deposited on the skin, The latter cen not be calculated, or
estimated biologically with any degree of accuracy. A rough
approximation of dose received at the halr follicles can be
mede as follows:

The hair folllicles must have received a dose compersble
to the known minimal epilating dose of about 400 r for 200
EVP X-prays. Since regrowth of hair ocourred, the upper limit
of dose at the depth of the hair follicle must not have exceed-
sd the permanent epilating dose of around 700 r of 2 X0 KVP X-ray
(3+2}e
3.5.4 [Erotective apd Aggravatihg Factors,

The individuals who remained indoors or under the trees
showed some protection as compared to thope who were In the
open during the period of the fall-out. Those who went swim-
ming or bathed were gzlso protected to varying degrees. Small
children who went wading developed fewsr foot lesions. Clothing,
even a single layer of cotton material, offered almost complete

protection, as was demonstrated by the fact that lesions develop-
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ed almost entirely on the exposed parts of the body.

Since the lesions predomlnste in arces where perspira-
tion is sbundant such as folds of the neck, axillse, and ante=
cubltal fosesae, i1t seems likely that the sbundant perspiratlon
produced by a hot, humid climate tended to cause the material
to concentrste and adhere to these aress. In addition, the coco-
mit oil hair dreseing used by the Marshallese mcted as sn ef-
fective collecting agent for the radloactive material. This
was proved since the halr was the most highly contaminated
part of the body. The eoncentration of radloactive material
on the hair msy have been responsible for the large number of
sczip lesions, epllation snd the large number and severity of
neck lesions in women.

Therd was & deley of two and one~half days before satis-
factory decontamination was possible. The presence of radio-
active meterisl on the skiln during this period may hsve ircreas~
ed the dose to the skin. However, the dose rate fell off rapid-
ly and decontamingtion would have to have been very prompt in
order to be effective.

3.6 Correlgtion with Hemgtologicsl Findings

Attempts at correlstion of the severlty and extensiveness
of ekin lesions with meximum depression of platelet, lymphocyte,
and neutrophil counts were mede for individusls in the Rongelap

group. No positlive correlation was found. Thus the contamina-
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tion of the skin spparently did not significantly contribute
to the total~body dose of Irredistion.
3.7 Discussion

There has been little previous experience with radimtion
dermatitis resulting from expoeure to fallout moterisl from
nuclear detonations, and the general consensus until now has
been ihat the hasard from fellout material was neglipible.

WWith the Hiroshima and Negasekl detonatlons, fellout materlel
was not a problem since the bombs were exyp rded high in the sir,
The flzsh burns of the Japanese were pursly thermal.

From the present experlence it ls quite evident thst follow-
ing detonetion of a therwonuclea weapon close to the ground,
serious exposure of personnel may occur from fallout materisl,
ev-n at considersble distances from the site of dotonstion. ihe
ineident described in this paper is the first erample of largs
nunbers of radistion burms produced by exposure to such falleut
meterial, -

Knovilton, gt gl (3.4) described burms of tse hands of four
irdividusle who were handling fission product material following
er experimentaldetonation. Also, following the Alamo. rdo detona-
tion, there were a number of cettle that developzd lesions due
to deposit of fallout material on their backs (3.5) Ip addition,
there ware a number of sheep thut developed lesions closely

resembling radiation burns following a Nevada destonation.

However, Lushbaugh (3.6) repcrted that the histoi ﬁtiﬁﬁal
a4



characteristics of these lesions did not conform in sll respects
to radiation dermatitis. It is of considerable interest to com-
pare the present cxperlence with that accepted in the past as
the typicel course of rediation burms of the skin.

The gross lesions of the hands described by Knowlton, gt gl
oceuwrred from an exposure of about one hour, resulting in doses be-
tween 3000 end 16,000 rep of bets rediation (maximum energy about
1 mev) with a small gamma component considered to be insignifi-
cant. The lesions were described ae developing in four phesess
{1) An initial phese which began almost immedistely after exposure
and consisted of an erythems with tipgling and burning of the hands;,
reaching a peask in 48 hour and subsiding rapidly so thst by 3 to0 §
days there was & relative absence of signs; (2) A second phase
which oceurred from about the 3rd to the 6th or 8th day and wes
charascterized by a more severe erythems; (3) The third phase et
8 to 12 days, which was characterized by ved:le and bullae fore
mation. The erythema spread to new arees during the following
two weeks, and the metlve prooess subsided by 24 to 32 days.

The bullas dried up, snd desquanstion and epitheliszation took
plece in less severely demesged areas; (4) The fourth phase or
chronle stage was charecterized by further breskdown of skin
with necrosils in arees vhich were damsged pufficiently to compro=
mise the blood supply. Atrophy of the epidermis and loss of
epithelial structures tock place, which necessitated skin grafti-
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Robbins, gt &1 (3.7) reported six cases accidentally exposed
to Beattered catbode rays {beta) from = 1200 Ev primery beam with
exposure time of gbout two minutes and & rough estlimestion of dess
to the skin of between 1000 sand 2000 rep. The lesions described
were similar to thoss reported by Enowlton, et gl (3.4) with a
primery erythems developing within 36 bours; secondary erythemc
with vesiculation snd bullmse formation appearing sbout 12 to 14
days leter; and, in the more seversly affected, & tertiary phase
charscterized by further breskiown of the skin. In comparieon
with severe roentgen ray reactions these investigators stress ths
unique periodicity of cathode ray burns, relstive absence of deep
damage to the skin, less pain, rapidity of healing, and absence
of plgmentetion. Thess points would apply to the Marshallese
except for the multiphasic reactlons snd plgmentetion. Crawlord
(3.8) reports a case of eathods ray burms of the hands which wers
similar to those described by Robbins gt gl (3.7).

Experimental bets radistion burms in buman beings have been
veported by lowebser (3.9) and Wirth and Raper (3.10). Both in-
vestligators used P72 dises applied to the flexor surf{aces of the
arns, foreerms, or thighs for varying lengths of time. Low-beer
reported "monophesic® skin reactions. He found that a ealeulat-
ed dose of 1.3 rep to the first millimeter of ;kin, iznoring self-
absorption, produced & threshold erythema. Dry; scaly, desquama-
tion wes produced by 720C rep in the first millimeter and bullous,
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viet desquanation was produced by 17,000 rep to the first milll-
neter. Erythema developed in 3 to 5 days, followed leter by
pigmentetion and desquamstion with higher doses. Recovery was
observed with doses of 17,000 rep. The leslons later showed de-
pigmented centers with hyperpigmented edges (also seen in the
present lesions).

®irth and Raper {2.10) produced primary erythema within six
hours after exposure to e dose of 635 to 1180 rep of P3R radisticn.
tinute vesicles with dry, spotty desquamztion was noted with 1180
rep at about the 5th tc 6th weeks post-exposure.

Following the detonetion on 1 lierch 1954, 23 Jspanese flsher-
pen were contaminsoted with fallout material. ALpparently they
vare exposed to roughly the same total-body dose of rediation ee
vere the Rongelap group. The skin lesions which developed are de-
geribed by Norton, et g} (3.11, 3.12). Lesions developed which
vzre similar in mest respecte to those seen in the Mershallese
people, and were cheracterized by pigmentation, desquamation
with depigmentation, spotty epllation of the head and ulceraticns
¢aveloping particulerly on the scalp, ears, neck, and hands (tho
latter probebly from handling contaminsted fishing lines).
Erytheme end vesicle formation, as well as inflammiiun of tis eyes
ware oocs prominent then in the Marshallese. Pigmentetion apparent—
1y wse not as prominent in the Japaness. The lesions appearsad

szrlier ¥hon iu the Marchailese (about 7 to 8 days post-exposuaa) .
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As in the Marshallese the lesions occurred mainly on exposed paris
of the body not protected by clothing,.

In addition to the Marshallese and Japanese, seversl Kavy
men on ships in the test area developed a few small pigmented
lesions of "belt-line" distribution, apparently die to fallout
naterial,

The lesions reported in this paper when compared to radis-
tion lesions described in the past presented certain unique
fagtures which merit further discussion.

The esrly symptoms of ltching and burning of the skin and
eves were probably due mainly to skin irradistion from ths fallout
meterial. However, the chemical natmre of this meterial may have
cortributed to the irritetion. It has been noted (3.13) thet
irritating chemicale applied during or shortly after irradistion
cnhance the effects of readiation,

The lack of prominence of an erythems was noieble, particular-
17 in view of the saverity of some of the lsslons thet developed,
%ilhelmy (3.14) states that erythems only occurs when the dose
reeching the papillary leyer exceeds a certain level. Perhasps the
dose %o ths dermis wes ingufficient t¢ evoke the response. On
the other hand, the dervkness of the skin and the developmont of
nyperplgnentetion may have masked an erythema. MNicroseopicelly,

2 supsrficiel hyperemle was not a2 notsble fipding,

Firth and Reper (3.10) peint out that they wers impressed
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in their studles on P32 padistion of the humen skin with the
difficulty of distinguishing between true erythema and tanning,
particularly in the skin of brunetie individusle. Color filters
were not available to aid in distinguishing en erythema as suggesi-
ed by Harris gt gl (3.15)

In genersl the lstent period before development of cbvious
signs and symptoms for all rediation injury is inversely propor-
tional to the dose of radiation {3.16, 3.17). In the
vresent serlies of cases the relstively long latent period is
suggestive of a low dose of radiation. However, the wide spectrum
of beta energies and perticulste destribution of radicactive
materisl drastically altered the depth dose, as compared with
that in previous experlence; hence strict comperisons cannct be
mede. The later development of lesions in the Allingmse and
Rongerik groups as eontrasted with the Ropgelap pecple 1s in
keeping with the relative severity of lesions noted.

A unique feature of the present cases was the spprecicsble
differences in latent period observed for leslons on various
parts of the body. These differences cannot be explained entire-
1y on the bmais of severity, since the severe foct lesions de-
veloped alfter most other lesions. However, the severity might
have been a manifestastion of the dependent posiition of the foot
rather than greeter radiastion injury. lLesions on flexor sur-

faces in general preceded lesions on extensor surfaces. The
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present deta suggest that the latent perlod and radietion sen~
sitlvity of various skin aress may differ. Previous work has
shown that flexor surfeces with thinner eéidermis are in general
move sensitive than extensor surfaces with thicker epithelium (3.13).
The destructive and atrophic chengee of the epidermis, dis-
turbances in keratinization, and strophy of hair follicles ere
characteristic of histopathologic radiatfon injury of the skin{3.9,3.13,
3.18, 3,19, 3.20,3.71 o 3031)e Severs injury to the dermis end
blood vessels was not observed. The minimsl dermsl injury with
severe epldermal injury is in keeping with the low energy bets
component present and the marked decrease in depth dese over a
distance of a few microns from the surface.

Hy,..ipigmentetion of injured areze was a consistent find-
ing in the Mershallese, the Japsnese, and the Amerlcan Negroes.
Pigmented lesions were also observed to s lesser extent in the
white fAmericans. Pigmentation of this nature has not bewn de-
scribed as s constant characteristic of radiation damsge to the
skin., With respect to the rapid hezling, the vesicle formatlon,
and albisence of late breakdown of the irradiated areas, the lesions
resenbled & severe sunburm.

There is po satisfactory explanation for ths darker duskye
gray color that appeered im some of the skin lesions as healing
prograesged. The color changes may be dus to altarations in local

pilgment production, vssculsr changes, or a thinning of the epidermis;
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rendsring it more translucent with resultant derker anpearance of
the pigment layer. Later blopsies may explein this phenomenon.

There are features of the lesions described that appear
unique, e.g., the gbsence of visiable multiphasic responses, the
pressnce of early hyperpigmentation, the long latent perioeds, and
the severe epidermal injury with minimel dermal injury. It is
possible that differsnces may in part be on an raclsl basis.®
In addition, the marked difference in histologic response of ths
epidermis and dermis in the present series is in marked contrast
to the usual radiation response of the skin produced by high
energy X-or betez rays.

In Table 3.3 are listed the approximate minimal surface
skin doses required to produce recognizable epldermsl injury in
enimels. It is aoparent from the Tgble that bete ray energy is
of considersble importance in determining the degree of injurys
A number of assumptions, including knowledge of the bets ray
spectrum from the fallout, would have to ba made if these data
were 1o be used to eetimete blolopically the bata dose recelved
by the Marshallese. The difference 1n dose between that required

to produce threshold skin damage and that for permanent damage in

*Reported clinical experience with redistion skin lesions is
based predominantly on the response of white-ckin pecple, where-
as tre tyrs of leziong described herein, with one clear cut ex-
ception, were observed in Japanese, Marshsllese (negroid), and
Americsn negroes. The exception was a dark brunette individusl.
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pigs 1s 500 to 1000 rep (3.30),

It is impossidble to estimate the probability of development
of rediation cencer at the site of the healed lesionas. The eb-
pence of scarring, telangiectasis, snd extensive chronic vascular
lesiocns tends to improve the progncsis since "radistion cancer?
enparently develops in ths scerred arsas in which the blood supply
is impaired.

A favorable prognosis ie wlso suggested by the follewing
orldence: an anslysis of 1100 individusls exposed to low voltage
I~rgy for deormatological conditions.revealed no evidence of cencer
induction 5 to 23 years after trestment. MacKee (3.13) states
that epitheliomata rerely develop after & single dose of redietion
to the skin. lastly, the incidence of skin cancer in negroes is
ore sixth to ore ninth the incidence in Caucasians (3.33),

If peoplesla can develop purely as the result of epidermsl

$rradiation, hewever, late cancers are obwiously possible.
S8inecs meny children and yound edults were involved, the 1ife ex=-
pectency of a large number of the exposed people will excesd the
long induction period for development of radlation cancer ob~
served in radiolegists. Long expopure to tropical sumlight,
potentially carcinpgemic in 1ltself, may increzmse the probability
of neoplasiiec change. The influence of the sub-lethsl whole
body exposure received by these pecple on akin cancer induction
1= not Imown.

The transverse band of pigmentation that was cobasrved in the

finger nails has been previously observed by Sutton (3.34) in a
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negress who received 150 r of soft x-rey to the haends. The nature
of the pigment is not known. Sinee it occurred in =11 exposed
Ameriecan negroes, many of the Harshallese and none of the Americean
whites 1t 1s s radietion response pecullar to negroid racea. The
plgmentetion was apparently produced by as little as 75 r of

garma radlation since the Ameriecan negroes developed the phe-
nﬁmenbn in the ebsence of slgnificant contamination of the hands.
3.8 Copclusions

As a result of this aceident the following conclusions can
be drawn with reapect to bete damasge to the skin,

a. Serious skin contamination of personnel from fallout msy
occur many miles from the detonation of a nuclear device. Re-
sultant radlatlion damage to the skin ray e ths mujor radistion
effect under conditions where early svacustion fron the field of
radiation reduces the whole body exposure.

¢. Decontamingtion of the skin must be prompt to be effectis
because of the initial high bets dose rate.

d. A latent perlod of a few days to 3 to 4 weeks may
8lapse before signs and symptoms of skin damage are svident.

e¢. Clothing and/or any tvpe of shelier gives almost ecomplete
protzction to the eskin.
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Table 3.2

Iesions in Aflingnee and Rongerik Groups

(A1l Negroes)

nae) (Rongeri.k
| 12 1e 28 people)
Type of Per Gent | Per Cent
Tesicn of Totel l:an Erime of of Total M:a.n ';‘rim of
with Lesions| ~PPO&Yamcd | .,y Yesions| SPPRETENCE
|
Epilation 16.7 27 3.5%% 42 {
|
R e T e e e v [
Lagiong of': i
Sealp & Face 2.9 26 10.7 32 :
Heelk mnd :
Shoulders €1.0 27 o3 30 '
Back 0,0 7.1 28 E
axilla 22,2 24 3.5 23 |
Antecubital ;
Fossae 11.1 28 25,0 29 t
Sand & Yirist 5.6 3 305 47 ‘
Foot 16,7 33 3.5 43 ;
{
legs 5.6 44 0.0 s
e—.!
hell |
Discoloration 777 38 17.9 Lo i
]

4 Dars posi-exposure

## Ore case claimed slight epilation.

Queationable.



Table 3.3

Surface Doses in rep Required to Produce Recognizseble
Epidermal Injury

Avorage Surface
Investigator Animal Isotope Energy (liev) Dose {rep)
Honshaw, et &l (27) Rate p>2 .5 15004000
Reper & Bernes (25) Rats p? 5 4000
Raper & Bernes (25) Kice p32 o5 1500
Rapexr & Barnes (25) Rabbite P32 b 5000
Lushbaurh (6) Sheep S‘rgn o3 2500=5000
Henrigques {30) Pirs s o 05 20,000=30,000
¥oritz and €0
Henriques (30) Pige Co | 4000=5000
Yoritz and 177
Henrigues {30} Pigs Cs 02 2000=3000
Horitz and 90
Renriques (30) Pige Sr o3 1500-2000
Foritz and %0
Henriques (30) Pics Y o7 1500-2000




Fig. 3.1 Comparison of the incidence and time of
appesrance of epllation and neck lesions in

the Rongelep and Ailingnae groups
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COLOR PLATES
Plates 3.1 to 3.17 Legenda to be supplied by (DR R. A. Conard

Plate 3,18 (X100, B&F) Epidermis; Extensive transepidermal damage

with less involved zones on either side. loose laminstion of stratum
corneuws, absence of stratum greanulosum. Parekeratinization with
exfoliation of pigment conteining cells., Disorganization of the
Malpighien layer. Dermias: Mild edema of para papilieris with indi-
stinet cepillsry loops, loderately pronounced perivascular cellular
infiltrate (lymphocytes and mcononuclear phagocytes), in superficicl
corium with mild telanglectesie,

Plate 3,19 (X300}, HEE) Epidermis: Arcades of pinimal damage occur

in relastion to exerstory ducte of sweet glands. Stratum granuloawm

of good width and shows scant alteration, Underlying Stratum Malpighll
shows marked decrsase in pigment. In the deseper portion of the over-
1ying, loosely laminated stratum corneum moderate amounts of pigment,
howaver, sre present. One nsrrow arcade of more severs trrnsepidermnl
demage shows alteration of the stratum granulosum with intercellulsr
edms, pyknosis, swollen nuclei, and pigment scattered throughout. The
latier 1c especially dense in the contiguous parakeratotic material,
Dermis: A moderate cellular infiltrate, chiefly perivascular, is

most proncunced in the superficisl pars reticularls where there is e
mild telangiectasis.

Plate 3.20 (X100 Case #26) Transepidermsl damsge vith disorgeri-
zation of the lelpighisn layer. Stratum grenvlosum absent. Malpighier
and basal leyer only two to three cells thick with exfoliation of pig~
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ment outward towerd parskeratinized zone adjacent to stratum
corneun, FPigment laden chromatophores and higtiocytes in pars
papilleris of corium., ILatter is edematous and infiltrated by moder-
&te nurbere of lymphocytes, mononuclear phagocytes and scattered

P.B.n. loukocyies. Capiliary loops indistinct.
Plate 3,21 (X100, HEE) (Case #63) Transepidermal damage with disor-

ganization of the lalpighian layer. Slight parakeratosis. IlHdgration
or exfoliatlion outward of pigment. Loose lemination of stratum
corneun. FPigment laden chromatophores end histiocytes in superficial
pars papilleris of corium., Marked cellular infiltraticn of pars
pepillerdis. Slight telanglectasis of superficizl pars retieuliaris,

Plates 3.22 and 2.23 show leslions at 53 days post exposure.

Fiste 3,22 (X103, HEE) (Case ;#75) loose lamiration of stratum
corneum with outward paplliary projoctions and resultant "rugose"

appearance. Stratum granulosum of good width., Basal and kzlpighiarn
loyers distinet with pigment present. Slight edema of corium with
mild telengiectasis and elight increase in perivascular lymphoeytea

and pericytes. BSmall, atrophie hair follicle adjacent to sebacecus

glend, =~ in mid pars reticuleris,
Plate 3.2 00, HiE) (Case } Same as 3.22. Occasional peri-

Quclear cytoplasmic halos in mid stratum granulosum. Loosely lamin~
ated stretum corneum. Pigment laden chromatophores in superficisl
coriun alcng with occasional lymphocytes and mononuclear phagocytes.
Plste 3.24 shows lesions (second biopsy) at 46 deys post exposure.
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Plate 3,24 (X100, H&E} (Case #39) Narrow rugose epidermis with
pepillary extensions downward of Stratum Malpighii., Iatter are
heavily lsden with melanotic pigment. Slight telangiectasis of pars
pepillaris and pars reticularis of dermis. Ocoasional pigment laden

chromatophores in superficlsel dermis.



Chepter IV !

ARy Hamelolocy

4ol troduc s

Since it is generally agreed that a depression in the formed
elemente of the periphersl blood is the most useful practical
clinicel index of the degree of exposure to ionlzing radistion, a
svstematic study of the leukoeytes aznd platelets was relied upon
as a major aid in evalusting the clinical status, severity of
the radiztion injury, and prognosis of the exposed individuals.
Animal exverimentstion had previously shown the: the rate of de-
velopment and magnitude of the depression were equally impertant
in evalusiing the severity of radistion injury. Since there had
bean no previous exposure of human beings to slgnificant arcunis
of falleout redistion, no hemetologicel dsts known to be girietly
applicable®* were asveileble for use as & gulds in the evalustion of
the exposed Americans and Marshallese. Accordingly emphasis was
placed on systematic serial studies, utilizing & few highly staend-
ardigzed hematolagic determinstions to insure th:t individual end
group trends would have meximum velidity. Since 1t was known that
the Utirlk group had received a very small dose of rzdistion compar-
ed to the other exposure groups, less extensive determinetions were
carried out on these peopls,

4o2 Geperal Kethodp
Hematologlical examinations included total leckocyte, neutrephile,

*a large literature on the hemstologic eoffects of radlation existc;
however these date were not relled upon for direct comparison snd
eveluation of the exposed Individusls for reasons thst will be indicet~-

ed later in the discussion.
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lymphocyte and platelet counts, and hemetocrit determingtione.
Thenever possible an entire exnosure group was studied in s
gingle day. Oceasionally two days were requlred to complete the
lerper groups.

Capillary blood wes used, usually obtained from the finger but
occasionally from the heel or ear. Two vilpettes each for total
leukocyte and platelet counts were filled. From each pipette a
single hemocytometer chember was filled. All plpettes were rotet-
ed for ten minutes, and the cells were sllowed to psttle for ten
minutes in the hemocytometer chamber before counting. A three per
cent acetic acld diluting fluld wes used for total leukocyte counts.
The blood was diluted with 1 per cent armonium oxalate for platelet
counts end counted in flet bottom hemocytometers using & dark phace
contrast microscope (4.1). Two blood smears were made with each
exeminztion; vaing & beveled end glass slide for spreading. One
blood smear was fixed in methyl alcohol. The othar was stazined by
kright®s method;, from which & 100 cell differential count wes made.
Hemgtocerits were performed using heperinized capillary tubes.

One snd of the ceplllary tube was heat sealed and the tube was
centrifured in an ALOE centrifuge at 12,500 rpm for five minutes.

Every effort was made to msintzin uniform procedures in every
phase of the laboratory work. The number of personnsl changes for
a glven procedure was held to a minimum; personiel drawing bleod
from a single puncture were sufficient in number tec allow all

semples samples to be taken in repid succession. All tims interveals



were ricldly controlled.
4.3 Methods of Tresting Dgtm, Control Growpe

Pre-expogurs blood counts were not available on the exposed
Marshellese or Americans; hence the indivicusls could not be used
as their ovn controls. In order to estimete the severiiy ol ths
hematologic resoense 1t was necessary to establish control groups
as comparable as poscible in respect to ape, race, sex, background,
and bhabits. 4 Mershallese control group living on Majure, comparable
with recpact to sgs and sex to the Rongelsp people, was used as the
Marshallese control group. For comperison with the exposed
Americans, blood counts were msde on approximately 85 Amerlcen
maies, on cuty at Kwejelein. All who hed not been on duty in the
tropies for more than tmo months were excluded since the exposed
Amsricans on Rongerik hed been in the area for about two months ba-
fore exposure. In addition several who were recenily sssocidated
with rediozctive meterisls were excluded. The resulting smaller
grovp of (7 was used as the Kwaj-Ameriesn control group.

Preparatory to enalyzing the hemstological results on the ex-
posed Karshzllese, deta from the control Mejure Group wore examined
to determine If there was an ege or sex dependence in the hematelogic
observations (Tsble 4.1). 4lthough the meutrovhils count was in-
dependent of age, the lymphocyie counts were sigrificantly higher
in the younger ape groups; however e relstive depresslion enpeared
to cceur at about age 15.

The total leukocyte, neutrophile snd lymphocyte counts were in-

dependent of sex. The hematoerit of femamles wae lower than that
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of males, particularl&fin the child bearing ape grroup. The age
and sex dependency of these endpoints 1s compersble to that in
publisted data (4.2 end 4.3).

Tc obtain valid comparisons within and among the varlous ex-
posure groups, they were stretified in sccordance with ege or gsex
dependency noted for the control groups. Althourh each individual
in ell groups was studied hematoleglcally, those Marshallese with
gerious lorg~standing disesses were omlitted from the analysis.

A total of two from the Konpelap and two from ths Kejure grouns
were onltied on this basis.

In the following descriptlons and comparisons of the date,
findings in the exposed groups are usually expressed in terms of
per eent of the appropriste control group. It shoulld be noted,
hovever, that in observaticrel studies of this kind, unknown factors
c»uld poscibly account for part of the differencss nsted betwean
th: control and exposure grcups even thougk sll posslale measures
woie taken to select & comperable contrsl group. In addition, 1%
wae not porsible to obtain more than & single tlied szmple on each
cornirol individuel. For these reasons, staticti:el tesls of sig=
nificance vere applied mainly to time changes withlr ar exposurs
group, znd not to differences between contrel and exsosure groups.
For the purpose of detecting elgnificant chanpes ir the hematolog-
iczl pattern, nomparametric tests {(i.e statistical tsats for whilch
it 38 not recescary to sprecify the functionnl cdistribution of the
verdate under syudy) were used (4.4 to 4.9). The advantapss of
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ronmperametric methods have been summarized (4.10)«
Lot Hemrtolepieel Findines, Genersl

Totel leukocyte, neutrophile, lymphoecyte, nonocyte, platelet
end eosinophile counte for the several expocure groups are given by
éey end by age in Tables 4.2 to 4.5. The mezn hotel whits count,
reatrooshile, lymphoeyte and pleielet counisz at the times of posk
depression (time over which counts were consistently the lowes%)
sre chowr In Tebles 4.6 and 4.7 for esch 1adividuel in the Hongelsp
erd Adlirgnae groups, respectively. Henatological findings es a
furstion of time end age sre shovm also in Figures 4.1 to 4.8,
Ths cumalative distribution curves for the various oxpesure groups,
using the averere of counts obtezined over the porisd of mayimunm
depressicn (Ceys 32 to 51 for leukocytes; days 25 to 30 for plate=
lets) are shewr in Figures 4.9 to 4,11.% In tho fipures enphanic
is nlazed on the Individuel blood elemenis rathst then on the totsl
leuitveyte count; since the compcngnt elompents have distinct and
differsent tire trends after irracistion.
4.5 BRoncelar Grown

Tae absclute neutmeohile eount of both ths younrer znd olider
age grours fell durin- the ssconc week vo o velua, snproximatoly
70 tc 80 par cert of that of the controls (ses I'ig. £.1). Follaw-
ing the depression of the total neusrophillz ecount durirs the secont
veak, the values were unstavle untll the fifth waek. At this tims

the begirninge of & second drop (P<C 0.01) wes noted for both age

*Ir. the Utirik group the cumulntive distsibution cvrve for platel:.
eounts only 1s presentad since hemetolegical detorminations in this
group were not made during the 39 to 51 day pariasd, used for laukocy .-

csuperisens ameng the other groups.

102



grcups, and & low velue of aporoximately 50 ver cent of conirols
vias reachad. The count was maintained at approximately 75 per
cent of control values from the 7th week to the end of the study.
Although both age groups followed the pame genersl time vattern
of responsa, the lower age group was below that of the older
greup throughout most of the obmervation veriod.

The sbsolute lysphoeyte count of the older mge group (Fig.
4.2) bad fzllen by the third dey to a value approximately 55 per
cant of the control group. Thias value wes meintained throuchout
the study, and there was no definite evidence of an upward trend
during the study. The values for the younger are group likewiss
foll before the third day to a value approximately 25 per cent of
the control, following which there was a significent upward trend.
With the totzl lymphocyte ecount, there 1p & consistent difference
batwesn the two aée groups., However, during the first four wecks
the differsnce is acecentusted vwhen expressed sg per cent decresse
because of the relatively high lymphocyte levels in the lower age
control group. After this period the differences expressed as
per cont are less marked since recovery wers more rapid in the
younger age group.

The celluler elements chilefly responsible for the fluctustions
in total white blocd cell count can be determined by compsring the
total vhite, neutrophile and lymphocyte counts (Fig. 4.3), It is
soen thet the lymphocyte count remained esssntially constant through-
out the period of study, while the tetal neutrophile count fluctuei-

gd with e pattern essentially identicsl to thot of the totel white

blocd count (coefficient of correlstion of 0.9). Thus the flﬁiﬁ-
19
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tions in total count were due to chansres in the neutrophile count.
Thie was true of both the clder and younger sge groups. It can
be seen from Table 4,2 that the neutrophile count was consistent-
ly greater then the lymphocyte count in the older age group. In
the younger groups, differences in the neutrophile and lymphocyte
count wers less marked and on six occesions the lymphocyte count
vas greater then the neutrophile sount.

Pletelets wers flrst ¢ounted 10 dsys after exposure, at which
time platelet velues of the older age groups were approximately
70 per eent of the control group (Fig. 4.4). PFollowing thie, the
platelet count fell reaching & low of spproximatiely 35 per cent
of control velue during the 4Lth week. The platelet count rose
during the 5th week and reached the velue noted for the initial
counts on the 10th day. A second decrease in the plstelet count
(P 0.01) developed during the 7th and 8th weeks, and valuss
remained at epproximately 70 per cent of the control group during
the remainder cf the ovservation periocd. The pattern of plstelet
counts in the below l5-year group was remarkably similar to that
noted in the older gge groups. Differences between the sge groups
were less epperent if the platelet counts were expressed es per
cent of the controp group.

L.6 Allinemse Group
In this grouﬁ thare were only three individuels below age

five, For this reason, remsrks will be conflned essentielly to

the older are group.
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The absolute neutrophile count fluctusted sround the control
value for the first 6 weeka of observation (Tahle 4.3). At this
tima the counts begsn to fall, end & value spproximately 75 per
cent of the control count wes resched and mainteined throughout
the duration of the obgervation perlod. The lymphocytes in this
group fell to a value of 55 per cent of mormal during the first
woek. The counts then fluctuated around this value throughout
the period of observetion, and no definite upward trend of the
lymphoeyte count was noted during the periled of observation.

As was noted in the Rongelap group the lymphocyte counts re-
mained at sn essentially constant low lavel throughout the period
of observation. The total leukocyte count in this group also re-
flacted changes in the neutrophile count.

The platelet counts in the Ailingnae group were low, approxis
mately 75 per cent of normal, when first enumerated on posteexposure
dey 10, The counts remeined et this level during the second end
third week, however, a definite fall in count was noted during the
fourth week when a low velue 45 ner cent of control was attelned.
The counts returned during the {ifth week to a wvalue apnroximately
70 par cent of the control level, where they remeined for the dura-
tion of the observetion period. A secondary fall, as observed in
the Rongelsp group was not detected.

4«7 Wiirdk Group

In the greater thsn 5 age group the total white blood cell end

neutrophils counte werse depressed slightly below control values dur-

ing the first snd second wecks (Teble 4.4). The lymphocyte counts
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vere below control levels consistently, and the total white count
equal to tho control value cbtained on day 29 was due to a neutro-
philic leukoeytosis.

Platelet ecounis on the 29th day were significantly lower than
on the 19th dsy eand were lower than control vaelves. The 29th dey
coincldes with the time of maximum depression for the more heavily
exposed groups,

4.8 Ropgerdk Group (Americans)

The neutrophile count in general reflected the time course of
the total leukocyte count {(Fig. 4.5). Neutrophiles accounted al-
most entirely for the marked rise in total count on poeteexposure
day one, and the values for absolute neutrophile count fluctusted
near the control values thereafter in the course of the study,

The lymphocyte counts fell to belovw control levels in the first
few days, and remained et & level apnroximately 75 per cent of
the control velus throughout most of the remsinder of the observa-
tion period.

In the Rongelsp and Ailingmse groups the fluctuations in the
total leukocyte count were accounted for elmost entirely by changes
in the total neutrophile count. The Rongerik group differed since
the changes in total leukocyte count were reflected almost equally
in the lymphocyte and neutrophile count. The significance of this
difference in response in the two groups is not apparent.

The platelet counts Fig. 4.6 were not markedly depressed when
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the initlsl counts were taken during the third week. At the end
of the third week, however, the platelet count began to fall to
reach a low of approximately 60 psr cent of control levels at the
end of ths fourth week. The value then returned to approximately
the control level at the start of the seventh week, following which
e second depresaion was noted. The platelst counts were at a level

of 80 per cent of the control value at the time of the last observe~

tion dwring the eighth post-exposure week.

Fron Table 4.2 it is seen that the mean monocyte count for the
Rongelap group rose abruptly from an early velue below contrel
levels to 3 well defined peak on day 12, following which it fluctuat-
ed &t valuss belor the control level for the duration of the observa~
tion period. 4 simllsr time trend was noted in the A4ilingnee and
Utirik groups.

The eosinophile count in the older age individuals, Rongelap
group, rose from very low levels observed on day 3 to walues ap-
proximating 35 per cent of control during the second week, where it
renzinad from the third to the fifth week (Fig. 4.7). The counts
then decreased {P<C 0.01), and remaired at a value approximately 15
per cent of control throughout the remsinder of the study. The
timc trend of response was pimiler in the younger sge individusls,
however changes in the younger age group were relstively greater if
congidered in terms of the control values. Similer trends in
eoginophile count were not evident Iin other exposure groups.

It 4s possible thst the rise in eosinophlles represents that

roported as occurring * two to three weeks after shori-
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wave-length irredistion" (5.11),
4010 Homatocprit, A1l Groupg

The hematoorit values for sll exposed groups are shown in
Table 4.8 and in Fig. 4.8 (a detalled breakdown of hematocrit by
age and sex for control groups is given in Teble L.l). Fhen
henatocrits wers first done on the 22nd day, mesn values for the
Rongelsp and Ailingnae groups were below those of the econtrol pop-
ulation. 4 significant trend in values after thie time could not
be detected statistically. .
4.11 Morpbology of Peripheral Bigod

Significant morphological cellular changes, with the exception
of a small pumber of ebnormal mononucleer cells® geen in & number
of individusls during the period of neutropenie, were not observed.
Similarly altered cells have been observed previously (5.11). Com-
plete evaluatiorn of these changes in the present study would necea-
gltate en exhgustlve serisl study of the hematology slides.
4012

It is seen from Tables 4.2 t¢ 4.4 and Figures 4.1, 4.2 amd
4.4, that differences in the degree of depreesion of cellular els=~
ments were present between children and adults. In Table 4.9, the
mean values of the neutrophile, lymphooyte and pletelet counts at

* There wae considerable difference in opinion in respect to
clgesification of these cells. They were clessified as satypical
monacytes, degensrating lymphocytes, atyplcal myeloeyles, monocyteld
lyrphraytas, and lymphoeytes ir trensition to myeloeytes. At the
tine of this report there wes no unanimity of opinion in respect
to classification and significance of these celle,
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time of pemk depression for sach slement are giver in terme of
absolute count and per cent of appropriats control value (mwean
platelst counte were calculated for ths lase than 5 and greaster
than 5 age groups for this comparison).

It is seen that in terms of abesolute counta, the children
showed & greater depression of the neutrophils count, and the same
degree of depression of the platelet counts and lese depression of
the lymphocyte count. These differences can be most easily describ-
ed at the time of peak depression. Expressed as per cent of conirel,
all elemenis were affected more mearkedly im the younger aege group.
These results would indicate that children are more sensitive to
radietion, or that other blological or physical factors resulted

in a relatively grester effect.

4.13 Placugsiop

4.13.1 Genergl
An estimation of the severity of radiation damage incurred

can be attempted by comparing the present results with previous
heomatological data on total body exposure, The present data re-
present the only large serles in which systematlc s3srisl counts on
the same individuals have been possible, and thus they comprise
the moet complete dats available on human beings exposed in the
high sublethal renge. It is aleo if importance, therefors, to
exemine the present results in conjJunction with past experisnce in
an effort to gain a better understanding of the hematological re-
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gponse of humen beings exposed to penetrsting redistion in the sub~
lethal range.

In the following discussion it will be generally aesumed
that the hemstological effectes noted were due primerily to the
penetrating gamma radiation received. The beta radiation injwry
of the sklin may have contributed to fluctuations in the white count

,during the period of active leslons during the third, fourth and
fifth week, but is considered not to have contributed significant-
iy to depression of eny periphersl elements (see Chepter 3). The
degree of internal contaminstion with fission products (see Chapter
5) wep probebly too small to contribute significantly to the early
hematologlesl effects observed. Although it is not possible to
say with certeinty that these added factors did not materielly af=
fect the hematological pattern seen, it will becoze evidant $n
the diacusslon that the chenges observed ere not inconsistent with
those to be expected from exposure to penetrating radiestion alone.
Thus the hematclogical changes noted mre considersd to be the re-
sult of a single exposure to penetrating gamm; radiation, deliver-
e3 st repldly decreasing dose rate over a periocd of approximestely
tro days. Unless otherwige stated all discussion will b limited
to the older Rongelap group,

The principle sources of previous data available for compsriscn,
and the characteristics and limitations of each are summarized in
Table 4,10. Perusal of the table will make epparent the difficulties
involved 1n attempting striet comparlsons; howsver some statemenis

can be made despite the obvious limitations. For easy reference,
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*normal® valuee for peripherel blood counts, from the present data
and from the literature are presented in Table 4.l1ll.
4.13.2 Comparigop with the capanese data

The limitations stated in Table 4,10 apply to the Japanese low
dose groups” B to H in partiocular, in which values given (4.12,4.13)
are poolet_i and include individuals located at the time of the bomb-
ing such that they may not have received significant exposurs.
Hance, whils the patterm of change with respect to time 1s of
valus, abscluts counts probably are high, The time course of hewma-
tologiecsl change in the Rongelap 'people corresponded most closely
with these low exposure Japanese groups in which definite signs of
ssvere radiation exposure were present in some individusls but in
which essentially no mortality oceurred (initisl hematological
studiee on the Jspanese termivated at 15 weeks). The sarly period
up to aporoximately 6 weeks was characterized by considerable varla-
tion in total white count in both the Bongelap and Japanese people.
This fluctuation may be associated with the presence of thermsl or
other injuries in the Yapaneee or the active skin lesions in the
Marshallepe, or may correspond to the "abortive rise® noted for
aninals following expoeure (4,17, 4.20. From the sixth week until
the termimation of the acute studles on the Marshalless during the
tenth week; the Japanese asnd karshallese counts remeined at similar

levels,

* The Japanese casualties were divided into groups A to H on the basis of
degr2e of exposure as determined roughly by distance from the hypocenter
and approximate degree of shielding. In groups E to H essentlslly no
mrtality asoribables to radiation exposurs occurred in the first 3 or 4

moninhs.
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The neutrophile coumt in both the Japanese and Marshallese
in general paralleled the total white count. The lymphocoyte count
in both groups was depressed early and remained depressed at
values of approxinately 2000 until week ten. The high valus of
2692 reported for the Japanese for weeks 12 to 15 must be guspect-
ed of being high for the reasone given in section 4.13.2.

Three characteristios of the Japunese hematological trends
shoud be pointed out: a) while high dose exposure groups with
significant mortality showed early depression with a definite low
point at 4 weeks, the lower doae groupe showed no definite minimum
at 4 weeks but rsther a continued depression until the 8th er %9th
seeks. b) While the mean values for total white and neutrophilc
counts for even the heevily exposed groups had returned to within
the "normal" range for individual counte by 8th or 9th wesk,
neither of these valuss for either the high or low exposure groups
had retwrned to the mean levels of any of the control populations
1isted in Table 4.11 at thls time, nor by the end of the study at
15 weeks." ) Lymphocyte counts remained depressed at least through
the 12th week and probably through the 15th week.

The presemt findings in the Marshallese are in accord with
these oharacteristics, namely a) total white cell and neutrophile
counte showed no definlte minimum at 4 weeks as evidenced in

Counts 2 yearz leter were not significantly different from

control Japsnese values {5.18).
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Japanese groups 4 to D, but rather fluctusted during the first
few weeoks with ninimum meen counts ocewrring in the sixth week or
later. b) Feutrophile counta wers unstable over the first 5
weaks, and recovery to control levels was not complete by the 10th'
week. c¢) Lymphocyte counts remained depreased throughout the
period of obaervetion,™™

Pletelst data in the Japanese are not sufficient to allow
more than rough qualitstive comparisons. This is unfortunsts
gince changes in plstelet counts in the present studies appeared
to sghow a more conaistent pettern than did the leukocyte counts.
Platelet counts on ons individuel considered es atypical response
i3 8 pon fatel Japanese (4.13) indfcated mn apparent low et ap-
proximately dey 30. This time trend agrees with that seen in the
Marshallese and Americans exposed to fallont radistion,

It is worthy of note the perlod of pesk incidence of purpurs
in the Japanese victims occurred between the 25th and 30th day,
which correaponde to the time of maximum pletelet depression in
tha exposed Marshallege.

4.13.4 Comparigon with Data from laboratory Accidexte

Although 3n the los Alamos and Argorme accidents (4,15, 4.16)
the type of resdiastion and the conditions of exposure were markedly
different from either the Japanese or the Rongelsp aitustions, a

*'Gounts on the Rongelep people 6 months after exposure showed
no elevetion of the mean total white count, neutrophils or lympho-
cyte counts over valuss obiained during the 10th week.
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lzrge component of penetrating gamma radiation was received anmd
thus attempts at comparlson may be of valus. Some findings in
the hematological responses are pointed out: &) a unifirm early
rise in white and neutrophile counts over the first few deys,
girilar to that seen early in the Rongerik American group was ob-
served unifomily: b) Of three high-exposure but non lethal
czees, the total white and leukocyte counts contimned te show some
degree of depression into the 7th week or beyond. ¢) The lympho~
cyte counts in individuels exposed to as little as 50 rem showed
an initial merked depression. In most cases the lymphocyte counts
remained at low levels throughout the period of observetion. &)
Pletelet counts were done by a different method, and absolute
counts are therefore not comparsble. However, of the {bree high~
dose survivors, times of maximum depression were mot inconsietent
with the valus af 30 deys obtalned in the present studies.

The /rgonne leboratory accident (4.16) involved four individuale
vho were estimated to have received 136, 127, 60 and 9 rep, respect-
ively. The findings in the twe highest exposed individuale in
genersl were consistent with those in the present study. An initiasl
neutrophilic lsukocytosis wae followed by fluotustions in total
count, with low values continuing into the seventh week. Recovery
wag not complete by the twontieth week, The lymphoeyte count de-

presaion was rapid and marked, and recovery was not evident by the

® ¥ ecounts were taken on the Rongelap and Ailingnae groups

during this early period,
11, W



twentieth week. Minimumr values for the platelst count were obtained
between the 25th and 3lst day.
4.13.5 Gomparison with Auimel Dats

The time trends and severity of peripheral blood count change
following totel body radiation in animals has been critically ex-
amined recently (4.17), and the following general conclusions are
presented,

a) An initial rise in totel white count (reflacted in the
neutrophile count) may occur. Thereafter the magnitude of depres~
gion of ths totsl white and nmsutrophile counts, and within limits
their duration are s function of rediation doset A secondery or
gbortive rise in the total white count (reflected in ths neutrophile
or lymphocyte count) may occur, followed by a second decrease.

Thera is littls species difference in the rate of depcvession of

the totsl white or neutrophile count at oom;;arablo doses; however
the rate of recovery and time for complete recovery is quite dif-
ferent in various specles. Small animala {mouse, rat, hamster) show
relatively complete recovery to control levels, even at doses in
the lethal renge, by the end of the fifth week or earlier. Data

on dogs are inadequate to indicate when recovery is complete; howe-
ever return to control levele et high dose levels hag nmot occurred
by the fifth week. Swins require nine to fif'‘teen or more weeks

for complete reccvery.

b) The response of lymphocytes ia essentially identicel in all
animal species. Depression ean be detected within a few hours, and
recovery from the minimum values (aschieved in 36 to 48 hours) re-
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quires longer than does neutrophile recovery. Iymphocytes fall to
very low levels at doses well below the lethal range, and increas-
ing dose results in no or ainimal further decresss in count.
Lymphocyte depression appears %o have mo oausal relationship with
acute vadiation deaths,

¢) Platelet counts have been studied most extensively in
dogs (4.21), As with neutrophiles, the rapidity and magnitude of
depression is a funttion of dose below the lethal range. Maximum
depression oecurs by the 9th or 10th day with domez in the high
lethal range, by the 10th to 15th dey at sublethal levels. Re-
covery begine during the 3rd week, but is not complete by the 30th
dsy when most studies have been terminsted. Insuff'icient data are
availgble to indicate the time required for complete recovery.

Conslderable evidence including studies In the mouse using
splexic homogenates, induced bacterial infections end spontancous
infactions have indicated thet critical neutrophile levels exist
below which survival is correlated with the absolute neutrophile
count following whole body irradlation. From dsta on dogs, 1t ap=-
pears that survival 1z llkely unless nesutrophille counts remsirn be-
low 1200 cells for & period of tims,

Platelet data on dogs indicate that animale with externsl
purpura heve plgtelet counts of 50,000 or below.

Insufficient datz on large snimals are not as yet avalleble
to quantify the extent of meximum depression of either the nsutro-

phile or platelst counts as & functlen of dose in the sublethal
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range. The response of the platelet count in the present study was
much less subject to fluctuatlion than were the neutrophile or
lymphocyte counts. For the preceding reasons, systematic investi-
gation of the platelet and leukocyte counts in large animals as

a function of dose in the sublethal range are indiocated.

It 1z not possible to say at present whether severity of ex-
posure, or of radistion demege eorrelates betisr with sbsolute
levels of periphersal blocd count, or with degres of change from
controcl or prs-exposure levels. Some evidence on this point can
be gained by comparing the degree of depression of the neutrophile
and platelet counts in the Ailingnee and Rongerik groups, both of
which had essentlally the same calculsted exposure but for which
control hematological values were considerably different (the
lymphocyte count is not suiteble for comparison since degree of
depression was essentially the pame in these groups and the higher-
dose Rongelap group). At the time of peak depression for each ele-
ment, both the neutrophlile and platelet counts were essentially
identical in terms of absolute counts, but considersbly different
in terms of the respective contrel veluss. Thus some evidencs is
afforded that sbsolute counts, rather than counts relative to
control values, may be thr more reliable index of exposure in this
dose rango.

4.13.6 Avproximstion of inipel Leths) Dose for kap
Some indication of severity of exposure cen be gleaned from a

comparison of minimum individual counts in Japanese groups in which
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fatalities occurred. In general, e significant number of
desths was encountered only ir individuals whose neutrophile count
fell below 1000, In the Rongelap group 42 or mpproximately 50
per cent had neutrophile counts below 2000 at some time during
the observatlon perilod, and 10 per cent had counts below 1000,

By this criterion, then, the effective dose received by the Rongelap
pecple approached the lathal range.

In the dog and mouse (4.22), approximately 50 to 100 r are
required to lower the neutrophlle count by 1000 cella/'min3 in the
high sub-lethal dose range. If these data czr be applied to man,
an additional 50 to 100 r would have placed the dose well in the
lethal range. On the other hand, however, it is olear from the
present deta that neutrophile counts between 1000 end 2000 in human
beings sre well tolerated. Human beings with these levels of neutro-
philes show no c¢linical evidence of illness, are physically zctive,
and do not need prophylactic sntibiotic therapy.

The Rongelap pecple are estimated to have received 175 r ap
calculated from dose rate readings measured in sir in the plans
fission product field. From the preceding paragraph it 1s seen
that an additional 50 to 100 r of laboratory redistlion or an average
of 75 r, probably would have resulted in some mortality. Correct-

»
ing this aversge value geometry, it follows that the minimal lethal

.From goometric and depth dose considerations set forth in Chapter I,
1 Roentgen measured in sir in a flssion product fleld is equivelent in
its effect on man to approximately 1.5 Roentgens of penetrsting x-or
gaoma radiation under geometrle conditions usually used in the laborateory.
Thua the MLD for marn exposed to penetrating radistion under the usual
lgboretory conditious woula be approximately 335 r.
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dose (NLD) for man exposed in a fission product field is approx-
imetely 225 r measured 1ln alr.

It is possible alsc to estimste the added inocrement of dose
that would have resulted in some mortality smong the Rongelap people
from conslderstion of the minumum platelet counts observed, the
platelet levels in dogs exposed in the high subletha) range {4{.21),
and the estimated rate of decrease of platelet level with increas-

ing doss in thia dosage renge. Such an anslysis leads to the seme

conclusions es those derived from neutrophile data.

The relative valus of the several hematological detsrminstions
in estimating the degree of exposure, as well as the approximate dose

ranpes over which maximum sensitivity for each determination

exists, can be eatimated by comparing the degrae of hamatological

Tebles 4.2 to 4.5 and Figures 4.9 to 4.11. Lymphocyte counts were
depresaed apprecisbly even in the low-exposure Utirik group. In tks
higher dose groups, however, with widely different physical estimstes
ef exposure the lymphocyte counts showed essentially identicel degres:s
of depreassion. The lymphocyte counts of the Hongelap and Allingnsc
groups were constantly depressed at g level of approximatsely 2000
cells, Thus while sensitive at very low doses, this endpoint may

be a poor index of the degree of exposure =% higher doses. The
totel meutrophile count of the Rongelap group wes conslstently mere
depressed than was thet of the Allingnse group and the difference wau
of the order of 500 to 1000 cells. However, day to day wide

fluetuations in the neutrophile counts occurred. Accordingly
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this endpoint appeared to be of limited usefulness as an index of
reletive exposure severity except when counts on groups to be com-
pared are performed et the same time,

The plstelet count showed a more systematic trend than did the
neutrophile count. Differences between the low-dose Utirik group
and controls at the tinme of maximum depression for all groups could
be detected, and appreciable differences exlisted between the means
for the Marshallese higher exposure groups. Platelet counting is
ee easy as, end more reproducible than leukocyte counts (4.1, 4.23).
Thus the platelet count may prove to be a useful index of degree of
exposure throughout the sublsthal range.

The above conslderations are in asccord with previous findings
on humgn beings and enimals.

4.13.8 Copclusions

1. Consideration of the degree of depression of periphersl
cellular elements {ndicates that exposure of ihese Rongelap people
was moderztely severe, probably within 50 and st most 100 r of the
level chere ascme fztalities would have resulted.

2. The degree of effect evidenced in the Rongelap people 1s
not 1ncousistent with the physical estimetes of gama dose recelived.
Beta lesions of the skin, and the low levels of internel redicactive
eontamination observed ers considered mot to have contributed eig-
nigicantly to the henatological changes seen.

3. The extensive sorial hematologicel dste obialned, conzidered

in eornection with previous data, allow reasonably accurate character—
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ization of the hematologicsl response of human beings exposed to
single doses of penetrating radiation in the high sublethal range.
Tha time course of events is different from the! obeserved in large
animals and may be deacribed ag followss

a) The total white count incresses during the first 2 or
more days and then decreases below nmormal levels. The total count
then fluctuates over the next 5 or 6 wesks, with no definite minimus
ani with some values above normal {the presence of thermal or bete
lesions, or other acute processea during this time may account |
in part for these fluctuations). The eount becomes stabilized dur-
inz the 74h or 8th weeke at low levels, and minimum counts probably
ocour at this time. A definite treni upward 1s epparent 1in the
ninth or tenth weeks; however complete recovery mey rsgquire saveral
meaths or more,

b) The neutrophile count perallels the total white blood cell
coznt, Complete return to normal values does not occur for several
months or more. The initiel rise in total white count is due to
e nentrophilic leukocytesis.

¢) The drop in lymphoeytes is early and profound. HNo evidence
of recovery may be apparsnt several months after exposure, and re-
tusrn to pormel levels may not occur for months or yesrs.

d} The pletelet count, unlike the fluectueiing total leukocyte
count, falls in a regulsr fashion and reaches s low on the 30th
dev. Some recovery is evident early; howeyer as with the other ela~

ments, recovery may not be complete severel monpths after exposure.
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4. 48 an index of severlty of exposure, psrticularly in tho
svblethsl range, the total white or neutrophile counts are of limlt-
e¢ usefulness because of wide fluctuetions and because several
nzels may be required for meximum depresaion to baecome evident. The
lymphocyte count is of more value in this regard particulsrly in
tte low dose range, since depression occurs within hours of ex~
pcesure, However, since a marked depression of lymphocyie counts
occurs with low doses gnd since further increasc in dose produces

little more ceprassicn, this index is of 1ittle value at the
higher doses, -

5. Platelet counts showed a regular pattern of change in the
pressnt studles, with the same time of meximum ceprsegion in all
exposurs groups and with the degree of deprossica roughly pro-
pcriional to the csleulated doses. It appears, therefors that the
pistelst count has considersble promise In the rublethal renge es
a convenient end relatively easy direct method of determining the

degreae of exposure.
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Tahle 401

Hemetological Results, Control Groups

Ne. H
¥BC *
Control] Age | in Neutrophiles | Lymphocytes | Platelots Hemeteerit |
Group | {yr8)| Op. | (x 103) (x 103) (x 10§§e (x 104) {Per Cent)
F Gaml.«{
Mejuro | O-5 |22 | 23,2 48 7eh 38.8 38,5 | 7.3 278
(20} | (12) ) ¢z=2)
6-15| 14 | 10.6 4o8 5. 3286 | 4.3 | 4c.6]40.0°
(6) (8 | (¥
1550 { 63 | 9e4 448 4.0 30.9 | 46.8 | 4Coh | 4303
(29) | (24) | (63}
t
5000 | 9,6 5.0 3.7 2.7 | 43.6 | 2.8 43.0!
(20) | (&) | {47
5 91 9!:7 4.8 4.1 3306 45.2 4006 bl ;
15 | 37 - - - 38.5 - - -
15 |76 - - - 0.8 - - -
Kwal~ '
Avericsns| 18 |28 7.8 hel 3.1 23.8 449 :

I

" Numbers in parentheses indicate number of individuals in the group
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L rab1e 4.6

RONGELAP GROUP
MEAN BLOOD COUNTS AT TDE OF PEAE DEPRESSION

Ago Less Than 5

W.B.C. Platelets Neutrophiles Lymphzeying
(Average from (iverasge from (Average from (Avereze from
Dey 39 to 51) Day 26 to 30) Day 39 to 51) Dey 3% t2 5.}
Case o,
2 7220 10 2870 405
3 7320 155 2T 420
5 5620 115 2570 245
7 6230 105 3350 255
19 5650 115 3070 240
s 4750 85 2670 155
23 7150 195 4100 230
32 5450 g5 2600 265
33 5600 85 1670 357
L2 5500 80 2520 252
54 4750 145 2620 195
65 6050 i05 2520 240
69 4T70 115 k20 17
Age 5 to 15
3 3920 200 L0 232
20 5020 120 3020 135
HIA 5520 195 3450 157
26 6020 245 3470 232
35 5100 140 2700 25
3% 5120 130 2620 247
3% 4720 165 - 2600 15
o7 7220 320 L7320 RZ5
61 5600 105 2500 257
&7 5120 125 2570 152
e 4100 185 1800 17
g 4200 110 2320 172
76 5750 150 2800 227
Age Greater Thax 15

4 6420 130 2650 255
7 5220 195 2520 252
9 5410 - 125 2700 242
20 4550 105 2770 157
21 3120 85 1570 135
2 4670 150 3270 127
43 4050 105 2370 152
14 4570 55 2770 170
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— Tebls 4.6 (oontinued)

RONGELAP GROUP

Age Grester Than 15 {continued)

H,B.C. Platslets Noutrophiles Lymphocroat
Case Yoo {Average from (Average from (Arerege from (Avorag: Sren
Dey 39 to 51) Day 26 to 0) Dey 39 to 51) Day 39 to &1°
18 6100 45 4320 TR
22 4470 130 2500 180
25 6250 110 4050 o
27 6620 110 3600 28¢
33 5700 a5 3920 150
34 5900 125 3650 23t
37 5970 130 3120 257
40 5600 140 2450 287
46 4620 135 2350 210
FA- ) 6620 180 4050 222
52 5620 160 2970 24%
55 L4600 135 1450 27z
56 6170 125 3520 25¢
57 5020 55 2020 270
58 4750 80 2600 18
69 6970 160 4050 Y
62 8300 110 5170 pari
63 4270 é5 2550 L
64 5600 70 3220 207
6% 6100 145 2820 317
68 4600 120 =400 202
71 7950 105 4950 27
73 3970 60 2630 126
74, 9900 155 7250 255
78 5400 95 3350 1%
T2 7800 70 8120 250
a0 5670 100 2920 a5
8z 5250 1% 2620 247
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N reble 4.7

ATLINGNAE GROUP
MEAN BIOOD COUNTS AT TIME OF FEAK DEFRESSION

Aga Loss Than 5

H.B.C. Platelets Noutrophiles Lymphocytoa
(Average from (Average from (Average from (Average from
Case Koo Day 39 to 51) Day 26 w0 30) Day 39 to 51) Day 39 to 51)

6 9750 215 3470 5600

8 8350 185 3520 4350

&4 4570 180 2350 200
Age 6 to 15

48 6220 20 2970 3150

53 6170 240 3700 2500

81 4700 240 2320 21512

Age Greatsr Than 15

1 6170 175 3570 2370
i6 4670 195 2200 2270
28 6270 115 3720 2270
29 6750 15 4100 2220
31 5650 L5 2950 2450
TA S 5120 110 3050 2270
43 €150 215 3700 2000
45 5650 180 4170 1470
52 7050 95 3970 2900
51 7750 170 4620 2950
59 12400 105 8120 3670
7 5070 185 3000 Y750
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Table 4.9

Conparizon by Age of Meen Neutrephile, Lymphoecytse
and Platelet Counts in the Rongelap Group at the
Time of Pesk Depressicn

Type of Cell absolute Count x 107 | Pex Cent of GControl
Age ¢5 hga >3 Age <5 Age >5
Kautrophile 2.7 3.1 56 &
Lymphocyte 2.9 2,2 40 54
Flatelats 115 122 N 3%
135
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Teble Iieu

Kean Peripherel Blood Count Values for several Contro:
Populations (x 103)

.
Sowzce of
° ° Jepanese Kure, Americans* | Americens { Zwoi-
Ararican | jirjiv
L] - a ¢2 PN -
Deterzination 19!(.2} ig‘;’g 1?21%E49 (4.3) (4.2) Coatanle | Couls L
Total Whits Count 2.9 9.5 Ted 7.0 7.8 'z
Noutropiiiles 5.5 5.0 bed Lo3 4l &
I.-ymphoc:-‘*&es 2.9 2.8 2.,5 2&1 301 i'of
Lonoyie 0.6 0.6 0.3 Cols 03 0.2
FEosirophiles c.9 1,0 CeR 0.2 Je3 0.4
tasorhi es - 0,1 0,0 0.0 2.0 O...
Platzleis - - - 250%% 238 30

®* Ae 21 yoora

** Tie poen wvalue for 50 normel yowy: Ameriean men; using the teshnlcuc epler
1. tho present study war 2(7,000
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Fig. 4.1 Seriel changes in neutrophile counts of Rongelep
group for thoss less than 5 years and greeter than

5 yeare of age
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MAJURO CONTROLS—AGES < 5 AND >5
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Fig, 4.2 Soriel changes 1n lymchocyie eoint of Rengelap
group for thosc lass than 5 yoers end creatnz
than 5 yeerc o age
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4.5 heh Seriel platalet changes in those jess than 15 yecors
end greater ihen 15 years of ege <f the Rongelep
grou;:
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Fic. &5 Serial total leukocyie, neulrophile, end lymphocytie
count in expesed Amsriceans
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Fig. A6 Serial platelst eounts in sxposed Americens
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Pig. 4.7 Serisal eosinophile counts on thoze less than and
greater than 5 years of age of the Rongelep grouy
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Fig 4.8 Serial hematocrits for ell exposed groups
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Fig. 4,9 Cumulative neutrophile counts for the Rongelap,
A1lingnee and Majuro groups at the time of pesk
depreseion
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Fig:'-lo Cumleative lymphocyte counts for the Rengalep;
Allingnese and Mejuro groups at the time of pesak
depression
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Fi{. 4.11 Cumuletive platelet counts for the Rongelap,
A$lingnes, Utirik and Majuro groups at the time

of peak depression

s N




{

.

£01 X S131731v1d

|

€9 S9 19 46 €5 e v v ¢ ¢ ez
| ] I ] !
Q
sabp A
IV~ 2A14D|NWNY ;
S13731vd .D )
Q-
=4
i o...n._..
D. ..a.- ®
b0
@t
(€11} O¥NPYI €sn v__mu:%\a: IYNONITIY — f/faw:_q._uozox

0l

oe

o¢

ot

06§

09

AN3D ¥3d 3AILYINKWND

04

08

0]

001



- r .
v

Chapter ¥

INTERNAL RADIOACTIVE CONTAMINATION

5.1 Introduction

A study of the nature and extent of the internal rediocactive con-
taminetion in the exposed mman beings was initiasted on the 16%th dsy
post-detonation;, with the collection of 24~hour urine samples from the
Rongelap, Ailingnse and American groups. Additional information on the
extent and nature of the radiosetive contamination was obtained froem
domestic animels, foodatuffs, water and soil collected on the con=
tarinated atolls and sent to the U. S, Naval Radiclogical Defense Labor-
atory, the Naval liefical Research Institute, the Illew York Office of
Operations of the Atomic Energy Commission and the Los Alamos Sclentific
Laboratory for gross asctivity reasurements and radiochermicsl anelyses,
Dotz or. soll, water and plants were necessary to determine the feasi-
bility of utilizing the foodstuffs and living area of the conteminated
atolls. Long term studies of the domestlc animals obtained are being
conducted at the USHRDL, in order to obtain information on the possible
acute end delayed hezard from internal radiation.

The main findinge of the internal contamination study in the human
beinzs and their enviromment are presented in this report. 4 detailed
report on the natwre and extent of the internsl radiation hazard in
human heings end aniwals, as well as the contamination of the environ=
ment will be presented in an addendum report.

5.2 Physical nt Studies
A compearison of the food, water and soil samples from Rongelap,

160



Uiirils and Rongerik incdieated a much higher level of contarination on
Rongelep than on the other l1glands., The activity eppeared to be dise
tributed in the peme manner on all the islaends. 1In genersl, the con-
tamination was associated with very fine perticulate matter and was
uniformly distributed throughout samples of eerth, thateh and prass.
Signifiecant emounte of beta ectivity (1 pe per plent) as well as
pu=>? (1 x 1074 bgm) were present on the external surfeces of plente
gt 42 days, but only small amounts of beta and no alpha ectivily were
detected in the edible portions. Cocomut tree sap, an irportant iten
in the native diet, was found to have beta activities of the level of
1 ne/liter on Rongelep at two months after detonation. Fish collected
from the Rongelap lagoon were found to have very high levels of
activity (0.3 to 3 pe per figh) ac lete as 120 days post-detonatioc:c
The activity found in scil was determined to be associated mainly
with fallout particles of sbout 60 u in diemeter, Rongslap water
semples fror: both cisterns and e well (Fige 5,1 and 5.2) had setivities
of about 1 uc/liter at 30 days, Semples of thatoh roofing exhibited
the highesi levels of activity in the physical environment. The
239

presencs of Pu wes detected on thatch, pgrass and on plant food.
5.3 Animel Studies

The studies on the Rongelep and Utirik snimals included measure
ment of internsl radicactive contemination and radioechemicel analysis
of excrete and tissues, The écute hematological and pathological
effects of the exposure, as well as long term effects on these anlnals,

are being studied. In addition, fertility and hatchsbility studies
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L
as well as radiochemicel analysis of egrs laid by hens from Rongelap
were performed,

These studies have provided information on the extent and netire
of the internal contamination In the exposed human beings. For
exanple, radiocautographs of animal bones prepared by USNRDL and
Argonne llational Laboretory (5.1) (Figs 5.3 and 5.4) indicete the
pattern of skeletal distributlon of fission products, particulerly
the high concentrations of radloclements in the epiphyseal region of
the long bones, Further, information on these animsls (which received
2 much higher external radiation dose than was received by the native
group and over 10 times the internal deposition) should be of con-
sidershle prognosilc veluve for the human teings.

5.4 Human Studies
504s1 Excretion

Gross beta activity measurements on the urine samples from
Rongelap, Allingnee and Rongerik indicate significent contamination
in the majority of samples. The variation in beta activity excreted/2s
hours mmong individuels in any one group is quite large (Teble 5.1).
If the mean values of urine activity of the adulis of the three groups
6 weeke af'ter exposure are compared, 1t will be seen that the Rongelap
group had the highest sctivity, 1208 d/m/24 hours. The Allingnae
group had 553 6/m/24 hours and the American group had 309 &/m/24
hours. A group of the Japanese fisherren exposed t¢ fallout from the
szme detonation had a urine activity comparable to that of the Rongelep

adult group. ™
7]
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The mean ac;‘..ivity of the individuals under 15 years of age appesars
to be considerably lower than that of the adult group., An exemination of
the group collections analyzed by the various laboratories involved showed
fairly consistent levels of activity for the individual from dey to day.
The variat;lon which occurs 1s not considered to be excessively large for
this type of study. The activity aa function of time feoll off rapidly
due to the large component of Bal4C .- Lam and other short lived redio-
isotopes. For exeample the Rongelsp group hed a mean activity of 1208
d/m/24 hours at 46 deys and mctivity of 339 4/m/24 hours at 90 days. At
aix ﬁonths post exposure the Rongelsp urine was found to contain barely
dstecteble emount of beta mctivity. The resulte of radiochemical studics
of urine indicate that Srsg, Bam and the rare earth group epparently
constitute 77 per cent of the total beta activity et 46 dgys. Sreg econ=
tx fmates 40 per cent of the total beta activity, Bam = 11 per cent and
the rave earth group = 25 per cent {of which 11 per cent is MJAO’ in
equilibrim with BalC at this time). Pu>° wes not found in significant
emounts in any of the urine samples anelyzed, 1"'|‘Il was founé only in
samples enelyzed at eerly time intervals, due to its reletively shert
plysieal helf 1ife.
5.4.2 Estimste Body Burden

For estimating the humsn tody bwrden of the various fission products;
& seni-empirical approach, involving extrapolation from animel dete
was used. Two Rongelaep pige were killed after their average 24 hour
urinary sexcretion of fission producis was determined. All tissuves
were anglyzed for toie]l beta actlivity, es well as for Srsg, Ba:u'o and
the rare earth content (Table 5.2). By applying the retio of animal

body burden/urine excretion activities to the Rongelap native urine
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samples. analyzed at ebout the same post-dotonation time, a total
human body burden of 0.33 pe, for post exposure day 82 was obtained,
If this total nman dody burden is separated into its components using
the ratio of individuel isotope activities in the urine or in the
total body of the animals at this time, the following values for the

Rongelsp group, 82 deys post-detonation were obtalned:

srf? - 0,19 e
pald0 - 0.021 pe
Rare Earth Croup - 0030 yc
Others =~ 0,09 e

The excretion rete of Sr and Be can be described by a pover
function, Ay » Ajt™" Where n is 0.4 and A, 1s the activity remaining
in the body at timo t (deys). The exponent was derived from Cowan’s
(502) 5r? human inhslation data end 1t corresponds very closely to
the exponent found in the human radium date of Norris (5.3) and Looney
(5:4)s Using this formulation the individusl ekelstal body burdens

extrapolated back to day one are as followss

Sr89 - 1o 6 ue
Bau‘o - 2.7 e
Pu239 - negative

Based con the 5ro? analysis, the Hunter=Ballou fission data (5.5) and
the retention data of Hamilton (5.6), the following estimates of
skeletal body burden in the Rongelep group on day 1 were mades

a) rare earth group - l.2 ue

b) 3 - 604 uc

o "



The integrated doge to the thyroid from IM:l and the shorter lived

iodine isotopes (IR, 33, ana %) , essuming a 20 per cent uptake/
24 hours was 180 rep. The Allingnae valu;s were then approximately
one=half and the American were one-fourth of these wvalues.

On the basis of a radiochemical analysis on pooled urine samples
collected from a cross section of the Rongelap and American populations,
16 « 18 garch, Los Alamos reported (5.7) the following estimate of
fiseions associated with material inhaled and/or ingested by the

Rongelep native groups

I:l n - 8.5 x 1013 f4asione
s¢5? - 1.2 x 10%2 fissions
pat® . 1.0 x 10%3 fissions

From these dsta, using certain essumptions as {o the upiske and re-

tention of these radicelements by the body, the following estimate of

body burden at one day was deriveds

Ro%gelag Arerican
89 uc zucs
sr 2,2 0.42
pat4? 0,34 0.27
RO 0.013 0,015
gedd 0019 0,04
1131, and short

lived 1131 aquivalents 5.1 me 1.9 me
pue’? 0.016 ugn

The initiel body burden of TY3% and short lived lodine isotopes,

energatically equivaient to 1131 is 5,1 mc. The estimated total
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integrated dose to the thyrcold from the iodine isotopes assuming a
20 per cent uptake/2) hours and with corrections for decay of the
very short lived lsotopes was ealculated t¢ be 150 rep for the Rongelep
natives snd 50 rep for the Americens,

It can be seen that with widely different approaches to the
estimatlion of the body burden, the results obteined are very similsr
nith the exception of the Bau‘o estinate,

An attenpt to detect bone-fixed radiocsctive emitters by means cof
sensitive £ilp badges teped below the knee over the epiphysis of the
tibia on 40 exposed larsghsllese, yielded negative results.

5.4.3 Internal Redioective Decontamination

Cthylene diamine tetracetic acid (EDTA) has been shown to he the
most effective chomieal sgent to date for mobilizing fission products
from the skeleton and for increasing their excretion rate (5.8, 5.9
5.10), This cheleting egent was therefore used in a Qecontamination
therspy attempt on a grour of seven Rongelap individuals having re-
letively large smounts of internally deposited radioelemenis. Orsl
administration of calcium EDTA, 1 gn/25 lbs body weight daily for
three days increased the over-all mean activity in the 24 howr urinss
of the treated people by a factor of 2.5 times compared with the pre~
treatment control excretion. Since the rate of excretion of activity
at this time was about 0.1 per cent/24 hours, the cbserved increase
in excretion did not significantly alter the totel body burden. This
study and previous animal work supgest thet EDTA, perhaps administered
I.V, and at early intervels, might have been of considerably greater

Ny
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value in increasing the excretion of some of the internally deposited
fisslon products,
Discussion

The fallout material probably entered the exposed people through
both the inhalation and ingestion routes. The size of the particle
to which the fission producte were adsorbed, as measured in Rongelsp
soil samples, ranged from 60 to 200 u in diameter, This relatively
large particle size indicates that the probasbility of inhalation of
airborne contamination was small. This is based on the observation
that in general only particles 0,1 o 3 1 in diameter reach the
alveoli on inhalation and that larger partieles are filtered out by
the nose and upper respiratory passage and swallowed (5.11). In
addition, the lungs and eir sacs of chickens antopsied in the period
24 to 100 days post detonation showed low levels of conteminetion,
while the GI tract and its contents were relatively active. The high
levels of activity found in the liver are alsc compatible with this
hypothesis indicating ingestlon as the route of entry. Autopsy find-
ings on five pigs indicate substentislly the same repults.

In genera) the mean grose beta activitles in the urine of
Rongelap end 4%1ingnee groups wers found to bs roughly proportional
to the calculated externel dose and therefore to the concentrations
of airborne fission products. However, a comparison of mean beta
activities of the Allingnas and American groups show the latter to
heve s somewhat lower amount of internal contamination than the
former though the groups received epproximately the same ealculsled
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external dose, The difference may well 1lle in t.he‘ fact that the -
Allingnee people continued to eat contaminated food and drink son-
taminated water up to the time of evacuation. The American personnsl.
probebly ingested less contaminated food. Thelir water was distilled
and stored in closed containers which precluded the possibility of
radicastive contemination. It i1s also possible thet lndoctrination
of the Americen group as to the inhalation hastard end perhaps thelr
more adequate shelier wee responsible for the lower mmount of internsl
conteningtion recelved. Radioanalysis of urine samples of the Japan~
ese flshermen, who were exposed to the same fallout, indicated thst
they had recéived approxinately the same amount of irternsl contamine
ation as did the Rongelap adult group. The lower wrine activities
found in the Marshellese individuals under 15 years may indicate that
vith ective bone growth oceurring, the internally deposited fission
products were more firmly fixed and therefore less readlly excreted.
It doees not seem likely that the children were subjected to any less
internal radiosctive contamination that were ths adults.
Conclusion

The degree of internal radistion hazard wes too low to have con-
tributed signifieantly to the acute radiation syndrome observed.
Efforts to correlate individual body burdens with their ellnieal or
hematologicel findinge (platelet and white blood cell levels) were
unsuceessful, Due to the ability of the skelstal system to concen=
trate fission products, amy injury to the body from these internal
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enitters would most likely be determined by the radistion effect on
the bons. The concentration and type of internal radioactive con-
taminents, however, minimize the probability of any significant long
torn effects from the internel radiation.

The poseibility of symergistic effects from the combined exposure
to external and near tolerance doses of internal redistion is also
very slight. The occurrense of such a eynergiem has been demonstrated
where animals were subjected to reletively high doses of internzal
enitters (2 pe/gm) in addition to high external doses. Thae only
suggestion of eunch a combined effect in this situation was from the
hematological response observed in these exposed human beings, which
414 not follow precisely the time course cherecteristicelly seen in
lower memmals after short exposure to external radiation.
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A Table 5.1

GROSS BETA ACTIVITY IN URINE OF RONGELAP GROUP

(Orine colleeted on 46th posteexposure day and values corrected
for decay back to collection day)

Total Total
Case Volume Beta Activity Cese Volume Beta Activiiy
He. 24 hrs  d/m/24 hrs No. 24 hre  d/m/2. hrs
Age < 5 yrs Age > 16 years
2 120 712 4 455 634
3 150 894 7 810 1700
5 155 313 9 355 20
23 40 223 10 980 549
33 260 0 11 450 1523
gt, 80 2385 13 340 1677
2 455 1 14 780 2460
2 18 455 1670
Yean 165 404 22 47 T
30 960 433
34 750 570
k14 480 792
40 550 145D
46 330 495
49 425 0
52 780 0
4Lge 6 to 15 years 55 320 103D
56 700 20
57 550 1095
20 265 1c00 58 750 2172
24 550 0 60 810 580
26 650 1032 62 980 1935
35 255 0 63 635 2252
36 150 236 66 855 1715
39 280 1100 68 300 210
&7 650 1705 KA 200 1453
67 450 674 73 230 0
72 110 507 78 965 52
75 440 0 79 465 2033
76 280 1180 gg ggO 1353
(4] 2140
YVeean 439 758 -
Mesan 581 1203
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Table 5,2

RADIOCHEMICAL ANALYSIS OF TISSUES AND URINE OF RONGELAP PIGS
(A11 values corrected for decsy to dey of sacrifice, the 82nd

post~exposure day)
Beta Activity d/m/total sample

Grosg 89 140 Total
Sample tivi Sr Ba Rare Eartl,

x 10~ x 10~ (x10°3) (x 10-3)

Pig #24 (25.8 kgm)
Skeleteon 8890 5660 660 1010
Liver n 0.40 0.33 6ed
Colon Contents 12 5.0 2e4 3.2
Lung (Alveolsr) 1.5 0,22 0420 0.8
Stoms=ch 1.2 0.22 1.1 1.1
Intestine (Sm&'ll) 2e3 0.62 Q.50 0.51
Kidmy 3.3 0.21 042 0.74
Remaining Tissues - o - - -
Total 9630 5667 665 1020

Urins Sampie, 24 hr (5/27) 13 8.7 1.2 1.6
Urine Sampla, 24 hr 9.6

Average for days
B2 to 82 postmaxposure

Plz #25 (22.7 kgm)

Skeleton {total) 8600 5100 530 690
Liver 27 0.53 0,20 5.5
Colon & Contents 16 5 342 4eO
Lung (&lveoler) 1.1l 0426 0.23 0,33
Stomach ) 2,0 0.29 0.13 0.30
Intestine (Smm) 206 0.83 0.88 C.88
Kidney 3.1 0.14 0.19 0.52
Remeining tissues 220 - - -

Total 8870 5107 534 T02
Urine Sample, 24 hrs (5/27) 6.2 bods 0040 0a54
Urine Sample, 24‘111‘5 8.1

Aversge for deys

82 to 88 posteexposure
Totad

Averspe Per Cent of Individuel Radioelemsnts s gam Rare Lertn
Skeleton 62 6.8 9.7
Total Body 58 6.5 9.0
Urine (24 hrs) : 69 7.9 10,5
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Fig. 5.1 Well, Rongelap
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Fig. 5.2 Cistern, Rongelap
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Fig. 5.3 Autoradiograph of Rongelep chicken tibie, 1% X,
21 hr, exposure, Animal sacrificed 45 dgys post
exposure (Argonne National Leboratory).
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Fig. 5.4 Autoradiograph of Rongelsp pig tible, 42 hrs.
exposure. Aniral sacrificed 58 days post
exposure. {USNRDL).
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Recommendations

1. It is recommended that eatsblishment of a medical team on
& continuing besis, prepared to handle emergency situatione connactsd
with radiation be considered, Qualifisd personnel shovld be design-
ated by name, minimal clinical and research procedures considered
essential should be established and necesssry equipment should he
stockpiled.

2. It is recommended that stepe be taken to obtaln additionzl
deta in the laboratory in the following categories:

a) The hematologicel response of large animals, and pre-
ferably men, expossd to rediation produeing the depth-dose curve seen
with fallout gamme radistion from a plane field. Data well heyond
the usuel 30~day paried, end preferably for at leest a year after
&Xposure are necessary.

b) The response of humen skin to beta radiation under con=
ditions of different bets energies, source sizes, and source geo-

netries.
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