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│∂╘⌐ 

 ☿fi♃⁸2015│כ ─ ⁸

₈JAEA₉≤™℮⁹⁸

₈NIES₉≤™℮⁹ ┘ ─ ─ ה ╛ ─ ╩ ╘√⁸

☿fi♃כ ₈ ₉≤™℮⁹⌐ ≠⅝⁸

⌐ ↕╣√ ─ ה ⌐ ╡ ╗√╘─ ╩

╘≡™╕∆⁹↓─ │⁸2015 ⅛╠ 2024 ╕≢─ 10 ⌐

⅔↑╢ ╩ ╘√╙─≢∆⅜⁸ ─ ╩ ⇔⁸10 ╩↕

╠⌐ 3≈─ⱨ▼כ☼⌐ ↑≡⁸ ⌐ ╩ ∆╢↓≤≤⇔≡™╕∆⁹ 

☿fi♃כ⌐⅔↑╢ │⁸ ─ 4 2015 2018

≢№╢ⱨ▼כ☼ 1 ─ ⌐ ⇔√ ≢ ╠╣√ ┘

─ ╩ ╕ⅎ≡⁸∕─ ─ 3 2019 2021 ≢№╢ⱨ▼כ

☼ 2─ ╩ ⇔⁸4≈─ ⁸ ה ⁸

⁸ ↔≤⌐ ╩ ╘⁸ ─ ה ╩ ™⌂⅜╠

╩ ╘≡⅝╕⇔√⁹ 

│⁸ ⅜ⱨ▼כ☼ 2 ≢ ⇔√⁸ ⌐ ∆╢ 2 ≈─

₈ ─ ─ ₉ ┘₈ ─ ⌐

╢ ─ ─ ╩≤╡╕≤╘√╙─≢∆⁹ 

⌂⅔⁸↓╣╠ ╩ ╘╢ ⌐│⁸ ╛ ⁸ ⌐ ⌂

╢ ≤ ╩™√∞⅝╕⇔√⁹╕√⁸2 JAEA⁸NIES⁸

IAEA⁸Ɫ▬♥◒ⱪꜝ◙ ─ ⁸∕─ ─

⅛╠│⁸ ─╙≤⁸ ↄ─ ╛ ╩™√∞⅝╕⇔√⁹↕╠⌐⁸

─≤╡╕≤╘⌐№√∫≡│⁸ ה ─

 ▪♪Ᵽ▬◙כ ╩│∂╘≤∆╢ ⅛╠

─ ↄ─ ╩™√∞⅝╕⇔√⁹↓↓⌐ ↄ ⇔ →╕∆⁹ 

 

☿fi♃כ     

 

  

 



 

 

β ⅜ ─ ≤⌂╢  

☿fi♃כ ה ─  

  



 

  

 ⅜ⱨ▼כ☼ 2⌐ ⇔√ ⌐ ∆╢ ─  1 

  

  3 

ⱴ₈כ♥ ─ ─ ₉  

⌐⅔↑╢ ─  3 

⅜ ⇔√ ⌐⅔↑╢ ─  14 

─ ⌐⅔↑╢  21 

ⱴ₈כ♥ ─ ⌐ ╢ ─ ₉  

─  26 

─ ⌐ ↑√  41 

─ ⌐ ↑√  63 

─ ⌐⅔↑╢ ┌ↄ  79 

 

β │⁸ ─ ╩╕≤╘√╙─≢№╡⁸ ⌐∕─╕╕ ↕╣╢

╙─≢│№╡╕∑╪⁹ 

βⱨ▼כ☼ 1─ │₈ ☿fi♃כ⌐⅔™≡ ⅜ ╡ ╗ ⌐

∆╢  ⱨ▼כ☼ 1 27 ⅛╠ 30 ₉≢ ╡╕≤╘

≡™╕∆⁹ 
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 ⅜ⱨ▼כ☼ 2⌐ ⇔√ ⌐ ∆╢ ─  

 

 ─ ─  

 ⌐⅔↑╢ ─  

 ╛ ⌐⅔↑╢ ─ ╩ ∆╢√╘⁸ ─

⁸ ⅔╟┘ ─ ╩ ⌐⁸ ╛ ⌂ ╩ ≤⇔

≡ ╩ ⇔⁸ ╛ ⌐╟╢ ─ ╩ ⇔√⁹ 

 ⁸ ─ │ ⇔ ↑≡⅔╡⁸ ─ ⅜ ↕╣√⁹

ⅎ≡⁸ ⌂ ⌐╙ │ ⌐№╡⁸ ⌐╟╢ ─

⌐⅔™≡╙ ⅜ ↕╣╢↓≤⅜ ╠⅛≤⌂∫√⁹ 

 

 ⅜ ⇔√ ⌐⅔↑╢ ─  

 ⅜ ⇔√ ⌐⅔™≡ ─ ╩ ∆╢≤≤╙⌐⁸ ─

╩ ∆╢√╘⁸ ─ 5⅛ ╩ ⌐ 1 ╩

⇔√⁹ ⇔√ ─ ╩ JAEA─ ⇔√₈ ⸗♦ꜟ₉≤ ⇔⁸

⸗♦ꜟ─ ╩ ∆╢≤≤╙⌐⁸ ─ ─ ╩ ⇔√⁹ 

 ⁸ ─ │ ⌐№╡⁸ ⅜ ↕╣≡™╢↓≤╩

⇔√⁹╕√⁸ ─ │ ⸗♦ꜟ⌐╟╡ ╟ↄ ↕╣√⁹ 

 

 ─ ⌐⅔↑╢  

 ⌐╟╢ ─ ╩ ↑√ ⌐⅔™≡⁸

╩ ⇔⁸ ☿◦►ⱶ⌐╟╢ ─ ╩ ⇔√⁹ 

 ⁸ ╩ ∫√ ⌐⅔™≡ │ ⌐№╡⁸⅛≈ ⌂

╙╖╠╣⌂⅛∫√√╘⁸ │ ⌐│ ∂≡™⌂™↓≤⅜ ↕╣√⁹ 

 

 ─ ⌐ ╢ ─  

 ─  

 ╩ ≤⇔√ ─ ╩ ∆╢√╘⁸

≤ ─ ╩ ⌐ ╡ ⇔⁸№╦∑≡ ╩ ⇔ ─

╩ ⇔√⁹ 

 ⁸ ↕╣√ ─ │ ↕™↓≤⅜ ↕╣√⁹╕√⁸

─ ⅛╠⁸ ⌐ ∆╢↓≤≢ 10 ─ ⅜ ↕╣⁸

┼─ ⌂ ⅜ ≢⅝╢↓≤╩ ⇔√⁹ ≢│⁸

(FT- IR) ≢ ─ ⌐╟╢ ⅜ ∆╢ ⅜ ≢⅝√⁹ 
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 ─ ⌐ ↑√  

 ╩ ⇔≡™√ ╩ ∆╢ ─ ┼─ ╩ ℮√╘⁸

≢ ┼™ ≤⇔≡ ™╠╣≡™√ ╩ ∫√ⱳ♇♩ ⁸ ┘ ⅜ ⇔√

─ ╩ ∫√⁹ 

 ⁸ ╩ ─ ≤⇔≡ ∆╢ ⌐│⁸ ≤♀○ꜝ▬♩─ ╩ ⅎ√

≤⅝⌐ ⅜ ↕╣╢ ⌐№∫√⁹ ─ │ ─ ╛

≢ ╕∫≡™╢↓≤⅜ ™↓≤⁸ ─●▬♪ꜝ▬fi⌐ fiⱭכ◖╢™≡╣↕

Ⱡ♩꜡ⱷ⁸│♃כ ─ ╕╡⌐╟╡ ≢№╢ ⅜№╢↓≤⅜ ↕╣√⁹ 

 

 ─ ⌐ ↑√  

 ╩ ⌐ ∆╢ ─ ⁸ ┘ ⌂ ╩ ∆╢√╘⁸

─ ╩ ⌐ ⌐ ∆╢≤≤╙⌐⁸ ╩ ∫≡ ─

╩ ⇔√⁹ 

 ⁸ ⌐ ∆╢↓≤≢⁸ ╩ ⌐ ≢⅝╢↓≤⅜ ↕╣√⁹

┼™ ╩ ⇔√ ⌐⅔™≡⁸ ⌐╟∫≡ ╩ ∆╢↓≤

≢ ─ ⅜ ≢№╢↓≤⅜ ↕╣√⁹ 

 

 ─ ⌐⅔↑╢ ┌ↄ  

 ─ ─ ⌐ ℮ ┌ↄ ╩⁸ ₁⌂ ⌐ ∂≡

∆╢ ╩ ∆╢√╘⁸ ☿◦►ⱶ─ 1 Bq/kg №√╡─ ┌

ↄ ╩ ⌐ ⇔√⁹ ⌐⁸ ─ ─ ─☿◦►ⱶ ╛⁸

╩ ☿◦►ⱶ ⌐ ⇔√ ╩⁸ ─ ⌐ ∂╢↓≤≢

┌ↄ ╩ ⌐ ⇔√⁹ 

 ⁸ ☿◦►ⱶ─ №√╡─ ┌ↄ │⁸ ╩ ≤∆╢

⌐ ╙ ⅝ↄ⌂╢↓≤⅜ ⅛∫√⁹╕√⁸ ≡─ ⌐⅔™≡ ┌ↄ ⅜

1 mSv/ ╩ ∫√⁹ 
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ⱴ₈כ♥ ─ ─ ₉ 

 

⌐⅔↑╢ ─  

 

 

⌐╟╡⁸ ─ ⅜ ⌐ ↕╣⁸

⅜ ⌐ ↕╣√⁹ ┼─ ⌂ ─ ≈≤⇔≡⁸ ┌ↄꜞ

☻◒╩ ∆╢√╘─ ⅜ ╦╣√⁹ │⁸ ⁸ ⁸ ─ ╩

⌐ ↕╣√╒⅛⁸ ╛ ─ ≢│⁸ ─ ╙ ↕╣√ 1⁹∕

─ ⌐╙⁸ ╛ ─⸗♬♃ꜞfi◓⁸ ─ ⁸√╘ ─ ⁸

⁸ ─ ╛ ─√╘⌐⁸ ⁸ ⁸ ⌐⅔

™≡⁸ ⌐⅔↑╢ ₁⌂ ⅜ ∂╠╣≡™╢⁹ 

⌐⅔™≡│ ─ ╩ ╕ⅎ√ ⅜ ─ ⌐

≢№╢↓≤≤ ╩ⱨ▼כ☼ 1⌐⅔™≡ ⇔√⁹ ⁸ ⌐⅔™≡│ ⌐

℮ ─ ה ╩ ∂√ ─ ⅜╖╠╣╢↓≤⅛╠⁸ ─

─ ╛ ─ ─ ⅜ ≢№╢⁹∕↓≢ ☿fi♃

⁸2019│≢כ ⅛╠─ⱨ▼כ☼ 2 ⌐⅔™≡│ ⅝ ⅝ ─ ╩

∆╢≤≤╙⌐⁸ ╩ ≤⇔≡ ⌐ ╦╢ ─ ╩

⌐ ⇔√⁹ ⁸↓╣╠─ ╩╕≤╘√⁹ 

 

┘  

⌐⅔↑╢ ─  

 

 │ ⌐╟∫≡ ⌐ ⇔√ ☿◦►ⱶ─ ⌐⅔↑╢ ⌂

≢№╢⁹ ☿◦►ⱶ│ ≤ ↄ ∆╢ ⅜№╡⁸ ≤⇔≡ ⌐

⌐ ↕╣√ ⁸ ⌐│ ☿◦►ⱶ╩ ╗ ⅜ ↄ ∆╢ ⅜№

╢⁹ⱨ▼כ☼ 1⌐⅔™≡ ─ ☿◦►ⱶ─ ╩ ╕ⅎ√ ─ ⅜

─ ⌐ ≢№╢↓≤╩ ╠⅛⌐⇔√⅜⁸ ⌐⅔™≡│ ⌐ ⅜

┘ ⇔⁸ ⅜ ∂╢ ⅜№╢⁹ ─ ⅜№╢≤ ╣─ ≤⌂∫≡

╩ ⇔╛∆™√╘⁸ ─ ╩ ⅎ√ ─ ╩ ╡⁸ ⌐ ∂≡ ⌂

╩≤╢↓≤⅜ ≢№╢⁹∕↓≢⁸ ╩ ∫√ ╩ ⌐ 7 ─

╩ ⇔√⁹ 
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 │ ─ 55 km⌐ ∆╢ ─ 3

⁸ ─ ≢ ⇔√ 1(a) ⁸(b) ⁹ ☿◦►ⱶ─ │ 300-

600 kBq/ m2 ☿◦►ⱶ 134≤ 137─ ≢№╢ 2⁹ ─ │ ⌐ ╦╣⁸

™⌐ ≤ ⅜ ⇔≡™╢ 1(b) ⁹ │ 170 m⁸ │

15 m⁸ ─ │ ⌡ 2- 6 m ≢№╢ 1(c) ⁸(d) ⁹ │ ≤∕

─ ⁸ │ ≢№╡⁸ │ ⌐│ ─ ⌐ ↕╣≡™√⁹ 

 ─ ╩ 2⌐ ∆⁹2014 ⌐ ╩ ∫√ ⁸2016 ╕≢│

╩ ™⁸ ─ ╩ ╡ ∫√⁹2017 │ ╩╛╘⁸ ╩ ↕∑

√⁹ ☿fi♃כ ⅜ ∫√ ⌂ ≤⇔≡⁸2018 ⌐ ─ ≢

⅜ ╦╣⁸ ⅜ ↕╣√╒⅛ ─ ⅜ ⇔√⁹2019 ┘ 2021

⌐│ ─ ≢⁸ ─ ⅜ ╦╣√⁹2021 ⅛╠ 2022 ⌐⅛

↑≡ ─ ⅜ ╦╣√⁹⌂⅔⁸ ─ ⌐≈™≡│ⱨ▼כ☼ 1

┘ Nishikiori and Suzuki (2017) 3 ≢ ⌐ ↕╣≡™╢⁹ 

 ⌐≈™≡ 2020 ╕≢ ─ 1 m ↕─ ╩⁸NaI ◦fi♅

fiꜛ◦כ꜠ ╩♃כⱬ▬ⱷכ◘ ™≡ ⇔√⁹╕√⁸ ─ ╩RTK- GPS╩

™≡ ⇔⁸ ⌐╟╢ ─ ╩ ⇔√⁹ ─ ─ ╩ ™√

⌐≈™≡ ☿◦►ⱶ ╩ ⇔⁸ ─ ⌐ ╘╢ ◦ꜟ♩≤

─ ╩ ⇔√⁹ 

 

 
1  

☿◦►ⱶ─ │ 3 ⸗♬♃ꜞfi◓ 2011 7 2 ─
2 ⅛╠ ⁹ │ ⅜ ╣≡™╢ ╟╡ ™ ╩ ∆⁹ 
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2 ─  

 

⌐⅔↑╢ ─  

 

 ⌐⅔™≡│ ☿◦►ⱶ╩ ≢ ╗ ⅜ ⌐╟∫≡ ∆╢↓≤

≢⁸ ⌂ ☿◦►ⱶ─ ≤∕╣⌐ ℮ ─ ⅜╖╠╣╢↓≤⅜№

╢⁹∕─ ≢⁸ ─╟℮⌂ ⅝⌂ ⌐│ ─ ╛ ☿◦►ⱶ

─ ™ ─ ⌐╟╢ ┼™╩ ∂≡ ─ ⅜ ∂╢↓≤╙№╢⁹↓╣╩

≤ ┬⁹ ⌐⅔↑╢ ⌂ ⅔╟┘ ─ ╩

ⅎ╢√╘⌐│⁸ ╩│∂╘≤∆╢▬ⱬfi♩─ ╩ ⌐ ╠⅛⌐∆╢ ⅜№

╢⁹ ⅎ≡⁸ ▬ⱬfi♩ ⌐╟╢ ─ │ ╛ ⌐╟∫≡

⌐ ⌐ ∂╢√╘⁸ ╩ ╠⅛⌐∆╢↓≤╙ ≢№╢⁹ ≢│⁸

2≈─ ╩ ⌐ ┘ ⌐╟╢ ⅜ ─ ⌐ ⅎ╢ ╩

⌐ ⇔√⁹ 

 

 



6 

 

 │ ╡─ ─ 2⅛ ≢ ∫√ 3 ⁹ A│

™⌐⁸ B│ ─ ≢№╢ ™⌐ ∆╢⁹ │

⌐♄ⱶ╩ ≈≤™℮ ⅜№╢⁹ ─ ☿◦►ⱶ │ ≢ ↄ⁸1, 000 

kBq/ m2╩ ⅎ╢⅜⁸ A≢ 490 kBq/ m2⁸ B≢ 210 kBq/ m2≢№╢ 2⁹ │

A⁸ B≤╙⌐ 2.7 ha≢№╢⁹ A⌐⅔™≡│ 2016 │∂╘⌐⁸ B⌐⅔™≡

│ 2017 ⌐ ─ ⅜ ╦╣√⁹ ⌐⅔™≡│ 2015 9 ⁸2017

10 ⁸ ┘ 2019 10 ⌐ ⅜ ⇔⁸2015 ┘ 2019 ─ ⌐╟╡ ⅜

⇔√⁹ A⌐⅔™≡│ 2 ─ ≢ ─ ⅜ ⇔√⁹2019 ─

─ ⌐│ ⌐⅔™≡ ─ ─ ⅜╖╠╣≡™╢⁹⌂⅔⁸

─ ⌐≈™≡│ ⌐⅔™≡ ∆╢⁹ 

2015 8 ╟╡ ●fiⱴ ●fiⱴⱪ꜡♇♃כH⁸ ◄fi☺♬

▪ꜞfi◓ ╩ ™≡⁸ ─ 1 m ↕─ ╩ ⇔⁸ ╠╣√

╩♃כ♦ ◒ꜞ◑fi◓⌐╟∫≡ ⇔⁸ 2 m─ ⱴ♇ⱪ╩ ⇔√⁹ 

 

 

3  

☿◦►ⱶ─ │ 3 ⸗♬♃ꜞfi◓ 2011 7 2 ─

⅛╠  

 

─ ≤─  

⌐│ ↕╕↨╕⌂ ⅜ ╣≡⅔╡⁸ ─ ☿◦►ⱶ ╛

─ ⅜ ⌂∫≡⅔╡⁸ ☿fi♃כ─ ╩∕─╕╕ ∆╢↓≤│ ⇔™⁹

∕↓≢⁸ ⌐⅔↑╢ ╛ ─ ╩ ≤⇔√ ╩ ה

⇔⁸ ⌐⅔↑╢ ─ ─ ⌐≈™≡ ⇔⁸ ≤ ⇔√⁹ 
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⌐⅔↑╢ ─  

 4⌐ ─ ─ ─ ╩ ∆⁹ ◄ꜞ▪⌐⅔™≡│

⌐╟∫≡ │ ⌡ ⇔⁸∕╣ ⌐ ⇔√⁹ ─Ɑכ☻│

☿◦►ⱶ─ ≤ ≢№╡⁸ ─ ─ │ ↕╣⌂⅛∫√⁹

⁸ ◄ꜞ▪⌐⅔™≡│ ◄ꜞ▪╟╡╙ ─Ɑכ☻⅜ ⅛∫√⁹

2015 9 ⅔╟┘ 2019 10 ⌐ ─ ⅜ ⅝™↓≤⅛╠⁸

⌐╟╢ ─ ≤ ⅎ╠╣╢⁹ 

 ⅜ ⇔√ ┼─ ⌐≈™≡⁸2016 12 2017 8 ─ │

⅜ ↄ⁸ ⅛╠ 2016 ╕≢─ ⌐ ═≡ ☿◦►ⱶ

⅜ ⅛∫√⁹√∞⇔⁸ ⌐ ⇔≡™√ ⌐ ═╢≤ ⁸ ☿

◦►ⱶ ≤╙⌐ ⅛∫√⁹ ⁸2017 12 ⌐│ 10 ─ ⌐╟∫≡ ↕ 20 cm

─ ⅜ ⇔≡™√⅜⁸ │ ≢№╡ ☿◦►ⱶ ╙ ⅛∫√⁹

╩ ╘≡ 1 ≢│ ⅜ ∆╢╕≢⌐│ ⅜ ⇔⌂⅛∫√≤ ⅎ╠╣╢⁹╕

√⁸ ─╟℮⌂ ⌐⅔™≡│ ─ ─ ⌐ ╡⅜№∫√⁹ ∫≡⁸

⌐ ─Ɑכ☻─ ⌐╟∫≡⁸№╢ ─ ⌐ ℮ ☿◦►ⱶ

─ ╩ ≢⅝╢↓≤⅜ ↕╣√⁹ 

 

 

4 ─ ─  

│כⱣכꜝ◄ ╩ ∆⁹  

0

0.2

0.4

0.6

0.8

1

1.2

1.4

2014/1/1 2015/1/1 2016/1/1 2016/12/31 2018/1/1 2019/1/1 2020/1/1 2020/12/31

Ἃ
ḧ

(µ
S

v/
h
)

ϵзϯ

ϵзϯ

 

18  
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⌐⅔↑╢ ─ ─  

 5 ⌐ A⌐⅔↑╢ 2015 8 ⅛╠ 2021 5 ╕≢─ ╩ⱴ♇ⱪ

≢ ∆⁹ ╩ ⇔√ 2015 ⅛╠ 2021 ⌐⅛↑≡ ≢ ⅜ ⇔

√⁹ ─ ╩╖╢≤⁸ ⅝⌂ ─ ⌐│ ⌐ ∫√ ⁸ ⌐ ⅝⌂

─ ∂√ ⌐⅔™≡ ─ ⅜ ⇔⅛∫√ 5( b)⁸( f ) ⁹2015

─ ⌐│ ⌐ ⅜ ⌐ ⇔≡⅔╡⁸ ┼™─ ⅜№

∫√≤ ⅎ╠╣╢⁹ ⁸2019 ─ ⌐│ ─ ─ ⅜ ⇔≡⅔

╡⁸ ─ ⌐╟╢ ─ ⅜ ∂≡™√⁹ 

─ ⌐│⁸ ⌐ ↕╣√ ─╖≢ ⅜ ⇔√

5( c) ⁹╕√⁸2020 12 ⌐│ ─ ™⌐⅔™≡ ─ ⅜╖╠

╣╢⅜ 5(i) ⁸↓╣│ ┼─ ≤⇔≡ ╦╣≡™√ ⌐╟╡

⅜ ↕╣√↓≤⌐ ⇔≡™╢⁹ ─ ⌐⅔™≡ ≢╙ ☿◦►ⱶ╩

╗ ⅜ ⇔≡™╢ ⅜№╢↓≤⅜ ╠⅛≤⌂∫√⁹ 

─ ─ ╩ 6⌐ ∆⁹ │ 3 ─ ┘ ⌐

⇔≡™√⁹ ⌐⅔↑╢ ─ │ ⌐ ☿◦►ⱶ─ ⁸

⌐╟╢ ☿◦►ⱶ─ ⁸ ─ ה ⁸⅔╟┘ ─

⅜ ⅎ╠╣⁸2015 8 2021 5 ─ ⌐⅔↑╢∕╣∙╣─ │ 34%⁸

13%⁸12%⁸40%≤ ↕╣√⁹ A⌐⅔↑╢ ─ ─ ⅝↕⅜ ╠⅛≤⌂∫√⁹ 

 B⌐⅔↑╢ ─ ╩ 7 ⌐ ∆⁹ B│ ∆╢ ─ ⅜ ↕

ↄ⁸╕√ ⌐♄ⱶ⅜№╢√╘⅛⁸2015 ─ 18 ─ │ ⅛≢

№∫√⁹ ⁸2019 ─ ─ ⌐│ ⅝ↄ ⅜ ⇔≡⅔

╡⁸ ─ ─ ™⌐╟╢ ⅜ ╣≡™√⁹ 
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5 A⌐⅔↑╢ ─  
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6 A─ ⱴ♇ⱪ ─  

 

 

7 B⌐⅔↑╢ ─  
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)
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ᾕ  

⌠Ộ 
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─ ≤─  

 8⌐ ⇔√ ⅜ ≤⇔√ ╩ ∆⁹ ⌐ ⅜ ∂√ ⌐⅔

™≡ ™ ≢ ⅜ ╦╣≡™╢⁹ ⅛╠ ─ ⌐ ↕╣√ ─

⌐⅔™≡│⁸ ─ ∆╢ ╩ ⌐ ☿◦►ⱶ─ ⌐ ⇔√ ⅜

╖╠╣√ 4,  5,  6,  7⁹↓╣╠─ ≢│ ─ ⌐╟∫≡ ⅜ ─

⌐ ⇔≡⅔╡⁸ ⅜ ⇔≡™╢↓≤⅜ ↕╣√⁹↓─ │ ☿fi♃כ⅜ⱨ

☼כ▼ 1≢ ⇔√⁸ ─ ╛ ⌐⅔↑╢ ─

☿◦►ⱶ ╛ ─ ≤ ⇔≡™╢⁹ 

 ⁸2015 ⌐ ⇔√ 18 ─ ╩ ⇔√ ⌐⅔™≡│⁸

⌐ ⅜ ∆╢↓≤ 8⁸ ☿◦►ⱶ ─ ™ ⅜ ⌐ ∆╢↓

≤≢ ─ ┼™⅜ ∂╢↓≤ 9 ⌂≥⅜ ↕╣⁸ ⌐ ℮ ⅜╖╠╣

╢╟℮⌐⌂∫≡™╢⁹JAEA─ 10)⌐⅔™≡╙ ─ │ 2012 2016 ⌐

⅛↑≡ ⇔≡™╢↓≤⅜ ↕╣≡™╢⁹ ⅎ≡⁸ ─ ☿◦►ⱶ │

─ ⌐⅔™≡ ⌐ ⇔≡™╢↓≤⅛╠ 11⁸ ╙ ⌐ ™ ⅜

∆╢ ⅜ ∆╢↓≤≤ ⅎ╠╣╢⁹ 

∫≡⁸ ─ ⌐⅔™≡ ⌐ ∫≡ ☿◦►ⱶ─ ⅜ ∆╢↓

≤│ ≢│⌂ↄ⁸╗⇔╤ ↄ─ ⌐⅔™≡│ ⌐╟∫≡ ⅜

⇔≡™ↄ↓≤⅜ ↕╣╢⁹ 

 

 

8 ─ ─  

╩ ∫√ ─ ⌐│ ─ 1 ≢ ⇔≡™╢ 
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4.  ╕≤╘ 

 ⱨ▼כ☼ 2⌐⅔™≡│⁸ ╛ ⌐⅔™≡ ─ ⌐≈™≡

╛ ─ ⅛╠ ╩ ∫√⁹ ה ≤╙⌐ │

⌐ ⇔≡⅔╡⁸ ─ ⌐╙ │ ⇔√⁹↓╣│ ⅜

⌐│≈⌂⅜╠⌂™↓≤╩ ⇔≡™╢⁹↓─ │ ─ ≤╙⅔⅔╗⌡ ⇔

≡⅔╡ ─ ⌐⅔™≡╙ │ ⌐№∫√⁹ ─↓≤⅛╠⁸

⌐⅔™≡╙ ∫√ ─ │ ∆╢╙─≤ ⅎ╠╣╢⁹╕√⁸ ╩

∫≡™⌂™ ⌐⅔™≡╙⁸ ⌐│ ─ ⌐╟∫≡ ⅜ ⇔≡

™ↄ↓≤⅜ ↕╣╢⁹ 

 ⌂⅔⁸ ─ ⌐≈™≡⁸ ─ ─ ⌐≈™≡│ Yamasaki 

et al. (2020) 12 ⌐⅔™≡ ↕╣≡™╢⁹ 

 

 

 ⌂⅜╠⁸⅔ ⇔™ ⌐ ™√∞™√ ─ ─ ₁⌐ ⇔

→╕∆⁹ 

 

 

1 2018 ●▬♪ꜝ▬fi 25 5  2 30 3

.  http://josen.env.go.jp/material/  

2024 1 26  

2 2011 ⸗♬♃ꜞfi◓─ ☿◦►ⱶ─ ─

2011 7 2

https://emdb.jaea.go.jp/emdb_old/portals/b1020201/   

2024 1 26  

3 Nishikiori T., Suzuki S. (2017) Radiocesium decontamination of a riverside 

in Fukushima, Japan. Journal of Environmental Radioactivity 177, 58 - 64. 

4 Evrald  O., Chartic C., Onda Y., Patin J., Lepage H., Lefevre I., Ayrault 

S., Ottle C., Bontre P. (2013) Evolution of radioactive dose rates in fresh 

sediment deposits along coastal rivers draining Fukushima contamination 

plume. Scientific reports 3, 3079.  

5 , , , , , ,  , 

 (2016) ,  ─ ⌐⅔↑╢ 137Cs ─ . 

 39(5), 171 - 179. 

6 Saegusa H., Ohyama T., Iijima K., Onoe H., Takeuchi R., Hagiwara H. ( 2016) 

Deposition of radiocesium on the river flood plains around Fukushima. 

Journal of Environmental Radioactivity 164 36 - 46.  

7 Konoplev A., Golosov V., Laptev G., Nanba K., Onda Y., Takase T., Wakiyama 
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Y., Yoshimura K. (2016) Behavior of accidentally rel eased radiocesium in 

soil - water environment: Looking at Fukushima from a Chernobyl perspective. 

Journal of Environmental Radioactivity 151 ,  568- 578.  

8 Konoplev A., Golosov V., Wakiyama Y., Takase T., Yoschenko V., Yoshimura 

T., Parenyuk O., Cresswell A., Ivanov M., Carradine M., Nanba K., Onda Y. 

(2018) Natural attenuation of Fukushima - derived radiocesium in soils due to 

its vertical and lateral migration. Journal of Environmental Radioactivity 

186, 23 - 33.   

9 Nakanishi T., Sato S., Matsumoto T. (2019) Temp oral changes in radiocesium 

deposition on the Fukushima floodplain. Radiation Protection Dosimetry 

184(3- 4), 311 Έ314. 

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

Kuramoto T., Saito K. (2019) Transport and redistribution of r adiocesium in 

Fukushima fallout through rivers. Environmental Science and Technology 

53(21), 12339 - 12347. 

11 JAEA ⌐⅔↑╢ ≢ ╦╣√ ─

https://emdb.jaea.go.jp/emdb_old/portals/1030113000/ 2024 1 26

 

12 Yamasaki T., Suzuki S.,  Nishikiori T. (2020) Control of radiocesium 

recontamination by plant removal along a decontaminated riverside in 

Fukushima, Japan. Journal of Environmental Management 270, 110856.  
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⅜ ⇔√ ⌐⅔↑╢ ─  

 

ה  

2011 3 ⌐ ⇔√ ⌐ ℮

⌐╟╡⁸ ⌐ ⅜ ↕╣⁸ ╩│∂╘⁸ ⌐╦√╢ ⅜

↕╣√⁹ ≢│⁸ ⌐╟╢ ⅛╠─ ─√╘⁸ ╛ ⌐

╟∫≡ ⅜ ╦╣≡⅔╡⁸ ⌐≈™≡│ ╩ ⅝⁸2018 3 ╕

≢⌐ ≡─ ≢ ⇔√⁹ ╛ ─ ⌐╟╡⁸ ─

│ ⇔≡™╢⅜⁸ ≤⇔≡ ⌐⅔↑╢ ┌ↄ⌐ ╩ ≈

⅜ ∆╢⁹ 

∕℮⇔√ ⁸ ☿fi♃⁸│≢כ ─ ⌐ ∆╢√╘⁸ⱨ▼כ☼

1⅛╠ⱨ▼כ☼ 2⌐⅛↑≡⁸ ─ ─ ⌐╟╢ ─ ─

⁸ ─⸗♦ꜟ⌐╟╢ ─ ╩ ∫√⁹ 

 

 

 

─ ╩ ⇔√ ─℮∟⁸ ╛ ⁸ ⁸ ⅜ ⌂╢

5 ╩ ≤⇔√⁹↓─℮∟⁸∟┘∫↓ ─ │ ─ ⌐ ∆╢ ≢№

╢⁹ ─ ⁸ ⁸ ┘ ╩ 1⌐ ∆⁹ 

 

1  

   

  2014  

 ─  2012  

 ⌐ ™  2013  

∟┘∫↓ ─  ─ ─  2013  

 ┘  2012  

 

  

1 ─ ⁸ ∟┘∫↓ ─  
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─  

─ ─ ╩ ∆╢√╘⁸ ⌐ 10 14─ ╩ ⇔⁸

2017 2021 ⌐⁸ 1 m ↕─ ╩ ⇔√⁹ │ 1 ≤⇔√⁹

─ ⌐№√∫≡│⁸ ⌂ ─ ⅜ ↓╡⌐ↄ™ ╩ ∆╢≤

≤╙⌐⁸ ─ ⅛╠─ ╩ ⇔√⁹ │NaI◦fi♅꜠כ◦ꜛfi

 ⁹√⇔≥♃כⱬ▬ⱷכ◘

╕√⁸ ─ ─ │⁸ ⌐≈™≡│ ⁸

4 ⌐≈™≡│ ⅜ ∫≡⅔╡⁸∕╣╠─ │⁸ ⅛╠ ╩ ↑

√⁹√∞⇔⁸ ╛ ⅜ ∫√ ≤ ─ ─ ⅔╟┘ ⅜

⌂╢√╘⁸ ┘ ─ ─ ⅛╠⁸ ⌐⅔↑╢ ⌐

╙ ™ ─ ╩ ⇔√⁹ ─ ╩ 2⌐ ∆⁹ 

 

 

2 ─  

 

─  

 ╩ ⇔√2017 ─ ─ ⌐ ≠⅝⁸ 30 ≤⌂╢2041 ╕

≢─ ─ ╩ ∫√⁹⸗♦ꜟ│⁸JAEA⅜ ⇔√ ⸗♦ꜟ1)╩

™√⁹ ─ ╩ ∆╢√╘⁸ ⸗♦ꜟ⌐╟╢ ≤2018 2021

─ ⌐⅔↑╢ ≤─ ╩ ∫√⁹ 

 

≤  

─  

╕√│ ⅜ ⇔√ ─ ⁸ ┘ 2017 2021 ─

⌐╟╢ ─ ─ ⁸ ⁸ ╩ 2 6 ⌐ ∆⁹ ╩

⇔√ 2017 ⅛╠ 2021 ⌐⅛↑≡⁸ ─ │ ⇔√⁹ 

2019 10 12 13 ⌐│⁸ ⅜ ╩ ⇔⁸ ⌂

≤⌂∫√⁹ ─ ⌐ ∆╢∟┘∫↓ ─ ⌐⅔™≡│⁸ ⌐╟╡

─ ≢ ─ ╛ ─ ⅜ ∂√⅜⁸ ─ 2018 2019 ─ ≢
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─ │ ⇔√ 6 ⁹ 

↓╣╠─↓≤⅛╠⁸ ╛ ─ ⌐⅔™≡⁸ ⌐ ─ │ ⇔

≡⅔╡⁸ ╠⅛⌂ │ ⇔≡™⌂™↓≤⅜╦⅛∫√⁹ 

 

2 ─ ─  

µSv/h  

     

2013/1/7 0.42 0.23 0.75 ⁸  

2014/7/2 0.19 0.12 0.29 ⁸  

2017/9/13 0.11 0.09 0.18  

2018/9/12 0.11 0.08 0.16  

2019/9/12 0.11 0.08 0.16  

2020/9/2 0.10 0.07 0.15  

2021/5/19 0.10 0.07 0.14  

 

3 ─ ─  

µSv/h  

     

2012/9/4 0.29 0.17 0.45 ⁸  

2012/10/29 0.20 0.16 0.29 ⁸  

2017/8/21 0.10 0.08 0.13  

2018/8/21 0.10 0.07 0.12  

2019/8/21 0.09 0.07 0.11  

2020/8/11 0.10 0.07 0.11  

2021/8/18 0.08 0.06 0.10  
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4 ─ ─  

µSv/h  

     

2012/11/2 0.63 0.26 1.42 ⁸  

2013/3/25 0.38 0.17 0.84 ⁸  

2017/9/5 0.16 0.12 0.23  

2018/9/6 0.15 0.12 0.21  

2019/9/6 0.14 0.10 0.19  

2020/8/25 0.14 0.11 0.19  

2021/8/27 0.12 0.09 0.17  

 

 

5 ∟┘∫↓ ─ ─ ─  

µSv/h  

     

2013/7/11 0.75 0.61 0.89 ⁸  

2013/10/4 0.47 0.25 0.74 ⁸  

2017/9/26 0.20 0.16 0.31  

2018/10/4 0.18 0.14 0.28  

2019/11/21 0.16 0.13 0.24  

2020/9/15 0.16 0.12 0.23  

2021/9/14 0.14 0.11 0.22  

 

6 ─ ─  

µSv/h  

     

2012/3/24 1.36 0.53 2.13 ⁸  

2012/4/25 1.04 0.40 1.66 ⁸  

2017/9/14 0.22 0.12 0.35  

2018/9/19 0.20 0.12 0.32  

2019/9/26 0.19 0.11 0.29  

2020/9/8 0.18 0.11 0.27  

2021/9/7 0.16 0.10 0.25  
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─  

 ─2017 ─ ─ ╩ ⌐⇔√ ─ ╩ 3⌐ ∆⁹

─ ⸗♦ꜟ⌐╟╢ ≤⁸2018 2021 ─ │╟ↄ ⇔≡

™√⁹⌂⅔⁸ 30 ≤⌂╢ 2041 3 15 ─ ─ │⁸

≢0.07 µSv/h⁸ ≢0.06 µSv/h⁸ ≢0.08 µSv/h⁸

∟┘∫↓ ─ ≢ 0.10 µSv/h⁸ ≢ 0.11 µSv/h≤

↕╣√⁹ 

 

 
3 ⸗♦ꜟ⌐╟╢ ─  

   1 
                         2 

 3 

  4 
                   ∟┘∫↓ ─  5 

 6 

 7 
 8 

0.0

0.1

0.2

0.3

0 10 20 30

µ
S

v
/h

─

2017 ─

2021 

2014 

0.0

0.1

0.2

0.3

0.4

0 10 20 30

µ
S

v
/h

─

2017 ─

2021 

2012 

0.0

0.2

0.4

0.6

0 10 20 30

µ
S

v
/h

─

─ │0.84 µSv/h

2013 

2017 ─

2021 

0.0

0.2

0.4

0.6

0.8

0 10 20 30

µ
S

v
/h

─

2013 

2017 ─

2021 

0.0

0.3

0.6

0.9

1.2

0 10 20 30

µ
S

v
/h

─

2012 

2017 ─

2021 

─ ( ) │1.66 µSv/h
ừ │כⱣכꜝ◄⁸ ⁸  

Ί 2 ⸗♦ꜟ ⅛╠ ⁸ ⁸  
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╕≤╘ 

≢│⁸ ╛ ≤™∫√ ⅜ ⌂╢ ╩ ⌐ ─

╩ ⌐ ⇔√⁹╕√⁸ ⸗♦ꜟ⌐╟╢ ≤ ─ ╩

∫√⁹ 

™∏╣─ ⌐⅔™≡╙ │ ⇔≡⅔╡⁸ ─ ╠⅛⌂ │ ⅝

≡⅔╠∏⁸ ─ ⅜ ⇔≡™╢↓≤⅜╦⅛∫√⁹╕√⁸ ─ ─

─ │ ⸗♦ꜟ╩ ™≡ ╟ↄ ≢⅝╢↓≤⅜╦⅛∫√⁹ 

⌂⅔⁸↓╣╠─ │ ─ 2 4 ┼ ↕╣⁸ ⌐ ↕╣√⁹ 

╕√⁸ ─ ⌂ │ ╠(2023) 3 ⌐ ↕╣≡™╢⁹ 

 

 

4  

─ ≤ 2   

 

 

⌐ ™√∞™√ JAEA⁸ ⁸ ─ ⌐ ╩ ⇔╕∆⁹ 

 

 

1)  (2015)  ─ ⸗♦ꜟ─ ⁸ ─≥♃כ♦ ┘

.  26  (

⌐ ℮ ─ ─♃כ♦ ┘ ⸗♦ꜟ─ )  ,  

pp.217- 238, ( )  (2015)  

https://radioactivity.nsr.go.jp/ja/contents/11000/10921/40/3_H26yosoku.pdf, 
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2022 9 1  

2) 2022 ─ ─ ≤ ⌐≈™≡ ⸗♬♃

ꜞfi◓♬ꜙכ☻ No.47 .  

https://www.town.kawamata.lg.jp/uploaded/attachment/16569.pdf 2022 9 1

 

3)  ╠ 2023 ⌐⅔↑╢ ─ ─ ┘ ─

─ ,   Vol.1 1 No.1,pp.15 - 23,2023. 
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─ ⌐⅔↑╢  

 

ה  

 2019 10 12 13 ⌐⅛↑≡ ⅜ ╩ ⇔⁸ ─

─ ⌐⅔™≡ ┘ ─ ⁸ ⅜ ⇔√⁹ ─ ⌐

│ ⌐╟∫≡ ⌐ ⇔√ ≤⇔≡

☿◦►ⱶ ⅜ ╕╣≡⅔╡⁸ ⌐ ⌐ ⇔√ ≤⇔≡ ┼≤ ⇔≡

™╢⁹∕─√╘⁸ ⌐╟∫≡ ⌐ ה ⇔√ ⌐╟╢

─ ⅜ ↕╣√⁹∕↓≢⁸ ☿fi♃⁸│כ ⅛╠ ╩ ↑≡™√

╛ ⌐⅔™≡ ─ ⁸ ─ ⌐╟╢

╩ ™⁸∕─ ⌐≈™≡ ⇔√⁹ 

 

 

 │ ⌐╟∫≡ ╩ ↑√ ─ ⁸ ה ─ ⁸

┘ ─ ⌐№╢ ⌐ ⅜ ╣≡™╢⁹ ╩ ≤⇔√⁹™∏╣─

╙ ⅛╠ ─ ⅜ ╦╣≡™╢⁹ ─ ⌐≈™≡│⁸

⌐⅔↑╢₈ ⌐⅔↑╢ ─ ₉ ┘₈ ⅜ ⇔√ ⌐⅔

↑╢ ─ ₉╩ ─↓≤⁹ 

 ─ ≢│⁸ ─ ⁸ ─ ⁸ ┘ ─

┘ ╩ ∫√⁹ ⌐╟╢ ≢│⁸ ⌐╟╢ ╛ ─

ה ⁸ ─ ╩ ⌐⅔™≡ ⌐ ⇔√⁹

─ │ ↄ ╩ ∆╢√╘⌐●fiⱴⱪ꜡♇♃כH ◄fi☺♬▪

ꜞfi◓ ╩ ™√ ≤⇔⁸ ⌐ │ 3 ⁸ │ 5 ≤⇔

√⁹ ⌐≈™≡│ 1 m s- 1⌐│↓∞╦╠∏⌐ ∫≡™╢⁹ 

─ │ ⌐ ╛ ─ ⅜№∫√ ╛ √⌂ ─

⅜ ↕╣√ ⌐⅔™≡ ™⁸ cm ↕╕≢─ ╩☻◖♇ⱪ╙⇔ↄ│100 

cc ◘fiⱪꜝכ╩ ™≡ ⇔√⁹ │105ϴ≢ 24 ↕∑√─∟

⅝ 2 mm─ ⌐⅛↑≡ ╩ ╡ ⅝⁸Ge ╩ ™≡ 6000 ≢

☿◦►ⱶ Bq kg- 1 ╩ ╘√⁹ ─ ⅛╠ כ◙כ꜠⁸⇔

╩ ™≡ ╩ ⇔√⁹ 

 

 

⅔╟┘ ⌐⅔↑╢  

 ─ ⌐⅔™≡│ ⌐⅔™≡ ⅜ ⇔≡⅔╡⁸ ┼─ ─

─ ⅜╖╠╣√⁹ ─ ⌐⅔™≡│ ⌐ ╦╣≡™√ ⌐

╟∫≡ ─ ⅜ ╡ ⅛╣≡™√⅜ 1 ⁸ ⌐│ ╡ ⅛╣√ ≤╒╓

─ ⅜ √⌐ ⇔⁸ √⌐ ╩ ⇔√⁹ ─ ┘ ⌐
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⇔√ │ ─ ╩ ╖ ⌐ ⅜ ⅛∫√⁹ ⁸ ─ │ ─

│⌂⅛∫√⅜⁸ ╩ ╕⌂™ ─ ⅜ ⇔≡™√⁹ ⌐⅔™≡ ─

☿◦►ⱶ │ ⇔≡ ↄ⁸ ⅜ Bq kg- 1 ≢№∫√⁹╕√⁸ ─

│ sand ╙⇔ↄ│꜡כⱶ loamy sand ⌐ ↕╣√⁹ ⌐≈™≡

╙ ⌐⅔™≡ ─ │╖╠╣⌂⅛∫√↓≤ 2 ⁸ ─ ─

⅜№∫√ ⅜ ╙ ⅜ ⅛∫√↓≤⅛╠⁸ ─ ⌐╟╢

│⌂⅛∫√≤ ⅎ╠╣╢⁹ 

 

 
1 ─ ─  

 

 
2 ●fiⱴⱪ꜡♇♃כ≢ ⇔√ ─  

─ │Google Earth Pro ╟╡  
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 ─ A│ ┘⁸ ⌐ ╩ ╕╣√ ─ ╩ ⌡≡⅔╡⁸

⌐│ ─ ⌐⅔™≡ ─ ─ ┘ ⅜ ↕╣√ 3 ⁹

⌐ ™≢│ ⌐ ⇔≡™√ ─ ⅜ ⇔⁸ Ⱪ꜡♇◒⅜ ∆╢

╕≢⌐⌂∫≡™√⁹ ⌐ ⇔√ │ ⇔≡ ≢№╡⁸ │ ⁸꜡ ⱶכ ⁸

┘ ⱶ≢№∫√⁹כ꜡ ─ ☿◦►ⱶ │ ⌐ ═╢≤ ─

≢ ⇔≡⅔╡⁸ ─ │ ╘╠╣⌂⅛∫√⁹ ⌐╟∫≡ ─ │

⅝ↄ ⇔√╙──⁸ │ 4⌐ ∆╟℮⌐ ⌐ ⇔⁸╗⇔╤

⌐╟╢ ─ ⅜ ⅝ↄ ⇔√⁹ 

 B⌐⅔™≡╙ ≢⁸ ™╩ ⌐◖fi◒ꜞכ♩ ─ ╩ ╗

─ ─ ⅜№∫√╒⅛⁸ ⌐⅔™≡ ⌂ ⅜ ∂≡™√⁹ ⁸ ─

☿◦►ⱶ ╛ │ ≤ ═≡ ⇔≡⅔╡⁸↓↓≢╙ │

↕╣⌂⅛∫√⁹ 

 

 

3 ─ A─  
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4 ─ A─ ─  

 

⌐⅔↑╢  

 ╩ ⌐ ╕╣√ ⌐⅔™≡│⁸ ─ ⌐ ╩ ╣╢ ⅜ ⇔⁸

⌐ ⅜ ∂≡™√⁹╕√⁸ ⌐ ⇔√ ─ ⌐ ─ ⅜ ↕╣√

5 ⁹ ⁸ ─ │ ≢╒╓ ∑∏ 6 ⁸ ─ │╖╠

╣⌂⅛∫√⁹ ⌐⅔™≡│ ─ ≢№∫≡╙ ⅝⌂ ☿◦►ⱶ─

│ ∂≡™⌂⅛∫√≤ ⅎ╠╣╢⁹ ─ ⌂ │ ─ ─ ⌐⅔™≡

╙ ↕╣≡⅔╡ 1⁸ ⌂ ╣ ⅜⌂™ ╡⌐⅔™≡│ ─ │ ↕™≤

ⅎ╠╣╢⁹ 

 

 

5 ─ ─  

 

 

6 ●fiⱴⱪ꜡♇♃כ≢ ⇔√ ─ ─  

 1 

 2 

 3 

 4 

 5 

 6 

 7 

 8 

 9 

 10 

 11 

 12 

 13 

 14 

 15 

 16 

2018  

  h- 1  
  0.05  
  0.05 0.10  
  0.10 0.20  
  0.20 0.30  
  0.30 0.50  2019  
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╕≤╘ 

 2019 ⌐ ⇔√ ⌐╟∫≡ ⇔√ ⁸ ┘

⌐⅔™≡⁸ ⌐╟╢ ≤ ⌐╟╢ ─ ╩ ⇔√⁹

⌐⅔™≡│ ⌐╟╢ ─ ה ⅜ ⌐ ∂⁸ ≢│ ⅝⌂ ─

⅜ ↕╣√⁹ ⌐ ⇔√ ─ ☿◦►ⱶ │⁸ ⌐ ⇔≡™√

≤ ⇔≡ ⌐ ⅛∫√⁹ ╙ ┌™⅛⁸ ⇔≡⅔╡ ⌐╟

∫≡ ⌂ │ ⌐│ ∂≡⅔╠∏⁸╗⇔╤ ─ ⌐╟∫≡ ─

⅜ ∆╢ ⅜╖╠╣√⁹ 

 

 

 ⌂⅜╠⁸⅔ ⇔™ ⌐ ™√∞™√ ─ ─ ₁⌐ ⇔

→╕∆⁹ 

 

 

Taira, Y., Matsuo M., Yamaguchi T., Yamada Y., Orita M., Takamura N. (2020) 

Radiocesium levels in contaminated forests has remained stable, even after 

heavy rains due to typhoons and localized downpours. Scientific reports. 10. 

19215.  
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ⱴ₈כ♥ ─ ⌐ ╢ ─ ₉ 

 

─  

 

ה  

─ ≢ ⇔√ │⁸ ╛ ₈

₉≤™℮⁹≢ ⌐ ⇔≡ ↕╣≡⅝√( 1)⁹

⁸₈ ₉≤™℮⁹ ⌐│ⱨ꜠◐◦Ⱪꜟ◖fi♥♫≤ ─℮─

2 ⅜ ⌐ ╦╣╢ 1,2)⁹ ⌐ │ⱳꜞ◄☻♥ꜟ ╩ⱳꜞ◄♅꜠fi╛ EVA

√⇔◓fi▫♥כ◖≢ ⁸ │ⱳꜞⱪ꜡Ⱨ꜠fi ≢ ↕╣≡⅔╡⁸ ╛

⌐╟∫≡ ⅜ ╘╠╣≡™╢( 2)⁹ ≢ ↕╣╢ ─

│ JIS Z 1651 3) │ ─℮─ⱴ♬ꜙ▪ꜟ 4)⌐╟∫≡ ↕╣≡⅔╡⁸

⌂ ─℮ ⌐ ═ ה ⅜ ╣≡™╢⁹↓╣╠ │ ⌐ ┼™

─℮≢ ╩ ╦╣⁸↕╠⌐ ╛♩כ◦ ♩כ◦ ⌐ ╦

╣⁸ ╛ ╩ ™∞ ≢ ↕╣≡™╢⁹ ┼™ ─℮⌐≈™≡│

─♩כ◦ ⌐ ⁹╢№⅜☻כ◔╢™≡╣↕  

                           

 
1 ─ ◘▬♩╟╡  

 

 

 

 

 

 

 

 

 

2 ─  
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⅛╠ ┼─ ─ │ ─ ⅛╠ ╣⅜ ⇔⁸

≢─ ─ ⅜ ─ 3 ╩ ⇔√ ⅜ ╡⁸ ─

─ ⅜ ↕╣√ 5,6)⁹⌂⅔⁸ ≢│ ─ │ ⌡ ⇔≡™╢⁹ 

☿fi♃⁸│≢כ ╛ ─ ⌂ ⌐ ∆╢ ─

─√╘⁸ ─ ⌐≈™≡ ⌐ ╩ ⇔⁸ ⱨ꜠◐◦Ⱪꜟ

◖fi♥♫⁸ ─℮ ╩ ⌐⁸ ─ ≢№╢ ♩כ◦

⌐≈™≡╙ ╩ ⁸╕√ ∆╢ ╙ ⇔≡⅝√⁹ 

ⱨ▼כ☼ 1≢│⁸ ─ ⌐⅔™≡ 6 ≢ ↕╣√

╩ ╗ ─ ה→ ╤⇔ ╛ ╩ ⌂ ≢ ⇔⁸

⅜ ⌂ ╩ ⇔≡™╢↓≤╩ ⇔√⁹╕√⁸ ┼™ ─℮≤⇔≡ ≢

↕╣√ ─℮⌐ ⇔≡│⁸ ⅛╠─ ⌐ ═⁸

⅜ ™↓≤⅜ ↕╣√ 7)⁹↕╠⌐⁸ ─ ≤™℮ ⅛╠ ╠ⅎ

╢↓≤╙ ≤ ⅎ ₁ ╩ ⇔≡⅝√ 7,8 )⁹ 

ⱨ▼כ☼ 2≢│⁸ⱨ▼כ☼ 1⌐ ⅝ ⅝ ─ ╩ ∆═ↄ⁸7

⌐ ↕╣√ ╙ ╘ ╟╡ ╩ ╡ ⇔ ╩ ⇔√⁹

╛♩כ◦ ╙≡™≈⌐♩כ◦ 5 ⌐ ↕╣√╙─⌐

≈™≡ ⁸ ╩ ⇔√ 8)⁹╕√⁸ ─ ⌂ ⌐

─№╢ FT- IR ╩ ⌐ ⁸ ─ ╙

⇔√⁹ ⌐⁸ⱨ▼כ☼ ≢ ↕╣√ ≢─ ┼™ ─℮─⁸

≢─ ╩ ╢ ↕─ ⌐≈™≡ ┼™ ─℮ ⌐ ⇔⁸ ─

⌐≡ ╩ ⇔√⁹ 

 

─  

 

ⱨ▼כ☼ 1⅛╠ √⌐ 7.3 ↕╣√ ⱨ꜠◐◦

Ⱪꜟ◖fi♥♫ ╩ ≤⇔≡ ╩ ⇔ ─ ╩ ⇔ ╩ ⇔√⁹

↕╠⌐ⱨ▼כ☼ 1 ≢─ ∑╦№≥♃כ♦ ─ ╩ ⇔ ╩

╖√⁹ 

 

≤  

( )   

╩ ™≡ ╩ ⇔⁸ ↕╩ ⇔√⁹ 

─ ╩ 3⌐ ∆⁹     

─  

♫♥ⱨ꜠◐◦Ⱪꜟ◖fiה ⁸0 7.3 ⁸ⱷ5כ◌כ  

ה ─℮ ⁸0 5.7 ⁸ⱷ1כ◌כ  

ה  ─℮ ┼™ ─℮ ⁸0 5.0 ⁸ⱷ8כ◌כ  
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ה  ⱨ꜠◐◦Ⱪꜟ◖fi♥♫Ᵽ♇◒⁸ ⁸ⱷ3כ◌כ  

─℮⁸ ⁸ⱷ1כ◌כ  

 

Ⱪꜝ♇◒ⱤⱠꜟ × ×  

63ϴ×900/1500/3000 ×120 18  

─ 4 ≢│ 63ϴ× 300 × ⅜ 1 ⌐ ∆╢

≤↕╣≡™╢↓≤⅛╠⁸900/1500/3000 ⅜∕╣∙╣ 3/5/10 ≤⇔

√⁹ 

 

3 ─ ─  

  

ⱨ꜠◐◦Ⱪꜟ◖fi♥♫╩ ≤∆╢ │⁸JIS L 1908 ⌐ ∂≡ ╩ ⇔√⁹

─℮╩ ≤∆╢ │⁸JIS Z 1651 ⌐ ∂≡ ╩ ⇔√ 3)⁹

─ │ ─√≡ ⁸╟↓ ╩ ⇔∕─ ╩◓ꜝⱨ ⇔≡

≤ ─ ╩ ⇔√⁹ │ JIS B 7753 ⌐ ⇔≡ ⇔√ 12)⁹ 

 

≤  

⇔√ ─ ╩ ∆╢√╘⁸ⱨ꜠◐◦Ⱪꜟ◖fi♥♫⌐≈™≡

│ 4⌐⁸ ─℮⌐≈™≡│ 5⌐ ≤ ─ ╩ ∆⁹ 4

╟╡ ↕╣√ⱨ꜠◐◦Ⱪꜟ◖fi♥♫─ │⁸6 ╕≢│ ⅛⌂ ≢ 7.3

⌐│ ─ ⅜ ⅎ╢⅜⁸ ─ ╩ √⇔≡⅔╡ ⌐

╩ ∆╢↓≤≢ 10 ⅜ ↕╣╢⁹ 5 ╟╡

↕╣√ ─℮─ │ ≤≤╙⌐ ⅛∏≈ ⇔≡™ↄ⅜↓∟

╠╙ ╩ ⇔≡⅔╡ⱨ꜠◐◦Ⱪꜟ◖fi♥♫≤ ⌐ 10

⅜ ≢⅝╢╙─≤ ⅎ╢⁹ 

╟╡⁸ ⌐ ╩ ∆╢↓≤≢ ─ ┼─ ╕

≢ │ ↕╣╢╙─≤ ⅎ╠╣╢⁹ 
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4 ⱨ꜠◐◦Ⱪꜟ◖fi♥♫─ ≤ ─  

 

5 ─℮─ ≤ ─  

 

⌐⁸ ≢ ┼™ ─℮≤⇔≡ ⇔√ ─℮─ ╩

∆╢√╘⁸ ≤ ─ ╩ 6⌐ ∆⁹ 

⇔√ ≢ ↕╣√ ┼™ ─℮─ │ 0 5 ≢№╢⅜⁸ ⅛

1 ≢ ╩ ⅝ↄ ╡ ╗ ╛⁸1.7 ⁸3.4 ⁸5 ≢╙ ⌐

™╙─⅜№╡ ⌐ ═ ⅜ ™ ⅜№╢⁹ 

0

100

200

300

400

500

600

0 2 4 6 8 10

√
≡
╟
↓

(N
/c

m
)

240 N/cm

βⱷ5כ◌כ ╩ ↑⇔≡ⱪ꜡♇♩

0
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300

400

500

600
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√
≡
╟
↓

(N
/c

m
)

240 N/cm
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6 ─℮─ ≤ ─ (  

 

6╟╡⁸ ≢ ┼™ ─℮≤⇔≡ ↕╣√ ─℮─

│⁸ ⇔√ ⌐ ═ ⌐ ↄ⁸┌╠≈⅝╙ ⅝ↄ⁸ ╙ ™

⅜№╡⁸ ─ ⅜ ⇔™╙─≢№╢≤ ⅎ╠╣╢⁹ ─√╘⁸ 7⌐

╩ ∆⁹ 

 
 

─ │Ⱪꜝ♇◒ⱤⱠꜟ 63ϴ≢ 300 ╩ 1 ≤⇔≡

↕╣≡™╢⁹ 7─ ⅛╠─ ≢│ ≢╙ 3 ≢│

0

100

200

300

400

500

600

0 1 2 3 4 5 6 7 8 9 10

√
≡
╟
↓

(N
/c

m
)

βⱷ8כ◌כ ╩ ↑⇔≡ⱪ꜡♇♩

0

100

200

300

400

500

600

0 300 600 900 1200 1500 1800 2100 2400 2700 3000

√
≡
╟
↓

(N
/c

m
)

(h)

7 ─ ≤ ─

240N/cm 

3 ⱳ▬fi♩ 

─℮ 

ⱨ꜠◐◦Ⱪꜟ◖fi♥♫ ꜝfi♬fi◓ J 1  
2  

ⱨ꜠◐◦Ⱪꜟ◖fi♥♫ ꜝfi♬fi◓ J 2  

240N/cm 

─꜠ⱬꜟ 
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│ ↕™│∏≢№╢⁹⇔⅛⇔⁸ ⌐│ 1 ≢ ╩ ╡ ⁸╡№⅜☻כ◔╗

≢ ∆╢ ╩ ≢⅝∏⁸ ─ ╩◦Ⱶꜙ꜠כ♩≢⅝≡™⌂™

≤ ⅎ╢⁹ ≢│ ╩ ⅎ╢↓≤≢ ⅜ ⅝ↄ ╦╢↓≤⅜

↕╣≡⅔╡ 11)⁸ ꜟⱩꜝ♇◒ⱤⱠ╙☻כ◔─ ╩ →╢↓≤≢№╢ ◦Ⱶꜙ

♩כ꜠ ⌐⌂╢≤ ⅎ╠╣╢⁹™∏╣⌐∑╟⁸ ⌐ ∆╣┌ ⌐ ╢

│ ↕╣╢√╘⁸ ─ ⌐ ↕╣╢╟℮ ┼™ ─℮╙ ⌐ ≢

∆═⅝≢№╢⁹ 

 

◌Ᵽכ◦כ♩ ─  

 

◌Ᵽכ◦כ♩ │ ╩ ⌐ ╡ ⌐ ∆╢↓≤╩

≤⇔≡ ↕╣╢√╘ ─ ⁸ ⅜ ↕╣╢⁹ ⌐╟∫≡│ ⌐

∆╢↓≤╙                                                 

 PVC ♩כ◦ ┘ ╩♩כ◦ ≤⇔≡ ─ ╟╡ כ◦√⇔

♩─ ┘ ╩ ⇔≡ ╩ ⇔√ 13)⁹ 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

≤  

 

ה  

PVC ╩♩כ◦ ≤∆╢ │⁸JIS K 6251 ⌐ ∂≡ ╩ ⇔√⁹ ─

│⁸♄fiⱬꜟ 5 ≤⇔⁸ │ ─╟↓ ─╖≤⇔√⁹

╩♩כ◦ ≤∆╢ │⁸JIS L 1908 ⌐ ∂≡ ╩ ⇔⁸ ─

╟↓ ┘ ╩ ≤⇔√⁹ ─ ╩ 8⌐ ∆⁹ 

ה  

JIS L 1092⌐ ∆╢ B ⌐ ∂≡ ╩ ⇔√⁹ ─

╩ 8⌐ ∆⁹ 

─  

PVCה ⁸♩כ◦ 5  

ה ⁸♩כ◦ 5  
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♩כ◦ 8 ─ ┘ ─  

 

≤  

─ ╩ 9⌐⁸ ─ ╩ 10⌐ ∆⁹ 9╟╡ PVC כ◦

♩⁸ ⌐╙≥♩כ◦ ⁸ ≤╙⌐ ─ ╩ ∫≡⅔

╡⁸ ≢ ⌐ │⌂™≤ ⅎ╠╣╢⁹⌂⅔⁸ √╕╡ │ ─

↕⌐╟╡ ⅜⅛⅛╢√╘⁸ ⅜ ╗≤ ╦╣√⅜ ™│╖╠╣⌂⅛∫√⁹╕

√⁸PVC ⁸10│♩כ◦ ─ ⌐⅔™≡╙ ⅜╒≤╪≥⌂™↓

≤⅜ ↕╣≡⅔╡ 9) ╙ │⌂™≤ ⅎ╠╣╢⁹ 

⁸ 10╟╡ PVC ─♩כ◦ ⌐ │⌂™⅜⁸ ─♩כ◦

│ ╘≡ ↄ⌂∫≡™√⁹↓─↓≤⅛╠ ↕╣√ │♩כ◦ ≢

⅜ ⌐ ⇔ ≢ ∆╢ ♩כ◦⁸╘√╢№⅜ ─ ─

⌐ ∆╢ ⅜№╢⁹⌂⅔⁸ ─♩כ◦ ≢ ╩ ╢

⅜ ╠╣√⅜⁸↓╣│ ≢ ⅜ ╠╣ ⅜ ↕╣√√╘≤ ⅎ╠╣╢⁹ 

 

9  

0
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150

200

250

300

(N
/c

m
)

 ♩כ◦
 ♩כ◦

ᵑ
 

ᵒ
 

ᵒ
 

ᵒ
⁸

 

ᵒ
⁸

 

ᵓ
⁸

 

ᵒ
 

ᵔ
 

─ 13) 

57 N/cm │ 140 N/cm 
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10  

 

─ ─ ⌐ ╢  

 

⌐ ⇔≡│⁸ ⌐ ∆╢↓≤≢ 10 ─ ⅜ ↕╣

╢↓≤⅜ ─≤⅔╡ ↕╣≡™╢⁹ ⁸ ≢ ↕╣√ ─ ┼™

─℮ ─℮ ⌐≈™≡│ ⅜ ⅛╠─ ⌐ ═

™↓≤⅜ ↕╣≡⅔╡⁸ ─ ╩ ⇔ ╩ ∆╢ ╩ ∆═

ↄ ╩ ⇔≡ ⇔√⁹ 

 ⱨ▼כ☼ 1⁸ⱨ▼כ☼ 2≢ ⇔√ ⌐≈™≡⁸ 1⌐ ╩╕≤╘╢⁹ ≢│

1 ⌐ ⇔√ ⅛╠⁸ⱨ▼2☼כ≢ ⇔√◕ꜟ ◒꜡ⱴ♩◓ꜝⱨ▫Ί( GPC)⁸

┘ⱨ▼כ☼ 1≢⁸ ─℮─ ⌐ ─ ⅜ ╘╠╣√

( FT- IR)╩⁸ √⌐ⱨ꜠◐◦Ⱪꜟ◖fi♥♫( EVA )┼ ⇔√ ╩ ⌐

∆╢⁹ 

  

 

 

 

 

 

 

0

50

100

150

200

250

300
(k

P
a

)

 ♩כ◦ ♩כ◦

─ 13) 

1000[mmH2O] = 9.81 [kPa]  

ᵑ
 

ᵒ
 

ᵒ
⁸

 

ᵓ
⁸

 

ᵒ
 

ᵔ
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 ─ ≤ ─  

    
 

 

 
ⱨ▼כ☼ 1 

ⱨ▼כ☼ 2 

↕╩ ⁸

≢  

⁸

 
Ừ 

 ⱨ▼כ☼ 1 
─ ╛ ─

╩  

⁸

 
× 

 

(TG- DTA, DSC) 
ⱨ▼כ☼ 1 

─ ⅛

╠ ╩  
 ỏ 

 

(FT- IR)  

ⱨ▼כ☼ 1 

ⱨ▼כ☼ 2 

─ ≢№╢

◌ꜟⱲ♬ꜟ ─Ⱨ

◒כ ≢  

⁸

 

ủ 

┼

─  

◕ꜟ ◒꜡ⱴ♩◓

ꜝⱨ▫כ(GPC) 
ⱨ▼כ☼ 2 

─ ⅛╠

╩  
 ỏ 

 

( )  
ⱨ▼כ☼ 2 

⅛╠

╩  
 ỏ 

↕  ⱨ▼כ☼ 2 
─ ⌂◒ꜝ♇◒

─ ⁸ ↕╩  

⁸ ™

≢

 

ỏ 

 

≤  

│∂╘⌐⁸ ─℮─◕ꜟ ◒꜡ⱴ♩◓ꜝⱨ▫כ GPC ╩ ∆⁹

11⌐ ─℮─ⱬꜟ♩─ ⁸ 12⌐ ─ ≤

─ ╩ ∆⁹ ─ │ ↕ↄ⁸ ≤ ⌐

│╖╠╣⌂™⁹ │ ∞↑≢⌂ↄ ╙ ╕╣≡⅔╡⁸ ─ ⅛⌂

⅛╠ ╩ ∆╢↓≤│ ≤ ╦╣╢⁹ 
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⌐ ≢ ⌐ ╩ ⌂ ≤⇔≡ ⇔≡⅝√

( FT- IR)⌐≈™≡⁸ √⌐ⱨ꜠◐◦Ⱪꜟ◖fi♥♫⌐ ⇔√⁹ 

⁸ ( 900h, 1500h, 3000h) ⁸ ( 6 ⁸7.3 )─

╩ ( ATR )≢ ⇔√ ╩ ⌡≡ 13⌐ ∆⁹ 
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11 ─℮─ⱬꜟ♩  
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13 ╟╡⁸ ⌐≈™≡│ ≤≤╙⌐◌ꜟⱲ♬ꜟ ─Ⱨכ◒⅜

∆╢ ⅜ ↕╣√⁹ ↕╣√ ⌐≈™≡│⁸ 6 ╕≢│

⅛⌂ ≢№╢⅜ 7.3 ↕╣√╙── ≈│ ⌂Ⱨכ◒╩ ⇔√⁹ ─

≤╙ ⇔≡⅔╡ ─ ⱷ☺ꜗכ⌐⌂╡ ╢╙─≤ ⅎ╠╣╢⁹ 

 ∕─ ⁸ ≢│ ≤≤╙⌐ ─ ⅜ ↕╣╢↓≤⁸

─ ⌐⅔™≡╙ ≤≤╙⌐ ⅜ ∆╢↓≤⁸ ↕ ⌐⅔™

≡ ─℮─ ─ ↕≤ ↕⌐ ─ ⅜ ╠╣√↓≤⅛╠⁸↓

╣╠─ ⅜ ⌐ ≢№╢↓≤╩ ⇔√⁹ 

⁸ ₁⌂ ╩ ™ ╩ ⁸ ⌂ ╩ ⌐≤╠ⅎ╢

↓≤⅜≢⅝√⅜⁸ ⌂ ⌐│ ╠⌂⅛∫√⁹ ⁸ (FT- IR)╛

─ ⅜ ↕╣╢⁹ 

 

┼™ ─℮─ ─  

 

 ─ ─ ≤⇔≡ ⅎ╠╣╢─⅜ ≤ ─ ≢№╢↓≤⅛╠⁸

≢ ↕╣╢ ┼™ ─℮ ─℮ ─ ╩ ─

⌐≡ ⇔√⁹ 

  

 

─ ⌐⅔™≡⁸ ≢ ↕╣≡™╢ ┼™ ─℮ ─

℮ ─ ⌐ ╩ ↕∑⁸2021 7 16 10 1 ⌐ 10

≢ ╩ ⇔√⁹╕√⁸ ┼™ ─℮─ ⌐ 1 m ↕─ ╩ ⇔⁸ ─

 

 

3000h 

1500h 

900h  

0h  

0   

7.3 ᵑ 

6 ,7.3 ᵒ  

◌ꜟⱲ♬ꜟ  

 

 

13 ⱨ꜠◐◦Ⱪꜟ◖fi♥♫ ─ FT- IR  
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⌐ ╩ ╡ ↑⁸ ╙ ⇔√⁹ ─ ╩ 14⌐ ∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

≤  

 ┼™ ─℮─ ≤⁸ ─ ─ ╩ 15⌐⁸ ╩ 16⌐

∆⁹ 15⁸16╟╡⁸ ┼™ ─℮─ │ ≢ 70ϴ╩ ⅎ⁸ ─ ⌐ ™

≤ ─ │ ⅝ↄ⌂╡⁸ 40 45ϴ─ ⅜ ∂╢↓≤⅜ ↕╣√⁹

≤ ─ ⌐┌╠≈⅝⅜╖╠╣╢─│⁸ ╛ ⌐╟╢╙─≤ ⅎ╠╣╢⁹

↕╣√ │ ─ 10)≤ ═╢≤ ™╙─≢№∫√⅜⁸ ⌐╟╢

│ ┼─ ⅜ ⅝™≤ ⅎ╠╣╢⁹ ⅜ ⅝™↓≤⌐╟╢

╙ ⅎ╠╣╢⁹ 

≢│Ⱪꜝ♇◒ⱤⱠꜟ 63ϴ× 300 × ╩ 1

≤⇔≡ ↕╣≡™╢⅜ 4)⁸ ≢Ⱪꜝ♇◒ⱤⱠꜟ ╩ 20ϴ

↕∑╢≤ ⅜ ⌐▪♇ⱪ∆╢≤─ ╙№╡ 11)⁸ ≤ ╩

⌐ ⅎ╢↓≤⅜ ─ ≤ ⅎ╠╣⁸ ╩ →╢⌐│

─ ⌐ ╦∑√ ─ ⇔╙ ⅛≤ ╦╣╢⁹ 

☿fi◘כ ╡ ↑ 2⅛  

 

ⱨ▫כꜟ♪  

1 / 10  

14 ─  
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15 ┼™ ─℮─ ┘ ─  

 

 

16 ≤ ┼™ ─℮ ─  

 

╕≤╘ 

 ≢ 7 ⌐ ↕╣√ ⅛╠ ╩ ╡ ⇔ ╩

⇔√ ⁸ ⌂ ╩ ⇔≡™╢↓≤╩ ⇔√⁹╕√⁸ⱨ▼כ☼ 1─

≤ ╦∑⁸ ─ ╩ ⇔ ⌐ ∆╢↓≤≢ 10 ─

⅜ ↕╣╢≤ ⅎ╠╣╢ 8)⁹ 

╙≡™≈⌐♩כ◦ ⌐ ╢ ╩ ™⁸ │♩כ◦ ⌐

0

20

40

60

80

7 16 7 26 8 5 8 15 8 25 9 4 9 14 9 24

ϴ

─℮
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20

30

40

50
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70
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─
℮
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⅔™≡╙ 5 ─ ⅜№╢↓≤╩ ⇔√⁹╕√ ⅛╠ 10 ─

⅜№╢↓≤╙ ⇔√ 9)⁹ 

⌐♩כ◦ ⇔≡│ ≢│ ⅜ ≢ ∆╢√╘⁸ ⌐

⇔≡│ ⇔≡ ∆╢↓≤⌐╟╡ ╩ ←⅛ ─ ╩ ⇔

≡⅔ↄ ⅜№╢↓≤⅜ ╘≡ ↕╣√ 8)⁹ 

⅛╠│⁸ FT- IR ≢─◌ꜟⱲ♬ꜟ ─Ⱨכ◒ ─

⅜⁸ⱨ꜠◐◦Ⱪꜟ◖fi♥♫─ ─ ⌐ ≢№╢↓≤╩ ⇔√ 8)⁹╕√⁸

≢│ ≤≤╙⌐ ─ ⅜ ↕╣╢↓≤⁸

─ ⌐⅔™≡╙ ≤≤╙⌐ ⅜ ∆╢↓≤⁸ ↕ ⌐⅔™≡

─℮─ ─ ↕≤ ↕⌐ ─ ⅜ ╠╣√↓≤⅛╠⁸↓╣╠─

⅜ ⌐ ≢№╢↓≤╩ ⇔√⁹ 

⌐⁸ⱨ▼כ☼ 1≢ ↕╣√ ≢─ ┼™ ─℮─⁸ ≢─

╩ ╢ ↕─ ⌐≈™≡⁸ ┼™ ─℮─ ⌐ ⇔

╩ ∫√ ⁸ ┼™ ─℮─ │ ⌐│ 70ϴ ⱪꜝ☻ 45ϴ

╕≢ ∆╢↓≤╩ ⇔√⁹ ╙ ⅝ↄ ╡ ⇔ ∆╢↓≤⌐╟╢

╙ ─ ≤ ⅎ╠╣╢⁹ 

 

 

 ⌂⅜╠⁸⅔ ⇔™ ⌐ ™√∞™√ ─ ─ ₁⌐ ⇔

→╕∆⁹ 
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─ ⌐ ↑√  

 

ה  

 ─ ≢ ⇔√ │⁸ ╩ ⇔√ ╛ ≢

↕╣√ ⁸ ┼─ ⅜ ╦╣⁸ ≢ ∆╢╕≢─ ⁸

⅛≈ ⌐ ה ↕╣╢ 1⁹ ⁸ ┼─ ─ │

⌡ ⇔≡™╢⁹ ⅜ ⇔√ │⁸ ─ ╩ ≤⇔≡ ⅜

╦╣╢⁹ 

 ☿fi♃⁸│≢כ ─ ⌐≈™≡⁸ ╩ ℮ ≢─

┼─ ╩ ∆╢√╘⁸ ⌐ ╡ ╪≢⅝√⁹ 

 ─ ⌐⅔™≡│ ╛ ⌐ ℮ ╩ ∆╢ ⅜

№╢⁹ⱨ▼כ☼ 1⌐⅔™≡ ⌐⅔™≡ ╛ ╩

⇔√ ⁸ ⌂ ⅜⌂™↓≤╩ ⇔√ ≢⁸ ─ ⌐╟╢ ─

╕╡⅜ ⇔≡™╢↓≤╩ ⇔√⁹╕√⁸ ─ ⌐⅔™≡│ ≤⇔≡

≢ ↕╣≡™√ ┼™ ⅜ ↕╣╢ ⅜№╡⁸ ─ ─

⅜№╢⁹ 

∕↓≢ⱨ▼כ☼ 2≢│⁸ ╩ ┼≤ ∆╢ ─╟╡ ⌂ ╩

∆╢√╘⁸ ╩ ⇔√⸗♦ꜟ ╩ ⇔√⁹╕√⁸ⱨ▼כ☼ 1⌐ ⅝

⅝⁸ ─ ─ ╩ ∆╢√╘⁸ ╩ ⇔√⁹ ⅎ≡⁸

≢ ⅜ ↕╣╢ 2≈─ ⌐≈™≡⁸ ╩ ⇔⌂ↄ≤╙⁸

─ ─ ⅛╠ ⅜≢⅝╢╟℮⁸ ─ ─ ╩ ∫√⁹ 

 

⸗♦ꜟ  

 ╩ ┼ ∆╢ ⌐⅔↑╢⁸╟╡ ⌂ ╩

∆╢√╘⁸ ─⸗♦ꜟ ≤⇔≡ⱳ♇♩ ╩ ⇔⁸

─ ┘ ─ ╩ ∫√⁹ 

 

 

 │ 1⌐ ∆●ꜝ☻ ≢ ∫√⁹ ⌐│ ♩♇꞉◓Ⱡꜟⱳ─ꜟכ▪1/5000

⁸ⱳ♇♩≤™℮⁹ ╩ ™⁸ ∆╢ │ ≤ ≤⇔√ 2 ⁹ │

╩ ≤⇔ ╩ ≤∆╢ⱴ◘ ≢№╢⁹ ⁸ │ ≢ ↕╣√

ⱶכ꜡ ─ ≢№╡⁸ ╩ ⇔≡ ⇔√⁹∕╣∙╣─ ⌐≈™≡

⌐ ∆ ─ ╩ ∫√⁹ 

 

 

ₒ ₓ 

pH H2O⁸ EC ⁸ ▬○fi CEC⁸ CaO ⁸ MgO
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⁸◌ꜞ K2O ⁸ ⁸ ꜞfi P2O5 ⁸ ⁸ ⱱ► ⁸ 

⁸ ◌ꜞ  

 

↓─ ⌐ ≠⅝⁸ 1⌐ ∆ ─ ≢ ⅔╟┘♀○ꜝ▬♩╩

⇔√⁹∕─ ⁸ ≡─ ⌐ ⇔≡ pH≤ꜞfi ─ ╩ ◌ꜟ◦►ⱶ ┘╟℮

╡╪╩ ™≡ ∫√⁹ ∆╢ ♩▬ꜝ○♀ה ┘∕─ ─ ─ │⁸
2 ⌐⅔↑╢ ─ ╩ √∆╟℮ ⇔√⁹ 2 ⌐

─ ╩ ∆⁹ 

 

 

1 ●ꜝ☻ ─  

 

 

2 ⁸  
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1 ─  

  

 ∕─╕╕─  

╩  

♀○ꜝ▬♩╩  

┘♀○ꜝ▬♩╩  

 ∕─╕╕─  

╩  

 

2 ─  

 pH EC 

( mS cm- 1)  

CEC 

(meq 100g- 1)  

 

(%) 

 

(%) 

 

(%) 

 6.9 0.15 1.4 0.02 0.13 0.22 

 7.9 1.00 3.0 0.08 0.86 1.48 

♀○ꜝ▬♩ 7.0 0.02 6.6 0.02 0.00 0.00 

♀○ꜝ▬♩ 7.5 0.88 9.8 0.09 1.09 1.88 

 7.0 0.29 26.8 0.48 8.97 15.46 

 7.0 0.21 6.6 0.14 2.56 4.41 

 

™≡⁸ ─ ╩ⱳ♇♩⌐ ⌐ ⇔√⁹ ─ ⁸ ≤⇔≡ ⁸

ꜞfi ⁸◌ꜞ►ⱶ╩∕╣∙╣ 14⁸12⁸12 kg ( 10a) - 1≤⌂╢╟℮⌐ ╩ ∫√⁹

⌐│ ▪fi⸗♬►ⱶ⁸ꜞfi ◌ꜟ◦►ⱶ⁸ ◌ꜞ►ⱶ╩ ™√⁹ 

│◖ⱴ♠♫≤⇔⁸ ⱳ♇♩№√╡ 3 ─ ╩ ∫√⁹ ⁸17 ⌐

⅝╩ ™⁸ ─ ⌂ ╩ ⇔ 2 ⇔√⁹ 31 ⌐ ≤⇔≡

─ ─ ╩ ≢ ⅎ√⁹ │ 42 ╕≢ ⇔√⁹ 

⌐ ⌐ ⁸ ⱳ♇♩─ ≤ ⇔™ ─ ╩ ▬○fi

≢ ∫√⁹ │⁸ⱳ♇♩⅛╠─ ╩ ⇔⁸∕─ ╩ ∆╢≤≤╙⌐⁸

▪fi⸗♬▪ ⅔╟┘ ┘◌ꜞ►ⱶ─ ╩ ∫√⁹╕√⁸ ⁸

⇔√ ─ ⁸ ⁸ ─ ╩ ∫√⁹ ─

⌐≈™≡⁸ ה ─▪fi⸗♬▪ ⁸ ┘◌ꜞ►ⱶ─ ╩

∫√⁹ 

 

 

3⌐ ─ ─ ™╩ ∆⁹ ⌐ ≤♀○ꜝ▬♩─ ╩ ╣

√ ⌐⅔™≡ ≢╙ ≢⅝╢꜠ⱬꜟ≢ ⅜ ⅛∫√⁹ 3⌐ ∆╟℮⌐⁸ ─
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╙ ⌐ ≤♀○ꜝ▬♩─ ╩ ⅎ√ ≢ ╙ ⅝⅛∫√⁹ ⁸ ⇔

ↄ│♀○ꜝ▬♩─╖╩ ⇔√ ≢│ │ ∑∏⁸2 ─ ≢╙ ≤

♀○ꜝ▬♩ ─╖ ⌐ ⅜ ⅛∫√ 2 ⁸p<0.05 ⁹ 

⁸ ≤⇔≡ ™╠╣≡™╢ │ ⌐ ═≡ │ ↄ⌂╠⌂⅛∫√⁹

⌐⅔™≡│ ─ ⌐╟∫≡ ⅜ ∂≡⅔╡⁸ ─ ─ ⅜

⌐≈⌂⅜∫√ ⅜ ⅎ╠╣√⁹ 

 

 
3 ─  
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3 ─ ◌♇◖ │  

 (cm) (g)  (g)  

 23.2 (1.9)   13.3 (3 .0 )    1.1 (0.3)    

 24.9 (0.9)    19.1 (1.3)    1.4 (0.1)    

♀○ꜝ▬♩ 20.4 (1.1)    9.8 (1.0)    0.7 (0 .0 )    

♀○ꜝ▬♩ 30.1 (0.2)    43.7 (4.6)    3.1 (0.4)    

 23.0  (4.3)    11.6 (5.5)    0.8 (0.3)    

 24.6 (1.5)    13.8 (2.1)    1.0  (0.1)    

 

 ⅛╠─ │ 2 ⁸ ≤╒╓ ≤⌂∫√⁹ ≢ ╩ ⇔

⌂⅛∫√ ≢│ ─ │ 2 ≤⌂∫√ 4 ⁹

╩ 5 6 ─ ⌐ ∫√⅜⁸∕─ ╙ ↕╣⌂⅛∫√⁹ ╩ ⅎ√ ≢│

⌐ ⅜ ⇔≡⅔╡⁸ ─ ⌐ ∫≡ ↕╣√≤ ⅎ╠╣╢⁹ ⁸

⌐⅔™≡╙ │╒≤╪≥ ⇔⌂⅛∫√⅜⁸ ─ ⌐╟╢ ─ │

↕╣√⁹◌ꜞ►ⱶ⌐≈™≡│ ⌐⅔™≡ ─ ⅜╖╠╣√⅜⁸↓∟╠⌐⅔™

≡╙ ╩ ⅎ√ ⌐⅔™≡ ⅜ ⇔√⁹ ⌐ ─ ⌐ ℮⁸

┘◌ꜞ►ⱶ─ ⅜№╡⁸ ⅜ ⇔√╙─≤ ⅎ╠╣╢⁹ 

 

 
4 ─  

 

 ─ ─ │ ⌡ ≢⁸▪fi⸗♬▪ ─ ⅜ ⅛∫√ 4 ⁹

⌐ ≢│ ⌐╟∫≡ │ ≤⌂╢√╘⁸↓╣│ ⅜ ≢№╡

⅜ ≢№∫√↓≤╩ ⇔≡™╢⁹◌ꜞ►ⱶ⌐≈™≡│♀○ꜝ▬♩╩ ⅎ√

≢ ↄ⌂∫≡⅔╡⁸↓╣│♀○ꜝ▬♩─ ⌐ ↕╣≡™√╙─≤ ⅎ╠

╣╢⁹√∞⇔⁸ ─ ⌐╙ ╦╠∏ │╒≤╪≥⇔≡™⌂⅛∫√↓≤⅛╠⁸

≤⇔≡ ⌐ ↕╣≡™√⁹ 

0
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 ─ │⁸ ⌐⅔™≡│ ⅜ ⅝™⅜⁸↓╣│ ─ ⌐

╟╢╙─≢№╢ 5 ⁹√∞⇔ ⅛╠ ∂√ ─ │ ⇔≡™√⁹♀○ꜝ▬♩

╩ ⅎ╢↓≤≢ ┼─ ⅜ ↄ⁸ ╙ ↄ⌂∫√≤ ⅎ╠╣╢⁹ 

⁸ ─ ⅔╟┘ ⌐⅔™≡│ ⇔√ ─ ─ ⅜ ╠

⅛≢⌂™⅜⁸▪fi⸗♬▪ ─ ⅜ ⅎ╠╣√⁹♀○ꜝ▬♩ ⌐⅔™≡│ ─

⅜ ⌂ↄ ⅜ ⌐ ⇔≡⅔╡⁸↓╣│♀○ꜝ▬♩─ ≤ ⅎ╠╣╢⁹♀○ꜝ

▬♩⌐ ↄ ↕╣√↓≤≢ ─ ⅜ ↄ⌂∫√↓≤⅜ ≤ ↕╣√⁹ 

 

4 ─ ┘◌ꜞ►ⱶ ≤ mg kg- 1 

 

 

 

5 ─  

 

 

 

 

 

 

 

0

500

1000

1500

2000

╦₳ ╦₳+ ╦₳+ЉϷжϱЕ ╦₳+ ЉϷжϱЕ ⁷ ╦₳⁷

ῖ
Ḋ

N
 (

m
g

/p
o

t)

ṍ

ᾕ

Ⱳ

 ▪fi⸗♬▪   ◌ꜞ►ⱶ( K2O) 

 1.8 (0.2)  0.8 (0.2 )  7.8  ( 0.4)  

 1.0 (0.2)  0.6 (0.1)  48.6 (2.4)  

♀○ꜝ▬♩ 7.4 (0.3)  0.5 (0.1)  145.3 (9.3)  

♀○ꜝ▬♩ 3.9 (0.5)  1.0 (0.2)  337.3 (13.5)  

 2.0 (1.0)  3.6 (3.1)  26.8 (3.3)  

 0.7 (0.1)  0.6 (0.1)  12.3 (0.5)  
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─  

 ⌐⅔↑╢⁸ ─ ╛ ⌐╟╢ ─ ─ ╩ ∆

♃כfiⱭⱠ♩꜡ⱷכ◖⁸╘√╢ ₈◖fiⱭⱠ₉≤™℮⁹ ┘

₈ ₉≤™℮⁹ ─ 2 ─ ╩ ™≡ ─ ╩ ⇔√⁹

⌐⅔™≡│⁸ ╩◘fiⱪꜞfi◓⇔ ╩ ⇔√⁹ 

 ╕√⁸ ─ │ ⌐╙ ↕╣╢ ⌂ ≢│№╢╙──⁸

⌐ ⇔≡⁸ ─╟℮⌐ ╩ ∆╢ ⅜№╢ ⁸ ╩ ∆╢↓≤⅛╠⁸╟╡

⌂◖fiⱭⱠ╩ ⇔√ ⅛╠ ─ ╩ ∆╢ ╩ ⇔√⁹ 

 

 

 ─ ⌐⅔↑╢ 6 ╩ ≤⇔√⁹ ≤

⇔√ │⁸ ─ A C⁸ ╡ ─ D F≢

№╢⁹ ∕╣∙╣─ ╩ 5- 1 5- 6⌐ ∆⁹ 

 

5- 1 A─  

─   

  

 900 m2 

 5 7ﬞ  

─  
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5- 2 B─  

─   

  

 1000 m2 

 5 4ﬞ  

─  

 

 

 

 

 

5- 3 C─  

─  ⁸  

  

 1300 m2 

 5 5ﬞ  

─  
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5- 4 D─  

─   

  

 4100 m2 

 4  

─  

 

 

 

 

5- 5 E─  

─   

  

 2500 m2 

 5 9ﬞ  

─  

 

 

 

 

 

 


