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ABSTRACT

Following the detonation of Shot ton Bikini Atoll en T March 1954, 28 Americans and 239

Marshallese were exposed to fallout. One hundred fifty-seven of the Marshallese were on Utirtk

Atoll, 64 were on Rongelap Atoll, and 18 were on the neighboring atoll of Arlinginac. The 28

Americans wore on Rongeritk Atoll The presence of sagnittcant fallout on these atolls was first

detertimed by a recording dostmeter, located on Rongerik, when this device weat off scale at

100 anr hr shortly after (he detonation. Emergency surveys detected radiation on the imbhabited

atalis, and evacuation of inhabitants to the Naval Station at Kwajalem was promptly carried out.

The dose of radiation to which the individuals were exposed was calculated from the mtensities

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

recerved upproximatcly 175 ¢, those on Ailinginae re@eived 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-

viduals on Rongelap suffered from mild nausea and one or two individuals vomited on the day

of the exposure. With the exception of nausea in one Ailing:nae individual, there were no other

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

shallese 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 eptlation 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, weeping lesions. There was

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

alecration. There were no skin lesions in the Utirik natives. All lesions healed rapidly with

ho further breakdown of the skin noted during the period of observation, Microscopie ¢xami-

Hatton of bropstes of the lesions showed changes usually associated with radiation myury. Fully

cTothed individuals and those remaining tnside of buildings or huts were protected to varying

Hhagprees fron development of lesions. Hematologic changes were definite im Che Rongelap,

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

a prolonged poriod of time, Neutropenia occurred in all of the individuals with mitral minimum

values oecurring around the Lith day followed by an increase in the counts and a secondary

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

pression inthe 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 ts one of the reports presenting the results of the 34 projects participating

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

tinent test information, reference is made to WP-934, Report of the Comniniunder, Task Unil

(3. Military Effects Program. This sunumary report includes the followmge information of

possible general interest,

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

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

operation.

(b) Discussion of all project results,

(c) A summary of cach project, including objectives and results.

(d) A complete Listing of all reports covering the Military Effects Test Program.

Detanted reports on dosimetry and internal radivactive contanioation will be published as

supplements lo this report.

Much of the medieat terminology in this report is explained in parentheses tor the benefit

of the layman. .
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PREFACE

Operation CASTILE cid not inclade a biomedical program, The partterpants un Project 4of

were dawn from various laboratories and were totally unprepared for a field prog rag, when

the Jornt DOD ARC Medteal Research Ten wis organized alterthe operation tad: begun,

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

Browning, 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 field 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 Commander imn-Chret, Pacific Fleet, was alerted for possible bacteriologie studies; blood

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

their services inthe Kwajalem area. Rear Admiral Bartholomew Hogan, MC, USN, Pacific

Fleet Mecheal Ollicer, umimediately made any needed medical facilities of the Pacific Fleet

avallable,

Personnel were obtamed within the Continental limtts of the U.S. for the research team

as follows:

Naval Medical Research Institute (NMRI)

4 medical officers (BE. 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)

tL 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)

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

and his staff, and decontamsmnation of the individuals was well underway when Project 4.0 person-

 
 



nel arrived inthe field. Preliminary hematologic studies indicated (hal (he individuals probabay

had not received acutely fatal doses of radiation, The primary responsibilities within the prey

ect group were delegated as follows:

Chiorcal observations aad care LTON. R. Shulman, MC, USN

Organization and operation of laboratory LT ROS. Farr, MC, USN

Compilation and daily anatysis of all data Dr. Vo P. Bond

Decontamination and radiuitton measurement L/P (je) R. Sharp, MSC, USN

Senor Petty Officer in charge of laboratory 2K. Schork, HMC, USN

As the clinreal picture developed, a further breakdown in responsibility was necessary. Cua

mander R.A. Conard, MC, USN, and Lt Col G. B. Browning, MC, USA, were made tesponsthbe

for a daily survey of skim destons, and Or. S. HL Cohn was made responsible for studying: the

problems concerned with the exerehon of radiotsotopes and the estimates of body burdens ia

the exposed medividuals.

The projyeet officer commends all of the professtonal and technical members of the group

for their excetlent motivation, mitiative, and voluntary long hours of extra work (hit weee es

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

lection of the preliminary data in the fleld. It as emphasized that the work was a cooperative

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

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

desires for 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,

Conimanding 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 ina matter of hours.

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

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

laboratory and chime was established and operating within 24 hours after arrival of the project

personnel, ‘

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-

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

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

Screntihe Laburatory;, 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 laboratories 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 to Mr. John Tobin. His help as an interpreter and his

extensive knowledge of the Marshallese language and habits were invaluable. Lacutentant J. S.

Thompson, MC, USN, Turnished his records on the exposed individuals decontimuinated by the

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

The authors wish especially to express their adniuration for the excellent yob done by the

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

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

the radvation injury.

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

pital, San Francisco, 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. 4. Hechter in the statistical analyses of the data, and of Mr. C. A. Sondhaus of the

NRDL. in dosave calculations are gratefu lv 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 humanbeings exposedto 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) Rongekap, (2) Aslinginae, (3) Rongerik, and (4) Utrrik. Exposure groups are identified ac-

cording to their geographical location at the time of exposure. The numbersof individuals in-

volved, their location, the distance of the atoll on which the: 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 membersof 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 significance 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 bythe material falling on the

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

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

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-

 



  

portation, Since a survey of all individuals’ showed (hatthere was SaRncant contiimimation of
skin and clothes, prompt decontamination was instituted. Clothes were removed and Laundered,
There skin and hace wece washed repeatedly with fresh water and soap. In ony adtividuals,
partieufirfy in the Maurshatlese, owas difficult to wash Che radtatetive maternal trdme fhe hair
because of the heavy coconut of hur dresstig used by these people.

Table it EXPOSED AND CONTROL UNEXPOSED GROUPS

Approximate 3 Instrument
Total Distance Effective Readings est Estimate

Group Number fram Biking Thne of Time of Used tn Dose oof Total Gamma
Designation inGroup (Nault. Miles Fallout Evacuation Calculations Dose ta Airc)

Aiericans, 28 1ad H+ 6.8 he H + 28.5 hr 280 nr chr 7H
Exposed (8 men) Hot o dave

Rongerth H+ 34 hr

(20 men)

Aine rienns, 105

Controt

Kway American

Marshallese, 64 105 Hoe ahr Hee 50 hr $75 mrehe 175

hx posed (16 people) Ht 7 days

Maaipee lang He Slr

. (48 people)
Attingetinae iB a3 H+ 4hr H+ Sehr 100 mrvhr 69

. H + Y days
Utirik 197 270 H+ 22hr Started at 40 mr/br 14

Hi SS hr H + 8 days

Completed at

H+ 78 hr

Marshallese, 117

Control

Majure Group

Total Exposed — 267

Total Controls ~ 222
 

*See Section 1.4.3,

1.4 ESTIMATION OF WHOLE BODY EXTERNAL DOSE

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

AN POUR-39 tield instruments. Averages of a sumber of dose rate measurements on each

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

ground, severa) 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

1a greater detail in an addendum report on external dose, which will contain the data, methods

and calculations by which the external dose analysis was made.

\.4.1 Energy Distributionof the FalloutGamma Radiation,ItsVariation WithTime, the
Response of the Meter in Each EnergyRegion andIts Correction Factorfor theTotal

DoseSpectrum
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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source energies, mainly by Compton ‘Seatterung ‘Tn ar. ‘The dose trom each of the census wage

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

croup roughly onto three regions, with maximat 100, 700. and 1500 key. An exposure to such

dosouree was thas fap resultant effect of partial doses from each reyron, making the exposure

cnerpy conditions quile different from those of the clinte oe laboratory.

Fipare t.2 cllastrates the dose spectrum of 4-day -old tatlout froma cloud sample. Tn the

vbsence of ather datailo the contrary, (his had to be Giken us representative of the Gallout on

allof the istiids, At tlis (ime the proportion of low energy component wis itt tOs maximum

Durtapy the several days before and after this time, the general shape of the spectrum appar

ently did net vary grossly from that dlustrated here, since the observed flux decay rates

closely followed that af the observed gamma dose rate. For the period between fallout and

surveys, therefore, a kKnowledze of instrument response to each energy region allowed a total

correction fitctar to be caleuhiuted. The instruments used were calibrated just prior to the

surveys, and (heir 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 und in the laboratory, where a

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

theuretical considerations based on the radiochemical composition of the Cillout mixture per-

mitted decay rutes 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 miervals and in extrapolating the later survey

readings to earlier times.

1.4.3) Time of Arrival of the 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 ishinds. On Rongerik, however,

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

cording dose rate monitor at the vvather 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

tallout 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 dose rate began to rise above background, If this rate of increase is extra-

poluted to a poimt for which subsequent decay would reduce the dose rite to the values found at

later (imes, a long fallout is implied. This was taken as one limiting case, and corresponding

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

curred, Existine data are inconclusive, bul several indications tending to favor the short time

hypothesis are summarized below,

First: a lon fallout probably would not be uniformly heavy throughout, the fiest portion

bemp 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 estimated 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 enough for 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.
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Fourth: doses calculated on the long fallout hypothesis are lower than those due to a short

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

film bidge readings covered the range listed below, Several badges worn both outdoors and

maide builidings on the rsland read 50) 65 r, and one badge which remained outdoors over the

28.5 hr period read 98 r. Affother proup kept indoors inside a refrigerator read 38 ce. These

dose values representa variety of condiffons, but considering the shielding and attenuttion

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

outside, agate favoring the shorter fallout bypothesis. ‘The upper Limit of 08 ro will result if it

isaisstined that the fallout bested one hour during which the infensities rose from zero to the

maxtinunmdose rate which Chen decayed to viadues observed lator, A long fatiout will not pro

duce sucha high dose of radiation,

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

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

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

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

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

Table 1.1, The hour limit is thus “an effective value.”

If the long fallout case is also considered, a lower limit for the dose may alsu 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; Ailinginae 53 r-69 r; and Utirik -14 r.

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

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

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

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

present. .

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

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

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

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

dose rate had fallen to ess than 30 per cent of its initial value. Thus the dose’ 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 geometry 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 than that resulting from a unilateral or bilateral exposure to an X-ray beam, so that

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

than a given 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 «va phantom placed at their center, compared with a conventional depth dose curve obtained

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

(hain dose measured iffair, would be the better parameter in terms predicting bialogical ef -

fects. On {fis basis, the air dose values stated in Table 1.1 should be multiplied by approxt-

mately 1.5 an order to compare therr effects to those of an exposure using uv narrow beam

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

anair dose under Liboratory conditions result: Rongelap 260 r; Ailinginae 100 r; Ronperik

120 cr; 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 TUE GROUND

In addition fo the total body patna dase, the very soft panima and fipher emery beta

radiation front tle plane saqgree contributed to the skin dose. Further skut irradiation ce

sulted tram local deposits of tatlout material on the body surfiiee itself, The Latter ts impos -

sible to estimate, but the fornter may be roughly attempted as follows.

The bela dose rate in air ata herurht of 3 feet above the surface of in infimite plane con-

taminated with mixed 24-hour-old fission products is estimated to be about three times the
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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 1s 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 occurat 3 feet off the

ground. Such a depth dose measurement has in fact been made experimentally at 2 previous

 



 

feld test," ustop a piaabom man expesed To poth (he aiGiab ae be aduad padnatron Phe tepen

doses tor each sifttation are shownPa. bob wath abl date as per centoab the 3 cencimeter

dose. With the diverging carta) radiition from (he port of exploston, Che exit dese wae seen

to he 63 per cent of the 3 en: dose, but woth the diffuse testdunl Creld of tission product tardies

fiona suriiee dose gome eid times greater Chan the 3 cnr and deeper dose trout the tuorder

ammaComponents was observed. Vhis is seen to be of the same order of mayaiiide cts Chat

estumeted above, At hemhts above and below the 3 foot level this surtace dose would become

lower and higher respectively, but probably would not exceed 50 Cimes the d foot war gamois

dose or 80 times the nuidline dose, even an contact with the ground. An estimate of shin dose

due to ground contamimition for the Rongeliap case would result, for eximple, ena fipure of

about 2000 rep to the dorsum of the foot, 600 rep at the ip fevel, and 300 rep at Che head it

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

from shretding and movement, and it seems probable that the external beta dose from lacal

skin ConGiumimition far outwerched that rons the pround cn tniportance, Phis is empliustzed by

the facet that clothing, probably reduced the beta dose trom: the ground by £0 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.
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CHAPTER 2

CLINICAL OBSERVATIONS AND THERAPY

2.) INTRODUCTION

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

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

hal deposition of radioactive materials. It was therefore decided that clinical observations

would be as extensive and frequent as facilities and personnel permitted in order to recognize

and care for radiation clfects as early as possible. Accordingly complete initial historles 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 studies were conducted, the detailed results of which are presented

inchapter 4. Results of examinations for urinary excretion of radioisotopes are reported in

A, .chapter -

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

wan avilable at all (ies and hospital facilities were available at the Kwajalein Naval Dispen-

sary.

Tn view of the widespread contlicting opinions in regard to the va’ue of various prophylactic

and therapeutic measures mim treatment of radiation effects, it was decided in advance that

therapy would pot be given arbitrarity but would be instituted as indicated clinically for spe-

clic conditions on an individual basis. However, if severe granulocytopenia developed (below

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

sious were Likewise to be used only in case of development of sertous anemia.

2.2. SYMPTOMS AND SIGNS RELATED TO RADIATION INJURY

Several symptoms that developed 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 materlal (calclum oxide). About two thirds of the Rongelap

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 no signs or symptoms that might be related to radiation.

“* The symtomatology is based on questionings through an interpreter by several observers.

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

ries remamed remarkably consistent.

e
s
e
e
e
e

‘

 



With the exception af the development ob shin Jesions vind eplhilion, plyscac al oatoainatians

atmo tine revealed findings in cay group Chat could be attributed with certumts to cadiathon

The various clintead conditions encountered In the most severely exposed proups were not re -

markably different frm those seen in the least exposed Utirth group Phe skin lesious and

epilation appeared about the f2th 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 relatron of clianreal to hematological (indings are discussed here.

Lub Leukocyte Counts

Between the $3rd and 43rd post-exposure days, LO per cent of the Rongelap tndaviduals

reached wan absolute yramidocyte level of L000 per cubie miftimeter oc below. ‘The lowest count

observed duriag: this period was 700 granulocytes. Durtag Chis taterval the advisability of pay -

ing prophylactie antibioie therapy to such idividuals was carefally cecoustde red. However,

prophylactic antibiotics were not instituted because of the foliowlnpe conside ca thans:

(1) All individuals were under continuous medicul observation so that tibection would be

discovered in its earhest stages.

(2) Since sume 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 nian to pre-

vent the types of infection seen in agranulocytosis.

(4) The observed situation was not strictly comparable to agranulocytosis with an aplastic

marrow due to potentiaily lethal doses of radiation. In the latter instance, yranulocytesfall

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

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

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

ecation.

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 leukocyte counts of 4000 or below or absolute neu~

Crophile counts of 2500 or less af some time during the period of observabion. Ot (hese 27, 13

had symptoms of disease that required evaluation for possible antibiotic therapy. Eleven of the

13 had severe upper respiratory infections, one individua) had abdominal pains and fever, and

one had urticaria (hives) with fever. The incidence and type of symptonis 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:

Elevenof the 13 individuals had severe upper respiratory infections. Eight uf these had

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

then fell to normat 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 given intramuscular procaine pemerllin

when the sharp rise in temperature occurred, and both were without symptoms and fever 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 neulrophiles reniined depressed im both cases long after the

fever had passed, both tndividuals recovered and had no further {liness. In Figure 2.1 the blood

counts und platelets of the two-year old pattent and the thme of the occurrence of the illness

with fever ire tlustrated, 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

degrees. In addition to the head colds there was pharyngeal injection and numerous coarse

rhonchi (wheezing) throughout the chest. A diagnosis of upper respiratory infection with as-

sociated bronchitis was made and the child was given a single intramuscular tajection of pro-

caine penicillin, On the following day no rales or rhonchi were heard, the temperature was

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

Oneof the £3 individuals was a 50-year old man who reported to the clinic with weakness,

hervousness, mild abdominal pain, and shooting pain in the upper anterior chest, bilaterally.

He appeared moderately ij], bis temperature was 99.6°F, and the only positive physical finding

was muderate tenderness iu the right upper quadrant of the abdomen. Since his granulocyte

count remained low on repeated examination, be 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, an@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

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

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

but not sufficient to cause concern.

2.3.3 Hematocrit Changes

Nineteen individuals 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 [ive 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 tow hematocrits that were observed could be explained on the basis of normal

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

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

within levels consistent with well being and normalactivity.

2.4 THE EFFECT OF AN EPIDEMIC OF UPPERRESPIRATORYINFECTION 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 centof 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 infeetion, the loukocyte count of some diverged tram the popula-
tion trend. Fifty-two per cent of the leukocyte counts were observed to increase to higher

levels, the fneresase Qemye duc primarily to granulocytes (wee chapter 4). Sinee the ime rease in
the mean granuioeyte count of the entire population occurred about the time the epidemic of URI
developed, ue seemed pertinent to determine whether In individual iastances the merease was

sponlancous oF Wak In some wily related to (he presence of respiratory titeetion. ‘The rehition

ship between the observed leukocyte increase and the presence or absence of upper respleatory
symnplonis tho the individuals exposed to radiation sugested that the (wo ttleets were unrelated,

Vible pol IMSEASES THAT APPEARED DUHING OUSERK VV PEON

OP THE RONGILAD VND ALLENGINAR GROUPS

Namber of Number ot

Disease Tadtviduads Disease lerde vicdurctl ss

a)

Puruncle (botkst - Bronchitis !

Gum Ab ocess I Apyetous ulcer of tongue !

Cholecystitis 1 ; (canker sore)

Cunnfihiamation ol 4 Spondylolisthesis I

gl bladder: ' tnatformation of

Tincse Cringeworm) I " vertebral

Mittelschimer 2 l q Impetigo ,

Ontermenstruatl pam j Tooth extractlous 2

Generoahiaasd) urliewvia I | Gastroenteritts to

(hives) ' Ontlamation of stomach

hervthemia multiiorme I | and intestines)

cred rash | Upper resprratocy infection. 47

Migraise heacdiche I } Follicular tonsiliitis t
|
\

-t

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

cont) showed a rise; 7 of these 24 showed a rise three or more days before symptonis 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 moderate ma-

laise, 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 OF DISEASES SEEN IN THE RONGELAP AND

AILINGINAE GROUPS DURING THE PERIODOF OBSERVATION

The diseases that were seen in the Rongelap and Atlinginae 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 Utirtk group during the period of observation are listed in Table

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

groups 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 compared 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 symptoms of
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Vabte va DISEASES THAT APPEALED DURING OWSERVA PION

OF THE UPHRUK GROUP

Disaiac Nutrber of Cuises
we

Osteaarthrais qomt disease) +

Epilbehoma of onkle, with necrotic degeneration I

(oaneer)

“Chronic bronehitis t

Portnede of cabf 1

Chrome bronchitts cad bronchiectasis !

Abscess of sole of foot 1

Carbuncle on ryght thigh 1

Tooth extraction J

Fangus infection of guma and palate 1

Contusion, (raumiatic 2

Gad roenherthis 3e

Upper resprriatery imtecthons 1h

Arteriosclerohie heatt disense, decompensated 1

Pyedonephritis Gaéliimation ob Kidney) !

Insect bite, wath operked patpebrad edema !

Choriorctinitis, unknown chology (retinal 1

inflammation)

Thrombophlebitis, antecubital ver (uiflamia~ ”

lron of vein)

fnipelige 3

Dysmenorrhea (paintul menstruation) 1

Esfoliative dermatophytosis (sealing fungus t

infection of shin}

Ectropion, right eye (malformed eyelid) 1

Asthma

Benym hypertension with headache (high blood 1

pressurg} a

Hypermetropia with headache (far sihtedness) 1

Myopia with headache (near sightedness) 1

Fungus infection, auditory canal ]

Trichomonas with cystitis (inflamation of 1

bladdery

Tinea tringwormy 1

Simple headache 3

Bo onehitis 1

Po sible rupturedintervertebral disc !

Fevers of unknown origin i

Moupotiuen ilrat 1

Pregnancy 6

URI cameto the clinic for treatment. Similarly, the per cent of the Rongelap-Ailinginae 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 onty half as long since they were moved to another island when it was evident that further

study was unnecessary.

2.6 CHANGESIN WEIGHT AS AN INDICATION OF DISTURBANCEIN THE OVERALL ME-

TABOLISM

The body weight of individuals in the Rongelap-Allinginae group was followed routinely.

Since they had an unrestricted diet and all ate well, their change in weight might be taken as an
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indication of any disturbance tn their over-all imetabolisin.. “The welght changes are sunimarized

wn Table 2.3. Ub would be expected that within a period of six weeks, individuals betow 16 years

and particularly those below & years would gain some weight. The fact that most of them lost

weight amay indbeate that they received a dose of radiation suffietent fo interfere with normal

metabolism. Un spite of their relatively inactive Hfe and hearty appetites, mast of the adults

also Jos! weight which may indicate some interterenee with tbetr normal metabolism ‘There bs

little difference in observed weights between the Rongelitp and Allinginae groups. IC appears

that the difference tn doses received by the two proups did not ditferentially atheet their body

weight. Whether the failure to pain weight was connected with radiation or changes in environ-

Vable 2.3 WRIGHT CHANGES, RONGELAP AND ALLINGINAR GROUPS

Age Categories

Below 7 vears Below 16 vears Above 16 years

Rongelap Group

Number observed 17 24 36

Number that pounced 4 ” l4

wetehit

Average gain db) 5 J 3.5

Spread of yan (Ube 0.5- 10.0 0.5 - 10.0 1-11.5

Numiber that lost 13 ey) 21

weight

Average doss (lbp 2 2 4

Spread of loss (ib) 0.5 5.5 505.5 On

7 a x » xPeo cent of group

that lost weak

Ailinginae Group

Number observed 7 . Foe

Number that gamed 0 3

weight

Average gain (1b) 2.7

Spread of gain (lb) 2-4

Number that lost 6 6

we ight

Average loss (Ib) 2 2

Spread of loss (Ib) 0.5--3 0.5-4.0

Per cent af group 88 67

that Jost weight

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 tn interpreting the loss in weight

of the Rongelap-Ailinginue group.

2.7 THE EFFECTS ON PREGNANCY

Four women in the Roagelap 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 symptomsreferable to pregnancy, and as far as can be determined preg-

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

trimester. No abnormality was detected. Fetal movements 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

Tromester of

Prepnaney

irst

First

Second

thord

Second

Table 2.5

BLOOD COUNTS ON PREGNANT INDIVIDUALS

RONGE LAP AND ALLINGINAR GROUPS

Lowest Phitelet Loweat

Count WHE

Rongolup Group

115,000 4,900
50,000 >, 000
150,000 4,000
120,000 10,000

Ailinginae Group

170,000 7,000

Lowest

Nouflrophile Count

3,000

2,000

3,000

7,000

3,200

PATIENTS TREATED WITH ANTIBIOTICS

Patient

No. 7 Condition

t Deep extensive slough of epidermis

of foot

2 Tooth extraction

4 Tooth extraction

4 Inflamed tonsils with high

temperiuture and URL

o URE and bronchitis with high

temperature

6 URI, severe, with pharyngitis and

high temperature

7 Rapid progressing undermining

impetigo

8 Traumatic gangrene of foot

9 Cyatitis

10 ~  Furuncle on buttock

ti Furuncle on forehead

e
t
e
e
e
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No. of days

treated

2

Antibtotic

used _,

Penicillin

Ponicillin

Penicillin

Penicillin

Penicillin

Penicillin

Penicillin

Penicillin

Gantrasin

Penicillin

Penicillin

 



there any vagined bleeding. However, all of the prepnant women were flood (yped visa pre

cautlonary measure Se far, dhe exposure to radtiatton bas not had a deleterious etheet on prep

nancy, Sinee the departure of (he medteal proup from Rwanileta, ome appaerenity aorniel baby

has been born we

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 princtples 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 prophylactically and it would have been indicated had they not been irradiated. The

indication for its use in the next three was questionable. There was a defintte 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 (botIs) would probably have

responded equally well to surgical treatment alone, since the tnfechhon was well localfzed and

easily drained.

In general, it can be concluded that human beings with the degree of depresston of heniuito-

poiesis noted did not need antibiotics prophylacUcally. With severer degrees of radtatiun in-

jury resulting inca greater depression of hematopoiesis, prophylactie antiblotic therapy miutv be

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

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

appear that antibiotics should not be started until there 1s a clear-cut clinical indication for the

use of these agents.



CHAPTER3

SKIN LESIONS, EPILATION, AND NAIL PIGMENTATION

3.1 INTRODUCTION EARLY SYMPTOMATOLOGY REFERABLE TO THE SKIN

The Marshallese on Rongelap saw a visible fallout of powdery material that began approxi-

matcly five hours after the initial flash was seen. The powder whitened the hair and adhered to

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

ing fallout. The Americans on Rongertk also saw a fallout and described tt as “muist-like.” The

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

Ailinginae, and to wa 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 a9 two or three days. Decontamination of the skin of the expased 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 noticed 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 was not seen inthe white skinned Americans exposed on Rongerik.

3.2 SKIN LESIONS

3.2.1 General Description

Skin desions first appeared in the Rongelap group after 12 to 15 days and in the Ailinginae

and Roagertk yroups after 20 days, There were no skin lesions in the Utirik group, There was

considerable difference in (be Length of time necessary for (he development of the various Te-

sions, However,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, aallary regton, antecubital fossac,

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

tensur surfaces (see Table 3.1 for the time of appearance of various lesions).

A clear cut 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 developmentof

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 incication of a developing lesion was an increase in pigmentat.on. These pig-

mented areas appeared in the form of macules, papules, raised plaques, or larger areas of

34



hyperpigmentation, The macules and papules (t (6°2 mn in daameter) usualy cecurted tn
clusters and sometimes coalesced into larger lesions. The latter were characteristically

found on the sealp, neck, and the antecubital fossae. The raised plaques varied inoatve Crom a

few niilimeters lo several centimeters in diameter, were (ick, rough, dry, and hada leathery

feel. ‘This type of lesion oceurred predominantly on Che feet and to the antecubital fossae aad

todomuch lesser extention the neck. Areas of mereised pocmentation sisa ceeacred on the

links, (runk, and on the face. ,

The majority of Qe lesions were guperficnl without blisters. A few days affer appearance,

dry, scaly desquundl Decurred in the central portion of the hyperpigniented areis. Phe des

quanmiition fetta pink fo white epithelium not remarkably different im texture from the sur-

Fable G21 BSIONS IN RONGELAP GROUP

Median Vie
Per Cent of Total lo Age Group haviag Indfeated Lesion oman ite

of First

Type of Age O95 Age G-15 Age 16 & Over ‘Total Geoug Observation

Lesion Clo people) Ch peopte) (38 people) (64 peopled of Lestons*

Bpilation

I plas 7.6 38.4 esPra) 17.2 17

2 plus 38.6 30.7 5.0 17.2 17

% plus 54.8 23.0 8.8 22.0 Jo

Total 10,0 92. | 27.6 56.2 ah

Skin baestotes

Anus-Groin wu.4 0.0 ato 7.8 7

Seabp 1OQ.0 LOO,0 37.0 6Q0 tH

Neck GOW’ 76.9 GbL0 70,3 wt

Axttla Gt 76 7 24 Zi

Antecubital

Fossac ~ L7 38.4 34.2 34.4 ct 28

Hands-Wrests $0.7 23.0 1k,4 21.0 oo

Feet 23.0 53.8 53.0 45.5 28

Arms 15.3 15.3 LO.8 12.5 St

Legs TG 23.0 4.5 7. aa

Trunk 13.3 23.0 4.3 94 BH

Nail Pigmentation 61.5 100.0 95.0 89.0 3H

* Post-exposure davs.

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

appearance of a ventral depigmented area fringed with a hyperptgmented zone. Ala later stage,

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

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

Approximately 20 per cent of the Rongelap group developed lesions which were mure se-

vere, These lesions might be considered as compariuble to second degree Checaual burns. Phe

deeper lesions occurred principally on the feet and to a lesser extent on the seaip and neck and

Inone case onthe ear. Btister formation was not common. However, on the feet, some large

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

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

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

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

red many of the more severe lesions (particularily 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).



 
 

In Table 3.1 ts tabulated the incidence ofthe various types of lesions in the Konpebip pecap

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

Table 3.2 for the Ailinginae and Rongerik groups.

3.2.2 Description and Hlustration of Specific Lesions

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

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

They were concentrated in the areas of epilation. These lesions are illustrated in Plates 3.12

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

of lesions in various stares were present in the same individual. This was particularly notable

among the children, ‘The incidence of scalp lesions wag greatest In the 0 to 15 year group (see

Table 3.1).

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

scalp lesions. ‘Phese lesions appeared ag hyperpigmented macules and papules which spread

and coalesecd into 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, Phlites

3.1 Chrough 3.4 and 3.9 iustrate neck lesiong in the various stages of development. Some of

the deeper neck lesions tended to occur in women where their thick hair touched their necks.

Axillary lesions were maculopapular, less abundant, and developed simultaneously 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. hese 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 andin 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 in a 14-

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

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

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

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

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

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

intlinlly but healed rapidly.

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

trasting hyperpigmented and depigmented 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 of Lesions in the VariousExposure Groups

It 1s not feasible tu quantify accurately the severity and extensiveness of the skin lesions

in the various yroups. However, il 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 only 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 iesions 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.



 

Phite 37 Barly divpedpieiented iaculopapabar

heck fesions at bo days Case 39O. ape 13, F

Plate 3.3 Repigmenting superficial neck lesions at

40 days. Hyperpigmented areas not completely

desquamated. Case 24, age 15, F.

 

Plate 3.2 Neck lesions at 28 days. Wet desqua-

mation. White color ts cakimine lotion. Case 78,

age 37, F.

 

Plate 34 Heuled neck lesions at 77 days showing

dusky pigmentation of back of neck. Case 39,

age 15, F.
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3.2.4 Histopathology

Seven biupsies were taken of neck lesions and one of an axillary leston during the third to

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

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

these biopsies were taken from individuals who showed lesions of greater than average ge-

verity. A second group of biopsies from the Rongelap group (repeated In three individuals)

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

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

depipmented skin had repigmented to 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, AIL biopsy wounds healed rapidly with no secondary complications,

The microscope findings are summarized as follows:

Early biopsies 3rd to 4th week. Epidermis

Transepidermal damage was noled with a few intervening arcades showing less damage

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

able atrophy wilh flattening of (he rete pegs. In places the epidermis was reduced to a thick-

ness of 2 te 3 cells (Plates 3.20 and 3.21). The cells of the malpighian layer showed pleomorphic

nuclei, pyknosts and cytoplasmic halos, giant cells and in a few instances muitinucleated cells.

Pyknosis 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 parakeratosigs was visible in all sections. Hyperkeratosis was

also seen. The stratum corneum wasloosely 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 numbe: of cells and mitotic

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

these areas the sitraium granulosum wag near normal width and pigmentation of the basal cells

noted in the more severely damaged areas was lacking.

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

3.21). Mild edema tn some cases was noted. Capillary loops were often indistinct and when

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

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

blecd vessels) were noted in ureas where (he overlying epidermis showed greatest damage with

lymphocytic infiltration surrounding the telangiectatic spaces. Chromatophores, filled with

melanin piygiment, were prominent in the superficial dermis. The fine elastic fibrils running

into the pars papillaris were often altered or absent.

Little if any damaye was seen beluw the superficial pars reticularis. The hair follicles

were narrow (Plate 3.22) and in most instances devoid of shafts tn 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 damageto fibrocytes or collagen fibers was noted.

Second series, Tth and 8th weeks post-exposure, Epidermis

in general, reparative processes of the epidermis appeared to have been fairly good, ex-
cept fur 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 celis showed rather prominent pigment content. There were many

outward epidermal excrescences covered by thickened stratum corneum which was still loosely

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

the ‘‘orange-peel” like appearance of the skin noted yrossly 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 scattered areas in which occasional epithelial ceils with pyknotic nuclei and peri-

nuclear cytoplasmic fulos occurred in the stratum granulosum and malpighian layers (Plate

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

losum, appeared to be actually widened. These occurred almost predominantly in relationship
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Plate 3 Thyperpiemiented iauased plaques and Phite 36 Lesions 10 divs later Buble have
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to the contiuous sweat glind ducts at giles wherethe lattes penetrated the epidermis. A mir:

row Zone of parakeratinosis and amorphous debris was still present between the stratum

granulosum and the loosely laminated stratuat corneum.

Dernius

The capilhiry Mops tn the dermal papillae, al@hough present, were noc umtoroaidy distinet.

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

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

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

3.22). Scattered pigment laden 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 vccasionally absent, in others the hair shafts appeared normal. Small

hair follicles (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 Rongertk

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

the epidernits.

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. Itching and burning reappeared either prior to or in the early pysmentation stage.

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

During the painful period some of the foot lesions were also hot and presented a brawny

edema. A common complaint was a tenderness in the great toes medial tu the nails. However,

visible lesions in this area were infrequent. This symptom usually preceded the appearance of

gross lesions elsewhere on the feet. Many of the individuals who developed painful foot lesions

were observed walking om their heels 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 foot. Some of the lesions of the neck and axilla were painful when turning the head

or raising the arms. The acute reaction and pain subsided after a few days. There were no

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 hyperpigmented lesions not relieved by calamine

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

desquamatedthe itching was relieved by daily washing with soap and water and the application

ofa water soluble vanishing type ointment which kept the injured skin soft and pliabie. Raw

areas, which became secondarily infected, were treated by washing with soap and by the appli-

cation of aureomycin ointment. Bullous lesions of the feet were left intact ag long as no symp-

toms were present, if painful, the bullae were aspirated with sterile techniques to remove the

clear straw-colored fluid. A single aspiration was ade@Bate since the bullae did not refill, One

foot lesion developed an extensive, raw weeping ulcer, Prophylactic penicillin was given for

two days, during which time the lesion developed healthy granulation figsue. Someof the le-

sions of the skin of the foot remained thickened, less pliable, and painful after desquamation.

This was relieved by the use of vaseline or cocoa butter to soften the tissues. One persistent

eur Jegion did not heal after desquamation. This was treated with warm boric acid compresses

and washing with surgical soap to remove the eschar. Granulation tissue formed, and epitheli-

um wag 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 po:st-
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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 withbald 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-
deriace of scalp lesions tn the areas of epilation indicates that radiation from the fathout ma -

Table 3.20 LESIONS IN ATLINGINAB AND RONGERIK GROUPS

A(finginne Kongerih

(18 people) (28 people)

Por Cent Per Cent

Type of of Total Mean Sime of of Total Mean Time of

Lesion with Lesions Appearance ® with Lestons Appearance

Epilation G7 27 3.51 42

Lesions of,

Scalp & Face 38.9 26 10.7 32

Neck and

Shoulders 61.0 27 14.3 30

Back 0.0 7.1 28

Axilla 22,2 24 3.5 23

Antecubltal

Fossue id 28 25.0 29

Hane & Wrist 5.6 38 3.5 47

Feet 16.7 33 3.5 43

Legs 5.6 44 0.0

Nail

Disc Voration 77.7 38 17.9 40

(All Negroes)

* Days post -expusure.

}One case clatmed 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 wag 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 white men. This fesion wag not observed in the Utirik group nor in the control

Marshallese. Since the nail pazmentation occurred in individuals without skin lesions, it ap~

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

which predominantly produced the skin lesions.
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Platcs 38 3.9 Extensive lesions in boy, age 13, case 26.
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3.5 FACTORS INFLUENCING THE SEVERITYOF SKIN LESIONS

3.5.1 ‘Phe Characteristics of the Fallout Material

The fatloat material was composed inamly of calehumn oxide from coral, with adherent (is
sion products, The skin lestongs observedtwere undoubtedly (he resull primarity of beta bandit -

tron from fallout material deposited on tre skin, with mintnal or no contribution Crom chenmbeal

Irritation. “The yaminia dose ¢o the skin was small compared tu Che beta dase, and thus wis

relatively untmportant in producing the lesions.

3.5.2 Energy of Beta 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 pertod were soft with an average energy of about 100 kev.

Since 80 microns of tissue pggguces 50 per cent attenuation of such radiation,! the greater

portion of energy was sisoaiea in the epithelium which is roughly 40 to 70 microns in thick-

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

of approximately 600 kev. The latter would penetrate well into the dermasince if takes 800

microns of tissue to produce 50 per cent 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 and 800 kev.

3.5.3) Physical Dose to the Skin

There 18 no practical way to estimate the physical dose tu the areas of skin where Jesions

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

from gamma irradiation derived from fission products distributed on the ground, trees, and

buildings. To this 175 r would have to be added the beta component. In view of the high beta to

gamma ratio in fission products, one might expect the total beta surface dose to the skin to be

large. The maximal skin doses from the plane field of radiation are estimated in chapter 1. To

these duses must be added the contribution of the material deposited on the skin. The latter

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

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

The hair follicles must have received a dose comparable to the known minimal epilating

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

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

around 700 r of 200 kvp X-ray.

3.5.4 Protective andAggravating Factors

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

pared to those who were in the open during the period of the fallout. Those who went 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 complele

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

posed parts of the body.

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

neck, axillae, and antecubital fossae, it seems likely that the abundant perspiration produced

“by a hot, humid climate tended to cause the material to concentrate and adhere tu 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 most highly

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

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

severity of neck lesions in women.
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There was a delay of two and one-half days befure satisfactory decontamination was pos-

sible. The presence of radioactive materials on the skin during this pertod imereased the dose

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

been very prompt in order 4be effective.

3.6 CORRELATION WITH HEMATOLOGICAL FINDINGS

Attempts at correlation of the severity and extensiveness of skin lesions with maximum

depression of platelet, lymphocyte, and neutrophile counts were made for individuals tn the

Rongelap group. No pugitive 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 hag been little previous experience with radiation dermatitis resulting from expo-

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

(hut the hazard from fallout material was negligible. With the Hirughima and Nagasakt detona-

fons, fallou! materjal was not a problem since the bombs were exploded high in the air. The

flash burns of the Japanese were purely thermal,

From the present experience il 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

1g 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 handlingfis-

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 number of 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 grosag lesions of the hands described by Knowlton, et al. occurred from an exposure of

about une 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 developing in four phages: (1) An initial phase which began almost imme-

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

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

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

and was churacterized 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,

and desquamation and epithelization (ook 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 damageto the skin, less pain, rapidity
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of healing, and absence of pigmentation, These points would apply tu the Marshallese except .

for the multiphasic 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 burng in human beings have been reported by Low- Beer? and

Wirth and Raper, Both invest iwatora used. P*? discs apphed (o the flexor surfaces of the

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

reactions. He found thal a calculated dose of 143 rep to the first millimeter of skin, tgnering

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 Liter by pigmentation and

desyuamation with higher doses. Recovery was observed with doses of 17,000 rep, ‘The lestons

later showed depigmented centers with hyperpigmented edges (also scen in the present le-

sions). ©

Wirth and Raper’® produced primary erythema within 6 hours after exposure to a dose of

635 to 1180 rep of P*? radiation. Minute vesicles with dry, spotly desquamation were noted with

1180 rep at about the Sth to 6th weeks puosl-expusure.

Folluwing 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 uf radia-

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

et al.''!? Lesions developed which were similar in most respects to those seen in the Mar-~

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

spotty 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-exy 29sure). As in the Marghallese 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 small pigmented lesions of “belt-line” distribution, apparently due to fallout

material. . ~t

The lesions reported in this paper when compared tu radiation lesions described in the

past presented certain unique features which merit further discugston.

The carly 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 chemicals applied

during or shortly after irradiation enhance the effects of radiation.

The: Jack of prominence of an erythema was notable, particularly in view of the severity of

some of the lesions 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-

ticulariy in the ekin of brunette individuals. It was unfortunate that color filters were not

available to aid in distinguishing an erythema as suggested by Harris, et al,!8

In general 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.'8"" In the present

series of cases the relatively long latent period ts suggestive of a low dose of radiation. How-

ever, the wide spectrum of beta energies and particulate distribution of radivactive material

drastically altered the depth dose, as compared with that in previous experience; hence strict

comparisons cannot be made. The later development of lesions 1n the Ailinginae and Rongerik

groups as contrasted with the Rongelap people 1s in keeping with the relative severity of

lesions noted.
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A unique feature of the present cases was the appreciable differences tn (he latent periods

observed for legions on various parts of the body. These differences cannot be explitned

entirely on the basis of severity, since the severe foot legions develuped aller most other le-

sions. However, the severity might have been in part due tu the dependent position of (he toot

rather than greater radiation injury. Lesions on flexor surfaces in veneral preceded lesions

on extensor surfaces. The present data suggest that 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 epit helium,!

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.?!318-4!
Severe injury to the dermis and blood vegsels 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. Pargmented Jesions were alao observed to a lesser extent in

the white Americans. Pigmentation of (his nature has not been described as a constant charac -

teristic of radiation damage to the skin.

There is no satisfactory explanation for the darker dusky-gray color (hat appeared in

some of the skin Jesions as healing progressed. The color changes may be due to alterations

wi local pygment production, vascular changes, or a thinning of the epidermis, rendering if

more translucent with resultant darker appearance of the pigment layer. Later biopsies 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 dermalinjury. It is possible that differencea may in

purt 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 damagein pigs is 500 to 1000 rep.*°

{t 1s impossible to estimate the probability of development of radtation cancer at the site

of the healed lesions. The absence of scarring, telangiectasis, and extensive chronic vascular

lesions tends to improve the prognosis since the foregoing are usually observed tu precede the

development of radiation cancer.

A favorable prognosis 18 aigo suggested by the fotlowing evidence: an analysis of 1100

individuals exposed tu low vultage X-ray for dermatological conditions revealed nu evidence of

cancer induction 5 to 23 years after treatment. MacKee'® states that epitheliomata rarely
develup after a single dose of radiation to the skin. Lastly, the incidence of skin cancer in

Negrveg 18 one sixth to one ninth the incidence in Caucasians.**
If neoplasia can develup 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 number of 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 i3 based predominantly on the

response of white-skinned people, whereas the type of legions ceacribed herein, with one clear

cut exception, were obscrved 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 itself, may increase the probability of
neoplastic change. The influence of the sub-lethal whole body exposure received by these

people on skin cancer induction ig not known.

The transverse and 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 Tsotope Energy (Mev) Dose (rep)

Henshaw, et al?! Rats py 0.6 1,500) 4,000
Raper & Barnes? Hats p2 0.5 4,000
Raper & Barnes*® Mice ye 0.5 1,500

Raper & Warnes”? Rabbits p? 0.5 5,000
Lushbaugh® Sheep sr” 0.3 2,500 - 6,000
Moritz and

Henriques”? Pigs s* 0.05 20,600 ~ 30,000
Moritz and

Henriques” Pigs CoM 0.1 4,000 - 5,000
Moritz and

Henriques Pigs cs'? 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 _ 1,800-2,000
 

nature of the pigment ia 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 pecultar to

negroid races, The pigmentation was apparently produced by ag 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 resuit of this accident the following conclusions can be drawn with respect to beta

damage to the skin.

a. Serious skin contamination of personnel from fallout may occur many miles from the

detonation of a nuclear device. Resultant radiation damage to the skin may be the major ra-

diation effect under conditions where early evacuation from the fieid of radiation reduces the

whole body exposure. :

b. Fairly extensive skin lesions resulting from fallout beta radiation apparently produce

little or no systemic or hematologica) effects.

c. Decontamination of the skin must be prompt to 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.

 



 

NOTE

For purposes of documentation the following

color plates (Plates 3.1 through 3.24) numbered

with letters u, 6, c, cl, d, e¢, f, and g are con-

sidered to be pages 47-57, 59, and 61-62,

 

 



 

Plate 314 Epilation dn oman at 18 days Case 79,

age 4] Scalp lesions present in areas of epilation

(Samecase as in Plates 3.12 and 313)

 

Plate’3 176 Epilation i TFoyr old pirl ab 28 «lavs

Case 72
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Plate 3.15 Spotty cpitation in boy, age 13, at 28

days. Case 26 Note scalp lesions in areas of

epilation.

Plate 317

(Same case as in Plates 3.8-3.11.)

Pigmented bands di semulynar area ot

fingernails ut 77 days
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COLOR PLATES

Pontes STR through A200 show lesions at 22 days post exposure (Piutes 3.18 Ctrough v.20,

Case 263 Plate G26, Case 63).

Phate 4.68 (X00, Hae) Rpidernmas: Extensive tiomsepidernid dimape with less involved

zones on either side. Loose Lomnation of stratum corneum, absence of stratum granulosum,.

Porakeratinizition with exfoliation of pigment contuming cells. Disarganizition af the mal-

pushin ayer. Dermis: Mold edemaof pars papillacis with indistinet capillary loops. Mod-
eritely pronounced perivascular cellukur infiltrate (iymphocytes and mononuclear phagocytes),

in superficial cortam wilh mold felangiectiasis,

Plate 3.19 (X100, H&E) Epidecmis: Arcades of minimal damage eceur mn relation to excretory

ducts of sweat lands. Si ratum granulosum of good width and shows scant alteration. Under-

lying strutum malpighi shows marked decrease in pysment. In the deeper portion of the over-

lying, loosely daminated stratum corneum moderate amounts of pigment, however, are present.

One narrow arcade of more severe transepiderm:d damage shows alteration of the stratum

granulosum with intercellular edma, py knosis, swollen nuclet, gnd pigment scattered through-

out. ‘Phe latter is especially dense in the contiguous purakeratotic material. Dermis: A mod-

erate celludar infiltrate, chiefly perivascular, is most pronounced in the superficial pars

reticularis where there is a mild telangiectasia. a

Phite 3.20 (X400, H&E) (Case #26) ‘Pransepidermal damage with disorganization of the mal-

pighian laver. Stratum granulosum absent, Malpighian and basal layer only two to three celle

thick with exfoliation of payment outward toward parukeratinized zone adjacent to stratum

corneum, Payment laden chromatophores and histiocyies in pars papillaris of corium. Latter

is edematous and infiltrated by moderate numbers of lymphocytes, mononucieuwr phagocytes

and scattered papmented leukocytes. Capillary loops tudistinet.

Plate 3.21 (X100, H&E, (Cisne #63) Transepidermal ciumage with disorganization of the mal-

pighian layer. Slipht parstkeratosts. Migration or exfoliation outward of pigment. Loose

lamination of stratum corneum. Pigment laden chromatophores and histiocytes in superficial

pars pupifiiaris of cormm. Marked cellular infiltration of pars paptilarts, Slight telangiectasis

of superficial pars ceticubiris,
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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 tamination of stratum corneum with outward papil-

laryprojections and resultant“rugose”’ uppearance. Stratum granulosum of good width.

Basal and maipighian layecs distinct with pigment present. Slight edema of corium with mild

telangieetisis and slight increase in perivascular lymphocytes and pericytes. Small, atrophic

her follicle adjacent ta sebaceous gland-~— in mid pars reticularis.

Plate 3.23 (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 corium along with occasional lymphocytes and mononuclear phagocytes.

Plate 3.24 shows lesions (Seeond biopsy) at 46 days post-expogure.

Plate 3.24 (X100, H&E) (Case #39) Narrow rugose epidermis with papillary extensions down-

wird of stratum malphyi, Latter are heavily laden with melanotic pigment, Slight tolangi-
cetasis of pars papilaris and pars reticularis of dermis. Occasional pigment laden chroma-

tophores in supe cficial dermis,
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CHAPTER 4

HEMATOLOGY

4.10 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 jioniziny radiation,

4 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. ;

Animal experimentation had previously shown that the rate of development and magnitude of ;

the depression were equaliy important in evaluating the severity of radiation injury. Since

there had been no previous exposure of human beings to significant amounts of fallout radiation,

no hematological data known to be strictly applicable* were available for use as a guide in the. . }

evaluation of the exposed Americans and Marshallese. Accordingly emphasis was placed on a a : |

systematic serial studies, utilizing a few highly standardized hematologic determinationsto . i

insure that individual and group trends would have maximum validity. Since it was knownthat ave

the Utirik group had received a very small dose of radiation compared to the other exposure i

roups, less extensive determinations were carried out on these people. -. A

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 wasfilled. 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 wasdiluted

with 1 per cent ammonium oxalate for platelet counts and counted in flat bottom hemocytome-

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 methyl

‘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 seated and the tube was centrifuged in an ALOE centrifuge at 12,500

rpm for 5 minutes.

— “A large literature on the hematologic effects of radiation exists; however, these data were

not relied upon for direct comparison nnd evaluation of the exposed individuals for reasonsthat

will be indicated later in the discussion.
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fivery effort was made to maintain uniform procedures In every phase of the libocatory

work, The number of personnel changes for a given procedure was held to a minimuin; per-

sonnel drawing blood [rom a single puneture were sufficient tn number to allow all samples to

be taken in rapid successign. All time 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 was 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 4.4 HEMATOLOGICAL RESULTS, CONTROL GROUPS
 

 

Hematocrit®

No. (Per Cent)
Control Age in WC Neutrophiles Lymphocytes Platelets

Group (yr) Gp. (s 10%) (x 0) (x 105) (> 109 M KF Comb

Miaguro 0-5 22 13.2 4.8 7.4 38.8 38.5 37.3 378
(10) (12) (22)

6-15 14 10.6 4.68 5.1 38.6 41.3 40.6 40.9
(6) (8) (4)

Ib- 50 63 9.4 4.8 4.0 30.9 46.8 40.4 43.3
. (29) (34) (G3)

/ 50 14 9.6 5.0 3.7 30.7 43.6 41.8 43.0
(10) (4) (14)

ms) 91 9.7 4.8 4.1 33.6 4522 40.6 . .
<15 37 38.5 - Fe

ts) 16 30.8
tt

Kwa)- >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

Rongerik had been in the area for about two months before exposure. In addition several who

were recently associated with radioactive materiais were excluded. The resulting smaller

group of 67 was used as the Kwaj-American control group.

Preparatory to analyzing the hematological results 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 comparableto 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

from the Majuro groups were omitted on this basis.
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In the following descriptions and comparisons of the data, findings in (he exposed groups

are usually expressed ip terms of per cent of the appropriate control group. Tt should be noted,
however, that in observational studies of this kind, unknown factors could possibly account for

part of the differences noted between the control and exposure groups even (hough all possible

measures were taken fo select a comparable control group. Inaddition, tt was not possible to

obtain more than a single blood sample on each control individual. For these reasons, statist! -

cal tests of significance were applied mainly fo time changes within an exposure group, and not

to differences between control and exposure groups. For the purpose of detecting siguifteant

changes in the hematological pattern, nonparametric tests (i.e., statistical tests for which it 1s

not necessary to specify the functional distribution of the variate under study) were used.8 4

The advantages of nonparametric methods have been summartzed. “4

4.4 HEMATOLOGICAL FINDINGS, GENERAL

Total leukocyte, 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 age are shown also 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 shown in

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 Eosinophiles

P.E. Day (« 10°) (= 10 y ei (x 1" (+ 10°) (* re _

5 5 <5 >5 <5 >5 <15 +15 .6 >5 «5 >5

3 ¥.0 8.2 6.4 4.7 1.8 2.2 08 0.3 QO... 0.7

7 4.9 6.2

10 6.6 I 3.5 4.5 2.6 2.1 27.5 22.1 2.9 1.7 LG 1.6

12 5.9 6.3 3.5 3.9 2.1 1.7 4.2 5.4 LY 1.9

1S 5.9 6.5 3.2 4.1 2.4 19 26.1 19.8 3.0 2.3 baloold

1B G.7 7.2 34 =4.7 2.4 2.1 23.0 19.6 2.7 1.7 4.5 1.6

22 7.0 7.4 4.9 5.0 2.6 2.1 16.2 14.7 1Y 2.0 2.48 1.8

26 9.7 1 $003.9 2.3 1.8 12.6 10,9 1.9 1.6 L.8 tac

) Tai 78 4.0 6.3 a2 2.1 tag 1s Lo OLY 4.40 2.2

4S 6.5 2 bb 3 2 2.0 17.9 4.6 1.7 1.6 2.60 2.2

1 5.70 5.4 0b 2.6 2.0 23.6 21,6 O98 09 Oo 1.0

an $2 4.2 2.0) 2.6 2.0 2.5) 25.0 21,8 [.toi.t 1.4 0.8

47 5.9 5.8 2.6 35 wt 24 25.4 20.6 10 ta ft Qo

ot 6.7 5.6 2.6 3.5 3.42.1 24.2 1H.2 2.5 1.6 0.8 0.7

St 7.0 6.0 $9 3.5 u.7 2.4 1.7 1.2

OU 7.7 GO 3.9 3.6 3.7 2.3 2t.8 191 15 O89 O33 0.6

70 7.6 6.5 3.8 4.0 3.3 2,2 3.41.9

74 2B.b 21.1

Majuro (3.2 9.7 4.8 4.8. 7.4 4.2 38.5 30.8 2.0 2.0 9.5 4.7

Controls
 

*In the Utirik group the cumulative distribution curve for platelet counts only is presented

since hematological determinations in this group were not made during the 39 to 51 day period,

used for leukocyte comparisons among the other groups.
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— Table 4.3 ALLINGINAR GROUP MEAN BLOOD COUNT PY DAY AND MY AGE b

2 Wu. Neutrophiles Lymphoeytes Platelets Monacytes Paostnopiietes

cea ce toy ce 10) i 104 ce td cs ta
PLE. Dav

* | we
, , 3 8 5-5 49 5 15 AB -$ +h 1D ot

uo 6.0 7.0 $0 5.0 2.8 2.2 UH Lb OS O14

. 1 5.6 6.8 .
- 10 i374 4.2 4.2 1g 2.2 22.2 21.1 BA 2 2.6 Lo
- 12 6.4 7.6 1804.7 3.1 2.2 3.4 5.8 4a 26

15 2 70 2.9 45 4.2 2.2 25.7 23.0 3.7 2.6 2801.4 t
6 6.8 7.8 29 5.0 3.5 2.4 28.8 22.0 2.3 1.5 32029 oe
22 4.9 87 h.3 5.4 2.7 29 24.7 19.6 1.5 2.4 S.u 2.4 : -
26 4.4 7.0 4.8 4.4 3.20 2.2 21.4 14.3 2.3 2.4 1.60 Loo t

0 26 86 5.3 6.2 3.7 2.0 21.0 14.7 Ly 18 4 20 i
3g 7.7) 7B 3.3 6.2 3.5 2.2 20.8 18.0 2.8 2.2 GO ly i

49 7.5 fh. 2.9 4.2 47 1 $1.0 22.2 1101.7 2.7 tut ‘
43 6.) 6.5 2.7 4.6 3.0 2.7 28.8 22.1 0.6 1.4 2H 6
a7 Ta 6.7 3.5 3.8 3.4 2,7 25.6 23.0 2.2 18 L.6 0.7
o4 eea) 3.8 3.6 4.0 2.2 28.5 21.6 2.7 2.8 2.2 4.0
04 4.60 45 2.8 4.5 3.2 25 29.8 21.2 1.6 1B 1B 0.8

Majure 4.2 4,7 4.4 4.8 TA AL 338.5 30.8 2.0 2,0 vf 4.7

Controts

Table 4.4. UTIRIK GROUP MEAN BLOOD COUNT BY DAY AND BY AGE

W.B.C. Neutrophiles Lymphocytes Platelets Monocytes Eosinophiles k

P.E. Day (« 104) (* 10) (« 108) («164 x 10) & 10%) .

<5 5 <5 >5 <5 25 <15 >18 <S >6 <5 +5

4 94 8.2 4.7 4.2 4.9 3.2 0.6 0.2 “BO 1.2 - =
14 10.0 8.6 4.1 3.2 5.1 2.9 4.9 4.2 3.6 2.7 ee {

: rt) 37.7 31.5 wb

29 10.1 9.7 4.9 5.8 4.8 3.2 33.2 28.6 2.20 Le 31 70 22 t--
Majuro 13.2. 9.7 4.8 4.8 - 7.40 41 38.5 30.8 2.0 2.0 9.5 4.7 TORS.
Controls } -
we eeee a woeee ae

Table 4.5 RONGERIK GROUP MEAN HLOOD COUNT BY DAY 5

PE, Day WBC. Neutrophiles Lymphocytes Pluteleta Monocytes Egatnophiles :

“ (x 403) (x 104) (+ 103) oO Loy ( 10) (2 107)

I “6 6.1 3.3 0.1 1.8
K 6.68 4a 2.1 1.9 Os

4 6.2 4.0 2.0 2.0 v4
10 63 a8 2.2 Z.2 0.3
iv 6.2 a9 za 7m) 0.8
te 6.0 3.7 2.1 LS 0,7 :
13 6.1 2.7 2.1 1? 12
1S 6.1 3.8 2.0 1.7 Aa
16 6.1 4.7 2.9 22.0 2.8 2.5
y 7.9 4.8 2.7 22.2 2.4 zt
23 6.7 4.2 21 17.9 1.6 1.4
28 7.2 4.1 2.5 14.4 2.0 2.1
33 6.7 4.1 2.2 16.1 1.8 2.2
39 6.8 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 2.7 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

Contrals
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WRC, Plateleta + 10? Neutrophil ten Lymphoe yled

(Average from (Average from (Average from (Avernge from

Case No, Vay i te oth Day 26 Co tas Duyte 84) Day Weta oh)
vw .

. Age Loan Vhan

2 T7220 hie 2470 - 406

: Tie 16h 2770 420
a ige Vo 2570 26d

7 1230 10h 3350 Wh
gy 8650 Bho 2070 240

zl 4750 KS 2670 tus *
20 TAO tos 4100 2nu ban
32 5450 Bb 2600 265 t
33 50 85 1670 357 i

42 6500 40 2520 202 :
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bo 6050 105 2520 240 he
69 4770 115 1420 317 ‘

Age 5 ta 15 :

I ag20 200 1470 232 ;
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26 6020 145 3470 232
Be 5100 140 2700 215
36 5120 130 2520 247
39 4720 165 2900 156
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6) 5800 105 2500 297 t
“7 120 115 2970 192 .
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Age Greater Than 15
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8 6170 125 3520 25D
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Table 4.7 ATLINGINAR GROUP MEAN BLOOD COUNTS AE PIMESOR PEAK DI PRRSSTOON

Platelets «103
(Average trom

W.B.C.

(Average from
Neutrophiles Lymphocytes

tAveraye from Average from
Case No, Dis 39 ta ot) Diy 26 to 30) Davy WO to Sb Day 39 toad

Age Less Than 5

8 9780 215 3470 S600
4 ABD . Tah 3620 ARGO

dy VS70 180 2550 ueia

Age 6 to 14

44 O20 210 SOTO $U50
us GL7O 240 3700 Shoo

RI woo 240 Sao 21

Age Greater ‘Than bb

) b170 W75 Aa70 LR70
Mi 4070 ros 2200 2270

28 G2 70 115 aTL0 L270

29 O7T50 11h 4100 2220
31 5650 145 2950 250
41 5120 110 3050 2270
44 61450 215 3700 2000
45 5650 180 4170 1470
50 7050 95 . 3970 : 2900
5) 7750 170 4620 2950
59 12400 . 105 4120 3670
70 5070 185 3000 . 1750

4.5 RONGELAP GROUP

The absolute neutrophile count of both the younger and older age groups fell during the

second week to a valuc, approximately 70 to 80 per cent of that of the controls (see Fig. 4.1).

Following the depression of the total neutrophile count during the second week, the values were

unstable until the fifth week. At this time the beginning of a second drup (P < 0.0L) was noted

for both age groups, and a tow value of approximately 50 per cent of controls was reached, The

count was maintained at approximately 75 per cent of contro] values from the seventh week to

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 ts accentuated when expressed as per cent decrease because

of the relatively high lymphocyte levels in the lower age contro] group. After this period the

differences expressed as per cent are less marked since recovery was more rapid in the

younyer age proup.

The cellular elements chiefly responsible for the fluctuations in total white bluod 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
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of the total white blood count (Coetfierent Ob Correbition af O.9}. Thus the, Hhucttattcrs aa tata

count were due Co changes inthe neatrophile count. ‘This: wits ¢rue of both the alder and younwer

are pregps. Tecan be seen trom ‘Fable 4.2 that the nealrophile count was cousistentiy prealer

than the lymphocyte count in fhe older age group, In the younger groups, differences ta the neu

trophole and lympbocyte coffit were tess marked and on six occasions the lymphoevie count wats

greater than the neutrophile count,

Platelets were first counted 10 days affer exposure, at which time platelet values of the

older ape proups were approximately 70 per cent of the control group (Fig. 4.4). Followane thas,

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 Is
initial counts on the 10th day. A second decrease in the platelet count (P< 0.01) developed dur -

mg the 7th and 8th weeks, and values remained at approximately 70 per cent of the control

group 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 aye groups, Differences

between the age groups were less apparent if the platelet counts were expressed as per cent of

the control group.

4.6 ALLINGINAE GROUP

In this proap there were only three yndividuals below age 5. For this reason, remarks will

be confined cssentiatly ta the older age group.

The absolute neutrophile 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

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 fluctuated around this value throughout the period of observatic a,

and no definite upward trend of the lymphocyte count was noted during the period of observa-

tion. aa

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 eount in this group

 

also reflected changesin the neutrophile count. , i

The platelet counts in the Ailinginae group were low, approximately 75 per cent of normal, ee

when first enumerated on post-exposure day 10, The counts remained at this level during the “i

second and third week; however, a definite fal] 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 approximately 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 greater than 5 age groupthe total white blood 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 general 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 control
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values thereafter inthe course of the study. ‘The hiptiotyte couqts fel ta below control fevedis
im the 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,

In the Ronpelap and Aibapinae groups the fluctuations inthe total leukocyte count were ae

counted for abhmost Patrredy by changes ip the total neutrophile count. ‘The Ronperik preoup di

fered since the changes intotal levkocyte count were retlected almost equally in the lympho

evte and neutrophile count. The significance of this difference tn response ithe two groups is

hot apparent. o :

The platelet counts (Fig. 4.6) were not markedly depressed when the tuittal counts were

taken during the third week. At the end of the third week, however, the platelet count began to *

fall to reach a low of approximately 60 per cent of control levels at the end of the fourth week. .

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

cent of the control value at the time of the last observation during the eighth post-exposure

week, e
r
e

s
e

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 very 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 cert o° control throughout the re- t

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 {f considered in terms of

the control values, Similar trends in eosinophile count were not evident in other exposure

eroups, -— ~

It is possible that the rise in eosinophiles represents that reported as occurring

to three weeks after short-wave-length irradiation”.“
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4.10 HEMATOCRIT, ALL GROUPS

The hematocrit values 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 Rungelap and Ailinginae

groups 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 4.8 HEMASOURIT, ALL EXPOSURE Gitot PS .

Rengre Lap Atliygginae Utirth Rongerth

D Milles Females, Comb Miles Females Comb Comb Comb Males
ay . . . we oe a oe

' .
p88 8 5 GB BB BK GSB +5 Adults

22 38.1 42.5 SHO OUT set 40.7) 37.5 40.6 37.0 39.4 37.3 40.6

23 : 45.7
26 45.8 40.3 95.3 38.0 25.6 39,1 36.5 43.2 3H.0 36.7 37.0 38.9 : .
28 44.5 wt
24 46.9 42.9 :
30 SH.1 40,05 44.8 37.7 46.4 31.2 36.0 44.6 52.0 37.2 54.7 39,7 = °
eh S68 41.0 44.8 37.5 45.9 430.0 35,6 45.8 4U.0 37.2 36.39 9.4 45.4 a .
ou 36.40 41,6 36.0 37.6 36.2 40.0 35,0 45.6 35.0 37.6 55.0 40.8 46.7
45 $0.7 44.0 36.2 37.6 35.9 49.6 36.0 45.2 35.0 47.0 35.7 39.7 44.0

47 42,8 But 40.3

Controle 38.5 49.2 37,0 40.6 37.8 45.0 98.5 45.2 37.3 40.6 37.8 43.0 37.8 40 44.9

"Age dn years,

4.12 COMPARISON OF HEMATOLOGICALFINDINGS IN CHILDREN AND 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 4

each element are given in terms of absolute count and per cent of appropriate control value :

(mean platelet counts were calculated for the less 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 DE PRESSION

 

Absolute Count » 103 Per Cent of Control

Type of Cell Age <5 Age >5 Age <5 Age »5

Neut rophiic 2.7 3.1 56 64

Lymphocyte 2.0 2.2 40 54

Platetets 115 122 30 36

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

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 ody exposure. The present data
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represent the only darge series in which systematic Serial Cadats Othe sane pndivadiuadls duiave

been possible, and thus (hey comprise the most complete dati available on fumian beings ex
posed an the high sublethal range. His also of dmportance, therefore, fa examine the present

results dn conjunction with past expectence inn effort to gain a better understanding, of the

hematological responBe of human bempgs exposed to peucteatup cadiation in the sublethal range,

In the followme discussion it will be generally assumed Chat the hematological effects

noted were due primarily to the penetrating ganima radiation received, The beta radiation tn-

jury of the skin may have contributed to fluctuations in the white count during the perfod of

active lesions during the third, fourth, and fifth week, but is considered not to have contributed

significantly to depression of any peripheral clements (see chapter 3). The degree of internal

contamination with fission products (gee chapter 5) was probably too small to contribute sig-

nificantly to the carly hematological effects observed. Althoughit 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

noted are considered to be the result of a single exposure to penetrating gamma radiation, de-

livered at rapidly decreasing dose rates over a period of approximately two days. Unless

otherwise stated all discussion will be Umited to the adult Rongelap group.

The principle sources of previous data available 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 ure presented in Table 4.11.

e
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4.13.2 Comparison with the Japanese Data 4

The limitations staced in Table 4.10 apply to the Japanese low dose groups* E to H in par- ,

ticular, 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 with these low expo-

sure Japanese groups in which definite signs of severe radiation exposure were present in

someindividuals but in which essentially no mortality occurred (initial hemotological studies

on the Japanese terminated at 15 weeks). The early period up to approximately six weeks was

characterized by considerable variation in total white count in both the Rongelap and Japanese

people. This fluctuation may be associated with the presence of thermal or other injuries in

the Japanese or the active skin lesions in the Marshallese, or may correspond to the “abortive

rise” poted for animals following exposure, 5! .4 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 neutrophile 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 Jor the Japanese

for weeks 12 to 15 must be suspected of betng high for the reasons given in section 4.13, 2,

Three characteristics of the Japanese hematological trends should be pointed out: a) while

high dose exposure groups with significant mortality showed early depression with a definite

low point at four weeks, the lower dose groups showed no definite minimumat lour 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 returned 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

Characteristics

Numbers in Groups

Adequacy of Controts

Serial Counts

Counting

‘Techniques®

Chance of bias due to

sampiog

techniques

“Normal’’

individuals

Internal

contamination

Additional trauma

{burns etc.)
Species extrapolation

necessary

Type of radiation

Dosage estimation

Single expasure

Dose r- te

Body region

Dosage Range

CHARACTERISTICSOF AVAILABLE DATA ON THE HEMA FOLOGICAL
EFFECTS OF PENETRATING RADIATION

Japanese

Hamibing sf8 47

Lieege

ate

No

Fir

Large

Gamma,

some

neutrons

Poor

Yes

Instantaneous

Total body

Sublethal &

fethal

Cliniesd

Radlothe rapy®

Small

Poor

You

Fate

Lurge

Hard x rays,

gamma

Good

Usually no

~Sr/min

Usually

partial body

Subliethal

Luborntory

Acvident sf

Small

Exposed

Marshatlese

Large

Poor Good

Yes You

Crowd Good

Lurge Smal

Yeu Yes

None Minimal

Yes Yes

No No

Gamma, neutrons, Gamma, beta

x rays, betas to skin

Poor Fair

Yes . Yes

Instantaneous Varying,

~6r/nr

Total and Total body;

partial body beta to skin
Subicthal & Sublethal

lethal

360° field

Large

Autrinls 0!

Large

Very in od

Yes

Coo

Sroall

Yes

None

No

Yes

Hard x rays,

gamma

Goud

Yes

~tOr/min

Total body

Sublethal &

lethal

Nuatrow beam

 

Geometry Nurrow beam Nurrow beam Narrow beam _

Depth dose curve Modcrate fall Vartuble Rapid fall off Essentially Variable rapid

off flat fall off to

flat

*Same technicians for all counts; rigidly standardized techniques throughout etc.

Table 4.11 MEAN PERIPHERAL BLOOD COUNT VALUES

FOR SEVERAL CONTROL POPULATIONS (« 104

. Kwaj-
Source of data upanese

“ee Japanese Kure, American Mijfuro
Determinatian 1947-19488 1948-19498 Americans®*" Americans*® Controls Controls

Total White Count 3.9 $25 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 3.1 4.1

Monocytes 0.6 0.6 0.3 0.4 0.3 0.2

Hounophiles 0.9 1.0 0.2 0.2 0.3 0.5

Baxsnophiles 0.1 0.0 0.0 0.0 0.1

Platelets 250 2:38 308

*Age 21 years

tThe mean value for 50 normal young American men, using the technique employed in the present

study wus 257,000
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the “normal” range for dividual counts by the eighth Or ninth week, sedher ol these values

for erther the high or tow exposure groups fad returned ta Che mean levels of any at the contrat

populations Fisted in Table 4.00 aC this trae, nor by the end of the study af fo weeks.* ©)

Lymphocyte counts eeniuined depressed at least Uhrourh the P2th week vad probably Cheouph

the {5th week. ,

The present finds in the Marshallese are in accord with these characteristics, namely,

a) total white cell and neutrophile 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 couafs were unstable

over thefirst five weeks, and recovery to control levels was not complete 3 the 10th week,

¢) Lymphocyte counts remained depressed throughout the period of observation,|

Platelet data in the Japanese are not sufficient to allow more than rough qualitative cam-

parisons, This is unfortunate since changes in platelet counts in the present studies appeared : .

to show a more consistent pattern than did the leukocyte counts. Platelet counts on one indivi-

dual considered as atypical response in a non fatal Japaneseindicated an appacent low at ap-

proxumalely day 30. This time trend agrees with that seen in the Marshatlese and Americans

exposed to fallout radiation,

His worthy of note that the period of peak incidence of purpura in the Japanese vietims oc -

curred between the 25th and 30th day, which corresponds to the time ofMmaximum platelet de-

pression in the exposed Marshallese,

4.13.4 Comparison with Data from Laboratory Accidents

Although in the Los Alamos and Argonne accidents: the type of radiation and the condi-
tions of exposure were markedly different from eitherxthe Japanese or the Rongelapsituations,

a large component of penetrating gamma radiation 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 aa hme

early in the Rongerik American group was observed uniformly.t b) Of three high-exposure but iE be .

non-lethal cases, the total white and Jeukocyte counts continued to show some degree of de- neal
pression into the seventh week or beyond. c) The lymphocyte counts in individuals exposed to mt ,

as little ag 50 rem showed aninitial marked depression. In most cases: the lymphocyte counts ee

remained at low levels throughout the period of observation. d) Platelet counts were done by ay ne

a different method, and absolute counts are therefore not comparable. However, of the three a“

high-dose survivors, times of maximum depression were not inconsistent with the vaiue of 30

days obtained in the present studies.

The Argonne Laboratory aceident® involved four individuals who were estimated to have

received 136, 127, 60, and 9 rep, respectively. The findings in the two highrst exposed indivi-

duals in general were consistent with those in the present study. An initfal neutrophilic leuko-

cytosis was followed by fluctuationa in total count, with low values continuing into the seventh

week. Recovery was not complete by the 20th week. The lymphocyte count depression was

rapid and marked, and recovery was not evident by the 20th week. Minimum values for the

platelet count were obtained between the 25th and 31st day.

 

4.13.5 Comparison with Animal Data

The time trends and severityof peripheral blood count change following total body radia-

tion in animals has beencriticalltexamined recently," and the following general conclusions

‘are presented.

*Counts 2 years later were nat significantly different from control Japanese values.”

fCounts 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.

No counts were taken on the Rongelap and Ailinginae groups during this early period.
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at) An initial rise in total white count (reflected tn the neutrophile count) miry oecur, Phere

after the magnitude of depression of the total white and neutrophile counts, sund within Hinits

therr duration area fanetion of radiation dose: A secondary ar abortive rise ti the total white

count (reflected in the negtrophile or lymphocyte count) may occur, foHowed by a second de

crease, There is tittle: species difference ia the rate of depression of the total white or neutro

phite count at comparable doses; however, the rate of recovery and time for complete recovery

ts quite different in various species, Small animals (mouse, rat, hamster) show relatively con

plete recovery to control levels, even at doses in the lethal range, by the end of the [ifth week

or earlier, Data on dogs are inadequate to indicate when recovery is complete; however, ce-

turn to control levels at high dose levels had not occurred by the fifth week. Swine require 9

to 15 or more weeks for complete recovery.

b) The response of lymphocytes 18 essentially identical in all amumal species. Depression

can be detected within a few hours, and recovery from the minimumvalues (achieved in 36 to

48 hours) requires longer Chan does neutrophile recovery. Lymphocytes fall to very low leveis

al doses well below the lethal range, and increasing dose results in no or minimal further de-

erecase in count. Lymphocyte depression appears ta have no causal celatlonship with acute

raduiuton deaths, -

c) Platelet counts have been studied most extensively in dogs.* As with neutrophiles, the

rapidity and magnitude of depresston is a function of dose below the lethal range. Maximum

depression occurs by the Sth or 10th day with doses in the high lethal range, by the F0th to 15th

day al sublethal levels. Recovery begins during the third week, but is not complete by the 30th

day when most studies have been terminated. Insufficient data are available to indicate the

lame required for complete recovery.

Considerable evidence including studies in the mouse using splenic homogenates, induced

bacterial infections and spontaneous infections have indicatéd that critical neutrophile levels

exist below which survival is correlated with the absolute neutrophile count following whole

body irradiation, From data on dogs, it appears that survival is likely unless neutrophile

counts remain below 1200 celis for a period of time.
Platelet data on dugs indicate that animals with external purpura have platelet counts of

50,000 or below. __ oA

Insufficient data on large animals are not 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-

jethal 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 platelet and leukocyte counts in large animals as a function of dose

in the sublethal range are indicated.

It is not possible to say at present whether severity of exposure, or of radiation damage

correlates better with absolute levels of peripheral blood count, or with degree of change from

comtrvel ot pre-exposure levels. Some evidence on this point can be gained by comparing the

depres of depression of the neutrophile and platelet counts in the Ailinginae and Rongerik

proups, both of wireh had essentially the same calculated exposure but for which control hema -

tolopical values were considerably different (the lymphocyte count ts not suitable for compari-

son since depree of depression was essentially the 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 counts, but considerably differ-

ent in terms of the respective control values. Thus some evidenceis 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 Minimal 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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neutrophite counts below 2000 at some time daring the observatian Period, vtud EO per cent had '

counts below 1000. By this criterion, then, the effective dose recerved by the Ronpelap peaple

approached the ftethal range,

th the dop and mouse8 approximately 50 to FOO rare required to lower Che neatrophtte

count by 1000 cetisstmint in the ugh sublethal dose range. (C6 these datie cai be applied ta man,

an additional 50 to 100 rb would have placed the dose tu the tethucd manpe. Oo the offer hand, .

however, Was clear from the present data that ueutrophile counts between LOOO and 2000 in -

human bemgs are well talerated. Human bemes with these levels of neut rophiles show no efint

eat evidence of tliness, are physically active, and do not need prophylactic antibtatie therapy.

The Rongelap people are estimated to have received 175 rias calculated from dose rate

readings measured in air inthe plane fission product field. From the preceding paragraph it

is seen that an additional 50 to 100 ¢ of laboratory radiation or an average of 75 r, probably

would have resulted in some fatality. Correcting this average value geometry,* it follows that

the minimal lethal dose (MLD) for man exposed in a fission product field is approximately 225 i

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 fram consideration of the minimumplatelet counts

observed, the platelet levels in dogs exposed in the high sublethal ranyge and the estimated

rate of decrease of plitelet level with increasing dose in this dosage range. Such an analysis

leads to the same conclusions as those derived from neutrophile data.

4.43.7) Peripheral Counts as an Index of Severityof Exposure

The refative value of the several hematological determinations in estimating the degree of .

exposure, as well as the approximate dose ranzes over which maximumsensitivity for each ‘

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 ofthe Rongelap and Ail'nginae

“roups were constantly depressed at a levei 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

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 exposure groups, Platelet counting is as easily carrted out and more re-

producible than leukocyte counts.75 8? Thus the platelet ccunt may peove to be a useful index of

deperee of exposure throughout the sublethal cane.

The above-considerations are in accord with previous Findings on human beimes and an-

vate

 

mals,

*From geometric and depth dose considerations set forth in chapter 1, t ¢ measured in air

‘in a fission product field 1s 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.
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4.13.8 Conclusions 0S sss .

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 someJatalibes would have resulted,

2. The degree of effect evidenced in the Rongelap people is not inconsistent with the physi-

cal estimiutes 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

hematolopreal chanpes seen, ,

4. The extensive serral hematological data obtained, considered in connection with pre-

vious data, allow reasonably accurate characterization of the hematological response of huniain

beounps exposed to sipbe doses of penetrating radiation in Che high sublethal cane. The tune

course of events is different from that observed in large animals and mav be deseribed as fol-

lows:

a) The total white count wrereases during the first two or more days and then decreases

below normal tevels. ‘The fotal count then fluctuates over the next five or six weeks, with no

definite minimum and with some values above normal (the presence of thermal or beta lestons,

oroolher acute processes during this (ime may account in part for these fluctuations). The

count becomes stabilized during the seventh or cighth weeks at low levels, and minimumcounts

probably occur at this time. A definite trend upward is apparent in the ninth or tenth weeks;

however, complete recovery may require several months or more.

b) The neutrophile count parallels the total white blood cell count. Complete return to nor-

mal values does not oecur for several months or more, The tnitial rise in total white count is

due to a neutrophilic leukocytosis.

c¢} The drop in lymphocytes is early and profound. No evidence of recovery may be appar-

ent several months after exposure, and return to normal levels may not occur for months or

years,

d) The platelet 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. .

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 fluctuations and becausé sev-

eral weeks may be required for maximum depression to become evident. The lymphocyte

counts of more value in this regard particularly in the low dose 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 higher doses.

5. 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 in the sublethal range as a convenient and relatively easy direct method of

determining the degree of exposure,
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CHAPTER 5 va

INTERNAL RADIOACTIVE CONTAMINATION i

3.1 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 Researth Institute, the New York Operations .

Office of the Atomic Energy Commission, and ithe 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 foudstulfs and living area of the contami-- ~ ase a x
nated atolis, Long term studies of the domestic animals obtained are being conducted at the sa

NRDL, in order to obtain information on the p ssible acute and delayed hazard from internal f me

radiation, - : ts

The mainfindings of the internal contamination study In the humanbeings and their en- ae Be
vironment are presented in this report. A detailed report on the nuture and extent of the in= io

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 ENVIRONMENTSTUDIES

A comparison of 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 ye per

plant) as well as fissionable material (1 x 1074 ugm) 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 alter detonation. Fish collected

from the Rongelap lagoon were found to have very high levels of activity (0.3 to 3 jc per fist)

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 environinent. The presence of fissionable mate-

rial was detected on thatch, yrass and on plantfood.

89

ae ee

e
e
e
v
e
s

‘ . . .



 
~

 

Fig. 5.1 Well, Rongelap '
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Fig. 5.2 Cistern, Rongelap
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5.3. ANIMAL STUDIES re .

The studies on the Rongelap and Uttrik animals included measurement of Internal radio-

active contamination and radiochemical analysis of excreta and tissues. The acute hematologt

cil and pathological Tifects of the exposure, as well as long tormeffects on these awoatnnids,

are being studied, In additfon, fertility and hatcehability studies as well as radlochendeul amd -

ysis of eges laid by hens from Rongelap were performed, .

These studies have provided information on the extent and nature of the tnternal contami

nation in the exposed human beings. For example, radioautographs 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 radioelements

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, 14 x, 21 hr Exposure. Animal Sacrificed

45 Days Post-exposure (Argonne National Laboratory Photo).
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Fig. 5.4 Autoradiograph of Rongelap Pig Tibia, 42 hr Exposure. Animal Sacrificed 58 Days

Post -exposurc,. : — -?

9.4 HUMAN STUDIES

9.4.1 Excretion

Gross beta activity measurements on the urine samples from Rongelap, Ailinginae, and

Rongerik indicate syrnificant 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, [208 d m 24

hours. The Ailinginae group had 553 d,m, 24 hours, and the American group had 309 d m 24

hours. A group of the Japanese fishermen exposed to fallout from the same detonation had a

urine activity comparable to (hat of the Rongelap adult group.

The mean activity of (he 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

various Liboritorics involved showed fairly congistent levels of activity for the individual

from day to day. The variation which occurs is not considered to be excessively large for this

type af study. The activity as function of time fell off rapidly due to the large component of

Balt? - 2a" and other shert 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 earth 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 earta
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Table 5.1 GROSS BETA ACTIVITY IN URINE OF RONGELAP GHOUD

(rine Collected on 46th Post-exposure Day and Valucs Correctad far Derny

Back to Cotleetion Drv)

Total Total

Volume Beta Activity Volume Hota Activity

Case No, 44 hr d/m/24 hr Case No, 24ohe demo ud hr

Age 3 vears Age «16 vears

2 120 Tle 4 455 ti34

a 150 894 7 810 1700

5 155 31s 9 355 201

23 - 40 223 10 930 549

3a 260 0 1D 450 t583

o4 80 285 13 340 1677

69 459 301 14 780 2460

18 455 1670

Mean 165 404 22 47 77

320 960 408

34 TH 370

ST 480 TM2

40 550 1450

46 330 495

49 425 v

52 780 0

55 320 1080

"56 700 $220

Age 6 to 15 57 $50 1095

years 58 750 2170

20 265 1900 60 810 580

24 550 ; 0 62 980 1985

26 650 1032 63 635 2260

35 255 0 66 -855 = 1715

36 190 236 -68 300 2010

39 280 1100 ‘ 71 290 1450

47 650 1705 73 230 0

67 450 674 78 965 52

72 110 507 79 465 2038

75 440 0 80 540 1353

76 980 1180 82 670 2140

Meun 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 wag found only in samples analyzed at early time intervals, due to its relatively

short physical half life.

5.4.2 Estimate of BodyBurden

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 were killed

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 pc, for post-exposure day 82 was obtained. If this total human body burden
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Table 5.20 RADIOCHEMICAL ANALYSIS OF'TISSUES AND URINE OF RONGELAP PIGS

(AH Values Corcected for Decay to Day of Sacrifice, the 82nd Post-exposure Day)

- Bots Activity do m/total Sample

Grose Total

Activity sr” Bal‘? Rare Barth
Sample > 1074) Ww 107) (ta Ss ey

Pigg #24 (25.8 kgm) .

Skeleton  HH9O 5660 660 1010
Liver at 0.40 0.33 64

Colon & Contents 12 5.0 2.4 3.2

Lung (Alveolar) L.5 0.22 0,20 0.8

Stomach ' L.2 0.22 1.1 1.3

Intestine (Sma))) 2.3 0,62 0.50 0.51

Kidney 3.3 0.21 0.42 0.74

Remaining Tissucs 690

Total 9630 5667 665 1020

Urine Sample, 24 hr (5/27) 13 8.7 1.2 1.6

Urine Sample, 24 hr 9.6

Average for days 82 lo

HR post -expoNure

Pig #25 (22.7 kgm)

Skeleton (total) 4600 5100 530 690

Liver 27 0.53 . 0.20 5.5

Colon & Contents 16 5 3.2 4.9

Lung (Alveolar) 1.1 0.26 0.23 0.33

Stamach 2.0 0.29 0.13 v.30

Intestine (Small) 2.6 0.83 0.88 0.88

Kidney 3.3 0.14 O.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 duys 82

to 88 post-exposure

Total

Average Per cent of Individual Radioelements sr™ pa? Rare Earth

Skeleton 62 6.8 9.7

Total Body 58 6.5 9.0

Urine (24 hr) 69 7.9 10.5

is separated into 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"? _ 9,021 pc

Rare Earth Group — 0.030 uc

Others ~— 0.09 pc

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** human inhalation data, and it corresponds very closely
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to the exponent found in the huflaly rfdithydita Ul Norrid®™ “unl Ledney Using his formu-

tion the individual skeletal body burdens extrapolated back to day one are as follows:

6

Sr? 1.6 yc

Ball’ 2.7 ye

Fisstonable matertal negative

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 Rongelap group on diy t were made:

a) rare earth group - 1.2 uc

b) I'' — 6.4 me

The integrated dose to the thyroid from I'*' and the shorter lived iodine isotopes (1!8?, 13) and
1’) 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 Rongelap

native group:

1! — 5.5 x 10!) fissions
Sr® — 1.2 x 10" fissions

Ba'** _ 1.0 x 10" fissions

From these data, using certain assumptions as to the uptake and retention of these radivele-

ments by the body, the following estimate of body burden at one day was derived:

Rongelap American

(uc) (uc)

sr*? 2.2 042 7
Bae 0.34~ 0.27
Rul 0.013 0.015
Ca‘é 0.19 0,04

I'S! and short lived 5.1 mc 1.9 mc
I'S! equivalents

Fissionable material 0.016 ugm

The initial body burden of I'* and short lived iodine isotopes, energetically equivalent to I'3!
ig 5.1 mc. The estimated total integrated dose to the thyroid from the iodine isotopes assuming

2 20 per cent uptake/24 hours and with corrections for decay of the very short lived iaotopes

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 to 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 nega-

tive results.

5.4.3 Internal Radioactive Decontamination
 

Ethylene diamine tetracetic acid (EDTA) has been shownto be the most effective chemical

agent to date for mobilizing fission products from the skeleton and for increasing their ex-

cretion rate. "8.8 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 caicium EDTA, 1 gm, 25 lb body weight daily
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for three days increased the 6vey-all miean activity in thé 24Abu urimes af the treated people

by a factor of 2.5 times compared with the pretreatment control excretion, Since the rate of

excretion of activity al this time was about 0.1 per cent, 24 hours, the observed tncrease in

excretion did not sizmificantly alter the total body burden. This study and previous animal work

suggest that EDTA, perhapsaidministered LV. and at carly intervals, might have been of can-

siderably greater value in increasing the excretion of some of the internally deposited fission

products,
.

5.5 DISCUSSION

The fallout material probably entered the exposed people through both the tuhaiation snd

ingestion routes. The rekitively large particle size tidicates (hat the probability of inhalation

af cirborne confamination was small This is based on the observation that in general only

particles 0.1 to 3 oto diameter reach the alveoli on inhalation and (hat larger particles are

filtered oul by the nose and upper respiratory passage and aswallowed.@ 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 pastrointestinal 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 yeneral 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 can-

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 amountof internal

contamination than the former though the groups received approximately the same calculated

external dose. The difference may well lie in the fact that the Ailinginae people continued to

eat contaminated food and drink contaminated water up tu the time of evacuation. The American

personnel probably ingested less contaminated food. Their water was distilled and stored in

closed containers which precluded the possibility of radioactive contamination. It is also pos-

sible that indoctrination of the American group as to the inhalation hazard and perhapstheir

more adequate shelter was responsible for the lower am. unt of internal contamination re-

ceived. Radioanilysis of urine samples 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 may indicate that with active bone growth occurring, the internally

deposited fission products were more firmly fixed and therefore less readily excreted. It does

not seem likely that the children were subjected to any less internal radioactive contamination

than were the adults.

8.6 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

to the ability of the skeletal system to concentrate fission products, any injury to the body from

these internal emitters would mostlikely 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 exposureto 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 c,gm) in addition to high external doses. The only suggestion of such a combined ef-

fect ii thia situation was from the hematological response ot served in these exposed human

beings, which did not follow precisely the time course chara-teristically seen in lower mam-

mals after short exposure to external radiation.
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CHAPTER 6

RECOMMENDATIONS

1. It is recommended that establishment of a medical team on a continuing basis, prepared

to handle emergency situations connected with radiation, be considered. Qualified personne!

should be designated by name; minimal clinical and research procedures considered essential

should be established and necessary equipment should be stockpiled.

2. It is recommended that steps be taken to obtain additional data in the laboratory in the
following categories:

(a) The hematological response of large animala, 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.

(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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Commanding General, USARFANT & MDPR,Ft. Brooke, Puerto Rico

Commanding General, U. S. Forces Austria, APO 168, c/o PM, New York, N. Y,, ATTN:

ACofS, G-3

Commander-in-Chief, Far East Command, APO 500, c/o PM, San Francisco, Calif.,

ATTN: ACofS, J-3

Commanding General, U. S. Army Forces Far East (Main), APO 343, c/o PM, San

Francisco, Calif., ATTN: ACofS, G-3

Commanding General, U. S. Army Alaska, APO 942, c/o PM, Seattle, Wash.

Commanding General, U. S. Army Europe, APO 403, c/o PM, New York, N. Y., ATTN:

OPOT Div., Combat Dev. Br. ;

Communding General, U. S. Army Pacific, APO 958, ¢/o PM, San Francisco, Calif.,

ATTN: Cml. Off.

Commandant, Command und Gencral Staff College, Ft. Leavenworth, Kan., ATTN;

* ALLLS(AS)

Commandant, The Artillery School, Ft. Sill, Okla.

Secretary, The AA&SGM Branch, The Artillery School, Ft. Bliss, Tex., ATTN: Lt. Col.

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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t Superintendent, 0brbabernthwen Point, N. Y., AETN: Prot. of Ordaaner r i

Commandant, Chemical Corps School, Chemical Corps framing Command, Ft. McClellan,

Ala. fk

- Commanding General, Research and Bagincermg Comimand, Army Chemical Center, Md.,

a ATTN: Deputy for RW anddion-Toxic Material an 50 \

t, Commanding General, Aberdeen Proving Grounds, Md. gnner envelope) ATTN: RD Coutrol

Officer (or Director, Batlistics Research Laboratory) ol 62

i» Commanding General, The Engincor Center, Ft. Belvoir, Va, ATTN: Asst. Commandant, .

_* Kngimeer School : a oa 5b

7 Commanding Officer, Engineer Research and Development Laboratory, Ft. belvoir, Via,

ATTEN: Chiet, Technical Intelligence Branch 5b

Commianding Olficer, Preatinny Arsenal, Dover, No do, ATTIN: ORDBB-TK oF

Commanding Officer, Army Medical Kesenech Laboratory, Ft. Kaox, Ky. 5M

“ Commanding Ollicer, Chemical Corps Chemical and Radiological Laboratory, Army Chemical

Center, Ma., ATTEN, Pooh. Ltbrary bt 60

Comnninding Otficer, Pransportition H&b Station, Pt. Bus tia, Va. u

Director, Technical Documents Center, Evins Signal tiaboratory, Belmar, Nod, Ge

Director, Armed Porees institute of Pathology, TO and Independence Avenue, S. W., Washing

fon Yo, Go. 63

Director, Operultona Reseiurch Ottiee, Johns Hopkins University, 7200 Connecticut Ave,

Chevy Chase, Md., ATTN: Library 64

NAVY ACTIVITIES

Chief of Naval Operations, D/N, Washington 25, D. C., ATTN: OP-36 65 - 66

Chief, Bureau of Medicine und Surgery, D/N, Washington 25, D. C., ATTN: Special Weapons

Defense Div. 67-68

Chief of Naval Personnel, D/N, Washington 25, D. C. 69

Chief, Bureau of Ships, D/N, Washington 25, D. C., ATTN: Code 348 70
Chief, Burcau of Supplies and Accounts, D/N, Washington 25, D.C. 71

. Chief, Bureau of Acronautics, D/N, Washington 25, D.C. 72-73

Commuander-in-Chief, U. S. Pacific Fleet, Fleet Post Office, San Francisco, Calif. 74

Commandcr-in-Chief, U. S. Atlantic Fleet, U.S. Naval Base, Norfolk 11, Va. 75

Tommandant, U.S. Marine Corps, Washington 25, D. C., ATTN: Code A03H __ - 76

Superintendent, U.S. Naval Postgraduute School, Monterey, Calif. _ 77

Commanding Officer, U.S. Naval Schools Command, U. S. Naval Station, Treasure Island,

San Francisco, Calif. 7k

Commanding Officer, U.S. Mlect Tramimg Center, Naval Base, Norfolk t1, Va., ATTN:

Special Weapons School TY

Commanding Otlicer, U.S. Fleet Praming Center, Naval Station, San Diego 36, Calif., ATTN:

(ISPWL School) 80

Commanding Officer, U.S. Navid Gamage Control Training Center, Naval Base, Philadelphia

12, Pal, ATTN: ABC Defense Course 81

Commandtig Ollicer, U.S: Naval Unit, Chemical Corps School, Army Chemical Training

Center, Ft, McClellan, Ala. a2

Jomt Landing Foree Board, Marine Barracks, Camp Lejeune, N.C. 8u

Commander, U.S, Naval Ordnance Laboratory, Silver Spring 19, Md., ATTN: R 84

Commander, U.S. Naval Ordnance Test Station, Inyokern, China Lake, Calif. 85

Commanding Officer, U. S. Naval Medical Research Inst., National Naval Medical Center,

Bethesdn 14, Md. - a6

Director, The Material Laboratory, New York Naval Shipyard, Brooklyn, N.Y. 87

Commanding Officer and Director, U. S. Navy Electronics Laboratory, San Diego 52, Calif.,

ATTN: Code 4223 8B

Commanding Officer, U. S. Naval Radiological Defense Laboratory, San Francisco 24, Calif.,

ATTN: Techmcal Information Division 89-92

Commander, U. S. Naval Air Development Center, Johnsville, Pa. 93

Director, Office of Naval Research Branch Office, 1000 Geary St., San Francisco, Calif. 94 °

Officer-in-Charge, U. S. Naval Clothing Factory, U. S. Naval Supply Activities, New York,

“ 3rd Avenue and 2th Street, Brooklyn, N. ¥., ATTN: R&D Division 95

Commandant, U. 8. Coust Guard, 1300 E. St. N.W., Washington 25, D. C., ATTN: Capt. J. R. °

Stewrrt 96
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Asst. for Atomic Energy, Headquarters, USA ving on 26, D. C., ATTN: DCS/O

Director of Operations, Headquarters, USAF, Washington 25, D. C., ATTN: Operations Analysis

Director of Plans, Headquarters, USAF, Washington 25, D. C., ATTN: War Plana Div.

Director of Research and Development, Headquarters, USAF, Washington 25, D. C., ATTN:

Combat Cumponents Div.

Director of Intelligence, Headquurtecs, USAF, Washington 26, D. C., ATTN: AFOIN-1B2

The Surgeon General, Hoadquartors, USAF, Washington 25, Db. Cn ATTN: Bio, Def. Br.,

Pre. Med. Div. a”

Deputy Chief of Staff, Intelligence, Headquarters, U.S. Alr Forces Europe, APO 633, c/o

PM, New York, N. Y., ATTN: Directorate of Air Targota

Commander, 497th Reconnaissance Technical Squadron (Augmented), APO 633, c/o PM,

New York, N.Y.

Commander, Fur East Atr Forces, APO 925, c/o PM, San Franciaco, Calif.

Commander,Strategic Air Command, Offutt Air Force Base, Omaha, Nebraska, ATTN:

Special Weapons Branch, Inspection Div., Inspector General

Commander, Tactical Air Command, Langley AFB, Va., ATTN: Documents Security Branoh

Commander, Air Defense Command, Ent AFB, Colo.

Commander, Air Materiel Command, Wright-Patterson AFB, Dayton, O., ATTN; MCAIDS

Commander, Air Tratning Command, Scott AFB, Belleville, 11., 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, Mies., 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., ATTN: Library

Commandant, USAF Institute of Technology, Wright-PattersonAFB, 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
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OTHER DEPARTMENT OF DEFENSE ACTIVITIES

Aast. Secretary of Defense, Research and Development, D/D, Washington 25, D.C.

U. S. National Military Representative, Headquarters, SHAPE, APO 55, o/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: Secretary

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. S. 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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Sundin Corporation, Clissified Booument Division, SantTaso, Albuquerque, N. Mex., ATTN:

Martin Lucero Ny tTh- 172

University of California Radiation Liboratory, PO Box 808, Livermore, Calif,, ATTN: “ a

Margaret Edlund “474 tt

Weupon Datu Section, Technical Information Service, Oak Ridge, Tenn. 175

Technical Information Service, Oak Ridge, Tenn. (surplus) 176- 400
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