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Abstract

　　　A　radiochemical　analysis　of　sea　water　containing　fission　materi－

als　collected　near　Bikini　Atoll　in　June，1954，was　performed．The　sea

water　was　boiled　with　hydrochloric　acid，iron　and　lanthanum　salts
（each5mg　as　Fe　and　La）were　ad（ied　to　it。They　were　precipitated

as　hydroxide，which　was　dissolved　in　hydrochloric　acid　and　ferric

chloride　was　extracted　with　ethyl　ether．　The　remaining　solution

was　evaporated　to　dryness　and　the　residue　was　dissolved　in　hydro－

chloric　acid．　Using　the　latter　solution　the　group　separation　was

done　with　cation　exchanger　resins。　To　the　filtrate　separated　from

hydroxide　precipitate，ammonium　oxalate　was　added　to　produce　the

oxalate　of　alkaline　earths．Strontium　was　separated　by　the　use　of

fuming　nitric　acid。　Analytical　result　shows　the　presence　of　Y．91，

Ce－141，144，Ru－103，106，Rh－106，Zr－95（Nb－95）and　Sr－89in　which　the

most　part　was　fractions　of　Y　and　Ce．

1．　　Int1・odluction

　　　As　a　result　of　the　large－scale　scattering　o｛fission　materials　by　H－bomb　tests

at　Bikini　Atoll　carried　out　during　the口eriod　from　March　to　May，1954，radio－

active　contamination　was　brought　about　aromd　the　Ato11．By　the　observation　ac－

complished　by　Japanese　oceanographers　aboard　the“Shunkotsu・mam”，a　consider－
ably　higher　Ievel　of　activity　was　detected　even　in　the　area　as　far　as　several

thousand　miles　from　Bikini，mainly　fiowing　in　the　direction　of　the　North　Equatorial

Current．As　to　the　distribution　of　the　radioactivity，the　readers　are　referred　to

another　paper　written　by　the　present　authors［1］．In　this　paper，we　intend　to

report　on　the　results　of　radiochemical　analysis　of　radioactive　constituents　in　sea

water．The　sample　used　for　the　analysis　was　collected　at12018〆N，161003．5！E　on

20th　June，1954，about450km　northeast　of　Bikini　Ato11．

　　　Sea　water　of16．51was　used　for　the　analysis，while　the　precipitate　that　ad－

hered　to　the　imer　wall　of　a　glass　container　was　washed　with　hydrochloric　acid

（1：1）and　subjected　to　analysis　too．　The　total　activity　of　sea　water　was1830

6加¢／J　measured　aboard　the“Shunkotsu－maru”immediately　after　sampling．

　　　Later，by12th　Aug．in1954，it　decayed　to3206ヵ卿／1．　It　was　found　that　the

decay　rate　of　radioactivities　of　the　sea　water　collected　near　Bikini　Atoll　is　ap－

proximately　expressed　in　the　next　formula。∠4（オ）＝6」一1・5where、4（渉）is　the　activity，

6，a　constant　and渉，time　that　has　elapsed　since　the　date　of　detonation．Assum．

ing　that　the　last　experiment　at　Bikini　was　carried　out　on5th　May，the　activity
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on　lst　December　on　which　the　analysis　was　started　should　be　about1900ヵ吻1．

Therefore，the　total　activity　of　the　sea　water　used　for　analysis　might　be　about

31006力窺．

2．　The　method　of　analysis

　　　In　the　analysis　of　radioactive　materials　in　sea　water，they　must五rst　be　se－

parate（1from　a　larger　amount　of　salt．As　shown　in　Table1，most　of　the　radio．

active　materials　were　collected　in　precipitates　of、hydroxide　and　oxalate　by’

coprecipitation　with　carriers，1eaving　the　main　part　of　salt　in五1trates。

　　　At　first，sea　water　of　about　ll　was　boiled　with　hydrochloric　acid　to　drive　off

the　dissolved　carbonate。Then，iron　and　lanthanum　salts（respectively，each5mg

as　Fe　and　La）were　added．They　were　precipitated　by　adding　ammonium　chloride

an（l　ammonium　hydroxide　solution．　The　precipitate　was　dissolved　again　in
hydrochloric　acid．In　the　latter　solution　another　sample　of　sea　water　of　ll　was

Table1。The　scheme　of　the　radiochemical　analysis　of　sea　water．

Sea　water

　　　　l　J　taken，

　　　　boil　wit亘HC1，

　　　　add　Fe　and　La　of　each5mg，
　　　　add　NH4Cl　and　NH40H
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poured　and　boiled　again。Then，ammonium　chloride　and　ammonium　hydroxide
solution　were　added．Such　a　procedure　was　repeated　until　all　of　the　samples　were

used．The　precipitate　containing　iron　and　lanthanum　hydroxide　was　dissolved　in

hydrochloric　aci（i，to　which　strontium　salt（equival㊧nt　to5mg　Sr）was　a（ided　as

a　holdback　carrier・The　precipitate　was　obtained　by　adding　ammonium　hydroxide
solution　and　dissolved　again　in　hydrochloric　acid．Then，ferric　chloride　was　ex－

tracted　from　the　acidic　solution　using　ether．The　remaining　acidic　solution　was

evaporated　nearly　to　dryness　an（i　the　residue　was　dissolved　in　O．2／V　hydrochloric

acid　and　po皿ed　into　a　cation　exchanger　column．Thereafter，group　analysis　was

made　by　the　ordinary　process．

　　　On　the　other　hand，to　the丘1trate　alrea（1y　separated　from　the　precipitate　con－

taining　iron　and　lanthanum　was　added　ammonium　oxalate　to　obtain　the　precipitate

of　alka．1ine　earths。After　igniting　the　precipitate　it．was　dissolved　in　hydro¢hloric

acid　to　which　iron　and　lanthanum　salts　were　added　as　scavengers　and　precipitated

with　ammonium　hydroxide　solution。After　filtering　out　the　latter　precipitate，
oxalate　was　changed　into　oxide　by　ignition　an（i　dissolved　in　a　concentrate（i　nitric

acid．Then，a　fuming　nitric　acid　was　dropped　in．Thus，strontium　nitrate　was

obtained　as　precipitate　while　calcium　nitrate　remained　in　a　solution．Strontium
nitrate　was　dissolved　on　a　glass　filter　pad　in　warm　diluted　nitric　acid　and　trans．

ferred　into　a　planchet　for　measurement　of　radioactivity　by　a　G－M　comter．

　　　Next，t赴e　analysis　of　the　precipitate　that　adhere（10n　the　glass　wall　of　the

original　container　was　made．In　this　case　there　was　only　a　little　amount　of　salt

matter，and　therefore，the　solution　in　hydrochloric　acid　was　directly　passed　through

a　cation　exchanger　column　to　make　the　group　separation。

　　　As　the　cation　exchanger，Amberlite　IR－120was　used　under　the　following　con－

ditions：（1）1mer（iiameter　of　the　column　was　about20mm　and　its　height，50mm。

The　grain　size　was　between100to150meshes。The　flow　rate　of　e租uent　Was
about　O．8吻1／min．　（2）Inner　diameter　of　the　column　was　about7mm　and　its

height，560mm．Particles　of　grain　size　lOO　to
150meshes　and　of　about50meshes　were　mixed　”oo
together．The　flow　rate　was　a．bout　o．3魏1／min．

　　　Ordinary　group　analysis　was　carried　out
under　the　first　condition　and　for　the　separation

of　yttrium　and　cerium　the　second　con砒ion　was
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　100
employed．

3．Results　of　radiochemical　analysis

　　　In　Table2the　results　of　analysis　are　shown．

Each　nuclide　was　identified　by　the　shape　in

elution　curves　and　the　βray　energy　absorption

curves　with　aluminum．　Fig．1shows　the　elu－

tion　curves　obtaine（i　for　the　supernatant　sea

water　sample．The　Hrst　peak　of　activity　ap－

peared　in　the　emuent　from　O。2／V　hydrochloric
acid．　It　is　considere（i　to　be　attributable　to　Ru－103

an（玉　Rh－106　（a　（iaughter　of　Ru－106）　accor（1ing

to　theβray　energy　absorption　curves　shown
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Fig．1．　The　elution　curves　for　the

　　　　　sea　water　sample．
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　Fig』2。　Theβray　energy　absorption
　　　　curves　for　the　emuent　from　O．2／V

　　　　hydrochloric　acid．
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Fig．3．　Theβray　energy　absorp．
　　　tion　　curves　for　the　efnuent

　　　from　O．5％oxalic　acid．
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Fig．4．The　elutiqn　curves　for　the　emuent

　　　from　5％　ammonium　citrate　solution
　　　in　Fig．1．

Fig．5．　Theβray　energy
　　　absorption　curves　for
　　　the　emuent　from　5％
　　　ammOniUm　Citrate．
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in　Fig。2。The　second　peak　appeared　in　the　emuent　from　O．5％oxalic　acid。This

may　be　attributed　to　Zr－95estimating　from　theβfay　energy　absorption　curves
shown　in　Fig．3．Though　Nb－95was　not　i（ientified，yet　its　existence　was　probable．

The　thir（i　peak　apPeared　in　the　efHuent（5％ammonium　citrate）of　which　pH　was

adjusted　with　hydrochloric　acid　to　be3．3．This　fraction　was　separated　into　two

parts　by　passing　through　a　long　column　of　the　resins（56cm），as　shown　in　Fig．4。

Fig．5shows　an　absorption　curve　of　a　fraction　of　the　e伍uent　of　the　ammonium

citrate　solution　in　which　the　existence　of　Y　and　rare　earth　elements　were　ex－

pected。As　seen　in　Fig．5，it　seems　that　there　are　two　kinds　ofβrays　of　different

energies、The　soft　part　may　be　attributed　to　Ce441，144while　the　hard　one　to
Y－910nly．
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　　　According　to　Table2，it　can　undoubtedly　be　said　that　the　contributions　of

yttrium　and　cerium　are　dominant．Activities　from　nuclides　other　than　Y　and　Ce
are　too　weak　to　make　possible　a　detailed　discussion．According　to　Hunter－Ballou’s

calculation，the　contributions　of　each　radiomclide　obtained　bダbombarding　slow

neutron　to　U－2350n210th　day　after　fission　are　given　in　the　last　column　in

Table2．

Table2。　The　results　of　radiochemical　analysis　of　sea　water　near　Bikini．

Nuclide

Y－91

Ce－141，　144

Ru－103，106
Rh－106

Zr－95　（Nb．95）

Sr－89，（90）

1＊

Activity

φ〃z％

750

1100

75

5
0
4
4

7
r
Q

3
53．8
2．2

2．0

Date　of　mea。

surement

Dec．22，1954

Dec．22

Dec．1

Dec．

Dec．
　
03
2

2＊＊

Activity

φ郷　％

｝85・93

34 3．7

30．53．3

Date　of　mea．

　surement

Mar．29

Mar．28

Mar．28

Mar．29

210day　activity　（％）　in

　　fission　materials
［U－235（slow　neutron）1

10

15．0

8．2

39

7．5

　
＊

＊

＊

Sea　water．

The　precipitate　that　adhered　on　the　glass　wall　of　the　original　container．

　　　Analytical　results　show　that　the　contribution　in　activity　of　Zr－95is　much

lower　than　the　calculation　by　H：uNTER－BALLou，Y　and　Ce，on‡he　contrary，much

higher．The　cause　of　this　discrepancy　is　not　clear．ミtudies　are　now　in　progress

toclarifyit。
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