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*1 IRID, 3 , P. 366-376, 4 9 . https://irid.or.jp/wp-
content/uploads/2022/08/2022015_kotaihaikibutsu.pdf

*2 Σ ά Σέ 
112 , 2023 3 30 .

*3 Σ ά Σέ 15
, 1-2, 2023 12 4 .
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1: ( )  
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*1 https:// fukushima.jaea.go.jp/okuma/alps/dai3/pdf/analysis-result_details-20230710.pdf
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֙ 1 1
1

Â 2023

֙

֙ 3 

1

202420242024

1

1 4

NDC

H- 3 C- 14 Co- 60 Ni- 63 Se- 79 Sr- 90 Tc- 99 Ru- 106 Sb- 125 I- 129 Cs- 134
Cs- 137 Eu- 152 Eu- 154 U- 234 U- 235 U- 236 U- 238 Np- 237 Pu- 238 Pu-
239+240 Am- 241 Cm- 244

1
C- 14, Cl- 36, I- 129, Tc- 99

Ca- 41 Ni- 63 Sr- 90 Tc- 99 Se- 79 Zr- 93 Mo- 93 Pd- 107 Sn- 126 Cl- 36 I- 129
U- 234 U- 235, U- 236, U- 238, Pu- 238, Pu- 239+240, Am- 241, Cm- 244

, , SGTS

1

GB

-

-

-

NDC

SARRY

1
C- 14, Cl- 36, I- 129, Tc- 99

SGTS

NDC, 

1

30
30mSv/ h

, 

/
RW/ B

1

1 4

NDC

H- 3 C- 14 Co- 60 Ni- 63 Se- 79 Sr- 90 Tc- 99 Ru- 106 Sb- 125 I- 129 Cs- 134
Cs- 137 Eu- 152 Eu- 154 U- 234 U- 235 U- 236 U- 238 Np- 237 Pu- 238 Pu-
239+240 Am- 241 Cm- 244

1
C- 14, Cl- 36, I- 129, Tc- 99

Co- 60, Ni- 63, Sr- 90, Zr- 93, Mo- 93, Nb- 94, Tc- 99, Cs- 137, Eu- 152, Eu- 154, U- 234
U- 235, U- 236, U- 238, Pu- 238, Pu- 239+240, Am- 241, Cm- 244

1

GB

-

-

-

NDC

1
C- 14, Cl- 36, I- 129, Tc- 99

2023

NDC, 

1
30

BG

, BG

<5 Sv/ h BG 0.1mSv/ h

, 
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1
30

BG 0.1mSv/ h

, 

0.005- 1 mSv/ h 0.1 1mSv/ h

, 

1

1 4
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H- 3 C- 14 Co- 60 Ni- 63 Se- 79 Sr- 90 Tc- 99 Ru- 106 Sb- 125 I- 129 Cs- 134
Cs- 137 Eu- 152 Eu- 154 U- 234 U- 235 U- 236 U- 238 Np- 237 Pu- 238 Pu-
239+240 Am- 241 Cm- 244

1
C- 14, Cl- 36, I- 129, Tc- 99

Ca- 41 Ni- 63 Sr- 90 Tc- 99 Se- 79 Zr- 93 Mo- 93 Pd- 107 Sn- 126 Cl- 36 I- 129
U- 234 U- 235, U- 236, U- 238, Pu- 238, Pu- 239+240, Am- 241, Cm- 244
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1

28
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----
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Â  1

֙
2

֙

Â 1F 1 
3

1  

1₩4

JAEA
1

CPF
NDC NFD

2

Pj

1F

3 1F 



Â 2022 88 2023 203

֙ 1

֙ 2023 5 6 15 BB 41 F 50 C
36 4 20

֙ 20 2

Â ALPS 2 

1  2022 2023

12
 0.0011ς0.023 mSv/h

2  
2022

1 R/B
1 R 2022/7/29 9 1 1 1

3 FPC R 2022/9/8 1 1

2 R/B

1 Rʰ 2022/11/22
3 3 4

2

1 Rʰ 2022/12/5 1

2 Rʰ 2022/12/5 4

5 R 2022/7/6 3

3 R/B 5 R 2022/9/28 3

4 R/B 5 Y 2022/12/21
1 1 5

4 3

3 Rw/B
1 Y 2023/01/19 10 3

2 Y 2023/01/24 2 1

4 Rw/B
1 Y 2023/01/26 3 1

2 Y 2023/01/26 1

Y 2023/1/26 3 1 1 1

4 Y 2023/1/26 2 1 2 1

3 Y 2023/1/26 3 5 1

2 Y 2023/1/26 1

2 Y 2023/1/26 1 1

1 Y 2023/1/26 1 1 1

2.3 



Â 1F 1

Â 2023 183 2  
2 3 20 4  

Â 2023 1,500 1

2.3 

31

2024 2

42
3 Rw/B 1

667

65

25

265

66

23

50

8

45

274

42

1530

1



Â 1F NDC NFD CPF 2022 2 2023
3 A 1

Â NFD 2021 2022 10 26 1F
2

2.3 

1

2

2022

1 2022 9 14
NDC 18

NFD 2

2 2023 3 16
NDC SARRY и SARRY и 6

CPF ALPS ALPS 6

2023

1 2023 10 5 NDC 12

2 2023 11 16 NFD 7

3 2024 2 21 CPF
ALPS ALPS

7

2022 2022 10 26 NFD

2

ALPS 2

ALPS 2

1
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Â 7 IRID *1 1 1

Â 2023 10 26

Sr KURION

E

H

T

S

G

E

H

E

H

T

S

G

T

S

G

E

H

H

A

G

H
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.  
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EH .

SARRY

I

E

9

6

I

E

9

6

I

E

9

6

I

E

9

I

E

9

1

1

*1 IRID, 4
 ( нύΣέ 6 2 .

*2

(g)

*3

(mSv/h)

IE96 2013/10/17
~2014/2/25

2023/6/12 3.68 24.0 HTI

IE96 2011/8/29
~2011/9/7

2023/7/19 2.43 61.6 IE96

IE911 2011/8
~2012/3/8

2023/7/31 6.82 0.924 SARRY IE911

AGH 2011/6/15
~2011/9/13

2023/9/6 17.97 1.40 AGH

H 2013/10/29
~2013/11/6

2023/9/14 16.12 63.2

H 2011/6/15
~2011/6/27

2023/9/27 245 KURION H

TSG 2015/3/4
~2015/3/23

2023/10/4 14.60 6.02 Sr (2014/12
)

TSG

*2 SARRY 3 mL KURION 20 mL.
*3 . .
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Â 7 NFD-2 A NFD 
2 2023 11 NFD  1

֙

֙

Â NFD 2

1  

NFD-2
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NFD
 

20 mL 3 mL 

2  
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֙ 2 TIP
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֙ ALPS 

֙ SARRY II

֙ KURIONSARRY

Â

֙  I-129

֙  Tc-99

֙  Ni-63



2.4 

Â 2022

֙ 1 
3 

(g) όɹS˃v/h) ʲόɹS˃v/h)

3  1

C-3RB-1 2021 11 9 36.30 20 700

M-3RB-1#1 2021 11 9 88.20 20 710

M-3RB-2#3 2021 11 9 49.54 17 455

3  1
R-3RB-12#2 2021 11 9 4.35 2.5 65

( ) M-3RB-3 2021 11 9 137.80 10 1200

2 1
R-2TB-9 2021 11 11 2.40 1.5 6

R-2TB-10 2021 11 11 2.90 1.5 20

1 1
M-1WB-2 2021 11 12 57.80 1.5 20

R-1WB-2 2021 11 12 0.80 1.5 6

1 3

M-1RB-2 2021 12 13 50.80 30 1500

R-1RB-8#2 2021 12 13 8.55 67 1300

R-1RB-9 2021 12 13 0.80 5 400

2 2
R-2RB-3 2021 12 21 0.80 30 3000

R-2RB-4 2021 12 21 0.80 5 400

C-3RB-1 M-3RB-1#1M-3RB-2#3R-3RB-12#2 M-3RB-3

1

1



2.4 

Â 2023

֙ 2

֙ C

(g) όɹS˃v/h) ʲόɹS˃v/h)

2 1

C-2RB-1 2022 11 22 151 50 950

C-2RB-2 2022 11 22 213 24 420

C-2RB-3 2022 11 22 115 1400 11000

R-2RB-23 2022 12 5 5.74 < 0.5 1.2

1

M-PMB-6 2023 1 26 29.3 1.8 34

R-PMB-20 2023 1 26 22.9 0.8 3.3

C

C-RSA-1 2021 10 29 589 < 0.5 < 0.5

C-RSA-7 2021 12 9 298 < 0.5 < 0.5

C-RSA-18 2022 1 21 274 < 0.5 < 0.5

M-SC-1 2022 9 13 44.8 1.3 1.1

M-SC-4 2022 9 13 5.92 < 0.5 2.0

M-SC-6 2022 9 13 1.57 < 0.5 < 0.5

C-RSA-1 R-PMB-20M-PMB-6 M-SC-6

1

C-2RB-3 R-2RB-23

1
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AMS

β1 .
β2 C-RSA-7 C-RSA-18 M-PMB-6 R-PMB-20 C-2RB-1 R-2RB-23 .
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1

1F-22-015
M-3RB-2#3

3

1
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M-3RB-3

3

1
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3

1

1F-22-018
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4

3

1

1F-22-014
C-3RB-1

3

1

1F-22-015
M-3RB-2#3

3

1

1F-22-016
M-3RB-3

3

1

1F-22-017
M-3RB-1#1

3

1

1F-22-018
R-3RB-12#2

B
q

/g

U-234 U-235 U-238 Pu-238 Pu-239+240 Am-241 Cm-244

Ṗ 2011 3 11

ṕ Ṗ

U-236,Np -237

1  3 ʴʲ *1 2 3 ʰ *1

*1 . 2011 3 11 . ʰ .



2.4 

Â 2022

֙ Sr-90  Sb-125  Pu Am-241 Cm-244 Cs-137  104 

1

1 Cs-137 *1

*1 Cs-137 . 2011 3 11 .

Sr-90 Pu-238



2.4 

Â 2023

֙ 2 1 P. 20 1 Co-60 Sb-125 Cs-137 Cs-134 Eu-154 Sr-90 Tc-99 
U Pu Am-241 Cm-244  Ni-63 I-129

V

֙ U

1 *1

ʴʲ ʰ

*1 . 2011 3 11 . 



2.4 

Â 2023

֙C P. 20 1 Cs-137 Cs-134 Sr-90 1  

֙C U-234 U-235 U-238 

֙ U-238 

1 ʴʲ  *1

C

*1 . 2011 3 11 . 



2.4 

Â

֙ Cs-137 Co-60 FP Cs-137  Sr-90 
Sb-125  Pu-238  Co-60 Tc-99 

Co-60 
1  

1 Cs-137 Co-60 *1

Sr-90 ςCs-137

Tc-99 ςCo-60

Pu-238 ςCo-60

Sb-125 ςCo-60

*1 2011 3 11 .



2.4 
2 TIP

Â 2 TIP 2013 7
1 1 *1, 2

Â D 2 3

1 TIP ʴ

*1 ά 1 έΣ 56 (2017).
*2 , άн TIP έΣ нлмн12 25 .

Cs-137 [Bq] Co-60 [Bq]

D 2.2 105 2.1 105

B
2018

3.3 105 4.7 106

C
2019

3.1 104 4.4 106

2
TIP *2

1 TIP *1 3 



2.4 
2 TIP

Â

֙ Fe Cr Ni Zr Mo 

֙ Fe *1 Cr Co  Ni 1

֙D Mo Zr Sn *2 Mo Zr 

1 TIP Fe

1.E-07

1.E-06

1.E-05

1.E-04

1.E-03

1.E-02

1.E-01

1.E+00

Cr Mn Fe Co Ni Zr Nb Mo Sn Sb U

/F
e

(g
/g

)

B C D- 1

*1 Σ ά , Σέ 10 11 .
*2 Σ άнTIP Σέ нлмо11 28 .

D



2.4 
2 TIP

Â

֙ U-238 1 1 

֙ Eu-154 155 

֙ FP Sr-90 Sb-125 Cs-134 137 FP 
Nb Zr 

1 Fe

1 TIP U-238

2022 D2019 C2018 B



2.4 

Â

Â

Â Sr-90 I-129 
(AMS) 

(g)*1 όɹS˃v/h) *1 ʲόɹS˃v/h) *1

M-BD-1#2 (18-00070) 2018 9 2022 5 25 139.99 9 4,000

M-BD-8#2 (18-00014) 2019 1 2022 5 26 129.55 5 2,500

M-BD-10#2 A (R3-1-1) 2021 1 2021 11 15 58.60 25 2,500

M-BD-13 (No16-22) φ*2 2022 6 29 76.97 6 3,000

*1 100 mL . *2 . *3 Σ ά Σέ 2019.1.23.

1  *3 2

1



2.4 

Â

֙ 1 

֙ 1 

Â

֙ 2

2 1

Co- 60 Nb- 94
Ag- 108m

Cs- 134 Cs- 137
Eu- 152 Eu- 154

C- 14

LSC

Ni- 63

U- 234
Pu- 238 Pu- 239+240

Am- 241 Cm- 244

SSB ICP- MS Ge GFC pico

Tc- 99

U- 235 U- 236
U- 238 Np- 237

Sr- 90

Ru- 106 Sb- 125
I- 129

Sn- 126

M-BD-13

*LSC
  SSB Si
ICP-MS
Ge

  GFCнˉ
  pico ̡ ʲ

M-BD-1#2



2.4 

Â

֙ P. 30 1 Co-60 Sb-125 Cs-137 Ni-63 Sr-90 Tc-99 I-129 U-235 U-238 
Cs-134 C-14 Pu-238 Pu-239+240 1 2

֙ Sr-90 96.6 99.2% RO
Cs-134 Cs-137 Sr-90 

Sr-90/I-129 5.3 104 2.7 105 

֙U-235/U-238 Pu-238/Pu-239+240 

1E-2

1E-1

1E+0

1E+1

1E+2

1E+3

1E+4

1E+5

1E+6

C-14 Ni-63 Sr-90Tc-99I-129 C-14 Ni-63 Sr-90Tc-99I-129 C-14 Ni-63 Sr-90Tc-99I-129 C-14 Ni-63 Sr-90Tc-99I-129

( A )
1F-22-001
M-BD-1#2

(18-00070)
1F-22-002
M-BD-8#2

(18-00014)
1F-22-003
M-BD-10#2

(No.16-22)
1F-22-004
M-BD-13

B
q

/g

C-14 Ni-63 Sr-90 Tc-99 I-129

Ṗ 2011 3 11

ṕ Ṗ1  ʲ *1 2  ʰ *1, *2

*1 . 2011 3 11 . ʰ .
*2 U-234 U-236 Np-237 Cm-244 .

M-BD-1#2 M-BD-8#2 M-BD-10#2 M-BD-813

1E-4

1E-3

1E-2

1E-1

1E+0

1E+1

1E+2

U
-2

3
5

U
-2

3
8

P
u

-2
3

8

P
u

-2
3

9
+

2
4

0

A
m

-2
4

1 ʰ

U
-2

3
5

U
-2

3
8

P
u

-2
3

8

P
u

-2
3

9
+

2
4

0

A
m

-2
4

1 ʰ

U
-2

3
5

U
-2

3
8

P
u

-2
3

8

P
u

-2
3

9
+

2
4

0

A
m

-2
4

1 ʰ

U
-2

3
5

U
-2

3
8

P
u

-2
3

8

P
u

-2
3

9
+

2
4

0

A
m

-2
4

1 ʰ

( A )
1F-22-001
M-BD-1#2

(18-00070)
1F-22-002
M-BD-8#2

(18-00014)
1F-22-003
M-BD-10#2

(No.16-22)
1F-22-004
M-BD-13

B
q

/g

U-235 U-238 Pu-238 Pu-239+240 Am-241 ʰ

Ṗ 2011 3 11 ( ͠ )

ṕ Ṗ

U-234ḯU-236ḯNp-237ḯCm-244

M-BD-1#2 M-BD-8#2 M-BD-10#2 M-BD-813



2.4 
3

Â

֙ 3 3 MSIV E D1

Â

֙ 1

֙ 10 1 0.1 0.02 µm

֙ ʰPu Am Cm ʴ Sr-90

֙

3 3 MSIV E D1
2

pH 7.1 6.7 7.9 7.8 24ᴈ

585 mV 533 mV 454 mV 397 mV 25ᴈ

0.03 S/m 0.02 S/m 1.04 S/m 4.68 S/m 24ᴈ

< 50 ppm < 50 ppm 3.4 103 ppm 2.0 104 ppm

1



2.4 
3

1

2

10 µm 0.1 µm 

30 mL
10 µm 1 µm 0.1 µm 0.02 µm

0.1 µm 

< 0.02 µm

*

60

6 M HNO3ï1.2 H2O2

8 M HNO3

10 µm 

2

(8 M HNO3) 

60

* Pu 

< 0.02 µm

Â



10 µm 1 µm 0.1 µm 0.02 µm

(g) 0.036 ND ND ND

2.4 
3

Â 30 mL 1  10 1 0.1 0.02 µm  PTFE
 10 µm 2  

Â 10 µm 3
 1.2 g/L 

Â

1
3

2
3



No.

Bq/mL *1

54Mn 60Co 94Nb 106Ru 125Sb

312 5.3 2.0 104 374 2.8

1 > 10 µm < 3 103 (1.5 0.1) 103 < 1 100 (6.4 0.4) 103 (3.8 0.1) 103

2 10 1 µm < 3 102 (3.9 0.8) 10-1 < 5 10-2 < 8 102 < 6 100

3 1 0.1 µm < 2 103 < 2 100 < 3 10-1 < 3 103 < 2 101

4 0.1 0.02 µm < 2 103 < 2 100 < 3 10-1 < 4 103 < 2 101

5 < 0.02 µm < 2 104 (7.3 0.8) 101 < 3 100 < 2 105 < 8 102

*1 2011.3.11 . .

No.

Bq/mL *1

134Cs 137Cs 152Eu 154Eu 90Sr

2.1 30 14 8.6 29

1 > 10 µm (5.5 0.1) 103 (5.4 0.1) 103 < 3 100 (3.8 0.1) 102 (6.0 0.1) 103

2 10 1 µm (3.8 0.2) 101 (3.5 0.1) 101 < 5 10-1 < 4 10-1 (2.5 0.1) 101

3 1 0.1 µm < 2 101 (1.0 0.1) 101 < 4 100 < 3 100 (8.7 0.2) 100

4 0.1 0.02 µm < 3 101 (2.7 0.1) 101 < 4 100 < 2 100 (2.9 0.2) 100

5 < 0.02 µm (1.6 0.1) 104 (1.5 0.1) 104 < 2 101 < 2 101 (1.1 0.1) 104

2.4 
3

Â 3 ʴ 90Sr



*1 2011.3.11 . .

No.

Bq/mL *1

238Pu 239+240Pu 242Pu

88 2.4 104 , 6.6 103 3.7 105

1 > 10 µm (2.5 0.1) 102 (7.5 0.1) 101 (5.1 0.3) 10-1

2 10 1 µm (6.6 0.3) 10-2 (2.0 0.2) 10-2 -

3 1 0.1 µm (1.2 0.1) 10-2 (3.8 0.6) 10-3 -

4 0.1 0.02 µm < 7 10-4 < 9 10-4 -

5 < 0.02 µm < 2 10-3 < 2 10-3 -

No.

Bq/mL *1

241Am 243Am 242Cm 244Cm

4.3 102 7.4 103 163 18

1 > 10 µm (1.3 0.1) 102 (8.0 0.5) 10-1 (1.4 0.1) 107 (9.4 0.1) 101

2 10 1 µm (2.8 0.2) 10-2 - <2 104 (2.5 0.2) 10-2

3 1 0.1 µm (5.3 0.8) 10-3 - <2 104 (5.1 0.9) 10-3

4 0.1 0.02 µm < 9 10-4 - <2 104 < 2 10-3

5 < 0.02 µm < 3 10-3 - <4 104 < 4 10-3

2.4 
3

Â 3 ʰ



2.4 
3

Â

1 10 µm *3

*3 100 % .

3 3 MSIV E D1

Na Mg Al Ca Mn Fe

3 ND 2.7 4.6 0.7 0.5 77.6

3 MSIV ND ND 4.0 ND ND 92.0

E D1 0.3 0.7 0.5 3.9 1.0 78.3

Ni Zn Mo Ag Ba U

3 0.5 13.5 ND ND ND ND

3 MSIV 1.2 ND ND ND ND 2.8

E D1 0.1 14.7 0.1 0.2 0.2 ND

*1 ND . *2 100 % .

1 10˃Ƴ % *1,2



2.4 
3

Â

Â

֙ 3 MSIV 0.03 µm *1 19 
1

Â

֙ Pu 0.4 %
2

֙ Am 3  Pu 
 

֙ Pu  Am Pu Am

MSIV

0.03 µm 

1 

DOWEX 50WX8H+ , 
100ς200µm Na+

.

DOWEX 1X8Clς , 
100ς200µm .

*1 0.02µm U .

2 Pu 3 Am



2.4 
1

Â ʰ
1 1 R/B

PMB HTI/B  h
1

No.
ʰ *1

(Bq/mL)
Cs-137 *1

(Bq/mL)
Sr-90 *1

(Bq/mL)

1 1 R/B 2022/4/19 2.16 101 3.27 104 1.96 104

2 PMB 2022/4/21 4.05 100 4.58 104 2.09 104

3 HTI/B 2022/4/22 1.32 101 2.81 105 1.39 104

2 R/B 2020/4/20 3.4 101 1.5 106 φ

3 R/B MSIV 2021/7/8 1.69 103 5.81 103 9.48 103

3 R/B 2021/7/13 5.38 102 2.18 104 1.52 104

1

Â

Â 1 R/B PMB ʰ

1
1 R/B PMB HTI/B

*1 .



2.4 
1

Â

֙  10 1  0.1  0.02 µm 0.02 µm
1   10 µm 2

1

1

2 10 µm 

HTI/B

PMB



2.4 
1

Â

֙ 0.02 µm pH
1 ICP-AES 2

֙ pH 7 9  400 600 mV 

pH
*1

(mV)
(24ᴈ)

(S/m) (ppm)

1 R/B 8.0 (23 ᴈ) 406 0.034 < 20

PMB 8.7 (23ᴈ) 393 0.142 120

HTI/B 7.4 (23 ᴈ) 553 0.058 66

2 R/B 7.8 24ᴈ 397 4.68 2.0 104

3 R/B 7.1 24ᴈ 585 0.03 < 50

Na Mg Ca Si K Mn

1 R/B 9.3×100 1.9×101 5.2×101 2.0×100 ND 4.1×100

PMB 3.8×102 1.4×101 3.3×101 1.2×101 ND < 2×100

HTI/B 9.5×101 1.4×101 2.5×101 9.5×100 ND < 2×100

2 R/B 8.3×103 1.3×103 5.1×102 ND 3.3×102 ND

3 R/B 1.3×101 < 2×100 4.8×100 < 4×100 < 4×100 < 2×100

2  (ppm)

1

*1 25ᴈ



2.4 
1

Â Pu Am Cm

֙ Pu Am Cm 99 % 10 µm 1

֙ ˃Ƴ

*1 . 2011.3.11 . 
*2 100 % . .

*1 (Bq/mL) *2 (%)

Pu-238 Pu-239+240 Am-241 Cm-242 Cm-244 Pu-238 Am-241 Cm-244

1  R/B

10 µm 1.4 101 3.4 100 8.4 100 4.3 106 1.2 101 99.986 100 100 

1 µm 1.9 10-3 5.1 10-4 < 5 10-4 < 4 104 < 7 10-4 0.014 < 0.006 < 0.006

0.1 µm < 4 10-4 < 5 10-4 < 6 10-4 < 8 104 < 8 10-4 < 0.003 < 0.007 < 0.007

0.02 µm < 5 10-4 < 3 10-4 < 5 10-4 < 4 104 < 7 10-4 < 0.004 < 0.006 < 0.006

< 2 10-3 < 7 10-4 < 1 10-3 < 7 104 < 2 10-3 < 0.014 < 0.012 < 0.017

PMB

10 µm 5.7 100 1.7 100 2.4 100 1.3 106 2.5 100 99.628 99.643 99.685

1 µm 1.1 10-2 3.5 10-3 3.6 10-3 < 4 104 3.9 10-3 0.192 0.149 0.156

0.1 µm 6.5 10-3 2.3 10-3 2.9 10-3 < 4 104 2.1 10-3 0.114 0.120 0.084 

0.02 µm 3.8 10-3 1.4 10-3 2.1 10-3 < 4 104 1.9 10-3 0.066 0.087 0.076 

< 8 10-4 < 9 10-4 < 2 10-3 < 8 104 < 2 10-3 < 0.02 < 0.09 < 0.08

HTI/B

10 µm 9.2 100 2.7 100 5.5 100 1.5 106 2.7 100 99.938 99.98 100 

1 µm 4.3 10-3 7.5 10-4 9.7 10-4 < 4 104 < 7 10-4 0.047 0.02 < 0.03

0.1 µm < 5 10-4 < 4 10-4 < 5 10-4 < 4 104 < 7 10-4 < 0.005 < 0.01 < 0.03

0.02 µm < 5 10-4 < 4 10-4 < 5 10-4 < 4 104 < 7 10-4 < 0.005 < 0.01 < 0.03

1.4 10-3 < 1 10-3 < 2 10-3 < 2 105 < 3 10-3 0.015 < 0.04 < 0.12

1  0.02 µm ʰ



2.4 
1

Â

֙ 10 µm ICP-AES 1 1

֙  Fe Mg Al Ca Zn 

֙ 1 Fe Al Mg

1 *1 (wt%)

Mg Al Si Ca Mn Fe Ni Cu Zn K Ti

1 R/B 8.7 22.4 0.9 6.7 0.9 50.5 ND ND 9.8 ND ND

PMB 1.4 4.7 ND 5.7 0.9 78.3 ND 1.4 7.5 ND ND

HTI/B 1.6 11.6 ND 2.8 ND 71.7 ND ND 10.1 2.2 ND

2 R/B 1.6 7.0 1.0 0.78 0.25 78.1 ND ND 10.9 0.09 0.07

3 R/B MSIV *3 ND 4.0 ND ND ND 92.0 1.2 ND ND ND ND

3 R/B 2.7 4.6 ND 0.7 0.5 77.6 0.5 ND 13.5 ND ND

1   *1, 2 (wt%)

*1 100 % .  *2 ND .  *3 U 2.8 % .

1 R/B PMB HTI/B



2.4 
1

Â

֙ 10 µm *1 1

֙ Fe 1 Fe Pu Am Cm 3
3

(g/L) Fe/
(g/g)Fe

1 R/B 7.0 0.59 8%

2 R/B 5.2 2.0 38%

3 R/B MSIV 0.40 0.21 53%

3 R/B 1.2 0.49 41%

PMB 0.66 0.17 25%

HTI/B 1.2 0.23 18%

1 Fe *2

1

*1 10 µm . . *2 10 µm ICP-AES .



2.4 
1

Â

֙ 1 3 R/B   PMB 10 µm 

Â

֙ 1 R/B ʰ

֙ PMB  Pu-238  Am-241  Pu-238  30 
Am-241 

֙ 3  1 R/B 

3 MSIV 

*1 . *2 0.02 µm .

1 Pu-238 Am-241 *1

*2 *2

Pu-238 Am-241

1 R/B 3 R/B3 R/B MSIV PMB



Â

֙ 11 27 ALPS

2.4 
ALPS 

54Mn 60Co 63Ni 90Sr 94Nb 106Ru 125Sb 129I 134Cs 137Cs 152Eu 154Eu 238Pu 239+240Pu 241Am 244Cm

A 2018/10/24 ADSrt-AAL1-3

ABC 2018/10/25 ADSrt-EAL1-1

ABC 2018/10/22 ADIR-EAL-3

BC 2020/9/14 TN-AAL-2 2

A 2021/3/15 TN-AAL-5 2

ABC 2021/3/16 TN-EAL-4 2

C 2018/10/23 ADEJ-AAL-1

BC 2016/11/14 ADCe-AAL8-1

BC 2016/11/14 ADCe-AAL8-2

ABC 2017/1/16 ADCe-EAL9-1

A 2020/7/8 CE-AAL-3

A 2020/7/30 CE-AAL-5

BC 2017/3/16 ADSi-AAL12-3

ABC 2017/9/5 ADSi-EAL14-1

A 2020/9/8 AZ-AAL-3

ABC 2017/8/29 ADTO-EAL13-1

BC 2017/11/27 ADTO-AAL15-3

ABC 2018/10/19 ADCst-EAL1-3

1
BC 2019/8/26 CH-AAL-1

A 2017/1/24 ADCh-AAL10-1

2

A 2017/2/7 ADCh-AAL11-1

BC 2019/9/12 CH-AAL-6

C 2020/1/27 CH-AAL-7

BC 2016/10/27 ADC-AAL8-2

BC 2016/10/27 ADC-AAL8-3

ABC 2017/1/16 ADC-EAL9-1

A 2020/6/24 AC-AAL-2



2.4 
ALPS 

Â ALPS
(HIC) 1

Â ADSrt-EAL1-1
 1

Â 2

HIC No. (g)
*

(mSv/h)

ADSrt-AAL1-3 A PO641180-232 2018.10.24 8 ʲ 8ɹ7.5

ADSrt-EAL1-1 ABC PO625899-218 2018.10.25 8 ʲ 2ɹ6.3

* 50 mL .

ADSrt-EAL1-1ADSrt-AAL1-3

1

1 

2



Â

֙ Sr-90 Cs-137 134 Sb-125 4

֙ʰ Pu-239 Pu-239+240 Am-241 Cm-244

2.4 
ALPS 

1.0E+02

1.0E+03

1.0E+04

1.0E+05

1.0E+06

1.0E+07

1.0E+08

B
q

/g

Sr-90 Cs-137 Cs-134 Sb-125

ADSrt-AAL1-3 ADSrt-EAL1-1

*1 2011.3.11 . .

1  *1



2.4 
ALPS 

Â (ALPS)
 1 1  (HIC)

Â

1 ALPS

 (g)
( )ɹ*1

(µSv/h)

ADSi-AAL12-3 BC 2017/3/16 28 6

ADSi-EAL14-1 ABC 2017/9/5 20 0.8

AZ-AAL-3 A 2020/9/8 63 2

TN-AAL-2#2 BC 2020/9/14 23 43

TN-AAL-5#2 A 2021/3/15 22 24

TN-EAL-4#2 ABC 2021/3/16 21 37

CE-AAL-3 A 2020/7/8 36 1.2

CE-AAL-5 A 2020/7/30 36 1.2

*1 50 mL .

1



2.4 
ALPS 

Â

֙

V 1 2

֙ ʴ 1

Â ʴ

1

ʴ

ʰʲ

1.5M 
1 M 
3 M 

, 

750ᴈ, 30
54Mn, 60Co, 94Nb, 
106Ru, 125Sb, 134, 137Cs, 
152, 154Eu

238, 239+240Pu, 241Am, 244Cm

Ge

SiLSC, LBC
63Ni, 90Sr

ʴ

Ge

2  

ADSi-AAL12-3 99.98 0.02

AZ-AAL-3 > 99.94 < 0.06

1 Cs-137  (%)



Â

֙  I-129  I-129 
1  

֙  AgIO3  AgI ʴ
I-129  5% 1  

2.4 
ALPS 

1  I-129 

*1 . 
2011 3 11 . .

1  I-129 

Bq/g *1

ADSi-AAL12-3

(2.0 0.2) 101

(1.1 0.2) 100

(2.1 0.2) 101

ADSi-EAL14-1

(1.8 0.2) 101

(1.5 0.2) 100

(2.0 0.2) 101

AZ-AAL-3

(2.4 0.1) 102

(1.8 0.3) 101

(2.6 0.1) 102

ҥ KIO3

ҥ 0.5 M AgNO3

ҥ KIO3

ҥ 0.5M AgNO3

AgIO3

ʴ

ʴ ʴ

ҥ NH3

ҥ KI ςNH3

AgI

ʴʴ AgIO3

Ge Ge

Ge

Ge Ge



Â

֙
1 2

֙ ALPS 2 Co
Cs-137 1

2.4 
ALPS 

TN-EAL-4#2 99.998 0.002

TN-AAL-2#2 99.997 0.003

TN-AAL-5#2 99.999 0.001

ʰ

, 

5 M 
3 M 
2 M 
1.5 M 

750ᴈ 30

238 ,239+240Pu,
241Am, 244Cm

Ge Si

*1 Cs-137 .

54Mn, 60Co, 94Nb, 106Ru, 
125Sb, 134, 137Cs, 152,154Eu

ʴ

Cs *1

ʲ

LSC, LBC

63Ni, 90Sr

TN-EAL-4#2 

TN-AAL-2#2

TN-AAL-5#2

2 

1 Cs-137  (%)

1 



Â

֙ 1 2

֙ I-129

֙ Co-60 Sb-125 1

2.4 
ALPS 

*1 ʴ . 
.

ʴ ʰʲ

3 M 

100ᴈ  10
300ᴈ  60

54Mn, 60Co, 94Nb, 
106Ru, 125Sb, 134, 

137Cs, 152, 154Eu

238 ,239+240Pu, 
241Am, 244Cm

Ge SiLSC, LBC

63Ni, 90Sr

2 

1 Co-60 Sb-125 (%)*1

1  

Co-60 Sb-125

CE-AAL-3 *1 < 5 < 1

CE-AAL-5 *1 < 8 < 1



2.4 
ALPS 

Â (ALPS)  1
(HIC)

Â

1 ALPS 

 (g)
( )ɹ*1

(µSv/h) *2, 3

ADSi-AAL12-3 BC 2017/3/16 28 6

IADSi-EAL14-1 ABC 2017/9/5 20 0.8

AZ-AAL-3 A 2020/9/8 63 2

TN-AAL-2#2 BC 2020/9/14 23 43

Cs (Sr)TN-AAL-5#2 A 2021/3/15 22 24

TN-EAL-4#2 ABC 2021/3/16 21 37

CE-AAL-3 A 2020/7/8 36 1.2

I, Sb

CE-AAL-5 A 2020/7/30 36 1.2

ADCe-AAL8-1 BC 2016/11/14 23 1.2

ADCe-AAL8-2 BC 2016/11/14 24 1.3

ADCe-EAL9-1 ABC 2017/1/16 26 1.6

ADEJ-AAL-1 C 2018/10/23 37 0.9

ADIR-EAL-3 ABC 2018/10/22 26 22 Co (M2+, M3+)

1 CH-AAL-1 BC 2019/8/26 19 0.8
Ru

2 CH-AAL-6 BC 2019/9/12 25 0.9

CH-AAL-7 C 2020/1/27 20 0.9

AC-AAL-2 A 2020/6/24 32 0.4

*1  50 mL . *2  Σ ά ALPS Σέ 24 6 25 .
*3  Σ ά Σέ 24(1), 53-64 (2017).



Â Sr-90 Cs-137 
1

2.4 
ALPS 

(Bq/t) *2

Co-60 Ni-63 Sr-90 Cs-137 I-129 Pu-238 Am-241
ADSrt-AAL1-3 < 9 E+06 2.8E+13 3.0E+08 < 3 E+04 < 3 E+04
ADSrt-EAL1-1 < 1 E+07 6.8E+12 4.9E+08 < 2+04 < 4E+04
ADIR-EAL-3 < 2 E+07 < 2 E+06 8.0E+11 < 6 E+06 < 2 E+04 < 3 E+04

TN-AAL-2 2 < 1 E+07 3.3E+06 2.6E+09 8.8E+10 < 2 E+04 < 2 E+04
TN-AAL-5 2 < 1 E+07 2.3E+06 2.7E+07 4.9E+10 < 2 E+04 < 3 E+04
TN-EAL-4 2 3.0E+07 7.7E+06 1.9E+08 8.7E+10 < 2 E+04 < 2 E+04
ADEJ-AAL-1 6.4E+06 3.1E+06 4.1E+07 2.0E+07 < 2 E+04 < 2 E+04

ADCe-AAL8-1 9.3E+06 3.8E+08 7.1E+06 < 2 E+04 < 2 E+04
ADCe-AAL8-2 9.1E+06 3.7E+08 7.2E+06 < 2 E+04 2.0E+04
ADCe-EAL9-1 1.9E+06 1.7E+07 < 3 E+04 < 2 E+04 < 2 E+04

CE-AAL-3 7.3E+06 5.9E+06 2.2E+07 3.7E+06 < 9 E+03 < 2 E+04
CE-AAL-5 4.4E+06 1.0E+07 2.1E+06 4.6E+06 < 9 E+03 < 2 E+04

ADTO-EAL13-1 3.6E+05 2.7E+08 3.7E+05 < 2 E+04 < 3 E+04
ADTO-AAL15-3 5.3E+06 1.1E+09 1.0E+08 < 2 E+04 < 3 E+04
ADSi-AAL12-3 4.8E+06 7.6E+06 8.0E+09 6.9E+08 2.1E+07 < 2 E+04 < 3 E+04
ADSi-EAL14-1 2.5E+06 < 2 E+06 6.6E+07 5.3E+05 2.0E+07 < 2 E+04 < 2 E+04

AZ-AAL-3 6.0E+06 2.4E+06 2.6E+07 1.5E+09 2.6E+08 < 2 E+04 < 2 E+04
ADCst-EAL1-3 1.8E+07 < 5 E+06 3.3E+10 < 1 E+04 < 2 E+04

1 ADCh-AAL10-1 2.6E+07 < 2 E+06 6.1E+06 < 3 E+04 < 3 E+04
CH-AAL-1 8.6E+07 9.1E+06 2.0E+07 1.4E+05 < 2 E+04 < 5 E+04

2 ADCh-AAL11-1 1.0E+08 2.3E+06 5.4E+07 < 2 E+04 < 4 E+04
CH-AAL-6 1.2E+08 6.0E+06 6.1E+07 1.2E+05 < 2 E+04 < 5 E+04
CH-AAL-7 2.0E+07 3.9E+06 < 4 E+06 5.0E+05 < 2 E+04 < 5 E+04

ADC-AAL8-2 2.8E+07 < 2 E+06 < 6 E+04 < 6 E+03 < 2 E+04
ADC-AAL8-3 1.6E+07 < 2 E+06 < 5 E+04 < 8 E+03 < 6 E+03
ADC-EAL9-1 3.1E+07 < 2 E+06 7.8E+04 < 8 E+03 < 7 E+03
AC-AAL-2 1.5E+06 3.1E+06 1.0E+07 5.3E+04 < 6 E+03 < 2 E+04

*1 Σ ά Σέ 4, 19 5 21 .
*2 .  2011.3.11 . < . 

1 ALPS *1



2.4 
SARRY II

Â (SARRY II) 
1 1

֙

֙ I-129 AMS 

No.  (mL)
 ( )ɹ 

όS˃v/h)

1 SARRY II LI-SAT3-1 2020 11 20 100 72

2 SARRY II F-2 LI-SAT3-2 2020 11 20 100 72

3 SARRY II 1 S-2 LI-SAT3-3 2020 11 20 100 < 1.0

4 SARRY II 2 S-3 LI-SAT3-4 2020 11 20 100 < 1.0

5 SARRY II 3 S-1 LI-SAT3-5 2020 11 20 100 < 1.0

6 SARRY II 4 S-4 LI-SAT3-6 2020 11 20 100 < 1.0

1  

4

1  (SARRY II) 



2.4 
SARRY II

Â

֙ 1

֙ 2 I-129  AMS 

1 SARRY II 

*LSC
  SSB Si
ICP-MS
Ge

  GFCнˉ
  pico ̡ ʲ



2.4 
SARRY II

Â

֙Cs-134 137 1 2

֙ Sr-90 1 3

֙Co-60 Sb-125 Ni-63 Tc-99 

֙ I-129 

V AMS 6.6 10-3 6.8 10-3 Bq/cm3

P. 82 

֙ʰ 1 2 U Pu

1  ɹ ʲ *1 2  h *1

*1 . 2011 3 11 .



2.4 
KURIONSARRY

Â KURION  4 SARRY  3 
1

Â

֙

֙

֙ ʴ

Â Ge ʴ 1  

1  

1  ɹ

SARRY IE96 ZL-SA-1

IE96 ZL-SA-2

IE911 SIT-SA-1

KURION AGH AZ-KU-1

H ZL-KU-1

H ZL-KU-2

TSG SIT-KU-1



2.4 
KURIONSARRY

Â

Â Sr IE911 TSG 1F 

Â

1  

*1

(g)

*2

(mSv/h)

IE96
ZL-SA-1 3.081 18.5

IE96
ZL-SA-2 1.646 26.9

IE911 SIT-SA-1 4.635 10.4

*1

(g)

*2

(mSv/h)

AGH AZ-KU-1 11.697 0.711

H
ZL-KU-1 14.9 31.1

H
ZL-KU-2 3.872 93.9

TSG SIT-KU-1 13.358 9.9

*1  .
*2  SUS .



2.4 
KURIONSARRY

Â

֙ʴ Cs-137 Cs-134 

֙ (BG) Co-60 K-40 

֙  IE911 (SIT-SA-1) Cs-137 BG 

1  

1  ʴ

(counts/10000 s)

Cs-137 (662 keV) Cs-134 (796 keV) Co-60 (1332 keV)

IE96 ZL-SA-1 62309.2 296.3 1493.0 58.0 939.0 35.8

IE96 ZL-SA-2 63697.9 261.1 1157.7 56.7 883.0 34.0

IE911 SIT-SA-1 449.0 52.6 ND 936.4 34.2

AGH AZ-KU-1 4944.8 85.1 ND 922.1 33.8

H ZL-KU-1 142675.0 389.2 2510.9 66.1 930.2 34.8

H ZL-KU-2 168124.3 420.9 2947.3 69.3 910.1 34.4

TSG SIT-KU-1 49959.8 235.4 877.6 54.0 931.7 34.2

BG 350.9 51.0 ND 932.1 34.8

НАϼϽжϳрЖ Ⱳḧ 10,000

1.E+00

1.E+01

1.E+02

1.E+03

1.E+04

1.E+05
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K-40
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Z95C2 Ⱳḧ 10,000
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Z95C3 Ⱳḧ 10,000
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2.4 
 I-129

Â I-129 ʲ 
8 (AMS)  I-129 

1

Â 4 Cs-137 

֙

֙ Cs-137  I-129 

Â SARRY II  I-129 

1   I-129  Cs-137 



2.4 
 Tc-99

Â Tc-99  ICP-AES 

Â
*1

1

Â 24 1 6
10 µm

1 99Tc

4M

Re

10 g/L 

Ca

/

Na

Na

0.1M

1M

8M
TEVA-resin

Cs /

AMP

*1  Σ ά Σέ JAEA-Technology 2016-013 (2016).
*2 .

LI-2RB5-2 2013.8.7 2

LI-3RB5-2 2015.10.22 3

L-1RB-4 2022.4.19 1 *2

LI-TS-02 2020.2.13 2 *2

L-3RB-8 2021.7.8 3 *2

L-3RB-7 2021.7.13 3 *2

LI-1TB5-5 2015.9.30 1

LI-1TB6-1 2017.7.10 1

LI-2TB7-1 2015.9.25 2

LI-3TB7-1 2015.10.15 3

LI-RW4-1 2014.11.25 RW

LI-PMB1-1 2017.12.5

L-PMB-4 2022.4.21 *2

LI-HTI2-2 2014.2.11

LI-HTI7-1 2017.12.5

L-HTI-11 2022.4.22 *2

LI-AR3-2 2011.9.6

LI-KU3-2 2011.9.6

LI-KU7-4 2016.7.25

LI-SA2-3 2014.2.11

LI-SA3-1 2014.8.5

LI-SA6-3 2015.9.8

LI-SA7-2 2016.7.25

L-RC-1 2021.7.21 RO  *2

1



2.4 
 Tc-99

Â  24 21  Tc-99 

Â Tc-99   10-2 10-1 Bq/cm3

Â  Sr-90  Cs-137  key  Tc-99 

*1 2011 3 11 .

1 99Tc *1



2.4 
 Tc-99

Â Se-79  I-129 Tc-99 Tc-99 

֙ Cs-137  1

Â Tc-99 Se-79  I-129 Cs-137 H-3  Sr-90  Tc-99 
2

*1 2011 3 11 . . 
JAEA-Data/Code 2012-018 . *2 Komaet al., Nuclear Materials and Energy, 10, 35ς41 (2017).

1 79Se 99Tc 129I Cs-137 *1 2
Cs-137 *2

C
s-
1

3
7



2.4 
 Tc-99

Â  Tc-99 1

Â  Tc-99 60 90 %

Â Tc  VII TcO4
ς Tc  IV

TcO(OH)2
*2,3 Fe *4

1 ς  99Tc *1

*1 . . .
*2 Σ ά Σέ w!5LhL{h¢ht9{Σ поΣ сно όмффпύΦ 
*3 Σ ά 99Tc ΣέRADIOISOTOPES, 40, 17 (1991).
*4 !Φ IƛȄƻƴ Ŝǘ ŀƭΦΣ άtƭǳǘƻƴƛǳƳ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƘŜƳƛǎǘǊȅΥ aŜŎƘŀƴƛǎƳǎ ŦƻǊ ǘƘŜ ǎǳǊŦŀŎŜ-ƳŜŘƛŀǘŜŘ ǊŜŘǳŎǘƛƻƴ ǇŦ tǳό±κ±LύΣέ 9ƴǾƛǊƻƴΦ {ŎƛΦ :Process Impacts, 20, 1306 (2018).

0% 20% 40% 60% 80% 100%

♃fi◒ L-RC-1

HTI/B L-HTI-11

HTI/B LI-HTI9-1

PMB L-PMB-4

PMB LI-PMB2-3

PMB LI-PMB2-2

PMB LI-PMB2-1

3 W/B LI-3WB8-1

2 T/B LI-2TB8-2

3 R/B♩כꜝ☻ L-3RB-7

3 R/B MSIV L-3RB-8

1 R/B♩כꜝ☻ L-1RB-4

99Tc

☻ꜝ♇☺
⁮

⁮

⁮

⁮

⁮

⁮

7.4

0.4

1.2

1.8

0.76

3.0

0.02

0.90

0.67

0.19

1.23

16.3

(g/L)



2.4 
 Ni-63

Â Ni-63

֙

֙Ni-63

֙ 2021
1F  Sr-90ςY-90

Cs-137 

Â

֙ 20
 Ni-63 

V 2 3 PCV 2 1 3

V RW HTI/B KURION
SARRY AREVA

V ALPS

֙  Ni 

V 83 100 %

֙ 20  19  Ni-63 

1 Ni-63 

0.2 M 

3 M 

10 g/L 

Ni

1 M

/

3 M 

Co Sr Y

(1+10) 

Y

1 M 

Ni-resin

Sr-resin+ TRU-resin

0.2 M 

3 M
Ni-resin



2.4 
 Ni-63

Â

֙ Co-60/Ni-63 1

֙ 1  Co-60/Ni-63  (=4.7)*1

1E-02

1E-01

1E+00

1E+01

1E+02

1E+03

1E+04

1E-02 1E-01 1E+00 1E+01 1E+02 1E+03 1E+04

C
o-

6
0

 (
B

q
/c

m
³)

*

Ni-63 (Bq/cm³) *

( )

ό ύ

 ( _

)

 ( )

 ( )

 ( )

( Co-60 Ni-63
)

*1 Σ ά Σέ 28 8 23 , .

4.7

н

2

3 PCV

2 PCV

* FRAnDLi 2011 3 11 Bq/g

1  Ni-63 



2.5 
FRAnDLi

Â FRAnDLi
 1

֙ 2024 3 7

Â 2022 2023 90 2541 
 1

2022 2023

20 21 474

2 3 80

47 53 830

1 0 107

12 11 61

16 21 202

12 12 59

0 0 467

 1,248 1,152 14,203

1  2023 *1

1  

*1 2024 3 7 .



2.5 
SampleBase

Â Wiki 
SampleBase 1  

֙Wiki 
50

֙
 

Â

1

1 Wiki SampleBase

¶

¶

¶

¶

¶

1  



2.5 

Â

֙ 1

֙ Wiki 
1

Â Wiki 1F 

1 Wiki SampleBase

1  

Å

Å FRAnDLi
Å

Å

Å

Å

Å

Å

Å

Å

Å



2.6 
C-14 C-14 

Â C-14 C-14 

֙C-14 Cs-137 H-3 1 C-14 

Â C-14 

Â C-14  2

֙

1 ) C-14 H-3 *1

*1 , Σ ά Σέ 3 , JAEA-Review 2022-038 (2023).

2 C-14 



2.6 
C-14 C-14 

Â C-14 C-14

֙ N-14 O-17 C-13 

֙ 1

֙C-14  

Â C-14 C-14 
1

֙ C-14 

֙

C-14 C-14 

Å

Å

Å free element *1

Å

Å PWR *2

Å PWR *3

1  C-14 

*1 C-14 ,  JNC TN8410 2001-021 (2001).
*2 K. RumbkoŜǘ ŀƭΦΣ ά{ǘǳŘȅ ƻƴ /-мп DŜƴŜǊŀǘƛƻƴ ŀƴŘ wŜƭŜŀǎŜ ƛƴ tǊŜǎǎǳǊƛȊŜŘ ²ŀǘŜǊ wŜŀŎǘƻǊΣέ ¢ǊŀƴǎŀŎǘƛƻƴǎ ƻŦ ǘƘŜ YƻǊŜŀƴ bǳŎƭŜŀǊ {ƻŎƛŜǘȅ !ǳǘǳƳƴ Meeting (2014).
*3 YΦ YƛƴƻΣ άLƴǾŜǎǘƛƎŀǘƛƻƴ ƻŦ /-14 in the CRUD collected on the coolant filter of commercial PWR (I) - thermal decomposition characteristics and C-14 release behavior 
ǳƴŘŜǊ ǾŀǊƛƻǳǎ Ǝŀǎ ŀǘƳƻǎǇƘŜǊŜǎΣέ aw{ !ŘǾŀƴŎŜǎΣ оΣ млрм όнлмуύΦ



2.6 
C-14 C-14 

Â C-14 
CO2

 1

֙ C-14 CO2 

֙

֙

Â

BWR 

Â C-14 

1 14C 

Å

Å

ÅCO2

Å

Å CO2

Å

ÅCO2 CO3
ς



2.6 
C-14 

Â C-14 1

*1 >30 1ς30 0.1ς1 <0.1 mSv/h .

1 C-14

1
2 3 4 5 6

7

*1

*1

*1

AREVA

KURION/SARRY/SARRYII

ALPS

/

14C 

1.

2. CO2

3. CO3
2ς

4. CH4

5. CO3
2ς

6.

7.

1 14C 



Â C-14 C -14 
1

Â

Â

C-14 *1 (t) 
C-14

*2

36,322

CaCO3⁸ 457,289

9,080

CaCO3⁸ 114,322

>30 mSv/h

17,177

CaCO3⁸ 12,249

<0.1mSv/h

29,889

CaCO3⁸ 22,095

CaCO3 10,865

ALPS CO3 88

м /πмп 

*1 14C 14C .
*2 .

2.6 
C-14 



2.6 
C-14 

Â C-14 

1  

֙ *1, 2

֙

Â C-14 

֙

֙ Cs-137 I-129 H-3 ʲ CO2 

֙

V C 

*1 Σ ά Σέ W!9!-Technology 2009-51 (2009).
*2 Takahashi et ŀƭΦΣ άLƳǇǊƻǾŜƳŜƴǘ ƻŦ LƴǾŜƴǘƻǊȅ ŀƴŘ [ŜŀŎƘƛƴƎ wŀǘŜ aŜŀǎǳǊŜƳŜƴǘǎ ƻŦ /-14 in Hull Waste and Separation of Organic Compounds for Chemical Species 
LŘŜƴǘƛŦƛŎŀǘƛƻƴΣέ aŀǘŜǊƛŀƭǎ wŜǎŜŀǊŎƘ {ƻŎƛŜǘȅ {ȅƳǇƻǎƛǳƳ tǊƻŎŜŜŘƛƴƎǎΣ мссрΣ мофς148 (2014).

1 14C 

CO2
ʲ

CO2



2.6 
C-14 

Â /πмп 
м

Â

֙

֙

Â /πмп ό!a{ύ 

֙ /πмп 

֙

֙

14C 

NDC

NDC

SARRY/KURION
NFD

ALPS

1 14C



2.6 
I-129 

Â I-129 ICP-MS (AMS) 

Â I-129 
AMS 

֙  I-129 / I-127 

Â MALT 1 1 I-129 / I-127 

1  AMS *1

 
Cs+

 

 

 

 

(I-127)
(I-129)

(I-
129/I-127)

*1 . https:// malt.um.u-tokyo.ac.jp/

1  AMS 



2.6 
I-129 

Â AMS I-129 2023 6 2 

֙ I-129 1 3 Cs-137 
P. 63

֙ I-129 Cs-137 3 6  1  

V Cs-137 I-129 

V Cs-137 I-129 

V Cs-137 I-129 

֙ʲ SARRY II 2 

C C-RSA-7

C C-RSA-18

2 1
C-2RB-1

2 1 C-2RB-23

1 M-PMB-6

1 R-PMB-20

1 AMS I-129 



2.6 
I-129 

Â ʲ  1 1

Â C AMS 

Â 10ς2 Bq/g *2 

 (Bq/g *1)

AMS ʲ

SARRY-II LI-SAT3-1 6.6 10-3 < 2 10-2

SARRY-II LI-SAT3-6 6.8 10-3 < 2 10-2

C C-RSA-7 < 5 10-5 < 9 10-2

C C-RSA-18 < 6 10-5 < 9 10-2

2 C-2RB-1 8.7 10-3 < 2 10-1

2 C-2RB-23 5.8 10-3 < 1 10-1

M-PMB-6 1.8 10-2 < 9 10-2

R-PMB-20 1.6 10-2 < 4 10-1

1 AMS I-129 

*2 ά
Σέ , 2 .

1 AMS I-129 

*1 SARRY II Bq/cm3.

AMS



2.6 
I-129 

Â I-129 

֙ I-129 I-129 
*1

Â ICP-MS/MS 

֙ ICP-MS/MS 10πнBq/g *2

֙ 10-10 I-129/I-127 *3

Â AMS I-129/I-127 

Â AMS 1

֙

Â ICP-MS/MS AMS 

*1  Σ ά  129 Σέ , 42, 56ς58 (2013).
*2 Σ έ 129I 36Cl Σέ 2023 , 1H12 (2023).
*3 Matsuedaet al., Mass-spectrometric determination ofiodine-129 using  O2ςCO2 mixed-gas reaction ininductively coupled plasma tandem quadrupole mass 

spectrometry,  Analytical Science, 38, 1371-1376 (2022).



2.6 

Â

֙ *1 Co-60 Ni-63 Sr-90 Mo-93 Zr-93
Nb-93m Nb-94 Tc-99  Ru-106 Ag-108m Sb-125 Sn-126 Cs-134 Cs-137 Eu-154 U Np-237 Pu

Am-241 Cm-244 

Â Cs-137  1

֙ I C 

֙ Cs-137

Â 1

֙ H P.85

֙

1  

2023 2024 2025

1  

Cs-137 Cs-137

*1 Σ ά Σέ 
112 , 2023 3 30 .



2.6 

Â 1

֙ Si O Si Al 

֙ Ti

Â HF HF  2

Ag 

1  

KURION

H

AGH

TSG

SARRY
IE96

IE911

2  



2.6 

Â HF

Â

1

֙
1  

Â

֙  Cl 
HF

*1

Co Ni Sr Zr Nb Mo Ru

1 100.0 130.9 32.5 98.2 99.3 108.7 99.6

2 1.0 - 64.2 0.6 - - -

Ag Sn Sb Cs Eu*3 Re*4 U

1 98.0 97.6 94.4 12.9 1.2 99.5 97.6

2 - - - 84.3 100.1 - -

1  *2 (%)

*1 H Ag NO3 . *2 . *3 . *4 Tc .

1  



2.6 
Cs 

Â HF- 1 ς 2 1
Cs Cs 

֙ pH Cs AMP
AMP-PAN

Â H 1 2 1  

֙ 1 2 Cs AMP-PAN 
1

Co Ni Sr Zr Nb Mo *2 Ru

1 HFς 97 99 91 101 100 * 101

2 ς 105 - 98 104 - * -

Ag Sn Sb Cs Eu*2 Re*3 U

1 HFς 100 99 99 105 100 99

2 ς - - - 99 - -

1   *1 (%)ᵔׁ

CsйЅрˢAMP-PANx
1 mL

1 mol/L ▒ 10 mL

ᵃׁ ׁ

ᾕ
ˢICP-MSx

ᾕ
ˢICP-MSx

AMP-PAN
1 mL

1 Cs 

*1 Φ  ά-έ HF- 2
. 

*2 AMP AMP-PAN .
*3 .
*4 Tc .



2.6 

Â 1

* . Mo AMP-PAN .

1 


