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│∂╘⌐ 

 

2011 3 11 ⌐ ⇔√ ┘↓╣⌐ ℮ פֿ
1─ ⌐╟╡⁸ │ ⌂ ╩ ↑√⁹ ⌐ ↕╣√

⌐╟∫≡ ⅜ ↕╣╢⌂≥⁸ ₁⌂ ⌐╟╡ 16 ─ ⅜

╩ ⌂ↄ↕╣√⁹ ⅛╠ 11 ⅜ ⇔√ 2022 9 ≢╙⁸ 2 9

─ ⅜ ⌐ ⇔⁸ ≤⇔≡ ≢⅝∏⌐™╢ 2⁹  

⅜↓─ ─⌂™ ⅛╠ ╩ ⇔⁸ ⅜ ⌐╦√╡ ⇔

≡ ╠∑╢ ╩ ⇔≡™ↄ√╘⌐│⁸ ─ ╩ ⇔≡ ∆╢↓≤⅜

≢№╢↓≤⅛╠⁸ ⌐ ∆╢ ⌐⅔™≡ ⌂ ╩ ∆╢

₈IAEA₉≤™℮⁹ ≤ ⇔≡ ╡ ╗↓≤≤⇔⁸2012 12 ⌐ ≤IAEA≤─

≢ ⌐ ∆╢ ╩ ╡ ╦⇔√⁹ 

↓─ ⌐ ≠⅝⁸ ⸗♬♃ꜞfi◓ ┘ ─ ⌐ ∆╢ ≤IAEA≤─

─ ╘⌐ ↑≢ ⇔⁸ ⱪ꜡☺▼◒♩ Fukushima Cooperative 

Project ₈FCP₉≤™℮⁹ ⅜ ╕∫√⁹ 

∕─ ⁸ ⅜ ∆╢ⱪ꜡☺▼◒♩⌐ ⇔≡IAEA⅛╠ ╩ ↑╢ √⌂

╖≤⇔≡⁸2013 4 ┘10 ⌐ ╩3 ≤∆╢ ╘⌐ ⇔⁸

ⱪ꜡☺▼◒♩(Fukushima Ini tiative Project) ₈FIP₉≤™℮⁹ ⅜ ╕∫√⁹

↕╠⌐⁸2016 4 ⌐ ─ ┘ ─ 3⌐ ∆╢ ╘⌐ ⇔⁸

2017 12 ╕≢FIP╩ ⇔√ ⁸2013 4 ⅛╠2017 12 ╕≢⌐ ⇔√FIP╩

₈ ⱪ꜡☺▼◒♩₉≤ ∆╢⁹ ⁹ 

 

ₒ2013 4 2017 12 ─FIP─ ⱴכ♥ ⱪ꜡☺▼◒♩ ₓ 

FIP  ⌐⅔↑╢ ─  

FIP  ⌐⅔↑╢ ─  

FIP ה  ⌐⅔↑╢  

FIP  GPS ◘כⱬ▬⌐╟╢ ⱴ♇Ⱨfi◓ ─  

FIP  ⌐⅔↑╢ ╩ ╗ ─ ⌂ ─  

 

ⱪ꜡☺▼◒♩─ ╩₈ פֿ ─ ⸗♬♃

ꜞfi◓≤ ─ ⌐⅔↑╢ ≤ IAEA≤─ ─ ⱪ꜡☺▼◒♩

2013 2017 ₒ ⱪ꜡☺▼◒♩ₓ₉ 4 ₈ ⱪ꜡☺▼◒♩─

₉≤™℮⁹ ≤⇔≡⁸2018 3 ↑≢ ╡╕≤╘√⁹ 

                                                      
פֿ 1 │⁸2016 4 1 ⅛╠ ⱱכꜟ♦▫fi◓☻ֿפ

⌐ ⇔√ ∂⁹ ⁹ 
2 ┤ↄ⇔╕ ─№╝╖ 31.2 /2022 12 27

https://www.pref.fukushima.lg.jp/uploaded/attachment/547379.pdf)  
3 FIP4 ╩ ≤ FIP1 3 ┘ 5 ─ ╩ ⇔√⁹ 
4 ⱱכⱶⱭכ☺⌐≡ ⅜ ⁹

https://www.pref.fukushima.lg.jp/sec/298/iaeasummary2017.html)  
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 ⱪ꜡☺▼◒♩─ ╩ ⅎ≡╙⌂⅔⁸ ─ │ ┌≢№╡⁸IAEA

⅛╠ ⌂╢ ╩ ↑╢↓≤⅜ ≢№∫√↓≤⅛╠⁸2022 12 ╕≢ ╩ ∆

╢↓≤≢ ⅜ ╠╣⁸2017 12 ⌐ ╘╩ ╡ ╦⇔√ 5 ⁸2018

1 ⅛╠ 2022 12 ╕≢⌐ ⇔√ FIP ⱪ꜡☺▼◒♩╩₈ ⱪ꜡☺▼◒♩₉≤

∆╢⁹ ⁹ 

 

ₒ2018 1 2022 12 ─FIP─ ⱴכ♥ ⱪ꜡☺▼◒♩ ₓ 

FIP  ⸗♬♃ꜞfi◓⌐ ≠ↄ ☿◦►ⱶ─ ⅜ ⌐ ⅎ╢ ─  

FIP  ⌐⅔↑╢ ─  

FIP  ⌐⅔↑╢ ⌂  

FIP  ╩ ╗ ─ ⌂ ─  

 

│⁸ ⱪ꜡☺▼◒♩ ┘ ⱪ꜡☺▼◒♩─ ≢№╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

                                                      
5 FIP1 3 ┘ 5 ─ ╩ ⇔√⁹  
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1.  FIP1 ⸗♬♃ꜞfi◓⌐ ≠ↄ ☿◦►ⱶ─ ⅜ ⌐ ⅎ╢ ─  

 

1.1.   

 2011 3 ⌐ ⇔√ ⌐╟∫≡⁸

⅜ ↕╣⁸ ─ ™ ⌐ ⇔√⁹↓─√╘⁸ ⇔√ ─

⌐⅔↑╢ ⌐≈™≡ ╩ ℮↓≤⅜⁸ ─ ⌂ ─√╘

≤⌂∫√⁹∕↓≢⁸ ╩ ╣╢ ╩ ≤⇔≡ ╩ ™⁸ ╩ ∂≡─

─ ─ ≤ ⸗♦ꜟ⌐╟╢ ╩ ⇔√⁹ 

 ┘ ╡─ ⌂ ⌐⅔™≡⁸ ─ ☿◦►ⱶ─

╩ ⇔√⁹∕─ ⁸ ⅛╠ 10 ⇔√ 2021 3 ⌐⅔™≡╙

┘ ☿◦►ⱶ ⅜ ⇔≡ ⇔≡™╢↓≤╩ ╠⅛⌐⇔√⁹

╕√⁸ ╩ ⇔√ ☿◦►ⱶ─ ⌐⁸ ≢─♄ⱶ─ ╛ ⅜

╩ ╓∆↓≤╩ ╠⅛⌐⇔√⁹ ─ ≤≤╙⌐ ☿◦►ⱶ │ ⌐

№╢ ≢⁸ ⌐ ™ ╩ ∆ ⅜№∫√√╘ ⇔⁸ ☿◦►ⱶ

CsMPs ─ ╩ ⇔√⅜⁸∕─ │ ↕™↓≤⅜ ↕╣√⁹↕

╠⌐⁸ ┘ ⌐⅔™≡ ╩♃כ♦√⇔ ⌐⁸ ┘ ─

☿◦►ⱶ ─ ╩ ⸗♦ꜟ⌐╟∫≡ ⇔⁸ ⌡ ╩ ∆╢↓≤⅜≢

⅝√⁹ ⌐⅔↑╢ ─ ⅔╟┘ ─ ⌐╟╢ ─

⅜ ☿◦►ⱶ ─ ⌐ ⅝ↄ ⇔≡™╢↓≤⅜ ↕╣√⁹  

 

1.2.   

 2011 3 ─ ⌐╟╡⁸ ─

⅜ ⌐ ↕╣⁸ ┼─ ┘ ⅜ ↕╣√⁹↓─√╘⁸ ─

╛ ה ≤⇔≡ ↄ ↕╣╢ ─ ⌂ ⌐ ↑≡⁸ ≢─

⌐ ☿◦►ⱶ ─ ╩ ╠⅛⌐⇔⁸ ⌐ ∆╢ ≤

∑≡ ∆╢↓≤⅜ ≤⌂∫√⁹ 

 ─ ☿◦►ⱶ│⁸∕─ ⌐╟╡ ⌐ ↕╣√

┘ ⌐ ↑√ ⌐ ↕╣╢⅜⁸∕─ ─ ™⌐╟╡ ⌐⅔

↑╢ │ ⌂╢╙─≤ ↕╣╢⁹ ∫≡⁸ ≢─ ☿◦►ⱶ ╩ ⌐

╠⅛⌐∆╢√╘⌐│⁸ ╩ ⇔√ ☿◦►ⱶ ─ ⅜ ≤⌂╢⁹ ⅎ

≡⁸ ─ ⌐│ ↄ─ ⁸ ─ ⅜ ∆╢√╘⁸

─ ─ ⁸ ─ ⌐ ℮ ─ ┘ ╛

─ ⁸ ה ⌐╟╢ ⌂≥⁸ ╩

╡ ↄ ─ ⅜⁸ ⌐╟╢ ☿◦►ⱶ─ ⌐ ╓∆ ⌐≈™≡╙

⇔≡™ↄ ⅜№╢⁹ 

 ⱪ꜡☺▼◒♩≢│⁸ ─ ⌐⅔↑╢ ─ ☿◦►ⱶ

⌐≈™≡ ⌂ ╩ ™⁸ ☿◦►ⱶ ─ ╩

∆╢≤≤╙⌐⁸ ⅛╠ ⌐╟╢ ☿◦►ⱶ─ ╩ ⇔√⁹ ∑≡⁸

╛ ─ ⌐ ⇔℮╢ ה ☿◦►ⱶ ─ ⌐≈™≡
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╩ ⇔√⁹ 

 ╕√⁸ ⌐⅔↑╢ ☿◦►ⱶ─ ─ ╛ ⌐ ↑≡⁸⸗♦ꜟ

⌐╟╢ ☿◦►ⱶ ─ ⌐ ╡ ╗≤≤╙⌐⁸ ─ ─

⁸ ╩ ⇔⁸ ☿◦►ⱶ─ ─ ╩ ∫√⁹ 

 

1.3.   

ⱪ꜡☺▼◒♩─√╘⌐ ⇔√ ╩ 2 ⌐ ∆⁹ ─ │⁸2011

7 2 ≢─ ☿◦►ⱶ─ ┼─ ╩№╠╦⇔⁸ ≢│↓╣╩

≤⇔≡ ℮⁹ 2(b) ⌐│ ─√╘⌐ ┘ ╡

─ ⌂ ⌐ ⇔√ ⁸ 2(a) ┘( c) ⌐│ ─√╘⌐

≢№╢ ┘ ⌐ ⇔√ ╩ ⇔≡™╢⁹ 

 

1.3.1.   

1.3.1.1.   

1.3.1.1.1.   

 │⁸ ┘ ╡─ 8 ╩ ≤⇔⁸ 2(b) ⌐ ∆

⌐⅔™≡ 2015 ╟╡ ⇔√⁹↓─ ≢│⁸ ⇔√ ⌐╟╡

─ ╩ ≤⇔√ ╩ ℮↓≤≢⁸ ⌂ ╛ ─ ≤─ ⌂≥

╩ ╠⅛⌐∆╢↓≤╩ ≤⇔≡™╢⁹⌂⅔⁸ │ ┘ ─

⌐╟╡⁸ ⅜ 2011 6 ⅛╠ 2014 ╕≢ ⇔≡™√ ╩

 

 

1.  ☿◦►ⱶ─ ⌐⅔↑╢ ─  

(SS)

S

Cs

S
S

S

S

S

S
S

S

S

S

S
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⅝ ™∞╙─≢№╢⁹ ≢│⁸ ⅜ ⇔√ ─ ╙♃כ♦ ∑≡

∆╢⁹ 

 

1.3.1.1.2.   

 ⌐│⁸ ╩ ∆╢ ╩ ∆╢√╘─ ◘fiⱪꜝ⁸כ

┘ ╩ ⇔√⁹√∞⇔⁸ ─ ⌐≈™≡│ ╩ ∑∏⁸ ╛

⅜ ⇔≡™╢♥꜠ⱷכ♃ ╩ ™√⁹ ◘fiⱪꜝכ ⌐ ↕╣√

╩ 1 3 ﬞ ⅔⅝⌐ ⇔⁸ 2018 ╕≢│ 110ϴ⁸24

⁸2019 │ ╩ ∫√⁹ ─ ⌐≈™≡⁸◕ꜟⱴ♬►ⱶ

⌐╟╡☿◦►ⱶ 137 ╩ ⇔√⁹ ┘ │♃כ♦ 10 ≢

⇔⁸∕╣∙╣ ⇔√ ╩ ™≡ mg LΈ1 ┘ m3 sΈ1 ╩

⇔√⁹ ☿◦►ⱶ 137 │⁸ ⁸ ┘ ⌐

↕╣√ ⌐ ╕╣╢☿◦►ⱶ 137 ╩ ↑ ╦∑╢↓≤≢ ⇔√⁹  

 ⅎ≡⁸ 2 40 100 L ─ ╩ ⇔⁸ 3 ⌐ ∆ ╤ ╩ ™

≡ ⌐ ☿◦►ⱶ╩ ⇔√⁹ ─ │◕ꜟⱴ♬►ⱶ ⌐

╟╡ ⇔⁸ ─ ┘ ☿◦►ⱶ 137 ╩ ⇔√⁹ 

 

 

 

 

2.  ─   (a) ⁸(b)

⁸(c)  

 

≢─ C s  

(20 11 /7 /2 )  

⌐ ╟╢  

3 ⸗♬♃ꜞfi◓─  

⌐≈™≡  

(2 01 1)  
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1.3.1.2.  ─ ☿◦►ⱶ  

1.3.1.2.1.   

 ↓╣╕≢⌐ ≢ ↕╣√ ─ ⌐│⁸ ╟╡╙ ╘≡

™ ☿◦►ⱶ ╩ ∆ ⅜™ↄ≈⅛ ⇔√⁹∕─ ╩ 4 ⌐ ∆⁹ ─

≤≤╙⌐ ☿◦►ⱶ ⅜ ∆╢ ⌐№╢ ≢⁸ ⌐ ─

☿◦►ⱶ ╩ ↕∑√ ╩ ╠⅛⌐∆╢↓≤│⁸ ╩ ⇔√ ☿

◦►ⱶ─ ╩ ∆╢ ≢ ≢№╢⁹ ─ ⌐⅔™≡⁸

⌐ ∆╢ ☿◦►ⱶ⅜ ↕╣√ ☿◦►ⱶ CsMPs ⅜ ⌐

∆╢↓≤⅜ ↕╣≡™╢  1) ,  2 ) ,  3 ) ⁹∕↓≢ ≢│↓─ ≤⇔≡⁸CsMPs⅜

┼≤ ⇔ ─ ⌐ ⇔√√╘≢│⌂™⅛≤─ ╩ ≡⁸ ≢─

∕─ ─ ┘ ⌐≈™≡─ ╩ ∆╢√╘─ ╩ ∫√⁹ 

4.  ─ ─ ≈ ╡ ⌐⅔↑╢ ☿◦►ⱶ 137

─  

2018 10 ─ ⅛╠⁸ ₁⌐ ⅜ ∆╢ ⅛╠ ⌐ ╣√ ─

☿◦►ⱶ 137 ⅜ ↕╣√⁹  

 

 

    

3.  ☿◦►ⱶ ╤  
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1.3.1.2.2.   

⌐⅔™≡ ◘fiⱪꜝכ≢ ⇔√ ─℮∟⁸ ╟╡

╙ ⌐ ™ ☿◦►ⱶ ╩ ∆ ╩ ≤⇔⁸ ─

─ ╩ ∫√⁹ ─ ╩◕ꜟⱴ♬►ⱶ ┘▬ⱷכ☺fi

◓ⱪ꜠כ♩ IP ⌐╟╡ ⇔⁸ ─ ┘ ╩ SEM

┘ ⱴ▬◒꜡▪♫ꜝ▬◙כ EPMA⌐╟╡ ⇔√⁹ ∑≡⁸↓─╟℮⌂ ⅜

⇔√ ⌐⁸CsMPs─ ─ ╩ ⌐ ∆╢ ⌐≈™≡ ⇔√⁹ 

 

1.3.2.   

1.3.2.1.   TODAM⸗♦ꜟ 1⌐╟╢ ☿◦►ⱶ ─◦Ⱶꜙ꜠כ◦ꜛfi 

1.3.2.1.1.   

╩ ⇔√ ☿◦►ⱶ─ ≤ ⌐≈™≡⁸ ⌐╦√∫≡─ ╩

∆╢↓≤⅜ ≢№╢⁹ ≢│⁸ ╡ ╩ ╣╢ ─ ≢№╢⁸

≤ ┼ ⸗♦ꜟ╩ ⇔⁸ ☿◦►ⱶ ─◦Ⱶꜙ꜠כ◦ꜛfi╩

⇔√⁹ 2( c) ⌐ ∆╟℮⌐⁸ ─ ─ ≢│⁸ ─

☿◦►ⱶ⅜ ⇔√◄ꜞ▪⅜ ↕╣√⁹ ─ ┘ ⌐⅔

™≡ ☿◦►ⱶ ⅜ ™↓≤⅜ ↕╣√ 1 ⁹ 

 

 ↓─ ╩ ≤⇔√ ─ ☿◦►ⱶ ─◦Ⱶꜙ꜠כ◦ꜛfi╩ ≤

⇔≡⁸2013 ⅛╠ 2021 ⌐⅛↑≡⁸ 2(c) ⌐ →╢ 12 ⌐⅔™≡ ╩ ∫√⁹

↓─℮∟ St.4 │ 2019 ⌐ ╩ ⇔≡™╢⁹  

╕√⁸ ≢│⁸ ≢ ⇔≡™╢ ╩ ⌐⁸ 2(a) ⌐

↕╣╢ 5 ⌐⅔™≡⁸2017 ⅛╠ 2021 ⌐⅛↑≡ ╩ ⇔√⁹ ⌐

⅔↑╢ ─ ☿◦►ⱶ ╩ ⇔⁸ 2 ⌐ ⇔√⁹ 

 

 

                                                      

1 Time- dependent One- dimensional Degradation And Migration  model 4) ,  5 )⁸ IAEA

≢№╢ ⅛╠ 2015 ⌐ ╩ ↑√╙─⁹∕─ ─ ⌐ ⇔≡

╙⁸ ╟╡ ╩ ↑√⁹  

1.  ⌐⅔↑╢ ─ ≤☿◦►ⱶ 137─ ─  

  

 [km2]  

Cs- 137─  

[kBq m- 2]  

 267.9 231 

 19.2  270 

 18.6  343 

 30.1  290 

 40.4  343 
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1.3.2.1.2.   

 ⌐⅔™≡⁸ 2 3 ﬞ ┘ 1 ▬ⱬfi♩№√╡ 7

⁸1 ▬ⱬfi♩№√╡ 24 ⌐ ╩ 1 №√╡ 100 L ⇔√⁹ ∑

≡⁸ pH⁸EC⁸Eh ┘ SS ╩ ⇔√⁹ ⅛╠⁸ 5 ⌐

∆ ☿◦►ⱶ⸗♬♃ꜞfi◓ 6)╩ ™≡⁸☿◦►ⱶ⸗♬♃ꜞfi◓ ꜞ♩כ◌

♇☺ⱨ▫ꜟ♃ 7)  ⌐ ┘ ☿◦►ⱶ╩ ⇔⁸∕╣∙╣╩◕ꜟⱴ♬►

ⱶ ⌐╟╡ ⇔√⁹↓─╒⅛⁸ ─ ⁸

⁸ ─ ╩ ∫√⁹ 

☿◦►ⱶ ╩ ╩♃כ♦─╠╣↓⁸╘√╢∆ ⌐⁸TODAM⸗♦ꜟ─ ╩

╖√⁹TODAM⸗♦ꜟ│⁸ ╛ ⌂≥⌐ ╕╣╢ ─ ╩

∆╢↓≤⅜≢⅝╢⁹ ⅎ┌⁸ ⅜ ╩ ∂≡ ⌐ ⇔√ ─ ⁸

⌐⅔™≡ ⅜ ⇔╛∆™ ─ ╛⁸ ≢─ ⅜ ─

⌐ ⅎ╢ ─ ╩ ℮↓≤⅜≢⅝╢⁹ ⱪ꜡☺▼◒♩≢│ TODAM⸗♦ꜟ╩

™√ ⌐╟∫≡⁸ ┘ ⌐⅔↑╢ ─ ☿◦►ⱶ ┘

∕─ ╩ ⇔√⁹ 

 

5. ☿◦►ⱶ ☿◦►ⱶ⸗♬♃ꜞfi◓ 6)  

 

1.3.2.2.  ☿◦►ⱶ 137 ─  

1.3.2.2.1.   

 SS │☿◦►ⱶ 137 ╩ ≤⇔≡ ∆╢ ⌂ ╩ ∫≡™╢⁹ ⌐⁸

─ SS │ ⌐ ∆╢√╘⁸√≤ⅎ 1 ∞↑─ ▬ⱬfi♩≢№∫√≤⇔

2.  ⌐⅔↑╢ ─ ≤☿◦►ⱶ 137─

─  

  

[km2]  

Cs- 137─  

[kBq m- 2]  

 7.52  587 

 21.4  408 

 62.8  304 

 17.6  235 

 135.2 247 
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≡╙⅝╦╘≡ ─☿◦►ⱶ 137 ─ ⌐≈⌂⅜╢⁹∕↓≢⁸ ≤ ─

╩ ╣╢ ☿◦►ⱶ 137 ⌐ ⇔≡⁸ ⌐ ∆╢ ⌂ ⅛╠─

─ ™╩ ╠⅛⌐∆╢√╘⌐⁸SS ─☿◦►ⱶ 137 ⁸ TOC

⁸ ┘ d13C ╩ ™≡⁸ⱬ▬☼ ╩ ⇔√ ⸗

♦ꜟ SIAR ver. 4.2 ⌐╟╢◦Ⱶꜙ꜠כ◦ꜛfi╩ ∫√⁹ 

 

1.3.2.2.2.   

 SS ─ TOC ┘d13C ─√╘⌐⁸ ─☿◦►ⱶ 137 ─√╘─

≤ ⌐ 0.5 │ 1.0 L ─ ╩ ⇔⁸ ⌐ 450ϴ≢ 4 ⇔√●ꜝ☻

╤ GF/F ⌐╟╡╤ ⇔√⁹ ⱪ꜡☺▼◒♩≢│⁸ ≤⇔≡ ⁸ꜞ

⁸כ♃ ⁸ ┘ ─ 4 ≈╩ ⇔√⁹ │כ♃ꜞ┘

⌐ ∆╢ ⅛╠ ⇔⁸ ┘ │ ─ ┘

⅛╠ ⇔√⁹↓╣╠─ │ 40ϴ≢ 48 ↕∑√⁹ │

⌐╟╡ ⇔√⁹ │ Arai et al. (2021)  8)⌐ ↕╣≡™

╢⁹ 

 

1.4.   

1.4.1.   

1.4.1.1.   

┘ ╡─ ⌐⅔↑╢ ┘ ☿◦►ⱶ 137 ─

2021 3 ⌐≈™≡⁸∕╣∙╣ 6(a) ┘ 6(b) ⌐ ∆⁹ ─

⅜ ⌂╢↓≤⅛╠⁸ ☿◦►ⱶ 137 ⌐│┌╠≈⅝⅜ ╠╣√⁹⇔⅛⇔⁸™

∏╣─ ⌐⅔™≡╙ ⇔≡⁸ ⅛╠ 1 ─ ⌐ ⅜ ⌐ ⇔⁸

∕─ │ ╛⅛⌐ ∆╢ ⅜╖╠╣√ 9) ,  10)⁹√∞⇔⁸∕─ ⌐│

≢ ⅜ ╠╣√⁹↓╣│ ≢─ ─ ™⌐ ∆╢↓≤⅜ ↕╣≡

™╢⁹ ≤ ⇔≡⁸2021 3 ─ ☿◦►ⱶ 137 │ ⌡ 1/10

≤⌂∫≡™√ 6(a) ⁹ ☿◦►ⱶ 137 ♃כ♦╙≡™≈⌐ ⅜№╢

╙──⁸ ☿◦►ⱶ 137≤ ⌐ ╩ ⇔≡™√ 6(b) ⁹↓─↓≤⅛╠⁸

╩ ╣╢ ⌐⅔™≡⁸ ☿◦►ⱶ │ ─ ≤≤╙⌐ ₁⌐

⇔⁸ ≢╙∕─ ⅜ ⇔≡™╢↓≤⅜ ↕╣√⁹ 

2012 ⅛╠ 2021 ⌐ ⇔√ ╩♃כ♦ ™≡ ⇔√⁸ ┘ ☿◦

►ⱶ 137 ─ ╩ 7 ⌐ ∆⁹ ☿◦►ⱶ 137 ─ │

⌡ 3.2 ⁸ ☿◦►ⱶ 137 ─∕╣│ 2.8 ≤ ↕╣√⁹ ─ ☿◦

►ⱶ 137─ │⁸ ≢ 0.24 ≤ ↕╣√⁹ ⁸♅ꜛꜟⱡכⱦ

ꜞ ─ⱪꜞⱧꜗ♅ ≢ 0.31 ≢№∫√≤ ↕╣≡™╢ 11)⁹

─ ☿◦►ⱶ ─ 2 ─ │⁸ ─ ≤ ⇔≡ 1/10

╕≢ ∆╢╙──⁸ ─ ⌐⅔↑╢☿◦►ⱶ 137 ─ ─

│⁸♅ꜛꜟⱡכⱦꜞ ─Ɽ♇꜡כꜜ─ ≢ ↕╣√ ─
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1 4 ≤ ≢№╢↓≤⅜ ↕╣√ 11)⁹ 

 

 

 

 

 

7.  ≢─ ─☿◦►ⱶ 137 ─  

2012- 2021 ♃כ♦ β│♅ꜛꜟⱡכⱦꜞ ─ 

─ ≢ ↕╣√ ─  

 

 

ⱧᾮΤϣχὊᵃ  ( ) 

6.  ─☿◦►ⱶ 137  (a) ⁸(b)  

ὼ
 

C
s

-1
3

7
 

 
[B

q
 k

g
-
1

 ]
 

( a)  

 
C

s
-1

3
7

 
 

[B
q

 L
 -

1

] 

(b)  

 β  

3.7  2.8  

(n=6) (n=6) 

3.1  2.7  

(n=12) (n=11) 

3.2  3.0  

(n=11) (n=10) 

ם
῟
ḕ
ẽ

ᾚ
ṍ

[
] 
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2011 ⌐ ╩ ⇔√ 6 ⌐⅔↑╢⁸2018 12 ╕≢─ ☿◦►ⱶ 137

─ ⌐⅔↑╢ ─ ╩ 8 ⌐ ∆⁹ │⁸

ה ⅜ ⅝⌂ ╩ ∆↓≤⅛╠⁸ ☿◦►ⱶ 137 ─

≤│ ⌂╡ ⌂ │╖╠╣⌂⅛∫√⁹ ╩ ⇔≡ ⇔√ ☿◦

►ⱶ 137 │⁸ ─ ⌐⅔↑╢☿◦►ⱶ 137 ×☿◦►ⱶ

137 ⌐ ⇔≡⁸ ─ 2 ≢ 3.0 4.0 %⁸ ⌐ ∆╢ 4

≢│ 0.6 2.2 %─ ≢№∫√⁹ 

 

 

9 ⌐⁸ ☿◦►ⱶ 137─ 2012 10 ⅛╠ 2014 10 ─ ☿◦

►ⱶ 137 ⁹ ─◓ꜝⱨ ≤⁸∕─ ⌐ ⌂♄ⱶ╩ ∆╢ ≢─

⌐ ∆╢♄ⱶ ─ ─◓ꜝⱨ ╩ ∆ No.1, 17 ,  18 │⁸

┘ ─ ⌐╟╡ ⅜♃כ♦⌂ ╠╣≡™⌂™↓≤⅛╠⁸◓ꜝⱨ⅛╠

⇔√ ⁹ ⌐ ∆╢♄ⱶ─ ─ ⅜ ™ ◓ꜝⱨ ─ ™

↑─ ≢│⁸♄ⱶ⌐╟╢ ─♩ꜝ♇ⱪ⅜ ⅝⁸☿◦►ⱶ 137 ⅜ ⌂

ↄ⌂∫≡™╢↓≤⅜╦⅛∫√⁹ 

≢ ╦╣√ ⅜ ─ ☿◦►ⱶ ⌐ ⅎ√ ⌐≈™≡⁸

≢№╢ ╩ ≤⇔≡ ⇔√⁹ 6 ≢ ╠╣√╟℮⌂

─ ☿◦►ⱶ ─ │⁸ ⅜ ↕╣≡™⌂™♅ꜛꜟⱡכⱦꜞ

─ ─ ⌐⅔™≡╙ ↕╣≡™╢↓≤⅛╠ 11)⁸ ⅜

─ ⅝⌂ ≤⇔≡ ⅎ╠╣╢⁹ ⁸ ≢ ⅜ ↕╣√ │

─ ™ ⇔≡ ╘≡ ↕™√╘⁸ ⅜ ─ ☿◦►ⱶ

⌐ ⅎ╢ │ ╠⅛≢│⌂⅛∫√⁹∕↓≢⁸ ≢─ ─ ⌐ ℮

─ ☿◦►ⱶ ─ ╩ ⌐ ∆╢√╘⁸ ⅜

⌐ ↕╣≡™√ ╩ ≤⇔≡ ╩ ∫√⁹ 

8.   No.1 6 ⌐⅔↑╢⁸2018 12 ╕≢─ ☿◦►ⱶ 137

─  
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≢─ │⁸2012 8 ⌐ ⅜ ↕╣⁸2013 3 ⅛╠ 2015 12

⌐⅛↑≡ ↕╣√ 2⁹ 10⌐⁸ ⌐⅔™≡ ↕╣√ ─ ╩

∆⁹2013 3 ⅛╠ │ ↕╣√⅜⁸2014 3 ╕≢│∕─ │ ™↓

≤⅜ ↕╣≡™╢⁹∕─ ⁸2014 4 ⅛╠ ⌐ ⅜ ↕╣⁸2015 12

⌐ ⇔≡™╢⁹∕↓≢⁸↓─ ╩ ⌐ ⅜ ↕╣≡™⌂™ 2013 2

╩₈ ₉⁸ ─ ™ 2013 3 ⅛╠ 2014 3 ╕≢╩₈ ᵑ₉⁸

⌐ ⅜ ↕╣√ 2014 4 ⅛╠ 2015 12 ╕≢╩₈ ᵒ₉⁸2016 1

╩₈ ₉≤⇔⁸ ≢─ ☿◦►ⱶ 137 ─ ╩ ⇔√⁹ 

╩ ⇔√ 3 ⁸ ⁸ .  2(a) ⌐⅔↑╢ ☿◦►ⱶ 137

─ ╩ 11⌐⁸ ↕╣√ ≢─ ╩ 3 ⌐ ∆⁹ ⌂

≤⇔≡⁸ ⌐ ∆╢ ┘ ≢│⁸ ⅜ ⌐

╦╣√₈ ᵒ₉─ ⌐⁸ ☿◦►ⱶ 137 ─ ⅜ ⇔√⅜⁸

≢│ ⇔≡ │ ⇔⁸∕─ │ ⌐│ ⇔√⁹ ⅎ≡⁸ №

√╡─ ⌐≈™≡│⁸ ─ ∆╢ ╩ ⇔⁸₈ ᵒ₉─

⌐ ⌐ ⇔√ 12 ⁹₈ ₉⌐│⁸₈ ₉╟╡ ™╙──⁸

│ ⌐ ∂√ 12 ⁹↓╣│⁸ ≢ ↕╣≡™╢⁸ ╡╩ ╣╢

⌐⅔↑╢ ≤ ∂ ╩ ⇔≡™╢ 12)⁹ 

                                                      
2 ◘▬♩⁸http://josen.env.go.jp/area/details/kawamata.html  

9.  2012 10 2014 10 ─ ⌐⅔↑╢⁸ ☿◦►ⱶ 137  

↑ ⌐ ∆╢♄ⱶ─ ⅜ ™  
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11.  ─ ⌐ ∆╢ ☿◦►ⱶ 137 ─  

10.  ─  
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3.  ⌐⅔↑╢  

  ᵑ  ᵒ   

ᵑ   0.77  n.s .  0.98  n.s  

ᵒ   1.2  n.s .  1.6  n.s  

ᵓ   0.86  0.59  4.2  4.8  

 

 

 

 

1.4.1.2.  ─ ☿◦►ⱶ  

≤⇔√ ⌐⅔™≡⁸2 ≈─ ─ CsMPs ( A⁸B) ─ ⅜ ↕

╣√ 4 ⁹↕╠⌐⁸ ─ ⅛╠⁸↓─ CsMPs│ ─ ─ 13%

╩ ╘╢≤ ↕╣√⁹ 

 

 

  ( ɡm)  137Cs ( Bq)   

A 4.2  14±0.1  O, Si, Cl, Fe, Zn, Sn, Cs  

B 1.0  0.25±0.01  O, Si, Cl, Fe, Zn, Cs  

 

↓─╟℮⌂ ⌐ ™☿◦►ⱶ 137 ╩ ∆ ⅜ ≈⅛∫√ ⁸╟

╡ ⌐ CsMPs─ ─ ╩ ≤∆╢ ⌐≈™≡ ⇔√⁹ ⅛╠ 1 ≈─

CsMPs╩ ה ∆╢ ≤⇔≡⁸ 2) ,  3 )  ┘ 1)  ⅜ ↕╣≡™╢⁹

⁸ ⅛╠ 1 ≈─ ╩ ∑∏⌐ CsMPs─ ┘ ╩ ⌐ ∆╢

⅜ ↕╣≡™╢ 1) ,  13 ) ⁹ ≢│↓─ ⌐ ∆╢ ╩ ⇔√⁹∆⌂╦

n.s . │⁸ ─ ☿◦►ⱶ 137 │ ⌂ ╩ ↕⌂⅛∫√↓≤╩ ∆
╢⁹ 

12.  ─ ≤ ≤─  

4.  ⅛╠ ↕╣√ CsMPs─  



15 
 

 

∟⁸ ⅜ ─ CsMPs╩ ⇔≡⁸ ≤ IP ─ ─ ╩ ⇔⁸

⌐ ╕╣╢ CsMPs─ ─ ╩ ╖√⁹⌂⅔⁸CsMPs─ ─ │⁸CsMPs

─ 1 ≈─ ≢ ─ ─ 0.189 Bq 14)≤⇔⁸↓─ ─ ╩

CsMPs≤⇔√⁹ 5 ⌐ ╩ ∆⁹2018 2019 ⌐ ↕╣√ 5 ≈─

⌐ ╕╣╢ CsMPs─ ╩ ⇔√ ⁸9 ≈─ CsMPs⅜ ∆╢≤ ↕╣√⁹

─ ≢│⁸ ─ CsMPs─ ╩ ⇔√⅜⁸∕─ ⌐ ∆╢ CsMPs─ │

⌐ ↕™↓≤⅜ ╠⅛≤⌂∫√⁹ 

 

 

 

─  

Cs-137  

(Bq/g) 

 

 

(g) 

─  

Cs-137 

 

(Bq) 

CsMPs 

─  

CsMP─  

Cs-137   

(Bq) 

─

CsMPs 

 

(%) 

1-NZ1910 3.2Ñ0.07 2.7 8.7 0    N/A  

2-SU1910 18Ñ0.3 1.4 23 2 0.48 0.22  3.0 

3-SD1910 23Ñ0.3 1.4 32 6 

0.41 0.36 0.32 

5.7 

0.30 0.23 0.19 

4-NR1810 2.1Ñ0.03 3.2 6.7 0    N/A  

5-TR1907 4.9Ñ0.12 3.0 15 1 0.46   3.1 

 

1.4.2.   

1.4.2.1.  TODAM⸗♦ꜟ⌐╟╢ ☿◦►ⱶ ─◦Ⱶꜙ꜠כ◦ꜛfi 

13 ⌐ ─ ⌐ ∆╢ St. 3 ≤⁸ ⌐ ∆╢ St. 10 ⌐⅔↑╢

╩ ∆⁹ │ 24 km ╣≡™╢⁹ ⌐⅔↑╢ ⌐ ⅝⌂ ™

│ ╠╣⌂™⅜⁸St. 10 ≢│⁸ ╕≢ ╘√ ⅜ St. 3 ─ 2 ≤⌂∫≡™╢⁹

⌐│⁸ ⌐ ™ ╛ ⅜ ╠╣╢↓≤╛⁸ √⌂ ⅜ ⌐ ∆

╢ ⅜╖╠╣√⅜⁸ ─ ⅜ ⅝ↄ ∆╢↓≤│⌂⅛∫√⁹ 

⌐⅔↑╢ ─ ☿◦►ⱶ 137 ≤ SS ─ ╩ 14

⌐ ∆⁹ ─ ≢ ─ ☿◦►ⱶ 137 ⅜ ↕╣≡™╢⅜⁸↓╣│

─ ⅜ ⅛∫√↓≤⌐╟╢╙─≤ ⅎ╠╣╢⁹╕√⁸ ╛

☿◦►ⱶ 137 ≤ ⌐╟╠∏⁸ ╖⅜⅝≈╠┌─♃כ♦─≥↔

╠╣√⁹ 

TODAM⸗♦ꜟ╩ ⌐ ⇔√ ─ ╩ 15 ⌐ ∆⁹

≤ ─ ⅛╠ ≤ ─ ╕≢─ │ 31,732 m≤⇔√⁹╕√⁸

─ ⌂ 4 ⁸ ⁸ ⁸ ⅛╠─ ╩ ⇔√⁹

⌐⅔™≡│ 200 m ≢ ╩ ™⁸ ⌐ 150─ ╩ ⇔

√⁹∕─ ≢⁸ ⌐ ⇔√ ≢ ╩♃כ♦√⇔ ⌐⁸TODAM⸗♦ꜟ

╩ ™√ ╩ ∫√⁹ 

5.  ⌐ ╕╣╢ CsMPs ┘  



16 

 

(a) St. 3  

(b) St. 10  

13.  ─ St. 3 ≤ St. 10 ⌐⅔↑╢  

 

14.  ⌐⅔↑╢ ─ ☿◦►ⱶ 137 (a) ≤ SS (b)  

 

╩♃כ♦─ ™√⁸TODAM⸗♦ꜟ⌐╟╢ ─ ╣⌐ ∫√ ┘

☿◦►ⱶ 137 ─ ┘ ╩♃כ♦ 16 ⌐ ∆⁹ ⅜ TODAM⸗♦ꜟ⌐

╟╢ ⁸ └→ ⅜ ⌐ ⇔√ 6 ≢ ╠╣√ ╩

∆⁹ ⌐ ↑√ 6 ≈─ ≢ ╠╣√ ╩♃כ♦ TODAM⸗♦ꜟ⌐

╟╡ ∆╢↓≤⅜≢⅝√⁹ 

 

(a)  

(b)  
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≢─ ─☿◦►ⱶ 137 ─ ⌐≈™≡⁸2016 8 16 ⅛╠ 19

⌐⅛↑≡─ 67 mm AMeDAS 15 ╩♃כ♦─ ⌐⁸

◦Ⱶꜙ꜠כ◦ꜛfi╩ ⇔√ ╩ ∆ 17 ⁹↓─ ▬ⱬfi♩ ─ ⌐

↑√ St.3 ,  6,  8 ┘ 10 ≢─ ≤◦Ⱶꜙ꜠כ◦ꜛfi─ ╩ ∆

╢≤⁸ ─ ≢╛╛ ⅜ ╠╣╢╙──⁸ ─Ɽ♃כfi⌐≈™≡│ ⌡

↕╣≡™√⁹ 

15.  ┼─ TODAM⸗♦ꜟ ─√╘─ ─  

16.  TODAM⸗♦ꜟ⌐╟╢ ─☿◦►ⱶ 137 ─

◦Ⱶꜙ꜠כ◦ꜛfi  
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 2(a) ⌐⅔↑╢ ╩ 18 ┘ 19 ⌐ ∆⁹ ╩♃כ♦─

™√ ≢│⁸ᵒ ⌐⅔™≡ ה ≤╙⌐☿◦►ⱶ 137 ⅜

™≤™℮ ╩ ⌡ ≢⅝√ 18 ⁹╕√⁸2018 7 5 6 ⌐⅛↑≡─

♃כ♦─ 36 mm AMeDAS 15 ⌐╟╢⁸ᵓ ⌐⅔↑

╢◦Ⱶꜙ꜠כ◦ꜛfi 19 ⌐≈™≡╙⁸ ⅔╟┘ ☿◦►ⱶ 137

─ ╩ ∆╢↓≤⅜≢⅝√⁹ 

 ↓─ ⱪ꜡☺▼◒♩╩ ∂≡⁸ ─ ⌐ ⇔≡ TODAM⸗♦ꜟ⌐╟╢ ☿

◦►ⱶ 137 ─◦Ⱶꜙ꜠כ◦ꜛfi╩ ∆╢↓≤⅜≢⅝√⁹↓╣╠─ ⌐⅔↑╢

☿◦►ⱶ 137 ─ ─╒⅛⁸ │ ─ ⁸ ─ ⌐ ∆╢

┼─ ⅜ ⅎ╠╣╢⁹ 

↓─╟℮⌂◦Ⱶꜙ꜠כ◦ꜛfi│⁸♦כ♃─ ⌐╟╢◐ꜗꜞⱩ꜠כ◦ꜛfi╩ ≡⁸

─ ╩ →≡™ↄ ⅜№╢⁹≤ↄ⌐⁸ ─ ≤ ─ ╛⁸ ≤

ה ─ ≤™℮⁸ ⅜♃כ♦⌂ ≤⌂╢⁹ ⌐

ⅎ≡ ⌐ ╩ ℮ ╩♃כ♦─╠╣↓⁸│⌐ ⌐ ⇔≡⅔ↄ↓≤⅜

≤ ⅎ╠╣╢⁹ 

17.  TODAM⸗♦ꜟ⌐╟╢ ─☿◦►ⱶ 137 ─◦Ⱶꜙ꜠כ

◦ꜛfi  

ₒ ☿◦►ⱶ 137 ⁸ ☿◦►ⱶ 137 ₓ 2016

8 16 2016 8 19 ─ ▬ⱬfi♩  

St.6  

St. 10 St. 8 

St. 3 
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19.  TODAM⸗♦ꜟ⌐╟╢ ─☿◦►ⱶ 137 ─◦Ⱶꜙ꜠כ

◦ꜛfi ⁸ᵓ  

(a) ⅔╟┘ ⁸(b) ☿◦►ⱶ 137  

2018 7 5 2018 7 6 ─ ▬ⱬfi♩  

18.   TODAM⸗♦ꜟ⌐╟╢ ─☿◦►ⱶ 137 ─◦Ⱶꜙ꜠כ 

◦ꜛfi  

(a) ☿◦►ⱶ 137 ⁸(b) ☿◦►ⱶ 137  

SSC-Observed 
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1.4.2.2.  ☿◦►ⱶ 137 ─  

─ ☿◦►ⱶ 137 ┘ │⁸SS ─ ⌐ ™ ⇔≡

™√ 20 ⁹↓╣╠─ ⅛╠⁸☿◦►ⱶ 137 ┘ │ SS≤ ⌐ ⇔≡™

╢↓≤╩ ≢⅝√⁹ ⁸ ─ SS ≤ SS ─☿◦►ⱶ 137 ┘ TOC

─ ⌐│ ⌂ │ ╠╣⌂⅛∫√ 20 ⁹√∞⇔⁸ ─ ⌐ ∆

╢ SS─☿◦►ⱶ 137 ┘ TOC ─ │ ╟╡╙ ™ ╩ ⇔≡™√⁹↓

╣│⁸ ▬ⱬfi♩ ⌐ ┼≤ ∆╢ SS ─☿◦►ⱶ 137 ┘ TOC │⁸

─ ╩ ╣╢ SS╟╡╙ ≢№╢↓≤╩ ⇔≡™╢⁹ ™ ⅎ╣┌⁸ ▬

ⱬfi♩ ⌐│☿◦►ⱶ 137 ─ ™ ⅜ ↕╣╢↓≤≢⁸SS ≤⇔≡─☿

◦►ⱶ 137 ┘ │ ↕╣╢ ≤⌂╢⁹SS ─d13C │⁸

─ SS ⅜ ∆╢⌐≈╣≡ ∆╢ ╩ ⇔≡⅔╡ 20 ⁸ ╩ ╣╢

─ ⅜ ₁⌐ ∆╢↓≤╩ ⇔≡™╢⁹ 

 

6 ⌐⁸ ⱪ꜡☺▼◒♩≢ ⇔√ 4 ≈─ ⅜ ∆╢☿◦►ⱶ 137 ⁸

TOC ⁸ ┘d13C ╩ ∆⁹ ⅛╠─ ╡⁸™╕∞ ⅜ ╦╣≡™⌂™

↓≤⅛╠ ⅜ ─☿◦►ⱶ 137 ╩ ⇔√⁹ │כ♃ꜞ ─ TOC

20.  SS ⌐ ∆╢ ─ ─ (a) ☿◦►ⱶ 137 ⁸

(b)  ┘ SS ─ ⁸(c) ☿◦►ⱶ 137 ⁸ d TOC ⁸

(e)  d13C  

│ ⁸ │ ▬ⱬfi♩ ╩ ∆⁹ 
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╩ ⇔⁸ ╙ ™d13C ╩ ⇔√⁹ ≤ │ ⌐ ™☿◦►ⱶ

137 ┘ TOC ╩ ⇔≡™√⁹SIAR⌐╟╢◦Ⱶꜙ꜠כ◦ꜛfi─ ⁸ ⌐⅔™≡

│ ⅜ ─ SS ≢№╡⁸ ─ ─ │ ™≤ ↕╣√ 

21 ⁹ ⁸ ≢│ ─ │⅛⌂╡ ⇔√⅜⁸∕─ │

≤⇔≡ ™꜠ⱬꜟ≢ ↕╣≡™√⁹↓╣╠─ ⅛╠⁸ ⌐│ ─

┘ ─ ⌐╟╡ ┼☿◦►ⱶ 137 ─ ™ SS ⅜ ↕╣

╢↓≤≢⁸ ─ ⌐ ∆╢ SS─☿◦►ⱶ 137 ⅜ ↕╣╢≤

↑√⁹ │⁸ ♩ⱪꜞfiכ●ⱨ▫fi╛כ◘כ꜠♩⌂√ ⌐ ∆╢ ─ ╩ ⅎ╢

↓≤≢⁸ ─ ─ SS ⱷ◌♬☼ⱶ⅔╟┘∕─ ╩ ™√◦Ⱶꜙ꜠כ◦

ꜛfi─ ╩ ∆╢↓≤⅜ ≢№╢⁹ 

 

6.  4≈─ ─  

≤ ♃כ♦⁸     

  

 

 

 

 

 

 

 

 

 

 

* Kruskal - Wallis H ─  

Type 137Cs n ŭ13C n TOC n 

 Bq kgī1  ă  mgC mgī1  

 5400 ± 1600 12 ī26.9 ± 0.6 12 0.105 ± 0.021 12 

зЌ˔  240 ± 150 16 ī30.0 ± 0.5 16 0.468 ± 0.011 16 

ᴱ  470 ± 530 46 ī26.4 ± 0.8 15 0.018 ± 0.015 15 

ᴱ  110 ± 110 175 ī25.4 ± 0.8 21 0.001 ± 0.001 21 

p  *  <0.001  <0.001  <0.001  

21.  ┘ ⌐⅔↑╢ 4≈─ ⅛╠─ ─◦Ⱶꜙ

fiꜛ◦כ꜠ ⌐│ ╩ ⇔√  
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1.5.  ╕≤╘ 

┘ ╡─ ⌂ ╩ ⌐⇔√ ⌐⅔™≡⁸

┘ ☿◦►ⱶ │≤╙⌐⁸ ⅛╠ ╠╣√ ─ ≤≤╙

⌐ ∆╢ ⅜ ↕╣≡™╢↓≤⅜ ↕╣√⁹ ⌐♄ⱶ⅜№╢ ≢│

☿◦►ⱶ─ ⅜ ∆╢↓≤⁸ ⅎ≡⁸ ≢ ╦╣√ │

☿◦►ⱶ137 ⌐ ⌂ ╩ ╓∆↓≤⅜ ╠⅛≤⌂∫√⁹ 

⌐ ™ ☿◦►ⱶ ╩ ∆ ⅜№∫√√╘⁸CsMPs─ ─

┘ ⌐≈™≡ ╩ ∫√⁹ ⅛╠CsMPs─ ⅜ ↕╣√⅜⁸↓─

⌐ ∆╢ │ ↕™↓≤⅜ ╠⅛≤⌂∫√⁹ 

TODAM⸗♦ꜟ⌐╟╢◦Ⱶꜙ꜠כ◦ꜛfi⌐≈™≡│⁸ ─ ⌐⅔™≡ ה

─ ╩ ⇔⁸ ╩╟ↄ ∆╢↓≤⅜≢⅝√⁹╕√⁸ ─ ≢│

─ ⅔╟┘ ─ ⌐╟╢SS ─ ⅜ ─SS ⁸≈╕

╡ ☿◦►ⱶ137 ─ ⌐ ⅝ↄ ⇔≡™╢≤ ↕╣√⁹ 

 

 

1) Hikaru Miura, Yuichi Kurihara, Aya Sakaguchi , Kazuya Tanaka, Noriko Yamaguchi, 

Shogo Higaki, Yoshio Takahashi. 2018. Discovery of radiocesium -bearing 

microparticles in river water and their influence on the solid -water distribution 

coefficient (Kd) of radiocesium in the Kuchibuto River in Fukushima.  2018. 

Geochem. J. 52. (2). 145ð154. 

2) Yukihiko Satou, Keisuke Sueki, Kimikazu Sasa, Hideki Yoshikawa, Shigeo Nakama, 

Haruka Minowa, Yoshinari Abe, Izumi Nakai, Takahiro Ono, Kouji Adachi, 

Yasuhito Igarashi. 2018. Analysis of two forms of radioactive particl es emitted 

during the early stages of the Fukushima Dai -ichi Nuclear Power Station accident. 

2018. Geochem. J. 52. (2). 137ð143. 

3) Yasuhito Igarashi, Toshihiro Kogure, Yuichi Kurihara, Hikaru Miura, Taiga 

Okumura, Yukihito Satou, Yoshito Takahashi, Noriko Ya maguchi. 2019. A review of 

Cs-bearing microparticles in the environment emitted by the Fukushima Dai -ichi 

Nuclear Power Plant accident. J. Environ. Radioact. 205 ð206.101ð118. 

4) Onishi, Y., and Perkins, W.A. 1994. TODAM One ðdimentional Sediment and 

Contaminan t Transport Model with Multiply Connected Networks. Theory and 

Numerical Methods, vol. 1, Pacific Northwest National Laboratory, Richland, 

Washington.  

5) Perkins, W., and Onishi, Y. 1994. TODAM One ðdimentional Sediment and 

Contaminant Transport Model with Mul tiply Connected Networks Userõs Guide, vol. 

2, Pacific Northwest National Laboratory, Richland, Washington.  

6) ─ ☿◦►ⱶ⸗♬♃ꜞfi◓◖fi♁כ◦▪ⱶ  WG 2021)  
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 ─ ☿◦►ⱶ─ ה ⁸ . 

https://staff.aist.go.jp/t.yasutaka/MoniCons/MoniCons_index.html  

7) Tsuji, H., Kondo, Y., and Suzuki, Y., Yasutaka,T. , 2014. Development of a method 

for rapid and simultaneous monitoring of particulate and dissolved radiocesium in 

water with nonwoven fabric cartridge fi lters, Journal of Radioanalytical and 

Nuclear Chemist ry, Volume 299, Issue 1, 139 -147. 

8) Arai, H., Fujita, K., Yoshita, H., Taniguchi, K., Differences in the Proportional 

Contributions of Particulate Radiocesium Sources under Base - and High -Flow River 

Conditions: A Case Study in the Central Region of Fukushima , Water 2021, 13(21), 

3021. 

9) Taniguchi, K., Onda, Y., Smith, H, G., Blake, W, H., Yoshimura, K., Yamashiki, Y., 

Kuramoto, T., Saito, K. 2019. Transport and redistribution of radiocaesium in 

Fukushima fallout through rivers. 2019. Environ. Sci. Technol. 53, 12339ð12347. 

10) 2015 26 ⌐ ℮

─ ─♃כ♦ ┘ ⸗♦ꜟ─ part2

⌐⅔↑╢ ☿◦►ⱶ─ . 

http://radioactivity.nsr.go.jp/ja/list/560/list -1.html  

11) Smith, J.T., Voitsekhovitch, O. V., Konoplev, A. V., Kudelsky, A. V. 2005. 

Radioactivit y in aquatic systems, in: Smith, J.T., Beresford, N.A. (Eds.), Chernobyl 

- Catastrophe and Consequences. Praxis Publishing, 139 ð190. 

12) Feng, B., Onda, Y., Wakiyama, Y., Taniguchi, K., Hashimoto, A. and Yupan Zhang, 

2022. Persistent impact of Fukushima decont amination on soil erosion and 

suspended sediment. Nat Sustain (2022). 1 -11. 

13) Ryohei Ikehara, Mizuki Suetake, Tatsuki Komiya, Genki Furuki, Asumi Ochiai, 

Shinya Yamasaki,  William R. Bower, Gareth T. W. Law, Toshihiko Ohnuki, Bernd 

Grambow, Rodney C. Ewing,  and Satoshi Utsunomiya. 2018. Novel Method of 

Quantifying Radioactive Cesium -Rich Microparticles (CsMPs) in the Environment 

from the Fukushima Daiichi Nuclear Power Plant, Environ. Sci. Technol. 2018, 52, 

6390ĭ6398. 

14) Taiga Okumura, Noriko Yamaguchi, and Tos hihiro Kogure. 2019. Finding 

Radiocesium -bearing Microparticles More Minute than Previously Reported, 

Emitted by the Fukushima Nuclear Accident, Chemistry Letters,  2019, 48, 1336 Έ

1338. 

♃כ♦ (15 http://www.jma.go.jp/jma/menu/menureport.html. 2022 7 
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2.  FIP2 ⌐⅔↑╢ ─  

 

2.1.   

≢│ ⌐⅔↑╢ ─ ╩ ∆╢√╘⁸ ─ ╩

∆╢ ┼─ ─ ⌐≈™≡ ה ╩ ∫≡™╢⁹ 

≢│⁸ ─ ⌐ ╕╣╢ ☿◦►ⱶ ╩ ⇔⁸ ⌐

℮ ╛ ⌐╟╢ ™╩ ⇔√⁹╕√⁸ ─ ─ ⌐│⁸

─ ⅜ ⌐ ∆╢≤ ⅎ╠╣⁸ ⌐ ╕╣╢ ☿◦►ⱶ ─ ™

⅜⁸ ⌐ ™ ⅜ ↕╣╢ ⌐ ⇔≡⅝≡™╢ ⅜№╢√╘⁸

─ ה ⌐≈™≡ ⇔√⁹ 

 

2. 2.   

פֿ ─ ⌐╟╡⁸ ⌐╟╢ ─

⅜ ∂√⁹ ─ ╩ ⌂≥⅛╠ ⌐ ╡ ╣√↓≤⌐╟╡⁸

⌐ ∆╢ ↄ─ ⅛╠ ⅜ ↕╣≡™╢⁹ 

≢│⁸ ─ 2011 ⅛╠ ─ ─ ה ╩ ∆╢√╘⁸

⌐ ≤⌂╡ ╢ ─ ⌐≈™≡⁸ ⌐ ╕╣╢

─⸗♬♃ꜞfi◓╩ ⇔≡™╢⁹∕─ ⁸ ─ ⅛╠●fiⱴ ≤

⇔≡⁸ ⌐☿◦►ⱶ 134 ≤☿◦►ⱶ 137 ⅜ ↕╣√⁹ ⅛╠ ┼─

☿◦►ⱶ─ ⌐ ∆╢ ⅜ ⇔≡™╢↓≤⅛╠⁸ ─ ≤

─ ─√╘⁸ ⌐⅔↑╢ ☿◦►ⱶ─ ⌐≈™≡ ה ╩

⇔√⁹ 

⅛╠ ┼─☿◦►ⱶ 137 ─ ⌐│⁸ ╛ ⌂≥─ ─ ⅜

⅝ↄ ⇔≡™╢≤ ⅎ╠╣╢⁹∕↓≢ 2013 ⅛╠ 2017 ⌐│⁸ ─ ⌐

╕╣╢ ☿◦►ⱶ─ ╩ ⇔⁸ ⌐ ℮ ╛ ⌐╟╢ ™╩

∆╢≤≤╙⌐⁸ ─ ─ ⌐ ⌐ ∆╢≤ ⅎ╠╣╢

─ ╛ ⌐ ∆╢ ╩ ⇔√⁹↓╣╕≢⌐⁸▬ⱡ◦◦╩ ≤⇔√ ⅛╠⁸

⌐ ╕╣╢☿◦►ⱶ 137 ≤ ─☿◦►ⱶ 137 ⌐ ─ ⅜ ╘╠

╣╢↓≤ 1)╛⁸ ⌐ ╕╣╢ ☿◦►ⱶ─ ≤─ 2)⌐≈™≡

╠⅛⌐⇔≡™╢⁹ ⁸ ─ DNA ⌐╟╢ ⌐ ⇔⁸ ╩ ⇔√

┼─ ☿◦►ⱶ─ ⌐≈™≡ ⌐ ⇔≡™╢⁹╕√⁸▬ⱡ◦◦ ┘♠◐

ⱡ꞉◓ⱴ─ ⌐≈™≡⁸GPS ╩ ™√ ╩ ⇔≡⅝√⅜⁸ ≢⅝

√ │ ⌂™ ⌐№╢⁹ ╩╟╡ ∆╢√╘⁸ ─ ≤ ∑≡

╩ ⇔√⁹ 

ⅎ≡⁸2018 ─ ≢│⁸ ─ ⌐ ╕╣╢☿◦►ⱶ 137 ─

╩ ⇔√ ⌂ ╩ ╠⅛⌐∆╢√╘⁸ ⸗♦ꜟ⌐╟╢ ╩ ∫

√⁹╕√⁸ ╛ ─ ─ ⌐╟╡⁸ ⅜ ⇔

┼─ ⅜ ↕╣╢ ─ ╩ ∆╢√╘⁸DNA ╩ ∫

√⁹ 



25 
 

 

2.3.  2013 ⅛╠ 2017 ⌐⅔↑╢ ┘  

│₈ פֿ ─ ⸗♬♃ꜞfi◓≤ ─

⌐⅔↑╢ ≤ IAEA≤─ ─ ⱪ꜡☺▼◒♩ 2013 2017

ₒ ⱪ꜡☺▼◒♩ₓ 2018 3 ⁸ ₉╟╡⁸ ⁸꜠▬▪►♩─

╖╩ ∆╢ ≢№╢⁹ 

 

2.3.1.   

≢│⁸ ⌐ ↄ ⇔⁸♅▼ꜟⱡⱩ▬ꜞ ─ ╩

⇔√ ⌐⅔™≡╙ ⌐ ╡ ╕╣√ ☿◦►ⱶ─ ⌐ ⌂

⅜ ╘╠╣≡™⌂™▬ⱡ◦◦╩ ⌂ ≤⇔√⁹ 

 

2.3.1.1.  ⌐⅔↑╢ ─  

2.3.1.1.1.  ⌐⅔↑╢●fiⱴ ─  

⌐⅔↑╢ ⌐≈™≡│⁸▬ⱡ◦◦⁸♠◐ⱡ꞉◓ⱴ⁸ꜘⱴ♪

ꜞ⁸◐☺⁸◌ꜟ●⸗⁸ⱴ●⸗⌂≥─ ╩ ⌐⁸ ╕√│ ⌐╟╡

↕╣√ ╩ ™⁸ 1 ⌐ ∆ ≢⁸ ⌐ ╕╣╢●fiⱴ ─

╩ ∫√⁹∕─ ╩ ⇔≡⁸▬ⱡ◦◦ ─ ⌐ ╕╣╢☿◦►ⱶ 137

─ ─┌╠≈⅝╛ ─ ⌐ ℮ ╩ ═√⁹╕√⁸▬ⱡ◦◦─

⌐⅔↑╢ ─ ╩ ∆╢√╘⁸ ╛ ⌐≈™≡╙ ⌐

╩ ∫≡™╢⁹ 

≤⌂╢ ─ ⅛╠⁸ ─☿◦►ⱶ 137 ╩

═⁸ ⌐ ╕╣╢☿◦►ⱶ 137 ≤─ ╩ ═√⁹⌂⅔⁸ │

⅜ ∫√ ─▬ⱬכ◘ ╩ ⇔≡™╢⁹  

1.  ⌐⅔↑╢ ─  

 

2.3.1.1.2.  ⅛╠ ┼─ ─  

─ ⌐ ╕╣╢☿◦►ⱶ 137 ⌐ ∆╢ ─ ╩ ═╢√╘⁸2013

⅛╠ 2015 ╕≢⌐ ≢ ↕╣√▬ⱡ◦◦─ ⌐ ╕╣╢☿◦

►ⱶ 137 ╩ ⇔⁸ ∂ ─ ⌐ ╕╣╢☿◦►ⱶ 137 ≤─ ╩

═√⁹ 

 

2.3.1.1.3.  ⌐ ╕╣╢ ☿◦►ⱶ─  

─ ☿◦►ⱶ⌐│ 3 ≈─ 2 ⅜№╡⁸∕─℮∟ ⌐

 

  

 

U- 8  
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⌐ ╕╣╢ ☿◦►ⱶ⅜ ⌐ ↕╣╢⁹ ≢ ≤ ⇔√

─ ☿◦►ⱶ│ ⅜ ⇔ↄ⁸ ┼ ↕╣⌐ↄ™⁹▬ⱡ◦◦│

─ ╩ ∆╢ ╛ ⌐ⱵⱠꜝꜟ ╩ ╢ ⌐ ╩ ∆╢≤ ⅎ╠╣

≡⅔╡⁸↓─ ─ ╛ ─ ☿◦►ⱶ─ ─ ™⅜⁸ ─

⌐ ═≡▬ⱡ◦◦─ ⌐ ╕╣╢☿◦►ⱶ ⅜ ™ ≤⌂╢ ⅜ ⅎ╠╣

╢⁹⇔⅛⇔⌂⅜╠⁸ ╛ ─▬ⱡ◦◦⅜ ⇔√╙──℮∟⁸≥╣╒≥─

☿◦►ⱶ⅜ ⌐ ה ↕╣╢─⅛⌐≈™≡│ ⌂ ⅜ ™⁹∕↓≢⁸

⌐ ╕╣╢☿◦►ⱶ 137 ─ ─ ≤ ⌐⅔↑╢ ≤∕─ ┼─

⌐ ⇔≡ ╩ ╘⁸ ⌐ ╕╣╢☿◦►ⱶ 137 ─ ⅜⁸▬ⱡ◦◦

┼─☿◦►ⱶ 137 ─ ⌐ ⇔≡™╢ ⌐≈™≡⁸

≤─ ⌐╟╡ ⇔√⁹ 

 

2.3.1.2.  ─  

▬ⱡ◦◦─ ⌐ GPS♦כ●꜡♃כ( ₈GPS ( 3)₉≤™℮⁹)╩ ↑⁸∕─

╩ ═√⁹15 ⌐ GPS ─ ╩ ⇔≡▬ⱡ◦◦─ ╩ 1ﬞ ⇔⁸

⌐⅔↑╢▬ⱡ◦◦─ ╩ ⇔√( 4)⁹ 

 

3.  GPS        4.  ─ ≢ ↕╣√▬ⱡ◦◦⌐ 

≢ GPS ╩  

 

2.3.2.   

2.3.2.1.  ⌐⅔↑╢ ─  

2.3.2.1.1.  ⌐⅔↑╢●fiⱴ ─  

5 ⌐ 2011 5 ⅛╠ 2017 3 ╕≢⌐ ≢ ↕╣√▬ⱡ◦◦─

⌐ ╕╣╢☿◦►ⱶ 137 ─ ╩ ⇔√⁹ 

 

2.  ⌐⅔↑╢☿◦►ⱶ─  

↑∞⇔╛∆™ 

≤  

⌐  



27 
 

 

5.  ▬ⱡ◦◦─ ⌐ ╕╣╢☿◦►ⱶ 137 ⸗♬♃ꜞfi◓  

X │▬ⱡ◦◦─ ⁸Y │ ⇔√☿◦►ⱶ 137 ╩

∆⁹ │ ─ ╩ ∆⁹ ⌐⅔↑╢☿◦►ⱶ 137 ─

╩ ◓ꜝⱨ≢⁸25 75%─ ╩ ─ ≤ ⁸

┘ ╩Ᵽכ≢ ⇔√⁹( 2011 5 2017 3 )  

 

5 ╟╡⁸▬ⱡ◦◦─ ⌐ ╕╣╢☿◦►ⱶ 137 │ ─┌╠≈⅝⅜ ⅝

ↄ⁸ ⌐ ℮ ⌂ │ ╘╠╣⌂⅛∫√⁹ 

≢ ↕╣√▬ⱡ◦◦─ ≤ ∆╢√╘⁸♅▼ꜟⱡⱩ▬ꜞ

≢Ɽ♇꜡כꜜ⌐ ↕╣√▬ⱡ◦◦─ ☿◦►ⱶ ─ ⌐≈™

≡ ⇔√⁸ ─◓ꜟfi☻Ⱪ◕כꜝ─♠▬♪ 1)╩⁸ 6 ⌐ ◓ꜟfi☻Ⱪ◕כꜝ⁹∆

─ ⌐⅔™≡╙⁸☿◦►ⱶ 137 │ ─┌╠≈⅝⅜ ⅝ↄ⁸ ⌂

⅜ ╘╠╣≡™⌂™⁹ ─▬ⱡ◦◦─ ⌐⅔™≡╙ ⌂ ⅜ ╘╠╣≡™

╢↓≤⅛╠⁸ ⁸ ≢ ↕╣√▬ⱡ◦◦≢≥─╟℮⌂ ╩ ∆⅛ ∆╢

⅜№╢⁹ 

 

 

6.  ▬ⱡ◦◦─ ⌐ ╕╣╢☿◦►ⱶ 137─  

( (◓ꜟfi☻Ⱪ◕כꜝה♠▬♪ 1)  
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▬ⱡ◦◦≤ ∂ ╩ ≤∆╢♠◐ⱡ꞉◓ⱴ─ ⌐ ╕╣╢☿◦►ⱶ

137─ ╩ 7 ⌐ ∆⁹♠◐ⱡ꞉◓ⱴ⌐≈™≡│ ⌐ ™☿◦►ⱶ 137 │

∆╢ ⅜ ╠╣⁸ ⌐ ╕╣╢ ☿◦►ⱶ 137 ─ │⁸

─ ⌐╟╡ ⌂╢↓≤⅜ ↕╣√⁹ 

7.  ♠◐ⱡ꞉◓ⱴ─ ⌐ ╕╣╢☿◦►ⱶ 137 ⸗♬♃ꜞfi◓  

X │♠◐ⱡ꞉◓ⱴ─ ⁸Y │ ⇔√☿◦►ⱶ 137 ╩ ∆⁹

│ ─ ╩ ∆⁹ ⌐⅔↑╢☿◦►ⱶ 137 ─ ╩

◓ꜝⱨ≢⁸25 75%─ ╩ ─ ≤ ⁸ ┘ ╩Ᵽכ≢ ⇔

√⁹( :2011 5 2017 3 )  

 

▬ⱡ◦◦≤♠◐ⱡ꞉◓ⱴ⌐⅔↑╢ ─☿◦►ⱶ 137 ≤ ⌐ ╕

╣╢☿◦►ⱶ 137 ─ ╩ 8 ⌐ ∆⁹▬ⱡ◦◦≤♠◐ⱡ꞉◓ⱴ─ ≢⁸

─☿◦►ⱶ 137 ≤ ⌐ ╕╣╢☿◦►ⱶ 137 ─ ⌐ ─ ⅜

╘╠╣⁸☿◦►ⱶ 137 ⅜ ™ ≢ ↕╣√▬ⱡ◦◦≤♠◐ⱡ꞉◓ⱴ

╒≥⁸ ⌐ ╕╣╢☿◦►ⱶ 137 ⅜ ™ ⌐№∫√⁹╕√⁸ ─ ╟

╡⁸ ∂ ─ ≢ ⇔√▬ⱡ◦◦≤♠◐ⱡ꞉◓ⱴ╩ ⇔√ ⁸▬ⱡ◦

◦─ ⅜ ™ ⅜ ╘╠╣√⁹ 
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8.  ♠◐ⱡ꞉◓ⱴ ┘▬ⱡ◦◦─ ⌐ ╕╣╢☿◦►ⱶ 137 ≤ ─☿

◦►ⱶ 137 ─  

 

▬ⱡ◦◦≤♠◐ⱡ꞉◓ⱴ─⸗♬♃ꜞfi◓ ╩ ⇔√ ⌐ ↑⇔√╙─╩

9 ⌐ ∆⁹☿◦►ⱶ 137 ⅜ ™ ╡≢│ ⌐ ╕╣╢☿◦►

ⱶ 137 ⅜ ™ ⅜ ↄ ↕╣⁸☿◦►ⱶ 137 ⅜ ™

≢│⁸ ⌐ ╕╣╢☿◦►ⱶ 137 ⅜ ™ ⅜ ↄ ↕╣╢ ⅜ ╠╣

√⁹ 

⌐╟╡ ⌐ ╕╣╢☿◦►ⱶ 137 ⅜ ⌂╢↓≤│⁸ ⌐⅔™≡╙ ↕

╣≡™╢⁹ 

10 ⌐ 2011 10 ⅛╠ 2017 2 ╕≢⌐ ↕╣√ꜘⱴ♪ꜞ⁸◐☺⁸◌ꜟ●⸗

┘ⱴ●⸗─ ⌐ ╕╣╢☿◦►ⱶ 137 ╩ ∆⁹ N.D. ╩ ∆╢

≤⁸ ⌐╟╢ ╡╩ ╦⌂™ ≢№╡ ⌐ ∆╢ꜘⱴ♪ꜞ≢│⁸ ─ 3

⌐ ═ ™↓≤⅜ ↕╣√⁹ 2)  
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9. (a) ▬ⱡ◦◦ ┘(b) ♠◐ⱡ꞉◓ⱴ─ ⌐ ╕╣╢☿◦►ⱶ 137 ⸗♬♃ꜞ

fi◓  

X │▬ⱡ◦◦ ┘♠◐ⱡ꞉◓ⱴ─ ⁸Y │ ⇔√☿◦►ⱶ 137

╩ ∆⁹ │ ╡⁸ │ ╡⁸ │ ≢∕╣∙╣ ↕╣√

─ ╩ ∆⁹( : 2011 5 2017 3 )  
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10.  ꜘⱴ♪ꜞ⁸◐☺⁸◌ꜟ●⸗ ┘ⱴ●⸗─ ⌐ ╕╣╢☿◦►ⱶ 137 ⸗♬

♃ꜞfi◓  ( ♃כ♦ : 2011 10 2017 11 )  

─ ─ 4- 9 Bq/kg ╩ ⇔⁸ ≢№∫√ │⁸

─☿◦►ⱶ 137─ ╩ 4 Bq/kg ≤⇔≡ ⇔√ 2)  

 

11 ≢│◐☺ ⌐ ∆╢ ≢№╢ꜘⱴ♪ꜞ≤◐☺⌐≈™≡⁸∕─ ╩

⇔≡™╢⁹◐☺⌐≈™≡│ ⅜ ╠╣√ ≢⁸ꜘ ⱴ♪ꜞ⌐≈™≡│▬ⱡ◦◦

─╟℮⌐ ─┌╠≈⅝⅜ ⅝ↄ⁸ ⌂ │ ╘╠╣⌂⅛∫√⁹ꜘ ⱴ♪ꜞ⅜

╩ ⌂ ≤∆╢─⌐ ⇔⁸◐☺│ ה ╩ ⌂ ≤⇔≡⅔╡⁸

─ ™⅜ ╠╣√ ≤⇔≡│⁸ ╛ ⌐⅔↑╢ ─ ⅜

ⅎ╠╣╢⁹ 2)  
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11.  ꜘⱴ♪ꜞ⁸◐☺─ ⌐ ╕╣╢☿◦►ⱶ 137 ⸗♬♃ꜞfi◓ (

: 2011 10 2017 11 )  

─ ─ 4- 9 Bq/kg ╩ ⇔⁸ ≢№∫√ │⁸

☿◦►ⱶ 137─ ╩ 4 Bq/kg ≤⇔≡ ⇔√ 2)   
 

2.3.2.1.2.  ⅛╠ ┼─ ─  

─▬ⱡ◦◦─ ≤ ⌐ ╕╣╢☿◦►ⱶ 137 ─ ╩ 12

⌐ ∆⁹▬ⱡ◦◦─ ≤ ⌐⅔↑╢☿◦►ⱶ 137 │ ─ ⌐№╡⁸▬

ⱡ◦◦ ⌐ ╕╣╢☿◦►ⱶ 137 │ ╛ ─☿◦►ⱶ 137 ─ ⌐╟╢

╩ ↄ ↑≡™╢↓≤⅜ ↕╣√⁹ 

12.  ▬ⱡ◦◦─ ≤ ⌐ ╕╣╢☿◦►ⱶ 137 ─  

Cs

Cs-134 Cs-137

Cs

Cs-134 Cs-137
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♅▼ꜟⱡⱩ▬ꜞ ─ ╩ ═√ ≢│⁸ ─ ⌐ ╕

╣╢☿◦►ⱶ 137 │⁸ ╛ ─ ≤™∫√ ⌂ ⌐╟∫≡

∆╢↓≤⅜ ╠╣≡™╢⁹∕─√╘⁸ ⌐⅔™≡╙ ─ ⅜ ╠╣╢

─⅛ ╠⅛⌐∆╢√╘⁸▬ⱡ◦◦≤♠◐ⱡ꞉◓ⱴ─ ⌐ ╕╣╢☿◦►ⱶ 137

≤ ╩ ⇔√ ≤─ ╩ ⇔√⁹∕─ ╩ 13⌐ ∆⁹ 

13.  ▬ⱡ◦◦ ┘♠◐ⱡ꞉◓ⱴ─ ⌐ ╕╣╢☿◦►ⱶ 137 ─  

 

▬ⱡ◦◦≤♠◐ⱡ꞉◓ⱴ─ ≢ ⌐ ╕╣╢☿◦►ⱶ 137 ⌐│ ⅜

╘╠╣√⅜⁸∕─ Ɽ♃כfi│ ≢ ⌂∫≡™√⁹▬ⱡ◦◦≢│⁸ ⌐ ╕╣

╢☿◦►ⱶ 137 │ 5 8 ⌐ ↄ⁸11 3 ⌐ ™ ⌐№∫√⁹♠◐ⱡ꞉◓ⱴ≢

│⁸ ⌐ ╕╣╢☿◦►ⱶ 137 │ 5 9 ⌐⅛↑≡ ⇔⁸∕─ ⁸1 ╕≢

∆╢ ⌐№∫√⁹ 

 

2.3.2.1.3.  ⌐ ╕╣╢ ☿◦►ⱶ─  

14⌐ 2015 ⌐ ≢ ↕╣√▬ⱡ◦◦─ ⌐ ╕╣╢☿◦►ⱶ 137 ≤⁸

⌐ ╕╣╢☿◦►ⱶ 137 ─ ⌐⅔↑╢ ╩ ⇔√⁹

⌐ ╕╣╢☿◦►ⱶ 137 │⁸ ⁸ ⁸⅔╟┘ ╩

⇔√ ≤ ™ ⅜ ╘╠╣√⁹ ≢⁸ ⌐ ╕╣╢☿◦►ⱶ 137 ≤

─ ─ ⌐ │ ╘╠╣⌂⅛∫√⁹↓─√╘⁸ ⌐ ╕╣╢

┘ ⌐⅔™≡ ≡╙⇔ↄ│ ⅜ ↕╣╢≤ ⅎ╠╣╢

⅜⁸▬ⱡ◦◦ ┼─☿◦►ⱶ 137─ ⌐ ↄ ∆╢ ⅜ ↕╣√⁹ 3, 4)   
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14.  ▬ⱡ◦◦─ ⌐ ╕╣╢☿◦►ⱶ 137 ≤ ☿◦►ⱶ 137

─ ─  

 

2.3.2.2.  ─ ⌐≈™≡ 

GPS ╩ ⇔√▬ⱡ◦◦─ ⌐╟╡⁸ 15 ⌐ ∆╟℮⌐⁸ ╩ⱳ

▬fi♩ ⅜ ™ ( ⌐╟╡ⱳ▬fi♩─ 95%⅜ ╕╣╢◄ꜞ▪) ≤⁸

≡─ⱳ▬fi♩⅜ ╕╣╢ ( ) ⌐ ↑╢↓≤⅜≢⅝√⁹↓─ ⌐≈™≡│ 2

≈─ ╩╙∟⁸∕─ ─ │ 37 ha⁸╕√ │ 244 ha ≢№∫√⁹ 

 

≢№╢ (N=2, 50- 99 ) ⁸ (N=4, 

9- 110 ) ⌐⅔™≡ ∫√▬ⱡ◦◦─ ─ ╩ ≢ 16 ⌐

⇔√( ─ⱷ♇◦ꜙ│ 1 km ) ⁹ │ ─ ≢№╡⁸ ∆╢

│ ⌐ ⇔≡™╢⁹ ╩ ∫√▬ⱡ◦◦│⁸ 20

50 ha ─ ≤ 100 250 ha ─ ╩╙∫≡™√⁹ 

ӽ A  

ӽ  

ӽ B  

15.  ─ ─  

2km 

2.2km 
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16.  ⌐⅔↑╢▬ⱡ◦◦─ ─ ⅝↕ 

 

─ ⅜ ⇔√ ≢│▬ⱡ◦◦⅜≥─╟℮⌂ ╩ ∆╢⅛╩

═╢√╘⁸ ≢№╢ ⌐⅔™≡⁸▬ⱡ◦◦─ ╩ ∫√⁹

⌐⅔™≡ ╩ ⇔√ ─ ≤ ─ ╩ 17⌐

⇔√⁹No.50⁸No.85⁸No.208│ ≢№╡⁸No.52≤ No.58│

─ ─ ⌐⅔↑╢ ⁸∕⇔≡⁸No.66≤ No.67│

─ ≢ ╩ ↑≡™╢ ≤ ↕╣√⁹ ─

≢│◘fiⱪꜟ ⅜ ⌂ↄ⁸ ─ ⁸ ┘ GPS ⅜ ⌂∫≡™

╢ 1 ⅜⁸ ⅛╠─ ⅜ ╕╢↓≤≢ ⅜ ⇔≡™╢╟℮⌐ ⅎ╢⁹ 

 

 

17.  ≤ ─ ─  

 

1.  ◘fiⱪꜟ─ ה GPSה  

 

ID No.50 No.85 No.208 No.52 No.58 No.66 No.67

ϷІ ЮІ ЮІ ϷІ ϷІ ЮІ ЮІ

(kg) 37 48 51 44 70 35 37

( ) 81 99 117 99 50 110 34

No.52_ ◕( )  

ӽ   37 ha 

“ ί 244 ha 

 

No.58_ ◕( )  

ӽ   41 ha 

“ ί 186 ha 

No.66_ ◕(Ɽ)  

ӽ   51 ha 

“ ί 207ha 

No.67_ ◕(Ɽ)  

ӽ   20 ha 

“ ί  97ha 
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⌐╟╡▬ⱡ◦◦─ ⅜ ∆╢ ⅜№╢⁹↓─√╘⁸2013 11

12 ≤ 2014 1 2 ⌐ 1 ﬞ ╩♃כ♦ ≢⅝√ 8 ⌐

≈™≡ ◘▬☼╩ ⇔√⁹◘fiⱪꜟ │ ⌂™⅜⁸ │ ⱷ

☻ 2 ○☻ 1 ) ╟╡ ⱷ☻ 3 ○☻ 2 ─ ⅜ ⅝™ ⅜ ╠╣

√ 18 ⁹ 

 

18. ⌐⅔↑╢▬ⱡ◦◦─ ◘▬☼─ │כⱣכꜝ◄

≤ ╩ ∆  

 

╕√⁸ ─ ─ ╩ ≡╖╢≤⁸ ─ ≢│ ⅜

╘╢ ⅜ ↄ⌂╡⁸ ⌐ ╩ →╢ ⅜ ╠╣√ 19 ⁹  

 

19. ⅔╟┘ ⌐⅔↑╢▬ⱡ◦◦─

─ Ᵽכ│ ↔≤─ ╩ ∆  
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2.4 .  2018 ─ ┘  

≢│⁸2013 ⅛╠ 2017 ─ ⌐ ⅝ ⅝⁸ ─ ⌐ ═≡

☿◦►ⱶ ⅜ ™ ⌐№╢▬ⱡ◦◦╛⁸ ∂ ╩ ≤∆╢♠◐ⱡ꞉

◓ⱴ╩ ⌂ ≤⇔√⁹ 

 

2. 4.1.   

2.4.1.1.  ─ ─ ≤∕─   

─ ⌐⅔↑╢ ⌐ ╕╣╢ ─ ⌐≈™≡│⁸

⅜▬ⱡ◦◦⁸♠◐ⱡ꞉◓ⱴ⁸ꜘⱴ♪ꜞ⁸◐☺⁸◌ꜟ●⸗⁸ⱴ●⸗⌂≥─ ╩

⌐⁸ ╕√│ ⌐╟╡ ↕╣√ ╩ ™⁸ ☿◦►ⱶ

☿◦►ⱶ 134⁸☿◦►ⱶ 137 ─⸗♬♃ꜞfi◓ ╩ ∫≡™╢⁹∕─ ╩

⇔≡⁸▬ⱡ◦◦ ─ ⌐ ╕╣╢☿◦►ⱶ 137 ─ ─┌╠≈⅝╛ ─

⌐ ℮ ╩ ═√⁹ 

⌐ ╕╣╢☿◦►ⱶ 137 ─ Ɽ♃כfi⌐≈™≡│⁸2013 ⅛╠ 2017

─ ⌐╟╡ ╠⅛⌐⇔≡™╢ 2.3.2 .1.2. ( 13) 5)⁹∕─ Ɽ♃כfi⅛╠⁸

▬ⱡ◦◦≢│ 4- 8 ─ ≤ 12- 3 ─ ⌐⁸♠◐ⱡ꞉◓ⱴ≢│⁸7- 9 ─

≤ 11- 1 ─ ╩♃כ♦⌐ ⇔⁸ ─ ⁸ ⁸

┘ ╩♃כ♦─╣∙╣⧵─ ⇔≡⁸log 10 ⇔√ ☿◦►ⱶ 137 ╩

⁸ ≤ log 10 ⇔√ ─☿◦►ⱶ 137 ╩ ≤⇔⁸

⅛╠─ ⌐ ℮ ☿◦►ⱶ 137 ─ ╩ ⸗♦ꜟ⌐╟╡

⇔√⁹ 

 

2.4.1.1.1.  ≤─  

₈DNA ⌐╟╢▬ⱡ◦◦─ ─ ₉─  

↓╣╕≢─ ⅛╠⁸▬ⱡ◦◦─ ≤ ⌐⅔↑╢☿◦►ⱶ 137 │ ─

⌐№╡⁸▬ⱡ◦◦ ⌐ ╕╣╢☿◦►ⱶ 137 │ ╛ ─☿◦►ⱶ 137

─ ⌐╟╢ ╩ ↄ ↑≡™╢↓≤⅜ ↕╣√ 12 ⁹∕↓≢⁸ ⅜▬

ⱡ◦◦─ ≢ ⌐ ⅝ↄ┌╠≈⅝⁸ ⌂ ⅜╖╠╣╢ ⁸⅔╟┘ ™☿

◦►ⱶ 137 ⅜ ∆╢ ╩ ∆╢↓≤╩ ⌐⁸ i ⱷ♃Ᵽכ◖כ♦▫fi◓

DNA ⌐ ≠ↄ▬ⱡ◦◦─ ╩ ℮≤≤╙⌐⁸ ii ▬ⱡ◦◦─

⌐ ╕╣╢☿◦►ⱶ 137 ─ ╩ ™⁸▬ⱡ◦◦─ ≤ ⌐ ╕╣╢☿

◦►ⱶ 137 ≤─ ⌐≈™≡ ╩ ╖≡™╢⁹▬ⱡ◦◦─ ⌐│⁸

⌐ ה ⇔√▬ⱡ◦◦─ ⅛╠ ⇔√ DNA╩ ⇔⁸ DNA─ ITS- 2

─ ⅛╠⁸ ╩ ⇔√⁹ 6)   

╕√⁸▬ⱡ◦◦│ ∞↑≢⌂ↄ⁸ ─ ╛ ─ ╡ ⇔ ⌐⁸ ↄ─

╩ ⇔≡™╢≤ ⅎ╠╣╢⅜⁸ ─ ⌐╟╢▬ⱡ◦◦─ ┼─☿◦►ⱶ

137─ ╛∕─ ⌐≈™≡│⁸ ≢№╢⁹∕↓≢⁸ ⌐╟╢☿◦►ⱶ 137

─ ⌐≈™≡⁸ ╩ ⇔√⁹ 
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▬ⱡ◦◦─ ↕╣√ ⌐≈™≡⁸2016 ⅛╠ 2019 ⌐⁸

⅔╟┘ ה ≢ ╩ ⇔√⁹ ≤⇔≡⁸ ה ◦꜡

♠ⱷ◒◘⁸♠◒◦Ɫ◑ ⁸ ◖♫ꜝ⁸Ⱶ☼♫ꜝ⁸◒ꜞ ⅔╟┘ ►꞉

Ⱶ☼◙◒ꜝ─ ╩ ⇔⁸☿◦►ⱶ 137 ─ ╩ ∫√⁹ 

 

2.4.1.1.2.  ≤─  

₈ ─ ≤ ─ ─ ₉─  

─ ☿◦►ⱶ 137 │ ─☿◦►ⱶ 137 ≤ ─ ⅜№╡⁸

↕╠⌐ ─☿◦►ⱶ 137 │ ─☿◦►ⱶ 137 ≤ ─ ⌐№

╢↓≤⅜ ↕╣≡⅔╡ 7)⁸ ☿◦►ⱶ 137 ⅜ ∆╢ ─ ≈≤⇔

≡⁸☿◦►ⱶ 137 ─ ⌂╢ ╩ ⌐╟∫≡ ™ ↑≡™╢↓≤⅜ ⅎ╠

╣╢⁹∕↓≢ ≢│⁸ ⌐⅔™≡ GPS ╩ ⇔√♠◐ⱡ꞉◓ⱴ─ ♦

╩♃כ ⇔⁸ ─ ≤ ─☿◦►ⱶ 137 ─ ╩

⇔√⁹ 

 

₈♠◐ⱡ꞉◓ⱴ─ ┌ↄ ₉─  

⌐⅔↑╢♠◐ⱡ꞉◓ⱴ≤▬ⱡ◦◦─ ┌ↄ ╩ ∆╢√╘⌐⁸

─ ⌐╟╢ ─ ⸗♬♃ꜞfi◓ ⌐⅔↑╢♠◐ⱡ꞉◓ⱴ≤▬ⱡ◦◦

─ ☿◦►ⱶ 137 Bq/kg ≤ ─ ─☿◦►ⱶ 137

Bq/m2 8)╩ ™≡⁸ERICA tool 9)⌐╟╡ ┌ↄ ɡGy/h ╩ ⇔√⁹ 

 

2.4.1.2.  ⌐⅔↑╢ ─   

2.4.1.2.1.  ⸗♬♃ꜞfi◓ 

₈ ─ ⅜ ™ ─ ⌂⸗♬♃ꜞfi◓₉─

 

2011 10 ⅛╠ 2022 3 ╕≢─ ⌐ ≢ ↕╣√◐☺─ ─☿

◦►ⱶ 134⅔╟┘ 137 ─ ╩ ⇔√⁹ 

 

2.4.1.2.2.  ⌐⅔↑╢ ─  

₈♠◐ⱡ꞉◓ⱴ─ ₉─  

β │⇔√⅜ ⁹ 

  

₈▬ⱡ◦◦─ ╛ꜟכ◔☻ ◘▬☼₉─  

┘ ≤⇔≡ ─ ╟╡ ↕╣√▬ⱡ◦◦─ ⅛╠

DNA╩ ⇔⁸MIG- seq 10)╩ ™⁸ ⌐⅔↑╢▬ⱡ◦◦─ ╩

⇔√⁹ ╩ ╠⅛⌐∆╢√╘─ⱴכ◌כ≤⇔≡◕ⱡⱶ꞉▬♪⌐ SNP Single 

Nucleotide Polymorphism⁸ ─ ╩ ∫√⁹ ↕╣√ SNPs ╩ ™

≡⁸STRUCTURE 11) כ♃☻ꜝ◒┘ ╩ ∫√⁹⌂⅔⁸ │⁸

☿fi♃⁸כ ⅔╟┘ ≤ ≢ ⇔√⁹ 
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2.4.1.2.3.  ≤ ─ ╩ ℮√╘⌐ ⌂ ─  

─ ┘ ─  

ᵑ ⌐╟╢ ה ─  

2011 3 11 ⌐ ⇔√ ⌐ ℮ ⌐╟╡ ⅜

↕╣√↓≤╩ ↑⁸ ⌐⅔™≡ ⌐ ≠ↄ ─ ⅜

↕╣⁸ 4 4 ↑≢₈ ⁸ ─ ה ─ ה

─ ⅎ ₉ ⁸₈●▬♪ꜝ▬fi₉≤™℮⁹ ⅜ ╡╕≤╘╠╣√⁹ 

∕─ ⁸ ⌐⅔™≡⁸∕╣╕≢─ ╩ ╕ⅎ⁸2012 4 1 ⅛╠

─ ☿◦►ⱶ─ ⅜ 100 ⱬ◒꜠ꜟ/k g ⌐ ↕╣√⁹ 

⌐⅔™≡│⁸ ─ ╩ ⇔√ ⅜⁸ ⌐ ╦

∑≡⁸ ─√╘⌐ ─ ─ ╩ ⇔⁸ ⌐ ⅜

↕╣√√╘⁸ ╩ ∆╢≤≤╙⌐⁸ ─ ─ 1 kg

№√╡ 500 ⱬ◒꜠ꜟ╩ ⅎ√ ⅜ ↕╣√↓≤⅛╠⁸ ╛ ╩

∂≡ ↄ ⌐ ⇔ ╩ ⅎ╢╟℮ ┘⅛↑√⁹ 

╕√⁸ 10 ⅛╠⁸ ─ ─ ה ╩ ∆╢√╘⁸ ⌐⅔™

≡ ─ ≤⌂╡℮╢ ─ ─ ─ ╩ ה

⇔⁸ 7 ⌐⅔™≡⁸▬ⱡ◦◦⁸♠◐ⱡ꞉◓ⱴ⁸♬ⱱfi☺◌⁸◐☺⁸ꜘⱴ♪

ꜞ⁸◌⸗ ⌐≈™≡⁸ ╩ ∫≡⅝√⁹ 

∕℮⇔√ ─ ⁸ 11 ⌐ ─▬ⱡ◦◦⅛╠ 5000ⱬ◒꜠ꜟ╩ ⅎ╢

☿◦►ⱶ⅜ ↕╣√√╘⁸ ⅛╠

20 3 ─ ⌐ ≠⅝ ≢ ↕╣√▬ⱡ◦◦─

⌐≈™≡⁸ ─ ⁸ ┘ ╩ ⅎ╢╟℮ ⅜ ↕╣√⁹ 

∕─ ⁸ ─ ─ ⌐⅔™≡╙⁸ ╩ ⅎ╢ ⅜ ↕╣√↓≤⅛╠⁸

2013 7 ⌐│ ⌐⅔™≡▬ⱡ◦◦ ─ ─ ─ ⅜⁸↕╠⌐│⁸

┘ ⌐⅔™≡│ ∑≡ ⅜ ↕╣⁸ ⌐⅔™≡╙⁸

↕╣≡™╢ ⌐№╢⁹ 

 

ᵒ ⌐⅔↑╢ ▬ⱡ◦◦ ─  

2010 ─ ⌐⅔↑╢▬ⱡ◦◦─ ─ │ ─≤⅔╡⁹ 

20.  ─ 2010  

3,736 3,021 
5,824 

11,087 
13,094 

15,467 

26,130 

20,603 

29,727 30,738 

35,698 

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

ϱЛЄЄ ᶍ χ ӱˢ ӡʿ ˣ
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ᵓ ⌐⅔↑╢ ─  

2010 ─ ⌐⅔↑╢ ⌐╟╢ ─ │ ─≤⅔╡⁹ 

21.  ─ 2010  

 

─ ─ ╖ 

ᵑ ה ⌐ ™ ≡⅝√  

─ ה ⌐╟╡⁸ ≢ ↕╣√ ─ ⅜ ≢⅝⌂ↄ⌂ 

╡⁸ ╛ ─√╘─ ⅜ ↕╣√⁹∕─√╘⁸ ─ ╩ ⌐⅛

↑╢↓≤⅜≢⅝∏▬ⱡ◦◦ ─ ╛ ─ ⅜ ╕╣⁸

╙ ∆╢↓≤⅜ ↕╣√⁹∕─√╘⁸ ≤⇔≡│⁸ ─ ╛

─ ╩ ⅞⁸ ╩ ⅎ╠╣╢╟℮ ─ ⌐ ╡ ╪≢⅝√⁹ 20-

21  

 

ᵒ ∕─ ╩ ∆╢√╘⌐ ╩ ∆╢  

≢│⁸ ⁸ ≢─ ⌐╟╢ ╛ ─ ╩

∆╢√╘⁸ ⌐╟╢ ─ ╛ ⌐ ╩ ⇔⁸ ╩

∆╢⌂≥⁸ ─ ⌐ ∂√ ╛ ─ ⌐╟╢

─ ╩ ⇔≡™╢⁹ 

⇔⅛⇔⁸ ⌐╟╢ ─ ─ ה ⅜ ↕╣≡™╢ ⌐⅔™≡ 

│⁸ ⇔√ ╩☺ⱦ◄ ⌐ ∆╢↓≤⅜≢⅝∏⁸ ─

─ ╩ ™≡™╢⁹ 

 

ᵓ ⅜ ╘√ ─●▬♪ꜝ▬fi  

ₒ ₓ 

 

╩ ≤∆╢⁹√∞⇔⁸ ─ ─ ≢ ╩ √⇔⁸

≢ ↕╣√ ─╖⅜ ↕╣╢╟℮⁸ ⁸ ⌐╟╢ ⅜ ⌂

│⁸ ⌂≥ ⅜ ⌐⌂╢ ≢ ∆╢↓≤⅜≢⅝╢⁹  
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⇔╟℮≤∆╢ ⌐⅔™≡⁸ ─ ⁸ ⁸ ⁸

╩ ⇔≡ ⌂ ╩ ⇔≈≈ ╩ ⇔⁸∕─ ⅜

⇔≡ ╩ ∫≡™╢↓≤⁹ 

ₒ ₓ 

⅜ ╘√ ה ⌐╟╡⁸ ─ ╩ ⌐ ה ∆╢

⅜ ↕╣√ │⁸ ╩ ∫√╙─╩ ∆╢↓≤⅜≢⅝╢⁹ 

 

ᵔ ─ ⌐ ∆╢ ≢─ ─  

≢│⁸ ─ ⌐≈™≡⁸ ─ ה ─√╘ ⸗♬♃ꜞfi◓

╩ ⇔⁸ ╩ ⇔≡™╢⁹ 

≤⇔≡™╢ │⁸▬ⱡ◦◦⁸♠◐ⱡ꞉◓ⱴ⁸◐☺⁸ꜘⱴ♪ꜞ⁸◌

ꜟ●⸗⁸ⱴ●⸗⁸◖●⸗⁸♬ⱱfi☺◌⁸ⱡ►◘◑≤⇔≡™╢⁹ 

⌂⅔⁸↓╣╕≢─ ▬ⱡ◦◦ ─ ⌐≈™≡│⁸ ─≤⅔╡⁹ 

22.  ⸗♬♃ꜞfi◓ ▬ⱡ◦◦ 2011 2020  

 

↓℮⇔√ ╩ ↑⁸I AEA─ ─ ≢⁸ ⌐╟╢ ─ ─ ה

⌐ ↑⁸ ─ ∆ ╩≥─╟℮⌂ ≢ ⇔≡™ↄ─⅛ ⌐≈™≡

╩ ∫√⁹ 

⅜●▬♪ꜝ▬fi≢ ∆ ≤⇔≡₈ ⌂ ╩ ₉∆╢↓≤≤№╢

⅜⁸ ⌂ ╛ ⇔√ ≤ ↕╣╢ ≤─ ⌂≥⅜ ↕╣≡™

⌂™⁹ 
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2. 4.2 .   

2.4.2.1.  ─ ─ ≤∕─   

23 ⌐ 2011 5 ⅛╠ 2022 3 ╕≢⌐ ≢ ↕╣√▬ⱡ◦◦ ┘

♠◐ⱡ꞉◓ⱴ─ ⌐ ╕╣╢☿◦►ⱶ 134+137 ─ ╩ ∆⁹ 

a)  

 
b)  

 

23.  (a) ▬ⱡ◦◦ ┘(b) ♠◐ⱡ꞉◓ⱴ─ ⌐ ╕╣╢☿◦►ⱶ 134+137 ⸗

♬♃ꜞfi◓  

β ⌐⅔↑╢☿◦►ⱶ 134+137 ─ 25% ┘ 75% ╩ ─ ≤ ⁸

┘ ╩Ᵽכ≢ ∆ ╩ ↄ ⁹ 
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▬ⱡ◦◦─ ⌐ ╕╣╢☿◦►ⱶ 134+137 │⁸ ─┌╠≈⅝⅜ ⅝ↄ⁸

≤⌂╢ ╙№╢ ⁸ ≢№∫≡╙ ─ 10 ╩ ⅎ╢

⅜╖╠╣√⁹♠◐ⱡ꞉◓ⱴ─ ⌐ ╕╣╢☿◦►ⱶ 134+137 │⁸ ─

≢№╢ 100Bq/kg╩ ∆╢ ⅜ 2021 ⌐╙ ⇔≡™√⁹ 

24 ⌐▬ⱡ◦◦ ┘♠◐ⱡ꞉◓ⱴ─⸗♬♃ꜞfi◓ ╩⁸ ⇔√ ⌐ ↑

⇔√╙─╩ ∆⁹ 

 

a)  

 

b)  

 
24. (a) ▬ⱡ◦◦ ┘(b) ♠◐ⱡ꞉◓ⱴ─ ⌐ ╕╣╢☿◦►ⱶ 134+137 ⸗♬

♃ꜞfi◓  β │ ─ ╩ ∆⁹ 
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▬ⱡ◦◦≤♠◐ⱡ꞉◓ⱴ⌐⅔↑╢ ⌐ ╕╣╢☿◦►ⱶ 137 ≤ ─☿

◦►ⱶ 137 ⌐ ─ ⅜№╢↓≤⌐≈™≡│⁸2013 ⅛╠ 2017 ─ ⌐

╟╡ ╠⅛⌐⌂∫≡™╢⅜ 2.3.2. 1.1. ( 8) 3)⁸☿◦►ⱶ 137 ⅜

™ ⁸ ⁸ ≢│ ⌐ ╕╣╢☿◦►ⱶ 137 ⅜ ™

⅜ ↄ ↕╣⁸☿◦►ⱶ 137 ⅜ ™ ╛ ≢│⁸

⌐ ╕╣╢☿◦►ⱶ 137 ⅜ ™ ⅜ ↄ ↕╣╢ ⅜ ↕╣√⁹ 

 

♠◐ⱡ꞉◓ⱴ≤▬ⱡ◦◦─ ☿◦►ⱶ ─  

♠◐ⱡ꞉◓ⱴ⅔╟┘▬ⱡ◦◦⌐⅔↑╢ ─ ⌂ ╩

∆╢√╘⌐⁸ ─ ☿◦►ⱶ 137 ─ ╩ ⇔√⁹ ─

☿◦►ⱶ 137 ⌐≈™≡│⁸ ⅜ ∫≡™╢ ─ ⸗♬♃ꜞ

fi◓ ⌐╟╢⸗♬♃ꜞfi◓♦⁸2011∟℮─♃כ 5 ⅛╠ 2016 3 ♃כ♦─≢╕

╩ ⇔√⁹♠◐ⱡ꞉◓ⱴ≤▬ⱡ◦◦≢│ ⌐ ∆╢↓≤⅜ ╠⅛⌐⌂∫≡™

╢√╘ 5)⁸∕─ ╩ ⌐ ╩♃כ♦ ♠◐ⱡ꞉◓ⱴ 7- 9 ⁸▬ⱡ◦◦ 4-

8 ≤ ♠◐ⱡ꞉◓ⱴ 11- 1 ⁸▬ⱡ◦◦ 12- 3 ⌐ ↑≡ ™√⁹∕

─ ⁸ ⁸ ⁸⅔╟┘∕╣╠╩ ╦∑√ ╩♃כ♦─ ™≡⁸Log10

⇔√ ☿◦►ⱶ 137 Bq/kg ╩ ⁸ ─ ≤ Log10

⇔√☿◦►ⱶ 137 Bq/m2 8)╩ ≤⇔≡ ⸗♦ꜟ╩ ⇔√⁹

⇔√ ⸗♦ꜟ│ AIC⌐╟╡⸗♦ꜟ ╩ ∫√⁹ 

∕─ ⁸♠◐ⱡ꞉◓ⱴ≢│⁸ ⁸ ⁸⅔╟┘ ⌐⅔™≡

≤⇔≡ ≤ Log10 ⇔√☿◦►ⱶ 137 ⅜ ╕╣╢⸗♦ꜟ⅜ ↕╣

√ 2 ⁹ ⌐⅔™≡ ≤⇔≡ ⅜ ↕╣√⅜⁸ ⌐⅔™≡

─ 95% │⁸ ⌐ ™ ∆╢ ⌐№∫√ 25 ⁹↓─↓≤│⁸

♃כ♦ ⅜ ⌂™↓≤⅜ ≤ ⅎ╠╣╢⁹ 
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2.  ♠◐ⱡ꞉◓ⱴ⌐⅔↑╢ ☿◦►ⱶ 137 ─ ⸗♦ꜟ 

ṍḧ AIC  Delta AIC    

ᶍ  log10(Cs-137

)  

ṍḧ

( n=271)  

151.6 0.00* 7.729  -0.0002 0.6189 

168.6 16.92 -1.057   0.6394 

319.7  168.03 13.930  -0.0002  

337.6 186.00 1.768   

      

ṍ

( n=191)  

57.2  0.00* 6.819  -0.0002 0.7111 

68.8  11.59 -1.497   0.7226 

222.7  165.47 12.520  -0.0002  

230.5  173.25 1.706   

      

‰ ṍ

( n=28)  

20.9  0.00* -0.4854   0.5785 

22.8  1.90* 1.2520  -4.036*10- 5 0.5631 

35.5  14.52 12.3400  -2.486*10- 4  

36.0  15.07 2.0570   

*ʿ ῟σЯДиˢD elta AIC<2.0 ˣ 
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25.  ♠◐ⱡ꞉◓ⱴ⌐⅔↑╢ ☿◦►ⱶ 137 ─  
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▬ⱡ◦◦⌐⅔™≡╙⁸ ⁸ ⁸⅔╟┘ ⌐⅔™≡ ≤⇔≡

≤ Log10 ⇔√☿◦►ⱶ 137 ⅜ ╕╣╢⸗♦ꜟ⅜ ↕╣√ 3 ⁹

⌐⅔™≡⁸ ⌐ ™ ∆╢ ⅜ ╘╠╣√⅜⁸∕─ │╦∏⅛

≢№∫√⁹↓─ │⁸ꜜ ─◦◦Ɽ⌐⅔↑╢▬ⱡ♇꜡כ ≤ ─ ≢№∫√ 12)⁹ 

 

3.  ▬ⱡ◦◦⌐⅔↑╢ ☿◦►ⱶ 137 ─ ⸗♦ꜟ 

ṍḧ AIC  Delta AIC    

ᶍ  log10(Cs-137

)  

ṍḧ

( n= 1031)  

1514.0  0.00* 7.656  -0.0002 0.7409 

1578.9  37.87 -1.200   0.7377 

1865.6  324.62 10.960  -0.0002  

1890.5  349.53 2.444   

      

ṍ

( n= 285)  

338.6 0.00* 14.140  -0.0004 0.7353 

367.6  28.98 -1.425   0.7342 

438.9  100.30 17.660  -0.0004  

458.7  120.10 2.168   

      

‰ ṍ

( n=456)  

720.9  0.00* 2.738  -9.061*10- 5 0.7308 

722.1  1.12* -1.033   0.7320 

838.1  117.18 6.631  -9.671*10- 5  

838.9  117.92 2.612   

*ʿ ῟σЯДиˢD elta AIC<2.0 ˣ 
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26.  ▬ⱡ◦◦⌐⅔↑╢ ☿◦►ⱶ 137 ─  
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♠◐ⱡ꞉◓ⱴ≤▬ⱡ◦◦─ ☿◦►ⱶ ─  

♠◐ⱡ꞉◓ⱴ⅔╟┘▬ⱡ◦◦⌐⅔™≡⁸ ⅛╠ ┼─ ⅜

⌐╟╢ ™╩ ╠⅛⌐∆╢√╘⁸ ♠◐ⱡ꞉◓ⱴ≤▬ⱡ◦◦─ ☿◦

►ⱶ ─ ⁸ ≤∆╢ ≤ ∂ ⌐╟╢ ─ ⸗♬♃

ꜞfi◓ ⌐╟╢⸗♬♃ꜞfi◓♦כ♃╩ ™≡ ╩ ∫√⁹ ╩ ℮ ⌐│⁸

≤ ⌐ ≤ ⌐ ↑≡ ⇔√⁹ ≤ ⌐⅔™≡⁸Log10

⇔√ ☿◦►ⱶ 137 Bq/kg ╩ ⁸ ─ ⌐⅔

↑╢ Log10 ⇔√☿◦►ⱶ 137 Bq/m2 8)╩ ⁸ ╩ ─

⁸ ─ ╩ꜝfi♄ⱶ ≤⇔√ ⸗♦ꜟ╩ ⇔⁸

☿◦►ⱶ 137 ≤ ☿◦►ⱶ 137 ≤─ ⌐ ∆╢ ─ ╩ ═

√⁹∕─ ⁸AIC⌐╟╡⸗♦ꜟ ╩ ∫√⁹ 

 ∕─ ⁸♠◐ⱡ꞉◓ⱴ≤▬ⱡ◦◦─ ≢⁸ ⌐⅔™≡ ↕∑√⸗♦ꜟ⌐│

≤⇔≡ Log10 ⇔√☿◦►ⱶ 137 Bq/m2 ─╖⅜ ╕╣⁸

│ ╕╣⌂⅛∫√ 4⁸5 ⁹↓─ │⁸ ≤╙ ⅛╠ ┼─

⅔↑╢ ⌐╟╢ ™⅜ ™↓≤╩ ⇔≡™╢ 27⁸28 ⁹ ⌐⅔

™≡ ─ ⅜ ╕╣╢ ≤⇔≡⁸ ◘▬☼─ ⅜ ≢№╢↓≤

⅜ ↕╣≡™╢ 13 ,14)⁹♠◐ⱡ꞉◓ⱴ≤▬ⱡ◦◦≢│⁸ ◘▬☼╛ ⁸

Ɽ♃כfi⌐⅔↑╢ ─ ⌐ ⅜№╢↓≤⅜ ╠╣≡⅔╡ 15- 18)⁸

─♠◐ⱡ꞉◓ⱴ≤▬ⱡ◦◦≢│⁸ ⌐ ═ ╛∕╣⌐ ℮ ─

⅜⌂™ ⅜№╢⁹ │⁸ ─ ╛ ◘▬☼ ─ ╩ ═╢↓≤

≢⁸∕─ ⅜ ╠⅛⌐⌂╢ ⅜№╢⁹ 
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4.  ♠◐ⱡ꞉◓ⱴ⌐⅔↑╢ ☿◦►ⱶ 137 ≤ ☿◦►ⱶ 137 ≤

─ ⌐ ∆╢ ─ ╩ ⇔√ ⸗♦ꜟ 

 AIC Delta AIC    

( n=191)  

69.1  0.0*  - 1.372 0.7076*log10(Cs - 137

)  

78.5  9.4  - 1.370 log10(Cs- 137 )*

 

ⱷ☻ 0.7064 

○☻ 0.7076 

229.3  160.2 - 1.804   

      

( n=28)  

29.1  0.0*  - 0.485 0.5785*log10(Cs - 137

)  

34.5  5.4  - 0.275 log10(Cs- 137 )*

 

ⱷ☻ 0.5535 

○☻ 0.5146 

41.2  12.1  2.057    

* ⌂⸗♦ꜟ Delta AIC<2.0  
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5.  ▬ⱡ◦◦⌐⅔↑╢ ☿◦►ⱶ 137 ≤ ☿◦►ⱶ 137 ≤─ 

⌐ ∆╢ ─ ╩ ⇔√ ⸗♦ꜟ 

 AIC Delta AIC    

( n=285)  

350.2  0.0*  - 1.300 0.7192*log10(Cs - 137

)  

356.9  6.7  - 1.344 log10(Cs- 137 )*

 

ⱷ☻ 0.7178 

○☻ 0.7349 

442.4  92.2  2.211    

      

( n=456) 

650.7  0.0*  - 0.776 0.5785*log10(Cs - 137

)  

659.0  8.3  - 0.794 log10(Cs- 137 )*

 

ⱷ☻ 0.5535 

○☻ 0.5146 

762.6  111.9  2.561    

* ⌂⸗♦ꜟ Delta AIC<2.0  

 

  

27.  ♠◐ⱡ꞉◓ⱴ─ ⌐⅔↑╢ ☿◦►ⱶ 137 ≤ 

☿◦►ⱶ 137 ≤─  

 

ṍ ‰ ṍ 

ϷІ  

ЮІ  

ϷІ  

ЮІ  
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28.  ▬ⱡ◦◦─ ⌐⅔↑╢ ☿◦►ⱶ 137 ≤ 

☿◦►ⱶ 137 ≤─  

 

2.4.2.1.1.  ≤─  

₈DNA ⌐╟╢▬ⱡ◦◦─ ─ ₉─  

₈ ─☿◦►ⱶ 137 ₉─  

2017 ⌐ ≢ ↕╣√▬ⱡ◦◦⌐⅔↑╢ ─ ≢│⁸

9 ⅛╠ 11 ╛ 12 ⅛╠ 3 ⌐⁸Ⱶ☼♫ꜝ⁸◒ꜞ⌂≥─ ╩

∆╢ ⅜ ↄ ↕╣√⁹ ⌐ ╕╣╢☿◦►ⱶ 137 ─ ⌐≈™

≡⁸ 29 ⌐ ∆⁹ ⌐⅔™≡⁸ ה ╛ ╟╡╙☿◦►ⱶ 137

⅜ ™ ⌐№∫√⁹▬ⱡ◦◦─ ≤ ⌐ ╕╣╢☿◦►ⱶ 137 ≤─

⌐≈™≡│⁸ DNA ╩ ™≡⁸ ⅜ ≤⌂╡⁸ ⇔≡ ╩

╘≡™ↄ↓≤⌐⌂∫≡⅔╡⁸ ☿fi♃כ│↓╣⌐ ⇔≡™ↄ ≢

№╢⁹ 

 

29.  ⁸ ┘ ─☿◦►ⱶ 137  

ṍ ‰ ṍ 

ϷІ  

ЮІ  

ϷІ  

ЮІ  
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₈ ⌐╟╢☿◦►ⱶ 137 ─ ₉─  

β │⇔√⅜ ⁹ 

 30.  ▬ⱡ◦◦─ ┘ ⌐⅔↑╢ ─ ☿◦►ⱶ─  

 

▬ⱡ◦◦─ ⌐╟╢☿◦►ⱶ 137 ─ ╩ ∆╢ ≢⁸₈ ─ ┘

⌐⅔↑╢ ╩ ⇔√ 19)₉╩ ⌐⇔⁸ ⌐ ∆▬ⱡ◦◦─

┘ ⌐⅔↑╢ ─ ☿◦►ⱶ─ ╩ ⇔√ 30 ⁹ ⁸

≢ ⇔√ ╩ ⇔⁸ ╩ ™√ ╩ ⅜ ≤⌂╡⁸

⇔≡ ╩ ╘≡™ↄ ≢№╢⁹ 

 

2.4.2.1.2.  ≤─  

₈ ─ ≤ ─ ─ ₉─  

─ ─ ≤ ─ ☿◦►ⱶ  

─ ☿◦►ⱶ 137 │ ─☿◦►ⱶ 137 ≤ ─ ⅜№╡⁸

↕╠⌐ ─☿◦►ⱶ 137 │ ─☿◦►ⱶ 137 ≤ ─ ⌐№

╢↓≤⅜ ↕╣≡⅔╡ 7)⁸ ☿◦►ⱶ 137 ⅜ ∆╢ ─ ≈≤⇔

≡⁸☿◦►ⱶ 137 ─ ⌂╢ ╩ ⌐╟∫≡ ™ ↑≡™╢↓≤⅜ ⅎ╠

╣╢⁹∕↓≢ ≢│⁸ ⌐⅔™≡ GPS ╩ ⇔√♠◐ⱡ꞉◓ⱴ─ ♦

╩♃כ ⇔⁸ ─ ≤ ─☿◦►ⱶ 137 ─ ╩

⇔√⁹ 

☿◦►ⱶ- 137─
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 2018 ⌐ ─ ⌐ ⇔√◒ⱴ 31 ⁸⅔╟┘

⅜ ─ ≢ ⇔√ 3 ╩ ⌐⁸ ⌐╟╢ ⌐ GPS ╩

⇔∕─ ≢ ⇔√⁹ ─ ╩ 6 ⌐ ∆⁹ │⁸ ⇔√ ╩

⇔ ⌐ ⌐ ↕╣√ ╩ ⅎ╢↓≤⌐╟╡ ∫√⁹ 6 ─

│ 100%─ ⁸100%MCP≤∆╢ ≢ ⇔√ 32 ⁹╕√⁸ ⇔√

GPS │⁸1 ⅔⅝⌐ 1 ─ GPS ╩ ∆╢╟℮⌐ ⇔√⁹ 

 

 

31.  ⁹ ≢ ∫√ ⌐◒ⱴ ╩ ⇔√⁹ 

 

  

ᾰ 

Ờ  

Ἤ╦◕ 

◕ 

ϼЫ ᶍ  
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6.  ⇔ GPS ⌐╟╢ ╩♃כ♦ ⇔√ ─  

ᾤ

ID  

  ˢkgˣ Д˔Ќṍḧ “ ίЂϱЇ

ˢkm2; 

100%MCPˣ 

AM01  ϷІ 9 74 2018/7/23 -

2019/8/30  

74 

AM02  ϷІ 10 114 2018/8/14 -

2019/7/30  

104 

AM03  ϷІ 4 53 2018/10/28 -

2019/7/30  

269 

 

  

 

 

32.  100%MCP≢ ⇔√ ─  

 

↓╣╠─ GPS ⌐╟╢ ╩♃כ♦ ⇔≡⁸╕∏ ─☿◦►ⱶ 137

Bq/m2 8)─ ╩ ⇔√⁹ ≤⇔≡⁸ ⇔√ GPS ╩ ™≡

ה ⌐ 95%Brownian Bridge Movement Model20) ⁸BBMM≤∆╢ ⅔╟┘

50%BBMM╩ ™≡ ≤ ╩ ⇔√⁹∕─ ⁸ ⅔╟┘

⌐ 100 /k m2─ ≢ꜝfi♄ⱶ ╩ ⇔√⁹☿◦►ⱶ 137 ⱴ♇ⱪ 8)╟╡

ꜝfi♄ⱶ ─☿◦►ⱶ 137 Bq/m2 ╩ ⇔√⁹ ⇔√ꜝfi♄ⱶ ⌐

⅔↑╢☿◦►ⱶ 137 ╩ ⁸ꜝfi♄ⱶ ╩ ↕∑√ ⅔╟┘

─ ╩ ⁸ ID ╩ꜝfi♄ⱶ ≤⇔≡⁸●fiⱴ ╩ ⇔√

⸗♦ꜟ ⁸GAMM≤∆╢ ╩ ⇔⁸ ⅔╟┘ ⌐⅔

AM01  AM02  

AM03  
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↑╢☿◦►ⱶ 137 ─ ╩ ⇔√⁹ ⇔√⸗♦ꜟ│ AIC ⌐╟╡⸗

♦ꜟ ╩ ∫√⁹ 

 ⌐⁸☿◦►ⱶ 137 ≤ ─ ╩ ∆╢√╘⌐⁸ ─ GPS

─ ╩ ⇔⁸ ⌐ 100 / km2─ꜝfi♄ⱶ ╩ ↕∑√⁹∕─ ⁸ ꜝfi♄

ⱶ ⌐⅔↑╢ ⁸ ⅛╠─ ⁸ ⅛╠─ ⁸ [ Ⱪ♫ ⁸

Ⱶ☼♫ꜝ ⁸ ⁸ ⁸ ⁸ ⁸ ⁸ ⁸ ה ]

≤☿◦►ⱶ 137 ╩ ⇔√⁹ ꜝfi♄ⱶ ⌐⅔↑╢☿◦►ⱶ 137

─ ≤ ╩ ≤⇔≡ ⸗♦ꜟ╩ ⇔√⁹ ⇔√⸗♦ꜟ

│ AIC⌐╟╡⸗♦ꜟ ╩ ∫√⁹ 

 ⅎ≡ ⌐⅔↑╢ ─ Ɽ♃כfi╩ ╠⅛⌐∆╢√╘⌐⁸

≢ ⅔╟┘ ⌐ ↕∑√ꜝfi♄ⱶ ⌐⅔↑╢ ╩ ⇔⁸

╩ ⁸ ⅔╟┘ ╩ ⇔√ ╩ ⁸ ID ╩ꜝ

fi♄ⱶ ≤⇔≡ GAMM╩ ⇔√⁹ 

 ↕╠⌐⁸ ─ ╩ ╠⅛⌐∆╢√╘⌐⁸ ─ ⅔╟┘

⌐ ↕∑√ꜝfi♄ⱶ ⌐⅔™≡ ⇔√ ╩ ™≡⁸ ꜝfi♄ⱶ ⅜

─╙─≢№╣┌ 0⁸ ─╙─≢№╣┌ 1 ≤∆╢ 2 ╩ ⁸

╩ ⁸ I D╩ꜝfi♄ⱶ ≤⇔⁸2 ╩ ⇔√

⸗♦ꜟ ⁸GLMM ╩ ⇔√⁹ ⇔√⸗♦ꜟ│ AIC⌐╟╡⸗♦ꜟ ╩ ∫√⁹ 

 ∕─ ⁸ ─☿◦►ⱶ 137 │ ⌐ ⇔≡™⌂⅛∫√

≢⁸ ─☿◦►ⱶ 137 │ ⌐ ⇔≡™√⁹⇔⅛⇔⌂⅜╠⁸

∕─ Ɽ♃כfi│⁸ ⅛╠ ⌐⅛↑≡ ⇔⁸∕─ ⌐⅛↑≡ ∆╢

☿◦►ⱶ ─ Ɽ♃כfi 5)≤│ ⌂╡⁸4 6 ⌐⅛↑≡ ⇔⁸7 ⌐

⇔√ ⁸ ⌐⅛↑≡ ∆╢ ╩ ⇔√⁹ 

 

7.  ⅔╟┘ ─☿◦►ⱶ 137 ─ ╩ ⇔√

GAMM 

 AIC  D elta AIC    

“ ί -316853.3 0*  2.29*10 - 5  

 - 316631.4 221.89 2.30*10 - 5 Ὦ 

     

ӽ  -32344.5 0*  2.55*10 - 5 Ὦ 

 -32240.4 104.16 2.55*10 - 5  

*ʿ ῟σЯДиˢD elta AIC<2.0 ˣ 
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33.  ⌐⅔↑╢☿◦►ⱶ 137 ─ ⁹ 

─ │ ⁸ ─♃כ♦│ 75%⁸Ᵽכ♦│כ♃─ 95%╩ ∆⁹ 

│⁸GAMM≢ ⇔√ ╩ ∆⁹ 

 

⌐⅔↑╢☿◦►ⱶ 137 ≤ ─ ⌐≈™≡ ╩ 8

⌐ ∆⁹ ≤ ⅛╠─ ⅜ ™╒≥⁸╕√ ⅜ ™ ╒≥☿◦►ⱶ 137

│ ™ ⌐№∫√⁹╕√⁸Ⱪ♫ ⁸ ⁸ ⁸ ⁸ ⁸

⁸⅔╟┘ ה ─ ⅜ ™ ╒≥☿◦►ⱶ 137 │ ™

⌐№∫√⁹ ≢⁸Ⱶ☼♫ꜝ ⅔╟┘ ─ ⅜ ™ ╒≥☿◦►ⱶ 137

│ ⌂™ ⌐№∫√⁹ 
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8.  ⌐⅔↑╢☿◦►ⱶ 137 ≤ ─  

ḕẽ ԍ ᵕṑἰ  ῏₯ t value Pr(>|t|)  

Τϣχẩ  -1533.49 93.85 -16.34 <2e-16 

◕ᵹ Τϣχẩ  -1820.86 87.26 -20.87 <2e-16 

‰  -5415.76 102.71 -52.73 <2e-16 

УЗᴬ  22147.57 185.73 119.25 <2e-16 

ЬЇЗж  -9347.18 171.6 -54.47 <2e-16 

ׁᴮ  -8170.12 111.73 -73.12 <2e-16 

ῲ  10521.41 94.93 110.83 <2e-16 

 1514.94 81.96 18.48 <2e-16 

Ῥ  9818.76 103.88 94.52 <2e-16 

₤ῖ  1573.31 82.4 19.09 <2e-16 

 1901.41 82.66 23 <2e-16 

ʾ  4363.89 88.4 49.37 <2e-16 

 

⅔╟┘ ⌐⅔↑╢ ─ ⌐≈™≡⁸ ─ ⌐

⅔↑╢☿◦►ⱶ 137 ≤ ─ ─ ╩ ⌐⁸☿◦►ⱶ 137

≤─ ⅜ ─╙─≤ ─╙─⌐ ↑≡ 34 37⌐ ⇔√⁹☿◦►ⱶ 137

≤ ─ ⌐№∫√ ⌐≈™≡│⁸ ≤ ─ ⌐⅔™

≡⁸ ╩ ↄ ≢ ☿◦►ⱶ 137 ─ ≤ ─ Ɽ♃

⅜fiכ ╠╣√⁹↓─╟℮⌂ ─ Ɽ♃כfi⅜ ≢─☿◦►ⱶ 137

─ Ɽ♃כfi⅜ ⌂↓≤╛ ─☿◦►ⱶ 137

─ Ɽ♃כfi⅜ ☿◦►ⱶ 137 ─ Ɽ♃כfi≤ ⇔⌂™

⅛╙⇔╣⌂™⁹ ≢⁸☿◦►ⱶ 137 ≤ ─ ⌐№∫√ ⌐

≈™≡│⁸ ≤ ─ ⌐⅔™≡⁸Ⱪ♫ ⌐⅔™≡ ☿◦►ⱶ 137

─ ≤ ─ Ɽ♃כfi⅜ ╠╣√⁹∕─√╘⁸Ⱪ♫ ─ ─

⅜ ☿◦►ⱶ 137 ─ ⌐ ╩ ⅎ≡™╢↓≤⅜ ↕╣√⁹

╕√⁸ ─ Ɽ♃כfi⅛╠⁸ ─♠◐ⱡ꞉◓ⱴ│⁸ ⅛╠ ⌐⅛↑

≡│⁸ ₁⌐ ⌐№╢ ╛ ⁸ ╩ ⇔⁸∕─ ⁸ ╛

≤─ ⅜ ↄ⌂╢ ≢⁸ ⅛╠ ⌐⅛↑≡│⁸ ₁⌐ ⌐№╢Ⱶ☼♫ꜝ

╛Ⱪ♫ ╩ ∆╢╟℮⌐⌂╢↓≤⅜ ╠⅛⌐⌂∫√⁹ 
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34.  ☿◦►ⱶ 137 ≤ ─ ⌐№╢ ─ ⌐⅔↑╢ 
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35.  ☿◦►ⱶ 137 ≤ ─ ⌐№╢ ─ ⌐⅔↑╢ 
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36.  ☿◦►ⱶ 137 ≤ ─ ⌐№╢ ─ ⌐⅔↑╢
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37.  ☿◦►ⱶ 137 ≤ ─ ⌐№╢ ─ ⌐⅔↑╢

 

 

─ ⌐≈™≡⁸ ╩ ─☿◦►ⱶ 137 ≤

─ ─ ╩ ⌐⁸☿◦►ⱶ 137 ≤ ─ ⌐№╢ ╩

38 ⌐⁸ ─ ⌐№╢ ╩ 39 ⌐ ⇔√⁹ ─ ⌐№╢ ≢│⁸

12ה10 ⌐│ ⅛╠ ™ ╩ 12ה9ה⁹8√™≡⇔ │ ⅛╠ ™ ╩

6ה⁹4√™≡⇔ 12ה10 │ ⅜ ™ ╩ ⇔≡™√ ≢⁸11 │ ™

╩ ⇔≡™√⁹Ⱶ☼♫ꜝ │ 12ה10ה6 ⌐│ ↕╣≡™√⅜⁸ ≢ 7ה5

⌐│ ↕╣≡™√⁹ 10ה⁸6│ ⌐ ↕╣≡™√⅜⁸12 ⌐│ ↕╣≡

™√⁹☿◦►ⱶ 137 ≤ ─ ⌐№╢ 7ה6ה⁸4│≢ ⌐│Ⱪ♫

⁸ ⁸ ⁸ ⁸ ⌂≥ ₁⌂ ╩ ⇔≡™√⁹™∏╣─

⌐⅔™≡╙⁸ ☿◦►ⱶ 137 ─ ⌂ ⌂ Ɽ♃כfi⅜ ╠╣⌂

⅛∫√↓≤⅛╠╙⁸ ☿◦►ⱶ 137 ─ ⌐│⁸ ╟╡╙

─ ⁸ ⌐Ⱪ♫ ─ ─ ⌐ ⇔≡™╢ ⅜

УЗᴬ  

Ὦ 

ᶤ
›

 

ῲ  

Ὦ 

 

Ὦ 

Ῥ  

Ὦ 

ᶤ
›

 
ᶤ
›

 

₤ῖ  

Ὦ 

 

Ὦ 

ʾ  

Ὦ 
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↕╣√⁹ 

 

 

 

38.  ☿◦►ⱶ 137 ≤ ─ ⌐№╢ ─  

 

 

 

39.  ☿◦►ⱶ 137 ≤ ─ ⌐№╢ ─  

 

2.4.2.2.  ⌐⅔↑╢ ─   

2.4.2.2.1.  ⸗♬♃ꜞfi◓ 

₈ ─ ⅜ ™ ─ ⌂⸗♬♃ꜞfi◓₉─  

 40 ⌐ 2011 10 ⅛╠ 2022 3 ╕≢⌐ ≢ ↕╣√◐☺─

⌐ ╕╣╢☿◦►ⱶ 134+137 ─ ╩ ∆⁹2013 10 ⌐ ↕╣√ ⌐⅔™

≡ ╩ ⅎ╢☿◦►ⱶ ⅜ ↕╣√⅜⁸∕╣ │☿◦►ⱶ ⅜

╩ ⅎ╢ │ ↕╣≡™⌂™⁹ ≢│ ↄ─ ⌐⅔™≡

─☿◦►ⱶ ≢ ⇔≡™╢⁹ 
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⅛╠─

⅛╠─

Ⱶ☼♫ꜝ
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ה
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─ ⁸  
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™ ╩ 
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2.4.2.2.2.  ⌐⅔↑╢ ─  

₈♠◐ⱡ꞉◓ⱴ─ ₉─  

β │⇔√⅜ ⁹  

  

₈▬ⱡ◦◦─ ╛ꜟכ◔☻ ◘▬☼₉─  

≢ ⇔√ 179 ┘ ≢ ⇔√ 9 β─▬ⱡ◦◦─ ⅛╠ DNA

╩ ⇔⁸MIG- seq 4,10 )╩ ∫√ ⁸688 ─ SNPs⅜ ↕╣√ 24)⁹▬ⱡ◦◦

─ ╩╙≤⌐⁸ ╩ 7 ⱪ⁸כꜟ◓ ╩ 1 ─ⱪכꜟ◓ 8 כꜟ◓

ⱪ⌐ ↑⁸STRUCTURE 11) כ♃☻ꜝ◒┘ ╩ ™⁸ ⌐ ≠ↄ

╩ ⇔√( 41) ⁹ 

40.  ◐☺ ─☿◦►ⱶ 134+137  
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41.  MIG- seq ╩ ∫√ ⱪכꜟ◓─ ↑≤  

 

STRUCTURE ⌐╟╢ȺK ─ ╟╡⁸ ⇔√▬ⱡ◦◦│⁸ ⅝ↄ

2 ≈─ ⌐ ⅛╣╢↓≤⅜ ↕╣√ 42 כ♃☻ꜝ◒⁸√╕⁹ ─ ⁸

─ ⁸ ⁸™╦⅝⁸ ⌐ ⱪכꜟ◓╢∆ ┘ ⁸

⁸ ┘ ⌐ ⱪכꜟ◓╢∆ ⌐ ⅛╣╢↓≤⅜ ╠⅛⌐⌂∫√

43 ⁹ β ─ ⌐≈™≡│⁸ ╟╡ ™√∞™√⁹  

 

42.  ▬ⱡ◦◦─ DNA♦כ♃⌐ ≠ↄ STRUCTURE ─  

⅜ 1 ╩ ⇔≡⅔╡⁸ ─ ™│ ─ 2 ⌐ ∆╢

╩ ⇔≡™╢⁹ 
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43.  ▬ⱡ◦◦─ DNA♦כ♃⌐ ≠ↄ◒ꜝ☻♃כ ─  

 

↕╠⌐⁸STRUCTURE ⌐╟╡ ╘╠╣√ 2 ─ ╩ ↔≤⌐╕≤╘√

╩ 44 ⌐ ∆⁹∕─ ⁸▬ⱡ◦◦│⅔⅔╟∕ ╩ ≤∆╢ ─ ≤

≤─ ≢ ⅜ ↕╣≡™╢ ⅜ ╘╠╣√⁹ ─ │ ™

⌐ ⇔≡⅔╡⁸ ≤ ⌐╟╡▬ⱡ◦◦─ ≤ ╩ →≡™╢

⅜ ↕╣√⁹ 

─ ⌐ ∆╢▬ⱡ◦◦ ≤ ─ ⌐≈™≡⁸ⱬ▬☼ 25)⌐╟

╡ ─ ╣╩ ⇔√ ⁸ ⅛╠ ┼─ ─ ╣ 10.3% ─╒℮

⅜⁸ ⅛╠ ┼─ ─ ╣ 3.3 % ╟╡╙ ⅝™↓≤⁸ ─ ─

─ ╟╡╙⁸ ∕╣∙╣─ ─ ≢─ ─ ─ ⅜ ⅝™↓≤⅜

↕╣√ 96.7%⁸ 89.7%⁹ ─ │ ≤ ╩

╪≢∕╣∙╣ ─ ≤⇔≡ ↕╣⁸ ™─ ≢─ ⅝ ⅜ ⌂™↓≤⅜

↕╣√( 44) 24)⁹ 
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44.  ▬ⱡ◦◦ 2 ─ ⌂  

⌐⅔↑╢ STRUCTURE ⌐╟╡ ╘╠╣√ 2 ─ ⁹ ─ ⅝

↕│⁸◘fiⱪꜟ ╩ ⇔≡™╢⁹ 

 

2.4.2.2.3.  ≤ ─ ╩ ℮√╘⌐ ⌂ ─  

I AEA⅛╠─  

⅛╠ IAEA⌐ ⇔≡⁸∕─ ╩ ™⁸ ─ ╩ ↑√⁹ 

ₒ ─ ₓ 

ה ─ ⅛╠⁸ ⇔╟℮≤∆╢ ≢─⸗♬♃ꜞfi◓ ⅜ ╩ ∫

≡™╢↓≤─╖╩╙∫≡⁸ ≢ ╩ ∆╢↓≤│ ≢№╢⁹

⅜ ⁸⸗♬♃ꜞfi◓≢⅝╢ ╩ ⇔⁸ ╩ ∫√ ─╖╩

│ ∆╢ ╩ ∆═⅝⁹ 

 

╩ ↑≡─  

⁸ ≢│⁸ ┘ ☿fi♃⁸⌐╙≥≥כ ─

⌂≤↓╤⌐⅔™≡ ─ ─ ⅜ ≢⅝╢╟℮ ⌐

⇔≡ ╩ │ ⇔⁸ ─ ה ╩ ∫≡™╢⅜⁸

┘ ╩ ↑≡™╢ │⁸ ─ ≤↕╣≡™⌂™⁹  

⁸ ≤⇔≡─ ⌐≈™≡│⁸ ─☺ⱦ◄ ─√╘⁸

⅜ ⌐ ⇔≡ ─ ⌐ ∆╢ ⅜№╢╙──⁸

─ │ ─ ─ ≢№╡⁸ ╡│ ⅜ ⇔⌂↑╣┌⌂╠⌂™↓≤╛

≤⇔≡ ⅜ ╣╢ ╖⅜ ⌂™↓≤ ⅛╠⁸ ≢ ⌐⅔™≡

╩ ⇔ ⇔≡™╢ │⌂™⁹ 
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↓℮⇔√↓≤⅛╠⁸ ≤⇔≡│⁸ ⌐ ⇔≡⁸ ⅝ ⅝⁸⸗♬♃ꜞfi◓─ ≤

⌐≈™≡│ ─ ⅜ ≢№╢↓≤⅛╠⁸ ─ ⌐ ∂√ ≤

∆╢╟℮ ╩⇔≡™╢⁹ 

 

┼─ ╩ ≤⇔√Ɽfiⱨ꜠♇♩  

⸗♬♃ꜞfi◓─ ≤ ─ ─√╘⁸I AEA─ ─ ≢⁸ ↑─Ɽ

fiⱨ꜠♇♩╩ ⇔⁸2021 10 ⌐ ─ ⌐ 4,000 ╩ ⇔√⁹ 

 

2. 5.  ╕≤╘ 

▬ⱡ◦◦ ┘♠◐ⱡ꞉◓ⱴ─ ⌐ ╕╣╢☿◦►ⱶ 137─ ╩ ⇔√ ⁸▬ⱡ

◦◦─ ⅜ ↄ⁸ꜘⱴ♪ꜞ≤◐☺╩ ⇔√ │ꜘⱴ♪ꜞ─ ⅜ ™⌂≥⁸ ⌐╟╡

⌂╢ ╩ ⇔√⁹ 

▬ⱡ◦◦─ ⌐ ╕╣╢☿◦►ⱶ 137─ │⁸ ═√ ─ ╩ ↄ ↑≡™╢↓

≤⅜ ↕╣√⁹╕√⁸▬ⱡ◦◦╙♠◐ⱡ꞉◓ⱴ╙Ɽ♃כfi│ ⌂╢⅜ ⌐ ↄ⌂╢

⅜ ╠╣√⁹▬ⱡ◦◦ ┘♠◐ⱡ꞉◓ⱴ─ ⌐ ╕╣╢☿◦►ⱶ 137 │⁸☿

◦►ⱶ 137 ⅜ ™ ≢ ↕╣√ ╒≥ ™ ⌐№∫√⅜⁸ ⌐⅔

↑╢ ─┌╠≈⅝⅜ ⅝⅛∫√⁹ ≢№∫≡╙ ⌐⅔↑╢ ☿◦►ⱶ

─ ─ 10 ╩ ∆╢ ⅜ ↕╣╢↓≤⅜№∫√⁹↕╠⌐⁸▬ⱡ◦◦ ┘♠◐

ⱡ꞉◓ⱴ─ ⌐ ╕╣╢☿◦►ⱶ 137 ─ ⌂ │⁸ ≤ ⌐│

⌐ ℮ ⅜ ╠╣√⅜⁸ ≢│⁸ ≤╙ ⌐ ∫≡ ─ ⅜

⅝ↄ⌂∫√⁹ 

 ─▬ⱡ◦◦⌐ ═≡⁸ ⌐ ∆╢▬ⱡ◦◦│ ⅜

ↄ⁸∕─ ╙ ⌐◦ⱨ♩∆╢ ⅜ ╠╣√⁹╕√⁸ ─▬ⱡ◦◦│⁸

⌐ 2 ⌐ ⅛╣≡⅔╡⁸⅔⅔╟∕ ╩ ≤⇔≡ ⌐ ⅜ ↕╣≡™╢

⅜ ↕╣√ 

▬ⱡ◦◦ ┘♠◐ⱡ꞉◓ⱴ─ ⌐ ╕╣╢☿◦►ⱶ 137 ⌐≈™≡│⁸ │

╘╠╣╢╙──⁸ ─┌╠≈⅝╛ ⌂ ╙№╡⁸ ⌂ ─ ⌂

─♃כ♦╢⌂╠↕│⌐╘√─ ⅜ ≢№╢⁹╕√⁸ ⅜ ה ∆╢↓≤⅜⁸

≢ ↕╣√ ≢№∫≡╙ ⌐ ╕╣╢☿◦►ⱶ 137 ⌐┌╠≈⅝⅜ ∂╢

≈─ ≢№╢↓≤⅜ ⅎ╠╣╢⁹ 

│⁸ ⅝ ⅝▬ⱡ◦◦ ─ ⌐ ╕╣╢ ☿◦►ⱶ ─ ╩⸗♬♃ꜞfi

◓∆╢≤≤╙⌐⁸ ─ ─ ☿◦►ⱶ ⅜ ™ ╩ ═⁸ ─

⌐ ∆╢√╘─ ╩ ∫≡™ↄ ≢№╢⁹ 
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3.  FIP3 ⌐⅔↑╢ ⌂  

 

3.1.   

ה ⌐⅔↑╢ ☿◦►ⱶ─ ╛∕─ ⌐ ∆╢ ╩ ⇔√⁹

⌐ ∆╢ ╩ ה ⇔⁸∕─ ≤ ─ ╩ ∆╢≤≤╙⌐⁸

─ ─ ⌐⅔↑╢ ≤∕─ ╩ ⇔√⁹╕√⁸ ⌐

℮ ─ ┘ ─ ╩ ⇔√⁹ 

 

3. 2.   

⌐ ℮⁸ ☿◦►ⱶ╩│∂╘≤∆╢

─ ┼─ ⌐╟∫≡⁸ ⅜ ↕╣⁸ ה ─ ╛ ┼

─ ⅜ ∂√⁹↓─√╘⁸ ┘ ╩ ≤⇔≡⁸ ─ ╩ ╠

⅛⌐∆╢√╘─ ה ה ─⸗♬♃ꜞfi◓ ⅜⌂↕╣√╒⅛⁸ ─

⅜ ╘╠╣≡⅝√⁹ ⱪ꜡☺▼◒♩≢│⁸ ─ ╩ ╕ⅎ⁸ ⌐ ⌂

☿◦►ⱶ ╩ ∆╢≤≤╙⌐⁸ ⌐ ∆╢ ┌ↄ ╩ ≤⇔√

╩ ⇔⁸∕─ ≤ ─ ⌐≈™≡ ⇔√⁹╕√⁸ ─

⌐ ↕╣√ ⌐⅔™≡⁸ ╩ ⇔ ⌐ ∆╢ ╩ ∫√⁹

∑≡⁸ 2019 19 ⁸Hagibis ─ ⌐

╟╢ ─ ╛ ─ ⌐≈™≡ ⇔√⁹ 

 

3.3.   

3.3.1.  ⌐ ≤ ⅎ╠╣╢ ☿◦►ⱶ ─  

─ ─ ┼─ ⌐ ∆╢

─℮∟⁸ ה ⌐ ⇔√ ┼─ ╛∕─ ⌐≈

™≡│ ≤⌂∫≡™⌂⅛∫√⁹↓─√╘⁸ ⱪ꜡☺▼◒♩─ ⌐ √╡⁸ ─

ה ─ ⌐ ∆╢ ≤⁸↓╣╠─ ⌐ ≤ ⅎ╠╣╢ ⌐≈™

≡⁸ ─ ╩ ╕ⅎ ⇔√⁹ 

 

3.3.2.  ─ ≤∕─ ─ ─  

3.3.2.1.   

─ ┌ↄ ⁸ ⌐ ─ │ ╠╣≡™╢⁹ ≢│ ↄ─

⌐ ─ ╩ ∆╢√╘⁸ ☿◦►ⱶ─ ⇔√ ⅜ ⌐ ∫≡

⌐ ↕╣╢⁹↓─√╘⁸ ⌐│ ☿◦►ⱶ╩ ╗ ⅜ ↄ ⇔≡™╢

⅜№╢⁹ ╛ ⁸ ≢ ↕╣≡™╢ │ cm⌐ ☿◦

►ⱶ⅜ ⇔≡™╢↓≤╩ ≤⇔≡⅔╡⁸∕─ ⅜ ⌐ ≢⅝╢⅛│ ≢

№╢⁹ 

╕√⁸ ╩ ⇔√ ⌐⅔™≡╙⁸ ☿◦►ⱶ⅜ ⇔√ ─ ⌐ ™

↕╣╢ ⅜№╢⁹ ⌐⁸ ⌐ ⅜ ⇔√ ≢│⁸ ─ ≈ ─

⌐╟╡ ☿◦►ⱶ ─ ™ ⅜ ⇔⁸ ⌐≈⌂⅜╢



72 

⅜№╢⁹ 

∕↓≢⁸ ⌐⅔↑╢ ⌂ ≤⇔≡⁸ ☿◦►ⱶ─ ╩ ╕ⅎ

√ ╩ ⇔⁸ ─ ╩ ⇔√⁹╕√⁸ ╩ ∫√

⌐⅔™≡ ≤ ─ ─ ⅜ ⇔√ ╩ ∟⁸ ╛

╩ ⌐⸗♬♃ꜞfi◓∆╢↓≤≢⁸ ─ ⌐ ℮ ─ ⌐≈™≡

⇔√⁹ 

 

3.3.2.2.   

│ ⱱכꜟ♦▫fi◓☻ ─ 55 km⌐

∆╢ ─ 3 ⁸ ─ ≢№╢ 1(a) ⁸1(b) ⁹ ☿◦

►ⱶ ☿◦►ⱶ 134⁸☿◦►ⱶ 137 ─ 2011 7 2 │ 300 600 kBq/m2

≢№╢ 1)⁹ ─ │ ≢ ╦╣≡⅔╡⁸ ™⌐ ≤ ⅜ ⇔≡™╢

1(b) ⁹ │ 170 m≢⁸ ─ ─ │ 15 m⁸ ─

│ 2Έ6 m≢№╢ 1(c) ⁸1(d) ⁹ │ ≤∕─ ⁸ │ ⁸

│ ─ ⌐ ↕╣≡™√⁹ ≤ │ ⌐ ↕╣≡™

╢⁹ 

1.   

☿◦►ⱶ─ │ 3 ⸗♬♃ꜞfi◓ 2011 7

2 ─ 1)⅛╠  

β ⅜ ╣≡™╢ ╟╡ ™  

 

─ │ 2014 ⌐⁸ 2 ─ ≢ ╘╠╣√⁹╕∏ ─


