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Abstract
By 1he radicactivity in the air and sea water caused bv the US
Ry - "ests in tne area nt Bixin Eniwetok Atolls, 1954, The
Ca . v contamination to fishes and fishing boats were brought

atsat The observation of the actua. state of the radicactivity around
Bikini-Erawerck Atolis was carried uut aboard the survey boat * Shun
kotsu maru’ The maximum radivaciiv tv (n Sea water was 7025 cpm J
at 570 km wes! of Bikin. and the rthence of the radicactivity was
recognmized a3 far as about JOOC xm otrore Biking Atoll Some o<eano-
graptnc discussions on the hor:zintal »s well as verticar distributions
of the radinactivily in !ne sea arr g e

! Introduction

Leaving Tokvo Harbour on 15th Mayv 1454, the observation were carried out
until 4 th July aboard the survey hoa: the - Shunkotsu-maru” belonging to the
Ministry of Agr:culture and Foresirv in rne sea area near Bikim Atoll where H-
bomb tests hac been done by U. S Atomic Energy Commission, to make clear the
state of the rad oactive contaminatior ¢ living matter, sea water, the air etc.
The purpose of this ' Japanese Bikin. Expedition” was to obtain a counter-pian
against the serious damage fell on the Japane-e pelagic fisheries due to the radio-
activity carelessiv scattered in this sea area since the unfortunate affair of the
fishing boar the ** Fuku-.ryu-maru . the ' Lucky Dragon” on 18t March, 1954.

In this expecition the present authors took charge of making a plan and ob-
servations on the radioactive contaminaticn of sea water and the air. Two of
the authors (Stc'tra and Kamena participated in the expedition as observers.
The fairly strong radioactivity was detected .p wide area around Bikini Atoll,
though U. S. A-mic Energy Commission had daclared that the presence aof the
radioactiv.ty ir the area was negligivle | | In this paper the authers intend to
report the resul:s of observations and son.e oceanographic discussions regarding
the distributions of the radioactivity near Bikini Atcl!

2. (vity WNRC

The method of measurement of radioactivity in sea water

It is dificul- to measure the radicactivity in sea water directly by simple evap-
oration method owing to its high salinity, therefore, the carrier method has been
adopted. After &dding 2 gr of solid ammon:um chioride, 1 m! of the aqueous solution
of iron alum %5 3 gr/y and 1 mi of barium chloride solution (17.8 grid) to 1 litre
of sea water. weter is heated to 50~70°C stirring well. A few drops of an alcoholic
solution of ph=nol.phthalein 1% are added as an indicator, then ammonium
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hvdroxide soiuton | 1 38 carefu.os copned in with a pipet until a faint pink
colour appeare  Afrer two minutes Loiling, tne precipitate is settled on standing
for a couple f nours ar roum tempernituie. Dhe

been done. tne precipitate 18 covered ovou polye

ethvlene flrm to protect the surfuce 7t was : i
confirmed that at least T0~50 o f tae total . '
activity in sea water could be transtfered to rhe !
precipitate by preliminary tests using the fission - O
materials fell aboard the fishing beat the Fuxu- Fig 1. The apparatus for filtration.
ryu-mart Therefore, the actual activities

might be 25 <40 higher than voserved .alues. To obtain the counting efficiency
the aqueous solution containing Ce 144 f which activity had been referred to the

precipitare = Aitered under suction oo geund -— -

filter paper .4 oo laving above tre glass G T

filter ‘b1 ! e precipitale remidined onod ! ‘

filter paper s dried 10 an air bath or a Jdesiccator Lm . J

holding :n a <imall brass case Fig 2 o avold ™ /

the foiiing f *he surface Me vsurem ents of ! @/ﬂf

radioact:vity are Jdone by puttiig 're [recipitate TT =

kept in a brass case under a mica waindow of 'f;:j._l

G-M counter  The G-M counter used aboard ' Ay

the ** Shunkcototsu-maru’ 18 Kadiation «ounter, (K/ \\7

Model 32 manufactured hy Science Kesearch — -~

Institute Ltd., Tokyo. The rhickness of m.ca o -

window i3 1.7 mg cm? and the distance )jetween f C_

the mica window and rhe surface «f the precip- g ] to a

itate s 1 5:m After the measurement hras : ‘ vacuum
. ; pump
;
|

f_.*_i___“; S
~ '
Dia 3am Precipifate
] . Tecip
o o A0
o 9
¥) ’ 45"

) 90 !
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Fig. 2. A small brass case to avoid the folding of the surface of a filter paper. B AR
standard RaE was treated chemically as mentioned above, and its radioactivity was
measured under the same geometrical conditions. Thus, the efficiency of the
measurement was found to be 7 79, that is, 1000 counts per minute i8 equivalent
to about 59 mu. The maximum activity in sea water obtained aboard by this
method was 7025cpm / which was found at the depth of 75m, at 450 km west of
Bikini Atoll on 21 st June.

The second was 6050 cpm./ found at the depth of 20m at 150 km west of the
atoll on 12th June. It was confirmed that most parts of the radicactive materials
were dispersed in water as true solutions, ionic or eucolloidal, since more than
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99, of the radivactivity passed through a nlt-r paper :pore size 0.5 4, No. 4 Filter
Paper, Tay® Filter Paper Manufacturing Co.. okyo .

It 18 rather surprising that the activity 1n sea water near Bikini and Eniwetok
Atolls was often stronger than, or at least comparable to, that of White Oak Lake
-ecelving waste eRuerr from nuclear reactore of Oak Ridge National Laboratory
(LSA. The latter was 2710~5190 cpm per hitre on an average (2].

3. The distrimtion of radioactivity in sea water around Bikini Atoll

a H..r s «. fistribution

. snowa the horizontal distribution of the acti.ity in the surface water
«ar waany Atolll There must have been some changes in the activity due to the
ciue variation of the - - e e —
sea condition, ‘the * o

natural decay nd - |
the lose of the radiu
activity during the ‘ )
course of onserva. B
tion. However, since o

the causes f changes
acre much compl-
cated, and the cor.
rectiaqn were almost .
impossible, the dis. ~

tribution was drawn ) S _J

by using directly the Fig. 3. The horizonta; distr:bution of the radioactivity of the
observational data surface water Number expresses the radicactivity in
without giving any com.{
correction.

Asshownin F.g. 3 — : A e 8
the radioactive water
extended on  the A
WNW direction leav- . Y\ﬁ( ; . - e 2N
ing near Bikini Atoll
while a branch spread

out to WSW. The R T _7“_./‘,-*__\___ o

SCF n 20" ‘65" JToE”

cause of this branch- \ / 8

ing is not clear. T flm«jgk-}#—-’r———q: -=~

But, as explained e e "‘1 Bikig: T
Ve

below, it seems that
there was a2 weak
discontiftuous bound-
ary along the line
passing Bikim1 and -—

Eniwetok Atoclls. . x
The water 8, (Fig. 4
on the northern side : y
. .
of this !ine had Fig. 4. The course lines of observation, the water systems,
on an average the and the current speed and its direction.
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remperature. 271 °C, the chlonnir 19 20%, and o, 22.51 at 50 m depth. On the
ottor hand. the water system B, v the southern side of the lire had T. ¢7.0°C,
Ul 19 04%. and ., 22.29. hus, 1t seems rhat there was a slight but definite
JUripoin the properties herween twe wiater syvstems, which might be one of the
causes ¢f the branching

e radicactive water flowing - rhe main direction of the North Equatorial
Current extended sooner towurd e west than in the southern part where the
Hoa riate was smaller because “ne Jatter was near the boundarv between the North
Egiatorial Current and the Eguaronial Counter Current and there was also the op-
pressior due to the north.eastward inclination of the Equatorial Counter Current.
Thus or the WNW direction *he a-mivity of 100 cpm /! reached as far as 2000 km
frem Bikirg Aroll, while on the W W direction the extension was only 800 km.

It 18 to be noted that *he radiuctivity was also detected at the position 700~
80t k1 from Bikini on the ENE d:rection This 1s the end part of the radioactiv.
ity sreibution turning o the east at about 250 km north of Bikini Atoll Fig.
4 1 clanfy the cause of rhis rurning on the backward direction of the North
Ecuatur al Current may ‘e oe of "he tuportant problems.

Thocgh 1t is not cledar 4t present. waether it was the extention of the easterly
current along the northern bounda-y of toe North Equatorial Current which was
foind recently berween (S0SE~T30W 4 or ot was only the local eddy, several
discussons will be done helow on rhis Dot

Whern we investigate the horizontal distribution of water svstems near Bikini
A-cll by using the T-S diiwrams of waters at the depth of 50 m beiow the surface,
we o caa rind out that there ire at least four different tvpes of waters Fig 4. The
first e A is highly salive water  chloninity . 18.3%, water remperature, 27.5°C,
o, 2277 coveriag the aren northern than 15°N

[ e southern pars of “he it 1l there is the second tvrpe of water C which
belongs to the Equatoria, Cunter Current with smailer chiorinity UL 18.9%,0 and
houher remperaturs T, 030 (0 “he third one B belonws to the North Equatorial
Cirrens representing the ntermed ate property hetween 4 and C. In the southern
part of *he water €, there extencs tie water [ of the South Egquatorial Current
with higher cilorinity  CL o« and higher temperature T, 28.0°C .

The water B mav be clus<.re  .to two sub-groups B, and B, as mentioned
anove.  As showrn in Fig. ¢ the -ast part of B was comparatively broad and it
became narrower on approacaing o the west. it was probably due to that at
the time the boundary between waters B and C somewhat inclined to the north.
Therefore, the North Equatoriai «urrent was pressed by the Equatorial Counter
Current and the backward -urreat flowing toward the north-east direction of
Bikint Atnll would have heen resiited. AN Y

The observation of the curren® direction obtained in sifu also suggests the
presence of counter or eddv current in the same area. [t is, however. not sure
whether this current would forin he crigin of the general easterly current as
mentioned above. .

On the other hand, a remarkable loop of the isochlor lines shown in the
surface distribution of the chloririty Fig. 5 in the northern area of Bikini also
indicates the presence of eddy flow

As shown in Figs. 6 and 7. i1 the vertical distributions of phosphate and the
dissolved oxygen along 15°N thee was the subsidence in the area near 15°N,

30
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165" F whicl. was probabiv e e
due to the antcvelonie ' ) .
eddy.

. y sl s V -

v Verncal distrihu- ] -
tions of the rad:inact vy E
N sea water ' ’ S L

Figs. = 4 ird 10 show I “"“‘\1///,\\\\
e distrbatio ns o rady, . /o~ -
nWtivits . A e 0N - y o mm— S { N A .
the ver: w Tion per. T Tl T
e .t e Nurth T e

4 M ‘MN»/-—\.\
Foged ol Curtent along R T
PN T
the lines respectvels ar o ST Ny ™~
~ - _ . N .
150 km, 37 &> “n “ AN AN
west of ¢ e \‘\\\ \\,
\\) 0

~ ooaest of T
S M\\
. s AN a.ready the -~ /"‘H—k\

bhranching of e aotivin —
i the 4 -ecop e of NSNS T
The o0 ev . the \\:\
AgUres oo sent  respec o
tively the ‘atrrude of the ) S
sires of Bikin: oand Enoe
wetok Avolls, The strong
actvity s separated un
both sides of these dotted
tines and the distance of
two maxima s about 100
km. The cepth which
shows the acrivity of 109
cpmi s at about A0m
below rhe surface in the
northern and southern
parts and in the middle
part 1© sinks down to
about 20m It is note.
worthy that the activity
decreases rapidly down fo
anly  28cpm/! at 200m
depth. This corresponds
to the depth of thermo. e
cline which was about 13U m in s area S NRG
The estimated amount of How of -adicactivity was about !x10* curieshour
passing through this section. On the vertical section at 570 km west of Bikini the
distance of branching becamie broader and also the depth of 100cpmil activity
was 200m below the sea surface on 1in average. The flow of radioactivity was
about 0.6 x {0° curie hour. The distance between the former and the latter section
was ahond 400 km and assuming tha- the speed of current was about 0.7 knots

-

Sdrtace Astribution of the chloninity in Y.

"~

e verncal distribution of the saturation rate
4 one hiescdved oxyeen 0 along 137N
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Fig. 8. The ver :ca. distribu.
tion of the radioactivity
in sea wate- in the sec.
tion perpendicular to the
North Equatorial Current
along t’e 1:e at (50km ",
west «f Bk m Aroll
g
2
=
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The ertical distribu-
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N sea water
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The vertical distribution of the radioactivity of sea water in the section

perpendicular to the North Equator:al Current along the iine at 1300 km west

of Bikini Atoll.
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to How netween them. T - < .. ugh hoth sections would
Nave leen o L.l che same wvhen e cae 1 wav ure o two weeks was taken
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4. The relation between 1A~ ;ucioacti 1. 10 wea water and the radjoactive fallout

The nsn g e e b “w o' o artuared at the poesition 130 km
east of ke 1 e enrle o ming o ist March when her crews recogniz-
edsmn <odust particles Taloong o e Ceck. The density of dusts covered

e~ e of the deck was not ceearls kown, however, it may be supposed thac

1ocut U5grm® ur se Un the Loer hand, the radioactivity of the dust
particles was regarded as ahout 1.4 curie gr at the tline of falling «3 hours after

the detonation 4 ‘ssuming that ne 1ean diameter of dust particles was 0.1
mm, the ra - -« of such particles n sea water is about 30 m/hour. Then,
it takes - - tu o pass the warer jayver of lcem. Here, if we assume
thar ~ 019 of the radiodacnive su: stances in the dusts could dissolve into
sey A en e second, most cars f cacaoa e e sl wouls nave remove
to warer from ousie hefore rhev meacne t T0m oepion beluw tine sea surface. T nous,

L v

e oo nowater neiar !

nroser surfdee around there wouid have been

St el 4 the nime five or sy fours after detonation.  Needless to say,
Thos owas e activo of sea water i e area Lhout 130 km apart from Bikini
Aioil, therefore, thae activity near dnd 1 the v oll would have been much more
~tronger.  On 'ne other hand, 1t was - ontired oy the records of micro-harographs
and tide gauges obtained i Japan 5 tPat rhe ceronations had been carried out
four or five rimes since Ist March st Mareh 7 th March, 6th Apr.?, 25th Apr.
and 5th Mav it would he no wonder che owice  ea area far from Bikini Atoll
had been contam.nated by ssion muter s e strongly as 1t was actually observed

¢

aboard [ 1e o Shunkorsu-maru oo June,

5. The property on the radioactive substacvces in cea waswer

The relation between the gross radioactive: 4. of the fLesion materiars wad

the nime ufrer detanation may e simp.. exi;r-ssec Dy "he next ejudt.un,

AL e
whnere ¢ and a are constants. brom the lecav curve of the radicactivity of the
precipitates prepared aboard rhe - Shunkorsy-maru ., 0 has been found that @ 1s
confined within the comparatively sarrow amats of 1.3~1.6 mean, 1.3 assuming
the date of detonation was 3th Mav 1 norma. cases, « 13 about 1.278], whereas
it was 1.37 for the radivact:ve custs fell .n the deck of the » Fuku-ryu-marn .

In sea water some of the radivactuve elements contained in the original fis.
ston marerials might be preferentially precipitated owing to pH of sea water,
rabout 8.2~3.C Therefore, the chemical composition should be somewhat differ-
ent from the srig.nal fission materiais, et might e the cause of the change
in the vialue of «

The rad:ocherical analysis of “he s ~- . rn materials n sea wuler Dave peen
furnished alsu by the present authors a1.ch will be reported in nesr {uture. 'n
Tanle 1 rhe full data of the gross ac v of sea water obhserved avcare the
observat...n vessel are given
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