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Table 1 Chemical characteristics of water samples Table 2 Number of each concentration method for
each sample
Sample 1-1 Sample 1-2 Sample 2
1970k Bq - 0.98 0.012 0.093 Concentration method Sample 1-1 ~ Sample 1-2 Sample 2
pH 5.5 5.2 7.2 Evaporative 7 8 9
EC us cm™ 1.8 1.7 50.3 Concentration
K mg L™ 0.03 <0.02 0.5 ool , 3 5
TOC  mgL’ <05 <05 0.9 3? 11<d_p ase extraction > 5 :
Ca™ mg L™ 0.13 <0.05 4 s
NH,” mgL’ <0.02 <0.02 <0.02 Zn-PB impregnated 4 4 4
Cs ng L' <1000 <1000 <1000 filter cartridge
# G activity was indicated as an arithmetic mean value of AMP-Co-precipitation 3 3 4
the results reported by the participants Ion-exchange 1 1 1
concentration
Total 20 21 21
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O Solid-phase extraction disk [l Ion-exchange concentration

Fig. 1 Result of the ring test of Sample 1-1 and 1-2
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@ Evaporative Concentration @ AMP-Co-precipitation
A Zn-PB impregnated filter cartridge

O Solid-phase extraction disk [l Ion-exchange concentration

Fig. 2 Result of the ring test of Sample 2
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i S & oK%Y~ 7V (Samplel-1, 12 K OF
Sample2) DZEBRE % Table 3 \I/RT. AMP IETIER %
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HI22~4% O CVHEHPHIZINE 572, UL, RERFE R
B 2SS ST 2> & AMP 02 & 2 50T IS Y MLA, Bl
IZEALTWD 2 ERRIEMHENZ S h7z72012, #ll
EMAENNEL o R ENBEREEZ OND.
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FEi s, SHOMERE (Samplel-1 & 1-2) DX 512
B BE DI (AR SRR 2SRRI LIZ S w S &, il
SERE AR (Samplel-1-1, 1-1-5, 1-1-6, Sample2-1-1,
212, 2-1-8) DB VRERE L THEMREIKRE R TL
FolZ LENEKREEZEZLNS.

BT 4 273X CVA 3B T4~11 % TH Y,
FRWHERIME LNz, SBHI, PBT7A VY —h—1F) Y
D VI, Samplel-1 & Sample2 Tid 8~9 % ThH o
72 7%, Samplel21318% & HWHTH o7z, T hid
Samplel-2 D =D DR & JllE SNz > 7V (No.1-2-
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Table 3  Statistical result of each sample
. Sample 1-1 Sample 1-2 Sample 2
Concentration A A A
thod verage verage verage
metho n (Bq L SD CV n (Bq L SD CV n (Bq L SD CV
Evaporative 7 0.94 0.17 18 % 8 0.011 0.001 12% 9 0.098 0.011 11 %
concentration
Solid-phase extraction 5 0.94 0.11 11 % 5 0.011 0.001 12% 3 0.094 0.004 4%
disk
AMP-co-precipitation 3 1.00 0.03 3 % 3 0.011 0.000 2 % 4 0.096 0.004 4 %
Zn-PB impregnated 4 1.05 0.09 8 % 4 0.015 0.003 18 % 4 0.100 0.009 9 %
filter cartridge
Ion-exchange 1 1.06 - - 1 0.013 - - 1 0.100
concentration
All 20 0.98 0.13 13 % 21 0.012 0.002 19 % 21 0.097 0.008 8 %

Table 4 Statistical result of each institutes

Normalized relative

. Number
Concentration Institute of concentration
method

sample Average  S.D. C.V.
Evaporative A 3 0.76 0.08 11 %
Concentration B 2 0.84 0.08 9 %
D 4 0.93 0.09 9 %
F 3 0.99 0.07 7%

R 1 0.99 - -
K 2 1.02 0.06 6 %
L 2 1.05 0.07 7%
N 5 1.08 0.08 8 %

Q 1 1.16 ; -
Solid-phase B 2 0.83 0.08 10 %
extraction disk D 3 0.95 0.05 5%
E 5 0.97 0.07 7%
P 3 1.05 0.10 9 %
AMP-Co- C 3 0.95 0.03 3%
precipitation G 3 0.97 0.06 6 %
M 3 0.97 0.06 6 %

S 1 1.02 - -
PB impregnated B 3 1.01 0.09 9 %
filter cartridge I 2 1.06 0.09 9%
J 3 1.14 0.16 14 %
O 3 1.31 0.19 14 %
Ion exchange H 3 1.05 0.02 2 %

method

3-3 MBI EDER

Table 4 (20T HERI & L \ICIEBUL L7238 (v T vig
MY TV DOFETHRLTEE) D37
OFIH, kRS EEMREE R

T3 AMP EZ SR L7 3 #8301, EHULE O E DS
0.95~0.97, ZEREA3~6% THY, Table 3 THRL
T N E oK LR FFEICEVWHHENE O
7z,

—7, FRFEIENRE LSRR O IEBALFEIHEAT 0.76 ~ 1.16

EA LR VHEHOWEMATE S N izds, ZERET 6~
11 % & HBH/NE Doz, CORENS, BIEiEwEL
A4, BERBENTOIRSD XI3/NSwas, HIERE
MIZEIEAIES DL T EAURB SN Z O@IIE,
Table 3 D&YV TV d CV A, BT L ® CV (Table 4)
DB REVZENSDHBESINL. RO EACTIGRE
AECFER A X BB LR LTB Y, i 4
R OAERRE (Samplel-1 & 1-2) @ & 9 (R EAIEH
A L E P ASIEF BN LIS 2o 722 LS & %
A5,

Tz, BT 4 A7 30, EHEESMEDT0.85~1.05 &
WA IR EE DS B AN B o 724, £20 % DAY
FoTWVbIEPHERINS. ZEREIE5~10% L1t
BRI HETHY, WERBENTOIESDEIRIKRECR
W2 EAURIE I T,

PB7 4 )V%—H—bU vy TikiE, EBALTFHMEHD 1.01
~1.31 & MR VIREDS B S B @Iz H - 72, 18
LA 1.31 L Eh - 72888 O 13, ZERED 14 % &
VS, T AUIRORG TR E A A 5 72 Samplel-2
(Fig. 1 @4, No.14.) DMEDSEZ LT/ LEZA 6N 5.
F72, BB OZBRED 14 % EREVA, S AUSHER
B2VE L FHAEN R E Do 2 2 EDVRR E R IND.

4 Kk =]

Bk h DR L DEAFTE U E Cs OWEZ HIYIZ, 51
B oA (ML) Eege L, WesBlEEict s 3m
OAFEELBHBRE ER L 72, ZORE, BBLRASGHAWw
ZATENFIICBWT O HIZE T 2 MENHRTE 5
ENWLPERST T, FRORBRIZE VT, &
AERBR B Tl OWEE TOMRFHNT 5 2 & 2 Zfhi25E
ML 7z A, iR OB TE Cs ORHIIG S 72 &1
DWTIIIHEBEZAT) LEDHH Z EAHPIL 72,
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fiame LT, AMPEEIZR D B RWHETH - 7
A, BBV T, WThoBFEZHWTY, —E
BEOBEIHRTE 5 I EPFHREINZ. TS DORE
M5, FHICH W SN BHE, B OIGREE DK
RO BB Cs IREOREMRICB VT, HMIZE
TLEONHNEE R TXLEEZONL. ZDX)
e Bk b OIKIREE OB Cs 2 x5 & L 7 8 o wif L
FHED GUREEGREIL, BRMICDIFEAEERSN
TESLT, HELREEI GO

At B

AR OFREUL U IC 33 > THE BRI BSS RIL B S 28
v — BERERIIEE v 5 — D) &, EEHAMRATE
It BT RIS R IHHZ T2 2 2T LT
Wy o, T, [KPhoEELy Yy A0E=5Y) v 7 Fik
B A2 BRI RE A I2BWT, ZRELTEM
WeZZn e A HHES (RRRY), kR AR (R RE
watry—), BEER WEBREERELY Y —), ¥
MERK RMEaUiZern), MEs K (WERP), &
FEREK (YEFREIRY:, BURBRIZERRS) + 7% —
W= & LTBM 727207 O FIRIK (BARKEER), 7K HE
K (RMOKIER), REWHRIK (MIFERIEE), EEFITR
(BRBEE), BRI O 8HT), RNERK (5F
TIBHT), SRREEIC CURRENZBRBEIIZERT), MaE K
(B, T+EEN RER), FHRONARK (%
PR EIIZERT), BAKK GEEBMREIIZE) 1214,
AWfEE 5 T05 LTEBORELRI AV b, T IH
W BIFRLH L B A, F 72, REFgEO—EBIE, ENLAFSE
PAIETE NESEBAN A I ZERT  AEAEILARITJE, JSPS FHIF 2
JP26241023 DBIE 2 52T 72 H DT .
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A large amount of radiocesium was released from the accident at Fukushima Daiichi Nuclear
Power Plant of Tokyo Electric Power Company. The determination of dissolved and
particulate radiocesium concentrations in water is important, which can be used as basic
information for understanding the long-term radiocesium dynamics in the environment and
the transfer of radiocesium to crops. Conventional quantitative methods include the
evaporative concentration to the dryness method and the AMP method. These methods need
to concentrate about 20-200 L of water due to the low concentration of the dissolved
radiocesium. After the accident, several new methods, such as the Prussian blue filter
cartridge method and the solid-phase disk method, have been developed and put to practical
use. In this study, we carried out an accuracy evaluation test to assess five methods (i.e., the
evaporative concentration to dryness method, the AMP method, the Prussian blue filter
cartridge method, the solid-phase disk method, and the ion-change resin method) using 3 types
of water samples containing 0.01-1.0 Bq L™ of dissolved radiocesium.  Our results showed that
the zscores of over 80 % of the measured data were within *2 and their CVs in the range of
8-13 %, indicating good reproducibility of these methods.

Keywords: dissolved radio Cs; fresh water; reproducibility; concentration method.



