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Methodologies for Measurement of Transuranic Elements in Environmental

Samples and Migration Behavior of Transuranic Elements in Paddy Fields
Masayoshi YAMAMOTO*, Kaori UENQ* and Hikaru AMANO

Department of Environmental Safety Research
Tokai Research Establishment
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken

(Received December 7, 1995)

Methodologies for the measurement of transuranic elements in
environmental samples and migration behavior of transuranic elements in paddy
fields are reviewed in this report. Long lived transuranic elements in our
environment are quite important, because their effect to human is prolonged.
Migration analysis of long lived transuranic elements in paddy fields is also
quite important, because rice is our main dishes. _

For the methodologies about the measurement of transuranic elements in
environmental samples, traditional chemical separation and purification plus
alpha-ray spectrometric methods are reviewed with mass spectrometric method.

For the estimation of migration behavior of transuranic elements in paddy
fields, experimental results from 1957y to 1989y in Japan are reviewed.

Important findings are as follows.

(1) Detection limit of transuranic elements for traditional chemical
separation and purification plus alpha-ray spectrometric methods 1s about

0.2mBq/sanple(10,000min counting). On contrast, detection limit of

This is a summary report about the transuranic elements in the environment,
revised to the report which was originally presented by M. Yamamoto and K.
Ueno entitlied ‘Migration Behavior of Transuranic Elements in Paddy Fields',
reported under the commission to Low Level Radioactivity Laboratory, Kanazawa
University.

* Low Level Radioactivity Laboratory, Kanazawa Univercity
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transuranic elements for mass spectrometric methods using High Resolution ICP-
MS is C.02mBg/sample for 237Np.

(2) Integrated deposits of 239 2%%Py and '*'Cs in paddy field soils are 2~
3 times higher in Pasific ocean side area than Japan.sea side area in Japan.
(3) Apparent residence time of 2%7Np in paddy field soils was estimated to be
in the range of 50~70 years, which is shorter than those of ?7%" *4%Pu and
13705 (100~140 years).

Keywords : Transuranic Elements, Environmental Samples, Analytical Procedure,

Migration Behavior, Paddy Secil, Residence Time
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So

SEHEROFZICHE L TiE, oMfERARIc- LT S00CEETIRIER, WMo S0 E
ATERBEH, EWRHOBAICIE BOUCTRILETY, W - @BAR - BEEFRFIILD
A GREIT . EIABRHTOL T, Fe (ID fEEMA TR (OD:icPuzkit& €5, &
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RO AT L ABEFETHFF T b2y AEERE T ENTEL JOBEICE, T
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L Pyt a T R L F — SR LT TR TEE S O THFOM S HPuk LTERESN
Ao
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7ok Py) AHEMEREVOT, ERLATEREE D HIERELETE T, EIRE
AEDANENE D, ARMSRD P PuEERICHIEST 2B IORB YV F LY s
BB TH B lgarashi SIAHER® } L —4—ZBEMLTT L b 2ry LE{LES 8 - HEL,
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x5

1Py LSC (8) y ELSC (a) y a (Total)
239, 240py LSC (a) ELSC (A) a (330 240py)

ICT LSC(B) =EYrizkd PUPuDFRHE#R
LSC (a) =@ ick3d 27077 —ROEE
ELSC (B) =&k kb PV'PuDEHEEhER
ELSC (@) =# v vickd 27N 7 7y —BOFEHER
a(Total) =@@ARY b A Y —TOLTIT » —RHEF
@ (239 240p)) =g BARY b A MY —TO 2% 24Pyt EE
2.3.3 290Pud? Pudsr BRI ]

EERER BRI XN APuEREED 2385 5 2420RMEHED 578 - T B, Pud R KA
REOEE (MERBEOT +—ATY b, HBEEORKE, BREELE) KX-TELUIDT,
FOMEEH S IR EARENET S Z LAEPTH S, BETHOOLTVASIBRHEICLS
aBAETCRIRLF-—OERL TS 3 Pud P PuDSBEHIHRT, **°Pu **°PulkOH
Fid, BEAEHERSHBREFT->THINTIVA, Table BiCINF TWHREINTE /K
B EHTHRTI Y, PULAAE EEITidUnezana S0 v BRIEICE A FELERTE 5,
BROBERMTE, LNXAIMEL, BREATRTETH S, GRSTELNOFETEROMH
ItER LTRSS EAE TV 301E, KomuraSDGe-LEPS 2 X ALXBRME &S1 (Aw) BRI
X3 aBAEAREASHELFET, HEOERIZ P Puk **PusRIETE 5, LT £ DM
EHROFERETT,

aBHEICL-THSNE 23 HPuD2HHEE (a) 55 **Pub LU **PudElG %
FhENRIEXTL - &L, 23%Pu %% 24Py HtRERRAE B E T 5. —F, **°Pu, **°Pu
BEOF Py SOLXBORHES, 1. lo&l, LXEOLBSEL (LX) THoHOEIERD),
Rrfonsd,

(@) = (a) - f+ (a) (1-1) (1)
(LX) = (@) 1of + (a) Lo (1-1) + (a) (8] L (2)
mwﬁibEM]/[a)=hf+h(iwf)+EB)h (3)
o f= (LX) 7 (a) = d.+ (B8] 1) @

la—1e

ls, Loy LoD, BHRITHSDS (LX) / (a) BEXIU (B) ZAEITNE {ZRHHI L
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BEAATH B, BERO ' AnOREIZ, FOELALEIEESBBREaBRAN7 bo it |
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24 aAmd 59. 6keVD ¥ MEBEEMET 5 I LHAETH S, .

24.1 {EFHMH- aBART rO AT - ‘
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%ﬁ%?%%%ﬁ#ém&&?%ﬁgﬁﬁﬂbfhé579}4F@%ﬁﬁ%ﬁéﬂéoiﬁ¢
WEWO LSS VY )1 FEZLEURBENT 2B HITRBL I OMEOCHHNER LY
B, —REENC M ANDAMTIEIEIE TS ZEEMTH D, £ idPu, NpOa ERIEFICITHOOS
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W BAND ST, £V aBlac L 3EEEAEIL-> TREFO2 MY v 7 ARG O
EEFFH, AmAit Uiz v 2 o ECarb B 1B ORETHE L L Z 2V a VAR C 7c¥ 550°CT
SRELEBEM ST 2, 0%, RIEBAHC L ICHERL, PEOHKTAnERILZ Bla2RET 5,

79__..



e e

JAERI-Review 95-024

RICIERE S BMAORA 4 VB ElE Y 7 LETERET 5P V, Th P EEREL, B
258 AR EDRBAENE - A7 ) —NVEROBA F 0 ZEMEH 7 LETIT S, WA Y/
— Vs E LTEE AR A 4+ U BRBIIES S LIRS &, Fe, F7 0 OETEY, FAYT Y
Bl - X % ) — LIEHTeEDT v 7 )4 FhlREIh5, MB— 27/ - VERERLTER
FLFA T UBAA L ERE L BR- A Y ) IV TAnEEES S, PUERBRIEHFETR
FULZBEITAABEEL TaBaNs boA M)~ XD EET B, ZOABHTHKIL, Pustr
HLEHNTHLOERTHD, @VEFNEEBLLOICEZPRENNETSH S,

2.4, 2 FERERIRAAF -y BRANT POAMNY—
241am 13, 59.6KeVOD v BAITUDEATHET 2B IhERVTERNARETS S,

Table 7 FRATGEIGEE T LB TFHRT" . BEF LB RIF—HOGeF BERTEER
b T LT MR HEEE BETER LT A E RO B EENE LIS
%o Fig ITICEDARYT PV ETTY o S0g0RMET 4 A7 (B BEESm X & Sew) 20
TM%%M%LK%&®ﬁ$TmuﬁIMMT&%OaﬁzmﬁkUXbU—m%n&ﬁ«TI
OOPEREE(RL Y, FERBAENS TEZATAY v MABH B, TELLGRENAEROREENEZ
FLLy, —F, NEM —F—&LUTHNS 2%t 74. TkeVO v MECEX OF G THRHT 5D
T AR LARLOBOERBCOWTOS TIMEES B ERBEE TER LA THEFTE
LED, fAITFe (). KM ETEALRPNINERICANSGD, HEE T4 AT —DFE
HET T SITEL LRI 2 AnDBATEFEHRETH 5o

285 FaUuh

HiE, —REEh TR A RET S I LIRS THRETH 5. (NRIEDOHTERTNE
B 20m (Toye =181 v, @), *%Cm (T, =28.5 y, @ EC), **%Cm(Ti,2=
162.8d, a) Thbd, ChODHKMIL, HEREC U, PuOREFREICL > TERT 525
A REHAAS 29 A 2IPYAL BITHRTEV D TEDIR LA ENEELTLE » T 5o 1960418
OHEREHNE fTbh - EO A E DA H NS 12 & - TFig. BT T L2 CHESNTL
2 9, 1961 ~1972EEOILR O Lichen (Z W E) FTROE N/ 20, BUAELT *°F
200pud 0. 003 BRETH 5o 420mMcL Tid, Unsupported ***Cm&F@EOEL 4 An
(Ti,e = 141y, IT) &5 24 iAmE & THRY 5 Supported 2O S (Fig 1947 o B
ST A ERICIEM T 2R8I AR T 5 - ENEE LN S, BN SORAE
13, SRS O IR O M EARER I BT, 2aBSTROFTROSGVEETE
ihfﬁDyEﬂWﬁaﬁ%%ﬂgﬁiﬂ%ﬁﬁﬁéﬁT&Hénfhéo

2.5.1 A{bLED#- aﬁxﬂﬁﬁﬂth—

zaagp  2iCm,  2AOmAEANT a BBHELOT, MEICESHE - BREaRANT MO
2 M) —ick B EROWH R FETITON S, {LEREHEAD P L —F—iTid, n& %
BABITI S (AR TV S EIAhib S, ISR LAn Tk TR, Cm& Am2MEF o8 -



JABRI-Review 95-024

BBl BERTRU/AZERARS - Ehananote SiC k- THEEIN TS, _
Yamamoto Sit, 4 £V 2DSellafieldEBEBABTIH,A SORHMHRETHEREINTLS

C IrishiBic s L CIRAHERY S OCFMLfk % ERo FEERVTHME LI L2RE LT S,
ZOE, AL ASLAHEBICELOT, P h L — -2 i Yanato 5Ok (BE

SR T PSP LET AU U AOERMTE) TAVELEAE - BEL, EELTalt

AR PO AN = EfToTre FOANT FAFIE Hi0ns P nEFOERERO aRANY

B EFcPig 2000k LY 40, HEERHO 2T P obhd LIS PAitm& i Cm id

BT RN F—PEELTWALDRARTHETH S, £7: DR N F—OFHL a @y

2l EHAIE LI OTEDANRYT P SbN S, FEO IrishBOFERIENTE, —

i ortienE 2mRARY MAEL STHELTHEINTOE0T P nDFSRIBRATEZS

C%w&ﬁw&%&.f“m/“mm&ZHm/“Mmﬂﬁﬁﬁéifﬁ&bto%@&.aﬂ

DL EREL, YUAME L —H—ELTENCRD A P AnBE S LR OBERBRICRUT

vk i BARW I, T OHEIE-REMCRASA, nkAnDME S # 2R L

HCTH EORIEAS B, CnEANDSRECIL, 7 X Br FUBe BARL 7 I—LBL a-t

Fo¥ Ul 4 VB, EDTAL EONEROIEENFICER SN 53, £72TM AL (N0.). HRE
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Table ! Transuranium elements detected in the environment
[sotope Half-1ife Mode of decay Eq(MeV)
237ND 2. 14 X 106 y a .788,4.771
239p 2,36 d 8~
238Pu 7.7 ¥ a .499,5.456
239Pu 24110 vy o .157,5.144
2quu 6550 v o .168,5.124
2hlp, 14,4 y 8"
2L‘2Pu 3,76 X 105 y a .901,4.856
2L”Jf-\m 433 y a .486,5.443
242p 16.0 h 8™, EC

2h2m 141 y I
2q2Cm 163 d o] .113,6.069
243Cm 28,5 vy a .785,5.741
2qum 18.1 Yy a .805,5.763

Data from C.M Lederer,V.S.Shirley Eds. Table of Isotopes,?'Ed.,
J.Wiley & Sons,New York (1978). |

—_— 127



JAERI-Review 95-C2U4

Table 2 Estimated amounts of long-lived radionuclides in the
environment in January 1988

Nuclides Content _ Activity
( kg ) { TBq ) ( &Ci) ratio
Pre 270 170 4.6 1x 1078
129; 57 0.4 0.01 3% 107°
237\p 2000 52 1.4 4 x 1073
* -
238p,, 1.4 - 890 24 7 %1075 4
) (3 x 107%)
239, 3400 7700 210
1
240p,, 680 5700 150 :}
24lp, 14 52000 1400 4
28 32 4100 110 3% 107

-

*: Represents 16 kCi from SNAP-9A and 8 kCi from weapons
tests.

*%: Yaluye in the northern hemisphere.



JAERI-Review 95-02U

Table 3 Possible yield tracers for the corresponding environmental

radionuclides

Environmental
radionuclides

Yield determinants

gch

129I

237Np

238,239,240,241,

ZQIAm

242,243,244Cm

228,230,232Th
234,235,238

226Ra

2]0PO

231Pa

137

59,63,

60C0

u

9Mre(6,0n,17, from 2 Mo}, Tc(2.6x10

Stable Re
125

) 95m

y,EC),

1(60.3d,EC), 3"1(8.04,87),5table I

23%0(2.4d,8”, from 23am),230Np(396d,EC,0)

243pn(7.4x10% ,a),

241

An(433y,a},

2

244

43

¥am(7.4x10°

y,ﬂ)

22971(7.3x10%,0), 23%Th(23.1d,87)

232y (72¢,0),
224Ra(
209
233

134

Stable Ni

236

3.66d,a),
Po(102y,x,EC},
Pa(27.0d,8 ,from

U{2.3x107y,a),

2250 (14.84,87),
208

237Np)

Cs{2.,06y,8" ), Stable Cs

57¢0(271d,EC),Stable Co

2333(1,6x10

SY:U)

22304 (11.40,a),

Po(2.9y,o,EC)

Te(61d,EC,87,1T)

242p,,(3.8x10% ) , 23Pu(2.85y,a), 37 Pu(45.4d,EC,a)
Cm(lB.]y,u)

133520107y, EC)

Table4 Bstimated detection limits of ICP-MS for long-lived radionuclides
(assumed conditions are ion detection efficiency:107", background:5
counts/s, total dwell time for unit a.m u., 90s and solution uptake

rate, 0.5ml/min)

Half life Decay const. Detection limit
Nuclide
(year) (s”!) {Bq/ml) (pg/ml)

Te-99 2. 1x10% 1.1x107t3 1.0x10"4 0.16
Th-232 1.4x10'@ 1.6x107138 1.5x1079 .37
Np-231 2.1x10° 1. 1x10" ¢ 1.0x10°% 0.38
U-238 4.5x10% 4.9x1071% §. 7x10°° 0.38
Pu-239 2.4x104 9. 2x10713 §.9x10™ % 0.38

,_,147
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Table 6 Measurement methods for Pu-239 and Pu-240

RESFBCLd2HE
HEXHoR®E Hardy et al. (19724k)
Noshikin et al. (1974)

T BRSEIC L BDHR Umezawas et al. (1876)
Sampson et al. (1882)

Pu-238 & Pu-240 D LB HEORB VW ENET 255
B FEIRI L Dconversion electroné x #2
k5w o &oiHE Sloth et al. (1356)
L/ BRSFBEOREC LS
A6 (1975)
Komura et al. (1983)

P F s L BPu-2300 A RERERET 25 %
FissionF 3 v 7 & cBREEOATEIC LD
| dyg s (1979
Fission ProductE o EHBEOAEIC L S
milf & (1982)
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Table 7 Low energy gamma-rays and L¥-rays from major transuranics and
uranium series nuclides

Nuclide Half-life Gamma-ray Yield of Lx~-rays from
(kev) (Branching} daughter nuclides
e43pmx 7370 yr  24.67 (66.0%)
241 43.53  (5.5%)

Am 433 yr  59.54 (35.7%) 37.0%
24250 3.76%10% yr  [44.91 (0.042%)] 4.1%
240py §570 yr  [45.24 (0.045%)] 10.8%
3%, 2.14x20% yr  [51.63  (0.02%)] 4.8%
238py 87.74 yr  [43.49 _(0.043%)] 10.5%
23%p* 2.35 @  106.11 (24.3%)
2374p  2.14x10°% yr  86.49 (12.6%)

. . 29.29 (14.0%)

U 4.47x10° yr  [49.55 (0.32%)] 5.1%
2347 24.1 d 63.29  (3.8%)
334y 2. 45x10° yr  [53.30  (0.12%)] 11.0%
3300, 7.70x10% yr  67.73  (0.37%) §.7%
20,y 22.3 yr  46.50 (4.05%)

*; ysed as chemical yield tracer.
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Nuclide (Activity pCi/kg. soil) (g/g. soil)
K -40 [] 2Xx10°°
U -238 1 2x107*
Th-232 1 6X107°
Cs 137 - EE= 1x107%
Pu-241 EBE= 8x107'*

-240 = 4x1074
~239 == 2x107"
-238 — 4x10°"
Am-241 = 2x107"

Np-237 E===
Te-99 =
1-128 == (**1/'¥] atom ratio=10"%)

| 1 L L l 1 |
0. 01 0.1 1 10° 10° 10° 101

Fig. 1 Activity levels of global fallout Cs-137, Pu isotopes and Am-241, and
estimated Np-237, Tc-99 and 1-129 in Japanese paddy surface soils
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Nuclide
238U

234U 7]
231p,
2301y =

(2327 ==
226Ra

(224 Ra)
237Np
239Pu

interference at Np
measurement

S TP DR U . SO U Y T T |
4.0 4.5 5.0 5.5 (MeV)

i l'll!liﬂ

[ | iiHIi
1

Np -237

{ !JlliJI

L EIHIII

COUNTS/CHANNEL
o
TTYTI
R

T

o
[

10 Lo pimantgd ot ml g !Jtl umLumLLm;z

CHANNEL NUMBER

Pig. 2 Interference at Np measurement and typical alpha spectrum of Np
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Resultant HNQ; solution®

P'Np spike
Acidify with HCI Add Nd and hydrazine
Add NaSO, nitrate
Sla.lnd for 16 h NdF,
b,
Fe(OH), Cp-prlempltauon
Co-precipitation - Dissolve in HNDO,
Dissolve in 4M . Add boric acid
HNO, with heating® Heating

Nd(OH).

I Soil or sedimemJ

Ashing 2t 500C _
WIND fpike Adjust to IM-HC! sclution
Leaching with HNO; | Add ferrous sulphamate
(with heating) TTA-lextraction
-HNO
Adjust to 3-4M 8M-HNO,
HNOQ, solution® Anior-exchange
!. v Wash with 12M- HCL
[ Orgenic Mauters | followed by HCI-NH.I
Ashing 2t 500C _
3INp spike Eiute Np with 4M-HCi
; : l
Lechlr}g with HNQ, Electrodeposition
Wet-ashing |

H a, 7-spectrometry
Adjust to 3-4M
HNQ; solution®

Fig. 3 Np-237 separation scheme for environmental sampies
(Ministry of Agriculture, Fisheries and Food, Lowestoft UK.)
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Fig. 5 GExamples of alpha-ray spectra of Np-237 in environmental samples
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Fig. 6 Analvtical scheme of Np by neutron activation analysis method(Germain'et al.)
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Preliminary treatment, dissolving
MnQ;:40ml HCH + 2ml HyO2
then 1 M HNO7 (40 ml)
Sediments: fuming HNO; (40 mD}

Sg
then ! M HNO; (40 ml)

Flesh and plants: fluming HNO3 (40 ml} + Cu (1 mg) Z Limes

{5g)
then I M HNO3 (40 ml)

Shells: 7 M HNQ3 (40 ml)

(5¢g
tnen | M HNOg (40 mD)

efMluent : fuming HNG;
then 1 M HNQ;

4
samples I M HNO; {40 ml)
) }
. Treatment by hydrazine sulfate (10 mg) and ferrous iron
(3 mg)— WINp 4

'
Fixing solution 7M HNOq (ca. B0 ml

+
Chromalography on DOWEX 1 x 10 resin (10 ml, 100-200 mesh)

in7M HNQ3, medium
«v+> elution 7 M HNO3 (70 ml, rinsing)
o> glution 0.3 M HF (80 mi) : Z37Np

l
[raction Np

}
Fixation solution 10 M HCl (20 ml) + 10 mg Al

i

. Chromatography on DOWEX 1 v [0 resin (10 ml, 100-200 mesh)

in 10 M HCl medium
weee > glutien 9 M HCL(120 mD)
weee > clution 4 M HCL + 0.l MHF (50 ml) : 23TNp
ve-e> Resin: U

237_\’p
Neutron irradiation
16h-2.2x 10 negm2s1)
iorG5h.1.2x10/4nem25sl)

Quartz vial; T HNQ2 (20 ml)
then | MHNGy (40 ml)

)
Treatments identicaltoc A + B+ C

Measurement by y ray spectrometry
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Fig. 7 Partial 7y-spectra of Z3®Np from:(A), 26.8ng *°"Np standard, counted 600s;
and (B), NRPB sediment, 2g. 0.2ng Np g~', counted 10000s; and (C), Grange-
over-Sands sediment, 5g, 20pg Np g~'. counted 50000s.
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Fig.10 Interference at Pu measurement and typical alpha spectrum of Pu



JAERI-Review 95-024

LOW LEVEL LIQUID SCINTILLATION COUNTER (ALOKA LB-I)

Counting vial : 100 ml Teflon {IM-HC1 5ml + Instagel 95ml)

H ch, Cch, Pc_h,
Gain 0,5x100 0.5X10 1.0X1
Window 50 ~ 660 60 ~ 730 150 ~640
v i2)d IR~ 150
BG, {cpm) 5 18 8
efr. 8,
(%) 3 2{‘ 0,17 0
Bipyg (23 4+1.2)
o .
2dzpy 0 0.38 95
DL, (pCi) 0.8 0.3
(500min)

B LIQUID SCINTILLATION SPECTRUM

T 241, Total Alpha
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Fig. 11 Measurement conditions of Pu-241 by low level liquid scintillation
counter and spectrum
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Fig. 13 Measured LX/alpha-ray and Pu-238/Pu-239, 240 activity ratios and the
nomograph for obtaining Pu-240/Pu-239 ratios on activity and atomic bases
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Nuclide Interference at AM
Am-243* (_—) measurement

Po -210 —

Th -228 —_

10 Y T Y T

—

—
—
p

T T TTITI0

| illLlll""

102 Am-241
Am-243

(1.1 lllul

T 1T ]Iﬂq

10

COUNTS PER CHANNEL

11 1Llllll -

orri HHI

Lo L

CHANNEL NUMBER

i lJlLl

=]
|

10

Fig. 15 Interference at 2*'Am measurement and typical alpha spectrum of Am
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i
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4 g HCI~0.1H Hltelute soln.(~5 C.V.)

[ Anlon exchanger | n

Aa'fractlon'————l-lj l qu i

1,2,

3
(Th) electro-plate

a —spectrometry for Pu

Ee_:hlxsi_mzj.d&
84 HC1 soln.

| Anlon exchanger
gH HNOa soln. 1) BIORAD 1X8, 100—200 mesh~10m]

| fiov rate:~Iml/min.
Anion exchanger V) 2) BIORAD 1X4, 100~200 mesh~8ml

| fiow rate:~0.4dmi/min/cmy
1M HNOg--98% HeQOH soln,

1
2 1M HNOg—96% MeOH (3 C.V.)
S 0N HCI ~0.5H NHISCN—80% HeOH—H20 (T~15 C.V.)
‘4—--11*1 HNO3 — 963 HeOH {4 C.V.)
5

1,54 BCl—86% HeOH:etyte (8 C.V.)

r Y Y

[ Anfon exchanger| %)

1~4 glectroeplate
- (discard) _
o —spectrometry for Am.Cm

Fig. 16 Separation scheme for determination of Am(Cm) and Pu.
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Fig.19 Decay of Cm-244/Am-241 and Cm-242/Am-241 activity ratios in sediment
from Esk Estuary, Irish Sea, UK
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TIHD-12BI5 v EIIOWT, TN SKANOBITEROMIT 2700 0—B & LTKE
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RS EATE LB REL T,

3.2 € H

BHKEEOBEEHFER REIBEESEHTER T, 2EOCEHANREMRAR
BISEBMOKE, f, BEESERBICETL, 195TENSBEICES £TE I TEERITEE
XNfkiR NEOWTES ICKE MOEfET LBRORMTERITES TR & LTHELT
B TUNEYY ) Fig 23RBS % Table SIC/AKALHOGBUEO—RET T . KIFEIK
BT, 1963~19664F (KEBST1963MF) L 1972~1976% (AEBA19764) (#RE L7z Rati56
MhoOkEEEE LU7 + 7Y FETEXAZVHXEMNOKEA, 8, AJITHERUIF
R DOKETEAFIEM E Ui, O o0RM L, IR TEEREHRITAR D SERE L
LTREBEES LD TH S, AMBERNTRE L-0L, AHTHRL, BOEYELCE
2mmD .55 UTHFHEL - fog sl L7,

3.3 o - MEE

331 FEEoMANY PoAbY—

THEFEHO S b—F& (20~50g) 2L 0HEROTL 2 (10+ ) TEES a@HBROR
BAEERL BEOESFFFELLE HROKIEE " RaOBEKREHCIBY L5 97T
B, AOERTIFL UBICHALTH L » HEREL, 7 BUEREY OGe - BEERHEGE
AV 1~ 2 AT -7, B LE LT, NBL (New Brunswick Laboratory) #3580 H LT3
UtEdSH OMAEE LS Nal e RAF I~ THECLOB LUERKC L AEEM LV, J0
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BEICE T "*Cs (661keV) . *°K (1460keV) , 2°°Ra (*'‘Pb(295keV, 352keV) L D), **'Ra
(22980 (911keV) L 0) HEE L7, CeHBITLZ v BN PO A MY —LISHZ,  Pure-Ge
BEENSKABLRAF-HFAR7 oA Y~ (LEPS) & T °Pb (46.6keV) &
235 (24Th(63. 3keV) £b) OFFEBIT =70

3.8. 2 Puflfirék (PefPud e 24Py L2 AmBIE

PURMZEE (55Pud 2?9 290py) L 21AmiE, BAEI20~50g £V THE 2 ici Lo HHETER
o bes s  BBIAFL g AN Po A M) =itk D EB Ul (LFEHERO ML —F
FLT S tPuk LT P AL,

3.3.83 ESBREEICP-MSIic &3 **"NpBIE

23INpI3 AT AT, BEECFEOH - BREaBANY bo A MY -TEESZNS,
A, SHFRMAZLLOTEHIELALVLOT, HELDERLTHANERIEO & DTIZ
4T, BRI A BRI D% £ b SR REECP-MS (LL#k HR-ICP-MS L BE
Fig.22) =X 28 & P "NpORTE Z BERBEEMATER & ORRMPFRE & U TR L7,

—EETRETES PNpit, FOBEAETNTHAREAGER» D7+ =T b
T B B, Pl OMSERT 0.3%EEFEFL TV S, ERNOXRBELETO
259 2a0pyamEE Y IERERYT b M HBANIC & K S (KB (0.1~ 1Bq kg - dry) 545 i< "
2i0py PEEA 0.5Bq, kg - dry ERET S &P NpIREIL 1.5mBq kg - dry (0.5Bg. kg - dryx
0.00) LIERTE S0 a@ANY PO A b —CORMBREZIEET0%, BIEHEOBMAH
430%, AEEMA10,0005 &35 &, 0. By (2FHE=104Y 2 b)) LD, LIchH-T
0.5Bq kg - dry > 239 230puk&irtHEho PP INpANIE (RIEBX230%) 5B EI0EDK
L ET0g, Kefiz &b E=100gIXBhBIZNS,

—%, HR-ICP-MSTHRIE T 2HBAITIE, FOLSTRBEAI M —MEETIIHEEY 237
OHREL 2 NpDOALDT, FERICLZ AN MILOBEETEBZEV, BEHITHBLILT
MO* MOH* MH* ArM* 75 X @polyatomic iomiZ &3 TEHHEL 50245, HR-ICP-MSTRIOLD
KA ODOHEERJBIWIZ TV %, ROEELET ZEELSE, BERC ViNps (o
TREEHEL A TH 2.5x10° 12 (HFBIETHS x10° ) ZLFELTLS 22U (59378g
kg dry) A5, Npl U DEES AR+ TH 2 LATEHICHEN 2380 S EBY W1~DOF
7 F— Y VT CAMEEETH 2, PINpEIET AR, FEUTT M) v 7 ZAHRE
BHDI T HDIALESBRIISATH D, BRAEREE GEE [M INOERN L AV o0
2) POLEE A+ L BELZ100pp I LTI S L 208N H 5,

HR-ICP-NS T 2*'NpZ BT 514, EFHEMHIC P NORBREENT 20BN S5, 40
FUCThIE IV 720 EEER U&ME (Table 9) ° TT BHFERT AP 2FEHTS
ZEIz Utee BV TINpOEERESIR (1M HNO) (IERRO PNpAT TR ENSH0.01~1.0
pg/ miIBRERH £ BA T2, Fig BICHB-RESET T, B PN ORERE CTERMENE O
n, Linb 0A4E50 LA L. BERNSIE, Vi ELANE L0 0lpgmlE THIE
AEEETEH BH5, ABERET L 15% IR ORE TOREAEREL L ~Lid 0.025pg nlfEE L 7
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G, BIEEICOLTI, W ohoBEEREE LB LT 70T « v 75T, REFLERE
BT 3, HUoKREEENLONTE D, UDKREREE (OF) >10° THS, Fig. 24i
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H¢2 & Scheme I TD*U, 2 'NpHiZ1000EL T TH D, Scheme ITDE DHiE4000~6000
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Py b A 1000L FITERT 2 0BRSS 2 LD OMIE 7, Scheme 1 ZRUL 7RI,
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F1961~19624E0 2 HDMBIIcEH LTiibhi, MEQEBHFTER LT + -7 7 bHO
241py /289 240Dy HEHEEHIZ22~24TH » 12 EHEINTV B, —H, BEDOEZNII1962F
THIRSEREST 2 &12~14TH 3, AEO1957, 198ERMTROHI N &E #H A 22"
240 BHEEIIS, BTEOERLY 4Py, 200 240Py EHRERO T 4+ — LT MICHERLTV S &
E7 5ND, 19GELBOREIEZEA L 0.30 2 TAn, 2% 2Py MSHRERERT 2 &R, K
D P ARS LS, THLE T+ — AT OB TRAE - ThH-EEBERELTE
O P SERELTVA I LEBRORET 5, RFAROFEEN S OFRFFEMIK LTH
24AntEREICE OEME P PubBIE L TH B, Fig 27icARHERE TOFHEBHERIZT OV
T 4Py, 29 BA0py o 241py /239 240Dy FAtEEH AR OB E LT L, miAE O
BRTaERicE-THRES,

(R)i= (R),- e *?ut® (1

N [e—kl(t-lnLe-kZ(t-ta)] (2)

(RY¢= (R)o*
k2—kl

— 40 —
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(R) = 2'Pu/77% 24Py BUAfRELE
(R1)= 20An/50% 24Py BUAfRELE

R) b LR 1B t 35 X o TORSEEILTH 2, kI EK2ATENEN P4PuL ¢ AnDIEE
ERART. T A—21F R0 k3EtoTHEHRV RECIIRDE I ENTSE, 205
OfEzFhFhl4E 2y, 0.6937 (13.2x0.5 ) y '&1960x 1 y FHE AN, DR E
R BB TR L7, TO 24Py, 200 200py FaER o ERX AR VT, KELEHORKE
TO AN 200 2Py ATEEH AT U R A AR LS, 2 AN 20 2 0Py ST EE
HoBRRICE T 4w FEA EbHMd, [PicidBemett® ARTMEET TV ERVTHE
B L 7o 241Pu/ 280 210py 5 UK P4iAR, /200 240Py FRETREHOBEE L b BB TRUIA,
CTHBIERE L L —HUT B, Ak, 196AELIENC SV TR AERET 2 2 e TE A, -
fohr, HORBAATTENERITTE TS S EEA T3, JOKS UBITEREN S, T
D THAM 280 2A0py HGHEERIZ 19845 T 0.3TH D, KECHMU, 2033MFC@JAEUAD,
BRI T 299Py DMIAL%ITET B T EH R - T2

3.4.8 P NpEFHEBE OIS

—RERRTO P NpOEBE L OISR iy P M PucH LTRESN TS
1k SNBTROBRILETH S, ARBEPRERHED T +— ATV Mprod 27 Np /22
2O OpRHEEIETE A —FE R LS 51255 PNpIE PP U PUCPuO A BRI LD b
AEBHE SN EBA B > TECERINE EBL O5NTV 5, EOEUBRRIGI
UTOEEOTH S,

ZBBU (H, 2“) ZSTU% 237Np
2354 (n, y3(n. ) *FTU—~> **Np

BRSBEECEITS 2 UEHTS (n, 2n)  (n, 7)) RISHIETFHIET 0.5~1 &
HEINTV 3, O/ 24Py, 2 'An 2B L TETIRED *Nohib 5. BEXOFS
3EEIT 75 0. 5N BE LB AN TV 5D, BRMICRNETNT "Nl LTLE 2
BN D EREOWMMNER 4 - 17— 7 HiH— Holm 5°% Lk -THEZINTV S, o
ALK T b FH A SRER EF B Licheniz oV T, 19681~ 197TIERTICIRIM L AR OHM P O
2aTNp 239 240Py 7f ¥ L TAIE L7z, € OREREFig 28107, HIFEIND L5 ICRERE
H7+— AT MEFEDE— 7 D1965~1966F I Rl & ffce 22 "Np 2% 2 °Pu JARELL
i1, 0.0015~0.004 ORMPATEEL, FH@IL0.0027£0.0004TH 720
AMZERNOKE, §8, A TI959~1989F 18I L7 & [2~16cn DFHFK O L EF O
23TNpA 295 240py 13T(g LT TEA7IFIERCHIE L, EHEBRORHMBESORHEHAS
froo BB L7c & D CBREHITNTLOgH#EAYy,  Scheme I TNpA{LF5r#k - WEL, HR-ICP
WS THIE AT - 70 TRNTORBTI0% L EONpD(LFENE A 12, BELHERKETable 15
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DT de excess P'UPbAELFAMEEREIL, HBOBOPRIPRLEZFE T S/ 0CHEL
7z (Table 18) - excess *'"PoE®EN S, BKH, %Jﬁgf*ii%#’t%’hﬁéﬁlﬂi@iéb\#:&égﬁﬁ
ORENEIRNLS, HBEMLMATEHEERLTOHEIEhbI S, —H, AMIZSWTI
1980 FERB TEVES RV HSh, Borc2hUiiO—EOTBERIT B b b Uik
D198 EREH 2RO THEEED S,

KATHEGRD PINERE ERUAESFTOLERD) EHE, 8 AT~ 239
80~ 449, 112~43TnBa/  OREAOEA R M S hiz, 8, AN TORKEIKBOZA X
i 2fEmd, TORWIIAOMEOBKE (1951~1980EOEFY : REH1T8Tm,y, K
9948m,” y., GJ12645m, vy ) DB VWERMLTHEDEEL HN 5, BINpEE R ST DFE
BWED 23N, 25 PUOPy MEHEEH A SEHEIIF OMK & U TFig. 21T/ T, 195945 519674
AT SN ERBESSRICHIML, FOBRBLIITIRSSIN, BRIYLTHEIENDAI 5,
T OBEEHIEED Y 0Py THETH 5. —F I oWT I, T OBEOFE RS0y &
<, PORMETH S, NPT 24Py FRHEBOHMITI61~192FICER NIETRO
7T—w?@bﬁTE®Ew7&5-ﬁbfwéownku%uﬁﬁéné2“Mﬂ5®¥ﬁ%
OBV, XU TOEGRECEO LD ETEMIHTIT Z LRBHEIC X5 EFS T E
~AOBE, XSIOKBADEROAALEICLBEEL SND, P Np/ 70 24Py BUETREMIE
HEOIBUERB TRLEVE 4 X107°45F Uiz, J OBSEEH bHRTO&E & TR EISED
LT3, Ch &SRB ORMMBIc 5T, B—KETIHMELRD S Py BT &S
2as. 2a0py SROSTHNAIEE = 1. 6% A HICLTFEIN TV S (Table 17) o "P7CsIT2TH
19604 LIKE, BTEABEINT S (Table 17, Fig.30) o HMAITH T 519674 L 1980F K &
TOBRERE F #2085 %908, fEFMIN TV S, ZOI EMSKEBITD 2°% 4 Pubs1967
EE TR T L2 Ehbh b, KETOI98TERAMTO 2% 2 PuBEHBITTB nf TH O,
FEX: COMERTREELRAEXRLSHL, BEOEREEFTTITHERLL PN
LTWS BEAERT S E, BTEOE~ 7EBIZITVIBTERKMS P NpERES 5L Np
Sran niopy atEEh AT 5 ETEETHB LEL 6ND, % 2 T19594 £ 1963~ 19674
BoHcBETSE, FIEDO 2PN, 0 2Py HSHEERIZFS (2.0520.5) X107°, BEDE
it (3.2 £0.5)x10°° &4 0, HEROAME (1952~19584F) &M (1961~19624F) £ T
DHMRIL -T2 ENE TR ING, ChETIO 22Np 23 24Py ARERIZOWT,
Bfurd S TEBIEA S (4.8 £1.4)x107%, YamamotoSiZ20cnFE X O HBOMMEN S (2.9 ~
4.0) X 10 * DA HE LTV 5, SEME L7 1959450 H A& O ERD o ORET D
T —=NTY N AEEELTVBEELT, UTOKEROTEDO 22 "Np,/2°% Py HATHEL
(R2) OHEEIT 570

(Rt-X « R1)

(1-%
X : 196TERBHFD PINDRADIBIERETOD ' 'NpRDOF S : Table 17
&£ ©0.026+0.08 -
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RI=19504 s R v ilta s 28"Np, /227 4%y BsTREtE O 54
(2.0%£0.5) x10°°

Rt=1963~1967E R a7 22 Np, 27 24Py SHRELL D F91f
(3.2+0.5)x10°%

TS OEMARA LIBITIC X DR2ZT DL HREID 22 'Np, /7% 2*°Py JETEEIEAY (8.610.7)
X107 Th 5 EAHETE 2o 2 ™Np, /220 40Py HREHA BB TR/ LS ILIL Hi
HL D LB, KEBRHEE LPRINIEMARENZ BN ELEFHELEL,

3.4.4 2N, 290 200Dy 1VTCSO AN OB BB OHE
RSB TY = LTy 5w ks B, HoOkE HERBICE L0, —BaRDkE
B LD ETRACHTHE, ABFHEEPCHMOAENG, WORENRYS Tk
TR, BEESNEBREOREOKERES D BRROBRTHELTED, &5
bR T~ LT o IKREAAT 5 E—EBITARED SHBEPICRR I h 5.,
I, BEBRNSOT+—IITIME LT/KATHERICEETZ8Y S g O Np,
239, 200p) M ED L S IZEL T O EENTOMEEN THEM$ 5 2 L 2R A7 Fig
SRR H - S T FLETRT. RNOBSHEREOEHE O 3, FHBTE (A0
FEASSORE THPBIBHEE (1) LR (k) OFEMHE LTTRR

THRE S,

DT=§ At - g - GFK) - (T-L)

FA~OEHOEIL, LI L-RERE BLEb, H8EUEUE~OBTS SIKE~ND
BE, oOWNAEZATED, kOEH, |/ k%2H0TORFERHE Ui Bifici, %
2e0pyts kOfF VVCSERB T RIBEHOKEOKALET -7 EH VI, PINBTERICOWT
13 289 2opURR R RARIC LT, 1959 T 23 Np. 700 240Py MLHFRELL 2 X107°, LI
1L 29TNp, /23 240py FUATERIE 83.6%107% & LTHERE Uiz, Table ITICC W SRMOFRET R
A% LBTRT, B, SEAELRAOKBLBORMEEIIATF8mTHZ0T, 5H
AR E A7 HIITRTIentE S ITHBL Lrse K &/XF A —F =L LT *¥Np, **% 24Py,
1370 [T ENEFNEHE L2 4Pig S2ATRT, HEM S, P INpE20 TSN OF
MEERS0~TOETEFASE LA ERBORMNEDHMEA L b0 X (HHLTWS I &N
SN Be —F, 3% 0Py (s TR, PUNp@EN LD HEL (100~1406) T EARIES
HA, CHhOoDRFAS, 2NpAS 229 24Py kT8 VY 0s L h LR FEND ORI 5 LR
LTbRENBEARISAVWLDOEELNEY, X SICLDFALBIILETHSILELT
L B, 2OTNpR BP0 290pyk WA S ORI LTI, WAL XS CORELEOE
Eb, QBEDIRREAIIC B B RERESHHEC X ZRFHLTENOBTS Sidkiao
RIS ORR OB S B, (VO EDIcH>WTiE, AEIZ4 A~8 AEE TIIAEKSL LS
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BRSO, FhLUAOHMLERREL LS I) bEBREIZAEVLEEZSNHDT,
FOBESIRIEEITUN O EEZ SR D, ROEIT-OWTIE,  2Npid 200 PP S TR LR
W15 EADREFIFE L, FTERICSTOPTL, QOFENOBMC-WTIE, hoBEORE
SEOEEBEUOTWEMINLED, 4DEIAF~FITAV, BREREICE > THONE, WX
BEOBTIRDHWETHINS, AOKBADRBH SORIIZ2WLTHE, FHTH S, P
~DOBITEH L LTPy, Npicf LTENRENI0T~107%, 1072 ~10 'DfEHOME" A ERE 2N T
WVWE, CDEINT EEBEMTERT S L, PNpORAOKHICBE LT AN RELFHFS
LTWADOTIRRNONEEZI TV B,
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Table 9 HR-ICP-MS conditions and mass spectrometer setting

ICP-conditions

Rf power 1.2 kw
Plasma gas flow 14 I/min
Auxiliary gas flow 0.5 I/min
Nebulizer gas flow 0.5 Vmin
Solution uptake rate 0.5 ml/min
Mass spectrometer setting

Sample orifice diameter 1 mm
Skimmer orifice diameter 0.5 mm
Interface running pressure 1.00E-04 mbal
Mass spectrometer running pressure 3.00E-06 mbal
Data acquisition mass range 236.7-237.6 u
MCA* cannels 50
Dwell time 640 ms
Cannel for one peak search 24

5

Number of sweeps

*MCA, multi-cannel analyser

Tablel0 Measurement of Np-237 by HR-ICP-MS using different separating methods

Separating  Anal. Chemical Ion Count Np-237 Content Ion Count Jon Count Ratio
Scheme Weight(g) Yield(%) Np-237 {pp/g-soln.) {mBq/kg) U-238 U.238/ Np-237
11 10.15 68.4 38+ 5 0.030E0.004 22+03 17157+ 1348 460+ 70
11 10.10 61.8 36+ 4 0.028x0.003 2403 36353 & 1211 1020 {10
1 40.28 81.4 139 6 01230005 20%0.1 10181 % - 860 B 7
I 40.13 82.6 145+ 4 0.128 % 0.004 2001 14018 &£ 1551 974 11
I 40.10 687 40027 0363+0.025 69+05 2279551% 50706 5700 £ 400
il 40.15 62.3 552438 0363+ 0025 10511 2305919+ 46590 4200 & 300
The eror denotes one sigma standard deviation of 4 {imes measurements.
2.4%0.7 mBa/kg .

* The value of Np-237 content by alpha-ray spectrometry through Scheme {

_46 ——
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Tablell Concentration of Pu-239, 240, Am-241 and. Cs=187 in Japanese paddy soils
and their activity ratios

Concentration Activity ratio
Year of Location Pu* Am-241 Cs-137 Am-241 Pu*
sampling (pCitkg)  {(pCi/ke) (PCi/g) Pu* Cs-137
j “1963"  Hokkaido 11.1/ .7** 4.7/.4 0.87/.06 0.42/.04 0.013/.001
: Iwate 12.6/1.0 4147 1.02/.06 0.32/.06 0.013/.001
i Miyagi 8.8/ B 3.0/.3 0.64/.04 0.34/.056 0.014/.001
Ibaragi 9.0/ .9 2.8/.3 0.58/.08 0.31/.06 ©0,016/.002
Saitama 10.4/ .9 3.1/.4 0.76/.06 0.30/.05 0.014/.001
Tokyo 2.3/ .8 3.2/6 0.69/.05 0.34/.06 0.016/.002
Yamanashi 8.6/ .7 3.3/.3 0.54/.06 0.39/.06  0.016/.002
Mie 16.6/ .8 4.9/.4 1.23/.06 0.32/.03 0.013/.001
Osaka 2.1/ .2 0.8/.2 0.21/.06 0.40/.10  0.010/.003
Okayama 6.9/ .6 2.0/.2 0.44/.03 0.34/.04 0.013/.001
Akita 23.0/2.6 7.1/.9 1.81/.07 0.31/.06 - 0.013/.001
Nilgata 27.8/1.5 9.1/.6 2.67/.10 0.33/.03 0.010/.001
Ishikawa 22.1/1.0 7116 1.64/.10 0.35/.03 0.013/.001
Tottori 18.6/ .9 6.3/.5 1.63/.07 0.34/.04 0.012/.001
Fukuoka 8.7/ .8 3.1/.3 0.69/.05 0.32/.04 0.014/.001
*1976"  Hokkaido 5.0/ .4 0.33/.03 0.015/.001
Iwate 16.6/1.1 3.6/.4 0.93/.08 0.22/03 0.018/.002
Mivagi 5.1/ .5 1.5/.3 0.24/.02 0.30/.07 = 0.021/.003
Ibaragi 4.6/ .5 1.4/.2 0.27/.03 0.31/.06 0.017/.003
Saitamas 9.9/ .8 3.0/4 0.55/.03 0.30/.04 0.018/.002
Tokyo 10.9/1.1 : 0.70/.03 0.016/.002
Yamanashi 5.0/ .2 1.5/.2 0.96/.02 0.29/.04 0.019/.001
Mie 8.1/ .8 2.3/.3 0.45/.03 0.28/.06 0.018/.002
Osaka 29/ .3 0.9/.2 0.18/.02 0.30/.08 0.016/.002
Okayama 5.2/ .4 1.8/.2 0.38/.04 0.34/.05 0.014/.002
Akita 21.7/1.5 6.7/.5 1.20/.05 0.31/.03 0.018/.001
Niigata 26.2/1.8 7.6/.5 1.66/.08 0.29/.03 0.017/.001
Ishikawa 25,2/1.2 5.6/.5 1.46/.07 0.22/.02 0.017/.001
Tottori 11.8/1.0 3.6/.4 0.68/.05 0.31/.04 0.017/.002
Fukuoka 11.2/1.0 2.6/.3 0.63/.03 0.23/.03 0.018/.002

1982.

*) Pu: ¥ 3%py,
#+) The number after slash denotes the propagated counting error of one sigma: 11.1/.7 =
11.1 £ 0.7, The '*'Cs values were decay corrected to the dates of sampling, while the

% Am values are as of the dates of analysis from the end of 1981 to the beginning of
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Tablel2 Uranium-and thhorium-series nuclides and K-40 in the paddy s0ils measured

by gamma-ray spectromefry

Concentration (pCi/g)
Year of Location U-238% Ra-226** Pbh-210*** Ra-228%%**+ K-40

sampling

“1963"  Hokkaido  0.45/.07"  0.29/04  1.30/.09  0.44/.06 9.0/ .5
Iwate 0.50/.10 0.30/.03  1.38/.28  0.35/.10 3.6/ .3
Miyagi 0.63/.08 0.40/.04  0.63/.14  0.41/.09 8.3/ .5
Ibaragi 0.51/.08 0.81.06  0.73/.13  0.82/.10  12.8/ .7
Seitama 0.49/.14 0.66/.04  0.88/.15 091710 147/ .4
Tokyo 0.64/.13 0.63/.06  0.92/15  0.95/12 1563/ .7
Yamanashi  0.38/.11 0.77/.06 1.12/.12 0.86/.09 ~ 118/ .6
Mie - 0.65/.10 0.87/.05 0.74/.11 1.11/.11 145/ 7
Osaka 0.45/.10 0.38/03  0.44/.12  0.49/.05  14.5/ .4
Okayama  0.78/.16 _0.73/.10  1.44/.26  0.92/08  18.4/ .6
Akita 071/.18 0.65/.03  3.41/40  0.71/15 128/ 7
Niigata 0.56/.06 0.73/06  3.18/.32  0.86/11  13.6/ .6
Ishikawa 0.83/.21 0.93/.06  3.36/.35  1.22/12  20.1/1.0
Tottori 1.00/.23 1.06/.06 2.22/.31 1.29/.086 17.1/ 7
Fukuoka 0.58/.06 0.55/056  1.44/.26  0.71/.090 251/ .7
Average 061/.16%% 064722  1.53/.87  0.80/.28  14.1/4.9

“1976”  Hokkaido  0.43/.06 0.85/15  087/.15  0.48/.08 107/ .5
Iwate 0.50/.07 0.61/.17  1.868/.42  0.26/.06 3.2/ 4
Miysgi 0.13/.04 0.22/16  0.36/.10  0.48/.09 2.7/ 1
Ibaragi 0.21/.04 0.78/.19  1.74/.20  0.46/.09 4.5/ .1
Saitama 0.29/.03 0.17/.08  0.86/18  0.35/.04 151/ .7
Tokyo 0.54/.06 043/14  1.27/18  079/07 136/ .7
Yamanashi  0.28/.03 0.15/.08  0.84/17  0.34/.04 7.0/ .4
Mie 0.72/.07 0.31/.10  1.11/.15  0.90/11 154/ .8
Osaka 0.48/.06 0.42/08  0.45/.12  0.43/06 157/ 6
Okayama  0.98/.07 0.68/.15  1.19/20  153/12  22.9/1.0
Akita 0.68/.07 0.83/.23  2.57/.26  0.60/07  11.8/ 8
Niigata 0.90/.03 089/.18  3.07/.33 086,10  16.4/ .8
Ishikawa 1.03/.09 0.91/20  2.78/40  1.20/11 205/ .8
Tottori 0.70/.10 0.47/11  177/31 096,10 121/ .7
Fukuoka 0.53/.16 0.51/10  119/16 _0.57/06 241/ 7
Average 0.56/.27 0.56/26  1.40/.81  0.68/.34  13.0/6.5

# or ##) The number after slash denotes the propagated counting error of one sigma or
standard deviation of one sigma: 0.45/.07 = 0.45 £0.07.

*} Measured by B Th.
**) Measured by both *'*Pb and Udgy,
#*%) Corrected to the dates of sampling.
s¥a¥e) Measured by B,
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Tablel7 Deposition history of Cs-137, Pu-239. 240 and Np-237 from the global fallout
of weapan testing at the site in Akita of Japan

Cs-137 Pu-239,240 % Np-237**

Year
Cumulative Cumulative Cumulative
Bg/m2/y Bqm?2 Bgm2/) Bqm2 mBgm?2/y mBg/m?
1954 0.71 0.7 1.42 1.4
1955 3.38 4.1 6.76 8.2
1956 2.80 6.9 5.60 13.8
1957 3.38 10.3 6.76 20.5
1958 4.38 14.7 8.76 29.3
1959 T 709 21.7 14.18 43.5
1960 376 376 206 - 23.8 7.42 50.9
1961 331 707 2.48 26.3 8.93 59.8
1962 1171 1878 7.38 33.7 26.57 86.4
1963 3990 5868 15.70 49.4 56.52 142.9
1964 1636 7504 16.95 66.3 61.02 203.9
1965 765 8269 1031 76.6 37.12 241.0
1966 334 8603 6.30 82.9 22.68 263.7
1967 115 8718 1.73 84.7 6.23 270.0
1968 111 8829 135 86.0 4.86 274.8
1969 107 8936 0.74 86.7 2.66 2775
1970 125 9061 0.30 87.0 1.08 278.6
1971 142 9203 0.83 87.9 2.99 281.5
1972 51 9254 0.14 88.0 0.52 282.1
1973 25 9279 0.42 88.4 1.53 283.6
1974 78 9357 0.34 88.8 122 284.8
1975 37 9394 0.33 89.1 1.19 286.0
1976 12 9406 0.06 89.2 0.22 286.2
1977 23 9429 0.15 89.3 0.54 286.8
1978 49 9478 0.25 89.6 0.90 287.7
1979 18 9496 0.16 89.7  0.58 288.2
1980 0.07 89.8 0.25 288.5

* : Estimated from Sr-90 data (Pu-239,240/5r-90 activity ratio = 1.6%.
*x: Calculated from the observed ratios of Np-237/Pu-239 240 activity ratio = 0.003 during
1954-1959, and 0.0036 in the following years.
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Fig.21 Sampling station of paddy surface soils in Japan
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Fig.22 Schematic diagram of a sector tvype ICP-mass spectrometer
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Fig.23 Calibration curve for Np-237 by HR-ICP-MS
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Fig.24 Chemical separation scheme for the determination of Np-237 by
alpha-ray spectrometry and HR-ICP-MS
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Fig.25 Deposition of %3% 2*°Pu and **'Am in Japanese rice-field soil.

The **'Am data are as of the dates of analysis from the end of 1981
to the beginning of 1982.

(The propagated counting error of 1o is given by the symbol “T"
as the highest value on the top of each bar.)
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Fig. 26 Am-241/Pu-239, 240 activity ratios
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at the dates of analysis(May 1982}

in paddy surface soils collected during 1957-1980
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Fig.27 The variation with time of the estimated activity ratios of **'Am/2%% *°Py
in rice-field soils at the dates of sampling.
(The regression lines for the Niu Bay sediment data are given in solid
lines. Alsoc are given in dashed lines the variations with time of
241py /239, 240Dy gand Z4'Am/2%% 24Py ratios estimated by Bennett®®’ based

on the atmospheric transport model.)
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Fig.28 Measurement of Np-237/Pu-239, 240 activity ratios in lichen samples

reported by Holm et al.
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Fig.81 Evaluation of the residence times of Np-237, Pu-239., 240 and Cs-137 in the
paddy soil layer(i8cm in depth) studied
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