ErwalE!

Ty

B0/ i :

ERTTETT IR :

i

L
I

3

il

1

R

i 2L

7175

Frer

) s

ST

-

il MY i

i

FiaL




TECHNICAL REPORT SERIES
¥ ® % 5 & %

The ABCC Technical Reports provide the official bilingual statements required to meet
the needs of Japanese and American staff members, consultants, advisory councils, and

affiliated government and private organizations. The Technical Report Series is in no way
intended to supplant regular journal publication.

ABCC &l &IZ, ABCCOHAABL R AEMBA, BE, FH2, BFL6UVER
MoMRFEHEOERCG U2 200 A RmE D X

CEAERTHI. EMBETELRL TEMND
i RS EO TS L.




TECHNICAL REPORT
6-67

¥ B 8 &5 F

Approved #a 24 March 67
Research Project Hf42afi8 31-63, 32-63

ESTIMATION OF AIR DOSE FROM THE ATOMIC BOMBS
HIROSHIMA & NAGASAKI

EFREPSOZIBEEOHETE
LB - R&IE

TADASHI HASHIZUME, M.D.,Ph.D.! 1§ ¥
TAKASHI MARUYAMA, Ph.D.2 ALilifie 7]
AKIHIRO SHIRAGAL B.Sc.? [ H%

EIICHI TANAKA, Ph.D.? M

MASAMI IZAWA, Ph.D.® FHiRIE%

SHOICHI KAWAMURA, Ph.D.4 il #f i —
SHOGO NAGAOKA & Bl % &

Az:ﬁcc

ATOMIC BOMB CASUALTY COMMISSION
HIROSHIMA AND NAGASAKL JAPAN

A Cooperative Research Agency of
U.5.A. NATIONAL ACADEMY OF SCIENCES - NATIONAL RESEARCH COUNCIL

and

JAPANESE NATIONAL INSTITUTE OF HEALTH OF THE MINISTRY OF HEALTH AND WELFARE
with fends provided by
U.5.A. ATOMIC ENERGY COMMISSION
JAPANESE NATIONAL INSTITUTE OF HEALTH
U.5.A. PUBLIC HEALTH SERVICE

F B % E WM ¥ ¥ B =
L&k RS

K E ¥ LK - &% B4 EE T THBEE TR
o B ok W OE KR EN

RERTFOFAL, WEHELTHNERRTS L CAELRNERNOFERIZES

Head, Division of Physics, Japanese National Institute of Radiological Sciences (JNIRS) and Senior
Consuliant to ABCCY; Division of Physics, JNIRS% Head, Division of Chemistry, JNIRS®: Chief,
Third Laboratory, Division of Chemistry, JNIRS% Former Director, Hiroshima Peace Memorial
Museum®

HEHRIE R AR (RER) SEPIERRS X FABCCEW'; WEPEIFEss; HEPHMLETES
B MEVLFUTREN 3 MRS R TR B SR s i g Es



ACKNOWLEDGMENT
B0 &

We would like to express our profound appreciation to those concerned at the
Health Physics Division of Qak Ridge National Laboratory for graciously agreeing
to carry out the various experiments necessary in our dose caljbrations as well as
to the U.S. National Academy of Sciences for its assistance over the years.

We are also indebted to Mr. Oda for his assistance in chemical analysis, to Mr. Kato
for his cooperation in manufacturing the thermoluminescence apparatus and his
assistance in mathematical analysis, to Mr. Saito, Mr. Tanaka and others of the
ABCC Field Section for their assistance in collecting the specimens, to Mr. T.
Shohoji, ABCC Department of Statistics for his assistance in statistical computa-
tion, and particularly to Mr. J, S. Cheka of ORNL-HP for kindly reviewing the
manuscript and offering many helpful suggestions. We express our appreciation
also to the citizens of Hiroshima and Nagasaki for their kindness during this study.

PREREIC O E L BT EREAHL L (5] 2% 13T F &5 /= Oak Ridge National Lahoratory
R OMEEM &, BEMIIOAVBME VAL EREY RO L2 I25EL
BT 5.

fEFEaffoOmTEEBEE, BLIfo+r ARBOME L HCFMRITTIRNER, &80
MECIZABCC HiHH M EROFEK, HPRIZ,FEAME, HAHHE 1212 ABCC #iit
EFEm R E 0 FRICEOERIZS 72 5 T, Oak Ridge National Labo —
ratory (RIEMHEID J. S, Cheka KM & 2 OEMLMB vk, 22 ICEHE
DEGETS. 4b, ARERCHIEZSTER - EEfmGofiREOM L E0msE D
WEILE(OERSET2L0TH 3.

A paper based on this report was published in the following journal:

AREICES CRLE TREOBECREL A

Health Physics 13:149-G1, 1967



CONTENTS

B X
Inproditetion [ B st R R e T S e e 1
Estimation of Fast Neutron Dose JHPFPEFREOHEE .ooviiiiiiiiiiiiieee e 2
Estimation of Gamma Dose # ¥ T&EEOHEE _...oooiiiiiiiiiiiii e e 7
Experiﬁents andsResalets BB AT sl sty oon e s L e e e ST 11
BTt LT S e e SN Seen e e e Rt S 14
Summary P - ¢ : 16

Globe Operdtion:  ZH="THEB .o amvivsv i iaiisiismminsiteirn s s e

Calculation of Qg Q DEE it ire e s s e r s as e aanna s 19

References ) R e S e

= . = 21
Table 1. Neutron air dose in both cities
& ek co e Teckors b S— o TR e Wl T D e 13
2. Gamma air dose in both cities
e e L e s st s e 14
3. The parameters of Hurst’s empirical formula
Hurst CEBETR D35 0 o f it rsasainiasssanasais s iias ssasis 5irs s ors s S da s ern wsr e on bass sin s s oms v nas 16
Al The value of ¢ fgp at each section
EREEOPEEE s e R R e R R, 19
A2 The value of b f calculated by *"Globe operation®’
¢ ¢
70 FERTHE ENLZE0pg O roovresivessisisisss s 21
Figure 1. Coincidence Type B—Ray spectrometer
= i el R b A 0r ) oo i T R 2 SRS e OO 6
2. Block-Diagram of Electronic Circuit
] e e 6
3. Pulse height distribution for low level GOCD sample
R N0 B TG G o o 5 S e S T 6
4. Furnace for heating the sample
e 1 2 | TR T 1 e e e S S U 9
5. Block-Diagram for the measurement of thermoluminescence
BN F o AMEREREDOIMMBEBE s e ss e e aaaes 9

6. Typical Glow Curve of thermoluminescence
L R R o Sl A 10



10.

11.

12.

13.

14.

15.

16.

17.

Distribution of thermoluminescence in sample

HENOBLIF by A5

C¢ and Cy values vs incident angle

G BHR BRI DM nverstaromsmssmnrororssnio B L8 sttt ot

Light emitted vs elapsed time after exposure to 1000 rad of 60¢c,

1000rad @ ¥Co RE#0EBHHLERERERE L DBBE e rviiciiccreeaseernsnanes

Glow Curve immediately after irradiation and 40 days post-irradiation

HEAT It & W40 B o 7 o — i

Kg.Kg,Hg, and Pg values vs incident angle

Ky, Ko, Hp, PeRil& AGHE & DBIME verrevisomesinisnis s

Qg and Ny values vs incident angle

Qg , NP fE & AGHE & OBIE veorerrrrmmsmssstistsrinssssiastts st asssrarassasdansasansassssase

-

Air dose due to neutron in Hiroshima and Nagasaki

B - B CEF 20 FIZE TR e

Air dose due to) -radiation in Hiroshima and Nagasaki

LR B 37 80k 28B0ER

Total air dose in Hiroshima

GBI BRREFER . i e i e e e s

Total air dose in Nagasaki

£ et B TR el S N e IR

Air dose estimated with new parameter values

LS A—s—ffizHTOREEAHE

Tl

11

1%

12

12

13

13

17



ESTIMATION OF AIR DOSE FROM THE ATOMIC BOMBS HIROSHIMA & NAGASAKI

BT awEDy

INTRODUCTION

In August 1945, atomic bombs were exploded over
Hiroshima and Nagasaki, and a very large number of
residents were exposed to the radiation released by
the bombs. Since then and even today some
survivors suffer from leukemia and other malignan-
cies attributable to radiation exposure. In addition,
survivors and their offspring worry about the
possibility that there are genetic effects of radiation
exposure.

The knowledge of individual dose is necessary not
only in explaining the relationship between the
disturbances appearing to date and radiation dose,
but also in determining the furture risk of each
individual.
peaceful utilization of atomic energy which will see
greater development in the future. Since the

Such information is also essential for

bombing dose estimation has been attempted by
many scientists of Japan and the United States.1-?

In 1956, Oak Ridge National Laboratory (ORNL) in
collaboration with Los Alamos Scientific Laboratory
participated in experiments with nuclear weapons
and estimated the dose from the total energy of
atomic bombs. These large scale experiments were
considered necessary in order to exclude the
uncertainty due to nonreproducibility of atomic
explosions and the error due to difference in
environmental and atmospheric conditions.

At the end of 1961 the Japanese National Institute
of Radiological Sciences (JNIRS) began work to
estimate air dose at the request of ABCC. Our
approach was to estimate the dose from data on
materials collected at the sites of the bombings.
The air dose at ground level is considered to be due
to fast neutrons, slow neutrons, and gamme rays
directly associated with the nuclear explosion.

NotKing that 59co present as an impurity in
irradiated iron is activated by thermal neutrons and
becomes GOCO, Saito applied this and estimated
thermal neutron dose from iron collected near the
hypocenter in Hiroshima.l0 However, as the
contribution of slow neutrons to the total neutron
dose is known to be negligibly small,1l j¢ was
considered of little significance to simply measure
60(:0 activity in surface samples. On the assump-
tion that thermal neutrons are produced by modera-
tion when fast neutrons strike a concrete wall and
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60Co activation increases as it goes in deeper from
the surface, reaches the maximum at a certain
depth, and then decreases, we decided in 1962 to
estimate fast neutron dose by measuring 60co
activity in iron collected from an appropriate depth
in walls of ferroconcrete buildings.

It was also considered possible to estimate gamma
dose from thermoluminescence emitted from sub-
stances containing ionic crystals. In 1962 dosimetry
was made by Higashimura on 10 roof tiles collected
by us within 1000 m from the hypocenter in
Hiroshima. Results showed that considerably
strong thermoluminescence is released by roof tiles
collected ar 1000 m, but there was very great
variation in luminescence between the roof tiles.
Subsequently, Higashimura attempted precise
dosimetry on roof tiles he collected in Nagasaki and
Hiroshima, but the error was so large that it was not
definitive.12 We also conducted precise dosimetry
on approximately 200 roof tiles whose places of
collection were known, but variation between the
samples was great and we could not obtain values
that were better than York’s values. The reason
possibly was that since roof tiles are used only on
Japanese houses, and all Japanese houses within
1500 m from the hypocenter were destroyed by the
A-bomb blast, the exposure history of scattered roof
tiles was not accurately known. Therefore, bricks
and ornamental riles of existing buildings, walls,
etc., whose exposure factors could be known
accurately today, were used in our present study.

Next, irradiation with the Health Physics Research
Reactor (HPRR)13:14 of ORNL was necessary for
dose correction and calibration. Data on the atomic
bomb were also necessary. With the ready coopera-
tion of ORNL-HP in these areas, we were able to
estimate the air dose at the time of the A-bomb
detonation in Hiroshima and Nagasaki with un-
expectedly good precision.

ESTIMATION OF FAST NEUTRON DOSE

Method Measurement of 60Co activity induced by
the atomic bombs was utilized in estimating fast
neutron dose for the following reasons: 60(:0 is one
of the most intense radionuclides still detectable
today 20 years after the bomb; and Co is contained
in iron as an impurity though in very minute quantity,
and iron samples could be obtained at various
places in both cities.

However, since (», ) reaction of 59C0 is dominant
for thermal neutrons, the iron samples imbedded in a
neutron moderator (i.e., in concrete of buildings)
were used, and the contribution of incident thermal
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was corrected for. Thel detail of the

method will be described.

neutrons

Neutrons released from the atomic bomb are for the
most part fast neutrons, but before reaching the
ground a fraction of them interact with nitrogen,
and other components of the atmosphere
As a
result, the energy spectrum and angular distribution
of neutrons at ground level is quite complicated.

oxygen,
and are slowed down to thermal energy.

the nuclear tests,15 the
energy spectrum of neutrons on the ground is almost
independent of the source spectrum beyond 500 m
from the point of explosion and it well resembles

However, according to

that of HPRR except for the region of slow neutrons.
Hence, it can be assumed that the spectrum of
neutron radiation beyond 500 m was composed of a
“‘fast neutron component’’ having a similar energy
to that from the HPRR and a
neutron component’’ consisting of thermal and slow
neutrons, and the dose due

spectrum “*slow
to the fast neutron
component was estimated from the specific acrivity
of 00Co in iron imbedded in concrete ‘‘moderator’’.
Since the thermal neutron flux in concrete exposed
to the fast neutron component was maximum at about
8 cm from the surface as described elsewhere,16
the iron samples imbedded at a depth of 8 cm from
the surface of ferroconcrete buildings and those at
the surface were used for neutron dose estimation.
However, fraction of the
activity in iron samples at a depth of B cm was
induced by incident slow neutrons, the fraction of

since a considerable

the contribution of the fast neutron component to
the total activity was determined using the data on
iron samples located at the surfaces of buildings.
Therefore, let the angle of the normal to the wall of
the building to the be 6, the 60Co
activity at a depth of 8 cm be Ag, the ratio of the
activity due to fast neutrons be Qg and the dose per
cpm/mg Co be Ny. Then, the neutron air dose D g
at the surface of the building can be given by the
equation:

EPlC enter

Dy g=Ag-Qp-

where T is the correction factor for decay of 60co,
When the distance from the explosion is large, such
as in Hiroshima and Nagasaki, radiation is received
not only from the direction of the hypocenter but
also from other directions so that Qg and Ng must
be corrected for this. This was done by the '’ globe
operation’’, using the angular distribution of the
incident radiation which has been determined by

ORNL-HP as shown in the Appendix. Calculation

Ng-T
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of Qg is complicated and is also shown in the
Appendix.

Collection of Samples Iron samples were collected
from the walls of existing ferroconcrete buildings,
so that the place and condition of irradiation were
known definitely and the iron samples of the build-
ing satisfied the following conditions:

The walls of the buildings were exposed directly
to the radiation from the bomb without the
interference of any large objects to scatter the
radiation. This was ascertained by aerial
photographs taken before the bomb;

The angle formed by the wall surface and the
direction of hypocenter was 70°-90%;

The sample was located at least 1m above
ground level or the surface of a roof top;

Concrete buildings had a wall thickness greater
than 25 cm;

Iron rods were imbedded in the concrete wall gt
nearly 8 cm from the surface or located on ‘the
surface of the building.

To satisfy these conditions, iron rods in concrete
were collected from five places in Hiroshima. Iron
rods on the surface were collected from four places
in Hiroshima, but could not be collected in Nagasaki
under conditions as good as in Hiroshima. Only
samples in concrete with similar conditions to those
in Hiroshima were selected so that there are only
two collection sites in Nagasaki (See Table 1).

Separation and Quantitative Determination of Cobalt
and 60co A stude was made of methods to deter-
mine the ratio of ©0Co to Co by separating the Co
contained in iron samples collected in the two
cities. The separation and purification methods
will be briefly described:

About 50 g of iron material is dissolved in
concentrated hydrochloric acid, and iron is
extracted and removed by isopropyl ether;

The Co fraction is separated by a method which
changes the concentration of hydrochloric acid
of the eluant using an IRA-400 anion exchanger;

If a large amount of copper is present, it is
removed by Dowex 50 cation exchanger;

Colorimetric determination of cobalt is conducted
by taking a portion of the Co fraction and
developing color by o-nitrosoresorcin mono-
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methyl ether. The remainder of the Co fraction
is deposited on a platinum planchet by electro-
plating, and the radioactivity is derermined.

If necessary, a part or all of these procedures was
repeated. The coefficient of variation of 6U(:o/(:o
obtained by the above method was less than 0.05.
Details of the method will be published separately.

Measurement of Activity For the measurement of
extremely weak activity of the samples, a coinci-
dence type B—ray scintillation spectrometer was
utilized. This spectrometer has the following
advantages over the convenrional low background
counter of anticoincidence type. It possesses a
better signal to background ratio, stable background
counting rate, and the possibility of identifying
nuclides. The last property was sometimes very
useful in rejecting error due to radioactive contami-
nation of samples during their preparation. The
detector consists essentially of a scintillation
counter and a window GM tube placed in the hollow
of the scintillator, and only the scintillation pulses
are recorded by the pulse-height analyzer.

The background of the spectrometer is thus restrict-
ed by that of the GM tube, and discrimination
against a cosmic ray particle background (muons) is
made by pulse height selection. The detailed
performance of a detector of this type has already
been reported.17-19

The detector used in this study is shown schemari-
cally in Figure 1. The disk-shaped GM tube has an
inner diameter of 28 mm and a thickness of 6 mm,
and the anode is a looped stainless steel wire of
0.05 mm in diameter. The cathode is a thin Mylar
film coated with gold by vacuum evaporation and
has a thickness of approximately 0.9 mg/cm2. The
plastic scintillator (NE 102) is coupled to a 3 inch
photomultiplier tbe (Du Mont K-1758). The
detector is entirely shielded with lead of 10 cm
thickness. A block diagram of this apparatus is
shown in Figure 2.

The plateau of the GM tube lies between 1000-1200 V
with a slope of about 3% per 100 V. At the middle
of the plateau, the intrinsic efficiency of the GM
wwbe* for B-rays is approximately 95%. The energy
resolution was about 16% at half height for internal
conversion electrons from 137m Ba (0.63 Mev)
A pulse height distribution of the background
obtained in a 24 hr run is shown in Figure 3
together with that of a 60¢, sample from Hiroshima.
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For the measurement of 60Co, the number of counts
in the energy interval between 0.025 and 0.25 MeV
was used. The detection efficiency for Co deposited
on platinum planchets at 5 mm from the window was
12%, and the background counting rate was
0.069 % 0.002 cpm for the above energy range.

ESTIMATION OF GAMMA DOSE

Method When thermoluminescent material is
exposed to ionizing radiation, some of the freed
electrons are trapped at lattice imperfections in the
crystalline solid. They remain trapped for long
periods at ambient temperatures. If the temperature
is increased, electrons are thermally released from
the traps and light is emitted as they recombine
with oppositely charged centers. The total quantity
of light emitted as the material is heated can be
measured and related to the absorbed dose in
the material.

Thermoluminescence of brick and tiles of buildings
were utilized to estimate the gamma dose in
Hiroshima and Nagasaki for the following reasons:

[onic crystals in these materials are sensitive to
gamma rays, but negligibly so to neutrons;

These materials had been freed from their
irradiation history before the bomb by having
been heated when they were baked; and

It was ascertained from the owners that the
structures were recent (less than 70 years old),
and that none of the structures were repaired
since the bomb.

The following preliminary experiment for bricks and
tiles was performed. First, the linearity between
amount of luminescence and gamma ray dose was
checked with a 2kCi 60Co source over a range of
50-50,000 rad, and linearity was confirmed for the
above range.

The gamma dose is much greater in Nagasaki when
compared with Hiroshima, but even at that the dose
in Nagasaki is only about 24,000 rad at the hypo-
center. Therefore, there is no problem in the
determination of dose.

Second, the dose rate dependency was determined
using an X-ray apparatus, up to 100 rad/sec, but no
rate dependency could be observed. Although the
above dose rate is smaller than in the case of the
atomic bombs, it was assumed that the dose rate
dependency was negligible in the present study,
taking into account the data of Karzmark29 which
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shows LiF has no dose rate effect over the range
5x102¢0 2 x 108 rad/sec.

It is considered that prompt gamma rays released at
the instant of explosion are equal to about 1/100 the
amount of delayed gamma rays, and that abeut 1/2
of the total amount of delayed gamma rays are
released during the first one second following the
explosion. Therefore, the dose rate in the Nagasaki
hypocenter area can be estimated to be about
12,000 rad/sec and, hence, no problem in dosimetry
is expected.

Finally, the sensitivity of the samples to neutrons
was evaluated by comparing thermoluminescence
from two identical samples, one of which was
irradiated with neutrons and gamma rays and the
other with gamma rays only. The sensitivity per
unit air dose to fast and slow neutrons was found to
be negligibly small (about 1%) as compared with
that to gamma rays within the accuracy of the
experiment. In addition, it was concluded that the
effect of induced activity produced in the material
was also negligible in the dose estimation by
thermolumine scence.

Thus, it was concluded that the air dose of gamma
rays could be determined by the equation:

D?,gz]_ +G-Cyg-R

where L is the amount of luminescence per unit
weight of the sample, G is the gamma dose per unit
amount of luminescence, Cy is the correction factor
for incident angular distribution of gamma rays, and
R is the fading factor.

Collection of Samples Bricks and polished wall
tiles artached to concrete buildings satisfying the
conditions described were collected from seven
places in Hiroshima and from seven places in
Nagasaki (See Table 2).

Measurement of Thermoluminescence The amount of
thermoluminescence was determined by an apparatus
as described below.

The heating device and the block diagram are shown
in Figures 4 and 5. The pulverised sample was
uniformly spread in a silver crucible inside a
furnace. The furnace was so designed as to provide
heat uniformly to the sample. The temperature was
determined by a thermocouple placed on the surface
of the sample. The temperature was increased from
room temperature to about 300° C in 3 minutes by
supplying a constant voltage to the heater of the
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FIGURE 4 FURNACE FOR HEATING THE SAMPLE
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furnace. Light emitted from samples during the
heating process was focussed on a 2 inch photo-
multiplier tube (Toshiba 7309), through a 3 inch
condenser lens and a lucite light pipe.

The glow curve was recorded on an X-Y recorder by
plotting the photoelectric current on the Y-axis and
heating time on the X-axis. A typical glow curve
obtained from a sample is shown in Figure 6. As
shown here, the shadow area under the glow curves
is L.

Determination of Coefficients of Correction and
Calibration The gamma rays of the atomic bombs
include those of high energy produced by neutron
capture as well as those of medium energy produced
by fission and fission products.

In order to obtain the values of Cy, R and G in
equation (2), a gamma source spectrally equivalent
to the atomic bombs was prepared by X-rays
produced by a 6MeV Linear Accelerator for a high
energy source and gamma rays from 60cq and 137cs
for a medium energy source. Results obtained by
use of the equivalent source follow:

Dose Distribution in Sample A 6x10x20 cm brick
was ecxposed to the equivalent gamma radiation
source from the normal direction. The depth
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FIGURE 5 BLOCK DIAGRAM FOR THE MEASUREMENT OF
THERMOLUMINESCENCE
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FIGURE 6 TYPICAL GLOW CURVE OF THERMOLUMINES-
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distribution of sensitivity for thermoluminescence in
the brick was as shown in Figure 7. The sensitivity
was maximum at 1-2 cm from the surface. Therefore,
all samples were obtained from the volume of
maximum sensitivity. Since the G value differs for
individual material, each sample was separated into
two parts, one for the measurement of the L value
and the other for determination of the G value from
the luminescence after exposure to a known gamma
dose from an equivalent source.

Incident Angular Distribution Bricks were arranged
to form a wall sized 60 x 30 cm and the relative
sensitivity for the incident angle of gamma rays was
determined by irradiating the wall at various angles
with the equivalent source of radiation. The result
is shown as curve C¢ in Figure 8 (1 is the angle
between the normal direction to the surface of wall
and the beam direction). As gamma ray scatter in
air took place resulting in angular distribution Cy
values were corrected by the globe operation using
the data of ORNL-HP on the angular distribution of
gamma rays from the atomic bombs. The result is
shown as curve Cg in Figure 8.

Fading Effects The relationship between amount of
luminescence and fading time after the irradiation
with 1000 rad of 60Co gamma rays is shown in
Figure 9. The glow curves (a) immediately after
irradiation and (b) 40 days postirradiation are as
shown in Figure 10. From these it can be observed
that the amount of luminescence in the p peak of

Figure 10 decreases markedly from immediately
after exposure to 40 days later, but there was no
significant change in the g peak. The thermal

activation energy of the q peak obtained by changing
the heating rate was 1.32 eV.
factor were 101%, the mean life time would become
6.7 x 105 years by the method of Randall,2! showing
that the fading during the past 20 years is negligible.

If the frequency
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FIGURE 7 DISTRIBUTION OF THERMOLUMINESCENCE IN
SAMPLE
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EXPERIMENTS AND RESULTS

Holes 1.5 mm in diameter were drilled at various
depths from the surface of the concrete block taken
from the Bank of Hiroshima building and Co needles
of 1 mm in diameter were inserted into them and
also placed on the surface. The Ky value was
determined from 6%Co activity after the concrete
irradiated with neutrons from the HPRR at
various irradiation angles (), which is the angle

was
formed by the normal direction to the surface of
concrete and the direction of incidence of neutrons.
The Hy value was similarly determined by irradiat-
ing with slow neutrons produced by the Van de
Graaff neutron generator [Be(d,n)fﬂ reaction provided
with paraffine moderator. The values of Hy and
K¢ are shown in Figure 11. Since Hg¢ remains
constant regardless of 1, Hy = Hy. Application of
the globe operation of formula (7a) to Kgr, in Figure
11 will give us Kg. The value was determined from
the activities of iron samples collected in Hiroshima

and Nagasaki. These values are shown in Figure 11,

and the value of Efe is shown in Table A2.
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The Ng value was also determined from the 60Co
activity in iron irradiated with a known dose of
neutrons from the HPRR and Van de Graaff, Ny
value was corrected for the angular distribution of
neutrons by equation (Ba)
described Ky. The Qg value was obtained from
equation (5a) using the values of Ky, Hy and Py.
These results are shown in Figure 12. T is the
correction factor for decay of 60Co, considering the
half life to be 5.24 years.

in the same way as

The 5th column of Table 1 shows the measured
activity of 60Co in iron imbedded in concrete as
listed by the hypocenter. The
dose at of the explosion as
calculated by equation (1) with these values and the
values of Qy and Ny in Table 1 considering the
half-life of 60Co to be 5.24 years is shown in
Table 1 and Figure 13. York’s and ORNL values
are given for reference. The measured values of
thermoluminescence of exposed bricks, etc., by
distance from the hypocenter are as shown in Table
2. By applying the values of G, the dose per unit
luminescence of the and the values
corrected by the Globe Operation (Table A2) we
obtain the gamma dose for the various locations.

distance from

neutron the time

samples,

The gamma dose as calculated by equation (2) is
shown in Table 2 and Figure 14. York’s and ORNL
values are given for reference.

Ng fil
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TABLE 1 NEUTRON AIR DOSE IN BOTH CITIES AS A FUNCTION OF HORIZONTAL DISTANCE FROM HYPOCENTER
Fl BOHASOARFHBEOMEEE LT oWt o762 Siam it

Activity Q N Neutron Dose
Coordinates Incident T bt iie h {4 - 45 6t
City of Iron Distance from  Angle (rate) (R per cpm/mg Co)
- Samples Hypocenter (Degree) (cpm/mg Co) o4 [epm/ mg Co B0 @OR) (rad)
H o R B 5 DEREE A BT
. i i T AT S0 [ffﬁﬁ Mean SD  Mean SD Mean SD Mean  SD
(m) . T MR FH EsEs Py BEER T EEEs
44,59 x 61.67 260 66,60 2,09 0.170 0.463 0,059 630 32.8 7864 1250
Hiroshima 44.68 x 61.38 640 44,54 0.324 0.0204 0,485 0.044 586 29.3 1188 144
i) 44,17 x 62,56 779 41.69 0.146 0.0013 0.495 0,059 580 29.6 541 85
44.54 x 62,99 1180 27.65 0.0124 0,0023 0.560 0.117 562 27.0 51 13
Nagasaki  94.23 x 65.66 590 42,55 0.140 0.0066 0.480 0.033 593 30.0 514 49
Fe 92.72 x 66.45 1030 31.79  0.0127 0.0010 0.535 0.058 568 27.3 52 8

The coordinates of bypocenter and the beight of epicenter in Hiroshima22 are 44.28 x 61.70 and 590 m, and in Nagasaki23
are 93.63 x 65.95 and 500 m. These coordinates dre expressed in terms of the coordinates of the wartime US Army Map of
Nagasaki series AMS 1902, 138353 dated August 1945 and Hiroshima series AMS L.902, 138449 dated September 1946.
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TABLE 2 GAMMA AIR DOSE IN BOTH CITIES AS A FUNCTION OF HORIZONTAL DISTANCE FROM HYPOCENTER

2 BOHAYSOATHEEONE L LTolfior e

) . (aatdent Luminescence Dose/L Globe Gamma Dose

H# iy ) EORETEY (Degree) | G* (rad) C* (rad)

ok oo A B HELHE A S o B RE
A Bt Mean  SD Mean  SD Mean  SD Mean  SD
(m) (%) Fry HesRE T BEHmEE T3 BERe{R Fry R

44,19 x 61.80 140 79.46 21.4 1.4 360.9 14.8 1.31  0.11 10118 1130
44.44 x 61.72 155 11.64 26.3 1.0 348,5 15.7 1.09  0.07 9990 869
Hiroshima 44.13 x 61.63 170 73.44 204 1.1 336.4 12,8 1.25  0.10 8578 892
I F 44.65 x 61,42 415 57.60 18,9 0.9 187.0 9.0 1.15  0.08 4065 390
44,96 x 61.62 605 i5.41 24.0 1.2 59.4 2.9 1.11  0.08 1582 158
45.07 x 61.65 710 40.46 29.0 2.4 s 1.10  0.07 1043 127
44.28 % 60.66 965 34,76 38.8 2.3 8.0 0.4 1.09  0.07 338 34
93.72 x 65.92 95 12,00 160.0 4.0 139.4 5.6 1.09  0.07 24311 1945
94.08 x 66.23 520 46.75  213.0 6.0 7 R 10 008 6435 595
Nagasaki  92.95 x 66.34 635 38.73 40.8 0.2 94.5 3.7 1.10  0.07 4240 377
] 92,68 x 66.08 860 31.69 11,8 1.1 127.4  B.4 1.09  0.07 1639 226
92.65 x 66.07 875 30.72 21.8 1.3 61.9 3.1 1.09 0,07 1471 150
94.04 x 65.00 970 27.65 -~ 12,0 1.0 71.6 3.8 1.09  0.07 937 111
94.03 x 64.95 1020 26.57 70.0 1.4 10.8 0.8 .09 0.07 824 83

*See equation (2) N2 )24

Note it : The estimates of epicenters are same as Table 1. Mo EMILE] F L

DISCUSSION
More than 99% of neutrons from the atomic bomb
are released at the instant of explosion (within

10°8 sec.), and therefore the dose rate should be
very great. Since we are unable to experiment with
such a high dose rate, in the present study dose
estimation was done on the assumption that there
was no dose rate dependency.

Only two iron samples were used for neutron dose
estimation in Nagasaki and two or three additional
samples will be necessary to determine the dose at
various places.

from the fact that the neutron dose
decreased exponentially beyond 500 m in Hiroshima,
the curve was drawn on the assumption that the same
would apply to the situation in Nagasaki. There are
two buildings located within 1000 m from the hypo-
center which are going to be demolished within a
year. Iron samples from these will be available.

However,

Although the effect of dose due to induced activity
produced in the material itself was negligible as
described earlier, the dose due to induced activity
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of the surrounding material may not be negligible
and its value is contained within the amount of G.
Therefore to get the true value of the primary gamma
dose, it is necessary to deduct the value produced
by induced radiation from the gamma dose (D,)
estimated by equation (2).
radiation in Hiroshima and Nagasaki is being
studied now. However Arakawa’s report24 is
available concerning the induced radiation of sur-

The amount of induced

rounding material. The conclusion of this report

is that it is negligible.

The absolute dose for 69Co gamma rays used in
correction and calibration was determined within
the error of 3%. However, because the absolute
dose could not be calculated for gamma rays of
higher energy, it was determined by applying the
reference chamber of England (Baldwin Farmer)
and the calibration factor of National Physical
Laboratory (NPL).
spectrum of the atomic bomb explosion could not be
known precisely.

With regard to neutrons, the

If the problematic points concern-
ing the spectrum and others can be resolved, it will
be possible to express the error of air dose in

terms of “‘accuracy’’, not **

precision’.

The coefficient of variation of precision Hy, Py and
Ky are 0.03, 0.1 and 0.05 respectively, and the
precision of Qg obtained by applying partial dif-
ferential to equation (Sa) is 0.12. The coefficient
variation of precision Ap, Ny, and T are 0.09, 0.05
and 0.01. The precision of Dmﬂ' (=Ay Q(j Ny T) is
0.159. Assuming that the precision of L-CS R and
G of formula (2) is 0.06, 0.07, 0.02 and 0.05,
respectively, and the precision of gamma dose

(D, 4)is 0.106.

While the coefficient of variation of the estimated
dose is 0.159, that of the ratio of the estimated
Hiroshima dose to the estimated Nagasaki dose is
considerably less. This is because components

"*Qg, Ng and T*’ of the dose estimation expression:

HofEhgicrsREGHEHoRizEEzATEN,
EETELVWELFORTASME LAV, LN ST,
—RYHEOHEOfERD S D1E, BEBMBIIL ST
G Uflid A2 CHEE LAY A (Dy ) 2635 L5
RS v, RS- BEOFERHEO @IZHE
EEPTHS. HEOMEBOFERMMCMLTIE
Arakawa OEE? A0, Zo®EE ’:'inf\ﬁ?ﬁ(g‘fﬁm,
MM LTEL2 2 A VwEECLOTHR LERL
wa,

L E s S °Co 7 SO HE M R O
3UATHETEL. LL, BZALF-DY HOD
HMAMEBEIMETE LD 0T, 208301220 TIE
FL[H @ reference chamber (FI#EEIEESE) [ Baldwin
Farmer ) & National Physical Laboratory (NPL } @ 43
EFRE-EALTiELL. FEohtEfoars Fig,
Fo&DHaZbldETELdah. L, A7 MLE
OftofMEEBNE T LA TENRE, ERERENBAE
ETHEE | TR STIERE | TRTIENFTES.

[yiis

o

FIEHg , Po bE UK o E®FHIZZ £00.03, 0.1
BEU0.06THD, HFEA(Ga)RBMHE2EH LT
Q8 OMEL0.12T 6 5. HiEAg, Ng, TOZE
B ME 120,09, 0.055% L 0.0l T& 3. HRAQIH
5L -Cq - REGOHIEMEIE S % 2 Fh0.06, 0.07,
0.2 £ U0.05TdH > T, 7 #E (Dyg) O I-FEE 1L
0,106 T &5 L4 hit, Dyg (=Ag Q9 Ng T ) D HiE
£ 0.159C4 %

HeEME O EENF L A70.169CH 2 MUz, KR OHEEHR
RO O#EE M 2T 5 HRITELE. il i
ALEBEHEEDZHORNOQe - Ng & & UT Ailirh
OREMBIZF UL ) ZREERETHPLTHS:

Dhg=45Qp Ng-T

will have identical effects upon the dose estimates
of the two cities. The coefficient of variation of the
ratio between the Hiroshima and Nagasaki dose
estimates, due to the estimation of estimator
component ‘‘Ap’’ independently for each city, is
about 0.1 of the computed ratio at a given distance
from hypocenter. By the same method as mentioned
above, the error of the ratio between the two cities
in the gamma air dose can be obtained by formula
(2) and is approximately 0.07.
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Qur estimates are not much different from those of
York for Nagasaki (see Figure 14) but very dif-
ferent (50% more) from those for Hiroshima.
Therefore, in evaluating biological effects based on
York’s values, the effects of radiation will have to
be reevaluated by a factor of 2 or more for Hiroshima.
Qur gamma dose values are almost in agreement
with the ORNL wvalues, but the neutron dose
estimates differ from ORNL estimates by 35%—-20%
at 500—1500 m in Hiroshima and by 5%—40% at
500-1200 m in Nagasaki. In Nagasaki, a difference
in neutron dose estimates does not pose too great a
problem because the amount of neutron rays is very
than the
However, in Hiroshima, a difference of approximately
30% in neutron dose is equivalent to a difference of
more than 10% in terms of total dose.

or

much smaller amount of gamma rays.

In the cases which Hurst and Ritchie’s empirical
equaticml as a dose distance relationship for gamma
rays and neutrons are applied, the estimates of Go
and L are shown in Table 3. They were estimated
by Shohoji by the least square method based on the
curves of Figures 15 and 16, and are shown in
Table 3. The values obtained by York and ORNL
are also given in Table 3. The air doses for the
0—1500 m range obtained by using the coefficient of
these values are shown in Figure 17.

BEizownTld, bbb OB LHEMRSE York Off &

ORI RE LRI d - A (H), EBIZoLT
FEEIRELEN S (B0%LLE). Lid 5T, York
O IC T TEY RN R E M 21213, BEBOK
B RE 2 £ 5 AL EORFTEFE L L il
Zohwv, bhbh A FL7 BEMIIZEA FORNL @
fEaETasd, hEFizonTid, EET500-1500m
1230 T35%-20%, EW 7500 -1200miz k0T
5% —40%I% K ORNL Offt il & A H - /o0 Bl
WeRhEFEES Y BRICHEATES ML 20OT,

et - F“” BROBMEMCEIABELG AL CMBEIZLL %
iR RO 2= AHI30% H U,
HTW%OEIZH S 5.

L. LIEE T,

I e

YRR E RSB ORE SRR OME L LT Hurst &
Ritchie D EBR 2@ T3 &, G, ELOHEEMIEHRS

ZRTEENE LA, ChoiiHBE160IE & &
BB Lo TR 2H|ETHEESLE, TOEREY £
31Izm Y. York “ORNL@llEEE®R3I I T. F 14,

IhonfioEEEHTE~,
BMEAHITIZAL .

0 —1500m oo %E

TABLE 3 THE PARAMETERS OF HURST’S EMPIRICAL FORMULA

£3 Hurst OEEEND /5 4 -5 —
City Rediatica J NIRS HE i ORNL York
Gl B st g oo AR Go 15 Go | G, T
Hiroshima Gamma rays 7 # 3.38x 1010 256  3.45x1010 250 2.16x 1010 346
] Neutrons 7 8.62x 1010 193 8.70x1010 198 8.64x 1010 218
Nagasaki Gamma rays 7 3.30 x 1010 323 275 x 1010 350 2.68 x 1010 346
== Neutrons (% 4 1.06 x 1010 225 1.30x1010 198 1.25x1010 218
: Gq exp(—R/L
Note: Hurst’'s empirical formulal! is D(R) = _?___,_iu
3 Hurst ¢ EEE ! R?2
SUMMARY E 0
The air dose outside of buildings due to primary and Th s - Fs o R A 6 Bl & A — ROR SR e iRl B 4t
sg?at:er‘ed radiation re ea?ed by aton?lc bombs in Bk A RAOESEE L, B S OEEOME Y L
Hiroshima and Nagasaki was estimated as a e o i e Ll i
function of distance from the hypocenter. Neutron THEE s e REFRBOMELTY 7 — FNOS

dose was estimated from %YCo activity in iron
imbedded in concrete and gamma dose from thermo-

luminescence in bricks and tiles.
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In comparison with York’s values these results
show only minor differences for gamma and agree
with that for neutrons in Nagasaki, but differ by
approximately 50% for neutrons and 30%-70% for
gamma radiation at distances of 500-1500 m from
the hypocenter for

(coefficient

Hiroshima. The precision

of wariation) of estimation is about

0.11 for gamma rays and about 0.16 for neutrons.

The gamma doses for both Hiroshima and Nagasaki
were in complete agreement with the Oak Ridge
National Laboratory estimates of 1966, but neutrons
showed a difference by 35%—20% at 500—-1500 m in
Hiroshima and by 5%—40% at 500-1200 m in
Nagasaki.

APPENDIX

Globe Operation

**Globe operation’’, as used by the shielding
sections of ABCC, characterizes the use of the
spherical coordinate projector.  The latter is a

sphere (globe) of transparent plastic, on the surface
of which are drawn lines,
latitude, dividing the
another set of lines,
divide each zone into 10°

similar to parallels of

. O
surface into 10
similar to longitude lines,

zones;

sections; in the center of
which is a small bulb approximating a point source;
the whole being so mounted that it can be rotated
about its center.

It was designed to be used in shielding configura-
tions. The axis is pointed in the direction of the
radiation source relative to a scale model of the
shield to be evaluated. The lines, projected by the
central light, appear on the shield and show which
sections of incoming radiation are blocked by the
shield.  With the use of the values of angular
distribution of radiation, experimentally determined,
the fraction of total radiation intercepted by the
shield could be determined.

In the present case, the tables of values of incoming
radiation per section, referred to the axis as a line
from the source to the point of interest,
to determine

radiation.

were used
the angular distribution of incident
A transformation of axes was then made,
to determine the angular distribution of radiation
referred to the normal to the wall, as this was the
significant one for evaluating effects in depth.

shown

The angular distribution of radiation is

in Table Al.
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TABLE Al THE VALUE OF ‘.l'}fg_) AT EACH SECTION ESTIMATED BY ORNL-HP

#A1

ORNL —-HP CHtE s i =& XEO ¢ fe f

Neutrons H 1 F#

Gamma 7 #

Zone
[ 57 Above Horizon Below Horizon Hiroshima Nagasaki
WP Hi AT 15 B e il
0- 10 L2099 .3239 3796
10- 20 L2474 L3500 3952
20- 30 .2591 2774 2958
30- 40 L2950 L1475 L2478 +2525
40- 50 3116 .1558 L2176 L2126
50- 60 3121 L1560 L1963 L1865
60- 70 .2900 L1450 L1806 L1680
70- 80 L2695 L1347 L1681 1546
80- 90 .2382 L1191 L1536 .1401
90-100 2058 1029 .1396 .1266
100-110 1754 L0877 1241 1117
110-120 1440 L0720 L1065 L0955
120-130 1197 L0598 L0899 L0803
130-140 L0951 L0475 L0736 L0654
140-150 0726 L0363 L0570 L0504
150-160 L0542 L0271 L0401 L0353
160-170 0179 L0237 .0208
170-180 L0058 L0078 0068

Source: Unpublished memorandum, J.5. Cheka to H Hayashi; **Evaluation of an Irregularity in
the Use of the Spherical Coordinate Projector (Globe), and a Modification of Original

Instructions®, 24 March 1966.
O J. S, Cheka ENHE BATORBED AT,
BLURMOEROEL"196648 3 B2 H S

Calculation of Qg

Let the quantity of Co activated by fast and slow
neutrons striking the wall, where the direction of
the epicenter is at angle @ to the normal direction of
the wall, be, at the surface and at the depth of 8 cm,
oFg, 8Fgs oS¢ and 85g respectively, and their ratio
be (1a) and (2a) :

8Fg/oFg =Ky
850/ 056 =Hy

and let P be the ratio of measured values of Co
activity at the surface and at the depth of 8 c¢m in

walls of concrete buildings in Hiroshima and
Nagasaki, as actual measurement is possible.
Then we have:
Fg+ .S
szo g7 of
8Fg +85¢

Next, the rate of contribution (Qg) of fast neutron
to the overall activity of 60Co 8 cm deep will be :
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Qg=

According to (la), (2a) and (3a), formula (4a)
becomes :

Qy
Hg — Ky

Therefore, once activity A (cpm/mg Co) of 60Co in
iron 8 cm deep in concrete building at a certain
location is obtained, the following formula will give
Dng the air dose at the location:

Dyg=Ag-Qp-Nyg-T

Here, T is the correction coefficient for decay of
GOCG, whose half-life was considered to be 5.24
years in the present dosimetry study. Ny is neutron
dose (rad per cpm/mg Co) corresponding to unit
specific activity of 60Co and can be experimentally
obtained. "
Since the K value was a strong function of incident
angle, it had to be considered that, at places
several hundred meters from the epicenter of the
A-bomb, the angular distribution of radiation at the
surface of the building was considerably complicated
as the resulc of the scattering of radiation in the
atmosphere. Using the direction to the epicenter as
the polar axis, the respective zones were divided
into 36 sections and by the globe operation where
@ is the angle between the midpoint of a zone and
the polar axis, the percentage (fg) of the total
neutron flux entering each section was obtained
from the tabulation of the ORNL-HP Group as
shown in Table Al. What was necessary in the
present study was the sum of the fluxes for each
angle (1) obtained when the normal direction to the
surface of concrete was used as the polar axis.
Table A2 shows the flux wvalue (fg%;,) of each
section with the epicenter in 6 direction by the new
polar coordinates, as calculated from Table Al.
Using this value, Ky in formula (1) will be obtained
by the following formula:

Here, K,,;, is the ratio of 60Co activity at the surface
of concrete and at the depth of 8cm when the
incident angle of fast neutrons is Y to the normal
direction of the surface of concrete. Similarly Ny
can be obtained by the following formula from Ny,

gFg + gSp

(Hg - Pp—1) Ky

.......... (4a)

Fl(la), (2a), (3a)ickh, HEAN(4a) itk
Iz B,

.......... (5a)

LikdaT, a8t iavs)—-rliEHho
BHLDSmDEZAIhd8MbPD “Co DHEEA
(epm " mg. Co )i hi-nalf, KOHFBRATHFD
BT B2 G ME (D ) SN B,

Tit “Co mEIZ T 2HIEFETHY, 2D “Co D
Bz OMBRNEHRECES.2UETH 3 L F L L.
Ng 13 ®Co o HOLHBEHiE 2404+ 5 P EF-ih ( cpm
mg. Co MM D rad ) TERMIZELNS.

KW st fEOR A ZMETH > 0T, iS5 H
HA— FVOERE 5T 5 YR OB ROAES
lE, KAPICHE L BSR4 D #EMELL 2
EEZRIEAS AV, BR A R s L TERK S A 36
OEMIZFELE FYo-—FTEET—DORFHEOHL L
HRETOBOAES e & LEBE, FXEIZIZVW-TL 3
EHRMEF RO P fo ik, #FAL iR+ ORNL —
HPOMZE & oAhsiifiah LIz kTR AE. 20
METBETHE- O, 32— FOETIIHT S
EaAmiEEps LB EAE () oxT
ZMEOEHTE-. EAZIE, RALTHELTE
EEEEECE TR RS FAIZ L ABEO&KHE
DB|EM(fgpy) &MY, ZOMEEAOTHRER DO
Kg kDA THLNS.

EL, Kgldars)—ro#E@ICMLTEA SRS
T oOA AR EOMOREF OB GO T Y 7Y —
FEREE BemDIEEDEZAIZEIT S PCo METRED L
THa. WML{NgINghERONIZE-THLER



the neutron dose per unit activity from neutron rays B. ZEL, Ngidro-7EETRkOsh-EHERE

from various directions as determined by the globe OPEETEr 50BN ) OB ETRRTH S
. - L5 | L e - L R HL .
operation:

Similarly, Hy can be obtained from H - FEC<Hy 8 Hp hH1EEN 5.

TABLE A2 THE VALUE OF l’%ff;gmrb CALCULATED BY ‘"GLOBE OPERATION"’

HAZ Tu-THEETHEEL (’Ebfew D1l

P 14

s 15° 2% 3% 4% 5% 650 7% gs°
30° 2.0 69 142 17.1 13.9 13.4 125 10.7 9.2
45° 1.8 5.5 87 14.0 17.8 15.2 13.4 13.0 10.7
600 1.5 4.6 Faicd 10.0 120 17.9 19.0 14.6 12.8

0 is the angle between epicenter to normal of wall,
e RRICH Y A R L O Mo MmE

l,i'} is the angle between each section to normal of wall.
BE(zaf 4 5 TR & & PO & oo (W o 1 RE

-
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