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AXWIEFETE 108 410 H 7 HE 11 H > RN#E 0 AR s & B 2T

==X

HUH > WTE PR E 10 H 15 H > S35 T IISBIm-3 » #5-14 BESELS2 i E
Bs K SAUNA xR tnlnias = - B &

® 1 BRI CARS S B Z2T1E > ISR )

H A Hb B
2019/10/6 = ERS— ST 5
2019/10/7~10/11 FEETHHAEEZS T
2019/10/14~10/15* TR HAMEES L
2019/10/16 T-EETH — IS — S S

®2 FEIWFEHER (10 A7 HE 11 H)

The schedule of the technical support program on Oct. 6 to 12 in 2019

Oct.6 | Oct.7 Oct.8 | Oct.9 Oct.10 Oct.11 Oct.12
Sunday ‘ Monday Tuseday | wednesuda: Thursday | Saturday
9:30- ‘ Hotel pick up Hotel pick up Hotel pick up Hotel pick up Hotel pick up
10:00 } Movement to JCAC 1 Movement to JCAC Movement to JCAC Movement to JCAC Movement to JCAC
| Opening | |
e fakzeis Gross Dxonise Gross Exercise Exercise
| Exercise 1 (Radium (Radium
10:00- Gross i S i
) (Radium ) beta sy beta (Po-210 analysis) (Po-210 analysis)
12:00 = beta
analysis) |
e - e
12:00- 1’:::,; Pegarine
1'3\30 & Welcome Lunch Lunch Time Lunch Time Lunch Time Lunch Time
13:30- Exerefon Gross it Gross Exercise Gross Exercise
1'7_00 (Radium hob (Radium beé (Radium Bk (Po-210 analysis) Discussion
: analysis) analysis) analysis) s
17:00- Movement to Hotel Movement to Hotel Movement to Hotel Movement to Hotel Movement to Hotel

[Radium analysis]

@ Analysis of Ra-226 in Drinking Water
2 LSC couting for Ra-226

@ Provide information on Radium

@ Evaluation of uncertainty in JCAC (if interested)

[Po-210 analysis]

@ Analysis of Po-210 in Food Samples
@ Alpha-ray-spectrometry

@ Provide information on Po-210

@ Evaluation of uncertainty in JCAC (if interested)




2 - PFECE

ARRHFEA B T30 B A O - BB SIS © 6K PoE
226 AT ~ BPIEh-210 2SI « M KR AT R 8 H A A3
ieh L B R ERRST

— ~ BKFZK$E-226 SIHTHT

SR T RINEIEATIG T £ » B T e Fs e L3 3 N /K TR
RIS > EIRET N A - SEITIUE ME [EI 22 o DASE-226 F15%-228 £
B AP EIRE - HEEREH (V) Kt (Th) (95285 (B 2) - JCAC
G B R = bR T BB A 7K » JREHAS 198 R R e o 2 SRR M T -226 7 a1k
g3 BT s 1A 60 AEFTHY H AR LI (Ningoyo-pass, Okayama ) S E5 Y ihE
B i e s R B R SR AT M A - BV EI R > DUgh-238 M RS

(99.27%) > §-238 ST By A 4 iU ME T1%8%5-226 » JCAC &R AR 1 B 2%

(Liquid Scintillation Counter, LSC) 51-$%-226 ST i G 1 Pt e 4 2 o B
JEIE > S ITEREEER L PEE-226 - $5 ICAC 4Et4E R - 107 FFILEHE 82 PRERIRE SLEAT
§%-226 o3 AT IBELEE R T KA H AR LRSS S Bl SN AT B - S5y Rt
T BURT TR (L > BRI -

§%-226 2Ry 1600 4F - (RS mtR iR o SHARAT B ARG E A TR
-222 - $EASSEAE DI EEEE - — HERME AR - B e B8 R85 1E R & R B 4R
ZIEMIEEEE (BREEYE)  FEFB IS HEEREES: a1
HEREZ R R-222 RotErERES 0 HEARGE - e m g 22 ks -
HRE A BS A RTRE) R T 2 (R - BREN S ERAY/K T AR EUE L i 1
AZREAT S N BRI A5 AR A BRSSPI S Y e P R PR T B A R R
FILEE -



238)-series 232Th-series

Pa
Th
Ac
Ra
Fr

Rn
At
Po
Bi
Pb
Tl

2. §i1-238 oit-232 R HIH (B $5-226 A1$E-228 1K E sl stV 5]

$85-226 {LE2 ot A iZERBHA0 [ ([ 3)

1. B 2 AFFKEEEREL 1~ Spum FLARRAUE R & B 3 AFHEEFR+ - A 100mg
Ba® A R e 4 BELOE M 1T L0, - HEERE SN EIA AR 20 22 30 474

(EHZD 5788 ERRASAEZIURTE -

2. DIfEfTE (decantation) /)NOMENER FERIZ#ETTHEL (3000rpm > 10 434 ) >
HFE ER 0 DIEBET /KRR A 200 ZFHER G > 1A 5 EAE/KE
K 10 Z7+ 1M 2 EDTA4Na 73508 B TIEVR i U)o g i
5 10 Z7+ IM 2 EDTA - 4Na 5% R 2 e » AIeT R/ &5y
) BREE SN -

3. fOA 7 ZF 10%w/v (NH,),SO4 /A7 » W LABETE F5%E pH [H % 4.2 2 4.5 (pH &4
AEBLRE) » BINIIBEWINEL - (201 LUEENERRE FIFRHETHE L -

4. REIUBRVIDAEBE/KEZR 200 Z2FHEMRF - II0A 1 Z2H80K8K K 2 27t
10%w/iv (NH4)2SO4 75K » Fan BN IIEMIRNNER - 724018 UEEN AR BF
AT THE L -




10.

11.
12.

RELEI AL BT /KR 2 200 ZFHErf - hiA 5 Z2FHE/KIER K 10 27 1M
= EDTA - 4Na 737 » B INEME HInEha o) o8 25 iie - 2aIfH -
DLEARC Lum, 24mm )T TiEIE EFREALI(SIO2 ) BERIRMILA 7 Z 71 10%wliv
(NH4)2S04 7% > i LABEAEREE pH & 4.2 2 4.5 B IIEWIIEMEE US4 -
DUBERIARR 2 FERIGETTHEL BRI DL B /KR 2 200 ZF AR
WAIA 1 ZARKER B L Z T 10%wW/v (NH4)SO04 5K » B B IR
B EEIPEE 1K

a2 ali% DURENERR L BRI THE L - MEARRIUBRI LA S B T-7K 2 200
EFHEM T - A 1 ZFHEHEE - WEIEWRINEL - 2 a% DUEAL (1um,
24amm¢ ) AETTHEE > BLAE AR 2 520 -

ROBAFFE (FBHIRRERFGER ) W& Uk 2 BN E R B HHHE - DA
Azkg (burner) HEfTHARAL

A 10 ZEFFREEEAR > DA (burner) (BB ER - BIIEWL 5
Ty RENIA 10 ZIHEBEF/K o M BRI B 2 58 2B -

R EIRE] 100 ZTHEHEES ST - A LBEF/KEZIRE S 2 50 ZTHR -
A 50 ZF R PR - BB R4y 2 18 » DUZTSEFIFi% 2 IRy
RHASEHT - FLURREPIME T eI -



Fresh water sample (1~2L)

filtration |(1~ Bum)  -----------4

|
soln.

< Ba’* carrier 100mg
< (HN4)ZSO4 59
boiling (aging) ..

stand overnight
decantation

ppt. supernatant
centrifuge
I
ppt. supernatant

(transfer ppt. into 200mL beaker)

< NHszag. 5mL

< 1M EDTA - 4Nasoln. 10-20mL
dissolution (using hotplate )

add EDTA soln.
after cooling
<= 10%w/v (NH,;),SO, soln. 5~7mL
<~ CH3COOH (adjust pH 4.2~4.5)
t
using pH paper
boiling (aging)
after cooling
decantation & centrifuge

I
ppt. supernatant

(transfer ppt. into 200mL beaker)
<— 10%w/v (NH,;)2S04, soln. 2mL
<~ NHzag. ImL
boiling (aging)
after cooling

decantation & centrifuge <NHEHLE>

9



I
ppt. supernatant

(transfer ppt. into 200mL beaker)

€= NH;ag. 5mL

<— 1M EDTA - 4Nasoln. 10mL
dissolution (using hotplate )

after cooling

filtration (1um, 24mm¢)

soln. relsidue

<= 10%w/v (NH,),SO, soln. 5~7mL
<~ CH3;COOH (adjust pH 4.2~4.5)
boiling (aging)

after cooling

<

decantation' & centrifuge

ppt. supernatant

(transfer ppt. into 200mL beaker)

<—10%w/v (NH,),S04, soln. 1ImL
<€ NHzag. ImL —----eeeeeeeee s
boiling (aging)

...........

after cooling
decantation & centrifuge

ppt. superr!atant

(transfer ppt. into 200mL beaker)
HNOz; ImL ===
boiling (aging)

after cooling
filtration ((1pm, 24mm¢)

I
ppt. supernatant

drying (under low pressure)
10

NH; ag. washing

<N H#>



vacuum drying
weighing (calculation of recovery)

transfer filter paper with ppt. --------------
into platinum (Pt) melting pot

ashing of filter paper (using burner) ------------
i <~ H3;PO, 10mL

Add H,PO,

melting of ppt. (using burner)

place on the hotplate

stand for 5 min.
deionized water 10mL
dissolution (thoroughly)

transfer soln. into counting vial (100mL Teflon) S s
<— deionized water (until total volume becomes 50 mL)
<— 50mL toluene-based scintillator
< stand for 2 weeks

LSC Counting Qf::ganic layer

Z(toluene +
||
Ho .

# scintillator)

: i i 3 Aqueous layer
counting sample (contains Ra)

(2-layer sample)

3. $5-226 UAMEALER T RIEEERAE (PUKEERBT)

M ERLEM: 2 $5-226 BE4E L (RIESRR ) BLERUR M 1% &-222 2k AU T
Sfér (secular radioactive equilibrium ) 72 P HIE: > GE2E ([ 4-5) » HEE T EHAGE= (K
FHARR TS (epm) [ SFHEYE (dpm)) PURGEREETREATC > A6 A S
HEATIRERIE » DIEE IR © &1-222 B A IR B R pR TR 1% 2 Fim » 70
BERLAE LB Z PO (AR BARR) ST - Horfr > $5-226 BLH-T 1% U R P

[ Ry 2 38 > SCREERANIIPIRERIR - FRaCErPIMRIR IR RN B 2 Bk
11



SHHI (32 3) « $5-226 BIE UM TAZZE A ARG M- e SR i e R 3 Ml o J% 2
&l gzt (i 2) > 2Pl 28508 (efficircy=cpm/dpm) Kz 300% (& 5): 5 5J4%
FoBUERER  BREPAKE B AT4R 2 ERTREFF AL Bl 5 - 5 = {E (base line ) » X1[E] 6 -
2% BRI TR HE-226 BLH-FIZ U M Pt R HLI KBRSt Ry iR P A A
H$E-226 JEFE - RILRETEINISERANS - @5 H H a2 sHHgEsEE] (£ 4-5) -

| 04 222,

{5.5MeV)
800} __sp,
(6.0MeV)

400

1051
800}

[k AR
o

400+

8001

400,

0 00 200 300
7«2 1%% (Channel)

& 4. =-222 BLHIESEEY) 2 o REsEER RS L2 B

[« H24 LB5 WinB_|

40 -
3 JEEEEEEEEEEEEEEEREEREERDE
30 - ]
]
25 :
E =l : F = 5:H2LESWinE A
L] T F b : Baxlucas
=2 gp 4 H E:?-ll.fI
E ) ¥ v = a1 - expl-b¥x))
8- ] | %83 H
_— 1 E = ¥ =ﬂ'ﬂﬁ"b
E ] Chi"2/DeF = 000478
10 ] R72 = 0.00338
= ]
] - 351334 &+ 0.00455
] b 0.18031 £ 0.00009
o5 4 ]
]
]
o0 < ]
]
T T T T T
o 10 20 20

5. IFEIESEREhSR 2 BAAE ($F-226 BLH-T1%50-222 2 P45 2 1H)



% 3. #5-226 AL i dc ke > Hoh A~ B~ C RfHE B EE 3 EE 2B

S JCAC KA LR R (E BRI E

ST LSEL—k

gdm?”aﬁt’-

& 6. $F

beta-ray are included
in base line

ZHES 2tk (BEA) [€Er ) CAIer Jﬁacc;‘:;eoi o & )
OIES | GRRO WopwE | Bw@ | VO | RS cora) | wore | BRSO [ nomwsw | R
BL = B = » ' 10.0 Ei 17072781 102‘86307 10/9 1147
1 A 2.0 1.57169 1.42689 144.80 85.20 10.0 ! 1.02863 102.8630 82.83
2 ' B 2.0 1.57568 1.42865 147.03 86.51 . 10.0 ‘ 71.02863 102.8630 V 84.10 ERsE
3 (o] 2.0 1.49160 1.33318 ; 158.42 ' 93.21 . 10.0 | 2 71;2786;3 ; 102.8630 90.62 = .
4 ' 00 | voses | 1osso [IIPORRPRRTE
? - a 10.0 . 717.07278763 102.8630 %&Bﬁﬁéﬁiﬁzﬁﬁzﬁ)
6 | D 10.0 I 1.02863 102.8630 V .
; Spectrum of #2°Ra .
a0
-
e 222Rn
: \
“ o peak 218po
m /
s 214pg
Counts derived from

................................................

L SRR, - REDR . | PRPRPR | SRR« R RN [ PE— | S | S—. hooo 10 1200

| Fig.2 ?*°Ra standard (calibration source) spectrum after secular equilibrium

& ZAeaklE - BUR o RErl e BRERl (HRR{ERE)

13

-226 FEEAE TLEE Ik ZCMERT S M (secular radioactive equilibrium )



=< 4.

$5-226 RS

Horp o A PSR e B RN A 22 21 K

it EE R GEARERGR)

Table 7 Example of counting data

P Y B
2018/9/19 17:27| 2018/10/10 14:09 180| 175{ 183| 161] 171 870 177 148} 189§ 177{ 153 822 50 5 100 84.27
2018/9/19 17:27; 2018/10/10 15:01[§ 681| 546{ 606/ 669 600| 3102 177| 146} 169§ 177{ 153 822 50 5 100 92.70
2018/9/19 17:27| 2018/10/10 15:53 379] 415| 373| 450| 397 2014) 177| 148} 168§ 177} 153 822 50 5 100 89.77
2018/9/19 17:27{ 2018/10/10 16:46[1 429| 445| 409| 424) 418 2125) 177| 146f 169} 177} 153 822 50 5 100 89.56
2018/9/19 17:27| 2018/10/10 17:38[§ 488| 531| 452| 470| 540 2481) 177| 146{ 168} 177{ 153 822 50 5 100 91.77
2018/9/19 17:27| 2018/10/10 18:30[ 475| 519| 514 484] 464 2456 177 148| 169} 177| 153, 822 50 5 100 90.76
L [ I
Y ¥
Sample count BG count
Counting time (min/run)
Repetition (or cycle)
‘Start of counting
] o N Ash percent
Time of scintillator addition (ash/raw sample)
Chemical yield ———
R ST REELES v o4
% 5. #h-226 SEEETRE ARG (FFAXERGER)
Table 8 Example of 22°Ra activity calculation
sample ID time of start of elapsed sample BG counting Net counting sample ash chemical
scintillator addition counting time count count time cps error weight percent yield
d | sec;

v v v 9 1 | U S
line S g | 5 {RRET $70 B. G. ,ﬁliﬁf"i Net—opsi #EE S ERE
) I i R C IR A I i - B D)
BL 18WSBL1 2018/9/191727 2018/10/10 1409, 208625 870/ 822 15000 , 00032, 0.00274;  1.0000 94.27

1 18WS001RA 2018/9/19 17:27  2018/10/10 15:01] 20.89861 3102 822, 15000 3 0.152° 000418  1.0523
2 18WS002RA 2018/9/19 17:27  2018/10/10 15:53] 2093472 2014} 822 15000 00795 000355  1.0248
Conversion sample  error activity activity error activity error BL
factor dps dps (Bg/sample) error after BL l (mBg/g) activity
(efflg}ency) l l . ‘|' (Ba/sample) SUb:::m ‘
- DR ,mm:ké"” o] maTEE | etk
BE | tom | P @ym | eymm | ECYH 2y sE) | (mBo/p) | (mByp | DB

» 3.21729

321778

3.21 828\

0.0009 ‘

0008524 00010551 0.0009041 0/ 0.0012786

002469 00011032 00275058 0.0012289 00264507 00015256 25.810611

14887135

0 12786495 0.0010551 0.0009041
004724 00012978| 00509601 00014001| 0.049905! 0.0016667| 47 424282[ 1.5838123| '

14




=~ '’YREh-210 SR

#b (Polonium) fEE2FF5E Po - JfFp 84 » B—HdiiA HEA =R ERRE
BEBITE RS ZE R R B E T — » $6-210 BUZ 310 - AR AR A
K e R - BURIEREE SN R oL R R ER AV E S - $M-210 A 25 FETAIAYIT
GrtEEfArZE » HAEMN208 ~ $M-209 K$h-210 IR —K » AN 6 Ak 5 $h-210
Foh-238 LB PATHT-210 TEEETISR - WIE 7 0 $h-208 fe$h-209 RIIERAFAE I IR -
4% JCAC 5 ds - H AR A A B PG HY AR £ 0.8mSv » Hor 80% /2 H/EE
VIFTENE - 1$h-210 FE7IE £ 0.7 mSv B2+ HE B4 E A SR E( committed effective
dose) HYZIA

% 6. $h (Polonium) [EMir 2 f B FEH]

CRES EEHA(T 1) TR
208pg 2.898y o 1 99.99777%
209pq 102y o 99.52%
210 138.376d a : 100%

& 7. $H-238 HyE=sEgE (Decay chain)

15



(—) $h-210 BY55HT T 3E

i

BY) ROk egh-210 By T AARARE 8 K 9 > AR E RIS Ry ST Bt 5

PERUSE Sl 1 FHEERR R IR E R B HURSHE 0.5 271 tracer $~-209 I AJEE
R > FEAIA 200 ZF R b - 20E] 10 Fs o

W bR ER D BIRESHERS 2 200 ZTHEM T - MDA 3:2 BHEORIE - Fi4E
IEAZRRZRA: > MDA 20 2518y 1:2 HCNIBEREZ (K938 2 778 ) > =
A& L 0.45u i BT e - MLV 1:2 HCL RISt » 4ilEl 11 -

% 2 EIREME SRS eichrom Sr Resin (& 12) > A5 /045848 HCI (1:2)
20 ETHTHERHE - BEE RIS E AMGAE -

F—PEEZJELL HCI (1:2) 20 =T octaths - BERpRf IR o Z s - 56
“FEELLAHCH (2:1) 20 ZTFrosetuths - Rt S S I B RR
F=FSELUE BVE EHUNEHE HNOs (3:4) 4 ZFHLERIRE - RO K
WSRO IR > Bef& L HNO; (3:4) 16 Z 71 ost s » Mg iz -
LL 50 =T el - St Rim AR A &40 13 -

AT EEN-210 Z AR IIEVE 7552 1% » LU HCI (1:23) 5 ZFHIEERE
DA 1 7 eEAnTR i BE R (A TR - BEIEAOR R 25 =W ANIEl 14 B

B R A A s B P - A AR B R 7 BB TR R
PR ZRAG > SOEERE 2% (B 0.1A ~ JRJE 85°C ~ 25 /Ny ) 18
PRaaEITER Y - 40 15 4577 ¢ EISE R Z IR WiE 16 BILL o BERAERL
HEHIEE -

16



(Fresh or food sample 1~50g)
1L beaker
<—HNO3; 50~200mL
<P0-209 (0.04Bq)
heat and decomposition
heat to dryness

<HCI(1:2) 20mL

heat and dissolution

|
filtration (0.45p)

residue(discard) 4|—<

filtrate

Precondition of column with HCI(1:2)20mL

1 4= loading sample
1

' Eichrom

—  Sr-resin i«washingl HCI(1:2) 20mL
[ column ' «— washing2 (elute Pb) HCI(2:1) 20mL
I—: 2mL | «—Washing3 (elute Fe) HNO3(3:4) 4mL

: | «—elute Po HNO(3:4) 16mL
(discard) ~ ~770- [ ------ L 3(3:4)

50mL beaker
heat tlo dryness
<HCI(1:23) 5mL
heat and dissolution
<—saturated L-ascorbic acid 1mL

electro-deposition : 0.1A, 85°C, 2.5 hours

Alpha-ray spectrometry
8. &Yth$h-210 Ay %

17



('sea water sample 5L)

5L beaker

<-HCI 20mL
<—P0-209 (0.04Bq)
<Cu?* 20mg
<-NH,OH

pH 3.5~4.0
| —5% CH3CSNH, 100mL

boiling 2~3 hours

filtration (0.45p)

filtrate(discard) precipitation
| <HCI(1:1) 30mL
heat and dissolution, remove filter

heat and concentration
| < HCI(1:2) 20mL
heat and dissolution

cooling and filtration(0.45)

residue(discard) 4|—{

filtrate

Precondition of column with HCI(1:2)20mL

Eichrom @ ¥ loading sample <

Sr-resin ' <« Washingl HCI(1:2) 20mL
column | < washing2 (elute Pb) HCI(2:1) 20mL

E 2mL | «—Wwashing3 (elute Fe) HNO3(3:4) 4mL

: | «—elute Po HNO(3:4) 16mL
(discard) ~ S------pmoo--- L 3(3:4)

SOW[ L beaker
I

heat to dryness < NHE%E>

18



<HCI(1:23) 5mL
heat and dissolution
<—saturated L-ascorbic acid ImL

electro-deposition : 0.1A, 85°C, 2.5 hours

Alpha-ray spectrometry

9. E/KHER-210 BYSTHT T4

= oSS ‘ A
S % ~
4 {

10. YGRS

19



1680045

250 mL Rapid — Flow Filter Unit
0.45 pm aPES membrane,50mm dia

o

+ 6800455

LT
—]

11. ZES 0.45p 'H#JEEETT

Exchrom Technoiogies
1088 Untversity Ln. Lisi, L. 60532 usa
- W chrom com

Sr Resin
100-150 ym
2 mL Column

Part: SR-C50-A

Lot SR16E
Qty: 50

12. eichrom Sr Resin

20



13. JE&K i E eichrom Sr Resin &SN TR

JCQAC

Electro-deposition on a stainless plate

Pt
«——1=0.1A
PTFE
Stainless plate ===
>

Stainless E.:g Lol

At JCAC condition
0.1A, at 85°C,
for 2.5 hours

15. BEIEARHRAE (Z2) REFET RS (A)

21



16. B KDL a SIERRE R BN VR

a JEREERA JCAC Pl AT o SHEREEL (A fnas Aot P EAa Htnes - 200 17
AR > HIERELY Ry Imm > HERSFIE (Reaction layer) £/ 0.1mm > o BFREEIH{HR
aatd [N 0 BEFERK y HGRAG RS - Ml - 518 o SR DETEEBEE

(ER) > aHWGREEERIRDIPRRZIE CEM) « & o ST A Ffrasiy S A - &
A FIEZ ARE R RS > SEH BRSSO EETY - B 2 AR S A LR
iR ERER T AE 18 - ARWIE EE 2 SIATH R R85 R B A0 E] 19
$M-210 JEEEATAE Ry 114.7 Balkg ~ f52% 8.2 Balkg - HNRTREA V) RFEE - i
$h-210 JE SR A RA =

a-ray spectrometer J@QC

detector
| (Silicon semiconductor detector)

% Detector diameter : 1 inch @.

FWHM(453#%88) : about 20 keV.

sumemar, HAG 5 —
17. o HHERAERL R R (HmEs

22



Measuring principle of a-ray measuring device

Si semiconductor

detector
Au ===~ Al
% i
ot Pre-AMP
|
ng’:zzé: l/
K

s ,M'/v

High voltage

detector.

separately for each
(a-ray energy)

sonmar BRI L5 —

18. a 5f4REE

AMP MCA

Ionization occurs when alpha rays enter the

= Count voltage pulsed due to ionization

channel.

R

Sample name: suui ‘LA ?ii Collection date: 2018.09.26
Analysis No.: 19XF002POH Detector Nu.@
Sample amount: 1.000g
Tracer addition amount: 2.180dpm FWIIM: 18.68 (keV)
(at preparation date) Po-209 Energy calibration formula:
Tracer addition amount{1.991dp 0.0043639 % [ch]+2.77174(MeV)
(at measurement date) Po-209 Counting efficiency:27.3 (%)
Vield(%): 95,90 MY 4 Lﬂl g
oty { <;50j;)( goolb %y
Measurement No.:02219026 ~ Start mejsurement'2019.010.09 18:34  Live Time: 80002(sec)
BG1 No.:0219025 Start meastgment:2019.010.04 17:42  Live Time:160002(sec)
E,BI'L N ) e Bg.
. Ba/kglrasw) (Ba/sample) | Peak | Peak X
Nuclide (ch) | (Courts) B.G.
Po-209 7484|895 0
5 P
% Po-210 114, 69941 1. 14899E-1 580 2403 1
5 =4, 94001 =4, G4001E-3
2)
700
o o
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- o NI
» i
560
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z
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>
~ 120
a
o
Q
280]
140
i
o ) : I ) Fall il L L I I
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Channel

Sample name: squid(fish meat)
Analysis No.: 19XF001POH
Sample amount: 10.000g

Tracer addition amount: 2.180dpm
(at preparation date) Po-209
Tracer addition s_mcuntil.gﬂldpm

(at measurement date)  Po-209

Yield(%): 92.59

Measurement No.:0119035
BG1 No.:0119034

C?ﬂk:ﬁo%:iei 2018.09.26

Detector No.: 01

FWHM: 17.39 (keV)
Energy calibration formula®

0.0042784 X [ch]+2.84372(MeV)
Counting efficiency:27.3 (%)

Start measurement:2019.010.09 18:34  Live Time: 80001(sec)
Start measurement:2019.010.04 17:42

Live Time:160001(sec)

T
Nuclide Bo/kg(raw) (Ba/sample} | Peak | Peak B.G.
(ch} |{Counts)
Po-208 476 671 0
* Po-210 8. 23342E-1 8. 23342E-3 575 167 1
+7.14164E-2 | £7. 14164F4
@ o
4 2
- = &
2 150 L 3
g o o
-
o
Y o1
=
-]
<
© g
60|
30|
|
9l L . L AN A PR L .
0 100 200 300 400 500 600 700 800 90 1000
Channel
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H A JICAC /K88 HAtpa BT 20 Ryis 1 Tk 38R 2 15-20 =71 - HEg 2
A - MHALIMEZRRZRAS > FTfs 2 BRan A SEsaig o - (8 AR 5= A at Bes

( Low background beta-ray counter , LBC) JHIEHIERE » R4 BRI T ¢

LB L TR grfey » S 1 2T -

2. BEINEMR L MIENEEGZE % % 100 271

3. FlERRAGHES 2 100 ZTHEA - BiE P DIERE F 2 AT /KEEE R

B BT O E 100 2B - MIFVRASZR 2 15-20 =71 -

4. FIERRACHER BIME 1 Sanf 2 A aaniE (ErFEiE) -

5. FIHALIME I A S i 2 2557 - FREE

6. A EE =AM e AR5 -

20 FsH TR tntelE - A EEAAE SR AILL LBC STATANNE 21 5 [& 22 &
A 3oKE R A AR B R AR E > 32 AU E S A L TGRS
—f% 1 FHEEFRAIRR AR P B (R78%8 2 100 ZT IR EDR 10 738814 F2k
57 ) EERSAFSRARS - AR BZAFCDERAE > HIUTEEM infrared lamp 7557 > A&
U PSR A A EAE R -

23-26 RyEfTROKA ARG AHRRAIR R - ARER ST —FLISEFEE
REFETREE > BUE—ARZ L ATHRKEEEIA L FHerd - 2k822% 15-20 271
£ 100 ZFHEE T - & PR A SRR 2R - AR R B s R DUOK RS DA
TR RESE LA EY) > SRR E SRR TUKR - 2 25 ZEE - AE AR
J{#F infrared lamp Z&RZ2% 5 o
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Fresh water
Sample is concentrated by evaporation (1L—15-20mL), is transferred into stainless
dish and then is evaporated to dryness by infrared lamp.

Fresh water sample (1L)

<-HNO;3; 1mL
evaporation(1L—100mL)
(transfer soln. into 100mL beaker)
evaporation(100mL—15-20mL)
(transfer soln. into linch @ stainless dish) s%stainless dish should be weighed
evaporation to dryness (with infrared lamp)
weigh stainless dish (sample included)
beta-ray counting (LBC)
20. JCAC 33 /K48 HL it it B 5 =X

Supplier : Hitachi, LTD
Model : 2 7z gas-flow type GM counter
(with window)
LBC-471Q, LBC-4201,LBC-4501
Measurement condition
High voltage : 960-1130V
counting gas : Q gas
(He 99%, 1% iso-butane)
Plateau : approx. 100-200V
Sample dish : 1 inch®and 2 inch ®
counting time : 60 min.

repetition : 2 times (with different LBC)

BG counting rate : 0.1-0.4 cpm
21. Low background beta-ray counter (LBC) K EH £:85
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23. ALK R 1T 2202

24. ZEFZ1&R DL 1115 BRI R S B EE AL 22 A i
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25. JEfE R AT A RSB a2 A s ig 72 ¢ e Ry H 7 infrared lamp 7557

26. JrlE| 7S I/ A BESEE Ry b Coehn - A0 HOG iR > (EHIE—& LBC &+l
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(=) FLIEHh4R

JCAC (AT MR i EE 8 2 L (5 RV R IE TR

e Al AR EE /N 100 25

(R /\Eb =gl (Us0g) » FLZRIEEAHFE(ES (KCD) {ERFLIR > 40 27 ¢ A0t
B H 7RO B RS TR KB B AT - B e A R A TR B P
SothakEEAE > BORZK[EIRHER UsOs 5z KCI FLIERRER - 3 BllEt Rl H

I o

' Beta-ray counting

|
| @ calibration source

Calibration source is selected depend on sample weight
U504 is used for calibration source in case sample weight is lower than 100mg
otherwise (>100mg), it is used efficiency obtained from KCl source

J@QC

Japan Chomical Analysis Center

Us0g 36C] kel
beta
source
Activit 1.41557E-02 Bg/m
i 448q 1048q o
X KCl weight (mg)
efficiency approx. 30% approx. 25% approx. 14~26%

LEHEEA
BAS > 5—

2% it should be prepared set of KCl sources with different weight (100 ~ 900mg)

5

Beta-ray counting

- (@ calibration source
|

0.4

Eff. {cpm/dpm)
o o
¥ w

o
s

LEMEEA
BAS it 5—

| 0 100 200 300

y = 6.8691E-08x” - 2.3241E-04x + 2.8824E-01

)ac

apan Chomicat Anslysis Center

R*=9.8880E-01

500 600

KCl weight (mg)

efficiency curve obtained from KCl sources with different weight

700 800 900 1000

27. JCAC Flfi i Z Fe 24
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() 48 F SR B S A R b

R [ER AT ROKEE S AT S S 5% 7 (Expand uncertainty Jz En 515 2
FARFL 108 R EREEEURE A o AT IR E B ) » JCAC AR E & AR
100mg- & {5 A KCI RS TE 4R A og il B & /s 100mg > {H {Ty{5 FI A ] counting
Hit KCIFZIE 4R 5z UsOs B IR IEEL T -

GEREE RN H U7 AL TR B TS EIRIE I E SR F - (EE R EUERE A En
EAETEHAEN T4 T A& - FIRERIH T W & B 5= R [E AR 7 20U

IEVRHI A ESEER BN » NARELBSEE R ST — R ERE R - BEFERE
B s ML E -
7. ROKEE B AR S

mE EE Expand

JCAC 1293 1.22+0.035 0.075
RMC 64.7 U;0q 1.13+0.033 0.08 0.8 THR
RMC 64.7 KClI 1.13+0.033 0.08 0.8 THZ

» SEEMEESTTTOERE

AREFE R T BRI iU R R 8 (RiEE) S > JRSH T ICAC 44
aEATREE E T ~ A Kelbaa i - telbpaEE - fOEtilE - BfET
A PO -3~ BR-14 BT BRI E SR = K SAUNA (2R iR Ras =% -
JCAC fEER=FGME LIER fGE - EEAFREIIORAWERT » A% —EM
EASE P > DUBREPIRERR L — eI - (R E R N RS AR DR SR 4R (22 ]

([E 28) > PR 7B RIREITAYN  trld g RaaoRA M EET R - BBl TEEER
= Z AR AR E R R A BPIERA w7 > AN o BT bR B (bR
B AR E > BERTECR R =l ~ B ~ (B2~ BRdnse
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KRR TRCER G « BB N BREBEZITRENR > FRanplmB T fR 8% E
ST Z BRI 1007 - JCAC Bl e A o DA S22 S 47 [ e i [ 2 RS R
R > BEREAN R R B E R BRI AR AR ~ RS R G R UGS R =
SR WAEERETAICHE 2R  REE  (FROERZ25RE -

28. JCAC {1 B b s il 2 4 (87 2 Pl (L 2P G 2 U
CEA a HFEET = pri et = 5 i)

AT K E RS REETMRER - ARPTERT AR S AR H A
FEme R E A& - HHEE A SERIGRERDT S TIF U R R EE Lk - FR it
B A4S e F Iame R R B S 2 GuEE > flradystere = sl
BRI R A ERE A KA 24 /N - DU ORI B R IR B 5S> FE L Rg
JEAEERT > MBI BRI > ARSE R AR - RN ERESLIEAR R
H > HIRETERE R AR 2 i ] SepEZ R ESE - BN - 5E N B RAFEEINE Bl
BIFREEN R - TR TERC BRI E RS N B R 2 F iR
fi KBz » JCAC Rl R HETTAE VBRI R /K AT - Sol i A Z IR ~ B il &
BEFERCHAEANRE (B 29)  DRR{ERHEER S - WAEBRBETIRICEERAY
L R AR AR NI BSE R 2 2 ~ B EFER B ERAES - BRI AR

RACE B DHEL (S 7 BRI SRS -
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29. EnmiE B RRRERE - A EACERICE MBS 2

JCAC L Vyalirin B == ¥ B TR iR Bl Sk AT B - e R B B
Vi 55 - R ER R (R R ATRE 255 RE ) B n] AE R Z U
> Gt ERAER G EE 2PN - AU HAEE - g2k ROREETR
sTHl > HEFEHATTA ReyBERE i (18] 30) » s Kel et = ([§ 31-32) »
TEERIR A2 (18 33) ~ #8-90 Ui E e ([E 34) » bik-14 Bt sy
freEhea (I8 35) - %-85 A TR (I8 36) K SAUNA Il fxigfelnkess (& 37)
ZSHRAWT -
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30. A:Wpaiemipa B = 2 (RlBRREEE ~ 5206 ~ IR BB DA )

31, KebrAia = 2 i (YHHEREERER)
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: |
34. HETTHE-90 R E AT LASCHAe AR FR 285 - FLABEBR SRR ROATIE R -90
(CERERST €3 A7+ =26 A77)

B e e T il & i
35. fik-14 LS T E R E - (EREANIE - SWE 257k
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36. SRAHEHTHEE (Gas chromatograph) » £ % By U MEPTE -85 Z 53 (]
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B ORHEER

—
[F]— BN AL i E S - SER=EMHAINENTEEE - DIEE-226 2 BU ML
B 1A R IRIBEY NSRS - AT AR EyRERE BlasER e AL RO ERPI ST - '8

R S A o Y LA S S AR S 1 - AR A TR AR I I Y R L2 0 B - (Elyle
s MTAME Y SRR dsE (Hines (HPGe) TEICE HYAE & #[E A FRBSUER AR B
EE AT HYHESE-226 F15%-228 - HABRNE BT S H oo thisiEEsd - (ERUR L2
Ba ~ JRAEA B R - S M A AT RE 2 B2 IR T DR S T R T Y
18 5 IAEA H RS Analytical Quality in Nuclear Applications Series N0.39 1 » {4 LUK AR
YA D ERARRIER FH 7K 588 -226  Fe$R-228 » LB BB 774 T 8 1B R P B o B B o P 1A
a0 HEIREs ICAC HAIE R Z 3% - &i& Ball HAURESMNATIEDR (% 8)  DUKES
P53 iR -226 BRI Z FOTes e R o i B R > S B /K 1 8E-226 (LE2 AR
% B A R AP T B s TR T =R A » Al B AN i T BB o
Z5% -

FEREFTIUR PE (ST 2 7T - 7% EIBESR - BIJEHUA - BERIACE - AT AR
. (MDA) - (E5 T/ A R - EHEeR - BTG SIE - B T e e
SRR R TS 70 FEEH IRETEIATATER 5 SERAE T - R SR FTRE R AT
B R R IR © BYRABUEE B4 © IREE RIS AY -

% 8. (HHIA[FIFE-226 Sy )7 MGG B R AT A A AT ER A L

(BRI  Tournal of Water Resource and Protection, 2013, 5, 53-57)

CPM Ra counting
background efficiency
LSC 0.1-1.0 95%
Alpha spectrometry 0.003-0.01 20%

70% - 90%

Gamma spectrometry 0.096 (This study)
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