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LEGAL NOTICE

, This report was prepared as an 2 :count
of Government sponsored work. Neither the
United States, nor the Commission, nor any
person acting on behalf of the Commission:

A. Makes any warranty or representa-
tion, express or implied, with respect to the
accuracy, completeness, or usefulness of the
information contained in this report, or that
the use of any information, apparatus, meth-
od, or process disclosed in this report may
not infringe privately owned rights; or

B. Assumes any liabilities with respect
to the use of, or for damages resulting from
the use of any information, apparatus, meth-
od, or process disclosed in this report.

As used in the above, “person acting on
f behalf of the Commission” includes any em-
§ DPloyee or contractor of the Commission to
., the extent that such employee or contractor
i prepares, handles or distributes, or provides
P access to, any information pursuant to his
" employment or contract with the Commis-
sion.
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Ox Manm 1. 1954, an experimental thermo-
nuclear device was exploded at the U". 8. Atomic
Energy Commission’'s FEniwetok Proving
(Girounds in the Marshail Isilands. rollowing
the detonation, unexpected changes in the wind
structure depoeited radioactive materials on
inhabited atolls and on ships of Jcint Task
Force #7, which was conducting the testa.
Radiation surveys of the areas revealed injuri-
ous radiation levels; therefore, evacuation was
ordered, and was carried out as quickly as pos-
sible with the facilities available to the Task
Force.

Although the calculated accumulated doses to
the exposed human beings were believed to be
well below levels that would produce serious
injury or any mortality, the ('ommander of the
Task Force requested the Department of De-
fense and the U. S. Atomic Energy Commis-
sion to organize a medical team to provide the
best possible care of the exposed persons and to
make a medical study of the exposures.

Responsibility for organization of the medi-
cal team was shared by the Armed Forces Spe-
cial Weapons Project, Department of Defense,
and the Division of Biology and Medicine, U. S.
Atoniic Energy (ommission.  Experienced
professional and technical personnel were im-
medintely nvailable from the Naval Medical Re-
search Institute and the 1. 8. Naval Radiologi-
cal Defense Laboratory. Since speed was es-
sential in the orgunization and transport of the
medical team to the mid-Pacific area, the as-
sistance of the Medical Department of the Navy
was requested. and was promptly received from
the Surgeon General,

A\ team was organized fron personnel of the
two Navy laboratories and representatives of the
AEC Division of Biology and Medicine and the
Armed Forces Special Weapons Project.  The
team was air lifted to the Marshall I-iands,
arriving on the eighth day after the explosion.

Interim care and study had been capably
handled by the small medical department of the
U. S. Naval Station, Kwajalein, Marshall Is-
lands The commander of the maval station had
arranged living facilities for the exposed Mar-
shallese, and installed laboratory and clinical
facilities as requested immediately upon arrival
of the medical team.

~ Full cooperation and support from all agen-
cies in the field enabled the medical team to
operate at maximum efficiency, so that the de-
gree of radiation injury could be assessed
quickly, and sppropriate care and study of the
injured could be instituted without delay. All
of the cxposed individuals have recovered from
the immediate effects without serious sequelae.
Nevertheless it is planned to evaluate the
medical and genetic status of the group at ap-
propriate intervals with a view to learning
what if any of the known late effects of radia-
tion exposure may he observed. Obviously and
indeed fortunately the number of persons re-
ceiving 75 roentgens exposure and greater is
too small to muke it possible to determine with
any degree of accuracy the effect on life span.

In addition to providing medical care for
these persons, the tea:n accumulated a large
body of scientific observations on radiation in-
jury in human beings. The initial data have
been supplemented by field resurveys 6, and 24
months after the originai investigation.

The results of this work are summarized in
the present volume. The data which were ob-
tained substantially increase the fundamental
knowledge of radiation injury and the medical
capability of caring for persons expoed to
large doses of radiation.

Crarres [ Dusuas, M. D, Director,
Division of Biology and Medicine,
U, S, Atomic Energy Commission,
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Preface and Acknowledgments

Tue Unoexraxing of the care and study of the
human beings accidentally exposed to fallout
radiation following the March 1, 1954, nuclear
test detonation in the Pacific represented the
first instance in which study of a large group
of irradiated human beings was possible soon
after exposure. Although the physical esti-
mates of dowe received by the individuals ex-
posed to fallout radiation were thought to be
sublethal, precise knowledge of the relative
sensitivity of human beings to penetrating ion-
izing radiation was lacking. Accordingly, in
addition to the initial medical team, provisions
were made for a second echelon of specialized
personnel in case they were needed. A pre-
ventative medicine unit of the ('ommander-in-
Chief, Pacific fleet, was alerted for possible bac-
teriological studies: blood bank personnel, and
additional clinicians and nurses were notified
in case conditions justified their services in the
Kwajalein area. Rear Admiral Bartholomew
Hogan, MC, USN, Pacific Fleet Medical Offi-
cer,® promised full support of ull the medical
facilities of the Pacific Fleet were they deemed
necessary. With the preceeding planning it
was felt that any medical problem, regardless
of the severity, could be promptly and ade-
quately handled in the iield.

The personnel for the team were obtained
within the continental limits of the United
States from the Nuval Medical Research In-
stitute and the United States Naval Radiologi-
cal Defense Laboratory. From the former, four
medical officers, E. P’. Cronkite, R. A. Conard,
N. R. Shuiman, and R. S. Farr were obtained.
Two Medical Service Corps officers, W. H.
Chapman and Robert Sharp, were also ob-
tained from the same institution. I[n addition,
six enhisted men, (. R. Sipe, HM(', USN; P,
K. Schork, HMC, USN ;¢ P AL Strome, HMC,
USN: WL Clutter, HM, 1, (' R. E. Hansell,

*Now Nurgeon General, U 8 Navy.

1y

HM 1. C: and J. S. Hamby, HM, 2,C were
provided. From the United States Naval Ra-
diological Defense Iaboratory, one civilian
physician, Doctor V. P. Bond: one medicsl
service corpe officer, [t. Com. L. J. Smith; and
four enlisted men, W. H. Gibbs, HMC, USN;
J. C. Hendrie, HM, 1/C; W. S. Argonza, HM,
2,("; and J. Flannagan, HM, were supplied.
The Division of Biology and Medicine, Atomic
Fnergy Commiseion, sent two civilian physi-
cians, Dr. (. I. Dunham then Chief of the
Medical Branch and Dr. G. V. LeRoy, Con-
sultant and Special Representative of the Di-
rector of the Division. The Armed Forces Spe-
cial Weapons Project supplied one Army medi-
cal officer, [4. Col. L. E. Browning, MC, USA.
All personnel were experienced in the study
of radiation injury.

The preliminary studies performed by the
Medical Department of the Naval Station at
Kwajalein were under the direction of Com-
mander W. S. Hall, MC, USN, the station
medical officer and his small staff who are to
be commended for an excellent job.

Upon arrival of the medical team, it became
quite evident that, because of the large numbers
of radiation casunlties and the huge amount of
work involved in collecting data, that primary
responsibilities for various phases of the study
would have to be delegated in order to obtain
the necessary information for biological assay
of the degree of injury. In the initial phase,
hemuatological surveys and establishment of
clinical records on each individual were empha-
sized. Dr. V. P. Bond organized and ana-
Ivzed the results of the daily blood studies. Lit.
N. R. Shulman, M, USN, with the capable
assistance of Mr. John Tobin, anthropologist of
the Trust Territory, and Kathleen Emil, Mar-
shallese nurse, as interpreters, undertook the
establishment of medical histories and initial
physical examinations.  As the clinical picture

anf
i
im0

of

M(
for
det
the
wa
tic
the
ate
ra
1

tol

ur
Cco

to
(V

il

-
-

T Ty )



-

o

PREFACT AND ACKNOWLEDGMENTA v

anfolded, daily sick call and care of the radia-
tion lasions were carried out by Ductor Xhul-
nan almg iinen deckied in general conference
of the entire group. When epilation and skin
lewions appeared, Cormander R A, Conand,
MC, USN, was assignedd primary responsibility
for documentation of the onset, incidence, and
detailed deacription of the «kin lesion. During
the tield phase, [£. Robert Sharp, MSC, USN,
was given the responsibility for decontamina-
tion und collection of data from all sources on
the radiation intensities of the contaminated
atolls and the calculation of probeble doves of
radiation received. Paul K. Schork. HMC,
U"SN, was in charge of the Hematology Labora-
tory. The services of Doctor S. H. ("'ohn were
requested, and made available by USNRDL to
undertake a field study of the degree of internul
contamination, in addition to the studies that
were to be performed on urine samples returned
to the T.os Alamos Scientific Laboratory, New
York Operations Office of the Atomic Energy
Commission, and the USNRDL.

The authors wish to express their gratitude
and indebtedne~s in particular to Dector John
C'. Bugher, then Director of the Division of
Biology and Medicine, Atomic Energy (‘om-
mission, who came to the forward area and was
nlways available for counsel. In addition Cap-
tain Van Tipton, MC, USN, Director of Atomic
Defense Division of the Bureau of Medicine
and Surgery. Departivent of the Navy: Com-
mander Harry Etter, MC', USN: Captain W, E,
Kellum, MC, USN tund Captain T. L. Willmon,
Commanding and Executive Officers respec-
tively of the Navnl Medical Resenrch [Insti-
tute: Captain R. \. Hinners, UUSN, Director
USNRDL. and Captain A, R. Behnke, M(',
SN, Associnte Director NRDL: gave unlim-
ited support and reduced administrative pro-
cedures to a bare minimuni. thus making it pos-
~ible for the unit to be assembled and underway
i a matter of hours, .

Upon arrival at Kwajalein, Rear Admiral
R.S. Clarke. USN, Commanding Officer {United
States Naval Station, Kwajnlein, supported the
project with all of the facilities at his disposal.
As nresult. a luboratory and clinie was estab.

lished and operating within 24 hours after ar-
rival of the medical team.

In addition, we wish to acknow ledge the out-
uanding contributions of Col. (. S, Maupin,
MO, USA, Freld Conmuand Armed Forces Spe-
cinl Wernpons Project : Capain H. H. Haight,
MO, USN, Iivision of Military Applieation,
Atomic Energy Commimssion: Dr. (3ordon un-
ning, Pivision of Biology and Medicine, Atomic
Energy Commision: and Dr. H. Scoville of
Armed Forces Special Weapons Project who in
addition to their primary duties, collected ex-
tensive data in the field on the radiation intensi-
ties of the atolls and kindly furaished this ma-
terial to the project personnel. Drs. T. L. Ship-
man, Thomas White,* and Payne Harris of the
[os Alamos Scientific Taboratory kindly fur-
nished very valusble data on urinary excretion
of radionuclides. The early studies of the [os
Alamos group in particular contributed sig-
nificantly to the information on the degree and
nature of internal deposition of short lived
radionuclides. Dr. (i. V. [LeRoy, Associate
Dean, School of Biological Sciences, University
of Chicago. participated in the early phase of
the study as a consultant to the Medical Giroup.

The authors of Chapter I are particularly in-
debted to Pr. (*. 5. Cook and the Nuclenr Radia-
tion Branch at the Navy Radiological Defennse
Laboratory for information on energy distri-
bution of the gnmma radiation.  ata on radio-
chemical and rudioactive decay rates were sup-
plied by Dr. (. F. Miller and the Chemical
Technology Division of USNRDL and Dr. R.
W. Spense of Lox Alamos Scientific Laboratory.

In colle *ing data on the <kin lesions, the
help of Billiet Edmond, Marshallese wchool
tencher for the Rongelap group 1o interpreta.
tion was invaluable. Mixa Patricia Roan of
USNRDI. prepared the histologic prepara-
tions of the skin biopsies and Mr. William Mur-
ray and (jeorge Needum of USNRDI, and
C. P. A Strome, HMC, USN, Naval Medical
Research Institute performed the excellent
color photography.

In preparation of the materinl and writing of
Chapter V, the authors are indebted to Miss (.

* Drevaned.




——

vi FREFACE AND ACENOWLIDGMEKTS

Jones of USNRIN. who prencred the sutars-
diographs of the thaues. In addition, Dr. W. P.
Norrm of Argonne National Laboratory made
autagraphe of specific tissuen. [r. Rachael
Reed of USNRIN, performed the microncopic
pathological studies of the tissues from the ani-
mals in whom radiocisntopes were deponited in-
ternally. I4. Col. R. J. Veenstra, VC, U, N,
Army, was in charge of the care of all the ex-
perimental rnimals collected in the field and re-
turned te the United States Naval Radiological
Defense Laboratory. Dr. E. R. Thompkins
made the facilities of the chemical technology
division of the USNRDIL available and pro-
vided technical advice on the radiochemical
aspects of the project.

The continuous help and cooperation of the
Trust Territory representatives in particular,
Mr. Maynard Neass, District Administrator of
Majuro Atoll and their aid in obtaining the
necessary control data on Marshallese inhabi-
tants was indispensable to the success of this
atudy. Particular help was obtained from Mr.
John Tobin, the district anthropologist, whose
knowledge of the Marshallese language and
habits, in addition to services as an interpreter,
were invaluable.

The initial measurements on skin and cloth-
ing contamination were made by Lt. J. N
Thompson, MC, USN. of V. P. 29 Squadron.
We are indebted to him for furnishing his rec-
ords on the contaminated individunls and the

initial decontamination that was performed by

his group.

The care and the study of these human beings
would not have been successful unless the
Marshallese had accepted the importance of
their being under careful medical observation
and of gathering medical data. At all times
these peaple were most pleasant, cooperative
and actively participated in the project. In
particular the project officer wishes to express
thanks to the Magistrates of the groups, to the
Marshallese health aids, school teachers. and
nurees.

It ix quite impomnible to acknowlnige the
smmtance of the numerous 1ndividuals in van-
ous agencien who awisted in collect 'n of data
and editing of the various chapters. Tle Pre-
ject Officer wishes to commend all of the pro-
fessional and technical members of the group
for their excellent motivation, initiative, and
voluntary long hours of extra work that were
essential for the accomplishment of the clinical
and research objectives and the rapid collection
of the preliminary data in the field. It is
quite evident that the entire study of the ex-
posed individuals was a cooperative endeavor
involving numerous activities, and that it would
have been impossible except for the splendid
spirit of unseltish cooperation by all concerned.
The fine team work of the group itself made
it possible for realistic daily reports on all of
the nbove phases to be forwarded daily to re-

“sponsible agenciex and thus keep authorities

informed of the course and severity of events
following this untoward and unavoidable acci-
dent.

Upon completion of the initial phase of the
study, primary responsibility for writing re-
ports on the variouse phases was delegated as
follows: (. \. Soudhaus, dosimetry: N. R.
Shulman, clinieal course and care; R, \. Con-
ard, skin lesions: V' . Bond, hematology: 8.
H. Cohn, internal deposition.

The tinal publication of this monograph on
human radiation injury represents the comple-
tion of the finest in cooperation and team work
of a diverse group who willingly sacrificed
personal ambitions and desires for the good
of the project at large. It was a distinet privi-
lege to be chosen to direct the medical team,
n real pleasure to odit and integrate the sepa-
rate reports and hnally realize their fruition
as a homogeneous monograph.

E. P CroxxiTe, M. D,

Medical Department.
Brookhaven National Laboratory,
1"pton, New York.
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Radiation Characteristics of the Fallout Material and the
Determination of the Dose of Radiation

C. A. SoxpEAUS
Roszxr Suaze, 14, (jg) ¥SC USN
V. P. Boxp, M. Db, PL. DD
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1.1 Nature of the Event and Dexcription of the Exposed Groups

Frusowing e Deroxanios of a nuclesr de-
viee ot the Pacitie Proving gwwend in the Snewns
of 1934, ugmifieant amounts of radisctive ma
terial fell on neighhoring populated atoll.
The Marshallese inhabitants of Rongelap atoll
(desygmates] as Group 1) received the lnghest
calculated dive of radiation. Some of the
Rongelap people were located temporarily on
Ailinginae atoll from the time of the fallout
until they were evacuated (Group 11). ‘Their
calculated dose was smaller than that of the
other members of the parent group. The
American service men (Group I11) were lo-
cated on Rongerik atoll. The Iargest group of
Marshallese (Group I1V) were located on Utirik
atoll and received the smallest dove. The Mar-
shallese were living under relatively primitive
conditions in lightly constructed palm houses
(Fig. 1.1).

The American military personnel had the
second highest exposure. They were more
aware of the signiticance of the fallout than
were the Marshallese, and promptly put on ad-
ditional clothing to protect their skin. As far

a duties woukd permit, they remainedt inswde of

| JE R 3
X R TIR N o Y

...... seev v  ¥pg 1300
Marchallee remained out of dowes aned thus
were more heavily contanunates) by the ma
terinl falling on the atolis.  Some of the
Marshallewe, however, went swimming during
the fallout and many of the chikiren saded 10
the water, thus washing a considerable amount
of the material from their skin.

The expowed pervonnel were evacuatel to
Kwajalein by air and surface transportation.
Since a survey of all individuais showed that
there was significant contamination of skin. hair
and clothex, prompt decontamination was in-
situted. Clothes were removed and laundered
amd repested washings of the skin and hair
with fresh water and soap were carried out. In
many of the Marshallewe, it was dificult to wash

the radiomctive material from the hair because

of the heavy coconut-oil hair dressing.

The exposure groups with individuals in-
volved, the rakeulated doses of radiation, the
probmble times of beginning of the fatiout and
the evacuation times are given in Table 1.1

Table 1.1 —Exposed, and Coatrol Usexposed Groups

Torar 'l’lll e (0w
tinore Demananos Nt wags NENCRMENT OF
In timnes ) ;

Faruny

Gronp I — Rongelap a4 H+ 4108
hrs.

Group 1l — Ailinginae 1R H+ 4108
hrs.

Group I1I. — Rongenk 28 H + 68 hre

Group IV. - Uunk 157 H + 22 hm

Marshallese, Control n7v

Group A
Americans. Control Kwa- 108

Jalein- American

Resy o
. . HATR 1
Tiug 00 Evacrvanos Il“-'l'».l:.l.):ﬂ..'.'A-I::.f “T:::".
LATHINS Ironm 18
A (1)
H « 50hm 16 peopley I5S5mrum H + 7 175
H - 31 hr 4% people) days
H - 58 he 10 mrhm H + 9 "
day=
H + 285hm (8 men) 2% mrhea . H + 9 bt}
H + 34 brs. (20 men days
Started st H + 55 hm. mrhs. . H + 8 13
Completedat H - 7R hm day«

Total Exposed 267 Total Controln 222
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EVENT AND DERCRIPTION OF EXPOSED GAROUPA 5

1.2 Whole Body Gamma Doses

Tur Famuaven Vasi sn of externai dowe given
in Table 1.1 were cakeniated from readings of
rrdineinn 8000 SiVey inmirunmenin T Averages
of a number of dove rate measurements on ench
inland ai a given time were wasl. The read-
ings were taken in air, approximately three
feet above ground, several dayx after the inhab-

carrted out, ner was s operating condinion
known to be satisfactory under (e emergency
condition prevailing at the time of we  For
these reasons the later readinem. which wee=
higher than the early survey by an avernge of
M) pervent when corrected to the same timen,
were ured In computing the dowes litedd.  The
intruments used for the later messurements
were calibrated just prior to the surveys.
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Fiavee 1.2—Distribution of inherent eacrgres of yamema radiation from mised
flasion products, and histogram of degraded energics produced by Compton
acattering at lercl of infinite planc 3 fect in awr abore uniformly-distriduted

filamion products feld.

tants were evacuated. Before this time, ade-
quate surveys with well exlibrated instruments
had not been possible, although readings had
been takon with a <ingle survey meter at the
tine However, prelinnnary
calibration of this instrument had not been

of  evacuation.

SArmn Navy cutador AN PDIR

1.21 Characteristics of the Gamma Radiation

The fallont muterial, when deposited on the
ground, formed u lurge planar source of radia-
tion.  The energy distribution of the radistion
reaching an exposed individual was intfhhenced
by its passage thirough the intervenming mir. A
knowledge of the energy spesctrnm of the m.




6 EFFECTS OF [UNIZING

diation a» 1t emanated from the material itwelf
made promible an approximate calculation of
the necmnrtiii of imal doee deliversd i ench
of weveral energy regrons.  Such n caleulatiom,
g spect et ric data on the soure material
of mixed timeon prosticts vl taling into ac-
count thin energy degradation by Compton swat-
tering along the path in air, (1) lel to the
dowe-eneryy histogram shown in Figure 1.2
Roughly there were three regions, with max-
ima at 100, 500 and 1500 KEV. The total ex-
powure was thux the resultant effect of partial
dovws from ench energy region, making the ex-
powure energy condition signitieantly ditferent
from those of radiation therapy or experimental
radiobiology.

‘The duta in Figure 1.2 are base! on the spec-
trum of 4 duy old tission products from a fall-
out sumple.  In the atmence of other data, this
was taken as representative of the fallout on
ull of the islands to which the individuals were
exposed.  An energy correction factor for the
rudintion mensuring instroment was cnleulated
by weighting the dose from ench energy inter-
vl by an avernge meter response factor for
that energy (2). .\ geometry correction factor
wis also caleulated. The total correction result-
ing from this procedure was found to be aubout
twenty percent,

Using this correction, the dose mtes on the
tslands nt the time of ~urvey were determined.
Stnee radionetive decay of the tission products
had occurred between the start of the exposure
and this time, it was necessary to obtain a value
for this decay rate during the exposure period
in order to calculate a totnl dose in ench ense.
A large number of mdioisotopes are present in
varying proportions in the ission produoct mix-
ture, and the total rate of change of radiation
mtensity resulting from them may ditfer some-
what with place and time. The best dnta avail-
able an this case came from fullout sumples
taken soon after the detonation at points some
Decay
rates of these swples were mensured 1 the

distance from the contwminnted atolls.

field and e the aiboratory, and a fuirly con-

sistent pattern was olmervesd ameng varions lo-

RADIATION

cations and samples.  In addition. theoretical
considerations heasml an tha redineheDiodl | cue-
pemition of the fallont mizture permitted ¢ eay
raten to be cabculated for different 'nterva.s be-
tween the time of inttial expumure and later sur-
vey rendings (3). Thewe agree well with the
experiments] data, and were usedt bth in the
dowe culculations during the expomure intervals
und in extrapolating the later survey readings
to earlier times,

1.22 Duration of the Exposures

The time of evacuation is known accurately
for all the islamds ; however, the time of arrival
of the eadionctive clond was determined pre-
cisely only for Rongerik by means of a continu-
ously recording dose rate monitor loeated at the
wenther station on that atell.  As the radiation
intensity rose above the background, n material
with a nusty appearance began to full.  The
times of beginning of fallout for Rongelap and
Ailinginae atolls were estimated from similar
visual observations. These estimutes were con-
sistent with the relative distances from the site
of detonation and the known wind velocities,
Fallout was not observed on Utirik. hence the
estimate of arrival time was made on the basis
of wind velocity and distance.

Two extreme possibilities exist relative to the
duration of the fallont~: the tirst, that the fall-
ont oecurred entively within a short time; the
second, that it was gradunl and extended over a
longer perid. The monitoring instrument on
Rongerik went off scale at 100 mr hr, one-half
hour after the dose rate began to rise above
buckground.  If this rate of increase is tuken as
constant. and s extrapolated to a point for
which sabsequent decay would reduce the dose
rite to the values found at later times. the as-
sumption of a long fallour of about 16 hours s
found to be necessary.  This <low rate of fall
and lute maximum time of dose rate was one
limiting ense: however this tuation was net
considered hikely. Existing duta are inconclu-
~tve, but several mdications favor a <horter
“etfective fallout time hypothesi=™ and are sum
marized helow,
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a. The estimated durations of fallout which
irsuti from the atove extrapolation of inital
fallout rate for Group | and 111 appesr too
long to have orcurred at the distances of
these people from the shot mland. sinee the
wind velocity in the arva was tugh enough
to move the cloud over the islanda In »
considerabl> shorter time, as little as one-
half of the above indicated time.

b. The accounts of the visibility of the fallouts,

although conflicting, do not indicate such
late cessation.

c. Doses calculated on a long fallout constant

rate of increase hypothesis are lower than
those dur to a short fallout, since a short
fallout quickly deposits a large amount of
activity. For both & 16 hour and 8 hour
fallout assumption, a dose value was esti-
mated.  The ranges are then as follows:

Table 1.2

Doeg N T

Lew atton Fartor ¢ Ting

LY 14 LX U
Rongelap (Group D 159 r 200 ¢
Athinginae (Group 1 2r 92 r
Rongenk (Group 11D Or 106 r
Utink (Geroup TV 12r 15r

On Rongernik (Group 11D a set of film badge
readings were obtamed which constirute the
only direet evidenee of total dose. Several
badges worn both outdeors and mside hghtly
constructed  buildings pn the island read
about 50 to 65 r. and one badge which re-
mained outdoors over the 255 hour perind
read 98 v Another group of badges. Kkept
indoors inside a steel refrigerator. resd 3% r
These dose values represent a vanety of
conditions. but, consaiderning  the <hielding
and attenuation factors, are consistent with
the assumption that the dose outside during
the first 255 hours after the beginmng of
the fallout corresponded to abont 12 houes
of constant falloat

-
¢

d. For Utk atall Cionoce 1V 000 a inibout
time of about 12 hours of lemm 10 conmstent
with the later dose rates obarrved. provided
the fallout actually began aa late sa wes
catimated from wind and distance {actors

e. .\ long fallout probably would not be um-
formiy heavy throughout, the fimt portion
being the muost intense and the balance de-
creasing with time.  The total phenomenon
would thus tend towarnd the effect of s
shorter fallout. This is supported by mom-
tor data from other nuclear events, where
initinlly heavy fallout is reported to produce
a peak of air-borne radioactivity soon after
arrival, with the sirborne activity level then
decreasing.  The latter pert of the fallout;
though still detectable as dust, may then
produce only a small fraction of the total
dose from material on the ground. Hence
the total dose may be estimated fairly ac-
curately by ussuming a constant fallout to
have been complete in & much shorter
“effective’” time.

The dose values given in Table 1.1, based on
tfilm badge, meter and monitor data, wre con-
ststent with a constant falloat hypothesis of
nbout 12 hours effective time® 7/ Ine exception
i~ made : the dose values for Grroup 111 are about
75 percent of the 12 hour fallout value, nveraged
for 250 and 34 hour exposures. This was felt
to express most accurately the average wir dose
received by personnel who spent roughly half
thetr time inside <tructures where the dose rate
was bnter found to be roughly half that out.
doors. On the other ishinds such shielding was
not svailnble.

Frgure 130 ilHustrates the cummublation of
radintion dose as i function of time after deto-
mation.  The dose rate vared continuousdy.
The major portion of rdintion was received at
the lngher dose rate previnbing in the early por.
tion of the exposure periwd. By the time that

"lsing 12 honrs nctually pesartta on values which are
hecher thun those of Tabte 11 by 2o 11 7, Tuble 11
sty the vabnes cadeninted Ywefoae nil spes tram ol
wis nvababbe b ocertioniy i sl the infotinatoog ge

groeater tham e (ifferenoe whin bos heglecteel
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90 percent of the dosr had been received. the
dn.nhbdhllnmlnthnnwpemud
fo= initial valin. Thum the dose rate atso dif-

fored from the ussal mastant rate in the
labarstory.

EPYRCTS OF NONTYITNG RABDIATION

the done at the center of the budy in approsi-
mately 50 perceet higher than would resmi
from a given air dose with narrow bean: grom-
etry. Figure 1.4 illusirates the depth dose
curve from an esperimental mtustion using

1

T+ 1

8

TOTAL DOBE N AIR (r)
i

»
(=]

ol JE 1

L

L1 d. 1L 1 1

[+] [{+] 20

30

TIME AFTER w-MOUR (WR)

Fiot' g 1.4—TAe acrumulation of geamma dose as @ function of time after
rommoenrement of fallout on Romgelap atold.

1.2} Geometry of the Exposure

In addition to the dose rate and energy dif-
ferences the geometry of the exposure to fall-
out radiation is sighiticantly different from the
usual laboratory sources. Since fallout radia-
tion is delivered from a planar source the usual
narrow beam geometry Is not applicable. In
such a diffuse 360° tield, the decrease of dowe
with depth in tissue is less pronounced than
that resulting from u bilateral exposure to an
X ray heam becuuse falloff from inv rve square
15 1n effect neutrulized. For the sani. ~nergy,

spherically .r'ented (‘o* sources with x phan-
tom placed at their center, compared with a
conventional bilateral depth dose curve ob-
tained with a single source (4). In the latter
case, the air dose is usually measured at the
point subsequently occupied by the center of
the proximal surface of the patient or animal
with respect to the source. For the tield cave,
all surfaces are “proximal,” in the sense that
the nir dose measured anywhere in the space
subsequently occupied by the individual is the
samre. It is thizs air dowe which v measured
by a field instrument ; 1t dues not bear the same
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relationship to the surface dose and depth dose
08 dess the sir duss messnved i o “Twvivt snurt”

source” bram air dosss with comperable bis-

1jin cleci sre cOIsINed

beam in the chmic or lsberatory. It would Rongelap, Girewp 1o .. 80
appear under these circumstances and in most Ailinginee, Growp 11 _______ o
experimontal conditions that the midline dows, Rongenk, Girowp 111 ______ 12
rathee than dose measured in air, would be the Utink, Growp IV___ _______ o
00
| J
| ]
! ' ow DIPOBUNE,
s MANY SOURCES 139
B 7
[ 1
|
g ] M0 198
®
4
‘ T
SILATERAL EXPOSURE,
L OIVERSING SOURCE ”»% L
o ]
0 S 0 18 20 23 %0 *
CH MASONITE

DEPTH DOSE DISTRIBUTION IN CYLINDRICAL PHANTOM, CO® FACILITY, (NMR1)

Flatvag 1.&—Compearison of depth dose rurver in maaomile phanioms from
bdilateral e2posnre to e single point sourre, and simuitaneuns erposure to
multiple 20urcea with @ spherical distrnidution eround the phantom.

better common parameter in terms of which to
predict biological effect. On this assumption,
the nir dose values stated in Table 1.1 should be
muitiplied by approximately 1.5 in order to
compare their etfects to those of a given air
dose from a “point source” heam geometry de-
livered bilaterally. If this isx done, amuming
a fallout of 12 hours, the following *“point
N0 3

The geome’ry of radiation from s fallout tield
i8 not identical either to the geometry of bi-
lateral point sources or spherically distributed
sources since the plane source delivers the radia-
tion largely at s ygrazing angle. However, the
total iield mituation 18 better approzimated by
wolid than by plane geometry. Ezposure geom-
etry in s radioactive cloud would be sphencal.
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1.3 Soperfivist Doses of Radiation
From Beta and Soft Gammma
Radiac

Tuene (Cax Be no doubn that the dones of radia-
tion to the surface and the first few millimeters
of the tuniy were substantially higher than the
mid-line dose of gamma radiation as a result of
physical considerations of gamma energy and
depth dase. In addition, the clinical observa-
tions of the skin lesions (see Chap. 111) force-
fully demonstrated that the dose to the skin
varied considerably between individuals and
over the surface of any given individual. As
will become evident in the following discussions
of surface dose, it is obvious that any numbers
presented are at best only estimates and repre-
sent an approgimation of some minimal value.
In areas where lesions were severe the doses
must have heen significantly higher than in non-
damaged areas.

To arrive at some physical estimate of the
skin dowe, an attempt must be made to add up
the contributions of the high energy gamma,
the very soft gamma. und the higher energy beta
radiation from the large planar source in which
the individuals were of necessity existing.
However, ax alluded to above and emphasized
in Chapter I, the largest component of skin
irradiation resulted from the spotty local de-
posits of fallout material on exposed surfaces
of the body. The dose from deposited material
I8 impassible to etimnte: however, that from
the large planar source may be ronghly esti-
mated ax follows:

The beta dose rate in air 3 feet above the
surface of an infinite plane contaminated with
mixed 24 hour old fission products is estimated
to be about three times the total air gamma dose,
The mud-line gamma dove is approximately 80
percent of the air dose remaining after exclud-
ing that portion of the dowe below = KV.
This portion in turn 18 estimated to be 30 per-
cent of the gamma dowe measured in wir by the
strument.  Thus the doe at the surface of
phantom  expomest to onxed fismion  product
radintion from an external plane soury nnght

he suvertest tn he R (AR 18R ne abrwet B timeme
the mid - line dewe, if hoth are taken at 3 feet off
the ground. Such a depth dome measurement
has in fact been made experimentally at a previ-
oun tent, using a phantom man exprowed to both
the initin} and residual radiation (5). The
depth doven for each situstion are shown in
Figure 1.5, with all data as pervent of the 3 centi-
meter dose. With the diverging initial radis-
tion from the point of explosion. the exit dome
was neen to be 63 percent of the 3 cm. dose, bat
with the diffuse residual field of fission products
providing a semi-infinite planar source, s sur-
face dose some 8 times greater than the 3em. and
deeper doee from the harder gamma components
was observed. This is seen to be of the same
order of magnitude as that estimated above.
At heights above and below the 3 foot level this
surface dose would become lower and higher
respectively, but since it is due to soft radiation
of short range, it probably would not exceed 50
tinies the 3 foot air gamma dose or 80 times the
midline dowe, even in contact with the ground.
Anestimate of skin dose due to ground contami-
nation for the Rongelap case would result, for
example, in a tigure of about 2,000 rep at the
level of the dorsum of the foot, 600 rep at the hip
level and 30 rep at the head if continuous e
posure with no shielding occurred. U'nknown
variation in dose undoubtedly resulted from
shielding and movement. [t thus seems prob-
able that the external beta dore from local direct
skin contamination far outweighed that from
the ground in importance, since the latter was
not high enough to produce the observed lesions.
Clothing probably reduced the beta dowe from
the ground by 10 to 20 percent.

1.4 Summary

Ravtamion Dones from gamma rays originating
externally were caleulated for the 267 individu-
als who were accidentally exponed to fallout
following the nuclear detonation at the Pacific
Proving Ground in the Spring of 19534, The
e extimations were nade using mfurmlnqm
resulting from radiokyicnl wfety <urveys on
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Fotne 1.5—Compariaon of depth doae curvix it 1 masonite phantom man,
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a planar fleld ol fisgron products diposited on sl after an c2pe imental

nuclear detonation,

the utolls, and spectrometric and radiochemical
datu.  The actual duration of the radioactive
fallouts was not known, and the values for
length of expomure were subje t 1o uncertaimt ies
i the Dmes ut which the fattouts begun. A
range of poseible whole body gamma doses
wais caleulated, and the values considersd to te
et probuble are presented. Diffuse geometry

from the semi-intimite planar sonrce wax be-
heved to inerease the tiological effect of the
whole body dome exprvseed as an nir dose, com-
pured in the geometty of the usual X ruy ex
posure. Soft gamine wid beta radiation from
fallout on the ground and esgecinlly on the
~ln tself resadted a4 superticind dese whineh

wis hrh enongebe e vl L e Ro yuna-




—

. —— e

Chapter 11
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21 Introductim

Woun Tue Esrvams grvsps wwee tire wen ot
Kwajulven after evorustion from ther netive
atulln, the ameunt of radistron they had re
cvived was net known with certainty. It wes
known, however, from instrumest resdings
talew ot the nites of the fallowt and from memi-
tering all individualn, that a significant asea:d
of peastrating irradiation to the entire body
had bern received and that extensive contamina-
tion of the skin and possible internsl deposi-
tien of radissctive materials had oorurred. The
nature of the irradiating material and the cir-
cumntances of exposure prevented a precise
evaluation of dwage (sre introduction). Even
if the precior dose had bren kmown it would
nat have bern possible to predict the biological
effects since the quantitative response of man
is not kmown. Acrordingly, a complete medics!
history and physical examination was obtained
w ecach individual and numerous follow-up
examinations were carried out. In additiun,
routine sick-call was held twice daily and in-
spevtion of the dkin of all individuals wax made
st frequent intervals. Medical care wax avail-
able at all timew. Hompital facilities were avail-
able at the Kwajalein Naval Dispensary. and
support by the more extensive medical facilities
of the U S, Pacitic Fleet had bren promised
if needed.

From descriptions of the amount of fallout
material and from radicsctivity measurements,
it wax apparent that Group 1 ( Rongelap) had
received the highest dosexs of radiation, Group
Il (\ilinginse) and Group 111 (Americans)
an intermediate amount and Group IV (1 tink)
the least.  From physical dosimetry it was later
estimated that Group 1 had received approxi-
mately 175 r of gamms radiation: Group 11,
6 r: Group 1L, T r: and Group IV, 14 1.
The nwst -erious clinical and laborstory wmani-
festations of irradiation appesred in Groap |
and 1. The only abnormalities that could be
attributed with certainty to irradiation were

shin lemons, epelntion, gransiersingram sad
thromborviopenis. The din rmeons wore flowt
obues vod et ween the 12th and 1 0th pat-c1pn-
wre days. Thewe lewions were mont pevvelent
in Giroups | and 11 but were present 1o » shghs
extent in Growp 111, DDetails of the shin symp-
tomm and lenions and their treatment are ro-
ported ia Chapter 3. lietails of hematolog>
studive are prevented in (hapter IV. (irane-
keytopenia and thromborytoprnia of merbed
degree developed in many individuals of (i rmeps
1 and [1 and was of suficient severity to war-
rant serious consideration of prophylactic and
therapeutic messures for pntential sequreise of
theve cellular deficioncien.

In view of the conflicting opinions showt the
value of prophylactic amd therapeatic messsres
such as antibiticn and whole blamd tram fusions
in the treatment of radistion divease (1-3), 1t
wan decided that therapy woukl be instituted
only as indicated clinically for specifir condi-
tions as they arvme.  In order to determine the
eflect of the internal depanition of radicective
material on the courwe of the externally indured
radistion injury, it was necewary to determine
the degree of internal radioactive contamina-
tion. Dietails of the measurement of internal
depimition of radionuclidex are consudered n
Chapter V. It is sufficient to state here that the
contribution  from  the internally  depositesd
radionuchides 1o the total acute doe was
msignithicant.

2.2 Symptoms and Signs Reclated to
Radiation Injury

Sevenan SYurmous Tuat developed duning the
it two days coukl be attnbuted to radiation.
There symptoms were asoriated with the skin
and the gastromtestinal tract.
Itching and burning of the «kin accurred ..
2% pervent of Group | ( Rongelap), 20 percent
15
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of Gewen 1T ¢ Aibmainge), 5 jarceni of (iroup
11 (Amenicann). and none of Giroup 1V
(U'tink).  Three people in Group | and one
in Girowp 1l complained of itching and burning
of the evex and lacrimation. Thewe initial skin
and eye symptoms were mont likely due to ir-
radiation since all individuals who experienced
the initinl symptomn later developed unques-
tioned radiation induced skin lesions (epilation
and  conjunctivitis).  (Nee Chapter [I1.)
Furthermore the initisl symptomatology in
these people was similar to that reported in in-
stances of accidentsl laboratory overexposure
to radiation, described in C‘hapter 1II. It is
possible, however, that chemical irritation by
the fallout materinl. which was predominantly
highly alkaline calcium oxide, may have ac-
centuated the initial symptons.

About two-thirds of (Group [ were nauseated
during the tirst 2 days and one-tenth vomited
nnd had diarrhes. One individual in Group
Il was nnusented. In Groups HT and 1V there
were no gustrointestinnl (G1) svmptoms. The
information concerning symptoms was obtained
by questioning through an interpreter by sev-
eral individunis.  Despite the repeated 1nterro-
grtions and the inevitable suggestions of the
iterrogators, the stories remained cousistent.
AL GI symptoms subsided by the third day
without thernpy and there was no recurrence.

‘The presence, severity, nud duration of nan-
ser, vomiting, and dinrrhea are known to bear
a direct relntionship to degree of exposure and
probability of the recovery (1, 2, 6), and it is
of note that the incidence of these sviptoms
wax correlated with the dose received and that
there were no gastrointestinal symptoms in
Group IV, the largest group, which received
only 1 r. GI symptomatology may have been
due to direct injury of the GI tract as observed
m animais after whole body irradintion (7, %)
or mny have been non-specitic as is observed
following therapeutic radiation.

Various other clinical conditions, which were
encountered during the course of observation
of the exposed groups were not the results of
radintion exposure. The incidence und type of

divense ween, dimiveen] below, were similar in
all expumure groups and in potexpoeed 1ndr-
visdunls,

2.3 Clinical Observation and Therapy

With Respect to Hematological
Findings

2.3t Clinical Observations and Leukocyte Counts

Berwreen Tue 33rd and 43rd pest-exposure
days, 10 pervent of the individuals in Group [
had an absolute granulocyte level of 1000 per
cubic millimeter or below. The lowest count ob-
served during this period was TO0 granulocytes/
mm.*> During this interval the advisability of
giving prophylactic antibiotic therapy to
granulocytopenic individuals was carefully con-
sidered. However, prophylactic antibtotic
therapy was not instituted for the following
reasons:

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

(2) Premature administration of antibiotics
might have obscured medical indications for
treatment, and might ulso have lead to the de-
velopment of drug resistant organisms in in-
dividuals with a lowered resistance to infec-
tion,

{33) There was no accurate knowledge of the
niumber of grunnlocytes required by man to pre-
vent infection with this type of granulocyto-
peni.

The observed situation was not strictly com-
parable to agranuloeytosis with an aplastic
marrow as seen following known lethaj doses of
radintion.  In the latter instance, granulocytes
fall raprdly with practically none in circula-
tion and no evidence of granulocvte regenera-
tion when infection occurs (6). In the pres-
ent group of individuals exposed to radiation,
most counts reached approximately one-fourth
the normal value, but the fall to that level was
gradunl and the presence of immature granu-
locytes in the peripheral bload during the pe-
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ricdd of granwinrytopenia was indicative of wme
granvincyte regenerstion.

White counts were repeated at 3 to 4 day in-
tervals on sll of the expoved individuais and
more frequently on thue with the lowest counts.
Individunke with symptonns or elevated tem-
peratures were trented only after sn attempt to
entablivh & diagnonin was made, even if a pe-
riod of obvervation was necesary. During the
obrervation perod. the patients were examined
at frequent intervals and the temperatures
checked every few hours

Twenty-seven individualy had total leukocyte
counts of 4000 or below or abeolute neutrophile
counts of 2500 or less at some time during the
period of obeervation. Of thewe 27, 13 de-
veloped symptoms of disease that required
evaluation for possible antibiotic thernpy. The
13 instances in which it was necessary to con-
sider the use of antibiotic therepy in neutro-
penic individuals are summarized below:

Eight neutropenic individuals had symtoms
of upper respirmtory iufection (URI) char-
neterized by mainise, sore throut, nasal dis-
chinrge. and temperatures het ween 99 and 101.4°
F. The temperitures returned to normal
within 24 hours. Since the response of this
group to URI appeared identical with that of
other individuals with URI without neutro-
penia. no specinl thernpy was given,

Two individuals developed symptoms of
marked tualaise, headache, abdominal pain,
nuusen and dinrrhea.  Both were children, one
nge 1, the other agre 2. 1n both instances, the
symptoms were out of proportion to the physi-
cal tindings, which were negative except for
evidence of head colds and pharyngenl injec-
tion.  The 7-vear old child had an oral tempern-
ture of 10267 F. when first seen and 4 hours
tater. it was 1i4° K. The two-yoar old child
had an initial axtllary tempernture of 101.8° F.
which rose to 103.5° F.in 4 hours.  Both were
given SO0000 units of procaine penicillin intra-
muscularly when the sharp rise in temperature
occurred, and both were afebrile the following
day. A second injection of penicillin was given
at this time, and therapy was discontinued.  In
spite of the fuct that the neutruphiles remained

depreserd in both cawes kng afrer the fever had
pmreeed. both mdis wduals recoversd and had no
further ilinew. In Figure 2.1 the leukocyte and
platelet counts= of the 2-vesr old pat. 1 and the
time of the arcurresnce of the febr ! inews are
illustrated.

A one-venr-okl boy had had symptoms of
mild upper respiratory infection for several
days aid was brought (o the chinic when he
developed a hacking cougin.  When he was ween,
hisx axillary temperature was umNe F. He
had signs of URI, there was pharyngesl injee-
tion, and numervus conrse rhouchi were heard
throughout the chest. .\ diaghosis of upper
respiratory infection with sassocinted bronchi-
tis wus made and the child was given a single
intrumuscuiny injection of 200000 units pro-
came penicillin, On the following day his tem-
perature was 9° F., no rales or rhonchi were
henrd, and he recovered without further
treatment.

A SO-year-old man came to the clinic com-
plaining of wesnknews, nervousness, mild ab-
dominal pain and shooting psin in the upper
suterior chest bilaternlly of several hours dura-
tion. He nppenred modernately ill, his temper-
ature was 0.6° F., and the only positive physi-
cul tinding was moderate tenaerness in the right
upper quadrant of the abdomen. Within a
10-hour period the temperature rose to 101.6°
F.. following which it fell geadually to noe-
mal. The abdominai tendernes continued for
24 hours and then gradunlly disappenred dur-
ing the submequent 2 davs. A tentative ding-
nosis of cholecystitis wus made.  No spectfic
therapy was given.  In Figure 22 his white
blomd cell und platelet counts in relation to the
appearance of svmptoms are shown.

A female, age 38, developed genernlized urti-
carig, fever, atd headnche.  No cause for the
urtiearia was found and the symptoms subsided
within & hours without any therapy.

Al idividhids in Groups T and 11 that re.
ceived antibioties are listed in Table 2.1, Of
the individuals treated with antibiaties, only
the tirst three received it ut a ime when thewr
neutroplile count was low,  Thewe cuwen are
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] URI and bronshitis ] Penioillin

with high temper- !
sture,
23| URL sovere, with ]
phacyngitis and
high temporsture.
4,5 | Tuoth extraction_ . .. |
¢ Deep extensive 2
slough of epider-
wmis of foot. ;
7 | Inflamed towmsils 2
with high temper-
sture and URL.

] Rapid progressing  § Penicillin
undermining im- l

Ponicillin

Ponicillin
Penicillia

[ ] Treumetic 7 Penicillin
of {oot.
10 [ Cystitis. ... .| 5 | Gentresis
1] ] Furuncle on buttoek | 2 , Penicitlin
13 Furunels on fore- ] Penicillin
1 head.

dencribed in detail above. Fach appeared to
have evidence of a bacterial component associ-
ated with URI and antibiotics would have been
indicated had they not been irrndiated.  All
other individuals were not neutropenic at the
time of treatment and were given antibiotics
for specitic indications.  There was no instance
in which it wax considered necessary to give
prophylactic antibiotics for neutropenia per xe.

2.32 Clinical Obesrvations and Platelet Counts

All individuals with s platelet count of
100,400 or lexs were examined daily for evidence
of hemorrhage into the sxkiu, mucous mem-
branes and retinue. Urine was examined daily
for red cells nnd albumin, and women were
questioned concerning excessive menstruation.
There was no evidence of any hemorrhage even
though 11 individuals reached platelet levels
between 45,000 and 65,000, Two women men-
mruated when their platelet counts were L) n
and W0 respectively.  Both meustruated

several extra days snd thought thet the blred-
ing was more than waal but wt safficient to
cause them concern.

233 Hemasacrit Chaages

In radiation injury an smemis can be pro-
duced by three phenomens : a. Partial or com-
plete suppremsion of erythropoiesie: b. Hem-
orrhage: . Hemolysin. (9). The existence of
the latter is not universally accepted as s char-
acteristic part of radistion injury. Nince hem-
orrhagic phenomena were not cheerved s severe
anemis would have been expected omly if
erythropoiesis were suppressed seversly for s
long time. With complete ssppression of
erythrupoiesis and an unchanged life span of
the red cell one would expect a deficit of 0.58
percent per day since the human red blood cefl
has a life span of approximately 120 days.

Nineteen individuals in Groups 1 and 11 hed
hematocrits between 31 and 35 percent. Nime
of the 19 were children, aged 1 to 5 years and
would be expected to have a lower hematocrit
than normal adults; four were over 70 years of
age, in which age group a decreased hematocerit
is frequently present without obvious cause.
Two of the 19 had had menorrhagia prior to the
determination, two were 3 to 4+ months preg-
nant and had not received supplementary iron,
and two were young women. These hemato-
crits could be ascribed to physiological vana-
tions rather than to the effects of irrudiation
on hematopoiesis.  Supplementary iron was the
only thernpy used for the mild anemias ob-
served.  Thus no definite evidence of prolonged
erythropoietic suppression was observed even in
individuals who had received 175 © whole body
radiation.

2.4 An Epidemic of Upper Respira-
tory Infection Occurring During the
4¢h and 5th Post-Exposure Weeks

Brrweex Tug 27th and the 42nd post-ex-
posure davs an epidennc of upper resyiratory
diseare (UR1) ievcurred. The M'lil‘l'lll’_v m-
fection consisted of nunlerate nalaie, pharyn-
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gitis with promivent lymphoid follicles, fever
of 98-100° F. during the first day. and & puru-
lent nasal and tracheal discharge for about 10
days. It was of interest to determine whether
the appearance of URI could be correlated with

the dose of radiation received or with changes
in the leukocyte count.

Fifty-eight percent of the individuals in
Group I and 56 percent of the individuals in

CLINICAL OBBERVATIONS AND TRERATMENT ¥ 4 |
Teble 2.2—URE snd Changm is Granulecysss is
Geougs | snd 1}
Numosn
or [wee-
|
URI; rise in granuloeytes ! ”w
URI: no rise in granuloeytes. ... ... _ .. »
No URI; rise in granulocytes.____ ... .. 1®
No URI; no rise in granuloeytes___ .. l 19

Group 11 developed URL. Neventy percent of
the affected individuals developed symptoms

between the 27th and 32nd post-exposure dsys,
and the others developed symptoms in the sub-
sequent 2 weeks. Fifty-seven percent of the
affected individuals were observed to have an
upward trend in their leukocyte counts, the in-
crease being due primarily to granulocytesa
Since an increase in the mean granulocyte
count of the entire population occurred about
the 29th postexposure day, it sremed pertinent
to determine whether in individual instances
the increase was related to the presence of
respiratory infection.

The relationship between the observed leuko-
cyte increase and the presence or absence of
upper respiratory symptoms in (iroups I and
I1 is shown in Table 2.2. Seven of the 27 indi-
viduals that developed both 1"RI and a leuko-
cyte increase developed the leukocyte increase
3 or more days before symptoms of URI ap-
peared. It is also of interest that the medical
personnel involved in the care and study of the
radiated individuals had an equal incidence and

severity of respirstory infections. The inci-
dence and severity of respiratory infection in
Group IV, which had received only slight radia-
tion, was the same as that in Group I and IL
The appearance of URI, therefore, did not ap-
pear to be related to the dose of radiation or
to changee in leukocyte level.

2.5 Comparisoa of Discases Seen in
Groups I and II With Those in Group
v

Tre Diseases THAT were seen during the pe-
riod of obeervation of Group I and II, which
were exposed to the highest doves of radiation,
are listed in Table 2.3. None of the disenses ap-
pesared to be related to the effects of irradiation,
either directly or as a result of hematologric dis-
turbances. For comparison. the diseases that
were seen during the period of observation of
Group IV, which received the lowest dose of

Table 2.3—Diseases That Were Observed in Groups 1 and 11

Nvungs v' ' NUuRES

Dmgasa or Ixpr- | Dmgass or Inre-

viptals ! | VIDUALS

- - RS
Furuncle . 2 Bronchitis 1
Gum Abscems 1 Aphthous ulcer of tongue. t
Cholecystitis . i Spondylolisthess 1
Tinea \ Impetigo 5
Mittelsehmers 1 Tooth extractions 2
Generalised urticans | Gaatroenterit 10
Erythema muiltiforme \ Upper respiratory infections 47
Migrasiue headache - \ Follseular tonsillite 1
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redintion, are lited in Table 3.4. The high
incidence of gustresnteritis in bnth groups was
probebly dwe to the heeping of perishable foods
wnrefrigerated for long periods by the Mar-
shallese, and was not seen after this practice
was stopped. It would appear that a higher
percentage of the individuale in Groups I and
11 developed upper respiratory infections com-
pared to Group 1V. However, all of the indi-
viduals in Groups I and II were questioned

- concerning even mild symptoms of U'RI, where-

as only those of Growp IV with severe symp-
toms of URI came to the cl’ic.

2.6 Changes in Weight as an Indica-
tion of Disturbance in the Gen-
eral Metabolism

Tue Boox Wrienr of individuals in Groups |
and Il was followed routinely. Since they had
an unrestricted diet and all ate well, their
change in weight might be considered an indica-
tion of any disturbance in their over-all metab-
olimn. The weight changes nre summarized in

Table 2.5. It would be expected that within a
period of six weeks, most individuals below 16
yearsand particularly those below 5 years would
guin some weight. The fact that most of them
lomt weight may indicate that they received a
dowe of radiation suficient to interfere with nor-
mni metabolism. In spite of their relatively in-
active life and hearty appetites many of the
adults also lost weight which may indicate some
interference with their normal metabolism.
There was little difference in observed weight
changes between Giroup I and Group I1. It ap-
peared that t| - difference in doses received by
the two group: did not differentially affect their
body weight. Whether the observed losses in
weight were related to radiation or to changes
in environment is not clear. Unfortunately,
no satisfactory control existed to aid in in-
terpreting the loss of weight in Groupe 1 and I1.

2.7 The Effects on Pregnancy

Forr Womex 1x Group I were pregnant when
brought to Kwajalein. Two were in the first
trimester, one in the second triniester, and one in

Table 2.4—Disesses Observed in Group IV

Drsass | Nruses
o — Rt
Ontecarthritis . . .. [ 4
Epithelivtus of ankle, with necrotic de- |
generation . . . A B |
Chronic bronchitis _. ... .. . 1
Furuncle = . .. . . B 1
Chronic bronchitia and bronchiectasis _ . . i
Abscems of sole of foot . .. . .. _. 1
Carbuncke ... . . _ | 1
Tooth extraction e e |
Fungus infection of gums and palate 1
Contusion, traumatic S 2
Gastroenteritis . 0
Upper renpiratory infectionn 15
Arterionclerutic heart dincane, decompen-
rated 1
Pyelonephnitin i
Imeet bite. with marked palpebral edems |

N
Dusass ov C aoen
Chorioretinitis, unknown etiology ... ... ... 1
Thrombophlebitis, antecubital vein._ . ... 1
Impetigo . ___ . ... ... 3
Dysmenorrhea . . . ... .. __ .. _._....1 1

Exfolistive dermatophytosis . .. . ...
FEctropion, righteye .. _ ... _ ... . . .
Asthma . .. . . L ... ‘
Benign hypertension with hesdache. ... .
Fungua infection, auditory canal = .
Trichomonas cyatitis. .. _ = .

Tines. . . . .

Simple headache

Acute brouchitis

Pomible ruptured intervertebral dise

Fever of unknown vnygn

Mongolian dwey

- e o QN e e g e = e
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Table 2.5—Weight Cheages, Grougs | aad 1}

Gaovr |

Nnmherthuphedvmght e
Aven.aﬂn(lb.)---..“._., e e
Spread of gain (B.).___. .. .. .

Spread oflome (bB.) .. ... _ ... . .. ...

Gaovur 11

Spread oflom (b)) .. ... .. .. ;
Percent of group that lost wetghc ..........

Percent of group that lost weight.____ .. . .. .. .

Average loss (Ib.) . . ... ... . . .. .__. L.

L AGE CATEOORIES
| Bewow 7 vzane | BaLOow |6 yuasy | AoV 16 YRARS
!
| 17 2 »
o 4 : 5 14
o S L] 3 t
........... Q5100 Q5100 =118
. 13 19 N
......... 2 2 4
__________ 0588 0543 o -8
.......... v 0 ! ]
............ 7 ®
.......... ] - 3
____________ . 27
.................... ERRREEEEEEE >4
___________ ) )
__________ 3 o eeeieencaan 2
R 058 | ... __. 0540
__________ s I o
|

the third trimester. None of these women had
abnormal symptoms referable to pregnancy,
and as far as could be determined, pregnancy
continued in a normal fashion. In G.oup II,
one woman was in the second trimester. No ab-
normality was detected. Fetal movements were
unaffected in the individual in the third tri-
mester. The hematologic changes of the preg-
nant women are listed in Table 2.6. Two indi-
viduals in the first trimeater had a marked de-
pression of platelets but ut no time was there
any vaginal bleeding. So far, the exposure to
radiation has not had a deleterious etfect on
pregnancy. .\t the 12 month reexamination all
of the above women had delivered. (One baby
was born dead ; the others were normal. In the
ca~e of the one still born, irradiation oc¢ ‘urred
to the mother either hefore conception or early
in the first trimester.

2.8 Special Examination of Eyes

AT 3 anp 6 Montaes an ophthaimologist ex-
anntiend the eves of all expumed individuals 1 10),

Table 2.6.—Biood Counts oa Pregnaae Individuale

in Groups I and 11
i . Lowsse
Lowaye .
Ty A G R
Couvmy
I I —-1

Gaove | :
Firnt 35, 000 4. 500 3. 000
First 50. 000 5.000 2 500
Hecond . 150, 000 4, 000 3, 00UV
Third . 120, 000 10, 000 7. 000

Grove 11

Hecond 170, VO 7. 000 3. 200

No lesions ascribable to ionizing radiation were
seen. At 12 months slit lamp examinations and
photographi recordings of the cornes and lens
were mude on nonexpuomed, and on the Rongelap
people.  The incidence of icular lesions was not
different in the twe grouem 1 11)
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29 Summary and Conclusions

Tnx CuxicaL Finpixes in a population acei-
dentally irradisted by fallout material from a
nuclear d~vice has been presented. The more
seriously irradiated individuals had initial
symptoms of anorexia, vomiting and disrrhes
which subsided without treatment within 2
days. The same individuals slowly developed
granulocytopenia and thrombocytopenia unas-
sociated with secondary complications. The
only other manifestations of radiation exposure
observed were skin lesions and epilation, de-
scribed in detail in Chapter III. The incid: nce
of infectious and noninfectious disease in the
more severely exposed groups was no greater
than that in the least exposed group. If. after
irradistion, the platelets and leukocytes fall in
a manner and to a degree similar to that ob-
verved here, it ¢can be predicted that no hemor-
rhage or increassd susceptibility to diseases
similar to those observed in this study will occur
and that no special prophylactric measures will
be indicated. The use of prophylactic meas-
ures, however. should be evaluated in terms of
existing conditions. With the degree of hemo-
poietic suppression observed there is a possi-
bility of increased susceptibility to more viru-
lent pathogens than were present in this
incident.

10
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Fauour or Ramoactive material commenced
spproximately 46 hours after detonation of
the thermonuciear device. On the most hearily
contaminated island, Rongelap, the fallout was
described as & powdery material, “snowlike,”
which fell over a period of several hours and
whitened the hair and adhered to the skin.
Less striking fallout described as *“‘mist-like”
was observed on Ailinginae and Rongerik
Fallowt was not visible on Utirik, which was
contaminated to only a mild degree. The se-
verity of the skin manifextations was roughly
proportional to the amount of fallout observed.
The population of the four island groupse and
incidence of the skin lesions were as follows:

Introductioa

3.2 Signs sad Sympsoms

Drmane Tix Fiser 24-48 hours after exposare,
about 25 pervent of the Marshallese in the two
higher exposure groups experienced itching and
a burning sensation of the skin. A few also
complsined of burning of the eyes with lachry-

mation. These symptoms were present to a
lesner extent in the Americans on Rongerik
Atoll who were aware of the danger, took shei-

ter in sluminum buildings, bathed and changed
clothes. These precautions greatly reduced
the suhsequent development of skin lesions in
this group. The people on Utirik, the farth-
est from the detonation, had no early skin symp-

{' .
Gmot'y Composrmox K Filiorr Osssaves nm—.:.:: Lawows 1x»

Roogelap . .. . 64 Marshallese " Heavy (mnowlike) ... = = Extensive
Ailinginse . _ . . _. 18 Marshalic se , Moderate (mistlike). . ' Less extensive
Roagerik . . _. 23 White Americans .1 Moderate (mistlike) .. . 8light.

3 NegreAmericans :
Vurlk .. . . 137 Marshalleee . ! Nome ... ... , No skin lesions of epilation.

._; l

of exposed personnel to Kwaja-
medical facilities were available,
plished one to two davs after the
Decontamingtien of the skin was com-
menced aboard ship, and completed after ar-
rival at Kwajalein.

Skin examinations were carried out almost
daily during the first 11 weeks and then again at
8 montha. 1 and 2 years after the accident. Ex
aminatiges of unexposed A merieams and native

mel were also carried out fa# comparntive
Color photographs and biopsies of

variom stages of development were
taken. b -

¢-¢,’
™

. B - o ARE e e

toms.  All skin «ymptoms subsided within 1
to 2 days. Om arrival of the medical team on
the ninth post-exposure day, the exposed per-
sonnel appeared to be in good health. The
skin appeared normal. However, evidence of
cutaneous radiation injury appeared about 2
weeks after exposure when epilation and skin
lesions commenced. Erythema of the skin was
not observed either during the early examina-
tions when a prunary erythema might be ex-
pected, or later when a wecondary ervthems
might be expected.

After subsidence of the inmitial skin symp-
toms, further symptos referrable to the skin

n

we
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were abeemt until the visible lesions developed.
During the early stages of development of the
lesioma, itching, burning and slight pain were
experienced with the more superficial lesions.
With desper lesions pain was more severe. The
deeper foot lesions were the most painful and
cansed some of the people to walk on their
Meels for several days during the acute stages.
Some of the more severe lesions of the neck
and axilla were painful when turning the head
or raising the srms. The lesions did not
produce any constitutional symptoma.

3.3 Description of Skin Lesions®

131 Grom Appearsace

The time of appearance and the severity of
the lesions varied with the degree of skin con-
tamination in the different groups. The Ronge-
lap group, which showed greatest radicactive
contamination of the skin (according to instru-
ment readings) were the first to develop lesions
and epilation at about 12 to 14 days after the
accident. They ailso had the - st vevere lesiona.
Skin lesions in the lesser exposed Ailinginse
and Rongerik groupe developed approximately
one week after fhose in the Rongelap group, and
were less severe and extensive. The Utink
group did not develop any lesions which could
be attributed to irradiation of the skin. The
incidence of ulcerating lesions in the different
groupe reflected the relative severity of the skin
injury. Twenty percent of the Rongelap people
developed uicerative lesions while only five per-
cent of the Ailinginae and none of the Rongerik
people developed ulcerative lesions. Ninety
percent of the Rongelap and Ailinginae groups
developed lesions, compared to only forty per-
cent of the Rongerik group. There were more
lesions per individual in the Rongelap group
than in the Ailinginae or Rongerik groups. A
comparison of the incidence and time of appear-
ance of epilation and neck lesions in the two
groups is illustrated graphically in Figure 3.1.

* The description of lesions refers to the Marshaliewe
uniees otherwise indicated.

Nearly sll of the lesions were spotty and de-
veloped on exposed parts of the body not cov-
ered by clothing during the fasllowt. The ma-
jority of individuals developed mukipie lesions
(particularly the Rongelap growp), most of
which were superficial. There was a difference
of severa] days in the latent period before de-
velopment of lesions on variows skin arves. The
order of appearasnce was roughly ss follows:
scalp (with epilstion), neck, axillsry regiom,
antecubital fossse, feet, arms, legs, and trunk.
Lesions on the flexor surfaces in general pre-
ceded those on the extensor surfaces. Tabies
3.1 and 3.2 show incidence according to age and
time of appearance of lesions in the variows

grosps.

In the early stages all lesions were character-
ised by hyperpigmented macuies, papules, or
raised plaques. (Plate 1.) These frequemtly
were small, 1-2 mm. areas at first, but tended to
coalesce in a few days into larger lesions, with
a dry, leathery texture.

The pigmented stage of the superficial lesions
within several days was followed by dry, scaly
desquamation which proceeded from the cen-
ter part of the lesion outward, leaving s pink
to white thinned epithelium. As the desquama-
tion proceeded outward, a characteristic ap-
pearance of a central depigmented area fringed
with an irregular hyperpigmented some was
seen ( Plates 2 and 3). Repigmentation began in
the central area and spread outward over the
next few weeks leaving skin of relatively nor-
mal appearance. Plates 3, 4, 11, and 12 show
superticial lesions as they appeared initially and
six months later. The mildest manifestation of
skin injury was the development of a blotchy
increased pigmentation of the skin with barely
perceptible desquamation. Such lesions wers
most often noted on the face and trunk.

Epilation was usually accompanied by scalp
lesions (Plates 13, 17 and 19). Some indi-
viduals developed new scalp lesions cver a
period of about a month. Neck lesions usually
had a “necklace™ distribution, beginning anten-
orly and spreading posteriorly. These were
more severe in women in whom thick hair




SKIN LESIONS AND EFRLATION

odn0sD) OMONNY Pus dopdusyl oyl W) SUSINT YION PuD Wy

i o 2000084 Y [0 sun ] Pus sONPON] 24} jo ueeysedwo)— |'C TUNBLY

JUNBGERD A80¢ SAWO

VORI - NIV NeD

—e oo o w0 > > -gfl

’

*h‘ca; - SN0 DY NI

. o
L] -~

-4
¢

4NONS WVL0L 20 1NDI ¥4




SFFECTS OF IONIKING RAMATION

Tabie 3.1.—Llesioss in Reageisp Growp

!

Pancry o0 Toral. = Aas Gaocy Havme INuares Lamen ‘l-u h-J
[

Py
Ty or Lomew SMON
Tt | AT [T @ e
|
Rpilation
Tphes . ... ... 7.6 %4 138 17.3 17
Sphes_ ... ... ... ne o7 9 ) 17.3 17
Iphes. . ... ... 538 %o 23 20 16
Totad . ______.. 100. 0 91 7 43 16
Skia lesions
Anws-grein. . - %4 00 0o 7.8 17
Boalp. . . ... ...... 100. 0 100. 0 37.0 s 18
Neek .. ... ... ..__... 0.3 7.9 8.0 73 31
Axila . ... ___. 618 7.6 157 %4 n
Antecwbital Fossss 07 | n4 M2 M4 »
Hande-wriem_ ... __. 3.7 20 18 4 21.8 33
Feot ... ... ... ... a0 538 830 45.3 3
Armms. . ... __. 183 18. 3 103 125 31
Loge .. .. ......... 7.6 230 43 7.8 3
Trunk. ... ... ..__.... 153 30 43 94 3
Nail pigmentation. 618 100. 0 98 0 20.0 s

*Post-exposure days.

Table 3.2.—Lesions in Ailinginse sad Roogerik Groups

Romosmie Ge0Ur (ANMBRITANS)

1 |
j ARInamak O8oce (1S FOME) |l (3 FROFLE)
Tyrs ov Lamon o i ein Tem
i T " Muan Tius | T , Muan s
Wore Usmows | O Amsas | TR o A
N [ |
Epilation 6.7 31 | 3 see 2
S 1 .

Lesions of ! i
Bealp and faee ... .. . i 89 ! 2 10. 7 , 32
Neck and shoulders ... ... | eL0 7 | 14.3 -
Back. .. ... ... i 00 S T . .
Asilla. ... . 2 n 35 B
Antecubital fossae 11 B | 1m0 |
Hand, writ 56 | 38 35 I Y|
Feet . .. 67 1 33 | 35 P43
e .. s 1 4| ae |

Nail disecoloration. . .. ... 1797 . 38 | 179 ' 40

!‘ i ' (All Negroes) |
! |

*Days post-esposure.

**One case claimed slight epilation.

(X}
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towhed the nape of the neck. Neck lesions are
ilmstrated in Plate 1-4. Axillary lesions (Plate
11) wewally consisted of coalescing papules.
Antecubital fosss lesions were characterised by
formation of thickened plaques. Several
babées and one women deveioped lesions in the
anal region which, though not deep, were psin-
ful due to excoristion of the epidermis. These
healed rapidly.

Dewper were seen on the scalp, neck,
e .cvuseon the ear. They were char-
A by trensepidermal necrosis with wet

1amation Jesving weeping, crusting ulcera-
tions. Vesiculation was not obeerved except
with foot lesions which developed bullse, fre-
quently several ce: ‘anters in diameter, beneath
thickened pigmen. plaques. These foot
lesions occurred on the dorsum of the feet and
between the toes. (Omnly one case showed des-
quamation on the soles of the feet.) After
several days the builae ruptured and desqua-
mated leaving raw ulcers. Some of these
lesions, particularly of the feet, became second-
arily infected requiring antibiotics. However,
most of the lesions healed rapidly and new
epithelium covered the ulcerated areas within
a week to 10 days. Foot lesions are illustiated
in Plates 5~10. One ear lesion { Plates 13-16)
took several months to heal.

The repigmentation of some deeper lesions
presented abnormalities. Neck lesions often
developed a dusky. grayish brown pigmentation
associated with a thickened “orange peel” ap-
pearance.  Histological appearance of epi-
dermal rugosity was also noted in these lesions
(vee section on histopathology). In addition,
the deeper lesions of the feet failed to repig-
ment, remaining pink or white. At examina-
tion 8 months and 1 year after the exposure, the
skin appeared normal with no residuai changes
in the vast majority of cases. However, some of
the deeper lesions continued to show evidence of
residual damage. Foremost among these was

the ear lesion which had hesled with consider-

able scarring, atrophy, scaling of the epidermis
and groes telangiectasis. By 8 months the hy-
perpigmentation and thickening of the skin of
the neck lesions had greatly subsided and by 1

year pigmentation changes were mild. Foot
lesions had not repigmented at sites of deepent
involvement and some atrophy of the skim in
these areas was apparent.

3.32 Microscopic Appearsacs

Biopeies were taken of ssven neck, and ome
axillary lesion in the Rongelap group during
the third to fourth week after exposure. At
the time of biopsy these lesions were in the hy-
perpigmented stage with little or no desguama-
tion. Most of the biopsies were taken from in-
dividuals with lesions of average severity. A
second sertes of biopsies (repeats in thres in-
dividuals) were taken from this group, ¢ at
the seventh week and 5 at the eighth week post-
exposure. These were taken from the neck and
antecubital fossse. All of these lewions had
desquamated and the depigmented skin had re-
pigmented to s dusky, gray color with some
thickening of the skin (“orange-peel”™ appear-
ance), piates 25 and 27. Hiopsies were not
taken from ulcerative lesions or from the feet
because of the dunger of infection. A third
series of 11 biopsies were taken from the Ronge-
lap group at & moaths along with severai con-
trol biopsies from unexposed natives. Material
was obtained in niany cases ad)acent to sites of
previous biopsies.

All biopsy wounds healed rapidly within a
week to 100 days with no wecondary complica-
tions.

The microscopic findings are summanzed as
follows:

First series—3rd to §tR week. F pidermia.
Transepidermal damage was noted with a few
intervening arcades showing less damage
{ Plates 21 and 22). The epidermis in the niost
extensively involved nreus showed considerable
atrophy with flattening of the rete pegs and in
places the epidermis was reduced to s thickness
of 2 to J cells ( Plates 21, 23, and 24). The cells
of the malpighian layer showed pleomorphic
nuclei, pyknosis and cytoplasmic halos, giast
celis and in a few instances mulitinuclested cells.
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Pykwesis of cells of the basal layer was com-
monly ssem. Focal disorgunization of the
malpighian and bas! layers was usually pres-
ent in the more extensively damaged arcades
(Plate 23). Cells laden with pigment were
frequently present throughout the epidermis
and intercellular pigment was noted in some
sections. The stratus. granulosum was ususdly
atrophic or even absent. Imperfect keratiniza-
tion with parakeratosis was visible in all sec-
tions. The stratum corneum was loosely fibril-
lated and hyperkeratotic.

The arcades of minimal damage were usually
found in arees where sweat ducts approached
the epidermis (Plate 22). There was an ap-
psrent increase in the number of cells and mi-
totic figures along the neck of the ducts and
the adjoining areas where regeneiation was
underway. In these areas the stratum granu-
losum appeared almost normal in width. In
contrast to the more severely damaged areas
where pigment was increased, these areas of
minimal damage showed an actual decrease,
heing almost free of pigment.

Dermis. Changes in the dermis were con-
fined largely to the pars papillaris and super-
fictal pars reticularis (Plates 21-24). Mild
edemna in some cases were noted. C(apillary
loops were often indistinet and when discern-
ible they frequently were associated with an
increased number of pericyter. The endo-
thelial cells showed swelling and were polygo-
nal in shape. Telangiectatic changes were
noted in these arens where the overlying epi-
dermis showed greatest damage which were
associated with verivascular lymphocytic in-
filtration. Chromatophores, filled with nela-
nin were prominent in the superficial dermis.
The fine eiastic fibrils running into the pars pap-
tllarix were often altered or absent,

Lattle if any damage was seen below the
superticial pars reticularis. The hair follicies
were narrow wnd in most instances devoid of
shafts in this region. There was some telangi-
ectasis of the capillaries and shight mononu-
clear cell infiltration. Some of the large elas-
tic fibers in this region showed shight swelling

in some casrs. No damage to fibrocytes or col-
lagen fibers was noted.

Second series—Tth and 8tA weeks post-es-
porwre. Epidermia. In genersl, reparstive
processes of the epidermis ha | p. uceeded, excopt
for a few persistent areas of atrophy with nar-
rowing of the epidermis and finger-like down-
growths of the stratum malpighii (Plate $7).
These changes occurred in areas of the greatest
narrowing of the stratum granulossm. In sech
areas the basal cells often showed increased pig-
ment. There were many outward epidermal
eEcrescences covered by thickened stratum ecor-
neum, still loosely laminated ( Plate 25), which
probably accounted for the “orange-peel” ap-
pearance of the skin noted grossly. In simost
all instances the basal layer was intact with lit-
tle or no disorganization. There were a few
scattered areas in which occasiona] epithelial
cells with pyknotic nuclei and perinuclear cyto-
plasmic hales occurred in the malpighian layers
(Plate 28). There were occasional arcades in
which the epidermis and particularly the
stratum granulosum appeared to be widened.
These occurred primarily in relation to con-
tiguous swent gland ducts where the latter pene-
trated the epidermis. .\ narrow zone of pars-
keratosis and amorphous debris was still present
between the stratum granulosum and the loosely
laminated stratum cormeum. The stratum
lucidum was not apparent.

Dermis, The capillary loops in the dermal
papiline were not uniformly distinct. Pen-
cvtes remained in increased number but fewer
lymphocytes were present. (Generally, there
was a slight telangiectasis of the capillaries in
the pars papillaris and the superficial pars re-
ticularis (Plate 27). There was some edema
of the pars papillans (Plate 25). Scattered
pigment-laden chromatophores were irregularly
distributed in the papillary layer (Plate 28).
In some cases hair shafts in the superficial pars
reticularis were narrow or abeent ; in others the
hair shafts appeared normal. Small hair fol-
licles ( Plate 25) and sweat ducts in some rases
showed mild atrophy.
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PLate 1. —Early hyperpigmented maculopapular neck Prare 2.—Nerck leaions at 28 days. Wet desquamation.

lestons at 15 days. Case 39, age 15, F.

['v ooy oo e DN it pocta Fonc e

(et pe s ot qled leptgrmeriled preqas

XTI

Whste color in cnlamine lotion. Case *8, age 37, F.

\Note pry- 'tk V. Name caze ax an Plate 3, s mumtha after
(iixe M3, rrposare Novk Aas Aealed rompieteiy.
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i Puare 3. —Huperpiymented raised plagues and hullae on Prate 6. —Lewuons 10 days later. Bullae Aave broken,
dorsin of foet and loex at 28 days.  (ne lesion on lefl desquamation 1x exxentiaily complete, and lesions have
fol hows decper tarolvement.  Feet were parnful at healed. 1+ no lunger pasnful.
this time. )

'
Prare 7 =Levona 8 o daus later choweing repi, nenlation P'ioary % —Same o or as n Plade 5, s1x montks later.
rreept for onaid sedr on dorsam of Qeft foot al site of Foot {osins haee et eith reprgmentation, rrcepl
, deepest oean,

deprgmented <pot« prrsiat 1n small areas where ileeper
lextuns were.
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PLate 0. —Fnot lexions at 29 days showing deeper in-
voiventent hetween [st and 2nd toes, right foot. (‘ase
26, aye 13, M.

Pty L —=Fretonene vviong an 13 ear oid hoy at
Y

<+~
o

Aerid postee s posare e 26

I’i.aTe 10.—Same case as in Plate !, siz months after
erposure.  Nute persisting depigmenied areas where
worsl (exions were,

Poavre 12 -Nam hay ot an a1« months after
VP ire SR Regoo b v v tinf rrgruu'lh «l/ Aair.



Puate 13, —Desquamation of hack of scalp at 28 days.
Epiion occurred carlier 1n desquamated area. Note
ulceration of left ear.

PLAaTE 14 —NSame case.

Eptlation back of head at (8

duyn.  Note persistent uiceralion of left ear. (use 7Y,

age 41, M.
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Prate (7. —Fpilation tn T yr. old ygirl at 23 dayas.

PLate IR —Same case as in Plate 17, sir monthe ufter
Case 72.

r[pu.!urr .\'huil‘”.«[ rn'np/l‘f( r:ynm'!h t-'/ nurmu/ h«lu.

SNt grintian on howy e |t

) . .

N s Pioare 20 1 geonta dhamdeyn womogd cnar e of e
st estan inoar s 0 e eitan [PRTERR TN ST VYR
R TR U Y SR LY PRV
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Puate 2L — (X100, HHEE) Epidernas: Frtensiv: trana
epudermal damage (with slightly lesa inrolved ones on
either suder.  Looee lumination 7 stratum corneum,
ahaence of stratum gran ‘usum.  Parakeratini :ation
wilh erfolidion of pigment contatning cells.  Inaor-
yonization of the malpighian layer.  Dermin: Maid
edema of pars paprllnric with indistinet capillary loopa.
Perivasclur cellular infiltraie (gmphoetes and mono-
nucltear phagocytes), in xuperficeal corvum with t-lan-
giectasia,  (ase 26,

Prare 22. — (X100, H&E) Epidermir: Arcades of mini-
mal damage occur in relation lo excrelory ducta of aweat
glands.  Stratum granuloaum of ynod width and shows

scant alteration. [ 'nderlying siratum malpighti shows
decrease tn pigment.  [n the deeper portion of the over-
lying, looxely [(aninated stralum corneum moderale
amaounts of pigmend, however, are present.  (Jne narrow
arcade of more severe lranxepidermal damaqge at the left
of the photomicroqraph sRows alleration of the atrafum
qran.alosam with intercellular vdema, pyknonia, swollen
nurles, and pryment scaltered throughout. The latter
14 expecrally dense  n the comtiguous parakeratolic
materral.  Dermie. 1 mmlerate  celinlar  infltrate,
chiefly pereascalar, 1« moal pronounced in the super-
ficial pars reticudaris where there 1a a mild telnngrectans.
Cuse 26,
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Pooare 25— \pon, HEOEY Case €50,

gt e

Prate 23 —(Vi00, H&E) Tranaepidermal damage

with disorganization of the malpighian layer.  Stratum
granulosum ahaent.  Maipighian and basal layer only
two to three ceils thick with esfolialion of pigment out-
ward toward parakeratinized zone adjacent to stratum
cormeum. Some pigment laden chromatophorer and
Aistiocytes 1n parx papillarix of cortum.  Laller 18
edematous and infillrated hy moderate numhers of
lymphocytes, and mononiuclear pAagorytes. (‘apilary
loops indistinct. Case 26, 22 duys post-ezposire

PLate 24— (X100, H&E)

Transepidermal deamage
with dizorganization of the malpighian layer. Slight
parakeratonia.  Migratiom or erfoliation outward af
pigment.  Loone [amination of siratum cormenm. Iheg-
men! laden chromalophores and hiatiocytes 1n auper fictal
pars papillaris af cortum.  Marked cellular 1nfitra-
tion and edema of pars papillaria.  Shiyht telangrectaars
of superficial pars reliculuria.  (‘ase R3.

Plate< 25 and 26 7153 days pestexposire:,

Loose (amina-
tioa af steatvm cornewm etk outirard papiilicsy projec
Stratum

tions and revgditant roagoae’ appearance

grarnalosam of qoaod erlth. Buazal and  mal pighian
Nivgat cdema of

ecortam wrth nald tetaaectacen and sl ght inerease an

layers distinct vtk prgmon! present

perivaseaiar {pmphoe lox and pericgtea. Nmall some-
what alrophie ke Fol el ad paesat to achaceoax gign

1o pars o relee oargs

PLare 26 — 00, HTOE i Case 875 Same aa 25

Ocennianal  perinsciear  cylopaasmic  halon 1n mad
atral.gm grin.dosum Loorely laminated at alum cor-
neam. igmenl (aden chramatophi.ex tn ~uperficial
corvam along ceith weeasianal Lymphacgten and nonn-

nuciear phagocyles.)
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(48 days post-ezposure)

Prate 27.— (X100, HHEE) (Case #4:"  Narrow rugose
eputermia with papilary rrtensions downward of
atratum  malpighsi.  Latter are hearily ladem with

melanotic  pigment.  Slight

telangiectasis of pars

puptriliaris and pars reticularis of dermis. ()ccasional
piyment laden chromatophores in superficial dermis.

Prare 28 — oVt HLCEY (Caw #4900 Sir months
post-erpoxure.  Note the nutrkod fi s ateophy of the

stratium grasdosum aecampaniod by narrow downwnrd

proiongations of the hasal papillae Moslerate dfra-
tarbance of keratinezation and moderate (clangiectasia
are al«o aren.

Proare 29 — X, HEEY (Case #2))  Sir monlhs

past-erpuxure  Miwierate  foral atrophy of atratum
cornem. Paranaciear halos are present and areax of
dvprygmentation are promanent.  {n the dermiz a moed-
erate  uniformiy  distrihuted  telangiectasis 1a seen.
There 18 alzo a perivascular distribution of celluiar
inpitrate.
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Rinnmses of three pigwented levions were
taken from 2 of the white A\mericans of the
Rongenik group. Omly 1 of 3 showe evidence
of damage. which was <light and confined to the
eprdermis.

TAhird seri  —61Ah month poat-erposure. Sec-
tions of skin at this time revealed some changes
persisting in the epidermis and to a leswer ex-
tent in the dermis (Plates 2% and 29).

Fpidermis. The following changes were
found to varying degrees: focal atrophy of the
stratum granulosum; slight focal pigmentary
disturbances in cells of the basal layer; slight to
moderate hyperkeratinization; and slight dis-
turbances in polarity of epithelial cells in the
still persistent basal papillary projections.

Dermin. 1n the dermis. telangiectasis super-
ticially persixted from a slight to moderate de-
gree in most of the sections, and contributed the
only abnormality noted.

3.33 Epilation and Nail Pigmentation

Epilation. The incidence and time of appear-
ance of epilation in the various groups is illus-
truted in Tables 3.1 and 3.2, and Figure 3.1.
Epilation was tirt observed of the fourteenth
post-exposure day in the Rongelap group, and
somewhat later in the other groups. It was of
a spotty nature and was contined almost entirely
to the head region. Epilation was divided
arbitrarily into 3 degrees of severity. “{+ "
indicated Joss of hair without obvious thinning;
2+ indicated loss of hair sufficient to cause
thin spots: and "3+ 7 indicated an extensive
epilation with bald spots. Table 1 illustrates
that there was a greater degree of epilation in
the children (0 to 15 vears). with over %0 per-
cent developing epilation to some degree ay
compared to only 2% percent in the older age
group. The preponderance of scalp lesions in
the areas of epilation indicated that radiation
from the fallout material on the skin was pri-
marily responsible for the epilation. Only three
cases of mild epilation developed in the
Ailinginae cnildren, and questionable epilation

oceurred in one of the Americana, charsctenaed
hy hume DaIr Npon ceninng it Tithom? srea
of slopecia.

Regrowth of hair in all individuals com
menced worme timwe siuring the third nwath s frer
exposure. At the 8§ months” examination com-
plete regrowth of hair, normal in color, testure,
and ubundance had taken place. Plates 1315,
17, 1%, and 19 show epilation and regrowth of
hair.

Nail Digmentation. An unusual obeervation
was the appearance of a bluish-brown | “‘gmenta.
tion of the fingernails which was tirst well docu-
mented on the 23rd post-exposure day. The dis-
coloration began in the semilunar aren of the
fingernails (to n lewser extent in the toenails),
and spread outward sometimes in streaks. A
the discolored area grew distally the senulunar
area usually became clear. Plate 20 shows pig-
mented bands in the nuils at 77 days. At six
months, pigmentation had grown out with
the nails, and was no longer evident except in
three cases which still showed pigment at the
distal end of the nail. The pigment was on
the under side of the nail plate. Discoloration
of the nails wax seen in a lurge proportion of
the two higher exposure groups (Tables 3.1 and
3.2}, The phenomenon appeared to be a radia-
tion response peculiar * the dark-<skinned races
since it was ween in i of the exposed American
Negroes and none of the white Americans sup-
posedly receiving the same exposure.  This
lesion was not observed in the Ttirk people or
in unexposed Marshallese. Since the nail pig-
mentation occurred i individuals wathout <kin
lesions, it appeared to be the result of » more
penetruting gamma component of radiation.

3.4 Therapy

Tur. Trearsent Or the skin lestions was
lnrgely non-specitic. Most of the superticial
lesions were trented with calamine lotion with
one percent phenol, which in most cases re-
lieved the itching and burning. A few of the
hyperpigmented lesions not relieved by cala-
mine with phenol were treated with pontocaine
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ointment, with apparent succews  Whei the
eputhelium was dewjuamating, all levions were
treated by daily washing with woup and water
followed by the application of a water soluble
vanishing type otntment which kept the -
jured skin soft and pliable. Raw areas, wiich
became secondarily infected, were clennved
with soap and aureomycin ointment was ap-
plied.  Bullous lesions of the feet were left in-
tact ax long as no symptoms were present. 1If
painful, the Huid was aspirnted with sterile
technique and a pressure dressing applied. A
single axpirntion was adequate since the bullue
did not refill. In one instance, an extensive,
raw, weeping ulcer developed for which peni-
cillin was given for two davs. During this
time the lesion developed henlthy granulation
tissue. NSome of the lesions of the skin of the
foot remained thickened and less pliable after
desquamation. This was relieved by the use
of vaseline or cocon butter to soften the tis-
sues.  The one pervistent enar lesion did not
heal after desquanmtion. Thix was treated
datly with warm boric acid compresses and
wiushing with surgienl sonp to remove the
eschar. Slowly, regenerating epithelium grew
i foom the edges of the ulcer. Upon reexam-
ination, 6 months after exposure, healing was
complete with n depigmented sear remsining
as evidence of the previous ulesration,

3.5 Factors Influencing Severity of
the Lesions

3591 Character of the Fallout Material

This materinl was composed mainly of cal-
citin oxide from the wncinerated coral, with
adherent tission product. Fifty to eighty per.
cent of the beta rayvs emanating from this ma-
tertnl durnes the exposure peruxl had an aver-
ngre energy of about 100 kev. Nince 80 mi-
erons of tissue produces M0 percent attennation
of such radintion (1), a greater portion of
energy waus dissipated 1 the eprdernus which
s roughly 40 to 70 microns in thickness. The
remaiming 20 to 30 percent of the beta rayvs had
an average energy of approximately 600 kev.

The Intter would penetrate well into the dernus
stiwe 1t takes M0 gucerons of Hissue to produce
0 pereent attenuation of this energy radiation
12y, I addition, a wide spectrum  of
gumnia energies irrndiated the skin. The
ganima contribution to the skin was small
compared to the beta dosne and is discussed in
Chapter [.

3.52 Doee to the Skin

The skin lesions observed resulted primarily
from beta radiation from fallout material de-
posited on the skin. The gamma dose to the
skin was small compared to the beta dose, and
thus relatively unimportant in producing the
lesions. The summation of gamma and bets
contributions to the skin is considered in Sec-
tion 1.3. In general it is evident that skin in-
jury was largely produced by material in con-
tact with the skin. The total surface dose can-
not be caleulated with accuracy but minimal
and maximal values at various depths in the
skin can be estimated biologically. Hair fol-
lieles 10 the arens in which eptintion occurred
must have received a dose in excess of the
known munimal epilating dose of about 400 r
for 200 kvp X-ray. Nince regrowth of hair oc-
curred, the upper linnt of dose at the depth of
the hair follicle niust not have exceeded the per-
manent epilating dose of around 700 r of 20
~vp Neruy (3). From this a rough idea
of surface dose may be made. .\ dose to the
hair follicles comparable to 400-700 r of X-
radintion must have been due almost entirely
to the more penetrating beta component {aver-
apre enerygy, ) kev). Therefore, the minimal
surface dose 1in rep from this component alone
was probably four to tive times the dose at the
hair follicle, 1. e, roughly 16003500 rep.
The soft component (average energy, 110 kev)
contributed a considerably larger share to the
surface dose but with only slight penetiation.

3.53 Protective Factors

The following factors provided some protec-
tion:
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a. NAelter. Those individuaix who remained
indooex o under the trees during the fallout
period developed less severe lesions.

b. Bathing. Small children who went wad-
ing in the ocean developed fewer foot lesions.
Most of the Americans. who were more aware
of the danger of the fallout. took shelter in
aluminum  buildings, bathed and changed
clothes and consequently developed only very
mild beta lesions.

v. Clothing. \ single layer of cotton material
nffered almost complete protection, as was
demonstrated by the fact that lesions developed
almost entirely on the exposed parts of the body.

.54 Factors Favoring the Development of
Lesions

w. Areas of maore  profuse  perspiration.
[esions were more numerous in areas where
perspiration 1s abundant such as the folds of the
rock, axillne, and untecubital fossue.

b, Deluy in decontamination. There was a
lelay of 1 or 2 days before satisfactory decon-
tannnation was posable.  The prolonged con-
tuet of radionetive materials on the skin during
this period incrensed the dose to the skin.
However, the dose rate fell off mpidly and de-
comtamimantion would have had to be prompt in
order to honve been most eifective.

oo D enitiein decontamination.  The thick
hair, anointed with a heavy coconut-oil dress-
ing, resulted in heavy contamination.  Decon-
tamimation of the head was slower than for the
other parts of the body and may have enhanced
the development of epilation and scalp lesions.

3.6 Lack of Correlation With Hema-
tological Findings

ArrEdPre WeRe Mabe to correlate the severity
and extensiveness of skin lesions with hemato-
logic findings for individuals in the Rongelap
group.  No positive correlation was found with
depression of any element. Thus, the contami-
nation of the skin apparently did not sig-
mficantly contribute to the total-body dose of
radiation.

3.7 Discussion

Turar. Has Berx little previous experience
with radiation dermatitis remulting from ex-
posure to fallout material from nuclear detona-
tions, and the general consennus, until this event,
has been that the hazanl from fallout material
was negligible. From the prevent expeiience
it is evident that following detonation of a large
scale device close to the ground, serious ex-
posure of personnel with resulting radiation
lesions of the skin may occur from fallout
material, even at considerable distances from
the site of detonation. This incident is the firm
example of large numbers of radiation burns of
human beings produced by exposure to fall-
out material. With the Hiroshima and Naga-
saki detonations fallout was not a problem since
the bombm were detonated high in the air. The
flash burns of the Japanewe were due to ther-
mal radiation only.

Following the Alamogondo atomic detona-
tion, a number of cattle grazing near the pont
of detonation developed lesons on their backs
due to the deposit of fallout material (4). Also,
following u detonation nt the Nevada Test Site,
sixteen horses near the Tesxt Nite developed
lesions resulting from fallout depomit on theiwr
backs (5).

Knowlton ¢¢ af. (6) described burns of the
hands of four individuals who were handling
fission product material following detonation
of w nuclear device. These burns were due
largely to beta radiation. The gross lesions
of the hands occurred from an exposure of
about 1 hour, resulting in doses between 3,000
and 16,000 rep of beta radiation (mazximum en-
ergy about 1 Mev) with a small gamina com-
ponent considered to be msignificant.  The
lesions were described as developing in four
phases: (1) An imtial phase which began al-
most immediately after exposure and consisted
of an erythema with tinghing and burning of
the hands, reaching a peak in 4% hours and sub-
siding rapidly so that by 3 to 5 days there was
1 relative sbeence of signs and symptoms; (2)
A second phase which occurred from about the
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third to the sixth or eighth day, sid was char-
acterised by a more severe erythema: (1) The
third phase at 8 to 12 dayn. wus charactensed
by vesicle and buliae formation. The erythema
spread to new areas during the following 2
weeks, and the active proces subsided by 24 to
32 days. The bullae driest ep, and desquama-
tion and epithelization tixk place in lem
severely damaged areas; ({) The fourth phase
or chronic stage was characterizei by further
breakdown of skin with necrosis 1n areas which
were damaged sufficiently to compromise the
biood supply. Atrophy of the epidermis and
loss of epithelial structures took place, which
necessitated skin grafting in some cases,

Robuinsa ¢t a/. (T) reported six cases accident-
ally exposed over much of their bodies to scat-
tered cathode rays from a 1200 kv primary
beam with exposure time of about 2 minutes
and & rough estimation of doee to the skin of
between 1000 and 2000 rep. The lesions de-
wribed were similar to those reported by
Kuowiton ¢t a/. with a primary erythema de-
veloping within 36 hours; secondary ervthema
with vesiculation and bullue formation ap-
pearing about 12 to 14 days Inter: and, in the
more severely atfected, a tertiary phase char-
acterized by further breakdown of the skin.
[n compurison with severe roentgen ray reac-
tions these investigators stressed the unique
peridhicity of cathode ray burns, relative ab-
sence of deep damage to the skin, less pain,
greater rapidity of healing, and absence of
pigmentation.  These points would apply to
the Mauarshallese lesions except for the multi-
phasic renctions und absence of pigmentation.
Crawford (%) reports u case of cathode ray
Lurns of the hands which were similar to those
described by Robbins ¢# af.

Expertmental betn radiation burns in hu-
man beings have been reported by Low-Beer
(" and Wirth and Raper (10). Both inves-
tigntors used 17 disex applied to the fexor
surfuce of the arms, forearms, or thighs for
varying lengths of time. Low-Beer reported
“monophasic™ skin reactions.  He found that a
caleulated dose of 143 rep to the tirst milli-
meter of skin, ignoring self-nbsorption, pro-

dwned a threshald ervihema. Dry, scaly, des-
quamation was produced by 720 rep in the
firt willimeter and bullows, wet desquamation
war produced by (7,000 rep to the tirst nulh-
nder.  Fryvtheinn developed in 3 to ¢ days,
iollowed later by pigmentation and desquama-
tion with higher doses. KRerovery was ob-
rerved with dowens of 17000 rep.  The lesiona
Inter shaowed depigmenial centers with hyper-
prgmented edges (also seen in the prevent
CRNeN ).

Wirth and Raper (10) produced primary
erythema within 6 hours after exposure to a
dose of 635 to 1180 rep of P* radiation. Mi-
nute vesicles with dry, spotty desquamation
were noted with 1180 rep at about the tifth to
sixth weeks poet-exposure.

Twenty-three Japaneses fishermen were ex-
posed to the same fallout material which in-
volved the Marshallese and Americans. There
were many similarities in appearance of skin
lesions that developed. Pigmentation was also
common in the Japanese and some degree of
erythema was reported (11) which was not seen
in the Marshallese. Distribution of lesions was
not the same due to ditferent parts of the body
being protected by clothing. For example, in
the Japanese scalp lesions and epilation were
more common on the crown of the head since
handkerchiefs were usually worn around tne
head leaving the crown exposed. Shoes pro-
tected the feet of the Japunese, but lesions of
the hands between thumb and index finger were
common, apparently due to handling contami-
nated tishing lines.  Lesions with belt line dis-
tribution oceurred in the Japanese fishermen
but not the Muarshallese. Similar mild lesions
were observed on several American sailors who
were on ships of the task force exposed to fall-
out.  From available information. the severity
and course of the lesions in the Japanese tisher-
men appeared to be sinilar to those seen in the
Rongelap Marshallese group.

The lesions in this report did not follow
precisely the same course as those beta radintion
lesions described by Knowlton, Robbins, and
others (6-10) and they presented certain unique
fentures which merit further discussion.
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The carly symptome of itching and hurning
of the wkin and even were prohably due mainly te
&in irradintion frew the fallowt material
However, the chemical nature of this material
niay have contribated to the irritation. It has
Leen noted (12) that irritating chemicals ap-
jlivd during or shartly after irradiation en-
hance the effects of radiation.

The lack cf pivininence of an erytheun wan
notable. particularly in view of the reventy of
woome of the lenions that developed. Wilhelmy
(13) states that erythema only occurs when the
dowe reaching the papillary layer exceeds a cer-
tain level. Perhaps due to the low energy of
the beta radiation the dose to 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
un ervthema. Microscopically, a superficial
hyperemia was not prominent.

Wirth and Raper (10) point out that they
were impressed in their studies on P * radiation
of the human skin with the dificulty of distin-
guishing between true erythema and tunning,
particularly in the skin of brunette individuals.
[t was unfortunate that color filters were not
available to aid in distinguishing an ervthema
as suggpested by Harris ¢f al. (14).

In general, the length of the latent period
before development of lesions of the skin is con-
sidered to be roughly inversely proportional
to the dose of radiation (15, 16). In the pres-
ent series of cases the relatively long latent pe-
rod is suggestive of a low dose of radiation.
Due to the wide spectrum of beta energies and
particulate distribution of radiouctive material,
strict comparisons cannot be made with pre-
vious experience. However, the later develop-
ment of less severe lesions in the Ailinginae and
Rongerik groups as contrasted with earlier de-
velopment of more serious lesions in the Rongre-
lap group is in keeping with a lower skin dose
in the former, and a higher skin dose in the
latter. It is of interest, however, that the latent
peridd  was dependent to some extent on
anatomicul location.  The foot lesions, which
were generally the most severe lesions en-
countered, had a longer latent period than id

the lewn @vere lemonn xcvurring ehevwhere on
the body. It i lognenl to asmume that the feet
received a higher dowe of radiation beeawme of
proximity to the grownd and this mmy expiam
the sevenity of thewe lewions. The longer Inten.
periad (desipte higher dave of radiation) may
he related to thicknems of the epuiermn, dif-
fereucen in length of mitatic cvelen or other
inherent characterition of skin in different
arens of the body.

The histopathological rhanges noted, such as
destructive and atrophic changes of the epi-
dermix, disturbances in kerstinization, and
atrophy of hair follicles, when taken together
are consistent with radiation injury to the skin
(9, 12, 17, 18, 19, and 20)). Severe injury to
the dermis and blood vessels was not obwerved.
The minimal dermal injury with severe epi-
dermal injury is in keeping with the large com-
ponent of low energy beta material present, re-
sulting in absorption of the greater portion of
the energy in the epidermis.

Hyperpigmentation of injured areas was a
consistent finding in the Marshallese and the
Anrerican Negroes. DPigmented lesions were
nlso obverved to a lewser extent in the white
Americans.  Such pronounced pigmentation is
not characteristic of the usual lesions ax de-
scribed following exposure to betn or pene-
truting radiation, but inuy be more tvpical of
the respons to ultra soft roentgen or “(irenz
rays” (21).

There 1~ no satisfactory explanation for the
darker dusky-gray color that appeared in some
of the skin lesions as henling progressed. Vas-
cular changes or pigment aberrutions might
have been responsible. The return to near nor-
mal m this pigmentation by 6 months showed
the transient nature of this change. The con-
tinued nbheence of pigmentation at the site of
the deeper foot lesions at 6 months and 1 vear
later sugpests that the pigment-producing ele-
ments in these areas were permanently dam-
nged.

The unique features of the lemions sich ax
the marked pigmentation, the sbmence of obvi-
ous multiphasic response, the long latent pertod,

o
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and the wvere, sputty epidermal injury with
mininel derwmal injury are wtable. The pur-
ticulate nutnre and uneven distribution of the
fallowt materiai was responnible for the spatty
nature of the lestonn and, the large componen:
of sk onergy besta radiation was responsible
for (he greater epiiermai injury. | he promi-
nence of pigmentary changes s probably re-
Inted te race.® 11 1n generally conceded that
blondes with light pigment are more sensitive
to radiation than brunettes (17). Lamly it ix
quite evident that senwitivity amd response
varied with anatomic location.

In Table 1.3 are listed the approximate sur-
face skin doses required to produce recognizable
epidermal injury from beta radiations in ant-

in comparing asnimal lewions from known dones
with lewsons in the exponed Individuais in thm
udy in order to estimate the kin dive, “ince
specien differences in responne may exmt, amd
certain radiation factory are nat well estab-
limhed, surkh as sccurate knewiedge of the bute
spectrum of the faiiour materiai snd dowe ',
Cotparmon with human data suffers from wide
differences in radiation energy and dowes re-
ported snd methunin of determining the rep
dowe.

The low incidence of infection of the radia-
tion burns is probably due to their superficial
nature. Ulceration and partial healing pre-
ceded the time of minimal granulocyte counts.
It is conceivable, however, that with higher

Table 3.3.—Surface Doses Required to Produce Recognizeable Epidermal lnjury
AvERAGE
InvEsmATUR Animat lsovors Exgaay Ararace Doss (ne?)
(Mav)

Henshaw, et al (22) Rats_ pe 0.5 1. 500-4. 0V0
Raper atid Barnen (23) " Rats . P 05 4, 00O
Raper and Barnes (23) Mice .. p= 0S8 2. 500
Nnider and Raper (24) Mice pe 0.5 2, 300
Raper and Barnes (23) Rabbita peu 0.5 5. V00
l.ushbaugh (28) Nheep N 0.3 2. 500-5, 000
Moritz and Henrighies (26) Pign s 0. 05 20, 00V-30, 000
Morits and Heurigaen (26) Pign Com® 0. 01 4. 000-5, 00U
Morita and Heunguen (26) Pign (at? 0.2 2. 0U0-3, VOV
Monts and Henriquen (26) Pign Sree 0.3 1. 500-2, 000
Morits and Henrigues (28) Pign " 0.5 1, 500-2, 00U
Moritz aud Hennques (26) Pign Y 0.7 1, 500-2, 000

mals. It is appurent from the table that beta
ray energy is of considerable importance in de-
termining the degree of injury. According to
Moritz and Henriques, the difference in dose be-
tween that required to produce threshold skin
damage and that for permanent damage in pigs
18 300 to 10 rep (26). One is not justitied

* Reported clinical wxperience with radiation skin
lesnionn I8 hased predominantly on the reaponse of
white-skinned people, whervan the lesiona demcribed
berein were observed primarily in the Marshaliese,
a highly pigmented peopie.

doses of whole-body mdistion, the defenses
agninst infection might have been sufficiently
impaired to have resulted in serious complica-
tions from skin lesions of the severity encoun-
tered.

Severe radiation injury is known to predis-
pose to cancer.  The probability of the develop-
ment of malignancies at the site of healed le-
sions is unknown. Certain factors appear to
dec. ‘use the probability: (n) The majority of
the lesions were superficial. (b) Visible signs
of chronic radiation dermatitis are absent in
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the vast majerity of camss. Such changes have
bosn generally sbuerved perior to the develop-
ment of radiation cancer. (c) The lack of any
marhed histolagical damage § months after ex-
posure implies geod repair. (d) Nince low en-
oty radiation was chiefly raponsible for the
rin lninme. the nengwesie srreere hetter he.
cawe none of 1,100 individuals expused to low
veltage X-ray for dermmatological conditiows
developed epidermoid carcinoms 5 to 33 years
after treatment (27). (e¢) Furthermore epi-
theliomata rarely develop after a single doee
of radiation to the skin (12). (f) Lastly the
incidence of skin cancer in Negroes is one-sixth
to one-ninth the incidence in ("aucasians (28)
in the United States.

(Other factors make the outlook less favor-
able: (1) Deeper lesions of the feet and neck
continued to show pigment aberrations snd
slight atrophy at 1 year, and one severe ear
lesion showed marked atrophy and scarring
at this time. (b) It is not known whether or
not radiation of the epidermis per x¢ can predis-
pose to malignant change.  Since the epidermis
was heavily irradiated in these cases, compared
to the dermis, this becomes an important con-
sideration. (c) Since many children and
young adults were involved, the life expectancy
of a Inrge number of the individuals will exceed
the long induction period for the development
of radiution cancer observed in radioloyists.
(1) Exposure to tropical sunlight, potentially
carcinogenic in itself, may increase the proba-
bility of neoplastic change. (e) The influence
of the sublethal whole-body exposure received
hy these people on induction of skin cancer is
not known.

The occurrence of epilation 2 to 3 weeks after
exposure corresponds roughly to the time of
sppearance of epilation in the Japanese exposed
to gamma radiation at Hiroshima and Nagasaki
(29, 30). Nince the greater amount of epila-
tion occurred over a period of a week to 10 days
there was apparently no phasic response de-
pendent on the growth cycle of the follicles (in-
active, or telogen and active, or anagen follicles)
as has been reported (31, 32).

The regrowth of hair, beginning shext ®
weeks after exposute in the Marshallese, was
at sbout the same time as noted in the Japansse
fisherman (11). and slightly later than the time
of regrowth (8 to ¥ weeks) noted in the Japa-
nese bomb casmaltion In contrast to the
irrndiated skin of *he Marshallese, there wore
no pigment sberrations in the new hair, which
was obaeeved to be of normal texture and abun-
dance at 8 months. [ncreased graying has been
reported in animals (33-38) but has not been
seen in human beings. Neither was there any
appearance of dark hair in aged individuals
who already had gray hair as has heen reported
in human beings (32, 37.and 38). In the Japa-
nese bomb casualties (30) and the Japeanese
fishermen (11) the new hair was also normal in
color, texture, and abundance.

The nature of the bluish-brown transverse
bands of pigmentation that developed beneath
the nails is not known. Since it occurred in
the majority of the more heavily exposed Mar-
shallese groups and in all 5 of the American
Negroey, but none of the white Americans, it
appeared to be u response peculiar to dark-
skinned races. The phenomenon was appar-
ently produced by gamma radiation with a dos-
age a8 Jow a8 T5 r since this was the estimated
dose that the American Negroes received in the
absence of signiticant contamination of the
hands.  Sutton (39) has reported a case of simi-
lar fingernail pigmentation which developed in
n negress, following 150 r of soft X-irradiation
to the hands.

3.8 Summary

FoLiowiNa Tar DeronaTion of a thermonuciear
device signiticant amounts of visible radioactive
material were deposited on inhabited atolls pro-
ducing skin lesions, whole-hody radiation in-
jury and some internal deposition of radionu-
clides. The skin lesions in the more heavily
contaminated groups were characterized by
itching and burning of the skin for 24-4% houra.
Epilation and skin lesions were obeerved, be-
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gioning sppeesimately 2 to 3 wesls sfter 8-

pasure, an shin sress contamineted with full-
out. Biwish-brown pigmontation of the fingsr-
vails was slon & con.man finding.  No primery
or ssrandary orythoma was chesrved and com-
sintontly the livst ovidonse of shin damage was
iacTeassd pigmentetion we S fuiie ol deia
wown to black maculve, papules. and reisd
phoqurs. The L ions develaped lnrgely on the
expussd parts of the body wot protected by
clothing, and orcurred usually in the fullowing
order: scalp (with epilation), neck, axillae.
antecubital fossae, feet, limbs, and trunk. Epi-
lation and lesions of the scalp, neck, and foot
(dorsal surface) were the most common. The
majority of lesions were superficial without
vesicle formation, and after simple dry desqua-
mation healed and repigmented. Approxi-
mately 20 percent of the people in the highest
exposure group developed deeper lesions, usu-
ally occurring on the feet or neck and charac-
terised by wet desgnumation with ulceration.
Mild burning, itching, and pain accompanied
the lesions. The majority healed rapidly with
non-specific therapy. Residual pigment aber-
rations consisting of hyperpigmentation and
Inck of repigmentation and mild atrophic
changes were noted in some deeper healed lesions
nt six months and one year. Regrowth of hair,
normal in color and texture, hegan about 9 weeks
post-exposure and was complete at 6 months.
Biopsies of typical lesions at 3 to 6 weeks showed
changes consistent with radiation damage with
marked epidermal damage and much less severe
dermal damage. Biopsies at 6 months showed
only s few residual changes. The nail discolors-
tion had “grown out”™ completely at 6 months in
all but a few individuals.
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4.0 Istroduction

Futsowine rvz Derox anion of a nuclear device
at the Pacific Proving Ground 1n the Spring of
1954, 28 Americaas and 230 Marshallew were
evvwand to fallowt rediations. Sixty-four of
the Marchallese on Rongelap atoll (Group 1)
received an estimated 175 r. of gumma radiation
as mensured in air; 1% Marshallese on Aihing-
inae atoll (Group 11) received 6V r.: 28 Amen-
cane on Rongerik atoll (Group 1I1) received 78
r.: and 1537 Marshallese on {'tirik atoll (Group
IV) received 4 r. Detailed history of the
event, as well agclinical and internal contamina-
tion findings are reported respectively in Chap-
ters I, Il and V. This chapter presents the
hematological tindings in the exposed individ-
uals during the first 11 weeks, at 8 months, and
at 12 months after exposure.

Since it s generally agreed that the degree
of change in the formed elements of the blood
is the most useful clinical index of the severity
of radiation damage, peripheral bloi changes
were relied upon as a major aid in evaluating
the degree of radiation injury in each exposed
individual.  In addition, changes in the mean
blood counts of the exposed groups were fol-
lowed closely to aid in evaluating the changing
status and probable prognosis of the exposed
groups.  Thereiore, emphasis was placed on
standardized systemntic serial determinations
in order that individual and group trends could
be evaluated adequately. Since it was neces-
wury to observe the large number of exposed
individuals at frequent intervals, the number
of different procedures that could be done was
necessarily limited. Determinations employed
were chosen on the basis of known clinical value,
and euse and rapidity with which they could be
done reliably under teld Iaboratory conditions,
Aceordingly  coagulation  and  biochemical
studies were omitted.

An extensive literature exists on the hema-
tologic effects of radiation, These data. and the

difficuitien attendant on comparing them with
the present results are discused iater in this
report.

4.1 Mcthods

Hexanmaosicar. Exasixanoss Ixcitoen total
leukocyte, neutrophile, Ivmphocyte and plate-
let counts, and hematocrit  determinations.
Whenever jumwible, an entire exposure group
was studied in a single day with 2 days oc-
casionally required to complete the larger
groups.

Capillary blood, usually obtained from the
finger and rarely from the heel or ear was used.
Two pipettes were tilled for both the leukocyte
and platelet counts. From each pipette s
single hemocyvtometer chamber was filled. Al
pipettes were rotated for 10 minntes, and the
cells were 11lowed to settle for 10 minutes in the
hemocytometer chamber before counting. A 3
percent acetic acid diluting fluid was used for
totul lenkocyte counts.  The blood was diluted
with 1 percent ammontum oxalate for platelet
counts and counted in flat bottom hemocytom
eters using a dark phase contrast microscope
(). Two blood smears were made using a
beveled end glass slide for spreading. One
blood smear was tixed in methy! alcohol.  The
other wns stained by Wright's method, from
which a 100 cell ditferential count was made.
Henmutoerits were performed using heparinized
capillary tubes.  One end of the capillary tube
wis heat senled and the tube was centrifuged in
nocapillary centrifuge at 120 rpm for 5
nntes,

Every effort was made to maintain uniform
procedures in every phase of the laboratory
work.  The numiber of personnel changes for a
given procedure was held to s minimum: per-
sonnel drawing blood from a single puncture

+H
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were sulfrient in number to sllow all samples
te be talon in rapid sucresmion, and time inter-
vala were rigndly controlied.

4.2 Methods of T cating Dena,
Control Groups

Puz F.xromt s Buse counts were nat arailable
on the expomd Marshallese or Americaas:
bener the indicidualo cantd nt ha vead se their
ven controbe.  In order to estimate the wverny
of the hematologne response 1t wan hecemary to
etablish control groups as comparable as pos-
sible with rexpect to age, race, wex, buckground
and habits. A control group of 115 Marshal-
leae from Majuro atoll (Control Group \),
comparable with respect to nge snd wex to ex-
posure Group I was obtained during the initial
observation period.®  For comparison with the
exposed Amerieans, blood counts were done on
approximately 85 American men on duty at
Kwajalein. Al who had net been on duty in
the tropics for more than 2 months were ex-
chuded, <ince the exposed Americans had been
in the aren for that period of time hefore ex-
posure.  Inaddition, soveral who were recently
nusociated with radionctive materials were ex-
cluded.  The resulting simaller group of 67 was
used as the Kwaj- \merican control group.
Data from the control group \ were ex-
amined to determine the age and ~ex dependency
of the several hematological determinations.
To obrun valid compurizons within and among
the various exposure groups, the age and sex
dependencies noted for the contral groups were
tuken into account.  Although ench individual
in all groups was <tudied hematologically, those
Marshallese with serious long-standing diseases
were omitted from the nnnlysis. A total of two

*A second contral group of K2 Marshallese from
Majuro atoll (control Uroup By were obtained during
the 8 month medical resurvey While data from these
individuale are given in this report, they are not nsed
for comparisons becaise of 8 measies epidemic during
the renurvey.

from Growp \ and two from comtrol Grewp B
were omitted on thim basm

In the following descriptions and compan-
suns of the dats. hndings in the e posed groms
are frequently expremed in terms of pervent of
the appropriate age and wex control greap. It
whaonld be noted, however, that in sheervationsal
mudien of thix kind, wadkrewrn ferters could
pornnild y acconnt fur prt of the diffe rences noterd
hetireen the comtrel and rzpnewre grewps cven

R I O e e
Lovt cvompeershle comtrol qrivepa. Tn addition, it
was not pumnible to obtam nuwe than a single
hlewn] cample on each control individual. For
thewe rensons, statistical tests of ugmificance
were apphied mainly to time changes within an
exposure group, and not to differences bet ween
control and exposure groups.  For the purpose
of detecting sigmificant change~ in the hemato-
logical pattern, nonparametric tests (i. e., statis-
tical tests for which it is not necessary to specify
the functional distribution of the variate under
study) were used (2-7). The advantages of
noupsrametric methods have heen summarized
by Moses ().

4.3 Hematological Findings, General

Ix Tanee 4.1 ure shown for control group \, by
age and =ex, the mean yvalues for the total white,
nentvoplule, Ivinphiocyte and platelet counts, as
well as for the hematoerit. The age and sex
breakdown used for compurisons among ex-
posure ;. oups 13 shown in Table +.2.  In this
breakdown the age and sev dependencies noted
for the Muarshallese control groups were taken
into account insofar as wax practicable. It
should be noted that the Giroup B control values
(Table 4.1) agreed closely with the Group A
ontrol data.  To allow additional comparison
hetween effects on children and adults, the neu-
trophile counts were arbitrarily separated into
the age groups used for the lymphocyte counts.
Monocytes and eosinophiles were broken down
also into the same age groups. The age and

- .
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Tabie 4.1.— Hemesoiogical Reswics, Marshellese Control Greups
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wex dependency of thewe endpoints are con-
parabie to that in published data (9.10), with
the exception of the platelets, on which previous
comparnble datn were not available.

Total leukocyte, neutrophile, lymphocyte,
monocyvte, platelet and eesinophile counts for
the several exposure groups are given by day,
by sex and age in Tables 4.2 to +.5. The total
white count, neutrophile, lvimphoctyte and
platelet counts at the times of maximum depres-
ston (averaged over the time during which
counts were consistently the lowest) are shown
in Tables +.6 and 4.7 for each individual in
Giroups I and IT respectively. Hematocrits for
all exposure groups are shown in Table 4.8,
Hematological findings as a function of time
and uge nre shown also in Figures 1.1 to 4.5
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 Fignres 4.9
to +.12.* In the tigures emphasis is placed on
the ~eparate blood elements rather than on the
total lenkocyte connt, since the component ele-
nients have distinct and different time trends
after irradiation.

*in Group IV the cumulative distribution curve for
platelet connt< only i presented since hematologieal
determinations in thix group were not made during the
Aot 51 day period, umed for lenkocFte omparisons
amung the other grogpm.

4.31 Hemeswologic>' Pindings, Group I. Roe-
gelsp

The alnolute neutrophile count of both the
younger and older age groupn fell during the
weond week to a value appmximately 70 to 80
percent of that of the controls (see Fig. 4.1).
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SORT EXNFCRLAL  ON

Fioiag 41 Neral chunges in mentrophile rounts of
Group | 1 Rongelap) for those lvas than i years end
greater than 5 years of age.

Following the depression of the total neutro-
phile count during the 2nd week, the values
were unstable until the Hth week. At thix time
the beginnming of a second drop (p<ol) was
noted for both age groups, and & low value of
approximately 50 percent of controls  was
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rrached. The count was maintained st ap-
proximately 75 percent of control values from
the Tth week to the end of the initial study.
No further recovery was evident t 8 n' nths.
Althongh both age groups followed the same
general time pattern of response, the lower age
group was below that of the older throughout
most of the observation period. At 12 months
the granulocytes had retuined to the control
range.

The abwolute lymphocyte count of the older
age group (Fig. 4.2) had fallen by the 3d day
to a value approximately 55 percent of the
control group. This value was maintained
througli..ut the study, and there was no definite
evidence of an upward trend during the initial
or & month studies. At 12 months, complete
recovery had not occurred.  The values for the
younger age group likewise fell before the id

day to a value approximately 25 percent of the -

contrul, following which there was a signiticant
upward trend. With the total lymphocyte
count, there 1 a consistent ditference between
the two age groupw.  However, during the first
4+ weeks the difference ix accentuated when ex-
pressed as percent decrense becanuse of the rela-
tively high Ivmphocyte levels in the lower age
control group.  After this period the differences
expressed as pervent are less marked since re-

1
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Fiuitag 4.2 - Neral rhanges 1n lymphoryte count of
tiroup | + Rumgriap: [or those leza than 5 prers
ond yreater (hm 5 yewrs of gy

FOBT DFORSE O
Fietaz 4.3.—Comperstioe serial chenges in the totsl
leakocyte, neutrophiie, and lymphocyte counts in
thoae greater them 3 peers old, (iroup [ ( Rongelap).

covery 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).
[t is ~een that the lymphocyte count remained
essentially constant throughout the period of
studv, while the total neutrophile count fluctu-
ated with a pattern essentially identical to that
of the total white blood count (coefficient of
correlation of 0.9). Thuy the fluctuations in
total count were due to vhanges in the neutro-
phile count. This was true of both the older
and vounger age groups. 1t cun be seen from
Tubie +.2 that the neutrophile count was con-
sistently greater than the Ivmphocyte count in
the older age group. In the yvounger groups,
differences in the neutrophile and lymphocyte
count were less marked and frequently the
Ivinphocyte count was greater than the neutro-
phile count.

Platelets were irst counted 10 davs after ex-
posure, at which time platelet values of the
females were approximately 60 percent of the
approprinte control group ( Fig. 4.4). Follow-
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Table £2.—Group 1 Roagelap Mesa Biood Counts by Dey smd by Age

. B.C. L P | Bossvorsn.se
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N S
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0. .. ... ... 7.6 65 38 40 33 22 . . B : S 34 LY
T4 . T, | .. 2.2 217 247 ot .
185 ... | 85 66 46 42! 36 22 244 203 W3/ L4 L1 25 L6
400 _ . . .0 1001 81 47 48 406 28 2.6 195 27.6' 07 1.3/ 67 28
Controls Group A._0 132 9.7 48 48 7.4 41 41.2 258 345:20 20, 956 47
1 |
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ing this, the platelet count fell reaching a low N

of approximately 30 percent of control value — CONTROLS GROUP A MALE <1008} ——]

during the 4th week. The platelet count rose B e i e S .

during the 5th and 6th weeks and reached the weﬁt@m AL aes oo —|

value noted for the initial counts on the 10th * '

day. A second decrease in the platelet count m’.} :

(p<1.01) developed during the Tth and 8th %, 30 . T T

weeks, and values remained at approximately .

70 percent of the control groups during the re- § 'ﬁé"

mainder of the initial observation period. No E ‘g

additional recovery had occurred by the 6th £ > ‘

month. At 12 months the counts were higher

but still below the control r nge. The pattern

of platelet counts in the male groups was re-

markably similar to that noted for the females. oo

Counts of the lower age group, males. were
consistently higher than those of the adult
group in absolute counts; but consistently lower
ag percent of control.

o} [} o) 0 o 0 ® o

POSY CXPOBUAE O
Flotee 4.4—Nerial platrict rhanges in thoer lras then
10 years and greeler than 10 years of ape of (iroup
I i Rongelap).
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432 Hoemswlogical Findiags, Growp IL
Ailingines

The pattern of change of all elements in
Group II was essentially identical to that of
Group 1 : however, the degree of change was not
ss marked (Table 4.3). As with Group I, recov-
ory of al’ elements was incomplete at 8 months.
At 12 months granulocytes were in the control

range but platelets and lymphocytes remained
depressed but higher than at 6 months.

4.33 Hematological Pindings, Growp IV. Utirik

Since it was known that Group IV had re-
ceived a very small dose of radiation compared
to the other exposure groups, less frequent de-

Table 4.3.—Group 11 Ailinginee Mesa Biood Count by Day and by Age

‘ w. B C i.\lnm’ ) PrarsLETS MonocYrss |  Eomworumss
! (X199 (X199 I (X109 (X10% xi | (X109
| | | | |
PEDay. ... .| <8 >3 <5 >8 <5 >5 <10 >10 Ages |
i ! I(M’ My (P <5 >5i <5 >5
S 60 70 30 80 | 28 22 | __... ... ... /08 L6 05 04
T 55 &8 . . . . ] It T I
10.. | 63 73 42 42 ' 1.9 22 .225 226 2.9 (38 21, 26 1.8
2. . ! 63 7.6 1.8 47 . %1 212 | R W | as‘ 44 28
15. . 71 720 23 45 ' 42 22 {290 202 246 37 28| 23 14
8. , 68 7.8 29 50 ' 35 24 275 2.7 249,23 L5| 32 23
2. © 89 87, 53 54 27 29 235 170 22915 24| 58 24
% 84 70 48 44 | 32 23 /200 138 174,23 241 e 16
0 . " 96 86 53 62 | 37 20 (195 128 18219 1L.9; 41 20
33. 77T 178 33 52 325 22 '240 158 327 28 22' 60 1.9
39, 75 62 29 42 47 1.9 25 208 27.0 11 1.7 27 16
43 6.9 65 27 386 39 27 280 19.6 253 06 14 28 06
47 73 67 35 38 ' 34 27 2.0 20 21 22 1.9 15 07
51 84 8.3 38 36 40 22 320 182 250 27 28 22 L0
54 46 63 28 35 32 25 370 198 238 1.5 1.y 1.8 08
185 7.7 65 48 39 27 22 252 192 23911 L4 L5 23
400 1Ll T8 42 47 . 65 56 387 2.4 283 1.0 L1 1.7 212
Controla Group A. 132 97 48 4.8 T4 41 41.2 258 385 20 20 95 47

Table 4.4.—Group IV Uttirik Mean Blood Count by Day and by Age

wW.B Natraorwies LYuruocYyrss PLateLRTS Moxocrrs EomxoruILES
(X189 (Xtom (X10m (X10m (X100 (X109

All

P. k. Day . <5 >5 <5 >5 <5 >5 <IN >10 Agen <85 >5 <5 >5
(M) (M (P

4 94 82 47 4.2 49 12 0.6 02 20 1.2

14 10 |48 +$1 32 S$1 29 +49 42 36 27
1 38y 281 356

» 1 97 49 S5 A 4R 32 345 246 31 7 22 7 31 20

Controls Group A 132 97 48 4R T4 e 412 258 /S 19 20 95 &7

_———- -



HEMATOLOGIC OBBERVATIONS

erminati:ne weve carried out ou these pesple.
In the greater than 5 age group the totel white
bload ceil and noutrophils counts were depressed
slighly oslow cantral valwee duricg tho (X and
3d weels (Table 4.4). The iymphocyte counts
were below contrel levels consistently, and the
total white count ~qual to the control value ob-
tained on day 20 was dwe to a newtrophilic
leukocytosis.

Platelet counts on the 29th day were signifi-
cantly lower than on the 18th day and, except
for the older age males, were lower than control
values. The 29th day coincides with the time
of maximum depression for the more heavily

expaoeed groups.

4.34 Hematological Findings, Group 111
(Americans)

The neutrophile count in general reflected the
time courve of the total leukocyte count (Fig.
4.5). Neutrophiles accounted almost entirely
for the marked rise in total count «n post-
exposure day one, and the values for absolute
neutrophile count fluctuated near the control

[ > v g
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Floume 4.3 —Seriel totel lewkocyte, neutrophils end
lymphocyte count in coposed Amevricans (Grewp /11).

values thereafter in the courss of the study.
The lymphocyte counts fell to below control
levels in the first few days, and remained at s
level npproximately 75 percent of the control
value thronghout most of the remainder of the
observation period.

In Groups I and Il the fluctuations in the
total leukocyte count were necounted for almost

Table 4.5.—Group 11l Americans Mean Blood Count by Day

t
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! 9 6 61 33 0.1 1.6
8 . 6.6 4.3 2.1 1.9 05
9 8 2 40 2.0 2.0 0.4
10 6.3 3R 22 22 03
11 6 2 39 21 1 8 0.5
12 6.0 7 21 15 0.7
3. .. 6.1 37 21 1.7 1.2
16 .. 6.1 38 20 . 1.7 1.3
16 .. 81 47 29 220 28 25
19 79 48 27 222 2.4 21
23 8.7 42 21 17. 9 1.6 I. 4
28 72 41 25 14 4 20 21
13 8 7 4.1 22 18 1 1.8 22
K 6 8 18 27 201 14 18
43 78 4 4 29 21 8 [} 20
4 T8 4 0 31 a2 y 13
b S 7 12 112 18 % 21 (g
Rwaj Amencan Contruis T8 41 31 218 26 27
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18 6100 45 4320 1650
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55 4400 | 136 | 1450 | 2720
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entirely by changes in the total neutrophile
count.  (iroup 111 differed since the changes in
total leukocyte count were reflected almost
equally in the lvmphocyte and neutrophile
count. The significance of this difference in
response in the two groups is not apparent.
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Flrotry 48.— Neral platelet roun:a tn rrposcd Amers-
romna (firoup (11

The pintelet count (Fig. $.6) were not niark-
wlly depressed when the mitial counts were
taken during the 3d week. At the end of the
Sl weeh, however, the platelet count began to
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foll to reach & low .f appeesimately 60 percent
of contrel levels st the end of the 4th wesk.
The velue then returned to spproximately the
control level st the start of the Tth week, fol-
lowing which a second depression was noted.
The platelet counts were at a level of 80 percent
of the control valwe at the time of the last ob-
servation during the 8th post-exposure week.

435 Monecyws aand Ecsimophiles, All Groupe

From Table 4.2 it is seen that the mes » mono-
cyte count for Group I rose abruptly from an
early value below control levels to a well-defined
pesk on day 12, following which it fluctuated at
values below the control level for the duration
of the obeervation period. .\ similar time trend
was noted in GGroups 11 and I11.

Table 4.7.~Group 11 Ailinginee Meas Blood
Counts at Time of Maximum Deprewion

Age Less Than 5
| —_—— —
Cw.p.c | Puisen | “wto | Lympho
Casm No. | (Aversgw | ((A‘v:?:. «\m:‘- (A?::p
from Dy | fom Day ' from Day . from Day
. Wto SU
I »to W »w s 3 o SN
8 9.750 215 3,470 ' 5. 600
8 8, 350 185 3,520 4,135
44 4, 570 . 180 2.35 ' 2 070
Age 6 to 15
48 8. 220 210 2,970 3,150
53 6,170 240 3,700 2,500
81 4, 700 240 2,320 2 15
Age Greater Than 15
1 6.170 - 175 3.570 2,370
16 4,870 195 2,200 2 270
28 8, 270 115 3.720 2 270
29 8, 750 115 4100 2,22
31 5, 650 145 2, 950 2 45
41 5 120 110 3,05 2 270
43 6, 150 215 3.700 2,000
45 5. 650 180 4170 1, 470
30 7. U850 95 3,470 2, %00
51 7,750 170 4. 620 2 950
LY 12, W0 108 8120 3 &0
70 5 070 185 4. Oty 1. 7%

The cosinephils count in the older age in-
dividuala, (iroup L. rose from very low levels
cbeerved on day 3 to values approzimating 35
percent of control during the second week,
where it remained from the 3d to the 5th
week (Fig. +.7). The counts then decreased
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POST DFOBE o
Fcvax 4.7.—Rerial roainophile counts on those lese
then end grrater them S5 yrars of ege of (irowp [

( Rongelap).

(p>0.01) and remained st a value approxi-
mately 15 percent of control throughout the
remainder of the study. The time trend of re-
sponse was simnilar in the younger age individ-
uals, however changes in the younger age group
were relatively greater if considered in terms
of the control values. Nimilar trends in
eosinophile count were not evident in other ex-
posture groups.

It ix possible that the rise in eosinophiles
represents that reported by Minot and Spurling
(11) as oceurring * two to three weeks after
short wavelength irradiation™.

4.36 Hemarocrit, All Groups

The hematocrit values for all exporned groupm
are shown it Table 4.5, When hematocrits wers
tire done on the 22d day, mean values for
Groups § and 1] were below thowe of the control
population. A sigmificant trend in values after
this tune could ot be detected satidically.
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Table 4.8.—Hemasocrit, All Exposure Groupe

Onory L ! Guovr 11 ; Gmocr IV iOmm
—_— I — e 2_—.—_1
Dav ! [ ; !
<wm)t >18 (M) | A “’"{ <umT >18.(M) ‘“;,“".’ <0 | >N ]“‘(,‘)"' AT
1 ‘ i
| 1
22 378 | 20 | mo l 5.5 1 27 W3 ‘ TSN
S il e el Dl e B e e
% 383 | 46 375 | 385 | 433 388 e e L
] [ L ' ‘ - .| s45
» - ' ! o e e f ne ! o
) 379 | 423 | 371 | o0 |48 367 0 O
n 374 ] 22 ) 38 | 385 | 438 ' 373 | | ] esa
» I 378 424 @ 374 %0 | 452 268 } ; | 487
43 | 37.3 ; 1.8 ' 376 | .8 | w21 . ‘ L ] . . 44.0
s7 ;an.o;ca w3 o ! .
185 ' 380 . 4.7 382  37f | 401 | 373 | ‘ l
—_— _— B ——— ‘ ——— —_— i — h —— ! — — ——
Controls | 386 . 460 , 399 . 306 460 M9 | W6 460 | M9 | 4.9

*Age in vears.
(M) = Male.
(F) = Female.

437 Morphology of Peripheral Blood

Signiticant morphologieal cellular changes,
with the exception of abnormal mononuclear
cells® seen in severnl individuals during the pe-
rid of numt severe neutropenia. were not ob-
served.  Npparently similar cells have been ob.
served previeusly by Mot and Spurling (11).
Complete evaluation of these changes would
necessitate an exhaustive serinl study of the
henmtology slides. Simnlar differences of opin-
1on are reported in the literature.

4.38 Comparison of Hematological Findings in
Children and Adules, Group 1.

It 1x seen from Table 4.2 to 4.4 and Figures
+.1. 42 u|u| +.4 that diffevences in the degree of

*There wus considernble difference in opition with
respesct to classitlention of thewe cellc They were
claemified mx atvplonl monme Stes degenerating tym-
Phoaxtes, atypical mveloevies, ot vtoud  Ivmptie.
vt atwl Evmuphus Vies 11 transitiods 1o ivelon vies At
the time of this report there wWaus o dvaangniey of
optiion with respmet 1o classifoation and st onee
ol Thewe (viin

depression of cellular elements were present
between children and aduits. 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 abeolute
count and percent of appropriate control value
t{menn platelet connts were calculated for the
less than 5 and greater than 5 age gronps for
this comparisony,

Table 4.9.—Compaerison by Age of Mesa Neutro-
phile. Lymphocyte and Plarelet Counts in
Group I (Rongelap) at the time of Pesk
Depression

ARSOILI TR CDUNT T 08 P:r‘::'":"
Tyrex of Crrt _ _
Aer S AGE S AuB: 53 A5

Neatrophib: 27 (| h 64
Lyvimphoere 29 2.2 - M
Pluteletrs

females

only L8 123 y4 HY )
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It is seen that in terms of absolute counts, the
children showed s greater depression of the
lymphocyte count. Expressed as percent of
control, all elements were affected more mark-
edly in the younger age group. These results
would indicate that children are more sensitive
to radiation, or that other biological or physi-
cul factors resuited in a relatively grester effect.
One physical consideration that may have ac-
counted in part for the apparently greater dose
received by the childien involves a considers-
tion of dose distribution in the body. Because
of their relatively small diameter, the dose re-
ceived at the center of the body of a child would
be greater than for an adult exposed to the
same dose a3 measured free in air.

4.4 Discussion

4.41 General

An estimation of the severity of radiation
damage meurred can be attempted by com-
puring the present results with previous hema-
tological data on total body exposure.  The
present data represent the only large weriex in
which svstetaatic <eriml counts on the same in-

dividuals have been possible, and thus they com-
prise the most complete dats available on human
beings expored in the high sublethal range. It
is also of importance, therefore, to examine the
present results in conjunction with past experi-
ence in an effort to gain a better understanding
of the hematological response of human beings
exposed to penetrating radiation in the sab-
leth: | range.

In the following discussion it will be gener-
ally assumed that the hematological effects
noted were due primarily to the penetrating
gamma radiation received. The beta radiation
injury of the skin may have contributed to
fluctuations in the white count during the pe-
riod of active lesions during the third, fourth
and fifth week, br is considered not to have
contributed significantly to depression of any
peripheral.elenients (Chapter 3). The degree
of internz| contamination with fission products
(Chapter 5) was probubly too small to con-
tribute sigmificantly to the early hematological
effects obrerved. Although it is not posible
to say with certainty that these added factors
did not materinlly nffect the hematological pat-
tern seen, it will beeome evident in the dixus-
sion that the changes obwerved are not incon-
sistent with tho~e to be expected from expeomure
to penetrating mudintion alone. Thus, the
hematological changes noted are considered to
be the result of a sinyle exposure to penetrating
gamma radiation, délivered at a rapidly e-
crensing dose rate over a period of approxi-
mately 2 duvs.  Unles\otherwise stated nll dis-
cusston will be himited
vision of Group L

0 the older-age sutwli-

The principal sources o} previous data avail-
characteristics and
Imitations of each are sufimarized in Table
4.10. Perusal of the table

the difficulties involved in

able for comparison, and 1}

)11 make apparent
ttempting strict
atements can he
For
for peripheral
ata and froun
te 411

compurisons: however, some
made despite the obvious [juitations.
eaxy reference, “normal™ valued
bloex] counts, from the present

the hiternture ure presented i’
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Cmsusmens  [Jrems Suusmes| O B | Listtosny MG | Biremp MRS | Lases Asmas
Nombus in goupn...| lorge small smalt inoge hoge
Moguany o Osn- | foiv pose posr osed vary good

el
Swtalcounte .. ___ . yeo yoo e ye
Counting tech- | fuir falv goed oood oond

nigues®
Chanee of biss due ;| lrge lasge lnege omall omall

o sampliag tech-

niquee
“Nermal” individ- | yes » yoo yes yos

wals
Internal contami- | nene ] none minimad nene

nation
Additional treuma | yes »e yos yoo [~

(burna, ete.)

Spesies  extrapola- | ne [ " »e yeo

tion wnecsmery
Type of radistion ..| gamma, some | haed X-rays, | pasama, now- | geeama, bota | haed X-raye,

neutrons samae tromn, X- o shin gamme
rays, botas
Dosage sstimation poor good pesr fair good
Bingle expasure. . .. usually ne yeo yeo yeo
Deserate_ . . _.. Instantansows | ~5¢/min. Instantanceus | Varying ~8¢/ ~ 1Gr/min.
he.
Body region. . ... Total body Usually pa~ | Total and Total bedy; Total body
tial body partial body beta to skin
Dosage range .. . Seblethal and | Sublethal Sublethal and | Bublethal Bublethal and
1 lethal ! v Jethal lothal
Geometry ... . . | Narrow beam Narrow beam Narrow beam 300” fieid Narrow beam
Depth dose curve Moderate {all Variable Rapid fall off Essentially Variable;
© ot flat rapid fall
! | ; I off to fiat
t

*SBame technicians for all counts; rigidly standerdised techniques throughout, ete.

4.42 Comgparison With the Japassse Hiroshima
sand Nagasaki Dats

The limitations stated in Table 4.10 apply to
the Japanese low dose groups® E to H in par-
ticular, in which values given (Oughtersen et al.
(12) and Le Roy (13)) are pooled and incinde
individuals located at the time of the bombing

*The Japanewr casualties were divided into groups
At H ot the hanin of degree «f egpusure as deer-
mined roughly by distance from the hypo-reater snd
appretimate drgre= of shividing. In greaps E o M
emvatially se mortality sacrthable w radiatiea
CIPanre wreurted in the irst 3 or § mentha,

such that they may not have received signifi-
cant 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 in the people of Group 1
correspond most closely with these low exposure
Japanese groups in which definite signs of
severe radiation exposure were present in some
individuais but in which essentially no mor-
tality occurred (initial hematological studies
on the Japanese terminated at 15 veeks). The
early period up to approximately ¢ wesks was
characterised by considersble variation ‘w total
white count in both the (iroup | and Japaisee
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Teble 4.11.—20mn Nrigheral Bisod Count Valuse fur Syversl Contrel Populatioss (x10”
Sovase «¢ Dot Dosmbmssnen
U ]
! Kves AN sy | ADSREssS Kwas Cenmet
- o comwmses | OWOSTA

on ™
Total White count______. ' 4 ) ¥ ) 7.4 7.0 7.8 %/
Newtrophile _._ ... .____. [ ) 850 4“4 43 41 4“9
Lymphocytes_ . ____..__. 29 1 8} t § 21 L 9 | 41
Monoeytee. . __..__.._. 06 oe a3 X a3 a3
Eosinophiles_ . . ... __ a9 1.0 (¥ ] a2 a3 as
Basophiles. . .. ... - al |. ae 00 a0 a1
Patelets____ ... .. _._. — - — **30 - 08
*Age 31 years.

**The mean value for 50 normal young American men, using the technique employed in the

present study, was 257,000.

casualties. This fluctuation may be associated
with the presence of thermal or other . \juries
in the Japanese or the active skin lesions in the
Marshallese, or may correspond to the “abortive
rise” noted for animais following exposure
(14, 15). From the 6th week until the termi-
nation of the acute studies on the Marshallese
during the 10th week, the .Japanese and
Marshallese counts renwined at similar levels.

The neutrophile count in both the Japanese
and Marshallese in general paralleled the total
white count. The lymphocyte count in both
groups was depreseed early and remnined de-
pressed at values of approximately %) until
week 10.  The high value of 2692 reported for
the Japanese for weeks 12 to 15 must be sus-
pected of being high for the ressons given
earlier.

Various charncteristice of the Japanese
hematological trende should be pointed out: a)
while high dose exposure groups with signifi-
cunt mortality showed an early depression with
n definite low point at 4 weeks, the lower dose
groups showed no definite minimum at 4+ weeks
but rather a continued depression until the sth
or %th weeks. b) While mean leukocyte counts
of the heuvily exposed groups had recovered in
part and were approaching normal ranges,

3817120 & .38

these means, 15 weeks after exposure were still
below means for control populations listed in
Table 4.11. In fact, data of Kikuchi and
Wakisaka (22, 23) indicate that hematologic
recovery was not complete 2 years after ex-
posure. The studies of these authors, per-
formed independently of the Joint Commission
and Atomic Bomb (Casualty (Commission, sug-
gest the early blood response and prolonged
recovery of the Japanese was similar to that
reported here for the Marshallese.

The present findings in the Marshallese are
in accord with these characteristics, namely
a) total white cell and neutrophile counts
showed no definite minimum at ¢ weeks as evi-
denced in Japunese groups \ to D), but rather
fluctuated during the tirst weeks with minimum
meap counts occurring in the 6th week or later,
b) neutrophile counts were unstable over the
first 5 weeks, and recovery to control leveis was
not complete by the 6th month, ¢) lymphocyte
counts remsined depressed throughout the pe-
riod of obwervation.

Platelet data in the Japanese are not suffi-
vient to allow more than rough qualitative
compariwons.  This s nnfortunate since changes
i platelet counts in the prement udies ap-




poared ts show & mevre consistent pattern than
Jdid the loubecyt . comts. Platelet counts on
one individual, considered as & typical response
in & nen-fotal Japaness (13) indicsted an ap-
parent low approzimstely on day 30. This time
ttend agress with thet ssen in the Marshalless
and Amsricans expesed to fallowt radiation.
It is werthy of note that the period of peak
incidence of purpurs in the Japanese victime
occurred between the iith and 30th day, which
cerresponds to the time of maximum piatelet
dapression in the exposed Marshallese.

443 Comperissa With Dueca From Lsborssory
Accidens

Although in the Los Alamos (18) and Ar-
gonne accidents (19) the type of radiation
and the conditions of exposure were markedly
different from either the Japanese or the Group
I situations, a large component of penetrating
gamma and neutron radiation was received and
thus attempts at comparison may be of value.
Some findings in the hematological responses
are pointed out: a) a uniform early rise in
wliite and neutrophile counts over the first few
da v, similar to that seen early in the \merican
group was obeerved uniformly.® b) of three
high-exposure but non-lethal cases, the total
white and leukocyte counts continued to show
some degree of depression into the Tth week or
heyond. c¢) the lymphocyte counts in individ-
uals exposed to as little as 30 rem showed an
initinl marked depression. In most cases the
lymphocyte counts remained at low levels
throughout the period of obeervation. d) plate-
let counts were done by a different method. and
absolute counts are therefore not comparable.
However, of the three high doee survivors,
times of maximum depression were not incon-
sistent with the value of 0 days obtained in the
present studies.  In higher dowe non-survivors,
however, the platelet counts had reached mini-
musn values ax early ax the %th day.

°No rvantn were inken m Grngs | and 11 during
the Aret T2 bours.

The Argense Laberstory sccidemt (19) ie-
voived fewr individusis who were estimated to
have recsived 138, 127, 60 and 9 rep, reepee-
tively. The findings in the twe highest expossd
individuale in general were comsistent with
those in the present study. An initinl neetre-

 philie lewkorytesis was follewed by fuctuations

in total count, with low values continuing inte
the Tth wesk. Recovery was not complete by
the 20th week. The lymphocyte depression was
rapid and marked, recovery was not evident by
the 20th week. Minimum values for the plate-
let counts were obtained between the 25th and
31st day.

Comparison with Animael Data. The time

trends and severity of peripheral biocod count

change following total body radistion in ani-
malis has been examined critically recently (15),
and the following general conclusions are
presented.

2) An initial rise in total white count (re-
flected in the neutrophile count) may occur.
Thereafter the magnitade of depression of the
total white and neutrophile counts, and within
limits their duration are a function of radia-
tion dose. .\ secondary or abortive rise in the
total wkite count (reflected in the neutrophile
or lymphocyte count) may occur, followed by a
second decrease. There is little species differ-
ence in the rate of depression of the total white
or neutrophile count at comparable doees; how-
ever, the rate of recovery and time for complete
recovery is quite different in various species.
Stiall animals ( mouse, rat, hamster) show rela-
tively complete recovery to control levels, even
at dowes in the lethal range, by the end of the
ith week or enrlier. Data on dogs are inade-
quate to indicate when recovery is complete;
however, return to control leveis at high doee
levels has not accurred by the ith week. Swine
require 9 to 15 or more weeks for complete
recovery,

b) The response of lymphocytes is essentially
identical in all animal species. Depression can
be Jdetected within a few hours, and recovery
from the minimum valuex (achieved in 38 to 48
hours) requires longer than does neutrophile
recovery. Lymphocvies fall to very low levels
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ot deses wall below the luthe! rangs, and incress-
ing dess.resulls in 2o or minimal further do-
croass in comnt. Lymphscyte depression sp-
poars to have ne causal relationship with scute
radintion deatha.

¢) Platelst counts have besm studied most
extensively in dogs (90). Anwnllnutnphilu.
the rapidity and magnitude of depression is &
function of dese bolow the lethal range. Masmi-
mem depression occurs by the 8th & 10th day
with doses in the high lethal range, by the 10th
to 1ith day st sublethal levels. Recovery be-
gine during the 3d weel, but is not complete by
the 30th day whean most studies have been termi-
nated. Inssuficient data are available to indi-
cate the time 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 (13). From data on dogs, it
appears that sarvival is likely unless neutro-
phile counts remain below 1,200 cells for »
period of time.

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

Sufficient 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-
lethal range. The response of the platelet count
in the present study was much less subject to
fluctuation than were the neutrophile or lym-
phocyte counts. For the preceding reasons,
systematic investigation of the platelet and
leukocyte counts in large animals as a function
of doee in the sublethal range are indicated.

It is not possible to say at present whether
severity of exposure, or of radiation damage
correlates better with absolute leveis of periph-
eral blood count, or with degree of change
from control or pre-exposure levels. Some
evidence on this point can be gained by com-
paring the degree of depression of the neutro-
phile counts in Growps Il and [1I, bath of

N O . T RN

dividual counts in Japaness groups in which fa-
talities cecurred. In gemersl, a npuﬂalt
number of deaths was encountered only in in-
dividuals whose neutrophile count fell below
1000. In Group I, 42 or spproximately 50 per-
cent had newtrophile counts below 2000 at some
time during the observation period, and 0
percent had counts below 1000. By this cn-
terion, then, the effective dose received by the
Rongelap people approached the lethal range.

In the dog ((‘ronkite and Bond, unpublished
data), approximately an additional 50 to 100 r
are required to lower the neutrophile count by
1000 cells mm? in the high sublethal dose range.
If these data can be applied to man, an addi-
tional 50 to 100 r would have placed the dose
well in the lethal range. (On the other hand,
however, it is clear from the present data and
from clinical experience with therapeutic radia-
tion that neutrophile counts between 1000 and
2000 in human beings are in general well toler-
ated. Human beings with these levels of new-
trophiles show no clinical evidence of iliness,
are physically active, and generally do not need
prophylactic antibiotic therapy.

The people of (iroup I are estimated to have
received 173 r an calculated from dose rate read-
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ings smasured in air frem the jHanar flssion
product fold. Frem (e preceding paragraph
it in soem that an sdditions] 50 to 10: r of leb-

Correcting this average value for geometry,®
it follows that the minime? lethal dose for man
expesed in a fssion prodwct field is approxi-
mately 233 r measured in air.

It is possible also to estimate the added in-
crement of dose that would have resulted in
somne mortality among the Group I people from
considerntion of the minimum platelet counts
cbserved, the platelet levels in dogs exposed in
the high sublethal range (20), and the esti-
mated rate of decrense of platelet level with in-
crearing dore in this dosage range. Such an
analysis leads to the same conclusions as those
derived fram neutrophile data.

446 Peripheral Counts as sn Index of Severicy
of Exposure

The relative value ohithe severnl hematologi-
cal determinations 1n estimating the degree of
exposure, as well as the approximate dome
ranges over which' maximum sensitivity for
each determination exists, can be extimated by
comiparing the degree of hematological change
minong the several exposure groups. The rel-
ative degree of change in neutrophiles, lympho-
cytes and platelets cun be seen in Tables 4.2 to
4.5 and Figures 4.9 to 4.12.  Lymphocyte counts
were depressed appreciably even in the low-
exposure (iroup I'V. In the higher dose groups,
however, with widely different physical esti-
mates of exposure the lymphocyte counts

*From veowetric and depth dose (vasiderations net
forth in Mection [, 1 roentigen mwensured in air iu a
fixnion produoect fleid would be expected to be aquivalent
in itx effect on man to approximatety 1.5 roentger.s of
penetrating x- or xanina radiation under geometric
comditions nimually used for large wnimain in the lab-
oratory. Thuawx, the minimal lethat dowe for man ex-
pwmed 10 penetrating radiation under the usual labora-
tary conditions would be approximately Xi8 r. The
degree to which energy Jdifferences hetween the two
radiations may alter thin ratio of effectn cannot be
evaluated at prewent.

showed cssentinlly identical degress of depres-
sion. The lympheryts counts of Greups | snd
11 were constantly depreassd st s level of ap-
progimately 3000 cefla. Than, while ssnsitive ot
very low doses, this endpoint may be s pnor
index of the degres of exposure at higher dosen.
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trod (iroup | ut the time of maZimum depression.

The total neutrophile count of Group | was
consistently more depressed than was that of
Group 11 and the difference was of the order of
M0 to 1000 cells. However, day to day wide
fluctuations in the neutrophile counts ocenrred.
Accordingly, this endpoint appeared to be of
limited usefulness as an index of relative expo-




sure severity except when counts on growps to be
compured are performed at the same tims.
The platelet count showed a more systematic
trend than did the nestrophile count. Dit-
ferences between the low-dose Group IV and
controls at the tisve of mazimem depression for
all growps with the exception of adnlt males
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control (iroap { al the time of marimam drepregssion.

ot T T v 7 oot ..f'_
i [ ]

- 5T L . e
i ok } . ! T !
] ) i i

0Ok - —+ —%7—L——7&v—4— —

ot ., =

‘°+*' ‘ . q 49 agee

w0t | ’

%

a. ? .
M EEE X EEZE XXX EE X
RATELLTS o v0®

Froiwe 412 —wmunlatirr platcict connts for GQrowp [
(i Rromaclapy at the time of marisume dopression and
6 wnmths after vrpoanre.

(-]
Or

conlid be noted, and detectable differences existed
between tie means for the Marshallese higher
exposure groups.  Platelet counting is ax easy
a~, and more reproducible than leukocyte counts
(1 21). Thus, the platelet count may prove to
be a nseful index of degree of exposure through-
ot a large part of the sublethal runge,

The above considerations are in aecord with
previous tindings on human beings and animals.

4.5 Conclusions

1. Consmemariox Ov Thx degree of depres-
sion of peripheral cellular elements indicates
that expomire of Growp 1 was moderstely
severe, probably within 50 to 100 r of the level
where some fatalitien would have resaited.

2. The degree of eflect evidenced in Growp 1
people is nat inconsistent - .th the physical
estimates of gamma dose received, when the
geometry of exposare and other factors are
considered. Beta lewions of the skin, and the

low levels of internal radicactive romtamina-
tion observed are considered not to have com-
tributed signiticantly to the hematological
changes seen.

3. The extensive serial hematological data
oltained, considered in ronnection with pre-
vious data, allow reasonably accurste character-
ization of the hematological response of human
heingn exponed to single doses of penetrating
radiation in the high sublethal range. The
pattern of change of some elements may be
different for higher dose levels: (see earlier
discussion ).

The tinwe courve of events is different from
that obmerved in large animals and may be de-
seribed as follows:

2) The total wl.te count increases dunng
the first 2 or more days and then decreases below
normal levels.  The total count then fluctuates
over the next 5 or 6 weeks, with no definite
minimum end with some values above normal
tthe presence of thermal or beta lesions, or
other acute processes during thi- time may ac-
count n part for thew fluctuntions). The
count becomies stabilized during the 7th or sth
weeks at low levels, and minimum counts prob-
ubly occur at this time. .\ definite trend up-
ward s apparent in the 9th or 1h weeks:
however complete recovery may require several
months or more.

b) The neutrophile count paraliels the total
white blood cell count. Compiete return to
normal values does not nccur for everal months
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o mere. The initial rise in tutal white count
is dus to & moutrephilic lewhecytosin.

<) The drep in lymphecytss is sarly aad pro-
found. Littls or ne evidence of recovery mmy
be apparent ssveral months after exposure, and
votcrn o nermal lovels may not occwr fer
mounths or yoars.

d) The plateist comnt, unlibe the fluctusting
total leukecyte count, falls in a regular fashion
and reaches a low on the Jth day. Some re-
covery is cvident early; however, as with the
other elementa, recovery may not be complete
ssvern]l months after exposure.

4. As an index of severity of exposure, par-
ticelarly in the sublethal range, the total white
or newtrophile counts are of limited usefuiness
becawse of wide fluctuations and because sev-
ernl weeks may be required for mazimum de-
premsion to become evident. The lymphocyte
count is of more value in this regard, particu-
larly in the low dose range, since depression
occurs within hours of exposure. However,
since a marked depremsion of lymphocyte counts
occurs with low doses and, since further in-
crense in dose produces little more depression,
thin index is of little value at the higher doses.

3. Platelet counts showed a regular pattern
of change in the present studies, with the same
time of maximum depression in all exposure
groups and with the degree of depression
roughly proportional to the calculated doses.
It appears, therefore, that the platelet count
has considerable promise in the sublethal range
as a convement and relatively easy direct
met had of determining the degree of exposure.
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5.1 Introducticn

Fowrowing A Nvcrzan detonation in the spring
of 1934, a large group of people were contam:-
nated with timion prducts.  In addition to a
sublethal external gamma mdiation exposure
and beta irradiation of the skin, delectable
amounts of radionuclides were deposited m
ternally. It has been assumed that in all situ-
ations resulting from a contaminating event, the
ratio of external to internal dose would be ex-
ceedingly high. However, a detailed study of
the internal contamination in the exposed
human population and in animals was made to
determine the kind and degree of internal
depemition. Three general problems were in-
vestigated: (1) The determination of the con-
tribution of the internal contamination to the
acute radiation syndrome observed: (2) The
poesibility of long term effects, and (1) The
qualitative and quantitative nature of the in-
ternal contamination produced by exposure of
individuals to mixed tission products. There
was 1o previous situation in which human be-
ings were exposed to un environment contami-
nuted with mixed fission products.  Coneur-
rent studiex were undertaken by the Japanese,
however, on radioactive materials to which a
small group of Japanese tishermen, near Ronge-
lap at the time of the detonation, were expoved.
The report of the extensive investigations
undertaken on the ashes hy the Japanewe have
heen published (4).

Evaluation of the internal contamination of
the human beings was made by a study of the
radivelements excreted.  As very little infor-
mation is prevently available concerning the
ratio of excreted radioelements to the amount
deposited in the bady, it was necessary to base
the evaluation on data obtained from animals
which had been contamimated in the same
event.  Detailed ~studies of animal tissues and
animal excreta then provided data on which
estithates of the human body burden were mwed,

5.2 General Nacure of lnternal
Radiation Tonicity

Tur. Natvax Or the mdiation hazand from in-
ternally deposited fimion products can best be
understood in terms of the blophysical behavior
of the radionuclides.

Fismion products entering the body throngh
inhalation or ingestion concentrate in vyarouws
tissues aiel act as sourves of internal radiation.
The ability of 2 radionuclide to enter the blomi
sream ix determined by ity solubility, chemal
properties and physical sate. The radioele-
ments formed in fission are predomimantly os-
ides which have a limited solubility in bly
fluids.  On this basis, only & few of the radio-
elemients ean hecome available to the hody.
However, the amount which can prosluce in-
jurions effects when deposmted within the iy
ix minute hecause of the clowe proximity of the
istope to the tisaes it irradiates, and because
the isatope continues to irradiate these tissues
until i1 i~ removed by biological turmover or s
rendered harmlese by radionctive decay. The
effects of radiation from nternally depoxited
emitters are the same as those from external
radiation. The distinguishing feature of in-
ternal radintion, however, i~ it~ long continuing
nature.

Radiomctive isotopes follow the <ame me-
tubolic processes in the bdy as the naturally
ocenrring inactive isotopes of the same element
and of chemieally  <innlar  elements. Thus
strontium and barim, which are analogoos
chemically to caleium, are deposited 1n the cal-
cifving tissue of the bone.  Mthough nearly two
hundred radiosotopes are produced in the fis-
sion process, only a few are potential chronie
internnl rudiation hazards. Theve fision prol-
uets, which ure listed in Table 0.1, constitute »
high percentage of the fission s eld, and locahize

chiefly 1in bone. The “bone weekers”™ have,

7
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general, long radiological and biological half-
liven and pridduce high-energy beta particles
Thus, they cause grenter damage to bone and to
the radiomensitive bone marrow than to other
timuex. The damage to the blood forming timme
results in a reduction of hloml cells, and thus
affects the entire body.

Information on the biological effects of in-
ternally deposited 1sotopes is derived from the
himited studies of accidental radioisotopic pois-
oning in humans, or from animal experimen-
tation.  The best documented data on the effects
of small amounts of internally deposited emit-
ters 1n human beings are obtained from studies
of mdium poisoning.
depemition, terminal anemia, bone necrosis and
osteogenic sarcoma sppeared after a number of
years. The residual activiis in lhe body as-
socinted with thewe effect=4< 1 to 2 micrograms
of radiun. . Radium ix a particularly hazard-
onx element when depumited internally because
of 1t long biologieal and radiological hailf-life.

Very few duta are available on the long term
brological effects in human beings of the shorter
lived isotopes such as Se®, ', P2 and Na™.
The mietabalism, excretion and biological effects
of a2 number of fission products have bheen

As a result of radium .

wtudied in animals by Hamilton (1), Abrame
t2), Bloom (3). However, most of these studien
do net cover the problem of the long term effects
in animals produced by small amounts of in-
ternally deposited motopen.

Few data are available concerning the eflects
of internal contamination with mixed fission
products from nuclear detonationa.  (ontami-
nation i8 not produced by every detonation of
a nuclear device. For example, no internal
contamination was detected in individuals ex-
posed to the sir burst at Nagasaki and Hiro-
shima.

In field tests of the contaminating typn of
atomic detonstion. animals that inhaled tiwion
products during short periods of exposure were
found to have insigniticant amounts of internal
contamination.

The long term effects (primarily malignant
changes) resulting from radinm deposition have
been used to et the limits for mazimum per-
missthle by concentrations of a few hone veek-
ing radioisotopes in the body 15). Maximum
permissible body content of other radioisotopes
are estimated on quantities resulting in a dose
of 0.3 rem per week to the tiene of highest
concentration.
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S.3 Imserurl Coutamination ia

Humean Beings
Tux Intsaxar Coxvaminamion study was be-
gen 15 days post-detonation with the collection
of pooled 24 hour nrine samples from the
Marshallesr and American groups. Maszsimem
activity in the urine orcurs during the first few
days after internal contamination. By 1 week
an approximate equilibrium state is reached in
which the contaminants remaining in the body
are firmly fixed, chiefly in the skeletal tissues.
The activity in the urine then derives from
radioelements which have been replaced in the
natural process of biological turnover. Thus,
the study made is essentially that of an equi-
librium condition.

The urine samples were sent to laboratories
in the {nited States for analysix, since the high
background encountered in the field masked the
relatively low levels of activity in the aliquot
samples used. A\ field laboratory is most de-
sirable for a rapid survey, and was shown to be
feasible, if adequate facilities are provided for
the counting of the samples.

The firet urine samples, mentioned above,
were collected for the faos Alamos Ncientific
Jaboratory (ILASL). NSimilar samples col-
lected $4 duys post detonation were also sent
there. (n the 23rd, 24th and 47th days post
detonation, 24-hour urine collections from each
iddividual from Rongelap and Ailinginae were
sent to the New York Operations Office, Atomic
Frergy Commision (NYOO-AEC) for an-
alysis. In addition, samples from representa-
tive individuals in these groups were collected
21, % and 6 moaths post detonation and sent
to NYOO-AEC,

The USNRDIL collected samplex from each
member of the exposed groups at 43 and 46 days
st Samplexs from representa-
tives of these groups were also collected at 21y,
S and 6 months by the USNRDIL  In addition,
samples from a representative group of 6 Ameri-
cuns and 20 Marshallese were collected for 6
consecutive post

detonation.

davs beginning 33 days

detonation.

331 Mehed

As s compiete rudiochemical analysis of sil
the urine samples was not feasible, smamples were
snalysed for only Nr*, Ba'®. the rare earth
group and fissile material. These analyses are
the most uvreful for evaluating the concentrs-
tion and identity of ail the potentially hasard-
ous internally deponited radicactive isotopes.
Measurement was also made of the gross beta
activity of all the samples.

To facilitate the proressing of the large nam-
ber of urine samples sent from the field, a scan-
ning method for bets measurement conmisting
of a basic oxalate precipitation with s lanthe-
num carrier was employed on an aliquot of the
24-hour urine samples. This method rupidly
concentrates the radicactive elements into s
snall volume and eliminaten the normal K=
background. A\ carbonate precipitation of the
entire 24-hour sample increased the nensitivity
of measurcrment suficiently for analysis of
samples collected later than 21, months post
detonation.

The beta activity wan counted with a thin end
window (iciger-Muller counter. The counter
was ealibrated with a 17,();, standard, and an
appropriate correction for self-ahsorption was
made using & Sr* standard.

5.32 Findings and Incerpretations

1. Beta Activity of the Urine. Internal dep-
wsition of radionctive elements was evidened
by the presence of sigmificant amounts of beta
activity in the urine. This activity decreased
rapidly as a function of time, as it was derived
chiefly from short-lived radioisotopes. For
example, at 3 months post detonation, the mean
activity of the urine of aduits from Rongelap
was 28 pervent of the value measured 45 days
post detonation, and at 6 months, the activity
in the urine was barely detectable in most of the
individuals.

Comparison of the mesans of the urine sam-
ples for the adults from Rongelap and
Ailinginse and from Americans from Rongenk
indicated that at 45 days post detonation the
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highest activity was in the Rongelap group
(Table 5.2). The \ilinginae group had less
than half that of the Rongelap group, and the
Americans had about one-quarter the activity
of the Rongelap group.

The mean grose betn activity of the urine of
the three groups above was roughly propor-
tional to the external dose each group received.
However, n comparison of the mean beta ac-
tivity of the urine of Ailinginse and American
groupsandicated that the Iatter had s somewhat
lower amount of internal contamination, even
though both groups received about the same ex-
ternal doee.  This may be accounted for by the
fact that the \ilingiuae group drank contam-
inated water from open containers aiul ate con-
tammated food up to the time of evacuation,
whereax the Amerienns mgested much less con-
tannnated food and water, since botly were
largely <tored in closed contaers. Indoctri-
nation of the \mericans concerning radiation
Lazards protmbly was also n factor in reducing
the amount of contamimation which they re-
cerved,

The varintion of gross aetivity among the
mdividuanls in any of the three groups is quite

large (Tables 5.3 and 5.4). This is chiefly the
result of variations in the quantity of water
and both the kind and quantity of food in-
gested. The degree of exposure of the indi-
vidual to air-borme activity is niso a factor in
determining the individunl degree of contami-
nation. While there were large variations
among individuals, the day-to-day levels of ac-
tivity for each individual were fairly con-
sistent.

Further information on the source of in-
dividunl variations was obtained by grouping
the individuals from the Rongelap and Ail-
inginae groups according to age (Tables 5.3 and
2.4). While the activity excreied per unit vol-
twine of urine is about the same for both children
ad adults, the mean activity of the urine ex-
creted an 24 hours by chitldren under 15 vears
was signiticantly lower than that excreted by
adults. The data available do not indicate
detimtely whether the lower total excretion
nudicates a smnmller total body burden in the
children 1esulting from lower inhalation and
imgestion, or whether it represents u higher de-
aree of fixation of the radio-elements by ygrow-
ing bhone,
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Tabis 3.3 —Goun Do Astivity in Urine of Rengelep Pesple ea 6sh Doy Pent Detoascisn
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Tt 290 1. 450
73 230 0
;8 985 52
7o 465 2. 038
%0 540 1.353
82 670 2. 140
Mean 581 1. 208

Values currected for decay.

No correlation wax found between body
weight of the people from Rongelap and the
total activity per 24 hours excreted in their
urine.

(‘rosg beta activity measurements were also
made on the samples sent to NYOO, ARC.*
Their resulty essentially corroborate the find-

*Personal communication from Dr. J. Harley, NYiu,
AEC,

ings by the USNRDIL, particularly the ratio
of the activitiex nmong the three groups studied.
The abrolute values of the activity determined
by NYOO-AEC, hoo -ver, were lower than
the USNRDL volues Ly a constant factor.

2. Radiochemical Analysis of the Urine:
Estimate of Rady Bunden. Radiochemical
annlysis of the Rongelap urine samples indi-
ciated that the alkaline earth and rare earth
groups together contributed 75 percent of the
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betu activity at 43 days post detonation ( Tuble
2.0, The predomnant radionurlide s Nr*,
which contributes 42 pervent of the total beta
ACLvity at this tune.

Axnys of fissile materinl made on pooled
samples of urine were nll negative within ex-
permmental hiits,

The enrly nrine samples analyvzed by the
LASL (collected 15 1ln}:~ post detonntion) con-
tained fair amounts of radioiline ay addition
to the alkaline and rare earths,

On the basis of the radiochemical nnulysis

of the urine, the body hurden (the radioisotopic
deposition in the tissues) was estimated.  The
ratio between the activity of the urine and the
amount of 1sotope nxed 1 the body s required
for this caleulation, However, few ratios are
avatlable for the deposition of the various -
dioelements 1n humans, <o that it was necessary
to utithize ratios obtaimed from animmal studiex.
Of the annnnbs collected on Rongelap, the pig
wis <elected as the closest to the human in size
and metabolism. .\ detwiled study was there-
fore muade on the excretion of these animals and
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Tuble 3.5 —Radiochomissl Aaslysis of Urine From the Rongsinp Pouple (43 doys pus dossmseion)
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1 480 ¥ ] 10 Ly
1280 Y 1] 170 353
1253 528 134 a2
100 42 107 W)

on the radioactive content of various tissues.
Details of the animal study are presented in a
submequent section.

The estimate of the mean body burden of the
Rongelap group at M2 davs post detonation is
presented in Table 5.6. The body burden at one
day was caleulated in the following manner.
A formuln was obtuined from urinary excretion
data reported by Cowan, Farmbee and Love (6)
in n ease of accidental inhalation of sr™. The
excretion curve was bexst represented by four
exponentinl terms.  (Very similar results were
obtained by approximsting the biological decay
of strontium with a power fundtion, baxed on
human excretion of the metabolically sumilar
element, radium) (6, 7, 8).

Extimates were made of other radioelements

present in sigmificant amounts at one day, as
shown in Table 5.6. Thewe estimates were made
on the basix of the level of Sr™ at one day, to-
wether with the data on the activity of the van-
oux fission prexlucts at this same time (9) and
animal tope abmorption and retention data
(1. 0).

The LASL hax also estimated the body bur-
den ut one day, on the basis of radiochemical
analysiv of pooled urine samples from a repre-
sentative number of the Rongelap and Amen-
can gronps (1), Thewe ealenlations were haned
on the analvsis of ' " in the early samples of
urtne (15 davs post detonation) as well ax the
above mentioned phvsical and biological data
on tision products (1.5.9). Therir tindings are
presented 1n Table 56

Table 5.6.—Mean Body Burden of the Rongelap Group

ACTIVITY v ACTIVITY aT ACTIVITY 4t l
RaDNH™ITOPE = :"' ! "“' ! :"

FUANRI. fsNKEL dLASL

Ny o 16 22

Ba'* O 021 27 n 34

Rare ~arth group 0 03 12 -

13 o thyrod) 0 bHo} 12

Ru'™ — 0 i3

(a* 0 0 0 MY

Fisxtle material 0 0 0 0I6 (ugm)

IARITI2 00 54 "
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On the basis of an ssmumed uwptabe of 3 por-
cont per 34 hours, the intagrated dose to the
thyreid from [ and other shorter-lived iodine
mtopes was caicuinted by the UNNRDL te be
showt 110 rem. Tha 1.AST. hae asvimand 2052
this dese wrs shoet |30 rep for Rangeisp group
and 5 rep for the \meericans.

The differing approaches used by the
USNRDL and the LLASL for enstimating the
body burden gave remulta which, except for
Ra'®, are very close.

The mean body burdens of the individual
nuclides prevented in Table 5.6 were calculated
for the Rongelap group. Values for the
Ailinginse group were approximately half
those of the Rongelap group, and values for
Americana, about one-fourth those of the
Rongelap group.

The tal amount of radioactive material
present in tie (7. L. tract at one day post detona-
tion in the members of (iroup 1 was estimated
as approximately 3 e, This activity was con-
tributed chiefly by istopes of short radiological
and brologieal half-life and limited solubility.
Thus the levels of netivity in the tismues of the
bealy were relatively low. The concentration
of radioentopex at 6 months post detonation
wax barely detectable in the urine of nuwt ex-
posed individuals,

ladine, which is quite soluble, ix probably
the most hinzandous internal mdioemitter in the
early period following exposure (10). The
tme 10 the thyroud wus appreciable, but low
compnrwi to the partully or totally abinting
demes of I isesd in therupy of hyperthy roidism
or enrcinoemn. - At one day et detonntion Ne™
wax cnlenlted to be near the maximum per-
miss:ble level (3) for this nuclide. At later
tines following exposure, thix longer-lived tis-
ston prowbuet presents the grentest potential in-
ternal hazand,

The preent studv confirms the olmervation
mude moanmal experinwents thut most of the
rudhionetive clements formed in fisgion as well
s the tisstle mnterinl itself, nre not rendily ab-
sorbed from he lungx and the (. L traet. Only
Lo S, Baoane a few of the rare enrth elements
were abmarbed to any sigmifieant deygree.

An attempt te mensure hone-fined radissctive
emttters hy menns of sennitive Sl hadgen taped
helow the knee, over the epiphysis of the tibin
on 2 nember of persoma, yieldod np pusitive

No correlation could he obtained bet ween the
degree of iiternal contamination and the clini-
ral and hewmatological tindings.  In view of the
short hailf-life of the most sbendant simsion
products deponited internally in this situation,
the pomsibility that chronic irrndiation effects
will occur 15 quite small. Thus, an evaluation
of the data on the internal contamination, in-
cluding that of 8¢, leads to the conclusion that
the interna| hazard to the contaminated inhabi-
tants of the Marshall Islands is minimal both
from the acute and the long range point of view.

5.33 Source of Imseraal Contamiastios

The fallout material consisted largely of
calcium oxide and calcium carbonate. The
timiion prodducts were adsorbed mainly on fairly
large particles. The material was 10 percent
soluble in water, and completely soluble in acvd.

Internal depamition of fission products re-
sulted from inhalation and ingestion of the fall-
out material. Ingestion appears to be the more
important of the two routes of entry into the
boedy.  The activity in the air settles oat fairly
rapuily, but contaminated foul, water and
utenxils retain their activity for long periods of
time,

The amount of fission prducts resching the
blewxistrenm through the respiratory tract is a
function of jmrticle size and solubility of the
wmirborne  contaminants. The particles with
which the activity was asociated were comn-
sidernbly larger than the optimum size for
deposition i the alveolar tisuve of the lung.
Thus, the probabnlity of the retention of inhaled
nirborne contamination was not appreciable
during the exposure period.

The hypothesix that ingestion was the chief
source of internal contanunation is supported
by the finding that the gastro-intestinal tract,
it contents, and the liver of antopsied chickens
and pigs sacriticed at early intervals following
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drtenation wesw mare artive thaa the alveoler
e,

The impnrtanre of ingretion 8s s onticuing
marve of m » evidenced by the
lowed of ivtmemal rneainStin of Her " {rewm
Reageinp. Thear animain hod sbnut ten times
the hwely burden of the human populetion in
the mme lorality. \s the air-berne srtivity
had alrvady droppesi 10 2 low value at the time
of evacuation of the humans, the contamination
of the pigs during their prolonged stay on the
island necemmarily derived from ingestion of
radioactive foxd and water.

Radioanalysis of water and soil samples from
Rongelap indicated high levels of contamine-
tion from the fallout at early times following
detonation.

it appears that during the first month a
limited amount of fimion products was avail-
able to plants growing on the contaminated
wnil. Nignificant amounts of heta activity as
well as small amountx of alpha activity were
present on the external surface of plants at 42
days post detonation. Only very small amounts
of beta activity and no alpha activity were de-
tected in the wlible portions of fruits wuch as
pandanus, papavas and coconuts. However,
high leveis of activity were found in the coconut
tree <ap, and the sotopic concentration was
very simi'ar to that of water.

High levels of activity were found in fish
taken from Rongelap lagoon. It appears that
the mgestion of contaminated water and fish
were the principal sources of internal contami-
nation of human teings. Of the individual
radionuciudes, Sr®, becanse of its high solu-
bility and reintively long radiouctive half-life
was prolmbly the isotope of greatet potential
hazard in the environment.

Internal Radioactive Decontumination Ther-
apy. Nince there is no methad of counternct
ing the effects of radiation from internally de-
posited emiitters, trentment consists of remos-
ing the nuchides from the buxly as rapidly as
paoseable.  The ability of ethylene-dianiine-
tetra-ncetic acid (EDTA) to mobilize certain
of the fission praslucts from the <keleton and

to ncreane the rate of thetr recrvtion han pro-
viounly bren doservicsratend 111 13). Tt = s
effective with the ram ~urth greup, bt hee
no effert an stromtinm (13). Thews tudies have
shouwn (het mat of the hesdngrraily hassrdous
materinl remaining 1n the bady » firmiy fasd
m bone within & shert time, o thet effertive
syrmic derontamination by chemusl agents
can orvur only in & shart period following es-
posure. Neverthelens, an sttempt 10 effect n-
ternal decontamination was made 7 weeks pot
detonation, since it would mobilize and mabe
detection of isntopes easier, even though it was
res:..... .uat the procedure wonid have limited
value at this time.

A\ representative group of seven individwab
from Rongelap were nelected for this study.
During a control periad of 5 days, 24-hour urine
mmples were collected daily for radioanalysis
in order to emtablinh a hasal escrdtion rate.
During the next 3 days, calcium EDEA was ad-
ministered orally, | gm per 25 lbu of body
weight daily instead of the preferable intra-
venous drip becauwe parenteral therapy was net
practical under the cir-umstances. :

Twenty-four hour urine vamples were =i
lected daily during the treatment periend and
for 5 dayx following trentment (o determine the
eflecivenes of EDTA in accelerating the ex-
rretion ruie ~f the radioelements

No suie effects from the we of EIITA were
obwerved.  Blomd counts and blomd premaure re-
mained unchanged throughout the treatment.

The mean activity of the urine during the
EDTA treatment periond was 2.0 times the pre-
treatinent activity.  The probability that the
differences olnerved are due to chance s lewn
than 001, Thux the oml sdministration of
EDTA for a period of 3 days beginning 52 days
post detonation increased the excretion rate of
internally deposited tision privducts, but the
over-all effect on decreasing the lunly burden
was slight, as the excretion rates were very low
at this time.

Nummary. The irg instance of internal de-
pomition of mixed fismion products 1n humsns
occurred as a result of failout following a ther-
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menurime ¢ This internet ~netami-
nation reanited fram bath inhalstion snd Ingve-
tion of fatics meterwl.

High levels of activity were found 18 water
and en the suternal surfaces of phm The
somptnenined ine ~f tha lrtoeeal et s soatims 8 S ito
and vegutsbiss was wmaill. Of the individuel
radionucliden, %™, hornwme of 1ts high solubil-
ity andd relatively long radioactive half-life was
probably the ismtope of greatest potential hax-
ard in the environment.

Few of the finsion products present in the
environment were readily abrorbed from the
lungs and the (i. . tract. Radiochemical rnal-
ysis of the urine samples from the Rongelap
people indicates that Sr. Ba and the rare earth
group together constituted 75 percent of the
total beta activity of the urine at 45 days post
detonation. Sr™ was the predominant radio-
nuclide at this time, contributing 42 percent of
the total heta activity. Asways for fimile ma-
terial in the pooled urine samiples were negntive.

The human bady burden of indivigual mdio-
nuclides was estimated from radiochemical
analyxis of the human urine and of the tisues
and urine of animals from Rongelap. The
mean bendy burdens of the radionnclides in the
Ailinginae group were approximately one-half
thowe of Rongelap. and the mean body bur-
dens of the Americans about one-fourth of the
Rongelap group. While the activity excreted
per unit volume of urine was the same for adults
and clnldren from Rongelap, the total activity

_excretesd in the urine an 24 hours by clildren

under 15 ye r< of agre was ~ignoticantly lower
than that exc oted by the adults,

The total amonot of radionctive material in
the Gi. 1. traet at une day post detonation was
e~timated to be 2 me in people from Rongrelap.,
This activity was contributed chietiy by isotopes
of <hort eadiologneal wnd biologneal half-life
and limited solubility and thus the levels of ae-
tvity i the tissues of the Tuedy were relatively
low.  The coneentration of mdioisotopes at 4
months post detonntion was barely detectable in
the urine of ment of the exposed dividuals,

The estiimted dose 10 the thyroid from I'»
and other short-hived dodine isotopes was 110

T s it =+ oK< R+ 5. s reerpa

to 1) rep fur Bongelap. lodime o probably
the modt Sezardows internal radioemitter ot

enrly time< after expooure. The dese to the
thyroul, although greater than tolevance, wee
b'nn—l!dmth p.ﬂ.l!ycr!-hly-b
IZ4ng s ol T dred in il irewtmewm of
hyperthy rindinm or carcinoma.

At one day pot detonation, the roncentrs-
tion of %™ wan calculated to be near the maxi-
mum permbmible level for this neclide. At
later timen following exposure, this longer-lived
timsion product presenis the grestest potentisl
internal hazard.

Ornl administration of calcium EDTA be-
ginning 7 weeks post detonation to s represent-
ative group of individuals from Rongelap in-
creased the rate of excretion of activity 2.5
times. However, the decrease of the body bur-
den was slight, as the excretion rate was very
low at this time.

Analysis of the internal contamination in-
dicates that the dose to the timue of the body
was near, but, with exception of the dowe to the
thyroid, did not exceed the maximum permis-
sible dove levels. The activity fixed in the body
decrensed rapidly as a function of time. The
coutribution of the effects of internal contami-
nation to the totul radiation response obeerved
appears to be stuall on the basis of the estimated
body burden of the rrdioelements.  In view of
the short half-life of the most abundant fission
products in the situation, the possibility that
chronie irradiation effects will occur is small.

5.4 Internal Coatamination of
Animals

Tar INTERN AL CoNTaMINATION of 8 number of
animads collected on Rongelap was studied. The
activity in their urine was studied, and mdio-
chemien] nnalyvses were made of various tissues.
These datn provided the bawis for etimating
the body burden of the radioisotopes i human
betngs,  In addition, nematological and patho-
logienl stidies were made. and autorndiographs
of selected tissues werv prepared. A number
of the animals are also bemg studied for the

s - A B m e



INTERNAL VEPENITION OF RASSSWUCLIDES rr s

spprarence of pamible leag term effocts of
rediation.

\ spreinl tudy wan rarried owt to determine
the efint of the radintion an the fertility of
chichens and the hatchabiiity of their eggn.

The saimsh collerted fram Rongrisp sad

!\o.f‘ o Booclimel 29 Blloee . B bl Al 99

900t SO0 as S & ' S0es MBS sa.lgy ¥ t-." wetes Bily B O

wine, ¢ durks and | Fat. Mm&mp‘
alive to the IU'SNRDL. Three finh and one
large clum weve taben frem the Rongelap ln-
goon.  Collection dates and mortality data fer
these animals are presented in Table 5.7. In
addition, a boar, a eat and two chickens were
autopeied in the field, and representative tissues
were collected.

941 Methods

Tissue samples were taken from all animals
which died spontaneously or were sacrificed.

were altamed fram the lung, liver,
hltnﬁndth:bh«u. The mmpies were
svhod ot 300° €. in » mullly sven, snd the b
made up o volume with 2 N (T An alust
wan then dred for heta messurement.  The beta
-ﬂ'witv-mw—d.th-

s } — o). . - _am .
Fine- -l..-.' \"v‘ ‘..-' l’w - -an

werd 23 the busts for the mam shmsrption cor-
rectiom fur the sampira, = & wos the majer
culated s an approximation, ss mam sbesrp-
tion is a function of the average energy of the
smmple. Beta activity was mensured in total
d, m, and this value was converted to por, “Ne*®
equivalent.”

The gumma activity of the tisswe sumples was
measured in a well-type sodiwm iodide scintil-
lation counter which has an eficiency of abowt
4 percent for a (‘0™ standard. The gamma

Table 3.7.—Mortality sad Exsernal Radistioa Dose of Asimals From the

Living Aress of Roagelep aad L tirik
Sames A Agares B Senms ¢ . Senes D | Torar
ETT8BNAL —— - - e o S— - 3'—-' —
- M r(Dav s i Der(Davsh | W (Day B M (Day M-
¢ e e e — o= - — - S | Towar
Deas Sac’>
ANimaLs . i . Rar'»
Fueay TowaL Torar Toras
Hac'n | DEAD | Sac'p :“' Dtnt Sac'»  po’y Dus» . Bucp :.-_. DEss  Sx'v!
; \ | .
Hens [} 1 1 » 2 2 n s . ’ - ] 3
Iny3® Day Ty €2 ey & Deg
' Iy . «< s
T4
” us
» "
1
Roosters ] 2 1 | L} 1
ay ®
Chicks v . ) ]
Ducks 4 ) 4’ )
Iy %
Pigs 1 1 7 . r 1 s
Iy & ey
B Yew
LY
<
2 M
Cat 1 1
- 1 [}

“Animas from Uiirik. all others from Romereisy (Group |V srve animsh rer'd 321 etiernal dese

**Day Post [)etonation
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setivity was chtninnd in tatal d m, sad wae
converted to gr “Co™ eguivalent.”
Sampls wese smelvsed rediorhemically for
Se™, Ba'™, the reve earth group, 1™ and fienle
material
mdividunily, and their encreta collected ot -
howr imtorvaln. The fores snd urine of chick-

ens weow roilorted and sshed combined, but were
colinted snd asnhed mparstely for the piga
Beginnmg 5 wesks pnet detonation, the escrets
of a reprementative growp of chickens was col-
locted ot weekly intervals for a peried of 33y
manthe ¢ 'allutriom ~f =io czovetz T NS

Te Pl vat i@ Was =g o

ot & wevlts pawt detonation, and the collertien
was made st weskly intervals for s §-wesk po-

Tehis .8 —Radis. homical Asslysie of Tissuss snd Urine of Pigs From Reageisp e

S2nd Doy Pest-Desonstion
AETa ACTIVIVY —O/N/YOTAL SANTE
| Ghoes i Sy ! e Torss
acnvrey e senTR
Bamnia S ; N . !‘_-‘_'_._.
Pig #24 (35.8 kgm) | !
Skeleton (total) . . .. . i 8800 . 5680 460 10106
Liver. B, i 31 ! 0. 40 0. 33 64
Colon & Contents . .. | 12 50 24 i3
Lung (Alveolar) .. ... . ... L3 0.22 0.2 os
Stomach L L2 023 | L1 13
Intestine (Bmall) L 23 ’ 0.6 | 0. 50 0. 51
Kidney ‘ 33 a2 0 42 0.74
Remauining Tismves ‘ 600 , b
1 i ‘
{ l ————
Total 9630 . 5667 | 685 ! 1020
Urine Sample, 24 hr } 13! L 12 1.8
Pig #35 (2.7 kgm) 1 : § ;
Skeleton (total) . | 8600 5100 . 530 ' es0
Liver o S 27 0.53 0.20 55
Coton & Contenta. . 16 ' 50 l 32 ‘ 49
Lung (Alveolary . ; L1 ! 0.26 023 ! 0. .33
Btomach . 20 029 | 0.13 0. 30
Intestine (Small) - 26 0.83 0. 88 0.88
Kiduey ! 31 0 14 g. 19 ! 0. 52
Remamning tissues ‘ 220 .
Total 8870 S107 534 h
Urine Sample, 24 hrn s 8. 2 44 0. 40 0. 54
7  RUMMARY ) 7
tlaoas RETA ACTIVITY RggLrvON ToraL Rooy Uning (24 Has)
Ne® 62. 0 580 69. 0
Ha'® 88 65 59
Rare Farth 9 7 9.0 10. 5
85 715 87. 4

All valien corrected for decay.
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riol  Redwanaivee of the wmcreta was per-
formed in the mme manner ax that of the tisme
wmmplon, descrrhed abere.

3.Q Findings sad lnssrpresstion

Groac (Vharrrations. The animals had heen
free on the islands. Alhough mainourished,
they showed no other evidence of disesse.
Autoymy of two chickens which died during
shipment revesled no pathological tindings that
could be associated with radiation.

Omn the basis of an assumed 12-hour eflective
fallout time, the animals from Rougelap re-

“ceived an integrated external dose of 280 to
360 r, depending on the date of their collection
(vee Table 5.7). The pigs from Utirik received
a calculated dose of 32 r at the time of their
evacuation. The animals all showed extensive
external contaminntion, ranging from 0.5 to
5 mir per hour at 0 dnys post detonation. This
activity was reduced about 75 percent by a
washing with water alone,

Rudivactivity of Tissuen and Frereta. The
gross beta activity of the pigs at %2 days post

Is J

detonation was abowt 4 w. The ditnbation
of activity in the individual timwes 1n <hown n
Table 1.5 Over 9 pervent of the beta activiey
was lcalised 10 the skejeton. The highet ac-
HYRY in & st tme wan found in the hiver,
whirk had heeowene lnee then 4 3 sencent o8 the
total biniy hurden. The colon contents had the
wecund highent activity for the xoft tsuea, about
024 percent of the total. The alveonlar tismue
of the lung had an activity lesn than 0.2 per-
cent of the total activity in the body.

Giross beta and gamma activity of the chick-
ens at v4 days post detonation was approsi-
mately 0.2 nc. The gros: activity per body
weight of the chicken is approximately the ;ame
as that of the pig.  The distribution of activity
in the timues of the chicken (Table 5.9) was
very similar to that in the pig. Most respiratory
radio retivity was locnlized in the turbinates,
ns a resitlt of entrapment of the large particles,
which could not penetrate to the alveolar tissue.

The beta activity in the skeleton of chickens
at 160 days dropped to 4 percent of the value at
24 duys post detonation, while in the sume pe-
riod the gamma activity dropped to 0.2 pervent

Table 5.9.—Beta and Gamma Activity of Chickens From Roagelap (uc x 10M

BN N Ha~x 9,2 Hex &®
1*ay or Dgare** Yay ar B Day 74
I»ay anaLvzsp*® iray 24 Day N Dar 79
Timats Bava Gamwma BETA (iewuMa BEYA  (amma
Titia TAOD  IRMO niNe 4810 133 né
Rkelrton 11030 55000 Livnn  AAGN 1980 2060
Liver 119 b1t 332 m 12 n
(Hezard 41 17
thzzard (content! Vs -
rop i * 50
intestine L. and
contents . 0a 00
Intestine (% and
conlents 16 40
Pancreas D16 -
ipleen _
Kidney 198 “w 117 940
Lungs (Alveolss 17 F) a P 0 57 40
Traches [ ) 10
Turbinates 3 a7 19

Hes fs Hee A8 Hex 7 Hax m
Dav vT Day 17 Dar i Davoiw
Davy I, Davy 12 avr len avy 1%
BETa (tamma BETa (iamma Bets Giamws BE1a (lawmws
3 N353 W 43 w2 .l
K nild nm N L1V 4° o7 117 %
M 32 - ,IT T 1253 107 I )
T L3} L) T ) Te 14 e
14 T 12 0 03
20 T 12132 v3 45 4]
38 A3 o 107 LN J o»
10 L} LK ]
- - 07s 0
10 - oM -
v 42 100 149 124 0’ (O - §
30 14 [ 54 3 148 i A3
10 w7 37 “we (LI
n 153 Te

*Caiculated using ratio of garoma activity skeleton, tibia
**Day post detonation



of the ¢ duy velue. Themr data indieate thet
ivity i ssmecieted with shert-

Tubiy 5.10.—Bues snd Gamma Acsiviey of Fish

The residunl total beta activity found in the
twe larger fish st 4 menths pest detonation av-
eraged 2.5 ge (Table 5.10). There was, at the
same time, abowt twioe as much gamma sctivity.
The fish were collacted 36 duys prst detens-

Frem Reageisp Three Moaths Pest Dewsanstiss

Fun A (W0 ow)
e Rapenrasuical Axsivom (Pre-
Oaces Actrernry, and Rans gt m Ba, S awp Re
| [ Ranw PRACTION
i Tovasr
' ACTIverY Rans
i Bara Gamwa (Peacany) [ ol Bawe Tantn
Head . ... ... .. . ... | 00568 1.2 99 . 33 96 521
Scales+ Fine+ Tail . .. ... ¢ 0. 500 0. 58 95 17. 4 99 27
Viecera.._..... ... ... . | 090 23 440 14 08 a0
Gils. .. . __ .. .. ... ... i 0’160 0 43 7.8 139 a7 79 4
Remainder of Body ... .. ... ! 0596 1.78 83 452 1.2 436
Total N 3 ) 8 41
1
o o r:in (987 om) B o r;-—u (168 o) o
(lnoes ACTIVITY, uC (IROSR ACITVITY, oC
Bera (lamma BETa Gamua
Head . . R . Q. 10t 023 0. 045 0. 017
Scales + Fine + Tail . . 0. 087 0.23 0. 058 0. 084
Viscera_ 1. 620 214 0115 0. 205
Gile .. . .. ... 0. 043 0. 08 0. 023 011
Skeleton. . 0. 197 0. 35 0. 030 0. 070
Muscie 0. 151 0 53 0. 038 0. 074
Total 2179 358 0. 301 0. 4681
S  cumm o
ToraL BEYA ACTIVITY —6.4)10F D'm
T RADIOCREMICAL ANALYEHS T
PxaCENT
or Totar
RADIORLENMENT Acnivrey
I 21 4
Ru'e. ie 32 4
(nther il 4
Ses 0.7
Baie 0.7
Rare Eartha 33 4

Sampiles collected two months post detonation.
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and the amalysis ot ¢ menths represents omly
radislogical decay. Thus, the resaits are nat
directly cemparsbie to those obtained frem sni-
mals which were returned slive, and in which
hislagical turnever ss well as radiniognal decay
were opernting.

The largest fraction of the grase heta activity
in the fish was contnbuted by the concentraton
of radicactive material in the viscera. In two
of the fish in which bones and muscle were wep-
arated and analysed, equal amounts of activity
were found in each fraction. However, the
storage of these fish in formaldehyde for 3
months may have permitted the diffusion of
the radicelements from bone to muscle to take
place. Further studies on fresh fish will clarify
this point.

The contamination of the fish in the lagoon
was considerably greater than that of the land
animals studied. As tish form a large staple
item in the diet of the Marshallese, the high
level of contamination is important.

At the end of a 215-month experimental
period. the excretion by the chickens of both

beta and gamma activity per 24 hours was 5
percent of the value measured at the start at 37
days post detonation (Fig. 5.1).

Analysis of pig excreta indicated a similar
decrense of activity with time. In a 6-week
period, the gamma activity excreted per 24
hours decreased to about 2.5 percent of the ac-
tivity excreted at 44 days post detonation.

The excreta of the pigs from Utirik contained
less than 10 percent of the gross beta activity
found in the excreta of the pigy from Rougelap
at the sume time.  This ratio of 10 was approx-
imately the same ratio found between the ac-
tivity of the food, water and soil samples of the
two locations.

Radiochemical Analynix of Tinsuex and E'z-
creta. Radiochemical analysis of pig tissues
indicated that 62 percent of the skeletal beta
netivity was derived from S, 7 percent from
Ba'* and 10 percent from the rare earth group
at %2 days post detonation (Table 5.%). The
radioisotopic composition of the urine at this
time was similar to that of the skeleton. The
distribution of activity in the budy of the pig

T e e e O TSI T TR

may represerat the distribetion m humen beingn.
The abusiwte amount of internal contaminstion
m the Rongelap prople wan, however, only o
tenth of that found in the animal.

At § months past detemation. the sikaires
far ine compr i teve ihan 2 pETTTE of the tatad
activity in the clam (Table 5.10). The rare
eurth growp constituied 13 percent of the total
beta activity. The halance of the activity was
contributed chiefly by Zr** (21 percent) and
Ru'*-!* (33 percent). About 3 percent of the
material found in the viscera of the fish was
of the rare earth group. Very small amounts
of strontium and barium were found. In the
tissues of the fish, strontium, barium and the
rare earths contributed only about 10 percent of
the total activity.

5.43 Autoradiographs

A number of autoradiographs of the tibiae
and femurs of 1 chick, 4 pigs, 1 rooster and 2
chickens were prepared beth at the USNRDL
and at the Argonne National Laboratory
(ANL) to determine the pattern of deposition
of fission produets. Contact printing on X-ray
no-screen Him was found to be the most satis-
factory method of preparing the autoradio-
graphs. The discussion and conclusions pre-
sented] below summarize the findings reported
by Norris (13).

The autoradiograph of u tibia from a chicken
sacrificed at 45 days post detonation { Faig, 5.2)
indicated a relatively uniform distmbution of
the activity throughout most of the bone, with
the highest concentration of activity in the area
adjacent to the epiphysis. This area of high
aetivity corresponds to an area of dense trabe-
cular bone.

The tibia and femur of a baby chick, which
died spontaneously 47 dave post detonation,
showed the henviest concentration of radioac-
tive materinl in the diaphyvsis (Fig. 5.3). The
end regions of the hone, which were laid down
after the nnmminis were removed from the con-
taminated environment, were relatively lacking
inactivity.  The region of greatest activity was
i the dinphysis, which appeared to be ab-

-
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Fevax 3.1.—Beta and gamme oct vily w chicken eorrets.
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novinally comtricted, possibly because of a de-
cremned rate of endosteal :exarption.

A tihia from a pig sacrificed 43 days post deto-
natiom had an area under the growing epiphysis

free of activity (Fig. 5.4). As in the chick
dexcribed above, thix ares corresponds to the
growth which took pliace after the animal was
remaved from the aren of contamination. The
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Firotae 5.2 —Awtoradiograph of tidie of chicken secrificed }5 days post-
drtonation (ANL).

marrow cavity in this tibin contaimed dense
trabecular bone along its entire length, a forma-
tion not normally found in mammalian bones.
There are also two distinet areas of increaved
density in the trabecular region, which appear
as two lines of radioactivity in the autoradio-
graph. The center of the diaphysis was ab-
normally thick, possibly because of a failure of
the normal resorptive process.

No other evidence of a double line of radio-
active depumit appenred in the animals studied,
except possibly in a sow sacrificed 3% days post
exposure {Fig. 5.3). Here a faint deposit of
activity in the trabecular bone is noted, sepa-
rate from the higher level in the epiphysis.

Looney (%) has shown that a typical osseous
tissue in trabeculnr space 13 a characteristic
lustopathological tinding following radivactive




Fwovse 33— Jutnradioyreph of tibhia and fewar of
baby Ak smerifevd W days  puel-driomnation
TANL

depawition. Fer enample, ciimical studies have
shown that following radium depesition n beme,
stypical emssons tisoww is formed in Foneelines
tome. These formetiens appear s srens of in-
crenmed density in Mentgenagrams (8).

It s difiewit to interpret the smomaly in the
pif. described above, and the denss trabscuier
home in beth the pig and chichen. No normmal
controls are available for ison with thess
animalx, and the history of the animals from the
time of exposure to the time of collection is
not known. Severe dietary changes and disease
also produce changes in the pattern of deposi-
tion of osseous tissue, and such changes are often
indistinguishable from changes produced by
expomire to radiation.

S.44 Pachology

Sections of lung, liver and tibia, as well as
thyroid and other endocrine organe of most of
the fowl and pigs dying spontaneously or sac-
rificed, were prepared. A few pathological
changes were found including an aplastic mar-
row inone duck. However, none of the changes
coutld definitely be ascribed to radiation. Sec-
tions of bone examined by Lisco at the ANL
also indicnted no detectable pathological

changes,
$.45 Egg Production in Chickens

In birds, extraordinary demands are made on
the calctum metabolism in the production of
ey ~hell. It was, therefore, of particular in-
terest to observe, during the provess of egy pro-
duction, the metabolism of those internally de-
posited radioelements which are metabolically
simtlar to caleium.

Forty-four days after detonation, a group of
hens from Rongelnp began laying eggs for the
first time since their «ollection. During the
next month and a haif, 319 eggs were laid by
I3 hens.  All of the eggs were normal, except
for two eggy from one hen which were laid
without shells. The shells were compiete,
<«month and of normal shape. The weights of
the eggy ranged from W grams to 64 gramm,



Frooar 54— lutoradiograph of tibia of pig mcrificrd (o dips pust-
detonativon ¢ AN LY
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L etsridisgraph of 1R of adult sow sqerides o
drtonation.
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EFFECTS OF IONIZING RADIATION

‘ygoft @y ejonposd wopesy jo woppyeed.ap [0 wisged Supnoys 2880 ury Y JO ydpiBiorpnininy -

pe amam g

B LY TP L,

T A o ¢ . ot R, - vy L -



e GBI RN e

bt dme G & givow how wuve wf wwibreom

[
i

The gross beta and gamma activities of the
shell, albumen snd yolk were measured in the
first 50 eggs obtained, and the gamma activity
of the shell was measured in the remainder of
the eggs. An increasing amount of gamms ac-
tivity appeared in the shells of the first few
oggs laid by each hen. The maximum gamma
activity was usually noted in about the eighth
egg laid. After the activity reached a maxi-
mum value, the subsequent eggs in the series
showed a general decline in activity. Two ex-
amples of this phenomenon are illustrated in
Figure 5.6.

The highest gamma activity found in a sin-
gl cup shell was 68,40 counts per minute,
measured at 80 diays powt detonation. For a
gnmma energy of approximately 1 mev, this fig-
ure corresponds to 1.07ec. The yolks and al-
bumens hiad much less activity than the shells,
a8 was anticipated. The average distribution
of ygamma activity in the eggs is given in Table
d.11. The resuits of the radiochemical analysis
of two eggs are presented in Table 5.12.

The alkaline earths are the principal fission
products depeiited in the shell. In the albumen
and volk, the beta uctivity contributed by the
alkaline earths was only a little greater than
that associated with the rare earths.

The pattern of deposition of the radioactivity
within the egg was also studied by means of
sutoradiographs. A\ series of 5) eggs were
hard boiled, sectioned, and autoradiographs
were prepared of the cut surfaces. Only four
of the volks of these %) eggs were sufficiently
radioactive to produce autorsdiographs (see
Fig. 5.7). Thewe 4 eggs were laid on succes-
sive days by the same hen. There i 3 correla-
tioh between the rings of radioactivity in the
yolk and thowe of pyament

The amount of activiy removed from the
beady :f the L hen througn egg lsying is very
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much greater than the amount excreted in the
urine and feces during the period of this study.
Exg production in the chicken represents a
unique form of naturai decontamination.

5.46 Fertilicy aod Hsechability Scudies is
Chickess

Fertility studies on the contaminated chick-
ens were begun 3}la months post detonation,
with the mating of hens and roosters and the in-
cubation of the eggs obtained. In the first
clutch of 20 eggw, + were hatched. Omne of the
chicks had the crippling slipped-tendon condi-
tion, “congenital perosis,” which 18 not uncom-
mou. Radiounalysis of the chick tinsues indi-
cated that only » barely detectable »-nount of
radicactive material was transferreq (o the
vhick, although the nwther hen had at this time
an appreciable contamination.

In snnther Laich sid mwaths punt detonation,
K5 agys were incubated. Of thew . 2» were in-
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$.47 loewrnsl Redicective Decosmmisstion
Studies ia Chichens

A study was undertaken to determine the
ability of both sodium EDTA and zsirconium
citrate (15) to increase the excretion rate of
internally deposited fission products in the con-
taminated chickens. (On the basis of previous
experience, it was not expected that any appre-
ciable decontamination could be effected at the
time of this experiment (4 months following
interual radiouctive deposition).

The excretion rates of X chickens with large
body hurdens of internal contaminants were
determined for a period of 4 days as the base
line fur the study. Following this, two chickens
were injected daily 1. I". with 75 mg. sodium
EDTA for four days: two received injections
of 70 myg. of zirconium citrate (15), and two
were injected with both zirconium citrate and
sodium ELTA. Two chickens were kept as
controjs.  The mean beta and gamma activity
excreted by these clhiickens was determined in-
dividually for ench of the trentment days and
for | day following cexsation of treatment.
Nesiher the zirunim citrate nor the sodium
EDTA alose was edwtive 1n incressing the
excretion rate s reflecte.! by the heta activity
nersureme:, The combined admunis-
feation of srenanain, cdyate and wabiuom EDTA,
however, iute of the beta
ACtivIEy. t~ile chaage 110 the rate of

tide

toubissd (e exore’ g
No g
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cnsvetinn of gumms estivity wen nsted. The
omsstion reto of fesicn preduste ot this lung
poriad past contamination wes luss than 0.1 per-
cont por 3 houre. Thus, the enhansement of
the eserwtion rete by the combinstion of s
i citeyte and sedium EDTA did net sg-
nificantly decvenss the tatal bedy burden.

%46 Semmey

Studies of saimels provided deta on the
nature and distribution of the radicisctepes
the tisuss and the escreta. (Over 90 parcent of
the activity in the body of aninls was localised
in the sheleton. The pattern of deposition of
the fissien products in the sisleton seen in aute-
rediographs resembies that of the alkaline
earths. Morphological changes which were ob-
served in some of the bones may be the result of
the exposure of the animal to external radiation,
although the effects of sevure dietary changes
and other disense cannot be ruled out.

The alkaline earths Sr*® and Ba'* and the
rare earth group together constituted 75 percent
of the gross heta activity in the pig at 82 days
powt detonation. The tish and clam had a much
lower concentration of the alkaline and rare
enrths, and a body burden considerably higher
than that of the land animals.

The internal distribution of tission products
in the pig is probably representative of the dis-
tribution in human beings.  An estimate of the
human body burden was derived from the data
on pigs.

Studies made on egg production of contami-
nuted hens guve no evidence of any effect of
radiation. The rate of production and the eggs
produced were both normal. The extraordi-
nary ability of fowl to mobilize caicium in shell
formation resulted in the presence of very high
activity in the shells of the first few eggs. The
Retivity was associated with the fission products
of the alkaline earth group. A significant
amount of activity was found in the yolk, and
leswer wmounts in the albumen. The removal
of activity froin the body of chickens by egg
production provides an effective natural de-
contamination process.
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agpe preduced by the mating of m
reasters and heus showed ne effort of radiation.
The boby chichs hotchod from them ogge ore
growing nermally, sud the sweunt of radie-
artivity in their timuss is barely drtortnble.

While the administration of the combination
of sivesmium citvate and ssdium EDTA
chornons deubisd the encretion rate of famen
preducts, the rate ot this long time after ex-
pesure wus = low thet the hody hurden was
lictle afforted.

In the 6 menth periad post detonsation neither
sgnificant gros changes nor pathological
changes which could be detinitely ascribed to
rediation were detected in any of the animals.
Gross beta 1 ivity of urine and tissue samples
indicated tl. .: all the animals had significant
internal contamination. The ievel of inter-
nally deposited radivisotopes iu the pigs from
Rongelap was ten times the amonnt in human
beings from this area. The difference in the
amount of internal contamination of the animals
and the huisan beings was the result of the pro-
longed stay of the animals in the contaminated
area. The chickens were found to have the
same concentration of radioisotopic material
per unit of body weight as the pigs.

All of the animals remsining will be obeerved
throughout their lifetime for the possible ap-
pearance of any long term hiological effects re-
sulting. from their exposure to external and in-
ternal radiation.
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6.1 Jesreduceion

61! Signifance of che | Masch Shat

The events following the firmt shot detonated
ot the Pacific proving grounds in 1964, de-
srribed in this report, served to emphasise new
problems resmulting from the uwse of atomis
weapons. These different effects, the impoe-
tance of which was only vaguely appreciated
before, were brought inte sharp focus by the
prevent episade. In this chapter the medical
problems amociated with the use of stomic
weapons or nuclear reactor accidents will be
dincused. In particular, the problems aseo-
ciated with large scnle fallout, as they were
brought out in the present experience and as
they may pertain to the thinking and planning
of civil defense, the military and industries em-
ploving nuclear power will be discussed. Hu-
man radiation injury resulting from exposure
to fatlout amd other nuclenr madintions will be
described, ax well as current thought on the
diagmosis and treatment of the disense states
resulting from exposure to these radiations.

6.12 Extrapoistion of the Present Findings
More General Situstions

It must be emphasized that the large experi-
mental nuclear device, the detonation of which
led to the exposure of human beings to fallout
radiations, wax exploded ¢l 2 1o the ground on
a tropical coral atoll under geologne and geo-
graphic conditions that are signiicantly dif-
ferent from maost populsted areas of the world.
Each of these conditions, i. e, size of wenpon,
height of burst, tvpe of terrain, weather con-
ditions, presence or ubsence of water under or
near the burst will obviously influence markedly
the rate aid extent of contamination by fallout,
and the particle ~ize and chemical nature of the
fallout nurterinl.  These factors have been dis-
cussed in officinl releases {1-4).
therefore, that the events observed in the acci-

It follows, -

dewt reported hote are net necesmarily typieal
of potential fallowt situations in the future. [t
in clear, hawever, that the cardinal efferts to be
experted from fallowt radistions, as exemplified
by the events described in this report, are clear-
cut amd can be predicted with a reasonable de-
gree of nssurance.

In particular, this accident has emphasized
the particulate nature of the fallout material
that rendered it visible in many areas. It should
not be inferred that serious fallout will neces-
sarily he visible under other conditions of deto-
nation.  Also, the chemical nature of the ma-
terinl (caleium oxide) will be encountered in
only limited arens of the world. Although,
as stated in (Chapier 111, the chemical action
of the fullout material was considerad to have
contributed little or none to the effects seen, the
degree of adhesiveness of the material to skin
and hair might be quite different with different
fullout material, and in a colder climate where
sweating would be minimal.

6.2 The Effects of Kiloton Weapoas

621 Blas and Thermal Effects

Hefore the problesus of fullout associated with
megiaton wenpons are discussed in detail, the
medical effects of kiloton weapons will be re-
viewed brietly for contrast.  The effects of such
wenponx hiave been considered chiefly in the
context of the nominal or 20 KT weapon deto-
nated high intheair.  (3).  The blast and heat
etfects have been treated thoroughly by Ough-
tersen et al. (6) and little additional comment
i~ required here.  Blast and heat aceounted for
the vast mnjority of serious casualtiex in the
It should

be pointed out, however, that in cities with more

Hiroshima and Nagmsaki incidents.

sulntantial dwellings than were prevent in
98



Jugan, er if partinl sholters are employed, the
pvsntage of casusltis frem thes ssurese
bl devennes ond 4o SETINlage wiih resdie-
tion damage weunld wrrease.

The radiation hazard in due emsentially en-
tirely to the immediate neutron and gamma
radiation from the weapon, and exposure to
thewe radiations is only a matter of seconds in
duration. Fallout is relatively of no signifi-
cance.® Thun there is no significant contami-
nation of the skin and, therefore, no beta lesions
of the «kin. Likewive, there is no xigmiticant
danger of ingestion or inhalation of madionctive
materiai, and hence, no “internal emitter™ prob-
lem.

Roth the immediate gamma and neutron
radiations are highly penetrating and will pro-
duce acute total hady radiation injury in man.
The ratio of neutron to gnmma My contribu.
tion to the total effective dase at distances of
biological signiticance varies with weapon t ype.
With most common shielding materinls (earth,
concrete), the relative neutron contribution to
the total dore decrenses with passage through
the materials.

6.23 Dependence of Effects oa Circumseances of
Weapon Detonation

The effects previonsly described were for a
high air bura only. With surface, under-
ground and underwater burts of kiloton
wenpony, in addition to blast, heat, and imme-
diate Jonizing radintions, serious contamina-
Its extent would
of courve be lexx than with the “meguton™
wenpon : however, its potential seriousness can-
nest be gmored.

tion from fallout can ocvur.

*Ninitunnt leveln of seutron-induced radioactivity
nay he sewnt for a short (ithe near groaml sers

6.3 Added Bfecns of Megmeca
Wenpo=s

631 lovendinee Biest, Host and Radiscisn Eface

Wrrn Tz Mmavon Bows, the same prob-
lewm encountered with earlier atomic weap-
ons are alen encountered, only magnified many
times. The sren of total destriction, instead of
one or two miles in diameter, may extend sev-
eral times that far, depending upon the size of
the wenpon. There are blast, heat and radia-
tion ennunities as before, and the same problems
of "midling mass casunities on an unprece-
dented menle with minimal or no facilities per-
tam.  In addition, the problem of extensive
fallout is likely to enter.

6.32 Phenomenology of Fallout

Siarieant Farotr Resvum only when the
tire ball of the bomb comes in contact with the
surfuce of the enrth. With the high air burst,
radionetivity condenses only on solid particles
from the bomb components itself. and on dust
m the wir. The particles are small, are
drwn high into the atmosphere and do not
settle tu the earth for perids of days or even
months. By the time they reach the earth’s
surface, the nmjor part of their radionetivaty
has been dissipated harmlessiv in the atmos-
phere mid no <igmifieant hazard results.  1f,
however, the wenpon is detonated on the surface
or close enoteh <o that the fire ball touclhes the
surface, then large amounts of material are
drmwn up into the bomb clowd.  Many of the
particles thus formed are heavy enough to de-
scend rapidly while «till intensely radionctive,
The result 1~ a comparatively localized aren of
extreme radionctive contamination and a much
Inrger aren of some hazard.

The fallout nrea consists in effect, of n large
contaminated plane (except as moditied by
buildings or other structures), emitting alpha,

beta and penetrating gumma ravs, It s ap-



parent that mant of this falleut sren i» boyond
the renge of destraction by blast or heat, snd
thas ene s dmling with camntnlly 2 “pare”
rediniugicsl situation.

The extewt and patential sriouwwem of fall-
out was clrarty mdicated in ofirial releasss of
the \tomic Eneegy Comminson (1-4). From
thene statements, the bowb’s cloud couid drop
radieuctive ashes in a cigar-shaped snne about
20 miles long and 30 to ) miles wide. There
couid be suficient radioactivity in s downwind
belt sbowt 140 miles in length and of varying
width up to 20 miles to seriously threaten the
lives of nearly all persons remaining in the ares
for 38 hours and who did not take protective
measures. The sones thus outlined for potential
morbidity and lethality depend obviously om
weapon size, wind and other weather condition,
etc. Straums(l) emphasized that possible cas-
nailty figures given are for the wrorst poasible sit-
ustion. (‘asuaities might be reduced greatly in
number because many in the area wouid take
shelter or evacuate the area. \lso, the pattern
of fallout might be spotty in nature, and thus,
many would escape exposure. Nevertheless, the
area where potentially werious casuaitien may
result may exceed by orders of magmitude the
relatively small areas for conventional weapons.

6.33 The Effects of Gamma Radistion From
Fallowt

The gamma radiations are penetrating and,
as seen in the Marshallese, produce the same
type of injury produced by the initial radiation
from the conventional wespon. In the one case
radiation ix deiivered from a distant source: in
the other from essentially a plane field. In
both situations, penetrating radiation of the
entire badv results. Qualitatively, the results
are identical.  Quantitatively (e. g., done-effect
relationships), there mayv be differences due to
tncompletely known and understood Jifferences
in the energy of radiation and in dowe rate, and
in the geometry of exposure (wee sec. 8.42). For
these reasons, and for additional ressons to be
wdvanced later, instrument readings of roentgen
dove measured in air and published dose-effect

twbies for men shouid v wed only o0 ¢ reugh
gusde m @il y ontimmation.
carcunteved in the fall out asrea, the fullowing
fgures far tetal dewe for the first 38 hour poriad,
are quated frem chairman Netrasum’ relvase (1).
Ton miles downwinsd frem the large devire fived
at the Bikini Atoll on March 1, 1964, within the
test site, & total dose of 5,00 rosntgens was de-
livered over & period of 38 hours. The largest
total dose delivered owtside the test site was
290 r for the same period st the nerth- west
end of Rongelap Atoll sbout 100 miles from
Bikini. Two other areas in Rongelsp 110 and
115 miles from Bikini received 2,000 and 150 r
respectively. Another area, 125 miles from
Bikini received 1,000 r over the 38 bn:r period.

Effects that may be expected for given doms
of penetrating radistion given over a few min-
utes or hours are indicated in Table 6.1 (7). It
in emphasizsed that such tables are derived
chiefly from animal data snd thus, should
be takem as approximations omly. These
values vary considerably from the RBritish
estimates (M),

Table 6.1.—Effects of Acuse Tom! Body leradie-
tion on Humea Beings

30r; No casualtiss. No reduction in

| effectiveness.

Two pereent may be casualtics
(nausea and/or vomiting) for
short perwod of time. No evacu-
ation contempiated No sgnifh-
cant reduction i eflestiveness.

Twentv-ive percent casualties in
a lew hours birm definite re-
duction in effectivenem. Fifty
pereent of the casswitios i this
group will have to be evacumed.

All must he evacuaied ss moon as
pomuble.  Fifty percent wm:l he
noneflestive.

Approsimasely 20 percert deaths
All need evacustion 1mmedi-
ately. All are noneflectives.

Fifty percent desths.

lethal dose. but ot necenmanly
for all s - xposed

1@y

450 r
Over 850 r

P i s b

e



With sagaed tothe prabivm of dess rute. thase
= cwatinlly ne diffovence m offert of s given
dum deliversd over 2 fow mrenda, o fow minutes
s fow hon. However, a dume delivesed over
wvernl days or wesks will be much loas effortive
far seme efforts, than will the same doms do-
livered aver & few minuten. Some deta indicate
that the effert of a given total dose derrvases
renghly as the fourth roat of the number of days
aver which the dose is given: thus, a dowe de-
livered over 16 days would be one-half as effer-
tive as the same dose delivered over one day.
These relationships were warked out on animals,
wning the sn-called “rectanguiar™ dowe schedules,
e. g., dones delivered at 2 constant rate. There
are no data available to aid in evaluating ade-
quately the eflect of a constantly changing dose
rate an encountered in a fimion product field.
Alnn, the relationships were worked out using
acute effectn, mich ax Ui-day mortality and it is
nt at all certain how closely they apply to
longer-range effectx such as cancer production,
shortening of life span, etc. (ienetic effecta
apparently are dependent on total dome and
show little or no dependence on dose rate.

6.34 The Effects of Beta Radistion From Fallowt

Fxtensive beta lexions from falloat in human
beingx had 1t been encountered previously.
As describest in Chapter 111, the lesions, both
climieatly amd  histologrically, were consistent
with pr.vious data on experimental human and
animal beta ray burnx,

Neveral points should he made regarding the
beta lesions from fallont radiations.  Beta le-
sionw of the skin and depilation can oevur in
the abrence of lethal dosex of yamima rays and
can he werioux.  Thus steps should be taken to
prevent them.  And it would appear that, with
reasonable precautions they can be prevented, or
At leaxt markedly reduced in severity.  Contact
of the fallout with the ~kin ean be prevented by
remaining witiiin ~uitable shelter or by wear
ing ondinary clothing. I expesure cannat be
prevented, early and complete decontanmination
of the <kin and hair would prevent or lewer the
wverity of the lesions.  Particular attention
<houild be g1iven to the hair beenwe of the like-

12 s
haw » contaminsted, snd ¥ cannst be clsansed
promptly by washing, chpping o shaving
should nat be doluyed.

63 The Nas o lnswenl Emismm Prem
Pellow

The fallowt material can be inhaled or m-
geaterd and it will, of course, contaminate ex-
pomed food or water supplies. Thus, as with
beta burns the possibility of & hazard from this
source is pemsible. As with the beta burma,
however, the problem may not be too seriows
and relatively simple measures will aid in min-
mizing exposure. The particle sizes of the
fallout material probably will exceed the opti-
mal size f.r a major inhalation hazsard. From
data on the Marshalleae exponed to fallowt, it 1s
ween that the degree of internal hazard in the
expomes] peronns was smail. This is encourng-
ing, since these perople lived in a reiatively prim-
itive state where maximum probability of con-
tamination of fod and water sapplies exinted.
If the hazard was minimum under thome con-
ditionn, it should be even less under conditions
of modern American living. With all of the
testing of nuclenr devices in Nevada and else-
where. the level of strontium, the mest impor-
tant tiwwn product as far as internal hazard
18 concerned, iy still only about 1/1000 of the
permissible berdy burden as recommended by the
National Committee on Radiation Protection in
National Bureau of Standands Handbook 52,
for idustrial workers (9).

The problem ~hould not be neglected, how-
ever. The effects of internally depoxited radio-
active materials may not become apparent for
many vears and. thux, the problem in the Mar-
shalleve will not be fully evaluated for vears.
Every possible precaution agninst inhaling ra-
dionctive naterial, or of ingesting contaminasemd
foud and water shoukl be taken. (ias masks
that eficiently remove timion product particles
from the air ure available and even a wet cloth
over the face ix of considersble value for this
purpewe. Sprinkling of an ares i« eflective 1n
recdicing the amount of duse 1in the air.  Main
water, or wmp atul water will remove 2 large
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ssepertion of contaminant frwem s emrfoccc
That re mining is frmly fized sad is et libely
te bocen re sirborne eanily. 1f & personnel decon-
taminstion conter is established, it should be
relatively mobile and isolated from more per-
manent buildings where definitive care is given.
This stesns from the fact that contamination
can only be transferred, not destroyed, and the
decontamination ares is likely to beconse quite
“hot” in a relatively short time. Tinned goods
can be eatem with complete safety and it is
highly unlikely that city waser systems outside
the area of blast damage will be contaminuted
soon after a burst. Omne thing appears to be
certain—any effects from internal radiation will
be long range and =] be of no concern in the
scute period. Total body radiation from
gamma rays, and skin irradistion from beta
emitters will be the chief radiological concern
at early times following an explosion.

6.36 Evasive Action; Prosectioa From Fallout

Some warning of possible fallout will be
available and the falling radio-active material
may actually be visible. s stated, the pattern
of fallout will depend on wind velocities and
other weather conditions, and the pattern is thus
difficult to predict under the best of circum-
stances. However, it will be apparent that in
closer-in arens, fallout may not occur for sev-
ernl minutes after the blast and this period may
extend to several hours at greater distances and
with siower wind velocities.  Thus, there is some
time for evasive action. Consideration might
be given to evacuating the area if possible fall-
out patterns have been investigated and are be-
lieved to be predictable.  Or it may be possible
to take shelter. Suflicient time probably would
be available to allow relatively complete prepa-
ration for an extended stay in adequate <helters
with storing of sufticient food and water to
allow some wdvantage to be tuken of the dee ay
of tission product radiation with safer evacua-
tion of an aren 1 few duvs ufter the fallout.
Facilitiex may., for the mo~ part, be ementinlly
intact, such as water, jower, fire highting equip.
ment, etc.  ln this wnse, 1t leust, one 1=~ im-

Samsuisiiy switer off than withis the srea of
blast and thermal demage.

With regurd to eflectiveness of shelters in the
fallowt area, the following estimates have besa
reieased. .\ frame howse would reduce the total
dose received by one-hailf, and a brick or con-
crete structure would be more effective. A
basement would redure the total exposure to
one-tenth of its vaiue. In a shelter of thickness
equivalent to three feet of earth, the dose would
be reduced to one five-thousandth of its value,
aflording complete prutection in the most heav-
ily contaminated areas.

It should also be noted, on the other hand,
that while the decay of fimion product radia-
tions is extremely rapid over the first few min-
utes after detonation, the rate of decay becomes
considerably lems rapid in the succeeding hours
(2). Thus, with fallout occurring some hours
after the biast, if adequate shelter is not avail-
able, earlier evacuation may be better than re-
lying on partial shelter and on rapid decay of
the radiation field. Starting at 1 hour after
the blast, n given dose rate will fall to about
44 percent of 1t3 value by 1 hour later. How-
ever, ut 10 hours after the blast, a given dowe
rate will fall by only 11 percent of its value in
s period of | hour, e. g., the dose rate at {1 hours
will be ¥9 percent of what it was at 10 hours.
Such statements as “more than ) percent of
the radiation dose from atomic debris will be
delivered within 10 hours of the explosion time™
are true only if fallout occurs immediately after
the detonation. [f the maximum fallout and
thus maximum exposure rates in a fallout area
have not occurred for several houry, the rate
of fallout 1n the area obviously will not be as
rapid as it would be for enrlier fallont material.

6.4 Esumation of the Severity of Ex-
posure to Gamma Radiation

6.41 Predictions From Physical Estimsees of Dose

If the aleolute wnsitivity of man to radia-
tion were kuown, and 1f 1t were feasible to de-
ternnne the diee 1 groups under catast mphe
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comditions a realistir #atutares = @ue . ¥
e made. However, the jrnbieas swrvadves - oh
cstimation of daw rececved by the edesbued
prewrnt real practenl dilirnitws. [t » preb
able the! dom estimates will be avniiable frem
donmimetry devicen or from dome contenr mes
and the position of the individual during ex-
posure. Nowe of the diffcultien of reiyving
heavily on dosr etimates are chvioim. The ex-
act position of the individual and the degree of
shielding will not be known precisely. The
donimetry device rerordn the dose or a dose rate
which may not reflect accurately because of
shielding, energy dependence of the device, ete,,
the depanition of energy within the individuals
at the site of interest, namely bone marrow and
mastrointestinal - tract. More important, be-
cause of individual differences in sensitivity,
individuals exponed to the same measured done
may differ widely in their rexponses. Thus,
estimates of dore calculated from dose rates or
derived from an integrating dosimeter or from
position of an individual during exposure can-
not he accepted ax the het index of the probable
fate of an individual, or as the final index to
therapy, triage or prognosix.  Since the syn-
dromes of radiation injury have varying symp-
toms and are dose dependent, the symptomology
in in senwe, a personal indicator of one’s fate.
Experience with human radiation injury at
Hiroshima, Nagnuaki, with reactor and eritical
asembly aceidents and the fallout ac ident de-
sribed herein strongly suggest that the hest
methad for estimating the seriousness of ex-
posure at the individual level ix the sympto-
matic approach.  As with any disease, an ac-
curate appraisal of the patient’s condition re-
<ults only from a thorough evaluation of the
history, physieal and laboratory examination
(e Nection 653 helow).

6.42 lafluence of Geometry of Exposure on the
Effective Dose; LD.. for Maa

The intluence of the gronwtry of expumure on
the efrctine dore s dhisrissed 10 Chapter 1, amd

the smnrezal lmehal dome e g o Cliager VL

Ve retpe? - 2 Sherh the 1atal dowe rocerver] by
w W utive s abuinted wore mewared
e a nr e s (rese 3 fen sbove the gron:wi wur-
fore  Re row of the planer genmetry of ex.
pmnre ent the energy of the for thm
nwaswred o iate, the dve: rate at the center
of the iy would he grester ther for the ame
cdome rate from a high energy X ray wmrve,
measured in air o the proximal skin serface.
The effects of fallout gumma radiation would
thus he expected to he greater, for the same done
messured in air, than would lsboratory radia-
tions.

The high initial incidence of naunea, vomiting
and diarrhea in the high-exposure Marshallese
group, and the profound neutrophile and plate-
let count depression indicated a grester effect
than might have heen expected from 173 r m
the laboratory, in keeping with the shove. As
indieated in Chapter IV, from this value for
the dove received, and from the degree of leuko-
cyvte deprewion it is pomsible to estimate the dove
at which a small incidence of mortality would
have resulted without treatment. These con-
siderations woukl piace the threshold for mor-
tality at approximately 225 r, and the LD, at
approximately L) r for fallout gamma radia-
tion. [t i< alwo clear from the above consider-
ations, that a tigure for an LD for man,
independent of the condition of exposure is
exentially menningless.

The LI figure of 1k 1 is below the value of
HM or 450 r commonly quoted (7). \ recent
re-evaluation of the .Japanew Nagasaki and
Hiroshima bombing data has resulted in a fig-
ure well above the 400 or 450 r value for the
immediate radiation from the bomb.  The error
in this figire, ax well as that obtaive.d frgp the
Marshallese data, is very great. Hovever. the
profound hematological effects seen in the
Marshalles would argue strongly for lowering,
o at least not raising, the current LIL edti-
mintes for vl defense amd other planning, this
particulariy under cimumstaces where fallewst
vhiations may be expeted 1o be the chief
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6.3 Radimien as 2 Pusc
tien «f Type of Exposure, Dose
asnd Time Afocr Exposure

€51 BfSecm of Superfcial, Penstrating sad In-
! Radiets

Badistion injuries can be divided into thres
gomoral clusses:

s. The syndromes of whole body radiation

mwhdmpmdmdbymmgm-
izsing radiation, and which are doss dependent.

b. Superficial radiation burne produced by
soft rediations (beta and low energy X- or
gemma radiations).

¢. Radiation injury produced by the deposi-
tion of radionuclides within the body. The
clinical picture varies with the site and amoant
of depesition.

Each of the sbove is associated with an early
phase in which acute symptoms and signs may
be obeerved, and a late phase in which chronic
changes or manifestations such as cancer may
be cbeerved. Alse, the degree of injury is pro-
portioned to dose. Particularly in Class s,
total-body irradiation, the disease entity seem
is highly dependent on doee.

652 The Syadromes From Total Body Peme-
trating Radistions

The dose-dependent syndromes resulting
from total-body exposure in the mammal have
been described in detail (10-13) and need only
be summarized here. After large doses (ap-
proximately 6,000 r or more®) the central nere-
ous systrm symdrome (UN3) is produced
(10). Death may occur unde; the beam after
some hours, and s preceded by hyperexcita-
bility, ataxia, respiratory distress, and inter-
mittent stupor. [oses capable of producing
this syndrome are always uniformly fatal. If
an occasional animal survives this CNS he has
vet 10 experence the gastrointeatinal <ynd rme
{GINY, (10, 12) which when produced by dowes

*rpuries varigtion.

in excom of 1300 r s always fatal within -0
days.®® The GIS is so named becsuse of the
marked nausea, vomiting, diarrhes, and dene-
dation of the small bowel mecosa. The GIS is
a uniformly fatal syndreme in most laborasory
animals. If the short duration GIS of a few
hmndoumtpnﬂmth“daydeﬁh.tho
sarvivors of this syndroms have yet to experr
ence the sequeise of bons marrow depression
which has besm termed the Aemopesetic syn-
drome (HS). The HS is not necessarily fatsi.
It is the clinical picture that is sesn in the
lethal range for all mammails and in general
the 1.y, valwes reported represent the LD, for
the sequela of hemopoietic depression—granu-
locytopenia and depre=sed defenses agninst in-
fection, thrombopenia, and anemia with the pos-
sible resulting infections, diffuse purpurw, and
hyposzis due to anemis, any of which may be
fatal. More detailed descriptions of the path-
ogenesis of these phenomena have besn pub-
lished (10-16).

The above picture of radistion syndromes is
based on animal experimentation: howevee,
human experience (6, 17-22) has indicated that

n probably corresponds quite closely to the
general mammalian response outlined sbove
with the exception of some differences in time
of occurrence. The ('NS apparently was not
observed by the Japanese at Hirnshima and
Nagasaki (21, 22) nor would one expect it o
be obswerved since doses to produce this syn-
drome were well within the area of total d. -
struction. The (IS with deaths in the 1st
week are well documented clinically and patho-
logncally a8 are deaths from the HS (8, 1K,
21, 22). However, in the case of man, deaths
from infection were most prevalent in the 2d
to #h weeks (maximum incidence during id
week ) and from hemorrhagic phenomena in the
3d to tth weeks (muximum incidence in 4th
week). In the Japanewe, after the bombing of
Hiroshismia aikd Nagnraki, deaths from radis
tioni mjury were accurting as Inte an the Tth

**There are o wa and strain varintions The 34
day deaths are oust pressient o dugs. rate rod nee
T u days sre wen. Hebes pigs sad
hamstrrn sorviee 6% days.

NGl orainn on

P



wesh. This is in contrust o other mammels
where deaths frem the scute phase are wacom-
man after the 30th day.

€55 Peshubiliey of Survivel eo Relewd
Sysapeoms

Heaon, individeals exposed in the lethel
range ( where soms, but not all, will die in the
fisnt several weeks following exposure) can be
divided according te symptoms and signs, inte
groups having a different prognosis. Thus
they may be divided inte three groups in which
survival is, respectively, improdebls, pessible,
and prebdedle. It will be apparent that there is
no sharp line of demarcation among the groupa.

Growp 1.—Swrvivel imprebeble
If vomiting occurs promptly or within »
few hours and continues and is followed in
rapid succession by prostration, diarrhea,
anorexia, fever, the prognosis is grave;
death will almost definitely occur in 100
percent of the individuals within the 1st
week. There is no known therapy for thess
peopile; accordingly, in s catastrophe, at-
tention should be devoted principally to
others for whom there is some hope.
Group 2.—Nurvival poasible :

Vomiting may occur e.rlv but will be of
relatively short duration follc<sed by a
period of well-being. In this period of
well-being marked changes are taking place
in the hemopaoietic tissues. [.ymphocytes
are profoundly depressed within hours and
remain o for months. The neutrophile
count 18 deprewed to low levels, the degree
and time of maximum depression depend-
ing upon the dose. Nigms of infection may
be seen when the total neutrophile count
has reached virtually zero (7-9 days). The
platelet count may reach very low levels
after 2 weeks. KExternal evidence of bleed-
ing may occur within 2 or 4 weeks. This
group represents the lethal dose range in
the classical pharmacologic sense. In the
higher exposure groups of this category
the latent period iasts from 1 to 3 weeks

-io A dad PIURNINTY

with little clinical svidenes of mjuries ot | or
than slight fatigws. At the termination of
the latent period, the patient may develop
purpura, epilation, oral and cutaneows
lesions, infections of wounds or burns,
diarrhea, and melona. The mertality will
be significamt. With therepy the servival
time can be expected to be prelonged and
if mafficiont time is provided for bome mer-
row regeseration the survival rats will be
increased.

In groups 1 and 2 the blood picture is not as
well documented as in group 3.  There are goed
clinical reasons to believe that in the lethal
range the granulocyte depressions will be
marked and below 1,000 per mn* during the
3d week. (Good cbssrvations in Japam (31,
22) confirm this contention. However, in the
sublethal range it takes much longer for the
granulocyte count and platelet count of mea
to reach minimal values, ss compared to other
mamnials (see Chapter IV and reference 10).
Despite the chaotic conditions that existed ir
Hiroshima, the data of Kikuchi and Wakisaka
(22) shows that there was a more rapid and
marked decrease in Groups 1 and 2 than in
(iroup 3.

Group 3.—Nwrviral probeble:
This group consists of individuals who may
or may not hive had fleeting nauses and
vomiting on the day of exposure. In this
group there is no further evidence of ef-
fectr of the exposure except the hema-
tologic changes that can be detected by
verinl studies of the blood with particular
reference to lympiiocytes and platelets.
The Ivimmphocytes reach low levels early,
within 4% hours, and may show little evi-
dence of recovery for many months after
exposure. The granulocytes may show
some depression during the second »nd
third week. However, considerable vana-
tion is encountered. .\ iate fall in the
granulocytes during the 6th or Tth week
may occur and should be watched for.
Platelet counts reach the lowest on approx-
imiately the 3th day at the time when




maaissum binding wes churved in Jop-
snese whe were expemnd st Hireshines and
Nagasaki. This tims trend ia the platelst
count and the develepment of hemorrhage
is in mariwd contrast to thet seem in lab-
orstery animals when platelets reach their
lowest level around the 1tk te 1i¢h days
and hamerrhage eccurs shortly thereafier.
In thin group, individuals with neutre-
phile counts below 1,000/ mm’ may be com-
with platelet counts of 75,000/mm’ or less
may show no extermal signs of bleeding.
It is well known thet all defensen agninst
infection are lowered evem by sublethal
doses of radistion and thws, patients with
severe hematological depression shouid be
kept under cless cberrvation and admin-
istered appropriate therapy as indicated.

6.6 Reiative Hazards of Beta and
Gamma Radiation From Fallout

Coxmwmn Bera Bunns to the skin and whole
body ganima radiation injury can be sustained,
as in the present experience. However, situa-
tions may occur following fallout in which
prompt evacuation from the area would limit
the whole body dose to minimal levels, but in
which delay in decontamination of the skin
would permit severe radiation burns. The re-
verse situation is r % only conceivable but oc-
curred to a limited extent in the Marshallese
and Americans. Thowe, who were inside, and
or completely clothed, received practically no
skin burns but received apparently the same
degree of whole body radiation. Omne might
also be exposed in the open, decontaminated
promptly and then enter a shelter because of
delay in exacuation. ['nder these circum-
sianced, one would receive predominantly
whole body radiation injury.

In the course of the present accident the prea-
ence of some open skin burns did not seem to
exert a deleterious influence on the spontaneous
course of the hematologic depression. How-
ever, with more severe degrees of hematologic

ply problem. .\ntibiotics will be required in
large amounts to combat the infection thes
plays a large role in morbidity and mortality
among irradiated individeala, and bloed,
plasma and other intravenous finids will be re-
quired to correct the shock, anemia and fluid
imbalance. These agents should be used, as in
all clinien) conditions, when clinical and labo-
ratory findings (if laboratory work is pos«ible)
indicate their need. Any marbed prophylsctic
value of these agents has not been demonstrated,
and considerations of probable short supply in
the face of overwhelming demand would mili-
tate against their use in the absence of clear
clinical indications. There are no drugs spe-
cific for radiation injury in man. Considerable
progress has been made in developing agents
effective in animals if given pri-~to irradiation.

Of great experimental interest in poet ex-
posure therapy has been the development of
effective therapy by iniection of splenic and
hone marrow nreparatious. However, the ex-
treme lability and genetic specificity of these
preparations indicates that these agents may
never be of practical value. In addition sub-
stitution therapy by transfusion of separated
pintelets and neutrophiles to combat hemor-
rhage and infection is of experimental interest
but #t present techniques are not sufficiently
developed to warrant consideration of stock-
piling.

There are no specific drugs for the treatment
of beta lesions of the skin. (‘areful cleanli-
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woss shoubd be chusrved snd biand, waterseluble
lutions may be applisd. Infertions should be
tventad with antibiotics as may be indicated.

A similar situation pertaing with regard to
um-ud chemical compounds sech s

. EDTA® and zirconiem citrate have shown coa-

siderable promiee in animals both in preventing
deposition of certain of the fission products in
the bomes and in accelerating their removal
following deposition. The earlier these com-
pounds are given following exposure, the more
effective they are. ' However, as indicated above,
it is doubtful that the need for such agents in
the acute period following an attack would be
great.

The following additional suggestions regurd-
ing the care of bomb casualties are submitted
for consideration. \lthough civil defense or-
ganizations in general have made great strides,
it in apparent that even with a well-integrated
plan some degree of chaos will be present and
early aid to many victims will not be forth-
coming. Hence, the importance of self-aid and
mutual-nid in effecting survival must be
streweed.  Doctors and medical facilities of any
kind will be in critical short supply ; thus, train-
g of Iay individuals in more definitive treat-
ment, rather than only tirst aid, deserves care-
ful consideration. Since accurate prediction of
where a bomb will fall is impuossible, central
civil defense organization in critical target
areas should be augmented by a “cellular”™ plan,
s plan of geographical units within the area
that are essentialiy seif-suficient in terms of
supplies and communications, and which can
render aid to other cells damaged by the bomb.
Thinking in terms of daniage within a target
aren adequately handled by the facilities of the
region must be replaced with consideration of
posible complete immobilization of facilities,
with resultant dependence on adjacent non-
affected regions for wid.

ut Ms .alt of ethyiene diamine tetraacetic acid.

6.8 Pomatinl Loag Term Rfers

Twz Lowe Tmu effects of radiation on man
have bsen the subject of an exhsustive survey
by panels convened by the National Academy
of Sciences (28, 27). Accordingly there is ne
need to review the sebject in detail. The effects
are dose dependent. The quaatitstive rels-
tionship of dose to effect in man is not well
known. The following qualitative long term
effects have been observed in animels:
1) Shortening of life span
3) Increased incidence of mutations
3) Increased incidence of lenkemia and other
benign and malignant tumors
4) Cataracts
5) Cardiovascular renal diseases
6) Sterility or lowered fertility
7) Impaired growth rate
In some of the survivors from the atomic
bombs at Hiroshima and Nagasaki the follow-
ir ¢ have been definitely observed :
1) Cataracts
2) Leukemia
3) Impaired growth patterns in some children
Intensive study of the exposed population at
Hirorhima und Nagasaki is a continning activ-
ity of the Atomic Bomb (asualty Commission
s is the study . f the Marshallese who were ex-
posed to fallout. In the absence of quantitative
dose response data for man, it is impossible to
prognosticate, with certainty, what, if anything,
will develop in the exposed Marshallese. All
of the phenomena enumerated above that have
been observed in anim~1< are being searched for
by the medical team, that has undertaken the
continuing care and study of the Marshallese
on behalf of the Atomic Energy (Commission.
Annual studies are being performed and will be
reported upon at regular intervals.

6.9 Summary and Conclusions

ArTuovH Tue Fixpinas in human beings ex-
poeed to fallout radiations in the spring, 1954
Pacific field tests cnnnot be carried over exactly
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devisss detonated wnder
it s pumibie to predict
with rensanchie asswresce, t
that will resuit frem fallest.
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are as follows:

1) The medical problesas in the immediste
vicinity of a kileton atomic weapom or &
megmton bomb will be essentially similar.
With the larger weapon, of course, the areas
of damage are much larger and, thus, the
nsumbers of caswsities with mechanical,
thermal, or radiation injury are greatly in-
creased.

2) In addition, with large weapons, an ares of
fallout can extend for thousands of square
miles beyond the range of thermal and blast
injury, resulting in gamma irradiation, beta
irradiation of the skin and a potential in-
ternal hazard in the absence of blast or
thermal injury. Serious fallout can occur
several hours after detonation and at con-
siderable distances. At this late time, the
early, very steep fall in dose rate has already
occurred and the dose rate falls off at a much
slower rate. There may be adequate time
for countermessures and early evacuation
or other effective evasive action will reduce
by a large amount the total dose received.

3) The gamma radiation is by far the most
serious hazard in the fallout area. It is
penetrating, and exposure can result in the
same acute radiation injury observed in the
Japanese at Hiroshima and Nagasaki. The
quantitative dose-effect relationships may be
nltered Lecause of doee rate and other differ-
ences bet ween the two types of exposure.

4) Beta radiation of the skin from fallout
definitely can be & problem in the nheence of
lethal doses of associated gamma radiation.
Although late in appearing, the skin lesions
may be sufficiently serious to result in a
“casualty”.  Of equal importance, however,
in the consideration of the eflectiveness of
rather simple countermeasures in preventing
the lesions. The lesions appurently result

meinly frem mstorial dopesited divertly wa
the skin, akthough bota rediation frem the
grownd, building, or even clothes may com-
tribute to & smail dugree. Tham, shelter
within s building, covering expossd shin
aress with clothing and early skin and hair
decontamination would go far toward pre-
venting this hasard.

5) Some degree of internal contaminatioa will
occur in persons exposed to fallout. The
amounts deposited in the body, however, will
be relatively small. It appears certain that
no rontribution to the acute medical picture
seen will result from this cause. It appears
also, although data are incomplete, that
little or no long-term hazard is likely to
result from this cause, particularly if
reasonable precautions are taken to avod
excessive inhalation or ingestion of the ma-
terial. The acute medical problems in the
fallout area will he concerned principaily
with total-body gamma exposure ; some with
beta irradiation of the skin.
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