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Introduction

ON Maror 1, 1954, an experimental thermo-
nuclear device was exploded at the U. S. Atomic
Energy Commission’s Eniwetok Proving
Grounds in the Marshall Islands. Following
the detonation, unexpected changes in the wind
structure deposited radioactive materials on
inhabited atolls and on ships of Joint 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 to provide the
best possible care of the exposed persons and to
make a medical study of the exposures.

Responsibility for organization of the medi-
cal team was shared by the Armed Forces Spe-
cial Weapons Project, Department of Defense,
and the Division of Biology and Medicine, U. S.
Atomic Energy Commission. Experienced
professional and technical personnel were im-
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 Navy laboratories and representatives of the
AEC Division of Biology and Medicine and the
Armed Forces Special Weapons Project. The
team was air lifted to the Marshall Islands,
arriving on the eighth day after the explosion.

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

Full cooperation and support] from all agen-

of the exposed individuals havefrecovered from
the immediate effects without gerious sequelae.
Nevertheless it is planned t§ evaluate the
medical and genetic status of the group at ap-
propriate intervals with a vigw to learning
what if any of the known late §ffects of radia-
tion exposure may be observed. | Obviously and
indeed fortunately the number] of persons re-
ceiving 75 roentgens exposurefand greater is
too small to make it possible tojdetermine with
any degree of accuracy the effget on life span.

In addition to providing midical care for
these persons, the team accurjulated a large
body of scientific observations §n radiation in-
jury in human beings. The iqitial data have

heen supplemented by field resyrveys 6, and 24
months after the original invjstigation.

The results of .this work are]lsummarized in
the present volume. The datawhich were ob-
tained substantially increase tRe fundamental
knowledge of radiation injury ind the medical
capability of caring for perspns exposed to
large doses of radiation.

Cnarces L. Dryonam, M. D, bi7'entor,
Division of Biology and Medigine,
U. S. Atomic Energy Commigsion.
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Preface and Acknowledgments

THE UNDERTAKING of the care and study of the
human beings accidentally exposed to fallout
radiation following the March 1, 1954, nuclear
test detonation in the Pacific represented the
first instance in which study of a large group
of irradiated human beings was possible soon
after exposure. Although the physical esti-
mates of dose 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 ares. Rear Admiral Bartholomew
Hogan, MC, USN, Pacific Fleet Medical Offi-
cer,* promised full support of all the medical
facilities of the Pacific Fleet were they deemed
necessary. With the preceeding planning it
was felt that any medical problem, regardless
of the severity, could be promptly and ade-
quately handled in the field.

The personnel for the team were obtained
within the continental limits 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, E. 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.
K. Schork, HMC, USN; C. P. A. Strome, HMC,
USN; W. C. Clutter, HM, 1/C; R. E. Hansell,

*Now Surgeon General, U. 8. Navy.

v

HM 1/C; and J. S. Hamby, HM, 2/C were
provided. From the Un States Naval Ra-
diological Defense Labgratory, one civilian
physician, Doctor V. P] Bond; one medical
service corps officer, Lit. 1_ﬁ-om. 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 pnd Medicine, Atomic
Energy Commission, sent two civilian physi-
cians, Dr. C. L. Dunhaj then Chief of the
Medical Branch and D G. V. LeRoy, Con-
sultant and Special Repfesentative of the Di-
rector of the Division. The Armed Forces Spe-
cial Weapons Project supplied one Army medi-
cal officer, Lt. Col. L. E. Browning, MC, USA.
All personnel were expgrienced in the study
of radiation injury:

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

Upon arrival of the mddical team, it became
quite evident that, becausg of the large numbers
of radiation casualties anH the huge amount of
work involved in collectijg data, that primary
responsibilities for variofs phases of the study
would have to be delegafed in order to obtain
the necessary informatiog for biological assay
of the degree of injury. ] In the initial phase,
hematological surveys a#nd establishment of
clinical records on each irfdividual were empha-
sized. Dr. V. P. Bond organized and ana-
lyzed the results of the d#fly blood studies. Lt.
N. R. Shulman, MC, U$N, with the capable
assistance of Mr. John Tdpin, anthropologist of
the Trust Territory, and JKathleen Emil, Mar-
shallese nurse, as interpleters, undertook the
establishment of medical] histories and initial
physical examinations. Qs the clinical picture




PREFACE AND ACKNOWLEDGMENTS

unfolded, daily sick call and care of the radia-
tion lesions were carried out by Doctor Shul-
man along lines decided in general conference
of the entire group. When epilation and skin
lesions appeared, Commander R. A. Conard,
MC, USN, was assigned primary responsibility
for documentation of the onset, incidence, and
detailed description of the skin lesions. During
the field phase, Lt. Robert Sharp, MSC, USN,
was given the responsibility for decontamina-
tion and collection of data from all sources on
the radiation intensities of the contaminated
atolls and the calculation of probable doses of
radiation received. Paul K. Schork, HMC,
USN, was in charge of the Hematology Labora-
tory. The services of Doctor S. H. Cohn were
requested, and made available by USNRDL to
undertake a field study of the degree of internal
contamination, in addition to the studies that
were to be performed on urine samples returned
to the Los Alamos Scierntific Laboratory, New
York Operations Office of the Atomic Energy
Commission, and the USNRDL.

The authors wish to express their gratitude
and indebtedness in particular to Doctor John
C. 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. Inaddition Cap-
tain Van Tipton, MC, USN, Director of Atomic
Defense Division of the Bureau of Medicine
and Surgery, Department 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,
U'SN, Associate Director NRDL; gave unlim-
ited support and reduced administrative pro-
cedures to a bare minimum, thus making it pos-
sible for the unit to be assembled and underway
in a 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.
As a result. a laboratory and clinic was estab-

lished and operating within 24
rival of the medical team.

v

hours after ar-

In addition, we wish to ackngwledge the out-

standing contributions of Col.

C. S. Maupin,

MC, USA, Field Command Arrped Forces Spe-
cial Weapons Project: Captain§ H. H. Haight,

MC, USN, Division of Milita
Atomie Energy Commission;
ning, Division of Biology and
Energy Commission; and Dr.
Armed Forces Special Weapon
addition to their primary duti
tensive data in the field on the r
ties of the atolls and kindly fu
terial to the project personnel.

ty Application,
. Gordon Dun-
dicine, Atomic
H. Scoville of
Project who in
s, collected ex-
diation intensi-
ished this ma-
rs. T. L. Ship-

man, Thomas White,* and Payge Harris of the
TLos Alamos Scientific Laboratpry kindly fur-
nished very valuable data on ufinary excretion
of radionuclides. The early stpdies of the L.os
Alamos group in particular gontributed sig-
nificantly to the information o1f the degree and
nature of internal depositionjof short lived
radionuclides. Dr. G. V. I4Roy, Associate
Dean, School of Biological Sciehces, University
of Chicago, participated in thq early phase of
the study as a consultant to thefMedical Group.
The authors of Chapter I arefparticularly in-
debted to Dr. C. S. Cook and thq Nuclear Radia-
tion Branch at the Navy Radiqlogical Defense
Laboratory for information of energy distri-
bution of the gamma radiation.] Data on radio-
chemical and radioactive decayjrates were sup-
plied by Dr. C. F. Miller anfi the Chemical
Technology Division of USNHDL and Dr. R.
W. Spense of Los Alamos Scienfific Laboratory.
In collecting data on the skin lesions, the
help of Billiet Edmond, Majshallese school
teacher for the Rongelap group in interpreta-
tion was invaluable. Miss Ptricia Roan of
USNRDI, prepared the his;[logic prepara-

tions of the skin biopsies and Mf. William Mur-
ray and George Needum of USNRDIL and
C. P. A. Strome, HMC, USN] Naval Medical
Research Institute performed the excellent
color photography.

In preparation of the materifl and writing of
Chapter V, the authors are indpbted to Miss C.

* Decensed.
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Jones of USNRDL, who prepared the autora-
diographs of the tissues. In addition, Dr. W.P.
Norris of Argonne National Laboratory made
autographs of specific tissues. Dr. Rachael
Reed of USNRDL performed the microscopic
pathological studies of the tissues from the ani-
mals in whom radioisotopes were deposited in-
ternally. Lt. 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. E. R. Thompkins
made the facilities of the chemical technology
division of the USNRDL available and pro-
vided technical advice on the radiochemical
aspects of the project.

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

The initial measurements on skin and cloth-
ing contamination were made by Lt. J. S.
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.
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Radiation Characteristics of the Fallout Material
Determination of the Dose of Radiation
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1.1 Nature of the Event and Description of the Exposed Gr

ForLLowing THE DeTOoNaTION of a nuclear de-
vice at the Pacific Proving ground in the Spring
of 1954, significant amounts of radioactive ma-
terial fell on neighboring populated atolls.
The Marshallese inhabitants of Rongelap atoll
(designated as Group I) received the highest
calculated dose of radiation. Some of the
Rongelap people were located temporarily on
Ailinginae atoll from the time of the fallout
until they were evacuated (Group IT). Their
calculated dose was smaller than that of the
other members of the parent group. The
American service men (Group III) were lo-
cated on Rongerik atoll. The largest group of
Marshallese (Group I'V) were located on Utirik
atoll and received the smallest dose. The Mar-
shallese were living under relatively primitive
conditions in lightly constructed palm houses
(Fig. 1.1).

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

Table 1.1—Exposed, and Control Unexposed Groups

bups

as duties would permit, they rerhained inside of

aluminum buildings. In contr
Marshallese remained out-of-d

st, most of the
oors and thus

were more heavily contaminated by the ma-

terial falling on the atolls.
Marshallese, however, went sw
the fallout and many of the ch
the water, thus washing a consi
of the material from their skin.

The exposed personnel wer
Kwajalein by air and surface

Some of the
mming during
dren waded in
erable amount

b evacuated to
transportation.

Since a survey of all individugls showed that

there was significant contaminat]

on of skin, hair

and clothes, prompt decontamjnation was in-

stituted. Clothes were removed
and repeated washings of the
with fresh water and soap were
many of the Marshallese, it was
the radioactive material from {
of the heavy coconut-oil hair

The exposure groups with
volved, the calculated doses o}

and laundered
skin and hair
arried out. In
Hifficult to wash
he hair because
Hressing.

ndividuals in-
radiation, the

probable times of beginning ofrthe fallout and
i

the evacuation times are given

n Table 1.1.

\ L. o
PPROXIMATE :
GROUP DESIGNATION N’I;y(;r::n I;::“;’&Sr"g; TIME 0f EVACUATION Ig:::ul:lggsf‘l A cs- (;FAOJ.‘:';\
IN Group FALLOUT LATIONS DosE IN
AIR (r)
Group I.—Rongelap 64 H+ 4to6 | H + 50 hrs. (16 people) | 375 mr/hrs,, H + 7 175
hrs. H + 51 hrs. (48 people) days
Group II.—Ailinginae 18 H + 4to6 | H + 58 hrs. 100 mr/hrs., H + 9 69
hrs. : days

Group III.—Rongerik | 28 H + 6.8hrs.| H + 28.5 hrs. (8 men) 280 mr/hrs.,H + 9 78

| H + 34 hrs. (20 men) days
Group 1V.—Utirik } 157 H + 22 hrs. | Started at H + 55 hrs. 40 mr/hrs., H + 8 14

| Compieted at H + 78 hrs. days
Marshallese, Control | 117

Group A
Americans, Control Kwa- 105
jalein-American |

|

Total Exposed—267; Total Controls—222
3




EFFECTS OF IONIZING RADIATION

y

F1euRre 1.1—Typical construction of the Marshallese homes to illustnj

cxposure environment of the Marshallese and the lack of shieldin
gamma radiation.

¢ the
from

\\



EVENT AND DESCRIPTION OF EXPOSED -GROUPS 5

1.2 Whole Body Gamma Doses

Tue EstiMaTED VALUES of external dose given
in Table 1.1 were calculated from readings of
radiation field survey instruments.* Averages
of a number of dose rate measurements on each
island at a given time were used. The read-
ings were taken in air, approximately three
feet above ground, several days after the inhab-

carried out, nor was its opefating condition
kuown to be satisfactory under the emergency
condition prevailing at the tijne of use. For
these reasons the later readijgs, which were
higher than the early survey R}y an average of
50 percent when corrected to|the same times,
were used in computing the dpses listed. The
instruments used for the latqr measurements
were calibrated just prior to the surveys.

30
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F1cURE 1.2—Distribution of inherent energies of yamma radiation from mize«
fisgion products, and histogram of degraded energics produced by Compmg
scattering at level of infinite plane 3 feet in air above !tnifory:ul_v/-tli-vh'ibute

fisaion products field.

itants 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
time of evacuation. However, preliminary
-alibration of this instrument had not been

*Army Navy catalog AN/PDR-39.

1.21 Characteristics of the Gdmma Radiation

The fallout material, when [eposited on the
ground, formed a large planag source of radia-
tion. The energy distributionfof the radiation
reaching an exposed individugl was influenced
by its passage through the intprvening air. .\
knowledge of the energy spedtrum of the ra-




6 EFFECTS OF IONIZING RADIATION

diation as it emanated from the material itself
made possible an approximate calculation of
the proportion of total dose delivered in each
of several energy regions. Such a caleulation,
using spectrometric data on the source material
of mixed fission products and taking into ac-
count this energy degradation by Compton scat-
tering along the path in air, (1) led to the
dose-energy histogram shown in Figure 1.2.
Roughly there were three regions, with max-
ima at 100, 700 and 1500 KEV. The total ex-
posure was thus the resultant effect of partial
doses from each energy region, making the ex-
posure energy condition significantly different
from those of radiation therapy or experimental
radiobiology.

The data in Figure 1.2 are based on the spec-
trum of 4 day old fission products from a fall-
out sample. In 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 measuring instrument was calculated
by weighting the dose from each energy inter-
val by an average 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
islands at the time of survey were determined.
Since radioactive decay of the fission products
had occurred between the start of the exposure
and this time, it was necessary to obtain a value
for this decay rate during the exposure period
in order to calculate a total dose in each case.
A large number of radioisotopes are present in
varying proportions in 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-
able in this case came from fallout samples
taken soon after the detonation at points some
distance from the contaminated atolls. Decay
rates of these samples were measured in the
field and in the laboratory, and a fairly con-
sistent pattern wus observed among various lo-

cations and samples. In
considerations based on tl
position of the fallout mi
rates to be calculated for
tween the time of initial eJ
vey readings (3). These

addition, theoretical

radiochemical com-
ure permitted decay
itferent intervals be-
posure and later sur-
agree well with the

experimental data, and were used both in the

dose calculations during ¢
and in extrapolating the
to earlier times.

1.22 Durartion of the Exg

The time of evacuation

e exposure intervals
ater survey readings

josures

|is known accurately

for all the islands; howevqr, the time of arrival

of the radioactive cloud
cisely only for Rongerik
ously recording dose rate

weather station on that atpll.

pvas determined pre-
means of a continu-
onitor located at the
As the radiation

mtensity rose above the bgckground, a material

with a misty appearancelbegan to fall.

The

times of beginning of fallgput for Rongelap and
Aillinginae atolls were es§imated from similar

visual observations. Thes
sistent with the relative d

estimates were con-
stances from the site

of detonation and the krjown wind velocitles.

Fallout was not observed

of wind velocity and dist:

on [Ttirik, hence the

—_

ce.

estimate of arrival time \}as made on the basis

Two extreme possibiliti
duration of the fallouts: t|

s exist relative to the
1e first, that the fall-

out occurred entirely within a short time: the

second, that it was gradua
longer period. The moni
Rongerik went off scale a
hour after the dose rate

and extended over a
oring instrument on
100 mr/hr, one-half
began to rise above

background. If this rate ¢f increase is taken as

constant, and is extrapo
which sobsequent decay v
rate to the values found :
sumption of a long fallou
found to be necessary.

and late maximum time
limiting case; however tl
considered likely. Existi

ited to a point for
uld reduce the dose
t later times. the as-
of about 16 hours is
his slow rate of fall
f dose rate was one
is situation was not
g data are inconclu-

sive, but several indicatipns favor a shorter
“effective fallout time hyvppthesis™ and are sum-

marized below.
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constructed ST RTRTY

about 50 1o 65 e ot bade whner
mained outdoors ver b e

read 98 r

EER PRIV IR AT VY

Anosher crop o f D dees o

indoors instde w otect ofpee arcr read N
These dose valies rooresers o oaret
conditions. but Ons et <nnebdane
and attenuation fucrore e consistent s
the assumption ft 1ov 1o onlside anong
the first VS5 hours oo 0 semmin s
the fallour ~orree SPerc el s bt gy

of constart fallo 1

N

CPUOSED GHOUPSE

oo Unimk aroll Group IV, only a fallout
e of ubour 12 hours or less is consistent
~oth the ater dose rates observed, provided
co fallont wetually began us late as was
~<timstec from wind and distance factors.
s tone fallows probably would not be uni-
‘formly heavy throughout. the first portion
mo=t mtense and the balance de-
reusing vith time. The rotal phenomenon
tend the effect of a
This is supported by moni-

el the

avould  thus toward
sorier Nudlout
or duta from other nuclear events, where
ratindly eavy fallout 1s reported to produce
«ean o air-borne radioactivity soon after
arrivai, with the wirborne activity level then
teerensing The latter part of the fallout.
songn ~ull detectable as dust, may then
groduce anls w small fraction of the total
tse crort mauterial on the ground.  Hence
o toral dose mayv be estimated fairly ac-
denteiv by oassuming a constant fallout to
mye heen much shorter

Aeocrpva

omplete o
time

Fhe dome values given in Table 1.1, based on
1ooaddge, meter and monitor data, are con-
tent with a constunt fallout hypothesis of
wit 2 hors effective time. . One exception
vande s he dose vadues for tiroup 1T are about
percert of the 12 hour fallout value, averaged
This was felt
cxprress oSt acemately the average wr dose

O oane G4 hour exposures,

coeevend by per=onnel who spent roughly half
ot e aside structures where the dose rate

ater o to be roughly half that our-
o o rhe other shands ~uch shielding was
i ninhie
coave 1 a. Justrares  the cumuldation of
v oo dose s fanetion of tine after deto-
ITe cose rate varied continuously,
e e oort on oof radintion was received at
v rher Cose e prevathing i the early por-
sxposure period. [y the time that

srs enlly resnits in values which are

e a2
v b taase of Table 11 by 3to 1L r, Table 101
b csimes cadeniated hefore all speetrum diata
I certainty inoait the inforiation is
0 bas citference wiiich s neglected
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90 percent of the dow d been rocerved, e

(1()5(* rate had follen o jeas “han percels 2t

1ts mitial value  Thos be dose rate wiso o o
fered from the =00 anstant 1 ate .
laboratory.
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1.23  Geometry of the Exposure

In addition to the cose rate and enerzy ¢ f
ferences the geomerry 1 rhe exposure o fail
out radiation 1s - ignitreantiv different fronm -+ w
usual laboratory <onries ~mee fullow ruta
tion 15 dehivered from o pdanar soavee the s

narrow beam geometiv < ot appiieiabie o

such a diffuse 3507 neid be decrease f ose
with depth i rissue e pronounesd ol
that resulting fron o o1 ateral » posure

X-ray heam becuvuse fillefl from mverse sqnuare

1s 1n effect neutraiive For e sume oner

FAREE

RADIATION

“ie cose at the center of the body i3 approxi-
sercent higher rhan would result
“eangdowrven alr dose with narrow beam geom-
v Figure L allustrates the depth dose

eve fromoan expertmental situation using

arery O

EVACUATION
AT 51 HR

-

|

S G

30 a0 50

i w wQUR R

Jamona d6ge ax o a function of time after

ut n Rongrlap utoll

~phereally oriented (‘o™ sources with a phan-
rom placed at their center, compared with u
~onventional bilateral depth dose curve ob-
“wined with o single source «4). In the latter
ase. the air dose 15 usually measured at the
point subsequently occupied by the center of
the proaimal surface of the putient or animal
aith respeer to the source.  For the tield case,
i+ surfuces are “proximal,” in the sense that
“he air fose measured anywhere in the space
subsequently occupred by the individual 1s the
aurne Ito0s this are dose which 15 measured
reld insrrument : 1t does not bear the same
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relationship ro the ~urface dose and depth o= woree T eam e doses with comparable bio-
as does the air dose measured 1 " point soures e etfect are aotained:

beam 1in the chnwe or liboratory.  Irowons Rongelwp, tiroup Toooooo 0 260 ¢
appear under these circuinsian es and 1 mos Vilimgiae, Group I1oo .. 100 r
experimental condirions hat the muiline ose, Rongerik, trroup 111 .___._ 120 r
rather than dose measured 1o e wandd be the cnk, ronp IN oL .0 20
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DEPTH DOSE DISTRIBUTION IN CYLINDRICAL PHANTOM, co®° FACILITY,(NMRI)

FI1GRE | 4— ‘omparison of depth foxe curves in omazonite phantoms from
latern. crposire to a4 single powsd sow ee nd simultaneous erposure to
minitipl ccurecy Wtk o cpherienl Lt outiom uround the phantom.

better common parimeter i1 terms of which t The geometry «f radiation from a fallout field
predict biological effect. O tins assumprion -~ a0t Jdenrieal either to the geometry of bi-
the air dose values ~tated 1 Table 1. should ' steral point sources or spherically distributed
multiplied by approxanateiv .0 o oorder o «urces sinee the plane source delivers the radia-
compare their effects r¢ those of a given uu “on urgely at 1 grazing angle.  IHowever, the
dose from a “pomnt ~ourc+” beam geometry e total tierd situation is better approximated by
livered bilateradly. 1f ~is -~ done. assuning < than by plae geometry.  loxposure geom-
a fallout of 12 boure, he followng “1ton v radiosetive elond would be spherical.

381712 (O -8
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1.3 Superficial Doses of Radiacon

From Bera and Soft Gamma
Radiatior

THERE Cax Br no donnt that the doses of 0

tion to the surfuee wrd the tirst few miilimerer -
of the body were sutwrantidly thgher *han e
mid-line dose of ganma radiation as a resulr
physical consigerations of wamma energy el
depth dose. Tt atd rien. the chinical abseryy

tions of rhe skin lesione (<ee Cliap 111 foree
fully demonstrated ~hat rhe dose ro “he -k
varied considerably between individoai- g
over the surfuce of wny given imdividiuar v
will become evilent |
of surface dose 1 = Zbvions that anv qumbers
presented are ar best only estimutes and revre

sent an approxX:mution of some minimal v

the followimy discussion-

In areas where iesions were severe e osu.
must have been <igrteantiv higher tharin <o
damaged areas.

To arrive at =ome pnvsisl estimate f
skin dose. an wtemp noust se made tooaad up
the contributions +f the high energy ganim.
the very <oft gnmmu. nd the higher energy tet
radiation from he large planar source m whie,
the individuals weps of pecessity existing
However, as aliuded 1o above and emphasized
in Chapter II1 the

irradiation resiulted trom the spotty Joval e

wrrest component of ki

posits of fallout warteri on exposed <urfuce-
of the body. The dose fron deposited materia
is mmpossible 10 estinmate owever, that fron
the large pilanur ~ource mav he rougnly est
mated as follows

The beta dose rite 10 ar 3 feet above i
surface of an 1inhinite plane contaminated i
mixed 24 hour old fiss100 products 15 estimare
to be about thre- time- the total w.r LI s
The mid-Tine wumnm dese s approximatens o
percent of the wir o~e rermuining after exond
ing that portin f rhe dose below < K
This portion i1 turn s sstimated to i 0w
vent of the pramma lose measurced i e o

mstrument. Thus e cose af the <urface o

phantmn vxpr)»eui f niXed INS101 SINITRNNTE

radiation from 1o cxreraai olame <our o oo o

STZING RADIATION

ne expected 1o be 3000060 (0.6) or about X times
dhe me-Tine dose, 1f both are taken at 3 feet off
Such a depth dose measurement
as 1 tact neen made experimentally ar a previ-
s rest, using o phantom man exposed to both
‘he il and residual radiation (5). The
depth foses for each situation are shown in
Froure Lo, with all data as percent of the 3 centi-
With the diverging initial radia-
qan from the point of explosion, the exit dose
wis seen 1o be 683 percent of the 3 en. dose, but
sithothe ditfuse residual field of fission produects
nroviding o seml-intinite planar source. a sur-
fitee dose some = times greater than the 3 em. and
ieeper ose from the harder gamma components
vas observed.  This 1 seen to be of the same
aider f magnitude as that estimated above.
\t Lherghts above and below the 3 foot level this
-urface dose would become lower and higher
respect velv, but since it is due to soft radiation
.f shor range. 1t probably would not exceed 50
simes the 3 foot air gamma dose or 80 times the
midiine dose, even in contact with the ground.
\n estimate of skin dose due to ground contami-
nation for the Rongelap case would result, for
exaiaple, 11 a tigure of about 2,000 rep at the
evei of the dorsum of the foot, 600 rep at the hip
ave. ard 300 rep at the head if continuons ez-
paxure with no shielding oceurred. TUnknown
= dose nndoubtedly resulted. from
Juerding and movement. [t thus seems prob-
thie thut the external beta dose from local direct
K contunination far outwelched that from
he sround 1n importance, since the latter was
~or high enough to produce the observed lesions.
“lothing probably reduced the beta dose from
“hierronnd by 10 to 20 percent,

e oronna.,

i

neter (ose

sarmtion

1.4 Summary

Rapiarron Doses from gamima rays originating
axternaily were caleulated for the 267 individu-
s vhe were accudentally exposed to fallour
“Ollewie the nuelear detonation at the Pactfie
Pracny Goonnd in o the Npring of 19540 The
ose estimations were made using information

eeti 1y from radiologieal safety surveys on
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the atolls, and spectroties 1 ang radiochensicn
data. The actal
falloni=

urnt oo of Che radione v

was not hnower

and the alues fon
length of exposure vere < bject "o uncerta e

I the times ar

Wheen e Tailoats e i,
range of possible 2ok Dody munan cdose
wats cadenlated, andg the v ojues  onstdered o
mosi probable wre v e o D se o

TEANE

TR I T

merxontts phantom ven.

tod ot arreen perd ot ron poom
deithe o tene irtad
T fie ~en-nlinite ]il:\!l:ll' SOUuree wWas be-

vt perense the iologieal etfect of the
e ey dose expressed s an e dose, com-
dee 1o the geometry of the usual Neray ex-
T <oft camma and beta radiation from
Sl che wround and especiadly on the
e f reanlred i snperfictad dose whieh

st e o produce lesions. No quan-

>
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titative data were valabie
tion intensiey from vrcher e ckin
tion or from the eroud

e the beta ras a
DNt

A TOUTL st

of supertictal dose 1 ouy e Larter svas e
Reterences
1. Gates, . G.. aud Eisenhauer C.; Spectra: Disor
bution of Gamma Rays Propagated in Aiv armed
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Report 502\ «Jan 194 Washingron [

NOZING

RADIATION
urke. J. K. and Reardon. . A.: NRDL Instru-
NE 051555 15 October

Meter, U7 3.0 Naval Ra-

Francisen,
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Hunter H F.
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2.1 Introduction

WHEN Tue Exposen groups were iirst seen at
Kwajalein afrer evacuation from rheir native
atolls. the amount »f radration thev had re
ceived was not known with certamty. It was
known. however, from nstrument readings
taken at the sites of he fuilout und from moni
toring all individuals, thar a signhificant wmonnt
of penetrating irradiatior: to the entire bhody
had been received and thar extensive contamina
tion of the skin and possible iternal Jdepost
tion of radioactive materiais had occurred. The
nature of the irradiating material and the air
cumstances of exposure prevented 1 precise
evaluation of dosage isee ntroduction). Even
if the precise dose nad bheen known it wounld
not have been possible ro predict the niological
effects since the quantirat:ive response of man
is not known. According!v, . complete medical
history and physical exaninution was obtuined
on each individual and numerous follow up
examinations were -arried out.  In addition,
routine sick-call was hele twice daily and
spection of the skin of ail ndividuals was mude
at frequent interval:, Medical care wans avail
able at all times. Hospira: facilities were aviui
able at the Kwajalern Nuva  Dispensary, and
support by the more axten~ive mmedical faciiities
of the 17, S0 Pacific Fleer had iwen promi-en
If needed.

From description: of trne umeunt of fallou:
material and from radiow rivity measuremnen s,
it was apparent that ¢Grronp [ Rongelapy Laa
recetved the highest doses of rudiation, Groun
IT (Ailinginae) ang Group 111 0 Americaps
an intermediate amount and Coroup IV Utk
the least. From physical dosimetry 10 was lares
estimated that Group | bud recerved approx
mately 175 r of garmma radmtion: Group 11
69 r: Group III. 7~ r: und Group 1V, 14
The most serious clinteal and Jaboratory nm o
festations of 1rradiatior .ppeared o Group
and T1. The onlv annormal ries that could be

attributed with certanv 0 eroadintion were

K 6 desions. eprlation. granuloeyvtopenia and
toombocsvtopeni. The skin lesions were first
rerved between the 12th and 14th post-expo-
aire duvs. These lesions were most prevalent

iiorronps [ and [T but were present to a sheht

axtent i Giroup T Details of the skin symp-
‘orax and leslons and their treatment are re-

>

yortedd i Chaprer 3.0 Details of hematologice

1dres are presented in Chapter 1V, Granu-
ocviopenia and thromboevropenia of marked
legree neveloped in many individuals of Groups

ek T and was of suffictent severity to war-
111 sericus consideration of prophylactic and
b rupeutic neasures for potential sequelae of
hese cellular deficiencies.

ivrew of the conflicting opinions about the
woue of prophylactic and therapeutic measures
Juchoas antibiotios and whole blood transfusions
e ne treatment of radintion disease (1-5), 1t
vas tecided that therapy would be instituted
v s indieated elindeally for specific condi-
Hox as they arose.  In order to determine the
afect of the internal deposition of radioactive
uatersal on the course of the externally induced
Wontion injury. it was necessary to determine
he degree of internal radioactive contamina-
1o Detans of the measurement of internal
fenostion of radionuelides are considered in
[t 15 sufficient to state here that the
from the inrernally deposited
aconelides o the total acute dose  was

} Lpter AN
artrehel on

N o ennt

2 ' Symptoms and Signs Related to

Radiation Injury

~+ kkar Symproms Tiar developed during the
et rwo days could be attrbuted to radiation.
Flisse avmaptoms were associated with the skin
v the gastromrestinal tract.

tebung ned burning of rhe skin oceurred in
= sercent o7 Gronp | Rongelap), 20 percent

1)



16 FEEFECTS b h
of Group IT (A hnwminaes .
I[IT  American-~y. .
VTtirik ).
m Group [ compla ned of itchang and ruene

pereent of Greony
of v

noGrronp Toona e

Heie (rrong

Three peopic

These it ki
and eye svmptoms were most likely due 7o
radiation since 11 ind:viduals who experienced
the initial symptoms Jater developed ingues
tioned radiation induced skin lesions (epilation
and  conjunctivitisy, Chapter 111

Furthermore tle ‘minal <vmptomatology
these people wus simiiar to that reported 1 o
stances of acerdental laboratorv overexposure
to radiation, described 1 Chapter 1T 11 -
possible, however, that hemical irritation o
the fallour materiai. vheeh was predonnnan by
highly alkaline caicinm oxide,
centuated the initial

of the eves and laerimintion.

Sew

nay hive ac-
VILPTOmS

About two-th rds of Group 1 were nanseatsi
during the tirst u
and had diarrhea.
1T was nauseateil.

were no gastrointestinal (Gl syvmproms.

davs and one-renth vomired
One ndividual e Grog
i Groups T and TV there
hie
Iformation Concerning =Vmptoms was ohtaiie:
by questioning ~hrough an imterprefer by -
eral individuals. Despite the repeated mterro
gations and the mevitable suggesrion- of rle
INLErrogators, t-e =tartes remainied consistent
Al GI symptoms <unsided by rhe thord
without therapy ind there was no seciurrer o

The presence. severitv, and duration o1 1
sea, vomiting, and Jdiarrnen are knowr 1o bews
a direct relationship 1o degree of exposure nne
probability of the recovery (1, 2 61 ind it
of note that the meidence of these <vmprons
was correlated with the dose received und 1
there were SVIMproms
Group IV, the largest croup. which ~ecervec

No - rastrantestingi

only 14 r GI svmpromatoogy may huve veer
due to direct 1nmey Gf the fr] tracet as observes
m animals after whaie nodv irradiation 7 s
or may have been ron specific as s abser:
followmng therapevtic radition

Various other »linv-wi condimons. which were
encountered dvring  he course of observicion
of the exposed grouns were ot the pesuire o
Pyt r

radiation exporure Tle ncwdence s

S

7

RS

FADIATION

f=eitse weel. discussed below, were similar in
exposure groups sl o nonexposed indi-

LR PR

2.3 Clinical Observation and Therapy

With Respect to Hematological
Findings

» 31 Clinical Observations and Leukocyte Counts

BerweeN THE 33rd und 43rd post-exposure
davs, 1o percent of the mdividuals in Group I
and an absoiute cranulocvte level of 1000 per
The lowest count ob-
-erved during this pertod was 700 granulocytes/
During this interval the advisability of
giving  prophylactic antibiotic therapy to
grannloevtopenic individuals was carefully con-
sudered.  However, prophylactic antibiotic
therupy was not instituted for the following
FOISONS

+1v All :ndividuals were under continuous
medical observation so that infection would be
Aiseovered 1noits earliest stages.

~ubre millimeter or below.

e

Premature administration of antibiotics
might have obscured medical indications for
“reatment, and might also have lead to the de-
velopment of drug resistant organisms i in-
lowered resistance to infee-

2)

fvidun s with o

on

41 There was no accurate knowledge of the
aqumber of granuloevtes required by man to pre-
vent mfection with this type of granulocyto-
nenla.

The observed situation was not strictly com-
arable 1o agranulocvtosis with an aplastic
narrow as <een following known lethal doses of
radiation.  In the latter instance, granulocytes
fadl rapndly with practically none in circula-
non and no evidence of granulocyte regenera-
tion when nfection occurs (6).  In the pres-
et zroup of individuals exposed to radiation,
nost counts reached approximately one-fourth
wormal value, but the fall to that level was
srann and the presence of immature granu-
sevtes n the peripheral blood during the pe-

e
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=t r noth eases long sfrer the fever had

. ooth hividaads vecovered and had no
er inessoIn Figure 2 the lenkoceyre and
et o t= of the 2ovear old pattent and the

4 he ecurrence af the febriie 1liness are

SRR

ste-ve old boy o hid hiad sviproms of
g per respiratory nfection for several
il ons bronght vo the clinie when he

aped kg congh, When ne was seen,

iy remperature was looxt Fo He
] t

o= ot TTRiC there was pharyngeal injec-

et nomerons coarse rhonchn were heard
chontt e chests A dagnosis of upper

atory nfecrton wirh associated broncehi-
e nacte and the cmld was civen a single
et mjection of 2000000 units pro-
peater ime On the following day his tem-
e w99 F o rades or rhonehl were
v he ecovered without  further
et
devent ol oman came to the elinte com-
the of wenkiess, nervousness, mild ab-
a pait and shoorie pain i the upper
or chess birlieradlv of several honrs dura-
He appeared moderatelyv all his temper-
wios s I and the anly positive physi-
ol v s moderite tenaerness o the l'i;_“hr
coadiant of the abdomen.  Within o
e perod the temperatnre rose to 10167
dlewine whieh o fell graaually to nor-
e cadonmnnal tenderness contnued for
are e then geaaually disappeared dur-
e ~ubsequent 2o\ tentative ding-
i chceecvstin s was mde, Noospectfie

his white

vl platelet counes morelation to the

aat e of sviptoms are shown,

enane e S developed generadized nrti-
fover and hewdache. No cause for the

Cowns fonne ane the svinproms substded

v~ hours withont any therapy.

vy nds i Giroups T oana T that re-

Sy aanbioties are Disted n Table 2.1, Of

divie s trentea wich o antibioties, only
ot three recerved U oat a Dme when their

Tt onnt wie dow These cases are
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Table 2.1-—Patients I'reated With Antibiotics

PA-\‘.!:‘IFNT N \)‘y r)'i"’: \w‘.ﬁ.n]"wm
TREATKD i
1 URI ard bror cmias Penendn
with aigh temper
ature ;
2.3 URI, -~evere. wih 2 Peneritn

pharvngiti- ana
high -emperature
4,5 ! Tooth extract Hn
6  Deep extensi. ¢ 2
slougn of epmder
mis of foor

Penicibn
Penicillie

7 Inflamed s i- 2 Pen:erihn
with migh temper
ature and [ RI
] Rapid progre=sing 2 Peraeiibn
underminine 1 n
petign
9 i Traumastic varngrene Pargeilhs
; of foot i
10 Cvstitis 5 Gantrasi ‘
11 Furuncie o Dattoek 2 Peniciilin
12 Furuncie nn “o-e : Perceiihn
head

described in deraii above
have evidence of a hucteria component assoe
ated with URI o o niboties would have beey
indicated had thev ot heen rradiated. A
other mdividuals were ot newtropente at the
time of treatment ar.1 were given antibrotie
for specific indi ation-
i which it wa- considered necessiry ta g
prophylactic antibior < for neutropeni pr

Fach appeared o

Phere was 1o instinee

2.32 Clinical OCbservations und Plateletr Counts

Al individuads worh o plateler count -
100000 or less were ex unined danly forevidenc
of hemorrhage 1mto the skin, mucous men
branes and retitiae
for red cells and alounun, and women were

“rine was examined dacly

questioned concernins excessive menstriuation
There was no evidence of any hemorrhage vy
though 11 'ndividuar- eached olatelet lover
between 35,000 wna to 006 Twa women e
struated when t:e1r poatelel ounts were Lok

and 130,000 respect e, Both ten-triua e

cevernd oxtre davs and thought that the bleed-
ne wie nore than usnal bt not sutficient to

anse them concern.

~.44  Hematocrit Changes

In radiation injury an anemia can be pro-
niced by three phenomena: a. Partial or com-
nlete suppression of eryvthropolesis: b. Hem-
irrhage: ¢, Hemolvsis. (9). The existence of
‘e latter 1= not universally accepted as a char-
wrerist-e part of radiation injury. Since hem-
irrhagi - phenomena were not observed a severe
menta would have been expected only if
~rvthiropolesis were suppressed severely for a
iong  time. With complete suppression of
srvtirosolests and an unchanged life span of
qe ed cell one would expect a deficit of 0.83
percent per day sxince the human red blood cell
has 1 hife span of approximately 120 days.

Nineteen individuals in Groups 1 and 11 had
nematoerits between 31 and 35 percent. Nine
f the 9 were children, aged 1 to 5 vears and
wouid be expected to have a lower hematocrit
“hn norma. adults ; four were over 70 vears of
ige, in which age group a decreased hematocrit
i~ frequentiv present without obvious cause.
I'wo of the © 9 had had menorrhagia prior to the
retermymtion, two were 3 to 4 months preg-
cant aund had not received supplementary iron,
These hemato-
mrs o id e aseribed to physiological varia-
“ons rather than to the effects of irradiation
o henutopotesis. Supplementary iron was the
sy therapy used for the mild anemias ob-
-ervedd, Thios no definite evidence of prolonged
~rvtiironolenie suppression was observed even in
ndividinals who had recerved 175 r whole body

Lllii W wWere Youny womel.

sacknation,

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

Brrwees Tae 27th and the 42nd post-ex-
sosure lavs an epideme of upper respiratory
nsense - 1'RIYV occurred.  The resptratory in-
fwetion consisterd] of moderate malaise, pharyn-



{ LIN'CAL OBSERVATIONS 1N TREATMENT 21

gitis with prominent Ivmnhoid follicles, fever
of 99-100° F. during the urst dav. and i puru
lent nasal and tracheal discharge for abour 1o
days. It was of interest ‘o determine whethei
the appearance of UURI could be correlated with
the dose of radiation rece:ved o wirhi changes
in the leukocyte count

Fifty-eight percent of the ndividuals in
Group I and 56 percent of the individuals i
Group II developed TRl  Seventy percent of
the affected individuals -leveloped symptoms
between the 27th and 32nd post-exposure davs,
and the others developed ~vmptoms i the sub-
sequent 2 weeks. Fifty-<even percent of the
affected individuals were observed to have an
upward trend in their leukocvte counts, the -
crease being due primarily to granulocyres
Since an increase in the mean granulocvte
count of the entire population oceurred about
the 29th postexposure :tusv. 1© seemed pertinent
to determine whether in individuai instances
the increase was related to rhe presence of
respiratory infection.

The relationship between the observed leuko
cyte increase and the presence or absence of
upper respiratory svmptoms n (froups I and
I1 is shown in Table 2.2, Seven of the 27 ind)-
viduals that developed borh URI and & leuko-
cyte increase developed thie leukoevte increase
3 or more days before symptorms of URD -
peared. It is also of interest that the medical
personnel involved 1n the wre wnd study of the
radiated individuals had « 1 equai inerdence s

Tanle 2.2 —URI and Changes in Granulocytes in
Groups I and 11

NUMBER
»F INDI-
YIDUALS
PRI rme in granuloevtes. 27
"R1 1o nse in granuioeytes. . R 20
N URI rise 1n granulocytes ... 16
~No URLL so rise in granuloevtes . 19
-
severity of respiratory infections. The inci-

ferce and severity of respiratory infection in
Crroup [V, which had received only slight radia-
ticn. was the same as that in Group I and IL
[le appearance of URI, therefore, did not ap-
pear 1o be related to the dose of radiation or
toochanges n leukocvte level.

2.5 Comparison of Diseases Seen in
Groups I and II With Those in Group
v

I'se [hiseses THat were seen during the pe-
rud of observation of Group I and I, which
were wxposed to the highest doses of radiation,
e isted in Table 2.3 None of the diseases ap-
peared to be related to the etfects of irradiation,
eirher directly or as a result of hematologic dis-
tubances.  For comparison. the diseases that
were seen during the period of observation of
f; oup IV, which received the lowest dose of

Table . 3-—Diseases That Were Observed in Groups I and 11

N MBER
Dingase nF INDI

VI A L
Furuncle . . . 2
Gum Abscess |
Cholecystitis. 1
Tinea_ . . 1
Mittelschmerz._ . . !
(Generalized urticar a !
Erythema multiforimne
Migraine headache

NUMBER

IMSEASE OF INDI-

VIDUALS
Bronchrtis 1
Aphttious uleer of tongue. U 1
<pondviolisthesis 1
Irmipetigo 5
I oth extractiions 2
Crstroenterity 10
! Hper respiratory nfections 47
Uodhvear rorsillitis L - !




22 FFEECTS OF 0N

radiation. are hsted o Tanle 2+ The el
metdence of gastroenter tis 1 both groups was
probably due to the keeping of peri=habie fooa-
uneetrigeraced for hong period- by tle M
shallese, and was nor seen after Cis practaes
was stopped. It would appear tha
percentage of the individums in Groups T and
IT developed upper respiratory mfections com-
pared to Group IV However, all of the -
viduals In Groups | and [I were questioned
concerning even mild ~viptoms of URL where
as only those of Group [V with severe svinip
toms of URI came to the cimne

1 hgher

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

Tue Bopy WEIGHT of idividuals 1o Groups |
and IT was followed routimely. =inee they nid
unrestricted et and ull .
change in weight mignt be consideved an indiea
tion of any disturbance 1 therr over-all metan.

an ate wefl, therr

ZinG RADIATION

Pabtle 200,

fe would be expected that within a
wriod of < weeks, most individuals below 16
Cearandd particularly those below s vears woulkd
The fact that most of them
nav indicate that they received a
m=e af cadiation sufficient to interfere with nor-
In spite of their relatively 1n-
wiive I fe and hearty appetites many of the
wludrs aiso lost welght which may indicate some
with their normal metabolism,
Fhere was isttle difference in observed weight
hanges between Groun I and Group 1. It ap-
peared that the ditference in doses received by
the two groups did not ditferentially affect their
Whether the observed losses in
veignt vere related to radiation or to changes
not ['nfortunately,
« =ati=factory controi existed to aid in in-
rerpreting the loss of weight in Groups I and I1.

Uil =0T % t-i;j}lf,

[N

Aepunt

atonetabolism.,

nterference

]um]y \\'Q-i,'_r}l':"

Looenvironmnent s clear.

2.7 The Effects on Pregnancy

Fourr Woses 1§ Group [ were pregnant when
nrought to Kwajalein. Two were 1n the first

olism.  The weizht changes tre <iamanarized Crpnester. one 1 the second trimester, and one in
lable . 4—IDiseases Dbserved in Group IV
DINE&HE \\r‘ ‘Mﬁ_x:‘* DisEAsk 3;"({‘:‘;:

Osteoarthritis ; hororerinitis unknown etology 1
Epithelioma o ankle svith necrotie de- T'hrombophlenitis, antecubital vein |

generation i npengo 3
Chronic bronet itis Divsmenorrhea . L. 1
Furuncle . Fxfoliative dermatophytosis I
Chronic bronchitis and bronceniectasmis Letropion, right eve !
Abscess of sole of foor sthima . S 1
Carbuncle Henigr: hvperiension with headache l
Tooth extracticn Fangas mfeetion, auditory anal 1
Fungus infection of giims ana palate mehome nas svstiths . !
Contusion, traumatic T'inea !
(Gastroenteritis 30 <imple headacne 2
Upper respiratory imfections Vente bhropeintis ] L
Arteriosclerotic beart disease  dfecompen Possihie suptiored intervertebral dise 1

sated Fever of anknown origin 1
Pyelonephritis Vongohan idey 1
Insect bite. wir - narked saipenral «cdemns
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Table 2.5~-Weight Changes Groups [ and 11

RO
Number observed .
Number that gained weigh:
Average gain (ib.).
Spread of gain (1b.}).
Number that lost weigh
Average loss (lb.}
Spread of loss {lb.)
Percent of group that lost weight

RO 1]
Number observed .
Number that gained weigh:
Average gain (lb.).
Spread of gain ilb.)
Number that lost weight
Average loss (lb.) .
Spread of loss {Ib.)
Percent of group tha: lost weight

AUE CATEGORIES
BEL»W 7 VEARY | BELOW 16 vears : AROVE |5 YEARS
! 24 36
b 14
| 3 3.5
a5~ 0 05100 1-11. 5
Lo e} 21
. 2 +
 3-3 " . 5-3 5 1), 5-8
T R0 58
9
o 3
2.7
2-4
L) _ 6
! 2
K R 0. 5-4. 0
67

the third trimester. None of these women had
abnormal symptoms referable 1o pregnancy.
and as far as could be determined, pregnancy
continued in a normul fashion. In Group TL
one woman was in the second trimester. No ab-
normality was detected. Fetal movements were
unaffected in the individual m the thirg tn-
mester. The hematoiogic ~hanges of the preg-
nant women are listed in Tabie 25 Two indi-
viduals in the first trimester had a marked e-
pression of platelets but at no rime was there
any vaginal bleeding.  So far, the exposure “o
radiation has not had a deleterious etfect on
pregnancy. .\t the L month reexamination 11
of the above women had delivered. (ine baby
waus born dead : the otners were normual  [athe
case of the one still born, rradiarion ocevrred
to the mother either before conception or var v
in the first trimester

2.8 Special Examination of Eves

At 3 axp 6 MoNTie
amined the eves of all exposed ud viduads b

cphthaimologisr wx

T'able .. 6.—-Blood Counts on Pregnant Individuals
in Groups I and II

LOwWEST \[:()\\'EST
" : O AT LOWEST NECTRO-
smeorHGEL g N
Corws CuUNT
TRO T

rl 35, 000 i 500 3. 000
e S0, 0 5, 000 2, 500
[ £50. DOV 1. 000 3. 000
YRS 120, 000 10, 000 7. 000

wot o 4
(ST |70, G T, 000 3. 200

NG esions ascribable to lonizing radiation were

e vt 2 months slit lamp examinations and
shorographic recardings of the cornea and lens

aer s iade on nonexposed, and on the Rongelap
The menience of neutar lesions was not

LR o

P e twa groups THEY
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2.9 Summarv and Conclusions

Tue Cuxicsn Fixmives 1o population see
dentally irradited by fallout niatertar from o
nuclear device has beer presented  The mors

seriously irraciated individuads Dad i
svmptoms of anorexia, vomiting and Jliarrhen
which irentment

days.

subsided without withion .
The sanie indviduals slowlv deveioped
granulocytopenia and thrombocytopenia inas
soclated with secondary complications.  The
only other man:festations of radiation exposure
observed were skin esions and epilation. e
scribed in detati in Chapter LTI, The inciaence
of infectious and nonmmfectious disease 1 the
nmore severely »Xposed groups was no greater
[f, ifter

irradiation, the platelets and leukoevres fail 1)

than that i the least exposed group.

a manner and to a fegree similar to rhar ol

served here, 1t -an be predicted that no hemor
rhage or increased <usceptibility to disease-
similar to those observed in this study will oecur
and that no special prophyiactric measures wiil
be indicated. The use of prophylactic neas.
ures, however. shoula be evaluated in rermns of
existing conditions.  With the degree of hems
poietic suppression observed there < a poss:
bility of increased suseeptinility to mmore vru
lent were

pathogen  1aan present i chos

incident.

DVULZENT

0
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3.1 Introduction

Favrvovr or Rabtoactive material commenced
approximately +-6 Lours afrer Jdetonation of
the thermonuclear device.  On the most heav:ly
contaminated island. Rongelap, the fallout was
described as a powdery aterial, “snowlike.”
which fell over a period of several hours and
whitened the hair .nd adhered to the skin
Less striking fallour described s “mist-like”
was observed on Allinginae and Rongerik.
Fallout was not visible o Utirik, which was
contaminated to onlv a m:ld degree.  The se-
verity of the skin manifestations was roughly
proportional to the amount of fallout abserved
The population of the four 1<land groups ana
imeidence of the skir lesions wers as foilow-

3.2 Signs and Symptoms

Derise Toar First 2443 hours after exposure,
ot 25 percent of the Marshallese in the two
agher exposare gronps experienced itching and
voonrmng sensation of the skin, A few also
‘o iplumed of burning of the eyes with lachry-
nat:on,  These svmptoms were present to a
esser extent n the Americans on Rongerik
i1l whe were aware of the danger, took shel-
‘e tnalunminum builldings, bathed and changed
These precautions wgreatly reduced
ne <ubsequent development of skin lesions 1n
The people on Utirik, the farth-
1 from the detonation, had no early skin symp-

Tt e

tri~ rroup.

{irOUP TTOMPONITION
Rongelap 34 Marshalles
Ailinginae . 18 Marshullese
Rongerik 23 White Americans
5 Negro Amerieans
Utirik . 157 Murshallese N

Evacuation of exposed nersonnel 1o Kwia
lein, where medical facilities were availalile.
was accomplished one ro two davs afrer 1he
event. Decontamination of the ~kin was com
menced aboard ship und completed after v
rival at Kwajalein.

Skin examinations wers carried out lmost
daily during the first 11 wevks and rthen agun a
6 months, 1 and 2 yeurs ifter the wendent, b x
anmunations of unexposed Anericans and nadive
personnel were also ¢ ured out for compiuative
purposes.  Color photorrapbs el biopsies of
lesions In varions stages « f developoent were
taken.

AL

Heay v
Moderate  mistlike
Maoderae  onsthke

EXTENSIVENESS OF 3%IN LESIONS AND

i FHNERRV KD EPILATION

SHow e Extensive,
Less extensive

Slight

No skin lesions or epilation.

e Vil skin svmptoms subsided within |
ooz oavs Onoarrival of the medical team on
e ninth post-exposure day, the exposed per-
ornel appeared to be In good health. The
However, evidence of

ntaneons radiation injury appeared about 2

kit appeared normal.

verks after »xposure when epilation and skin
Ervthema of the skin was
v observed either during the early examina-

e~ ohs o oimnenced,

o= vhen o primary ervthema might be ex-
gected, oo luter when o secondary ervthema
nerit be expected.

Frer cubsidence of the ttial skin svmp-
o, forher svinptoms referrable to the skin

27

&y
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were absent until tne visinle lesions develoned
During the eary stages of fevelopment of the
lesions, 1tehing. burn ne and shicht paim were
experienced wi'h the more superficial lesions
The
painful ana
caused some of the people to walk on then

heels for seversl day- during rhe acute stages

With deeper lesions . was more severe,
deeper foot lesions vwere e most

Some of the more severe lesions of the nech
and axilla were painful wien turning the heao
or raising the The did

produce any constitutional syinptoms,

ATTINS, lesions ot

3.3 Descripuon of Skin Lesions*

3.31 Gross Appearance

The time of ppearance ind the severity of
the lesions varied with rhe degree of skin -on
tamination in the different groups. The Ronge-
lap group, which showed greatest radioactive
contamination of the skin (according to instra
ment readings) were rhe first to develop lesion=
and epilation at about 12 ro 14 days after tae
accident. They also hiad the most severe lesions
Skin lesions 11 the iesser »xposed Ailinginae
and Rongerik groups developed approximatel.
one week after those i the Rongelap group, anid
were less severe and vxtensive  The s
group did not {eveiop anv lestons which could
be attributed to irradiation of the skin. The
incidence of ulcerating lesions in the ditferen:
aroups reflected the relative severity of the sk
injury. Twenty percent of the Rongelap peapie
developed ulcerative esions while only five per
cent of the Ailinginue and none of the Rongerix
people developed uicerative lesions.  Ninety
percent of the Rongeinp and Nilinginae gronp-
developed lesions, compared to only forty per
cent of the Rongerik group. There were nore
lesions per individual n the Rongelap oron
than in the Milinginae or Rongerik groups
compartson of “he ‘nerdence and time of appeas
ance of eptlation wd eck lestons in the w
groups 15 illustrated crody eaddy m Fiouree

* The deseriptim of 1esioas e for< Uy tlie Vo< deee
nnless otherwise ndico e

AR

2

I

RADIATION

Neariv atl of the lesions were spotty and de-
eloped on exposed parts of the body not cov-
cred by clothing during the fallout. The ma-
ority of mdividuals developed multiple lesions
particalar'y the Rongelap group), most of
which were superficial. There was a difference
+f several davs in the latent period before de-
velopment of lesions on various skin areas. The
arder of appearance was roughly as follows:
sealp (with epilation). neck, axillary region,
anrecubiral fossae. feet. arms, legs, and trunk.
Lesions on rhe flexor surfaces in general pre-
Tables
L1 and 3.2 show incidence according to age and
“ime of appearance of lesions in the various
Iroups

‘eaded those on the extensor surfaces.

[1: the early stages all lestons were character-
1ized by hvperpigmented macules, papules, or
raused plagues.  (Plate 1.} These frequently
were small, 1-2 mm., areas at first, but tended to
onlesce in u few days into larger lesions, with
codry, leathery texture.

I'he pigmented stage of the superficial lesions
within several days was followed by dry, scaly
desquamation which proceeded from the cen-
rer part of the lesion outward, leaving a pink
to white thinned epithelium.  As the desquama-
non proceeded outward, a characteristic ap-
pearance of a centrul depigmented area fringed
with an rreguiar hvperpigmented zone was
ween ( I'lates 2 and 3). Repigmentation began in
the central area and spread outward over the
nex: few weeks leaving skin of relatively nor-
Plates 3. 4, 11, and 12 show
~uperticial lesions as they appeared initially and
The mildest manifestation of
<k anjury was the development of a blotchy
nereased pngmentation of the skin with barely

mal appearance.

~1x months later

nerceprible desquamation. Such lesions were
most often noted on the face and trunk.
Epiltion was usually necompanted by scalp
i Plates 13, IV 19). Some indi-
Adaads developed new sealp lesions over a
Neck lesions usually

eR1ONS and

per-od of about a month.
nid o necklaee” distribution, beginning anteri-

v and spreading posteriorly. These were
yore  evese mowoimen in whom  thick hair
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Table 3.1 —Lesions 0 Rongeiap Group

PrrogN~ v
CRF Pl
AR b
11 VECPLE
Epidstion
plus T
L oplus I8
phix o
Foral [PH)
Skin lesions
KNSR O 8
~calyp IR VNN
veek 9 o
w1l ol
antecubitad Fiossae 0
Hands wrists 0
eet 230
AFIMms 3
Leds Toh
runk I
Nail pigmentation a1

*2ogt-evposure favs

T'able 3.2.—Lesions 1n

VPR ¥ RN

Eyalat.o

i
i

Lesions
Sealp and face
Necek and shodabders
Back
Axilla
Antecnbital fossae
Hand., wr s
Feer
g

al diseonoraicn

*Davs nost-exposure

FrOne case cianmec soaght epada

K tr
g

tw fw -

b oikoUP Haviv o INDICATED LESION MEDIAN TIME
e - _oF Frst

. . . s . ‘JRSERVATION

L RS e RS
i 154 17,2 17
" 509 1y 2 17
% 3 22,0 16

— e e SRS ——
27 00 56. 2 16
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~KIN LES]IONS

touched the nape of ‘he e w. Neck lesions are
lustrated in Plate 1 4

11) wusually consisted

Vol ary testons ( Plate
af ccatescing papules
Antecubital fossa lesions were
formation of
bables and one woman deveicpea lesions i the
anal region which, thouch 1o

faracterized oy
thickeneo  iaques.  Severa
feep, were pain
ful due to excoriation of te epidernus.
heated rapidly.

Deeper lesions were seer. o1 the scalp. neck.
feet,and in one case on the var ey were char

These

acterized by transep dermai iecrosis with wet
desquamation leaving weetiny,
tions. Vesiculation was ot observed except
with foot lesions which developed bullue. fre-
quently several centimeters 1o dmneter. beneath
thickened pigmented nlaques  These foot
lesions oceurred on the dorsuni of the feet and
between the toes. iy ne case showed des-
quamation on the soles «f he feet.. After
several days the buliwe ruptirec and desqua
mated leaving raw lcers. =Some f these
lesions, particularly «f the feet. became second-
arily infected requiring antibiorics.
most of the lesions healed ~apsdly and new
epithelium covered tne nloerured areas within
a week to 10 days.
i Plates 5-10. One ewr {es1em
took several months 1 Lea
The repigmentaticn of ~ome eeper estons
presented abnormaliies  Neek lesions often
developed a dusky., gravish orewn prgmentation
associated with a thi kene
pearance. Histolog o,

Tusting uleera

However

Foot lesions are 11lustrated

Plates 17-140)

e peel” wo-
ippearanee of  ep
dermal rugosity was uso 1oted 1 these lesions
(see section on histonatho gy I addition,
the deeper lesions of tie 7oer fuled 16 repig
ment, remaining pin< o1 whire At exanina-
tion 6 months and I voar tfrer the exposure, the
skin appeared norma wi'h e residual changes
in the vast majority o7 cuse-  lowever some of
the deeper lesions con inuec to show evidence of
restidual damage. Foremo-t

the ear lesion which

tmong these was
e headea waith consider
able scarring, atrophy . scal ng of the epriermis
and gross telangiecta .-, voionths the Tov
perpigmentation and thickeniig o f the skin of

the neck leston= had sroarl b bed wne by
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Foot
re o tand 1ot repigmented at sites of deepest

Cenrosgmmentation changes were mild.

reosivement and some atrophy of the skin in

Chese rens vk apparent,

4 Microscopit Appearance

Biopsies were tuken of seven neck, and one
axidary lesion i the Rongelap group during
the turd to fourth week after exposure. .\t
tie thne of biopsy these lesions were 1n the hy-
perpigmented stage with little or no desquama-
tios Most of the biopsies were taken from in-
aiveduals with lesions of average severity. .\
secontd ~eries of bilopsies (repeats in three in-
vividuals were taken from this group, 4 at
the seventh week and o at the exghth week post-
These were taken from the neck and
ant=cubital fossae. A1l of these lesions had
desquamared and the depigmented skin had re-
prizmented tooa duskyv, gray color with some
tckening of the skin “orange-peel™ appear-
plates 23 and 27.  Blopsies were not
tak n from vleerative lesions or from the feet
bec uise of the danger of infection. A third
~res of 18 biopsies were taken from the Ronge-
iy wronp at 6 months along with several con-
Tro Diopsies ‘ron. unexposed natives. Material
v obrained in many cases adjacent to sites of

¢X]OSHTe,

e o

Previous bnopsies,

d broosy wonnds healed rapidly within a
ek o1 cavs wvith no secondary complica-
[N

[he nncroscopie findings are summarized as

f“ JW

L pidermis.
Pronsepidermal damage was noted with a few

showing less  damage
The epidermis in the most

Farst e e el to R wveek.
e rvening arcides
P utes 2 oand 22
axtensivel v volved areas showed considerable
trephiy with flattening of the rete pegs and in
Clases she eprdernns was reduced to a thickness
1 oovo s cells (Plates 21, 20, and 24). The cells
€ Le mulpighian laver showed pleomorphic
Cucer pyknests and evtoplusmic halos, glant

vl e g f“ew astances multinucleated cells.
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Pyknosis of cerls f he basad aver was - oy
monly  seen.  Hocad  disorcumzation ot G
malpighian ana fesa favers wos u=uaily poes
ent i the mor: extessuevely danaged o ce
(Plate 25y Colls Toden oath prement wen
frequentiv present tircnghour the epidern
and intercellular pigment vas noted no~one
sections.  The srratun: granalosnm was wsimils
atrophic or ever. abwent.  Tuiperfect kerntiiza
tion with parakeratosis was visible i oail -
tions. The strarum corvenn was looseiy b
lated and hyperkeratoti

The arcades of nunimal damage were usnaals
found in areas where <went duers approas e
the epidermis - Plate 2
parent increase 1:che nameer of ceils i o

There waus an

totic figures along e aeck of the ducts wno
the adjoining areas wiere regeneration I

underway. In -hese aireas the <tratun: grinn
tosum appearec almost normal in wiath b

contrast to the more severely damaged areas

where pigment wias nereased. these ureas o
minimal damage ~howed un actual decrense
heing almost free of pagmmen:

Dermix. Changes o rthe dermis were on
fined lurgely to the pars papillars ane super
ietal pars reti-ulars  Plates 21-240 Myl
edema in some cases were noted. O pillan
loops were often 1ud<tinet and when fiscer
ible they frequentiv were issocited wyrt o
inereased number ot oericvtes  The enao
thelial cells showed sweilimg and were nolvoro
Telangiect:itie

nal In shape. dnges oo

noted in these ireus wvlhere the overlyving vp
dermis showed grearest umuge whivn were
associated with pernvasonlar ymphocevtic n
Hltration.  Chromatcohores, filled with e
nin were prominent .n the saperticial Jdermis
The tine elastic tbriis -urning inro the Pars g
ilaris were often aiterec or absent

Little 1f any danmge was seen beiow e
superficial pars ret:enlari~. The hair foilicies
were narrow at.d 1 omost iastances devong  of
shafts in this rezion. There was some ieinne
eetasis of the capodaries and <hieht monon
clear cell intiltriion
fic hbers in thee reen e Jowed <light cwel 0

~ome of the Liroe o

S ATTATION

he=eme cases, No daage ro ibroeyees or col-

AUeh Uers was nored

Yvond serres—=thoand SHhoeeeks post-en-
coviere Fdermis. Tno general,  reparative
proessses of the eprdernis had proceeded, except
“or i few persistent areas of atrophy with nar-
sowing of the epidermis and finger-like down-
srowrhe of the stratum malpighn (Plate 27).
Mhese cianges occurred 1 areas of the greatest
currow ng of the stratum granulosum.  In such
area~ the basal cells often showed increased pig-
ment. There were many outward epidermal
-xerescences covered by thickened stratum cor-
euni, sl loosely laminated ( Plate 25), which
nrobablv aceounted for the “orange-peel”™ ap-
pearanes of the skin noted grossly.  In almost
vl nstinces the basal laver was intact with lit-
“e or 1o disorganization. There were a few
-cattere:] areas in which ocecasional epithelial
slls with pyknotic nuclei and perinuclear cyto-
plasmie halos occurred i the malpighian layers

Plate ) There were occasional arcades in
vhicir the epidermis and particularly the
sreatum granulosum appeared to be widened.
{hese cecurred primarily in relation to con-
~guous swent gland duets where the latter pene-

“rated the epidermis. .\ narrow zone of para-

wera osi< and amorphous debris was still present
etween the scratum granulosum and the loosely
vminatad  ~tratum corneum.  The  stratum
ele an was not apparent.

J2ermix. The capillary loops in the dermal
saprilae were not uniformly distinet.  Peri-
vres remained In increased number but fewer
vimphorytes were present. (renerally, there
w1 shght telangiectasis of the capillaries in
he pars papillaris and the superficial pars re-
seulars o Plate 27). There was some edema
o the oars papillaris (Plate 25). Scattered
Sigment -lnden chromatophores were irregularty
Aistributed an the papillary layer i Plate 26).
I somie cases haur shafts in the superficial pars
setien b 1s were narrow or absent: i others the
wir ~hafrs appeared normal.  Small hair fol-
Pedes o Plate 200 and sweat duets 1 some cases

deewed mitld atrophy.
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Biopsies of three prgmented lesions were
taken from 2 of tne wiite
Rongerik group.

Vinerteans of the
Omlv ot 5 snowed evidenoy
of damage, wiach was <hont ane connned to the
epidermis,

Third seriex—Hth mon i post erpositee, =~ec
tions of skin at this time revealed ~ome changes
persisting in the eprdermis ane to o lesser ex
tent 1 the dermis  Plites >~ und 2m

Epideriis. The follow.ng  changes were
found to varving degrees  focal atrophy of the
stratum granulosury: =lighe foeal mgmenn
disturbances 1n cells of the basal layer: =light 1o
moderate hyperkeritinization . and <heht -
turbances in polartiy - f epithenal vells i the
still persistent bass! pajallary projections

Dermis. In the dermi~ telanglectasls supet
ficially persisted from a -hght 1o moderate de
gree in most of the sections, ind ~oruributed the
only abnormality noteq

3.33 Epilation and Nail Pigmentation

Epilation. Theincidence and time of appear
ance of epilation in the various groups 15 11lus
trated 1n Tables 3., and 3.2 and Figure 3.1
Epilation was first observed of the fourteenti:
post-exposure day 11 the Rongelap rroup. and
somewhat later mn the other groups. 1 was of
aspotty nature and vas confined alinost entirels
to the head regior.
arbitrarily into 3 legrees of -everity. 0 -
mdieated loss of harr withour obvious thinning
24" indicated loss of L sutticient 10 cause
thin spots: and “3 -7 1udicated (i exten-ine
epilation with bald spots  Tabie 1 illustrates
that there was a greater iegree of epilation 1
the children 0 to 15 vears)
cent developing ep:latior. 1o ~ome degree -
compared to only 2% percent n the older wge
group. The preponderare of ~calp lestons 1o
the areas of epiluticon ndicared thar radiation
from the fallout materia: on the skin was pr
marily responsible for tie ep: b om.
cases of mild ep:ilatios
Allinginae children. an

Eoilatioa was diviaen

with over i per

Only three
fevilopea in rhe
nestonable epilaron

WAl PTLATION 33

wcnrred moone of the Americans, characterized
v oose haor upon combing but without areas
coadonec .

Regrowtlh of hair i oall individuals com-
venced some time during the third month after
exposure. At the 6 months’ examination com-
siete regrowth of hair, normal in color, texture,
Plates 13-15,
srcand 1 show epilation and regrowth of

v abundance had taken place.

!

YVl Digiaentation.  An unusual observation
% tae appearance of a bluish-brown prgmenta-

i of the ingernails which was tiest well docu-
mented on tne 25rd post-exposure day. The dis-
colorntion began in the semilunar area of the
Hnigernazls - to o lesser extent in the toenalls),
ara spread ontward sornetimes 1 streaks. s
rhe aisenlored area grew distally the semilunar
area usually became clear. Plate 20 shows pig-
At six
nontas, piymentation had grown out with

menred bands o the nails at 77 days.

the nadls, and was no longer evident except in
three cases which still showed pigiment at the
distal end of the nauil. The pigment was on
the ander side of the nail plate.  Discoloration
of *he nmls was seen in a large proportion of
e rwo lugher exposure groups ( Tables 3.1 and
g e phenomenon appeared to be a radia-
ton response peculiar to the dark-skinned races
i ev ot was <een mn all of the exposed American
Seoroes tna none of the white Americans sup-
oo Ty This
iec1o1 was not observed in the Utirik people or
o unexposed Marshallese.  Since the nail pig-
mentation oceurred inindividuals without skin

recerving the same exposure.

lesions, 17 appesred to be the result of a more
Denelrating gamma component of radiation.

3.4 Therapy

U ir Teearyest Or rhe skin lesions was
Leegely vonspecitic. Most of the superficial
fes101= were treated with calamine lotlon with
e percent phenol, which in most cases re-
A few of the
Soperpigmented lesions not relieved by cala-

vyeq the rehung and barnimg,

Lore s T phenol were treated with pontocaine
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ointment, witt When 11a

epithelium wie descuamating, all lesion- e

APPITENE UCress.
treated by datly woeine with soap and s
followed by the appovation of & wiier sovie
anishing 1vpe om: nent
jured skin soft ana
became

vhicl kepr the n
table,  Raw arsus, sl

secondar: v 1 fected,  were  cleansed
Wwith soap and aureomvyen: omtment was -

plied.  Bullous lesiors of the foet were lefr n

tact as long as no <y mptolus were preseni,  [f
painful, the Huwg v as aspirated with sterie
technique and « pressure dressing appiied
single aspiration wa- adequate since the bullar
did not refill.  In tne instance, an extensive,
aw, weeping cdcer ceveioned for whieh pen:
cilllin: was given 7or two davs, During his
time the lesion deveroped healthy granulation
tissue. Some of tae Jestons of the skin of rhe
foot remained 'hickened and less pliable after
desquamation. Thi~ was relieved by the use
of vaseline or cocou butter to soften the rie
sues. The one persistent ear lesion did ot
heal after desquamation.  Tlas
daily with warm Lorr acid compresses i
washing with <urg.a
eschar. Slowl:. regenerating epitheiium grew
in from the edires of the ulcer

wis  tredted

~oap to remove  the
Upon reexaun
ination, 6 months 1frer exposure. heaing wa-
complete with w senimmenred ~car vemun iy
as evidence of “he prev ous uleeration

3.5

Factors Influencing Severitv of
the Lesions

3.51 Character of the Fallour Material

This materiai was composed mainly of
cium oxide from 1he
adherent tission

nemmerated corul,
[)X"NI foets,

WL
Fifty to erglity pet
cent of the bers ruve emanating from this ma
terial during tie exposure period had wn aver
age energy of abou ) Since 80 -
erons of tissue Hroduces S0 percent attenal o
of such radiation oo
energy was dissipated
is roughly 40t 7 paerons in raickness,
remaining 20 te 0 percent of the bera rayvs nao

Kev.

greater portion ¢
nothe eprdernus Wi
(R

AN averagre enero approximately Go0 ey

AN

RADIATTON

e datter would penetrate well into the dermis
cce 1 takes SO0 mierons of tissue to produce
vrpercent attenuation of this energy radiation

oo I addition. a spectrum of
Zanm. irradiated the skin.  The
contribution to the skin was small
compaced 1o the beta dose and is discussed in

Thaprer 1

wide
el ergles

il

152 Dose to the Skin

The skin lesions observed resulted primarily
from beta radiation from fallout material de-
positec on the skin. The gamma dose to the
kit was small compared to the beta dose, and
nus relatively unimportant in producing the
estons  The summation of gamma and beta
contribunions to the skin is considered in Sec-
ior 1.3, In general it is evident that skin in-
mry was lurgely produced by material in con-
ract woth the skin.  The total surface dose can-
ot be caleulated with accuracy but minimal
and maximal values at various depths in the
-kt cun be estimated biologically. Hair fol-
1wles 11 the areas 1 which eptlation occurred
st have received a dose in excess of the
known mimimal epilating dose of about 400 r
for zov kvp Xeray. Smce regrowth of hair oc-
arred. the apper limit of dose at the depth of
the naar folliele must not have exceeded the per-
manent epilating dose of around 700 r of 200
svp N-rav (3). From rhis a rough idea
of surtace dose may be made. A dose to the
hour follicles comparable to 400-700 r of X-
radiation must have been due almost entirely
"0 the more penetrating beta component (aver-
(e energy. 500 kev). Therefore, the minimal
~urface dose in rep from this component alone
was probably four to five times the dose at the
nan follicle, 10 e, roughly  1,600-3,500  rep.
I'he soft component (average energy, 100 kev)
ontributed a considerably larger share to the
wurfuce dose but with only slight penetration.

“.33  Protective Factors

I'he -ollowing factors provided some protec-
on



SKIN  LESION~

a. Nhelter. Those mdrordaals wito renune
indoors or under the trees during rhe faliour
period developed less severe Jesions,

b, Bathing.

ing 1n the oceun developed fewer foot lesions

small chiedren who went wad

Most of the Americins, w o were more aware
of the danger of the fallout, took shelter 1n
butldings, clhiangend
clothes and consequentiv levelopea only vers
mitld beta lesions.

.o lothing. X single tuver of cotton materai
offered almost complete protection. as  was

aluminum hathed  and

demonstrated by the facr that lesions developed
almost entirely on the exposea pait=of the body

$.54 Factors Favoring the
Lesions

Development of

a. Areas of  moe profase persprration.
[esions were more ‘umerous 1 areas whers
perspiration is abuncanr siuch as the folds of the
veck, axillae, and anrecubital fossuae.

There wu-~ u
lelay of T or 2 days befor <ate=facrory decon

tamimition was poss:ble

. Delay in decon amiinatioag

The prolonged con
tact of radioactive iateri~ on the skin Juring
this period inereased the cose 1o he skin
However, the dose r:te fer o ropudly and e
contamimation would huve had o be rompr i
order to lunve neen mnst effecrive

. Difiendtiosinde vnsinination,
hair, anointed with © heay

[he th ok
oconut-orl dress
ing, resulted in heavy cortamuation. Decon
tamination of the heud wa- slower than for the
other parts of the boay and mav nave vnhancec
the development of epilation wid =ealn lesions

3.6 Lack of Correlatiton With Hema-
tological Findings

ATTEMPTS WERE MaE to o orrefate the severity
and extensiveness of skin esions with hemaio
logic Andings for inaividuals 'n the Rongeiap
group.  No posttive correlation was found wirl
depression of any element.  Thu-, the contam
nation of the skin apparently did not s
nificantly contribute ro he
radiation.

totas bodv dose of
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3.7 Discussion

[ rre Has Breex little previous experience
wt b eadiation dermatitis resulting from ex-
woure to fallout material from nuclear detona-
«as, und the general consensus, until this event,
i heen that the hazard from fallont material
au~ neghgible.  From the present expertence
1 <evident that following detonation of a large
wule device close to the ground, serious ex-
arure of personnel with resulting radiation
e ons of the skin may occur from fallout
naterial, even ar considerable distances from
‘he =ite of detonation. This ineident is the Hrst
~xample of large numbers of radiation burns of
wenan beings produced by exposure to fall-
wat matertal. With the Hiroshima and Naga-
k1 detonations fallout was not a problem since
he bombs were detonuated high in the air. The
Hurli purns of the Japanese were due to ther-
i radiation only.

Potlowsng the Alamogordo atomic detona-
“lon. a number of cattle grazing near the point
of detonation developed lesions on their backs
aue to the deposit of fallout material (4). Also,
tol owimg a detonation at the Nevada Test Site,
ax eer horses near the Test Site developed
vxoons resulting from fallour deposit on rtheir
brils s (0

Fonowlton «f al. (6 desceribed burns of the
L as of four individuais who were handling
tis= o1 produet material following detonation
{0 nelear device. These burns were due
firrein teo beta padiation.
1 the hands oceurred from an exposure of

¢

The gross lesions

about L hour resulting in doses between 5,000
ane i600c rep of beta radiation (maximum en-
eres abour 1 Mev) with a small gamma com-
porend considered to be insignificant. The
et sns were deseribed as developing in four
fhiases ¢ \nomitial phase wlich began al-
most ommediately after exposure and consisted
~f v ervthema with tingling and burning of
rae Barnds, reaching a peak 48 hours and sub-
—oing rapidly so rhat by 3 to days there was

St e absenee of signs and symptoms: (2)
shase wiieh ocenrred from abour the

SRR
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third to the sixtl. or erohrh dav. ane was cha
acterized by a more severe ervthema: 1.0 The
third phase at 5 to [v davs, was characrernzed
by vesicle and builae formmtion,
spread to new ureas

The ervehema
furig the followinge -
weeks, and the active process subsided by 24 1
32 days. The bullae iried up, and desquania-
tion and epithelization took place o e
severely damaged arens: 11} The fourth phase
or chronie stage wus - haracterized by further
breakdown of skin with necrosis 1 areas which
were damaged suthicientlv to compromise the
blood supply. .trophv of the epidernns and
loss of epithelia: structures rook place. which
necessitated skin grafting in some cases.

Robbins et al. 71 reported six cases accident.
ally exposed over mucn of thewr bodies to sea
tered cathode rays from a 1200 kv primars
beam with exposure 1ime of about 2 minutes
and a rough estimation f dose to rhe skin of
between 1000 and 2000 rep  The lesiong de-
seribed were sumilar to those reported by
Knowlton ¢t o/, with « primary ervthema de-
veloping within 36 hours: secondary ervtheni
with vesiculation und nullae formation ap
pearing about 1 to 14 davs later: and, i rhe
more severely arfected. u tertiary phase char
acterized by further sreakdown of the <kin
In comparison with severe roentgen rav reac
tions these investigators stressed the unigue
periodicity of cathode ray burns, relative an-
sence of deep damage to the skin. less pan.
greater rapidity of healing, and absence f
pigmentation.  These point< would apply o
the Marshallese lesions »xcept for the muit:-
phasic reactions and absence of plgmentation
Crawford (%) report- o case of cathode rus
burns of the hands wh et were siiiar to those
described by Robbins ¢

Experimental beta radiation burns n hn
man beings have beer: reported by Low-Beer
(9 and Wirth wnd Kaper +10)  Borh mves
tigators used P disox applied 1o rhe Hexor
surface of the wrms, forearms. or thichs fin
varying lengths of time  Low-Beer reporreq
“monophasic”™ skin reactions e found that o
calenlated dose »f 140 vep o the first il

meter of Skin. gnor g we foumorntion, o

IN7: RADIATION

tuced a threshoid ervthema. Dry, scaly, des-
juamation was produced by 7200 rep in the
st aniliimerer and bullous, wet desquamation
vas produced by 17000 rep to the first milli-
nerer  Krythema developed in 3 to 4 days,
followed Jater by prgmentation and desquama-
ston with ngher doses.  Recovery was ob-
served with doses of 17,000 rep. The lestons
arer showed depigmented centers with hyper-
ngmented  edges ralso seen in the present
N5e3

Wirth and Raper (10) produced primary
»rvthema within 6 hours after exposure to a
lose of 635 1o 1180 rep of P% radiation. Mi-
nute vesicles with dry, spotty desquamation
were noted with 1150 rep at about the fifth to
sixrh weeks post-exposure.

Twenty-three Japaneses fishermen were ex-
nosed to the same fallout material which in-
volved the Marshallese and Americans. There
were many similarities in appearance of skin
esions that developed. Pigmentation was also
'ommon 1n rhe Japanese and some degree of
~rvthema was reported (11) which was not seen
i the Marshallese.  Distribution of lesions was
10t the same (ue to ditferent parts of the body
weing protected by clothing.  For example, in
~he Japunese scalp lesions and eptlation were
more common on the crown of the head since
handkerchiefs were usually worn around the
wead leaving the crown exposed. Shoes pro-
rected the feet of the Japanese, but lesions of
"he nands berween thumb and index finger were
«ommon, apparently due to handling contami-
anted fishing Jines.  Lesions with belt line dis-
rribution occurred in the Japanese fishermen
mut not the Marshallese.  Similar mild lesions
were observed on several American sailors who
were on ships of the task force exposed to fall-
wit. From available information, the severity
ind course of the lesions in the Japanese fisher-
men appeared to be similar to those seen 1n the
Rongelap Marshallese group.

The lesions in this report did not follow
qrectsely the same course as those beta radiation
esions deseribed by Knowlton, Robbins, and
sthers (t-1 and they presented certain unique

Tontures which merit further diseussion.



SKIN  LESIONS
The early symptroms of wchimg ana burnny
of the skin and eves were probably due mainly to
skin rradiation from tne fallout material
However, the chemcal narure of this material
mayv have contributed to the ariration. It ias
Leen noted (12) that irmtating chenuieals
plied during or shorriv fte
hance the effects of radiation

The lack of prom:nence of an ervthema was
notable, particularly 1 view of rhe severity of
some of the lesions thar yeveloped.  Wilhehnv
(13) states that ervthema oniy occurs when the
dose reaching the papillary laver exceeds a cer
tain level. Perhaps due 1o the Jow energy of
the beta radiation the dose ro the dermis was in-
sutlicient to evoke the response. (n the uvther
hand, the darkness f the ~kin and rhe develop-
ment of hyperpigmentation may have masked
an ervthema. Microscopienliv. a superticul
hyperemia was not prominent.

Wirth and Raper 112 point out rthat they
were lmpressed in their studies ar PP # radiation
of the human skin vl the dithiculty of disin
cuishing between tiue eryvthems and tanning.
particularly 1n the siin of branette mdividuals
It was unfortunate that olor tlters were not
available to ard in cistingnnshing an eryvthema
as suggested by Harois ¢ 000 14

In general. the lengtic f the latent period
before development »f lesinne of rhe skin s con
sidered to be roughly
to the dose of radiation 00

crradiation en

teversels  proportions |
S L the pres
ent series of cases the relativaly
riod 1s suggestive of a low dose of rudiat.on
Due to the wide spectrun. of bera energies
particulate distribut.on »f radioactive mates ial.
strict comparisons

ong latent pe

annot be made wairh e
However, tt
ment of less severe lesions n-he Lilingiae and
Rongerik groups as ontrasted wath earber e

vIous experience, e later develorp

velopment of more ~ericas lesions in the Ronge
lap group 1s i keeping w th w lower skin dose
in the former,
latter.
period

and a nigner ko odose i rhe
It 1s of interest, nowever that the latens
wis dependent o some  extent  ou

anatomical loeation  The foor lestons, we ol

were wenerally the most wvere lestons or
countered, hasd o lorgor oo 0 perion than i
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Lo dess severe iesions ocenrring elsewhere on
AT RTRTP AN I

Peroerd ‘V‘Pli‘ t

i~ logreal to assume that the feet
ngher dose of radiation because of
vt to the ground and this may explain
T sever ty of these lesions. The longer laten.
period (aesipte nigher dose of radiation) may
e relatedr € thickness of the epidermis, dif-
forences 1 length of 1itotie eyeles or other
characreristies of skin i ditferent
ireas of the body.

erent

he histopathologieal changes noted, such as

fe<trucrive nd atrophie changes of the epi-

lermis, listrurbances o keratinization, and
teuphy Of nair follicles, when taken together
ars consistent with radiation injury to the skin
too 1T o8 10, and 20). Severe injury to

the dermis and blood vesse]\ was not observed.
e munmimal dermal injury with severe epi-
dermal injury i n keeping with the large com-
penent of low energy bera material present, re-
sattiige 1 absorption of the greater portion of
e energy in the epidermis.
Hyperprigmenration of injured areas was a
ansistent inding in the Marshallese and the
L nertean Negroes,  Pigmented lesions were
lesser extent in the white
Such pronounced pigmentation is
net o harweteristie

visg observed toow
A nerieans.
of the usual lesions as de-

abed  following exposure to beta or pene-
tratig radiation, but may be more typical of
T response

to ultra soft roentgen or “Grenz

I 2.
Ihere i~ 10 satisfactory explanation for the
turker duskv-gray color that appeared in some

Vas-

slur changes or pigment aberrations might

F the <kon Jestons s healing progressed.
iove veen responsible. The return to near nor-
non tins pigmentation by 6 months showed
tie rranstent nature of tlhis change. The con-
toued ansence of pigmentation at the site of
T ddeeper foot lestons at 6 months and 1 year
Ler suggests that the pigment-producing ele-
nent. i these areas were permanently dam-
1L e

Plhie nmigae features of the lestons such as
coeomarked prgmentation, the absence of obvi-

<t phosie sesponse, the long latent period.



38 FEFRECTS O}

and the severe. ~potryv epndermal injury won
minimal dermal njury are notabie. The j.
ticulate nature and nmeven aistobution of ©oe
fallout material was responsible for the spores
nature of the lestons and the birge compone
of soft energy beta mudtation was responsibie
for the greater eprdermas mjury  The prong
nence of pigmentary - hanges 1x probably re
lated to race.* It 1= wenerally vonceded that
blondes with Jight jngment ire more sensitive
to radiation thar: brunetres - 17)
quite evident that sensitivity
varled with anatomie ocation.
In Table 3.3 are histed the approximate sur
face skin doses requiresi to produce recognizabie
epidermal injury fron beta eadiations o

Lastiv 1 -

and - response

HEAN

Table *.3.-—>urtace Doses Required to

ONTZ21IN4G

NV ESTIC A TR ANIM A
Henshaw ¢ al (22 Rats-
Raper and Barnes 123) Rats
Raper and Barnes 123) Mice
Snider and Raper (24) Mige
Raper and Barnes :123) Rabtyt-
Lushbaugtl 251 Sheep
Moritz ana Henriques (26) Pras
Mor:tz anc Henriques (26) Pras
Mor:tz anc Henrgues (26) Prgs
Moritz ana Heariques ( 26) Prgs
Mortz ana Henrngues 265 b
Mor tz xne Henrnges (26) s

-

mals. It 1s appurent from the table that beta
ray energy 1s of vonsiderable nnportance 1 Jde
termining the degree of injury.  \ccording o
Moritz and Henr ques. “he ditference in dose i
tween that required ro produce threshold <k
damage and that for permanent damage 1n pigrs
15 D00 to 100 rep - 24

e 1 not justitied

* Reported cliniciul experience with radiation skin
lesions is based
white-skinned peopie
herein were obsers ad

a highly pigmented

predominantly . on the response  f

Wherens =100y deseribes)

The

the
DEUTHA Y Muarsnalfes.

H2th] e

RADIATION

nocomparimg animal lesions from known doses
vith festons i the exposed individuals in this
~tudy m oorder to estimate the skin dose, since
-peetes ditferences 111 response may exist. and
radintion factors are not well estab-
ixhed. such as accurate knowledge of the beta
~pecrrum of the fallout material and dose rate.
¢ omparison with human data sutfers from wide
shiferences iy radiation energy and doses re-
portad and methods of determining the rep

{l el

ertinkn

I'he low ineidence of infection of the radia-
tion burns 1= probably due to their superficial
nature.  Uleeration and partial healing pre-
eded the tinme of minimal granulocyte counts.
f1ow roncelvable, however, that with higher

Pri«duce Recognizeable Epidermal Injury

AVERAGE
INOTOPE ENERGY SURFACE DOSE (REP)
(Mev)
|3 [ I, 500—4, 000
3¢ R} 4, 000
|32 W 2, 500
jr32 (R} 2, 500
pss [ 5, 000
bl 3 2, 500-5, 000
=33 005 20, 000-30, 000
o 0l 1. 000-5, 000
[T t2 2, 000-3, 000
~r# [N 1, 500-2, 000
Yy ey 1. 300-2, 000
y ey 1. 500-2, 000

Jqoses of whole-body radiation, the defenses
wrainst nfection might have been sufficiently
mpaired to have resulted in serious complica-
qons from skim lesions of the severity encoun-
Tered.

Severe radiation mjury is known to predis-
pose 1o cancer. The probability of the develop-
iment of malignancies at the site of healed le-
Sons s anknown. Certaain factors appear to
Aecrense hie probability s ra) The majority of
“he lestons were superficiad. (hy Visible signs
4 cronie radintion dermantis are absent in



SKIN

the vast majority of cuses
been generally observed —ricr toore deveiop
ment of radiation cancer. ) The lack of any
marked histological damawse  month= after ex
posure 1mplies good repan:
ergy radiation was chieflv responsible for the

el chinges nave

0 Since jow en

skin lesions, the prognosi< uppears betrer he
ause none of 1,100 ndividuuls wxposed to inw
voltage X-ray for dermuatoiogical conditions
developed epidermond car inoma 5 to 23 vears

after treatment (27 e Furthermore e
theliomata rarely develop after a <ingle dose
of radiation to the ~kin « 2 fi Lastly the

incidence of skin carcer i1 Negroes o one-sixth
to one-ninth the nc.dence
in the United States

Other factors makxe i nutlook less favor
able: () Deeper lesions f “he feet and neck
continued to show pigment aberrations and
slight atrophy at | vear ind cne severe car
lesion showed marked arrophy and scarring
at this time.  (b) 1+ i not known wnether or
not radiation of the epidertns per «e can predis
pose to malignant change.

flaaeistans o

=inee the epidermis
was heavily irradiated 11 1 nese cuses, compared
to the dermis, this becomes wn mportant con
sideration.  1¢) Nince manv children  ang
voung adults were involved. the 1:fe expectancy
of a large number of the indivduals will exceed
the long induction period for the developmens
of radiation cancer observed 11 radiologists
(d) KExposure to tropieal ~unhignt. potentia 1y
careinogenic in itself. mav erease the proba-
bility of neoplastic cnange - +y The infHuence
of the sublethal whole-boayv wxposure receiyed
by these people on ducton of <kiv cancer -
not known.

The occurrence of »pilation < to 3 weeks afer
exposure corresponds roughiv to the time of
appearance of eptlation in the Japanese exposeq
to gamma radiation »t Hiroshima and Nagasak:
(29, 30). Since the grearer amount of eplia
tion oceurred over a veroc of a week to 10 days
there was apparent'v o phasi response de
pendent on the growrh cve v of the follicles «.n
active, or telogen and act v o anagen follicless
as has been reported -3

LESIONS

ANT EPILATION 39

e regrowth of haire beginning about 9
veeKs after exposure m the Marshallese, was
it hout the same time as noted in the Japanese
iscermarn (1), and slightly later than the time
if regrowth (6 to % weeks) noted in the Japa-
weve bhomb  casnalties.  In contrast to the
prgmentation changes noted in the
rruliated skin of the Marshallese, there were
1o prgment aberrations in the new hair, which
vas observea to be of normal texture and abun-
tawee at 6 months.  [ncreased graying has been
seported noanimals (33-36) but has not been
~eer i human beings.  Neither was there any
tpoearance of dark hair in aged Individuals
vto adready had gray hair as has been reported
nounnan bemgs (32,37, and 38).  In the Japa-
nese bomb casualties (30) and the Japanese
Ishermen (11 the new hair was also normal in
oior. rexture, and abundance,

he nature of the bluish-brown transverse
nasds of prgmentation that developed beneath
“he nuils 18 not known.  Since it oceurred in
“he nmggority of the more heavily exposed Mar-
<halese groups and in all 5 of the American
Negroes, but none of the white Americans, it
tpoeared to be a response peculiar to dark-
kinned races. The phenomenon was appar-
entlv produced by gamma radiation with a dos-
wre as fow as 75 since this was the estimated
fore rhat the .\merican Negroes received in the
thrence of sipmificant  contamination of the
sutton 1+ 39) has reported a case of simi-
wr ningernali pigmentation which developed in
cegress, following 130 r of soft X-irradiation
' Le hands.,

narked

[HETE R

3.8 Summary

osowing THE DeToNatioN of a thermonuclear
evree significant amounts of visible radioactive
nateria. were deposited on inhabited atolls pro-
s g <kin lesions, whole-body radiation in-

sury and some mternal deposition of radionu-

lides  The skin lesions in the more heavily
or Lunnated groups were  characterized by
reangr aed burning of the skin for 2448 hours.

1t and sk lesions were observed, be-



10 EFFECT- 01 D
gining approximatels L oo % weeks after ox
posure, on sk wrens contunthated wirth £l
ont.  Bhushi-brown poomentation of the tinger

natls was adso o comm o tnamge. No priman
or secondary ersthen was observed ard on
sistently the st eviodence of skin damage was
mereised pigmentation 2 the forne of dark
brown to black muarcuies
plaques.  The lesions dteveloped largeiy on tae
exposed parts of the body not protected by
clothing, and oconrrea usaally in rhe followg
order: scalp (wath emlition). neck,
antecubitai fossar, feet, iimbs, and trunk

lation and lesiors of

papules, and rarsed

X 1lhe,
Em
tae seadp, neck. and foor

{dorsal surfacey were he most comnion e
majority of lesions were superficial withonr
vesicle formatior

mation

Cnd after suuple dry desquas
healed wnd cepremented.  Appross
mately 20 percent of the people in the highest
exposure group Jdevejoped deeper lesions, usu
ally occurring or the feet or neck and
terized by wet cesquamation with ulceration
Mild burnig, t-hing, and pain accompuanie

the lesions.

charae

The majormty healed rapidly witi
non-specific therapy  Reswdual pigment aber
rations consisting of vperpigmentation anc
lack of repigmentation el mild
changes were noted 111 some deeper healed sesions
at s1X months andg one

ATopt
cear. Regrowth of nair.
normal in colorand texrure, began about & weeks-
post-exposure and wi- complete o 6 monthis
Biopsies of tvpieal lesions at 2 1o 5 weeks showedd
changes consistert witnh radriation Jdamage with
marked epidermal dumnge and mnch less severe
dermal damage. Biop-tes 1t 6 months showed
only a few residual eniange~. The nadl discolora-
tion had “grown our " comuoretelv o 6 months o

all but o few ind vigan -
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4.0 Introdi ction

FoLrowing THE DEToN AT ON of 0 nuclear device
at the Pacific Proving Giround 1, the Spring of
1954, 28 Americans and 39 Marshallese vere
exposed to fallout radwations.  Sixtyv-four «1
the Marshallese on Rongelun woll iGorouy |
recetved an estimated 175 of cumuma radiation
as measured 1 air: 15 Marchallese on Xihing
nae atoll (Group [T recvived 69 r 0 2% Aner
‘ans on Rongerik atll i Group T recerved Tx
r.: and 157 Marshaltese o 1tk atoll - Grouyp
IV) received 14 r
event, as well as clinteal i d iternad contaming
tion findings are reported respectively i Cliap
ters I, IT and V. This ‘hapter presents the
hematological tindings 1t the exposed indivia
uals during the first 11 week~, at 6 months, o
at 12 months after ~xposire

Since it 1s genersllv avreed riat the degree
of change in the formed ~lements of the blood
is the most useful ciinica ndex of the severity
of radiation damage, per pheral blood change-
were relied upon as a nucior uiom evaluating
the degree of radiation tnjury 10 each exposed

Derailed istory of the

individual.  In addition. changes m the mean
blood counts of the exposec gronps were fol
lowed closely to wid 1 evaluating the changing
status and probable prosuosis f the exposed
groups. Therefore »mpnasi~ vas pliwed on
standardized svsteriatic -erial determinations
i order that individuas avd groap rrends conld
be evaluated adequatelv.  >inei 11 was nevces
sary to observe thn lurgr rumber of exposed
individuals at frequent tervais, the numbes
of different procedures 1 at could be done was
necessarily limited.  Deternmanarions emploved
were chosen ou the baxi~ of known elinieal vilue,
and ease and rapidity i v hien they could be
done reliably under tield aborarory conditions
Accordingly  coagualatic. wne biochenien!
studies were onuttre |

Anextensive fiteraturs eost on the hema

tologic effect- of rac it These doca, ane i

Bendties artendant on comparing them with
1o nresent results arve dizenssed later in this

P gt

4.1 Methods

T s vroroareat lKxaonoNaTions INcenuepep total
werknovte, 1eatrophile, lymphoeyte and plate-
v conts, and hematoerit determinations.
Wlenever possibles an entire exposure group
- ctieres e single day owith 2 days oc-
cisionadlv cequired to o complete the larger
STONDS
Capilliey blond, usually obtained from the
nrzer and ey from the heel or ear was used.
Pvo ppettes were filled for both the leukocyte
it oiarelet counts. From each pipette o
gl hemosvtometer chamber was filled. .\l
popertes were rotated for 10 minutes, and the
eils were ntlowed to settle for 10 minutes in the
nnicevtometer chamber before counting. .\ 3
sereert acette cnd diluting fluid was used for
“oral lensocvre counts, The blood was diluted
o 1l 1 pereent ammonium oxalate for platelet
cunt~ ad o ted i flat bottom hemoeyvtom-
croeps sing o dark phase contrast mieroscope
Fovo Dlocd smears were made using a
aevened e glass slide for spreading. One
Dok <nent was Hxed mmethyl aleohol. The
ther was -tained by Wright's method, from
voele o b ceil differential count was made.
Frenatoorit . were performed using heparinized
Cpiibarey tihes. One end of the capillary tube
s et e led and the tube was centrifuged in
coandlboy cenreifuee ar 12500 rpme for 5
ol Tes
Ivery effort was made to maintain uniform

pooeedires moevery phase of the laboratory

IR The nueber of personnel changes for a

soven procolure was held 1o mnimume: per-

crve e blood frome aosingle puncture
15
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SEFFECES ob

were sutheient o mivber ro allow all <anpoe
o be taken m rapid -

vals were rigtdlv consro e

NSO, e flpr e o o

4.2 Methods of Treating Darta.

Control Groups
Pre-ExPosURE B3Loon covmt- were vat avatinble

on the exposec Marshiallese v Amereans
hence the imdividuais onld g0t be used s thien
own controls, noorder o estimnte the ~ever A
of the hemartologie “e~ponse it wis nece<sary G
establish »ontro: gronps o~ comparable as o
cible with respe-t ro age, race, ex. backgroun
and habits. A contral ronp of 1005 Marshao
lese fromni )lzljl,['(b Aol

comparable witn respect 1o age i ses To e

Conrrol Gronp

posure (rroup [ was ootamed durime the nirn
observation period.*  For comparizon with rhe
exposed Americans, biood connts were Jone o
approximately <5 Lty i
Kwajalemn. Al whe fud not been on duts
the tropics for more than @ montihs were oy
cluded, since the exposed Nmerteans Lo bee
in the area for thar
posure.
assoctated with radionctive materials were o
cluded.  The re<nltinx ~muiler group of 67 o
used as the Kwap Niveriin conrrol wuro i
Data from gronp A
amined to determine toe tge d ~ox dependency
of the
To obtain vahid ~ompari-ons withon ance amonge

Liertean men on

seriod of time before ox
Inaddition, ~everni who were recent |y

t e onrrol Were oy

several hemaroloor ai deterinimations

the various exposure STEONpS. Ve age and ey
dependencies nored foor the conprnl TrOUPS wWere
raken mto accounnt thoueh each individin
i all groups wis ~tic ea henatologieally, those
Marshallese wit i serius lonr standing lisea-es
were omitted from the waivas A rotad of ©w

*A second
Majuro atoll tconsrol iyrang. J4
the 6 month medic.al resurvey
individuals are given g

contas rrony of 82 Marshalivse £on
hrine
While data from these
rhey
for comparisons hocaiise of 1 mensles epidem e ooy

the resurvey

were ohbtained

‘his report e naot sed

VN

AN

RADIATUON

“rems Group A and two from control Group B
core o ntted on this basis.

oothe tollowing deseriptions and compari-
or = of “he ata, tindings in the exposed groups
e frecuentiy expressed in terms of percent of
w upproprate age and sex control group. It
<aonld be noted, however, that 1 observational
-tndbies of this kindy wnknown fuctors cowld
cosxe v aecount for part of the differences noted
st the control and erposure groups even
11 passiBle easires vepe taken to se-
I'n addition, it
Vit not possible to obtain more than a single
For

These reasons, statistieal tesrs of significance

e by

c o perahle contpal grou ps.
dood <ampie on each control individual.

vere applied mainly to time changes within an

cxposure group, and not to dJditferences between

antrol and exposure groups. For the purpose
it odetecting <tgnifieant changes tn the hemato-
ogical pattern, nonparametric tests (1, e., statis-
fead tests for which it 1= not necessary to specify
“he functional distribution of the varate under
The wdvantages of
mnparametrie methods have been <ummarized

stuedyy were nred (2-T).

v Moses =0

Hematological Findings, General

[ Thsre 4.1 ave <hiown for control gronp A, by
voe and sex, the tienn vadues for the toral white,
wuteapatle, Ivinphocevie d platelet counts, as
The e and sex
ised for comparisons among ex-
In this
nreaikdewn the age and sex dependencies noted
for the Marchallese control gronps were taken

vell as for the hematocrr,
Dremssdewn

sosttre rroups is shown i Table 4.2,

nto aceount nsofar as was practicable. Tt
-houdd be nored that the Group BB control values

Iible £.11 agrreed closely with the Grroup A
ontroi data. To allow additional comparison
berweers effects on children and adults, the neu-
sropiile connts were arbitrarily separated into
“he noe rrouns used for the lvmphocyte counts.
Manoevres vud eosinophiles were broken down

~ Nt the same nge groups. The age and
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Table + | -Hematological Resuits. Marshailese Control Groups
NO. o INDIVID ALs b NE! TROPHILE MPHOCYT PLATELET HEMATOCRIT
\GE -
GFROUP & (GBRO P b fde w1 ROl b b GiRo T N ik ok v arot e BOoarotre A GROT P B Grotp A TiRoUP B
MOF M S o o MFOMOF M F MOF M F
5 W Pl Dova g aw v | $3 122359 350317 385371 359378
10 O . < - P4%u 3 TR 350562 41.239.2 0 385377
11-15 N T MO8 3 245337 42,0423 38.0 392
11-20 T L i S 3 N el
1620 S T 184387 42.338.2
21-30 T oo < ey . Va4 459 389 46,2 40.1
3140 Vo . VR s 2o P47 2412 16,0 425
31-50 32w s ! v Ty 123408 441420
Rl U N (] " [ I 43 7417 .6 410
sex dependency of these oodpoints are com + i Hemarological Findings, Group I. Ron-
parable to that in pubinsnec fima 00 10y, wath zelap

the exception of the plateers on
comparable data were w0

Total Lymphoosre,
monocyte, platelet i cosiopile counts for

vhivtoprevoou-
aviable

levkocyte. new oplale,
the several exposur- sronps wre given nyv «day.
by sex and age m Tables +2 00 L5 The rotus
white count, smphoctyee
platelet counts at the tnes o maximum depres
taveraged over iy

newutsop e,
slon e during whieh
counts were consistentis ne lowest) ire shown
in Tables 4.6 and +7 for oach
Groups Tand 1T respecr oy
all exposure group- wre <howr o
Hematological tind:ng~ - |
and age are shown also 1,

The

VAIOUS eXPOosure g1oups, asing the averpoe of

indhvidual i
Hemarocrits for
Table &
it e
Froares 1ot bos

function

cumulative  stebticn arves for che

counts obtained over 16 period of maxinoan
depression (days 35 1o 0 for eukoevtes: day -
26 to 30 for piatelet<y tre ~howr in Flgares § 0
to $.12.*
the separate blood elenier rs wuther than on the
total leukocyte court i e

In the tigures ~mpiosis o placed o

e component ole
ments have distiner

i Dterent time frena-

after irradiation.
*In Group IV the cnendant: o e butiog capve fo-
platelet counts only v prese: teo <rce bemarolog e

determinations in this orony oy
39 ta 31
among the other groun

e dring the

day poriod, se v

AL Y TR TR T RY R

e aomo.ute aeatropile count of both the
Grerer aml oider age sronps fell during the

woona vweel to 0 valne approximately 70 to X0

wrevet of chat of the controls 1see Fig, 4.1,
ooy GROUP T - .

ar
¥
DEPEN-
. SARY  PROUECT a “
COUNTS COUNTS N
TUTTETTETTTTTR T a0 a8 6 64 T2 Y i8S
POST EXPOSURE DAY
IR ettt chavges i owontrophile counts of
awp b W oawneoips for those less than § years and
Pt et S s lrx ] e,
Boieea g the depression of the total neutro-
e onnt durmye the 2nd week, the values
s anstabie unnl the Sth week. At this time

de vedimye of aosecond drop (p< 001 way

e for hoth e aroups, and o low vadue of

Dt ately 0 controls  wus

percent  of
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reached. The
proximately 75 percent
the Tth week to the cnd ot the mimai s
No further recovers v evident ar 6 niont -
Although both wge croups followed tie ~nme

Nt s mantaimed arog

Jdeomntrol vaiues fron.

general tine patrers f response, the ‘ower que
group was below thar ot he older throughont
most of the observirion period. A0 12 month-
the granulocyre. hae returned to the contre
range.

The absolute
age group (Fig 4.2y aad fallen by the 3d aav
to a value approximoitely o0
control Tha nEv Nt e
throughont the ~tudv, wd there was no detin 1
evidence of an upware treno darimg the 1 al

vinpaocyte count of the olaer

percent of e

group VObHEe WS

or 6 month <tdres Aoz mwonthss condete

recovery had noi ocens red [he vanes for e
younger age group lieev e fell hefore the
day to a value aoproximately 25 percent of 1
control, followir o wiru there was a signifieant
Wt e

cOonsisternt

upward trend total Ivmphoesre

count. there 1= Jitference between
the two age grovp~  However, during the rirse
+ weeks thie difference i~ aceentuated when ox
pressed as percet decrense becanse of the ren
tively high Ivmphoovie Jevels in rhe lower g
control group. A fter his pertod the difforenoes

re lewe marked <ince o

expressed as percen:

- U —— - I I —

CONTROLS GRCUF & - oGE  *

-

L)

o
T

LYMPHOCYTES 1107
3
|

—— ONTROLS GROUP A - AGE - %

S e O
r aGE- %13 - g M
-, oy Eal
!& / - N :
‘T ) - AGE > a9
R S L R T
- -~ . - . - .
b dol. 1048 - . - . .
2!» Av"r ‘o e
o o
G 8 % a3 Taim Tas 7% T Ea R s

POST + £POSURE LAY

FIGURE 4.2, —-Nerwr  chanaovy on umphoeute e
tGroup { v Rongecinn o rhnae fegs than 0 e
and greater thear e e

AN

216G LADIATION
. e i e e CONTROLS  GROUP A»LEUKOCYT'ES—J
o e P
o GROUP T RN ——
. —eukocytes Neutrophiies:
5 ond Lymphacytes
b I .

T LYMPHOCYTES
AGE > 5(49)

> a 5 24 a2 40 a8 56 64 72 185
POST EXPOSURE DAY

P RE = mparative cerind changes in the total

whocy e, centrophtde, and Tymphocpte rcounty in

Shgse o cate e than 5o oyears old, firoup [ ( Rongelap).
overy vas nore rapid in the vounger age
oronp.

The cellular elements chiefly responsible for
tee tluetnanions in total white blood cell count

i be deterriined by comparing the total white,
wnrrophile and Tvmphoceyte counts (Fig. 4.3).
It 1< <een thint the lvmphoeyte count remained
sssentrd v constant throughout the period of
sy, while the total neutrvophile count fluctu-
ded virya pattern essentially adentical to that

the toral white hlood count (coefficient of

arreation of 9y Thus rhe Huetuations n

“oral count were due to changes in the neutro-
e coant. This was true of both the older

vid voweeer age groups. It can be seen from
Patle 4.2 that the neutrophile count was con-
cntently greater than the lvmphoeyte count in

the onle age

ge group. In the younger groups,
differences 1n the neatrophile and lymphocyte
ount were dess marked and  frequentiy the
vipaocvte ount was greater than the neutro-
T le covnt

Platelots were first connted 10 davs after ex-
postre, 1t wnieh time platelet vadues of the
omtes were approximately 60 percent of the

Cprcpr ate control group Fie. 4.4). Follow-
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Table 4.2 —Group 1 Rongelap Mean Blood Counts by Day and by Age

P E Dav A NEUTROFHILES L MPHOOY T O PLATELETY MONOCYTES EOSINOPHILES
e s LR i x 1 ¥ 100 x 102)
all
i 10 Ages il “3 5
M F

3. s 2 AT T . 0.8 0.3 0.1 07
7_. i o2 R P
10, ... . Co- [ Co 35 45 - J 2.2 227 224 2.9 L7 .6 1.6
12. BT S 35 Y - +£2 54 .9 19
15. ot t 5 32 41 2 2700 23 2.7 3.0 2.3 .1 1.3
18. AT T2 34 47 2 J 20 1910 208 27 LT 3.5 L6
22 T T 43 0 2 Y [ R T TS O S T T 1.9 2.0 223 L8
26 . T 30 G 2 302 129 1009 1.9 1.8 1.8 1.3
30. . Tob TN EE BTN g2 d 1203 18 1.5 0.9 3.4 2.2
33. . [ 3t 4R 3 2 BT U R T o .7 L6 26 2.2
39 E T 30 43 2 2 235 220 224 0.9 0.9 0.5 10
43 e hoa 2oL 6 doe 26.% 2004 232 P R 1.4 0.8
47 . ol DX 26 &3 ; ! 2o 20060 239 1.0 1.0 .1 0.5
51 SR T 28 Ha M 22 175 2102 25 L6 0.8 0.7

56 . S S TR SO 35 35 i 2 1.7 1.2 S
63 . . A 3% 46 ) ! 23010 182 2002 05 09 0.3 0.6
70 o TRk 3% 30 ‘ 2 . 34 1.9
74 . 26,2 217 247 o
185. . ; I SE Y 45 402 3 2 2404002003 232 1.+ L1 25 1.6
400 .. .. . (RN T4 K 4 2 26,048 195 2706 0.7 L3 6.7 2.8
L Controls Group A 13 %+~ 4% 508 ' VL2O250% 36,50 20 20 95 47

ing this, the platelet count fell reaching a low ~

of approximately 30 percent of control vaiue
during the 4th week The ylatelet count rose
during the 5th and ¢th weeks and reached 1he
value noted for the mitiai counrs on the Loth
day. A second decrease 1 he platelet coun:
(p<0.01) developed during the Tth and =th
weeks, and values remuined a1t approximatel
70 percent of the control groups during the re
mainder of the initia]l observition period. e
additional recovery hau -wearred by the +rl
month. At 12 montas the counts were higher
but still below the control ~ange
of platelet counts In the e groups wias e
markably simtlar to hat roted for the femules
Counts of the lower age group. mules, were
consistently higher than those of the adalr
group in absolute counts 1t con-isterth fowe

The parter:

a8 [)BI‘(‘E‘HY of control

o1
w

-l

}

T 1

ZONTROLS GROUP A, MALE <IQXé6) —.J

e e omes CONTROLS  GROUP A FEMALE, ALL AGES (59)——
= p
1 3ROUP I !

Platelets

1

500 . - - e . . e e e

e 3
e e CONTROLS D MALE 10018) — B
\ GROUP A& ) 1A e

® MALES, <1O(i1}
A MALES, >10(18)
OFEMALES, ALL AGES (33)

O b e o %) T = & 704\/‘\
POST EXPOSURE DAY
KE 4 - Norwl platelet changes an those less than

wedrs ane greevter toan 10 years of age of Group

185

Bonae ap
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.32 Hematolog:cai Findings, Group [ ~ingre but nlatelets and lymphocytes remained
Ailinginae trpresse-l but higher than at 6 months.

The pattern f canee of wil elements ) o
Group IT was essert:l dentieal 1o thar 7 + +3  Hematological Findings, Group IV. Utirik

Group L: however. tie tevree of change was 1o

asmarked (Table 4.7 Aswith Group 1. recov ~ince it was known that Group IV had rve-
ery of all elemenrs wa- complete ar 6 months erved a verv small dose of radiation compared
At 12 months grunico vies were i the conten ‘i the other exposure groups. less frequent de-

Table + .- -Group 11 Ailinginae Meun Blood Count by Day and by Age

b “EUTROPHILES Ty ME QOO YTE PLATELETS MONOCYTES | EOSINOPHILES
LR N1 N e N 104 (X 109) ‘X109

All

P. k. Dav : 3 9 5 : S 10 ST Ages
M Moo TS b <5 h
3 ol 3l 30 {) ~ it 0.8 1.61 0.5 0.4
T y oo N . e 1 R .
10 . [ 3 12 42 Y 2005 2206 2009 3.8 211 26 L.6
12. ! 5 1N 4T 22 , 34 58] +4 26
15. . ) 23 44 I 200 2002 246 3.7 260 23 L4
18 [ ) 29 5 2 2705 217 249 23 LA 3.2 2.3
22 S0 T 5 3 4 z 20 2005 170 229 1.5 2. % 5.8 24
26 . <4 ] [ TR T ERREEVY 2000 138 174 2.3 24 0.6 1.6
30 bomn 33 w2 ot s 128 182 by LY 41 20
33.. I 33 2 . LAY 240 158 227 28 22 6.0 1.9
39. . a2 2.0 12 4 s 2605 20.8 270 T L7 27 1.6
43 . noh ) 2.7 46 2T 20 196 253 0.6 L.+ 28 0.6
17 T3 N 35 4% k2T 270 2000 2601 22 L9 13 07
31 x4 3 308 on it 2l 30.0 82 250 2.7 28 2.2 10
54 oo 3 RAR A Lo 30 9.8 238 15 L9 1.8 0.8
185 ) X X . R 2002 02 239 11 L4 1.5 22
100 . 3 [ A t ti w7 214 283 1o 11 1.7 2.2
Control= Ciroup A 3L - PN N Y258 385 20 200 95 47

Table 4 +.~43roup 1V Uturik Mean Blood Count by Day and by Age
AN “EUTROPHILES CUMP (i TER PLATELETS MONOCYTES EQSINOPHILES
N bt 1 X100 X108} (X104

All
P. L. Dav 5 3 Sh : s 1 10 Ages 75 5 <5 25

i My i
4 o~ 2 Y - 0.6 02 2.0 1.2
14 o R o L Lo LY w2 36 2.7

19 In 4 2% 1 358 -

29. il T P - " P 3.5 56 3L.7 2.2 1.7 3.1 20
Controls Group. A 300 7 [ . i P25 % 36050 2.0 2.0 0.5 47
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terminations were -rriesl ot oh these peopie
In the greater than 5 age crony. the rotal wiirte
blood cell and neutrophil-
slightly below control vitces during the 1st andg
2d weeks (Table 443 7
were below control level-

COUNT= were depressed

he Iviuphocyte connts
consistently, and the

total white count equal t- tle control value ob

tamned on day 29
leukocytosis,

Platelet counts o the
cantly lower than ci the 19th aay and, excepn
for the older nge mules. vwore lower than vontrol
values. The 20th vav comcides with The 1ime
of maximum depre=sion fo.
exposed groups.

wi= e toou neutropnilis

Sthday were signn

S more henviy

4.34 Hematological Findings. (:roup II]
{ Americans

L veneral retlected the
SURKoeVte cournt

The neutrophile couny
time course of the “otal g
+.5).  Neutrophiles accounted Jdmost entireiy
for the marked 11e
exposure day one, absolute
neutrophile ~ount. fuctiited near the conren

total count on post

nd tee cnues for

M RVATIONS Ol

- e m -
. Leukocytes Neutrophiles :
¢ and Lympbhocytes !
e O . T 1
i {
> i
) j
3 B
E g im
b
B3
z
o4
¥ DISPENSARY COUNTS PROJECT 4 COUNTS !
CR B 24 30 36 a4z a8 5a 80
POST EXPOSURE DAY
i ue S Nerad total leukocyte, neutrophile and

wmphocwte count in earposed Americans (Group I11).

vines inereafter o the course of the study.
Fae svmphoeyre counts fell to below control
evel- o the first few days. and remained at a
ever approxinately 75 percent of the control
ine thronrhout most of the remainder of the
Stmervitoon period.
bie Creonps T oand T the Huernations in the
o tenkoceste count were aecounted for almost

Table
. S

P ) A . }?m( : ‘”‘L"J“"
1 aoh
8. Hhoh
9 6o o
10, 6o
11 62
12, 6o
13 N
15 p .
16 ,
19 - .
23 - ,
28 T2
33 6
30 HhoM w
+ ot
17 TOoX '
31 & "
Kwaj-Amert e o oarois -

TH -

M "LATE COCYTE FosiNn-
\TF: I LA‘.I;.([};I:,'TQ .\I:)_‘\((;;’TH ’;”::Z?
o 01 I. 6
._‘ ; ] iy ‘). ‘—
= 20 0.4
-2 22 0.3
2 1 X 0.5
. 13 07
2o 1 - L2
- L L3
S 220 2% 2 5
2 1T 16 14
20 14 4 2.4 2.1
22 It | L= 2 9
M 20 1 1.1 1.5
S 21 8 1 2.0
l 2002 2.7 1.5
.2 I8 R 9 g L7
! 2508 2.6 2.7
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Table +4.6.—Group 1 Rongelap Mean Blood l'able +.6.—Group 1 Rongelap Mean Blood
Counts at Time of Maximum Depression ¢ ounts at Time of Peak Depression—Continued
B r
VB ES ] ; AGE (FREATER THAN 15
|
o W TN O ‘ ‘ I e I g L
CASE No. PROM DAt }vxnmm AVERAUE AVERA p | i CNE N0 ;,‘R(m Day ‘[‘:\\'ERA"-E | (AVEKAHE: (AVERAGE
39 1, 51 FROM Dav FROM {_)A\ FROM l_[« . 39 10 51 FROM Day | FROM I}n FROM DAY
BT 3G 34T R 4T S i 26 TO 3 39 To 51 39 TO 51)
S ; e [
2 To20 it 2R70 ~)Ht 2 5620 160 2970 2450
3 TR0 1535 2770 L2040 5 4100 135 1450 2720
5 5620 [ 2370 26HG 513 6170 125 3520 2550
17 6230 105 3354 MHIE 55 5020 55 2020 2700
19 S B0 1A TO SO0 K 1750 R0 2600 1850
21 1730 ~H 26570 5 ‘ 40 6970 160 1050 2470
23 T150 L5 L0 2800 ; N2 8300 1 5170 2820
32 5450 [ 2600 2HH [IR3 1270 65 2550 1520
33 5600 L 1570 L e 5600 0 3220 2050
12 3506 <6 2520 N3 VS AU} 6100 145 2820 3120
54 17540 R 2520 Jac Bt 1600 120 2400 2020
65 650 15 2320 O : B 7950 )5 4950 2700
69 rTn L FE20 17t ‘ “3 3970 60 2630 1260
_ i "4 9900 135 7250 2550
e 5o S ‘ “R 5400 95 3350 1950
15 34920 200 1T ~320 ‘ Iat] 7800 70 5120 2500
20 5020 123 3020 LT | () 3670 100 2920 2520
24 3620 14h 3450 Nt ; %2 5250 130 2620 2470
26 602() 145 3470 2320 1
35 3100 140 2700 L1580
36 4720 i 2520 AT stively by changes in the total neutrophile
39 Frao th 2000 350 ount  vrroup T differed since the changes in
4.‘ '_2,2() L0 b0 ~250 “oral lenkocevee count were reflected almost
6ol 5600 15 2500 2970 ; .
e 5120 i 70 120 saually o rhe lvmphoeyvte ;qul _neutmphl_le
- 190 - <00 0T oant F'he <igntficance of this difference in
75 1200 el 2100 o0 espon=e 11 e Two rroups 1% not upp:lrent.
76 570U Y 2N00 S8TO
Age grouter than 1) vﬁo,—:‘_:— NWAJALEIN AMERICAN CONTROLS —
3 6420 110 2450 550 TR
7 5220 1 2520 J520 Pl ”‘\
9 5470 125 2TO0 2320 s ’
10 1550 L 270 570 I IR ST
11 3120 5 T S350 3 Ty
12 4670 ot 3270 270 : _Piatelets
13 1050 A 2370 320 o T
14 1570 B 2770 TH [Tm PROJECT 41
. . KOUNTS  COUNTS
18 610 . 1320 AL L - e e v T
22 11470 130 2500} (H) POST EXPOSURE DAY
25 6250 e LO50 20 TILRE H ~oewdd platelet connts in erposed Ameri-
27 686 20 it WY URA cans firoup 111
30 STO0 <5 20 B
i; :t:":: “'“ ":‘(’) 1‘:" I'ie piatetet count (Fig, £6) were not mark-
40 5600 ﬂu ,_:;;“ w;n wrivdepressed when the mitial connts were
16 1620 Lo ) e vken clurme the 3d week, At the end of the
19 B 20 e 050 o wooweelk, llowever, the platelet count began to
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fall to reach a low of approximaely 60 percent Ve costnoplisle count i the older age in-
of control levels ar he e of the 41h week, doo s rroup Iorose from very low levels

The value then returied o approxnmately 1e
control level ar the < art «* 1w Tth week, fol-
lowing which a secont depression was noted.

bepvat o aay oro values approximating 35
percent of control during the second  week,

vt 1 renuned  from the 3d to the Hth
Fhe platelet counts were at clovel of 50 percent

of the control value .t the 1itae f the last ob-
servation during the sth pret exposure week

Vet e T The counts then decreased

~———+— CONTROLS GROUP A-AGE < §———————"

4.35 Monocytes and Eosinophiles All Groups

SR — - — {
. ;Ecmﬂ <L
- . N | Eosinopixies
From Table 4.2 it 1+ seen hat the mean mono- . e ST —
. . rt CONTROLS GROUP A -AGE > %
eyte count for Group 1 rose ihraptly from an < 'r"C‘lS:ET:’ T @
‘ o . .F et
early value below conirol fevelsto o well-defined -
peak on day 12, follovinge v b theetuated at i
values below the control fevel for the duration £
of the observation per ol % “iniar time trend ' -
was noted i Groups 1T 11 J/
Table 4.,.-(1r.oup Il Aslinginae Mean Bvloo(i e e T e e Y s
Counts at Time ot Maximum epression POST EXPOSURE DAY
uuuuuuu Fin wkb 47 -Sormad casinophile counts on those less
\ge exs o fhan awd groater chan 5 owears of age of Group [
_ I . . Cerrieeiai
W B Platelets Neutro- Ly mpie
i Average x it ;hiles cvies
"ase No rr;)m Dav Averger Average Averagy -
St sl Tom Loy oo Day o rom L fpeo»e0dy and rematned at o value approxi-
28 Lo 3 AWt Bl Mg S1 N
e e ma elv 17 percent of control throughout the
6 D T50 5 0 5 o0 retwnder of the study. The time trend of re-
3 %, 350 8 L5200 4 350 ~pense s similar in the vounger age individ-
H L5700 b SR LieL nowever changes in the vounger age group
o« cere cepnniveiv greater 1f considered in terms
e .
b e control values, Simmilar trends  n
48 6, 220 - 24700 5 so= Lobnile count were not evident in other ex-
53 5, 170 S 00 2 300 o
31 LT00 TR A o _ :
possible” that the rise 1 eosinophiles
Age ¢ reater Tl top.owsents that reported by Minot and Spurling
oo P acenreine e two to three weeks nfter
1 B 170 . L aT0 20370 L -
16 L 670 0, S0 2 2T v veler ot eradiation
28 6,270 [ CT20 2270
29 B, TH0 | oG 20220 . .
31 3. 550 \ D500 2 130 + % Hematocrit, All Groups
11 50120 1 150 2,270
3 6, 150 R 062 00 Fhe nematocrit vadues for all exposed groups
S 5. 6850 hl FaTh 1T e <o Table .50 When hematoerits were
3 705 . 7 y 3
—)I) v ,):':: . .‘2:: B 1”‘: tr-  one ar the 22d dav, mean values for
3 LA i (IR 205 - .
54 12, 100 0 - 20 370 foieoupe ond T were below those of the control
70 5. 070 % HH) "5 TN \ <igmificant trend in values after
| peconad o be derected statistically,
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I'able +.8. —~Hemaux i All Exposure Groups

o P tyrROUP IV (irove IIT
, _ e
Y “ VL }\‘1.1‘;4 o N VoL F‘\..1-:.‘4 15 (M) 8D ALL A\GES ' ,\AD:V\'(L)TS
22 . Vi 3L 3 i 39 2 .
23 45.7
26 i3 Voo 3 3t b A
28 . 445
29 3909 15,1 39 4 B
30 ] o2 3701 Jbon - 36 7 .-
33 3T 1202 36 35 PRI 373 5. 4
39 3TN 24 374 361 i 36, % 16, 7
13 3703 PN 376 W2 140
47 g 1o N
185 R o7 R 37 i 3703
Controls W PR jre FAE I 30 396 4, () 39.9 449
*Age 1n veurs
M) = Mule.
(FY=Female
4.37 Morphology of Peripheral Blood tepression of cellular elements were present

setween cnilldren and aduits. In Table 4.9, the
mean values of the neutrophile, lymphocyte and
plateler counts at time of peak depression for
aen element are given in terms of absolute
aunt and percent of appropriate control value
mean plhiteler counts were caleulated for the
ew- than 5 and creater than b age croups for

Signtfieant morpholowread cefluiar hanges
with the exception «f (hanornmad mononelea:
cells* seen i several navidnads during tie e
rrod of most severe e tropenin. were not oo
served.  Apparentiv ~stnnl onlls have been
served previoushv by Mo and Spurnng
Complete evaduat.on 0 hese chinges oy T e

) IESARE RN SN N
necessitate an exaaust Ve o~eral ostnay ‘

hematology slides  ~n o diferences ot ap v i )
‘ lable +.9.-—Comparison by Age of Mean Neutro-

phile, Lymphocyte and Plarelet Counts in
(rroup I (Rongelap) at the time of Peak

ton are reported 1 the terature

4.38 Comparison of Hematological Findings 1n

Children and Asiults, Group | Depression
[t is seen from Tabde + 20 48 d Fooure- ‘ .. PERCENT oF
ARNOLIUTE (OUNT VP iiow
TS D 4 and L3 th o diference T (ip!n(x,, e e U RL ~ _“")‘\TR()LV i
. B AGEC S AGE -0 AGECS AGESS
*There wax constcerdable QiTerenuce 0o o )
respect  too chasstticaion these  elis he Ceer
classified  as 4tvple i cnonoce Tes degeneratin. . Sonrapdde 27 bl 56 4
phoevtes, atvpiedl  uvesoc e oneed tad it inpheeyt R 22 b h4
cvtes and IVtphoeytos o o e To ave eyt - LAt et
the time of "his reoar 0 v s o anin.at tomnines
pPINTON WITH Fespect o0 o ot om o agn e 0 I 20 23 34
nf these cell-
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and at & nienths atter

S TEr]

It isseen that In terms o ansoiarte cotits, @ he

children showed u fepression of the

Irenter

lvmphoeyvte count. Fxpressed - pereent of

control, all elements were fected more mark
edlv 1n the younger age These resnlts

wonld indicate that

groap
dnbdyen e more sersir ve
to radiation, or that ather b olowicis or physi
cal factors resulted 11 e itivels areater effert
One physieal consideration
counted in part for the qppent v rreater dose

that may have w

received by the chilllren nvoives o onsidera
tion of dose <istriburio tae body Beease
of their relatively ~ i couneter, the dose e
certved at the center « fre woey 0w ennld wonkd

be greater than for v vt o xbosed to he

same dose as measur-oa free Vi

4.4 Discussior:

441 General

An estimation of the overit o of rwdit on

damage meurred o e actenipted by ooy
paring the present re~ict: w5 prev.ous hemn
tological datv on ot ooy oxposare. The
present data FEDTesCnt e oy fUrge Series
which systematic e v i ahe snme

£ ¥ u el b} i a
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o s e been possible, and thus they com-
Syt Do tost cotaplete data avatlable on human
tee1zs exposed 11 the high sublethal range. It

wooof amportance, therefore, to examine the
et eesnlts b conjunction with past experi-
ar eflort "o gain a better understanding
ctone henatologieal response of human beings
to penetrating radiation in the sub-

I S i

Y
(AN IS LB

rohe followine disenssion it will be gener-
issumed Tt the hematological effects
eveer vere lue primariy to the penetrating
The beta radiation
nay have contributed to
fiimiens notae white count during the pe-
¢ f aetive lestons during the third, fourth
oo frl
artr outed sgmiticantly to depression of any
} The degree

wonnernbaeements (Chaprer 3).
dontern: Deontamination with fssion products

o redintion recetved.

prity ot the <k

Week, bt s constdered not to have

toater 5 was probably too small to con-
vovite simricant v to the early hematologieal
st observed.  Although 1t 13 not possible
ao-avowarh certaanty that these added factors
B ot materialiy atfeer the hematological pat-
“ers ~een, gt will become evident in the discus-
oo that the changes observed are not incon-
=ent with those to be expected from exposure
alone. Thus, the

waitolorien] o anges noted are considered to

v penetrat ne radiation
woe vesdt of aosingle exposire to penetrating

soana rudimnior, dehverea at o rapidly  de-

Tez~ e

fore rate over o pertod of approxi-

""nless otherwise stated all dis-

Jio Tertn o Iy~
st vl be amiated to the older-nge subdi-

ref Goronp L

The v pal sources of previous data avail-
cooe forcombarson, and the characreristies and
i Table

s Mernsal of the table will make apparent

Citatoans of each are summarized

+atticultes  avelved in attempting striet
however, some statements ean be
For

sy efecence, ormal” vadues for peripheral

RONRIE SIS A D ENY NN

1ooar despire the obvious limitations.

P ot from the present data and from

rersme are presented i Table 411
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Table 4.10.—Chuaracteristics of Avatlable Data oo rte Hematoiogical Effects of Penetrating Radiation

*Same techniewns or gl o ts, rid v o~ antaridizee

4.42 Comparison With che Jupanese Hiroshima
and Nagasak: 1Jata

The Iimutation- ~tater s Dible .10 aopiv o
the Japanese low dose rroups* 15 o Hooa pa:
ticular, in which = ajues 21oen Onghterse et o
(12) and Le Rov 1

e pooled and coclaae

mdividuats locana o w e of the bomon o

*The Japunese 0wt wre divided inte crong s

A to Hoon he basis v uree o0 eXposire s eter
mined roughly oy st Troin he Bvpee e el

APProxiiniate desres P oy ko groaps o0 o0 g

essentinlly  no ngceradie Swerinable G it

eX[OSHITre oconrred 0y v 3 ronth

CHARACTERISTIC CPAESE BOMRINGN :2‘,'{;}‘“";‘;" !
Numbers in grov ps ALK ~1reabi
Adequacy of un ] Dor

trols
Serial counts. 0 Ve
Counting P i faui

niques*

Chance of bias 5 Al Larze

to sampling * -en

niques
“Normai' oindivd - .

ualx
Internal Contaa "o Heie

nation
Additional  traoe - L

{burns, ete.

Species  extrapon ‘ I
tion necessars
Tvpe of radiatien sarimn o sone Lard NI
Penttroans LUTHIY
Dosage estimaticn e ROt
Single exposure I usnalin
Dose rat: NS AL aReoin s ~ T T
Body region Tore body Usnathy o
sl hodds
Dosage ranue ~ublethal anc Sublet
bethias
Geometry SAITOW Denrn NHTTOW e
Depth doxe rure Soderare ful Vanan:
Cf

CABCRATORY Arvt EXPOSED MARSHAL-

LARGE ANIMALS

ENTS LESHE
ral large large
JOOT good very good
5 ves yes
PN good good
Lr small small
VEs ves
R minimal none
ves no
1o ves

famona,  nen-  gamma,  beta hard Xerays,

‘rons. X- to sKin gamma
TAVSD Oetas

WiHIT fair good

Ve ves ves

Varving ~Ar/ ~{0r/min.
hr.
Total bodyv;
heta ro skin
“ublethal and Sublethal Sublethal and
ethai lethal
360° fieid Narrow beam
Fssentiailv Variable;
Hat rapid fall
off to flat

Instantaneo-

Cotut ard Total body

partias bods

SUTTOW Nenn
Rap- 1 full off

s aes Chreaghout ete

aiet - hae they may not have received signifi-

Ilence, while the pattern of
fnuegre wath respeet to time 1s of value, absolute

LT oS,
ounts probably are high.  The time course of
vt ofogieal change in the people of Group |
viresnond nost closely with these low exposure
Faparese groups in which definite signs of
erere rln on exposure were present in some
tetiviedbnsds bat in which essentially no mor-
Aty oeurred (initial hematologieal studies
wo e Japanese terminated at 15 weeks).  The

“U petlod ip to approximately 6 weeks was

v renized by considerable variation in total
fe oont 1 both the Groap Tand Japanese
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Table 4.11.—Mean Peripheral Blooc Cuunt Values tor Several Control Populations (x10%)

i

Total Whit o Bt :
Neutrophil DS 5
Lymphocevios LY 2
Monocytes (D
Eosinophtle ()
Basophiles

Platelets

APANESF K ng

g7 U SR e

*Age 21 vears

**The mean valte for B0 normuonl coang Ve

present study  wvasx 207 e

casualties.  This Huctuarion s be assoeiatec
with the presence of therma: or other mjuries
in the Japanese or tle act ve <ku iesions i 1ae
Marshallese, or may - orvespond to the “abort ve
rise” noted for an muas
(14, 15). From the 6t veek antil the terun
nation of the acute tudie- cnothe Marshalivse
during the 10th veek, ‘Le Japanese anc
Marshallese counts tenvanned o anndar Jevels

The neutrophile ¢ unt

follovang  exposire

1oootl rhe Japunese
and Marshallese 1 cenern
white count. The
groups was depressed ear o

pavrncleledd the tora,
vinplboc te count 1y both
vd remiunied e
pressed at values of aporoximately 2000 gyt
week 11,

the Japunese for weeks | 1) |

The hugh valne of 2692 reporred fo
O N
pected of being hirh ¢ He o TRUsGIS C1Up
eurlier.
Vartous  charactesist .o 0 he lipaaese
hematologieal trends ~ho e pomted o
while high dose exposiure sroup- wirh < gnn
cant mortality shiowed o sdepression w )
a definite Jow pomnt v 4 ceewn~ he ower dose
croups showed no definite monun ar § week-
but rather a continued -ierre~s1on until the ~th

or 9th weeks. by While noean iedkorvre vonnt -

of the heavily exposed wre e ool recoveren

PRIt and were approac s cortin, cunes,

IX1T12 O— 8

CLRE ¥ DATA DETERMINATION
AMERICSNRT A uquu ANS N ;\E»:'L:(JA\ ;}::zi()"‘“
n CONTROLS

i T T8 w7

iob 4 401 i 8

LT A Aol 11

o N4 0.3 0. 2

N [ 0.3 0.5

0o 0.0 0.1

X250 238 308

“hese eans, 13 weeks afrer exposure were still
peiow means for control populations listed in
aoe #1010 In fact, data of Kikuchi and
Neokisaka o2, 30 indieate that hematologic
ecavery was ol complete 2 years after ex-
weure, The studies of these authors, per-
‘ormed vdependently of the Joint Commission
ot Atomie Bomb Casualty (Commission, sug-
et 1he early Lood response and prolonged
ec wery of the Japanese was similar ro that
et orted here for the Marshallese.
e nresent tindines in o the Marshallese are
comra with chese churactersties. namely
st whire el and ueatrophile counts
Hewe oo definite minimum at 4 weeks as evi-
ercer b dupanese groups A to D, but rather
firanrec duringe the first weeks with minimum
te o oounits ocenrring in the Gth week or later,
v aeutroph e counts were unstable over the
et weeks and recovery ro control levels was
o cnmiplete by the 6th monthy ¢ lvmphoceyte
ot remained depressed throughout the pe-
oo nhservation,
Mareler dat o the Japanese are not sufhi-
vt o qlow core than rough qualitative
T s anfortinate sinee changes

TR BRI

vieder ot the present studies ap-
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peared to show a ore onsistent paaterr @ oo
[latelet

one individual, «onsicerea i<acvpical response

Jid the leukocre on - Ot

m o non fatal Laparese D nedientea an o
parent low app-oxin aren o cdav 3o Tlas rnuwe
e the Marshadiese
and Americans exposet 1o tallout radiation

It 15 worthy of nore L

trend agrees wth Lo

i the pertod of pean
merdence of prrpurs 1 vhe Japanese vietmes
oceurred betwesn che otk ond Soth dav, wiaen
corresponds to the © e of maxmiam piatele:

depression 1t e ey osed Marshidlose

443 Comparison Y:th Daa From Laboraror
Accidents

Althoueh an roe 7 os Alinios o080 g

conne acerdeni- S tvpe of o

and the condit on- o exto-ure vere kel
different from either S Japanese or the trrongs
I situations, 4 arce omnponent of penetraringe
e

i and nevtron cacmtion was rece v

thus attempts 0 onpareson may be of e
some findimes nothe remantologienl response-
are pointed oot o o form el riee

white and neutropn e counts over the irst fex

days, stmilar to that ceen early i the Amerong
group was observed avrformily. by of e
high-exposure far ar etanl cases, the ot
white and leukocs te ot contimaed to <o
some (egree Gf depros~ ar ata tae THL wee.
bevond. oy the cun D e connt= g o

uals exposed 4 0 trie L0 rern chowed
mitial marked depresson To most ases e
Ilvmphocyte counts cemneed 0 o eves
throughout the pericor cf Slservation. o1 i
let counts were doie v o Ferent raetod, 10
absolute count . e Gerefore ot comparnblbe
However, of e tires o oh jose ~urvivor-
times of maxian - ey ression were ot o
sistent with the oo o 0 fvvs obtanied o 1he
present ~tudies  { e ose non-s ey oo
however the e o= Daa renchen oo
U Vales fe vy s b St

ENO CONNs wore ik oo b oara B T
the tirst 72 bhonr

INEZTNG

RADIATTON

I'ie \reonne Laboratory aecident (19) in-
cived fouwr ndividuals who were estimated to
ave recenved 1060 1270 60 and 9 rep, respec-
ve v, The tinvlimes i the two highest exposed
consistent  with
An mmitial neutro-

phibie leakocytosis was followed by luetuations

wdpvidaads i renerad were

“hose 1 the present srudy.
bototat count, with low values continuing into
e Trh

“he 2oth week. The Ivinphoeyvre depression was

Wee K. I{P('()\'(‘I'.\' was nhot ('()n]l)lete by

apiel and nurked, recovery was not evident by

Miniminm values for the plate-

o1 connts were obtained between the 2i5th and
NIRTRINN

¢

heo At week,

with A nimal Data, The time
retnds ane severity of peripheral blood count

FHR bt Nan

hanwe followme roral body radiation in ani-
niads Lies been exanned eritieally recently (13),
il the tollowimg  ceneral conelusions  are
'T'PFQ‘H‘P(I.

A An anial rmige naototal white count (re-
Heeted
Fhereafter the magenitude of depression of the

toral white ind neutrophile counts, and within

1 ae neutrophile count) may oceur.

Inies herr duration are n function of radia-
\ secondary or abortive rise in the

roral white count (reflected in the neutrophile

fron dose.

o lemphoevte county may oeeur, followed by a
weond decrease, There 1s little =pecies ditfer-
riee 1 the rate of depression of the total white
cr pentroprile count at comparable doses: how-
vrer, the e of recovery and time for complete
weovery ogquite different movarious species.
<ol imalds (mouse, rat, hamster) show rela-

vely complete recovery to control levels, even
i1 doses 1 the lethal ranee, by the end of the
Datu on dogs are muade-

dhoweek croearlier,

pare o pudieate when recovery is complete:
s ever, =etirn o control levels at high dose
Swine
s e oo 15 or more weeks for complete

cvels aas nof aeenrred by the Sthoweek.

T ‘\‘

b The vesponse of Ivinphoevtes is essentiadly
dentical ol animal species. Depression can
e Jetecten within o few hours, and recovery
oo tae no nimuat vidlues (achieved in 36 to 48
otirst recutres Jonger than does neutrophile

ceove v vmphacevtes fadl to very low levels

.
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at doses well below the lethn rance and ineren--
ing dose result= i ne or von mae further qe
erease i count.  Lyvmphocvte depression ap
pears to have no causa] relosionship with acure
radiation deaths.

¢) Platelet counts vve oeen -tudied most
extensively i dogs (201 - with neutrophiles,
the rapidity and magntude of depression =
function of dose below the lethay range Muax:
mum depression ocenrs by he Sthoor 1oth day
with doses 11 the tugh letha. range, by “he 1oth
to 13th day at subletual level-. Recovery le-
ains during the 3d week. bhur i~ not complete v
the 30th day when mos=1 ~tud ex lizive been term-
nated. Insutficient d:ta e aviaulable to ind:
cate the time required for -omplete recover,

Considerable eviderice i-luding studies
the mouse using spleric homogenates. induced
bacterial mfections ard spontanecus infections
have indicated that citiea neutrophile leveis
exist, below which surviva 2 correlated wiry
the absolute neutrophiie connt following wihoie
body irradiation {15)
appears that survivai 1= hwelv undess neurr
phile counts remain below 1200 cells for o
period of time.

Platelet data on deus noeate that animals

From data on dogs, 1

with external purpur: huve plarelet counts of
50,000 or below

Suffictent data on arge Lnonmus are not s
vet avalable to quaniify e extent of max
mum epression of e:itihwr “he neutrophile or
platelet counts as a fuaction o dose 1 the =i
lethal range. The response o f “he Dlatelet court
m the present <tudy wu- nouch less subject o
fluctuation than were rthe eurronhile o v
phoevte counts.  For toe nrecering reason s,
svstematic investigat on o« the plateler
leukocyte counts in farge amads o fanerion
of dose in the sublethal var e ave imdicated.

It 1s not possible 0 <av 0 prresent whether
severity of exposure. or of rudintior damage
correlates better with bsolite levels of peripn
eral blood count, or witl deoree of change
from control or pre-exposnce cevels  Sone
evidence on this poist cun e wa ned by cor
paring the degree of fepre-sion o f the nentio
phile counts 1 Crrorps T oo TIE bt o

Bek14 3 110N S 59

o aad essentidly the same caleulated ex-
posi e bur for whiel control hematological
vioes were constderably different (the lympho-
Svte connt s rot =uitable for comparison since
degree of depression was essentially the same
2t ese oroups and the higher-dose Rongelap
grocp At the nime of peak depression for
euct  element. rhe neutrophile counts were
vese Ly rdentiead 1n terms of absolute counts,
tor oesiderably ditferent in terms of the re-
spec ve control values. Thus, some evidence
i~ Forded thar absolute counts. rather than
curt- relative to control values, may be the
mor e cehasle index of exposure in this dose

+.1%  Approximation of Minimal Lethal Dose for
Man

~oue ndicatior of severity of exposure can
be gienied from a comparison of minimum in-
dov et eonnes i JJapanese groups in which fa-
talities oeenrred. In general, o significant
ren ber of deaths was encountered only in in-
A inals vhose neutroplile count fell below
s ln Group 142 or approximately 50 per-
cent ond neatroplile counts below 2000 at some

e nving the observation period, and 10
wroent had counts below 10000 By this cri-
serion, the, the efective dose received by the
Kot weinp oeonle approached the lethal range.

Foote doe Cronkite and Bond, nnpublished
A ipproximarely an additional 50 to 100 ¢
veeceainred ) lower the nentrophile count by

i ceil= o the high sublethal dose range.
F7sese it ean He applied to man, an addi-
ot st D e wonld have placed the dose

ver 1 e Jerthal range,  On the other hand,
viwewrer s clenr from the present data and
“oryoonwal v xperience with therapeutic radia-
St g ewtrophile connts between 1000 and
s ey bemgs are i general well toler-
Lo Hhaman bemnes with these levels of neu-

Cor e <hiow ne elindead evidenece of 11lness,
cecnesen iy aetive snd generadly do not need
v ete ntihotie therapy.

P peonde of Gronp [ are estimated to have

o T e eadenlated from dose rate read-
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ings measured 1o tron the plong
product tield.
1t 18 =een rhat

BRSO
IFrovo the preeceding pararean
e litoma D0 oS00 - GF

oratory radiation ov o average of 70 saon
ably wounld have re-ulred o=ome ot 1y
Correcting this averwge valne for ceomerty,
1t follows that ‘he moinad lethal dose for non
exposed in a tssien product tield = porox
mately 225 r measured oo,

It 15 possible wlse ro estimate the wdded
crement of dose 1

some mortality aniorctae cronp I peande from

wortid have resalted

consideration « f the m mmum olareler counr
observed. the pareler levels 10 dogs exnosed
the high sublerhia. canoe 200, and the o<ty
mated rate of decrease o piateler level worg o
creasing dose o1 dosave ruonge Suceh g
aadysis eads 1o e ~ome conchisions = 1o

derived from neutronnn e oot
4.46 Peripherai Counts as an [ndex of Severit:
of Exposure

The reiative alue of the <everal Lenmtolom

eal determmations ot nrme the degree o
exposure. a= vell o the approxnnate  om

FUges  Gver waleh oaxXinin o cens1rroaty foo

ench determinaiior exists, an ve estinged o
comparing the decrec of Gematolorien e
tmonge the severnl osposir Irong- e o

{

wive deeree of Jioire | e TG e, VI o

womeen i Tiies 5o

svtes and platerers oo
Eoaand Freures 400 0 120 Lymphoevee conne
were depressed apprecably even i the o

exposure Girouy IV Inrhe higher dose oronns

however, with wioe. tferent pny<ion esn
mates  of exposnre cle VIHD OO Ve oy
From vemmnerr Vo e Case s onsaderie e e
‘arth in Neetion Torooentzen easured o g
Hsston procdiet fiend voad b eXnected o e e e
nits effecr o nnot S oeenatels 2D roeergene
DENRTTITING X or 2inta Caoiation ander cecpe e
conditions usiatls Ssed o birse e o e
ratory. Thias e e 0 i chose T tnn e
posed Lo PDEnerTan e s 0 o s et he e i abeer
ey eonditions w oo ST N el T e
degrec 1o awhneh s e e e U Ve
radidtions wuy oo ter 1 | [T TR IN e [

cvaliited o0 ey

TN TALNG

RADIATION

nowed essentially wdentical degrees of depres-
ioh The Ivmphoeyte connts of Groups I and
[Fowers constantly depressed at a level of ap-
proximately 2000 cells. Thus, while sensitive at
cery Tow doses, this endpoint may be w poor
cddex of the degree of exposure at higher doses.
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Linwephoentc  conats for
Mo ey and 1D 0 Viltnginaey and can-

[ZE YT b the o o i depression,

e rorad ventrophile connt of Group 1 owas
arsistently more depressed than was that of
PDand the ditference was of the order of
e g O el s,

Mietations i the nentrophile counts oreurved.,

e
However, day to dayv wide
Levord nels s this endpomt appeared to be of
poted nsetlness s ar dex of relative expo-

&
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sure SPVE‘I‘I()’ except v et connts Gt U T Fyne § ( :(xnclusi()ns

compared are performec o 1 ie s une Tumne.
The platelet count ~iowed oLore svstemat
trend than &id the teatopnie count. Inf wor ot perpherad cellular elements indicates

ferences between the o iose Group IV g it eaposure of Group 1 owas moderately

NaprraTION OF The degree of depres-

controls at the time «f 1o m o fepression <o ev e, probably o wathin 549 to 100 ¢ of the level

all groups wirth the exiernicn of wanlt maie- Ceee sonne tataeaties would have resulted.

R e Ihe egree of etfect evidenced in Gronp 1

I us CONTROL GROUP ALNE . . . .
GROUP T 62) yﬁp - ——— o e~ ot neonsistent with the physieal
CBROPIY o il estnaates of cammae dose received, when the
3 . .
< - SR : oeerry of expostre and other factors arve
g T consioerecs Beta lestons of the skin, and the
Q. - . . .
$ LA : ~oo evels o mrernal radioacrive contamina-
- - S U VS .
< . T o ooservers are considered not to have con-
; RIS - C.:;%Eqk%ém! . . .
3 y e Troauted g ntesntly o rto the hematological
‘la R JL . : . el res Nee])
A

I'he exrensive serial hematologieal data

e ot |
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vt constdered i connection with pre-

PoATELET. 40 s~ aani aliow reasonably aceurate character-
FIGURE 4.11.—Cunndaty o plat-dc corntx Loy £l st f rhie henmatologieal response of human
> . o LNl ) Connd ! . 1
I «Rongetap 1D Vi naoea nei 1 fenih " e rge exoosed 1oosigle doses of penerrating
control Growp Voot th S g i e s o . N
domton i the high <ublethal range. The
T OF FEA CePrEsSion e e partern of caange of some elements may be
. m57 EXM DAYvIBS . . Lo .
1004-(DAYS 26 TO 30bypo- AT L e a e d Ferent for hngher dose levels: (see earlier
L a
0 “"'ﬂ s ° TS TN
- v 9 CONTROL GROUP A Joh
BO - e e e f E - - . . . . . -y ..
] / v he e conr=e of events 1< different from
x 70+ / i : |
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eXposire srouh- N L I PR R PRSI LR .
t = ! : o~ opparent n the 9th or 1oth weeks:

as, and more reprodu oo ieekoceyte counits : : o

r1o21) Thusothe patele Cnnt s prove 1 S omnlere Tecovery may require several
. - . h ir e i I Lo . N

}N" H| |154“flll i)Hl".\' ()f Ul 14 CE T SV RRETRENY TS TR it ' vEoThee
out o large part of t e e AN e veatrosinde count parallels the rotal
The above consude ar o Ve acoenr ] ow re taoad eelt o conat, (‘unl[)ivto return fa

I)]'(J\‘.]()”j\ findn ow o n : Vil L - ' ; L o= not ocear for ~evernl months



62 SEEFECTS e INTZINGG RADIATION

or more.  The niria rse oo roral white o0 - Rosenbanm. S0 Table for a Nonparametric Test of
s due 1o a neutroping o PR OC Y T Os]< Pocation, Lovals of Math, Stat.. 25 146-150. 1954,
o Bosenbaum, S0 Tables for a Nonparametrice Test of

¢) The drop niviinbocvres = onrly and o
1 : . t ndd | Inspwrsion. tanals of Wath, Stat., 247 663-669,

found. Little »r 10 ovidence of recovery oo

53
be apparent severa: 1ol the after eXpPO=Ure, o Dnvens W0 The Nratistical Sign Test, . Amer.
return to normal leveis v onot ooceny 7o St Vsesoe. 410 557066, 1946,
months or vear-. vonetonille, M.OH. 0 Associated Measurement, Chap-

. cer s ordering Test, Academic Press :.. Publish-
d) The plateier connt, unlike rhe thitio mdering 2est Academic Press Ine. Publish
erss New York, 14902

total leukoevte -ount. fulls woreonlar fasio e .
‘ O fall~ now regular fasin T White ¢ The nxe of ranks in a test of signifi-

H acl s | g i 4 . Y1) g . .
and reaches a 1w o1, the oth thany . SO 1 canee for comparing two rreatments, Biometries
covery is evident variv: However, as vith o RISt e

other elements, recoyer: may not be oonypeer. < Muoses, I I900 Nonparamerrie statisties for psyeho-
several months after oxoosire vl resea el Pepel Bullo §90 1220 1952,

1oAs . ] : . o Wintrobe M. M. Clindcal Hematology, Lea and
s an andex of ceverity of eXpostre, o Febicer. hil.. 1951,

tieularly i the <ublechat range, the toral woare Costanddard values 1n blood, Air Foree Technical Re-

or neutrophile onnt are of limated usefu: o-- corr Noo 5039, 1957, PPublished by Narionat Acad-
because of wide thicuantions wnd beciise o cayor Seence
eral weeks may be reararens for naximun I Mier, 60 Rooand Spurfing, R G The effect on

e blood of irradiation, especially  short-wave

pression to become -ordent The Dvoipno v .
. fength Roentgen ray therapy, e S Wed, Set 168:

count 1s of more value 1orms regard, paar oo a1n 102y

i -k, Ao
l:u‘ly i the Towv fose NS, S liPl)l'P\\l(H 2o Omzhterson, A, W, and Warren, X.: Medical effects
oceurs within  wours o7 eXposure [However of the atomic bomb in Japan. McGraw-Hill Book,
sinee a marked depression of Iymplioeyvie canns bue New: York, 1956, :

s LeRoev ¢ Vo Henmtology of atomice bomb casual-
res Yeedo Tat, Ved s60 691, 1950,

4 Jaconson. Lo O dMarks, E. R, and Lorenz, N
Hematological Effects of jonizing radiations, Ra-

occurs with lov doses nnd. sinee further
erease In dose proau es hirtle more depressior
this index is of littie cine 1t the Ligher ooses

5. Platelet counts howed o vegnlar puties drofoi L0 BT T4,
of change 1 the present <tadies, witly 1ihe - 1o T U ronkite. [ ' and Brecher. A.: The protective

vifec of  reannloeytes in radiation injury, tan.

Voo Vead o Ner S0 N15-N300 TOSS.

time of maxinium oepresson g ol FXDOSITE

sroups andw ot e dearee of ri&’pl'v“m! Sosnelo BN and Neet, 0V 0 Hematologice studies
roughly proportiona e eulated ome L HL roshinn and i control city fwo venrs after the
[t appears, theretors . g the plateiet oo Aremie bombing, Ueel ot Wed. S5 569, TO49.

has constderable prorase vy the subletind 1 Yanrisoivis. Y. Hemartologic studies of irradiated
~arvivors n Hivoslama, Japan, dreho Dat, Med, 91

aAS a4 convenient ek rebatively ensy R
: RTINS R+

method of deternio oo e leorpe of ORI TE
< lienpselmann, T Ho Laseo, T, and Hoffman, J. G

The gente radiation <vndrome: A <tudy of nine

Reterences Cases oo review of the problem, Yun Tofo Hed,
poWTO N2,

1. Brecher, G ad « e akte 30 0 Morphedogs e o Fiasterik, [T - ¢ indeal repors of four individaals
FEnumeration of fhonasy atelers, Fpit Cretdentinly exposed toommma radiation and nea-
Physeology, 3 365 11000 rons, Arsonne National Laboratory, Jan. 1953,

20 Walsh . 1 AP tions of Same Soomife 1o noCvongite L1 and Brecher, o0 Defects in hemo-
Tests tor the fedinr Wi Are Valed Eooder er ~ asis producesd by whotehody irradiation, Josiah
Ceenersi Condy o . NPar Pawen 44 §2 Neaer Iy Fonndation. Transactions of the fifth

S350 10 aite rernes on blood coagnlation. New York, 1952,



‘ 63

HEMATOL O Heb oo v 7o s

e gt BRvoeto A00 Faseo 20 Pages 1 otg 33,

210 Brecher, G Schnewdernaan 8300 - and o romksne i N
. I o The reproducinl v g cnstaney o7 1he (-
platelet count. dwue o/ 1o 20 RV PO M A [ FRETE T R BT Stidies on rhe atowic bomb in-
220 Kikuchi, T and Wakisaka o Henatologiesd o e o H roshina ety Report 1o the <pecial
vestigation of the o ong oo~ fters an Hir - el B ot ee o the atomic homb disasters,
shinu and Nagoasaks v v ~on e Mesdieine - e 10 THAR



C/mpte r L

Internal Deposition of Radionuclides

In Human Beings and Animals

Srastos Hoo oo Py
Roserr W Risenowr U'h 12
Josern Ko oae
Caes = RoBerrso~s MO D Pl D
Woarrer Lo My
VO Boxn, MO Py

[P Crongrry €000 Mo TSN



(it ne

Tnrroduetton

creneral Narture of futerva Roe ation Toxieity

nrernal Contariaation - Bienr, Bemnes

S Merhiods

S M imaimes s Loerpr ooano
Beta Aetiviee ot e Trne
Radioenem oo v 0 v== af <he [rine: Istimate

of Dode oy

A0 ~onpce of s nononimation
vio dnteraas Raodiose s Bieromanmaron Therapy

S UL
atertad Contang ato o vonnals
o Alethods

100 P iding~ and Tareroa aaraon
Crross Ohseroar o
Radionc v o o Y oaanes and Foxereta
Hadiceren o0y 0 ces of Tlssues and Exoreta
I WOy
P+ utholoory

Y14

Pl‘(ni [ERER Y

114 [N N
oo Fertiate oo Harorar oy 6 eens
A0 dnterig Rode o 0 eeortannmation Studies G

¢ hicleen-

0 i



ST Introducion

Forrowrse A Nvenrar dene wvior 0 mhe sprinyg
of 1954, a large grouy of propie were contan.
nated with fission product: L sadit or to
sublethal external gnmnic wiiat on exposun e
and beta irradiatior of e <kl delectaloo
amounts of radionue 1des ere geposited o
ternally. s
ations resulting from . cont on nat ngevernt e

It has beer as=n e a0

ratio of external to o teran ose would he e

ceedingly high. dete e stady f
the Internal contam natu 1othe
human population and 1w
derermine the kind an

Howveyver,

SXPosed
was e o
fevree of nrern |
deposition. Three cenert provdems were
vestigated : (1) The cerern mivtic of “he co
tribution of the interaul
acute radiation syndronw beervea s 2y The
possibility of long term efecs g B The
qualitative and quantitiarine tarnee of the

centann b ration 1o the

ternal contamination prodooea v exposure o f
individuals to mixed s~ There
Was N0 previous situution vohrea hoaman be
ngs were exposed fo e ronment contam

nated with mixed h-sion

A ERIERPTER N

ottt oneu
rent studies were undertuken o che Japinese,
however, on radioaet ve noerad 1o whien o
small group of Japanese - <iormer near Rongs
lap at the time of the (eton 10
The report of the wexie
undertaken on the asnes o
been published 4

CETE X POSe |
AN IVest:oution s
e Bapanese e
Evaluation of the (atern contunmmarion  f
the human beings wa oo Ty 1 <tids of e
radioelements excrere . U ery e fo

mation s presently vioinoie cocerning e
ratio of excreted rad oelen cn< 0 e amonr t
deposited in the body 1w« ecessary 1o biee

the evaluation on data ont omea from A =

which had been cortun e 1 1he wanee
event.  Detailed <tua e~ 0 i tesie~ o
animal excreta then oresy o piin o vhoo
estimates of the e o0 00 e were e

¥

2 General Nature of Internal
Radiation Toxicity

Voo N ek O tae radtiation hazard from in-
ters 0, deposited fission products can best be

it rstood i terms of the biophysieal behavior
fr o nontelides,

oo sroduets entere the body through
e Lationl ar mmeestion concentrate n various
a~ ~ources of mternal radiation.

Thass e i e

Pt by of o rchonueiide to enter the blood
stres e s detertred byt sombibity chemienl
prorerties anl pravsical stare. The radioele-
e - Cormeed e Csson are predominantly ox-
e ek bve o Thimited solubthity in body
e - o thas b=z ondy a few of the radio-
clereres can beenme available 1o the body.

e ot widceh can produce n-
e etbeets whes deposited within the body
=~ e because of the close proximity of the

]{l)‘ [ER S

Pl e o e tissies it irrudiatres, and because
“le —omope continues toorradiate these tissues
fate - removed by hiologieal turnover or is
reto eren bareidess by rudionctive decay. The

ctte ot ot cad ation from irernadly deposired

cher tere e the e as those from external
Pyt oon e cistineinshing feacure of in-
tere el bowever, st long continuing

Povooae ve satopes follow the same me-
!

v processes 1 the bady as the naturally
wiorr e naetive sotopes of the siume element
Thus

vt barinm, which are analogous

boceneally simar elements,
Tree gt ty
Ferooaliy o ale nm, are deposited in the eal-
' ~=ne of the hone. Although nearly two

“dhicsotopes are produced i the fis-

KRS
Pt

S eoeess, only o1 few are potential chronie
e v bacon azedss These fission prod-

cvocb e osted i Table UL constitute w
g e tire of the Bxston vield, and localize
! e “he chone —eekers”™ have, 1

67
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general, jong rdiologied and haologeal naif
lives and prodice it energy beta partices
Thus, thev cause crearer dange to bone sna o
the radiosensit: e hore qpurow thin to o tes
tissues. The danage o the blood formin et
results 1 a red.action
atfects the entir Liod

Information

o afood celis, g o

Frotoaieal etfect~ of 1
ternally depositea ~crope- < derived from b

“he
Himited stadres f woe de v rdionsotopne tor-
oning m hunece, e from

tation.

it expertnen
The be~t o nented data on e efec
of small amoun s of arernatly deposited e

ters i human bernes re abtined froms st e

of radium porsnno A= coresalt of ruwdion
deposition. tern n nennn bone necrosis .
osteogenie sarconn 4 oopeare after L pumber o
vears. The reswdval vy 1 the boaw -
soctated with 1 ewe erfwe o 0 10 2 merograin:

of radin, Ralien o~ 0 poatiendarly azaor

ous element w:

S cerosited Internadly Decitase
of its long bioloredd g madhiological balf | fo
viclab Te o the Tone tern

Very few dat e

hiologiear etfert om0 ) Detiers OF the <hor e
Poovd N

P brologien cette

v

lved isotopes b o s 1
The metabolisn. vy 1w
of a .

munber GE e e b e

A,

croducts from nuclear detonations,

RADIATION

N

- Biologically Hazardous nrernally Deposited Fission Products

Tk FractioN ReacHiNg CRITICAL
ORGAN <2
! ‘1"['\,; By Ivagstion Y Im\r:]v‘“
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~ ~. 200 20
35 3 0.1
1Ot
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s vat.onal Bureau of Srandards.

and ed i oonmals by Hamilton (1), Abrams
3. Hawever, most of these studies
oot eover the problem of the long term etfects

21, Bloon

rounmals produced by small amounts of in-

“prnndly deposited isotopes.

Few datn are available concerning the effects
g internal contammation with mixed fssion
(ontamai-
atton =< not produced by every detonation of

nhcler For example. no internal
ontannnatiton was defected noindividuals ex-

Hevice,

woserd o the e buaest ar Nagasakn and Hiro-
ST

I Held rests of the contiuinating ryvpe of
conie detonation, animals that inhaled fission
racdiict < g short periods of exposure were
tone fo have tstgnificant amounts of internal
nutannation,

I'be Ting rerm effects (primarily malignant
nanwes s resulting from radium deposition have
aelt sed o set the limies for maximum per-
niss ble bhoay concentrations of a few bone seek-
v ootopes 1 the body (5). Maxunum
wrn i=~ ble hody content of other radioisotopes
ceovstomated on quantities resulting m o dose
©or e per week (o the tissue of hichest
et e e,



NTERNAL DEPOSTTTION

5.3 Internal Contammation 1n
Human Bemngs

Ture INTERNAL CONTAMINaTton < ady vas be
oun 15 days post-detoration wirh e voilection
of pooled 24 hour uemne
Marshallese and Amer-car croaps

ampies from the
Maximun,
activity in the urine oc -urs dur .y the nrar fow
dayvs after internal cortanminat o, By | ween
an approximate equibibrmn <tate < reached b
which the contaminan= rens ar e an the bod:
are firmly fixed. chietlv e skeletal tissue-
The activity 1n the @ rive then nerives fron
radioelements which bove beer penlacen vy the
natural process of bioogren mirnover Thoe,
the study made 15 essernal . tan of an g
librium condition.

The urine samples vere -ens o laboratories
in the ITnited States for anvs <~ nee the hig!,
backgronnd encountered 1 e Held masked 1he
relatively low levels « f a2t the aliquos
samples used. X Helo Liborory s most v
sirable for a rapad survey ead wae shown to b
feasible, 1f adequate fehines e
the counting of rhe samnpies

The first urine =ariples
were collected for the oo Viamos
TLASL =malar
lected 44 days post detorar ion were Gso send
On the 23rd. 24l

detonation., 24-hour urine co e tions from eaen

Arovided for

nent oned anove,

Sorentit
Laboratory amples oo

there, P davs pos
mmdividual from Rongelar wad Nibnginae were
<ent to the New York Operutioas Office, Xronue
Energy Commission - NY o) ARy for o
alvsis.  In addition, <wmples “rony represent.
tive mdividuals in these oroages were - ollected
2, 3 and 6 months sosr cetias o o sent
to NYOO-AEC.

The USNRIIL collocted camplis fram snen

member of the exposec oo o o0 b0 o B day s

post detonation.  Saupies  an represents

tives of these gronps vere oo~ oo eeted at 2

Sand 6 months by the T=NRT0 0 Tnoadditon,

samples froma represntas « croipoft Apper

cans e 200 Marshad e o lected for

consecutive  duys ey o TR R

detonation.
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11 Mechods

v~ . complere radiochemical analysis of all
L ie sienpoes was not feasinle, samples were
=r>*, Ba'". the rare earth
These analyses ure

v zeas foroniy
ronin aned tissile noaterial.
“he o=t reful for evaluating the concentra-
Sior e ddent oty of all the potentially hazard-
ni- nternally deposited radioactive 1sotopes.
Measarement wvas also made of the gross beta
v v af all the samples.

o faeahiate the processing of the large num-
wi o f e samples sent from the field, a scan-
sy relnod tor beta measurement ('«)nsisting
o amie oxadate precipitation with o lantha-
vitswrrer was emploved on an aliquot of the
E oo This method rapidly
o Ltrates e radionetive elements into a

rne ~anples.

Grat coine and eliminates the normal K
VR IO \ cirbonate precipitation of the
st b e =sunple Inereased the sensitivity
o swasurement  ~ufficiently for analysis of

<t des coilecred ater than 21, months post
fetor at on,

P'le beta activity was connted with a thin end
o neow Groyger-Muller counter. The counter

worlr o U0, <tandard, and an

Al hrte
pp bt correction for self-absorption was

v e o= srandard,
3+l Findings and Interpretations

Hera et vity of the Urine. Internal dep-
asiton o1 radioactive elementz was evidenced
Sy te presence of signifieant amounts of beta
s oothe nenes This aenviry deereased
capn b wso faneton of time. as 1t was derived
el rrem shorr-hived  radioisotopes. For
sxat e 1S nonths post detonation, the mean
st o the e one of adutt: from Rongelap
s U= percent of the value measured 45 days
post aetonatien, and oar 6 omonths, the activity

e e was bareely detectable i most of the
el et

¢ omipntsor of the means of the urime sam-
viualts

Vboaroae aned from Amenre

Toes ot front Rongelap  and

q= from Rongerik

voin iy post detonation the

o g e



70 EFFECTS OF

Table *..
TIME Posr \
DETONATION ST
. LT ME M N A
C4Rsy 4 HR> BRI
Rongelap
Age in vears
A5 6o 104
B (5-161 : 30 THk
C (16 - TR 1206 L
Ailinginae
Age i vears
ACH ol 21
B (h-161 2T L26
Coo ; 2 1D
American . iH% 304
All values corected cor feran

highest activity
{ Table 5.2y,

was 1 the Rongelay groug

The Alimginae group bad fese

AN

than half that « f the Roengelap group, i the

Americans had abonw one quarter the wrivity
of the Rongelap aroupn

The mean gross ber coenity of the nroe o
the three grounps bhove was roughly oropor
tional to the exterral do=e eneh group recsiy ed
However, « corapary o o1

tivity of the wriae of \

fhe nean et o
\mero o

aroups indieates thor i atrer had asomew o

Piec e e
lower amonnt «f ynternnd contanunation, o e
though both grap- rece ved about the wome ex
ternal dose. TV i be v counted for by i
fact that the A\ L ae cronp drank contan,
inated water fron apey

cnraners and ate con

taminated food e e 1 me of evacuation
whereas the Anmerioc < curested mueh hess con
taminated fooo G a water <nee both were
largelv stored 1« aeed o tmmers. Ludocry
nation of the Ve o oneert ine vl o
hazards probab v v e faerar i redione e
the wunmonnt of vn v a adon s hih ey e
cerved.

The viormti o 0 FTIVITY G ‘
tndividuals I N O Ironps s et

RADIATION

~=Summary ot Human | rine Anaivsis, Gross Beta Activity

UMONTHS H MONTHS
“ N VOLUME M No. VOLUME M
SR 24 RS 24 HRS 124 1{R9)} 24 HRS
ML ML

b 360 12

12 510 5

) Xt 370 339 33 625 1]

3 400 0

12 635 0]

This is chiefly the
cesit o f varmations in the quantity of water
ad borh the kind and quantity of food in-
vested.  The degree of exposure of the indi-
vidual to an-borne activity 1s also a factor in
weterminng the mdividual degree of contami-
Wiile
monye ndividuals, the dav-to-day levels of ac-

arge 1 Tables D00 and H.4).

Sat1on there were large variations

vreocor each mdividual were fairly con-
~te gt
the =ource of -

Fartner oaformation on

dvna vortions was obtained by grouping
“he abividaals from the Rongelap and \il-
nenae cronps aecording to age ( Tables 5.5 and
bro While the activity excreted per unit vol-
ime of arine s about the same for both children
ned e I, the mean activity of the urine ex-
soted 24 honrs by children under 15 vears
v sttty lower than that excereted by
The not indicate

s mether lower total excretion

avatlable do
the
aheates a snadler total body burden in the

ninlrs, data

el ey
plerey resaltime from Tower inhalation and
ngestion, o whether ot represents o higher de-
ree ot v on of the rhio-elements by grow-

ny }‘HH»“
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Table 5.3.—Gross Bera Acusity in Urine of Rongelp People on +nth Day Post Detonation

. TV UM
CadE N UIks L
\ge i T
2 X
3 i
B %
23 I
33 26
54 i
"y a5
Jdean iy
\ge v
20 2hh
24 H60
26 tA0
35 255
36 RETE
34 UMb
17 (5511
By 51
T2 |
A I
H A
vean Al
Values corre 1oa © [R
No correlation  ©as= bonag oetwn
welrht of the peop e 1 oao Lo e
total activaty per b o e o rete
nrime.
(rross bera acthivity easurenients
made on the <ampies e 0 Yo

Their results essent o RTINS

*Porsomad concnsange: cpas oy e e

A

BETA ACTiviT
DML R

| o
sy
240
1o
boThA
Gl

AR

o1 beo]y
v e
Tow
Were
A

the i

ok

{

N FoTAL VoiLUME  BETA ACTIVITY
e 24 HRS ML D M24 HRY
2 Hrs

i 155 634
<10 L. 700
" 355 201
i 8L} 249
[ 510] 1. 383
3 340 G Yars
! TRO 2,460
- 1553 1. 670
o 47 nn
20 960 138
4 750 570
" 180 Ta2
i 350 1 450
b 330 195
i 123 0
[ TR0 0
I 320 1 080
i 70N 3220
i 550 1 095
i 7ol 2,170
B 310 580
B IR0 1. U85
e 1335 2, 260
1t 355 Y15
i 300 2,010
i 200 1, 450
: 230 0
- 965 52
K 65 2038
< 540 1353
< Hy o 20140
Ley S8l 1, 208

e he USNRDLL particularly the ratio
detcies mmong the three gronps studied.

monnte vioes of the aetiviry determined

Y OrO)- VSO, however, were lower than
=NRTLL vatues by acronstant factor,
Radrocaen cal - Analvsis of the Urine:

ve o7 Body Borden, Radiochemieal
A he Rongelap arme samples indi-
o ne adkaline earth aand e earth

e her contribiced 75 percent of the
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e the bod v bnrden the radioisotopie

) the tisstes

of wotape dixed o the body s requared

cadedation.

e the deposition of the vartous ra-

dit- o haminns, o that 1f was necessry

aneds cadlected on Rongelap, the pie

HEEINEEES I

was estinted.
“ween the acrivity of the urine and the

FHowever, few rmtios are

il e ratios obtamed from amal <tudies.

i~ the losest to the homan m o size
v odetnled stady was there-

the v reton of these anmmads and
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Table 5.5.—Radiochemica! Analvsis of Urine From the Rongelap People (45 days post detonation)

verags

Perecent o coaa Beota oaerr 1y

on the radioactive et AT N e

Detatls of the antn 0 oy e presented

subsequent section.

The estimate of t1e e ).mh releny of
Rongelap group at =2 davs post detonarion -
presented in Table " 6 T e nods huedernat one

dav was calenlated  notl e ollowing manne:

A formuda was obtivied froon o nary eseret o
vathes o Toove o

The

LER1 P

data reported by Cowae oo

1 aease of acerden 0 e alhties of S

eXCretion curve Was best jepresented Sy

exponential ferms. Vepw s ar resuits wers

o the baolowieal deeas

obtatned by approx ma:

T Ton. bse o

of <trontium with o

human exeretion o e aetanolwal v ey b

element, radinmy . 7.
o

]‘:S[illl:l“’ﬁ SAere o o] l)(‘il“]lwn'

Tabe

BRITIL O

e

FET.OACCTIVITY 6 M.24 Hovr
TR o g Hare Fartn
T ' B YUTIVITY
HH 120 107
! it 130 241
il 120 324
G2t 150 284
R 110 i
2 170 353
ot 134 312
i .7 250
[T S reant o amounts at oone 11:1)', as

v Taole 50 These estimates were made
el of the Tevel of =r™ at one (lzl}'. to-
e the e daron the activity of the vart-

< aston g rodnets ar this some time (9 and

otepe absorption oud retention data

o Loav=iy L aldso estimated the body bar

ooe b, o the bhasis of radiochemieal

v s of Doased e sanples from a repre-

)

oo —=Mean Body Burden

ive sumber of the Rongelap and Amert
1oy
ol s sf T the earty samples of

These caldenliations were hased

RIS

e T divs post detonationy as well as the

co et oned phvsead oid biologread data
cot nodners s boooy Thenr fimdings are
fres citgnd I o9le 6

it ~he Rongelap Group
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On the basts of 1 as=nmed aptaice of 20 per
cent per 24 hour-, the mregrated dose 1o 1w
thyrowd from I'" g ataer <horter lived oaie
isotopes was calevlated vy the TSNRDE 0 e
abont 100 rep. The [LASE fas estinten 150
this dose wus about 120 vep for Rongelan rron
and 50 rep for the Amencans

The differing  approaches  ased by the
USNRDL and the LLASL for estimating the
body burden cive resnlt~ which, except for
Ba, are very close

The meuan bod. barderns of the ndivaun,
nuclides presentec 1 T bie 5 were caiculated
for the Rongelup roun Values for the
Athngimae  vrouy  wers
those of the Ronzelip cronp, ana vadues 1o
Amerteans, abou ne fonrt oy those o7 the
Rongelap group.

The totai amoant of
present in the (r. I trier at one day post detonn

radonetive narer:y

rion 1 the members of Group [ was estimated
as approxnnately Soes This activiey was con
titbuted chieflv by 1sotopes of ~hort radinlogica
and bhiologieal T f Tfe i Bainrted soluniinn
Thus the levels ot acri ta in the nissues of the
body were relativeiy I w  The concentrario
of radioisotopes sonthe post detonat o
wias barely detect dile 0 the e of most e
posed 1ndividuals
lodine, which = e <olnble, o probung

the most hazardor < vvtenad v dhoemitter o e

v

k‘;ll'l)' [)PI'HN] 10”»\\%1_« eXGrO=Te 00 I e
dose to the thyrod o gpprecianle, b
compared 1o the parredlh o rotaily abiatins

doses of I'" nsed i therapy of hyperthyroidisn

or carcinoma. At ove -y post detonatio ) =r

was cadenlated o be e the maximun e
missible level 5 for o~ paclide A e
times following expostie, thr doncer-1ioeg
.\i()ll ])]'()(llll'l Tll'l‘\u-llr«! o2 rvetest aotent 1i
ternal hazard,

The present sty o urrme the olsers aeo

made 1 oavimal cxper owear< e most o

radioactive eleme (0= foormed 1 Ds<1Gt 10 v

as the tissile nter el e nor rened oy o
~orbed frongthe oonoe e o T T er 6
[oSes Baoand o tovw of rhe vove et elegiess
welre :!b,\ul‘m--l L A N PR NS SN CRR I ANIY

tpproxinntery i f

NGO RADIATION

Wi attemnpt To measure bone-fixed radioactive
spnters by means of sensitive film badges taped
etow e knee, over the epiphysis of the tibia
o oran ber of persons, vielded no positive
ERIRE

" eorrelation could be obtained between the
troree of 1uternal contamination and the clini-
sl ane hematological findings.  In view of the
Jiort aalf-life of the most abundant fission
sredine t= o deposited internally in this situation,
fe possibility that chronie irradiation etfects
viooeeur s gquite <mall. Thus, an evaluation
£ the i on the internal contamination. in-
b that of S eads to the coneluston that
ie titernal hazard to the contaminated inhabi-
arre of e Marshadl Isfands 1s minimal both
Pecr tiae seute and the long range point of view,

v 44 Source of Internal Contamination

I'he failow material consisted largely of
whoti oxide and ealeium carbonate. The
ssion products were adsorbed mainly on fairly
nrre particles. The material was 10 percent
abnble imowater, and completely soluble in acid.

Internas deposition of fission products re-
avred from mmbialation and ingestion of the fall-
vit materal. [ngestion appears to be the more
mportant of the two routes of entry nto the
oy The activiey i the air settles out fairly
condly ot ontammated  food, warer and
eastis retan their activity for long periods of
Prier

I'e amount of fission produets reaching the
voodstregm thirough the respiratory tract is a

ietion of particle size and <olubility of the
vreorne contaminants. The  particles with
vheh The aenvity was associated  were con-
aerahiyv Lirzer than the oprimum size for
wpositior o the alveolar tissue of the lung.
Fhins, the nrobability of the retention of inhaled
crhorre contamination was not appreciable

s the exposure pertod,

s Bivoothesis that ingestion was the chief
arce of internal contumimation s supported
v e g that rhe oastro-irestinal tract,
ccomren s cacud the Hiver of auropsied chickens

Y ETEES

acreed an early mrervals following



NOFRNAL OEPOS|
detonation were nore 4o tae aano
tissue.

The importance of noes 1o o= 0 continny
source of contam natic: condencea v the

level of internal cotam

U of the pags fron

Rongelap.  These annnii- hoa ahout ren rimes
the body burden f “he aomun popuiation
the same locality A~ i or-borne activrs

had already dropyec o s value ar the e

of evacuation of the hanan~, the contanunation
of the prgs durme rher
island necessarily aest od Teom ngestion ot
radioactive food n o waer

Radioanalyvsiz o water v ol <aomples fram
Rongelap indicated hig:
tion from the fall it o v rme

ievels of ontannn
follawire
detonanon,

It appears that e v firsr month
Limired amoune ot
able to plants growsne oo e
soll.  Significant anerrs
well as small wmoanr -
present on the external nrfiee of pdants or 4y
days post detonaticn Cily very spadl amonnt -
of beta activity andd 1o
tected 1 the edible prorons of fraee sach a-

M=o arogier=< wins qvatd
ontarnirated
Wl eIVt e

fodpoa aenviry wers

Vi aet vy were de
]

pandanus, papaviz e oconuts
high levels of aetiv tv were Yo a e che coenne
tree sap, and the

very similar to tha of wore

IRIOIREARET] arieentrarion Wy

High levels of wriviey svre founa 1 fish

taken from Ronge ap ingocn Tt appears “ha
rhe mmgestion of comtan e water ano b
were the principal ~ourco~ f & ternad contan

nation of human bere O the mdivie huang

adionuelides, S nec e e hrh o
bility and relative voor o cvanonerive balf ] e
was probably rthe ~otape of rreatest porect

hazard i the envioanrwe o

Internagl Fadion tire ooone
apy. O te et
ing the etfects of ruharon from internaily e
posited emurers, toentivnt o orsist= of et

vt tion { her

Since there - o nething of

img the nuclides fon 1+ o oy s
The ab-dirs .
tetra-acetic ]

rapuliv -

possible. doavier e o

verd DYl n obinhize certa

of the tission proe oo T e s letor

mrolonged <tay oo he

Howsver,

OHADIONTCLIDES (K]

terense the rate of their exeretion has pre-
[t is most
bhut has

o=y been demonstrated (11-19).

Hecrevs warh rhe group,
cefecr onstrontium 130, These studies have
most of the brolocically hazardous

rare earth

B ha
ptertal remaninge n the body is firmly fixed

cone within a shorr time, o that etfective
vstemi o gecontamination by chemical agents
1 ocenr only moashort period following ex-
Nevertheless. an attempt to effect 1n-
g deeontuuimation was e 7 weeks post
etonation, ~inee 1t would mobilize and make

R NS NN

etection o f 1satopes enster, even though it was
st zec that tae procedure would have Timited
et tads time,

Vorepresentative oroup of seven ndividuals

“voin Bonrelas were selected for this study.

Mring aceonteol period of 5 davs, 24-hour urine
Sunnies were ollecred duly for radioanalvsis

tablish w hasal excretion rate.
Do the nest 3 davs, caleium EDTA was ad-
em per 2h lbs of body
nstead of the preferable intrea-

enotis irtn beenise parenteral therapy was not

coarder to e

viiestered ornily,
evcht da ly
racten. vnder the crpenmstances,

wenty-four hour urine samples were col-
wtea oy ddarime the treatment period and
Cir odnvs followimg treatment to determine the
dectveness o DTN 1m0 oaccelerating the ex-
=erion snte of the radioelements.,

N ~pae otfecrs from the use of KDTA were

teerved. Blood connts and blood pressure re-
ioned anechaa ced throughont the treatment.
Phe nern oetiveey of the urme during the

[

lreatment l)(‘!']f}‘(l was =z

[

.5 times the pre-

eattnent oty The probability that che
Slererves abserved are due to chance s less
e b Thas the oral administration of
DU Tora pertod of S davs begimnimg 52 davs
as1 detonation inereased the excretion rate of
dervradly ddeposited fisston products, but the
cer nll ettect o decreasinge the body burden
Soht, s the exerelrion rafes were very fow
R | 5
ooy The tirst instance of internal de-
vt at nixed fisston products in himans

crac eoa re=ult of fallont followine a ther-

h
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monueclear explosiop [hos nrernai conn
nation resulted fron ol g alition e e
tion of fallout arer 4.

High levels of neriv v were fonna Wi
and on the externa -arfaces of plant e

contamination ot the 1: ternad partions of frirs
and vegetables was sialll O rhe md vl
radionuelides, S necause of it< high ~oian |
ity and relatively long radioactive bt fow -
probably the isorope ¢f grenresi potentid oy
ard 1n the enviionmernt.

Few of the Hssion nroducts present a0 ¢ o
environment wevce ewdilv wosorbed fron e
Tungs and the . 1 a0
vsis of the urime <onpdes from the Rongelg

Ridiochennead a

e eart

people indicates ~har =, Baood the
group together -onstinted 7L percent of o
rotal betiw activity o + e nrvae at 4 divs 1o
detonation.  Sr® was the predominant rad o
nuclide at this tme, contrthuting 42 percent ¢
the total beta activiry

terial in the pooled nrive sunples were negat e

Assays for fissile nin

The human body burden ot imdividual v o
nuclides  was ety ed
analysis of the banur anme and of the rissias
and urme of aunmals fron. Rongelap  The
mean body burdens of the radionnetides 101

from  radiocteniie s

Ailinginae group werc appro ximntely Gne-ou
those of Rongelip. ol the mean hody bor
dens of the Amervan dhoar one tonrth of 5 .
Rongelap wronp Ve the vy exereten
per unit volume cf ey v s the same for et
and ehnldren from o oerny. he 1oiad aetie
excreted 1 the (e o 2
under 15 vears f aue was crgniberntl. lowe

than that excreted v e

vour- by coideeg

vt
The total amo it o vdicetive atering o

the (oo I.orract a0 are e viost detonation s (-

estimated ro be o peopre from Roveean
This activ [y wae cary b ey ,-hwtl} Ex_\ Ol e
of <hort radioleo 0 nol olooes ] Toadf fo

and Timitred <odui by, s d thins toe dever- of

TIVIEY T the Tissaes o Sl ey vere reiat

Tow,  The conee e oo o sadions Moo o
months post detet o a s barely detecs e
the urine of mos o 0 e s omed v g

Fhe estannteo o 0 tne thyrond foan

and other <iore ‘ GO =iy |

S FAD ATION

i eep for Rongelap. Todine 1s probably
"he tios hazardons mrernal radioemitter at
The dose to the

“ovrond, altboneh greater than tolerance, was

curiy fines afrer exposure,

ow compared to the partiadly or totally ab-
ahny adoses of T oused in the rreatment of
svperthyvrondism or earcinoma.

Atoone dav post detonation, the concentra-
o b= was ealenlated to be near the maxi-
poan permissible level for this nuchide. At
sitermes following exposure, this longer-lived
“esinn prodiet presenis the greatest potential
Srernad hazard.

Oral cdmeastration of caleium KDTA be-
1

rinnimg T weeks post detonation to a represent-

anive group of mdividuals from Rongelap in-

cepsed he mate of excretion of activity 2.3
mes  THowever, the decrease of the body bur-
b sheat, as the exeretion rate was very

e s tane,

Anadv-is of the mternal contamination in-
neates tt the dose to the tissue of the body
s ear. burowath exception of the dose to the

wrond, did ot exeeed the maximum permis-
chle dose devels. The activity fixed i the body
reresed rapudly as a tunetion of time. The
conte-buton of the etfects of internal contami-

itio 1 T the toral radiation response observed
apenrs o be smadl an the basis of the estimated
saoy btrdern of the radioelements. In view of
i t-lfe of the most abundant fisston

¢ o=
coodiet- o the sitnation. the possibility that
ot rradiation effecrs wall ocenr s small.

5.4 Internal Contamination of
Animals

Py cvaerssn Convanyation of a nnmber of
i~ ollected on Roneelap was studied. The
vty taerr arie was atudred, and radio-

denn cal anadvses were made of various rissues,

ese data crovided the basis for estimating
wonody burden of the radiosotopes n human

wne- Inddition, hematologiead and patho-
S canndies were pades and antorndiographs
sevctod tosses were prepared, X number

e = are adso berne <tadied for the



appearnnes of posscnee o oy

radintion.
A specenad srudy voae oo

the etfect of the v dir o o0 he ternle o
chickens and the o telad n oy of ter oo
The anmmuals col ecree Do, I:')ik;[t":l[r TRE
Urnirtk included $1 cfcckens o oaby o eke
<wine, 4+ ducks and 1o THese were <y Dis
aive to the TUSNRDEL Three fieie omd oo
large clun were taker fon the Rongeby 1

oot Collection o e

Frecr ot to deter

3

e mortalay i for

'

these animal- are Hreserweo 1 Thoe
addivion, o boar, a v il tave ke s
:lllf(;l>>1 ed mthe et L0« v b v Lol

were rollected,

-

YOHON TUL D RS ii

vere obtained from the Tune, liver,

aorand e skefeton. The samples were
m o nudite oven, and the ash

Ctoovoinne with 2 N CHOL

vl ot Shh ) o0

ST An aliquot

e ed por betimensurement. The beta
roote was determined by omeans of o thin
cowvmedov Grerger-Muller counter. =™ was
oo e base= for the mass absorption cor-

EESRE R A S G

for the sanples, as 1t was the major

Coelenent geposited, The correction eal-

(RN - 11 :x]»!irf)\illnltll>lu I PP H b :lkJS()P[)-

- o traction of the average energv of the
cole Boeta etivity was measured in total
St tads e wos converted toowe, tSpt

el

Caerannte vy of the tesne sinples was

A cell-tvpe =odnam odide seintil
teoconnrer el has an etheteney of about

crcent for o Co™ standard, . The gamma

ation Dose of Animals From the

Living Areas of Rongelap and Utirik

5.41 Methods
Tissue samples vere tiken foong oo
which died ~pontiaeo v 0 vere oo e
Table 7 - Mortahiev and External Rud:
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ACTIVILY wis obtuned o0 ot o0 o naed
converted to ue o

Samples were iy e
S Badt o the vore e

material,

ot et :
wvhocnemreadiy tor
coroap. | P e e
For excretion ~tudie- the anineis were caged
individually, anc then exereta collected ar 2t
hour mtervals. Hok

Fae toees and e of

FEFECTS oif [

N RADIATTON

vere collected and ashed combined, but were
cileered ane ashed separately for the pigs,
o o o weeks post detonation, the exereta
d o represertanive sronp of chickens was col-
weted ar weekly mrervads for a period of 214
ponths. Caollection of pig exereta was begun
poeoweeks post detonation, and the collection

vis anade at weekly intervals for a 6-week pe-

Table 5. 3. —Radiochemical Analysis ot Tissves and Urine of Pigs From Rongelap on

82nd Dav Post Deronation

BETx seT vy
PR
S A TIV oY
Pig #24 20 % .2t
Skeboton 0 g AR
[ave:
Colo. & ot
Lung  Alveoaar
Stomach
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Tonn [Ia%{N
Urir e Surne 04 oar
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] R 3.2
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P [ 1 3
[ 050 051
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“HHT 665 1020
AT [ 1.6
T 1O 330 64540
[N (20 55
I a2 + 9
Vo to23 0 33
(P4 oy 0. 30
[ % XK 0. 88
[ 10 0. 52
ched 534 T02
Vot 140 0. 54
SKERELETON ToTal Booy T"RINE (24 HRS)
V2 8.0 69,0
N 6.0 9
. a9 .5
< i R0




INTFRNAL

riod. Radionnaly~i~ o7 e ox e was we

formed 1 the saime e ner v bar o the s —sis

sumples, described - none

5.42 Findings and Interpretation

oy

(rroxs (Fhxe rratioos Tie wnomads tuud cees

free on the shands  Alrnoaen madnonrisied

they showed 1o ther ovidence of disese

Autopsy of rwo ol wekers chuen ched dae e
slipment revealed v pathiologre e g 1

could be associated v adianen

O the basis of a ned b
fallont time. the

celved an mtegrate i extern

HES

it fron Rongelap e

fose of 2= 1

360 r.odepending o1 the cate of therr collecrion

isee Table 5.7y, The 1w

a caleulated dose o7 30 0 the tine of then
evacuation.  The avininl a0 ~howen exrer v
external contamina 1o aneing froms o
Smr per hour ar 30 Lay- s os deronntion
activity was reduc-a bon perert

washing with water wiom
Radioactivity or Tco s
gross beta activity of cie o

Table = U ——Hets any Gamma Activiey or 6

IR RRY

honr etfec ove

from T rmk rece ved

",

Hex # PPEN #! EN
DAy OF [DEaTH"" fran X2 X 4
IDAY ANALYZEL™® S A2 ‘
TISYCE BrEra AMMA BET P MA B
Tiba EL TRt YT IN 5
skeleton R$ s LU Y 13
Liver . M
(hizzard
(rizzard :conten X1
Crop i
Intestine L il
rontents w4
Intestine < v
rontents
Pancreas '
Spleen
Kidney i
Lungs “Alveo A
Trachea 24
Turbinates 7
cCaleulated Gstng o o e wobetor

**Day post detanation

ie

t

'
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The distribution
vty 1 the nudividual tissues 13 shilown in

IR ETIR R I :lh()llf boue.

tae > Ohver 0 percent of the beta activity

cwaizel 1 the skeleton.
i ~oft
P bowever dess than 0.0 percent of the

The highest ac-
tissue was found in the hver,

hody barden.  The colon contents had the

vl lighest activity for the soft tissues, about

b nereent of the total.

RN WV Y

The alveolar tissue
v aed o activiey less than 0.02 per-

vof e toral aetivity i the body.

s et i gamina activity of the chick-

Ceonavs host o deronation was approxi-

ey 2w The gross aetivity per body

crgnt o the o ckenis approxnmately the same

o the pres The distribution of actoivity
i Table .9

Sy omdar to tnat m the prg. Most respiratory

e Liasties of the chicken was

v owas loeahzed o the turbinates,

seil U of enrrapment of the large particles,
coo o oald not penetrate to the alveolar tissue.
e et ey an the <keleton of chickens
“ s Adropped ro 4 percent of the value at
vy o8 detonation, while in the same pe-

wi b rama activaty sropped to 6.2 percent

hickens From Rongelap (uc x 10Y)
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of the 24 dav value  These darn mdicare i
most of the act vty
e

very rapld, and after §5 an s the decan oare

1ssoclated with shaor

lived isotopes. pait ad o drop i act vy

ixoessentindly that of <r 0 e most abmnda
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i The residual total beta activity found in the
' tw o Lirger hish at 4 roonths post detonation av-
. ciered =00 we { Table 5.10). There was, at the
¢ tne nee, ahout twice s neh guunmi activity.
! Toae st were collecred 56 davs post detona-

vine the dropin aeniviny between that time

Table 5.10.— Beta anv Gamma Activity of Fish + rom Rongelap Three Months Post Detonation
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IWTERNAL DEPOSTITION

and the analvsis ar § nmio < represents ariy
radiological decay.
directly comparable ro those chta ned from an

Tlos. the results are or
mals which were ret rrec G ove, and inowh of
biological turnover v well ~ adiogral decay
were operating.

The largest fraction of te gross beti activ
in the fish was contrinuted by the concentratorn
of radioactive muater al 1 he viseera.
of the tish in which tones no nnisele wera <ep

nora
arated and anadysed. e uionnts of actoy
frocooa, However, e
storagre of these tis 0 1 “onmaddehvde fon
months may have jernitied ne diffusion of
the radioelements from hoae to usele to ke
place.  Further stud e reshr<h w il -l fy
this point.

The contamimatior of 1 ¢ st in the Lagaom
v thiat of the Tand
animals studied. Ao A-h form 1 laroe <taple
item in the diet of “hie Mar<hallese, the bl
tevel of contanminarin. « mportant

were found 1n eact

was conslderably grearer

At the end of & 21, month experimenral
period. the excretior by he chickens of hotl

beta and gamma ACTIVIY per 24 Llours was o
percent of the value neasurec r the <tart w37
days post detonatior  Fig 7

Analysis of pig exerets
decrease of activiry wli rrae. Inw doweek
period, the gamma i 1y exereted per 2i
hours decreased to unour = 5 percent of the
tivity exereted at 4~ dav. post letoration

The excreta of the yigs fron etk contair eq
less than 10 percent of the cross betu activete

pbieared o s

found in the excreta of the pig- from Rovgeny
at the same tinme. Thas moo of 0 was oy pproN
mmately the same ro &0 setween the
tivity of the food. w ter

two locations.

ol snples of @ he

Radiochemical \paivsi o oesies and i

crete. Radiochemic o ondy-is of prg 1ies qe-

indicated that 62 percent of i sikeletal bet
activity was derivea fron =i nercent fron,

Ba™, and 10 percent fron. i rore earth oron,

at 32 days post detonar Table 5 s The
rudioisot()pi(' SOMPGSITar b e e 0 s
time was shmlar 1o rhee 4 e kelotor, e
disteibution of erey 0 why o the s

L

irl

of
i
¥ L
"
NeT

\

Ster e found

i the

HADIGNTCLIDES 81

« represent the distribution in human beings.

ansolite amonnt of nternal contamination
v Rengelap people was, however, only a

roont taat found m the animals,

v+ months post detonation. the alkaline

twcotiprized Tess than 2 percent of the total

‘v vothe lam (Table 5.10). The rare

t rronp constituted 23 percent of the total

o wetiviry The balanee of the activity was
tronuted Chiefly by Zrt 21 percent) and
- About 50 percent of the

1 the viscera of the fish was

P32 nercent ).

Very =mall amounts
In the
e ot the fi=h, ~tronrium, barinm and the

fooe rce earth o group.
~rrort um and barum were found,

vosnethis eontrebuted only abour 10 percent of
Sl e v
i Autoradiographs

v ooumoer of sutoradiographs of the tiblae
¢ femres of U ochick. 4 pigs 1 orooster and 2

s ckens were prepared both at the USNRDL

Areonne  National Laboratory
Niootodetermine the pattern of deposition
Contact printing on X-ray

coroen o was found to be the most satis-

fesron product s,

rery anetiod of preparimg the autoradio-
vrs Thie discnssion and conelusions pre-
ted below suninarize the tfindings reported
orers i
Fie nerorsdiozraph of a thia from a chicken
preeed 4D davs post detonation (Figo 5.2)
wated o celasively uniform distribution of
Lotiv v hronrhout most of the bone, with
cnest eoneentration of aetivity in the area
seert oo he spiphyvsise This area of high
vy oorresponds toan aren of dense trabe-

ol Taalie

[l s ana fernae of o baby ehick, which

wspontaneoushv 4T davs post detonation,

Vet Poe e est oconceentration of 1‘:1(“():\1'—
eooeiterne o the diaphy=is (Figo 5300 The

vt~ of Cre bone, which were Lud down
e o an - were renoved from the con-

ved eraviranment, were relatively Tacking

vy The region of sreatest activiey wis
oy ave - whael appeared to be ab-
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FEFECTS F ONT/ZING RADIZATION

wno<tion. For example, elinteal studies have
<o thet foilowmg radnum deposition in bone.,
topieat osseonts tissue 1= formed nocancellous
it I"ese formations appear as areas of in-
vesed densy o roentgenogrms (5).

it1e ditienit to interpret the anomaly in the
paw, Hleseribed above, and the dense trabecular
Bane 11 bothe the pig and chicken.  No normal
o trols arve wvadlable for comparison with these
niema ~cind the history of the animals from the
rane of exposure to the time of collection is
pol knowt, Mevere dietary changes and disease
vso prodace changes in the pattern of deposi-
fron of osseons rissue, and sueh changes are often
cudistingoshanle from changes produced by

o=t e co rudintion

s+ Pachology

=ection~ of fung, liver and tibia, as well as
“hvrond wod other endocrine organs of most of
wae fowl and ples dyving spontaneously or sae-
Sreed. were prepared. 4 few  pathologieal
muges were found mehuding an aplastie mar-
aw o one duck., However, none of the changes
auld dennitelv be asertbed to radiation.  Sec-
an- ot bone examined by Lisco at the ANL
viso e eatedd no o detectable pathological

[HRRFEL

* 4%  Egg Production in Chickens

feobrdsL extrmordinary demands are made on
w oot metabolism i the production of
s <hell Tt was, therefore, of particular in-
vrest to onserve, durimg the process of egg pro-
fetion, tie nietabolism of those internally de-
cositec rndhioelements which are metabolieally
ek to ealeram.

Forty-four davs after detonation, a group of
v~ from Rongelap begun layving eggs for the

= time ~inee their collection.  During the
st onth and ahalf, 519 eggs were Iaid by

ten~ A of rhe egos were normal. except
S rwa eaos from one hen which were laid
vitaenr hellss The  <hells  were  complete,
mooth avd of normal shape. The weights of
oo canced fronn 300 orams rto 84 grams,

thia ane tewaun

ivitds post et



RN AL

D PO~TT Wi WD NTT LIRS

» oo sy e

Il R denx poxt



CFFECTT

b

S

1 “ ;m\,(,

I

IRIRREAT A

(ATTATION

<

oy tien ot

bt

},/-,\‘l/



A
o

1
-

NT

v

ALIALLDY vyAmE”

DEPOSITTO
SHBNI0HIM

Al

N

TR

sem NG W CT3D

Cxppoys g fodiun e wvay fpaton

ot

Cf Hoap HE pajhadsig :‘::.::‘\: NU Oy e AN L padoie xnagi :.:._:;: B ngi

AYN L MU M
P.9C DD NG A

LA 2]

4

RRT LN

o



K

i

CFERECT S

!

NLZING

RADIATION

Licts in polk.

Vatoradiogruph o) clicken cggs showing pattern of deposition of fission pr

o

Flot ke



CE RN AL DEPOSTE N ADON T CLIDE S K9
but those froni o given 1or aere of s atorn Fanie = 11 —-Distribution of Garmama Activity in
welght.  In 14 eges studed b <nedbana nem Chicken Eggs

- s
branes weighed an average F 7ot percent of - N
the whole (1414 ‘»\'PIL:M N e ashed -hel PEReENT OF ﬁfER\\EN'T‘ ar
. : i} . POTAL viavN OTaL BETA
welghed 6.8 percent o the nale ore wercht ACTEUITY ACTIVITY
These values are with ¢ e orae | oe for
eges of domestic hens i <1 658
: . : - o
The gross beta and sinnoo o erivitios of the tr ) 24
1 R 4 ~
shell, albumen and voik were piensnred e thy '
Hrst B0 egas obtwined, cir 1 e mom aetvn - e
of the shell wax measured 1 e vomunnder oo ) ) . "
) Vabie » - -Radiochemical Analysis of Chicken
the egos.  An inereasit o oan a1t ol culnime i Eggs
tivity appeared 1 the ~fel  f e tirst few
eaos latd by each hent The omoxon um i - T .
Tl b CRTA AETIVITY v Ty VISSU R AT 4
activity was usually noted 1w the eichr MONTIGCFoNT DETONATION
eoer laid.  After the otivr reacred 1 nax: L . Canb iRoe HETA
mum value, the subsecuert soore | the sere. FaRTis O ACTHOT
showed a general dechie St e e
amples of this phenorenon e STt edd . -
Fieure 5.6 i 5 BRI H4h3 1, 60
- - '
T . Ve 2 P 0o 260
The lehest gamma wr v fonwd o . Nt 520 6060 30, 000
ule erg shell was 66, 00 AT el e .. 5
measured at 60 divs ost o cetoear o, For vk L5 825 90T 20178
, . " 5 32 32 ARV
gamin energy of approxiael ey th- be ME e i 132 3 < ;l):;
X - . ) - 22 a0 p w00 T OR300 B8
ure corresponds to o7y Fhe volks o ai o "
bumens had mueh less aet vorv 1an the shells e e
as was anticipated. The wcoornge Distributio | ol in 1]
- ; crenter taan he s sxereted o the
of aamimi :l('tl\'lt:\' Mg ere- | rien i Table il i ll-? vobnal e amount eXx I.l .
5.11. The results of the radioctem ear analvsi e feees durig the pertod of this study.
). . 2 h b : e [RH WA ali=i
of two eggs are presented 1 Tibie 512 ' Foee soodutien o the cliueken represents
HES ¢ ? bs s R S0 LT T TG .
. . . . Cor oo e ard decontamination.
Ihe alkaline earths we 110 100, apal feso ' o e
products depostted mt e« e i [nhe nibumer . SN -
¢ Ferulity and Hartchability  Studies 1n
and volk, the beta act viro et ated o tha ! erolity  anc ‘

" hickens

alkaline earths was orhv o rtie Crenter hue

that associated with tie i earth .

e <t lies on the contaminated chiek-

The pattern of deposition £ tie 1 wdioner s N R I months post detonation,
within the egg was ooso tiqreg | Vomeans o . Wt ot sens and roosters and the m-
antoradiographs. A wertes 50 0 ngos were S ot the vours obtained.,  In the first
hard boiled. =ectiones . arecdiographe it vt woos, 1 owere hatehed. One of the
were prepared of the o faes Oy foun L vohe erppling shipped-tendon condi-

of the volks of rhese .« oo

Zus e

sutticrentdx

oot al perosis.” which 1= ot nneome

rachioactive to produe s ot wr b s e T B adveas of the ehiel tissaes -
Fig. 5.71. These 4 eroe vove e o -teres e o ek barely detectable amount of
sive davs by the <anme oy [Tore <0 carreiy Gl e ter o was transferred too the
tion hetween the g o8 v e v gyt Y taot the nother hen had ar this time
volk and those of pgnm ¢ e ande cortamination

The amonnt of et v ot fron the S cther totels s months post detonation,
body of the ciicscer 18 b oy 0 g o v wenb red. O these 2% were -

A8ITIZ ek
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fertile. 3 fert le nes oer opened prenar e

LT developed concdete embrvos buar foien

mtehy ana @ e ek were hatebned, e ot
whieh fod convent o perosis. The foter o
and SIy Nornc oes were saestbeed g o oe
tissues radionn vred Vi onldy oarens oo

rectable amoanr- o nrernadly deposites
vty were foune . e renanne baby ook
are belng risea o obheerved for possihie lony

term etfects.  \1t
Are Crowing

e present tnme all che onicks
e v and are i good eadinh
Comparson of e fortriny g arehanilt
dativof Ronge g v~ w1 those fron aomesrn
hens does not deroostrate oy eidecs of ¢ i
\J‘H'Hl

tion on these TR

Radioactive [)(‘C()ﬂ!ilﬂ]lﬂ‘d(ﬂ)l\

“hickens

S.4 Internai

Studies in

A ostudy was adertaken to derermne e
ability of born oo e EDT Y and arconn o

citrate 10 o ovense the exceretion tare of
mrernally depositec tission products 1 the con
taninated el ke he basis of presrous

eXperience, 1t o s Lot expected that way opre
ciable decontumacion coald be etfecred ar 1
time of this exper nenr & nonrhs foliowiy

mternai radicwt v deposition

The excreti oy ves of » chickens ati e
body burdens or terna contaninadits aers
determined for o pertaa of b das e the taes

line tor the <tva, DLW e T DWW o et ket

P

TV peceved

were 1njecred iy
EDTX for fou

of T mg of oo o

Wirh Th . soednn

fows et Lo
frate 130, ana taw.
were Ihjected with Lol

EDT a1

controls. e

ATTCONITG e e

sodium fookens were <epf -

e bernand sannna et v

excreter by roese o e cens was deterinea
bt rrestnent Qe nt

forlona o
Netther the 2 reon an

dividually for ey

for | ceseabion of teatpnen 1

Cte ot the sodnn

EDTA ddone vas ctfecrie i reasing i
exXCeretion rate o~ retlec e iv.\ thie beta oer v
neastrenent o e combinea et

fration of zire st oy ety LDy

however, doubiied the exoretion rate o the ne
ety Noo et
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#x rerion of gamma activity was noted. The
excrerion rate of fission produets at this long
ertod post contamination was less than 0.1 per-
eat ver 24 howrs, Thus, the enhancement of
“he exeretion rate by the combination of zir-
o erteate and sodium KDTA did not sig-
ety deerease the total body burden.

5,48 Summary

Studiex of animals provided data on the
mrure and distribution of the radioisotopes in
Over Y0 percent of
“he activity i the body of animals was localized
The pattern of deposition of
‘e tission produers in the skeleton seen in auto-
resembles rthat of the alkaline
Morphological changes which were ob-

“ae tissties and the excreta,
1 the skeleton.

rudiographs
sarthe.
wrvec i some of the bones may be the result of
“ae expoxire of the animal to external radiation,
dthwough the etfects of severe dietary changes
il orher lisease cannot be ruled out.

['he alkaline earths Se and Ba» and the
mare earth group together constituted 75 percent
of the grross beta wetivity m the pig at 82 days
The tish and elam had a much
ower copcentration of the alkaline and rare
enrths, and a body burden considerably higher
than that of the land antmals.

The mternal distribution of fission products
i1 he prg o< probably representative of the dis-
frraton i human beings, An estimate of the
Bhman bady burden was derived from the data

o=t detonation.,

all })I;_"\“

studies made on egg production of contami-
dated hens gave no evidence of any effect of
The rate of production and the eggs
produced were hoth normal. The extraordi-
sary wbility of fowl to mobilize caleinm in shell
formmrton resuited in the presence of very high
wetoviry 1o the shells of the Hest few eggs. The
vy was associnted with the fission produets
aronp. .\ significant

raatation

A rhe adlalime earth
e £ oof aetiviey was found in the volk, and
iesser amounts i the atbumen.  The removal

wt vity from the hodv of ¢hhickens by e
prradition provides an effective natural de-

DT TR Lo Process,



Fertilitv of the hien-
eags producea by the
roosters and hens she weq
The babyv chicks L che
growing normallv, 1 o
activity in therr tiss es

While the adminisrat

of zirconium et aow

chickens doubled th o oy
products, the rate o
posure was so low e
little atfected.

In the t month per od
signiticant
changes whiel coule e
radiation were detec ed
(rross beta act.vity o1
mdieated that all he o
internal contaminat on
nally deposited rdiaso o
Rongelap was ren 1
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amount of internal contam
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6.1 Introduction

6.11 Significance of the | March Shot

The events follow:ne the first shot deranated

at the DPucific prov ng grounds no 1954, le-
seribed i this repor s served 1o conphasize » ew
problems resulting fron the nse f atonae
weapons.  These differen etfecrs, the tmpor-
tance of which wis oniv vagnesy apprecinied
before, were brought inre <hary foens by - he
present episode. L1 tlns chapter the medieal
problems associated wetl e e of atonoe
weapons or nuclear veacror secrdents will be

proolenis s

discussed.  In part cuiar e
etated with large ~ale tdlome, as they were
bhrought ont 1 the pre<es t oxperience and a-
they may pertain to the roanxing oud plans no
of civil defense, the mbitary tnd indnstries on

ploying nuclear pover w0 he disenssed. 11y
man radiation injury rescitne from expose
to fallont and other nuclew rachintions wil! be
descrtbed, as well o~ cwyrert thougat o the
diagnosis ana trearnert f the (isense wtates

resulting from exposure t these radintions

6.12  Extrapolation of the Presenr Findings rto

More General Situations

[t must be emphasized rthat the laroe exper
mental nuclear devi e, the detonation of wiach
led to the exposure Hf Luman beings to faliout
radiations, was exploded - tose ro the rronne o
a tropieal coral atod under veclogie and e
graphic conditions tiar e sgnitionntly of
ferent from most peputated areas of “he waorld
Each of these cond tion~ o cize of weapon
herghe of burst, tvpe < f rorran . weather - on
ditions, presence or abset e of water under o
near the hurst will ovvionsiv mtuence markedh
the rate and extent «f cancaninanon by fallour
and the particle <ize and
fallout material,
cussed 1 othernd rodense Cod It follewe
theretfore, that the vn o b v o] e o

qempend nature of the

Thewe taerops feive hoon e

et reported here are not necessarily typieal
1 sotential fatlout situations in the future, It
- jear, however, that the cardinal effects to be
~xvected from fallout radiations, as exemplified
s e events deseribed 1n this report, are clear-
¢ oand e e predieted with a reasonable de-
e ol aesnrance
yoparneular., this aceident has emphasized
soopsoreulnte nature of the fallout material
ot renslered it visible in many areas. It should
o beoferred that sertous fallout will neces-
v he crsible ander other conditions of deto-
Vo Also. tihe chemieal nature of the ma-
et enictinn oxide) will be encountered in
vovoonctec areas of the world,  Although,
= »tated o Chapter 111, the chemteal action
Hothe failont miaterial was considered to have
ctrhired Cittle or none to the effects seen, the
vorree of acdhesiveness of the material to skin
vt boie moght be quate different with different
fa don romatertal, and in o eolder climate where
ot wonld be mainmimal,

2 The Effects of Kiloton Weapons

5.1 Blast and Thermal Effects

Sefore the problems of fallontassociated with
meastlon weapons are disenssed in detail, the
nieddead efects of kiloton weapons will be re-

wied ety for contrast, . The etfects of such
oapens aave been considered chiefly i the

crrent o the nomimal or 20 KT weapon deto-
The blast and heat
cthen e ve heen treated thoroughly by Ough-

Geotecs Loeh b the s, + D).

eoser et alo o6 and little additional comment

veqiired bere. Blast and heat accounted for
Co et oty of serions ensuadties in the
It shonld

Feveecrre Dot hlowever, that 1neiftes with more

FE oot n e Nagasakt merdents,

ol dwetlimes than were  present n

05
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Japan, or 1f partia snelters are enmployed, the
percentage of s

Lt

Akt ie- from SO

would decrease ind tie ercontave o

tion damuge wo thd 11 rea-e

6.22 Immediate Gamma and Neutron Radiations

The radiatior hazard 1~ due essentiaily en
tirely to the mmimeditte nentron and samina
radiation from the
these radiations 1= Hniv
Fallomr -

senpon and exposure o
conratter of seconds 1
duration.
. v * ']'l ~ 1} T . Ty e . R

cance, S, there < no <canifieant contani
nation of the skin and. therefore. no peta lesion-
of the sk, L.kewiv, “here 1< 1o St et
danger of ingest on o1 adinoon of radionet ve

refatively of no <@

material, and heace o e nal emetter oo
lem.
Both d

adiations are h ahiv nenetratme and wsll pro-

the immedinte camma LIS SNT
duce acute total hoay radinion mjury wonan.
The ratio of neatron 1o wonma v contribn
tion to the tota effecrive dase = distiices of
biological signmiteunce vires with WeADGIL TV O,
With most common smeiding marerials tenrrh,
conerete ). the relat-ve neutron contribiution o
the total Jdose decrenws vy pissize Tarongsh

the materials.

6.23 Dependence of Fffects on Circumstances of
Weapon Detonation

The etfects previonsiv described were for
Wirn

ders atey

hgh air burst only sarfuce. nnder

cround  and mrsts af  Kiloton

wenpons, im addition o bBla=t, heat, and e

erions

diante tonizing  cadiat or < cantin G

tion from fallovt car o0 e Tts extent wonid

of course be les< th o worh the “meanton”

WP}l[)()]l: ;‘H)\\'P\'t I, =~ 0led Ell SOPTO IS eSS

not be 1oenored

“Signiticant devels 1 entron indueed ridiose t 0

may be present fooo T bt nenr Jroann L

N

JAR ¢

RADIATION

6.3 Added Effects of Megaton

Weapons

31 Immecdiate Blast, Heat and Radiation Effects

W Toe Mreaarox Bosn, the same prob-

eins encotntered with earlier atomic weap-
Sis are also encountered, only magnified many
“ e, The area of toral destruction, instead of
ane ar two mides ihodiameter, may extend sev-
cra tines that faro depending upon the size of
“tie veapon. There are blast, heat and radia-
rooneasualdties as before, and the same problems
S hnching mass casnadties on an unprece-
lented seale with minimal or no facilities per-
e Dy oadddirion, the problem of extensive

Folont < hikely to enter.

6.32  Phenomenology of Fallout

StentrreasT Fanrovy Rescers only when the
dre badl of the bomb comes i contaet with the
of the earth. With rhe high air burst,
Fadicnetivity condenses only on sohd particles

<t face

from the bomb components itself, and on dust
The are
fraw gl imto the atmosphere and do not

iothe oy particles ure  small,
~ettle to the earth for periods of days or even
months. By the rime they reach the earth’
cnfuee, the major part of their radioactivity
aes heen cbhssipared harmlessly in the atmos-
pnere sk o stenificant hazard results.  If,
nowever, the weapon is detonated on the surface
A close enoueh so that the Hre hall touches the
sirface, then Targe amounts of material are
Many of the
pearticles thus formed are heavy enough to de-

~cend rapidiv while stidl mirensely radionctive,

drnwn apointo the bomb clond.

The resale i~ a compruanively loeahized area of
extreme radhonetive contamination and @ much
freer area of some hazard,

I'he fallour area consists, in effect, of a Llarge
ontnmated  plane (except as modified by
mnldimes or other structures), ennrting adpha,

et e penetrating comma rayss Ttoas ap-
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parent that most of tius fodoat ared 1= bevond
the range of destrueiion i
thus one 1s dealing vith
radiological situatior
The extent and porentin. ~eriousness of fuil
out was clearly mdicated

last or heat, and
ssentindlyo tpre”

v otfierad releases of
the Atomie Energy Commossion 14 From
these statements, the homr'= loud could drop
radioactive ashes in « crour-<haped zone about
220 miles long and 20 to 4 niles wide,  There
could be suffictent raaioacr vity o4 downwind
belt about 140 miles 1 enwtis and of varving
width up to 20 miles 1o <weriously threaten rhe
lives of nearly all person= remuining in the arven
for 36 hours and who did not take protective
measures. The zones thus catlined far potent il
morbidity and lethality aepend obviously
weapon size, wind and other weather condition
ete.  Strauss(1) emphasized thar possible « s
ualty figures given are for e worsr possihle <1t
uation. Casualties night te reduced greatly n
number because maryv i the area would tuke
shelter or evacnate thie arex.  \lso, the patterr
of fallout might be ~potry ‘0 nature, and thus,
many would escape exposure, Nevertheless, 1he
arei where potentiailyv <erions casualties
result may exceed by orders of magmitude he
relatively smail arens for vonvent onal weapons

6.33 The Effects ot Gamms Radiation From
Fallout

The gamma radiaiions re penetrating i,
as seen in the Marshallese, Hroduce the sams
type of injury produced by the initial radiation
from the conventionud weapor  Inthe ane case
radiation is delivered fron 4 distant source 1
the other from essentiadly o plane deld. 1
both situations, peretrat.ng radintion of he
entire body results. Quantatively, rhe resiit-
Quannitativel e o gose-ettect
relationships). there mav e ditferences due 1)
incompletely known ana ioaderstood ditferenices
i the energy of rad ation uid e dose rate, ani

in the geometry of exposier e e wee 64210 For

are identical.

these reasons, and fir vintona rensons to he
advanced later instr mient readings of roentoen

dose measured i co cunieqed dose-attec

rabes for man =hould be used only as a rough
gutbe i easuadty estimation,

For order of magnitude of doses that may be
cioonntered n the fall out area. the following
fret res for total dose for the frst 36 hour pertod,
wre onotec from chairman Strauss’ release (1),
Ferndles downwind from the large device fired
o1 the Rikimt Ato:l on Mareh 1. 1954, within the
tes <ite, o total dose of 5,000 roentgens was de-
Jiverea over 1 pertod of 36 hours.  The largest
tor i dose delivered outside the test site was
Lo for tae same pertod at the north-west
enc o Rongelap Atoll about 100 miles from
Biline Two other areas in Rongelap 110 and

Comdes from Biking recetved 2,000 and 150 ¢
Another area, 125 miles from
Sioone recerved 1000 r over the 36 hour period.

Ctfeers that mayv be expected for given doses
of Henetraning radiation given over a few min-
ites or hours are mdicated in Table 6.1 (7). It
- ermpha=sized that such tables are derived
pietle from animal data and thus, should
only. These
from the DBritish

esheciivel v,

w o taker  us  approximations
acues vary  considerably

cstolmtes 0N

Table 0.1.—Fffects of Acute Total Body Irradia-
tion on Human Beings

L0 1 Nu casualties,  No reduetion in
etfectiveness,

1 r Two percent may be casualties
nausea and’or vomiting) for
snort pertod of time.  No evacu-
wtion contemplated.  No signifi-
-ant reduction in effectiveness.

150 1 Twentv-five percent casualties in
a few hours.  Firsr definite re-
iuction in effectiveness. Fifty

~percent of the casualties in this
group will have to be evacuated.

MEDR Al must be evacuated as soon as
possible.  Fifty percent will be
roneffective

300 1 Approximately 20 percent deaths.
Al need evacuation immedi-
atelv. Al are noneffectives.

i r o iy pereent deaths

crtisd o Lerhal dose, but not neeessarily

for all so cxposed
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With regard tothe problem of dose rate, there
15 essentiadly ne ditference tn eifeer of oo
dose delivered over a fow seconds, a few nuinntes
or a few hours,  However, o dose delivered oy er
severil days or weeks 1] be much less etfect ve
for =ome etfecrs, thar viil the <ame dose e
livered over a few munittes.  Some data ndiente
that the eflect «f @ given total dose decrea-es
roughly as the fourth root of the number of davs
over which the Jose < ¢iven: thus, n tose «ie
livered over 16 aavs would e one-half s erfe
tive as the same dose delivered over dne siay
These relationsh ps were worked out on animsais,
using the =o-called “rec tangular”™ dose schediifes.,
There
are no data ava-labie o od i evaluatime wie-

e, o, doses delivered ar o constanr rate,

quately the etfec of 1 onstantly changing dose
rare as encountered n=ston produst fiela
Also. the relatienships vere worked our nwny
acute effects, such as 20 day mortality and 1 -
not at all certan hew closely thev apply o
longer-range etfacre sieh ax cancer proauction,
shortening of tife ~pan, et Crenetic etfects
apparentlv are dependent on roral dose 1
show little or no deper.dence on dose rate.

6.34 The Effects of Beca Radiation From Fallout

Extensive bet: lesicis from fallout 1 hiuman
beings had not been encountered previans=i
As described in Chaprer 11 the Tesions, o
chimieadly and Tistologiealls were consisten:
with previous data on sxpersmental humag o o«
animal beta ray nurne

Several points shouid ne made resaraing e
beta lesions from fallour rudiations. et iv
sions of the skin wna depiltion can oeenr
the absence of lethal oses of cumnim rv~ on
can be serous. This ~teps ~hould be tken
prevent them.  \nd i wonld appear thar, o oo
reasonable precaction: they o be prevented. e
at least markedl: redvced nseverity, Contne
of the fallout wirh e <kincan be prevented
renaning withicsg <1 abte <nelter ar by vear
mg ordinary cothine TP exposare cannor e
prevonrwl. (‘:ll']_\' INATEEE wn‘;‘)ivle- decontianmat o
of the sk and Lo wouid provent or tewser

severity of the lesion- Partiendne arresoon

<hould be oiver S eetigee of 1 e o

ZING RADIATION

Hhood of activity being trapped there.  If the
naar s contaminated, and it cannot be cleansed
sromptiv by owashing, clipping or shaving
Hou d ot be delayed.

.35 The Effects of Internal Emitters From
Fallout

I'he fallout material can be inhaled or in-
vested and 1t will, of course. contaminate ex-
posea food or water supplies.  Thus, as with
beta nurns the possibility of @ hazard from this
“OUrCe As with the beta burns,
however, the problem may not be too serious

=~ IN)SSib]G.

wid relatively simple measures will aid in min-
mizing exposure.  The particle sizes of the
fallont material probably will exceed the opti-
miad s1ze for a major inhalation hazard.  From
fatcon the Marshallese exposed to fallont, it s
~een that the degree of internal hazard in the
eiposed persons was small. This 1s encourag-
ng, ~inee these people lived in a relatively prim-
tive ~tare where maximum probability of con-
samination of food and water supplies existed.
If the hazard was minimum under those con-
ditions. ot stiould be even less under conditions
of modern Ameriean hving.  With all of the
testin e of nuelear devices in Nevada and else-
where, the Tevel of strontium, the most impor-
st =s on produet as faroas internal hazard

coteerned, s still only about 11000 of the
sermpssible body hurden as recommended by the
Nationa Committee on Radiation Protection in
dnrean of Standards Handbook 52,
far industrind workers 9.

The problem should not be neglected. how-
T e etfects of internally deposited vadio-
cetive matertals may not become apparent for

Nationi

AT

many vears and, thus, the problem in the Mar-
shallese will not be fully evaluated for yvears.
I“very possible precaution aeainst inhaling ra-
Cozerive npterial, or of ingesting cont:unimated
food and water should be taken.  (ras masks
that efficiently remove fission product particles
Storn the sur are avatlable and even a wer cloth
ver he e 1soof constderable value for this
Sorinkling of an aren s effective i
Plain

[ AR TN S
cedicme the amount of dust m the e

dier, oc ~aap and o water will remove a large
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proportion of contaniinart fron most =urfaces.
That remaining 1s firmiv “xed and = not Likel
to become airborne ensily. [ fa prrsannel decon
tamination center 1= establishied. it houid be
relatively mobile and 1sointed from more per
manent buildings where detititiive care 1 miven,
This stems from the facr that contamimat on
can only be transferred. ot lestroved, and ‘he
decontamination area i~ likeiv 1 become e
“hot™ in a relatively zhort tnue. Tinneda good-
‘an be eaten with ompiete <afetv and v 1-
highly unlikely that city water svstenis outside
the area of blast damnuge viil b contanimaied
soon after a burst. One thing appears to be
certain—any etfects from nterna radiation wili
be long range and will be of no concern 11 rhe
acute period. Totul  bhody from
gamma rays, and skin rradiat on frog. beta
emitters will be the chief radiological concern
at early times followine un expiosion

rudiation

6.36 Evasive Action. Protection From Fallout

Some warning o possibre {dlour vill be
available and the fallinge “adio-wcnive materal
may actually be visinle
of fallout will depend o1 wind velocities nd
other weather conditions. and the patters = thu-
difficult to predict inder tle best of vircum
stances.  However, 1t wi'l be apparent thar 1o
closer-in aveas, fallcut may not oceur for -m

s <tared, the natters

eral minutes after the hinst aoui ts perod noany
extend to =everal honr~ at sreater distances g
with slower wind velocit e- [hesothere 1< some
time for evasive action cnspieration nrht
be given to evacuating the wiea of pos<ible £
out patterns have beer g1 ex coved and are e
lieved to be predictable
to take shelter  Sutliciens fune probanhy wo i

be available to allow reit veny

I an be possible

amipiete prepn
ration for an extendsd <1ic 1 wdequate <helrer-
with storing of suticien: i ana water o
allow some advintaze 1, e aken of the deca .
of fission product rodiat o uowirt < fer evaean
tion of an area a fow Lavs Gfrer the SClom
Fuecilities may, for e et wrt, b essent il

mtact, suelas water power, re cGighiime e

ment, ete. Lo rins ~epse S I ET R |
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v =nrably o oetter off than within the area of
da~r md thermal damagre.

Vich reoard to etfectiveness of shelters in the
vioont ared. the following estimates have been
A frame honse would reduce the total
foe wece verd by one-half, and a brick or con-
rete ~tructnre would be more etfective. A
nement would reduce the total exposure to
In a shelter of thickness
s adent te three feet of earth, the dose would
w reduced t one five-thousandth of its value,

hoaisedd.

metenth of s value.

Hording complete protection in the most heav-
Locontaminated areas,

t should also be noted. on the other hand,
e towhitle Cie decay of fission produet radia-
<= s extremely rapid over the first few min-
ires afrer deronation, the rate of decay becomes
crstderanly less rapid in the succeeding hours
v Thus, wirh fallout oceurring some hours
vfrer “ne blast, if adequate shelter is not avail-
he. cnrlier evacuation may be better than re-
i o partiad <helter and on rapid deecay of
Starting at 1 hour after
oo biast. o oven dose rate will fall to about

How-

0 hours after the blast, @ riven dose

qe oradiation feld,

b4 vereer tof 1t value by | hour later.
et
see el fal by only 11 pereent of its value in
coer odof Thour, e o, the dose rate at 11 hours
vo Db s percent of what it was at 10 hours.
=i o ~twrements as “more than SO percent of
o radiarion dose from atomie debris will be
te ivered widhon S0 hours of the explosion time”
v rne cndy if fallont oecurs immediately after
o owetorateon. If the maximum fallout and
i~ aaxtmum exposure rates inoa fallout area
oo ot oceurrsd for several hours, the rate
*tuidous o the area obvionsly will not be as
vior s twondd be for earbier fullout material.

A+  Estimauon of the Severity of Ex-
posure to Gamma Radiation

41 Predictions From Physical Estimates of Dose

ol aheolute sensitiviey of man to radia-
cwere kbown. and 1f it were feasible to de-
v the ddose to groups under eatastrophe
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conditions o vendstie stat stical prognosis cotdd
be made.
estimation of dose re erved by rhe imdvidin

However.t e roblems mvoived with

present real practua cthevities Iy

prah
able that does estimates &1l be available from
dosimetry devices o from lose continir fities
and the position of tre individial during ex
posure. Some Ht the difficulties of
heavily on dose vstimates are obvious,

melving
The ex
act position of tae imd-vilnas and the degree of
shielding will not be known precisely. The
dosimetry deviee records the dose or i dose rare
which may not retlect
shielding, enere depreadence of the devive, v1e |
the deposition o energy within the individuals
at the site of interesr. umely bone marrow ad
gastromtestinal  traet

wenrarely because of

More 1mportant. e
cause of ndividnag iderences nosen<iniviry,
individuals exposed t the <iume measured dose
may differ widelv This,
estimates of dose culcalared from dose rares or

their responses.

derived from a1 integraring dosimeter or fron
position of an iadivieuas during exposure cnn
not be accepted .= the nest index of the probuhle
fate of an indivrdima. o0 as the final index 1
therapy, triage or prognosis. Sinee the =<vn
dromes of radiarion i jury liave varying svimp
toms and are dose dependent. the svmptomology
18 10 sense, 4 personad indicator of one's fare
Experience with bama radiation aqures s
Hiroshima, Nagasuk  with seactor and ern
assembly accidents i the fallout aecvlenr o
scribed herein ~trongiv sngeest that che fes
method for ext.matir g the <eriousnes- of o
posure at the ad vianad level 1< the ~vmpra
matic approacl Vow thoany disease, anoa
curate appralssi of e patient’s eondition oo
dheorougt evaluatior of e
history. physical o

sults only fron

Liborators exannnat o
(see Section 675 beloaw

6.42 Influence ot Geometry of Exposure on the
Effective Dose: 1.D. for Man

The mtluence ot b coometry of exposive o
the effective done 1~ seassed 11 Chaprer 10 o

the mininad lera de-e for o man o haoter T3

Linse rutes from which the total dose received by

“to Mar-hmllese was ealenlated were measured
free e o plane 3 feet above the ground sur-
“uoes o Beeanse of the planar geometry of ex-
ostire snd the energy of the beam. for this
easired dose rate, the dose rate at the center
ot the body would be greater than for the same
dose rate from a high energy X-ray source,
measured 1m0 air at the proximal skin surface.
The oifects of fallout gnmma radiation would
“ous e expected to be greater, for the same dose
weasared 1noair, than wounld laboratory radia-

TS

The h gh mitial incidence of nausea, vomiting
vnd o rhean in the high-exposure Marshallese
aroun, and the profound neutrophile and plate-
et count depression indieated o greater effect
"nan might have been expected from 175 1 in
the Juboratory, in keeping with the above.  As
ndieated in Chapter [V. from this value for
‘e dose recerved, and from rhe degree of leuko-
e lepression it 1= possible to estimate the dose
towen a small incidence of mortality would

ave resulted without treatment. These con-
siderations would place the threshold for mor-
shicy o approximately 225 roand the LD, at
mproximately 350 ¢ for fallout gamma radia-
“ton. 1+ 1< also elear from the above consider-
sors, that o figure for an LI, for man,
ndenendent of the condition of exposure 1s
sxel 1y renningless,

Ile 1.1, tigure of 350 1 is below the value of
s ar w50 1 commondy quoted (7). .\ recent
veeevaluation of the Japanese Nagasaki and
Fhrvoshima bombing data has resulted in a fig-
e welt above the 400 or 430 r value for the
menedite radiation from the bomb.  The error
i< feure, as well ax that obtained from the
Vonr<hanlese data, is very great.  However, the
voford  bematologieal  effects seen i the
Wir<halles: wonld argue strongly for lowering,
v oar deast not rasing, the current LD, esti-
ntes for ol defense and other planning, this
arten ariy under ciremnstances where fallout
whiations may be expected to be the chief

rdiodo e hazared.,
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6.5 Radiation Svndromes as a Func-
tion of Tvpe of Exposure, Dose
and Time After Exposure

6.51 Effects of Superficial Penetrating and In-
ternal Radiat:ons

Radiation injuries van be caviced nto taree
weneral classes:

a. The syndromes of whole hody radiation
injury which are produced by penetrating 1on-
izing radiation, and vhiel are dose dependent,

b. Supertfictal radition burns produced n
soft radiations (bets anc icw vneroy N i
ocamma radiations).

¢. Radiation mjurs procuced by the aepos
tion of radionuclides witinn b hody T e
clinical preture varies warl rhe <ite an amonnt
of deposition.

Each of the above = associared with an e iy
phase in which acute sviprom~ ind <gns non
be observed. and a late phuse 10 vhich enror n
changes or manifestitions -n-b s cancer
be observed. Also, the degree of mjury - pro
portioned to dose.
total-body 1rradiation, the dosease enrity ~eep

Part cuinrlc on Class

1s highly dependent v o-w

6.52 The Syndromes From lots] Body Pene
trating Radiarions

The dose-dependent
from total-bodyv exposire

Snaromes resultieg

Be mamimal eove

heen described i detasi 1o g reed o1y
he summarized here Yoy faroe doses ap
proximzltely 6,000 r Grnot e centrme neer o

ows  xystem. syndrove o NS < nrodinesa
1oy, Death may oceur woader Cie bean, after
some hours, and i~ orecesec tn fivperesen
bilitv, ataxia, respiratory distress, and  nter
mittent stupor.  Doses inanle of jroduer o
this syndrome are alway~ an-formiy far, [f
an occasional anmud sy e this CONS he s
vet to expertence the asrs oniovr nal Synd e .
PGSy Lo Tz whie e

s iy ) By ey

*Npecies variation

y
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Soexeess of 300 s alwavs fatal within 3-9
fav-** The (1= is so named because of the
Do ked anasen, vomiting, diarrhea, and denu-
The (IS 1s
v afermiy tatal syndrome in most laboratory
v i~ HE the <hort duration (1S of a few
iirs oes not produce the 5—4 day death. the
<ar vors Hf “his syndrome have vet to experi-

tat o of Che smail bowel mucosa.

sa- rhe sequelae of bone marrow depression
lias been termed the Aemopoietic syn-
tre cHSY o The HN s not necessarily fatal.
[ < e cliniead pieture that i seen in the

Wl oo

tetbal range for all mammals and in general
‘e L1, values renorted represent the LDy, for
“ae sequeit of hemopoletie depression—granu-
o topensa and depressed defenses agamst in-
feerior - thrombopenia, and anemia with the pos-
< bl resudting infections, diffuse purpura, and
rvronoa due to anemia, any of which may be
fat Maore detarled deseriptions of the path-
oge resi= of these phenomena have been pub-
[uled 1016
Hie above pretire of vadintion ~vndromes is
Easedd on arimadl experimentation: however,
ur i exper-ence (6, 17221 has mdieated that
vut s probable corresponds quite closely to the
et er naarmaian response outlined above
i he exeeption of some ditferences 1n time
1 eearrener. The NN apparently was not
fimsrved Oy the Japanese wt Hiroshima and
Naomeaky o 2o, 22 nor would one expeet 1t to
co onserved <imee doses to prodice this syn-
ree were well within the aren of total de-
st pton The oIS wirh dleaths in the st
veck e wel dooumented eliieally and patho-
far ity s are deaths from the N 06, 1%,
R However, 1n the case of man, deaths
fea afection were most prevalent i the 2d
vt werks Tmaximum inerdence doarmg 3d
|

veck ane from hemorrhagie phenomena in the
o oodth weeks cmaxinnm inetdence o 4th

ek In e Japanese, after the bombing of
Fhooshina aovd Nagasakio deaths from radia-
co iy cwere occeurring as late as the Tth
SThere e apecies and strain variations. The 34
Che aestis are most nrevident it dogs, rars and mice,
1 e Bk e 6GEh i are seens toninen pigs oand
e A T L
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week.  This 1= & et o other noumnigs vit Birtle elintead evidence of injuries other
where deaths fionm 1 0 nimse are geon i <hoht fatiene, At rthe termination of
mon after the 2 “he latent pertod, the patient may develop
s pura, eptlation, oral and  cutaneonus
6.53 Probability of Surviva: as Related t estons, nfections of wounds or burns,
Symptoms narrhen, and melena.  The mortality will
' ne ~tenoieant.  With therapy the survival
Hence, individual- exposed i the ietha “hie can be expected to be prolonged and

range ( where some, bt not ally il die oo
first several weeks foilowimge exposures can i
divided according ro -vmptoms and stgns. it

groups having o ditferent prognosis Thue
rhey may be divided te thiee groups 0 whiel

survival 1=, I'(’,\!M'('Il\t“\\ ‘ /JI'!'I/}II/)J('_ RITET I

and probable. 1t e be apparent that rhere

no sharp fine of deviscn oo wmong the oronns

Crroup 1. —Nwr e wiaal ihfs
[f vonuting cocors promptly o sathon
few hours ind contnmes anid Iz followed

apld [uceession by brostration, diarrsen

aAnorexin, Cever. thie proghosis - orave
death will abmost definitely ceenr e jon

percent of the 1+ v duals withan the
week,

people: wecorimody,

There < o lhnown rherapy forriese
oentastronhie, at
houla v

tention ievoted primemaliy

others for wnim there 2 <ome fope.

Grroup 2.« Swurdeul assaiti

Vomiting vav e early var w11 e o
relatively ~horr e on foliowed 1o
period of web cere o his perion o

well-being marked cloaagesare takone poee

m the henopoerie twges. Lymphooute.

are profouilv cepressed withon hours o
remain =0 for ontns The nevrropail
connt is depresseed fo iow Jevela, the degres
and time f oo am depression depen:
g NPON T e gose ~orns ot anfecton b

})P SeeIn W hen e g !I“\l”'()[)‘l [ R P

has renchea vt ol vago o7 9 davey

plateler comme Ay rench vere dow el

after 2 wee k- stecn b evrdenee of B

I Ty oo Tt 2or b oweeks H .
aronp rep eseat e othal dose o

the “lassic o 0 o G meee Lo
lll;_’]»(’l' BNDGs o oonins b Pie ey
the latent pae o e o G0 e

{ sutlicient time 15 provided for bone mar-
rov receneration the survival rate will be
merensed.
i1 moups Land 2 the blood picture 1s not as
There are rood
the lethal
will be

el documented as i group 3.
ren~ons to believe that in

anee  the eranulocvte  depressions
prsea aned below 1000 per mme during the

cinenld

droveeko Grood observations in JJapan (21
oo contien this contention. However, i the
sunlethal range 1t takes much longer for the
srinaleeyte count and platelet count of man
o e manimal vidues, as compared to other
aamminds see Chaprer IV and reference 10).
Dexpite the chaotie conditions that existed in
Fliroshc ma, the data of Kikuchi and Wakisaka
22 ~hows rhat there was a more rapid and
noGroups 1 and 2 than 1in

mrke decrense

roap
Viroup Se—Nupeirad probable
Tlis group consisrs of individiuals who may
or may not have huud tleeting nausea and
In this
croup there 15 no further evidence of ef-

vomiting on the day of exposure.

fects of the exposure except the hema-
tologie vhanges that ecan be detected by
serial <tudies of the blood with particular
refererce to lvmphocyvres and platelets,
The bvimphoevtes reach low levels early,
withan is hoursy and may show little evi-
dence of recovery for many months after
may  <how

expostire.  The  cranulocvtes

~ome fepression dJduring the second and
However, considerable varia-
late fall in the
seanvioevtes dnring the Srhoor Tth week
for.

Pheles connt< reach the lowest on approx-

third week.
fron - encountered. A

ey ccene and should be o watehed

notel the stth day at the time when

P



HUMAN Bl
maximuim bleedi ¢ wi - chserved o Jap
anese who were expo-en 0 Horoshana o

Nagasaki.
count and the deveionnment of hemorrhave

This 1me 1 eerad 1o the plateiet

15 1 marked contrast o0 Lag seer n i
oratory animals when j{arelers reach rher
b to Ioth daws

shortiv thereafrer

lowest level around he
and hemorrhage securs
In this croup, individuals warh neantr
phile counts beloy C o
pletely asvmpton ars
with platelet conars Hf 7o,
may show no ex-erna

e may be cor
Likewise, patients
it o1 lesxs
stomis of hleedo s
It 1s well known rhat
infection

doses of radiation

Hodefonses amonet
subleth ]

wtents weth

wre lowered evern ‘!»}'
A thas,
severe hematolog vt depression shonle be
wdng

kepr lll\dt‘,!' l‘]()SP abservirion and

1stered appropriace e up v v ndiented

6.6 Relative Huzards of Beta and
Gamma Radiarion From Fallout

CoymBINED BrETv BURS~ 10 He <k ad whnde

body gamma radiatior nyeov o be sustaanedd,
as in the present experenc  However, -,

tlons may oceur fol'owime tableat o aho

prompt evacuation from e aren wonld Lin i
the whole body dose "o vinanal Jevels, nar
whieh delay 1 decontun wior of he - oo
would permit =evere uliator cnons The

il‘}('t“\':llllt’ IMI
\lll'ﬂ'\'}\:\ iir-~¢)

AT H]\](lw', Lol

verse sItuatlon Is not oro
curred to o limited extent o
and Americans

f
These, & o

or completely dothec | roce vod preneaily o

skin burns but receced o e Iy e e
degree of whote bod. 1w a1 oo e o ot
also be exposed 1ot o0 Lecant oyt
promptly and then v ore S hr e et
delay  n exacaution 7 qe v ese e
stances,  one  would v e seluron ot
whole body rwiatior 0o

In the conrse of the nrese v ent e
ence of some Gpen Sk e G ot seens o
exert i deleterious e v e apontaes -
course of the emat oo o Jergpeasio oo

ever, wWith more —ever e o o

il »!mg“
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der es-on open wonnds of any type wonld pre-

~entnatone ] porential portals of entry for
AT ertiunly i the case of thermal
Bo- oS0 Zery the chances of recovery are
o et s a0 result of the combined injury.

(" Therapv of Radiation Injury

!

Pov Perevivont O acute radiation imjury
P e oserssen 12500 [t s essentially that
v sooned heal judement would dictate.
S e aed medientions are those indieated
o0 s sy sintion and emphasts
s e e ety o the magnitude of the sup-
L olnem \arthioties will be required n
sroe anodnts toocombat the infection that
v e role o morbidity and mortality
pee oo rewdmted mdividuals, and blood,
vor-a o other mtravenous thuids will be re-
e orrect the <hock, anemin and faid
1t e These aoents should be used. as
. cil oconditions, when ehnieal and labo-
Sy e o f laboratory work s possible)
v ther aeeds Ay marked prophylacne
oo these wgern s hias not been demonstrated,
Cicocnsidernians of probable short supply in
e fr e ot overwoelnung demand would muali-
Do et Therr ke an the absence of elear
vooandies tiop-s s There are no drugs spe-

o poirvtan miury monan. Considerable
tocees s neen made o developing agents
crbe s nads o aiven prior to radhiation,
toesn experimental nterest in post ex-
e taerap s has been the development of
St terpy Oy ojection of spleme and
i vt preparations. However, the ex-
e bty ad genetne specificity of these
v o= o ates that these aoents iy
vt pener el vadue, Inoaddition sub-

e ipy oy transfuston of separnted

<o sl nenrrophiles to combat hemor-
oo nbeetion s of experiental interest

w roser o techmgues e not sutliciently

LRI woarrnnt constderation of <tack-

v spectiie des for the trentment

oo~ o the sk Coaveful creanhi-
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to nuctear devices letonated - ader ditferen:

conditions, it s possibie o prediet fronehe

findings, with reasonuble s<urance, the choer
problems that will rexi ot rone “adlont. These
are as follows:

1) The medical problem- 1 the nmmediate
viemity of a kioten atomne weapon or
megaton bomb il e essentially sinniag
With the larger weapor, o« f conrse, the area-
of damage are e arger and, thuas, he

numbers  of  casuwmities v mechanen.,
thermal, or radiition oy re arenrly
creased.

2) In addition, with farge weanons, an area of
fallout can exterd for thousunds of squure
miles bevond the runee of thermal and blas
injury, resulting i sonnrradiation, bet
irradiation of the ski* w0 o potentini
ternal hazard 1 the abwenie of Lhast on
thermal mjury.  =errus fd out v oeonr
several hours afrer letoratina and at oom
siderable distances.  vr o has late tine, e
earlyv, very steep fall im dose rute has adrendn
occurred and the dose wre fal s off ar o mae
slower rate. Tlere noav e adequate t e
for countermessares e early evacuation
or other etfective evas ve vt on will sediice
by a large aimowr t the otaldose received

3) The gamma raciat or o oy fur the niost

serious hazard n the £ llonr aren [
penetrating, and expo-ure an result gyl
same acute radiation sjury observed 1 rhe
Japanese at Hiroshono v Nagasake 1)
aquantitative dose-etfec rentionships mas be
altered Lecause of Jose rre woad otner ditfe
ences between the rvovpes of exposire

) Beta radiation f e ke from faliont
definitely van be o procden o the abeenon o

lethal doses of wesocmted cunna reliat on

Although Late v appe oy v he <k essors
may be sufficiertly werons ro result

“easualty”™. OFf cauad cporanee, howesen
15 the considera o o7 tie etfect venes o

rather simple conntert easures 1nprevent)

the lesion< Tle e coomentls peen
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wanle from material deposited directly on
the ~hin, although beta radiation from the
gronndd, baitldimg, or even clothes mayv con-
revbnee tooa <mall degree. Thus, shelter
vrhn a building, covering exposed skin
rrens wita elorthing and early skin and hair
decontananation wounld go far toward pre-
vent e this hazard.

=~ome degree of internal contamination will
deent n persons exposed to fallour. The
(o= deposited in the body, however, will
se relarively smadl Te appears certain that
i contribution to the aeute medical pieture
~eet il resale from this cause. [t appears
v, dthough data are incomplete, that
drie o no o ong-term hazard s likely to
cewult fromr this  eause, particularly  if
easornb e precattions are raken to avoid
exesssive jnhalation or ingestion of the ma-
rer1il The weute medical problems in the
fFa lont avea will be concerned principally
vith tatai-hod v gammia exposure : some with

Sery ndintion of the skin.
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