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On the Artificial Radioactivity in the ra3,n of Osaka during the

Period from April 1954 to the end of Auguqt 1961.

The results of the routine measurementz+.of the radioactive

fallout as observed in Osaka, Japan during tae period from 1954

to the end of August 1961 are introduced in this paper.

(I) Method of easurement

The rainwater was collected by the polyethylene -essels

with the effective surface area for collection of rainwater about

lsquare meter. The smaller vessel was used for the daily routine

measurements of the grossactivity of the radioactive fallout

and the larger.one was kep'- for one year for the estimation of

the an-nual precipitation ot strontium-90 and cesium-137.

The gross beta activity of each rainfall was measured with

the residue obtained after complete evaporation of an aliquot

of the rainwater by the commercial beta ray counter with a thin
2mica window of thickness about 19 mg/cm manufactured by be

Kogyo .K..

In order to avoid the possible complications due to the rela-

tively hort lived naturally occurring disintegration products of

Rn or Tn, the - ossactivity at the time of sampling was estimated

by the back'extrapolation based upon the decay rate from sereral

hours to a few days after sampling.

The dry deposition was also measured by exposing a greased

paper with the surface area about 0.1 square meter to'the air for

a certain period of time. The collected radioactive dust was

wrapped up in the paper and completely ahed in the electric

furnace. After weighing te ash, the gross beta activity was

measured more than 24 hours after sampling. When the amount of
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ash is large, a correction for the self-absorption due to sample

thickness was attempted.

The radioactivity in unit of curies was estimated froa� the
90 90 which wascomparison with the sbstandard source of Sr + Y

previously calibrated by RaE. For the accurate measurements of

radioactivity 4n-counter which was specially manufactured for our

laboratory by Kobe Kogyo, K.K. was used. From the comparative

measurements of the artificial radioactivity in the dust collected

from the rainwater sample with the 4x-counter and with the usual

beta ray counter, the efficiency of counting the beta rays'of the

sample by the beta ray counter at -the usual geometry-used for

routine measurements was estimated to be about 75%, while the T90

ef f iciency - t.. "M h i IE;- of counting high energy beta rays f rom

was over 10316.

When more accurate estimation of activity is necessary, a low

background ounter constructed in our laboratory was used. The

beta ray counter wassurrbuAdbd by22,cosmic ray counters which

were constructed at the cosm�c ray laboratory of the department of

physics of Osaka City University and krdl�r provided to the author

by courtesy of Prof. Wa-'Case aq� Dr. Miyake. The anticoincidence

circuit used for the low background counting was constructed

by Dr. Kawai of our laboratory, The whole set was surrounded by

a heavy shielding of iron sheets whichwere kindly provided to the

author from the ujinagata Shipbuilding Co. in Osaka by the kind

arrangement of Prof. Okuda of the department of pysics.

The analysis of strontium-90 and cesium-137 was attempted

with the assistance of Mrs. uriyama, Mr. Tanaka, Dr. Iwasaki

and Mrs. urukubo and with the kind help by Prof. Hara-of
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DoshishaL University, Prof. Yamatera of Osaka City University

and Prof. Nishi of Kyoto University.
-The procedures of the analysis of annual sample may be intrcr-

duced in the following.

1) Take an Aliquot of the rainwater sample 'L'rom the large

rainwater collecting vessel. Add about 50-mg each of Sr and Os

carrier, and concentrate by boiling.

2) Evaporate the concentrated solution to complete drynesst, Then

the residue is ashed at about GOOOC in the electric furnace for

one two days.
3) Dissolve the residue with - hydrochloric acid and filter.
4) To the filtrate, add ms, Mum hydroxide solution slowly gtil

a faint turbidity is observed* Add a neutral solution of ferric

chloride t6-the extent theCt the yellowish colour could be recognized.
Then add a little glacial acetic aid, and a concentrated solution

of mmonium acetate. Boil te solution for some minutes to

precipitate phosphate and filter hot.
The precipitate is redissolved in the minimum quantity of

dilute hydrochloric acid and repeat the precipitation to recover
strontium'in. the filtrate.
5) To the combined ftrates add Ammonium chloride solution
and -mo-nijim hydroxide solution ad boil. l, Fe, Cr and rate

eath group may precipitate) ass tydrogen sulphide, boil until

the precipitation i complete-, and filter* (4n, Wn, Go precipitate).
6) Concentrate the filtrate, Make.the solution acid with acetic
acid and drive out H28 by heating, Make the filtrate neutral to

basic with ammonium hydroxide and add a solution of mmonium.

carbonate (1 - 20g) in excess and 1ml of 95% ethanolo After
stirring he solution strongly, digest with heating and allow to

stand still more than 30 min. and filter* The precipitate is washed
with the solution of ammonium carbonate to which alcohol is added,
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The precipitate is dried at - and weighed. (Ca, r) To

the filtrate and ash, add about.0.5 gram of W+ carrier and
taL

repeat the precip'tion to recover stronium. These precipitate
are combined and reserved for the analysis strontium.
7) The filtrate is evaporated to dryness and the residue'ii�

neated at about 500 OC for one to two-days in the electric furnace

to drive out ammonium.
8) Dissolve the residue with water and dilute hydrochloric acid.

Concentrate the solution as much as possible, and add a freshly

prepared solution of sodium cobaltinitrite Na 3CO(NO A in excess.

Shake vigorously for some minutes or stir mechanically for 30 min.
and allow to stand over night. Centrifuge and filter. Wash the
precipitate with 10% acetic acid and then with 95% alcohol. The

0precipitate is dried at 10 - 110 C and weighed. Cs)
9) The reagent of sodium oobaltinitrite may be prepared as followsi

Dissolve 28.6g of cobalto4s nitrate crystals and 50ml of glacial
acetic acid in enough wat or to make 500ml of solution. Dissolve

180g of sodium nitrite in 500ml:Of water. Keep these two solutions
separate until the day before analysis, then mix equal volumes,
shake or stir well, allow to stand over nght in a glass-stoppered
bottle, and filter just before using.

10) The precipitate in step (8) is mixed with a little sodium
nitrite and heated until the mass fusez and effervesces no more.
The residue is taken up in warm water aneL filter off te black
cobalt oxide residue after washing with water thoroughly. To the

combined solution of the filtrate and the wash, add.hydrochloric
acid and boil to decompose the nitrite and evaporate to ryness
to eliminate nitrous aid ompletely.

11) Dissolve the residue in war m water and make acid with glacial
ig�cetic acid and ten add about 5ml of HBil 4 reagent. Cool the
mixture with ie and centrifuge. Wash the precipitate with glacial
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acetic acid, keeping the solution ice-cool. The precipitate of

cesi bis-Ath e is dried and weighed. (Cs) The radioactivity of

cesium-137 in this fraction is estimated from the photopeak

(0.66Mev, 92%) corresponding to the daughter nuclide al37m

(2.6 min.)'with the garnma-ray spectrometer. However, if we estimate

the activity of eesium-137 with the beta-ray low background counter,

we must pay special attention to the possible contamination of

potassium-40 when the activity of cesium-137 in the sample is low.

The HBil4 reagent is prepared according to the method described

by EvansOW by dissoliving lg of Bil4 in 50ml of 55 percent HI.

The presence of some free iodine would not interfere seriously

with the precipitation.

12) If greater decontamination from other fission product such

as rubidium is desired, we may follow the following procedureso

Dissolve the above precipitate in 6 drops of cone. H01 by

heating to boiling. Add rubidium carrier (10 mg/ml). Cool with

ice and add HBU 4 reagent. Allow to stand for several minutes and

centrifuge. Wash the precipitate with glacial acetic acid, filter
oytto wei hega SIC

4N�pV SE, and wash successively with l portions of absolute

ethanol and ether. Dry at 110OG for 10 min. and weigh as Cs 3Bi 2,9.

DissolVe this precipitate again in about 2ml of RNO3* Boil to

remove 2 , add 1ml of cone. ENO 3 and l of H 2O.-and cool the

solution. To the cool solution add 10al.of ethanol (the solution

should remain clear), 0.5ml of 0,5M chloroplatinic acid H PtCl_
2 b

and 7al more-of alcohol. The regulating pecipitate of cesium

chloroplatinate is washed with alcohol, filtered onto a filter

paper disk of Whatman No-50 paper, washed with ether, dried at

1100C, and weighed as Cs 2PtC1 6'

13) To the precipitate of strontium and calcium obtained in step 6)

add distilled ater and 90016 nitric acid slowly. Keeping the

concentration of nitric acid at 7, shake or stir well for 30 min.
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centrifuge at 2,000rpm for 10'min, and discard the supernatant.
kt this concentration strontium precipitates, but most of the calcium
may remain in the solution. Repeat this procedure again a half

the original'volumeS2)

14) The precipitate is transferred to 100ml beaker with H20.
Evaporate to ryness to expell nitric acid and issolve in 50ml

of distilled water.
15) To te solution, add about 10 drops of Y or F4-r++ carrier

(10mg/ml) and heat to the incipient boiling point and-make the
solution basic with C02 free ammonium hydroxide to precipitate the

hydroxides of rare earth.element. Repeat the precipl;tio to
r6cover strontium in the filtrate. Check the radioactivity of

the precipitate obtained in this step.
16) Make the combined filtrates eutral with 6N nitric acid and
add 2nl of GM ammonium acetate and lml of 6M acetic acid. Add 5
drops of Ba++ carrier (50mg/ml) Heating the solution, add ml.

of 15N sodium chromate drop by drop stirring well. Continue
heating the solution nearly to boiling for several minutes, allow
ijto cool and filter off the precipitate of barium chromate.
The contamination of'Bal4O and Ra may be eliminated.
17) ake the iltrate neutral to basic with ammonium h=oXJde

and add 5ml of ammonium carbonate and 95% ethanol.. fter stirring
well,, digest wth heating until the precipitation of strontium
carbonate-is complete.
18) The precipitate of strontium arbonate is dried at 100 11000

for 20 minutes and weighed. (r) The sample is stored for about
20 days and when r9o. and 190 reached an equillibrium state the
beta activity of the sample is measured.(Sr8g +(Sr9 + r9O)j

Then the sample is dissol'7ed in 2ml of 6N EG1 and used for i9o



separation by ion exchange method.

19) After conditioning the Dowex 50 resin of about 100 - 200 mesh

the ion exchange resin in H-form is filled in the glass tube of'

diameter about 25cm u to a height of about 12cm. Pass 200m of

distilled water through the olumn, and then convert the resin into

ammonium faTm by passing 400ml of ammonium citrate at pH = 60

and wash with 400ml of distilled water at the speed of flow about

11per hour.

20) The sample in which Sr and 90 90 reached equillibrium is poured

into the column slowly. 9 is milked from Sr9o on the olum by

passing 50ml of citric acid at pH - 20 and 350ml of citric acid

at pH - 38. To the combined washes about 10mg of Y-carrier is

added and the solution is heated ad 0mi of saturated oxalic acid

Is added. The solution is digested 'with heating at low for 0

minutes and then allowed to cool and filtered, washing with 1016

H 0 solution. The precipitate of ytt3�ium oxalate is iF;nited "d
2 2 4

and the beta activity of this sample is measured immediately.

From the decay rate of Y90 with half'life of about 64 hours, the

existence of Y90 is confirmed nd the initial activity at the time

of separation from Sr9o is estimated by back extrapolation. This
90 goactivity of Y may be considered to correspond t that of Sr

21) The yield in the radiochemical analysis may be estimated in

the following way. Divide the original sample into two equal

portions. To one portion (A) add a kown activity

of "a' tie of the radioactive huclide"to 'Ve detected, while the other

portion (B) may be analys6d without any addi tion of the radioactivity.

The analysis of these two portions sould be carried out almost

simultaneously in parallel step by step using the sa3ae reagents.

Suppose the activity of the nuclide d6tected after the final

analysis is "' lic in the portion (A) and "b" L in the portion (B).
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Then the final yield f this aalysis may be estimated to be

- b x 100%. In the above analysis, the yield of S9O may be
a

estimated to be about 60 70%, while that of CS137 about
r? O W/

However, later the above�was simplified and af-Cler the step(3)

in the above the strontium was sperated from the 5516 nitric acid

solution according to the method described in the step 13) and

the steps described thereafter was followed for the detection of
go

Sr . The spernatant solution after the separation of strontium

nitrate from the 75/ nitric acid was. used for te analysis of

cesium. After scavenging with Pe. and Ba darrier, cesium was

precipitated as cesium bismuth iodide with aBiI4 instead of

HUI 4 reagent. The NaBiI 4 reagent was prepared by dissolving

9 grams of powered bismuth trioxide in 300ml of a saturated

solution of sodium iodide-in concentrated acetic acid according

to the ethod described by HaraS3) After heating for sometime,

the soltior is rapidly filtered through a glass filter equipped

with a foot and the filtrate is stored in a glass-stoppered

bottle in a cold dark plaoe-and used as the NaBil4 reagent.
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(II) Results of Measurements(10)

In Table some of the nuclear detonation tests conduced

by different countries up to the ehd of August 1961.-are listed.

In 1958 it was rather difficult to identify smaller tests because

too many large tests of megaton size have been.cond-dated by the,

United States as well as by the Soviet Union. Terefore only the

major ones that have been d te ted by the shock wave records in the

microbarographs of the meteorological stations in Japan are

listed in the table for that year.

In Table 2(a), the number of tests u to the end of 1958
reported as aounced by the United State s are listed and in

Table 2(b)''the estimated fissio yeld in-kilotons assuming the

past thermnuclear tests to have consisted on the average of 5001o
fission and 50% fusion is shown�l)

(Table 1)

(Table 2)

After the cessation of nuclear tests was announced by the

three major powers possessing nuclear weapons, the United tates,

the United Kingdom and the Soviet Union at the end of October 1958,

the only tests conducted since then up to the end of August 1961

were the French ones in Sahara: three in 1960 and one in 1961.

Therefore, during the past eight years period from 1954 to 61

the only year in which no nuclear tests were conducted was 1959.

According to the New 7 .ork Tmes(5) somewhat different estimates

are given. A total of 165 tests have been onducted by the United

States, of which 122 tests were conducted in the South West U.S.$

3? in Eniwetok - Bikini area in the South Pacific, one off the west

coast of the United States', two in Johnson Island in the Pacific

and three in the South Atlantic. The total number of British tests

in reported to have been 21, of wich tests were conducted in
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Table ca)
TORP Date Qgmntr-v Test ite

1945 yrr,16 U.S.A Alamagordo, New
Mexico

• VTII 5 Hiroshima, Japan
• VIII 8 Nagasaki, Japan

1946 VI:30 Bikini Atoll
vri-25 K

1948 rv-- V X Eniwetok Atoll
1949 VIII: U.S.S.R Siberia
1951 I.-2?r,28 U.S.A Nevada

II: 1 2 6 or
Ivi Eniwetok

3 U.S.S.R Siberia
1:22
X:22,28,30 U.S.A Nevada

xi: 519,
29

1952 IV: 1,15,22
V: .1, '7,25

VI: 1, 5
X: 3 U.K Xon-te Bello Is.

XI: 1 U.S.A Eniwetok
XI: ?

19;3 III:17,24,31 Nevada
Ut 6,11,16,

25
V 819,29

VI: 
VIII:12 U.S.S.R Siberia
VIII:23

11:23
1:15 U.K Woomera ange,

Australia
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TcLble I 
x2ax DSte CountrT Test

1954 111t 1 U.S,,A Bikini Atoll

W III:27 Eniwetok

W IV.::-6 I�
IV,26

V. 5
V:12

IX:10,26,31 U.S�S.R Siberia

1155 II:18,22 U.S:A Nevada

III: i 7 12,
22,23:29

IV: 6 95

V: 5,15
V:16 UIK irobte, Bello is.

V:17 1U.S.A Pacific Ocean

VIII: 4-IX:24 U.S.S.R Siberia

XI:

XI:22

1956 III:21

TV:

IV: U.K Monte Bello In.

V: 5 U.SA Bikini Atoll

V: 7 U.K Monte Bello Is.

x V:21 U.S.A Eniwetok

V:28

VI: 13

V1:26

VII 3 911,
21,22

x VIII-24 U.S.SIR Siberia

VI11:30

11 2
IX:10
IX:27 U.1 MaralingaAustralIQ

I I 11 a 5

Xlil?



Tabi e i c)

Year Date Country Test site

1957 I:29 U.S.S.R Siberia
11 III: 

IV: 3
IV: 6

IV:10,12
IV:16

V:15- U.K Christmas Is.

V:28 U.S.A Nevada

VI: U.K Christmas Is.

n VI: 2 U.S.A Nevada

n VI: 
VI:18

VI:19 U.K Christmas Is.

VI:24 U.S.A Nevada
VII: 5. it 11

VII:15 it
VII:lq It

VII:24.

VII:25

VIII: 7

VIII:18

n VIII:22 U.S.S.R Siberia

VIII:23 U.S.A Nevada

VIII:30

IX 2

IX 8

IX 9 U.SS.R Siberia

IX-14 U.K Maralinga

IX:16 U.S.A Nevada

IX:24 U.S.S.R North Pole

X: 6 11

XII:28 Siberia
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Ta ble 1 (d)
'fear Date Country Test site

1958 MR3,27(2) U.S.SR North polar
region

III:14(2),21
V:12,26 U.SA Eniwetok

VI:10 Bikini Atoll
VI:14(2),27(2),

28 Eniwetok
VII:,�2 Bikini Atoll
VII: 5,12,26 Eniwetok

VIII:12 U.S.S.R Worth polar
region

IX:30(2)
X:12,15,19,20,

22,24,25

1960 II:13 Franob Sahara
IV: I

XII:28
1961 IV:25

1945 VII - 1961 VIII Total 255.

(U.S.A 165, . 21, U.S.S.R 65, France 4)
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TaNe 2(a) The Number of Nuclear Tests.

U.S.A. 129)

July 16, 1945 First atomic bomb test, "Trinity,"

Alamogordo, N.M.

August 6 , 1945 - Hiroshima bomb

August 9, 1945 - Nagasaki bomb

Summer of 1946 - "Crossroads" tests 2 Bikini Atoll

Spring of 1948 - "Sandstone" tests 3 Eniwetok Proving Ground

Winter of 1951 - "Ranger" tests (5), Nevada Test Site

Spring of 1951 - 11%reenhousell tests 4 Eniwetok

Fall of 1951 - Buster-Janglell tests 7 Nevada

Spring of 1952 - "Tumbler-Snapper" tests () Nevada

Fall of 1952 - "Ivy" tests 2 Eiwetok

Spring of 1953 "Upshot-Knothole" tests (11), Nevada

Spring of 1954 "Castle" tests 6 Eniwetok

Spring of 1955 "Teapot" tests 14), Nevada

Spring of 1955 "Wigwam" test (1), Pacific Ocean

SDring -Summer of 1956 - Redwing" tests 4 Eniwetok

Spring-Summer of 1957 - "Plumb-bob" tests 24), Nevada

SDring- Summer of 1958 - Herdtack" series, first phase 16), Eniwetok

Fall of 1958 - "Hardtack" series, second phase 19), Nevada

U.K. (21)

October 3 1952 - First British explosion, Monte Bello Islands

October, 1953 Two explosions, Woomera

May-June, 1956 Two explosions, Monte Bello Islands

September-October, 1956 - Four explosions, Marelinga

May-June, 1957 - Three explosions, Christmas Island

September-October, 1957 - Three-e:kpl6sions, Marelinga

November , 1957 One explosion, Christmas Island

April 28, 1958 - One explosion, Christmas Island

August-September, 1958 - Four explosions
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U.S.S.R. 53)

September 23, 1949 - First Soviet nuclear explosion

October, 1951 - Two known tests

August, 1953 - Series of tests, two known explosions, one thermonuclear

October 26, 1954 - "Part of a series"

August 4 1955 - One explosion

September 24, 1955 - "Part of a series"

November, 1955 - "Part of a series," two explosions, one

"in megaton range"

March-April, 19 56 - "Part of a series," two, explosions

August-September, 1956 - Part of a s6ries,?four explosions

November 17, 1956 - One explosion

January 19, 1957 - "Part of a series"

March-April, 1957 - "Part of a series," six explosions

August-October, 1957 - "Part of a series," five explosions

December 28, 1957 - One explosion

February-March, 1958 - Nine explosions

September-November, 1958 - Sixteen explosions

Total: 203 up to the end of 1958.
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Table 2(b)

Fission Yield in Kilotons Assuming The Past Thermonuclear

Test to have Consisted on The Average of

50% Fission and 50% Fusion

Air Bursts Ground-Surface Water-Surface Total

1945-1951 190 550 20 760

1952-1954 11000 15,000 22-,000 38,000

1955-1956 5,600 1,500 6,000 13,100

l')5?-1958 31,000 41400 4,600 1401,000

Total 37,790 21,450 32,620 91,860



Christmas Island in the Pacific, 3 in Montebello Island and in
Woomera-Maralinga district in Australia. The total number of tests
conducted by the Soviet Union up to the e3A f August 1961 is

reported to have been 65 in Siberia and in Novaya Zemlya in the
Arctic Ocean. The total fission -yields from tests 1945 to the end

of 1958 are estimated in unit of megatons TNT equivalent nuclear
fission to be about 32.3 egatons L35%)water surface explosions,
about 7-.8 megatons(42%)air explosions and 21.,5 megatons(23%)
ground urface explosions. Of the total of about 92 megatons,
about 70% is estimated to be due to the nuclear tests conducted
by the United States and the United Kingdom and about 3Y by
the Soviet Union.

The radioactivity precipitated with the rain in Osaka,
Japan was measured 668 times during the period April 1954 to the
end of August 1961. In Table 3 monthly and annual amounts of
rainfall and the number of times of the rainfalls observed at
the Osaka City University are shown. As can be seen in the table,
the annual amount of rainfall ranged from about 1,000 to about
1,60OC; mm_with the monthly average of about 80 to 110 mm. The
average amount per one rainfall as estimated to be about 12 to
17 mm in Osaka district.

(Table 3)
However the frequency of small amount of rainfall is much

larger than the larger ones and during the riod of about seven
and a half years observation the percentage of rainfalls with less
than 10 mm ws about 60% while that with over 60 mm was only about
3%. The number of rainy days per year was about one fourth to
somewhat less than one third of a -year.

The results of the daily measurements of the concentaration
of radioactivity er one litre of rainwater in units of pm/l
and c/l and the precipitation of radioactivity per one square meter
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Tab le 

1954 1955 1956 1957 -1958 1959 1960 1961

90 U�taif�. N P-i-fJl,. NO. No. R.;.f4i,,_, No. IOi,4vl ow
32.2 5 22.9 4 45.5 8 27.7 5 93.2 5 40.0 3 51.7 5

2 75.7 6 20.0 6 43.4 4 33.6 4 124.45 11 11.2 3 44.1 6

3 118.1 12 207.0 16 41.6 3 99.4 9 122.0 14 49-55 10 67.6 5

4 41.0 3 109.4 8 112.9 9 107.2 8 138.8 9 144.3 11 165-93 9 65.1 3
OD
1 5 135.6 11 117.7 8 253.3 20 67.4 9 122.3 10 208.7 10 172.3 7 120.3 7

6 288.6 15 96.9 9 119.4 10 315.4 10 78.1 7 59.2 8 148.7 8 24890 7

7 107.8 9 78.8 6 144.68 9 380.2 14 61.9 6 246.85 10 114.4 7 50.4 7

8 12.3 2 83.4 4 108.1 6 92.2 6 52.2 4 210.05 7 143.8 6 6.0 5

9 134.6 12 58.0 5 289.1 13 243.7 12 123.5 9 84.5 9 95.8 8

10 29.6 7 175.4 12 145.6 9 23.4 4 16-3.5 9 114. 66.1 6

11 32.8 5 80.8 6 52.2 6 60.2 5 57.1 6 161*45 6 64.0 7

12 33.3 5 28.2 6 11.6 4 23.0 5 31.3 7 61.9 3 26.2 5

815.6 1054.3 1486.78 1443.2 989.4. 1630.2 )(97.96 653.2
Kb Of

69 89 L12 86 85 104 79 45

90.7 8800 124089 120.3 135.8� 91050 81.?

0-1- p- 11.8 II. 35 13.25 16, 6 15*7 13.9 14.2



in units of pm/:m2 and c/m2 are shown in Figl and Fig.2.

Fig.l(a) and Fig.2(a) 1954).

(Fig.l(a))

U4�g.Xa))

The radioactivity of rainwater was measured 69 times in 1954.

A higher concentration than 100 cpm/1 6 x 10-10 curie/1)

was observed 7 times (during the period from May to early June),

once in October and once in November, or times in total which

corresponded to 11% of the total nmber of measurements of

that year. Higher concentration than 000 pm/l 6 x 10-9 curie/1)

was observed only once in the middle of May. A higher precipitation

per unit arear per rainfall than 100 cpm/m2 (6 x 10-10 curie/m2)

was observed 38 times which corresponded to 55-21o. 111gher

precipitation than 1,000 pm/m 2 (6 x 10-9 curie/m2) was observed

twice. Higher precipitation than 10,000 pm/:m2 (6 x 10-8 curie/m2)

was observed once in May following a series of American tests in

the Pacific. The total amount of precipitation per Lnit area

was about 229 x 1077 c/m 2 during the period from April to the

end of December and the average concentration of rainwater was

estimated to be about 281 x 10-4 pc/1 in 1954.

The annual precipitation of strontium-90 was estimated to be

1.29 mpc/m 2. while that of cesium-137 to be 262 mLc/m2� with the

ratio of cesium-137 to strontium-90 about 17. The average

concentration of strontium-90 was estimated to be about 16 I.Lj4c/l,

while that of cesium-137 about 27 �Lp/l in 1954. The ratio of

the activity of strontium-90 to the annual total of the grossactivity
-3of each rainfall was estimated to be about 5 1 . hile

that of cesium-137 about 96 x 10-3. The above value of Sr 90

precipitation may be estimated to .be roughly about "he total ofA
the values estimated from the decay rate of the radioactivity of

each rain in 1954, assuming the fast neutron fission of U238 .

One of the reasons for this may be. assumed to be due to the existence

of the inert gas such as krypton or xenon among the parent nuclides

of Sr9o or s137 as shown in Fi6--3 and the percentage of these
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nuclides at remote places might be higher than that in the local

fallout because of he possible higher rate of diffusion of those

inert gas parents, although this degree of relative rate of diffusion

may be dependent on the mode of detonation during the initial period.

Fig.l(b) and Fig.2(b) (1955).
(Fig.l(b))

(Fig.2(b))

The radioactivity of rainwater was measured 89 times in 19.55.
10A higher concentration than 100 opm/1 6 x 10- curie/1) was

observed once in each month of January, February and April and

? times during the period November to I)ecember, or 10 times in

total which corresponded to 11.2016. Higher concentration than

1,000 om/1 6 x 1079 curie/1) was observed only once towards the
ta. 2

end of November. A higher precipi�ion per rainfall than 00 OM/M

(6 x 10-10 curie/m2) was observed 34 times, WhIC-h Corresponded

to 395/6- Higher precipitation than 1,000 opm/m 60 x 10-9 curie/m2)

,gas observed 3 times.
The total amount of precipitation per unit area was about

1.64 x 10-? C/m2 and the average concentration of rainwater was
estimated to be about 55 X'1074 P-0/1 n 1955.

The annual precipitation of strontium-90 was estimated to be
2 21.69 mpe/m while that cesium-137 288 mLc/m with the ratio of

cesium-137 to strontium-90 about 1. The average concentration
of strontium-90 was estimated to be about 1.6 �Lpc/l while that

of cesium-137 about 27 L�tc/l in 1955. The ratio of the ativity
of strontium-90.to the annual total of the gkossactivity of-each
rainfall was estimated to be about 1.0 x 10-2, while that of
cesium-137 about 1.8 x 10-2.
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Fis.l(c) and Fig.2(c) (.1956)
(Fig.l(c))

(Fig.2(c))
The radioactivity of rainwater was measured 112 times in

101956. A higher concentration than 100 cpm/1 ( 10- curie/1)
was observed once in Jnuary and in August, twice in each month
of October, November and December, three times in Uune and in July,
4 times in March, 6 times in May, 9 times in September, or 4 times
in total which corresponded to 30.4%. As compared with the previous

two years, the frequency of higher radioactive rainfalls has

increased. Higher concentration than 1,000 epm/1 6 x 10-9 curie/1)
was observed once in March and in June, T�hich corresponded to 1.8%.
A higher precipitation per unit area per rainfall than 100 opm/m2

(6 x 1-10 curie/m2) was observed 77 times, wich corresponded
to 68.?',Io'. Higher precipitation than 000 cmIM2 6 x 10-9 rie/m2)

-was observed 23 times, which corresponded to 20.5%.
The annual total amount of precipitation per unit area was

4.94 x 10-7 c/m2 and the average concentration of rainwater was

estimated to be about 34 x 10-4 "/i in 1956.
The annual precipitation of strontium-90 was 227 mIIc/M2

while tat of Gesium-137 was 384 mic/m2 with the ratio of
cesium-137 to strontium-90 about 17. The average concentration
strontium-90 was estimated to be about 1.5 LILell while that of

Cesium-137 about 26 ipc/l in 1956. The ratio of the activity
of strontium-90 to the annual total of the grossactivity of each
rainfall was estimated to be about 47 10-3, while that of

cesium-137 about . x 10-3.
Fig.l(d) and Pig.2(d) 1957)

(Fig.l(d))
(Iie.2(d))

The radioactivity of rainwater was measured 86 times in
195?. A higher concentration than 100 epm/l 6 x 10-10 curie/1)
W-as observed once in each month of February, July, August and
November, twice in each month of Januaxy, ]larch, May and
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June, three times in September and in December, times in April,

or 23 times in total which corresponded to about 26.8%. Higher

concentration than 1,000 cpm/l 6 x 10-9 urie/1) was observed

only once in Apr 'il. The general tendency of increase of frequency

of higher radioactive rainfalls was more or less 'similar to that

in 1956 and the frequency of rainfalls with the concentration

higher than 100 epm/1 in this year was observed to be roughly

about 25 times higher than that in 1954 or 1955.

A higher precipitation per unit area per rainfall than

100 om/m 2 (6 x 10-10 curie/m2) was observed 2 times which

corresponded to about 82.6%. Higher precipitation than 1,000 pm./m2
2) was observed 15 tim6i

(6 x 10-9 curie/m s which corresponded to

about 17.6%. Higher precipitation than 10,000 opm/m 2 (6 x 10-8

curie/m 2) was observed once in April during the period of ussi-an

tests.

The annual total amount of precipitation per unit area as

3.67 x 1077 c/m2 and the average concentration of rainwater was

estimated to be about 25 x 10-4 pc/l in 1957.

The annual precipitation of stro'tium-90 was 253 mic/m 2

while that of cesium-137 was 496 mpc^2 with the ratio of

cesium-137 to strontium-90 about 20. The average concentration

of strontium-90 was estimated to be about.l.? p�Lc/l, while that

of cesium-137 about 34 �Lgc/l in 1957.

The ratio of the activity of strontium-90 to the annual

total of the grossactivity of each rainfall xas estimated to be

about 69 x 10-3, while that of cesium-137 about 14 x 10-2.

From the analysis of the soils about to 15 cm laye

surface which were sampleid at the two different parts of he

ground of Osaka City University n January 1957, about 3 mile/m 2
2 goand 425 mLc/m of Sr Were detected with the extraction by

Ammonium aceta 2)
te. 11 we assume this amount corresponds to

about 70% of the ttFL116) the total deposition may be estimated
2 2to be roughly about 43 mw/m and 6 m)kc/m . Therefore the

plausible amount of umulative deT>osition of Sr9O in early



1957 ma,7,be estimated to be roughly in the range of about

4.3 to 6 me/km2 in Osaka district.

Fig.l(e) and Fig.2(e) 1958)
(Fig.l(e))
(Fig.2(e))

The radioactivity of rainwater was measured 84 times in 1958.
A higher concentration than 100 epm/1 6 x 10-10 curie/1) was

observed 55 times out of 84 times of measurements, which
corresponded to about 65.4%. In more than one half of the rainfalls,
higher radioactive concentration than 100 epm/1 was measured. Higher
concentration than'1,000 opm/1 was observed 10 times which

corresponded to about 11.9%. In other words, higher concentrations

were observed most frequently as compared with the previous years.
This may be most probably due to the repeated large scale tests

conducted by the United States and the Soviet Union prior to the

cessation of tests at the end of October 1958. A higher precipi-
tation per unit area per rainfall than 100 pm/m2 6 x 10-locurie/m2)

was observed 68 times which corresponded to about 81%. Higher
2 /m2)precipitation than 1,000 apm/m (6 x 10-9curie was observed

33 times hich was about 39.3% and higher precipitation than

10,000 cpm/m2 6 x 10-8eurie/M2) was observed 9 times which was

about 10.7/6 of the total number of measurements in 1958.
The annual total amount of precipitation per unit area was

3.01 x 1- Cm2 and the average concentration of nwater was

estimated to be about 32 x 10-3 p/l in 1958, which was the

highest and about one order of magnitude higher as compared with
the previous years. However, this may be ascribed to a relatively
higher percentage of sort lived fission products included in
rather fresh samples.
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The annual precipitation of strontium-90 was 308 mpe/m2

while that of cesium-137 was 623 mPc/m 2 with the ratio of

cesium-137 to strontium-90 about 20. The average concentration
of strontium-90 was estimated to be about 31 4&c/l while that
of cesium-13? about 63 4pe/l in 1958.

The ratio of the activity of strontium-90 to the annual total
of the grossactivity of each rainfall was estimated to be about
1.1 x 10 -3 while that of esium-137 about 21 10-3.

From early spring (Feb.) to smer July 1958 the radiochemical
analysis of rainwater was conducted especially to estimate the

ratio of cesium-13? to strontium-90 and it was observed to vary

from 17 to 25 with the average value of about 23 during this
period.

Fig.l(f) and Pig.2(f) 1959)
(Fig.l(f))
Rig.Xf))

The radioactivity of rainwater was measured 104 times in 1959.
A higher concentratio tan 100 apm/l 6 x 1-10 curie/1) was

observed times in January, 10 times.in February and in March,,

9 times in April, 6 times in May, 7 times in June, times in July,

twice in August, once in September, or 58 times in total hich

corresponded to about 55-716- Higher oncentration than 1,000 epm/1
( x 10-9 curie/1) was observed twice. Although no nuclear
explosion tests have been conducted in this year, a high degree

of radioactive contamination of rainwater almost comparable to
the previous year was observed to continue until August. Usually
a higher degree of strapospheric fallout may be expected at the

central part of Japan during the period from winter to spring

when the jet stream is at the southern part of Japan and a lower

degree of fallout in smmer when the jet stream is at the northern
part of Japan. However, the unusally high degree of fallout
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in the first half of 1959 may be ascribed to the troposperic

fallout due to the intense nuclear testings in the fall of 1958

coupled with the higher degree of stratospheric fallout usually

observed in Spring*

A decreasing tendency of the radioactive contaimination of

rainwater due to the fission products of relative short half lives

which may be aribed to the tropospheric fallout began to show up

distinctly after August. Judging from these findings it appears
more plausible to assume that the half deposition time of tropo-
spheric fallout would be of the order of about a month or so and
not very much shorter than one month. A higher precipitation per
unit area per rainfall than 100 cpm/m2 ( x 10-10 curie/M 2) was
observed 92 times wch corresponded to about 7-5%. Higher
precipitation than 1,000'apm/m2 ( x 10-9 curie/m2) was observed
46 times hich corresponded to about 44.3%. Higher precipitation
than 10,000 pm/m2 6 x 10-8 curie/m2) was observed once in 1959.
The annual total amount of precipitation Der it area was 1064 x
16-6 c/m2 and the average radioactive concentration of rainwater
was estimated to be about .56 x 1074 A/1 in 1959.

The annual precipitation of strontium-90 was 334 mLc/M2

while that of esium-137 was 63 Ae/2 with the ratio of eesium-137
to strontium-90 about 23, The average concentration of strontium-90
was estimated to be about 20 pIke/1 while that of eesium-137 about
4.7 plic/l in 1959. The ratio of the activity of strontium-90 to
the annual total of -I-he grossactivity of each rainfall was estimated
to be about 31 10-3 'while that of cesium-137 about 71 x 10-3.

According to K.Ko ("T)
daira, et al, the exchangeable 9o in the

agricultural soil of the Pacific side of the Japan mainland which
was sampled in June 1959 was 10 mc/km2 on the average with the
highest value of 13 me/km 2 and the lowest value of 7 mo/km2 with
the exception of one site where 26 me/km2 was detected, while that
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of the Japan Sea side of the Japan mainland was 33 me/km 2 on the

average with the highest value of 36 me/km2 and the lowest value

of 30 me/Im2- Judging from these findings the total fallout at
the Japan Sea side may be assumed to be roughly about three times
higher than that at the Pacific side.

Fig.l(g) and Fig-2(g) 1960)

The radioactivity of rainwater was measured 79 times in 1960.
A higher concentration than 100 epm/1 6 x 10-10 curie/1) was
observed 6 times in arch, once in May and in September, or times

in total which corresponded to about 10.1%. Higher concentration
than 1,000 pm/l 6 x 10-9 curie/1) was observed twice in early
March following the French test in Sahara in the middle of February.

Although three French tests have been conducted in Sahara in this
year, the radioactive contamination of rainwater due to the fission
products of relatively short half lives was observed to bemuch

lower except early March as compared with the previous years.

A higher precipitation per unit area per rainfall than 100 epm/m2
-10 2) was observed 31 times which corresponded to

(6 x 10 curie/m

about 39.3%. Higher precipitation than 1,000 pm/m2 6 x 10-9
curie/m 2) was observed 4 times and higher precipitation than

2 6 x 10-8 curie/m2)
10,000 Om/M only once early March following
the Frencli test in Sahara in the middle of February. The annual
totaAV--�-irecipitation per unit area was 19-x 10-7 m2 and the

avera�;e radioactive concentration of rainwater was estimated to be

about 13 x 10-4 Lc/l in 1960.
2The annual precipitation of 9trontium-90 was 208 mlic/m while

that of cesium-137 was 430 m"/m2 with the ratio of cesium-137

to strontium-90 about 21. The average concentration of strontium-90

was estimated to be about 19 ILILc/l while that of cesium-137 about
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3.9 ;igc/l in 1960. The ratio of the activity of strontium-90
to the annual total ofthe grossactivity of each rainfall was esti-
mated to be about 1.1 12 while that of cesium-137 about

10-22,3 
Fig.l(h) and Fig.2(h) 1961)

(Fig. i

(Fig.2(h))
The radioactivity of rainwater was measured 45 times during

the period from Juary to the end o August 1961. The rainwater
during this period was collected at Kinki Uiversity at Fuse Gity,

Osaka refecture instead of at the Osaka City University, at the

central part of the City.
The radioactivity was measured during this period mostly

with the low background counter manufactured by the Kobe Kogyo .K.

whose background count was less than epm, iut to enable the
comparison of the data of this year with those of -'-.'le previous

years the scale of opm in the figure was constructed so that 100 opm,
correspond to 6 x 10710 curie.

The half deposition time of longer lived fission products may
be estimated to be about 400 - 00 days or roughly about 2 years
from the comparison of the gkossactivity of fallout during the
period from Jan. to April'1960 and that during the same period in

1961 with the possible correction for relatively quickly decaying
components due to French tests and taking into consideration of
the decay rate of the longer lived components of the grossactivity
detected in the rain*

As can be seen in the figure, a higher concentration than
100 opm/1 6 x 10710 eurie/1) was observed only once in the middle
of February nd none thereafter until the end of August. Although
one test was conducted by Fance in the Sahara desert towards the
end of April, a marked decreasing tendency of the radioactive
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contamination of rainwater due to relatively fresh products was

distinctly observed.

A higher precipitation per unit area per rainfall that em/m2

(6 x 10-10 curie/m2) was observed 10 times during the period of

observation in 1961 which corresponded to about 22.2%. Higher
precipitation than 1,000 em/m2 (6 x 10-9 eurie/m2) was observed

only once in June. The total precipitation per unit area up to

the end of August 1961 was 237 x 1-8 O/m2 and the average

radioactive concentration of rainwater was estimated to be a1yout

3.65 x 10-5 pe/l during the period of observation.

The precipitation of strontium-90 and cesium-137 during the

period from January to the end of August 1961 has not been measured.

However, assuming the over all effective decay rate of the

grossactivity to be about 50916 from the comparison of the decay rates

of grossactivit.ies detected in 1960 and those detected during the

period from January to the end of August 1961, the-ratio of the

activity of strontium-90 and cesium-137 to the total'groasactivity

during the period of observation in 1961 may be estimated to be

about double higher than the ratio in 196O- From thisiassumptiori.,

the ratio of the activity of strontium-90 to the otal grossactivity

up to the d of August 1961 may be estimated to be about 22 x 10-2

while that of cesium-137 about-4.6 x 10-2. Using these values,

the precipitation of strontium-90 during the period from January

up to the end of August 1961 may be estimated to be about 052 mic/m2

with the average concentration of about 0.8 title /1 while that of

cesium-137 about 1.1 mic/m2 with the average concentration of about

1.7 i*0/1-
The cumulative deposition of strontium-90 and cesium-137

estimated _om the above data is shown in Fig.4, where the deposition

of strontium-90 and cesium-137 is assumed to be 0.5 me/km 2 in

March 1954. As can be seen in the figure, the cumulative deposition
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of Sr"o-and C 137 at the end of August 1961 may be estimated

roughly at about 1.3 me/km2 and 33-64 me/km2 respectively in
Osaka district, as for ao judged from the results of our
measurements. However Judg'ng from the data reported from
different institutes(-g) 07.) in Tokyo districts, a difference by
a factor of nearly two may sometimes be likely to result even in
the same district and in the same month, possibly due to the
difference in the sampling place and method and o the differen ce
in chemical nature of the industrial fumes and dusts included in
the rain. Therefore the above results should also be interpreted
as the one that would give merely an order of magitude estimation
for� Osaka district. Especially the value for Cs137 and te ratio
CS137/Sr9o appear to be considerably lower than those reported
for Tokyo districts One of the possible causes for obtaining
lower values for CsI37 may.be considered to 'be the possibility'
that a considerable amount of CB137 may be adsorbed by the
particulate dust deposited in the rainwater collecting vessel
during the one yar period of exposure in the open and storage
and that a certain fraction of Cs137 might be lost at the time of
taking an aliquot of the rainwater from the upper part of the deep
vessel as a sample for analysis.

(Fig.4)
In order to estimate the difference between the sample taken

from the upper part of he vessel and that from the bottom part,
an analysis of the sample taken from the bottom part after mild
stirring was carried.out with the method of leaching the insoluble
residue.with 6N hydrochloric acid. The result of the analysis
indicated that the ativity of sl3? of the sample taken from
the bottom part was higher by about 10 - 30,16 as compared with the
results obtained with the sample from the upper part, while that
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of Sr9O isher only by a few percent or less than &bout 101% at
most. Therfore the difference in s137 may not be negligible"and
in order to estimate the upper limit of s137 the previously
obtained results with the sample taken from the upper part of the
vessel should-be increased by a factor of about 3o.

(Table 4)
If we assume the uper limit of Csl37 to be higher than the

previously obtained results by a factor of about 3001, the Annual
precipitation of CS137 may be estimated be about 2 in
1954 with the ratio C'l37/Sr9O about 22, 375 11CIM2 in 1955 with
the ratio Cs'3'7/Sr9o about 22, 50 M�Ic/m2in 1956 with ratio Csl37/Sr9o
about 22 65 mc/m2 in 1957 with the ratio Csl37/Sr90 about 26,
6.1 lLc/m2 in 1958 with the ratio Cs13?/Sr9O about 26, 9.9 m4c/IA2
in 1959 with the ratio Csl37/Sr9O about 30, 56 mtc/m2 in 1960
with the ratio s137/Sr9O about 27, 143 mc/m2 in 1961 with the
ratio Csl37/sr9O about 27, and the total precipitation from April

2P;54 to the end of August 1961 about 43.1 m4c/m with the over all
I-A,7 90

ratio Cs /Sr about 26, and the cumulative deposition at the
c 2end of August 1961 may be estimated to be about 43.6 mam assuming

171 -
the deposition of C137 prior to March 1954 to be about 0.5 mlic/m2.
These estimated values for Cs137 are also shown in the figure with
the broken line as the possible upper limit for Osaka district.
The results of theseanalysis of Csl3? and Sr90 are smmarized in
Table 4 together with the possible upper limit of sl3? estimated
using a correction factor of about 30%.

Assuming the correction factor of about 30% used to estimate
the upper lit of Csl37 'the range of variation in the ratio of
cesium-13? to stronti#m-90 observed from early spring to smer
1958 may be estimated to be about 17 - 33 ith the average value
of about 23 - 30 during the period.

.(Table )
(Fig-5)
(Fig.6)
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Table 5: Tot-1 tlios5activitl pxeciPit;xt-eJ W'th ra"

1954 1955 1956 1957 1958 1959 2960 1962

2.§ 10-') 9.2 a 0-9 1.6,) 10-8 2.9 -9 1.27 10-7 2.3 z 0-9 1.23 1-9

5.5 10-9 4.0 zIcr9 l.n x10 -8 8. z -9 1.26 i 10-7 1.53 10-9 3.9 . W-9
1.36 x LO-8 5.15 x 10-8 2.45 x10-8 I.7i . I,-7 8.3 . 10-8 I.31L z 16-7 1.56 x 20-9

- -6 -8 -10
9.0 x 10-10 8.7 x10-9 2.19 x 10 -8 1.17 IC? 1.80 2 lo-? 9.6 x 10 1.07 x 10 3.92 16

5 1.69 IO'_7 1.3 x 10-8 7.77X 10-8 2.61 X10-8 2.0 . 10--a 3.12 . W7 7.1 - iO_9 3.8D 10-9

6 2.03 le 5.2 x.10-9 2.80 10-'a 1.43 x10-8 2.23 . IO- 1.0 x IO-? 1.06 10-8 1-0 x 10-8

7 1.32 10-8 7.0 x10710 5.35 x 1.0--8 5.17 %10-8 2.03 x 10-7 1.40 . lo�_7 5.6 z 10-9 1.92 X 10-9

3. x -10 5.1 2107,Lo 4.49 x10 -8 6.0 z10-9 3.57 .0-'a 5.48 x IO__6 1.63 .10-9 1.97 10-10

1.02 j,-8 5.9 .3LO-9 I.45 x]LO-7 3.62 .16-8 1.63 x 10-7 1.20 10-8 I.Ia z 10-8

20 8.2 N 10-9 1.36 .Ica 4.62 x10 -8 3.5,8 x10 -8 2.0 z 10 -6 1.28 10--a 2.03 z 10`9

II 2.4 x lo-'9 S.OB x 10-8 1.22 x10-8 1.91 x10-8 1.56 x lo�'? 5.92 x 10 9 3.01 z 16-9
12 4.7 x 10-9 1.2 x10-8 1 2.4 z10-9 1 6.6 x10-9 4.51 x 10-8 5.4 z 10-9 I.?g 16,9

total 2.29 x 10-7 1.64 x10-7 4.94 x10-7 3.67 x10-? 3.01 x 10-6 1.06 z 10 -6 1.90 x jd-7 10-8

ll_�".on. 2.54 . 1.0-8 1.36 x10-8 4.IA 10-8 3.06 .10-8 2.51 x 10-7 8.90 x 10"a 1.5a x .10-8 2.96 x o�-
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Monthly and annual totals of the grossactivity of rainfalls

are shown in Table and in Pigs-5 and 6 Monthly and annual

averages of the radioactive concentrations of rainwater are given

in Table 6 The average radioactive concentrations were estimated

by dividing the total precipitation of grOBsactivity per uit

area by the total amount of rainfalls per unit area.

(Table 6)

The frequency distribution of ifferent degrees of radioactive

contaminations in each year is shown in Table 7 with the radioactive

concentrations of rainwater and in Table with the precipitations

of grossactivity per unit area. The relation between the amount

of rainfall and the degree of radioactive contamination of

rainwater is shown in Table 9 As can be seen in the table clearly,

there is a general tendency that the percentage of higher radioactive

concentration of rainwater is higher with the smaller amount of

rainfall, and that the percentage of lower concentration is higher

with the larger amount of rainfall.

(Table 7)

(Table )

(Table 9)

From the above data, the grand total of the grossactivity

of each rainfall per u7ait area during the period from April 1954

to the end of AuE�ust 1961 may be estimated to be about 554 tc/m 2

or 554 c/km� Although there may be places.where higher or lower

activity might have been measured even in te same district at

different parts of Japan, multiplying the above value by the total

area of Japan about 3.6 x 105 km2, the total activity carried

over to Japan during the period of observation from April 1954 up

to the end of August 1961 may be estimated to be roughly about two

million curies or possibly three million curies because there are

places where higher rate of fallout than in Osaka has en reported.
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TaMe 6' MOntbl)f averages of ibe radioactive concentration of ainwater ('AAC1e)

H54 0757 ifs-6 /f.67 195-B 1?60 f?6
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Table IT: Rain

3x 10-to bx /0-f0-Ylb to to-to X to-to b X 10-? 6 x o <
I Aa I

Year /0 10 50 50 too /00 0 foo <

VO. % , A(O. 71 dO 0 Mo % V6,
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Table 8 RoLin
tit
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TOLbIC q (Q) The relstion between the radioactive ontamination and the

amount of rainfall during the eriod from April 1954 to

December 1958.

&x to 3XIO 6xIO
6- 10 j,( f o -to &x to-IO 6x o-V 6-10-"
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cl(b); The relation between the radioactive contamination and the

amount of rainfall during the period from JarIU&Cy 1959 to

August 1961.

X t-,,- ax b /O
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Table (C):The relation Ietween the radioactive' condemnation and the

smourit of rRinfall durin�r the Deriod from Aril 195 to

AuQ-ust 11.
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The grand total of the activity of Sr9O during he period of

observation may be estimated to be about 16.8 me while

that of sl3'7 about 33*14 - 43.1 mo/km2 in Osaka district.
Multiplying the above value per unit area by the total area of
Japan, the total activity of S9O and 8137 carried over to Japan

t 6 x 103 curies of r9O'andmay be estimated to be roughly abou
1.2 x le - 16 x 104 curies of s,137. However, nce about

three times higher precipitation than the above value are estimated
at the Japan Sea Side of the Japan Mainland for 9O and OS137 9

if we assume about double the above value as the representative
figure for Japan, the total activity of 9o and 813? carried

over to Japan during the period from April 19,54 to the end of
August 1961 may be estimated roughly at about 12 x 104 uries of

Sr9O and 24 x 104 - 31 x 104 curies of 08137.
The adioactive fallout was also measured by exposing the

greased paper with the surface area of about 0.1 m2 during the period

from Feb. 16, 1955 to Dee. 31, 1957. After exposing the greased
paper for a certain period of time, the paper was wrapped up and

completely ashed in the electric furnace. The beta activity of
the ash was easured usually one to two days after sampling. The

results of measurements are shown in Fig-7 in nit of emm2 as
well as in unit of /0. When the exposure period is longer than
a few days, the efficiency of collecting the radioactive dust

appears zo drop considerably. In 1955, the radioactivity of the
dust collected. by te greased paper was measured 46 times and the
total number of days of exposure was 225 days with the average
exposure period of 489 days or roughly about days. The total

of the grossactivity detected from the exposed paper was about

5-11 10-8 curies/0 with the average grossactivity per one day
of exposure about 227 x 0710 curies/m2-day. The total of the
grossactivity detected from the rain collected during te period
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from Feb. 16 to Dec.31, 1955 was about 1.58 10-7 curies/M2.

(Fig-7)
Therefore, the total of the grossactivity detected by exposing

the greased paper to air may be estimated to be roughly about

32% of the total grossactivity detected from the rain with the

average exposure period of about days in 1955. In 1956, the
radioactivity of the dust collected by the greased paper was
measured 175 times and the total number of days of exposure was
352 with the average exposure period of about 201 days or roughly
about 2 days. The total of the grossactivity detected from the
exposed paper was about 346 x 10-7 curies/m2 with the average

-10 2grossactivity per one day of exposure about 982 x 10 curies/m
The total OX the grossactivity detected from the rain was

about 491 x 10-7,euries/m2 in 1956. Therefore, the total of the
grossactivity dtected by exposing the greased paper to the air
may be estimated &o be roughly about 1% of the total grossactivity
detected from the rain with the average exposure period of about
2 days in 1956.

In 1957, the radioactivity of the dust collected by exposing
the greased paper to the air was measured 155 times and the total
-number of days of exposure was 285 days with the average exposure
period of 1.84 days or roughly about 2 days. The total of the
grossactivity detected from the exposed paper was about 192 x 10-7

2 with the average grossactivity per one day of exp
curies/m -10 2 osure
about 673 x 10 curies/m _day. The total of the grossactivity
detected from the rain was about 367 x 10-7 curies/m2 in 1957.
Therefore, the total of the grossactivity detected by exposing
the greased paper to the air,may be estimated to be roughly about
5491b of the total grossactivity detected from the rain. However,
since the total number of days of exposure 285 days corresponds
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to about &Ol of a year, if we assume about 78% of-the total

grossactivity detected with the rain per year may correspond

to the total grossactivity for 285 days, the percentage of the

grossactivity detected by the exposed paper to that by the rain

may be estimated to be roughly about 0% with the'average exposure

period of about 2 days in 1957. Tis percentage is roughly about

-the same order of magnitude as that of the previous year.

The frequency distribution of the radioactive deposition as

detected from the exposed paper is shown in Tables 10 and 11.

As can be seen in these tables, the radioactive deposition was

clearly observed to have been ireasing during the period from

1555 to 1957.

(Table 10)

(Table 11)

From the above analysis, it may be estimated that the over

all efficiency of detection of radioactivity by exposing the

greased paper to the air with the average exposure period of

one to two days is roughly about Mlo as compared with the

grossactivity detected by the method of collecting the rainwater.

However, the efficiency of detection of grossactivity appears to

fall down to roughly about 30% with the average exposure period

of about five days as can be seen from the comparison of the data

obtained in 1955 with our method of detection.

The monthly totals of the grossactivity detected by the

exposure of -reasea paper to the air during the period from

Feb. 1955 to Dec. 1957 are summarized in Fig.8.

(Fig.8)

The infinite plane Camma ray exposure dose at a height of

about one meter during a 30-year period from the total radioactive

fallout as measured by the method of collecting the ainwater during
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the period from April 1954 to the end of August 1961 may be
estimated t be roughl,)r about 109 pirad with the method described

(II-)in the previous paper-as a total sum of the estimates based upon
the effective0 the grossactivity of each rain.'A

However, if we assume double the total adioactivity estimated

from our measurements would be the representative value for
Japan as discussed in the above, the infinite plane gamma ray
exposure dose during a 30-year period may be estimated to be

about 218 mrad. Since there may be a ifference by a factor of
nearly two in the measurements of radioactivity depending on the

location and te method of collection of rainwater, the 0 year

dose in Osaka district may be estimated to be roughly in a range
of about 109 - 218 mrad.

-219-



(111) Discussion and Summary

In -the case of the American and British tests in the Pacific
or'the Soviet tests in the Arctic or Central Asia, the first

circuit of radioactivity was usually observed to arrive in Japan
a few days to about-a week after the nuclear detonation These
radioactivies observed in the first circuit may be ascribed
mostly to the'tropospheric fallout with the apparent initial

half decay period of the 'order of about a few days. The.effects
of the American tests in Nevada and of the Vrendh tests in Sahara

.were observed in Osaka about 10 20 days after he nuclear tests,

but the British tests in Australia in the Southern hemisphere
could hardly be distinguished from the radioactivity measurements
of the dust included in the rain in Japan.

This might probably be due to the fadt that the diffusion

of the radioactive dust across the stable air barrier between the
Southern and the Northern Hemisphere is slow and is not likely
to Taeach significant proportions in the time required for a major

fraction of the dust in the troposhere to be deposited. Therefore
the part of the radioactivity that spread in the troposphere at

the time of nuclear detonation may be considered to be confined
mostly to the hemisphere in which the nuclear tests were conducted,
although the part of the fine radioactive dust that was njected.
high up into the stratosphere may be considered to be distributed
all over the entire earth's surface.

The radioactivity of the rain was measured 668 times during
the period from April 1954 to the end of August 1961. The annual
total of the grossactivity detected per unit area by the method
of collecting rainwater-was 229 x 177 m2 in 1954, 164 x 17

C/M2 in 1955 494 x 1,7 CA 2 in 1956, 367 x 1077 C/m2 in 1957,

3.01 x 1 6 /M2 in 1958, 1064 16 /m2 in 1959, 190 107'?
2 -8 2C/M in 19601, and 237 x 10 c/m in 1961,,or roughly about

5.54 pc/m2 in total during the period from April 1954 to the end

of August 1961.
The anual average concentration of rainwater was estimated

to be 281 x 10 -4 pc/l in 1954, 155 x 1-4 &e/l in 1955 34 x
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10-4 pe/l in 19.56 2 x 14 Ite/l in 19.57, 3 2 .x 1073 pe/ in
1958, 656 x 1074 pe/l in 1959 173 x 10-4 Pe/l in 1960, and
3.65-�'-x 10-5 pc/1 up to the end of August 1961.

There was a general tendencythat the fequency of higher
concentration was higher with the smaller amount of rainfall,
while that of lower concentration higher with the larger amount
of rainfall.

From the comparison of the data in 1960 and tose in 1961 the
falf deposition time of the relatively longer lived components of
the gss activity was estimated to be about 400 - 800 days or
roughly about 2 years with the correction for the possible effects
due to French tests.

Multiplying the ttal grossactivity per unit area 554 jxc/z2
by the total area of Japan, the total radioactivity carried over
to Japan during the eriodof observation may be estimated to be
roughly about tw on euriese

The grossactivity of the dust collected on greased paper was
also measured 376 times during the period from Feb, 1955 to the
end of Dec. 1957. Comparing with the grossaotivity detected by
the method of collectiag rainwater, the efficiency of detection
of radioactivity by exposing the greased paper to the air was
estimated to be about 30% with the average period of a single
exposure about days in 1955, and about 70% with theaverage
period of exposure of about-2 days in 1956 and in 1957.

At the open place where there would be no hindrance in collecting-
the highly radioactive initial rainfall and at the closed place
surrounded by the trees or buildings, it *as not unusual to find
a difference by a factor of more than two the amount of collected
radioactivity. This difference was especially large when it was
windy. Depending upon the sampling location and method it was
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oftentimesexperienced to find a difference by a factor oil two

or three in the amount of detected radioactivity even in the same

district. Therefore, it is not surprising to find a difference

by a factor of nearly two or so in the amount of MO thly deposition of

Sr9o reported by the Japan Meteorological Agency and that by

Jzawa et al for Tokyo district, although the two sampling

places are only a few kilometers apart in the City of Tokyo.

The cumulative deposition of strontium-90 and cesium-137 at

the end of August 1961 was estimated to be about 13 mc/km 2 of

Sr`90 and 33-64 - 43-6 mc/jcm2 of Cs137 respectively, assuminp, the

deposition of strontium-90 and cesium-137 in March 1954 to be about

0.5 me/km 2in Osaka district. The total amount of So carried

over to Japan during about seven and a half years period of

observation may be estimated to be roughly about 6 x 103 - 12 x 14

curies, while that of Cs137 about l.-2 x 14 - 31 x 104 uries.

Although the ratio of cesium-137 to strontium-90 was estimated

to be about 1 - 22 pior to 1957, the over all 'ratio duringID
the period of observation was estimated to be roughly aout

2.6. From he analysis conducted during the period from spring

to summer in 1'�58 the ratio of cesium-137 to strontium-90 was

estimated to very from 17.to 33 with the average ratio of about

3.0 during this period,

According to the monthly measurements conducted by Izawa et

al during the period from August 1957 to June 1960 in Tokyo

district (Tokyo and Chiba), 'the ratio CS137/�-r9O was observed to,

vary from 17 to 82 with the aerage ratio-of�-about 28 during

this period. Even in Tokyo and in Chiba whic�i-is an adjacentr9ocity to To 137kyo, the ra io Cs. IS Was a�letimes observed to be

different by a factor of about two even In the same month and even

with the same method of analysis conducted by the same person.

-222-



Judging from these observations, there appears io be a consider-

able seasonal as well as local variations in the ratio of

cesium-137 to strontium-90 in the fallout. Theref6re hl"Pa!7 ratio
A

of cesium-137 to strontium-90 in Japan may be assumed to be roughly

in the range of about two to three�on an average.,

The reason for such a wide vriation in the ratio of cesium-137

to strontium-90 is not exactly known. The yield f4cesium-137

and strontium-90 may be different depending on the type of nuclear

weapons. The fraction of strontium-90 and cesium-157 es caping

the local fallout and traiported to a remote place may be different

depending on the tpe and condition of nuclear detonation. The

longer physical half life of inert gas parent of cesium-137 as

compared with that of strontium-90 may cause the ratio-Os137,1Sr9O

tend to be-higher at the 'remote places-than in'thelocal fallout

under certain conditions, although what may be'considered chemically

inert gas may be in a highly active state with most of.the orbital

electrons stripped off at ti6 time of nuclear detonations.. There

may be various meteorological factors, which may cause some

fractionation or selection of certain nuclides during tran-poortation

of a mixture of radioactive substances from he site of detonation

to the site of sampling.

However, It is rather dfficult to explain the local variation

in the adjacent cities like Tokyo-and Chiba during the same period

of observation with the same-method of analysis. One of the possible

causes for such a variation might be due to-the difference in the

chemic&nLERNe; o the local industrial dust and fumes a Well as

of the naturally occurring dust or chemical components included,

in the rain which may be different locally as well as seasonally.

It may also depend on the method of sampling , what kind of vessel

we may use for collecting rainwater, or whether the particulate

dust included in the rainwater would be completely filtered pff
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prior to the chemical analysis or whether only an aliquot of

supernatant water will be used for analysis without completely

filtering or without complete stirring of the sedimented dust, or

whether the analysis would be made with the rainwater including

dust sampled from the bottom of the rainwater collecting vessel.

Depending upon the chemical ad physical nature of the vessel

walls and the dust naluded in the rain there may be a possibility

of fractional adsorption of-certain nuclides and dep ending upon

the chemical components of the rain this degree of fractionation

may be affected considerably. Especially when the rainwater is

sampled in the industrial area or near the chemical.reserch

institute, we must be careful about the nature of the dst and

fumes of various tpes, not to speak of the dusts and vapours of

the various radioactive substances occasionally used in the

laboratory or factory. Whether the hydrochloric acid gas or

nitric acid gas or other various types of inorganic gas or dusts

are coming out of the draft chimney of the nearby laboratory or

factory, or whether various types of organic gas or dusts are

being exhausted from the chimney during the period of collection

of rain water might cause the difference in degree of fractionation

depending on the methods of sampling prior to the chemical analysis.

Even in Osaka district, the decay rate of grossactivity of the rain

collected on the same day at the Osaka City University and at the

Osaka Prefectural Central Radiation Laboratory In the suburb of

Sakai City which is adjacent to Osaka was occasionally observed

to be considerably different after the French test in Feb. 1960

in spite of the fact that the method of measurement of radioactivity

was very much the same.

In the country districts sometimes a considerable amount of

pollen isincluded in the rainwater sample in spring besides

the famamous yellow eard from the continental China.
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In view of such difficulties in the standardization of the

location and method of collecting and sampling the rainwater our

data should also be regarded as the one that would give an order

of magnitude estimation of the radioactive fallout for Osaka district

and the difference in the total radioactive fallout by a factor

of less than about two detected in the past at different sites

may not be regarded as the essential difference for the different

districts or areas where the sampling sites are located.
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