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Abstract: This study described the analytical method for simultaneous determination of ¥Sr and *Sr in liquid
sample using automated separation system. Radiostrontium in 0.5 kg of liquid sample was concentrated as SrCO;
to reduce the volume of sample, and purified from the sample using Sr-resin 2 mL (BV, Bed volume). The
behavior of Sr and interferences such as Ba, Ca and Y were estimated with various flow rate ranging from
1 to 4 mL min™". The detailed procedure for the purification of Sr on Sr-resin was presented. The purified
radiostronitum was measured in Cerenkov mode and then measured in Scintillation mode by mixing scintillation
cocktail. The measured value in both modes were used to calculate the activity of 3Sr and *’Sr. The performance
tests were carried out the lab-control-sample having various activity ratio of between **Sr and **Sr. The recovery
of Sr was ranged from 68 to 94 %. The relative bias of %Sr activity was ranged from -5 to 20 %, and it was
ranged from -10 to 10 % for *°Sr.
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dojEel= -10
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£3 22 MilliQ-Plus =7 A|z=7]14 A5td &4
F(182 MQ-cm)E ©]-&3lth ¥sr & Msr T
2 Eckert & Ziegler Analytics, Inc. (Atlanta, GA, USA)
oA Fujste] Mt Srel I4g Hrt 2 W
ol 252 AsS H7el7] 9130, St, Ba, Ca, Y 241
Al(Carrier)E ZHzF 10 mg g'o] H = A 2319t Sr
2@ A ol AFE-3 Srresin (50-100 pm, Eichrom te-
chnologies, USAY2 2 mL ZH3} 5 mL Z &l (Eichrom
technologies, USA)°ll Z+Z} 2 mL (BV, bed volume)E]
EE SR8tk 2 mL ZHE A AT
Z}ﬁ%%‘*‘ow 7§ ket KXT-Hol Zh%}ai—' 5 mL
AHLS S H(Gravity method)oll A8} T}, St o]
A Hoﬁ A ET = 324 71 (ICP-OES,
SPECTRO Analytical Instruments GmbH, Germany)Z
ARESEATE AAE A EEEFS ZEdEd A
Z 9] 20 mL o] <ol 293, LSC (Quantulus 1220,
Perkin-Elmer, USA)ollA] =2 3} t}. Scintillation mode
oAl ARg-SF 4138891 Ultima Gold AB(Perkin Elmer,
USA)elt}.

AJoF Aol A

(

¢

B AT Nt BAHE HAS5E] 98, 29
ol Sr Carrier2} ¥Sr, °Sr T =AY S &35 o)
10 M HCIZ ©] &3] AlE9] HZx pHE 22 2H

&, TAEAE wsith Sy AR A LA W
Asle dAEEE 48T & YA Lotrr] 9
&, 9d AANEE F o] AL ICP-OESE 4

sttt

22. Az Hxz2|

AANAE 0.5 kg 5 WA ZEZFS 243517 ¢
3k A8 AxE] WHE Srresindll FEe = T35
glof dt) Sre B FEl 2 A o /e B
Z8l3, YAES 8 M HNO; vjdo] H=2 A% 2

sbell AT A E] B&S Hrsh] QA 249
0.5 kgoll Sre] 2 mg¥ 4 mgo] /== Sr Carrier
S 7l RN ES EHIEHAT 4 M NaOHE ©]
43 pH7 10 ©] H=F 23T} 2 M NayCO; 10 mL
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ge T 90 °C 7oA 30 ¥ FoF £t &
A ZE(GF/PE o438 AAES A&

o]d® £7]2 001 M NaOH & o=
GF/F ZHo| o33t 28 9 AHAEL 14
HNO; 5 mL¢ 8 M HNO; 5 mLE &x1& o2 &3
NEdl=

wt

2.3. SrresinOlM Srz} walol=el HE

Sr-resinol|A] Sr3} Wallo] 2] AFS FEHE AH
27 948, $8¥HI 5% 2 mL min”', 4 mL min™
Z700A Algstnt FEHe A S mL 2HE AL
|31, AFsFEe A 2 mL AEE ARSI
Sr, Ba, Ca, Y SHYEQ27} 4 mg¥ E3Hd &9
14 M HNO;S F7tste], 2% 8 M HNO; 10 mL7}

=& A F5E FH 3T Srresin 2 mL (BV)dll 8
M HNO; 20 mLE F3A1A A s)st9ict. Sret Wl
o] 20| ¥38tE A|FE Srresin ZHO| SIHAIF|HA]
2 mL(Z8H) £+ 5 mL 2 mL min™', 4 mL min™)
A 73 S ICP-OESE EA18tth A& F ol
£ & 8 M HNO;= Sr-resin Aol S34A|7]2, 2
HE WA U2 898 34 ste] ICP-OESE #2435}
Atk

24. LSC A& 28 Z™

LSCE o]|-&3l] ¥Sr, PSr FA] 248 98l, Cerenkov
mode®} Scintillation modedl| ] 43T} o] $8),
Cerenkov mode®} Scintillation model] 4] €] *Sr, *°Sr,
Ny AZg o] asith

¢k 5 quq 89r2- 20 mL vialell &3, <% 10 mL7}
HEE 0.05 M HNOyS E33ht). Table 19] LSC 578
Z 7oA =33} Cerenkov mode & ™ ¥Sre] A=&
&S A4 3t} Ultima Gold AB 10 mLE &E§3 tho,
Scintillation mode & W *Sre] A= & &S AA I}

NQr3} Nyl AEFE LS T Yl Fig 19 HR;
Z g3t} oF 5 Bq9 *Sr#}t Sr 2 Y Carrier 4 mg
< 50 mL tubeo] €712, HF 10 mL7} F=2 29
$Z &3 1 M NaOH 9L o] &3), A 89
pHE 1022 Z=Hgt} o] o, Y2 Y(OH):E I3t

Table 1. Operating conditions of LSC

Cerenkov Mode Scintillation Mode

C-14, low biased
window : 20-400

C-14, high biased
window : 120-950
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| 203r 5 Bq with Sr, Y Carrier 4 mg each in conical tube |

Add 1M NaOH, adjust pH 10
Centrifuge 3700 rpm, 5 min

1 1
| Supernatant | | Precipitate |

Add 1mM NaOH,

——{superatant——"""*
upernatan
Add 2M Na,CO,, P

centrifuge
| srco, | |

Y(OH), |

| Dry precipitate and dissolve in 10 ml of 0.05M HNO,

ICP-OES (RS,)—I I—‘ICP-OES Ry)

| Measure in Cerenkov mode using LSC |

C 50 _| l_. C Y

I Add Ultima Gold AB, measure in Scintillation mode I

! !

C 190 C,Ye0

Fig. 1. Procedure for determination of counting efficiency
of *Sr and *Y in Cerenkov/Scintillation mode.

oA FEE T, A st A5dg AAES
E3ith 2283 A& 0.01 M NaOH 20 mLS
& on

3 34 s8}aL, ICP-OESZE Sre
A Y(OH) 0] Z28d AHES A2 F, 005 M
HNO; 10 mLZ £3|gt}. oF 0.02 mLE #3¢ o
3]43le], ICP-OESZE Y9| 3|5&< ittt

NS} Ny 7} 242t Ll ¥ A BE Table 19] Cerenkov
mode X S8 th3, 438 (Ultima Gold AB)
10 mLE £33} Scintillation modeo] Al &7 gt}
A 71E5 NSr} Uy A ZHi)S VEL R,
0Srat Y 2] Cerenkov mode, Scintillation mode©| A <]
AZEE&S ALt

o

25. 8Gr, Ngr HiAls SA| EM

NSra} ¥gro] Zkzt EA ALY EFE A E 05
kgs F=H]3IATh PSr 0.2 Bq kg'l, 50 Bq kg''E &
H]3l3, ¥Sr 0.2 Bq kg, 10 Bq kg'S &4 3} T}
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A& Ysrat MSre] WAks =
ZIEo2 Frlsiln). ol A4S ngeR A

h=s H] 1:1, 1:2, 1:5
g 7eL

H E2H 2}l whE), Srresin 2 mL (BV)E ©]8-81aL
2F 2 mL min ol A 2239t} Srresinoll A F& 3
fHo] pHE 1022 FH3}, 2 M Na,CO; 10 mL
1%:;

&

=

i ok :lo

ol
390°CoA 30 ®2F TR YA IE A
stod, ez AAES BEstant AxAIe &
= %SH AAE oehE 20 mLE B A &

3tk ohS 90 °ColA] 3087 Ax3FETh 005 M

HNO; 10 mL% o] &3] HHMES &3t 0.02 mLE

B3 3le] 343 t}S ICP-OESE Sro] 445 H7)

ik 2] & vk2 Cerenkov modeo|A] 60 7+ =4

3 o2, B8 53 5 Scintillation modeol A 60 £

Bt ASSIA .

3.1, YHAIR = FHx2| BHe| Sr 3
AAAE7} 0.5 kg L w), B Moz Sr% 5

a) 60 - :
Loading Rinsing (8M HNOz) ———
] &— Sr
50 —e—Ca
i —A—Ba
——Y
40
3
=
Q
S

0 10 20 30 40 50 60
Volume (mL)

C) o,

Loading

50 o

C/C, (%)

=8 o a3t AA Sr carrier S AT Sr
P ELA 2, 4 mgs TS @9 0.5 kel pH
= 10082 -3 azco3 fHS o] g3 SF

1(GF/F)—E— AHE-ste] A9
el #A glo] 89.0~ 70A)(n—12)-4 ﬁITgE =R
t}. SrCO59l &3l = FAF(K,= 5.6 x 1019)F 28
3, 2 M Na,CO; 5 mLE SrCO; AA L 93] 2
ElE=ll]=

SrCO; HA& AR A 9o, SrresinS 2
Zgz—ﬂg_ Sr< LSC é;@% A]ﬁ:] o % uE o= z—IB_Q
o} olul= B A He] SN HEE o] &g o
Hoh AAEE7E o83t AHES EHA £
Sto}. Sr carrier 2 mg, 4 mg®] X3 B9 20 mL
o] pHE 243 & Nazco3E Y7 SICo,E A
3t Sr carrier 2 mg2] 73 TEL 82-83% (n=2),
5] &2 92- 94%(n—2)i e Sr
HE SrCOs°| FA7L A
FE3] HA 2 FoE H

4 mge] 73§
carrier 2 mg & uwj, 3
]_

2 7he e 942

b) 60 1 Loading Rinsing 8M HNO3)

—a—Sr

c/C, (%)

Volume (mL)

Rinsing 8M HNO3)
—a— Sr

—e— Ca
—&— Ba

Volume (mL)

Fig. 2. Behavior of Sr, Ca, Ba and Y in Sr-resin (2 mL, BV) at gravity method (a), 2 mL min™' (b), and 4 mL min™' (c).
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t}. 0.5 kg AANAE F SrS FF3}AL Srresin 2 mL
(BV) BAl 485 Az o LSC Al A|xg we] 3
85 T3P Sr carrier 4 mge] HAH o7 welt),

32. Sr Resn &3} fFae #H
Fig. 2 Sr Resinol| 4] Sr, Ca, Ba, Y2| A%5& R
3L ok S, Ca, Ba, YE 7 4 mg Z&3H 8 M HNO;
10 mLe] A|EZE Srresin 2 mL (BV)oll 341713, 8
M HNO:& A& EBRUWHAA Srresin AH-S Wby}
2 o]29] FE=E 459 th F & H(Gravity method)
2

mL min”!, 4 mL min™'¢] ZAdA 2 s}

U3

mL Z#e] Srresin 2 mL (BV)E
A ol oF 10 mL F=2] A
mL Aol Folde A&
AT 10 mLE AYS
mL min™!, §& £9d0] 2 mL & w, 0.2
3 mL min'S BATh S| EH, 5 mL AHol A
< 89 10 mL7} Srresin 2 mL(BV) ZH S whA 1}
< W7kR] A- AIZRE F 30-40 o)t} FEHAA,
Ca¥t Y& F%3 #AIGe] A E FY(Loading) T
Al A 40% ©]% Srresin ZHS WA Ut} 10 mL
(5 BV)°l’d<] 8 M HNO;S Al #(Rinsing) & o=
ALEEPE, 2 E Cadt Y2 Srresinol| A A A€
ZEHY u, Bao] 2F AAE A HFE& A8 FY
% 8 M HNO; 22 mL (¢F 10 BV)©]2Z, 8 M HNO;
30 mLE ¥R Sr2 AEEA &gkoh v, &
ZFo] 2 mL min'9A 4 mL min'2 AZFE Sro] 8
M HNO; 15 mLZ A2 & ] Srresin A& ol|A] kA
Q7] A&ttt Bao] ¢4135] A AEE AL Y
WEY 4 71 8 M HNOs 30 mL, 35 mLZ YERSE
t}. Ba2 Srresind] A A3 A ASE F9F 2 mL
min ' A4 8.3 %, 4 mL min'olA] 10.8%%¢] Sro] Ba

L ofN
_O‘L’

T of,
K
1l o

Jo to fu ofy
)

fo

o =2

o &

Table 2. Protocol for separation of Sr using Sr-resin (2 mL,

BV)
Volume (mL)
Process Reagent . 2 mL 4 mL
Gravity . .
min min

Conditioning 8 M HNO; 20 mL

Loading Sample 10 mL
Rinsing 8§ MHNO; 22mL 30mL 36 mL

Elution DIW’ 20 mL

*DIW: de-ionized water
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2+ A Sr-resine WRALZE
Aol W23 Srresin 2 mL (BV) 2 H ol A
FARe] €¥94 12 mL (6 BV)E T3 EUH
= Srg stk FER oIy f% 2 mL min,
mL min™ ZZAA Srresin 2 mL (BV)E ©] &3
ZY-AAE7] 98k BAERR= Table 29+ 2T
BA27) AR A5 A E SHlsjofk
HE TdAEZ npHFofof gtk A o
Al A Sl 4 ©A Faol] 3A12F
A9 HTE F2 WA A MEES 2ol §
FA - Y AEE tE o] 7"
7% vlg&olgtal At vl KXT-
Aol 8 7HA] 2] 7} 7F5Eh 2 mL min!
Al 408, 4 mL min~'¢l 2

ofzl | H oA EAR A F
A g g2 dFdd JA5T 5 U=

ER ] ARG A A RES
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T > > 0 > @
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rlo
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Ho
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o
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33. LSC HssE &d

8gro} Ngr EEAM Y-S o] &3, Cerenkov mode2}
Scintillation mode®| 4] ¥Sr, °Sr 28] 22 Yye] A=q
S 72 F7HTh A (1), @)9F 2o, ¥sre] AEw
1915 LSC A3l A géiAl F=HIgk §- LSC
AXrE T 05t VY AZF 0] ¢, o)
u] 0y} BRAEE H NSy FFA DA PYE BT g

RN
S

o H
o
&

7, St} yo| 34582 welslof i}, B3] Vye] A=
E8e AT W), Vv BH &S B o} Bk Nsr
AL 2els Uy BelE A7) RE B9

o} E2]2#H4 9] Y 3483} Cerenkov mode/Scintillation
mode®] 7} SR 9] B &S e ste] Py9
AZFELS AT 3 ), (). BAE s BAIE
ZH5E Y7E A E 7] wliel, LSC & AlgEollA
Nyol| olgt AF&S BAT T U] AZFEES A
2bstet (2] (3), (6). WERA, Y ASE &S WA 2
g O, Sre] AIS &S A
Sr89 . bkg

C, -C
Sr89: c [§ (1)

c
ASr89

Y90 bkg
C, -C
Y90 _ c c (2)

 Agro0- eXp(—hyge- (t— 1)) Ry
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Sr90 bk
Sr90 _ c. -C. g_gwo'f 3)
¢ Agrop- Ry ¢ ?
Sr89 bk
g G G “
’ Asrso
Y90 bk
Y90 _ Cs _Cs ¢ )
Agro0" €XP(—hygo- (t=1)) Ry
Sr90
8Sr90 _ Csr 7Cs _ Y90.f (6)
) Agroo Ry ?
f = 1—exp(—hyo- (t;—1ty)) @)
£, = 1—exp(—Ayqq- (t,—1p)) 8
§r89 / sfr% / 8Y90 Cerenkov counting efficiency of
BSr/Sr/ Y
§r89/ §r90 / 8:{90 Scintillation counting efficiency of
S/ Sr/ Y
c}j“g : Cerenkov counting rate of background sample
CSr /CSr‘)O/CY‘)O C 89
c c erenkov counting rate of “Sr

£°Sr/°Y standard sample
ci’kg : Scintillation counting rate of background sample
[cps]
1830 Y Scintillation counting rate of %St/
YSr/*Y standard sample [cps]
Agrgo/Agrop: Activity of *Sr/°Sr standard sample

at measurement time [Bq]

Sr90
s

Y90
C

fi/fy: Correction factor for Y ingrowth for the time
interval between the separation time and the measu-
rement time in Cerenkov/Scintillation counting mode

to: Separation time

ti/ty: Time of measurement of sample in Cerenkov/
Scintillation counting mode.

Rs,/Ry: Recovery of St/'Y

NSrz} Nyl AZa &S T3] As, Fig 190 u}
2 MSr TEAYS AAYPE o] 83 S Yyoz
zZtzy B st Ysrs EEd Al§ & Sr QTEC
762 %°13, Y& HAEHA 2t YS
g 5 YY F5ES 985 %02, Sr U%Em &3k
o} NSre B3 AlRE gE Uye] AA o] HA
SIE =% 7HgE 2] A% viE LSCE FAsHth
Nys Bl A EE o] &3] Y Cerenkov AIZ &
£ 64.6+2.8 %, Scintillation AIZE-& 100.9+2.6 %=
AA3IA T USrg H2T AlgolA FEFE Yyl A

3 A

Table 3. Counting efficiency of *St, “’Sr, and Y in Cerenkov
and Scintillation mode

Cerenkov mode (%) Scintillation mode (%)

Radionuclide

Efficiency s.d.”  Efficiency s.d.

89Gr 45.1 2.6 101.3 3.0
%Gy 2.5 0.4 98.9 0.6
0y 64.6 2.8 100.9 2.6

“s.d: standard deviation
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Fig. 3. LSC spectrum of ¥Sr, ®Sr, Y and *Sr+°Y in
Cerenkov mode (a) and Scintillation mode (b).

qed dA AAT AZEES 1k, PSre
Cerenkov AlZ48& 2.5+0.4 %, Scintillation AZ & &
98.9+0.6 %S AA3IAE ¥Sre] AZa &S 3t
2 Qo] ¥sr EFEA Y-S LSCE =% 3} 2, Cerenkov
A8 & 45.1£2.6%, Scintillation A& & 1013+30%
2 Yelgtth(Tuble 3). LSCE =A 3 2+ A 59 A=
8L 33 4% Ao Hapsy 2FAUAZE e
Wt Fig 32 steHte] 259 *Sr Pve] LSC &
HEY 7 ¥ 22 PAEF S o] F Sy
LSC 29 E- S vepd Aot} 7t HFH wEbolH
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Table 4. Performance of the method in lab-control-samples with different ratios of *Sr:3Sr activity-0.5 kg liquid

Recovery of ~ Assigned activity (Bq/kg) Measured activity (Bq/kg) ~ Relative bias (%)
Sample ID AgosiiAgos: 0 90 89 90 89 90 89
Sr (%) Sr Sr Sr Sr Sr Sr
1 67.7 0 9.82 0.00 10.03 - -2.1
2 0:1 76.1 0 2.53 0.23 2.45 - -3.3
3 92.6 0 0.49 0.01 0.51 - 2.2
4 78.5 10.05 0.00 10.00 0 -0.5 -
5 1:0 89.7 2.54 0.00 2.49 0 -2.1 -
6 93.8 0.59 0.00 0.55 0 -6.5 -
7 77.0 10.02 9.91 10.24 9.70 2.2 -2.0
8 11 88.1 10.12 9.80 9.34 9.59 8.4 2.2
9 ’ 92.2 0.56 0.49 0.53 0.57 -5.9 14.3
10 87.5 0.20 0.19 0.19 0.20 1.2 -4.9
11 211 84.6 1.07 0.50 1.06 0.51 -1.7 3.2
12 ’ 88.8 0.98 0.50 0.88 0.56 -9.8 13.7
13 5 88.0 52.92 9.77 48.43 8.17 9.3 19.6
14 ’ 91.1 2.49 0.50 2.42 0.51 -3.0 1.7
R W} A~HEH] »oko] thE ) ¢ Sr90 . Sr90 . Y90
a Sr897N:1_Atlr ‘(8cr ‘e, -f))
Ag = Sr89 (12)
34. U5, Uy BEHAIR T WAs TH o Rer
¥Sr} Sro] 3 ROJAFAA ZF 3Fo] WAL N, SN S g
- . _ sr90 _ Nip- 3
52 Cerenkov/Scintillation mode &7 4 3¢} Sr 3|4 Ay == y-R“ (13)
£ F35) AR 5 Atk b, 4, 7] AT} NSr i
o 7191 288 R FAY & & AER gl =@ e e @ e ) (1)
th=t =t, & 7].24 ko1 f,: o)l o o SQSrJ = Hl—/\}_‘—_‘_ .
0 Srglgg 2 = = o Sr90 ° ° 9081‘34' 8981“9] HO}A}% H]%‘% 121, 122, 125?_] %?}/\]
(Aq , BaFt "sre] & HARS (A, B9 4 (9), ‘ )
P 55} Wsr, Utk EAjshe Rel B olg3le], A9
(0 2ol HAZ T M. 2708 AR o7 7k AEo WAL sL Hrtstgtt
Sr89 , Sr89 . Sr90 , Sr90 | Y90 , Sr90
N =, A +e, Ay +e. Ay f (9) (Table 4). 73T &) (Relative bias, %)= L3 A= 7k

2 S189 , Sr89 S190
Np=g, Ay -fiteg

. Aflr()()_'_ SY()O . Atslr‘)O . fz (10)

£5 = exp(—Aggo- (t,—11)) (11)

Nll Cerenkov Counting rates subtracted target sample
from background sample

Nfz : Scintillation Counting rates subtracted target
sample from background sample

f3: decay correction factor for ¥Sr for the time interval
between the measurement time and the measurement
time in Scintillation counting mode

Sr89 Sr90 ]

29, 1= A, A
™ 2] (11), (12)2} Qu}.

Bate] Al gels}
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(Assigned Activity) 715, 27 Zh(Measured Activity)3};
o] Afo] 2 YERHTE. ¥Sr B SRt EAl S AT
doE e s 47k 2.1~22%, -0.5~-6.5 %= e
o}, 0Sret ¥Sro] WAFEHI Y 1:1, 1:2, 1:591 4 %0Sro]
el E -10~10 %= Wehd whE, Psr AL <]
FlE Y= -5~20 %2 YERRTE AL (12)8 2H,

Asgo= Agwo WS o] &3] ANETE F, Agge
Cerenkov A& (N;; )2 o E Age] E3HE7} HHY

7] W2l Al AUHEL R AjEos & A
A E Bty Azttt

g 9AH A EE] Yol =
el Sr #2219k BAIE] e Ca, Bad] AWl 5
e 47 176 mg L7, 0.11 mg L~ E‘E”HE]‘}}‘:}
Sr-resine Ca 5&7F =255 Sr-res1n9] Sr 2] A4

%S Table 591
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Table 5. Composition of waste water generated from Domestic Nuclear Power Plant (unit: mg L")

Sample Na K Fe Cu Sr Ca Ba Mg
#1 0.06 ND* ND ND ND ND ND ND
#2 ND 0.19 ND ND ND ND ND ND
#3 ND ND ND ND ND ND ND ND
#4 ND 0.16 ND 0.04 ND 0.14 0.11 ND
#5 ND ND ND 0.01 ND 0.07 0.11 ND
#6 11.16 3.88 ND ND 0.08 11.36 0.01 3.57
#7 ND ND ND ND ND 0.04 ND ND
#8 334.37 0.51 0.71 0.01 ND 0.05 ND ND
#9 0.41 0.21 ND 0.02 0.01 0.14 0.01 ND
#10 12.29 1.01 0.06 0.03 0.01 1.48 ND 2.66
# 11 26.03 2.48 0.07 ND 0.09 30.31 ND 7.83
#12 4.88 0.70 0.01 0.01 0.00 2.44 0.01 0.58
#13 0.16 0.21 ND 0.01 ND 0.02 ND ND
# 14 0.13 0.22 ND 0.01 ND ND ND ND
#15 0.98 0.18 0.01 0.01 ND 1.19 ND ND
#16 0.05 0.19 0.16 0.01 ND ND ND ND
#17 0.05 0.21 ND 0.01 ND 0.01 ND ND
#18 19.41 4.75 0.02 0.01 0.10 55.77 ND 6.90
#19 4.28 3.83 ND 0.01 0.01 10.70 0.00 0.86
#20 ND 0.20 0.00 0.01 ND ND ND ND
#21 1.82 1.13 0.26 0.02 ND 0.24 0.01 0.06
#22 71.30 0.25 0.08 0.01 ND 0.06 ND ND
#23 4.62 0.20 ND 0.01 ND 0.00 ND ND
#24 997.23 1.11 1.60 0.02 ND 0.34 ND 0.06
#25 37.01 0.57 0.16 0.04 ND 0.14 ND 0.08
# 26 0.94 0.46 ND 0.01 ND 0.01 ND ND
#27 1.06 0.45 ND 0.05 ND 0.08 ND ND
#28 0.90 0.49 ND 0.01 ND 0.01 ND ND
#29 27.37 7.55 0.05 0.02 0.07 26.89 0.03 8.93
# 30 125.99 20.45 0.60 0.03 0.24 29.87 0.03 9.22
# 31 0.44 ND ND ND ND ND ND ND
#32 0.16 ND ND ND ND ND ND ND
#33 0.21 ND ND ND ND ND ND ND
# 34 46.66 5.29 0.08 ND 0.04 10.21 0.01 1.91
# 35 0.37 ND ND 0.01 ND 0.02 ND ND
# 36 0.37 ND ND 0.01 ND 0.00 ND ND
#37 12.96 8.92 ND ND 0.01 13.17 0.01 3.12
# 38 10.50 3.21 ND ND 0.01 1.57 ND 2.51
#39 0.36 ND ND ND ND 0.03 ND ND
# 40 0.41 0.13 ND ND ND 0.03 ND ND
# 41 4525.72 388.84 4.04 0.01 2.90 176.75 0.01 855.45
#42 1871.91 21233 6.01 0.01 ND 1.99 ND 1.61
# 43 1698.71 190.08 3.00 0.01 ND 1.89 ND 0.28
# 44 805.03 29.97 2.20 0.27 ND 0.03 ND 0.00
# 45 8.70 1.33 0.01 0.01 ND 0.02 ND ND
# 46 6.23 2.31 ND 0.01 ND 0.05 ND 0.08
#47 13.09 5.49 ND 0.03 0.01 8.75 0.02 2.02

ND: Not Detected
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Table 5. Continued
Sample Na K Fe Cu Sr Ca Ba Mg
#48 476.70 180.92 2.03 0.02 ND 0.03 ND ND
# 49 10.35 2.63 ND 0.01 ND ND ND ND
# 50 6.08 1.59 0.00 0.01 ND 0.02 ND ND
#51 5.61 2.63 ND 0.01 ND ND ND ND
# 52 5.05 0.96 ND 0.01 ND ND ND ND
#53 4.47 2.81 ND 0.01 ND ND ND ND
# 54 5.31 3.32 ND 0.07 ND 0.50 ND 0.21
#55 4.98 2.00 ND 0.03 ND 0.49 0.00 0.18
# 56 3.61 0.79 0.01 0.02 ND ND ND ND
#57 7.95 4.26 ND 0.01 0.00 2.08 0.01 1.22
# 58 4.00 0.65 ND 0.01 ND 0.00 ND ND
# 59 10.18 3.78 ND 0.02 0.01 3.33 0.02 2.09
# 60 199.35 2.68 ND ND 0.03 5.65 ND 3.79

Fol Ast=]7] wZoll, Sr- resin 1.5 mL(BV)Z Ca 300
mg ©]’4d 75, St 3Fgo] thai FHAagth’ Sr-
resin 1.5 mL (BV)°ll A] CaO] 200 mg ©]3} & w, A
A (rinsing) A A Bas €43 £ 5 YA,
Ca®] 300 mg ©] Fo™, Bad} Sre] # 71 o] Hu}
2 EAHE AR 05 kg IO 2 AME Ro=,
AAuE= 0.5 keoll ZHE FHo Ca F2 2F 90 mg
t}. ©]+= Srresin 2 mL (BV) AH o] &3] 7T
= Ca F=o°|t}. Srresin Al ZAKEichrom)= Sr-
resin 2 mL (BV) Z&Hd o] Ca ¥=7F 320 mg =
ot A, Na®] 357F 0.1 M o] dY 74l Srol

F&ol i AT F AL AAEAT, AA
g o R ARES AN 1 7 Fol22 A
o AAE] W&, Na®] F&+= Sr JF& I

DEERERS

9

3

4.

[N

=
—

AAAFE = Sro} Sy 2

eN

o7 HOANFE UEUL IHAHoe =
&% 33, Srresind} AHE M FEE] A
KXT-H)E Sr& GAg tha, LSCE ©]-8-3l Cerenkov/
Scintillation mode®!| 4] %Jb% S

U 94 A= 2
Ao A At Sr 2}
TEE J&"LE] 1 °“2h’+ I AA A
= 425 A&7 YA e

A sled ok ). Sr-resin
o|3}7t A sttt

A BAL 913 Yses)
£9d. ¥

1:1 o] =z
EREEE
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A& 0.5 kgoll Sr Carrier 4 mg, Srresin 2 mL (BV),
a3 A HFEYGAE AHEEH, 8 M AR
2 AJZE Qb FE]SkAL LSC Ao ® Axd 4 Ol'?}

Srresin®. 2 Sr& AA|Fts BAZAL ZHHS A
SHAL S whEt Sr 3ee 2 xfolE UEh A
okt frFel AdF= BaOI A A== A3 2 Srel
Srresinell A} WA L7 Aol 717) wjiel, 4 mL
min™ 7] °F 5-8%9] sr 3| ¢&o] A2 S vk
a2 o)A o] ¥Sy, NSre] WiAls AR JE F

A& F=th 7% 2 mL min™ 715, 0.5 kg2] T4
5 Z Sr 352 68-94 %= LFESTE

LSCollA =43 ¥Sr, Sr, Y 2] Cerenkov mode
2 Scintillation mode2] 71] F&S o] &3l BoA|
B ¥Sre} MSre] wiAlbeS AAFSHATE ¥Sre B
st AT RE Yyrt *ﬁ“ﬂl LSC &4 A} ¥ty
7] W&o, srak Pye] AZa s 7zt AH s
Aol Fasfth *Srel Hlsl| Whh7|7b &2 ¥sre] &
A& 2, N5k ¥sro] WhAbe ¥E 1, 12,
1:52 FH)ske] 2 AtellA 7H%f§ S A3t
Atk WA el ZAIglel, PSr WARE A e] g
HolE -10~10 %°) 2, ¥Sr HW% A3te] i e
-5 ~20 %= e}t
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p
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