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ABSTRACT

Following the detonation of Shot 1 on Bikini Atoll on lL March 1954, 28 Americans and 239

Marshallese were exposed to fatiout. One hundred fifty-seven of the Marshallese were on Utirik

Atoll, 64 were on Ronpelap Atoll, and 18 were on the neighboring atoll of Arlinginae. The 28

Americans were on Konrerik Atoll The presence of surmificant fallout on these atolls was first

determined by a recearding dosimeter, located on Rongertk, when this device went off scale at

HOO mr he shortly after the detonation. Emergency surveys detected radiiion on the mbhabited

atolis, and ovacuation of inhabitants to the Naval Station at Kwajalein was promptly carried out.

The dose of radimtron to which the individuals were exposed was calculated fromthe intensities

found on dhe ashinds and the decay exponent of the fallout material. The individuals on Rongelap

received approximately 175 7, those on Ailinginae received approximately 69 r, and the Ameri-

cans op Rongerik received an average calculated dose of 78 r. The Marshallese on Utirik re-

ceived approximately 14 r. The fallout on Rongelap, Ailinginae, and to a lesser extent on Ronge-

rik was distinctly visible. No fallout was observed on Utirik. A significant number of indi-

viduais on ’ sngelap suffered from mild nausea and one or two individuals vomited on the day

of the expe. ure. With the exception of nausea in one Ailinginae individual, there were no other

definite gastrointestinal symptoms in the other Marshallese or the Americans. The Mar-

»hallesec on Rongelap and Ailinginae, and the Americans experienced to a varying degree burn-

ing of the eyes and itching of the skin from 1 to 3 days. Later, signs of radiation injury included

definite cpilation in the Rongelap and Ailinginae groups, and the development of spotty, super-

ficial, hyperpigmented skin lesions that desquamated from the center of the lesions outwards,

In some cases the skin damage was sufficient to result in raw, wecping lesions. There was

no full thickness necrosts of the skin. The Americans developed only minor skin lesions without

ulceration, There were no skin besions in the Utbrik natives. AHL lesions healed rapidly with

no further breakdown of the skin noted during the period of observation. Microscopic exami-

ation Of broapsies of the lesions showed changes usually assocuited with radiation myury. Fully

dothed individuals and those remaining inside of buildings or huts were protected to varying

Hegrees from development of lesions. Hematologic changes were definite in the Rongelap,

Attinginac, and the American groups. Lymphopenia appeared promptly and was persistent for

a prolonged period of time. Neutropenia occurred in all of the individuals with initial minimum

Values occurring around the Lith day followed by an increase in the counts and u secondary

intjnimunt around the 40th to 45th day. The most consistent hematologic change was the de-

pression in the platelet counts. Platelets were below normal when first counted on the 10th

day of post-exposure and progressively decreased attaining a minimumbetween the 25th and

30th day. Although recovery commenced following this minimum, the platelet counts had not

returned to normal by the completion of the initial study on the 76th post-exposure day. The

incidence of various respiratory and cutaneous infections was identical in all exposure groups

and bore no relationship to the hematologic changes.

Urinary excretion of radioisotopes was studied. Small amounts of radioactive material

were found. Estimates of total body burden indicate that there is no long term hazard and that

ingestion and inhalation of isotopes did not contribute significantly to the initial radiation

exposure.
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FOREWORD

This report is one of the reports presenting the results of the 34 projects participating

Inthe Military Effects Program of Operation CASTLE. For readers interested in other per -

tinent test information, reference us made to WT-934, Report of the Commander,’ Task Unit

13. Military Effects Program. This summary report includes the following information of

possible general interest.

(a) An over-all description of each detonation, including yield, height of burst, ground zero

location, time of detonation, ambient atmospheric conditions at detonation time, ete., for the

operation.

(b) Discussion of all project results.

(¢) A summary of each project, including objectives and results.

(d) A complete listing of all reports covering the Military Effects Test Program,

Detanled reports on dosimetry and internal radivactive contamination will be published as

supplements to this report.

Much of the medical terminology in this report is explained in parentheses lor the benefit

of the layman. -
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PREFACE

Operation CASTdid not tnelude a biomedical program. ‘Phe partierpants im Project 4.1

were drawn from various laboratories and were totally unprepared Cor ia field program when

the yornt DOD ARC Medieal Research Team was organized alterthe operation had begun,

Dr. John C. Bugher, Director, Division of Biology and Medicine, AEC, and Lt Col lL. E.

Brownie, MC, USA, Surgeon of the Armed Forces Special Weapons Project, selected the proj-

ect officer and requested that the selection of technical and vrofessional personnel be com-

menced immediately. Rear Admiral Clarence Brown, Deputy Surgeon General, Medical De-

partment, USN, gave immediate and complete support of all naval medical research activities

and assigned responsibility to CAPT Van Tipton. MC, USN, and CDR Harry Etter, MC, USN,of

the Atomic Defense Division, Bureau of Medicine and Surgery, USN, for the implementation of

the project.

Since little detailed information was available about dose and initial symptomatology, the

research team was organized to include the following talents for the constitution of the emer-

gency medical team: internal medicine, hematology, radiation technology and radiobiology. In

the selection of personne! the emphasis was placed on past experience in biomedical research

inthe fleld with atomic weapons. In addition, provisions were made for a second echelon of

specialized personnel in case they were needed. Accordingly, a preventive medicine unit of

the Conunander m-Chief, Pacihe Fleet, was alerted for possible bacteriologic studies; blood

hank personnel, and additional clinicians and nurses were notified in case conditions justified

their serviees in the Kwajalein area. Rear Admiral Bartholomew Hogan, MC, USN, Pacific

Fleet Medical Officer, rmmediately made any needed medical facil) os of the Pacific Fleet

avantable,

Personnel were obtained within the Continental limits of the U. S. for the research team

as follows:

Naval Medical Research Institute (NMRI)

4 medical officers (E. P. Cronkite, project officer, R. A. Conard, N. R. Shulman, and

R. S. Farr)

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

6 enlisted men (C. R. Sipe, P. K. Schork, C. P. A. Strome, W. C. Clutter, R. E. Hansell,

J. S. Hamby)

U. S. Naval Radiological Defense Laboratory (NRDL)

1 civilian M.D. (V. P. Bond)

1 medical service corps officer (L. J. Smith)

4 enlisted men (W. H. Gibbs, J. C. Hendrie, W. S. Argonza, J. Flanagan)

Division of Biology and Medicine, AEC

2 civilian M.D.'s (C,. L. Dunham and G. V. LeRoy)

Armed Forces Special Weapons Project (AFSWP)

1 Army Medical Officer (L. E. Browning)

Preliminary studies had been made by CDR W. S. Hall, MC, USN, Station Medical Officer

and his staff, and decontamination of the individuals was well underway when Project 4.1 person-
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nel arrived in the field. Preliniunary hematologic studies indicated that the indivaduals probabey

had not recerved acutely fatal dases of radiation. The primary responsibilities within the prog

ect grimp were delopated as follows:

Chiaueal observations and care  1TON. R. Shulman, MC, USN

Oryvanization and operation of laboratary LT WW. S. Farr, MC, USN

Compilation and daily analysis ol all data Dr. Vo P. Bond

Decontamination and radiation measurement LT (je) Ro Sharp. MSC, WSN

Senior Petty Officer in charge of laboratory POOK. Schork, TIMC, USN

As the climeal preture developed, a further breakdown ip responsibility was necessary. Com

Inander R.A. Coaard, MC, USN, and Et Col Lo BB. Browning, MC, USA, were oiide rosponsible

for a daily survey of skin lesions, and Or, S20. Cohn wis made responsible for studying the

problems concerned with the exeretioan af radioisotopes amd the estranites of body darrdems on

{he cxposed individuals.

The projgect officer commends all of the professtonal and technical members otf the proup

for their exeellent motivation. itiative. and voluntary long hours of extra work tliat were es

sential for the accomplishment of the clinical and research objectives, and for the rapid col-

lection of the preliminary data in the field. It is emphasized that the work was a cooperative

endeavor in which all were mutually dependent upon cach other. The welling efforts of all con-

cerned constituted a remarkable example of team-work and sacrifice of personal ambitions and

desires .or the good of the project at large.

The authors wish to express their gratitude and indebtedness to Dr. John C. Bugher, CAPT

Van Tipton, and CDR Harry Etter; CAPT W. E. Kellum, MC, USN, and CAPT T. L. Willmon,

Conunanding and Executive Officers, respectively, NMRI; CAPT R. A. Hinners, USN, Director,

NRDIL., and CAPT A. R. Behnke, MC, USN, Associate Director, NRDL., all of whom pave un-

limited support and reduced administrative procedures to a bare minimum, thus making it

possible for the unit to be assembled and underway in a matter of hours.

On arrival at Kwajalein, RADM R. S. Clarke, USN, Commanding Officer, U.S. Naval Sta-

tion, Kwajalein, supparted Project 4.1 with all the facilities at his disposal. As a result, it

laboratory and clinic was established and operating within 24 hours after arrival of the propect

personnctl, '

Project personnel also wish to acknowledge the outstanding contributions of Col C. S$.

Maupin, MC, USA, Field Command, AFSWP, CAPT H. H. Haight, MC, USN, Division of Mili-

lary Application, AEC; Col K. Houghton, MC, USAF, Special Weapons Center; CAPT Donald

Dement, MC, USN, CINCPAC Fleet; Drs. T. L. Shipman, T. White, and P. Harris of Los Alamos

Serentific Laboratory; Dr. Gordon Dunning, Division of Biology and Medicine, AEC, and Dr.

G. V. LeRoy, University of Chicago. During all phases of the early care of the exposed indi -

viduals, the foregoing participated as much as their other primary duties would permit. In

addition the authors wish to thank them for the extensive and complete data which they collected

inthe atolls or their home taboratories and kindly furnished to the project personnel.

The continuous help and cooperation of Trust Territory representatives and their aid in

obtaining necessary control data on native Marshallese at Majuro is hereby acknowledged.

The authors are particularly indebted tu Mr. John Tobin. His help as an interpreter and his

extensive knowledge of the Marshallese language and habits were tnvaluable. Liacutentant J. 5.

Thompson, MC, USN, furnished his records on the exposed tndividuals decontaminated by the

radiation group of the VP-29 squadron stationed at Kwajalein.

The authors wish especially to express their admiration for the excellent job done by the

medical personnel of the U.S. Naval Dispensary, Kwajalein, in completing the extensive Labo-

ratory examinations that were required to obtain a prompt initial evaluation of the severity of

the radiation injury.

The authors are deeply grateful to Dr. David A. Wood of the University of Cabfornia Hos -

pital, San Franeciseo, and Dr. Edward L. Alpen and Miss Pat Roan of NRDL, for invaluable aid

in carrying out the histopathological evaluation of skin lesions. The extensive contributions of

Mr. H. H. Hechter in the statistical analyses of the data, and of Mr. C. A. Sondhaus of the

NRDL in dosage caiculatrons are yratefuly acknowledged.
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CHAPTER 1

INTRODUCTION

1.1 OBJECTIVES

Project 4.1 was organized with the following specific objectives:

(1) To evaluate the severity of the radiation injury in the human beings exposed to the fall-

out radiation.

(2) To provide for all necessary medical care for these individuals.

(3) To conduct a scientific study of radiation injury in human beings.

1.2 GENERAL DESCRIPTION OFTHE EXPOSEDGROUPS

Shot 1 of Operation CASTLE was detonated on 1 March 1954. Following the detonation sig-

nificant amounts of radioactive materials fell on the following populated neighboring atolls:

(1) Ronyelap, (2) Ailinginae, (3) Rongerik, and (4) Utirik. Exposure groups are identified ac-

carding to their geographical location at the time of exposure. The numbers of individuals in-

volved, their location, the distance of the atoll on which they were located from the site of the

detonation on Bikini, the calculated dose of radiation, the probable time of beginning of the fall-

out and its duration are tabulated in Table 1.1. The Rongelap group received the highest calcu-

lated dose. These individuals were living under relatively primitive conditions in lightly con-

structed palm houses (Fig. 1.1). The Ailinginae people were a part of the Rongelap group who

were on their Ailinginae farms from the time the fallout began to the time of evacuation. Their

calculated dose was smaller than that of the other members of their group that had remained

on Rongelap. The third and largest group of Marshallese, inhabitants of the atoll of Utirik,

received the smallest dose of radiation.

The American military personnel exposed on Rongerik were aware of the sipnificance of

fallout and promptly put on additional clothing to protect the skin. As far as duties would per-

mit, they remained inside of Butler-type buildings. In contrast, most of the native Marshallese

remained out of doors and thus were more heavily contaminated by the material falling on the

atolls. Some of the Marshallese, however, went swimming during the fallow! and many of the

children waded in the water; thus washing a considerable amount of the material from their

skins.

1.3 EVACUATION AND EARLY CAREOF THE EXPOSED GROUPS

The American military personnel were evacuated to Kwajalein via air in two groups on

2 March. The native Marshallese were evacuated by a combination of air and surface trans-
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portation, Sineo a survey of allindividualsstowed (hat there was Significant contamamaition of

skin and clothes, prompt decontamination was instituted, Clothes were removed aud Liundered.

Their skin and hare were washed repeatedly with fresh water and soap. In onniasy idividiuals,

particukarly on the Marshallese, owas difffeui( te wash (he radioactive: material trom (he ter

because of the deavy coconut) ol dai dressing used by these people.

Table bot EXPOSED AND CONTROL ONEXPOSED GHOULS
~~ ~ ~~

Approximate + Instrmiment

Total Distance Effective Readings Lest Fsthimate

Group Number from bikini Tine of Time of Used in Dose lof ‘Total Gaunvena

Designition in Group (Naut. Miles) Fallout Evacuation  Crlculations Dose in Atrord*

AInvricans, 28 [5 H + Gb her H+ 2.5 hr 200 mir “he 7TH

Exposed (8 men) Hoo dave

Ronperik H+ 34 fr

(20 men)

Ainerienns, 1s

Control

Kway American

Marshadlesc, 64 bos H+ 4her H«¢ 60 hr $75 mr/hr 175

bxposed (16 people)  Ho+ 7 days

Keorpecrtsnge Ha Sle

(48 people)

Arhinganac Le HO H+ 4hr H+ 58 br 100 mr ‘he 6y

H + 9 duys

Wtirik 167 270) H+ 22hr Started at 40 mr/hr 4

H+ 55 hr H + 8 days

Completed ai

H+ 78 hr

Murshallese, 117

Control

Majuro Group

Total Exposed — 267

Total Controls - 222
 

*See Section 1.4.3.

1.4 ESTIMATION OF WHOLE BODY EXTERNAL DOSE

The eslimated values of external dose given in Table 1.1 were based on readings of

AN PDR-39 field instruments. Averages of a tumber of dose rate measurements on each

island ata given time were used. The readings were taken in air, approximately 3 feet above

ground, several days after the inhabitants were evacuated. Before this time, adequate surveys

with well calibrated instruments had not been possible.

Several variables which influence the results are indicated below. These will be discussed

in greater detail in un addendum report on external dose, which will contain the data, methods

and calculations by which the external dose analysis was made.

1.4.1 Energy Distributionof theFallout Gamma Radiation,ItsVariation WithTime, the
Response of the Meter in Each EnergyRegionandIts Correction Factorfor theTotal
Dose Spectrum

Fallout deposited as an effectively infinite plane source resulted in the dose-energy histo-

gram shown in Fig. 1.2. Its energy distribution was the result of degradation of the original
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Histogram of Proportion of Total Dose Contributed by Various Energy Reg.ons

from the Fallout Radiation

Fig. 1.2



 

source enereies, maimby by Compton scattering ‘in air, The dose trot each of (ie cesta uae

energy intervals was calculated and plotted as a fraction of the total dose. ‘This was seen to

croup roughly inte three regions, with miaaxinwa at 100, 700. and 1500 key. An exposure to such

a osouree was thus the resultant effect of partial doses from each repron, makefhe expasure

enerrey conditions quite different fram: thase of (he clinte av laboratory.

Fipure 1.2 itbusterates the dose spectrum of 4-day -old fatbout from a cloud samipbe. da the

absence of offer data to (he contrary, this had to be taken as representative of the tallout on

allof the ishimds. At this time the proportion of low energy component wis at its naaxtmuin,

During the several thays before and after this time, the general shape of the spectrum: appar

ently did not vary grossty from that illustrated here, since the observed flux decay rates

closely followed that of the observed gummi dose rate, For the period between fatlout and

surveys, therefore, a knowledge of instrument response to each energy region aiiowed a total

correction factor to be calculated, The instruments used were calibrated just prior to the

surveys, and their readings have been corrected for the spectrum shape here illustrated.

1.4.2 Rate of Decay of the Fallout Mixture

Decay rates of fallout samples were measured in the field and in the laboratory, where a

fairly consistent pattern was observed amony various locations and samples. In addition,

theoretical considerations based on the radiochemical composition of the fillout mixture per -

mitted decay rates to be calculated for different intervals between the times of initial exposure

and later survey readings. These agreed well with the experimental data, and were used both

in the dose calculations during the exposure intervals and in extrapolating the later survey

readings to earlier times.

1.4.3 Time of Arrival of {he Radioactive Cloud, Duration of the Fallout, and Time of Evacua-

tion for Fach Case

Only the time of evacuation is known accurately for all the islands. On Rongerik, however,

the time of arrival of the radioactive cloud was determined precisely by the continuously re-

cording dose rate monitor at the v cather station. The fallout became visible at the time the

instrument first indicated the presence of a radiation field above background. The material

had the appearance of snow. The times of beginning of fallout on Rongelap and Ailinginae

were estimated from similar visual observations, combined with knowledge of the relative

distances of these atolls from Bikini and the wind velocities in the area. Fallout was not ob-

served on Utirik, hence the estimate of arrival time there was made onthe basis of the Ronge-

rik fallout time, wind, and distance factors.

Two extreme possibilities exist relative to the duration of the fallout: the first, that the

fallout occurred entirely within a short time; the second, that it was gradual and extended over

a period of many hours. The monitoring instrument on Rongerik went off-scale at 100 mr hr,

', hour after the douse rate began to rise above background. If this rate of increase is extra-

polated to a point for which subsequent decay would reduce the dose rate to the values found at

later times, a bong fallout is implied. This was taken as one limiting case, und corresponding

doses were calculated. However, the possibility does not seem preat that this actually oc -

curred. Existing: dati are inconclusive, but several indications tending to favor the short time

hypothesis are summarized below.

First: a long fallout probably would not be uniformly heavy throughout, the first portion

being the most intense and the balance tailing off. The total phenomenon thus tends toward

the effect of a shorter fallout. This is supported by monitor data from other nuclear events.

Second: the estiniated durations of fallout, of about 18 hours, which result from the above

extrapolation for Rongerik and Rongelap, appear too long to have occurred at the distances of

these atolls from Bikini, since the wind velocity in the area was high enoughfor the cloud to

pass over the islands in a considerably shorter time.

Third: the accounts of the visibility of the fallout, although conflicting, do not seem to

indicate such late cessation.



Fourth: doses calculated on the long fallout hypothesis are lower than those due te a short

fallout, since a short fallout quickly deposits a large amount of activity. On Rongerik, a set of

film badge readings covered the range listed below. Several badges worn both outdoors and

inside buildings on (he ashind read 50° 65 r, and one badge which remained outdoors over the

28.5 hr period rend 98 6. Another proup kept indoors tnaide a refrigerator read 38 ro These

dose values represent a variety of conditions, but considering the shielding and attenuation

factors, are consistent with the assumption that the dose reached the calculated upper limit

outside, again fivoring the shorter Callout hypothesis. The upper limit of 8 rowill result if 4

Inassumed that the fallout lasted one hour during which the Intensities rose from: zero to the

maximum dose rate which then decayed to values observed hater. A long fallout will noc pre.

duce such a high dose of radiation,

Fifth: on Utirik, only a short fallout time is consistent with the later dose rates observed,

provided the fallout began as late as was estimated from wind and distance factors. A one

hour duration® of fallout appears Jikely. On the other islands the actual fallout time is known

to have exceeded one hour; however, since the approximate dose discussed above was seen to

fit the film data on Ronyerik, it was used for the other islands as listed in the calculations in

Table t.1. The hour limit is thus “an effective value.”

If the long fallout case is also considered, a lower limit for the dose may also be esti-

mated, though the upper limit is taken as most probable. The ranges are then as follows:

Rongerik 50 r 104 r; Rongelap 102 r--175 r; Ailinginue 53 r—69 r; and Utirik -14 r.

The dose value for Rongerik given in Table 1.1 is 75 per cent of the short faliout case

value, averiged for 28.5 and 34 hour exposures. This best expresses the average air dose re-

ceived by personnel who spent roughly half their time inside structures where the dose rate

was later found to be roughly half that cutdoors, On the other islands no such shielding was

present.

Figure 1.3, for the Rongelap atoll, illustrates the cumulative dose as a function of time

after the detonation. It can be seen that the rate of delivery of the dose varied continuously,

the major portion being received at the higher dose rate prevailing in the early portion of the

exposure period. By the time that 90 per cent of the dose had been received, for example, the

dose rate had fallen loess than 30 per cent of its initial value. Thus the douse’ rate of exposure

differed markedly from that usually encountered using x-ray units.

1.4.4 Geometry of the Exposures

A third difference between the type of exposure encountered here and other external ex-

posures lay in the peometry of the source. These doses were delivered from a plane source,

so that the radiation field did not follow the narrow beam geometry usually employed experi-

mentally. In such a diffuse 360° field, the decrease of dose with depth in tissue is less pro-

nounced thin that resulting from a unflateral or bilateral exposure to an X-ray beam, so that

for a piven energy, the dose at the center of the abdomen is approximately 50 per cent higher

than a yiven air dose would imply for the narrow beam case. Figure 1.4 illustrates an ex-

perimental simulation of the field geometry using a spherically oriented group of Co® sources
with a phantom placed at their center, compared with « conventional depth dose curve obtained

with a single source. Jt would appear under the circumstances that the midline dose, rather

than dose measured in air, would be the better parameter in terms predicting biological ef-

fects. On this basis, the air dose values stated in Table 1.1 should be multiplied by approxi-

nuufely 1.5 in order to compare their effects to those of an exposure using a narrow beam

geometry. If this is done, assuming a fast fallout of one hour, the following doses in terms of

anair dose under hiboratory conditions result: Rongelap 260 r; Ailinginae 100 r; Rongerik

120 r; and Utirik 21 r.

* While it is obvious that the fallout lasted longer than one hour, calculations of dose are

based on an assumed one hour fallout as explained in the text.
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1.5 ESTIMATE OF MAXIMAL. SKIN DOSE FROM ‘FHE GROUND

lnoaddition to the total body paamimia dose, the very soft gaminne and hipher energy beta

raduution fron: the plane sources contributed to the skin dose. Further skin irradration ce

sulfed from: local deposits of Tatlout nurternel on the body surface self, “Phe Latter is imps -

sible ta estimate, but the former may be roughly attempted as follows.

The beta dose rate in air ata heyrht of 3 feet above the surface of an infinite phine con-

laminated with mixed 24-hour-old fission products is estimated to be about three times the

 

  

1000 ;- - -- ee8ee

?
a

‘ - i

:
t- Q
q 4

S004 DERI DOSE IN PHANTOM MAN \
'

~——O— INITIAL RADIATION 1‘

wee] RESIDUAL FIELD '

BI
‘Oo , a

sa ‘oO ' '
Oo 4 a
mM 1! '

200 a
5 wv 5

> 4
wt1 a

fad ‘ a
tu i

Oo 1
100 aee = (bewead ew wae  
50 r—-   =oo

10 20 30

DEPTH (CM)

Fig. 1.5 Compariutive Depth Doses ini Phantom Man of Initial Atomic Bomb Radiation and

Radiation from a Field of Fission Products

gamma dose. The midline gamma dose is approximately 60 per cent of the portion of the air

gamma dose due to 80 kv radiation or above. This portion in turn is estimated to be 90 per

cent of the gamma dose measured in air by the instrument. Thus the dose at the surface of a

phantom exposed to mixed fission product radiation from an external plane source might be

expected to be 3, (0.6)(0.9) or about six times the midline dose, if both occur at 3 feet off the

ground. Such a depth dose measurementhas in fact been made experimentally at a previous

 



 

Held fest. * usta a plerntom man expesed To oobh the iaibia) and te ossdtach perdtadica btu depth

oO, with all chat es per cent af the 2 centimeterdoses for cach situation are shown an Fay. tot

dose. With the divereines rartial radiation Crom the pout of explosion, Fhe exit dase was oeen

tobe 63 per cemtoaf the Soca dase, bul with the diffase residual treld ot Pisstoa preoduet cacdbia

hon, a suarhiee dase sonte eight tomes preater than dhe So cn od deeper dosc toom the harder

MDNR Components was observed. This is seen to be of the saaie order ob mapoitude as Chal

estrmeted above. At herhts above and below the 3 foot devel this surtace dose world becom:

lower cumnd higher respectively, but probably would not exceed 50 times the 3 boot air pacminns

dose or #0 tines the nudline dose, even in contret with the pround. An estimuite of skin dose

due to pround contimitiion for the Ronpelap case would result, for example, moa figure of

whoul 2000 rep to the dorsum of the foot, 600 rep at the hip devel, and 300 rep al the head a

rentinuous exposure with no shielding: occurred. Some reduction in dose undoubtedly resulted

from shrelding and movement, and it seems probable that the extermel beta dose trom local

skin contimimition fir outweighed that from the pround an iniportince. ‘Phis ts emphastzed by

fhe fact that clothing probably reduced the beta dose trom the pround by LO to 20 per cen,

*F. W. Chambers, Project 2.2b, Residual Gamma Depth Dose Measurements in Unit-

Density Material, AFSWP, WT-719, Operation UPSHOT-KNOTHOLE.



 

CHAPTER 2

CLINICAL OBSERVATIONS AND THERAPY

2.10 INTRODUCTION

It was known immediately that the exposed groups had received a significant amount of

penetrating radiation to the entire body, extensive contamination of the skin, and possible inter -

nal deposition of rudivactive materiaks. It was therefore decided that clinical observations

would be as extensive and frequent as facilities and personnel permitted in orderto recognize

and care for radiation effects as early as possible. Accordingly complete initial histories and

physical examinations with numerous follow-up examinations were carried out. Surveys of the

skin were conducted at frequent intervals and the detailed skin findings are reported in chapter

3. Extensive hematological studics were conducted, the detailed results of which are presented

iochapter 4. Results of examinations for urinary cxcretion of radioisotopes are reported in

Chapter 5. | .

In addition to periodic examinations, routine sick call was held twice daily. Medica. care

was avitilable at all times and hospital facilithes were available at the Kwajalein Naval Dispen-

Sary,

In view of the widespread conflicting opinions in regard to the value of various prophylactic

wnd Urerapeutic measures in treatment of radiation effects, it was decided in advance that

therapy would not be given arbitrarily but would be instituted as indicated clinically for spe-

eitie condiuons on an individual basis. However, if severe granulocytopenia developed (below

1060 cells cm) the prophylactie use of antibiotics was to be considered. Whoie blood transfu-

sions were likewise to be used only in case of development of serious anemia.

2.2. SYMPTOMS AND SIGNS RELATED TO RADIATION INJURY

Several symptoms that develuped during the first day or two after exposure probably were

attributable to radiation. Itching and burning of the skin and eyes during this period occurred in

over one quarter of the Rongelap population, to a lesser extent in the Ailinginae and to a very

slight extent in the Americans. The skin symtomatology*® might have been due in part to the

marked alkalinity of the fallout material (calcium: oxide). About two thirds of the Ronpelap

group reported nausea during this early period and one tenth of the group reported vomiting

and diarrhea. Only one. Ailinginae individual reported nausea. The people of Utirik and the

Americans developed nu signs or symptoms that might be related to radiation.

Despite the repeated interrogations and the inevitable suggestion of the interrogators, the sto-

ries remained remarkably consistent.
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With the exception of the development ot shin lesions and epilation, plrysacad oxiblonis

atone time revealed findings many group that could be attributed with certainty Ce cadiation

The various clinteal conditions encounteredin the most severely exposed proaups were aot re

markably different from those seen in the least exposed Utirtk group “Phe skin lestons and

epilation appeared abuut the [2th to 14th post-exposure days

2.3 CLINICAL OBSERVATION AND THERAPY AS RELATED TO HEMATOLOGICAL,

FINDINGS ~

Although detailed hematological findings are presented in chapter 4, certain considerations

of the religion of clameal to hematological findings are discussed here

2.8.10 Leukocyte Counts

Between the 33rd and 43rd post-exposure days, 10 per cent of the Rongelap individuals

reached wn absolute pranulocyie level of F000 per cubre millimeter or below. ‘The lowest count

observed during. this period was 700 granulocytes, Daring this interval (he advisability of piv -

ing prophyhectie antibiotic therapy to such individuals was carefully reconsidered. Hawever,

prophylictic antibiotics were pot instituted because of the following considerations:

(1) All individuals were under continuous medical observation so that intection would be

discovered in its earliest stages.

(2) Since some individuals might require antibiotics for long periods of time if infection

occurred, the premature administration of such drugs would not only possibly obscure medical

indication of treatment, but might potentially lead to the development of drug resistant organ-

isms in an individual with an already lowered resistance to infection.

(3) There is no accurate knowledge of the number of grarulocytes required by manto pre-

vent the types of infection seen in agranulocytosis. :

(4) The observed situation was not strictly comparable tu agranulocytosis with un aplastic

marrow due to potentially lethal doses of radiation. In the latter instance, franulocytes fall

rapidly and there are practically none in the circulation wher infection occurs. In the present

group of individuals exposed to radiation, although most counts were approximatcly one-fourth

of normal, the fall to that Jevel was gradual and there was some evidence of granulocyte regen-

eration.

White counts were repeated at three or four day intervals on all of the exposed individuals

and more frequently on those with the lowest counts. Those with symptoms or elevated tem-

peratures were treated only after an attempt to establish a diagnosis was made, even if a period

of observation was necessary. During the observation period, the patients were examined at

frequent intervals and the temperature checked every few hours.

Twenty-seven individuals had total leukucyte counts of 4000 or below or absolute neu-

troplile counts of 2500 or less at some time during the period of observation. 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 individual had abdominal pains and fever, and

one had urticaria (hives) with fever. The incidence and type of symptomis in the group with low

leukocyte counts did not differ materially from those in the remainder of the population and it

appeared that the occurrence of disease and the presence of leukopenia was coincidental. The

13 instances in which it was necessary to consider the use of antibiotic therapy in neutropenic

individuals are summarized below:

Eleven of the 13 individuals had severe upper respiratory infections. Eight of these had

malaise, sore throat, nasal discharge, and temperatures that varied between 99 and 101.4°F and

then fell to normal within a 12 hour period. Since the response of this group to upper respira-

tory infection appeared identical with that of individuals without neutropenia, no therapy was

given. Two of the 11 had marked malaise, headache, abdominal pain, nausea, diarrhea, and high

fever. Both were children, one age seven, the other age two. In both instances, the symptoms

were out of proportion to the physical findings, which were negative except for head colds and

mild pharyngeal injection. The seven-year old child had a temperature of 102.6 when first seen
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and 4 hours later, 104. The two-year old child had an initial temperature of 101.8 degrees

which rose to 103.5 degrees in 4 hours. Both were piven intramuscular procaine penicillin

when the sharp rise in temperature occurred, and both were without symptoms and tever the

following day. A second injection of penicillin was given at this time, and therapy was discon-

tinued. In spite of the fact that the neutrophiles: remained depressed in both cases long after the

fever had passed, both individuals recovered and had no further tliness. In Figure 2.1 the blood

counts and platelets of the two-year old patient and the time of the occurrence of the illness

with fever are illustrated. A one-year old boy had symptoms of upper respiratory infection for

several days before being brought to the clinic. When he was seen, his temperature was 100.8

deprecs. In addition to the head colds therc was pharyngeal injection and numerous course

rhonchs (wheezing) throughoul the chest. A diagnosis of upper respiratory infection with us-

sociated bronchitis was made and the child was given a gingle intramuseular injection of pro-

came penicillin. On the following day no rales or rhonchi were heard, (he temperature was

99°F, and he remained asymptomatic without further treatment.

Oneof the 13 individuals was a 50-year old man who reported to the clinic with weakness,

nervousness, mild abdominal pain, and shooting pain in the upper anterior chest, biluterally.

He appeared moderately ill, his temperature was 99.6°F, and the only positive physical finding

was moderate tenderness in the right upper quadrant of the abdomen. Since his granulocyte

count remained low on repealed examination, he was seen at frequent intervals. Within a 10 hour

period the temperature rose to 101.6°F, following which it fell gradually to normal. The ab-

dominal tenderness continued for 24 hours and then gradually disappeared during the subsequent

two days. A diagnosis of cholecystitis (inflamation of the gall bladder) was made. No specific

therapy was given. In Figure 2.2 his white blood count and platelet counts in relation to the

appearance of symptomsare shown.

A female, 38, developed generalized urticaria, fever, and headache. Urticaria and fever

subsided within 8 hours without any therapy.

2.3.2 Platelet Counts

All individuals with a platelet count of 100,000 or less were examined daily for evidence of

hemorrhage into the skin, mucous membranes,and retinae. Urine was examinedfor red cells

and albumin, and women were questioned concerning excessive menstruation. There was no

evidence of hemorrhage into tissues even though 11 individuals reached platelet levels between

35,0900 and 65,000. Two women menstruated when their platelet counts were 150,000 and 130,000

respectively. Both menstrualed several extra days and thought that the bleeding was excessive

but not sufficient to cause concern.

2.3.3 Hematocrit Changes

Nineteen individuais in the Rongelap group had hematocrits of 35 per cent or below; how-

ever, none of these were below 31 per cent. Nine of the 19 were children, aged one to five years

who would be expected to have a lower hematocrit than normal adults; four were over 70 years

of age, in which age group a decreased hematocrit is frequently present without obvious cause.

Two of the 19 had had menorrhagia (profuse menstruation) prior to the determination, two were

three to four months pregnant and had not received supplementary iron, and two were young

women. The low hematocrits that were observed could be explained on the basis of normal

physiological] variations rather than to the effects of irradiation on hematopoiesis (blood for-

mation). At no time were whole biood transfusions considered since hematocrits remained

within levels consistent with well being and normalactivity.

(2.4 THE EFFECT OF AN EPIDEMIC OFUPPERRESPIRATORYINFECTION ONAN
IRRADIATED POPULATION

Between the 27th and 42nd post-exposure days an epidemic of upper respiratory diseases

(URI) occurred. Fifty-eight per cent of the Rongelap group and 56 per cent of the Ailinginae

group were involved. Seventy per cent of the affected individuals developed symptoms between
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the 27th and 32nd post-exposure days. During theperiod In which individuals were developing

symptoms of the respiratory infection, the leukocyte count of some diverged trom the populia-

tion trend. Fifty-two per cent of the leukocyte counts were observed to ine rease to higher

levels, the Increase being duc primarily to granulocytes (see chapter 4). Shnee Che tiyerease tn

the mean granulocyte count of the entire popukation occurred about the time he epldeniice of URE

developed, th seemed pertinent ta determing whether dn individual dastinces the we tease wats

HPantaneous of wak in some way related to the presence of respiratory tifeetion, The relatlon

ship between the observed leukocyte increase and the presence or absence of upper cespitatory

symptoms in the radividuals exposed to radhition sugpested that the two effects were unrelited.

Vale oo IMSEASES PHA T APPEARED DULING OSE RV A TLOIN

Ob THE HONGE LAD AND ALLINGINAE CdROU PS

Number af Number ol

Disease Irlividuals ; Dikeune lrichivickuaabas

‘1

Furuncle tboiss - ) Bronchitis |

Gunt Ab cess | : Apvetous uleer of tongue t

Choleeystittis ! | (canker sore)

(inflamiition of spondy lolisthuests l

gel bladders (mattormiation of

Tinea crangeworm) \ | vertebra)

Millelschmery l : Impetigo ,

Gate rinenstrual pain) I Tooth extractions 2

Cremerilized urlicuri i | Gastroenteritis 1

(hivars) | Uinflamation of stomach

hoevthemaominttitorme J ; and intestines

tired rashy Upper respiratory infections 417

Mayrrsniie heackie tae 1 | Follicular tonsillites 1

» ft

Of the 64 individuals from Rongelap, 27 had no respiratory infection and of these 13 (48 per

cent) without URI showed a rise in leukocytes; 37 had the infection, and of these, 24 (53 per

cent) showed a rise; 7 of these 24 showed a rise three or more days before symptoms ap-

peared. Of the 18 from Ailinginae, 8 had no respiratory infection and 3 (37 per cent) of these

showed a rise; 10 had the infection, of these, 3 (33 per cent) showed a rise in count.

It is also of interest that not only the irradiated individuals developed the respiratory in-

fection but in addition the medical personnel involved in their care and study also developed

equally severe respiratory infections. The respiratory infections consisted of muderate ma-

luise, sore throat with prominent lymphoid follicles, pharyngitis, moderate fever on the first

day, and a purulent (pus) nasal and tracheal discharge for 10 days.

2.5 COMPARISON WITH THE UTIRIK GROUP OFDISEASES SEEN IN THE RONGELAP AND
AILINGINAE GROUPS DURING THE PERIOD OF OBSERVATION

The diseases that were seen in the Rongelap and Ailinginae groups during the period of

observation are listed in Table 2.1. None of these appeared to be related to the effects of ir-

radiation, either directly or as a result of the hematologic disturbances. For comparison, the

diseases that were seen in the Utirik group during the period of observation are listed in Table

2.2. The high incidence of gastroenteritis (inflammation of the stornach and intestines) in both

Eroups was probably due to the Marshallese keeping perishable foods unrefrigerated for long

periods, and was not seen after this practice was stopped. It would appear that a higher per-

centage of the Rongelap-Ailinginae group developed upper respiratory infections conipared to

the Utirik group. However, all of the Rongelap-Ailinginae group were questioned concerning

even mild symptoms of URI, whereas only those of the Ltirik group with severe symptomis of
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Table v2 DISEASES THAT APTEOALED DURING OSEYATION

CE CTE UTERIR GOUE

Disease Nutnbet oot Curses

Osteaurthrilis qaimt disease) q
Epithehoma of ankle, with necrotic depencration l

{ormeety)

Cironie beane bites }

Furunecle of calf 1

Chrome bronchitis and bronchiectasis: |

AbGeess of sole of fot l

Carbuncle on ryght thigh i
Tooth extraction ]

Fungus infection ef puma und palate 1

t
eContlungon, (rainatic

Ga wroenleritis bo

Upper cesparatery infecttons 15

Artertosge lerotie heart disease, decorpeosiated l

Pvelonephritis caitiiaration of Kirche) l

thseet bite, wath omarrked palpebral eae tye }

Chororectinitis, unknown etiology (retin I

tblsamacadiany)

Theombophlebitis, antecubital vein (inflame ” 1

fhonoof yveunt

[reap lapres

Dvsamenorrhea (paul menstruation) I

Exfolniive dermatophytesis (sealing funpus l

infection of skin)

Ectropion, right eye (malformed cyelid) 1

Asthma 1

Benwm hypertension with headache (high blood 1

PTOSHUTE) '

Hypermetropia with headache (far sightedness) 1

Myopia with headache (near sightedness) 1

Fungus infeetion, auditory canal 1

Trichomonas wath evstitis (inflamation of 1

blidder)

Tinea (ringworm) l

Simple headache 3

Bronehitis 1

Po. sthhe ruplired intervertebral disc !

Fevers of unknown orion I

Monpolian udrot }

Prepuianey 6

URI came to the clinic for treatment. Similarly, the per cent of the Rongelap-Allinginae group

that developed purulent infections appears higher than the Utirik group. However, the diseases

are tabulated for the period of observation of each group, and the Utirik group was observed

for only half as long since they were moved to another island when it was evident that further

study was unnecessary.

2.6 CHANGES IN WEIGHT AS AN INDICATION OF DISTURBANCE IN THE OVERALL ME-

TABOLISM
 

The body weight of individuais in the Rongelap-Ailinginae group was followed routinely.

Since they had an unrestricted diet and ail ate well, their change in weight might be taken as an
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indication of uny disturbance in their over-all ‘metabolisin ' “The weight changes are sunimarized

tn Table 2.3. 1 would be expeeted that within a period of six weeks, individuals below 16 yours

and particularly (hose below 4# years would gain some welght. The fact that most of thent lost

weight mity indicate that they received a dose of radiation suffletent to dntertere with nero

Inctabolisin., dn spite of their relatively daactive Whe and hearty appetites, most ot the adults

ulso Jost weight which may dudicate some tnterierence with their norniual metabolisn ‘There is

hiuithe difference in observed weights between the Rongelap and Allingdnae groups. Ho appears

that the difference in duses received by the two yroups did uot aitferenmtially atlect Cheir body

weight, Whether thefailure to patn weight was connected with radiation or changes in environ-

Table 2.500 WEIGH'P CHANGES, RONGELAP AND ALLEN VAR GROUPS

Age Calegories

Below 7 vears Below 16 vears Above 16 years

Hongelup Group

Number observes 17 2d 36

Number that porned 4 o 14

weit

Average yao (iby) 5 3 3.5

Spread of gain (tbo 0.5- 10.0 U.5 - 10.0 1-12.5

Nuunber that fost V3 1u 21.

weipht

Average loss (fb) 2 u 4

Spread of losa (ih U.5 4.5 O.S5- 3.5 QO. 8

Per cent of proup 77 Hi 58

that lost weapeht

Ailinginuc Group

Number observed 7 oP oo.

Number that gained 0 3

weight

Average gain (1b) 2.7

Spread of giuin (lb) 2-4

Number that lost 6 6

weight

Average loss (Ib) 2 2

Spread of loss (Ib) 0.5--3 U.5—-4.0

Per cent of group 83 67

fhiit Jost weipht

ment is open to question. Unfortunately, the weight of the individuals from Utirik was not sys-

tematically followed and no satisfactory control exists to aid in interpreting the loss in weight

of the Rongelap-Allinginue group.

2.7 THE EFFECTS ON PREGNANCY

Four women in the Rongelap group were pregnant when brought to Kwajalein. Two were in

the first trimester, one in the second trimester, and one in the third trimester. None of these

women had abnormal symptoms referable to pregnancy, and as far as can be determined preg-

nancy continved in a normal fashion, In the Ailinginae grovp, one woman was in the second

trimester. No abnormality was detected. Fetal movement: were unaffected in the individual

in the third trimester. The hematologic changes of the pregnant women arelisted in Table 2.4.

Two individuals in the first trimester had marked depression of pla:elets but at no time was
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Table 2.4 BLOOD COUNTS ON PREGNANT ININVIDUALS

RONGE LAD AND ATANGINAR GlOUPS

Tremester al Lowont Platetot Lowont Leorwest ,

PV repenuney Count . Wc Notulrophile Cont

om Rongolap Group* golny

First 85,000 41,000 4, 04M)

First 50,000 4,000 00

Sccoonad 10,000 4,000 3,000

Phora 120,000 ~ 10,000 7OU

Ailinginae Group

abecond 170,000 2 7,000 3,200

Table 2.5 PATIENTS TREATED WITH ANTIBIOTICS

Patient, . ot oon. No. of days_-Anibiotic

+. ~ - Condttidn ‘trented + > whed _,
a e _—s Ee mo __ . . ;

b. Deaintennive 5 oO of epidermis or » Penicillin s.
: oF aul : * _ ce Oo

2 Tooth extraction 1 Poniciltin
™ > Tooth extraetion 1 - .Pentenlin = eee

4 “Anflumed teasils with high & Penieillia 2

* “tempegatureand URI aga : ‘

un ageieppechiss with high toad Penicifiin

- temps rey, a
6 URI, severe, with pharyngitis and ~ “yg Penicillin

high tettrerature “3 Be “
7 Rapid progressing undermining . . 2° Penicillin

- impetigo on 3 ; a ~
= 8 Traumatic:gangrene of foot Rh Pearilln-

9 Cystitin 5... Gantresin 2
10 Furuncle ‘imstilgock = ae. Penicillin _
th Furuncle on forehead _ Penicillin ~
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Ihere any vaginml bleeding. However, alPof the prepnaot worteu were blood typed asa pre

cautionary maeasiare. So fir, the exposure to radiation tink not hada debeterious effect on prop

hancy. Simee the depurtice of the medreadl proup from Rwapadbeai one vppeeeeut ly mora) daaby

hits been born,

2.8 DISCUSSION ON ‘THE USE OF ANTIBIOTICS IN THIS GROUP AND IN RADIATION INJURY

There were few indications for the use of antibiotics when the principles of treatment pre-

viously mentioned were used. Individuals in the Rongelap and Allinginae groups that received

antibiotics are listed in Table 2.5. Of the individuals treated with the antibiotics, the first three

received it prophylacUically and it would have been indicated had they not been irradiated. The

indication for i118 use in the next three was questionable. There was a definite indication for its

use only in the next three individuals and again it would have been given for similar conditions

In unirradiated individuals. The last two individuals with furuncles (boils) would probably have

responded equally well to surgical treatment alone, since the infection was well localtzed and

easily drained.

In peneral, i can be concluded that hunian beings with the degree of depression of henuito-

poiesis noted did not need antiblotics prophylactically. With severer degrees of radhation in-

Jury resulting ina greater depression of hematopoiesis, prophylactic antiblotie therapy may be

indicated in selected cases. He the number of individuals is small enough so that changes in the

blood count, temperature, and clinical evidence of tnfection can be followed closely, it would

appear that antibiotics shuuld not be started until there is a clear-cut clinical indication for the

use of these agents.
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CHAPTER 3

SKIN LESIONS, EPILATION, AND NAIL PIGMENTATION

3.1 INTRODUCTION. EARLY SYMPTOMATOLOGY REFERABLE TO THE SKIN

The Marshallese on Rongelap gaw a visible fallout of powdery material! that began approx-

mately five hours after the inttial flash was seen. The powder whitened the hair and adhered to

their skin ag a galt-like film. ‘The Marshallese on Ailinginae reported a similar but less strik-

ing fatlout. The Americans on Rongerik also saw a fallout and described it as “mist-like.” The

Marshallese on Utirik did not see a fallout. The carly symptoms were limited to the Rongelap,

Ailinginae, and to a lesser “xtent the Americans on Rongerik. The early symptoms consisted

of a generalized itching and burning of the skin, limited almost exclusively to the exposed parts

of the body. A less consistent symptom was burning of the eyes accompanied by tears. The

symptoms began the night of the fallout and continued into the next day. A few individuals had

symptoms lasting as long as two or three days. Decontamination of the skin of the exposed in-

dividuals was initiated either aboard the destroyers while they were beingevacuated or upon

their arrival at the naval base on Kwajalein. The classical initial erythema of radiation injury

to the skin was not noliced by the observers who examined these individuals during the first 10

days. If an initial erythema developed in the native Marshallese, it was masked by their dark

Skin. An erythema wus not seen in the white skinned Americans exposed on Rongerik.

3.2 SKIN LESIONS

3.2.1 General Description

Skin lesions first appeared in the Rongelap wroup after 12 to 15 days and in the Ailinginae

and Rongertk yroups affer 20 days. There were no skin lesions in the Utirik group, There was

considerable difference in the length of time necessary for the development of the various le-

sions, However, it was found that there was a consistent pattern in the sequential development

Of lestons on various exposed parts of the body. The principal lesions occurred roughly in the

following sequential order: scalp (with epilation); neck, axillary region, antecubital fossac,

feet, arms, legs, and trunk. Lesions on the flexor surfaces tended tu precede those on the ex-

tensor surfaces (see Tabie 3.1 for the time of appearance of various lesions).

A clear cul primary erythema was not seen, nor was a late erythema. In a few cases,

there was considerable scratching of the skin due to intense itching prior to development of

gross lesions. In these cases, an erythema of questionable etiology was observed. This ery-

thema may well have been due to the scratching. Erythema was likewise not observed preceding

development of lesions in the white and Negro Americans of the Rongerik group.

The first inclication of a develcping lesion was an increase in pigmentat.on. These pig-

mented areas appeared in the form of macules, papules, raised plaques, or larger areas of
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hyperpigmentation, The macules and papules(1 (62) min in diameter) Usthtiy occured oy

clusters and sometimes coalesced into larger lesions. ‘The latter were characteristically

found on these alp, neck, and the antecubital fossae. The raised plaques varied tmosive tron a

few oadlineters to several centimeters im dutneter, were Chiek, rough, dry, aenat Weed ct leathery

feel. This type of lesion occurred predominantly on the feet and in the antecubital fossae and

teamuch lesser extemt onthe neck, Areas of merensed papmentation abse oeur reation the

losnbs, Crunk, andoon the face,

The majority al (he loguons Were super ficial withoul blisters. A few days after appearance,

dry, scaly desquamation occurred in the central portion df the hyperpigimented areas. Phe des:

quankition tefta pink to white epithelium not remarkably different on texture from. the sur -

Table 3.10 LESIONS IN RONGELAP GROUT

Median Vime
Per Cent of Total in Age Group having lndicuted Lesion ‘

ol Farst

Type of Age5 Age 6-15 Age 16 8 Over ‘Total Group Obscrviit ion

Laestan CUrd prccopales) CL people) (338 people) (64 peopics of Lestoas*

Fipsidect dens

| plus 7.6 tH. 4 Pg.u 17.2 7

2 phus 34.6 40.7 oa 1v.2 17

3 plus 53.8 23.0 8.4 22.0 1G

Total 1OG.0 92.| 27,6 56.2 1G

Skin Lesions

Anus-Groimn u.4 O.0 a.0 7.8 17

Seip JOM 1o0.0 37.0 G2. Ie

Neck Oth 76.9 68,0 FOL a

Axia G1 yt Tu 1,7 2.4 Z1

Antecuhital , ~ Ea

Possag: . ee 30,7 » suet 44.2 J4.4 4 28

HandacWrints - he 07 23.1) 1H.4 21.4 43
Ree a age 23.0 ° , 53.8 53.0 45.3 28
ArmsBAF OES 10.3 12.5 31
Legs . LO 4.3 7.8 33
Trgik — hoae 23.0 4.3 9.4 3

Nail Pigmentation G1. 100.0 45.0 BY.0 38
vee

’ Post-cxposurc davs,

ge

°

rounding skin. As the desquamation proceeded outward, the areas developed a characteristic

appearance of a central depigmented area fringed with a hyperpigmented zone. At u later stage,

pigmentation began in the central areas and spread outwards. After a few weeks the cycle was

completed, leaving in most instances a relatively normal appearing skin.

Approximately 20 per cert ARongclap group developed lesions which were more se -

vere. Thet@aigigins might Re:corte red as comparable to second degree thernudl burns. The

deeqer lesions oreurred_pringipallygyethe feet and to a lesser extent on the seasp and ceck and

moone case onthe @ late?formation was nol common. However, an the feet, some large

bullae (blisters) appeared. After a few days, the hyperpigmented lesions showed wet desquiumna-

tion with weeping and crusting, leaving depigmented raw surfaces of varying area, Some of

these lesions became secondarily infected. Epithelium rapidly covered the ulcerated areas

within a week to 10 days. Pigmentation followed during the next few weeks. As healing occur-

red many of the more severe lesions (particularly on the neck and antecubital fossae) developed

a thickening of the skin with an “orange peel” appearance and a dusky, grayish-brown color

{see Plate 3.4).

 

eeeLe - - se - a ee - age ame



 

In Table 3.1 is tabulated the incidence of the various types of lestons in the Ronpelap paoup

with a breakdown as to age and the median time of appearance. Similar data are presented in

Table 3.2 for the Ailinginmae and Rongerik groups.

3.2.2) Description and Hlustration of Specific Lesions

The scalp and forehead lesions appeared 12 to 14 days following exposurealong with epi-

Jation in the Rongelap group. The skin lesions were maculopapular with a spotty distribution.

They were concentrated inthe areas of epilation. These lesions are illustrated in Philes 3.12

to 3.16. Scalp lesions continued their appearance over a period of about a month. Thus, groups

Mf lesions in various stages were present in the same individual. This was particularly notable

among the children, ‘Phe incidence of scalp lesions was greatest in the 0 to 15 year proup (see

Table 3.1).

The neck lesions were the most common and began their appearance a few days after the

scalp lesions. These lesions appeared as hyperpizmented macules and papules which spread

and combescod dato raised plaques. The lesions usually appeared first on the side and front of

the neck and spread backwards. They were more common and more severe in women, Plates

3.1 through 3.4 and 3.9 illustrate neck lesions in the various stages of development. Some of

the deeper neck lesions tended to oecur in women where their Chick hair touched thetr necks.

Axillary lesions were maculopapular, less abundant, and developed simultanevusly with

the neck lesions. These lesions are illustrated in Plates 3.10 and 3.11. The axillary lesions

were more common in the young children.

Antecubital fossae lesions appeared about a week later than did the neck and axillary le-

Sions. These are illustrated in Plates 3.9 and 3.10.

The foot lesions developed later than the lesions of the antecubital fossae. These lesions

were located mainly on the dorsum of the foot between or on the toes. They wereinitially

characterized by large pigmented plaques with subsequent bullous formation and in eight cases

raw crusting lesions of varying degree followed the bullae. The foot lesions were not as com-

mon in children under 5 years of age as in the older age groups. Sequential lesions ina 14-

year old girl are shown on Plates 3.5 to 3.7. One of the more severe foot lesions is shown in

Plate 3.8. - .
Lesions of the hands, arms, legs, and trunk were less common, less severe, and developed

later. Areas of invreased pigmentation were scattered over the abdomen, chest, arms, legs,

and face. Increased pigmentation of the sides of the face is iliustrated in Plate 3.4. A striking

early lesion was un erythematous, weeping, excoriating lesion surrounding the anus which oc-

curred in several of the babies and a few of the older people. These lesions were severe

initially but healed rapidly.

Most of the Marshallese had multiple lesions. The combination of epilation and the con-

trasting hyperpigmented and depipmented areas adjacent to normal skin presented a striking

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

3.2.3 Severity and Time Appearance ofLesions in the VariousExposure Groups

it is not feasible tu quantify accurately the severity and extensiveness of the skin lesions

in the various groups. However, it was the uniform opinion of all observers that the most se-

vere and extensive lesions occurred in the Rongelap group. The lesions that developed in the

Ailinginae group were much less severe and extensive, and the Rongerik group (Americans)

had onty mild lesions. Skin lesions were completely absent in 60 per cent of the Rongerik

group, as opposed to approximately 10 per cent in both the Rongelap and Ailinginae groups.

Transepidermal necrosis. occurred in 20 per cent of the Rongelap and in 5 per cent of the

Ailinginae people. No lesions of this severity were seen in the Rongerik group.

The lesions appeared earlier in the Rongelap group suggesting a higher dose. The com-

parison of the incidence of epilation and neck lesions and time of appearanceis illustrated in

Fig. 3.1 for the Rongelap and Ailinginae groups.
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Plate 3.3) Repigmenting superficial neck lesions at Plate 3.4 Healed neck lesigns at 77 days showine

40 days. Hyperpigmented areas not completely dusky pigmentation of back of neck Case 939,

desquamated. Case 24, age 15. F. age 15, F.
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3.2.4 Histopathology

Seven biopsies were taken of neck lesions and one of an axillary Jesion during the third to

fourth week after exposure on the Rongelap people. The lesions biopsied at that time were in

the hyperpigmented stage with little or no desquamation (shedding) having occurred. Most of

ihese biopsies were taken from individuals who showed lesions of wreater than average se-

verily. A second group of biopsies from the Rongelap group (repeated in three individuals)

were taken; four at the seventh week post-exposure and five al the eighth-week period. These

were taken from the neck and antecubital fossae. All of these lesions had desquamated and the

depigmented skin had repigmented (o a dusky, gray color with some thickening (“orange-peel”

appearance) of the skin. Biopsies were not taken from open lesions or fromthe feet for fear of

infection. All biopsy wounds healed rapidly with no secondary complications.

The microscopic findings are summarized as follows:

Karly biopsies 3rd to 4th week. Epidermis

Transepidermial damage was noted with a few intervening arcades showius less dumape

(Plates 3.18 and 3.19). The epidermis in the most extensively involved areas showed consider-

able alrophy with flattening of the rete pegs. In places the epidermis was reduced toa thick-

ness of 210 3 cells (Plates 3.20 and 3.21). The cells of the matpightan layer showed pleomorphic

nuclei, pyknosis and cytoplasmic halos, giant cells and tn a few instances multinucleated cells.

Pyknesis of cells of the basal layer was commonly seen. Focal disorganization of the mal-

pighian and basal layers was usually present in the more extensively damaged arcades. Cells

laden with pigment were frequently present throughout the epidermis and intercellular pigment

was noted in some sections. The stratum granulosum was usually atrophic or even absent.

Imperfect keratinization with parakeratosis was visible in all sections. Hyperkeratosis was

also seen. The stratum corneum was loosely fibrillated.

The arcades of minimal damage were usually found in areas where sweat ducts approached

the epidermis (Plate 3.19). There was an apparent increase in the numbei of cells and mitotic

figures in the neck of the ducts and the adjoining areas where regeneration was underway. In

these areas the stratum granulosum was near normal width and pigmentation of the basal cells

noted in the mure severely damayed areas was tacking.

Changes in the dermis were largely confined tu the pars papillaris (F‘ates 3.18 through

3.21}. Miid edema in some cases was noted. Capillary loops were often indistinct and when

disternible they frequently were associated with an increased number of pericytes. The endo-

thelial cells showed swelling and were polygonal in shape. Telangiectatic changes (dilated

blood vessels) were noled in areas where the overlying epidermis showed greatest damage with

lymphocytic infiltration surrounding the telangiectatic spaces. Chromatophores, filled with

melanin pigment, were prominent inthe superficial dermis. The fine elastic fibrils running

into the pars papillaris were offen altered or absent.

Little if any damape wus seen below the superficial pars reticularis. The hair follicles

were narrow (Plate 3.22) and in most instances devoid of shafts in this region. There was

some telangiectasis of the capillary spaces bounded by lymphocytes and monuclear phagocytes

in the superficial pars reticularis. Some of the large elastic fibers in this region showed

slight swelling in some instances. No damage to fibrocytes or collagen fibers was noted,

Second series, 7th and 8th weeks post-expusure. Epidermis

In general, reparative processesofthe epidermis appearedto have been fairly good, ex-

cept jor a few persistent areas of atrophy with narrowing of the epidermis and finger-like

downyrowths of the stratum malpighii (Plate 3.24). These occurred in areas of greatest epi-

dermal narrowing and the cells showed rather prominent pigment content. There were many

outward epidermal excrescences covered by thickened stratum corneum which wasstill loosely

laminated-- such phenomenon producing a wrinkled appearance which probably accounted for

the “orange-peel” like appearance of the skin noted progsly in the areas biopsied (Plate 3.22).

In almost all instances the basal layer was intact with little or no disorganization noted. There

were a few scattercd areas in which occasional epithelial cells with pyknotic nuclei and peri-

nuclear cytoplasmic laios cecurred in the stratum granulosum and malpighian layers (Plate

$3.23). There were occasional arcades in which the epidermis, particularly the stratum granu-

lusum, appeared tu be actually widened. These occurred almost predominantly in relationship
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Plates 3.5.37 Sequential claunpes in foot lesions

Case 67, nge l4, F.

 
tate dT Lesrotis 6 days later showihy repiementa-

tion except for small secur on dorsum of left foot
at site of deepest lesion.
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to the contiguous sweat gland ducts at sites wherethe latter penetrated the epadertmis, A mar

row zone of parakeratinosis and amorphous debris was stell present between (he stratum

granulosum and the loogely laminated stratum corneum,

Dernmis

The capillary loops in (he dermal papillae, although present, were not unitoroidly dtstinet

Pericytes remained in increased number but fewer lymphocytes were present. Generally,

there appeared to be slight telangiectasis of the capillaries in the pars papillaris and the

superficial pars reticularis (Plate 3.24). There was some edema of the pars papillaris (Plate

3.22). Scattered pigment Jaden chromatophores were irregularly distributed im the papillary

layer (Plate 3.23). In some cases hair shafts in the superficial pars reticularis were quile

narrow, atrophic, and occasionally absent, in others the hair shafts appeared normal. Small

hair follictes (Plate 3.22) and secretory sweat ducts in some cases showed mild atrophy.

Biopsies of three pigmented mild lesions were taken from two of the white Ronyertk

Americans. Only one of the three gave evidence of damage, which was nominal and confined (0
+

the epidermis. 2

3.2.5 Symptomatology and Treatment

On the day of exposure, itching and burning of the skin was prevalent. This subsided and

for a period of 10 to 14 days or longer there was neither subjective nor objective evidence of

skin injury. Hehing and burning regppeared elther prior to or tn the early pigmentation stage.

With the deeper leaiuns there was also path.. Pain was rather marked with the foot lesions.

During the painful period some of the foot legions were also hot and presenteda brawny

edema. A common comptaint was a tenderness in the great toes medial to the mails. However,

visible lesions in thig area were infrequent, This symptom usually preceded the appearanceof

grosslesions elsewhere on the feet. Many*#: the individuals who developed pafnful foot lesions

were observed walking on iir-nevets for several days. The painfulness of the foot lesions may

have resulted from their greater severity, and may have been accentuated by the dependent

nature of the fuot. Some of the lesions of the neck and axilla were painful when turningthe head

or raising the arms. Theacute reaction and pain subsided after a few days. There were mo
constitutional symptoms.

The treatment of skin lesions was largely non-specific. Most of the superficial lesions

were treated with calamine lotion with one per cent phenol, which in most cases relieved the

itching, burning or pain. A few of the painful hyperpigmetited tesions not relieved.by calamine

with phenol were treated with pontocaine ointment, with apparent success. When the epithelium

desquamated the itching was relieved by daily washing withsqgp and water and the application

ofa water soluble vanishing type ointment which kept the injured skinsoft and pliable. Raw

areas, which became secondarily infected, were treated by washing with spap aad by the appli-

cation of aureomycin ointment. Bullous lesions of the feet were left intactas.tou ds no symp-

loms were present. If painful, the bullae were aspirated with sterile techuiqges to remove the

clear striaw-colored fluid. A single aspiration was adequatestace thewultac ‘did nesefill. One

foot lesion developed an extensive, raw weeping ulcer. Pruphylactitanic ilite. wis given for

two days, during which time the lesion developed heatt . -Branulatiah”tigeuc.”Sume al ike le-

sions Of the skin of the foot remained thickened, less y and ‘patnfulafter dgsqwa: a

This was relieved by the use of vaseline or cocoa butts {a3 ten the tissues. One Ff

ear lesion did not heal after desquamation, This was t¥@ated with ¥warm boric acid ¢oniprenses,z
and washing with surgical soap tou remove the eschar. " Granulation-Visisue ioemed.. and-epitheli- ~

um was slowly growing in from the edges of the ulcer when the initial observation period was

terminated 74 days after exposure. Upon resurvey six months after exposure healing was com-

plete, with a depigmented scar remaining as evidence of the previous ulcer.

    

3.3 EPILATION

The incidence of and time of appearance of epilation in the Rongelap and Ailinginae groups

is illustrated in Tables 3.1, 3.2 and Fig. 3.1. Epilation was first observed on the 14th posst-
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exposure day in the Rongelap group and was confined to the head, ‘The epilation was divided

arbitrarily into three degrees of severity. “1+” epilation indicates loss of hair without obvious

thinning; “2+” indicates a loss of hair sufficient to cause obvious thin spots; and “3+" indicates

an extensive epilation with bald spots. Table 3.1 illustrates that there was a greater degree of

epilation in the children (0 to 15 years). Over 90 per cent developed epilation of some degree

inthe 0 to 15 years group, compared to only 28 per cent in the older age group. The prepon-

derance of sealp lesions in the areas of epilation indicates that radiation from the fallout ma-

~

Table Sh2 LESIONS IN ALLINGINAER AND HONGERIR GHOUPS >

Allert rae Himperik

(1H people) (26 people)

ber Cent Per Cent

Type of a ‘Fotal Mean Thine of af ‘Totul Mean Pine arf

Lesion wilh Lastons Apperrance* with Lestons Appearcnice*

Fpilation 1G.7 27 3.51 42

Lesbons of.

Scalp & Face 3u.9 26 10.7 32

Neck and

Shoulders 61,0 27 . 4.3 30

Back 0.0 7.1 28

Axilia . 22,2 24 3.5 23

Antccubital

Fossue L1.l 28 25.0 29

Hane & Wrist 3.6 38 3.5 47

Fect 16.7 a3 3.5 43

Legs 5.6 44 0.0

Nail

Disc loration T7.7 38 17.9 . 40

{All Negroes)

* Days post-cxposure,

fOne case claimed slight epilation. Questionable.

terial on the skin is primarily responsible for the epilation. In the Ailinginae group only three

cases of mild epilation developed in children (Table 3.2).
Slight regrowth of hair was observed in all individuals nine weeks after exposure. Hair

regrowth was complete and normal six months after exposure.

3.4 NAILPIGMENTATION

An unexpected observation was the discovery of a bluish-brown pigmentation of the finger-

nails which was first well documented on the 23rd post-exposure day. The discoloration began

in the semilunar area of the fingernails (to a lesser extent in the toenails), and tended to spread

outward sometimes in streaks. As the discolored area grew outwards the semilunar area
usually became clear. In a few cases, detachment of the end of the nail from the nail bed was

observed when the pigmentation reached the end of the nail. Plate 3.17 shows pigmented bands

in the nails at 77 days. The discoloration of the nails was seen in 89 per cent of the Rongelap

and 78 per cent of the Ailinginae group. It appeared to be a radiation response peculiar to the

dark-skinned races since it was seen in all of the American Negroes in the Rongerik group and

in none of the while men. This lesion was not observed in the Utirik group nor in the control

Marshallese. Since the nail pizmentation occurred in individuals without skin lesions, it ap-

peared to be the resull of a more penetrating component of radiation than contact radiation

which predominantly produced the skin lesions,
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3.5 FACTORS INFLUENCING THE SEVERITYOF SKIN LESIONS

3.5.1 The Characteristics of the Fallout Material
2

The falleut material was composed mamly of cabetuo oxide from coral, with adherent: fis

sion products, The skin lesions observed were undoubledly Che result primarily of beta radia-

tion from fallout materiuil deposited on (he skin, with mintnw) or no cantribution from chemteal

Irritation. The ywanioit doge to the skin was small compared to (he beta dose, and hus was

reladively ununportant in producing the lesions.

3.5.2 Energy of Betu Particles

From available data on the fallout material it has been calculated that 50 to 80 per cent of

the beta rays during the exposure perieg.were soft with an average energy of about 100 kev.

Since 80 microns of tissue prod 50 per cent attenuation of such radiation,' the wreater
portion of energy was dissipated’ the epithelium which is roughly 40 to 70 microns in thick-

ness. The remaining 20 t#€50 per cent of the beta rays were of higher energy, with an average

of approximately 600 kev. The latler would penetrate|well tnto the dermasince tt takes 800

microns of tissue to produce 50 per cel attenuation.'? In addition, a wide spectrum of gamma

energies irradiated the skin. Approximately 10 per cent of the total gamma spectrum was be-

low 80 kev which would be absorbed largely in the superficial layers of the skin. The remainder

of the gamma spectrum is distributed between 100 and 1600 kev with a large proportion be-

tween 600 anc 800 kev.

3.5.3 Physical Doge to the Skin

There is no practical way to estimate the physical dose tu the areas of skin where lesions

were found. The entire surface of the body of the Rongelap group received approximately 175 r

from gammairradiation derived from fission products distributed on the ground, trees, and

buildings. To this 175 r would have to be added the beta c anent. in view of the bigh beta to

gammaratio in fission products, one might expect.te t a surtar eto thesith tebe

large. The maximal skin doses from the planefield of rittixation are# ited ia chapter 1. To
these doses must be added the contribution of the material d tedntthe skin. The latter

can not be calculated, or estimated biologically with any.dep accuracy."A rough approxi-

mation of dose received at the hair follicles can be made aefollows:

The hair follicles must have received a dose comparable to the known*pinifal epilaling@

dose of about 400 r for 200 kvp X-rays. Since regrowth of hagy occurred, the upper limit of

dose at the depth of the hair follicle must not have exceedgtl the permanent epilating dose of

around 700 r of 200 kvp X--ray.?

   
  

mat #

3.5.4 Protective and Aggravating Factors ‘zt

The individuals who remained indoors or under the trees showed some protéetion as com-

pared to those who were in the open during the period of the fallout. Those who want swimming

or bathed were also protected to varying degrees. Small children who went wading developed

fewer foot lesions. Clothing, even a single layer of cotton material, offered almost complete

protection, as was demonstrated by the fact that legions developed almost entirely on the ex-

posed parts of the body.

Since the lesions predominate in areas where perspiration is abundant such as folds of the

neck. axillae, and antecubital fosgae, it seems likely that the abundant perspirati-: produced

by a hot, humid climate tended to cause the material to concentrate and adhere t:: these areas.

In addition, the coconut oil hair dressing used by the Marshallese acted as an effective collect-

ing agent for the radioactive material. This was proved since the hair was the mosthighly

contaminated part of the body. The concentration of radioactive material on the hair may have

been responsible for the large number of scalp lesions, epilation and the large number and

severity of neck lesions in women.



 

There was a delay of two and one-half days before satisfactory decontamination was pos-

sible. The presence of radioaclive materials on the skin during this period mereased the dose

to the skin. However, the dose rate fell off rapidly and decontamination would have to have

been very prompt in order to be effective.

3.6 CORRELATION WITH HEMATOLOGICAL FINDINGS

Attempts at correlatiafi of the severity and extensiveness of akin lesions with maximum

depression of platelet, lymphocyte, and neulrophile counts were mide for individuals in the

Rongelap group. No pusitive correlation was found. Thus the contamination of the skin appar -

ently did not significantly contribute to the total-body dose of irradiation.

3.7 DISCUSSION

There has been little previous experience with radiation dermatitis resulting from expo-

sure to fallout material from nuclear detonations, and the general consensus until now has been

that the hazard from fallout material was negligible. With the Hiroshima and Nagasaki detona-

lions, fallou! material was not a problem since the bombs were exploded high In the alr. The

flash burns of the Jupanese were purely thermal.

From the present experience it is quite evident that following detonation of a large scale

device close to the ground, serious exposure of personnel may occur from fallout material,

even at considerable distances from the site of detonation. The incident described in this paper

is the first example of large numbers of radiation burns produced by exposure to such fallout

material.

Knowlton, et al.‘ described burns of the hands of four individuals who were handling fis-

sion product material following an experimental detonation. Also, following the Alamogordo

detonation, there were a numberof cattle that developed lesions due to deposit of fallout ma-

terial on their backs.” In addition, there were a numberof sheep that developed lesions closely

resembling radiation burns following a Nevada detonation. However, Lushbaugh' reported that

the histopathological characteristics of these lesions did not conform in all respects to radia-

tion dermatitis. It is of considerable interest to compare the present experience with that ac-

cepted in the past as the typical course of radiation burns of the skin.

The gross lesions of the hands described by Knowlton, et al. occurred from an exposure of

about one hour, resulting in doses between 3000 and 16,000 rep of beta radiation (maximum

energy about 1 Mev) with a small gamma component considered to be insignificant. The lesions

were described as develuping in four phases: (1) An initial phase which began almost imme-

diately afler exposure and consisted of an erythema with tingling and burning of the hands,

reacha peak in 48 hours and subsiding rapidly so that by 3 to 5 days there was relative

absence of stzns: (2) A second phase which occurred from about the 3rd to the 6th or 8th day

and was characterized by a more severe erythema; (3) The third phase at 8 to 12 days, which

was characterized by vesicle and bullae formation. The erythema spread to new areas during

the following two weeks, and the active process subsided by 24 to 32 days. The bullac dried up,

und desqyuamation and epithelization took place in less severely damaged areas; (4) The fourth

phase or chronic stage was characterized by further breakdown of skin with necrosis in areas

which were damaged sufficiently to compromise the blood supply. Atrophy of the epidermis and

loss of epithelial structures took place, which necessitated skin grafting in some cases.

Robbins, et al.’ reported six cases accidentally exposed to scattered cathode rays (beta)

from a 1200 kv primary beam with exposure time of about 2 minutes and a rough estimation of

dose to the skin of between 1000 and 2000 rep. The lesions described were similar to those

reported by Knowlton, et al.‘ with a primary erythema developing within 36 hours; secondary

erythema with vesiculation and bullae formation appearing about 12 to 14 days later; and, in

the more severely affected, a tertiary phase characterized by further breakdown of the skin.

In comparisor. with severe roentgen ray reactions these investigators stress the unique pe-

riodicity of cathode ray burns, relative absence of deep damage to the skin, less pain, rapidity
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of healing, and absence of pigmentation. These puints would apply to the Marshallese except

for the multiphasie reactions and pigmentation. Crawford® reports a case of cathode ray burns

of the hands which were similar to those described by Robbins, et al?

Experimental beta radiation burns in human beings have been reported by Low- Beer® and

Wirth and Raper! Both investigators used P?? dises applied (o the flexor surfaces of the

arms, forearms, or thighs for varying lengths of time. Low: Beer reported “monophasie” skin

reactions. He found that a calculated dose of 143 rep to the first millimeter of akin, ignoring

self-absorption, produced a threshold erythema. Dry, scaly, desquamation was produced by

7200 rep in the first millimeter and bullous, wet desquamation was produced by 17,000 rep to

the first millimeter, Erythema developed in 3 to 4 days, followed later by pigmentation and

desguamation with higher doses. Recovery was observed with doses of 17,000 rep, ‘Phe lestons

later showed depigimented centers with hyperpizmented edges (also seen in the present le-

sions).

Wirth and Raper’? produced primary erythema within 6 hours afler exposure to a dose of

635 tu 1180 rep of P™ radiation. Minute vesicles with dry, spotty desquamation were noted with

1180 rep at about the 5th to 6th weeks post-exposure.

Following the detonation on 1 March 1954, 23 Japanese fishermen were contaminated with

fallout material. Apparently they were exposed to roughly the same total-body dose of radia-

tion as were the Rongelap group. The skin Jesions which developed are described by Morton,

et al."'-!?) Lesions developed which were sinillar in most respects to those seen in the Mar-

shallese people, and were characterized by pigmentation, desquamation with depigmentation,

spolty epilation of the head and ulcerations developing particularly on the scalp, ears, neck,

and hands (the latter probably from handling contaminated fishing lines). Erythema and vesicle

formation, as well as inflammation of the eyes were more prominent than in the Marshallese.

Pigmentation apparently was not as prominent in the Japanese. The lesions appeared earlier

than in the Marshallese (about 7 to 8 days post-exyp sure). As in the Marshaliese the lesions

occurred mainly on exposed parts of the body not protected by clothing. °

In addition to the Marshallese and Japanese, several Navy men on ships in the test area

developed a few smali pigmented lesions of “belt-line” distribution, apparently due to fallout

material, . -4

The lesions reported in this paper when compared tou radiation lesions described in the

past presented certain unique features which merit further discussion.

The early symptoms of itching and burning of the skin and eyes were probably due mainly

{to skin irradiation from (the fallout material. However, the chemical nature of this material

may have contributed to the irritation. It has been noted’? that irritating chemucais applied

during or shortly after irradiation enhance the effects of radiation.

The lack of prominence of an erythema was notable, particularly in view of the severity of

some of the lesiong that developed. Wilhelmy!‘ states that erythema only occurs when the dose

reaching the papillary layer exceeds a certain level. Perhaps the dose to the dermis was in-

sufficient tu evoke the response. On the other hand, the darkness of the skin and the develop-

ment of hyperpigmentation may have masked an erythema. Microscopically, a superficial

hyperemia was not a notable finding.

Wirth and Raper’? point out that they were impressed in their studies on p* radiation of

the human skin with the difficulty of distinguishing between true erythema and tanning, par-

ticularly in the skin of brunette individuals. It was unfortunate that color filters were not

available to aid in distinguishing an erythema as suggested by Harris, et al.'*

In genera] the latent period before development of obvious signs and symptoms for radia-

tion injury to the skin is inversely proportional to the dose of radiation.'®’'’ In the present

series of cases the relatively long latent period is suggestive of a low dose of radiation. How-

ever, the wide spectrum of beta eneryies and particulate distribution of radioactive material

‘drastically altered the depth dose, as compared with that in previous experlence; hence strict

comparisons cannot be made. The later development of lesions in the Ailinginae and Rongerik

groups as contrasted with the Rongelap people is in keeping with the relative severity of

lesions noted.
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A unique feature of the present cases was the appreciable differences in the latent periods

observed for lesions on various parts of the body. These differences cannot be explitned

entirely on the basis of severity, since the severe foot lesions developed after most other le-

sions. However,the severity might have been in part due to the dependent position of the tout

rather than greater radiation injury. Lesions on flexor surfaces in yeneral preceded lesions

on extensor surfaces. The present data suggest thal the latent period and radiation sensitivity

of various skin areas may differ. Previous work has shown that flexor surfaces with thinner

epidermis are in general more sensitive than extensor surfaces with thicker epithelium.”

The destructive and atrophic changes of the epidermis, disturbances in keratinization, and

atrophy of hair follicles are characteristic of histopathologic radiation injury of the skin.

Severe injury to the dermis and blood vessels was not observed. The minimal dermal injury

with severe epidermal injury is in keeping with the low energy beta component present and the

marked decrease in depth dose over a distance of a few microns from the surface.

Hyperpigmentation of injured areas was a consistent finding in the Marshallese, the Japa-

nese, and the American Negroes. Pigmented lesions were alsu observed to a lesser extent in

the white Americans. Piymentation of this nature has nol been described as a conslant charac-

lerislic of radiation ditmaye to the skin.

There ig no satisfactory explanation for the darker dusky-gray color that appeared in

some of the skin iesions as healing progressed. The color changes may be due to allerations

In Jocal pigment production, vascular changes, or a thinning of the epidermis, rendering it

more translucent with resultant darker appearance of the pigment layer. Later biupsies may

explain this phenomenon.

There are features of the lesions described that appear unique, e.g., the absence of visible

multiphasic responses, the presence of early hyperpigmentation, the long latent periods, and

the severe epidermal injury with minimal dermal injury. It is possible that differences may in

part be on a racial basis.* In addition, the marked difference in histologic response of the

epidermis and dermis in the present series is in marked contrast to the usual radiation re-

sponse of the skin produced by high energy X- or beta-rays. :

In Table 3.3 are listed the approximate minimal surface skin doses required to produce

recognizable epidermal injury in ar.mals. It is apparent from the table that beta'ray energy is

of considerable importance in determining the degree of injury. A number of assumptions, in-

cluding knowledge of the beta ray spectrum from the fallout, would have to be madeif these

data were to be used to estimate biologically the beta dose received by the Marshallese. The

difference in dose between that required to produce threshold skin damage and that for per-

manent damage in pigs is 500 to 1000 rep.*°

It is impossible to estimate the probability of development of radiation cancer at the site

of the healed jJesions. The absence of scarring, telangiectasia, and extensive chronic vascular

lesions tends to improve the prognosis since the foregoing are usually observed to precede the

development of radiation cancer.

A favorable prognosis is also suggested by the following evidence: an analysis of 1100

individuals exposed tu low voltage X-ray for dermatological conditions revealed nu evidence of

cancer induction 5 to 23 years after treatment. MacKee!® atates that epitheliomata rarely

develop after a single dose of radiation to the skin. Lastly, the incidence of skin cancer in

Negroes ts one sixth to one ninth the incidence in Caucasians.”
If neoplasia can develop purely as the result of epidermal irradiation, the incidence of late

cancers may be enhanced since the dose of radiation and the visible gross and microscopic in-

jury to the epidermis greatly exceeded that to the dermis. Since many children and young

adults were involved, the life expectancy of a large numberof the exposed people will exceed

the long induction period for development of radiation cancer observed in radiologists. Long

* Reported clinical experience with radiation skin lesions is based predominantly on the

response of white-skinned people, whereas the type of lesions described herein, with one clear

cut exception, were observed in Japanese, Marshallese (negroid), and American Negroes. The

exception was a dark brunette individual.
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exposure to tropical sunlight, potentially carcinogenic in ityelf, may increase the probability of
neoplastic change. The influence of the sub-lethal whole body exposure received by these

people on skin cancer induction is not known.

The transverse band of pigmentation that was observed in the fingernails has been pre-

viously observed by Sutton* in a negress who received 150 r of soft X-ray to the hands. The

Table 3.3) SURFACE DOSES IN REP REQUIRED TO PRODUCE RECOGNIZABLE

EPIDERMAL INJURY~~

Average Surface

Investigator Antmal Isotope Energy (Mev) Dore (rep)

Henshaw,et al?! Rats pa 0.5 1,600 - 4,000
Raper & Barnes”? Rats p? 0.5 4,000

Raper & Barnes” Mice pe 0.6 1,600

Raper & barnes™® Rabbits Pp? 0.5 5,000
Lushbaugh® Sheep sr” 0.3 2,500 - 5,000
Morttz and

Henriques” Pigs s* 0.05 20,000 — 30,000
Moritz and

Henriques” Pigs co 0.1 4,000 - 5,000
Moritz and

Henriques” Pigs Csi3t 0.2 2,000 — 3,000
Moritz and

Henriques” Pigs Sr*® 0.3 1,500—2,000
Moritz and

Henriques” Pigs y" 0.5 1,500 ~ 2,000
Moritz and

Henriques” Pigs y” 0.7 _ 1,500-2,000
 

nature of the pigment is not known. Since it occurred in all exposed American Negroes, many

of the Marshallese, and none of the American whites, it is a radiation response peculiar to

negroid races. The pigmentation was apparently produced by as little as 75 r of gamma radia-

tion since the American Negroes developed the phenomenon in the absence of significant con-

tamination of the hands.

3.8 CONCLUSIONS

As a result of this accident the following conclusions can be drawn with respect to beta

damageto the skin.

a. Serious skin contamination of personnel from fallout may occur many miles from the

detonation of a nuclear device. Resultant radiation damege to the skin may be the major ra-

diation effect under conditions where early evacuation from the field of radiation reduces the

whole body exposure.

b. Fairly extensive skin lesions resulting from fallout beta radiation apparently produce

little or no systemic or hematological) effects.

c. Decontamination of the skin must be promptto be effective because of the initial high

beta dose rate.

d. A latent period of a few days to three to four weeks may elapse before signs and symp-

toms of skin damage are evident.

e. Clothing and/or any type of shelter gives almost complete protection to the skin.
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NOTE

Fc >urposes of documentation the following

coior plates (Plates 3.1 through $.24) numbered

with letters u, 6, c, cl, d, e, f, and g are con-

sidered to be pages 47-57, 59, and 61-62.
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Plate 3.14 Epilation ion at 18 days Case 79, Plate 3.15 Spotty epilation in boy, ape 13, at 28
age 41.) Scalp lesions present in areas of epilation days. Case 26 Note scalp lesiuns in areas of
(Same cause as in Plates 3.12 und 313 epllation. (Same case asin Plates 38 3.11 3

Plate $.16 Bypikilign ai 7 yr old wel at 2B days Plate 317 Piptnented bands di seauitbynai aren of
Case 72 fingernails ut 77 days

5
%

   

PRIVACY ACT MATERIAL REMOVED

e
e

7.
c
a
o

—
+ at

e
a

r
o

t
e



P
e
e
a
n
y

.

@
e
s
e
n
e

B
e
t
e

 

.
.

’

COLOR PLATES
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Phoitea S.ER through 3.2) show desronm ad 22 daye post exposure (Plates W108 through 3.20,

Case 26: Plate 4.21, Case 3).
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!Plate0K (Xbo0, HABE) Epidernis: fatensive: tismosepidermial damiupe with leas mvotved

zones on either side. Loose banmoiiition of stratuin corrmeun, obaence of stratum graniulasum.

Porakeriutinivation with exloludion of pigment containing cells. Disorganization of the mai- :

pighian layer. Dermis: Mild edemaal pars papilliicis with andistinet capillary loops. Mod-

erately pronounced perivascular cellular infiltrate (lymphocytes and movonuciear phagocytes),

incsuperfiedal cormwith mald felunpgrectisis,

Plate 3.10 (X100, H&E) Eptdermis: Arcades of minimal damage occur in relation lo excretory

ducts of sweat plaunds. St ratium granulosum of good width and shows scant alteration, Under-

lying stratum malpighit shows marked decrease in pyrment, In the deeper portion of the over-

lying, loosely laminated strutum corneum moderate amounts of pigment, however, are present.

One narrow arcade of more severe transepidermal dumage shows alteration of the stratum

granulosum with intercetular edima, pyknosis, swollen nuclei, and pigment scattered through-

out. The lather 15 especially dense in the contiguous purakeratotic material. Dermis: A mod- :

erate cellular infiltrate, chiefly perivascular, is most pronounced in the superficial pars r

reticularis where there is a mild telangieetasis. es a
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Plate 3.20 (X400, H&E) (Case #26) ‘Transepidermal damage with disorganization of the mal- *

pighian laver. Stratum pranulosum absent. Malpighian and basil javer only two to three cells - , .

thick with: xfoliitien of pagment outward toward parakeratinized zone adjacent to striatum °

corneum. ygment taden chromatophores and histiocvics in pars papillaris of corium. Latter

edematous and cifibtraded by moderate numbers of lymphocytes, mononuclear phagocytes

and scattered prezmented leukocytes. Capillary laops indistinet, -

Plate a.2b (OCT00, WME) (Case #63) ‘Pransepidermal dimage with disorganization of the mal-

piphian dayoer. Slight purakeratosis. Migration or exfoliation outward of pigment. Loose

lamination of stratum corneum. Payment tuden chromatophores and histiocytes in superficial

pars papillaris of corium, Marked celluher infiltration of purs papillaris. Stight telanpiectasis

of superficial pirs reticularis, :
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COLOR PLATES

Plates 3.22 and 3.23 show lesions at 53 days post-exposure.

Plate 3.22 (X100, H@E) (Case #75) Loose lamination of stratum corneum with outward papil-

lary projections and resultant ‘‘rugese’’ uppearance. Stratum granulosum of good width.

Basal and malpighiain fayers distinct with pigment present. Slight edema of corlum with mild

telangiectasis and slight increase in perivascular lymphocytes and pericytes. Small, atrophic

hair follhhele adjacent to seb:uccous gland-— in mid pars reticularis.

Pilate 4.28 (X400, H&E) (Case #75) Same as 3.22. Occasional perinuclear cytoplasmic halos

momid stratum granulosum. Loosely laminated stratum corneum. Pigment laden chromato-

phores in superficial cortum along with occaslonul lymphocytes and mononuclear phapocytes.

Plate 3.24 shows lesions (second biopsy) at 46 days post-exposure.

Plate 3.24 (X100, H&E) (Cuse #39) Narrow rugose emdermis with papillary extensions down-

ward ofstratum maiphigii, Latter are heavily laden with melanotic pigment. Slight tulangi-

cctasis of pirs papillaris and pars reticularis of dermis, Occrgional pigment laden chroma-

lLophores in superficial dermis.
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CHAPTER 4

HEMATOLOGY

C
E a

4.1) INTRODUCTION

Since it is generally agreed that a depression in the formed elements of the peripheral

blood is the most useful practical clinical index of the degree of exposure to ionizing radiation,

a systematic study of the leukocytes and platelets was relied upon as a major aid in evaluating

the clinical status, severity of the radiation injury, and prognosis of the exposed individuals. f

Animal experimentation had previously shown that the rate of development and magnitude of mo

the depression were equally important in evaluating the severity of radiation injury. Since ~

there had been no previous exposure of human beings to significant amounts of fallout radiation, oa

no hematological data known to be strictly applicable* were available for. use as a guide in the 7

evaluation of the expased Americans and Marshallese. Accordingly emphasis was placed on ~ Ps . po

systematic serial studies, utilizing a few highly standardized hematologic determinationsto wR RS

insure that individual and group trends would have maximum validity. Since it was known that - a te

the Utirik group had received a very small dose of radiation compared to the other exposure - . 42,

froups, jess extensive determinations were carried out on these people. ce om™ Y

4.2. GENERAL METHODS ;

Hematological examinations included total leukocyte, neutrophile, lymphocyte and platelet

counts, and hematocrit determinations, Whenever possible an entire exposure group was

studied in a single day. Occasionally two days were required to complete the larger groups.

Capillary blood was used, usually obtained from the finger but occasionally from the heel

or ear. Two pipettes each for total leukocyte and platelet counts were filled. From each pipette

a single hemocytometer chamber was filled. All pipettes were rotated for 10 minutes, and the

cells were allowed to settle for 10 minutes in the hemocytometer chamber before counting. A

3 per cent acetic acid diluting fluid was used for total leukocyte counts. The blood was diluted

with 1 per cent ammonium oxalate for platelet counts and counted in flat bottom hemocytome- i

ters using a dark phase contrast microscope.® Two blood smears were made with each ex- :

amination, using a beveled end glass slide for spreading. One blood smear was fixed in methy]!

alcohol. The other was stained by Wright’s method, from which a 100 cell differentia! count

was made. Hematocrits were performed using heparinized capillary tubes. One end of the

capillary tube was heat sealed and the tube was centrifuged in an ALOE centrifuge at 12,500

rpm for 5 minutes.

Alarge literature on the hematologic effects of radiation exists; however, these data were

not relied upon for direct comparison and evaluation of the exposed individuals for reasons that

will be indicated later in the discussion.
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Every effort was made to maintain uniform procedures in every phase of the laboratory

work, The number of personne! changesfor a given procedure was held to a minimum, per -

sonnel drawing blood from a single puncture were suffictent in number to allow all samples te

be taken in rapid succession. All (ime intervals were rigidly controlled.

4.3. METHODS OF TREATING DATA, CONTROL GROUPS

Pre-exposure blood counts were not available on the exposed Marshallese or Americans;

hence the individuals could not be used as their own controls. In order to estimate the severity

of the hematologic response it wags necessary to establish control groups as comparable as

possible in respect to age, race, sex, background, and habits. A Marshallese contro! group

living on Majuro, comparable with respect to age and sex to the Rongelap people, was used as

Table 4.1 HEMATOLOGICAL RESULTS, CONTROL GROUPS
 eei

 

Hhematocrit*

No. (Per Cent)
Contrel Age in Whe Neutrophiles Lymphocytes Platelets

Group lyr) Gp. (* 103) (x 10) (x 105) (~~ 104) M  F- Comb

Mayuro - 5 22 13.2 4.8 7.4 38,8 36.5 37.9 37.8

(kO) (42) (22)

b-15 14 10.6 4.8 5.1 38.6 41.5 40.0 40.9

(6) (s) (14)

bh - 50 6 Y.4 4.8 4.0 30.9 46.8 40.4 43.3

(29) (34) (63)
~5O 14 9.6 5.0 3.7 30.7 43.6 41.5 43.0

(10) (4) (14)

2S 91 9.7 4.8 4.1} 33.6 45.2 40.6

15 37 38.5

18 76 30.8
=

Kwaj- >18 28 7.8 4.1 3.1 23.8 44.9
Americans

 

* Numbers in parentheses indicate number of individuals in the group.

the Marshallese control group. For comparison with the exposed Americans, blood counts

were made on approximately 85 American males, on duty at Kwajalein. All who had not been

on duty in the tropics for more than two months were excluded since the exposed Americans on

Ronperik had been in the area for about two months before exposure. In addition several who

were recently associated with radioactive materials were excluded. The resulting smaller

group of 67 was used as the Kwaj-American control group.

Preparatory to analyzing the hematological resulls on the exposed Marshallese, data from

the control Majuro Group were examined to determine if there was an age or sex dependence

in the hematologic observations (Table 4.1). Although the neutrophile count was independent of

age, the lymphocyte counts were significantly higher in children below the age of 5. Similarly

the platelet count was higher in the younger age groups; however, a relative depression ap-

peared to occur at about age 15.

The total leukocyte, neutrophile and lymphocyte counts were independent of sex. The hema-

tocrit of females was lower than that of males, particularly in the child bearing age group. The

age and sex dependency of these endpoints is comparable to that in published data.*-*!
To obtain valid comparisons within and among the various exposure groups, they were

stratified in accordance with age or sex dependency noted for the control groups. Although

each individual in all groups was studied hematologically, those Marshallese with serious long-

standing diseases were omitted from the analysis. A total of two from the Rongelap and two

f~1m the Majuro groups were omitted on this basis.

64

+ . *

e
e
p
e
n
e

e
e
o
p
e
e

p
o
e
e
o
r
e
d

e
a
e
p
e
e

o
a
t
s

 

,
?

e
e

 

7

|

m
e
r
e
r
y
e

 

 



 

In the following descriptions and cofipacisoasagthe data, fludings in the exposed groups

are usually expressed in terms of per cent of the appropriate control group. To should be nated,

however, that in observational studies of this kind, unknown factors could possibly aecount for

part of the differenecs noted between the control and exposure groups even (hough all possible

meisures were taken to select a comparable control group. Tnaddiftten, it was not possible ta

obtain more than a single blood sample on each control individual, For these reasons, stiatiatl -

cal tests of siguificance were applied mainly to time changes within an exposure group, and not

to differences between control and exposure ~roups. For the purpose of detecting significant

changes in the hematological pattern, nenparametric tests (i.e., studistical tests for which it is

hot necessary to specify the functional aistribution of the variate under study) were used28-8

The advantages of nonparamictric methods have been summarized,

4.4 HEMATOLOGICAL FINDINGS, GENERAL

Total jeukocyte, neutrophile, lymphocyte, monocyte, platelet and eosinophile counts for the

several exposure groups are given by day and by age in Tables 4.2 to 4.5, The meantotal white

count, neutrophile, lymphocyte and platelet counts at the times of peak depression (time over

which counts were consistently the lowest) are shown in Tables 4.6 and 4.7 (pp 78 and 79) for

each individual in the Rongelap and Ailinginae groups, respectively. Hematological findings as

a function of time and aye are shown aiso in Figs. 4.1 to 4.8. The cumulative distribution

curves for the various exposure groups, using the average of counts obtained over the period

of maximum depression (days 39 to 51 for leukocytes, days 26 to 30 for platelets) are shownin

Figs. 4.9 to 4.11.* In the figures emphasis is placed on the individual blood elements rather

than on the total leukocyte count, since the component elements have distinct and different

time trends after irradiation.

Table 4.2. RONGELAP GROUP MEAN BLOOD COUNTS BY DAY ANDBY AGE
 

- W.B.C, Neutrophiles Lymphocytes Platelets Monocytes Euosinophiles

 

 

    

 

3 3 3 — Ty 2p.E. Day (« 10% {~ 10 _ & to 7 o to ; (> 10 ) {x wer _

<3 +5 ~5 >5 <5 o5 <15 +15 «5 95 -5 >§

3 9.0 8.2 6.4 4.7 1.8 2.2 0.8 0.3 0.1 0.7

7 4.9 6.2

10 6.6 7.1 3.5 4.5 2.6 2.1 27.5 22.1 2.9 1.7 1.6) 1.6

12 §.9 6.3 3.5 3.9 2.1 1.7 4.2 5.4 LY 1.9

15 5.9 6.5 4.2 4.1 2.4 1.9 26.1 19.8 30° 2.3 VebooList

Li 6.7 7.2 3.4 4.7 2.4 2.1 23.0 19.6 2.7 =#41.7 4.5 1,6

22 7.0 7.4 4.5 6.0 2.6 2.4 16.2 14.7 1Y 2.4) Za 18

ati h.7 Gl 30° 93.9 2.3 1H 12.6 fOL.0 LY 1.6 Lod.

0 7.45 7.8 4.0 6.3 4.20 2.1 3.90 LI. Lo OY +40 2.2

at Oy 2 10 Ub 4.2 2.0 17.9) 14,6 7 lob 2.4 2.2

ay nf OG 3b cb 2.6 2.0 23.4) 21.6 Ob OLY flee 10

43 ff 4.2 2.00 2a 2.9 2.0 26.0) Zi.K 1.1 oft 1.4 OQ.

47 ‘ 5.0 Gt 2.6 3.9 a1 2.4 268.4 20.6 1.0 ba Ll Oo

St 6.7 5.6 241° 35 3.4 2.1 24.2 1H.2 2.9 1.6 0.8 0.7

56 7.0 G0 0 3.5 3.7 2.4 1.7 1.2

Gu 7.7 GL 39 3.6 3.7 2.9 2t.8 IG.1 Oxo U9 0.3 O.G

Th 7.6 6.5 3.8 4.0 J.3° 2.2 a.4 1.9

74 28.1 21,1

Majuro 13.2 9.7 4,8 4.8-: -. halk eS30.8 2.0 2.0 9.5 4.7

Controls . aeSEs t ah thi: mS °

. 4 a . B .

* ~ Lee

*In the Utirik group the cumulative distributioncurve for platelet counts only is presented

since hematologicaldeterminations in this group were not made during the 39 to 51 day period,

used for leukocyte comparisons amongthe other groups.
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Table 4.3) AILINGINAE GROUP MEAN BLOODG@DUNT HY DAY AND WY 4c

 

 

  

 

  

 

WiC. Neutrophiles Lymphocytes Pinteletes Moun vies Fostnophiieon

coy (10) ce 10) me poh ves coda
PLE. Duy

\ /8 5 & °9 <5 ae) -15  -1h ~-S +h <5 iy

3 80 7,0 3.0 5.0 2.8 2.2 OH 1.6 wo Ua
T §.5 6.8 .

10 G3 Ta 4.2 4.2 1.9 2.2 22.2 21.1 3.8 2.1 2.6 tt

12 6.3 726 1.8 4.7 3.1 2.2 3.4 6.6 4.40 2.6

tS 7.1 7.0 2.3 4.5 4.2 2.2 25.7 23,0 3.7 2.6 ya)ee |

18 6.8 7.8 2.9 5.0 3.5 2.4 28.8 22.0 23 1.5 a2 2.0

22 8.4 BLT 6.3 5.4 2.7 2.0 24,7 19,6 1.5 2.4 3.8 2.4

26 H.4 7.0 4.8 4.4 3,2 2,2 21.4 14,3 2.3 2.4 O46 Lit

40 Q. 4.6 5.3 6.2 3.7 2,0 21.0 14.7 19 1.9 4.1 2.0

aS 7.7 7.8 3 (6,2 3.5 2.2 26.8 16.0 2.8 2.2 6.0 1.4

uh 7.6 6.2 2.9 4.2 4.7 1,0 $1.0 22.2 1.1 1.7 2.70 1a

43 ip 6.5 27° 3.6 3.¥ 2.7 26.5 22.1 0.6 1.4 2.8 OG

4T 7.40 GT 3.5 3.6 3.4 2.7 26.6 23.9 2.2 1.9 1.6 0,7

ol hia 6.3 38 3.6 4.0 2.2 28.6 21.6 2.7 2.8 2.2 1,0

4 4.60 605 2.8 3.5 3.2 2.6 29.6 21.2 1.5 1.9 1.8 08

Majuro Lis.2 8.7 4.4 4.8 7.4 4,1 38.5 30.6 2.0 2.0 bo 4.7

Comtrobs

Table 4.4. UTIRIK GROUP MEAN BLOOD COUNT BY DAY AND BY AGE

W.B.C. Neutrophiles Lymphocytes Platelets Monocytes Eosinophiles

P.E. Day (* 107) (« 10%) 107) (x 104 x 107) (10%)

<5 >5 <5 >5 <5 >5§ «15 >18 «§ >§ <5 5

4 9.4 6.2 4.70 4.2 4.9 3.2 0.6 0.2 “3.0 1.2

14 10.0 8.6 4.1 3.2 5.1 2.3 4.9 4.2 3.6 2.7

9 $7.7 31.5

29 10.1 9.7 4.9 5.8 4.8 3.2 33.2 286.6 2.20 1s? 31 6°70

Majuro 13.2 9.7 4.8 4.8 7.4 4.1 38.5 30.8 2.0 2.0 9.5 4.7

Controls :

Table 4.5 RONGERIK GROUP MEAN BLOOD COUNT BY DAY

DE. bs W.-K, Neutrophiles Lymphocytes Platelets Monocytes Eosinoghi les

eu * 10) (« 104) (= 103) ~ 104) (x 107) (« 104)

| ob 6.1 3.3 0.1 1.6

4 6.6 4.3 Z.1 1.9 0.4

4 6.2 4.0 2.0 2.0 0.4

LO 04 3.8 2.2 2.2 0.3

1s 6.2 1.9 2.1 1.8 0.5

1 6.U 3.7 Z.1 1.5 0.7

13 6.1 3.7 2.1 1.1 1.2
im 6.1 3.4 2.0 1.7 1.3

16 8.1 4.7 2.8 22.0 2.8 2-9

14 7.9 4.4 2.7 22.2 2.4 z.i

23 6.7 4.2 z.d 17.9 1.6 1.4

24 7.2 4.1 2.5 14.4 2.0 2.1

3° 6.7 4.1 2.2 16.1 1.8 2.2

39 6.6 3.8 2.7 20,1 1.4 1.5

43 7.6 4.4 2.9 21.8 1.4 2.0

47 7.8 4.6 3.1 20.2 Z.7 1.5

51 5.7 3.2 2.2 18.8 2.4 1.7

Kwajalein 7.8 4.1 3.1 23.8 2.6 2.7

Controls
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Vabte 4.46 RONGELAP GHOUPMEAN BLOOD COUN TS AT TIME OF PF AK LE PIgSION

WOR. Platetota = 103 Neutrophiles Lymphocvies

(Average from (Average from {Avernge [rom (Average from

Case No, Pay AM to fet Day 26 ta kos “Dav tithes BF) Dav CMe to ot)

\ Age Loans Than b

2 7220 bo 2470 - 4b
4 TW hls 2770 au

i theo Ti 270 zen
17 250 106 3380 20h ' .

v9 ~ nRSO lh 3070 240 i

21 4750 rs) 2670 1s an

23 7150 195 4100 ano Pe .
32 5450 v5 2600 265 . -_
an 4400 85 1670 457 Be
az 5500 80 2520 202 r
na 4750 145 2620 ips L

G5 8050 105 2520 240 {
69 4770 115 1420 317 i

L

Age § to 15 :

15 1920 200 1470 232 i.
20 5020 120 3020 Las "
24 5620 Les $450 17
26 6020 450 3470 232
Ww 5100 140 2700 215
AG 5120 130 2520 247
39 4720 165 2900 145 :
47 7220 120 4720 22 . i

61 5600 105 2500 2¥7 :
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Age Greatar Than 16

 
 

 

4 6420 230 2660 358
1 5220 195 2520 252
9 5470 125 2700 242 oa
10 4550 108 2770 “157
M 3420 85 1570 135
12 4670 150 3270 127
13 4050 105 2370 152
14 4570 55 2770 170
18 6100 45 4320 165 wba.

22 4470 130 2500 190 be
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27 6620 110 3600 205
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Table 4.7) ALLINGINAR GHOUP MEAN BLOOD COUNTS AT CTIMEOF PEAK DE PIESSION oS

W.B.C. Platelets * 10 Neutrophiles Ly iiphooytes

(Average from (Average trom (Average from Average Grom

Case No. Diy 9 to 41) Duy 26 to 40) Day a to Shi Lhav ish tar ood)
—_— -

r
Age Less Than 5 1

~ i.
ti 9750 21s 3470 4G00 i
4 — xnho Dh 4820 duoe ro

44 4570 180 2350 ag hti-

Ane 6 lo LS re
tao.

Aw G20 “10 970 3150 r
all 6170 240 A700 noo Eo
KI 4700 240 waa 21d0 f

Age Greater Thin bo .

t 6170 178 4570 2370 iv
16 4GTO 195 2200 2270
2H 6270 115 3720 w270
29 6750 115 4100 2220
31 565U 145 2950 2450 [
4] SL2U 110 3050 2270
43 6150 215 3700 2000 f
45 5650 140 4170 1470 i
5u 7050 95 2970 2900 I
51 7750 170 4620 2950
99 12400 105 4120 3670
70 5070 185s 4000 . 1750

4.5 RONGELAP GROUP _

The absolute neutrophile count of both the younger and older age groups fell during the

second week fo u value, approximately 70 to 80 per cent of that of the controls (see Fig. 4.1). a

Following the depression of the total neutrophile count during the second week, the values were

 

unstable until the fifth week. Alt this time the beginning of a second drop (P < 0.01) was noted i

for both age groups, and a low value of approximately 50 per cent of controls was reached, The 7

count was maintained al approximately 75 per cent of control values from the seventh week to ro

the end of the study. Although both age groups followed the same general time pattern of re-

sponse, the lower age group was below that of the older group throughout most of the observa-

tion period,

The absolute lymphocyte count of the older age group (Fig. 4.2) had fallen by the third day

to a value approximately 55 per cent of the control group. This value was maintained through-

out the study, and there was no definite evidence of an upward trend during the study. The

values for the younger age group likewise fell before the third day to a value approximately 25

per cent of the control, following which there was a significant upward trend. With the total

lymphocyte count, there is a consistent difference between the two age groups. However, during

the first four weeks the difference {s accentuated when expressed as per cent decrease because

of the relatively high lymphocyte levels in the lower age control group. After this period the

differences expressed as per cent are less marked since recovery was more rapid in the

younger age group,
The cellular elements chiefly responsible for the fluctuations in total white blood cell

count can be determined by comparing the total white, neutrophile and lymphocyte counts (Fig.

4.3). It is seen that the lymphocyte count remained essentially constant throughout the period

of study, while the total neutrophile count fluctuated with a pattern essentially identical to that

a
a
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ofthe total while blooel cent (coefficien! of Correlation of 0.9). Thas (lacethuctasatais wo total

count were due to changes ib the neatrophiie count. This was true of both the older ined younger

ape proups., Tecan be seen from Table 4.2 that (he neutrophtle count’ was cousistently preater

than the lymphocyte count in the older age group. In the younger groups, differences in the neu.

frophile and lymphocyte count were less marked and on six occastons the lyinphoeyvie count wies

grevler than the neutrophile count.

Platelets were first counted _10 days after exposure, at which lime platelet values of the

older are proups were Approximately 70 per cent of the control group (Fig. 4.4). Following this,

the platelet count fell reaching a low of approximately 35 per cent of control value during the

fourth week. The platelet count rose during the 5th week and reached the value noted for the

initial counts on the 40th day. A second decrease in the platelet count (P< 0,01) developed dur -

ing the 7th and 8th weeks, and values remained at approximately 70 per cent of the control

troup during the remainder of the observation period. The pattern of platelet counts in the be-

low 15-year group was remarkably similar to that noted in the older age groups. Differences

between the age groups were jess apparent if the platelet counts were expressed as per cent of

the control group.
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4.6 AILINGINAE GROUP

in this proup there wore only three individuals below age 5, For this reason, remarks will

be confined essentially to the older aye proup.

The absolute neutrophife count fluctuated around the control value for the first six weeks

of observation (Table 4.3), At this time the counts began to fall, and a value approximately 75 i

per cent of the control count was reached and maintained throughout the duration of the obser-

vation period. The lymphocytes in this group fell to a value of 55 per cent of normal during the

first week. The counts then Siuctuated around this value throughout the period of observatic n,

and no definite upward trend of the lymphocyte count was noted during the period of observa- _

tion. .

AS was noted in the Rongelap group the lymphocyte counts remained at an essentially con-

stant low level throughout the period of observation. The total leukocyte count in this grour

also reflected changes in the neutrophile count. 7

The platelet counts in the Ailinginae group were low, approximately 75 per cent of normal,

when first enumerated on post-exposure day 10. The counts remained at this level during the

second and third week; however, a definite fall in count was noted during the fourth week when '

a low value 45 per cent of control was attained. The counts returned during the fifth week toa

value approximatcly 70 per cent of the control level, where they remained for the duration of

the observation period. A secondary fall, as observed in the Rongelap group was not detected.

 

4.7 UTIRIK GROUP

In the ¢reater than 5 age group the total white blogd cell and neutrophile counts were de-

pressed slightly below control values during the first and second weeks (Table 4.4). The

lymphocyte counts were below control levels consistently, and the total white count equal to

the control value obtained on day 29 was due to a neutrophilic leukocytosis.

Platelet counts on the 29th day were significantly lower than on the 19th day and were

lower than control values. The 29th day coincides with the time of maximum depression for

the more heavily exposed groups.

4.8 RONGERIK GROUP (AMERICANS)
 

The neutrophile count in generai reflected the time course of the total leukocyte count

(Fig. 4.5). Neutrophiles accounted almost entirely for the marked rise in total count on post-

exposure day one, and the values for absolute neutrophile count fluctuated near the contro}
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Vitlues thereafter in the course of the study. ‘The npMotyte COUTS Teli ba bebow control levels
inthe first few days, and remained at a level approximately 75 per cent of the control value

throughout most of the remainder of the observation period.

nthe Ronpelap and Ailmopinae groups the Fluctuations in Che fotal leukoeyte count were ac

counted for almost eatirely by changes tn the total neutrophile count, The Ronperth proup att

fered since the changes intotal leukocyte count were reflected almost equally in the lymphea

eyte and neutrophile count, The significance of this difference in response tn the two groups is

not apparent, ; ’ -

The platelet counts (Fig. 4.6) were not markedly depressed when the initiel counts were f

taken during the third week. At the end of the third weck, however, the platelet count began ta 7

fall to reach a low of approximately 60 per cent of control levels at the end of the lourth week. oo

The value then returned to approximately the control level at the start of the seventh week, . :

following which a second depression was noted. The platelet counts were at a level of 80 per Yo

cent of the control value at the time of the last observation during the eighth post-exposure I Le

week. »

4.9 MONOCYTES AND EOSINOPHILES, ALL GROUPS

From Table 4.2 it is seen that the mean monocyte count for the Rongelap group rose ab-

ruplly from an early value below control levels to a well defined peak on day 12, following which

it fluctuated at values below the control level for the duration of the observation period. A

similar time trend was noted in the Ailinginae and Utirik groups.

The eosinophile count in the older age individuals, Rongelap group, rose from veryy low

levels observed on day 3 to values approximating 35 per cent of control during the second

week, where it remained from the third to the fifth week (Fig. 4.7). The counts then decreased ;

{P< 0.01), and remained at a value approximately 15 per cent o/ control throughout the re-

mainder of the study. The time trend of response was similar in the younger age individuals,

however, changes in the younger age group wererelatively greater if considered in terms of

the control values. Similar trends in eosinophile count were not evident in other exposure

troups. — -"

It is possible that the rise in eosinophiles represents that reported as occurring

to three weeks after short-wave-length irradiation’.“

. two

 

4.10 HEMATOCRIT, ALL GROUPS

The hematocrit vatues for all exposed groups are shown in Table 4.8 and in Fig. 4.8 (a de-

tailed breakdown of hematocrit by age and sex for control groups is given in Table 4.1). When

hematocrits were first done on the 22nd day, mean values for the Rongelap and Ailinginae

Eroups were below those of the control population. A significant trend in values after this time

could not be detected statistically.

4.11 MORPHOLOGY OF PERIPHERAL BLOOD

Significant morphologicai cellular changes, with the exception of a small number of ab-

normal mononuclear cells* seen in a numberof individuals during the period of neutropenia,

were not observed, Similarly altered cells have been observed previously. © Complete

evaluation of these changes in the present study would necessitate an exhaustive serial study

of the hematology slides.

*There was considerable difference in opinion in respect to classification of these cells.

They were classified as atypical monocytes, degenerating lymphocytes, atypical myelocytes, ‘

monocytoid lymphocytes, and lymphocytes in transition to myelocvtes. At the time of this re-

port there was no unanimity of opinion in respect to classification and significance of these cells.
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Table 46 HEMATOCRIT, ALL EXPOSURE GROUPS ,

Roneliap Athinginac Utirik Ronperth

bay : Males Fenudes Comb Males Females Comb Comb Comb Malem
‘ 4 ~~ . eeee - —— eo . -

2 Ht 5 D “5 «5 +5 5 >6 5 >5 <5 6 <5 ~5 Adults

22 3H.1 42.5 38.0 99.1 34,1 40.7 37.5 40.6 37.0 39.4 37.3 40.6 ,
23 45.7 o
265 35.6 40.3 35.3 98.0 35,6 3%1 36.5. 45.2 34.0 36.7 37.0 38.9 so
28 44.5 bi
24 36.9 42.9 -_
a0 30.1 40.5 $4.5 97.7 36.4 39.2 36.0 44.6 32.0 37.2 34.7 39.7 rs
a3 36.8 41.0 34.8 37.9 25.9 19.0 35.5 45.8 48.0 37.2 36.3 99.4 45.4 rer
30 36.4 41.6 36,0 97.6 36.2 40.0 35.0 45.6 35.0 37.6 35.0 40,3 4.7 .
43 35.7 41.0 36.2 37.6 35.9 39.6 36.0 45.2 35.0 37.0 35.7 38.7 44.0 a
47 42.8 38.0 40,3 .

Controly 3H.5 45,2 97.5 40.6 37.8 45.0 38.5 46.2 97.3 40.6 37.0 43.0 37.8 43.0 44.9

"Age la years,

4.12 COMPARISON OF HEMATOLOGICALFINDINGS IN CHILDRENAND ADULTS, RONGE-
LAPGROUP

It is seen from Tables 4.2 to 4.4 and Figs. 4.1, 4.2, and 4.4 that differences in the degree

of depression of cellular elements werepresent between children and adults. In Table 4.9, the

mean values of the neutrophile, lymphocyte and platelet counts at time of peak depression for

each element are given in terms of absolute count and per cent of appropriate contro] value

(mean platelet counts were calculated for the iess than 5 and greater than 5 age groups for this .

comparison).
—_t—

Table 4.9 COMPARISON BY AGE OF MEAN NEUTROPHILE, LYMPHOCYTE.

AND PLATELET COUNTS IN THE RONGELAP GROUP

AT THE TIME OF PEAK DEPRESSION

Absolute Count » 105 Per Cent of Control

 

Type of Cell Age <5 Age >5 Age <5 Age >5

Neutrophile 2.7 3.1 56 64

Lymphocyle 2.u 2.2 40 54 ‘

Platelets 115 122 30 a6 L

It is seen that in terms of absolute counts, the children showed a greater depression of the

neutrophile count, and the same degree of depression of the platelet counts and less depression

of the lymphocyte count. These differences can be most easily described at the time of peak ,

depression. Expressed as per cent of control, all elements were affected more markedly in the ,

younger age group. These results would indicate that children are more sensitive to radiation,

or that other biological or physical factors resulted in a relatively greater effect.

4.13 DISCUSSION

b
e
e
e
e
e

a

4.13.1 General ;

An estimation of the severity of radiation damage incurred can be attempted by comparing

the present results with previous hematological data on total hody exposure. The present data
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represent the only barge series tn which systematiesserial Counts Othe sae pclividundls dave

heen possible, and thus they comprise the most complete data available on human DeriOx

posed in the high sublethal range. Tt is also of dimportiance, therefore, to examine the presen

results bi conjunction with past experience inian effort to gainoa better understanding of (he

hematological response of human berms exposed fo penetrating tadbitron ti Che subleduadl range.

In the following discussion it will be generally assumed that the hennuitological effects

noted were due primarily to the penetrating pamradiation received. The beta radiation in-

jury of the skin may have contributed to fluctuations in the white count during the period of

aclive lesions during-the third, fourth, and fifth week, bul is considered not to have contributed

significantly to depression of any peripheral clements (see chapter 3). The degree of internal

contamination with fission products (see chapter 5) was probably too small to contribute sig-

nificantly to the carly hematological effects observed. Although it is not possible to say with

certainty that these added factors did not materially affect the hematological pattern seen,it

will become evident in the discussion that the changes observed are not inconsistent with those

to be expected from exposure to penetrating radiation alone. Thus the hematological changes

noled are considered to be the result of a single exposure to penetrating ganima radiation, de-

livered at rapidly decreasing dose rates over a period of approxtmately two days. Unless

otherwise stated af] discussion wilt be limited to the adult Rongelap group.

The principle sources of previous data availiable for comparison, and the characteristics

and limitations of cach are summarized in Table 4.10. Perusal of the table will make apparent

the difficulties involved in attempting strict comparisons; however, some statements can be

made despite the obvious limitations. For easy reference, “normal” values for peripheral

blood counts, from the present data and from the literature are presented in Table 4.11.

4.13.2 Comparison with the Japanese Data

The limitations staced in Table 4.10 apply to the Japanese low dose groups* E to H in par-

licular, in which values given*®:"’ are pooled and include individuals located at the time of the
bombing such that they may not have received significant exposure, Hence, while the pattern of

change with respect to time is of value, absolute counts probably are high. The time course of

hematological change i: the Rongelap people corresponded most closely witk these low expo-

sure Japanese groups in which definite signs of severe radiation exposure were present in

some individuals but in which essentially no mortality occurred (inittal hemotological studies

on the Japanese terminated at 15 weeks). The early period up to approximately six weeks was

characterized by cunsiderable variation in total white count in both the Rongelap and J: ~anese

people. This fluctuation may be associated with the presence of thermal or other injur. 3; in

the Japanese or the active skin lesions in the Marshallese, or may correspond to the ‘abortive

rise" noted for animals following exposure."'"™ From the sixth week until the termination of

the acute studies on the Marshallese during the tenth week, the Japanese and Marshallese

counts remained at similar levels. .

The neutrophite count in both the Japanese and Marshallese in general paralleled the total

white count. The lymphocyte count in both groups was depressed carly and remained depressed

at values of approximately 2000 until week 10. The high value of 2692 reported for the Japanese

for weeks 12 to 15 must be suspected of being high for the reasons given in secthon 4.13.2.

Three characteristics of the Japanese hematological trends should be pointed out: a) while

high dose exposure groups with significant mortallly showed early depression with a definite

low point at four weeks, the lower dose groups showed no definite minimumal four weeks but

rather a continued depression until the eighth or ninth weeks. b) While the mean values for

total white and neutrophile counts for even the heavily exposed groups had rcturned to within

*The Japanese casualties were divided into groups A to H on the basis of degree of expos-

ure as determined roughly by distance from the hypocenter and approximate degree of shield-

ing. In groups E to H essentially no mortality ascribable to radiation exposure occurred in the

{first 3 or 4 months.
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Table 4.10

Source of data

«
ae s* 2

CHARACTERISTICS ‘OF AVAILABLE DATA ON THE HEMATOLOGICAL,

EFFECTS OF PENETRATING RADIATION

 

 

 

: “ Japanese Clinical Laboratory Exposail Large

' . rLe si “as veo dhrtaneng cdl OO ge sage el

es Characteristics Bombings") Radiotherapy Accidents Marshallese Antinnls

. Numbers in Groups Large - Small Small Large Large

. Adequacy of Controls Fair Poor Poor Goud Very good

. Serial Counts No | Yor Yos Yor Yous :

Count kg Fair Fair Good Canad Cand / e

1
> cou

Pechniques*
\

Chance of bias duc to Large Lurge Large Sinall Small |

simpli
Pm

techniques
i :

“Normal”’ Yos No Yeu Yes Yes 5 ot

individuals '

Intecnal None None Nont Minimal Note

contaminition

Additional traumiu Yes No Yes Yeu Nu

(burns etc.)

Species extrapolation No No No No Yes

necessary

Type of radiation Gamma, Hard x rays, Gamma, neutrons, Gamma, beta Hard x rays,

some gamma x rays, betaa to skin gamma

neutrons

Dosage estimation Poor Good Poor Fair Goud

Single exposure Yes Usually no Yes Yes Yes .

Dose rote Instantaneous ~5r/min instuntaneous Varying, ~10r/min ,

. ~5r/nr

* Body region Total body Usually Total and Total body; Total body .

partial body purtial body beta to skin = | pes

Dosage Range Sublethal & Subicthal Sublcthal & Sublethal Sublethal & —

Iethal lethal __ -: ivthal be

Geometry Nurrow beam Narrow beam Narrow beam _ 360° field Nurrow beam . ee

Depth dose curve Moderate fall Variable Rapid fall off Essentially Variable‘rapid eo

off flat fall off to a:

flat oa

*Same technicians for all counts; rigidly standardized techniques throughout etc.

}

Table 4.11 MEAN PERIPHERAL BLOOD COUNT VALUES

FOR SEVERAL CONTROL POPULATIONS(x 104)

: ‘ anunean
Kwa}-

Source of data Japanese Kure, American Miujuro

Determination 1947-19488 1948-1949" Americans®?* Americans Controls Controls

Total White Count 9.9 9.5 7.4 7.0 7.8 9.7

Neutrophiles 5.5 5.0 4.4 4.3 4.1 4.8

Lymphocytes 2.9 2.8 2.5 2.1 3.3 4.1

Monocytes 0.6 0.6 0.3 0.4 0.3 O.2

Eosinophiles 0.9 1.0 0.2 0.2 0.3 0.5

Biasophiles Q.1 0.0 0.0 0.0 0.1

Platelets 250t 238 308 ‘

, *Age 21 years ; ; ”

tThe mean value fur 50 normal young American men, using the technique employed in the present

study was 257,000
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the “normal” cane for vadividual counts by the eighth eroninth week, qeiiher of thease values

for either the diph or low @xpesiure proups had ceturned to the nian bevels ot any ab the contra

populations disted i Table 4.10 at this time, nar by the end of Che study at bo weeks. * ©}

Lymphocyte counts cemained depressed at least throuthe P2th week and probably through

the 15th week.

The present findingsiin the Marshallese are in accord with these characteristics, namely,

a) total white cell and newtrophile counts showed no definite minimum at four weeks as evi-

denced in Japanese_groups A to D, but rather fluctuated during the first few weeks with mini-

mum mean counts occurring in the sixth week or later, b) Neutrophile cownts were unstable

over the first five weeks, and recovery to control levels was not completeby the 10th week.

c) Lymphocyte counts remained depressed (throughout the period of observation.

Platelet dala in the Japanese are not sufficient to allow more thin rough qualitative com-

parisons. This is unfortunate sincechanges in platelet counts in the present studies appeared

to show a more consistent pattern than did the leukocyte counts, Platetet counts on ane indivi-

dual considered as atypical response in a non fatal Japanese” indicated an apparent fow at ap-

proximately day 30. This time trend agrees with that seen in the Marshallese and Americans

exposed to fallout radiation, }

It is worthy of note that the period of peak incidence of purpura in the Japanese victims oc-

curred between the 25th and 30th day, which corresponds to the time of imiaximum pintelet de-

pression in the exposed Marshallese.

4.13.4 Comparison with Data from LaboratoryAccidents

Although in the Los Alamos and Argonne accidents’the type of radiation and the condi-
tions of exposure were markedly different from either the Japanese or the Rongelap situations,

a large component of penetrating gammaradiation was received and thus attempts at com-

parison may be of value. Some findings in the hematological responses are pointed out: a) a

uniform early rise in white and neutrophile counts over the first few days, similar to that seen _

early in the Rongerik American group was observed uniformly.{ b) Of three high-exposure but

non-lethal cases, the total white and leukocyte counts continued to show some degree of de-

pression into the severth week orbeyond. c} The-lymphocyte count#in individuals exposed to

as little as 50 rem showed aninitial marked depression. In most cases the lymphocyte counts

remained at low levels throughoutthe period ofobservation. ad) Platelet counts were done by

a different method, and absolute counts are therefpre not comparable, However, of the three

high-dose survivors, times of maximum depression were net inconsistent with the value of 30

days obtained in the present studies.

The Argonne Laboratory accident® 4 ved four individuaty who were estimated to have

received 136, 127, 60, and 9 rep, respectivel The findings in thetwo highest exposed indivi-

duals in general were consistenFwith those ‘the present study. An initkat neutrophilic leuko-

cytosis was followed by fiuetuations in total cau “iiflow values contim@ing into the seventh

weck. Recovery was net comptes bye > 20th yeek. : “Fymphocyte count depression was

rapid and marked, and recovery:#aB,a0e sR by the Wth:week. Minimumvaluesfor the
platelet count were obtained between£ thand.Sts,Gay. me§.
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4.13.5 Comparison with AnimaData gow Ye

The time trends and severity Feralwiiod count change following total body radia-   tion in ani has been critica: ined recently," and the following general conclusions

are presenté nee BR

tenn no cee an

“Counts 2 years later were not significantly different from control Japanese values.
tCounts on the Rongelap people 6 months after exposure showed noelevation of the mean

total white count, neutrophile or lymphocyte counts over values obtained during the 10th week.

tNo counts were taken on the Rongelap and Ailinginae groups during this early period,

b2
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a) An initial rise in total white count (reflected in the neulropbhile count) may ceca. Phere

after the magnitude of depression of the total white and neutrophile counts, and witht Hanits

their duration are a function of radiation dose: A secondary or abortive rine in the total white

count (reflected in the neutrophile or lymphocyte count) may occur, followed by a second de

crease, There is little species difference in the rate of depression of the total white or neutro

phile count at comparable doses; however, the mate of recovery and time for complete recovery

is quite different in various species. Small animals (mouse, rat. hamster) show rehitively com -

plete recovery to control levels, even at doses in the lethal range, by the end of the fifth week

or earlier. Data on dogsare inadequate to indicate when recovery is complete; however, re-

turn to control levels at high dose leveis had not occurred by the fifth week. Swine require 9

to 15 or more weeks for complete recovery.

b}) The response of lymphocytes is essentially identical in all animal species. Depresston

can be detected within a few hours, and recovery from the minimumvalues (achieved in 36 to

48 hours) requires longer than does neutrophile recovery. Lymphocytes fall to very low levels

al doses well below the lethal range, and increasing dose results in no or minimal further de-

crease in count. Lymphocyte depression appears to have no causal relationship with acute

radiation deaths, .

¢) Platelet counts have been studied most extensively in dogs."© As with neutrophiles, the

rapidity and mayznitude of depression is a fuynetion of dose below the lethal range. Maximum

depression oceurs by the Oth or 10th day wfth doses in the high lethal range, by the 10th to 15th

day at sublethal levels. Recovery begins during the third week, but is not complete by the 30th

day when most studies have been ler minatég. Insufficient data are availgble to indicate the

lime required [or complete recovery.

Considerable evidence including studie@ in the mouse using splenic homogenates, induced

bacterial infections and spontaneodg infections have indicated that critica] neutrophile levels

exist below which survival is correlated. with the absolute neutrophile count following whole

body irradiation. From data on degs, it appears that survival is likely unless neutrophile

counts remain below 1200 cells for a periodof time.
Platelet data on dogs indicate fhat agimals with external purpura have platelet counts of

50,000 or below. a= __ -*

Insufficient data on large animals are fet as yet available to quantify the extent of maxi--_

mum depression of either the neutrophile or platelet counts as a function of dose in the sub-

lethal range. The response of the platelet count in the present study was much less subject to-

fluctuation than were the neutrophile or lymphocyte counts. For the preceding reasons, sys-

tematic investigation of the piatelet and leukocyte counts in large animals as a function of dose

in the subjethal range are indicated.

It is not possible to say at present whether severity of exposure, or of radiation damage

correjates better with absolute levels @f peripheral blood count, or with degree of change from

corel ov pre-exposure levels. Sonure evidence on this point can be gained by comparing the

depree ol depression of the neutrophle and platelet counts in the Ailinginae and Rongerik

troupes, both of whieh had essentiallythe saine calculated exposure but for which control hema -

lolopical vakues were considerably different (the lymphocyte count ts not suitable for compari-

son since deprce of depression was essentially (he same in these groups and the higher-dose

Rongelap group). At the time of peak depression for each element,both the neutrophile and

Platelet counts were essentially identical in terms of absolute ci , but considerably differ-

ent in terms of the respective control values. Thus some evidence is afforded that absolute

counts, rather than counts relative to control values, may be the more reliable index of ex-

posure in this dose range. *

4.13.6 Approximation of Minima! Lethal Dose for Man

Some indication of severity of exposure can be gleaned from a comparison of minimum in-

dividual counts in Japanese groups exposed at Hiroshima and Nagasaki in which fatalities oc-

curred. In general, a significant number of deaths was encountered only in individuals whose

neutrophile count fell below 1000. In the Rongelap group 42 or approximately 50 per cent had
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neulrophile counts below 2000 at some time during: Che observatian period. and EO per cont had

counts below 1000. iy this criterion, then, the effective dose reeerved by the Ronpehap people
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approached the lethal range.

Tn the dog and mrs,8 approximately 50 to 100 rare required to tower (he newt rophibe

count by 1000 cells iin? in the high sublethal dose range. Hf these data can be applied to miu,

wnouddithonal 50 to FOO r would have placed the dose in the lethal range. Ono the other hia,

however, itis clear from thepresent data that neutrophtte counts between L000 and 2000 in ca

human beings are well talerated. Human beings with (hese levels of neu€rophliles show ae elint ve’
~

eal evidence of itInéss, areghysically active, and do not need prophylactic antibiotic therapy, ”

The Roneelap people are estimated to have received 175 ras calculated from dose rate re

readings measured in air in the plane fission product field. From the preceding paragraph it 7 ‘

is seen that an additional 50 to 100 r of laboratory radiation or an average of 75 r, probably boi.

would have resulted in some fatality. Correcting this average valuc geometry,* it follows that f

the minimad Icthal douse (MLD) for man exposed in a fission product field is approximately 225 7 7

r measured in air,

It is possible also to estimate the added increment of dose that would have resulted in

some mortality among the Rongelap people Crom consideration of the minimumplatelet counts

observed, the platelet levels in dogs exposed in the bigh sublethal range ©) and the estimated

rate of decrease of platelet level with increasing dose in this dosage range, Such an analysis

leads to the same conelusions as those derived from neutrophile data.

4.13.7 Peripheral Counts as an IndexofSeverityofExposure

The relative value of the several hematological determinations in estimating the degree of

exposure, as well as thenpproximate dose ranges over which maximumsensitivity for each i

determination exists, can be estimated by comparing the degree of hematological change among

the several exposure groups. The relative degree of change in neutrophiles, lymphocyte. and

platelets can be seen in Tables 4.2 to 4.5 and Figs. 4.9 to 4.11. Lymphocyte counts were de-_

pressed appreciably even in the low-exposure Utirik group. In the higher dose groups, how- --

ever, with widely different physical estimates of exposure the lymphocyte counts showed es-

sentially identical degrees of depression. The lymphocyte counts of-the Ronyelap and Ail'nginae

vroups were constantly depressed at a level of approximately 2000 cells. Thus while sensitive

at very low doses, this endpoint may be a poor index of the degree of exposure at higher doses.

The total neutrophile count of the Rongelap group was consistently more depressed than was

that of the Ailinginae group and the difference was of the order of 500 to 1000 cells. However,

day-to-day wide fluctuations in the neutrophile counts occurred. Accordingly this endpoint ap-

peared to be of limited usefulness as an index of relative exposure severity except when counts te

on groups to be compared are performed at the same time. ,

The platelet count showed a more systematic trend than did the neutrophile count. Differ-

ences between the low-dose Utirik group and controls at the time of maximumdepression for

all groups could be detected, and appreciable differences existed between the means for the

Marshallese higher cxposure groups. Platelet counting ts as eastly carried out and more re-

producible than leukocyte counts2©"" Thus the platelet count may prove to be a useful index of

degree of exposure throurhout the sublethal range.

The above considerations are in accord with previous findings on human beings and ani -

mils.

 

*From geometric and depth dose considerations set forth in chapter 1, 1 r measured inair

in a fission product field is equivalent in its effect on man to approximately 1.5 r of penetrating

x- or gamma radiation under geometric conditions usually used in the laboratory. Thus the

minimal] lethal dose for man exposed to penetrating radiation under the usual laboratory con- ',

ditions would be approximately 335 r. i
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4.13.8 Conclusions . “ .

1. Consideration of the degree of depression of peripheral cellular elements indicates that

exposure of these Rongelap people was moderately severe, probably within 50 and at most 100

roof the level where some fatalities would have resulted.

2. The degree of effect evidenced in the Rongelap people is not inconsistent with the physi-

cal estimates of gamma dose received. Beta lesions of the skin, and the low levels of internal

radioactive contamination observed are considered not to have contributed significantly to the

hematological chanpres seen.

3. The extensive serial hematological data obtained, considered in connection wilh pre-

vious data, allow reasonably accurate characterization of the hematological respouse of hunian

beings exposed to singe doses of penetrating radiation in the high sublethal range. The time

course of events is different from that observed in large animals and piuryv be deseribed as fol-

lows:

ay ‘The fotal white count inereases during the first (wo or more days and then decreases

below normal levels. The total count then fluctuates over the next five or six weeks, wilh noe

definite minimum and with some values above normal (the presence of thermal or beta lesions,

or olher acute processes during (his lime may account in part for these Quctuations). The

count becomes stabilized during the seventh or eighth weeks at low levels, and minimon counts

probably occur at this time. A definite trend upward is apparent in the ninth or tenth -veks;

however, complete recovery may require several months or more.

b) The neutrophile count paralleis the total white blood cell count. Complete return to nor-

mal values does not occur for several months or more. The initial rise in total white count is

due to a neutrophilic .. ukocytosis.

c) The drop in lymphocytes is early and profound. No evidence of recovery may be appar-

enl several months after exposure, and return to normal levels may not occur for months or

years,

d) The platetet count, unlike the fluctuating total leukocyte count, falls ina regular fashion ... —_

and reaches a low on the 30th day. Some recovery is evident early; however, as with the other _- eS

elements, recovery may not be complete several months after exposure.

4. As an index of severity of exposure, particularly in the sublethal r.nge, the total white

or neutrophile counts are of limited usefulness because of wide Muctuations and because sev-

eral weeks may be required for maximum depression to become evident. The lymphocyte -

count is of more vilue in this regard particularly in the low duse range, since depression oc- :

curs within hours of exposure. However, since a marked depression of lymphocyte counts oc -

curs with low doses and since further increase in dose produces little more depression, this

index is of little value at the hixher doses.

9. Platelet counts showed a regular pattern of change in the present studies, with the same

time of maximum depression in all exposure groups and with the degree of depression roughly

proportional to the calculated doses. It appears, therefore, that the platelet count has con-

siderable promise inthe sublethal range as a convenient and relatively easy direct method of

determining the degree of exposure.
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CHAPTER 5

INTERNAL RADIOACTIVE CONTAMINATION

5.1 INTRODUCTION

A study of the nature and extent of the internal radioactive contamination in the exposed

human beings was initiated on the 16th day post-detonation, with the collection of 24-hour urine

samples from the Rongelap, Ailinginae and American groups. Additional information on the

extent and nature of the radioactive contamination was obtained from domestic animals, food-

stuffs, water and soil collected on the contaminated atolls and sent tu the U. S. Naval Radio-

logical Defense Laboratory, the Naval Medical ResearchInstitute, the New York Operations

Office of the Atomic Energy Commission, and ihe Los AlamosScientific Laboratory for gross

activity measurements and radiochemical analyses. Data on soil, water, and plants were

necessary to determine the feasibility of utilizing the fvuodstulfs and living area of the contami- -

nated atolls. Long term studies of the domestic animals obtained are being conducted at the

NRDL, in order to obtain information on the p ssible acute and delayed hazard from internal

~ radtation. _.

The muain findings of the internal contamination study In the human beings and their en-

vironment are presented in this report. A detailed report on the nature and extent of the inz -

ternal radiation hazard in human beings and animals, as well as the contamination of the

environment will be presented in an addendum report,

5.2 PHYSICAL ENVIRONMENT STUDIES

A comparisonof the food, water and soil samples from Rongelap, Utirik and Rongerik

indicated a much higher level of contamination on Rongelap than on the other islands. The

activity appeared to be distributed in the same manner on all the islands. In general, the con-

tamination was associated with very fine particulate matter and was uniformly distributed

throughout samples of earth, thatch, and grass. Significant amounts of beta activity (1 uc per

plant) as well as fissionable material (1 x 1074 pgm) were present on the external surfaces of

plants at 42 days, but only small amounts of beta and no alpha activity were detected in the

edible portions, Coconut tree sap, an important item in the native diet, was found to have beta

activities of the level of 1 uc,liter on Rongelap at two months after detonation. Fish collected

from the Rongelap lagoon were found to have very high levels of activity (0.3 to 3 jic per fish)

as late us 120 days post-detonation.

The activity found in soil was determined to be associated mainly with fallout particles

of relatively large diameter. Rongelap water samples from both cisterns und a well (Figs.

9.1 and 5.2) had activities of about 1 yc, liter at 30 days. Samples of thatch roofing exhibited

the highest levels of activity ‘n the physical environrnent. The presence of fissionable mate-

rial was detected on thatch, grass and on plant food.
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Fig. 5.1 Well, Rongelap

Fig. 5.2 Cistern, Rongelap
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5.3 ANIMAL STUDIES 7 oe .

The studies on the Rongelap and Utirik animals included measurement of internal radio-

active contimination and radiochemical analysis of excreta and tissues. The acute hemiatologl

cal and pathological effects of the exposure, as well as long termeffects on these animals,

are being studied, In additton, fertilily and hatehabtlity studies us well as radfochemueul anal -

ysis of egyes laid by hens from Rongelap were performed. _

These studies hive provided information on the extent and nature of the internal contami-

nition in the exposed human beings, For exumple, radiouutographs of animal bones prepared

by NRDL. and Argonne National Laboratory®® (Figs. 5.3 and 5.4) indicate the pattern of skel-

etal distribution of fission products, particularly the high concentrations of radivelements

in the epiphyseal region of the long bones. Further, information on these animals (which re-

ceived a much higher external radiation dose than was received by the native group and over

10 times the internal deposition) should be of considerable prognostic value for the human

beings.
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Fig. 5.3 Autoradiograph of Rongelap Chicken Tibia, 4 x, 21 hr Exposure. Animal Sacrificed

45 Days Post-exposure (Argonne Nationa] Laboratory Photo).
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Fig. 5.4 Autoradiograph of Rongelap Pig Tibia, 42 hr Exposure. Animal Sacrifleed 58 Davs

Post -eXposurc. : - __ -"

r5.4 HUMANSTUDIES

9.4.1 Excretion

Gross beta activity measurements on the urine samples from Rongelap, Ailinginae, and

Roneenk indicate siznificant contamination in the majority of samples. The variation in beta

activity excreted 24 hours among individuals in any one group is quite large (Table 5.1). If

the mean values of urine activity of the adults of the three groups six weeks after exposure

are compared, it will be seen that the Rongelap group had the highest activity, 1208 d m 24

hours. The Ailinginae group had 553 d-m/24 hours, and the American group had 309 d.m 24

hours. A proup of the Japanese fishermen exposed to fallout from the same detonation had a

urine activity comparable to that of the Rongelap adult group.

Phe mean activity of the individuals under 15 years of age appears to be considerably

lower than that of the adult group. An examination of the group collections analyzed by the

viilrious Labormiuories involved showed fairly consistent levels of activity for the individual

from day to day. The variation which occurs is not considered to be excessively lLirge for this

type of study. The activity as function of time fell off rapidly due to the large component of

Bal’? - Ea"? and uther shcrt lived radioisotopes. For example the Rongelap group had a mean
activity of 1208 d.m 24 hours at 46 days and activity of 339 d,m/24 hours at 90 days. At six

months post-exposure the Rongelap urine was found to contain a barely detectable amount of

beta activity, The results of radiochemical studies of urine indicate that Sr®™, Ba'*, and the
rare earti group apparently constitute 77 per cent of the total beta activity at 46 days. Stran-

tium-89 contributes 40 per cent of the total beta activity, Ba'“°— 11 per cent and the rare earth
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Table 5.10 GROSS RETA ACTIVITY IN URINE OF RONGELAP GROUT

(Urine Collected on 46th Post-exposure Day and Valucs Corrected far Devwy

Bach to Collection Diy) o
e

x

Total Total

  

 

 

Volume Beta Activity Volume Beta Agtivity

Case No, “24 hr d/m /24 hr Case No. e4 hr dam 24 her

Age 5 years Age ~ 16 veara . t-

2 120 . T12 4 455 634
3 150 BY4 7 SLO 1700 7
5 155 313 9 355 201 Ie

23 40 - 223 10 980 549 Re
32 260 0 11 450 1583
54 80 285 13 340 1677
69 455 301 14 780 2460

18 455 1670 ‘

Meun 165 404 22 47 77

30 960 458
n4 750 570
47 480 7H
40 550 1450
46 330 495
49 425 0
62 780 0
55 320 1080
56 700 3220

Age 6 to 15 57 550 1095

years 58 750 2170

20 265 1900 60 810 580 ee eo
24 - 550 - 0 62 980 1985 NS aca tiee
26 650 1032 63 635 2260 * 7
35 255 0 66 655 -' 1715 cee fam
36 190 236 -68 300 2010 In ob:
ay 280 1100 71 290 1450 ~ or
47 650 1705 “> 230 0 2 Looe
67 450 674 7 965 52 pot
72 110 507 79 465 2038
75 440 0 B0 540 1353
76 980 1180 82 670 2140

Mein 439 758 Mean 581 1208

group —25 per cent (of which 11 per cent is La®, in equilibrium with Ba'*° at this time). Fis-
sionable material was not found in significant amounts in any of the urine samples analyzed.

lodine-131 was found only in samples analyzed at early time intervals, due to its relatively

short physical half life.

5.4.2 Estimate of Body Burden 

For estimating the human body burden of the various fission products, a semi-empirical

approach, involving extrapolation from animal data, was used. Two Rongelap pigs werekilled

after their average 24 hour urinary excretion of fission products was determined. All tissues

were analyzed for total beta activity, as well as for Sr®*, Ba'**, and the rare earth content
(Table 5.2). By applying the ratio of animal body burden/urine excretion activities to the

Rongelap native urine samples analyzed at about the same post-detonation time, a total human

body burden of 0.33 uc, for post-exposure day 82 was obtained. If this total human body burden
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Table 5,20 RAINOCHEMICAL ANALYSIS OF

(ALL Vadues Corrected for Decay to Day o

° - ere

TISSUES AND URINE OF RONGELAP PIGS

f Saeridfice, the 82nd Post-exposure Day)

Botu Activity d.m/tolal Sample

Grove Total

Activity sr? Bult? Rure Earth
Sample 3 (~ 1074) m tom) t= ra} m1)

Pig #24 (25.8 kgm)

Skeleton —HH90 4660 860 1010
Liver 31 0.40 0.33 6.4

Colon & Contents 12 &.0 2.4 4.2

Lung (Alveolar) L.5 0.22 0.20 0.8

Stomach . L.2 0.22 1.1 1.3

Intestine (Small) 2.3 0.62 0.50 — 0.51

Kidney ‘ 3.3 0.21 0.42 0.74

Remaining Tissues 690

Total 9620 5667 665 1620

Urine Sample, 24 hr (5/27) 13 8.7 1.2 1.6

Urine Sample, 24 hr 2.6

Average for days 82 to

4K post-cx posure

Ply #25 (22.7 kgm)

Skeleton (total) K6U0 5100 530 690

Liver 27 0.53 0,20 5.5

Colon & Contonts 16 5 3.2 4.9

Lung (Alveolar) 1.1 0.26 0.23 0.33

Stomach 2.0 0.29 0.13 0.30

Intestine (Small) 2.6 0.83 0.48 0.88

Kidney . , 3.1 0.14 0.19 0.52

Remaining tissues 220

Total 8870 5107 _534 702

Urine Sample, 24 hr (5/27) 6.2 4.4 0.40 0.54

Urine Sample, 24 hr 8.1

Average for days 82

to 88 post-exposure

Tota)

Average Per cent of Individual Radioelementa sr® Ba’ Rare Earth

Skeleton 62 6.8 9.7

Total Body 58 6.5 9.0

Urine (24 hr) 6Y 7.9 10.5

is separated int its components using the ratio of individual isotope activities in the urine or

in the total body of the animals at this time, the following values for the Rongelap group, 82

days post-detonation were obtained:

Sr®* — 0.19 pe

Ba !#° _ 9.022 pc

ls

’

 

Rare Earth Group — 0.030 uc

Others — 0.09 ye

The excretion rate of Sr and Ba can be described empirically by a power function, Ay =

A,t7® where n is 0.4 and A; is the activity remaining in the body at time t (days). The ex-

ponent was derived from Cowan, Sr*’ humaninhalation data, and it corresponds very closely

«. . See . . oa ee @ e898 8 eee 88. eo ~ ese . eu * « ee.‘ : 7 * . - of =» se 7 +i: . een » a 8 8 oe  -
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to the exponent found in the hufftalr ridin’ dita Uf Norrig® “and? Ledhey®!, Using this lovmula-

tion the individual skeletal body burdens extrapolated back to day one are as follows:

Sr® .. 1.6 jie

Bal? 2.7 ye

Fisstonable material negilive

Based on the Sr® analysis, the Hunter-Ballou fission data® and the retention data of Hamilton,®
the following estimates of skeletal body burden in the Rongeliup group on day 1 were made:

a) rare earth group ~ 1.2 uc

b) I! - 6.4 mc

The integrated dose to the thyroid from I'*' and the shorter lived iodine isotopes (1!%2, 18, and
1/35) assuming a 20 per cent uptake/24 hours was 180 rep. The Ailinginae values were then

approximately one-half and the American were one-fourth of these values.

On the basis of a radiochemical] analysis on pooled urine samples collected from a cross

section of the Rongelap and American populations, 16-18 March, Los Alamos reported™ the

following estimate of fissions associated with material inhaled and: or ingested by the Ronyelap

native proup:

1) _ 5.5 x 10!° fissions
Sr® — 1.2 x 10"° fissions
Ba‘? _ 1.0 x 10'5 fissions

From these data, using certain assumptions as to the uptake and retention of these radioele-

ments by the body, the following estimate of body burden at one day was derived:

Riae

Rongelap American es.

(uc) (uc) |

Sr®* 2.2 042 °°
Ba #0 0.347 0.27

Ru!* 0.013 0.015
Cats 0.19 0.04

-T!3! and short lived 5.1 mc 1.9 mc
I'*! equivalents

Fissionable material 0.016 urm

The initial body burden of I'"! and short lived iodine isotopes, energetically equivalent to I'*!
is 5.1 mc. The estimated total integrated dose to the thyroid from the iodine isotopes assuming

a 20 per cent uptake/24 hours and with corrections for decay of the very short lived isotopes

was calculated to be 150 rep for the Rongelap natives and 50 rep for the Americans.

It can be seen that with widely different approaches to the estimation of the body burden,

the results obtained are very similar with the exception of the Ba'® estimate.

An attempt lo detect bone-fixed radioactive emitters by means of sensitive film badges

taped below the knee over the epiphysis of the tibia on 40 exposed Marshallese yielded negu -

tive results.

5.4.3. Internal Radioactive Decontamination
 

Ethylene diamine tetracetic acid (EDTA) has been shown to be the most effective chemical

agent to date for mobilizing fission products from the skeleton and for increasing their ex-

cretion rate.-*.® This chelating agent was therefore used in a decontamination therapy
attempt on a group of seven Rongelap individuals having relatively large amounts of internally

deposited radioelements. Oral administration of calcium EDTA, 1 gm/25 lb body weight daily

* *

e
a
u
e
e
t
e

@
e
b
e
o
t
v
e

e
e
t
u
a
e

°  

e
e

e
e
r



 

r
a
a
t

for three days increased the dver-all miean actiVity in thé 24 nbuef urines of the treated peaple

by a factor of 2.5 times compared with the pretreatment control excretion. Since the rate of

excretion of activity at this time was about 0.1 per cent, 24 hours, the observed increase in

excretion did not significantly alter the total body burden. This study and previous animal work

sugeest that EDTA, perhaps administered 1.V. and at early intervals, might have been of con-

siderably greater value in increasing the excretion of some of the internally deposited fission

products.
“2

5.9 DISCUSSION -

The fallout material probably entered the exposed people through both the inhalatton and

ingestion routes. The relatively hirge particle size indicates that the probability of toliudliation

Of vairborne contamination was small. This is based on the observation that in general only

particdes 0.1 to 3 po in diameter reach the alveoH on inhahation and Chat larger particles are

filtered out by the nose and upper respiratory passage and awallowed.™ In addition, the lungs

and air sacs of chickens autopsied in the period 24 to 100 days post-detonation showed low

levels of contamination, while the gastrointestinal tract and its contents were relatively active.

The high levels of activity found in the liver are also compatible with this hypothesis indicating

ingestion as the route of entry. Autopsy findings on five pigs indicate substantially the same

results.

In peneral the mean gross beta activities in the urine of Rongelap and Ailinginae groups

were found to be roughly proportional to the calculated external dose and therefore to the con-

centrations of airborne fission products. However, a comparison of mean beta activities of the

Ailinginae and American groups show the latter to have a somewhat lower amount of internal

contamination than the former though the groups received approximately the same calculated

external duse. The difference may well lie in the fact that the Ailinginae people continued to

eat contaminated fuod and drink contaminated water up tc the time of evacuation. The American

personnel probably ingested less contaminated food. Their water was distilled and stored in

closed contuiners which precluded the possibility of radioactive contamination. It is also pos-—

sible that indoctrination of the American group as to the inhalation hazard and perhaps their

more adequate shelter was responsible for the lower am. unt of internal centamination re-

ceived. Radiounalysis of urine simples of the Japanese fishermen, who were exposed to the

same fallout, indicated that they had received approximately the same amount of internal con- -

tamination as did the Rongelap adult group. The lower urine activities found in the Marshallese

individuals under 15 years miy indicate that with active bone growth occurring, the internally

deposited fission products were more firmly fixed and therefore less readily excreted. lt does

not seem likely that the children were subjected to any less internal radioactive contamination

than were the adults.

5.6 CONCLUSION
The degree of internal radiation hazard was too low to have contributed significantly to the

acute radiation syndrome observed. Efforts to correlate individual body burdens with their

clinical or hematological findings (platelet and white blood cell levels) were unsuccessful. Due

{o the ability of the skeletal system to concentrate fission products, any injury to the body from

these internal emitters would most likely be determined by the radiation effect on the bone.

The concentration and type of internal radioactive contaminants, however, minimize the proba-

bility of any significant long term effects from the internal radiation.
The possibility of synergistic effects from the combined exposure to external and near

tolerance doses of internal radiation is also very slight. The occurrence of such a synergism

has been demonstrated where animals were subjected to relatively high doses of internal emit-

ters (2 j:c¢/gm) in addition to high external doses. The only suggestion of such a combined ef-

feet in this situation was from the hematological response ot served in these exposed human

bemps, which did not foliow precisely the time course chara-teristically seen in lower mam-

mais after short exposure to external radiation.
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CHAPTER6 I-

|
RECOMMENDATIONS :

!

1. It is recommended that establishment of a medica] team on a continuing basis, prepared -

to handle emergencysituations connected with radiation, be considered. Qualified personnel

should be designated by name; minimal clinical and research procedures considered essential

should be established and necessary equipment should be stockpiled.

2. It is recommendedthat steps be taken to obtain additional data in the laboratory in the
following categories:

(a) The hematological response of large animals, and preferably man, exposed to radiation

producing the depth-dose curve seen with fallout gamma radiation from a plane field. Data well

beyond the usual 30-day period, and preferably for at least a year after exposure, are neces-

sary. aoe

(b) The response of human skin to beta radiation under conditions of different beta ener-

gies, source sizes, and source geometries.
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Albert D. Epley, Dept. of Tactics and Combined Arms

Commanding General, Medical Field Service School, Brooke Army Medical Center, Ft. Sam

Houston, Tex.

Director, Special Weapons Development Office, Ft. Bliss, Tex., ATTN: Lt. Arthur Jaskierny

Commandant, Army Medical Service Graduate School, Walter Reed Army Medical Center,

Washington 25, D.C.
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Superintendent, sibRaninenithintata Point, N Y., ATTN: Prot. of Ovdanines

Cominundant, Chemuacal Corps School, Chemical Corps Training Command, Fi. MeClelian,

Ala.

Commanding General, Research and Engimeering Command, Army Chemical Center, Md.,

ATTN: Deputy for RW and Non-Toxic Material

Commanding General, Aberdeen Proving Grounds, Md. (inner envelope) ATTN: RD Control

Officer (for Director, Ballistics Research Laboratory)

Cominanding General, The Engineer Center, Ft. Belvoir, Va, ATTN. Axst. Commandant,

Engineer School _ a

Commanding Officer, Engineer Research and Development Laboratory, Ft. Belvoir, Va.,

ATTN: Chief, Teehnical Inteliigence Branch

Commanding Officer, Preatinny Arsaeniul, Dover, N. do, ATTN: ORDBB-TK

Commanding Officer, Army Medical Resenrch Laboratory, Ft. Knox, Ky.

Commanding Officer, Chemical Corps Chemical and Hadbolagieal Laboratory, Army Chemical

Center, Md., ATTN: ‘Vech. Library

Comminding Olbecr, Praunsportation H&D Station, Fl. Fur tta, Va.

Director, Technical Documenta Conter, Evins Signal fabornutery, Belmar, Nod.

Director, Arined Forces dustitute of Pathology, 7th and Indepondence Avenue, 5. Wo, Washing

Lon to, bo,

Director, Operutions KReacurch Office, Johny Hopking Unive raity, 7600 Connecticut Ave,

Chevy Chase, Md., ATTN: Libroury

NAVY ACTIVITIES

Chief of Naval Operations, D/N, Washington 25, D. C., ATTN: OP-36

Chief, Bureau of Medicine und Surgery, D/N, Washington 25, D. C., ATTN: Special Weapons

Defense Div.

Chief of Naval Personnel, D/N, Washington 25, D. C.

Chief, Bureau of Ships, D/N, Washington 25, D. C., ATTN: Code 348

Chief, Burvau of Supplies and Accounts, D/N, Washington 25, D. C.

Chief, Bureau of Aeronautics, O/N, Washington 25, D.C.

Commander-in-Chicf, U. S. Pacific Fleet, Fleet Post Office, San Franciaco, Calif.

Commander -in-Chief, U. S. Atlantic Fleet, U.S. Naval Base, Norfolk 11, Va.

Commandant, U.S. Marine Corps, Washington 25, D. C., ATTN: Code AQ3H __ oa

Superintendent, U.S. Naval Postgraduate School, Monterey, Calif.

Commanding Officer, U.S. Naval Schooly Command, U. S. Naval Station, Treasure lstand,

Sin Franciseo, Calif.

Commanding Officer, U.S. Fleet ‘Training Center, Naval Base, Norfolk 11, Va., ATTN:

Specail Weapons Scho

Commanding Otieer, 5. Fleet Traming Center, Naval Station, Suan Diego 36, Calif., ATTN:

(SPWP School)

Conunanding Offteer, U.S. Nuval Damage Control Training Center, Naval Base, Philadelphia

IZ, Pal, APTN: ABC Defense Course

Comunanding Olficer, U.S. Naval Unit, Chemical Corps School, Army Chemical Training

Center, Ft. MeClellan, Alis,

Jomt Landing Force Board, Marine Barracks, Camp Lejeune, N.C.

Commuinder, U.S. Naval Ordnance Laboratory, Silver Spring 19, Md., ATTN: R

Commiunder, U.S, Naval Ordnance Test Station, Inyokern, China Lake, Calif.

Commanding Officer, U.S. Naval Medical Research Inst., National Naval Medical Center,

Bethesda 14, Md.

Director, The Material Laboratory, New York Nava! Shipyard, Brooklyn, N. Y.

Cammanding Officer and Director, U. S.-Navy Electronics Laboratory, Sun Diego 52, Calif.,

ATTN: Code 422%

Commanding Officer, U. S. Naval Radiological Defense Laboratory, San Francisco 24, Calil.,

ATTN: Technical Information Division

Commander, U. 8S, Naval Air Development Center, Johnsville, Pa.

Director, Office of Naval Research Branch Office, 1000 Geary St., San Francisco, Calif.

Officer-in-Charge, U. S. Naval Clothing Factory, U. S. Naval Supply Activities, New York,

3rd Avenue and 29th Sireet, Brooklyn, N. ¥Y., ATTN: R&D Division

Commandant, U. S. Coust Guard, 1300 E. St. N.W., Washington 25, D. C., ATTN: Capt. J. R.

Stewurt
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AIR FORCE ACTIVITIES ‘ chati 3
Uityesa ps opee bac.:

Asst. for Atomic Energy, Headquarters, A 1ingtonae C., ATTN: sO

Director of Operations, Headquarters, USAF, Washington 25, D. C., ATTN: Operations Analysis

Director of Plins, Headquarters, USAF, Washington 25, D. C., ATTN: War Plans Div.

Director of Research and Development, Headquirters, USAF, Washington 25, D. C., ATTN:

Combat Components Div.

Director of Intelligence, Headquarters, USAF, Washington 25, D. C., ATTN: AFOIN-1R2

The Surgeon General, Headquarters, USAF, Washington 25, De Co ATTN: Bio. Def. Br.,

Pre. Med. Div. ~ a

Deputy Chief of Stiaff, InteHigence, Headquarters, U. 5. Alr Forces Europe, APO 6338, c/o

PM, New York, N. ¥., ATTN: Directorato of Alr Targets

Commander, 497th Reconnaissance Technical Squadron (Augmented), APO 633, c/o PM,

New York, N.Y.

Commander, Far East Air Forces, APO 925, c/o PM, San Francisco, Calif.

Commander,Strategic Alr Command, Offutt Air Force Base, Omaha, Nebraska, ATTN:

Special Weapons Brinch, Inspection Div., Inspector General

Commander, Tactical Air Command, Langley AFB, Va., ATTN: Documents Security Branch

Commander, Air Defense Command, Ent AFB, Colo.

Commander, Air Materiel Command, Wright-Patterson AFB, Dayton, O., ATTN: MCAIDS

Commander, Air Training Command, Scott AFB, Belleville, I1]., ATTN: DCS/O GTP

Commander, Air Research and Development Command, PO Box 1395, Baltimore, Md., ATTN:

RDDN

Commander, Air Proving Ground Command, Eglin AFB, Fla., ATTN: AG/TRB

Commander, Air University, Maxwell AFB, Ala.

Commander, Flying Training Air Force, Waco, Tex., ATTN: Director of Observer Training

Commander, Crew Training Air Force, Randolph Field, Tex., ATTN: 2GTS, DCS/O

Commander, Headquarters, Technical Training Air Force, Gulfport, Miss., ATTN: TA&D

Commandant, Air Force School of Aviation Medicine, Randolnh AFB, Tex.

Commander, Wright Air Development Center, Wright-Patterson AFB, Dayton, O., ATTN:

WCOESP

Commander, Air Force Cambridge Research Center, 230 Albany Street, Cambridge 39, Mass.,

ATTN: CRQST-2

Commander, Air Force Special Weapons Center, Kirtland AF}, N. Mex., ATIN: Library

Commandant, USAF Institute of Technology, Wright-Patterson AFB, Dayton, O., ATTN:

Resident College

Commander, Lowry AFB, Denver, Colo., ATTN: Department of Armament Training

Commander, 1009th Special Weapons Squadron, Headquarters, USAF, Washington 25, D. C.

The RAND Corporation, 1700 Main Street, Santa Monica, Calif., ATTN: Nuclear Energy

Division

OTHER DEPARTMENT OF DEFENSE ACTIVITIES

Asst. Secretary of Defense, Research and Development, D/D, Washington 25, D. C

U. S. National Military Representative, Headquarters, SHAPE, APO 55, c/o PM, New York,

N.Y., ATTN: Col. J. P. Healy

Director, Weapons Systems Evaluation Group, OSD, Rm 2E1006, Pentagon, Washington 25,
D.C.

Commandant, Armed Forces Staff College, Norfolk 11, Va., ATTN: Seoretary

Commanding General, Field Command, Armed Forces Special Weapons Project, PO Box 6100,

Albuquerque, N. Mex.

Commanding General, Field Command, Armed Forces, Special Weapons Project, PO Box

5100, Albuquerque, N. Mex., ATTN: Technical Training Group
Chief, Armed Forces Special Weapons Project, Washington 25, D. C.

Commanding General, Military District of Washington, Room 1543, Building T~7, Gravelly
Point, Va.

ATOMIC ENERGY COMMISSION ACTIVITIES

U. &. Atomic Energy Commission, Classified Technical Library, 1901 Conatitution Ave.,

Washington 25, D. C,, ATTN: Mrs. J. M. O'Leary (for DMA)

Los Alamos Scientific Laboretory, Report Library, PO Box 1663, Los Alamos, N. Mex.,

ATTN: Helen Redman    
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Sandia Corporation, Classified Bouumeat Division, SandTine, Albuquerque, N. Mex., ATTN: |

Martin Lucero ‘

University of California Kadiation Laboratory, PO Box 808, Livermore, Callf., ATTN: a

Mirguret Edlund

Weupon Datu Section, Technical Information Servioe, Onk Ridge, Tenn.

Technical Informetion Service, Oak Ridge, Tenn. (surplus)

AEC, Oak Ridge, Tenn, 400 
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