
SOME EFFECTS OF 

Ionizing 

Radiation 
ON HUMAN BEINGS 

from the 

Naval Medical Research Institute 

Bethesda 14, Maryland 

U. S. Naval Radiological Defcmc . 

Laboratory 

San Francisco, California 

and 
"7~~ 

Medical DcpartmeiJt 

Brookhaven National Laboratory 

Upton, New York 

Edited by 

E. P. Cronkite 

V. P. Bond 

and C. L. Dunham 

407548 

A Report on the 

Marshallese and Ameri ans 

Accidentally Exposed t Radiation 

from Fallout and a Dis ussion of 

• Radiation Injury in the 

Human Being 

UNITBD STATBS 

ATOMIC BNBB.GY COMMISSION 

JULY 1956 



Table of Contents 
Page 

Introduction___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ III 

Preface and Acknowle<lgement.s_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ rv 

Chapter 1: Radiation Characteristics of the Fallout Ma-
terial and Determination of the Dose of Radia-
tion ____________________________________ _ 

Chapter 2: Clinical Observations and General ~Ianage-
men t _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ I :~ 

Chapter 3: Skin Lesions and Epilation ________________ . 25 

Chapter 4: Hematologic Observations__________________ 43 

Chapter 5: Internal Deposition of Radionuclides_ _ _ _ _ _ _ _ _ 6.5 

Chapter 6: General Discussion of Radiation Injury From 
Atomic Weapons__________ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ g;~ 

VII 



= 

y 

ISODOSE LINES OF 
ESTIMATED PATTERN OF RADIOACTIVE FALLOUT 

PACIFIC PROVING GROUNDS 
MARCH I, 1954 

I i IKAR 
BIKAR ATOLL ISLAND 

12° ~~ 12° 

~ 
II ~~~I ~ RONGERIK 

ALINGIN RONGELAP ATOLL 
. ATOLL ATOLL I 

o 5b 100 150 200 
I I I I I I I I I I I I I I I I I I I I I 

I STATUTE MILES I 

UTIRIK ATOLL 
TAKA ATOLL\J UTIRIK 

ISLAND 

·~~o 11"'no • .,,..ft 
,__ '""' ' ' ....,, 

~o I~ 

1'hc 1111111bt'l"s on the ubore 11111p rcprcs1·11t the dost'.1 I/wt wu11/d hurt' b1·1·11 r1•1·1·ir1·d 01·cr 
11pvru.ri11111tel11 48 hu11rs U'ilho11t shieltli11·u. 7'/w dose, 11bur1· 1rhil'/1 .rnrrinrl is 1111lik<'ly, 
ix 8011r111111lit'/ow1rllid1 s11rrit111I is vroliabl<' ix .WO r. 



' -

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. 

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 de artment of the 
U. S. Naval Station,. Kwajalei , Marshall Is­
lands The commander of the val station had 
arranged living facilities fort exposed Mar­
shallese, and installed laborat y and clinical 
facilities as requested immediat y upon arrival 
of the medical team. 

Full cooperation and suppor from all agen­
cies in the field enabled the edical team to 
operate at maximum efficiency, so that the de­
gree of radiation injury co d be assessed 
quickly, and appropriate care d study of the 
injured could be instituted wit ut delay. All 
of the exposed individuals have ecovered from 
the immediate effects without rious sequelae. 
Nevertheless it is planned t evaluate the 
mediciil and genetic status of t e group at ap­
propriate intervals with a vi' w to learning 
what if any of the known late ffects of radia­
tion exposure may be observed. Obviously and 
indeed fortunately the numbe of persons re­
ceiving 7.5 roentgens exposure and greater is 
too small to make it possible to etermine with 
any degree of accuracy the eff t on life span. 

In addition to providing dical care for 
these persons, the team accu ulated a large 
body of scientific observations n radiation in­
jury in human beings. The i itial data have 
been supplemented by field res rveys 6, and 24 
months after the original inv stigation. 

The results of .this work are summarized in 
the present volume. The data hich were ob­
tained substantially increase t e fundamental 
knowledge of radiation injury nd the medical 
capability of caring for pers ns exposed to 
large doses of radiation. 

C11AULES L. DrNHAM, M. n., irP.r:tor, 
Division of Biology and Medi ine, 
U. S. Atomic Energy Comm· sion. 
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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 I, 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 Comma.nder-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 
Kwaja.lein 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, lJ"SN; C. P.A. Strome, HMC, 
USN; W. C. Clutter, HM, 1/C; R. E. Hansell, 

•Now Surgeon General, U. S. Navy. 
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HM IJC; and J. S. H by, HM, 2/C were 
provided. From the Un States Naval Ra­
diological Defense Lab ratory, one civilian 
physician, Doctor V. P Bond; one medical 
service corps officer, Lt. m. L. J. Smith; and 
four enlisted men, W. Gibbs, HMC, USN; 
J.C. Hendrie, HM, l/C W. S. Argonza, HM, 
2/C; and J. Flannagan HM, were supplied. 
The Division of Biology nd Medicine, Atomic 
Energy Commission, se two civilian physi­
cians, Dr. C. L. Dunha then Chief of the 
Medical Branch and D G. V. LeRoy, Con­
sultant and Special Rep esentative of the Di­
rector of the Division. T e Armed Forces Spe­
cial Wea.pons Project su lied one Army medi­
cal officer, Lt. Col. I.... E. rowning, MC, USA. 
All personnel were exp ienced in the study 
of radiation injury; 

The preliminary stud s performed by the 
Medical Department of he Naval Station at 
K wajalein -vy-ere under t e direction of Com­
mander W. S. Hall, , USN, the station 
medical officer and his s all staff who are to 
be commended for an ex llent job. 

Upon arrival of them dical team, it became 
quite evident that, becau of the large numbers 
of radiation casualties a the huge amount of 
work involved in collecti g data, that primary 
responsibilities for vario s phases of the study 
would have to be delega in order to obtain 
the necessary informatio for biological assay 
of the degree of injury. In the initial phase, 
hematological surveys d establishment of 
clinical records on each i ividual were empha­
sized. Dr. V. P. Bon organized and ana­
lyzed the results of flhe d ly blood studies. Lt. 
N. R. Shulman, MC, U N, with the capable 
assistance of Mr. John T in, anthropologist of 
the Trust Territory, and athleen Emil, Ma.r­
shallese nurse, as interp ters, undertook the 
establishment of medica histories and initial 
physical examinations. s 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 ~he 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 l'SNRDL 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 Scientific 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. In addition Cap­
tain Van Tipton, .MC, CSN, Director of Atomic 
Defense Division of the Bureau of Medicine 
and Surgery, Department of the Xavy; Com­
mnnder Harry Etter. MC, lTSN; Captain W. E. 
Kellum, MC, USN; and Captain T. L. Willmon, 
Commanding and Executive Officers respec­
tively of the Na val Medical Research Insti­
tute: Captain R. A. Hinners, USN, Director 
CSNRDL, and Captain A. R. Behnke, MC, 
FSN, Associate Director NRDL; :rave unlim­
ited support and reduced administrative pro­
cedures to a bare minimum. thus making it pos­
sible for the unit to he assembled and underway 
in a matter of hours. 

Ppon arrival at Kwajalein, Rear Admiral 
R. S. Clarke, USN, Commanding Officer Fnited 
States Na val Station, K wajalein, supported the 
project with all of the facilities at his.disposal. 
As a result, a laboratory aJHl \'linic was estab-

lished and operating within 2! hours after ar­
rival of the medical team. 

In addition, we wish to ackn ~·ledge the out­
standing contributions of Col. C. S. Maupin, 
MC, USA, Field Command Ar ed Forces Spe­
cial 'Veapons Project: Captai H. H. Haight, 
MC, USN, Division of Milita y Application, 
~\.tomic Energy Commission; . Gordon Dun-
ning, Division of Biology and dicine, Atomic 
Energy Commission: and Dr. H. Scoville of 
Armed Forces Special 'Veapon Project who in 
addition to their primary duti s, collected ex­
tensive data in the field on the r diation intensi­
ties of the atolls and kindly fu ished this ma­
terial to the project personnel. rs. T. L. Ship­
man, Thomas White,* and Pay e Harris of the 
Los Alamos Scientific Labora ry kindly fur­
nished very valuable data on u inary excretion 
of radionuclides. The early st dies of the Los 
.\.lamos group in particular ntributed sig­
nificantly to the information o the degree and 
nature of internal deposition of short lived 
radionuclides. Dr. G. V. I Roy, Associate 
Dean, School of Biological Sci ces, University 
of Chicago, participated in th early phase of . 
the study as a consultant to the iedical Group. 

The authors of Chapter I are articularly in­
debted to Dr. C. S. Cook and th Nuclear Radia­
tion Branch at the :Navy Radi logical Defense 
Laboratory for information o energy distri­
bution of the gamma radiation. Data on radio­
chemical and radioactive deca rates were sup­
plied by Dr. C. F. Miller an the Chemical 
Technology Division of FSN L and Dr. R. 
\V. Spense of Los Alamos Scien ific Laboratory. 

In collecting data on the in lesions, the 
help of Billiet Edmond, Mi shallese school 
teacher for the Rongelap grm in interpreta­
tion was invaluable. :\-liss P tricia Roan of 
USNRDL prepared the hist logic prepara­
tions of the skin biopsies and~ ·.·William Mur­
ray and George Needum of TSNRDL and 
C. P. A. Strome, H:\IC, F.SN Naval Medical 
Hesearch Institute performe the excellent 
color photography. 

In preparation of the materii and writing of 
Chapter V, the authors are ind btecl to Miss C. 
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Jones of USNRDL, who prepared the autora­
diographs of the tissues. In addition, Dr. vV. 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. .T. 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 arnilable 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 N eass, 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. 2!) 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 a,ll times 
these people were most pleitsimt, 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 impossibl 
assistance of the numer 

to acknowledge the 
s individuals in vari-

ous agencies who assist l in collection of data 
and editing of the vario s chapters. The Pro­
ject Officer wishes to co mend all of the pro­
fessional and technical embers of the group 
for their excellent mot ation, initiative, an<l 
voluntary long hours o extra work that were 
essential for the accomp · shment of the clinical 
and research objectives 1 1d the rapid collection 
of the preliminary da t in the field. It is 
quite evident that the 1tire study of the ex­
posed individuals was 1 cooperative endeavor 
involving numerous acti ities, and that it would 
have been impossible e. cept for the splendid 
spirit of unselfish coope ition by all concerned. 
The tine team work of he group itself made 
it possible for realistic aily reports on all of 
the above phases to be orwarded daily to re­
sponsible ag-encies and thns keep authorities 
informed of the course nd severity of events 
following this 1111towar and mun·oidable :tcci­
<lent. 

Upon completion oft 1e initial phase of the 
study, primary respons ility for writing re­
ports on the \•ariouse p ases was delegated as 
follows: C .• \. Sondh, ts, dosimetry; X. R. 
Shulman, clinical cours and care; R .• \. Con­
ard, skin lesions: V. P. ~oml, hematology; S. 
JI. Cohn, internal depo ition. 

The final publieation f this 1110110g-rttph on 
human radiation injury epresents the comple­
tion of the finest in eoop ration and team work 
of a diverse g"roup wl willin~rly sacrificed 
per::mnal ambitions and desires for the good 
of the p1·oject at larg'e. twas a distinct privi­
lege to be chosen to di ct the medical team, 
a real pleasure to edit : 1d inte1!rate the sepa­
rate rep(wts and final!. realize their fruitiou 
as a homog'eneous mono raph. 

E. P. CRON ITE, M. D., 
Medical D )artment. 
Brook have National .Laboratory, 
Upton, Xe York. 
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1.1 Nature of the Event and Description of the Exposed Gr Imps 

FOLLOWING 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 
~farshallese (Group IV) 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 
a ware of the significance of the fallout than 
were the Marshallese, and promptly put on ad­
ditional clothing to protect their skin. As far 

as duties would permit, they re1 bained inside of 
aluminum buildings. In contr st, most of the 
Marshallese remained out-of-4 oors and thus 
were more heavily contamina1 ~ by the ma 
terial falling on the atolls. Some of the 
Marshallese, however, went SVI mming during 
the fallout and many of the ch dren waded in 
the water, thus washing a consi ierable amount 
of the material from their skin. 

The exposed personnel wer evacuated to 
Kwaja1ein by air and surface transportation 
Since a survey of all individw ls showed that 
there was significant contaminat on of skin, hair 
and clothes, prompt decontam nation was in 
stituted. Clothes were removec and laundered 
and repeated washings of the skin and hair 
with fresh water and soap were ~arried out. In 
many of the )farshallese, it was lifficult to wash 
the radioactive material from the hair because 
of the heavy coconut-oil hair iressing. 

The exposure groups with ndividuals in 
volved,· the calculated doses o radiation, the 
probable times of beginning of the fallout and 
the evacuation times are given in Table 1.1. 

Table 1.1-Exposed, and Control Unexposed Groups 

GROUP DJ:BIGNATION 

Group I.-Rongelap 

Group 11.-Ailinginae 

Group 111.-Rongerik 

Group IV.-Utirik 

Marshallese, Control 
Group A 

Americans, Control K wa­
jalein-American 

TOTAL 
N°UXRllR 

IN GROUP 

64 

18 

28 

157 

117 

105 

APPROXllfA Tl: 
Tnu or COM· 
llJ:NCJ:XJ:NT or 

FALLOUT 

I 
H+4to61 

hrs. 
H+4to6 

hrs. 
H + 6.8 hrs. 

H + 22 hrs. 

Total Exposed-267; Total ControL'!-222 

T1x11 or EVACUATION 

H + 50 hrs. (16 people) 
H + 51 hrs. (-18 people) 
H + 58 hrs. 

H + 28.5 hrs. (8 men) 
H + 34 hrs. (20 men) 
Started at H + 55 hrs. 
Completed at H + 78 hrs. 

I BllBT ESTI· 

INSTRUllJ:NT RI II.DINOS ' MATJ: or 
Uuo 1N Doss 'ALcU· J'A0.i~~ 

LATIONS 0081: IN 
Alli (r) 

375 mr/hrs., H + 7 
days 

100 mr/hrs., H + 9 
days 

280 mr/hrs., H + 9 
days 

40 mr/hrs., II + 8 
days 

175 

69 

78 

14 

3 
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EFFECTS OF IONIZING RADIATION 

FIGURE 1.l-T11p1cal <'°1tittrur:tion of the .lfar.,hallese homeir to illustn c the 
expo.rnre environment of the Mar.,ha/le.,e and the lack of shieldin. front 
yammn rnrliation. 

\\ 



EVENT AND DESCRIPTION OF EXPOSED GROUPS 5 

1.2 Whole Body Gamma Doses 

THE EsTUIATED 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-

.., 
~ 20 
Q 

...J 

~ 
0 ... ... 
0 

... 
z .., 
u 
Ir .., 
A. 10 

carried out, nor was its ope ating condition 
known to be satisfactory und the emergency 
condition prevailing at the tine of use. For 
these reasons the later readi gs, which were 
higher than the early survey y an average of 
50 percent ,when corrected to the same times, 
'"ere used in computing the d s listed. The 
instruments used for the lat r measurements 
were calibrated just prior to 

ORIGINAL SOURC SPECTRUM 

INFINITE PLANE 'IN AIR 

oLLLl...~.!.L_:__~.J..__;_~.J..__;___;__u~__;_.J:::======~~~:l±~....L_J 
0 200 400 600 800 1000 1500 

ENERGY (KE\/l 

FIGURE l.2-Distributian of inherent energie!J of gamma radiation fro1n mi:rl'1 
fission prorluots, and hilltogram of degrad<'d Pneryie.~ prodriced by Compto 
.mattering at level of infl,nite plane .j feet in 11ir above uniforml11-lfi.~tl'ib1tte 
(i1111ian products fl,cld. . 

itants were evacuate<l. Before this time, ade­
quate surveys with well calibrated instruments 
ha<l not been possible, although rea<lini.,TS had 
been taken with a single survey meter at the 
time of evacuation. However, preliminary 
ealibration of this instrument ha<l not been 

*Army Na\·y <·atalo~ AN/l'lllt-:m. 

1.21 Characteristics of the G mma Radiation 

The fallout material, when leposited on the 
:.rroun<l, formed a lari.re plana source of radia­
tion. The eneriry clistributio oft.he radiation 
reachin:.r an exposed individu· I was influenced 
hy its passai.re tltro11:.rh the in rvenini.r air. .\ 
know le<ii.re of the enPl'l!Y spe tnun of the ra-
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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 calculation. 
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 -1 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 he about 
twenty percent. 

Using this correction, the <lose rates on the 
islands at the time of survev 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 un<l in the laboratory, and a fairly <·on­
sistent pattern was observed anJ<lng various lo-

cations and samples. In 
considerations based on ti 
position of the fallout mi 
rates to be calculated for 

addition, theoretical 
radiochemical com­

ure permitted decay 
itferent intervals be-

tween the time of initial e posure and later sur­
vey readings ( 3). Thes agree well with the 
experimental data, and ' re used both in the 
dose calculations <luring t le exposure intervals 
and in extrapolating the ater survey readings 
to earlier times. 

1.22 Duration of the Ex sures 

The time of evacuation 
for all the islands: howev 
of the radioactive cloud 
eisely only for Rongerik 
ously recording dose rate 
weather station on that at 

is known accurately 
r, the time of arrival 
~·as cletermined pre-

means of a continu­
onitor located at the 
II. As the radiation 

intensity rose above the b, kground, a material 
with a misty appearance began to fall. The 
times of beginning of fall ut for Rongelap ancl 
.\ilinginae atolls were es imated from similar 
visual observations. The. estimates were con­
sistent with the relatiYe d stances from the site 
of detonation an<l the k wn wind velocities. 
Fallout was not obsened on Ftirik, hence the 
estimate of arrival time \ as made on the basis 
of wind velocity and dish ice. 

Two extreme possibiliti sexist relative to the 
duration of the fallouts: t le first, that tlw fall­
out cwcnrred entil'ely wit in a short time: the 
second, that it was gradua and extended over a 
longer period. The moni oring instrument on 
Hongerik went otf seale a 100 mr/hr, one~half 
h;mr after the <lose rate began to rise above 
background. If this rate f increase is taken as 
<'onstant. and is extrapo tted to a point for 
whieh sabsequent decay \ mid reduce the dose 
rate to the values fonncl : t later times. the as­
sumption of a long fallou of about Hi hours is 
found to be ne<'essary. his slow rate of fall 
and late maximum time f dose rate was one 
limiting <'ase; however ti is situation was not 
considered likely. Existi g data are inconclu­
sive, but several imlieati ms favor :i shortel' 
"effective fallout time hyp >thesis"' and al'e sum­
marized below. 
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fallout rate for t ; rou p 

long to havt• 0•·1 11rr"• .·t 

thPst' propiP fron rli1· · 111 

wrnd vPloc1ty 111 l lw 11: <'11 

to movP tllP clu11<1 ,, 1•r 
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half of thP abovi· :11111c·1li· 

.. Hild "'l!\ 1
'•' tl• 

,\ ~j-... r J~J] IJO [!' 
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and ut tPn1mt 1011 ia< · 11· .1 " 

t tJI' U.SSlll11pf10!1 ita I I''"' 

t ti .. first '..'S ;, It• ·11r-

r Ii"' fallo111 "<1rr• "Ii""' · •: 
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"l tl 111 r q f 

l tll'li': :1r"ll <rro11p !\'. 1111!:.- 11 fallout 

1111" ' f a 1>011 1 :2 l1ours '1r l1•ss is <'Onsistent 
"11l.r111· atn dost> ratt•>; ohs1•rvt>d, provided 

fidlo11t ii•·tualh· hegun a:; latP as was 
-. 1 111111.lt'< frnrn wi11d a11d distarn·p factors. 

">I!.! f tlloi. prnbablY wrrnld not lw uni-
· 1nnh h··av\ throughout. thP first portion 
"'!tit!: 1111 mo~t 111tt>nsP a11d thP halanc·p de­
r1·111;111u: nt It t1rn1· Tlw rot al phrnomenon 

1<•111<i rl u,.; :end tnv;nrd thP i'ffpct of a 
r111rr• r f111!01:r This is -,11pported bv moni­
"1 dH ta frorr. ot h1•r lllll'lPttr PV<'nts. where 
1,111ali\· ""a'' fallout is n·ported to produce 

·"·ah o air -bon1e rnd1oa<'t 1 vi ty :-;oon after 
i.rT1 \ u; "1th : ti .. a1rbnr11" act1vitY levPI then 
l•·<T1'~1,;111" Tl11· latter part nf tlw fallout. 
·11111w1 ,.11'! :iett·1·tulilP a,; dust, may th!'n 

,1r11<lll"'' rnh a ~mall frn1·t1on of the total 
11 hi' · ror i mat Prial on 1 hP ground. HencP 
·, 111ral dtH' rrw\- lw .. ,;t1matf'd fair!_\- ac-
1,;·at•·I\' h\ .t,;sumuq:: a ('O!lstant fallout to 
1a'" lli'"ll omplPtt• '·1 a much short Pr 

·tf1•1 'I\". lilt' 

11· ,[,.ct' 1·:1!111-- µ:11·p11 111 Tablt> 1.1, base<l on 

•dii/.!P. 111etPr :ind 111u111tor data, are con-
t»!• 111tl1 a "llliitant f:1llo11t hypothesis of 
"'I" !If) 11'0' ,.tf'PC(i\'p tllllt'.' t )1w l'XCeption 

1. 11(1·: · i11· do-." \·:dues fort ;ro11p 111 are about 
11"1, "It ot' t 111 l~ l11111r fallout \-:tine, averaged 

·• , 111< ;+ l1011r PX)>Oclll'PO'. Thi,; wa;; felt 

\ 1 >rP-·' 1110,_t ;i1·1·t11 at1 .. IY · i1P :t\'Prage :tir dosP 
"'" \!'ij 1,\- jlPl'-01111..\ \\ \i11 -pPlll l'Oll!!hJy half 

1 11" 1c1<11• --tn11·t1irP" wlit>rP the dose rate 
111'" 111111 t" l1P 1·011i..'.iily l1alf that otlt-

' 1 1t1 1 iip "t J1t>r 1.;l:111<i' ,1wli ,.;hif'lding was 

I 1 11 .. 1hJ" 

i i ~ 

"11• ll11strntP• tliP "llllltilat1on of 
'" , [, ,,_p «ca f11111·r ltJl1 11f l llllt' :t ft Pr df'to· 

f'] t> • 11..;p 1·11tf' ':1r1Pd 1·011tilll!OllSly. 

.11 ,,. 11•1'1 "'1 of r:11!1:111<111 \\·as rP<'Pived at 

'"'1"1, 11~t> •:ti« l"'"\·11i!111!..'. in tltP t>ariy por-
t l' "Xj>"•lll'I' f•<'l'IClll l'•V tJil' tilllf' tJi:tt 

1, 1_:: ! 111ir·- w111;ill>· r+> .... 1111-... 1n \';\[111'~ whkh :in• 

Ii '" .r 1·,. !iii' I I ,,,. : f iJ 11 r. T:ii>ll' 1 1 

111, , 111'- ,1 i1·11i:1tf·~I l·~·f111·1· :111 . ....:pp1·rr11n1 li:1ta 

<'l'l'r:11nr~ i•1 .ill fhP inf11r111al.l(Jll 1:--

t 1-., itf1·r' nr ,. \\ 1 11 ii " 11t•l!iPl'IPd 
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1 11· 1.1>s1 :1t rhP n•nt\'r <Jf tht> body i,.; :tpproxi­
::11p1v ·111 •Pf'<'Pnt hiuhPr than would rt'su!t 
11111 .1 ::1\·p11 air dost' \\Ith narrow beam gPom-
1 \' 1'1,!.!111'1' Li 11!11,.;tratt>:-i rhe depth dose 
· ,., f·om :rn •'XJ>PrlfllPllt:d situation using 

I 

EVACUATION 
AT 51 HR 
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~o 40 50 

~ · · · ""' .. , .. ~ou ~ ~, R 1 

f11m 't'"' ,,,1,>h 11.x <1 f!tn.(·tton of firn+' after 

'rdi• 1;/ •n Honf}"lap 11toll. 

L23 Geometry nf the Exposure 

In addition ti· tli" ·l<JS•· r:U•· :tnd PIWf'.!} 

ferenees the geo!llern .,1 rJi .. t>Xp<>s11r1-• 11 r.,, 
out ra<liatwn is· 1g11J!1,·:u1tl_> d1tft>rt'r11 f10111 ,,, 

usual Jaboraton o--()ll!' ,.,, '"•111('<' failo111 rt•l :1 

tlon 1s de!1vPred fn•m 1 1·i:w.1r ·io11rn· ri"• ,~1,,t, 

narrow !warn /!!·'Hll•'t r \ ' 11 ii :q 1p' I• ':ti, I!' ! , 

such a d1t!'11st' ; ;11 •1 .. 1d 'f f 1 1h·< rPa~..;t.1 1f 1J1,:--t' 

with deptlt 111 1 ".-;11t• 11"0· r11·.1,1101111<·•"i ·• .tJ 

that rPsultirig f1 1Hr l :11 atp1·al ... p·r,,,111»• " 

X-ray beam ht><'HUSP f 1il1 tl f--om 11\Prs1· "•Jlr111" 

IS !Tl ptfecr llt'Ut I \I: 11 t" 

,,,!J.nwally <1rwnted <'o"" sources with a phan­
•11m ,da,.Pd at their 1·Pnter. compared with a 
qlJVent1u11al bdatt'ra! dt>pth dose curve ob­

. :u11P· i 11 1th .t srngiP so1irce 1 --!-) • In the latter 
:1:--t". 1 !11· air do&• i:; usually measured at the 

1•01111 -;11bst>q11e11tly 1>c._·1·11p1t>d bv the ··enter of 
· i1P pro:x1rnal s11rfan· of the patient or animal 
.11Tli rpo;pec·t to tht> cioun·p_ For the tield case, 
, , rnrfa<'PS :u·p "proximal," in thP sense that 
l1P air !o"P Jiwasured .u1ywilerP in the space 

.11l>'iP<J1H·llt l.1 oc·1·11p1Pd hv thP individual is the 

.:1.111P It 1~ tlus air· dose which is measured 
1t>l•I 1ncrr11mt>11t: 1t dot's not bt>ar the same 



relatwnsillp tu tlw ··11rf:u" •l<>"e ,rnd ,IP] >t Ii 'l•H· 

as does the air dose 11wa:-<111e11 Iii" .. p<>,rrt >(•II"•"•· 

beam in the clinu· <>I' I du.ratorv. l 1 "'"'II,: 

appear under these <'l1"1'1J1rn;1a11, P" a1«l 111 li10~1 

l'X{Wl'lmental !'Olld11101i-. liat tfip 1111dl11w 'lOH' 

rather than dose !llPa"iH"l"I 1·i a:r '"1dd 111· tl11· 
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DEPTH DOSE DISTRIBUTION IN CYLINDRICAL PHANTOM, C060 FACILITY,(NMRI) 

FlGiTRE 1 t-- 1 (JlitJlllr1..'1' 1Hl f1f r/1·pttl f,1,'(I' 1. r-1'1 •1 in ~tlU.itfmtti phanto1nx troni 

fHlatfTIJ, ,·J-pO."'llrf-' ,,, ([ 'il1l(}if' lif>Ud '(,)l1 Ind .om U.Ufll'lf'()US f'.I'f)()Xlir·1· to 
r1.ult1pl· 'of( urr·f, "uh a .1·vh1 n.·1:. hJll': 11tfJu·n urou•1d ti,,. phantotn. 

better common par:unPfP1 .1, 1p1 m:-. i1f '·l'ill<i1 r. 

predi<:t b1olo:!1cal 1 ffe«r. ( ir1 1 1is :t~sumpr 11>1: 

the air dose Y:t!Ues ·f:l(P(] Ill !':tfilp 1. :-illOUld 'W 

multiplied hy apprnx,11"LH iv .. • ill ''rder 

c·ompare tlwrr effp .. t.- '' 1 J.o,,p of " :_!IVPJ, all 

dose from a ··po1111 ·'"'"l'i .... i>P:1m :!PlliriPtl'\ 1H' 

livert>d liilat<'ralh. If 110- , doll•'. ;1,.;:-;u111111:.: 

a fallo11t of l~ !1 11H·. 11 .. f, llow ni: "1 •lll 

:\8171~ () __ -,,. 

! , i" :!Pornel ry ',I radiation from a fol lout tie Id 
11ot Jc 1e111 H'a: PitlH•r to tlw geometry of bi­

: it Pm 1 l ">111 t sou n.·es or spheric:d ly distributed 

"IH"e,.. -rncf' tllf• pl:u1e source delivt>rs the radia­

Hl ar(!el: at 1 :_!razing angle. However, tlw 

1. 1:1 i ·ii» d , 1t1rar1011 1e; better approximated by 
, 1"111:111 l'v pl u11-1l!Pornetry Expos11regeom-

1·:i d 1oa.-t 1 VP cloud would bt> spheric·al. 
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1.3 Superficial Doses of Radiat1011 

From Bera .rnd Soft Garnm .. 1 

Rad1at1or 

THERE ( \,'.\HF. 11(1 •i<·11l1t t I I . 11ar t l•'' u"Ps, ,f r·1.11:1 
ti()n to thP ,;urf t1'P 11 d t lw t1rs1 fp\,, 1111 l1t1iP'FJ -
of the bod:- \l'Pl'P c-11l...;ta11r1:.Ih l11tdwr ha1 1 ·;1,, 
mid-line dosP .,,. gau,111a rad1:~ti•lll a.-1 a "P"ul· ,f 

physical eo11:-i1<1t>rat 1< 0 11,.; ,,f ;:am111a •r'llPI'!!\ 111 . I 
depth dosP Ir :utd 1 1«11. 1hP 1l1111!'al 1h~1·rv 11 
t1011s of tlw ,.;k1 ll IP;;l< ·llC- I 't'f' ( 'ILi p I Ir \ f.,1·11· 
fully demonstr"llf'd !iar 1 f,p do,.;p •o }i,.. ··Ki· 
n1.ried <·ons1drrabh lwtWPPll 1 r di rid11:t1- , 11 1 
over the ,.;11rfa1 P ,.f 1H\ ;:11.·p11 111d1•:1d 1:1 1 .\-

will become Pnl0 111 1 11· 1· 11 I ' It' " 0\\'111.l! < l:--t.'11,.;:--11111-
of surfa('P do,;p 1t , 1b•, 1<111,.; t·iat ::nv 111r1J11Pr 

presented are :tr lwst ••r:I.\ ''"t1111att:>'-' a11d P'l•t• 

-;ent an approx 111aT1·•11 ,f ,_om!:' 111i11irn:tl 1:11111 
In art>as wlwn 1t''i' '"" wp1'p .'P\'t•rp t · 1p 1 1, 1, 

must havP l~n 'll!l•1l···a·1th li1g!Jpr th:u: 111 '" 
damaged area:-, 

To arri\'e at "ou11· p11y:-;1 "I c>-;tirnat•· ,f · 1 .. 
,.;kin dosP. :u1 :1 tl·11q n 11:--t :*' 111a11~· t•, a 11 .i 11;, 

the ('Ontrib11t1001~ ',f 1 Ii+• tll!!h Pneq.rv !!:llllll];>, 
the _very ,oft ga111rn.1. 111+1 r iJ,. h1gl1P1 ,.;,Prg-y l•t•t , 
radrnt10n from hP ia1gl· planar ,,011rTP :n wli1t·, 

the individual-. '\Pl'" qf llP"P'Slt'I' •'XIS! !li" 

However. as al 11df·d :11 ab<1\'P 1L11d Plllf:iha,, 1 z 1 ~, 
in ('haptrr fII rj,,, 1r:!P"t ('on1po11Pnr ,,f kr 

irradiation rp,.;1,ltl'lf ·1·0111 111<> ·-.poltY <>!':ti I.­
posits of falloi t n1ar••n11. , ·fl t>\po,.;Pd .. 11 rf:'"". 
of tlw bodv. T·1p 10,,. t f'<>ll1 dt>po,.;1tPd ··1iat•" 1 1 

is 1n1possible r, Pc.t1:11at» 10WP\'PJ. ti at t11 111 

the largP pian:ir -•lf1''''t 111av l11· rqug1d•; .. ~tr 
mated a:; follow" 

The beta dm-e nt·· 1 1 .1 r :\ fet•t al1ov" •Ji,. 
·rnrface of an ir,tirr.tt· p1arw 1·011tarn1r:.a1i>d ,, 1·" 
mixed ~.J. hour >Id ti,-10·1 pniduns 1.; t"·tlJJ1:i1i·· 
to be about thrP··· t 1111P· tl:P tt•tal a r ;.!:111111 111 ,1.,,1 

ThP mid linr ;:um11:1 d1°-;e ,., apprnxrn1atpi1 "' 

perrPnt 11f thp :11r •ro'" 1i>rnam111u :iftpr <>X• 111 ,j 

ing that [>ort11on .,f ·!,. 110-.;1· lwl<Jv, .,1 h'' 

This porrio11 11. t111n , .•st1111a1+·d t•1 11t l·• ,., 1 
cPnt of thP ga1!l111a 

111strurr1Pnt T 111, 

phantom 1·xpo··Pd 1\1 X»d ·1,SJtll 
radiat1011 fro111 11 ·x·,.r 1:1, ·.1:11 1 .. " 1111 ,, 

'•P Pt)H"'.'tPd to lw :\ Iii.I\\ 111.fi) or about-: times 
1i .. 11w-l111» dost', 1f both are taken at:\ ft>et otf 
!1,, :!!'1·111111 ~u<·ii a dPpth dosP measurement 
,a, 11 lt1·t 11PPll 111adP PXJ>f'rimentally at a previ­
•11" ·p,.;1. 11,,111!,!' :t plwntom man exposed to both 
l1P :1l1'1ai .ind rPsid11al radiation (5). The 
IPPI 11 losP.- for Paeh situation are shown in 

f."1:cr11rP l..-•. •.1 ith all data as percent of the;) centi-
1wt .. r • 10,.;p \Yi th tht:> diverging mitial radia­
, 11111 fr11m r liP point of PXplosion. the exit dose 
•1·:1:-- ,pp11 to OP!);\ J>Preent of the :1 cm. do&>, but 
·' 1tL th" d1tfusp residual field of fission products 
•P>' 1d111ir :1 ,.;p1111-llllirnte planar so11rce. a sur­
f :tl't' 'i<he somP ,.., ti mes 1-[l'eater than the:\ em. and 
IP•,) 1t•r lo,op from tlw harder gamma components 
,.,,,, nb"erv .. ,I. This is ,-ef'n to be of the same 
•rdn ' f r1.:q ... '111tudP as that estimated above. 
\.t liP1i,!11t~ 1bovp and below the:) foot level this 
·lid H'P do"P would become lower and higher 
··e,:p+'<'t veh. but smre it is 1iue to soft radiation 
,f ,.;lirw rn11ue. it probably would not exceed .10 

'1111p,; tliP >I foot air gamma dose or KO times the 
r11Hl 1rn· do,.;1•. PVPll 1n !'Ontact with the ground. 
\n 1·,;t111mH· of skin dose.due to ground contami­

·rat1»n for 1 iw Rongelap <':tse would res11lt, for 
"xrunplP. 11: a ligu;·p of about ~.ooo rep at the 
+'\'e· of tllP dorsum of the foot. nOO rep at the hip 
e>VP ar d :1111) rt>p at the head if rontimw118 eaJ-

110.rn re 11·itf, no slth1dinr; (}('f"lll"f'('{i. rnknown 
ar-11t11•11 1 do:-;p 1rndo11btedly resulted. from 
111P1d11 I.! :u1d mo\'PlllPllt. [t thus SPems proh-

1h1p r !1a t ti;,. +'Xterna l h<>t a dose from local direct 
h:111 ··onta1111nat1011 far outweighed that from 
111· .rro1rnd 1 n 1rnporta11<0P. since the latter was 
.or ii1gii PH•111gh to produ!'e thP observed lesions. 

' 'ioth111!! prnbably redu<'ed the lwta dose from 
111• ~'.ro· 1 nd ! ·V I tl to :.rn 1wrce11t. 

l.4 Summary 

1( 11>1.\ro:x r l11,,E:-, from uammit rays oriirinatin!!' 

·\IP 1'll:1 ·h· \1 PJ'P (·ak1rlatt>d for tlie ~ti7 i11di,·idu-

1I, I [i,, \\'f·'!'P ilt'('tdentally PXflOSPd to fallollt 

'··il1.w1 1u t!1P IJll('IPar 1IPtonat1011 at tilt> Pal'iti(' 

'•,.,, ·11:'. ! ;1 1 >1111d i11 tl1P :-;prinu of JH:-1.+. Thl• 
:oc;p , • ..,, 1111ar 1011,; Wf'·J'P 1111ulP 11,.;i11g information 

"'II I I'.! ''"Ill 1:11liolouwal ,afrt\ C-lll'\'P\'S Oil 
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500 :)epth Dose in Phantom Mor 
-- Initial Rad1at1on 
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) Introduction 

\\'1n::-o T11E Expos~;11 groi.p:- 11p1·t· tir-.;t ~•'Pl1 :11 
Kwajalein aftt<r PVac11afl·•ll frrnn 1iw1r nat1\'p 
atolls. the arno11nt if ··:1·11a11011 thP1 lmd 1·c· 
ceived was not known w th ""rta!llt\ lt 11·a­

known. howt>ver, f['(m, 11:otrumt>1tr n~ad1111!> 

taken at the sites of 1 hr f:i1lo11t and fron1 mo111 
toring all individuals. tliai :t -;11-.>111!ica11t :u1101rnr 
of penetrating irrad1at101 t11 tlip Plltir'f' bod1 
luid been reeeived and that Pxtern-1vr i·11nt anu 11a 
tion of the skin and posc;1blP ir1tPrnal .Jep11s1 
tion of radioactive mater1a1" 1md •>!'('llirPd Tlw 
nature of the 1rradiatmg 111att>r::tl and rhP, 1r 
c·umstances of t>Xp!1sur" .1rl'vt>r1tPd i prel' "" 
evaluation Of dosa.gp I :'f'P lltrndilCfJClll ). r:\Pli 
if the precise dose 11ad liPP11 kr1ow11 1t wo1ild 
not have been possiblP ru 1•redwt tlJP uiolo1!1,·al 
rtfects since the quantlt:tt rn· n•c;pon:-,• ,.f 111a11 
is not known .• \.ccordrng1_1·," .·ornplt>tP med1 .. ·ai 
history and physical PXan<1nat1011 wa,. oi>1a11:ed 
on each indi\·idual :rnd 1111mp1·•J11:-: foll1Jw 11!1 
examinations were ·an1f'd '111t. 111 addit11l11. 
routine sick-call wa, lwlu t \\'li'P dail_,, :llld n 

spect10n of tllP skin ,.fad nd1nu1mi~ wa,; mad" 

:it fre<1uent intervaL. \I.,di1 al' an· 11a:- avail 

able at all times. Hospira fal·il1t1p;, 1\Pf'1• av:ul 
able at the K wajale111 \'a \'a I ):,;ppn,;ary .. :nd 

~upport by tlw more ~xtPn,11· .. :11,.,d11ai far1l1tw-­
of tlw i-. ~. J>al'lh1 FJ,_,.,, 11 id ·wp11 :Jrr>111 hP<1 
if net>ded. 

From descnpt1onc of t ~'" i111C .. 1r11 "f fall1111· 
material and from r:ulioa• r111tv mea:-;1irP111P11t~ 

it was apparent that ( ~r1l111' : J{ong1·lap 1 1 :111 

recein•d the l11ghest do""' ,.f r:u1iatH1r1, <~ri.111, 

II 1.\ilingirn1P) an11 ( ;rn11p 111 \r11Prn'a1•,; 
an intPrmediate amounr :i Ld ( • !'l)IJ p l \' ' 1 · t r: k 
the !Past. From phy~J('al .jl)",111Prrv 1· wa,, l:dP1 
estimated that (lr01rn I lad n·1·,.1vt>d appr(lx1 
mately 175 r of ga111ma 1·td1at1u11: I ~!'(!II]> 11. 
ii!) r: Group III. 71

• r ::11d i;l'ln1p l\. ; ! r 
The most sPrious <'ii111cai 111<! lal1orat11ry Illa 11 
festations of 1 rradia1 im .q>pf':tr'f·d n t; r•Jtq • 
and II. The •rnlv armorn1al t1Pc- that ,·.,11ld f,.. 
attrib11ted with ,·prr i 11 1 '' 1·· :id :1 ! 1rn1 " .,.,. 

f.. r J,.,,1411i,.._ 1'p1lattoll. !!l'<llllllo~:ytopenia and 
!11 c,11i1i(w1topPn1a. ThP ,;kin )p,;ious wpre first 
•hct'I'\ Pd ht>tWP!'Il the l:!th and IHh post-expo­
·lll !' day,_ fhesP le:-; ions \\Pre most prevalent 
1, r 1·"11 P' I t11d I I bnt werP prtc>~ent to a sl il!'ht 
.. x 1 P 11 r , 11 I ~ r · 1 u p I I I. f)p ta il s o f t Ii e skin s y mp-

111 i~ 1r1u l!:'s!On' and 1he1r trPatment ;tre re­
"' ·tp11 il ( ''t:tptPr :). l>etaib of ht>matologic 
1 uJr.-s 111·p prPo-Pnted in ChaptPr I\'. CJranu­
"' 1t••pi-n1a Ll\d thrornbocyropP111:L of rnarkPd 
jp<~l'Po• 1]p\•pj11ped Ill lll:lllY indi1·idt1als Of nroups 

, Ld l I :rnd wa,; of ,;ufficient SPVE>rity ro war­
·u I -Pric.i1:-; ('O!l:'1dPrat10n 11f prophylactic and 
i111:11•"11111· llPll:i11rps for p11!Pnt1:1l c-equPlae of 
IH ""' ·pJJular dt>ficiencie~•. 

1 '.JP11 of tlw o·onflil'ting opinions about tllP 
:1 11P '1f propl1ylal't11' and tliPrapeutic measures 
Ill l1 :h a11tibiotil's and wholP blood transfusions 
1 ·:1 .. frt'at111P11t of radiation disease 11-.>), it 
1 :ii dt>l'il!Pd that tltnapy \\·01ild b<:> instituted 
•!I 1 10- indi.·atPd "li11il'ally for ,.;pecifi.c condi­
w 1- ,ic- r:1e\ ar"c-e. In ordt>r to determine the 
tf,., 1 .,f Ii~ i11t1·1·1lal dt>po:--1tion of radioactive 

11at»J",ai on t hP' 1111rsP of thP PXternally induced 
:i• 1at 11>11 inJllr_'.. 1t was l\f'('Pssary to <letermine 
h< ·i•·grPP , f 111!Pr11al radioactive eontamina-
111, I )ptai.,.; of the mpa,.;11rPmPnt of internal 
lP1><•,,,t11111 of radionuclidtc>,.. :ire 1·onsidered in 

I 1p1er ,_. It I'~ :-;11tficiP11t to state here that the 
••r 11·!H1t <>!I fr1l111 tlw 111tPrnally depo:;ited 
:1, 11.111H·l1dp..; •,, tliP t11tal :t('Ute dost> was 
f I'- l[T' l !lt"ttlt 

~ymptoms and Signs Related to 

Radiation Injury 

'r uu1 :.;y~uyr«'!S T11.\T dPvPloped during the 
1rct 11111 .Ja\,.; ('01dd l1P a<tl'llJlltf'd to radiation. 
i 1 .,, .. ".':111p.t1J1110- wprp :1,..srn·1ated with the ,;kin 
""I 1lw g.1,..fJllllllPo,tl!l;ti tl':l('f. 

t,·f1111g :u d h11rn1ng id' tlit> ,.;krn occurrPd in 
"'' "'11 ,,. t ;11>1q1 I l{oll!!PlaJl). :!D pprcent 

1.i 



I fi f Fl-H'1 

of (~nrnp II I.\ l111:.r1•1:u 1 p•·ffP11t ,,f I, :·,,,, 1, 
III 1.\mi>n('an-.1 .. t d :1111H· .,,f l~r111; :\· 

11-tirik1. Thn1• J>P1111i1 11 lrro11p I .11; 1 11" 
1n (~roup l l <'Olliflla 111·d ,f 11"lt111:.r :111<1, 11 ·11 " 

of thp PYP" and h<TJ1Ii;1t I• 111 Tht>:-:P 11111 a. ·h :1, 

and eyi> sympto111:-: ''"'rP rno·-t liki>h d1k ·" r 
radiation since: II 111d ndual:-: who «•:qwr1P111 1•<1 

the initial symptor11' latPr di>v»lopP<i 1I1q11 .. , 
tioned radiation rndun•d -;kin lPsions 1 Ppilat1un 
:rnd <'Olljll!ll'tl\tt1c,1 ...;,.,.. <'hapt~r !Tl 
FurthPrmorp tLP n1:1:1l --vmptomatolo!.[1 ·1 
thPse peoplP wa,. ~1mi1:Lr t11 1 hat rPportPd .r " 

,;tancps of :t<'<'H I Pllt :ii LLl>ora to1~.1· ovprex p• bl 1 re 
to radiation. dP-i<TJhPd 11 < haptPr [II Ir 1· 

possible. howev••r. rhat ·lw1n1ral irntar1<111 ,,\ 
the fallour mat• r1a1. h "11 .1·:10' r•rPd<1111rna11" 1.'­
highly alkalirn• 1·:dl'i11rn >x1de, 1wv •1.tve 1c 
('entuated the 1111tial vn.ptoms 

.\bout two-th rd,.. 1Jt (,roup I 11pn• 1:111,..P:1:1•11 
during the tirst :..'. ,1:ns 111d 011p-re11tl1 , 01111T1"l 
:ind had diarrhea. '>rw .i1d1vid1rnl 111 ( ;r<t1q 
II was nauseate.I. r r, ( ~rn11p,; I 1 l :rnd l \' ~ 11 .. n 
\\'ere no gastro111tpsti11:d I(; [ 1 -;yrnp10111..;. l'L• 
1nfonnat10111•on.·prn111g ·yrnptCJTll' 1\ a:- •'1>ta 11 , ... , 
hy questioning · hrough :111 rntPrprPrpr tn , .. , 
era! individuals I >t>sp1!P t !1e n·peured 1ntpr«r1 
gations and th• :111>v·table ,;11ggt>s1'1011· ,,f '1,, 
mterrogators. t 11• ..;t"1·a--. n·nia111ell 1·1n 1,;1:-;r 1·n! 
.\]] (a C'VlllJ>lOr!lci ,ltf)S1dP<I IJv rJw 111 rd ii\\ 

without tlwrap-" u1d 1lier» 1\;;, 110 ''I'< ·1r·· .. 1 ... 

The prPserwP, ;-,\'\Pr t.\. 1.11d d11ra11<rn <il r .. 1. 
,;ea, \'om1ti11g, an<l ci1;1rTl1Pa ar<:> know1 t<> '"':ti 

:1 direct relatim1st11p 10 ·iPgreP 1 .. f l'XflO'lllP :irH 

probability of tlw 1·e•o\Pl'\ 11. ~.1i1, :nd 11" 

of notP that th.- 111<·1dt>11n: qf lht>st> -vnrnl!i!ll· 

was 1·orrelated .\·1tl1 •!it> doS<• l'P<'PIVPd ."11d t!iar 
therP 11·pre 110 gast1·ri111tP~t 1nal "':'mp101n' 
(~roup I\'. tht> largP-;t g1·rn1p. 11·h1!'li P<'P11p1 

rmly 1.J. r Cd :.ympt•>111ato1ogv 'll:i\' li:.V•' '"'Pl 

due to direct 111 11n· ,,f tlw 1 d .tr:t('I a:' ,,f,-;p1·'·I'• 

in animals afte" wlJ«IP •1od; 11T:1d1:1t 11 •11 

or may havP l·t>Pr1 I ·m "'l1t"'ltl< ts "· ,f>,.;pr · , .. , 

followrng- ther:q>P11t !• r ad1:tt 1011 

\-:tl'lOllS othP'" ··l111,.-:L1 [ <>t«l111011s \\, lt1l'!I ·'•'I 
PllCOlllltPrPd d1 !'Ill:! IJ1 <<1Jl'O-P qf •ltl'•'J'I' ti ,<I" 

of the PXposed gr<11111" ·l"I'" i1ot 1111• l•"•Hlr· 
radiat1011 Pxpo,·11n· rl" ,1•<"td1•11<·1· <it· t 11 ,.. 

\ 1 '·'· l:ADiATT· 1'-,: 

'";1-1• ·PPI. dis('ussPd lwlo11-. wt>n• similar in 
<",f'«..;11J"< !!J'OllJIC' :llld lll lllllH'XJlOSPd i11di-

) -~ ( limcal Observation and Therapy 
~r ith Respect to Hematological 
Findings 

' ~I Clinical Observations and Leukocyte Counts 

l~FT\n:E." [HE :):lrd and ..t::lrd post-exposure 
davs. 11 1 ppn·ent of tlw individuals in Group I 
·1ad tn tbsolute !!ranulocyte level of 1000 per 

11h1< m1 llimPter or belmL The lowest count ob­
·nvt>d d 1irrng this period was 700 granulocytes/ 
·1111 I lurrng this interval the advisability of 
!!lllllg prophylactic :tntibiotic therapy to 
:Ir:t1111l<><'ytopenic individuals was carefully con­
-1 dPrPd. II owevPr., prophylactic antibiotic 
1 lwr:i J>Y wa1-; not instituted for the following 
r·Pa:..;<rllS 

l 1 .\II ;11div1dual:- were under continuous 
11wd11·al ohsi>n·at1on so that infection would be 
•t1s<'<,\'P1Pd 111 its earliest stageR. 

~I l'rt>mature admrnistration of antibiotics 
n11id1t 11ave obscured medic:d indications for 
·rpat11w•1t. :.nd might also have lead to the <le­
. Pi•>p1111·11t >f drng rP:-istant organisms rn in-
11\'Hiu:i" 11 •th :1 lowPred rP,.,istance to infec-
1 II I\ 

;\ 1 ThPre was no :t<"curate knowledge of the 
·1111nlwr of granulocyte" required by man to pre­
' P11t \Tl fel't1•111 with this type of granulocyto­
: IP rt LL 

[')ip • ·b~nPd situat1011 was not strictlv com­
o:tr:d>lf' to agranul<wvtosi" with an ,;plastic 
11;ir1·q11 a,; '-Pl'll following known lethal doses of 

1 ad1 ttll ,n. ! n the lattt>r instance. granulocytes 
1all 1·a111dly wrth pra•·tically none in circula-
11011 :ui.i 11• · p\·ide11('e of gr:rnulocyte regenera­
• 1011 wl1Pn .nfpctJon rnTurs ( fi). In the pres-
1·111 .!ro11p "f individuals t'Xposed to radiation, 

1< 1s1 < «lllll:' re:t<'hed :tpproximarely one-fourth 
:1 .. 1orrn:ti :alue. but thP fall to that level \Vas 

.. !T:1rn1:1 a1111 t lw p11'sPIH'P of immatnrP granu­
" \ 'p,.; 111 1 lie pPr1 l'lwra I blood during the pe-

I• 
1, 
t 
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•I. «ii I 111d11·1d11ai- l'l'J'll\'l'J'Pd :t11d had llO 

· ! 1·1 iliw·'. !11 FI!.!11!'1' :c.1 tlw Jp:1kol'yTP and 
:1'1 t•! '1111: ·- 11f tl11· :.'.\'!':tr .,j,j pat:PJlt :tlld tliP 

11· .i !11· .. ·,·11r:·P11<'P ,,f tllf· frlini" 1llnp-.~ are 

1-.J I :1t '•I 

•II• - , ,. r 111<1 iio1· l1ad li:ul '.' 111ptotll" of 

I' 'I J>PI 11''-jlll':tllll 11fpc·t1011 for -P\'PJ':tl 

11. I . , .. l11rn1,L'.ltt 11J 1l1P 1·li11w 11·Jipn he 

,. ''!H'•I :1 :11'1\11::.r 1·1>11!.fl1. "'Jipn ·1p wa:-; :-iPPn • 

, i :11 \ :1•11qwr:1t11rP 11:1" [1111 s F. IIP 

:c 1 .. "1 ! H i , r Ii P "" 11· a, p ii :t n· 11 !!P<I I 111 J e< · · 

111 1 11 :1w1·1111~ 1·0:1 I'"" rl101wli1 \1·prr hPard 

•I' ;!II 11!! 1 11• 1 Ji1"·l, \ dI:l!,!110"1" of lljl]JPl' 

'· 11. :11 JJ \ 1iff'I'[ JI/II \\ :t It :1,;.01 l:l(t'd liro1ll'hl-

.1 ,, 11:1111 1111i 1 lw ·:11ld 11·as !!ll'Pll a ,.,j11gle 

I: 111 •Cll II' 'llJP1'"IOll ,,f ..'00.111111 11nit,_ pro-

'11 Ill' lli'I •JJJ, I )11 tlw foll11\llll!! day hi;; tP!ll­

l"d't 11:1· '1!1 F. 1111 r:1i1·s or rl101ll'hi ,1·erP 

1111· 11t· I»•·111"r"d 111th1111t furthrr 

\f':tl 1il11 111:111 ' till\' to tliP <'i1nil' <'Om­

" I 111:: ',f II f':tk111·-,.;, lll'J'\'l)IJSllPS,,, 111ilcl ah-
11111 :1: 1•:111 .111d ,.,Jioor111!..'. p:1111 111 tlw 11pper 

· .. 1 ·111 .-!it"·' l11i:ttPr:1ll\ of -.pn•r:tl !1011rs d11r:t­

l I..- ;ti•f•l':ll'i'd 111111ll'l':1t1•]_\· 1JJ. !tis tPlllj>Pl'· 

11·1 ,,, ~ '.J" '• F ... 111d ·l1P JJtily po~1tin• pliysi· 

,111 I!!\ 1" 111<1dp1·:111· lt>11<1Pr11p,.,_ 11 1 rlw nglir 

'I"' 11:1111 :111t rd tl11' :1bdo111Pll. \\'itlii11 a 

•JI Iii' IH'I •J(I tl1P l'Pllli>PJ':lllll'P rosp to l\Jl.ti'' 

1111 II 11 !..'. \\ 1111 11 JI r .. 1 I !.fl':lll1J:1 llv to 1101'· 

1· 11· , .J/1111111::11l•'11di·r11ps,;1·011t'1111Pd for 

".1r 11: r 111•11 :.r1·:11111:1lh d1,appt>arPd il11r· 

11· .. •tf1•t"lllPlll :.~ .( 11' .. \ !Plll:ltl\'l' dl:t!!-

,j ''" \'l'\''t JI , 11 :1~ 111adl'. :\1) "J>Pl'itil' 

1l1\ !!I 1·1·11 I: F1:!1J1'P ..'.:.'. lt1s 11 i1ite 

t I C r~ ~ ' I I ·I 1il:it1·]pt •llJJIL· Ill J'Pl:1t1on tn tlw 

" :t Jl't' .t -,n1qi111111~ :1n· -.lto11·11, 

1'!1 ,Ill' 

I I) 

!!l' ::". 'l1•11•l1111\'< I !..'.l'lll'l':li IZP<i lll'TI·· 

111il !11•:1<i:1 'ill' \o 1·:11L"P for the 

t1111111 I .11111 t Jip '.\ llljlfOlll;. ~!llJ;.JclPd 

I,, .. 111111:''- 11·1tlio111 :Ill.\' tliPr:qi:. 

\ i 

'\t' 

.111 111:11, 111 t;1011p- I :11111 II that rp .. 

1 1ril·1•1t11·- "'" 1:-rt>d 111 TaLlP :.!.l. Of 
11 1 11· 11, TJ'P:1t1•11 "·11lt :111t1lii111:1·;.. onlv 

·I I'll"" 11•11•1\1•.J I :It,( llllll' ll'ill'll tiJPir· 

•I• i111tll \'.;I" 1r\\\ 
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Table 2.1--Pataenrs 1·re.Hed W'1th Ant1b101n·~ 

PATIK.NT 
~o 

l; H.l ar d tmJ1 ·;i1 1·· 

with ·1ud1 lf'111p•·r 
aturP 

2. 3 URI. ·even• ,... 1 li 
phar,·n~1t1· ,,,,,n 
hi!l;h prnper<>tu n• 

-!, 5 1 Tooth P'Ct raet >11 
6 Deep exte ·'' " 

o<IOU!l;il of 1·p1<i•·r 
rniM <.1r' fol it 

7 Inflan·.ed : 11s 1~ 

with •uµ;h lf· :r1 p•·r 
a tun' and 1 I{ I 

8 Rapid proll;P"'"I '" 
~1nderTu1nir10. 1 n 

petl~· • 
!I TraumatH' !lar 11n '" 

of fo<•t 

0 ~VRtitl' 

FurunerP0111111111·~ 

UrUTl(",p r1 ' J "P 

head 

-; y H J.:H. 
\ 'iTIR!·il'' .. J ) ~. I " 

r KE.\ 1 )<[I 
-11o;11 

PPTI 1·1il1: 

PPr~ 1f•ul~ 1 

Pen1c11l111 
PPr1 1 l:ill1 ~ 

) l'PII :1~l I! l' 

P1~r~ 1 c1; li 1 

l'1.:i.111c11l1r 

( ~a11tra.:-;1r 

' P1:::.ritl·id1!1 

Pt,, fl "'rrlr 

------- - --~ ---------

described m dera11 .1 t><I\ P 
have evidence of a ii:ir·tt'f'la, ,·ompon1~11t a""')!' 
ated with l'HI 11111 :11 r1h1ot11·0: w1111ld !rnvP l>PPI 
indicated had · hP\ "r hP,,11 .rradiat .. d. \ ! 
other l!Hh\'1duab •I Pr I' rt>T tlPllll'Of>t'lllr ;,f '! l 

tirne of treatrrn·11r 11, 1 .1 "'" u:1 VP!\ :1111; l:r1"t", 
for spe<"itic 111d1 ·ar1r>1 l'!i»rl:' ''as tr<1 111,t:1·1n 
1n which 1t \\'a·- •'<•l!-:d>'t'Pd 11Pce,.;s;1rY "' :.! " 

prophylactic a11· 1b1•>t ., for· 11eutr<>pP111:, /" 

2.32 Clinical Observ.1twm .mJ Placelec ( ount~. 

.\.II indiv1<l11ti.' "' rh ('() llll I 
100,000 or lPss \\Pre P\ 1ni111t>tl da1lv for .. 1·1,/p•11 r 

of hemorrhage 111t<J r!J,. ,kill. 1111u·o11-. 11wr1 

branes and ret11 aP 1·11w '·'<b "'am1111":l ·Li 11 

for red ··ells :l'Hl .1h11111111 .t11d ''·UlllF11 "'' 
questioned con1·pnr 11..: «XtP,·SI\(' !llPll:-'t:··11:111 .• 1· 

There was no P' 1den"" of :111 v ltt•11101Tliau:<" "' "'' 
though l l ·nd1v1d1aa1- 'P:H·i1Pd :datelt>t 1.,,,.,, 
hetwt't'n ;\;>,OOl1 11111 1, 1,11·•111 T .. ,.,, ''">lllf'tt 11w1 
struated when t 1P11· ;1.atPIPt ·011r1h wr:'n· l.i11. 11~ 

and 1:\0,111)1) l'!''-J>Pr f .,j, !)otf TIJPll·I !"ll;J'•'• 

.,.,.,ral 'Xtr1 da\s :111d thought that the bleed­
'':.! N:tc 111111!' 1ha11 11,11:il hut not :.;1dfi<'iP11t to 

11, "" r I Pill ., 1n1·pr11. 

') Hemarocrit Changes 

I 11 radrnr 1t111 rnjury :111 anemia can be pro-
11l<'Pd l·v tlirPe phPnomeria: a. Partial or eom-

1 >iPtt· ,1, pprPssion of Pryt hropoies1s: b. Hem­
: n h ,1u:P: "· ffemoh:.;is. (~J). The existence of 

· 11•· l:1tt"r 1~ l\Ot umvPrc:ully accepted as a char­
,.·Tp11;-;t ,. ('art of radiation injury. ~ince hem­
.i·rl1:1u:1.· pht>nomena wPrP not observed a severe 
1 llPll11<1 .,,·01ild have been expected only if 

.. 1·\·t11ro1101es1,; wPrP suppressed severely for a 
1•111g t1111P. \\'ith <"ornplete suppression of 
"!'\ t 11r111H11P:,1s and :111 1rnchanged life span of 

1•' ·pd • ell rJnP '"'mid Pxpect a deficit of 0.83 

flP!T"llt pPr day ~l!l('P the human red blood cell 
!1u~. 1 11 fp ~Pan of approximately 120 days. 

\'1netePn 1ndividuab 1n (~roups land II had 
rPrrrnto• rlt~ betwet>n :~1 and :l5 percent. ~ine 

,f t 11\' !I 1\ »l"P "liildren, aged 1 to 5 years and 
"01rn l he Pxpe('ted to have a lower hem a tocrit 

'ltan 11rn·nia adult~: four were over 70 years of 
ti!~·. 1n wltwli ai.rf' gr1>up a tfpcreased hematocrit 
1·. freq11entiv present without obvious eause. 
l\10 of rhe '.)had had menorrhagia prior to the 
1PtPn11111at 1•>11, t\\·o werP :\ to -1- months prei.r­
ant :111'i li:id 1101 l'P•·eived supplementary iron, 

111d 11"" 1n·rP y1111ng womP11. These hemato­
r»'"' ,·o 1id !>t> a"Til>Pd to physiological \"aria­
"''' r:itlw1 tltall to thP ptf'pcts of irradiation 

•11 h»m:1topo1P~1~ .. '-lupplementary iron was the 
e11 Iv t l1Pra1·_v thPd for the mild anemias ob­

·Prn·d. Tli11s 110 dPhnite PVH!ence of prolonged 
.. n t 11ro1101pr t(' ~11 ppress10n was observed P\"f'n in 

11d 1 ·. 1d11ab •d10 l1ad l'P<'l'l\'Pd 1 ii'i r whole body 
:t<i I It 1< ll. 

.i. . ..:~ An Epidemic of Upper Respira­
toq Infection Occurring During the 
4th and 5th Post-Exposure Weeks 

/~JT\\ rY~ rin: ~~·tJi :tlld the -1-~nd JlOSt-ex­
rO,lll"f' J:l\' :Ill f'J'idPll\11' of lipper l"PSpiratory 
1 i-;p:,, ,p ! · 1: I ) rn·<·11 tTPd. The respiratory in­
"'"t 1 111 ·1111-r-,t(•d of t11rnlPratl' rnalaic:e. pharyn-

I . 



g1t1s with prornine11 t lv rn nh<Jid f<Jl l I<' IP:·. fp\'l'r 
of !)!)-1000 F. durin;.! Tlw r:r:--t dav .. llld :t pm11 
lent nasal and tracheal d1-<d1:tl'i.!P for al1011t 1 · 
days. It was of intere,_;t :o dt>tt-rm111P wlwt hl'1 
the appearance of CRI 1·01ild bl'' orTeolatPd \\ 1t!1 
the dose of radiation r!'CP \·pd 111 wirli d1al11!P' 
in the leukocyte count 

Fifty-eight percent qf tlw ndiv1d11a:ls 111 
Group I and 5fi peircent ,,f thP md1vidua),.. 1• 
Group II developed 1-RI :-;PVPnty perrt>nt of 
the affected individuals ·levelopeo ;.ympt11rn;. 
between the :27th and :t!nd post ·"xpost11"t' dav:-.. 
and the others developt>d ~yrnpt"ms 111 tlw ;.11b· 

sequent 2 weeks. Fifty·~PVP11 f>Pl'CPIH of ·hp 
affected individuals wne ob,;ent>d to have an 

upward trend in tlwir lt>ukcwytt> counts, tht> 111 

crease being due primarily tu granulocyrt>;; 
Since an increase in thP •rwan granul-rwvt" 

eount of the entire population 11<.'('Urred about 

the :29th postPxposure •Ul\. 1· "t>Pmed pertmPnt 

to determine whet•her 111 1r1d1v1d11ai instam·e" 

the increase was relatP(I ti, t Lt' prf'SPil!'P • ,f 
respiratory infoctio11. 

The relationship l1etWPPll t lw "bsen·ed h-'ukc1 

cyte increase and t lw prPsenl'P or tl>S<f'11<'e nf 

upper respiratory svrnptoms I fl nrou P~· I and 
II is shown in Table~.~. :-;PVP!l oft lie :27 ind1 

vi duals that developed l)(1t Ii (·HI ~rnd a 1Puk<1 

eyte increase devel( 1pt><l t iiP I Pu kocvtP i IHTPa"P 

:~or more days beforp ,..:mpton1:-; of ('Rl ll" 

peared. It is also 1 f intt'rl:':-.t rl1at tlw 111edwai 

personnel involved 111 the ·an• :u1d study of rlw 

radiated individuals had :1 1 '"'I Ila· 1 nn dt>!l('.P :111,. t 
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Li rilt· 2 2 -l "RI :md Changes in Granulocytes m 
C.iroups I and JI 

1 ·JU r1~e n µ;rnuulocyt<'.'L _ 
1 ·RI 110 rise 1n µ;ranulocyt11s 
'\" l'Rl. nse rn µ;ranulocvtP, .. 
'.\,, I HI 10 rlH· in µ;ranulocvtPi' 
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.;t'' l:'r1t_\ ,if respiratory infeetions. The inci-
1» H't' :1rnl s»verity of respiratory infection in 

1 ,1·011 p [ Y. w h 1cl1 had rf'('ei n•d only slight radia­
ll• 11. was the same as that Ill (iroup I and IL 
['Lt' appt>aranct' of l"RI, therefore, did not ap-
1 w u : o I~ relatt'd to the dose of radiation or 
". t1:rngPs n lPukocvte Jevpl. 

2. ) Comparison of Diseases Seen in 
Groups I and II With Those in Group 
rv 

r HE I) !SE \SES TH .\T werP ~een during the pe-
11' "I ,,f diservat1on of (J.roup I and II, which 
1\ 1· 1·p »X posed to the hi1.d1est doses of radiation, 
ti''' i 1,;tPd m Table. ~.:I. Xone of the diseases ap­
pP:tn•d t<• be rl:'lated to the Pt!'ect:; of irradiation, 
,. JI hP r di 1·ect Iv or as a rt'stil t of hematologic dis­
'. u ·t 1:1 r1( e,;. I<~or 1·ompanson. the diseases that 
\\'1 !'P ~ee11 d :iring the period of observation of 
1, 1.i1p I\'. wl11('h r!' .. eJ\'Pd the lowest dose of 

Table _.)·-Diseases That Were Ob-;erved in Groups and II 

Furuncle 
Gum Absces.~ 
Cholecystitls. 
Tines_ 
'.\1ittelschmPrz 
Generalized urt.1car a 

Erythema mult1fon 1tt· 

'.\1 iµ;ralne hPadache 

'-. MP.f.R 

11v l-"' 111 

\.Jr ! A L:·1 

2 

'--------- ----- ... _ .. _ ... -. --·-·-·- ---- ---- ...... 

..... _._ ----·----------------, 
I )IS!:A3! 

i\1 Otll tll I l» 

\:ihtt;ous ulc••r of 1on11;ut'. 

'! 011d \' lol1st hes ls 
[1·1pPl ll(U 

r •4itil 1•xtrac1 IOII:-. 

• i a. .. "ltrnent t-rit 1~ 

i >pt·r n·~p1ratory 11f Pct 1011s 

I 1111· 1lar 101 sillir" 

:\°IJMRER 
OP' INPl­
VIDUALS 

I 

.5 
2 

IO 
-ti 

·-·-·- -----·-·---------' 
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rndiation. are i 1stt>d 11 Llllle :~ t. 
1neidence of gaHrot>llf Pr t '' 11 i><ll It ~rrrn1p- ":1, 
probably due to t•lw kt>t>p111!! ,if m•r1oii:1h1e f, .. ,q, 

lllll'"frigeratPd for \,,11u J•P1·1od- fi',, 1],p .\1.11 

shallese. and ". 1:- 110• ·'''Pr1 ,1ftpr i 1;, :ira•'f , . ., 
was stopped. It "011 Id appt>ar r h 11 :1 li1gl1»1 

pereentage of t]1p lildlVld11a1s Ill ( rl (Ill fl'' ! dlJ,/ 

I I developed uppt>r l"!"ip1ratory 111ft.1·t 1u11s 1'0111 
pared to nroup IY lfoWP\f'l'. :ill oif tl1e rn.i1 
viduals in ( ir011p,.; I a11d r I WPl'P ljllPSt l<Jtll'd 

concerning t>ven mild -vrnpt"rn~ 1>f T 'iRI. wlit>n' 
as only thosp of (rrO••P I\" wHli "f'\'Pr<' ,\·11.1, 

toms of T"RI camt> tn 1 h1', i1111•' 

2.6 Changes in Weight as an 1 ndic1-

tion of Disturbance in the Gen­
eral Metahol ism 

T11t: Booy \\'.:Han 01 11 d1' dual-; 1:1 117ro1q1- II 

and II was foll<1wt>d J <JUT 1nt>1y. :"-lll•'P thev 11:1d 
an unrestricted d1Pt a1,d :di :dP 11'>'1: 111 .. 11· 
..JiungP in \\'Pighr 1111g11t r,,. ,·1111:-;idPrPd :rn 1nd1· :1 
tio11 of any dist11rhan• f' 111 rlie1r '"·"1 all lllPl:1tl 
nlisrn. T!it> \\'P1d1t ,:,:111;:•-- 1rt' -•ill 11ia1 'Zf'11 11 

! .1lil» :! .-, It 1rnuld lw »X]ll'<'tPd that within u 
... 11,,.j .,f -, \ 11PPk:-i,, 111<>st ir1d11·id11al:; below Hi 
· 11 :11•11 i"' rt 11,1ilarly r 1 1o~P lwlow ,..; ypars woul<l 

_ 1111 -01 w \\ »igltt. Tlw fa<'t that ll!Ost of them 
,,, ,1»1!!11t 1iay 111di1':1IP rliat they t't>ceive<l a 

1•>'f' .,f :td111t1011 ~1itii1·1P11! to lllterfere with nor-
": 111Pt:d>ol1s111. 111 spitP of their relatively in-

11 111" I fe 111d l1earty appetite:; many of the 
1d11I1 s a 1 so 1, 1,.;t WPiglit whid1 may i n<licate some 
11tPrfPn'tH'f• with tht>1r normal metabolism. 
['itl'Ji• \\;h 11ttlP ditfererH·e in observed weight 
'l<lli!!P~ lwt 11Pett Group l and Group II. It ap-

1, .. an•d r lt:tt dlP ditfere1H·e in doses received by 
r 11» t ,,·o ;Ll'l!11ps did not ditferentially affect their 
»od y w~·1gh·1 \\'het l!Pr the observed losses in 
1 PI!!llt 1·pn• related to radiation or to changes 

f'r11·1ronn1t>nt 1s not 1·lear. T-nfortunately, 
, , - 1r le fa('ton "onu·o1 Px1sted to aid in in­

, +1 rpn't 1 11! t !it> loss of wt>1ght in (.froups I and II. 

2.7 The Effects on Pregnancy 

f.,.1·H \Y ""''L" 1~ (J.m11p I were pregnant when 
r>rrniglit t11 f\:wajalein. Two werP in the tirst 

1·111wster. 0111· 111 tilt> ,.,,.<'1111d trin!Pster. and one in 

l'able .'.,·t-D1sea•.es Observed in Group IV 

Osteoart.hnt i.~ 
Epithelioma " a11kl1· ,, 1111 11pn1111c ,j, •. 

generat10n 
Chronic brond 1t1s 
Furuncle 
Chronic broncl:1t1s ll.T»I b-1;ric111t•c·ta-1" 
Abscess of sole ,lf f»o' 

Carbuncle 
Tooth PxtractI<>n 
Fungus 1nfect11.'n of g·,in, a11>: palat+' 
Contusion. tra1, mat 11· 

(~astroenter1t1s 

Upper respirat<•rv 1nf+'ct1' '"' 
Arterio~clPrOtH' hp11rt 1 iJ-,,pa:--.+ rf1~('~ifTllH'l1 

o;ated 
Pyelorwphriu, 
Insect h1tP Wlt Hl!Hf, .. d •atp1·i>ral 1 •ie1na 

.._ _______ --"-·' -· ·-- ,,,,_, --·-·----.. ----· 

'-. .'ii Hl\:h 
IF I 'I.~ K'" 

,)It 

hun1re1 rn1t1< unknown etiology 
)'!1ro:11h1,phlt•11iti:;, ant!'cur11tal n•111 

: ·npe 11 1go 

: )V~·ITIPIH 1 rrhea 

I xfJl1at1' e dPrmatophvto,1o< 

J-.Ct rup101 rl~ht f:'~'P 

\:-;t !t1ru1 

1lP111gn h qwri 1•ns1011 with headache 
J· 1111i(.1:-- t1ifPct1un. auditor: ·anal 

I .. wh 1 1nu 11a.. ..... ·\·:--;ntl:--; 

J':J14--"U 

'1mpi+' ill'1ida1·11p 

\ 1·11tt· t)fi 1fH'iHt l~ 

l',i--.:-11hle · tlpt 1 red ir1tPrvf'rti·hral di:-il' 

}·~·\·Pr 1! lflk!1111.\·11 urig-111 

\.!<'1 111.!· •l1n11 1ri1· 1('\' 

~P~RER 
OF CA~E8 

-·------.. ---·-----------~ 
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I ahle 2S--\X'eight Ch.rnge~ (,roups I and II 

.\"umber observt>d 

.\"umber that gained wPq1;t1r 
Average gain (lb.)_ 
Spread of gain (lb. l 
.\"umber that lost w1·1gh1 
Average loss 1l b. : 
Spread of losH (lb.) 

I ~ fi i) I l' l 

Percent of group tha1 lo-1 ""Iii: ht 

.\"umber observed_ 
::fumber that gained wP111:h1 
Average gain (lb.)_ 

Spread of gain 1 lb. I 
.\"umber that lost wP1gh1 
Average loss 11 b.) 
Spread of los~ (lb.) 
Percent of group that lur-i ''"lllhl 

the third trimester. \'out> 'If t ltt>se womPll had 
abnormal symptoms referablt> 1 r> pregn:tn• y. 
and as far as 1·ot1ld lie dett>rnunt>d, ['reg11a11,·y 
continued in a normal fashion. In ~1roup J[. 

one woman was in the ,.;t>cond trinlt'ster. ~o atJ­

normality was detected. Ft>tal 11wvt>m1·nts wPrP 
unaffected in the individual 111 : he tllirc: tr 1 

mester. The hemato 1og1c "hangp-; of the prt>g­
nant women are listt>tt 111 'L1b1P c'..•i Two 111d1-
viduals in the lirst tr:mestPr l1ad :1 markPd dt'­
pression of platelets :>ut ar iw t 1me \\ ao "hPr't• 
any vaginal bleeding :-;o f:u. t ht> PX!HJ~llrP · o 
radiation has not had :1 , lt>lt"ft'I'l1Jll>0 l'ff, .. 1·t , in 

pregnancy. .\.t the l:~ month '"PPX:un!llati1111 1 ll 
of the above women ilad d.-ll\Pl'P•i. '11w IJUl1v 
wa:; born dead: the ot !\PI'-' .,, Pr1• nc d·111al L1 t •w 

c·ase of the one still Lorn. 'T:<1t1:ir1011 ,,,., 11rn·d 
to the mother P1ther l•Pfort> ,·0·11P1•t1«11 '>r •·:u \ 
in the first trime~tPr 

2.8 Special Examination of Eves 

.\T :\ .Dm ti ,\loNTll.' :u· pLtl1a1rnoi1Jl!hl • 1. 

amrnPd thP PYP~ of all •'\P•l'·•"l 11.J ·;1d11.1L " 

\\JE l'ATEUOR!E8 

HEt 1W ; 1 F:AH..., I BELOW 111 VP!irS ARO\'E Iii YEARS 

2i :rn 
,) H 

3 :l. 5 
II ,'}- [11 () 1), .'}--11) () l-11. 5 

1.: : !} 21 
2 -l 

11 ,) -;1 ) (I ,=).-,) ;) I). 'i-8 
'i() 'i8 

lj 

3 
2. 7 

2-4 
,, 6 

2 
0. 5-4. 0 

67 

.-.. - .. - --.. ·----_________ __. 

I .i.hle ~ h.-·-Blood Counts on Pregnant Individuals 
in Groups l and II 

,-.. -· .. ·--·---·----------------. 

' Kl '-f E~TER )f 
! 'RR<.'• A Ni. 

'HO f' 

r--1 

r'·-: 
l"l'i 1111 

HlJ I P ! [ 

L~ )\\' E~iT 
PLATELET 

('()! ;'ll"1' 

:l.i. 000 
.'ilJ. 1)0U 

150. 1)()1) 

121) 1)01) 

170. 1}1)[) 

LO\\ E.'lT 
\\'Rt' 

I. 51)0 
.), ()()() 

f. 000 
10. ()()() 

- ()()() 

Lo WEST 
:-.;ECTRO­

PHlLE 
Co!.NT 

:l. 000 
2, 500 
3. 000 
-; ()()() 

:i. 200 

... _ - __ . __ .. ___________ _, 

\" """ J11:- ;i,_1 rdi:tldt> to io111zrng rndiation were 
.,, • .,1 \ t :2 1110111 ho; ,;]it lamp PX:uninations and 
·J111H11i.!r:1pi11« rPcc11·d1n~s of thp cornea and lens 
,, Pl • 11 adt' 011 111i111·xpo~Pd .. :u1d on rhe Ro11gelap 
,,., ,,.. 'J l1P 1111·1•il'lll'P of 1w11lar !Psions was not 

I r!' I I ,. I 11 " !! rr '11 F'' ' l l I . 
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2.9 Summan .ind Conclusiom 

THE ( 'LINIC.\L F1-.;n1 '\<..~ 11 :t p->p1dat 1011 ,. 1 

dentallv irrad1:llP•I ),\. t'allout 111atena: f~·11111 1 

nuelPar dPVI<'P iia" hPt'T prPsentPd Tht· rtlllr" 

,,,eriouslv 1rrauiat«d 111dn1d11ab tad .1 .. t1:il 

symptoms of ar10rt>x1a. \·omit111!! and ·l1arrr1P:1 

which subsided \11ttw1it trentmt'Ilt '.\'Jth111 

days. The s:rn1t' 1ru11v11!11als :olowly dPVPl<!llPd 

l!r:.tnulocytopP1:1a and thrombo<'yt1me111a 1ria~ 

sociated with -;peondarv 'omplicat:ions flw 
only othPr man1fpstat11H1s uf radrnt1011 "XP""ilt+' 

observPd WPrt' -k111 i>s1m1:- and i>pilation 11· 

scribed in dt>ta11 Ill ( 'l1;q•tPr I I l Tlw 1rH'HtPJ\I'!' 
llf infpct1ous a11d 111111111fp,·1io11s d1;.:pa,.., r11" 

more severe!~· .•xpl)s•·d !!rrnqJ,; ,_,·a:-; 11" l!fP:tt•·r 

than that 111 tlw !Past P:<.posPd !!l'OlllJi. [f. ifter 

irradiation, th~ plat.-lt't..; a11d IP1tko('_''tP' L1: I 1 1 

;~manner and to a tegTPe srnular to rha1 ·>t 

served here, 1t .-an bP p1·ed1<'ted tint 110 li.-m<1r 

rhage or incn'ast:>d -'t1Set'pt1bil1ty to d1SPa::-t'· 

similartothoseobsen·ed rn 1his!"'tUdy will 1""·1ir 

and that no special l'rophvlactri(' nwas1ire~ w1:l 

be indicated. I'htc> 11:-;e of prophylact 1c 111Pa,. 
ures. however. ·;ho11lo1 lw .... valuated in rerrn~ ,,f 
existing- condit·ow< 'With tlw deg:ret-' <if in•rn( 
poietie su ppre;..~10n 1bserv .. d t hPrP ' a pos.'-', 

bility of increa-;eo :-;i1sc»ptwil1t_\ to 111nrP n· 

lt>nt pathogen r w 1 "Pr P presf'nt ill 111-
incident. 
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). l lntrodu,:tmn 

FALLOCT OF l\.\l>l<J.\< TI\f. :1iatt:>rLtl <'O!tllllt'Il«t'<I 
a pproximatPly +-ti hlu l" ,t f1 Pr , lt>t or1at io11 ,, > ( 

the thermo11uclt>ar dP\'ll't· I )11 t 11<> rnoH ht~a\-- h 
contaminatPd island. Hu11gt>lap. t lw fallout \1 :1:-, 
described as a powoery 11 iat t•na I. "~now l ikt>." 
\\·hieh fell ovt>r a 1wnod "f ··t>VPral hours a111 

whitened thP hair •lld adhi>ri>d to th1~ ·-;km 

Less striking fa!lour di>s1nlwd ts "'mist-11kP" 
was observpd 011 .\il111g·11a» :ind J{on;g-enk 
Fallout was 11ot ns bit <JI 1 t1r1k. whi.-h "a•·· 
contaminatPd to 011 h a m 1 Id dt>gl't'I:'. T!:w ,t•· 

\"Prity of the ,,kin mar11fp"tat1011~ 1n1~ roughly 
proportional to the amoun• qf fallout <1bspn·Pd 

The population of t It' four 1sla11d groups :111<1 

incidence of the sk11 lt>"l<•11" """"' as foi l•>\1. 

ORO! r 

L2 Signs and Symptoms 

'J1 HI~(. T11t: FrnsT :!.J--.J-1'\ hours after exposurP. 
d1• 'lit :!:, ;wr.-pnt uf the .\Ia1-shallt>se in the two 
111-' i1Pr PX]HJs1irt> groups PXperienci>d itching and 
1 1.11rnu1g ,;p11sac1011 of the skin .• \. few also 
111 1pla1n+>d ,,f b11rni11g of the Pyes with lachry-
11:1t,•'11 ThPSP -ymptoms wt> re present to a 
p,.; ,..r »XtPnt 111 thP .\.rnerwans on Rongerik 

\ 1 , 1 I 11 ii•, w1•rt> a wart> of t hP danger, took shel-
<'t 111 :i!11111111um lll1ild1ngs, bathed and changed 
11.'iw- ThPsP precautions greatly reduced 
111 ~llh:-.e<jllt>llt dt>vPlopmt>nt of skin lesions in 
1,,, :.!T<>1111. Tlw people 011 l'tirik, the farth­
.,, fr"ni t 1\-' d!-'tor1atio11, liad no early skin syrnp-

-.. ·-···--·--------------------., 
I f''l)i'.ft\ ll(ti 

Ei:TE'<~IVE~E:-1:-1 or .:-;1.qs LE~JOS:'! A~D 
EPILATlilS 

Rongelap 
Ailinginae _ 
Rongerik 

•i4 \L.ir-;h1dlt·'" 
18 \1ar-;lrnlli·~• 

2:l \Vh1tP \11wrica11c 
) _\ P'1;°r!J :\ Illt'rl{'H.ll~ 

1.5 7 .\I" r,fiallh<' 

HPa\ ,. '1" 'wi1K•" 
\lo<it-r:t!I· 1n1.-tl1k1 
\lu(kr:t"1 ~11t:-.rl1k1 

Exte11~1 VP. 

L<>s_.., i'XtPll~l\"P 
"li11:h1 

Ctirik '\ '1 '' 

Evacuation of PXf>O:--t'd :1pr,0111wl to K11·:11a 
lein, where medical fanl1tJt>, 1\Prt' av:ulai>IP. 
was accomplished 011p to two days .tf1Pr 1 !:H· 
event. Decontarni11at101' ,,f tliP -·kill was •'<irn 

menced aboard ,.;lup llld ·0111plt>ted :tftpr , r 
rival at Kwajalt>in. 

~kin examination: wPr'>· l':1rn,.d 011t :tlm• .. sr 
daily during the tirst 11 WPPb a11<1 the11 a:.r:un :1' 
ti months. 1 and:! JP:tr'- 1 ft Pr' l1P 11'l'1d1~n1. I x 
:1111111atio11s of 11nt>xp<1:-Ptl .\ 11wrw:111,_; .:t11d nat, n· 
personnel wen• abo' 1rr:P!I u1.t f1;r "'lllipa 1·:11 \<' 

purpos!-'s. ( 'olor pli·>tn~r q1L~ :111d lnoJhlt>• .,~· 

le;ion" 111 vario11s :-I 1~>" f ·l1•\1 iop11,P1rl 11 •'I'" 

tlikPll. 

111 ,.. \ I ,k111 "y111pto111s .;11bsided within l 
1.1 '. cJt \,_ ( )Jl :lr!'IVal of the medical tPll!Il Oil 

la '1111rli po-;t-e;,.posure day, the expo;;t>d per-
1>1 111'! 'lf'pPar!-'d to be i11 good health.. The 
k1 1 q>pl"art>•l 11<>rr11al. Ilowt>vP1-. evidt>n<'e of 
111:1111•011,.. r:1diat1011 injury appeared about :! 

1 .,,.k,. :1 ftt>r "XJH>o,11rP wlit>n •.•pil:ttion and skin 
,., <>11-., "111111!-'nn·•I. ErvthP11ia of the skin was 
Ill ,i,,_Pl"CPd Pltl1Pr dtlJ'JEg th!-' Parly PXamina-
111 1- \ 11 .. 11 :r primary .. ryth!-'ma might l>t• ex­
,.,, t»d. " latpr 'slie11 :t "P<'o11darv !-'rvthPrn:t 
11 •. :t1t 111• ··x11Pl'f P1 i. 

1 ft1·1· 11b,1dt>1wt· .,f tl1P 1111tial skin ~ymp· 
, ,, ,... r hP .. ~_v'11ptor11' 1·pfP1Tablt> to the skin 
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were absent 1111t ii t 'w 11 .. 111\,. IPs1011:· de1·e10111•<t 
During t lw ear y si a~"" "f tP\!' l<J1>111e11 t "f If 11 
lesions. ird1!llg i111rr1 11:_· 11,d ,.,]1:.!lil pa111 \11·n 

1•xperie1H'ed \YJ li 1 li1 11,or·p •11pPrtil'1ai ],..s1.,11·­
\\'ith dePpPr lP:-1011,. 11 111 \I :1i-' n101e :-1•\en>. Tl11 
deeper foot les1011:- 1·1 Pl'f' : 11 .. mo:-t painful :111i1 
caused some of tlie peoplt> t<1 walk <ill rl1e11 
heels for seven,! day- d11r111g tiH' acutt· :-t:q!P" 

~orne of the mol'!' ""\'PI'P !Psil)ll" <>f t lie 1w1·f. 
an<l axilla werl' palllf11l 1111 .. 11 t11n1mg rlw l1Pa11 
or raising th~ 1tnn,,. The IP,,1ons did 11H 

prodm·p 1111.v n1n=-t1t1111011:d -;ymptoms. 

3.3 Descnpt10n 1>f Skin Leswns* 

.1.31 Gross Appearame 

Tlw tune of tppear·a111·p l!ld tlit> sevPrit \ ,,f 
the lesions vaned w1tl1 rlie ·legn·e ,if :-;k111 •in 

tamination in the dilft.rr11t groups. ThP H011gr 
lap group, wh 1ch -;how Pd grea tPst rad 1oa('t 1 , • ., 

contamination .,f thr sk111 1 al'l'ordirq! to 111,,tn1 
ment readings) Wl:'rP •lw tirst to den~lop ll:'~l"fl' 
and epilation at abo11t 1:! tr> !.+ days a ft er 1 ·11' 
accident. They also l1ad thP 1110,.;t sPVPN' ]ps1011~ 
Skin lesions 11 thP ,psser »XposPd .\ili11g111a•' 
and Ronl!erik gro11p-. dl'vt>lorwd 11pproximatPI 
one wPek after 11u~I:' '11 t 'lP H.011gela p gro1q '· tn• i 
were less sevPrP .111<1 ··xte11s1v" Th» r : r1 ,, 

group did not IPvPi«r> :onv lesions 11-h1..J1 1 "1d·i 
be attnbuted t•> irradiat1or1 of tl11· ~kin [']i., 

inci<lencP of uker:itrnir IPs1011~. 111 thP ditfl:'n'111 
groups rPflectl:'d the 1· .. latlv» ,;evPrity of tl1P -lu11 
injury. Twentv percP!ll of 1he no11gelap P""Pi" 
develorwd 11kl'rnti1·p Ps1011,, \1·hilP mdy tivP f•PI 
ce11t of tlw .\il1ng111:1" a11d 11ollP (1f the l{o11i:,.r1·< 
people devrloped 11i1·pr·at1\·I:' ll'siom. \1111Pt1 
pereent of tlw l\on(!Pia}' ind .\il1ng:trWP :!l'Ollf•· 

develo1wd !l:'s1«11s. «(lfflJ•:lrPd to •llll.\ forn :1P1 
cent of t lw l~o11gen h :!!Oil{ 1. Th Pre WPN' , '" >r ,. 
lesions per 1rn11vid11:ti 11 1lw l{or1gel:1p ~r11111. 
than Ill thl' .\drn!!lllaP (•f I\ongPrik ;L?:r11ups \ 
comparison of lte 'll' 1dl'n1·p and r1mp of :q>j"'"' 
all CP of Pp i I at ion 11 · i 1 pc k IP ,.1o11- 1 11 t l w · " 
groups 1:-; il111s1r:ll1·d '.!rt1>l1 <':t.h 111 F1!_!11r'<· 

* Thp dPs<'ripli 111 ~ff J,,...,111 1~ rf fer,., 1 1 rJip \!.Rr·-~fl;J I+· • 

1mlPss othPrwist• 'rid1 ·;i ··d 

\Par1v ail of tltP lesJ<Jns were spotty and de-
1'lo11ed 011 1·xpo:-,l:'d parts of thl:' body not cov­

. rt>d fiy l'iol illll!! during the fallout. Tlw ma· 
•J1·1t1· 11f 111d1nd1ial:' dewloped multiple lesions 
1•alt!!"ilar v the Hongl:'lap l!roup), most of 

.v1111 11 "·PrP ~uperticrnl. There was a difference 
· ,f sPwral days in the latent period before de­
-,·elo1>11w11t of lesions 011 various skin areas. The 
'1rdPr (1f appearance was roughly as follows: 
'<'alp 1 with t>pilation). neck, axillary region, 
ame<'1d 1ital fossae. feet. arms, legs, and trunk. 
I ,ps1on~ on r hi:' flexor -;urfaces in general pre­
·e<!Pd t lw!Y· on the extPnsor surfaces. Tables 
•.I and:).:! :<how 1nc1dpm·e <u:corcling to age and 

'11111· or appl:'aranl'P of ll:'sions in the various 
_'.J'ollpS 

I1, tlw early ,;tages all lesions were character­
ized h; hyperpigmented macules, papules, or 
1 a1sPd nlaq11es. (Plate 1.1 These frequently 
.1·ere sma 11. 1-::'. mm. areas at first, but tended to 
oalesc1• 111 a fpw d<Lys rnto larger lesions, with 
1 1lry. lt>athery texture. 

fhe p1gml:'nted st<tge of the superficial lesions 
<1·1tli111 ~PVHal day~ 11·as followed by dry, scaly 
, IPs<piarnat1011 \\ hicil proceeded from the cen-
11:'1' part of tit!' ll:'sion outward, leaving a pink 
ro 11 h1tp th. nned epithelium .• \s the desquarna· 
·ion pro(·p1·ded 0111:w:1rd. a characteristic ap­
f 'Pa r·an"P of a l'e11tr:d dl:'pigrnented area fringed 
.1 1tl1 :111 1 ITP:!lli ar hy perp1µ:mented zone was 
·Pell i I '!ates::'. and::). l~ep1gmentation began 111 

1 he <'Pr1trai 1trl:'a and spre:ui outward over the 
11px1 frw ''eeks leanni: skin of relatively nor-
111al :tp[warance. Platl:'s ;). 4, 11, and 1:2 show 
--1qwrti,.ial lesrnns as they appeared initially and 
--1x rnonths l:ttl:'r Thi' nuldest manifestation of 
-kI11 ll'Jllr_Y 11·11s the dPvelopment of a blotchy 
nerea,.ed )11gml:'ntation of the skin with barely 
wr,.epriblt> dl:'squamat1on. ~uch lesions were 
ll">"t oftPll 11otl:'d nn tlw face and trunk. 

I• p1l.111011 1va:- 11s11ally :tccompanied by scalp 
1•:;1·J11" , I'l:ite,; 1:~, 1: :rnd lD). ~ome indi­
·111 1al· .i.,,·plopPd !lPW :-;calp lPsions over a 

:1Pr od of .1.hout 11 month. .'leek lesions usually 
1:111 a, llP• !'lare"' d1:<tnh11tio11. beginning anteri· 

ir I 1 :111d -prPadi ng postPriorly. These were 
11•>1" p1·1· .,. 11 11·ornPn in whom thick hair 
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touchPd tlw n:qw of, l1P it' i; \,.('k l1·s11111s an, 
1 l lustrated in l'latP l -f \'ii an : .. ,,1n11s 1 l'l:1t1 
l l) nsually t'Ollsist•'<t ,f ' ( aJP:•\'lll(! l''IPlliPS 
.\nteeubital fo,;sa }pc-,011- "Pr" 1, 1r:11'!»rized 11 
format ion of th ic KPll•'<, , i aq llP:-. ~·PVP r:; 

babies and m1P woman d1•1 »J<,iwc lt>:-1011s 11: 1 ht' 
anal region which, t!1rn1!!h 'to, lP•·p. 11PrP pain 
ful due to excoriatirn ,,: r' e 1 p1n,·rm1:- Tlw~w 

healed rapidly 
. Deeper. lPsions wP1 P :-PPI o 1 r Lt-> ,,.calp,, ne1·k,, 
feet,a11d1no11P1«tsp111t)w,,1r TIP\ 11prPchar 
acterized by tran:-;ep d1•nn,11 1pn1>s.1,.; ,n1h wpt 

d.eS<prnmation leavini: 1nt->1, 111,r, 1 11st mg 11 lcPra· 
t10Hs. Vesic1.tlatio11 w:1>- or ''"'PrvPd 1'X<'Ppt 
with foot leswns wh1f'ii d•'VP1op .. d hullaP, fre 
11uently SPVPral cpnt1111Ptl'r;,, 11 ,!::u111•ter, lw1wat h 
thickened pigmentr'I :llaqt.i·~ Tla•st' foot 

lPsions oecurrPd on r lf' do r '-ll lli "' f t lw fept :i 1w 
between the toes, 1 1 h1 Iv , ,np , a:-.• showpn d .. s 
quamation on the ~»It>" d ht• f PPt. .\ft!'! 
,;everal days thP buhtP r11pt 1rP11 :tnd desqua 
mated leaving raw 11!.·er-,. ..;<,me , ,f ttw,;e 
lesions, particularly ' f tlit:> fP<'t, !:weamt• s1•1·ord 
arily rnfected requin ng t1111b•ntl1 s, I [owPV•'r 
most of tlw l~·s1on:-: lit>alPd ·:1p1,ih and llt'\1 
Ppithelium 1·ovPrPd t•1p 111, •'ratP<l a;·eas ,,· 1t!i 1n 
a week to 10 days. f'oot l··--10n~ ;1rP illustr-:ltPd 
in Plates .-l-lil ( )np Par j .. ..,H, 11 1>J:tta•, I:',- 1 •; l 
took several months f ,l f.,.a 

The repigmentatH 11 • ,f ·or:a• , iP"l>Pr , ' PS](1fl:-
presented abnormal 1·1p~ ]ps11111s nft»n 
developed a dusky. gnv1:-h 1n '' 11 1>1gmPllt:tt 1,, 11 
associated with a th1 'k!'nt',: 1T":t1tgf' j>Pt>]" ii~) 

pea ranee. H1stolo!! ··a, , Pl'Par:11J<'P qf ,. 1 1 

dermal rugo,;itv waei tl,;1, r,11tt'd 1 tlw,, .. )estuiis 
(see ,,;eetion on ltisto1>atlto"1!!V !11 :ulditi«n. 
the deer)er lesions of t ii" '·'°' 1·,,1 ]"(! r " { 1> n~Pl:! 

ment, rPmaining pi1h ,H ,, h1r;- .\r •·xumiri.t 
ti on ti months and I .1 "ar 1 f"n 111.., rxpn-;urP, t IJP 

skm appearPd_norma 11·1·!: 111 rP:-:dual <'lrnng~ 
Ill the vast rn:l]Ortty (),. ":t:it'· ·Ir)\\ P\'PI' S<•lllP ',f 
the dPeper lPsions •'Oil 1n11p1· t n "how pi, 1dPIH't' ,,f 
residual damage. F 1rPm11··! 1111orl!! 1 lw,,p w•1.:-: 

the rar IP~'iion which 1:w h··:tl•·n 11!(I,,1msidi·r· 
able scarring, a troph.1 . ,, :ti ll!! "f 1 he t'] lltierm 1,, 
and gross tPla11g1p1·ta 'I''. 1 , '1 nit!:, tlit> I · 
perp11-,•Tnentation and th11·k· 111 1:.! f tli,, sli:lll ,,f 
thP llPl'k lP:.ilOll·, had ,'.l"ifJ :t~ ll'li 'ill',,, 
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" 1 · '"l!lr1Pt1tat 1011 ··li:rn:_rp;-, werP mild. Foot 
1 ,,1 .. 11:1d 1 or 1 "l'l!!!lle11trd at sites of deepest 

11" 111 Pt111'11t :111d somP :11:rophy of thf' skin in 
'ti• ........ I r·1~i: ... \' n:-: :11 )f>r\I'PI1f. 

\11cros..·opi( Appearance 

I >1ons1p-, 1\ere rake11 oi seven neck, and one 
x1 lan· iPs1on 111 the l{ongt'lap ,u:roup during 

tt11· !11r,J to fourth wPPk aftPr exposure .• \t 
1111· 11r11P ,,f b10p;.v these lPsions wpre in the hv-
1'"' p1gmPntPd stage with little or no desquam:t­
t 10 \t.i-;r ,.f th,; biops1t:>s wPre taken from in-
1111 duab w1rl1 IPs10ns of avPrage severity .• \ 
-e1' 11111 -pnp;. of biops1e:-; I rppeats in three rn-
1: 11 ,1!uab 11t'rP raken from t1his group, 4. at 
t!a' ,e1P1lth 11pek awl;, at tlw Pighth week post­
t'XJ os11rP. T11ese were taken from the neck and 
:r,11f,'<'11t>1tal fossat'. .\11 of these lesions had 
<1P,,•jlrn111arrd and the depigmented skin had re­
f 'l!!'l1t->11te11 ti• :L dusky. gTay 1·olor with some 
1111• i<r111ng o:· tlH' :-;krn 1"ora11ge-peel" appear-

111 ,, : , plat!';. ~;, and :ti. Biopsies were not 
Ilk •11 fro111 1 l<'Pranve IPs1ons or from the feet 
hf•t lllo-•' of t'1P danger of infection. _\ third 
,,.r "" ,,f I' h1ops1t's were takPn from the Honge-

1 qr :.rrrn1p tl ti month~ along with several con­
' rn tHops1p,; 'nm unexposPu natives . .\'Iaterial 
11. >t' <Jf1r:1111Pd Ill 111a11y 1·ases adjacent to sites of 

rP' "' 1~ fi101,s1es 
'l 1,10P1->.\ ''"111Hb iiPaled rapidly within a 

, , '" h i ' ' av~ sit h no ,.;pcOJHbry <'Omplica-
i 11 :--

I. liP nr 11ro"·op11 tind1n:C!s arP summarized as 

f , I '" • 

rr"' .:1ru,, ·1rd /o ~ftA 1r(J~k. f~~pUierrni.:~. 

r;,1,,,.•p dPn11al rl:irnage wa,; nott'd with a few 
'lit J'\•·ntt1!! a1Tades :-;ho,v1ng less darnagP 
f" 1 r "" :.~ l ,u1<l ~:_: . Tlw PfJldernus in the most 

"n• n"11pl, 11 voh"d :trt'a,; ,;howpd co11siderablP 
irrr,1•h 1 111th tiat1rn1ng of tliP rPte pegs :m<l in 

1 la, I'" ' 11P 1•tJ1dPrr111s was r!'dncPd to a thickness 
1f "' , ···II,; 1 !'late,,; :!l. :.:::;,and:.:+). The <'Plls 

if ~'" 11w lp1gh1a11 layer ,;howPd pleomorphic 
11• •·1 1'.vk1111s1s ,111d 1'ytoplasmic halos, giant 

,,,, 1 •1 :Pw ';~t;t111'P~', multinuclPatPd cPlls. 



Pyk11os1~ of l'I'! le lit· 11;1 ;al ;1 v1·1 11 le 111 
ll!Oll)\' ~•'t'IL !;ttt Ii ,j,,,Ul':!:llii/:1{ IO!I 11( 
malpigh1:rn all(] La,a L1v»1. 11:1- 11-11a111 l•'•'­

Pllt in tl1P 11101' P:'\ft• 1,.;11·,.11 da11J:ll!Pii .11• I 11· 
(Plate ~:~) ' ··Ii,. i 1d1·11 · itlt :•1:!111t"1I ''"I, 
freq11e11tl1· pre,e1il t 1r<·11u11011t 1 \i,• "l111IPl"!l1 
and inte1Tellul:1r 1o1g11w11t 1·a,, 110111"\I 11 -11111• 
:;ect1ons. The errat1111 gr:1111ilos11111 '"'I" 11;111111~. 

atrophw nr f'Ver ahse1:1 ln1perfp1·1 kPr:1t11,:l:1 
t10n with parakerat<••i,.; 11a: 1·1~1hl1· 111 :1,l . .,, 

tions. Tlte :-;tn111m1 1 ·•n P11111 11a- !1111,.elv :ii .. 1· 
lated and hypt>r kt>r:1t• 1!1• 

The arl'ades nf m1111m:il d:1lll:tl!P 11·1>n· 11,;1rn1l1 
found in area,, 11 Ji.,r .. ~ .. ,· .. a1 ·lll"t:i app:·o:1• ,,, .. ,, 
the epidt>rm1s Plitt· ~: 1 Tlt,.1·p w:1~ a1. 'I' 
parent izwrt>ast' 11. ·ii·· 11 111111p1· (If 1·1•1b 1.1111 

totic tig11rps al<•ZI!! r .,., It'<'.~ of 1 lw d11c·t- , 11< 
the adjo1urng 111':1' 11·11pn· rt"l!Pll1·r:1<1 .01 '" 
11nderwav. In heo,p 1n·a-- ·he ..;tr:1t11111 g1:Jt:11 
losum appearet1 :ti111nst 111irmal 111 \\ 1t1tl: l 1 
1·ontrast to the 1nnn· ..;1•vpr,.lv ilamagPd a1,..a: 

where pigment \\·as 111 rPa"Pd.. ~ lu•:-;p , rl-'a.• 
minimal damai!P -lt•>Wl-'d :in :l('l11;tl 1IP\T"""" 
being almost fr.,e of I 1~'111P11 

!JP rm ix. ( 'hiu1gt>~ 1 r lw den111' ll"PrP , ''' 
tined lar)...rely to tla• 1•:ir:- papdl:u·1,; :11111 :1q1PT' 
ticia l pars retl ·11 Li r· · P\:1 tP:- :' 1- ~·~. 1 \I 1'1: 
edema in somP ,·asP- 11p1·t· llt>tPd ( 1p1ihr1 
loops were oftE"I 1r1d·-;t111"f and ,1·iiP11 lbn·"r 
1ble they frl:'(\ll"!lt!v \HI')' 1:-,SO<'l:t!Pd 1·111 II 

mrreased numil1"r , : I 11-'1·1.-ytp-. Tlw ··11·1• 1 
thelial <'elb ..;ho1\"Pl1 '"Pllllli.! .11111 \\Pl'P IH>il ..!.I" 

nal in ~hape. TP!:i 11!! P• ta tic ·lt:llll!•'' , ... , , 
noted in thesP <rP:ts d.Prl' tlw ,,,·,·rl_1 11µ: ,. 1_, 

dermis showPd :.!r1•:11p,;1 , Ltnmg" sill' .11 .1 ··n 
associated with !JPl'I 1 a:- 1tiar ymphon·t11 11 
tiltra.tion ( 'hr1Jlllatc·1d1·1rP:-. tillt>d wit '1 11,.•111 
n1n were prom1nP11I r: 1 liP "llJl!'rti.-:al ·l1·rn11·' 
The tineelasti<' t br1s·1m111n:! 11110 t;1P par-..; 1i:q1 
illaris WPr!' oftP'l :1it1-·1·p11 or .d1:-:p11t 

Little 1f an} d:111i:tl!•· 11 1:-, >·PP!l 1,.,11111 H· 

supertir·ial par:-; rPl "·1.Ja:·1, T!w li.ur foil1• ,,., 
were narrow a1 d ·1 ·110~1 '11st.:t11\"P." dPvr11•1 
..;hafts Ill thi:-; l'P:.!l1J11. T 1Pr•· w:h ,.;ornp 'Pl:1"!! 
1•t·tas1s of the . :1p l:i 1·1t"' 1·1d ... 11uii" 111011•11111 
dear 1·.-ll intiltr u 1 .. 11 :--rn11 .. .,f 1 hP l:1r:.'P "' 1:· 
t i c ti be rs 111 t h 1 , r ,. !! 1 " ' I , " ., ' I'd , I 1 t: l 1 t .1 •• 1 

11 ·• 1111:' •·:1"""· .\o da111age ro tibro<'vtes or col­
,t!...'.P 1 ti ')Pf'~ \\ ;1~ 11nrpu 

:, 'u/ I/, "f"/l'x--,' / fi •llld 8f/i l/'f'Ph'.\' jJ(}xf-P,J'· 

11 ,., F l'ldn•1111s. I 11 general. rPparative 
f 1 rrn·,,,.o,t·~ oft hP epidermis had procPede(l, except 
·, >1 ; fe 11· p»rs1stPn t <L!'Pas of atrophy with nar­
. 1>w111!! ,if the Ppidernus. and finger-like down­
c:ro1' rh, of the stratum malpighii (Plate :27). 
r·11r-P ,. urnt:es occur-rPd 111 areas of the greatest 
i:llT•\\· 11g ,,f the strat11m granulosum. In such 
• 1·1·11. t h1• lia:oal 1·elb oftPn showed increased pig­

tt"ll' 1'11P rp werP many outward Ppidermal 
:t<. r"'\'t· 11c1>:- 1·overPd by th ickene<l stratum cor­
•' trn 1. ·''Ill loosp)y laminated (Piute 2.5). which 

proLabl \" ;11 l'Ollnted for the ·'orange-pep)'' a p­

r war 111<" 1>f thP O'kl!1 noted grossly. In almost 
.1i 111st;11we,. the basal layer was intact with lit-

1· ' r r o d 1sorgan izat 10n. There were a few 
··actPred art>as in whi1·h occasional epithelial 
+>i 1,, w11 h pyknotic nuclei and perinuclear cyto-

1 il;1:-<m11· !1al•" rn-curred in the malpighian layers 
Platt> ~HI TlwrP were occasional arra<les in 

., 1111 11 · hP 1•pidermis and particularly the 
·r:tt1m1 !!l':l'!11tlosu111 appeared to be widened. 

l'Jip,_,., 1·n·u1Ted primanly in relation to con-
uu1i1i,; ,wPat gland ducts where the latter pene-

1·:1tPd t 'IP t>f•iderm1:·.. .\ narrow zone of para-
., t>r :1·,1:;1" a 11· i amorphous dt>bris was still present 

..r11PP11 tltt> -tratum gr:rn11losum and the loosely 
11111•1at»d -traturn ,·onw11111. The stratum 
''' 11 lill \1·a .. llOt il\JJ>:ll'PT\l. 

/J, 1'711i.-. The (':tpillar~· loops in the dermal 
,1:qnila1 wHe not 11111formly distinct. Peri-
1·tp,. I"t'mai 1wd in 111<Tease<i number hut fewer 
,, 11qi110,·ytp·; 1vere present. (~enPrally, there 
., :i; 1 ,;i 1glt1 tPlangieetas1s of the eapillaries in 
111" f»ll'' pa .. pillaris and the superficial pars re­
" ul.1r1., 1 I 'iatP ~7). There was :;ome Pdema 
, f t !1P 1ar;- pap1 II ans I Plate :2.5). :-icatterecl 

· 11c111P111-ladt>n d1romatopltorPs were irregularly 
I 1,.;tr1butt>d 111 thP papill:try layer I PlatP ~6). 
I 11 ,t•lllP "a"'•,; lt:ur ..;nafts m the superti.eial pars 
.,., ,,.,1J:1 ·1s WPl'P 11a1To\\ or absent: :n others the 

111 r -lt:1 ft:; :1 ppearPd normal. :--lmall hair fol· 
1• ip,. , I 'lat+·:,:;, 1 ;u1cl :-11pat ducts 111 somP r·ases 

·1· \\Pd '111id 11troph1;. 



B10ps1e,; (If thrt·t' pl!!illt'fill',! l1·-1or1- 1Pr•· 
taken from:! of 1:11' ,,[ lP \111PI'l<':tll:· "f !11" 

Hon!!erik l!ro111L '111 h , '1 ;', -11m1 .. d "' <1it'11,. 

of damage. whidt 11 ·1, -I 1c; 111 ·111<' '<•t:t111"d t< fl1· 
t'pidermi:;. 

Third Sl'l'il's--llth 1111111.' 11 j•O»t 1•.rpox1u·1. "Pt' 

tions of skin at tl11,., t 1mt' 1 e\ Pa[.,d ,on1e d1:111!!>'­
pers1sting 1n tit!' t'f·ldt-n111,., ·111<: 11, ii ll's:-:•'t ,., 
tent in thP derrni,., Pl 1t"' '"' , nd ''i 1 

Epid,.n11is. ThP f11ll"w ll:! 'liangP" .1Pl'P 
found to varying d .. grpeo- f, w:i i a tropll\ <J f t l w 

stratum gra1111los1111: -lii.dP h·-;il 1111!rt1!'111.:11·1 
disturbances 1 n eel b of r l:t· ba,.,a 1 lay<'r: .. J i:crh t '', 

moderate ltyperkerat1111z:1t !<Hi. rnd .;li:rht !1-
turbances in politri:y .f ··p1tht' 1al ,.,..!J,., :11 th .. 
still persistent hasi:I p:q>1ll 1n· pr<JJPl't1011· 

fJl:'rrn.i.~. In the <1eni11- tdu11!!'1ectasis ,.uper 
ticially persisted fr"rn .1 -l11!ht '<> 111oderatP d..­
,gree in most of the ~ect1011~. 111d ·or1111butPd tl11· 
only abnormality ll••ti>•I 

.3.33 Epilation and '.\lad Pigmentation 

EpiWiion. The 11w1dt>fll'P 111d r i1m' of Clf.'f"'lU 
anee of epilation in tt1P \arJ 111s !!'rol!ps 1.; 1llt1-
trated in Tables ;~. ancl :l.~. and FigurP U 
Epilation was tirst obsen·pc ,,f the fourtPPllt t. 
post-expmmrP day 1 1 tlw l{c1ll!!Plap group. Uli! 

wmewhat latPr Ill t:1p <>t},pr !!'ro11p,;. !1 wa- "'° 
a spotty nature and .\'as,., 111tint>u alrnost Pntl r·l'i.\ 
to the head rpg1m E111latt<J'I was d1>1,l:P<1 
arbitrarily into ;\ legre•·o >f ·P\'<Pi"t\ 
indicated loss of ha1•· w1tlr<>t1r 11b\io11,., th11rn111µ 
·':2-t- .. indicatPd Jos' "f l1a1r ,.11ttil'1e11r 11, ,." 11'"' 
thin spots: and •':l -" trl(ll"atP•! a11 t'Xt~·IH'" 

epilation with bald ,;pot:· Ltl•il' 1 :!l11.;rri1tP' 
that there was a gr1>atp1· 1PµT»P 1Jf q11ht1or :1 
the c·hildren 1 I) to l ·, yParc) 11·: lr •J\·pr '.111 11e1· 
cent developing ep:lat1rn 1,, ··o>llli' dt>!!'I"Pt' ;1,­
compared to only :.:-< ]>PI'' PLf 11 tlii· oldPr Liff' 

group. The prepondt>r:u ·p qf ·1·alp IPs111w- 11 
the areas of Pprlat1<•11 111•l.1•·:1t»d tlt.H r:1d1a1w1 
from the fallout lll:ltPr:a <>I rh .. ~k111 11·ari t•r 
rnarily respons1bll' f,,r tl1P •'f' ial 111. 1 lnlv t11n·1· 
1·ases of mi Id !'fl lat 11>' ll'\'1 I opp< 1 111 1 Ir,., 
.\ilinglll:lP childrt>ll .tr'>r 111·-1 1>r1ahl< P!Jii:tl <11 

111 rPd 111 11IlP .,f thP .\nwr1cans. characterized 

1'''"!' l1a r 1111011 ('<H1JtJi11!! lrnt w1tho11t areal' 
,1 J1 qit-"'i ta 

1;.,!!ro11tl Ill hair 11: :1ll i11d1\'ld11ab ('Olll· 

, •11•e•I --ome t1J11t' during tht> third mo11th aftPl' 
", l'""11n \.t t 11e ti 111011t!ts' examination c·o111· 

PIP n·grm,·th .,f hair. normal i11 color. textnrP. 
11 •I .1:ln111dan•·P liad taken pla1·P. Plates i:l-J.). 

, ., a ·1d ]'.I ,J1m1· <'p1lat1on :111d rPgrm\·th of 
,, 
\ .1/i /'u;1•1e11!11tio11 . .. \n 1rnusnal obspr\'atio11 

.1 t.' t:w <if>p»ararwe of a bl111sh-brow11 p1grnt-11ta· 

>II' ,f tlrP Dlll.[t'r·nail,., '' hH'lt 11·a,_ tir"t 1rPll do<' ti· 
j I l•'nt I'd' <II t r1e ~:;rd post ·t'X[>OStlre d'ty. The dis­
', i1Jrat Hill l•t>l!:l 11 in thP ,;enulunar area of the 
r11!,!t-1·11a.b to :1 lesser Pxtent in the toenails). 
"r u .. pcPad 011t1\ard sornet1111es 111 streaks. .\s 
1 j,,.. <11~<'11lor»d arra 1.[re1\· distally the semilunar 

:irc>a 11:-uall.' he<'anw dear. !'late ~II shows p1g-
1,•11rPd f>ands : 1 the nails 11t 77 days. .\t six 

11, "" 1,.,, p1: .. une11tatio11 had grown out with 
111,• r1illl". :111d \\ilS 110 loni.rer p\·ident t>xcept in 

111rPP ·· toPl'i \\'h1d1 still showPd pigment at tlw 
11,tal 1•11d ,,f tl1P nail. The J>ll!lllPllt was on 
r 11 • 1indt-r ,;1dP 11f the nail plate. Discoloration 
<>f 'Ii» n:11b 11·:1,. seen in a large propo1·tion of 

1 1 "r """1 1111,!lter PxposurP groups I Tables ;).1 and 
rl1e f'hPn''•lllenon appeared to be a radia­

l" •r1 <'t'c]11m~P pPndiar to tlw dark-skinned raees 
, "''' 1 I' as 'PPli 111 all of tlw PXpost-d ~\meriea11 

\,.)!rnP.; lil(i 110111' of thP wit1tt> .\mericans s11p-

1" ""'rh 1·p1·p11·111!!' the :.;ame Pxposure. This 
i•" 1<>11 ll':1s 11ot ohst>l'\'Pd .. 11 tllP l'tirik people or 

11rw!lfH•st'.! .\larshal!Pst>. :-;ill('t' the nail pig­
r111·11t ill :011 n,TllJTPd in mdi\·1d11a!s \\·1tl1011t skin 
1»:11111,. " :t1>pt>:1rt-d to ht- the rp,;11lt of a more 
1«11»tr1t: n:..: !.!Hll111ia compo11P11t of radiation. 

~ 4 Therapy 

I 1~ 1'1:1·.\'r~a::--,r <h· rlw skin lesions was 
'it '!!Pi1 11or1·,.,pPntic. .\lost of the superticial 
:,., 1111,- \\t'l'P trt'atPd \Yith "alamine lotion ,,·ith 
•1,.. r •1·1·n'11t phPnol, wlt1clt Ill most l':tses re-

' 1 "'I t !1<• 1r,·li1r1!,! ;t11d b11r11111:.,: .. \ few of the 
, , i'''i l''~rnt-11tPd Jeo;ion,.; 1101 rPliPvPd by ··ala-

1 ,. \ r i 1•lll'IL•il \\'Pl'P tr'P:LtPd with po11tol':L111e 
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ointnwnt. wit! ·II'!· ,i·r111 111'•'P,s. \\ 111·11 ~, 

rpitltrlium 11·a:· dP~1:1a111at 1111!. :i 11 J., .. ,1, 111- .·<--I• 

trrated l1y dail1 11 :t· 111 !.! 111tl1 :-nap :11 d 1lt·1 
follo\H'ct In t IJ, •. 11i1 ···:,till! ·•f " 11 :11y • ., •1111" 
\'<lllishilll! l,Vflt Ill!\' llPlll \'Iii( !1 kP]>l tJ11• II 
jurrd skrn :ooft :11111 1::il>le. lta11· .u·pa·•, "1.1 · 

became sp1·011<1a1", ,. 1 fp1·red., 11·prp ·l1•a11,;,., I 

with soap allll au1-Pum1· .. 11 omtlllP11t w 1:- lf 
plil'd. Hullou' lP:-10 s .,f tl1p f1•pt 111-•ri· J,,f! 11 
tact as loll!! a:- JH1 '" ·n11t11111s 11·prp ]ffP,;l'Jll If 
painful, tlw rlll](J 1,.; a:-1·1ratPd 11·1111 ,r,.1·1i" 
teclrniquP and 1 1·n•,,u1·p dn·ss1111! appitt>d 
:-inglP aspirat1 .. 11 .1a. adpq1iatt" >ill"P tl:r b11IL1" 
did not rrti!L l 11 ' llP 111~1 Ull('t', :111 P.'\tPll:-1 I'" 
raw. weeping il<'t>r .P1Pio11Pd f•>r wh1>l1 J>Pll 
<'illin was 1!!\'1·11 :qr t ·'"' la,·,;. I >urtlll! ·hie 

time thP IP"ior1 11t•r;.-1"IH'd liPaltliy ~!Ta1111lat11J11 
tissue. :-;omP • .f r 1e ;,.,.1011·· of t ht· ,;k 111 1 ,f r iw 

foot rl:'mained ·iii, kt>ltl'·i :u:d :Pss plrnhlP aftH 
<lesquarnat1m1. rl11- 11 a,., 1·pl11'1Pd liy ttw 11SP 
of v:iseline or <'O<"oa h11tter tn ~oftpn thP r 1,. 
:·mes. Thl' on" r11•r-.,,-r.•11t <>ar it:>,,1011 rl.d 11111 
heal aftPr dP:-quarn.d1•111 Tl11s 11·a,. trPnt,.,,I 

daily with 11a1·m l-1ri :1" 1d "'n1prt>s~P" 111<1 
washinl! with -11rl! ":t ,<1ap to removt· 1 !Jt> 

Pschar . ."ilowl.'. !'f'/.!Pllerntmg Pf>lthei·J\lm 12Te1•. 
in from thP ed:.!'P'- rf tlw 111,.Pr l-pon rePxa1r. 
inatio11, ti mon1h" ,1 f•p1 PXpos11rP. l1Pa11111! .1·:1-
l'Ornplt:>tP ll'ith :t 'it'I ll!'llt'l1ft>d -1·ar l'Plll:lll.1r1~ 
as evidencP of lip 11: »\" •>110· 1tl1·Prat 11Jt1 

3.5 Factors Inrluencrng Severirv nf 
the Lesions 

3.51 Character of rhi; fallout Material 

This rnaten:11 l\:t,. 1 t1rnpnsPd 111a111h "i a1 

('ium OXI<lP fr11m r ! •• IU'lllPr:ttPd t'Ol':tl.. \\It,, 

adherPnt tiss10r f•l"HI 1<"t-. f<'ift\ to t'1gl1ty 1 •Pl 
eent of thr hPt:1 rave "ll1an:1tlllg frqm I h1-. 111:1 
terial durmg t/.p P\l,q,.;i,rp pt>r1od had rn a1pr 
age enerl!y of at1011 I J<I Kev. ~·incP 80 1u1 
CTO!IS of t1ssUP )J'()l!IJ< l'O- "I llPrTPllt at t1·111ia1 !fll • 

of SU('h radiat 1011 t l!I'Pat<>r port1or1 , ,. 
Pnergy \\'aS d1":;1p:1t1·"1 11 I IIf' 1•p1d1:•l'!JlJ:, I\ I ii' 
IS roughly +u t ) 7 I i(')'()ll:· Ill ; !Ill'kn .. ,:-. l'l,I, 
remaininl! :Wt• .".i 1 IH'l'l'•·nt .,f tlw lwra ray,. 11ar1 
an a VPr:t:,!"P Pll~ !"!!~ 1 

!J1t ialtPI' c101dd JWIWtl':ttP well into the dermis 
111 f' 1 r:tkPs -,1111 ll1icron:-; of tiss11P to produce 

11"1" P111 1tt .. 1111at1011 of this Pllel'l!Y radiation 
I" add1t11J11. a 11·ide ,;pectr11m of 

.!:111Jl11: •'I PJ'l!IP"i 1rradiatPd thP skin. The 
_:::1r;1111;, <'•111tnb11t1011 to the :-;kin was small 
·••111pa1·pd 1n the bt>ta dost' and is discussPd in 

IJ;,, pt• r I 

'i2 Dose co the Skin 

Tin· ~kiri lt>s1011s obspn·l'd resulted primarily 
fr11r11 /.pt a r adiatio11 from fallout material <le­
i 10" 11 P< 1 m r hP skm. The gamma dose to the 
-kiri 11· 1s ,_;rwdl ('()mpared to the beta dose, and 

111h n·lat1vp]y 1mimportant in producing the 
1·:;1<Jns The summation of gamma awl beta 

·nt1rnh1t111ri'i to tfw skin is considered in Sec-
101 !.. :. I 11 l!eneral it is evident that skin in­

·1irY was laq.rely producpd by material in con­
' :t"t ll''t!t the skin. The total surface dose can-

1• •t lit> <"ali-ulatPd with a<'curacy but minimal 
1lid rn:1xrn1al Yalues at various depths in the 
-kn 1 :ill h» t•stimatt>d biologically. Hair fol­
H '"" 1 1 tli» art'as 1n \1·hi('h t>pilation occurre<l 

11P1st l1avp rp1·e1vPd a dose in Pxcess of the 
k11011"n 1111111rnal Ppilating dose of about ·!:00 r 
'or ..'.Iii' b·p X-ray. :-;ince regrowth of hair oc-
111TP1L thP dpper l::n11t of dose at the depth of 

rJi,. 1ia1°· foilwlP must not have exceeded the per-
111a11Plll Ppilatllll! dosP of around iOO r of 200 

., \'f• \-ra \ 1 :) ) . From this a rough idea 
,f "11rhlt'P dosP may be ma<le. .\. <lose to the 
iia11 f<1llicirs ('ornparaole to 400-700 r of X­
rnd:atr<>n must have been due almost entirely 
·cJ t 11P 1nore perwtrating beta component (aver-
1gP Plll'l'l!Y tiOO kP\'). Therefore. the minimal 
-.11 rfat't- dm;p in rep from tlus component alone 
\as pr 1imhly four 10 live times the dose at the 
L11r f1dli<'iP. 1. "·· roul!hly UiOO-:l,500 rep. 
f'!ip ~oft l'omponerH ( averal!e energy, 100 kev) 
0111 nb11tPd a ('onsiderably larger sharp to the 
11d:t<'I' do~P hut with only slight pt>netratio11. 

. ''.'\ Protective Factors 

!'I IP :ol l" Willi! fa..rors provided some protec­

" 'li 



a. :<he/tr-I'. Thos•· 111d1· 1d 1al> \\ i111 ri>11L:t111P" 

indoors or u11dPr tl1e tn»·, during rl1e f:tl "111 

pe1·iod developed lt>s,. ,;p\ pn• l<':-:irn1:-. 
h. H11th:i."nq. :->mail< 1111iln•11 »"110 \1e111 \\ 1u 

ing in the 01·pa11 de1 Piop<·d tew,·r foot iP:-.r.,n:­
:\fost of the .\mt>nc:ins. '' ·10 11e1·p 111u1T :t\\ .1.n· 

11f the danger of tl1P fallout. l·iok .. Jwlter 111 

:tluminum buil<li1ig-.;, h:H h»d and 1·11a11ged 

.-lot hes and consequ1·nt I 1· it"· el(lr>Pn • •ll I_\ 1 "!"', 

Ill ild beta lesions. 
.-. r"!othinr; .\ ,;1n1..dP 1a1 Pr of'· otto11 111atPriai 

otfPrl:'d almo:-.t romplPtP protP• tl<•ll. :1:-; .1a­
dP111onstratPd liy thP f:u·r t l1a1 IP,.;101h den·lopeti 
alr11ost PJ1tirely 011 th, \'Xl'"'PO i•ar r~ l)f tht> body 

I.).{ Factors Favoring rile Developmenc ot 

Lesions 

a . . lrfrf.~ of 11111 1 ;nuf-1.,, />"''·</Ntflfion 

Lt-sio11s wPrP morP ·1u1111•101h 111 arPas whi•r» 
pl'rS[lll':ltiOll j,._ allll!lL:ltlf 'll'h a:-. 1 lte foJd'i Of' hP 
!•Pck. axillaP, and a11rp1·11b11al fn~'-iaP. 

11. fJPlny in dn·o1. '11//li1,,111 "' Tlwrp wa-, " 
!Pia}' of I or :.! day:-; bPf.,1. ~.tt 1:- factory dP<'• 111 

ta111i11atio11 wa:; po,;,_ hl1• !'lw I rolo11gt·d <'<•II 

tal't tJf radioal'tlVP 111ttPI1:1 ~ •111 t 'rP ,,k1n during 
this pPriod irHTPast·d : Ii•· «O:-.P tc1 lu· .;krn 
HO\H'\"Pr, thP dosP r:.t<' f, .. »If r1!'1dl\ :1r1d ·IP 

··011ta111i11:1tio11 1\ot1!d l1a H' 11ad l• lw rornP' 11 

order to 11:111• l•l'Pll 111· 1~r ··t'"'l'l 11 •.• 

(' Diffirl1//i1 "111 ,;, (111 1f1,,1i1,,1tl1,1i. 

hair. anointed 111th 1. iwa'< .' rn·,,11111 .. i1 dn•·>.~ 

ing, resulted 111hea11 ••!I 1arn11i:1t1or1 Df't'••ll 

tamination of the ht>:id -.i·a- ~l»1n•r tlrnn for tiw 
rJther parts of thP bony :11111 111a\ ia n "nlt:lll• .,,. 
the developmp11t of Pp1l:it1· 1 11 lltd :-ciln ll's11111~ 

3.6 Lack of Correlanon Wirh Hema­
tological Findings 

.\.rn:'.\IPTS \VERE .\l.\11E to 1 •11Tela1p t liP SPvtlrtt} 
and extensiveness of -;klli Ps1011,.. wit It hema1 o 

logic: tindings for in111ndual~ 111 tttt• J{ongei:q 
g-rou p. X o posit 1 VP 'orr" l.11 H •II 1" as f, 1111Hl w r I 
deprPss10n of any Ple11wr1t. Thu:-. thP <·ontam1 
nation of thP 'kill :1ppa1 »11th d1.J IH>t !! 

niticantly <'OlltrIIJllt•' ro Ii· t 1ta. brnh du~e d 
radiation. 

3,:5 

_). ·• Discussion 

l1ria ll.\,.; Bu::-; l1ttlt> previous Pxpenence 
,, ' 1 ··:1d1at1n11 dermat1t1s resulting from ex­

'"'11rl' to fallout rnatPrial fro111 nuclear dPtona­
·'' 1.,. a11d tlfr general 1·onsens11s, 1rntil this event, 
1,1 h1·p11 :hat thP hazard from fallout material 

.1 :i, 11egl1gil.dt>. From the present experience 

r - t>11<le11t that following deto11atio11 of a large 

": 11· le'V11·p <"losP to rite µ:ro1rnd. serious ex· 
"Hll"l' ;)j ]Wl'SOlllll:'l \\'Ith J'PS\llt in1r radiation 

I'' 1111·. 1)·1 t:ie c-kin may cweur from fallout 
11atPr1al. P\'Pll ar <"01i:-nderable dista11<'es from 
la -rt<' of dewnut1011. This incident is the tirst 

"X«ll!JilP of large numbers of radiation burns of 
, 11 1uu1 tw1ngs prod Ul'ed by P x posure to fa 11-
'''' 111ati>1ial ""ith the Hiroshima and Xaga­
·ahJ d»to1:1at11)JlS fallout was not a problem sirn·p 

·· 111 IJon1lJ:-. wPre cietonated hq.d1 in the air. ThP 
•Ja, !, 10111·11 :-; 1, f t lit> ,Japanese \\·pre due to t her-
1 i:1 · r:1drnt1on on.ly. 

1-.>llow111g thP .\lamogordo atomie dPtona­
· 1,,,1. .i 1111mb1'r of <':tttle grazing near the point 
"t iPto11a t 101, den~lorwd les1011s 011 their backs 

, 1111 tor hP depos1t of fallout material ( +). .\!so. 
rol <•II 1ng a detonation at the XPvada Test :-;ite, 

1x 1·e1 li•H'SPS nPar rht> Tt>st :-;ite developed 
,.,, 1111,, 1p,.1Jlt u1g from f:tllo1tt dPposit Oil d1P1r 

1 •:h k' I;,, 

1:nc111ltnn ,,t al. (ti1 described burns of the 
1 ,.11 •I.',,:: four mdiv1duab 11·ho were handling 

t1:-.:- "'' 11rod11ct matpnal followini! detonat1011 

, 1111clear dt>".H'P. These burns Wl're due 

11 :P1i. " bl'ta 1·:uliatio11. The gross 1Ps10ns 
r '11,· lw11d,. 1x'l·un~d from an exposure of 

,1h1 u1 h•llll" rP~11lt1ng 111 dost>s between :i,!)01) 

,11• .• •. 11111 rP1> of iwta radiation I lllaxim11m en-

' 1;:, 1111 •Ill I .\lei· 1 with a small gamma !'Dill­

!''" •·1,1 ·1>11s1dPrPd to lw i11s1gniticant. The 
J,.,, J11- \\"Pl"\' des("r1bed as clt>velopmg- in four 

I 11:1:-.P' i \n 1111t1al pliasP which began al­

n1<1' t 11111wd1atel~ :1ftPr t>xposure and consisted 
, 11 ,.1·v1 helll:t .,, 1th ti11gli11i! and burning of 

t·w 1.a111b. r!'a<'liini! a pPak in +H hours and ,.;ub 

.,,1 11g r:q 1dl 1· '" r]iat by :1 to:, days tliPre was 

1 11 \,. di!-Pll<'t' »f s1g11:-; :rnd s_vlllptorns: ( ~) 

''I ilr 
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third to the s1xtl. .. 1 p1;,,d11 l1 11:1r. :11111' w:i,, 11:11 
aderized by a lll<ll'P 'l'\'PJ'P t'! _vtilP!ll<l: i I r:,.. 
third phasP at ,"i to I~ d:1v-. 11as ··h:ira<''t>t'i/.t'<I 
by vesicle and builaP f,,rr11at1<>11. TlH· Pn rl1P111:1 
spread to 11Pw :1I'Plh lnr1n;..: tlw f, ,]].,"Ill:! .: 

weeks, und the al'tI\'p 1•rrn·pss snbs1dPd h\ :~l •, 

:~~ days. The bullat> <1riPd llp, :111d desquallla 
tion and t:>pitlwlizat1q11 took plan· 11 It>"' 
severely damaged a rt'a..;: 1 + 1 Tht:> fourth phasP 
or ('hronie stage 11 as lrn ra<'l erized by furt lw1 
breakdown of sk:.n with llP<Tos1s Ill areHs wh11 11 

were dam1q!ed :-utiicwntlv r .. <'omprom1st' t I"' 
blood supply. .\trophy of the t>pid~·rm1s a11d 
loss of epithelia1 stru('t\lrPs took plat'!:'. 11·h11 Ii 
necessitated skin ,!!raft 111µ Ill ,OlllP cases. 

Robbins Pt al. 7 l n'portt:>11 six ":tSPS at'1·1dP11t 
ally exposed ove1· m1H·11 ,,f ti11e1r hodu''' t1> ,1·:11 

tered cathode rays fron1 a 1:2tlfl kv priman 
beam with expo..;urP 11mP of about :! mmutPs 
and a rough est1ma11u11 .,f dose to rl1e skin ,,f 
between 1000 1rnd :;ooo rep The lt•s1on;. i1 ... 
seribe<l were s1mila1 t<J tllost- reported I•.\ 
Knowlton Pt al. with 1 primary Hythema de­
veloping within lO lH111rs: se('OJHlary ervthenia 
"·ith ,-esiculation and '1ullae formation ap 

pearing about 1:: to l l da_v, later: tni:L 111 r l1tc' 

more severely arfected. a tertiary pl:iase char· 
acterized by further ·>reakdovn1 1rf t lw .;klll 

In comparison vcith ,.1•vpre 1oe11tge11 ra1 ~-pa,· 

tions these mvest1ga1nr, ,tressed 1 ltt1 11nH1ue 
periodicity of cathod1· r1; l•urns. tPlat1n· al•· 

sence of deep damag,., t.' t lie -;km. IPss pa 1 rL 

greater rapalit.' of l1ealrnµ. a11d ahsern·p ,f 
p1gmentUtlOll. rhesf [l•!llll·, \\'<)1Jld ;tpplV '(1 

the ~Iurshallese les1011 s »x,·e pt for r he 111 u It 1 
phasic reactions aad .1bsPI1<'\' of p1µ:me11tat1011 
Crawford (Ii) report· :1 1·:1.~e •>f t':tthodt• r:11 
burns of the hands,,.], d 1\Pl'f' :i1m1i,ar 1111 tli.,,·p 
described by Robb111s r 1, 

Experimental beta ra·lrnt 1011 i1111·1h 11 1111 

man beings hav•· lwe1 1 "fHJr·ted 1>v L•>W· Bt>1•1 
1!)) an<l "'irth t!HI l\:qwr lili Hoth llll'!·' 

tigators 11sed I'" <11:-• :- :tpplwd 10 die t1t>x,,r 
surface of the :crm:-. torParms. <>r tli1glt' f,,1 
varying IPngths of r1111p ! .ow- Bt>f'r n•porr .. ,1 

"monopltasi('" -,k111 re:i··tw11,.. I It> found r 1ta1 :1 
l'alculated dosp if 11 ', ! Pp ro t l1t> tir-sr mili 1 
lllPtPr of -,kin, gn"r ·1u .. ,. f-au">r':o1'101,. :>I''" 

111('P<J a thrP:-hold Pry·thP11u1. Dry, scaly, <les­
p1amat1(ln was produ('Pd by i:Wo rep in the 

1rs1 111ill illlelt:>r and bullo11s, 1\·pt desq11amation 
·' :1:-, i·roduced by 1-;'.IHlll rep to tlw first milli-

11Pt "' Er_n ht:>ma ii e\·t'loped in :~ to -1 days, 
fnllm1·pd later by pigmentation and desquama-
. 1011 int h It 1gher dost>s. Heeovery was ob-

-t-rnd ''it h doses of 17,000 rep. The lesions 
:ttPr .;howed dep1gmentt>d ('enters with hyper-
•l;!ltlP11t1·d Pdges r a]so sepn in tite present 
:ise~ 

\Yi rt h and Haper I l IJ) produced primary 
»rvtlwma within ti hours after exposure to a 
losp <lf 1;;);') t <> l lHll rep of P32 radiation. .\li­
'111t P 1·p;.!l' le,., with dry, spotty desquamation 
,,·pr" noted with l l'iO rep at :tbout the tifth to 
-1xt h ,,.Pt-ks i•Ost-exposure. 

TwPnt.v-three .Japaneses tisltermen were ex­
;>o~d to the same fallout material which in-
1·<dved the .\farshallese and .\.mericans. There 
wpm many ,.,imilant1es in appearance of skin 
Psi<ms that developed. Pigmentation was also 
·ommon in rhe .Japanese and some degree of 
·'rvt herna was reported I 11) which was not seen 
n the .\l:trsha llese. Distribution of lesions was 
mt the same due to different parts of the body 

'•erng protected by ('lothing. For example, in 
·he .J apanesP setlp lesions and epilution were 
11ore 1·ommon on tht> t'!'own of the head since 
·1andkerdiiefs were usually worn around the 
tt>ad lea vmg the crown exposed. ~hoes pro­

, t'«t••<I' the f Pet of t lw .J aparwse, but lesions of 
'iiP :iands benveen thumb and index linger were 
·•1111mon. apparently d11P to handling contami­
'1t1ted tishing lines. Lesions with belt line dis­
'nbu11or1 ot·•·urred in the .Tapanese tishermen 
'011t lint the .\farslrnllese. ~imilar mild lesions 
1n•rp <Jbst>rvt>d on several .\merican sailors who 
1\'Pl'P rJll .;]ups of thP task force exposed to falJ­
>llt From available information, the sevt>rity 
111d ,·riur'iP of the lesions 111 the .Japanese fisher­
ntPn appeared to hp similar to those seen in the 
HollgPlan .\iarshallf':-'e group. 

T!111 IPst011s 111 tl11s rPport did not follow 

1rP< Jc·"'h the same ,·011rsP as those beta radiation 

""1011" 11es1T1 bt:>d bv I\ !low I ton. Robbins, and 

,, 11~ r- 1 f -10' and t lwy presPntPd eertai n 11 n ique 

r,,:1111 ''"" 11·h J. ·Ii nu•nt f11rtlwr discussion. 

, I 



Tl1t• Parly ~vmpto111:- ,,j 1t1 ii1r!;! ar .. 1 L11n1 rt;! 
oftheskinande_vps11erPp10Latil1 duP111111nl1 t<1 
skin irradiation fr<>rn t 11P fallout niatPriai. 
HowPver, thP d1PlllI"al 11:11111» ,,1 tlt1:- !lla1P1rnl 
may have eontrdnu~,d tot •1e 1rr11at1011. It 1:1:­
Leen noted I l :.! l that iJTll at Ill;! r·he111H:al~ q• 

plied during or slwnlv 1 ft .. 1 rTndlilt ion »11 
luuwe the etfeds of radiat 1•m 

The lack of prom; !lt-'ll!'t· i>J :u1 ervt !11:•,1111111 11·:1 :­
notable, partinilarl~ rn \'1Pw of 'lw ~eVPrity of 

some of the lt>sions rhair <ll'\'l·lop .. d. IY1llwlnl\ 
( i:n states that erytilt-'ma ·111 .v <hTllI"' when th" 
dose reaching the papdlan l 1_n•1 eX('PPds a' Pl 

ta in level. Perhap,. due r 1J 1 l1P low ,•m•rgy ()f 
the beta radiation tht~ dose to rite dermis was i11 
:,;ufficient to evoke tLP rt-'Sf'<J11St-' Oii the ut lier 
ltand. the darkness' f tlw -k111 a11d t!tP tiievPlop 
ment of hyperpignwrttati•·n ma1 havP ma:-;ke<I 
an Prythenrn, ,\lierns.·opw:1ll1 a -upe·rti,·ial 
hyperemia was not 1-rom111p11t, 

\Virth and Raper ' J 11 po111t out that t 'w1 

were impressed rn tht>1r -;tud1t·" 1111 P "radiat 1011 
of the human skin,, 1tl tl1P drth, ult} of d1,,111 

guishing betweP!l t 111e ··n t lie111:1 and 1:11111111µ. 
particularly i11 the s:...:rn . .f !l!"'ll\PltP 111di"·1dtt:d:­
It was unfortunate that "1,,r I lter-, wprp 1101 

available to aid 111 '1st1nµ-111:-h111;! a11 ... rvtlwrn" 
as suggested by Har 1,.. t 1/ 1 t 

In general. tlw J..ni.rt11 1f tltt• latent [wr10d 
before developrnP!lt if \,.,;,"1" of' he ,.;ki11 1s, ol• 
s1dered to tw rot11!l1h· 11· ., ... ,.-;.,11 p1111H1rt101n1 

to the dose of radiar 1"1. :,, 11·, L 11 tlit" f>"P' 
Pnt serie,; of ('asp,.; rl, ... rPlat1\"'h on~· lalt>nt pt· 

riod is sugg"estive ,,f :1 11 '' !os1· of radial 011 
Due to the wide SfW"t run .,f hPi.1 P11Prg·1,,,, did 
particulate dist rib11t on ,f rad 1 oa l't 1 ve rn ate1 a I 
strict comparisons am101 i. ... 111adP ,,·rt Ii 1 rr 

nous Pxpenetl<'e. If ow>'\ <'l'. t I 1P lat Pl d !-'Ve l"l' 
ment of less SPVPre l1-;1011s 11, lw \d111:!11·1a!:' :o11.i 
Hongerik gro11p,; a.' '1J11rr"1,t1·11 11 1th 1·arl1Pr ·11· 
,·elopment of morP ~··n11,1:- IPo-1(111: 1n 1 f1p l~ol'l;!t· 

lap g"roup IS Ill kPPJ 1 llll!' \\ th :1 i'IWPI' :iHill <l\J~t· 

in the former, and a 111:..'.'IPt .. !; 11 du:-;,_• 111 : h1 
latter. It rs of interi·st. 11,,\'"""'. that thP latP11r 
1wriod was dt-'flPll<IPlll -•11111' •·\tPnt "11 

anatomi1·al location Th· t H>! 1 .. ,,1011s. \\" :1 I 

\1·prp generally tl11 11100-r ""''''' i!',,1011:- ·r 
1·rn111tPrt-'d. ltad ,1 1"1 U'"' I,,,. t l•"l'l""i I 11:111 
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I"'~ •!'\'! n· l\'SIOll:.; <HTlllTllll,! PbewlwrP Oil 

J, • t1<>d\ I :" logreal to ass11111e tliat thP ft>Pt 

''" •·1 ... d 1 1111..d1P1 dosP of radiat1011 ht>1-:1us1• of 
"' 1\1111·1. 1' tlt1· ground and thi,; 111ay PXplai11 

· ,,,1-~·r tv if t.itt-'se IPs1011:-;. Thi:' longPr latt'IL 

'"'"""I l•i1•:-;1pte r11:!her do,_;t> of radiation) 11rny 
....... J:itP I t) tlll<'kllt>SS of th(> Ppiden11is, dif­

""'t'/11'!'0• :11 IP11gtli of 111itoti1· 1·_v<'lPs or otht>r 
11 1Pn•11t ·Ii Ll':l<'terrstics of ski11 in ditfere11t 

d "it" of 'itt' bod v 
111.- 111,topathological rhanges noted, sueh a,.;, 

1t·..;tri1•·11 "l' tlld ,1trophi<' ··luwges of the epi­
lt'"1111'. !1s1urharH'Ps 111 kerati11ization, and 
11 'op11,1 if ia1r fojJi,·lPs, \1·hpn taken together 
•I" ,-,,111;1:.;fp1,1 111th radiatio11 i11j11ry to the ski11 

,,.'., 17. :--. 1:1, and :!O) ~evere injury to 
'.!1 · •h'r-11111:-, and i>lood vessel,.; wa:-; not obst>rved. 
f",,, 1111n111wl dPrmal injury with severe epi­

•tH111ai 111JUI'Y 1~ 111 keeping with the laq.re eom­
!>"11"11t o( low Pl1Prgy bPta rnatt>nal prese11t. l'P­
·'11t 111l!' 111 ai>sorptio11 of the grPatPI' portio11 of 
1 11 • P11e1·g-y 111 tlw t>prderrni,.,. 

I l qwrp1gme11ratio11 of injnrPd areas was a 
.,,1,.,11-t1·nt hndi11g 111 tlw .\Iarshallese and the 
\ 11Pr1•·a11 '.'.'Pgr1if's. l'igmP11ted lesions were 
r 1 '" .,fhffl'Pd I« a 1Pss1>r PXtent i11 the white 
\ 11P1 wa11:-.. :-;u,·lt pro1101111<'Pd pigmentation is 

11r r 11ar u·t .. nst t<' of tllP 11s11al 1Psio11s as de· 
'Jbt•<l "'ollnw111ir PXf}()li!ll'P to beta or pene­

, r 1,t 111l.,'. rad1.1t 11>11. hut may ht> 111ore typil'al of 
"1 • n·~p••llSt- t•• 1iltrn ,,oft rot>11tgen or "<TrP!lZ 
r I , .. ~ J 

l11Pr1, '' 1 .o s;i t 1sfodor,v Pxplanation for thP 
1;, rt\t·r !risk 1'-grav .-olor that appeared in some 

.f r Ii" -k.11 l»s1011s as he:iling I_>rog"ressed. l~as-

1, 1a1 .. ft,lllg-es 11r pigmP11t alwrrations mig"ht 

11: 1," '>Pt>11 !'f"ifH111:;1blP Thi' rPturn to 1war nor-

111 tl11" [J1g111t>ntatio11 by ti rnonths showpd 

11!'' r,:·a·10-1Pfll ll:ltlll'P ,if thi,_; ··hang"e. The ('()Il­

l, ,111•11 ;1'1,;p111·p qf pig111Pntat1011 at the site of 

1'" 1IPP(Wr toot IP:;ions at ti months and I year 

1. >'I ~11ggp,.ts t liar tlw p1g111P11t-produl'ing Ple-

11"11f·,, ,r tl1Pse 11rea" l\'Pl'P perrna11P11tly dam· 

I~- P< J 

f'I"· 11111q w fpat11n•s ,if rJip IPsio11s s111'h :1:-, 

111:11·k1·d p1µ111Plltatio11, tltt> alisell<'P •>f ohvi· 
- ,,,,, t 11li l"W .,,,.,po11:-P. tltP Ion:! latent period. 
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and tlw St>vere, pott\ P111dPrrnai 11,Jun ,, , 11 

minimal dermal 11J11n an· 1,ot:tl11t>. Tl,,. I r 

ticulate nature a rid ·1111•\'1'11 111;-,t 1·d11I11011 •>f • " 

fallout matenal ,1·a;-, rt'"f»J11:-;dJlt' frir rlw ··f•<>I', 
nature of tl!P les1011:, :11HI r Ju la rut' '"llllfiOll•' 

of soft P1wrgy h»ta r:1d1at1rn1 w11' 1 esp1>11.;iii1t> 
for the l!reater PptdPr11rn1 111111r_v ThP 11r1111,, 

neIH.'e of pignw11 ta rv ha nl!"S 1 :', prnba I ti.\ ',. 
lated to raee.* It 1,.; :..,rt>11er:lilv "<>ll<'eded rt1.ir 

blondes with lil!ht p1gnwnt :ire 111ore :.;p11s1t '" 

to radiation thn1 linll>Ptte;. 171 Lasth· ri 

quite P\'lUPllt tl1at 'iPllSlFlV!tV :ll<ll ··e--polN' 

1·arieJ with anat•lllil" «Wal11111. 

In Table :).:I are l1stPd the appro:umate ,.,Ill 
face skin doses rPquired t(1 produce n·1·og111z:dliP 
epidPrmal 1nj11n fron l><'ta 1·ad1atH1n>' :1 ·1111 

11 t'11111par1ng a111lllai les1011s from known doses 
11rl1 1esl1J11s 111 tltP 1•xpoSPd 111di,·id11als in this 
·tlldv 111 r1rdPr to P"t1matt' tllP skin dost>, ,.;incP 
Jlfflt''- d1lfP!'PIH"PS i11 l"PSfHJll,.;e may PXist. :Llld 

.,r·t:ll 1 I :tdi:lrio11 foc·tors arP not well P~tab­

r~lti>d. :-;1wlt as :l('<·11ratP knowledl!e of the beta 
'P•·dr11m oft he fallout rnaterial and dose rate. 
1
: <r111pan:-,on with human data sutfers from wide 

I 1 tf Pr1>1H'PS 11 i rad ia t 1011 P11ergy and doses re-
1 'ort ,~Ii :1 ·1d 111ethods of detPrmming the rep 
!t•St' 

l"hP low 1rwidelll'P of 111fel'tio11 of thP radia­
l 1c111 t111rr,s 1;- probably due to thPir superticial 
1 1arHr1" l'lc·pration and partial healing pre­
Pdt>d t ht· tlll1P of mm1mal granu]o('yte <·01111t:-<. 

·. 'or1<·e1vable, liowev1>r, that with hii.d1Pr 

Table • .. t--:~urtace Doses Required ro Prr>tJuce Recognizeable Epidermal Injury 

HPrn<ha" • ' a.I 122 
Ra.po·r and Ba.rnt•s 1 23) 
Rap..r aud Ba.rn1·' 1 23) 
Snid"r a.11d l{apPr 124) 
Rapt·r and Barnt·' 2:3) 
Lusbbaiui:l· : 2;, 1 

\lur1tz aru1 Ht·11nqi1t•s (2!)) 

\lor·tz a1111 H1·11r1<JilPS i2til 

\lor tz a110 ll1·11rHJIH'8 1201 

\lor,tz anll fl<'llflCJilt'S 12til 
\tor tz ano f11·11r1q11ps r '2fi1 

\lortz"'" H1·qnq»f'Sl~!ti1 

L____ __ _ 

){at' 

){at' 

\1ic1· 
.\I re•· 
Ra.btm • 
Slwt•p 
]'1 ll;S 

1'111;s 

1'111;s 

Pill:~ 

1'1 lo(' 

I' "" 

mals. It is apparent from t lie tablP that t1Pt a 
ray energy is of 1 011s11H'rablP 1mport:rnr.:t> 111 dt· 

termining the de!,!rPP ,,f 111Jury \ccordrng ''l 

Moritz and Henr1qut>s. ·ht· d1 tfere11r.·e 111 d.isp it+· 
tween that re<pllrPd r,, pnldUl'e threshold ,k;11 

damai.,re and that for [WrTTtallPflt darn:tl!i' in jll!!" 

is 300 to 1000 np ~t, 1 i l111> 1· not 111st1tit"l 

•Reported dini('al '''l*rJPut'<' with radiatl"n .'~·" 
IPsions is bas~d jJJ'"P(to1u;111uJ, th 111 1 l1P rP~J~ .n::-:.P 

whitfl'-~kinnt:'d 1.wop1p 1\ l1c1--n~:1 ~ t 1'1p l•~1on~ dt:·~·wr1 t>t·d 

hertAin wPrP nhsPT\•-"d 1~r::11a ·1 ,. ·11 rt1t· .Mur ... nu1J-. .... ,, 

a hu~hly pi1:111t>r1rt>d ~_..111 h 

A.VIERACOI: 
~'IOTOPE ESl:RCOY 

( ~·1 ltv) 

I •3'1 II .~ l, 500-4, 000 
pl:r <J .5 -l. 000 
I 'l' II .5 2 .. 500 

I'" I) ;) 2, 500 
J»l"i ii 5 .'i, 000 

"r" I.I :3 2 .. 500-.5, 000 
:-\3~ IJ ().') 20, 000-30. (JOO 

''o"' II 01 l. 000-.'i, 000 
('.<'·'' IJ 2 2. 000-3, 000 
..;,r~ ii :i 500-2, ()()() 

\' ,, :) )00-2. 000 
\'" 7 i00-2. 000 

····-·-·-------·--------

i11;-Ps of \\'hole-body radiat1ou, the defense~ 

1u1111~.t 111fpct1011 111i!.d1t han~ been ,.;ufticiently 
111pa1n·d to i1ave re,.;ultt•d 111 :<erious eompliea-
111m. from --k111 lt>sions of the SPVt>rity eneo11n-

. t'J"P<!. 

·..\pv»rt> radiation llljt1ry is known to predis-
1)osP t 1 <':tllt'PI" Tht> probability of the develop­
:11t•111 1f '11:tl 1!!J1:tll1'1Ps at thP :-,itP of healed IP-

101"' :s 1111kr111w11. ( 'prta111 fal'tors appear to 
IP,'1"<':1,,p 'in• probah1litv 1a) Tht> majority of 

Ill' IP,·lfll':< \\'Pl'P SllJ>Pl"til'l:tl. I h) \'isible signs 

·' , 111l11 1· r:1d1at !Oil dPrmat1t1s arP absent in 



the vast majority of 1·a,.;p, ·111 i • l:a11i.rp,; 11:11· .. 
been g-enerally obse1 \Pd r1• r t• · 1 ~1" ,Ji.n•i• p 
ment of radiation <'aru·e; , 1 I :IP l:u·k of am 
marked histologi1·al la111a:!e · 1111111th- aft;•r .. x 
posure implit>,; good n·p:u: .1' :---ir11·p :11w •'II 

ergy radiat1<;11 was ·hwth 1"'"1'''""1\ile for r iii' 
skin lesions, the prognos:, :1 ppt>ar,. iiettPr '•P 
cause none of 1.100 11d1v:dual~ ··xp11,.;t>d to II)\\' 

n>ltage X-ray for dPrmato10!.!1•·a I ·,mdi1:1011c­
develo1wd epidermo1 d Lil 111· >111:1 • ' t n ~;) YPa r:-
after treatment 1:.(i1 "' F111thPnnore 1·111 
theliomata rarPly dn Pl<ll 
of radiation to tllP ··k111 , 
inciden<'e of skin car ,.,.r 11 

to one-ninth the me dP111· .. 
in tlw {-nited Statp,-; 

:tl'ter a ;111g]p d"s1· 

' f1 Lastly 1i11· 
\.-!.!r11P:- ,, .. 1>1w .. ,;ixth 

Other factors ma KP 111 .. 1>·lt l<1<Jk Jp-;s favor 
able: 1 a) l>eP1wr IP~·l<Jlh ,f he fpet ind 11 .. 1·h 
\'ontinued to show p1g11iP11t :1berrat1m1s and 
slight atrophy at I year 111d '•Ile -;;;vPrl:' +·ar 
lesion showed 111ari:Pd :LI rnnl1v and ,.;('arr1 ng 
at this time. (h) I· 1:- 11•·! <>11111111 1111ethPr or 

not radiation of the 1· p1dPrr111:- /"'' ,,, can pr<:'d1s 
pose to rnalil!11ant ch:u1g>'. '111c1· the epiden1111" 
was heavily irradiatPd 111 1 ·1p-,t> 1·:1ses. , 0111pa1·1'<i 
to tlw dermis. this l•e<'OTIIP'-' : .. 11 11llporra11t 1·eor1 
sideration. 1 r \ .-.;1rwp ·11a11~ ,.J11ldr1>11 :11111 
young adults were 111nll\"erl. t!tP 1:fp PXpt•cta11cy 
of a large numbpr of the 11:.J1, 1.Ju,t!s will excPe<l 
tlw Joni! indu<'tion l Prii·d f111· r 11•· df'vPlopnwrn 
of radiation 1·ancPr 11h,;t>11·p.j 11 rad1olog1:-t:-
1 d ) Exposure to t J'( •p]('1d , u 11l11! 11 t. f'OtP n ti a h 
1·areinogeni<' 111 itself. 111ac 11,1Tl':tse the prob~ 
bility of neoplastic 1· 'ta11g1· »I Tiu· 1ntl11e11,·+· 
of the sublethal wh1•lt>·i>O•I\ .. ·q1•J,..UT'P rPtPI\P(l 
hy these. people 011 1clu<"T 1111 .,f -k11 "ar1cP1 I· 

not known. 

The occurre11cp of ··p1iat '''': r" ;\ 1'PPks af·1•r 
exposure corrPSJ>OIHl"' 1''>11!.!h v r • the t 1 mp 11f 
appeuraIH'P of epilat1<>11 lit· rw .J 111•a11esP PXpo:-Pu 
to gamma radiatw11 11t fl 1r•1sh1ma and \'a.!!·asak1 
1::!!>, :IO) . .-.;i11ce thP gr»aTPr :1rnou11t ,if •:•ip11a 
tion O<'curred over a 1PrI0<1 "fa 11PPk t<> ]II dav,. 
there was apparent v · o 1il1a,.11 rp;,poll~I:' dP 
pendPnt on thP grow1 Ii' ~c· ,, 1 f rh,. fqlJ1eles 1 11 
active. or telogPn and :l•'f ''"." 111gPr1 folli<'lt>s ! 

as has hPP!l reportPd 
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~" 'P!.!r<,11·tli of luur. beginning about () 
1 ""K.· 1 ft pr t>xposure lli the .\lar:-;halle~e. was 
it ttu111t the ;anw tinlf' as notPd in the .Japanese 
1-.. 1Pn11ar 1 l l 1. and ,.;lightly later than the time 
'f r'l-'!fl'"\\f h I ti to l'i weeks) noted in the .Japa-
11" t' bon1b l'as11altiPs. In contrast to the 
11:1 rk .. d pigmentation d1a111!es noted in the 
n 1d111ted ,;kin of the .\larshal!Pse, there were 
111 p1:,r.ment aberratio11s in the new hair. which 
1 a' nl>Sl·n·pu to ilf' of normal texture and abun-
1 a 11'1' at '" 111< mth~. I11crPased graying has been 
·.,111rtPd 111 rn11nals 1:);~.;H}) but has not been 
·Pt>•1 11 i1111nan !wings. \"either was there any 
1p n•a 1·awP if dark hair in aged individuals 
1 t <.i a i rt' ad y had j!ra y hall" as has been reported 
r1 1111aa11 lwrn1-,rs I :)2. :\7. and :)8). In the.Japa-
11''"' l10111b •asualties 1:\IJ) and the .Japanese 

'1,;J , .. rrn1·n r. 1 l) the new hair was also normal in 
111 ir r PXt url', and abundance. 

'h<" nature of t lw bluish-brown transverse 
· i:u 1d~ 11f p1gnw11tation that developed beneath 

h1 1111 ils 1s not known. Since it occurred in 
· 111 lllaJ<H1ty of thP more heavily exposed :\Iar­

'1:1 llPc'P µ-ro11ps ;1nd in all:> of the American 
\ P<:rroPs. hut none of tht:" white .\mericans. it 
1p1warPrl to be a re~ponse peculiar to dark­
K 1 •111«d 1 a<'Ps. The phenomenon was appar-

"111 Iv Prod 11<·t>d hv gamma radiation with a dos­
'!!' :1:-. i•JW a, 7;i r s1nee this was the estimated 
lo·e r lwt the .\mnica11 Xegroes received in the 
ttN•11< t' ,if· .;11-,1111ticant ,·ont:uuinntion of the 
111 1d- >utton 1:)9) hasreportedacaseofsimi­
a1 r1111!Hria11 pigmPntat1on which developed in 
, '\-'!.!l'P,s. foilow111g i.-.o r of soft X-irradiation 
" 1 t' h :rn ds. 

3. ~~ Summary 

.,, '\\ : :-. «THE f>t:To:-o .\TI<>N of a thermonuclear 
IP ,, t· ~1i.rn1fi(':tllt amounts of visible r:ulioactiVP 
11;11t•r1 a ,1 Pl'•' dPpos1 ted <HI inhabited atolls pro-
111· 111i.r .;k Ill lt>sions, whole-body radiation in-
111 \ 111d -'ome 111tPrn:d depm1ition of radionu­
lt•lt'~ The skill lt>sions in the more heavily 

111 11111111atP1: groups 11·\-'rP l'haracterized by 
: ' '1 11 :.! :u < l l 111rn1 ng of tlw "k i 11 for ~+-!H hours. 

111' '"'' :111d :-h.111 lt>~rons wPrP observed. be-



-rn 
g11111i11g a pprox1n1a1Pi · 
pos u re. o 11 "k 111 t rP: to- "l 11t;111 111 wt Pd w 11 · t r 1 1 
011t. Bl111si1-hro1111 p c'.lllPltlat1011 ut 1 lw li11!.[1·l' 
nails \\':ts :tl"o :t orn111 ·11 •in111ng \ r) 11r1111.11' 
or sp1·011dan· en tl1t>111 1 I' a" ·>ho-el'\'Pd :ti <I 1 111 
SIStently t!Jp tir~1 p\ d• ll!f.' »! Shill d:1111a(!!• ,, I 

increased p1gmi>11tat1<>11 1 rl1e f,1r11.1 "f d:1:I' 
brown to black 111a 0 ·u1Ps pap11IPs. and r:tbt'll 
plaques. The lP~w11s 'le\ Plopt'{I Ltr;crei_\ 011 I 'H' 

1•xposed part,: of the llod_v not protected tly 
clotl11ng, ;111d rn·• 111T»n 11s11all1· in rlw follow•,11u 
order: "calp 11,1th l'llli1t11111J 11e<"k. 1xill:tP 
a11tecubi tni foss:t•'. f Pf't l 1 m (i, .. and trll nk E p1 

lation and lf'stms ,,,. ··1f' -waip. 11i>ek. a11d f<101 

I dorsa] surface I \\Pl'P ltt• lllllSt ('OfllfllOIJ !' 1t!' 
lll:tjorit_\" 'lf JesJ1j)J,, 0 \Pl'P s11pertici:ti \\lffi1111T 
1·ps1ele for111at101. :u1d 1 ft Pr ,.1mpli> dry 1esq11:1 
mation Ji.,aJed 111<i "[l1(!llil'lltP11 .. \.pprt•.\i 
mately :!IJ f>Prce11t f!f I 11P flf'<iple Ill I ht• l1iglip,.;t 
exposure group dPVPlopf'd dt>Pper lt's1orh. 11s11 
ally oeeurrmg or t hP f Pel "r neck and hara• 
ti>rized by Wf't 11esq uama r 101 \\it It iii 1·p r:i t 11 .111 
1fil<l lmrmng, 1t ·hi11u. a11d pnrn :u·1·om1><1111.-'" 
tlw li>sion~ Thi' 111a1nnt, itt'alt>d rapidlv 1\ : 1 

.1 

11011-spe<'itil' t her tp_\ l\es1d11al p1g:men1 ahPr 
rations t'OllSIStlll.,! ,,f i\'PPI'J>l!!DIP!ltnt1u111 111•: 

lack of rep11-,rr111•11tat "' 111 111d 111tld :ti n1pli 11 
l'hang-es were nott'd 111 ,;ump dPPper liealPd 'e-~1011, 
at six month:.: a11<1 011t· .Par, l\pg-rowth .,f 11a:r. 

normal in l'olor ai.d l1·x· 11r1·, h<'gan almur '. 1 \\ Pf'K' 

post-expo>'ure a11·l ":t 1'1f!1tpletP it ti 111011tJ1, 
Biopsies oft \'flll':1 I IP"ll o11,.; H :<lo Ii wp1~ks .-howt'd 
<"hang-es cons1stPr r 11it1. r:td1atton ·hlllut/.!P 11 ,r Ii 
marked epidermal d:wi:t!.[t· :ind m1wit '""" "<'\Pf'P 

dt>rmal dama:,!e. Hi11p-1P~· tt ti months ,110wPd 
only a fpw ri>s1du:i l ··~1:t11ge- i'!tl' 11:ui d1,.,,·oin1"1 
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4.0 lntrodl ttxon 

FOLLOWING THE DETON.IT'l11N qf :1 1111dl'~ll' df'\ Ji p 
at the Pacific Pronr1g I ;r,,1111d 11 tlw :-1pnn" ;.f 
195+, :!8 Anwrica11s and :)!) \la rsh:1 I lese 11 PJF 

exposed to fallout r:uiiar1011c -"'ixtv·fo111 'I 
the :\[arshallt>sf' on I\o11!!•·la11 atoll : < rr<1111· 
received an estimatf'•I I~.-, of :.ramma r:1d.iat 101: 
:ls measured 111 air: l"' \l 1r;-l1a]i;;se •·n .\1l111ir 
inaeatoll (<1ro11p I 1 n•1 .. :1···d '"" r ·.~~ .\n1t>r 
cansonl{ongi>nkat·dl ,(,rn1.l' Ill) P'<'!'J\'f'il i'­
r.: and lf>7:\larsh:1J1;;,;po• I r.ri;:at•>il .{,~r•Hq 

IV) receiwd 1+ r ] 1p1 ul··d 11s1orv llf lhP 

event. as well aseli11:1·al .11 i t'111>111al ··on·t:rn1111:1 
tion findings arP l'f'J'ort+>d 1·;;;-pP1·11\·pi\ 111 ('hap 
ters I, II and V. Th;,; liaplt>r p1·ps~nb tlrP 
hematological tindi11g,.; 11 till' t>xpo~Pd i11d11 Hi 

uals during the first 11 \\>'Pk'. ar 1; 1110111]1,., 1n11 
at l~ months after ,.xp<i:-;1.rl' 

Since it is u:ener:· lh a:.:rPPd 'liat t hP deL.:r+>» 
of change 1n tlw fo1 nwd · ];;111P1it!'- qf tliP hl110<l 
is the most 1i;,pf11l" 1111< :1 111,!P.x rJf tl1+> :'f'\'Prit: 
of radiation damag•'. J>"l' 1d1Pr:i i blood 1·lu111gPc 
were relied upon a' :1 ma llJJ 11.i 111 •·v:d11at :in:_: 

the degref' of rad1a11011 1·.111··.\ 1·1 p1,·11 PXpo,;ed 
individual. In ad111t1011 li:\JIµ'.»~ 111 tliP lllPa11 
hlood 1·01mts of thi· PX[H•-Pi. !!PlllP' WP('t~ fol 
lowpd elost>lv to :ud 111 1·v:1li1.1t111u: tlif' el1:tll!!lll!! 
stat11s and proha!Jl,. pro~1111~1- 1f t liP 1•xpos;;d 

groups. ThPrPforP "lllj·'IH"i' 1·a,; placPd u11 
standardized sv,;tt-r 1at1·· Prial .l»tt-rn1111at,1>11~ 

in order that 1r;div11\11a1 :1 ·,,J :fro11p rrPnds •'•>111.J 
be Pvalnated :ull'<p11tt>I• :--111,·1· 11 11as llP"P' 
~ary tO obSl'l'\'P till hr:.:•· I 1llltf>Pr .,f >'X[>t>eit'<I 

individuals :1t frpq1a•r·1 1t1·n:1 I:--, t 1.., 1111niiw1 
of ditferPnt Jll'l'H'Pd1 !'Pc· r .. 11 »r111id lw d<>nt> "\':tc· 

necessarilv lim1tPd. [J;;tPrn.1n:111on-; +>mpl.,n·<l 
WPrPehos~n 011 tlw I :1,._j, ni i;:11''"" •1 r·l1111cal 1·:1im· 

and Pase and rap1d11 \' .• 1•"1 1· h1•·11 t lw.\· • 011lrl liP 
dorw reliably 11ndt-r tit-Id :d111r:i1•>rv • ot1dit ,,111!'­
.\e1·on!inµ:ly 1''>au:•tl:1111 c11i: \.1ocJipm <"1 
-,tudit>s \1·pre qn11ttf' I 

.\11 PXten,;1\'P l1tt rat·:tl'• >'1hl !1"1 tit·· IH'lllil 

,j: !i··1:lt11·- :11tP111la11t rn1 \'ompanng them with 
l'P'''ltt l'"'1:itc; are di~1·11ssed later in this 

t*' 11ir • 

4.1 Methods 

11 ,1 ., r · ,1 , ,1;11· \I l•:x.unX.\TlllXs I xcrxDED total 
.. 11,., ·1 r.. 1 t>11tniphile. lymphocyte and plate­

,,,11 r-. :111,J liPmato('rit determinations. 
\\ 1,.,,. .. ,.,. 1 i·11~:-;1iil;;. :111 PlltlrP exposure group 

,, · 11 11 rP<: ·1 r -111u:le day \1·1th :! days oc-
.,,,_,,1,,111, ·pq111rPd fl) 1·omp!Pte the larger 

: .. ~·~ <Hlll~ 

1 apiil rn iilo·1d, U:illallv <>btainecl from thP 
.,, "Pr 1 i1d 1 1rPh frotn the, h;;t>l or t>ar \\·as used. 
I ,-,, !•lp»tli" 11·t·rp tillPd for both the leukocytP 
11 ,, :1iatPkt . 'illllts. l<'rorn Pach pipette a 

·t t•'I·· IH·1111' ·\·t1J111f'tPr <'hamhPr was tilled. ,\]] 
1, 1 :.11,·~ 11p1·f: r"latPd for ]11 minutes, :11Hl the 

, 1 I- .1 Pl'" :1 I lmn·d to ,;ettlP for 10 minutes in tlw 
"r11<.nt'l111t-t+>r. li:11nlwr lwfore 1·ounting. ,\ :1 

:11, ,.,. 1 r .11·p1 1,. :1 1d dil11ti11:..:: t111i1l 11·as 11sed for 
·, r:ii J,,1 1 .((11,·tp.1>11nt~. ThP blood was dilutPd 

,, ti 1 i ·"rc···11t .1111n11111111m oxalatl' for platPlPt 
• 111,r, :11il ·"111t1•d in !tat bottom hemoeytom-

,, ·r·, 1"111:.r ,, , I irk pha,;p •·()]1trast mi<'n>s('O[lf' 
['·111 · ,loc:.J "lllPar,.; ,,·;;rp m:ule 11sing a 

.,, 1 • .,,., 1 .. 111: :_:la,;,; ,;JidP for ,;prPadinµ:. OnP 
,,..i ,11 P:11 .,1·11·. tix;;d 111 1111>thyl al('ohol. TlH' 

·l l1P' ,, ,, . ta111Pd h1· \\'r1µ:lit\ 111ethod, from 
, 1,, 11 1 :11" ,.,.i] di1i·en·11t1al 1·01mt was made. 

flp111:11C1• 1· 1t 11c·1P pPrforn1;;d 11sini.r heparinized 
p11::11·• 11d1P!'-. t )11p e11<I of thl' \':tpilbry rube 
1, '" tt ,,., l"d 111d tlif' r1il>P 1\·a,; •·p11tr1f11ged in 

1: >ii I 1 n . ·p 11 r n f11:_::p :1 t 1 :!,;)()() rpm for .) 

1111 t p~ 

l'.\'PI\ i'tlort "'a,; 111:1de to 111ai11tai11 1rnifon11 
,,,.,.d,'11·p:- 111 .. ,·pry pha,.;p of thP laboratory 

11· 1'111 illlli<hPJ' 11f j>+'l''illll\P] l'lt:111gpc; for:\ 
\, f•P 

l ' ~ f 

1 H , "' ii 11 r" 1\':1 s I 1 P Id 1 " a Ill i 111 rn 11 n 1 : J>P r -
, 1 ·1 · •Ii'..' i1l11od fr11111 a "lll!!:lP p111wtlll'P 

!."> 



\YPl'P s11rli•·i1·nt 'l 1111'11t1• 1· ' ', :1IJ,,1y ·111 ··:11111 I•" • 1·1,11 ( ;rn1111 .\ ;111d t11·" fro111 <'O!ltrol (~roup B 
ro lw takl'n 1n r 1p1d 1" .,.,, 1)11. 111<1 t11· ,. 

1·:iJs \H'J'P rt!!idi 1· ,., ,ll" 1'<> ]1·11 

4.2 Methods <>f 
Contn>l 

Treatinv ,., Dara .. 

Group~ 

PRE-EXPOl'l'RE H1 ,,.,,. ·0,1111- \\"Pl'I' l1<Jt ]l\':tli:d1if 

•lll the 1•xposP•' \larsloall,•sp ·ir .1
llll1'1''1':111c 

l1ence the I!HliY1,ft1:ti.' ·o,ild 1nt lw u.--.Pd :t.-: i,., 1 

ilWn !'Olltrol,,. 11 fll'<IPI' .,, ···-t1111atP tliP -P'.f'l :(\ 

l)f tlw ht>matolo.i!I" "P-p«ll'" 11 \I:•,; 11P,.·p,,_;an t' 

PO'tablish 'll!ltro· l!l"111p- :1- ·111111•:1r:1hl1· :t• i"'" 
-ible w1tl1 rPSJlf"'t '" 1!!\' 1:1. \'. -P\. ha<'f.>l!r1111111. 

:ind habit'. .\ '"lit r "I .. ~l"lliJI d I::·, \!ar--1111 

lesP fron1 \l:t]Lr<• 1' .ii < •111r1«>i < ;l'l"lf' 
1·omparahlP wit 1 l'l'"I"'"' ,,, 11g!' ind -•·\ "' "' 
pos1u·e (~nrnp I 11:1, ,, 1 1t:1111P•l .Jur111;I 1iiP 111111:1 
observat101t pen ,Hi * F .. 1. ,., 1mpa n1-on ,,,.ir h · 1 ,, 

PXposed .\rnPri<':trI~·. L:o<1d ""llllts 1\Pl'P J<irw »I 

approximately <, \111p1·1,.a11 n1P11 1,11 l11n 11 

Kwajalei11 .. \l "1 11<· l1:1d 11•>1 h+»'ll ,lit ,]111\ 11 

the tropi(',., for 111o:·p rlta11 '. 111011t11s 11.er1> "" 

..Juded, ,;1nce th.-""!>''""'! .\ntPl'l,«111:' ]:;1,d l11·P1 

Ill the area for t liar ,p1111d ,if 111nr• lipforP "" 

posure. In add1t1011. ·P\Pl':1i wl11. 11PrP "P<'Pr11l1 

associated 1nth rad111:w111·p matPn:1l- .•e1·e "" 

dudt>d. The rp..;11)111,'1 - 1nailPr ~:1·•111p 11t 1;7 ,,. 

11sed :t!' the K11·:11 .\1r1·r1 ·:111 ·q11rr.,J :!!"•I!· 
Data from t 1•· '"·ti 111 •0ro1111 \ ""1'" .. , 

:uni1wd to dP1err111111· r w 1;IP 111d ... , ilPfl"111 IP1,1·1 

qf the •PVPr:tl i11•111:1111I 1'._'I Ii i<'!l'l'llil'l:lf 111!1" 

To olita111 valid '<>ll1p.1r1-1,11._ w1tl.111 :1 1 1<: :11111111'..' 

the vario11s ~·xp•>,,1.r·,, ;Illlil[•'-'. ' w :1:!P ind .p\ 

dependen<'!Ps TH> 1 \'<i t" 1111·, 111111··il C!"l"!J11pc- "'"!"!' 

taken into acT01.111 'l1 lt .. 11!!i1 1•:id1 11Ht111d1rn 

in all groups wa- -t11u P<I l1P111;1tologw:tllv. tlt11~1· 

\Iarshal!Pse wit 1 -'•·r1, ·110- 11111:! ~tandrn!! li"Pil""'· 
were omitted fn ,111 1 i1." ar 11i1 'I" \total ,,f • "'1 

*.\ Sfl'('Ond i'Ofll '(1 -!f llf "f -..::.; \lar-.:hHll•'"'f" f", lfll 

\lajuro :lti!H l<'"n· r(il 1~r·1n1 H ~ \\·f>rP qhta1I1t-d l11r111i.~ 

the ti month mPdi< 11 , ,.,11 r·n·1 WhilP <111 t:l frn111 'ti .. ~• 

individual!-1. arP J,!h"PII o t11~· rPporf rtu-... ~ :1rP n1-r q•(' 

for ('Ompansons t~«i":ll\,p ·f I IJlf•HSIP~ !"Jlldt-·TU ( j I' I~ 

thP rP..,.llrv.-~· 

'··1·1 '" 11111 d 011 tl1i-.; basi,. 

I 1 ti,,• !• ilow111!! dP:-Tr1prion,; and <'Ompari­
<11, ,,f lw ·1:tta. tindin!!• i11 thP PXposed groups 
,r·p 1rP1111P111iy P:\pn':-i>'Pd in terrns of percent of 

It' "ppn1pr::ttP il!!l' and SPX l'Olltrol !!l'Olljl. It 
1< 111 Id ht> 11ott>d, lwwP\PI'. that in observational 

·llt•IPO' of thi" kind. 1111!.:no1rn f•trfor.v 1·ould 

11.,x1i1!1. 111·r·,11111t iol' /Jllt'f of the r/itf1·re·11r·ps 11otPd 

• 111·1 ,.,, rh1 ""ntrtJI 1111d 1·,1·;1os111'P r1rrn1ps el'Pn 
/!tiU'1l1 ,1; ,r1(j.\,,'.\'ihf,, JIU,)f/., .... ~111·1 1 .... • l/ 1Pt'f' tuh"'Pll to,\'(-'-

UI/ ;111t··ri1/1• r 011/ !'ni <11·011 ;1s. I 11 addition, it 
11- 1101 l"1""1hlP t" obta 111 1norP t ltan a ,;ingle 

.1111)<1 -:1ll1J>1t' 011 P:ll'li ··011tr1il ind11·1du:1l. For 
· l1P•t r"as1111,;. -.;tatisti•·al tl'st:-: of signiti(':l!H'e 
'.Pl 'f' .q' p I ii» I 111a 111 ly t 11 11 n1P 1·l 1a tl;IPS within an 

· 'l"''''r" ;Ir<111p. 1l!Hi ll<•t to ditfrrP111·p~ bt>t11·een 
111111·111 111d "xpos11n• !!l"t111ps. For tlw p11rpose 
,f 'l"tP< till!! "ignifi<'aIIt 1·lia11!!es in the hemato­

''!!11 :ii 1>attPrll. 11011par:u11t>tr1" tPc-;ts ( i. P., statis­
, 1cal tPO'rc-; fnr 11·lll('lt it 1" not JIP<'P,;sary to spPrify 
· 1i ... f1111• 11011al 1li-triln1tl!111 of tl1t• 1·anatp under 
111d, 1 11·prp 11,.p,j ! ~-7'!. Tlw ad\·anta!!eS of 

,111111:ir:1nw11·1•· lllPtliod- lta1·p hPPll -'IImrnarizPd 
\' \I <l!'t·c 1 '· 1 

~ .. '' Hematological Findings, General 

I~ ·1 \Bl E ! l :11·p -d11111·11 for 1 <111trol !!l'Ollp .\.by 
1cr1 .. :i11d ~PX. :l1P 111!':1111:ti11!'• fortliPtoral white, 
1•11t "11p11ilt>, lvn1pi1rn·rf P :111d pl:ttPIPt <'Oll!lts, as 
'Pi I <I" for r lw llt>rnaf111'rlt. The t;Ie alld SPX 

'1n•a,-.:d< 11·11 ISPd for l'll!llfl<ll'ISOllS amonl! ex-

'1t)'-1il'I' .rroups is sho1111 1n TahlP -LZ. In this 
'1rP:tK<I< 11·11 tliP :t!!P :ind ,;px depPrH!e1H'ies noted 
'•1r tlw \l;u·--itallPsP <'Olltn>I group!' 11·pre taken 
11t1> :1c,·rn1111 111sofar 1ts 11·as pral'tirable. It 

-lto11 Id lip 11 .. tPd that tltP < ~roup B l'Olltrol values 
J' tiiiP t. J I :qrreed ('Jo,;pjy with the (;.rollp ~\._ 

1111t1'11I , lat:1 To al loll' additional l'Omparison 

>1Pt111'Pl1 Ptfpr·ts 011 <'l11ldrPn :ind adults. the neu-
1·on'11l1 1·111111h 11·prp arbitraril_v sPparatPd into 
l1P ;i;I\' ;It·rn111,.; lhPd for tlw lvrnphrn·ytP <·onnts. 

\!1111,1<·1 rp' , 11d Po,.,11wpl11h·~ ll"Pl'P broken down 

'" 11t 1 r ! ,, -a111P l!!P ;Ir1111p'. ThP <l!!P and 

_,·, 
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-ex depende11('y ot r l1t'"' ,. 11!1" 1111h an•, , 1lll1 

parnblP to tl1at 111 1·11t.11•''"' 1:1 a 1'1 ! 1 ,1. "1ti 

tht:> ex<'eption of tlH• pi:11p"•1:- •·11 ., hi1·1111rP\ •1\o-

1·0111paral>IP data \\•·ri· " :1" 11:,dil1· 

Total lPllkO('_YtP. 1 11·11· <>Jil1:i1, l'l·n1pho1 \'T•' 

monrn·ytP, platPIPt llid t'll,..I l<1f>'lilt· I IJ\flil,.. f1,1 

the SP\'Pral t>xpo,.,111 .. :!!'•)1, p:- ,, 1·1 gl\'Pll rn , 1a \' 

by SPX and agp Ill'] abit,,. ;,~· .,, + .. -.. 'J'i1p ,)t:1 
whitP ('()UllL llP\ll "OJ• JI,. • mpl1111·tytP tllll 

platf'lPt <'Ollnh at th·· l 11 j\'-• ,,· ltl:IXlllllllll d~·pr·P·· 

SIOn I ilVf'l'aged ()\'<']' 1 !it lilt' illll'lllg wf1t("i. 

1·01rnts were ('1Jt1sist1·111:. 1p l•1\\P~t) in· sh••\\J 
in Tablt>s -Lt• and t; f,.r· ":t,·L 111d1v1d11a1 11 

( rl'Oll[lS I ancl I I l'P:-p»<. I.,.,, J IPm:U!X'!'lt,.. f1·1 

all t>xposure group. 11" 11 ,, r l'ah],. +.·-
Ht>niatologi1·al !ind 11:!" f111wt J•ll1 if 1 n ,. 
and age :trP -how11 :ii,..., r. 1: u ll'P" l. l t·1 l • 
ThP 1·11rn11lat IVP d '-'ll"h It 11 11 1l!TI'• :'11r } " 

l':tl'JOllS PX!JO,.,lll'P gr flllf•-,, ,,,.,,r,u I i11·· :1 \'Pl':l!!!' ( f 
('Ollllh obtai111'f! ov»r 1 it· 1wr111<I of 111:1x1n1·1J1 

deprPssion 1dayc;:\! r,,, fir 1·11kon·t1"": ,l:t\­

~li to ::o for platPlPt, 1 1 n ,}, , ., 1 111 F i!.!''ll'•:" + '.· 
to .J..l~.* In thP tiu11n .. , ·1111-i.,1-1:- ' 1>h<'P•I n1 

tlti> :-.Pparatt> lilood • IP11w1 '·- ·:ii l:Pr t liar m 1 b'" 
total IP11ko('y1p ('Oil! r. -111 ,. !.e ·ornpiJiwnt ,,,J, .. 
lllPllts ltavP d1st11w1 1J" 11·l+·n· 1 11 t•1rn• t1·1"111 .. -

:tftt>r 11-rad1at1on. 

*In (;f'<•llfl I\ illt> r 11:1111Jjjf 1--.11 t111t11~'! I 'l[\~· f~ 

plat1~JPt !"Ollllf."' ()Jlj~· l'- :•f'l''t- ti•" '°"'I' t' t1Ptll:H~1l1~:_.:j(·; 

dt>tPrrn1natio11~ 1n thb r11111 P! t:1;11lf ·1~1n11i,:: t, 

:{~}to -.i d.t.\ f.:•nud, '111.• ' '' •ll1:.1i1~·1 <1f, 

;jlJ}OJli! flit• ~lfhf•I L,!:f'•llJI\ 
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Hema10log1cal Findings, Group I. Ron-

j'I,,, :1 »-0 lltl' IPll{l'Ofli1i]I' !'llli!l! of both the 

1.11~..'."I .111, I lliiin :igl' :!l'llllJ>" fp]] 1l11ring tliP 

.... ,,, •I \\ t't·I Ii. I \':11111' :lp]'l'IJXiniatPly 'jl) to i-il) 

,, 1, 1 • r ,f liat ,f rl1P 1·0111 rols 1 ""P Fig. +.1 I. 

t.5P£N-. 
·"-;,AR't ;>FfQ.JECT 4 

~.•C:S'.XJU'<~ 

" ' POST EXPOSURE DAY 

.. ~ ,, n, / 1 /110,,11" 111 n1 11frophil1· 1·n11nf.'< fd 
11r1,r.1 / h' u11,11,1fp1 f.'1r thn.'\1 /, '(.'< thrin ,) 11ear.it rind 

' ~ ' i t I 1 rt ' , J • r l rs, • • T rl r I r 

, 1 i , , . 1 1 u 1 ' 1" , i ,. p rP'iS 11 111 ( 1 f t I H' t o ta I ll e u t ro-

111 '"' 'llilll •itJl'lll:! Th1• ~lid \\'Pt'k, f\tp YalllPS 

11· 111,..1 ii"" 11111 ii rl1P .«tit 11·PPk. .\t this time 
., · '1·:_c11 :1111!.! ,,j a ,.;p1·011d 11rop 1p<ll.ll!1 was 

I•" (,,. l111tl1 1:.!P :!r0111•~. :11Hl :t low \':due of 

i I ,11 J•Pr•·p111 nf 1·ontrols was 



rPached. ThP "11111 .1 1:- 111a1LLt1nPd :1' 11 

proxi111at1•l_1 7:, 1H·I""•" .t, 'illll••i va:.11"" 1r-.,r1 
rJw 7th \\P!'k I• 1111• ·r11t u! 1li1· 11111"1:1· ,, 11•1\ 
Xo furtlwr rt'•« 1·1·1 , ":1 ,., 1dP111 :11 1; il1<>11r 
.\!though liotli t!!P ~:"011(" fnll•>\H·d 11 P -:11111· 
general t1111p pa1 r1•n1 f r P"Ji'<)ll""· t la· 1JW1·r 11!!» 

group \\':toi lwlo1·: t' ar •>t ·hi· oidPr rhn•11gJi,,11t 
fllOSt of tJip Ot:>;-;1·1'\·:111·•11 l>!'l'l1Hi. .\" !:! lllllliTh­

the g-ra111i!o .. yrP· ii:11 :·1 r11r11!c'd 10 r:·w ·'<•tit 
rang!'. 

The ah,.;ol11tP .\ lllfl'">n11· ·011111 "f tl,1• 1.•\11 .. 1 

age g-roul' 1 Fi:! L.: 1 1at1 f:1llP11 I>\' tl1P :;.i ·11i. 
to a YalllP :tpjH"<>\ Jl1:1r1·h ,,·, )l>'J'C!'ltt 1d ''IP 

1·ontrol !!Tottp !111 1 1 illi' 11 :1-; 1111' 11T:111 ,., I 
t h rough o ll t t It P · t 11 < 1 \ . 1 11 · i r I n• rp 1' a,. 1· 11 > IP t 1 1 1 11 • 

P\'idt>!l('P !!f 11!1 l:iJ\\'tl" t !'lit: dl!I" Ill! till· I 1.I :11 
nr Ii 1110111h -111<111•,. \1 r11011th·'. ""11•1•1..t" 
["('('()\'Pl'\' l1ad lit)i 111 "ii rt" !'ht• \':llll!'- f< I ' I•' 

younger :1g1· f!l' 11p Ii..;•\· 1 •• fplJ l1pfon· tlw .. 1 
day to a \':lltiP :l'lj>l'O~ 111 ltt•I\ ~.-) !•Pl<"PJll (1f ! 1, .. 

f'Ontrol. foll1l\\'IJ !! '" 11 •1 rJ1,.rP \\·:i-; :1 :;1g1111i":11ir 

upward trP11d 

l'Olll1t. t Jiprp I' •011.'·•"t"i:l l1t!'t•l'Plll'P l>Pfl\!•f'JI 

tlw two a~" gn11 P" 1 l"''"1"r, 1111r111!-'. rl11· 'I'"' 
4 \\"P('k,_ tit<' dJffl'l'\'111"1 ":!1 <">'lltli:llP<i I\ 'H'l1 "\ 

prp,.;spd a' (lP!'('P :t d1•( 'P:I•!' 1.,.,·:111,,p .,f tltP l"f":l 

tivPly liil!h lyr111d10• \"!;' iP\Pi-' 111 riw 11)\\f'I' I!!•' 

control grr>11p. \ ftPI' •11- J'P•·rod r ltt> d• tf,•ri>111 ,., 

PXprPsc;pd :1::- JlPl•"i']i' l'P 1 .. ~. 111arkp1I -llHP '!' 

s--- ----·· 
!f----~ 
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LYMPHOCYTES 
AGE>5!491 

-;;--ii--24--32 4{) 48 56 &4 

POST EXPOSlRE DAY 

72 185 

l' 1 !\. l ~ __ 1 'ttllfJarrttn·p .'(eriul ehany,,8 in fhf' total 

'II f1('l/'I •,f'l/ff"OfJ/tt/r', r/ntf f1!1>1f>hf>('!fff' f•011nf.'( in 

"i1(p• ,•J r Of• t' than.~ l/f'f/1"."< ()/d. f,'roup I ( ROnfJPlap). 

11v.~1 r 1:1, 111orP rapid Ill the younger age 
!! I'< i 1 q >. 

Th .. ,.,.1J11 l:i r PiP!llPll t, di iet1y responsible fol" 
1•"tl11<'t11at 1•Jll'-' in t!ltal \Yhite blood eel! count 

, 11 lw df'fn1·1J11Pd by 1·omparing the total white, 
.1·11rropl1ilP 111d lymphocvte <"Ollllts (Fig. -±.:3). 

11 ~ -Pt"1 11111 tl11· lymphocytP count remained 

"''"'"1111all.\ <"•d1C'ta11t thnrnghout the period of 
r 11<h. 11 hile rhP total !IP11trophile <"OU!lt t1uctu­
't'•I 1 1t 1 .1 pattPrn p:-;se11t1ally identical to that 

1 h1• t·>t:il 1\·l11tP lilood <"ount l<"oetficient of 
• 1 I IP, <It I• )I I 1 • t 11. ! I ) Tli 11c; t lw tiiwtuations in 

··,r:1l ,,1,11t '\Pl"P d11p to clwn!!PS in tlw neurro­

"'il" "1111. Thrc; \1·a,.; trllP of both the older 

111<1 11J11 l!!PI :1!.!P !!l'C>ll!'"· It 1·a11 \Jp sten from 

t1·l1· i. ~ tit ti tllP 1wutrophilP count was con­

·.11-tP11t 1.1 gr<·:1tPr than t l1P lyn1phocyte 1·011111 in 

1 l1P "''IP :1g» gro11p. I 11 the younger gro11ps, 

·11tfPn•111P:-; i11 tht 11putrophill' and lymphocyte 

q1111t '' »rP Ps:-; markPd a11d frpquenth· the 

1 111p:10<·1·1,• '<)Jllil \\a" :!l'PatPr than tlw nP11tro-

1 ,111 i.-. 1·111 nr 

I 'latPll't~ "' <'l'P ti1·st <"Oll!lted Ill dav,; after PX· 

l•<>'-lllP. If \\ l\l<'li tllllP pl:ttPIPt \':til!PS of the 

"'Iii l '1'' ,\ t'f"f" :1j>j>T'<•~:lll1:ttPl.v till j>PlTPllt of tliP 

'!''" l!l 111·, •>iltl"<>i ~rro11p 1 Fi!!. 4.+). Follow-

r 
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Table 4 .. 2 - Group I Rongelap Mean Hb.xJ Counc:s by Day and by Age 
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ing this. the platelet 1·01rn r f,.1 \ n~ad1111~: a \,,,\, 
of approximately :31 · 1wn·P11t 11f cont rn I 1a1 w· 
during the .fth week ThP I latPIPt 1·ou111 r<1,;t· 

1luring the ;"Jth and f 1th WPPk, 1u1d 1·Pad1t'd 11·11· 

value noted for tlw .mtrn, <'•>mJTs oll tliP l"tl 
<lay. _\. secon<l decreast• :1 Jip platrlPI <·011!11 

1 p<!l.1)1) developed d11r:11g th" 7th and "tL 
weeks. and values rPma1r; .. d 11 .tppn1x1mat»h 

70 percent of the control grn11ps d11r111g tlw "P 

main<ler of tht> init1:1l oiis .. rv 1t 11>11 ['Pr1od \,, 
additional recovery lmu .,..,. l!TPd Ii.\ thP •ti 
month. .\.t l:.! mont :is r hi· 1·nu11h wPrP h1l!l1Pr 

but still below the ('ontr11I ·a111!P ThP pattt·rr 

of plat~let ('Ollnts 1r1 th.. 1a., ~'.r•>llfh n·:t' P 

rnarkably ,;imilar to h:u 1 <1tPd fr.r tlw f,.nial»~ 
Counts of tlw lowp 1• :tgP gro1q. 111alP~· . .,1 .. n· 
<'onsistently !11 gher than 1 !11 >c-P "f : 1 w ad <ii r 
l!roup 111 absol11tP <'Ollnt:- I 1t ·1111-i,;tr1'th 1,,,, "' 
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POST EXPOSURE DAY 

Hf .\ !- "'' r111/ p/aff'it•f r•Jiatr'}f',' lit th081' /1'.~.~ than 

,,/ 'lr'< lnl/ r1n·r/ft'r than ff) l/f'({r.~ of flf}(' of f;rouv 
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Hernatolog1cai F :nding~. Gniup 1: I 
A ilingin.w 

The pattt•rn ,f , '.i ·,11c:" ,,f :iii Plt·'lll+'llt­

Group II w:ts t--sPI t:, ii <i<'Jlt 1·· d to 1 l1at 

(~roup I: !towev1·r. t :11· IPt!Tl'I' "f c l1a11gP 11:L' '"'1 

asmarked(Tabl1··+.' .\,;11·1Th(~roupJ.rpmv 
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termmation~ wPn' ':llTif·I '11t 1>11 ''ii""" i'""P"' 
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4.37 Morphology of Peripheral Blood 
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; " \7 :i 4.5. 4 
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H. 0 
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IPl'rP~-1011 of Ct>illllar Pit'Ill!:'lltS WPrP prest>nt 
•<"t 1\ PPll <"'tildn•n and adults. In Table +.!.l, the 

111Pa11 1:tlut>s1>f the nt>utropltilt>. lymplweyte and 
1>1:1tPlt>t ,·,111111,.. at time of 1wak depression for 
·:11 1 1 Pll"ll1P11r ·1rP given in tprms of :tbsol11te 
.. 1,111 111d per<"ent of :tppnlprrnte control value 
111>':111 pl 1tPl1·t r·ormt:-. \\·PrP <":ilcnlated for the 

"~·· r Ir 111 • :111d grP:tt!•r r!ta11 ~. age groups for 
11rtq ·I l'l~i fl\ J 

I able . .,,<). -Comparison by Age of Mean Neutro­
philt~. Lymphocyte and Plarelet Counts tn 

( 1roup I (Rongelap) at the rime of Peak 
Derpres~ ion 

···- .. ·---·-----------------------. 

' l ~ ' > ~ I Ki 

\<, fo: 

J' KRCF.'\T OP' 
1'0'.\TROL 



_jHOJP 

E_ XP'.:SUR£ UAY 1€!~ 

~ 

z 
tl ?Of- • 0 

"' + " ,(""'"°' 1R·~b 

it' 

~ 
~ 
<I 

3 

~ 

60~-----··· -f·- -· -

~~ I 
I I 

40 f---- ----+--·--A-
I 

:~-f,,-," 
1of- /' o . ,/ 

oi ~,i:i 
0 2 4 "'.': 

~'IG URE -!.-'\. --1"111111/flI11 

I I H1u111r·l11 /I I •It th• 
and at ti niontlrx ,Jtf1 t :'}' n: 

'<lUTRtFHILE:i 
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It is seen thar Ill t• r1110 • """"i•llf' '"'it:llo-. lw 
l'i1ildren ,.;howPd a .!n·:11.·1 !1•lJ"P'-'>·l1111 , f 'lw 
lympliol'yte •·•Hlllt. 1".xp.1 •'">•'<i 1- f><'rTPllt .,.-
1'.ont1·ol. all PlP1111:•ntc \\ 1•r1 1tlP.-t1-d 111<>rP 111a: k 
edly 111 the yo11!lgPr ag1 :~mq1 Tlw-,p rp"11lt·­
wo11ld indicat1' that ii1ld1··11 111· 1no1P ..,,.,,,it,.,, 
to radiation, or that 11t l11>i h ol11~rwa ·1r pl11 '' 
<'al factors rPs1dtPd 1 1 1 ., 1t: ,- .. 11 _gn·atP1 1•1!'1·ct 
One physwal 1·ons1d»ra111 1 'hat 11u 1 i1:t l'P u· 

countPd in part fort ltt' .q •I 1;\) Pill \' ~'.l't•at»I' •I»>'•' 

rf'Cel\·ed bv thf' d11l-ln·•1 r1\111n·-, :1 · 1n,,;1dPra 

rion of dosP d1stnln1: 11>1 

of their relat1vPlv '11a 

•'Pl\'Pd at the 1·1~nter 1 fr·" 

,l)Jll'(~'I' I llf' d0:0-~) : t 1 

"" 1 .,· :i. •1!lu 1\11 ild 

he grPatPr than fo1 1 1 ,,11 iT 

::>amP dose as 111eas11r 'ii fr1 · 

4.41 General 

.\n e,.;timat1011 "I 1 i,,. "\ ·111 

tlarnage 1n1·u1TPd • 11: 

paring thP J>l'!"SPlll I "'II 

tolog!<'al dat-1 1111 r 0 it<1 

prespnt data 1·pprP'-'1 11' 
whwlt sv,.;tprnat Ii' ,,, • 1 

'" ,\ 1 .. 111 pt1·il Ii. 1!\1 

L ,\ I 'i 1 'l"P\' dill:- iiPl'l:l 

1 ~ I ( \ \!)<hlll'I !'Ji,. 

I ., 1a r ~.'.• ...:f·r·1p 

1.J r I t l I ._,: Ill\' 

55 

• t' :11,.. 11:11 P lw»n po,,.:1LlP, :rnd thus they com­
... 1 11 1:10,..· 1·111 1plPtP data a\·:ulable on human 
':!'· »-..:po,;"d 11· t!JP i11gh :-rnb!Pthal range. It 
1-.,, .. f 11q1ort:11w.-, rlH•rpforP, to examine the 

·' • ·<'t 1 •-.·-11}1,.. 11, ,·011j1rncr1011 with past experi-
, 1 .11 »tlort » galll a lwttPr understanding 

rw l1f-'111at1>log11·al rP~pono-;e of human beings 
'\.I "''''I 111 11p11p1 rating rad1at1on in the sub-

•' t I · ~, l !.!P 

·,,. r'ol!m,·111g rli'l'11ssion ir will be gener-
1--11rnPd 1i1:1t tiiP hPniatological etfects 

, .. •· 1pn• l11P f'I'llll:tl'lly to rhe penetrating 
... ' r. 111, r 1·: d1:>t1011 rP•'P11·Pd. The hf'ta radiation 

11 ::• ·it tlP -km m:tv havP ··ontributed to 
111 1 1 i:t1 011, 11 t rP \1·hitP eo11nt during the pe-

1· !\\P J, .. ,1011,.; d11ring thf' third. fourth 
fr 11 "•·PK. rq1t i, »1>1i,;1dPrPd not to have 

, ,, r 1 •1111 .. ,j -1g111 tic:urrly to dPpression of any 
"'' 1 1>111·1·:1.l.P P111,.11t~ 1 ('h:tptPr :\). The degree 
•I :1r•·n1: 1, 1111:1111lllalio11 \1·1th fission products 

':11 it<'! "''" probably too small to con-
1 1t,. 'i:!lll'i(·a111lv to thP Parly hematological 

·rl .. t .,fi,..Pr ;p,J .\ ltho11gh 11 1:-> not possible 
.. 1 1 11· 1 t Ii ·prl 1111 t v that t hP:->!' :t<lded factors 

J:• ,, ·t 11 :rtt-r1:ilh atfPI'! llw ht>1ll:ttologi<'al pat-
"' -l'Pll rt \\ill hPl'OlllP PVIdPllt in the discus-
.I , r '1:1 t t Iii• ,·\1111gt>s 11hsen·Pd :u·e not ineon-

1·11" 111t Ii Jro,..,, to ht> t>Xpt>l'tt>d from exposure 
i "'11Pt mt 11g r:tdiat1011 :tl01w. Thus, the 

II' I 1,1I1-io:!lt': ! I I :lll/.!P' llOtPd :tl'P ('()Jlsidered to 
,, '"";It llf :t -111glp 1•xpo,..11rP ro penetrating 

! 1 1 111;~ i 1d>:tr HH. ~u .. 11,·PrPt1 at :·t rapidly de-
1 • ,, ... ,~,. I'"" r:1it' •l\Pl' a pPriod of approxi-

1 .. 1• ' la\' 
1 ·11Jp,.,s 11ll1PJ'\\JSP stated all dis­

il ,.,,,,. ,, ·II i,,. 1rn1tPd ti> rl1P ol<IPr-agP suh<li­

' ;11)11)> I. 
' 1, .. : 1 rH· pal -oll!TPO: of prPvio11s data avail­

'' •· • "' 11:1,i:111:-"11. :111d •ht> ··h:u·al'teri,.;ti<'s and 
"1 .ii "r 1 ~ , f ... 1 d1 :1 rP 'llllllltarizf'd i 11 TalilP 

i'Pr11,..tJ 111· rlw r:ti>IP \\ill 1n:tkP apparent 

1tli< 11 It ,.,.. 11-oJ\·pd 111 :1ttt>rnpring stri<'t 

ll)•:i I,,.. Iii>. Ji, \\P\'PI'. ,11111!' statPlllt'llt>i i':tn he 

1,, w it>-p1·p il1t' ob\'11J11.' li111itat1011». For 

'" i. 1·1·e:·p11 '!'. ·101·r11al" \':ii11P» for periplwral 

,, , , "' :1t-. fr·irn rl1P 11n•,..p11r ilala a11d frollL 

'1-r··r111" :111 111·p~11rPd 111 T:1i1iP + 11. 
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Table 4.10.--Characer1sr1n (•t Available Dara or> rt,t.· Hernaro1ogical Effects of Penetrating Radiation 

t 'IIARAI TERl!-lTI\'' 

:\'umber' 111 i;;rrn p, 

Adequan· ,,f '"11 

trols 
Serial counts 
Counti1111; 

!lique8* 
Cha nee '>f hm., : '" 

to sam pl in>! · .... , 

niqtH'' 
''Xorrna1 

11ab 
Internal 

nation 

~·ullLdl: 1 

. .\dditio11al ~ ra 11,:· 

iburn'. et1· 

Spec1P~ 1•.xtra!""" 
t ion Il•'C(·~sar\ 

TvpP of radrnt t• 11 

Dosa1l,et--st1rnat11 ti 

Sin~le expo"rn' 
DoRe rat,· 

GpomPtrv 
[)pptlt dnH' ''lll' 

1 f' 4. I' ,.,J!: fJtlM H: '•, ,~ 

, l f Ii.~ I 

'll 

'tl 

\ r •. 'f' 
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-., iii f1 J\\ tJt':Lll· 

: :'-I f ~ ;,, : \ \ I 

Tll KR~'' 

~1n di 
JH1' 

fa, 

Ur..!+· 

~ ' ( I 

laid 
":.ill i l I'' 

11:..11al 

l ... 11 aJ I\ 1. ~ 

.aJ tH" l • 

:-:111 dt·I 0

Li 
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4.42 Comparison W'rd1 the J.;panese Hiroshima 
and Nagasak: J >ar.1 

The lim1tat1011· -r 1tt·' 
the .Japan1'"e lm1 

ti(·ular, in whi('h 
I 1~ I and ] ,., [{01 

ind i \'ldua b Jo .. at' " 

•'['hp .fap:lflP'>' 

.\ t fl II ••II I IH· !1;1-.. 

llllJlPd ro11;...:-l1I \ 'I\ 

;1ppr11x1111at1 1h·.:ri·1 

f'~~f-"lltiully 11•1 !lH rrat;r 

t>XJlO:--il]n• ~H ll!TP'l 

1'1blt> L]!I ti>p11 

'' •llfl' * F 10 l I 11 !> 
I'll ( )11tdl(l,'l",l' I I'! 

1 P I ' >o I ed a 11 ii 'll'lllil+j 

, t' r 11 P ~If t I l•' I)( 1111' l, 1 ~ 

111• la,. fl \"]~•·l'Pf1i t'J 

,·t~ d1~ ln ~n1i1p·..; :! 

-..1 ri 1a lli.f' 

'RI H. .\ T( R ~ \: >'' 

~' ;-.. 

!I a I 

Jcll)r 

·"~ 

~.!. I ) I ) ( 

l:l"~t 

'J• 

,,~ain na., :w1J-

r, 1n=-- .\-· 
"a'; ... _ wtu,'" 

)jjjlf 

'. ~· .. , 
fj•,taJ1l;1 fH'Ol· 

\'l)tHI ar d 
part ia.1 h(Jd \ 

'•>1ill»tltal a11•I 
•·thai 

lt:lp 'I f:,Jl ,,fl 

E '{PIJ~KD .\1 AR~HAL-
1.K!"E 

br>!t' 
io[OOd 

mir11mal 

TIO 

gamma. i>Pta 
to :-;kui 

fair 
~/PS 

\'arv1n11; -.Sr: 

hr 
Total lmd v, 

\wta r" ,;kin 
S11bl1-thal 

:3o0° fipfd 
J<sSPl'lll:tll\' 

~lat 

LARGE ANBfA~ 

lar~P 

,·ery good 

yes 

~ood 

,;mall 

!\Ont' 

no 

hard X-my,;, 
gamma 

good 
yp:-; 

-!Or/min. 

Total body 

Sublethal and 
lethal 

:\'arrow twam 
VariablP; 

rapid fall 
uff to fiat 

"' ,, lia tlin may not han• received signifi-
111' '\fl''~lln" Ilt>ni·t>. 1\·hilP the pattern of 

•, 11 gp 11 1r11 rt>~pe<"t to> t 11ne is of vai'ue, absol nte 
"11111· l"oh:1IJly are high. The time course of 

"1111trtlo!!1<·:1 l "hang<' 111 the people of <Troup I 
1"''l>o1rd 111ost ··losely with these low exposnre 

I 11>a1 "'" !!l'<i11ps 111 "'l1i..!1 detinite signs of 
.. 11·1·1· 1·a l1:1t <1!1 "-'J10:.;11re wPre present in some 
11' t, 1 1111: j, i>11t 111 whil'li Pssentially no rnor­
,11111 '" ·11rrpd I 1111t1al liernatolog1('al ,;tudies 

1111 .l;ipa11,.,.,P ti>n11111att>d at i;-, wt>t>ks). The 
1: 111·11rn1 11p to approximately ii weeks was 

11 ;1 1p1 IZP(I Ii\· ··n11s1dt-ra hit> 1·anat 1011 in total 

111 i><>I Ii t iiP < ;f'()ltp I and .Japanese 



HF\1\!1 11' 1t;1, -.. 
,JI 

Table<!. l I .-Mean Peripheral Blcx>c ( 1 •unt \' alue, tnr 'ievenl Control Populations (xlO") 

Total Wh11 .. ,-,, 11 

::-,;t'UtrophiJ, 
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'.\!011oc\'tt•, 
Eos1nophil1, 
Basophilt'' 

Pla1"l"t" 
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**Tht- TllPhil \ ;1l\1t' fi 1r "){ T10l~ll1:tl 1J•lt1..!'. \ '.'1· r ~'I 

pn~:-;ent ..;t11d~- \'a.:-- 2r. ·· d 1 H· 

1·as11alties. This rlu· ll1at11.11 ·11a\ iw ass,wialP< 

with the prt':-Pllt'P of t la·n11a '11' 1ithi>r 111j11r1P•, 

Ill the .Japanest> or t IP ad ·,. -k11 ;p,;1on~· 111 1 "l" 

.'\farshallese, or ma.\ ·or• PS1>011tl t• 1 !1:1· 'al,<>rt V•· 

rise .. noted f<>r an 111<1 , f1dlon Ill!! exposu·1· 

I U, 1.-, ) . From t h P !'1 t ! • .. ., K 1 111 t 1 1 t Ii P tern 11 

nation of tl1e ac11tP t111i1t" '" 1 l1P \!ar~liall""" 
during the iOth --.•pf\, ·IP .lapa11e,.p 1111, 

.'\IarshallPse counts 1P111;i11 ... d :11 -1m1 lar J,,, 1 1:-
The neutrol'h1lt> • J11111 1otl 1!11· .J"l'"'"'s1· 

:rnd .'\Iarshnllt>st> Ill ~'P1wr11 I ,:u :1 ]p]pi/ t J,,. t11• a 

\\'httP l'Olllll. ThP \'lllid .. ,. ft' 'lllil1I l111tL 

!!l'Ollf>S \\':IS dPpress1·d t' LJ \ 1:1d !'Piil Lll t·d l.P 

]ll'PSSPd at \':tl11es of 'J!'l>l<>X,lll:ttPl,1 _'111111 ll ti 

\\'PPk )1), TllP l11: . .d1 ,·;ii111• .,f ~!'1'.I~ l'Pf>O('fPd 10
1)! 

thP .lap:tllPSP for \\'f'PK·- : II 11·-t IP - I~ 

pel'ted of ht>Jll!! 111_:!: "• ''" "1 1 :1>·<·11' ~,,, »11 

earliPr. 

\':tl'IOllS (']Jal':t<'ll"'hl ·t · J1p ,f;iparwS<' 

lielll:ltolog-i<"al trPtHI- -11•.i ,, ,,. ·<>11itl'd ,,111 

\\'lllle liig-h dosp t'Xf">"111v ..:1,>1111- 11 tl1 '.!.~T11ti 

•·ant mortal1t,1 sito\n rl ;II ' •l"{>l'l''-1<111 11 ti: 

IL deti11itP low po111t ii . P1'1.;-, lw <1\\PJ' <I' 1,;p 

:!.TOll[JS ,.;howt'd 110 d..ti111t1' Ill 11111 11111 :.r ; \l'p1•k­

hut ratlrPr a 1·011t11111»d 1P1·rf',,11,11 111,1111iJ., "'tli 
1ir Uth ll't>Pks, IJ) \\ h:iP 1 1•:111 i•· 1K11• 111•, 1>11'11 

1Jf tllt' l1e:1V1ly expo,._,,,j :..:r• 11, 

pan and 11·p1·e .tp1,r•1.1·· , 11 , 

:•q 71 :! lJ- iii 

Jl'lll I L 11 ~.'Po 

·Ii""'" ·111':111,_, l.'> 11t>t>ks afrer PXpmmre were still 
',,.'1 , ,, 111P:t11:- for 1·ontrol populations listed in 
r I )"' ; 11 I Ii fad. data of Kikuchi and 
,. k lo·a k:1 " 1 . r;) ind it"a t I' that hematologi(' 
1·· 111 1 1'\ 1\;1, 11<1! <·omplete :.! yt>ars after ex­

,,, .. 11r". rlw "t 11diPs of t ltt>st> authors, per­
'••111wd J dPJH'lldently .of t]JP .foint ( 'ommission 
"' i \ t<•n11t· Bomb ( 'asualty < '01nrnission, s11g­

,. .. :1"t 1 1 11• ··arly \,]ood rPSJH>11st> ;tnd prolonged 
"' •>•·n ,,f rltp .fapa11e'*' 11as similar ro that 
"' 1.i·1p<1 lw1P f<1-r tlJP .'\Lt1-sltalll•se. 

w ,,,.,,.sl'11t ti11di11!!s in tl1P .'\larsliallest> arP 

11·1· "1t Ii · JwsP ··liar:u·tt>nst1<·s. nameh· 

"' :1 "I Jte ·p]] and ~1P11trophile <"OUnts 
Ii< \\"'I 11-l d1•ti111tP 1ninillltl!l1 :It ~ \\'Pt>ks as PVl-

1<"', ,., 1 1 .I :1 pa11P~P groups .\ to fl. but ra~hPr 
111 r '1 1TP< d11r1t1;,; the tir:;r \IPPks ,,·ith minirnttlll 

"" 1 ,111'1!" 1)t·c·111Ttng !JI tht> tith \l'Pek or latpr, 

w1111·11pi1 ],. '•lllllts 11·prp 1111"talilP over tht:' 

'1 · •\ PPk,;. and l'PC'OVPJ'\' [() 1·011trol lt'veb \V:tS 

''ll1f>IP(I 1.,,. rite tith lllOllth. I') ly11qdtot·yte 

'" 1 1" 11.,na: 11Pd dPJll'P~,.;pd t liro11glrn11t tlw pe­

' I · , ( ' l f ,-.;p I \" :t (: 11 I l. 

11 ;1 l!'IP' d 1ta 

'' >' iJ], l I\ 

II tlJP ,J :1p:t!IPSP :tl'P 11ot snffi­

'llOl'P t l1a11 1·on!!li '1llalitati1·p 

1·1 I '''"I~ T'11s i'i 1111fort1111:tte ,..:i11t"e l'h:tng-Ps 

1!• [1·! \/l\111-. Ill t/11• fll'P,..:p)1t -;t1tdil'S :tp-
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pt>:tl'!'d t(I :-li()\\ :t 

·lid th!' iPllkW 1+' 

I<, I' "I 1· IStPll f j >:tl lt'T'l , :1 I 

" Ill l'J:1f+<lt'l ,·<,ll!fl ·· 

'>llP i11di,·1dllnl. ·1111-1, «I"' ,, a r, pr«al 1·P,.l><•11-.. 

Ill a 11011 fatal I 'I' 11 .. ,, 111.ii(':1tp11 :111 

parent lo\\' :t]>f' o\Jll 111"1 "1 .1:t1 .',t<. Tli1- r 1111· 

tl'PlHl :t!!l'PPS \\ t Ii I. >'•·11 Ill I iw .\larshai '""" 
:1nd .\lllPl"ll':lll:- PX[H>->'il 1'< Lil!oul ) :1d1:1t1<>11 

It is wortln· »f 'H•l1· 

incidt>ll<'P of 111.1-p111· 

IH'l'lllTPd bet \\'P«ll 'IJ1 

! 11 ( hP I >P::·wd I if' 1! >t':I '• 

I ! t' • I : l I >a 11!':.;p 1 I• 111 

r i nd :',1 rtl1 da,. "' 1, H , 

1'0lTPspo11d." lll (IJ,.' ill' ·I lll:l.\lllllllll 11i:1l1"l1" 

d Pp !'PSS i 011 111 I I t' t' \ ! · i>t ' j \ J:i re: J 1 · iJ] P:;p 

4A3 Compans•.>n \X (h lhra hom Lahorarnr• 
:\ccide11t~ 

.\ fthOll!!)i I <1 l I" 

!!OllllP :11·1·H Je111, 

:tlld tl!P <'Olldit <lll· 1 

\ 1.iilll)'• '1' ,i If \I 

, <' I \ f >t' I · f I I \I I :i I II ' 

F\1H1,lll'1 1 Yt~n}. 11 :tt"ht>d:i 

ditft>!'Pllt fron11·1tl.PI' ''II ,l,11>:1111'~!' (•]' tltp I! ;f'"lll• 

I situations. :t :1l'!!P ·111111H•!IP11r of p•"'J1Ptr:11 11:.c 

g'llllllll:l :111d lit'\ tr1111 1<11:1! »II l\·:1,; l'P!'P \'t'd ill<i 

thus :1ttPmpt- 11 <>I .p;.r1-.. 11 111:1\' i.p ,,f '· 11111 

:--;onw ti11d111:..:-- 11 1 I 
are poi11t1'd "' 1111 forn1 ,, 1rl" 11-1· 

\\·hitP and llP\lt "OJ1r1I ,, '"'ill!" <>l"'I' t lit> ir"1 ft", 
day,;, ,;imilar (! I tJ:d !'PI l'ifl'!y II! Iii':' .. \ 111\'I' ':1 I 

group 11:1s ,,li:.;"n"ii l!:f<11111h • h1 if• :JP,. 

!tigh-t>xpo;,111·p !>111 •11 "'1 1:tl , 1:;'"''· ']i, .. ' •t:.: 

\\'hit!' :l!ld fpflf"H '. 11 I }'Ii' "lli!l JJillPii t" II'. 

,.;omp ( lt>!!l'PP '! t 'l•'I ''' 'II ;iftl f It) ""t J \\t•t• 

hr v () 11 d . (., l I 1" ' '. 11 I ' ! I"' \ ! I . r ) 11 11 t . I l ' I l ' I l ,, 

i11iti:tJ lll:tl'kP<i 'i\'lll"''''I ''I lllll,;f '\"\"· 1
' 

!ympho('ytP ""11111- 1·111:1 'IP<i 1r l1111 ''".'"· 

throu!!ho11t tlw 111·1,, .. 1 • I I 1 'f 

;1bsollltP !'Olllll 11 (' !Ill t'llli • p.1!;,11 \,. 

II011·pvpr, 11f 11 .. 11 ,~ ... p .1r\':1 I, r· 
tlll!PS of lll:tXll'lllll: «i i'"•·llHI '.'.Pl P 11<1( r,f 

:-istPll( I\ !th t]11 

Jll'PSPll l · (I fl J 11" 

I 101\'P\'Pl'. t j,p I I ii l 1" 11 ' 

llllllli \';1 i lit''- IC I'.\! \ 

,~ '\ 0 ("(HJ Jl ( '-.. \\ t 

t ht• ti r-....r - _.: ~JI •II,. 

1,: 

T'' 
II' 

I;: 

, '• !li '\•, H.\l>IAT': I:\ 

r IP \r!!•>ll!lP Lahor:1ton' ,'l('('tdent 1 lD) in­

"'' »d fou1 11di1·id11:1l,.: 11·]10 \\·ere t>StinrntPd to 

; , , , 1·• "" 111·d 1 ::ii. I:..::-. !ii I and !) rep. rPspee­

P 1 Tlw ti11d111:.r~ 111 tliP tm> hi:.rhPst Pxpose<l 

'dr, rd 1;il~ 111 C!'!'IH'!':1i 11·t>rP <"onsistent with 

'i<>."" 1: 111 .. prPsPni- study .. \11 i11itial neutro­

,>111Jr,· J,.11k'" 1·tos1s 11·:1s follo\\'Pd bv tluetuations 

t<Jta "01r11t. 11 itli low 1·:ti11Ps l'Ontinuing into 

· '1" ~ 1 li 11PP1;:. !{rcm·pry 11·as not "omplete hy 
11• ">t 11 11p1•1i:. ThP ly111pl1o«ytP dt>prt>ssion \Yas 

'11 ltd :111d 111arkP(l. ['P('()\'Pl'Y \\':IS not e\·ident by 

~11· ~11t 1 1n·Pk. .\Ii111111111n 1·alnt>s for the plate­

'" , 111111r~ 1P!'P nht 1111,.d hPt11·Pl'll tlw :2:ith and 

,f ·h ,· 
1111 11/fhuf/ rt•il/r . I 11i11111! fhd11. The time 

lf'!lol~ 1110 -p1·t>rit1 llf 1wr1pl1eral blood ('Ollllt 

l1.111C!·\' foll1111·111:! total hoclv radiation in :rni-

111:11, !1: :-. IJPPIJ Pxa111 1wcl <'ritl"ally rPcently I l:l), 
1:1d 1[,p •.,]Jo11111~!· e!·P11Pr:1l "011«111sio11s are 

'i'P0-!'11 T pc]. 

.1 .\ 11 11 1ti:il 1'1'-'•' 111 total 1d1ite ('Ollllt (re-

llt>1'tt><I 111 1 :P 11P11tropl1ilP <'Olltlt) rnay 01·1·11r. 

l"l1PrP:1 ftPr r]i., 111ag111tudP of rlPpression of the 

'•>I :1 I 11 li1tP 111cl 11Pllt!'IJpl1ilP ··ount;;, and within 

!1111 t-< l1t>11· d11r;tt1011 :1rP :1 f1111d1011 of r:ulia-

1·11111 d1 -:P. \ "t'"o11dan· or :dHJrtiYP rise in the 

"•";rl 11 l11tP .-1111111 1 rPtlP<'tPd i11 tl1P nentrophile 

,,, I .-1111>lio' 1·tp 1·1>\l11t I 111ay rn·1·111". follo11·p<[ hy a 

,.,.,,11cl dP!'f'••:1:-.r. ThPrP is !itt!P ,.:pecirs differ·· 

1"11'1' 111 tlw t"ll!• <>f dPprps,.:1011 of tlw total whitP 

"1 1 1·111 r"f>'liil' ""1111t at 1·0111par:1blP doses: !tow­

"'·1·1. t IP r:itP of rP1'01·pn· :111d timr for 1·0111plPt!' 

,.,.,,,·p11 1· •1111tP ditl'PrP111 111 1·:1rious species. 

"11111! 1111111:11-.; I 111011sP. r:tt. l1:1111stPr) :;how rPla-

l't·l1· -.. 1111•lPtP n'<'O\".Pl'_I' to 1·011tro! lt>1·rls, !'Yl'll 

11 •l•N·'-' 11, tliP [ptl1:1l r:tll!!f', by th!' PlHl of the 

.r 11 11('<'1\ 1· P:trl1t'l. !Jata •>11 dol!S art> i11ade-

111arP 11 1 1dwatP \1lw11 rP1·01·pry is 1·omplPtr: 

1"'' Pl" r. '"t11r11 t11 ""11trol le1·Pls at hi!!h rlosP 

l"(!·I~ 'Ill" '"'r ll('>'lllTP<i Iii· tl1p .-1tlt l\'PPk. :-;wi11e 

.... , 1 11r• " '·) 1.-, or 111orP \1·ppf,;s for cornplete 

\, 1 Tl1P 1·"'-']H>ll'-'!' 1)f lnnplirw.vte-.; is pso-;t>11tially 

rlPilt II :ii I!. ·ill ;1111111al :-pP•'IP,., l )pprp:.;s1on ('ill\ 

"•' IPt"1·tt'•1 "'1tlii11 :1 fr\1· l1011rs, and l'Pl'OYPr\' 

' 1 11 11 t IP 111 lllllllllll 1:1 illt''-' ( 1\l'liiPYl'd ill :\Ii to .+8 
•Iii!''- I I'('( illl'P:-. ]1i:•l:.f!'l' tl1a11 dot>S IH'lltropl1ile 

"""'" 1 ,1·1111il11w\IP'-' f:tl! to \'Pl'." lo\\· lt•yp]s 

I 
I 1 
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at doses WPll below thP IPtl1:t r:Jll!!t'. a11d lfl•TP:1-­
ing dose result~ 1n 111 "1 1 till n1:1 f1irrl1.·r <1»-

<'rease in "ount Ly11qilw• n1· d<"prPs,,1or1 :11, 

pears to have 110 cau:-;:,I n·l: 1 ' Jtl 1 1:--i1'!' 1.\ 1rli :11·11:1' 
radiation death.~. 

(') Platt> let <'Ollnh 1a \" · 1PPl: t lid 1Pd m<>~t 

extensn-t>ly in dog:-; 1~1 \ \\1th 1w11troph1lP--. 
the rapidity arHl ma!!•11t1HI•· 1):: i!Pprt'"~1011 " 1 
function of dose ht>lo\1 rl1t· ll'f lt,1: 1 tll!-!" \lax 
mum depression <K'l'll!~ I:' 1,p '.Jtl .. 1 !11th,[:, 1 
with doses m the 111!!'1 ll'th:1. r:11:!_!•·. IJ\ · lw ]11111 

f{e1·01·pn· Iii•-
.zins during tht> :\d 1Yed-.: .. 1111' :, 11<Jt 1·m11pl1•tf' I v 

the ;)!)th day \\·lien nw~1 :--111!1 "" l1a1 P hee11 tPrrn, 
nated. Insutfie1ent d:,ta 11• :1v:11Ltbl1· ro ,JHI 

cate tin' tinw requ1rPd f.,r omplt>te IP('IJ\.'PJ", 

Considerflble p1·idett<'P 11, ·lud111!! ·<111d1P:-c 11 
the mouse usin!! ,;plt>1 11 i1onio!!PT1atP-;, :ndtH'"d 
baderial infPct1m1s a1 d ~pt••1tane1>11s i11fe1·t101," 
havP indicated that 1·"1tl<'a n»11T1oph1ie iPVPi;-: 
exist. below \\·hiclt :-11··1·11 a :, , 01-rPl:ited \1·11 '1 

the absolutP 11P11trnpli1!P1"''11t f11IJ,"1111:_! \' iir11" 

hody irradiation i 1;, I Fr• till daLt "11 dog~;, 1 

appears that surnva 1~ lihPl1 lJ 1]p,;.; llt'llrJ' 
phi le <'onn ts rPnia 111 hP [ ,.\, l .~1 H ""I Is for 
period of ti me. 

Platelt't data on de·!!:- 11 1, 11· tit' 1 h:il :u11111a 1-

with external p11rpur1 :1a1, ! i:t11'lf't .·111111h ,f 
ii0,000 or below 

~uffiriPnt 1 la! a '111 ,1 !'I!" 
yet availaLI(· t11 •111a11· it\ 1 

mum dPpression ,,f ,. t i1t·r 
platelPt 1·011nts as :1 fii 1.-t :• •r 

lethal r:tlll-!e, Tlie rp,;110IJ:--P 
in thP prt>sent ,111dy .1 a- 1 
flrn:tnat1011 t ha11 11 Pn· 1 :11· 
pho('ytt> 1·01111tc- For 
systemati(' inYP->t l:!:lt 011 , 

: II 111 :1 I" : 11·1 · ) . I){ " 

IP l'\Jt'JI! If l!l:IX 

ii" 111·1ltl'<>llhil1• •!' 

•1 1 ,j(l--;p 'It Th1• c·ll 

,f -L .. ilat1•ipt ,., t11--

111 I 1 I+·,;,, ,. I i!J J Pl 'I " 

f'llf!'<>1:1liill' •ll ln11 

leuko('ytt> <'lllllll' ill 1:1 'i.'.I' .1 111r:th t~ :1 f11111·r11t1·1 
of dose in the ~11hlet Ii, I 1 11 :.!<' 11·,. 111d 1• at••d 

It is not pos,.;ilde t, -.,:11 it l'l'P~!'Iil 1\·l1Ptlwr 
~eYPrit_y of PXf>OS\ll'I'. iii' 1)

1 
)' 1d i:it 1111 .!:Lil!:li,!'t' 

correlates lwtt!-'r 1v1tli d1,..,1, TP 1 .. \·1·1- ,,f ]>"1"1!'" 
11·111 1•ral blood 1·ount. 111 

from 1·1Jntrol '1r 
d·~!!1·~·p · 1f 

t'\'Pl1:-flJ'<·-PXp< ·-II' I' 

P\'ldPlll'P ()IJ ilt1:-' !'Ill! I ·di 111' 
paring the de!!T'!'t' qf J .. pr< 
phile ('()\Jilts 1 I r!'IJI I'' I 

1
1 ll:I 11:.!·P 

~~01 ~ ,p 

lil'llf I I 

'f 

R-1 I\\ l ]1)\:--, 7i9 

::1d "~'-Pill I illv ThP S<llllP 1·:tlrulatPd PX­

l'"''t 1 ·· 11 11 f.,r '" hid1 l'ontrol hematologiral 
,', >'l'I r·ot1,.;1d,,rabl_v different 1 the lympho-

1 r,. , •1111t 1:-; 1«;t ,111talilP for 1·omparison since 

'I•·!..'"''' >f ilPpres,.;1on \\:ls es:-;Pntially the same 
· 11·~" c'.l'il1J•S a11d tlw liight>r-do,;p lVrngelap 

!! 1·1" I, .\ t 1 hP r 1mP of peak depression for 
l·:H ! r•IPtllPllt. thP neutrophiJe 1.'otllltS were 
,.,_,., 111:111.v :de11tlt':tl in tprms of absolute <'<Hints. 
It 11 ti! ~til<'ratilv different in tPrrns of the re-
- I,,., 1 ,. , ·o 11 n·, i I \ a I 11p:-; Tlrns. :-;ome Pvi dence 

I f'<lltit'd tl!:tl illSOiiltP !'Olll\t:i. rather than 
«1111- ,-,·1:11111• lo <'Olltrol \·:tl11Ps. may be the 

1111-1 't•i1a iltr 111d•'-" qf l'~iposure in this dose 
~ : . I ~ f' 

f. 1 '' ,-\ pproxi mac10n of Minimal Lechal Dose for 
\fan 

..,, •1111' :1d!l':d 101 of :--eventv of exposure <':tll 

f,..;.: l>'llllt"I fn1n1 a ,·ornpari;,011 of minimum in­
rl" i 1 1.1, ··01111!:-- 111 .fapallP~e :,!l'OllIJ:-' in 1d1ich fa­
T:il,1 ,._ ,,,··11rrPd In !!el\Pr:tl, 11 :;ignitil'ant 

11 111 LP! f death,. 11·as PJ\('OlllltPrPd only in in-
.[ i 1:r.I- 1 it<•:-;e 11PutrophilP 1·ount fell below 

·tr" l 11 (; ro11p I. l-~ "r :1pproxilllately :->0 per­
. 1·11 1• 't11d 1w1111opli1IP 1·011111:s lwlow ~1)1)() at some 

111• rt11111!! rlw ,,!J,,en·atio11 1wr1o<l. and lll 

,,.,., "' 1i:1d , 01rnr- he\01\ 1111)0. By this cri-
.,., ,, ,r. 1 :1e•1. t ilP 1·tl'i>1·tin• dose re1·eived by the 

i\,,r .!<'1:1!' 1po1ilP 1pproad1ed tlw IPthal ran!!e. 
,1• 1 !<>!! ( 'rr111k1tp and l\ond. n11p11hlisht>d 

· I 1 t , i' ]> r · 1 1.'\ 1111 a 1 .. J _,- : 111 :rr d d i t i o 11 a I .-ii I to l 1 )I) r 

"'•1111n·d t l j.,"·pr tliP 11e11tropl1ile •·ount by 
11 11 ,.] 1- 11n1 111 t hP lit!!li ,;ulilPtlial dose ran!!P. 

111 I ,1, '• ) Ill ! 

I "' ' I 11· j PI\ I :ii 

11P :1ppl rPd to nian. a11 addi­
wo11l1l ha1P f>l:tl'P<l the doo-;p 
ra11t'.·l'. ( )11 t ltP other ltand. 

1 1'"""·1· '" ,·\p:1.1· fr11111 '.l1P pn•:-;ent data <llld 
··n 1 1111 :1l 1 xpPrlPll('P 11·ith tliPr:qwuti(' radia-
.,1 1:11 I i'lll l'OJ•llih• l'IJ!lll(S \,pt\\'PPll !tll)I) and 
11 1' i11:11a11 IH"r11:!'- :1rP 111 !!PllPral wt>ll toltrr-

L "' ! I t1111a11 he111!!'- 11·it'l1 thPsP IP\'Pis of llPll-
"' "" -11.,,1- 110 .. li1111·:11 e1·1de1u·p of illneo-;,.;. 

11 -11·11 il_1 :il'f 1 \'P, a11d !!PllPI':tlly do not need 
-,, "'' ',,.,,,. 11111111ot1<· tlwrapy. 

,.. 1 '""'ill' if<, !'Oil]> I an• P:-t i111atPd to h:n·p 
. ti ''I 1- 1k1il:1tl'1i fi-11111 .i .. ,.p ratP J'P:ld-



Iii ill!!:' lllP:l:-,ttrPd 

prndu<"t tiPld. 

it 1:- SP!:'ll rl1at 

F111r rl:P 111·p1·p<1111!! p:1r:t:!11p 

l 1 :t .j, 11tI•1' t:I .11 I I 11 I )I I "t I' 

t1ratorv rad1ati<ll1 111 ti 1\~·r:l~f' ,,r· 1 :, 'f1Jt1 

:1b]_v \Y01tid 11:11'!· n-·-1il 1 1'<i 111 -<1lllt' 111>rf11 I', 

( 'otTP('till!! tlt1,- i\PI I!!'' \' 11111' t'or !e:P•111:1Pll 

it follow" tltat · liP 111·111111:1! IPtlial 11w .. p •-'(Jr ;;1:i1 

PXJHlSPd Ill a t 'iSJ1 •II pl 01 /11-·t hP)d ,, fll>l< 1'( ! 

matPl\' :!:!.) I' lliP<l"IU-Pd 111 Ji I!' 

It is poss1blt :1!:-0 1 0 P:-tlrnatP tl11' :1:idP:i 

ITP!ll!:'llt ,if' do·+· t 1;1 \\fl\1111 l1:1n• l'f"- illt"i 

"Olli!' mortality .1111•>1 :__: t tt' ( rro:q· I ]'P(l1il1· frnn: 
,·11nsider:1t1011 'f t 11e 1n 11rn111111 ·1l:1tpJp1 ·111111r 

ohs!:'l"\'Pd. tl1P l' :ltPll'' 11-n·I·- Ill •IO!!" !''\110'-'P•I 

rhP hi!!ll :-1d>IP·lia Ill'.,'.'>· :~\11. :111d 'lit' 1·-t1 

lll<ltPd l':ttP of d"1'n·:i·--1· 1 f p1.1tl-'!Pt l,.1-t'I ·.1· !11 ·1 

'l'P:t:-.111.!.! df):--P 'l T !1 · ij,~ .... :\:..~·e i''l!I!!~~ ""'U~'! :) 

·tt1al\·:--1~ IPa<l:--- r 't~tP -a 1H· 1111t·l·1:--1~)n--· t:-- • ! 1.1 ..... ~ 

•lPl'i\'Pd fro111 il"llfl<I! 'II.. 11:1. 

4.46 Peripheral Counts ,1_~ ,in Index ot SeverH'­
of Exposure 
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1111'" •'II """"nt1ally 1dPnt1<·:t! deg-rees of depres-

11 11 !'Jip l_\·mplio<'_'>tP 1·01111ts of <TrnHps I and 
11 Pl' 1 ' '"'11,_;tantlv d1·pre:-:-Pd at a ]pye] of ap-
, 11·, 1.\111111tPI 1 :!tltlli 1·p]k Tl111s. 11·hile sP11sit1Ye at 

. ,, "' 11 \\ 'lq,.;p;;. t li1s 1·11dpo111t may be :t pqor ""t \' f tl11' dP!!l'PP of l'X]Hblll'P :it hig-ht:>r doS!:'S. 
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f 1111111/1tfi1·1 l11Jttfi/i(J('llff 1·111111f s ftn· 

II I \il1Jlf/lllfi1') 11;irl ('fill-

;II' ifll:tl l1t'lltl'OJ'l1iJP 1'01111[ of ( ;l'OllJl \\';t,.; 

111,,l:-((·!1!1\ 11101'1' ,jl'J>l'PS:-,Pll th:tll \1·;1,.; flJ:tt of 
1 •i'llll' I :1111! tl11• 1l1tt'Prl'IWP 11;1:-,of tliP order of 
'"'' '11 11\H• 1·piJ:-. 1101\-1'\'l'I, da1· [O d:i\' \\'j.jp 

·!111'[ 1:11 '"ii' 111 till' 11Plll1'1tpi11Jp \'Cl\lllt:-i 01·1·111Tl'd. 
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,.;nre C'PVerity 1-'Xt't'J>f \ liPli) '>ill1t·-' II :c·1 <>llf"' t> 1,,. 
•·ompared are 1wrf()1 nit'•, 1" -- \lllP · nuP. 

Tlw platPIPt <'<J1111t • 11111.-<1 , ,, "r" ·-.y;;1p111:111, 

trend tlian d d r lw ,. 11 "l 11 11 ,·111111t l 11 f 
fere111_·es bet\\"l'Pll t!11 '"' 11)• ... I •l'Ollf [\" ,1111: 

<'Olltrol,.; at tliP tllllt' t ,· l. 1~, Ill II.II it']'rt".;;;:oll 'I): 

all group,.; \Yi!li t!tP t'\• !'I Ii< II •·l ;1<11ilt lll:t!t'·-
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n •I l t u11 I: 'll ,~ 

/Ill' 11//il 1·'l'(J.I• i!/ 

TIME OF PEAi< CEPRESSION ros1 
100 I oatS 26 TO 30~ - _ 

EXP09.1£ DAl d8~ 

90 

~ 80 

~ __ f _ /'" .· _,, -·· 

9 

G 

' 

(" .:::~~ --- - - ti Cf1:...0-0-"¢ 
·' o ei a a 

L~ cr ( JNTROt.. GRC\JP A 

:i.ntJlot1v.·Ail OQlf!S 
-··-- ---·- - - -.J 

F1c;t·1n. 4.1:!.-·f'/lm11lut1, II' i11 1/-r 

r /?on 11<'fu /J ) 11 t /111 f 11 ·, 1 f.1'1 

lj fl/l)t/ f h .'< I/ff( I !" /J(n 

lJl-'t\\"PPll tilt' lltt':llh f Ii ' I• 

P.\(HJ~IJl'e gro11p~ I' :111·1 .. · 

;1,.;, and 111orP n·prod11 

I I. :.'.I). Tli11~. liiP ! 

itl r" 1 1\l 

,;1{1 It' 

011! :1 largP 1»11·t ,,fr ,. - 11 "' 

'11,! i I t~l 

' .. I l< (){' I It' 
I l ' 1 l ~ l I ~ j ) I • ) \.. t • r I 

, l I l !...~ t 

Tht> ;ilJo\'P < 'l!l"ldt· :i' 111 'll' I ' II I l ~ \ I j 

pn'1·io11~ li11d11 '...!" ,,, l J·l ii Ill! 

~', ~ · I \ \ " I~ , '\""' ()I 

< :uncl us10ns 

'\•-IIHH.\TH•:'\ ( h· Tin: dPgree of deprPs-
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Frnr "''·~dHJrk'. a.11Ci P1,rlntar. itt'\ ,f,i l ) "-1(':-- .!IJ .~K:) ~H-X 

llani11"r' .l 1, J{.,.,. \lo-ii:"'-" ~'' ·1-1.11-1s 

,!.!eneral, Jl)tlg' r:d1ol<1;..'l<'11 :ind l·11olo!!J",tl r1:11f' 

lin•s and prod1 ,.,. :i.:11 .. 111:->1'!!_\ i>Pta (•ilrr ,, ,,., 

Thus. thP\' 1·:111~1 ;cr1•;i11•r 'li1111ag1· ro l.011•' :11111 11 

the radiosp11,;1t· ,-1· 1" " 111ill l'<l\\ rlian "' "' ·,,., 
tissues. Thed:t:r1:tg» lf'w f·lo(Jd for111111!!11, ,,, 

results 11 a rP!I 11'!"11 ,,. ·il·HHI 1•11-. :i 1(1 · 11,· 

atfe<'ts tlw P11t1r 11111! 

lnforllliltloll 11 1 Ii· f 1oi11,!.!ll':il i>tt'Pi'l · "f 
t1:->rnallv •1t•po,;1t»•: ,,. "!'"' .; dPn\·t>d f··o111 !,, 

Jimift>d ,;tttd!P' f :1 1 I' jp 11:11 lil:il<>l,·lltOf•ll :«•I" 

<>lllllg Ill Ji11111a ~ .. "' 
t:1ti011. Tlwfa'-1•1'"' 
of sn1all ,11J101111 , .. t 

tPrs i11 li11rna11 i ,,, 1:.:­

of rad111m !'01- 11111" 

dt>positio11. tt>!'ll 111:1 

r1StPO!!Plll<" •:tf'r'I lllil I 

of radi11111. 

f1· 1f1J llllll~cll P.'q1tlf'~llP'I 

.1111·1 11·· l dat :1 ''" t L1»·rh····· 
'Jf"1li:lih •IPpo:-,Jtpd 1·11,1r 

! l'I .,fir illl\1'.j ft'Oll1 o;l Ji<J I'" 

\ i re-.1ill ,,f rad 111 

lH)llP llfl'('J~J~I:--. 111 

I'" 11·" 

i1) :._:Ill l'l"f)~f-1lli' 

'"I" PIPtl\Ptlf 11 ·1··1: »r·11s,t"<1 111tt>1·111ilv ''"' :1 1,., 

llf ih 1011;_:- l11ol1' !'" 1 11•, r :1.!101":!1< :1 I Lit! f f .. 
\'pry f,.,, dat ii , :1 Id IP .111 rl1P l1111:c '•·111 

h1ol(J!,!i(':t1 PfJ'ti, ri iJl / l1~~lll!!'"' o! tl1+ -ilt1d r(·] 

li1·t>d 1-ol•>f>"' ,, ! '"·1-· I'' 11 11 \ 

Tlit> •1wtal>oi1-11 r•·l ,r 11 i 1d l·J1 .. i11:c·1··, .. fj,., 

'" 

111d Pd 111 i r11mals l1y 1 Iamilton I 1) .. \.brams 
,'.1, l)l1•0111 ::). llo\\·t>1·t>r,mostofthesesrndies 

, , rir•t ,, )\'Pl 1 ht> prohlt>lll of the lo11µ: tPl'lll t:>t!'ects 

111111i:1I,; 1•rrnl1wt>d l1y .;m;1ll :1mo11nts of in­

»! Ii:< ih dP!>OSllPd 1sotopt>,;. 

F1>11- 11at:1 1rP :n·:11lablt> 1·oncerni11!! the ptfed..; 

,f 11itP111al ,·011t:11111nat1on witlt rnixed fission 

rndul't < fnnn 111wlt>ar 1h•tonation,;. ( 'ontarni­

·ill 11 •11 ' 11111 prod11C'ed by p1·prv dt>tonation of 

11111'11' 1r '1••1·11·•'. For PxamplP. 110 internal 

.. 11t:1111111at11•11 1\il,.. dt>tl'l'tPd in i11d1\·iduab PX­

''"".j r., rl, .. air h11r.;t :1t :\':1gasaki :111d Iliro-
11,"J[,(, 

l 11 Iii-Id r .. ,!~ ,if· llw 1·011t:1mi11atill!.! typt> of 

:1111111· •iPt"11at1011. a11in1als that inltalt>d ti~sio11 

'"<l"i'l, d111111,!.! ,.!tort pt>r1ods of t>xpo,.,11rP were 
1 111111 I!" iia•:p lllSl!!llllil'illlt illllOllllh of i11tPl'llal 

Ioli t" fll 11 l:l t I· • 11. 
n t' I Ill:! !pf'lll pff,,{'[.; I prirnarih· 111:1i1u11ant 

11,itl~P~ 1 TP•1ilt111!! fr·or11 r:1d111111 depo"Jt1011 hal'P 

""''11 1~··d t·• ,;pt tlie 1111111:-i for r11axi1111rn1 per­

'"''" lilt" f>rnl\ i'Olll'Pl1tr:1t1011,.; of a fp1y hone .;epk-
,:_: ! ild OIO"lllOflP~ Ill tLP body ( .-, ) . .\lax1111u111 

"" 11 I"" LIP I •rnlv 1·11r1tP11t of ot lier r:ulioi~otopPs 

•·. ,r 111i1l1»i .. 11 q11:1I1t1t1P" rpc-;1tlti11u i11 iL dosp 

1"111 11••r \\"Pt>k I·• tlw t1s:-;HP of h1uhe,,t 
11·f t!f' 'lf J11I 

\ 
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Hum an Bein gs 

THE l:-.;TER-"AL <'11:-;T.1111:-..1 1:11.··, ,t Id\· \';t, iw 
~un l.i days post-dPtOI.:1!11.11 ,,1·\, t 1» ,.,ii\p1·1101 

of pooled ~-! l1our 1i1·1111· a111J1il·" :ron1 1h1· 

~[arsirnlles., and .\.mer 1·:u :.: rn q ,, ~la x1rn11n 

activity Ill tlw 11ri1w <H ·11r'- 1111r 1!! 1 he tir:-;1 f,.,,, 
day,; after internal <'DI ta111111at 1)1 h 1> l sPPI, 

an approximate p1p1ilii·n1111 ,t:it" "rP:1.-lt1•d :1 

whi<'h the ('Ollt:tllllll;tl\1" 1·1·11 lll 111!_' Ill I !1P 1111d· 

:trP tinnly tixPd. c·hietlv i: 1!' 'hYIPtal t1·-,;11p­

Tltt> :1rtivity in the 1 r11w · 111·11 ""t'l\i'' f:·•rn 
radioelemt'nt,; which I. 111· h1PI 11·1·latt·1·:: 1 11, .. 

natural pro<'t'"S 1if h1" "!!11 :1 

tht' "t11dy rnade 1" p,;:-,1111 .iii 
librium 1·011diti111J. 

! .11 1 if . I 'I ·'•]I I 

The 1ll'inP :-;:unplP!' '"'" »11 lab111·a1(JrH·' 
in tlw l-nitt>d ~tate,; f< r· .111:1 , , '·, tll'" t liP lt1u 11 

hal'kgro1111d P!H'OlllltP!'t·d Iii "' 1j,.J,1111:1-ktc»i1\,,. 

relatin•l_...- low lt>vPI:-;' f :1"1 11" th<' :1Lq11< 

,;amplt>s U"it'tl. .\. tiPl1, la I>< .1·a 1 on i,; 1110-t 11· 

~irablP for a rapid "ttr t'\. :t ,d '' :1 .. c-how11 t<l 111· 

fpasiblt>, if :ult-qnatP f ,,.1i:r1., 11 ,. 1r<1\ 1dP1i f11•· 

the co11nting of tliP ;;a111p11'' 

Tht> tirst ttl'lllt'' "a' 1pl»- 11 1•111 <JltPd :111on· 
\\'!'re 1·01lt>etPd for t!t" [.,.,, \ :;1111<Jc- :·..: ·11'11!1ti 

Laboratory 1 L.\.:-:L1 .'11: i!111 :111qiiP" 1" 

]e!'ted +-!days post ii»11J1 a'"' '·'"l'P t1"<' "''t 
tht-re. On the :.::',rd. 'ltl 111< !7 li d:1v- fHH 

dt>tonat1on. ~l-l1011r 111111t ··1 IP ·t '"t" fr••ll' ":11 1 

indi,·idual fron1 ]{011g»i:t1 :1 iii .\ 1i:11u111aP wPrP 

"Pnt to the ::\ew York 1lpPr::1111 ,,. I 1tlin· .. \•11111" 
Ent>r!!y('omm1,;,.:1011 \:Y 1 1t) \J.:<·1 f,H. 1· 

alvs1s. In add1ti1111, ·:1111pl•" ,.r"111 l'<'lll'Po·Pl!t.: 

tiYP 1ndivitlual~ 111 tli"''' :!T .. 111>- '·'· •'!'l' ·"I IPrl•" 
~1~. :; and ti lll•mt Ii:-. ,,,,, 
to \YOO-.\ EC 

The 1·:-;;-;J{J1L 1·oll»dt·d :1•11pl•·, !°1'•1111 »:11 ·1 

lllPllltJProftlwt>\fHJ:'f'• :..:1·11 

}IO,_t dPt011:t111111. :-;:I llll1t" 

1 I ! l l\1 I !t da \ · 

tn·ps of tlw,;p gr1111p:- 1»1« ··• , ., t>1·11·11 .11 ~:: 

:: and ti lllOl1th,.: 11.\ thP 1 '·\ 1:1 ·f 111 ·1dcl1t1011. 

,a111 p jp,.. fro111 a :·pprP"• 111 ,, 

1·a11~ ·111d :.;11 .\lar-ii:ri ..... 

iiP1<11t:t1 l<lll. 

.! 1 I :1 ', '-, 1 H . ..,f 
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\1echods 

\. cimplt>tP r 1diol'itPrni1·:il :rnalysis of all 

1,, .. ,,,. ,;i 11p P"' ":1s not fpa:-:iillt>. ,;arnplt>s wPre 

1 ·1 1 1.e11 f·1r ,,ni' :.:r .. ·". Ila'·'. till' rarP e:trth 
..'.:'• 11[ , 11 :d ~l"!'i IP 111:1tPri:d. ThPsP analyst>s are 

Ju 1 1•H i'Pfrl f«r p\·alu:itin!! the concentra-

· 1, •I 1111 1 !1·nt tv 11f all tliP pott>ntially hazard-

•11 · ::11·rii:1 llv dPp<i:-;1ted rad111a<'ttvP isotopes. 
\l1·:1-·1n·111<»11. 1·:t,,· :t!so 111:tdP 11i th•• gross beta 
11" '\ I\ ,.( :1 J} 1 he ·;tlllj>]p:-;, 

! 1 f 1 1 i11 1tP tliP }'l'O<'P!',;111!! nf thP large num-

1 11, ,a 11 p !1·" ,;pn t fron 1 r J1P fiP ld, a ,;can-

... wt 1 ,,,j !11r l1+>ta nieas11rP!lll'nt ('tJllsi,;ting 

I ill 

1:1:-.1. <•X:t:at« 1>n·<·1pit:1tiC111 'vith a lantha­

tlT!•'l ".,., P111ployt>d on an :tliq1rot of the 

't 1.1 1 r 111· ,:u1 plP". Thi~ 111Pt hod rapidly 

11111' I tl:tl•·- t IP 1·:1dioa!'t,\'P ··lPlllP!ltOO into a 
-11 111 .111 11111!' ·11Ht .. J1mi11atP~ till' normal J\: 4

" 

1:1 ·k !!'<11111• \ 1·:1rbo11atP pn·1·1pitation of the 

·'1\1: 1 · I 111 11r c-:t1111>lP inc l'»:tc-<'d thP !'ensitivity 

,f 1P:t:-11n·111t·11t -·1iltil-1P111 ly for analysis of 
· Liili I•" 111!Pt •pd :ltPI' titan ~l .. ll!Ollth,; po:-;t 

lt->1i1 :tr • 111. 

] ! t· J:t•t.t ,\l't i\'ll\ \\':JS <'IJ\llltP.f \\·1th :l thin PlHl 

·' 111 "" ( ;1 l!!'<'r .\I 1illl'r ··111rn1Pr The <"Otlnter 
1 i L1·: IP1 \\"1 ii a i-_() ,ta11dard. and an 

lf'i'I 11111:11 .. ,·,.1TP1 r1011 for· ,.;,.Jf alhorption was 

1i.11t :.! 1 :--:r·" r:111dard. 

·· f·1.nding~ anJ lnrerprerauons 

H..r 1 .\.-t \It\ of tliP l-r111P. !11tt>r11al dep­
·' 1 "il<l IO:t«l 1 \'!' 1•\p111e11 r.; \\':IS PndelH'P(l 

1 r I" 111·P··Pll< p ol ~1gn1fican1 :1111on11ts of lwta 

1· r · , !11« 'II"ltP. This :u·t1,·1ty del'reasPd 

. ii'' j :r. 1 f111wr Ji)Jl oft tlllP. :1,; it \\·as dt>ri\·pd 

• r• rn -luirt I 1\Pd r:1d101,;otopt>,;. For 

no11111:; post I leton:1t1011, t hP lllt'all 

· !t,· 111· 11P 11f :1dlllt" fron1 Ron!,!'elap 

"11Pt"•'1d "t tlu' 1·:1l11P nwa,.:t1rt>d t.-J days 

11·111IJ"il lt ll. 111d :ti 1'1 !ll<illtit:-;, thP :tdi\·ity 

t" .I "II \\ 1;; \i:i1·p}\· ,jptpC'f:tii\P Ill 1110,;t 11f t)w 

I It' I. 
\I 

(I 

\i, l'" 

.11 1111.11 

1l\11':ll ·-11) .,f liiP lllPllil,; ,,j tiJI' lll'll!!' ,-i:llll· 

1 !11 l•lti\t" fr11;i1 J~11ll!,!Pl:1p :t11d 

\ I 1;! 1 11· .111· I fr., 1111 .\ 1111:111·:1 :1, fr•1111 !~1111!,!Pt·ik 

I ll l I . ; :, I I: l _\ ' I'" "I ,j l 't () 11:tti1111 t I 1 p 
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highest a1·tivu1 \\ 10 r J,,. Ho11µ·el:q, gn qq 
(Table r1.:!1. '''he.\ l111grnat> gnmp !:ad it>s.' 
than half that, f 1:1<' l\1·11gPlap group. lI1d 1111 

.\meri!'an,.; had :1i><>11' •>lit' •111<t11Pr 1iie 11·t111t1 
of the Rongehq :.rr •11111 

The nwa11 l!l"i·~~ l•P' 1 ··t1·., 11\ ,,f 1 l1e 1;1·111P 1,J 

the thrPP gro111•:- d11 IP 1:1- 1'<1111.!lily >l'O['••I 

tional tor lw Pxt "11 1 i lo·-P ":wit '.!I oup 1•'P'!1 "•I 
Ho\\'f'\'f>I'. :L ""I 11•:1 1 111 111' ' 1tt· 111ea11 l1Pt:1 " 
(I\'it:" of I he 11r: It' ,,f \I Ill:! l1:1t• 1nd \Ill!'!' t1 

group~ i11di1·atP" 1 I 1r "' iatrt>r l1:Ld .t 0«111.H'" 1:11 
lower arnrn111t 'f 11 r, ··11,1i ,'1111t:1111111<11tl"l'i. ""Pl 

though both gn 1q1- ""'"' 1·,,, I ab011t t hP :·:tlllt' "\ 

ternal doc.t>. T 1i1, 111:, f,., .111'<>1111ted f01 Ii\ · !.t 
fact that tliP .\ 111':.:", .tt· :.:r1111p <1r:111h., 1>11!<1111 
inated wntPr fr< 11, <>11•·11 1111111111'1' :ind it", ,,,11 
taminatt>d food 'i)" 1 11· 1 1111• ,,f P\ :1,.11:111 .. 11 
wherP:tS tlw ,\11 Pl'!' I • 1::.,'.t"··fl'd 11111<'11 ,,,.~''HI 

laminated foo1 
larl!ely ~1orPd 

I i I \ lft•f -... ~l1'P ho( f1 1.\ 1•f'P 

ll·•'d 111 I :l 1111' l'C. I 1d1J• 'I' 

nat1011 IJf tlH· \Iii~'' I• 

11azard~ 1•r1Jhal1 1 

flip llll!Ollllf 1JI •1! 
l'l'l\'Pd. 

Tlw 1·:i r1a1111' 
111di1·id11:1l-. ill 

I ~ I 

11 ' 
111 ,;ll 

~ Ir l t 'Pl' J Ill~ I .d.:1·· j ~ I' 

!:11•fri1' Ill !"d111 1:. 
'11 I i111·i1 It \ I' 

1 , l l \ ' I 1 \ I 1 I I ~ ; I I .:., 

'.1L \IL 

s :mo 12 
12 510 .~ 

1: IJ Ti(.1 • I :3!l ;33 fi2.5 I) 

-----------· 

;) 400 () 

12 l).!)5 I) 

----·----

······-- ---··-___ , _____________ __. 

arl!" ' l':d.Jt>s :i.:: :ind :>.l). This is chiefly the 
· "~11 t ' f 1·anatio11~ 111 the q11a11tity of \Yater 

.11.I 1101 Ii '''" ki11d and q11a11tity of food i11-
:.:t>~tP1l. Tiii' degreP of t>xpos11re of the indi­
" 1d11:il :o :1 1 horrw :1di,·ity is also a factor in 
,Pte11111•1111!.!· tl1t> i11di1·1d11al degrPP of contami­

'1:1111111 \\"11IP tliPre 11P!'P laq!P variatio11:-; 
111011!.! 11d1.,·1d11al:-. tliP day-to-day !Pvels of :ll'­

' t. ··11' ·:l<'li 111d111d11al 11·pre f:ul'lv l'Oll­

,f t' I [ 

l<11rt1«'!' 1for111:1tio11 011 the ,.;m11Te of in-
1111111:1 1:t11at1011,. 11:1:- obtained by grouping 

1w 11d 1111·1alc. fro111 rl1P I\ongPlap and .\il-
11!.!·111aP :.rrn:ip: :::Tordi11g to age (Tables;),.:; and 

l 1 \\.)1111· tlw al'tinty Px..reted per unit vol-
1111P ,f '1r111" 1,.; :d1011t tltt• ,;ame for both d1ildren 
·id 1d1 Ir-. 1 l1P 111P:t11 adrvity of tlte 11n1ie ex­
. .,r, .. I 1 ~ l l1011r,., by d1ildre11 1111der i.-) years 

'.a- -1:.! 11ti1 111tly lo1n•r tl1a11 that PX<TPted by 
1il11li-. Thi· data ,1,·ailablt> do 11ot indicate 

Pl11 11" 1 • •1t>tllPr tlit> lmn•r total PX<Tetion 
.,i I• :1t1·,. :1 -111:illPr tot al l1o<ly b11rde11 111 the 
1:11 l<'I 11"11lt111:.r fro111 lo1n•r i11lialatio11 a11d 

,,:.!P•l!<• I. Ill II iiPtiiPI' It l'PJll'l':-iPllh :t hil!her dP­
,,,, ... t l\:11 1111 11f tlJ1' 1·:1d111·l'it'll1Plih l1y ;!l'O\I·­

' ~ ~'II! ]I 

/, 
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Table 'i. \.-Gr<>s.~ Heu :htt' irv 1n {rim: ot R"ngei 1p People >n .fi'1th Day Post Detonation 
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~ i ' 
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l ~ ( 1 r !..!P 1: 1 1 f , I 11 ~ 1 

I \, n•t ("( 
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111adP 1111 thP -a111pi"" -1'1 ,, " Yr )t I. \I· 
ThPir rP--nlts ,.,_,..,P11t :1, ··1'·"1 .. 11·1t, ti 1· :.:;i 

II 1t· 

.\Et· 

,,, '· 
f'i)rAr VqJ t'\11- HETA :\CTI\'!TY 

" fl f(~ I \{L ll }1 '11 l!R.'i 

'•IL" r, 

15,-, ti3·1 
'ill) I. 71)() 
:;5,; 201 

II '180 .;.rn 
150 .)8:) 

,) :i.io I. i}/7' 
-81) ., 

.jf\() 

' 1;-,;; I. ti7il 
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:11 'if)I) 138 
,j ~.ill .)71) 
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~ I 1 .·,so Ifill 
Ci· :no 1!15 
:,11 125 I) 

~ :J ~so I) 

120 1)80 

"' 71)1) :i 220 
"1.10 1)')5 

18 7.10 ·2, 170 
~ ) I I "Ill 580 
1)',.! '180 !)85 

I 1:~ •i35 2, 2ti0 
t)t ".');, I. 715 
1) .... lOll 2. (}}I) 

2!10 I. !:JO 
230 I) 

-, 'Hi;; .12 
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-;1 -,.io :i:ia 

'~ fi71) 
,, 

l llJ 
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~·a . ·,s 1 I . 208 
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r- fi'i,. 

·1 I 'I IP'-:: lllOll~' t l1P t l1rPP ::ro11ps -,t11d1t>d. 

l•-()•IJ{t I :lllll'" ()f tilP l(fi1·1ty d\'tPl'llllllPd 

) (I·()- \ !·:1 , lim1p1·pr. 11prp lo11Pr titan 

! "\ i( l I. I 1 lllP'." \11· a '()!\:'(:lilt fa('(()L 

i ; 1 d ',,.. 1P111 , ·a I \ 11 a I \'.., 1,.; n f t !i P l -r i 11 P : 

i I • ' I ~ ' I {a' I i o" I 1P11111 ·a 1 
.f 'lw J(<lll!.'.Pi:111 '11'111!' ':llllj>lt>s 111d1-

'"' 1lk:il1111· •':1 rt It ·111d 1·:11·,. P:t rt It 
•!..'.P !wt ·1111tr1h11t1>d -;-.-, Jl!'l'<'Pllt of rlw 
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11 1ld f, 1 rl1P d"i"'~ t1011 11f tlw 1·ario11" r:1-

"''l'·111 .. 11t- 11 1111111:111,-,, '" t l1:1t It \\ .\,._ llP!'P°'c'<ll'_\' 
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( )n the b:1s1,.: of \II IS·llllll'd ipl:tkP qf :.'.I ])PT 

l'Pllf 1wr ~ ! hour. t'1P 111lt'!!I :u1•d d11;:p r,, 1 !1" 
thyroid frolll I ,11<1 111 'It" ,11 .. rtPr i11Pd 1111·1 ·· 
isotopps 11·:1,; 1·:tl('1 l:it1·d 111 t 111, r ·:--.\ I\J: I( t" 1,., 

abour Jll!l !'!'!'· Tlt1· i. \ :-;1, 11 1" 1•st1n1at1·11 11.1· 

thi,.: dose wa,; :dJOLt i "111 'PJ f,ll [{1l!\!!t'l:11:1 !l'"'·' 
and .·>o rep for tl11· .\n11·rH :111;-

Tlw diri'Pl'lll!! 11•pro:1../1p; 1lo<Pd Iii !Ii" 

{~~XRDL .rnd ti P L.\:-'J f11r· "st1mat111!! :11!' 

hodv burdl'n !!:l\ ,, ··f';.1ilt·· ,, hwh. t>'<C'PJ•t f11r 
Ba11

". :trP n•ry ,.j.,,p 

The Ill Pa 11 hod 
nuelidt:>s prPsPntP• ·1 I iii,. , i 111>rP ··:ti1·11!:111»1 
for the I:o11!!·Pl:.p ..c1·111:i \':iJup;; f11• ::w 

.\illll!!lll:lP !!1'011! \I Pl 1• I !•\•!'I)'\ llll:l11'1 \ 1ai f 
tho;;t:> of tl1l' !{011..ct>! '!' :!1111q ;1r.11 1 :1111<·, t' 1' 

111• t'11\ I t·f I t \J()~i' • !1•' 

Ron!!e lap group. 

The totai :11n11 1111 ' f ":11Loa.-111·p 111:1rPr":1 
present 111 ti1P (~.I rra1·• :1t 1>11t~ day po,.:t dl't1J11 1 

tion 111 the 111Prnht>r"- 11f i ;101q I 11·:1s p,;t111tafP1I 
as approxi111atPly ~ 111<. ·1 lt1~, :u·ti,1n 11;:1-, ,,1 
ti'ibutPd <'hlt>th J.1 J;.()[l.'I IP' ,,f ,.!tort radir>!t)!,!lt :1 i 

:;nd htol<>!!H':il 11:1 fl f1· :11,<1 l lllitPd .;ol11111i1t\ 

Thus thP IP\'Pl" "' :H 11' t\ 11 tit!' t1ssne.; .,f tli•· 
hod_v \\Pl'(cl rP I at 1 \Pi.\ 
of radio1o;otopP!- it 
wa,, harPlv ilt>!Pd 11il+· 
po,;Pd i 11 d i 1 1 d 11 a 1, 

I\ 

; I { ) I l t ~ ~ > f ) ( ):-., 1 { j t 't ( i I . : l I I ( t I 

I 'I" 'll'llW lll lll<r-.t · \ 

fodllll'. II Ji1.-)1 ' ; 1 ~ 1 t • ·~, ) i 11 l J JP 1 :--, ! ) J'r '! J; 1 t ~ ! 

tltP lllOSt li:1;,ard<11 .. ! ll' li,•I ili•H'lilli[PI ,, . 

Parly J>Pl'lfHI foll· II\' II t·\11\J·-1111· II 

d OSP t I) t I If' t It \'I' I It I \ ' .. 'I 'l '1 "!'(. I; 11 Ji I". I 11 : I 

1·0111p11rPd I•> tlw 1111111 II· ,,1 r11t:1ih :il11:it1·, 
dospsof 11 11wd i 11111•1 'l'' .,( l1yp1·rtltvr1.,d1-.1 
or (':l!TlllOll1:L .\I 
\\':IS •·:1Jc11J:1tp.J !1 

m1s~1ble IP1PI f ,1 

IJll!' Ill\ f•!i'·t .JP!llil;\[111 I -.!' 

t 1 t · 11 1 • : 1 r t f F ~ ' t 1 l : 1 x l I l 1 111 1 
1 

'• • r 

f1 r ·1.. ,,,.j,,j,. \r I 11 .. 

time~ follo11 lllC!' "'l''"I, •'. '11, 
;-1011 prod1wt prP-•·111 - 1 , . .' · ,, 
tpr11al liazanL 

TliP J>l'P!-P II t -.I t I I 

i( ~ll~PI j I\ •'I ( 

f P~-f lt)f Pl it t l 

made Ill :1111111:tl I '\)11'1. 'llt''if-. : l1a1 l!lrht 
rad1o:ll'tl\'P Ple111P I[, f, !lrP•I ,, 11--.11111 
:1;, the ti,;'-'il•·· 111:1tl' 1:1 
-.orlit>d fro111ri11•,1 11~, 

p I f' ~ p ! 11) I )'1 i:1 ! j 

I l · · , • · 1 1 I · r i ~ , r 

I. :--r, !L1 a11d :1 J." .,f , 11· · :i 1· ··:i,·tl 1•i+· 

'111 :1ttp•11pt l•J nwas11ri> i>o11e-tixed radioactive 
·ri· 111 ,.,., 1, v 111\·:111s ,,f :-:p11;;1ti\·e tilm badges taped 

"'' ,,, '1" krw1·. o\·pr t lw Ppiphysis of the tibia 
1 1111 I.Pr /)f prrso11;;, yit>lded no positive 

f"ll 11-

\", "rr··lat ,<lit "011ld lw obtained bt>twPen the 
l•'!!T<'P of 111tPrnal «<mtamination and the rlini-

11 1111; hP111atologi1·al tindings. In view of the 
-11"rt 1al f-life of tlw most abundant tission 
111,11111 t,.: .j, po,ited intPnrnlly in thi,; situation, 

'w l'''""il ilil 1 tliar «l1ro11it' 1rradiat1011 etfects 
1 1, •11 ··111 10 11111tP •rnall. Th11s. an evaluation 
t 1111• d:11 :1 1.11 li1P i11ter11al <·011tamination. in-
111I1 'l~! ti :it of :-;r"'. IP~Hb to the 1·onclusion that 

'"' 11 t»rr1.t! hazard t•> thP 1·011t:uninated inhahi-
11 1- ' f t IP \lar;;hall J,J:rnd;; l~ minimal both 

.11 t 'JP : ... 1111· :111d tln• long r:rn!,!e point of viPw. 

' .i. 1 :-,our-ce of Internal Contamination 

l'l1c> fa !10111 material C'Onsisted largely of 
:1i1 111111 ,,x1d1· and l':tkium carbonate. The 

'"~ 1111 pn•dtl<'I' 11·ere adsorbed mainly on fairly 
: , r:.:e 1 i:t I" 11· lt". Tlw lllateria l wa,; I 0 pen·Pnt 

-1>111bl1· 111 11:11t•r. and <'ompletPly :-:ol11ble in acid. 
l 11tP1"11a dt>position of tiss1on products re-

1111p,/ fro111 Jlll1alat1011 and i11ge"tio11 of the fall­
"i' 111afPI' al. [11gPstio11 :ippt>ars to be the more 
111p11rr 111t •lf the two routes of P11try mto the 
,,,.j, Tl11> 111 t1\·1ty 1n tliP :ur "PttlPs ollt fairly 
11.•1111· >11t ·011tam11111tPd f<Jrnl. \\·arPr and 
,. 1-11- n t:111; tht>ir :H'ti\'Itv for long iwriods of 

l I." :11111>ur11 l)f tiss1011 prod1wts rPaching the 
,,,,,,1;:t l'P,1111 'i1t'OII!!il lhP t'PS[>ll':ttory tra('t is a 
1111 111.11 ,j p:1rtl<'lP ,lzP :111d -:ol11bility of the 

1 1 11r111· , 1111:' rn1111a11t". The particles with 
111< !l I iw :l<'Tll'it\ \\':LS :tO'iC:Ol'i:ttPd \\·erP <'011-
•l!'l ilri\ :1r!!Pl' tha11 1l1P optimum sizP for 

1»1111-11101 .11 1!t1· .tl1·p0Jar ti~sl!P 11f the l1rng. 
1111', 1Jip 1)1.,iti:1h1lity 11f tl1P retP11tio11 of i11halPd 
l'l1<Ji'l1P 'tllll:tllllll:ttJOll \\':IC: !lilt :iflpl'Pl'i:t\,Jp 

" !! I Ji,• !':\I •OSIII'P J •Pl'lrn I 
I I,,. !1\':11;t\1t'"IO' tl1:tl i11!,!P;:t1011 1\·:1,; titP ..J1ief 

1111 1·" ,,f 111t«111:tl n111t11111111:1t1011 1s ;;1q>portPd 
'11' 'i1 d111~~ that rl1P C!':1:-tl'11-111tpc;t111al tr:td. 

, '>ii I'll .. ,1 1d till' li1·p1 of :111topsit>d ('hi .. ke11o; 
1 ·1 .,, :1• 1 in·d al 1•:11lv 111tPrl':tls following 



ii· l'ihi. 

deto11atio11 'H'l'P 1 ''I"' , ', • 

tissue. 

Tlw 1rnporta11('1· r•r' 11 .,._ ,,,, :1~ :1 '"'11t11 it111:..: 

,.;ourcp of '"l111 :1111 

lt>vPI of i11tpr11al "'' 
Hongp lap. 'fltp,.;p 

tlw hodv lnmlP11 

IT :I Iii Iii i .,. ) f I 1i .. ] •Ii,!'-' •rr 11'1 

ii JI I Ill r I- 'I 1t: :if r1 rill I I'll I : !lit'' 

'f . Iii I 11111 ill po I )\Ii at Ir' II 

thP ,.;anJP l()(·ality .\- 'Ii• I!! bf1l'llP 1lr'l \'I\ 

had alrPady dropJ"'" ,, I'" ':tl11" :11 rli1• 111111· 

of P\':tcuatio11 of ti P i1111•,:IL-. 1 ! P t·n11ta1ll!I1:1t1<·1· 

of thP pigs dttl'lll!: r 111•1 "' r>lo:1!!P<I eta.\' Ir' 'lw 
island llP<'P""Hl'l I\ <11" 1 ,..j '·· 111 11g1·~t '" 1 , .t 
radio:l<'ti\·p food :1 11 ":1.,·1 

Hadioanalvc-;1" "' ":111, 

nongf'lap i11d1(':tfP·I l11l2 

I ti .. ,i) -.1111],jp,.; l.f'!ITI 

•""''' ot ·011r:1m111:1 
tion from tliP f:i!l •Iii 1 1·:' I' \ I ll lf' fr I Jl, r \' 11 c;· 

1letonario11. 

It ap1w:1r-; tha1 ,J,:1 .:..: lir- 1 11101· 1 li 
lirnitPd amP1111t nl !i~--1· 1rr1t111<'t- 1\:1.; ,1·:1:! 

ablP to plant,; gr"'' ·1~ " "•'lt:1rn11·11t1·ri 

,.;oil. ~ignitfrant <Ill<ril' t- •»t:1 1r'fl\'Jt\· ·1· 

well as small :t1111• 1111 · 1:p· it l"' I\ 11\ ,, . .,,,, 

presPnt 011 tllP P:\t• r11, I 111 iii·'' 111 1 ·lant·· .t L' 

day!' post dt>to11at11 1: r 1·111 11•1 1· -n1:tll ar11•o11111 .. 

of lwta :l<'ti\1ty a11·i 111 p Iii ,,.,·1111rv wpr,. .J,. 

pandanus, papay:, ill• , '1•«"111t, J fo\\'t•\PI' 

high lt>ve]:-; of :t<'tl\ t1· 11 -,. •1.111 11 :r · 111· r·rw•11:11r 

tl'PP ,;ap, a11d tl11· ,>()fl•l •11 •I 1«Plltl':tl llll1 \\'I·· 

\'f'f,V similar to t ha "! '' 11" 

Higlt lPYPls of 11t:\1•1 '''I" f<i1111t1 t1-t 

takf'n from l{ongp :tp 1a'-'"' r: 
rlw 111gPstio11 1Jf ' 
l\'Pl'P thP (>!'lll<'lj>:tl 

11at1011 of J.11ma11 

--.(ll)t'( • ... , 

iH•I Jt.; I q 

radio1111d1dPei, :-'r· ""' 

It ii pp1·:i r- ··I 111 · 

'.\· l I" I' ·1 I Ill t·' i 

tPl'l1:tl ·'<>Ill llll 

'ii1· 'lid I\' 1- J 11:1 

1T:-- !1l;;.d1 111: 

lnlit,v and rPlatJ\1• 1 >1 .! ,, II• r;1d I\,. !1al f f .. 

was prohabJ,- thP -"1''f'' 
hazard Ill tl1P Pill I 1 1111 !I 

fnfPfna/ }/((r/io1J1 ff/'1 1•' r111t. t:li/111finn j 11,,. 

•1py. :-;incP thPrP ~ 1 " 11Hi111•1 "f ·0:111tp1·a,·1 

ing tllP Pti'P<'ts of r Ltil:tt "'1 f•·11111 111r••r11a,J1 r11· 

positPd PlllittPr", I ·p:\111 • J1f , •11 ~1-t- rd l'Pl!ll1\ 

ing thP llll<'ildPO' f"Dllr 1 ,. ·111111 ii: ra111div 

p11:--s1blP. T 11P 1111 Irr. .t ·r 11·11·1 ,. ·11:111 11, 

tPtl':t·:tl'Pt11· 1r·1rl I .: r I I' 
IJf tliP ti~.>l(Jll !•l'r" I ' - '\ ~ • l t' 1 q 'I 

I ;) 

1 •• n·:1,..1 t lw ratP of tii<>Ir P:\l'l'Ption has prP-

111-!1 fJt'!'ll 1iPilll>JlStr:1ted I I J-]::). ft is JllO:-'t 

rr .. , t 1' ·• 1· 1 t Ii r lu• ra rP 1·art h group, hut has 

r .... rfP<I <111:-.t1"111t111rn 11:;1. Tlw"estudieshan~ 
11r111·11 · i1a · nt<ht of t!tP l11t>logi,·ally hazardous 

11fr•1'1:1I i'"lll:1 11111g i11 t!tl' t>ody is tirrnly tixed 
n111 '' 1rhi;i a shorr t llrte, "0 that etfertin~ 

1-tP!Tll rlPl'Olii:tillillHfiOll fi_v 1·Jwmi<"al agents 

ill •><'t''ll' >nl.' 111 a short iwriod following- PX-

i "'''r""· \p\·prthPlP""· :111 attempt to ptff'ct in­
,,· :1: , 1•'i'' 111t:1 ·11111al Hin \\ :1c; madP 'i ,,.Peks post 

PT1111a1101; -11rr·p 1t '''r1ild mobilize and make 

Pl1°·1 I< •!1 r f 1--111>]><>" P:i"H'l', P\'Pll thou.izh it was 
"Ii /I'< t '·1lt ! II' fJf'<l('Pdlil'!' \\'Oltid h:t\'P JimitPd 

ii 111' ii I t 11 '-' ! lllP. 

\ IP)'l'P-t'llt:1·1\'P ;,,'f'f)lljl of ~P\'Pll 111dividual,.; 

· 1 1 1111 I :on.sPI" I· 1\Pl'P ''PIPl'tPd for this :-;tudy. 

1:11111!,! a 1· 111trr1I pi>nrnl of.-> days. ~-!-hour 11ri11f' 

ir1111iP, ""l'P 1 >llPcTPd daily for radioanaly:-is 

rJ'r!t I' 'o 1"·l11fiJj"Ji :t l1a,.;aJ PXt'l'Plion l':ttP. 

, 1111·11!.! r li1 IJP\ r ;\day,; .. r·akiurn EDT.\ \\·:1s ad-

1 ·I· •tP!'Pd <1r11ily. !.:'.fll per~;> lbs of body 

1·1:.:111 d:t h· :1c-;tP:td t1f tliP prPff'ralilP i11tra-

1·11"11. IJ'I') lw1· lll~P p:1J'PllTP!':ti tilP!':tj>,V \\':IS not 

l':t• r 11d1•! t ]1p I'! l't'IT!ll"liilll'P". 

\\ "Jrl \' f()ll! ]1<1111' llrillP ~:tlllj>IPs 11·pre t'O]­

'r 1·•ri o::iil1· ,J;ir111g ti1p TrP:tt111e11t JlPriod and 

'1r .1:,_,, >ollr".1i11g tn•at111P11t to dPtermine the 

tif'r'f .... 111··- 11! 1-:l>T.\ Iii il('{'f'ler:Lting thP PX­

..... l<tll ":tt·· r1f 1111' r:1d1<1PiPlllPlltO'. 

\ • 1 -1 IP "ff'pr 1, frn111 t lil' 11,;p of EDT.\ \\'Pl'e 

I.~ .. !'\ I" j B j, •!>(I r '(JI I Ill.; :111d blood prP"Slll'P l'P-

, ,.. I ·111· 11:11 !!Pd tlir01w!1011t tliP trf'atmPnt. 

l"f,,. 11t•: 1: ,, tl\·n1· ,.f rliP 11rlllP d11ring t!te 

\ r r" it 111,.•11 J>Pl'lr1d \1 a" :2.:1 times the pn'-
·,, it1111"1' 1r·r1. ·11· T"iP proliabilit,v t!tat the 

•)1·r1·I1· I'~ rrl1~»1·1·pd :JI"' rl11p to diatH'P IS IPSS 

l], I I I T!1 '" t.fip llr:tl :11Lmi11istrat1on of 

I' 1· \ lr1r 1 l"'l'I0<l f)f :; d:tvO' i>Pginnilll-! :'1:2 day-; 

·~I •ll'TIHl.i(llJI• lll<'l't':l~l'd lllP l'X('f'Ptio11 r:ttP of 

1 .. 11 1ih ,j"l""ITl'd li·-.,.;1011 product!', lnrt tht' 

.•• ,:ill P11Pr·r •·11 dP<TP:t~111g t!te body b11rdP11 

-1 !_!Iii, I~ I' I' P:\1'1'PllOI! l:tfPS \\'Pl'P \'Pl'V JO\\' 

Ill t'. 

"1111 rr! 111: \I'd li,;,.1r>11 prod11!'ts 111 li1111t:111,; 

''Pr• I" " i"~11lt rif fall1111t foll111\'lll!.! :I tht'l' 



/() i. FFr:1' I- 'i· 

lllOll\l('lPa!' t>xpl1 ''i<ll. 1111, 1111(•111:1 i , .. 111 11 

nation rps11itPd f··o11 f.,i1j 111: al:1!11111 1 ,, ~-'"-

t 10n of fallo11t 1a11•r 

Ifi!!h h·1·pis o! 11 '., 11 ·"'l'I' f.,1111<.1 , 11 111•1 
!' 
I It' 

1·ont:uninar1011 ot t:1« tPn1:u J1<1rt1011:- "' f11; r­

and vel!etablPs a:- 'ilr1alL )f rile 111<11·111,:11 

radionuelides, :--'1"". 'le• a1he 1 fit' liitd1 ·•111111 

ity and rPlativPl_1 !011!! 1·ad1o;ict11·1· li:tlf f+· ,, 1-

probablv tlw 1so·o1w' :· !.:n'a'P'il 111•tP111, Li 
ard in tlw P11n10111111•1 1. 

Few of tlw t],s11111 •1r111l11• t- ::i1·P1-P11t !I' 

environmPnt 1n"'P 'f':1 1 l1l1· :11i-,<:·rt1P11 :-'1•111 11' 

lunl!S and tlw (~. '":l lbd11i1·11P1111<" I 1: ,, , 

ysis of th1• 1irrn·· -.1n.11i1·- f11H11 r IH· l\1111!!Pl 11 · 
pPoplP 111di«atPs l1a1 >1·. Ha 111d ilit• r·:111· 1·:11·! 

group tO!!PtlJPr ·1111-t I llfPll ·:, J>Pl'< !'Ill "'' 1 ,. 

total bt>ta :11·tn·111 <d 1P 1,i·1 w :1t +,, <i:1·.~ 1''"' 

detonatio11. :-;r' 1 .;:-. 111,. p1 Pdo111111:i111 r 1oi " 

nuclide at this t1rt1t'. ,. •111 ··il1ut111g +~ jh'J•'Pr1t ,.­

the total ht>ta a<tl\'.'\ \,.,s:1y,., f•>r ti-:-ilp ·1 1 

terial in tl1P pool1·d 111·1 ·P ··.111111ilt>s '"Pn·· 111·!!:\t ··" 

The lt1111wn bo 1 h 11111dt·11111 111d11·1,Jua1 r1<1 ,, 

nuclides ·1·a~ •"tllll:tl•«I fr1•rit 1 :1d1111"1t'i1111 1 

analysis of tl1e l11J111.11 .11111P .111d d' tlit> 'l-cd11'-­

and 11rme of :t 11rnal-- Iron I{o11gel:q1 f'11· 
nwan brnl1 l111rd«11- .J 'Ii.' r:id11111 wlidP- 1, r ,.. 

_\ilinl!ill:U' ::r111q ,\f'I'< lf'l'"' \1111:1 !Pi\;" IP'"'' .. 

thosP of l~Oll!!PI lf'· I ,j 1l1P 1111·:111 l1ooi·; 1.1,r 

ilPns of tliP .\rne1·1" 111 d11i111 11111· fo111·tL 1it ' .1 

l~on~Plap ~ro1111 '\"1 1~ .. 1~11 ll'1' 1 \·1r\· 1'\l'i'Pl1·~: 

per 111\lt \'()l\ltllP' 'IT'ii .. \ :1-- I ilt' :-:1111•1' f111 :t 111 I 

and cliildre11 fr11 111 ::11· !!•·1111 ·lw 101ai ,,.,,., ., 

l'Xl'l'PtPd 11 tlw II'!'" Ii ..'.I !•Jiii'- •\ '111•1•"1 

1111drr 1.-J \'Pars .1:f1 ''"· l!!l11lw:11tl. \""'" 
than that •'X('l'Pt1<1 Ip 1d11lt-

ThP tot:1l :1rn11 11it '" 
tilt'(~. I. •r:t('t :1 ,,,,. 1:1 '\I 

1•..;timatPd 10 1 ... 

Tl11s act1v f\ 1111· 

''I' ,1•1 ~1 ~ P (ri 1111 R(11 !!P! 11 

'If f I f 11 I»• I ,- I 111•\h l 1\ ol "1 ''" 

of ..;]101'[ I :1d10\1 ;f' 

illld lilllltPd ,11\11i 1i1 

t I\' It\' 111 t 11 P I I'' It'' .j 

lo\\". 'I'Jit-.. t"l l/\i'i' it 1 ! 

111011tJ1:- p1.-t •11'1< I" 

till' 111'1111' ,f 111•1-

l'\1p !''( lllilll'I 

.1111\ 11tl11•1 -11•11 I 

I I!" I "JI fJ!_'. I J.; I I I I I 
· , 1 I 1 I 11- r · 1" \ ,. 1 "1 . "I 

~ 11
' ~ ii 1d \ \ '• f'f' t 'I' j l f I f 

':I ··:t (I 1 (,I I ;-,1 ti ( '11, ...... 

I 11'( ·I\ .\ .. 1 '" ' 1 I•,, 

.\D \T!I I:\' 

, ,• 1 r··p f, •r U1>ll!.!'.el:t p. lodi1w is probably 

11 1<1:- l1·11.ardo11- 111tPrn:ti radioPmittPr at 

· '1!1 111 1P~ 1 ftpr Pxpo:-lll'P. Tlw do:-;p to the 

11i.1d. :ilti 1111~!1 !!l'P:ttPr rha11 tolPram·e, 1ya,; 

11 '"11111ar".J to tlu• 1':1rtially or totally ab­
,, 11~· ·i·1:-P:-- 11f I'" 11~Pd i11 the trPatment of 

'-·]'>'It h1ro1d1:-;m or ,·:1n·1110111a. 

\ ! • 111•· 'L1 _1 post dt>tonat1011, tllP 1·oneentra­

"" • f :0-1··• \\ 1tc, <':tJc11l:1tPd to be llP:tl' the maxi-

11111 111·1·1111-.~ible IP\'Pi for this 1111elide .• \t 
1 't'r· 111••s f,,\Jo\1·111!! Pxpos111't', this lonl!er-lived 

-·-1"1, 11"od1, ·t prP~<·11;,_ t\1e ;.!Teatel"t potential 

li'l'I :ii Ji:tZ:I nf 
1 )r:1l : drn 111:-tr:1tion 11f <':tlei11111 EDT.\. be­

" 1.11111!! ~ \HPks post dt>tonation to a represent­

ir11·p gr•11q> 11f llldiYiduals from Rongelap in-

• •"1:-i·d !JP r:ttP "f P_'\1Tt>t1011 of a1·tivitv ~ .. i 
·1w~ i !01\ 1·\-PI', the dPrTt':t:--P of tltP body hil!'-

'"I 1:- -l 1;I1tf, :1- t 111' 1•\1-ret io11 ratP 1,-:1,_ ,·erv 

.,, :I' t] 1~ Til!H'. 

.\111i\·-1,, ,,f tlt1· 111tPr11:1l ,·qnta111ination lll--

111·:1t1·-- t 1:1t I ill' do,_p to I hP ri:-;s11p of the b()(h­
., :1-- 1 t-:11. h111. 111tlt PX<'t'f>I ion nf thP do,.:e to the 

,1 r11.d, did 101 l'X1'l'Pd thP 111axim11n1 pPrmis­

i1I". 111~" i1·\ .,f... Tlte :11·1 i,·ity lixPd in the body 

1., IP 1-P•I r:i1•1dly ;ic; a t'i1n1·tion of time. The 
• 111tr 1111· 1011 "f thP Pt!'t•d ... of intPr11:1l l'Ollt:tllli-

1! ii> 1 '" 1111· rota\ r11diation respo11sP obspn·pi] 

1 •111': i'' 11 lw 'lll:tll 01·1 the ha:ii:-; of tltr Pstillt:ttt'd 

'1<111 '• !•ill i\t'i, ,,f t\1\' l:tcil<>PiPlllPllh. ill l'iP\I. of 

,, --!·111· 1:1·t l1fl' of till' 1110,..t :d11111d:lllt ti,~ion 

,.,,i,,, t· II ri1P -1t11:1t11111. tit\' p11s,..il11lit_\' 1\111t 

• •I ITiiil l:iliOll pff'p1·t~ \\ill Ol'l'llf 1:-; ~mall. 

Internal Contamination of 
Animals 

Ill '>:i-H:->\I.( 1 1:->T\,ll'\.\Tll>:->Of:t lllllllliProf 

1111 11- "l\1·• 11'1\ 1111 l(o11~Pl:tp \\·as ,_1ud1Pd. TltP 
, r 1 1· r '1<'11' 11r1111· ":1,.; ,f11diPd. a11d radio-

·1•·111 1·:11:111:1f1 .. p,.,1\1'1'1' 111:tdl' of 1·ano11s t1s:-;up,:_ 

'1•''' ii.ti :1 1·r<111dPcl t l1P l1:1;;1s for ""tllllatin!! 

,,. 1 .. ,,j_\ 1>111111•11 1d' tlw 1«1d101sotopl'' 111 li111111111 

1· ·1~ 111 olil1t11111. iiP111at11log-wal and patho-

•.:· .11,0111 -- 111•1p 1 1a<i,•. :111d :111tor:1dio!!T:IJl!i" 

-1· 1·1·1 •oi ' --111'' ,, l'l'" \'i'l'pan'<i. .\ 111111d1t>r 

11 · I I 111 1i-- Ill' ·1\,., iH'lli•c -tiicJjp,j f111' fit!' 
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,·Ji1('ke11s and tl1P 1, t• l.:ii 11 1 'r· t w 1· ·"'" 

" 
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T!w :111im:il,.. <'Ill P•·J··• 1·1 »111 Jt,"1'.fP•:r1• 11 .: 

{ 'tink i1H·l11l!Pd I l '1 ,.j,, 11· >:i\1'. .-i 1<"f.; .. 

~\\IllP. dul'ks and .1 ~ I t ' • · t ' \\ f'"'P -11 11 
I l n·» ti -1, n 1 i 

llf I! •' li(\f}~Pl:ll 

aJi1·p !O tJip J'~:'\'J:J)i .. 
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thP~P :1111mal- .ll'P '>l'>'-•'I 

1<! 11'11 r·t :1 I:! ,. I ,[ T:i 

't'l 

add1t1<lll. :1 !.oar. .1 .,. I ,, 
:lllt<,i•'IPd 11\ 1 ill' ti1·i i. 
\\'Pl't• 1 ·ol IP1·t I'• i.. 

I r 11 p 

5.41 .\.fethods 

T1,~\IP "<lll1plt>,.; \' •·r1· r '"'''I: 

11·lu1·;1 d1Pd -po11t:1 IH• I" 

T 11:1,,p 

··1 i,;H ' 
P)\! I 1·,, I 

I: H -~ 

I ~ I ' 

i l 

f ~ I ' 

11'• 

IJ•· 

I I 

,. 1- lf'I•' 11i1t:11111··i f:n111 rl1P lllll:.f, lin•r. 
:i· :I IHI 11 «' -k1•IP!Oll. l'J11' :-:1111piP:- \\'Pl'P 

I I ' ~ l! ' ~ . ) 111 :t 111utlh• on·11. a11d tlw a:-h 
""11,111P 11itl1 :! \ Jj('I. .\11 aliquot 
,.,j '"r i1t>ta 111P:1-11l'P1I11·11r. ThP bt>ta 

I 

\'11 

" •! t () 

,. I •II' 

1" 1;1~ d1•tPrll!i11t•d 111· 111P:tlh of a thin 

111do1· iJO·l:.fPl'-\lllilPr ('Ollll(Pl'. ·"I''" \\'a:­
!lt' i1:1:- ~ for t lw 111a:-:- ah~orption 1·or­

. •11' r l1P ,.,,rn1pl1"·'· 1-: 1t \\'as tlw !llajor 

"\'ll"llt'llt <l"]Hh!tPd. f')ip •'lll'l'E'<'t!Oll cal-
11 "l'l'rox1111at1"11. :1" 111a~~ absorp­

,1 f11 wt !•Ill of tl1;> :tn'l':l:,!P PllPJ':.fV qf thl' 
•11· J',,,t:1 11·111··n 11:1- 11w:1,11rPd 1n total 

Ii I 11-

,. •t 

". ~ 111111\:l :t• 11111\' 1if't\1P 11-'llP°':llll{JlP,; l\':l~ 

.;11·1: 1 "l'll-t_1·1w ~111l1n111 1odid1· :'<"intil 
"1111·1·r ., 111.·li l1a" :111 Pfli('iP111·y l)f ahollt 

., •rt ft1r r < '11··' '·t:t11d:1rri. TliP g:11nrn:1 

Table ' Morc .. d1cv :ind Exrernal R.1d1au<111 Dose of Animals From the 
Living .o\r<ea'i c'>f Rongt<tap anc! l'tirik 
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:ll'tl\'ity \\:ts 1il1t l] 1wd I 1 I " Ii 11 Ill ·11 i 
<'Oll\"Prted t11 "'' ··1 " \"1111 .iw 11 

:-;amples \IPn· 111:111 ... , 1,110•·'1t'!l1l(';1il1 I· 

:-;1·'". Ba"" tltP r·: n· •:1 .!!'" 11>. 11111 1i--
matt>naL 

For PXCJ'PtlO!l c(11(i .f••. r 'it' :tllilltlllS \\Pl'!' l':l!!l'd 

individually. arn tl1P11 ».\<TPTa ""ilPded at: .. '! 

honr 111tt>rYal:-;. 

"n• <iJ],., t1•d :111d a,_i:Pd <'ombirwd. h11t 11·t>re 
11.,, .• ,.,j :11:· t,iwd sep:1rntPly for tlte pigs. 

·•·:.:·11 11" .•.pp].;> po,;t •IPto11atio11. thr excreta 
,f 1•'1'l"""11:111n· :.!TOii!' of 1·ltic·ke11s \1·a,.; \'Ol­
"' t»1l tr 1\Pt>Kly illtt>naJ,., for a period of ::'.lf:.! 
1 <>111! '· ( 'oilec·t1011 of 11ig PXCl'Pta was lwgu11 
r • '' PPI..::- !>'ht dPto11at1011, and tltP ('Ollection 

1 1., 111ad,· :tr \\'PPkly 11ltervals for a ti-week pe-

Table~ 'l. --R,1J1uchem1Cal Analy~1~ ot fr~~' e~ .·tnd Urine ot Pigs From Rongelap on 

H2nd Dav Po~r [ >e1.011arion 
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nrnL l\ad10;111alv-1- 1 " rt•11 11,1- ,,.. 

formPd i11 tlH· ,;anw ll:l II• I - 'ill ·I !It·' -I• 

,;amp]p,;, ,(p,-,ril1Pd 1><11 

5.42 Findings and I 1terpretar11>1 

iw :1:1 Illa], liad !'tel 

frpp on tlw 1-;Jand" \Ir '1" if!l1 111al110111·1-l1ted 

tlwy "JiO\\Pd lllJ • iht' •\'•it'll'!' ,f •ii,_,.\,_,. 
,\.utop,.;y 1Jf 1 \\o, 1 1.-h,.1 1111 11 l11·d d111 i·!..! 

:-;JnpmPllt J'f'YPalPd 1. J IJ:1i 1
, .. ],.!!I• 1] 1i11.i1 I~!- I: 

<'Ollld lw a,.;,.;o, IatPd :d :ii" II 

()11tJip!,~,_1,;rif:1 1--1 111,,[ i l11J•1r1tl't>• !'•' 

follont t1n1P. liiP 111.11111 !11>11 l\1.11!..!·•·l:q. I"· 

t'Pl\"t'd :lll llllPgrnlt 

;\!)() r. dt>]W!Hi 1111! <>I 

••'\fill:!, i""" 1fc'." 1 

1 SPP Tab IP .-,::·: Tl t' 

a l':t lculatPd , lo:-p •': 

'It ,, lit .,f 1111·11 1·11]],,., 11••1 

\' !! ll•Hll 't!l'il\. l"P('P \·~''I 

P\':l<'ll:t t ioII. 
" '·· 

PXtPJ'll:t) <'ll!il;tllllll:I !<JI 

."ln1rpt>rliu111 :11:)11 Lr\ 

:tt'ti\'I(\' \\':IS !'Pdl!< "ll iiH<\I 

wa,.;Jung 11·1tli 11al\,1 :111.11• 

N11dio111·tl1·1t.11 111 , 11. 

! )P~ 'Pl t 

1111 1'\1 i'Li •E:-: 79 

"' 111, 11 '''" :1ho11t t ti<' ThP distnh11tion 

\ I i \ I i I j(' 111 d I \'] d I la I t I"" 1 w,.; 1" ,.; i l () w Tl i ll 

1,1,. h·p1 :111 JWIT':'llt of till' ht>ta :l<'tivity 

,, , " 1: :Z!'• i 1 L · Jip ,j.,:p]pto11. ThP l1ii.d1est :tl" 

llft • 1s:-,t\P 11.a~ fou11d 111 tlH• lin•r. 

! ,;\•I. (l\\'I \'PL !es,.; tha11 II_,-, f>PJ'('Pllt of thP 

J,. 1\1 , h l rdt• 11. Tlit> co 1011 <'Oil tPll ts had tlw 
,. • 1111111!.!ht-'st :l<'II\·1t.\· fort\ip:-,oft ti,.;suPs,ahout 

: •t· ,., "!Ii 11f r lit> tqta I. Tlw a ]\·po Jar tissup 

II'.!! !i:td 111 :wt1Yin· ]p,;,., than 11_11c'. pt>r-

1\' t•>tai ll'tt1. iry 111 tliP body. 
r ,,. , .. r :111•1 !..!·:1111111:1 ad11·ity of tlw <"iiil'k-

11.·, "'"t d1>to11:1r ion ,,·a,.; approxi 

1'•· 1 •L'. ThP !!I'll"· :1dinty pt>r body 

1u , . r j,, • ..\1 ,.J..:p11 1,.: appl">xi111att>ly tlw ,.;ame 

• 1 11 rl,,. pr:.'.. Tlit· di--rnlJ11t1011 of al'tl\'ity 

" r 1,.-11·•,, ,,f tl1P 1·liwkP11 1 Table .-,_D) was 

1111•1;11 to t'1:1t 111 th>" pl!!. >Io~t J'P!'jlll':ttory 

1• ,.1111 \ -.1.1:-; localizPd 111 tl1P turbinatPs. 

"'ii i ,,f Pill' l':lJllllPll( of ( Jip farge jl:ll'ticJes, 

"1ld 11ot 1w11Ptr:ttl' t<J thP ah·t>ol:ir tissup_ 

, , , it 1 1 11' t 1 ', 1 t ,. 1 11 t I w , k PIP t o 11 o f ,.] 1 i (' k P n s 

,,, •1:11- ,ln>[•pt>d lot J>Pl'<'Plll of thP value at 

1 \. Ill'-' ,\pi>11l:ltlOll. II i1J!p in thP "<llllP 1w­
"i ! , •. !:11 1rna ll'fJ\ 1tv .JrllppPd to 11.c'. perCP!lt 

fable - \I ·-Bee' am1 Gamma,\, 11,,.lf, '" t h1t.kem From Rongelap 1,.c x 10') 
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so 
() f th f' :! f I la \' \ ; I l 11t· 

most of tlie al't \'It'. 

1·pr:• rap1<1, and 1 tt• r 

J,C l'SSf'llti:tih· t!i:d ,,f 

rl P'f' dar:t :11d11·:1r1• 1 1::1: 

!'.'i'.'iO"J:t!Pd ·s11 I ··lt<•I r 

:t :ti dro!" 111 a<'I \'It\ 

i ,) <i;l \' l l ,. dt>:' l. ' II'' I 

""'l' ~ Jt' I l'l:--:1 ;1t~ 1111L~ 1 

Tlit> l'<'!'Idual total lwra activity found in the 
·1 ,, i 1ricer 11,..h at t months post detonation av-
1·:1:r1·d ~ .:. ,, .. 1 TalJlt• :"'L lll). There was, at the 
1111P 11r1 P. :1 hollt 1 WJl'P :1, llllll'h gamma activity. 

11· .;) 1\·•·IP ,.,,]].,, tPd :,1; da\·~ po,.;t dt>tona-
of thP lon!,!fl'-li1· II »It" it' t. •IP)" 'ill ·I 1111 th" dr"l' 111 :11·r11·it_1 lwt1H'Pll that tilllP 

Table 5.10.- .Beta dUtl ( 1amma Aniv11v nt Fish 1 rom Rongelap Three Monchs Post Detonation 

!l Pll. ) 

~ea1 ., 1-i 1 a 
\'i,c ·r:i 
I ;i]!, 

!len a.111< I" ·i ll· "i 

11 

Ht>a 1 

:-lea/ .. , 1:1 
" 

Vi~c .. ra 
CtJl, 
~kP!1·111· 

\[11, •'I< 

<I 

B..i. ~r f{AllIO• llEMICAl. \'\ALYS!~ 1 PER· 
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:tnd the analy-;is al 

radiological dPc:ty 

dirl'ctly <·omp:1 rah IP 
mals which WPJ'P !'Pl 

! Jlill'tf, l'\')ll'PS!'llf, <ilj\ 

1'11,lc :'1P Jl'Slllt'· :1n• or 

" t J,o,,. '·l>t :1 1wd frnrn :1 11 

!I' I "., I I \ I'. : II HI i ll "' Ii " i 
biolog1('al turnmPr 1 '""ii :11 I 1] O!,! I ·:1 i ,jp1 'I\ 

were operating-. 

The largest fral't!t• i <>fr,., c!l'Oo·s iwr:1 :t··t:\ t\ 

in the tish wa" <'011tr:1111ted !1\ rlw 1·011<·,.11trall»1 

ofradioaetiYelll:tfel':ll II :11 'l'-t'Pr:I r11i.'\t• 

of the tish in wltll'h 1 011"' 11;: '''""11' .n'rP '"f' 
arated and analyse<!. 1»11.:1 11 11>1111h ot' :1··t " t\ 
were found 111 1·a1·i fr 11 '111, !1(111·,.,·,.r. · 11· 

,;torage of thPs\' Ii- 1 11, 11111i;11·lPh1·dp f.,1 

months lllay !ia\'P 1p1·11,1111·d ··11· 111t!11•Jf111 11·· 

the radioelen11•11ts frn11 i1t 1P 1,. 11111,;1 iP :o 1:i.k1· 

place. F11rtlu•r -.t uit "" 11 · 1·1·-I: 1 -'ii '" i l la 1 f\· 
this point. 

The <'onta1ll111:1t1f)1 ,,r 1 1· 1c11 111 1l1P 1:1:!• 01 

was <'OnsideralilY .!!l'l':llPI .:1, v l1at .1f tlrt' 1:111<1 

animals studiPd. .\ :i-li f,,,.r,, 1 l:tr!!P ·-t:i1>l•· 

item in the diet qf ·lip \!:1r-l1allPs1•., 1J1.., i11:.d 

level of ('011ta111111ar 11 11111•11·,ant 

.\.t the end of :i _!I" 1111nirh PXflPrinw11ta I 
period. the PX(TP{]l)I i11 ''IP 'li1<'k~11- .,f li .. 111 

beta and gain.ma :I(' J\ n 1 !'Pl' ~+ l1011rs \\ :1 ... 

percPnt of thP ,·ah1P 11t\a~1.: P<: tf tlu-· -.ra1 t tr :~· ... 

days post detona t 101 F ! :.. 
.\.nalysis of pig "\"!'Pl: 1 .J"·:itPd ,1111, a 

decreasp of :wt1v1t1 w 'ii '1 111-. !11 ,t .;_w1•p1-; 

period, t.lw garnrna t(!i' 11 '"'·'Tet.,,[ pPr ~! 

hours de<TeasPd to a·io11• " !"'I'' ent ,,f rfip 1• 

tivitv ex1TPte<i at+-.. d:11· i""t lt'!r11 at·o11 

The PXt'l'eta of tliP 'lll.!"- 1' 0111 I·, 1rih. ·01,1:11 r P<I 

less than 111 pen·e111l)f1L1• :.:r•1-·, lwta :11·t1Y r· 
found in thP PX<TPta 1f r Jt. !"!!- fro111 l{1J1 ~!•·· 11 
at the samt> ti111P. T 111- 1·:111" ilt' . 1 1 '""I, :111pr 1\ 
lllJatp]y the S:llllP 1·:1·1·1 t'.r ill·i '>t'll\Pf'll :]ip \< 

tiv1ty of the food. I\ ,ft" I, .; ·<<Ii o:tlllj<IP- flf !J, 
two lo<'ations 

RaduJ<:hem 1,·al . ! N1i 11,1 

1'l'Pf11. Radio..J1em1t 1 i , 11 

indi('ated that ti:.'. Jl"I'''l'lit 
activity was dPrive11 fr··n 
Ba 1411 , and ]II ppn·p111 fr·,11 

at ,..;:_'. day:- p11st df't J11;11 ,1 

radioisotopi(' "Olllf" -1 r , 'I 

time was srn1ilar t11 r1,a 
clistrihnt ion ,,f 1•·t "1 

I I'\,\( f/f•' I/ 11 i'/ I I 

,J\·1- 1f pg Ii'> IP· 
"j r ! JI' ..;j' I' ip(, 1 I f q•f I 

,..; r " ! II' 1·1 ·p,, I f' 'II. 

·ii» r :, n· 1:.:l 1·tl !...'.?°' ·11 t, 

,j 'Jf 1 1 t· llP 

'i _' 

Sl 

1. 1·1·111·1"-.Pflt t Ji,. 1li,.;trihutio11 in human being:'. 

1r""i11tP :tn1111mt of i t1tPr11al !'ontaminatio11 

'" I:1•ll!!"l:t)' 1woplt> \\·a,.;, l1owe\'PJ', only a 

,,1 r 1at fo111rd in tlw :111imab. 

11111n'Ji,.. 1•0,;t dt>ton:1tion. tlw alkali1w 

, 1 1 ... •J1rqn 1,..Pd p,.;,.. tha11 :..'. JlPl'l'l'nt of the total 
,.r 1 thP .iam 1TahlP .->.]()). The rnrP 

I!! 

,. , ~ r r 

!l()llfl 'flli,..flflltPd ::.:\ ]'Pl'l'Pllt of thP total 

r"' I\ Jr\ T11P hal:1111·p rif tliP activity \\·a:­

!1r1t•·d ·liiPrh ln· Zr'' 1 :.'.I pPr('Pllt) and 

;~ , 1P1T<'Il t 1. . \hour .->i I 1Wr<·e11t of t lw 

" f<11111d 'I tlit> \'i"CPl':t 11f thP tish wa~ 

: " "" "' 1 art! !.'.I'flllfJ. \·1·n· -rnall an1011nts 
11 ·11<1] 1111• :111,J lia1·111111 \IPl'P fon11d. 111 thP 

,,,. ,,f 1!1,, 11-ii .. -tronl it1111. liarrnm and the 

. I I ':i 1·11,, '"!Iii]' i>11tl'd f)llly tiJ011r 111 J>PlTPllt of 

"ii li'f \'I(\ 

' '; Au10radiographs 

1111111p1 .,f :111torad10!_'.1aplis of tht> tibial' 

1 ,, 1 !1•1111. I'" 1f : .-lill'k. I- pi!.'.". I roostPr and :2 

1,, ki-11- \\!'JP 111·,.pan·d !10th at thP (-:-;xRDL 
111 11 tli(• .\1·!!0111w X:1tio11al Laboratory 

\ .\f, r, d•,tPr111111P tliP patt\'l'll of depo:-;ition 

,f 1 1--11111 11r1•dt11"s. ( ·ontal't pri11till!.'. 011 X-ray 
.. , 'l'tli ti] II \\:IS fo1l11d ,,, }ip tliP lllOSt satis-

'l· T1•1'\ 

~ l t f I! I"" 

"'"t 1od "f J'f'Pj':tl'lll!! the antoradio· 
l'l11' d -1·1h~!o11 a11d c·11nelllsio11s prP-

··1 ''"i iwf,,\\ -1111r111ar1zP tlw ti1uling-s rPported 

I:. 111"1r1d1<1:!r<tj'l1 (If :1 I !11:1 from :t d1ickPn 

,, 1 .. 1 "ti 11 i:, 11ays ]'o~t clPto11:1ti1>n (Fig-.. ->.:..'.) 

r• ":r T1«i :1 ·pJa~ YPIV 11111 for111 d istril111tio11 of 
,, : , v 1 \ · Jirr,11!.'.lio11t 1110,..t of tliP hone. \\·itli 

.,. ..!'II'"' I Jl\f'f'11ll':t!IOll l)f :11·r11·1ty in tllP arPa 

1• 1 "' ··1r1 lit> 'fl!Jlliysi.;. Thi,.; al'P:l of hi!!h 
, <>ll>'c]" 11d,.. to :111 1rP:1 of dPllSP tralw-

, · 11,·:1 11111 fp11111r "f :1 l1:d>v .. Jii<'k. \1·hid1 

·I (I 1t:t 1Pflli·l1· 17 d:n·- J'O"t dPto11at1011. 

, .,,.,, "' w:1" ""' "01i•'Plltr:1t1011 ,if radioa1·-
' 11111:1 iii 1f1p di:qilty-1- I Fi!! .. -•. :~). ThP 

l':,CI• Ir- ,f f'11• l11)llP. 11·iill'li \\\'!'\'laid dol\'ll 
r ! Ir ' ,. 111 111:1 • \\ Pl'P n•IJj()\'Pd fro111 tliP ('()ll-

111" i l'I \ IJ'1<'l!IWl\t. \\'Pit' rPl:itin·lv ial'kin!! 

11, Tl1<· 1'1'!!1"'1 .,f :!l'PatPst al'fi,·ity was 

JI •11 - "" !111 Ir :1ppt>:11Pd to l1P ab-

11' 
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DAYS POST-DETONATION 

H··fr· 1nr1 ,., r 111 f ·/' f ~"/ I/ I I 1'/11•·k,·n f .rfTl'ffl. 

:1orlllall\' 1·011:-,t11 .. r.-<1 '"'''11,Jv !"'"'"'"' ,f , j .. 

l'!"f';t,_;pi/ f'l(I' of l'!lil!i-ll'I\ 1 1 '-()('!lfll>li 

A t1liia frnrn: ''':..'. · • 1 .i1 .. .-<I -Lr la1-1"•'-I' ''"''' 
1i;ttio11 l1:1d ~lll ·1 t"l 111 1~· ' 111 !!l"11 \:rt.!, 1 1~1 .~ 

• ''"" 1f :i.-t nt_\· ( Fi:.r. :,_-J-) .\:- 111 thP <'hi<'k 

I'"'' iiH·d .it•<>YP. thi:- :11·pa ,-01-rPspo11cls to the 
'I <>I'! Ii 11 It .-11 took pl:11·p a ftpr till' a11i111al 11-as 

··111• • ... 1 fr11111 1111• :11·pa "f "1111ta111111atio11. Tlte 

''') 



f 

' '' (110 

ft('f 1t1•J I' •II 

rnarrow \'aY1ty 1n 1\11' \11,1 .nt:11iwd ,\,.n:--t· 
trabe1·\\l<lr hone a\01 :! 1t- .. 1\t n· \,•11(.'.tli. :1 tor111a 

tion not nornrnlh fo1111d n 11i;u11n1ai1a11 \•01w· 
Thert' an' :tl,..o t~\·o d1:-111 1'1 ,11'P 1:- .if 111rrea·•·•1 

1le11sity in tl11· tr:1b•·1·11\:11 rP:~ll•ll- "\i1i-\1 :q>\•l':>I 

:ts two lines of raddi:tdl 1r r\11' t111or:1d1" 
;!rapli. Tile .. entl'i .. r 1 1» ·1·:1:•\1\··-1~ .1:1· .1· 

11or11mlly tl1i1·k. po:-~1b\\ ,p1· 1•1-• .. 1 1 f:1i\111" .,+ 

t\ II' I \l)l'lll :d p•;-0 I'\ 1\ I " I> "· 

'I 

'"" ,,1\1<'1' .,1·11\1•1\I'\' .i\ :l do!lble \int- of nt(lio-
1· 1 ''" .\q">·lt :i1•pt>an'd 111 \\11' :111inrnb ,;tndie(l. 
""»\ii \,.,,..,..dily 111 :l :-o\\' ..;:11·nri('e1l :~:-\(lays post 

• \"'·11r1 1 \-'1:..r .. 1.~•I. \lt-n• :1 faint rleposit of 
r "t, : \\ \w r r:1\w<'1i\:1r \101W is not Pd, :;epa-

'" " 1111 1 11• \11:.!\wr \p'.Pl 1n tile epipltysis. 
i ·"'" 1" 1, 1 \1:1,.. ,..)lo\\ 11 tl1:1t :l typi(':tl o,.;seous 

1" 11 :1h••"1i\:u· ,;p:11·1· 1s :t ch:iracteristic 
1111,,,\.1:!\''11 1i11d1n:! f"\\o\\'in:! r;ulimtl'tl\'P 



l·FFH'T'-· 11 

• 

Vrt;t·ltE .1.::.- { 11forr1 /111n 11 ,, iJn1i 'inn fl UIU I 

f;(l/,11 1·fl irk HU"I f7n 'i 11· lu !/.!o, })•'J.'(f 1.f1 f••·HIJ (i 

' IS{,, 

''';l;l'\i• R.\Dl\T!O'.\ 

"''"~1111111. l'or exa1r1plt>, c·linical ,_;tudies h:l\'e 
·11• 1•11 rli:t f.1i!m1in!!l':1di111111IPpos1tioninbone . 

. ! '" 1 I · ''"t'"il" ti,..;,.;1w '' for11wd in <":tncellou" 
'" ,. !" w,.;p 1-.1r111:1t 11111" appP:tl' a,_; area" of in-
11 1-P• I ,(,•11,lf\' Ill l'OP!ltgPnO!!r:tlllc' I~). 

l 1, d1 1li<"11it to 111tPqn·pt tlw anomaly in the 

1·1:.!. '""''' d•f'<I abo\'f', and the dense trabecular 
1,1111.- 1 1 i><Jtli rlit> pig :u1d l'hicke11 . .\'o normal 

f)) t 1 "'"a l'P :1 •:ailahle for 1·ompariso11 \\·ith these 

''' 111:1 '· '' 1HI t lie history of tht> animals from the 
'111t' 't' 1 XJ><J·rnrP ro tltP tin11• of colle('tton is 
l•OI Kil• I\\ I ~'p\·erP dit>tary l'h:llt!!t'C' and disease 
11-11 pr11d 11·p .-l1:111gP" i11 r lte p:tttPrn of deposi-

111111f ,,,,po11' ti,.;,..;11P, :111<1 -nch "ltan!!'es are often 
•Jd1,t111!!1 1,Ji:1nlP fro1n "lt:111!!'e-, prod11c·ed by 

•\J•ll'•I II' "r1diat1011 

' H Pathology 

. .;P<'t or1- »t' 11111!!. li1·er and tibia, a,- \\·pj] as 

· 111T.,1d a 1cl ()t lier P11docri11e orµ.-:111s of must of 
11• fr1wl .11d 111g,..; d.\ ill!! "JlOI1t:111eo11,.;Jy or sal'-

1 t1,..,.J '' Pl'P prPf•:trPd. .\ fp,,· pathological 
::111!!•·- 1\Prt' fo1111d 111cl11ding a11 :tpla,.;ti" mar­
, w l 1 '•lit cl \I( k. Ir ()\\'e\'PI', llOllP oft )ip ··!ta nges 

"" t•I •IPli'ittPI\· hP a, .. rilwd to rndiation. :-;ec-
1111' ' 1 I 1111P "Xami11Pd h\· Li:-;,·o at thP .\XL 

11-•' 11cl <':111., I 11<1 dPtP<'tahlP patholoµ:i('al 

' + ., J:gg Production .in Chickens 

·' h rci-. •'XI 1·a11rd111:1ry de111:111ds arP 111ade Oil 

'" :1 • 111111 111Ptah11l1s111 111 the product1011 of 
·::::· -i1,.ll. It 11a,.,, tlterPfol't>, of partirular in­

··1-.·-1 r" ••'>"PJ'\P, d11n11g tltP pro<"es:-; of egg pro-
1•1.-r: JI,, I'll' ll:Ptaboli,.;111 of those intt>rnally de­
"''1r,., r:1<l10PIPrne11h 11·1t1 .. l1 arP metabolically 
Ill 11ll l» <':t1"11llll. 
I <>l'f 1 f 1111· •lay,.; :1 ft pr deto11at ion. a !.!l'Ollp of 

, ... 11- f111rn l{ott!!Plap liega11 laying t>ggs for the 

''" 1, 1111• >lll<'P t ltt>ir "olleetion. I >11rrng the 
»\' 11 llllliJ :\ltd :I ita]f. ;;[!) P!!g'S \\'PrP hid Jiy 

It'll-• \II <1f tl1P P!.!I.!" \\'Pl'P llO!'lllllJ. eXCt'pt 
· •t 11.' •''.!'.!'- frorn 1111t> lien \\·]11('h wPrP laid 

1 1 ''"I' ltt>ll-. ThP ,l1Plls \\'Pl'P c11mplPtP, 
111i~111 I tt'd of nor111al shapP. ~rhP \\·Pights of 

1• • ""' :111!.!Pd fro111 :;11 :.fl':lllt:-' to •i-1- !!l':llltS, 
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b11t thosp fro111 1 !.'.I\•· 

weight. 

,·1 1\·"' \l. ,1~.Pi1:---.r·' ,~ "\ 

,• ! '' If 'I 11 I l>] TI 

, , 'I"" I :111< I 1! 11•111 

hra11eo< \\'Pi i.dwd 111 :I\'< I :i:!» 'f H' I'< <'l 1 I "I 

the \\·holt' •',!!g \\'Plgl1 :1 'H' 1:--l1t-11 lwl 

weiglwd fi.~ 1wr1·p11t " • J,.• ,, 1l1· '!!i-' \ Pi~'.i1r 
These\'al11e:-:af't•\1·itli r,» 11'11 1:11:!1 f.,, 
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". i~:1d1:u 1011 ."\·11d1'<>1J1t•- 1- 1 I 111•'' 1< 11 "f T11w cd' Expo,;ure. 

,,_1 

'"-' :111d T 1111· \ft··• I·\ >11-111" 

1
•: fl'P<'1 Oi II f ._,Ii f If' l"i 

}{ad1:it l»I ., 

!'lit> ·"\'lid J l)J 111·· 

{(ad 1:1I1<11 

i: I I :1 I I .... II :1Z:L.l'< I 'it 

F 1 I "11t 

,t•f I 

Ill<: '' '! 11 !('Iii· 1.1 

l',•rwt1:t1111'.! and l11tPr11al 

11 ·- f\pJ:11pd ·,, :.;vmpto111s 

'" 1; 11111 1:1 1 ~ad1at1011" from 

I 1111 I 

\y 



6.1 InrroductliHl 

6.11 Significance of tht· l \!larch 'ihot 

The events follow 11;.! •l 1 tiro-1 -hot dt>11,11:11Pd 

at tlw Pal'ii11· prm· II!! ~:··01111d- 111 I !1:·, L le­

:'<Tibi>d in thi,. rPpo1·. '''"""! 1111·111p11a"'ZP 'l'W 

problPlllS J'PS1dti11g f:·.,11 ! !w ·1,.p 'f ;11<>1111'' 

wi>apo11s. These dl'l'\'l"li Pth···1,;, ti 1· 111q1e1r 

.q1]>IP<'lll IP1l t:lll<'P of \YiJi..!1 \\':t;- 1 >II:\ 

lwfori>, 11·en· liro111!l 1 11 f, 

prPSPllt Pp10-odP. I 1 1 l11c, 

problems :1sso<·1atP11 '-\ ti 

,.11111'] f I)<'' I' I)\,' Ii,• 
l1.q1t1·r 11111' l11Pci ,,·:d 

11' bP "f ; L1 < ii 111<' 
weapons or 1111clP:11 1·p:11·r 11· ,., 1dP111 .. 1\·111 ]," 

disc11so;i>d. I1: pan 1·111:11 1 If pro:i\1· 111 , 11 .,1 

•·iatt>d 1Yith hrgi> '·:1]1• 'rll·•m "" Tit\'\ 1• Pt" 

lH·o11i.d1t Ollt 11\ tlw flJ'P,P· ·'.\fll'I'!Pll•'P ;111<1 :1·· 

they lllay pPrtai11 to iii .. I 111.;111:c a11il pla111, 11 c: 
of <"ivil dPfrn-.e. tlw 111l1t:1 n· 11•.J 111d11"'tiJP-, 11 
ploying n1wlPar pm· Pr ,, I 11p 1I1,.,•·11'-'"'P<i I! 1, 
man nuliatio11 rnj1111 1·""' It 11:.! t'i-0111 "'Jl'>"ir•· 
to fallout :rn<i otlwt 111wl .. 11· r:1d1at1n•1:- 1111' \,., 

dPscrihed. as 1yp]] , "ill "Pl t t 1011g1 1t '" 1 , ti .. 
diagno,.;i" all<I tri>at llP"·t ,f t!w d1~r':\s1· >t.1tt'" 
res11lting frolli t'Xpo·-11r" t 1 I e-..p rad :;I! l1 >1J·, 

6.12 Extrapolation 1)f the Present Finding~ ro 

More General S1tuauons 

It must hf> Pmpha~1zPd tlint tliP lar:..'.P .. ~ 1 ,.,r 

ll!Plltal llll('lear dPVJ P. • lu· d<'to11at11)J1 of \\.'l:l<'I· 

]pd to thP PXJ>O,,\IJ'P if 1.11111:1·1 ii»Jllg'' to •:'alirn,I 
radiatJOllC', W:\,; PXpi•HIP.i lo, .. p re tliP :.!1'<>1111<! ,,, 

a tropwal 1·oral at<•·I 1111•1<'1' :..'.P<>lotr11 111 1d ~'"" 

graplll<' <'011d1t1<J11-. t1111r 1·r· 'l:..'.lllti•·:1111 h 11' 
ferPnt from 1110,;t P' •fill i ill· <I 1n•:h nf . h1· ;, (I' lii 

Ea<'h of tlicsP •·<ir1d t1111,-. -1zp ,.f \\P:tl"lL 

height of h111·;;t. t.\f•P .,( 'Pl\':111' \\'P:JtlrP! 1>1 
ditions, prP!'Plll'P or :1b-Pt I' ,,f \'l\ll'I IJll(IPI <·I 

near thP IJllr-;;t \1·ill ot1\J·'•ll"11· 11itl11P1H'P 11111rk .. dh 
tlw rate :\lid PXtPJI! If "1111' 1111\!1;,,l i()I') Ii\' f:t]J, ,111 

and thP parti,.IP -iz1· :111<1 1P1111•·:tl 11:1t111·p ol 11, 1. 

fallout m:1tP1·1:1l. 'I Ji.-, .. '.11''•>1··· 11:111' \11•'"' \1 .. 
<'Wi"Pd 111 0Hic1:1I r ·lt>:1-1 Ii f<1i\, 1,. 

thPrPfon·. 1h:1t 1li1· '" I· ,1 ... ,.,'···I I'll' 

IP r l'Pf><J!'tPd l1Pr·e are not necessarily typical 
,f >'lt<'11t1al fallo11t :-<itnatio11,.; in the future. It 

IP:11·. liov.-t>vi>r, that the cardinal etfeets to be 

"\: >P"1Pd l'rom fallout radiations. as exemplified 

'" 1 " 1·1·\·11t' de!'r'!'tlied in this rPport. are dear-
11111,.111 '>P prPdi<'tPd w1tl1 a reasonable de­

! r1 t' j: f :t:--. .... 11 r:uu·t·· 

:: i"1r111·11lal'. this al'l'idPnt has emphasized 

i "' r' 1«1il:1tP !t:ltllre of t hP f:tllont material 
·i; 1 1 P111IPl'P•I 1t \ 1,;1\ile 111 many areas. It should 

[,. 111 r'PrrPd 1 l1at "eno11,: fallout will neces, 

'· 1 1 1,.. · 1,,1blP 1rndi>r otlier \'l>llditions of cleto, 

1 '' ,, \ \,..i. r11P d1Pn1wnl nature of tlw rn:t, 
··1 1 1 ,·:.,kt 1111 , 1x1de I 11·ill hP PIH'ountered in 

11 1 1 111 tP<: <11· .. a,_; <1f tlw ll'f>rld. .\.!though, 
,, ·t:11.,.J :11 ( 'li11ptPr I 11. tlw d1emical action 

,f 1 !1 1' 1:11!01 t 111:1tPrial 11.·a;-, ('011sHlered to lrn\'e 

•' 111 l111t"d itt \,. <11' 11<111p to thP ptfp1·ts seen, the 

,. ,, "" 1d :1<il1Pc-1\·p11p-.o; of thP ma1Prial to skin 

11 1 I"1.1 ·111~:l1t \,.. qnitP diffPl'Pllt with different 

t·1 L" r :11:1tP1·i:il. :111d in a 1·"ldPr dimatP where 

»·11 11
:..'. ' '""ild ht> m1n1rnal 

(i ) The Effects of Kiloton Weapons 

' 1 Blase and Thermal Effects 

\1'1 11 11• r 11~· prolilPr11,.; of fa I lo11t :ts:-;ociati>d with 
11 1 :..:·:111,11 .u·:q11Hi-.. <1rP dis1·11,..,;pd in detail. tltP 

:11•'<f, .. rr .... ·1-.. ,,f k1loto11 wPapons will lw rP-

111 •I 111 Pl!\· f1d·1·1>11tra,.;t. Tlit>Ptfe<'hofsn<'h 

:r I"'"' "' \'!' I 1PPll 1'()JIC'ldPrPd ..\1ii>tly in the 
:'•·\: •It 1w 11,1111111al <>r :~11 KT 11·papon deto-

1•"' Lr:.: it 1 1 tlH·:11r :11. Tlwhlast:rndhPat 
,i,., 1 11:' 1·e l1PP11 t1·eatPd t\ioro11ghly by ()ugh-

'" .,,., d :1 I. 1t)1 :ind litl'lP :tdditional 1·omnw11t 

1 "'1 11 'n·il I P l'P Blast :\II d lii>a t a1T01111 ted for 

1-t 11111 f<>r111· of c-Pl'!rnt,; <':t:-,11altwc. in tlw 
1 I 1" 1. 11,.1 11<! \;1:.!·asaki 11w1dPnt". It should 

' : " 1 r • · I • 1 11 . I " 1 1' P 1· "r. t Ii :it 1 11 1·1 t 1 PS wit h r no re 

,11"··1111!!' 1li:111 \\l't'P pn•;;pnt in 

'l!'i 

( 



l·Sn:cT·· lf· !<·'- 1.;·.•, IL\DlATIO:-< 

Japan. 01 1f p:11t1:1 ·'1i>lh·r'· :1ri> "lllf1l111<'<I. 1!11• 

]'Pl'('Pllt:l,!.!\' of :1,;1,a 'il'" f· till I I Ji,.,_, .... \Ill'<, .... 

wo1ild dt><'l'P:l:-'\' \li(I t I' ,,.r< "lll:l~~l' \ ti I' id I 

t !Oil dam:1,!.!1' WO iid 'I !"I \'-I' 

6.22 Immediate Gamma md :\leutron Radiations 

The radiat101 liaz:11·d 1- d11P P~:--1·11t1:1:l'\· .. 11 

t1rely to tl1P 1111rnPd1 tti> '1P11tnJ11 :111c1 _:a111111<11 

radiatio11 from tliP .,.,:11><111 :11111 P:\Pll·llr" 

the:>e r:uliat1011,... l· •111 \ ' 111.1ttPr of '"'""11d­

duratio11. FalJ .. 111 1-- rPl:111 ··1·I'; <if 1111 --t!!!· 11 

t':lllCt>.* Thu,,, ilH•rp ,, 111, :•:!!llI1i•·:u1r "'•ilF:11"1 

nation of tht> ,_;k1:1 :11.d tliPl'P!llrt'. no UPl:i jp,1 .. 11· 

of tlw ;-;krn I. KP'll l·». l1t•rp I' 110 ·'l!!'illi• :1111 
d H ll!!f'I' of Ill !!f',..;t o 11 fl I 

material. :t11d lit> 11·1· 11 

lern. 

II 1:tl:1 ( IO)i 1f l':lii lt1:l1 I .<' 

"~ I q '11 :1 l t' l 11 t t 11 1 I~ I 'I) 

Roth the i111111Pd1:1:i· !!:1111111:1 :111d 11t>1Jtr<>11 

radiatio11" art> Ii !!lily · •f'llPt 1.1tlll!! :1lid ,,, i]J I'' n 

duce acnt» total i..,,,\ r:1·l1:1111111 111j11n 11 111:11• 

The ratio of 1w•11n111 111 !!:t111m;1 ra1· «1111trd111 

tion to tl1e tot a +>tfp, r 1\1' ,i .. ,,p 1 •li;-;t:1:1n•- ,f 

biological "i!!nil 1·:111<·1· 1 ;>J"•"· 1\ 1tl1 "·»:qi1111t1·"1·. 

With most <'Ollll>H>li -1<1e1<!111:.[ 111:1IPJ1:tlo : 1·:1rr! 

('Ollcrete). tlw r1·l:11 1·, Jh'l1f1q11 ,·"111nli1:t1·'>1 1.1 

the total .Jo,_;p •l•'<TP:l ·"" ,' t ·1 p:1,..":t!!P · •11 r111!!!, 

the matenab. 

6.23 Dependence ot Effects on Circumstance~ <}f 

Weapon Deconat10n 

Tht> etfp1·t" p·e1·1·111~I\ ·IP·,<TifH·d 111•11· f1 
!iigh air h11r-:1 •!}ti\ IY11 •1 -11d:11·1·. 11111il'r 

;.rround :ind 11·HIP1·1· 11.-1 1111".'t, 11f J..:1lot•n1 

\Yt>apo11s, 111 adt11t111n "lil:t•t. l1P:it. :111tl 1111111!' 

diate io111z111g ":1d '"' 01 '· 

tion from fallrn1t 1 11 '" •11 

of ('Olll'SP IJP J..,..,.. 1 I 111 

Wt>ap011; 110\\'P\'> I. 

11ot ht> i!!11orPd 

PJ'](1JIS 1'0lilillllll :1 

It- !'.\I Piii \\"IJl I" l 
rh 1J1P "JllP!!'ll1111 

--Si:.!Uitic-~1nl lt•\'• 1 .... 

r11a.v IH• pr1>...:Pllt r~ 

,t'll f••ll 1rit!W ··d r;~1I 1;t'' 

~ 1 •· ' 1 ' 11 r 11•·1 r ,.: r 1 11111 /. 1 

Added Effects of Megaton 
\Xleapons 

Immediate Blast, Heat and Radiation Effects 

\ \' 1 11 T 11 E .\h:1:.1To~ Ho~rn. the same prob­

«111" Pll<'ot111tert>d \'. ith earlirr atomic weap­
•11,.. :1rP tl,.;o 1•111·01111tt>red. 0111.\· magnified many 

' 1111'0. The irP:t of total destruction. instead of 

· '1"' "r two 111ilt>s i11 di:1nn•tt>r, may extend se\·­

.. ,·:1 11111»:-- tli:it f:ir. dt>pe11di11g llJHlll the size of 

"1!' 1 P:tt><>11. ThPrP :1n• hl:io;t, hent and radia-

·111, :1;-;11alt11'~ :1,.; lwforP. :111d the sa111e problems 

,f 11 t11< li11~ 111a!'s ":1:--1witiPs 011 a11 1111pre<'P­

l1•11t"d '1·al1· 1nth 111111i111al 11r 110 facilities per­

. 111, I 1 :1.iditi1>11. tltl' prohlPlll of t>Xten,_;iye 

f11Jo,Jl -l1h1•h·t11l'lltl'l 

<1 )2 Phenomenology of Fallout 

."°'1"' 11·1< \ 'T F 11.1.111 ·1 f{r,_t I.Ts 011ly \\·ht>n the 

:11·p 1-:tll of tlit> ho111li 1·0111P-, 111 ('Ollt:td with the 

-111 f:ll'!' ,f tl1p P:1rtli \\'itli tht> hi;.rh air burst, 

t1i11•:ll'tl\·tt\· "011dP11sP,... only 011 solid part1eles 

f1·0111 t 11» lio11il> 1·0111po11P11ts 1tsPlf, and 011 d11st 

11 t ·1p :11r Tlit> partw]e;-; art> srnall, are 

lra\111 ·11!!!1 111to rlw :1t1nospltt>rP and do not· 

,.,rf 11 111 t lw Part Ii for pPrirnl,..; of days or PYen 

:11011r Ii,_;, B1 tllP t11nP t ltP1 rPaclt tht> Parth
0

f 

1d:"<'I'. till' 111ajor [>:trt of tl1Pir radionct1vity 

. ,, i1,.p11 di-,.;111ated !i:1rntl1•,.;,,j_v in tlw atmo"-

1·1·1en· :1 1d 110 -1!!11iti1·:111t ltazard results. If, 

'li)\\'l'\'Pl. tl11· \\'f':lJlOll I'- dPtOll:ttPd Oil tlte s11rfate 

·•I .. Josp PllOll!!ii so 1i1:1t the lire hall totwht>s the 

··11rf;l('P, 1 l1P11 l:tl'!!P :111101111ts of material are 

'1r:11111 11p i 11to tilt• ::1011tl1 1·]011d. :\[any of the 

: , 11t11·]p-., rl111s for111Pd :11e lwavy Pl!Oll!!h to de­

·• PIUI r:.p1dl\ 11lt1IP still 111tt>11sely radioadive. 

f'l1\• ,,...,1111 :- :1 1·on1parat11·ph lo<'alizPd :trf'a of 

,. u l"!'lllP r:1d 10:1d11·p 1·011t:1111111atio11 :111d a lllll<'h 

11'!!1'1' :1 r·e:1 of ~01111' hazard. 

f'l1P f illrn1t :1l'Pa 1·<'111,;1-,h. 111 ptf'pct, of a largt> 

•111t:1111111atPd plam' l•'X<'t>pt as 1noditied by 
1 1111111111~1,... 01 otltPr ~tn1d11n·s). Plltltti11!! :tlph:t, 

'""' 1 111· I l"''lt'tr:11111!! C'.:1111111:1 r:11·C'. It 1s ap-

<{;1 



parPnt that most of 1111" f:1.~1>1ll :11·pa 1- h!'\1J11<1 

the range of destnH·11on i 1 la,;1 01 l1t>:1t. a: .. d 
thus one is dt>alrnu vitl ·-s1·11r1:ilh "p1ll ". 
rad iologi•·al sit uat101 

The extPnt :111d po1pn11;1 -1·r1011,.;11P'-'" of f:1:I 
out was !']early llld11 1tt>d 1 1dfic 1 :d rt>lt>as.ps ,>f 
tlw .\tomi .. Energy < 'omn. -._~1011 :1 -+ 
these statement:-;, rlw hrnn11 - ·loud «01dd dr. 'I' 
radioactivP ashP:-; 111 1 "::,:ar "'l:t(lPd zonp abo111 
:!:20 miles long ami :!11 111 + 11 ilPc w1dP. Thf"n' 
could be suffieient ra11ioa«t '>·11 \' 11 :i d11wnw11·d 
belt about 1-!U miles 11: t''1!.!T 11 :11.d l)f \':try111i..; 
width np to :211 miJp, t•.1 -:;·1·1011,.,1:1 tlirPatPn 'iii 
lives of nearly all pPrso11" 1 >'rn:1111111!! 111 tliP arP:1 
for :·Hi hours and wl,o d1<1 11"1 t:1ke protp1·t1\·1 
measures. Tlw zones thll' <111tl 1npi./ for po!Pllt :a 

morbidity and lt>thal1ty r11•1wnd oln1•msi~: 11 
wpapon size. wind and rlth1·r ''!'at ilPJ ,·ondill1•11 
Pk. :-;tra11ss( 1 'i Prrq1ha>1ze·d rha1 pos,1blt> , 1s 
nalty figures g1 \'Pll an' for· 'IP 11·onr possi/if, -1 t 
nation. Casualties n:ti.!l1t llt' rPd111·Pd :.rreatl_\ 11 
numbt>r beeauc;p ma1 v :: •hp an·a \\ould t:1k1· 
shelter or evacuate t 1P are1L. .\ bo, 1111• ['att<-r1 

of fallout might lw :- pot n· 11 nat lll'P, and t L 11s .. 
many would !'scape P'>JlO"ur1• '\e\·Prtl11•l1,·~''" 1 :11· 

are:t where potent1:1,Jv ~Pr1011' l':tsualtiP:-; 11:a\ 

result may PX<'ePd b· 1n«l+·1' ,f 111ag-111t11dP 1 11 .. 
relativPly smail arpa, f:1r , .. r11 <'lit 1>11:tl w+·:q><111:-

6.33 The Effects oJ Gamm;i R.1diac1on From 

Fallout 

The gamma radia11011s in· 1•P11Ptr:tt111L'. ,1 111. 
as seen in thP ~far,hal le""· •n>d1we t hi• -;am" 

type of injury produ··Pd hi 'IP 1111t1al ra.Jwt 011 
from thecm1\·Pnt1011:.I 11· ... a11"1 !11 tl1" 011e' :11,.;+> 
radiation i,; dPlin'red frq11 :1 d1,;ta11t -.0111TP 111 
the other from PSstr1!1:1.ll1. pl:uw :it>ld li1 
both "ituat1011s. rwr Ptrat 11!! radi:1t1<•ll ,if' , lw 
entirP body rPs1tlts IJ11a, 1t:it 11-.·ly. 1 lie rp:-;1. It~ 
are idPntieal. <Jua11rit;1t11'>'i , , ;..; .. 110,,P-t>tlP1 1 
relatronships1. thPn 111.,11 ,,., il1tl'PrPI1<Pei d11 .. t 1 

i11co111plPtely known :111<1 11•Hl••r-.t<>od d1tfe!"~l1"P' 
in tlw PllPr1-•y llf rad at I• <11 111 i : 1 do"p r:1te. 1T1' 1 
in the geomet rv of P' po-11 ,. 1 ,pp .... ,. 1·, l:! I 1-'or 

thPSt' f'Pll'.'OllS. :llld f>J l•J1Jlll lll:I l'Pll.'-OJIC- 1" fH• 

advariet>d l:itPr. 111str 11111·11' rP 1d111!!" ,,j n1Pl1t'2:P 1 1 

do:--:t-i JllP:l~llTPd :1~ :11 \ ~1 1! 1 l'~'- 1~·d iill~,p- .. ,trii~( ~ 
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1 111 •·~ for 11ian ,._!Jo11ld ht> nsPd only as a roug:h 
'-'111 11· Ill" 1:-11:iity PStllllati1m. 

"' ·nd1•r ,.f m.:tgnitude of doses that may lw 
11• >1111tPn·d 11 tliP fall <11it area. the following 

t :.z1 1"'' f1H total d•>SP fortl1e tirst :rn hour period, 
,, 1 ,. q11otP< fr, Jill 1·!iainna11 :-;transs' release 1 1). 
i'1•1 111 Its dow11w1nd from the large device fired 
''' 1111' H1k1n1 .\to. I on ~larch 1. l!l!J.4-, within the 
11'" -111'. :i total dosp of ;\000 roentgens was de-

\• 11·•1 "vPr : pPnod of ;~1; hours. The largest 
1, it 1 ln·w dd i vPrPd outs idP the test site was 
~. ·, '" f<ir t·w ,.;:1rnP 1wnod at the north-west 
• 111 "r J{1>11gPhq1 .\toll about 1110 miles from 

\11 ll1 T1v11 otliPr areas in Ro11gelap 110 and 
1111Jp,.; from l\1kini rP«PivPd :2,000 and l~JO r 

"''"·.r1nlv. .\nother area, l~;J miles from 
·:1, 111 l'P<Pin'd i.1100 rover the;)!) hour period. 

,:rr.·«t,.; 1l1:1t rnav be PxpectPd for givPn doses 
, ,f 1P11Ptr11t111ir radiation ,!!iVPTl over a few min-
11.-- <W J1011r,.. arP indicated in Table tU (7). It 

1•rnnlia-m .. d that ,.;uclt tables are derived 
.ti ,,th from rn1mal data and thus, should 
'" 1 kPr ,.,; :1pproximat1ons only. These 
a 11P,, 1·:1 rv ··nn,.;1derahl v fror11 tlw British 

Lmle Ii. I. -Fffects of Acute Total Body Irradia­
tion on Human Beings 

,IJ r :-.;,, easualties. :\o red11et.ion 111 

,.tfenin•r1t ss. 
J 110 r Tw<J percent mav he casualties 

11a11spa and or '"lmttinµ;) for 
'nort period of time. :\'o evac11-
1t1on conternplatPd :\o si11:nifi­
·ant red11ction in ptfectiveness. 

I ,,I) r TwPntv-fivp rwrcent l'as11alt.ies ill 
·1 fpw hours First definite rP-

111ction in <'tfect ivP11ess. Fifty 
pen'Pllt of thP l'as11alties in this 
~ro11p will han' to he <•vac11ated. 

21111 r \ii must he "'·ac11at1~d as "'on as 
possiblt>. Fiftv perc!'llt will lw 

i 0111'ffrct i "" 
:11111 r \ pproxirnately 20 pPrcP11t dPatfo<. 

\II lleed pvae11at 1011 irnnwdi­

:ct.ch-. .\,I are 1<ollPtfecti'"''· 
1 11) r ·ft v pt>r<'<'ll t d<·at h,.; 

ti )\I.. Lt-1 hal do..,('. ~1111 nrit 11t't'l'ssarilv 

'.11r all ~o 1 ·xp<ht>d 

_._. -- --- ----· 



r FFECT-; 11f 11\; ZI \;(, ,L\l>IATIO:'li 

\\'ith n':,r:trd f,11l1t· l'l'!1lil1•111 of dm'P r:llP. tli"n' 
j~ t'SSt'llti:tllv Jl( ditl'PIPl<"I' 'II l'lf!'('f lif l !!'\I'! 

dost> dt>lin'rPd 01 Pr ·1 f .. \\ '-'l'•'•111us. a fp1\ 111111illt" 
or a fr"· l1<n1rs. I [1,\\1·\·1,r :1 dos" dPlin,1·1'd '''»I 

srvrral day,.; 11r ""Pef.; . .;, 1 1 'I l1t· m11<'h IP,;:.; ..tf1•"1 1 ,. 

for C'OlllP t'lft>('f'. '':ar \' 111 rlw ·:llllP •IO,_P it· 
livrn·d <ffPr a ft'1r m11111t1·'-' :-;0111P d:1t:1 11d1, 111 

that tlw ptfpd ' f a !! VP!1 !11tal do:.;1· dt'<'l'Pa--k­

roughly a,.; tlw f1111rr!i 1 1101 ,,f tlw 11111nl:wr qf d:1\· 
ovt>r which tlw i•N' • :..:·rvt>11, t!i11s. a 'IOSt> -11· 

livPrPd over Hi •la\'' 1\ •>1ild j ,., orw-hal f :!S Ptf»• 
tivP as tlw sail!•· .1.,,.,,. i!Pll\'Pl'Pd 11n•r •11w 11:11 

Tlwst> rPl:1tiont'l1 ps ''"'rP 1101·kpd <111t <>II" 111111:110 
llt'ing tire .;o-•·alli-d '···p. tar\i.!lliar" 1lo:·t> :;l'f1t>1l11i<'s. 
P. g .. doSf'!' dt>liv,•n••I :1 :1 ,·011,;tanr r·ttP Tlwr» 
are 110 data ava l:d11P ":t1d 1n p\·:d11at1•1:..:· :1dt" 

<jll:ltPi,\' thP ptf'p(" 11f :I '011,._(:t 11t]\ ·h.tll!!l'lg- <i•N' 

l':l(P :IS PllCOlllllt·l'Pll llo·-ilOl'I p1od11.·t l<1•ltl 
.\lso. the rt>h1tlf,11:d1q,. I' Pr!' \\'1)ri,Pd 1>111 11--111:.! 
:tC'lltP ptfe(·ts. s11l'li a· ,',11 dav rnort:d tv ;11)(\ 1 :­

not at all ('Prta 11 IH1\\ ·lost>ly thev applv •,, 

longer-ra11!!t> ptf,. ... r, "'"'!· a,; ·arwPr pro11111'l :•111. 
shortening of l fr ,1i:111. P1 I rP!iPt1< Ptfr«t-
apparPntlv art> dPPP•1dt>11r •Tl rota I d"-;e 1 rid 
show littlP or no dPJ>P' d1·1r<'P on dnt'I' rat.•. 

6.34 The Effect~. of Beca Radiation From Fallour 

ExtensivP hrt:1 Jp.;1011:.; from fallout 1. li11111a11 
being-s had not hP1·11 .. r,,.,>1111tPrPd prp,·1"11-:1 
As dt>s('rii1Pd in ('\i:q11P1 111. tl11' l1·:-.1n11". 1,,,r, 

"l1nicall.v :rnd ! 1:-t"l"i.!'' :111 . ., .. n, • 1111~1-t"''' 
\\'Ith prP\'IOl\S d:1t:1 iii\ ''\!lf'I' !llPl11:1I l11111r:t I 

anunal lwta rav 1i11r11: 
<l 

SevPral point:- -,hou 1d '>P 111adl' l'P!!:Irll' 11:.: · 11., 
hl:'ta lesions fro1:1 ftl >111 r:11!1atlllll'·. J\,pL1 ,,. 
,;ions of the skr 1 :11111 .],.p1Ltt1on ":111 ""('III 

the ab~rwe of 1..rhal .,.,._. .. ,._ .,f !..'.:1111n1a l'ILV· 1 "' 
can hP ,;eno11s. 
prPvt>rt t t llPm. 

Th11,. -IP['' -.ho11ld ilP t 1kP11 
\Ji< I I \\<Jllid apf>Pl\1' tii:d .. 1 1'!1 

l'PasonahlP pn•(·:1 1t 11111:- r Iii•\ ' 111 ht> p1·r·\·p11tPd "'" 
at ll:'ast markt>dl n·d1,,·P•I ,:i ·P\1•nt1'. 1 ·.,111 '"' 

11f tliP fallout\\\' Ii I II' ·kill I Ill j,,,. jll'l'\'f"ll•"I 
l'PT!l:llllilli.! \\'1tii1 I •,I\' 1b1p •'11'[\'pJ !ii' 111 '" 11· 

inl.! qrdin:1rv • J1,tl1111~' If' "fl''''ll'" ··:1111"" 
f>l'P\"PTltP<J. P:trl\· ii\•,,, '111 pfl'IP iii'< 011l:t111111.1! ,I 

of tltP 'ki1, 1111d I 111 .1 iii l'l t'\'t'llf ,,,. ''""·l'l 

~P\'Pl'llV <if thf' 
-lirnrld lw !..'.iHr If ) >' I' 

il10(1(! <,f activity lu>inµ: trappt>d thPrP. If the 
'1 111· r.; 1 ont:tnrinatPd, and it cannot be clt>ansed 
:'r<1ll'Jltiv f,v washinl.!, 1·lipping or shaving 

i 1<>\I .J I ot f1p dPJa_vPd. 

!d'1 The Effects of Internal Emitters From 
Fallout 

!'I 11· ta I lout matt>ria I <'all be i nhalt>d or in­
:.!PSIP<I 11 nd 11 will. of "011rsP. contarninatP ex-
1 "1:->'il fllod or water supplil:'t'. Th11s. as \\·ith 
!11"t:t '>11111s tit!' possibility of a hazard from thi,..; 
... 11n" .., j>o,;t'iblP. .b with thP IJ€ta burns, 
1 11>\\l'\Pl. tl1P prohlt>m may not lw too ,.;erious 
111d n•lat1vt>l.\· !'l!l1pli> mPas11rl:'s will aid i11 min-
1 111,111µ: t>Xf 1os11t'P. ThP pnriiciP :-izes of the 

f 1IJ11,1t matPr·ial probably will t>XCt>ed the qpti-
111:1i -1zp for· :1 major inhalation hazard. From 
l:ll I ')[I 'lit> \larslrnllt>SP PX]lOSPd to fallo11t. lt is 

·t'Pll rJiat tilP dP;!l'PP of internal hazard ill the 
"\ po,..Pd pt>rs1111s was ,.;mall. Th is is PIH'Oll rag-

111.!, ·Ill!' ... tJw,.;e flPO[>]e JivPd in a relativPly prim-
1 t\'f' ·tarp \\ iiPrP maxim11m probahility of con­

: 11rni1111t 1011 of food and watt>r s11ppiiPS t>x1sted. 
If I Ji" l1azard \1·as mi111m11m 11nder those 1·011-
cl 1t1011-,. t ..,1,011ld ht> P\"Pll Jpss urH!er l'Onditions 
11f 111ndPr!l .\mt>r!(':tll l1vin-g. \\'ith all of the 
IPc<t:1,i.! of n1H'IPar dPVi<'es in :\evada and else­
'\ 1wr». t 'tP lp1·pJ of ,,trrn1tiurn. the most irnpor­
. 11111 """ 011 prodn..r a:.; far :1-; i11tPrnal hazard 

"'"l"P1rwd. 1-; :-;till onlv :1bo11t l,'!1>00 of tlw 
:wr1111~,_11J!p i>nd.\· l,11rdP11 :ts rP<"Oltlll\PIHIPd hv tht> 
\ 1t11,11a ( '1t111n11ttPP 011 l{:ul1ation l'rott><·t1on in 
\ :11 ll >lt:t H111·pa11 of :-;1:111dards Handbook ;>~. 

•,,,r 111d11,;trial 11orkPt"S '~I). 

Tl1» 11rohlt>m ,.;l1ould not bP llP!!IPdPd. liow-
1 .-1 T 1P plft><'fs 11f i llfPrnally dt>positPd radio­

r,.t11·'" 1111ttPnals Illa~· not hp1·ornp app:trPllt for 
:111111 .. \ .\P:ll'i ,11HI, thus, tliP problt>m in thP .\[ar·· 
-l1allt·-,p "ill not llP fully Pv:tl11att>d for .\·pars. 
I, l'»r, P"~,.;ililP prP<':u1t11111 :tl.!:tin,.;t i11hali11!! ra-

o: ,.r 11·1, rr1atp1·1al. or of ing-Pstilli.!<'llllt:tllllll:ttPd 
l1t1>d :111oi 1\:1tPr :.;ito11ld IJP t:tkPn. (~as 111asks 
; 1 11! ..t!i1!PillI1 l'Pllloi.·p ti:-;:-;1011 product partil'IPt' 
1111111 r!t1 :11r 1rP a1·a1l:1hlP and Pl'Pll a 11·pt "loth 

1 •·r· · 111' la"" 1.., of .. 011~1dl'ral>IP 1·al11P for tlii:; 
11 '""!' ._;l>l'lllki111:! llf llll :ll'P:t 1:-; Ptf"P<"tll'P ill 

""i111 111:..: rlw :1n1rn11it of d11st 111 ti1P air. !'lain 
, 1 »1 " '" 'i' :111d 1\·at<'r 1\·ill rP111111·p a l:trge 
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proportion of conta111111a1 1 fnl111 111(1,.f -.11rf:in•,. 
That remaining is tirn11.1 xPd :111cl ,,. 1101 lth<'i' 
tobecomeairborneens1h !fa p•·r-;t11111t>I dPc1111 
tami11ation center 1:- I'S! at ii 1s Ii Pd ·hll11 td lw 

relatively mobile a11d 1~>Lttl'd f•o111 111orP ]'''" 
manent buildings wlil'rP d..ti11111 Ye «:tl'P 1:· ~1\·.,11 

This stems from the focr t11at '<J111am111at.011 
can only be transferrP(L 11.,t !P:'t rnyf't t. :1 nd · lw 
decontamination arPa 1-. l1ke•.\ 1•1 hPl't>llW ·p11t1• 
"hot" in :i relatively ~hort r 1111P Ti1111P1l !!°''d' 
can lw eaten with ·0111plPt1 -.;1fetv .ind 11 1-
highly unlikely that t'lt 1 ,,atPr -.v:-;tt>111s •Hit<"- d·· 
the arf'a of blast da:n:t!!P 11 l IH· <'<•11tan1111;1.:pd 
soon after a burst. Ont> rli111!! :1ppP:1r·' 1 .. i, .. 

certain-anyplfects f'rorn 11tPn1:1 rad1at1m1 \•.1ll 

be long ran1-re and \•ill IJ1· of 1111 ··01wPn1 111 'lw 
acute period. Tot:d IH,d\ 1·:1d1at1<111 fr11rn 
gamma rays, and ,.;krn 11Tad1at 011 fro11, 11..ta 
emitters will be tlw t·l11Pf rad1olog1('al , 011• •·r!• 

at early times follo\1 111!.:· :1 ·1 • -"l"''""ll' 

6.36 Evasive Actioll, Pro1ecuon From Fallout 

~ome warlling '>: 1io>:--d1!l' f tllo111 nil ],.., 

:l\·ailable and the f:ill111!! ":11i111·"<'t1\" 111atl'11al 
may actually lie visi11ll' \~ .. tar»d. 1i1l' llatl>'J" 
of fallout will dep~11d •JI 1\ ind \ Plo .. 1t 1t"S 111<i 
otlwr weatherco11d1t1011-... 111!1 t!1P p:ttt1·rr1 1:-11111-
diffil.'111 t to predict rndi>1 r I P i,.,,-1 , 1 f 1 1 n·11 rn 

stanees. Howpver. t 111 b .. a1,pan•11t t!\at 1· 
<'loser-in areas. fali•·11t m .• \ 11ot 0"1·111· f.,r .,•\ 
Pral minutes aftt>r tl·p hia;-1 :t 111111s1"'1'1•1.J 11 :t\ 

PXte11d to ,;evPral h011r, ·11 .!r"ate1· d1:-tall·'<':- 1111 
withslo\\'Pl"Wllld VPl•Wll P' rl1.,;.tlwn·1--.1·11\!' 
time for Pvas1n• a('t 1t111 

be 12:ivt>11 to PVa1·u:;t1 112: riJ,. :t1+·1 f po-.-il.JP f iii 
out pattpn1s l1:n·P hP"I 11 · p-.1 .:.;::1· "" :t11d .11P 111· 

lieved to lw prt>dwt:ddt> Ir 11 1 1a\ 1,,. 1•0,.-.Ji,],. 

to takt> sheltPr "11tli1 1<·11 ·1111" I t"1h1t1d1 '"' .:l•1 
I w av a ii ab IP t t 1 a 11 <II\ 1 ·pi 1 t 1 " \ "111 p i, · t" I'.,.,· 1 , a 
ratio11 for :111 PXtPlld"d -1 :1 

W it h "'t 0 I' i ll I! 0 f '-I I I fj' i O · 11 ' f '"' i I I ',( I II l t P I t 

allow sornp :uh·a11ta:!•' 1 , •+' :1k1·•1 •ii 1 111· dP• a. 
of tis!' ion prod11<'t r: cl 1a11• 1, .1 11' -11 frr ... ,:ao 1:1 
tion of an arPa a t"" .. J., 1·-. :1 f··,·r t 111• ':1 f, .,11 

F:lt'i!itiP:-; n1a1. for r 1": 1• r •11!'' ''" ,. .... t·11L ii. 
int ad. c-1lt'lt a" 11 :1tp1 ~1f1~\t·I, ,fl' l!!ilf ill~~ ~~i\I 

t• ~t, i IP 'I 

111 1-.11r:1hl\· >Ptt1·r otf titan .. ,nhin the area of 

, l:i ·' 111d ti 11·rma i dama12:1>. 
\ : ':, n·!!a .·d t •, Ptf P('f i \'PllP,.;s of sheltPrs in the 

1 <1111 11P:t. tlw followirt!! p,;tirnate:-: have been 
1·1 •:1'1'1L .\ fr:u11P 11011~1:' \\'ollld red11ce the total 
j., 1· .. ,,, P \'t>d Ii: 011P-l1alf. :111d a brick or con­
n t» -tr•1t't11rP 11·ould ht> n1ore l'tfective. .\. 

1:11·i11P11t 111111ld rPdtH"P thl' total Pxposure to 
•It•· r1·11th of its 1 al11P. In a ,;lwlter of thickness 

.-q11\: 1,l«Jlt t1 thrPPfPetofParth.thedosewould 
11· r1·d11,.Pd t > 011t> fivP-tho11,a1Hlth of it:-; value. 
df' ll'dill!! l'l)JJljliPtP prntPdio!l ill tflP lllOSt heaV­
' \ "•l1ta1111natP1i an•as . 

.i 1011 Id :tlso hP notP• !. "ll t ht> other ltancl, 
. " r ·" 111 IP t tP dPca.\· of ti,;:-;1on product ratlia­
' 1- 1- P\trPn1PI 1 rapid on•r thP first fow min-

1r•, 11 ftPJ dt>ronat1on. tlw rate of decay becomes 
"' ~1.JPratd\ it's' rapid 111 till' s111·1·peding hours 

1''111,;. 1\ 1th fallout ot'<'Urring some hours 
tltt>r · 111• hla~t., f adequatP ,,heltl'r is not avail­
tli 1" .-:1. r·irpr P\'a•·11at1on mar be better than re­

l!.! "11 partial .. !JpltPr and on rapid del.'ay of 
·1• r 11l1:tt1011 tit>ld. :-'tart11112: at 1 hour after 
" 1•1:1,t :1 ~1n·11 dost' ratP will fall to about 

~ l 1 •P:' Pl 1 of 11, ntl11t> hv I ho11r l:ttPr. How-. . 
,, 1. 1r 11 l1011r- aftPr the blast. :t given dose 
· 1 1· •• •ii fa! hy 11nlv l 1 f>PITP11t of its value in 

1·1 '' ! ',f 1 '1011 r. '" !.!., t lie do:-;P rare at 11 hours 
1 1,.. -.·1 p»ITP11t of \\·hat 1t was at 10 hours. 

.. 1 , -t:11P111Plll' a,; "'111orP titan Sil percent of 
: 101 :1110 i .j.,,.,p from ato1111(' debris will he 

I.+' 11' l"O'tl 011· 11111 11 lio11r~ of the Pxplosion tinw" 
··1w111!1 1ff1llrn1ttH't'lll'simnwdiatelyafter 

11"t<11 1111 111. If tliP 1n:1x1111um fallout and 
11.\ 111•1111 •»\po,;11rP rat»~ i11 :t fallout area 

... , .. 1 ""' 111T·"d for ~P\'Pr:tl l1011rs, the rate 
'' 1 .. 11 11 tl11· :tl'P:t ,,t;.\·1011~h· 1nll not hp as 

'11 1 11 1111•1 iiP ftq· Parl1Pr fallrn1t material. 

h • Estimanon of the Severity of Ex­
posure to Gamma Radiation 

· > +I Predic11ons From Physical Estimates of Dose 

1 'l.i• :l.,"1111" 'PIJ..,1ti·1it1 of 111:111 to r:ulia­
"' '!' ki•!ll\I:. :1111! 1f ii \\Pl'P fpasrblP to tlP­

' 11 .. , loc-• !" ~rrnq•'· 1111dPr <':tta:-;trophe 
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<'OIHlitio11,_ :1 l'P:ll St!< .. 1,1t ,;t11 al fll'Ol!ll«,..1-· •'l\lii<i 
hr madr. Ifmq·1·pr, r P ! rohlrrn;; 111•·01\ "d ":1 L 
rstimat1011 ot' d""" r·e Pl' <'ii h\· r 1P 11111 ,. <11, 1 
p rrse 11 t rP a I p r: 1 ', 1 1, · :1 ,j it h, · 1 , 111 !'• I r 1 1 'r" 11 
ablr that clops .,,t1111al•" xiii f.p 11·ailalil1• fr1•111 
dosinwtry d!'\"l<'•'" 1· 1n;111 [o;;p "ont' ,,, r ! 11,, .. , 

and tlw positio1 oft ,p 11Hl:v1dn:d clur:n!! •·\ 
posnrr. ~Olll!' d rlw ,!jffi,·11lt1P'-' 11f "pl\·111g 

hea nl_v 011 dosP ··st 1111:11 p,_ a I'!' ol1\ H>ll". rl1P "" 
aet position of t·1p llHI nd11a :t11d tliP dP!!l'Pt' .,f 
,;hieldi11g will 1,01 h+· lrnm1 n l'f'P('JSt'h l'li·· 
dosimetn· dPVl<'t· rP•·o1·•i,; tlw dost' or :t dost' 1·:tt1• 
whieh may not rt'tiP• t 11·•·1.ral't>lv lw.-:111-•· 1f 
shielding. Pllf'l'!!, dPp•·r1d»111·1· of r Jip dt>\'J<'t', "'", 
the depo,;1tion o; Pll<'T!!V 111thin tliP 1nd1vid11:il­
at the :-;it!' of 111t1·rP-t,, 1:t11wl1 horw 11iarT011· 111.I 
gastro111tp,;tinal tra<'I \lo1·p ·1rnporra•1t. '>< 

1·aust' of 1ndiv1•i11:1 ·1t'f••rP111·p,.; n -·t'I1·-1t1,1r1 

individuals t'XJl«SPd 1 tl1P •:illll' 111t>:t:.;11n•d ,[""" 
may ditft'r 1\·1dPI\' 1 t 11P11 rt>spo11:-;p,.;, TJi,1~. 

estimates <•f do~" ··:iii dlatPd frrorn dnsP ":ttP• •H 

derin•d from :11 111tt>1fl':tr111g do,;rnwh'r ,,r fr .. 11, 

position of an 1 1di 1rn11:11 d11rlllg t>Xpos11rP "'I r1 
not lw iw<·t>pted '~ t I 1P '>Pc·t 1 ndPx of t lw l'rob:111h· 
fate of an 1ndi,, 1d11a ,,, :1,, the tinal ,1Hlt''\ t• 

therapy. trlil!!t' "" p1 r1irno,.;i-, :--in1·+> ihr -n, 
dromes of radiario11 11 J11n· ],a\'P raryinu· cvnq1 
toms a11d arP do:-!' d•'f:»ll<lt'ilt the -vr11pt11rnol11!!\ 
IS in St'llSi', :t p»r-.;1111,1 i 111d1"ator nf 1111 .. ·- f:it,. 

ExpPriPIWP \\"Ith i 11rria 1 r:1di:1t1011 111111·1 rt 

Hiroshirn:1. \"a~:a,,:11' "' 1tl1 "P:t1't11r :111\1 •Tit :i 

assembly :1<T1dt''ll~ :11 1 • lu• •:tll"ut :1,.,.1ilt>111 11· 

SrTihPd liPre1n ·tl'<•ll:Ch· -llggt'~! that 'ill' 1,p ... 1 

method for pst 111at1r !! rJip -Pl'l<•W·I1P:-;' 11f ,,.., 

[lOSllrP at thP ·ul .1,:11:il jp\'t'i :- :hp •\"!IJ\<fll 

mati<' approa"I \· 1\ til ll1'" dic,e:tSP, :ITI I 

1P !•Ill IPllt', l'fll\dllirll ,,.,. 

'i:''>i'<•ll!!I p1·:1i11:dior ,,f '[11< 

.-urate apprat,;:i 1 'it 

,;11\ts onlv fro11 

hi:otory. phy~1" 1 l 11:1· I If>,>! :I fr)I"" "'(1111111111 I '•I 

(,;ep~t'('!IOI1!i ,j,..j 11 

6.42 Influence it (,~imetry of Exposure 1rn the 

Effectn.e Do~: LD, for Man 

Tht> 11ith1Pll<'I .. t 1 i ":..'"'1ll1Pfl\ ,,f ··~·l'",..,11•" 
tlw t>tfP<'t1v,• d'"" 1-" ..,,, '""I'd 1·1 1 'htpt1·r I 11111 

t Ii P r 11111 i rn a I ] ., 1 ·1 " ; , i , -P fr , r 11 a 11 11 '' 1 1 : 1 n t " r 1 \ 

l'"•P 1·at•'" frri111 wl1id1 thP total dose received by 
"" \l:tr·ii:tll .. ~P 11·as l'ak111ated were measnrrd 

'""'' 1 1 :t r· rn :1 planr :: fet't above the irro\lnd :-;nr-
, ,, 1, H»1':t11~t' of tht> planar g-eomf:'try of PX-

"'"1111· 11d rlw PllPl'!!Y of the beam. for this 
'1t'11•11rPd 11<1•!' r:ttt'. tlw dost> rate at the <'Pnter 

•·I' 1 !1<· l11 1d1· 11ould hr irrPater than for the :;ame 

, '""" r·at•• frorn a high PllPrgy X-ray source. 
111t'as'l!'Pd 111 :t1r at the proximal skin surface. 
J"l1~, ,.fft>,·ts "f fallollt gamma radiation would 
•, 11• •t' 1·\fl<'•·tt>d ti) ht• grpatrr. for thP same dose 
·1 P:1s rrP·I 111 11r. than 11ould laborator:> radia-

11 ' 

The 11 !!ii ll!Itial i1widP1we of nausea, vomiting 
1 •111 d1ar rlJPa 111 the liigh-t>xposurP ~Iarshallrse 

:.."1'111111. :111d t!1P prl)fo1111d 11P11trophilP and plate­
'l'f , 111rn 1 ,\, 1>rPss1011 indil'att>d a !!Teater Ptl'e('t 

''1a11 1111:.dll lia \'!' IH•t•n ""JlPl'tPd from 17."1 r in 

'i1P l:ibo1·:1ton·. in ket>pmg \\"ith thP abovt' .. \s 
111iw:1!1•·i 111 ( 'JiaptPr !\'. from this 1·:tl\IP for 

,,,, d""P rp1·• 1\'t'd, a11d from thP de,!!ree of lrllko­

" tP ·IPprt>s•1<J11 it j,; possible to t'stirnate the dose 

11 '' ·1w•1 .1 -mall i11 .. idPn1·e of mortality would 

.11 P n".1ilt .. d 11·itlirn1t trt>atment. These 1·011-

·ldPr11t 1< 1ns 11011ld plan' the thrt',;lwld for mor­

·:1l1t1, al :qiproxin•att>lv :.!:2:> r, and the LI).,., at 

111pr,.\1·11atPlv :;:,o r for fallout gamma radia-

· 1u11, ]· 1• ilso <"lt'ar from tlte above 1·onsicler­

,f101 "· :liar a li!!lll't' for :1n LI>-.,, for man. 

r1dpnp11.JP11t of tlw 1·11111lit1011 of t>xpos11re 1s 

"-~l'I ll:t lv lllP:lllllll!IP,;s 
n IP I .I)., trgurP of :1,:.0 r j,; bt>lo\\" thP 1·al11P of 

+i 111 ,, II' •. -,11 I l"Olllll!Olllv <JllOtPd ( 7'1. .\. rel't'llt 

'P .~1:tl1:at1n11 of tltt' .lapanf:'st' \"al!asaki and 

ll1r<•"li1111a i,omhinu· data has resulted i11 a lig-

111, 1p]I :11in1·t' th!' +1111 or +.-,() r 1·:d11P for the 

Ill 'll<'<il 1!<' 1 :1diatio11 from tlt!' l1ornb. Tlw error 

1 rJ 1• IJ!!lllP, as \\"t>ll a~ that obta111t>d from the 

\[:, 1-h:1 r I""'' data. 1,; n•ry grt>:tt. 
1 1of11111 d l·1'11iatolo!!i•·:tl ptfp\'t,; 

IfO\\'p\"Pl", tite 

:it'Pll 111 t hf' 

\Lr-!tallP,,, 11·01tld arg11t> ,;tro11!!l_v for loll"eri11µ:, 

1 ,, r J.,a,..t 1101 ra1,..tll!!, t lw "ill'l'Pllt LI l-,,, t'sti-

1111<'• f >r, '11 dt>fPll~t' :111d otlit'1· pla1111i111f, this 

':If'!' II :1rh lilldPI' l'l!"l''illli'it:tlll'P~ \\"llPl'P fallout 

1d1,1t1<111,.. 111a\· lu• P'>:J>P•'tl'<l to hP tltP d1ief 

•d1,,lo ,1,·:r liaz:rrd. 
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6.5 Radiation Svndromes as a Func­
tion of T~·pe of Exposure. Dose 
and Tim(· After Exposure 

6. 51 Effects of Supedic1al Pt·oetrattng and In­
ternal Radiat ons 

Ra<liation injHne,.: ··:11 1 f,,. 1'1\1·1t>d :1U1 t•1rpp 
general classes: 

a. The ;;yndrome~ ,,f 1\·11nle IJ•><h :·ae11at1•1•11 
injury \vhich are prod11n•<I 11.' IJP11etr:u1r1ir 11111 
izing radiation. and d111't 1r" d1 •SP dP1iende1 t 

b. ~uperticial r:ul1 ttl<ifl l11.r·11- pnHt\l<Pci ,, 
;;oft radiations i b.>t:, :1 :H ,, 1' ' 11PI':.!\ X •r 
:,!am ma radiat1011s) 

c. Hadiation injur fl!'<><lll<P1I :1y tfi1• 11ppci'i 
t ion of radionuclide, 11ii1111 'I•' l1od\ ·1 11· 
clinical picture varw· ,1·1 1 I 111" • 11 P :11111 :1 •111>11111 
of deposition. 

Each of the above "a""'"·r:if"d 1\·it11 ar. P:11 '·' 
phase rn which acutP "."lll) •lo111- , 11cl -1!!11~ 11. t\ 

be observe<!. and a latP 1>11 ,,;p 1•1 dr;d: ,·:rror I• 
changes or rnanifest:1t1011,; -ll··L .. ~ ':111c·pr 11, 1 \ 
be obsern•d. \!so, t 'IP de:,:rP•· ,,f :11J11rv - 1•111 
portioned to dose. l':irt ·11i:trh 1·1 <'!a:--" ,t 
total-body Jrradiat10·1. : II•· ·I ~Pa .p •"rr1t 1 -•"'! 

is highly depelldent .r1 , , .. 

6.52 The Syndrome•, From r·oc;.d Bodv Pene 
trating Radiar1011~ 

Thf' dose-deywndt Ill 

from total-bodv PXfl''"''r" 
lwPil dPscribed in dPt t1: I 

ll<ll'<>f!IPS ''l'~·llltl j! 

I· p 'll:l l l l Ill;' i : I :r \'' 

lie :<ummarizecl lwrP \fr ··r 1 11 .!f' cl"'*'' .11' 

proximately ti,IH)IJ r 11•· 111.,1• 11i ... n 1111·11.• ,,, , ·· 

ous "!1-'tnn s1;11dr11,.11 \'"' s "n1dc11"'<l 
( l 11 ) . J)pa th lll a\' <I• "I Ji I. 'I( j,. I I \!' i>P a l1' II f I·· r 

some hour.:-:. and 1" :ll'!'""' ·"' ',, 11 l'f•+'I'"''"'' 1 

hilit_v. ataxia. respll ttorr d1,1r .. ,- . .t11d 11r•·r 
mittent ;;tupor Do'·e- ·:11n11d1· ,f ; •r·o· !111·1 " 
this syndrome an• al ·I'll\· 111 f<>rl!ll\ fat:1, If 
:lfl O<'<'as1onal art1ma 1 -111 \' , .. '11 • I \ :-' i11' ' .1· 

.\'Pt to eXJH'f'IPllC'I' thP 'fi[•ft '"'' •t //If/ .//f,ll/'I' .,, 

r(~l~J. j. 10. l:.:'.) wi111 1 1\1 1 1· JIH 111'1' 1 J 111 1111 1:'" 

,, ""' .,f .·,1111 r is :1lv1·:1y• fatal within:~-!) 
l t 1 ···1iP <; 1...; i,; o.;o 11amecl lwcause of the 
1 11 hi'•! 11111sP:1. 111m1tlllg. diarrhea. and denu-
1.11 < •1 ,,f · iiP ~nw i I bowel rntt('osa. The (~IS is 
1 '' ,if', .. rm1y :atal ~yndrome Ill most laboratory 
1 • ,;1 :- l f t lw -hort duration ( d:--l of a few 
,, ·111·~ <toe' n11t pr1><itH't' the:~--+ clay death. the 
. u 1\·••l''i >f !us ,..yndrome lia\·p yt>t to experi-
"I•. r 11!' -pq11t>la1·· of l>orw 111a1To,,· depres,.:ion 
1• Ir 11 t' lwe11 ternwd tliP lin11o;ioiPtir ~yn­

IP ,, 1H . ..;1 Tlit>II:-;1,,T1otT1ece;-;~arilyfatal. 

I' - !!1t· ·111111·11 pwtnrt- that 1, ~een in the 
..ii :i ! 1·:111:,!'e for 1 ll n1:u11111a],.; and in general 

· w l .l 1,, Y.1 l11P,. rPnortPd 1·pprt-,;e11t tlw LI>,,, for 
'Ii' •e<Jrwi t of lwmopoietic dt>pre;-;,.;ion-:,!ranu­
,,.. torw·111t a11d depressi>d dt>fen;-;e;-; :tgainst in­

f,.,.. 1"1. tl1r·o111ho1•1•111a. and a11emi:1 with the pos-
. iii· ,.,.,1iJtrn:! 111ft>d1on,, d1,tf11sp p11rp11ra, and 

\ 1 <•\ a <i11P to 1111emia, :tlly C1f \Yh1ch may be 
f 11 \Inn• det;i1h•d descriptio11,; of tlw path­
. •:!P 1•'",, , f 1 hes!' phenonwn a ha \'P been pub-
i :•i P• I ] I• lf I 

1111· iiH·\f' p]l't11rP of r:td1atio11 -yndromes is 
'a--·d '.11 :11 1rn:li t>xper1nw11tat 1011: however, 

1111.111 •·xper Pile<' r<i. 17-~:!1lias1T1dicated that 
·111 : ·1'ilh11hl: '"1rTe;-;pn11cl,.: 11111te ,.]osely to the 

.:Pr er,, 111a11 n1a 11u1 r·e,.:pori,;p "11tlined above 

'' · lw • '><'•·pt11111 of ,;ornP d1tl'erPnc·PO' 1n time 
", 11T1·1]('>·. The ( ·x~.; :q>parPntly \\·as not 

fr ... ,· ,..j · ,,. t iiP .J apane;-;e :1t II iroshima and 

., :i '"' 11'1 ·1 
• :!:! ' 11or· 1Yo11lcl <!!JP expect 1t to 

~ t · 1 r ~ ..... 1-~ r · \ · 1 • i i 'ill<"' do;-;e:-- to prodll('P this :-,yn­
,, .. 11 \\·1tltin tl1t• area of total de­

The 1 d~ \\ irli dP:ttlis i11 the bt 

l'ij 1'l1t' 'Pf't 1 

"' h ii'<' "·Pl drn 11111ented cl111l<':iilv :111d patho-
1:: 1 11 1• trP dt'ath,.; fro111 tliP HS 1(), lH, 

'fo.1·p\'"·r. 111 tht< c·a;-;e "f man, deaths 
1 .. ,,' I fp.·t JI II \\'l'f'P 1110,.;I jll'P\':tlPnr in the :!d 

I! •ll'»k, 'lll<L\lllllllll ll!l'idPr]('P d11n11g :\d 
\' ... h 1!11' fr Ill\ il''lll•HTliagJI' pltt>llOll\Pll:t in the 

•ilft \\'t•Pk- I fll:t\i1n11111 Jl]('JdPIH'P Ill +th 
IV•'< h ,, t w .l.1pa11p,.:e, aftPI' tlie bornbing of 
ll··'•-11111111 :1 1d \J:1ga,.aki • .Jpatlt- from radia-

'I 

'I' 

•Jr11 \ ... ,.,, IJl'l'lll'J'lll!! ]" l:ttP !IS the 7th 

~ lp r" 1·1-· ·I1P~·1~ .... and :--.rr:un 'ari:1ftj111.-.; ThP :)--4 

I>' 1111-.. l[l' l!lll"·I 111'1"\':llt•ILI JI du:!:--. ":If~ :lllcl llli('t', 

11, 111 , iit t, d:iv~ ;1rP ...,,.~·n ( :111ra~:1 PLl!S a11tl 

• \ I t 4 • " i l ;1 !." 
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1vPek. Tiu:-, 1:- 11 t·J "' <>I ill'r 111 lllllll l 
1dwre deat }i,_ fl 'lilt • 1 

n1on after t lie .· it: 1 1 

6.53 Probabilitv ot ~·,If' 1va .is ReLned t< 

Svmpto1m 

Ht>nce. indl\ 1<111al· '\p<1-,Pd .n tlH· iPt!1a 
range t where ""lilt>, i 111 11<1! all. ·1·1il d11' 11 ·111 
tirst several 1vp+>k~ fl 1 lo11·111:.: t>xposurP 1 , a11 " 

divided Hl'cord1·1!! '<> -1·111pt•Hll·' and :-l!!ll~. 1111< 
!!roups !ta Vlll!! , .1 tfp1·1·11' pt11!!11os1:- Tl1w 
they may lw d1\ HIP1t ·1t• I !ii PP !.2T'lllf>" 'I ,\!11('l 
.~urvival 1:--:. l'P~!•t11·t1\1·I\ 11 ,1u·ol)1rhl1. ,Jos: .. ,1:/1 

:1nd;11·0IJ11h/,._ It 111 lwapn:trPnt rJi:1t rLer•· 

110 ,;harp iillP <>t dt>i'lli 1·;. I 'll :llllOllµ I flt'''' (>',II·-

I ~roup 1 ."111· 1 ·,11 ,, , ,,,,/, 1iii1 

lf \·onut111~ ~oi·j· r'"' 1)1'( r11pt I,\ 1;r ·" 1th111 

few i1011rs 1.1111 ,·,,·1t·n11t·"· and 1~ follc11""'' 

rapid ~U<'<'P0',.1<•11 ''·' 11r11,.trat1on. ,[:arr·•,pa 
:ll101'PXI:\. p\-t•!', l )11· ~1rog·nos1-~ I- !,_'.T:t1.'P 

deat!1 11·ill a\111<,.·t IPti1t1tPh "''l'llr :: .111· 
[Wn'<'lll of ti1" 1 1111 d11al:-. 11·11!.111 rl1" 
week. Tli 1'l'P - , "I Jil)1!·Ji 1 '1 .. rapy fqr '!1P'-'•' 
peo1ilP: a1· <>!''111 :.:h ;t 1·:1t:ht"""lll1('. 11 
telltlO]I -Ji.,ii\•: I' i"\"1tp.J jll"!ll!'il":tfh 
other:o; for ,, '1"1.1 1 I, ... ,, - ·'OllJP i1q) "' 

( iro11p ~ -· ,, 11 , .. , ,.,1/ "·"1!,1 

\'<lll1ll Ill!! ll:l I , !'II ,, ll'i \' l>1Jt \\ !] , 1' 
rPla11\·Ph -i1<11·r ,1,11:11 "11 tqlio\\•·d 

rwn"d qf ·'"'' 1·1 ·!..'. Ir , Iii- l"'l'i"'' 
\l'(>j] \>Pill!.! 'lt:ll'k,.11 • ll :.!\"· lf"P i:tk_, I~''[" l' 
1n tl1P iiPn <1fH111·' :1· '--ue•,. I.,vrni.\11)( 'l••. 
arP profo11 iill_, '<'P't·--"d \I 1tl1111 li11111·- 11,·1 

1·01111t 1:- d1-1>1'!···-·· I.,,,, II It·\ Pi-.,' I"·, ll':CT\'" 

and time' f Ii :1 \ ,11 11111 1iP!Jl'P."':·IOII dt')Jt'I\• 

1ng- l'JHlll r lt' 11j,~-1 ..... 1:-'.·n-...1>1 1r1fp1·1 <~r 1;~, 

he :-1•e11 .. , 11·11 
ha:-i J(':td1t»I I 

pl:tft•ipf I ( IJ]t 
a ft er:.'. 11P• ,, •. 

inu rnay r1 1 11. 

• d ;1 11»11tr"p'1 P 

:ti I 1.!'l'<I I';' '.) da1 -, I 
:t' ,.,.:rt·! 1 \ ,., • .,., I.,,, , t' ', t·, 

\1 , .. !] 'I('\ 1dP111-.• ',f I ,1t•t't 

I' t iJ t 'l'Pl'k ·- l f : . 

:.!l'Olijl ll'f' .,,,t·"I I 11· "tfi:1i .\ch!' 11'1~:· 

t lit-• ·1:1"'- .... 11 1 r·r 1 1 1, i '!.! 11 ...,,11 1-...j-' 

I 1 ! ~' f fl' J' 11 \.~I~;-., r l ~ I ,11 l •"" it '11" t'l''....''>I 

tJ1P iat1•11I i "" f f'I Ir Ii ~ f 1 

'11 1 l1rtiP<'l111i<':dr1-idPm·eofinjnriesother 
!1:1 1 ~11:.rl1t f:itl!!ttP. .\t the tPrmination of 
111' l:1t1·11t pPrtod. tlw patient may devrlop 

: •Ill p11r 1. •']lll:tl ion. lll'al and .·11t:u1eo11s 
•'"1'11\>'. :11fp<'f1011" llf woHnds or burns, 
11:1 ·Tl1 .. a. and 111elP11:i. The mortalitv will 

!•P -1!,!1111i<':lllt. \\'1th therapy the s11rvival 
,, 111·P •·:t11 Lt> PX]>e<'f Pd to be prolonged and 
f c11ttic1pnt t 11111:' is provided for bone mar­

' Ill' l'P'.!PllPrat1011 the '-'llrdval rate will be 
'lll'T'Pa,.;e<i. 
:.r1n1q"' 1 and~'. the blood pic·ture is not as 

- ,.j I do• 11111t'lltf'd :1:-- 111 l!l'mtp ;)_ There are good 
' 11w:1I J'P:1-011;-; to ht>lte,-p that in the lethal 

·:111!:''' ! lie :.rra1111l11('ytP deprf'ssion" 11·ill be 
i.1 I"\•'" 111<1 ht>lll11 1.111111 per nun du nil!! the 

-11 1 t>Pk. 1 ;ood 1Jt1,.PJT:ttions in .f:qmn I :.'.l, 

.. , "' hr11. till:. •·1111tP11t1on However. 111 the 
111d»t lul 1 tn!,!e it takes m11eh longer for the 

.!T:t1:11l1·•',\'lt <'llllllt :111d platelet 1·ou11t of man 
<J r1':w11 1n,11i111al 1·:tl11e:.. a,_; <'ornpared to other 
11:1.J11lll:• I:- 1 -et> ( ·1iaptPr IY :tnd referen<'e liJ). 

i lt->"pll< tl11• "haotw 1·011ditio11s that rxisted in 
I [ 1ro·d1 Illa. 1 l1P dat:1 of Kikuchi and "'akisaka 

-1 <111\, 1 hat t Ii ere \1·as a morr rapid and 
11:irk<'1 dt"'l'P:t-P 11 I iroup,.; 1 and :2 than in 

rroq• 

r['()iJfl ·I. <1/!'l'il'lfi f"!'O!ittb1P; 

Tl: 1;-. :.rrn11 p <'om.r,.;t,.. of ind i vid 11als who may 

"r lll:t\ 1101 lian' i1ad tlf'etllll! nausea and 
•'l)Jllltlll!! Oil tl1p d:1\' of PXJ><~llt"P. 111 this 
:.rr1111p tliPrP 1-, 110 f11rthp1· eviden<"e of ef­

tP1 t~ ·, f ti It' "-' P""ll re P x<"ept the lie111a­
t ol• 11!1" 1·iialll!P~ that ":tll he dPtected hy 
-Pnal -.r11d1t"S <>f the blood \\'ith parti1·11la1· 
l'f'IPl'Pt<'P tll lympilOl'_\'IPS and plateh•ts. 
l"l1P I 1111pli11«1·tp~ rea<"li low levrl:-i Parly, 
,, I' li111 t·" h•>IJl''i, a11d 111ay show littlf' f'Yl­
,jp•11·p ,,f n•1·0\·pn· for 1na11,v months after 

:.rr:i1111i<wytps lll:tV .;Jiow 

d11n11g thr 'iP<·o11d and 

tl11rd \IPPk_ Ho\\'P\'PI". <'011s1df'rable 1·ana­

, 1<•11 Pll<'<llJlltPrPd .\ lat<> fall i11 the 

..!'!' 11111i•·n·tP" .J11n111! tlw lith or Ith \\'PPk 

11: \ "' "11r and -lio11id \,p \\·atd1Pd for. 

l'I itl'lt·' '"'11111- l'P:tl'ii tl1P lo11·P'-'I 011 approx-
11 1tPI r :,,, ::1 ·th , 1:11· al tl1t> t l!llP wlw11 



rnax1111nm i>leed11 !! 1.:1 'll,-t'nPd 111 .J:q1 

ane:-e ,,·iio were t'\l'o'"' :t II ro'-'lt1111.1 ti d 
Xairasak1. Thi,.. rnw 1 ·pr" 1:1 tlw platPl"t 

l'Ollllt and rhe dP' Plllllli1PI I ,,j iit•Jlll)J'l'il:l~P 

is in lllHI'kPd <'Ort'l':t:-1 i1:tl "Pei· Ill :ti•· 

oratory animal,-,., l1e11 , la1pjp1,; rPad1 rht' r 

lowest Jpvel :1ro11•HI 'Ji, l Ith to 1 :,t Ii da ", 
and hemorrha1-re ""·1.r·· .. -iort iv 1 ltt'l'P:1 ft Pr· 

In this :.!rnup . 
phile <'Ollllh lwlo' 

pletely asympto11 

with platelPt 1·011 

. 11d1v1duaJ, \\Il"l1 1n•11r1·• 

111 1 111111 11ia 1 lw , ·• 11 1
, 

al1 1 L1kP1>ht', p:itlt'll'' 
1{..; ,j -;-: . .11111 111111 (II 1 ••• , 

may show Il!J PX PJ'li.t -1:!!1' .,f f,)p1,•d:r .'. 

It 1s well l.;11mn1 rl1:1r ii .j,.f,.11,...e- <1e!:tt11-t 

inff{'t.1011 "l'P lo•1pn·11 "' t'11 ! 1.1· -1il}IPt}, 1 I 
doses of r:1d1at101 .t d ·h 1c-. 1at1P111, '' ·' 1, 

:'it'\'Pl'P lll'lll:ttoio![ t'I! d• JllP,.._ . ..;1 Iii c·l1<)llk '•\' 

kept 11ndl:'r ,·]m;p "h'"' -.·:1· 11>1· .t11d :1.!1111 

istPred ap11r!lf'l'l<l P t'1t" :q 1 111i 1·:t1Pd 

6.6 Relative Hazard., uf Bt:ta and 
Gamma Radiarion From Fallowt 

Co~1m;-.;r:n BET\ Bt·w,, '" 
body g':l!Illll:t radiat11> I Ii 11 

as in the prP~Pllt PXp•·'I '\''11 

~ It • k. I ~ l I i I i \ \ i 11 1 I P 

t ions rnay O('c11r fol o" 111'-

·:111 f>p '11,;t .llll!'• I. 

1 I',\\ P \ •'I'. -1r11 

tilt lit 

pron1pt p1·acuation f1<l111 1 ,,. •r":' 1101,ld lin 
the \YholP hmh dosP ·,, 111:1 1111a. P\+>I·. '''If 11 

i1t· 

T'"· 
\'f'!'se -.;1t11ation 1:- 11or '•I 

ClllTPd to :I [i111JtPd t 

11 l<'P' 1·:d1lt· Ji It 

I !11 \I :i: ,;f 1:1 i I" ·P 

and .\111en1·an' T111 ,, .. ' ' I j I ), ] 1 I ...... I ( J ,~ • l l l 

' l 1't'! or 1·m11plt>tely ·lot '1"1 

:-;kin ln1n1:- lint r"''Pt 

degrPt' of wl1111•' 11011 

abo lw t'XJHISPd I' 

pro111ptly :ind ·li.,11 , 

delav .11 PXa• 1:11:01 

S~lllH'P:-'. 111/t' '.\'111iJ1i 

whofp body r:1•l1ar101 

! " I" I I I It' ·.Iii.I' 

I" l I r )11p lJ,~ 

" 
1 r 1 ~ , 

,. l 

In tlJP 1·11111-st• of tli1· 1,,., .• ., • 

Pll('P of .'iOlll\' '•J>Pl1 -k !1 111 

t'Xert a dPletPr11J11' 1111 ii"',., •11 

t'Olll'S!' of t lit' ll'ITl:ll ,J,.:: ' i• 
PVPI'. \lltit !\IOI•' ·«'\t" 

'I f1 ')·' 1 ;\ i',I' 

lt'lil ii( l•I · 

11 , I )i 11 t;, 1 n·1 

l'f•-'-.J111 11, 

, .. ,, 11 "··: 

\ 'T '~ 103 

11·1 • , ... "11 'I" 1111,11111d:-; of any typ<' would pre-

·1·111 :i1:t1•111: I pnrPntial ':>ortal,; ,if Pntry for 

t• ,, Plta111h· 111 tliP 1·asp of thPrmal 

'1 1: 

I I 

111 

I 1· 

\ !1 

• : . !It' «liatl\'P:' 11f J'Pt'OVPI'\' are 

»•I l· ii J'i'"lllt <Jf t!tP 1'0!llbi1IPd lllJlll',\'. 

Therapy of Radiation Injury 

1n .. 11 \I• :-;-1 i >v :11·lltP rndiation 111j11ry 

,, ii••'''""'· 1:.!.-11. It 1,p:-:-Pntiallvthat 
,, 11 .! 1111:• :ti jlHL'.lllPttt \1«1uld d\('tate. 

:.., ,11 11 ,.. 11i 111P•lll':tli•Jt1:- are tho,;e 1nd1c:ttPd 

I '" . \C-11 ii t .1· .;i I ll:t t I <>I I, :! IHI t'lll pliasis 

''" 1111·111· 111 tit" 11t:t!.!·111tllill' of thP c-up-

, ,j •W111 \·ii 1h1ot i"' will i>P req11irPd in 

·. 1 111:" 111t"' t•. l'ol!lb:tt tin• 111fed1on th:tt 

1 1 11 !.!I' 1'<1!.- 11 111orh1d1tv :1111! mortalitv 

111• 1··t.J1atP•i 1ndi1·1d11ab. and i>lood. 

I I ,, I Ill <1liiPl' 111tr:ll'PllOllO' ttnids \Vil! hp rP-

' 1 1 1 "· · '1r''Pl't r Jip ,..!tock, 1t11Pmia and tluid 

II• I 

' • 11i ,.,1·1d1t <>II,.,, wltl:'11 ,.jllll<':il and lalio-
' 1 ' 1 : ' 1 . , 1 1 11 :.: - 1 1 f I a 1 io rat "'r .1 1 \'or k i,., poc-,; 1 b IP ) 

1 •: 11 •l,.·1r ·1PP•1 .\ny 1narkPd prophyla('tl<' 

,,,, 1j,,., .. t!.!'PI '"' lia.;11ot lrPt'lldPlllOllStratP•L 

1 1• ... 1<1»r:1· 11111- 11f l""rlJaldt· ,Jiort "llpply in 

11 <ii f'l'I\ '•Plllllll!! dPrtl:tllll \\"OU]d llll)i-

1 II I r Ill'!: IJSP Ill t '111• :1h,.;Pll<'P of ··I ear 

,, I 1• · t 101 Tlw:i·p 1rt' 110 drllgs "J>l'­
:1 11;1 1 1<111 1 11]\ll'\. 111 11ta11. ( 'onsH!PralJlP 

I• ll'\'! lll:l<iP II dt•\'PIO}>lll!!' :t!,!Pll["' 

.-j,. Ill 111:11- 1f !_!IVl':'l (ii IOI' [fl l!Tad1at1011. 

'''ii •' \)lt'\ llltt'llt:ti llllPl'PSt Ill p<>'-'l PX-

• 1· 'l• 1:q 1 11:1~ lwPll tl11· dP1Plop111t'lll of 

· 1. 11•1· I'.\ '1\' 111jP•·ti1111 of :-plPlll<' llld 
111 111 11n•1111r:1t1011:i. 1101\-P\'Pl'. t 11P PX-

,. 1'1! II lll>i !!t'llt'tl•· c-pt•l'lfi<'ity of tllt'Sl' 

"" 111[1. :tll'O' t l1at l l1t•,p :l!!Pllt' Ill it 1· 

I I l',lt r ·:11 I :11111'. I 11 1dditio11 :-1tl1-

.. I I ' '·' 'I I r: t 11 C- f 11- I" 11 I) f ..;p }> :t rat pd 
,,[ IJl'ilf n1pl11ll'C' Ill l'Ollthat iif'Jll()('-

· I 11f·•1·t111·1 1.-. .,f t'\fll'l'llllt'llt:tJ i11tPl'P"'t 

11 ·1·1 t ft•• i1lll<lllt"' ii IP llllf "'liflil'll'llfh· 

•'•! 

.I 



to nut'lear dPVH'es it>t<>11 1 tt· 1d1·1 

<'O!Hlitions, it i:, po:-,.,1h:P •1 !•n«l1t'I 

I j i jf'pr1'l1 1 

fr, Jill !11• 

tindings, witl1 
problems t liat 
are as follows. 

l) The medi1·al pr il1IP11> 

:2) 

vicinit,v of a krint<•I' it1•1I111 "q'apon '" 
megaton bomb ·i] I, t•,,_p11r1alh ,.11111i11 

'''ith tlw larl!\-'J' '"I'll))()•. If' l•\ll'St', tl1P :l]'f':l• 

of darnagP arP 1 lllt'~i tr'!!Pr t nd. t 11 u;-.;~ , \p· 
nun1bPrs <>f (':t:-11:1•' 1" .1 :r n1Pd1a111• a 

thermal, 01· rad1: t:•" I• r" 1t'P c.!'I'P:1rh 

creasPd. 

In addition, \\'ltl l:tII!" 111•a1i<1t1', :111 trP:1 ot 

fallout l':tll PXtP1 <i '»1 r ho11-.,:111ds ,,f ,.,p1:H•· 

mi!Ps beyond thP r:tlll!• .,j tlwrnial :111d hl:"I 

injury, rf's11 It i ng 
irradiatio11 of tl 
ternal hazard 

111 :.'.1111111 :t 1·r·:1d1:lf1<1TJ. \..-t I 

P clil' :1 111 11ot\'lll1:1i 

t I 't' ti '"" 11 • p ' ) f I I :l ., l II I 

thermal i11j11r,v ."Pl'l' II~ f ti llllt 'l\'l <)( III 

SPVPral hours af·e1· l1·1111 :111"11 :111d 1t •>11 

sidPrahlP •l1:-;t:rn1 "' \ I l: l c I a I!' I I lilt". , !11· 
Parly. \'Pl'." SlPPp 'a I ! I ij,,..,,. I 1tP li:1s I il'Pilth 

occurred and tltt> •iosP 1T< f 11 s r•tl' 1t :1 111·w 

slowPr rntP. Tl Pn· 11 11 ],.. :1dt'q1tatP t 111t· 

for l'Olllltf't'lllP<l" IT'P- ·Ill "Ii "I\' 1•\'H"li:t!!<Jll 

or otlwr Ptt'edJ\'" 1·\ as 1·p 1• 1 011 '\ill ·pl[ 1H" 

by a large amo111 t •!·11· "t 1i ,j,."P 1t·1·p11·p., 

;~) The gamma ra1:1:1t 11: ,,, for· tl11· 11,0,r 

.i) 

,;prious hazard 11 '!11 I i1 •11t 11·»:1 

penPtrati111!, a11<1 •'\!••"·1111· ·111 n·"11l1 111 d1" 

samP an1tp rad1:1t1•11 '•JLn ,,t1st>1'1'Pd 111 t},.. 

.fapanesP :it H1r• -.,11 ·11" 1 "1 \ :11!a~:1k: ~-1 ,. 

q11a11t1tativP d<N ..rf,., n1:1t1J11sl11p:-;111a" \,. 

:dtPrPd LP .. :lll~P, f I""' 1 :t 't' ,1 1d •1t '1Pr i! 1 tr, .. 
Pll<'PS IJPt\IPPll tli" ''"" \ l '" ,,f P";po:-;1ff1,• 

BPta r uliat 1011 ,; r I 

d p ti Tl l t l' I\' ': 111 I/(' I I ' I): 1 .. 11 I 1 I 1 p ti""!'' 1" ' I 

lPthal do:-;p~ of :1 ·~•J· 1:1 1 1·11"1111111<1 1·:1.J1at '" 

. \ltltough laH' II :11·111- •I! I!.,'., l1P ... 1-,111 l··-·•>l. 

Ill a y b" s 1dfit-iP1 t l 1 "" 11<>1,.. ' 11 1" "' 11 I t 
"casualty" ( lf t>q11 ii ll'!J11r 'a 11"'" l11i1'.·•"· Pr 

Tl" Ji" I I l't• JI:' 
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11.11,I, fiom 111:1tPrial dP\Hi:-;ited directly on 

· 'w -1, 111. :tltho111!h ht'ta radiation from the 
::1.,11111·1. ],11iJ•l111g, nr ·1•v1>n ,.]orlws mav <·on­

" r 'l:1if •a -'mall dPµ_-rPP. Thus. :-;helter 
1111111 :l h111 ldinl!, 1'IJVen11g PxposPcl skin 

n·:1:- .11t 1 1·lorlt1111! and Parlv "kin and hair 

IP"11111:1n11nat1on 1Yo11ld go far toward pre­

''"''iflill! t 1 11~ l1azard. 

"1:111e ilPgreP .,f internal <'Ontamination will 

"" 111· '11 prr;:ons t>Xf)(Jst>d to fallout. The 
,fl (1111·r~ .(pp11-1tPd in the body, ho\\'P\'Pl', will 

'1;• rt·l:1fl\Ply .,111:t!L It ap1wars C'ertain that 

11,, .,1·1 r11lllt1<111 to tltf' a<'llte rnedi<'al picture 
.p,.1 ''·ill 1·ps11lt from tlti:-: <':tllSP. It appears 

I'·'" :ltho11!,!ii •iata :1rP in<'ompletP, that 

, I' 11· '" 110 0111!-term hazard is likely to 

'•"·1rlt frrnu rlti~ 1·:111:-it', particularly if 
P11-01 al1 p l""P<':tllliori:-; :1rP taken to aYoid 

"\11•.;,11·p 111lialat1rn1 or inl!e:-;tion of the ma­

'Pr 1:1 I ThP 11·11te nJPdical problPrns in the 

f:1 l•1111 :1 rPa 1\ ill i1e 1·011<'Prned principally 

, 1rli l••fa,-hod1· gamrna PXJlO>illl'P: :.;ome with 

'>t'" i I, J ":1 ol l:I ( ! (I l\ () f t lip ,_; k lT1 · 
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