TEGHIEAL REPORT
il




THE ABCC TECHNICAL REPORT SERIES
ABCC®@Ea&HE

The ABCC Technical Reports provide a focal reference for the work of the Atomic Bomb
Casualty Commission. They provide the authorized bilingual statements required to
meet the needs of both Japanese and Ameriean components of the staff, consultants,
advisory councils, and affiliated governmental apd private orgenizations. The reports
are designed to facilitate discussion of work in progress preparatory to publication,
to record the results of studies of limited interest unsuitable for publieation, to
furnish data of general reference value, and to register the finished work of the
Commission. As they are not for bibliographic reference, copies of Technical Reports
are numbered and distribution 1s. limited to the staff of the Commission and to allied
scientific groups. ’

IOESHLTEY, ABCCOLBOEHN LTEANOBZERLRBELEIET2E0TH 5 T,
ABCCHE - i - MBS AARUVEMoBEEIES ok omy s fboRRfgTth s, JhE, X
B TEREONROBRIFIEL A€, FEMCMERFBEL LA T TERIIBEL L WVITROREE MG
L, BRECBEL AL I ARBYRMLL, YABCCLESWTREE LR 2 HRETEHRT 2B I5H
ENALHTHE. BYRYEE LToNMEAN Tt QTIEAVAS, COLEMHESETRTE—HE
EERHLTABCCRIBRUMBIRILOSEET S,




TECHNICAL REPORT
02-62

y
&

=i
R

RESIDUAL RADIATION [N HIROSHIMA AND NAGASAKI

EBsECREIC S 5 %S M

EDWARD T. ARAKAWA

Department of Statistics
AT &R

ATOMIC ROMDR CASUALYY COMMISSION
Hiroskima - Nagasaki, Japanm

A kesearch Agency of the
U.5. NATIONAL ACADENY OF SCIENCES - NATIDNAL RESEARCH COUNCIL
under a granl Erow
U.5, ATOHNIC ENERGY COMMYISSION
adninistered in cooperation with the
JAPANESE NATIGNAL INSTITUTE OF HEALTN OF THE WINISTRY OF HREALTH & WELVARE

Mok oW ™ OBRE R A ®
E B - &
L S S e S A R
SAFMEA S
HES B - WSO ES R FFR &
(RAEFHRERTHARMEIRS)



ACKNOWLEDGMENTS
BHOTE

The author would like to emphasize the fact that this report
summarizes the combined efforts of many individuals. In
particular, he would like to thank G.W. Leddicote and J. Fmery
of the Analytical Chemlstry Division of 0Oak Ridge National
Laboratory for performing the activation analysis of the
samples, F.W. Sanders for helpful discussions and some of the
caleulations, R.H. Ritchie for his kind suggestion on the
method of caleulation, H. Yamada and K. Noble at the Atomic
Bomb Casualty Commission in Hiroshima for the survey on escape
routes of survivors and numerous discussions on the matter,
Drs. Borg and Conard at Brookhaven National Laboratory for
thelr independent assessment of the soil samples, and finally
to J.A. Auxier who has offered constant encouragement.

COBEREHOA4OBNORREAENLALOTH S Z L & EHIHA
L, BRiciBRIIC B 5 BEEEST 122V T i3 0ak Ridge National Laboratory
I EM O G.W, Leddicore B E U I, Emery PRKIZ, HRLBROMM L
SHMBEME O A EEBL T L1220V TIE F.W. Sanders K12, FHEBEOFHEIC
DWTHELTFTBREEZ LNAEIELIZOVTIE RH.Ritchie KII, HEZEOR
BEROWEES IO hCMY 2B 0B RoMBERLZ LIz TILTEN
BEU K Noble AKX, THELRIIDwWTEhAFRBBEOBERR-ZELC
34Tt Brookhaven National Laboratery ¢) Dr. Borg ¥ X OF Dr. Conardll,
XLNMITEBOFEELMALNS T A, Auxier K12, FRLBEBRLERT 2
LEOTH S,




~ TABLE OF CONTENTS

LIST OF TABLES AND FIGURES
WAME—BEE
INTRODUCTION

wm B

FISSION PRODUCT FALLOUT
BT WA
NEUTRON~INDUCED ACGTIVITY
Fp -8 TR BTRE

METHOD I

BT

METHOD II

NS

METHOD III

LR RS

SUMMARY

# B

REFERENCES
ES D&

H

x

Page

11

13

16

19



Table 1.
&

2.

3

Figure 1.
2.

3.

4.

LIST OF TABLES AND FIGURES
HARR-&

Principal gamma emitting isotopes and radiocactivity produced in
Hiroshima s0il by thermal neutrons

BT L s TEEOFIEFRIIRE LAY BARL T3 FERELE S L U2
% & LFl

Reactor induced radiocactivity in Hiroshima and Nagasaki soil and
tile samples

BB L UREOLES FCROEARI T2 H FIFHR KA

Radlioactivity of long half life isotopes induced in Hiroshima and
Nagasalti soil and tile samples

gﬁ.%ia‘ SUEBD LEF I CROBFCER AL EMoEVEEATE 0K
e :

Isodose contour evaluated in milliroentgens per hour as of
Oetober 3-7, 1945

1945%F 108 3 — 7 O A 0 R4 o S5 21 (nr hr )

Accumulated total dose of radiation from neutron -~ induced Na26
and Mn56 in Hiroshima soil

IBEOTERIIEG S PHETEREREETEN® &L Mn ® BB EEHROBE
Residual radiation at hypocenter area -~ Hiroshima

KB OB LRI b it 5 ERE TR

Escape routes of 100 survivors - Hiroshima

TE B 0 HARE 77 41008, o0 B %

Page

14

15

10

15

18




RESIDUAL RADIATION IN HIROSHIMA AND NAGASAKI
BB &S IUCRBE &G 3B E KN B

INTRODUCTION

The analyses of medical data on the
survivors of the Hiroshima and Nagasalki
atomic bombings have been mainly in terms
of the immediate radiation - the gamma
and neutrons released at the time of
detonation. For want of a better index of
radiation exposure, the medical data
frequently have been analyzed as a function
of distance from the hypocenter. A
program now 1s being carried out to
determine an accurate exposure dose for

each survivor.1’2

A tacit assumption often has been made
that negligible radiation exposure resulted
from fallout of fission products and from
neutron—-induced radloactivity. However,
the question of biologiecal disturbances
from exposure to residual radiation
periodically reappears in the Hiroshima
and Nagasaki studies of the Atomiec Bomb
Casual ty Commission (ABCC). The coneensus
has been that the level of radiation a day
or so after the event was not sufficient
to cause biologlcal damage to persons who
entered the cities for rescue work, but no
definite substantiation of this opinion is
avallable. Therefore, this study of the
two cities is intended to assess the range
of possible radiation exposure after the
detonations. [rom the results it is hoped
an upper limit for residunal radiation
may be set.

In discussion of residual radiation,
two sources must be considered:

Eission product fallout

Neutron-induced radicactivity

o
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Fission product fallout refers to the
isotopes produced durding the fission
process from the splitting of the uranium
‘or plutonium atoms in the nuclear weapon
and from the vaporized materials used in
the casing of the weﬁbon made radicactive
by the neutrons. In an air blast suech as
the Nagasaki and Hiroshima detonations,
most of these products fall to earth in the
form of tiny particulates, many of which
are highly radiosctive.?

Neutron-induced activity refers to the
activation of matter by neutrons. In
Hiroshima and Nagasaki, the neutrons
released in the fission process reacted
with surface substances such as soil,
building materials, tile and stone.
Reaction with certain elements in these
materials produced radioactive isotopes,
many of which decay by the emission of
gamma rays.

FISSION PRODUCT FALLOUT

The magnitude of fallout from the
Hiroshima and Nagasaki bomhs can be
assessed relatively accurately from the
measurements made in the two cities after
the detonations. The fission product
fallout occurred predominantly in the
Koi-Takasu area of Hiroshima and in the
Nishiyama district of Nagasaki, both
located approximately 3000 meters from the
hypocenter.4 Because at this distance
neutren flux was negligible these areas
had no other source of radioactivity.l
Radioactivity in the hypocenter areas was
mainly neutron-induced with minimal fission
product f&llout'as will bBe shown in the
next section. The decay of fission
products as a function of time is known
to vary approximately as gm 1.2
is time after the event. It may he
argued that effects of weathering might
have invalidated the ¢ 12 decay law in
Hiroshima since the city was swept by
a typhoon on September 16-17, 1945.
However, measurements made before this

date eorrelate very well with subsequent
4~13

where ¢

measurements, A complete survey of
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the residual radiation in the two cities
was made by a team of the United States and
Japanese scientists on October 3-7, 1945, %
These measurements were made with Geiger
counters which had been calibrated with
radium standards. According to Figure 1
radiation levels up to .045 mr/hr were
recorded on October J-%, 18945, as a
result of fallout in the Koi-Takasu area
of Hiroshima. From one hour after the
bhurst, for persons in the open, this
integrates to an infinity dose of around
1.4 r using the t"1+2 decay low. This
dose, although not negligible, probably is

not enough to cause biological disturbances.

The fallout 1n the Nishiyama area of
Napgasaki was much higher, registering
1.0 mr/hr on October 3-7, 1945 at locations
of maximum intensity. A person standing
in suech a location from one hour after
the detonation te infinite time would
bhe subjected to a radiation dose of
approximately 30 r. More realistically,
however, persons would not remain sta-
tionary but would move to locations with
lower intensity and would also enter their
homes during the night. On the assumption
that this individual spent one third of
each day at the position of maximum
intensity, and using an attenuation factor
of 2 for house shielding the total dose
would be decreased by a factor of 4.
Therefore, a realistic estimate of the
exposure from fallout at Nishiyama would
be at most 10 r, which again 18 not
considered sufficient to cause obvious
biclogical disturbanees but might possibly
have affected the blood plecture to a
small degree.

NEUTRON-INDUGED ACTIVITY

The magnitude of neutron-induced radia-
tion may be estimated ﬁy several methods.
The range of results obtained by these
various methods illustrates the uncertainty
involved in any determination of the
neutron-induced activity. The results,
however, indicate that the highest dose
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yielded by any of the methods would not
have subjected a large number of persons
to signifiecant doses of radiation. The
me thod which is considered to give the
most reliable result yields doses which
definitely can be considered bioclogically
insignificant.

Method I used known thermal neutron
activation cross sections and the chemiecal
analysis of granite, which is the under-
lying structure of Hiroshima, to determine
activation produced per gram of soil.
This activity was converted to exposure
dose in air by a previously deseribed
method. ¥ The use of granite was dietated
by the fact that no chemical analysis
of the soil was available during this
particular phase of the study. This
calculation yielded an infinity dose of
183 r in Hiroshima.

Method II utilized the above results
for the activation per gram of soil and
the exposure dose in air was calculated
by direect integration using air dose
conversions from known decay schemes of
The infinity
dose in this case was found to bhe 72 r
in Hiroshima.

the radiocactive isotopes.

In Method IIT the activity was determined
by irradiating samples of soil from
Hiroshima and Nagasaki in a nuclear
reactor. These activity values were then
used to calculate exposure dose by direect
integration, as in Method I1I, leading to
an infinity dose of 24 r in Hiroshima
and 4 r in Nagasaki.

Procedures in Method IV were performed
at the Brookhaven National Laboratory by
Borg and Conard. The amounts of stable
Na and Mn in the same soll samples used in
Method III were determined by neutron
activation. From this result the induced
activity was calculated using data obtained
at nuclear weapons tests which have been
reported in terms of chemical composition
of the soil and yield of the weapon in
kilotons. The integrated dose at the
hypoeenter in Hiroshima from one hour

ot
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after the detonation to infinite time
was calculated to be 183 r, assuming a
relatively high external neutron yield
for the weapon.

. The results obtained by Method IV compare
well with Method I. This is to be expected
since the important factor in these
determinations, the conversion of activity
in the soil to exposure dose in air, was
essentially the same for both methods.

The results obtained by Method III are
considered to be the most reliable of
all the four determinations since all
caleulations were direct, requiring no
extrapolation from other data. The
unecertainty of the neutron flux, of course,
was a common factor in all four methods.

METHOD 1

The magnitude of radiation induced in
any sample of material when exposed to a
source of neutrons is dependent upen four
factors:

The number of neutrons available - the
neutron flux F

The total number N of a particular atom
present {o be irradiated;

The probability of this reaction occur-
ring and leading to the radioisotope in
question —~ the reaction cross section o}

The rate at whieh this particular
radioisotope decays with time, commonly
speclified as the time required for half
of the original number of atoms to decay,
or the half life T1/2

For a particular radioisotope A the
activity induced by the Hiroshima and
Nagasaki nuclear detonations may be
calculated using the simple formula,

A=FoN

MIRIF 2 E AR BOROHIC B 2R EEE
i, ZoESEE LTEEmEwHERIcES
BtgE s mE LT, 183 rkEFEXxhL.

BNBIcL2HEOBREEIHBICLAER
EHFEILIL—HLTIWAE, ZhRZn200H
EFHECEPOAERRS, TabbEPORE
BB B REREEIIRETIAFITLALAL
ChHhBTEPLTHERTWALIATHS.

BN LB ER—ToHE Fho Bz
AT AET A A EBIITEONE DD,
kA DOHEHBPRLERSEETE S LE
ioha, FHTRKOTHEELEE, 2554, &
Nbd42DFHEOFRIZEIETH - 7.

Bk

R rREBEIIBEILABSIHEIIHDLA
LERaRE O R, ko4 20BREILL ST
mEIh A,

hiEF o, T4b5PEFREF
TR R G & 2 SRR T O BN

RinH b CLERAM RSP BRSNS
BEME, ThbLKIGHEMES

ZOBRERMCTESFROBERE & LILRT
IR, BRI BWICESE LR FoREAN
BET A BT A, TAb b ERET Y

LEE & URBOZRIRIC L - THEMNM T
FACREbAZFRBSRE, L4 0BR,
F 4 b b i FE, RISHEE, 2oXRolF
OEF, JEUH R D

« 693

T1/2




if these four factors, neutron flux,
reaction cross section, number of atoms
of a particular element, and half life
are lknown. The reaction cross section and
half life are known very accurately for
many isotopes from laboratory experiments.
The number of atoms present must be
determined in this instance for the
Hiroshima and Nagasaki soil and roof tile
samples, which were the chief constituents
of the ground after the detonations.

The largest uncertainty in these calcu-
lations is ¥, the neutron flux. The
thermal neutron flux in the soil at the
hypocenter in Hiroshima (606 meters from
the source of radiation} is presumed
to be 6 x 101° n/em®. This was derived
as follows.

The neutron dose at the hypocehter as
estimated by York was 2.4 x 10% r.
The neutron flux spectrum and dose from
a typicai detonation in the Plumbbob
Operation, Nevada, 1957, have been pub-
lished.1 The ratio of thermal neutron flux
to total neutron dose is found to be
2.5 x 10% n/em® per r. Therefore,
the thermal neutron flux in air at the
hypocenter is:

( 2.5 x 10% n/em®

It is assumed that the equilibrium
neutron spectrum in air exists in the
same proportion in the soill also. There
are indications, however, from measure-
ments made in the cancrete shield around
nuclear reactors that buildup of thermal
neutrons should ogccur in the so0il due to
thermalization of f‘aSt_neutrons.l4 It is
possible, therefore, that the thermal

flux used  -in this calculation may bhe

underestimated by a factor of 2 or 3.
However, the thermal neutron flux calcu~

lated using measurements of radioactive P32_

induced in human bones from the reaction

31 3z . 12 2
P (n,”}P is approximately 10 n/cm
at the hypocenter.15 Traces of cobalt-
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60 found in a metal drain pipe on the
Hiroshima Exposition Hall also show
the neutron flux in air to have been
1012 n/em®.  Therefore it appears that
6 x 101% n/em® is not an underestimation

for the neutron flux.

The radioactivity produced by the
reaction Mn55(n,’}’) Mno0 may now be calcu~
lated. The c¢ross section for this reaction
1s 13.4 barns (1 barn = 1024 cn®) and
the half 1ife of MnY® 15 2.58 hours.
One gram of s0il in Hiroshima contains
0.00093 gram of Mn>d,

BREEEEREOSBIERMBICH S 2 80 Co®
HFEPOPHEFENIOE 0 on® ThRZ R
RLTWA, ft- T, BihiMTH % 6 X102 n em?
EFARMOMEC 2V EEbRA.

ZZWNESTMn® (n, ¥)IMn*® BB &
S TRELLEBHBEOREL L LS. TR
HE\;: B AR L 13, 4barns (1 barn =10 *cm®)
Th T, Mo® OFHII2.08EM T H 5. K
EohiEl g hizidMe® 0.00093g 2 & ATV 3
b,

0~3atoms/at. wt. 0.693

A= (Bx 1012 n/cmz) (13.4 x 10

A= 2.2 x 108 disintegrations per hour
(dis/hr) . Sinee 1.32 x 10% ais/nr = 1pe,
A = 1.66uc of Mn95 per gram of soil.

Similarly, the amount of radiocactivity
produced in the other elements of soil can
be computed. Table 1 lists the most
important gamma emitting isotopes produced
in Hiroshima soil by thermal neutrons.

_24(:“12)( 0.00093 gm x 6.02 x 1

) o !

55 gm /at. wt. 2.58 hr

=L
A=2.2 x 108 JEE /nr
1.92 x 10% B /ov=ipe TH I H 5
A= £HEL gD a0 1.660c
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TABLE 1 PRINCIPAL GAMMA EMITTING ISOTOPES AND RADIOACTIVITY PRODUCED IN HIROSHIMA SOIL
BY THERMAL NEUTRONS
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$130(n,yysi 8! . .11 2,65 0.011 2. 79 7. 54
K4 n,xt2 1.0 12,5 0.0024 0.00 .73
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Column 4 of Table 1 lists the averages of
amounts found in five samples of granite
from the Hiroshima area analyzed by

18
M.

varies from trace guantities up to 2.2 per

Mukae. The amount of manganese,

cent, whereas the other elements are
¢.g. Na varies from 2.3
per cent to 3,9 per cent by weight. The
activity in pc/em’ listed in column 6 was
calculated from column 5, using 2.6 gm/cm3
as the density of soil.

fairly constant,

Exeluding all of the other isotopes
produced for the purpose of this rough
determination, a simple calculation of the
external gamma dose from induced M58 ana

Na24 was performed.

Mn56

The decay of Mn56 is accompanied by
approximately 1.5 gamma rays per dis-
integration with an average energy of
1.2 Mev.1? The relaxation length of
1.5 Mev gamma rays in soil is 18 cm and
that of thermal neutrons in equilibrium
with fast neutrons is approximately 8 cm.
These two attenuations can be combined
approximately as follows:
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WTZORBT 35y BELHIICHEL, X
Oy ITHMEMAERL TR

Mnﬁﬁ

Mn® OREFEIZY 5 Tk L LR 9 P11 .2 Mev
OIFNE-EHTIVESWLSER s
THEF 1.5 Mev Y FROBABEEEI BT & 5
T, Erhi & R HREE I b 5 Bt o 4R R
Bt B8emTh S, XH LEORELTAE, @
HOBRPOAFEREXONIZE - THbLT 2 &
NTESL,

[vel
_L e~X/8 e_x/18 dx = 5.5 cm,

where x is the depth of so0il. The gamma
dose rate at the surface can therefore be
approximated by the dose rate due to a
uniformly activated mass of so0il 5.5 cm
in depth with no self attenmation of the
gamma radiation in the soil.

It has been shown that a uniform density
of 1 megacurie per square mile produces a
dose rate of 8 r/hr at 3 ft above the
ground for 1.2 Mev gamma rays.3

The amount of MnP6 produced in 1 square
mile of Hiroshima soil ac¢tivated uniformly
to a depth of 5.5 em is:

Ay

o THRIIBET Y BEER, —R TS

FUARE 5.bem? LBz T EFo R Ehoy
BrplEB R b 2650 8R I TS
L,

1mi?(GEHE) B0 OEEF—HIZ]1 nega-
curie ThH 24, MEL 3t (R)odssTit,
1.2Mev DY #A 68 hr OEE FHEE T 3
ZEFRICALSIZEN TS

5.5emDFE X F C—HICHER AW ORILE
OB LTE, 1mi? YhoMe® EEER
KORKORTHMDTH 5.

* Footnote:

Samples 1,2,3.8,

and 9 E£1,2,3, 88+ 09




2.6 x 10 0em?

{1.66uc/gm (2.6 gm/cc) ( " ) (5.5 em) = .62 x 1012ue/mi¥ = .62 megacurie/mi®
m

Therefaore, the dose rate due to neutron BT, BBREBIPET I THEI L

56 . - :

induced Mn is: ﬁiﬁ‘f‘fﬂijﬁil\dnss AL F BB 3
8 r/hr N

Megacurif:‘/m12 ) (.62 megacurie/mi”) (1.5 y/disintegration} = 7.4 r/hr

immediately after the detonation. Thus

the integrated dose as a function of AL THEOBEKE LTRABEGERR
time is:
v o/n ]: e"\t]t 7.4 l: Mt [ _.693¢
.4 r/hry |- =— |1 - e = 27.H - e 2.58
A o by
This dose is plotted In Figure 2. L4 5. 2RCOBMBEY BROS T TEDS
Tiw L7

FIGURE 2 ACCUMULATED TOTAL DOSE OF RADIATEON FROM NEUTRON - INDUCED Na26

AND Mn%8 IN HIROSHIMA SOIL
EEoTEpIr e A D FERRNELENL® B L FMn ® AR BEEHRE

200 F j L L RN I B T T 1 1 T F I

NHZ"'*MF\EB

Calculated by Method T
E1HLLEEE

r}

(=}
=

BIERAE (L

INTEGRATED DOSE IN T

ELAPSED TIME AFTER DETONATION IK HOURS
R A5 O EIBIFRD (BLAL: ERED
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Natd
24 s s
Na emits 2 gamma rays per disintegra-
tion with an average energy of 2.1 Mev.
The dese rate at 3 £t above ground 1s

10 r/hr per megacurie/mi”.
Nﬂ24

The amount of
produced ist

10 .
2.6 gm 2.6 x 10" "ap?
(0.96uc/gm) { ca mi2 ) {5.5 em)
The dose rate due to Na*% js:
i
10 r/hr
megacurie,/m

immediately after the detonation. The
integrated dose as a function of time is:

156 [1 - e

This dose also is plotted in Figure 2.

0

METHOD 11

In Method II the racdioactivity produced
per gram of soil as calculated in Method I
(Table 1) may he converted to air dose by
direct integration. The integrational
procedure, as suggested by R, H. Ritchie,
is as follows: :

Na 24
Nﬁﬂilﬁﬁﬁ&ﬁh%ﬁ&lmwml$w
F-hAT sy M2ETHRBT S, HMEL 3t
OEZIZET2EERIT 1 megacurie mi?
N10r /hr Ths. Na* OREB I ROR X
LCRBBTEHTES., Thbb

0.36 x 1012;“3/!“12 = 0.36 meg&curie/m12

Pt THBBEBIINAY
#iL,

FoTHELZBRE

2 Y (0.36 megacuri’e/miz) {2y/disintegration) = 7.2 r/hr

TH5 T, RRHOBME L LTRAHEERER

693t
“15.0

£l

thA M2 Z0EEBY ST 7R 5 Tm LA
wlk

Ekicbote, B1R(FL)TEHRsL
FoolBEL g M0 DRCAHE S EIERE R & 0 b
OBBIZHET 5. RH. Ritechie OFRBIC L 3
WHELROMY Tb 5.

P

I, P h
==
LI

X
I

At point P, h feet above the ground, Wlh ftOBEP Iﬁ{:fj‘b\fiiﬁl{—l@‘ﬁ%%
the number of photons ¢ due to induced

activity in the soll is given by:

I 2r y dy dx
4ﬂp2

¢ = ff

11

o —P/N = X/(18 cos &)

BBz ETWTHLAART ¢ O I Koz

EoTmaEhs.



where the term I 2n y dy dx is the induced
and the
is the atfenuation

activity in the volume element,
exponential term e ”
of photons due to absorption in air, and
e-%/(18ces )34 the attenuation in soil,
using 18 cm as the relaxation length of
photons in soil as before. This expression
is valid for this particular situation

where

X «p

the soil
depth due
the soil,.

The radioactivity produced in
also decreases exponentially with
to the attenuation of neutrons in
The aetivation I at any depth is:

I

where 8 em is used as the relaxation length
of fission neutrons in soil and I, is the
induced activity at the surface. Since h?
+ y2 = p2 and ydy = pdp, the complete
expression is:

The evaluation of this integral is
straightforward. The number of photons
at point P is found to be

b= 4,8 I,

where I, is given in yuc/cm3 of soil as
listed in Table 1. This quantity may be
converted to exposure dose from the known
decay schemes of the isotopes preoduced.
This relationship is given approximately by

D = 69E

where E 1s the energy of the photon in
Mev per disintegration.
56

For Mn“", the dose rate is:

D= 4.8 x 4.31 x 1073

cm

me

127 ydydx 2RO BRI B IT555R 8T
g, MBI e " BRI k2EhORTO
WEg, e U i o 0 b Btk
A EMEELISmc RS nwrEAtEbDO T O
HWEERT DT,

ThHEMS, TORTHPDIIEIT 5.

R R LA RATEE S B O TF ORET
CEESoOEEBEEIcE, THS TS, FEHE
ks TR UALERORETOBHEEL 8o,
B A ERRAEEE [LE T g, —E0E
X P HAET BRORICES TR E N 3.

1, e */8
L&d1Z, h2 +y?2 =p? ydy=pdpTH 3 »
H, sl

j;” om(1/8 + p/18h)x 4.

ZOWS OB IR IIRD S 2 XHTE S, !
T, iR 1OBE)TElm? Y00 pc AL T
TEhTwaeThid, PREICEFTSAETORIIE

pho tons/em®

Eh B, SELARMAREORMBEGREPHMLT
wEeh, CAFHVWTZORFORIBEERE
GBS EHTED, MevBITEbLAL
BEBAL YR FIALF-FZELTHIE, 2O
MG 1T

r cm2

hr me

ORTREND. ThbL Mi® OBGE

T cm2

x 6% x 1,8— ——

2 hr mc

12




and the Iintegrated infinity dose is 9.6 r.

For Na24 the dose rate is:

D =4,8x 2,50 x 10

THh-T, BEBRIVEREE coBEHERES
9.6r &4 5.

Na? OB
2

me cm
-3 r

em2 ¥ 2lp. e

T

D = 2.88 3,

and the integrated infinity dose is 62 r.

METHOD |1

Samples of soil and roof tile obtained
from various loecations in Hiroshima and
Nagasaki were exposed to the neutrons in
a reactor at Oak Ridge National Laboratory.
The activity induced in these samples after
exposure to a total neutron flux of
6 x 1017
gamma spectroscopy using scintillation
deteetors. The results cbtained are listed
in Table 2. It is agaln seen that the most
prominent isctopes produced are Na24 and
MnB%, Although the activity of A1%% is
very intense at time zero, the rapid decay
due to its 2.3 minute half 1ife causes 1t
to he inconsequential an hour or so later,

neutrons/cm> was determined by

The dose due to this isotope 1is not
included sinece it was nearly 1lmpossible
for anyone to reach the hypocenter area
within an hour after the detonation.
Taking the average of Hiroshima soil
samples 1 through 5, the exposure doses
calculated by utilizing these activations
per gram of soil with the integrational
procedure of Method II are:

24

Na .95 r/hr at t

i}

0

MnB® 96 r/nr at t = 0

For Nagasaki the caleculations are:
Na?* 0545 r/hr at t = 0

w8 75 r/hr at t = 0

Th-T, BRE I VR coBEHEE R
62r & 5 A,

Bk

Oak Ridge Kational Laboratory EITA5HE
FHFENC, IEEBLURBIZE N THRIL - g
BRI A W L, Tk EE ST
b, lem? 2407406 X107 O
FHRIZL BT LS 2, Y rFL -3
BMESERAWTY 227 PLEEIY, 7 0FEREK
Hredihw L, Z0REE2IRTEITH
3., TITERLELHEbRALFEMNITEIINGYE
L UFMn® v h 3. Al ORERIZEROBNIC
B TiHHRD THMATH S A, HEAN 2.30C
SEUIRKET 225, M1EMBIEV TR
ICELEWEOE A, BRI REACEROH
KIZABZ S EMAIZE S THIES A ERARET
Holht, CORMEELPSHEELALBEREZ
AR TFRAG., EEOLEEARL LS ETO
Tigiz ERiE, hEE1 g M0 OFRBGIEE S R
M IR G IIRANAY =N R7 8 1 Rg  =3 (A &
MREL:

Na? t=04i{FwVT .95r  hr

Mn® t=0{Z&FWVT .96r  hr
U ERIzET S RERL

Na? t=0i2HnWT .0545r  hr

Mn®® t=0{ZHWT .75r  hr



TABLE 2 REACTOR INBUCED RABICACTIVITY !N HIROSHIMA AND NAGASAKI SOIL
AND TILE SAMPLES

RESIVEEOIBS SUCROERCE T 5 PR

DISINTEGRATION RATE PER GRAM OF MATERIAL
- MBIl g M0 DRER 12 9
SAMPLE (pe/gm) at t = 0 for nvt of 6 x 10 ° NEUTRONS/¢m
B
Ha24 Ho/gm AI28 o/ gn MnEE Me/EM
1 L2085 152 . 68
2 . 330 1986 117
HIRDSHIMA SDIL 3 .192 107 . 50
LR 4 420 144 . .61
g . 438 168 .69
HIROSHIMA TILE 1 L0 225 3,170
BEOR 2 L1117 162 2,89
NAGASAKI SOIL 1 . 504 222 1.82
Ko LR 2 426 240 1.62

These values lead to integrated infinity
doses ofi

Hiroshima 58 Na®%(r) 20.5 wn™(r) 3.6

This method is subject to the smallest
number of uncertainties and should thus
yield the most accurate results for
calculating aetivity in both ecities.
It is also of interest to compare the
results obtained by this method with the
activity measured by the groups who entered
Hiroshima at various times after the
detonation, as shown in Figure 3. The
measured activities are definltely higher
than the intensities of Na®% ana Mn58
extrapolated from the known decay. A
second gamma ray analysis was performed on
the soil samples a year after the original
neutron irradiation. The Na.24 and Mn56
had decayed to undetectable levels by
this time. The most abundant radioisotopes
present at that time, as shown in Table 3
were Sc¥® with a half life of 85 days, and
Co60 with & half 1life of 5.9 years. The
exposure level due to these 1sotopes
was calculated by Metheod III and plotted
in Figure 3. It is seen that the experi-
mentally measured values agree Tairly well
both in magnitude and rate of decay with
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Zhh DS SR L R & D IR
FrOBEHREBIIRIIRTHRITHS.

24(r)

Nagasaki B wa 1.2 () 2.8

ZORECTWAEERIRLDEL, s T
MWl A st es R EECREL T LS
TE3E3¥FThHD. 4, W3ZRT LI, Z
DFHFEIZE - THABREBRBMEIFEERICA
S REMIC K AR EM B LTASD
HHEkE. ZhoBlEHL, BRAMomERcE
TEEHNETHWTE N 5E UM o E
Rl &80 & Pl TwA,. BEWodiEREE
PL1IFARETCLEERILZ2BEB 0V BT
i hhad, ZoBEERIINaM FECNT Mo
BREATRE 2 F TICRE LTV A, MR £
BICTEE L ARMERCRERICRTIED
MBS H  Se®, HFLUYHEM 5.9FEDCo® T
Hol, chopRNMTRICLIBHBRRAIEL
HAHWTHEL, H3icrs 7488 5 THRLA




FIGURE 3
REGELHC BT 5 B Kot

RESIDUAL RADIATION AT HYPOCENTER AREA - HIROSHIMA

AND NAGASAKE
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TABLE 3 RADIOACTIVITY OF LONG HALF LIFE [SOTOPES INDUCED IN HIROSHIMA

SOIL AND TILE SAMPLES

EBHEUREO LS UR OB s b B RO R v R T RO T

DESINTEGRATION RATE PER 6
WE1g B0 O

RAM GF MATERIAL

(,u,c/gm) at t = 0 for nvt of 6 X 2012 n/n::rﬂ2
SAMPLE :
B
60 - 48
Co™" lic/gm Sc " po/gm
i |NOT DETECTED fH, & h 4 5.1 x 1075
2 ' 1 % ig°% 15.1 x 19~ 9
HIROSHIMA SOIE 3 {NOT DETECTED fafi s by 3.7 x 10° 8
LR :
EE o iR 4 INOT DETECTED #iH & h ¥ 3.7 x 10-%
5 .3 x 10" 9 6.0 x 0" 9%
HIRDSHIMR TELE . -
B K 1 L7ox o 1g” 3 12.4 x 10" 8
NAGASAKL SOILL 1 1.1 % 109 17.2 x 10-5
Eold oy | b
2 1.1 x tp~9d 15.2 x 10" 9




the activity caleulated for Sc¢?® ana €o0%9,
These results give added confirmation to
the helief that most of the activity at
the hypocenter was neutron induced and the
amount of filssion products was very small,

It 1s also interesting to compare the
caleulated resnlts with the measurements
which were made in Hiroshima and Nagasaki
by the combined Japan-United States team®
(Figure 1). The radiation level around
the hypocenter due to Na24, Mnﬁﬁ, and sc?8
at 60 days after the detonation was
calculated to have been 78 pr/hr in
Hiroshima, and 25 pr/hr in Nagasaki, as
compared to the measured values of 100 and
30 pur/hr around the first isodose contour
lines. This remarkable agreement further
Strengthéns the calculations used in
Method IIIL.

SUMMARY

These results show that the fission
produet fallout and neutron-induced
radioactive isotopes can be separatéd very
conveniently by locations in the city, i.e.
the fallout occurred in the Koi-Takasu
area of Hiroshima and the Nishiyama area
of Napgasaki with negligible fallout in the
hypocenter area. The activity in the
hypocenter areas of bhoth cities can be
accounted for as due principally to neutron
induced radicactive isotopes.

The maximum exposure from fallout in
Hiroshima is considered to have heen a few
r and in Nagasakl approximately 30 r.
Again 1t should be emphasized that these
are upper limits and that a more realistic
value of an exposure dose to perhaps a few
individuals is one fourth these values, due
to shielding of houses and movement
of individuals from the locations of
maximum intensities.

From one hour to infinite time after the
detonations, the maximum possible neutron
induced radiation exposure dose at the
hypocenter in Hiroshima is estimated to
be in the range from 183 r to 24 r,

depending upon the method of caleculation.
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Method IILI, which yields 24 r appears
to be subjeet to the least number of
uncertainties and thus is the most reliable
figure. The excellent agreement between
these calculations and the measured
activities also further supports the
of Method III, This method
as the infinity dose at the

in Nagasaki.

soundness
gives 4 r
hypocenter
considered

These values are
to be of such low magnitude as
to be of negligible consequence.

It should also be emphasized that even
for the calculation which yields a maximum
dose of 183 r, the probability of an indi-

vidual being exposed to this dose is very

small for several reasons,

The attenuation of neutrons in air
caused the neutron flux at 900 meters
from the hypocenter to be a tenth of the
hypoecenter value.

Seventy per cent of the activity'is
expended in the first 24 hours after the
detonation due to the short half lives
of the radioisotopes produced. '

In view of these conditions the most

probable candidates for exposure to -

neutron-induced radiation were for
example the survivors who were in the
basement of a large huilding very
close to the hypocenter at the time of
detonation, but received very little
direct radiation due to the excellent
shielding of the building. A survey of
the post-bomb actions of 100 survivors
exposed within 2000 meters from the
hypocenter showed that they all started
to leave the city not too long after the
detonation, and that only.-one survivor
escaped through the hypocenter area
(Figure 4). This individual spent less
than one hour in the hypocenter area.
All others followed routes leading away
from the hypocenter area.

The ecity was engulfed in a sea of
flames which made entry into the hypo-
center area very difficult for many
hours.
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These facts suggest that after the
detonations in Hiroshima and Nagasaki
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