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I. Summary

Gamma ray intensities are given for Hiroshima and
Nagasaki about 6 weeks after the atomic bombing. The
trail of radioactivity left by the cloud of fission products
at Nagasaki was traced for 30 miles. Integrated radiation
doses were calculated. The highest doses that would
have been received in Hiroshima was between 6 and 25
roentgens of gamma radiation and the highest in
Nagasaki was between 30 and 110 roentgens of gamma
radiation. To get these doses, one would have had to
remain at the point of highest radioactivity, as shown on
Maps 1 and 3, respectively, from 1 hour untill about 6

weeks after the atomic bombings.

The gamma ray intensity from the Hiroshima atomic
bomb was measured using samples of x-ray film from
the Hiroshima Red Cross Hospital. An intensity of 12
roentgens at 2300 meters from the bomb was indicated,
as compared with a theoretically predicted maximum of

3 roentgens.

Neutron intensities were calculated from the induced
radioactivity of phosphorous in bones picked up in the
Japanese cities. In both Hiroshima and Nagasaki,
neutron intensities exceed by at least a factor of 10 the
maximum theoretical values. Figures obtained from the
most reliable Japanese report on induced radioactivity
exceed the maximum theoretical values by a factor of 7

in the center of Hiroshima.

Soil and metallic samples were analyzed to account in
detail for the residual radioactivity. Fission products
were quantitatively separated from two of soil samples.
The residual radioactivity at Nagasaki, even in the area
directly below the bomb, originated almost entirely from
deposited fission fragments rather than from elements

normally present made artificially radioactive.

Copies of all available Japanese reports on

radioactivity are inclosed in Appendix C.
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I. Gamma Radiation Measured in Japan

A. Hiroshima

1. Two Lauritsen-Wollen electroscopes and two portable
counters with attached earphones, developed by the
University of Chicago, and made by the Victoreen
Insturment Company were used in the survey.

. Calibration of Insturments

a. Gamma Ray

A radium capsule was used and the calibration was
made in terms of roentgens per hour.

b. Beta Ray
No beta ray calibrations were made. In some cases,
the readings were noted with the 1/16” brass
window opened in front of the tuba.

. Method of Monitoring

The measurements were recorded at specific points
throughout the city in order to plot contours of equal
radioactivity and measurements were made almost
every street and intersection to be sure that radiation
intensity changed evenly between contour lines.
- Result

All measurements were made from October 3 through
October 7, 1945. The data are given in the Appendix
C. Map #1, page 3b, shows isodose lines which
connect points of equal radiation intensities at

Hiroshima.

B. Naaasaki
1. Instruments
All measurements were made with one of two
portable G.M. counters. These counters were made by
Victreen Instrument Company, serial # 263-10 and
263-0. The counting tube was mounted inside a brass
probe (1/16" wall thickness) with a removable
window for measuring beta radiation. It was not
possible to use direct reading ionization chamber
instruments because none of sufficient sensitivity
were available. It was attempted to make

measurements with L. & W electroscopes but the
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calibrations of the electroscopes did not remain
consistent from day to day, therefore such

measurements were discarded.

2. Calibration of Instruments
a. Gamma Ray

The instruments were calibrated using 24.35 mg of
Ra in a 1/2 mm platinum wall capsule. A careful
calibration was made 3 times and spot checks were
made every day during the two weeks period that
the instruments were in use. All calibrations curves
are given in Appendix B.

. Beta Ray

No beta ray calibrations were made. In some cases,
metar readings were made with the window of the
probe open to the tube. The only significant
information that can be obtained from such
readings is the relative intensity of beta and gamma

radiation in different localities.

3. Method of Monitoring

a. All measurements were made with the instrument
2" above the ground unless otherwise specified.
The area directly below the bomb explosion (north
Nagasaki) and the reservoir area were explored by
foot parties. The rest of the measurements were
made by monitoring crews riding in jeeps. These
crews took reading at regular intervals along the
sides of the roads where the ground was not
ordinarily disturbed by vehicles or travellers.

b. The measurements were made using the direct
readings on the meters if the radioactive intensity
was relatively strong, and in counts/minute using
an ear phone and stop watch if the activity was

weak.

4. Results

a. All of the original monitoring data are given in
Appendix B.

b. Maps 2 and 3, each showing contours of radiation
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intensities measured in the Nagasaki area, are given on
pages 3c and 3d.

1. Map #2 covers a large section of the southern
Nagasaki Prefecture. It should be noted that the
path of fission products trailing eastward from
Nagasaki was traced to the point where it
disappeared into the bay. It is possible that the
cloud trail could be picked up again on the
mainland of Kyushu, across the bay.

2. Map #3 is an enlarged section of Map #2; it shows
in more detail the radiation intensities in and

around the city of Nagasaki.

y | Dose from Residual Radiati

1. The total intensity, I, of beta or gamma radiation from
fission products changes with time, t, in accordance
with the relation

n

1
I=k (—) (1)
t

where k is a constant and n is 1.2 for fission products
in the laboratory and 1.5 for fission products
distributed on the ground at the New Mexico test (3).
If equation (1) is integrated from 1 hour after the

Nagasaki atomic bomb explosion to infinity.

I, xth
__t_)

k ( (tl(l-n) _too(l-n))

1-n

(2)

2. A decay curve was plotted for sample 43, as shown
in Figure 11, page 44. From this curve, it is evident that
n = 1.2, but the value for n when the fission products are
subject to soil erosion, as in Nagasaki, is probably closer
to the figure of 1.5 found in New Mexico (3). If n = 1.2,
the gamma radiation values, shown on Maps 2 and 3 in
mr/hr, should be multiplied by 15 to get the total
integrated dose in t/hr. If n = 1.5, multiply by 60. Thus,
the total roentgen dose is somewhere between 15 and 60
roentgens for each mr/hr shown on the maps. There is
no reason to think that the same factor should not apply

at Hiroshima.
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3. It was attempted to use the radiation intensities
reported by the Japanese in Nagasaki and Hiroshima
with the intensities in this report to get a better value for
n. The values found by Masuda, Sakata and Nakane,
Appendix C VI, come closest to being satisfactory for
this comparison, but the relation between the data in
their report and those in this report is not consistent
enough from place to place to fix n any more definitely.
It is recommended that an attempt be made to evaluate n

using the data obtained by Capt. Warren's Navy Group.

1 (Map#1)
(19244108 3 — 7 HillE)

IRBIZ BT B AT OFRE TN

3. EMEZ nfEX B2, HRARFEED
Wi L-EIEETLBETOREHOE S ORI ERE R
RIE L, FEBCOEVIEILH Z2HH, HEB
SUHRDELFRADERIIFEFIEVETH
oo LAL, HIESICE o TIIKREREBVHED
Sitze L7ed o T, T Ly KIEEDBEKIE
BREIACTnELFMTL I ENFET LW EE
2T

Y S—
ul —1 .- n‘ e . T .
; !/ & _-’\ )
] | /

A

!

.
e ]
= )

&
=
Al P‘
Lo
.

£ . s -
# Y LA
o 3 1 ey R4
e 211 2= I
e ke e - K < kol
X - .1 - 1 TS {h ; A
A Y e = 5 ,‘P Y
I' e 2. } ) '3 A K} Sl
i 1 ba 2w .
- Ll
“ . % . %
- S T
~ ®
7 o' samafer 4
"\\ : T
; E SR .’ HIROSH{MA
g Isodose ¢anbewrs millircenigena/hr A ; .
| @8 of Oc, 3 =7, e gl
_ultiply intensifiss by & faotor of 1§ to 60 t4 get intagrated il e
dose ih rosnbgend from 1 haur after $0 infimity. & . anad raramane T 0 w7 wes |

4 ' ' r s " i 2 i3

Tt NESSERD’

168




RIGEERIC BT 5 G OFRES A

2 (Map#2)

. 1;!.“-5?—“ 7

*speol suesexdes sJequun PeTOIFOUT

*£37UJUT 09 QUWOQ JO4j® IOy [ WOIF SueIIUS0L UY @80p
pegeadequy 3eF 03 og 03 ST 3O J03097 v £q ST YWV LTATITW

(W °% 00U%-U00T) vujsyesoNy Vv
. voog >~ -
SUSYWOQ POFENTIOY -~~~
ouyy Jheqwep —

‘eSod FOTAOTIRS WO §OOTY POIITTEL

*2€6T UT (UINBINAOD PEIRGOOISIL TUSTIUR
oy 4Aq peswdess deu eseusdop o Lupsess w oy oy

: *£4 PRASHT SOTITTPEI
i%-%%uég.‘\'a

S04 FSUTITT UOTEUTPES fwovexdos dew we somFiy TIV

S T R 2 2 2
uy ‘eTws

EVEVP ‘ONSOIY ‘UENSONINEL IXVSVOVH BLA06
2F &R

169




2DEAIERE (RIFOBR G, FILHK S L UREFHX)

3 (Map #3)

) P s e e
el . s

2

170



RIEFERORLHD ORI ED MR & ST E O B

4 (Map #4)

SUTITIo0 T *a

di-.'

-t

wOREZy 40 ISVE -
SUHIIROTIN

L ysuequy ‘xel pUv oaey, Userjeg
OT1J01d, WOTIRANTE PU® UOTIeTPRY
NVdVP  TVSVOVN

..room

4..?

3 AW s

171



A EHN0.43 DI ETRE O A ST IR

i

% 5 (Figure 11) 1%

S BT 2 85 £
SR o2 R AR "
SR A TN A AT = o,
> PAS ST NI R Y “uqﬂfswmsﬂ ARbrS o e
<& % & 3 SRRy P
R ey RIS SRR AN PNt > > RPN SN T 2
v Anaeh Lo s s 3053 %3 Sy 3
A B B 0 O I AT oy M ol MY S 3 b by ooy Sy D e Eo LA iR be
e Ry i fars TiT i 3 LSRR g
SEELEATEL: TR RS L P A A
§ 4 k. AT AT g5 St P Scna Aagl S o Pl es D o e
R RS R SR e > SRRt B 5 £ Ay > T L R .
2¥8 4 2 . 2 [ - Jot sl 6 SR o
3 » kb Bk ade g
e 3343 ! SRS . o B
{3 i - R ek o AN Ay ar T TR R
< (3 1 prt s R PO
3 3 g 1 386 b 3 -
< 3 PSR 1
X 3 IR et <
s < LD
H 3% PR L
83 3 S0 3.2
R B A e
s fiidi b & <.
. EERRA] . &
S Fitg e .
. 3 <y farndoon oo
o +33 o
5 IR 2R ¥ § !
e .m L2 P o
2 2R e A PSS 0 o
i W
s . : "
1dt s ,T.YM 3 * o
aiiEit [RREES 3 :
$iegt { } 00k 0
¥ - o < e A ]
2%
mw“. $ L e
55 E
vﬂu 23 ey
g3 4 :
5.4 Jucw J 3
1334 . &
:mw H 5
I : 8
L2 eduo
g ; o
Tegsde < Cr$edrdo RIS o soe

RPN

v
ork
il

PR30 I
WS 4 1 OFasRIEKET
BRLIO¥E K (AN WD wA¥RI § 3psnyx

Bays sinaee fianion
172



. Sample Analyses

A.Photographic Films

Gamma radiation, which is similar in nature to x-
radiation, will produce a blackening on photographic
film. By measuring the blackening and datermining
certain characteristics of films picked up in
Hiroshima, an estimate is made of the amount of
gammma radiation they received.
1. Location of Films

Five boxes of films were obtained from the Red Cross
Hospital in Hiroshima. The films of three of these
boxes could be used in this experiment. The other two
films from the same hospital and films from the
Nagasaki Medical School could not be used because
they had been exposed to daylight or because the age
limit of the film had been exceeded by several years.
The films that were used were menufactured by the
Fu Sxe Films Co.; a translation of the Japanese legend
on each box was as follows:

a. Film #1

Series No. 3099-5-NF

Effective Period: November 44

b. Film #3

Series No. 3118-2-NS

Effective Period: July 45

c. Film #4

Series No. 3129-10-NZ

Effective Period: September 45
The location of the Red Cross Hospitak is shown on
Map I, page 3b. It is listed among the key buildings
on that map. The amount of shielding material
between the film and the bomb is shown on Plate I,
page 7. Each package of film was found unopened
and contained one dosen or two dosen unused films.
All of the films were found in dark rooms in boxes
that apparently had been constructed for film storage.
The dark rooms were located near x-ray laboratories
and there were emulsions on both sides of the film

base, which indicates that they were x-ray films.
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K6 (Platel) BEE7 1 VAORIUEFR (LBERTFRE)

Film ¢ 1

Plywood

1 ft.

3 mm. lend-—a\X

Film # 3

concrete

P%

LOCATION OF HIROSHIWA FILM

Plate 1
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2. Experimental Procedure

a. Preliminary investigation was made by developing
a few sheets of film from each package.
Developing was done by an experienced individual
in the manner prescribed by the Eastman Kodak
Company for developing type K x-ray film.
Samples of each of the films from the same
packages (1,3,4) showed the same density
(blackening, expressed as log of reciprocal of
transmission of incident light) throughout the entire
surface.

. Dr. H. E. Seeman of the Kodak X-ray Research
Dapartmant was consulted determine whether there
could have been any effect other than that of short
wave radiation that would have produced the
density on the films. The only important effect
other than that of an exposure to visible light (films
were found in sealed packages) was that of a
breakdown in the chemical constituents of the film,
known as "fog". There are two ways in which the
densities caused by fog and x-rays differ:

1. The grain structure of a fogged film is finer than
that of a film which has been exposed to gamma
radiations.

2. The rate of development of a normal radiation
exposure is faster than that of a fogged film until
5-8 minutes after development has started.
Then, both films develope at about the same rate.

. Under the auspices of Dr. Seeman, experiments
were carried out to determine whether the film was

fogged or exposed to short wave radiation.

1. A comparison of the grain structure of film #3
was made with that of a Japanese film that was
known to have been exposed to gamma
radiation. The Japanese film exposed to gamma
radiation was obtained by superimposing five
roentgens of gamma radiation from radium on
top of the very slight Hiroshima exposure (about

0.3 roentgens) already on film 4. This brought
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film 4 up to about the same density as film 3.
Dr. Seeman made a comparison of the grain
structure of the two films. In his opinion, the
density was due to short wave radiations, not
fogging.

2. Twenty-eight pieces of film, 1/2" X 3", were cut
from each of the unexposed Japanese films and
from a sheet of Kodak type K industrial x-ray
film. Two pieces of each film were developed
simultaneously for fourteen different times of
development ranging from 1-40 minutes.
Density measurements were made and the results
averaged for the two samples of each film. The
densities and times of the develepment are listed
in Table 1, page 8 and plotted Figure 1, page 10.

Figure 1 shows that the density of Hiroshima
films #1 and 3 is due to short wave radiation
exposures rather than fog. The density of Kodak
type K film was known to have been due to
fogging. It is questionable whether Hiroshima
film #4 manifested a density due to radiation or
fogging; therefore #4 was not used for evaluating
gamma radiation at Hiroshima, but it was used to
obtain the most complete characteristic curve for
the Japanese film since it had such a low original
density. Compare Figure 4, page 13, with
Figures 2 and 3, pages 11 and 12.

d. Having establiahed that short wave radiation was
responsible for the film densities, the amounts of
radiation were evaluated in the following manner:
1. Pieces of film 1/2" X 3" were out from some of

the remaining undeveloped sheets of film 1, 3
and 4. Each piece was exposed to gamma
radiation from radium at the rate of 0.3 r/hr for
lengths of times ranging from 1-64 hrs.

2. The entire group of films was developed simul -
taneously with a pre-exposed strip of Kodak type
K x-ray film that had been exposed to known
dosages of radiation to check the development.

The densities of the films were measured on an
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Ansco Sweet densitometer. The resulta are

listed in Table 2, page 8.

3. Caleulations and Results

a. The total expesure, E, to the film was due to E,. the
expoaure at Hiroshima, and E_, the exposure at
Rechester. Values of E ranging from 0-24
roentgens were assumed. Log E, (Log(E, + E))),
was calcalated for each family of curves
corresponding to an assumed E_ value and was
plotted vs. density units as shown in Figures 2, 3
and 4 on pages 11, 12, and 13.

. By comparing the characteristic curves shown in
Figures 2 and 3 with those in Figure 4 (Hiroshima
4) and those in Figure 5, page 14, (typical
characteristic curves for Kodak Industrial x-ray
films), the following estimates can be made as to
which assumed value of E, is best:

1. Film #1: 6-9 roentgen of gamma radiation
2. Film #3: 15-24 roentgen of gamma radiation

. It was recommended by Dr. R. E. Marshak that the
thickness of the concrete wall shielding the films at
the Hiroshima Red Cross Hospital be expressed in
terms of an equivalent amount of air. The

equivalent of 2 ft of conerete is 1400 meters of air

as found by multiplying by the inverse ratio of
densities. When the effect of the inverse square
law is taken into account, the reduction in radiation
due to absorption in 1400 meters ef air is the same
as the reduction of radiation proceeding from the

Hospital at 1600 maters to a point 2300 meters

from zero. Then, a radiation dosage of 12

roentgens (average of films 3 and 4) of gamma

radiation would have been received at 2300 meters
from the bomb at Hiroshima as compared with an

upper limit of 3 reantgens predicted by Dr. V. F.

Weisskopf in his report LA-250.
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B. Human and Anima Bone Samp les
Phosphorous,which markes up 6.3% by weight of

bone tissue, can be made artificially radioactive by

neutron capture. The purpose of the following work

was to measure the radioacitibity of the phosphorous

in bones picked up in Hiroshima and Nagasaki and to

estimate the neutron intensities that would have been

responsible.

1.

Location of Bones

The location of each sample at the time of atomic
bomb explosion is given in Table 3, page 23,in
terma of the arbitrary cordinates shown on Maps

#1,2 and 3, pages 3b, 3a and 3d.

2.Exparimental Procedure

a. Apparatus

All of the radioactivity measurements were made
on one of two Geiger Muller Counters differing
only in window thickness. The counters were
designed and built by Dr.W.F.Bale and
Mr.J.F.Bonner of the University of Rochester.
Each counter tube was surrounded by 14" of
lead,which was found to cut down the cosmic
radiation to about 1/2 of what it would otherwise
be.A cross sectional view of the counting tube

and lead shielding is shown in Plate 2, page 21.

. Preparation of Samples

Each of the bones from Japan was washed and
the dirt was saved to check it for radioactivity.
The outside of each bone was sandpapered off to
get rid of adsorbed material. The bones were
individually ashed and ground to a fine
powder.2% (by weight) of gun arabic was added
and thoroughly mixed with each sample and
enough water was added to form a thich paste.
Samples thus prepared were spread in flat

stainless steel cups with inside diameter 1"

and
1/8 inch deep. A drawing of a cup (or disc, as it
will henceforth be referred to) and the stand to
hold it for counting are shown on plate 3, page

23. Samples were dried in an oven at 50°C and
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Table3 LOCATION OF BONES AT TIME OF ATOMIC BOMB EXPLOSION

x1.

ERSBRELTBRICEDOD - 7B

Location, grid

Distance from ground

Sample No. coordinates Zero, meters Type of bone
REET P LS OB (m) B
BFOME
Hiroshima
A =
3 unknown probably 1000 Geisha Girl
A~ B 725 A1000 =F
16 5.4-4.8 200 Found inside plaza St. car, already partly ashed.
ILBOBEEBEOHRTER SN, §TIZ—EIKIZ
%o T\
Nagasaki
E IF
4 unknown ANBH Thigh K&
5 ” Vertebra HFHEE
6 D.3-6.4 800 Jawbone FHE
8 unknown A~BH Horse nose or upper jawbone &8 £ 721X L50E
10 v Adult fibula A DBEE
11 ” Fibula BEE
14 v Tibia of child FHOHEE
17 ” Atlas  5E—SaME
25 ” Pelvic bone at upper leg joint DO BIET O LE D& #%
26 v Rib W&
35 v Rib &
37 v Fibula HEE

Maximum amount of shielding between samples 6 and 16 and the bombs was about 5"

of wood

EEREREEFOKRTI6DBIIH - - KDOEFIIH13cmEDOMATH - 77,
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kept in this even whenever they were not in use.

c. Counting Technique

1. All counts were made for 10 minutes at a time
and were alternated with background sample
counts, also 10 minutes long.

a. The background sample was an animal bone
that had never been exposed to any radiation
and which was prepared in the same manner
as the Japanese bone samples.

b. Whenever it was necessary to count a sample
for more than 10 minutes in order to get a
greater accuracy, the length of time that the
sample should be counted was predicted by
being the formula derived by Bale and Bonner
(D).

80000M
9 (%E) (M-m) ? @)

T:

Where T is the total time in minutes for
counting the sample that gives N counts,/”
minute wiht a background of m counts,”
minute if a percent error, % E. is desired.

2. At the baginning and at the end of each counting
day, a KCI sample (Known as the "standard")
was counted to check the operation of the
counters. Whenever there was any question
about the accuracy of either counter, standard

counts were alternated with background counts.

d. 1. The radiation from a disc of phosphorus was

measured through succeasively increasing
thickneses of Aluminum foil. The atomic weight of
Al is the same as the average atomic weight of
Ca;(POy) », which makes up 80% (by weight) of
the bone ash (2). The rest of the bone ash is Ca, C
and O. Therefore, it was assumed that the
absorption confficient of the Al was the same as
that of bone ash, and that the radiation from the
phosphorous was cut down by the same fraction

with each layer of aluminum as it was by each

layer of bone ash of the same thickness in the
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sample disc.

2. The ratio
nCo o
Sa B (4)

where A is the number of beta ray disintegrations
within the sample per beta ray leaving the surface
of the sample disc. C is counts. C is the counts
without any foils covering the sample, and n is the
number of Aluminum foils equivalent to the depth
of the discs. A=13.3

. The number of beta rays leaving the surface per
count was determined using a foil on which 1.000
mg of Uranium had been plated one year
previously. The plated surface was 13" diameter,
the same as the area of the sample in the discs.
From the surface of this disc, it was known that
there were 711 beta radiations per minute of 2.3
MeV form UK, and the same number of beta
radiations of 0.23 MeV from UK,. The beta
radiation from UK, did not penetrate through the
counter window, as shown by an absorption
experiment. It was found that 3.64 beta radiations
from the Urenium metal surface corresponded to
one count on the counter.

. That, if 0.57.,/°0.828 is the ratio of the radiation

from UK, to that of P32 absorbed in the counter

window, there are

0.87

0828 8

364 XAX

beta disintegrations of P in bone ash par count with

the experimental procedure previously described.

3. Experimental Data and Calculatiions

a. All experimental data are given in Tables 4A and
4B, pages 24 and 25.

The net mean sample counts shown in Colume 5
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Table 4A  BETA RADIOACTIVITY OF ASHED BONE
F2A. IKIZL72BHOXR— B2 BT A2 EEORETEE Counter #450 GMEHEE #450

Col.5x 48 x CIZ& x 102*  Col.6 corrected Pe.
S Counts/minute Net Mean Net Mean Radioactive P atoms/gm-atom to date of o
" Date Mean-Bkg. Std. Sample P in bones explosion**

No.

AE R N r7I9vF RERBEOE FMOER BEMEORORTE/EO  eMEiE  PE

%% AH DOFHE KOEHE  DOFHE PO TS LAEFR BHET (%)
Gt 2) GtE ) G/ 97)  SHIX48X(170/4H) X 102*  #H1E L 71

1 2 3 4 5 6 7 8
3 11/28 0

4 12/6 0

5 12/4 29.84 158.60 31.26 16.09X10* 5X10 4.9
5 12/18 31.48 165.68 15.63 7.70X10°

5 1/11 30.65 177.55 3.24 1.49X 10

6 12/3 30.64 170.15 2.96 1.42X10* 45X10° 413
7 12/6 31.21 166.00 13.30 6.54 X10*

8 12/5 30.08 170.92 2.10 1.00X10¢ 34X10°  57.0
9 12/6 31.21 167.30 187.93 91.6 X10*

9 12/21 3243 171.22 96.92 46.2X10*

9 1/3 30.61 173.22 48.04 22.6X10*

9 1/17 32.52 172.72 20.78 9.81X10*

9 1/31 32.13 179.13 9.98 4.55X10*

16 12/7 29.31 169.38 85.38 41.1X10* 1.8X10* 3.5
17 12/17 31.59 174.48 25.30 11.8X10* 44X107 64
26 12/22 31.89 173.85 18.23 8.56 X 10° 7.0X10" 9.8

* Refer to Paragraph III B3 a for explanation factors. * % See Figure 10 AR OB ITE N ZEB3a% BB L,

were multiplied by: LT ofpfi e #hr TR 72,

1. 48: - P beta rays in the sample discs per count per 1. 48 1 SBICHR72Y F VBEOREIZL o TRD
minute, as determined by the above calibration. 720 1. 15870 ok + o

2P ON—FEOEE,

2. S./S,: - the ratio of standard at the time of 2.8/, GMEHHBEILL2EENDEBVEHIET 2
calibration to standard at the time of sample 7O DfE, AEABIE L7 L X OERERIE I
measurement, to correct for differences in counter TALHHUEREPRIEL & EOEEHIEOE| 4,
sensitivity. By experiment, it was found that the EEBTIE, BB OB T 2 ZEERFEOE
ratio of the standard (KCI) counts to bone sample BOEEL2H5OCMEIHETCRILTH o720
counts was the same on both counters.

3. 102: - the number of discs of bone ash required to 3312 1 D1 VT LR T EXRALDIZLELRE
supply 1 gm-atom of phosphorous. This factor was DIKDE, ZORFI, WEAXBFOBEOIKE
calculated from the total weigh of bone ash in the BEL.E—JTN AL TEZONEEDHD
discs and the phosphorous countent of bone ash, BORKICEINLEDEEEISTS% D HRD 2,

given by Morgulis (2), as 15.75% by weight.
The results will be in terms of P beta rays per minute HREBHROBEDL VI LEFH-00 1458
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Table 4B BETA RADIOACTIVITY OF ASHED BONE

#2B. IRICL7BHOR— 2RI T 2EOMETHE Counter#170 GMEHEE

#170

70

Col.5x 48 x CIOM x 102*  Col.6 corrected Pe.

Samil Counts/Minute Net Mean Net Mean Radioactive.P atoms/gm-atom to dat.e of 0

No, Date Mean Bkg. Std. Sample P in bones explosion**
e BB AvrrIivsF EEREOLE HAEoOER BEHHoOBORETEE oiZiE  PE
%% AH DF¥E BROFIHE  OFIIE HOBED 77 LIETFE BHBT (D)

Gte/5) GtE/9) G4 S48 X170/44) X 102%  #IE L 7=

1 2 3 4 5 6 7 8

7 12/6 20.35 196.25 12.88 5.35X10*

7 12/22 17.09 171.50 3.81 1.81X10°

7 1/3 15.79 182.42 1.76 0.787 X 10*

11 12/8 0

14 12/11 19.32 203.15 55.08 22.1X10 9.4X10 8.9
14 12/28 16.12 172.08 24.07 11.4X10°

14 1/8 15.05 181.45 16.93 1.61X10*

14 1/18 14.36 168.16 10.36 5.03X10*

14 2/2 15.04 180.17 5.53 2.51X10

16 12/21 15.13 175.60 50.38 23.4X10° 1.8X 10 8.4
16 1/4 16.28 175.70 26.73 12.4X10*

16 1/18 14.46 168.16 17.62 8.55X10*

16 2/2 15.04 180.17 9.65 437X10¢ 5.8X10" 145
25 12/17 15.67 167.00 20.95 10.27 X 10* 7.0X10 8.0
26 12/18 16.51 165.38 26.04 12.85X10* 8.4X10° 111.0
35 12/31 19.88 205.28 1.67 0.66 X 10*

37 12/31 0

*Refer to Paragraph III B3 a for explanation factros.

per gm-atom of phosphorous in the bones. They are then
corrected back to the time of the atomic bomb explosion
by graphical means in Figure 6, page 26.

b. It was assumed that all of the radioactivity in the
samples was due to the radioactivity of the
phosphorous. The degree to which this assumption
is in error may be determined by an analysis of the
bone ash decay curves for samples #14 and 16
shown on Figure 6. The over-all half life for
samples #14 and 16 ranges roughly from 16-18
days, which would correspond to a contribution of
about 10% of the counts due to radicactive Ca*
with a 180 day half life. It is not important that the
ratio of Ca* to P* beta rays may have been much

larger in the sample disc because the calibration

* % See Figure 10
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and all data were obtained in terms of counter
response.

c. A rough idea of the relative radioactivities per atom
for phosphorous and calcium may be obtained

using the equation

(5)

in which A/x is the radioactivity per atom, t is the

1/2 life in days, d is the time in days since the

atomic bomb explosion and is o the cross section

for slow neutron capture by each isotope of
abundance p. All data was obtained from the

Project Handbook Chapter 1V. The results for the

calcium and phosphorous are given in figure 7,

page 26. It is probable that the relative

radioactivities of the calcium and phosphorus did

not show up on the counters in the proportions that

would be predicted from Figure 7 because the
energy of the radiation from Ca* is so much softer

(0.2 MeV) than the energy from P* (1.7 MeV).

Figure B, page 27,shows the relation between the

energy and the penetration of radiation through

different thicknesses of counter window.
. Decay curves for samples 7,9, and 12 are plotted on

Figure 9, page 29.

1. Sample 7 was prepared by bombarding a fresh
clean bone with the neutron beam from 4.6 MeV
deuterons on lithium using the Rochester
cyelotron. It received a fast neutron dose of 500
roentgen equivalents as measured on a Victoreen
r meter. The radioactive decay curve shows a
half life of around 10 days. It is suspected that
the radioactivity arises from the decay of Ca"
with an 8.5 half life produced by an n,2n reaction
and the decay of P* with its 14.3 day half life.

2. Sample 9 was produced by bombarding a bone
inside a jar of water under exactly the same

conditions as sample 7. It shows a decay rate
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Oy %AWVT, 46MeVOERBFL ) F 7 L4
ORI L 5 ETFHTEZ B L TE
BlL7ze COBREZEZ Y — HED
[A—%—THEIET S L, 500> b7 i
YT 5 BT R S 7o, atEe
DREMBIZHI0B DFEFHPE R L 720 F
OfsEEIE (n, 2n) BIRIETHE L7z ERH
8.5 H DHCa L FRIAL143HDZPIZL B
boEEZT

2. HEINo. 9 1I3HHENo. 7T & F o 7= K H L &H
T, BEKD Ao ZHEEHICANTHETR
B 217070 ZORFIOBEEGIIPPICL



which was due entirely to P*.

3. Sample 12 was dirt washed from bone sample #8
from Nagasaki. It shows a half life about 30 days
long. It is not known what radiations were
responsible for this half life.

e. Determination of error in counting data

1. The probably error, PE, of each standard

measurement, S, in counts per minute was

determined using the formula

PE=0.677 \/

where N is the number of ten minute intervals that the

N (S) 2+ (3S) 2
N (N-1)

(6)

standard was counted. To predict the probable error of

each unknown,U, it was assumed as that

PE; /S

because the Poisson statistical distribution predicts that
PE=0.677,/S. The probable error of the net unknown

was then found using the expression

PEnet ;= 4/ (PEs)*+(PEs) (8)

where the subscript B rafers to the background counts
per minute. If more than one ten minute count was

made, the PEnet  was divided by the +/N.

2. This procedure was used because in most cases N
was so small that equation (6) could not be applied
directly to the net sample. In those cases where N
was abovd 4, equation (6) was applied directly, and
the results were compared with these predicted
using (6), (7) and (8) on the same sample. Probable
errors predicted from (6) ware lower in all cases

than those predicted from (6), (7) and (8).

4. Calculation of neutron flux

a. The phosphorous atoms disintegrating per minute per

gm-atom of phosphorous in bones is given for each

L55DTHo72,

3. TOREN0.121ZBIF DB HFINo. 8 12fF%
LTW/eRTH 5, FRMIHI0HETH -
720 ZOXBHANEOBEOREFRICL D
LOPIEbhERhrol,

e. HIEBEIIBTIEEDORE

1 AZHERIE (S) 2B LK, 15MY
720 OFBICBI AHEEBEEP EWEXR (6)
2HWTERD I,

PE=0.677 \/

NIZEERELHE L7-BHTHD, ThLEFLD
RKADHERBREZUZTHT L7720, RO L HITR
%Lf:o

PE,_VU_ 7)
PE; /S

H7 Y v 5HHSPE=0.677VS £ 25D T, EB
DHEREZIIR (8) TRENE,

PE .= 4 (PEgy+(PEp)’ (8)

2T, THEOBR1GBEHY DNy 77

77y FORHTHL, b L. 105 LORIE

T DA, PEy 2N TEl o TIERRDRER

BELKDL,

2. 3LAEDHAE, NOEIZAEVDOT, K
(6) 3ERE. EROFBMEICEATE 2V
O, UTOFEFPLETHS, No%4 LK
EngAE. KX (6) *EBEEAL TELE
B£E2K (6). (7). (8) 2ffEo7-FHIfEE
BB L7 R (6) 2 VTR EREZEG,
X (6). (7). (8) Rffio7-FHIELD D
INE Do Tz,

4. FHTREEOE
a. BROHED T T LETH7-0 O 1 5HEIZHRET
AEETHIZ. BE2ALE2BIZFNFLORK



sample in Table 6. Since the figures in Colum 7. FHIDW TR L7z, RDOE TMOMEIZ L) BBIE

Table 6 are expressed as a rate disintegration. FERDD L,
dn _ 0693 - 063 4 G A 0693 - L ()
dT " t dT = t
%3
n, Neutrons captured per
Neutrons captured per gm-atom of phosphorous Neuts,” cm?
gm-atom of phosphorous Col.3 Col.4
Bone No. Location 3X10%dn./dT) 6.06 x 10* 7
BEEE AR . n, BORFHI2H D T E/em?
B 77 LETF e et i1
B0 O EFIHE 34 4K
3X 10*(dn/dT) 6.06 X 10 o
600 meters from
Hiroshima bomb
3 5.35x 10" 8.9X 10" 390010
16 EBOBLYS i
600m
1000meters from
Nagasaki bomb
6 1.07 x 10" 0.18X10™" 78 X10"
RIG DL 5
1,000m
the total number of radioactive atoms per gm-atom of b, DT T LETHI) OMEEDETF
phosphorous i,
dn/dT dn/dT
- =13%X10* = =3X10*' (d
n, (0.693 3 (dn/dT ) (10) n, (0.693 3X10* (dn/dT ) (10)
t t
There is no correction for exponential decay since d=0THADT, WEEREDHIEIZL %\,
d=0. The following results were obtained for sample KIDHERIE, HA¥No. 6 & H¥No.1612DW T
#6 and 16. B-b0ThHb,
b. Neutron flux predicted from theory of gadget b, BEHICLA2FUTFROMEE
1. Dr.E.K Marshak of the University of Rochester stated 1LO0F 2 2% —KFEOY—T ¥ 7iELIE, RELE
that the delayed nuetron flux from the atomic bombs IZDOFEBRE»S OBEHEFEREY, I (11) = H
at Hiroshima and Nagasaki could be calculated using WTEtE T L L7
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the eqpation

= r2
Qe 4T 1
Neotsfem’s—s==ss—= — (11)
(4rr)? a
in which

~/7 - slowing down length for epithermal neutrons
from an energy of 600 k.v.(avarage energy of
delayed neutrons ~150 m.)

1 - scattering mean free path of nuetrons in air at
epithernal energies ~ 25m

a - average log energy lose of nuetrons in air ~.16

q - no. of delayed neutrons emitted by gadget ~4 x
102

r - straight line distance from bomb

. To obtain the maxinum predicted value at 600 meters
from the Hiroshima bomb, Dr.Marshak recommended
that the neuts/cm? be multiplied by 2 to take into
account the prompt neutrons, by 3 to correct for the
size of the ball of fire and that +/z be changed to 200
meters.

. The maximam predicted value at 1000 meters from
the Nagasaki bomb should be obtained by multiplying
the neuts/cm? by 20 to correct for the size of the ball

of fire and by changing the +/7 to 200. At Nagasaki,

-
—

- rz
Qe 4T |
Neuts/cm=———— — (11)
4rt) 32 a
ZT

Vv —BEHRETFOFH AV F —600KV
POBABUTIITRETLIES., ¥
150m

1 —ZZRH T ORI ST ORRELEY B HITE.
#7325m

a —ZERFTCOFRETFOFEHTHET L F—
%, #90.16

Q—KEL VI LEEFSETO., H4X
102

r —BREE, S DOERER

2. 7=y 7L, BB LA 5600mEELT:

WEORBEIHEEELYRD 272012, BIhT
TEBLTHETFREREEY 2L, KOZFKD
RESOBWED-DIIHFHFHE 3IM/IIL, &
512/ DIEE200mIZEE L 72,

3. RIFOB L2 51,000mD & & A TOHEM 15

572012, /7T DIEZ200MIZEE L., KOFKDOK
EXEMWET L7 OFETFRBEELZ20EICLT,
1L,00OOmO T TOHFETFHREE L, 2 0DFE

=4
Location Neuts/cm? Maximum Predicted
} Neuts,” cm?
% AT HYEFREE RAMEFETEEE
(18, cm?) (f& ./ cm>)

600 meters from
Hiroshima bomb 8.3 X 10 120X 10w
ILE DL, S
600m
1000 meters from
Nagasaki bomb 0.0083 X 10" 7.0X10"°
BIGEO®BRLN5

1,000m




the same equation could be used because the
differences of the two bombs cancelled out in so far
as neutrons at 1000 meters was concerned.
. Calculations indicated in the above paragraphs were

made and the following results obtained.

c. From a table of values for beta rays per minute per gm
of bone ash, (see Appendix C II -4), obtained from
the Japanese scientist Dr. Koiti Murati of the Institure
of Physical and Chemical Research in Tokyo, the
following figures were calculated. The phosphorous
content of the bone ash was calculated using the
figure 15.75% P per gm ash (2) instead of
phosphorous content of whole bones because the
figure of 6.4 gms of bone per gm ash is uanually high.
The data given by Dr. Koiti Murati were, in Dr.
Narshak's opinions, the only Japanese data
stufficiently consistent to be worth using in a

comperison of neutron flux.

4.

NDEVEEZZLTHIVOT, RFTHRL
NEfF - TRDO7Z,

Pl FRmBEERALTRHEZITV, K40
HERE/.

R OBEILEWNEFON E—E LB E
DIK1 7T LH)DOR—7EOREBE» S K
5DME% 15720 BOIKFOHEDOEFEIZIK]L V
TLBHINB6AT T LETHLEETEL-D,
EHIIZEINTVWELIHEOEORDLYIZ, 177
LDKDH=0D15.75%DEVPEETNE (LB 2)
CLTEE L, v — vy 2R, HHFE—
BHICLA2ERELEROPHETHRE RO L 720
DIEED % HIEETH 5 LGl L 72,

C .

A summary of the results calculated in the above

paragraph.
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%5
Straight line distance ng, Neutrons captured per
Bone from Hiroshima Neutrons captured per atom of phosphorous Neuts,/cm?
No. atomic bomb, meters gm-atom Col.3 Col.4
IN=Y=V 3 of phosphorous 6.06 x 10% T REE
CEw [ER 53R HO YT LET BOEFH2Y (f8/cm?)
F 5 (m) H7z ) O EFIEE D -
1 550 124X 10" 2.05X 10" 890X 10"
2 590 150X 7~ 25X 7» 1100X ~»
3 610 103X 7~ 1.70 X » 740X~
4 780 29X 7~ 047X 7~ 200X~
5 820 088X ~» 0.127X ~» 55X 7~
6 890 0.031 X ~» 0.005X ~# 22X #
5. Results 5. &% &

kOB ETHE L ROBH 2K 6 IRT



%6

Location Experimental Japanese Predicted Maximum
Straight line distance from Neuts/cm? Neuts/cm? Neuts/cm® Predicted
bomb, meters Neuts/cm?
ST S HADE ii BAHEEE
B0 b DEARIERE (PpEFE/em) (PEFE/em?) (T Eyem?) (F -+ #yem?)
(m)
Hiroshima
N
550 ' 890 X 10"
590 3900 x 10% 1100X # 8.3X10" 120X 10"
740 740X 7
780 200X #
820 55X #»
890 22X 7
Nagasaki
3054
1000 78 x 10" 0.083X10™ 7.0X10%

KREETROLLEBDOERLY) 5 EARHEH00m
DOHEOBHFRER I, BERNIHEELED
H30ETHo72e —F. MLBETOHARFOE
IR TRETH o 72, RIS, RIFED1,000m DA
OHHEFREEIIHIOETH o7,

It may be seen that the neutron flux given in this
report for 600 meters from the Hiroshima bomb is about
30 times the maximum predicted theoretical value and
that the Japaneses figures are about 7 times the
maximum predicted theoretical at the same point. Also,
the experimental value for the neutron flux 1000 meters
from the Nagasaki bomb was 10 times the maximum

predicted theoretical.
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C. Soil and Metallic Samples

The radioactivity remaining in Nagasaki and
Hiroshima could have originated from (a) elements
made artificially radioactive and (b) fission fragmants
from the bomb deposited on the ground. The soil and
metallic samples were analysed to detarmine the
extent of each effect.

1. Location and description of Samples

All samples are listad, described, and their
locations given in Table 5, pages 35, 36 and 37.
Locations are in terms of grid coordinates which
refer to the coordinates on Maps #1 and 2, pages 3b
and 3c.
2. Relative activities
Prediction of the relative activity of all elements
was made by listing, in the order of their half life,
all beta radioactive isotopes produced by n,y
reactions, then applying equation (5) to the
elemente with isotopes of half life between 14 days
and 20 years. Deta were obtained from the Project
Handbook, Chapters,[Vand V. Only n,y reactions
were considered since it was suspected that slow
neutrons made up by far the largest fraction of all
neutrons reaching the ground. Values for the
relative radioactivities per mole of element are
given in Table 6, pages 38 and 39. The only
elements represented in this table that could be
obtained in sufficient quantities from the samples
were Ca, P and Fe. In Figure 6, page 26, the
relative activities of Ca, P and Fe are plotted vs. the
calendar date in such a manner that they total 100
on December 19,1945.
3. Experimental Procedure

a._General

1. Thee apparatus and counting technique used

in the soil and metallic sample analyses was
the same as that described in paragraphlll., B.,
2. for the bone sample analyses.

2. Gross sample counts were made on the

samples as they were taken from the box
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Rl L LB ORERS ARG, (a) FHEFICEL
ZFEmEtEL . (b) FIBROBRIET LB
SEEFRW NS> TwD, TELEREORE
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OIZGH L7

1. BTG

FRE L7383, 7 (Table 5) II—EX
ELTmRL, BEGEANEIR 1 LR 2120t L
LERETELE,

2. HxhtEE

(n, y) BRIBIZL > THFEE NN — 5 IR
HAZHE O A BT RE o HEEME S FREIDNEIZ
—ERIILTRLE, ZOEIZFEEMA14H 2
5208 F TORMTENOTELRN (5) KA
LT, INLDF— %13, CHEEEL»HE
72o I BBV zHET D) b RIS I3 EE S
MFTHo772DT, (n, y) BRIGZITIER
L7:e TEDOENSH-Y) OMIIGEEEY R
(Table 6, B&) IR L7ze SORLVAEDLS
BT RE 2 ETREAT S L Lo mRiE, vy
L, BEEZTTHo T2,
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1 EERAB L EBABOOMNICA V-8R
LHEEME, BoRBoSIHERLT
H5b,
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TABLE5 LOCATION OF SAMPLES FROM JAPAN
RT7. BEDLOREOERIEHT

Grid NET COUNTS,/MIN
Sample Coordinates Description FROM GROSS SAMPLE
o0 ETOMT B Erk 3 HE
SRS a | (eom)
HIROSHIMA & B
27 5.2-4.7 Dirt from eastern Parade Ground Bomb Monument 4.7
JFBE - LORDOEENLD T
28 5.5-53 Place of steel imbedded in concrete telephone pole. (Front of 14.3
Marine Fire Insurance Building)
a7 — FPOBHEICEDRAT LTV oM
(i L XSO DY)
29 5.1-4.8 3 pcs. of steel from Bomb Monument 12.5
FRER—LP008E3H (biggest piece)
(=FKEVH)
30 5.3-4.9 Rubble near street 4.5
BRI < DI
31 54-4.8 Plaza St. car - Wrist watch and partly ashed bone. (See Table 3) 46.1
[R3% D HENBLERE —ReEt & —EBIKIC R o /2B
(£ 3 2H)
NAGASAKI £ IF
12 D.6-5.8 Earth & gravel washed from bone sample 8 10.0
HE 8 DENI LBz EL D
18 D.9-6.7 Brasscup E5w ) DI v 7 28.0
19 D.9-6.7 2 Aluminum chopsticks 0
2ERDTNVIZT LDE
20 D.9-6.7 2 Steel coins 2 OEE 6.7
21 D.9-6.7 2 Brasscoins 2 M OAE 26
22 Sulfur from insulators BFom#E 26
23 Fused lead raabpAs 6.0
24 Fused earth HET7- L+
E.0-6.4 17.9
D.3-64 Can of gravel a. gravel b. jawbones with (see Table 3,
page 23)
LoD a Ux ) b 3HE (K1)
32 1. gold teeth 1. & 0
33 2.silverteeth 2. $Rp 0
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TABLE 5 (conts.)

£7. (%)
Grid NET COUNTS,/MIN
Sample Coordinates Description FROM GROSS SAMPLE
?FQE BFORIE FIA IEPRODEMEER
PRES aum (cpm)
c. compass c.I ¥ INA 0
3 dixie cups with dirt samples
ROBE DOV 3OOBHE» LIy T
43 G.6-5.9 a. Soil sample, west end of dam over 200
a. TOFHEL ¥ L DOHE
46 G.2-5.8 b. Soil sample from pavement across top of dam, in center of dam. over 200
b. ¥ AOFREHTY LD LR o T2 HEE
Brbot
47 G.6-5.9 c. Dirt from bottom of reservoir at spillover over 200
c. FFkit DKt & ODEKDYE
5 pill boxes of dirt samples
RORK DDV 5 DDOAKEA R
48 G.6-5.6 a. Dirt from bottom of 1st filter bed
a. E—IBKRDOEDR
49 F.1-7.5 b. Dirt from path near rice field All radioactive.
b. KHDOBEDR but record not kept
50 F.57-6.6 c. Dirt from near top of mountain side toward the bomb. of gross activity
c. ERMOILDOTE LA a0k TRTHRSRED &
51 G.55-6.09 d. Dirt from path approaching bridge 27205, EEDOR
d. BIZD LA B/IEDR SrREATRRER ST
52 G.66-5.84 e. Dirt from center of dam across walk highest beta activity V72
e. N— Y IFRENR OBV, FLOHROBEEN D
o7z
D.9-5.5 48 Identification badges 0
48D F RN v ¥
Fused bronce-looking material 0
ETJ7BDEHIIRRAY
E.3-5.9 Metal front door hinge, Med. School entrance on south 0

side of S Bldg. 8 x 8 opening steel frame set in granite
and door blown in.
ZHOEENEE, SYLT1 Y ZOEAOERKX
ZEDAN O, APITHEIZOWTS x8' ORIk &
WMERAZRNT
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TABLES (conts.)

£7. (&)
Grid NET COUNTS,/MIN
Sample Coordinates Description FROM GROSS SAMPLE
pﬁam BRI ORIE A IERRDEHEER
ES aum (cpm)
E.3-5.9 Metal front door hinge in Med. School entrance facing 0
south 8 x 8 opening steel door and frame set in granite.
Door blown in.
ADITHIZDW728 x8' DRREREICHE L72ERK
FOANODLZEOEFEDEE, MERAZFNT
E.3-59 Iron fragment in operating room - 4th bldg, from south at
Med. School. It apparently had been effected by a small
explosion within the hospital. Probably part of water or
steam pipe connection.
FMEDHR —ERRKFOEIL 4 FEBOEY.,
BROFDNS 2 BREERIZIEFHALLTH %,
PTZRAKDPERDEDREERTITHA ) o
D.8-7.3 Blue prints from Torpedo Wks. Res. Lab. in Normal
School.
LRBOFRIIHD MV FFEFR» S DFEE
D.9-6.7 Forceps ExEy kb

1 pair of pliers RyYF1T

Brass tunkey — EffOA U#

Alminum lid. minus knob
BIRORS>FOOV/T LIy LBOE
Piece of porcelain with a yellowish material in center.
HRVEED D12 DOH LEEDONTH
2 lenses for microscope

SRR OO L X

Machined piece of stainless steel

AT ¥ L AROEMDE

Lead key

EAF
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TABLE 5 (conts.)

£7. ()
Grid NET COUNTS /MIN
Sample Coordinates Description FROM GROSS SAMPLE
S g‘% L RTONE 5 EROFHE
AT T -
T 557 (epm)
Copper pipe - (original shape) South wall of penthouse 0

of Medical Clinic 150’ above ground and no
overhanging cave. Bent at right angles to original
direction and pointing toward zero.

9’ above roof of building and parallel to floor of roof.
BN T b L3 E150° EORBEDEE O
BIOBEIZOT R TE Y EEITIIRA RV b D,
HBHNEFEDH0EME LB LHEEL Tz,
BN Eildh ) BRE L FATICEA TV,
More pipe. West wall of penthouse of Medical Clinic
about 5° above roof end (original shape)

D1 7, b L RIREDEROBRENS LD
FEE DBEIZDWT T,

received from Japan. No attempt was made to
standardize the geometry of the counting
position,but rather, it was desired to get only
an indication as to which samples could be
used. The gross sample counts are listed with
the sample descriptions in Table 5. No counts
were made on samples that were duplicates of
other samples, that were not located on the
map, or that obviously would not have been

radioactive, e. g. microscope lens.

196

EL. EORBPFTICFIATE 20N
bhotz, RTICABOREEZ R L,
MOXBEEHEL TS L0, FRILE
AHEICTH > T 2wb o, £ L THEM
BEOL Yy AD XIS IS EED &
WHDRHEEITb o7,



3. On the basis of the gross sample measerements and 3. FIOR L= OB ER R EHE L-FEK

the predicted induced radioactivities listed in Table L b LICLT, R8OABIZOWTHM
6, the following samples were chosen for more TR AT o 72,

thorough investigations:

%8
Sample No.  Grid Coordinates Sample Description
AEES BT BB DB
F OB
Hiroshima
VA=
28T 5.5-53 Triangular piece of steel inbedded in concrete telephone pole
37— FOBEBHIBBORAINTVWAE=ZADOERERK
28R(29) 5.1-48 Piece of steel pipe from Bomb Monument
FBRF—20&B 1 TH
Nagasaki
k IF
24 E.0-6.4 Fused earth Lt
43 G.6-5.9 Soil sample, west end of dam
5 L DT DD 3
46 G.2-5.8 Soil sample from pavement across top of dam, in center of dam
FLDHREGT, ¥LOEEHEY > T2 EFEEROL
47 G.6-5.9 Dirt from bottom of reservoir at spillover
B DK & DK O
48 G.6-5.6 Dirt from bottom of 1st filter bed
F—IRBRDEDTR
49 F.1-7.5 Dirt from path near rice field
KHEDBEDE
50 F.57-6.6 Dirt from near top of mountain side toward the bomb
ESHOWLOTE EHEDR
51 G.55-6.09 Dirt from path approaching bridge
BIZDO LD B/NEDNR
52 G.66-5.84 Dirt from center of dam across walk highest beta activity

N— SRR RS B\, FYLOHFROKENS L 572
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4. Aluminum absorption measurements were made on

the samples to determine whether there were any
obvious differences in the radiation energies from
sample to sample. No such difference was found.
The results are plotted in Figure 10, page 43, and
tabulated in Table 7.

b. Steel Samples (28T and 28R)

1. Each sample was cut up and a piece of it machined
to fit in the conating discs.

2. Counts were made over several weeks’ time and a
decay curvs was plotted (Figure 9, page 29) for
28T. A half life between 30 and 50 days was
indicated.

3. A comparison was made of the energy of radiation
from samples 28T and 28R with the energy of
radiation from a sample of Fe* by measuring the
absorption of the radiation from each in different
thicknesses (0.05-0.10mm.) of aluminum. To get
the Fe*, Dr. Fuille and his associates at the
University of Rochester Medical School chamically
separated the iron from an iron salt that had been
bombarded with deuterons by Dr. R. D. Evans at
M. 1. T. One of the reactions in the iron was Fe* +
d = Fe” + p. The radioactive measurements are
tabulated in Table 5, page 41, and plotted in Figure
10, page 43.

The absorption coefficients of 28T and 28R that
are shown on Figure 10 are quite different from the
absorption coefficient of Fe®, indicating that the
radiation from the former is not due to the induced
radioactivity of the iron in these samples. No
satisfactory explanation has been made for the
radioactivity of 28T and 28R. It is not considered
possible that fission products would be responsible,
since the surface of these samples had been
machined off. There is no element other than iron
normally presant in steel in sufficient quantities and
with large enough cross section (as indicated in
Table 6) to have still been radioactive at the time of

the counting, four months later.
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Table 7 ALUMINUM ABSORPTION OF RADIATION
FEO HEHEOT VI = AL BRIL

Counts/mi =
Sample No.  Date ounts/minute X S

=4 X 100/ s

AEEST B

0 mm Al 0.05 mm Al 0.10 mm Al

Counter #450

GMETEE450
52 3/1 3707.2 3342.8 3289.0
51 3/1 1791.4 1641.8 1556.2
50 3/8 570.8 533.7 512.0
46 2/27 444.7 408.1 3954
47 2/28 347.1 323.3 314.7
49 3/8 111.9 105.7 98.7
48 2/26 445 41.0 38.6

Counter #170

GMET#E170
43 2/19 244.2 207.4 196.1
“Fe 2/7 212.5 83.6 37.9
38 121 18.1 14.3 13.2
28T 2/5 44 3.7 32
28R 3/8 2.5 2.1 1.8

c. Earth sample #24

1. Sample #24 was only 300 meters from the ground
zero; therefore, if there was any induced activity to
be found in the earth samples, it would have been
in this one.

. A qualitative spectroscopic analysis of the soil
showed that the principle elements present were
silicon, iron, and aluminum, with traces of calcium
and magnesium. On the basis of Table 6, however,
iron was the most likely element to be radioactive
at the time the separations were made.

. A chemical separation of the constituents of the
soil was made by Dr. J. F. Flagg. His exact
procedure is given in Appendix A.

Dr. Flagg found that sample #24 contained 64%
SiOz, 26.5% AlZOl, and 6.5% FeZO]. The remaining
3% was calcium, and magnesium. The silicon,
obtained as SiO, was found to be inactive. The iron

and aluminum fraction (sample #38) contained a
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mixture of Fe,O, and AL,O, and accounted for the
entire activity of sample #24. No worthwhile
separation of magnesium and calsium could be
made.

Since there could have been fission products in
the previously prepared iron-aluminum fraction, a
second separate portion of sample #24 was digested
with hydrochloric acid and a solution obtained that
contained iron and aluminum as the principal
constituents. The solution was concentrated, than
extracted with other to remove the iron. It was
expected that the minute amounts of fission
fragmants present would not be extracted by the
ether. The iron sample prepared in this way was
inactive, and, as other neutron induced activities
were not expected, it is probable that the activity of

the samples was due to fission fragments.

d. Sample #43

The iron-aluminum fraction of sample #43 was
separated by ether extraction using the same
procedure as for sample #24, and was analysed for
radioactivity. None was found. This test was made to
be sure that none of the radioactivity in the reservoir
area was due to induced radioactive elements present
in particles of dirt that were swept up by the heat
wave following the blast in Nagasaki and
subsequently deposited with the fission products.
e. Soil samples #43, 46, 47, 50, 51 and 52
1. A quantitative separation of the fission fragments
was attempted to account in detail for the
radioactivity in different localities and under
different conditions. All chemical work involved
was done by Dr. J. F. Flagg, and the complete
procedure that Dr. Flagg developed for making the
separations is given in Appendix A.
2. Four fractions were separated from one gram of
each of the soil samples:
a. Strontium as Sr (NO,),
b. Zirconium as ZrO (NO)),

201

ol BEETAIZY A0S EERMEY GE
No.38) 13ERILE —#kFe O, L BRILT VI =7 4
ALODREW T, ZDEFIZEHFIN24DIT &
AEDOBEEEEI N TV, 752V 74
EANY I LI TFLTENTE LD o7,
BETNVIZT AOSHEMEY ISR
ERPAE T TS S LB, LA
2T, AFNo24% 2B IZHBEL -85 % 3R
BCRBL, LTV IZTLAREATER
1B, BHEBRMEL., T— T VTEE HRE
Ml L7z T—FVTRBOBEOHSHEBEA
DIMHTELZWEE b, TEHL-HEORK
FHX ST EEA % < o ETFIFEL
BETRE CTH B EEZ LN D o7, RE DK
SRS EMFICL b0 BEbl,

. THEEEIN0.43
HEIN0.43DERE TV I = A D5 EEI IR
HENo 24 R UAETT— 7V L, HUTRE
REE LA, RICOBHETE 2hol, 20
WX ILARER—ATEICBITS [BVRE] 12X
S ThHh ENEEZX LN FEMITHE L
FERAEBRWICE DM EOFEZENID L /20
VAT 2 1%

. HIEFHKIN0.43, 46, 47, 50, 51, 52

1. BORERMOEBN 278, Bhol
AR R o 72 IREECTHRELL 725 D it gTag 12
WL CHLOFEEEZL - TiT b, T
TOLENSET TSy VL fTo72, 7
Sy rEESHCFERRILESREO R
fH8%A (HBE) IR L7

2. FNFNOTERE 1 75 L% 4 DO5 R
T 72,
a. fLFFSI(NO) & LT, AbBYFIL
b. fLZEFZIONO,),& LT, Ya=7 L



c. Cerium as Ce (10,),
d. Yttrium as Y (NO,), and Rathenium as Ru of
RuO

Each fraction contained carrier equivalent to

2

20 mg of Sr, Zr,Ce, and Y, respectively, plus
submicroscopic quantities of the radio elements.
The fractions were weighed and thoroughly
mixed with three of more times as much
American soil of approximately the same
chemical composition as the original Japanese
soil sample to reduce the mean atomic weight
and hence self-absorption coefficient to
approxinately the same value as in the original
soil samples. It was calculated that the difference
in the radiation due to a difference of self-
absorption in the original soil samples and in
samples thus prepared would be no more than
5%. One gram of the mixture representing each
fraction was placed in a disc and counted. Then,
the corrected number of counts,/ minute from

each fraction.

0
F=C(W+W_) (lg ) (12)

where C, is the net counts / minute of the
mixture at the time that S, the net counts / minute
of the standard sample, is measured. W_is the
weight of the frection, and W_is the weight of
the soil mixed with it. W_ was always great
enough so that (W +W_ ) was at least one gram.
3. Values of f for samples #43 and 47 are given in
Table 9, page 42 and compared with the values

predicted using the equation

0.693
A=l ¢t Hogq (13)

in which all the symbols have the same

non

significance as in equation (5) except that "p" ,

isotope fraction in equation (5), has been

" _n

replaced by "q", percent of fission fragments
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from "49" for each isotope given in the Project

Handbook,Chapter III, D1.

4. Sample 43 was from the ground along the dam

of the reservoir and sample 47 was silt from 2 ft
under water at the same pont. The difference in
the two should be due to any difference in
solubility or in settling rate in water of the
fission fragments. To check the solubility of the
radio elements in Sample 43, 1 gm of the sample
was treated with 20 ml of water for 15 minutes,
centrifuged, the clear solution evaporated, and
the residue measured for radioactivity. None was

found.

5. Gross sample measurements were made by

counting 1 gm of each soil sample from the
portion that had been ground up for chemical
fractionation. It should be noted that the total
radioactivities of the fractions check with the
radioactivity found by gross sample
measurement. Since the radio elements account
for such a small quantity of the entire sample, it
was suspected that the mortar mixing may have
been insufficient to affect their homogeneous
distribution. To check their homogeneity, four
new gross sample measurements were made
using different portions of the same samples. In

all cases, the results were within 10-15% of the

original gross sample measurements.

6. There is reason to believe that the results for

samples #46, 50, 51 and 52 were in error;

therefore, they are not reported.
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IV. Conclusions

A. The highest intensity of gamma radiation in
Hiroshima was found in the center of town at the
ground zero. Two months after the atomic
bombing, the intensity at this point was 0.4
milliroentgens per hour. The corresponding
integrated dose from 1 hour until about 6 weeks
after the explosion would be somewhere between 6

and 24 roantgens.

B. The highest intensity of gamma radiation at
Nagasaki was found in the Nishiyama reservoir
district, about a mile north east of town where there
had evidently been a precipitation of radioactive
materials from the cloud of fission fragments. The
trail of radioactive material was traced from this
point 30 miles eastward before it disappeared into
the bay. Six weeks after the atomic bomb, the
highest intensity at the reservoir was 1.8
milliroentgens per hour of gamma radiation, which
corresponds to an integrated dose of 27 to 110
roantgens. The radioactivity in the center of town
was only 1,10 that in the Nishiyama reservoir

area.

C. The gamma ray intensity at Hiroshima 2300 meters
from the atomic bomb was 12 roentgens as found
from an analysis of x-ray film picked up in the
Hiroshima Red Cross Hospital. This is four times

higher than the maxinum theoretical value.

D. The neutron flux 600 meters from the Hiroshima
bomb was 3900 x 10" neutrons per cm?® and that
1000 meters from the Nagasaki bomb was 78 x 10"
neutrons per cm?. These figures are 30 and 10
times, respactively, higher than the maxinum
predicted theoretical values. The neutron flux
calculated using data from the most reliable
Japaneses report was 7 times the maxinum

predicted theoretical in the center of Hiroshima.
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E. The residual radioactivity even in the area directly
below the bomb originated almost entirely from
deposited fission fragments rather than from
elements normally present made artificially

radioactive.

F. The source of radioactivity in sample 12, dirt
washed from bones picked up in Nagasaki, and the
source of radioactivity in samples 28T and 28R,
pieces of iron from Hiroshima, has yet to be

explained.

G. The significance of the percentages of the
radioactivity found by quantitative separation of
fission fragments from samples 43 and 47 above
and below water at the Nishiyama reservoir is not
known. There are available in Rochester 3 or 4 dirt
samples containing about 1 1b, of dirt each. These
samples are sufficiently radioactive for use in
deteraning the efficiency of the Nagasaki atomic

bomb by the Anderson- Sugarman method.
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V1 .Table of Nomenclature

A - number of beta ray disintegrations

a - avarage log energy loss of neutrons in air =~.16
B - background counts,” minute

C - counts

Co - counts without any foils covering the samples

d - days since fission

™

error

scattering mean free path of neutrons in air at

—
1

epithermal energies ~25m.
- total counts,” minute
background counts,/ minute

- number of ten minute intervals counts were made

Z 8 =2

number of radioactive atoms, same as number of

=
|

neutrons captured

isotope fraction

o

PE - probable error

theoretically predicted number of delayed neutrone

(@)

emitted by gadget, 4 x 10*

percentage of each isotope in the fission fragments

Nal
'

from "49" as given in the Project Handbook,
Chapter lII1 D 1

straight line distance bomb, meters

—
1

standard measurement, net counts,” minute

- wn

time, minutes

half life, days

-
1

7 - mole of element
s - cross section for slow neutron capture (0.23 x 10~

cm? for P*)

BN

slowing down length for epithermal neutrons from
an energy of 600 k. v. (average energy of delayed

neutrons < 150m.)
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