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ABSTRACT

Following the detonation of Shot 1 on Bikini Atoll on 1 March 1954, 28 Americins and 239
Marshallese wore exposed to fatlout. One hundred fifty-seven of the Marshallese were on Utirek
Atoll, 64 were on Rongelap Atoll, and 18 were on the neighboring atoll of Arhinginae. The 28
Americans were on Rongerik Atoll. The presence of sygniticant fatlout on these alolls was first
determmed by o recording dostmeter, lociated on Rongerik, when this deviee went off scale at
100 mr hr shoretly after the detonation. Emergency surveys detected radiation on the inhabited
atolls, and evacuation of imhabitants to the Naval Station at Kwajalein was promptly carried out,
The dose ol radiation to which the individuals were exposed was calculated from the intensities
Tound on the isliinds and the decay exponent of the fallout material. The individuals on Rongelap
recorved approximately 175 r, those on Ailinginae redeived approximately 69 r, and the Ameri-
cans or Hongerik 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 {rom mild nausea and one or two individuals vomited on the day
of the 2xposure. With the exception of nausea in one Ailinginae individual, there were no other
definite gastrointestinal symptoms in the other Marshallese or the Americans. The Mar-
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 epilation in the Rongelap and Ailinginae groups, and the develupment 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
uleceration. There were no skin lesions in the Utirik natives. All lesions healed rapidly with
no further hreakdown of the skin noted during the period of obscervation. Microscopic exami-
nation of biopstes of the lestons showed changes usually associated with radiation mjury. Fully
clothed andividuals and those remaining inside of buildings or huts were protected to varyimng
depgrees from development of lesions. Hematologie changes were definste in the Rongelap,
Aiinginae, and the Amcerican groups. Lymphopenia appeared promptly and wis persistent for
a prolonged poriod of time, Neutropenia occurred in all of the individuals with initial minimum
values occurring around the t1th day followed by an increase in the counts and a secondary
minimum around the 40th to 45th day. The most consistent hemitologic change was the de-
pression in the platelet counts, Platelets were below normal when first counted on the 10th
day of post-exposure and progressively decreased attaining a2 minimum between 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 iong 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 s one of the reports presenting the results of the 34 projects participating
i the Military Effects Program of Operation CASTLE. For readers mterested i other per-
timent test information, reference 18 made to WT-934, Report of the Commuander, Task Unil
13, Military Effects Program. This sumimary report includes the fotlowmg iformation of
possible general interest,

ta) An over-all description of each detonation, including yield, height of burst, ground zero
location, time of detonation, ambient atmospheric conditions at detonation time, cte., for the
operation.

(h) Discussion of all project results,

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

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

Detinted reports on dosimetry and internal radivactive contanunation will be pubhished as
supplements to this report.,

Much of the miedical terminology in this report is explained in parentheses for the benefit
of the layman. . '
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PREFACE

Operiadion CASTLE did not imcelude i@ nomedical prograam, The partieipants an Project 404
were drawn from various Liboratories and were totally unprepared for a Gield program when
the Jount DOD ARC Medieal Research Team was organized after the operation had begun.

Dr. John C. Bugher, Director, Division of Biology and Medicine, AEC, and LU Col L. E.
Browning, MC, USA, Surgeon of the Armed Forees Special Weapons Project, selected the proj-
ect officer and requested that the setection of technical and professional 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 radicbiology. In
the seleetion of personnel the emphasis was placed on past experience in biomedical research
i the field with atomic weapons. In addition, provisions were made for a second echelon of
speciabized personnel in case they were nceded. Accordingly, a preventive medicine unit of
the Commaunder in-Chiet, Pacific Fleet, was alerted for possible bacterwologic studies; blood
bank personnel, and additional clinicians and nurses were notified in casce conditions justified
their services m the Kwiajalem arca. Rear Admiral Bartholomew Hogan, MC, USN, Pactfic
Flect Medieal Olhicer, immediately made any needed medical facilities of the Pacific Fleet
avinlabloe,

Personnel were obtaimed within the Continental limits of the U. 8. for the research team
as follows:

Naval Medical Rescarch Institute (NMRI) )

4 medical officers (E. P. Cronkite, project officer, R. A. Conard, N. R. Shulman, and
R. S. Farr) :
2 medical service corps officers (W. H. Chapman and R. Sharp)
6 ¢nlisted men (C. R. Sipe, P. K. Schork, C. P. A. Strome, W. C. Clutter, R. E. Hansell,
J. S. Humby)
U. 8. Naval Radiological Defense Laboratory (NRDL)
1 civilian M.D. (V. P. Bond)
1 medical service corps officer (L. J. Smith)
4 enlisted men (W. H. Gibbs, J. C. Hendrie, W. S. Argonza, J. Flanagan)
Division of Biology and Medicine, AEC
2 civilian M.D.’s (C. L. Dunham and G. V. LeRoy)
Armecd Forces Special Weapons Project (AFSWP)
1 Army Medical Officer (L. E. Browning)

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

and his staff, and decontamination of the individuals was well underway when Project 4.1 persan-




nel arrived in the Detd. Prehimunary hematologie studies indicated that (he individual s probubiy
had not receved acutely fatal doses of radiation. The primary responsibihties within the prog
cot group were delegated as lfollows:

Chnical observations awl care 1T N. R. Shulman, MC. USN

Organmzation and operation of Laboratory LT R.S. Farr, M, USN

Compilation and daaly anatysis ol all data Dr. V. P, Bond

Decontivmmation and radiition measuremoent 1P (jg) R, Sharp, MSC, USN

Semor Petty Officer m charge of Laboratory P K. Schork, HM(C, USN
As the climeal prcture developed, o Turther breakdown im responsibhility was necessiary, Com
mander Ro A Conard, MC, USN, and L.t Col L. F. Browmng, MC, USA, were made vesponsthle
for a dinly survey of sk lestons, and De. S HL Cohn was made responstbie for stadying the
probicins concerned with the excretion of radiotsotopes and the estinutes o bhody burdens
the exposed individuals.

The project officer commends all of the professtonal and techmeal members of the groap
for therwr excetiont motivation, imtiative, and voluntary long hours of extra work thit weee os
sential for the awcomplishment of the clinical and research objectives, and for the rapid col -
lection of the preliminary data an the field, Tt is emphasized that the work wias i cooperative
cendeavor in which all were mutually dependent upon cach other. The wilhing efforts of all con-
cerned constituted a remarkable example of team-work and sacrifice of persomt] ambitions 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 Taipton, and CDR Harry Etter; CAPT W. E. Kellum, MC, USN, and CAPT T. L. Willmon,
Conmanding 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 gave un-
limited support and reduced administrative procedures to a bdre minimum, thus making it
possible for the unit to be assembled and underway in a matter of hours.

On arrival at Kwajaiein, RADM R. 8. Clarke, USN, Commanding Officer, U. S. Naval Sta-
tion, Kwajalem, supported Project 4.1 with all the facilities at his disposal. As a result, a
laboratory and chiniec 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 Fieet; Drs. T. L. Shipman, T. White, and P. Harris of Los Alamos
Scientthe Laboratory; Dr. Gordon Dunning, Division of Biology and Medicine, AEC, and Dr.

G. V. LeRoy, University of Chicago. During all phases of the early care of the exposed indi-
viduals, the foregoing participated as much as their other primary duties would permit. In
addition the authors wish to thank them for the extensive and complete data which they collected
in the 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 s
extensive knowledge of the Marshallese language and habits were invaluable. Lacutentunt J. 8.
Thompson, MC, USN, Turnished his records on the exposed individuals decontiuminated by the
radiation group of the VP-29 squadron stationed at Kwajalein.

The authors wish especially to express their admiration for the excellent job done by the
medical personnel of the U, S. Naval Dispensary, Kwajalein, in completing the extensive labo-
ratory exanuniations thiat were required to obtain a prompt mmtial evatuation of the severity of
the radiation injury.

The authors are deeply grateful to Dr. David A, Wood of the University of Califoram Hos-
pital, San Francisco, and Dr. Kdward L. Alpen and Miss Pat Roan of NRDL, for wvaluabice aid
in carrving out the histopathological evaluation of skin lesions. The extensive contributions of
Mr. H. H. Hechter 1n the statistical analyses of the data, and of Mr. C. A. Sondhaus of the
NRDL in dosage caleulations are gratefully acknowledged.

.o s - .




ceew - .- e « 0« a

CONTENTS
ABSTRACT
FOREWOID
PREFACFE
[ILLLUSTRATIONS
TABL ES
CHAPTER 1 INTRODUCTION. . . . N
1.1  Objectives . .
1.2 General Desc rlptl()n m‘ the Exp(med Groups
1.3 Evacuation and Early Care of the Exposed Groups
1.4 Estimation of Whole Body External Dose
1.5 Estimate of Maximal Skin Dose from the Ground

CHAPTER 2 CLINICAL OBSERVATIONS AND THERAPY

2.1  Introduction .

2.2 Symptoms and Signs Related to Radlatxon In]ury . .

2.3 Chlnical Observation and Therapy as Related to Hematological
Findings .

2.4 The Blfect of an Ep:demu of Upper Respxratory Infectlon on an Irradlated
Population .

2.5 Comparison with the Uunk Gmup of steases Seen in the Rongelap nnd
Ailinginae Groups During the Period of Observation .

2.6 Changes in Weight as an Indication of Disturbance in the Overall
Metabolism

2.7 The Effects of Pr(’gnan(‘y :

2.8 Iiscussion on the Use of Antibiotics in thxs Gr()up .ln(l in Radlalmn
Injury.

CHAPTER 3 SKIN LESIONS, EPILATION, AND NAIL PIGMENTATION .

3.1 Introduction-- Early Symptomatology Referable to the Skin
3.2 Skin Lesions

3.3 Epilation .

3.4 Nail Pigmentation

3.5 Factors Influencing the Severxty of Skln Lesxons

3.6 Correluation with Hematological Findings

9 S
‘a ‘70‘5,,:\,..; .
. - W .‘J(
$
e

Payre

o

-1

10
12

15

15
15
15
16
22

24
24
24
25
26
29
30
3t
33

34

14
34
39
40
41

42



CONYENTIS (Continued)

Page
3.7 Ihscussion . . . . . . . . . . . R I
3.8 Conclusions . . . . . . . . . . . . b
CHAPTER 4 HEMATOLOGY . . . . . . . . . . . .63
4.1 Introduction . . . . . . . . . . . . .63
4.2 General Methods . . . . . . . . R X
4.3 Methods of Treating Data, (,ontrul Groups . . . . . . .64
4.4 Hematological Findings, General . . . . . . . . . 65
4.5 Rongelap Group . . . . . . . . . . . . .79
4.6 Ailinginae Group . . . . . . . . . . . . 80
4.7 Utirik Group . . . . . . . . . . .0
4.8 Romgerik Group (Anu rice dns) . . . . . R . . R . HO
4.9 Monocyles and Eosinophiles, All Groups . . . . . . . . 81
4.10 Henentoerit, All Groups . . . . . . . . . . H1
4.11 Morphology of Peripheral Hlnnd . . . . . 81
4.12 Comparison of Hematological Findings in ( Inldrcu .md AdulH
Rongelap Group . . . . . . . . . . . . . B2
4.13 Discussion s . . . . . . . . . . . . 82
CHAPTER 5 INTERNAL RADIOACTIVE CONTAMINATION . . . . . . 89
5.1 Introduction . . . . . .. . . . . . 89
5.2 Physical Envnmnmcnt Studms . . . . . . . . . . 89
5.3 Animal Studies . . . . . . . . . . . . . 9
5.4 Human Studies .. . . . . . . . . . . . .92
5.5 Discussion. . . . . . . . . . . . . . 96
5.6 Conclusion. . . . . . . . . . . . . . 96
CHAPTER 6 RECOMMENDATIONS . . . . . . . .- . .97
REFERENCES . . . . . . . . . . . . . . . 98
ILLUSTRATIONS
CHAPTER 1 INTRODUCTION
1.1 The Living Arca on Rongelap 1sland, Indicating the Light,
Open-type of Coustruction . . . . .
1.2  Histogram of Proportion of Total Doac (,unlr lbul(‘d by V‘nriuus
Energy Regions from the Fallpout Radiation . . . . .18
Cumulative Dose as a Function of Time After the Detonatlon . . . .21
1.4 Comparalive Depth Doses for Bilateral Exposure from a Small
Source and Multiple Source 41 Exposure with Cobalt-60 . . . . .21
1.5 Comparative Depth Doses in a Phantom Man of Initial Atomic Bomb
Radiation and Radiation from a Field of Fission Products . . . .22
CHAPTER 2 CLINICAL OBSERVATIONS AND THERAPY
2.1 The Blood Count Changes in a Two Year Old Child with Fever . . . .27
2.2 The Blood Count Changes in a Fifty Year Old Man with Fever . . . . 28
< -3
o
] ‘ :‘r S i‘ P v /
. U} %\#
r:::f d .



ILLUSTRATIONS (Continued)

CHAPTER 3 SKIN LESIONS, EPILATION, AND NAIL PIGMENTATION

3.

Color

4

L LI W W

Comparison of the Incidence and Time of Appearance of Epilation
and Neck Lesions an the Rongelap and Allinginae Groups

Plates

(52}

.10
.11
12

.14
.15
.16

17
.18

.20

.21

.22

.23

.24

farty Hyperptgmented Maculopapular Neck Lestons at 15

Days., Case 39, Ape 15, F. . . . . .

Neck Lestons at 28 Days. Wet Desguanmation. White Color s
Catamine Lotion, Case T8, Age 37, F. . . . .
Reprgmenting Superficial Neck Lestons at 40 D.IVH Hv;u-rplgnwnh-d
Arcas not Completely Desquamated, Case 24, Age 15,

Healed Neck Lesions at 77 Days Showing Dusky Pyime nt.llmn u[

Back of Neck, Case 39, Age 15 F,

Hyperpigmented Rased Plaques and Bullae on Dorbum of Feet and
Toes at 28 Days. One Lesion on Left Foot Shows Deeper Involvement.
Feet were Painful at This Time.

Lesions 10 Days Later. Bullae Have Broken Desquamanon is

Essentially Complete, and Lesions Have Healed. Feet no Longer Painful .

Lesions 6 Days Later Showing Repigmentation Except for Small Scar
on Dorsum of Left Foot at Site of Deepest Lesion

Extensive Lesions in Boy, Age 13, Case 26

Extensive Lesions in Boy, Age (3, Case 26

Whole Body View of Lesions in Same Case as Plates 3.8 - 3 9

Whole Body View of Lesions in Same Case as Plates 3.8-3.9
Desgquamation of Back of Scalp at 28 Days. Epilation Occurred
Farlier in Desquamated Area. (See Plate 3.14.) Note Persistent
Uleceration of Left Ear.

Enchteen Days Later. Scalp Lebwnb Have Healed wnh Roplgmenlation
of Skin. No Hair Growth Evident in Epilated Areas. Ear Ulceration
Persists With Little Improvement. .

Epilation in Man at 18 Days. Case 79, Age 41. S(‘alp Lesxonb Pre vnt
in Areas of Epilation. (Same Case as in Plates 3.12 and 3.13.) .
Spotty Epilation in Boy, Age 13, at 28 Days. Case 26. Note Scalp
Lesions in Areas of Epilation. (Same Case as in Plates 3.8 -3.11.)
Epilation in 7 Yr. Old Girl at 28 Days. Case 72. : .
Pigmented Bands in Semilunar Area of Fingernails at 77 Days .
(X100, H&E) Epidermis: Extensive Transepidermal Damage With
Less Involved Zones oh Either Side .
(X108, H&E) Epidermis: Arcades of Minimal Damage OC( ur in
Relation to Excretory Ducts of Sweat Glands. . .
(X400, H&E) (Case #26) Transepidermal Damage With Dlsorgamzanon
of the Malpighian Layer . . . . . . . . .
(X100, H¢E) (Case #63) Transepidermal Damage With Disorganization
of the Malpighian Layer . . . . . . . . .
(X100, H&E) (Case #75) Loose Lamination of Stratum Corncum With
Outward Papillary Projections and Resultant “Rugose” Appearance
(X400, H&E) (Case #75) Same as 3.22. Occasional Perinuclear
Cytoplasmic Halos in Mid Stratun: Granulosum . . .
(X100, HL E) (Case #39) Narrow Rugose Epidermis With Papllldry
Extensions Downward of Stratum Malpighii .

Page

A7)
4$7e)
47

$7w)

49(b)

49(5)

49(b)

51(c)
51(c)
53(c1)
53(c1)

55(d)

55(d)
57(e)
57(e)
57(¢)
57c¢)
59(7)
59(/)
59(/)
59(r)
61(y)
61(s)

61(y)



ILLUSTRATIONS' (Confinved)

CHAPTER 4 HEMATOLSGY

4.1 Serial Changes in Neutrophile Counts of Rongelap Group for Those
Liess than 5 Years and Greater than § Years of Age .

4.2 Serial Changes in Lymphocyte Count of Rongelap Group for Those
Less than 5 Years and Greater than 5 Years of Age

4.3  Comparative Serial Changes in the Total Leukocyte, Neutrophile,
and Lymphocyte Coumts in Those Grealer lhan 5 Years Old,
Rongelap Group . . .

4.4 Scrid Platelet Changes in Th()hd‘ L('sH (h.ln 15 Y('ars and Grexllvl
than 15 Years of Age of the Rongelap Group .

4.5  Serial Total Leukocyte, Neatrophtle, and Lymphoe ytc Cnun( In
kxposed Americans .

4.6 Serl Platelet Counts in h.xpubvd Americans

4.7 Serul Eosmophile Counts on Those Less than and Greate‘r than 5
Years of Age of the Rongelap Group .

4.8 Serial Hematocrits for All Exposed Groups

4.9 Cumulative Neutrophile Counts {or the Rongelap, Axlmgmae and
Majuro Groups at the Time of Peak Depression

4.10 Cumulative Lymphocyte Counts for the Rongelap, Allmglnae and
Majuro Groups at the Time of Peak Depression .

4.11 Cumulative Platelet Counts for the Rongelap, Axlmglnae Utlrik
and Majuro Groups at the Time of Peak Depression

CHAPTER 5 INTERNAL RADIOACTIVE CONTAMINATION

5.1 Well, R~ngelap

5.2 Cistern, Rongelap . . . . .

5.3  Autoradiograph of Rongelap Ch\c‘ken Tibm l'/zx , 21 Hr Exposure
Animal Sacrificed 45 Days Post-exposure .

5.4  Autoradiograph of Rongelap Pig Tibia, 42 Hr Exposure Animal
Sacrificed 58 Days Post-exposure

TABLES

CHAPTER 1 INTRODUCTION

1.1 Exposed and Control Unexposed Groups

CHAPTER 2 CLINICAL OBSERVATIONS AND THERAPY

2.1 Diseases that Appeared During Observation of the Rongelap and
© Ailinginae Groups
2.2 Diseases that Appeared Durmg Observatlon of the Unmk Group
2.3 Weight Changes, Rongelap and Ailinginae Groups .
2.4 Blood Counts on Pregnant Individuals, Rongelap and Ailmgmae
Groups .
2.5 Patients Treated Wlth Antlbxotxcs

Pagre

vl

69

70

73
74

75
76

m

90
90

91

g2

16

29
30
KD

32
32



TABLES (Continged)™* '

CHAPTER 3 SKIN L#SIONS, EPILATION, AND NAIL PIGMENTATION

R}
3.
a

Wb —

Lesions in Rongelap Group .

Lesions in Arluyinae and Rongerik Grnuph

Surface Doses in rep Required to Produce Recugmmble
kprdermal Injury

CHAPTER 4 HEMATOLOGY

=

DA W N e

o N - -
=

c o

Hematological Results, Control Groups

Rongetap Group, Mean Blood Counts By Day .1nd By Ago
Athimginae Group, Mean Blood Count By Day and By Age

Utirik Group, Mcan Blood Count By Day and By Age .

Rongzerik Group, Mean Blood Count By Day . .
Romrelap Group, Mean Blood Counts it Time of Peak Depresston
Ailinginae Group, Mean Blood Counts at Time of Peak Depression
Henvtoerit, All Exposure Groups

Comparison By Age of Mean Neutrophile, Lymphon ytv and Platelo
Counts in the Rongelap Group at the Time of Peak Depression
Characteristies of Available Data on the Hematological Effects of
Penetrating Radiation .

Mcan Peripheral Blood Count Values for Several Control
Populations (x 104)

CHAPTER 5 INTERNAL RADIOACTIVE CONTAMINATION

5.1
5.2

Gross Beta Activity in Urine of Rongelap Group

Radiochemical Analysis of Tissues and Urine of Rongelap Pigs

L™

L

Page

35
40

45

64
65
66
66
66
78
79
82

82

84

84

93
94




) g
&jjébk‘h‘"hﬂh-\u VI "

CHAPTER 1

INTRODUCTION

1.1 OBJECTIVES

Project 4.1 was organized with the following specilic objectives:

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

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

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

1.2 GENERAL DESCRIPTION OF THE EXPOSED GROUPS

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) Rongelap, (2) Ailinginae, (3) Rongerik, and (4) Utirik, Exposure groups are identified ac-
cording to their geographical location at the time of exposure. The numbers of 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 prubable 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 peopie were a part of the Rongelap group who
were on their Ailinginae farms from the time the failout began to the time of evacuation. Their
calculated dose was smaller than that of the other members of their group that had remained
on Rongelap. The third and largest group of Marshallese, inhabitants of the atoll of Utirik,
received the smallest dose of radiation.

The American military personnel exposed on Rongerik were aware of the significance of
fallout and promptly put on additional clothing to protect the skin. As far as duties would per-
mit, they remained inside ol Butler-type buildings. In contrast, most of the native Marshallese
remained out of doors and thus were more heavily contaminated by the material falling on the
atolls. Some of the Marshallese, however, went swimming during the falloul and many of the
children waded in the water; thus washing a considerable amount of the material from their

skins.

1.3 EVACUATION AND EARLY CARE OF 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 stowed (hit thete was sipmbicant contimimation of
skin and clothes, prompt decontamination was instituted. Clothes were removed and Liunderoed.
Therr skinand lunr weree wished repeatedly with frosh water and soap. In ooy idividua s,
particafariy in fhe M:«rsl\_;L(I(-so, iowas diffleult to wash the radioactive nateriad fram the hatr
because of the heavy coconut o1l hine dresstng used by these people.

Table 101 EXPOSED AND CONTROL UNEXPOSED GROUPS

Approximate 3 Inst rument
Total Distancee Effective Readings Best Estimate
Group Number  from Bikini Time of Time of Used In Dose of Total Garmma
Designation in Group  (Nnul, Miles) Fallout Evacuation  Caleulations  Dose wr Ajr(e)®
Americans, 28 145 H + 6.8 hr H + 28.56 hr 280 mr hr kgl
Fxposcd (8 men) H ot U davs
Rongerik H + 44 hr

(20 men)
Americuans, 105
Cont rotd
Kwi] American

Murshidlese, 64 HOH H+4hr H ¢+ 50 hr 375 mr/he 175
Fxposed {16 people)  H + 7 days
onpelap H + 51 hr
. (48 people)
Attinginae L Hi H+ 4 hr H + 58 hr 190 mr hr 69
. H + Y duys
Mirtk 157 270 H + 22 hr  Started at 40 mr/hr 14

H+ 55 hr H + 8 days
Completed at
H+ 78 hr
Marshalicse, 117
Control
Majuro Group

Total kxposed-267
Total Controls - 222

* See Scection 1.4,

1.4 ESTIMATION OF WHOLE BODY EXTERNAL DOSE

The estimaled vitlues of external dose given in Tuble 1.1 were based on readings of
AN PDR-39 tield instruments. Averages of a number of dose rate measurements on each
island at o given 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
in greater detail in an addendum report on external dose, which will contain the data, methods
and cialeulations by which the external dose analysis was made,

1.4.1  Energy Distribution of the Fallout Gamma Radiation, Its Variation With Time, the
Response of the Meter in Each Energy Region and Its Correction Factor for the Total
Dose Spectrum

Fallout deposited as an effectively infinite plane source resulted in the dose-energy histo-
gram shown in Fig. 1.2. Its energy distribution was the result of degradation of the original
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source energmes, mainly by (Hunpl(:'n .b:(";l.th.!l"mg inAlr. The dose trom cach of the cemn Ty
energy intervals was caleulated and plotted as a fraction of the total dose. This was seen to
croup ronghly into three regions, with maoama it 100, 700, and 1500 kev, An exposure to sueh
@ souree was thus (g resultant effect of partial doses from cach repion, makinge the exposure
crnerpy condittons quite differest from those of the clinte ov Laboratory. )

Fipare 12 ittustrates the dose spectrum of 4-day -old taliowt from a cloud sample. e the
absence of ather data Yo the contrary, this had (o be tiken as representative of the tallout on
A of the ishinds, At ths thme the proportion of low energy component wits b its maximum,
During the several days before and after this time, the general shape ol the spectrum appar
ently did not viry grossly from that illustrated here, since the observed flux decay rates
closely followed that of the observed gimma dose rate. For the period between falloat and
surveys, therefore, a knowledpe of instrument response to each eneryy region allowed a totat
correction fitctor to be calculated. The instruments used were calibrated just priov to the
surveys, and their readings have been corrected for the spectrum shape here illustrated.

1.4.2 Rate of Decay of the Fallout Mixture

Decay rates of fullout sumples were measured in the field and {n the laboratory, where a
fairly consistent pattern was observed among various locations and samples. In addition,
theuretical congiderations based on the radiochemical composition of the Lullout muxture per-
mitted decay ruates to be calculated for different intervals between the times of initial exposure
and later survey readings. These agreed well with the experimental data, and were used both
in the dose calculations during the exposure intervals and in extrapolating the later survey
readings to carlier times,

1.4.3° Time of Arrival of the Radioactive Cloud, Duration of the Fallout, and Time of Evacui-
tion for Each Case

Oniy the time of evacuation is known accurately for all the islunds. On Rongerik, however,
the time of arrival of the radioactive cloud was determined precisely by the continuously re-
cording dose rite monitor at the v :ather station, The fallout became visible at the time the
instrument first indicated the presence of a radiation field above background. The material
had the uppearance of snow. The times of beginning of fallout on Rongelap and Ailinginae
were estimuted 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 on the 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-
polated Lo a point for which subsequent decay would reduce the dose rate to the vatues found it
later times, a long fadlout is implied. This was taken as one limiting case, and corresponding
doses were caleulated. However, the possibility does not seem great that this actually oc-
curred. Existing data are inconclusive, but several indications tending to favor the short time
hypothesis are summarized below.

First: a long fallout probably would not be uniformly heavy throughout, the fiest portion
heing the most mtense and the balance tailing off. The total phenomenon thus tends toward
the effect of a shorter fullout. 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 confli:ting, do not seem to

indicate such late cessation.
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Fourth: doses calculated on the long fallouY it-y;.;('viltééi'é are lower than those due 1o a short
fallout, since a short fallout quickly deposits a large aumount of activity. On Rongerik. i set of
film hadge readings covered the range listed below, Several badges worn both outdoors and
merde butldings on the island read 50 65 r, and one badge which rematned outdoors over the
28.5 hr perod read 98 r. ATother proup kept indoors mside & refrigerator read 38 ¢, These
dose values represent a variety of condttions, but considering the shiclding and attenwition
factors, are condistont with the assumption that the dose reached the calceulated upper Hnnt
oulside, g favoring the shorter fallout hypothestis. The upper it of 98 r will result of 1
ts asswmed that the Bnlloat Listed one hour during which the tntenstties rose from zero to the
maximum dose rate which then decayed to vitlues observed Liator, A Tong faliout will not pro
duce such a high dose of radiation,

Fifth: on Mirik, only a short fallout time i3 consistent with the liter dase rates vbserved,
provided the fallout began as late as was estimated {rom wind and distance factors. A one
hour duration® of fallout appears likely. On the other islands the actual fallout time 18 known
to have exceeded one hour; however, since the approximate dose discussed above was seen to
fit the [iim data on Rongerik, it was used for the other islands as listed in the calculations in
Table 1.1, The hour linut is thus “an effective value.”

If the long fallout case 1s also considered, a lower limit for the dose may also be esti-
mated, though the upper limit is taken as most probable. The ranges are then as follows:
Rongerik 50 r 104 r; Rongelap 102 r - 175 r; 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
dosc rate had [allen to  ess thin 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 {ield 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 ficid geomelry using a spherically oriented group of Co® sources
with o phantom placed at their center, compared with a conventional depth dose curve obtained
with a4 single source. It would appear under the circumstances that the midline dose, rather
thin dose measured i air, would be the better parameter in terms predicting biological ef-
fects. On this hasis, the air dose values glated in Table 1.1 should be multiplied by approxi-
mately 1.5 1n order to compare their effects to those of an exposure using u nitrrow beam
geometry, 11 this is done, assuming a fast fullout of one hour, the following doses in terms of
an air dose under laboratory conditions result: Rongelap 260 r; Ailinginae 100 r; Rongerik
120 r; and Utirik 21 r. :

« While it is obvious that the fallout lasted longer than one hour, calculations of dose are
based on an assumed one hour fallout as explained in the text.
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1.5 ESTIMATE OF MAXIMAL SKIN DOSK FROM TUE GROUND

In addition to the total body gimnie dose, the very soft amma and higher enerpy beta
radiation from the plane sagree contributed to the skin dose. Further sk aarraduition ce
sulted from local deposits of Tallout material on the body surfisce itsell, The latter (s impos -
sible to estimate, but the former may be roughly attempted as follows.

The beta dose rate in awe at o heyzht of 3 feet above the surface of an nfinite plane con-
taminated with mixed 24-hour-old fission products 1s estimated to be about three times the
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Fig. 1.5 Comparative Depth Doses in a Phantom Man of Initial Atomic Bomb Radiation and

Radiation from u Field of Figsion Products

gamma dose. The midline gamma dose is approximately 80 per cent of the portion of the air
gamma dose due to 80 kv radiation or above. This portion in turn is estimated to be 90 per
cent of the gamma dose measured in air by the instrument. Thus the dose at the surface of a
phantom exposed to mixed fission product radiation from an external plane source might be
expected to be 3, (0.6)(0.9) or about six times the midline dose, if both occur at 3 feet off the
ground. Such a depth dose measurement has in fact been made experimentally at a previous




treld test, s ustog a phantom man exposed 1o ooth the vatad aod cesaduad radiation The depth
doses for cach situantion are shownoan Fipo O with all datic as per cent ol the 3 contumeter
dose. With the divergme tntial radiation from (he point ol exploston, the estt dose was seen
1o he 63 per cont of the 3 cmy dose, but with the diffuse vestdual treld of fisson prodoact vadia
ton, o sorfiee dose spme cipht frmes greater than the 3 omand deeper dose trom the bueder
cammi components was observed, This s seen to be of the same order ol mapnitude s that
estimated above, At heights above and below the 3 foot level ths surtace dose would become
lower and higher respectively, but probably would not exceed 50 times the 3 ool air gamma
dose or 80 himes the nndliie dose, even in contact with the ground. An estimate of skin dose
due to ground contiimination for the Rongelap case would result, for example, moa figure of
about 2000 rep 1o the dorsum of the foot, 600 rep at the Wap tevel, and 300 rep at the head it
continuous exposure with no shielding occurred. Some reduction in dose undonbtedly resalted
from shetding and movement, and it secms probiable that the external beta dose Trom Tocal
skin conGimnuition far outwerphed that from the ground o mmportance, This s emphasized by
the Taet that clothing, probably reduced the beta dose trom the ground by 10 to 20 per cend,

*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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CHADPTER 2

CLINICAL OBSERVATIONS AND THERAPY

2.1 INTRODUCTION

It was known immediately that the exposed groups had received a significant amount of
poenetrating radiation to the entire body, extensive contamination of the skin, and possibie inter-
nal deposition of radivactive 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 effects as early as possible. Accordingly complete initial histories and
physicad examinitions with numerous follow-up examinations were carried out. Surveys of the
sk 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
in chapter 4. Results of examinations for urinary excretion of radioisotopes are reported in
chapter 5,0 : .

Inaddition Lo periodic examinations, routine sick call was held twice duily. Medic.. care
was avinlable atall ttmes and hospitad facilities were available at the Kwajalein Naval Dispen-
Sary.

In view ol the widespread conflhicting opinions in regard to the va'ue of various prophylactic
and therapedtic measures in treatment of radiation effects, it was decided in advance that
therapy would not bhe miven arbitrarily but would be instituted as indicated clnically for spe-
cihie conditions on an individual basis. However if severe granuiocytopenia developed (below
1060 cells ¢m) the prophylactic use of antibiotics was to be considered. Whole blood transfu-
stous were Hkewise to be used only m case of development of serious anemii.

2.2 SYMPTOMS AND SIGNS RELATED TO RADIATION INJURY

Scveral symptoms that developed during the first day or two after exposure probably were
atiributable 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 alkadinity of the fallout materlal (calciun oxide}. About two thirds of the Rongelap
group reported nausea during this early period and one tenth of the group reported vomiting
and diarrhea. Ounly onc Ailinginae individual reported nausea. The people of Utirik and the
Americans developed no signs or symptoms that might be related to radiation.

*The syhdtomatology is based on questionings through an interpreter by several observers.
Despite the repealed interrogations and the inevitable suggestion of the interrogators, the sto-
ries remained remarkably consistent.
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With the exception of the dm’olob}n.vnl ol shan lesions and eprtlittion, phy:acal examinatoms
at no e revealed findings in aany groap that could be atteibuted with cortamty Lo radiation,
The vanrnous clinteat conditions vn(‘mmtormll i the most severcly exposed proups were not re s
markably different fram those scen in the least exposed Utirik group. The sk lesions and
epilation appeared about the 12th to 14th post-exposure days.

2.3 (_‘LXN]CAL OBSERVATION AND THERAPY AS RELATED TO HEMATOLOGICAL,
FINDINGS

Althaugh detailed hematological {indings are presented in chapter 4, cortain considerations
of the rebatton of clinteal to hematological findings are discussed here.

.30 Leukoeyte Counts

Hetween the 33ed and 43rd post-exposure days, 10 per cent of the Rongelap mdividoals
reached an abrolute yranulocyte Tevel of 1000 per culne mittimcter or below, The Towest count
observed during this period was 700 granulocytes, During this intervad the advisabality of giv-
g, prophybivctic antibiote therapy to such mdividuals was carctully reconstdered. However,
prouphviactic antihotics were not anstituted because of the following considerations:

(1) All individuals were under continuous medical observation so that mtection would be
discovered in its earliest 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 resistancé to infection.

(3) There is no accurate knowledge of the number of grarulocytes required by man to pre-
vent the types uf infection seen in agranulocytosis.

{4) The observed situation was not strictly comparabie to agranulocytosis with an aplastic
marrow due to potentially lethal doses of radiation. In the latter instance, granulocytes fall
rapidly and there are practically none in the circulation wher infection oceurs. In the present
group of individuals vxposed 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-
cration.

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 elevaled tem-
peratures were treated only after an attempt (o establish a diagnosis was made, even if a period
of observation wus necessary. During the observation period, the patients were examined at
frequent intervals and the temperature checked every few hours.

Twently-seven individuals had total levkocytle counts of 4000 or below or ubsolute neu-
trophife counts of 2500 or less at some time during the period of observation. Of (hese 27, 13
had symptoms of disease that required evaluation for possible antibiotic therapy. Elcven of the
13 had severe upper respiratory infections, one individual had abdominal pains and fever, and
une had urticaria (hives) with fever. The incidence and type of symptoms in the group with low
leukocyte count§ did not differ materially from those in the remainder of the population and it
appeared that the occurrence of disease and the presence of leukopénia was coincidental. The
13 instances in which it was necessary to consider the use of antibiotic therapy in neutropenic
individuals are summarized below:

Eleven of the 13 individuals had severe upper respiratory infections. Eight of these had
malaise, sore throat, nasal discharge, and temperatures that varied between 99 and 101.4°F and
then fell to normal within a 12 hour period. Since the response of this group to upper respira-
" tory infection appeared identical with that of individuals without neutropenia, no therapy was
given. Two of the 11 had marked malaise, headache, abdominal pain, nausea, diarrhea, and high
fever. Both were children, one age seven, the other age two. In both instances, the symptoms
were out of proportion to the physical findings, which were negative except {or 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 10].8 deprees
which rose to 103.5 degrees in 4 hours. Both were given intramuscular procaine penieillin
when the sharp rise in temperature occurred, and both were without symptoms and fever the
following day. A second injuetion of penicillin was given at this time, and therapy was discon-
tinued. In spite of the fact that the neutrophiles renuined depressed in both cases long after the
fever had passed, both individuals recovered and had no further {liness. In Figure 2.1 the blood
counts uand platelets of the two-year old patient and the time of the occurrence of the illness
with fever are illustrated. A one-year old boy had symptoms of upper respiratory infection for
several days before being brought to the clinic. When he was seen, his temperature wias 1008
degrees. In addition to the head colds there was pharyngeal injectlon and numerous conrse
rhonchi {(wheezing) throughout the chest. A diagnosis of upper resplratory Infection with as-
sociated bronchitis was made and the child was given a single intramuscular injection of pro-
cane pendeilling On the following day no rales or rhonchi were heard, the temperature was
99"F, and he remained asymptomatic without further treatment,

One of the 13 individuals was a 50-year old man who reported to the clinic with weakneass,
nervousness, mitld abdominal pain, and shooting pain in the upper anterior chest, bLilaterally.
He appeared moderately ill, his temperiature was 99.6°F, and the only positive physical finding
was mouderate tenderness iu the right upper quadrant of the abdomen. Since his granulocyte
count remained low on repeated examination, he was seen at {requent 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 subseguent
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 symptoms are shown.

A female, 38, developed generalized urticaria, fever, and headache. Urticaria and fever
subsided within 8 hours without any therapy.

2.3.2 Platelet Counts

All individuals with a platelet count of 100,000 or less were examined daily for evidence of
hemorrhage into the skin, mucous membranes, and retinae. Urine was examined for red cells
and albumin, and women were questioned concerning excessive menstruation. There was no
evidence of hemorrhaye 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 excesslve
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 five years
who would be expected to have a lower hematocrit than normal adults; four were over 70 years
of age, in which age group a decrcased hematocrit is frequently present without obvious cause.
Two of the 18 had had menorrhagia (profuse menstruation) prior to the determination, two were
three 1o four months pregnant and had not received supplementary iron, and two were young
women. The low hematocrits that were observed could be explained on the basis of normal
physiological variations rather than to the effects of irradiation on hematopotesis (blood for-
mation). At no time were whole blood transfusions considered since hematocrits remained
within levels consistent with well being and normal activity.

IRRADIATED POPULATION

Between the 27th and 42nd post-exposure days an epidemic of upper respiratory diseases
(URI) occurred. Fifty-eight per cent of the Rongelap group and 56 per cent of the Ailinginae
group were involved. Seventy per cent of the affected individuals developed symptoms between
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the 27th and 32nd post-exposure days. Di.l'rmg thé'»pcri.od 1n which individuals were developing,
symptoms of the respiritory infeetion, the l(*ukocyl("vnunt of some diverged from the popula-
tion trend. Fifty-two per cont of the leukocyte counts were observed o increiase to higher
levels, the increase peing due primarily to pranulocytes (sce chapter 4). Since the increiase (n
the tean granuiocyte count of the entire population occurred about the time the eptdemice of UR]
developed, ol seemed pertinen! to determine whether in individual tnstances the merease wis
spontancous or wal in some wity related to the presence of respiratory tnlection. The relition:
ship between the observed Teukoeyte nercase and the presence or absence of upper cespleatory
symploms in the andividuals exposed to radbation sugpested thiat the two vl’l:;'lﬁ weoere unrelated.

T e 201 DISHEASES THAT APPEARED DUHING OUSERVATHON
OF THE HONGELADP AND ATLINGINAL GROUDPS

Number of ‘ Number of

Diseiase Individuals Diseane ludeviduid s
w‘

Furuncle (hotlsi K] Bronchitis !
Gum Ab.cess | ¥ Apyetous ulcer of tongue t
Cholecystits 1 4 (Canker sore)

cmflamation ol i Spondylolisthesis 1

gall hladder tmalformation of
Tinca tringworm) | : vertebra)
Mittelschmere 1 g Impetigo ,

e

Tooth extractions
Gastroenteritis 1o

antermenstrual paim)

renerahized urbcianrn |

thives) unTlamation of stomiach
I evthema multiforme 1 and intestines)

red rashy Upper respiratory infections 47
Migrame headache i Follicular tonsiliitis 1

.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
cent) showed a rise; 7 of these 24 showed a rise three or more days before symptoms ap-
peared. Of the 18 from Ailinginae, 8 had no respiratory infection and 3 (37 per cent) of these
showed a rise; 10 had the infection, of these, 3 (33 per cent) showed a rise in count.

It is also of interest that not only the irradiated individuals developed the respiratory in-
fection but in addition the medical personnel involved in their care and study also developed
equally severe respiratory infections. The respiratory infections consisted of 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 PERIOD OF OBSERVATION

The diseases that were seen in the Rongelap and Ailinginae groups during the period of
obsgervation 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 Lhat were seen in the Utirik group during the period of observation are listed in Table
2.2. The high incidence of gastroenteritis (inflamimation of the stornach 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 Utirik group with severe symptoms of
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Table 22 ISEASES THAT APPEARED DUKING OBSERVA VION
OF THE UTIRIK Group

hsease Nutnber ol Cases
[
Osteoarthrihis gomt discase) 4
Epithehonma of ankle, with necrotic degeneration !
(eaneer)

“Chrone bronchitis t
IFaruncte of calfl 1
Chrome bronchites ad bronchioctasis 1
Abacess of ~ole of foot 1
Carbuncte on roght thigh 1
Tooth extraction 1
Funpus infection of gums and pulate 1
Contu s, traumatie 2
Gastroenleribis 30
Upper respititory antections 15

Arterioscleronie heart disease, docompensnted 1

Pycionephrites amflamation ol Ridoey) 1

Insect bite, with marked patpebrad edema 1

Chortorctintl s, unknown ctiology (retinnl 1
intlamation)

Thrombophlebitis, antecubital vein (nflama= " I
Lton of vern)
fmpetigo )
Dysmenorrhea (panful menstruation) 1
Fxfolintive dermatophytosis (scaling fungus * 1
infection ol skiny
Ectropion, right eye (malformed cyelid) 1
Asthma )
Benign hvpertension with headache (high blood 1
pressure) ) L
Hvpermetropia with headiche (far sightedness) 1
Myopia with headache (near sightedness) 1
Fungus infection, auditory canal 1
Trichomonas with cystitis (inflamation of 1
hladdery
Tinea (ringwormy 1
Simple headache 3
Bronchitis 1
Possible ruptured intervertebral dise 1
Fovers of unknown origin 1
Mangolim whiat 1
Pregnancy 6

URI came to 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 tabujated for the period of observation of each group, and the Utirik group was observed
for only half as long since they were moved to another island when it was evident that further
study was unnecessary.

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

The body weight of individuals in the Rongelap-Ailinginae group was followed routinely.
Since they had an unrestricted diet and 21l ate well, their change in weight might be taken as an
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indication of any disturbance tn their over-all .ll].(‘£i;i)l;lis'ln.. .'I'hv welpght changes are summarized
in Table 2.3. 11 would be expected that within a period of six weeks, tndividuals hetow 16 yeaes
and particutarly those below B years would gidn some wetght. The fact that most of them lost
weight may tndicate that they reectved a dose of radbation suffictent to interfere with nornul
metabolism. o spite of their relatively tnactive Hie and hearty appetites, maost of the adalts
also Tost weight which may indicate some interterence with thelr normal metaboltsm. There Is
hitle difference in observed weights between the Rongelitp and Atlinginae groups. It appears
thit the difference tn doses recelved by the two groups did not ditferentially atleet thetr body
weight. Whether the failure to pain weight was connected with radiation or changes in environ-

Table 2.3 WEIGHT CHANGES, RONGELAP AND ATLINGINAE GROUPS

Ape Categories

Below 7 vears  Below 16 veiars  Above 16 years

Rongelap Group

Number observed 17 24 36

Numbey that ginned 4 D 14
werght

Average gam (Iby 5 J 3.5

spread of gain (1 0.5-10.0 U.5-10.0 1-11.5

Number that lost 13 Ty 21
wetgzht

Average loss (1 2 M 4

Spread of Toss (1) 0.5 5.0 0.5+ 5.5 0.h M

-1

-3

x
)
x

Per cent of group
Lhat Tost weight

Ailinginac¢ Group

Number observed 7 9

Number that giamed 0 3
weight

Average gain (lb) 2.7

Spread of gain (lb) 2-4

Number that lost 6 6
weight

Average loss (1b) 2 2

Spread of loss (1) 0.5--3 0.5-4.0

Per cent of group 88 67

that Jost weight

nment is open to question. Unfortunately, the weight of the individuals from Utirik was not sys-
tematically followed and no satisfactory control exists to aid in interpreting the loss in welght
of the Rongelap-Ailinginae group.

2.7 THE EFFECTS ON PREGNANCY

Four women in the Romgelap group were pregnant when brought to Kwajalein. Two were in
the first trimester, one in the second trimester, and one in the third trimester. None of these
women had abnormal symptoms referable to pregnancy, and as far as can be determined preg-
nancy continued in a normal fashion. In the Allinginae grovp, one woman was in the second
trimester. No abnormality was detected. Fetal movements were unafiected in the individual
in the third trimester. The hematologic changes of the pregnant women are listed in Table 2.4.
Two individuals in the first trimester had marked depression of pla.elets but at no time was
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Table 2.4 BLOOD COUNTS ON PHEGNANT INDIVIDUALS
RONGELAP AND ALLINGINAE GROUPS

Tromester of Lawest Phitelet Lowest Vowest
Prognaney Coumd whe Nout raphile Count

Rongolap Group

1 irst 45,000 4,000 3,000
st H4,000 0, 000 L.000
Seeod 150,000 4,000 4,000
Uherd 120,000 10,000 TL.o00

Ailinginae Group
Sccond 170,000 7,000 3,200

Table 2.5 PATIENTS TREATED WITH ANTIBIOTICS

Paticnt No. of days Antibtotic
No. Condition ' treated used _,
1 Deep exlensive slough of epidermis 2 Peniclllin
of foot
2 Tooth extraction 1 Ponicillin
R| Toolh extriaction 1 Penicillin
1 Inflamed tonsils with high 2 Punicillin
temperiture and URI
0 URI and bronchitis with high 1 Penicillin
temperature
6 URI, severe, with pharyngitis and 2 Penlcillin
high temperature )
7 Rapid progressing undermining 2 Penicillin
impetigo
8 Traumatic gangrene of foot 7 Penicillin
9 - Cystitis : S Gantrasin
107 Furuncle on buttock 2 Penicillin
o Furuncle on forchead 1 Penicillin
32
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there any vigtmal biceding, However, all of the prepgnant women were tdood (yped ae o pre
cautlonary measure. So far, the exposure to radlatton has not had a deleterions etteet on proey,
nancy. Sinee the departure of the medteal group from Rwapaleu, one appacent iy noennel baby

has been born. —

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

There were few indications for the use of antibfotics when the prineiples ot 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 antibioties, 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 definlte indication for ats
use only in the next three individuals and again it would have been given {or similar conditions
i unirradiated individuils. The last two individuals with furunclies (botls) would probably have
responded equally well to surgical treatment alone, since the tnfection was well tocalized and.
casily drained.

In general, it can be concluded that human beings with the degree of depresston of henato-
poiests noted did not neced antiblotics prophylactically. With severer degrees ol radtation in-
jury resulting ina greater depression of hematopoiesis, prophylactic antibiotie thercapy niiy be
indicated in selected cases. If the number of individuals is smill 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 is a clear-cut clinical indication for the
use of these agents.
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CHAPTER 3

SKIN LESIONS, EPILATION, AND NAIL PIGMENTATION

3.1 INTRODUCTION. EARLY SYMPTOMATOLOGY REFERABLE TO THE SKIN

The Marshaliese on Rongelap saw a visible fallout of powdery material that began approxi-
malcly five hours after the initial flash was seen. The powder whitened the hair and adhered to
their skin as a salt-tike film. The Marshallese on Ailinginae reported a similar but less strik-
ing taltowr. The Americans on Rongerik also saw a fallout and described {t ad “mist-like.” The
Marshallese on Utirik did not see a fallout. The carly symptoms were limited to the Rongelap,
Ailinginae, and tu o lesser xtent the Americans on Rongerik. The early symptoms consisted
of a4 peneralized itching and burning of the skin, limited almost exclusively to the exposed parts
of (he 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 a< two or three days. Decontamination of the skin of the expased in-
dividuals was initiated either aboard the destroyers while they were being evacuated 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 in the white skinned Americans exposed on Rongerik.

3.2 SKIN LESIONS

3.2.1  General Description

Skin tesions first appeared in the Rongelap group after 12 to 15 days and in the Ailinginae
and Rongerik prroups after 20 days, There were no skin lesions i the Utirik group. There was
cansiderable difference n the length of time necessary for the development of the various le-
sions. However, itwas found that there was a consistent pattern n the sequential development
ol lestons on vdarious exposed parts of the body. The principal lesions occurred roughly in the
(l)llnwmg_f.quucmi:l] order: scalp (with epilation); neck, axillury regton, antecubital fossace,
teet, arms, legs, and trunk. Lesions on the flexor surfaces tended to precede those on the ex-
tensur surfaces (see Table 3.1 for the lime of appeurance of various lesions).

A clear cut primary erythema was not seen, nor was a late erythema. In a few cases,
Lhere was considerable scratching of the skin due to intense itching prior to development of
gross lesicns. 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 indication 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
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hyperpigmentation. The macules and papuleés (f (6'2 mim in diimetor) usudlly vecurred in
clusters and sometinies coalesced into larger lesions, The Litter were characteristically
found on the scalp, neek, and the antecubiial fossae. The rased pluquc;\‘/;lrh-d I size [rom a
tew nuthimeters to several centimeters in duimeter, were thack, rough, dry, and had a leathery
feel. Thig type of ICSon occnr red predomunantly on the feet and o the antecubatal fossae and
1o much lesser extent on the neck. Areas of inereased pnomentatiosn slso aecuered on the
Limbs, trunk, and on the {ace. o

The majority of e ledions were guperficial without blisters. A fow days afterappearance,
dry, scaly desquami deécurred in tfe central portion of the hyperpigmented areas, The des
quamation teft o pink fo white epithelum not remiarkably different i texture from the sur-

Tablie 3.1 LESIONS IN RONGELAD Groue

Median Vime
Per Cent of Totad In Age Group having Ind{cated Lesion vban Time

ol First
Type ol Agre O 5 Age G- 105 Age 16 & Over Total Geoup ~Ubservation
Lesion (1 people) (138 peopled {3H peopled (4 people) ol Lesjons®
FEpilation
I plus 7.6 384 13.8 17.2 i)
2 plus 34,6 30.7 9.0 17.2 17
3 plus ERR 23.0 8.3 22.0 16
Taotul 100,40 Y2.1 27.6 H6.2 [R5
Ski Liesians
Anus-Groin 44,4 0.0 o%0 7.8 17
Seadp OO0 o0, 0 A7.0 62,0 iH
Neck 62 76.9 68,0 70.3 21
Axiiin GL.h 7.6 15,7 23,4 2i
Antceubital
Fossac EE (Y} 38.4 34,2 34.4 e patl
Hands-Wrists 30,7 23.0 18,4 2.4 ai
Koot 23,0 33.8 53.0 45.1 28
Arms 15.3 15.3 10.3 12.5 31
Legs 7.6 23.0 4.1 7.4 33
Trunk 15.3 23.0 4.3 .4 a3

Nuail Pigmentation 61.5 100.0 Y50 8.0 348

* Post-exposure davs.,

rounding skin. As the desquamation proceeded outward, the areas developed a characteristic
appearance of a central depigmented area fringed with a hyperpigmented zone. At a later stage,
pigmentation began in the central areas and spread outwards. After a few weeks the cycle was
completed, leaving in mogt instances a relatively normal appearing skin.

Approximadlely 20 per cent of the Rongelap group develuped lesions which were more se-
vere. These lesions might be considered as comparable to second degree theemal burns, The
deeper lesions occurred prineipally on the feet and to a legser extent on the geap and neck and
in one case on the ear. Bligter formation was not common, However, on the foel, some large
bullae (blisters) appeasred. After a few days, the hyperpigmented lesions showed wet desquania-
tion with weeping and crusting, leaving depigmented raw surfaces of varying area. Some of
thege lesions became secondarily infected. Epithelium rapidly covered the uicerated areas
within a week to 10 days. Pigmentation followed during the next few weeks. As healing occur-
red many of the more severe lesions (particularly on the neck and antecubital fossae) developed
4 thickening of the skin with an “orange peel” appearance and a dusky, grayish-brown color
(see Plate 3.4).




In Table 3.1 18 tabulated the inridenée ;ﬂ.{l'\e' various types of lesionyg an the Rongelap group
with 4 breakdown as to ape and the median time of appearance. Similar data ave presented in
Table 3.2 for the Ailinginae and Rongerik groups.

3.2.2 Description and IMustration of Specific Lesions

The scalp and forehead lesions appeared 12 to 14 days following exposure along with epi-
lation in the Rongelap group. The skin lesions were maculopapular with a spotty distribution,
They were concentrated in the areas of epilation. These leslons are jllustrated in Plates 3.12
to 3.16. Scalp lesions continued their appearance over a period of about a moath, Thus, groups
of lesions in various stiyres were pregsent in the same individual. This was particularly notable
amony the children, The incidence of scalp lesions was greatest in the 0 to 15 year group (see
Table 3.1). '

The neck lesions were the most common and began their appearance a few days after the
scalp lesions, These tesions appeared ag hyperpigmented macules and papules which spread
and coalesceed into rnsed plaques, The leslons usuilly appeared first on the side and front of
the neck and spread backwards, They were more comumon and mare severe in women, Pliates
3.1 through 3.4 and 3.9 1Hustrate neck lesgions in the various stages of development. Some of
the deeper neck fesions tended to occur in women where their thick hair touched their necks.

Axillary lesions were maculopapular, legs 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. These are illustrated in Plates 3.9 and 3.10.

The foot lesions developed later than the lesions of the antecubital fossae. These lesions
were located mainly on the dorsum of the foot between or on the toes. They were initially
characterized by large pigmented plaques with subsequent bullous formation and in eight cases
raw crusting lesions of varying degree followed the bullae. The foot lesions were not as com-
mon in children under 5 years of age as in the older age groups. Sequential lesions in a 14-
year old girl are shown on Plates 3.5 to 3.7. One of the more severe foot lesions is shown in
Plate 3.8. B -

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 {ace is illustrated in Plate 3.4. A striking
early lesion was an erylhemalous, weeping, excoriating lesion surrounding the anus which oc-
curred 1n several of the babies and a {ew of the older people. These lesions were severe
initiilly but healed rapidly.

Most of the Marshallese had multiple lesions. The combination of epilation and the con-
trasting hyperpigmented and depigmented areas adjacent to normal skin presented a striking
appearance. The mulliple lesions are illustrated in Plates 3.8 to 3.11.

3.2.3 Severity and Time Appearance of Lesions in the Various Exposure Groups

It is not feasible to quantify accurately the severily and extensiveness of the skin lesions
in the various groups. 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 lesions of this severity ware 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 appearance is illustrated in
Fig. 3.1 for the Rongelap and Ailinginae groups.




Plicte 31 Farly hyperpionented anacutopapuaiar

neck festons at 1h dayvs Case 39, ape 15, K.

Plate 3.3 Repigmenting superficial neck lesions at
40 days. Hyperpigmented areas not completely
desquamated. Case 24, age 15, F.

Plate 3.2 Neek lesions at 28 days. Wet desqua-
mation. White color is calamine lotion.  Case 78,
age 37, F.

Plate 3.4 Heualed 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 1o
fourth week after exposure on the Rongelap people. The lesions biopsied at that Lune were in
the hyperpigmented stage wath little or no desquamation (shedding) having vccurred. Most of
these biopsies were taken from individuals who showed lesions of greater than average se-
verity. A second group of biopsies [rom 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 lesions had desquamated and the
depigmented 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 from the {eet for fear of
infection, All biopgy wounds healed rapidly with no secondary complications,

The microgeopie findings are summarized as follows:

Early binpgies:  3rd to 4th week. Epldermis

Transepidermal damage way noted with a few Intervening arcades showing less dumage
(Plufes 3.18 and 3.19). The epidermis in the most extensively involved areas showed conslder-
able atrophy wilh Nlattening of the rete pegs. In places the epldermis was reduced to a thick-
ness of 2 ta 3 cells (Plates 3.20 and 3.21). The cells of the mulpighian layer showed pleomorphic
nucler, pyknosts and cytoplasmic halos, giant cells and in a few instances muitinucledted 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 gections. The stratum granulosum was usually atrophic or even absent.
Imperfect keratinization with parakeratosis was visible in all sections. Hyperkeratosis was
also seen. The stratum corneum was loosely fibrillated.

The arcades of minimal damage were usually found in areas where sweat ducts approached
the epidermis (Plate 3.19). There was an apparent increase in the numbe: of cells and mitotic
figures in the neck of the ducts and the adjoining areas where regeneration was underway. In
these areas the stralum granulosum was near normal width and pigmentation of the basal cells
noted in the more geverely damaged areas was lacking.

Changes in Lhe dermis were largely confined to the pars papillaris (F'ates 3.18 through
3.21). Mild edema in some cases was noted. Capillary loops were often indistinct and when
discernible they frequently were agsociated with an increased number of pericytes. The endo-
thetial cells showed swelling and were polygonal in shape. Telangiectatic changes (dilated
biood vegsels) were noted in areas where the overlying epidermis showed greatest damage with
lymphocytic infiltration surrounding the telangiectatic spaces. Chromatophores, filled with
melanin pigment, were prominent in the superficial dermis. The fine elastic fibrils running
ito the pars papitlariy were often altered or absent.

Little if any damage was seen below the superficial pars reticularis. The hair {uvllicles
were narrow (Plate 3.22) and in most instances devoid of shafts in this region. There was
some telangiectasis of the capillury spaces bounded by lymphocytes and monuclear phiagocytes
in the superficial pars reticularis. Some of the large elastic {ibers in this region showed
slight swelling in some instances. No damage to fibrocytes or collagen fibers was noted.

Secund series, Tth and 8th weeks post-exposure. Epidermis

In general, reparative processes of the epidermis appeared to have been fairly good, ex-
cept for a few persistent areas of atrophy with narrowing of the epidermis and finger-like
downgrowths of the stratum malpighii (Plate 3.24). These occurred in areas of greatest epi-
dermal narrowing and the cells showed rather prominent pigment content. There were many
outward epidermal excrescences covered by thickened stratum corneum which was still loosely
laminaled-- such phenomenon producing a wrinkled appearance which probably accounted for
the “orange-peel” like appearance of the skin noted ygrossly 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 scaltered areas in which occasional epithelial cetls with pyknotic nuclei and peri-
nuclear cytoplasmic hulos occurred in the stratum granulosum and malpighian layers (Plate
3.23). There were oecasional arcades in which the epidermis, particularly the stratum granu-
losum, appeared to be actually widened. These vccurred almost predominantly in relationship
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Plate 30 Hyperpymented  vased  plagues and
Dulliee on dorsam of feel and toes at 2B days, One
Jeoaor on fett toot Shows decper involvement. Feet
woere peandul at this time,

Plite 37 Lesions 6 days lter showing repigmenta-
tion except lur small scur on dorsum of left foot
at site of deepest. lesion.

Plate 3.6 Lesions 10 days later. Bullae have
broken, desquinnition is essentiadly complete, and
lestons have heided, Feet no fonger paintul,

Plates 3.5 3.7 Sequential changes in foot lesjons
Case 67, ape 14, K.
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to the contiguous sweat gland ducts at siles -\;'he.n.)'lhv ldll(x |u;m-lr:|(m| the eprdermis. A nar-
row zone of parakeratimosis and amorphous debris was still present between the stetum
granulosum and the loosely laminated stratuu corneum.
Derniis

The capiltary ll"’()ps tn the dermal paptllae, although prvuvnl‘, weoere not unttoroly distinet.
Pericytes remained in increased number but fewer lymphocytes were present. Generally,
there appeared to be slight telangiectasts of the capillaries in the pars papillaris and the )
superficial pars reticularis (Plate 3.24). There was some edema of the pars papillaris (Plate
3.22). Scattered pigment taden chromatophores were irregularly distributed in the papillary
layer (Plate 3.23). In some cases hair shafts in the superficial pars reticularis were quite
narrow, atrophic, and occasionally absent; in others the hair shafts appeired 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 Rongerik
Americans. Only one of the three gave evidence of damage, which was nonunal and confined to
the epidermis.

3.2.5 Symptomatology and Treatment

On the day of expusure, itching and burning of the skin was prevalent. This subsided and
for a period of 10 {o 14 days or longer there was neither subjective nor objective evidence of
skin injury. Nehing and burning reappeared either prior to or in the early piyimentation stage.
With the deeper lesions there was also pain. Pain was rather marked with the foot lesions.
During the piinful 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 to the nails. However,
vigible lesions in this area were ‘miréquem. Thig symptom usually preceded the appearance of
gross lesions elsewhere on the feet. Many of the individuals wlo developed painful foot lesions
were observed walking on their heels for several days. The painfulness of the fuot 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 raiging 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
degquamated the itching was relieved by daily washing with soap and water and the application
of a water soluble vanishing type ointment which kept the injured skin soft and pliable. Raw
areas, which became secondarily infected, were treated by washing with soup and by the appli-
cation of aureomycin ointment. Bullous lesions of the feet were left intact as long as no symp-
toms were present, f§ painful, the bullae were aspirated with sterile techniques to remove the
clear straw-colored flurd. A single agpiration was adeglate 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 tissue. Same of the le-
sions of the skin of the foot remained thickened, less pliable, and painful after c?esqunmution.
This was relieved by the use of vageline or cocoa butter to soften the tissues. One persistent
ear lesion 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 was slowly growing in from the edges of the ulcer when the initial observation period was
terminated 74 days after exposure. Upon resurvey six months after exposure healing was com-
plete, with a depigmented scar remaining as evidence of the previous ulcer.

3.3 EPILATION

The incidence of and time of a;ipearance 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 (08s of hair without vbvious
thinning; *2+” indicates a loss of hair sufficient to cause obvious thin spots; and “ 37 indicates
an extersive epilation with bafd spots. Table 3.1 illustrates that there was a greater degree of
epilation in the children (0 o 15 years). Over 90 per cent developed epilation of some degree
in the 0 1o 15 years group, compared 1o only 28 per cent in the older age group. The prepon-
deriance of scalp lesions tn the arcas of eptlation indicates that radiation from the fallout ma-

Table 3.2 LESIONS IN AILINGINAE AND RONGERIK GROUPS

Allinginne Romgerik
8 peoplice) (28 poople)
er Coent Per Cent
Type of of Total Meoun Thime ol of Total Mo Time of
Loeston wlth Lesions Appoarance* with Lestons Appearance®
Epilution 6.7 27 3.5¢ 42
Lesions of:
Scalp & Facce 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
Fossae 1.1 28 +25.0 29
Hand & Wrist 0.6 38 3.5 47
Feet 16,7 33 3.5 43
Legs h.6 44 0.0
Nail
Disc Voration 77.7 38 17.9 40

(All Negroes)

*Duys past ~exposure.
I One case clapmed slight epilation. Questionable,

terial on the skin is primarily responsible for the epilation. In the Ailinginae group only three
cases of mild epilation developed in children {Table 3.2).

Slight regrowth of hair was observed in all individuals nine weeks after exposure. Hair
regrowth was complete and normal six months after exposure.

3.4 NAIL PIGMENTATION

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 was not obderved in the Utirik group nor in the control
Marshallese. Since (he nail pigmentation occurred in individuals without skin lesiong, it ap~
peared to be the resull of 4 more penetrating component of radiation than contact radiation
which predominantly produced the skin lesions.
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3.5 FACTORS INFLUENCING THE SEVERITY OF SKIN LESIONS

3.5.1 The Characteristics of the Fallowt Material

The fatlont mwderial was composed mannly of caletum oxade from coral, with adherent fis
ston products, The skin [estons obgervedswere undoubtedly the vesull primarity of heta r.ulll;(-
tion from fallout material depostted on the skin, with mintmal or no contethution from chemieal
rrritation, The giamnia dose (o the skin was small compared to the beta dose, wond thus was
relatively untmportant in producing the lesions.

3.5.2 Energy of Beta Particles

From aviilable data on the falloul material it has been calculated that 50 to 80 per cent of
the beta rays during the exposure period were soft with an average energy of about 100 kev.,
Since 80 microns of tissue pgggduces 50 per cent attenuation of such radiation,! the greater
portion of energy was dissigﬂ in theiepithe)ium 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 derma since it takes 800
microns of tissue to produce 50 fr 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 remuunder
of the gamma spectrum i{s distributed between 100 and 1600 kev with a lirge proportion be-
tween 600 and 800 kev.

3.5.3  Physical Dose to the Skin

There is no practical way to estimate the phys\ca.l dose to the areas of skin where lesions
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 doses musl 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 {ollicles can be made as follows:

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 )(—ray.3

3.5.4 Protective and Aggravating Factors

The individuals who remained indoors or under the trees showed some prolection 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 lestons devetoped almost entirely on the ex-
pused parts of the body.

Since the lesions predominate in areas where persgpiration is 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 to these areas.
In addition, the coconut oil hair dresaing 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 radicactive material on the hair may have
been responsible for the large number of scalp lesions, epilation and the large number and
severity of neck lesions in women.
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There was 2 delay of two and one-half days before satisfactory decontamination wis pos-
sible. The presence of radivactive materials on the skin during thig period increased the dose
to the skin. However, the dose rade fell off rapidly and decontamination would have {o have
been very prompt in order 0 be effective.

3.6 CORRELATION WITH HEMATOLOGICAL FINDINGS

Attempts at correlation of the severity and extensiveness of skin lesions with maximum
depression of platelel, lymphocyte, and neutrophile counts were made for individuals in the
Rongelap group. No pusitive correlation was found. Thus the contamination of the skin appar-
ently did not significantly contribute to the total-body dose of irradiation.

3.7 DISCUSSION

There hasg been little previous experience with radiation dermatitis resulting from expo-
sure to fallout material from nuclear detonations, and the general consensus until now has been
thitt the hazard from fallout material wag negligible. With the Hiroshima and Nagasakt detona-
tions, fallout material was not a4 problem since the bombs were exploded high in the air. The
flash burns of the Japanesge were purely thermal.

From the present experience il ig quite evident that following detonation of a large scale
device close Lo the ground, serious exposure of personnel may occur from fallout material,
even al congiderable distances from the site of detonation. The incident described in this paper
18 the {irst example of large numbers of radiation burns produced by exposure to such fallout
material. '

Knowlton, et al.* described burns of the hands of four individuals who were handling fis-
sion product material following an experimental detonation. Also, following the Alamogordo
detonation, there were a number of 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 lesjions did not conform in all respects to radia-
tion dermatitis. It is of considerable interest to compare the present experience with that ac-
cepted in the past as the typical course of radiation burns of the skin.

The gross lesions of the hands described by Knowlton, et al. occurred from an exposure of
about vne hour, resulting in doses between 3000 and 18,000 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 phases: (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 1n 48 hours and subsiding rapidly so that by 3 to 5 days there was a relative
abgence of signs; (2) A second phase which occurred from about the 3rd to the 8th or 8th 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 andepithelization took place in less severely damaged areas; (4) The {ourth
phase or chrome 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 necegsitated 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 gkin of between 1000 and 2000 rep. The lesions described were similar to those
reported by Knowlton, et al.* with a primary erythema developing within 38 hours; secondary
erythema with vesiculation and bullae formation appearing about 12 to 14 days later; and, in
the more severely affected, a tertiary phase characterized by further breakdown of the skin.

In comparisor. with severe roentgen ray reactions these investigators stress the unique pe-
riodicity of cathode ray burns, relative absence of deep damage to the skin, less pain, rapidity
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of healing, and absence of pigmentation, These p'u.x.nt‘s would apply to the Marshallese except v
for the multiphasic reacltions and pigmentation. Crawford® reports a case of cathode ray burns
of the hands which were similar to those described by Robbins, et al.?

Experimental bela radiation burng in humuan beings have been reported bernw—Uet‘r’ and
Wirth and Rnper." Both investigators used P2 discs applied (o the flexor surfuces of the

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

reactions. He found thal a calceulated dose of 143 rep to the first millimeter of skin, tgnoring
self-absorption, produced a threshold erythema. Dry, scaly, desquiimation was produced by
7200 rep in the [irst millimeter and bullous, wet desquamaltion was produced by 17,000 rep to
the first millimeter. Krythema developed in 3 to 4 days, followed Liter by pigmentation and
desquamation with higher doses. Recovery was observed with doses of 17,000 rep. The lestons
fater 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 vesicies with dry, spotly desquamation were noted with
1180 rep at about the 5th 1o 6th weeks pusi-expusure.

Folluwing the detonation on 1 March 1954, 23 Japanese {ishermen were contaminated with
fallout material. Apparemtly they were exposed to roughly the same total-body dose of radia-
tion as were the Rongelap group. The skin legions 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 1n the Japanese. The lesions appeared earlier
than in the Marshallese (about 7 to 8 days poat-exf >sure). As in the Marshallese the lesions
occurred mainly on exposed parts of the body not protected by clothing.

In addition to the Marshaliege and Japanese, several Navy men on ships in the lest area
developed a few small pigmented lesions of “belt-line” distribution, apparently due to fallout
material. o -t

The lesions reported in this paper when compared to radiation lesions described in the
past presented certain unique features which merit further discusston.

The carly symptoms of itching and burning of the skin and eyes weare probably due mainly
lo gkin 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 lack 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 thg dose 10 the dermis was in-
sufficient to 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 eryt‘hema and tanning, par-
ticularly 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,'®

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.'"®'" In the present

series of cases the relatively long latent periud 18 suggestive of a low dose uf radiation. How-
ever, the wide spectrum of beta energies and particulate distribution of radivactive material
drastically aitered the depth dose, as compared with that in previous experience; hence strict
comparisons cannot be made. The later development of lesions in the Ailinginae and Rongerik
groups as contrasted with the Rongelap people is in keeping with the relative severity of
lesions noted.
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A unique feature of the present cases was the appreciable differences tn the Latent periods
observed fur lesions un various parts of the body. These differences cannot be explitned
entirely on the basis of severily, since the severe fool lesions develaped after most other le-
sions. However, the severity might have been in part due to the dependent position of the toot
rather than greater radiation injury. Lesions on flexor surfaces in general preceded lestons
on extensor surfaces. The present data suggest that the latent pertud 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,?-'3-1#73!
Severe injury (o the dermis and blood vessels was not observed. The minimal dermal injury
with severe epidermal injury is in keeping with the low energy beta component present and the
marked decrease in depth dose over a distance of i few microns from the surface.

Hyperpigmentation of injured areas was a consistent finding in the Marsghallese, the Japa-
nese, and the American Negroes, Pigmented Jesions were also observed 1o & lesner extent in
the white Americans. Pigmentation of this nature has not been described as u constant charac-
teristic of radiation dimage to the skin.

There 18 no salisfuctory explanation for the darker dusky-gray color that appeared in
somc¢ of the skin lesions as healing progressed. The color changes may be due to alterations
in local pigment production, vascular changes, or a thinning of the epidermis, rendering it
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 dermal injury. It 18 possible that differences may in
part be on a racial basis.* In addition, the marked difference in histologic response of the
epidermis and dermis in the present series is in marked contrast to the usual radiation re-
sponse of the skin produced by high energy X- or beta-rays. :

In Table 3.3 are listed the approximate minimal surface skin doses required to produce
recognizable epidermal injury in ar.mals. It is apparent from the table that beta'ray energy is
of considerable importance in determining the degree of injury. A number of assumptions, in-
cluding knowledge of the beta ray spectrum from the fallout, would have to be made if these
data were to be used to estimate biologically the beta dose received by the Marshallese. The
difference in dose between that required to produce threshold skin damage and that for per-
manent damage in pigs 18 500 to 1000 rep.3

It is impossible to egtimate the probability of development of radiation cancer at the gite
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 Lo precede the
development of radiation cancer.

A favorable prognosis i8 aiso suggested by the following evidence: an analysis of 1100
individuals exposed to low vultage X-ray for dermatological conditions revealed nu evidence of
cancer induction 5 to 23 years after treatment. MacKee'® states that epitheliomata rarely
develop after a single dose of radiation to the gkin. Lastly, the incidence of skin cancer in
Negrues 18 one sixth to one ninth the incidence in Caucasians.’

If neoplasia can develop purely as the result of epidermal irradiation, the incidence of late
cancers may be enhanced since the dose of radiation and the visible gross and microscopic in-
jury to the epidermis greatly exceeded that to the dermis. Since many children and young
adults were involved, the life expectancy of a large 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 lesions cescribed 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 {8 not known.

The transverse-8and 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 Animal Isotopo Energy (Mev) Dose (rep)
Henshaw, ot ai?! Rats p 0.5 1,500 - 4,000
Raper & Barnes® Hats pa . 0.5 €,000
Raper & Barnes® Mice p¥ 0.5 1,500
Raper & Barnes? Rabbits p¥ 0.6 5,000
Lushbaugh® Sheep 8r¥® 0.3 2,500 - 5,000
Moritz and

Henriques® Plgs L id 0.05 20,000~ 30,000
Moritz ang

Henriques®® Pigs Co'? 0.1 4,000 -5,000
Moritz and

Henriques® Pigs cs! 0.2 2,000-3,000
Moritz and

Henriques® Pigs sr*t 0.3 1,500—2,000
Moritz and .

Henriques®® Pigs Y 0.5 1,600 —2,000
Moritz and

‘Henrigues®® Pigs Y» 0.7 ~ 1,500-2,000

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 peculiar to
negrold races. The pigmentation was apparently produced by as little as 75 r of gamma radia-
tion since the American Negroes developed the phenomenon {n 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 hematological 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 elapsé 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, ¢, ¢l, d, ¢, f, and g are con-
sidered to be pages 47-57, 59, and 61 =862,




Plate 3.14  Epilation 1 man at 18 days. Case 79,
age 41, Scalp lesions present in areas of epilation.
(Same case as in Plates 3.12 and 3.13)

Plate 316 Epilation o 7 yrooold girl atb 28 <days
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 i semidynar arca of

fingernails at 77 days.
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Platen 3008 throagh 3210 show lexions ot 22 doys post -exposure (Pluten 318 through 3.20,
Case 263 Plate 221, Cane 63y,

Phate 408 (X100, HE ) Kpedernos: Katensive teansepidermald diimage with less involvod
zones on cither side. Loose Bumnation of steatum corncum, absence ol stratum granulosum.
Parakeratiniziation with extolution of pigment contnming colis. Disorganization of the mal-
pighiam byer. Dermis: Mald edeni of pares papillaris with indistinet capillary loops. Maod-
ceritety pronounced periviascular eellutare mfilteate (lymphoeytes and mononuclear phagoceytes),

in superficial cortum with mld telangiectasis,

Plate 3.19 (X100, HAE) Epidernis: Arvcades of minimal damage occur in relation to excretory
ducts of sweal plunds. St ratum granulosum of good width and shows scant alteration. Under-
lying stratum malpighit shows marked decrease in pygment. o the deeper portion of the over-
lying, loosely laminated stratum corneum moderate amounts of pigment, however, are present.
One narrow arcade of more severe trangepiderm:d damage shows alteration of the stratum
granulosum with intercellular edma, pyknosis, swollen nuclei, gnd pigment scattered through-
out. The latter is especially dense in the contiguous parakeratotic material. Dermis: A mod-
crate cellular infiltrate, ehiefly perivascular, is most pronounced in the superficial pars
reticularis where there 1s o mild telangicctasis.

Plite 3.20 (X400, H&E) (Case #26) ‘Transepidermal dumage with disorganization of the mal-
;):gﬁi:m laver., Stratum gr:mulzmuin absent. Malpighinn and biusnl layer only two to three cells
thick with exfobintion of pigment outward toward parakeratinized zone adjacent to stiatum
corncum. Pigment laden chromatophores and histioevtes in pars papiflaris of corium. Latter
15 edematous and bittrated by moderiate numbers of lvmphoeytes, mononuciear phugocytes
antd scattered pigmented levkoeytes. Capillavy loops tndistinet.

Plate 3.21 (X100, H&E) (Cise #63)  Transepidermal damaoge with disorgunization of the mal-
pighian layer. Shight pariakeritosis. Magration or exfoliation outward of pigment. Loose
Iamination of stratum cornecum. Pigment luden chromatophores and histioevtes in superficial
pars papiflaris of corium. Marked cellular infiltration of pars papillaris. Slight telangiectasis

of superficial pars rceticularis,
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Plates 3.22 and 3.23 show lesions at 53 days post-exposure.

Plate 3.22 (X100, HEE} (Case #75) Loose lamination of stratum corneum with outward papil-
I:u';f“prdjuc{iuns and resultant rﬁgnsc" uppearance. Stratum granulosum of good width.
Basal and malpighian layees distinet with pigment present. Slight edema of corium with mild
telangiectasis and slight increase in perivascular lymphocytes and pericytes. Small, atrophic
hiir follicle adjacent to sebaceous gland-— in mid pars reticularis.

Plate 3.23 (X400, H&E) (Case #75) Same as 3.22. Occasional perinuclear cytoplasmic halos
i mid stratum granulosum. Loosely laminated stratum corneum. Pigment laden chromato-
phores an superficial corium along with occasional lymphocytes and mononuclear phagocytes.

Plate 3.24 shows lesions (second biopsy) at 46 days post-exposure.

Plate 3.24 (X100, H&E) (Case #39) Narrow rugose cpidermis with papillary extensions down-
witrd of stratum malphigii. Latter are heavily laden with melanotic pigment, Slight tolangi-
coetasts of paes papdlars and pars reticularis of dermis. Occeasional pigment laden chroma-
tophores in supe chicial dermis,
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CHAPTER 4

HEMATOLOGY

4.1 INTRODUCTION

Since it i8 generally agreed that a depression in the formed elements of the peripheral
blood is the most useful practical clinical index of the degree of exposure to ionizing radiation,
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 equally important in evaluating the severity of radiation injury. Since
there had been no previous exposure of human beings to significant amounts of fallout radiation,
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 ‘
systematic serial studies, utilizing a few highly standardized hematologic determinations to
ingure that individual and group trends would have maximum validity. Since it was known that
the Utirik group had received a very small dose of radiation compared to the other exposure

groups, less extensive determinations were carried out on these people. ..

4.2 GENERAL METHODS

Hematological examinations included total leukocyte, neutrophile, lymphocyte and platelet
counts, and hematocrit determinations. Whenever possible an entire exposire group was
studied in a single day. Occasionally two days were required to complete the larger groups.

Capillary blood was used, usually obtained from the finger but occasionally from the heel
or ear. Two pipettes each for total leukocyte and platelet counts were filled. From each pipette

- a single hemocytometer chamber was filled. All pipettes were rotated for 10 minutes, and the

cells were allowed to settle for 10 minutes in the hemocytometer chamber befure countling. A
3 per cent acetic acid diluting fluid was used for total leukocyte counts. The blood was diluted
with 1 per cent ammonium oxalate for platelet counts and counted in flat bottom hemocytome-
ters using a dark phase contrast microscope.ss 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 differential count

was made. Hematocrits were performed using heparinized capillary tubes. One end of the
capillary tube was heat sealed and the tube was centrifuged in an ALOE centrifuge at 12,500

rpm for 5 minutes.

T *A large literature on the hematoloagic effects of radiation exists; however, these data were
not relied upon for direct comparison iind evaluation of the exposed individuals for reasons that
will be indicated later in the discussion.
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fvery 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 minimumn; per-
sonnel drawing blood [rom a single puncture were sufficient in number to atlow all sivmples to
All time intervals were rigidly controlled.

be taken in rapid successii.

4.3 METHODS OF TREATING DATA, CONTROL GROUPS

Pre-exposure blood counts were not available on the exposed Marshallese or Anwrlcéns;

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 Lo age, race, sex, background, and habits. A Marshallese control group
living on Majuro, comparable with respect to age and sex to the Rongelap people, was used as

Tuble 4.1

No.

Cuntrol Age in
Group tyr} Gp
Mijuro 0-5 22
tb-15 14

15- 50 63

50 14

~5 91

<15 37

.15 76

Kwaj- >18 28

Americans

HEMATOLOGICAL RESULTS, CONTROL GROUPS

wi
(= 10Y

13.2
10.6
9.4
9.6

9.7

7.8

Neutrophiles
(< 10%)

4.8

4.8

4.8

8.0

4.1

Lymphocytes

(x 10%

7.4

5.1

4.0

3.7

4.1

3.1

Plateiets
(> 10%

18.8
38.6
30.8
30.7
33.6

38.5
30.8

23.8

Hematoerjt®
(Per Cent)

M
38.5
(10
41.3
(6)
46.8
(29)
43.6
(10
45,2

"

37.3
(12)
40.6
(8)
40.4
(34)
41.8
4)
40.6

44.9

Comb

a7.8
(22)
40.9
(14)
43.3
[(R1]
43.0
(14)

* Numbers in parcntheses 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 rccently 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 {f there was an age or sex dependence-

in the hematologic observations (Table 4.1).

Although the neutrophile count was independent of

age, the lymphoeyte counts were significantly higher in children below the age of 5. Similarly
the platelet count was higher in the younger age groups; however, a relative depression ap-

peared to occur at about age 15.
The total leukocyte, neutrophile and lymphocyte counts were independent of sex. The hema-

tocrit of females was lower than that of males, particularly in the child bearing age group. The
age and sex dependency of these endpoints is comparable to that in published data.

3,381

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 deseriptions and comparisons of th(" d~ulu, fludings in the exposed groups
arc usully expressed in terms of per cent of the appropriate contral group, It should be noted,
however, that in obscrvational studies of this kind, unknown factors could possibly account for
part of the differences noted between the control and exposure groups even though all possible
measures were taken (o seleet a comparable control group, Inaddition, 1t was not posstble to
obtain more than a single blood sample on each control individual. For these reasons, statistl -
cil tests of significance were applied mainly to time changes within an exposure group, and not
to differences between control and exposure groups. For the purpose of detecting siguificant
changes in the hematological pattern, nonparametric tests (i.e., statistical tests for which it is
not necessary to specify the functional distribution of the varfate under study) were used, 34
The advantages of nonparametric methods have been summartzed.*

4.4 HEMATOLOGICAL FINDINGS, GENERAL

Total leukocyte, neutrophile, lymphocyte, monocyte, plateiet and eosinophile counts for the
several exposure groups are given by day and by age in Tables 4.2 to 4.5. The mean total 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
ecach individual in the Rongelap and Ailinginae groups, respectively. Hematological findings as
# 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 ig 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 AND BY AGE

- W.B.C. Neutrophiles Lymphocytes Platelets Monacytes Eosinophlles

3 3 3 3 -~ ol 2
P.E. Day (= 10%) (= 10 )—_ . A_tx E)_)_ ‘ {x 170 ), . ( l? ) (x 107)‘ B
« 9 -5 <5 >»5 <5 >5 <15 -15 <5 »5 <5 >5
3 4.0 8.2 6.4 4.7 1.8 2.2 0.8 0.3 0.1 0.7
7 4.9 6.2

10 6.6 7.1 3.5 4.5 2.6 2.1 27.5 22.1 2.9 1.7 1,6 1.6
12 5.9 6.3 3.5 3.9 2.1 1.7 4.2 5.4 1.y 1.9
15 5.9 6.5 3.2 4.1 2.4 1.9 26.1 19.8 3.0 2.8 [T B s
18 6.7 7.2 1.4 4.7 2.4 2.1 23.0 19.6 2.7 1.7 3.5 1.6
22 7.0 7.4 4.3 5.0 2.6 2,1 16.2 14,7 1.9 2.0 2.4 LY
26 5.7 6.1 3.0 3.9 2.3 1.8 12.6 10,9 1.9 1.6 1.8 1.
40 T8 4.0 6.3 3.2 2.1 t3.3 115 1.0 0.9 .4 2.2
a3 G, 6.2 3.4 3.8 3.2 2.U 17.9 14.6 1.7 1.6 2.6002.2
NH] 5.7 0.0 3.0 8.3 2.6 2.0 23.6 21.b 0.9 10,9 0h 1.0
4 H.2 h.2 2.0 2.6 2.9 2.3 25,0 21.8 1.1 L .4 o
47 ’ 5.9 5.8 2.0 3.3 B 2.4 25.4 20,6 0 10 .0 00
HY - 6.7 H.6 2.6 3.0 3.4 2.1 24,2 14,2 2.5 1.6 0.8 0.7

1N 7.0 6,0 3.5 3.5 3.7 2.4 1.7 1.2
G 7.7 0.0 3.9 3.6 3.7 2.3 21.8 4.1 0H 0y 0.3 0.6
T0 7.6 6.5 3.8 4.0 3.3 2.2 d.4 1Y

T4 28.1 21.1
Majuro 3.2 47 4.8 4.8 7.4 4.1 38.5 30.8 2.0 2.0 8.5 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 ALLINGINAE GROUR M-EAN BLOOD COUNT Y DAY AND WY AGE

w.on.C. Neutrophtles Lymphovytes Plateiots Monocyles Fostnophiies
(oh toh - 1~ 1oY oted b
P.E. Duv
! e
j Y i) 5 -9 b -5 <15 1b N b K
3 6.0 7.0 KR R 2.8 2.2 0.8 L6 0,5 0.4
7 5.5 6.8 .
10 6.3 7.3 4.2 4.2 1.y 2.2 22,2 21 8 2.1 2.4 L6
12 6.3 7.6 1.8 4.7 3.1 2.2 3.4 5.8 4.4 2.4
15 7.0 .0 2.9 4.5 4.2 2.2 25.7 23.0 3.7 2.8 2.3 1.4
14 6.8 7.8 2.9 5.0 3.5 2.4 28.8 22.0 2.3 1.5 J.2- 2.8
22 H.4 8.7 53 5.4 2.7 2y 24.7 19.6 1.5 2.4 5.8 2.4
26 H.4 7.0 4.8 4.4 3.2 2.2 21.4 143 2.3 2.4 06 1.4
0 2.6 H.6 5.3 6.2 3.7 2,0 21.0 14.7 1.y 1.9 4.1 2.0
13 7.7 1.8 3.3 5.2 36 2.2 20.8 18.0 2.8 2.2 6.0 L.y
a9 7.5 6.2 2.9 4.2 4.7 1.9 31.0 22.2 .1 1.7 2.7 Lt
43 6.4 6.5 2.7 A6 3.4 2.7 28.8 22.1 0.6 (.4 2.8 0.6
47 7.3 6.7 3.5 3.8 3.4 27 25.4 23,9 2.2 L.y t.6 0.7
Y H4 6.3 BN B R 4.0 2.2 28.6 21.4 2.7 2.8 2.2 1.0
04 4.6 KU 2.8 A6 3.2 2.6 9.8 2.2 1.6 .9 1.8 LB
Mujuro 13.2 8,7 4.4 48 7.4 4l 38.5 30.8 2.0 2.0 u.ho 4.7
Controis
Table 4.4 UTIRIK GROUP MEAN BLOOD COUNT BY DAY AND BY AGE
W.B.C. Neutrophiles Lymphocytes Platolets Monocytes Eosinophiles
P.E. Day (< 10%) (x 10% (x 10% (x 18Y (x 10% > m,l__
<5 > 5 <5 >5 <§ >§ <15 »>15 <6 >B <5 -5
4 9.4 8.2 4.7 4.2 49 3.2 0.6 0.2 R0 1.2
14 10.0 8.6 4.1 3.2 51 2.9 4.9 4.2 3.8 2.7
19 37.7 31.5
29 10.1 9.7 4.9 5.8 4.8 3.2 33.2 28.6 2.2 17~ 31 0
Majuro 13.2 8.7 4.8 4.8 7.4 4.1 38.5 30.8 2.0 2.0 9.5 4.7
Controls
Table 4.5 RONGERIK GROUP MEAN BLOOD COUNT BY DAY
B Day w.u,()‘. Neutrophiles Lymphocytes Plutelets Monocytes Eosinophiles
o (- 10% (x 10% (+ 10% 0 104 = 10%) (x 10%)
1 0.6 6.1 3.3 0.1 1.4
K 6.6 4.3 2.1 1.9 0.5
4 6.2 4.0 2.0 2.0 04
10 8. 4.8 2.2 2.2 0.3
i1 6.2 1.9 2.1 1.8 0.5
1 6.0 3.7 2.1 1.5 0.7
13 6.1 .7 2.1 1.7 1.2
15 6.1 3.8 2.0 1.7 1.3
16 8.1 4.7 2.9 22.0 2.8 2.5
14 7.9 4.8 2.7 22.2 2.4 2.1
23 6.7 4.2 2.1 17.9 1.6 1.4
28 1.2 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
Controls
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“ 60 | < - —_
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*%-' 50} g
- = | : NEUTROPHILES
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3 40 I M- — + -~ 14 Cumulative- Age>5 |- -1
- ) | 5 -1 -
(&) 3 -
30 [ o
20 J : -
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Fig. 1.9 Cumulative Neutrophile Counts for the Rongelap, Ailiggimae and Majuro Groups at the
Time ol Peak Depression
'
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Tabie 4.6 RONGE LAY GHOO P ME®RN BLOOD COUNTS AT TIME GF PFAR DBETRESSION

WoH.C. Pluteletn = (0] Neutrophilenr Lymphocytos

(Average (rom tAveragr from (Average {rom (Averuge from
Caxe No, Day 30 to Ly Dauy 26 (o Duy 1% 10 8 Day 1 ta bl
bt .
. Age Loean Than i

2 7220 1o 2870 R 400

i Ta20 165 2770 420

N gl 115 2070 26

17 1230 1on 3350 20h

19 L6500 11 JO70 240 v
21 4750 K5 2670 tun -
23 7150 195 4100 PL) [N
32 5450 95 2600 2680 . P
34 5600 85 1670 357 ¥
42 5500 o 2520 202 X
54 4750 145 2620 185 B
[ 6050 105 2520 240 b
69 4770 115 1420 317 o

Age 5 ta 15 I
15 920 200 1470 232 :
20 020 120 1020 195 o
24 1620 195 3450 197
26 4020 145 3470 232
35 5100 140 2700 215 ‘
6 5120 130 2520 247 .
34 4720 185 2900 155 :
47 7220 120 4720 224 ’ N
61 800 105 2500 291 .
67 5120 115 2870 183 ¢
72 4100 185 1600 197 :
75 4200 1o 2adc 172 . ;
76 4750 160 2800 247 :
Age Greatar Than 18

4 6420 130 2650 358

7 5220 195 2530 252

9 5470 125 2700 242 .
10 4550 108 2770 181
11 3120 85 1570 135
12 4670 150 3270 127
13 405¢ 105 2370 152
14 4570 55 2170 170
18 6100 45 4320 185
22 4470 130 12500 190
25 6250 110 4050 212 i
27 6620 110 3600 285 N
30 5700 85 3920 180 :
24 5900 125 3850 235
a7 - 5970 130 3120 267
40 5600 140 2450 287
46 4620 136 2350 210
49 6620 180 4050 222
n2 5620 160 2970 246
R 4400 135 1450 272
o 6170 128 3520 1Y
57 020 56 2020 270
ML 47h1 L1 . 2000 18b
[ 6470 180 4080 247
6H2 L X 10 0370 182
63 4270 11 2450 152
4 2600 70 3220 205
66 6100 145 2820 3tz
68 4600 120 2400 202
71 7950 105 4950 270
73 3870 80 2630 : 126 :
74 9900 155 7250 255
78 5400 85 3350 195
79 7800 70 5120 250
80 5676 100 2920 252 °
K2 1250 130 2820 247
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Table 4.7 AILINGINAE GROUP MEAN BLOOU COUNTS AT TIME OF PHAK Dt PRESSION

W.B.C. Platelets ~ 103 Neutrophiles Lymphocytes
Wverage from (Average trom tAvernge from tAverage from

(Case No. [y 39 to o) Day 26 1o 30) Day 39 to 51 Day 349 to o

Age Less Than o

:

[ 9750 215 1470 RYH

~ HALD . 185 3620 400
4 1570 80 PRENI U] v
-

Ape 610 10

4 o 210 2070 3150 i
. G170 240 3700 =h00
oy 1700 940 R 210 j

Age Geeater Than 1

! G170 175 A050 1370

HE N 4670 105 2200 2270

2K G270 115 Ky pat) 2270

24 6750 15 ) 2220

11 S50 145 2950 2450 :
41 3120 {110 3050 2270 f
41 6150 215 3700 2000
45 5650 180 4170 1470 ;
50 7050 95 * 3970 . 2901 . ;
51 7750 170 4620 2950 :
59 12400 , 105 H120 4670 : '

70 5070 185 3000 N 1750

4.5 HONGELAP GROUP

The absolute neutrophile count of both the younger and older age groups fell during the
scceond week to a value, 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 drop (P < 0.01) was noted
for both age groups, and a low value of approxtmately 50 per cent of controls was reached. The
count was maintained at approximately 75 per cent of control 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 is accentuated when expressed as per cent decrease because
of the relatively high lymphocyte levels in the lower age control group. Alter this period the
differences expressed as per cent are less marked since recovery was more rapid in the
younger age group.

The cellular elements chiefly responsible for the fluctuations in total white blood cell
count can be determined by comparing the total white, neutrophile and lymphocyte counts (Fig.
4.3). It is scen that the lymphocyte count remained essentially constant throughout the pertod
of study, while the total neutrophile count fluctuated with a pattern essentially identical to that
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of the total \;flfm- Dood count (CocTficient O correlition of G931, Thus the, Huctwat tons an Lol
count were due to changes an the neatrophile count. This wis true of both the older aud youngee r
age proups, I can be seen from Table 4.2 that the neatrophile count was cousistently greador
than the Tyvmphocyte count in the older age group, In the younger groups, differences i the neu
trophile and lymphocyte colfit were tess marked and on 8ix occastons the lymphocyle count was
greafer than the neutrophile count,

Phicelets were Jirst counted 10 days after exposure, al which time platelet values of the
older age proups were ;||)m'ux1m;ih‘ly 70 per cont of the control group (Fig. 4.4). Followiny: ths,
the platelet count fell reaching a low of approximately 35 per cent of control value during the
(outh week. The platelet count rose during the Sth week and reached the vilue noted for the
inittal counts on the 10th day. A second decrease in the platelet count (P « 0.01}) developed dur-
ing the 7th and 8th weeks, and values remained at approximately 70 per cent of the control
group during the remainder of the observation period. The pattern of platelet counts in the be-
low 15-year group was renurkably similar to that noted in the older age groups. Differences
between the age groups were less apparent {f the pliatelet counts were expressed as per cent of
the control group,

4.6 AILINGINAE GROUP

In this proup there were only three individuals below age 5. For this reason, remarks will
be conflined essentially 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 oY 55 per cent of normal during the
first week. The counts then fluctuated around this value throughout the period of observaticn,
and no definite upward trend of the lymphocyte count was noted during the period of observa-
tion.

As was noted in the Rongelap group the lymphocyte counts remained at an essentially con-
stant low level throughout the period of observation. The total leukocyte eount inmthis group
also refliected changes in the neutrophile count.

The platelet counts in the Ailinginae group were low, approximately 75 per cent of normal,
when first enumerated on post-exposure day 10. The counts remained at this level during the
second and third week; however, a definite fall in count was noted during the fourth week when
a low value 45 per cent of control was attained. The counts returned during the fifth week to a
value approximately 70 per cent of the control level, where they remained for the duration of
the observation period. A secoandary fall, as observed in the Rongelap group was not detected.

4.7 UTIRIK GROUP

In the greater than 5 age group the total white blood cell and neutrophile counts were de-
pressed slightly below control values during the first and second weeks (Table 4.4). The
lymphucyte 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.

Platelel 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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vithues thereaflter tn the course of the study, The ‘Iy.ln)ﬂinl'y‘h- coutls el to betow control Tevels
in the first few days, and remained at a level approximately 75 per cent of the control vidue
thraughout most of the remainder of the obscervation period.

Ty the Rongelap and Aitingine groups the fluctustions in the total leukoeyvte count were ace
counted [or ihmost Fnhrv)y by changes ip the total neatvophile count. The Rongerik proup di
fered sinee the changes in-total tevkoeyte count were retlected almost equally in the lympho
evte and neutrophile count. The signififcance of this difference tn response t the two groups is
not apparent. 7 .

The plutelet counts (Fig, 4.6) were not markedly depressed when the initial counts wetre
taken during the third week. At the end of the third weck, however, the platelet count began to
fall to reach a low of approximately 60 per cent of control levels at the end of the tourth week.
The value then returned to approximately the control level at the start of the seventh woek,
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.

4.9 MONOCYTES AND EOSINOPHILES, ALL GROUPS

From Table 4.2 it is secn that the mean monocyte count for the Rongelap group rose ab-
ruptly from an early value below control levels to a well deflined peak on day 12, following which
it fluctuated at values below the control level for the duration of the vbservation 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 f{ifth week (Fig. 4.7). The counts then decreased
(P < 0,01), and remained at a value approximately 15 per cent o’ control throughout the re-
mainder of the study. The time trend of response was similar in the younger age individuals,
however, changes in the younger age group were relatively greater if considered in terms of
the control values. Similar trends in eosinophile count were not evident in other exposure
groups, — -t

It is pussible that the rise in eosinophiles represents that reported as occurring
to three weeks after short-wave-length irradiation”.%

.

.. two

4.10  HEMATOCRIT, ALL GROUPS

The hematacrit 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 Rongelap and Ailinginae
groups were below those of the control population. A significant trend in values after this time
could nol 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 number of 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 myelocytes. 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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Tabie 4.8 HEMATOURIT, ALL EXPOSURE GHOU 'S .

Rongelap Alhnginae Utirik Rongeetk

Diny i Mules Femaleg Comb Miules Females Comb Comb Comb Muales
[B* B 5 a5 0B .5 .5 55 .5 55 .5 .5 <8 <5 Adults

22 8.1 42,0 8.0 3401 38,0 40,7 37.5 40.6 37.0 39.4 37.3 40.6

23 : 45.7

26 a5.8 40,3 35,3 38.0 35,6 34,1 36,5 43.2 4H.0 36.7 37.0 38.9

28 44.5

24 46.9 429

0 dHOT 405 3403 37,7 46.4 302 36.0 44.6 32,0 37.2 u34.7 39.7

BN} 6.8 41,0 3408 37.3 4649 39.0 35,6 43.8 38.0 37.2 36.3 9.4 40,4

i 36,4 41,6 36,0 37.6 36.2 40.0 35,0 45.6 135.0 37.6 35,0 40,4 446.7

4% $N.T 4.0 36.2 37.6 45,9 4%.6 36.0 45,2 35,0 37.0 135.7 139.7 44.0

47 42.8 34,3 40.3

Controls  3K.0 40,2 47,0 40.6 37.8 43,0 38,6 456.2 37.3 40.6 87.8 43.0 37.8 44,0 44,9

CApe in years,

4.12 COMPARISON OF HEMATOLOGICAL FINDINGS IN CHILDREN AND ADULTS, RONGE-
LAP GROUP -

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 were present between children and adults. In Table 4.9, the
mean values of the neutrophile, lymphocyte and platelet counts at time of peak depression for
each element are given in terms of absolute count and per cent of appropriate control value
{mean platelet counts were calculated for the less than § and greater than § age groups for this
comparison).

-t

Table 4.9 COMPARISON BY AGE OF MEAN NEUTROPHILE, LYMPHOCYTE
AND PLATELET COUNTS IN THE RONGELAP GROUP
AT THE TIME OF PEAK DEPRESSION

Absolute Count x 10° Per Cent of Contro)
Type of Cell Age <5 Age >5H Age <5 Age 5
Neut rophiic 2.7 3.1 56 64
Lymphocyte 2.9 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 groug. 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 l.ody exposure. The present data
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represent the only large series in which Hyﬁll'l\l;l(i(',':;("l"iill'("ll(llllfa‘ e e andiviasals have
beon pogsible, and thus they comprisce the most complete data avatlable on human beings ex
posed in the high sablethal ramge. Hois also of tmportimee, therefore, to examine the present
results in conjunetion with past experience in an effort to gain a better understanding, ol the
hematolopgical respon®t ol hunun beings exposed (o peueteating cadbtation in the sublethal range.

In the Tollowing discussion it will be generally assumed that the henatologteal effeets
noted were due primarily o the penetrating gamma radiation received. The beta radiation in-
jury of the skin may have contributed to fluctuations in the white count during the period of
active lesions during the third, fourth, and {ifth week, but is considered not to hiave contributed
sigaificantly to depression of any peripheral elements (see chapter 3). The degree of internal
contamination with fission products {see chapter 5) was probubly too small to contribute stg-
nificantly to the carly hematological effects observed. Although it is not possible to say with
certainty that these added factors did not materially affect the hematological pattern seen, it
will become evident in the discussion that the changes observed are not inconsistent with those
tn 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 al rapidly decreasing dose rates over a peritod of approximately two days. Unless
otherwise stated all discussion will be Himited to the adult Rongelap group.,

The principle sources of previous data available [or 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
madce despile the obvious limitations. For easy reference, “normal” values for peripheral
blood counts, from the pregent dataand from the literature are presented in Table 4,11,

4.13.2 Comparison with the Japanese pata

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 i1 the Rongelap people corresponded most closely with these low éxpo—
sure Japanese groups in which definite signs of severe radiation exposure were present in
some individuals but in which essentially no mortality occurred (initial hemotological studies
on the Japanesc 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” noted for animals following exposure.“'“ From the sixth week until the termination of
the acute studies on the Marshallese during the tenth week, the Japanese and Marshallese
counts remained at similar levels, -

The neutrophite count in both the Japanese and Marshallese In general paralicled the total
white count. The lymphocyte count in both groups was depressed carly and remained depressed

il values of approximately 2000 until week 10. The high valuc of 2692 reported for the Japanese

for weeks 12 to 15 must be suspected of being high for the reasons given in section 4.13.2,
Three characteristics of the Japanese hematological trends should be pointed out: a) while
high dosc exposure groups with significant mortality showed carly depression with a definlte
low point at four weeks, the lower dose groups showed no definite minimum at lour weeks but
rather a continued depression until the eighth or ninth weeks. b) While the mcan 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
s -
- Characteristics
. Numbers in Groups
o Advyuney of Controls
~ Serial Counts

Counting
Technigues®
Chance of bias due 1o
sampling
techniques
CUNormad ™’
individuals
Internad
contamination
Additional trauma
{burns cte,)
Species extrapolation
necessary
Type of radiation

Dosage estimation
Single expasure
Dose r- te

Body regfon
Dosage Range

Geometry
Depth dose curve

CHARACTERISTICS OF AVAILABLE DATA ON FHE HEMATOLOGICAL

EFFECTS OF PENETHATING RADIATION

Japanese
Hnmbiugs“'”

fitege
e
No
Fur

Large

Gamma,
some
ncutlrons

Poor

Yes

Instantancous

Total body
Subfethal &

fethal
Nurrow benm

Clinical
Rudlntlu-rupy“

Small
Poor
Yoes
Fair

Large

Hard x rays,
Kamma

Good
Usually no
~5r/min

Usually
partlal body
Sublethal

Nurrow beam

Luborntory
Acvident s 8

Small
Poor
Yes

Good

Laurge

Yeu
Nouce
Yes
No

Gamma, neutrons,
x rays, betas

Poor

Yes .
Instantaneous
Total and

partial body
Sublcthal &

lethal
Narrow bcam

Exposed
Mapshatlese

Large
Gond
You
Giood

Sl

Yes
Minimual
Yes

No

Gamma, beta
to skin

Fair
Yes
Varying,
~Br/hr
Total body;
beta to skin
Subtethal

360° field

Large

Autrnl s+

Lage
Vl‘l')‘ Hin »d
Yon

Coonnd

Smalt

Yos
None
No
Yes

Hard x ravs,
gamma

Goud
Yes
~10r/min

Total body
Sublothal &

lethal
Natrrow beani

Source of data

Determiniatian

Total White Count
N(-uirnphiluu
~Lymphocytes
Mondeytles
Eosinophiles
Basophiles
Platelety

Modcrate fall Variable Rapid fall off Fssentially Variabic rapid
off flat fall off to
flat
*Same techniclans for all counts; rigidly standardized techniques throughout etc.
Table 4.11 MEAN PERIPHERAL BLOOD COUNT VALUES
FOR SEVERAL CONTROL POPULATIONS (x 104
Kwaj-

Jupuncsc Kure, American  Majuro
1947-1948%  1948-1949% Americang*® Americans Cuontrols Controls
9.9 4.5 7.4 7.0 7.8 9.7
5.5 5.0 4.4 4.3 4.1 4.8
2.9 2.8 2.5 2.1 3.1 4.1
0.6 0.6 0.3 0.4 0.3 0.2
0.9 1.0 0.2 0.2 0.3 0.h
0.1 0.0 0.0 0.0 0.1

25071 238 308

*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 individual counts by the (~igl;t|| or ninth woek, netther ol these values
for cither the high or low exposure groups had returned to the mean levels of any ol the control
populations Jisted in Table 4,01 at this trme, nor by the end of the study af 1O weeks, * )
Lymphocyte counts @eningd depressed af leaxst throwrh the 120h week aad preobably through
the 15th week.

The presemt hndm;..s m the Marshallese arve in accord with these characteristics, mmely,
#4) total white cell and neutrophile counts showed no definite minimum at four weeks as evi-
denced in Japanese groups A 1o D, but rather fluctuated durimg the first fow weeks with mini-
mum mean counts occurring in the sixth week or later, b) Neutrophile coungs were unstable
over the first five weeks, and recovery to control levels was not compiete gy the 10th week.
¢) Lymphocyte counts remained depressed throughout the period of ebservation,

Platelet data in the Japanese are ot sufficient to allow more than rough qualitative com-
parisons. This is unfortunate since changes in platelet counts in the present studies appeared
Lo show i more cansistent pattern than did the Teukocyte counts. Platelet counts on one indivi-
dual considered as atypical response in a non fatal Japanese!” fndicated an appacent low al ap-
proximalely day 30. This time trend agrees with that scen in the Marshallese and Americans
exposed to fallout radiudion,

It is worthy of note that the period of peak incidence of purpura in the Japatnese victims oce-
curred between the 25th and 30th day, which corresponds to the time ofmaximum platetet de-
pression in the exposed Marshallese.

4.13.4 Comparison with Data from Laboratory Accidents

Although in the Los Alumos and Argonne accidents®%® the type of radiation and the condi-
tions of exposure were markedly different from either.the Japanese or the Rongelap situations,
a large component of penetrating 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

upiform early rise in white and neutrophile counts over the first few days, similar to that seen

early in the Rongerik American group was observed uniformly.} b) Of three high-exposure but
non-lethal cases, the total white and leukocyte counts continued to show some degree of de-
pression into the seventh week or beyond. c¢) The lymphocyte counts in individuals exposed Lo
as little as 50 rem showed an initial marked depression. In most cases the lymphocyte counts
remained at low levels throughout the period of observation. d) Platelet counts were done by

a different method, and absolute counts are therefore not comparable. However, of the three
high-dose survivors, times of maximum depressgion were not inconsistent with the value of 30
days obtained in the present studies.

The Argonne Laboratory accident®® involved four individuals who were estimated to have
received 136, 127, 60, and 9 rep, respectively. The findlngs in the two highest exposed indivi-
duals in general were consistent with those in the present study. An initial neutrophilic leuko-
cytosis was followed by fluctuations 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 severltyti)i peripheral blood count.change following total body radia-
tion in animals has been criticalfffexamined recently,* and the following general conclusions

‘are presented.

*Counts 2 years later were not significantly different from control Japanese values.®

fCounts on the Rongelap people 6 months after exposure showed no elevation of the mean
total white count, neutrophile or lymphocyte counts over values obtained during the 10th week.
iNo counts were taken on the Rongelap and Ailinginae groups duriug this early period.
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a) An initial rise.in total white count (refllected in the neutvophitle count) may oceui, Phere
after the magnitude of depression of Lthe total white and neutrophile counts, and within Himits
therr duration are a funetion of radiation dose: A sccondiary or abortive rise (n the total white
count (reflected i the neytrophile or lymphocyte count) may occur, followed by a second de
crease. There is hittle species difference in the rate of depression of the {otal white or neatro
phitie 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 com-
plete recovery to control levels, even at doses in the lethal range, by the end of the Lilth week
or earlier. Data on dogs are inadequate to indicate when recovery is complete; however, re-
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 is essentially identical in all animal gpecies. Depression
can be detected within a few hours, and recovery {from the minimum values (achieved in 36 to
48 hours) requires longer than does neutrophile recovery. Lymphocytes fall to very low levels
al doses well below the lethal range, and inereasing dose results in no or minimal further de-
crease in count. Lymphoeyte depression appears to have no causal velatlonship with acute
radiadion deaths, -

¢} Platelet counts have bheen studied imost extensively in dogs.*® As with neutrophiles, the
rapidhty and nupnitude of depression is a function of dose below the lethal range. Maximum
depression oceurs by the 9th o 10th day with doses in the high lethal range, by the 10th to 15th
day at sublethal levels. Recovery beging during the third week, but is not complete by the 30th
day when most studies have been terminated. Insufficient data are avallable to indicate the
Lime required for complete recovery.

Considerable evidence including studies in the mouse using splenic homogenates, induced
bacterial infections and spontaneous infections have indicated 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 cells for a period of time. ’

Platelet data on dogs indicate that animals with external purpura have platelet counts of
50,000 or below. . -

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-~
iethal 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
carrelates better with absolute levels of peripheral blood count, or with degree of change [rom
contral or pre-exposure levels, Some evidence on this point can be gained by comparing the
depree ol depression of the neutrophile and platelet counts in the Ailinginae and Rongerik
groups, both of which 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 evidence is afforded that absolute
counts, rather than counts relative to control values, may be the more reliable index of ex-

posure in this dose range.

4.13.6 Approximation of 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 helow 1000. In the Rongelap group 42 or approximately 50 per cent had

86

-
veney .

A



w oy ¥ o

/

Ny

neutropinte counts helow 2000 at some time during the observation peviod, aud 10 per cont had
counts below 1000, By this criterion, then, the effective dose recetved by the Ionpelap peapbe
approached the tethal range,

In the dop and monse,?® approximately 50 to 100 1 are required to lower the neatrophitte
count by 1000 celissnnn® in the laph sublethat dose ranpe. [ these datac cau be appleed to man,
an additional 50 to 100 would have placed the dose in the tethal ranpe. On the other hand,
however, it s cleiar fram the present data that seuatrophtle counts between 1000 and 2000 in
hunuan beings are well talerated. Hunun beies with these levels of neut rophiles show no clim
cil evidence of iltness, are physically active, and do not need prophvlactic antibnotic therapy.

The Rongelap people are estimated to have recetved 175 r as caleulated from dose rate
readings measured in air in the plane fission product field. From the preceding paragraph if
is seen that an additional 50 to 100 r of laboratory radiation or an average of 75 r, probably
would have resulted in some fatality, Corrcecting this average value geometry,* at foliows that
the minimal lethal dose (MLD) for man exposed in a fission product field is approximately 225
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 from consideration of the minimum platelet counts
observed, the platelet levels in dogs exposed in the high sublethal r‘.lngv.“ and the estimated
rite of decrease of platelet tevel with increasing dose in this dosage range. Such an analysis
leads to the siime conclusions as those derived from neutrophile data.

4.13.7  Peripheral Counts as an Index of Severity of Exposure

The refative value of the several hematological determinations in estimating the degree of
cxposure, as well as the approximate dose ranges over which maximum scensitivity 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, lymphocyteo and
piatelets 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-
cver, with widely different physical estimates of exposure the lymphocyte counts showed es-

sentially identical degrees ol depression. The ilymphocyte counts of-the Rongelap and Ail‘nginae

groups were constantly depressed at a level of approximately 2000 cells. Thus while sensitive
at very low doses, this endpoint may be a poor index of the degree of exposure at higher doses.
The total neutrophile count of the Rongelap group was consistently more depressed than was '
that of the Ailinginae group and the difference was of the order of 500 to 1000 cells. However,
day-to-day wide fluctuations in the neutrophile counts occurred. Accordingly this endpoint ap-
peared to be of limited usefulness as an index of relative exposure severity except when counts
on groups to be compared are performed at the same time.

The plateiet count showed a more systematic trend than did the neutrophile count. Differ-
ences between the lTow-dose Ulirik group and controls at the time of maximum depression for
all groups could be detected, and appreciable differences existed between the means for the
Marshallese higher exposure groups. Platelet counting is as eastly carrted out and more re-
producible than leukoeyte counts."*7 Thus the platelot count maty prove to be a useful index of
depree of exposure throughout the sublethal cange.

The aboveconsiderations are tn accord with previous findings on human beings and ant -

mals.

*From geometric and depth dose considerations set forth in chapter 1, 1 ¢+ measured in air
‘in a fission product field is equivalent in its effect on man to approximately 1.5 r of penetrating

x- or gamma radiation under geometric conditions usually used in the laboratory. Thus the
minimal lethal dose for man exposed to penetrating radiation under the usual laboratory con-
ditions would be approximately 335 r. :
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4.13.8 Conclusions oo .

1. Consideration of the degree of depression of peripheral cellular elements indicates that
exposure of these Romygzelap people was moderately severe, probably within 50 and at most 100
r of the level where mnne.{:ll:lliln's would have resulted.

2. The degree of effect evideneed in the Rongelap people is not inconsistent with the physi-
cal estimates of gammia dose received. Beta fesions of the skin, and the [ow levels of internal
radioactive comtamination observed are congldered not to have contributed significantly to the
hematolopieal chanpes seen. ‘

Ao The extensive sertal hematological data obtained, considered in connection with pre-
vious datia, allow reasonably accurate characterization of the hematological response of human
beips exposed to sinple doses of penetrating radiation in the high sublethal vange. The time
course of events is different from that observed in Lurge animaldg and may be deseribed as fol-
fows:

W) The total white count increases dhring the first two or more diys and then deereases
below normal tevels. 'The fotal count then fluctuates over the next five or six weeks, with no
definite nunimum and with some values above normal (the presence of thermal or beta lesions,
or other acute processes during this time may account in part for these {luctuations). The
count becomes stabilized during the seventh or cighth weeks at low levels, and minimum counts
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 occur for several months or more, The initial rise in total white count is
due to a neutrophilic leukocytosis.

¢} 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 in a regular fashion
and rcaches a low on the 30th day. Some recovery is evident early; however, as with the other _.
clements, 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 miay be required for maximum depression to become evident. The lymphocyte
count is 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 littlie 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
proportionul 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 depree of exposure.,
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CHAPTER 5

INTERNAL RADIOACTIVE CONTAMINATION

5.1 INTRODUCTION

A study of the nature and extent of the internal radicactive 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
cxtent and nature of the radioactive contamination was obtained from domestic animals, food-
stuffs, water and soil collected on the contaminated atolls and sent to the U. S. Naval Radio-
logical Defense Laboratory, the Naval Medical Researth Institute, the New York Operations
Office of the Atomic Encrgy Commission, and the Los Alamos Scientific Laboratory for gross
activity measurements and radiochemical analyses. Data on soil, water, and plants were

necessary to determine the feasibllity of utilizing the foodstulfs and living area of the contami- -

nated atolis. Long term studies of the domestic animals obtained are being conducted at the
NRDL, in order to obtain information on the p ssible acute and delayed hazard from internal

" radiation, .

The main findings of the {nternal contamination study in the human beings and their en-
vironment are presented in this report. A detailed report on the nuture and extent of the in=
ternal radiation hazard in human beings and animals, as well as the contamination of the
environment will be presented in an addendum report.

5.2 PHYSICAL ENVIRONMENT STUDIES

A 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 pc per
plant) as well as fissionable material (1 x 10™* 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 delonation. Fish collected
from the Rongelap lagoon were found to have very high levels of activity (0.3 to 3 pc per fish)
as late as 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.
5.1 and 5.2) had activities of about 1 pc,liter at 30 days. Samples of thatch roofing exhibited
the highest levels of activity ‘n the physical environment. The presence of fissionable mate-
rial was detected on thatch, grass and on plant food.
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Fig. 5.1 Waell, Rongelap

Fig. 5.2 Cistern, Rongelap
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5.3 ANIMAL STUDIES ot .

" The studies on the Rongelap and Utirik animals tncluded measurement of internal radio-

active contaminiation and radiochemical analysis of excreta and tissues. The acute hematologl

citd and pathological Bffects of the oxpm-iurv, as well as tong torm effects on these aninmis,
are being studied, In addition, fertility and hatchability studies as well as radiochemiteal anal -
ysis of epps laid by hens {from Rongelap were performed. R
These studies have privvided information on the extent and nature of the internal contami-
nation in the exposed human beings. For example, radioautographs of antmal bones prepared
by NRDI. and Argonne National Laboratory“ (Figs. 5.3 and 5.4) indicate the pattern of skel-
etal distribution of fission products, particularly the high concentrations of radivelements
in the epiphyseal region of the long bones. Further, information on these animals (which re-
ceived a much higher external radiation dose than was recelved by the native group and over
10 times the internal deposition) should be of considerable prognostic value for the human

beings.

T ;Lftgw

.

Al

Fig. 5.3 Autoradiograph of Rongelap Chicken Tibia, 1‘,4 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
Past-exposure. : B o -

5.4 HUMAN STUDIES

5.4.1 Excretion

Gross beta activily measurements on the urine samples from Rongelap, Ailinginae, and
Rongerik indicate significant 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). I
the mean values of urine activity of the adults ol the three groups six weeks after exposure
are compared, it will be seen that the Rongelap group had the highest activity, 1208 d m 24
hours. The Ailinginae group had 553 d,/'m, 24 hours, ind the American group had 309 d. m 24
hours. A group of the Japancese [ishermen exposed to fallout from the same detonation had a
urine activity comparable to that of the Rongelap adult group.

The mean activify of the individuals under 15 years of age appears to be considerably
Tower than that of the adult group. An examination of the group collections analyzed by the
various Liboratories involved showed fadrly congistent levels of activity for the individual
from diy to day. The variation which occurs is not considered to be excessively large for this
type of study. The activity as function of time fell off rapidly due to the large component of
Ba'® - 1u"9 und other short 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. Stron-
tium-89 contributes 40 per cent of the total beta activity, Ba'*® —11 per cent and the rare earth
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Table 5.1 GROSS BETA ACTIVITY IN URINE OF RONGELAP GHOU P

(Hrme Collected on 46th Post-exposure Day and Values Correctad for Doeay . .
Back to Colleetion Dav)
Total Tatal
Volume Beta Activity Volume  Hota Agtlvity
Cuase No, 44 hr d/m/24 hr Caso No, 24 hr d-m 24 hr
Age D ovears Age 16 yoars '
2 120 712 4 455 434
3 150 894 i 810 1700 H
5 155 313 9 355 201 j
23 - 40 223 10 940 549 :
313 260 0 11 450 1H83 !
54 80 285 13 340 1677 '
6Y 455 301 14 T80 2460
18 455 1670 '
Mcan 165 404 22 47 77
10 960 1]
14 750 570
K¥4 440 702
40 550 1450
416 330 4956
49 425 u
52 780 0
55 320 1080
*56 700 4220
Age 6 to 15 57 550 10985
years 58 750 2170
20 265 1800 60 810 580 e L _
24 550 - 0 62 980 1985 R
26 650 1032 63 635 2260
35 255 0 66 -85 ' 1715
36 190 236 -68 300 2010 )
39 280 1100 ’ 71 290 1450 i
47 650 1705 73 230 0 =
67 450 674 78 965 52 i )
72 110 507 79 465 2038
75 440 0 80 740 13563
76 980 1180 82 670 2140
Mecun 439 758 Muan 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 samyples analyzed.
lodine~131was {ound only In samples analyzed at early time intervals, due to its relatively
short physical half life.

5.4.2 Estimate of Body Burden

For estimating the human body burden of the various fission products, a semi-empirical
approach, involving extrapolation‘from animal data, was used. Two Rongelap pigs 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 5.2 RADIOCHEMICAL ANALYSIS OF TISSUES AND URINE OF RONGELAP PIGS

(Al Values Corcected for Docay to Day of Saceifice, the 82nd Post-exposure Day)

had Botn Activity d.m/toll Snmple
Gross Tatal
Actlvity se¥ Ba'4® Rure Euarth
sample 2 = 107h >~ 107 (1M 1y
Pig #24 (25,8 kgm) .
Skeleton ~HHDO 5660 460 1010
Liver 31 0.40 0.13 6.4
Colon & Contents 12 5.0 2.4 3.2
Lung (Alveolar) 1.5 0.22 0.20 0.8
Stomach i 1.2 0.22 1.1 1.3
Intestine (Small) 2.3 0.682 0.50 0.51
Kidney 3.3 0.21 0.42 0.74
Remaining Tissues 6980
Total 9630 5687 865 1020
Urine Sample, 24 hr (5/27) 13 8.7 1.2 1.6
Urine Sample, 24 hr 9.8
Average for days 82 Lo
HE post-exposure
Pig K25 (22.7 kgm)
Skeleton {(total) H600 5100 530 890
Liver 27 0.53 . 0.20 5.5
Colon & Contonty 16 5 3.2 4.9
Lung (Alveolar) 1.1 0.26 0.23 0.33
Stamach 2.0 0.28 0.13 0.30
fntestine (Small) 2.6 0.81 0.488 0.88
Kidney ‘ 3.1 0.14 Q.19 0.52
Remdining 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®  Ba'®  Rare Earth

Skeleton 82 6.8 9.7
Totul Body 58 6.5 9.0
Urine (24 hr) 64 7.9 10.5

is separated into its-components using the ratio of individual {sotope 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 pc

Ba'® — 0,021 uc

Rare Earth Group — 0.030 uc
Others ~ 0.09 uc

The excretion rate of Sr and Ba can be described empirically by a power function, At =
A;t™" where n is 0.4 and Ay 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 hub¥aly Fidiohn’ dita U0 Norrid® andLodhey Using Uns sormula -
tion the individual skeletal body burdens exirapolated buck to day vne are as follows:

G

sc® . 1.8 ¢
Ba'® 2.7 ¢
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 day 1 werv made:

a) rare earth group - 1.2 uc
b) I'" - 6.4 mc

The integrated dose to the thyroid from 1'* and the shorter lived iodine isotopes (1'%2 1'¥, and
1'%) agsuming a 20 per cent uptake, 24 hours was 180 rep. The Ailinginae values were then
approximately one-half and the American were one-fourth u{ 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 inhaied 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 radioele-
ments by the body, the following estimate of body burden at one day was derived:

Rongelap American
{uc) {uc)
Sr 2.2 ocaz
Balt? 0.34" 0.27
Ru!® 0.013 0.015
Call 0.19 0.04
'8! and short lived 5.1 mc 1.9 mc
'8! equivalents

Fissionable material 0.016 ugm

The initial body burden of I'*! and short lived iodine isotopes, energetically equivalent to I'%!

is 5.1 mc. The estimated total integrated dose to the thyroid from the iodine isotopes assuming
a 20 per cent uptake/24 hours and with corrections for decay of the very short lived isotopes
was calculated to be 150 rep for the Rongelap natives and 50 rep for the Americans,

It can be seen that with widely dilferent approaches to the estimation of the body burden,
the results obtirined are very similar with the exception of the Ba™® estimate.

“An attempl to detect bone-fixed radioactive emitters by meuns 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 shown to be the most effective chemical
agent to date for mobilizing ficsion products from the skeleton and for increasing their ex-
cretion rate.®:%.¢7 This chelating agent was therefore used in a decontamination therapy
attempt on a group of seven Rongelap individuals having relatively large amounts of internally
deposited radioelements. Oral administration of calcium EDTA, 1 gm/25 lb body weight daily
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for three days increased the dver-all miean actiVity in thé 24 Abut urines of the treated people
by a factor of 2.5 times compared with the pretreatment control excretion, Since the rate of
excretion of activity at this time was about 0.1 per cent, 24 hours, the observed increase in
excretion did not significantly alter the total body burden. This study and previous animal work
sugpest that EDTA, pcrhaps..‘ldr;l'inist(»red LV.and at carly intervals, might have been of con-
siderably greater value in increasing the excretion of some of the internally deposited figsion

products.
'}

5.5 DISCUSSION

The Tallout material probably entered the exposed people through both the intalation and
ingestion routes, The relatively large particle size indicates that the probabliity of ihalation
of airborne contamination was small. This {8 based on the observation that in general only
particles 0.1 to 3 oo divnmeter reach the alveoli on inhalation and that larger particles are
filtered out by the nose and upper respiratory passage and switllowed.® 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 pgastrointestinal 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 general the mean gross beta activities in the urine of Rongelap and Allinginae groups
were found to be roughly proportional to the calculated external dose and therefore to the con-
centrations of airborne fission products. However, a comparison of mean beta activities of the
Ailinginae and American groups show the latter to have a somewhat lower amount of internal
contamination than the former though the groups received approximately the same calculated
external dose. The difference may well lie in the fact that ther Ailinginae people continued to
eat contaminatled food and drink contaminated water up to the time of evacuation. The American
personnel probably ingested less contaminated food. Their water was distilled and stored in
closed containers which preciuded the possibility of radiocactive contamination. It is also pos-
sible that indoctrination of the American group as to the inhalation hazard and perhaps their
more adequate shelter was responsible for the lower am. unt of internal centamination re-
ceived. Radioanilysis of urine samples of the Japanese fishermen, who were exposed to the
same fallout, indicated that they had received approximatlely 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,

5.6 CONCLUSION

The degree of internal radiation hazard was too low to have contributed significantly to the
acute radiation syndrome observed. Efforts to correlate individual body burdens with their
clinica) or hematological findings (platelet and white blood cell levels) were unsuccessful. Due
{o the ability of the skeletal system to concentrate fission products, any injury to the body {rom
these internal emitters would most likely be determined by the radiation effect on the bone.
The concentration and type of internal radioactive contaminants, however, minimize the proba-
bility of any significant long term effects from the internal radiation.

The possibility of synergistic effects from the combined exposure to external and near
tolerunce 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 e, gm) in addition to high external doses, The only suggestion of such a combined ef-
fect in this 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 8

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 personnel
should be designated by name; minimal clinical and research procedures considered essential
should be established and necessary equipment should be stockpiled.

2. It is recommended that steps be taken to obtain additional data in the labora!ory in the
following categories:

(a) The hematological response of large animals, and preferably man, exposed to radiation
producing the depth-dose curve seen with fallout gamma radiation from a plane field. Data well
beyond the usual 30-day period, and preferably for at least a year after exposure, are neces-
sary.

{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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