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ABSTRACT

Fog~ed photosensitive xmitcrialefound at Hiroshima, 1●7 km from

the oentor of the explosion, wore aompared with nomiwlly identioal materials

bought in Tokyo and forged by radium in the laboratory to determine the

Hiroshima dosage. The Hiroshima dosago was about S Roerrtgena,within a

factor of’about 2. Differences in,manufacture between nominally equiva3mrt

emulsions ~end a wide uncertainty %9 the result.
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G.(UWAWL*TZON DOSAGM AT JiROShIMA——

FROX RECOViREO PliOTOSENSITXVEXATERIAL

/

A stook of photographic fLlms and printing papers, all fogged by

gmma radiation from the bomb, was found in the Red Cross Hospital im

Hiroshima by investigators from this prejeat ~hortly after the atomio.bomb

attack on that city. Nominally equivalcnt Unexgoged materhl waa obtained

from dealers in Tokyo and qenk to Los Ahvnoe, togother with Hiroshi- matew

rid: details are given in Appendix 1.

At Lorn

dosage delivered

thought %Imt t!le

Ah.moaO an attempt was made to determine the gamma radiatio=

by the bomb from the fogging of the diroshima filyzu$iIt waa

Hiroshima dosage could be evaluated by oompariaon with knows

dose~ of gamma radiation given to Tokyo samples from a radium eouroe.

‘l!hifiprooedure could yield valid results only if the Hiroshima

emulsioas und tne corresponding ones from Tokyo had the same photographic

propertied. Nominally equivalent samples were actually in different-appear.

ing packages. Nearly all the film~,from both soUroe6 were outdated by intervals

that ranged up to more than a year (Appendix 11). Tests to determine whether

corresponding emu3aions really had identioal photographic properties indiaated

that they differed so greatly as to be incomparable witn oae another; the

ecmtraet f4wtor8~ or so-called photographic ‘gamma factors”,

d (photographicdensity) /’d (log oxpomre)

of the Tokyo and tho corresponding Hiroshima ~;;~s were in ea~h ease widely
●** ●*9 ●,●*9 : ● 0 ● *:

different (Appendix III). AS a remult of .&is; 4“To&o%&je and a Sroshima
●* ● ● ● ** ..* ● .* ● *

‘:’=ees&’d
sample of %he wme brand which h~d reoe~w#ce$w\”$xgwspw ● .
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~imultanoously in tho same sol.wtions c~ouldbe oxpeoted, nevortheless~ to

possess quito different densities. In the oasc of the bromide naper, the heavy

paper backings of the Tokyo papers were found to differ from those of the

Hiro@hima ones in transmission density by about 0.059 on the average, and

there wero differences almest as great between densities measured on different

parts of

may “mm?

fercnces

the same sheet.

The non-uniformity of these emulsions from one sample to another

arisen partly froh xwmuhcturing diffsrenoos and partly from dif.

in etor~gtvaondil+oas. In the main~ ik probably reflects a date

of d.isintogrationin the Japanese phcltographicindustry due te war conditions.

Whatever the cause, it Becma to dOStl’Oyany hope of finding an accurate value

for the Hiroshima radiation dosago by use of these films. A much le6s serious

oause of’inuonsistenoymight be the differences in radiation speotrum and

expo6are conditions between the Hiroshima bomb and the laboratory radium

posurc, but in view of the great inconslstenoy 01’the results no further

ex-

oosasideratioaneed be given to these differences~

In spite of the fact that Ianycomparison vas lMm found to be invalid,

uttamts were wide to derive a valua for the Hiro6hima dosage, however crude it

might be. There were two methods employed in these attemnts, one utilizing

what might bo called “correoted lad geometry” experiments and the other utiliz-

ing ‘*goodgeomat~yt’experiments. In both methods the principle waa the same.

Doses were administered to samples cd’Tokyo material of a given type froma

radium source and the resulting photographic densities of these samples were
●O* ●●.* ● ●

compared with thzt ~f a nomina13y equiv~len~J1&o

●0 ●0. . * - -*
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that of the Hiroshima sample while t-hatof the other sample would be somewhat

greater. Then the dosage reoeivcd by the Hiroshima sample to produce its ob-

served density oould be determined through a simple line~r interpolation,

since it had been cwtablished that these expo6ureiawere on the linear part

of tho dsnaity-v8-leg exposuro a.arvesof’the cuuu16ion6. A13.mterials involved

ha given determination were

with continuous agitation, to

similar procossing~

processed simultaneously in the

remove the possibility of!errors

same solutions

duo to di8--

The “corrected bad geometry’texperiments were carried out in two

parts. Fir~t, the exposure plan described above was used to yield ‘tbadgeometrytl

values of tiheHiroshisuaex?osure. In the appiaratua used in this part of the

experiments a sam23e was situated 6.05 cm above the radium ~ource. The aouree,

,however, WAS at the bottom of a cavity in a lead case, ao its radiation en-

countersd lead in every direction excej?tin the neighborhood of straight upward.

In that

ing tine

flat in

dirrmtion, it passed throug:home+uarter inoh of brass beforo encouater-

emul,sion. On top of tha sample was another blook of brass to hold’it

its designated pltice. Radiation from the souroe entering the lead

caused the emi6aion of scmondary ganma radiation and of bet~ rays. The

60@ondary gM.MLW radistion was nbl.eto reach the emulsion and cause additional

darkening. In addition, extra darkening occurred from beta rays excited in the

quarter-inch brass ?late and from backsas.tteredbeta rays excited in the brass

block. All this additiona2 exposure was responsible for a “geometry” error,

and values obtained using this apparatus had to be corrected for geometry. This

apparatu8 was used in spits of this disadvantage because of the adva~ts.gein

convenience and safety afforded by the!lead caFos.. .
●oe 9** ●m
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described

described

apparatus

● ☛ ● 00 ,-
:: ● O
S* ●

:0:
● 0 ● ea s:. ● a

● .:* ●

-6- ‘~~ .

The correction con6isted :lmmaking exposures on the above-

“beadgoometrytiapparatus landon ‘good geometrym apparakus tO be

later, and than comparing doses delivered by the two forms of the

in given time6. The procedure for tYA8 comparison was similar to

that already desoribed: an exposure given on the “good geometry” formv,=s

oompared by interpolationof den6itios with two exposures given on the %ad

geometry” form.

For each ernu16iontype the

(the rundom relative probable errors

of tie differences exhibited “betwaem

results were fairly self-oonsifitent

were WC1l under 10 per oent) but, beoause

the Tokyo and Hiroahika samples of oorrespon

in~ emulsions, the ~eometry correction could not be detemnjned with the oono

sistency tkat was desired. !NnereQms oonsidcmab~e scatter in the values obtaia-

ed for the Hiroshima exposure on d:lfferentkinds of film by the ‘correoted

bad geometry” experiments.“Moan vuluesiranged from ?-~ Roantgens to 15.5

Roentgena (Appendix XVA).

The ‘good gcometryv’expo:rimentswore performed with apparmtus free

from the affects of secondurv ganmz r~diation and of beta radiation but t?lis

upparatus had the serious practical disadvantage of setting up a stron~ field
~

of gamm radiation around the ap?arata.w. This ‘good geo!netrynapparatus, like

the other appsratus, !wwithe emu18ion at a di~tance of 6.05 cm above the radium

6ouroo. The same source Vm used as in the ‘bad geom~~ry”, but there ~~ no

lead case to generato seeondary gjamna radiation. Between the film and the

.
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plaoe. The purpose of the aardboard was to

from the bra8a block. hy radiaticm set up

absorb any beta rays backscattered

in the wood or the glass would

tapprozim~tera.diatior.gcneratod irAthem media at Hiroshima

Experiments with this apparatus were performed in acoordame with tha

interpolation procedure described earlier; but no geometirycorrection was

m.ide● ‘l!hemore diroot result~ obt!~inedfrom thess ‘igoodgeometryn experiments

were BO more consistent than those obtained in t~~ecorreot@d ‘*badgeonetry”

experiments:ai a =tter of’facts the ra$akive scatter was grestor, tho values

rangint:from ~.~ to lz.21ioentgcm (Appondti SVB)O

There appears to be no reason to believe that the high values for the

niroshima exposures were any tietteror worse than the law values, except that

t~lc~reater aqe af some af’the ifirOshi~ ma&ial slightly favors the low va~ue~

Thus, About the be8t that own be said is that the experiments yield a v6.Iuc!of

ubout 8 Roentgens, and that this valuo my be in error by a factor of’shout twoe

l:t~kia ~doubted~y the pr~noipa~ cau~~ Of uncertainty in this

determination i~e., manufacturing differences, -wmld be eliminated if materials

t)fitilthe same ~ul~ion batch numbers (cf. Appendix 11) oould be found for a

repetition of the experiment.

Only a mndl part of tho photosensitivematerial submitted to ua has

been used. The rest will.remain on fi3e in the archives of the optic6 group

(now I’d-s)● The original data f’romwhioh this report W.S compiled are in LA

notebook 3500
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APPENDSX 1. Letter of Transmittal

To: J. R. Oppenheimer

Fromz ‘ P. Mcrrison

Subject: Photo-Sensitized

1. In the Red Cross Hospital

Materia3~ Reoovorad o.tHiroshima

St Hiroshima, located at about 1.6 km from the

projected point of the explosion, on %hc third floor of the building, we

found a stock of photographic mterinl~ which had been exposed to the radiation

from the bomb, but :hadnot otherwise beeu opened, exposed, or devc30ped* The

Japanese teohnician8 told us that al’1 the film they had tried out had been

blackened by the shot~ and vms theroforo unuseable. The:-were quite williag

to give us theso samples.

2. All the sampli”sfrom Hiroshima were exposed to the bomb in a direct Tine.

No buildin~ wall or other structure intervened* The radiation came through the

air, a glass wiadow pme

wall of Q wooden 8tior&gc

wnong othor photographic

Of 2 mm thickness (a 6ample of which I ~u~t) and the

cabinat. In addition, 6ome of the film was stacked

materials?)

Yhe wOOdOn cabinet and the following mR6s: 1~~ pl~#OOd, 4.2m Of 100s0

sawdust, and ,!+mm plywood.

1) Note added at Los AlamofJ, Octobclr1945:
-IEO

The materials were not rwoovered from the original positions which

they had had at the time of explosion. The??had been moved to a 6heltered 10cation”

Interrogation of Japanese ey@WVUe%W@ $w#”tO@Otheplaoemeti here assigned. The
window subtended a aize&b3e ~u~id:aE@ o.~cdne”~f half-width 30° to A5° -- so that

diffuse radiation was not iserlbtis~~mb”dw,;a~~ the conorete building wall. This
conclusion rests on anparent~yc~e~tiihle.buteuqqheckcd aaoouts of’Japariuseo

● **
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● ●● :: ● O:
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.
oxpomros to tho Tokyo 6amp3es and amparing the densities oa development.

At Site Y, the photogx’aphiogroups should be oonsulted. In addition, Dr.

‘Nilliamtkaylcsand othors at Rochester tindtitEastman Kodak have spoeialized

in photometric dosage mcasuremont.

h. As indicated invriting on the paokxges, the Hiroshima films are a bit old.

‘Enis may spoil the results. If this is not too btid,I fee3 that the four types

of film obtained should a130w 6uffiaicnt latitude to secure R deoent mxasurmnent

of the doise,which must :WVC been bctwcan ton and ono hundred r.

5* Identificationof tha fiamplcss{eac!lsample is marked with a letter in red

ponoil).

A Unexposed 35 mm fi3m intended for photography of f’luoroaoope screens in

indirock chest X-ray work.

S Identicta3film, exposed at lIiroshim9 T% can ~!a~stwndin~ on a shelf.

C X-ray film, scmsitivityDIN 1“3/10. Unmposed Tokyo sample.

D Idontioal filme exposed at Hiro8hina. Tais packago was on top of several

other

usinf;

E These

suoh boxes. See label on end cIfbox. The c~O-7e~ogeris a nor~,l o~~,

mctol ad hydroquinone.

Ilford plate~ were exposed at Hiroshima. Tho box was on top of a stack

of’ papers. The box wa6 Unsealed,”and may have been accidentally fogged by

visual light. The bottom p?ate should be most reliable.

F Bromide paper bought in Tokyo. lf@l contrast.

G Idontioal pa~er ex~osnd at Hiroshima, About 2 am of similar envelopes were

above this package in the ataok.
●e ●00 bm. ● 9** .

All Hiroshinn cwnplea wero in ~!$ &&on~.? ~93°ie.
● *... .’
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35 mmfilm

(Sakura Film Co. filnfor=hesk
fluoroscope)

Tokye L?&+o (2&)603)

Hlroshims JR-213 February, 19M s

APPENDIX iII

Photograpi~ic Contraat

{See LA nbtebook 350, page 7 for

35 mmfilm

Tokyo 105

Hiroshima 0.7

A

APPENDIX IV”

X.ray cut film i

(sakuraRo.ntgen film, safety,
duplitizad, blU@ base, Rokuo~
sha, Tokyo)

Fact301W

processing details)

X-ray cut film

Hiroshima dosage VUIUeS, Roen%@n u~it~

35 mmfilm &ray .cutifilm

Correotad bad geometry 7s2 3004

7“7 1204

7.6 10.6

Ioaq

13.Qg

B Good geometry

——

mean
●* ...7.3 1102 1%5
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