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Mg 5920 + 580 Mg 395 + 49 | Mg 0.0668
Si 367000 +15000 | Si 108 =+ 34 | Si 0.000294
K 25900 + 1700 K 1780 + 60 = K 0.0687
Ca 12100 = 700 Ca 110 * 6 | Ca 0.00908
Mn 413 = 32 Mn 192+ 1.0 Mn 0.0466
Fe 34500 + 1800 | Fe 86+ 09 Fe 0.000472
Cu 307+ 122 Cu 25+ 04| Cu 00882
Zn 112 + 14  Zn 191+ 10 Zn 0170
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13Cs 0.000878

BATRENZ, ZEEB LTV ABRDIZOWVWTOHERIIRBITIREIZHT D, H ETARHBOHR, T72
bh, A X THONIETKOTDODLDEEDEISETHD, LN o T, BITREDN/NEWLHEWVWST, 1

IR E LTREES.

AXBLEDET RN L TWRNEITFEZRY, FlziE, 74 RIZHOWTAT

HHE 1 DI, FEROr A FIREITZATEELD BIXD20CE, EBE. A I A F%
FEMANICRIN L, BTN RICH DN TS, ZOFXAFEOHKICONWTEZ THDL, 21T,
2014 FERB L V2015 FFICE IR L7 HAKB L OHA T O r A BRETH D, WEICHBETH L L LT,

100000

50000

SilEE / (uge")

—— WA1-1
—B4— WA1-2
—{1— WA1-3

wB9-1

WB9-2
—H— WB9-3
—Q— K6-1
—— K6-2

18
1 A ROEFD SiEE
(Z 2T, flz1T. WAL-1., WA1-2, WA1-3 L HHDT. WA-1 OHTERL7E-—/D
AFZPLBEALE 3ARODEIF LR ETHY, Mo 1B, 2/KH - -« - LW HDIE
BEIZOWTREIGEW TN LA - EONEEZE®RT S, )

2#% B 3B

187

4¥ R



NMCC 22 2015

—— HK WA-1
40 —m— AK WA-1 30 —O— H7K WB-9
—O— HEK WB-9 - A K (1-hitt)
FAK(Fz8ithK) - RK (=)
—v— HK K-1 HK K-1
= 30k —*— HK K-6 BHK K6
Iy AKGEK) ‘I-" < AKX (KERK)
€ 2 20 <& AKX (K3RK)
2 y
= 20+ C;
~ ~
iid 1
a1y ™® o
on 10- 7]
0 1 1 1 1 1 1 1 1 1 1
5H30H 6H24H 7H20H 8H27H 10A25H 0 5A 3H 5H17H 6H21H 7H26H 8H30H
e UV A= YU B (20154F)
2 HKBIOHATOSIERE (&£ : 2014 4, £ : 2015 4F)
KO SiRET LEDEEBMRALNDD, WTNICEBWTHHAKFOREITHKS LV HIKHEE

AL TV, _zhi\ 5'Eu BRLIZEIIC, ARTSIEEZLSEFBTHZ NI MBENTEY, HAH
DREED T AP A PRV AENTZT-DEBEZLND, ZOZ X, BITREEWVIREXLT L
HHEFORLEO R BT A~ORVIALOEGEZRTHOIFTIER, £, WKL LToEx Dk
@@@Lé%ﬁ%ﬁé%®f%ﬁw EEBERLTWD, T72bb, HME LTRIHT 2 LEORRY %
TH9BEIIE. BIFMOIEERAEBLARE~OEEL, HETOKAEEY U 20ATIERL, T
kio%m@ﬁ% ZENDMDOITEDOZEEZBH L OO L TV RERH DT L AR L TN D,

3.2 A rFEHER
¥ 312, EBENTRIELZA2DESRD K. Rb, Cs ® PIXE SHrofEE425R LT,

40000 1500
35000 -
30000 | ~
; 25000 - /Q\'E g 1000
J 20000 - '\/‘i ~
# v —m— NT-1 iy
L 15000 - —— NT-3 ?ﬂg 500
10000 - i Al o
RC-2
5000 | RC-3
1 1 1 1 T 0
1% 8 2# A8 3B 4B ﬂgﬁ 2§E 3&5 4&5
300 —B- NT-1
—%— NT-3
i N . . A
X3 A 3xEFD K, RbBILW Y
Cs =& oo 200 [ RC-3
2
~N
NT : SELLELR > b g
L . . 5 100 |
T: 474 MNEMAY & S
RC: Rb BLUCs iR > b

HEET CREPT RN CRR =

188



NMCC 22 2015

NEVTABIOEY T AZOWNWTIL, ZNo2mNMLER Yy hOFEOATHRIIESNTZ, Y U LR
EiX, OWict L7245 2 Ry FOA RFOEOB TIXBHFZERENH D L OICIFTRZRWN, Y EY T LB
FOEVTLARENEVETIT, VIV TVARBELEGEWEWIHANEBD N, 2O LiE _h%®3
FEOT VA &R TE, A RICEDRNOMER &) E %Ti%#&m:&%rbfwé 7=,
EVULABIOREY T AEIRIML, 92 772 20Ky hOHEC %6@m$ﬁ@%ﬁ@md%
Rb/Cs=8 ThHolz, O LiF, bbbl EITARAETY ALY BRI NI WD, F2iE, Jz
VULANEBIIWNET LD EEZLND, INETOMREZET VI, WIMLZE U LA 4R
TEICWE L, A RICEDWNPITONICLS K RO EEBEZDLZONRAARTHA I,

BRy NI HEIL L?‘:*’)ﬂ@i%& 184Cs B LN 17Cs DHFRER L UOBITHREEE 2IF LD, 20D
RIZAGND X2, BERMEDO B T A ERMUIEGEICOHR 134Cs DA EICHRIB SN D 72 £ it
P T LDV ?“foczb%\ ARV IAENDEMBRD N, 2O Eix, EFEo PIXE 45#7
DR EDOEEZD L, WINENTEZLRERNMEOE L T LT HBEIIRET I, ZOB, Tl tHE
FDOH DLV A MIAS> TOTEHHEDOE Y T A BIZLEHTIRERISH DL LERLTND, Thbb,
FRELDD 4 FEU ERB LIZRICH > THA A U Bl RER S EE v D ARFEL TWD Z L &R
LCWe, BHMEE T T LOBRESCEED ~OR Y AL OB IEOT-HIZ, B U LOREBEO Y 7 LR
AW D EINZEHRE ST WDHN, RIFEORRIX, BERMAEDOEL T LAE S > THRAEO B T A
ERETHHIEZRETELHDOLEE XD,

F 2 B Cs OIITEE & BT DOIRRE THEIE L7z 137Cs DBATIREX

T

29.95 ND (< 4.6) 5.8+1.3 0.0019

- 21.65 ND (< 3.0) ND (< 2.4) 0.0008

27.14 ND (< 4.9) 4.9+1.3 0.0016

21.97 ND (< 3.8) ND (< 2.7) 0.0009

20.26 ND (< 5.3) 6.9+1.3 0.0023

PASA FE  20.79 ND (< 5.2) ND (< 4.0) 0.0013

24.90 ND (< 4.9) 41+1.1 0.0013

o 21.35 55+1.1 21.9+1.0  0.0072

Fﬁﬁ%;’;%us 18.49 6.7+1.7 19.9+1.5  0.0065
26.40 12.2+ 1.9 42.7+2.0  0.014

b 137Cs 2 3050 Bq kgl (37T 7 v a DFHE) L LTHERH LT,

4 FEO

ARWFZETIL, 2014 4E 5 A~10 AR XUV 20154E 5 H~8 H I/ C. & P I RE8 oo M| E Hitk iz B

WTHKBLIOHAK (7duikE L OURAK) WO HEE#R O A 2 2EREL .,

KR HEB L OA XDEEIC

EENDIMETLFEOSNE L OMHENEZ21To 70, TOREE, EM@i@@M% EVH Y DR E & FHiE
T AT, KT ORSEER LS, HIEROBISMELUS DS ~DEEE REFT 5 2 L BRUET
bDHZERLrolz, £, METHNTRILL LEE WA XD %ﬂaiu;é.%ﬁ%ﬁof:klé\ JER 5
Benn 4 FLLERIE L7RICH > THA A R ARE R o 7 ANFEEL TS Z & O 1R
BiLd &bz, BERMEO BT U L EHOTEBRERRFRIRICRVEL 2 ERRENTE,

189



NMCC ANNUAL REPORT 22 (2015)

Analysis of the trace elements in paddy water, irrigation water and

rice plants of mountainous region in Fukushima-city (l1)

M. Yanagal, H. Miyoshi?, S. Higaki3, K. Mori4, K. Nishizawa5, S. Goto% and K. Sera?”

1Radioscience Research Laboratry, Faculty of Science, Shizuoka University
836 Ohya, Suruga-ku, Shizuoka 422-8529, Japan

2Advance Radiation Research, Education, and Management Center, Tokushima University
3-18-15 Kuramoto-cho, Tokushima 770-8503, Japan

3Radioisotope Center, The University of Tokyo
2-11-16 Yayoi, Bunkyo-ku, Tokyo 113-0032, Japan

4ING Co., Ltd.
14-1 Senjumiyamotochou, Adachi-ku, Tokyo 120-0043, Japan

5Radioisotope Research Center, Nagoya University
(Emeritus Professor of Nagoya University)
Furocyo,Chikusa-ku, Nagoya 464-8602, Japan

6Nishina Memorial Cyclotron Center, Japan Radioisotope Association
348-58 Tomegamori, Takizawa 020-0603, Japan

7Cyclotron Research Center, Iwate Medical University
348-58 Tomegamori, Takizawa 020-0603, Japan

Abstract

PIXE analytical technique was applied to determine concentration of trace elements in
paddy water, irrigation water (pond water and spring water) and leaves of rice plants, collected
from May, 2014 to October and from May, 2015 to August, in mountainous region in
Fukushima-city. It was also examined that the effects of adding stable isotopes of cesium and
rubidium into paddy water on concentrations of trace elements in leaves of rice plants and the
transfer factors from paddy soil to rice of radioactive cesium derived from Fukushima Daiichi
Nuclear Power Plant accidents in March, 2011. PIXE analytical data for the leaves of rice plants
indicated that a major portion of added stable isotope of cesium adsorbed into soil. On the other
hand, the transfer factors of radioactive cesium for the unhulled rice cultivated with the water
which stable cesium had been added in were much larger than those for cultivated with water in
which nothing had been added. This implies that the cesium atoms added were replaced with

radioactive cesium atoms in soil.
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