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An Analytical Method to Measure Free-Water Tritium in Foods using Azeotropic Distillation

Keisuke Soca®, Toshiyuki Kamer, Akiko Hacuisura and Tomoko NisHIMART-MogamI

National Institute of Health Sciences:
1-18-1 Kamiyoga, Setagaya-ku, Tokyo 158-8501, Japan;
*Corresponding author

A series of accidents at the Fukushima Dai-ichi Nuclear Power Plant has raised concerns about
the discharge of contaminated water containing tritium (°H) from the nuclear power plant into the
environment and into foods. In this study, we explored convenient analytical methods to measure
free-water °H in foods using a liquid scintillation counting and azeotropic distillation method. The
detection limit was 10 Bq/L, corresponding to about 0.01% of 1 mSv/year. The ®H recoveries were
85—90% in fruits, vegetables, meats and fishes, 75-85% in rice and cereal crops, and less than
50% in sweets containing little water. We found that, in the case of sweets, adding water to the
sample before the azeotropic distillation increased the recovery and precision. Then, the recover-
ies reached more than 75% and RSD was less than 10% in all food categories (13 kinds). Consid-
ering its sensitivity, precision and simplicity, this method is practical and useful for ®H analysis in
various foods, and should be suitable for the safety assessment of foods. In addition, we examined
the level of H in foods on the Japanese market. No °H radioactivity was detected in any of 42 ana-
lyzed foods.

(Received 10 March, 2016)

Key words: WEHEWE H YA M radioactive material contaminated food; F U7 A tritium; B
¥ v F L —¥ 3 7 liquid scintillation; £#H#&¥ azeotropic distillation; H HJK free water
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BEE—RETHREEFROFHRICLY, BEROBRETEWE
WX AHERPEE LY, ERPRIHEE Y72 ORk#EE
FRESH, HERHFERSL TS, AROBITE
HEICIHE2LBRE (Cs, ®¥Cs) DIEd, *Sr, PPy,
239Pu, 2401)11y 241Pu, 106Ru ﬁg%lﬁ -é n-«c Wy Z) ﬁ;" j(io)
BEHRMATHE MY F YA BT H) 3&ThTn
V. CHEIFHBRICLD, RAFTEBRICEAKTSHO
Wz, BFHES,OERKB LUERE LTH &N
595, BER~OBERERBIEFEL AR TR, EIZ
KOLER PHAK] & LTHEET 5 °HIE, BT HOREN
WBOWTEANZBREFEI WD, INLEBRESIC
BHEN, HEOBMEWICHY AN LBENREREE
AT 5V, CHIZERYP 1234 T, TAVE—0KVE#H
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HRERREMEHENAN: T158-8501 HEMEtHAX
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M EASBHEEEARBERZEE. ERB0315E1E, FK
244E3 A 15H.

(FK18.6keV, F#H57keV) DA EKRIBTZ40, 4
BRIEICE B ANBAOEEI/IEL, BOBLUHRAE
WL 7BE0oNIMEIE SMEL 2 5.

HiZChEF CREFIBRBLOBREE=s) V7%
B LT Oz [BEBUNEEY YV —X M) FT7 A
SITEL? ICETOBEAR TBOREITONT VD
2, ERIZOVWTOARERZ. BEDOHAH T, B
WMEEs &Yy FL—Ya vl &, BEEARYTH
AN AL [EESIE] O2BEREIITOAT
WY HESIEIIRIE T RA% 0.5 mBo/L & B85 &
ETHREE_ Y V7R EORKEBENZICEEN TS S
2, AN AOERBEEZEDTHOWCHIHZEL, &
BIATLEE D MR - LA LS RAMEICIIANE TH
5. —FT, WY YFL—3 3 VEEOWITEREIHK
R, OHHBECTHEA, BEED RIFLRD, SREk0NHE
ELTWwWALEEZONS.,

HIZHHEAEEARKCHESN L HADIEIMZ, KFE
(CHH) ¥ X, BEWESEHORTELET L. ETHRE
FrCPHIRERKE LT—BRHICEIONLLZ E2b,
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Table 1.

Food samples used in °H recovery tests

Food categories

Food items

Rice

Cereal crops

Sweets

Beans

Fruits

Green/yellow vegetables
Other vegetables

Fishes

Meats

Milk and milk products
Spices and flavoring agents

Rice, Processed rice

Bread, Noodle, Potato

Sugar, Cream, Chocolate

Soyfood, Processed bean dish

Apple, Banana, Strawberry, Orange

Tomato, Carrot, Bell pepper, Pumpkin, Spinach
Cabbage, Onion, Mushroom, Radish

Mackerel, Tuna, Salmon, Squid, Octopus, Seafood
Beef, Pork, Chicken

Milk, Cheese, Yogurt

Soy sauce, Salt, Miso

Beverage
Drinking water

Beer, Tea, Coffee
Tap water

BEGUZIIREBOVHFRE N THEEFIC, TakERE
LTRERFICHADOE THRIBENZ LEZLNS. B
IEE - BRE - ANE - BRELZEKGEESEL, KRS
EHA0.95~1.00 L BWHDOH» 5, FRAFEHKDLD
KRG EEE0% LT TKRATEMEA0.85 K & AKEH
EOBOMTAR T CEIAHFET Y. —RIICERS
DREEKEINMOK L OFTWAFRZ DIZ{ T ehnd, K
MERETIE, BERFICEINL HOREWFMEIT) 720
CRET HEROEELZHERPPICKMT 22505
HEKAKCEHL, ERTHOSE - HEEoRE %217
72, BRICETNAHUSNO RS EBELR COUEE
PEEBRELCHEAKEESIIZ, BREFRBIEHASLS
HUEWIRE? 3B REY B EAONLD, HHHE
IR RFGERZIR RIS A R 2 LB AT
EFEEN BEXY, "HOBKREFNT 2 HMAT ¥
Fl—Yarvgl, RBEFICLHHKEEECER
L, BYE - REE - Rl - BfRl - BEREEERL, &
DRI E L7 SH O EORE 2 Rz,

g

1. HE- 288
BROSHRIER ORFEE ISR E Fv, Kk
HEBIIEBRY S ARz AV *HEEBR PH
7K, 9.87X10° Ba/mL, MXTILIEAMHED? S (R=2) 5.5%]
i, BHR7AV M—THaLVBALL B rF1—
%121, Ultima Gold LLT (Perkin Elmer) % w27z il
EARITIZ20mLOESY Y T A K F 2K (Perkin El-
mer) £20mLEAX100mLOF 70 YER (U7
FTor) BEELE. Nv s 59U F (BG) KEEHE
BROARIHEAT HAICE, KRE - SHOBREK
(B - hith) 2BERBELTHY, Zh
DA AR (3 U R7HMIL-QBEEK) 2B B
WK O *HIEE IR 11 ByLTH o 72,

2. & #

FRMAB IR —S—<— 7 v MEQ/IRIERERITT
BAL:. BRERHOARARIE, < M) 7 AR AEE

LTwbeEZbNbEOKRE OMFRE OB £T
H OUH hILHed), OREH ©FLHEHE @
ZOMEEE, ®fNE OWHE OILES, OFWKE
@rBiF g, BfREbKICHRI L7z (Table 1). KIS DE
EMERAEML, 4~30BEOBME - IHEREA Y,
[F—FNF L Ly FPAFFAWHETETAL FT4 v %
DFFICELT, BREFREMT - RE - L7

3. & B

BaT Rl E B I TR 2 fEsE & Fl v e,

BNy 2759y Filfky v FL—Ya vlER (KBG
MESR) . AccuFLEX LSC-LB7 (R 7 2 H X574 A1)
— Y v F V-V g YEIES: LSC-7200 (HZ7H
HRAF A HI)

4. ATE B &

SHAEH#E SR, KRBT IEBGKIOmL & BWHEY ~» F
L—F10mLEEAYF I AFBICMATRMLE.
—GBWE L2, WERW (16C) Xy ML, —H
UEBELA. BEABO 77 —8A FF 4 F—I12LD
432050 EBHEL-0L, 1EREZ1IFL Z70EL
TBGIZ48K M, MERB T 10 H Rt 2 HE L.
B4 7 VOEHEIEIE, GrubbsREEL H 4 2FKRE (p=
0.05) 24T\, HNECELCRENZT-4. T4, &
YA 7 IVOREMEDIES D EDERRFE (mSD) % Fid
DAL HEM L/

mSD =

Z FHME
n: BEFA 7V

2 EWAKEE (M= VT 4Ty PASFACHETETAFTA V]
http://www.maff.go.jp/j/syouan/seisaku/risk_analysis/tds/
pdf/totaldiet_gl.pdf ’
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5. MEEEH

FHE Tz e (%), BGET#EE Nb (cpm), HABHES
BV (L) ELAlE DToEzHlgodiEi
(FOM) & L7-.

eV
JVNb

6. JIVFVIRIERISIER

7 IYF v I X BEEEIRIET OMIEL, WEsEREE
O BBaiRifiE v 7S5 #E S v 2 VI (ESCR) #1i
I fTo/z. WESFICHERBE (50Bg) 10mL, B
FUOWBEY Y FL—F%210mLMZATRAMLZZDDO% 63
BHRRLE. 72 VF v I LNVORE DR ZERT S
7z, JxvFry—LTrauasN A0, 20, 40, 80,
120, 160 L2 ZNEINOEFITMZ, BRBML 2. &
BB WMEFNC BBV, RN 28N
EL7 Bohiz7—4o55, BSCRE (x) X3 55
¥ah® (y: %) 70y bL, 7 rF v 7BIEHBRy=
—0.17845%°+4.4114x*—33.796x+102.19 (xZIH: 7.96=<
*<10.08, yfEI: 22.7<y=<27.0) *E X, ZOBHFKX*%
FWTHIEL 7.

7. BRRPEBEKDEESE
ANEIZ105C THRH, PWIEIZ135C C3RHARR
RERL, HRL Lo LEHES RAEEERS D%
HHEKEFERL LTHRKEFE (g/100g) zHEBL ..
8. MULIVHHEBICKDERKDSEE

HHERB 0% 500mLF A7 T2 TIED o 2
AR 21T ) EFEHOEAEIL, AE50gI1230 mLO#E
MAKZEMA, PV EI1I00mLEMZ, BEZREL
2. Y MVE—=F—-TT7SRAaeMmE L, HBEE
85 CHEATCHONIKBEREZEIINL.. ARPOEH
AREUNE R, EHBERE100g4) THOLNLZEEKRD
R (mL) L LTRLA BILAKBEH 4 #E
FiE) EHICRE, ButseEElE L.

9. MUFOLEEEH

SEIUVF U IRHERBIC X o THABOH IR 2K
B, REBLIUBGEHEELY, UToXz AT HRK
5 HERE (Conc, Bo/L) BLURIHEEDERREE
(cSD) #HM L7

Conc(Bg/L) = (Ns — Nb) x 310— X % x 1,000

\%4
_ [Ns Wb
¢SD = T + b

Ns, Nb: 888 X UBGEHEZE (cpm)

Ts, Tb: #FB X UBGHIERM (5)

e "HOEEIE (%)

Ve AR (mL)

T/, BETERRERIERME (LOD: Bg/L) 3c¢SDD3
B L, UTORIZBWTE=3¢ LTRD, TR
TRCFHHE (ND) & L7

FOM =

__1 100 _ 1,000
LOD_60><—8 X %

(s AT ol )

BRI, ABBERPHERE BoLl) b &I
BHAKEINE (mL/4A100g) »ORBERICHEEL, &£
AR L kg L7z Y OBATEEIRE (Be/kg) TRLU7Z.

10. *HIANNEINEEER

EMmAB0g EMAKOETFHOEAIZI00g) %
500mLF A7 7 ATICEY o 2. mIMALHTIEHE
10Bg&H#BMAKlmL%E, ¥ bu—VREIIZBMA
1mLZ7ME, 1REHESLCEEL, 23 8 My
TR L 2 AR E AL E | I, HRE %
W L7z, @R SR o ERMBR O kL 2
LEIWTHESNZEEFEL SRt EH L, RNSOR
BRETRT A 2 & THREINER 2R D=,

k
oy

RBROKUER

1. AV YFU—Y a/EOFRERS

(1) BIEZaRRE

BEY Y F V=2 a Y OBFRE, ZOMEIL)ThE
NORP - B Y, NEEMNICEVERENIRL 3.
FIUYERBLEAVN I AEHO2EBEICOE, FOM
12485 BGEHES R 2R, BEEAOEZEKZEBGH
ERZ & o TH2HEM (LM A 7 ) WET D E, 7
70 YEHFERAVSE, FHEEINL18pmTH o7
P, RAOEREIIHMEISREST, ANEFEHET
HET7 (Fig. 1A). —F, BY U F T AEH TEEEEY
llepm & 770 Y EHROEEL 2B LT, LODIFH
25RRELRBH, WERED? DS 1~52RHO LR D
BRI FEHHELI3 SDOFMEANTH Y, KERIEHD0E
BRONhGdo/ (Fig. 1B). 72, 52BHlzER, K
HVH T ABEHDmSDISDA 1.3 THAHDITHL, 7
7O YERTIEH2.0EKE L, WEEREEIINER T
LEMEPMEAVATABRINIELRTVEEZLR
7o, Fig. IAO T 70 Y EHRTE, WERKHD»L 2EO
FHEEAEHT S L, mSDISDAHI2EEA I FF X
EREEL ol TIRVERTOUEDHORESHK
X, REFREBANTBETARICA L AHERICHERT
HEEZ LN, HERERENTVEA T FA
F—DHEEBEZ 0502 ORRISFILELLTHESR
CIkBREENE Do 7% (data not shown). £oT, 77
O B OREEIIERNE LZE EEOEIcE o T
HWT2LEFHLIehd, F7RVEREFERT2H
SRBMBICEREZETIEEZ ONA. AEEL D DK
BEARD 5N E5WICBW I BGEEENKRNTF 710~
BEIGELTWwWAEEZ OGN T/ EHLOBEHDE
D, FHEEOT Y MEND B 720 (data not shown),
BEEHSHICRALZY POER2EHT I ZEPE
BHThh.
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3 — Cumulative mean&mSD
(A) - - Mean (n=52)
2.5 o H-cpm
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5
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= 7o) -
S S sl LU I
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Fig. 1. Representative data of BG counting rate on the low-BG counter during 52-hr time—course measurement

A. 20 mL Teflon vial; B. 20 mL low-K glass vial.
The error bars indicated cumulative mSD or ¢SD.

(2) KRB LW VT L — ¥ DIBRE

WEY v F 1L —7 LRBKREORBRRELEZ, KA
KT A%, EKBGHIERL —RAUERZMEHL, FOM
FRECKRE L. ARETE20mLboXRBOEHE
F5~50%& L7210 51220 WTBGKS & O HIEE# B
(100Bqg) #FAML, K4 1HEEAE L KBGHEER
E—RAEROEELOHBAICD, RRKOBIEIEH L
Y VT L — 5 ORAKBRFFRE 4 5 50% I FOM
PERKERoK (Fig.2). LT, RE - v+
V- RERL1:1Z2BALE BB - Vv FL—-3BE
o LEHEOESIC L), FOMIZEBGHE2 TH
10~80, — I ELR TH10~65DELEZRL-Z LD
H, RBRRZ0FIRMBRICEETIEELRRTT
Hol.

(3) *HOZ AN F—JIZHBDOERE

SHO BB RBLRMUEZ ANV —HEAZRET 5
72Dz, —RAIERLEBGHEROTNVFF ¥ RANVT F

100
80
60

FOM

40
20

Fig. 2.

& 1L5C-LB7
O LSC-7200

T T T T T

10 20 30 40 50
Water content (%)

Relationship between the FOM value and mixing
ratio of sample water/scintillator in 20 mL glass
vials

FOM values in each sample were plotted for both
LSC-LB7 and LSC-7200.

*LSC-LB7 and LSC-7200 are low-background and
normal liquid scintillation counters, respectively.
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Fig. 3. Typical liquid scintillation spectrum of beta-emit-
ting °H

The region for tritium analysis was 11-80 ch
(0.60-4.05 keV) in a low-BG counter. The maxi-
mum energy for a tritium beta particle is
18.6 keV. The spectrum was acquired by measur-
ing the *H standard sample (100 Bq) for 120 min.

SAYF—-—DOFRKBEIZ A NVF— %200keV (0.05~
200 keV/0~3,999ch) IZFEEL, EAVH I AKHEMHE
HALUTBGAK%: 17/, *HEE#RFE (100 Bg) # 28
HEL. BONLARZ PV F—F%EHWT, FOMAS
BRE%DF v AVEE RO 28HLALLEZS, —
Hl 2 2% T 1~50ch (0.10~2.55keVHH &) TFOMiZ
67.5, EBGHIE2 Tid11~80 ch (0.60~4.05 keV 1 4)
TFOMiZ79.3 CH o7z, —BHESR L D BIEBGHES
DFOMDBKE Doz i d, DHBEOWEIZEBGRE
23T, 11~80ch ®ROIZH\T4T -7 (Fig. 3).

(4) BERZEMWHEO H kM & RH TR
MEOENOBEABIZEINS *HIBEEIZ0.5 By/LEUT
TH Y™™ BEHROHEEZ2EET 2 CITRMIRES
JURKMNELZET 2 RBBRESTILETHD. —BK
ADPHAKOBETERBOTEEESMERIUL, 1.8X1078
(mSv/Bq)® TH H, MsttEL v rnrhkTH
1/1,000 L BD T/ E W, ZD720, # 2 HiEE 100 By/
Lok#z—HIZ2L, 365HMBEIML TH EMBEFLEDR
E130.0013mSvé, EOEDLEFOBTHAERELO
mSvDF0.1% T Ehwv, HKEDAORFKICEL TS,
RIZ100 Ba/kg D EME —HIC2kgB M L CTHHERIZF
%TH%. CODEXDIEHME™ TIdEMARE (FHHHE) 0.1
RAL, FLYEAAR 1,000 Bakg Z L4 10,000 Ba/kg
ELTw3. BEROREWFMIZETLT Lo BREE
SIS ELRL, ERPEHRKOPHIREE 10 By/L %Kl
TXB0MRBRENSNIE, HEBIZEEIhELEZ LN

R RES R ST AT RS RE SRR RER T — & -2
http://www.nirs.go.jp/db/anzendb/AnzenkenkyuDB.php

M HASH Y & - BEIBEHR T — & ~X— X http/search.
kankyo-hoshano.go.jp/serviet/search.top

* ERRUEBTOBRYERVERCHTEII-Fy 7 A—
%3 (CODEX/STAN 193-1995) http://www.mhlw.go.jp/
topics/idenshi/codex/06/dl/codex_stan193.p

5. £oT, AGWTXEHKFOHEENPLODE L
T, 10Bg/L% BREIZ, MERHOBRF%1T- 7. KBG
HESR KA I ABEBOUESEMT, BGZ 5N
ELHEIRE L 600H, F/4BGz48KBAIEL
BARERE 455 MHET A2 & T, LOD 10 Bg/L % i
72L7z (Table 2). MEAHRHITLODZ BT S &, @
ERHAFE CE4E, 20, 100mL T 7 0 V&2 Tid 20 mL
BAVFT T AERLVBRENZELHS, 105517 #l
EHRATLOD 2 BT 2 &, KBGHERDIE) H5—
HERL D DBRENL2BEE,o 2

Eao T, LDEZRE - BEZBIA T I LI
Z, BAEMELBRBERIEETHL. T/UUVARIERE
SMTASTREZZAS, ERERE CREMEREDSIOIES D &
FREL, RELZABCES T CHRBHLELRC &M
2, BiTHB. —FT, BAH)FTABRIIAE 1M
(BGHlE 5K R) DBlETEZDLOD 10 Bg/LZi~ L,
POF TR ENRETHEI LN, BEROSHICB
TIHEAI VS ABERBOBIIVETIEEZ LN £
7o, —BRAERICEAWETDH, BRPHOREMFTM
CRBELZREIMEONL I EFbho .

ERFBORLEEEZBE X CRET A28, DA
EBGHIEREERAVFTAABEHEHL, BG% 488
M, FEE 10BERE L.

2. BREBAKICESENS*HO ML VHBERBICK

D% - PiERER

ERPOEEKE BHE,LOIRNICHET S0, F
NI VHBRIEEERT L. AR ) BEAESER
BEGEWE, <~ M) 7 ARl RR L7720, FERICE
DEERREERRELR L. FITEAEREY M) 2 XM
BREPEU LTV L EEZONLIEMBILIHOELERE
R AV, THORMEINER 21T /2.

BNE, WE, SKEKROBEEZ BV CEEMSEREC
L2 HHADOERD X UH ORMENNEERAS £ % Table 3
WRL7Z Anr-sERBoddmkoZzE0 ENEZ
WBUULETHY, BYBETOEBHAKDEKIIIRL,
BBUREHAKBNRIEROHHASEREZ KL T
BrEZEZoNT [F)FoA5WE] CEROBBEZ
HRRRE AW BEEREIC L > TH, BAS%DIEE
FRAFNE 5P, HEAOENEEL W) HTKE RE
WwidiewnwekEzons ¥7:, A—uvy bR HEIER
1285% L L, RSDIX5% Kl (n=3) & BIFR#ER»HE
b/ FBPBFIAMNME AE KBRS TXT
269% L 7 LU F VS OHBRIBZLALR T ol
o, ZLOMUEGEDELHRESATHELEEZLN
7.

W, SEEELEMBORBEGALER Ty PARL
TRBOEMEINER 2T, EREILOBGEZ AR
7z (Table 1, 4). 2 F3EH T3 B H KB IE 720 mL/4&
100 g T &L Lo, BEroERBEOEEOER
BEAW GHL-ZERBEOT TR, #EKko*HENYL
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Table 2. Calculated LOD in each condition
Counting time Counting rate Counting Sample LOD
C(::unter Vial type BG Sample BG efficiency volume
ype
(min) (min) (cpm) (%) (mL) (Ba/L)
2,880 600 11 27 10 2.8
2,880 45 11 27 10 9.9
LowBG 2 f"L 1°?V1K 600 60 11 27 10 8.8
glass via 300 60 11 27 10 9.2
counter . 9 10 5.1
LSC-LB7 300 300 11 7 .
20 mL Teflon vial 300 300 1.3 27 10 1.8
100 mL Teflon vial 300 300 2.5 28 50 0.5
Normal
counter 20 lr::s 1\c’>1v;le 300 300 10 21 10 6.3
LSC-7200 &
ROI for °*H = 0.60—4.05 keV (LSC-LB7) or 0.10-2.55 keV (LSC-7200).
Table 3. Results of ®°H recovery tests in the same food samples
*H Recovered Free water Free water Counting
RSD free water * sk . Number of
Sample recovery o content recovery efficiency
(%) (%) volume (2100 & wet) (%) (%) samples
(mL/100 g wet) & -8
Fishes 86.2£3.9 4.5 66.6+2.8 68.8+0.7 96.8 26.910.1 3
Meats 92.61t1.2 1.3 58.7+0.8 61.8+0.3 95.0 26.910.1 3
Drinking water 94.61+0.3 0.3 95.8+1.2 — 95.8 26.9140.1 3
*Water content values were determined using the atmospheric heating drying method.
**Water recovery: (water extraction/water content) X 100.
Table 4. Results of °H recovery tests in different food samples
*H Recovered Counting Number
. RSD free water .
Food categories recovery o efficiency of
(%) (%) volume (%) samples
(mL/100 g wet) P
Rice 77.813.5 4.5 58.01.0 26.81+0.2 4
Cereal crops 83.71t2.9 3.5 60.113.4 26.8+0.1 4
Sweets 45.316.3 13.9 16.6Lt1.5 26.8+0.1 4
Beans 89.5+4.0 45 74.81+2.6 26.82:0.1 3
Fruits 88.3+1.1 1.2 82.0%0.9 26.610.2 4
Green/yellow vegetables 90.1£+3.0 3.3 86.11+2.1 26.710.1 4
Other vegetables 88.8117.2 8.1 87.11+1.9 26.8+0.1 4
Fishes 86.6-1.6 1.8 66.51+3.4 26.9+0.1 6
Meats 90.41+4.1 4.5 56.7t1.6 26.9+0.1 6
Milk and milk products 90.05.9 6.6 81.51t4.9 26.7+0.1 4
Spices and flavoring agent 83.3%3.0 3.6 40.6+4.1 26.610.1 3
Beverage 94.41+1.6 1.4 92.0*1.1 26.810.1 2
Drinking water 95.2+0.6 0.6 95.6+1.7 26.820.2 2
Sweets+H,0 79.4%+2.4 3.0 43.710.6 26.510.3 3

BPE—FEHL, 9B5.2%Tholz. BEY - BEYWOET A
BE BE M, AESTIE8s~90%, X, TIH FAk
B TiZ75~85% & BIFR HEINE G SNz HEAKR
NEDOKVETFHHTIX, *HEIEANB50% % FE Y, RSD
F14% TH o7, BHAKENERI L EFORE, &
Moo HAP O HETF, BE 8% HBEICEALL
RBTM L ABEARNH L ORFBIRIZE ) KIS %18

%KL, CHERET 2B maekdid 520, EFHO
EFACBMAkTmAZ, R2P30HHKREEEEHN0%
FTED, ARICEMENERZTo2E25, *HEIY
HHH80% T THEML, RSDIFSRUT Thotz. 20
We, MAMIIZ L ) EEBRITE S 2D, STRELN
SRETAS5%, *HEINEF K 2MEICRY, BELEZO®R
TS B3 B 720, E HKEIE OV BT AL
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Table 5. Results of ®H recovery tests in selected foods

5 f]E{ecovered Counting
Sample Category recovery ree water efficiency

(%) volume (%)

(mIL/100 g wet)
Strawberry Fruits 85.9 85.3 26.7
Radish Other vegetables 89.6 88.0 26.8
Squid Fishes 814 75.0 26.7
Salmon Fishes 86.7 60.8 26.8
Beef and pork Meats 90.2 57.6 26.8
Table 6. Results of °H analysis in general foods
H-3 Recovered
Sample Category Prefecture Concentration LOD free water
(Ba/kg) (Ba/ke) volume
(mL/100 g wet)

Apples Fruits Fukushima ND 2.3 82.0
Apples Fruits Fukushima ND 2.3 82.1
European pears Fruits Fukushima ND 2.4 84.7
Pears Fruits Fukushima ND 24 83.6
Kaki (Japanese persimmons) Fruits Fukushima ND 2.3 80.5
Kaki (Japanese persimmons) Fruits Fukushima ND 2.3 79.9
Papaw Fruits Fukushima ND 2.1 73.0
Akebia Fruits Nagano ND 2.4 86.1
Kaki (Japanese persimmons) Fruits Nagano ND 2.3 80.4
European plums Fruits Nagano ND 2.1 73.7
Grapes Fruits Nagano ND 2.2 75.7
Bracken Vegetables Fukushima ND 2.5 86.8
Broccoli Vegetables Fukushima ND 2.7 88.1
Edible burdock Vegetables Fukushima ND 3.3 77.3
Cabbage Vegetables Fukushima ND 2.5 87.1
Manchurian wild rice stem Vegetables Fukushima ND 2.6 89.9
Komatsuna Vegetables Fukushima ND 2.4 84.0
Kidney beans Vegetables Fukushima ND 2.4 85.2
Welsh onions Vegetables Fukushima ND 2.5 86.8
Potatoes Vegetables Fukushima ND 2.3 81.0
Pumpkin Vegetables Fukushima ND 2.1 74.3
Taros Vegetables Fukushima ND 2.4 79.9
Paprika Vegetables Nagano ND 2.6 90.0
Sweet potatoes Vegetables Nagano ND 2.0 71.4
Zucchini Vegetables Nagano ND 2.7 93.0
Shiitake Mushroom Nagano ND 2.5 85.3
Pacific cod Sea fish Aomori ND 2.3 78.3
Pacific cod Sea fish Aomori ND 2.3 78.3
Marbled sole Sea fish Aomori ND 2.2 74.9
Gurnard Sea fish Chiba ND 2.1 72.4
Red sea bream Sea fish Chiba ND 2.0 68.9
Japanese seaperch Sea fish Chiba ND 2.3 78.3
Japanese seaperch Sea fish Chiba ND 2.2 77.0
Pacific cod Sea fish Iwate ND 2.2 76.9
Horse mackerel Sea fish Kanagawa ND 2.2 75.4
Fat greenling Sea fish Miyagi ND 2.2 75.4
Bastard halibut Sea fish Miyagi ND 2.0 70.7
Marbled sole Sea fish Miyagi ND 2.3 78.9
Japanese pilchard Sea fish Miyagi ND 1.8 63.0
Pond smelt (Wakasagi) Others Tbaraki ND 1.8 58.3
Opossum shrimps tsukudani Others Ibaraki ND 0.8 28.1
Sardine (Maruboshi) Others Chiba ND 1.7 60.7

All samples were collected in 2014.

Decay (Ty,=12.3 year) correction was not performed.

ND: Not detected.
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BREREEZ LN

SHTo A 13BHOARFETIE, —BEoXBEFIC
BOTHEHEEL HENFZIREFTH Y, *HEmaE
THONIZARS M VIZ, "HEEWEIZLZARY MY
LR, BEAEIVFL—FRBRAMLTHEE -
QMM ERRON o722 & 5 5 (data not
shown), WEHEWE LEIIZHMINTEY, ERE
WM Tk, BREMI TITbh Ty B LLEEZ & A
PHEBSISETR VW EEZ SN

wIS, BEBRBTIERL, EHAOEMICTOWTPHEMN
BIRERZT-72. TR, Yo, F¥14ar, F - Ko
A, 1 FTCELTRBETHRARL (Tabled) &13
2T 5 HEINEE SN (Table 5). £ & Tidfh
MEOENZEE 5% F Rl - 7248, 80% LL_E o> *H [\ A%
BohizZenrd, —BWZMLOEHBRTIRELKE
EEIRZVWEEZ LN

D&, HHEKBINEOKWEFETIIMALE LT
HTEWEY, TRTCOAEFBBECHBINETS% L,
RSDA10%UH L BRIFTH o7z, ko T, LpHRBEIX
EROBHAP HEBONLEL LTHEHTHY, B
CEHAREEEOERAHMIEE ZBRAZBRVTIIIZTTRT
DEMIZOWTHEISTEETH S LEZ LN

3. —RMERTRD*HSH

Bt LzamEE Hne, —RERRFOHSHZ
EWL7z WESKZ20mL I AEBRE2MHHEL, BG%
48FFMH, HAB % 2~10REHE L. Fib#m % ik
L7-HIB D 2014 E RO HIRSTH 5 RE, HE, ANME
L RBEOMTETo A, HBEAPIZLOD 28
25 HZELEMIIFELRD o7 (Table 6).
RARFEHZ 590 LAHE Tk, 201143 0B ES—
FEREBFREHOKR, THE FBWT, BHHIELDY
BWiRBEOHI M S22, 5B I ERRT oM
BILR- 729, T/, BBE—EHEOFIKH, O HEMIE,
FICBIS 2 O PR 60 km BEN 7P O H 1K 59 100
Bo/L DR H 25 &, 20 km BN OREY Tld &k
2,800 B/LOHIRE L fE SN2, 202 AHICE
20kmBETHE L OHEYOHBHAKFOHIZ10 ByL% T
B - 7219, *HIZRF B 0 F ik s < BT T
Hahed <, B i BEK 2RbhessE
SELRBIOBNEN B0, MEHE R THRELA
VTHBICBERELR T, L L, 20—FT, Kik
YN TORBRLRETOER - KNOLEHDAE—Fd
Hizd, B L D 3ED LR L 722014E0RE T
WPHARBH L 2 S5 hz

S, BHRAKEEOEFNOBBEERARL 20T, B
FhHRBERERDOD - - MBI ST, 2o
mHCHOBMZ & bE THERET 2 LEXH 5. s
WWEORELZERT 57012, KOWEPREOZ L%
Hifed 5.

F &

BERFHAITICET A0, kY YFL—var
BIZEB HOUEEBL O M VBRI L 28R
o B K BB IO W THRE 1T o 72,

ARB50 g L EIHBUIN-BERAZ BFHEIET
LaHkE, ZLoRRFACERTETHY, BHD
SHEZEWFMEIT ) 200RE - BELA L, AEHEE
THY, BEREOHNERE L BAO»D»BBIEEIAE
THoe.

AEEZHWT, THRESABEMUELALE 25, SHEK
BRI Sk do 7z

#H i

& BF 38 » — F; 1%, JSPS KAKENHI Grant Number
15K18914 DB 2 R TEBL KR TH 5. FEZE
FETTHICH2), BROBEKREZBEL CWizZnAEER
Sy —IZRHR LRI E T
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