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INTRODUCTION
wE

To evaluate the late biological conse-
quences of the atomle bombings of Hiroshima
and Nagasaki, there is an evident need for
determination of the type and total dose of
radiation received by individual survivors.
Since 1956 this problem of radiation
dosimetry has provoked a collaborative
effort between the Atomic Bomb Casualty
Commission (ABCC) in gapan and the Health
Physics Division of the Oak Ridge National
Laboratory (ORNL) .

Considerable information is needed before
a dose can be calculated with any degree of
certainty for the individual survivor.
Although good estimates exist as to the
general magnitude of radiation assoclated
with atomic explosions, the bombs used on
Hiroshima and Nagasakl were not monitored
for their radiation potential. Therefore,
the radiation from the original bombs has
been estimated from data on similar, but
not identical, nuclear weapons. In
addition, dose calculation requires an
exact knowledge of the whereabouts of the
individual at the precise moment of
Finally, the effects of
shielding by a variety of structures and
circumstances play a considerable role in
the total dose received.

explosion.

New medical programs are being initlated
by ABCC, and it is hoped that data from
these programs can eventually be evaluated
in terms of response to a given radiation
dose. Therefore, it seems pertinent to
review the known physical considerations of
the bombings, and to report on the progress
in dosimetry of individual survivors.

EERUEBORFBRMEIZE 2HBOENSE
MRELIE S5 2010, SHBRERE» 2
T R ATRR O FER R U REAR B O BE A S I HE
Th 5. 1956FLIE, REeHHEHEOMBIZo W
THEAEBEERNEZAS (ABCC) & oak
Ridge National Laboratory {R{EMEFE & D
EEHFREAERS W T 3.
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BT BMoOBEHEIZ >V IR YEEE L%
Ao MEOTIRT SN By 5 5E Lt
B, 2 <EUTIEE AU RSO o3
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R BRI X A EROBEIHEY 2 %E 2 E
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THE FISSION PROCESS IN GENERAL

When a uranium (or plutonium) nucleus is
invaded by a neutron, an unstable con-
figuration exists and the nucleus splits
into two or more particles. The important
consideration is that the initial con-
figuration of one large uranium nucleus
contains much more energy than the two
small nueclei which are produced. Con-
sequently a large amount of energy must be
liberated in the short interval of time
during which the splitting or fission
process occurs. The liberation of this
energy 1s accompanlied by a considerable
inerease of temperature so that the
products of the explosion become extremely
hot gases which move outward rapidly,
pushing the surrounding medium away with
Fifty per cent of the total
energy 1s released in the above manner,
35 per cent as thermal radiation, 10 per
cent as residual nuclear radiation, and
only five per cent of the total energy is

released during the first minute as initial
1

great force.

nuclear radiation.

The initial nuclear radiation consists of
alpha, beta, and gamma rays in addition to
neutrons. The alpha and beta particles are
absorbed in a few meters of air and are
thus of no consequence in an air burst.
The gammas and neutrons, however, can
traverse great distances and these are the
radiations which are of chief concern in
assaying the direct radiation effects of
atomic weapons.

There are at least 40 different ways in
which the nuclei can split when fission
occurs, The B0 or so types of fragments
produced in the fission process are called
the fission products and are highly
radioactive, These fission products, when
they actually fall out of the atmosphere,
constitute "fallout",

The neutrons released during the fission
reaction may strike stable atoms in the
environment, rendering them unstable and
radioactive. This secondary neutron-
induced radioactivity constitutes another
source of radiation from the nucleaf
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weapon. The magnitude of this effect is
directly related to the intensity of
neutrons released.

HIROSHIMA AND NAGASAKI

The situations in Hiroshima and Nagasaki
are schematically depicted in Figures 1 and
2 respectively. A nuclear bomb was
exploded 606 meters above the center of
Hiroshima (Army Map Service 1945 L1902 map
of Hiroshima co-ordinates 44.28 x 61.70) 2
at 8:15 a.m. on August 6, 1945, and three
days later a second nuclear bomb was
detonated 500 meters above the Urakami
Valley of Nagasaki (AMS L1902 co-ordinates
65.95 x 93.63)3 at 11:03 a.m. on August 9,
1945. The direct gamma and neutron
radiation emanations have been estimated by
York? and are shown as functions of
distance from the hypocenter in Figure 3.
Dose decreases in a near-logarithmic
fashion as the distance from the hypocenter
increases. The relative gamma and neutron
doses vary independently, depending on the
type of bomb, but the Nagasaki bomb
apparently released very little neutron
energy compared to the Hiroshima bomb.
There are many uncertainties in these
estimates of the air dose, perhaps by as
A major objective
of the dosimetry program is to improve
these estimates,

much as a factor of two.

The local fallout occurred in the western
suburbs of Hiroshima (Furue, Takasu,
and Koi) and in the Nishiyama area of
Nagasaki, both about 3000 meters from
The external integrated
gamma dose from these radioactive fission

the hypocenter.

products is not precisely known but
probably amounted to several rads 1in
Hiroshima and about 100 rads in Nishiyama,
Nagasaki, as extrapolated from the physical
measurements made several weeks after the
bomb. 714 These figures are the external
doses from fallout under conditions of
continuous residence in these areas
without shielding and therefore represent
the upper 1imit of doses to which the
residents of these areas could have
been exposed.
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FIGURE 1

A PICTORIAL REPRESENTATION OF THE HIROSHIMA DETONAT |ON
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FIGURE 3

ESTIMATED GAMMA AND NEUTRON AIR DOSE BY DISTANCE FROM HYPOCENTER (YORK)4
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The isodose curves determined by the
First Technical Group of the Manhattan
Engineering District in October, 194519
representing gamma activity actually
measured by Geiger counters are shown in
Figures 4 and 5. In the distant areas they
undoubtedly represent fallout of radio-
active particles. Although these measure-
ments were taken in Qctober, 1945 after a
major typhoon had swept Hiroshima, the data
appear consistent with Japanese measure-
ments obtained pre—typhoon.7_14

The radiation in the hypocenter areas,
believed to be due to radioactive elements
induced in the soil by neutrons, was very
weak when measured several weeks after the
detonations. However, this is understand-
able since the most abundant neutron-
induced elements are those with short half
lives such as Na24 and Mnss. There is no
recourse except to theoretical calculations
in order to estimate the maximum possible
dosage from this source. Calculations show
that the integrated dose from the time of
the burst to infinite time could have

194510 H |2 Manhattan Engineering Dis-
trict M 1 $EMTHEH, 4 F—HBMELZH T
YHRAEMELT, ZhizEITuER s h-SE
BEEEE 4 R URS IR, HEEHXIZH 3
SRR AT H B Z 2L, R THY & 7
ThAHHIZEETRT. ChoDMEIRARRBLE
BAEBERL-BOIMSEIOR T2 b0
Tlkds5, zoRBIERUMIcERBE-H
AHOWMEBIz—HLTVWEEL>THB. 7 H

FiEFIzE > T Bl TE Y FR s h
o LEbRABUHAEIZE T A REHRIE,
MEEMRAMB ICHE S EmD B Ttho
2. LdL, hEFIcEoTtHERENEZTEO L
BB A¥ Na® &' Mn® % URFBHOE WL TH S
B, ChiIZYREIONZZLTHD. ZOKE
DI KIREEHE T 2 20 10 IR o HRTF
F AL A A, BBRMHEOBE, B
iR O MIRFFIZE S E TORMERRIIILEIC
FWT 100rad , BIF TS0 radl2E T 535D &R



amounted to 100 rads in Hiroshima and 50
rads in Nagasaki.® The probability of
receiving even 50 per cent of the calcu-
lated maximum dose is very small because of
(1) the short lifetimes of these elements
(half of the activity would have been
expended in 12 hours and three-fourths in
27 hours), (2) the large decrease of this
activity with increasing distance from the
hypocenter (the neutron flux decreases to a
tenth of the hypocenter value within 900
meters from the hypocenter), and (3) the
fact that the raging fires made entry into
this area practically impossible for a day
or two.

The isodose curves (Figures 4 and 5) of
the hypocenter area demonstrate a pro-
gressive and symmetrical decrease out from
the hypocenter. Such data, as well as the
height of the bomb burst, support the
assumption that the detected hypocenter
area radlioactivity is the result of
If so, the
hypocenter area isodose curves should

neutron-induced changes.

mirror the direct neutron doses from the
The intensity of the hypocenter
isodose curve for Nagasaki, however, seems
very similar to that of Hiroshima, despite
the fact that York's direct dose calcu-
lations (Flgure 3) show the neutron dose in
Nagasakl to be six times less than 1in
Hiroshima. The results of measurements
in both cities on the radioactive p32
produced in human bones from the reaction
Pal(n,7’)P32 also show that the neutron
fluxes in the two cities were approximately
equa1.14’17 This discrepancy as to the
estimated neutron fluxes in the two cities
1s at present unresolved.

two bombs.

To summarize, there is 1little evidence
that any significant dose was received by
the Hiroshima and Nagasaki survivors except
by direct radiation from the bombs.
Induced radiation by neutrons was present,
but this probably contributed little to the
total dose received by the general popu-
lation. Immediate fallout, of the sort and
magni tude that rained on a Marshall Island
population and on the Japanese fishing boat
"Lucky Dragon" during weapons tests at
Bikini in 19541%, did not occur in the two
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Two factors contributed
to the paucity of fallout in Japan.
First, the Japanese bombs, being kiloton
weapons, had about one-thousandth of the

Japanese cities,

energy of the megaton Bikini weapon.
Second, the largest fraction of local
fallout at Bikini was due to neutron-
activated earth and debris which had been
drawn into the atmosphere. These larger
particles then fell back to earth in the
form of fallout. Since the fireballs in
the Hiroshima and Nagasaki air bursts did

not touch the ground, the above situation
did not occur to any great extent.

FIGURE 4
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FIGURE 5

ISODOSE CONTOUR EVALUATED IN MILLIROENTGENS PER HOUR

AS OF OCTOBER 3-7, 1945 - NAGASAK['D
5 wﬁﬁmﬁ3—7Hﬁ&w%ﬁuawém%ﬁm%%ﬁﬁﬁ(mr/hV5

NISHIYAMA
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DOSIMETRY PROGRAM

The program to determine the doses
received by the Japanese survivors is a
two-pronged attack, an experimental and
theoretical phase at Atomic Energy Commis-—
sion (AEC) contractor sites in the U. 8.
and an investigative program in Japan to
define as precisely as possible the exact
conditions of exposure, i.e., the shield-
ing situation and position with respect to
the source of radiation. The latter is
possible only by direct interrogation of
the people involved, numbering many
thousands in each city.

Shielding Study

A typical shielding history made from
interviews with survivors in Japan is
il1lustrated in Figures 6-8. There are
approximately B000 completed shielding
histories in Hiroshima and 5700 in
Nagasaki. Figure 6 is a typical plot as
drawn by the shielding technician with the

5 80w 5 E
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FIGURE 6

SHIELDING HISTORY AREA DRAWING*
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aid of pre- and post-bomb aerial photo-
graphs of the cities. The subject is asked
to identify his position of exposure on
aerial photographs from which the drawing
is then made.
determine the distance from the hypocenter,
from which the air dose may be derived by
use of York's curves (Figure 3), and also
to show the surrounding structures, which

This drawing is required to

are of importance in calculating the
attenuation of the radiation.
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FIGURE 7

SHIELDING HISTORY FLOOR PLAN DRAWING*
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Figure 7 is a typical floor plan drawing
from a shielding history. The recon-
struction of these floor plans from
memory 1s aided immensely by the standard-
ization imposed by the approximately
3" x 6' straw mat (tatami)
exclusively in Japanese floor construction.
The number of mats in each room is general-
ly remembered by most people, since
this 1s the way in which room size is
quoted. In addition, like the pleces
in a jigsaw puzzle, if all of the room
sizes are not remembered exactly, the
rooms will not fit together to conform

size used

10
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MEH T & 5. B0 BN 2 F/HS 310
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FIGURE 8

SHIELDING HISTORY CROSS SECTIONAL DRAWING*
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to standard practices and also to the
ex ternal shape and size which can be
seen on the aerial photographs. It is
felt, therefore, that the accuracy of these
drawings 1s sufficiently precise for good

Figure 7 1s then
which is a cross

attenuation calculations.
used to draw Figure B8,
sectional drawing of the house along the
ray path to the burst.

In addition to the drawings, the shield-
ing histories include information on flash
fire burns, and the

burns, injuries,

various acute radiation symptoms.

11

DHBRUVKRESE—HLELOP KLV, f
DT N6 ORMEIFRES 2 HE T2 DI HKSIE
BELZLDERELNE. ZOHERTERACTHER
PRI T ARBOMWAER (K8) #{ER+ 3.

WA IS Lo R oMz, #i4, 5
B, KB, B UGB O SMEBUFRERS 12T 5
BEAKROLENS.



Experimental Study

The program in the U. S., under the
supervision of the Health Physics Division
of the Oak Ridge National Laboratory, is
performed at the test site in Nevada and in
various laboratories.

A series of experiments were conducted
during the Nevada Plumb Bob Operations in
the summer of 1957 to examine the various
parameters required in evaluating exposure
doses from nuclear weapons. These tests
provided much useful data on scattered
radiation and attenuation by structural
materials. However,
attenuation by Japanese type houses are
tentative and subject to revision since
these experiments were conducted only on
single-story houses unshielded by neigh-
boring houses, which is not the typieal
situation in Japan. The reader is referred
to the report by Ritchie and Hurst? for
details of the results described below.

the results on

Two identical, medium-sized Japanese type
houses were constructed at the test site to
determine their attenuation character-
isties.
locations in the houses and both houses

Dosimeters were placed at various

were exposed at the same distance, except
that the open side of the first house faced
the burst whereas the open side of the
second house was oriented away from the
burst. The results obtained, in terms of
the ratio of the dose detected within the
house to the open air dose at the same
position are shown for gamma rays and fast
neutrons in Figure 9. 1In both cases it is
seen that the attenuation agrees with a
simple parameter, the house-penetration
distance, defined as the distance along the
ray path from the first point of entry into
the house to the detector. Note that the
data for both houses are plotted on the
same graph which shows that for the
experimental situation described above, the
attenuation within a house is independent
of the orientation of the house with
respect to the burst point.

Dosimetry studies at the weapons-testing
sites have provided important information
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FIGURE 9

TRANSMISSION OF GAMMA RADIATION AND FAST NEUTRONS

IN TYPICAL SINGLE STORY JAPANESE HOUSES4
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concerning the amount of scattered radi-
ation from Hiroshima-Nagasaki type weapons
exploded several hundred meters in the air.
Results indicate that a Japanese bomb
survivor shielded by a wall or building
on the side toward the detonation would
still receive from scattered radiation
approximately 15 per cent of the gamma
air dose and 30 per cent of the neutron
Thus,
so dramatic in prevention of acute thermal

ailr dose. protection of this sort,
burns, was of limited value against
ionizing radiation.

Tentative 1957 Doses (T57D)

Tentative doses are now being estimated
on the basis of the 1957 weapons test
results and the air dose curves of York
for survivors exposed in houses unshielded
or minimally shielded by neighboring
houses. These doses will be revised when
better attenuation data and air dose
The following
procedure must be carried out for each

values become available.

survivor separately.
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1. From Figure 6, the distance from the
hypocenter is computed.

2. Air doses (gamma and neutron separately)

are then read from Figure 3.

3. Using Figure 8, the house penetration
distance may be measured.

4. The transmission factor may then be
read from Figure 9.
5. Dose calculation would then be performed

for each radiation separately.
(air dose) x

Exposure
dose = (transmission

factor).

Since the Relative Biological Effective-
ness (RBE) from animal experiments is known
to depend upon the effect being studied,
and since it is also hoped that the studies
being carried out at ABCC in Hiroshima and
Nagasaki will shed some light upon the RBE
the data are recorded
The
apparently large difference between the
neutron doses in the two cities offers hope

values for humans,
separately for gamma and neutron.

that a comparison of various effects
between the two cities may provide some
estimates of the RBE values.
However, as a matter of practical
expediency and for screening purposes, the
total rad doses may simply be added as a
first approximation.

Discretion must be exercised in the use
and interpretation of these dosages since
the uncertainties in the air doses as shown
in Figure 3 are quite appreciable. Some
sharpening of the accuracy of these air
dose curves may be obtained in the future
from certain experimental studies relating
to the mechanism of radiation production
by nuclear weapons. Actual refiring
of weapons identical to those used in
Hiroshima and Nagasaki was contemplated
before the moratorium on nuelear weapons
testing began in October 1958. Refinements
of current air dose knowledge may improve
the present major uncertainty in dosage
calculation. Much additional attenuation
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data, such as the effect of house size,
mutual shielding by houses, the orientation
of houses, and the attenuation of radiation
by various materials are required to
estimate accurately the doses received by
individual survivors of the atomic bombing.

SUMMARY

This report summarizes the present state
of knowledge in dosimetry of the Hiroshima-
Nagasaki A-bomb survivors. Data have been
presented on the physical factors involved
in the two cities and on attenuation of
radiation by various shielding situations.
This information is being used to estimate
a tentative radiation dose to individual
A-bomb survivors. It should be emphasized
that many important problems remain to be
solved before accurate doses can bhe
assigned to individual survivors. Such
information will greatly strengthen
investigation of bilological consequences
of instantaneous doses of gamma and
neutron irradiation in men.
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