
   

 

 

 

☿fi♃כ  

27 2015 2024  

 

 

 

 

 

 

 

 

 

10  

☿fi♃כ 

 

 

 

 



   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1 

 

 

│∂╘⌐ ................................ ................................ .....................  6 

☿fi♃כ  10 ─№╝╖ ................................ .................  7 

⌐⅔↑╢ ⌐≈™≡ ................................ ..............................  8 

─  ................................ ................................ ...................  9 

 ................................ ................................ ....................  10 

ₒ ₓ ................................ ................................ ..........  10 

─√╘─ ─ ─  

╩▬ⱬכ◘ ™√⸗♬♃ꜞfi◓ⱳ☻♩ ─  ...............................  11 

╩▬ⱬכ◘ ™√ ─  ................................ ............  12 

♩ꜞ♅►ⱶ ─  ................................ ..............................  13 

╩ ™√ ─ ♩ꜞ♅►ⱶ  ................................ ........  14 

♩ꜞ♅►ⱶ─  ................................ ..............................  15 

⌐⅔↑╢ ─◦Ⱶꜙ꜠כ◦ꜛfi  ................................ .  16 

⸗♬♃ꜞfi◓ ⌐ ∆╢√╘─ ─ ה ─  

╩▬ⱬכ◘ ™√ ⌂ ⌐╟╢Ᵽ♇◒◓ꜝ►fi♪ ─  ...................  17 

─ ה ⌂ ─  

ⱬכ♃ ─  ................................ ..............................  18 

─  

─ ⌐ ↑√ ICP- MS ─  ................................ ....  19 

☿ꜟ╩ ™√ OBT ─  ................................ ....................  20 

┘ ─ ⌐ ∆╢  

◒ꜞⱪ♩fi 85 ─  ................................ ...........................  21 

⌐ ↑√ ≤ ┼─  

⌐ ↑√ ┌ↄ ─ ≤ ┼─  .......................  22 

Ⱬꜞ⌐╟╢ ה ─  

⌐╟╢ ⅛╠─ ─  ................................ ............  23 

ה ─  

≢─ ─ ROV⁸PSF  ................................ ................  24 

─ ╩ ╕ⅎ√⸗♬♃ꜞfi◓♦כ♃─ ה ⌐ ∆╢  

─⸗♬♃ꜞfi◓ⱳ☻♩ ≤ ─ ................................ .......  25 

⸗♬♃ꜞfi◓⌐⅔↑╢ ─ ⌐ ∆╢  .........................  26 

⸗♬♃ꜞfi◓⌐⅔↑╢ ☿◦►ⱶ 137 ─  .......................  27 

☿fi♃כ ⌐⅔™≡ ⇔√ ─ ☻♩꜡fi♅►ⱶ ⱪꜟ♩♬►ⱶה90  ...  28 

⸗♬♃ꜞfi◓ ─ ה ⌐ ∆╢  

─ ─  ................................ ..................  29 

─ ╩ ⇔√ ┌ↄ ─ꜟכ♠ ה  

⌐⅔↑╢☿◦►ⱶ ≤ ⌐ ⅎ╢ ⌐ ∆╢  .......................  30 

╩ ╡ ╪∞ ◦☻♥ⱶ─  ...........................  31 



2 

 

⁸◖◔ ─ ╩ ⅛⇔√ ─ ה  

⁸◖◔╩ ™√ ☿◦►ⱶ ┼─ ................................ .......  32 

⌐⅔↑╢ ─┌ↄ  

─ ☿◦►ⱶ  ................................ ..............................  33 

ₒ ה ₓ ................................ ................................ ........  34 

─ ─  

⌐⅔↑╢ ─  ................................ ....................  35 

⅜ ⇔√ ⌐⅔↑╢ ─  ................................ ..........  36 

─ ⌐⅔↑╢  ................................ .  37 

ה ─ ─ ⌐ ∆╢  

─ ⌐ ∆╢ ≤∕─ ⌐ ∆╢ ................................ .......  38 

⅜ ─ ⌐ ∆╢ ⌐ ⅎ╢  ................................ ...  39 

☿◦►ⱶ─  ................................ ..........................  40 

─ ה  

ה ─  ................................ ......................  41 

─√╘─ ◦Ⱶꜙ꜠כ◦ꜛfi⌐ ≠™√  

◦☻♥ⱶ RESET─ ≤  ................................ ...............  42 

─ ⌐ ∆╢  

⌐⅔↑╢ ─ ╛ ─  ...............................  43 

─ ⌐ ⅜ ∂╢ ⌐ ∆╢ ⌂  ................................ ........  44 

─ ⌐ ╢ ─  

─  ................................ ........................  45 

─  ................................ ......................  46 

⌐╟╢ ─  ................................ ..........  47 

─♩כ◦  ................................ ............................  48 

─ ⌐ ↑√  ................................ ................  49 

─ ⌐ ↑√  ................................ ............  50 

─ ⌐⅔↑╢ ┌ↄ  ................................ ........  51 

╛ ─ ─ ⌐ ∆╢  

⌐⅔↑╢  ................................ ..........................  52 

⌐⅔↑╢ ─  ................................ ..............  53 

─ ┘ ⌐ ∆╢  

─  ................................ ................................ ......  54 

─ ⌐ ╢  ................................ ....................  55 

─ ⌐⅔↑╢ ─ ─  

╩ ⇔√ ⌐ ╕╣╢ ☿◦►ⱶ─  .......................  56 

⌐⅔↑╢ ╩ ╗ ─ ⌐ ∆╢  

┼─ ☿◦►ⱶ─ ⌐ ∆╢ ................................ .......  57 

⌐ ↑√ ─ ה ◦☻♥ⱶ─  

⌐ ↑√◦♫ꜞ○ ≤ ◦☻♥ⱶ─ ................................ .....  58 



3 

 

⅛╠ ⇔√ ─☿ⱷfi♩ ≤☿◦►ⱶ─  ....  59 

─ ⁸ ┘ ─ ⱪ꜡☿☻─ ≤  

ה ─ ─ Cs ─  ..........................  60 

╩ ╗ ─ ─ ה  

─◦ꜗⱨ♩ ●☻ ⌐⅔↑╢ ☿◦►ⱶ─  .....................  61 

⌐⅔↑╢  Cs ─ ┼─ ה  .......................  62 

⌐⅔↑╢ ⌐≈™≡─  

⌐⅔↑╢ ☿◦►ⱶ─ ................................ .....  63 

⌐⅔↑╢ ☿◦►ⱶ ◦Ⱶꜙ꜠כ◦ꜛfi ...........................  64 

─ ─ ⌐ ╢◦Ⱶꜙ꜠כ◦ꜛfi ................................ .  65 

─☿◦►ⱶ 137 ─  ................................ ............  66 

⌐ ↕╣√ ─ ⌂ ⌐ ∆╢  

⌐⅔↑╢ ─ ─ ╣ ................................ ............  67 

≢─ ה ⱨ꜡כ≤ ─  

≢ ⇔√ ─ ⌐ ℮ ☿◦►ⱶ─  .......................  68 

─ ⌐ ↑√Ᵽ▬○ⱴ☻─ ⌐ ∆╢  

Ᵽ▬○ⱴ☻─ ⌐ ℮☿◦►ⱶ  ................................ ..............  69 

Ᵽ▬○ ─ ⌐ ∆╢  ................................ ........................  70 

⌐⅔↑╢ ─ ⌐ ╢▪fi◔כ♩ ................................ .....  71 

─ ─ ─כ♃ꜞ╢↑⅔⌐ ☿◦►ⱶ  .........................  72 

⌐⅔↑╢Ᵽ▬○ⱴ☻ ┘◦☻♥ⱶ─  

Ᵽ▬○ⱴ☻─ⱷ♃fi ⅔╟┘Ᵽ▬○ ⌐⅔↑╢ ☿◦►ⱶ─  .........  73 

Ᵽ▬○ⱴ☻●☻ ─ ─  ................................ ..........  74 

Ᵽ▬○ⱴ☻ ⌐⅔↑╢ ☿◦►ⱶ─  ...............................  75 

ₒ ₓ ................................ ................................ ............  76 

─ ⌐⅔↑╢ ─ ┘ ⌐ ∆╢  

╩ ╣╢ ⌐⅔↑╢ ☿◦►ⱶ─ ................................ .......  77 

⅛╠ ┼⁸ ╩ ⇔≡ ☿◦►ⱶ─ │≥─←╠™ .............................  78 

≤ ╡ ⌐⅔↑╢ ≤ ─  ...........................  79 

─ ─ ☿◦►ⱶ ─ ................................ .......  80 

─ ─ ☿◦►ⱶ 137 ≤ ≤─  ...............................  81 

⌐⅔↑╢☿◦►ⱶ 137─ ⅛↑─ Kd≤∕─ ⌐≈™≡ ............................  82 

─ ─ ☿◦►ⱶ ⌐≈™≡ ................................ ........  83 

☿◦►ⱶ 137⌐⅔↑╢ ─ ≤ ─ ─  ................................ .  84 

─ ⌐⅔↑╢ ☿◦►ⱶ ─ ⌐≈™≡ ................................ .  85 

⌐⅔↑╢ ☿◦►ⱶ ─ ................................ .....  86 

─ ☿◦►ⱶ ⌐ ╢ ⸗♦ꜟ╩ ™√◦Ⱶꜙ꜠כ◦ꜛfi ...................  87 

⌐⅔↑╢ ☿◦►ⱶ ─  ................................ .  88 

⌐⅔↑╢ ─ ⌐ ∆╢  

⌐⅔↑╢ ☿◦►ⱶ─ ≤  ................................ ..................  89 



4 

 

┼─ ☿◦►ⱶ ⌐ ∆╢  ................................ ..............  90 

⌐⅔↑╢ ┘ ┼─ ─ ⌐ ∆╢  

⌐⅔↑╢ ☿◦►ⱶ─ ⌐ ∆╢ ................................ .....  91 

⌐⅔↑╢ ☿◦►ⱶ─ ⌐ ∆╢  ................................ ...  92 

⌐⅔↑╢ ☿◦►ⱶ─ ⌐ ∆╢  ................................ ...  93 

─ ─  

⌐⅔↑╢ ─ ⌐≈™≡ ................................ ........  94 

─ ☿◦►ⱶ  

╩ ☿◦►ⱶ ─ ⌐ ∆╢ ╖ ................................ ........  95 

─≢ꜟכ◔☻ ☿◦►ⱶ─ ≤ ─  

♄ⱶ ⌐⅔↑╢ ☿◦►ⱶ ─  ................................  96 

☿◦►ⱶ─ ≤  

⌐⅔↑╢ ─ ☿◦►ⱶ ≤ ─  ................................ .  97 

┼─ ☿◦►ⱶ  ................................ ......................  98 

⸗♦ꜟ─  

⌐⅔↑╢◦Ⱶꜙ꜠כ◦ꜛfi ─ 10  ................................ .........  99 

┘ ⌐⅔↑╢ ⸗♦ꜞfi◓................................ ......  100 

─ ─  

⸗♦ꜟ⌐╟╢ ≢─ ─  ................................ .........  101 

─ ╩ ⌐ ℮ ◦☻♥ⱶ─  ................................ ..  102 

⌐ ∆╢ ─ ⌐ ∆╢  

♠◐ⱡ꞉◓ⱴ≤▬ⱡ◦◦─ ☿◦►ⱶ ─  ..............................  103 

▬ⱡ◦◦─ ☿◦►ⱶ ≤ ─ ................................ ......  104 

♠◐ⱡ꞉◓ⱴ─ ⌐⅔↑╢ ☿◦►ⱶ ─ ™ ............................  105 

♠◐ⱡ꞉◓ⱴ─ ≤ ─ ─  ................................ .........  106 

♠◐ⱡ꞉◓ⱴ─ ⁸ ⁸⅔╟┘ ─ ☿◦►ⱶ  ..............................  107 

─☿◦►ⱶ 137 ─⸗♬♃ꜞfi◓ ................................ ...................  108 

▬ⱡ◦◦─ ─☿◦►ⱶ 137 ≤ ⌐ ╕╣╢☿◦►ⱶ 137─ ─  ....  109 

▬ⱡ◦◦ ⌐ ╕╣╢☿◦►ⱶ 137 ─ - ≤ -  ......  110 

ⱷ♃Ᵽכ◖כ♦▫fi◓⌐ ≠ↄ▬ⱡ◦◦─  ..............................  111 

⌐ ∆╢▬ⱡ◦◦─  ................................ .................  112 

⌐⅔↑╢▬ⱡ◦◦ ─ ☿◦►ⱶ ─⸗♬♃ꜞfi◓ ................  113 

⌐⅔↑╢ ─☿◦►ⱶ 137─⸗♬♃ꜞfi◓ ................................  114 

⌐⅔↑╢◐☺( Phasianus colchicus )─ ................................ .....  115 

Ⱪ♃⌐⅔↑╢ ≢─ ☿◦►ⱶ  ................................ .............  116 

▬ⱡ◦◦─  ................................ .............................  117 

▬ⱡ◦◦─ ─  ................................ .......................  118 

◕ꜟⱴ♬►ⱶ ┘ ⌐⅔↑╢ ─  ..............  119 

⌐⅔↑╢ ─ ┘ ⌐ ∆╢  

▬ⱡ◦◦─  ................................ ................................ ...  120 



5 

 

⌐⅔↑╢ ─ ⸗♬♃ꜞfi◓ 

⌐╟╢  ................................ .......................  121 

─ ≤  ................................ ...............................  122 

ₒ ₓ ................................ ................................ ...........  123 

┼─ ▪ⱪ꜡כ♅⌐╟╢ ⌂ ⱦ☺ꜛfi─  ............................  124 

⌂ ─ ⱪ꜡☿☻⌐ ∆╢  ................................ ..............  125 

⌂ ⌐ ↑√ Ᵽ▬○ⱴ☻ ⌐╟╢ ≠ↄ╡ ─  ............  126 

⌐ ∆╢ ה ╩ ∆╢ ה ◦☻♥ⱶ─  ................  127 

ה ⌐ ↑√ ─ ה ◦☻♥ⱶ  

─ ⱴⱠ☺ⱷfi♩◦☻♥ⱶ─ ⱴⱠ☺ⱷfi♩♠כꜟ Sai- hai ─ ≤  ...  128 

─ ⱴⱠ☺ⱷfi♩◦☻♥ⱶ─ ─ ≤ ─  ........  129 

⌐⅔↑╢ ─ⱴⱠ☺ⱷfi♩  

╩ ™√ ─  ................................ ...........  130 

⌐⅔↑╢ ⌐╟╢ ─ ה  ........................  131 

─ ꜞ☻◒ ⌐ ↑≡ ................................ ......  132 

─ ⌐ ∆╢  

⌐⅔↑╢ ─ ┘∕─ ................................ ......  133 

≥fiכ꜡♪ ╩ ™√ ⌐⅔↑╢ ─ fiꜞה ─  ........  134 

⸗♦ꜟ─  ................................ ...........................  135 

⌐⅔↑╢ ─  ................................ ...................  136 

╩ ⇔√ ◄Ⱡꜟ◑כ ה ─  ............................  137 

⌐ כ♄ꜟⱱ◒כ♥☻√↑ ⅔╟┘ ─ⱪꜝ♇♩ⱨ◊כⱶ  ..................  138 

⌂ ─ ⌂ ─ ╡ ⌐ ∆╢  

─ ─  ................................ ................................ ...  139 

₈ ↕≤╦⅛╡╛∆↕₉─ ≤  ................................ ...................  140 

◄Ⱡ ─ ⌐ ↑√⸗♦ꜟ─  ................................ ...................  141 

⌐ ↑√ ─  

™╦⅝ ⌐⅔↑╢ ─ ⌐╟╢ ─ ................................ ....  142 

ה ꜞ☻♩ ................................ ................................ .....  143 

 ................................ ................................ ...................  148 

ⱨ▼כ☼ ⱨ▼כ☼ ⌐⅔↑╢ ─  ................................ ..........  149 

╕≢─ ⌂ ⅝ ................................ ...................  157 

 



 6  

│∂╘⌐ 

☿fi♃⁸│כ ─⌂™ ⅛╠─ ─ ≤ ⌐ ↑⁸₈⸗♬♃

ꜞfi◓₉⁸₈ ₉⁸₈ ה ₉ ┘₈ ה ה ₉╩ ℮ ⌂

≤⇔≡⁸ 27 10 ⌐ ⅜ ≢─ ╩ ⇔⁸ 28 ⌐◓ꜝfi♪○כⱪfi

⇔╕⇔√⁹ 

⁸ ₈ ₉≤™℮⁹ ≤ ⌐ ∆╢

₈JAEA₉≤™℮⁹ ┘ ₈NIES₉

≤™℮⁹ ─ ⅜ ⇔≡⁸₈ ₉⁸₈ ה ₉⁸₈ ₉⁸₈ ₉

─ ≢ ╩ ⇔≡⅝╕⇔√⁹ 

↓╣╠─ ─ ⌐≈™≡│⁸ ╛ ⁸ ─ ⌐ ↕╣≡™╢╒⅛⁸

╛◦fiⱳ☺►ⱶ⁸ ≤─ ▬ⱬfi♩╩ ∆╢⌂≥⁸ ─

⌐ ∆╢╟℮⁸ ⌐ ╡ ╪≢⅝√≤↓╤≢∆⁹ 

╕√⁸ ╛ ╩ ∂≡ ╛ ╩ ═╢ ₈◖Ⱶꜙ♃fi ₉⌐

⅔™≡╙⁸↓╣╕≢ ─ ╩ ⌐ 70 ╩ ⅎ╢ ╩⅔ ⅎ∆╢ ≢⁸

╩ ⅛╡╛∆ↄ ⇔≡⅝╕⇔√⁹ 

↓─₈ ☿fi♃כ ₉│⁸↓℮⇔√ ☿fi♃כ⌐⅔↑╢

⁸JAEA ┘ NIES─ 27 ─ 10 ─ ⌐≈™≡≤╡╕

≤╘√╙─≢∆⁹ 

↓╣╠─ ╩ ╘╢⌐№√╡⁸ ╛ ⁸ ─ ₁ ⌐ ⌂╢

≤ ╩™√∞⅝╕⇔√⁹╕√⁸ IAEA ╛ ─ ⁸

Ɫ▬♥◒ⱪꜝ◙ ─ ⅛╠│⁸ ─╙≤⁸ ↄ─ ╛ ╩™√∞

⅝╕⇔√⁹↓↓⌐ ↄ ⇔ →╕∆⁹ 

⁸ ⅛╠⁸ ─ ⅜ ₈F- REI₉≤

™℮⁹ ⌐ ↕╣╢↓≤⌐ ™⁸ ⁸JAEA⁸NIES ┘ F- REI ₈ ₉≤™℮⁹ ⌐

╟╢ ה ╩ ⌐ ⇔╕⇔√⁹ 

↓╣╩ ↑⁸ ⌐ √⌐ ⇔√₈ ☿fi♃כ ₉

≢│⁸↓╣╕≢─ ╩ ╕ⅎ≈≈⁸ ↕╣√ ⌐ ⇔≡™ↄ√╘⁸ ╩₈

ה ₉⁸₈ ה ₉⁸₈ ₉─ ≈─ ⌐ ⇔√≤↓╤≢№

╡⁸ ╙⁸ ⌐╟╢ √⌂ ה ─ ⁸∕╣∙╣─ ╖╩ ⅛⇔≈≈⁸

≢ ∆╢ ₁⌂ ≤╙ ⇔⌂⅜╠⁸₈ ה ⅛╠─

⌐╟╢ ה ╩ ╕ⅎ√⁸ ⇔™ ⌐ ╕╣√ ⌂ ─ ₉─√╘

─ ╩ ⌐ ⇔≡╕™╡╕∆─≢⁸ ─ ⁸ ╩╟╤⇔ↄ⅔ ™™

√⇔╕∆⁹ 

 

☿fi♃כ   
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☿fi♃כ  10 ─№╝╖ 

 

☿fi♃כ─ ≢│⁸10 2015 2024 ─ ≢

№╢₈ ☿fi♃כ ₉⌐ ≠⅝⁸₈ ⌐ ↕╣√ ─

ה ₉≤₈ ⅜ ⌐╦√╡ ⇔≡ ╠∑╢ ⇔ↄ ⅛⌂ ─ ₉⌐

╡ ╪≢⅝╕⇔√⁹ ─ ⌐№√╡⁸₈ ₉⁸₈ ה ₉⁸₈

₉ ┘₈ ₉─ ≈─ ╩ ↑⁸∕╣∙╣ ⌐╟╢ ה ─╙≤ ╡

╗≤≤╙⌐⁸ ☿fi♃כ─ ⅜ ─⌂™╙─≢№╢↓≤╛ ─ ╩

⇔⁸10 ╩ⱨ▼כ☼ 2015 2018 ⁸ⱨ▼כ☼ 2019 2021 

⁸ⱨ▼כ☼ 2022 2024 ─ ≈─ⱨ▼כ☼⌐ ↑≡⁸ ⌂ ╩

⇔ ╡ ╪≢⅝╕⇔√⁹ 

ⱨ▼כ☼ ≢│⁸ ─ ⁸ ┘ ⌐ ↕╣√ ─

⁸ ─ ⁸ ─ ⌐ ∆╢ ─ ┼─ ╩ ⇔≈

≈⁸ ─ ⌐ ∆╢ ⌐╙ ╡ ╖╕⇔√⁹ 

ⱨ▼כ☼ ≢│⁸ ╩ ↄ ─ ╛ ⌐ ≠ↄ ─

⁸ 2018 ⌐⅔™≡⁸₈ ₉─ ╩

∆↓≤⅜ ∟ ↕╣╢ ─ ─ ╩ ⌐⁸ ⌐ ↕╣√ ─

┘ √⌂ ─ ╩╟╡ ∆╢√╘⁸ ╛ ─ ⌐ ⅝╩

⅝ ⌐ ╡ ╖╕⇔√⁹ 

ⱨ▼כ☼ ≢│⁸ALPS ┼─ ⁸ ⌐⅔↑╢ ─ ה

┼─ ╛ ⌐ ↑√ ⁸₈ ─ ⌐ ↑√ ─

⌐ ∆╢ ₉─ ⁸₈ 2050 ꜟꜝ♩כꜙ♬Ⱳfiכ◌ ₉ ─

─ ╩ ⌐⁸ ⅛╠╟╡ ⌐ ∫≡⁸ ⌐⅔™≡╙

⇔≡ ⌐ ╠∑╢ ≠ↄ╡⌐ ↑≡⁸ ─ ╩ ╘⁸ ─ ה

─ ≤⌂╢ ⌐ ╡ ╖╕⇔√⁹╕√⁸↓╣╠─ ╩ ∆╢√╘⁸

─ ╖⌐≤╠╦╣⌂™ ▪ⱪ꜡⁸≡⇔≥♅כ ╩ ╙ⱴכ♥√⇔ ⇔⁸

⌐ ╡ ╖╕⇔√⁹ 

↓╣╠─ ╩ ⇔≡⁸ ─ ┘ ─ ⁸ ┌ↄ ─

ꜟ♦⸗ה ⁸ ╛ ⌂ ─ ⁸ ─ ⌂ ╛

╩ ╘√ ─ ⁸ ─ ╛Ᵽ▬○ⱴ☻ ─ ⁸

┘ ┼─ ─ ─ ⁸ ⸗♦ꜟ─ ┘

┼─ ⁸ ⸗♦ꜟ─ ⁸ ה

╛ ה ╛ ⌂≥ ╩ ⇔√ ┼─

┘ ─ ╛ ╩ ∆ ╖─ ─ ⅜ ╠╣⁸ ╛

─ ⌐ ↕╣√╒⅛⁸ ─ ₁⌂ ⌐ ≡╠╣╕⇔√⁹ 

─ ─ ⌐≈™≡│⁸ ╩↔ ↄ∞↕™⁹ 
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⌐⅔↑╢ ⌐≈™≡ 

 

≢│⁸ ─ ╩ ⇔╕∆⁹╕√⁸ ─Ɑכ☺⌐⅔™≡│☻Ɑכ☻

─ ⅛╠ ⇔≡ ⇔╕∆⁹ 

 
 ≢ ∆╢ ∆╢  

ⱱכꜟ♦▫fi◓☻  

 

 

 

ⱱכꜟ♦▫fi◓☻  

 

 

 

 ⌐⅔↑╢  

 

⌂⅔⁸ ⌐⅔™≡⁸ ╛ ⁸ ⁸▬○fi ⁸ │

⌐ ≤⇔╕∆⅜⁸ ─Ɑכ☺⌐⅔™≡│☻Ɑכ☻─ ⅛╠⁸ ╛

╩ ⇔≡ ⇔╕∆⁹ 

 
ה  ה    

☿◦►ⱶ Cs ◔▬  Si  

☿◦►ⱶ 134 134Cs ☻♩꜡fi♅►ⱶ Sr 

☿◦►ⱶ 137 137Cs ⸗ꜞⱩ♦fi Mo 

☿◦►ⱶ RCsהrCs  Ᵽꜞ►ⱶ Ba 

♫♩ꜞ►ⱶ Na ⱴ◓Ⱡ◦►ⱶ▬○fi Mg2+ 

ⱴ◓Ⱡ◦►ⱶ Mg ▪fi⸗♬►ⱶ▬○fi NH4  

 S ⱨ♇ ▬○fi F-  

 Cl ▬○fi Cl-  

◌ꜞ►ⱶ K ▬○fi Br-  

◌ꜟ◦►ⱶ Ca ▬○fi HCO3-  

☻◌fi☺►ⱶ Sc ▬○fi NO2-  

Ᵽ♫☺►ⱶ V ▬○fi NO3-  

◒꜡ⱶ Cr ▬○fi SO4
2-  

ⱴfi●fi Mn ꜞfi ▬○fi PO4
3-  

 Fe ◔▬  SiO2 

◖Ᵽꜟ♩ Co й  Fe2O3 

♬♇◔ꜟ Ni ▪ꜟⱵ♬►ⱶ Al 2O3 

 Cu ◌ꜞ►ⱶ K2O 

 Zn ◌ꜟ◦►ⱶ CaO 

☿꜠fi Se ⱴ◓Ⱡ◦►ⱶ  MgO 

ꜟⱦ☺►ⱶ Rb ⱴfi●fi MnO 

◕ꜟⱴ♬►ⱶ Ge ♅♃fi к  TiO2 

β ⌂╙──╖ ⇔≡⅔╡╕∆⁹



 9  

─  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

╩ ∫√  ╩ ∫√ ⱨ▼כ☼  

♃▬♩ꜟ ╩ ⇔√  

─ ה  

╩ ∆╢☻Ɑכ☻⅜⌂™ ⁸

₈ ꜞ☻♩₉⌐  
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╩▬ⱬכ◘ ™√⸗♬♃ꜞfi◓ⱳ☻♩ ─  

 

 

 

 │∂╘⌐ 

 ≢│ ┘

⅛╠ ⌡ 30 km╕≢─ ⌐

⅔™≡⁸⸗♬♃ꜞfi◓ⱳ☻♩⌐╟╢ ─

╩ ⇔≡™╢⁹ ⅜ ⅝ↄ ⇔√

│ ⌐ ∂≡ ╩ ∆╢⅜⁸ ─

≢ ─ ⌂ ╩ ∆╢↓≤⅜

─√╘⌐ ≢№╢≤ ⅎ╠╣╢↓≤⅛╠⁸⸗

♬♃ꜞfi◓ⱳ☻♩ ─ ╩ ∆╢

√╘⁸ ╩▬ⱬכ◘ ™≡ ╩ ⇔√⁹ 

 

  

▬ⱬכ◘ ⌐│Ᵽ♇◒Ɽ♇◒ KURAMA

Kyoto University RAdiation MApping system -

и [ 1]╩ ⇔√⁹ ⌐│ ⱱ♩♬◒☻

C12137- 4034 C12137- 01─ ╩ ™

√⁹ │ ≤⇔√⁹ 

│⸗♬♃ꜞfi◓ⱳ☻♩ ─ 100 m

╩ ≤⇔√⅜⁸ ⌐╟╢ ┼™⌂≥⌐╟

╡⁸ ⅛╠ ↕╣╢●fiⱴ ⅜⸗♬♃ꜞfi◓ⱳ

☻♩╕≢ ⇔⌂™≤ ⅎ╠╣╢ │ ™√⁹

 │ 2022 12 ⅛╠ 12 21 ⌐⅛↑≡

⇔√⁹ 

 

 ≤  

 ⸗♬♃ꜞfi◓ⱳ☻♩ 39 ─℮∟⁸EPZ

⅛╠ ⌡ 10 km ─ 23 ⌐⅔™≡ ╩

⇔√⅜⁸℮∟ ≢│ ─ ╩ ╕

ⅎ≡ ╩ ⇔⌂⅛∫√√╘⁸21 ─

╩ √⁹ │ ─ ⌐ ∂

≡ ↑⇔√ ⌐ Google Earth ─ ≤ ⌡

╦∑⁸ⱴ♇ⱪ ⇔√⁹ │ ─ ╩

⇔√╙─≢№╢⁹ 

 ⌐╟∫≡│⸗♬♃ꜞfi◓ⱳ☻♩─ 100 m

≢ ⅜ ⌐ ╙☻כ◔╢™≡⇔

↕╣⁸ ─ ≢╙ ⌂

─ ⅜ ≢№╢≤ ⅎ╠╣√⁹ 

 

 

[1]  Tanigaki M. et al. :  Development of KURAMA-

II and its operation in Fukushima .  Nucl. 

Instrum. Methods Phys., A 781, 57 Έ64 (2015).

 ⸗♬♃ꜞfi◓ⱳ☻♩ ─ ⱴ♇ⱪ─  
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╩▬ⱬכ◘ ™√ ─  

 

 

 

 │∂╘⌐ 

 ≢│⁸ ⌐⅔↑╢ ⁸

─ ─ ╩ ∆╢√╘⁸

╩ 2 km ⌐ ⇔√₈ ⸗

♬♃ꜞfi◓הⱷ♇◦ꜙ ₉╩ ⌐ ⇔≡™

╢⁹↕╠⌐⁸ ─ ≤ ⇔≡

⅜ ™ ╛ ─ ⅜ ╛⅛⌂ ⌂≥⅜ ╠

╣≡™╢↓≤⅛╠⁸╟╡ ⌐ ╩ ⇔⁸

─ ה ─ ⌐≈⌂→╢↓≤╩ ≤⇔≡⁸

╩ ≤∆╢ 1 km ╩ ⌐ 100 m

⌐ ⇔⁸ ─ ≢♃כⱬ▬ⱷכ◘╩ ∆

╢↓≤⌐╟╡₈ ⸗♬♃ꜞfi◓הⱷ

♇◦ꜙ ₉[1] ₈ⱷ♇◦ꜙ

₉≤™℮⁹ ╩ ⇔≡™╢⁹ 

 ⱷ♇◦ꜙ ─ ⌐⅔™≡⁸1 km ─

≢╙ ─ ⅜ ™ 2023 0.2

1.1ɡSv/h⅜ ⇔≡™√↓≤⅛╠⁸

⌐⅔↑╢ ╩ ⌐ ⌐ ∆╢↓≤╩

≤⇔≡⁸ ─ ┘ כ◘

ⱬ▬⌐╟╢ ─ ╩ ⇔√⁹ 

 

  

 ⌐⅔↑╢ 2018 2023 ─ⱷ♇◦ꜙ

╩ ™≡⁸100 m ↔≤⌐

╩ ⇔√⁹Ᵽ♇◒◓ꜝ►fi♪ ╩ ⇔⁸

╩ ⌐ ⇔√ ⁸x ╩ ⁸

y ╩ ≤⇔√≤⅝─ ─ ⅝⅛╠

╩ ⇔√⁹

2024 11 22 ⌐⁸ ▬ⱬכ◘ KURAMA

Kyoto University RAdiation MApping system -

и╩ ™≡ ─ ╩ ≢ ⇔⁸

─ ╩ ⇔√⁹ │

1 ≤⇔√⁹ 

│ⱷ♇◦ꜙ ≤ ∂ⱷ♇◦ꜙ ≢

⁸ ┘ ╩ ⇔⁸ⱷ♇◦ꜙ

≤ ∂ ≢ⱴ♇ⱪ ♃כ♦⁸⌐╠↕⁹√⇔

⅜ 30 ─ⱷ♇◦ꜙ⌐≈™≡│ ╩ ⇔⁸

ⱴ♇ⱪ ⇔√⁹ 

 

 ≤  

 100m ↔≤─ │ 2.5 ⅛╠- 25.1

─ ≢№∫√⁹ⱴ♇ⱪ ⇔√ ─▬ⱬכ◘

⅛╠⁸1 km ⌐⅔↑╢ ─

┘ 100 m ─ ⌐⅔↑╢

─┌╠≈⅝─ ⅝↕⅜ ╠⅛≤⌂∫√⁹ⱷ♇◦ꜙ

⌐⅔™≡│⁸╦∏⅛⌂ ─∏╣⌐╟

∫≡╙ ⅜ ⅝ↄ ∆╢ ⅜№╢≤

ⅎ╠╣√⁹ 

 

 

[1]  ┤ↄ⇔╕ ⱳ₈♩▬◘ꜟ♃כ

⸗♬♃ꜞfi◓הⱷ♇◦ꜙ ₉

,  

https://www.pref.fukushima.lg.jp/site/portal/p

s- monitoring - mesh- syousai.html , (  2025- 9-

11). 

 100m ↔≤─ ─   100m ↔≤─ ─  
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♩ꜞ♅►ⱶ ─  

 

 

 

 │∂╘⌐ 

 ⁸ ⅜ ALPS ─ ─ ╩

⇔⁸ 24 ⅛╠ ⅜ ↕╣⁸

≢╙⸗♬♃ꜞfi◓ ╩ ⇔⌂⅜╠ ╩ ∫≡

™╢⁹ ─ ⌐ √╡⁸ ─♩ꜞ♅►ⱶ

╩ ╛⅛⌐ ה ∆╢↓≤⅜ ≢№╢↓≤⅛

╠⁸ ╟╡╙ ⌂♩ꜞ♅►ⱶ ⌐≈™≡

╩ ⇔√⁹ 

 

  

♩ꜞ♅►ⱶ─ │⁸╕∏ ⇔√

╩ ∆╢ ╩ ™⁸ ⇔√ ≤

◦fi♅꜠כ♃╩ ─ ≢ ⇔⁸ ⁸

∕─ ⁸ ◦fi♅꜠כ◦ꜛfi◌►fi♃⌐╟∫≡

─ ╩ ∆╢⁸≤™℮ ╣≢№╢⁹

─ ╩ ⌐ ∆⁹ 

⅛╠─ ⌐ ↑≡⁸ ⌐⅔™≡

╩ ∆╢₈ ₉ ┘₈ ₉─

╩ ⇔√⁹⌂⅔⁸ ≢│ ─ ⁸₈

₉─ ─╖ ∆⁹ 

╕√⁸ ⅜ ∆╣┌⁸ ╩ ≢

⅝╢ ╙№╢√╘⁸ ◦fi♅꜠כ♃─

⌐≈™≡⁸50 mL 50 mL≤ 10 mL 90 mL─

⌐≈™≡ ⇔√⁹

 ≤  

≤ ◦fi♅꜠כ♃─ │ ⌐

╟╡◌►fi♩⅜ ↄ⌂╢√╘⁸ ⌐│ ⌂

⅜ ≤↕╣≡™╢⁹∕↓≢⁸♩ꜞ♅►ⱶ╩

╒≤╪≥ ╕⌂™ ₈BG ₉≤™℮ ≤

◦fi♅꜠כ♃╩ ⇔⁸15 ⁸

10 ╩ 24 ⇔≡ ™⁸◌►fi♩─

╩ ⇔√⁹ 

╩ ⌐ ∆⁹™∏╣─ ⌐⅔™≡╙⁸

│ ™◌►fi♩╩ ∆╢⅜⁸

∆╢≤◌►fi♩⅜ ∆╢↓≤╩ ⇔

√⁹↓╣│ ⌐╟╢ [1]≤╙ ⇔≡™╢⁹ 

 

 ─  

╠╣√ │⁸⸗♬♃ꜞfi◓ ⌐

⇔⁸ALPS ─ ⸗♬♃ꜞfi◓⌐

↕╣≡™╢⁹ 

 

 

[1] ALPS ⌐ ╢ ⸗♬♃ꜞfi◓

 ₈♩ꜞ♅►ⱶ

─ ≤ ⌐≈™≡₉,  

https://www.env.go.jp/content/000094125.pdf , 

(  2025- 9- 11).  

  

  

 100 mL♥ⱨ꜡fiⱣ▬▪ꜟ 

◦fi♅꜠כ♃ Ultima Gold LLT Revvity  

◦fi♅ 

─♃כ꜠  
50 mL 50 mL 

  

♩ꜞ♅►ⱶ  

 

◦fi♅꜠כ◦ꜛfi◌►fi

♃ LSC- LB7,ALOKA⌐╟╢ⱬ

♃כ  

 500 / 50 ×17

╩ ™⁸ 10 ╩

⌐  

 0.4  Bq/L  

0

40

80

120

160

200

0 4 8 12 16 20

1
0

√
╡
─
◌
►
fi
♩

[h]

BGŋ
BGo
BGɔ
BGᴖ

0

40

80

120

160

200

0 4 8 12 16 20

1
0

√
╡
─
◌
►
fi
♩

[h]

BGŋ

 ─♩ꜞ♅►ⱶ  

 BG 24 ◌►fi♩ 

 ◦fi♅꜠כ♃ 50 ml 50 ml 

 ◦fi♅꜠כ♃ 10 ml 90 ml 
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╩ ™√ ─ ♩ꜞ♅►ⱶ  

 

 JAEAה

 

 │∂╘⌐ 

 ☿fi♃כ ≢│⁸

╩ ⇔√ ♩ꜞ♅►ⱶ ─ ╩ ⇔

≡⅔╡⁸ ╩ 0.03 0.06 Bq/L ╕≢

↕∑╢↓≤⅜≢⅝√[1]⅜⁸ ≤⌂╢

╙№╢⁹ ≢│⁸♩ꜞ♅►ⱶ─ ⌐

∆╢√╘⁸ ♩ꜞ♅►ⱶ─ ─

╩ ≤∆╢⁹ 

 

  

з 12 ⌐ ≢ ⇔

√ ⌐≈™≡⁸ ╩ ™≡⁸

(1,000 mL or 2,000 mL) ┘ (500

/  or 2,000 / ) ⌐ Ɽ♃כfi─

≢♩ꜞ♅►ⱶ ╩ ℮≤≤╙⌐⁸

╩ ⇔√⁹ 

и з─ ╩ ╕ⅎ⁸ 12 ⌐ ≢

⇔√ ─ ╩ ∫√⁹ 

 

 ≤  

з─ ╩ ⌐ ∆⁹ ↕╣√ (Ɽ♃

│≢(fiᵑכ ≢ ≤⌂∫√⅜⁸

⁸ ┘∕─ ╩ ∫√

Ɽ♃כfi─ ≢│ ≡─ ≢♩ꜞ♅►ⱶ─

⌐ ⇔√⁹ 

Ɽ♃כfi⌐⅔↑╢ ╩ ⌐ ∆⁹⌂⅔⁸

─ ⌐ √╡⁸ ◄כꜞ♃כ꜡│

Ᵽⱳ꜠כ♃ ≢ √╡ 1,000 mL ⁸ │

11◘fiⱪꜟ(BG 1 ◘fiⱪꜟ +  10 ◘fiⱪꜟ)

≤⇔√⁹ ┘ ⌐ ∆╢ ⅜⁸

⌐╟╢♩ꜞ♅►ⱶ ─ ┼─ ⅜

⅝™↓≤⅜╦⅛╢⁹ 

↓─ ╩ ╕ⅎ⁸Ɽ♃כfiᵑ ┘ᵒ─ ≢и

╩ ∫√≤↓╤⁸Ɽ♃כfiᵑ≢│ ≢

≤⌂∫√⅜⁸Ɽ♃כfiᵒ≢│ ≡─

≢ ⌐ ⇔√⁹ 

⌐⅔™≡⁸ ≤ │♩ꜞ

♅►ⱶ ─ ⌐ ∆╢Ɽꜝⱷכ♃≢№

╡⁸ ⌐ ∆╢↓≤≢ ─♩ꜞ♅►ⱶ

╩ ≢⅝╢╟℮⌐⌂╢⁹ ≢⁸ ╩ ↄ

∆╢╒≥ ⌐ ∆╢ │ ↄ⌂╢√╘⁸

─ ⌐ ∂≡⁸ ⌂ ╩ ∆╢↓

≤⅜ ≢№╢⁹ 

 

 

[1]  : ╩ ⇔√ ─♩ꜞ

♅►ⱶ .  ☿fi♃כ

  ,  

https://www.fukushima -

kankyosozo.jp/2022seikahoukoku/ , (  2025- 9-

11).

 Ɽ♃כfi⌐⅔↑╢♩ꜞ♅►ⱶ  

┘ ( Bq/L)  

 Ɽ♃כfi≤ ( )─  

0 20 40 60

Ɽ♃כfiᵑ

1,000 mL

500

Ɽ♃כfiᵒ

1,000 mL

2,000

Ɽ♃כfiᵓ

2,000 mL

500

Ɽ♃כfiᵔ

2,000 mL

2,000

( )

ה

3H 3H

A 0.063±0.0130.039 0.061±0.0060.019

B 0.065±0.0130.040 0.060±0.0070.020

C N.D. 0.040 0.053±0.0070.020

D N.D. 0.039 0.039±0.0070.020

3H 3H

A 0.067±0.0100.029 0.057±0.0050.014

B 0.050±0.0070.022 0.048±0.0040.011

C 0.039±0.0110.034 0.038±0.0060.017

D 0.039±0.0070.021 0.051±0.0040.011

Ɽ♃כfiᵑ
1,000 mL⁷500

Ɽ♃כfiᵒ
1,000 mL⁷2,000

Ɽ♃כfiᵓ
2,000 mL⁷500

Ɽ♃כfiᵔ
2,000 mL⁷2,000
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♩ꜞ♅►ⱶ─  

 

 

 

 │∂╘⌐ 

 ♩ꜞ♅►ⱶ─℮∟⁸ ⌐ ╡ ╕╣√╙─╩

♩ꜞ♅►ⱶ Organically Bound Tritium ⁸

₈OBT₉≤™℮⁹ ≤ ┬⁹OBT│ ─ ╩

∆╢ ⌐ ╡ ╕╣≡™╢↓≤⅛╠⁸ ┼─

╩ ∆╢ ⌐ ≢№╢≤ ⅎ╠╣≡™╢

⁸ ⅜ ⇔ↄ⁸ ≤ ⅜⅛⅛╢√╘⁸

│ ⌐ ⌂™[ 1]⁹ 

 ☿fi♃כ ≢│⁸

₈ ₉≤™℮⁹ ⅛

╠ ╩ ↑⌂⅜╠⁸OBT ⌐≈™≡⁸

╩ ℮≤ ⌐ ─ ╩ ⇔√⁹ 
 

  

з 2021 12 ⌐ ≢ ↕╣√ ⱥ

ꜝⱷ ╩ ↕∑⁸ ⇔√⁹ ⌐

⅔™≡⁸ ⇔√ ⌐♩ꜞ♅►ⱶ

₈ T ₉≤™℮⁹⌐╟╢♩ꜞ♅►ⱶ

╩ ⇔⁸∕─ ↕∑⁸ ⇔√♩ꜞ♅

►ⱶ ╩ ⇔√ ₈ T ₉≤™℮⁹⁹

⌂⅔⁸ T │⁸Cambridge Isotope Laborato -

ries Deuterium oxide, D2O; DLM- 4

─♩ꜞ♅►ⱶ╩ ≢ ⁸ ◦fi♅꜠כ◦

ꜛfi◌►fi♃≢ ⇔√╙─≢№╢⁹ ☿fi♃כ

⌐⅔™≡⁸ ↕∑√ ╩ ⌐╟╡

⇔⁸ ╩ ⇔√⁹ T ⁸ ⁸

T ╩ ⇔⁸♩ꜞ♅►ⱶ ╩ ⇔√⁹╕√⁸

⅛╠∕╣∙╣─♩ꜞ♅►ⱶ ╩ ⇔√⁹ 

и 2024 ⌐ ┘ ≢ ⇔√

╩ ה ⁸ ⌐╟╡ ⇔⁸

╩ ⇔√⁹ ⌐ ⇔√

┘ ─♩ꜞ♅►ⱶ ╩ ⇔√⁹ 
 

 ≤  

з─ ╩ ┘ ⌐ ∆⁹ T ≤⁸

T ⁸ ┘ ♩ꜞ♅►ⱶ ─ ╩

∆╢≤⁸ ─ ╩ ⇔≡ ⌡ 84 % 90 %

─♩ꜞ♅►ⱶ╩ ⇔√ ≤⌂╢↓≤⅛╠⁸

⅜ ⌂╙─≢№╢↓≤╩ ⇔√⁹ 
 

    

 T   T  

Lot  1 

109.1±1.5 

20.3±2.3 86.9±3.9 

Lot 2  17.8±3.5 85.2±3.4 

Lot 3  16.8±2.7 81.4±3.4 

 

 T   T  

Lot  1 0.65±0.01 0.07±0.01 0.52±0.02 

Lot 2  0.66±0.01 0.06±0.01 0.51±0.02 

Lot 3  0.66±0.01 0.07±0.01 0.49±0.02 

β │⁸ ± 1ɨ  

 

и─ ╩ ⌐ ∆⁹ ⇔√ ─

⌐⅔™≡⁸ ♩ꜞ♅►ⱶ Tissue Free 

Water Tritium ⁸ ₈TFWT₉≤™℮⁹ ≤

─ OBT╩ ≢⅝√⁹╕√⁸ ⌐⅔↑╢ TFWT≤

─ OBT─ ⌐ ⅝⌂ │ ↕╣⌂⅛

∫√⁹ 

⌂⅔⁸2004 ⌐ ⇔√ ─♩ꜞ♅►

ⱶ ⌐⅔™≡⁸ ◌ ┘ ╩

╗⅜ │ ⌂╢ ≢ ⇔√ ─ TFWT

│ 0.36 1.24 Bq/L[ 2]≢№╡⁸ ─ │∕─

⌐ ╕∫≡™√⁹ 

 

    

 TFWT 

[Bq/L]  

OBT 

[Bq/L ]  

 1.05±0.14 1.03±0.23 

 0.55±0.14 0.72±0.14 

β │⁸ ± 1ɨ  

 

 ╕≤╘ 

♩ꜞ♅►ⱶ╩ ⌐ ⇔√ ╩ ™≡

⌐╟╢ OBT ╩ ⇔⁸ ☿fi♃כ⌐⅔↑╢

─ ╩ ⇔√⁹↓╣⌐╟╡⁸ ─

⅜ ↕╣√╙─≤ ⅎ╠╣╢⁹ 

╕√⁸ ≢ ⇔√ ╩ ⌐ ─

╩ ⇔⁸ ⅛╠╙ OBT╩ ∆╢↓≤⅜

≢⅝√⁹ 

 

 

[1] ─ ה ⌂ ─

⌐ ∆╢ ≤ IAEA≤─ ─ ⱪ꜡☺▼◒

♩ 2016 10 2021 ₒ

ⱪ꜡☺▼◒♩ₓ,  p.8  (2022 .  

[2] ☿fi♃כ 16  

─♩ꜞ♅►ⱶ , pp.20 - 23 (2005 .  

 ─♩ꜞ♅►ⱶ ( Bq/L)  

 ┘ ─ ─♩ꜞ♅►ⱶ  

 ─♩ꜞ♅►ⱶ ( Bq)  

β │⁸ ± 1ɨ  
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⌐⅔↑╢ ─◦Ⱶꜙ꜠כ◦ꜛfi  

 

 JAEAה

 

 │∂╘⌐ 

 10 ⌐ ⇔√ 19 ⌐╟

╡⁸ ≢ 35 ♩fi─ ⅜ ⇔

√[1]⁹ ─ ⅜ ⇔⁸ ─

∞↑≢│ ⌐ ⅜ ⇔⌂™ ╖≢№

╢ ⁸ │ ─ ⅜ ∆╢

≢─ ⌐≈™≡ ╩ ℮[2]⁹∕─ ⁸

┘ ╩ ∆╢ │⁸ ⌐⅔↑╢

┘ ∆╢ ─

─ ╩ ℮↓≤≤↕╣≡™╢[2]⅜⁸ ─

─☿◦►ⱶ 137 ╩◕ꜟⱴ♬►ⱶ ≢

∆╢⌐│ ↄ─ ≤ ╩ ∆╢⁹∕↓≢⁸

≢ ⇔√ ⅛╠ ─☿◦►ⱶ

137 ╩ ∆╢↓≤⅜ ⅛⁸⸗fi♥◌ꜟ꜡

♪כ◖ PHITS[3] (Ver.3.34) ╩ ™≡ ⇔

√⁹ 

 

  

PHITS╩ ™≡ ╩⸗♦ꜟ ⇔⁸ ─

☿◦►ⱶ 137 ≤ ─ ─

╩ ═√⁹ ╩ ─╟℮⌐ ─ ─

≢ ↕ 1 m≤⇔√ ≤⁸ ─ ⱬכ◘⌐

▬ⱷכ♃─ ╩ ╣≡ ∆╢ ╩ ⇔√⁹

™∏╣─ ≢╙ ─☿◦►ⱶ 137 │ 100 

Bq/kg ≤⇔√⁹ ─ ≢ ∆╢ │⁸

↕ 2 mm ⱦ♬ꜟ ≢ ╩ ⇔√ ╩⸗

♦ꜟ ⇔⁸ ╩ ╡ ╗ ─ ↕≤

─ ⅜ ⌐ ╓∆ ╩ ⇔√⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ≤  

 PHITS⌐╟╢ ─ ⁸ ─ ≢ ∆

╢ │⁸100 Bq/kg─☿◦►ⱶ 137 ⌐ ∆

╢ │0.01 ɡSv/h≢№∫√ ⁹ 

─ ≢ ∆╢≤⁸ ⅛╠─ ↕

⌐ ™ │ ⇔⁸ ⅜ 0.5 g/cm 3─

│ 150 cm ≢ 0.04 ɡSv/h⌐⌂╡⁸∕╣

⌐ ╣≡╙ │╒≤╪≥ ⇔⌂⅛

∫√ ⁹ ─☿◦►ⱶ 137 ⅜ 100 

Bq/kg╩ ⅎ≡™╢⅛≥℮⅛☻◒ꜞכ♬fi◓∆╢

│⁸ ─ ≢ ∆╢ ≢│ ⅜

⌐ ≢№╢⅜⁸ ─ ≢ ∆╢ ╩

™╣┌ ≢⅝╢ ⅜№╢↓≤⅜ ↕╣√⁹ 

 

 

[1] ₈ ⌐ ╢

─ ⌐≈™≡₉ ,  

https://www.pref.fukushima.lg.jp/uploaded/atta

chment/494667.pdf,  (  2025- 9- 11).  

[2] :₈ ₉,  (2021).  

[3] T. Sato  et al. ;  Recent improvements of the 

Particle and Heavy Ion Transport code System -  

PHITS version 3.33 .  J. Nucl. Sci. Technol. 61, 

127- 135 ( 2024).  
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╩▬ⱬכ◘ ™√ ⌂ ⌐╟╢ 

Ᵽ♇◒◓ꜝ►fi♪ ─  

 

 

 

 │∂╘⌐ 

 ⌐⅔↑╢ ⅜ ⇔⁸

─ │ ⇔≡⅝≡™╢⁹

⌐╟╢ ┌ↄ ╛ ─

─√╘⌐│⁸ ↔≤⌐

─ Ᵽ♇◒◓ꜝ►fi♪ ≤

─ ╩ ↑≡ ∆╢↓

≤⅜ ≢№╢⁹∕─√╘⁸ ▬ⱬכ◘ ╩

⇔≡⁸ ─ ⌐⅔↑╢Ᵽ♇◒◓ꜝ►fi♪

╩ ∆╢ ⌐≈™≡ ⇔√⁹ 

 

  

╠─ [1][2] ╩ ⌐⇔≡⁸ ▬ⱬכ◘

KURAMAKyoto University RAdiation MApping 

system -и╩ ™≡Ᵽ♇◒◓ꜝ►fi♪ ╩

⇔√⁹ │⁸ ─ ☿◦►ⱶ

─ ⅜ ⌂™ ─ 10⅛ ╩ ⇔√⁹

─ A ┘ B⌐⅔™≡ ⇔√ ╩

™≡Ᵽ♇◒◓ꜝ►fi♪ ╩ ⇔⁸∕╣

╩ ⅎ√ ╩ ─ ≤

⇔√⁹ 

 

 ≤  

 ⇔√Ᵽ♇◒◓ꜝ►fi♪ ╩ ⌐ ∆⁹

●fiⱴ ◄Ⱡꜟ◑כ⅜ 1,400 2,000 keV─ ⌐

⅔↑╢ ≤ ─ │╟™ ╩

⇔≡™√↓≤⅛╠⁸ ╩ y = 0.052 x + 0.006

≤ ⇔√⁹ ╠[1]⅜ ⇔≡™╢ y = 

0.062x ≤ ∆╢≤⁸ ≢ ╘√ │

⅜ ↕ↄ⌂∫√⅜⁸ ─ ™ ╠─♦

│♃כ ╢╟⌐▬ⱬכ◘ ⅜ ⇔≡™

╢≤ ⅎ╠╣√⁹ ─Ᵽ♇◒◓ꜝ►fi♪

╩ ⌐ ∆⁹Ᵽ♇◒◓ꜝ►fi♪

│ A─╒℮⅜ ↄ⁸ ─

│ ≤ ↕╣√⁹↓─↓≤⅛╠⁸

⌐⅔™≡⁸ ─ ⅜ ∂≡™╢

⌂ │⁸ ☿◦►ⱶ⌂≥─

≢│⌂ↄ⁸ ─ ™⌐╟╢ ─

≢№╢≤ ⅎ╠╣√⁹ 

 

 

[1]  , ╒⅛ KURAMAΈII ╩ ™√ כ◘

ⱬ▬ ⌐╟╢ ≢─ ─

. , 16, 2, 63 -

80 (2017).  

[2] ,  ╒⅛ C12137- 01 CsI Tl

╩ ⇔√ KURAMA- II ⌐╟╢Ᵽ♇◒◓ꜝ►fi♪

─√╘─ ─ . , 

20, 1, 34 - 39 (2021).  

 Ᵽ♇◒◓ꜝ►fi♪   Ᵽ♇◒◓ꜝ►fi♪  
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ⱬכ♃ ─  

 

 

 

 │∂╘⌐ 

 ⌐⅔↑╢ ⌐╟╡ ↕╣√

─℮∟⁸☻♩꜡fi♅►ⱶ 90─╟℮⌂ ⱬכ♃

│⁸ⱬכ♃ ⇔⅛ ⇔⌂™√╘⌐ ⅜ ⇔™⁹

∕↓≢⁸☻♩꜡fi♅►ⱶ 90 ─ ⱬכ♃ ─

ה ⌂ ╩ ≤⇔⁸ ⌐

⌂ⱪꜝ☻♅♇◒◦fi♅꜠כ♃╩ ⇔√ ⱬכ♃

─ ─ ╩ ╖√⁹ 

 

  

 ≤ ─ⱪꜝ☻♅♇◒◦fi♅꜠כ♃ ꜟ

ⱵⱠ⁸♪כ ▬fi◐ [1]╩●ꜝ☻☿ꜟ⌐ ╘⁸●

ꜝ☻☿ꜟ─ ╩ ─ ≢ ╗↓≤⌐

╟╡⁸ ⌐╟╢ ╩ ⇔√ ⁹

─ ⌂╢☻♩꜡fi♅►ⱶ 90 ┘◌ꜞ►ⱶ

40 ╩ ≢ ⇔⁸ ─ ≤

≢ ╠╣╢ ╩ ⇔√⁹ 

 

 ≤  

 ⌐ ⌐⅔↑╢ (Bq)⁸ ⌐

(cps)╩ⱪ꜡♇♩⇔√ ╩ ⌐ ∆⁹

♩fi►◌│כⱣכꜝ◄─ ─ (1ɨ)≢№╢⁹

≥∟╠─ ⌐⅔™≡╙⁸ ─ ™ ╩

≢⅝╢↓≤⅜ ↕╣√⁹ ⌐⅔™≡ ╩

⇔√ ╙ ™☻♩꜡fi♅►ⱶ 90─ │ 2 Bq

≢№╡⁸↓─≤⅝─ 9.5 mL ⅛╠ ∆

╢≤⁸☻♩꜡fi♅►ⱶ 90 │ 210 Bq/L(2 

Bq/0.0095 L)  ≢№∫√⁹ │Ᵽ♇◒◓ꜝ►

fi♪ ╩ ╘≡ ≢№∫√⁹ ┼─

│ ⇔™⅜⁸ ⌂ ⅜ ⌂ ≢│

╩ ≢⅝╢ ⅜№╢⁹ 

 

 

[1]   :ɗ ─ , 

Isotope news 2018 2 No.755,  30- 33.  

 ⇔√ⱬכ♃ ─  

 ≤ ─  

☻♩꜡fi♅►ⱶ 90 ◌ꜞ►ⱶ 40 
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─ ⌐ ↑√ ICP- MS ─  

 

JAEA 

 

 │∂╘⌐ 

 129I 1570 ╛ 99Tc 21

│⁸ ≢─ ™ ╛ ─ ┼─ ⌂

≥─ ╩ ⇔⁸ ⅛╠ ↕╣√

─ ה ╩ כ◘כ꜠♩─╘√╢∆

≤⇔≡ ↕╣≡™╢⁹ │

╟╡╙ ⅜ ⌐ ∞⅜⁸ ⌂

╛ ⅜ ⌂≥─ ╩ ⅎ⁸ ⌂

♃כ♦ ⅜ ≢№∫√⁹ ≢│⁸ ─

ↄ─ ⅜ ∆╢ ⱪꜝ☼ⱴ

₈ICPΈMS₉≤™℮⁹ ╩ ™≡ 99Tc ┘ 129I

─ ⅛≈ ⌂ ─ ╩ ∫√⁹ 

 

  

≢│⁸ ≤ ∂ ╩ ≈

₈ ₉≤™℮⁹ ⅜ ╩ ∆╢↓≤⌐

╟╡⁸ ⌂ ╛ ─ ─ ≤⌂∫

≡™√⁹ICP- MS│ ≢─◖ꜞ☺ꜛfiהꜞ▪◒◦

ꜛfi☿ꜟ ₈CRC₉≤™℮⁹ ⌐╟╢ ╛

⌂≥─ ⌂≥≤™∫√ ™ ╩

∆╢√╘⁸∕╣╠╩ ⇔√ ╩ ⇔√⁹
129I ≢│⁸ ─ 129Xe+≤ 127IH2

+─ ⌐ ⇔⁸

─●☻ ╩ CRC⌐ ⇔≡ 129I ≤ ≤─

╩ ╖√⁹99Tc ≢│⁸ ─ 98MoH+≤ 99Ru+

╩ ∆╢√╘⁸Tc⌐ ╩ ∆╢ ╩ ™√

₈SPE₉≤™℮⁹ ≤ CRC≢─ O2

⌐╟╢ ─ ICP- MS ╩ ⇔√⁹ 

 

 ≤  
129I ≢│⁸CRC ⌐ O2+CO2─ ●☻╩

⇔⁸129Xe╩ O2─ IH2
+╩ CO2◖ꜞ☺ꜛ

fi⌐╟∫≡ ∆╢ ╩ ⇔√ [1]⁹

⌐╟╡⁸ 129─Ᵽ♇◒◓ꜝ►fi♪╩

─2.8 × 10Έ4╕≢ ⇔√⁹ │ ╟╡╙

™ 129I/ 127I 4.6 × 10Έ10 ± 3.3 × 10Έ10

╩ ⇔⁸ ─ 129I/ 127I ╩ ⇔√ 10 

mBq/L 129I ⅔╟┘ 100 mg/L 127I ╩ ╩ ⇔√

≤↓╤⁸9.8 ± 0.9 mBq/L─ ⌂ ╩ √⁹

⌐╟╡⁸ ⅜ ≢№∫√ ─ 129I

┼≤ ICP- MS─ ╩ ⇔√⁹ 
99Tc ≢│⁸ ⌐⅔↑╢ 99Tc/Ru ⅔╟┘

99Tc/Mo─ │⁸ ≢3.1 × 10Ӈ2⅔╟┘ 3.4 

× 10Ӈ9≤ ⅜ ⌐ ╕╣╢√╘⁸↓╣╩

∆╢ ⅜ ≢№∫√⁹SPE Triskem

TK201 resin ≢─ 99Tc/Ru⅔╟┘ 99Tc/Mo─

│⁸2.2 × 10Ӈ4⅔╟┘2.9 × 10Ӈ4≢№╡⁸99Tc/Mo

─ ⅜ ⇔≡™√⁹∕↓≢⁸CRC ≢─ O2ꜞ

▪◒◦ꜛfi⌐╟╡⁸MoMo+⅔╟┘MoH+ ╩ MoO2+

≤⇔≡ ∆╢ ╩ ⇔√⁹ ⌐

╩ ⇔≡ ICP- MS┼≤ ↕∑√

◦☻♥ⱶ╩ ⇔⁸IAEA─ ⌐ ╕╣╢
99Tc 8.0Έ12.5 mBq ╩ ⇔⁸10.00 ± 

0.48 mBq─ ⌂ ╩ √ 24 [ 2]⁹ 

 

 

[1]  M. Matsueda et al.:  Mass΅spectrometric 

determination of iodine΅129 using O2ΈCO2 

mixed΅gas reaction in inductively coupled 

plasma tandem quadrupole mass spectrometry .  ACS 

Omega, 6, 19281- 19290 (2021).  

[ 2]  M. Matsueda et al.: Online Solid - Phase 

ExtractionӇInductively Coupled PlasmaӇ 

Quadrupole Mass Spectrometry with Oxygen 

Dynamic Reaction for Quantification of 

Technetium- 99.  Anal. Sci., 38, 1371 - 1376 (2022) .  

 

 ⇔√ ICP- MS⌐╟╢ 129I ─  

CRC ≢─ O2+CO2 ●☻⌐╟╢ ─ ≤ 129I ─  
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☿ꜟ╩ ™√ OBT ─  

 

JAEA 

 

 │∂╘⌐ 

⌐ ∆╢♩ꜞ♅►ⱶ│⁸

₈TFWT₉≤™℮⁹ ≤ ♩ꜞ♅►ⱶ

₈OBT₉≤™℮⁹ ─ ≢ ∆╢⁹TFWT≤

OBT─ │∕╣∙╣ 18 ≤ 40

≤ ╙╠╣≡⅔╡⁸∕╣∙╣─ ─

≤ ⅜ ╘╠╣≡™╢⁹ ⌐ OBT│

⅜ TFWT╟╡╙ ↄ ⅜☼כ♬─ ™⅜⁸OBT─

│ ╛ ╩ ╗ ≢─ ⅜

≢№╢⁹ ≢─ OBT ─ [1]⁸

⌐ ﬞ ─ ⅜ ≢№╢√╘⁸ ⌂ ⅜

≢№∫√⁹∕↓≢ ₁│⁸ ─

╛ ⌐ ╩ ∆╢↓≤≢⁸OBT

⌐ ∆╢ ─ ╩ ⇔√⁹ 

 

  

OBT─ │⁸ ≢ ⇔√ⱥꜝⱷ─

╩ ™√⁹ ─ │⁸EYELA FDU-

2110╩ ™√⁹ ─ │- 80ϴ≤⇔

√⁹ │⁸Parr Model1121╩ ⇔

√⁹ ⇔√ⱥꜝⱷ 10 g ╩ ⇔⁸ ♩ꜝ♇

ⱪ⌐╟╡ ╩ ⇔√⁹ │ ⁸

⌐ ⌐╟╡⁸ⱬכ♃ ⌐ ⇔⌂™

≢№╢↓≤╩ ⇔√⁹ ─ 10 mL≤

◦fi♅꜠כ♃כ(Ɽכ◐fi◄ꜟⱴכ ultima 

Gold ɡLLT) 10 mL ╩ 20 mL ⱳꜞ◄♅꜠fiⱣ

▬▪ꜟ⌐ ⅎ⁸ ⁸ ⇔√╙─╩ⱬכ♃

⌐ ™√⁹ⱬכ♃ │⁸ ◦fi♅꜠כ◦ꜛfi

◌►fi♃ ALOKA  LB- 7 ⌐╟╡ ∫√⁹ 

 

 ≤  

ה ─  

│⁸ 3 kg ─ⱥꜝⱷ ─ ⌐

ﬞ ≢№╢√╘⁸↓─ ─ ╩ ╖√⁹

╕∏⁸ ╩ ™╢↓≤≢⁸ⱥꜝⱷ ─

│ 200 g⌐ ╩ ╠╣⁸

⌐ ⌂ ╩ ╠∆↓≤⅜≢⅝√⁹╕√⁸

≢│ ─ ─ ─ ─

≤ ─ ⅝⌐╟╡ ⅜ ⅛∫√⁹∕

↓≢⁸ ─ ☿ꜟ╩ ™⁸☿ꜟ ⅜

≢╙ ⌐╟╢ ⅜ ⌂ ≤⇔√⁹

─ ≤ ─ ⌐╟╡⁸

≢ ╩ ∆╢↓≤⅜≢⅝√⁹ 

ה ⌐╟╢ ─ ה  

⌐⅔↑╢ ╩ ™√ ≢│⁸

│ ≢№╡⁸ ─ ╛●☻─ ⅜

≤⌂∫≡™╢⁹ ─ │●ꜝ☻

╟╡╙ ╛⅛⌐ ↕╣╢√╘⁸●☻─

─ ⅜ ≢№╢≤ ⅎ√⁹↓╣╠─

⌐╟╡ ⁸ ╩ ﬞ ⅛╠ 14 ⌐

⇔⌂⅜╠⁸ ≤ ─ ≢ ╩

∆╢↓≤⌐ ⇔√[2]⁹ 

2023ה ⱥꜝⱷ─ ┼─  

⌐ ─╟℮⌐ ⇔√ [2]╩⁸2023

12 ⌐ ⇔√ⱥꜝⱷ ─♩ꜞ♅►ⱶ ⌐

⇔√⁹∕─ ⁸TFWT⁸OBT ⌐

≢⁸ALPS ─ ⌐ ℮⁸ⱥꜝⱷ┼─♩ꜞ♅►

ⱶ─ │ ↕╣⌂⅛∫√⁹ 

 

 ─  

 ╩ ™√ OBT─ │ ┼

╖≢⁸ ┼─◄ⱦ♦fi☻─ 1≈≤⌂∫

√⁹╕√⁸IAEA Isotope Hydrology Laboratory ⌐

⅔™≡⁸ ─ ╩ ⇔√⁹ 

 

 

[1]  ₈ ☼כꜞ◦ No.9 ♩

ꜞ♅►ⱶ 3 ₉(2023).  

[2]  H.Kuwata et al. : Rapid tritium analysis for 

marine products in the coastal  area of 

Fukushima. Radiation Environment and Medicine, 

9, 28 - 34 (2020).

 ⌐╟╢ 2023 12 ⱥꜝⱷ ─♩ꜞ♅►ⱶ  

 TFWT Bq/kg  OBT Bq/kg  

A 5 km  0.24  0.89  

B  2 km  0.23  0.95  

C 4 km  0.24  0.85  

D  2 km  0.24  0.94  

─ ─ │⁸ ─ ╩ ∆⁹ 
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◒ꜞⱪ♩fi 85 ─  

 

 

 

 │∂╘⌐ 

 ◒ꜞⱪ♩fi 85 │►ꜝfi─ ⌂

≢№╡⁸ 10.776 ≢ⱬכ♃ ⇔⁸687 keV

─ⱬכ♃ ╩ ∆╢╒⅛⁸0.34 %─ ≢ 514 keV

─●fiⱴ ╙ ∆╢ ─ ≢№╢⁹

⌐ ∆╢◒ꜞⱪ♩fi 85 │∕─ ↄ⅜

─ ⌐ ™ ↕╣√╙─≤ ⅎ╠╣≡⅔╡⁸

2009 ≢│ 5,500 PBq⅜ ─ ⌐

∆╢≤ ↕╣≡™╢[1]⁹ 

 ≢│⁸ ⌐⅔↑╢◒ꜞⱪ♩fi 85─

⌐≈™≡ ⇔⁸∕─ ╩ ⇔

√⁹ 

 

  

 ◒ꜞⱪ♩fi 85 ─ ⌐│ ≤

─ ⅜№╢⁹ ─ ╩ ∆╢√

╘⁸ ⌐ ⅛╠◒ꜞⱪ

♩fi 85⅜ ≢ ↕╣√ ⌐⁸

⌐⅔™≡≥─ ─ ≤⌂╢⅛⁸₈

─ ⌐ ∆╢ ₉⌐ ↕╣≡™

╢ ≢ ╩ ∫√⁹ 

 ⌐╟╡ ─◒ꜞⱪ♩fi 85 ꜠ⱬꜟ

╩ ∆╢√╘⁸ ☿fi♃כ

10 2 ⌐ ╩

⇔⁸ ─◒ꜞⱪ♩fi 85╩ ⇔√⁹2017

⅛╠ 2019 ⌐⅛↑≡ 39 ╩ ⇔√⁹

●☻◒꜡ⱴ♩◓ꜝⱨ⌐╟╡◒ꜞⱪ♩fi╩ ⇔⁸●

☻ⱨ꜡כ GM ⌐╟╡◒ꜞⱪ♩fi 85 ╩

⇔√⁹ 

 

 ≤  

 ⅛╠◒ꜞⱪ♩fi85

⅜ ≢ ↕╣√ ─ 1,000 m≢

─◒ꜞⱪ♩fi 85─ │ 0.18 Bq/m3≤ ↕╣√⁹

⌐◒ꜞⱪ♩fi 85 ╩ ∆╢ ≤

⇔≡│ ⅜ ⇔≡™╢ ɗ ●☻ ⅜

↕╣≡™╢⅜⁸↓╣│ ╩ ≤⇔√

╙─≢⁸ ⅜ 2,000 Bq/m3≤⌂∫≡™╢√

╘ ≢─ ⌐│ ↕⌂™⁹╟∫≡⁸ ⌐

⅔™≡◒ꜞⱪ♩fi 85 ─ ╩ ∆╢↓

≤│⁸ ≢│⌂™≤ ⅎ╠╣√⁹ ⌐ ∆≤

⅔╡⁸ ⌐⅔↑╢ ◒ꜞⱪ♩fi 85

│ 1.37 1.60 Bq/m3≢№╡⁸ ⌐ ↕╣√

─ ⁸ ⁸ ─ [ 2]

≤ ≢№∫√⁹ 

 

 

[1] Ahlswede J. et al.: Update and improvement 

of the global krypton - 85 emission inventory. 

J. Environ. Radioact . , 115, 34 - 42 (2013).  

[ 2]₈ ₉☻כⱬ♃כ♦ , 

https://www.envraddb.go.jp/special/database

/ , (  2025- 9- 11).  
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⌐ ↑√ ┌ↄ ─ ≤ ┼─  

 

JAEA 

 

 │∂╘⌐ 

 ⌐⅔↑╢ ⁸ ┌ↄ │

⌐╟╡ ↕╣╢⅛⁸ ⌂⸗♦ꜟ⌐╟

╡ ╕⅛⌐⅛≈ ⌐ ↕╣≡⅝√⁹ ⁸

≤™∫√ ⌐⅔↑╢

─ ⌐ ⇔≡│⁸ ⌐╟╡ ₁─ ─

╩ ⇔≡ ⌂ ┌ↄ ╩ ⇔⁸

⌐ ∆╢ ⅜ ↕╣⁸ ┌ↄ ─

√⌂ ⅜ ≤⌂∫√⁹∕↓≢ ≢│⁸

⌂≥─ ╛ꜞ☻◒◖Ⱶꜙ♬◔כ

◦ꜛfi⌐ ∆╢═ↄ⁸ ─ Ɽ♃כfi⌐

≠⅝ ╟ↄ ┌ↄ ╩ ≢⅝╢ √⌂⸗♦ꜟ

╩ ⇔√⁹ 

 

  

┌ↄ │ ─ 1 ╟╡ ╘√⁹ 

E = ӆ(Di  × ti) × CF  (1)  

↓↓≢ E│ ┌ↄ µSv ⁸Di │  (i) ─

µSv h- 1 ⁸t i │  (i) ≢─

h ⁸CF│ ⅛╠ ┼─

0.6 ≢№╢⁹ ⅜ ≢№╢ ─

Dout │⁸ ⅜ ∆╢ ─⸗♬

♃ꜞfi◓♦[1]♃כ╩ ™√⁹ ─ Din

│⁸ ─ ╟╡ ─ 2 ⌐≡ ╘√⁹ 

Din  = ( Dout  BG) × RF + BG  2  

↓↓≢ BG│ ⌐ ∆╢ ─ ⁸RF│

⌐╟╢ ─ Din / Dout ⁹

≢│ 0.4 ╩ ∆⁹ 2 ─ ╩ ∆╢√

╘⁸ ⌐ ∆╢ 207 ─ ⌐≈™

≡ ─ ╩ ⇔√⁹ 

 ╕√ ≢│⁸ ⇔√ ┌ↄ ─ ╩

∆╢√╘⁸ ╩ ╗ ⌐ ∆╢

⌐≈™≡ 106 ─ ≤ ╩

⇔√⁹ 

 

 ≤  

─ │ ⁸ ─ ⌐

╩ ∂≡ ↕╣≡⅝√⁹ ⁸ ≢│

─ ╩ ⇔≡ ─ ╩ ╘≡

™╢ 2 ⁹ ─ ⌐ ∆╢⁸

─ ─ ╩ ⌐ ∆⁹ ─

│ ≢ ↄ⌂╢ ⅜№╡⁸ ☿

◦►ⱶ─ ⅜ ⌂™ ─ ⅜ ⌂

≢│∕─ ⅜╒╓ ⌐⌂╢↓≤⁸╕√ ─

╩ ∆╢↓≤≢ ─ ⅜ 32

45 ∆╢↓≤⅜ ↕╣√⁹ 

┌ↄ ─ ╩ ∆╢√╘⁸ ⌐

⇔√ ≤⁸ ⅛╠ ⇔√ ┌ↄ

╩ ⇔√ ⁸∕╣∙╣ ⌂ ╩ ⇔√⁹

╕√ ⸗♦ꜟ─ 95 │⁸

─ ≤⌂╢ 20 mSv╒≥─ 3.8 µSv h-

1 ≢ 13 ≢№∫√⁹ 

⁸ ≢│⸗♦ꜟⱤꜝⱷכ♃─ ≤

⌐≈™≡ ≢─ ╩♃כ♦ ⌐ ⇔⁸

┌ↄ ⸗♦ꜟ╩ ⇔√[2]  

 

 ─  

 ⸗♦ꜟ⌐╟╢ ─ ┌ↄ

│⁸ ─ ⌐ ↕╣⁸

─ ⌐ ⅛↕╣√⁹╕√ ⸗♦

ꜟ╩ ─ ⅜ ™╛∆™╟℮ⱪ꜡◓ꜝⱶ ⇔⁸ꜞ

☻◒◖Ⱶꜙ♬◔כ◦ꜛfi♠כꜟ─ ≤⇔≡⁸

─ⱱכⱶⱭכ☺╛◘▬Ⱡכ☺⌐≡ ⇔√⁹ 

 

β ⌐≈™≡│⁸₈ ꜞ☻♩₉╩  

 

 ─ ⌐ ∆╢⁸ ─  

─ ─  
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⌐╟╢ ⅛╠─ ─  

 

JAEA 

 

 │∂╘⌐ 

 ⌐⅔↑╢ ⁸ ₁⌂

⸗♬♃ꜞfi◓⅜ ╦╣≡⅝√⁹ Ⱬꜞ◖ⱪ♃כ╩

™√ ⸗♬♃ꜞfi◓⁸ ╩ ™√ כ◘

ⱬ▬⁸ ⅜ ™≡ ╩ ℮ ▬ⱬכ◘ ⁸↓╣

╠─⸗♬♃ꜞfi◓│⁸ 10 ⌐╦√∫≡

⇔≡ ╦╣≡™╢⁹∕─ ≢ JAEA ≢│⁸

╩ ™√ ─ ⸗♬♃ꜞfi◓ ─

╩ ╘≡⅝√⁹ ≢│⁸ ⁸ ⌐

Ⱬꜞ◖ⱪ♃כ╩ ™√ ⅛╠─

─ ⌐≈™≡ ∆╢⁹ 

 

 ┘  

⅛╠─ │⁸ ─ ⅜ ∟ ╡⌐ↄ™

≢╙ ⌐ ⅜≢⅝╢ ⅜ⱷꜞ♇♩≢№╢⁹

⁸ Ⱬꜞ◖ⱪ♃כ⌐╟╢ │⁸

⅜ ∟ ╣⌂™ ⅛╠ 3 km ─

⌐ ↕╣√ ⁹ Ⱬꜞ◖ⱪ♃⁸│⌐כ

⅛╠ ⌐ ™╠╣≡™√ꜘ

ⱴⱢ ─ R- MAX G1 │ ─ FAZERR 

G2 ╩ ⇔⁸∕─ ⌐ ╩ ⁸

╛ ⁸ ─

⁸ ↄ─⸗♬♃ꜞfi◓⌐ ↕╣≡⅝√⁹

╙⌂⅔⁸ ─ Ⱬꜞ◖ⱪ♃כ⌐╟

╢ │ ⇔≡ ╦╣≡™╢⁹ Ⱬꜞ◖ⱪ♃כ

│ 30 kg ─ ╩ ∆╢↓≤⅜ ≢№╡⁸

╕√ 120 ─ ⅜ ≢№╢⁹

⅛╠─ │ ≤─ ⅜№╢√╘⁸ ─

≢⌂↑╣┌ ⅛╠─ ⅜ ╠╣⌂

™⁹ Ⱬꜞ◖ⱪ♃כ│ ─ ≤ ⇔≡⁸

─ ╩ ∆╢↓≤⅜ ≢№╢√

╘⁸ ─ ─ ⌂≥⁸ ◄ꜞ▪

≢╙ ≢⅝╢ ⅜ⱷꜞ♇♩≢№╢⁹ 

≢│⁸ ⅛╠─ ≢ ╠╣√ ╩⁸╟

╡ ⌂ⱴ♇ⱪ┼≤ ∆╢ ─ ⅜ ╘

╠╣≡™╢⁹ ⅎ┌⁸ ╛ ╩

↕∑╢ ╩ ∆╢↓≤≢⁸ ╟╡

╙ ╩ ↕∑╢↓≤⌐ ⇔≡™╢⁹╕√⁸

↓╣╕≢ ה ⇔≡⅝√ⱦ♇◒♦כ♃╩ ⇔⁸

╩ ™√ ⱴ♇ⱪ─ ⌐╙ ⇔≡™

╢ [1]⁹ 

╕√ ≤⇔≡⁸ ⌐╟╢

╩ ─ ⸗♬♃ꜞfi◓ ─ ≤

∆═ↄ⁸◦☻♥ⱶ ⅜ ╦╣≡™╢⁹↓╣╕

≢─ ╡ ╖≢ ╦╣√ ╛ ╩⁸ ⌐

ↄ ∆═ↄ⁸ ─↕╠⌂╢ ⁸

JAEA ≢│ ╩ ╘≡™ↄ ≢№╢⁹ 

 

 ─  

Ⱬꜞ◖ⱪ♃כ─ ≢ ⁸│♃כ♦√╣╠

╛ ─ ─ ה ─ ♃כ♦

≤⇔≡ ↕╣≡⅔╡⁸ ─ ─

≤⌂∫≡™╢⁹ 

 

 

[1] M. Sasaki et al.:  Improvement of training 

data for dose rate distribution using an 

artificial neural network . J. ADV. SIMULAT. SCI. 

ENG., 9(1),  30- 39(2022).  

 

 Ⱬꜞ◖ⱪ♃כ⌐╟╢   Ⱬꜞ◖ⱪ♃כ ─♃כ♦  
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≢─ ─ ROV⁸PSF  

 

JAEA 

 

 │∂╘⌐ 

 ♄ⱶ ╛√╘ ⌐ ⇔√ 134Cs ┘ 137Cs

₈ ☿◦►ⱶ₉≤™℮⁹─ ╩ ∆╢ ⌐

│⁸ ─ ⅜ ∞⅜⁸ ─ ╛

⌐ ⅜⅛⅛╡⁸ ─ ⅜ ≢

№∫√⁹ ≢│⁸ ⌐⅔↑╢ ☿◦►ⱶ

╩ ⌐ ∆╢√╘─ in - situ ╩

⇔√⁹ 

 

  

♄ⱶ ≢│⁸ ROV ⌐ LaBr3(Ce)◦fi

fiꜛ◦כ꜠♅ ╩ ∆╢↓≤≢⁸ ⌐⅔↑

╢ ☿◦►ⱶ─▬fiⱬfi♩ꜞכ ╩ ⌐

≢⅝╢⅛ ⇔√⁹2017- 2018 ─ ⌐⁸

─ ♄ⱶ─ 40 ≢⁸ ╩ ∫

√⁹ ─ ⌐ ╩ ⇔⁸●fiⱴ ☻Ɑ

◒♩ꜟ╩ ⇔√⁹☻Ɑ◒♩ꜟ ─ ☿◦►ⱶ

─ ≤⁸ ⌂ ╩ ⇔√⸗fi♥

◌ꜟ꜡◦Ⱶꜙ꜠כ◦ꜛfi(EGS5)≢ ╠╣√

⅛╠⁸ ☿◦►ⱶ▬fiⱬfi♩ꜞכ╩ ⇔√⁹ 

√╘ ≢│⁸♄ⱶ ⌐ ═≡ ─ ⅜ ⅝™

↓≤⅛╠⁸ ╩ ⌐ ⌂ⱪꜝ☻♅♇◒◦

fi♅꜠כ◦ꜛfiⱨ□▬Ᵽכ ₈PSF₉≤™℮⁹

╩ ∆╢↓≤≢⁸ ⌂ ─ ☿◦►ⱶ

╩ ⌐ ≢⅝╢⅛ ⇔√ ⁹2013

⁸ ─ ╡ ┘ ╡─√╘ ╩

⌐ ╩ ∫√⁹PSF≢ ╩ ∫√ ─ ≢⁸

◖▪ ╩ ↕ 30cm╕≢ ⇔⁸◕ꜟⱴ♬►

ⱶ ⌐╟╡ ╩ ∫√⁹PSF⌐

╟╢ in - situ ≢ ╠╣√ ≤

☿◦►ⱶ ╩ ∆╢↓≤≢⁸ ╩

⇔√[1][2] ⁹↓─ ╩ ⌐⁸PSF⌐╟╢ √

╘ ⌐⅔↑╢ ☿◦►ⱶ ╩

∫√⁹╕√⁸2013- 2019 ─ ⁸PSF≢ ⌐

↕╣√ ≈─√╘ ≢⁸ ☿◦►ⱶ ─

╩ ⇔√⁹ 

 

 ≤  

─ ─ ≤ ≢│⁸♄ⱶ

≢ 30 ─ ☿◦►ⱶ▬fiⱬfi♩

╩כꜞ ∆╢ ⌐⁸20 ⅜⅛⅛∫≡™

√⁹ROV⌐╟╢ in - situ ≢│⁸ ≢ ╩

⇔√√╘⁸ ─ ☿◦►ⱶ▬fiⱬfi♩ꜞ

כ ╩ ⌐ ∆╢↓≤⅜ ≤⌂∫√⁹ 

√╘ ≢─ PSF⌐╟╢ in - situ ─

╩ ⌐ ∆⁹ ⌐√╘ ╩ ⌐ ∆

╢↓≤⅜ ≤⌂╡⁸ ⅜ ⌂ ☿◦►ⱶ

⅜ ™ ╩ ⌐ ≢⅝√⁹╕√⁸

☿◦►ⱶ─ ⌂ ⅜ 3.0±0.3 41.6±55

≢№∫√↓≤⅛╠⁸ ☿◦►ⱶ─√╘ ┼─

⅜ ↕╣√⁹PSF⌐╟╢ ≢⁸ ☿◦

►ⱶ ─ ⅜ ⇔⁸∕─ ╩

⌐ ∆╢↓≤⅜╟╡ ≤⌂∫√⁹ 

 

 ─  

─℮∟⁸PSF⌐╟╢ in - situ

⅜⁸√╘ ⌐⅔↑╢ ─ ⌐ ↕╣√⁹ 

 

β ⌐≈™≡│⁸₈ ꜞ☻♩₉╩  

 PSF≢─ ▬ⱷכ☺  PSF≢ ╠╣√ ⱴ♇ⱪ─  
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─⸗♬♃ꜞfi◓ⱳ☻♩ ≤ ─  

 

 

 

 │∂╘⌐ 

 ≢│⁸ ┘

─ ⌐ ™⁸ √⌂

─ ⅜ ↓∫≡™⌂™⅛╩ ⇔≡

™╢⁹ ─ ה ─√╘⌐│⁸ ╩ ∆

∞↑≢⌂ↄ⁸∕─ ─ ╩╦⅛╡╛∆ↄ ∆

╢↓≤⅜ ≢№╢⁹ │⁸ ⌐╟╢

─ ⅜ ⌐ ⅎ╢ ╩ ╠⅛⌐∆

╢↓≤╩ ≤⇔√⁹ 

 

  

 2021 ⅛╠ 12 ⌐⅛↑≡⁸ ─

⸗♬♃ꜞfi◓ⱳ☻♩ 37.447859°⁸

141.024434°⌐⅔™≡⁸ ⌐ ☿fi

כ◘ EC- 5⁸METER ╩ ⇔⁸ ╩

⇔√⁹ ╠╣√ ╩⁸NaI ◦

fi♅꜠כ◦ꜛfi ⌐╟╡ ⅛╠ ⇔≡

™╢ ≤ ⇔⁸ ─ ╩ ═√⁹↕

╠⌐⁸ │꜠☻ⱳfi☻ⱴ♩ꜞ◒☻ ⌐╟╡

►ꜝfi ⁸♩ꜞ►ⱶ ⁸◌ꜞ►ⱶ 40 ┘∕╣

─ ⌐ ⇔√⁹⸗fi♥◌ꜟ꜡ ♪כ◖

PHITS[1] Ver.3.27 ╩ ™≡⁸ ─ ╩

↕∑≡⁸⸗♬♃ꜞfi◓ⱳ☻♩ ⌐⅔↑

╢ ─◦Ⱶꜙ꜠כ◦ꜛfi ╩ ⇔√⁹ 

 ≤  

 ⌐ ∆≤⅔╡⁸ │ ☿◦►ⱶ

─ ⌐╟╢ ⌂ ⌐ ⅎ⁸

─ ≤╟ↄ ∆╢ ⌂ ╩ ╡ ⇔

≡™√⁹∆⌂╦∟⁸ │⁸ ⁸

⌐ ╕╣╢ ─ ⌐╟∫≡ ∆╢

⅜⁸ ₁⌐ ⅜ ⅝ↄ⌂╢↓≤≢⁸

─ ⅜ ⅝ↄ⌂╡ ∆╢⁹ ⁸

─ ⌐ ™⁸ ─ ⅜ ↕ↄ⌂╢√╘

│ ∆╢⁹ 

↓─↓≤⅛╠⁸⸗♬♃ꜞfi◓ⱳ☻♩≢ ↕╣╢

│⁸ ⌐╟╢ ─ ╩ ↑≡

⇔≡™╢↓≤⅜╦⅛∫√⁹꜠☻ⱳfi☻ⱴ♩ꜞ◒

☻ ┘ PHITS╩ ™√ ⌐╟╡⁸ ╟╡

╙ ─ ☿◦►ⱶ ─ ─ ⅜⁸

⌐╟╢ ─ ╩ ↑╛∆™↓≤⅜╦⅛∫√⁹ 

 

 

[1]  T. Sato et al. :  Recent improvements of the 

Particle and Heavy Ion Transport code System -  

PHITS version 3.33 .  J. Nucl. Sci. Technol. 61, 

127- 135 (2024).  
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⸗♬♃ꜞfi◓⌐⅔↑╢ ─ ⌐ ∆╢  

 

 

 

 │∂╘⌐ 

 ─ │ 2011 ─

⌐⅔↑╢ ⌐ ⅝ↄ ⇔⁸ ─ ≤

≤╙⌐ ╩ ⇔≡™╢⁹⇔⅛⇔⌂⅜╠⁸ ⌂

─ ≢№╢ ☿◦►ⱶ─

⅜ ⇔≡™ↄ⌐≈╣⁸ ⌂ ⅜ ⌂

╙ ≡⅝≡™╢⁹↓─╟℮⌂ ⌐⅔™≡│⁸

─ ╩ ⇔⁸ ⌂ ⌐

≠™≡ ╩ ∆╢ ╙ ╡℮╢

─ ≈≢№╢⁹ │⁸ ⸗♬♃ꜞfi◓

─╦⅛╡╛∆™ ⌐ ∆╢↓≤╩

≤⇔≡⁸ ─ ╩ ⌐ ∆╢

⌐≈™≡ ⇔√⁹ 

 

  

 2021 2023 ─ ⌐ 39 ≢ ↕

╣√ ─ ╩ ≤⇔√⁹⸗

♬♃ꜞfi◓ⱳ☻♩≢ ↕╣╢ ⌐│⁸☿

◦►ⱶ 134⁸☿◦►ⱶ 137 ─ ≤◌ꜞ

►ⱶ 40⁸ⱦ☻ⱴ☻ 214 ─ ≤─ ⅜

╕╣≡™╢⁹ ≢│⁸ ─

│ ⌐ ™ ≤≤╙⌐ ⇔⁸

─ │ ⌐ ≢№╢≤ ⇔≡⁸

─ ⌐ ∫≡ ⇔√⁹ 

╕∏⁸ ─ ⅛╠

─ ╩ ⇔√⁹ ∆╢ │⁸ ─ ⅜

№╢ ≢│ ⌐⅔↑╢ 2009 ─

⁸⌂™ ≢│ ⌐ ─ ≤⇔√⁹ ⌐⁸

─ ╩ ⌐ ⇔√℮ⅎ≢⁸ ╩

⁸ ╩ ⅛╠─ ≤

⇔≡ ⌐╟╡ ⇔√⁹↓╣╠─

⌐╟∫≡⁸ ─ ─

╩ ∆╢↓≤⅜≢⅝╢⁹ ⌐ ╠╣

√ ─ ─ ⌐≈™≡ p ╩

⇔⁸p < 0.05 ⅛≈ ⅜ ─ ₈ ₉⁸p < 

0.05 ⅛≈ ⅜ ─ ₈ ₉⁸™∏╣⌐╙

№≡│╕╠⌂™ ╩₈ ┌™₉≤ ∆╢↓≤≤

⇔√⁹ ─ ╩ ⌐ ∆⁹ 

 

 ≤  

 39 ─℮∟ 37 ⅜₈ ₉⁸ ⅜

₈ ┌™₉≤ ↕╣⁸₈ ₉≤ ↕╣√

│⌂⅛∫√⁹₈ ┌™₉─ ─℮∟ │⁸

⸗♬♃ꜞfi◓ⱳ☻♩─ ⅜ ⌐ ╕╣

≡⅔╡⁸ ─ ⌐╟╢ ─ ⅜₈

┌™₉─ ≤ ⅎ╠╣√⁹╕√⁸ ≢│

─ ⌐╟╢ ─ ⅜₈ ┌™₉─

≤ ⅎ╠╣⁸ 12 ╩♃כ♦─ ™≡

─ ╩ ⇔√≤↓╤⁸₈ ₉≤ ↕

╣√⁹ 

 

 ─  

 ⅜ ∆╢ ─ ⌐⅔™≡⁸ ⅜

↕╣√[1]⁹ 

 

 

[1]  ─ ⌐ ∆╢

 ⸗♬♃ꜞfi◓  

₈ ─ ⌐ ∆╢ ⌐

≈™≡₉ ,  

https://www.pref.fukushima.lg.jp/uploaded/atta

chment/651415.pdf, (   2025- 9- 11).  
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⅛╠─

y = 7293.57e-0.057x + 41
p < 0.05

 ⸗♬♃ꜞfi◓ⱳ☻♩ ≢ ↕╣√ ─ ₈ ₉─  
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⸗♬♃ꜞfi◓⌐⅔↑╢ ☿◦►ⱶ 137 ─  

 

 

 

 │∂╘⌐ 

 ─ ─⸗♬♃ꜞfi◓ ╩ ∆

╢ ⌐│⁸ ─⸗♬♃ꜞfi◓ ╩ ⇔≡

↕╣╢₈ ─ ₉─ ⅛≥℮⅛⅜

⌂ ─ ─ ≈≤⌂∫≡™╢[1]⅜⁸ ≢

│ ⌐⅔↑╢ ─ ⌐╟╡⁸₈

─ ₉─ ⅜≢⅝≡™⌂™⁹ ≢│

☿◦►ⱶ 137 ─⸗♬♃ꜞfi◓╩ ≤⇔≡⁸

─ ╩ ⇔√ ⌂⸗♬♃ꜞfi◓ ─

╩ ⇔√⁹ 

 

  

 ⅜⸗♬♃ꜞfi◓ ≤⇔≡ ☿◦►ⱶ

137 ─ ╩ ∫≡™╢ 42 ─℮∟⁸

2018 ⅛╠ 2021 ⌐⅔™≡ ─ ⅜

50 ≢№╢ 23 ╩♃כ♦─ ⇔√⁹⸗♬♃

ꜞfi◓ ╩ ⇔√ ⌐ ╩ ™⁸

─ ⅝⅛╠ ⇔√ ╩

≤ ∆╢≤≤╙⌐⁸JAEA⅜ ⸗♬♃ꜞfi

◓ ─ ─√╘⌐ ⇔≡™╢ [2]╩ ⌐

⇔≡⁸ ─ ─ ╩₈ ⱨ□◒♃

≥₉כ ⇔⁸ ⱨ□◒♃כ╩ ≤⇔≡ 2022

─⸗♬♃ꜞfi◓ ╩ ⌐ ⇔√⁹ 

 

 ≤  

 ⌐ ─ ╩ ∆⁹ │ 19

≢ ╟╡ ↄ⁸ ≢│

─ ⅝⅜ ─ ⌐⌂∫√⁹ ⌐╟╢

ⱨ□◒♃כ╩ ♃כ♦√⇔ ─ │ 9

≢№∫√⁹ │№ↄ╕≢ ⌂ ≢№╡⁸

⸗♬♃ꜞfi◓ ─ ╩ ∆╢√╘⌐

│⁸ ─ ╙ ⇔√℮ⅎ≢⁸ ⌂

╩ ∆╢ ⅜№╢⁹ 

 

 

[1]  : ⸗♬♃ꜞfi◓⌐≈™≡

, pp.33 - 34 

( 2021).  

[ 2 :

⌐ ℮ ─ ─♃כ♦  

, pp.122- 123 (2024) .

 ☿◦►ⱶ 137 ─  
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☿fi♃כ ⌐⅔™≡ ⇔√ 

─ ☻♩꜡fi♅►ⱶ ⱪꜟ♩♬►ⱶה90  

 

 

 
 │∂╘⌐ 

 ⌐⅔↑╢ ⌐╟╢☻♩꜡fi♅

►ⱶ 90 ┘ⱪꜟ♩♬►ⱶ─ ⌐≈™≡│⁸

⌐ ─ ⅜ ↕╣≡™╢[1 ]⅜⁸≥∟

╠─ ╙ ─√╘⌐ ⌂ ╩ ∆

╢↓≤⁸ ☿◦►ⱶ≤ ⇔≡ ┌ↄ ┼─

⅜ ↕™↓≤⌂≥⅛╠⁸∕─ ╩

≤⇔√ │ ↕╣≡™⌂™⁹⇔⅛⇔⌂⅜╠

↓╣╠─ ⌐≈™≡│⁸ ♦Ⱪꜞ ╡ ⇔

─ ⌐ ™⁸ ─ ⅜ ╕╢↓≤╙ ↕

╣⁸↕╠⌐⁸ ─ ⌐⅔™≡⁸

─ ⅛╠↓╣╠─ ─ ⅜ ≢№

╢≤ IAEA⅛╠ ↕╣≡™╢[2 ]⁹ 

☿fi♃כ ≢│⁸⸗♬♃ꜞfi◓

≤│ ⌐ ─ ≤⇔≡⁸ ⅛╠

⌐⅔↑╢ ☻♩꜡fi♅►ⱶ 90 ┘ⱪ

ꜟ♩♬►ⱶ ╩ ⌐ ⇔≡™╢⁹ │↓

╣╠─ ⌂ ─ ╩ ∆╢√╘⁸ ⅛

╠⅔╟∕ 10 ─ ╩╕≤╘√⁹ 

 

  

─ 39 ⌐⅔™≡⁸ 0- 5 cm ┘

5- 20 cm ─ ╩ ⇔√⁹ ⌐≈⅝⁸

2017 2019 ┘ 2020

2022 ─ ╩ ⇔√⁹ 

⇔√ │⁸ ⌐ 2 mm ─┤╢™╩ ⇔⁸

⌐☼כꜞ◦ ⇔√ ≢⁸☻♩꜡fi

♅►ⱶ 90 ┘ⱪꜟ♩♬►ⱶ 238 ┘ⱪꜟ♩♬►ⱶ

239+240 ╩ ⇔√⁹ 

 

 ≤  

☻♩꜡fi♅►ⱶ 90 ─ │ ⅜ 25 

Bq/kg⁸ ⅜ 19 Bq/kg ≢№∫√⁹ⱪꜟ♩♬►ⱶ 238

─ │ ⅜ 0.072 Bq/kg ⁸ ⅜

0.076 Bq/kg ≢№∫√⁹ⱪꜟ♩♬►ⱶ 239+240

─ │ ⅜ 3.2 Bq/kg⁸ ⅜ 2.8 Bq/kg ≢

№∫√⁹IAEA- TECDOC- 1162─ ╩ ™≡ ↔≤

─ 50 ┌ↄ ─ ╩ ⇔√ ⁸

☻♩꜡fi♅►ⱶ 90⅜ 0.025 mSv⁸ⱪꜟ♩♬►ⱶ 238

⅜ 0.024 mSv⁸ⱪꜟ♩♬►ⱶ 239+240⅜ 1.3 mSv≢

№∫√⁹↓╣╠│™∏╣╙ ─ 2005 ─

≤ ≢№∫√↓≤⅛╠⁸

─ │ ↕╣⌂⅛∫√⁹ 

  

 

[ 1]  ₈ⱪꜟ♩♬►ⱶ⁸☻♩꜡fi♅►ⱶ─ ─

⌐≈™≡₉ ,   

https://radioactivity.nra.go.jp/ja/docs/reps/r

ad- dist/pu - sr , (  2025- 9- 17).  

[ 2]  ₈ ─ ⌐ ∆╢ IAEA

⌐≈™≡₉ ,   

https://kankyosaisei.env.go.jp/next/internatio

nal/index.html , (  2025- 9- 17).   

 2017 2019 ⱪꜟ♩♬►ⱶ 238   2005 ⱪꜟ♩♬►ⱶ 238  
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─ ─  

 

 

 

 │∂╘⌐ 

 ⌐⅔↑╢ ⁸ ≢│

₁⌂ ≢ ─⸗♬♃ꜞfi◓⅜ ╦╣≡

⅔╡⁸ ⌂⸗♬♃ꜞfi◓♦כ♃⅜ ↕╣≡™╢⁹

⇔⅛⇔⌂⅜╠⁸ ⸗♬♃ꜞfi◓ ─ ⌐╟╡⁸

⸗♬♃ꜞfi◓⌐ ™╢ ⁸ ─ ⌂ ⁸

⸗♬♃ꜞfi◓─ ╛ ⅜ ⌂∫≡⅔╡⁸ ⸗

♬♃ꜞfi◓ │∕╣∙╣─ ≢ ↕╣≡™╢

√╘⁸∕╣╠╩ ⌐ ∆╢↓≤│ ≤⌂∫≡

™╢⁹∕↓≢⁸│∂╘⌐↓╣╠─ ⌂⸗♬♃ꜞfi

╩♃כ♦◓ ה ⇔⁸ ⸗♬♃ꜞfi◓ ─

⌐ ∂√ ╩ ∆╢↓≤⌐╟╡⁸₈ ⱴ♇

ⱪ₉╩ ⇔√⁹↕╠⌐⁸ ⌐╟╡ ⌂

╩ ℮↓≤⌐╟╡⁸ ה ⌐

⌂₈ ⱴ♇ⱪ₉⁸2051 ╕≢─₈

ⱴ♇ⱪ₉╩ ⇔√⁹ 

 ↓╣⌐╟╡⁸ ─ ─

╩ ⅛ ⌐╦⅛╡╛∆ↄ ∆╢↓≤⅜ ⌐

⌂╡⁸ ╩ ╘√ ⌂ ⌐ ∆╢↓≤

≤⌂╢⁹ 

 

  

 2011 ⅛╠ 2021 (2020 )╕≢

⌐ ≢ ↕╣⁸ ⅜ ↕╣√⸗♬♃ꜞ

fi◓♦⁸≡™≈⌐♃כWeb ⌐╟╡ ⁸ ⇔√⁹

⁸♃כⱬ▬ⱷכ◘ ⸗♬♃ꜞfi◓ⱳ☻♩⌂≥─

⌐⅔™≡ ╩♃כ♦√╣↕ ≤⇔≡⁸

⁸ ⌐⅔™≡ ╩♃כ♦√╣↕

╩♃כ♦─╠╣↓⁹√⇔ ™≡⁸ ⅛ ↔≤⌐

ⱴ♇ⱪ╩ ⇔√⁹ 

─ ⸗♦ꜟ[1] ┘▪fi◘fiⱩꜟ◌

ꜟⱴfiⱨ▫ꜟ♃≤ ┌╣╢ ╩ ™╢↓≤⌐╟╡⁸

⅛ ↔≤⌐ ⱴ♇ⱪ╩ ∆╢≤≤╙⌐⁸

─ ⅜ ⌐╦⅛╢╟℮⌂ ╩

⇔√⁹↕╠⌐⁸ ⸗♦ꜟ╩ ⌐╦√∫≡

∆╢↓≤⌐╟╡⁸ ⱴ♇ⱪ╩ ⇔√⁹ 

 

 ≤  

 ⇔√ⱴ♇ⱪ⌐≈™≡⁸ ⌐ ↕╣√

─⸗♬♃ꜞfi◓♦כ♃☿♇♩≤─ ⌐╟╡

╩ ⇔√≤↓╤⁸ ⱴ♇ⱪ ⁸

ⱴ♇ⱪ ─™∏╣╙⁸ ≤

╟ↄ ⇔≡™╢↓≤⅜ ↕╣√⁹ ⇔√ⱴ♇ⱪ⁸

┘ ⁸│≡™≈⌐♃כ♦ ☿

fi♃כ─ⱱכⱶⱭכ☺≢ ⇔√⁹ 

 

 

[1]  : 27

 (

⌐ ℮ ─ ─♃כ♦ )  

, pp.102 - 119 (2016).

 ⱴ♇ⱪ─   ⱴ♇ⱪ─  
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⌐⅔↑╢☿◦►ⱶ ≤ ⌐ ⅎ╢ ⌐ ∆╢  

 

JAEA 

 

 │∂╘⌐ 

│ ─ ⌂≥╩ ⅝ ↕╣∏⁸

─ ⌐⅔™≡ ⅝─↓⁸ ⁸ ⁸

⌂≥─ ⅜ ↕╣╢⌂≥⁸ ─

⅜ ↕╣≡™╢⁹ ≢│⁸◦Ⱶꜙ꜠כ◦ꜛ

fi⸗♦ꜟ CMFW╩ ה ⇔⁸ ─ ☿◦

►ⱶ Cs ─ ≤∕╣⅜ ה ⌐ ⅎ

╢ ╩ ⇔⁸ ╛ ⌐≈™≡ ⇔√⁹ 

 

  

─ Cs─ ╩ ∆╢√╘⌐⁸ ╩

≈─ ◖fiⱤכ♩ⱷfi♩ ₈CM₉≤™℮⁹

⁸ ⁸ ⁸ ⁸ ⁸ ⁸ ╛

CM ⌐ ⇔⁸ CM ─ ╩ ∆╢

⌂◦Ⱶꜙ꜠כ◦ꜛfi⸗♦ꜟ CMFW╩ ⇔√[1]⁹

─ CM≤ ╩ ↑╢↓≤≢

─ Cs ─ ╩ ∆╢↓≤⅜ ≢№╢⁹ 

 

 ≤  

≤⇔≡⁸ ⌐⸗♦ꜟ≢ ⇔√ ┼─ Cs

─ ╩ ∆⁹╕∏⁸ CM ─

╩ ⌐╟╢ ╩♃כ♦ ⇔ⱨ▫♇♥▫

fi◓⌐╟╡ ⇔√ ⁹∕─ ≢⁸ꜘ ⱴⱷ ─

⌐ ∆╢ ─⸗♬♃ꜞfi◓♦כ♃⌐

⇔≡⁸ Cs ─ ╩ ⇔√ ⁹

∕─ ⁸ │ ╛ ⌐ ╕╣╢ Cs

─ ⌂ ⌐╟╡⁸∕╣╠⅛╠─

⅜ ⇔⁸ ─ Cs ─ ⌐ ⅝ↄ

⇔√↓≤⅜ ↕╣√⁹ ⁸∕╣ │

⅛╠─ ⅜ ⅝ↄ⌂╢≤ ↕╣

√⁹ ≢│⁸╒⅛⌐ ⅝─↓┼─ ⌐

≈™≡ ⌐ ⇔⁸ ⌐╟╢ ─ ™⅜ Cs

─ ה ─ ⌐ ⇔≡™╢ ╩ ⇔

√[2]⁹↓─╟℮⌂ ╛∕─ ─ │⁸

Cs ─ ╛ ⌐ ≈╙─≢№╢⁹ 

─ ≤⇔≡⁸ ─

⇔√ Cs ─ ⸗♦ꜟ ⌐ ⇔⁸50

╕≢─ Cs ─ ╩ ⇔√[ 3]⁹

↕╣√ Cs ─⸗♦ꜟ ─┌╠≈⅝│ ⅝ↄ⁸

─ ™─ ⌂≥⅜ ≤ ↕╣√⁹ 

⌐≈™≡│⁸ ₈F-

REI₉≤™℮⁹ ─ ⌐⅔™≡⁸ Cs

─ ╩ ⇔√[ 4]⁹ ⌐◌ꜞ►ⱶ

╩ ∆╢↓≤⅜ ≢№╢ ╩ ⇔√⁹ 

╛ ─ ─√╘⌐│⁸

⇔√ ⌐╟╢ ─♃כ♦ ≤⸗♦ꜟ ─

╡ ⇔⅜ ≢№╢⁹ ⌐ ≢│ ⅜

Cs ⌐ ⅝ↄ ∆╢↓≤⅜ ╠⅛≤⌂╡

≈≈№╢⁹ ⌐ ⇔≡╙ ─ ⅛╠

─ ⅜ ⅝ↄ⌂∫≡™╢≤ ↕╣≡™╢⁹

≢─ Cs ─↕╠⌂╢ ⅜ ≢№╢⁹ 

F- REI ≢│⁸ ─ ╩ ↕∑⁸

─ ─ ╩ ⇔√ ─ ╩

╕ⅎ√ ┌ↄ ⌐ ╢ꜞ☻◒ ╛⁸

─ ╩↕╠⌐ ╘╢ ≢№╢⁹ 

 

 │ F- REI  (JPFR23- 05- 01- 01) 

⌐╟╢⁹ 

 

β ⌐≈™≡│⁸₈ ꜞ☻♩₉  

 ┼─ Cs ─   Cs ─ ≤ ↔≤─ 

─  

 ⌐⅔↑╢ CM Cs ─ 

≤◦Ⱶꜙ꜠כ◦ꜛfi⌐╟╢  
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╩ ╡ ╪∞ ◦☻♥ⱶ─  

 

JAEA 
 

 │∂╘⌐ 

⌐⅔↑╢ ⌐╟╡⁸ ☿

◦►ⱶ╩ ╘≤∆╢ ⅜ ⌐ ┼

↕╣⁸ ─ ≢№╢ ⅔╟┘ ⅜

∆╢ ⌐ ⇔√⁹ 

 │ ⌂ ⅜ ⇔⁸ │ ⌂

≤ ⁸⌂╠┘⌐ ─ ⌐╟╡ ↕╣

≡™╢⁹↓╣╠─ ≢│⁸ ─ ╛

⅜ ⌐ ∂⁸ │ ⅛≈

⌂ ╩ ∆↓≤⅜ ╠╣≡™╢⁹↕╠⌐⁸

─ ⌂ │ ─ ╩

⇔≡™╢⁹↓─╟℮⌂ ⅛╠⁸ ─ ┌

ↄ ╩ ⌐ ℮√╘⌐│ ⌐ ↕╣√

⌐╟╢ ╩ ⌐ ∆╢

↓≤⅜ ≢№╢⁹ 

 

 ◦☻♥ⱶ─  

ⱶ♥☻◦ה ☿fi

⁸│כ♃ ☿fi♃כ⅔╟┘

≤ ⇔⁸

─ ╛ ≤™∫√ ⌂ ⌐⅔↑╢ ⁸

⁸ ─ ─ ⸗♦ꜟ╩ ⇔√⁹

↕╠⌐⁸ ⌐ ∆╢ ☿◦►ⱶ─

╩ ╡ ╗↓≤⅜ ⌂

◦☻♥ⱶ 3D- Air Dose Rate Evaluation System

3D- ADRES╩ ⇔√ [1]⁹ 

 
 ◦☻♥ⱶ 

 3D- ADRES─ ⅔╟┘  

 3D- ADRES│⁸ ─ ╛ ⌐ ⇔≡⁸ᵑ

╛ ◓fi◦fi☿♩כ⸗ꜞ─ ⌐╟╡

⇔√ ╩ ⌐⁸ ⅔╟┘ ∆╢

ה ╩ꜞ▪ꜟ⌂ ⸗♦ꜟ≤⇔≡ ⇔⁸

ᵒ ⸗♦ꜟ─ ⌐ ⇔√ ☿◦►ⱶ─

╩ ⌐ ⌐ ⇔⁸ᵓ↕╠⌐⁸

⅛╠ ↕╣╢●fiⱴ ─ ╩⸗fi♥◌ꜟ

꜡◦Ⱶꜙ꜠כ◦ꜛfi⌐╟╡ ∆╢↓≤≢⁸

─ ⌂ ╩ ⌂◦☻♥ⱶ≢№

╢⁹ 

 

 ┼─  

◦☻♥ⱶ╩ ™≡⁸ ⅜ ⌂╢

─ ⅔╟┘ ─ ⌐⅔™≡

╩ ⇔√ ⁸™∏╣─ ≢╙

≤ ⌡ ⇔⁸ ─ ⅜ ↕╣√

⁹ 

 

 ╕≤╘ 

◦☻♥ⱶ─ ⌐╟╡⁸ᵑ ⌐⅔↑╢

⌂ ⸗♦ꜟ╩ ™≡ ⌐╟╢ ⅔╟

┘ ⌐╟╢ Un- contaminated

─ ⁸ᵒ ⌂╢ ⌐ ⇔√ ☿◦►ⱶ

⅜ ⌐ ╓∆ ─ ⁸ᵓ

─ ⅔╟┘ ⅛╠─

─ ─ ⅜ ≤⌂╢⁹ 

 

 

[ 1]  M. Kim et al.: Simulation study of the 

effects of buildings, trees and paved surfaces 

on ambient dose equivalent rates outdoors at 

three suburban sites near Fukushima Dai - ichi. 

J. Environ. Radioact., 210, p.105803 (2019).  

 
 3D- ADRES╩ ™√ ─  

 ⱷ♇◦ꜙ ≤ ─ ⁹ ─  

 ≤ⱷ♇◦ꜙ─ ⅜ ⌡ ⇔≡™╢↓≤⅜  

 ≢⅝╢⁹ Map imagery © Google & Zenrin  

2018  
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⁸◖◔╩ ™√ ☿◦►ⱶ ┼─  

 

JAEA

 
 │∂╘⌐ 

 ╛◖◔ │⁸ ─

╟℮⌂ ╩ √∏⁸ ⅛╠ ╛ ╩

≢ ╡ ╗⁹↓─ ∆╢ ⅛╠⁸ │

♄☻♩⌐╟╢ ⌐╙ ╦╣≡⅝√⁹

≢│⁸ ≤◖◔╩ ™≡⁸ ⌐⅔

↑╢ ₈ ₉≤™℮⁹ ⌐ ∆╢

☿◦►ⱶ Cs: 137Cs ─ ╩ ═╢√╘─

⌐ ╡ ╪∞⁹(1) ≢│⁸ ⌐

⇔√ Cs⅜≥↓⌐≥─╟℮⌂ ≢ ↕╣≡™

╢⅛╩ ═√⁹(2)◖◔≢│⁸ ≢₈◖◔Ᵽ♇

◓₉╩ ⇔⁸ ─ ה ≢ Cs ╩

∆╢ ╩ ⇔√⁹ 

 
  

(1) ≢ ⅛╠ ⁸

⌐ ⇔√►ⱷⱡ◐◗◔╩ ≤⇔√⁹

─ Cs │⁸▬ⱷכ☺fi◓ⱪ꜠כ

♩╩ ≢ⱨ▫(AR)ꜝ◓○☺ꜝ♩כ○√™ ═√⁹Cs

─ ─ ™ AR ≢ ↕╣√ ⅔╟┘

⌂ ⅜╡╩ ≈ ╩ ∆ ╩∕╣∙╣◌Ⱶ♁

ꜞ≢ ╡ ╡⁸ ⁸ ⌐ ⇔√⁹∕╣

╩►ꜟ♩ꜝⱵ◒꜡♩כⱶ≢⁸5 µm⌐ ⅛╠

⌐ ⅛∫≡ ⌐ ╡ ⇔⁸ ≤⇔

√⁹ ∏≈─ AR≢ ─ Cs ╩

═√⁹╕√⁸ ╛ Ge ╩

™√ɘ ☻Ɑ◒♩ꜟ ɘ ⁸

╙ ╖ ╦∑╢↓≤≢⁸Cs─ ╩ ⇔√[1]⁹ 

(2)JAEA ≢ ⇔√○○Ⱶ☼◗◔╩ ⁸

≢ ↕∑√ 100ϴ ⁹2mmⱷ♇◦ꜙ◘

▬☼─♫▬꜡fi 12 cm ≢ ◖◔╩ ╪≢⁸

≢ ╡◖◔Ᵽ♇◓≤⇔√ 0.5 g/  DW⁹↓─

◖◔Ᵽ♇◓╩ 2018 2019 ⌐⅛↑≡ ה

ה ─ ≢ , , ─┌ↄ

⇔⁸ɘ ≢ Cs ─ ╩ ═√⁹∕

─ ⁸AR╩ ™≡ Cs─ ╩ ═√[2]⁹ 

 

 ≤  

(1) ─ AR ╟╡⁸ ⅛╠ ⁸

≥∟╠╙ ⇔≡⁸ ─ │

╩ ╗ ⅛╠ ⌐ ⇔≡™√⁹

╕√⁸ ─ ─ │⁸ ≤

ɘ ⅛╠⁸Cs╩ ╗ 2 µm─

≢№∫√⁹↕╠⌐ ─ ─ ≢│

⌐ ⇔≡™╢╙─╙╖╠╣√⁹ ⁸ ⅜╡╩

≈ │⁸ ⌐ ⇔√ ⱷ

ꜝ♬fi ─ ⌐╖╠╣√⁹ ⅛

╠⁸ⱷꜝ♬fi─ ≤ Cs+▬○fi⅜ ╩

⇔≡ ⇔≡ ∆╢↓≤⅜ ↕╣√⁹ ╟╡⁸

⌐ fi○▬ה ≢ ⇔√ Cs│⁸

≢ ∆╢⁸ ≤ ∆╢⌂≥⇔≡ ∆

╢↓≤≢ ↕╣╢≤ ⅎ╠╣√ [ 1]⁹ 

 

 

 

 

 

 

 

 

 

 

( 2)  ◖◔Ᵽ♇◓ ─ Cs │⁸ ─ ™⌐

╦╠∏⁸ ⌡┌ↄ ≤≤╙⌐ ⌐ ⇔≡

⅔╡⁸ ⌂ ⅜ ≤ ⅎ╠╣√ ⁹

AR ≢│( 1)≤ ─ ─ ⅜╖╠╣⁸◖◔Ᵽ

♇◓ ─◖◔⅜ ⅛╠ Cs ╩ ╗ ╩ ⇔

≡™√↓≤⅜ ≢⅝√⁹↓─↓≤⅛╠◖◔Ᵽ♇◓

│⁸ ─ ≢⁸ ╕≢─ Cs ─

╩ ≢⅝╢≤ ↕╣√⁹ ⁸♄☻♩◘fiⱪꜝ

─≥כ ⌐≈™≡╙ ╩ ℮⁹ ╟╡⁸

≢│ ⅛╠─ Cs─⁸◖◔Ᵽ♇◓≢│⁸№╢

─ Cs ─ ╩ ─≡⇔≥ꜟכ♠╢═

⅜ ≢⅝╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

β ⌐≈™≡│⁸₈ ꜞ☻♩₉  

 ─ ▬○fi ─ Cs,Cs╩ 

╗ ⅜ ─ ≢ ↕╣╢  

╖╩ ⇔√  

 ◖◔Ᵽ♇◓ ─ Cs ≤┌ↄ ≤─  

─ ≢ⱨ▫♇♥▫fi◓⇔ 

√ ╩ ∆⁹ 
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─ ☿◦►ⱶ  

 

 

 
 │∂╘⌐ 

 ╩ ⇔√ ☿◦►ⱶ─┌ↄ ─ │⁸

╛ ≢ ╩ ∆╢ ⌐≤∫≡ ⌂

≢№╢⁹∕↓≢ ≢│⁸ ─

╩ ⌐ ─ ☿◦►ⱶ─

╩ ⌐ ∫√⁹ 

 

  

─ ⅛ ה ⌐⅔™

≡⁸Ɫ▬Ⱳꜞꜙכⱶה◄▪◘fiⱪꜝ HV- 700F╕√│

HV- 1000F⁸ ╩ ↕ 1.5  m⌐ ⇔⁸

500 L 0.5 m3 ─ ≢⁸ ⅔╟∕ ⅛╠

⅛ ↔≤⌐ ⱨ▫ꜟ♃⌐ ⇔√⁹2012 ⅛╠

2020 ╕≢ ≢ ⇔⁸ │ 2025

╕≢ ⇔≡™╢⁹ 

╩ ⇔√ⱨ▫ꜟ♃│⁸U ⌐ ╘⁸◕ꜟ

ⱴ♬►ⱶ ╩ ™≡⁸☿◦►ⱶ 134⁸☿

◦►ⱶ 137 ╩ ⇔√⁹ ☿◦►ⱶ⅜

╩ ⇔√ ⁸ ⌂ ╩ ⇔√ ⌐

│⁸∕─ ╩ ∆╢√╘⁸ⱨ▫ꜟ♃─

⌐≈™≡ ╩ ™⁸ ─▬○fi ╩▬○

fi◒꜡ⱴ♩◓ꜝⱨ▫≢ ⇔√⁹ 

 

 ≤  

⌐ ⅛ ⌐⅔↑╢ 2012 ⅛╠ 2021

─ ☿◦►ⱶ─ ─ ╩ ∆⁹

─ ⌐ ∆╢ ╩ ⇔≈≈⁸

⌐ ☿◦►ⱶ─ │ ⇔≡™√⅜⁸

2019 ↔╤⅛╠ │ ⇔≡™╢⁹

⌐⁸ ⌂ ─ ☿◦►ⱶ ⅜ ╠

╣√ ᵑ ᵕ ⁹ŋ │ ⅛╠ ⇔√

⌐╟╢ ⌐╟╢ ⅝ →─ ⁸o │ Ca▬

○fi⅜ ↄ ↕╣√↓≤⅛╠⁸ ─

⌐╟╢ ─ ⁸ᵔᵕ│◘fiⱪꜝכ

─ ⌐╟╢ ⅝ →─ ⁸⅜

ⅎ╠╣√⁹2017 ─ ⌂ ᵖ╛⁸ ≢

⌐ ╦╣√ ─ ⅝ᵗ─ │ ╘

╠╣⌂⅛∫√⁹ɔ │ ⅛ ≢ ⅛⌂ ⅜№╡⁸

∕─ ≢╙ ⌐ ⅜╖╠╣√[1]↓≤⁸

─ ☿◦►ⱶ ⅜ ⅛∫√↓≤⁸ ─

⁸ ≢─ ⅛

╠⁸ ⅜╣⅝ ─ ⌐ ⇔√ ⅜

ⅎ╠╣√[2]⁹ 

 ╩ ⇔√ ☿◦►ⱶ─┌ↄ │⁸2019

─ ╩ ™ ↑√≤ ⇔≡╙⁸ ≢

1.4 Bq ≢№╡⁸ ┌ↄ │ 0.007mSv

≤ ↕╣√ 22 m3 ⁸ICRP─ ─
[3]╩ ™≡ ⁹↓╣│⁸ ⌐⅔↑

╢ ⌐ꜝ♪fi ╩ ∆╢↓≤≢

↑╢ ┌ↄ ─ 0.48 mSv[4]╟╡ ⌐ ↕⅛

∫√⁹ 

│⁸ NPO┤ↄ⇔╕ ─ ≤ ≢

⇔√⁹◘fiⱪꜝכ ⌐↔ ™√∞™√

⌐ ⇔ →╕∆⁹ 

 

β ⌐≈™≡│⁸₈ ꜞ☻♩₉╩  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ⅛ ⌐⅔↑╢ ☿◦►ⱶ ─  



 

 34  

 

 

 

 

ₒ ה ₓ



ה 2015- 2021  

 35   

⌐⅔↑╢ ─  

 

 

 

 │∂╘⌐ 

 ⌐⅔↑╢ ⌐╟╡⁸

⅜ ⌐ ↕╣ ╩│∂╘≤⇔√

⅜ ↄ ↕╣√⁹ 

⌐╟∫≡ ⌐ ⇔√ ☿◦►ⱶ⅜

╩ ⇔≡ ↕╣╢↓≤⌐╟╡⁸ ⌐

☿◦►ⱶ╩ ╗ ⅜ ⇔≡™╢ ⅜ ⅎ

╠╣√⁹ 

≢│⁸ ⌐⅔↑╢ ☿◦►ⱶ─

╩ ╕ⅎ√ ╩ ™⁸∕─ ─

╩ ⇔√⁹ 

⌂⅔⁸ │⁸Nishikiori  and Suzuki 2017 [ 1]

≤ Yamasaki et al. 2020, 2023 [2 ][ 3]⌐⅔™≡

↕╣≡™╢╙── ╩ ⇔≡™╢⁹ 

 

  

╡⌐ ∆╢ ╩ ≤⇔≡⁸

2014 ⌐ ╩ ∫√⁹╕∏ ─

☿◦►ⱶ─ ╩ ⇔⁸ ⌐ ☿◦

►ⱶ─ ⅜ ∆╢ ╕≢ ╡ ╡╩ ∫√⁹

⅛╠ 2020 ⌐⅛↑≡ ⌐ ╩

⇔√⁹ 

╡─ ™⌐ ∆╢ ╩

≤⇔≡⁸2015 ⅛╠ 2021 ⌐⅛↑≡ ⌐

╩ ⇔⁸ 2016 ה

2019ה2015 ה 2017 ╩ ∂√

╩ ∫√⁹ 

 

 ≤  

≢│ ↕ 35 cm╕≢ ─

☿◦►ⱶ╩ ╗ ⅜ ⇔≡™╢ ⅜№╡⁸

⌐ ╦∑≡ 15- 35 cm╕≢ ╡ ╡╩ ∫

√⁹∕─ ⁸ │ ⇔√ ⁹

─ ─ │ ≢№╡⁸ ∆╢

⌐│ ─ ╩ ℮↓≤⅜ ≢№╢≤ ⅎ

╠╣√⁹ ⁸ ◄ꜞ▪╙ ◄ꜞ▪╙

⌐ ⅜ ⇔⁸ │╖╠╣⌂⅛∫√⁹ 

 ╡─ │⁸ ─ 2015 │

™⅜ ≤⌂∫≡™√⅜⁸ ╛

⌐╟╢ ─ ה ─ ⁸

─ ⌂≥─▬ⱬfi♩╩ ∂≡ │

⇔√ ⁹ 

 

 ─  

 ─ ╩ ┼ ⇔⁸

─ ⌂ ⌐ ⇔√⁹ 

 

 

[1]  T. Nishikiori, S. Suzuki :  Radiocesium 

decontamination of a riverside in Fukushima, 

Japan. J .  Environ .  Radioact.,  177, 58- 64 ( 2017) .  

[2]  T. Yamasaki et al.:  Control of radiocesium 

recontamination by plant removal along a 

decontaminated riverside in Fukushima, Japan. 

J.  Environ.  Manage.  270, 110856 (2020) .  

[3]  T. Yamasaki et al.:  Impact evaluation of 

typhoons and remediation works on 

spatiotemporal evolution of air dose rate in 

two riverside parks in Fukushima, Japan after 

the Dai - ichi nuclear power plant accident. J .  

Environ.   Manage.  332, 117311 (2023) .   

 

 

 

 

 

 

 

 

 

 

 

 

 

  ─ ─   ╡─ ⌐⅔↑╢ ─  
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⅜ ⇔√ ⌐⅔↑╢ ─  

 

 JAEAה

 

 │∂╘⌐ 

 ⌐⅔↑╢ ⌐╟╡⁸

⅜ ⌐ ↕╣ ╩│∂╘≤⇔√ ⅜

ↄ ↕╣√⁹↓╣╠ ⅛╠─ ─

√╘⁸ ╩ ≤⇔√ ⅜ ╦╣√⁹ 

╛ ─ ⌐╟╡⁸

─ │ ⇔≡™╢╙──⁸ ⅜

∆╢▪fi◔כ♩ ⌐╟╡⁸ ⌐⅔↑╢

┌ↄ⌐ ╩ ≈ ⅜ ∆╢↓≤⅜╦

⅛∫≡™╢ 2021 ⁹ 

≢│⁸ ─ ⌐ ∆╢√╘⁸

─ ─ ─ ≤ ─⸗♦ꜟ⌐╟

╢ ─ ╩ ℮≤≤╙⌐⁸⸗♦ꜟ─

╩ ⇔√⁹ 

⌂⅔⁸ │⁸ ╠ 2023 [ 1]⌐⅔™≡

↕╣≡™╢╙── ╩ ⇔≡™╢⁹ 

 

  

╡⌐ ∆╢ ─ ⅛╠⁸

╛ ≤™∫√ ⅜ ⌂╢

⅛ ⁸ ⁸ ╩ ⇔⁸

─ ╩ 2017 ⅛╠ 2021 ⌐⅛↑≡

⌐ ⇔√⁹ ─ │⁸ ╕√

│ ⅛╠ ╩ ↑√⁹ 

╕√⁸ ⸗♦ꜟ[ 2]⌐╟∫≡ ─

╩ ⇔⁸ ≤ ⇔√⁹ 

 

 ≤  

 ╩ ⇔√ 2017 ⅛╠ 2021 ⌐⅛↑≡⁸

─ │ 9 30% ⇔√⁹ 

2019 ⌐│⁸ ⅜ ╩

⇔⁸ ⌂ ≤⌂∫√⁹ ─ ≈≢№╢

─ ⌐⅔™≡│⁸ ⌐╟╡ ─

≢ ─ ╛ ─ ⅜ ∂√⅜⁸ ─

2018 2019 ─ ≢ ─ ⌐

⌂ │⌂⅛∫√ ⁹ 

↓╣╠─↓≤⅛╠⁸ ╛ ─ ⌐⅔

™≡⁸ ⌐ ─ │ ⇔≡⅔╡⁸ ╠⅛

⌂ │ ⇔≡™⌂™↓≤⅜╦⅛∫√⁹ 

╕√⁸ ⸗♦ꜟ⌐╟╢ ≤ │

⇔≡⅔╡⁸ ─ ─ ╩ ╟ↄ

≢⅝╢↓≤╩ ⇔√ ⁹ 

 

 ─  

 ─ ⅜ ─ ⌐ ↕╣⁸

⌐ ↕╣√ ⁹ 

 

 

[ 1] , ╒⅛: ⌐⅔↑╢

─ ─ ┘ ─ ─ , 

,  11 ( 1) ,  pp.15- 23,  ( 2023) .  

[ 2] : 26

 (

⌐ ℮ ─ ─♃כ♦ ┘

⸗♦ꜟ─ )  , pp. 217- 238 

(2015) .   

 

 ⅜ ↕╣√ ─ ─   ─ ─  
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─ ⌐⅔↑╢  

 

 

 

 │∂╘⌐ 

 2019 10 ⌐ ⇔√

₈ ₉≤™℮⁹ ⌐╟╡⁸ ─ ─ ⅜

⇔⁸ ╛ ⌐ ─ ⅜ ⇔√⁹

╡╩ ╣╢ │ ⌐ ─ ╩ ⅎ

≡™╢≤↓╤⅜ ↄ⁸ ⅛╠ ╣≡⅝√ ⌐

│ ☿◦►ⱶ⅜ ╕╣≡™╢ ⅜№╢√╘⁸

⇔√ ⌐╟╢ ⅜ ↕╣√⁹∕↓≢⁸

╟╡ ⌂ ─ ╩ ∫≡™√

╛ ╩ ≤⇔≡⁸ ─

╛ ─ ╩ ⇔√⁹ 

 

  

⅛╠ ⌂ ╩ ⇔≡™√

⁸ ⁸ ┘

─ ⌐№╢ ╩ ≤⇔√⁹

⌐⅔™≡ ⌐⅔↑╢ ─ ה

╛⁸ ─ ╩ ⇔√⁹ ▬ⱬכ◘ ╩

™≡ ⁸ ─ ╩ ⌐

⇔⁸ ≤ ⇔≡ ─ ╩ ⌐

╘√⁹ ⅎ≡⁸ ⇔√ ╩ ⇔≡ ☿◦

►ⱶ ╩ ⇔√⁹ 

 ≤  

─ │ ⌐⅔™≡ ─ ─

⅜№╡⁸ │ ⅝ↄ ⇔≡™√⁹

≢⁸ ⌐ ⇔≡™√ │ ↕╣≡ ╦

╣≡™√⁹ │ ≢ ⇔⁸ ⌐

≢ ⅝ↄ ⇔≡™√ ⁹ ─ ≢

⌐ ⇔≡™√ ⌐ ☿◦►ⱶ⅜ ↄ

╕╣≡™√↓≤⅜ ⅛∫≡⅔╡⁸∕╣╠⅜ ↕

╣╢↓≤≢ ⅜ ⇔⁸ ⅜ ⇔√≤

ⅎ╠╣╢⁹╕√⁸ √⌐ ⇔√ ─

☿◦►ⱶ │ ⅛∫√⁹ ⁸ ─

⌐⅔™≡╙ │ ⇔≡™√⁹ 

─ ─ ⌐⅔™≡│ ─ ╛

⅜ ↕╣√⅜⁸ │ ⇔⌂⅛

∫√⁹ ∂≡⁸ ⌐╟╢ │ ∂≡⅔╠∏╗

⇔╤ ─ ⌐╟╡ ⅜ ⇔√≤ ⅎ

╠╣╢⁹  

 

 ─  

 ─ ⅜⁸ ⇔√ ─

⌐≡ ↕╣√⁹ 

 ⌐⅔↑╢ ─  
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20%

40%

60%

80%

100%

─ ⌐ ∆╢ ≤∕─ ⌐ ∆╢  

 

 

 

 │∂╘⌐ 

 ≢│ ⌐⅔↑╢ ⁸

─ ⌐ ∆╢ ⅜ ─ →⌐⌂╢ ≤

⌂╢⌂≥⁸ ─ ⌐ ∆╢ ⅜ ⇔≡

™╢⁹ 

↓℮⇔√ ⌐ ∆╢ ⌂ ─ ─

≤∆╢√╘⁸ ⅜ ⇔≡™╢ ╩ ™

≡⁸ ─ ┼─ ─ ╛∕─

⌐≈™≡ ⇔√⁹ 

⌂⅔⁸ │⁸Suzuki ╠ 2018 [ 1]⌐⅔™≡

↕╣≡™╢╙── ╩ ⇔≡™╢⁹ 

 

  

2010 ₩2015 │⁸

⅜ ⇔≡™╢ ≢⁸ │⁸

─ ╛ ┼─ ⌐ ∆╢ ╩

≤⇔√⁹ 

⌂⅔⁸2010 ₩2015 ─ ─ │

─≤⅔╡⁹ ─ 28 ⁸

15 ─ 1,300 ⁸

⁸ 713 824 ⁹ 

╛ ┼─ ─ ╛⁸ ⌐

╩ ╓∆ ╩ ╠⅛⌐∆╢√╘⌐⁸◒꜡☻

≤ ꜡☺☻♥▫♇◒ ─ ╩ ™

≡⁸ ꜞ☻◒┼─ ⁸ ⁸ ⁸

≤─ ╩ ⇔√⁹ 

 

 ≤  

◒꜡☻ ─ ⁸ ╛ ┼─ │⁸

╛ ≢ ⌐ ⅜ ╠╣⁸ ≢│

≢ ⌐ ↄ⁸ ╩ ╗ ╡≢ ™

⌐№╡⁸ ╟╡ ≢ ™ ⌐№╢↓

≤⅜╦⅛∫√⁹ 

╕√⁸ │ ≢ ⌐№╢⅜⁸

╩ ╗ ╡≢│ ─ ╕≢│

⇔≡™⌂™↓≤╙╦⅛∫√⁹ 

꜡☺☻♥▫♇◒ ⌐╟╡⁸ ╛ ┼

─ ™ │⁸ ꜞ☻◒⌐ ∆╢ ≤

ↄ ⇔≡™╢↓≤⅜ ╠⅛⌐⌂∫√⁹ 

∕─ ⁸ ⌐╟╢ ⅜ ꜞ☻◒

┼─ ⌐ ╩ ⅎ⁸∕─ ─ ╛ ┼

─ ⌐╙ ™ ╩ ╓⇔√ ⅜№╢↓≤

╙ ↕╣√⁹ 

 

 ─  

 ─ ⌐≈™≡⁸ ─ ┼─

⌐ ∆╢ ─ ⌐ ∆╢√╘⁸ ─

⌐ ⇔√⁹ 

 

 

[ 1] S. Suzuki et al. : Annual changes in the 

Fukushima residents' views on the safety of 

water and air environments and their 

associations with the perception of radiation 

risks .  J.  Radiat .  Res. , Supplement -  Highlight 

Articles of the First International Symposium, 

59(S2), pp.ii31 - ii39  (2018).  

 ╛ ─ ⅜ ™ ─ ─  
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 ╛ ─ ⅜ ™ ─ ─  
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⅜ ─ ⌐ ∆╢ ⌐ ⅎ╢  

 

 

 

 │∂╘⌐ 

 ⌐⅔↑╢ ⁸ ≢

│⁸ ─ ─ ⌂≥⁸

┼─ ─ ⅜ ↕╣√⁹ 

∕─√╘⁸ ╩ ⇔√ ⅜ ⌐ ∆╢

⌐╙√╠∆ ╛∕─ ╩ ╕ⅎ√

─ ─№╡ ╩ ∆╢√╘⁸ ⁸ ─ ≈

─ ╩⸗♦ꜟ≤⇔≡⁸ ─ ╩

≤⇔√ ⌐ ∆╢꞉כ◒◦ꜛ♇ⱪ╩

⇔⁸∕─ ⌐ ⌐ ⇔≡▪fi◔כ♩ ╩

℮↓≤⌐╟╡⁸ ⅜ ─ ⌐

ⅎ╢ ╩ ⇔√⁹ 

 

  

2017 ⌐ ™╦⅝ ╩ ╣╢ ⁸

─ ≈─ ╩⸗♦ꜟ≤⇔≡⁸

─ ╩ ≤⇔√ ⌐ ∆╢꞉כ◒◦ꜛ

♇ⱪ╩ ⇔√⁹꞉ ⱪ│⁸₈♇ꜛ◦◒כ ─ ≤

₉╛₈ ≢ ⌐ ∆╢ ╩ ╘╢√╘

─ ⱴ≤⇔⁸כ♥╩₉╖ ₩ ∏≈ ₩ ◓ꜟ

≢ⱪכ ⇔√⁹ 

╕√⁸∕─ ⌐ ⌐ ⇔≡▪fi◔כ♩

╩ ℮↓≤⌐╟╡⁸ ⅜ ─

⌐ ⅎ╢ ╩ ⇔√⁹ 

 

 ≤  

꞉כ◒◦ꜛ♇ⱪ╩ ⇔≡⁸ ─ ⌐ ∆╢

⌐ ⌂ ⅜╙√╠↕╣√ ⁹↓╣│⁸

꞉כ◒◦ꜛ♇ⱪ ⌐╟╡₈ ⌂ ╩ ⇔√↓

≤₉╛₈ ₁⌂ ─ ⅎ╩ ⇔√↓≤₉⌐╟

╢ ≤ ⅎ╠╣╢⁹ 

╕√⁸ ─ ⅜₈ ╩ ℮ ─

≢№╢↓≤₉⁸₈ ⌂ ≤─ ╦╡─ ─

™₉╛₈ ⁸ ╩╕√™∞ ⌂

₉⌐╟╢╙─≤ ⅎ╠╣╢⁹ 

─ ┼─ ╩ ╘≡™ↄ√╘⌐│⁸

₁⌂ ⌐╟╢ ╩ ╘╢↓≤⅜

≢№╢≤ ⅎ╠╣╢⁹ 

 

 ─  

꞉כ◒◦ꜛ♇ⱪ≢ →╠╣√ ╩ ╕ⅎ≡⁸

─ ╛ ⁸ ╩ ╢√╘─Ᵽכ♅ꜗꜟ

╩כ▪♠ ⇔√⁹╕√⁸ ─ ╩ ∂╢

ⱴ♇ⱪ ╩ ⇔⁸꞉כ◒◦ꜛ♇ⱪ─

╛ ⁸ ┼─ ╩ ∂≡⁸ ─

╩ ⅎ╢ ⌐ ⇔√⁹ 

 ╩ ∂╢ⱴ♇ⱪ ─   ꞉כ◒◦ꜛ♇ⱪ ─ ⌐ ∆╢▬ⱷכ☺─  

─  
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☿◦►ⱶ─  

 

JAEA 

 

 │∂╘⌐ 

⌂≥─ ⌐ ∆╢ ☿◦

►ⱶ│⁸ ╩ ⌐╟╡ ≤≤╙⌐

⇔⁸ ╛ ⌂≥⌐ ∆╢ ⅜№╢⁹

∕─√╘⁸ ┼─ ☿◦►ⱶ─ ╩

↕∑╢↓≤⅜≢⅝╣┌⁸ ┼─ ☿◦►

ⱶ─ ╛ ─ ─ ⌂≥─ ╩

┼─ ⅜ ↕╣╢⁹ 

─ ⌐ ↄ⁸ ─ ⅜ ↕™

≢№╣┌⁸ ⌂ ⌐╟╡ ─

╩ ⌐ ∆╢↓≤⅜ ↕╣╢⁹↓─╟

℮⌂⁸ ⌂ ⁸№╢™│♄ⱶ⌂≥

─ ─ ⌐╟╡⁸ ⌐ ─ ╩

∆╢ ╩ ∆╢↓≤⅜⁸

─ ≢№╢⁹ 

─ ⌂ │⁸ ─ᵑ

⅝ ↕⌂™╟℮⌐∆╢ ⁸ᵒ ( ≢

╠ⅎ╢)⁸ᵓ ╕╡╛∆™≤↓╤⌐ ╘⁸

↕∑╢ ─ ≈⅜ ⅎ╠╣╢⁹↓↓≢│⁸ᵑ

─√╘─ ⌐≈™≡⁸ ╩ ∫√⁹ 

⌂⅔⁸ │⁸ ╠ 2019 [1]⌐⅔™≡

↕╣≡™╢╙── ╩ ⇔≡™╢⁹ 

 

  

⌐≈™≡│⁸ ⌂≥─ ≤⇔

≡ ─ ⅜ ∆╢⁹ ⌂ ⌐

⅔™≡ ⌂≥─ ─ ─ ⌐ √∫

≡│⁸ ⅛ ⇔√ ⅛⁸ ╩ ⇔√╕╕─

⅛⁸ ⅛≥℮⅛⁸ ⅛ ⅛⁸ ─

≢ ⅜ ⅎ≡™╢⅛≥℮⅛⁸ ∞↑╩

™╢─⅛⁸ ─ ⅜№╢⅛⁸ ┼─

╩≥─ ≤∆╢⅛⁸ ╩≥↓╕≢ ╘╢⅛≤

™∫√ ⅜ ─ⱳ▬fi♩≤⌂╢⁹ ≢

│⁸ ─ ⅛╠⁸ ⅜ ⌂ ─

⌐≈™≡⁸ ╩ ∆╢↓≤≤⇔√⁹  

│⁸ ─ ╩ ⌐

∆╢√╘⌐⁸ 8 10 ⌐ ↕ 20 

m─ ╩ ⇔⁸ │☻♥fi꜠☻

≢ ⇔√ ⁹↓╣╠⌐ ⅎ⁸ ─╕╕

╩ ↕⌂™ ╩ ⅎ√ ─

╩ ⇔√⁹ ─ ⌐│⁸

⅔╟┘ ╩ ∆╢√╘─ ╩

⇔⁸ ─ ⌐╟╡⁸ ╩

⇔√⁹ 

 

 ≤  

≢│ 2014 16 ⅛╠ 2015 25

╕≢─ 405 ─ ≤⁸2015

26 ⅛╠ 2017 26 ╕≢─ 670

─ ╩ ⇔√⁹ ─

─ ╩ ⌐ ∆⁹ │™∏╣─

╙ ─ ─ ─ ≢⁸ ⌐ M&D●כ♪

≤ ─ ⅜ ⅛∫√⁹ │⁸ ─

⅜ ⅝ↄ ∆╢ ⁸M&D●כ♪≤

│ ─ ⅜ ⇔⁸ ≤─ ⅜ ↕ↄ⌂∫

√⁹↓─ ⅛╠⁸ ⌐│ⱴ◓☻♩♇ⱪ⁸◒ꜞ

─ⱳꜞ▬○fi┘╟⅔♩כ◖ ⅜ ™ ≢⁸M&D

≥♪כ● │ ⅜ ∆╢↓≤⅜╦⅛∫

√⁹ ⅛╠─ ☿◦►ⱶ │

⌐ ─ 0.2% ≤ ╘≡ ↄ⁸ ≢№∫≡

╙ ─ ≤≤╙⌐ │ ⅝ↄ ⇔√⁹∕

─√╘⁸ ⌂ ≥™⌂│☼כ♬─ ⅎ╠

╣╢√╘⁸ │ ∆╢↓≤≤⇔√⁹ 

 

 

[ 1] ,  ╒⅛: ⌐⅔↑╢ ☿◦►ⱶ

─ ─ . JAEA- Research 2019- 002, 

(2019).

   ↔≤─ ─  
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⅛╠ ∆╢ ─℮∟⁸ √╢╙─

│ ≢№╢⁹ ─ ⌐≈™≡│⁸

₁⌂ ⅜ ↕╣≡™╢⁹∕─ │⁸

☿◦►ⱶ╩ ⇔≡™╢ ╩ ⇔⁸∕╣╠

─╖╩ ∆╢≤™℮ ≢№╢⁹ 

─ ≢⁸ ⅜ ⌂╙─│⁸ ⁸

⌂≥─ ≢№╢⁹ ╩ ╗

─ ⁸∕─╕╕ ∆╢≤⁸ ⌐╟╢

⅜ ↓╡⁸ ─ ╛⁸ ⌐╟╢ ⌂≥

─ ╣⅜№╢⁹∕─√╘⁸ ─ ─ ≤⌂╢

╩ ⇔⁸ ⌂ ⌐⇔≡⅛╠ ∆╢

⅜№╢⁹ 

╩ ⇔⁸ ∆╢ ≤⇔≡│⁸

⅜ ≢№╢⁹⇔⅛⇔⁸ ☿◦►ⱶ╩

╗ ─ ⌐ ⇔≡│⁸ ⅛╠─

☿◦►ⱶ─ ה ╩ ∆╢ ╙ ↄ⁸ ⌐

╩ ≢⅝╢ ⌂ ⌐№╢≤│™™

⅜√™⁹∕↓≢⁸ ☿◦►ⱶ─ ה ╩

ⅎ≈≈ ╩ ∆╢ ─ ≈≤⇔≡⁸

⌂ ≢ ⅜≢⅝╢ ─

◓ꜞ☿ꜞfi⌐╟╢ ╩ ⇔√⁹ 

 

  

─ ╩ ⌐ ∆⁹ │ ≤

⇔√⁹◓ꜞ☿ꜞfi≤ⱳꜞ◄♅꜠fi◓ꜞ◖50/50─ꜟכ

⌐⁸ ≤⌂╢╟℮ ╩ ⇔√⁹◓

ꜞ☿ꜞfi≤⇔≡│⁸ ◓ꜞ☿ꜞfi─╒⅛⁸ ◓ꜞ

☿ꜞfi Ᵽ▬○◓ꜞ☿ꜞfi ╩ ™√⁹ ⌐

╩ ⇔⁸150ϴ─○▬ꜟⱣ☻≢ ⇔

√─∟⁸╤ ⌐╟╡ ╩ ⇔⁸ ⇔√⁹

☿◦►ⱶ╩ ╗ ╩ ™√ ≢│⁸ ⅔╟

┘ ─ ☿◦►ⱶ ╩ ⇔√⁹ 

 

 ≤  

⌐ ∆╢ ⅜ ─ ⁸10 ─

⌐ ═≡ ⅜ ↄ⌂∫√⁹╕√⁸™∏╣─

╙⁸ ⅜ ∆╢≤ ⅜ ⇔⁸

⅜ ↕╣√⁹ ⌐ ∆╢ ⅜ 10 ⁸

⁸│≢☻כ◔─6% 1%╩ ⇔√

⁹ ◓ꜞ☿ꜞfi╩ ™√ ≢│⁸ ◓ꜞ☿

ꜞfi╟╡╙ ⅜ ↄ⌂∫√⁹ 

☿◦►ⱶ╩ ╗ ╩ ™√ ≢│⁸

─ ─ ☿◦►ⱶ │

≢№╡⁸ ☿◦►ⱶ│ ⌐ ∆╢≤

ⅎ╠╣√⁹ 

─ ─ ≈│⁸ ≢ ⇔√ ╩

≤⇔≡ ≢⅝╢↓≤≢№╢⁹∕─√╘⁸

─ ☿◦►ⱶ╩ ⇔√─∟⁸ ╩

≤⇔≡ ∆╢↓≤⅜ ╕⇔™⁹ ☿◦►

ⱶ╩ ⇔√ ≢│⁸◓ꜝⱨ♩ ⌐╟╡

⅛╠☿◦►ⱶ╩ ≢⅝╢↓≤╩ ≢⅝

√⁹ ╩ ⇔≡™ↄ√╘⌐│⁸ ─

☿◦►ⱶ╩ ≢⅝╢↓≤╩ ⇔≡™ↄ

⅜№╢⁹ 

─ ה ≤⇔≡│ ─ ⅜

⌐ ≢№╡⁸ ─ ≈≤⇔≡ ─

─ ≤ ⌐ ↑√ ╩ ≢⅝√↓≤

⅛╠⁸ ╩ ∆╢↓≤≤⇔√⁹ 

 

 ─◓ꜞ☿ꜞfi ⌐╟╢ ─ ≤ ⌐ ╓∆ ─  
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◦☻♥ⱶ RESET─ ≤  

 

JAEA 

 
 │∂╘⌐ 

JAEA│ ╛ ⅜ ╘╢ ╩ ≢

∆╢√╘⌐⁸ ─ ╩ ∆╢◦Ⱶꜙ꜠כ

◦ꜛfi♁ⱨ♩₈ ◦☻♥ⱶ RESET₉╩

⇔⁸ 25 ╟╡ ╩ ⇔√⁹╕√⁸ ↕

╣√ ☿◦►ⱶ⌐ ⇔√ ─

⌂ ╩ ∆╢↓≤╩ ⌐⁸ ☿◦►

ⱶ─ ⌐ ⅎ⁸ ─ ™╛

─ ™⌐╟╢ ┼─ ╩ ⇔√

₈ ─2 ⸗♦ꜟ₉╩ ⇔√⁹JAEA

│⁸ⱨ▼כ☼ ─ ╕≢⁸↓╣╠─♠

╩ꜟכ ™≡ ◦Ⱶꜙ꜠כ◦ꜛfi≤ ─

─ ╩ ™⁸ ╩ ∆ ╛ ┼

─ ╩ ∫≡⅝√[1]⁹ 

↓↓≢│⁸RESET╩ ™√ ╡ ╖─ ╩ ∆⁹ 

 

  

RESET │⁸ ─ ╩ ∆╢↓≤⌐

╟╡⁸ ⌂ ─ ╛ ─ ה

╩ ∆╢√╘⌐ ⇔√◦☻♥ⱶ≢№╢ ⁹

⌐ ⸗fi♥◌ꜟ꜡◖כ♪ MCNP╩

☻כⱬ♃כ♦⇔ ⇔√ ╩ ⇔⁸ ─

⅛╠ ╩ ∆╢⁹

╩ ∆ ╩ ∆╢↓≤≢⁸ ─

⅛╠ ─ ╩ ∆╢↓≤

⅜≢⅝╢⁹╕√⁸ ─ ─ 2 

⸗♦ꜟ≤⇔≡⁸ ⌐ ∆ ╩ RESET⌐ ⇔√⁹ 

 

 ≤  

╕∏⁸ ⅜ ⇔√₈ ⌐⅔↑╢

⸗♦ꜟ ₉─ ╩ ™≡⁸ ◦Ⱶ

┘╟⅔fiꜛ◦כ꜠ꜙ 2 ⸗♦ꜟ─ ╩ ⇔√⁹

∕─℮ⅎ≢⁸ ─◦Ⱶꜙ꜠כ◦ꜛfi

╩ ⇔√⁹∕─ ⁸ ─

⌐ ™⁸ ⌐ ∆╢◦Ⱶꜙ꜠כ◦ꜛfi╩

⇔√⁹ │ ─ ◦Ⱶꜙ꜠כ◦ꜛfi

≢№╢⁹↓╣╠─ ⅛╠⁸

─ ⌐╟╡ 60% ─ ─ ⅜ ≢

⅝╢↓≤⁸ ⌐╟∫≡ ⇔⌂™ ⌐ ⇔≡

─ ⅜ 20 30 ↄ⌂╢↓≤⁸ ─

⌐╟╡ 2022 2023 ⌐│ ─ 90%

⅜ 1.0ɡSv/h ⌐⌂╢↓≤⌂≥⅜ ↕╣√⁹ 

 

 ─  

RESET╩ ⇔√◦Ⱶꜙ꜠כ◦ꜛfi ⌐≈™≡

│⁸ ⁸ ╩ ∆╢ ⁸ ⁸

⁸ ⌐ ⇔ ╩ ∫√⁹ 

─ ⅜ ╖⁸ ─

─ ╙ ⇔≡⅝√↓≤╩ ⇔⁸RESET│

◦☻♥ⱶ≤⇔≡ ╩ ⅎ√⁹ ─ ⌐ ⅎ╢

═ↄ⁸ ⅔╟┘ ⌐≈™≡ ≤

⇔≡ ⇔√⁹ 

 

 

[1]  , : ─ ─

◦Ⱶꜙ꜠כ◦ꜛfi≤ . JAEA- Research  

2019- 010, (20 20).  

 

 ─ ◦Ⱶꜙ꜠כ◦ꜛfi RESET  

 RESET⌐╟╢◦Ⱶꜙ꜠כ◦ꜛfi─  -  

─ ─ ≤ ⌐⅔↑╢ ↔≤─  

-  

 ⸗♦ꜟ 2 ⸗♦ꜟ  

⌐╟╢  



ה 2015- 2018  

 43   
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 │∂╘⌐ 

 ⌐⅔↑╢ ⌐╟╡⁸

⅜ ⌐ ↕╣ ╩│∂╘≤⇔√ ⅜

ↄ ↕╣√⁹↓╣╠ ⅛╠─ ─

√╘⁸ ≢│ ⌐

≠⅝⁸ ╩ ≤⇔√ ⅜ ╦╣⁸ 30

╕≢⌐ ╩ ↄ ⌂ ⅜

⇔√⁹ 

 ↓─╟℮⌂ ⌐ ╢ ─ │ ⌐╙

⅜ ⌂ↄ⁸ ⌂ ─ ≤⌂╢

⅜ ╕╣≡™╢ ⅜№╢⁹ 

≢│⁸ ⌐╟╢ ┼─ ╛∕─

≢ ∂√ ⌐ ∆╢ ╩ ∆╢↓≤╩

⌐⁸▪fi◔כ♩ ┘ⱥ▪ꜞfi◓╩ ∫√⁹ 

⌂⅔⁸ ─ │ ─ [ 1]⌐ ↕╣

≡™╢⁹ 

 

  

─ ≢│⌂ↄ

⅜ ╩ ∫√ ─℮∟⁸ ╩

⇔√ 36 ╩ ≤⇔⁸ ─

ה ה ⌐ ∆╢▪fi◔כ♩╩ ∫√⁹  

╕√⁸▪fi◔כ♩ ⌐ ─№∫√ ─℮

∟⁸10 ╩ ⌐ⱥ▪ꜞfi◓╩ ∫√⁹ 

 

 

 ≤  

▪fi◔כ♩ ─ ⁸ ╩ ⇔≡™√

─│⁸ 23 ⌐│ ≢№∫√⅜⁸ 24

╩ ∆╢ ⅜ ⅎ⁸ 25

⌐ 26 ≤Ⱨ⁹√∫⌂≥◒כ 

╕√⁸ ╩ ⇔√≤ ─№∫√

─℮∟⁸ ╙ ↄ ╩ ∂√↓≤≤⇔≡₈

⌂ ─ ₉⅜ ↄ →╠╣√⁹ 

↓─╒⅛⁸ ⅜№∫√↓≤≤⇔≡⁸

─ ≢₈ ─ ╛ ─ ⌐

∆╢ ─ ₉₈ ─ ⌐ ∆╢

─ ₉₈ ⌂≥⁸ ─ ╛ ⌐

∆╢ⱡ►Ɫ►─ ₉₈ ⌐ ∆╢ ─ ₉

⅜ →╠╣√⁹ 

ⱥ▪ꜞfi◓ ─ ⅛╠⁸↓╣╠─ ⌐ ⇔⁸

⌂ ╛ ⅛╠─ ⁸ ₁⌂ ╩

∂√ ─ ⅜ ≢№∫√↓≤⅜╦⅛∫√⁹ 

 

 ─  

 ─ ⌐≈™≡⁸ ─ ─ ≤∆

╢√╘ ┼ ⇔√⁹ 

 

 

[ 1] : ☿fi♃כ⌐⅔™≡ ⅜

╡ ╗ ⌐ ∆╢  ⱨ▼כ☼

27 30 ,  (2020).

 ─  │   ⌐⅔™≡ ─№∫√↓≤⁸ ⇔√↓≤ 

│ ⁸  
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⅜ ⌐ ↕╣ ╩│∂╘≤⇔√ ⅜

ↄ ↕╣√⁹↓╣╠ ⅛╠─ ─

√╘⁸ ≢│ ⌐

≠⅝⁸ ╩ ≤⇔√ ⅜ ╦╣√⁹ 

⌐╟∫≡ │ ∆╢⅜⁸∕─
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⇔™ ⅜№╢⁹ 

≢│⁸ ─ ⌐ ⅜ ∂╢ ⌐ ∆

╢ ╩ ╢↓≤╩ ⌐⁸ ╩ ∫√ ⅛
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∕─ ╩ ⌐ ⇔√⁹ 

⌂⅔⁸ ─ │ ─ [ 1]⌐ ↕╣

≡™╢⁹ 
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⅜ ╩ ∫√ ─ ─℮∟⁸ ╩

≤⇔⁸ⱥ▪ꜞfi◓ ⌐╟╡ ─ ה

─ ⌐ ∆╢ ╩ ה ⇔

√⁹ 
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™ ⁸ ⌐╟╢ ─ ⅜ ↄ⌂∫

≡⅔╡⁸Ᵽ♇◒◓ꜝ►fi♪─ ╩ ↑≡™√≤

ⅎ╠╣╢ ⁸ ⁹ 

─ ─ ⅜⁸◖fi◒ꜞכ♩ ─

╟╡╙ ⅜ ™ ⌐№∫√⁹ ╩

≤⇔√ │⁸ ╩ ╗ ╩ ∆╢
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≤⇔√ ⅜ ⇔≡™√⁹∕╣╠─ │⁸

─ │ ≢№∫√⅜⁸ ─╖─

⁸ ─ ⅞ ╡⌐ ═≡ ─

⅜ ↄ⌂∫≡™√⁹ 

 

 ─  

 ─ ⌐≈™≡⁸ ─ ≤∆

╢√╘ ┼ ⇔√⁹ 

 

 

[ 1] :  ☿fi♃כ⌐⅔™≡ ⅜

╡ ╗ ⌐ ∆╢  ⱨ▼כ☼

27 30 ,  (2020).  
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 ⌐⅔↑╢ ⌐╟╡⁸

⅜ ⌐ ↕╣ ╩│∂╘≤⇔√ ⅜

ↄ ↕╣√⁹↓╣╠ ⅛╠─ ─

√╘⁸ ≢│ ⌐

≠⅝⁸ ╩ ≤⇔√ ⅜ ╦╣√⁹ 

⌐╟∫≡ ⇔√ │⁸

┼ ↕╣╢╕≢─ ⁸ ⌐ ↕╣√⁹  

≢─ ─ │ ≤↕

╣≡™√⅜⁸ ─ ⅜ ℮╟℮⌐

╕⌂⅛∫√↓≤⅛╠⁸ ≢─ ⅜ ⇔

√⁹∕─√╘⁸ ⅜ ↕╣√ ╩

│∂╘≤∆╢ ─ ⅜ ↕╣√⁹ 

≢│⁸ ─ ≢ ↕╣√

─ ╩ ⌐╟╡ ⇔√⁹ 

⌂⅔⁸ │⁸ ╠ 2018 [ 1]⌐⅔™≡

↕╣≡™╢╙── ╩ ⇔≡™╢⁹ 

 

  

⅛ ─ ╩ ⇔⁸ ⌐ ↕╣√

┘ ┼™ ─℮
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ⱴ♬ꜙ▪ꜟ ☿fi♃⁸2012כ

⌐ ↕╣╢ ─ ─ ≈⁸ ה→

╤⇔ ≤ ╩ ⇔√ ⁹ 
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↕╣√ ⌐≈™≡

╩ ∫√ ⁸ ⅜ ⌐╟∫

≡ ₁⌐ ∆╢ ⅜ ╠╣╢╙──⁸ ↄ─

⅜ ─℮ⱴ♬ꜙ▪ꜟ⌐ ↕╣√ ─

╩ √⇔≡⅔╡⁸ ╩ ∫√ ⌐≈

™≡╙ ⌐ ⌂™ ≢ ⅜ √╣≡™╢↓

≤╩ ⇔√ ⁹ 

≢⁸ ─ ↕╣√ ┼™

─℮ ⌐≈™≡│ ⅜ ↄ⁸ ⌐

⅜ ≢№╢↓≤⅜ ↕╣√⁹ 

─ ╛ ─

─℮⁸ⱨ꜠◐◦Ⱪꜟ◖fi♥♫ J

ה ⌐╟╢ ⌂ │ ↑╠╣⌂

⅛∫√⁹ 

 

 ─  

 ─ ⅜⁸ ⌐

↕╣√⁹ 

 

 

[ 1] :  ─ ⌐⅔↑

╢ ─ ─ . ☺○◦fi☿♥▫♇

◒☻ ,  34 ( 2) ( 2018) .  

 ─  

ה→ ╤⇔ ⁸   ─℮⁸  
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√╘⁸ ≢│ ⌐
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│∂╘≤∆╢ ─ ⅜ ↕╣√⁹ 

≢│⁸ ─ ≢ ↕╣√

─ ╩ ⌐╟╡ ⇔√⁹ 

⌂⅔⁸ │⁸ ╠ 2019 [ 1]⌐⅔™≡

↕╣≡™╢╙── ╩ ⇔≡™╢⁹ 

 

  

⅛ ─ ╩ ⇔⁸ ⌐ ↕╣√

┘ ┼™ ─℮

╩ ⌐ ╡ ⇔⁸JIS L 1908 ╕√│ JIS Z 1651

⌐ ∂≡ ╩ ⇔√ ⁹╕√⁸

╩ ™√ ⌐╟╢ ╩ JIS 

Z 1651 B ⌐ ⇔≡ ⇔√⁹ 

 

 ≤  

⌐╟∫≡ ⌐ 10

─ ╩ ┼ ⇔√ⱨ꜠◐◦Ⱪꜟ◖fi♥

♫│⁸ ⌐╟∫≡│₈ ─℮ ₉

ה ⱴ♬ꜙ▪ꜟ ☿fi♃⁸כ

2012 ⌐⅔↑╢ ─ 240 N/cm ╩

╢↓≤⅜╦⅛∫√ ⁹ 

⁸ ↕╣√ ⱨ꜠

◐◦Ⱪꜟ◖fi♥♫ ┘ ─℮ ─

│ ↕ↄ⁸ ╩ ⇔≡⅔╡⁸ ─

⅛╠ ∆╢↓≤≢ 10 ─

⅜ ≢⅝╢ ⁹ 

 

 ─  

 ─ ⅜⁸ ⌐

↕╣√⁹ 

 

 

[ 1] Y. Takahashi  et al. : Study on Long - term 

Durability of the Polymeric Materials Used at 

Temporary Storage Site in Fukushima 

Prefecture .  Geo- Environmental Engineering 

2019, 82 , (2019).

 ─   ⱨ꜠◐◦Ⱪꜟ◖fi♥♫─  

↕╣√ ⁸  
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╕⌂⅛∫√↓≤⅛╠⁸ ≢─ ⅜ ⇔

√⁹∕─√╘⁸ ⅜ ↕╣√ ╩

│∂╘≤∆╢ ─ ⅜ ↕╣√⁹ 

≢│⁸ ─ ≤∕─ ╩

∆╢√╘⁸ ⌐╟╢ ╩ ⇔√⁹ 

 

  

─ ⌐≡ ⌐ ↕╣√ ⱨ

꜠◐◦Ⱪꜟ◖fi♥♫ ┘ ─℮ ⅛╠

╩ ⇔√⁹ 

╕√⁸ ⅜ ─ ─ ≤

⌂╢↓≤⅜ ⅎ╠╣╢√╘⁸ ╩ ™√

⌐╟╢ ╩ JIS Z 1651 

B ⌐ ⇔≡ ⇔√⁹

 ─ ⌐ ⇔⁸◕ꜟ ◒꜡ⱴ♩◓ꜝⱨ▫כ

⌐╟╢ ─ ≤ ╩ ™√

─ ╩ ∫√⁹ 

 

 ≤  

◕ꜟ ◒꜡ⱴ♩◓ꜝⱨ▫כ⌐╟╢

─℮─ ─ ⁸ ⁸

⌐ ╩ ⇔√ ⁸ ⇔√ ≢

─ │ ↕⅛∫√ ⁹╕√⁸

≤ ⌐ │╖╠╣⌂⅛∫√⁹ 

⌐│ ∞↑≢⌂ↄ ╙ ╕╣≡

⅔╡⁸ ─ ⅛⌂ ⅛╠ ╩ ∆╢

↓≤│ ≢№╢≤ ⅎ╠╣√⁹  

⌐╟╢ⱨ꜠◐◦Ⱪꜟ◖fi♥♫─

─ ⁸ ⌐⅔™≡ ≤≤╙⌐

◌ꜟⱲ♬ꜟ ─Ⱨכ◒⅜ ∆╢ ⅜ ↕

╣√ ⁹ ≢ ↕╣√ ⌐≈™

≡│⁸ ╕≢│ ⅛⌂ ≢№╢⅜ 7.3

↕╣√╙── ≈│ ⌂Ⱨכ◒╩ ⇔√

⁹ 

↓─↓≤⅛╠⁸ ─ ─ ⅜

≢№╢↓≤⅜ ↕╣⁸ ⌐╟╢

│ ─ ⌐⌂╡ ╢╙─≤ ⅎ╠╣√⁹ 

 ◕ꜟ ◒꜡ⱴ♩◓ꜝⱨ▫כ⌐╟╢ 

─℮─ 

ⱬꜟ♩  

 ⱨ꜠◐◦Ⱪꜟ◖fi♥♫ ─  

⌐ ╩ ⇔√ ⁸ ⌐ ≢ ↕╣√  
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─♩כ◦  
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 ⌐⅔↑╢ ⌐╟╡⁸

⅜ ⌐ ↕╣ ╩│∂╘≤⇔√ ⅜

ↄ ↕╣√⁹↓╣╠ ⅛╠─ ─

√╘⁸ ≢│ ⌐

≠⅝⁸ ╩ ≤⇔√ ⅜ ╦╣√⁹ 

⌐╟∫≡ ⇔√ │⁸

┼ ↕╣╢╕≢─ ⁸ ⌐ ↕╣√⁹  

≢─ ─ │ ≤↕

╣≡™√⅜⁸ ─ ⅜ ℮╟℮⌐

╕⌂⅛∫√↓≤⅛╠⁸ ≢─ ⅜ ⇔

√⁹∕─√╘⁸ ≢ ↕╣╢ ─

⅜ ↕╣√⁹ 

≢│⁸ ≢ ─ ─√╘⌐

↕╣√ ♩כ◦ ─ ╩ ⌐╟

╡ ⇔√⁹ 

⌂⅔⁸ │⁸Takahashi and Koiso 2020 [ 1]⌐

⅔™≡ ↕╣≡™╢╙── ╩ ⇔≡™

╢⁹ 

 

  

⅛ ─ ⌐≡ ⌐ ↕╣√ ◦

♩כ ┘ ♩כ◦ ⅛

╠ ╩ ⇔⁸JIS K 6251 ╕√│ JIS L 1908 ⌐

∂≡ ╩ ⇔√⁹ 

╕√⁸JIS L 1092 ⌐ ∆╢ B ⌐

∂≡ ╩ ⇔√⁹ 

 ≤  

⁸♩כ◦ ⌐╙≥♩כ◦ ⁸

≤╙⌐ ─ ╩ ∫≡⅔╡⁸

≢ ⌐ │⌂™≤ ⅎ╠╣╢ ⁹⌂

⅔⁸ √╕╡ │ ─ ↕⌐╟╡ ⅜

⅛⅛╢√╘⁸ ⅜ ╗≤ ╦╣√⅜ ™│╖╠╣

⌂⅛∫√⁹  

⁸ ─♩כ◦ ⌐ │⌂™⅜⁸

─♩כ◦ │ ╘≡ ↄ⌂∫≡™√

⁹↓─↓≤⅛╠ ↕╣√ ♩כ◦

│ ≢ ⅜ ⌐ ⇔ ≢ ∆╢

♩כ◦⁸╘√╢№⅜ ─ ─ ⌐

∆╢ ⅜№╢⁹⌂⅔⁸ ♩כ◦

─ ≢ ╩ ╢ ⅜ ╠╣√⅜⁸↓╣

│ ≢ ⅜ ╠╣ ⅜ ↕╣√√╘≤ ⅎ╠

╣╢⁹ 

 

 ─  

 ─ ⅜⁸ ⌐

↕╣√⁹ 

 

 

[ 1] Y. Takahashi ,  M. Koiso: A Study on the 

Durability of Covering Sheets Used at  

Temporary Storage Sites in Fukushima 

Prefecture ,  Global Environ .  Res. 24( 2),  

pp.181- 190 (2020).

♩כ◦  ─  

 

 ♩כ◦
 ♩כ◦

─  

57 N/cm │ 140 N/cm 

 

      

 

 ♩כ◦ ♩כ◦

─  

1000[mmH2O] = 9.81 [kPa]  

♩כ◦  ─  
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─ ⌐ ↑√  
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 ─ ⅜ ⇔√ │ ─

╩ ≤⇔√ ⅜ ╦╣╢⁹ │

─ ╛ ⌐ ╢ ─ ⌐ ∫≡

⅜ ⅎ╠╣≡ ⅜ ∂ ⅜ ⇔≡™

╢↓≤⅜№╢⁹ ─ ≤⇔≡⁸ ⌐⅔↑╢

⌐│ ┼™ ≤⇔≡ ↕╣√ ⅜ ╦╣╢

↓≤⅜№╡⁸ ─ ⅜ ∆╢↓≤⅜№╢⁹

∕↓≢⁸ ─ ⌐ ∆╢

≤⇔≡⁸ ─ ╛⁸ ┼™

╩ ™√ ╩ ∫√⁹ 

 

  

─ ─ ╘ ╕╡─ ╩ ∆╢

√╘⁸ ─ ⅜ ⇔√ ─ ╩

⌐ ╩ ∫√⁹ fiכ◖╠⅛

╩ ⇔≡ ↔≤─ ╩ ∆╢ ≤⁸

╩ ⇔ ╟╡ ≢

∆╢ ╩ ™√⁹ 

⌐│ ┼™ ≤⇔≡ ↕╣√ ╩

™√⁹ ≤⇔≡ ┘♀○ꜝ▬♩╩

⌐ ⇔≡ⱳ♇♩⌐ ⇔⁸◖ⱴ♠♫─ ╩

∫√⁹ ─ ⅜ ⌐ ⅎ╢ ⁸

┘ ─ ⌐ ⅎ╢ ╩ ⇔√⁹ 

 

 ≤  

─ ⁸ ─ ─ ⌐╟

╢ ││∫⅝╡≤⇔⌂⅛∫√⁹ ≢⁸ ⅜

⇔√ ⌐⅔™≡ ⌐ ⅜ ╘ ╕∫≡™╢↓

≤⅜ ╠⅛≤⌂∫√ ⁹ ⌐⁸ ↕ 40 cm

╕≢ ⅜ ↄ⌂∫≡⅔╡⁸↓╣│ ⌂

╟╡╙ ⅝⅛∫√⁹╕√⁸ ≤⇔≡ ╩

⇔≡ ╩⇔√ fiכ◖⁸│≢

⅜ ╠⌂™╒≥ ⅜ ╘ ╕╢↓≤╙ ↕╣√⁹ 

≢│ ─╖≢№∫≡╙ ∆╢↓≤≢

│ ⇔√⅜⁸ ≤♀○ꜝ▬♩╩ ⇔

√ ⌐ ╙ ⅜ ⇔√ ⁹ⱳ♇♩ ─

│ ≢ ⅝ↄ⌂∫≡⅔╡⁸♀○ꜝ▬♩╩

╣╢≤ ─ ⅜ ⇔√⁹ │ ┼─

╩ ⇔⁸♀○ꜝ▬♩⌐╟∫≡ ⅜

↕╣╢↓≤≢ ╩ ⇔√≤ ⅎ╠╣╢⁹♀○

ꜝ▬♩╩ ∆╢≤◌ꜞ►ⱶ ╙ ↄ⌂∫≡⅔╡⁸

↓╣╙ ⌐ ⇔√≤ ⅎ╠╣╢⁹ 

   ⱳ♇♩ ─  
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⌐ ╩ ⇔√⁹∕─ ⁸ ╩ ⁸

⁸ ⌐ ⇔⁸ ╩ ⇔√⁹ 

│ ╩⸗♬♃ꜞfi◓⇔√⁹
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⌐⁸ ╛ ╩ ⌐ ⇔√⁹ 

 

 ≤  

⅜ ⌂™ ╩ ⇔√⅜⁸ ╛
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⅜ ↕╣√ ⁹ │ ⁸

─ ⅜ ⌐ ⅜№∫√ ⁹ │

⌐⅔™≡ ╩ ↕∑√⅜⁸↓╣│

─ ╩ ╘ ╩ ↕∑√√╘≤ ⅎ

╠╣╢⁹ │ ⅜ ╕∫√ ≢ ╩

⇔⁸↓╣│ ─ ⌐╟╠∏ ⅜№∫√⁹↓

╣│ ⌐╟╢ ─ ╛ ⌐╟╢ ─

≤ ⅎ╠╣╢⁹ ─ ╖ ╦∑⅜ ⅛╠

⌐╦√╡ ⌐ ≢№╢↓≤╩ ⇔√⁹

╕√⁸ ⌐ ─ │⌂ↄ⁸

⌐ ≢⅝╢↓≤╩ ⇔√⁹ 

 

 ─  

 ⌐╟╢ ⅜⁸ ─

⌐ ∆╢ ⌐ ↕╣⁸ ⌐ ↕╣√⁹  

╕√⁸ ⌐≈™≡│⁸ ─ ─

≤⇔≡⁸ ╩ ∂≡ ⌐ ↕╣√⁹

 ─ ⁸   ─  
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─ ⌐⅔↑╢ ┌ↄ  
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⁸ ⁸ ₁⌂ ╛ ┌ↄ

╩ ≤⇔√⁹ ─ ╩
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╩ ╘╢√╘⁸ ☿◦►ⱶ 1 Bq/kg

№√╡─ ┌ↄ ╩ ╘√⁹╕√⁸

≤⇔≡⁸ ─ ─ ─ ☿◦►

ⱶ ⅛ ╛ 571⅛ ╩

☿◦►ⱶ ⌐ ⇔√ ╩⁸ ─ ⌐

∂╢↓≤≢ ┌ↄ ╩ ╘√⁹ 

 

 ≤  

™∏╣─ ⌐⅔™≡╙ ◦♫ꜞ○─

┌ↄ ⅜ ≢№╡⁸1- 6 ─ ◦♫ꜞ○⅜

0.00041 mSv/ )/(Bq/kg) ≢ ≡─ ─◦♫

ꜞ○⌐⅔™≡ ≢№∫√⁹ ◦♫ꜞ○│⁸

≢─ ⅜ ™√╘⁸

┌ↄ ⅜ ─◦♫ꜞ○╟╡ ⅝ↄ⌂╡⁸

┌ↄ ─ ⅜ ≤⌂∫√⁹ 

─ ≢ ⇔√ ☿◦►ⱶ ╛

╩ ™≡ ╩ ∫√ ⁸ ◦♫

ꜞ○⌐⅔↑╢ ≤ 1- 6 ─ ┌ↄ │∕╣

∙╣ 0.094 mSv/ ⁸0.59  mSv/ ≢№∫√⁹╕√⁸

Ɽꜝⱷכ♃─┌╠≈⅝╩ ⇔≡ ⌂ ╩ ™

≡ ⇔√ ⁸1- 6 ─ ◦♫ꜞ○─ ┌

ↄ ⅜⁸0.71 mSv/ ≢ ≤⌂∫√⁹ ≤⇔≡⁸

─ ┌ↄ ─ ╩ ⌐ ∆⁹

─ ⅛╠⁸ ≡─ ⌐⅔™≡⁸ ┌

ↄ │ 1 mSv/ ╩ ∫√⁹ 

 

 ─  

 ╩ ╡╕≤╘√ ⅜⁸

─ ⌐ ╩ ∆ ─ ≤⇔≡⁸

─ ≢ ↕╣√⁹ 

 

 

[1] :  

─ 2016, (2017).  

[2] IAEA :  Safety Reports Series No. 44,  ( 2005).  
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⅜ ↕╣√⁹ 

─ ↕│⁸ ╩ ∫√ ⌐╟╡

⅜№╢╙──⁸ ≤ ⇔≡ ⇔≡™╢─⅜

≢⅝√⁹ 

⌐≈™≡⁸ ≢ ⇔√☺○◓ꜞ

♇♪─ ⁸ ≢⅝╢ ↕

↕ ╩ ╘⁸ ⇔√ ─ ↕╩ ⇔√ ⁸

ה ™∏╣⌐⅔™≡╙⁸╒╓ ≡─ ⌐⅔

™≡⁸ ↕ ≢№╢↓≤⅜ ≢⅝√

⁹ 

─↓≤⅛╠⁸ ⇔√ ─ ≢│⁸

☺○◓ꜞ♇♪─ ⌐ ─♩כ◦ ╩ ∆╢
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 ─ ⌐≈™≡⁸ ┼ ⇔⁸
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[ 1] : ☿fi♃כ⌐⅔™≡ ⅜

╡ ╗ ⌐ ∆╢  ⱨ▼כ☼

27 30 ,  (2020).

 ↕⌐ ∆╢ ↕─  

 ─  

 ☺○◓ꜞ♇♪ ─  

⁸ ⌐ ╩♩כ◦  
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µSv/hќ0.13 µSv/h⁸ C 0.09 µSv/hќ0.07 

µSv/h ─ ⅜ ⁸ ⅜ ⁹ 

─▬ⱬכ◘  ⁸™∏╣─ ⌐⅔™

≡╙⁸ ─ ≤ ⁸ │ ∫≡™╢

↓≤⅜ ≢⅝√⁹╕√⁸ ╩ ℮─⌐ ⇔

√ ♃כⱬ▬ⱷכ◘⁸│ ╩ ⇔≡ ╩

℮─⌐ ═≡⁸ ▬ⱬכ◘ ╩ ⇔≡

╩ ℮ ⅜™∏╣─ ≢╙ ⅛∫√⁹  

─↓≤⅛╠⁸ ⱬ▬│⁸כ◘ ≢

─ ⅜ ≢№╢↓≤⁸

─╟℮⌐ ⇔√ ╩ ∆↓≤⅜≢⅝╢↓≤⅛

╠⁸ ⌂ ≢№╢≤ ⅎ╠╣√⁹ 

 

 ─  

 ─ ╩ ╕ⅎ⁸ ▬ⱬכ◘ ─ ⌐

≈™≡⁸ ⌐ ↕╣√⁹ 

 

 

[ 1] ,  ╒⅛:  ─ ⅜ ⇔√

─ ⌐⅔↑╢ ⌂

─ .  ,  9 (3), pp.145 -

151 (2021) .  
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 │∂╘⌐ 

 ⌐⅔↑╢ ⌐╟╡⁸

⅜ ⌐ ↕╣ ╩│∂╘≤⇔√ ⅜

ↄ ↕╣√⁹↓╣╠ ⅛╠─ ─

√╘⁸ ≢│ ⌐

≠⅝⁸ ╩ ≤⇔√ ⅜ ╦╣√⁹ 

⌐╟∫≡ ∂√ │⁸ ⅜ ⇔√

┼ ↕╣╢╕≢─ ⁸ ⌐≡

↕╣╢⁹ │ ─ ⌐ ∆╢↓

≤⅛╠⁸ ≢─ ─ ⌐╟╢ ─

╛ ┼─ ⅜ ↕╣╢⁹ 

∕─√╘⁸ ≢│⁸ ─ ⌐

∆╢ ─ ┌ↄ⌐≈™≡─ ⌂◦♫ꜞ○╩

∆╢↓≤╩ ≤⇔⁸ ╩ ╘√ ─ ┌ↄ

╩ ⇔ ⇔√⁹ 

 

  

⸗♦ꜟ ─ ⅜ 800m3⁸ ⅜

1,600 kg/m 3⁸☿◦►ⱶ 134─ ⅜ 2,500 Bq/kg⁸

☿◦►ⱶ 137│ 8,500 Bq/kg ╩ ⇔⁸ ↕╣

╢◦♫ꜞ○╩ ┘ ⌐≈™≡ ⇔√

⁹ 

◦♫ꜞ○─ ⌐│ ─ ↕╣√ ┌ↄ

⸗♦ꜟ╩ ™√⁹ 

 

 ≤  

─ ┌ↄ ≤⇔≡⁸ ≢─

┌ↄ ╩ ⇔√ ⁸ ●▬♪ꜝ▬fi

⌐ ∫√ ─ ╩ ℮↓≤≢⁸

┌ↄ ⅜ 0.06 Sv/y ≤⌂╡⁸ ●▬♪ꜝ

▬fi⌐ ↕╣╢ 1 mSv/y╩ ∫√⁹ 

─ ⌐⅔™≡⁸ ╙ ⅜ ⅝™≤

↕╣√─│⁸ ─ ⌐⅔↑╢ ↕╣√

─ ┌ↄ ≢№∫√ ⁹⇔√⅜∫

≡⁸ ⌐ ∆╢ ⌐⅔™≡ ⌂

⅜ ⇔√ ⌐⅔™≡│⁸ ⌐≈™≡

⌐ ╩ ℮ ⅜№╢⁹√∞⇔⁸ ─

⌐╟╡ ┌ↄ╩ ∆╢↓≤≢⁸ ┌ↄ

│⁸ №√╡ 0.4 mSv╕≢ ≢⅝╢↓

≤⅜ ↕╣√⁹ 

 

 ─  

 ─ ⅜⁸ ⌐

↕╣√⁹ 

 

⇔√◦♫ꜞ○ 

 

ה ≢─  

ה ⸗♬♃ꜞfi◓ 

 

ה ⌐╟╢ ─ ┘ ┼™

─  

ה ⌐╟╢ ─  

ה ┼─ ⅎ™ ─  

ה ─ ⌐╟╢ ─  

0.052 0.0015

0.3

0.046
0.84

┌ↄ

┌ↄ

┌ↄ

┌ↄ

┌ↄ

1.24mSv/

 ⌐ ↕╣√ ↔≤─ ┌ↄ  

 ─▬ⱷכ☺ 

↕╣╢  

 ⇔√◦♫ꜞ○─  

↕╣╢  
















































































































































































































