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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

» behalf of the Commission” includes any em-

y ployee or contractor of the Commission to

, the extent that such employee or contractor

; prepares, handles or distributes, or provides
access to, any information pursuant to his

1 employment or contract with the Commis-

sion.
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Introduction

Ow Manca 1, 1954, an experimental thermo-
nuclear device was exploded at the U.S. Atomic
Energy Commission's Eniwetok Proving

(rounds in the Marshal! Islands. rollowing
the detonation, unexpected changes in the wind
structure deposited radioactive materials on
inhabited atolls and on ships of Jcint Task
Force #7, which was conducting the tests.
Radiation surveys of the areas revealed injuri-
ous radiation levels; therefore, evacuation was
ordered, and was carried out as quickly as pos-
sible with the facilities available to the Task
Force.
Although the calculated accumulated doses to

the exposed human beings were believed to be
well below levels that would produce serious
injury or any mortality, the (‘commander of the
Task Force requested the Department of De-
fense and the U. S. Atomic Energy Commis-
sion to organize a medical team tu 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-
mediately available from the Naval Medical Re-

search Institute and the U.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 General.

A team was organized from. personnel of the
two Navylaboratories 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 J-'ands,

arriving on the eighth day after the explosion.

Interim care and study had been capably
handied by the smal! medical department of the
U.S. Naval Station, Kwajalein, Marshall Is-

lands The commander of the ravalstation had
arranged living facilities for the exposed Mar-
shallese, and installed laboratory and clinical
facilities as requested immediately upon arrival
of the medical team.

- Full cooperation and support from all agen-
cies in the field enabled the medical team to
operate at maximum efficiency, so that the de-

gree of radiation injury could be assessed
quickly, and appropriate care and study of the
injured could be instituted without delay. All
of the exposed individuals have recovered from
the immediate effects without serious sequelae.
Nevertheless it is planned to evaluate the
medical and genetic status of the group at ap-
propriate intervals with a view to learning

what if any of the known late effects of radia-
tion exposure may be observed. Obviously and

indeed fortunately the number of persons re-
ceiving 75 roentgens exposure and greater is

too small to make it possible to determine with
any degree of accuracy the effect on life span.

In addition to providing medical care for
these persons, the teain 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 original investigation.

The results of this work are summarized in

the present volume. The data which were ob-
tained substantially increase the fundamental

knowledge of radiation tnjury and the medical
capability of caring for persons exposed to

large doses of radiation.

Cirakves F. Dunuaw. M.D. Director,

Division of Biology and Medicine,

U.S. Atomic Energy Commission.
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Preface and Acknowledgments

Tre UV xoewrangine of the care and study of the
human beings accidentally exposed to fallout
radiation following the March 1, [954, nuclear
text 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 dove 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, MC, USN, Pacific Fleet Medical Offi-

cer,* promised full support of ull 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-
quately handled in the iield.

The personnel for the team were obtained
within the continental Jimits of the United

States from the Naval Medical Research In-
stitute and the United States Naval Radiologi-
cal Defense Laboratory. From the former, four

medical officers, EF. P. Cronkite, R. A. Conard,
N. R. Shulman, and R. S. Farr were obtained.

Two Medical Service Corps. officers, W. H.

Chapman and Robert Sharp, were also ob-

tained from the same institution. In addition,
six enlisted men, C. R. Sipe, HMC. USN: P.

KR. Schork,HMCLUSN SC BP. AL Strome, HMC,

USN; WC. Clutter, HIM. 1 C; RoE. Hansell,

*Now Surgeon General, ( S&S. 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 Laboratory, one civilian
physician, Doctor V. P. Bond; one medical
service corps officer, 14. 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
Energy Commission, sent two civilian physi-
cians, Dr. C. 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, La. Col. L. E. Browning, MC, USA.
All personnel were experienced in the study
of radiation injury.
The preliminary studies performed by the

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

Upon arrival of the medical team, it became
quite evident that, because of the large numbers
of radiation 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,
hematological surveys and establishment of
clinical records on each individual were empha-
sized. Dr. V. P. Bond organized and ana-

lyzed the results of the daily blond studies. Le.
N. R. Shulman, MC, USN, with the capable

assistance of Mr. John Tobin, anthropologist of

the Trust Territory, and Kathleen Emil, Mar-

shallese nurse, as interpreters. undertook the

establishment of medical histories and initial

physical examinations. .As the clinical picture
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PREFACE AND ACKNOWLEDGMENTS Vv

anfolded, daily sick call and care of the radia-
trom lanomes were carried out by Doctor Shul-
tue aha ines deckied in general conference

of the entire group. When epilation and skin
lewons appeared, Commander R.A. Conard,

MCUSN, was assigned primary responsibility
for documentation of the onset, incidence, and

detailed description of the skin lesions. During
the fiekd phase, Lt. Robert Sharp, MSC, USN,

was given the responsibility for decontamina-
tion and collection of data from all sources on
the radiation imtensities of the contaminated
atolls and the calculation of probable doves of
radiation received. Paul K. Schork, HMC,
USN, was in charge of the Hematology Labora-
tory. The services of Doctor 8S. H. Cohn were
requested, and made available by USNRDIto
undertake a field study of the degree of intern:|

contamination, in addition to the studies that
were to be performed on urine samples returned
to the Fos Alamos Scientific Laboratory, New

York Operations Office of the Atomic Energy
Comnniission, and the USNRDIL

The authors wish to express their gratitude
and indebtedness in particular to Dector John
(. Bugher, then Director of the Division of

Biology and Medicine, Atomic Energy Com-
mission, who came to the forward area and was
always available for counsel. In addition Cap-
tain Van Tipton, MC, USN, Director of Atomic
Defense Division of the Bureau of Medicine
and Surgery. Departnent of the Navy: Com-

mander Harry Etter, MC,USN: Captain W. E,
Kellum, MC.USN : and Captain T. L. Willmon,
Commanding and Executive Officers respec:
tively of the Naval Medical Research Insti-

tute: Captain R.A. Hinners, USN, Director

USNRDL. and Captain A. R. Behnke, MC,
PSN, Associate Director NRDIL: gave uolim-
ited support und reduced administrative pro-

cedures toa bare minimum, thus making it pos-
sible for the unit to be assembled and underway
ina matter of hours.

Upon arrival at Kwajalein, Rear Admiral]
R.S. Clarke. USN, Commanding Officer United
States Naval Station, Kwajalein, supported the
project with all of the facilities at his disposal.
Asa oresult. a laboratory and clinic was estab.

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

In ackditvon. we wish to acknew ledge the out-

standing contributions of Col. C. 8. Maupin,
MCLUSA, Field Conuaand Armed Forces Spe-
cial Weapons Project: Captain H. H. Haight,
MC, USN, Division of Military Application,
Atomic Energy Commission: Dr. Gordon Dun-
ning, Division of Hiology and Medicine, Atomic

Energy Commission: 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 furnished this ma-
terin] tothe project personnel. Drs. T. L. Ship-
man, Thomas White,* and Payne Harris of the

Los Alamos Scientific Laboratory kindly fur-
nished very valuable data on urinary excretion
of radionuclides. The early studies of the Los
Alamosa group in particular contributed sig-
nificantly to the information on the degree and
nature of internal deposition of short lived
radionuclides. Dr. (7. V. LeRoy, Associate

Dean, School of Biological Sciences, University
of Clucago. participated in the early phase of
the study asa consultant to the Medical Grroup.
The authors of Chapter I are particularly in-

debted to Dr. C. 8. Cook and the Nuclear Radia-
tion Branch at the Navy Radiological Defense
laboratory for information on energy distri-
bution of the gamma radiation. Data on radio-
chemical and radioactive decay rates were sup-
plied by Dr. C.F. Miller and the Chemical

Technology Division of USNRDDLand Dr. R.
W. Spetse of Los Alamos scientific Laboratory.

In colle ting data on the skin Jesions, the
help of Billet Edmond, Marshallese school
tencher for the Rongelap group in interpreta-
tion was invaluable. Misa Patricia Roan of
USNRDL prepared the histologic prepara-
tions of the skin biopsies and Mr. William Mur-
ray and (Creorge Needum of USNRDEL and

(. P. A. Strome. HMC, USN, Naval Mextical

Research Institute) performed the excellent
color photography.

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

* Dewaned.
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vi PREVACK AND aCKNOWLEDGMERTS

denen of USNRDL, whe prencred the autarn-
liographs of the traues. In addition, Dr. W. P.

Nacrm of Argonne Nat‘onal Laboratory made
autographe of specific tissues, Dr. Rachael
Reed of USNRperformed the microscopic
pathological studies of the tissues from the ani-
mals in whom radioisotopes were deposited in-
ternally. [4. Col. R. J. Veenstra, VC, U.S.

Army, was in charge of the care of all the ex-
perimental animals collected in the field and re-
turned to the United States Naval Radiological
Defense Laboratory. Dr. FE. R. Thompkins
made the facilities of the chemical technology
division of the USNRDLavailable 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 ?seaass, District Administrator of
Majuro Atoll and their aid in obtaining the
necessary control data on Marshallese inhabt-
tants was indispensable to the success of this
study. Particular help was obtained from Mr.
John Tobin, the district anthropologist, whose
knowledge of the Marshallese Janguage and

habits, in addition to services as an interpreter,
were invaluable.

The initial measurements on skin and cloth-
ing contamination were made by [a. J. 8.
Thompson, MC. USN. of V. P. 29 Squadron.
We are indebted to him for furnishing his rec-

ords on the contaminated individuals 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 people 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
nurses.

It in ouite impunnible to acknowlaige the
wemtance of the numerous individuals in vari-

ous agencies who assisted in collect on of «lata
and eliting of the various chapters The Pro-
ject Officer wishes to commend all of the pro-
femional and technical members of the group

for their excellent motivation, initiative, and
voluntary long hours of extra work that were
eswential for the accomplishment of the clinical
and research objectives and the rapid collection
of the preliminary data in the tield. It 1s
quite evident that the entire study of the ex-
posed individuals was a cooperative endeavor
involving numerousactivities, and that it would
have been impossible except for the splendid
spirit of unselfish cooperation by all concerned.
The fine team work of the group itself made
it possible for realistic daily reports on all of
the above phases to be forwarded daily to re-
sponsible agencies and thus keep authorities

informed of the course and severity of events
following this untoward and unavoidable aceci-
dent.
Upon completion of the initial phase of the

study, primary responsibility for writing re-
ports on the variouse plinses was delegated as
follows: C. A. Sondhaus, dosimetry: N. R.
Shulman, clinical Course and care: Ro A. Con-

ard, skin lesions: Vo?) Bond, hematology: S.
H. Cohn, internal de position.

The tinal publication of this monograph on
human radiation injury represents ‘the comple-
tien 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 distinct privi-

lege to be chosen to direct the medical team,
areal pleasure to edit and integrate the sepa-
rnte reports and finally realize their fruition

as a homogeneous monograph.

FE. PP. Cronxite, M.D.
Medica] Department.
Brookhaven National Laboratory,
[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. Sonpaars

Roegrt Sarr, Lt. (jg) MSC CSN

V. P. Boxp, M. ©, Oh. D.

E. P. Cronwarrs, «‘dr. (MC
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1.1 Naeure of the Event and Description of the Exposed Groups

Fiasewine Tee Derosiries of a nuclear cde-
vive at the Pacitie Proving grand in the Snes

of 1934, ~agmnifieant amounts of radteactive ma
teral fell on neighboring populated atelk.
The Marshallese inhabitants of Rongelap atoll
(desigmated as Croup Pp received the highest
calculated daw of radiation. Some of the
Rongelap people were lorated temporanly on
Ailinginae atoll from the time of the fallout
until they were evacuated (Crroup ID). Their
calculated dose was smaller than that of the
other members of the parent group. The
American service men (Group ELT) were lo-
cated on Rongerik atoll. The largest groupof

Marshallese (Giroup IV) were Jocated on Utirik
atoll and received the smallest dose. The Mar-
shalleve 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 significance of the fallout than
were the Marshallese, and promptly put on ad-

ditional clothing to protect their skin. As far

ax duties woukd permit, they remarned inside of
tombeatesgppemosers beter bree.

Marshallee remained cut of clos and thin
were more heavily contaniunated by the ma

terial falling on the atallx, Same of the
Marshallese, however, went seimming sturing
the fallout and many of the children adel in
the water. thas washing a considerable amwunt

of the material from their skin.
The exposed personnel were evacuated to

Kwajalein by air and surface transportation.
Since a survey of all individuals showed that
there was significant contamination of skin, hair

and clothes, prompt decontamination was in-
stituted.
aml repeated washings of the skin and hair
with fresh water and soap were carned out. In
manyof the Marshallexe, it was diffcult to wash
the radioactive material from the hair because

of the heavy coconut-oil hair dressing.

The exposure groups with individuals in-
volved, the calculated donen of radiation, the

probable times of beginning of the fatiout and
the evacuation times are given in Table 1.1.

-

Table !.1—Exposed, and Control Usexposed Groups
 

hore D Toma ADpOTTEQaave 45) N

mn meee sidney SemanaoF

Group T — Rongelap 4 Ho + 4tof

hrs.

firoup [I — Ailinginae 18 H + 4to6

hrs.

Group IIT — Rongenk 2 H + 68he.

Group [V.— Utirik 157 H + 22he

Marshallese, Control w7

(Group A

Americans, Control Kwa 105

jalein- American 

Rest Fert

txevarwant Reames UR
Ties of Evactanwox< Csep is Dowe t aurt. (hemes

Lathise Tease 1s
AM (fi

Ho + Shree [K peoples 375 mrum.H + 7 ITS

H - Sthrm 4% people) days
H - 5 hes. 100 mr br. H + 9 64

(fave

H+ She (8 men) 2) mr hres. H + 9 78
H + 34 bre. (20 men) days

Started at Ho + 55 he. “ mrhbre.. HA la

Completed at H - 7Rhra dav«

 

Total Rapowed 267) Total Controls 222
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EFYRCTS OF IONIZING RADIATION
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EVENT AND DESCRIPTION OF EXPOSED G@OUPA §

1.2 Whole Body Gamma Doses

Tus Fenwaven Vans a of external done given
in Table 1.1 were calculated from readings of

eadistion Aichi siives mmrumenta” Averages

of a number of cone rate measurements on each

idand at a given time were usei. The read.
ings were taken in air, approximately three
feet above ground, several days after the inhab-

carried out, ner was its operating condiven

known to be satsfactory under (he emerrency
condition prevaiting at the time of une For
these reasons the later reading. ehich wove
higher than the early survey by an average of
a) percent when corrected to the same times,
were uned in computing the desws luted. The
Mot ruments used for the later messurements
were calibrated just priog to the surveys.
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tants were evacuated. Before this time, ade-
quate surveys with well calibrated instruments

had not been possible, although readings had
been taken with a single survey meter at the

tine of evacuation. However, preliminary

calbration of this austrament diad not) been
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1.21 Characteristics of the Gamma Radiation

The fallout material, when deposited on the

ground, formed a large planar source of radia:

tion, The energy distribution of the radiation

reaching an exposed imadividanal was infnencedl
by its passage through the intervening air, A

knowledge of the energy spectrum of the ra-
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6 EPFECTS OF [UONIZING RADIATION

diation ax it emanated from the material itself

made preible an approximate calculation of
the weresrticcs ob ienmd dee clelivered in exch
of weveral energy regions. Such a calculation.
mung spectrometric data on the source material
of mixed fireson products ailtaking inte ac:

count thin energy degradation by Compton wat-
tering along the path in air, (1) led to the
dose-eneryy histogram shown in Figure Lz.
Roughly there were three regions, with max-

Imnat 100, 70 and La REV. The total ex-

posure was thus the resultant effect of partial
(loses from each energy region, making the ex-
posure energy condition significantly different
from those of radiation therapy or experimental

radiobiology.
The data in Figare (2 are based on the spec-

trum of 4 diay old tission products from a fall-
out sample. dn the absence of other data, this

was taken as representative of the fallout on
all of the islands to which the individuals were
exposed. An energy correction factor for the

radiation mensuring instrument was calculated
by weighting the dose from each energy inter-

val by ano avernge meter response factor for
that energy (2). A geometry correction factor

was also calculated. The total correction result-
Ing from this procedure was found to be about
twenty percent.

Using this correction, the dose rates on the
ishinds at the time of survey were determined.
Since radioactive decay of the fission products

had occurred between the start of the exposure
whi this time, it Was necessary to obtain a value
for this decay rate during the exposure period
in order to calculate a total dose in each case.
A large number of radioisotopes are present in
Varying proportions tn the fission product mix:
ture, and the total rate of change of radiation
intensity resulting from them may differ some-
what with place and time. The best data avail

wble in this case came from fallout: samples

tuken soon after the detonation at points some

Decay

rates Of these saneples were measured in the

distance from the contaminated atolls.

field wncoin the luboratery, and a fairly con-
sistent pattem: Was observed amiene various lo-

cations and sampies. In addition, theoretical

considerations haamb an the radsocheoniicat «ames

pemition of the fallout mizture permitted |ceay
rates to be calculated for different snterva.s be-
tween the time of initial etpesure and later sur-
vey readings (4). These agree well with the
experimental data, and were used both in the
daw calculations during the exposure intervals
and in extrapolating the later survey readings

to earlier times.

1.22 Duration of the Exposures

The time of evacuation is known accurately
for all the islands: however, the time of arrival

of the radioactive clond was determined pre-
cisely only for Rongerik by means of a continu.
ousty recording dese rate monitor located at the

wenther station on that atoll, As the radiation
Intensity rose above the background, a material
with aomisty appearance began to fall. The

trines 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 detonation and the known wind velocities.
Fallout was not observed on Utirik. hence the
extimate of arrival time was made on the basis
of wind velocity and distance.

Two extreme possibilities exist relative to the
duration of the fallouts: the first. that the fall-
out occurred entirely withing a short tame; the

second, that it was gradual and extended over a
longer period, “The monitoring instrument on
Rongenk went off scale at looome hr, one-half

hour after the dose rate began to rise above
background. Df this rate of increase ts taken as

constant, and is extrapolated te a point for
Whieh sobsequent decay would reduce the dose

rate to the values found at later times. the as-
sumption of along fallout of about 16 hours is

found to be necessary, This slow rate of fall
and late maxim time of dose rate was one

Tamtinge conse: however this stcuation was net
considered Likely. Fixistinge data are meonelu-
sve, bat several indications favor oa) shorter

“effective fallout tine hypothesisand are sum
tarized below.
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EVENT AND DESCRIPTION OF EXPOSED GSOUPR

a. The estimated durations of fallout which

jewuli from the aiove extrapelation of inital

fallout rate for Group | and [IP appear ton

long to have occurred at the clistances of

these people from the shot island, since the

wind velocity in the area was high enough

to move the cloud over the islands ina
considerably shorter time, as little as one-

half of the above indicated time.

b. The accounts of the visibibty of the fallouts,

although conflicting, do not indicate such

late cessation.

c. Doses calculated on a long fallout constant
rate of increase hypothesis ate lower than
those due to a short fallout, since a short
fallout quickly deposits a large amaqunt of
activity. For both a 16 hour and & hour
faliout assumption, a dose value was esti-
mated. The ranges are then as follows:

Table 1.2

 

Dee IN

Location Fattoor Time

tar Mar

Rongelap (Group |) Sur 200 5

Ailinginae (Group [ID 120 “2 r

Rongenk (Group TED Toe 16 r

Vtink (Group PV) i2r lar   
On Rongerik (Group TTP) a set of film badge
readings were obtamed which constitute the
only direct evidence of total dose. Several
badges worn both outdoors and imside lightly
constructed buildings on the island read

about 50 to 65 nr. and one badge which re-
mained outdoors over the 28 5 hour period

read 98 ro Another group of badges, kept
Indoors inside a steel refrigerator. resd 38 r
These dose values represent a variety of
conditions, but. considermg the shielding

and attenuation factors. are consistent with

the assumption that the dose outside during
the firms 28 5 hours after the begining of
the fallout corresponded to about 2 hours

of constant fallout

-

é

d. For Uturrk etalt Conc TY nts a imdpent

time of about 12 hours of lean i consemtent

with the later dose rates observed. provided

the fallout actually began ea late an was
estimated from wind and distance factors

eA long fallout probably would not be un-
formly heavy throughout. the first: portion
being the most intense and the balance de-

creasing with time. The total phenomenon
would thus tend toward the effect of a
shorter fallout. This is supported by moni-
tor date from other nuclear events, where
initially 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 still detectable as dust, may then
produce only a small fraction of the total
dose from material on the ground, Hence
the total dose mav be estimated fairly ac-
curately by assuming a conatant fallout to
have been complete ino a much shorter
“effective” time.

The dose values given in ‘Table 1.1, based on
films badge, meter and monitor data, are con-

sistent with a constant fallout: hypothesis of
about [2 haurs effective time.” One exception

istuade: the dose values for Crroup PL are about
vo percent of the 12 hour fallout value, averaged

for 2Sand Ob hour exposures. This was felt
to express most accurately the average wir dose

received by personnel who spent roughly half
their time inside structures where the dose rate
was hater found to be roughly half that) out.

doors. On the other shins such shielding: was

not available,

Figure i.3. cUustrates the cumulation of

radiation dose asa function of time after deto-

nation, “Phe dose rate cared continuously.
The nuager portion of redintion was received at
the higher dose rate prevailing in the early por-

Hionof the exposure period. By the time that

"Tossa Eo bers ae tuatis resatts om values Whe hh are

Poacher than theese of Vatie Pdota ote dor. Table 21

boston thee vaplepe= cqade tgtaatesd Yeefese ail spe trim ctielay

Wiese vaaidabele  Foeertarrty be tll the amfecctisa tions ys

wreceter Phere Chas bi fPerete ee owt be re teegtios fond
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8 EFFECTS OF DONTYTIWG RADELATION

9) percent of the dose had been received. the

dose rate had fallen w lens than 40 percent of
St> initia! value. Tham tne cop rate ale dif-

fered frem the usual constant rate in the

laberatory.

the done at the center of the body is approsi-
mately 3) perceet higher than ‘would rasuit
from a given air dose with narres beaa. geom-
etry. Figure 1.4 illustrates the depth dose
curve from an experimental mtuation using
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Frotec 1ib—T7he accumulation of gemma dose as ae function of time after

commcacement of fellout on Rongclap atoil.

1.23 Geometry of the Exposure

In addition to the dose rate and energy dif-
ferences the peometry of the exposure to fall-
out radiation is signiticantly different from the
usual Jaboratory sources. Since fallout radia-
tion is delivered from a planar source the usual

narrow beam geometry is not applicable, In
such a diffuse 360° tield, the decrease of dose

with depth in tissue is less pronounced than
that resulting from « bilateral exposure to an
X-ray beam because falloff from inv ye square

is in effect neutralized. For the sani energy,

spherically rented Co” sources with a phan-
tom placed at their center, compared with a
conventional bilateral depth dose curve ob-
tained with a single source (4). In the latter

case, the air dose is usually measured at the

point subsequently occupied by the center of
the proximal surface of the patient or animal
with respect to the source. For the held case,
all surfaces are “proximal,” in the sense that
the nir dose measured anywhere in the space

subsequently occupied by the individual is the
same. Lt is this atr dose which ts measured

by a field instrument: it dues not bear the same
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EVENT AND DESCRIPTION OF EXPORED GROUTS 9

relationship to the surface dese and depth dose
as dees the air dese mansnred in 0 “yest? esr”

source” beam air dems with comparable bes-
liga eReri are contained:

 

 

  
 

 

   
 

 

 

      

 

     

beam in the chmic or laboratory. It would Rongelap, (irewp I... __.- yor

appear wader these circumstances aad in most Ailinginae, Group IT... baer
experimental conditions that the midline dow, Rongenk, (iroup II]... -- iw er

rather than dose measured in air, would be the Utink, Groep IV. 22-2 -_- wr
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DEPTH DOSE DISTRIBUTION IN CYLINDRICAL PHANTOM, CO"FACILITY, (NMR!)
Fietas |.4—Comperison of drpta dose curves in maamite phantoms from

bilateral exposure to a single point source, and aimultancuns erposure to

malitiple sources with a ephcricel dietndution eround the phantom.

better common parameter in terms of which to

predict biological effect. On this assumption,
the wir dose values stated in Table 1.1 should be
multiphed by approximately 1.5 in order to

compare their etfects to those of a given air
dow from a “point source” beam geometry de-

livered bilaterally. If this is done, awsuming

a fallout of 12 houry, the following “point

381712 0-562

The geometry of radiation from a fallout field
is not identical either to the geometry of bi-
lateral point sources or spherically distributed
sources since the plane source delivers the radia-

tion largely at a yrazing angle. However, the

total field situation is better approximated by

solid than by plane geometry. Exponure geos-

etry in a radioactive cloud would be sphenvcal.
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1.3 Snperfieist Doses of Radiation
From Beta and Soft Gamma
Rediaci

Teens Can Ke no doubt that the doses of radia-
tion to the surface and the first few millimeters
of the buiy were substantially higher than the

mid-line dose of gamma radiation as a result of
physical considerations of gamma energy and
depth dose. In addition, the clinical observs-
tions of the skin lesions (see Chap. TEI) 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
presented are at best only estimates and repre-
sent an approximation of some minimal value.
In areas 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 dowe, an attempt must be made to add up
the contributions of the high energy gamma.
the very soft gemma, and the higher energy beta
radiation from the large planar source in which
the individuals were of necessity existing.
However, ax alluded to above and emphasized
in Chapter ITT, 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 Impawsible to estimate: however, that from
the large planar source may be roughly esti-

tiated as follows:

The beta dose rate in air 3 feet above the
surface of an infinite plane contaminated with

mized 24 hour old fission products is estimated
to be about three times the total air gana dose.

The mid-line gamma dose is approximately 60
percent of the air dose remaining after exclud-

ing that portion of the dose below so KV.

This portion in turn is estimated to be 40 per-

cent of the gamma dose measured in air by the

Instrument. Thus the dow at the surface of a

Phantom expowed to mised fission product

midiation from an external plane source night

ban wrervenrtent te bee R1AR) 1A moe mhweet Mf tomeme

the midline dow, if both are taken at 3 feet of
the ground. Such a depth dose measurement
has in fact been made experimentally at a previ-
oun tent, using a phantom man exponed to beth
the initial and residual radiation (5). The
depth dones for each situation are shown in
Figure 1.5, with all data as percent of the 5 centi-
meter done. With the diverging initial radia-
tion from the point of explosion, the exit dose
was seen to be 63 percent of the 3 cm. dose, bat
with the diffuse residual field of fission products
providing a semi-infinite planar source, # sur-
face dose some 8 times greater than the 4.cm. and
deeper dose from the harder gamma components
was obeerved. 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 8) times the

midline dose, even in contact with the ground.
An estimate of skin dose due to ground contam!-
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 :4}0 rep at the head if continuous ew
posure with no shielding occurred. Unknown
variation in dose undoubtedly resulted from
shielding and movement. It thus seems prob-
able that 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 douse from
the ground by 10 to 20 percent.

1.4 Summary

Raptation Doses from ganima rays originating

externally were caleulated for the 267 individu-

alx who were accidentally expaned to fallout

following the nuclear detonation at the Pacihe

Proving (rround in the Spring of 144. The

dee exfimations were inade using information

resulting from rasholagicnal safety surveys on
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DEPTH W (CM)
Fiat ee 1.5—Compariagon of depth doa curren ina masonite phantom man,

af the mnifial atomic bomb namma radiation and of gamma radiliona from

a planer fleldiaf fnew pradacta depuated on anil affer an ceperimental

naclear dctonation.

the atolls, and spectrometric and radiochemical
(lata, “Phe actual dunition of the radioactive

fallowt= was not known, and the values for

length of exponure were subject to uncertainties

tn the (ines at which the fattouts began. A

range of posetble whole body yanina dose

was calculated. and the values considered to be

ines prodeble are presented [ifuse geometry

from the semi-intinite planar source wax be-
heved to inerease the tiolegieal effect of the

whole body douse expressed as an ate dose, con:

pared in the geometry of the usnal XN roy ex
pemure. Seft yamia and beta radiation from
fullout on the yround and esgecudly on the

adorn ttseld ff resedted ina saperty iad come which

wits drageh etrentagels tee crete Leen, Cece epammnga-
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Chapter II

Clinical Observations and Treatment

N. R. Suutman, Lt. (MC) USN.

FE. P. Caonxire, Cdr. (MC) USN.

V. P. Bown, M. D., Ph. D.

(. L. Dunnam, M.D.

R. A. Conarp, Cdr. (MC) USN.
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Ween Tee Param groups were tirt wen at
Kwajslem after everustien from their native
atalla, the amount of radiation they had re-
corved was nat known with certainty. It wes
known, however, fram instrument readings
taben at the sites of the fallowt and from nemi-
tering all individuala, that a significant amee::t
of peactrating irradiation to the entire body
had bern received and that extensive contamins-
tren of the skin and posible internal deposi-
tren of radinactive materials had ocrurred. The
nature of the irradiating material and the cir-
commfances of exposere prevented a precise
evaization of dmage (sre introduction). Even
if the preciss dose had been known it would
not have been possible to predict the biological
effects since the quantitative response of man
snot known. Accordingly, a complete medica!
history and physical examination was obtained
«om each individual and numerous follow-up
examinations were carmed out. In additiun,
routine sck-call was held twice daily and in-
spetion of the shun of all individuals was made
at frequent intervals, Medical care was avail-
able at all times. Hanpital facilities were avail-
able at the Kwajalein Naval Dispensary. and
support by the more extensive medical facilities
of the U.S. Pacitic Fleet had been promixed
f needed.

From dearriptions of the amount of fallout
material and from radivectivity measurements,
it was apparent that Giroup f ¢ Rongelap) had
received the highest dewes of radiation, Giroup

Tf (Ailinginae) and Ciroup TE ( Americans)
an intermediate amount and Giroup LV ( Utirik)
the least. From physical dosimetry it was later
estimated that Giroup | had received approxi-
mately 175 r of gamma radiation: Giroup U1,
69 or: Group TLL, 1 6: and Group IV. 14 r.
The most serious clinical and laboratory mani-
featations of irradiation appeared in Group I
and I]. The only abnormalities that could be
attributed with certainty to irradiation were

shin tenons, eprintinn, granulurytnprnss sad
thrambersinpenie. The shin enone were tent
cteerved between the ith and 1th pret-cape
sure days, Therur irons were mont provelent
in Ciroupe | and [0 but were prearnt to 2 slight
extent in Groep LIT. Details of the shm symp-
toms and fences aad their treatment are re
ported in Chapter 3. Details of hematolagr
studive are prevented in Chapter [V. (irane-
keytopenia and thromborytopenia of marbed
degree developed in many individualsofGirnup=
I and I] and was of sufficient severity to war-
rant sericus consideration of prophylectir and
therapeutic measures for potential sequelae of
these cellular defirienries.

In view of the conflicting opinions show the
value of prophylactic amd therapeutic meresures

such as antibiatics and «hole blumd transfeionn
in the treatment of radiation dimpase (1-5), 1t

wan decided that therapy would be insiteted
only as indicated clinically for specifir condi-
tions as they arune. In order to determine the
effect of the internal depauthm of radiwertive
material on the course of the externally induced
radiation injury, it was necewary to determine
the degree of internal radioactive contamima-
tien. Pletails of the measurement of internal
depmution of radionuclides are considered in
Chapter V. It is sufficient to state here that the
contribution from the internally deposited

radhonuclides to the total acute dow was
neignitieant.

2.2 Symptoms and Signs Related to

Radiation Injury

Sevraat Svsprows Tat developed dunng the
fire two days coukl be attnbuted to radiation.
There symptums were aworiated with the skin
and the gastromtestinal tract.

ftching and burning of the skin oceurred 1...
2 pervent of Group | ( Rongelap), 2) percent

15
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16 EFFECTS OF IONIZING RADIATION

of Grewen TE Qilnemar). 5 jeseent of Geoap

12) (Amenecans). and none of Ciroup IV
(Utirik>. Three peaple in Gireup PE and one
in Giresp Hi comphsined of itching and burning
of the eves and lacrimation. There initial skin
and eye symptoms were mort likely due to ir-
radiation since all individuals who experienced
the initin| symptoms later developed unques-

tioned radiation induced skin lesions (epilation
and conjunctivitis). (See Chapter TIT.)

Furthermore the initial symptomatology in
thene people was similar to that reported in in-
stances of accidental laboratory overexposure
to radiation, described in Chapter HII. It is
possible, however, that chemical irritation by

the fallout material, which was predominantly

highly alkaline calctum oxide, may have ac-
centuated the initial symptonis.

About two-thirds of Group [ were nauseated
during the tirst 2 days and one-tenth vomited
and had diarrhea. One individual in Grroup
1] was nauseated. In Groups PPP and £V there
were no gastrointestinal (G2) svmptoms. The

information concerning symptoms was obtained
by questioning through an interpreter by sev-
eral individuals. Despite the repeated interro-
gations and the inevitable suggestions of the

interrogators, the stories remained consistent.
AIL GD symptoms subsided by the third day
without therapy and there was no recurrence.

The presence, severity, and duration of nan-
sea, Vomiting, and diurrhesa are known to bear

a direct relationship to degree of exposure and
probability of the recovery (1. 2.6). and it is
of note that the incidence of these =viiptoms
was correlated with the dose received and that

there were no pastromtestinal symptoms in
Ciroup EV. the largest group, which received
only lr. GE symptomatology may have been
tlie to direct injury of the GE tract as observed

in aunimals after whole body irradiation (7, 8)

orotnay have been non-specitic as is observed

following therapeutic radiation,

Various other clinical conditions, which were

encountered during the course of observation

of the exposed groups were not the results of

radiation exposure, ‘Vhe meidence und type of

disease seen, discweed below, were similar in
all espemure groupe and in nesexpomed indt-
vicduals.

2.3 Clinical Observation and Therapy

With Respect to Hematological

Findings

2.31 Clinical Observations and Leukocyre Couns

Berwren Tue 38rd and 43rd post-exposure
days, 10 percent of the individuals in Group I
had an absolute granulocyte level of 1000 per
ctthic millimeter or below. The lowest count ob-
served during ¢his period was 700 granulocytes/
mim.* During this interval the advisability of
giving prophylactic antibiotic therapy to
granulocytopenic individuals was carefully con-
sidered. However, prophylactic antibtotic
therapy was not instituted for the following
reasons:

(1) All individuals were under continuous

medical observation so that infection would be

discovered in its earliest stagew.

(2) Premature administration of antibiotics

might have obscured medical indications for
treatment, and might also have lead to the de-
velopment of drug resistant organisms in in-
dividuals with a Jowered resistance to infec-

tion,

(3) There was no accurate knowledge of the

number of granulocytes required byman to pre-
vent infection with this type of granulocyto-
penia.

The observed situation was not strictly com-
parable to agranulocytosis with an aplastic

arrow as seen following known lethal doses of
radiation. In the latter instance. granulocytes
fall rapidly with practically none in cireula-
tion and no evidence of granulocyte regenera-
tion when infection occurs (6). In the pres-

ent group of individuals exposed to radiation,
mest counts reached approximately one-fourth
the normal value, but the fatl to that level was
gradual and the presence of immature granu-
loeytes in the peripheral blood during the pe-

 



 

CLINICAL OQBERVATIONG ABD TRRATMENT ;

tical ofgramuinrrvtapenia was indicative of sane

granulocyte regeneration.
White counts were repeated at 3 to 4 day in-

tervals om ail of the exponed individuals and
more frequently on the with the lowest counts.
Individuals with svmptonm or elevated tem-
peratures were treated only after an attempt to
eatablinh a diagnosin was made, even if a pe-
ried of observation was necewary. During the
observation pertod, the patients were examined
at frequent intervals and the temperatures
checked every few hours,

Twenty-seven individuals had total leukocyte
counts of 4000 or below or absolute neutrophile
counts of 2500 or less at some time during the
period of observation. Of thesr 27, 15 de-
veloped symptoms of disease that required
evaluation for possible 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:

Fight neutropenic individuals had symtoms
of upper vespiratory infection (URI) char-
acterized by malaise. sore throat, nasal dis-
charge. and temperatures bet ween 1) and 114°

F. The temperatures returned to normal
within 24 hours. Since the response of this
group to URE appeared identical with that of
other individuals with URE without neutro-

penia. no special therapy was given.

Two individuals developed) symptoms of
marked talaise, headache. abdominal pain,
nuisen and diarrhea. Doth were children, one
nye 1, the other age 2. In both instances, the

symptoms were out of proportion to the plysi-
cal findings, which were negative except for

evidence of heed cotds and pharyngeal injec-
tion, The ¢-vear old child had an oral tempern-
ture of 10.6" F. when first seen and 4 hours

later, it was 14° FE.) The two-year ald child
had an initial axillary temperature of 1O1.8° F.
which rose to 1O4.5° Flin 4 hours. Both were
given S00.000 nnits of procaine penicillin intra-

musculariy when the sharp rise in temperature
occurred, and both were afebrile the following

day. Asecond mnjyection of penicillin was given
at this time, and therapy was discontinued. In
spite of the fuct that the neutrophiles remained

-
4

depresad in hoth cases long after the fever had
pamed. both rndividuals recovered and had no

further lines. In Figure 2.1 the leukocyte and
platelet counts of the Z-vear old patie und the
time of the orcurrenve of the febrile lines are
illustrated.

AU one-vear-okd boy had had symptoms of
mild upper respiratory infection for several
lays aud was brought to the clinic when be
developed a hacking cough. When he was seen,

his axillary temperature was 100.8° FL He
had signs of URI, there was pharyngeal injee-
tion, and numerous coarse rhonchi were heard
throughout the chest. A diagnosis of upper
respiratory infection with associated bronchi-
tis was made and the child was given a single

intramuscular injection of 200000 units pro-
came penicillin. On the following day his tem-
perature was 8° F., no rales er rhonchi were

heurd, and he recovered without further
treatment.

A 30-year-old man came to the clinic com-
piaining of weaknem, nervousness, mild xb-

dominal pain and shooting pam in the upper
anterior chest bilateraliy of several hours dura-
tion, He appeared moderately dl, his temper-
ature was 10.6° F.. and the only positive physi-
cal fituling Was moderate tenagerness in the eight

upper quadrant of the abdomen. Within a

10-hour pertad the temperature rose to 101.6°

F.. following which it fell gradually to nor-
mal. The abdominal tenderness continued for
24 hours and then gradually disappesred dur-

ing the subsequent 2 davs. A tentative ding-
nosis of cholecystitis was made. No specttic

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

uppearance of svmptoms are shown,

A female, age 35, developed generalized urtt-
earis, fever, and headache. No cause for the

urficaria was found and the symptoms subsided
within & hours without any Cherapy.

AL individduaads in Groups Tand Ff that re-

ceived antibiotics are listed in Table 2.1. Of

the individuals treated with antibiotics, only

the first three recerved itut atime when thetr

teutrophile count was low, These casen are
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several extra days and thought that the blesd-
ing was more then wanl but not <alirient to
cause them concern.

2.33 Hemecsecrit Changes

In radiation injury an anemia can be pro-
iluced by three phenomena: a. Partial or com-
plete suppression of erythropoiesis: b. Hem-
orrhage: c. Hemolyaim. (9). The existence of

the latter is not universally accepted as a char-
acteristic part of radiation injury. Since hem-
orrhagic phenomena were not observed a severe
anemia would have been expected only if
erythropoiesis were suppressed severely for a
long time. With complete suppression of
erythropoiesis and an unchanged life span of
the red cell one would expect a deficit of 0.88
percent per day since the human red blood celt
has a life span of approximately 120 days.

Nineteen individuals in Groups I and IT hed
hematocrits between 31 and 35 percent. Nine
of the 19 were children, aged 1 to 5 years and

2 govecTs oF leCTING RADIATION

Tebie 2.1—Pasisem Tresed With Aatibiotio

| 360wR
meaer Came Dave —

we pe eee

i URI and broashitis t | Penicillin

with high senuper- ! |
ature.

23 URI, severe, with 3 Penicillin
phacyngitie and
high temperature.

4,6 |Tuct® extraction.... } Feniciifia

é Deep extensive 2 Peniciliia

slough of epider-

mis of foot.

7 « Iafleamed tonsils 3 Penict}lin

with high temper-

ature and URI.

8 Rapid progressing 3 Penicillin
undermining im- |

® Traumatic 7 Penicillin

af fant.
te Cystitis, =. | S| Gantrasin
| Furuncle on buttock | 2? Peniciilin

12 Furuncle on fore 1 - Penicillin

head.

te   

 

 

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

2.32 Clinical Observations and Piacelet Counts

All individuals with a platelet count of
100,000 or less were examined daily for evidence
of hemorrhage into the sktu, mucous mem-

branes and retinae. Urine was examined daily

for red cells and albumin, and women were
questioned concerning excessive menstruation.
There was no evidence of any hemorrhage even
though $1 individuals reached platelet levels
between 35,000 and 65,000, Two women men-
mtruated when their platelet counts were 154),000

and 1M)respectively. Hoth menstruated

would be expected to have a lower hematocrit
than normal adults: four were over 7) years of
age, in which age group a decreased hematocrit
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 varia-
tions rather than to the effects of irradiation
on hematopoiesis. Supplementary iron was the
only therapy 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
4th and 5th Post-Exposure Weeks

Berween Tee 2th amd the 42nd post-ex-

posure days an epidenue of upper respiratory
dispane (URE) occurred. The respiratory in-
fection consisted of maderate malaise, pharyn-

d
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gts with
of 99-100° F. during the first day. and a puru-
lent nasal and trachea] 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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Tebte 2.2—URi aad Change ia Greeulecyes io
Groups | and I

Nesom

or Iwas-

_e

URI; rise in granulocyteen, =...|
URI, ne rise in granulocytes.....____. y
No URI]; rise in granulocytes....._ ._ . i6

No URI; no rise in granulocytes... .. | 19
Group IT developed URI. Seventy percent of
the affected individuals developed symptoms
between the 27th and 32nd post-exposure dsys,
and the others developed symptoms in the sub-
sequent 2 weeks. Fifty-seven percent of the
affected individuals were observed to have an
upward trend in their leukocyte counts, the in-
crease being due primarily to granulocytes.
Since an increase in the mean granulocyte
count of the entire population occurred about

the 20th postexposure day, it seemed pertinent
to determine whether in individual instances
the increase was related to the presence of
respiratory infection.

The relationship between the observed leuko-

cyte increase and the presence or absence of

upper respiratory symptoms in Groups I and
IT is shown in Table 2.2. Seven of the 27 indi-

viduals that developed both URI 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
personne! 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 FV, which had received only slight radia-
tion, was the same as that in Group I and IT.
The appearance of URI, therefore, did not ap-
pear to be related to the dose of radiation or
to changes in leukocyte level.

2.5 Comparison of Diseases Seen in
Groups I and II WithThose inGroup

IV

Tue Diseases THat were seen during the pe-
riod of observation of Group I and II, which
were exposedi to the highest doves of radiation,
are listed in Table 2.3. None of the disenses ap-
peared to be related to the effects of irradiation,
either directly or as a result of hematologic div
turbances. For comparison. the diseases that
were seen during the period of observation of
Group [V. which received the lowest dose of

Tabie 2.3—Diseases That Were Observed in Groupe I and Il
 

 

 

Neweca | | Nreaee
Dmgsse oF isp| Dweass ov Inne

viptals || 1 vepvals

— - oF

Furuncle . 2 Bronchitis I
Gum Abscess i Aphthous ulcet of tongue. 1
Cholecyatitu. 1 Spondylolistheas i
Tinea i impetigo 5
Mitteleechmersn 1 Tooth extractions 2

Generalised urticana l (jeatroentert 10

Erythema multiforme 1 Upper respiratory infections 47
Moaraiue beedache - i Foleular tonsallite l   



 

S
p
e
e

me
re
c
e
a

er
pt

e

redéation, are listed in Table 2.4. The high
incidence of gastrusnteritis in both groups was
probably dus to the keeping of perishable foods
wnrefrigerated for long perioda by the Mar-
shalless, and was not seen after this practice
was stopped. It would appear that a higher
percentage of the individuals in Groups I and
II developed upper respiratory infections com-
pared to Group IV. However, all of the indi-
viduals in Groups I and II were questioned

‘ concerning even mild symptoms of URI, where-
as only those of Growp IV with severe symp-
toma of URE came to the cl! ic.

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

eral Metabolism

Tre Kopy Weir of individuals in Groupe !
and ¥1 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-
olism. The weight changes xre summarized in

Table 2.5. It would be expected that within a
period of six weeks, most individuals below 16
years and particularly those below § years would

yain some weight. The fact that most of them

lowt weight may indicate that they received s
done of radiation sufficient to interfere with nor-
inai metabolism. In spite of their relatively in-
active life and hearty appetites many of the
adults also lost weight which may indicate some
interference with their normal metabolism.
There was little difference in observed weight
changes between Group I and Group II. It ap-
peared that tl + difference in doses received by
the two group: did not differentially affect their
body weight. Whether the observed loases 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 Groupes I and II.

2.7 The Effects on Pregnancy

Focr Women ix Group I were pregnent when
brought to Kwajalein. Two were in the first
trimester, one in the second trimester, and one in

Table 2.4—Disesses Observed in Group IV
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Onteoarthritis = _. -
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generation... cee eee eel
Chronic bronchitis _......_.... _.
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Chronic bronchitis and bronchiectasis _—__.-

Abecens of sole of foot

Carbuncle . Dee

Tooth extraction ee eee a,

Fungus infection of gums and palate

Contusion, traumatic

(rastroenteritia . .

Upper respiratory infections
Arterionclerutic heart disease, decompen-

nated

Pyeloneptritm

Insect bite. with marked palpebral edema

—
_

o
a
B
w
e
w
e

e
w
w
e
e
e

—-
—
=
= 

Dwssass | Nunes

 

Deus stim
Chorioretinitis, unknown etiology ....__ ._ _. I

Thrombophlebitis, antecubital vein. ...... 1

Impetigo _._._..._.. eee eels. ole. Lele 3

Dyamenorrhea ......_-... ©... -...! 1

Exfoliative dermatophytosia

Ectropion, right eye
Asthmaowseee eee ;

Benian hypertension with headache...

Fungua infection, auditory canal... ssi«y

Trichomonas cystitis.

Tinea. .

Simple headache

Acute bronchitis
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Table 2.5—-Weight Cheages, Groupe i and 13
 

 

 

 

_ AGE CATEGORIES
| Bewow 7 tease Basow 16 pears Apores 16 Teams

Gaocr I
Number observed..... ....-- .------ ee | i7 po 6
Number that gnimed weight..... ..... ... -- 4 8 14
Average gain (IB.)..........0 - --- |; - 5 3 a5
Spread of gain (tb.)._ .. a Leese Q 5-10 0 GQ 5-100 t-11. 8

Number that lost weight........ .. ...-- -. eee wee 13 19 a1
Average loss (Ib.)..-..---.------- ee eee wee ee .- 2 2 4
Spread of lows (Ib.).-..-.--.-----.---- 2 eee eee eee 03-65 & & 5-5 5 a5-8
Percent of group that lost weight............ ... ....-.---.. TF 89 3s

Gacvcr It
Number observed.............---. -.---------------------- 7 eeeeee ee 9

Number that gaiwed weight..... ...--.-.....--------.----- - 0 teeeee cee 3
Average gain (Ib.).. .- . veeee eeee eee ee eee ee vere eee alee -- 27

Spread of gnin (ib.).-.--..-.-...ee eee eee eel ee ee weet | wetter eee eee on

Numuer that lost weight......--... 5-5 eee eee 6  j|..22.2.--ee- é

Average loes (Ib.)....-2-8;teen el. eee eee - 2  fi..-.l-e-eee 2

Spread uf loss (Ib.)_-----. 2...ee Lees O58 ([_._.....--.- | ard
Percent of group that lost weight..... ... .. ss_......-..-- 88 . | 67

|

    
 

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.vur IT,
one woman was in the second trimester. No ab-
normality was detected. Fetal movements were
unaffected in the individual in the third tri-

mester. The hematologic changes of the preg-
nant womenare listed in Table 2.6. Two indi-
viduals in the first trimester had a marked ce-
pression of platelets but at no time was there
any vaginal bleeding. So far, the exposure to
radiation has not had a deleterious effect on
pregnancy. .At the 12 month reexamination all
of the above women had delivered. One baby
was born dead; the others were normal. In the
case of the one still born, irradiation oc curred

to the mother exther before conception or early
inthe first trimester.

2.8 Special Examination of Eyes

Ar} aso 6 Montes an ophthalmologist ex-
anined the eves of all exposed individuals (10).

Table 2.6.—Biood Counsson Pregnant ladividuale

 

 

im Groups I aad Ii

. LowenLoweer :T Lo Npomaes? Facrme “QT MASS
Count

Po ee _—_—_— 4

Gaore [

First 35, 000 4, 500 3, 900

First 50. 0UO 5, 000 2, 500

tecond. 180, 000 4, 000 3, 0OU

Third 120, O60 10, OOD 7, 000

Groce if

Secund 170, GUO 7, 000 3, 200    
Nolesions ascmbable to ionizing radiation were

geen, At 12 months slit lamp examinations and
photographie recordings of the cornes and lens
were made on nonexposed, and on the Rongelap

people. The incidence of ocular lesons was not
itfferent in the twe germans (11)
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2.9 Summary and Conclusions

Tre Cuxn ar Fixptxes in a population acci-

dentally irradiated by fallout material from

nuclear device has been presented. The more
seriously irradiated individuals had initial
symptoms of anorexia, vomiting and diarrhea

which subsided without treatment within 2

days. The same individuals slowly developed

granulocytopenia and thrombocytopenia unas-

sociated with secondary complications. The
only other manifestations of radiation exposure
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. If. after

irradiation, the platelets and leukocytes fall in

& manner and to a degree similar to that ob-

yerved here, it can be predicted that no hemor-

rhage or increased susceptibility to diseases
similar to those observedin this study will occur

and that no special prophylactric measures will
be indicated. The use of prophylactic meas-

ures, however. should be evaluated interms 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.

it.

References

. Danham. (') L, Croakite, EB P.. LeRoy, G. V..

aml Warren, § Atomic Bomb Injery, J. A. M. 4.

fh?, MM, 1961.

Cronkite, E. P. The Diagcnosia, Prognosia, and
Treatment of Radiation Injury Produced by

Atomic Bombs. Radiniogs 56, 681-080, 1961.

. Bond, V. P.. Silverman, MW. 8., and Croakite, E. P.

Pathageneais and Prthology of Post-Irradiation

Infectious. Rad,, Reaverct |: 34R-~400, 1964.

. Allen, J. G.. Moulder, P. 4... and Emerson, I), M.,

J. ALM. 4. 155, T04-711, 1961.
. Coulter, MP. and Miller, RB. W. Treatment with

SMacvessive Antiblotics on Dogs Exposed to Total

Body X Irradiation. University of Rochester

A. ELC. project report Cit-276, 1968,

Cronkite, BE. P.. and Brecher, G. Protective Bifect

of Giranulorytea in Radiation Injury. Aan. N.Y.

Aced.af Nei. 58. 815—-4SR, 1065.

. Barrow, J.. and Tullia, J. LL The seqoeare uf

Cellular Responses to Injary in Mice Expused te

Vip of Total Kody N-Hadlation. AMW4 Arch.

Path. 3.47 08-47, 108.

. Brecher, (2.and Crookite, E. P. Lesion uf Allmen-

tary: Tract of Doss Exposed to 300-300r Whoie

Kedy X-ray. 4mer. J. Path, 27, 6T6-@TT, 1951.

. Cronkite, E. P.. and Brecher, G. Effects of Whole

Body Radiation, ian. Rev, Med. 3, 188-214, 1062

Bond, V. L, Conard. K. A. Robertaon, J. 4. amd

Weden, E. The Mix-Month Postexposure Survey

on Marxhallese Exposed to Fallout Radiation. In

prean,

Crookite, BK oP. Dunhaw, ¢. L., Geiffa, David,

McPherson, % D.. and Wootward, K. T. Tweive

Menth Poatexrposure Surve; on Marshallese Ex-

peaed to Fallout Radiation. Brookhaven National
Laboratory report, to be published. 1965.



Chapter Ill

Skin Lesions and Epilation

Ropert A. Conarp, Capt. (MC) USN

Nadu R. Sucupman, Lt. (MC) USN

Davin A. Woop, M.D.

Cioarnes I. Duxianw, M.D.

Eowarp E. Aneen, Pho dD.

L. Fucesk Browning, Lt. Col. (MC) USN

VOP. Boxp, MoD. Phe DD.

BOP. Cron kere, Cdr. (MC) USN



w
e
e
o
e

 

e
+

=
~
“

5.1

2

eb

3.4

3.6

3M

Outline

Introduction |

Signs and Symptoms

Description of the Skin Lesions
3.31 Grross Appearance

3.32 Microscopic Appearance
3.33 Epilation and Nail Pigmentation

Therapy

Factors Influencing Severity of the Lesions
3.5L Character of the Fallout Material

3.52 Dose to the Skin

$3.53 Protective Mactors

3.04 Factors Favoring the Development of Lesions _

Lack of Correlats in With Hematological Find

Discussion

SUT

  

*:

 



 

3.1 Iacroduction

Facsovut or Ramaactive material commenced
approximately 4-¢€ 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 observed on <Ailinginae and Rongerik.
Fallowt was not visible on Utirik, which was
contaminated to only a mild degree. The se-
verity of the skin manifestations 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:

3.2 Signs aad Symproms

Doane Tix Fiast 24-48 hours after exposere,
about 25 percent of the Marshallese in the two
higher exposure groups experienced itching and
a burning sensation of the skin. A few aleo
complained of burning of the eyes with lachry-
mation. These symptoms were present to a
leeser extent in the Americans on Rongerik

Atoll who were aware of the danger, took shei-
ter in aluminum buildings, bathed and changed
clothes. 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-

 

 

 

Fiattory OossavenGeo r Compostr veut

Rongelap . . 64 Marshallese - Heavy (snowlike)...... Extensive

Ailimginae.... .__. 18 Marehali se , Moderate (mistlike)... | Lens extennive

Roagerik 23 White Americans ., Moderate (mistlike).. .. Slight.
5 NegroAmericans

Vein.2. 157 Marshallese . | Nome 00.2.2. | No skin lesions of epilation.
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ef exposed personnel to Kwaja-
medical facilities were available,

plished one to two dava after the

Decontamingtion 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 again at
6 mont ba, 1 aad 2 years after the accident. Ex
aminatigns of unexposed Amerpenas and native

gel were also carried out facomparative
Color photographs and biopsies of

Mvericu: stages of development were

$s os

o $+ ¥
&

taken.

a
l

toms. All skin «ymptom= subsided within 1
to 2 days. (Om armval of the medical team on

the ninth post-exposure day, the expused per-
sonnel appeared to be in yood health. The
skin appeared normal. However, evidence of
cutaneous radiation injury appeared about 2
weeks after exposure when epilation and skin
Jesions commenced. Erythema of the skin was
not observed either during the early examina-

tions when a prunary erythema might be ex-
pected, or jater when a secondary erythema

might be expected.
After subsidence of the initial skin symp-

toma, further symptorns referrable to the skin

7
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were abssat until the visible lesions developed.

Dering the early stages of development of the
lesions, itching, burning and slight pain were

experienced with the more superficial lesions.

With deeper lesions pain was more severe. The
deeper foot lesions were the most painful and
cansed some of the people to walk on their
heole fer several days during the acute stages.
Mome of the more severe lesions of the neck
and axilla were painful when turning the head
or raising the arms. The lesions did not
produce any constitutional symptoma.

3.3 Description of Skin Lesions*

3.31 Gros Appearence

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 radicective

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 severe jesions.
Skin lesions in the lesser exposed Ailinginse
and Rongerik groups developed approximately
one week after {hose in the Rongelap group, and
were leas severe and extensive. The Utirik
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 ulcerative 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 jesions, 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
gToups is illustrated graphically in Figure 3.1.

* The description of lesions refera tu the Warnhallese

unless otherwise indicated.

ee a

Nearly all of the lesions were spotty and de-
veloped on exposed parts of the body not cov-
ered by clothing during the fallout. The ma-
jority of individuals developed mektiple lesions
(particularly the Rongelap growp), most of
which were superficial. There was 2 difference
of several days in the latent period before de-
velopment of lesions on various akin arves. The
order of appearance was roughly 20 follows:
scalp (with epilation), neck, axillary region,
antecubital fosse, feet. arms, legs, aad trunk.
Lesions on the flexor surfaces in general pre-
ceded those on the extensor surfaces. Tables
3.1 and 3.2 show incidence according to age and
time of appearance of lesions in the various

groups.
In the early stages al] lesions were character-

ised by hyperpigmented macuies, papules, or
raised plaques. (Plate 1.) These frequently
were snall, 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 lemons

within several days was followed by dry, scaly

desquamation which proceeded from the cen-
ter part of the lesion outward, leaving a 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 was

seen (Plates 2 and 3). Repigmentation began in

the central area and spread outward over the

next few weeks leaving skin of relatively nor-

mal appearance. Plates 3, 4, 11, and 12 show
superticial lesions as they appeared initially and
six months later. The mildest manifestation of
akin injury was the development of a blotchy
increased pigmentation of the skin with barely
perceptible deaquamation. Such lesions were
most often noted on the face and trunk.

Epilation was usually accompanied by scalp
lesions (Plates 13, 17 and 19). Some indi-

viduals developed new scalp lesions cver a

period of about a month. Neck lesions usually

had a “necklace” distribution, beginning anteri-

orly and spreading posteriorly. These were
more severe in women in whom thick hair
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EVFECTS OF IONIZING RADBLATION

Table 3.1.—Losicns im Reageiap Group

 

 

Poacet ov Tora: w Ace Geecr Ravrwe brerares Lance i egmmeas rwel

ow Pu

 

 

 

     

Tyre @ Law
4 ny Tor eeashPaste, clPaSethy ASS RAST eepoe Tao

ples. 6... 7.6 m4 12.6 17.3 17
2 phe... 28 6 30.7 &5 17.2 17
3 ples...8. 52.8 23.0 &3 20 16

Total. ..._._._. 100. 0 92 1 a7 6 6&3 16

Siria lesions

Apnus-grela...._.___. 38 4 ao aa 7.8 iv

Sealp........ ._.-- 100. 0 100. 0 37.0 42 5 is
Neek..._.........-. 60.2 76.9 a0 703 21

Axillan.._...._...._.- 61. 8 7.6 187 m4 21

Antecubital Fossae . 20.7 ama 4 3% 2 “4 4 2

Hande-wriem__.._.__. 3.7 m2 0 18. 4 21.8 3

Poet... ......_.... n.0 63 8 $3.0 48.3 2

Arms. _.___.._....-. 1% 3 1& 3 10 3 128 31

Legs... 2.2 eee. 7.6 23 0 43 7.8 3

Trunk...._..._.... 183 23. 0 43 4 3

1
Nail pigmentation. | 6.8 100. 0 96.0 92.0 38     
*Post-exposure days.

Table 3.2.—Lesions in Ailinginse sad Rongerik Groups

 

 

| Af-iecmar Gtoc?r (18 PeoPLA)
Ronasmia Gaeocr (AMBRrAne)
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| (33 rRorus)
Tyee oF Lamon wes Tr |  Meam Tom
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Epilation 16.7 nn 3a 5*° 42

I —_—_ ___} 1

Lesions of: ' !

Healp and face  ... ..__.. 38.9 yd 10.7 32

Neck and shoulders... | 61.0 © @ | 14.3 | 30
Beck! 0.0 a 74 | 8
Axila 72.2 4 a5 8
Antecubital fossae ti «| | 25. 0 : 29

Hand, wrist 86 = 3% | 3.5 | aT
Feet. 2 2 me7 | 33 | 35 / 43
lew. 36 5 #@ | ao |

Nail discoloration...nT 17.9 | 40
| ' (All Negroes) ,

|   
*Days post-exposure.

**()ne case claimed slight epilation.
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SKIN LESIONS AND EPILATION 31

touched the nape of the neck. Neck lesions are
ihastrated in Plate 1-4. Axillary lesions ( Plate

11) usually consisted of coalescing papules.
Antecubital fossa lesions were characterised by
formation of thickened pleques. Several
babies and one woman developed lesions in the
anal region which, though not deep, were pein-
fel due to excoriation of the epidermis. Thess
healed rapidly.
Deeper were seen on the scalp, neck,

fee: . vaseontheear. They were char-

ae by trensepidermal necrosis with wet
,amation leaving weeping, crusting ulcera-

tions. Vesiculation was not observed except
with foot lesions which developed bullae, fre-
quently several ce. ‘meters in diameter, beneath
thickened pigmen. plaques. These foot
lesions occurred un the dorsum of the feet and
between the toes. (Only 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 illustrated
in Plates 5-10. Ome 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
(yee section on histopathology). In addition,
the deeper lesions of the feet failed to repig-
ment, remaining pink or white. At examina-
tion 6 months and | year after the exposure, the
skin appeared normal with no residual changes
in the vast majority of cases. However, some of

the deeperlesions continued to show evidence of
residual damage. Foremost among these was
the ear lesion which had healed with consider-
able scarring, atrophy, scaling of the epidermis
and gross telangiectasis. By 6 months the hy-
perpigmentation and thickening of the akin of
the neck lesions had greatly subsided and by 1

year pigmentation changes were mild. Foot
lesions had not repigmented at sites of deepest
involvement and some strophy of the skin in
these areas was apparent.

3.32 Microscopic Appearance

Biopeies were taken of seven neck, aad one
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 desquama-
tion. Most of the biopsies were taken from in-
dividuals with lesions of average severity. A
second series of biopsies (repeats in three in-
dividuals) were taken from this group, 4 st
the seventh week and 5 at the eighth week post-
exposure. These were taken from the neck and
antecubital fousme. All of these lesions had
desquamated and the depigmented akin had re-
pigmented to « dusky, gray color with some
thickening of the akin (“orange-peel” appear-
ance), plates 25 and 27. Hiopsies were not
taken from ulcerative lesions or from the feet
because of the danger of infection. <A third
series of 11 biopsies were taken from the Ronge-
lap group at 6 months along with several con-
trol biopsies from unexposed natives. Material
was obtained in many cases adjacent to sites of

previous biopsies.
Al) biopsy wounds healed rapidly within a

week to 10 days with no secondary complica-
tions.
The microscopic findings are summarized as

follows:

First seriee—ird to $th week. Fpidermis.
Transepidermal damage was noted with a few

intervening arcades showing less damage
(Plates 21 and 22). The epidermis in the nost

extensively involved nreas showed considerable
atrophy with flattening of the rete pegs and in

places the epidermis was reduced to a thickness

of 2to 3 cella ( Plates 21, 23, and 24). The cells

of the malpighian layer showed pleomorphic
nuclei, pyknosis and cytoplasmic halos, giant
cells and in a few instances multinucleated cells.



 

2 EFFECTS OF IOWEBING RABLATION

Pykwesis of cells of the basal layer waa com-
monly seen. Fora! 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 throughost the epidermis
and intercellular pigment was noted in some
sections. The stratus: granulosum was usually
atrophic or even absent. Imperfect keratinisza-
tian with parakeratosis was visible in all see-
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 along the neck of the ducts and
the adjoining areas where regeneiition was
underway. In theses areas the stratum granu-
losum appeared almost norma! in width. In
contrast to the more severely damaged areas
where pigment was increased, these areas of
minimal damage showed an actual decrease,
heing almost free of pigment.

Dermis. Changes in the dermis were con-
fined largely to the pars papillaris and super-
ficial pars reticularis (Plates 21-24). Mild
edema in some cases were noted. Capillary
loops were often indistinct and when discern-
ible they frequently were associated with an

increased number of pericytes. The endo-
thelial cells showed swelling and were polygo-

nal in shape. Telangiectatic changes were
noted in these areas where the overlying epi-
derniis showed yreatest damage which were

associated with perivascular lymphocytic in-

filtration. Chromatophores, filled with mela-

fin were prominent in the superticial dermis.
The fine elastic fibrils running tnto the pars pap-
illarix were often altered or absent.

Little if any damage was seen below the
superticial pars reticularis. The hair follicles
were narrow and in most instances devoid of
shafts in this region. There was some telangi-

ectaais of the capillaries and slight mononu-
clear cell infiltration. Some of the large elas-
tic fibers in this region showed shiht swelling

meme a ee

im some casea. No damage to fibrocytes or col-
lagen fibers was noted.

Second series—7th and 8th weeks poat-ea-
powure. Epidermis. In general, reperstive
processes of the epidermis ha| p. uceeded, except
for a few persistent areas of atrophy with nar-
rowing of the epidermis and finger-like down-
growths of the stratum malpighii (Plate 27).
These changes occurred in areas of the greatest
narrowing of the stratum granulosem. In such
areas the basal cells often showed increased pig-
ment. There were many outward epidermal
egcrescences covered by thickened stratum cor-
neum, still loosely laminated ( Plate 25), which
probably accounted for the “orange-peel” sp-
pearance of the akin noted grossly. In almost
all instances the basal layer was intact with lit-
tle or no disorganization. There were a few
scattered areas in which occasional epithelial
cella with pyknotic nuclei and perinuclear cyto-
plasmic halos occurred in the malpighian layers
(Plate 26). There were occasiona! arcades in
which the epidermis and particularily the
stratum granulosum appeared to be widened.

These occurred primarily in relation to con-
tiguous sweat gland ducts where the latter pene-
trated the epidermis. .\ narrow zone of pera-
keratosis and amorphousdebris was st1!] present
bet ween the stratum granulosum and the loosely
laminated stratum corneum. The stratum

lucidum was not apparent.

Dermis. The capillary loops in the dermal
papillae were not uniformly distinct. Peri-
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-laden 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.

es

 



 

Puate 1.—Early Ayperptgmented maculopapular neck Prate 2.— Neck leatona at 28 days. Wet desquamation.

lestons at ti days. Case 39, age 15, F. WWAste color 1a calamine lotion. Case 78, age 37, F.
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Prare 3. —Msperprymented raised plaques and bullae on
dara of footand tore at 28 daya. One leaston an left

foot shows der per cavodevement, Feet were painful at
this time.

 
Pusth 7 —fe ccna 8 faue later chewing rept, neniation

ere pt for somal scar an daccam of teft foo? al site of

idee pe ad (i typo,

Prate 6.—Leaons 10 days later. Bullae Aare broken,

desquamation ist erisentiaily complete, and lesions have

healed, 5 tno lunyer painful.

 
Pivre 8 -Nawe cree as itn Plate 5, sae montha later,

Pout decree Ades nected with repigmentalion, eree pd

depigmented spate pereist in smal! areas where lee per

lesivas were,
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Piate 0.—Foot lesions at 29 days showing deeper in-

todrement between ist and 2nd toes, right foot. Case

28, age 13, M.

Poats li —Firtencie sung ain ft year ott hoy at 45

fete pertlen S Degre Olrae Jo

 
Pi.ate 10.—Same case ase in Plate 4, az months after

erposure Note persisting depigmenied areas where

Worst (eciens were,
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ripe cre Mai Arte bores tet regrowth of Aaa,



 
 

Pouate 14.—Desquamation of hack of scalp at 29 days.
Epulnion occurred cartier in desquamated area. Note

ulceragion of left ear.
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Pate Ld. —Same case. Epilation back of Aead at 74

dage. Note persistent ulceration of left ear.

age of, MV.
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Poste 24.—(Vl00, HGE) Epedermis: FEstensivs trane

epidermal damage (uth alightly lea invodred cones on

either sude\.  Loore lamination ¢ stratum corneum,

ahaence of stratum yran Jumum.  Parakeratini sation
with erfoliation of pigment contatning cells, loaar-

ganization of the malpighian layer, Derma: Mild
edemaiof pars papelliris with ondistiact capillary loopa.

Perivascalar cellutar infiltrate (lumphoe yles and mono

nuclear phagocytes), im sxuperfiecul cortum with telan-
gieclassa, Case 2h.

 
Puate 22.—(V100, (1.GF) Epidermia: Arcades of mini-

mal damaye occur tn relation to ereretory ducts of sweat

glands, Stratum granuloaum of good width and shows

acant alteration. (oaderlying stratum malpighti shows

decrease in ptyment. fn the deeper portion of the over-

lying, lonsely laminated stratum. ocornrim morderate

amounts of pignient, hewerer, are present. One narree

arcade of more severe Lranaepulermal damage at the left

uf the phatamieragraph shores alteration of the atratum
qranuienum with interceliular eiema, pyknonia, swollen

aueler, and popment scattered throughout. The fatter

ta espectally lense on Lae contiguous parakeratotic

material,  Dermee 1 omenterate cellular infltrate,

thiefly pertouscular, te moat pronounced im the su per-

ficial pars reticularis where there raa mild telungiectasa,.

Cuse 2A.

O
t

R
e
t
i
n
a
,

*
ae

,
e
t
a
l

n
h
a

tni
ili

e

 

e
d

e
l

a
h
i

 

e
e
e
e
e
e



 

erage

Poate 23 —(V300, H&E) Transepidermal damage

worth disorganization of the malpryhtan layer. Stratum

granulonum absent. Maipighian and basal layer only
two ta three ceils thick with erfolialion of pigment out-

ward toward parakeratinized zone adjacent to stratum
corneum. Same pigment laden chromatophores and

Arstrocyles, in pars papillaria of cortum, Latter 18

edematous and infillrated hy moderate numbers of

lymphocytes, and mononuclear pAagorytes. Capillary

loops indistinct, Case 28, 22 days poat-expoaure

Plate 24.—(¥100, H&E)

 

Transepidermal damage

wrth disorganization of the malpighian layer. Slight
parakeratoaia, Migration or erfoltation outward af

pigment. Loose lamination of stratum corneum. Prig-

men! laden chromatophores and histiocytes tn au perfictal

pars papillaria af cortum, Marked ceilular infltra-
tran and edema of pars paptilarta,  Siirydt tclangtectaais

of superficial para reliculauria. Case a3.

 

Plate. 24 and 26 ‘53 days PINTpoe pes,

Pork 23.— Vio, FEO ER: Case €20. Louse lamina-

tron af tratuin carnenn with oudivard papilar 4 projec

trome amd reeuflant or rquae appearance Siratum

qranulosam af qaod ort dh. Bural and malrightan

Sirypatr deme of

cortimowrth mat tebta pectin and alight ineretae in

layers distinct wrth peament presenp p

perirae sar dampane des and pericytes Ninall eame-

whalatrophi hare fale adjacent ta achacioun giant

tamed pare retire cares

Puate 26 — Vj00, MAE (Case 675, Same aa 25.

Occananal  perinuctear cytopiasmic halon in maid
atrabom yrandiqaum Luosely laminated at am care

neam. (Pigment (aden chramatophies tn nuperfcial

cortialong “eth weeaaronal dympancytes and ono

nuctear pArayoryles }
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(46 days post-ezposure)

Puate 27.—-( 100, H&E) (Case 8.4) Narrow rugose

epidermis with) paprlary ertensians downward of
stratum =omalpighit. Latter are heartly laden with

melanotie prgment. SliyAt telangiectasia of para

papiifarie and para rettendaria of dermis. Cccastonal

pigment laden chromatophores in superficial dermis.

Poate DR — ted PEGE Cle 8S Ne oomontha

pest-erposure, Nate the murrked fifaateopay of the

vratayrangeaccampinied ty narrow datun were

provangetione of the faread papillae VMimterate dias

turbance of keratintcation and moderate tocangiectaars

are alan seen,

=i ”

gys wtih «
3 z * ss *. io, ,

aOE/. «pyle + gle

PM a IFneler
Prark Mb —Vet Fe RE\ (Case 825) Sir months

post-er pus ire Minterate focal atropAy of atratum

Saree ry, Paranaciede Aaloa are preeent and areas of

depiymentation are prominent. in the dermis a mod-

erate ountformiy cfeributed lelanqieciasia ois seen,

There ie aleg a perivascular distribution of celluiar

infilirate.
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Hinwwen of three pigmented lesions were
taken from 2 of the white Ameneans of the
Roagenk growp. Only | oof 3 showed evidence
of damage, which was slight and confined to the

equdermis.

Third seri —6th month poat-ezposure. Sec-

tions of skin at this time revealed some changes
persisting in the epidermis and to a lesser ex-
tent in the dermis (Plates 2% and 29).

EFpidermix, 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.

Dermia, In the dermis. telangiectasis super-
ficially persixted froma slight to moderate de-
gree in most of the sections, and contributed the
only abnormality noted.

3.33 Epilation and Nail Pigmentation

FEptilation, The incidence and time of appear-
ance of epilation in the various groups is illus-

trated in Tables 3.1 and 3.2, and Figure 3.1.

Epilation was first 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. Eypilation was divided
arbitrarily into 3 degrees of severity. "1+"
indicated loss of hair without obvious thinning:

“2+indicated loss of hair sufficient to cause
thin spots: and "3+" indicated an extensive
epilation with bald spots. Table 1 illustrates
that there was a yreater degree of epilation in
the children (0 to 15 vears). with over 90 per-
cent developing epilation to some degree as
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
Adlinginae children, and questionable epilation

occurred in one of the Americans, characterised
by lome hair upon coming Sat sithom cose.

of alopecia.
Regrowth of hairoin all individuals come

mrenced some time ciuring the third month after
expomure. At the 6 monthexamination com-
plete regrowth of hair, normal in color, testure.

and abundance had taken place. Plates 1-15,
17, 18, and 19 show epilation and regrowth of
hair.

Nail Pigmentation, Av unusual observation
was the appearance of a bluish-brown; ymenta-
tion of the fingernails which was tirst well docu-
mented on the 23rd post-exposure day. The «is-
coloration began in the semilunar area of the

fingernails (to a lewer extent in the toenails),
and spread outward sometimes in streaks. As
the discolored area grew distally the semilunar
area usually became clear. Plate 20 shows pig-
mented bands in the nails 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 was seen in a large proportion of

the two higher exposure groups (Tables 3.1 and
3.2). The phenomenon appeared to be a radia-

tion response peculiar to the dark-skinned races
since it was seen inaof the exposed: American
Negroes and none of the white Americans sup-
posedly receiving the same exposure. This

lesion was not observed in the Utirik people or
in unexpowed Marshallese. Since the nail pig-
mentation vecurred in individuals without skin
lesions, it appeared to be the result of a more

penetrating gamma component of radiation.

3.4 Therapy

Tus Treatment Or the skin lesions was
largely non-specific. Most of the superficial
lesions were treated with calamine Jotion with
one percent: phenol, which ino most cases re-

lieved the itching and burning. A few of the

hyperpigmented lesions not relieved by cala-

tune with phenol were treated with pontocaine
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ointment, with apparent succes Whe the
epithelium was deaquamating, all lesions were

treated by claily washing with soap and water

followed by the appheation of a water soluble
vanishing type omtment which kept the in
jured skin soft and pliable. Raw areas, which
became secondarily infected, were cleansed
with soap and aureomycin ointment: was ap-
plied. Bullous lesions of the feet were left in-
tact ax long as no syniptoms were present. If
painful, the fluid was aspirated with sterile
technique and a pressure dressing applied. A
single aspiration was adequate since the bullae

did not refill, [In 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

tissue. Some of the lesions of the skin of the
foot remained thickened and less pliable after
desquamation. This was reheved by the use
of vaseline or cocoa butter to soften the tis-

sues. The one persistent ear lesion did) not
heal after desquamation, This was treated
daly with warm boric acid compresses and
washing: with surgical soap to remove the
eschar. Slowly, regenerating epithelium grew
in foom the edyes of the ulcer. Upon reexam-

ination, 6 months after exposure, healing was
complete with a depigmented scar remaining
as eVidence of the previous uleoration.

3.5 Factors Influencing Severity of

the Lesions

3.51 Character of the Fallouc Marerial

This material was composed mainly of cal-

cnoxide from the imemerated coral, with
adherent fission products. Fifty to eqrhts per-
centof the beta rays emanating from this ma-
terial durinthe exposure period had an aver-
nye energy of about 100 kev. Since 8) m-
eros of tissue produces od percent attenuation

of such radiation (1), a greater portion of
energy was dissipated in the epidernus which
ix roughly 40 to 70 microns in thickness. The
remaining 20 fo 60 percent of the beta rays had
an average energy of approximately 600 kev.

The latter sould penetrate well into the dermis
stipe it takes S00 guerons of tissue to produce

A) percent attenuation of this energy radiation
(12). In addition, a wide spectrum of
yaintin energies irradiated the skin. The
ganitna contribution to the skin was small

compared to the beta dose and is discussed in
Chapter EF.

3.52 Dose co che Skin

The skin lesions obyerved 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 beta
contributions to the skin is considered in Sec-
tion 1.3. In general it is evident that skin in-
jury was largely produced by material in con-
tact with the skin. The total surface dose can-

not be calculated with accuracy but minimal
and maximal values at various depths in the
skin can be estimated biologically. Hair fol-
lieles in the areas in which eptiation occurred
Inust have received xa doge in excess of the
known minimal epilating dose of about 400 r
for 200 kvp X-ray. Since regrowth of hair oc-

curred, the upper lint of dose at the depth of
the har follicle must not have exceeded the per-

manent epilating dose of around 700 r of 200
avp M-ray 63). From this a rough idea
of surface dose may be made. .A dose to the
haw follicles comparable to 400-00 r of X-
radiation must have been due almost entirely

to the more penetrating beta component (aver-
nyre energy, 600 kev). Therefore, the minimal

surface dose in rep from this component alone
was probably four to tive times the dose at the

hair follele. 1 e., roughly 1,600-3,500 rep.
The soft component (average energy, 100 kev)
contribated a considerably larger share to the

surface dose but with only slight penetration.

3.53 Protective Factors

The following factors provided some protec-
tion:
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a. Nhelter. Those individuals who remained
indoors of under the trees during the fallout
period developed less severe lesions.

h. Buthing. 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
nuld bets lesions.

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

4.54 Factors Favoring the Development of
Lesions

n. Aveda uf more profuse perspiration.
Lesions were more numerous in areas where
perspiration ts abundant such as the folds of the
reck, axillae, and antecubital fossae.

Lb. Delay in decontamination, There was a

lelay of 1 or 2 days before satisfactory decon-
fanination Was posable. The prolonged con-
tuct of radioactive materials on the skin during
this period increased the dose ta the skin.
However, the dose rate fell off rapidly and de-
contamimition would have had to be prompt in
order to have been most effective.

GO Difiendicindicontamination, The thick

hair, anointed with a heavy coconut-oil dress-
ing, resulted in heayy contamination, Decon-
tamination 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

Atrespre Were Mave to correlate the severity
and extensiveness of skin lesions with hemato-
logic findings for individuals in the Rongelap
group. No positive correlation was found with
depression of any element. Thus, the contami-
nation of the skin apparently did not. sig-

nificantly contribute to the total-body dose of
radiation.

3.7 Discussion

Turay Has Bers littl previous expenence
with radiation dermatitix rewulting from ex-

posure to fallout material from nuclear detona-
tions, and the general consensus, until this event,
has been that the hazani from fallout material
was negligible. From the present expe: ieuce

it isevident that following detonation of a large
scale device close to the ground, serious ex-
posure of personnel with resulting radiation
lesions of the skin may occur from fallout
materisl, even at considerable distances from
the site of detonation. This incident is the firs
example of large numbers of radiation burns of
human beings produced by exposure to fall-
out material. With the Hiroshima and Naga-
saki detonations fallout was not a problem since
the bonibs were detonated high in the air. The
flash burns of the Japanese were due to ther-
tal radiation only.

Following the Alamogordo 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). Also,
following « detonation at the Nevada Test Site,
sixteen horses near the Test Site developed
lesions resulting from fallout depowt on their
backs (3).

Knowlton ¢¢ af. (6) described burns of the

hands of four individuals who were handling

fission product material following detonation
of a uuclear 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 (maximum en-

ergy about 1 Mev) with a small gamina com-

ponent considered to be insignificant. The

lesions were described as developing in four

phases: (1) An initial phase which began al-

most immediately after exposure and consisted

of an erythema with tingling and burning of

the hands, reaching a peak in 4% hours and sub-

siding rapidly so that by 5 to 5 days there was

a relative absence of signs and symptoms; (2)

A second phase which occurred from about the
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third to the sixth of eighth day, ami was char

acterized by a more severe erythema: (3) The
third phase at & to 12 days. wus characterised
by vesicle and buliee formation. The erythema
spread to new areas during the following 2
weeks, and the active proces subsided by 24 to
32 days. The bullae «irre? ap, and denquama-
tion and epithelization tack place in jem
severely damaged areas; (4) The fourth phase
oe chronic stage was characterized by further
breakdown of skin with necrosis in areas which
were damaged sufficiently to compromise the
blood supply. Atrophy of the epidermis and
loss of epithelial structures took place, which
necessitated skin grafting in some cases.

Robtins et a/. (7) reported six cases acc:dent-
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 a rough estimation of dose to the skin of
hetween 1000 and 2000 rep. The lesions de-
scribed were similar to those reported by

Knowlton ef a/, with a primary erythema de-
veloping within 36 hours; secondary erythema
with vesiculation and bullae formation ap-
pearing about lz to 14 days later; and, in the
more severely affected, a tertiary phase char-
acterized by further breakdown of the skin.
In comparison with severe roentgen ray reac-
tions these investigators stressed the unique
pertodicity of cathode ray burns, relative ab-
sence of deep damage to the skin, less pain,
“rester rapidity of healing, and absence of
pigmentation. These points would apply te

the Marshallese lesions except for the multi-
phasic reactions and absence of pigmentation.
Cruwford (8) reports a case of cathode ray
burns of the hands which were similar to those
described by Robbins ef ad.

Experimental beta radiation burns in’ hu-
man bers have been reported by Low: Beer

(9) and Wirth and Raper (10). Both inves-

tigators used PBdises applied to the flexor
surface of the arms, forearms, or thighs for
varying lengths of time. Low-Heer reported
“monophasic” skin reactions. He found that a

calculated dose of 143 rep toe the tirst: milll-
meter of skin, ignoring self-absorption, pro-

duced a thresheld erythema. Dry, scaly, dee-
quamation was produced by 720 rep in the
frat willimeter and bullous, wet desquametion
waa prmiuced by i7,000 rep ta the first nulli-

neter. brythena developed in 3 to 4 days,
followed later by pigmentation and desquama-
tion with higher domes, Keeovery wan ob

served with doses of 17,000 rep. The lesions
later showed depigmental centers with hyper-
pigmented edges (also seen in the prevent
Canes).

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 fifth to
sixth weeks post-exposure.

Twenty-three Japaneses fishermen were ex-
posed to the same fallout material which in-
volved the Marshallese and Americans. There
were many similarities in appearance of skin
lesions that developed. Pigmentation was also

common in the Japanese and some degree of
erythema was reported (11) which was not seen
inthe Marshallese, Distribution of lesions was
hot the same due to different 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 Japanese, but lesions of
the hands between thumb and index finger were
conumon, apparently due to handling contami-
nated fishing lines. Lesions with belt line dis-
tribution occurred in the Japanese fishermen

but not the Marshallese. 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 similar to those seen in the
Rongelap Marshallese group.

The lesions in this report did not follow

precisely the same course as those beta radiation

lesions desembed by Knowlton, Robbins, and

others (6-10) and they presented certain unique

fentures which merit further discussion.
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The early symptoms of itching and burning
of the skin and eves were prohably due mainly te

kin irradiation frew the falleet material.

However, the chemical nature of this material

may have contributed to the irmtation. It has

Leen noted (12) that irritating chemicals ap-
plied during or shortly after irradiation on-

hanre the effects of radiatica.
The lack cf prumiinence of an erythema wan

wetable, particularly in view of the severity of
vnme of the lesions that developed. Wilhelmy

(13) states that erythema only occurs when the

dove reaching the papillary layer exceeds a cer-
tain level. Perhaps due to the low energy of
the beta radiation the dose to the dermis was in-
sufficient to evoke the response. On the other
hand, the darkness of the skin and the develop-

ment of hyperpigmentation may have masked
an erythema. Microscopically, a superficial

hyperemia was not prominent.

Wirth and Raper (10) point out that they

were inipressed in their studies on P * radiation

of the human skin with the difficulty of distin-

guishing between true erythema and tanning,

particularly in the skin of brunette individuals.

It was unfortunate that color filters were not

available to aid in distinguishing an erythema

us suggested by Harris ¢¢ a/. (14).

In general, the length of the latent period
before development of lesions of the skin is con-

sidered to be roughly inversely proportional

to the dose of radiation (14, 16). In the pres-
ent series of cases the relatively long latent pe-

nod is suggestive of a low dose of radiation.

Due to the wide spectrum of beta energies and

particulate distribution of radioactive material,

strict comparisons cannot be made with pre-

vious experience. However, the later develop-

ment of less severe Jesions in the Ailinginae and

Rongerik groups as contrasted with earher de-
Velopment of more serrous lesions in the Konge-

lap group isin keeping with a lower skin dose

in the former, and a higher skin dose in the

latter. tis of interest, however, that the latent

period was dependent to some extent on
anatomical location. The foot lesions, which

were yenerally the most severe lesions en-

countered, had a longer latent period than tid

the lew wrere lesons occurring elehere on

the body. it ix kagneal to assume that the feet

received a higher done of radiation becaine of
proximuty to the growad and thin amy explain

the seventy of thew lesions. The longer laten
period (desipte higher dene of radiation) may

he related to thicknem of the epedermin, cif
ferences in length of mitotic evelen or other

inherent characterinticn of xkin in diferent

areas of the body.
The histopatholagical changes noted, such as

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

Hyperpigmentation of injured areas was a
consistent: finding in the Marshallese and the

American Negroes. Pigmented lesions were
also obverved to a lesser extent in the white
Americans. Such pronounced pigmentation ix

not characteristic of the usual lesions as de-
scribed following exposure to beta or pene-
trating radiation, but may be more typical of
the response to ultra soft roentgen or “Crrenz
rays(21).
There is no satixfactory explanation for the

darker dusky-yray color that appesred in some

of the skin lesions as healing progressed. Vas-

cular changes or pigment aberrations might

have been responsible. The return to near nor-

malin this prygmentation by 6 months showed

the transient nature of this change. The con-

tinued absence of pigmentation at the site of

the deeper foot lesions at 6 months and 1 vear

later sugyests that the pigment-producing ele-

ments im these areas were permanently cam,

nged.

The unique features of the lesions sich as

the marked pigmentation, the shsence of obvi-

ous Mmultiphasic response. the long latent period,
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and the severe, spotty epidermal injury with
minim! dermal injury are vetable. The par-
ticulete natare and uneven distribution of the

fate matenai was responsible for the spntty
nature of the lestons and, the large componen:
of soft energy beta radiation was responsible
for the greater epitiermail injery. the pron:
nenre ef pigerntary changes is probably re-
lated te rarce.® [tin generally conceded that
blondes with light pigment are nore sensitive
to radiation than brunettes (is). Lastly it is
quite evident that sensitivity and response
varied with anatomic location.

In Table 4.3 are listed the approximate sur-
face skin doses required to produce recognizable
epidermal injury from beta radiations in ani-

In comparing animal lewions from known ones
with hentones in the expowed individuals in this
study in order to esimate the sin dow, since
specter differences in renponne may exint. ane
certain radiation factors are not well extab-
Itahenl, suck as accurate knowledge of the beta
spectrum of the fniious maseriai and tiem ce.
Cotaparwmeon with human data suffers from: wide
differences in radiation energy and doves re-

ported and metheds of determining the rep
dower.

The low incidence of infection of the radia-
tion burns is 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 Recognizeabie Epidermal lajury

Avanaas
(N veeraos ANi@aL lporors Euganr Scarace Doss (agr)

(Mavi

Henshaw, et al (22) Rats. ps U. 5 1, 500-4, 000

Raper and Barnes (23) Rats . pe 0.5 4, WUO

Raper and Barnes (23) Mice .. pe 05 2, OO
Snider and Raper (24) Mice Pp» 0.5 2, 500

Raper and Barnes (23) Rabbita pe 0.5 5, 00D

Tuxhbaugh (25) Nheep sre 0.3 2. 500-5, UOO
Moritz and Henriqies (26) Pign = 0. OS 20), UOU-30, 000

Morits and Henrique (26) Pigs Co™ u. Ol 4, 000-5, ODO

Morita and Heumquen (26) Pig (‘a7 v2 2, 000-3, 000
Monts and Henriques (26) Piga sree U 3 1, §00-2, 000

Morits and Henriques (26) Pigs y" U5 1, 500-2, 000

Morita and Henriques (26) Pigs ys U7 1, 500-2, 000   
mals. Jt is apparent 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

ix SOU to 1000 rep (26). One is not justified

* Reported cHoical experience with radiation skin

lemioas is based predominantly on the response of
whiteskinped people. wherean the jiesions described

berein were observed primarily io the Marshaliene,
a highly pigmented peopie,

doses of whole-body radiation, the defenses
against infection might have been sufficiently

impaired to have resulted in serious complica-
tions from skin lesions of the severity encoun-
tered.

Severe radiation injury is known to predis-
pose to cancer. The probability of the develop-
ment of malignancies at the site of healed le-

sions ig unknown, Certain factors appear to
dec. ase the probability: (a) The majority of

the lesions were superficial, (b) Visible signs

of chronic radiation dermatitis are absent in

.
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the vest majerity of case. Such changes have
been generally cbuerved prior to the develop-
ment of radiation cancer. (c} The lack of any
merhed histolagical damage 4 months after ex-
posure implies geod repair. (d) Stace low on-
ergy rediation was chiefly reaponsible for the

cau none of | 140 individuals expused to jow

veltage X-ray for dermatological conditions
developed epidermoid carcinomas 5 to 23 yeare
after treatment (27). (e) Furthermore epi-
theliomata rarely develop after a single dose
of radiation to the skin (12). (f) Lastly the

incidence of skin cancer in Negroes is one-sixth
to one-ninth the incidence in (Caucasians (28)

in the United States.
Other factors make the outlook less favor-

able: (a) Deeper lesions of the feet and neck
continued to show pigment aberrations and
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 «e 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 large number of the individuals will exceed
the long induction period for the development
of radiation cancer observed in radiolojrists.
(Q) 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
appearance of epilation in the Japanese exposed
to gamma radiation at Hiroshima and Nagasaki
(29, 40). Since the greater amount of epila-
tion occurred over a period of a week to 10days
there was apparently no phasic response de-
pendent on the growth c¢cle of the follicles (in-
active, or telogen and active, or anagen follicles)
as has been reported (31, 32).

 

The regrowth of hair, beginning shew 9
weeks after exposure in the Marshallesr, was
at about the name time as noted in the Japanese
Haherman (11), and slightly later than the time
of regrowth (6 to 5 weeks) noted in the Japa-
nese bomb casuaitien In contrast to the

irradiated skin of *he Marshallese, there were
ho pigment aberrations in the new hair, which
‘an observed to be of normal teature and abun-
dance at 6 months. Increased graying has been
reported in animals (33-36) but has not been
seen in human beings, Neither was there any
appearance of dark hair in aged individuals
whoalready had gray hair as has heen reported
in human beings (42, 37, and 38). In the Japa-

nese bomb casualties (30) and the Japanese
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 4 reaponse peculiar to dark-
skinned races, The phenomenon was appar-
ently produced by gammaradiation with a dos
age as low as 75 r since this was the estimated
dove that the American Negroes recetved in the
absence of significant 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 handa

3.8 Summary

Fottowine THE Detonation of a thermonuclear

device significant amounts of visible radioactive
material were deposited on inhabited atolls pro-
ducing skin lesions, whole-body 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 24-48 hours.
E-pilation and skin Jexions were observed, be-

 

  



ginning sppremimatety 2 te 3 weeks after (a

pusure, an skim srese contamupeted with full-

emt, Biuish-brown pigmentation of the fingsr-
wails was sine a con.men finding. No primery
er wrendary erythema wes aheerved and can-

siatentiy the vat ovideuse of skin damage «as
lacveassd pigments: in tee Tutms ul dete
brown to black maculen, papules. and rained
pieqers. The k ions develaped largely on the
expesed parte of the body not protected by
clathing, and occurred usually in the fullowing
order: sralp (with epilation), neck, axillae,
antecubital fassae, feet, limbs, andtrank. Epi-
lation and lesions of the scalp, neck, and foot
(dorsal surface) were the most common. The
majority of lesions were superficial without
vesicle formation, and after simple dry desqua-
mation healed and repigmented. Approzi-
mately 20 percent of the people in the highest
exposure group developed deeper lesions, usu-
ally occurring on the feet or neck and charac-
terized by wet deaqnamation with ulceration.
Mild burning, itching, and pain accompanied

the lesions. The majority healed rapidly with
non-specific therapy. Residual pigment aber-
rations consisting of hyperpigmentation and
Inck of repigmentation and mild atrophic

changes were noted in some deeper healed lesions
nt six months and one year. Regrowth of hair,
normal in color and texture, began about 9 weeks
post-exposure and was complete at 6 months.

Biopsies of typical lesions at 3to6 weeks showed
changes consistent with radiation damage with

marked epidermal damage and muchless severe
dermal damage. Biopsies at 6 months showed
only a few residual changes. The nail discolors-
tion had “grown out” completely at 6 months in
all but a few individuals.
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4.0 Iaeroduction

Fua.owine trae Deros anon of a nuclear devive
at the Pacific Proving Ground in the Spring of
1954, 28 Americans and 238 Marshalle-e were

eovpramd to fallout rediations, Sixty-four of
the Marshallese on Rongelap atoll ((iroup 1)
received an estimated 1/5 r. of gamma radiation
as measured in air; 1% Marshallese on Ailing-

inae atoll (Crroup IL) received 69 r.: 28 Ameri-

cans on Rongerik atoll (Group TET) received 1
r.; and 157 Marshallese on Utirik atoll (Group
IV) received {4 7. Detailed history of the
event, as well as clinical andinternal contamina-
tion findings are reported respectively in Chap-
ters I, If and V. This chapter presents the
hematological findings in the exposed individ-
uals during the first 11 weeks, at 6 months, and
at 12 months after exposure.

Since it is 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 blood 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
yroups. Therefore, emphasis was placed on
standardized systematic serial determinations
in order that individual and group trends could

be evaluated adequately. Since it was neces-
vary 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 Held laboratory conditions.

Accordingly coagulation and biochemical
studies were omitted.
An extensive literature exists on the hema-

tologic effects of radiation. These data, and the

difficulties attendant on comparing them with
the present result. are discumed later in this
report.

4.1 Methods

Hewotoogtcw Examisinose [sccceep total
leukocyte, neutrophile, Ivmphocyte and plate-
let counts, and hematocrit determinations.

Whenever pomible, 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 fromthe heel or ear was used.
Two pipettes were tilled for both the leukocyte
and platelet counts. From each pipette a
single hemocytometer chamber was filled. All
pipettes were rotated for 10 minutes, and the
cells were allowed to settle for 10 minutes in the

hemocytometer chamber before counting. A 3
percent acetic acid diluting fluid was used for
total leukocyte counts. The blood was diluted
with 1 percent ammoniumoxalate for platelet
counts and counted in fat bottom hemocytom

eters using a dark phase contrast microscope
(1). Two blood smears were made using a
beveled end glass slide for spreading. One

blood smear was fixed in methyl alcohol, The
other was stained by Wright's method, from
Which a Loo cell differential count was made.
Hematocrit. were performed using heparinized
capillary tubes. One end of the capillary tube

was heat sented and the tube wes centrifuged in

aocapilary centrifuge at 12500 rpm for 5

moniites,

Every effort was made to maintain uniform

procedures in every phase of the Jaboratory

work. The number of personnel changes for a

given procedure was held to a minimum: per-

sonnel drawing blood from a single puncture

45
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were suffrient in number to allow all samples
te be taken in rapid succenmon, and time int-T-

vals were rigidly cont rolled.

4.2 Metheds of 7 cating Dara,

Comtrol Groups

Pee. Be xeoeee Resem counts were not available
en the eapneed Marshallese of Americans:

hener the inieidaale cantd now he wend ne their
een control, In order to estimate the wvrerty
of the hematalagne response it wan necemery to

eatablish control groupe ax comparable as poe
sible with respect to age, race, sex, background
and habits. A control group of 115 Marshal-
lese from Majuro atoll (Control Group A),
comparable with respect to nge and sex to ex-
posture Group Twas obtained during the initial
observation period.® For comparison with the

exposed) Americans, blood counts were done on
approximately SS) American men on duty at

Kwajalein. All who had not been on duty in
the tropics for more than 2 months were ex-
cluded, since the exposed Ameneans had been
in the area for that period of time before ex-
posure. Tn addition, several who were recently

associated with radioactive materials were ex-
cluded. The resulting smaller group of 67 was
used as the Rway- American control group,

Data from the control group A> were ex-
amined to determine the age and <x dependency
of the several hematological determinations.

To obtun valid comprrisons within and among

the various exposure groups, the age and sex

dependencies noted for the control groups were
tuken into account. Although each individual

in all groups was studied hematologically, those

Marshallese with serious long-standing diseases
were omitted from the analysis. A total of two

 

"A second contral group oof <2 Marshallese from

Majuro atoll fcontral Group Bi were obtained during

the § month medical resurvey. While data from these

individuals are given in this report, they are not used

for comparisons because of a measles epidemic during

the resurvey.

from Group A and two from contral Greep B
were omitted on thin baa

In the following descnptions and compari-
sons of the data. hnding» in the espaned grown
are frequently expresmed in termes of percent of
the appropriate agp and sex control greap. ft
should be noted, however, that in shbaervational
@idies of this kind, wadnern fecters could
pewaldy accent fur portal the differences noted

hetireen the comtred and rrpaewre greups cron

eAROMle morgrerr erm Pobnn 0 tr

Let com perchle control groupe Tw addition, it

was not powible to obtain more than a single
lewd sample on each control individual. For

these reasons, statistical texts of <ignificance
vere applied mainly to time changes within an

exposure group, and not to differences bet ween
control and exposure groupe. For the purpose

of detecting significant changes in the hemato-
logical pattern, nonparametric tests (1. e., statis-

ticnl tests for which it is not necesaary to specify
the functional distribution of the variate under

study) were used (2-7). The advantages of

nonparametric methods have been summarized
by Moses (M}.

4.3, Hematological Findings, General

In Tasce 4.1 are shown for control group A, by
aye and <ex, the mean values for the total white,

neufroplile,inphoevte aid platelet counts, as
well as for the hematocrit. The age and sex

breakdown used for comparisons among ex-
posure ; oups is shown in Table 4.2. In this
breakdown the age and se~ dependencies noted
for the Marshallese control groups were taken
into account insofar as was practicable. It
should be noted that the Grroup B control values

(Table 4.1) ayreed closely with the Group A
ontrol data. To allow additional comparison

hetween effects on children and adults, the neu-

trophile counts were arbitrarily separated into

the age groups used for the lymphocyte counts.

Monocytes and eosinophiles were broken down

al4o into the same aye groups. The age and
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Table 4.1.— ifemeeningicel Resuics, Marshelless Caoneroi Groupe
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vex dependency of these endpoints are coin- 4.31 Hemeelogic~' Fiedings, Group I. Roe-
parable to that in published data (2.10), with

the exception of the platelets, on which previous
comparable data were not available.

Total leukocyte, neutrophile, lymphocyte,
monocyte, platelet and eosinophile counts for
the several exposure groups are given by day,
by sex and age in Tables 4.2 to 4.5. The total
white count, neutrophile, Ivmphoctyte and
platelet counts at the times of maximum depres-
sion (averaged over the time during which
counts were consistently the lowest) are shown
in Tables 4.6 and 4.7 for each individual in
(rroups Land TT respectively. Hematocrits for

wl exposure groups are shown in Table 4.8.
Hematological tindings as a function of time
and age are shown also in Figures 4.1 to 4.5.

The cumulative distribution curves for the
Various eXpesure groups, using the average of

counts obtained over the period of maximum

depression (days 39 to 41 for leukocytes; days
“6 to 40 for platelets) are shown in Figures 4.9
to 4.12." In the figures emphasis is placed on
the separate blood elements rather than on the
total leukocyte count, since the component ele-
ments have distinct and different time trends
after irradiation.

 

*In Grroup EV the cumulative distribucion curve for

platelet count< only is presented since hematological

determinations in thin group were net made during the

ote G1 day pertod, timed for leukocyte comparisons

uMag Che other groupes.

geiap

The absolute neutrophile count of both the

younger and older age groups fell during the

yecond week to a value approximately 70 to #0

percent of that of the controls (see Fig. 4.1).
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Ficthk 410. Neral changes im montrophile counts of

Croup 1 i Rongectaps for those icas than G peers and

greater than 6 years of age.

Following the depression of the total neutro-

phile count during the znd week, the values

At this time

the beginning of a second drop (p<cU.0)) was

were unstable until the oth week.

noted for both age proups, and a low value of

approximately o0 percent of controls was
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48 EFFECTS OF IONIZInd RADIATION

reached. The count was maintained at ap-
proximately 75 percent of control values from
the 7th week to the end of the initial study.

No farther recovery was evident t 6 nnthe.
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 retu:ned to the control

range.
The absolute lymphocyte count of the older

age group (Fig. 4.2) had fallen by the 4d day
to a value approximately 55 percent of the
control group. This value was maintained

througl..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 ‘td

day toa value approximately 25 percent of the
control, following which there was a significant

upward trend. With the total lymphocyte

count, there is a consistent difference bet ween

the two age groups. However, during the first

4 weeks the difference is accentuated when ex-

pressed as percent decresse because of the rela-

tively high Ivmphocyvte levels in the lower age

control group. After this period the differences

expressed) as percent are less marked since re-

 

 
'
t CONTAERS GROAP a - ane 5 —
= ~~~  

    _ 3m
Amn n-mtg

aSe so «o ss en

Piateg €£2.- Aeriai changes in lympaocwte count of

Growp 1 (Humectaps fur those ieee than 3 prere

and greater (han 5 years of age

hae es |eeaLA ay at

 

 
 

 

    
Frovae 4.3.—Compereticr serial chenges in the totet

lenkoryte, neatropaule, and ipmphocyte counts in

thoae greater then 3 peers od, Group I ( Rongelap).

covery was more rapid in the younger age

group.
The cellular elements chiefly responsible for

the fluctuations in total white blood cell count
can be determined by comparing the total white,

neutrophile and lymphocyte counts (Fig. 4.3).
ft is seen that the lymphocyte count remained
essentially constant throughout the period of
study, while the total neutrophile count fluctu-

ated with « pattern essentially identical to that
of the total white blood count (coefficient of
correlation of (19). Thus the fluctuations in

total count were due to changes in the neutro-

plile count. This was true of both the older

and younger age groups. It can be seen from

Table +.2 that the neutrophile count was con-

sistently yreater than the lymphocyte count in

the older age group. In the younger groups,

differences in the neutrophile and lymphocyte

count: were less marked and frequently the
Ilwinphoeyte count was greater than the neutro-

phile count.

Platelets were first counted It) days after ex-

posure, at which time platelet values of the

females were approwumately 6) percent of the

appropriate control group (Pig. 4.4). Follow-

w
y
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Table 42.—Group I Roagelap Meen Blood Couns by Day end by Age
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ing this, the platelet count fel] reaching a low

of approximately 30 percent of control value CONTROLS GRP A. WML < 1088) —-}

during the 4th week. The platelet count rose OOa
during the 5th and 6th weeks and reached the
value noted for the initial counts on the 10th

day. <A second decrease in the platelet count
(p<.01) developed during the 7th and 8th

weeks, and values remained at approximately
70 percent of the control groups during the re-
mainder of the initial observation period. No
additiona] recovery had occurred by the 6th
month. At 12 months the counts were higher
but still below the control r nge. The pattern
of platelet counts in the male groups was re-
markably similar to that noted for the females.
Counts of the lower age group, males. were

consistently higher than those of the adult
groupin absolute counts; but consistently lower
as percent of control.
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4.32 Hemesslogical Findiags, Group II.
Ailinginse

The pettern of change of al] elements in
Group II was essentially identical to that of
Group I: however, the degree of change was not
as marked (Table 4.3). As with GroupI, recov-
ery of al: elements was incomplete at 6 months.
At 12 months granulocytes were in the control

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

4.33 Hematological Findings, Groep IV. Utirik

Since it was known that Group IV had re

ceived a very small dose of radiation compared
to the other exposure groups, lese frequent de-

Table 4.3.—Group II Ailinginae Mesa Blood Count by Day end by Age
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Table 4.4.—Group IV Utticik Mean Blood Count by Day and by Age
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terminaticne were carried cut on then people.
In the greater then 5 age group the totel white
bleed cei| and newtrophile counts weredepressed
slightly celew cantrol valner durieg the [4 and
Ql wees (Table 4.4). The lymphocyte counts
were below centrel levels consistently, and the
total white coumt equal to the control value ob-
tained on day 20 was due to a newtrophilic
leukocytosis.

Platelet counts on the 2%h 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 groups.

4.34 Hemasological Findings, Group IIl
(Americans)

The neutrophile count in general reflected the
time course of the total leukocyte count (Fig.

4.5). Neutrophiles accounted almost entirely
for the marked rise in total count «n post-
exposure day one, and the values for absolute
neutrophile count fluctuated near the control
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Fieume 4¢5—wxerie! totel leukorgte, neutrophils end

ipmphocpte count in cepoeed Americans (Groep Ii!).

  

 
 

 

 

values thereafter in the course of the study.

The lymphocyte counts fell to below control
levels in the first few days, and remained at s
level approximately 75 percent of the control
value throughout most of the remainder of the
observation period.

In Grroups I and If the fluctuations in the
total leukocyte count were accounted for almost

Table 4.5.—Group III Americans Mean Blood Count by Day
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Tobie (6—Gesup | Rengeiep Mame Bisod
Couns af Time <f Minseem Deprenice

Teter 14-GCosup i Reagelep Mese Bleed
Counts at Tie of Peak Depeemisn——Continued
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52 | 5620 | 160 |2970 , 2450
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57 503086 2020 «| «2700
58 4750 80 2600 | «1850
6 | 6070 160 4050 2470
62 , 8300 | 110 $170 2830
63 : 4270 | 65 2550 | 1590
64 i 5600 . 70 3230 . 2050
66 ' 6100 {; 145 | 2830 3120
68 | 4600 1230 | 2400 | 22
7 , 7950 : 108 ; 4950 ° 2700
7 3970 60 | 2630 1260
7 | 9900. 155 7 2550
7 ' $400. 95 3350 1950
79 ' 7R00 | 70 ' 5120 ; 2500
80) 5670 too0)=--«6 2930: «| «2520
82 5250 130 | 2620 2470    

entirely by changes in the total neutrophile
count. Grroup EL] differed since the changes in
total leukocyte count were reflected salniost
equally ain) the lymphocyte and neutrophile
count. The significance of this difference in
response in the (wo groups is not apparent.
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The platelet count (Fig. 4.6) were not niark.
ediv depressed when che initial counts were
taken during the kd week. At the end of the

Md week. however, the platelet count began to
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fall te reach « lew Uf sappeenimately 68 percent

of contre! levels at the end of the ath week.
The veiue then returned to approximately the
centrol level at the start of the 7th week, fol-
lowing which a second depression was noted.
The platelet counts were at a level of 80 percent
of the control value at the time of the last ob-
servation during the 8th post-exposure week.

4.35 Momecyws aad Eosinophiles, All Groups

From Table 4.2 it is seen that the men» mono-
cyte count for Group I rose abruptly from an
early value below control levels to a well-defined
peak on day 12, following whichit fluctuated at
values below the control level for the duration
of the obeervation period. A similar time trend
was noted in Groups IT and HT.

Table 4.7.--Group Il Ailinginae Meas Blood
Couass at Time of Maximum Depression

 

  

 

Age Leas Thaa 5
= — —-—- we

‘womc. | Phatetets | ‘‘eutro = Lympho-

Cam No | (Average | (Average pete (Avernar
from Dey ,

. ete 5 from Day from Day . from Dey
Bt Ww Sl ww Sh

6 — 9750 215 3,470 ° 5. 600
8 8, 350 185 3,520 4, 350

44 4,570 . 180 2,350 2,070

Age 6 to 15

48 6, 220 210 2,970 3, 150

53 6, 170 240 3,700 2, 500

Sl 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 3720 2, 270

29 6, 750 115 4,100 2, 7@0

at 5, 650 145 2,050 2, 450)

41 5, 120 110 3. 050 2, 270

43 6, 150 215 4,700 2, 000

45 5. 650 180 $170 01, 470

20 7, 0S) 95 4470 2. #00

51 7,750 We 4,620 2.9350

54 12, 40 106 aeee

70 5, 070 185 400 1. TSO   

The cosinephile count in the older age in-

dividuals, (rroup L, rose from very low levels
observed on day 3 to values approximating 35
percent of control during the second week,
where it remained from the 4d to the 5th

week (Fig. 4.7). The counts then decreased

*

|
e . a =os- #& 8 oo re =

eos?OOOr

Frovan 4.7.—erial ensinophile counts om thoeor less

then end greeter then $5 yrare of age of (iroup I

(Rongeiap).

  
(p>0.01) and remained at a value approxi-
mately 15 percent of control throughout the

remainder of the study. The time trend of re-
sponse was similar in the younger age individ-

uals, however chanyes in the younger age group

were relatively greater if considered in terms

of the control values. Similar trends in

eosinophile count were not evident in other ex-

Posture proups.

It ix possible that the rise in) eosinophiles

represents that reported by Minot and Spurling

(11) as occurring “——- twoto three weeks after

short wavelength irradiation”.

4.36 Hematocrit, All Groups

The hematocrit values for all exposed groups
are shown in Table 4.5. When hematocrits were
tira clone on the 2d day, meen values for
(groupe DP and EP] were below thoer of the control

population. A significant trend in values after
this Cane could not be detected statudically.
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54 EFFECTS OF IONTEING RABLATION

Tebbe 4.8.—Hemacocrit, All Exposure Groups

 

 
 

 

  

 

{i sere I | Grocr It Gaorr I¥ | Onorr It
Dat , | OO
ee | ALLAcme “esa| >00 | “Acn | >on anne

| i } i

: | |
23 37.5 | 429 | 399.0 3.5 487 0 WT... - we Fol.
mf | a7
2s 3 416 | 375° MK HZ MB - dol,
28 | | .-- | . oe! Couns | — 44 5
9 cee be foe Fee te aa oma.
20 37.9 | 423 | 37.1 | 30 | 446 | 347! i le
33 a4) 4220 AB | KS | 48 aT | Do | a
0 | 378 | 424 > 37.4 3.0 | 482 28 | | 447
480 | 87.3 | 48 37.6 1 5 | 402) |. | cee | owe | 440
47 | 990 | 48 ws : | : Dee
a| | :
ee ——— ee ef —— ——

Controls 6 460 3999 326 60 69) WE 6H | wD | 49   
*Age in veers.

(M)> = Male.

(F) = Female.

4.37 Morphology of Peripheral Blood

Signiticant morphologien! cellular changes,

with the exception of abnormal mononuclear
cells® seen in several indivicliads during: the pe-
Thal of most severe neutropenia, were not ob-
served. Apparently simular cells have been ob-

served previously by Minot and Spurting (11).
Complete evaluation of these changes would

Hecessifite an exhaustive serial study of the
hemmtologeyslides. Similar differences of opin-
fan are reported inthe literature.

4.38 Comparison of Hemarological Findings in
Children and Adults, Group L.

It is seen from ‘Table 4.2 to 4.4 and Figures

4.) 0d and 4.4 that differences in the degree of

*There Was constdersble difference im opinion with

Tespert ofochtssithention of these celix They were

clasmifiedd as atVpH AL Wome ste, degenerating ivi

pete ATVpea cited vies tetvtat lnapties

coves athl Peripher vtes ri transitiot fe aivelo vtes \t

the time oof Chis report there was heEY eof

copeetagene ath Peemgmee hte chassathe at teoth comeh saaenatl co taece

eof Cheemmee  ceeb bo

depression of cellular elements were present
between children and adults. In Table 4.9, the
mean values of the neutrophile, lymphocyte and
platelet counts at time of peak depression for
each element are given in terms of abeolute
count and percent of appropriate control value
(mean platelet counts were calculated for the
less than O and greater than 5 aye groups for
this comparison}.

Table +.9.—Comparison by Age of Mean Neutro-
phile, Lymphocyte and Plarelet Counts in
Group I (Rongelap) at the time of Pesk

 

Depression

APSUOLITE COUNT TI eee

Tyee oF Care . _—_. _

Aam 4 kak -S AGB: 5S Ate& 5

Neutroptibe 27 31 ne tH

byainphoeste 24 2.2 4) 54

Platelets
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Fieve 4.4.—Cemaletire acatrophile counts for Group

I (Rongelap) et the time of masimam depressions

aed ath months after crposurc.

Tt is seen that in terms of absolute counts, the
children showed a greater depression of the
lymphocyte count. Expressed as percent of
control, all elements were affected more mark-

edly in the younger age yroup. These results
would indicate that children are more sensitive
te radiation, or that other biological or physi-
cal factors resulted in a relatively greater effect.

One physical consideration that may have ac-
counted in part for the apparently greater dose

received by the children involves a considera-

tion of dose distribution in the body. Because

of their relatively small diameter, the dose re-

ceived at the center of the body of a child would

be yreater than for an adult exposed to the

same dose xs measured free inair.

4.4 Discussion

4.41 General

An estimation of the severity of radiation

damage incurred can be attempted by com-

paring the present results with previous hema-

tological data on total body exposure. The

present date represent the only large series in

which svsteniatic serial count. on the same in-

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

in the following discussion it will be gener-
ally assumed that the hematological effects
noted were due primarily to the penetrating
gamma radiation received. The beta radiation
injury of the skin may have contributed to
fluctuations in the white count during the pe-
riod of active lesions during the third, fourth

and fifth week, be is considered not to have
contributed significantly to depression of any
peripheralelements (Chapter 3). The degree
of interned contamination with fission products
(Chapter 5) was probably too small to con-

tribute significantly to the early hematological
effects obverved. Although it is not powsible
te say with certainty that these added factors
did not materially affect the hematological pat-
tern seen, it will become evident in the discus-
sion that the changes observed are not incon-

sistent with thona to be expected from exposure
to penetrating fadiation alone. Thus, the

hematological changes noted are considered to

he the result of a sinyle exposure to penetrating

gamma radiation, délivered at a rapidly de-

creasing tase rate ovpr a period of approxi-

mately 2 days. Unless\otherwise stated all cis-

cussion will be limited

Viston of Group E
o the older-age subdi-

   

    

  
  

  

   

The principal sources of previous data avail-

characteristics and

limitations of each are summarized in Table

4.40. Pernsal of the table

the difficulties invelved in

able for comparison, and tt

HWomake apparent

tfempting strict

Comparisons: however, some Qatements can be

made despite the obvious Tuitations. For

for peripheral

atu and fresas

the Ql.

eaxy reference, “normal” valine

blow counts, frou the present

the literature are presented tn”
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} Cassese Jace Demwees| “een Rese Lesenqrene Sep EsvereMoe! Los0e Ammen

Nennibess ingroupe...) laege mall ome nage age
hhoquesy do Com fair pew pour gued very goed
webs

Gertal counts... ....- ae yes yee yea yas
Ceunting teeh- fair fair goed quod geod

niques*
Chance of tins duc large lasge large onal ena

to sampling tech-

niqus
“Nermal” individ- yes ae yes yen yes

vals
Internal contam/i- neue nene none minkne’ nese

nation }

Additional treuma yes ne yes yes ne

(burma, ete.)
Species ecxtrapola- ne ne ne ne yes
dem becemary

Type of redietion_..| gumema, some hard X-rays, game, new gamma, bets hard X-rays,
neutrons umm trena, X- to shin gamma.

rays, betas

Bingle exposure...... yen usually ne yes yee yes
Deve rate... .- ._.- Instantaneous ~5r/min. Instantanceus Varying ~ie{/ ~16r/min.

he.
Bedy region... ._.. Total body Veually par Total and Total bedy ; Total body

tial body partial body beta to ekia
Dosage range... __ _ . Seblethal and = Subiethal Subbethal and Sublethal Beblethal aad

| lethal | bethal lethal

Geometry... | Narrow beam Narrow beam Narrow beam 300° field Narrow beam

Depth dose curve Moderate fall Variable Rapid fall of Essentially Variable;

ol flat rapid fall
| | al to fiat
{  
 

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

4.42 Comparison With the Japanese Hiroshima
sad Nagasaki Dees

The limitations stated in Table 4.10 apply to
the Japanese low dove groups® E to H in par-
ticular, in which values given (Oughtersen et al.

(12) and Le Roy (13)) are pooled and include
individuals located at the time of the bombing

“The Japunewr casualties were divided into greups

Ato H ot the heats of degree «f expusure as dértwr-

mined roughly by dimtaere frum the hype-reater sad

apervgimete druree of shieiding ile greeps E te M

eamratialily me murtality serrihable ww redinties

etpegre crecurted in the fret 3 or 4 montha

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 6 weeks was
characterised by considerable variation '8 total
white count in both the (iroup | and Japanese
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Tebte 4.11.—2Geun Peripheral BisodCount Vabusefer Several Contre! Populations (21)

Sovess «fF Dace Dosummmaten

{Javanese, Kven
Aupuecne’|huenmam Ker enten

@ oo conenens Sacer
(= |

| Tetel White cownt...___. as a6 7.4 7.9 7.8 a7

Newteophiie........----- 5 & 0 a4 a3 a as
Lymphocytes. .-...___.. 29 28 25 21 a1 41
Monoeytee....-.----.--- 0.6 a6 a2 a¢ a3 a2

Eovinnphiles..__...____. ae 1.0 03 a3 a3 a5
Basophiles..........._.. — ao: | ae a0 a0 01
Platelets_......._...---.- — —_ _ °*380 238 208

"Age 21 years.
*°The mean value for 50 normal young American men, using the technique employed in the

present study, wae 257,000.

casualties. This fluctuation may be associated
with the presence of thermal or other . yuries
in the Japanese or the active skin lesions in the
Marshallese, or may correspond to the “abortive
rise” noted for animals following exposure
(14, 15). From the 6th week until the termi-

nation of the acute studies on the Marshallese
during the 10th week, the Japanese and
Marshallese counts remained at similar levels.
The neutrophile count in both the Japanese

and Marshallese in general paralleled the total

white count. The lymphocyte count in both
groups was depressed early and remained de-
pressed at values of approximately 2000 until
week 10. The high value of 2692 reported for

the Japanese for weeks lz to 15 must be sus-
pected of being high for the reasons given
earlier.

Various characteristics of the Japanese
hematological trend: should be pointed out: a)
while high dose exposure groups with signiti-
eant mortality showed an early depression with

a detinite low point at 4 weeks, the lower dose
groups showed no definite minimumat + weeks
but rather a continued depression until the sth
or 9th weeks, b) While mean leukocyte counts
of the heavily exposed groups had recovered in
part ami were approaching normal ranges,

3O1T120> Se - 45

these means, 15 weeks after exposure were stil}
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 Komb Casualty Commission, sug-

gest the early blood response and prolonged
recovery of the Japanese was similar to that
reported here for the Marshallese.
The present findings in the Marshallese are

in accord with these characterstics, namely

a) total white cell and neutrophile counts
showed no definite minimum at 4 weeks as evi-

denced in Japanese groups A to D, but rather

fluctuated during the first weeks with minimum

Ineap counts occurring in the 6th week or later,

b) neutrophile counts were unstable over the

first 5 weeks, and recovery to control levels was
not complete by the 6th month, c) lymphocyte

counts remained depressed throughout the pe-

riod of observation.

Platelet data in the Japanese are not suff-

ment to allow more than rough qualitative

comparisons, This is nnfortunate since changes

in platelet counts ino the present <tudies ap  



peared ts show a mere consistent pettern than
did the louhery!.. counts. Platelet counts cox
one individual, considered as a typical response
im a non-fatal Japaneses (13) indicated an ap-
perent lew approximately on day 90. Thistime
trend agress with thet seen in the Marshallese
end Americans expesed to falleut radiation.

Ft ia worthy of note that the period of peak
incidence of perpera in the Japanese victime
occurred betweee the 25th and 30th day, which
cerresponds to the time of maximum platelet
depression in the exposed Marshallese.

443 Comperissa With Decs From Laborsenry
Accidene

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 oc 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
wiite and neutrophile counts over the first few

dava, similar to that seen early in the American

group was obeerved uniformly.® b) of three
high-exposure but non-lethal cases, the total

white and leukocyte counts continued to show

some deyree of depression into the 7th week or
heyond. c) the lymphocyte counts in individ-

uals expowed to as little as 30 rem showed an
initial marked depression. In most cases the

lymphocyte counts remained at low tevels
throughout the period of vbeervation. d) 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 maxim depression were not incon-

sistent with the value of 50 days obtained in the
prevent studies, In higher dose non-survivors,
however, the platelet counts had reached mini-
mum Values ax early ax the sth day.

°Ne cummin were taken om tora | and [1 during

the fret TS hours.

The Argeane Laborstory accident (19) in-
volved feur individuals whe were catimated to
have received 138, 127, 60 and 9 rep, rveper-
tively. The findings in the two highest exposed
individuals in general were consistent with
those in the present study. An initial neutre-

_ philic leukorytesis was follewed by fluctuations
in total count, with low valuce continuing inte
the 7th week. 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
3ist day.
Comparison with Animal Data. The time

trends and severity of peripheral blood count
change following total body radiation in ani-
mais has been examined critically recently (15),
and the following general conclusions are
presented.

a) An initial 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 white 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

at doses in the lethal range, by the end of the
oth week or earlier. Data on dogs are inade-

quate to indicate when recovery is complete;
however, return to control levels at high dose
levels has not occurred 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 36 to 48
hours) requires longer then does neutrophils

recovery. Lymphorvtes fall to very low levels
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otdeus wellbelow the lethe! rangs,aad increase
ing dese.reseits in ne or minimal further de
crease in count. Lymphocyte depression ap-
pears te have ne causal relationship with ecute
radiation deaths.

ec) Platelet counts have been studied most

extensively in dogs (90). As with newtrophiles,
the rapidity and magnitude of depression is 8
function of dese below the lethal range. Maxi-
mam depreesion occurs by the Sth ct 10th day
with doses in the high lethal range, by the 10th
to 15th day at sublethal levels. Recovery be-
gine during the 3d week, 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 for complete recovery.

Considerable evidence incleding studies in
the mouse using splenic homogenates, induced
bacterial infections and infections
have indicated that critical neutrophile levels
exist, below which survival is correlated with
the absolute neutrophile count following whole-
body irradiation (15). From data on dogs, it
appears that survival is likely unless neutre-
phile counts remain below 1,200 cells for a

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 sre not as
yet available to quantify the extent of maxi-
mum depression of either the neutrophile or
platelet counts as a function of dose in the sub-
lethal range. The response of the platelet count
in the present study was much lees 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-
eral blood count, or with degree of change
from control or pre-exposure levels. Some
evidence on this point can be gained by com-

paring the degree of depression of the neutro-

phile counts in (:roups II and LII, bath of

2} SMe ~ a

which hed esmatially the sine ealeulated an-
pesure but for which centrel humatalegical
valuce were considerably dificreut (the |ymphe-
cyte count is net seitable fer comparisen since
dagres of depression wan ensentiaily the aame
im these groups and the higher-dese Rengrisp |
group). At the time ef peak depression fer
each element, the neutvephile counts wore
exsentially identical in termsof absolutecounts,
but considerably different in terme.of the re-
spective contro] values. Thus, some evidence

is afferded thet abeolutc counts, rather then
counts relative te contrel values, may be the
more reliable index of expesure in thie dase

range.

445 Apprenimaticn of Miniaal Lethal Dees fer
Men

Some indication of severity of exposure cam
be gieaned froma comparison of minimums im-
dividual counts in Japanese groups in which fa-
talities occurred. In general, a significant
number of deaths was encountered only in in-
dividuals whoee neutrophile count fell below
1000. In GroupI, 42 or approximately 50 per-
cent had neutrophile counts below 2000 at some
time during the observation period, and i0

percent had counts below 1000. By this cri-
terion, then, the effective dose received by the
Rongelap people approached the lethal range.

In the dog (Cronkite 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 and
2000 in human beings are in general well toler-
ated. Human beings with these levels of new-
trophiles show no clinical evidence of ilineas,
are physically active, and generally do not need
prophylactic antibtotic therapy.

The people of (;roup I are estimated to have
received 175 r ax calculated from dose rate read-



ings quacured in air from the planar fission
product Geld. Frem tie preceding paragraph
it in conn that on additionn! 50 to 100 r of lab-
eratery radiation on an average of 75 r, prob
ably would have resulted in some mortality.
Correcting this average value for geometry,”

it fellows that the minime! lethal dose for man
expensed in a fasion product field is approxi-
mately 225 r measured in air.

It is possible also to estimate the added in-
crement of dose that would have resulted in
seme mortality among the Group I people from
consideration of the minimum platelet counts
observed, the platelet levels in dogs exposed in
the high sublethal range (20), and the esti-

mated rate of decrease 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 Periphersi Counts os an ladex of Severity
of Exposuce

The relative value ofetheseveral lematologi-
cal determinations in estimating the degree of
exposure, as well as the approximate dose
ranges over which maximum sensitivity for
each determination exists, can be extimated by
comparing the degree of hematological change
ainongy the several exposure groups. The rel-
ative degree of change in neutrophiles, lympho-

cytes and platelets can be seen in Tables 4.2 to
4.5 and Figures 4.9 to4.12. Lymphocyte counts
were depressed appreciably even in the low-

exposure Group FV. In the higher dose groupa,
however, with widely different physical esti-
mates of exposure the lymphocyte counts

*From gemetric and depth das considerations set

forte in Mection £. 1 roentgen mensured in air jo a

fasion produrt fleld would be expectedl to be equivalent
in its effect on man to approtimatety 1.5 reentgers of

penetrating x- or genuine radiation under geometric
conditions usually used for large animals in the lah
oratory. Thus, the minimal lethal dose for man ex-
Jumed fo pepetrating radiation under the usual labora-
tory conditions woukd be approvimately 335 r. The

degree to which energy differences between the two
radiations inay alter thin ratho of effects cannot be
evaluated at present.

showed casentially identical degrees of depres

sion. The lympheryte counts of Groups | snd
I] were constantly depressed at « level of ap
prosimatety 2000 celle, Then, while sensitive ot
very lew doses, this endpomt may be a poor
index of the degrees of exposure at higher doses.
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LYMPNOCYTES 5 0°
Pictee 4.10 —-Comuletire lymphocyte counts for

Groupe | i Rongelap)s end Ii i Vilinginee) and con-

trod Ciroap Uiat the time of marioum deprvanoan,

The total neutrophile count of Ciroup Fo was
consistently more depressed than was that of
(sroup IT and the difference was of the order of
MM) to 1000 cells. However, day to day wide
fluctuations in the neutrophile counts occurred.

Accordingly, this endpoint appeared to be of
bnuted usefulness ax an index of relative expo-
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sure severity except when counts on groups to be
compared are performed at the sme tine.
The platelet count showed a more systematic

trend than did the neatrophile count. Dif-
ferences between the low-dose Group ['V and
controls at the tiave of maximem depression for
all growps with the exception of adalt males
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(Koegclaps af the time af marimnsm dcpression und
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could be noted, and detectable differences existed
between tie means for the Marshallese higher

evposare groups, Platelet counting is as easy

as. and mere reproducible than leukocyte counts
(121). Thus. the platelet count may prove to
be a useful index of degree of exposure through-
ove alarge part of the sublethal range.

The above considerations are in accord with
previous findings on human bers and animals.

4.5 Conclusions

1. Consweratsox Ov Tre degree of depres
sion of peripheral cellular elements indicates
that exposure of Group I was moderstety
severe, probably within 30 to 10) r of the levet
where some fatalities would have resulted.

2. The degree of effect evidenced in Groep |
people is not inconsistent «© .th the physical
estimates of gamma done received, when the
geometry of exposare and other factors are
considered. Heta lesions of the skin, and the

low levels of internal radioactive contamina-
tion observed are considered not to have con-
tributed significantly to the hematological

changes seen.

3. The extensive serial hematological data

oltained, considered in connection with pre-
vious data, allow reasonably accurate character-
ization of the hematological response of human

beings expowmd 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
disenastion).

The time courve of events is different from

that obmerved in large animals and may be de-

wribed as follows:

a) The total white count increases danng

the first 2 or more days and then decreases below

normal levels. The total coant then fluctuates

over the next 3 or 6 weeks, with no definite

monuntn and with «ome values above normal

fthe presence of thermal or beta lesions, or

other acute processes dtrmy this time may ac-

count in part) for these fluctuations). The

count becomes stabilized during the (th or sth

weekx at low levels, and minimum counts prob-

ably occur at this time, .\ definite trend up-

ward is apparent in the Sth or loth weeks:

however complete recovery may require several

months or more.

b) The neutrophile count parallels the total
white blead cell count. Complete return to

normal values does not occur for several months
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or mere. The initial rise in tetel white count
is dus te a newtrephilic leubecytosn.

e) The drep m lymphocytes is carly and pro-
found. Litie or ne evidence of recovery may
be apparent several months after exposure, and
wecre te nermal icveis may not occur fer
mouths er years.

d) The platelet count, unlike the fluctuating
tetal lewkecyte count, falls in s regular fashion
aad reaches a low on the XUth day. Some re-
covery is cvident early; however, as with the
ether elements, recovery may not be complete
several months after exponure.

4. As an index of severity of exposure, per-
ticularly in the sublethal range, the total white
or newtrophile counts are of limited usefulness
because of wide fluctuations and because sev-
eral weeks may be required for maximum de-
pression to become evident. The lymphoryte
coant is of more value in this regard, particn-

larly in the low dose range, since depression
eccurs within hours of exposure. However,
since a marked depremsion of lymphocyte counts
erceurs with low doses and, since further in-
crease in dose produces litth more depression,
this index is of little value at the higher doses.

5. Platelet counts showed a regular pattern
of change in the present studies, with the same
time of maximum depression in all exposure
groups and with the degree of. depression

roughly proportional to the calculated doses.
It appears, therefore, that the platelet count
has considerable promise in the sublethal range
as a convenient and relatively easy direct
method of determining the degree of exposure.
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5.1 Inatroductica

Fouuoewixe A Necuzar detonation in the spring
of 1934, a large group of people were contam'-
nated with fission products. In addition to a
sublethal external gamma radiation exposure
and beta irradiation of the skin, delectable

amounts of radionuclides’ were deposited in
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, 1. cetailed ‘study of
the internal contamination in’ the exposed
human population and in animals was made to
determine the kind and degree of internal
deposition. 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

possibility of Jong term effecta, and (3) The

qualitative and quantitative nature of the in-
ternal contamination produced by exposure of
individuals to mixed fission products, There
Was no previous situation in which human be-
Ings were exposed to an environment contami-
nated with mixed fission products. Concur-
rent studiex were undertaken by the Japanese,
however, on radioactive materials to which a
small groupof Japanese tishermen, near Ronge-

lap at the trme of the detonation, were exposed.
The report of the extensive investigations
undertaken on the ashes by the Japanese have
been published (4).

Evaluation of the internal contamination of
the human berngs was made by a study of the

radioelements excreted. As very little infor-

mation is presently available concerning the

ratio of excreted radioelements to the amount

deposited in the body, it was necessary to base

the evaluation on data obtained from animals

which had been contamimated ino the same

event. Detailed studies of animal tissues and

animal excreta then provided data on which

estimates of the human body barden were bused,

§.2 General Nature of Interna!
Radiation Toxicity

Tu. Natuae Ov the radiation hazard from in-
ternally deposited fimion products can best be
understood in terms of the biophysical behavior
of the radionuclides.

Fission product» entering the body throngh
inhalation of ingestion concentrate in various
tissues and act as sources of internal radiation.
The ability of 2 radionuclide to enter the blood
streamis determined byits solubility, chenneal
properties and physical state. The radioele-
ments formed in fision are predominantly ox-
ides which have a limited solubility in) body
fluids, On this basis, only a few of the radio
elements can become available to the body.
However, the amount which can produce in-
jurions effects when depowted within the budty

is minute because of the close proximity of the

isotope to the tienes it irradiates, and because

the imtope continues to irradiate these tixeues
until it is removed by biological turnover or ts
rendered harmless by radioactive decay. The
effects of radiation from internally depasted
emitters are the same as those from external
radiation. The distinguishing feature of in-

ternal radiation, however, i its long continuing

nature.

Radioactive isotopes follow the <ame me-
tabolic processes in the body as the naturally
OCCUCTIAY Inactive isotopes of the same element

and oof chemically simolar elements. Thus

strontium and barium. which are analogoas

chemically to calenum, are deposited in the cal-
cifyving tissue of the bone. Sithoagh nearly two

hundred radioisotopes are produced in the tis-
sion process, only a few are potential chronic
internal radiation hazards. These fission prod.

ucts. which are listed in Table 3.1, constitute a
high percentaye of the fission sceld, and localize

chiefly in bene. The chone weker” have, im

“7
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general, long radiological and biological half-
lives and produce high-energy beta particles.
Thes, they cause yreater damage to bone and to
the radiowensitive bone marrow than to other
tissnex. The damage tothe blood forming tissue
results in a reduction of blood cells, and thus
affects the entire body.

Information on the biological effects of in-
ternalls deposited isntopes is derived from the
hhimited studies of accidental radioisotopic pois-
oning in humans, of from animal experimen-

tation. “The best documented data on the effects
of small amounts of internally deposited emit-
tersin homan betngs are obtained fron studies
of radium poisoning.
deposition, terminal anemia, bone necrosis and
osteogenic sarcoma appeared after a number of

years. The residual activite in the body as-
sociated with these effect-4. 1 to 2 micrograms

of radium. Radium is a particularly hazard-
ous element when depouted internally because
of ts Jong biological and radiological half-life.

Very few data are available on the long term
biological effects in human beings of the shorter
lived immMopes such as Se? ['") P™ and Na*.
The metabolisn, excretion and biological effects
of a number of fission products have been

As a result of radium.

atudiedt in animals by Hamilton (1). .\brame
(2), Bloom(33). However, most of these studies
do nat cover the problem of the long term effects

in animals produced by small amounts of in-
ternally deposited isotopes.
Few «lata are available concerning the effects

of internal contamination with mixed fission
products from naclear detonations, Contami-

nation is not produced by every detonation of
a nuclear device. For example, no internal
contamination was detected in individuals ex-
posed to the air burst at Nagasaki and Hiro-

shima,
In Held texts of the contaminating type of

atowne detonation, animals that inhaled fission
products during short periods of exposure were

found to have insignificant amounts of internal

contamination.
The long termeffects (primarily malignant

changes) resulting from radium deposition have

been used to set the limits for maximum per-
mussible bady concentrations of a few bone seeir-

Ing racdhoisetopes in the body (5). Maximum
permissible body content of other radioisotopes

are estimated on quantities resulting in a cose
of O43 rem per week to the tissue of highest

CONnCENT rattan.
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INTERNAL DEPOSETION OF RADIONUCLIDES oe

5.3 Imecruri Coetamination im
Huemen Beings

Tue Ixreawat Conramination study was be-
gun 15 days post-detonation with the collection
of pooled 24 hour «rine samples from the
Marshalless and American groups. Mazimem
activity in the urine orcurs during the first few
days after internal contamination. By | week
an approximate equilibrium state is reached in
which the contaminants remaining in the body

are firmly fixed, chiefly in the skeletal tissues,
The activity in the urine then derives from
radicetements which have been replaced in the
natural process of biological turnover. Thus,
the study made is ementially that of an equi-
hibeium condition.
The urine samples were sent to laboratores

in the United States for analysis, since the high

background encountered in the field masked the
relatively low levels of activity in the aliquot
yamples used. A field laboratory is most de-
sirable for a rapid survey, and was shown to be
feasible, if adequate facilities are provided for
the counting of the samples.
The first urine san:ples, mentioned above,

were collected for the Los Alamos Scientific
laboratory (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

dividual from Rongelap and Ailinginae were
sent tothe 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 sent
to NYOOLAEC.
The USNRDILcollected samples from each

member of the exposed groups at 45 and 46 days

jpaost representa-

tives of these groups were also collected at 2t.,

Sand 6 months by the USNRDILL In addition,

samples fronia representative group of 6 Amert-

cans and 20) Marshallese were collected for 6

post

detonation. Samples from

consecutive days beginning 33) days

detonation.

5.31 BMocheds

As a complete radiorhemical analysis of all
the urine samples was not feasible, samples were
analysed for only “r*, He'®. the rare earth

group and fissile material. These analyses are
the most useful for evaluating the concentra-
tion and identity of all the potentially hazard-
ous internally deposited radicactive tsotopes.
Measurement was also made of the gros beta

activity of all the samples.
To facilitate the processing of the large nam-

ber of urine samples sent from the field, a sraa-
ning method for beta measurement consisting
of a basic oxalate precipitation with a lanthe-
num carrer was employed on an aliquot of the
24-hour urine samples. This method rapidly
concentrates the radicactive elements into a
siuall volume and eliminates the normal Ko
background. A carbonate precipitation of the
entire 24-hour sample increased the sensitivity

of measurement sufficiently for analysis of
samples collected later than 21.. months post

detonation.
The beta activity wan counted with a thin end

window (reiger-Muller counter. The counter
was calibrated with a UO, standard, and an

appropriate correction for self-ahsorption was
made using a Sr® standard.

5.32 Findings and Incerpretations

1. Beta Activity of the Urine. Internal dep-

asition of radioactive elements was evidenced
by the presence of significant amounts of beta
activity in the urine. This activity decreased
rapidly as a function of time, as it was derived
chiefly from short-lived radioisotopes. For

example, at 3 months post detonation, the mean
activity of the urine of adults from Rongelap
was 28 percent of the value measured 45 days
post detonation, and at 6 montha, the activity

in the urine was barely detectable in most of the
individuals.
Comparison of the means of the urine sam-

ples for the adults from Kongelap and

Ailinginae and from Americans from Rongerk

indicated that af 4 days pest detonation the
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highest activity was in the Rongelap group
(Table 5.2). The \ilinginae group had lees
than half that of the Rongelap group, and the
Americans had about one-quarter the activity
of the Rongelap group.
The mean grow beta activity of the urine of

the three groups above was roughly propor-
tional te the external dose each group received.
However, a comparison of the mean beta ac-
tivity of the urine of Ailinginrge and American

groupe indicated that the latter had « somewhat
lower amount of internal contamination, even

though both proups received about the same ex-
ternal dose. This may be accounted for by the

fact that the Adlingimae group drank contam-
inated water from open containers and ate con-
tamineted food up to the time of evaenation,
whereas the Amerious miaested much less con-

taniinaterd food and water, since beth were
largely stored in closed contarmers. Padoectri-

nation of the Amenecans concerning radiation

hazards probably was alse a factor in reducing
the amount of contamimation which they re-
ceived,

The variation of gross activity among the
Individuals mn any of the three groups ix 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-borne 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-
thividual variations was obtained by grouping
the individuals from the Rongelap and Ail-
inginae groups according to age (Tables 5-5 and
3.4). While the activity excreted per unit vol-
tiie of urine is about the same for both children

wd adults, the mean activity of the urine ex-
ereted in 24 hours by children under 15 yvesrs

Was significantly lower than that excreted by

adults. The data avatlable do not indicate
dehnitely whether the lower total excretion
Wudicates a snintler total body burden in’ the

children resulting: from lower inhalation and

Inyestion, or whether it represents « higher de-
vree of fixation of the radio-elements by grow-
ing bone.
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73 230 0
78 O65 52
79 465 2. 038
a0) 540 1, 353
82 670 2140

Mean 581 1, 208  
 

Values corrected fur decay.

No correlation wax found between body
weight of the people fron: Rongelap and the

total activity per 24 hours excreted in’ their
urine.

(row beta activity measurements were also

made on the samples sent to NYOO, ABEG.*

Their results essentially corroborate the tind-

*Pereonal communication from dr. J. Harter, NYO,

ARC,

 

ings by the USNRDL, particularly the ratio
of the activities among the three groupe studied.

The absolute values of the activity determined
by NYOOLABRC, hoe -ver, were lower than

the USNRDE volues bv a constant factor.
2. Radtochemical Analysis of the Urine:

Estimate of Body Burden. Radiochemical

analysis of the Rongelap urine samples indi-
cated that the alkaline earth and rare earth

groups together contributed 15 percent of the
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Tahte 1.4—Geum Som Acsivisy in Urine of People Prom Adinginns and the Acmricans
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10 Tl. . Lee

1 1, 580 385

12 1, 408 0

13 1, 810 965

14 12 438

15 1, 330 sO
iff 1, 930 0

w we, Leelee

18 1, $30 0

19 1, 300 6

wD 1, 070 0

21 550 453

22

a2 1, 180 0

24 1. 14) 750

25 1, 380 ifs

af 410 323

Zz SAS

2a 1. 220 0

Mean 1, 158 ay   
Values corrected for decay

beta activity at 44 days post detonation { Table
“9. The predominant radionuclide is Se,

which contributes 42 percent of the total beta

acuvity at this time,
Assays of fissile matertel made on pooled

suinples of urine were all negutive within ex-
perimentel limits.

The early urine samples analyzed bv the
LASD. (cotlected 15 divs post detonation) con:

tained fair amounts of radioiodine ii addition
to the alkaline and rare earths,
On the basis of the radiochenucal analysis

of the urine. the body burden (the radioisotope
deposition in the tissues) was estimated. The

ratio hetween the activity of the urine and the
wmneunt of isetope tised in the body is required
for this calculation. Towever, few mtios are

avilable for the deposition of the various ra-
dioelements in humans, so thatait was necessary

tocurtlize ratios obtained from aniniad studies,

Of che animads collected on Kongelap, the pig
wis selected as the closest to the human in size

A detadled study was there-

fore made on the excretion of these animals and

awn) metibsolisan.

 



INTERNAL DEPOSITION OF RADUONTUCLIDES 73

Table 5.5.—-Rediachemes! Ansty of Urine Prom the Reagslap Poaple (45 doys post deesnstinn)
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on the radioactive content of various tissues.

Details of the animal study are presented in a
subsequent section.
The estimate of the mean body burden of the

Rongelap group at 82 days post detonation is
presented in Table 5.6. The body burden at one
day was calculated in the following manner.
A formula was obtained from urinary excretion

data reported by Cowan, Furnbee and Love (6)

broaecase of accidental inhalation of sr”. The
excretion curve was best repreventedl by four
exponential terms, (Very similar results were
obtained by approximating the biological decay
of strontium with a power function, based on

human excretion of the metabedically similar

element, riudimy) (6, 7,8).

Estimates were made of other radioelements

prevent in significant amounts at one day, as

shown in Table 5.6. These estimates were made
on the basis of the level of Sr* at one day, to-
gether with the data on the activity of the vari-
ous fission products at this same time (9) and
animal isntope absorption and retention data
(1, ),

The LAST hax also estimated the body bar-
den at one day, on the basis of radiochemical

analyas of pooled urine samples from a repre-
sentative number of the Rongelap and Amert-

cangroups (10), These calculations were bared
on the analysis of Poin the early samples of

urine C14 cays post detanation) as well as the
shove mentioned physseal and biological data
on Hsien products 0105.99. Their tind sng are

presented in Table o.#,

Table 5.6.—Mean Body Burden of the Rongelap Group
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Qu the basis of an smumed ptabe of 3 por-
cout per 34 hours, the integrated dose to the

thyreid from f'’' and other shorter-lived iodine
mangpes was calculated by the USNREDE to be

about 110 rem The 1.0989. hee aerimeced thst
thes dase wes shoet |i) rep for Rengelap group
aad SM) rep for the Americans.
The differing approaches used by the

USNRDL and the LASL for estimating the
bacdy burden gave resulta which, except for
Ha', are very close.
The mean body burdens of the individual

nuclides prevented in Table 5.6 were calculated
for the Rongelap group. Values for the
Ailinginae group were approximately half

thase of the Rongelap group, and values for

Americans, about one-fourth those of the

Rongelap group.

The tal amount of radioactive material
present in tie G. L. tract at one day post detona-
tion in the members of Group | was estimated
ax approximately (}ime. This activity was con-
trilnated chiefly ly iseCrp en of short radiological

and trological half-life and linuted solubility.
Thus the levels of activity in the tissues of the
badly were relatively low. The concentration
of radioisotopes at 6 months post detonation
was barely cletectable in the urine of most ex-

posed individuals,
lodline, which is quite soluble, is probably

the ment hazardous internal radioemitter in the
early period following exposure (10). The

dase te the Chyrou was appreciable, but low
compared to the partudly or totally ablating
domes Of Pused in therapy of hyperthyroidism

orcarcinema. At one day post detonation Sr”
was crleuleted to he near the maximum per-

tuisesble level (5) for this nuclide. At later

tues following exposure, this longer-lived fis-
ston produet prevents the grentest potential in-
ternal hazard.

The prevent study confirms the observation
Tiade thoan mal expertoeuts that most of the
ridiemetive clements formed in fskion as well
as the fissile material itself, are not rendily ab-

sorbed from he lungs and the GL. tract. Only

ioSr. Baane a few of the rare exrth elements
were ubserbed te any significant deyree.

An attempt te measure hene-fined radiaertive
emitters hy means of sensitive film badges taped
helow the knee, over the epiphysis ofthe tribes
en a nember of permses, yielded np postive

No correlation coald be obtained bet ween the

degree of internal contamination and the clint-

cal and hematological findings. In view of the
short half-life of the most sbendant hanton
products deposited internally in this situation,
the possibility that chronic irradiation effects
will occur if quite small. Thas, an evaluation
of the data on the internal vontamination, in-
chading that of Se*, leads to the conclusion thet
the internal 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 leeernal Comtamsmation

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

Internal deposition 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
badly. The activity in the air settles oat fairly

raptily, but contaminated fond, water and
utensils retain their activity for long penods of
time,

The amount of fission products reaching the
blondstream through the respiratory tract is a
function of paurticle size amd solubility of the

The particles with
which the activity: was associated were con-

sidernbly larger than the optimum size for

deposition ini the alveolar tissue of the lung.
Thus, the probability of the retention of inhaled

airborne contamination was not appreviable
during the exposare period,

The hypothesix that ingestion was the chief
source of internal contamination is supported
by the finding that the gastrointestinal tract,
its contents, and the liver of autopsied chickens

and pigs sacrificed at early intervals following

ninborne contaminants.

e
e
e
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@rtenetinn weve mare active thea the alveolar
1 enene.
The impartaare of ingration as 5 continsing

snaee af contaminetion is evidenced by the
bewed af imomeme! montesiisiatteas 008 flee eae irom

Reageinp. Thear animals had sboat ten times
the leely herden of the haman population in
the ~me lorality. As the air-berne artivity
had already dropped to a low value at the time
of evacuation of the humans, the contamination
of the pigs during their prolonged stay on the

island necewarily derived from ingestion of
radioactive food and water.

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

It appears that during the first month a
limited amount of fission products was avail-
able to plants growing on the contaminated
anil. Significant amounts of beta activity as
well as small amounts of alpha activity were
present on the external surface of plants at 42
days poet detonation. Only very small amounts
of beta activity and no alpha activity were de-
tected in the edible portions of fruits such as

pandanus, papavas and coconuts. However,

high levels of activity were foundin the coconut
tree sap, and the sotopic concentration was
very simiiar to that of water.

High levels of activity were found in fish
taken from Rongelap lagoon. It appears that
the ingestion of contaminated water and fixh
were the principal sources of internal contami-

nation of human beings, Of the individual
radionuclides, Sc*, because of its high solu-
bility and relatively long radioactive half-life
was prolably the isotope of greatest potential
hazard in the environment.

Internal Radioactive Decontumination Ther-
apy. Since there is no method of counteract
ing the effects of radiation from internally de-
posited emitters, treatment: consists of remov-

Ing the nuclides from the body as rapidly as
pomble. The ability. of  ethylene-diamine-
tetra-acetic acid (EDTA) to mobilize certain
of the fission products from the skeleton and

te imerenss the rate of thetr earretion has pre
viowsly bron denentesereted 115-13). ft r mennt

effertive wath the rase -urth group, but hes
an effect on strontram (33). Three ausies have
shown thet ment of the heslgnrally hassrdews
material remeinimg in the badly ww firmiv fae
m hone within a shert time, =n thet e@fertive

syermic dercwtamination by chenural agents

can ercur only in s shart period follewing ex-
posure. Nevertheless, an attempt to effect in-
ternal decontamination was made 7 weeks pret
detonation, since it would mobilize snd make
detection of isntopes easier, even though i was
ren:..... .sat the procedure would have limited
valwe at this time.
A representative group of seven individual

from Rongelap were selected for this study.
During a control period of 5 days, 44hour urine
samples were collected daily for radinanalysm
in order to establish a ban! excretion rate.
During the next 3 days, calcium EDPA was ad-
ministered orally, | gm per 25 Ibs of body
weight daily instead of the preferable intra-
venous dnp because parenteral therapy was net
practical under the cirvumetances.
Twenty. four hour urine samples were col.

lected daily during the treatment peried and
for odlays following treatment to determine the
effectiveness of EDTA in accelerating the ex-
cretion rate of the radioelements.

No side effects from the we of ELTA were
obeerved. Blond counts and blood pressure re-
mained unchanged throaghout the treatment.

The mean activity of the urine during the

EDTA treatment pemod was 2.5 times the pre-
treatment setivity. The probability that the

differences observed are due to chance is jew

than 8.01, Thus the oral administration of
BTA fora period of 3 day» beginning 52 days

post detonation increased the excretion rate of
internally deposited fission products, but. the

over-all effect on decreasing the buy burden

was slight, a> the excretion rates were very low

at this time.

Summary. The first instance of internal de-

Dosition of mixed feion products in: hunwsns
occurred as a result of failout fellowing a ther-
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menerionr ¢ Thes internal -nntami-
netian reenited fram bath inbalation and ingre-

tren of fatlen moterval.
High levels of activity were found in water

and on the cuternal surfaces of planes. The
Pommbnenvation 8 the wntccees) ot° xessrttionz of Sroits

and vequtables was mail. (f the individual
ratiornectiden, Se”, borane of its high solebil-
ty and relatively lang radioactive half-life was
probebly the isntope of greatest potential haz-
ard in the environment.
Few of the fission products present in the

environment were readily absorbed from the
lungs and the (7. I. tract. Radiochemical anal-
ysis of the urine samples from the Rongelap

people indicates that Sr. Ba and the rare earth
group together constituted 15 percent of the
total beta activity of the urine at 45 days post
detonation. Sr® was the predominant radio-
nuclide at this time, contributing 42 percent of
the total beta activity. Assays for fimile ma-
terial in the pooled urine samples were negative
The human body burden of indivigual radio-

nuclides was estimated from radiochemical
analysis of the human urine and of the tissues
and urine of animals from Rongelap. The
mean beady burdens of the radionuclides in the
Ailinginae group were approximately one-half
these of Rongelap. and the mean body bur-
dens of the Americans about one-fourth of the

Rongelap group. While the activity excreted
per unit volume of urine was the same for adults
and children from Rongelap, the total activity

_ exereted in the urine in 24 hours by children
wider To ye moof aye was symiticantly lower
than that ex oted by the adults.

The total amenuat of radionctive material in

the Ga To trvct at one day post detonation was
estimated to be Sime in people from Rongelap.
This activity was contributed chiefly by isotopes

of short: radiologieal and biological half-life
and hited solubility, and thus the levels of ac-

tivity in the tissues of the body were relatively
low. The concentration of radioisotopes at 6

months post detonmehon was barely detectable in

the urine of mest of the exposed individuals,

The estimated ose to the thyroid from 2?
and other short lived tadine Isotopes was 100

TE Ataneens amelie Ohcae

to 1) rep fur Bongelap. ledime is probably
the mont Sezrdow: internal radieemitter st

early time after exposure. The dese to the
thyrond, although greater than tolerance, was
lew compared tothe partially or teteily sb
tating: Qin of T° uein ite icwacmem of

hyperths ruedinm of carrinsmea.
At ane day post detonation, the roncentre-

thon of se” wan calculated to be arar the maxi-
mum permiwsible level for this nuclide. At
later times following exposure, this longer-lived
timion product presenis the greatest potential
internal hazard.

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

Analysis of the internal contamination in-
dicates that the dose to the tisue of the body
was near, but, with exception of the dose to the
thyroid, did not exceed the maxinum permis-
sible dove levels. The activity tized in the body
decreased rapidly as a function of time. The
contribution of the effects of internal contami-
nation to the total radiation response observed
appears to be small on the basis of the estimated
hody burden of the mredioelements, In view of
the short half-life of the most abundant fission
products in the situation, the possibility that
chronic irradiation effects will occur is small.

5.4 Internal Contamination of
Animals

Var Dsteanat Contamination of a number of
animals collected on Rongelap was studied. The
vetivaty in their urine was stuclied, and radio
chennent analyses were made of various (issues.

These data provided the basis for estimating
the body burden of the madioisotopes in human
berg. In addition. nematologieal and patho-
logical studies were nade. and autoradiographs

of selected tissues were prepared. A] number

of the animals are also bemy studied for the



appearence of passible long tem efforts of

radiation.
A speetal study was carried cut to determiar

the e@fert of the rediatinn an the fertility of
chickens and the hatchaininy of therr egg.
The satel collected fram Reageise sad

QNirt® incheded (1 ciktrna Sf beby hike
swien, 4 durks and | cat. Thear were shipped
ahve to the USNRIML. Three finh and one
large clam were teben from the Rongelep ie-
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
autopsied in the field, and representative tissues
were collected.

3-41 Methods

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

7

were altained from the long. /tver,
Gs. 1. tract and the sbeleten. The menples sere
auhed of 580° €. in a malls even, and thr sah

made up te volume wth N HEL An alwyest
was then dined for beta measurement. The beta

actrvny was deteventaed by mouse of a then
a | —_ w.. ai: «|

vine: Fine Tegres- Seacers rwswenes. | ean

verd as the buses for the mam sbuerptien cor.

rection fur the samples, os wes the major

culsted is an approximation, ss mas sbserp-
tion ts a function of the average energy of the
sample. Heta activity was measured in total
d,m, and this value was converted to pr, “Sr®
equivalent.”

The gamma activity of the tissue sumples was
measured in a well-type sodium iodide srintil-
lation counter which has an effcienry of about

4) percent for a Co” standard. The gamma

Table 5.7.—Mortality sad Exeernal Radiation Dose of Animals From the
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sativity was chtsinsd im total dm, snd was
converted te ge “Co” equivalent.”
Namples were anaiysed radiechemicalty for

Se, Ba, the rave earth group, 1and frente

material.

wweltvidualty, and thetr eacretn coilected st 3¢-
hewr imtervala. The feres and urine of chirk-

ens weve roibected and ashed combined, but were
colleted and ashed sperstely for the pig
Reginnmg 5 weeks post detonation, the excreta
mM a representative group of chickens wae col-
lected at weekly ineervals fer a peried of i144

ot 6 werks pest detonation, and the coltertien
was made st weekly intervals for s 6week po

Tabte 5.8.—Redis.hemicel Aasbysie of Tissuss aad Urine of Pigs From Rengelapca
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Beta activity —o/m/fotaL tare

Goss Se Rao Tove.
actreiTyY — 8288 BabeeBaurta ent = ! te = se
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Pq @24 (25.8 kgm) | |
Skeleton (total)... _..__.. Ba00 5680 | 680 10168

Liver. . Lee te ee eed 31 0. 4 | 0. 3 64

Colon & Contents. i | 12 & 0 24 22
Lung (Alveolar)... |. | 15 0.22 | 0. 20 a8
Atomach ee 12 O72 | 11 13
Intestine (Small) 2 23 0. 42 | 0. 530 0. 51
Kidney a3 a21 , a 42 0.74

Remaining Tinaues.__.. 600 Po,
| eee

Total 9630 5667 , 665 | 1030
Urine Sample. 24 hr | 13 ar 12 | 16

Pig #25 (22.7 kam) | | |
Bkeleton (tutal) - 8600 5100 ; 530 ‘ 690

Liver . a 053. 0. 20 | 5.5
Colon & Contenta. 16 5. 0 32 4.9

Lung (Alveolar). iam | 0% | 02 | 0. 33

Stomach 20 nm | O13 | 0. 30
tntestine (Small) - 26 0. 83 0. 88 ' 0. 88

Rodney 7 3 | 0 14 O19 |! 0. 52

Remaining tissues ‘ 220 .

Total 8870 ay 534 7
Urine Sample, 24 hrs Le 6.2 44 0. 40 0. 54

l

oe aUMMARY - ;

Glaogs Reta Activree RaEELZETON Tora. Boor Come (24 Has)

sr 62. 0 38. 0 69. 0

Ha & 8 45 7.9
Rare Barth u.7 4.0 10.5

7&5 735 7:   
All valuen corrected for decay.
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rivl, Rerdwanalves uf the excreta was per.
fermed in the ame manner ax that of the tame
samplen, deartrhed abre.

$.42 Findingsand hncerpreestice

Grea Charrratians, The animals hed beer
free on the islands. ARhough malnourmshed,
they showed no other evidence of disrane.

Autopmy of two chickens which died during
shipment revealed no pathological findings that

could be associated with radiation.
On the basis of an assumed 12-hour effective

fallout time, the animals from Rongelap re-
ceived an integrated external dose of 2sto
360 r, depending on the date of their collection

(see Table 5.7). The pigs from Utirik received
a calculated dose of 32 r at the time of their
evacuation. The animals all showed extensive
external contamination, ranging from 0.5 to
> mr per hour at 4) days post detonation. This
activity was reduced about 75 percent by a
washing with water alone,

Rudioactivity of Tisanen and Eaercreta. The
gross beta activity of the pigs at 82 days post

7

detonation wae about 40 uc. The diarniation
of activity in the individual timeen in shown tn

Table 3.5. Chver 94 pervent of the beta activity
wan lovalised in the ~keleton. The highe~ ac-
tivity in ao soft tumue was found in the liver,
which hast, hovereowe teow than (9 ssmmmmrt nf che

oem +48

total busiy burden. The colon contents had the
necoed highest activity for the soft tismuen, abst
0.24 percent of the total. The alveolar tissue
of the lung had an activity lem than 0.(f2 per-
cent of the total activity in the body.

(irose beta and gamma activity of the chick-
ens at +4 days post detonation was approsi-
mately 0.2 pe. The gross activity per bedy
weight of the chicken is approximately the same
asthat ofthe pig. The distribution of activity
in the timues of the chicken (Table 5.9) was
very similartothat inthe pig. Most respiratory

radio activity was localized in the turbinates,
asa 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 + percent of the value at
24 days post detonation, while in the same pe-

riothe gamma activity dropped to 0.2 percent

Table 5.9.—Beta and Gamma Activity of Chickens From Rongelap (uc x 10°)
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of the 9¢ day value. Then data imdicote that The residual total beta activity feund in the
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nord the amatyss ot 4 months represents only
radielagical deray. Thas, the results are net

directly camparsble te those obtained from ani-
mals which were returned alive, and in which
belagical turnever se well as radiologyal decay

were operating.
The largest fraction of the grom beta activity

in the fek was contributed by the concentragon
of radioactive material in the viscera. In two
of the fish in which bones and muscle were sep-

arated and analysed, equal amonnts of activity
were found in each fraction. However, the
storage of these fish in formaldehyde for 3
months may have permitted the diffusion of
the radioelements 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 214-month experimental!
period. the excretion by the chickens of both
bets 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

decrease of activity with time. In a 6-week
period, the yamma activity excreted per 24
hours decreased to about 2.5 percent of the ac-

tivity excreted at 44 days post detonation.
The excreta of the pigs from Utirik contained

less than 10 percent of the gross beta activity
found in the excreta of the pigs from Rongelap

at the same time. This ratio of 1 was approx.
imately the same ratio found between the ac-

tivity of the food, water and soil samples of the
two locations,

Radiochemtral Analysia of Tissues and Er-
ereta. Radiochemical analysis of pig tissues
indicated that t2 percent of the skeletal beta
activity was derived from Se. 7 percent from
Bal. and 10 percent from the rare earth group
at *Z days post detonation (Table “.3). The
radioisotopic composition of the urine at this
time was simular to that of the skeleton, The
distribution of activity in the body of the pig

to ee teTDSSToe
eses:tne >eeoreeepoe

wy represeat the distribution in hamen bemgs.

The sheolute amount of internal contannnetion

m the Rongelap people was, however, only s
tenth of that fownd in the animals.

At 4 months pest detonation, the atkaies
eerie compris ieee thai 2 p<corent of the tated

activity in the clam (Table 5.10). The rece
earth growp constituted 43 percent of the total
beta activity. The balance of the activity was
contributed chiefly by Zr’* (2! percent) and
Ru'*'* (32 percent). About 50 percent of the

material found in the viscera of the fish was
of the rare earth group. Very small amounts
of strontium and barium were found. In the
tissues of the fish, strontium, barium and the
rare earths contributed only about 10 percent of
the total activity.

5.43 Autoradiographs

A number of autoradiographs of the tibiae
and femurs of | chick, 4 pigs, 1 rooster and 2
chickens were prepared beth at the USNRDL
and at the Argonne National Laboratory

(ANIL) to determine the pattern of deposition
of fission products. Contact printaing on X-ray

no-sereen film was found to be the most sati-
factory method of preparing the autoradio-
graphs. The discussion and conclusions pre-
sented below summarize the tindings reported

by Norris (15).

The autoradiograph of a tibia from a chicken

sacrificed at 45 days post detonation (Fig. 5.2)
indicated a relatively uniform distmbution of
the activicy throughout most of the bone, with

the highest concentration of activity in the area

adjacent to the epiphysis. This area of high
uvtivity corresponds to an area of dense trabe-

cular bone.
The tibia and femur of a baby chick, which

died spontaneously 47 days post: detonation,
showed the heaviest concentranion of radioac-

tive material in the diaphysir (Fig. 5.3). The
end regions of the bone, which were laid down

after the animals were removed from the cun-

taminated environment, were relatively lacking
Inactivity. The region of greatest activity was
mothe dinphysis, which appeared to be ab-

Soeeememe nn neeee
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norinally constricted, pasibly because of a de-
creased rate of endosteal =e: orption.
A tibia froma pip sncrificed 43 days post deto-

bation had an area under the growing epiphysis

free of activity (Fig. 5.4). As in the chick
deseribed above, thix ares corresponds to the
growth which took plaice after the animal was

removed from the area of contamination. The
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Pictuage 3.2—Amtoradiograph of tibia of chicken sacrificed 45 days post:

dctonation (ANL).

Marrow cavity tn this tibia contaimed dense
trabecular bone alongits entire length, a forma-
tion not normally found in manimalian bones.
There are also two distinct 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 a double line of radio-
active deposit appeared in the animals studied, ©
except possibly in a sow sacrificed 38 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 (4) has shown that a typical osseous

tissue in trabecular space is a characteristic
lustopathologiceal finding following radioactive

 



 
Proves 5.4.—latoradiagreph of tihia and femur of

baby (chick osacrifierd pie duya  puatl-defonation
(aNbi

depenttion. Fer eansaple, cfmical studies have

shown that following radium depesitionm bens,
atyprcal eussens tisey is formed is conseline

hone. These formations appear ss srene of ia-
creased density in mentgenegreas (8).

It 1s difiewk te imterpret the amomaly in the

pig, described above, and the dense trabecular
hone in beth the pig and chicken. No normal
controls are available for ison with these
animals, 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
exposure to radiation.

5.44 Pachology

Sections of lung, liver and tibia, as well as
thyroid and other endocrine organs 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

could definitely be ascribed to radiation. Sec-
tions of bone examined by Lisco at the ANL
also indicuted no detectable pathological
changes.

5.45 Egg Production in Chickens

In birds, extraordinary demands are made on
the calctum metabolism in the production of
egy hell. It was, therefore, of particular in-
terest to observe, during the provess of egy pro-
duction, the metabolism of thoae internally de-

posited radioelements which are metabolically
sinilar te calerum,

Forty-four days after detonation, a group of
hens from Rongelap began laying eggs for the

first time since their collection. During the
next month and a half, 319 eggs were laid by

Ey hens. All of the eggs were normal, except
for two eygs from one hen which were laid
without shells. The shells were complete,
smooth and of normal shape. The weights of

the eggs ranged from %) grams to 44 grams,
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EFFECTS OF FONIZING RADIATION
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The gross bets and gumma activities of the
shell, albumen and yolk were measured in the
Aest 50) eggs obtained, and the gamma activity
of the shell wae measured in the remainder of
the eggs. An increasing amount of gammaac-
tivity appeared 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-
mem value, the subsequent eggs in the series
showed a general decline in activity. Two ex-
amples of this phenomenon are illustrated in
Figure 5.6.
The highest gamma activity fuund in as sin-

al= cuy shell was 66:4) counts per minute,
measured at 60 days post detonation. For a

xumma energy of approximately | mev, this fig-
ure corresponds to 0.0Tpc. The yolks and al-
bamens had much less activity than the shells,
as was anticipated. The average distribution

of gamma activity in the eggs is given in Table

‘11. The results of the radiochemical analysis
of two egys are presented in Table 5.12.

The alkaline earths are the principal fission
products depesited in the shell. In the albumen
and yolk, the beta activity contributed by the
alkaline earths was only a little greater than
that aseociated with the rare earths.

The pattern of deposition of the radioactivity
within the egg was also studied by means of
autoradiographs. .\ series of 50 eggs were
hard boiled, sectioned, and autoradiographs
were prepared of the cut surfaces. Only four
of the yolks of these 30 eggs were sufficiently
radioactive to produce autoradiographs (see
Fig. 3.7). These 4 eggs were laid on sucres-
sive days by the same hen. There is a correla-
tion between the rings of radioactivity in the
yolk and those of pigwent

The amount of actiity removed from the
beady of the ikea through egg laying is very

mini om +

‘Tutte 9.12.—DterSarics of Camms Activig io
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much greater than the amount excretedin the
urine and feces during the period of this study.
Evy production in the chicken represents a
unique form of natural decontamination.

5.46 Fertilicy sad Haechabilicy Scudies ins
Chici

Fertility studies on the contaminated chick-
ens were begun 314 months post detonation,
with the mating of hens and roosters andthe in-

cubation of the eggs obtained. In the first
clutch of 20 eggs, 4 were hatched. One of the

chicks had the cnppling slipped-tendon condi-
tion, “congenital perosis,” which 18 not uncom-
mon. Radioanalysis of the chick timues tndi-
cated that only a barely detectable a iount of

radioactive material was transferre. to the
chick, although the muther ben had at this time

ah apprectable contamination.
In anther Laich oa mentbs post detonation,

1S ogy were incubated. Of thaw. 2s were in-
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A study was undertaken to determine the

ability of both sodium EDTA and sirconium
citrate (15) to increase the excretion rate of

internally deposited fission products in the con-
taminated chickens. Om the basis of previous
experience, it was not expected that any appre-
ciable decontamination could be effected at the
time of this experiment (4 months following
internal radioactive deposition).
The excretion rates of § chickens with large

body burdena 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 I. P. with 75 mg. sodium

EDTA for four days: two received injections
of 70 ing. of zirconium citrate (15), and two
were injected with both zirconium citrate and

4xodium EDTA. Two chickens were kept as
controls. The mean beta and gamma activity
excreted by these chickens was determined in-
dividually for each of the treatment days and
for 1 day following cesaation of treatment.

Neqiher the zirconium citrate nor the sodium
BDTA alose was edietive in increasing the
excretion rate ts reflects f by the beta activity
MORNes, wade The combined szdminis-

tration of seorsim. otiate aed ~elinn EDTA,

however, tube? cae egcre! on pate of the beta

activity. No viet teole chaage i che rate of

netere and distribution of the radicisctepes im
the timsues and the excreta. ()ver 90 percent of
the activity in the body of animals was localised
im the skeleton. The pattern of deposition of
the fiesion products in the skeleton seen in aute-
rediographs resembles that of the alkaline
earths. Morphological changes which were ob-
served in some of the bones may be the result of
the exposure of the animal to external radiation,
although the effects of sevure dietary changes
and other disease cannot be ruled ont.
The alkaline earths Sr® and Ba' and the

rare earth group together constituted 75 percent
of the gross beta activity in the pig at 82 days
post detonation. The fish and clam had a much
lower concentration of the alkaline and rere
earths, 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-

nated hens gave no evidence of any effect of
radiation. The rate of production and the eggs
produced sere both normal. The extraordi-
naryability of fowl to mobilize calcium in shell
formation resulted in the presence of very high
activity in the shells of the first feweggs) The
activity was associated with the fission products
of the alkaline earth group. A significant

amount of activity was found in the yolk, and
leer amounts in the albumen. The removal
of activity froin the body of chickens by egg

production provides an effective natural de-
contamination process,
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egy predured by the mating of contaminated
reasters and hens chewed ne effort of radiatien.
The baby chicks hatched frem them egg ore
growing nermally, sed the anrwnnt of redie-
activity in their timuss is berely drtertybie.

Whale the adunenéatration of the combtnetien
of sireentem cxtrete cad sediem EDTA wo
cherens deubied the escretion rete of fence
products, the rate at this long time after ex-
pasure wus sp lew thet the body burden was
lietle aGerted.

In the 6 month pecied post detonation neither
significant gros changes nor pathologicel
changes which could be detinitely ascribed to
radiation were detected in any of the animals.
Gross beta:  ivity of urine and tissue samples
indicated tl..: all the animals had significant
internal contamination. The ievel of inter-
nally deposited radioisotopes in the pigs from
Roagelap was ten times the amount in human
beings from this area. The difference in the
amount of internal contamination of the animals
and the human beings was the result of the pro-
longed stay of the animals in the contaminated
area. The chickens were found to have the
xame concentration of radioixotopic material
per unit of body weight as the pigs.

All of the animals remaining will be observed
throughout their lifetime for the poasible ap-
pearance of any long termbiological effecta re-
sultingfrom their exposure to external and in-
ternal radiation.

Béblography

1. Hamiltos, J. G.: The metabolic properties uf the

fesion products and Actinide elements, Rev. Ved.

Phypews -#: T18, 1948.

wINg O. *——a4

10.

il.

Tet

14.

Nations’ Busses of Mtendtards Keodbunk J 1 ovr-

orament Priettag (Gre. Weshingicn BH D.C.).
1983.

Cowen, F. FP. Faraber. L. B.. sad Levee, BR A.:

Health phguies ead medical aaperts of 9 ctreativea”
inbalativoe iarideet. dm. J. Reent.. Red. Tier. ead

Nor. Wed. 67: 8, 1982.

Looney, W. A., Hasteriiz, W.. Breve, A. M.. aed

Skirmowt. H. Late effects of the early medical

aad industrial eee of raediuactive material. iar.

J. Roentgrnal, LXXT, 1006-1087, thi.

Laopey, W. B.: Late eferts (23-4) years) of the

early medical and industrial ase «of radiuactive

material. Preeeeted in part at the (ith aancal

neuaion uf Americans College of Margeves, (hicag.

IU, Apetl ®, 1954.

. Hanier, H. F.. aed HKallog, N. K.: Pinsion-prodert

decay rates, Nuciconira 9: IfG1.

Harris, P.: Personal communication, 1954.

Foreman, H.. and Hamilton, J. G.: The use of

chelating ageats for accelerating excretion of radio

elemenia ARATE-4157, 11.

Coha, 8. H.. Gong, J. K.. and Fisbler, M.(.: Studien

oo EDTA treatment of internal radioactive coa-

tamination, Nacleowics (7: 58. 180K6.

Cobn, 8. H., and Gieng. J. K.: Effect of chemical

agents on skeletal content and excretion of injected

atrontiam”, Proe soe Eep. Aud. and Med. ad:

swab, ToS.

Norria, WoL. Wordruff, L. A., Gustafaoe, P. F..

and Heues, A. Mo: Report on biological aperimena

collected in the Marshall Islands In the spring of

1h4 To be putdixhed an ANDts).

». Schobert, J.. and White. MW. K.: The effect of dif-

ferent dus leveis of rirconlum citrate on the ex-

cretion and distribution of platenium and yttrium,

4. Bind, Chem. [A4§: 19t, si.

 



fn
,
=

te
Ae
no
r
a
t
e
a
=

n
l
a

 

Chapeer VI

Human Radiation Injury Resulting From the Use of
Nuclear Devices

F. P. Cnowurre, M. D.
AND

V. P. Bonn, M. D., Ph. D.
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6.1 Imereducticn

Gli Signifcenee of che | Masch Shot

The events following the firmt shat detonsted
at the Pacifr preving grounds in 1954, de
erribed in thin report, served to emphaniae new
problems resulting from the use of atoms
weapons. These different effects, the impor-
tance of which was only vaguely appreciated
before, were brought into sharp focus by the
present episode. In this chapter the medical
problems associated with the use of atomic
weapons o¢ nuclear reactor accidents will be
discuswed. In particular, the problems asao-
ciated with large wale fallout, as they were
beought ont in the prevent experience and as
they may pertain to the thinking and planning
of civil defense, the military and industries em-

ploving nuclear power will be discuseed. Hu-
man radiation injury resulting from exposure
to fallout and other nuclear radiations will be
described, as well as current thought on the
diagnosis and treatment of the disease states
resulting from exposure to these radiat rons.

6.12 Extrapolation of the Present Findings ww

More General Situstions

It must be emphasized that the large experi-
mental nuclear device, the detonation of which
led to the exposure of diuaman beings to fallout
radiations, was exploded clu 2 to the ground on
a tropical coral atoll under peologie and geo-

graphic conditions that are significantly dif-

ferent from most populated areas of the world.
Rach of these conditions, i.e. size of weapon,

height of burst, tvpe of terrain, weather con-
ditions, presence or absence of water under or
near the burst will obviously influence markedly
the rate aind extent of contamination by fallout,

and the particle size and chemical nature of the
fallout material. These factors have been dis-
cussed ins official: releases (1-4).

therefore, that the events observed in the acci-

on

It follows, -

dent reported here are net necemarily typecal
of potential fallow situations in the future. It
in clear, hawever, that the cardinal effects te be
experted from fallout radiations, aa exemplified
by the events described in this report, are clear-
cut and can be predicted with a reasonable de-
gree of awurance.

In particular, this accident has emphasized
the particulate nature. of the fallout material
that renderedit visible in many areas. It should
not be inferred that serious fallout will neces-
sarily be visible under other conditions of deto-
nation. Also, the chemical nature of the ma-
terial (calcium oxide) will be encountered in
only limited areas of the world. Although,
as stated in Chapter PIT, the chemical action
of the fallout material was considered to have
contributed little or none to the effects seen, the

tlegree of adhesiveness of the materia) to skin
and hair might be quite different with different
fallout materia), and in a colder climate where
sweating would be minimal.

6.2 The Effects of Kiloton Weapons

6.21 Blast and Thermal Effects

He fore the problems of fallout associated with
Inegaton Weapons are discussed in detail, the

Inedieal effect. of kiloton weapons will be re-
viewed brietiy for contrast. The effects of such
weapons have been considered chiefly in’ the
contest of the nominal or 20 KT weapon deto-
nated highin the air. (5). The blast and heat

effects have been treated thoroughly by Ough-
tersen et al. (6) and little adelitional comment

in required here. Hlast and heat accounted for

the vast majority of serious casualties in the

Hiroshima and Nagasaki incidents. It should

be pointed out, however, that in cities with more

substantial dwellings than were present in

“gs
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Jagan, of if partie! shahers are employed, the
pereatage of casualties frem theme sourese
wneehd devwanee endl th Coinage 3k redie-ened

tiem damage would trrvesr.

The radiation hazard in due ementially en-
tirely to the immediate neutron and gamma
radiation from the weapon, and exposure to
these radiations is only a matter of seconds in
duration. Fallout is relatively of no signifi-
cance.© Than, there in no significant contami-
nation of the skin and, therefore, no beta lesions
of the skin. Likewise, there is no significant
danger of ingestion or inhalation of radioactive

material, and hence, no “internal emitter” prob-

lem.

Both the immediate gamma and neutron

radiations are highly penetrating and will pro-

duce acute total body radiation injury in man.

The ratio of neutron to gamma ray contribu.

tion to the total effective dose at distances of
biological significance vanes with weapon type.
With mort common shielding materials (earth,

concrete), the relative neutron contribution to

the total done decreases with passage through

the materials.

623 Dependence of Effects on Circumstances of
Weapon Detonation

The effects previously described were for a

high air burt only. With surface. under-
yround and underwater bursts of kiloton

Werapoos, in addition to blast, heat, and inime-

(hate cenizing radiations, serious contamina-

tion from fallout can oevur. Its extent would

of course be jes than with the “meyaton™

wenpon: however, its yetentinl seriousness can-

net be ignored.

"Micnitt-aat Jevele of seutron-iaduced radioactivits

way he cereent fer a short thine near grand ser.

6.3 Added Biectss of Megnoa
Werpsess

G31 lanenecbines Bhost, Mest end Radiatsee Efiocn

Were Tae Masston Rowe, the same prob-
lew encountered with earlier atomic weap-
ons are alan encountered, only magnified many
times. The eres of total destruction, instead of
one or two miles in diameter, may extend sev-
eral times that far. depending upon the size of

the weapon. There are blast, heat and radia-
tion casualties as before, and the same problems
of ‘andling mass casualties on an unprece-
lented scale with minimal or no facilities per-
tain, In addition, the problem of extensive
fallout is likely to enter.

6.32 Phenomenology of Fallout

Siesaricant Farzoct Rescite only when the
tire ball of the bomb comes in contact with the
surface of the earth. With the high air burst,

midioactivity condenses only on solid particles
from the bomb components itself. and on dust
nother. The particles are small, are
drawn high inte the atmosphere and do not
settle tou the earth for periods of days or even
mouths. Hy the time they reach the earth's
surface, the major part of their radioactivity

has been dissipated haridessiy ino the atmos-
phere and no sagiiteant hazard results. If,

however, the wenpon is detonated on the surface

or clo enough so that the fire ball touches the

surface, then large amounts of material are

drawn up into the bomb cloud. Many of the
particles thus formed are heavy enough to de-
seend rapiddy while stall intensely radioactive.

The resalt is a comparatively localized aren of
extreme radioactive contamination and a much
larger area of some hazard.

The fallout area consists, in effect, of n large

contaminated plane (except as modified by
buildings of other structures), enutting alpha,

hete and penetrating gamma rays. It is ap-



parent that mant of this fallewt area is boyend
the range ef destractien by blest or heat, sad
thes ens in dending with earentinlly a “pare”

lenbugrv-al sittentine.

The extent and potential serisumem of fail-
owt was clearty mdicated in effirial releases of
the Atomic Energy Commineon (1-4). From
thea statements, the bomb's cloud could drop
radieartive anhes in a ciger-shaped anne about
230 miles long and 30 to 1) miles wide. There
could be sufficient radioactivity in a downwind
belt about 14) miles in length and of varying
width ap to 20 miles to sericesly threaten the
lives of nearly al) persons remaining in the area
for 36 hours and who did not take protective
measures, The sones thus outlined for potential
morbidity and lethality depend obviously on
weapon size, wind and other weather condition,
ete. Stranes(!) emphasized that possible cas-
nalty figures given are for the :rorst poasihle sit-
uation. Casualties might be reduced greatly in

number because many in the area would take
shelter or evacuate the area. .(lso, the pattern
of faliout might be spotty in nature, and thus,
many would escape exposure. Nevertheless, the

area where potentially serious casualties may
result may exceed by orders of magnitude the
relatively smal! areas for conventional weapons.

6.33 The Effects of Gamma Radiation From

Fallout

The ganima radiations are penetrating and,
as seen in the Marshallese, produce the same
type of injury produced by the initial radiation
from the conventional weapon. In the one case

radiation isn delivered from a distant source; in
the other from essentially a plane field. In
both situations, penetrating radiation of the
entire body results. Qualitatively, the results

are identical, Quantitatively (e. g., dose-effect
relationships), there may be differences due to
tncompletety known and understood differences

inthe energy of radiation and in dose rate, and

inthe geometry of exposure (see sec. 6.42). For
these reasons, and for additional reasons to be

advanced later, instrument readings of roentgen
dowe measured in air and published dose-effect

a ee eRIecee dint.

tebe far men should be used enly a 0 rough
guede m «meant y estunetion.

eareuntered im the fall out area, the following
Kquren far tata! deur for the Grst 18 hourporved,
are queted fre chairman Mtraem’ release (1).
Ten miles duwnwiest trem the large devire fred
at the Bikini Atoll on March 1, 1964, withen the
test site, 9 total dose ef 5,100 roentgens was de-
livered over a period of 36 hours. The largest
total dose delivered owtside the test site was
2,500 r for the same period at the nerth-west

emi of Rongelap Atoll about 100 miles from
Bikini. Two other areas in Rongelap 110 and
115 miles from Bikini rereived 2,000 and 150 r
respectively. Another area, 125 miles from
Bikini received 1,000 r over the 38 bor period.

Effects that may be experted for given dons
of penetrating radiation given over a few mis-
utes o¢ hours are indicated in Table 6.1 (7). It
is emphasized that such tables are derived
chiefly from animal data and thes, should
be taken as approximations only. These
values vary considerably from the Rritish
estimates (%).

Table 6.1.—Efects of Acuse Tomi Bady Irradie-

tiom on Humen Beings

 

5Or; No casuskios. No reduction in

| effectiveness.

108 r | Two pereent may he casualtice

(nausea and/or vomiting) for
abort penod of time. No evacu-

atten contemplated No ngnif-

cant reduction m effectiveness.

Twenty-five percent casualties in

afew hours birmt definite re-

duetion in effeetivenem. Fifty

percent of the caswitios m thu

group will have to be evacamed.,

AH mum be evacusied as =0n as

posuble. Fifty percent will he

noneffeetive.

Approximately 20 percet.t deadhe

AU need evaeustwe immrdi-

ately. All are noneffectives.

Fifty percent deethe.

Lethal doer, but not necrmarniy

for a an etpoeed

450 r

Over 650 r    
o
f
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With segnedprubiem of danerate. these
= euvatinily ne diferenre im o@ert of s given

dune dslivercd aver a few wrenda, a few minutes
er a few he..cn. However, a dem delivered over
several day» or wesks will be much lean e@fertive
far same efforts, than will the mae dose do-
hivered overs few mineten. Seme data indicate
thet the e@ert of a given total dose derreases
reughty as the fourth roet of the numberof days
ever which the dose is given: thus, a dose de-
livered over 16 days would be one-half as effer-
tive as the snme dose delivered over one day.
These relationships were worked out on animaia,
wstng the sn-called “rectangular” dose schedules,
e. g-. donen delivered at a constant rate. There

are no data available to aid in evaluating ade-
quately the effect of a constantly changing dose
rate an encountered in a fimion product field.
Alen, the relationships were worked out using
acute effects, such ax ‘0-day mortality and it is
not at all certain how closely they apply to
longer-range effects such as cancer production,

nhortening of life span, etc. (ienetic effects

apparently are dependent on total done and
show littl or no dependence on dose rate.

6.34 The Effects of Beta Radistion From Fallout

E.xtensive beta lesions from fallvat in human
beings had net been encountered previously.
As deveribest in Chapter TT, the lesions, both
chiseatly and histologically, were consistent

with previous data on esperimental human and
animal beta ray burns

Several points should be made regarding the
beta leaons from fallout radiations. Reta le
sions of the skin and depilation can oecur in

the absence of lethal doses of yamma rays and
can he serious, Thus steps <hould be taken to
prevent them. And it would appear that, with

reasonable precautions they can be prevented, or
at least markedly reduced in severity. Contact
of the fallout with the skin can be prevented by

remaining wittin suitable xhelter or by wear.
ing ordinary clothing. Pf exposxare cannot be
prevented, early and complete decontaniunation
of the skin and hair would prevent or kewer the

severity of the lesions Particular attention
should be piven to the hair beeawe of the like-

Went af queiwiee twine tererd Shorr. ff ths
heer = contamensted, sad # cannst be cleansed

~— by washing, chppeng or shaving
sheuld nat be delayed.

635 The Bless of lawwensl Resi Prom
Pafieus

The fallow material can be inhaled of im-
gested and it will, of course. contaminate ex-
posed food or water supplies. Thus, as with
beta burns the possibility of a hazard from this
source in pessible. As with the beta barns,
however, the problem may not be too serious
and relatively simple measures will aid in min-
luizing exposure. The particle sizes of the
fallout material probably will exceed the opti-
mal size fur a major inhelation hazard. From
data on the Marshallese exponed to fallout, it is
ween that the degree of internal hazard in the
exposed persons was small. This is encourag-
ing, since thear people lived ina relatively prim-
itive state where maximum probability of con-
tamination of food and water sapplies existed.
If the hazard was minimum under those con-
ditions, it should be even jes under conditions
of modern American living. With all of the
testing of nuclear devices in Nevada and elve-
where. the level of strontium, the moet impor-

tant fieion product as far as internal hazard
is concerned, is still only about 1/1000 of the
permissible body burden as reconmended by the

National Committee on Kadiation Protection in
National Bareau of Standards Handbook 52,
for imdustrial workers (9).

The problem should not be neglected, how-
ever. The effects of mternally deposited radio-

active materials may not become apparent for
many years and, thus, the problem in the Mar-
shallese will not be fully evaluated for vears.

Every possible precaution against inhaling ra-
dionctive material, or of ingesting contaminated

foul and water shoukld be taken. (ras masks
that efficiently remove fiien product particles

from the sir are available and even a wet cloth
over the face is of consulerable value foe this

purpere. Sprinkling of an area m effective in
relocing the ameunt of dus onthe air, Plain

water. or wmp and water will remove « large

eeILe2-2tinesaE A0Sieeeae -.
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PowaN BABLATION INJURY &

wrepertion ef contaminant frum eau onrfo-c-.
That re-ssining is firmly fized aad is net litely
tebecene eirbernecnsily. If 2 personnel decon-
tamination center is established, it should be
relativety mobile and isolated from more per-
manent buildings where definitive care is given.

This stems from the fact that contamination
can only be transferred, not destroyed, and the
decontamination area is likely to become quite
“hot” in a relatively short time. Tinned goods
can be eaten with complete safety and it is
highly unlikely that city water systems outside
the area of blast damage will be contaminuted

soon after a burst. One thing appears to be
certain—any effects from internal radiation will
be long range and «::] be of no concern in the

acute period. Total body radiation from
gamma rays, and skin irradiation from beta
emitters will be the chief radiological concern
at early times following an explosion.

6.36 Evasive Action; Prosection From Fallout

Some warning of possible fallout will be
available and the falling radio-active material
may actually be visible. As 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 areas, fallout may not occur for sev-
ern] minutes after the blast and this period may
extend to several hours at greater distances and
with slower wind velocities. Thus, there is some
time for evasive action. Consideration might
be given to evacuating the area if possible fall-
aut patterns have been investigated and are be-
lieved to be predictable. Or it may he possible
to take shelter. Sufficient time probably would
be available to allowrelatively complete prepa-
ration for an extended stay in adequate shelters
with storing of sufficient food and water to
allow some axdvantaye to be taken of the decay
of fission product radiation with safer evacua-
tion of an ares a few dave after the fallout.
Facilities may, for the moat part, be enmentially
intact, such as water, power, fire hghting equip
ment, etc. Tn this sense. at lewst, one is im:

 

naeouieny Seleer of than with the area of
blast and thermal damage.
With regard to efectivences of shelters in the

fallow area, the following estimates have besa
released. A frame house would reduce the total
dose received by one-half, and a brick or con-
crete structure would be more effective. A
basement would reduce the total exposure to
one-tenth of ita value. Ina shelter of thickness
equivalent to three feet of earth, the dose would
be reduced to one five-thoussndth of its value,
affording complete protection in the most hesv-
ily contaminated areas.

It shoukd also be noted, on the other hand,
that while the decay of fission product radia-
tions is extremely rapid over the first few min-
utes after detonation, the rate of decay becomes
considerably lew rapid in the succeeding hours
(2). Thus, with fallout occurring some hours
after the blast, 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, » given dose rate will fall to about

44 percent of its value by | hour later. How-
ever, at 10 hours after the blast, a given dose
rate will fall by only 11 percent of its value in
a period of | hour, e. g., the dose rate at {1 hours
will be 49 percent of what it was at 10 hours.
Such statements as “more than S0 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, If the maximum fallout and
Thus maximum exposure rates ina fallout area
have not occurred for several hours, the rate
of fallout in the area obviously will not be as
rapid as it would be for earlier fallout material.

6.4 Estimation of the Severity of Ex-

posure to GammaRadiation

6.41 Predictions From Physical Estimeees of Dose

If the aleolute nsitivity of man to radia-
hon were known, and if it were feasible to de-

termine the deee t yroups under catasd rophe
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coauiitvens a realetir statwtere: ==~-eeeew~~Mt
te meade. However. the jprabieam sreadven: » th
eotimation of daw rereived by fhe rdesnbael
preeret real proctical difiruitws. ft » prab
ebie the! dove eatimetes will br available from

dommetry devices or from dene contour irae
and the position of the individual during es-
posere. Mome of the diffcultws of reiying
heavily on cone estimates are nhvinua, The es-
act position of the individual and the degree of
shielding will not be known precisely. The
daemmetry device records the done or a done rate
which may not reflect accurately because of
shiekling, energy dependence of the device,etc.,
the deposition of energy within the individuals
at the ate of interest, namely bone marrow and

gastrointestinal. tract. More important, be-
cause of individual differences in senutivity,
individuals expored to the same measured done
may differ widely in their responses. Thus,
estimates of dove calculated from cose rates oF
derived from an integrating dosimeter or from
position of an individual during exposure can-
not be accepted as the best index of the probable
fate of an individual, or ax the final index to

therapy, triage or prognosix, Since the syn-

dromes of radiation injury have varying svmp-
toms and are done dependent, the symptomology
is in sense, a personal indicator of one's fate.

Experience with human radiation injury at

Hiroshima, Nagasaki, with reactor and critical

assembly accidents and the fallout ac intent de-

scribed herein strongly suggest that the hest

method for estimating the seriousness of ex-

posure at the individual level is the sympto-

Tratic approach, As with any disease, an ac-

curate appratsal of the patient's condition re-

sults only from a thoreugh evaluation of the

history, physical and laboratory examination

(see Section 6.525 below).

642 lIafweace of Geometry of Exposure on the
Effective Dose, LDQ. for Man

The riftnence of the geometry of expusure on

the effective deme is disctissed in Chapter f, and

Ulse seesmererse) leebal bee fcr tnaiin Chapter DY.

eee reaped ~ a Steck the fatal dour reverved) he
we War tecte war cab-uinted were menrured

fee a ne cc 2 rine 3 for whove the groniwi «ar.

few Re rar of the planer genmetry of 1-
poeere ont thr energy of the for thn
nererere( sue iate, the deve rate at the center
of the hndy wouki he greater than for the same
chump rate from a hegh energy Xray swurce,
measured in arr at the protimal skin surface.
The effects of fallout gamma rediation would
this he expected to he greater, for the same done

measured in air, than would laboratory redis-
tions,

The high initial incidence of nausea, vomiting
and diarrhea in the high-expnsuore Marshallese
group, and the profound neutrophile and piete-
let count depression indicated a greater effect
than might have heen expected from 175 r im

the laboratory, in keeping with the shove. As

indicated in Chapter [V, from this value for

the dase received, and from the degree of leuko-

cyte depresion it is posible to estimate the done

at which a small incidence of mortality would
have resulted without treatment. These con-

siderations woukl place the threshold for moe-
tality at approximately 225 r, andthe LD, at
approximately :‘Mal rc for fallout gamma redis-
tion, ft is also clear from the above consider-

ations, that a figure for an LD, for man,

independent of the condition of exposure is

ementially menningtess.

The LI. figure of 3506 is below the value of

4) of 450 r commonly quoted (7). A recent

re-evaluation of the Japanese Nagasaki and
Hiresbhimea bombing data has resulted in a tig-

ure well above the 400 or 450 7 value for the

immediate radiation fromthe bomb. The error

in this figure. as well as that obtaine.t Fry the

Marshalle-e data, is very great. Hovercr. the

profound hematological effects seen in’ the

Marshallex: would argue strongly for lowering.

ov at Jeast nod raising, the current LDA ei.

tuates far cil defense amd other planning, this

particularly umder circumstances where falleast

tedsations may be expected te be the chef
‘ . 1

Shad bere agg on mi Maoh.
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HUMAN RASEATION INJURY 101

6S Radiation as a Puac-
tienof TypeofExposure,Dose
and Time Afecr Exposure

651 Bece of Superficial, Peastreting sad Ie

vernal Radintions

Radistion injuries can be divided into three
general classes:

a. The syndromes of whole body radiation
injury whichare produced by penetrating ion-
izing radiation, and which are dose dependent.

b. Superficial rediation burns produced by
seft radiations (beta and low energy X- of
gamena radiations).

ec. Radiation injery produced by the depoai-
tion of radionuclides within the body. The
chnical picture varies with the site and amount

of depositica.
Each of the above is associated with an early

phase in which acute symptome and signe may
be observed, and a late phase in which chronic
changes or manifestations such as cancer may
be observed. Also, the degree of injury is pro-
portioned to dose. Particularly in (Class a,
total-body irradiation, the disease entity seen

ia highly dependent on dose.

6.52 The Syadromes From Tota! Body Pene-
trating Radéetions

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 closes (ap-

proximately 6,000 r or more*) the centraéd nerv-
ous system ryndvurne (CNS) is produced

(10). Death may occur unde; the beam after

some hours, and is preceded by hyperexcita-
bility, ataxia, respiratory distress, and inter-
mittent stupor. Doses capable of producing

thix syndrome are always uniformly fatal. If
an occasional anima! survives thin CNS he has
yet to expemence the gastrotalesatinal «yndrime

(GOS), (10, 12) whieh when produced by doses

 

*~eertes Vartetioa.

im exceam of 1500 ¢ is always fatal wrhin 3-0
days.** The GIS is so named because of the
marked nausea, vomiting, diarrhes, saad denw-
dation of the small bowel mecosa. The (IS is
a aniformly fatal syndreme in moet laboratory
animals. If the short duration GIS of a few
hours does not produce the 3-4 day death, the
survivors of this syndrome have yet te expert
ence the sequelae of bone marron depression
which has been termed the Acmopoietic syn-
drome (HS). The HS is not necessarily fatal.
It in the clinical pictere that is seen in the
lethal range for all mammals and in general
the LD, values reported represent the LD,, for
the sequela of hemopoietic depression—grant-

locytopenia and depressed defenses aguinst in-
fection, thrombopenia, and anemia with the pos-
sible resulting infections, diffuse purpura, and
hypoxia due to anemia, any of which may be
fatal. More detailed descriptions of the path-
ogenesis of these phenomena have been pub-
lished (10-16).

The above picture ofradiation syndromes is
based on animal experimentation: however,
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 Hiroshima and
Nagasaki (21, 22) nor would one expect it to
be observed since doses to produce this syn-
drome were well within the area of total di -
struction. The (:1S with deaths in the Ist
week are well documented clinically and patho-
lomcally as are deaths from the HS (6, 15,
JI, 22). However, in the case of man, deaths
from infection were most prevalent in the 2d
to +h weeks (maximumincidence during jd
week) and from hemorrhagic phenomena in the
‘do to 6th weeks (maximum incidence in 4th
week). Inthe Japanese, after the bombing of

Hiroshima and Nayanzaki, deaths from radis

tien injury were occurcing as late as the Tth
 

°*There are tecwes ued strain variations §=6The 1-4

day deathe are cast prevalent in dug. rats sed nee
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week. This is im contrast to other mammals
where deaths frem the acute phees sre wecem-
mon after tie 30th day.

653 Prebabiiiey of Survival co Rela
Symupeoms

Hencn, individeale exposed in the lethal)
range (where some, but not all, will die in the
feut several weeks following exposure) can be
divided according te symptoms and signs, inte
groups having a diferent prognosis. Thes
they may be divided inte three groups in which
survival is, reapectively, improdebls, peesidie,
and predebic. It will be apparent that there is
no sharp line of demarcation among the groups.

Group 1.—Swrrivel impredeble :
If vomiting occurs promptly or within a
few hours and continues and is followed in
rapid succession by prostration, diarrhea,
anorexia, fever, the prognosis is grave;
death will almost cefinitely occur in 100
percent of the individuals within the 1st
week. There is no known therapy for thease
people; accordingly, in a catastrophe, at-
tention shoald be devoted principally to
others for whom there is some hope.

Group 2.—arvtral poamble:
Vomiting may occur early but will be of
relatively short duration followed by a
period of well-being. In this period of
well-being marked changes are taking place

in the hemopoietic tissues. [Lymphocytes
are profoundly depressed within hours and
remain so for months. The neutrophile
count is depressed to low levels, the degree
and time of maximum depression depend-
ing upon the dose. Signs of infection may
be seen when the total neutrophile count

hax reached virtually zero (7-9 days). The
platelet count may reach very low levels

after 2 weeks. External evidence of bleed-
Ing may occur within 2 of 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 lasts from 1 to 3 weeks

tePR

with little clinical evidenceof jnjaries ot het
than stight fatigue. Ac the termination of
the latent period, the patient may develop
purpura, epilation, oral and cutaneous
lesions, infections of wounds or burns,

diarrhea, and melons. The mortality will
be significamt. With therapy the survived
time can be expected to be prelonged and
if sufheient time ie provided for bone mar-
row regeneration the survival rate will be
increased.

In groups 1 and 2 the bleod picture is not as
well documented as in group 3. There are goed
clinical reasons to believe that im the lethal
renge the granulocyte depressions will be
marked and below 1,000 per man’ during the
ad week, (jood observations in Japan (31,

22) confirm this contention. However, in the
sublethal range it takes much longer for the
granulocyte count and platelet count of mea
to reach minimal values, as compared to other
mammals (see Chapter IV and reference 10).
Despite the chaotic conditions that existed in
Hiroshima, the data of Kikuchi and Wakisaka

(22) shows that there was a more rapid and
marked decrease in Groups | and 2 than in
(sroup 3.

Group 3.—Surviral prodeble :
This group consists of individuals who may
or may not have had fleeting nausea and
vomiting on the day of exposure. In this

group there is no further evidence of ef-
fecta of the exposure except the hema-
tologic changes that can be detected by

serial studies of the blood with particular

reference to lymphocytes and platelets.
The Ivmphocvtes 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 snd
third week. However, considerable varia-

A iate fail in the
granulocytes during the 6th or (th week
may occur and should be watched for.
Platelet counts reach the lowest on approx-
imately the %th day at the time when

tion is encountered,
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6.6 Relative Hazards of Beta and
Gamma Radiation From Fallout

Comme Beta Bruns to the skin and whole
body ganima radiation injury can be sustained,

as in the present experience. However, situs-
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 rt only conceivable but oc-

curred to a limited extent in the Marshallese
and Americans. Those, who were inside, and
or completely clothed, received practically no
skin burns but received apparently the same
degree of whole body radiation. One might
also be exposed in the open, decontaminated
promptly and then enter a shelter because of
delay in exacuation. Under these circum-
stances, one would receive predominantly
whole body radiation injury.

In the course of the present accident the pres-
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

which sound clinical jedigment would dictate.
Sapplies and medications are those indicated
for any mass casaalty situation, and emphasie
should lie chiefly on the magnitude of the sup-
ply problem. Antibiotics will be required in
large amounts to combet the infection that
plays a large role in morbidity and mortality
among irradiated individuals, and bload,
plasma and other intravenous fluids will be re-
quired te correct the shock, anemia and fleid
imbalance. These agents should be used, as in
all clinien? conditions, when clinical and labo-
ratory tindings (if laboratory work is posible)
indicate their need. Any marked prophylactic
value of theee 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-
cifie for radiation injury in man. Considerable
progress has been made in developing agents
effective in animals if given pri: to irradiation.
Of great experimental interest in post ex-

posure therapy has been the development of

effective therapy by iniection of splenic and
hone marrow oreparatious. 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
platelets and neutrophiles to combat hemor-
rhage and infection is of experimental interest

but vt present techniques are not sufficiently
developed to warrant consideration of stock-
piling.

There are no specific drugs for the treatment
uf beta lesions of the skin. Careful cleanli-
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yesn shonhd be chuerved snd binnd, watersslublo
lutions may be applied. Infections should be
treated with antibiotics 2s may be indicated.
A similar sitvation pertains with regard to

ing agents and chemical compounds such os
. EDTA® and zirconiem citrate have shown coa-

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

ing the care of bomb casualties are submitted
for consideration. Although civil defense or-

ganizations in general have made great strides,

it is 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-sid and
mutual-aid in effecting survival must be

strewed. Doctors and medical facilities of any

kind will be in critical short supply ; thus, train-
ing of lav individuals in more definitive treat-

ment, rather than only first aid, deserves care-

ful consideration. Since accurate prediction of
where a bomb will fail is impossible, central
civil defense organization in critical target

arens should he augmented by a “cellular” plan,
a plan of geographical units within the area

that are ementially self-sufficient in terms of

supplies and communications, and which can
render aid to other cells damaged by the bomb.

Thinking in terms of damage within a target

uren adequately handled by the facilities of the
region must be replaced with consideration of
posible complete immobilization of facilities,

with resultant dependence on adjacent not.
affected regions for aid.

“ui 3.2 walt of ethviene diamine tetraacetic acid.

68 Posential Loag Term RSecs

Tre Lowe Tuam effects of radiation on man
have been the enbject of an exhaustive survey
by panels convened vy the National Academy
of Sciences (26, 27). Accordingly there is ne
need to review the subject in detail. The effects
are dose dependent. The quaatitative rels-
tionship of dows to effect in man is not well
known. The following qualitative long term
effects have been observed in anémais:
1) Shortening of life span
2) Increased incidence of mutations
4) Increased incidence of leukemia and other

benign and malignant tumors
4) Cataracts
5) Cardiovascular renal diseases
6) Sterility or lowered fertility
7) Impeired growth rate

In some of the survivors from the atomic
bombs at Hiroshima and Nagasaki the follow-

ir g have been definitely observed :

1) Cataracts
2) Leukemia
3) Impaired growth patterns in some children

Intensive study of the exposed population at
Hiroshima and Nagasaki is a continuing activ-
ity of the Atomic Bomb Casualty Commission
as is the study uf the Marshallese who were ex-

posed to fallout. In the absence of quantitative
dove response data for man, it is impossible to

prognosticate, with certainty, what, if anything,
will develop in the exposed Marshallese. All
of the phenomena enumerated above that have
been observed in anime!s are being searched for

by the medical team, that has undertaken the
continuing care and study of the Marshallese

on behalf of the Atomic Energy Commission.
Annual studies are being performed and will be
reported upon at regular intervals.

6.9 Summary and Conclusions

AntuovcH THe Finpoincsa in human beings ex-

posed to fallout radiations in the spring, 1954
Pacific field tests crnnot be carried over exactly

 



1) The medica) probleme in the inmmediete

w
w )

4)

vicinity of a kileton atomic weapon or 8
magaton boa will be essentially similar.
With the larger weapon, of course, the areas
of damage are much larger and, thus, the
mumbers of casesities 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-
siderable distances. At this late time, the

early, very steep fall in dose rate has already
occurred and the dose rate falls off at a much
slower rate. There may be adequate time
for countermessures and early evacuation

or other effective evasive action will reduce
by a large amount the total doae received.

The gamma radiation is by far the most
serious hazard in the fallout area. It is

penetrating, and exposure can result in the

same acute radiation injury observed in the
Japanese at Hiroshima and Nagasaki. The

quantitative dose-eifect relationships may be
altered Lecause of dose rate and other differ-
ences bet ween the two types of exposure.

Reta radiation of the skin from fallout

definitely can be a problem in the absence 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,

ix the consideration of the effectiveness of

rather simple countermeasures in preventing

the lesions. The lesions apparently result

5)

. Straum L. 1.

aT

mainly from suteriealdepessted divertty on
the shin, although beta rediation from the
ground, building, er even clothes may con-
tribute to 2 smell degree. Than, shelter
within a building, covermg exposed skm
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 appeers certain that
no contribution to the acute medical picture

seen will resuit from this cause. It appears
also, although data are incomplete, that
litthe or no long-term hazard is likely to
result from this cause, particularily if
reasonable precautions are taken to avotd

excessive inhalation or ingestion of the ma-

terial. The acute medical problems in the
fallout area will be concerned principelly
with total-body gamma exposure ; some with

beta irradiation of the skin.
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