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1  

 

90Sr 89Sr

3

 

(90Sr 89Sr)

(90Sr: 30 Bq L-1 89Sr: 300 Bq

L-1) 90Sr 0.001 Bq L-1

 

90Sr, 85Sr Sr

   5890568  

2016-5-19 Sr

Ra Ac 210Pb 140Ba

 

 

 

  



2 
 

2  

2.1 Sr  

Sr ®MAq P-MAq

BaSi2O5

2.1 Sr Na, Ca, K, Mg

89Sr 90Sr

SO42 Sr

SrSO4

 

2.2  

Sr

2 Sr

Sr 90Sr 89Sr

30 Bq L-1 300 Bq L-1 10 1  

2.3  

90Sr Sr 2

Sr 3 90Sr 90Y

   
     (a)            (b)                 (c) 

2.1 P-MAq (a)(b) (c)SEM  
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90Y Y

90Sr 0.001 Bq L-1
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/hr 

3.1.1 Sr  

0% 

20% 

40% 

60% 

80% 

100% 

120% 

0.0  2.0  4.0  6.0  

3  

3.1 Sr  

3.1.1 MAq 85Sr Sr 2021 10  

(1)  

 P-MAq Sr 85Sr  

(2)  

300 mL 1200 mL 0.01M HCl 85Sr 700 L(40 

kBq) 2 mL Ge (GWL-120230

120 cm3 ORTEC) P-MAq

200 mg 5 30

1 2 4 2 mL

0.45 m 3 mL

P-MAq

Sr Ge

85Sr  

(3)  

85Sr Sr

3.1.1 2

98.5 Sr 1.5

20

P-MAq Sr  

                                                   
 
 
1 SP ( ) 
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3.1.2 -MAq Sr 2021 12  

(1)  

P-MAq Sr P-MAq Sr

 

(2)  

P-MAq

85Sr  Sr Sr  

(3)  

i. 85Sr 7 kBq 100 mL  P-MAq 25 mg (J1L-21) 50 
mg (J1L-22) 100 mg (J1L-23) 150 mg (J1L-24) 200 mg (J1L-25) 

 

ii. 30 60 120 240 2 mL
(WIZARD2, PerkinElmer)

 

iii. 240  

iv. P-MAq  

v.  P-MAq 25 mg (J1L-21) 50 mg (J1L-22) 100 mg 
(J1L-23) 150 mg (J1L-24) 200 mg (J1L-25)  

vi. 30 60 120 240 2 mL
 

vii. 240 P-MAq
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(4)  

85Sr 100 85Sr 3.1  

3.1.2 3.1.3

100 mL P-MAq 100 mg 4 80%

100 mL

P-MAq 150 mg P-MAq

98% Sr  

3.1 P-MAq 85Sr  

 

P-MAq 

1  
4  

2  
4 4   

   
 

  
 

 

mg % % % % % % % 
J1L-21 25 71.4 6.66 21.9 23.3 5.01 43.1 65.0 
J1L-22 50 52.2 5.43 42.4 2.87 1.72 47.6 90.0 
J1L-23 100 18.0 2.92 79.1 0.19 0.28 17.5 96.6 
J1L-24 150 5.92 1.01 93.1 0.19 0.12 5.62 98.7 
J1L-25 200 6.20 0.96 92.8 0.22 0.12 5.86 98.7 

 
3.1.2 1  

85Sr  

1  

10  

100  

0 1 2 3 4 
 (h) 

J1L-21(25mg) 
J1L-22(50mg) 
J1L-23(100mg) 
J1L-24(150mg) 
J1L-25(200mg) 

 
3.1.3 2  

85Sr  

 

1  

10  

100  

0 1 2 3 4 

 (h) 

J1L-21(25mg) 
J1L-22(50mg) 
J1L-23(100mg) 
J1L-24(150mg) 
J1L-25(200mg) 
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3.1.3 MAq Sr 2022 1  

(1)  

85Sr P-MAq Sr

Sr 98%

P-MAq 2 98%

 

(2)  

85Sr P-MAq

 

(3)  

i. 81.8 mL 85Sr 12 kBq/0.2g at 2022/1/17 200 L
2 mL

J2A-2a  

ii. 80 mL P-MAq 119.9 mg 2  

iii. (50 mL)2 3000 rpm 10 P-MAq
2 mL

J2A-2b 2.0301 g  

iv. P-MAq
78 mL 78.3189 g P-MAq 0.025M Na2SO4 10 mL  

v. 10 mL
J2A-2c  9.9449 g  

vi. P-MAq Ge  

vii. 78 mL 78.3189 g P-MAq 60.2 mg
 

viii. 1 2 3000 rpm 10  

ix. 2 P-MAq 1
 



8 
 

x. P-MAq Ge J2A-2e  

xi. 20 mL J2A-2f 19.5378 g
57.3495 g  

(4)  

P-MAq Sr 93% 98%

Sr P-MAq

P-MAq 2 98%  

 

 

3.2 Y 2021 11  

(1)  

90Y P-MAq  

(2)  

J1K-2 AnaLig-Sr2 (90Y) HCl Na2SO4  

(3)  

i. 100 mL AnaLig-Sr (90Y) 1 mL 102 mL  

 J1K-41:  0.01M-HCl 101 mL    

 J1K-42: (  0.01M HCl 101 mL + conc.HCl 1 mL )  1 mL 

 J1K-43: (  0.1M HCl 100 mL + Na2SO4  2 mL)  1 mL 

ii. 2 mL Clearsol II 18 mL LSC a 

iii. 90Y P-MAq 100 mg  

iv. 2 mL
                                                   
 
 
2  
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18 mL LSC b 

(4)  

J1K-41a,42a, 43a 100 41b, 42b, 43b b 90Y

99% 90Y 90%

P-MAq 90Y 10%  

 

3.2  J1K-4  

Sample NET Eff Activity Yield 
cpm % Bq % 

J1K-41a 624 97.49 10.7 100.0 
J1K-41b 605 99.00 10.2 95.5 
J1K-42a 655 97.49 11.2 100.0 
J1K-42b 601 99.00 10.1 90.4 
J1K-42a 620 96.80 10.7 100.0 
J1K-43b 571 99.00 9.6 90.0 
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3.3 Ba 2021 9  

(1)  

133Ba Ba Sr

P-MAq Ba  

(2)  

133Ba 133Ba 9.606 104 Bq g-1 2021/2/1

133Ba P-MAq 2

P-MAq P-MAq Ba

133Ba 133Ba

Ge P-MAq

57 mm

Ba Ba P-MAq

 

(3)  

3.3.1 Ba 133Ba Ba

BaCl2 0.1 mg g-1  

3.3.1  
 133Ba /g P-MAq/ mg Ba /ppm 

SEP-02( ) 0.1023   
SEP-03( ) 0.1411  0.0116 

SEP-04 0.3065 82.2 0.0253 
SEP-05 0.1371 83.0 0.0113 
SEP-07 0.0465 81.8 0.0038 

SEP-06 ( ) 0.3044 34.5 0.0251 

 Ba 0.015 ppm  

51, 302 1997  
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(4)

Ba

3.3.1-1 SEP-04a

3.3.1-2

3.3.2

3.3.2
Energy/keV 81.0 356.0

32.9% 62.1%
/s /s-1 /s-1

SEP-03( ) 1800 11.16 ±0.10 7.87 ±0.07
SEP-04a 144000 0.0170 ±0.0008 0.0118 ±0.0005
SEP-05a 60000 0.0030 ±0.0007 0.0032 ±0.0005
SEP-07a 75000 N.D. 0.0067 ±0.0014

SEP-06a( ) 75000 0.0340 ±0.0011 0.0271 ±0.0008

3.3.1-1 133Ba

  1,800 s

( 1.18 0.02 kBq)

Channel

Energy/ keV

80 keV 356 keV

0 500 1000 1500 2000100

101

102

103

104

0 250 500 750 1000

3.3.1-2

144,000 s

Channel

Energy/ keV

80 keV
356 keV

0 500 1000 1500 2000100

101

102

103

104

0 250 500 750 1000
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3.3.3 133Ba 3.3.2

Ba 81 keV 356 keV

356 keV

3.3.3 Ba
Energy/keV 81.0 356.0
Ba /ppm

SEP-04a 0.0253 0.070% ±0.003% 0.069% ±0.003%
SEP-05a 0.0113 0.012% ±0.003% 0.019% ±0.003%
SEP-07a 0.0038 0.012% ±0.002%

SEP-06a( ) 0.0251 0.140% ±0.005% 0.159% ±0.005%

3.3.2-2 P-MAq

1,500 s

Channel

Energy/ keV

80 keV 356 keV

0 500 1000 1500 2000100

101

102

103

104

0 250 500 750 1000

3.3.2-1 133Ba

6,000 s

( 0.857 0.015 kBq)

Channel

Energy/ keV

80 keV 356 keV

0 500 1000 1500 2000100

101

102

103

104

0 250 500 750 1000
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P-MAq Ba

3.3.2-1 P-MAq SEP-04b

3.3.2-2 133Ba P-MAq

P-MAq 3.3.4

3.3.5 3.3.1 133Ba 3.3.4

Ba 100

100

3.3.5 Ba
Energy/keV 81.00 356.01
Ba /ppm

SEP-04b 0.0253 96.2% ±1.1% 96.7% ±1.1%
SEP-05b 0.0113 100.0% ±1.1% 96.8% ±1.1%
Sep-07b 0.0038 103.3% ±1.1% 98.3% ±1.1%

Sep-06b( ) 0.0251 101.5% ±1.1% 97.3% ±1.1%

3.3.4 P-MAq

Energy/keV 81.0 356.0 

32.9% 62.1%

/s /s-1 /s-1

SEP-02( ) 6000 4.11 ±0.03 3.13 ±0.02

SEP-04b 1500 11.88 ±0.10 9.09 ±0.08

SEP-05b 3600 5.52 ±0.05 4.07 ±0.03

Sep-07b 12000 1.94 ±0.02 1.402 ±0.011

Sep-06b( ) 1800 12.45 ±0.10 9.08 ±0.07



14 
 

P-MAq P-MAq  

 d  

       
  

 s  L /g /mL

P-MAq P-MAq

Ba  d 1.4 106  
3.3.6 P-MAq P-MAq  

 
L/  

 

/ mL S/  
P-MAq 

/ g Kd/ mL g-1 
 0.07% 80  99.93% 0.082  1.4 106 

 0.16% 80  99.84% 0.035  1.4 106 

 

 

Ba Ra

Sr 20  

3.3.7  d 

  / % / 
mL / % P-MAq/ g d/ 

mL g-1 
Na - 99% 100  1% 0.100  1.0 10 
Mg - 99% 100  1% 0.100  1.0×10 
K - 99% 100  1% 0.100  1.0×10 
Ca - 99% 100  1% 0.100  1.0×10 
Sr 85Sr 1.6% 100  98.4% 0.100  6.2×104 
Cs 134Cs 99.9998% 100  0.0002% 0.100  2.0 10-3 
Ba 133Ba 0.07% 80  99.93% 0.082  1.4×106 
Pb 212Pb 14% 100  86% 0.040  1.5×104 
Ra 228Ra 0.15% 100  99.85% 0.040  1.7×106 
Ac 228Ac 0.15% 100  99.85% 0.040  1.7×106 
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140Ba  

89Sr 90Sr 140Ba 140Ba P-MAq

140Ba 537 keV 24

Ge

89Sr

90Sr 140Ba 140La

140Ba 140La 89Sr 90Sr  

 

 

3.4 Pb  

 2020 Th 228Ra 5.75

 224Ra 3.66 212Pb 10.6

Ra Pb Sr

228Ra 212Pb Sr P-MAq

Ra Pb  

 100 mL 100 L 228Ra 40 mg P-MAq

2 P-MAq 5C

10 mL

100 mL U8 P-MAq

Ge 1

 

 Ra 0.15 99 Ra 228Ra

228Ac

212Pb P-MAq 69.2 0.3 228Th 212Pb
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4  

4.1  

4.1.1  MAq 90Sr 2022 1  

(1)  

P-MAq 90Sr

90Sr  

(2)  

90Sr P-MAq P-MAq
90Sr  

(3)  

i. 101.9 mL 90Sr 90Sr  

ii. 90Sr 9.96 kBq/100  L at 2022.1.18 

iii. 2 mL 18 mL LSC
(A2A-4a 2.0500g)  

iv. P-MAq 149.4 mg 2  

v. GF/A 47mm  

vi. P-MAq 20 mL 19 
mL LSC (A2A-4c) 

vii. 100.1146g 2 mL
18 mL LSC (A2A-4b 2.0196 g)  

viii. P-MAq 50.7 mg 30  

ix. GF/A 47mm  

x. 5 mL  

xi. P-MAq 19 mL
LSC (A2A-4e) 

xii. 95.9771 g 2 mL
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18 mL LSC (A2A-4d 2.0325 g) 

xiii. 20 mL
(A2A- 19.7317 g) 

(4)  

4.1 (4b) 46.9% 90Y

(4c)  15.5%

50.2% 90Sr

2 (4e) 4.86

90Sr+90Y 50% 90Y

90Sr  

 

  

4.1 90Sr+90Y  

 Sample 
 Sample 

 
(Bq) 

 
(Bq) 

 
(%)   

90Sr  J2A-4a 336±6 16,871±280 100 90Sr+90Y  
1  J2A-4b 160±3 7,911±144 46.9±0.9 90Y  

1  J2A-4c 2,611±3 2,611±40 15.5±0.2 90Sr 
 

1  
( ) J2A-4c 8,469±40 8,469±128 50.2±0.8 90Sr 

 
2  J2A-4d 148±3 6,976±129 41.3±0.8  

2  J2A-4e 820±3 820±13 4.86±0.08  
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4.1.2 90Sr 2022 1  

(1)  

90Sr 90Sr

1 17 20

 

(2)  

i. HCl HCl pH
2 90Sr 2 mL LSC

 

ii. 100 mL P-MAq 150 mg 2
P-MAq LSC

 

iii. 
P-MAq 50 mg 30 LSC

LSC  

(3)  

4.2 LSC

90Y

P-MAq LSC 90Sr

6 90Sr

LSC 90Sr

35,150 Bq 90Sr 75

90Sr 94 P-MAq

75  
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4.2 LSC  

  
(cpm) 

(90Sr+90Y) 
(Bq) 

 
(%)  

 A2A-2a 80,031 287 1,408 22 100 90Sr+90Y 

 A2A-2b 46,678 216 801 13 56.2 0.9 
90Sr  
90Y  

 
 A2A-2e 43,696 209 750 12 49.6 0.8 90Y 

 

 

 

 

 
  

4.3  

  
(cpm) 

(90Sr+90Y) 
(Bq) 

 
(%)  

 A2A-2b  256,120 506 7,114 108 49.5 0.8 
90Sr  
90Y  

 A2A-2e  249,343 499 6,926 105 46.7 0.7 90Y 

4.4 LSC  

  
(cpm) 

 A2A-2c 1,591,911 1262 
 A2A-2f 126,511 356 
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4.2  

4.2.1 MAq 90Y 2021 11,12  

(1)  

Y Y(OH)3

Sr P-MAq

P-MAq 90Sr  90Y

pH  

(2)  

i. Y 10 g HCl 90Sr
100 mL P-MAq 100 mg 4  

ii. 4 P-MAq
P-MAq 1 mL 90Sr 90Y

2  

iii. 4 P-MAq Y 10 g
4 1 M OCT-8

0.5 M OCT-9 0.05 M OCT-10 0.005 M OCT-11  

iv. 2 2 mL

18 mL
 

v. 4 2 mL
 

vi. 16
P-MAq 90Sr

 

vii. 5 mL LSC
20 mL  

viii.  
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4.1  

 

(3)  

4 16 P-MAq

OCT-8g 11g LSC 4.2

cps OCT-8g 11g

OCT-8g OCT-10g

OCT-8i 11i LSC 4.3 OCT-8j

11j 4.4  

4.2 90Sr 90Y

LSC 90Sr 90Y

OCT-8g 90Sr-90Y

90Sr

90Sr LSC

90Sr 90Y 100 P-MAq 90Sr 90Y
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110 Bq  

4.3 90Y 90Sr

t=0 90Sr=0.17 Bq 90Y=0.85 Bq

5 mL

100 mL 90Sr=3.4 Bq 90Y=17 Bq 1M H2SO4

90Y 13 90Sr 3

90Y

90Y 60 t=0 90Y=4.7 Bq

90Sr 90Y 15 90Sr=1.3 Bq

20 mL 90Sr=6.5 Bq 90Y=23 Bq

90Y 17 90Sr 6

: OCT-8g(P-MAq)
: OCT-10g(P-MAq)

Elapsed time/ day

t=0
90Sr=110 Bq
90Y=0 Bq

0 5 10 15 20

50

100

150

200

250
: OCT-8(Sol, LSC)
: OCT-10i(Sol, LSC)

Elapsed time/ day

t=0
90Y=0.85 Bq

t=0
90Sr=0.17 Bq
90Y=0.85 Bq

0 5 10 15 200.1

1

4.2  OCT-8g OCT-10g
P-MAq LSC

 

4.3 OCT-8i OCT-10i
LSC

 



23 
 

LSC 1.5 1.9

 

90Y H2SO4 0.005M 1M

90Y P-MAq 90Sr

90Y P-MAq  

 

 

 

            

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

: OCT-8j(Sol, Cherenkov)
: OCT-10j(Sol, Cherenkov)

Elapsed time/ day

t=0
90Sr=1.3 Bq
90Y=4.7 Bq

t=0
90Y=4.7 Bq

0 5 10 15 200.1

1

10

4.4 OCT-8j OCT-10j
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4.2.2. 90Y (2021 12 ) 

(1)  

90Sr P-MAq 90Y

 

(2)  

90Sr 2 90Y P-MAq

90Y  

(3)  

i. 90Sr P-MAq (11 J1K-31,J1K-32)
 J1L-11a, 12a 

ii. P-MAq(J1L-11 J1L-12) 0.01M 0.1M HCl 1.25M 
Na2SO4 0.8 mL 1000 mgY/mL Y 10  L 40 mL

2  

iii. 3000 rpm 10 P-MAq
 LSC J1L-11c, 12c J1L-11d, 

12d 

(4)  

4.5 P-MAq 90Sr 90Sr 8 kBq

95 P-MAq  90Y 7.6 kBq

400 Bq

Y 5% 0.01M 0.1M HCl, 2

Y P-MAq  

  

 4.5 90Y    

 
 

40  
LSC  

/Bq 
 

2  
LSC

/Bq /Bq 
J1L-11 0.1M HCl 252.3 ±5.3 0.01M HCl 90.4 ±1.3 68.5 ±1.5 
J1L-12 0.1M HCl 246.7 ±5.2 0.1M HCl 141.7 ±1.7 101.5 ±2.2 



25 
 

4.2.3 EDTA Y(OH)3 2022 1  

(1)  

  85Sr P-MAq Y P-MAq

90Sr 90Y P-MAq

90Sr 90Y 85Sr P-MAq 90Y

EDTA Y Sr Y

EDTA P-MAq NaOH

[90Y-EDTA] 90Y(OH)3 90Y

Sr Ra Ba

1 17 20

 

(2)  

i. 82 mL 85Sr 2 mL P-MAq
123 mg  

ii. 2 mL 7.2
 

iii. P-MAq 5 mL 0.05M EDTA 15 mL 0.05M EDTA
NaOH pH 11 20  

iv. 2 mg Y
90Y 8M NaOH 6 mL Y(OH)3  

v. Y(OH)3

1 mL 6M HCl 7 mL 1M NaOH
Y(OH)3  

vi. 1 mL 6M HCl 21 mL
20 mL 2 mL LSC

90Y 97.7  
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(3)  

 P-MAq Sr Y EDTA

Y(OH)3 90Y 97.7

90Sr P-MAq EDTA Sr Y

NaOH Y(OH)3 90Y Ra Ba

Pb 90Y  

 

4.2.4. H2O2 EDTA Fe 2022 2  

(1)  

20 L 1 L

IAEA-433 1 L

P-MAq P-MAq 2 g EDTA Y Y(OH)3

NaOH NaOH

H2O2 EDTA

Y(OH)3

H2O2 EDTA Fe

EDTA

 

(2)  

i. 2 g P-MAq 1 L 400 L 0.05M EDTA 5 mL 8M NaOH
pH 11 30 P-MAq  

ii. 50 g Y 5 mg Fe Y 10 mL 30 H2O2

 

iii. 1 EDTA
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H2O2  

iv. EDTA 10 mL H2O2 1
pH 9  

v. 5000rpm 20 6M HCl
Fe  

vi. 5 mL 8M NaOH Fe(OH)3  

vii. 5000rpm 20 6M HCl
 

(3)  

  100 mL 10 1 L EDTA P-MAq

Y 85Sr

24 26 90 85Sr

( ) Sr Y

Fe(OH) Y(OH)3

24 26 90Y

LBC 90Y  

 

4.2.5. EDTA  MAq 2022 1  

(1)  

P-MAq Y Sr 85Sr
 

(2)  

85Sr P-MAq EDTA Sr
[85SrEDTA]2- pH 10 11 EDTA

85Sr2+  

(3)  
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3-1 P-MAq 85Sr  

i. 81.8 mL 85Sr 12 kBq/0.2g at 2022/1/17 200 L 2 mL
J2A-1a  

ii. 80 mL P-MAq 119.6 mg 2 (50 mL)2
 

iii. 3000 rpm 10 P-MAq
20 L

J2A-1b  

iv. P-MAq 0.025M Na2SO4 10 mL
J2A-1c

10.0072 g  

v. P-MAq Ge J2A-1d 6 2 mm  

 3-2 0.05M EDTA-2Na 85Sr  

i. P-MAq J2A-1d 0.05 M EDTA-2Na 5 mL 100 mL  

ii. 0.05M EDTA-2Na 5 mL 100 mL
20 mL  

iii. 0.5M NaOH 4.5 mL pH 10~11 24.5 mL  

iv. 20  

v. NaOH pH10 3 mL
2 30.5 mL  

vi. 3000 rpm 10 P-MAq J2A-1d
6 2 mm P-MAq

 

vii. 30.5 mL 30.7384 g 5 mL
J2A-1f 4.8315 g  

viii. P-MAq Ge J2A-1e  

3-3 P-MAq Sr [85SrEDTA]2- EDTA  

i. J2A-1f 5 mL 30.5 mL  
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ii. 1M HCl 6 mL H 1~2  

iii. 3000 rpm 10  

iv. 3000 rpm 10  

v. 1 mL J2A-1g 0.9992 g  

vi. Ge J2A-1h  

vii. J2A-1h 0.1M HCl 5 mL 5C
5 mL 2 15 L  

viii. 
J2A-1i 14.7844 g  

ix.  

x. 550 75
 

xi. 6M HCl 2 mL
 

xii. 6M HCl 2 mL 6M HCl 2 mL
 

xiii. 1M HCl 2 mL  

xiv. H2O 2 mL H2O 1 mL
J2A- Ge

85Sr  

xv. 30
90  

xvi. GF/A 47 mm H2O 2 mL
2 H2O 2 mL

 

xvii. J2A-1k: 
15.8567 g, 16mL 85Sr  

xviii. Ge  
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xix. 85Sr 85Sr P-MAq
 

(4)  

EDTA P-MAq Ba

P-MAq 85Sr

EDTA4- EDTA-4H

Sr

Sr

EDTA Sr Y

Sr

P-MAq Sr

Avramenko Si-O-Sr

EDTA

pH pH

 

 

4.2.6 EDTA Y(OH)3 2022 2  

(1)  

Y Y(OH)3 EDTA

P-MAq Y  

(2)  

EDTA Y(OH)  

(3)  

i. 100 mL Y 1.00mg/mL 1M HNO3 2.0 mL Sr
1.00mg/mL 0.1M HNO3 10.0 mL 0.05M EDTA 5.0 mL 17 mL
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pH 2  

ii. 0.5M NaOH 4 mL pH 3 0.5M NaOH 4 
mL pH 10 0.5M NaOH 6 L

 

iii. 4 mL 0.5M NaOH pH 11
Y(OH)3 29 mL NaOH

 

iv. 6M NaOH 8 mL
( 37 mL) NaOH 51 mmol 1.38 mol/L

 

v.  

 

(4)  

EDTA 200 NaOH Y(OH)3  

Y3+ Sr2+ EDTA4- Na+

 

[Y3+]=0.022 m mol/37 mL=0.61 m mol/L 

[Sr2+]=0.12 m mol/37 mL=3.1 m mol/L EDTA

P-MAq Ba Sr  

[EDTA4-]=0.25 m mol/37 mL=6.8 m mol/L 

[Na+]=[OH-]=51 m mol/37 mL=1.4 mol/L 

Y(OH)3 sp=1.0x10-22 

[Y EDTA ]- ML=8.1x10-19 

(5)  

P-MAq 90Sr 0.05M EDTA-2Na pH10~11

NaOH Y(OH)3 90Y
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Ra Ba

90Sr 90Y

(LSC)

(LBC4601 LBC)

 

 

4.3  

4.3.1 MAq EDTA Y 1 2022 2  

(1)  

Sr P-MAq EDTA Fe

Y 1 L  85Sr

 

(2)  

i. (0.45 m, 47mm  
MILLIPORE conc.HCl 1 1.3mL/L pH=2  

ii. 1L (1043g) 2L 85Sr ( 3M Bq/mL, 
No.21-007)50 L 20 mL  

 J2B-2a 1043g 

iii. P-MAq 2g (2.0013g) 2  

iv. 20 mL  J2B-2b 1043g 

v. 50 mL 2
(3000 rpm, 10 min) 

vi. P-MAq 0.025M Na2SO4 20 mL
2 (3000 rpm, 10 min) 

vii. 20mL  J2B-2c  20g 
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viii. P-MAq 0.05M EDTA 400 mL 1 L  

ix. 8M NaOH 5 mL pH=11 45  

x.  

J2B-2d  J2B-2e 405g 

xi. 0.05M EDTA 100 mL 30  

xii. pH pH=9 8M NaOH 1.5 mL pH=10               

J2B-2f  J2B-2g 405g 

xiii.  

J2B-2h  J2B-2i 403g                 

(3)  

 4.6 85Sr Sr 1 L

NaOH Y(OH)3

Sr 10% Sr

P-MAq NaOH EDTA

NaOH  

  

4.6 85Sr Sr  

 Sample  
g 

85Sr  
Bq/g 

 
g 

85Sr 
Bq 

Sr 
% 

 J2B-2a 20.3448 352 ±6 1043 18,053 ±290 100 
PMAq  J2B-2b 19.9327 18.2 ±0.3 1043 950 ±17 5.3 

 J2B-2c 19.3831 3.15 ±0.10 20 3.3 ±0.1 0.02 
 J2B-2d 1.9930 73.09 ±2.19 405 14,872 ±446 82.4 
 J2B-2e - 10.1 ±0.8 405 2,060 ±157 11.4 
 J2B-2f 1.9849 72.99 ±2.19 405 14,819 ±444 82.1 
 J2B-2g - 6.38 ±0.62 405 1,296 ±126 7.2 
 J2B-2h 2.0028 65.6 ±1.1 403 16,447 ±285 91.1 
 J2B-2i - 0.71 ±0.09 403 179 ±22 0.99 
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4.3.2 MAq EDTA Y 2 2022 2  

(1)  

Sr P-MAq EDTA Fe Y

1 L  90Y

 

(2)  

i. (0.45 m, 47 mm  
MILLIPORE conc.HCl 1 1.3 mL/L pH=2  

ii. 1 L (1023 g) 2 L P-MAq 2 g (2.009g) 
2 90

 

iii. OFF  

iv. 2
3000 rpm, 10 min  

v. P-MAq 0.05M EDTA 400 mL 1 L  

vi. 8M NaOH 5 mL pH=11 1  

vii. 0.05M EDTA 100 mL  

viii. 8M NaOH 1.5 mL pH=11 65 25  

ix. 300mL 278g+231.5g 3000 rpm,10 min
(GF/A 47mm )

 

x. 1L 507g Y 1mgY/mL 50 L  90Y
(2,875±48 Bq/g)1mL(2,875±48 Bq)  

xi. 20mL J2B-1c  

xii. Fe (1 mgFe/mL) 5 mL 30% H2O2 10 mL
60  

xiii. 30% H2O2 1 mL 80 30  
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xiv. 8M NaOH 5 mL  

xv. 30% H2O2 5 mL 60 1  

xvi. 30% H2O2 4 mL 60 1  

xvii.  

 J2B-1d  J2B-1e 

xviii. 30% H2O2 1 mL 30% H2O2 4 mL
60  

xix. 30% H2O2 5 mL 60 2  

xx.  

 J2B-1f J2B-1g 550 g                 

xxi. 300 mL 2 5000 rpm, 20 min 20 mL 
J2B-1h 

xxii. (GF/A 47mm ) 2 mL D.W 8 mL 
 J2B-1 i ,  J2B-1j                         

(4)  

 4.7 90Y Y 1 L P-MAq

EDTA

Y 70% Y  

4.7 90Y Y  

 Sample  
g 

90Y  
Bq/g 

 
g 

90Y 
Bq 

Y 
% 

 J2B-1c 19.6866 108.8 ±1.8 508 2,808 ±47 100 
 J2B-1d 10.4989 16.9 ±0.3 508 2,152 ±36 81.8 
 J2B-1e - 0.35 ±0.01 508 45 ±1 1.7 
 J2B-1f 9.9148 7.8 ±0.1 550 2,238 ±37 97.5 
 J2B-1g - 0.166 ±0.003 550 48 ±1 2.1 
 J2B-1h 19.9017 59.6 ±1.0 521 21,560 ±26 68.4 
 J2B-1i 2.0346 6.9 ±0.1 521 1,761 ±1 78.7 
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4.4  (2022 1 ) 

(1)  

P-MAq 90Sr

 

(2)  

HCl 90Sr

100 mL P-MAq 150 mg 2

P-MAq LSC

P-MAq 50 mg LSC  

(3)  

i. 20L 1 L

conc.HCl 1mL 0.45 

m 47 mm L  

ii. 102 mL 90Sr 9.96 kBq/100 L at 

2022.1.18 100 L 2 mL

18 mL LSC J2A-7a 2.0425 g  

iii. 90Sr J2A-7  P-MAq 154.2 mg 2  

iv. (GF/A 47 mm ) 104.2627 

g  

v. 2mL 18mL LSC J2A-7b

2.0363 g  

vi. P-MAq 19 

mL LSC J2A-7c  

vii. P-MAq 50.0 mg 30  
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viii. (GF/A) 101.0478 g

2 mL 18 mL LSC J2A-7d 2.0380 

g 20 mL J2A- 19.2193 g  

ix. P-MAq LSC 19 mL

LSC J2A-7e  

(7)  

 4.4.1 90Sr 90Y

6.46% 90Y

90Y 87% P-MAq P-MAq

1.18 1.88% P-MAq

5.26%  

 

4.4.1 90Sr +90Y  

Sample 
Sample 

 
 

 
 

(Bq) (Bq) (%) 

90Sr  J2A-7a 128 ±2.0 6,505 ±103 100   
 J2A-7b 8 ±0.2 420 ±11 6.46 ±0.20 
 J2A-7c 7,704 ±116 7,704 ±116 118 ±2.59 
 J2A-7d 2 ±0.1 122 ±5 1.88 ±0.09 
 J2A-7e 342 ±5.2 342 ±5 5.26 ±0.12 
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5  

5.1 MAq Sr  

 Sr P-MAq

98%

2021 10 80% P-MAq

P-MAq

2021 12 2022 1

P-MAq P-MAq

P-MAq P-MAq

 

 P-MAq

P-MAq

 

 5.1 1.5 1000 1,000 mL

1.5 g P-MAq

90%

P-MAq

0.5 1000 P-MAq 30 98%
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5.1 P-MAq Sr  
   (mL) Sr   

J2B-2 2022 2  1,000 94.7±2.3 
J2A-1 2022 1  80 93.6±2.2 

A2B-41 2022 2  80 93.0±1.7 
A2A-1 2022 1  80 92.8±2.8 

     93.5±2.3 

 
 

5.2 Sr  

 P-MAq BaSi2O5 Sr

P-MAq SO42-

Sr 0.1% SO42- 0.28M

Sr Ba Ra Ac Pb P-MAq 70%

Sr ICP-AES

1 1000 97%

2

 

 0.45 m

1 L 1mL (Y) (Fe)

 

 Sr 7 mg kg-1 Sr

P-MAq 1 g Sr 1 L 1.5 

g 2 90% 0.5 g

30 98%

Sr 1 ppm P-MAq 1 98%
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P-MAq Sr

Sr

P-MAq  

 

5.3 90Y  

 1 L 2 g P-MAq 90Sr 98 90Sr

90Y 20 mmol EDTA 90Sr 90Y

Sr

Y V. A. Avramenko Pacific Science Review, vol. 15, A. No. 3, 

pp. 40-47, 2013 Sr Y

P-MAq

Sr (adsorption) (sorption)

Ba EDTA log 7.76 P-MAq

Ba EDTA [Ba-EDTA]-2

Sr Y [Sr-EDTA]-2 [Y-EDTA]- P-MAq Ba

50 1 2 g Ba 7.3 mmol

 

 Y NaOH Y(OH)3

Sr EDTA

NaOH 1 mol L-1

EDTA NaOH

30 H2O2 EDTA

Y( ) Fe( ) Y(OH)3 Fe(OH)3

Fe(OH)3
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H2O2 EDTA Fe3+

H2O2  

5 mg

LBC 90Y 5 mg

Y 0.05M EDTA pH11

NaOH Y(OH)3 Fe(OH)3 Y3+

Fe3+ EDTA log ML sp 5.3

Y3+ Fe3+ Sr2+ Ba2+ EDTA EDTA NaOH

EDTA 200 EDTA

 

 

Fe(OH)3 Fe Y

Fe

Y 5 mg LBC 90Y

 

EDTA P-MAq pH

Y

5.3 EDTA log  ML  sp 

 Y3+ Fe3+ Sr2+ Ba2+ 

log ML 18.09 25.1 8.6 7.76 

sp 1.0 10-22 2.8 10-39   
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5.4  

5.4.1  

100 mL P-MAq  150 mg 2 P-MAq

( )  

     (1) 

t ( ) Y Sr nDL (cpm)

ADL (Bq) nb (BG) (cpm) V (mL)

BG 8.1 cpm 90%( ) 100 mL

(90Sr ) 45% 2 (90Y ) 43%(90Sr+90Y) 60

MDC 0.5 Bq L-1 2 0.14 Bq L-1

90Sr (30 Bq L-1) 10

 

5.4.2  

 10 L P-MAq 15 g 1 P-MAq

P-MAq 5 g 30 P-MAq

Sr 99% P-MAq 0.28M Na2SO4

90Y P-MAq Y

Y 90%
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10 10 90Y

10% 5%

 

 BG 0.1 cpm 90% 10 L 35%

0.22 mBq L-1 90Sr 1 mBq L-1  

 

5.5  

5.5.1  

 P-MAq Ba Ra Pb

90Sr 89Sr 226Ra 1 4 mBq L-1

Radionuclides in the Environment, Editor, D. A. Atwood, pp. 97-108, 2010, 

John Wiley & Sons Ltd., USA 210Pb

140Ba 90Sr 89Sr

Sr

140Ba 140La

140Ba

12.7 1 2  

5.5.2  

226Ra 210Pb

226Ra 1 4 mBq L-1

90Sr 1 mBq L-1 1 4 90Y

90Sr 226Ra 90Y

210Pb 90Y
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NaOH Pb [Pb(OH)4]2-

210Pb 210Bi Bi(OH)3

210Bi 5.0 1.16 MeV 90Y

2.7 2.28 MeV

210Bi Cl 

Bi Fe

Y  

 
 

6  

6.1   

Sr 90

Sr

P-MAq Sr 2 P-MAq

Sr 8 ppm ICP

Sr  

 0.1 L 10 L

1 L

 

 

 pH=11 EDTA P-MAq Y H2O2 EDTA

H2O2
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 Y(OH)3 Fe(OH)3

Y

 

 Sr Y EDTA Y

90Y

 

 EDTA P-MAq pH

Y

 

 EDTA 90Y EDTA P-MAq

Ba

Y3+ Ba2+ Sr2+

Y  

 

6.2   

(Plastic 

Scintillator Bottle, PSB) 100 mL

(LBC) 20 mL

P-MAq P-MAq

20
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5% P-MAq

30% 0.2 cpm 0.12 Bq L-1 PSB

3.7 P-MAq

P-MAq

100% 99% 30 cpm

0.4 Bq L-1 PSB  

 

90Y

P-MAq

90Sr 90Y

90Y
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7.   

7.1.  

 

i. conc.HCl 1mL/L 100 mL P-MAq 150 mg 2  

ii. 
 

iii. 90Sr  

iv. 20 mL
 

v. 
 

 

 

 

GL, National Diagnotics
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7.2.  

 

i. conc.HCl 1mL/L 10 L P-MAq 15 g 2  

ii. P-MAq  

iii. P-MAq  5 g 30  

iv. 2 P-MAq 0.28M Na2SO4 2 90Y
 

v. P-MAq EDTA NaOH
 

vi. Y Fe EDTA  H2O2

80 1  

vii. NaOH pH 11  H2O2 80 1  

viii.  

ix. 6M HCl  

x. NH4Cl 50
 

xi.  

xii. LBC  
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7.3. Sr  

 Sr 100 mL Sr 150 mg

2 Sr 90%

3 0.5 Bq L-1 2 0.14 Bq L-1

 

  

10 L Sr 15 g 2

Sr 5 g 30 2 90Y

0.22 mBq L-1  
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AnaLig-Sr 90Y  

 AnaLig®-Sr IBC Advanced 

Technologies Sr *  
90Y Sr 90Y

90Sr 90Y 90Y 2 3
90Y  

90Sr 90Y  

1) Y (1 mg/mL ) 0.1M HCl

L

 

2) 90Sr  

3) Y 0.1M HCl

 

 90Y

 
90Y  

1) 90Sr Analig Y

0.1M HCl  

2) 

 

 

90Y  
90Y (2.28 MeV)

98% (ETM)
14C

90Y

90Y

(LSC-6100 ) 90Y

60 0.6%

 
  AnaLig®-Sr

90Y  
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(LSC-6100 ) 90Y 63  0.6%

 

(LBC4601 )

Y 5C
90Y 20

Y 90Y Y 5C
90Y LBC

35.0±0.4%  

 

 

* URL: https://www.gls.co.jp/brochure/individual_catalogues/MetaSEPAnaLig.pdf 

AnaLig-Sr  

 

90Sr 2021 12  

 90Sr  

1) 90Sr-90Y Y pH=10 11 Y
90Y  

2) 90Y (LSC)
90Sr  

3) LSC 90Sr 696±12 Bq g-1 100 

L(98.2 mg) 35±8 cpm  
90Sr 0.9±0.2%

90Y  

 

.  

a)  (BaSi2O5

Sr Ba 65 2021
9 23  

b)  Sr
90Sr - 90Y 65

2021 9 23  
 
 



54 
 

65  2021 9 23  
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65  2021 9 23  


