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                                   Abstraet

    Badon gas escaping from the grouncl tal<es paTt in the ionization of the atmosphere,
whieh, in turn, influences aLnaospheric electricity ancl ineieorology. Radon content of soii air
wa.s measuxedi from three clifferent clepths once a day /for more than two years. Besides
seasonal cliange, the xnyestilts show temporary variations c'{ue to ehanges of atmospherie pyessure
and precipltation. S5me disetissions are /given for the results observed.
    1[t seems tliat th.e .felt c-rarthciualces in most cases were Åíollowed by an increase in the con-
centration of radon: In one case, t]'ie incvease ef radon pz`eceded the earÅíhguake, and what
is inere interestin.ff, the cleeper the sampling sile was,. the greater pyopor.tionatelywas the increaEe
in cb-cent}:at{on, an inslance oppo.gh'e l'o 'the case wiiere meteourological lnfluences are at work.

                                kitr</)diickioii

     lt is well kno}srn that the seil air whicra fills the ?ores of the soil or roek
hcas a tolerahle [{aantity ef raclon, ancl that tl:te raiioR content shexv-s consi{ileral)le

changes near the ground surl'ace, though it graclually increases with increasing
deptb. .approaehk.ig asymptetlca]ly a finite value. It depends not only on raclium
content a'Acl tke erctanating power of seil or roek, but on the changes in aeration
causeci by sunshine, changes of atmQspheric pressure and precipitation. In
gengral, tke raclon eontent of soil air is several thousancls times as much as that of

the atmesphere ancl yet is by far }ess t!ian the eguilibrium qua:itity with radium in
the soil. AccordiBvff to I• S"atterlyi), tbr example, it is only fi'om ene fifth to

one twentiÅíth of the effullibrium guaniity. The racloan escapiBg from the soil
takes part in the ionizatioll ol' the atmosphere. Though radon is heavier than
etlxer gases usually foullG in the suxface atmosphere and, fttrthermore, rapidly
clisintegyates with a lxaltL]ife peTiedl e{ 3.g da>rs, its effect in ioxtizing the air may

be consiclerab]e even far up in the sky*. Thtts the radon exhaled frem the
ground plays an important r61e in atmespheric eleetricity and meteorolegy.

ti' Aecorcling. to V.}'i. I'Iess 0()/12), the ionl'i.a{ion in a close(l ienizatien chaiiibe!' deereases with

}ieight above the s'xound up to ahoi'it' 400]n and then $hows grticlual incre`.tse owing to the pxe-
dominatinsr cosinic-ray intensity.
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    So far as the author is aware of, stuclies of raclo:i iR the atmesphere have
heen me.cle b>r sevc•ra} avttlnors, }]ut tl!ose of re.clon in groun.d soil air have been
fbvv, a•mo].,.cr wlzich these by ll. Bencler2) an(1 II[. .Isr.ae}-KOJo.ler3) are of' importance.

rjJakin.g meteorolegical factors into coitsideratioR, tl:Le author macle twe series ef
observations })y measuring the coym.centration ef raclon in soil air ence a day over
more tlwt.n ftL year respectively (eeÅí., l94i4,-Oct, l945 ap..({ Aiig., l946-Sept.,

l9t17). Tb.is was for the purpose of obtaining some refearenee data mainly for
ra{lio.active exp]oration.. rl'l?,e result was tl:i.at tke ra{ilon !n sei} air seems te show

p..ot oniy seaso)).al variation, but a]so temporary variations clue to changes ef
atmosperic Lpyessare, preciptte.tion .`-'tncl tlae like. Tfo.ese variations imply the eseape

of mcf.lon from the eaxtlL as xvel} as ae'•ration near tlke ground surface, an{l in this

sei]se wM be knporte`xtt fbr meteorology, the science of atmospheric electricity and
agriealture.

                                Ok•seurvcattions

    rfhe first term observation (from ect.1, 194,(4, to Oct. 31; l94,5) :

     Sampling was macle by replacing the water filling tke sampling fiask with
soil air suck{}d up through a collecting tu})e from tb_e grouncl. We use<it three
collecting tubes made of iron pipe of 22mrn cliameter and whose lengths were
di.fferent so as to he fit fbr sampling soil air from t]aree clifferent dept'hs (0.6, 1

ancl 2 m). [lrhese three tubes were clyiven at 3m spacings into the ground in
back of our laboratory, where tlie• soii was of granite sancl.

    The titbes hacl many ho}es ]]etween fjve cand twenty-five centimeters from
ihe ]ower enci, th..rougii which soii alr was to be suckecl in. At the top of eaeh
tube tltere was a rubher plug penetratecl by glass tube with a ste.p-cock. Jttst
k}efore samplixxg, the air ir tlLe collecting ti}be was drawn out witla the clevice
                                             flask flll.ed with soil air was                                                                         then                     ejected. "fhe sampli]:tg           above                 anclmentionecl
brought to the laboratoxy where ihe raclon conten..t was cletermined by the Schmiclt
ty})e fontactoseope as Ss usua!ly clone in the raclloactive measuremeit of spring
water. [lrhree sets ef fontactoscopes were tised; tlte same one for the samples
from tbe same clepth. [l;he constants of t.he fontactescopes were as follows:

                    Instrument/s Constantsee
                      NTo. 4•OI 3.61Å~110-iO curies
                      ATo. tl03 2.62 '! ll
                      No. 4•{1)4, 2.82 tf ii
     The seconcl term observation (frem Se})t. I, ].94,6 te Sept. 30, i.94i7) ;

ve The criuantity {'>f radon in the ionization chaml)er reciuiz"ecl tD produce a shifting velocity of
one division per minute ef the indicator on the scale just when radon ftyst is received (initial
activity).
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    Tke second term observatien was primcipally tlae same as in the ftrst term,
but different frem tbe latter in method, llumber of sam.})lings ancl the instrument

by which the radeu centent was measured. The seil air was sampled from the
depth of 1m on3y. In this case, the soi} air was direct}y draxvn vtp into the
ionization chambear t}]TougÅ}L a drying tabe, whlch had been evacuated in advance.
The ionization chamber was T2.950 c.c. in volume and cornbinecl witla an eleetroL
scope. 1]he constant of this racion-meter wa$ determine(l as 5.37Å~le'-iO curies
by calibratien with the staxtclar{1 selution of radlttm from the former Institnte of

Physieal ane Ckemical Research in Tokye. '

                                  'gesstks

    The observed results are shoNswa in 'rables 1-2 ancl Figs. 1-2. Generally
speaklng, the c}aange in radon eontent is ratlier gradual, especially when meteoro-

logical cbanges are not conspicuous. The averages of the contents ef radon in
tlie first term ebservation wexe 5.4ii_, 11.7 ancl 19.2 Eman (1 Eman =IO-iO curies

per 1 litre) for soil air at e.6, l and 2m respeetively. These figures are a
]ittle higher than the results of other observers, wbich may be exp]ained by the
peculiar nature of the soil concemed, whic}] is mainly decemposed sand derivecl
from l<itasirakawa gran!te whose raclium content hacl been measuree })y the
aut}}or`), alld had provecl to be more radioactive thaxx average common rocks.
Since sampling was made at a}]out e}even a.m. claily, there would })e xte o}]jection
in the comparisen of daily values thoug}i there mig}}t possibly be a diurnal varia-
tion of raclon conceRtration in the soil air.

                                  Table 1.

     "i'he ]radon content of" soil air talcen fx'<nn 0.6, l and 2 ni in clepths during Sept. Il,
     l944•-Oet. 1, l945.

t,?,le_lll:1,lli'liiiieylliIrmSI":.tknv S,R,llGlllJermMI//i{IliEiEiiiihwwx{'ilTi"S,,:,-kmerm,:Z,tUlil,{6mtmu.d2yllyL."-'epg.fg,

IiX-IS 8ig I FXew 2;gg lli2 iX- g gi39 lgig gli?

ill•, 3i g,3gge,i,,li,i,,,iSiS,iilliii,gg2g

                                      ,                 .                                    t                                           -                                                 .                                                             .                                                                    '                                                                          .     1.7 11.3 29 4i.70 le.5 20.9 Kl 6.51 l5.4, 25.5
     18 12.4• 30 3.92 ll.'-1i 21.3 12 5At7 14ia.6 24u7
     19 5.00 l3.3 X_l 5.87 ll.2 21.7 13 5.15 13.5 23Jl
     20 4t37 11.1 2i 5.21 1.9..2 21.4• 14i 4Å}.30 l2.7 23.6
     gÅ} gisg lrgil l a",1 gig? llig glig lz g,igg lsig glig
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Table 1. (Continued)

Date g
s

Raclon content

0.6m lm 2m
1944
lX_17
   18
   lg

i 21]

i 3g
   24g

   25fi
I 261
i 27i

XI_

2sl

29i'

30I

31i

I9
20
21
22
23

1
 2I
 311

4ii

 51
61

g
gl

IOi
lli
I[.21

l3I
i41

i5 1
16I
IL7I

181

t

t

I
i

24• l
25i

261
27

4,65 10.9
6.03 11.9
5.64• 10.9
6.80 11.9
6.93 13.2
5.00 l2.0
5.00 II.0
4.16 12.0
4,.64 11.6
4.54i ll.5
4.73 ll.3
6.12 12.9
6.31 l2.l
5.70 i2.0
5.7e l2.5
5.24i l2.2
5.10 11.9
5.80 i.9:;..?a

6.08 12.2
5.03 ll.8
4.50 12.1
4,.41 12.0
k4i2 ll.1
5.l3 12.0
5.56 1.9.,.6

,5.58 10.7
5.68 13.2
5.l9 12A
4,.58 Il.2.9

4.98 12.4
5.14, 12.1
5.12 12.2
5.1"9n l2.1

527 l2.0
5.30 12.3
5.40 l2.6
5.36 12.3
5.11 12.1
5.07 11.7
5.53 ll.9
6.50 12.9
6.50 12.3

Eman
22.2
22.3
21.5
21.4•

2I.5
20.8
20.1
2I.6

,_     l     '     '     '     / l)ate I

     '       -t   -

Badon Åëontent

0.6m lm 2m

2o.sI

   i21.7i
21.4I
21.2
21.0
21.0
20.8
20.9
21.5l
lg.6I

17.5
18.8
l8.l
l8.7
18.5
18.5
17.8
   l20.5l
20.9
21.5
21.5
21.8
i9.6
29.7
20.1
19.5
20.3
20.7
20.5
l9.0
20.4
20.4,

19.1
20.5

lg44 l
iXI-28i

     g

I
l

  29
  30
XII+ 1 I

 2i
2,,

gli

71

 8F
,gil

7.69
6.45
6.31
6.40
6.63
7.04,

6.l4
5.07
5.02
5.68
6.85
6B5
6.00
5.52
6.00
9.38
5.67
5.80
5.27
5.0:L

3.96
tl.30

4,.23

3.61
4,.51

4,.74,

5.21
5.15
4.54,

5.24•

4,96
4,.87

5.18
5.61
3.72
4.59
4,.25

4,.60

3.79
4,.53

4u40
4,.94•

13.2
13.5
12.9
11.9
l2.9
12.3
IO.2
Z2.4
11.2
li.4
13.8
12.2
l2.9
12.0
!2A•
1.9..6

II.6
 9.8
10.3

l
Date

   iil

   i21
   l3
   ]'aj

   l51
   l6I
   lgi

  }2'

  21I
  22I
  23ji
  24•l

  25
  26i
  ,71
  28,
  29I
  30i
?g4s31

l
i
l

Baeon eontent

Eman
l9.4,

19.3
l7.7
18.0zs.oI

l8.2 i

ls.7l
l7.8g
    I16.3i
2li..9l

22.5i

22.0i
21.4j
21.4I
21.7i

22.li
17.4, '

19.9,
19.7I
18.3I
16.7l

l6.0l
   II5.4A i

k7.7i
l6.4 I

18.0i
ls.s1

18.9 l
18.2i
l8.9i
Il.8.6l

l7 2i
  '1

0.6m

t

l

l
l

lm 2m

I_ 1
  2i
  31
  4.]
  sl

  61
  71
  sl

9.2
7.3
9.1
8.8

10.9
IO.9
ll.0
11.5
10.9
IZ.3
IO.7
10.8
11.3
Il. 1 . 4a

10.6
 9.5
10.1
 9.2
 8.8
 9.8
10.5
 9.8
 9.6

l8.5
l8.5
15.3
l8.7
16.3
I7.3,
16.61
Ig.1l

l8.0l
17.0i

i

l
I
{
l
l
i

]945
 Im

I
Pi-
l

IT

I

E
l
i
'
i

I

i
i

i

91

IO
l5

13I

l4,l

lg

].7l

18i'

l91

20I
2il

22i
23I
24•i

251
2611

?.71

,sl

29
30
3U
 il

 21
31•

 4i
 ,F51

61

7
 81

9i

lol

1ll
l2g
13I

,tikl

15I
16I
II.7I

,s l
l9

4.80
4,30
4.17
4,.57

4.62
4.27
2.98
3.27
4,.01

3.78
3.64,

3.74,

4,.82
4,.25

4.71
3.76
3.62
3.76
3.31
3.33
2.83
3.39
3.71
3.53
4,.77
4,.4,2

4,.23

4,00
3.96
4,.15

4.31
3.77
3.16
4,.33

4,.02

3.72
4.87
4•.61

4.50
5.30
zl,.54i

5.2I

IO.8
IO.3

9.3
9.7
8.9
8.7
6.4
6.6
8.5
7.8
g.e
8.3
9.2
8.9

10.6
 7.9
IO.4,

7.6
7A•
9.1
8.4,

8.5
8.8
8.7
8.2
8.0
9.I

10.2
7.7
9.2
9.3
9.3
9.3
8.4,

7.7
8.5
9.4•

8.7
11.l
10.0
10.l
ll.l

Eman
19.4,

l7.6
15.8
i6.6
l7.5
l5.7
16.1
14.7
15.8
16.2
15.9l
l6.7I
l7.6l

l7.7
18.1
15.3
16.4,i
l6.8l
l6.sI

16.8
l6.3
14.8
l6.3
l4,.4,

l3.4
ll.8
   I13.1l
ls.3i

l3.8
16.6
14.2
l4,.4,

1 `9..4, s

l3.gl
13 4• [
1(ylsI

14,.4,

12.9
l6.5
15.6
16.3
Z7.8 g
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Table 1. (Continuecl)

l
l

Date I

   i
Ra(lon content

0.6rn lm 2m

i

i
l
l
l

t
F

l

i
I

l945 t
II-20

  g,l

  :2,l

  2sl
  26I
  sgg

IIIH 1
   2i
   2,l

   sl

        Eman
4,.65 l.0.8 i7.9
3.98 10.0 16.8
4,.55 10.8 14i.8
3.53
3.91
3.93
4,40
4,.77

5.73
Dr .52
5.81
596
5.98
4,.4,5

8.2
9.7
9.fi.

7.6
9.6

    103
    ll.8
     9.3
    12.0
    11.5
    14•.6
    16.5
9.86 -17.6
9.23 l8.2
8.83 17.6
8.68 ' I7.5
7.68 16.9
7.37 16.6
6.59 l6.4•
6.63 15.2
9.04• l5.9
8.86 14,.6
8.59 16.3
7.94• I6.6
7.31 l6.7
6.6il, IL4i.6

6.70 K•.9
7.77 l4•.9
9.12 13.6
7.29 16.1
6.65 13.7
6.09 13.1
5.50 l2.8
5.66 14.l
5.57 l2.4,
5.59 l2.8
5.73 l4•.3
5.20 13.3
4•.89 13.2

14,1
l5.3
ll.l
14,.2

17.0
l6.0

i
Date

61 IO.OO
 ,i

  Il.Oi
  111
  121
  l31
  14,i

lzl

  17i
  lsl
  lgl
  p"ol

  21I
  221

  23•  24i
  2,rr,l

  261
  271

  28i
  291
  30
  31
IV- l
   21

li'9'4'I6----

 IV-3

i Raclon conteet
Itumrwtuat tttt'Ltt t t-wwtthtni

l 0.6m lm 2m

L

s

21.8
21.2
21.7
20.7
21.8i
21.1l

19.9i
17.ca
   ill.9.7i

lg.7l

12.1I
16.4, i

   F1"r :oi

14s.3 I

l7.5I
20.2l
2I.ol
22.1i

22.4
23.8
22.5
   l21.2j
   I ndl
19.81
   i21.2I
2o.sl
19.9I
   I

   I].9.5i

20.2i
g9aO.0

l9.3
20.7
20.5

i
'--

i

l
l
l
I

l
a

v-

 eq

g
g,

,gi

11I

l2,

l3i
14,•
isl

l61

li

g,!

23
24j

251
26i

271

28i

29
32I

gl

 4•l

 .r)i

 6i•

 71
 8i

gl

IOi

il
I2
l3I
ul

          Eman
 4.56 12.2 19.8
 4,54• 13.I 20.6
 4.21 12.7 19.7
 4•.32 12.1 19.7
 3.68 llA• 18.6
i 3.81 ll.4i l9.3
l 4t68 Il.2 19I
 6.17 ll.3 1915
 7.08 12.2 19.5I
 7A•0 1"9.7 20.3
i

 6.ca 8.2 19.3l
 4,98 l.9,.e 19.6
 5.08 12.3 19.9
 4,76 11.8 2e.3
 4,27 11.6 l9.7
 3.97 I]..41a 19.7
 4•.23 11.9 20.1
 6.e5 l2.5 20.8
 6.4,5 il.3.8 20.2
 5.79 l2.9 20.6
i 5..9.,4, ll.6 20.9

i 4,.97 12.2 2o.o
 4{.78 l2.1 l6.0
 4,.95 12.1 18.3
l

 4..71 l2.6 "9al.2
l 4,95 12.2 214,
 3.96 IL5 l9'0
i 3.48 lo.,5 l9Is

 3.62 10.5 l9.5
I
 4•.86 10.4, 19.5
 5.88 ].}.I. 19.l
I
 5.33 11.6 18.8
 5.51. 11.6 ].9.e
I

 6.l5 ll.1 19.3
 5.16 kl.0 l9.6
 4.57 12.0 19.9
 4s.9.9, l]..2 19.0
,573 l2.0 19.5
l 5176 106 19,2•
l 6.46 l5I4, 1916

 9.00      I6.2          22.0
, 8.]_6 16.2 21.s

Date
l
I-

Raaon content l

0.6m lm 2m

l I
l

l
I
g
L
L
Fl
l
l
l
i
l
I
I
l

1945
V.l5
  l9i

  lg

  E99

  22I
  23i
  24,I
  2sl
  26i
  g•g

  gg

  31
VIpt 1

   2
3
4
5
6
7

8
9

10
1]

l2
13
l4
IJr

l6
17
18
I9
?,o

2X
22

l
l

  [231

24
25

        Eman
7.53 15.1 21.5
8.09 l5.1 .9.1.7
7.60 IL5.2 2Il..4•
7.4,2 15.8 I9.7I
6.22 l5.]. .9.0.ll

7.66 16.5 20.8i
            a8.25 17.0 22.4-i
    16.68.88         22.8i
s..5s ].6.0 20.91
7.94, It6.1 2001
          .6.38 15.0 16.0
5.8e I4i.7 l8.e
4,.<i,5 l3Ai 21..9.,

3.51 11.6 21As
3.89 12.2 19.0
3.92 II.5 19As
3.65 ll.0 l8.7
3.79 ll.6 l8.9
5.14i l2.2 20.6
6.07 14.1 20.5
5.37 9.9 l9.4
4•.71 10.l IL8.6
4,.74, I.2.3 ].8.7

5.13 ll.8 18.9
6.4•7 I4u5 l9.6
6.85 l5.1 20.6
5.99 l3.9 .9,,0.9
4,.85 l3.0 20.1
5.51 l4g7 20.4
9.99 l4,.8 22.7
8.66 IZI 22.6
6.87 17.5 22.0s
7.38 l6.1 22.9I
6.58 I5.7 22.51
5.as) ].4s.t?.s 21.9

5.23 13.5 20.7
3.32 10.5 l6.sl
3.79 ]2.9 l6.7i
3) 4•1 116 17 81
3136 10I9 18131
            I<!,67 IO.8 ].7.71
6.11.r7 9.l. 20.21

 --TMhlh-t
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Table 1.

Date

(Continuecl)

Raclon content
0.6in 1111 2m

]ux945 ium
VI_26
  svg

:
I

g9gl

vll_ II

   g!

   4{I
   sl
   6i
   7I
   8
  lg,

  12
  l3
  l4,,
  lsl
   t61

  17
  l8,
  l9
  20
  21
  22
  23

ig

ii

  g2

Vlll-ll

   gl

   g

6
7l

5.51
5.62
5.74
4• J7

7.62
7.82
8.17
6.59
8.62
6.50
6.07
7.93
5.27
5.e5
3.55
3.08
4,.29

5.82
4a86
4i.4,8

3.86
3.83
8.e8
6.36
di4,5

4,66
7.08
6.04•

3.61

2.37
2.4,l

2.50
2.34,

2.25
2.40
2.IO
2.l6

l.99

13.0
13.6
U.4•
13.1
14,.2

13.4
IO.2
 9.5
14.7
i3.8
12.5
]. 4,.7

13.6
l2.8
 9.5
 9.6
 9.0
 9.8
12.3
ll.8
 9.5
 9.8
I2.2
ll.1
i2.3
ll.0
Z3.8
Ilu5t1

 8.0
 8.4,

 8.3
 8.8
 8.6
 8.7
 8.7
 7.9
!o.o
 7.7
 7.2
 6.2
 8.3
 8.l

Eman
20.0
19 J
20.4s

19.5
i9.0
18.9
l6.2
}7.5
21.1
21R
20.7
21.8
21.3
21.1
17.7
l8.3
18.1
18.0
l9.l
19.6
Il.7.4,

18.2
23.]
21.5
21.I
21.0
23.l
2i.8

17.7
l8.7
18.9
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Table 2. (Continuedi)
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           (A) The Infiuence of Change in Atmospheric Pressure.
    The effect of precipitaion and that of clianbore in atmospheric pre$sure cannot
easily be separable. It seems, liowever, that change of pressure by itself infiu-
ences the radon concentratien in soil a!r, for we can find cases in which radon

concentration increased with the lowering of pressure attended by little or no
rain. (Cfl eet. I5, 27, Dec. 9, 194a6; Feb. 28, May 26 and April 21, l9ec)•
The cases of inerease in radon concentration accompanied by the loweringof
pressare are, ten to one, followed by precipitation, netable examples of which are
to be found in the record of: Sept. 17, ect. 7-8, Nov. 21, 1944t and Feb• 26,
Mareh 15, April le, June 2, 24t-25, July 21-22, Sept. 18, ect. 5, 1945; Sept•
27, 0ct. 7-8, 23, Dec. 3, l94i6 and JaA. 18, Marcii 2, 21--22, April 28, May 3,

 mm760
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=
Åí eo
ge-

'&
8ec
d

Eman

x

27 2S

t944 sept.

tO

"N._.s;D(:epi:

Bepth
  2nv
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 0.6ttl

Fig. 3 [l]he eliange of raden content during the passage of the t'yphoon of Sept. 7-8. 19ect.
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19, 1947. Among them, the mest typl6al are to beseen in the records of
Sept. I7 ancl Oet. 7-8, 194,4s when mighty typlaoon passed by this clistrict, at
which time the defmise V-shapecl pressure cuxves were recorde{ll by oar barograph
(Fig. 3). Except!ona} cases were also ebservecl though net fi'eguently. Sucl}
examples may be seen in tke records of the peyiocls of de})ression: Feb. 8-9, May
l6-17, 0ct. I2, Nov. I6-I7, 19`16; 3an. I, Aprl 2, l94-7. "rhese cases might
be explained by assuming that the apniroach of the depressiens occurred Nvhile
the radon content was undergeing change due to other causes.
     On the contraxy, tlte effect of inereasing pressure is a clecrease of raden
concentration, but usually a rati}er ebscure one. [irhe ex}?lanation for this may
be found in the fact t}'iat peaks of 'high pressure are usaally not sharp and
moreover not intensive; })esicles high }?ressure lasts for a tlme with only minor
fiuctuations. In a(ldition to this, low pressure in most cases, is follewed })y
precipitation which causes tlie increase ef raclon cencenLration as shoivn in the
next paragraph, wkile hibcrh p}'essure is not attended with favourab}e eenditions
for decreasing raclon concentration.

     Ti}e reason why the cencentration of ra({on in so!l air at a depth varies
with the risln.ff er lewe}'iBg ef atmos'pheric pressure will be explained by tke
ehange of level of the ec{ni-eoneentration surface. As i}Iustratecl iR Fig. 4a, the
equi-concentratlon sarface near tl}e gyouncl surface wM be raised as thte depression

approaehes, a phenemenon which woula naturally give rise to tlie eseaping of
soil air into the asmosphere and the reverse would be tlie ease witli the approach
of a 1}igh atmospheric pressure.

SS,

    Low pyessure Nerrnat 'pressure High pressuye

                 Ground suyface Ground suttace
MrmT7T7rmM rm7-rmTMrm

P,

fs

fi4 '

e,

cencenrrations ef Raden: J?,<S<f3' <J?4<fs ---""

Fig. 4. The effect of atmospheric pressure on the concentration of ]iadon
       at a depth near the grouna surface.

     J.

radon
Pl    . Iemc

 A. Priebsch es ctl5), and

in tke atmosphere near
paressare. The fact wi

 otlier autl}ors6) reported tkat the coRcentration of

the groun[1 level increasecl with decreasing atmes-
l} be elucidated by the above mentioned vertical
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movement of effui-conceiatxatien sRrface caused by tlie ckaiige of at}geospkeric

pressure.
    As ]tatura}ly antic!pated, theve exists a t!ine-lag betwegn the change of pressure

and that ef radon concentration in soii alr. Because of the mea$m'ement oiiee
a day, the amount of time-la.cr was not decicleclly cletermiited, but we ca]t find
one typical example of the low peressuxe of the typhoQxx of Oct. 7-8, ].94,4, (CÅí

Fig. 3), in whicli the time-]ag ean roughly ].}e estimated to ])e IO lrr. for 0.6m,
l2-l4i hr. for 1m, 30 hr. fox 2m depth fxom the surface of the grouncl.
    In the same excample, tl}e rel.ation between radon conceBtration ancl atmospherlc

pressure was observed as fo}lows:

                Date: Oct. 7-8, 1944

     Drop in pressure..................................(a) 75.8--73.2==2.6 cm]'Ig'.

    Deptks froTii which samples ivere {alscen ............(l')) 0.6 ]. 2 iii

     Increase in radon concentration ....................(c) 3'be' 3.3 4•.5 Eman
    Pressure coefficient of xaclon eoncentTationti"'re(c)/(a). . . . (d) l.l5 1.27 1.73Emtm/cml'Ig.

    Normal valueof radon coneentratien................(ct) 6.5 12.7 2]..5 F.man
    Ratio of pressure coefficlent to the normal
     value (d)/(e)......................................(f) e.l8 O.].0 O.08

    In tl}is example, it may be concluclecl that tlie less tl)e dÅëptk, the greater
the effect of pressure depression.

    H. Bender (}Qc. cit.) mgntioRed tl}at ncising l)aroiinetric ?ressure i'nereases t}ke

emanation conteltt of the air in the soil, w}}ile clecreasing pressure causes the
opposite effect. At ftrst sight, this is cox]tradictory 'to our restiit. Takirig the
time-lag described above into coBsicle•ration, hoNsrever, a conclzzsio]k sim21ar to eur

own will be reachecl. For he used 'tlie differencov• of pressuxe at tisro ancl twelve

hours befere sampling ef soi} air, wl}ile the time-]ag for lm was fotincl to l)e
l2-14, hours as 3ttst abeve cleseribed. At avery shallew depth, however, xvhere
the time-lag }i}ecornes negiigible ancl the changes in soil air pressure keep pace
with these of the atmosphere, liis statenient wiil be lield.

                        (B) The Effect ef Precipttation

    In oarder to lsRew ihe effect of precipitatio]i i}pon the concentration of soil
air, we eompaired tke raden concentratio" o{' the days before aml after the clay exi
which the amount of precipitation exceecled IOmm, from eet. 1, l944E te Oct.
31, 194,5 ([l]ab}e 3-A). T}ie precipitatien clata were stil)plied by the Kyote
Sectional iV!eteorologieal Observatory. [I'he aresults are shown in tlie followiiig:

 ee

-)-e

Inaccurate owing to precipitation.
Including inseparable influence of preeipitat2on, thou.ak }ess svil'h increasing depi'h.
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Table 3.

   (A)

ll' precipi- i

       i tatien illi (mm)l

Radon       ltConcentratlon

9ate Depths

 0.6m
(+) (-)

l
l
'

 i.om l 2.om
(+) (-)i(+) (-")

1944 X3
      4
      7
     17
     27
  XI 3
      8
     16
     27
     30
 XII 1
1945 I

   II 2
  III 2
      6
     l4
     l5
     23
  IVIO
     l9
   V2
      8
     ll
     l5
  VI 2
      7
     12
     l3

15
13
97
11
ll
25
11
l5
32
15
l9

l4,

19
29
l3
l8
21
21
31
I8
12
36
l4•

37
4,7

84,

ll

0.8
0.6
4,.2

2.2

L5
1.0
0.8
O.l
1.2

0.3

0.9
0.4,

5.4,

2.4•

2.2

0.1

E
I

'

t
F

   I
   l
0.4,l

   i
   I
   [
   I

2.4i

3.1
l.e
l.4•

0.2

0.4,

0.3I

e.1
4,.3

I
   i

o.21

   io.3

L6
l

   0.81
      l0.2
3.0

Ll
1.0
1.0
e.6
0.3

0.4,

0.6

0.3

0.7   I
o.4tI

2.6i

0.3
2.1

1.3 I

      Lnt l
  2.6

3.0
3.4,

1.0

l
l

i

PrecipF
tatlon

  (nnn>

'

I

I
l
:

Baclon Concentration

])ate

'

I

2.4,

2.0
2.2

0.7

2.3

L7
5.1
3.1

Depths

 0.6m
(+) (-)

lg45VI23I
       ]     24ii

     30
 vll II
      2l•
       1       '       '     1      9       '       '       1       '      "'     l3i

     l7I
     2oi

 VIII23i
     31i
       l  IX,L 21
      31
       {       1      4       '       /       -/      9i

       '       '     14       '       '       tl

l} 'l.3
21

 33
 12
 18
 35
 16
 50
 K•
 13
 7e
 23
 84
 21
 86
 24,

 10
 21
 35
 26
 l5
 38
 r).3

 32
108
 l.5

 22
 2rr-

Zi?

I 0.5

I
i0.7
 0.5
l 4,.2

j

l
l2.3

R3
n.e
i18
l
i0.6

 0.5
gig

lL5
l0.5
Ita•.o

[ 4,.8

j3.0

 ].om i
(+) (-)I

 2.0m
(+) (-)

}
I

0.2

O.l 4.0
2.4,

2.2
0.8
3.4

1.6

0.3
1.0

1
i
I
I
I 0.2

1.6
0.8
2.6
2.0

{

1.8'

E

I

      +
e.4ai l
o..r"
   '   I      '      '      '      '   '      '
0.2 E

'

X

  !l71

22
23i
_g7I

3  '  '  '  '  '  '  '  ' 4,l
  '  '  '5  '  '  '  '  '  '  '  '8  '  '  l9i

l.ol

ll
19

L5
e.3

   i
   10.2
   l
i.31

   lo.2

    3.3
   i 2.7
l.71
o.4+I

   ii O.s

   1 4-.0
   i 1.4•

   l
2.9]

   i0.2
   1o.s

   l

   lLs
   I

   i'

   i2.5
   P"2
   I3.7
o.3I    4,.0
s.II

3.l

e.sl -
1.sl 1.g

   1
4.ol

3'.8iii

   j

   j l.].
   i 5.'7

o.ll
1.7i

   I"g.6
   l li..5

   i0.8
2.31 3.2
1.3I 2.3

   I

   I3.5
0.5I l.3
   I1.3
0.9i
2.ol

   h.o
   h.o
   Io.s
   I
4.21 l.6

3.31

   l

   l

0.7
2.91
I.31
0.31

   l

o.sl

e.si

   I

   l

   l

   l
   i
   l
1.61
   l

   i
   I
2.II

l.61

   j

   i
i.3i

]..2

0.6
I
i
i
I
l

.

(B)

Date
I Precipi-

]'i tatlon
l
i (mm)

Badon Con-
     .centratlon

Depth

(+)
l.eixx

(m)
l946IX4•

     13
     18
     27

.l2 i

l2
17 i

23

0.5

0.3
2.5

e.l I
l

     l'
     I ?recipi-

Date itation

         (mm)

F

l946X 4J]
       l      6i

      7
     11

54,

].4,

38
13

Badon Con- j
     'icentratlon /
  Depth i
(+)

a7
l.1
1.l

         I1.em I    g-) _1
         i
         l

    0.2         l[
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Date
Precipi-

tation

  (mm)

Badon Con-
centratlon

Depth
I
l

1 (+)
I.Om

(-)

l

ls46X 12

     22
     311

  ),<I 4
      6
 XII 2
     27

1947 I8
     II
     17
     18
  II 14,

  III 2
     21
     28
  IV 2
     28i

  V3
      7
     11
     l7

21
18
2tl,

12
39
28
30

IO
l9
l8
16
23
16
12
ll
32
27
l8
73
30
13

o.o
l.0
1.9
l.7

L3
0.7
1.7

0.2
0.4,

0.1
1.8
0.5

LO
L2

0.3
0.5
0.5
1.0
1.0
e.6

0.4

l
I
l
l
'

i
I
I
i
}

i

E

Date

l
I
I

E

1947V 18

     22
  VI 8
     15
     25
     27
     28
 VII l
      9
     10
     l8
     l9
     20
     24
V{II 7

     19
 IX 14•
     l5
     20
     25

Precipi-

tation

  Cmm)
23
l2
l8
14,

!l
27
24,

28
ll
4•2

29
16
10
25
l9
15
77
36
4,8

32

Badon Con-
eentration

Depth

(+)

l.Oin

(-")

i

0.7
0.3
0.6
0.3
0.6

0.6
0.2
0.8
L5
1.7
2.4•

l.o
l.9

 _0.3
2.e
2.9
e.s
0.3

o.Dr

l
[

i

     I

                                                      Deptl}s in m
                                                   0.6 1 2
 Number ef cases of inerease of radon........(a) 45 30 29
 Numbex of cases of decrease of radon........(b) 10 20 23
 (a/b)......................................(c) 4i.5 15 L3
 Mean amount of incyease of radon ..........(d) 1.89 ].77 l.74 Eman
 Mean amount of decrease of radon..........(e) l.25 1.6i l.21 Eman
 Mean raaen concentration throt gh this
 obseryation term.............••..••...••••••(f) 5•41 ll.74 19.16 Emaii
 Percentage of the average increment
 to the mean va}ue (d/f)Å~100.....•.........•(g) 34.9 15.I. 9.1 9o!
 1)ercentage oÅí t}ie average decrement
 to the mean value (e/f)xleO .............. [h) 23•1 l3.7 63 9o!
 Mean change (acl-beN!(a+b) ................<i) +l.32 +e.4•9 -l-O.tktS

     The numbers of increase ancl decrease cited here may involve those due to
effects other than those of precipitation and observational earror. However, the
ratios of increase to dimination (alb) are evidently larger at the shalloweT depth.
The!efore, statistica!ly speaking, preeipitation usually has the effect of increasing

s
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radon, and the amount of increase and
as well that of change decreases nearly

hyperbolically with the increase in
depth. (CÅí Fig. 5).

o/o

ra

Fig. 5. Chan.cres of Tadon at diffescent depths
by precipitatien ln percentages to mean value.

    The relation between "the amount
of precipitation and changes in radon
contellt was also plotted in Fig. 6.
According to this figure precipitation

of more than 30mm per day seems
to have something to do with increase
of radon in soi} air.

    A similar tendency was founa in
the observation at lm dept!i euring
the second term (Sept. I, 194,6-Sept.
3e, l94,7). In this case we founcl:
a=4i3,b=4, c==Zl, d==0.99 Ernan,
e==0.30 Eman, f:=11.46 Eman, g=
8.6%, h=2.6.p..i andi:+e.88. The
diminutiota was ]ess than tkat found in

the first period of observation. This
may be attributed part!y to differences

of meteorological eonditions in the two

observation terms and chiefly to the
differences in methods of measurement.

}IATubA

6 5 4 3 2 1 0 1 2 3 4 56ffman

.

too MTrt

'
f

'

 65 tl. 32l0l
     .Ei-----'-'
      Decvease
Fig. 6. ']rhe relation ])etween
precipitation ancl changes in

23456ts Eman

Incve.use

the arnount of
 radon content.
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In tlie first pe}'ioG ef observation, we ttsed the cireulatien method in which the
soil gas xvas intxoduced into t}}e ionizatlon chamber (ca. 1000 c.c.) by mearis of
hand bellow (ca. 350 c.c.) from the samp}ing bottle (ca. 900 c.c.), ewhile in the
second, soil air was directly introauced through a drying tinbe into the ienization

chamber (ca. 3000 e.e.) evacuated beforehand. Under these conditiens, the
method of the measurement employed during in the second period would be
superior in accuraey to that of the fir$t.
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Fig. 7. Seasonal variation of radon eontents

 The seasonal vaxiation of radon eontent in
genera}, radon eontent inereased cluring the
 dry. For example, the concentrat!on of

wlth the data of precipitatioB.

soil air was

ralny seasons
raclon had a

lm

also observed (Fig. 7).

 and decreased during
 minimt}m during'the



302 Zin'itir6 HATvDA

period firom the middle of Dec. 194{4{ te Feb. of the following year, when we
had little rain, xvhile it began to rise with the frequent rainfalls which startea
from the beginning of March, 194-5, and attainec! a maximum in the midclle ef
the month, and then a minimum by the middle of April. In the rainy seasen
frem May te the beginning ef ifuly, it showed considerable fiuctuations while
keeping rather high values. In the dry season frorn the middle of June to the
beginning of September, there appeared a eonspicuous low of radon eozacentration
which gradualiy ixtcreased with the approach of tke rainy season in Autumn.
Tliese seasonal variations were also observed in the ]ater year observation, l]ut
differecl in time. A minimum appeared about August, 1946. However, we
had no minimum during the period frem Jannuary to February. This might
probably due to ralny weather.
    Now the explanation of the guestion wlay rain exerts an influence on the
contents of Tadon in soil air will be founcl in the fo}Iowing: (1) Rainfall and
melted snow prevent the escape of soil air into the atmosphere by filling up the
pores of surface soil with water. Tlrat tl}e freezing of the ground surfaee and blan-

keting with snow would have a like effect has been reported by other ebservers2-"3).

(2) Rain water affects the emanating power (ability of releasing radon) of the soil.

[l)his would take place wl}en the ra!n water permeates into the depth concerned.
This effect is, however, rather comp!ex as will be shown below. When cold
rain water in antumn lowers t}]e temperature of the ground, the emanating pewer
will be recluced, ancl increased when warm rain water in spring raises the tem-
perature of the grouncl. In either case it is necessary that the rain should be
heavy and last for a long time. It seems that rain water promotes the reduction
of free radota in soil air, as water dissolves ra{lon gas. But, on the other hand,

the emanating power of radium salts grows larger in the presence of water*.
Therefore our task woulO. be to c]arSfy the conditions under which the ba]anee
of the various effects of rain water would or woulcl not be in favour of thp.
incyease of the radon eontent of soil air. In any case, however, difftision x•you]cl

be the predeminating factor controlling the radon content of soil air.

                      (C) The Effect of Temperature
    Whi!e tlie raden contetat was being measured, tl'ie temperature at 1m depth
was observed as shown in Figs. I-2. The annual variation of ground tem-
perature at this depth nearly fbllows a sine curve, l}aving a minimum (ca. 6"C)
in Febraary aRd a maximum (ca. 250C) at the end of August. In this connec-
tion, tke annual mean temperature of 1<yoto is ca. 14,eC and extremes of the
monthly means are 2.8GC in Jannuary ancl 26.8Åé in August. The mean rate
of ehalige found from the most steep part of the carve was at most 0.2Åé/day.
The solnhility of raden for water ehanges by olle part in a hundree per leC

ec'  Especial}y oxi.des, hydroxiclcs, chlori(les and bromicles oÅí radium are more conspicuous in
this property than car}.)onates ana snlp}iides.
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between 10-15Åé, and therefore the effect of temperature upon the radon content
ln soi} air wottlcl be practically negligible. The emanating power of the solie
part of the soil is also a function ef temperatare, but no obvious change was observed
in the cencentratlon of radott even with actiial difference in temperature of al)out
2oec.

                      (D) The Effeet of Earthguakes
    Ckanges ef radon eontent in seil air were e'xamined before and after all the
fe]t earthquakes which were recorded at tl}e I<yote Sectional Meteorological
Observatory cluring tlie periods from Dec. I, l94t& to ect. 31, l94i5 and frem
Dec. 20, 1946 to Sept. 30, l947. rShe resttlts are as follows:

                      ll'able 4. 'l'he Effeet of Earthqnakes.

        I ATamber of cases i i        IDepths l , 1 l'eriods                  inerease IiN4To chtmgoi Decrease i•
                  '                                    t

   2m
   lm
l

  0.6 m
l

'

l

f

!e

11

10

!   '   ' nl ,   '   '
9

e

1

l

l

f
l

9

7

9

Dec.l, l944

 -Oct. 31, 1946

`"t

l
i
i

6 Dec.20, ]946
 -Sept. 30, 194,7

    lt seems that, at first sight, earthffuakes 'have little infiuence on radon content,

and that the cha.nges are most}y due to other causes including uncertainty in
measurement. Consideri]ig that, however, the majority of the earthquakes citcd
were after-sl}oeks of t]ie tocrreat T6nankai Earthguake which occurred on Dec. 7,
194,4t at a point (l36.2eE and 33.7" N) 20km off southeast coast of Kii•Peninsu]a,

the number of cases of inerease may be considered a$ less t}aan those in which
the same slioeks oeeurred e.fter suff]ciently large intervals of time, beeause the
rado]i content onee raisecl by an earthguake shock would become rather insen$ible

                   Table 5. Effect of Earthciuakes near Kyoto.
        t.lttt'ttttt.tttt"tTttt-ttT.ttt.tt"-.ttttttt".tttttttttLt.tt.ttTttt.tttttttt_ttTtmuttnvtt-P'ttrmtmahtwwttt-ua.t._tttt.:ltttttttt.t_nvttt_ttL-htt rm--tT- j

        l NL}n]})er of eases
        I Depths '-•--•------•--••----p---••--•-r-:i- ------x;--- r -, 1'eriods
        E I Increase 1, No changel 1)ecrease l
        '                                    l        l                          /                '
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to later stzecs.'s$ive shocks and wottlcl moreover show a gz'aclual decrease to the
p.oi:mal valu•e owing to the decay ef rtxclon with a haif-})eriocl of 3.8 days. In
tlie case oi" the. Iocal earthgaakes ".e'ar Kyoto, the tenclency ef raclon increase was

more clearly observecl. (Table 5).
    It may ]3e concluclecl, theyefore, that in most eases feit earthquakes inerease
the radon content in soil air, provicled there are no disturbing cases.
    Durlng the T6uaankai Earthqaake mentioned above, a striking change in
radon content was o]}sF.rved, whieh was comp.arab}e Nvltli that occurrin. g Nvhep the
typhoon clescribs...cl above (Cf. I). 297) vassed hy t}]is cllstrict. On the day of this
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earthquake, samples ef soll air were takeR at 10h33m, 10b51n' an.d l2h35m from
0.6m, lm and 2m depths respective}y. The arrival of the earthffuake wave
recerded at the l<yoto Sectional ]Vleteoroleglca} Observatory was at 13ii36M.
As seen in Fig. 8, the abnormal increase of yaclen concentration xvas intimately
related to the oceurrence of this earth[{uake. It is worth es}?ecia]ly noticing
that the increase of radota comme: ced prior to the arrival of the eaTthquftcke wave.

As can be seen in the figure, the increase was remarkable fer the soil air taken
frem 2m depth and the time ef its sarnpling was closest to the earthguake shock.
In these days the meteorological conclit!ons were ca}m except for a rainfall of
about 8rnm on the previous day, aRcl moreover, as can be ebservec} in t}}e
flgure, the greater the clepth, thg more obvious the ckange. [l'his weuld suggest
that the cause is in the undergreund but not in the atmosphere.
    Though it is daRgeTous to conclude ths }?ossibility of earth{l{uake-prediction
from the change of raeon content in soi} air from a single example, it may
possibly give a e}ue towards researeh in earthguake predictioii, for the present
measurement was made under favourable meteorologica} conditions, as stated above.
A contrary example was tlie next great eartligaake w}iich occarred on Dec. 21,
l94t6 (the Nankai Earthguake; of which epicentre is 135.70E, 33.00N, 50km off
1<ii ?eninsula in the epen $ea, southea$t of ShioRo-misaki); the variation ef
radon content at lm del?th wcas very slight before and after the earthguake.
Aceording to E. Nisimura(7) of the Geophysical Institute, Kyeto University, the
tiltmeter at Kamigamo in l<yoto recerded no remarkable variatieia before this
earthguake. But the same tl}tmeter sliowed a singular variatlen before the
To"nankai Earthguake, which aceempanied, as described above, a yemarkable
inerease of rado.n content in soil air. The cerrespondence between the radio-
activity of soil air and of ground-tilt is very interestilig and suggests that some

common geological flactor may unGerlie both. It is highly probable that the
point where our sampling of tlie soil aix was made lies jmst or nearly above a
faalt coverecl with allavial de})osits, and this would be alt important thing for the

further study of the problem from the geelogical and geophysical points of view.

     In collclusion, tl}e autlxer wishes to express his thanks to Emeritus Professor
M. ]V{atuyarna aitd Professor N. Kumagai for t}}e cordial guidance and encourage-
ment, and also to Lecturer N. Kawal, LV[essrs. K. Yao, [lr. }la]iaoka, the late [r.
Kin, and K. Matsumote who helped the auther in his Gaily ebservatiexxs over sQ
long a period.
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