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Introduction

ON MaroH 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. 4

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,. Kwajaleip, Marshall Is-
lands The commander of the mjval station had
arranged living facilities for th exposed Mar-
shallese, and installed laboratgry and clinical
facilities as requested immediatdly upon arrival
of the medical team.

Full cooperation and supporf from all agen-
cies in the field enabled the njedical team to

the immediate effects without
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 gffects 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 mgdical care for
these persons, the team accurjulated a large
body of scientific observations §n radiation in-
jury in human beings. The iffitial data have
heen supplemented by field resyrveys 6, and 24
months after the original invjstigation.

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

Cuarces L. Duvonasm, M. D, kDirentor,
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 area. 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 lEld Medicine, Atomic

Energy Commission, serg two civilian physi-
cians, Dr. C. L. Dunhajn 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 excellent 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 vario§s 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 d#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 T
the Trust Territory, and
shallese nurse, as interpleters, undertook the
establishment of medical] histories and initial
physical examinations. Qs the clinical picture
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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 Scieritific 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: Captaing 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
Los Alamos Scientific Laboratpry kindly fur-
nished very valuable data on ufinary excretion
of radionuclides. The early stpdies of the Los
Alamos group in particular qontributed sig-
nificantly to the information o1f the degree and
nature of internal deposition|of 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 Radiglogical 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 USNKHDL and Dr. R.
. 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 Pgtricia Roan of
USNRDI, prepared the his;[logic prepara-

tions of the skin biopsies and Mf. William Mur-
ray and George Needum of ITSNRDIL and
C. P. A. Strome, HMC, USNJ] 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.

It is quite impossiblp to acknowledge the
assistance of the numerdus individuals in vari-
ous agencies who assistefl in collection of data
and editing of the variops chapters. The Pro-
ject Officer wishes to cojnmend all of the pro-
fessional and technical fjnembers of the group
for their excellent motfation, initiative, and
voluntary long hours offextra work that were
essential for the accompjishment of the clinical
and research objectives ahd the rapid collection
of the preliminary dath in the field. Tt is
quite evident that the
posed individuals was o cooperative endeavor
involving numerous actiyities, and that it would
have been impossible efcept for the splendid
spirit of unselfish coopethtion by all concerned.
The fine team work of fhe group itself made
it possible for realistic faily reports on all of
the above phases to be Jorwarded daily to re-
sponsible agencies and Jthus keep authorities
informed of the course gnd severity of events
following this untowardjand unavoidable acci-
dent.

Upon completion of the initial phase of the
study, primary responspility for writing re-
ports on the variouse plases was delegated as
follows: C. \. Sondhajis, dosimetry; N. R.
Shulman, clinical coursq and care; R. . Con-
ard, skin lesions: V. P. [Bond, hematology; S.
H. Cohn, internal depodition.

The final publication pf this monograph on
human radiation injury pepresents the comple-
tion of the finest in cooppration and team work
of a diverse group wlp willingly sacrificed
personal ambitions and| desires for the good
of the project at large. [t was a distinct privi-
lege to be chosen to difect the medical team,
a real pleasure to edit ahd integrate the sepa-
rate reports and finally] realize their fruition
as & homogeneous monograph.

E. . CronguTe, M. D,

Medical Dgpartment,

Brookhaveg National Laboratory,
Upton, Ney York.




Chapter 1

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

C. A. SonpHAUS
RoeerT SHarp, Lt. (jg) MSC USN
V. P. Boxp, M. D, Ph. D.
E. P. CronxkrTg, Cdr. (MC) USN .
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1.1 Nature of the Event and Description of the Exposed Gr.

ForLLowing THE DetoNaTION 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 II). '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 rerpained inside of

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

st, most of the
oors and thus

were more heavily contaminated by the ma-

terial falling on the atolls.

Some of the

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
Since a survey of all individus
there was significant contaminat]

imming during
dren waded in
erable amount

b evacuated to
transportation.
Is showed that
on of skin, hair

and clothes, prompt decontamjnation was in-

stituted. (lothes 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 of

and laundered
skin and hair
parried 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.

A L. e
PPROXIMATE i
GROUP DESIGNATION N’I;f::l::ﬂ I{:S:ﬁ':fwng; TIME OF EVACUATION %::::Ul:lg';s[‘t O (;FAOJ,‘:';
IN Grour FALLOUT LATIONS DosE 1IN
AIR ()
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

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

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

i

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

A\



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-

carrted out, nor was its opefating condition
known to be satisfactory under the emergency
condition prevailing at the tijne of use. For
these reasons the later readiggs, which were
higher than the early survey Ry 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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F1GURE 1.2—Distribution of inherent energies of yamma radiation from mizeq
fission products, and histogram of degraded energics produced by Compto:;
scattering at level of infinite plane 3 feet in air above ltnigor::ul_1/<41i.vh~ibute

flsaion products ficld.

itants were evacuated. IBefore 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 G*mma Radiation

The fallout material, when fleposited on the
ground, formed a large planag source of radia-
tion. The energy distributionf of the radiation
reaching an exposed individugl was influenced
by its passage through the intprvening air. .\
knowledge of the energy speqtrum 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 Duration 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 fallgut 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 arrtval 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 entirvely 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 sabsequent 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 hyppthesis™ and are sum-

marized below.
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read 9% ¢ Ane her croap o heedees e

indoors ins1de a otech dnoroarcr read s
These dose valiies mooresens o arnet
conditions. but  cons desng tae <neldine

and attenuation fuerare e consistent we

P ot side are

the assumption a1 iy
the first 2S5 huars wotor 0 ey
the fallour corresponcc o ooabn 2 4y

of constart fallc r

i

GHOUPS

LPOSED

oo Unimk aroll Group IV, only a fallout
e of abour 12 hours or less is consistent
vt the ater dose rutes observed, provided
po fullont wetually began as late as was

c<timstec from wind and distanee factors.

v tone fallow probably would not be um-
‘ormly heavy throughout, the first portion
mos=t ntense und the balance de-
reastng vith time The total phenomenon
rend toward the effect of a
sorter fullout This is supported by moni-
or duta from other nuclear events, where
ranidly teavy fallout is reported to produce
w pean 00 air-borne radioactivity soon after
arrtval, with the mirborne activity level then
teerpmsing. The latter part of the fallout.
songn ~ull detectable as dust, may then
produee onbvow osmall fraction of the total
tose frory material on the ground.  Hence
teotoral dose mav be estimated fairlv ac-

Senyr the

vould  thus

aarateiv by oassuming a constant fallout to
myve bheen much shorter

Aoy

omplete o
time

P dose vadues given 1 Table 1.1, based on
C1 candge, meter and monitor data, are con-

corent owith w onstant fallout hypothesis of

¢ hoars etfective time. < One exception
vl s he dose vidues for Giroup TIT are about
perceert of the 12 hour fallour value, averaged
This was felt
cxprress oSt acemately The average ur dose

Uoonti!t

e B4 hour exposures,

ceeved by personnel who spent roughly half

aor e aside ~truetures where the dose rate

arer fonnee to be roughly hialf that ont-

con - o rhe otherastands suel shielding was
toccarinhle

gure bac lustrares the cumudation of

niodose s a0 finetion of tune after deto-

I'Te case rate varied continuously.

v o oart on of radintion was received at

v rher cose nte prevatling i the early por-

neoor tee eXposire period. By the time that
e bomres aentanlly resnits in values which are
Coer hag ttose of Table 11 by 5ot L, Table 101
beocimes - adendated hefore adl speetrume dita
Vvt certginty i il the information is

o bs ctferenoe wioneh s neglected
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90 percent of the dow Lud been rocerved. e

(1()5(* rate had fullen 0 jeas “han percels i1

1ts mitial value  Thos be dose rate wiso o f
fered from the =u0 anstant 1ite .
laboratory.
e . T, .
-
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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 from - w
usual laboratory <onries  ~mee fullowr ruta

tion 1s delivered from o p-huiar source the i

narrow beam geometiv < not appacabie i
such a diffuse 3507 teid be decrease f ose
with depthi in tissue  ~ iess pronouneed
that resulting fron o onateral » posure

X-ray beam becuvuse fillefl from nverse sqnuare

1s 1n effect neutraiive For the same onere

LN 2N G

RALIATION

“ne cose at the center of the body 13 approxi-
H0 ercent higher than would result
“eang o owrven alr dose with narrow beam geom-

ety

v Pigure Lt allustrates the depth dose
cove from an expertmental situation using

EVACUATION
AT 51 HR

-

|

S

30 a0 50

< w eQUR R

Jamona d6ge ax a function of time after

ut n Rongrlap utoll

~pherteally 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 prosimal 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
~ubsequentiy occupred by the individual 1s the
autne Ito0s this arr dose which 5 measured
el insrrument : 1t does not bear the same
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relationsnip to the surface gose and depth dowe

bosXPOSED GROUPS

9

eam e doses with comparable bio-

as does the alr dose measured 1 " point soures e etfect are ontained:
beam 1 the chinie or liboratory, Tt owona Rongelwp. Giroup 1o_.._. 260 1
appear under these circumsian es and 1 mos Vilinginae, Group [T______ . 100 ¢
experimental condinons “hat rthe muiline «ose, Rungertk, trroup FIT .____ 120 r
rather than dose measured 1 ace. aanbd be the sk, Gronp IN LoD 20 r
100 T - —
¥ e = LI e + e
l<. +- G + 7
N —
. b
i
7 | — ee 4— 4 EXPOSURE, IS — -
| MANY SOURCES ; Ljs
¢ v

PER CENT AIR DOSE AT SURFACE

BILATERAL EXPOSURE,

1 DIVERGING SOURCE 9% i
. :k
~ N

10 : o L -
0 5 i0 . 20 2% 30 36

CM MASCN! "E

DEPTH DOSE DISTRIBUTICON IN CYLINDRICAL PHANTOM, 'y FACILITY,(NMR1)

FIGURE | ¢— omparixon of depth

mlatern, crposure to a sSingle powad sow: e

minttipl:

better common parwmeter o terms of whien v

predict biological «fect. G s assumpiion

the air dose values ~tated 1 Table 1., should e

multiplied by approxanateiv .0 m order o

compare their effect< ¢ 1those of a given u

dose from a “pomnt ~ouroe”
Lf

Honrs,

beam geametry e
livered bilateraily.
fallout of 12

3817120 —08

1S~ done. assuniy

i he  follow g ron

Lirke

courecys Wtk a epRerieal bt

Curpes an omaxonitc phantoms from
med ximultancous erposure to

iwhon uround the phantom.

Uie reometry of radiation from a fallout field
- nor Jaenrieal either to the reometry of bi-
ateral point sources or spherically distributed
-curces since the plane source delivers the radia-

“on oargely at o grazing angle.  However, the

1o tul cierd situation s better approximated by

w1t than by plane geometry.  lxposure geom-

v rdiosetive eloud would be spherical.
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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 spectrarie 0 ang rdiochensien
data. The actal
falloni=

urnt o of Che radione v

was not hnowr

and the alues fon
length of exposure vere < hject "o uncertin e

I the times ar

wWihien e Tailoats e i,
range of possible 2ok Hody munan cdose
wats cadeulated, andg the v ojues constdered
mosi probable wre r e o D Fuse o

RIS

7R I T

nurxontts phantom pean,

[ arreee perdofron poom
deithe e o e it
T fie ~en-nlinite ]il:\!l:ll' SOuree Was be-

vt peresse the hiologieal etfect of the
e ety dose expressed s an e dose, com-
dea 1o the geometry of the usual Ny ex-
T <oft camma and beta radiation from
Sl o che wround and especiadly on the
eof reanlred i snperhictad dose whieh

st e o produce lestonss No quan-

>
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titative data were ‘ivinlabie on the beta ras a Furke. .. K., and Reardon. ). A.; NRDL Instru-
tion mtensity from worher e skain ontann a nent idvaination Report NE 051555 5 October
. i 1910 Garama Surveys Meter, U0 N, Naval Ra-
tion or from the crowad t o rowgr e<tir e ) . .
L . ! ficloval Defense  Laboratory,  San Francisco,
of supertictal dose 1 ouy e Larter svas e af
Hunter H F.. and Ballou, N. E.: Fission Product
Retferences Drecay Rates; YNucleonies 900, pUl=UT (19531). Also
anpublished data, N, E. Ballou.
1. Gates, L. G.. aud Eisenhauer . Spectra: Disir + [ npubiished data. €. A, Sondhaus.

bution of Gamma Rays Propagated in Aiv armed Personal coammunication from F. W. Chambers, Jr.,

Forces Special Weapons P'roject Tech inaly~is Naval Medical Research  Institute, Bethesda, 14,
Report 502\ «Jan 194 Washingron [ “d



Cbapter ]

Clinical Observations and Treatment

NORosHviMas, Tao MO TSN
oD Crongare, {0 MO 7SN
VoP Bosn, M Do Pho D
C Lo Devaay .M D)

Rov Clonagn, Tar MOy 1'sN,



Outlime

b Darroduetion
220 svmptoms and Suens Rewtec 1o Radiacon Injury

200 Chimeal Observations aner Merapy With Respeer o Hemae
telogrear Findimes
2000 Clhinteal Observanon < ane the Lenkocyre Count
2502 Cloeal Observatior s and Platelet Counts
288 Henwmtoer Clicigre.

24 An Epudemie of Upper Respiratory Infection Ocenrring

>

Emring the dth and ok Post Rxposure Weeks,

200 Comparison of Ihseases ~oer 1 Groups [ and 1T With
[ose Seer m Groap 10

248t hanwges i Waizht a- 1o le tioanien of a Disturbance i the
treneral Metabol s

27 e Fitfect< o Prevrnun o
2o ospecial Exannmanion of e e

Soosvmnary und ooy



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)
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of Group IT 1A hnzinae .
[IT ' American-i. o
PUtirik).
m Grroup [ compla ned o itehing and curnoe
of the eves and Tnermation. These imita 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 the svmptomatology
these people wus simiiar to that reported 1 o

pereent of Greony
of v
noGrronp Toona e

Heie (rrong

Three peopic

Sew

il

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

nay hive ac-
vIEproms

About two-th rds of Group 1 were nanseatsi
during the tirst u
and had diarrhea.  One individual 1 Grong
IT was nauseate . i (GGroups T and IV there
were no gastrointestinal (G symproms. The
Iformation Concerning =Vmptoms was ohtaiie:
by questioning ~hrough an imterprefer by -
eral individuals

davs nd one-renth vomoned

Despite the repeated mterrn
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
only 14 r

No  oastroimtestinad
G I sympromatoiogy nav liuve beel
due to direct in ey of the (1] traet s observe
In animais after whoie Hody irradiation 7 -
or may have been ron specific as s abser:
followmng therapevtic radition

Various other clini condimions. which apere
encountered dirinyg lie conrse of observiios
of the exposed grouns were 1ot he residre 7
Ev e o

radiation exporure Tle ncwdence s

S

7

RS

FADIATION

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

(e

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-
with o lowered resistance to infec-

c2)

fividuaa s
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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riodd of oranuloc Store o i e ve o ' vide=std o oot cases lone after the fever had
sranuloeyte regenere o <4 oottt hividuads recovered and had no

White rounts were cepedted v 5 a4 b cirtter dne-s. In Figure 2.1 the lenkoceyre and
tervals o b o e cxhosed sy dn voees o s of the 2 vear old patent and the
more frequentiv o mese w1 Ue losest oo weoof o bie ecurrence of the febrile tliness are
Individals wor g —or b o elevateg o ISR
peratures were frenies oo ter anoaditen Looneeve roold boyv bad hadd symptoms of
extablish o dingnos < e oade. ever 0w b g per respirdory mfection for several
riod of observat on w USRI e o foe ot a~ brought o the clinie when he
observation peroa. thv parints vwere et o coeuped ki congh, When e was seen,
nt frequent inter o vl Tl temper e vhary temperatire awas 10ox oo He
checked every v ogr o of TR there was pharvageal injee-

Twenty-=even 1oy s aad totd be ko Gl hoomerons coar<e rhonehn were heard
counts of foo o nerc o osolate neut o b oronont cne chiests A diagnosis of upper
counts of 2200 Tess ot ~obie e e cwnnoatory nfecrion with associted bronehi-
pertod of observae 1 hese ‘ W nde and the cnild was @iven a single
veloped  ~viploies 0 baetse Dt e e fcansciar mjecrion of 200,000 units pro-
evaluation for possiolean cbootie therag T ae peaten e Onthe following day his tem-
I3 nstances inoovie ol 1 vl peressary teoo ot o 99 FL o rades or rhonchr were
sider the e of it herapy 1w 0 o cac he recovered without furrher
pente mabividun s e nnnnzed below Pt

Fight rentropens  nevonuals had wonee o - devenr ola man coame to the elinte com-
of upper respratoey o fec ron 171N Lol Ve of wenKbess. nervousness, mild ab-
acterized by mvii-e ~ore throat, pasn. s pon i pait and shooting pain i the upper
chiarge. arrd tenioer in ces betweer DO 0 ; Voot ror ches bilateradly of several hones dura-
FooThe tempervi- ehmmen to o o He appeared moderately 111 his remper-
within 24 hour S e Tespense of Secowe s U0 G I and the anly positive physi-
aroup to URT anpec o e v a1 v s modernte tenaerness in the right
other mdividua EID vrhonr e ope cunarant of the abdomen.  Within a
PENTL RO pechl Thrr oy o e, acnr perood the remperatare rose to 1U1L67

Two 1odividad ELeToned VP dlcwine which v fell oraually 1o nov-
marked s SUORL e Usot G e o odonnal tenderness contnued for
navsea avdhar e Porswere cluldrer oo v e then genaually disappeared dur-
are 7. the other ww Foooth st ces o e wibeequent 2 o< A tentative ding-
SVINPLOms were nl oof nrone vty o the S Hh -t }‘““‘“’(.\\“, - wis made. No .\l)w.iﬁ[.
cal findings, wi pEC A e R cronn e oiven, 1o Fieure 2.2 his white
u\‘]tl('mv‘v Sf nen ot olie sred plaorvingesn o b platelet counts morelation 1o the
tion.  The Vovenro b o nad veooral oy e e SvIproms e <hown,
rure of loz6 Fow 1 .:: N O N A T I C e e e s developed generadized Hrti-
latero ot was 1o Pl wavear o0 : fovenr and liewdieche. No ocause for the
havd an vt axitiay e e of Bop s !

» , : cor e tonng ang the svinproms stubstded
which rose to s b v o Bory oo :
miven AOO0000 e o f e e |rt'!]l":]]‘ EE ST honrs \‘V”_ll(””v Yy I}I(’I':l[)_\.
muselarly wher Sl aro vise 0 temperal oo viooccbvads in Ceroups T ana TT that re-

oceurred, and ot v

coofenrr e the oo
dave  Nosecond ot ot ven o iy w1
A0 LIS TInre, uved e rs on 0 e ch e L
spite of the o T I ) RY R TR R

cp anbaoties are histed i Table 2.1,

Of
vt s treatea with o antibioties, only

o theee received Uoat o time when ther

ot owas inw These cases are

e e
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Table 2.1-—Patients Ireated With Antibiotics

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

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

Penicihin
Pencillie

7 Inflamed s i+ 2 Pern:erihn
with migh temper
ature and [ RI
8 Rapid progre=sing 2 Peroeibn
underminine 1 0
petign
9 i Traumastic vargrene Pargeilhr
; of foot i
10 Cvstitis 5 Gantrasi ‘
11 Furuncie o Dattoek 2 Penieiilin
12 Furuncie 1 “o-e : Perceiihsn
head

described in detai above
have evidence of a bucteria component assoe
ated with URI ana o tibioties would have beey
indicated had thev ot heen radiated. A
other imdividuals were ot neuwtropentc at the
time of treatment ar.1 were given antibrotie
for specific indiation-
i which it wa- considered necessiry fa g
prophylactic antibior < for neutropeni g

Fach appeared t

Phere was 1o instinee

2.32 Clinical Observations and Plateletr Counrts

Al individuads w rh o plateler count 8
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 concern ns excessive menstriuation
There was no evidence of any hemorrhage vve
though 11 'ndividuar- eached olatelet lover
between 35,000 wna to006t Two women el
struated when t:eir poatelet ounts were Lk

and 130,000 respect e, Both mens=truate

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

anse them concern.

~.34  Hemartocrit 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:¢ part of radiation injury. Since hem-
irrhagi - phenomena were not observed a severe
menua would have been expected only if
~rvtiiropolesis were suppressed severely for a
iong  time. With complete suppression of
srvthrosolests 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
rematoerits between 31 and 35 percent. Nine
f the 9 were children, aged 1 to 5 vears and
wouid be expected to have a lower hematoerit
‘ln norma. adults ;: four were over 70 years of
ige, in which age group a decreased hematoerit
i~ frequentiv present without obvious cause.
I'wo of the © 9 had had menorrhagia prior to the
retermimtion, two were 3 to 4 months preg-
cant auned had not received supplementary iron,
These hemato-
mirs o id be aseribed to physiological varia-
“ons rather than to the effects of irradiation
-0 henutopotesis. Supplementary iron was the
sy therapy used for the mild anemias ob-
-erved. This no definite evidence of prolonged
~rvtiironolenie suppression was observed even in
ndividinals who had recerved 175 r whole body

Lllii [Wa wWere Youny womel.

sk tion,

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

Brrwees [oe 27th and the 42nd post-ex-
sosure lay- an epidemie of upper respiratory
nsense  I'RIY occurred. The respiratory in-
fwetion con=1sted of moderate malaise, pharyn-
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gitis with prominent lvmvhoid follicles, fever
of 99-100° F. during rhe nrst dav. and w puru
lent nasal and tracheal discharge for abour 1o
dayvs. It was of interest 1o determime whethe
the appearance of URI could be correlated with
the dose of radiation rece ved o wirh chanwge-
in the leukocyte count

Fifty-eight percent of the ndividuals in
Group I and 56 percent of the individuals i
Group II developed T"RI  Reventy percent of
the affected individuals {eveloped symptoms
between the 27th and 32nd post-»xposure davs,
and the others developed ~vmptoms in the ~ub-
sequent 2 weeks. J'ifty-<even percent of ‘he
affected individuals were observed to have an
upward trend in their leukocyte counts, the in-
crease being due primarily to granulocyres
Since an increase in the mean granulocvte
count of the entire population ocenrred about
the 29th postexposure wtasv. 1I© seemed pertinent
to determine whether n individuai instances
the increase was related to the presence of
respiratory infection.

The relationship between the ubserved leuko
cyte increase and the presence or absence of
upper respiratory svmptoms mn (iroups I and
IT is shown in Table 2.2, Seven of the 27 ind)-
viduals that developed borh U'RI and a leuko-
cyte increase developed thie leukoevte increase
3 or more days before svmptorns of URLD -
peared. It is also of interest that the medical
personnel involved in the -wre and study of rhe
radiated individuals had 1 equa’ incrdence e

I'able 2 2 -—URI and Changes in Granulocytes in
Groups 1 and 11

NUMBER
F INDI-
YIDUALS
PRI rme in granuloevtes. . 27
"RI 1o nse in granuloeytes. . R 20
No URIL rise in granulocytes. ... 16
~No URILL fo rise in granuloevtes . 19
-
severity of respiratory infections. The inci-

ferce and severity of respiratory infection in
(ryoup [V which had received only slight radia-
f1e1. was the same as that in Group I and 1L
['le appearance of URI, therefore, did not ap-
pear 1o be related to the dose of radiation or
roochanges n leukoevte level,

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

'ng Disewses THat were seen during the pe-
ried of observation of Group I and II, which
were nxposed to the highest doses of radiation,
e histed in Table 2.3 None of the diseases ap-
peared to be related to the etfects of irradiation,
either directly or as a result of hematologic dis-
tucbances.  For comparison, the diseases that
were seen during the period of observation of
Uooup IV whieh received the lowest dose of

Table :.3-—Diseases That Were Observed in Groups I and 1I

N MBER
Disgase OF INDI
YITU AL
Furuncle . 2
Gum Abscess !
Cholecystitis.
Tinea _
Mittelschmerz. . .

(Generalized urticar a
Erythema multiforine
Migraine headache

NUMBER

IISEASE OF INDI-

VIDUALY
Broncehitis ) 1
Aphthous uleer of tongue. . 1
=1ondviolisthesis 1
Iripetigo . 5
T ath extractions 2
Sastroenteritisy 10
! Hper respiratory :nfections 17
Vodfieatar torsillits o - 1
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radiation. are hsted o Tanle 2+ The el
metdence of gastroenter tis 1 both groups was
probably due to the keeping of peri=habie foods
unrerrigerated for tong periods by the Mo
shallese, and wais nor seen after tais pract.ee
was stopped. 1t wonld wuppear rhat a higher
percentage of the individums in Groups T and
IT developed upper respiratory infections conr
pared to Group IV However, all of the mdi-
viduals In Groups | and [T were questioned
concerning even mild ~vinptoms of URL where
as only those of Group [V wirth severe sviip
toms of URI came to the e

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

Tue Bopy WEIGHT of indivduals i Grroup- |
and IT was followed routimely. =~ince they nad
an unrestricted diet and wll wte well. therr
change in werghr mignt be considereslan induen
tion of any disturbance 1 therr over-all metan.

LI

RADIATION

Vabte 250 1o would be expected that within a
wriod of < weeks, most individuals below 16
Coranad particularly those below s vears would
The fact that most of them
nav indicate that they received a
=t of padintion sufficient to interfere with nor-
In spite of their relatively 1n-
retive | fe and hearty appetites many of the
wdudrs aiso lost weight which may indicate some
nterference  with therr normal metabolism.
Fhere was hittle difference in observed weight
hanges between Group 1 and Group II. It ap-
peared that rhe ditference in doses received by
the two groups did not ditferentially atfect their
Whether the observed losses in
vergnt vere related to radiation or to changes

environnent 15 not clear. Unfortunately,
Lo =ati=factory controi existed to aid in in-
rarpreting the loss of weirght in Groups I and IT.

JOUIE SO t'i(_{}n,

sl Neront

armetabolism.

Lody weighr

2.7 The Effects on Pregnancy

Forr Woses v Group [ were pregnant when
srought to Kwajalein. Two were 1n the first

olism. The weight clanges e <amanarzea rinester, one 1hthe second trimester. and one in
lable .. i—{Diseases Dbserved in Group IV
DINE K ,\F‘ ‘”ﬁ_“;'f* DISEASK 3;.‘?’::&

Osteoarthritis . horrorerinitis unknown etiology 1
Epithelioma o ankle wih necrotie e Thrombophlenitis, antecubital vein 1

generation Lnpengo 3
Chronic bronct itis flvsmencrrhes . . [
Furuncle . F.xfoliative dermatophytosis !
Chronic bronchitis and broncniectasis Fetropion. right eve |
Abscess of sole of foor Asthima . o 1
Carbuncle Benign hypertension with headache l
Tooth extraction Foangas imfeetion, auditory anal 1
Fungus infection of gims ana palate ehon nas vsnits . 1
Contusion, traumaric . Tinea !
Gastroenteritis 3 =impie headacne 3
Upper respiratory nfections Lente broneintis . t
Arteriosclerotic heart disease  decompern Posstbie ruptored intervertebral dise 1

sated Fever Of anknown origin 1
Pvetonephritis Mongohan idyey 1
Insect bite. wit - inarked saipenral cdemns
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Table 2.9~-Weight Changes Groups | and 11

RO
Number observed .
Number that gained weight
Average gain (ib.)_.
Spread of gain (lb.}.
Number that lost weigh
Average loss (lb.}
Spread of loss (Ib.)
Percent of group that lost weight

Rov e {1
Number observed _
Number that gained weizh:
Average gain (lb.).
Spread of gain {lb.)
Number that lost weight
Average loss (lb.) .
Spread of loss (Ib.)
Percent of group thar lost weight

\GE CATEGORIES
BEL 3w 7 VEARY BELOW 16 vears : AROVE | YEARS
! 24 36
. 5 14
g 3 3.5
a5~ 0 0. 5-10. 0 1-11. 5
= ) 21
L 2 +
0 5=5 0 0 5-5.5 1. 5-8
T R0 58
9
" 3
2.7
2-4
i - 6
! 2
5~ _ 0. 5-4 0
R 67

the third trimester. None of these women had
abnormal symptoms referable r, pregnancy.
and as far as could be deternuned, pregnancy
continued in a normul fashion. In Group IL
one woman was 1n the second trimester.  No ab-
normality was detected. Fetal movements were
unaffected in the individual i the thire -
mester. The hematoiogic ~hanges of the preg-
nant women are histed 1 Tabie 25 Two indi-
viduals in the first trimester had 2 marked (Je-
pression of platelets but ur no time was there
any vaginal bleeding.  So far, the exposure "o
radiation has not had a deleterious effect on
pregnancy. .\t the 12 month reexamination 11}
of the above women had delivered. {ine babyv
wus born dead : the otners were normal
case of the one still born. rradiarion accurred
to the mother eirther before conception or var
in the fAirst trimester

[nthe

2.8 Special Examination of Eves

AT 3 axp 6 MoNTHE On
amined the eves of all expoeed nd vidiads 0

cphthaimologisr ey

Sy

Table ) 6.—-Blood Counts on Pregnanc Individuals
in Groups I and II

LowEsT \[:()\\'EST
BAETES Y vhwme Rt NEne
AR CuUNT
RO E

r 33, 000 I, 500 3. D00
S S0, (0 5. 000 2, 500
IR L350, 100 £ 000 3. 000
SRS 120 100 10, 000 7. 000

wot el
ST 170, 000 7. 000 3. 200

s -

Mo esions ascribable to lomzing radiation were
\t i monchs slit lamp exauninations and
snorographie recordings of the cornea and lens
wer s ade on nonexposed, and on the Rongelap
wo e Themnendence of ocular lesions was not

pof e b e twa groups T
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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
without treatment withiy

which subsided

days. The same imdividuals slowly 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 nomnfections 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
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3.1 Introduction

Farvovr or Rabrtoactive material commenced
approximately 46 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 o1 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 1sland groups ana
imeidence of the skir lesions wers as foilow-

3.2 Signs and Symptoms

e Tour First 2448 hours after exposure,
tbout 20 percent of the Marshallese 1n the two
agher exposare gronps experienced itching and
voonrmng sensation of the skin, A few also
‘o1 iplumed of burning of the eyes with lachry-
nation,  These svmptoms were present to a
esser extent n the Americans on Rongerik
i1l whe were aware of the danger, took shel-
‘e tnalumimum bulldings, 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

bris crroup.

{irOU P TTOMPONITION
Rongelap 454 Marshallest
Ailinginae . 18 Marshullese
Rongerik 23 White Americans
5 Negro Amerieans
Utirik 157 Murshallese N

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

Skin examinations were carried out almost
daily during the first 11 wevks and rhen agun a
6 months, 1 and 2 yeurs fter the wendent, b x
anunations of unexposed Americans and nadive
personuel were also ¢ ured out for compiuative
purposes.  Color photoerapbs wd biopstes of
lesions I varions stages . f developnent were
taken.

7oA

Heay v
Moderate  mustlike
Maoderae  onsthike

EXTENSIVENESS OF 3%IN LESIONS AND

b FHNERRV KD EPILATION

<how e Extensive.
Less extensive

Slight

No skin lesions or epilation.

e Vil oskin svmptoms subsided within |
o2 avs Onoarrival of the medical team on
e ainth post-exposure day, the exposed per-
ornel appeared to be in good health. The
However, evidence of

ntaneons radlation injury appeared about 2

kit appeared normal.

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

e~ ol oimmenced,

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

frer cubsidence of the tntial skin svmp-
o1, Foprher svinptoms referrable to the skin

27

&y
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were absent until 1ne visiole lesions developed
During the ear:y stages of development of the
lesions, 1tching. burn ne and sheht paim were
experienced with the more superficial lesions
With deeper lesions o was more severe,  The
deeper foot lesions vere (e most painful ane
caused some of the people to walk on then
heels for severul dayv- during the acute stages
~ome of the more severe lesions of the nech
and axilla were painful wien turning the heau
or raising the arms. The lesions did
produce any constitutional svinproms,

tot

3.3 Descripuon of Skin Lesions*

3.31 Gross Appearance

The time of ppearance nd the severity of
the lesions varied with rhe Jegree of skin on
tamination in the different groups. The Ronge-
lap group, which showed greatest radicactive
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 resser sxposed Ailinginae
and Rongerik groups developed approximarel.
one week after those in the Rongelap group., and
were less severe .and extensive  The [
group did not {eveiop anv lestons which couldd
be attributed to irradiation of the skin. The
incidence of ulcerating lesions in the differen:
groups reflected the relative severity of the ki
injury. Twenty percent of the Rongelap peopie
developed ulcerative esions while only five e
cent of the Ailinginae wnd none of the Rongerix
people developed uicerative lesions.  Ninets
percent of the Rongeiap wnd Xilinginae group-
developed lesions, campared to only forty per
cent of the Rongerik group. There were nmore
lesions per individnal

'k

n the Rongelap arony,
than in the Milinginae or Rongerik groups
compartson of “he nerdence and time of appen
ance of epilation wd eck lesion= 10 the 'w
groups 1s lustrated crody eaiy o Fiouree

* The deseriptiom of Testoss r fors 1 thie Moarsi e
nnless otherwise ndioned

[N

7

[
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Neariy ail of the lesions were spotty and de-
veloped on exposed parts of the body not cov-
veed by elothing during the fallout. The ma-
ority of individuals developed multiple lesions

particalar’y the Rongelap group), most of
which were superficial. There was a difference
of several days in the latent period before de-
velopment of lesions on various skin areas. The
nrder of appearance was roughly as follows:
sealp (with epilation). neck, axillary region,
anrecubiral fossae, feet. arms, legs, and trunk.
esions on rhe flexor surfaces in weneral pre-
eded those on the extensor surfaces. Tables
L1 and 3.2 show metdence aceording to age and
time ot appearance of lesions in the various
IPOUPS.

I the early stages all lesions were character-
1ized by hvperpigmented macules, papules, or
raised plagues.  (Plate 1.y These frequently
were small, 1-2 mm., areas at first, but tended to
onlesce 1n a few days into larger lesions, with
todry, leathery rexture.

I'he pigmented stage of the superficial lesions
within several days was followed by dry, scaly
desquamation which proceeded from the cen-
ter part of the lesion outward, leaving a pink
to white thinned epithelium.  As the desquama-
non proceeded outward, a characteristic ap-
pearance of a centril depigmented area fringed
with wn rreguiar hvperpigmented zone was
ween ( I'lates 2 and 3). Repigmentation began in
the central area and spread outward over the
nexr 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

mal appearance.
~1x months later

nereased pngmentation of the skin with barely
nerceprible desquamation.  Such lesions were
most often noted on the face and trunk.
Fpilation was usually accompanied by scalp
cDPlates 13,0 17T and 19). Some indi-
adands developed new sealp lesions over a

[ IR D AT
per-od of about amonth, Neck lesions usually
nid o necklaee” disteibution, beginning anteri-
These were
thick hair

v and <preading posteriorly.

Hore eVee o Wollen in - whom
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Table 3.1 —Lesions 0 Rongeiap Group

PRROEN™ v
CRF Pl
AR b
11 VECPLE
Epidation
plus T
L oplus I8
phix o
Foral [PH}
Skin lesions
KNSR EOLT 8
~calp IR VNN
veek 1Y
w1l il
intecubltiad Fiossae 0
Htands wrists 0
eet 230
Arms 3
Leds Toh
runk I
Nail pigmentation a1

*Pogr-en posure iavs

T'able 3.2.—Lesions 1n

YPE ¥ R

Eyalat.o

¥
i

Lesions
Scalp and face
Neek and shoabders
Back
Axilla
Antecnubitai fossae
Hand., wr s
Feer
g

al diseonoraicn

*Davs nost-exposure:

FrOne case cianmec soaght epada

E
g

tw fw -

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

. . . vo . {JRSERVATION

L ERSE e RS
i 154 7.2 17
" 509 1y 2 17
% 3 22,4 16

— e e
27 0 56. 2 16
11 (IR T L7
37 0 62. 5 18
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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.



SKRON LESTON -

Biopsies of three pigmented lestons were
taken from 2 of the wiore
Rongerik group.

Vierteans of the
Omlv ot 5 snowed evidenoy
of damage. which was <iight anc contned o th
epidermis,

Lhird sertex—Hth mon i post eppositcee, =ec
tions of skin at this time revealed ~ome changes
persisting in the eprdermiis ane to o lesser vy
tent 1 the dermis  Plites > nd 20

fu“l»\\"ng_’
found to varying degrees  focal atrophy of the
stratum granulosury: ~lghr foeal pgmentar
disturbances in cells of rhe basal layer:slight
moderate hyperkerutinization . and <hght -
turbances in polariry f epitherinl vells i the
still persistent basal papillay projections

Epiderils. The changes  were

Dermis. In the vernmii~ telangiectasis supet
ficially persisted from a ~hight 1o woderate de
gree in most of the sections, ind “ontributed the
only abnormality nuoteq

3.33 Epilation and Nail Pigmentation

Fpilation. The mcrdence and time of appear
ance of epilation in the varions groups 1s illux
trated 1n Tables 3. and 3.2 aud Figure 3.1
Epilation was first observec« of the fourteentt:
post-exposure day i1 the Rongelap group. and
somewhat later mn the other groups,
aspotty nature and wvas confined alinost entireiy
to the head regior.
arbitrarily inte 3 legrees of -everity. 0 -
indieated loss of hair withour obvions thinning
2+ " andicated loss of har sufficient 1o ciuse
thin spots: and “3 -7 indicated wn exten-ive
epilation with bald spots  Table 1 illustrates
that there was a greater iegree of epilution o
the children 10 to 15 vears) with over o per
cent developing ep:latior 1o ~ome degree -
compared to only 2% percent 1 the older e
group. The preponderare of ~calp lesions 1
the areas of epilation dicnted thar radiation
from the fallout materia: or the skin was pr
marily responsible for the ep bt
cases of mild
Ailinginae children. ana

[t wa~ o1

Eoilation was e

Only three
eplatios fevidopea 1 rhe

nestrenable epilaror

WS FPTLATION 33

woenrred inoone of the Americans, characterized
v goose haor upon combing but without areas
coalopeca.

Regrowtlh of hair i oall individuals com-
venced some tinie during the third month afrer
exposure. At the 6 months’ examination comn-
paete regrowth of hair, normal in color, texture,
Plates 13-15,
svcand 19 <how eptlation and regrowth of

v ibundance had taken place.

Iy

Vodl Digientation.  An unusual observation
“ s the uppearanee of a bhush-brown prgmenta-

an of the ingernails which was first well docu-
mented on tne 22rd post-exposure day. The dis-
cojoration began in the semilunar area of the
to u lesser extent in the toenails),

ar e ~-I)‘\f'(‘:l(i Hll[\\'}ll'(l soretinies 1n streuks. As

Ngernasls

the aiseofored area grew distally the semilunar
aren usuadly becume clear. Plate 20 shows pig-
At six
niontas, plgmentation had grown out with
the 1aals, und was no longer evident except in
theee cases which still showed pigiment at the
drstal end of the nuil. The prgment was on
the aneder side of the nail plate.  Discoloration
of the nmls was seen in a large proportion of
tre 1wo hagher exposure groups ( Tables 3.1 and
g I'he phenomenon appeared to be a radia-
ot response peculiar to the dark-skinned races
i ee ot was seen m all of the exposed American
Segroes tha none of the white Americans sup-
pesealy recerving the same exposure.  This
iec1on was not observed in the Utirtk people or
o unexposed Marshallese.  Sinee the natl pig-
mentation occurred inindividuals without skin

weented bands 1o the natls at 77 days.

lesion=, it appeared to be the result of a more
penetrating gamma component of radiation.

3.4 Therapy

Uie Teearyest Or the skin lesions was
Lecgely non-specific. Most of the superticial
fev1on~ were treated with ealamine lotion with
e oercent phenol, whielh in most cases re-
A\ few of the
saoperprgmented lesions not relieved by cala-

eved the mehing and burning,

vore Aty pienol were treated with pontocaine
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ointment, wit} When 1o

epithelium wie descuamating, all lesion- e

APPITENE UCress.
treated by datly woeine with soap and s
followed by the appovation of & wiier sovie
Ot oaent
jured skin soft anag
became

anishing 1vpe vhicl kepr the n

cnuble, Raw areus, wie

secondart v i fected,  were  leansed
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 fluig

technique and « pressure dressing appiied

voas aspirated with steriie

single aspiration wa- adequate since the bullar
did not refill.
aw, weeping cdcer ceveioned for whieh pen:
cillin was given “or

In cne instance, an extensive,
tvo favs, Durmg this
time the lesion deveroped healthy granulation
tissue. Some f 16 jestons of the skin of rhe
foot remained 'hickened and less pliable after
desquamation. Thi~ was relieved by the use
of wvaseline or cocou butter to soften the ris
sues. The one persistent ear
heal after desquamation
daily with warm bor

washing with <urg.a

eschar. Slowl:. regenerating epitheiium grew
in from the edires f the ulcer

fesion did not
This

actd compresses and

wis  tredted

~oap to remove  the
Upon reexaun
ination, 6 months 1frer exposure. heaing wa-
complete with a eriemented sear remarnnge
as evidence of “he prev ous uleeration

3.5

Factors Influencing Severitv of
the Lesions

3.51

Character of the Fallout Material

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

neinerated coral, woith

[)X"NI foets,
Kev.
greater portion ¢
nothe eprdernus Wi

.

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

copercent atteniation of this energy radiation

s Inaddimons o wide spectrum of
oo erergtes  irradiated  the skin.  The
SaLang contribution to the skin was small

compaced 1o the beta dose and is discussed in
Thaprer 1

152 Dose to the Skin

The skin lesions observed resulted primarily
from beta radiation from fallout material de-
The gamma dose to the
kit was small compared to the beta dose, and
nus relatively unimportant in producing the
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
Nerav (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.

positec on the skin.

tulons

w\'[i

“.33  Protective Factors

I'he -ollowing factors provided some protec-
on



SKIN  LESION~

a. Nhelter.
indoors or under the trees during rhe faliour

Those tndr daais win reniune:

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
ot 0 saclear device. Tlese burns were due
beta radiation.
1 the hands oceurred from an exposure of
about L hour resulting in doses between 5,000

Purrein The gross lesions

ane et e 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.
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The earlv svmptoms of wcinnyg anag burning
of the skin and eves were probably due mainly to
skin 1rradiation the fallout material.
However, the chemical natare of this marerial

from

may have contributed to the uriration. It aas
Leen noted (12) that irreating chenueals p
plied during or shortlv fte
llance the etfects of radiation

The lack of prom:nence of an erythenia was
notable, particularly 1 view of rhe severity of
Wilhelmv
(1:3) states that ervthema oniy oceurs when the
dose reaching the papilary Liver exceeds a cer
tain level. Perhaps due 1o the low energy of
the beta radiation the dose to the dermis was in-
sufficient to evoke tie response.  On the vther
hand. the darkness «f the ~kin and the develop-
ment of hyperpigmentation mayv have masked
an erythema. Microscopreallv, a superticial
hyperemia was not prominent.

Wirth and Raper 112 point out that they
were impressed in their studies o P radiation
of the human skin vl the dithiculty of disin
cuishing between tiue erythemns and tanning.
particularly in the szin of dranette mdividuads
It was unfortunate that olor tlters were not
available to ard in cistingshing an eryvthema
as suggested by Haros ot 000 14

In general. the lengti o f the latent period
before development f lesinns of rhe skin s con
sidered to be roughly vversels  proportions:
to the dose of radiarion o0 1 L the pres

crradiation en

some of the lesions thar geveloped.

ent series of cases the relatively ong latent pe
riod Is suggestive of a lew Jose of radiat.on
Due to the wide spectrun. of bera energies it
particulate distribut.on f radhoactive mater il
Strict comparisons
vious experience.

annor be made warh e
However, the later develog
ment of less severe lesions i he Milinginae and
Rongerik groups as ontrasted with earber e
velopment of more ~ericas lesion=n the Rorge
lap group 1s in keeping w th w lower skin dose
in the former, and a nigner ~kin dose 1y the
latter.
period

It 1s of interest, o wever. that the laten:

wis dependent o some  extent  on

anatomieal loeation  The foor lestons, we o]

were wenerally the mos

evere  lestons o

countered, had o Torger et periog than

AND P PTLA CTON 37

oo aess severe fesions occnrring elsewhere on
T by 17 logiead o assume that the feet
vecerved 1 higher dose of radiation because of
poxiets to the ground and this may explam
“nosever ty of these lesions. The longer laten.
period taesipte nigher dose of radiation) may
s relatedr ta thickness of the epidermis, dif-
forerces 1 length of 1uitotic eyeles or other
derent characteristies of skin i different

irens of the body.
he histopathologieal changes noted, such as
testriuerive and atrophic changes of the epi-
lermis, Chsturbances o keratinization, and
»f mair follicles, when raken together
are conststent with radiation injury to the skin
7 Severe injury to

thapy

Cao 1T s, Ty and 20).
the dermis and blood vessels was not observed.
e mmimal dermal injury with severe epi-
deemal injury 1% n keeping with the large com-
penent of low energy beri material present, re-
-uiting 1 absorption of the greater portion of
The energy in the epidermis.

Hyperprigmenration of injured areas was a
ansistent finding in the Marshallese and the
L nerican Negroes.  Plgmented lesions were
i observed toow lesser extent in the white
L nercans. Such pronounced pigmentation 1s
nee onarteteristie of the usual lesions as de-
wabed following exposure to beta or pene-
trating radiation, but may be more typical of
e pesponse to ultra soft roentgen or “Grenz
(TR 2.

There 1~ 10 satisfactory explanation for the
turker duskv-gray color that appeared in some
e <kon Jesions us healing progressed.  Vas-
slur changes or plgment aberrations nght
bive veen responsible. The return to near nor-
fi0 o ths prgmentation by 6 months showed
ti rranstent nature of this change. The con-
toned apsence of plgmentation at the site of
The deeper foot lesions at 6 months and 1 year

L er <uggests that the prgment-producing ele-
nonte i these areas were permanently dam-
1L e

Pl uniqae features of rthe lesions such as
coopaorked praentation, the absence of obvi-

<t phosie sesponse, the long latent pertod.
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and the severe, -~potryv epdermal injurs won
minimal dermal njiary arve notabie. The jo
ticulate nature and nmeven aistobution of © e
fallout material was responsible for the spore
nature of the lesions aud the hiirge compone:
of soft energy beta rudiation was responsibie
for the greater eprderma: mjury  The pron
nence of pigmentary - hanges 15 probably re
lated to race.* [t 1= wenerally vconceded that
blondes with Jight pngment ire more sensitive
to radiation thar brunettes - 17)  Lastiy i1 -
quite evident that sensiuvity and
varied with anatomie socation,

In Table 3.3 are hsted the approximate sur
face skin doses requires| to produce recognizabie
epidermal injury fron beta eadiations n oan

respoli-e

Table +.3.-—>urtace Doses Required o

NYENT[C A TOR ANtM A
Henshaw o1 al (22 Rats
Raper und Barnes 123) Rats
Raper and Barnes 123) Mice
Snider and Raper (24) Mige
Raper and Barnes 123) Rabtnt-
Lushbaugl 125 Sheep
Moritz and Henrigues (26) Pras
Mor:tz anc Henrigues (26) Pras
Mor:tz ana Hearigues (26) Prags
Moritz una Hearniques (26 Frgs
Mor tz ana Henrngues 269 bgs
Mor tz wnc Henrgaes (26) s

-

mals. It 1s appurent from the table that beta
ray energy is of considerable inportance 1 Je
termining the degree f mmjury.  \ccording
Moritz and Henriques, *he difference i dose iw-
tween that required to produce threshold <k
damage and that for permanent damage n pigs
15 500 to 100 rep 260 Omne s not justified

* Reported elinical experieuce with radiation sxkiu
lesions is based predominantly o the response  f
white-skinned peopie wherens the esions deser bes
herein were obsersad prinacory cn the Marsoalfess
a highly pigmented wopde

OIS RADIATION

nocomparig animal lesions from known doses
vith destons i the exposed individuals in this
-tudy m oorder to estimate the skin dose, since
-pecies ditferences 1 response may exist, and
ertirn radiation factors are not well estab-
ixhed. sueh as accurate knowledge of the beta
~pectram of the fallout material and dose rate,
tamparison with human data sutfers from wide
siferences ny radiation energy and doses re-
ported and methods of determining the rep
tliHl“

Fhe tow imeidence of infection of the radia-
tion burns 1s probably due to their superticial
Uleeration and partial healing pre-
eded the time of mmmmal granulocyte counts.
f1ow concelvable, however, that with hicher

nanure,

Pri«duce Recognizeable Epidermal Injury

AVERAGK
[NOTOPE ENERGY SURFACE DOSE (REP)
(Mev)
IRE 5 I, 500-4, 004
[ oA 4, 000
|32 w5 2, 500
3z (R} 2, 500
|3 (05 5, 000
hTadl 3 2, 500-5, GO0
=33 3 05 20, 000-30, 00U
b )1 1, 000-5, O
(Rt t2 2, 000-3, 0
e 3 1. 300-2, 000
v ey . 300-2. 600
yw [ 1. 500-2, 000

Jdoses of whole-body radiation, the defenses
crainst anfection might have been sufliciently
mpaired to have resulted in serious complica-
Oons from sk lesions of the severity encoun-
rered.

Severe radiation mjury is known to predis-
pose 1o cancer. The probability of the develop-
ment of malignancies at the site of healed le-
Aons s anknown, Certan factors appear to
terrense hie probability : ta) The majority of
“he lestons were superficial. (hy Visible signs

A ocronce redimtion dermatitts are absent



SKIN LERIONS

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

SINce 0w 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 (271 1 Furthermore em
theliomata rarely develop after a <ingle dose
of radiation to the ~kmn « fy Lastly the
incidence of skin carcer i1 Negroes
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

one-sixth

flaaeistans o

continued to show pigment aberrations and
slight atrophy at | vear ind cne severe car

lesion showed marked arrophy and scarring
at this time.  (h)
not radiation of the epidertns per «e can predis
pose to malignant change,  Since the epidermis
was heavily irradiated 11 1 nese cuses, compared
to the dermis, this becomes wn mportant con
sideration. i¢) children  ana
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

I' 1+ not known wnether or

Since  many

cancer observed 11 radiologisrs
(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

AN 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-
bhomb casualties. In contrast to the
pigmentation 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
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-
bhomb 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
nails 15 not known. Since 1t occurred 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-
ax dow as 75 rosinee this was the estimated
fore rhat the .\merican Negroes received in the
thrence of sigmificant 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
o b hunds.

1ev g

narked

N

ese

“hie

LU

[HETE R

3.8

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-
The skin lesions in the more heavily
or Lunnated groups were  characterized by
reangr aed burning of the skin for 2448 hours.
<1 itwn and sk lesions were observed, be-

Summary

Itdes
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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 macuies. papules, and rarsed
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

ixiline.

Em
tae seadp, neck. and foor

he most comnmon e
majority of lesions were superficial withonr
vesicle formatior .
mation

{dorsal surface, were

and after sunple dry desqua
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 burning, 1tohing, and pain aceompaniv
the lesions.  The majomty healed rapidly witl
non-specific therapy  Reswdual pigment aber
rations consisting of vperpigmentation ane
lack of repigmentation el mild
changes were noted 111 some deeper healed sesions
at s1X months andg one

charae

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 eprdermal damage and much less <evere
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 tistory of the
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
individual.
blood counts of the exposec gronps were fol

Detailed

In addition, changes m the mean

lowed closely to wid 1 evaluating the changing
status and probable prosuosis f the exposed
groups. vas pluced on
standardized svsteriatic -erial determinations
i order that individuas avd groap rrends conld
be evalunted adequatels
sary to observe thn lurgr rumber of exposed
individuals at frequens

Therefore. »mpnasi-

S 1w s eres

ntervids, the number
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
studies were onuttre |

coagnulatics, wng o biochennend

An extensive Jiterature exvist 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

[N EERTRT

4.1 Methods

I osearn KxaonNaTions INcrrpep total
werknovte, 1eatrophile, lymphoeyte and plate-
hematocrit  deterniinations.
Wlenever possibles an entire exposure group

N corg s, and

- ctieres e single day owith 2 days oc-
cisionadlv cequired to o complete the larger

ARSIRRRE

Capilliey blond, usually obtained from the
nrzer and ey from the heel or ear was used.
I vo pipettes 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
eil= wers allowed to settle for 10 minutes in the
nieevtometer chamber before counting, .\ 3
sereent acette nd diluring fud was used for
The blood was diluted
o 1l 1 pereent ammonium oxalate for platelet

noral lencocvte counts.

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
rvern procedure was held 1o a0 minimumn s per-

cre o ome blood from a single punerure

£
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were sutheient o niber ro allow all <samipne
ro be taken i rapid - weesson, ana e e

vals were rigtdlv conrro e

4.2 Methods of Treating Data.
Control Groups

Pre-ExpostURE B3Loor coanr- were vot avaniable
on the exposec Marshullese v
hence the immdividuais conld aor be used s then
own controls.
of the hematologie “e~ponse it wis necessary

Amerieans
noorder toestinate the ~everir

establish contro: gronps os comparable as pos
sible with vespe-t o age, race, =ex. backgroun
and habitss A control sronp of 100 Marshao
lese fron: Majuro .ol
comparable Wit vespect 1o age il ses To e
posure (rroup I was cotamed durme the notn
observation perioad.*  Fov comparison with rhe
exposed Americans, brood counts were Jone o
approximately =5 American men o lury o
Kwajalein.
the tropies for more than 2 monrhs were o
cluded, since the exposed Nmerieans Ld hee
in the area for thar ceriod of time before ox
posure.
assoctated with radiowetive materials were
cluded. The resnltine ~muiler group of 67 -
nsed as the Kway Ameriain conrrol aroay.
Data from tae contiol sroup 4 waere oy
amined to deterniine toe tge ind sex depenider o

¢ antrol (‘n‘mlp )

Al wihie fid not heen on duty b

Inaddition, ~everai who were recent |y

of the several henvirolaor ab Jetertnat ions
To obtain vahid ompari-on< within ang amone
the various exposure TUOUDS. e age i ey
dependencies noved foor the conrenl ITONDS wWere

taken 1nto accovns AIthoush eaelr individin

i all groups wis ~tua ed hematologieallv, those

Marshallese wit1 <erious lonr-~tanding lisenses

were omitted from the i aivas A rotal of ©u

*A second contcal sronp of N2 Marshaliese foon
Majuro aroll tcon:rol ifrong. 10y were obtained laring
the 6 month medical resturvey While data from !hese
individuals are given o his reporr, they are nor o sec
for comparisons becianse £ ¢ omeasles spidem e 0 1y
the resurvey,

ZING RADIATON

“rony Greoup A and twao from conreel Group B
core o ntted on this basis,

L the following deseriptions and compari-
or= of “he qata, tindings in the exposed groups
e frecuently expressed in terms of percent of

o ppropriate age and sex control group. It
<aould be noted, however, that in observational
~tnbies of this kind, wnknown factors could
cosxc bl aeconunt for part of the differences noted

sresen the conteol and crposure grops even
W’*ml/'/l'f l// frr),v,\'f;)/w MIEINU PN 11 e fl/kPH ter se-

oo pmeeabille contpal grovps, Inoaddition, it
vits not possible to obtain more than a single
dood sampre on each contral individual, For
“hese rensons, statistieal tests of sjgnificance
vere applied nuonly to time chanees within an

Sxpostre group, and not to dJditferences between

antrol and exposure groups. For the purpose

Af detecting <ignificant changes in the hemato-

ogical pattern, nonparametric tests (1, e., statis-

fread tesrs for whicli it is not necessary to specify

“he functional distribution of the variate under

tudy ) were used 12-7T)0 The wdvantages of
mnparametrie methods have been <ummarized
v Moses (w0

+.% Hematological Findings, General

[x Thasre 4.1 ave <hiown for control gronp AL by
toe and =ex, the mean values for the total white,
centeapatle, Ivinphocevte sl plateler counts, as
The awe and sex
isedd for comparisons unong ex-
vostire groups 1s shown i Table 420 In this
nreaikdewn the age and sex dependencies noted
tor the Marchallese control gronps were taken
ntn acconnt ansofar as was practicable. It
~honid he noted that the Group B eontrol values

Iihle £.11 agrreed closely with the Group A
ontrol Jdata To allow additional comparison
Betweer effects on ehildren and adults, the neu-
sropiile connts were arbitearily separated into

vell as for the hematocrt,

rensdewn

“he wge rrouns used for the lvmphoceyre counts.
Manoevres ind eoxinophiles were broken down

s 1t the same age oroups. The age and
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Table » 1. -Hematological Resuits
NO.OF INDIVID AL BERE SNE! TROPHILE
\GE
GROUP & GRPRO P B fha e Rol b b GiROS L A ok
1 F M S
5 o i TR B A I R
H-10 o4 Lo .
11-15 i 3 N v
11-2 [T o R I
16-20 5003 4
21-30 7 [T oAy 4
3140 oo . ' . . L I P N
41-5} SO ~ 4 [ | y
T KU N - . . i '

sex dependency of these edpoint= are com
parable to that in pubiosnec a0 1oy wath
the exception of the plarerers o whivhiprevoous
comparable data were w0

Total leukocyte, [vmphoo e,
monocyte, platelet nid voxpiople counts fon
the several exposure sranps wre given nv day.
by sex and age 1n Tubles 00 100 The ot
white count, somphoctyte nd
platelet counts at the tines o maximum depres

av uiable,

nent cophale,

neuteop e,
ston taveraged over the tme durimg which
counts were consistentis he lowest) e shown
in Tables 4.6 and +7 for oach ndividuat i
Groups [and IT respecriooiv THemaroerits for
all exposure group. e -l o Table 4.-
Hematological find ng~ ¢ function of « nwe
Froares b1 to b
The cumulative | <trbarien
VAFIOUS eXPOSUTe C10NDs, 181y the average of

and age are <hown aiso 1,
o

arves  for che

counts obtained over 1 e period of maxinen:
depression (days 3% 1o 0 for enkoevees: day -
26 ro 30 for piatelet-y tre <l i Frgnures + 0
to £12.% In the tigures cmpiois o placed o
the separate blood elemer < wather than on the
fotal leukocyre comrt. < v Le component ole-
ments have distiner o
after irradiation,

*In Group IV the cnendut: o
pliatelet counts only is prese roe

fberent time frenge-

st btioe cipye foo
S hemaalogien

determinations in this crovie - ere o tide dduring e

30 to A1 day period, sen TR o

amony the other gronn
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Marshallese Control Groups

MPHKYT PLATELET HEMATOCRIT
ok v aror B GRoUE A GROT P B GROCP A TIROUP B
; o A MR M F MK M F
' 4 122359 SLT 3985374 359 378
PR T A . BHo2 4123902 0 385 37,7
MO0 483 337 420 42,3 38.0 39.2
R B T A e .
B4 3T 0326 184387 423 34.2
3 P30T XA 2542003 459 389 46,2 1001
Sobd X039l 25300047 2412 46.0 425
PTO4 X35t 2045 423 408 1 420
[ $u 4 2322 253078 43 T 4LT 1.6 410
+ 1 Hemarologiwcal Findings, Group 1. Ron-

zZelap

I aomo ute aeatropiile count of both the

Grarer and oider age sronps fell during the
w o weel to o valne approximately 70 to X0

wreent of chat of the controls isee Fig, £.1).

P GROUP T - .
Neutroohes
C e e ]
.k—fr S AT 4—'{— TS UCONTROLS GROUPS -AGES - 5 Mn>5%
- T

‘ A /
i ;
v
e . SR i
DSPEN- .
E] Tk ba 2 4 a8 =6 64 e 85
POST EXPOSURE DAY
aro 4 et clidrges tn neutrophile counts of
anp b B oawnenaps For thoxe less than J years and
LR R T B BTN Y B Y BT RO o

Boioa g the depression of the total neutro-

sunt durme the 2nd week, the values
At this time

PAEo Vs
wore gnstabie nnril the Sth week.
Qo taerlonine of o second nir()p (p<O.01) was

e fo hoth e aronps and o low vidue of

Cencc ey 0 percent of  controls was
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reached. The -ount wis mumtained ar o

proximately 75 percertoof control viiues {ron,
the Tth week to the cnd ot the mimai st
No further recovery v evident e 6 mont
Although both wge cronps followed tie ~mme
general time pitrers o f response, the “ower

group was below thar ot the older throughont
most of the observarion period. ¢ 12 month-
the granulocyres hac retirned to rhe conrrod
range.

The absolute vinprocvte ~ount of the oloer
age group (Fig 4.2y aad fallen by the 3d aav
to a value approx:inutely 0 percent of e
control group.  Thi- vajue was mauntaanaed
throughont the ~tudav, wd there was no detin 1
evidence of an upware treno darimg the 1 al
or 6 month stidres Aoz mwonths condete

[he varues for e
younger age group liaev e fell hefore the o
day to a value aoproximately 25 percent of 1h»

recovery had nov ocens red

control, followir o wivu there wis a signiieant
upward trend. Wit he total Ivmphaoeyre
count, there 1= = vonsistent ference between
the two age grovps  However, during the st
4 weeks thie ditference i~ aecentunted wnen ex
pressed as perce .t decrense becanse of the ren
tively high lvinphocvie jevels in the lower aoe
control group. A fter his pertod the difforenoes

expressed as percens e less marked <ince e

8 e e Lo e
P e - CONTROLS GROUF & - aGE
| - -

! GROUP [

| Lymohccytes
- sr - '
j=4
- f
o
2sf o . - .
=
gg}:“—.“f*‘* e o— JONTROLS  GROUP A ~AGE. -5
k3 A .
= AGE - %113} g AN R

s - ’
5 Is 4 »
‘T ‘ ~ b -~ .-/’GE e
- e T o Y T .
g gfod - -a . L G . A

2!» Av"r - e S

R TRaq ¢

; TS, . COUN )

Q 8 3 ‘a 3z an ag 56 64 2 e

20ST + «POSURE LAY

FIGURE 4.2 —Nerwr  chanaovy oo umphoeutc e

Group { v Rongeian o rhnae foxs than T e
and greater thear R L

ZING RADIATION

ond Lymohocytes

. e i CONTROLS  GROUP A»LEUKOCYT'ES—J
C e 4
- GROUP T e
. —eukocy tes Neutrophiies:

b
3

POST EXPOSURE DAY
P RE =t mparative cerinl changes in the total
whocye. aentrophide, and Tymphocpte rounty Iin
Shgse o cute e than 5o oyears old, (iroup [ ( Rongelap).

overy vas nore rapid in the vounger age
oronp.
The collular elements chiefly responsible for
tee tluetnanions in total white blood cell count
i be deterriined by comparing the total white,
wnrrophile and Tvmphoeyte counts (Fig. 4.3).
It 1< <een thint the lvmphoceyte count remained
sssentrdly constant throughout the period of
sy, while the total neutrophile count Hluctu-
ded virya pattern essentiallv adentical to that
the toral white hlood count (coefficient of
arreation of .9y Thus rhe Huetuations in
“oral count were due to changes in the neutro-
e oot Tlos was true of both the older
vid voweer age groups. It can be seen from
Patle 4.2 that the neutrophile count was con-
cstently greater than the lvmphoeyte count in

the ouler ags group.  In the younger groups,

iy
differences in the neatrophile and lymphocyte
ount were dess marked and  frequentiy the
vipaocvte ount was greater than the neutro-
e connt

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

CpEChE e confrol group Fie. 4.4). Follow-
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Table 4.2 —{rroup 1 Rongelap Mean Blood Counts by Day and by Age

P E Dav R NEUTROFHILES L MPHOCY T o PLATELETY MONOCYTES EOSINOPHILES
S m vy L X I ¥ 10D X 101)
all
[ -1 Ages ch “ 3 D
X M 3
3o R B (AR I LI 0.8 0.3 0.1 07
T o2 ]
0. ... . .. . [ 35 45 - 2802 227 220 29 1.7 .6 1.6
12. EER T 35 y . 1.2 5.4 1.9 19
15. LT B 32 41 R 70203 207 3.0 2.3 .1 1.3
18. . . T2 34 47 o2 20~ 191 2.8 2.7 L7 3.5 L6
22. T 43 0 2ol Hox s 152 1LY 2.0 23 L8
26 : Sof L. 3 noay 2 32 1229 1009 LY L8 L8 1.3
30. . Tt 7w 40 L3 o2 11223 18 LS 09 3.4 2.2
33. . . RIS 3t 4R 3 2 ORI S S TN 5 T R U .6 26 2.2
39. .. . I 30 43 J 2o 2305 22,0 224 0% 0.9 0.5 1.0
13 R 20 26 Lol 260 2004 23,2 1.1 11 1.4 0.8
47 . Bl T ox 26 43 ] ! 22006 239 1.0 1.0 .1 0.5
51 AT 2 W5 ; ! 200075 202 25 L6 0.8 0.7
56. ... ... . R TR SR 35 305 3 2 1.7 1.2 o
63. . . . . R B 39 46 ) 2 2300 1822002 05 09 0.3 0.6
70 . B S S 3% 30 ! ! : 3.4 19
74 . 26,2 217 247 . . -
185 . . NoEE 6 42 b2 2402003 232 1.4 L1 25 1.6
400 ... .. . . Ty~ 7K o2 2604 195 276 0.7 L3 6.7 2.8
L Controls Group A 13 & 7 4% =8 ' L2258 368 20 220 95 47
ing this, the platelet count feli reaching a low >
of approximately 30 percent of control vaie L ONTROLS GROUP A, MALE <100GI —
during the 4th week The yplatelet count rose 00, o e !
during the 5th and ¢th week< and reached the e e — CONTROLS GROUP & FEMALE. ALL AGES(59)—
value noted for the mittai counrs on the Loth ey ‘ ]
day. .\ second decrease 1 he platelet coun } p’.m:s: !
(p<<.0l) developed durmg the Tth and =th s R S P
weeks, and values remained a1 approximatel . . .
70 percent of the control groups durmg the e w TSRO Ty MaLE 108 S e
mainder of the initia] observition pertod. Vo > ) '

additional recovery hau -wearred by the +rl
month. At 12 montas the counts were higoler
but still below the cantrol ~ange  The patter:
of platelet counts 11 the e groups was e
markably simtlar to -hat roted for the females
Counts of the lower age group. mules, were
consistently higher than those of the wdalr
group 1n absolute counts 1t con-isterth lowe:
as percent of control

® MALES.<1Q(i1)
A MALES, >(18)
OFEMALES, ALL AGES (33)

e R R R M- -
POST EXPOSURE DAY
I ookE 4 o Ncmwad platelet changes i those [ess than

e e geewter than 10 uears of dge of Group

185

e
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.32 Hemarolog:cai Findings, Group [I ~inge but nlatelets and lymphoceytes remained
Ailinginae irpresse-l but higher than at 6 months.

The pattern f cranee of wil elements ) o
Group II was essert: 0l dentieal to thar 7 + +3  Hematological Findings, Group IV. Utirik

Group I however. tie teuree of change was non

asmarked (Table 4.7 Aswith Group 1. recov Since it was known that Group IV had rve-
ery of all elemenrs wiu- eomplete ar 6 months erved a verv small dose of radiation compared
At 12 months grunicovies were in the contra’ ‘i the other exposure groups. less frequent de-

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

b W EUTROPHILES Ty Me o vrEs PLATELETS MONOCYTES | EOSINOPHILES
LR N1 N e N 10+ (X 109) ‘X109

All

P.E. Dav ) 3 9 5 : 10 ST Ages
M Moo TS b <5 h
3 ol ) 30 {) - it 0.8 1.61 0.5 0.4
T y oo X . - 1 S .
10 . (L] 3 12 42 Y 2905 2206 2009 3.8 211 26 1.6
12. R R N R 22 , 34 58] 14 26
15. . ) 23 44 o2 200 2002 286 3.7 261 23 L4
18 [ ) 29 5 2 2705 217 249 23 L5 3.2 2.3
22 S 0 N 5 3 4 - R 2005 170 229 1.5 2. 1% 5.8 24
26 . <3 V] [ T B KRRV 200 138 174 2.3 24 0.6 1.6
30 [ 33 w2 ool s 128 182 1y LY 41 20
33. . I 33 2 . R 240 158 227 28 22 6.0 1.9
39. . a2 20 12 4 b 2605 20.8 270 T L7 27 1.6
43 . noh )3 2.7 46 2T 2.0 196 253 0.6 1.+ 28 0.6
17 T3 7 3.5 4N ok T 200 2000 2601 22 LY 13 07
31 <4 3 308 ot it 2 30.0 82 250 2.7 28 22 10
54 P 3 RAR A Lo 370 9.8 238 15 L9 1.8 0.8
185 ) X ¥ . A 2002 02 239 11 L4 1.5 22
100 3 [ A t ti 3w T 214 283 1o 11 1.7 2.2
Controi= Ciroup A 3L - PN N Y258 385 20 200 95 47

Table 4 +.~4roup 1V Uturik Mean Blood Count by Day and by Age
AN “EUTROPHILES CUMP (i TER PLATELETS MONOCYTES EOQSINOPHILES
PIL] gt 1 X100 X108} (X109

All
P. L. Dav 3 3 S A : ; 1 10 Ages 75 5 <5 25

i Mo £
4 o~ 2 T . 0.6 0 2 2.0 1.2
14 o R [ L L LY w2 36 27

19 a4 2% 1 358 -

29. i T P - " P 3.5 56 3L7 2.2 1.7 3.1 2.0
Controls Grouyp. A 300 T [ . i P2 25 % 3605 2.0 2.0 0.5 47
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terminations were -arriesl it on these peopie
In the greater than 5 age crony. the rotal wigte
blood cell and neutrophil-
slightly below control viices during the Ist andg
2d weeks (Table 447 77
were below control level-

COUNT= were depressed

he Ivruphocyte connts
consistently, and the

total white count equal t- tle control value ob

tained on day 29
leukocytosis,

Platelet counts o the
cantly lower than cn the 19th aay and, excepn
for the older nge muiles. vore lower than vontral
values. The 20th vav comcides with the 1ime
of maximun depre=sion fo
exposed groups.

wi= e coou neutropinli

Sdth day were sign

Femore heaviy

4.34 Hematological Findings. (:roup II]
{Americans

1 reneral retlected the
SURKoeVte coumnt

The neutrophile couny
time course of the “otal e
+.3).  Neutrophiles accounted Jdmost entireiy
for the marked 11e
exposure day one, absalute
neutrophile ~ount. fuctiited near rhe conreni

total count on post

nd tie cnlues for

MR RVATIONS Ol

- e m -
. Leukocyles Neutrophiies :
¢ and Lympbhocytes !
I O . T 4
i {
: i
) j
3 8
Eogim
b:
B3
z
oA
*  DISPENSARY COUNTS PROJECT 4 COUNTS !
CR B 24 30 36 a4z a8 5& 80
POST EXPOSURE DAY
i we S Nerad total leukocyte, neutrophile and

wmnhocute count in earposed Americans (Group II1).

v:ines tnereafter in the course of the study.
Fae syvmphoeyre counts fell to below control
evel- o the first few days. and remained at a
ever approxintately 75 percent of the control
ine thronrhout most of the remainder of the
Sbmervitoon period.
Lo reonps T oand 1T the Hluernations in the
T tenkocecte count were aecounted for almost

Table
. S

P ) \ . }?m( : ‘”‘L"J“"
i a6
8. Hhoh
9 6o o
10, 6o
11 62
12, 6o
13 N
15 p .
16 ,
19 - .
23 . ,
28 T2
33 6
39 HoM w
+ T
17 TOX '
51 & "
Kwaj-Amer e s -

TH -

R "LATE COCYTE FosiNn-
\TF: I LA‘.I;.([};I:,'TQ .\I:)_‘\((;;’TH ’;”::Z?
_ 01 I. 6
._‘ ; ] i ‘). ‘—
= 20 0.4
-2 22 0.3
| 1 = 0.5
. L3 07
2 - L2
- LT L3
S 220 2% 2 5
2 e 16 14
M} 14 4 2.4 2.1
22 It | iox 2 9
Fan 20 1 1.1 1.5
S 21 8 1 2.0
l 2002 27 1.5
.2 I8 R 9 g L7
l 2508 2.6 2.7
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Table +.6.—Group |
Counts at Time of Maximum Depression

Rongelap Mean

Blood

FONTZIN G RADIATION

Vable +.6.—Group 1 Rongelap Mean Blood
¢ ounts at Time of Peak Depression—Continued

r
v\ K “ AGE (FREATER THAN 15
|
[LC |’.u‘|‘;1,n~ \)E"'Tl:{\‘; i q«r}u\u i : W B ¢ Y’L‘\TELE’N} NEUTR(‘)- LYyMPHO-
CASE No. FAI:(‘)':iR[A):fv N:‘v)"f:;:;;uft .\“”i'i]l‘(l:\hl‘l *‘»‘ET}:‘,; + | % LGB S o ’F‘:(‘::R[;'A'E L\ \"El;l);A;GE | (AP»]'léIR'ET;E: {A(;'YETRT,;;E
e ; — e s -
2 To20 o 2870 ~0)HE 2 5620 160 2970 2450
3 Ta20 1545 2770 200 55 4100 135 1450 2720
5 5620 i 2570 IH50 36 6170 125 3520 2550
17 6230 115 3350 LT 5 5020 55 2020 2700
19 dESU) 1A 0TO 2400 K 1750 R0 2600 1850
21 1730 ~H 26570 RE i 40 6970 160 1050 2470
23 T154 15 Log 28003 : "2 8300 110 5170 2820
32 5450 [ 2600 2HH [IR3 1270 65 2550 1520
33 SO <5 1570 370 0 5600 70 3220 2050
12 3506 <6 0 N3 VS it 6100 145 2820 3120
54 1750 RN 0 Y Bt 1600 120 2400 2020
65 6L A 15 0 O ' B 7950 15 4950 2700
69 770 P 0 LT | -3 3970 650 2630 1260
_ i 4 9900 135 7250 2550
e 5o 5 ‘ “R 5400 95 3350 1950
15 34920 200 T ~320 ‘ 0 7800 70 5120 2500
20 5020 123 3020 AETH i () 5670 100 2920 2520
24 3620 114 3450 D76 ; %2 5250 130 2620 2470
26 602() 145 3470 2320 1
35 100 14 2700 2150
36 1720 i 2520 S stively by changes in the total neutrophile
39 drao Inh 2000 50 ount  vrroup T differed since the changes in
M 220 20 b2t ~250) “oral lenkoevte count were reflecred almost
61 5600 15 2500 2970 - .
o 5120 L . - saualdly o the ly.mplmc_vte and neutrophile
- Q190 - SO0 0T G 'he <ienificance uf this ditference In
75 1200 L 2300 o0 enplonse 11 e Two groups s not upp:lrent.
6 370U W IR0O0 JRTO
Age grouter than 1D vﬁo,—:‘_:— -KWAJALEIN AMERICAN CONTROLS ——
3 6420 L0 2650 550 R
7 5220 1 2520 2520 Pl ”‘\
9 5470 128 2700 2320 . ‘
10 1550 oH 2770 570 “mgre - \6/{‘{ SR —
11 3120 45 ) 350 3 T
12 1670 L0 $271 270 : __Putelars
13 1050 y 2370 320 o T
14 1570 2770 700 SRR proueCT a1
. ) KOUNTS  COUNTS
18 H1 0 v 1320 BA( e T I e ST T S v ST a—)
22 1170 130 R (K POST EXPOSURE DAY
25 6250 Pl LOS0 SL20 ThLtRE ~oewdd platelet coannts inocxrposed Ameri-
27 686 20 Kz IRED] URA cans (firoup 1T
30 ST <5 20 WY
i; :(""N': lh hj‘()) 1;:: e piateter count (Fie. L(i'l. were not mark-
30 3600 i RPN - wrivdepressed when the itial connts were
16 1620 | 99n0 o vken clurme the 3d week, At the end of the
14 B 20 Pl 05K 2224 wooweel, Tlowever, the platelet count began to
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fall to reach a low of approximately 60 percent e cosinophile count o the older age in-
of control levels ar he e of the d1h week, doo s trroup I rose from very low levels

The value then returaed o approximately 1e
control level ar the < art o+ e Tth week, fol-
lowing which a secondt depression wis noted.

bepvat anoaay oto values approximating 35
percent of control during the second  week,

vhiere 1 renuned  from the 3d to the Hth
[he platelet counts were at clovel of 50 percent

of the control value .t the 1ir1e f the last ob-
servation during the sth pret exposure week

etk e T The counts then decreased

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

4.35 Monocytes and Eosinophiles All Groups

SR — - — {
. ;Ecmﬂ <L
- . N | Eosinophies
From Table 4.2 it 1+ seen hat the mean mono- . e ST —
. . rt CONTROLS GROUP A -AGE > %
eyte count for Group 1 rose phruptly from an < 'r"C‘lS:ET:’ T @
‘ o v . et
early value below conirol fevelsto . well -defined -
peak on day 12, follovine v b thuetuated at i
values below the control fevel for the {uration z
of the observation per ol % <iniar time trend ' -
was noted i Groups I g 1] J/
Table 4.,.-(1r.oup Il Ailinginae Mean Bvloo(i s T e e Y s
Counts at Time ot Maximum [epression POST EXPOSURE DAY
uuuuuuu Fin kb 47 -Sorad ocasinophile counts on those less
\ge exs o fhan awd groater than 5 owears of age of Group [
S . . : Cerrieeiai
W B Platelets Neutro- Ly mpi
i Average x it ;hiles cvies
"ase No rr;)m Dav Avergey Average Averagy :
St sl Tom Loy coom Day o rom Duas fpeo»e 0y and remaned at a value approxi-
28 Lo 3 AWt Bl 9t 81 N
e ma elv 17 percent of control throughout the
6 9 750 L 0 5 a0 ret winder of the study. The time trend of re-
B %, 350 8 L5200 4 350 ~pense was similar in the vounger age individ-
H 1570 b SERLU N viesowever changes 1n the vounger age group
. cere cepnniveiv greater 1f considered in terms
(A .
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 SR 2 150 AL o _ :
possible” that the rise 1 eosinophiles
Age ¢ reater Tl toy.oesents that reported by Minot and Spurling
oo facerrine Ce——- two to three weeks nfter
1 5170 T LT 20370 Lo -
16 L 670 0, 000 2 2T v veler ot eradiation
28 6, 270 [ L0200 2,270
29 B, 750 | oG 20220 . .
31 3. 550 v D500 2 150 + % Hematocrit, All Groups
11 5120 1 150 2270
3 6, 150 R 0o 2 000 Flie nematocerit values for all exposed groups
{5 3. 650 hl FaTO 1T e ~cov i Table .50 When hematoerits were
3 705 . 7 y 3
—)I) v ,):':: : .‘2:: 5 1”‘: tr-  sone or the 22d dav, mean values for
3 LA ‘4 (IO 205 - .
34 12, 100 0 - 20 3aT0 Foieoupe Dond T were below those of the control
70 5. 070 % HH) 54 TN \ <igmificant trend in values after
| peconad o be derected statistically,
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I'able +.8. —~Hemaux i

Al Exposure Groups

b
;
* Ag I8! ML AGES IFY!
22 i Vi I 3
23
26 A3 [ 3 HU
28
29
304 AT 122 3701 R{TNE
33 3T 1202 36w 35
349 30 . A 37 LI
13 3703 boos 376
47 3 1o 3N
185 BESRE [ B 37
Controls R b [N 36

*Age In vears
M) = Mule.
(FY=¥Female

4.37 Morphology of Peripheral Blood

Stentfieant wmorpholomeal elluiar ges
with the exception «f (hnormad menotelen:
cells* seen i several novidnals durig tae e
riod of most severe vedtropenin, were not
served.  Apparentiv ~sinol o oslls have bheen
served previousiv by Moo ard Spring
Complete evaluat.on o hese chunges o
necessitate an exoaust e -eril ~Uhedy o
hematology slides = n nodbiferences ot an
on are reported ol rernture,

4.38 Comparison of Hematological Findings in
Children und Asiults, Group |

[t is seen from Table + 2o 48 d Fooure-
ELob2and £4thoo diferences o the decees o

*There was consuerabbe diTetence oo opmne s

respect  to classthicoon Phese el s Fheo  ven
classified  as qtypics b osnonae: tes degeneratit. . oo
phocvtes, atvpical  uvesoc “ee b0 v Towd e
evtes and Ivinphoeytes oo o i To pave e vt -

the rtime af “his reoors 0 oeee s 0 anann .t
apInion With respecs o0 w0 et on e agn ey

nf these coll-

[ GiROUP IV Grovp [T
Vil NGES - . N ALL AGES ' ADULTS
Y 15 (M) 1A MDY o T
3 39 2 .
45. 7
- i6, % .
. 4.5
3909 15,1 39,4
i 367 .-
[ 3703 5. 4
v 36, % 16. 7
o 02 +4 0
37,03 .
o 30 39,6 45,4 39.9 4409

epres<ion of cellular elements were present
setween calldren and adults. In Table 4.9, the
mean values of the neutrophile. lymphocyte and
plateler counts at time of peak depression for
sen elenient are given in terms of absolute
aunt and percent of appropriate control value
mean pliteler counts were caleulated for the
es- than 5 and ereater than 1 oage croups for
ONIREEON

lable +.9..—Comparison by Age of Mean Neutro-
phile. Lymphocyte and Plarelet Counts in
(rroup I (Rongelap) at the time of Peak
Depression

. o v 1R PERCENT OF
ARNOLIUTE (OUNT X HF FONTROL
Vh W LR _ - _ B
AGES S AGE -0 AGECS AGE™S
S raphnde 2T 1 36 4
siapheeyt 2.4 22 {0 54
YT e
tomnies
i U6 P20 23 34

(})
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[ GROUP T
S0k ff - SHOUP
BOb e A r TS EXPUSRE DAY i

L e LONTRO. LROUP A

NEUTROPHILES
c ot umulonive- Age > 8

CUMULATIVE PER CENT

NEUTROPHLES i 3"
FIGURE 4.8 —f wmadatet  we ol vpe v s fae oo

I (Rongelapy at the oo TR T TY TR PRI 1

and ot 6 nponths atter oo

It s seen that in terts o aomobire conls, @ he

children showed a rrenrer lepvession of the
Iymphoevte count. Fxpiessed - percent of
control, all elements vwere fected more mark
edlv in the vounger age grop These resnlts
wonld mdicate that Inddien e more sensit ve
to radiation, or that ather b olowicis or phys
cal factors resulted 11 e itivels areater effert
One physical vonsideration that mav have
counted in part for the apparent v greater dose

recelved by the chillrers nvoives o considera
tion of dose <istribusio tae bordv Beca s
of their relativelv ~niw coumeter, the dose v

cetved at the center « £ re ey o enndd wold
be greater than for o vt oxposed 1o e

same doge as measur-a free oy

4.4 Discussion
441 General

An esumation of the overit o of rudnt on

damage meurred oo e atenpted by cony

paring the present e~y t: w10 prevoous hermn
tological dat:c on tota. ooy exposnre. The
present it represen’  f.ocnw farge seres

\Vlllt'}l S}'ST?I]I}I!I(‘ =t St the e ot

5 LI T s

Y AN FRENI) I3l

v odnade naye been posaible, and thus they com-
e v ost corplete data avaalable on human
teetzs exposed 11 the high sublethal range. It
= of importance, therefore, to examine the
rsert resnltx i conjunction with past experi-
1o o etfort to gmin o better understanding
ctone hematologieal response of human beings
vxTosed to penetrating radiation in the sub-
SE oL 1 ge
rohie followimg diseassion it will be gener-
=umed timt the hematological  effects
tue primarily to the penetrating
The beta radiation
ppsrt of the <kin may have contributed to
I iiens notae white count during the pe-
1 oaenive destons during the third, fourth
v fri week, bat 1= considered not to have
artr nuted agmiticantly to depression of any
The degree
dontern: Deontamination with fission products

RN RN A

o endintion recerved,

woonnerndoe ements (Chaprer 3).
Comnter 5 owas probably too small to con-
vovate <ramcantly to the early hematological
st abserved. Although it 1s not possible
ao~avowarh certanty that these added factors
e ot materially atfeer the hematological pat-
“ere ~een 1t will become evident in the discus-
o that the changes observed are not incon-
=enravath those 1o be expected from exposure
radiation alone.  Thus, the
wenntolories] changes noted are considered to
wo e vesidt of wosingle exposure to penetrating
1 rapudly de-

oo penetrat ne

Doana adiation, delivered at

TEas e

foxe rate over o pertod of approxi-
e ters iy s D inless otherwise stated all dis-

s woll be amiated to the older-nge subdi-

o f toromp 1
v e pal sources of previous data avail-

voe forcombaron, and the characteristies and

mtations of each are summarized 1 Table
: Pevisad of the table will make apparent
o athicultes avelved Inoattempting striet
“nparisons - however, some statements ean be
toar espire the obvious limitations.  For
s ceference, ormal” vadues for peripheral
Voot connt-s from the present data and frowm

rervme are presented s Tabie 411
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Table 4.10.—Characteristics of Available Data on rte Hemartoiogical Effects of Penetrating Radiation

CHARACTERISTIC craksE HoMERINGR "\}K,'”:_,‘;:?‘.,“ ‘
Numbers in groi ps AT ~1mali
Adequacy of 'un " D

trols
Serial counts. 0 Ve
Counting Peot ' fa

niques*

Chance of bias e Aree Laraze

to sampling * -en

niques
“Normai ol o~ o

ualx
Internal  contan "o Tk

nation
Additional  traine i

{burns. ete.

Species  extrapons ‘ I

tion necessars

Type of radiatien carimn osorme bard e
Pentrons AT

Dosage estimaticn W ROt

Single exposure s sl

Dose rat: NS A Laneain s T

Body region Tora body Usianly o

val oo

Dosage ranue ~utdethal anc =ublerna
bethits

Geometry SHITOW e NHTTOW

Depth dose rure Soderaie ful Viriani
o

*Name techoicisns Lor ol own s, rnld v < aniariz o

4.42 Comparison Wich the Japanese Hiroshima
and Nagasak: 1Jaca

The linutation- ~taterr 0 Tible 110 apiy e
the Japanese low dow sroups* 1906 1
ticular, in which aiues 11en
(12) and Le Rov -1
individuals locatd o

Hop
Onghterseaer o,
e pooled and ciuae

e tne of the bami o

*The Japanese o <t were divided 1ot
A to H on the bases v oo upoe o
mined roughly oy

LT
CXTRSUe e b
st Troin he Bvpoe e es
APProXilltte desres

essentially nao

Sboseing I groaps 0 0 o
Cserioable o it

e )

LR S RS

exXposure oconrred Tonhy

CABCRATORY Air e EXPOSED M ARYHAL- .
£ T LESE LARGE ANIMALY
sl large large
o good very good
ves yes
FnY good good
Lre small small
ves ves
R minimal none
ves no
T _\'(3S
famona,  nen-  gamma, beta hard Xerays,
‘rons. X- to skin gamma
v w b
yoor fair good
Ve ves ves
Instantaneo s Varving ~5r/ ~10r/min.
hr
Cotat ard Total bodyv; Total body
partiai bhody heta to skin
Snblethal and Sublethal Sublethal and
sthai lethal
NHITOW Deddn 360° field Narrow beam
ap o foll off Fissentiallv Variable;
Hat rapid fall
off to flat
Seetpgpaes  hroaghont, ere
aiens hae they may not have received signifi-

wnt oxposure. Henee, while the pattern of
S wath respect to time s of value, absolute
ounts probably are high.  The time course of
wintologieal change i the people of Group 1
ciresnond most closely with rhese low exposure
Piparese groups in which definite signs of
evere rulnt on exposure werve present in some
tefivebie s bt i which essentially no mor-
sty ocwrred Cimitial hematologieal studies
do e Japanese terminated at 15 weeks).  The
Y Deriod np to :1|)p|'nx1nmr(‘ly 6 weeks was

vaerenizea by constderable variation in total

fe oont 1 hath the Groap T and Japanese

CaY
Y

N



HEMATOLOGT

CRSEEVATTONS o7

Table 4.11.—Mean Peripheral Blooc Count Values tor Several Control Populations (x10%)

APANESF K i
4471948 LT
i3 !
Total White oo [P I
Neutrophil oh 5
Lymphocvios [t M
Monocytes 6
Eosinophile It
Basophiles
Platelets

*Age 21 vears
**The mean value for B0 normal
present study  vas 207 K-

casualties.  This Huctwtion iy be associatec
with the presence of therma: or other mjures
in the Japanese or tle act ve <ku lesions i 1ae
Marshallese, or may - orvespond to the “abort ve
rise”” noted for
(14, 15).  From the 6tt. ceek antil the ternn
nation of the acute -tudie-
during the 10th Japanese anc
Marshallese counts remuned ot <nular Jevels

The neutrophile «ouin

an mas folloving exposure
v the Marshallvse

ceek, le

1oootl the Japunese
and Marshallese in cenern
white count. The
groups was depressed ear

prustdeled the tora,
bt
votd renuned e
pressed at values of aporoxinately 2000 gyt
week [,
the Japuanese for weeks 1]
pected of bemnge L e

vinpboc te count g

The high vadne of 2692 reporred for
NIt e s
TeHsGIS 1P
earlier.
Various  charactesist. o rhe lapaniese
hematologieal trends ~hor e ponted o

with <ot

while high dose exposture sroup-
cant mortality shiowed (o u i depression wot)
Ceer-, e
groups showed no definire monmenn, ar

a definite low pomt OWOT fose
i wer-
but rather a continued
or 9th weeks.

of the heavily exposed wre gpie

lenression until the =~th
by While viean fedkoevte vonnt -
‘H[‘i e nverre s o

PRIt and were approse o ormin. e

LY Il DL DR

SOl At

CUROE ¥ PIATA DETERMINATION
YMERICS NS A MERICANS Kwajs- .
AMERICAN g}:::;;o‘r:
n CONTROLSY )
i T T8 07
P Lo 41 1.8
: LA Aol 4.1
' 0o 0.3 0.2
N o2 0.3 0.5
o 0.0 0.1
X250 238 308
¢ e ang the techmgue emploved in the

“hese means, 13 weeks afrer exposure were still
belaw means for control populations listed in
Faose 11 In fact, data of Kikuchi and
W kisaka 20 230 indieate that hematologie
ecavery was nol complete 2 years after ex-
I'he studies of these authors, per-
‘ormed rdependently of the Joint Commission
et Mtonne Bomb Casualty Commission, sug-
et rhe early Lood response and prolonged

ORI

e overy of the Japanese was similar ro that
et orted here for the Marshallese.

e nresent tindines in the Marshallese are

ceeore with these charactersties, namely
cora wiite cell and neutrophile counts
Hewed oo defitnte minimum at § weeks as evi-
e cen o Japanese groups A ro D, but rather
Bitarec durme the tirst weeks with minimum
ve s oonnit s ocenrring i the Gth week or later,
v aeurroph e counts were unstable over the

et ovweeks and recovery o control levels was

o compdete by the 6th month, o) lymphoeyte
ornrs remained depressed thronghout the pe-
coop ot ohservation,

Mareler dar o the Japanese are not suth-

e o ddlow cnore than rouch qualitative

T s anfortinate since changes

YR RE T RN AT

soelet connes m 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
trend agrees w th “Lor e the Marshadiese
and Americans exposet 1o tallout radiation

It 15 worthy of nore L the pertod of Dean
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 froni either
I situations, a

S dapnniese or the trrongs
nroe colnbhonent of [):Jno[r:\l e

aaannia and nevtron cacaton was receved

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 done v a0 Yerent raethod,

absolute count. e Lerefore ot conspirnhe

However., of he topes ol jome -urvivor-

times of maxian - ey ression were ot o

sistent with the oo o 0 fvvs obtanied o 1he
present ~tudies o o er dose o arvoors
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 fowr dividuals who were estimated to
ave recenved 1060 1270 60 and 9 rep, respec-
The tindhing= in the two highest exposed
vdrvrdiads with
the present study.  An imeial neutro-
phibie leakocytosis was followed by luetuations
rototai count, with low values continuing into

e Tth

VeV

cenerni  were consistent

Chiose 5

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

qe 2oth week. The Ivinphoeyre depression was

apiel and nurked, recovery was not evident by

he 2ot week Mininmim values for the plate-

o1 connts were obtained between the 2i5th and
NIRTRINN

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),
the are
'T'PFQ‘H‘P(I.

A An anial rmige naototal white count (re-
Heeted o rae nentrophile count) may oceur.
Fhereafter the magenitude of depression of the
toral white imd neutrophile counts, and within
function of radia-
\ secondary or abortive rise in the

v ‘ollowing  ceneral conclusions

nees herr duration are o
Fon dose,
roral white count (reflected in the neutrophile
o lemphoevte county may oeeur, followed by a
There 1s little species ditfer-
riee 1 the rate of depression of the total white

econd decrease,

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
i h Datu on dogs are muade-

week o oearler.

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

oy,
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at doses well below the lethn rance and ineren--
ing dose result= i ne or von mae further qe
crease in count
pears to have no causa] relosionship with acure

Lymphocvte depression an

adiation deaths.

¢) Platelet counts aave oeen -tuadied 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. hur 1= not complete v
the 30th day when mos=1 ~tud ex lizive been term-
nated. Insuthicrent dita ae aviualable to nd;
cate the time required for -omplete recover,

Considerable evidetice niluding siudies n
the mouse using spleric homogenates. induced
bacterial mfections ard spontanecus infections
have indicated that citiea neutrophile leveis
exist, below which surviva 1= correlated wiry
the absolute neutrophiie connt following wihoie
body irradiation (15)  From data on dogs, 1
appears that survivai 1= linelv naless neurr
phile counts remain belovw 1200 cells for o
period of time.

Platelet data on deus noeate that animals
with external purpur: huve plarelet counts of
50,000 or below

Sufficient data on Carge cnimins are not s
vet avalable to quaniify e extent of max
mum depression of e:ther the neatronhile o
platelet counts as a fuaetion af dose 1 the sue
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 =ublethul var ge ave mdicated,

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 poirr can be oo ned by o
paring the degree of fepre-sion o f the nentio

phtle counts 1 Crron e e TTE ok

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

e cehaole mdex 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 ron the plang
product tield.
1t 18 =een rhat

BRI
IFrove the preceding paraceap
S sudebitomn D0 oS00 - GE

oratory radiation ov o averance of 70 son
ably wonld have re-ulred 1o=ome ot 1y
Correcting this averge valne for ceomery,
1t follows that ‘he mninad lethal dose for noan
exposed in a tssien product feld = porox
mately 225 r measured nor,

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

<ome mortality aniorctae crony I peanle from

wortid have resaftedd

consideration o f the m mmum olateler count
observed. the pareler Tevels 1o dogs exnosed
the high sublerhia. canoe 200, and the o<ty
mated rate of decrense of piateler level werg o
creasing dose o1 dosave ronge Saceh
aalysis deads 1o rie ~ome conclhisions = 1o

derived from neutrornn e ot
446 Peripheral Counts as an [ndex of Severit:
of Exposure

The reiative alue of the everal Lenmtolog

eal determinations © eotntme the degree o
exposure. as= vell o the approxinnate  om

ranges over waleh  oaxinin o ens1rroaty foo

each determinaiior exists, an ve estinaged o
comparing the decrec of Gematolorien e
tmong the severnd o o= Trong- Me o

{

wive deeree of Jioire | e TG ies, VI o

womeen 1 [aies § oo

svtes and platerers o
Eoaand Frgures £0r0 0 120 Lymphoevee connr
were depressed apprecably even i the o

exposure Grrouy IV Inrie higher dose oronns

however, with wioe. Cferent pnvsion est
mates  of exposnre e VIHD OO Ve oy
From vemmerr Vo e Cnse o onsaderiiie e e
‘arth in Neetjon Toroentzen neasured o g
Asston procdiet fien ok b X nected o e e, e
nits effecr o noot S e natels DD roeergene
DEORTTNTING X ar 2hinta Caiiation ander cecpe e
conditions asiatls el o birse e o e
rarory. Thnas, e s 0 g chose Tt e
posed To PDenerTar s s ot o s nder he e g abeer
Doy eoneditions w o ST N e T e
degrec 1o avhineh st e b e Gt v
radiations wv o ter 1 | [T RS FTH N e [

cvaliated o0 ey

TN TALNG

RADIATION

nowed essentially dentical degrees of depres-
ioh The Ivmphoeyte connts of Groups [ and
[P wers constantly depressed at a level of ap-
proxinately 2000 cells. Thus, while sensitive at
cery Tow doses, this endpoint may be w poor
ccdex of the degree of exposure at higher doses.
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Liwephoentc  conats for
Moty and 1T 0 Viltnginaey and can-

i 0 b the o of i depression,

e rotad veatrophile count of Group 1 was
arsistently more depressed than was that of
P and the ditference was of the order of
i g O el s,

Mietaations i the neatrophile counts oreurred.,

INSEIAY
However, day to day wide
Levord nels s this endpomt appeared to be of
poted nsetalness as ar ndex of relative expo-
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sure SPVE‘I‘it)’ exXcept v et connts Gt U e Fye

compared are performe:
The platelet count <o,

U = une rinie.

S Lore svstemat

trend than did the et opnie connt. Inf

ferences between tie o
controls at the time « { 1

dose Crong IV ane

Mt lepression To;

all groups wirth the exiernicn of wanlt maie-
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NaprraTION OF ThE degree of depres-

c1oof pertpheral cellular elements indicates
poooaposte of Grroup Towas moderately

e protably wathin 59 to 100 ¢ of the level

coee some tatacaties wounld have resulted.

[t

i
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REEH

Ihe egree of etfecr evidenced 1n Group 1
prie ~ not inconststent with the physieal
mates of cwmma dose received. when the
terry of exposure and other factors are
~iierec Betn lesions of the skin, and the

vvele oo nrernal radioaetive contamina-

abservec are constdered not to have con-

sted sgaticantly o ro the  Llemuatological

D Ures Ree])

I'he exrensive serial hematologiceal data
vined, considered noconnection with pre-
1= ara, aliow reasonably necurate character-

~frhie hematologieal response of human
e exoosed 10 single doses of penerrating
inteon i the high sublethal range. The

i of caange of some elements may be
et for hngher «dose levels: (see earlier
TSI

e e conr=e of events 1z different from
onsersec i rge ansmals and may be de-
baerr s Tollow -

e toral s hate count nereases Juring

St 2 more davs and then decreases below

e Jeeeis The rotal count then Huetnates
Coae aess o oor B oweels, with no definite
v el woth <ome vadues above normal

voserc s of thermal or beta lestons, or
©are processes during this time may -
;1 0 onact far rhese Huctuations). The
Lt oecomes =fabilized during the Tth or Sth
b f Do devel<and ninmunn counts prob-

Coeoar tins fime. X detimite trend up-
o~ pparent in the 9thoor 10th weeks:
v et recovery iy r-vqllil'e xe\'e!‘:\l

[EEE AR N

T vearrophile count parallels the rotal

rebiood el commt. Complete return to

L e o= not ocent for severad months
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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:
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s LeRoev ¢ Vo Henmtology of atomice bomb casual-
res Yeedo Tat, Ved s60 691, 1950,
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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.
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Reterences Cases oo review of the problem, Yun Tofo Hed,
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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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aeneral, jong ridiologiead and beologreal naf
lives and prodice ioh energy beta particees
Tlllls. [ht'y CHOlise e ter <i;ll|1:l;_{t' ro bone wna 1
the radiosensit: e hore quurow than to arnes
tissues. The damage o tae blood formm e tivan
results 1 oa rediactun o
atfects the entir Ll
Information

Slood celis, waa

e
“he baologieal effect- of 1
ternally depositec ~coopes < derived from b
Himited stndres f ave de v radionsotopne vors
oning 1 huameacs, o
tation.

frone nmal experunen
The be-t doe nented data on the etfec
of smadl wmourn s of aternally deposited e

ters i human bernes ore abtained froms sta.e

of radinm porsome v- Cresult of radioan
deposition. tern i tnenia bone ecrosis
osteogene sarvomn o e e after Cnumbwer o
vears.  The recidial conivry oy the boay -
soviated with these oo o o 10 2y erogrne

of radin. Rahivn o~ 0 partiendarty anzara

ous element Wi e

osited mternadly Deciiase
of its long biolonedd i adhislogical balf @ fo
Very fiw dat

hiologiear etfecr oy

v e dab e oncthe tang tern

it e oS Of the shiorfen
hved sotopes b o = 1P g N

The metanaiisn. vy e

of
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qud ed i oanmmmals by Hamilton (1), Abrams
21, Bloony 3. Hawever, most of these studies
conot eover the problem of the long term etfects
rounmials produced by small amounts of in-
“pridly denosited sotopes.

Few data are available concerning the etfects
4 mternal contamimation with mixed Hssion
croducts from nuclear detonations.  Contami-
atton < nat produced by every detonation of

mhelewr vevice, For example, no internal
ontamination was detected in individuals ex-
wosedd to the e baest ar Nagasakn and Hivo-
SRy

I field tests of the contuminating ryvpe of
Sonde detoation, animals that inhaled fi=sion
rachiict < durng short periods of exposure were
tonmed to have tnstgnibicant amounts of internal
nutannation,

I'be Ting rerm eilects (primarily maliznant
nangess resulting from radinm deposition have
aeit ased tooset the linnts for maximuom per-
i ble boav coneentrations of a few hone seek-
Maxunum
wrn =~ ble hody content of other radioisotopes

i tad osotopes i the body (5).

Ceestinated on o quantities resulting o dose
v

teme per week to the tissue of hichest
IS A R TNIEN



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 wurine ampies from the
Marvshallese and Amer-car cronps  Maximun,
activity in the urine oc -urs dur .y the nrar fow
days after internal cortamnat o By 1 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 bvve bver penlacen

natural process of bioragien mimaver
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. .\ telo Libornrory 3s most e
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 rhe Taos
Laboratory (1LASL)
lected 44 days post detorar ion were Gso send
there.  On the 23rd. 2hl
detonation, 24-hour urine oo fections from v

Arovided for

nent oned anove,

Vamios =orentitie

Sk amples oo
b davs post

mmdividual from Rongelar wad Nibnginae were
<ent to the New York Operutioas Office, Xronue
NY ey VRO for o
In addition, -unnles “ron represent.

Energy Commission
alysis,
tive individuals in these groames were collecteld
216, 3 and 6 months sosr et or e sert
to NYOO-AEKC,

The USNRDILL collscted camples from enen
member of the exposec oo o o0 b0 o B day s

post detonation.  Saupies  an represents

tives of these gronps verc oo oo ected at Ui

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.

b ADTONT CTIDES 69
11 Mechods

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

piee zect for \)Ilil\

sros ard s le matertal. These analvses are
‘e o=t peful 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-
D celnod for beta measurement ('«)nsisting
o amie oxadate precipitation with o lantha-
vitswrrer was emploved on an aliquot of the
E oo This method rapidly
oncentrates tie radioactive 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
fero:s ar o,

P'le beta activity was connted with a thin end
The counter
worlp o U0}, <tandard, and an

pp bt correction for self-absorption was

soncow Croyger-Muller counter,

a1l b ted

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

Heta et vity of the Unine.
G~ o1 mddoactive elements was evidenced

Internal dep-

Sy te presence of signifieant amounts of beta
vty the e, This aenvity 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
Ve e and from Amerteans from Rongerik

Toes ot front Rongelap  and

voin iy post detonation the

o g e
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Table *.. -

highest activity was 0 the Rongelap groug
(Table 5.2). "The A linginae gronp had les
than half that « f the Rengelap group. i the
Americans had abonw one quarter the wrivity
of the Rongelay vroup

The mean gross ber o cenvity of the nroe ot
the three grouwps bhove was roughly oropor
tional to the exterral o=e eneh group recsi od
However. beta

tivity of the uriwe o Vg e and Vmero o

Acontas o ot the menn
groups indicates thor e batrer had asomew g
lower amonnt « f yerernad contanumation, e
though both graaps rece ved about the sone ex
ternal dose. Thic o e be awcounted for by i
fact that the XD ae cronp drank contan,
imated water fron apen

cntaners and ite con

taminated food e e 1 me of evacuation
whereas the Americc - nreted mueh foss oo
taminated foor  va witer <nee both were
largely stored 1 ¢ awed o timers Ludocry
nation of the Vet o1 oneert ing 1 oodiat o)
hazards probab vowc e faerar i redione e
the wmount of 0 ot s hinh ey e
cerved.

The virmou o o, - TV aeng ‘
tdlividuala i s o rer ronps s ety

A PARNE

TIME Posr ,
DETONATION MoNTH
LME M N A
SRS RS AU
Rongelap
Age in vears
A IS 104
B (H-161 ; [RR THk
C( 168 - A 12086 Lre
Ailinginae
Age in vear
A5 Cond 210
B (h-15) h 26
Coo ; 2 1D
American . iH% 0%

NSt CMONTHS % MONTHS
u N VOLUME M No. VOLUME [$78.4
SR 24 HRS: 24 HRYN 124 RY)} 24 HRS
ML ML

b 360 12

12 a10 5

) atl 370 339 33 625 0

3 400 0

12 H55 0]

RADIATION

~summary of Human 1 rine Anaivsis, Gross Beta Activity

This is chiefly the
cesitt o f vamations in the quantity of water
ard borhy the kind and gquantity of food in-
vested.  The degree of exposure of the indi-
vidual to an-borne aetivity 1s also a factor in
weterminne the mdividual degree of contami-
Wihile
mony ndividuals, the dav-to-day levels of ac-
cach medividuad were  fairly con-

aree 1 Tabies D00 and 5.4,

LAt on there were large variations

AR ar
~te gt
the source of -

Furtier oaformation on

dvioa vietions was obtidned by grouping
“he ebiviaealds from the Rongelap and \il-

netnae gronps aeeording to age (Tables 5.3 and
b While the aetivity excereted per unit vol-
ime of arine s about the same for both children
ned e Ity the mean activity of the urine ex-
seted Sy 24 howrs by children under 15 vears
v tecfieantiy lower than that excreted by
vindr=. The data available do not indicate
wtitite v anether the lower total excretion
abheates a ~undler total body burden in the
pderer pesaltimge from lower mhalation and
nes oo, o whether 1t represents o higher de-

ree ot vt on of the rnhio-elements by grow-

ey &‘(onug
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Table 5. 1.—Gross Ber: Activity in Urine or Rongel ip People on +hth Day Post Detonation

~ " ST, Mo LLMF HEYTA AdveT:
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\ge E r
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\ge ¢
20 Zhi [RRIITN
29 Aol !
26 HA0 R
35 255 '
36 P90 2380
34 e (I |1
47 [T51H oThn
in 50 !
e ! S
w5 - H i
“6 sy Y
Vean jt A
Yalues eorre e © {0
Nao correlation a~ b Hetweer:s ey
werrht of the peop e 1o Ranvenn ana i
total aetivaty per b oo e vnorelec 11 1w
arine,
Crross bera activity jneasnrenents were s
made on the ~ampis ~er o o MY 00 N

Their results essent o

*Porsonal cornsange:

AC

‘

nrratiopate the T

N,

fry he

bt

BRI N E

Y )

=N R
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toorp

FOTAL VoitME
23 HES ML,

35
S0
355
URE}

Lal)
340
TR

5%

47
360
TH0

180
5540
3340
125
TR0
320
700
350
750
<10
BEN
535
<35
304
2014
230
965

15
40
Hil

Xl

B

ETA ACTIVITY
1 M'24 HRY

631
1700
201
549
. 583
1. 677
. 460
1670

138
570
TO2
440
L5
1)

0
180
220
095
170
580
L UKH
. 260
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tes song the three oroups stucdied.

vanues of the activity determined

ALC, however,

were lower than

[. vaiues by a constant factor.
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foddy
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Analvsis of the Urine:

Radiochiemienl

The Roneelap e samples indi-
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dkaline earth ond e earth

contribueed

5 percent of the
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a e Lo~
e Folien mes the body hvden che radioisotopic
L CrGaItn the to=mue-; was estinited.  The
i beeta e berwern the aerivity of the urine and the
dtotnt af sotope dixed o the body s requared
o St cadealation, However, fow ratios are
TN voabie for rthe deposition of the various ra-
sarbanent- 1 humans, o that i was necessary
) " il e ratos obramed from ol studies.
St e anneds calleeted an Rongelap, the pig
PRI v ele tees = the closest to the human i size
Coosne e s A detnled stiedy was there-
e de o the evereton ol these antmals and



PNTESNAL BEPOSITION b 2 ARlIoNT CLIBES 73

Table 5.5.—Radiochemica! Analvsis of Urine From the Rongelap People (45 davs post detonation)

TORT . AT CIVITY 6 oM.249 Hovg
“i
Froae aET - T HKARE FarTtH

T! T AUTIVITY

A &tl] 120 1OV

2 2t Sl 130 244

3 ! il 120 324

i L a2t 150 284

5 0" s 110 17

' g 2 170 353

Averag: 208 St 134 312

Percent o0 coan Botn ety 1y v I 1. 7 250

—_ e e I
on the radioactive onres t b arions s ge- doee ot sipnteant amounts ar one day, as
Detatls of the antn o oy e presented ; ceoon Taole s These estimates were made
snbst*qll?m section. e st~ of the level of =™ at one (lzl}'- to-
The estimate of the e hod oedeny of socieeath he daticon the activiry of the vart
Rongelap group at =2 davs post detanarion - v ssior prodiets at this saome time (9 and
presented in Table 7 6 T o nods bhiedernar e : v wotepe absorption aud retention data
day was calendared  nore Cellowing e
A formuda was obtivied frons ar nary eseret o Pao oA D also estimated the body bur
data reported by Cowar o vhes and Love o e ol o the hasis of radiochenneal
m aease of averden a0 walhitieor of s The v s of Doosed nrme sanples from o repre-
exXCretion curve W oest pepresented vt v teve nnmher of the Rongeldap and Amert
exponential ferms. Vers soniar resuits were coonos 1o These cadendations were hased
obtamed by approx mar o 2t baologread e e vl s o I the ey samples of
of strontium with oo N tton, hasen oo e 1o divs post detonationy as well as the
human exeretion o e oetanedoanl v oy b co et oned phvsiead od biologread data
element, radinmy T cear oS ooy Therre findines are
Fostimates were s 0 e o oejenpeny v it L aale S6
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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
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detonation were 1ore ot e G e oo
tissue.
The importance of noes 1o o= 0 continny

source of contam natic condencea v the

level of internad cotam- wv o of the pags fron
Rongelap.  These annnai- noe about ten times
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 harsan-, the contaminntion

of the pigs during rher
island necessarly aest o Teom

mrolonged <tay o che
noestio: of
radioactive food a o« wnie

Radioanalyvsiz o water v ol <aomples fram
Rongelap indicated hig:
tion from the fall it o oy 1me
detonation.

iovel~ of  conraniis

follavire
morth

It appears tha baroo o firs

Hmited amount of ts<no aroduet< was aval
able to plants grow:ne o e contamiratedd
soil. Significant anow s f seta aeriviey -
well as small ameant-
present on the extern:|

days post detonaticn

fodpoa aenviry wers
nrfiee of plants ot b
Covly very smadl amonnts
of beta activity and 1o cpan setiviry were de
tected 1 the edible prorons of fraee sach a-
pandanus, papaviz e oconuts
high levels of aetiv tv were Yo a e che coenne

Howsver,

tree sap, and the
very similar to tha of wore

ROtGLne oneentrarion wer-

High levels of wrivien e fonnag 1 fish
taken from Ronge ap ingocn Tt appears “ha
rhe mmgestion of comtan e water ano b
f i ternad contam
nation of human berge O e
adionuclides, Srs nec e oo s

were the prineipal ~onrc -
mdivi-ha
?llgii i
bility and relative voor o cvanonerive balf ] e
was probably rthe ~otape of rreatest porect
hazard i the envianrae

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

pbi bt tioon 1 Rer

Sinee there < o iethod of conmnternet

img the nuclides fon 1+ o oy s
ab b .
tetra-acetic wed oyl

rapuliv -
possible.  The doavier e o
nobtlize certa

of the tission proe oo T e s letor

YE RO

OHADIONTCLIDES (K]

terense the rate of their exeretion has pre-
anslv been demonstrated (11=-13).0 Tt 1s most
ecrivs varh rthe rare earth group. but has
These studies have
most of the brolocically hazardous

coetfect onestrontium (13504,
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

s

etovation, <ihee 1t waonld mobtlize and make
etection o f 1satopes enster, even though it was

st zec that tae procedure would have Timited

et TS e,
Vorepresentazive croup of seven ndividuals

“voin Bonrelas were selected for this study.

Sinles waore

B

e a eantrol period of 5 dayvs, 24-hour urine
sHeered darly for radioanalysis
o owder o establish o basal excretion rate.
e the nest 3 davss caleium EDTA was ad-
virestered orailv, 1oom per 2 lhs of body
nstead of the preferable intrea-
enotis irtn beenise parenteral therapy was not

evcht da ly
ricteen vnder the crrenmstances,

wenty-four hour urine samples were col-
wtea oy ddarime the treatment period and
i lavs Tollowing treatment to determine the
dectveness o DTN 1m0 oaccelerating the ex-
morion cate of the rudioelements.

Nosre oifecrs from the nse of KDTA were

teerved. Blood connts and blood pressure re-

ioned anechaa ced throughont the treatment.

Phe nern oetiveey of the urme during the
PP treatment pertod was 2.0 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 [his nrernai coneu
nation resulted fron botd i alition ae o o
ttion of fallont arer «,

High levels ot aer v were fonng Wl
and on the externy  arfuaces of plat- e

contamination of the 11 tertug portions o frr-

and vegetables was sialll O f rhe nd veoanad

radionuelides, =% secause of its high <o |
ity and relatively long radioactive half-; fo o -
probably the isorope «f
ard 1n the enviionmernt.

Few of the tission
environment wevce ewdilv o wosorbed fron. e
Tungs and the . 1 a0
vsis of the urine <unpdes from the Rongelq

renrest potentod s

nrodicts present 1 e

Ridocinennend 1o

people indicates ~har =, Baood the rare vared

group together -onstruted 71 percent of 1w
total beta activiry of
detonation. Sr*
nuclide at this tme. contributing 42 percent o f
the total beta activiry

tertal mn the pooled nrive samples were negat e

e nrnae gt 4 daes peost
S the predominant rad oo

\ssavs for fissile non

The human body burden of individual rwi oo
nuelides
analysis of the banur arme and f the fissee
r‘l(“

e

Was et ed trom radiocnenie

and urme of aumal- fron. Rongelap
mean body burdens of the radionnelides
Ailinginae group were approxintely one oo,
those of Rongelip. vl the menn hody bor
dens of the Amereans o one fonrth ot « o«

Rongelup wronp Ve the ctiviny eaeretong

per unit volume cf ey v s the same for et

and children from Dovoer. o he toral setie o
excreted 1 the 24

under 15 vears f aue was agibennti lowe

e vour- by oo e

than that excreted v e winlts

The total amo it o vdrcaetive ateron o

the (oo I.orract a0 are e niost detonation s (-
estimated 1o be . peopee from Roveenn
Thisactivry wi- corn bbea chietly by ot
of <hort radiolco 0 nol bolowesd Foadf foe

and Tmrred <olui by, v b has toe Tever- of

m-ir_\' 1 othe Tissae= o hoe tly o sverse relag o
low., The comee e s o0 sadiaiantopms o
months post detet oo aarely detee thie

the urine of mos o 0 e s med v

Fhe estamtec coae 0 tne thyrond 1 an

vk 1)'])('] =t . Sl ~il oy 1

EFFECTS b Lo

N

TINGFAD ATION
orep for Rongelap. Todine is probably
“he taos hazardons mrernal radioemitter at

The dose to the
ovrond, althboueh creater than tolerance, was

Sk tines after exposure,

s compared to the partially or rtotally ab-
in the rreatment of
svperthyvrondism or earcinoma.

Atoone dav post detonation, the concentra-
o b= was ealenlated to be near the maxi-
At

siter mes following exposure, this longer-lived

Glne doses of IV oused

voann permissible level for this nuclide.

“esion preodiiet presenis the preatest potential
hazard.

sdministration of caletnm EDTA be-
7 weeks post detonation to a represent-
atve group of individuals from Rongelap in-

i
rernad
Oyl

Jinnmnyg

rensed - he e of exeretion of aetivity 2.3
e Towever, the decrease of the body bur-
prowas shigat, as the exeretion rate was very

caae s tane,

Anadveis of the mrernal crontamination in-
peates tuat the dose to the tissue of the body
s vear. burowiath exeeption of the dose to the

wrard, did ot execed the maximum permis-
chle dose devels. The activity fixed i the body
The

antr-birton of the etfects of nternal contami-

revesed rapudly as o tunetion of time.

o teo the total radiation response observed
apeer~ o be stialdl an the basis of the estimated
In view of

ooy barders of the rudioelements.

¢ <o ac-life of the most abundant fission

codier- o rhe sitaation, the possibilicy that
o readiation etfects will occeur s small.
5.4 Internal Contamination of

Animals

I
i ollected on Roneelap was studied. The

v N L CoNTOUNATION of 1 nomber of
oy oty taerr arie was studred, and radio-
e cal anadvses were made of various rissues,
iese it rrovided the basis for estimating
e body burden of the radioisoropes 1t human

In

TR ~ddition, hematologiead and patho-
s stdies were padesand antorndiographs
sevetod tosses were prepared. A nnber

e o ais are l=a berme <tadied for the
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radirtion,

A spectal srudy vas aorn
the efect of the v dimte o on he ternd o
chickens and the o telal 0oy of e p oo

ol T e e

The aninuls col ecnee o, Rowgemp

Utirtk meluded 1 o0 ke oaby ek
=wine, 4+ ducks and .0
alive o the T'SNRDIL
laroe clam were raker foop

Itres tisi
the Rongel
Collection o e
these animal- are

001

Oresel e e

addition. o boar, oo 0 e o Ker s
antapsted mothe fieb {00

were rollected,

5.41 Methods

Tissie =amples vere riken oo,

whichi died ~pontuaec = v 0 e scerie

Table *.7 - Moruihov and External Rud.
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The beta
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¢oaomdoy Gerger-Muller counter. =™ was
o e basis for the mass absorption cor-
‘or the samples, 2= 0t was the major
o lernent f.li-]mhifk"i. {he correction cal-
G approxiation. as omass absorp-
o~ Peactnion of the averace energy of the
Poode Beta setiviy was measured in total
o b= e W eonverted tooge, S
Goert
Do rannnee tiv ity of the tiasie samples was
vt a0 el tvpe =odiam wodide seintils
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ACTIVILY wis obtuned o0 ot 0 o naed
converted To ue 0

Samples were iy e
S Badt o the vre e

material,

0 et :
vhocnemieadiy tor
coroap. 1 TR B
For excretion ~tudie- the anineis were caged
dividually, anc then exerera collected ar 2t
hour mtervals. Hok

Fae toee and aeine of

FEFECTS of [

N RADIATTON

vere collected avd ashied combined, but were
cileered ane ashed separately for the pigs,
o g o weeks post detonation, the excereta
d L represertative sroup of chickens was col-
weted ar weekly mrervads for a period of 214
pontl <o Collection of pig exereta was begun
toeoweeks post detonation, and the collection

i made 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
o A TIV Y
Pig #24 20 % .ot
Skeboton 0 g AR
Lave:
Colo.w & "o
Lung  Alveoaa
Stomach
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Rem uarnra 7is aes m
Tow [Ia%{N
Urir e Suarmne 04 oar
Pig #2522 7 a1
Skelotan 1oy XA
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Colo & ooty at e
Tune  Vioe oo
SOt 4t !
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lem uarir g~ Ry
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Frine saon o 2y b '
Roy BETA SoeTtvrT
S
Ryiee
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- e —

TA L A MPLE
' TotaL
Bal® RARE EARTH
v TR0
ShBi 6601 1010
Y (33 6. 4
o1 R 32
R 0,20 08
P [ 1 3
[ 050 0.51
[ (42 .74
“HHT 665 1020
AT [ 1.6
T 1O 330 6940
[N (20 5.5
] a2 19
Vo 23 0 33
(P4 oy 0. 30
[ % XK 0. 88
[ 10 0. 52
dhed 534 T02
Vo 130 0. 54
SKERELETHN ToTal Booy T"RINE (24 HRS)
V2 8.0 69,0
[ 6.0 9
. G40 .5
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riod. Radionnaly~i~ o7 e ox e was we

formed 1 the same e ner v bar ot the s —ss

samples, described - o

5.42 Findings and Interpretation

oy

(rroxs (e rratioos T wnomads tuud tees

free on the 1shands  Alrnoaen madnonrisied

they showed 1o ther ovidence of disese

Autopsy of rwo olekers chuon ched daene
slipment revealed v pathologre ] e hings 1o

could be associated w01 adianen

On the basis of « ned b
fallont time. the

cetved an mtegrate i extern g

HES

e frons Rongelap e

fose of 2= o

360 rodepending o1 the cate of therr collecrion

isee Table 5.7y, The 1w

a caleulated dose o7 30 o the tine of then
evacuation.  The avinial 00 ~howed exter<ive
external contamina 1o aneing frons o

S mr per hour at 30 Luyv- - os deronation
activity was reduc-a don perert

washing with water wiom
Radioactivity of Tcou
gross beta activity of ciw o

Table = U ——Hets any Gamma Activiey or ¢

Dl ST

hoor etfec e

fron Tk rece ved

“

Hex # PPEN #! EN
DAy OF DEaTH™® fran X vz A
DAY ANALYZEL™® S A2 .
TISYCE BEra AMMdA BET FaMA Bl
Tiba EL TRt S EVTREE I 5
skeleton R$ LR LU 130
Liver . M
(hizzard
(hizzard :conten X1
Crop i
Intestine L an
rontents o3
Intestine < wad
rontents
Pancreas 4
Spleen
Kidney i
Lungs “Alveo A
Trachea 24
Turbinates 7
cCajeulated Gstng ratw ol e wobetor I

**Day post detanation

ie

t

'

ADIONT CLIOES 79

The distribution
covity 1 the nudividual tissues 15 shilown in

NIRRT RS I :lh()llf boue.

tae o> Ohver 90 percent of the beta activity

cwaized 1 the skeleton.
i ~oft
foonan bowever dess than 0.5 percent of the

The highest ac-
tissue was found 1n the hver,

hady barden.  The colon contents had the

v cnnl highest activity for the soft tissues, about

b nereent of the total.

K VY

The alveolar tissue
v awd o aetiviey less than 0.02 per-

vof e total acetivity i the body.

dross et i gamna activity of the chick-

Ceoavs host detonation was approxi-

ey 2w The gross aetivity per body

gt o0 the o ckenis approxnmately the same

o the pies The distribution of activity
i Table 5.9

“v ndar to that m the pig. Most respiratory

v Liasties of the chicken was

v owas locahzed o the turbinates,

s~il U of enrrapment of the large particles,
s oald not penetrate to the alveolar tissue.
e ettty an the <keleton of chickens
“avs Adropped ro 4 percent of the value at
vy o8t detonation, while in the same pe-

wi b arama activaty dropped to 6.2 percent
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of the 24 dav value  These dara mdicare i
most of the act vty
e

very rapid, and after £ s the deca o

1ssoclated with shaor

lived isotopes. pait ad drop i act vy

= oessentiadly that of <r 0 tie most abmnda

of the longer-lived viere - depesited
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i The residual total beta activity found in the
' tw o Lirger hish at 4 months post detonation av-
. cmgred =00 we { Table 5.10). There was, at the
! tne nee, ahout twice as meh gaummu activity.
! Tae st were collecred 56 davs post detona-

v the dropin aeniviny between that time

Table 5.10.— Beta ane 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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futoradisgraph o

detonit:

marrow cavity i this b ontamed dense
trabecular bone ulor e itsentre bength, o forma
tion not normally found o maonmalian bones
There ure also two distio ot areas of ierensen
density i the trabecydar region, wineh appen
as two lines of radionctiosr o the aorndio
graph. The center of 1op annysi= an- ar

normadly thick, possibiv cee g of 0 farlie of

the normal resorpt ve e
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cere keon

v f

croriflecd 35 dinus post-

“ooother evidenee of a double fine of radio-
o vesleposit appeared i the animals studied,
irrept posstbly o a sow saerificed 58 days post

vopeeare o Fia, 5000, Here a faint deposit of
porovity o he crabecular bone s noted, sepa-

fe eonn Dae liwher level in the epiphyss.

Paowees o< bas shown that o tvpieal osseous
s trabecndar space 1S o characteristic
oo soloete i inding followime radioactive
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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
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CECRN AL DEPOSTE N ADONTCLIDE S K9
but those froni a given ber aere of o ntorn Fanie = 11 —-Distribution of Gamma Activity in
welght. In I4eges studied he <nedbana nem Chicken Eggs

- s
branes weighed an average F 7t percent of - N
the whole (§1414 ‘»\'PIL:M " e ashed -hel PERCENT OF ﬁfER\\EN'T‘ ar¥
. : i} . POTAL viavMa OTaL BETA
welghed 6.8 percent o the nole org weicht ACTEUITY ACTIVITY
These values are with ¢ tie orae | oe for
eges of domestic hens i <1 5%
: . : - o
The gross beta and sionnoo o crivitios of the br ) =4
1 R i ~
shell, albumen and voik were pie-nred e the '
Hrst 50 egas obtwined, cir 1o monom aetovt - e
of the shell wax measured 1 e vomunnder oo ) ) . "
. Vabie » - -Radiochemical Analysis of Chicken
the egos.  An inereasir o oo a1t ol culime i Eggs
tivity appeared 1 the ~hel  f e tirst few
eaos latd by each heno  The oxon um i - T o
oL b CRTA NETIVITY v Ty VISSU R AT 4
activity was usually noted 1 amone the eichr MONTICCFoNT DETONATION
eoe laid.  After the vty reacred 1 oniax: o . CakE iR HETA
mum value, the subsecuert soore | the sere. Fakmis o ArThim
showed a general declie ctoat e e
amples of this phenorwenon e STt edd . -
Fieure 5.6 i O BRI 043 1, H60
- M '
T . Vb 2 2 a0 260
[he lnehest camma wr v v fonwd 1w . Nt 520 060 30, 000
ule ey shell was 665, 40 HEE- el e - 5
measured at 60 divs ost o Getoear o, For v ok L5 825 a0T 20178
, . " 5 32 32 RREY
gamin energy of approxiciel ey th- be ME e 2 132 3 < ;l):;
X - . ) - RILEETRTE T SRETH 1 A 52 (S IS S )
ure corresponds to o7 Fhe volks o ai v "
bumens had mueh less act vorv ran the shells e e
as was anticipated.  The wcoornge Distributio | terd in 1]
- ; crenter taan fhe s sxereted o the
of aamini :l('tl\'lt:\' M e eoer- | rien i T able il N ll-? vobnal e amount eXx I.l .
5.11. The results of the radioctem ear analvsi e feees durig the pertod of this study.
). . y h b : e [RF1 WA ali=i
of two eggs are presented 1 Tibie 512 ' Foee sooduction o the clineken represents
HES ¢ ? s s R S0 LS T I .
. . . . Cr oo e ard decontamination.
I'he alkaline earths we 110 100, apal fesio ' o e
products deposited it e« e i In - he aibumer o SN -
¢ Ferulity and Hartchability  Studies 1n
and volk, the beta act viro oriebated by th ! erulity anc ‘

Chickens

alkaline earths was or v o rtie Crenter chue

that associated with tie i earth -

e <telies on the contaminated chiek-

The pattern of depositicn £t wioner s v b months post detonation,
within the egg was osa <tiqreg | Vo ar . fonc e ol sens and roosters and the -
antoradiographs. A ertes 50 0 ngos were S ot the vors obtained.  Inothe first
hard boiled. =ectiones . arccdiographe it vt wooe, 5 owere hatehed. One of the
were prepired of the - faes Oy foun L vohe cepplhing shipped-tendon condi-

of the volks of rhese .+ oo

Zus e

sutticrentix

oot perosis.” which 1= ot nncome

rachioactive to produe - o wrbiarrpais e T Eovdhan adyvas of the ehiel tissaes -
Fig. 5.71. These 4 eroe vore v o1 -teres e o ek barely detectable amount of
sive davs by the <anme oy [Tore <o caprein Gl e ter ol was transferred too the
tion hetween the e o8 vo e ve gyt Y Caot the nother hen had ar this time
volk and those of g ¢ e ande cortamination

The amonunt of et v ot fron e S cther totels sixomonths post detonation,
body of the ciicier 14 b oy v g o v et red, O thesel 2% were -

A8ITIZ ek
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fertile. 3 fert le e o

LT developed concdete embrvos buar foien

BrE o opened preniat e

mtehy ana @ e ek were hatebned, e ot
whieh fud concent v oerosis, The fotter 0
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. \1

nre growinge

e present tnme all che onicks
e v and are i good eadinh
tortiany

dativof Ronge g v~ w1 those fron aomesrn

Comparison  of the g arehantii

hens does not dennonstrate nay edecs of i

tion on these alienc nen,

Radioactive

“hickens

S.4 Internai Decontaminaton

Studies in

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

t10) e sevease the oxeretion rogre ot
mrernally depositec tission products 1 the con
taninated el ke he basis of presrous

eXperience, 1t o s Lot expected that way opre
conld be effecred ar e
time of this cxper nen:

c1able decontunmacon
Fononth< foliow iy
ternai radiowe v :iv!mrw[ltm P

The excrety vy cates of ~ chinckens .o

REREAY
body burdens or terna contaninadits aers
determined for o pertaa of b das e the taes

Hne tor the sty an GHHOW e THIs  Dw o b ke
were 1njected iy LT warn T sadnn

EDTA for foun

of T mg of oo o

fivs 1w pecerved

Iyeet Joeg-
Prate 100 b tae
were Ihjected with Lol
<odiam [KIXT A [

controls. The 1en

ATTCONITG e e

ookens were <ept -
Petn and ranima aet v
excreter by roese o e cens was deterinea
1ii\“l(lllz\!l‘\’ fon
for | oany forlova o
Neither the 2 reon n

EDTA

eXCretion rate

e rreatent -

LR W
ceseation of ceeatinen !
rate o the sodgn
adone v~ ctfecti e by ereasing o
A~ e e e iv.\ The bheto ef v
conthimned

neastrenient= e I e

I

vt sebrer Lol
however, doubied th - exiretion tate of the ne
ety Noo et

ration of zire syt

T Birlpase 1t e T ot

ONTRING

FADIATION

#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-
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.

ear er 24 hours,

5,48 Summary

Studiex of animals provided data on the
mrure and distribution of the radioisotopes in
“ae tisstes and the excereta.  Over 90 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-
that of the alkaline
Morphological changes which were ob-

1 the skeieton.
radliographs resembles
enrthe.
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 dlisease cannot be ruled out.

I'he alkaline earths Sr* 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 ¢lam had a much
ower copcentration of the alkaline and rare
enrths, and a body burden considerably higher

o=t detonation.,

than that of the land antmals.

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

frout-on n human })PH\L’F.

all I)I;_"\]

studies made on egg production of contami-
dated hens gave no evidence of any effect of
The rate of production and the eggs
The extraordi-
sary wbility of fowl to mobilize caleinm in shell

ot ron
produced were both normal.

formmrton resuited in the presence of very high
The
vy was associnted with the fission produets
A significant
e £ oof aetiviey was found in the volk, and
The removal
wt vity from the hodv of ¢hhickens by e

wet:viry 1 the shells of the hrst few eggs.

A he dkahne earth group.

fesser amoennts it the albumen.

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
beings from tirs area |
amount of internal contam
and the human being - w -
Tonged stav of the v s
area.  The chicken~ were

=dme concentration ot o

per unit of boav weighr (-
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throughour their e
pearance of any long ne
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ternal radiation.
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6.1 Introduction

6.11 Significance of the | March Shot

The events follow.ng the st <ot deronated
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. 11 1los

problems associated wetl e e of atonoe

hapter the medical

weapons or nuclear veacror secrdents will be

discussed. T part cuian the provlems s

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
sxoected 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-
The etfects of such
oapens aave been considered chiefly i the

wed ety for contrast.

crrent o the nomimal or 20 KT weapon deto-
The blast and heat
cthen e ve heen treated thoroughly by Ough-
resen et als B and Jittle additional comment

Geotecs Loeh b the s, + D).

revpred bere, Blast and heat accounted for
Co et oty of serions ensuadties in the
It should

Feveecrre Dot hlowever, that 1neiftes with more

FEvemh e oned Navasakin inerdents,

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 tlus fodoar aren 1= bevona
the range of destrueiion i
thus one 15 dealing viti
radiological situatior
The extent and porentia ~erousness of fuil
out was clearlyv mdicated 1 athernl releases of
the Atomie Energy Comnssion 1-4 From
these statements, the homr™ loud could drop
radioactive ashes in « croarsiaped zone abont
220 miles long and 20 to 4+ niles wide, There
could be suffictent ranioact vity o4 downwind
belt about 140 miles i engty and of varving
width up to 20 miles 1o seriouszly threaten rhe
lives of nearly all persons remaining in the arven
for 36 hours and who did not take protective
measures. The zones thus vatlined far potent
morbidity and lethality aepend obviously o
weapon size, wind and other weunther condition
ete.  Strauss(1) emphasized thar possible s
ualty figures given are for e earst possible <t
uation. (Casualties night te reduced greatly n
number because maryv i the area would take
shelter or evacuate the uren.  \lso, the pattern
of fallout might be ~potry n nature, and thus,
many would escape exposure, Nevertheless 1he
arei where potentiailv <erions casualties man
result may exceed by orders of magmitude he
relatively smail arens for vonvent onal weapons

vlast or leat, and

ssentindlv o “pnre”

6.33 The Effects ot Gamms Radiaton From
Fallout

The gamma radiations cre penetrating 1,
as seen in the Marshallese. Sroduce the same
type of injury produced by the initial radiation
from the conventional weanor  norhe ane cuse
adiation is delivered fron a4 distant source v
the other from essentiadlv o plane deld. I
both situations, peretrat ug radiation of “he
entire body results,
are identieal.  Quantitativels e o dose-ettec
relationships). there mayv e ditferences due 1)
incompletely known ana ioderstood ditferenice-
in the energy of rad ation nd e dose rate, and
inthe geometry of exposi e 1 aee ee 6 421 Far

Quantativelyv, rhe result-

these reasons. and for vihitionag reasons 1o he
advanced later, instr mient readines of roentoen

dose measured i o uniheqed dose-attec

fatres for man should be used only as a rough
cunbe e easuadty estimation,

For order of magnitude of doses that may be
errountered on the fall ont area, the following
frgr res for total dose for the first 36 hour period,
pre anotec from chairman Strauss’ release (1),
Uermniles downwind from the large device fired
ot the RBikimi Atod on Mareh 1, 1954, within the
tes <ite, a total dose of 5,000 roentgens was de-
The largest
tot i dose delivered outside the test site was
Lo for tae same period at the north-west
ere ot Rongelap Atoll about 100 miles from
Bil e Two other areas in Rongelap 110 and

Comdes from Biking recetved 2,000 and 150 ¢
Another area, 125 miles from
S recerved LOOU T over the 36 hour period.

Cafeers that may be expected for given doses

liverea over 1 pentod of 36 hours.

espechively,

of enetrating radiation given over a few min-
ites or hours are mdicated in Table 6.1 (7). It
~ emphasized that such tables are derived
festly from animal data and thus, should
approximations only. These
aoues vary considerably  from the  British

e taker os

cstomites 0N

lable (.1. —Fffects of Acute Total Body Irradia-
tion on Human Beings

S0 1 Noocasualties.  No reduction in
etfectiveness.

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

150 1 Twentyv-five percent casualties in
a few hours.  First definite re-
fuction in effectiveness. Fifty

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

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

3001 Approximately 20 percent deaths.
All need evacuation immedi-
atelv. Al are noneffectives.

i Fifry pereent deaths

nag e Lethal dose. but not neeessarily

for all so cxposed
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With regard tothe poroblem of dose rate, there
15 essentiadly ne ditference tn eifeer of oo
dose delivered over a fow seconas,a few nunares
ora few honrs, However. o dose delivered over
severil days or weeks 1] be much less etfect ve
for some etfecrs, thar  vill the same dose e
livered over a few munotes. Some data ndiceate
that the eflect «f a given total dose decrea-es
roughly as the fourth root of the number of davs
over which the Jose < c1ven: thus, a ose e
livered over 16 aavs would e one-half s erfe
tive as the same dose delivered over ane dan
These relationsh ps were worked out on animsais,
using the =o-called “rec tangular”™ dose schediifes.,
e ., doses delivered ar a constant rate. There
are no data ava-labie -0 od n evaluatime ade-
quately the etfec of a constantly chuangimg 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 <k and Lo oo nid provent ar iewer

severity of the lesion- Partiendne arresoon
should be giver o o T eeiigee of f e e

N Z2ING 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
As with the beta burns,
however, the problem may not be too serious

~ouree oS IN)SSib]e.
wid relatively simple measures will aid in min-
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

mMIZINg exposure.

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.
I the bazard was mimimum under those con-
ditions, ot <honld be even less under conditions
of modern Ameriean hving.  With all of the
testine of nuclear 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
Nattena Boreau of Standards Handbook 52,
for anedustrid workers (9.

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

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
draese. Sorinkling of an oaren s effective i
cibnerne the amount of dust in the . Plan

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
dthenites It
able that does estimates &1l be available from

However.t e roblems mvoived with

present real proctun

1raly

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 rvetlect weeurarely beciuse f
shielding, enere depreadence of the devive, v1e |
the deposition o energy within the individuals
at the site of interesr. umely bone marrow ad
gastromtestinal fract More ymportant, 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
sults only fron o borougi evaluatior of e
history, physical oo Tiboratory scannmat o
(see Section 670 Twelow

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-
RS T

The b ghomitial ineidence of nausea, vomiting
vnd o rhean in the high-exposure Marshallese
aroun, and the profound neutrophile and plate-
et ocount depression imdreared a greater etfect
"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 v 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,
Cr ot least not rsing, the current LI, esti-
ntes for ol defense and other planning, this
artion ariy nder cirenmstances 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 fiopy 10 nimse are eon Bt <heht fatiene. At the termination of
mon after the 2 “he latent pertod, the patient may develop
s pura, eptlation, oral and  cutaneonus
6.53 Probabilitv of Surviva: as Related « esionsnfections of wounds ot b”ms’
Symptoms farrhea, and mvle.nn. The mortality ?\'111
' 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 d tfeven: Thus
rhey may be divided wowhied
survival 1= respectiveiy

]l}l\'ll]ﬂ I prognosts

e T ee IO
noprobable. Sosssnle

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 vnnn there 2 <ome liope

Grroup 2.« Swurdeul assaiti
Vomtting vy oo earby st wo Il s o
relatively ~hort darny on foliowed 1o
period of weiloerie o his perioa

well-being marked cloaagesare takone poee

m the henopoeric tsues. Lymphocvre.
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

be ween

W b el Hmlt]'t»[)w [N P
has reachec v ot ol v zero o7 Ydav-y e
platelet comne oan reneh very Jow heved

after 2 wee k- stecn dbevridence of Ve,

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.
rea~ons= to helieve that in
the  crunnlocyte  depressions

cinieald
Thrnee

prsea aned below 1000 per mme during the
frood observations 1n GJJapan (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

o veek,

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
eXpDosture, <how

The creanulocytes may

~ome fepression dJduring the second and
However, considerable varia-

late full i the

third week.
don - encountered. A
seanvioevtes dnring the Srhoor Tth week
for.

Pheles connt< reach the lowest on approx-

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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