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                                 AbstraÅët
     To determine the radioactivity of soii air, a photogrtphic plate specitIIy fnanufactu-
 . red for recording tracks of alpha-rays is used with success. This devic.e saves otheg
  special apparatus such as fontactoscope or Geigex-counter equipment than a microscope
   which will easily be available in most ;aboratories. Moreovef, it has other advant#ges
   that (1) record of alpha-ray tracks ready for subsequent check is obtained, and <2) obser-
   vation rnay be done at a time for a lot of stations so as to avoid the different influe-
   nces due to possible change in rneteoro!ogicai conditions. .
     The method has been compared with other ones of radioEctive e: ploration and the

   results are iR fair con'cord. '
               .t katmocltzetiom
    The methods of radioactive exploration usually adopted are (1) radon-in-
soil-air method (briefiy, radon method), (2) Ground-hoic-ioni•zation-c}'iamber Me-
thod (ground hole method) and (5) one using Geiger counter. In the firct two
methods radioactivity is ordinarily measured with electrcccope. The authok- has
tried to measure the coRcentration of radofi contained in soil air with photogra`-
phic cmttlsions specially manufactured for recording tiack patterns of alpha-pani-
cles. In the present test, exposure of photographic•plare was made in ground
heie 10cm in diameteÅí and 1m in depth, which had been prepared Åíor the
gÅíouad hoie method. Numbers of alpha-ray tracks 40 to 200 wefe obtaincd on
[llg E.lg?Ie.Fe(}rf,q,UharL ).lliiAiii.'lll.efyer.fWge..?,`,.h,o,u.r'? e>pGsure in the present test fieid

    The rnethod has been compared with other oRes of radicactivc exploration
and given fairly concordant results. It has advanta,ges over others ln such fes-
pecrs that (1) no other special appanctus such as fonractoscope or Geiger couneer
eguipmcnt is necessary than a microscepe which will usually be found in mo3c
labor4tories, (2) real record of alpha-ray tracl<$ rea,dy for su; sequent chcck is
obtained and (3) observations (in this case, exposure of photoplate) are made with
neglisible differencc of time in a considerable numbers of scations, resultlng in
eliminating the differeni infiuences due to posslb}e change of meteorological con-
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                        Prineiple of the method
    Radioactive method of exploration is, briefiy spcakiDg, based on the fact that
radioactive elements pervade in all kind of rocks, though very minute in guantity
and in different proportions and that movements of them are subject to geological
conditions. The most remarkable example of the latter case will be found along
a fault where rocks are fractured to facilitate ascendiag of gases or water carrying

radioactive substances from the depth. On crossing a fauft, one can find a
notabie increase of radon or other radioactive elements in the soil layer covering
the bedrock faulted.

    In the present test, concentration of radon in soil were determined by nu-
clear emulsion rnethod in which photo-plate was expesed to radon-bearing air in
a hele dug iR the ground. After developing, the plate was examined under
microscope eo count the track patterAs marked by alpha-particles ejected fiopn
radon and its disintegration products.

                           Praetieal precediure

    The plate used was of nuclear ernulsions ECr-2E type furnlshee by Fuji
Photo Laboratory. The thickness of the emulsion film was 50 microns. . Ac-
cording to H.Yagoda,i) adequate thickaess is 2s to sO microns for counting the
tracks from .external sources. The plate was developed with Eastmafi D 19 for
7 to 8 min at 18e to 23" and fixed with SastmaR F5 for 2.S hour.
    Under microscope with magnification of lso, number of alpha-tracks which
passed across the cross hair of the field, as the mechanical stage.wa". operated, wa`s

carefuliy cozmted. The time reguired for iflspectinba the area e.5 mm (width of
the field) Å~10 mm (trayel distance) in the field was usually 7 to 10 min, for the
case of alpha-tracks about 2oo in this area, smrn2. In the case ef this order
of track density, it was found from ten observations for each contiguous strip of

e.5 rrimÅ~10 mm in the central area of 5 mmÅ~10 mm of the plate that tl)e m9an

value had a standard deviation oÅía gew percegt. '
    Backgreund was also measured ofi an unexposed portion of tlie sarne plate
and eliminated in the result. It is supposed to be due to radioactive cofi-
taminants present in glass and the components of the emulsion layer. Ifh the
emulsion surface is exposed to air in total darkaess, background alpha-cracks'rctiill

increase in number owing to the alpha-rays from radon in 'alr. Background
increases through the Iapse of time since the manufacture of the photo:plate•
     The photographic plate set in a, dark-sRde was inserted in'to the hole' w'ith
a long bamboo hoider, thtough which a thick wire was passed to facilltate ope-
ning and shutting the lid 'of the dark.slide from the outside of the hele. The
construction afid use are shown in Sig. 1. The dark-slide was' set with its'back

close to the wall and about 10 cm above the bottom of the ground hdle. As
the effective ranges of alpha-particles system are 3.g6 aBd 4.81 air-cm'at N.T• P.
for uranium and thorium series respectiveiy,2) the emulsion surface will be prac-

     1) Herman YAGODA: Radloactive Measurements with Nuclear Emulsions. (1949),'.

        New York & London, p. 61.
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space, within which alpha-
 fr6m radon can give eff-
on the photo-plate. '

          Fig•1 Construction of dark-slide (A) and its position in the hoie (B). .
         . a: photo-plate, b: dark-slide, c: shutter of dark-slide,
                d: bamboo•holder, e: hand!e, f: lid of ground hole.

t•icaliy free from bombardment of a!pha-panicles ejected ffom soil form•ing the
wali, as observed in Fig. 1(B). On the other hand those for emanation (radon
and thoron) series' are s.21 and s.g5 air-cna, so E'he sphcre of alpha-particles at-
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tacking the plate (as shown obliguc-lined ln the scction in the same figure) is
constant regardless of the position of the dark-siide in the hole, and comparative

measurement of radioactiv'ity in different ground holes will be possible, under the
assumption of uniformity of the distribution of radon and thoron in them.

             Example of test of nueiear emulsien method
               and its comFarisons with other methods
    Test observation and the comparison observations were made in march, 1951
at Syagakfiin in Saky6 •Ward, Ky6to City. The stations of measurements wefe
mostly in barley-field, and arranged nearly in a line transversal to the under-
ground faults which were located about one year ago by radon method. At
each stationavertical hole1m in depth an.d10cm in diameter was dug in
the gTound. It was used as an ionization chaniber in appiying the ground hole
method. Exposure of the nuclear emuislons was made in the same hole with
its lid kept closed as iliustrated in Fig. 1(B). In Gelger-counter measurement
the hole was aiso used for the insertion of the counter tube in order to count
incidence of gamma-rays from soil ; counting was continued for 20 min for each
statien so as to minimlze the statlstlcal error.

    Measurement of radon in :oil air was also carried out bv means of Schmidt-
type fontactoscepe aftcr about two weel<s since the three" methods mentioned
above were finished. The line of traverse wa$ the same tg bcfore, bttt the posi-
tion of station from which the soil air was taken was shifted aboue 2 m aiong the
traverse line, so a3 to avoid possible infiuence of the grouncl hole previously dug.

    As shown in Piate VI, the curves obtained by the above four different me-
thods are in fairly good agreement. Of them all, we observe the curve of the
photo plate method in a good agreement w!th that of the ground hole method.
Thus observed, it mav be said that the method of nuclear ernulsions can be utilized
in radicactive exploration, though ieaviDg scope for the futu'ie improvements in

frirther details. .'  . i'/rom the results thus attalned, it is very likely to be conb'ectured that with
approach .of the fault radioactiviity increase3 not only in soil grs, but also in soil
lkssif...lg,twafigguQd.#fave,,"s8?,.ff.L,seS.b,x•.?:,iy,ti,ff,uggeg,,zaFd2n,g2xm,ghe,Ssp;e

dioactive profile C(PL VI), seeing"that only a small fraction'' of total number of

impulses counted by Geiger counter is due to radon while the rest to other
members of radio-elements and cosmic rays.

    In conclusion, the writer wishes to extend his sincere thanks to ProÅí
N. Kumagai for his encouragement as well as unreserved criticism and to Mr.
I. Hayase, As3istant, to whose painstakit)g help intsreading photo-record }the success
of the study is largely due, aBd also to Messrs. I. Yun and T. Shimizu for their
helps in laboriou3 field work. Thanks are'also due to Dr. S. Fuji:awa, Director
and l),([r. Y. Koseki. staff of the Fuji Photo Laboraeory,'who ki.ndiy provided t,Rs
Klh,g?.e.,?8E.'e,a&8.M,,",ISiO.np,.,f,L12iit•,tY:'g i:}?. 2g P, w.?s,gsge,28aAly supported by
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