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the effect of terrestrial fresh aater froln rivers vas 
ex【X？Ctd to tx！negl廟bly smal】．A specialconsidera－  
tion YaS also giYen tO Yeatherconditions．ThesaJnp－  
ling vas carried out rhen there ras no rainfall for 
theIast feY days． To prevent conta爪ination．Yater  
SanlPles Yere CO11ect∝lat the boY Of a sa爪Pling boat  
just before she stood still by scooping surface aater 
using a polyethy】ene hlCket． Immdiately after the  
COllection．thesamples YereaCidified toapHloYer  
than3by adding concentrated hydr（℃hloric acidin a  
ratio ofln色tol塁 of sea Yater，and then storedin  
20丘 polyethylene containers．The sampling equipnents  
as aell as containers rere thoroughly rinsed aith 
dilute hydrochloric acid and then Yith disti11ed  
Tater tCrOre uSe．   TTO hundred milliliters or sea  
Yater TaS a］so collected at the saDe Stations for the  
determination or chlorinity．   

（6）馳a sdi肥ntS  
Sediment ras collected in the same area as that 

for the sea Yater Sa爪ple．taking the folloYing crite－  
riainto account：  

a．The depth of Yater eXCeedslm atloY tide．  
b．No significant sedjmentaJmoveT肥ntis observ－  

edin the vicinity of concern．  
C．Mud．silt and finesand are preferable．  

Aconventionalsediment sanIp）ingdevice YaS uS由for  
COllecting the top feY CentiReterS Of surface sedL肥－  

Environmentaland DietaryMaterialsI  

（Japn ChenicaIAnalysis Center）   

1． Collection and pretreatment of sampIes  
（1）知力Iand dry ralIout  

Rain and dry fa1lotJt YaS COllect由monthly on a  
SamPling tray，aPprOXimately5000cn2inarea，Thich▼aS  
fiIled Yith Yater tOa depth oflcm at thebeginning  
Of every month．  

Strontiua and cesiurn carrier solutions aere added 
after the sample YaS filtered．The tray YaS YaShd Yith  
5 P of distilled aater and the aashing aas combined tooo 
the r‖trate．  

The sample ras passed through a cation exchange 
COlumn（500爪立or DoⅥ∋X50†X8．50～100mesh，Na rorm）  
at a rate rlo▼Or80爪立／min，  

（2）Åirt旧rne  

Airborne 
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YaS CO11ected by an etectrostatic  
ilter air sa爪Pler for every three  

more than3000m3permonth， The  
tol．5meters above the ground．  

months at  r
 
 Sa爪Pling▼猥  

（3）Service Yater and freshYater  

Service Yater．1（氾 丘 each．YaS CO11ected at the  
intakeof the Yater－treatTrKmt Plant and at the tapafter  
Yater YaSleft running for rive minutes． Strontium and  
CeSiumcarriers Yere由ded to the filter由YaterSamPle．  
The subsequent pr∝eSS TaS the same as that descri抽in  
the section（1）．FreshYater YaS treatedin thesameYay  
a5the service Yater．   

（4）Soil  

Soi］TaS COIlectd from thelocationin the spacio－  
us and flat area Yithout past surrace disturbance caused  
by duststo「ms．inrlo▼and outrIo▼due to pr∝ipitation．  
etc‥ Any placeslocated tJnder treesin a forest．in a  
StOny area Orinside of river banks Yere aVOidd． Soil  
YaS taken from tYOlayers oF different depths，0－5cm and  
5－20cm． The soi11umps Yere CruShed by hands and dried  
in adrying oven regulatedlO5℃． The soilYaS then  
passed through a2mmsieve to remove plant foots and  
㌍bbIes．   

（5）馳a▼ater  

Sea Yater YaS COllected at the fixed stations Yhere  

nt，Approxinately4kgof thesamplein Tet Ye  
spread on a atenless steel dish after removed 
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FCbbles．she11s and other foreign DLaterials．  
dridin adrying oYen regulated atlO5℃．   

（7）Totaldiet  
A fu1lone day ordinary dietinchJding three  

neals．Yater．tea and otherin－tX？tYeen SnaCks for five  
㌍rSOnS YaS COllectedas asanpleof’’totaldiet”．  
The saJnPlein alargestainless steelpan YaS Carbon－  
ized careru11y by direct app）ication of gas f］aJne．  
and TaS tranSfered to a porcelain dish and then ashed  
at450℃in an electric murrIe rurnace．   

（8）Rice  

Polished rice YaS COIIectedin prducin＄distri－  
CtS at the harvest aTKIin consuJning areas Yhen neY  
CrOPS Yere first put on sale．The saJnPle YaS Carbon卜  
Zd and ashedin a匹melain dish．  

‡Samples Yere Sent tO the Center from46contract由pref．ectures，  

（1）   



（12）Fish，Shellfish and seaYeeds  
a．Sea fish and freshYater fish  
Fish YaS rinsed Yith Yater and blott餌1Yith a  

fi］ter paper．OnIy the edib）e part YaS uSedin case  
Orlarger sized fish and the Yhole part YaS uSedin  
CaSe Of sma11er ones． Each sa爪ple YaS Yeighed and  
Placedin a stainless steelpan or a porcelain dish．  

Aftercarboniz由．the sampleYaS aShdin anelectric  
nuffle furnace．  

b．Shel】ri5h  
Approxinately 4kg of shellfishincluding the  

She11s YaS COllected or purchasd． After re爪OVing  
the shells．it TaS treat由in the sa舵Tay aS that  

ror the sea rish．  
C．SeaYeeds  
別ible seaYeeds Tere COllected and rinsed Yith  

Yater tO remOYeSand and otheradheringmatters on  

the surrace． These Yere remOYed of excess Yater，  
▼eighd dri∝】弧d ashed．  

Tab］elshoYS detailes of sa血Ple collection．  

（9）Hilk  

RaY milk YaS COlIect由in producing districts and  
commercialmilk YaS PurChasedin consumingdistricts．  
机ほin astainless steelpan or a porce】ain dish YaS  
evaporated to dryness foIloYed by carbonization and  
a5hing．   

（10）Vegetab暮es  

Spinach andJapanese radish YereSelectedas the  
representatiYeS forleft vegetablesand for non－StarCh  
roots，reSPeCtively． After reLnOVing soil．theedible  
part of vegetablesampleYaSdriedandcarbonizedina  
StainIess steelpan or a tx）rCelain dish．   

（11）Tea  

Fivehundred gran6 0f manufactur－ed green teaYaS  
coIJected，Carbonized and ash∝lin astainless steel  
panoraporcelaindish．  

Tablel恥tails of saAPle co］1ection  

SaDIPle  Frequency orsa叩Iing  Quantity of sa仰Ie  

＝Environmentalロ】aterials＝  

（1）ぬinand dry rallout   
l．For d（渦eStic progrむn  
2．For耶O program  

（2）Airborne dust  
（3）Service Yaterand freshYater   

l・ServceYater（sourceYater）  
2．ServICe Yater（tap Yater）  
3．Fres加ate「  

（4）Soil  

l．0・－5cm  
2．5・－20cm  

（5）Sea Yater  

（6）Seas由iments  
＝Dietary materia）s＝  

（7）Totaldiet  
（8）Rice   

l．Pr（戒ucing districts  
2．Consumingdistricts  

（9）Hilk   

l．Pr（血cingdistricts for  
附O program  

2．Prducing districts for  
do陀Stic progra爪  

monthIy  
monthly  
qua「terly   

S珊iyea「1y  

S用iyearIy  

yearly（fishingseason）   

yea「1y  

yearly  
yearly  
yearly   

Semiyearly   

yearly（harvesting season）  
yaerly（harvestingseason）   

quarterIy（February，May，August and  
November）  
semiyearly（February and August）  

〉3000m3／month   

lOO 立  

100 丘  

100 £  

鹿
短
£
短
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 daily aJnOunt for5persons   

5kg（脚1ishdrice）  
5kg（polish由rice）   

3 £   

3 丘  

（2）   



Sample  Frequencyofsa叩1ing  Quantity ofsample   

SemyearIy（FebruaryandAugust）  
semlyearly（Apriland（ktoヒだ「）   

yearly（harvesting sea50n）  
yearIy（harvestingseason）  
yearly（the first harvestingseason）   

yearly（fishing season）  
yearly（fishing season）  
yearly（fishing season）  

y飽rly（rishingseason）  

3 丘  

2～3kg   

4 kg 
4 kg 
500g（manufactured tea）   

4 kp 
4kg  
4 kp 
2～3kg  

3．Consuming districts   
4．PoYdered m‖k  

（10）Vegetables   

l．Prducing districts   
2．Consuming districts  

（11）Tea  

（12）Fish，Shellfish andseaY詑ds   
l．Sea fish   
2．FreshYater fish   
3．Shellrish   
4．SeaYeds  

（4）Airtx）rnedust，diet．milk，Vegetables，fish and  
Shellfish，SeaYeeds，tea and others  
These ashed samples rere treated rith the same 

pr（光edureas that descri旭in thesection2－（4）．   

3． 添田rationor strontium－90andcesiⅧ－137  
（1）Strontium－90  

SaLnPlesoIutions．prepared asin the foregoing  
sections2－（1）through2－（4），’Tereneutrali乙ed Yith  

SOdiun hydroxide．After sodiuEICarbonate YaS addd，  
the precipitateof strontiuTn and ca］ciumcarbonates  
YaS Separated．The supernatant solution YaS retained  
for cesiuA－137deter血nation． The cartK）nateS Yere  
dissoIYedin hydrochIoricacid and stronciumand ca－  
1ciup Tere PreCjpitated as oxalates．The precipitate  
YaS dissoIvedin nitric acid and strontitm YaS SeP－  
rated frcw calciun by successive fuming nitric acid 
SeParation．1ronscavengeTaSAadeafteradditionof  
rerriciron carrier folloYed by bariumchronate sep－  
aration arter addition of．bariuJn Carrier to remove  
radiu吼its daughters aJ）dlead．StrontiumTaS reCOY－  
erd as．cartx）nate，and the precipitateYaS dried and  
Teigh由todeteminestrontiuJ）reCOVery．Thestront－  
iumcarbonate TaS dissoIYdin hydrochJoric acid aJld  
iron carrier TaS added．The solution TaS a＝oYed to  
Stand for tTO Teeks forstrontiuJ）－90andyttrium一粥  
toattainequilibriuJn．Yttrilm－90TaS COPreCipitated  
Tith ferric hydroxide and the precipitatdYaS rilte－  
red orr．TaShed and counted．   

（2）飴sium－137  

The su㌍rnatant Separatdlfro仇 the strontiun  
fraction TaSaCidiriedTith hydrochloric acid．Ihile  
Stirring．cesil皿TaSadsort把d on the annoniuJn nOlyb－   

2． Pre阿ration or s調ples ro「analysis  
（1）Rain，SerYiceYater aJld freshYater  

Strontium and cesium Yere eluted Yith hydrochIor－  
ic acid from the cation exchange coIumn． The residue  
Or rain sample on the fiIter pa【紀r YaS aShedin an  
e）ectric muffle furnace and the ash TaS dissoIYdin  
hydrochloric acid．Theinsoluble part YaS filtered and  
YaShed． The filtrate and the YaShings Yere COmbin由  
to the previous eluate and used for radi（℃hefnicalana－  

】ysis．   

（2）Soiland Seasediment  
Dried soilYaS CruSh由to sdn］ler ones than O．25  

min size by acrusher． ThesieYedsample YaS aShd  
in anelectric muffle furnace regulat由at450℃．The  
SaJAPleYaS then heatedTith hydrochloric acid．stront－  
ium and cesium carrier solutions and the mixture YaS  
heated．TheinsolubIe const．ituent YaS filtered of’f and  
YaSh由▼ith▼ater．  

ThedriedsampleTaSCruShed to smaller ones than  
O．25Lmn by acruShingnachine．The further pre匝ration  
Or thesaJnPle YaS thes甜e aS that describdin the  
SeCtion2－（2）．   

（3）Rice  

Theashed sa叩1eTaS Pulverizd Yith a porcelain  
JnOrtarand passed throughaO．35mnISieYe．’ThesieYed  
SaJAple to Yhich tx）thstrontium and cesiumcarriers  
Yere added．YaS digested▼ith nitric acid by heating．  
Arter the saAple TaSheated again Tith nitric acid to  

dryness，StrOntium and cesium Yere eXtraCted Yith hydr－  
OChloric acid and Tater．Theinsoluble const，ituent TaS  
fi）tered and TaShd． The filtrate and YaShings Tere  
COmbined for subsequent radiochenicalanalysis．  

（3）  



dophosphateadded．  
After filtered o汀and YaShed Yith hydrochlotric  

acid theprecipitate YaS dissoIvedin2．5N sodiu爪hydr－  
OXjde so］ution．  The solution YaS adjusted to pH8．2  
Yith hydrochloric acid and alloYed to cool． Resultant  
molybdenuLn hydroxide Yhich separated outin the so］uti－  
On，YaS filter由orf and YaShed Yith Yater． EDTA YaS  
added to the filtrateandYaShings．Cesium and rubidium  
Yere adsorb由on a cation exchange column and cesiu爪  
YaS Separated from rubidiunlby eluting Yith hydrochlor－  
ic acid．  

The eluate nas evaporated ta dryness and aas diss- 
OIved．The solution YaS fiItered． Chloroplatinic acid  
YaS added to precipitate cesium． The precjpitate YaS  
filtered onto a tared pa㌍r uSing a demountable filter  
and YaShed Yith Yater and then ethanol． After drying，  
thechemicalyield ofces王umYaS deter扉ned byYeighing  
the precipitate．Cesium－137radioactivity YaS qIeaSUred  
for this precipitate．   

4． tk！ternination orstable strontiun，Calcium and  
卯ta5Sium  

A▼eighd姐Ount Or SOilor sea sdiment▼誠heaト  
edin a eIectric muffle furnace at450℃ and then  

treatd Yith hydrochloric acid f10r eXtraCtion．A Ye－  
ighed aliquot of ashed samples of totaldiet．Yeget－  
abIes．ni］k，fish．she11fish or seaYeeds YaSdigest－  
ed Yith hydrofluoric acid and nitric acid．  
The extract YaS rRade up to an appropriate volume  
Yith diIute hydrochloric acid．ThesaJnPle solution  
YaS anaIyzed for calciuJn by titration Yith standard  
POtaSSium permanganate solution after separating  
Calcium as oxalate． Atomic absorption spectroscopy  
YaS aPPlied Yhen appropriate． StabIe strontium and  
potassium vere determined by atomic absorption and 
fJaneemission spectrometry．respectiveIy．   

5． 伽unting  

Arter the radiochenicalseparation themounted  
precipitates rere counted for activity using loa 
background betacounters norma11y for60to90nin．  
Net saJ］ple counting rates YereCOrTeCted forcounter  
erficiency，reCOVery，Self－absorption and decay to  
Obtain the content of strontiun－90 aJld cesium－137  
Per Sa瓜ple aliquot．Fron the results，COnCentrations  
of thesenuclides in the original samples rere 
Calculated．  

（4）   



6． Result＄   

（1ト1 Strontium－90 and Cesium－137in Rain and Dry Fa1lout（for domestic program）  
（from Apr．19glto Dec．1ggl）  

－COntinued from NO．96 of this pub7ication－  

Table（1）－1：Strontium－90 and Cesium－137in Rain and Dry Fallout  

Duration  Precjpitation  90sr  137cs   

（day＄）  （mm）  （H8q／km2）  （HBq／km2）  

Locatj o【  

Åpril．1ggl   

Sapporo，HOKKÅ暮DO   
AoIIOri，AO桝ORI   
On8g8▼8－▲8Ch仁．1＝YAGl   
州oriok8，‖‖TE   
Y8ト8g8t8，YIHAGATA  

Ooku18－■8Chi，FUXUSH＝lA   

Hito，＝＝＝‖‖‖   
lchih8r8，CH18A   
Shinjyuku．TOXYO   

Yokoh8■8，RIN▲GA胃▲  

H8eb8Shi，GUNHA   

Utsunoliy＆，TOCHIGl   
‡osu古ぃ▲8Chi，TOY」＝川   

Fukui，FUXUl   
Xoufu，YIHANASHI  

Shizuok8，SHIZUO【A   
Gifu．GIFU   

N8gOy8，11CHI   
Tsu，HIE   
Ootsu，SHIGA  

Xyoto，ⅩYOTO   
Robe，HYOGO   
N8r8，NARA   
†8k8y8■8，lAXAYAHA   

Tottori，TOTTORI  

h8tSue，SHIHANE   
Hiroshi■8，HIROSH＝tA   
h8tSuy8■8，EH‖tE   

Ish＝－■8Chi，TO【USHIHA   
T8k818tSu．1AGl†A  

D8Z8ifu，FUKUOKA   
S8g8，SIGA  
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（8）  

Duration  Preeipitation  90sr  137eJ   

（days）  （mm）  （H8q／km2）  （H8q／km2）  
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（12）  

（1）－2 Strontium－90 and Cesium－137in Rain and Dry Fallout（for WHO program）  
（from Apr．19glto Dee．19gl）  

－COntinued fron NO．96 0f this publication－  

Table（1ト2：Strontium－90 and Cesiun－137in Rain and Dry Fatlout  
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（14）  

Duration  Precipitation  9Osr  137cs  

（day＄）  （mm）  （H8q／km2）  （M8q／km2）   
Location  
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（18）  
（3） Strontiun－90 and Ce＄iu円－13Tin Service Water  

（fro山 一ay．1gglto De¢．19gl）  

－COntinuod froIn NO．96 0f this pub］ication－   

Table（3）：StrontiuT”－90 and Co＄ium－137in Service Yater  
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90sr  13Tcs   
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（り Stronth川－90 and C8Sium－137in Froshwater  
（from Hay．19glto Ⅳov．1991）  

－COntinued from NO．96 0f this pub】ication－  

Table（4）：Stror）tium－90 and Cesjum－137in FreshYater  

90sr  ユ3Tcs   

（m8q／立）  （m8q／£）  

Location  

（Fre5hwater）  
M8y，1991   

Ka＄u打Iigaura，18ÅRAKI   

July，19gl   
B8r8tO－1ake，HOXXAtDO   

August，1991   

Akita，ノ＝‖TÅ   

September，1991   
Fukushiha，FUKUSHIMA   

Tsuruga，FUKUJ   

Novelnb（〉r，1991   
Syouhara，HIROSHIHA  

3．1 ±0．16  0．61±0．12  

3．7  ±0．15  0．34 ±0．11  

4．1 ±0．18  0．74 ±0．11  

1．9  ±0．10  
5．9  ±0．30  

0．79 ±0．11  
2．9  ±0．21  

1．6  ±0．＝  0．05 ±0．11  
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（22）  

（5） Strontium－gO a【d C05i…－137in S¢a Wator  
（fr…Jul．19glto Aug．19gl）  

－eO【tinu8d from NO．g8 0f thi＄ Publieatio【－  

Table（6）：Strontiupl－90 and Cesium－137in Sea Water  
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＊ ＊ ＊   Rain and Dry Fallout＝or domestic program】  ＊ ＊ ＊  
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＊ ＊ ＊   Rain and Dry FaHout（for WHO program）  ＊ ＊ ＊  

く Strontiumt90 ＞  ＜ Cesium－137 ＞  
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＊ ＊ ＊   Source Hater   ＊ ＊ ＊  
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＊ ＊ ＊   Se8 日8ter   ＊ ＊ ＊  
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（30）  

＊＊ Sampling Locations inJapan  ＊＊   
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