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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-
y 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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intreduction

Ox Manom 1. 1954, an experimentsl thermo-
nuclear device was exploded at the U". 8. Atomic
Energy Commission's FEniwetok Proving
(3rounds in the Marshaill Isiands. 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 poe-
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,
Atomic  Energy Commission. Experienced
professional and technical personnel were im-
medintely nvailable from the Naval Medical Re-
search Institute and the 1. S. Naval Radiologi-
cal Defense Laboratory. Since speed was es-
sential in the organization 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 (Feneral.

A team was organized from 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 smull medical department of the
U. S. Naval Station, Kwajalein, Marshall Is-
lands The commander of the mval 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 conperation and support from all agen-
cies in the field enabled the medical team to
opersate at maximum efficiency, so that the de-
gree of radiation injury could be assessed
quickly, and appropriate care and study of the
injured could be instituted without delay. All
of the cxposed individuals have recovered from
the immediate effects without serious sequelse.
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 be 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 apan.

In addition to providing medical care for
these persons, the tean 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 incrense the fundamental
knowledge of radiation tnjury and the medical
capability of caring for persons exposed to
large doses of radiation.

Cuarres Lo Dusnas. M. Do, Director,
Division of Biology and Medicine,
U. 8. Atomie Energy Comnussion.




Preface and Ackmowledgments

Tue U nourraxing of the care and study of the
human beings accidentally exposed to fallout
radiation following the March 1, 1954, nuclear
test detonation in the Pacitic 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 (Commander-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, M(, USN, Pacific Fleet Medical Offi-
cer,® promised full support of sll the medical
facilities of the Pacitic 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-
(uately handled in the iield.

The personnel for the team were obtained
within the continental limits of the U'nited
States from the Nuval Medical Research In-
stitute und the United States Naval Radiolog-
val Defense Laboratory. From the former, four
medicnl officers, E. I*. Cronkite, R. A. Conard,
N. R. Shulman, and R. 8. Farr were obtained.
Two Medical Service Corps officers, W. H.
Chapman and Robert Sharp, were also ob-
tained from the same institution. In addition,
six enlisted men, (. R. Sipe, HM(', USN: P,
K. Sehork, HMO,USN O P AL Strome, HMC,
USN: W Clutter, HM, 1 ('; R. E. Hansell,

*Now Nurgeon General, U 8 Navy.
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HM 1.C: and J. S. Hamby, HM, 2,C were
provided. From the United States Naval Ra-
diological Defense I[aboratory, one civilian
physician, Doctor V. P. Bond: one medical
service corps officer, I.4. Com. L. J. Smith; and
four enlisted men, W. H. Gibbs, HMC, USN;
J. C. Hendrie, HM, 1/C; W. S. Argonza, HM,
2,C; and J. Flannagan, HM, were supplied.
The Division of Biology and Medicine, Atomic
Fnergy Commission, sent two civilian physi-
cians, Dr. (. I. Dunham then Chief of the
Medical Hranch 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, 14. Col. I« 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. N, 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 casualties 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,
hemutological 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, MC, U'SN, 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
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PREFACT AND ACKNOWLEDGMENTA v

anfolded, daily sick call and care of the radia-
tion lasions were carried out by Ductor Xhul-
man I;I.‘ iinen decided In M| con ference
of the entire group.  When epilation and <kin
lesions appeared, Commander R. A Conand,
MC, USN, was assignedd primary responsibility
for documentation of the onset, incidence, amd
detailed deacription of the <kin lesion. During
the tield pliase, 14. 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 probable doses of
radiation received. Paul K. Schork. HMC,
U'SN, was in charge of the Hematology Labora-
tory. The services of Doctor S. H. Cohn were
requested, and made available by USNRDI 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 Dactor 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. Departmwent of the Navy: Com-
mander Harry Etter, MC, USN: Captain W. .,
Kellum, MC, USN tund Captain T. L. Willmon,
Communding and Executive Officers respec-
tively of the Navnl Medical Resenrch Insti-
tute: Captain R. \. Hinners, UUSN, Director
USNRDL. and Captain A, R. Belinke, M,
I'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 nssembled nnd underway
in a matter of hours, -

Upon arrival at Kwajalein, Rear Admirsl
R. 8. Clarke. USN, Commanding Oflicer {United
States Naval Station, Kwajalein, supported the
project with all of the facilities at his disposal.
As nresult a luboratory and clinie was estab.

linhed and operating within 24 hourn after ar-
rival of the medical team.

In addition, we wish to acknow ledge the out-
sanding contributions of Col. (. 5. Maupin,
MO, USA, Field Connand Armed Forres Spe-
cinl Wernpons Project ; Capeain H. H. Haight,
MC, USN, Invision of Military Applieation,
Atomic Energy Commimssion: Dr. (3ordon Dun-
ning, Division 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-
terinl to the project personnel. Drs. T. L. Ship-
man, Thomas White,* and Payne Harris of the
Los Alamos Scientific [aboratory kindly fur-
nished very valuable data on urinary excretion
of radionuclides. The early studies of the Los
Alamos group in particular contributed sig-
nificantly to the information on the degree and
nature of internal deposition of short lived
radionuclides.  Dr. (;. V. [eRoy, Associate
Dean, School of Biological Sciences, University
of Chicago. participated in the early phase of
the study as a consultant to the Medical Group.

The authors of Chapter I are particularly in-
debted to Dr. (*. 5. Cook and the Nuclear Radia-
tion Branch at the Navy Radiological Defenne
Laboratory for information on energy distri-
bution of the gnmma radiation.  Data on radio-
chemical and rudioactive decay rates were sup-
plied by Dr. €. F. Miller and the C(‘hemienl
Technology Division of USNRDL and Dr. R.
W. Spwense of Lo Alamos Scientific Laboratory.

In colle *ing dats on the <kin lesions, the
help of Billiet Edmond, Marshallese whool
tencher for the Rongelap group i 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 USNRDIL and
C. P. A. sStrome, HMC, 1'SN, Naval Medical
Research Institute performed the excellent
color photography.

In preparation of the material and writing of
Chapter V. the authors are indebted to Miss C.

* Dwevaned,
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Jones of USNRIN. who prencred the sutars-
diographs of the thwues. In addition, Dr. W. P.
Norrm of Argonne Natinnal Laboratory made
autagraphe of specific timsuen. [r. Rachsel
Reed of USNRINA, performed the microncopic
pathological studies of the tissues from the ani-
mals in whom radioisntopes 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 USNRDL 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, whoee
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. S
Thompson, MC, U'SN. of V. P. 29 Squadron.
We are indebted to him for furnishing his rec-
ords on the contaminated individinls 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
nurves.

It ix quite impumnible to acknowlnige the
somtance of the numerous individuals in van-
ous agencien who amisted in collect ‘m 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
esvential 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 line 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 agencies and thns keep authorities

informed of the course and severity of events
following this untoward and unavoidable acei-
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, clinical course and care: R, \. Con-
ard, skin lesions: V' 2. 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-
legge to be chosen to direct the medical team,
n real pleasure to odit and integrate the sepa-
rate reports and hHnally realize their fruition
ax a homogeneous monograph.

E. P CronxiTe, M. D,

Medical Department.
Brookhaven National Laboratory,
I'pton, New York.
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Chapter I

Radiation Characteristics of the Fallout Material and the
Determination of the Dose of Radiation

C. A. Soxpaars
Roszxr Suarr, 14. (jg) ¥SC SN
V.P. Boxp, M. O, L. D,
E. P. Croxxrrx, dr. (M(™
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1.1 Nature of the Event and Dexcription of the Exposed Groups

Frusowine e Ieroxanios of a nuclesr de-
vieo ot the Pacitie Proving gweend in the Snewns
of 1934, ugmifieant amounts of radisctive ma
terial fell on neighhoring populated atoll.
The Mardhallere inhabitants of Rongelap atoll
(desygmates] as Group 1) received the lnghest
calcnlated 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 1V) 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 remained insude of

| JE S 3
Ses oINS P S o

...... seevE g 1300
Marchallee remained out of dewsws and thim
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 s aded 10
the water, thus washing a considerable amount
of the material from their skin.

The expowed pervonnel were evacuvatel 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-
ituted. Clothes were removed and lasundered
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 radionctive material from the hair because

of the heavy coconut-oil hair dreming.

The exposure groups with individusls 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

N Jom  Amwemmrs
noce Desmos ~ N
e Ix'taaty  WEWEEENT0r
Group | — Rongelap a4 H .+ 4108
hrs.
Group 1l — Ailinginae IR H+ 408
hrs.
Group III. — Rongenk 28 H + 68 hre.
Group IV. - Uunk 157 H + 22hm
Marshallese, Control "7
Group A
Americans. Control Kwa- 105
Jalein- American

Resy Fam

. . HATR 9@
Tiug o0 Evacvanos Il“-'l'».l:.l.):ﬂ..'.'A-I::.f “T:::".
LATHINS Ironm 18
A (1)
H « 50hm 16 peopley I55mrum H + 7 175
H - 31 hre 4% people) days
H - 58 hes 10 mrhm H + 9 "
day=
H+ 285hm (8 men) 2% mrh. . H + 9 ™
H + 34 brs. (20 men) days
Started st H + 55 hm. )mrhs. . H + 8 K}
Completedat H - Rhm day«

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

1.2 Whole Body Gamma Doses

Ture Famuaten Vasi sn of externai dowe given
in Table 1.1 were cak-niated from readings of
Avernges
of a number of dove rate measurements on ench
inland ai a given time were wesl. The read-
ings were taken in air, approximately three
feet abuve ground, several dayx after the inhab-

......

carried out, ner was s operating condinion
known to be satisfactory under (hbe emergency
condition prevailing at the time of e For
these reasons the later resdinem. which wees
higher than the early survey by an avernge of
M) pervent when corrected to the same timen,
were uned 1n computing the dowes litedd. The
intruments used for the later messurements
were calibrated just prior to the surveys.
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Fiavae 1.2—Distribution of inkerent eacrgres of yamema radiation from mised
fasion products, and histogram of degraded energica produced by Compton
acattering at lercl of infinite planc 3 fect in awr aborve uniformly-distriduted

flamion products feld.

ttants 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
time of evacuation. However, preliminary
cahibration of this strument hiad not been

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 individunl was infhhenced
by its passage through the intervenming mir. A
knowledge of the energy spesctrnm of the m.




[, EFFECTR OF IUNIZING RADIATION

dimtion an 1t emanated from the material itvelf
nade promible an approximate calculation of
the neenrtiii of imal dowe deliversd iy ench
of weveral energy regrons.  Such n caleulatum,
wang spect romet ric data on the wurce material
of mised timon prosticts vl taling 1o ac-
count this energy degradation by Compton seat-
tering along the path i air, (1) led to the
dime-energy histogram shown in Figure 1.2
Roughly there were three regions, with max-
ima at Lao, 700 and 1500 KEV. The total ex-
powure was thus the resultant effect of partial
devws from ench energy region, making the ex-
pewure energy conslition siznifienntly ditferent
from those of radiation therapy or experimental
radiobiology.

The duta in Figure 1.2 are based 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 islandx to which the individuals were
exposed.  An energy correction factor for the
radintion mensuring instroment was cnleulated
by weighting the dose from ench energy inter-
val by an avernge meter response factor for
that energy (2). .\ geometry correction factor
was also caleulated. The total correction result-
g from this procedure was found to be about
twenty percent.

Using this correction, the dose rtes on the
tslands nt the time of ~urvey were determined.
Ntmee radionetive decuy of the tission products
had occurred between the start of the exposure
aid this time, it was necessary to obtain a value
for this decay rate during the exposure period
in order to caleulate a totnl dose in ench ense,
A lnrge number of Prdioisotopes are present in
varying proportions in the fission product mix-
ture, and the total rute of change of radiation
mtensity resulting from them may Jdiffer sone-
what with place and time. The best dntn avail-
able in this case came from fullout sumples
taken soon after the detonation at points <some
Dlecay
rates of these swples were mensured 1 the

distance from the contmminuted atolls,

field wnd e the lboratory, and a fuirly con-
sistent pattern was olmervesd Atneng varions lo-

cations and samples.  In addition. theoretical
considerationn haaml nn the redinehegiodl e
pemition of the fallowt mizture permitted ¢ ey
rates to be culeulated for different sntervu.s be-
tween the time of initial vxpmure and later <ur-
vey rendings (3). Thewe agree well with the
experimental data, arnd were usedt bith in the
dowe culculations during the expomure infervals
und ih extrapolating the later survey readings
to earlier times,

1.22 Dwuration of the Exposures

The time of evacuation ix known accurately
for all the islands ; however, the time of arrival
of the rudionctive cloud was determined pre-
cisely only for Rongerik by means of 1 continu-
ously recording dose rate monitor located at the
wenther station on that atoll.  As the radiation
intensity rose above the background, s material
with a musty appearance began to full.  The
times of beginning of fallout for Rongelap and
Ailinginae atolls were estimated from similar
visual observations.  These estimates were con-
sistent with the relative distances from the site
of detonntion and the known wind velocities,
Fallout was not observed on Utirik, hience the
estimate of arrival time was made on the basis
of wind velocity and distance.

Two extreme pamsibilities exist relative to the
duration of the fallouts: the first, that the fall-
ont occurred entively within a short time; the
second, that it was gradual and extended over a
longer perid. The monitoring instrument on
Rongrerik went off seale at 100 mr hr, one-half
hour after the dose rate began to rise above
background.  [f this rate of increase is tuken as
constant. and s extrapolated to w point for
which sabsequent decay would reduce the dose
rate to the vihies found at later times. the us-
sumption of a long fallout of about 16 hours is
found to be necessary.  This <low rate of fall
and lute maximum time of dose rate was one
limiting ense: however this <ituation was net
considered hikelv. Existing duta are inconclu-
~<tve, but several imdications favor 1 <horter
“etfective fallout time hypothesi~™ and are sum
mnrized helow,
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a. The estimated durations of fallout which
ivmuti from the atmve extrapalation of inital
fallout rate for Group | and 111 appesr ton
long to have occurred st the dhstances of
these people from the shot sland. winee the
wind velocity in the arva was hugh enough
to move the cloud over the islands in a
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.

¢. Doses calculated on a long fallout constant

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

Table 1.2

PDoag N T

Low ation FaLLon 1 Tiwe

LY 14 LX
Rongelap (Group D 154 r 20 ¢
Ailinginae (Group 1D 2r 92 r
Rongenk (Group 11D TOr 106 r
Utink (Group TV 12r 15r

On Rongerik (Group 11D a set of film badge
readings were obtamed which constitute the
only direct evidenee of total dose. Several
badges worn both outdeors and mside hghtly
constructed  buildings on the island read
about 30 to 65 r. and one badge which re-
mained ontdoors over the 2535 hour period
read 9% 1 Another group of badges. Kept
imdoors inside a steel refrigerator. resd 3%
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 tirst 285 hours after the begimung of
the fallout corresponded 1o about 12 hones
of constant {alloat

7

d. For Uik wtalt Comon IV 000 & iniboat
time of shout 12 hours of e 18 consmtent
with the later dose rates obaerved. provided
the fallout actually begnn an late sa was
eatimated from wind and distance {actors

e. .\ long fallout probably would not be um-
formiv heavy throughout, the first portion
being the most intense and the balance de-
creasing with time.  The total phenomenon
would thus tend towarnd the effect of »
shorter fallout.  This is supported by moni-
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 airborne activity level then
decreasing.  The latter pert of the fallout;
though sull 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 wssuming a constant fallout to
have been complete in & much shorter
“effecuive’” time.

The dose values given in ‘Table 1.1, based on
film badge, meter and monitor data, are con-
ststent with a constant falloat hypothesis of
ubout 12 hours effective time.®  /Ine exception
i~ mnde : the dose values for Group 111 are about
75 percent of the 12 hour fallout value, averaged
for 250 and 34 hour exposures. This was felt
to express miost accurately the average air dose
received by personnel who spent roughly half
their time inside structures where the dose rate
wis Inter found to be roughly half that cur.
doors. Onthe ather ishinds such shielding was
not nvarlnble.

Figure 14 ilustrates the cumtilnbion of
radintion dose ws a0 funetion of time after deto-
mution.  The dose rate vared continuousdy.
The nugor portion of rdimtion was received at
the hugher dose rate prevainling i the early por.
tion of the exposure perid. By the time that

"Using 12 honrs snetundly ettt o vilues whin b ure
hedher thun those of Tabie 11 by 20 11 1, Tubie 11
ating the values culevuinted Yeefoie nil spestrum ol
wirs wvatbabde Focertany o sl the infotiatton is
greater than as (bifferenor whin b hegleote)
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90 percent of the dosr had been received. the
dnnnhuwhnml-thmwpuuuul

fox initiz! valin. Thwm the dose rate atwn dif-
fered from the usual constant rate in the

labarstory.

the dose at the center of the budy i approsi-
mately 5 psrcset hugher than would reswit
from a given air Jose with narrow bean: grom-
etry. Figure 1.4 illusirsten the depth dose
curve from an experimental mtustion using

H

8
T T TT

TOTAL DOBE !N AR (r)
T

|

L

L1 11 1 1 ) U S S S

ol FE I 1
) ) 20

30 40 30

TIME AFTER W-HMOUR (WR)

Fiot'ag 1.4—7Ae acrumulation of peamma dose as @ function of lime after
rommencement of fallout on Romgelep atold.

1.23 Geometry of the Exposure

In addition to the dose rate and energy dif-
ferences the geometry of the exposure to fall-
out radiation is signiticantly ditferent from the
usual laboratory sources. Nince fallout radia-
tion is delivered from a planar source the usual
narrow beam geometry 1s not applicable. In
such a diffuse 369° field, the decrease of dowe
with depth in tissue ix less pronounced than
that resulting from u bilateral exposure to an
X ray beam becuuse falloff from inyv e square
5 1n effect neutrulized. For the sani. energy,

spherically r'ented (*0* sources with u 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 ususlly measured at the
point subwequently occupied by the center of
the proximal surface of the patient or animal
with respect to the source. For the field cave,
ail surfaces are “proximal,” in the sense that
the nir dose measured anywhere in the space
subsequently occupied by the individual is the
saive. 1t is this sir dowe which s measured
by a field instrument : 1t does not bear the same
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relationahip to the surfare dose and depth dose
s doss the air dess messnved i & “Tovin? erurt”

source” bram air dosss with comparable bis-

1oiin riteri wre oDISINeY

beem in the chimic or labsratory. It would Rongelap, Girewp 1______ .. ¥ r
appear under these circumstances and in mont Ailinginae, Growp 11________ oy
experimontal conditions that the midline dows, Rongenk, Growp 111 ______ 120 ¢
rather than dose messured in air, would be the Utink, Growp IV___ _______ "y
00
1
]
! r ow TXPOSURE,
s MANY SOURCES .38
B i
e
|
§ ] A0 196
®
4
¢ T
DILATERAL EXFOSURNE,
L OIVERSING SOURCE ”»e L
o )i
o S 0 18 2 23 30 3
CM MASONITE

DEPTH DOSE DISTRIBUTION IN CYLINDRICAL PHANTOM, CO® FACILITY, INMR1)

Fiavag 1.4—Comparison of drpth dose rurves in masomile phanioms from
dilateral e2poanre 10 @ single point source, and simuitancons crposure to
multiple 2ourcea with @ spherical digtnbution around the phantom,

better common parameter in terms of which to
predict biological effect. On this assumption,
the uir 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 is done, amuming
a fallout of 12 hourx the following “point
817120—38 —12

The geome'ry of radiation from s fallout tield
i8 not ideuntical either to the geometry of bi-
lateral point sources or spherically distributed
sources since the plune source delivers the radia-
tion largely at a grazing angie. However, the
total iield situstion s better spprozimated by
solid than by plane geometry. Exposure geom-
etry in a radicactive cloud would be sphencal.
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1.3 Seperficist Doxs of Radiation
From Bets and Soft Gamema
Radisci

Tueaz (Caxn Be no doubt that the dowes of radia-
tion to the surface and the first few millimeters
of the heuiy 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 lenions (see Chap. 111) force-
fully demonstrated that the dose to the akin
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
prenented are at best only estimates and repre-
sent an approgimation of some minimal value.
In arens where lesions were severe the doses
must have been significantly higher than in non-
damaged areas,

To arrive at some physical estimate of the
skin dose, an attempt must be made to add up
the contribntions of the high energy gamma,
the very soft gnmma. und the higher energy beta
radiation from the large planar sonurce in which
the individuals were of necessity existing.
However, ax alluded to above and emphasized
in Chapter [11, 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
is impossible to estimate: however, that from
the large planar source may be roughly esti-
mated as 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 mid-lhine gamma dose is approximately 60
percent of the air dose remaining after exclud-
ing that portion of the dose below ® KV,
This portion in turn s estimated to be 30 per-
cent of the gamma dowe measured in wir by the
mstrument,  Thus the dow at the surface of a
phantom  expomest to onxed  fismion  product
mdintion from an esternal plane sury nught

e sEvertasd tn he R (AR (AR ~o abuwet B ¢ i
the mid - hine dawe, if hoth are taken at 3 feet off
the ground. Such a depth dose measurement
has in fact been made experimentally at a previ-
oun tet, using 8 phantom man exponed to both
the initinl and remidual radiation (5). The
depth donen for each situation are shown in
Figure 1.5, with all data as pervent of the 3 centi-
meter done. With the diverging initisl radia-
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, a sur-
face dose some 8 times greater than the 3cm. and
deeper dose 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
times the 3 foot air gamma dose or 80 times the
midline dowe, even in contact with the ground.
An estimate of skin dose due to ground contami-
nation for the Rongelap case would result, for
example, in a figure of about 2,000 rep at the
level of the dorsum of the foot, 600 rep at the hip
level and W0 rep at the head if continuous em-
porure with no shielding occurred. Unknown
variation in dose undoubtedly resulted from
shielding and movement. It thus seems prob-
able thut the external beta dose 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

Ramarion Iowes from gamma rays originating
externally were caleulated for the 267 individu-
als who were accudentally expomed to fallout
following the nuclear detonation at the Pacific
Proving Ground in the Spring «f 1954, The
diee extiations were made using mformation
resulting from radiokyical sufety <urveys on
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the utolls, and spectrometric and radiochemical
datu.  The actual durstion of the radioactive
fallouts was not known, and the values for
length of expuomure were subje t 1o uncertaimt ies
i the Dimes ut which the fattouts begun. A
rnge of paseible whole body gamma doses
wais ealeulated, and the values considerwd to te
et probuble are presented. Diffuse geometry

from the semi-intinite planar source wax be-
heved to inervase the tiological effect of the
whole bexly dome exprveed as an nir dose, com-
pured in the geometty of the usual X ruy ex
ponure. Soft gaminae wnd beta radiation from
fallout on the ground and esgecinlly on the
Son el resadted i q superticind deose whineh

wis Jirh enongeb e v b L e Ro quna-
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21 Introductiom

Woun Tue Esnass groepgs were tirt wen of
Kwajulven after evacrustion from thewr netive
stalln, the ameunt of radiation they had re-
cvived was nat known with cortainty. It wee
tnown, however, fram instrumest resdings
talen ot the nites of the fallowt and from memi-
tering all individualn, that a significant amea:d
of peustrating irradiation to the entire bndy
had born received and that extensive contamina-
tien of the skin and possible internsl depomi-
tiam of redisective materials had oorurred. The
nature of the irradiating material and the cir-
cumntances of exposure prevented a precise
evalvation of dmage (sre introduction). Even
if the precior dose had bren kmown it would
nat have been possible to predict the biolognical
effects since the quantitative response of man
is not known. Acrordingly, a complete medical
history and physical examination was obtained
wm each individual and numerous follow-up
examinations were carried out. In additiun,
routine sick-call was held twice daily amd in-
spevtion of the sdin of all individuals was made
st frequent intervals. Medical care wax avail-
able at all times. Hompital facilities were avail-
able at the Kwajalein Naval Ihspensary. and
supurt by the more extensive medical facilitien
of the U. S Pacific Fleet had been promised
if newded.

From descriptions of the amount of fallout
material and from radicsctivity measurenients,
it wax apparent that Group | ( Rongelap) had
received the highest dosex of radiation, Group
Il (\ilinginse) and Group 111 ( Americans)
an intermediate amount and Group IV (1 tink)
the least.  From physical dewimetry it was later
estimated that Group | had received approxi-
mately 175 r of gamma radiation: Group 11,
& r: Group 11, ™ r: and Group IV, 14 1.
The nwat 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 lrsone, spelation, gransinrsinpram sad
thromburviopenis. The hin rmeons were font
obwer vod beiween the 12th and 1 0th pat-e1pe-
wre dayn. Thewr lewions were mot pevvelent
in (iroups | sand 1] but were prewrnt to o shghs
extent in Groap 111, [etails of the shin symp-
toms and lenions and their trvatment sre ro-
ported in Chapter 3. [etaile of hematologr
studive are prevented in (hapter IV. (irane-
keytopenia and thrombocytoprnia of merbed
degree developed in many individuals of (i rmeps
1 and 11 and was of suficient severity to war-
rant serious considerntion of prophylactic and
therapeutic messures for potentisl sequelse of
theve cellular defiriencies.

In view of the conflicting opinions showt the
value of prophylactic aml therapratic messeres
~uch an antibiatien and whole blond tramfusions
in the treatnent of radintion diwase (1-5), 1t
wan decided that therapy woukl be intituted
only as indicated clinwcally for specifir condi-
tions as they arme.  [n order to determine the
eflect of the internal depmitiom of radicective
material on the coure of the externally indured
radistion injury, it was necewary to determine
the degree of internal radioactive contamima-
tion.  Details of the measurement of internal
depumition of radionuclides are considered in
Chapter V. It is suficient to state here that the
contribution  from  the internally  deposited
rndionuchides 1o the toal scute doe was
imsignthicant.

2.2 Sympioms and Signs Rclated to
Radiation Injury

Searnan SYyurmus Tuar developed duning the
firt 1wo days coukl be attnbuted to radiation.
There symptoms were asriated with the skin
and the gastrointestinal tract.
Itching and buming of the «kin occurred ..
24 pervent of Group | ( Rongelap), 2 percent
15
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of ‘3"‘!‘ [ 4] !.QQ!‘?!’.:':‘."JP). by ini-'n'rul' of !';ﬂlup
1 (Amencann). and none of Group 1V
(U'tink).  Three people in Group | and one
in Girowp 11 comphained of itching and burning
of the eyex and lacrimation. Thewe initial <kin
and eye svmptoms were momt likely due to ir-
radiation since all individuals who experienced
the initinl symptoms later developed unques-
tioned radintion induced skin lesions (epilation
and  conjunctivitis).  (Nee  Chapter [I1)
Furthermore the initial symptomatology in
these people was similar to that reported in in-
stances of accidental laboratory overexposure
to radiation, described in Chapter 111, It is
possible, however, that chemical irritation by
the fallont materinl. which was predominantly
highly alkaline calcium oxide, may have ac-
centunted the initial symptoms.

About two-thirds of Group [ were nauseated
during the tirst 2 dayvs and one-tenth vomited
and had diarrhes. One individual in Group
1T was nnusented. In Groups 1T and IV there
were no gastrointestinal (G1) svmptoms.  The
information concerning symptoms wis obtained
by questioning through an interpreter by sev-
eral individunls.  Despite the repeated interro-
gations and the inevitable suggestions of the
mterrogators, the stories remained cousistent.
Al G symptoms subsided by the third day
without therupy and there was no recurrence,

The presence, severity, nud duration of nau-
sen, vomnting, and dinrrhea are known to bear
n direct relutionship to degree of exposure and
probability of the recovery (1, 2, 6), and it is
of note that the incidence of these syviptoms
wax correlated with the dose received and that
there were no gastrointestinal symptoms  in
Group LV, the largest group, which received
only 14 r. G symptomatology may have been
due to direct injury of the GI tract as observed
m animais after whole body ireadiation (7, %)
or mny have been non-speciic as 18 observed
following therapeutic radiation.

Various other clinieal 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

diware wwen, dimwee] below, were similar in
all expumure groupe and in ponexpored 1ndds-
vidunds,

2.3 Clinical Observation and Therapy

With Respect to Hematological
Findings

2.3t Clinical Observations and Leukocyre Counts

Berween Tue 33rd and 43rd post-exposure
days, 10 pervent of the individuals in Group [
had an absolute granulocyte level of 1006 per
ctibic millimeter or below. The lowest count ob-
served during this period was T granulocytes/
mm.? During this interval the advisability of
giving prophylactic antibiotic therapy to
granulocytopenic individusals was carefully con-
sidered. However, prophylactic antibtotic
therapy was not instituted for the following
reasons:

(1) Al 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-
ton,

¢:3) There was no accurate knowledge of the
number of granulocyvtes required by man to pre-
vent infection with this type of granulocyto-
pen.

The observed situation was not strictly com-
parable to agranuloeytosis with an aplastic
marrow as seen following known letha| doses of
radintion.  In the latter instance, granulocytes
fall rapidly with practically none in circula-
tion and no evidence of granulocyte 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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ricad of granwinrytopenis was indicative of wme
granuincyte regenerstion.

White counts were repeated at 3 to 4 day in-
tervals an all of the expmed individuais and
more frequently on thuee with the lowest counts.
Individuake with symptonns or elevated tem-
peratures were treated only after an attempt to
entablivh a diagnosin was made, even if a pe-
riod of obwervation was necessary. During the
obrervation persod. 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 abwolute neutrophile
counts of 2500 or less at some time during the
period of obevervation. Of thewe 27, 131 de-
veloped symptoms of disease that required
evaluation for poesible antibiotic therapy. The
13 instances in which it was necessary to con-
sider the use of antibiotic therapy in neutro-
penic individuals are summarized below:

Eight neutropenic individuals had symtoms
of upper respimtory infection (URI) char-
acterized by manlnise, sore throat, nasal dis-
chiurge. and temperatures het ween 99 and 101.4°
F. The temperatures 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-
penta. no specinl thernpy was given,

Two individunls developed symptoms of
marked tualaise, headache, abdominal pain,
nunsen and dinrrhen.  Both were children, one
nge 7, the other agre 2. 1n both instances, the
symptoms were out of proportion to the physi-
cul findings, which were negative except for
evidence of head cotds nnd pharyngenl injec-
tion.  The 7-vear old child had an oral tempern-
ture of 12267 F. when first seen and 4 hours
tater. it was 14° F. The two-y2ar aold child
had an initial axillary tempernture of 101.8° F.
which rove to 108.5° F.in 4 hours.  Both were
given 300,000 units of procaine penicillin intra-
muscularly wheu the sharp rise in temperature
occurred, and both were afebrile the following
day. .\ second imjection of penicillin was given
at this time, and therapy was discontinued.  In
spite of the fuct that the neutrophiles remained

-
(]

deprewmd in bath cawe long afrer the fever had
pmreeed. bth imdiv iduals revoversd and had ne
further ilinew.  In Figure 2.1 the leukocyte and
platelet counts of the 2-vear old pat 1 and the
time of the orcurrence of the febr i linews are
illustrated.

A one-yeur-okl boy had had symptoms of
mild upper respiratory infection for several
days amd wan brought (o the clinic when be
developed a hacking cougir.  When he was seen,
hisx axillary temperature was umse F, He
had signs of URI, there was pharyngesl injee-
tion, and numerous conrse rhonchi were heard
throughout the chest. .\ diaghosis of upper
respiratory infection with sssociated bronchi-
tis wus made and the child was given a single
intramuscninr injection of 200,000 units pro-
caine penicillin. On the following day his tem-
perature was 98° F., no rales or rhonchi were
henrd, snd he recovered without further
treatment.

A S0-year-old man came to the clinic¢ com-
plaining of wesknews, nervousness, mild ab-
dominal pain and shooting pain in the upper
suterior chest bilaterslly of severnl hours dura-
tion. He nppenred moderntely ill, his temper-
ature was 0.6° F., and the only positive physi-
cal finding was moderate tenaerness in the right
upper quadrant of the abdomen. Within a
10-hour perind the tempernture rose to 101.6°
F.. following which it fell geadually to nor-
mal. The nbdominal tendernes continued for
24 hours and then gradunlly disappesred dur-
ing the subsequent 2 davs. .\ tentative ding-
nosi~ of cholecystitis wius made.  No spectlic
therapy was given.  In Figure 222 his white
blomd cell und platelet counts in relation to the
uppenrance of svimptoms are shown.

A female, age 3%, developed genernlized urti-
carin, fever, and headnche.  No cause for the
urticaria was found and the symptoms subsided
within & hours without any therapy.

Al individuads in Groups T and 11 that re.
ceived antionies are listed in Table 2.1, Of
the individuals treated with antibioties, only
the tirst three recetved it ut a ime when their
weutrophile count was low,  Thew cunen are
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Cangsrenn

] URI and bronshitis ] Penioillin

with high temper- !
sture,
23| URL sovere, with ]
pharyngitis and
high temporature.
4,5 | Tuoth extraction_. .. 1
¢ Deep extensive 2
slough of epider-
wmis of foot.

7 . Inflamed towmsils
with high temper-
sture and URL.

] Rapid progressing Penicillin
undermining im- l

Ponicillin

Ponicillin
Penicillia

'3 | Peniclllin

® Traumetic 7 Penicillin
of {oot.
10 [ Cystitis. ... .| 5 | Gentresis
1] ] Furuncle on buttoek | 2 , Penicitlin
13 FPurunels 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 skiu, 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 Ll n
and LW pespectively.  Both meustruated

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

.33 Hemasecrit Changss

In radiation injury an smemis can be pro-
duced by three phenomens : a. Partial or com-
plete suppression of erythropoiesie: b. Hem-
orrhage: c. Hemolysim. (9). The existence of
the latter is not universally accepted as & 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 »
long time. With complete suppression 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 hematoerit
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 irradiation
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 Sth Post-Exposure Weceks

Brrweex Tug 27th and the 42nd post-ex-
posure davs an epidenc of upper rexyiratory
diseare (URD) ievcurred. The M'lil‘l'lll’_v m-
fection consisted of nunierate nualaive, pharyn-
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gitis with
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

prominent lymphoid follicles, fever
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Teble 2.2—-URE sad Qhaagm is Granulecyss s
Geoups | snd 1}
Numosn
or lvee
|
URI; riee in granuiceytes. . . . _ . . ! w
URI; no rise in granuloeytes. ... .. __. »
No URI; rise in granulocytes.___ .. ... 1®
No URI; no rise in granulceytes__. .. l 1®

Group II developed URI. Neventy percent of
the affected individuals developed symptoms

between the 27th and 32nd post-exposure days,
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 granulocytea
Since an incresse 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 reiationship between the observed leuko-
cyte increase and the presence or absence of
upper respiratory symptoms in GGroups I and
IT 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 respiratory 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 I
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 Comparison of Discases Seen in
Groups I and II With Those in Group
v

Tue Diseasex THar were seen during the pe-
riod of obeervation of Group I and II, which
were exposed to the highest doses of radiation,
are listed in Table 2.3. None of the disenses ap-
peared to be reiated to the effects of irradiation,
either directly or as a result of hematologic din-
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—Disenses That Were Observed in Groups 1 and 11

NUungs | ' Nvmass

Dmgasa oF Ixpl- | Dmgast or 1IN

viptals ! | VIDUALS

— - — g
Furuncle . 2 Bronchitis 1
Gum Abacens 1 Aphthous ulcer of tongue. t
Cholecystitis . 1 Spondyiolisthesis 1
Tinea \ Impetigo 5
Mittelschmers 1 Tooth extractions 2
Generalised urticans 1 Gaatroenterts 10
Erythema multiforme 1 Upper reapiratory infections 47
Mgrsiue beadache - i Follweular tonmilfitm 1

—M




rediation, are lied in Table 3.4. The high
incidence of gastresnteritis in bnth groups was
probably dwe to the beeping of perishable foods
wnrefrigerated for long periods by the Mar-
shallese, and was not seen after this practice
was stopped. It would appear that & higher
percentage of the individuale in Groups [ and
11 developed upper respiratory infections com-
pared to Group IV. However, all of the indi-
viduals in Groups 1 and II were questioned

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

as only those of Gronp 1V with severe symp-
toma of URI came to the cl. iic.

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

Tue Booy Wriaswr of individuals in Groups |
and 11 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 individuais below 16
yearsand particularly those below 8 years would
suin some weight. The fact that most of them
lost weight may indicate that they received a
dowe of radiation suficient to interfere with nor-
mai metabolism. In spite of their relatively in-
active life and hesrty 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 Group 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 Groups I and I1.

2.7 The Effects on Pregnancy

Forr Womex 1% 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

il |
Diease | o Demass Newsas
o e —

Onteoarthritis . .. ... ... [ 4 | Chorioretinitis, unknown etiology ... ... 1
Epithelioma of ankle, with necrotic de- g | Thrombophiebitis, antecubital vein. . .. 1

generation. . . A R | il Ilmpetigo ... ... 3
Chronic bronehn.u ............... 1 f Dysmenorrhea ... ... ... .. _. .. .. AU
Furuncke . ... . . .. . 1 Exfolistive dermatophytosis . __ . ... \
Chronic bronehitia and bronchiectasis _ . . 1 H Ectropion, right eye ... .. . i
Abscems of sole of foot .~ ... . __. } 1 L Asthma i o1
Carbuncke ... ... . .. | 1 i Benunhypemnmonmthhc.dlche.,.., - 1
Tooth extraction e I | ) Fungus infection, auditory canal . . 1
Fungus infection of guma and palate 1 §  Trichomonas cystitis. . . _ . 1
Contusion, traumatic L .2 ., Tinea. .. ____. . i
Gastroenteritia . 0 Simple headache 5
Upper renpiratory infectionn 15 Acute brounchitin 1
Arterionclerutic heart dineane, decompen- Pomible ruptured intervertebral dine i

rated 1 Fever of unknown vrygn 1
Pyelonephritm } Mongolian dwey |
Iwmeet bite. with marked palpebral edema 1
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Tsble 2.5— Weight Choagss. Grougs | asd I}

Gaovr |

Number that gaimed weight . . .. . .. _ ... ..
Avenage gain (Ib.)___. ... ... ... . .
Spread of gain (B.).___. .. . .

Numoier that lost weight ... ... ____ ..

Spread ofloms (b)) __ ... ... .
Percent of group that lost weight . . _ .. ... ..

Numberobeerved. .. __ . ... __ .. __ .. ______.
Number thet gaiwed weight . _ .. . . ________ . _.__
Average gain (Ib.)____ . .. . .. ____ ... ..__
Spread of gain (b)) ... ... ... e e e

Average loss (Ib.) . . ... ... .. . . e ..

- AGE CATEGORIES
| Bewow 7 vgane | BEnOow |0 yeasy | AoV 16 YRARS
!
________ ! 17 ) »
o 4 - 14
o o 5 3 35
Q5100 a 5100 -1. 8
. 13 19 i
......... 2 2 4
.......... 0566 6545 o -8
.......... 7 80 ! 38
............ 7 e . 4
S . 1] e e . 3
......... T 27
I S : -4
........... o L .
.......... 2 feeeaeaeaaa 2
___________ 0. 5-3 I . N ¥
__________ s . ' o7
t

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.our II,
one woman was in the second trimeater. 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 trimester 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. At the 12 month reexamination all
of the above women had delivered. (ne 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 tirst trimester.

2.8 Special Examination of Eyes

AT 3 anp 6 Montis un ophthalmolognst ex-
annbied the eves of all expomesd individuals 1 10y,

Table 2.6.—Biood Counts oa Pregneat Individuals

in Groups I and 11
i . Lowase
Lo wae Lo Nav
Thmany’  ramer QU NI
Covwy
— . B —-

Gaove | !
Fimt 35, 000 4, 500 3. 000
First 50. 00O 5, 000 2, 500
Hecond . 150, 000 4, 000 3, 00U
Third 120, 000 10, 000 7. 000

Grove 11

8econd 170, 000 7.000 3, 200

No lesions ascribable to ionizing radiation were
seen. At 12 months «lit lamp examinations and
photographic recordings of the cornes and lens
were mude on nonespomed, and on the Rongelap
people.  The incidence of icular lewions was not
different 1n the twa groarm (11
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29 Summary and Conclusions

Tnx (uxicaL 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-
wociated with secondary complications. The
only other manifestations of radiation exposure
obeerved 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. 1f, after
irradiation, the platelets and leukocytes fall in
a manner and to u degree similar to that ob-
verved here, it ¢can be predicted that no hemor-
rhage or increased 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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3.1

Fariour or Ramtoacrive maeterial commenced
spproximately 4-6 hours after detonation of
the thermonuclear device. On the most heavily
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 obeerved om Ailinginse and Rongerik.
Fallowt was not visible on Utirik, which was
contaminated to only a mild degree. The se-
verity of the skin manifertations was roughly
proportional to the amount of fallout observed.
The population of the four island groups and
incidence of the skin lesions were as follows:

Introduction

3.2 Signs sad Sympeons

Drmne Tix Finer 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 syes with lachry-

mation. These symptoms were present to s
lesmer extent in the Americans on Rongerik
Atoll who were aware of the danger, took shel-

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

Geotp ‘ Cowrosreox ; FALLOIY Osesaves '“‘"""“l:_‘:;‘: Lowows sx»
e e e e e
Rongelap . 64 Marshallese . " Heavy (snowlike) ... = Extensive.
Ailinginae __ . . _ . 18 Marvhalic e , Moderate (mistlike). . ' Less extenmive.
Roagerik 23 White Americans .y Moderate (mistlike) .. .. Slight.
5 NegreAmericans .
Curk. ... .. . 137 Marshallese . . Nome ... ... , No skin lesions of epilation.
_:'_ .

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 Kwajslein.

Skin examinations were carried out almost
daily during the first 11 weeks and then agsin at
8 months, 1 and 2 years after the accident. Ex-

aminatiges of unexposed A merisams and native

mel were also carried out fof compurative
Color photographs and biopsies of
i variom luges of development were

# "t..‘

'S ‘,'
E 3

taken.

>

" A - i Oy e

toms.  All skin «ymptom= subsided within 1
to 2 days. Om arrival of the medical tesm on
the ninth post-exposure day, the exposed per-
sonnel appesred 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 ervthema might be ex-
pected, or later when a wecondary ervthems
might be expected.

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

n
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were absemt until the visible lesions developed.
During the early stages of development of the
lesiona, itching, burning and slight pain were
experienced with the more superficial lesions.
With desper lesions pain was more severe. The
deeper foot \esions were the most painful and
cansed some of the people to walk on their
heels 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 arma. 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 radioactive
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 also had the * st vevere lesions.
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 Utirk
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 graphicaily in Figure 3.1.

* The description of lesions refers to the Marnhaliene
uniess 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 fallowt. The ma-
jority of individuals developed multiple lesions
(particularly the Rongelap grwp), most of
which were superficial. There was s difference
of severa! days in the latemt period before de-
velopment of lesions on variows skin arves. The
order of appesrance was roughly ss follows:
scalp (with epilstion), neck, asillary regiom,
antecubital fossse, feet, arms, Jogs, 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
groups.

In the early stages all lesions were character-
ised by hyperpigmented macuies, papules, or
raised plagues. (Plate 1.) These frequeatly
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 sone wae
seen ( Plates 2 and 3). Repigmentation began in
the central area and spread ocutward over the
next few weeks leaving skin of relatively nor-
mal appearance. Plates 3, 4, 11, and 12 show
supertficial lesions as they appeared initiaily 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 were
most often noted on the face and trunk.

Epilation was usually accompanied by scalp
fesions (Plates 13, 17 and 19). Some indi-
viduals developed new scalp lesions cver a
period of about & month. Neck lesions usually
had a “necklace™ distribution, beginning anten-
orly and spreading posteriorly. These were
more severe in women in whom thick hair
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Tehis ).1.—lesioms in Reagelep Growp

!

Punctry o0 Tovas & Ass Ouscy Havme hivxases Lamon 1'_.. ‘n-J
o Pmev

Ty or Lomew SMON
Tt | AR, AT T
!
Epllation
Iphes. . ... 7.6 %4 128 17. 2 17
Sphes ... ... ne %07 58 17.3 7
Sphes__ .. . ___.. 518 no .3 20 16
Total. .. ______. 100. 0 71 76 a2 16
Skis Jesions
Anwe-grein. . - n 4 0o ao 7.8 17
Boalp. . ... ... 100. 0 100. 0 37.0 s 18
Neek . .. ... ... .2 7.9 680 0.3 b4
Axil . ___ 6158 7.6 187 34 n
Antecwbital Fossae 07 n4 42 M4 3
Hando-wriem ___ . . . .7 o 18 4 21.8 3
Poot . . . .. ... 10 538 530 4.3 r
Arms. . ___ . __. 15 3 183 163 125 3n
Loge ... . .. _ ... . 7.6 30 43 7.8 3
Trunk. . .. ... ... 153 3.0 43 94 3
Nail pigmentation. 61. 8 100. 0 9.0 8.0 s

*Post-exposure days.

Table 3.2.—Lesions ia Ailinginse sad Roagerik Groups

Rowoame Os0Ur (AMBREANS)
(3 raoms)

' |
| ARIRGIAR (BOC? (18 PROPLE) |l
i

Tvyrs or Lamon ' “ ™ » T
" Msan Tiws | , Muan 1
;‘ W.‘n(-'l.‘:‘-"o‘:. or Arrias- i“’"""'“'”" o Aprman-
T - |
Epilation 16. 7 7 | 3 5e° 42
. — i ‘
Lesions of: " ‘ ! i
Bealp and face ... ... i 389 ! 2 10. 7 , 32
Neck and shoulders . .. ... | eLo0 2 | 14.3 .
Back... ... .. ... 4 0.0 L 71 . 8
Axilla I . 133 24 315 B
Antecubital fossse i1 2 | a0 ! 2
Hand, wrist =~ 56 | 38 35 I
Feet. . .. . 67 | 33 | s b43
Lew.. ... . 56 1 s | b T
Nail diseloration. ... ... 7177 38 | 17. 9 w0
| i " (All Negroes)
l

*Days post-exposure.

**One case claimed alight epilation.

*n
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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. Seversl
babies and one woman developed 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 ssen. Foeal disorganization of the
malpighian and basal layers was usually pree-
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 areas where sweat ducts approached
the epidermis (Plate 22). There was an ap-
parent increase in the number of cells and mi-
totic figures slong the neck of the ducts and
the adjoining areas where regenei.tion was
underway. In thess 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.

Dermia. Changes in the dermis were con-
fined largely to the pars papillaris and super-
ficial pars reticularis (Plates 21-24). Mild
edema in some cases were noted. (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 areas where the overlying epi-
dermis showed greatest damage which were
associated with verivascular lymphocytic in-
filtration.  (Chromutophores, filled with mela-

_nin were prominent in the supertficial dermis.

The fine eiastic tibrils running into the pars pap-
1llarix were often altered or absent.

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

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

Second series—T7th and 8th weeks poat-es-
porwre. Epidermis. 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
excrescences covered by thickened stratum cor-
nweum, still loosely laminated (Plate 25), which
probably accounted for the “orange-peel” sp-
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 occasional epithelial
cells with pyknotic nuclei snd perinuclear cyto-
plasmic halos 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 pare-
keratosis and amorphous debris was still present
between the stratum granulosum and the loosely
laminated stratum cormeum. The stratum
lucidum was not apparent.

Dermiiz. The capillary loops in the dermal
papillae were not uniformly distinct. Pen-
cytes 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 papillaris (Plate 25). Scattered
pigment-lnden chromatophores were irregulariy
distributed in the papillary layer (Plate 26).
In some cases hair shafts in the superficial pars
reticularis were narrow or absent : in others the
hair shafts appeared normal. Small hair fol-
licles ( Plate 25) and sweat ducts in some cases
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

(el e s ol e grgmieniled preas

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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] Piare 3. —Huperpiymented raised plagues and hullae on Prate 6. —Lewons 10 days later. Bullae Aave broken,
dorsiu of foet and toee at 28 days.  (ne lexion on lefl desquamation s exxentiaily complete, and lesions have
fol hows decper tarolvement.  Feet were puarnful at healed. 1+  no lunger pasnful.
this time. '

'

Priare 7 ~Levione 8 daus later ¢howinyg repr, nentalion Povre %
2 pty

—Name 1.0 as in FPlate 5, saxr monthks later.

rroept Tor <ol sedr an dorxam of feft foo " @l site nf Floud (e siome Ao

Aeated with repigmentation, ercepl
. :lupoxl TRIDUR

deprgmented <pot« prrsiat 1n small areas where leeper
lexiuns were.
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PLate ). —Fnot lexions at 29 days showing deeper in-
volvement belween [st and 2nd toes, right foot. (‘ase
26, aye 13, M.

Pty U —=Froonsoe Soviang an 13 ear o0l hoy at 43
Y -

g poaster s posuyre AT

I’i.aTe 10.—Same case as in Plate 1, iz months after

’.rp".' ure

Nwte persisting depigmenied areas where

worst (vs10ns were.

“Name hoy e on 1P 1L e montha after

vrposore i hen Losians e regrowth of Raar.



Puath 13 —Desquamation of hack of scalp at 28 days.
Epuntion orcurred earlier 1 desqudmaled aren. Nite
ulceration of left ear.

PrLaTE L) —Name case.

Epilation back of head at ;8

duyn.  Note permistent ulceralion of left ear.  ('use 7Y,

age 41, M.

) .
g hawn o J e

N i (o o " i

i Loorn

Coe PETE .o

- R

ABA A s

e A—n o Lt

wh




O
Ea 00 )
e e st s

3 . - hd -~
PLate 7. —Fpilation in T yr. old yirl at 25 days. Prate 1R —Same case as in Plate 17, «ir monthe aflter

Case 72. erposire shiwing complete rogrowth of neewal hieo
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Puate 20— (X100, HEE) Epidernis: Frtensiv: teana
epvdermal damage (with slightly leea tnrolved ones on
either sule).  Loose lumination 7 stratum corneum,
ahaence of stratum gran 'wsim.  Parakerating:ation
wilh erfolidion of pigment contatning cells,  Inaor-
yonization of the malpighian layer.  Dermin: Muyid
edrma of pars paprlluricwith indistinet capillary loopa.

Perivasclur cellilar infiltraie (ymphoeytes and mono-
nuctear phagocytea), in xuperficeal corvum with telan-
gieclana,  (Case 26,

Prare 22. — (X100, H&E) Epidermin: Arcades of mini-
mal damaye occur tn relation (o exeretory ducts of sweat
glands,  Stratum granulosum of yood width and shows
scant aiteration. [ "nderlying siratum malpighii shows
decrease 1n pigment.  [n the deeper portion of the over-
lying, looxely laninated stratum corneim noderale
amaounts of pigmend, however, are present.  (Jne narrow
arcade of more severe lranxepudermal damaqge at the left
of the photomaeroqraph shows alleration of the atratum
qranlosum with intercellular vdema, pyknosis, swollen
nucler, and pryment scallered throughout. The latter
ta capecrally dense  n the comtiguous parakeratolic
materyal.  Dermre. ' wmederate  celinlar  infitrate,
chiefly percasealar, 1« moal pronounced 1 the super-
ficial pars reticudaris where there 1a a mild telgngrectans.
Cuse 2A.
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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

Louse lamuina-
tioa af steatvm cornewm etk outirard papiilicsy projec
tions and revidtanl Croagoae’ appearance. Sriatum
Bural and maiypighian

Nivght odema of

grarnalosam  of qaod e ith,
layers distinct vtk prgmon! present
ecortam wrth nald tetaaectacen and sl ght inerease an
perivaseaiar {pmphoe lox and pericgtea. Nmall some-
what alrophie ke Fol el ad paesat to achaceoax gign

1o pars o relee oargs

PLate 24— (X100, H&E)

Soand 26 /53 days postaoxposare:,

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.

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-

nuclear phagocyles. )
phayocy



e n e

(46 days post-ezposure)

Piate 27.— (X100, HEE) (Case 84"  Narrow rugose
eputermia with papillary ertensions downward of
atratum  malpighis.  Latter are hearily ladem with

melanotic  prgment.  Slight

telangiectasia of pars

papriiaria and pars reticularis of dermis.  (ccasional
piyment laden chAromatophores in superficial dermss.

Prare 28 —o V10, [ CFEY (Cawe  $90 S montha
post-erpoxure.  Nate the nurrkod diffxe atrophy uf the

stratim grasodosum aecampancod by narrow downird
prodongations of the hasal papiliae Vwlerate fra-
tarbance of keratinezation and moderate (clangiectasia
are also aren.

Proare 200 — Xt HEEY (Case #2;)  Sir montha

past-erpuxre  Moderate  focal atrophy  of atratum
cornem. Paranaciear haloa are present and areax of
deprgmentation are promanent.  {n the dermiz a mosd-
erate  uniformiy  distrihuted  telangirctasis 1a seen.
There 18 alxg 1 perivascular dustribution of celluiar
infitrate.
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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, "1+
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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wintment, with apparent succesm  Whei the
rprthelium was dewjuamating, all lesions were
treated by daily washing with soup and water
followed by the application of a water soluble
vanishing type omtment which kept the m.
jured skin soft and plisble. Raw areas, which
became secondarily infected, were clennved
with somp and aureomycin ointment was ap-
plied.  Bullous lesions of the feet were left in-
tact ax long as no symiptoms were present. 1f
painful, the fluid was aspirnted with sterile
technique and a pressure dressing applied. A
single axpirntion was adequate since the bullue
did not retill. [n one instance, an extensive,
raw, weeping ulcer developed for which peni-
cillin was given for two days. During this
time the lesion developed healthy granulation
tissiie.  Some of the lesions of the skin of the
foot remained thickened and less pliable after
desquamation. This was rehieved by the use
of vaseline or cocon butter to soften the tis-
sues.  The one persistent enr lesion did not
heal after desquanmtion.  This wax treated
daitly with warm boric acid compresses and
washing with surgieal 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 scar remaining
as evidence of the previous uleoration.

3.5 Factors Influencing Severity of
the Lesions

3.51 Character of the Fallout Material

This materinl was composed mainly of eal-
cium oxide from the neimerated coral, wath
adherent tission product=. Fifty to eighty per
cent of the beta ravs emanating from this ma-
terinl durines the exposure period had an aver-
npe energy of nbout 100 kev. Nince 80 mi-
erons of tissue produces 30 percent attennation
of such radintion (1), a greater portion of
energy wus dissipated 1 the epidernns which
18 roughly 40 to 70 microns in thickness. The
refuaiming 20 to 3 percent of the beta rays had
an average energy of approximately 600 kev.

The Iatter wonld penetrate well 1nto the dernus
stiwe 1t takes M0 gucerons of tissue to produce
o pervent attenuation of this energy radiation
12y, I addition, a wide spectrum  of
mamma energiex irradiated the skin. The
ganima contribution to the skin was small
compared to the beta dose and is discuswed in
Chapter L.

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
lestons.  The summation of gamma and bets
contributions to the skin 18 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 surfuce dose can-
not be caleulated with accuracy but minimal
and maximal values at various depths in the
skin c¢an be estimated biologically. Hair fol-
licles 1n the areas in which epilntion occurred
must have received a dose in excess of the
known nunimal epilating dose of about 40 r
for 200 kvp X-ray. Since regrowth of hair oc-
curred, the upper linnt of dose at the depth of
the hair follicle must not have exceeded the per-
muanent epilating dose of around 700 r of 200
~vp Xeruy (3). From this o rough ides
of surface dove may be made. .\ dose to the
hair follicles comparable to $#00-700 ¢ of X-
radimtion must have been due aimost entirely
to the more penetrating beta component (aver-
ngre energy, i) kev). Therefore, the minimal
surface dose in rep from this component alone
was probably four to tive times the dose at the
hair follicle, 1 e, roughly 1600-350 rep.
The soft component (average energy, 10 kev)
contributed a considerably larger share to the
surface dose but with only slight penetration.

3.53 Protective Factors

The following factors provided some protec-
tion:

> o —— P
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a. NAe/ter. Thase individuais who remained
indoors or 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.

¢. Clathing. \ single layer of cotton material
nffered almost complete protection, as was
demaonstrated by the fact that lesions developed
alment entirely on the exposed parts of the body.

.54 Factors Favoring the Development of
Lesions

n. Areas of maore  profuse perapiration.
[esions were more numerous in areas where
perspitation 1s abundant such as the folds of the
rock, axillune, and antecubital fossae.

b Delay in decontamination. There was a
lelay of 1 or 2 days before satisfactory decon-
tannnation was posable.  The prolonged con-
tuet of radionctive materials on the skin during
thi= period nerensed the dose to the skin.
However, the dose rate fell off mpidly and de-
contannnation would have had to be prompt
order to hoove been most etfective,

oo Dipenltiec i decontamination,  The thick
hair, anointed with a heavy coconut-oil dress-
ing, resulted in heavy contumination.  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

AtTEMPrs WERE ManE to correlate the severity
and extensiveness of skin lesions with hemato-
logic findings for mndividuals 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

Turmr. Has Berx little previous experience
with radiation dermatitin rewulting from ex-
pusure 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 & large
scale device close to the ground, werious 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 raiiation burns of
human beings produced by exposure to fall-
out material. With the Hiroshima and Nagn-
saki detonations fallout was not a problem since
the bombm were detonated high in the air. The
flash burns of the Japanese were due to ther-
mal radiation only.

Following the Alamogonio atomic detona-
tion, a number of cattle grazing near the point
of detonation developed lesions on their backs
due to the deposit of fallout material (4). \lso,
following n detonation at the Nevada Test Site,
sixteen horses near the Test Site developed
lemions resulting from fallout depomit on thewr
backs (3).

Knowlton ¢ af. (6) described burns of the
hands of four individuals who were handhing
fission product material following detonation
of w nuclear device. These burns were due
largely to beta radiation.  The gross lestons
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 ubout 1 Mev) with a xmall ganuna com-
ponent considered to be imsignificant.  The
lesions were described as developing in four
phases: (1) An imtial phase which began al-
most immediately after exposure and consisted
of an ervthema with tingling and burning of
the hands, reaching a peak in 4% hours and sub-
siding rapidly so that by 3 to 5 duys there was
u relative sbrence of signs and symptoms; (2)
A second phase which occurred from about the
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third to the sixth or eighth day. sixi was char-
acterised by a more severe erythema: (1) The
third phase at 8 to 12 dayn. wus characteriaed
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 ik place in lew
severely damaged areas: ({) The fourth phase
or chronic stage was characterizwi 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.

Robuins ¢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 dosee to the skin of
between 1000 and 2000 rep. The lesions de-
wribed were similar to those reported by
Kuowiton ¢# a/. with a primary erythema de-
veloping within 36 hours; secondary ervthems
with vesiculation and bullne 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
peridiicity 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 Marshallese lesions except for the multi-
phasic renctions and absence of pigmentation.
Crawford (%) reports u case of cathode ray
Lurns of the hands which were similar to those
described by Robbins ¢# af.

Expertmental beta 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 flexor
surfuce of the arms, forearms, or thighs for
varyving 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-

dwed a threshold ervihema. Dry, scaly, des-
quamation was produced by 720 rep in the
firt willimeter and bullows, wet desquamation
war produced by i7,000 rep to the tirst nulh-
nxder.  Frvtheinn developed in 3 to ¢ days,
iollowed later by pigmentation and desquama-
tion with higher dosen. Kecovery was ob-
rerved with dowen of 17000 rep.  The lesions
Inter showed depigmental 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
ervthema 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 Murshallese. 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 burning
of the xkin and eves were probably due mainly te
&in irradintion frew the fallowt material
However, the chemical nature of thin material
niayv have contribated to the irritation. It has
Leen noted (12) thet irritating chemicals ap-
jlivd during er shertly after irradiation en-
hanrce the effects of radiation.

The lack c¢ piviniinence of an erythemn wan
notable, particularly in view of the eventy of
some of the lenions that developed. Wilhelmy
(13) states that erythema only occurs when the
dowe reaching the papillary layer exceeds a cer-
tain level. Perhape due to the low energy of
the beta radiation the dose to the dermis was in-
suficient 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 difliculty 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 suggested by Harris ez a/. (14).

In generul, the length of the latent period
before development of lesions of the skin is con-
siderad to be roughly inversely proportional
to the dose of radiation (15, 16). In the pres-
ent series of cases the relatively long lutent pe-
rod s suggestive of a low dose of radiation.
Due to the wide spectrum of beta energies and
particulate distribution of radionctive material,
strict compurisons cannot be made with pre-
vious experience. However, the later develop-
ment of lexs severe lesions in the Ailinginae and
Rongerik groups as contrasted with earher 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 isof interest. however, that the latent
period  was dependent to some extent on
anatomical location. The foot lesions, which
were generally the most severe lesions en-
countered, had a longer latent period than id

the lowm @vere lemonn (cvurring ehevwhere on
the body. It ix kgienl to asmume that the feet
received a higher dowe of radiation bernine of
proximuty to the ground and this mmy explam
the severity of thew lewions. The longer Inten
period (desipte higher dove of radiation) may
he related 1o thicknems of the epuiermm, if-
ferencew in length of mitatic cvelen or other
inherent characterition of skin 1n different
arens of the bady.

The hitopathological changes noted, such as
destructive and atrophic changes of the epi-
dermix, disturbances in keratinization, and
atrophy of hair folliclea, 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 betn material present, re-
sulting in absorption of the greater portion of
the energy in the epidermis.

Hyperpignmentation of injured areas was a
consistent finding in the Marshallese and the
Anmerican Negroes. Pigmented lesions were
niso obswerved to a leser extent in the white
Americans.  Such pronounced pigmentation ix
not characteristic of the usual lesions ax de-
scribed following exposure to betn or pene-
truting radistion, but may be more tyvpical of
the respons to ultra soft roentgen or “(irenz
rayvs” (21).

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

The unique features of the lesions sich ax
the marked pigmentation, the atmence of obvi-
ous multiphasic response, the long latent period,
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and the wvere, xputty epidermal injury with
minissl dermal injury are wotable. The par-
ticulate nuinre and uneven distribution of the
fallowt materiai was responnible for the spoatty
nature of the lestons and, the large componen:
of soft energy besta radiation was remponsible
for (he greater epiiermai injury. 1 he promi-
nence of pigmentary changes s probably re
Inted te race.® 11 1 genernlly conceded that
blondes with light pigment are more wennitive
to radiation than brunettes (17). lLastly it ix
quite evident that wenmitivity amd response
varied with anstomic location,

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

in comparing animal lewions from known donen
with leswsonn in the exponed Individuals in thm
study in order to emtimate the dkin dome, nince
specien differencen in renponne may exmt. amd
certain radiation factory are nat well estab-
linhexl, surh as accurste knewiedge of the bete
~wctram of the faiiour materiai and dowe ‘e,
Cotmparmon with human data suffers from wide
differences in radiation energy and dowes re-
ported and metiunin of determining the rep
dowe,

The low incidence of infection of the radia-
tion burns ix probably due to their superticial
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 Recognizesble Epidermal Injury
AvERAGR
InvesmaTUR ANImaL lsotors Exgaay Araracs Doss (ns?)
(Mgv}

Henshaw, et al (22 Rata. e 0.5 1. 5004, 000
Raper atd Barnen (23) " Rats pe 0.5 4, 000
Raper and Barnes (23) Mice . p= 05 2. 500
Sunider and Raper (24) Mice pee 0.5 2, 500
Raper and Barnes (23) Rabbits pe 0.5 5, V00
l.ushbaugh (25) Sheep Nee 0.3 2. 500--5, V0O
Moritz and Henrigies (26) Pign i 0. 05 20, V00-30, 000
Morits and Henriguen (28) Pign Co® 0. 01 4, 00O-35, OOV
Monta and Heunguen (26) Pign (Cus? 02 2, 0V0-3, VOV
Monts and Henriques (26) Pign Spee 03 1. 500-2. 000
Morits and Henriguies (28) Pign '~ 0.5 1. 500-2, 00y
Moritz nud Henriquen (26) Pign h Rl 0.7 1, 500-2, 000

mals, [t 15 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
v 500 to 1000 rep (26). One ix not justified

* Reported clinical experienc» with radiation skin
lewionn is hased predominantly on the response of
white-skinned people, whervan the jesions demcribed
berein were olmerved primarily in the Marshallene,
a highly pigmented peopie.

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

Nevere 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. -nve 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 goneraily shaerved prior to the develop-
ment of radiation cancer. (c) The lack of sny
merbed histolagical damage § months after ex-
posure implies geod repair. (d) Nince low en-
orxy radiation was chiefly raponsible for the
rin leninme. the nengwesie srreere hetter he.
cawre none of 1,180 ,ndividuals expused to low
veltage X-ray for dermmatological conditions
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 ("sucasians (28)
in the United States.

Other factors make the outlook lees 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 radiation 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 Hirogshima 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 shet ?
weeks after exposure in the Marshallese, was
at about the same time as noted in the Japansse
fisherman (11), snd 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 Marshallose, there wore
no pigment aberrations in the new hair, which
was obaeeved to be of normal testure and abun-
dance at 8 months. [ncreased graying has beem
reported in animals (33-38) but has not been
seen in human beingn. 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 Japenese
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
Negroes, 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 T35 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
a negress, following 150 r of soft X-irradiation
to the hands.

3.8 Summary

FoLiowiNa Tar Deronation of a thermonuclear
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-




gioning sppeesimately 2 to 3 wesks after o8-

ant. Bluish-brown pigmentation of the fingsr-
vails vas slun & con.mun finding. No primery
or ssrandary orythoma was ahmrved and com-
sistently the livst ovidonse of skin damage was
iacTeassd pigmentetion we i fuii ol deie
rown to black macsive, papuies. snd raimd
paqure. The k ions developed lnrgely on the
expussd parts of the body not protected by
clothing, and orcurred usually in the fullowing
order: scalp (with epilation), neck, axillae.
antecubital fassne, 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 superficisl without
vesicle formation, and after simple dry desqua-
mation hesled 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
at 8six 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 & few residual changes. The nail discolora-
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 suffrient in number to sllow all samples
te be takwn in rapid secrension, and time intor-
vala were rigndly controlied.

4.2 Methods of T cating Dena,
Coatrol Groups

Pz F.xrom sz Buse counts were nat arailable
on the expomd Marshallese or Americanas:
brnee the indiridasla cantd nt he vend ae their
own controbs.  [n order to estimate the wverty
of the hematologie response it was necemary to
establish control groups as comparable as pos-
sible with respect to age, race, wx, background
and habits. A control group of 115 Marshal-
lene from Majuro atoll (Control Group \),
comparable with respect to nge and sex to ex-
posure Giroup T wax obtained during the initial
observation period.®  For comparison with the
exposed Americans, blood counts were done on
approximately 85 American men on duty at
Kwajulein. Al who had not been on duty in
the tropics for more than 2 months were ex-
cluded, «ince the exposed Americans had been
in the aren for that period of time hefore ex-
posure.  Inaddition, several who were recently
nssociated with radionctive materials were ex-
cluded.  The resulting smaller group of 67 was
used as the Kwaj- \merican control group.
Data from the control group \ were ex-
amined to determine the nge and ~ex dependency
of the severanl hemmtological determinations.
To obraun valid compurisons 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 <studied hematologically, those
Maurshallese with serious long-standing diseases
were omitted from the nnnlysis. A total of two

*A second contral gronp of X2 Marshaliese from
Majure atoll (control Geoup By were obtained duving
the ¥ month medical resurvey. While data from these
individuale are given in this report, they are not nsed
fur comparisons becaine of 8 measies epidemic doring
the renurvey,

from Group \ and two from comtral Grewp B
were omifted on thin base.

In the following descriptions and compan-
monx of the data. hndingn in the expaned growps
are frequently expressed in terma of percent of
the appropriate age and wex comtrol greap. It
whaonld be noted, however, that in sheervations]
middion of thix kind, wainewrn fertors rouid
pernnild y acoownt fur purt aof the diffe rences noted
hetween the rontral and repeewre grewps even

oA .....2 W _
’

was not pumsible to obtain nuwe than a single
hlewul ample on each control indiveiusl. For
thewe reasons, statistical tests of dlgﬂlﬁ(‘nm‘t
were applisd mainly to time changes within sn
exposure group, and not to differences het ween
control and exposure groups.  For the purpose
of detecting sigmificant changex in the hemato-
logical pattern, nonparametric tests (i. e, statis-
ticnd tests for which it is not necessary to specify
the functional distribution of the variate under
study) were nsed (2-7). The advantages of
nonparametric methods have been summarized
by Moses (%),

4.3 Hematological Findings, General

Ix Tame 4.1 ure shown for control group A, by
age and =ex, the mean values for the total white,
nentroplule, Ivinphiocyte and platelet counts, as
well as for the hematoerit. The age and sex
breakdown used for comparisons among ex-
posure ¢ oups 13 shown in Table 4.2, [n this
breakdown the age and sev dependencies noted
for the Marshallese control groups were taken
into account mmsofar as wax practicable. It
should be noted that the Giroup B control values
(Table 4.1) agreed closely with the Grmup 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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Tabis 4.1.— Homesoiogical Reswics, Marshellese Control Greupe
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wex dependency of thewe endpoints are con-
parable to that in published data (9.10), with
the exception of the platelets, on which previous
comparnble data were not available.

Total leukocyte, neutrophile, lymphocyte,
monocyte, 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, lvmphoctyte 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 L and IT respectively. Hematocrits for
all exposure groups are shown in Table 4.8.
Hematological tindings as a function of time
and uge ure shown also in Figures 4.1 to 4.n.
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 emphnsis is placed on
the ~eparate blaod elements rather than on the
total lenkocyte count, since the component ele-
ments have distinct and different time trends
after irradiation.

*In Group IV the cumulative distribution curve for
platelet connt< only i presented since hematological
determinations in thin group were not made during the
At 51 day perted, umed for lenkocte comparisons
nmeang the nther groupm.

431 Hemaswologic~' Piadings, Group I. Roe-
gelap

The alwolute neutrophile count of both the
younger and older age groups fell during the
weond week to a value appmximately 70 to #0
percent of that of the controls (see Fig. 4.1).

nE. TROMHLES o« 01

FORT WCRLAL O

Ficiwe &Y. Seral chunges am pontrophile rounta of
tiroup 1 1 Rongelap) for thoar lvas then i years end
yredaber tham 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 this time
the beginming of a second drop (p<ol) was
noted for both age groups, and a low value of
approximately 0 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 farther recovery was evident t 6 n: nths.
Although 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. Thisx value was maintained
througii..ut the study, and there was no definite
evidence of an upward trend during the initial
or 6 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 approximntely 25 percent of the
contrul, following which there was a signiticant
upward trend. With the total lymphocyte
count, there v a consistent difference between
the two age groups.  However, during the first
4 weeks the difference ix accentuated when ex-
pressed rs pervent decrense bhecause of the rela-
tively high Ivmphocyte levels in the lower age
control group. \fter this period the differences
expressed as pevcent are less marked since re-

{ ]
f_—— CONTROLS RO & - a0E <5 —
b4 S . - - - - - - -— -t
o |
" . e . .
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Fiitag 42 - Nerwal changes 1n lymphocyte rount of
tirnup | « Rumgriap: [or those lias than 5 pyrers
and greater (ham 5 yesrs of agr

e o ]
£ 4 T U 4
ok 4 T — o
Uimayoms Juiaptiinn .
4 'N e \yegtmay

fFOST DFORSE 0w
Fietaz 4.3.—Comperstioe serial changes n the totsl
lenkorytr, neutrophile, and Iymphocyte counts in
thoae groiter than 5 prers old, (iroup | ( Rongelep).

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).
It is een that the lymphocyte count remained
exsentially constant througheout the period of
study, while the total neutrophile count fluctu-
ated with n pattern essentially identical to that
of the total white blood count (coefficient of
correlation of 0.9). Thus the fluctuations in
total count were due to changes in the neutro-
phile count. This was true of both the older
and vounger age groups. 1t can be seen from
Tuble 4.2 that the neutrophile count was con-
sistently greater than the Ivmphocyte count in
the older age group. In the younger groups,
differences in the neutrophile and lymphocyte
count were less marked and frequently the
Ivmphoeyte count was greater than the neutro-
phile count.

Platelets were first counted 10 davs after ex-
powure, at which time platelet values of the
femalex were approximately 60 percent of the
approprinte control group ( Fig. 4.4). Follow-

e
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Table 42.—Group 1 Roagelap Mesn Biood Couaws by Duy sad by Age

.B.C. L ‘ Pua M Bessvorsn.as
reoe | NS |Mepgee vemge | mume | sege | s
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18 L. 67 72| 34 47 24 21 2.8 191 21.8,27 1.7, 33 L6
;- S 70 7.4 43 50 26 21 168 146 15219 20! 23 L8
». . 537 61, 30 39 23 1.8 1133 129 1009 (1.9 1.6 1.8 1.3
. J A 7.8 40 513 32 21 141 123 11.8(1.3 09, 24 212
- T /65 632 21 38 | 33 20 179 166 151 L7 1L¢ 26 23
. i 87 55| 30 33 26 20 255 220 224 .09 09! 08 10
L S , 52 52 20 26 ! 29 23 268 209 233 L1 L1, L4 08
L 7 i 59 58 26 33 31 24 346 206 29|10 1.0 11 05
LY ' 67 56' 26 35 34 21 221 175 212,25 L& 08 07
5. ... ... 7.0 60 335 313 7 24 0 U T A N 3
6. . i 7.7 60 39 38 37 23 231 182 203205 09| 03 08
... ... 76 65 38 40 3 22 . . .. . B ;4 LY
T4 - .- ; P 4.2 217 247 o .
185 . | 85 66 46 42! 36 22 244 M3 W32 L4 L1 25 L6
400.__ ... e 1001 81 47 48 4 28 26 195 27.6 ' 0.7 1.3 67 28
Controls Group A..0 13.2 9.7 48 48 7. 41 412 258 3520 IOi 9.6 47
! ? ;
ing this, the platelet count fell reaching a low
of approximately 30 percent of control value — CONTROLS QRO A MALE <1088 — |
during the 4th week. The platelet count rose et EERREEER S S S N
during the 5th and ﬂAth‘ \freeks and reached the CONTROLS GNP & FEMALE, AL AGES (01—
value noted for the initial counts on the 10th i ,
day. A second decrease in the platelet count vty :
(p<1.01) developed during the Tth and 8th =, 30 R I e e
weeks, and values remained at approximately - 3 ‘ -
70 percent of the control groups during the re- § -ﬁo‘m.bum:?&.—‘;—--
mainder of the initial observation period. No E [y gy
additional recovery had occurred by the 6th L S ‘
month. At 12 months the counts were higher
but still below the control r nge. The pattern ' .
. 1 © MALES, < 1OM))
of platelet counts in the male groups was re- .Awum
markably similar to that noted for the females. o0 2 AL o om

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

6% ® ¥ ® © © " e
POST CXPORUAE OM

Flotsg 4 4—-Nerial platriet rhanges in thoar lras than

10 years and greeter than 19 yrars of ape of (iroup

Il i Kongelap).



5
432 Hemswiogical Findiags, Growp IL
Ailingines

The pattern of change of all elements in
Group II was essentially identical to that of
Group I : however, the degree of change was not
ssmarked (Table 4.3). As with Group I, recov-
ory of all elements was incomplete at 6 months.
At 12 months granulocytes were in the control

EFFECTS OF IONIEING RAPIATION

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

433 Hemasological Pindings, Group 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

U wome. ixn-nom‘ Lr-m) Prarsurrs Mowocyres |
! xion LT e | xien (Xien X | (xie
| | | | |
P. E. Dey. <8 >8: <5 >5 1 <5 >5 <10 10 Ages | ‘
i ! i("’ M P | <8 Ni <5 >5
S 60 70 30 80 | 28 22 | ___ N 08 L6 035 04
T 55 68 T L T e R
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Table 4.4.—Group IV Uttirik Mean Blood Count by Day and by Age
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All {
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Wrminati:ne weve carriod out ou these pesple.
In the greater than 3 age growp the totel white
blosd ceil and nout rophile connts were deopressed
slighely oslow cantrel valnes during t5s (X and
3d weeln (Table 4.4). The iymphocyte counts
were below comtrel 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 19th 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

exposed groupe.

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 slmost entirely
for the marked rise in total count «n post-
exposure day one, and the values for absolute
neutrophile count fluctuated near the control

T
5“..'
'.

gm MADACT &1 COUNTS
(-] L] L - » 0 » -« L]
POSY EDFORAL D

Fioumx 4.5 —Serial totel lenkocyte, neutrophils end
lymphocyte rount in eaposed Amevicans (Greup [11).

values thereafter in the course of the study.
The lymphocyte counts fell to below control
levels in the tirst 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 [ and Il the fluctuations in the
total leukocyte count were accounted for almost

Table 4.5.—Group III Americans Mesa Blood Count by Dwy
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T (6—Gooup | Rengoinp Mma Bised
Couny o Time of Miziwem Depressios

Tobte {5 _Cooup | Roungeiap Mwa Biesd
Counts st Timse of Peak Deprumisn——Contianed
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52 | 5630 | 160 2970 | 2450
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56 6170 . 128 3520 | 2580
57 5020 55 2020 | 2700
58 4750 80 2600 | 1850
60 | 6970 160 4050 | 2470
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64 | 5600 | 70 3220 ;. 2050
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68 ' 4600 - 130 | 2400 | 2020
71 , 7950 | 108 | 4950 : 2700
73 W70 60 | 2630 & 1260
T4 . 9%00 . 158 7 2550
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entirely by changes in the total neutrophile
count.  (iroup 11 differed since the changes in
total leukocyte count were reflected almost
equally n the lvmphocyte and neutrophile
count. The significance of this difference in
response in the two groups is not apparent.

=0 M-mm-—————————}i
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POST DFORSE Oav
Firotry 48.— Nerial platelet r‘ouu:. i crposcd Amers-

rana (firoup [11).

The platelet count (Fig. $.6) were not mark.
wlly depressed when the mitial counts were
taken during the 3d week. At the end of the
Ml wewh, however, the platelet count began to
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foll to rench & low Jf sppresimately 60 percent
of contrel levels ot the end of the 4th wesk.

The veiue then returned to spproximately the
control level at 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 Mosecyms aad 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
peak 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 Groups 11 and I11.

Table 4.7.—~Group Il Ailinginee Mesa Blood
Counts at Time of Maximum Deprewion

Age Less Than 5
= _— ————
<".(-:Phuhuw‘ “‘eutro- | Lymphn-
100

Case No '(,:;m | ((A‘mu‘o (\p:.o'n- ‘ (A?w‘.:ﬂ

. o 51 ' from Day ' from Day . from Day
i M0 MWws) Wi Sh
8 9750 215 3,470 ' 5 600
8 8, 150 185 3,520 4, 350
44 4, 570 . 180 2,350 ' 2 070

Age 6 to 15
48 8, 220 210 2,970 3,150
53 8,170 240 3,700 2 500
81 4, 700 240 2,320 2,150
Age Greater Than 15

1 6.170 ¢ 175 3,570 2,370
16 4,670 195 2,200 2 270
28 6, 270 115 3.720 2,270
29 6, 750 115 4100 2,22
K} 5 650 145 2,950 2 450
41 5 120 110 3.050 2 270
43 6, 150 215 3,700 2 000
45 5. 650 180 4,170 1, 470
30 7. U580 95 3,970 2 900
51 7,150 170 4 620 249450
5 12, 40 108 8120 {670
70 5 070 185 A0t 1750

The cosinephile count in the older age in-
dividuals, (irowp L, rose from very low levels
observeri on day 3 to values spprozimeting 35
percent of control during the second week,
where it remained from the 3d to the 5th
week (Fig. 4.7). The counts then decreased
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Fwtax 4.7.—Herial ecoainophile counts on those jess
then end greater themn 5 years of aege of (irowp |
(Romgelap).

(p>0.01) and remained ut a value approxi-
mately 15 percent of control throughout the
remainder of the study. The time trend of re-
sponse was simmilar 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-
‘N)\Hn‘ grun[m.

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

4.36 Hemartocrit, All Groups

The hematocrit values for all expored groupm
are shown in Table 4.x. When hematocrits wers
tire done on the 22d day, mean values for
Groups 1 and 1] were below thowe of the control
population. A sigmificant trend in valuens after
this tune could et be detected satidically.
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Table 4.8.—Hemacocric, All Exposure Groups

Omore t | Gnocr 11 | Georr I¥ | Omorr 1NN

Dav T ' | T T , r I
<wrm! >18 (M) 1“-';,,‘,""{ <18 (M) ! >18.(M) ‘“(},“"'; < >80 ]"*(,‘,"' AT

h ! i

2 375 ! 429 | o ! 375 | 7T W3 | . ‘
m o ]
] 83 | 4.6 ; 37.5 | 35 4312 &8 | .. i .
s l . b A e S O Y
» U R O I X AT t wne '
2 379 | 423 | 371 | 30 | 4.6 36T ! T
B a4 422 Mws | 85| a8l 73 I IR T
» | 378 ! 424 . 374 | 360 | 82 2368 | : . A %]
a3 | 313 ; 4.8 ' 376 s | 402 | ‘ T N T Y
a7 [ M0 | 4 3 0 :

185 380 . 4.7 M2 3L | 401 | 373 | | L l
——— L L ) o =
Controls M6 . 460, 09 . V6 460 MY | W6 460 | W9 | 449

SAge in vears.
(M) = Male.
(F) = Female.

4.37 Morphology of Peripheral Blood

Signiticant morphologieal cellular changes,
with the exception of abnormal mononuclear
cells® seen in severnl individuals during the pe-
ricnd of most severe neutropenia. were not ob-
served.  Apparently sinnlar cells have been ob-
served previensly by Minot and Spurling (11).
Complete evaluntion of these changes woukd
necessitate an exhaustive serinl study of the
lenmmtology slides. Silar differences of opin-
ton are reported i the literature,

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

It is seen from Table +.2 to 4.4 and Figures
162 and 4.4 that differences in the degree of

*There wun considerable difference in opinion with
respesct to classitlention of thewe celis They were
claemified  ws atvpionl o vtes, degenerating ivin-
Pphoextes, ntypieal  avelievies, monscytoul  Ivmphie,
eyt ottul Ivmphes vies i traomsatiot 1o mvelos vies Y]
the time of this repuort thers wWus o daansey of
SpNBIOn WITR Prespesct o chrssifontien ol signat’s onee
ol Tee cwlin

depression of cellular elements were present
between children and aduits. In Table 4.9, the
mean values of the neutrophile, lymphocyte and
piatelet counts at time of peak depression for
each element are given in terms of abeolute
count and percent of appropriate control value
(mean platelet counts were caleulated for the
lews than 5 and greater than 5 age groups for
this comparison ),

Table 4.9.—Comperison by Age of Mesn Neutro-
phile, Lymphocyte and Plarelet Counts in
Group 1 (Roangelap) at the time of Pesk
Depression

ARSOILI TR CDUNT T U0 P::‘l’:"""
Tyrx o Cgrt 5 — - .
Aur S ALE -3 AU 5 ALEB™S

Neutrophib- 27 31 b 64
Lyvimphoecie 24 2.2 w0
Platelers

females

only ' 1% y 43 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-
cal factors resulted in a reiatively greater effect.
One physical consideration that may have ac-
counted in part for the apparently greater dose
received by the children involves a considers-
tion of dose distribution in the body. Because
of their relatively small dinmeter, the dose re-
ceived at the center of the body of a child would
be ygreater than for an adult exposed to the
same dose as measured free in air.

4.4 Discussion
4.41 General

An estimation of the severity of radiation
damuge incurred can be attempted by com-
paring the present results with previous hema-
tological duta on total bidy expemure. The
present data represent the only large seriex in
which systetnatic <erial count= on the same in-

dividuals have been possible, and thos they com-
prise the monst complete data available on human
beings exposed 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 hematnlogical 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
gamms 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 3) was probably too small to comn-
tribute sigmificantly to the early hematological
effects obwerved. Although it is not posible
to say with certainty that these added factors
did not materinlly uifect the hematological pat-
tern seen, it will become evident in the dixus-
sion that the changes obwerved are not incon-
sistent with thowe to be expected from expesure
to penetrating mudintion alone. Thus, the
hematological changes noted are considered to
be the result of a sinyle expeosure to penetrating
gamma radiation, délivered at a rapidly de-
crensing dose rate over a period of approxi-
mately 2 duyvs.  Unles\otherwise stated all dis-
cusston will be limited
viston of Group L

0 the older-age subwli-

The principal sources o} previous data avail-
able for comparison, and the characteristics and
lmitations of each are sufimsrized in Table
4.10. Perusal of the table
the ddifficulties involved in

111 make apparent
ttempting strict
compurisons: however, ~some atements can be
made despite the obvious [juitations.  For
for peripheral

wtn and froan
tle $ 11,

easy reference, “normal” valued
bloex] counts, from the present

the hiterature are presented i’
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Comummens  [Jusns Dussme| COSBS Rus- | Lisstmeey M | Bwemmd NAESS | Lises Ames
Nombes in goupn..| large small smalt inoge hoge
Moguany o OCon- | foiv pose posr ooed very good

webs
Swtal counte. .. ___ e yoo yoo e ye
Counting tech- | fuir falv ooed good ooud

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

o sampliag tech-

niquee
“Noermal” individ- | yes . yoo yos yos

waln
Internal contami- | nene ] none minimad nene

nation
Additional treuma | yes »e yes yoo [~

(burns, ete.)

Spesies  extrapola- | ne [ ] »» »e yes
tion necemery
Type of redistion .| gamma, some | haed X-rays, | pasams, now- | geeama, bota | haed X-raye,
neutrons samae tromn, X- o shin gamme
rays, botas
Duosage sstimation poor good pesr fair geod
Bingle exposure. . . yes usually ne yeo yeo yeo
Deserate_. . _.. Instantansows | ~5¢/min. Instantanceus | Varying ~8¢/ ~ 1Gr/min.
he.
Body region. . ... Total body Usually par~ | Total and Total bedy; Total body
tial body partial body beta to skin
Dosage range ... .. Seblethal and | Sublethal Sublethal and | Sublethal Bublethal and
1 lethal ! \ 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
! | ! | off to fias
t

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

4.42 Comgparison With the Japasese Hiroshima
sad Nagasaki Dacts

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 Japuanewr casualties were divided into groups
Ate H vt the hanin of degree «f egpusure as detwr-
minrd roughly by distance from the hypo-reater sod
appreimate dregre= of shividiag. In greaps E o M
emvatially ne wmortality sacrthable w  radiatiea
CEIPuakre wreurted in the iret 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 I
correspond most closely with these low exposure
Japanese groups in which definite signs of
severe radiation exposure were present in some
individuals 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
characteniaed by considersble variation ‘w total
white count in both the (iroup | and Japaisse
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Sovase «F Dot DothEmaten
I !
! Kve Ammmmar®| Apgnmass | Kwas Centost
™ o convmsee | SEOSP A

[L_J [}
Total White count_ ______ | § ] L W) 74 7.0 7.8 *7
Newtrophile .. __________ % 8o 44 43 41 48
Lymphecytes_ . ________. 29 t § 28 21 t 9 ] 41
Mownoeytes. ... _________. 06 s a3 aé &3 a3
Ecsinophliles . _______ . __ oy .0 03 as a3 Qs
Basophiles_ .. ___________ — a1 . e a0 a0 al
Plagelets .. __ . __.__ — - — 280 -] 08

*Age 21 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 animals following exposure
(14, 13). From the 6th week until the termi-
nation of the acute studies on the Marshallese
during the 10th week, the Japanese and
Marshallese counts remuined at similar levels.

The neutrophile count in both the Japanese
and Marshallese in general paralleled the total
white count. The Iymphocyte count in both
groups was depreseed early and remained de-
pressed at values of approximately 2% 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-
cant mortality showed an early depression with
n definite low point at + 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 henvily exposed groups had recovered in
part and were approaching normial 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 (‘ommission, 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
mean 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 remained depressed throughout the pe-
riod of obmervation.

Platelet data in the Japanese are not suffi-
vient to allow more than rough qualitative
compariwons.  This is unfortunate since changes
- platelet counts in the prewent dudws ap-




poared ts show & meve comsistent pattern than
did the loubecyt . comts. Platelet counts on
one individwal, considered e a typical respounse
in & non-fatal Jopaness (13) indicated an ap-
parent low approzimately on day 30. This time
ttend agress with thet ssen in the Marshalles
and Amsricans expesed to fallewt radiation.
It is werthy of note that the period of peak
incidence of purpurs in the Japunese victime
occurred between the 25th and 30th day, which
cerresponds to the time of maximum pistelet
dapression in the exposed Marshallese.

443 Comperissa With Data From Lsborssory
Accidenw

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
wlite and neutrophile counts over the first few
da v, similar to that seen early in the \merican
group was observed uniformly.®* b) of three
high-exposure but non-lethal cases, the total
white and leukovyte counts continued to show
some degree of depression into the Tth week or
heyond. c) the lymphocyte counts in individ-
uais exposed to as little as 30 rem showed an
initial marked depression. In most cases the
lymphocyte counts remained at low levels
throughout the period of obeervation. dj plate-
let counts were done by a different method. and
absolute counts are therefore not comparable.
However, of the three high dose survivors,
times of maxilnm depression were not incon-
sistent with the valne of 30 days obtained in the
prevent studies.  In higher Jowe non-survivors,
however, the platelet counts had reasched mini-
mum values ax early as the %th day.

*Ne rvuntn were laken vm tGirwge | and 11 daring
the fret T2 bours.

The Argenne Laborstory sccidemt (19) ie-
voived fewr individuais who were estimsted to
have recsived 138, 127, 60 and 9 rep, reepee-
tively. The findings in the twe highest expossd
individuals in general were comsistant with
those in the present study. An initinl newtre-
philic leukorytosis was follewed by fluctuations

"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 wilh Animel Data. The time

trends and severity of peripheral blood count

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

1) An initisl rise in total white count (re-
flected in the neutrophile count) may occur.
Thereafter the magnitude 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 doses ; how-
ever, the rate of recovery and time for complete
recovery is quite different in various species.
Stall animals (mouse, rat, hamster) show rela-
tively complete recovery to control levels, even
nt 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 hus 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 detected within a few hours, and recovery
from the minimum values (achieved in 38 to 48
hours) requires longer than does neutrophile
recovery.  Lymphocyvies fall to very low levels
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ot doses well below the lethei rangs, and incress-
ing dess.resulis in ne or minimal further do-
creame in cownt. Lymphecyte depremsion sp-
poars to have ne coumal relationship with scute
radintion deaths.
¢) Platelst counts have besn studied most
extensively in dogs (30). As with neutrophiles,
the rapidity and magnitude of depression is &
function of dese bolew the lsthal range. Maxmi-
mam depression occurs by the 9th ox 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 when most studies have been termi-
nated. Insufficient data are available to indi-
cate the time required brmplehnmwy
Conndenbh endence incleding studies im

have indicated that critical neutrephile 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 purpura 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 doee 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 dose in the sublethal range are indicated.

It is not possible to say at present whether
severity of exposure, or of radiation damage
correlates better with absolute levels of periph-
erasl 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 Giroups 1l and [I], bath of

e e M~

cyte count is net switable for comparisen since
ﬂmdu—.umlyh_
in thess groups and the higher-dess Roageisp
growp). Mthmdpkwh
each ocloment, the wowtrephile counts were

emantially

but comsidernbly different in termw.of the re-
spective control valuea. Thus, soms evidence
in afferded thet absolutc cownts, rather tham
counts relative te control values, may be the
more reliable index of expesure in this dose
range.

445 Appreximation of Minimal Leshal Duss for
Max

Some indication of severity of exposure can
hghnd!m.mwmofnmmh-
dividual counts in Japaness groups in which fa-
talities occurred. In gemersl, s mgnificant
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 neutrophile counts below 2000 at snme
time during the observation period, and i0
percent had counts below 1000. By this cni-
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 (00 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 snd
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 [ are estimated to have
received 173 r ax calculated from dose rete read-
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smaswred in siv from the planar flssion
product flald. Frem tiw preceding paragraph
it in soom that an sdditions] 50 to 10U r of leb-
evatery radintion on an average of 75 r, prob-
sbly wouid have reseited in some mortality.
Correcting this average value for geometry,®
it follows that the minime! lethal dose for maa
expesed in a fission product field is approsi-
mately 233 r measured in air.

It is possible also to estimate the added in-
crement of dose that would have resulted in
some 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-
creasing dore in this dosage range. Such an
analysis leads to the same conclusions as those
derived from neutrophile data.

446 Periphersl Counts s an Index of Severicy
of Exposure

The relative value obthe severa]l hematologi-
cal determinations in 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
among the several exposure groups. The rel-
ative degree of change in neutrophiles, lympho-
cytes and platelets cnn 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 (Giroup I'V. In the higher dose groups,
however, with widely different physical esti-
mates of exposure the lymphocyte counts

*From geowetric and depth dose vasidetations net
forth in Mection [, 1 roentgen meansured in air o a
fixnion produoect fleid would be expected to be equivalent
in itx effect on man to approximatety 1.5 roentger.s of
penetrating x- or gxanina radiation nnder geometric
comditions iwually used for large wnimain in the lab-
oratory. Thux, the minimal lethat dowe for man ex-
nmed (o penetrating radiation under the usual labora-
tory conditions would be approximately 338 r. The
degree o which energy differemnces between the two
radiativos may alter thin ratio of effects cannot be
evaluated at present.

showed casentinlly identical degress of depres-
sion. The lympheryte counts of Greups | snd
11 were constantly deprensed st s level of ap-
prosimately 3000 cefla. Thun, while sensitive ot
very low doses, this endpoint msy be s pnor
index of the degres of exposure at higher dosen.
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Fluteg 410 -Cumulatire lymphocytr counts  for
tiroupas | 1 Rongeiap) and 11 | lilinginae) and rom-
trod tiroup  ut the time of merimum depreassion.

The total neutrophile count of Group | was
consistently more depressed than was that of
Group 11 and the difference was of the order of
M6 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 ezcept when counts on growps to be
compared are performed at the sme timss,
The count showed a more systematic
trend than did the nestrophile count. Dif-
ferences between the low-dose Group IV and
controls at the tisve of maximum depression for
all grmups with the exception of adnlt males

naTagTe s 0*
Frorae 4.1). —Cumalative plateiet counta for (Iroups
I (Rangrinp),. 11 « Lilinginar ), and IV (['tinik) and
control (lroap | 8t the time of marismam depregsion,

oy a

I EEEEE K X
AATILLTS o 0°

Victwe 4.12. " wmulative platclcl rounts for Qrowy 1
{Remactapy at the time of marisune doepression und
6 wimths after vrpoanre.

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

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

4.3 Conclusions

1. Connsmexarmx Or Thx degree of depres-
sion of peripheral cellular elements indicates
that exposire of GGrowp | was moderstely
severe, probably within 30 to 100 r of the level
where some fatalitien would have resalted.

2. The degree of eflect evidenced in Growp 1
people is nat inconsistent © .th the physical
estimates of gamma dome received, when the
geowetry of exposure and other fartors are
considered. Beta lesions of the skin, and the
low Jeveis of internal radioactive comtamina-
tion observed are considered not to have com-
tributed significantly to the hematological
changes seen,

3. The extennive 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
discumsion ).

The tine courve of events is different from
that obrerved in large animals and may be de-
wribed as follows:

2) The total wl.te count increases dunng
the tirst 2 or more days and then decreases below
normal levela. The total count then flictuates
over the next 5 or ¢ weeks, with no definite
mininnny and with some values above normal
fthe presence of thermal or beta lesions, or
other acute processes during thi- time may ac-
count in part for thew fluctuntions). The
count becomes stabilized during the 7th or sth
weekx at low levels, and minimum counts prob-
ably oceur at this time. .\ definite trend up-
wand ix apparent in the 9th or 1tth weeks:
liowever compiete recovery may require several
months or more.

b) The neutrophile count paraliels the total
white blood cell count. Compiete return to
nornal values does not occur for several months
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o mere. The initial rise in tutal white count
is dun to & moutrephilic lewhecytosin.

<) The drep in lymphacytss is sarly aad pro-
found. Littls or ne evidemce of recovery mmy
be apparent ssveral months after exposure, and
vetcrn to nermal lovels may not occwr fer
mouths or yoars.

d) The plateist comnt, unlibe the fluctusting
total leukecyte count, falls in 8 regular fashion
amd reaches a low on the Jth day. Some re-
covery is cvident early; however, as with the
other elementa, recovery may not be complete
ssveral 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
comunt 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 n 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



) g | masten | Pere g e
Rasn-SLowewe .‘-”_,.;Anrmn. "'*' - "' ; - — C-—
! Rima . T R
e e e e e = -
! l |
ar= .8 . as | 33 30| | a2
Y- 8 | 89 | 87 | >see | isxte eN
= P ey 64 | e >0 | .28 !
Rus sy | a7 | 42 l ™ | .o :
Re= s | as ! s 20 ' .04
|- 8y | 28 s | 1m | 032 n1s
e 8.y | &0 ;| 128 30 o7 .»
Law 8.y ! 80 ' 7 35 1L.2x100 @)
Cewn N 57 - >100 .28
Pre S R A | ¥ 50 1.3z10* 083
Ce N ;. &3 | TS 500 2x 10 ole
From: ' Seaborg and Periman, Rev. Mod. Physien, 10; 585, 1°°8,

. ! Hamilton, J. G. Rev. Mod. Physien, 20: 718, 1948,
3 Handbook 32, U. 8. Dept. of Commeree, National Buresu of Standards.

general, long radiological and biological half-
liven and pridiuce high-energy beta particles.
Thus, they cause grenter damage to bone and to
the radiomensitive bone marrow than to other
tismuex. The damage to the blomd forming timne
results in 2 reduction of bloml cells, and thus
affects the entire body.

Information on the biological effects of in-
ternally deposited 1sotopes is derived from the
limited studies of accidental radioisotopic pois-
oning in humans, or from animal experimen-
tation.  The best documented data on the effects
of small amount~ of internally deposited emit-
ters 1n human betngs nre obtained from studies
of mdium poisoning,
depesition, terminal anemia, bone necrosis and
osteogenic sarcoima sppeared after a number of
vears. The residual activita in the body as-
socinted with these effect=4s 1 to 2 micrograms
of radiun. - Radium s a particularly hazard-
ons element when deponited internally because
of 1t long biologieal and radiological haif-life.

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

As n result of radium .

wtudied in animals by Hamilton (1), Abrame
(2), Bloom (). However, most of these studies
do nat cover the problem of the long term effects
in animals prduced by small amounts of in-
ternally deposited 1motopen.

Few data are available concerning the eflects
of internal contamination with mixed fmsion
products from nuclear detonationa.  (ontami-
nation i8 not produced by every detonation of
a nuclear device. For example, no internal
vontamination was detected in individuals ex-
powed 10 the air burst at Nagnsaki and Hiro-
shima.

In field texts of the contaminating type of
atomic detonation, animals that inhaled fiwion
products during short perisds of exposure were
found to have insigniticant amounts of internal
contamination,

The long term effects (primarily malignant
changes) resulting from radium deposition have
been used to et the limits for mazimum per-
missibie bady concentrations of a few bone veek-
ing radioisaopes in the body 15). Maximum
permissible body content of other radioisotopes
are estimated on quantities resulting in a dowe
of 0.3 rem per week to the tieue of highest
concentration.
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Tux Inteavar ConvamnaTion study wes be-
gun 15 days post -detonation with the collection
of pooled 24 hour nrine samples from the
Marshalless and American groups. Mazimem
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 tissves,
The activity in the urine then derives from
radioelements which have been replaced in the
natural procems of biological tarnover. Thus,
the study made is ementially that of an equi-
librium condition.

The urine samples were sent to laboratories
in the United States for analysis, since the high
backgrouml encountered in the tield 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 he
feasible, if ndequate facilities are provided for
the counting of the samples.

The firet urine xamples, mentioned sbove,
were collected for the Laos \lamos Ncientific
Jaboratory (I.ASL). Similar samples col-
lected $4 duys post detonation were also sent
there. On 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
Energy Commission (NYOO-AEC) for an-
alysis.  In addition, samples from representa-
tive individuals in these groups were collected
21,3 and 6 months post detonation and vent
to NYOO-AEC,

The USNRDIL collected samplex from each
member of the exposed gronps at 43 and 46 days
pest  detonation.  Samples from  representa-
tives of these groups were also collected at 21,
3 and 6 months by the USNRDIL  In addition,
samples fron a representative group of 6 Ameri-
cuns and 20 Marshallese were collected for 6
ronsecutive post
detonation,

davs beginning 33 days

331 Meheds

As s compiete rudiorhemical snalysis of sll
the urine smmples was not feasible, mmples were
snalysed for only Nr™, Ba'®. the rare earth
group and fissile material. These analyses are
the most ureful for evaluating the concentra-
tion and identity of ail the potentially haszard-
ous internally deponited radicactive isotopes.
Measurement was also made of the gross beta
activity of all the samples.

To facilitate the procensing of the large num-
ber of urine samples sent from the field, a scan-
ning method for beta measurement conmisting
of a basic oxalate precipitation with a lanthe-
num carrier was employed on an aliquot of the
24-hour urine samplen. This method rapidly
concentrates the radicactive elements into a
suall volume and eliminatea the normal K=
background. A carbonate precipitation of the
entire 24-hour sample increased the sensitivity
of measurrment sufliciently for analysis of
samples collected later than 21, months post
detonation.

The beta activity was counted with s thin end
window (iciger-Muller counter. The counter
was calibrated with 8 17,(); standard, and an
appropriate correction for self-alworption was
made using a 5™ standard.

5.32 Findings and Incerpretations

1. Beta Activity of the Urine. Internal dep-
osition of radionctive elements was evidened
by the presence of significant amounts of beta
activity in the urine. This activity decressed
rapidly ax a function of time, ax 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
mdividuala.

Comparison of the means of the urine sam-
ples for the adults from Rongelap and
Ailinginse and from Americans from Rongenk
indicated that at 45 days pest 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 grom beta 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 \ilinginne and American
groupeoindicated that the Iatter had s somewhat
lower amount of internal contamination, even
though both groups received shout the xume ex-
ternal dowe.  Thi~ may be aceounted for by the
fact that the \ilinginae group deank contam-
inated water from open contniner~ and ate con-
tammated food up to the time of evacuation,
whereax the Amevicuns mgested much less con-
tannnated food and water, since botl were
lareely <tored i clossi contamers.  Indeotri-
nation of the Amerncans concerning radiation
Bazards protmbly was also a factor in reducing
the amount of contamimation which they re-
cerved.

The varition of gross wetivity among the
mdividanls 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 also a factor in
determining the individual 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 varmtions wax obtained by grouping
the individuals from the Rongelap and Ail-
inginae groups according to age ( Tables 5.3 and
2.4). While the activity excreted per unit vol-
tine of urine is about the same for both children
ad adults, the mean aetivity of the urine ex-
creted i 24 hours by children under 15 yvears
wits signiticantly lower than that excreted by
adults, The data available do not indicate
definttely whether the lower total excretion
mdicates a smaller total body burden in the
children 1esulting from lower inhalation and
imgestion, or whether it represents u higher de-
eree of fixation of the radio-elements by grow-
ing bone,
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Values currected for decay.

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

(‘roe heta activity measurements were also
made on the samples sent to NYOO, ALC.*
Their results essentinlly corroborate the find-

*Personal communication from r. J. Harley, NY(u,
AEC,

ing« by the USNRDIL, particularly the ratio
of the aetivities nmong the three groups studied.
The abmolute values of the activity determined
by NYOO-AEC, hoo -ver, were lower than
the USNRDIL volues by a constant {actor.

2. Radiochemical Analysmis of the Urine:
Estimate of Bady  Bunden. Radiochemicsal
annlvsis 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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beta activity at 43 days post detonation | Tuble
A.0). The predommant radionur-lide s Nr*,
which contributes 42 percvent of the total beta
Ac vty at this tune,

Aays of hssile materinl made on pooled
samples of urine were all negntive within ex-
perimental hits,

The enrly nrime sumples analyzed by the
LASL (cotlected 15 dnys post detonation) con-
tamed fair amounts of radioidine v addition
to the alkaline and rare earths,

On the basix of the radiochemical nnalysis

of the urine, the bedy hurden (the radioisotopic
deposition in the tissues) was estimated.  The
ratio between the activity of the urine and the
amonnt of isotope hxed 1 the body s required
for this ealeulation. However, few ratios are
avatlable for the deposition of the vanous -
dioelements in humans, <o that it was necessary
to urthize ratios obtained from animal <tudies.
Of the anmaks collected on Rongelap, the pig
wis <elected as the closest to the human in size
A detniled study was there-
fore nude on the excretion of these animals and

and metabolism.
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Tuble 3.5 —Radiochomissl Aaslysis of Urine From the Rongsinp Pouple (43 days puss dossnssion)

fammn Xo

[ I

Average
Percent of total Bets activity

BEvs Arwwwy wu N Bers
¥ burs R [ 4
e e Nt
13%e "e 13 197
1 208 5. 13 4
195 e 1% 324
1210 A 150 r
I 480 338 10 94
1280 Y 1 170 3583
1253 528 134 a2
100 42 107 285

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 82 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, Farbee 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 approximasting 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, teo-
wether with the data on the activity of the van-
oux fission prexlucts at this same time (%) 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
analysin 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 tission products (1.5.9). Therir tindings are
presented an Table 0.6

Table 5.6.—Mean Body Burden of the Rongelap Group

ACTIVITY at ACTIVITY aT ACTIVITY a4t l
RapNusrrore = :"' ! "“' ! :"

(UANRIL fsNKiL. dLASL

Ny oo 16 22

Ha'* O 021 27 n 34

Rare arth group 0 03 12 -

13 o thyrod) 0 Ho} 12

Ru'™ — v 13

(a4 0 0 0. MY

Fisxtle material 0 0 0 DI6 (ugm)

ARITIZ2 00 54 "
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On the huuis of on ssmumed uwptabe of 3 por-
cont per 3 howrs, the integreted doss to the
thyrwid from ['** and ather shorter-lived 1ndine
ttnprs was calculated by the USNRDL to be
showt 110 rem. The 1.A%T. hoe aerimand 2050
the desr wos showt |30 rep for Rongelap group
and M rep for the \mericans.

The differiag approaches used by the
UNNRDL and the LASL for estimating the
boddy burden gave remulta which, except for
Ba'®, are very close.

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

The twal amount of radiomctive material
present in tie (5. L. tract at one day post detona-
tion in the members of Group 1 was estimated
as approximately 3 me. This activity was con-
tributed chiefly by istopes of short radiological
and brologieal half-life and limited solubility.
Thus the levelx of netivity in the tisues of the
beuly were reintively low. The concentration
of radioiantopex at 6 months post detonation
wax barely detectable in the urine of nuwt ex-
poeed individuals,

lodine, which is quite soluble, ix probabiy
the ot hinzandous internal mdioemitter in the
early period following exposure (1), The
dome 1o the thyroud wus appreciable, but low
compnrwi to the partilly or totally ablating
deves of 114 isesdd in therupy of hyperthy roidism
or enrcinemi. - At one day pewt detonation Ne™
winx cnlenlsted to he near the maximum per-
missible level (5) for this nuclide. At later
times following exposure, thix longer-lived tis-
ston prmbuct presents the grentest potential in-
ternal huzard,

The prevent ~tudy contirms the olmervation
mude moanmal experinents thut most of the
rudhiomctive clements formed in fission as well
nx the tisstle mnterinl itwelf, nre not rendily ab-
sorbed from he lungs and the i Lotmet. Only
L. Se, Ba ane a few of the rare enrth elements
were alrorbed to any sigmitieant degree.

An attempt te mensure bone-fined radissctive
emrtters hy means of sensitive il hadgen taped
helow the knee, over the epiphynis of the 1ibin
on 2 nemine of porsoma, yieldod np positive
—fe

No correlation couid be obtained bet ween the
degree of Liternal rontamination and the clini-
cal and hematologicsl findings.  In view of the
short haif-life of the most sbendant simsion
products deponited internally in this situation,
the pomeibility that chronic irrndiation effects
will occur 15 quite small. Thus, an evaluation
of the data on the internal contamination, in-
cliding that of 8™, lends to the conclosion thet
the internul 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 Issersal Costamiastion

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

Internal depasition 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
baely. The activity in the air settles out fairly
rapully, but contaminated forud, water and
utensils retain their activity for long periods of
time.

The amount of fission products resching the
blisxistrenm through the respimatory tract is a
function of pmrticle size and solubility of the
mirborne  contaminants. The particles with
which the activity was asuwiated were con-
siderably larger than the optimum size for
depasition 1 the alveolar tisue of the lung.
Thux, the probability of the retention of inhaled
airborne contanmination was not appreviable
during the exposure period.

The hypothesix that ingestion was the chief
source of internal contamination s supported
by the finding that the gastro-intextinal tract,
its contents, and the liver of autopsied chickens
and pigs sacriticed at early intervals following
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drtenation weve mare artive thea the alvoler
e,

The impnrtaare of ingration as s Conticeing
mare of ~ntaminetion = evidonced by the
lowed af ivsmemal mmteninotinn of He " {rom
Rengring. Thear animain hod sbaut ten times
the lwsly burvden of the human popuietion in
the mme lorality. \s the air-borne activity
had already dropped 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 food and water.

Radicanalysis 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 firt month a
limited amount of fission products was avail-
able to plants growing on the contaminated
wnil. Nignificant amounts of beta activity as
well as smmll 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 sap, 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®, beeanse of its high solu-
bility and reintively long radionctive half-life
was prolmbly the isotope of greatest potential
hazard in the environment.

Internal Radioactive Derantumination Ther-
apy. Nince there is no method of counternct
ing the effects of radiation from internally de-
posited emitters, trentment (onsists of remos-
ing the nuclides from the bixdy as mapidly as
peweible. The ability of ethylene-dianiine-
tetra-ncetic acid (EDTA) to mobilize certain
of the fission praslucts from the <keleton and

to mcrvams the rete of their rseretion han pre
viounly been dosorvicasratend 111 13). 1t = monet
effective with the ram ~urth greup, bt he
no offert on stromtium (13). Thewr gwdies have
shown (het met of the heslagraily hassrdous
material remening 1n the bady » firmiy fissd
m bone within & shert time, o thet effertive
sydemic decontamination by chemral agents
ran arvur only in 2 shart period foliswing es-
posure. Neverthelens, an sttrmpt to effect in-
ternal decontamination was made 7 weeks post
detonation, since it would mobilize snd mabe
detection of inntopes eusier, even though it was
res:._... .aat the procedure wonid have limited
valuwe at this time.

\ representative group of seven individuals
from Rongelap were selected for this study.
During a control periad of 5 days, 24-hour urine
mmples were collected daily for mdioanalysis
in order to establish a hamal exrretion rate.
During the next 3 days, calcium EDFA was od-
ministered orally, | gm per 25 lbu of body
weight daily instead of the preferable intra-
venous dnp becaine parenteral therapy wan net
practical under the circumstances, :

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

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

The menan activity of the urine during the
EUTA treatment periond was 2.0 times the pre-
treatiment activity.  The probability that the
differences oirerved are doe to chance s lewn
than 001, Thus the ol administration of
EDTA for a period of 3 days beginning 52 days
post detonation increased the excretion rate of
internally deponited tission products, but the
over-all effect on decreasing the luuly burden
was shight, as the excretion ratex were very low
at this time.

Nummary.  The irt instance of internal de-
pomition of mixed fision products 1n humsns
orcurred as a result of failout following a ther-
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menerisar ¢+ This internet ~etam-
netion reanitegd frem bath inhalstion 2nd Ingve-
tion of fatices moterwnl.

High levels of activity were found 1n water
and en the outernsl surfaces of phm The
Sembnsninnt ine ~f tha lrtoeeal et s semetinms ¥ St
and vegutshiss was wmaill. (M the individuel
rachonuciidem, %0, bornwne of its high snlubil-
ity and relatively long radioactive half-life was
probebly the isntope of greatemt potential hax-
ard in the environment.

Few of the fimsion products present in the
environment were readily absorbed from the
Iungl and the (i. I. tract. Radiochemical anal-
ysis of the urine samples from the Rongelap
people indicates that Sr. Ba and the rare earth
group together constituted 5 percent of the
total betz activity of the urine at 43 days post
detonation. Sr™ was the predominant radio-
nuclide at this time, contributing 42 percent of
the total heta activity. Asays for fimile ma-
terial in the pooled urine samiples were negntive.

The human body burden of indivisual radio-
nuclides was estimated  from  radiochemical
analyxis of the human urine and of tie timues
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 bady bur-
denx of the Americans about one-fourth of the
Rougelap group. While the activity excreted
per unit volume of urine was the same for adults
aned clnldren from Rongelap, the total activity

_excretest in the urime in 24 hours by children

under 15 ye r of age was signnticantly lower
than that exc ted by the adults,

The totul wmonnt of radionctive material in
the Gi. L tret at one day post detonation was
e~timiated to be 3 me in people from Rongelap,
This activity was contributed chiefly by isotopres
of <hort radiologeal wnd biologieal hialf-life
and hmited solubility, and thus the levels of ac-
vty in the tissues of the hody were relatively
low.  The concentration of radiolsotopes at 6
motnths post detonntion was barely detectable in
the urine of mont of the exposed individuals,

The e<tinmmted vome 10 the thyrowd from I'»
and other <hort-hved 1odine IMOfOpes was 1)

T St o atts - ok e e+ bin g

to 15 rep fur Rongelap. lodine s probebly
the modt Semmrdows internal radioemitter ot

enrly time after exposure. The dese to the
thyrowl, although greater than tolevance, wae
l-'nn—l!dmﬂ- p.!nl.y‘!ﬂ.ly-b
Hng dimes of T deend i iter irewimewt of
hyperthy rindinm or carcinoma.

At ane day pot detonation, the roncentrs-
tin of N¢™ wan calculated 10 be nrar the maxi-
mum permiwible level for this neclide. At
later times following exposure, this longer-lived
timion product presenis the grestest potentisl
internal hazard.

Oral administration of calcium EDTA be-
ginning 7 weeks post detonation to a 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 wax 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 maxinium permis-
sible dove levels. The activity fixed in the body
decrensed rapidly as a function of time. The
contribution of the effects of internal contami-
nation to the totul radiation response observed
appears to be small on the basis of the estimated
body burden of the ridioelements.  1n view of
the short half-life of the most abundant fission
products i the situation, the possibility that
chronmic irrndintion effects will occur 18 small.

5.4 Internal Coatamination of
Animals

THe INTerN A CoNTAMINATION of 8 number of
wnmials collected on Rongelap was studied. The
activity in their urine was stuldied, and radio-
chemienl analvses were made of various tissues.
These data provided the basis for estimating
the tady burden of the radioisotopes iz human
betngs. In addition, nematological and patho-
logienl stidies were made. and autorndiographs
of selected tissues were prepared. A number
of the animals are also bemg studied for the
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spprarsnce of pumible leag teem effocts of
radintion.

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

The saimsbh collerted fram Rongrisp sad

!\o.f‘ o —Beolimed 29 BB [} % WEnun Wi T

s0es seesotas S & ‘nonﬂo:‘ - t-." weres Bily 8 &

swine, ¢ durks and | rat. Mm&mp‘
alive to the I'SNXRDL. Three finh and one
large clum weve taben frem the Rongelap lo-
goon.  Collection dates and mortality data fer
these animals are presented in Table 5.7. In
addition, a boar, a cat 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
svheel ot 300° €. in » mullly sven, snd the b
made up o volume with 2 N (T An sl
wan then dred for heta messurement.  The beta
-ﬂ'witv-mw—d.th-

pps } — ... - _am .
Tine- -l..-.' \"v‘ ‘..-' l’w - -an

werd 23 the busts for the mam shmsrption cor-
rection fur the samplra, = & wos the majer
culated is 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 samples was
measured in a well-type sodiwm iodide scintil-
lation counter which has an eficiency of abowt
40 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

Ssmme A i fAgame B Sanme ¢ . Totar
ExveBRAL —— - —— - o o S—_— - 3'—-— -
- M r(Dav i Der(Davsh | 38 (Day B M r(Day M-
C B e — e — p— | Tovar
Dea» Sac’
ANINALS . ! : Ror'»
fueas 1 TowaL . ' Torar Titar
Hac'n = DSAD | Bac'p | Rec'p Deapi Sac’s gy Duas ;. Buc'p :.-_. Dass Sx'»!
S -— e~ ‘____ -— = ——— “., —
Hens . 1 1 » 7 2 n s -4 ) 3
Iny® Daym ey & Dey &
' Iy @ . «<
) 74
” -
”
™
Roosters ] 2 1 1 L} 1
ay ®
Chicks v . ° ]
Ducks 4 1, s’ '
Iy 5
Plgs 1 1 7 4 b 1 s
Iy & ey
B Yew
5T .
2
- N ]
Cat 1

Senwms D ‘

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

**ay Post [)etonation
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setivity was chisiond n total d m, sad wes
converted to gr “Co™ equivalent.”

Se, Ba', the rese earth group, 1™ and fienle
material.
mdividunily, and their encreta collected ot M-
howr intervaln. The fores and wnine of chick-

enw weww roflocted and ashed combined, but weve
colinted snd sshed mparstely for the pign
Beginnmg 5 wesks pnet detonation, the excrets
of a reprementative growp of chickens wae col-
locted st weekly muhhap-udd%

raantha "M 4 ‘:‘.: 2T TS ut' 3

ot & werlts past datonation, and the collertien
was made st weskly intorvals for s 6 wesk po-

Tehis 5.8.—Radis. hamical Asslysie of Tissuss snd Urine of Pigs From Rengeisp e

S2ad Doy Pest-Desonstion
RETa ACTIVIVY —O/N/YOVAL SANNRER
k OO i [ i ) Tovet
suted sanTR
sauma s ; v v T
Pig #24 (35.8 kgm) | ‘
Skeleton (total) . ... .. \ 8800 56680 400 10106
liver. . 31 0. 4 0.33 64
Colon & Contents . . . _ | 12 50 24 23
Lung (Alveolar) .. ... . .., 1.5 | 022 0.20 os
Atomach o L2 023 | L1 1.3
Intestine (Bmall) . | 23 ’ 0.6 | 0. 50 0.51
Kidney i 33 . a2 0 42 0.74
Hemanining Tineves ! 600 , |
i 1 ‘
1 |
Total 9630 | 5667 | ! 1020
Urine Bample, 24 hr } 13 87 13| L6
Pig #25 (32.7 kgm) 1 { § .
Skeleton (tutal) {8600 5100 T 90
Liver i ' 27 0.53 0. 20 i 55
Colon & (‘omemu L 16 ’ 50 l 32 ‘ 4.9
Lung (Alveolan . . : L1 0.26 023 | 0.33
Stomach . 20 0 | 0.13 0. 30
tntestine (Small) - 26 0.83 0. 88 0.88
Kiduey . N 31 0 14 0. 19 ! 0. 52
Hemamming tissges ' 220
Total 8870 ST ' 534 T
Urine Sampie, 24 hrn e 6 2 44 0. 40 0. 54
_  AUMMARY ) _
(laoas RETA ACTIVITY RggLzrON ToraL Rooy Cming (24 Has)
Ne® 82. 0 58 0 89. 0
Ha'w [} 65 7.9
Rare Farth v 7 v 0 10. 5
785 735 87. 4

All valuen corrected for decay.
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riol.  Radwanalynie of the vacretn was per-
formed in the mme manner ax that of the tisme
wmplon, dem-rrhed abere.

3.Q Findings sad lnssrpressticn

rwae (harrrations. The animals had been
free on the islands. Alhough mainourished,
they showed no other evidence of disease.
Autogmy of two chickens which died durnng
shipment revesled no pathological findings that
could be aseociated with radiation.
On the basis of an assumed 12-hour effective
fallout time, the animals from Rougelap re-
“ceived an integrated external dose of 280 to
380 r, depending on the date of their collection
(vee Table 3.7). The pigs from Utirik received
a calculated doee 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 M days post detonation. This
activity was reduced ubout 75 percent by a
washing with water alone,
Rudiovactivity of Tixswes and Frereta. The

7

detonation wae abowt § we. The dimnbation
of activity in the individual timwen 18 <hown 'n
Table 1.5 Over 9 pervent of the bets activiy
wan kwalised 10 the keleton. The hughet ac-

HYRY in o sft tmme wan found in the hiver,
-’hu-h hasd_ bom ‘-—rh.nn\o-“—r—l ~l s

® ses soewm

total bamiy hurden. The colon contents had the
secated highent activity for the »oft tissuea, about
024 pervent 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.

Giroms beta and gamma netivity of the chick-
ens at v4 days post detonation was approsi-
mately 0.2 unc. The grom: activity per body
weight of the chicken ix approximately the ;ame
as that of the pig.  The distribution of activity
in the timues of the chicken (Table 5.9) was
very similar tothat in the pig. Most respiratory
radio aetivity was locnlized in the turbinates,
#s w result 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 days post detonation, while in the same pe-

N OF BADOSUCLIDES

gross betn nctivity of the pigs at %2 days post riod the gamma activity dropped to 0.2 pervent
Table 5.9.—Beta and Gamma Activity of Chickens From Roageisp (uc x 10%)
| P Hu ” Ha~ &% Hl\ l- Hev B3 Hex 7 Hln il
= = e o e s e e oo n i mmm— men - mom mm—mrme = = ==
f¥ay nr Dgata** Yay av 3 Tilay 74 Inv \r. Dav It frav 138 !nv tw
Iray nuvuu" iray 24 hn b Dar 79 luv I, Dav i Iiay len Iravy 15
Tmave Bera Gawwa BETa (homma  BEA thamms  BETa Gamma BETA Gamsa Bets Giamws BE1a Gawmwa
Titia TAOD M0 niNE 4810 133 mé PAN] NS w 403 ) w1 LI
REeleton 11030 55800 L1v) AN 1980 00 mme KTk T L LY a7 17 8*
Liver 119 n B3I m 13 by} M 32 -} AT o1 w7 18
(Hezard 41 17 T 8BS T4 wy T 14 ne
{hzzard (content! ("] - 14 s V2 [H (L |
Crop 04 50 20 T 1212 v3: 4.3 n
Iintestine L. and
contents . 0 A3 0o ) a3 Wo w7 e n»
Intestine (%) and
contents 18 40 10 L X ]
Pancreas D16 - - - 0TS 0
1pheen - 10 E 0 m -
Kidney ] “w 117 [ X1 UL 42 100 e 124 ny uBn
Lungs «Alveolts 17 » n » 0 A7 40 0 ] 45 s 3 LN ] 1N -]
Traches 04 10 10 w 37 "he "l
Turbinates kb 9 z 153 Ta

*Caiculated ustng ratio of gEArNmMa activily skeleton, tibla
**ay post detonation
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The residunl total beta activity found in the

mret of the sctivity s ssmscinted with short- twe larger fish ot ¢ menthe pest detenatien av-
Nved iostopes. The initiel drup in activity 8 eraged 23 o (Table 5.10). There waa, at the
vory rapid, and afrer §& duys the decay curve same time, sbowt twioe as much gamme activity.
s comutinlly that of Ne®, the mest sbuadent mhhmmnd-pp-m
of ¢t "M“-.,',':'E!ﬁ S u-y-"-——a&““-:‘- . aind e \uu‘n 1 WcTIVITY e ween PNl linw
Tubiy 5.)0—8uves sad Gamma Acsivity of Fish Frem Reageisp Three Maaths Pest Dyssastion
Fum A (8 ow)
L4 Rapuasuical AnsLvem (Pun-
Oaces AcTvvery, AaNP RaRE CEW) 1 Ba, ¢ anp Re
| . Easve RACTION
i Tovar
' AcTvery Rans
: Bava Ganwma (Pyucany) [l Baw Tantn
Head . . . . ... .. | 0. 568 1.28 .9 G ) 9.6 521
Scales+ Fine+ Tail . .. ... ¢ 0. 500 0. 58 95 17. 4 9.9 727
Viecera.. ... ... ... ... .. E 0. 900 123% 4.0 1. 4 0.6 9% 0
Gils. ... __ . . ... __. i 160 04 7.8 139 a7 79. 4
Remainder of Body.._ . | 0508 178 83 452 1.2 436
Total C 2734 6 41
|
o o r— 72 (97 am) - !-'v_-—ﬂ-—(!:n-\ o
Gnoss ACTIVITY, o (IROSR ACTTIVITY, o
BEta (lamma BeTa Gamma
L — e ]
Head . . 0. 101 023 0. 045 0. 017
Scdu+ Fine+ Tail 0. 087 0.22 0. 058 0. 084
Viscera. .. 1. 620 214 0 115 0. 205
Gl ... . L. ... 0 043 0. 08 0. 023 ¢ 011
Skeleton. . . 0. 197 035 0. 030 0. 070
Muscie 0. 151 0 53 0. 038 0. 074
Total 2179 3 58 0. 301 0. 461
-  cuwn o
Toftal BEYA ACIYITY 4 4X ¥ DM
T RADIOCREMICAL ANALYSS T
PERCENT
or ToralL
RAMORLEMENT Acnrrry
e 214
Ru'e. ie 32 4
{(rther 11 4
Kool 07
B.l. 0 7
Rare Earths 33 4

Sampler cuilected two months post detonstion.
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aed the smalysis st ¢ mewths represents omly
radislogical decay. Thua, the resaits are net
directly camparsble te those obtained frem sni-
mals which were returned alive, and in which
ielagical turnever ss well as radinlognal decny
were opernting.

The largest fraction of the gross hets activity
in the fish was contnibuted by the concentraton
of radicactive material in the viscera. In two
of the fish in which bones and muscle were wp-
arated and analysed, equal amounts of activity
were found in esch 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 davs 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 pigs from Rongelup
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.

Radiochemiral A mu'yn'x Uf Tixnuex and Fr-
creta.  Radiochemical analysis of pig tissues
indicated that 62 percent of the skeletal beta
activity 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 body of the pig

e e IR ST TR

may represeat the distribetion n humena beings.
The abuolwte amount of intemal contaminstion
m the Rongelap prople was, however, only o
tenth of that found in the animals.

At § months pest detemstion. the sikairee
A e g e e Fhan 2 Tt 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 tibise
and femurs of 1 chick, 4 pigs, 1 rooster and 2
chickens were prepared heth at the USNRDL
and at the Argonne National Laboratory
(ANL) to determine the pattern of deposition
of fission products. Contact printing on X-ray
no-screen Hlm 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 (15).

The autoradiograph of u tibia from a chicken
sacrificed at 45 days post detonation ( Fig. 5.2)
indicated a relatively uniform distmbution of
the activiry throughout most of the bone, with
the highest concentration of activity 1n 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 davs post detonation,
showed the henviest concentration of radinac-
tive material in the diaphyvais (Fig. 5.3). The
end regions of the hane, which were laid down
after the ntimals were removed from the con-
taminated environment, were relatively lacking
inactivity.  The region of greatest activity was
m the dimphysis, which appeared to be ab-
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Fevax 3.1.—Bela and gamme oct vily w chicken eorrets.
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novinally comtricted, possibly because of a de-
cremned rate of endosteal :exarption.

A tibia 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 plice 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 increased
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 » double line of radio-
active depumit appeared in the animals studied,
except possibly in a sow sacrificed 3% days post
exposure {Fig. 5.5). 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 finding 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
pig. described above, and the denss trasbecuiar
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,
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INTERNAL PEPOSITION OF RADIONUCLIDES
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The gross bets and gamma activities of the
shell, albumen and yolk were measured in the
first 50 eggs obtained, and the gamma activity
of the shell was messured in the remainder of
the eggn. An increasing amount of gamma ac-
tivity sppesared in the shells of the first few
eggs 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 egys 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= cuir shell was 68,4 counts per minute,
measured at 80 days pewt detonation. For a
gnmma energy of approximately 1 mev, this fig-
ure corresponds to 0.07ec. The yolks and al-
bumens had much less activity than the shells,
as was anticipated. The average distribution
of ygamma activity in the eggs is given in Table
5.11. 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 depowition of the radioactivity
within the egg was also studied by means of
sutoradiographs. .\ series of 5) eggs were
hard boiled, sectioned, and autoradiographs
were prepared of the cut surfaces. Only four
of the yolks of these ) eggs were sufficiently
radiouctive to produce autorsdiographs (see
Fig. 3.7). Thewe 4 eggs were laid on sucres-
stve days by the same hen.  There i1x & correls-
tioh between the rings of radioactivity in the
volk and thowe of pyzment

The amount of ativiy removed from the

bmedy :f the L liiien througn egg laying is very

MO - 7
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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 natursl decontamination.

5.46 Fertilicy and Hsechability Scudies i
Chickens

Fertility studies on the contaminated chick-
ens were begun 3la 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-
mon.  Radioanalysis of the chick timues indi-
cated that only a barely detectable »-nount of
radioactive material was transferreq (o the
vhick, slthough the nuther hen had at this time
an appreciable contamination.

In mresther Laich sia mewnths post detonation,
K5 apgyw were incubated. Of thew. 2% were in-



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

The excretion rates of % chickens with large
body burdens of internal contaminants were
determined for a period of 4 days as the base
line for the study. Following this, two chickens
were injected daily 1. . with 75 mg. sodium
EDTA for four days: two received injections
of 70 my. of nirconium citrate (15), and two
were injected with both zirconium citrate and
sodium KT\, Two chickens were kept as
controjn.  The miean beta and gamma activity
excreted by thewe chickens was determined in-
dividually for each of the trentment days and
for 1| day following cessation of trestment.
Negther the zimounum citrate nor the sodium
EDTA alose was edwtive 1 incressing the
excretion rate o= reflecte.! by the beta activity

mensuremesr . sivde  The combnned admainis-
traticon of streaning cotyate and wabiim EDTA,
however. luubked tiw eacre’ o tute of the beta
AUIVIIY. No e t=nle chaoye 01 the rate of

nature and distribution of the radicisctepes m
the tisswss and the escreta. (Over 90 percent of
the activity in the body of aninals was localined
in the sheleton. The pattern of deposition of
the flssion products in the skeleton seen in aute-
rediographs resembles that of the alkaline
earthse. 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 severe 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 st 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 gnve 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 calcium in shell
formation resuited in the presence of very high
activity in the shells of the first few eggs. The
activity was nssociated with the fission products
of the alkaline earth group. A significant
amount of activity was found in the yolk, and
leswer umounts in the albumen. The removal
of activity froin the body of chickens by egg
production provides an effective natural de-
contrmination process.
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agpe preduced by the mating of m
reasters and hous showed ne effort of radiation.
The beby 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 snd ssdiem EDTA
chortnons deubisd the encretion rate of famen
preducts, the rate ot this long time after ex-
pusure wus = low thet the hody hurden was
lictle afforted.

In the 6 month periad post detonation neither
sgnificant groms changes nor pathologicsl
changes which could be definitely 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 concentrution of radioisotopic material
per unit of body weight as the pigs.

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

61! Signifbance of che | Masch Shat

The events following the firmt shot detonated
ot the Pacificr proving grounds in 1964, de
srribedd 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 atomic
weapons or nuclear reactor accidents will be
dincused. In particular, the problems aso-
ciated with large snle fallout, as they were
brought out in the present experience amd 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 fallout amd other nuclenr radistions will be
described, ax well as current thought on the
diagnosis and treatment of the disense states
resulting from exposure to these radiations.

6.12 Extrapolstion of the Present Findings w
More General Situstions

It must be emphasized that the large experi-
mental nuclear device, the detonation of which
ledd 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 popuinted areas of the world.
Each of these conditions, i. e, size of wenpon,
height of burst, tvpe of terratn, 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 chemieal nature of the
fallout nurterinl.  These factors have been dis-
cussed in officinl releases (1-4).
therefore, that the events observed in the acei-

It follows, -

deswt reported hore are net necesmarily typeeal
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,
ns stated in (hapier 111, the chemical action
of the fullout material was considered 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
fallout 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 problesis 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

Hiroerlima and Nagmsaki incidents.

sulntantial dwellings than were prevent in
98



Jugan, or if partinl sholters are employed, the
pvsmatage of cosmaltis frem thee surese
bl devennes ond 4o STINlage wiih redie-
tion damage weunld wrrvase.

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 signmifi-
cance.® Thun there is no significant contami-
nation of the skin and, therefore, no beta lesions
of the «kin. Likewive, there is no xigmificant
danger of ingestion or inlmlation of radionctive
materiai, and hence, no “internal emitter™ prob-
lem.

Both 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 ry contribu.
tion to the total effective dawe 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 bursts of kiloton
wenpony, in addition to blast, heat, and imme-
diate Jonizing radintions, serious contamina-
tion from fallout can ocvur.  Tts extent would
of courve be lexx than with the “meguton™
wenpon : however, its potentinl seriousness can-
nest be igmored.

*Ninituant Jeveln of seutron-indeed radioactivity
nay he sewnt for a short tite near groaml sens

6.3 Added Bfecns of Megmeca
Wenpo=s

631 lovandines Blest, Host snd Redistisn Efece

Wrrn Tux Mummavon Bows, the same prob-
lewm encountervd 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 ensunitien as before, and the same problems
of "middling 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

Siaricant Faroer Resvum only when the
tire ball of the bomb comes in contact with the
surface 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 periods of days or even
months. By the time they reach the earth’s
surface, the nmjor part of their radionetivaty
has been dissipated harmlesslv in the atmos-
phere mid no <iygmifieant hazard results.  1f,
however, the wenpon is detonated on the surface
or close enoieh <o that the fire ball touclhies the
surface, then large amounts of material are
drwn up into the bomb clowd.  Many of the
particles thus formed are heavy enough to de-
scend rapidly while «till intensely radiomctive,
The result 1~ a comparatively localized aren of
extreme radionctive contamination and a much
Inrger aren of some hazard.

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

beta and penetrating gumma mavs, It s ap-



povent that mant of this falleut sren i» boyend
the renge of destraction by blast or hest, snd
this ene in dmling with cawntinlly 2 “ware”

The extewt and putential srieusem of fall-
out was clearty mdicated in offirial releasss of
the \tomic Eneegy Comminwon (1-4). From
these statewents, the bowb's cloud couid drop
radisartive ashes in a cigar-shaped snoe shost
20 miles long and 30 to 1) miles wide. There
counid be sufficient radioactivity in a 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 cutlined for potential
morbidity and lethality depend obviously om
weapon size, wind and other weather condition,
etc. Straunms(l) emphasized that possible cas-
nalty figures given are for the wrorst poasible sit-
uation. (‘asuaities might be reduced greatly in
numhber because many in the srea would take
shelter or evacuate the area. .\lso, the pattern
of fallout might be spotty in nature, and thus,
many would escape exposure. Neverthelem, the
area where potentially werious casuaitien may
result may exceed by orders of magnitude the
relatively small areas for conventional weapons.

6.33 The Effect of Gamema Radistioa From
Fallowt

The gamma radiations are penetrating and,
ag seen in the Marshallese, produce the same
type of injury produced by the initial radiation
from the conventional wespon. In the one case
radiation is deiiverad from a distant source: in
the other from essentially a plane field. In
both situations, penetrating radiation of the
entire bodyv results. Qualitatively, the results
are identical.  Quantitatively (e. g., dore-effect
relationships), there may be differences due to
tncompletely known and understood differences
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 reasons to be
wdvanced later, instrument readings of roentgen
dove measuied in air and published dore-effact

twbivs for men shouid v uwsd culy = o rough
guide m el y entimation.
enrcuntered in the fall out arwa, the fullvomng
Ggures fur tatal dene for the first 36 hour poriad,
are quated fram chairmas Mreum’ release (1).
Ton miles duwnwinsd frem the large devire fivud
at the Bikini Atoll on March 1, 1964, within the
teat site, & total dowe of 5,000 rosntgens was de-
livered over & period of 36 hours. The lnrgest
total dose delivered owtside the test site wes
2900 r for the same period at the nerth- west
end of Rongelap Atoll sbout 100 miles from
Bikini. Two other areas in Rongelsp 110 and
115 miles from Bikini received 2000 and 150 ¢
respectively. Another area, 125 miles from
Rikini received 1,000 r over the 38 bo'ir period.
Effects that may be experted for given doms
of penetrating radistion given over a few min-
utes or hours are indicated in Table 6.1 (7). It
is emphasised that such tables are derived
chiefly from animal data and thus, showld
be takem as approximations ouly. These
values vary considerably from the British
estimates (M),

Table 6.1.—Effects of Acuse Toml Body Leruadie-
tion on Humea Beings

307! No essualtiss. No reduction in

| effectivencss.

108 r . Two pereent may be casualtics

" (nausea and/or vomiting) for
short perwod of time.  No evacu-
stion contempisted. No sgnifl-
cant reduction i efostiveness.

Twentv-ive percent casualties in
a lew hours bim definite re-
duetion in effectivenems. Fifty
pereent of the casswaitios m this
group will have to be evacustad.

Al must he evacuaied ss soon as
pomuble.  Fifty percent wil he
noneflestive.

Approximately 20 percert deaths
Al need evacustion immedi-
ately. All are noneffectives.

Fifty percent desths.

lethal dowe. but not necrmmanily
for all a »xposed

150 -

20 r

300 r

450 r
Over 650 r

!
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With sagasd tothe prabivm of dess rute. thuse
= covatinlly ne difforenre m offert of s given
dum delivervd over 2 fow mrenda, o fow minutes
ar s fow horn. However, a dum delivesed over
wvernl days or wesks will be much loss effortive
far seme efforts, than will the sme 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,
wing 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 effecta, mich ax [W-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 Prom Fallowt

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

NSeveral points should he made regarding the
beta lexions from fallout radiations.  Reta le-
sionw of the skin and depilation can oevur in
the abrence of lethal dosex of yamima rays and
can he werioux.  Thus stepu 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 skin ean be prevented by
remaining witiiin suitable shelter or by wear-
g ordinary clothing. I expemure cannat be
prevented, early and complete decontamination
of the ~kin and hair would prevent or lewer the
wverity of the lesions.  Particular attention
<hotild be g1iven to the hair beenwe of the like-

1¢ %
hawr s contaminstad, snd ¥ cannst be clsansed
promptly by washing, chpping or shaving
should nat be doluyed.

63 The Nas o lnsweni Emismm Prem
Pallows

The fallowt material can be inhaled or m-
geatert and it will, of course. contaminate ex-
pomed food or water supplies. Thus, as with
beta burns the possibility of a 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-
imizing exposure. The particle sises of the
fallout material probably will exceed the opti-
mal size f.r a major inhalation hazsard. From
data on the Marshalleae exposed to fallowt, it 1s
ween that the degree of internal hazard in the
expamedd pernns was smail. This is encourng-
ing, since these prople lived in a reiatively prim-
itive state where maximum probaebility of con-
tamination of food and water sapplies exinted.
If the hazard was minimum under thome con-
ditions, it should be even less under conditions
of modern American living. With all of the
testing of nuclenr devicex in Nevada and else-
where. the level of strontium, the mest impor-
tant tiwwn product as far as internal hazard
15 concerned, is still only about 1/1000 of the
permissible bexdy burden as recommended by the
National Committee on Radiation Protection in
National Bureau of Standands Handbook 32,
for imdustrial workers (9).

The problem ~hould not be neglected, how-
ever. The effects of internally depoxited radio-
active materials may not become apparent for
many yvears 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 contaminased
foud and water shoukl be taken. (ias masks
that eficiently remove timion product particles
from the air are 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 1n the air.  Main
water, or wmp atul water will remove 3 large

r— - A e e e b,
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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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e made. However. the jrubleas sevadves; : ab
sstimation of dow recoived by the (b vbaed
prewent real practiesl dillrsiiws. (It » prab
able the! dore cstimates will be available frem
donimetry devicen or from dome conteur mes
and the position of the individual during ex-
posare. Nome of the difiruitien of reiyving
henvily on dose estimates are ochvionm. The ex-
act position of the individual and the degree of
shiekling will not be known precisely. The
dowimetry device recordns the done or a dose rate
which may not reflect accurately because of
shiekding, energy dependence of the device, etc,
the depanition of energy within the individuals
at the site of interest, namely hone marrow and
gastrointestinal . tract. More important, be-
cause of individual differencen in senmitivity,
individuals expored to the same measured done
may differ widely in their responses. Thus,
estimates of doee caleulated from dose rates or
derived from an integrating doximeter or from
position of an individual during exposure can-
not be accepted as the hest index of the probable
fate of an individual, or as the final index to
therapy, triage or prognosix.  Nince the syn-
dromes of radiation injury have varying symp-
toms and are done dependent, the symptomology
in in senwe, a personal indicator of one’s fate.
Experience with human radiation injury at
Hiroshima, Nagnsnki, with reactor and critical
asembly accidents and the fallout ac ident de-
scribed herein strongly suggest that the hest
methad for estimating the seriousness of ex-
posure at the individual level is the sympto-
matic approach. A« with any disease, an ac-
curate appratsal of the patient’s condition re-
<ults only from a thorough evaluation of the
history, physieal and laboratory examination
(vee Nection 603 helow).

642 lafluence of Geometry of Exposure on the
Effective Dose; LD, for Man

The intluence of the gronwtry of expumure on
the efective dore s disrussed 18 Chapter 1, anmd

the mumieral lerhal ddome e iz o hajtor VL

e rtped - e Sterh the 1atal dow rererved by
w W dutive s abulnted were mewared
e w nr e s reae 3 fen shove the grom s war-
foe  Re caw of the planer genmetry of ex.
pmre snt the ewergy of the for thm
wwerured o iate, the doae rate at the conter
of the bl woulki he grester then for the eme
deme rate from s high energy X .ray sourve,
measured in air ot the protimal skin serface.
The effects of fallont gunmma radiation would
thus he expected to he greater, for the same done
messured in air, than would laboratory radia-
tions,

The high initial incidence of nauses, vomiting
and diarrhea in the high-exposore Marshallese
group, and the profound neutrophile and plate-
let count depression indicated a greater effect
than might have heen expected from 173 r m
the laboratory, in keeping with the shove. A«
indicated in Chapter IV, from this value for
the iowe received, and from the degree of leuko-
cyte depremion it is pasible to estimate the dove
at which a small incidence of mortality would
have resulted without treatment. These con-
siderations woukl place the threshold for mor-
tality at approximately 225 r, and the LD, at
approximately Lu) r for fallout gamms radis-
tion. [t i< alwo clear from the above consider-
ations, that a tigure for an LI\, for man,
independent of the condition of exposure is
ewentially menningless.

The LD tigure of 354 1 is below the value of
H0 or 430 r commonly quoted (7). \ recent
re-evaluation of the Japanewe Nagasxaki and
Hiroshima bombing data has resunited in a tig-
ure well shave the #% or 430 r value for the
immedinte radiation from the bomb.  The error
in this fignire, ax well as that obtaived frigp the
Marshallese data, is very great. Hovever. the
profound hematological effects seen in the
Marshalles would argue strongly for lowering,
o at least not pasing, the current LIL et
timte~ for covil defense amd other planning, this
particulariy under cimumstaces where fallest
vhations may be expected 1o be the cheef

] . 1
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6.3 Radimien as 2 Pusc
tien of Type of Exposure, Dose
asnd Time Afoer Exposure

€51 BSecm of Superficial, Penstrating sad In-
! Radiats

Badistion injuries can be divided into thres
gomeral classes:

s. The syndromes of whole body radiation

mwhdmpmdmdbymmgm-
izing radiation, and which are doss dependent.

b. Superficial radiation burns 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 cbeerved, and a late phase in which chronic
changes or manifestations such as cancer may
be ocbeerved. 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 Pese-
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 nerc-
ous systrm rymérome (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 NS he has
vet 10 esperence the gastrointeatinal <ynd rme
(GINY, (10, 12) which when produced by dowes

*Rpuries variation.

in excoms of 1300 r s always fatal within -0
days.®® The GIS is so named becsuse of the
marked nausea, vomiting, diarrhes, snd 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 besn termed the Aemopesetic syn-
drome (HS). The HS is not necessarily fatsi.
It is the clinical picture that is seen in the
lethal range for all mammails and in general
the 1.1y valwee reported represent the LD, for
the sequela of hemopoietic depression—granu-
locytopenia and depre=sed defenses aguinst in-
fection, thrombopenia, and anemia with the pos-
sible resulting infections, diffuse purpurw, and
hypozis 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: howeves,
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 to
be observed since doees to produce this syn-
drome were well within the area of total d. -
struction. The (iIS with deaths in the 1st
week are well documented clinically and patho-
logically a8 are deaths from the HS (8, 1Ix,
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 aidd Nagnraki, deaths from radis
tionl mjury were accurting as Inte an the Tth

**There are = wa and strain varintions The 34
day deaths are sust pressient o dugs, rats rod nee
T ™y days sre wen. Hebea pigs sad
hamstrre surviee 6% daye

NGl drainn on
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wosh. This is in contrust o other mammels
where deaths frem the scute phass are wecom-
mem after the 30th day.

€335 Peshubiliey of Survivel eo Relewd
Sysapeoms

Heaon, individeals exposed in the lethel
range ( where some, 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. Thues
they may be divided inte three groups in which
survival is, respectively, improdebls, pessible,
and prededle. It will be apparent that there is
no sharp line of demarcation among the groupa.

Growp 1.—Swrvivel imprebable
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
people ; 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 follcsed by a
period of well-being. In this period of
well-being marked changes are taking place
in the hemopoietic tissues. [.ymphocytes
are profoundly depressed within hours and
remain vo for months. The neutrophile
count 18 deprewed to low levels, the degree
and time of maximum depression depeund-
ing upon the dose. Nigns 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. FExternal 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 \x wal PITRINENY

with little clinical evidenes of mjuriss ot | er
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 suervival
time can be expected to be prelonged and
if mafficiont time is provided for bome mar-
row regessration the survival rats will be
incrensed.

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 mmn* during the
3d week. (Good cbssrvations im Japam (31,
22) coafirm this contention. However, in the
sublethal range it takes much longer for the
granulocyte count and platelet count of mea
to reach minimal values, s 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 s 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 nausea 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 lvmphocytes 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-
iniately the 3th day at the time when




6.6 Relative Hazards of Beta and
Gamma Radiation From Fallout

Coxmwsn Bera Bunws 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. Thowse, who were inside, and
or completely clothed, received practically no
skin burns but received apparently the same
degree of whole body radiation. Ome might
also be expoved in the open, decontaminated
promptly and then enter a shelter because of
delay in exacuation. [Under 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 prmblem. .\ntibiotics will be regquired in
large amounts to combat the infection thet
piays a large role in morbidity and mortality
among irradiated individuala, and bloed,
plasma and other intravenous fiuids will be re-
quired to correct the shock, anemia and flwid
imbalance. These agents should be used, as in
all clinien) conditions, when clinical and labo-
ratory findings (if laboratory work is poscible)
indicate their need. Any marbed prophylsctic
value of thesr 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 greut experimental interest in poet ex-
posure therapy has been the development of
etfective 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 at 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. C(areful cleanli-
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woss shoubd be chusrved snd biand, waterseluble
iutivns may be applied. Infections should be
treatad with antibiotics a3 may be indicated

A similar situation pertaing with regard to
uwud chemical compounds such as

. EDTA® and sirconium citrate have shown coa-

siderable promise in animals both in preventing
deposition of certain of the fission products in
the bones and in accelerating their removal
following deposition. The earlier these com-
pounds are given following exposure, the more
eflective they are. ' However, as indicated above,
it in 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 bomh casualties are submitted
for consideration. \Although civil defense or-
ganizations in general have made great strides,
it in apparent that even with a well-integrated
plan some degree of chaor 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
streseed.  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 first aid, deserves care-
ful consideration. Nince nevurate prediction of
where a bomb will fall is impussible, central
civil defense orgmnization in critical target
arens should be augmented by a “cellular™ plan,
s plan of geographical units within the area
that are esentialiy seif-suficient in terms of
supplies and communications, and which can
render aid to other cells damuged by the bomb.
Thinking in terms of daniage within a target
nren adequately handled by the facilities of the
region must be replaced with consideration of
poible complete immobilization of facilities,
with resultant dependence on adjucent non-
affected regions for aid.

*af Mo At of ethviene diamine tetrascetic acid.

68 Pomadal Loag Term Rfecs

Twz Lowe Tmm effects of radiation on man
have bsen the sabject of an exhsustive survey
by panels convened by the National Academy
of Sciences (98, 27). Accordingly there is ne
need to review the subject in detail. The effects
are dose dependent. The quantitative rels-
tionship of dose to effect in man is not well
known. The following qualitative long term
effects have been cbeerved in cuo'uuh'
1) Shortening of life span
2) Increased incidence of mutations
3) Increased incidence of lenkemia and other
benign and malignant tumors
4) Cataracts
5) Cardiovascular renal diseases
8) 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
1) Impaired growth patterns in some children
Intensive study of the exposed population at
Hiroshima und Nagasaki is a continning activ-
ity of the Atomic Bomb (Casualty Commission
s 18 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 Muarshallese. All
of the phenomena enumerated above that have
been ocbeerved in unim~s nre being searched for
by the medical team, that has undertaken the
continuing care and study of the Marshallese
on behalf of the Atomic Energy (‘ommission.
Annual studies are being performed and will be
reported upon at regular intervals.

6.9 Summary and Conclusions

ArTioveH Tue FixpiNas in human beings ex-
posed to fallout radiations in the spring, 1954
Pacific tield tests cnnnot be carried over exactly
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® susisar deviees dotonnted snder different
canditions, it s pawibie to predict frem the
fndings, with reassnshis ssrereace, the chief
prebirms that will resuit frem falloet. These
are ss fellows:

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

) In addition, with large weapons, an area 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-
sidersble 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 doee received.

3) The gamma radiation is by far the most
serions 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 he
nltered Lecanse 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 a 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,
s the consideration of the effectivenems of
rather simple countermeasures in preventing
the lesions. The lesions appmrently result

W

5)

meinly frem nmterial dopusited divertly ea
the shin, akhough buta rodiation frem the
gronnd, building, or even clothes may con-
tribute to a smail dugree. Tham, shelter
within s building, covering expossd skin
areas with clothing aad early skin and hair
decontamination would go far toward pre-
venting this hasard.

Some degree of internal contamination will
occur in persons exposed to fallout. The
amounts deposited in the body, however, will
be relatively small. It appears certain that
no contribution to the acute medical picture
seen will result from this cause. It appears
also, although data are incomplete, that
little or no long-term hasard is likely to
result from this cavss, 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 be concerned principally
with total-body gamma exposure ; some with
beta irrndiation of the skin.
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