
 

 

 

 

 

 

 

 

 

 

 

♩fiⱠꜟ ≢ ∆╢ ─ ⌐ ∆╢  

 

 

 

 

 

 

 

 

 

 

 

 

2025 3  

 

 

◦☻♥ⱶ  

 



 

 

 

 

  ................................ ................................ ..  1 

1.1 ─  ................................ .............................  1 

1.1.1  ⌐⅔↑╢ ─  ................................ ..  1 

1.1.2  ⌐╟╢ ≤∕─  ................................  5 

1.1.3  ≢ ╩ ≤⇔√  ................................ ........  6 

1.1.4  ⌐⅔↑╢ ┼─  ............................  9 

1.2 ─ ≤ ─ ⅔╟┘ ─  ...............  11 

1.2.1  ─ ─  ................................ ...........  11 

1.2.2  ─ ⌐╟╢ ┼─  ...........................  11 

1.2.3  ≢─ ─ ─◦Ⱶꜙ꜠כ◦ꜛfi ...................  12 

1.2.4  ⇔√ ─ ─  ................................ .......  12 

1.3 ─  ................................ ..........................  13 

 ................................ ................................ ...  15 

 ─ ─ ─  ................................ ....  18 

2.1  ................................ ................................ ..  18 

2.2 ─ ⸗♬♃ꜞfi◓ ................................ .............  18 

2.2.1  ─  ................................ ...................  18 

2.2.2  ─  ................................ .................  18 

2.2.3  ─  ................................ ...................  20 

2.3 ≤  ................................ ............................  21 

2.3.1  ─ ≤ ─  ................................ .......  21 

2.3.2  ─ ≤  ................................ .................  22 

2.3.3  ⅛╠─ ─  ................................ .........  23 

2.4 ─╕≤╘ ................................ ..........................  25 

 ................................ ................................ ...  26 

 ⌐╟╢ ┼─  ................................ ....  27 

3.1  ................................ ................................ ..  27 

3.2  ................................ ................................ ..  27 

3.2.1  ................................ ...........................  27 

3.2.2  ─  ................................ ...................  28 

3.2.3  ─ ─  ................................ .................  31 

3.2.4   ................................ .......................  32 

3.2.5  ................................ ...........................  33 



 

 

3.3 ─  ................................ .........  34 

3.3.1  Ᵽ♇♅  ................................ .....................  34 

3.3.2  ◌ꜝⱶ  ................................ ...............  36 

3.3.3  ◦ꜞ▪ꜟⱣ♇♅  ................................ .............  37 

3.3.4  ─  ................................ .........  38 

3.3.5  Ᵽ♇♅  ................................ .................  39 

3.4 ≤  ................................ ............................  40 

3.4.1  Ᵽ♇♅  ................................ .....................  40 

3.4.2  ◌ꜝⱶ  ................................ ...............  45 

3.4.3  ◦ꜞ▪ꜟⱣ♇♅  ................................ .............  48 

3.4.4  ─  ................................ .............  50 

3.4.5   ................................ ...............  52 

3.4.6  Ᵽ♇♅  ................................ .................  55 

3.5 ─╕≤╘ ................................ ..........................  60 

 ................................ ................................ ...  61 

 ─  ................................ ............  63 

4.1  ................................ ................................ ..  63 

4.2  ................................ ................................ ..  63 

4.3 ◌ꜝⱶ ................................ .......................  63 

4.4 ≤  ................................ ............................  65 

4.5 ─ ................................ .........................  74 

4.5.1  ................................ .........................  74 

4.5.2  ─ ⸗♦ꜟ ................................ ...................  74 

4.6  ................................ ............................  76 

4.6.1  ─  ................................ .......................  76 

4.6.2  ................................ .........................  76 

4.6.3   ................................ .......................  78 

4.7 ─╕≤╘ ................................ ..........................  83 

 ................................ ................................ ...  84 

 HSC╩ ™√ ─  ................................ ........  85 

5.1  ................................ ................................ ..  85 

5.2 Ɫ▬Ɽכ☻Ɑ◒♩ꜟ◌ⱷꜝ HSC  ................................ ........  85 

5.3  ................................ ..............................  86 

5.3.1   ................................ ............................  87 

5.3.2  ................................ ...........................  89 

5.3.3  ................................ ...........................  90 



 

 

5.4 ≤  ................................ ............................  92 

5.4.1  ─  ................................ .................  92 

5.4.2  ─  ................................ .................  95 

5.4.3  ─ ................................ .........................  96 

5.5 ─╕≤╘ ................................ ..........................  98 

  ................................ ................................  100 

6.1 ─ ................................ ........................  100 

6.2 ─ ≤ ................................ ......................  103 

 

 



  

1 

 

  

 

 

1.1 ─  

 ⌐│ ₁⌂ ⅜ ⇔≡™╢⁹↓╣╠─ ⌐│ ⅜ ↕╣╢≤⅝ №╢™

│∕─ ─ⱴ◓ⱴ─ ─ ─ ╩ ↑≡ ⇔√ ⅜ ∆╢⁹ ⌐≤∫

≡ ⌂ ⅜ ⇔√ │ ≤ ┌╣╢ ≢ ─ ⌐ ╩ ╓∆ ⅜

⇔≡™╢↓≤╙№╡ ↓─╟℮⌂ ≢ ∂√ ─ ╩

◌♪Ⱶ►ⱶ ◒꜡ⱶ ☿꜠fi ┤∫ ╒℮ ≤ ┬⁹↓╣

╠⌐╟╡ ╛ ─ ⌐ ⅜ ⅝ ↓↕╣╢↓≤⅜№╢⁹ ⅎ┌ 2022 9

╟╡ ╘╠╣≡™√ ─♩fiⱠꜟ ≢ ⅛╠ ⇔≡

™⌂⅛∫√┤∫ ≤ ─ ⅜ ↕╣√⁹↓╣⌐ ℮ ⌐╟╢

─ ⌐ ∆╢↓≤⅜≢⅝∏ │ ↕╣√⁹↓─╟℮⌂ ⅜ ∂⌂™╟℮⌐

∆╢√╘⌐│ ≢ ╩ ⌐ ⇔ ⌂ ╩ ⇔√ ≢ ∆╢

≤≤╙⌐ ⌐ ⅜ ⌂ ≢№╢⅛╩ ⌐ ∆╢↓≤╛ ─

⅜ ↕╣≡™╢↓≤╩ ⇔⌂⅜╠ ∆╢ ⅜№╢⁹ 

│ ─ ≢№╢ ╩ ≤⇔ ─ ⌂ ╩

∆╢√╘⌐ ⌂ ⌐╟╢ ┼─ ╩ ∆╢ ≤ ⇔√

⌐╟╢ ┼─ ╩◦Ⱶꜙ꜠כ◦ꜛfi∆╢√╘─ ⌐≈™≡ ⇔√⁹

╕√ ≢ ∆╢ ─ ─ ╩ ∆╢ ≤⇔≡ ─ ☻Ɑ◒♩

ꜟ ⌐╟╢ ─ ⌐≈™≡ ⇔√⁹ 

 

1.1.1  ⌐⅔↑╢ ─  

 │ ⱪ꜠כ♩⅜ ⱪ꜠כ♩─ ⌐ ╖ ╗ ⌐ ⇔≡⅔╡ ⌂ ⅜

⅜∫≡™╢⁹ ⅎ┌ ⱪ꜠כ♩─ ╖ ╖⌐ ™ ⌐ ⇔≡™√ ⅜

⌐ ⇔ ↑╠╣╢↓≤≢ ⅞ ╠╣≡≢⅝╢ ⅜ ⌐ ⇔≡™╢⁹↕╠⌐

╕≢ ╖ ╪∞ ⱪ꜠כ♩⅛╠ ∂╢ ⌐╟∫≡ ∂╢ⱴfi♩ꜟ⅛╠─ⱴ◓ⱴ─

⌐╟╡ ╛ⱴ◓ⱴ≤ ∆╢↓≤≢ ∂╢ ⱴ◓ⱴ─ ≤ ⌐ ⇔

√ ─ ⌐╟╢ ╛ ╩ ≤∆╢ ╙ ↄ ⇔≡™╢⁹ⱴ◓ⱴ╛

─ ⌐╟∫≡ ⅜ ה ∆╢↓≤⌐╟╡ ─╟℮⌂ ╩ ⅝ ↓∆

⅜ ↕╣╢↓≤⅜№╢⁹╕√ ↓╣╠─ ─ ⌐│ 6,000─

─ ⌐ ⇔√ ⅜ ╕√│ ≢ ⌐ ↄ ⇔≡™╢⁹

⌐│┤∫ ╛╒℮ ⅜ ╩ ⅎ╢ ≢ ╕╣≡⅔╡ ⌐│↓╣

╠─ ⅜ ↕╣ ⌐ ╡ ╕╣≡™╢↓≤⅜№╢⁹╕√ ─ ≢

Ᵽ◒♥ꜞ▪─ ⌐╟╡ ⱨꜝfiⱲ▬♄ꜟⱤ▬ꜝ▬♩⅜ ⇔ 1- 1) ∕─ ⌐
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⅜ 1- 2)↕╣√ ≢ ⌐ ╡ ╕╣≡™╢⁹↓─╟℮⌂ ╩ ╗

─ ≤⇔≡ ─ Ma131- 3)╛ ─ 1-

4)⌂≥⅜ ╠╣≡™╢⁹ 

─ ╩ ≡⇔≥ꜟכ♠─╘√╢∆

⅜ ⇔≡™╢ 1- 5)╛ ╠⌐╟∫≡ ↕╣√ ─ ꜞ☻◒

1- 1 ─  

☿fi♃כHP╟╡ 2024 9 21

https://www.gsj.jp/researches/topics/geochemmap.html  
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ⱴ♇ⱪ 1- 6)⅜№╢⁹ │ ─ ≢ ╩ ה ⇔ ↔≤⌐

╩ ⇔√ ≢№╢⁹ 1- 1⌐ ─ ╩ ∆⁹ │ ⇔≡ ⌐ ⇔

≡⅔╡ ╛ ≢│ 150mg/kg╩ ⅝ↄ ╢ ╩

⇔≡™╢⁹↓╣╠─ ╩ ↄ ╗ ─ │ №╢™│ ─ ↄ⌐ ⇔

≡™╢⁹ ⅎ┌ │ │ ⅜ ≤⌂∫≡™╢⁹╕√

│ ◌ꜟ♦ꜝ ≢№╢ ≢ ⅜ ⅝ ≡™╢ ⌐№╡ ⌐│

⅜ ↕╣≡™╢⁹↓─╟℮⌐ ─ ╩ ╗ ≤ ─ ⌐

1- 2 ─ ꜞ☻◒ⱴ♇ⱪ 1- 6) 
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│ ⅜№╢≤ ⅎ╠╣≡⅔╡ ─ ─ ╩ ╡╕≤╘√─⅜ ─

ꜞ☻◒ⱴ♇ⱪ 1- 6)≢№╢ 1- 2 ⁹ │ ╩ ↄ╒╓ ⌐ ╠┌∫≡

⇔≡™╢ 1- 7) 1- 3 ⁹╕√ ↓╣╠─ ≢ ∆╢≤ ↕╣√ ⌐│

⌂≥─ ⅜ ™⁹∕─ ─ ≤⇔≡ ╛

⅜№→╠╣╢⁹╕√ ╛ ╩ ⇔≡™√ ⌐⅔™≡╙ ─ │

™↓≤⅜ ╠╣≡™╢ 1- 6)⁹ 

─ ╩ ╗ ─ ⌐≈™≡│ ≢ ⅜ ╕╣╢ ╩ ⇔√╙─≢

№╡ ─ ╩ ∆╢╟℮⌂ ⌐≈™≡│╟╡ ™ ⌐ ⇔

≡™╢≤ ⅎ╠╣╢⁹ 

 

 

1- 3 ─ 1- 7) 

 HP╟╡ 2024 9 21  

http://www.msoc.eng.yamaguchi -u.ac.jp/collection/element_25.php  
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1.1.2  ⌐╟╢ ≤∕─  

 ≢│ ⌐╟╢ ─ ─ │ ↄ ⌐

⇔√ ⅜ ≢№╢⁹ ≢ ↕╣≡™√ ⅛╠─ ⌐╟

╢ ⌐ ⅎ ╛ ≢ ∆╢ ╩ ⌐ ⇔√↓≤≢ ╛

◌♪Ⱶ►ⱶ⌂≥⅜ ─ ╛ ⌐ ∆╢≤™℮ ⅜ ⇔√⁹∕─ ≢│ ─

⅛╠ ↕╣√◌♪Ⱶ►ⱶ⅜ ≢ ∂√ ─▬♃▬▬♃▬ ⅜ ↄ ╠╣

≡™╢⁹ ⌐╟╢ ≤⇔≡│ ─ ﬞ ╛ ─ ⅜ ╠╣≡⅔╡

─ ≢ ∂√ ⅜ ↕╣≡™╢⁹↓─╟℮⌂ ⌐ ℮ ╩

∆╢√╘ 24 ⌐ ⅜ ↕╣ ↕╠⌐ 48 ⌐ ─

╩ ∆╢√╘─ ⅜ ↕╣√↓≤≢ │ ⌐ ↕

╣≡™╢⁹ 

 ≢ ⅜ ≡⇔≥☻כ◔╢⌂≥ ♩fiⱠꜟ╛♄ⱶ⌂≥─

≢ ∆╢ ┼─ ⅜ →╠╣╢⁹↓╣│ 22─ ⌐

™ ─ ⅜ ╕╣╢ ╙ ─ ⌐ ⅎ╠╣√↓≤╩ ⌐

≢ ∆╢ ╛ ╩ ⌐ ה ∆╢╟℮⌐⌂∫√⁹⌂⅔ │

─ ≢№╢↓≤⅛╠ ⅜ ⌐ ⇔≡™╢⁹ ╩

☿fi♃כ⅜╕≤╘≡⅔╡ ╠ 1- 8)⅜ ⇔≡™╢ 1- 4 ⁹↓↓≢

↕╣≡™╢ │ ≡─ ╩ ⇔√╙─≢│⌂™⅜ ⌐ ⇔≡™╢↓≤⅜

⅛╢⁹↓─╟℮⌂ ≢│ ╩ ╗ ╛ ⅜ m3

⌐ ∆╢↓≤⅜№╢⁹∕─√╘ ↓╣╠─ ה ⌐│ ─ ⅜ ≢№╢≤

⌐ ↑ ╣ ─ ┼─ ╩ ⌐∆╢ ⅜№╢⁹2010⌐│₈ ⌐

⅔↑╢ ה ┼─ ⱴ♬ꜙ▪ꜟ 1- 9)₉⅜≤╡╕≤╘╠

╣ │↓─ⱴ♬ꜙ▪ꜟ╩ ⌐ ∆╢↓≤⅜ ↄ 2023⌐│ⱴ♬ꜙ▪ꜟ─ ⅜

╦╣√ 1- 10)⁹ 

1- 4  1- 8  



  

6 

 

1.1. 3 ≢ ╩ ≤⇔√  

╩ ╗ ⅜ ≢ ↄ ⇔≡⅔╡ ♩fiⱠꜟ ⌂≥≢ ╩ ∆╢ ⌐

∆╢ ─ ™ ≢№╢ ⅜ ≤⇔√ ─1 ≢№╢⁹↓╣│ ─

⌐♃כ♦─ ⅎ ⌐ ≠ↄ ─ ≤⇔≡

⅜ ╙ ™↓≤ 1- 11)╛ 1- 12)╛ 1- 13) 1- 14) ─ 1- 15)

1- 16) ≢ ⌐╟╡ ─ ⅜ ╩ ⇔≡™╢↓≤ ↄ

─ ≢ ╩ ⅎ╢ ╩ ╗ 1- 17)↓≤⅛╠╙╦⅛╢⁹╕√ ─ ─

◒כꜝ◒│ ≤⇔≡ ╠╣≡⅔╡ 1- 18) 1- 19) ─ ─ ⌐≈™≡╙

Togashi et al. 1- 20)⌐╟╡ ↕╣≡™╢⁹↓─ ─ ─ ≤Wedepohl, K. H. 1- 18) 

⌐╟╢ ─ ─ ─ ╩ ∆╢≤ ─ ⅜ 3 ↄ ╕╣≡™╢⁹ 

 2 ─ │ ─ │ ⌐ ↄ ⌐╟∫≡∕─ ⅜ ∆╢ ≢№╢⁹

─ │ ╛ ⌐ ≤⇔≡ ∆╢↓≤⅜ ↄ ∕─ │3

╕√│5 ≤⇔≡ ⇔≡™╢⁹ ─ │3 ─ ⅜ ™↓≤⅜ ╠╣≡

™╢⁹ ╛ ─ ⅜ ╛ ╩ ⇔≡ ┼ ∆╢↓≤⌐⌂╢⅜ ↓─

─ │ 1- 5⌐ ∆╟℮⌐ pH╛ ⌐╟∫≡ ∆╢ 1- 21)⁹∕─√╘ ♩

fiⱠꜟ ─ ≢ ∂√ ─ ╛ ─◐ꜗꜞ▪≤⌂╢ ⌂≥─ ⌐╟∫

≡ ⅜ ∆╢↓≤⌐⌂╡ №╢™│ ⌐pH╛ ─ ⅜

⌂ ≢№╢⁹ 

 ⌐ ─ ⌐╟∫≡ ⅜ ∆╢ ≢№╢⁹ ⌐╙ ═√⅜ ─

╩ ╗ ⌐│ ╛ ─╟℮⌂ ⅜№╢⁹ ─╟℮

⌂ ─ ⇔⌂™ ≢│ ⇔≡™√ ⅜ ─╟℮⌂ ⌐ ↕

╣√ ∆╢↓≤≢ ⅜ ↕╣╢ 1- 22⁹╕√ ─ ⌐ ℮

─ ⌐╟∫≡ ↕╠⌐ ⅜ ⇔ ─ ⅜ ↕╣╢ 1- 23⁹ ≢

─ ≢ ∂√ ≤ ╩ ╗ ─ ≢│ ↕╣√ │ 1- 61- 24 ⌐

∆╟℮⌐pH≤ ⌐╟∫≡ ╩ ↕∑╢⁹ ≢№╣┌

─ ≢ ∂√ ⌐ ↕╣≡ ∆╢↓≤⌐⌂╢⁹↕╠⌐ ⅜ №

╢™│▪ꜟ◌ꜞ ┼≤ ⇔√ ⌐ ↕╣≡™√ │ ↕╣

╢⁹↓╣│ ─ ⅜ ⅛≈ ≢│ ─ ╩╙≈⅜

╕√│▪ꜟ◌ꜞ ≢│ ─ ┼≤ ∆╢ 1- 25 √╘≢№╢⁹╕√ ⌐│

⌐╙ ⅜ ⇔≡ ⇔≡™╢↓≤⅜№╢⁹ │ ⌐

⅜pH⌐╟∫≡ ∆╢√╘ ⌐╟∫≡ ⅜ ∆╢ 1- 26⁹∕─√╘

╩ ╗ ─ ╩ ∆╢ ⌐│ ─ ⌐╟∫≡ ⅜ ∆╢

╩ ∆╢ ⅜№╢⁹ 

 ─ ╡ │ ≢ ∆╢ ⅜№╡ ∕─ ╛ ⌐╟∫≡

№╢™│ ⅜ ∆╢√╘ ╩ ⅝ ↓⇔╛∆™ ≢№╢↓≤⅛╠

≢│ ╩ ≤⇔√⁹ 
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1- 5 ╩ ╗ ─ Eh- pH 1- 21  
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1- 6 ╩ ╗ ─ Eh- pH 1- 24  
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1.1. 4 ⌐⅔↑╢ ┼─  

 ⌐⅔↑╢ ┼─ │₈ ה ₉₈ ה

₉⅔╟┘₈ ה ₉─3 ≢ ╘╠╣╢ 1- 7 1- 10)⁹ 

 

1- 7 ⌐⅔↑╢ ┼─ ─ ╣ 1- 10) 
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1 ה  

↓─ ≢│ ⌐ ⅜ ∆╢⅛─ ╩ ℮⁹ ≤⇔≡│

─ ─ ╛ ⌐ ∆╢ ╩ ╛ ⌂≥≢ ⇔

╩ ╗ ╛ ⅜ ∆╢ ─№╢ ─ ╩ ∆╢⁹↓─

╩ ℮↓≤≢ ≤⌂╢ ─ ╩ ╠⇔ ⌂ ↑ ╣ ╩ ∆╢ ─

╩ ╘ ╩ ∆╢↓≤⅜ ≤⌂╢⁹ ⌐ ⇔√ ─ ╛

≤ 1- 27 ╛ 1- 28 ╩ ⇔

╛ ↔≤─ ─ ה ─ ╩ ∆╢⁹ 

2 ה  

 ↓─ ≢│ ≢─ ╩ ∆╢√╘ ⌂ ─ ╩ ≤⇔

√ 1- 29 ◓fi◐כ꜠☻╛ JGS 2124╩ ℮⁹↕╠⌐ ↓╣╠─

╩ ⌐ ∆╢ ≢ ∆╢ ─ ╛ ─

╩ ⇔√◘▬♩ ⸗♦ꜟ 1- 8 ╩ ⇔ ⌐ ⅎ╢ ─ꜞ☻◒╩ ∆╢

1- 30⁹↓─ ╩ ⌐ ╩ ╗ ╛ ─ ה ╩ ∆╢⁹ 

 

3 ה  

 ≢ ╘√ ⌐ ≠⅝ ╩ ╘╢ ≢№╢⁹ ≢│ ⇔√

╛ ⌐ ⅜ ╕╣╢⅛ ⅛╩ ╛ ─ ╩ ℮↓≤≢ ∆

╢⁹╕√ ⌐│ ╛∕─ ─ ─ ─ ⸗♬♃ꜞfi◓╩

℮↓≤≢ ∂≡™╢ ─ ╩ ⇔≡ ∆╢⁹╕√ ╙ ⌐

─ ⅜ ↕╣≡™╢↓≤╩ ⌐ ∆╢↓≤⅜ ≢№╢⁹ 

1- 8 ◘▬♩ ⸗♦ꜟ─ 1- 30  
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1.2 ─ ≤ ─ ⅔╟┘ ─  

 │ ╦╣≡™╢ ┼─ ⌐⅔™≡ ≤⌂∫≡™╢

─ ╩ ∆╢↓≤╩ ≤⇔≡ ╘≡™╢⁹ 

 

1.2.1  ─ ─  

 1.1. 3≢ ⇔√ ╡ ╛ ─ │ ─ ╩ ↑≡ ╛

⅜ ∆╢⁹∕─√╘ ╩ ∆╢ ≢ ─ ╛pH

─ ╩ ⇔ ∆╢↓≤⅜ ≢№╢⁹⇔⅛⇔ ∕─ │ ╠ 1- 31)

╛ ╠ 1- 32)⅜ ─ ╩ ⇔≡™╢╙── ─ ⌂ ╩

⇔√ ─ │⌂™⁹ ─ ⅝↕│ ⅜ ∕16mĬ14m↕3m ⅜

∕4mĬ6m─☻◔⁹╢№≢ꜟכ ≢ ─ ≢│ ∕─ ╙─ ⅝↕≤

⌂╢↓≤⅜№╢√╘ ⌐ ⌂ ─ ⌐ ≢─⸗♬♃ꜞfi◓

╩∕─╕╕ ⇔≡ ™⅛ ⅜ ⇔™⁹ 

≢│ ─ ≢─ ─ ╩ ≤⇔ ─♩fiⱠꜟ ≢

⇔√ ╩ ╗ ╩ ≤⇔≡ ⱬfi♩♫▬♩ ⌐╟╢ ∂ ╘ ╩ ∂√

≢ ⇔√ ╩ ⌐ ─ ─⸗♬♃ꜞfi◓

╩ ∫√⁹ 

 

1.2.2  ─ ⌐╟╢ ┼─  

─ ╩ ∆╢√╘ ≢ ⇔√ ⌐ ⇔≡

─ ⅜ ╦╣≡⅔╡ ∕─ ⅛╠ ≤⌂╢ ╛ ─ ╩ ⇔≡

™╢⁹ ⅎ┌ ╛ ◓fi◐כ꜠☻ ⌐╟╢

─ ⌂ ⌐ ∆╢ ╩ ™ ↓╣╠─ ╩ ⌐ ╛ ∂ ╘≤™

∫√ №╢™│ ─ ─ ⅜ ╘╠╣╢⁹ ↓╣╠─ ≢│

⇔√ ─ ─ ╛ ⅛╠ ≡ ╕≢─ ─ ™ №╢™│

─ ⌐╟╢ ─ │ ↕╣≡⅔╠∏ √⌂ ⅜

≤ ⅎ╢⁹ 

≢│ ─ ╛ ≡ ↕╣√ ─ ╩ ∆╢√╘⌐ 2≈─

╩ ∫√⁹ ≈ │ ≡ ─ №╢™│ ⌂≥─ ≤ ∆╢ ─

─ ╩ ∆╢√╘─ ≢№╢⁹ ≤⇔≡

│ ⌐╟╢ ╩ ⇔√ 1- 33)╛ ●☻ 1- 34)

1- 35)⅜ ↕╣≡™╢⁹ ≤⇔≡│ ⌐ ™ ╩ ≢⅝≡™╢≤

ⅎ╢⁹ ≢ ─ ─ ⅜ ⇔™ ╛ ─ ⌐ ⅜№╢⁹∕↓

≢ ⇔≡ ╩ ∆╢↓≤⅜≢⅝╢ ◑ ♫♩ꜞ►ⱶ⅔╟┘▪☻◖ꜟ

ⱦfi ♫♩ꜞ►ⱶ ╩ ™√ ╩ ⇔√⁹ 

≈ ─ ≤⇔≡ ─ ⅔╟┘ ≡ ─ ⌐⅔↑╢ ─
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╩ ∆╢√╘─ ≢№╢⁹ ≤⇔√ ─ │ ⌐ ╕╣

╢↓≤╩ ⇔≡™╢⁹ ─≤⅔╡ ╩ ╗ │ ≤ ⅜ ∆╢

≢ ⇔ ─ ╩ ∆╢↓≤⅜ ╠╣≡™╢⁹╕√ ≢─ ≡ ─

│ ─ ╛ ─ ─ ≢ ↕╣ ┼≤

∆╢ ⅜№╢⁹∕↓≢ ╩ ─ ─ ≢ ↕∑√≤⅝─

─ ╩ ∆╢ ╩ ⇔√⁹ 

 

1.2.3  ≢─ ─ ─◦Ⱶꜙ꜠כ◦ꜛfi 

 1.1. 4(2)≢ ⇔√╟℮⌐♩fiⱠꜟ ⌐⅔↑╢ ╩ ╗ ╛

─ ╩ ∆╢ ⌐ ┼─ ╩ ℮√╘─◘▬♩ ⸗♦ꜟ⅜≈ↄ

╠╣╢⁹╕√ ↓─ ╩ ⌐ ℮ ─ ≈≤⇔≡ ⅜

→╠╣≡™╢⁹⇔⅛⇔ ≢─ ─ ╩ ∆╢↓≤│ ⅜

ↄ⌂╡ ⇔™─⅜ ≢№╢⁹ ╠│ ⌂ ⌐ ╛ ╩

∆╢ ─ ╩Ɽꜝⱷכ♃≤⇔≡ ⅎ╢↓≤╩ ⇔√ 1- 36)⁹↓╣⌐╟╡ ⌐⅔

↑╢ ─ ─ ╩ ╘╠╣╢ ⅜ ™∞↕╣√⁹ ≢ ↓↓≢│

─Ɽꜝⱷכ♃⌐ ╩ ™≡⅔╡ ⌐ ⅝ ↕╣≡™⌂⅛∫√⁹ 

─ ╩ ℮√╘⌐│ ⌐ ™ ╩ ™ Ɽꜝⱷכ♃─ ╩

╘╢ ⅜№╢⁹∕─ ≤⇔≡ №╢™│ ◌ꜝⱶ ╛

⅜ ╦╣≡™╢⁹↕╠⌐ ↓╣╠─ ╩ ⇔√⸗♦ꜟ≤ ⌐⅔↑╢ ⸗♬

♃ꜞfi◓─ ╩ ∆╢↓≤⅜ ≢№╢⁹⇔⅛⇔ ⸗♦ꜟ ⌐ ∆╢Ɽꜝⱷכ♃│

─ ⅛╠ ╠╣√╙─≢№╡ ╩ ─⸗♬♃ꜞfi◓ ≤ ⇔≡

⇔√ │ ⌂™⁹ ≢│ ╠─ ⅎ╩ ╡ ╣ Ɽꜝⱷכ♃╩ ◌ꜝⱶ

≢ ⅝ ⇔√℮ⅎ≢ ─ ╩ ∫√⁹ 

╕√ ≡ ─ ╩ ℮ ╩ ╗ ─ │ ∆╢↓≤⅜

↕╣╢⁹⇔⅛⇔ ─◌ꜝⱶ ╛ ≢│↓─╟℮⌂ ⌐

╟╢ ╩ ≢⅝⌂™⁹↓─ ≤⇔≡ 1.2.2 ⌐ ∆╟℮⌂ ⅜№╢⅜

⅜ ⌂ↄ ∕─ ╩Ɽꜝⱷכ♃≤⇔≡ ⌐ ∆╢ ⌐≈™≡─ │⌂™⁹∕

↓≢ ≢│ ─ ⌐⅔↑╢ ─ ╩ ⌐╟╡

≢⅝╢⅛ ⇔√⁹ 

 

1.2.4  ⇔√ ─ ─  

 1.1.4(3) ≢ ⇔√╟℮⌐♩fiⱠꜟ ≢ ∆╢ ╛ │ ⅜ ⌂

─ ╩ ╠∆√╘ ╛ ─ ⌐╟╡ ─ ─ ⅜ ╦╣╢⁹

─ 1- 37)  1- 38)≤⇔≡│ Ⱳꜟ♃fiⱷ♩ꜞכ ╛ X

⅜ →╠╣╢⁹↓╣╠│ ─ ─ ─ ╛ ╩ ∆╢ ≢№╡

≤─ ⌐ ∆╢ ╙ ↄ ╦╣≡™╢⁹ ≢ ↓─ ≢│ ⅛╠
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⅜ ╢╕≢⌐1 ≢№╡ ∕─ ⅝⇔≡⅔ↄꜘכ♪ ⅜ ≤⌂╢⁹╕√

⌐╙ ≤ ⅜ ≤⌂╢√╘ ╩ ∆╢√╘⌐╙ ╟╡ ⌂

╛ ─ ╩ ∆╢ ⅜ ≤⌂∫≡™╢⁹↓─ ─ ─ ≈

≤⇔≡ ─ ≢ ─ ╩ ∆╢ ⅜ →╠╣╢⁹ ⌐ ⅜

╕╣╢ │ ₁≢№╢⅜ ∕╣│ ╠⅛─ ⌐╟╡ ╩ ∆╢ ⅜

╕╣╢√╘ ∕─ ╩ ∫√ ≢№╢⅛ ⅛⌐╟∫≡ ⅜ ╕╣╢⅛

╩ ≢⅝╢ ⅜№╢⁹ ⅎ┌ ─ ─ │ ⌐ ∆╢

─ ─ ≢│5mg/kg≢№╢─⌐ ⇔ ≢│12mg/kg≤ ⌂ ⅜

⇔√ ╛ ─ ⅜ ↄ ↓╣│ ≢╙ ─ ≢№╢↓

≤⅜ ↕╣≡™╢ 1- 39)⁹↓╣│ ⅜ ⌐ ↕╣╢ ╛ ≢ⱨꜝfiⱲ▬♄

ꜟⱤ▬ꜝ▬♩⌐ ╡ ╕╣╢↓≤⅜ ≤ ⅎ╠╣╢⁹ ≢│ ⅛╪╠╪ 1.5mg/kg

╛ 1.3mg/kg⌂≥─ ╟╡╙ 2.3mg/kg╛ 4.3mg/kg─

─ ⅜ │ ↄ ↕╠⌐ │◔▬ ─ ─ ⌂™ ╟╡╙ ◔▬ ─

™ ─ ⅜ ™↓≤⅜ ↕╣≡™╢ 1- 40)⁹╕√ ─ ≤ ╩ ∆╢

≤ ─ ⅜ │ ™↓≤⅜╦⅛╢⁹↕╠⌐ ⌂≥─ ⌐╟∫≡ ⇔√

⌐╟∫≡ ∂╢ ⌐ ⅜ ↄ ╕╣≡™╢ ⅜ ↕╣≡⅔╡ 1- 41) ─

─ ⅜ ⌂ ≢№╢⁹ 

⌐╟╢ ─ ─ ⌐≈™≡│ 1.1.4(2) ⌐⅔↑╢ ⅛╠ ∆

╢↓≤⅜≢⅝╢≤ ⅎ╢⁹ ─ │ ╛ ─ ⅜ ℮↓≤⌐

⌂╢⅜ ↓─ │ ─ ╩ ⇔⌂↑╣┌ ⌂ ⅜№╢⁹ ≢

⌐⅔↑╢ ╩ ≤∆╢ ⅜ ⇔≡™╢↓≤⅛╠ ≢ ⌐ ≢╙

─ ⅜ ⌂ ⅜ ╘╠╣≡™╢⁹∕─ ≈≤⇔≡Ɫ▬Ɽכ☻Ɑ◒♩ꜟ◌ⱷꜝ

HSC╩ ™√ ─ ⅜ ↕╣≡™╢ 1- 42)⁹ ≢│

─ ╩ ∆╢HSC╩ ™√ ה ⌐≈™≡ ⇔√⁹ 

 

1.3 ─  

 │ ─6 ⅛╠ ↕╣╢⁹ 

 

  

2  ─ ─ ─  

3  ⌐╟╢ ┼─  

4  ─  

5  HSC╩ ™√ ─  

6   
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 1 ≢│ ─ ─ ⌐≈™≡≤ ↓╣╠⅜ ⅝ ↓⇔≡™╢

⌐≈™≡ ⇔√⁹ ⌐ ↓─ ⌐ ⇔≡ ≥─╟℮⌂ ⅜ ╦╣≡™╢⅛╩

╛ ─ ⅛╠ ─ ╩ ⇔√ ≢ ─ ╩ ⇔ ∕╣╩

∆╢√╘─ ─ ╩ ⇔√⁹ 

 

 2 ≢│ ⌐ ⇔√ ∂ ╘ ⌐⅔™≡ ─

⌐≈™≡ ⇔√⁹│∂╘⌐ ≤⇔√ ─ ⌐≈™≡ ⌂ ≤ ⇔

≡ ⇔√⁹ ⅔╟┘ ⌐ ☿fi◘כ╩ ⇔ ⸗♬♃ꜞfi◓╩ ∫√

⅛╠ ∂ ╘ ⌐⅔™≡ ╛ ⅜ ∆╢↓≤⅜ ╠⅛

≤⌂∫√⁹ 

 

 3 ≢│ │∂╘⌐ ≢ ⇔√ ⌐≈™≡ ─ ≤ ─

⌐≈™≡ ⇔√ ≢ ≢ ↕╣≡™╢ ─ ╩ ╗ ≤ ⇔

≤⇔√ ⅜ ≢ ↄ ∆╢╙─≢№╢↓≤╩ ⇔√⁹ ⌐ ↓─

─ ⅜ ─ ⌐╟∫≡ ╢ ⌐≈™≡ ╛ ╩ ™

√ ⌐╟╢ ⌐≈™≡ ⇔√⁹ 

 

 4 ≢│ ≢─ ─ ⸗♦ꜟ╩ ∆╢√╘ ╕∏ ≤

─ ⅜ ⌂╢ ─ ◌ꜝⱶ ╩ ⇔ ∕─ ╩ ⌐ ⌐ ™

╢ Ɽꜝⱷכ♦─♃כ♃ ╩ ⇔√⁹ ⌐ ∕─ ╩ ⌐ ⌐ ╦╢Ɽ

ꜝⱷכ♃╩ ╡ ╖ ⸗♦ꜟ─ ╩ ∫√⁹↕╠⌐ ─ ⌐╟╢

─ ╩ ⌐╟╡ ≢⅝╢⅛ ⇔√⁹ 

 

 5 ≢│ ─ ╛ ╩ ↄ ╗↓≤⅜ ╠╣≡™╢ ─

╩ ⅝ ↓∆ ≢№╢ ╩ ∆╢ ⌂≥─ ╩ ≤⇔√HSC╩ ∫√

╩ ⇔√⁹ ⌐ ─ ≢№╢ ╩ ≤⇔√ ≤⇔≡

─≤⅔╡ ⅜ ™ ≤ ╩ ≤⇔√ ╩ ™ HSC⌐╟╢

─ ⌐≈™≡ ⇔√⁹ 

 

 6 ≢│ ≢ ╠╣√ ╩ ⇔ ─ ≤ ⌐≈™≡ ═√⁹ 

 



  

15 

 

 

 

1-1) M.A.A. SchoonenH.L. BarnesReactions forming pyrite and marcasite from solution: II. Via FeS precursors 

below 100ÁCGeochimica et Cosmochimica ActaVol.55No.6 pp1505-15141991 

1-2) Tomohiko ItabashiJining LiYohey HashimotoMasato UeshimaHirofumi SakanakuraTetsuo Yasutaka

Yukari ImotoMasaaki HosomiSpeciation and Fractionation of Soil Arsenic from Natural and Anthropogenic 

Sources: Chemical Extraction, Scanning Electron Microscopy, and Micro-XRF/XAFS Investigation

Environmental Science & TechnologyVol.53No.24pp14186-141932019 

1-3)   ⌐ ≠ↄ ⅛╠╖√ ⌐⅔↑╢

─ ─ ꜟ♫כꜗ☺ Vol.15No.1pp.119-1302020 

1-4)  ≢─ ─ 24. ה

☿fi♃כ pp.233-2382012 

1-5) ⌐╟╢ Vol.110No.3pp.454-4582001 

1-6) ₁ ─ ⱪכꜟ◓ ⌐╟╢

ꜞ☻◒ⱴ♇ⱪ Vol.47No.6pp.354-3592007 

1-7) ⅜ ─  p 10 13 1960 5 7 ☻כꜙ♬ 

1-8) ─ ⌂ ⌐ ∆╢ ₈

ה ┼─ ≤ ⌐ ∆╢ ⅎ ₉ 23 ה ≤∕─

⌐ ∆╢ S1-162017 

1-9) ⌐⅔↑╢ ┼─ ⱴ♬ꜙ▪ꜟ ⌐⅔↑╢

ה ┼─ ⱴ♬ꜙ▪ꜟ pp.48-532010 

1-10) ⌐⅔↑╢ ┼─ ⱴ♬ꜙ▪ꜟ ⌐⅔↑╢

ה ┼─ ⱴ♬ꜙ▪ꜟ 2023 pp14-25 2023 

1-11) 

─ ה ⌐ ╢ ─ ┘ ⌂ ה 29 ≤∕─

⌐ ∆╢ pp.396-3992024 

1-12)  ⌐⅔↑╢ ─ ⌐╟╢ ─ ה

 21  pp.342019 

1-13) ⌐ ╢

https://www.pref.chiba.lg.jp/suiho/chikasui/documents/chiba-as_1.pdf20249 25  

1-14) ⌐⅔↑╢ ┼─ ─ ⱷ◌♬☼

ⱶ G Vol.68No.7pp. _507-5152012 

1-15) ─ ⌐╟╢ ⱷ◌♬☼ⱶ

Vol.41No.3pp133-1461999 

1-16) ─ - ⅛╠-

Vol.43No.1pp.17-221996 



  

16 

 

1-17) , VIa ┘ . 134p., ה 207p1957 

1-18) Wedepohl, K. H. : The composition of the continental crust,Geochimica et Cosmochimica ActaVol.59, 

pp.1217-12321995 

1-19) Taylor, S. M.McLennan, S.M.The geochemical evolution of the continental crustReviews in Geophysics

Vol.33pp.241-2651995 

ה (1-20   

─ñ◒ꜝכ◒ ò ™ ─ ─ ☻כꜙ♬ . No. 558, pp.25-332001 

1-21) ⌐╟╢ ה ─  No.29 

pp.31-592009 

1-22) ⌐ ∆╢ ≤ ⌐ ∆╢ ─ ⌐

⌐⅔↑╢ ─ ≤ ⌐≈™≡΅ Vol.52pp.145-1502005 

1-23) ─ ⌐ ╢ ┘ ⌐≈™≡ Vol.15No.1pp.23-302010 

1-24) Zhu, Y. and Merkel, B. J. : The dissolution and solubility of scorodite, FeAsO42הH2O: Evaluation and simulation 

with PHREEQ2. Wiss. Mitt. Inst. Geologie, TU Bergakedemie, Freiberg, Germany, 18, pp.1-122001 

1-25) Hingston, F.J., Posner, A.M., Quirk, J.P.; Anion adsorption by goethite and gibbsite: . The role of the proton in 

determining adsorption envelope, Environmental of Soil Science, 23, pp.177-192, 1972 

1-26) ⅔╟┘ / ─ ⌐ ∆╢ ΅ ─

⅛╠΅ Vol.30No.2pp.137-1421990 

1-27) ⌐⅔↑╢ ┼─ ⱴ♬ꜙ▪ꜟ ⌐⅔↑╢

ה ┼─ ⱴ♬ꜙ▪ꜟ pp.48-532010 

1-28) ₈ ─ ≤ ₉ ─ ≤

2002 

1-29) ◖fi◘ꜟ♃fi♩ ⌐ ∆╢

⌐ ∆╢  ⌐⅔↑╢ ─ ⱴ♬ꜙ▪ꜟ

No.358p.892007 

1-30) ─√╘─ꜞ☻◒ ⌐ ∆╢  2010

No.712011 

1-31) ⌐╟╢ ≤⇔≡─ ⌐ ∆╢

526 2010 

1-32) ╩ ∆╢ ⌐ ∆╢

─√╘─ ─ ה 29 ≤∕─ ⌐ ∆╢

pp.396-3992024 

1-33) Kamata,A., Ueshima, M., Sakanakura, H., Miura, T. & Katoh, M.The effects of redox conditions on arsenic 

re-release from excavated marine sedimentary rock with naturally suppressed arsenic release. Environmental 

Geochemistry and Health, 44, 4157-4171, 2022 

 



  

17 

 

1-34) ╩ ∆╢Ᵽ♇♅ ⌐ ∆╢ 53

pp.2173-21742018. 

1-35) ╩ ⇔√ ⌐ ∆╢ , ╩ ⇔√

⌐ ∆╢ ה 23 ≤∕─ ⌐ ∆╢ pp.559-5602017 

1-36) ♩fiⱠꜟ ─ ⌐ ∆╢

Vol.68 No.9 pp.9-12 2020 

1-37)  ₁ ─ ─ ─ ⅔╟┘∕─

◦▪fi pp.59-642006 

1-38) ⌐╟╢ ─ ₈ ⱨ◊כ

ꜝⱶ2018₉ No.922018 

1-39) Ishihara, S., Teraoka, Y., Terashima, S. and Sakamaki, Y.Chemical variation of Paleozoic-Cenozoic sandstone 

and shale across the western Shikoku district, Southwest Japan. Bull. Geol. Surv. Japan, 36, 85-102, 1985 

1-40) Boyle, R. W. and Jonasson, I. R.The geochemistry of arsenic and its use as an indicator element in geochemical 

prospecting. J. Geochem. Explor., 2, 251-296, 1973 

1-41) ⌐⅔↑╢ ╛ ╩ ↕∑

╢ ─ Vol.50No.4 pp.228-2372009 

1-42) Ɫ▬Ɽכ☻Ɑ◒♩ꜟ◌ⱷꜝ≤ ╩ ™√ ה

─ ₈ ⱨ◊כꜝⱶ2022₉ No.242022 



 ─ ─ ─  

18 

 

 ─ ─ ─  

 

 

2.1  

 ─ ⅛╠╙ ─ ─ │ ─ ⌐ ╩ ↑╢↓≤⅜ ╠

⅛≤⌂∫≡™╢⁹ ⌐ ה ─ │ ⅝⌂ ⅜№╢↓≤⅜ ⅛∫≡™╢⁹

≢ ─ ╩ ∆╢√╘⌐ ∂ ╘ ─ ⅜ ∂╠╣√ ≢│ ─

╩⸗♬♃ꜞfi◓⇔√≤™℮ │⌂™⁹∕↓≢ ≤ ⌐

☿fi◘כ╩ ⇔≡ ╩ ∫√⁹ 

 

2. 2 ─ ⸗♬♃ꜞfi◓ 

2.2.1  ─  

 ≢ ─⸗♬♃ꜞfi◓╩ ∫√─│ ─ ╩ ∂ ╘√

≢№╢⁹↓↓│ ─ ╩ ∆╢ ─ ≢№╢ 340 ⌐

⇔ ╩ ∆╢♩fiⱠꜟ≢№╢⁹♩fiⱠꜟ │3,094 m≢№╡ 201610╟╡

⅛╠ ⌐ ╩ ™ ⇔√ │ ┼≤ ⇔≡ ↕╣√⁹ 

≢│ ⅜1.0Ĭ10-7cm/s≤⌂╢╟℮⌐Na ⱬfi♩♫▬♩≤ ╩

−√ ≢ ∂ ╘╢ ⅜ ∂╠╣≡⅔╡ 201911⌐ ∂ ╘⅜ ⇔√⁹

⇔√ⱬfi♩♫▬♩ ⌐│☿ⱷfi♩ ─ │ ⇔≡™⌂™⁹ ∂ ╘╠╣√

─ │ 18  m3≢№╡ ⌐│ ─ ╩ ┼ ∆╢√╘─ ⅜

↕╣≡™╢⁹╕√ ╠ 2- 1)⌐╟╡ ≢ 17)⅜ ╦╣

≡⅔╡ │2.083.33Ĭ10-2 cm/s≤ ↕╣≡™╢⁹ 

 

2.2. 2 ─  

≤⇔√ │ 2016⅛╠2018╕≢⌐ ↕╣√♩fiⱠꜟ ≢ ⇔√ ╩

ⱬfi♩♫▬♩ ≢ ∂ ╘≡™╢⁹↓─ ⌐ 2- 1⌐ ∆ ≢ ─

ⱬfi♩♫▬♩ ─ 14.0 m╕≢─Ⱳכꜞfi◓ ╩ ∫√⁹↓─Ⱳכꜞfi◓

─ ⌐№╦∑≡ 2.0 m6.0 m10.0 m14.0 m⌐ ☿fi◘כ╩ ⇔

╩כ●꜡♃כ♦⌐ ⇔≡ ╩ ∫√⁹☿fi◘כ ─ ╩ 2- 2⌐ ∆⁹ │

─ ⌐ ⅜№╢≤ ⅎ╠╣╢ ≤ ⌐ ⅎ ─ ⌐

╩ ⅎ╢ ─№╢ 2- 2) ─ ─ ╡─ ╩ ∆╢√╘ ─ 4

≢№╢⁹ │●ꜟⱣ ☿fi◘כ ◄fi☺♬▪ꜞfi◓ ╩ ™

≤ │METER ─ATMOS-12╩ ™√⁹ 

☿fi◘כ╩ ∆╢ ⌐│ ⌐╟╢ ╩ ∆╢√╘ ⌐ ─√╘─ ╩

↑√ 40 mm─ ⱦ ⌐ ╣≡ ⌐ ⇔√⁹☿fi◘כ │ ─ ™3 A
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≢ ⇔ ☿fi◘כ≤☿fi◘כ─ │ ה ╩ ∆╢√╘ 0.09 mm─

⅜80 %─ ≢ ⇔√⁹ 

 

 

 

 

 

2- 1 ─ ≤  
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2.2.3  ─  

⅛╠ ⌐ ⅜ ↕╣≡™╢⁹ ─ ╩ ∆╢√╘ ─

╩ ⇔≡ ⅜ ⌂Ɫfi♫▬fi☻♠ꜟⱷfi♠ HI9829╩

⌐ ⇔√ 2- 3 ⁹ ─ │ ─ ≤ ─ ™ ORP

╛pH⌐ ⅎ ─ ╩ ∆╢√╘ EC⅔╟┘ ≤⇔√⁹

⌂⅔ ─ │ ⇔√ORP╩ ≢─ Eh=ORP +224-

0.6985× ⌐ ⇔≡ ⇔≡™╢⁹ 

 

0.0 0.9m

0.9 1.6m

1.6 14.0m

14.0m

GL

3 A

GL- 2.0m

GL- 6.0m

GL- 10.0m

GL- 14.0m

2- 2 ☿fi◘כ ─  

☿fi◘כ

2- 3  ☿fi◘כ  
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2.3 ≤  

2.3.1  ─ ≤ ─  

≤ ─ ╩ 2- 4 ⌐ ∆⁹ ─ │ ⌐╟∫≡ ⇔

≡⅔╡ ⅜ ↄ⌂╢⌐≈╣≡ ∆╢ ⅜ ↕ↄ⌂╢⁹ ╙ ™GL-2.0 m≢│5 18 

─ ≢ ⇔≡⅔╡ ≤ ≢13─ ⅜№╢⁹GL-6.0 m≢╙10 15 ─ ≢

⇔≡™╢⅜ ∕─Ⱨכ◒│GL-2.0 m╟╡╙ 2ﬞ ╒≥ ╣≡™╢⁹↓╣│ ─ ─

⌐╟╢ ≤ ⅎ╠╣ ≤GL-2.0 m≢╙ ─Ⱨכ◒─∏╣⅜ ∂≡™╢⁹

GL-10.0 m≤GL-14.0 m≢│12 ≢ ⇔≡⅔╡ GL-10.0 m≢│1 ─

╩ ⇔√⁹ 

│ ⌐ ↄ ⌐ ™ ⅜№╢⁹ │™∏╣─ ╙10 % ─

≢№╢⁹ │ GL-10.0 m≤ GL-14.0 m≢│ 20 %╕≢ ⇔≡™╢ ≢    

GL-2.0 m≤GL-6.0 m≢│15 %─ ≤⌂∫≡⅔╡ ↕⌐╟∫≡ ⅜ ∂≡™

╢⁹↓╣│ ╩≈⌂← ⅛╠ ⅜ ↕╣╢√╘ ⌐

⌐╟╢ ⅜ ∂√≤ ⅎ╠╣╢⁹╕√ ⌐│ ⌐ ™ ─ ⅜ ∆╢√

╘ ─ ⌐╟╢ ⅜ ∆╢↓≤≢ │ ⇔√≤ ⅎ╠╣╢⁹ 

™∏╣─ ≢╙ │ 10 % ⇔≡⅔╡ ╩ ╗ ─ ⅜ ╗

⅜№╢≤ ⅎ╠╣╢⁹ ≢│ ↓─╟℮⌂ ─ ™⅜ ─ ⌐

ⅎ╢ ╩ ∆╢√╘⌐ ╩ ⇔√⁹╕√ ╠ 2- 3 │

⅜ 10 ∆╢≤ ─ ⅜ 2 ⌐⌂╢≤ ⇔≡⅔╡ ≢│

2- 4 ─ ≤  
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⌐╟∫≡ ─ ⌐ ⅜ ∂≡™╢ ⅜№╢≤ ⅎ╠╣╢⁹ │ ⇔√

⌐╟╢ ⌐≈™≡ ⇔√™≤ ⅎ≡™╢⁹ 

 

2.3.2  ─ ≤  

─ RH ─ ╩ 2- 5⌐ ─ ╩ 2- 6⌐ ∆⁹

⅜ ∆╢ ⌐│ ⌐ ⅜ ≢№╢↓≤⅜ ╠╣≡™╢⁹ ╠ 2- 3)⌐╟

╢≤ ─ ⌐│ ≤⇔≡─ ≢│⌂ↄ ⌐ ∆╢ ⅜ ≢№╢≤

⇔≡™╢⁹ ∂ ╘↕╣√ ≢│ ⅜⌂™↓≤⅛╠ ─ ⌐╟╢

⅜ ≢№╢≤ ⅎ╠╣╢⁹ ─ │ י2ִ ≢95 %≤⌂

╡ │ ⇔≡™╢⁹∕─√╘ ─ ╛ ─ ⌐╟∫≡ ⅜ ∂

╢ ⅜№╢≤ ⅎ╠╣╢⁹⌂⅔ ☿fi◘כ י2ִ⌐ ⇔≡™╢─│

⌐ ⇔√ ╛ ⅜ ⇔√╙─╩ ⇔≡⅔╡ ↓╣╠⅜ ⇔√√╘≤

ⅎ╠╣╢⁹ 

│ ─ ⌐ ∂≡ ─ │№╢⅜ ─ ≤ ⇔≡ ≡─

≢ ─ ╩ ⇔≡™╢⁹↓╣│ ─ ≤ ⅜ ≢ ⅜∫≡

⅔╡ ↓─ ╩ ⇔≡ ─ ╡⅜№╢√╘≤ ⅎ╠╣╢⁹↓╣╠─ ⅛╠ ─

╛ ⅜ ⌐ ↕╣≡™╢≤ ⅎ╠╣╢⁹ 
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2.3. 3 ⅛╠─ ─  

─EC≤ ─ ╩ 2- 7⌐ pH≤Eh─ ╩ 2- 8⌐ ∆⁹ 

─ │ ⌐ ∂≡  3 13 ≢ ⇔≡⅔╡ │ 10.3 ≢№╢⁹

─ GL-14.0 m─ ⅜ 12 ≢ ⅜ 1 ≢№╢↓≤⅛

╠ │ ⌐ ∫≡⅛╠ ─ ╩ ⌂⅛╠∏ ↑≡™╢≤ ⅎ╠╣╢⁹ 

EC│140200 mS/m≢ ⇔≡⅔╡ 20228 ≤20238 ≢ ⅜⌂

ↄ ⇔≡™╢⁹ ≢ ☿fi◘כ╩ ∆╢╟╡ ─ ⅜ ⇔√ 2019

11 1 ⌐ ⇔√ ≢│ EC⅜237 mS/m≢№∫√↓≤⅛╠

⌐ ═ ⅛╠ ∆╢ │ ⇔√≤ ⅎ╠╣╢⁹ 

pH│ 11.5─▪ꜟ◌ꜞ ≢ ⇔≡⅔╡ ↓╣│ ⅛╠ ⇔≡™╢⁹

│ ╩ ⌐ ─ ╩ ↕∑╢⁹ ╟╡ ™pH≢│

─ ─ ⅜-OH2+≤⌂╢√╘ ⌐ ⇔ ╟╡ ™ pH≢│

─ ⅜-O-≤⌂╢√╘ ⌐ ∆╢ 2- 4)⁹ ─▪ꜟ◌ꜞ─ ≤⇔≡│ ⌐ ╕

╣╢ ╛ ∂ ╘⌐ ↕╣≡™╢Na ⱬfi♩♫▬♩⅜ ⅎ╠╣╢⁹ ─

◌ꜟ◦►ⱶ │ 25 mg/L≢№╡ ♫♩ꜞ►ⱶ │ 220 mg/L≢№╢⁹╕√ ─

─ ─pH│9.0 ≢№╢↓≤⅛╠ ─▪ꜟ◌ꜞ│ ─

≢│⌂ↄ ⱬfi♩♫▬♩ ─ ⅜ ™≤ ⅎ╢⁹↓─ ⱬfi♩♫

▬♩ ─ ╩ ↑╢ ≢│ ─ ⌐╟╡ ∂√ ─ ↄ

⅜5 ─○◐♁▪♬○fi HAsO42- ≤⇔≡ ∆╢√╘ ⌐ ↕╣⌐ↄↄ

≤⇔≡ ↕╣≡™╢ ⅜№╢≤ ⅎ╢⁹ 
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Eh│240280 mV─ ≢ ⇔≡™╢⁹☿fi◘כ│ ─ ⌐ ⇔≡™╢

√╘ │ ⌐ ═ ╛╛ ™ ≢№╢≤ ⅎ╠╣╢⁹╕√ ─ Eh

⅜ 400 mV≢№╢↓≤⅛╠ 2- 5) │ ≤ ∆╢≤ ™ ⌐№╢↓≤⅜

⅛∫√⁹ 
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2. 4 ─╕≤╘ 

 

 ╩ ─ ⱬfi♩♫▬♩ ≢ ∂ ╘ ╩ ∂√ ─

⌐≈™≡⸗♬♃ꜞfi◓╩ ∫√⁹ ─ ⌐≈™≡ ⌐╕≤╘╢⁹ 

 

1) ╛ ⅛╠─ ─ ⌐ ⅜ ∆╢↓≤⅜ ╠╣≡™╢⁹╕√

─ │ ─ ⌐╟╡ ↕10.0m╕≢│ ∆╢⁹ ⇔√

─ ⌐⅔™≡╙ ↕2.0m≢│ ≤ ≢ 13─ ⅜№╡ ↕ 6.0m⌐⅔™

≡╙5 ─ ⅜ ∂≡™╢⁹ ╩ ╗ ≤⇔≡ ⌂╙─≤⇔≡ ╛

⌂≥─ ⅜№╢ 3 ≢ ∆ ╡ ⇔√ │

⌐ ╩ ╗ ⅜ ╠ 2- 3 ⌐╟╢≤ ─ │ 10ϴ ∆╢↔≤⌐ ⅜

2 ⌐⌂╢≤ ↕╣≡⅔╡ ⌐╟∫≡ ─ ⅜ ∆╢ ⅜№╢

↓≤⅜ ⅛∫√⁹ 

2) ─ ─ ⌐│ ─ ⅜ ⅝ↄ ∆╢↓≤⅜ ↕╣≡™╢ 

2- 3⁹ ⇔√ Rh╩ ╢≤ ≡─ ⌐⅔™≡ 95% ≢ ⇔≡

⅔╡ ╛ ─ ⌐╟∫≡ ⅜ ∆╢ ⅜№╢↓≤⅜ ⅛∫√⁹ 

3) ╩ ∂ ╘╢ ≢│ ⌐ ╕╢ ╩ ∆╢ ⅜ ↕╣╢↓≤⅜

≢№╢⁹ ⸗♬♃ꜞfi◓ ≤⇔√ ⌐⅔™≡╙ ⅜ ↕

╣≡⅔╡ ⅜ ⅜∫≡™╢⁹ ⇔√ ≡─ ─ ⅜ ≤

⇔≡ ⇔≡™╢↓≤⅛╠ ╩ ⇔≡ ─ ─ ╡⅜№

╢↓≤⅜ ⅛∫√⁹ 

4) ─ ⌐│ ─ ⌐╟╢ ⅜№╢⁹╕√ ⌐ ≢│

⌐╟╡ ⅜ ↕╣≡ ≤⌂∫≡™╢≤ ↕╣╢↓≤⅜ ™⁹

⇔√ ─ │ ⌐╟∫≡ ⇔≡⅔╡ ⌐ ↄ⌂╢ ≢№∫

√⅜ ╙ ™ 2.0m─ ≢№∫≡╙10% ─ ⅜ ⇔≡⅔╡

─╟℮⌂ ≤│⌂∫≡™⌂™↓≤⅜ ⅛∫√⁹↓╣│ ╩ ⇔

≡ ⅜ ↕╣╢√╘≤ ⅎ╠╣╢⁹ 

5) ⅛╠ ↕╣╢ ─Eh│250 mV≢ ⇔≡⅔╡ ⌂ Eh 

= 400╟╡ ™ ≢№╢↓≤⅜ ⅛∫√⁹ 
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 ⌐╟╢ ┼─  

 

 

3.1  

⌐╟╢ ─ ╛ ≡ ↕╣√ ─ ⌐╟╢ ─

┼─ ⌐≈™≡ ∆╢√╘⌐ 2≈─ ╩ ∫√⁹ ≈ │ ≡ ─

№╢™│ ⌂≥─ ≤ ∆╢ ─ ─ ╩ ∆╢√╘─

≢№╢⁹ ≤⇔≡│ ⌐╟╢ ╩ ⇔

√ 3- 1)╛ ●☻ 3- 2) 3- 3)⅜ ↕╣≡™╢⁹

≤⇔≡│ ⌐ ™ ╩ ≢⅝≡™╢≤ ⅎ╢⁹ ≢ ─ ─ ⅜

⇔™ ╛ ─ ⌐ ⅜№╢⁹∕↓≢ ⇔≡ ╩ ∆╢↓≤

⅜≢⅝╢ ◑ ♫♩ꜞ►ⱶ⅔╟┘▪☻◖ꜟⱦfi ♫♩ꜞ►ⱶ ╩ ™√

╩ ∫√⁹ 

≈ ─ ≤⇔≡ ─ ⅔╟┘ ≡ ─ ⌐⅔↑╢ ─

╩ ∆╢√╘─ ≢№╢⁹ ≤⇔√ ─ │ ⌐ ╕╣

╢↓≤╩ ⇔≡™╢⁹ ≢│ ─ ⌐ ⅜ ╕╣≡™╢≤

™℮ ⅜ ↄ ↕╣≡™╢ 3- 4)⁹↓─╟℮⌂ ╩ ╗ │ ∆╢↓≤

≢ ─ ⅜ ↕╣╢↓≤⅜ ╠╣≡™╢ 3- 5)⁹╕√ ≡ ─ ─

│ ─ ─ ≢ ∆╢≤ ⅎ╠╣╢⁹∕↓≢ ╩ ─ ─

≢ ↕∑√≤⅝─ ─ ╩ ∆╢

╩ ⇔√⁹ 

 

3.2   

3.2.1   

─♩fiⱠꜟ ≢ ⇔√ ╩ⱬfi♩♫▬♩ ⌐╟╢ ∂ ╘⅜

∆╢ ─20196 ⌐ ⅛╠Ᵽ♇◒ⱱ►╩ ™≡ ╩ ∫√ 3- 1 ⁹∕─

─ ╩ ⇔√ ≢ ∆╢√╘ ⇔√ │ ─

℮┼ ⇔√⁹╕√ ─ ╩ ⇔ ⌐≡ ─℮⌐ ⇔√

╩ ↔≤⌐ ⅝100 mm─☻◔ꜟ♩fiⱣ◔♇♩⌐╟╡┤╢™ ↑╩ ™

─℮⌐ ╣≡ ⇔≡™╢⁹↕╠⌐ ─ ⌐≈™≡ ∆╢√╘⌐ ☻◔ꜟ

♩fiⱣ◔♇♩⌐╟╢┤╢™ ↑ ─ ─℮ 1 ╩ ⌐ ╩ ∫√⁹

≤⇔≡─ │ ─ ™ ╕∂╡ -R2⌐ ↕╣ ─ │2.734g/cm3≢

№∫√⁹╕√ ─ ⌐ ⅝⌂ ╩ ╓∆ 0.075mm─ │

1.7%≢№∫√⁹ ─ ╩ 3- 1⌐ ∆⁹ 
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3.2.2  ─  

♩fiⱠꜟ│ ☺ꜙꜝ ─ ╩ ≤⇔√ ⅛╠⌂╢

ꜚ♬♇♩ 3- 6)⌐ ⇔≡⅔╡ km─ ⌐ ⅜ ⇔≡™╢ 3- 2 ⁹

⇔√─ ─ ⌂ │ ≤ ≢№╢⁹ ⌂ ╩ 3- 2 ⌐

∆⁹™∏╣╙ │ ⅛╠⌂╢ ─ ╩ ╗╙─⅜ ™⁹ ─ ↄ│

⅜ ↄ ─ ─ ™ ≢│ ╩ ↑≡ ⅜ ⇔≡™√⁹ │ ≢

ↄ ⌐ ∫≡ ╣╛∆™ ╩ ∆╢⁹╕√ ⌐ ™ ╩ ┘≡⅔╡ ™

╩ ∫√≤ ⅎ╠╣╢⁹ 

╩ ⇔ ⅔╟┘ ≢ ╩ ∫√⁹ ⌂ ⌐╟╢

╩ 3- 3⌐ ∆⁹ ≢│ ⌐ ⅜ ⇔≡⅔╡ ⌐│⇔┌⇔┌

≢№╢ ╛ ꜠fi ⅜ ╘╠╣ №╢™│∕─ ⌐│ ⅜

3- 1  
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╘╠╣╢⁹↓╣╠─↓≤⅛╠ │ ⅜ ↄ ╕╣╢ ≢ ⌐ ╛

─ ≢ ⅜ ⌐ ⇔√╙─≤ ⅎ╠╣╢⁹ ≢│

⅜ ⅛╠ ↕╣╢ ≤ ╛ ─ ⅜ ↄ ╕╣╢

◦ꜟ♩ ≤─ ⅛╠⌂╢⁹ ─ │ ∫≡⅔╡ ⌐│ ⅜ ╘╠╣╢⁹

⅜⇔┌⇔┌ ╘╠╣ ⌐│ ⌐ ╛ ▬ꜝ▬♩⅜ ⇔≡⅔╡ ↓╣╠─

⌐│ ⅜ ╘╠╣╢⁹ ─ ⅜ ⌂™√╘ ⌐│

⅜№╕╡ ╕╣≡™⌂™≤ ⅎ╠╣╢⁹╕√ ⌐ ∆╢ ╛ │ ₁ ╣

≡⅔╡ ╛ ─ ⌐ ─☼꜠⅜ ⅝√ ╩ ∆╢⁹ 

≢ ↕╣√ │ ⌐ ≢№╡ ╕╣⌐ ╛ ╩ ╗⁹

│ ≢ ⌂ ╩ ∆ ≢№╡ │ ≢ 0.2 mm≢№╢⁹╕√

ɛm ─ ─ ─╟℮⌂ ╩ ∆↓≤⅜ ™⁹╕╣⌐ ⌐ ╩

5km
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3- 2 ♩fiⱠꜟ ─  

3- 2  
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℮↓≤⅜№╢⁹ │ ≢ ⌂ ╩ ∆ ≢№╡ │ ≢ 1.0 mm≢

№╢⁹╕√ ɛm ─ ─ ─ ⌂ ╩ ∆⁹ │ ≢╛╛ ╖╩

┘√ ≢№╡ │ ≢ 0.05 mm ≢№╢⁹ ─ ⌐ ∆╢↓≤⅜╒

≤╪≥≢№╢⁹ ≢│ ≤ ⅜ ⌐ ≢⅝╢ ≢ │

╘╠╣⌂⅛∫√⁹ ─ ⅛╠ ⇔√ ─ ⅜ ↕╣╢╕≢─▬

ⱷכ☺╩ 3- 3⌐ ∆⁹ 

a ⱪfi♬◖ꜟ bכ○/ /◒꜡☻♬◖ꜟ 

c ⱪfi♬◖ꜟ dכ○/ /◒꜡☻♬◖ꜟ 

3- 3 ⌐╟╢  

c d 

a b 

ᵑ ה ⅛╠─ ╛ ─ ⅜
ᵒ ⌐ ↑≡ ⇔ ⱪ꜠כ♩ ┼
ᵓ ⅜ ⱪ꜠כ♩┼
ᵔ ─ ⌐ ℮ ─

3- 3 ╕≢─ ╣─▬ⱷכ☺ 
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3.2.3  ─ ─  

♩fiⱠꜟ ─ 3- 7)≢│ ─ ≤ ⌐│ │ ╘╠╣≡⅔╠

∏ ≤ ─™∏╣─ ≢╙ 3- 8)─ ≢ 0.01 mg/L╩

∆╢ ╩ ∆╙─⅜ ↕╣≡™╢⁹╕√ 24 8 8  

120725002₈ ⌐≈™≡₉ ─ ≢╙ ⌐╟╢ │ ╘╠╣∏

≢16 mg/kg≢ │13 mg/kg≢№╢⁹ ─ ─ ─ │ 6.5

7.1 mg/kg≢№╡ ↓╣⌐ ═≡2 ─ ≢№╢⁹ 

↕╠⌐ ─ ─ ╩ ∆╢√╘ ⇔√ ─ ╛

≤∕─ ╩ ⌐ ⱪ꜡כⱩⱴ▬◒꜡▪♫ꜝ▬◙כ

JXA-8230 EPMA ╩ ⌐ ⇔ ╩ ∆╢ ⌂

╩ ∆╢≤≤╙⌐ ╩ ∆╢ ─ ╩ ∆╢↓≤ ╕√ ╩

∆╢↓≤⅜≢⅝╢ ╩ ™≡ 3ɛm⌐ ╕╣╢ ─ ╩ ∆╢

≤ ⌐⅔↑╢ ╩ ∆╢ ╩ ∫√⁹╕√ ⇔√ X

╩ ┼ ∆╢ ─ ⌐│ ZAF╩ ™√ 3- 9)⁹EPMA ─ ╩ 3- 1

⌐ ⌂ ╩ ╗ ─EPMA ╩ 3- 4⌐ ∆⁹EPMA ─ ⅛

╠ ╛ ≢№╢↓≤╩ ⇔√⁹╕√ ≤ ⅜ ⇔≡

™╢╙─╛ ─ ⌐ ╩ ╗ 0.2 wt%♦כ♃─ │ ─

8.89%≢№╡ ─┌╠≈⅝ │ 0.1590.189wt%≤⌂╢↓≤⅛╠

╩ ╙─⅜№╡ ─ ╟╡ │ ⌐ ⌐ ╕╣╢─≢│⌂ↄ

⇔≡™╢↓≤╩ ⇔√⁹⌂⅔  ─ │ ≡─ ≢ ⌡0.01wt%≢№∫√⁹

╕√ ─ ⌐ ⇔≡ ⅜ ∆╢ ⅜№╢⁹ ─ ≢│ ─5 ≢

─X ─◄Ⱡꜟ◑כ≤│ ⅝ↄ ⌂╢√╘ ─PHA≢ ↕╣╢√╘ ⌂™

≤ ⅎ╠╣╢⁹↓╣│ ─ ≤ ─ ⌐ ─ ⅜ ╘╠╣⌂™↓≤ ⅛╠╙

╩ ⅎ≡™⌂™≤ ≢⅝╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

3- 1 EPMA  

   

ⱷכ◌כ  

 JXA-8230 

 TAPLLifPET 

 15 kV 15 kV 

 12 nA 80 nA 

ⱦכⱶ  3 ɛm  

  0.5 ɛm╕√│1 ɛm 

 
FeCuNiPbCd

S AsSe 
FeS AsSiCa 
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─ ⅛╠ ─ ⌐ ─ ≢ ∂√ ⅜ ∆╢↓≤≢

⅜ ╩ ∫≡ ⇔√≤ ↕╣╢⁹╕√ ⌐ ⅜ ∆╢╙──

│╦∏⅛≢№╡ ⌐│ ⅜ ↄ ╕╣╢↓≤⅛╠ ╩ ∆╢ │

▪ꜟ◌ꜞ ≤⌂╢≤ ⅎ╠╣╢⁹ 

 

3.2.4   

 ╛ ⌐ ╕╣╢ ─ ╩ ⌐ ℮ ≤⇔≡ ⅜№

╢⁹ ⌐⅔™≡╙ ⌐ ∆╢ ─ ─ ╩ ∆╢√╘⌐

A. Tessier et al., 3- 10)  ⅜ ⇔√ ╩ ⇔√⁹↓─ ≢│ ⌐ ╕╣╢

⅜ ⌐╟╡ ⇔╛∆™ ─ ─ ⅜ ⌂╢ ╩ ⇔ 5 ─

─ ╩ ⅎ√ ╩ ℮↓≤≢ ─5≈─ ⌐ ↑╠╣╢⁹ 

 1 : ▬○fi ≤ ⇔≡™╢ ≢№╡  ≢╙ ⌐ ∆╢  

 

 2 : ≤ ⇔≡™╢   

 3 : Fe-Mn ≤ ⇔≡™╢   

 4 : ◖꜡▬♪ ─ №╢™│ ≤ ⇔≡™╢   

 5 : ◔▬ ⌂≥─ ⌐ ⇔ ╙ ⇔⌐ↄ™  

20ɡm 20ɡm 20ɡm 

20ɡm 

As 0.0wt% Fe 56.3wt% S 38.3wt% 

As 0. 1wt% Fe 57. 5wt% S 37. 7wt% 

a     b   
c  d  

3- 4 ╩ ╗ ─ EPMA  

a 

b c d 
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≢│ │∂╘⌐ ─ ╩ ⇔ ╩ ™ ⌐ ⅜ ╕

╣≡™╢↓≤╩ ⇔√⁹ ─ │ 9.5mg/kg≢№∫√⁹ ⌐ ∂ ╩

⅜2.0mm≤⌂╢╟℮⌐ ⇔ ≤⇔√⁹ ─ │Tessier╠─ ⌐ ™

∫√⁹ ─ 4≤ 5≢ 90% ≤⌂∫≡⅔╡ ╒≤╪≥─ ⅜↓─ ≢

⇔≡™╢ ⅜№╢↓≤⅜ ⅛∫√⁹ 4│ ≢№╡ ─EPMA

≢ ↕╣√ ⌐ ⅜ ╕╣╢≤™℮ ≤ ⅜ ╣╢ ≢№╢⁹ 5⅜

™─│ ─ ╩2mm ≤⇔√√╘ ─ ⅜ 4╕≢─ ≢│

∆╢↓≤⌂ↄ ⇔ 5─ ≢ ⇔√√╘≤ ⅎ╠╣╢⁹ 

 

3- 2  

 

 
  

 

mg/kg  

 

(%) 

1 1M   0.13 2.1 

2 1M   0.2 3.2 

3 0.2M   0.23 3.7 

4   2.2 35.7 

5   3.4 55.2 

 

3.2.5   

 ≢ ∆╢ ─ ─ Kd⅔╟┘ R╩ ╘╢√╘

─ ≢ ╩ ⇔√⁹ 

⌐ ⇔√ ╩ ⇔ ⅝ 1.0mm≤ 2.0mm─┤╢™≢ ⇔ 1.0

2.0mm─ ╩ ⇔√⁹1Lⱳꜞ ⌐ 50 g≤ ─ ⌐ ⇔√

500 mL 0% 0.01%0.05%╩ ⇔ 200 rpm/≢24 ≤℮ │4 cm

5 cm⌐ ⇔≡ ≤℮⇔√⁹ ≤℮ ╖ ╩ ╡ 2,200 G ≢ 10

╩ ™ 0.45 ɛm─ⱷfiⱩ꜠fiⱨ▫ꜟ♃כ≢╤ ⇔√⁹ ≤℮ ╛ ≤℮ │

●▬♪ꜝ▬fi 3 3- 11)─ ╩ ⌐ ⇔√⁹╤ ╩ ≤⇔≡

JIS K 0102 61.4ICP/MS╩ ⇔√⁹ ┼─ ≤ ─

─ ╩ 3- 5 ⌐ ∆⁹ ⌐ ∆╢ 0%─ ─ ⅜

0.08mg/L≢№∫√↓≤⅛╠ 3- 5⌐ ∆ ╡ ╩ -0.08mg/L≤⇔≡ ™√

─ ⅝⅜ K≢№╡ ↓↓≢│25.1≢№╢⁹↕╠⌐ ( 3- 1)╟╡ R3- 12)

╩ ⇔√ R=3.2≢№∫√⁹⌂⅔ ”⅔╟┘ Ὓὸ│ ╠⌐╟╢

◌ꜝⱶ ─ ⌐ ╘√ ” πȢτχὛὸ=2.7╩ ™√⁹ 

 

Ὑ ρ                 ( 3- 1)   
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3.3 ─  

3.3.1  Ᵽ♇♅  

 ⌐ ↕╣√ │ ∕─ ─ ⌐ ™ ↕╣╢√╘ ╩

⇔≡⅛╠ ≡ ╕≢─ ≢ ─ │ ∆╢⁹↕╠⌐ ≢│ ⌂≥

─ ⌐╟╡ ⅜ ↕╣ ┼≤ ∆╢↓≤≢╙ ─ │ ∆╢≤

ⅎ╠╣╢⁹ ≢─ ─Eh│ 250 mV≢№∫√⅜ ≡ ╛ ─

⌐╟∫≡│ ↕╠⌐ ™Eh⌐⌂╢↓≤╙ ⅎ╠╣╢⁹↓─ ─ ⌐╟╢

─ ╩ ∆╢√╘ ≤ ╩ ⇔√ ╩ ∫√⁹

╩ ⇔√ 20 ─ ≢ ↕∑ ⌐ ⇔≡ ╩ ™≡ ⇔√

╩ ™√ ╩ ∫√⁹ ≢│ ─pH⅜ 3- 2 ≢№╡

⌐ ⅜№╢◑ ♫♩ꜞ►ⱶ≤▪☻◖ꜟⱦfi ♫♩ꜞ►ⱶ─ 2 ─ ╩ ⇔√⁹

╕√ G. Yang et al.3- 13) │ ≢№╢Ⱬⱴ♃▬♩┼─ ─ ⌐│ ∆╢♫♩

ꜞ►ⱶ▬○fi⌐╟╢ ⌂ ⅜⌂™↓≤╩ ⇔≡⅔╡ ⌐ ╕╣╢♫♩ꜞ►ⱶ

─ │ ⌂™≤ ⅎ╠╣╢⁹ ─ ╩ ⌐ ∆⁹ 

 

1) 70 mm100 mm─ ╩  

2) 1 cm╩ ⇔≡ 3- 6  

3) ≤ ─ ╩ ₁⌐2.0 mm╕≢  

4) ⌐ 3- 3⌐ ∆ ≤⌂╢╟℮⌐ ╩ ⇔ ╩  

5) 500 mLⱳꜞ ⌐3) 30 g≤4) 300 mL╩  

y = 25.12 x - 0.08 

0

0.1

0.2

0.3

0.4

0.5

0 0.005 0.01 0.015 0.02

m
g

/k
g

mg/L

3- 5  
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6) 200 rpm/≢3 ≤℮ │4 cm 5 cm⌐ ⇔≡ ≤℮ 

7) ╖ ╩ ╡ 2200 G ≢ 10  

8) 0.45 ɛm─ⱷfiⱩ꜠fiⱨ▫ꜟ♃כ≢╤  

9) ╤ ╩ ≤⇔≡ JIS K 0102 61.4ICP/MS

JIS K 0102 41.3▬○fi◒꜡ⱴ♩◓ꜝⱨ ▬○fi JIS K 0102 41.3▬

○fi◒꜡ⱴ♩◓ꜝⱨ ╩  

10) 3)─ ─ ╡╩ 20 ─ ≢ ⇔ ⌐ ╩ ⇔≡ ≤⇔

4)9)╩  

 

 

 

 

 

 

 

 

3- 3 ─ ⅔╟┘  

  
 

(mol/L)  
 

pH 
 

Ᵽ

♅ 

⌂⇔ -  6.8 B- Non 

◑ ♫♩ꜞ►ⱶ 

0.05 6.7 B- sf - 0.05 

0.1 7.1 B- sf - 0.1 

0.2 7.4 B- sf - 0.2 

▪☻◖ꜟⱦfi  

♫♩ꜞ►ⱶ 

0.05 7.4 B- sa- 0.05 

0.1 7.5 B- sa- 0.1 

0.2 7.6 B- sa- 0.2 

◌
ꜝ
ⱶ 

⌂⇔ -  6.8 C- Non 

◑ ♫♩ꜞ►ⱶ 

0.005 6.7 C- sf - 0.005 

0.05 6.7 C- sf - 0. 05 

1.0 8.0 C- sf - 1.0 

◦
ꜞ
▪
ꜟ
Ᵽ

♅ 

⌂⇔ -  6.8 SB- Non 

◑ ♫♩ꜞ►ⱶ 

0.005 6.7 SB- sf - 0.005 

0.05 6.7 SB- sf - 0.05 

0.5 7.7 SB- sf - 0.5 

1.0 8.0 SB- sf - 1.0 
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3.3. 2 ◌ꜝⱶ  

⌐⅔↑╢ ─ ⌂ ╩ ∆╢√╘ ─ ⌂╢◑ ♫♩ꜞ

►ⱶ ╩ ™√ ◌ꜝⱶ ╩ ∫√⁹ 

Ᵽ♇♅ ⌐ ⇔√ ─ ╩ ⇔≡ ╡ ⅝ ─ ╩

≢ ⇔√⁹↕╠⌐ ◌ꜝⱶ ─ ─ ╩ ⅎ╢√╘ ⅝2.0 mm

─┤╢™≢ ╩ ⇔ ↕╠⌐ ╩◌ꜝⱶ ─ 5 ─ 1≤⌂╢╟℮⌐ ⅝

10mm─┤╢™≢ ⇔≡ ╩ ⇔√⁹↓─ ╩ 3- 7─╟℮⌂ 50 mm

↕500 mm─ⱳꜞ ⱦ♬ꜟ ─◌ꜝⱶ⌐ ↕300 mm╕≢ ⇔√⁹ ◌ꜝⱶ ─

≤ ╩ 3- 4⌐ ∆⁹ ⅜0.19 mm─ⱪꜝ☻♅♇◒♬9╩ꜟ♪כ ↑√

⅛╠ ╩180 mL/─ ≢ ⇔√⁹ ∆╢ │

 ◒ꜞⱲfiⱣכKB ⌐≡ ╩ ╡ ™√ ⌐ 3- 3⌐ ∆ ─ ≤

⌂╢╟℮◑ ♫♩ꜞ►ⱶ╩ ⅛⇔≡ ⇔√⁹ ⅛╠─ ─ORP╩ ⇔

⌐ ⇔≡Ᵽ♇♅ ≤ ─ ≢ ▬○fi ╩ ⇔√⁹ 

 

 

 

 

 

3- 6 ─▬ⱷכ☺ 

: 30 g

: 300 mL
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3.3. 3 ◦ꜞ▪ꜟⱣ♇♅  

◌ꜝⱶ ≢ ⌂ ╩ ⇔╟℮≤⇔√ ⅜ ↄ⌂╢⁹∕↓≢

╩ ™√◦ꜞ▪ꜟⱣ♇♅ ╩ ™ ≤⇔≡─ ╩ ⇔√⁹ 

◌ꜝⱶ ─ ─ ╩ ╡ ™√ ╩ ⇔ ↕╠⌐ 1 mm

2 mm⌐ ⇔ ≤⇔√⁹ ╩ⱳꜞ ⌐30 g≤ 3- 3⌐ ∆ ─

300 mL╩ ╣ 3 200 rpm/─ ≢ ≤℮∆╢⁹ ⌐ 0.45 ɛm─ⱷfiⱩ꜠

fiⱨ▫ꜟ♃כ╩ ∫≡ⱳꜞ ─ ╩╤ ⇔ ╤ ╩ ≤⇔≡Ᵽ♇♅

≤ ─ ≢ ─ ╩ ∫√⁹↕╠⌐ ⱨ▫ꜟ♃כ ⌐ ⇔√ ╩

ⱳꜞ ⌐ⱨ▫ꜟ♃כ≤ ⌐ ╣ ╩ ⅎ≡ ≤℮⇔√⁹ ≤℮ ⱳꜞ

─ⱨ▫ꜟ♃כ╩ ╡ ⅝ ╤ ╩ ∫√⁹↓─ ╩18 ╡ ⇔ ∫√⁹ 

3- 4 ◌ꜝⱶ ─ ≤   

 ( g/cm3)  (%) 

C- Non 1.69 38.25 

C- Sf- 0.005 1.80 34.32 

C- Sf- 0.05 1.88 31.43 

C- Sf- 1.0  1.76 35.73 

P

ORP 

3
0

cm

5
0

cm

5cm

3- 7 ◌ꜝⱶ  
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3.3. 4 ─  

─ │ ⌐╟╡ ⌂╡ GL-2.0 m≢│ 1015 %GL-10.0 m≢│ 10

20 %≢№∫√⁹ ─ 20 %≤ ⇔≡ ™ ≢│ ─

│ ↄ⌂╢≤ ⅎ╠╣╢⁹∕↓≢ ⌂╢ ─ ≢ ╩ ⇔

─ ≢ ╩ ⇔ ╩ ∫√⁹ 

3- 8⌐ ─▬ⱷכ☺╩ ∆⁹ ◘fiⱪꜝ♥♇◒ ●☻ ⱩNo.2כꜙ♅

⌐ 1 ─ ≢ ∆╢ ─ ╩ ╣≡ ⌐≥↔☻כ◔ ╩◦ꜞ◖fi♅

≢Ⱪכꜙ ⇔√⁹↓─≤⅝ ╢●☻⌐ ─ ⌐ ⌂ ╩ ╕∑╢√╘

⌐●☻ ╩ ⇔√⁹ 

│ 3.3.1 ⌐ ∆ ≤ ⌐ ╩ ⇔√ ─ ╩ ⇔√⁹

∕─ ⅝0.8mm≤2.0mm─┤╢™≢ ⇔ 0.8mm~2.0m≤ 0.8mm─

╩ 1 1─ ≢ ⇔≡ ╩ ⇔√⁹ ∆╢●☻│ ≤ ─ ●

☻ ●☻ ╩ ⇔ ∕─ │ ─ ╛ ≡ ⌐╟╡

─ ⅜ ↑╢ ⅜ ⌂╢≤ ↕╣╢↓≤⅛╠ 0 5 1020%≢ ⇔

√⁹ ●☻─ │0.5 mL/min─ ≢ 1 6 10 ℮╟℮⌐♃▬ⱴכ≤

╩ ∫≡ ⇔√⁹⌂⅔ ⇔≡™⌂™ ⌐│ 20%─ ☻כ◔ ≢ ⅜

⇔√⁹ ─☻כ◔ │ ≢☻כ◔─10% ≢☻כ◔─11.7%5% 7.2%

ה
●☻

♃▬ⱴכ

O2

O2

O2

O2

●☻

3- 8  

O2  

O2  

O2  

O2  

O2  
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⁹√∫№≢3.0%≢☻כ◔─0% │ 10 16 28 38 50

65 78 ─ 8 ∫√⁹ ⇔√ 20g╩ⱳꜞ ⌐ ╣ ╩200 mL

⇔ 200 rpm≢1 ≤℮⇔√⁹ ≤℮ 2,200G≢10 ⇔√⁹ ╖

╩ 0.45 ɛm─ⱷfiⱩ꜠fiⱨ▫ꜟ♃כ≢╤ ⇔ ╩ √⁹ ─pH≤ORP╩

⇔ ↕╠⌐ ─ ╩ICP-MS ⅔╟┘ ▬○fi ╩▬○fi◒꜡ⱴ

♩◓ꜝⱨ ≢ ⇔√⁹ 

 

3.3. 5 Ᵽ♇♅  

 ⌐ ⅜ ↕╣≡™╢ ∕─ ─ ⌐╟∫≡ ⅜ ∆╢

≤ ⅎ╠╣╢⁹↓─ ─ ≤ ─ ╩ ∆╢√╘⌐ 3.3.1 ─╟℮⌐

╩ ⇔ ∕─ ⌐╟╢ ─ ╩ ∆╢ ╩ ∫≡⅝√⁹∕─√╘

─ ≤ ─ ≤─ ╩ ∆╢√╘⌐│ ─ ╩ ⇔≡⅝√⁹

∕↓≢ ─ ╩ ─ ⌂╢ ≢ ↕∑ ∕─ ─ ⌂

╢ ◑ ♫♩ꜞ►ⱶ ╩ ™√ ╩ ℮↓≤≢ ≤⌂╢ ─ ה

⅜╙√╠∆ ⌐ ⅎ╢ ⌐≈™≡ ≢⅝⌂™⅛ ⇔√⁹ 

 ╩ ⌐ ⇔ ╩ ⇔≡ ╡ ↄ⁹ ─ ╩ ≢

⇔ ⅝0.8mm≤2.0 mm─┤╢™≢ ⇔ 0.82.0 mm─ ╩ ⇔

√⁹ ╩ⱳꜞ ⌐20 g≤ 3- 5⌐ ∆ ─ ╩10mL╣ ⅜

∆╢╕≢ 20ϴ≢ ⇔√⁹ ⌐ 3- 5⌐ ∆ ─◑ ♫♩ꜞ►ⱶ ╩190mL

⇔ ≤℮ ≢ 1 ≤℮⇔√⁹∕─ ─ pH≤ORP╩ ⇔ ↕╠⌐

╖ ╩ ╡ 2,200 G ≢10 ╩ ™ 0.45 ɛm─ⱷfiⱩ꜠fiⱨ▫ꜟ♃כ

≢╤ ⇔√⁹╤ ⌐ ⇔≡Ᵽ♇♅ ≤ ∂ ≢ ▬○fi ─

╩ ∫√⁹ 

 

3- 5  

No. 
 mol/L  

No. 
 mol/L  

No. 
 mol/L  

1 0 0.0 9 7 0.1 17 28 0.5 

2 1.75 0.0 10 14 0.1 18 35 0.5 

3 3.5 0.0 11 0 0.5 19 0 1.0 

4 7 0.0 12 0.62 0.5 20 1.75 1.0 

5 14 0.0 13 1.75 0.5 21 3.5 1.0 

6 0 0.1 14 3.5 0.5 22 7 1.0 

7 1.75 0.1 15 7 0.5 23 14 1.0 

8 3.5 0.1 16 14 0.5 - - - 
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3. 4 ≤  

3.4. 1 Ᵽ♇♅  

╩ ™√Ᵽ♇♅ ⌐⅔↑╢ ≤Eh─ ╩ 3- 9 3- 11⌐

≤ ─ ╩ 3- 12 3- 15⌐ ∆⁹◑ ♫♩ꜞ►ⱶ ⅔╟┘ ╩

≤⇔√ ─ │ ≡─ ≢ ≢№∫√⁹╕√ ▪☻◖ꜟⱦfi

♫♩ꜞ►ⱶ ╩ ≤⇔√ ─ ▬○fi │ ↕╣√Ⱨכ◒⅜ ≤

⌂╡ │ ≢⅝⌂⅛∫√⁹ 

─ ≤ ─ ⌐│ ™∏╣─ ─ ≢╙ ─ ⅜ ╘╠

╣√⁹Eh⅜200 mV─ ≢│ ─ 0.008 mg/L╟╡120

─ 0.01 mg/L─ ⅜ ™ ≤⌂∫√⁹ ≢  Eh⅜0 mV

≢│ ─ 0.030.05 mg/L─ ⅜ 120  0.0250.035 

mg/L╟╡╙ ™ ≤⌂∫√⁹↓─ ≤⇔≡ ⅜ ⇔≡ ∂╢

⅜ ↕╠⌂╢ ⌐╟∫≡ ╩╕⇔≡ ≢│ ↕╣⌐ↄↄ⌂∫√√╘≤ ⅎ

╠╣╢⁹╕√ ╩ ∆╢≤ ™∏╣─Eh─ ≢╙ ⅜ ™ ⅜

│ ™ ≤⌂∫√ 3- 9 ⁹╕√ ™∏╣─ ≢╙ ⅜ ™╒

≥ ⅜ ↄ⌂∫≡™╢↓≤⅜ ╠⅛≢№╡ ⌐ ─ ™B-sa-0.2≢ ╙

⌐╟╢ ─ ⅜ ≢№∫√ 3- 12 ⁹ ⌐╟╢ ⅛╠─

⌐ ∆╢ 3- 14)≢│ 14 ─ ≢ ⅜ ∆╢↓≤

⅜ ↕╣≡™╢⁹↓╣│ ≢№╢ FeS2 ─ ─ ▬○fi⅜

≤⌂∫≡ ⇔ ⅜ ∆╢⁹↕╠⌐ ─ ⌐╟╢pH─ ⅜

┼─ ╩ ⇔√↓≤⅜ ≤ ↕╣≡™╢⁹╕√ pH│ ╩ ∆╢

◘▬♩ ─ Ᵽꜝfi☻⌐ ╩ ⅎ ♀꜡ ╟╡ ™pH≢│

⅜ ⇔ ○◐♁▪♬○fi≤⇔≡ ∆╢ │ ⅜ ↄ⌂╢↓≤⅜ ╠╣≡™

╢ 3- 15)⁹ ⌐⅔™≡ ╩ ⇔≡™⌂™ ╛◑ ♫♩ꜞ►ⱶ╩ ⇔√

⌐⅔™≡ ─ ≢ ⅜ ⌐№∫√─│ ─

─ ⌐╟╡ ∆╢ H+╩ ∆╢ ⅜ ╕╣ ─ pH⅜ ⅛∫√

↓≤⅜ ≤ ⇔√⁹ ≢ ─pH⅜ ≤⌂∫√▪☻◖ꜟⱦfi ♫♩ꜞ►ⱶ

╩ ⇔√ ≢│ ─ ─ Ᵽꜝfi☻╩ ⅎ╢≤ pH─ ™◑

♫♩ꜞ►ⱶ─ ⌐ ═ ⅜ ↄ⌂╡ ⅜ ↄ⌂╢≤ ⅎ╠╣╢⁹⇔⅛⇔ ▪

☻◖ꜟⱦfi ♫♩ꜞ►ⱶ─ ─ ⅜ │ ↄ⌂∫≡⅔╡ pH╟╡╙ Eh⌐╟╢

─ ⅜ ⅝™√╘≤ ⅎ╠╣╢⁹⌂⅔ ◌ꜝⱶ ╛◦ꜞ▪ꜟⱣ♇♅ ≢│pH

⌐╟╢ ≤▪☻◖ꜟⱦfi ♫♩ꜞ►ⱶ─ ⌐╟╢ ─ ╩ ⇔ ◑ ♫♩ꜞ►ⱶ

─╖≢ ∫√⁹↓─ ⅛╠ ♩fiⱠꜟ ≢ ⇔√ ⅜ ╩ ∫√

⌐ ╘ ≡╠╣ ⌐ ⅛╣╢↓≤≢ ─ │ ⌐ ╘ ≡╠╣√

╙─╟╡╙ ↄ⌂╢ ⅜№╢≤ ⅎ╠╣╢⁹⌂⅔ 3- 15─≤⅔╡ ≡─ ⌐⅔

™≡╙ ⌐╟╢ pH─ │ ╘╠╣⌂⅛∫√⁹ ─ ≢│ ─ Eh



 ⌐╟╢ ┼─  

41 

 

│250 mV≢№╡ 120 ≢ ─Eh256 mV╩ ⇔√B-sf-0.2≢

⅜0.013 mg/L≢№╢↓≤⅛╠ ─ ╩ ∫√ ≢│ 0.01 

mg/L╩ ∆╢ ⅜№╢⁹ 

─ │ ⅜ 100 mV╩ ╢≤ ⅜ ⅎ≡™╢↓≤⅜ ⅛╢

3- 10 ⁹╕√ 3- 13╩ ╢≤ ⅜ ™ ─ ⅜ ⇔≡⅔╡

↓─ ─ │ ─ ™⌐╟╢ │ ╘╠╣⌂⅛∫√⁹ ≢ ╙ ⅜

⇔≡™╢≤ ⅎ╠╣╢ ≢ ─ ⅜ ╙ ™ ≤⌂∫√⁹↓─ ⅛╠ ↕

╠⌐ ⅜ ∆╢↓≤≢ ⅜ ∆╢ №╢™│ ≢│ ⌐ ─

╠⅛─ ╩ ↑≡™√≤ ⅎ╠╣╢⁹⌂⅔ ▪☻◖ꜟⱦfi ♫♩ꜞ►ⱶ╩ ⇔√3≈─

≢│™∏╣╙ pH│7 8─ ≢ ⇔≡⅔╡ ─ ⌐ ℮ ─

│ ↑≡™⌂™≤ ⅎ╠╣╢⁹  

≢│ ⅜ ™ ⅜ ▬○fi ⅜ ↄ⌂╢ ⌐№∫√ 3-

11 Eh 368mV≢84mg/LEh -9mV≢130mg/L⁹ ≢ ∕─ ─ ≢│ ⅜ ↕

ↄ ⌂ │ ╘╠╣⌂⅛∫√⁹╕√ ⅜ ™╒≥ ▬○fi ⅜ ⅝ↄ

⌂╢ ⅜ ≢⅝ 3- 14 ╙ ⅜ ╪≢™╢≤ ⅎ╠╣╢ ≢│

─200 ─ ≤⌂∫√⁹ ≢ ▬○fi ─ ⌐ ℮pH─ │ ╘╠

╣⌂⅛∫√ 3- 15 ⁹↓╣│ ⌐ ⅜ ↄ ╕╣╢√╘≤ ⅎ╠╣╢⁹

3- 9 Ᵽ♇♅ ⌐⅔↑╢ ─ ≤ Eh 
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3- 10 Ᵽ♇♅ ⌐⅔↑╢ ─ ≤ Eh 
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3.4.2  ◌ꜝⱶ  

─ ≤◌ꜝⱶ ≤ ⇔√ ─ ≤─ ╩ 3- 16 3- 19⌐

─ ≤ ≤─ ╩ 3- 20 3- 21⌐ ∆⁹ 

─ Eh│ ◑ ♫♩ꜞ►ⱶ ⅜ ™ ™ ⅜ ╘╠╣╢⅜ sf-0.05≤ sf-

0.005≢│ ⅝⌂ │ ╘╠╣⌂⅛∫√⁹╕√ ≤ Eh─ ⌐│ │ ╘╠╣∏

│∆╢╙── ⌡ ─ ≢ ⇔≡™╢ 3- 16 ⁹pH╙ ≢ ⌡ pH9

10─ ≢ ⇔≡⅔╡ ≤─ ⌐╙ │ ╘╠╣⌂⅛∫√ 3- 17 ⁹

─ │™∏╣─ ╩ ⇔√ ≢╙ ⅛╠ ⇔√ 3- 18 ⁹╕√

Ᵽ♇♅ ⌐ ◌ꜝⱶ ≢╙ ⅜ ™ ⅜ ─ ⅜

™ ≢№∫√ 3- 20 ⁹╕√ ▬○fi ╙ ⌐ ⅛╠ ⅜

⇔≡⅔╡ 3- 19 ⌐ ⅜ ™ ⅜ │ ™ ╩ ⇔√ 3-

21 ⁹ 
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3. 4. 3 ◦ꜞ▪ꜟⱣ♇♅  

◦ꜞ▪ꜟⱣ♇♅ ─ ╩ 3- 22 3- 24⌐ ∆⁹ 3- 22 │ ◑

♫♩ꜞ►ⱶ ⅜ ↄEh⅜ ™ ─ ⅜ │ ™ ≢№∫√⁹╕√ ™∏

╣─ ─ ≢╙1 10 ⅜ ╙ ↄ 2 20

∆╢ ≢№╡ 8 80 │ ┌™≤⌂∫√⁹◌ꜝⱶ ≢│ 10

≢ ⅜ ┌™⌐⌂╢ ≢№╡ ◦ꜞ▪ꜟⱣ♇♅ ─ ⅜ ∆╢

⅜ ™ ≤⌂∫≡™╢⁹↓╣│ ◦ꜞ▪ꜟⱣ♇♅ ≢│ ⅜ ≡ ≤ ∆╢⅜

◌ꜝⱶ ≢│ ≢№╡ ≤ ⇔⌂™ ⅜ ∆╢√╘≤ ⅎ╢⁹ 

Eh 3- 23 │ 1 10 ⅛╠3 30╕≢ ⇔ 14

╕≢ ≡─ ≢ ⇔≡™╢⁹15 150≢ ╙◑ ♫♩ꜞ►ⱶ ─ ™

SB-sf-1.0≢ ⅝ↄ Eh⅜ ⇔ 16 160≢│ SB-sf-0.5≢ ⅝ↄ ⇔

SB-sf-0.05≤SB-sf-0.005≢╙ ╩ ⇔√⁹↓╣│ ⌐ ╕╣╢ ╩

≈ ⅜ ≤─ ⌐╟╡ ⇔√√╘≤ ⅎ╠╣╢⁹ 

pH 3- 24 │ SB-sf-0.5─11 110≢ ™ ╩ ∆╙── ∕─ ≡

─ ≢12 120╕≢pH9.0≢ ⇔≡™╢⁹ ≢ 13

130 │pH7.39.2─ ≢ ⇔≡⅔╡ ◑ ♫♩ꜞ►ⱶ ≤─ ⌐ │

╘╠╣⌂™⁹↓─ ⌐≈™≡│ ≢№╡ 15 150 ─Eh─ ─

≤ ╘≡ ⇔≡™⅝√™≤ ⅎ≡™╢⁹⌂⅔ ─ ⅜ ┌™≤⌂╢8

80╕≢pH│ ⇔≡™╢↓≤⅛╠ pH⅜ ≢─ ─ ⌐ ⅎ

╢ │ ↕™≤ ⅎ╠╣╢⁹ 
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3.4.4  ─  

3- 25⌐Ᵽ♇♅ ─ 0 ─ 1 kg√╡─ ⅔╟┘◌ꜝⱶ

─ ─ 10╕≢─ ≤ Eh─ ╩ ∆⁹╕

√ 3- 26⌐◌ꜝⱶ ≤◦ꜞ▪ꜟⱣ♇♅ ─ 1 kg№√╡─

─ ╩ ∆⁹ 

Ᵽ♇♅ ≤◌ꜝⱶ ─™∏╣╙ Eh⅜ ™╒≥ ─ ⅜ ∆╢ ≢№∫

√⁹ ≢ ─ Eh⌐⅔↑╢◌ꜝⱶ ─ 10≢─ │Ᵽ♇♅

⌐ ═≡ ™ ≢№╡ ◌ꜝⱶ ─ ≤Ᵽ♇♅ ≢ ─

≢№∫√ 3- 25 ⁹↓─ │ 3- 26─◌ꜝⱶ ≤◦ꜞ▪ꜟⱣ♇♅

─ ≢╙ ╘╠╣√⁹ ∂ ≢ ─ ≢─ │◌

ꜝⱶ ─ ⅜2.44.3 ↄ ⅜ ⌂™ ⅜ │ ⅝™ ≢№∫√⁹↓╣

│ Ᵽ♇♅ ≢│ ≤ ∆╢ ─ ⅜ ⇔ ⌐ ≠ↄ√╘

≤℮ ⌐ ╕≢ ⇔√ ≢ ⇔⌐ↄↄ⌂╢⁹ ≢ ◌ꜝⱶ ≢│ ⌐

⅜ ↕╣╢√╘ ⌐ ∆╢↓≤⅜≢⅝╢ ⅜ ™↓≤⅜ ─ ≈

≤⇔≡ ⅎ╠╣╢⁹╕√ 10⌐⌂╢╕≢⌐ ⇔√ ╩ ∆╢≤ ◦ꜞ▪ꜟⱣ♇

♅ │1 ◌ꜝⱶ │388 ≢№∫√⁹№╢ ⌐ ∆╢╕≢─ ─ ™

≈╕╡ ─ ™╙ ≢ ⌂╢ ╩ ⇔√ ≤ ⅎ╢⁹◦

ꜞ▪ꜟⱣ♇♅ ≤◌ꜝⱶ │ ─ ⌐╟╡ ™Eh╩ ⇔

≢─ ≤ ⌐ │◦ꜞ▪ꜟⱣ♇♅ ╟╡╙◌ꜝⱶ ≢ ⅛∫√⁹↓

─↓≤⅛╠ ⌐ ™◌ꜝⱶ ≢─ ╩◦ꜞ▪ꜟⱣ♇♅ ≢ ∆╢
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─│ ≢№╡ ≤⌂╢ ⅜№╢⁹⇔⅛⇔⌂⅜╠ ◦ꜞ▪ꜟⱣ♇♅ ─ ≤

℮ ╛ ╩ ⅎ╢↓≤≢◌ꜝⱶ ≤─ ╩ ∆╢ │№

╢≤ ⅎ╠╣╢⁹ 
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3.4.5   

⌐⅔↑╢ ▬○fi 3- 27 │ ™∏╣─

≢╙ ⌐ ™ ≢№∫√⁹↓╣│ ⌐ ╕╣╢ ─

⌐ ™ ▬○fi⅜ ⇔√√╘≤ ⅎ╠╣╢⁹ ⅜ ™ ╒≥ ▬○fi

⅜ ↄ 78 ─ ▬○fi │ 20 %10 %5 %0 %≢∕╣

∙╣3.33mg/L3.07mg/L2.80mg/L2.10mg/L≢№∫√⁹↓─↓≤⅛╠ ⅜

™╒≥ ─ ⅜ ™≤ ⅎ╠╣╢⁹ ─ ─

╩ ∆╢─│ ≢№╡ ⌐ ⇔≡ ⌐ ⅎ╢ ⅜ ↕╣

≡™╢⁹ ⅎ┌ ─ ⅜ ™╒≥∕─ ─ ⅜ ↄ⌂

╡ ⱨⱵfi ⅜ ─ ╩ ∆╢↓≤⅜ ↕╣≡™╢ 3- 16) 3- 17)⁹ ╟╡

─ ⅜ ─ ⌐ ╩ ⅎ√↓≤⅜ ↕╣√⁹╕√

⌐│ ─╟℮⌂ ─ ⌐╟╡ H+⅜ ⇔ pH⅜ ∆╢↓≤

⅜ ╠╣≡™╢⅜ 3- 18) ─pH─ │ 9.0 ╩ ⇔ ╒≤╪≥ ⅜⌂

⅛∫√ 3- 28 ⁹↓╣│ ⌐ ╕╣╢ ⌐╟╢pH ⅜ ≤

∆╢⁹╕√ 20 %≢18 ⌐ ▬○fi ⅜ ⇔√ │ ≢№╢⁹ 

3- 29 │ ≤ ─ ╩ ⇔ ⌐ ™

│ ⇔ Ⱨכ◒⌐ ⇔ ∕─ ∆╢ ≢№∫√⁹ 0 ≢│╒≤╪≥

│ ↕╣⌂⅛∫√⅜ 20 %10 %≢│ 16 5 %≢│28 ≢

│Ⱨכ◒╩ ⇔ ∕╣∙╣ 0.059 mg/L0.031 mg/L0.024 mg/L≢№∫√⁹Ⱨכ

◒ ─ ─ 38 │ 0.01 mg/L╩ ⇔ ╒≤╪≥ ⅜⌂⅛∫√⁹

⌐ ℮ ⅜ │ ─ ⌐╟╡ ∂√ ▬○fi⅜ ⇔

≡™╢≤ ⅎ╠╣╢⁹╕√ Ⱨכ◒ ─ ─ │ ⌂╢ ⌐╟╡ ▬○fi

⅜ ≤⇔≡ ⇔ ⌐╟╡ ∂╢ ▬○fi ╟╡ ⅜ ↄ⌂╢√

╘≤ ∆╢⁹ ⅜ ™ ╒≥ Ⱨכ◒ ─ ⅜ ↄ Ⱨכ◒⌐ ∆╢

⅜ ™ ⌐№╢─│ ─ ─ ™⅜ ≤ ⅎ╠╣╢⁹ 

3- 30 │ 20 %≢│10 16 ≤ ⇔ 0.012 

mg/L╩ ⇔ 28 ⅛╠ ≤⌂∫√⁹↕╠⌐ 38 ⅛╠╦∏⅛⌐ ⇔√⁹

10 %≢│ 16 28 ≢ ⇔ 0.008 mg/L╩ ⇔ 38 ≢

⇔√⁹ 5%≢│ 16 ╕≢│╒≤╪≥ ⌐ ⅜⌂ↄ 28 ≢ ⇔

0.008 mg/L╩ ⇔ 38 ≢ ⇔√⁹ 5 %10 %≥∟╠╙

20 %≤ ⌐ 28 │ ╛⅛⌐ ∆╢ ≤⌂∫√⁹ 0 %≢│

38 ╕≢│ ⅝⌂ │ ╘╠╣∏ 38 ⇔ 65 ⌐Ⱨכ◒⌐ ⇔

0.008 mg/L∕─ ⇔√⁹ ◒כⱧ╢↑⅔⌐☻כ◔ ─

⅔╟┘∕─ ─ │ ⅜ ™ ╒≥ Ⱨכ◒⌐ ∆╢╕≢─ ⅜

ↄ ⅜ ™ ≢№∫√⁹ ⌐ ℮ ─ │ ─

─ ⌐╟╡ ⌐ ⇔≡™√ 3- 4 ⅜ ↕╣√√╘≤ ⅎ╠╣
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╢⁹∕─√╘ ⅜ ≤╒☻כ◔™ √╡⌐ ↕╣╢ ⅜

ↄ⌂╡ Ⱨכ◒ ─ ⅜ ↄ Ⱨכ◒⌐ ∆╢╕≢─ ╙ ⅛∫√≤ ⅎ╠╣

╢⁹Ⱨכ◒ ─ ─ │ ⌐╟╡ ⇔√ ⅜ ─ ◘▬♩

≤⇔≡ ⅝ ╩ ⇔√√╘≤ ∆╢⁹ 0 %─38 ─ │

─ ─☻כ◔ 16 ╛ 18 ≤ ⌐ ─ ⅜ ╣≡ ∂

√╙─≤ ⅎ╠╣╢⁹╕√ Ⱨכ◒ ⅜ ⇔ 38 ⌐╦∏⅛⌐ ⅜

⌐⌂∫√─│ ─ ⌐╟╡ ─ ⅜ ⅜∫√↓≤≢

─ ⅜ ↕ↄ⌂╡ ◘▬♩⅜ ⇔√↓≤≢ ─ ⅜ ₁⌐↕╣╢

╟℮⌐⌂∫√≤ ⅎ╠╣╢⁹ 

 ╟╡ │ ─ ⌐ ⇔ ⅜

⌂╢↓≤⅜ ↕╣√⁹↓╣⌐╟╡ ─ ≢╙ ⌐╟╡∕─ ─ ⅜

⌂╢ 2- 4 ⌐╟∫≡ ─ ⅜ ⌂╢≤ ⅎ╠╣╢⁹ ≢│

5~20 %≢ 38 │╒≤╪≥ ∂ ╩ ⇔√⁹

20%│ 0 30 ≢ ™ ╩ ⇔√↓≤⅛╠ ⅜ ⌂╡

78 ─ ⌐│ ⌐╟∫≡ ⅜ ∂╢ ⅜№╢⁹ ™

≢│ ─ ⌐ ╩ ∆╢≤ ⅎ╢≤ ⌂ ⅜ ↕╣╢⁹∕

─√╘ ─ ⌐ ∆╢ ⅜№╢≤ ⅎ╢⁹ 
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3.4.6  Ᵽ♇♅   

 ⅔╟┘ ◑ ♫♩ꜞ►ⱶ ╩ ™√Ᵽ♇♅ ─

≤ ≤─ ╩ 3- 31(a) 3- 31( d)⌐ ≤

─ ╩ 3- 32 3- 35⌐ ∆⁹⌂⅔ ─ │ ≡─ ≢ ≢№∫

√⁹ 

pH│ 3- 31a╩ ╢≤ 14%╕≢│ ∆╢ ⌐№╡ │pH 9.0≢ ┌

™≤⌂∫≡™╢⁹ 3- 32≢│ ≡─ ≢ ⅜ ™╒≥ pH⅜ ™ ≢№╢↓

≤⅜╦⅛╢⁹↓╣│ 3- 31b─ ▬○fi ╩ ╢≤ ⅜ ↄ⌂╢╒≥

ↄ⌂╢ ⅜ ╘╠╣╢↓≤⅛╠ ⌐╟╢ ─ ≢ ▬○fi⅜

⇔√ ≤ ⅎ╠╣╢⁹╕√ 3- 32≢│ ⅜0mol/L⅛╠0.5mol/L≢pH─

⅜ ╘╠╣╢⁹↓╣│ ─ ≢ ∂√ │ ≤⇔≡ ∆╢

3- 2 ⅜ ╩ ∆╢↓≤⌐╟∫≡ 3- 3 ∆╢⁹↓─ ▬○fi⅜

↕╣╢√╘ ▪ꜟ◌ꜞ ┼≤ ⇔√≤ ⅎ╠╣╢⁹ 

▬○fi │ ─≤⅔╡ ⅜ ™╒≥ ↄ⌂╢⅜ 28%≤35%

≢│ ┌™≤⌂∫≡⅔╡ ─ ⅜ 30% ≢ ≡ ↕╣√ ⅜№

╢≤ ⅎ╠╣╢⁹ 3- 33≢│ ≡─ ≢ ⅜ ™ ⅜ ▬○fi

╙ ™ ⅜ ╘╠╣╢⁹╕√ 3.4.1 ─ ╩ ⅎ√Ᵽ♇♅ ⌐

≤ ▬○fi ≤─ ⌐│ │ ╘╠╣⌂⅛∫√⁹ 

Eh│ 3- 31c ─ ╡ ─ ⅜14%╕≢│ ⇔ │ 350V≢

≢№╢⁹ ─╟℮⌐ 28%╕≢ ─ ⅜ ╪≢™╢≤ ⅎ

0.00

0.01

0.02

0 20 40 60 80

(m
g

/L
)

0% 5%
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3- 30 ─  
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╢≤ 0.5mol/L≢ ╩ ≢⅝╢─│ 14%≢ ↕╣√╙── ╕

≢≢№╢≤ ⅎ╠╣╢⁹ 3- 34╩╖╢≤ 1mol/L≢╙ ─ Eh≤⌂∫≡⅔╡

↓─ ─Eh│ ≤ ╩ ⇔≡™⌂™≤⅝─Eh358mV≤ ⅜№╕╡⌂™↓≤

⅛╠ ◑ ♫♩ꜞ►ⱶ1moL/L≢│ 1.75%⇔≡≢⅝╢ ╩ ⇔⅝╠

⌂™≤ ⅎ╠╣╢⁹ ─ ╩ ∆╢√╘⌐ ╟╡ ↄ─ ≤ ─

╩ ⅎ√ ╩ ⇔√™≤ ⅎ≡™╢⁹ 

 │ 3- 31d─ ╡ 3.5%≢ ╙ ↄ⌂╡ ∆╢ ≢№∫√⁹

│ ─ ⌐ ™ ↕╣╢⁹ ≢ ≢ ∂√ ▬○fi⅜ ≤

⌂╡ ≤≤╙⌐ ∆╢⁹↓─≤⅝ ─ ⅜ ™╒≥ ─ ⅜ ↄ

⌂╡ ⌐╟╢ ─ ⅜ ∆╢⁹∕─√╘ 3.5%╩ ⌐

─ ╛ ─ ⌐╟╢ ╟╡╙ ┼─ ─ ⅜ ↄ⌂

╡ ┼≤ ∂√≤ ⅎ╠╣╢⁹↓╣│ ∆╢ ⅜ ™╒≥ ─Ⱨ

╢⌂≥◒כ ⅜ ↄ⌂╢↓≤⅛╠╙ ≢⅝╢ 3- 35 ⁹ ─

⌐╟╢ ─ ─▬ⱷכ☺╩ 3- 36⌐ ∆⁹ 

 

FeS + 3O2 + H2O Ÿ Fe(OH)3 + SO42- + H+             3- 2  

Fe (OH)3 + 3H+ + e- Ÿ Fe2+ + 3H2O                  3- 3  
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3- 36 ⌐ ℮ ─ ⌐ ∆╢▬ⱷכ☺ 
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3. 5 ─╕≤╘ 

≢│ ╩ ╗ ─ ╩ ™√ ⌐╟╡ ─

≤ ─ ⌐ ∆╢ ╩ ⇔√⁹ ╠╣√ ⌂ ╩ ⌐ ∆⁹ 

 

1) ⌐ ╕╣╢ │ ⌐ ⌐ ∆╢─≢│⌂ↄ ⇔≡™╢↓≤

⅜ ⅛∫√⁹ 

2) ◑ ♫♩ꜞ►ⱶ⅔╟┘▪☻◖ꜟⱦfi ♫♩ꜞ►ⱶ─ ⌐╟╡ ≢

∆╢ ─Eh╩ ↕∑╢↓≤⅜ ≢№╡ ─ 0.0051.0 mol/L≢

Eh│ -50+300 mV─ ╩ ≢⅝√⁹╕√ Ᵽ♇♅ ─ ≤℮ ╛◌ꜝⱶ

─ ≢╙Eh─ │⌂ↄ ™ ╩ ≢⅝ ◑ ♫♩ꜞ►ⱶ⅔╟┘▪☻◖ꜟ

ⱦfi ♫♩ꜞ►ⱶ╩ ™√ ─ ⅜ ↕╣√⁹⌂⅔ ▪☻◖ꜟⱦfi ♫

♩ꜞ►ⱶ⌐≈™≡│ ≤℮ ─pH⅜╦∏⅛⌐ ⌐ ⇔√⁹↓╣│

─ ⌐╟╡ ⇔√ ▬○fi⌐╟╢ ≤ ⅎ╠╣╢⁹∕─√╘ ▪☻

◖ꜟⱦfi ♫♩ꜞ►ⱶ╩ ∆╢ │pH─ ⌐╟╢ ⌐≈™≡╙ ╦∑≡

ⅎ╢ ⅜№╢⁹ 

3) ─ ⅜ ⌂╢ ⌐╟╢Eh│ ⌐│⌂╠∏

⅜ ™╒≥ Eh│ ↄ⌂∫√ 0 250 mV 120

400 mV⁹╕√ Eh≢╙ ⅜ ™╒≥ │ ↄ⌂∫√⁹ 

4) ◦ꜞ▪ꜟⱣ♇♅ │◌ꜝⱶ ╟╡╙ ─ ה ꜞ☻◒╩ ↄ ╙╢

⅜№╢ ∂ ⌐ ∆╢╕≢─ ⅜ ™⁹ ⅎ┌ ╩

⇔≡™⌂™ ≢ ⅜0.08 mg/kg⌐ ∆╢≤⅝─ │ ◌ꜝ

ⱶ │ 12≢№╢─⌐ ⇔ ◦ꜞ▪ꜟⱣ♇♅ │ 60≢№╢ ⁹ 

5) ─ ⅜ ™╒≥ │™∏╣─ ≢╙ ↄ⌂╢

⌐№╡ ≢ ⅜0.01 mg/L╩ ∆╢◘fiⱪꜟ≢╙ ⅜10%

≢№╣┌ ⌐╟╠∏ │0.01 mg/L╩ ⇔√⁹ 

6) ─ ⅜ ™ ≢№∫≡╙ ─ ⅜ ╗↓≤⅜

↕╣ ∕─ │ ⅜ ™ ⅜ ™≤ ⅎ╠╣√⁹⇔√⅜∫≡ ⅜20%

╟╡╙ ™ ≢│ │ ≢ ∆╢ ⅜ ↕╣√⁹ 

7) ≤ ╩ ∫√ ⌐╟╡ ─ ⌐╟╢ ─ ─

⌐≈™≡ ⅜≢⅝╢ ⅜№╢↓≤⅜ ⅛∫√⁹ 
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4.1  

≢│ ─ ⸗♦ꜟ╩ ∆╢√╘⌐ ─ ╩ ∆╢↓≤≢ ─

╛ ╩ ∆╢↓≤╩ ⇔√⁹ ─ ╛ ╩ ⅎ√

⅛≈ ≢ ⌐ ╘╠╣≡™⌂⅛∫√Ɽꜝⱷכ♦─♃כ♃ ─√╘⌐

1 5◌ ─ ◌ꜝⱶ ╩ ⇔√⁹ ⌐ ∕─ ╩ ⌐ ⌐

╦╢Ɽꜝⱷכ♃╩ ╡ ╖ ⸗♦ꜟ─ ╩ ∫√⁹ 

╕√ ─ ⌐│ ⅜ ∆╢↓≤⅜ ╠╣≡™╢ 4- 1)⁹ ≢│ 3

≢ ∆ ╩ ™√ ≤ ≢ ∆ ◌ꜝⱶ ─ ╩ ⌐

─ ⌐⅔↑╢ ─ ╩ ⌐╟╡ ≢⅝╢⅛ ⇔√⁹ 

↕╠⌐ ⇔√ ה ╩ ™≡ ─ ╩ ∂ ╘√ ⅛

╠ ╢ ─ ─ ─◦Ⱶꜙ꜠כ◦ꜛfi ╩ ∫√⁹ 

 

4.2  

 3 ─ ≢ ⇔√ ≤ ∂ ─♩fiⱠꜟ ≢ ⇔√ ╩ ™√⁹ 

 

4.3 ◌ꜝⱶ  

⇔√◌ꜝⱶ ╩ 4- 1 ⌐ ◌ꜝⱶ ─ ╩ 4- 1 ⌐ ∆⁹ ─℮ ─

╩ ⌐ ⇔ ╩ ™≡ ⇔ ⅝2 mm≤10 mm─┤╢™

≢ 2 mm ≤2 10 mm⌐┤╢™ ↑⇔√⁹↓╣╠─ ╩ 4- 1⌐ ∆ ╡ ─

╩ 2mm 2mm 2mm10mm1 2

2mm 2mm10mm2 1 2mm10mm─4 ─ ╩

⇔√⁹↓─ ╩ 4- 1⌐ ∆ 10 cm─ ⱪꜝ☻♅♇◒ ◌ꜝⱶ⌐ ↕70 cm╕

≢ ⇔√⁹↕╠⌐ G28ⱪꜝ☻♅♇◒♬13╩ꜟ♪כ ╡ ↑√ ╩◌ꜝⱶ

⌐ ╡ ↑ ╩85 mL/h171 mL/h306 mL/h605 mL/h─4 ≢ ⇔ 12◔

─☻כ ╩ ⇔√⁹ │20228 ⅛╠202312≤⇔√⁹20228 ─

⅛╠ 4- 1⌐ ∆ ≢◌ꜝⱶ ⅛╠─ ╩250mLⱳꜞ ⌐ ⇔

pH ⅔╟┘ ─ ╩ ∫√⁹ │JIS K 0102 61.4ICP/MS

pH│JIS K 102 12.1●ꜝ☻  │JIS K 0102 13 ⌐

∫≡ ⇔√⁹⌂⅔ ─ │10%≢№╢⁹╕√ ◌ꜝⱶ ─ ╩

∆╢√╘ ◌ꜝⱶ ⅛╠40 cm≤20 cm─ ⌐ Delta-T  EC-5 ╩

⇔√⁹◌ꜝⱶ │ 20─ ≢ ⇔≡™√⅜ ─ ⅜ ↕╣

√√╘ ⅛╠ 3,600 ⇔√ ≢ ⅜35╕≢ ⇔ 3,900
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⌐│ 20┼≤ ⇔√⁹ 

╕√ ─ ⌐╟╢ ┼─ ⌐≈™≡ ∆╢√╘ ⅜

≢ 85mL/h─◔כ☻ 85≢ ─ ⅜ 0.01mg/L╩

√⇔√ ≢ ⇔√↓≤╩ ⇔√ 20239 25⅛╠ ╩ ⇔√2023

12╕≢─ ∆╢ ╩ ≢№╢◑ ♫♩ꜞ►ⱶ─1mol/L⌐ ⇔ 4-

1⌐ ∆ ≢ ─ ≤pH ORP╩ ⇔√⁹⌂⅔ ◑ ♫♩

ꜞ►ⱶ─ ⌐≈™≡│ 4- 2 ─ ╩ ⌐ ⇔√⁹╕√ ─

⌐≈™≡│ ≢ ⇔√ ORP╩ ≢─ Eh=ORP+224-

0.6985Ĭ⌐ ⇔≡ ⇔√⁹ 

 

 

 

 

 

P

ORP 
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4- 1 ◌ꜝⱶ  
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4.4 ≤  

4- 2⌐│◌ꜝⱶ ⅜85mL/h⌐╟╢ ─ ╩ ∆⁹ ─ᵑ

│◌ꜝⱶ ⅛╠40 cm ᵒ│ ⅛╠20 cm─ ↕─ ─ ≢№╢⁹

⌐╟∫≡ ⌂╢⅜ ⅛╠30 ≢╒╓ ⌐⌂∫√⁹ 

4- 3⌐│ ↔≤⌐ ≤ ─ ╩ ∆⁹ │2⅛

─ ─ ⌐⅔↑╢ ≢№╢⁹⌂⅔ ⌐ ∆ ─ │

≡↓─ ≢№╢⁹ ⌐│ ─ ─ ╩ ⇔≡™╢⁹

dn│ ⅛╠ ≢ ⇔≡ ⇔√ ─ ≢№╡

│1.4mm │3.3mm │5.2mm │7.2mm≤⌂╢⁹ 

 

Ὠ
ВὨ ὡ

Вὡ                            ( 4- 1)  

 

↓↓≢ di≤ Wi│ ╩ ⇔√ ≤∕─ ≢№╡

≤ ─ ╩ ∆╢√╘⌐ ⇔√╙─≢№╢⁹↓─ ⅛╠

⅜ ⅝™╒≥ ⅜ ↕ↄ⌂╢ ≢№╡ ⌐ ╦╠∏⅔⅔╟∕

─ ╩ ⇔√⁹ 

4- 1 ◌ꜝⱶ ─  

☻כ◔  
mm  

│  

 

( mL/h)  
 

85 ֔ 2 

85 

1 ╩ ⇔ ⅎ  

4 ╕≢ 2 / 9 17  

6 ╕≢ 1 /  

8 ╕≢ 3 /  

4◌ ╕≢ 1 /  

6◌ ╕≢ 1 /2  

304 340 407  

 ╖─☻כ◔85 

419  

422 ╕≢ ╩ ⇔ ⅎ  

429 ╕≢ 2 /  

444 ╕≢ 1 /  

489 ╕≢ 1 /  

85 
֔ 2 (2/3)  

2< ֔10 (1/3)  

85 
֔ 2 (1/3)  

2< ֔10 (2/3)  

85 2 10 

171 ֔ 2 
171 

171 85≤ ∂ 

306 ֔ 2 

306 
306 85≤ ∂ 

306 85≤ ∂ 

306 ֔ 2 

605 85≤ ∂ 
605 

605 ֔ 2 
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4- 4 4- 7│ ─ ─ ╩ ↔≤⌐ ⇔√╙─≢№╢⁹™∏╣─

⌐⅔™≡╙ 230 ⅛╠ 320 ≢Ⱨכ◒ ╩ ⇔≡⅔╡ ∕─ │ ╛⅛⌐ ⅜

⇔ Ⱨכ◒ ─50% ⌐ ∆╢≤ ─ ⅜ ⇔√⁹⌂⅔ 3,600

⅛╠ 3,900 ╕≢─ ⅜ ⇔≡™╢⅜ ↓╣│ ─ ⌐╟╢ ≢№

0
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ɗ
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h
4- 2 ─  
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4- 3 ≤ ─  
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╢≤ ⅎ╠╣╢⁹ 

4- 4 85mL/h─ ≢│ Ⱨכ◒ │ 0.08mg/L╩ ↄ≤0.15

0.16mg/L─ ≢╒╓ ─ ≤⌂∫√⁹∕─ ─ │ ≤ │

∆╢─⌐ 700 ⇔≡™╢⅜ │ 200 ≤ ─ ≢№∫√⁹

│↕╠⌐ ↄ ⅜ ⅝™╒≥ ⅜ ⅛∫√⁹╕√ ─╖9,000

─ ╩ ⇔√⁹9,700 ⅛╠◑ ♫♩ꜞ►ⱶ ╩ ⇔≡⅔╡ ⅜

0.024mg/L╕≢ ⌐ ⇔√⁹ ─ ⌐╟╡ ⇔≡™√ ⅜

∆╢ ⅜ ≢⅝√⁹ 

4- 5 171mL/h│ ≤ ─ ≢№╡ ─ ⌐│ ⅝⌂ ™│

⌂⅛∫√⁹ 4- 4≤ ∆╢≤Ⱨכ◒ │0.13mg/L≤╛╛ ↕ↄ Ⱨכ◒ ⌐ ∆╢

╛ ╙ ⅛∫√⁹ 

4- 6 306mL/h─ ≢│ Ⱨכ◒ │ ≤ │ 0.1mg/L

│0.08mg/L│0.04mg/L≢№╡ ⅜ ⅝™ ⅜Ⱨכ◒ ⌐ ∆╢ ╛

╙ ™─│ 4- 7≤ ─ ≢№∫√⁹ 

 4- 7 605mL/h─ ≢│ Ⱨכ◒ │ ⅜ 0.069mg/L⅜

0.033mg/L≢№╡ ↓─ ≢│Ⱨכ◒─ ⅜ ⌐ ⌐⌂∫√⁹ ⅝⌂ ≢

⅜ ∆╢↓≤≢ ⇔╛∆™ ⅜ ⌐ ⇔√╙─≤ ⅎ╠╣╢⁹ ⌐

≢│ ⅜ ↕ↄ 4- 3 ─ 7.2mm ⅜ ╠╣╢↓≤╙

⇔≡™╢≤ ⅎ╠╣╢⁹ 
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4- 8⌐│ ↔≤⌐ ≤4000 ╕≢─ ─ ╩ ∆⁹

│ ─ ≤ ⅛╠ ⇔√ ─ ≢№╢⁹

⌐ ╦╠∏ ≤ ⌐│╒╓ ⌂ ⅜ ╠╣√⁹ 4- 3⌐

∆╟℮⌐ ≤ ⌐ ⌂ ⅜ ╠╣╢↓≤⅛╠ ⅜ ↕™╒

≥ ⅜ ⅝ↄ ╕√ ⅜ ⅜╢↓≤⅛╠ ⅜ ⇔√≤ ⅎ╠╣

╢⁹╕√ 4- 9⌐│ ↔≤⌐ ≤4,000 ╕≢─ ─

╩ ∆⁹ ⌐╟╢ │ │ 14% │ 13% │ 22%

│40%≢№╡ ╛ │ ⅜ ⌂™↓≤⅛╠ │ ⅝ↄ⌂∫≡™╢⁹

≤ ─ │ ≤─ ⌐ ═╣┌ ╠⅛⌐ │

↕™⁹ 

4- 10⌐│ ≤Ⱨכ◒ ─ 4- 11⌐│ ≤Ⱨכ◒

─ ─ ╩∕╣∙╣ ↔≤⌐ ∆⁹ ⅜5mm ≢│

╙ ╙5mm ⌐ ═≡ ↕™⁹╕√ ⅜ ™ ⅜ │ ↕™

⌐№╢⅜ │ ⅝ↄ⌂∫≡™╢⁹ ⅜ ™≤ №╢ №√╡─

╩ ∆╢ │ ↄ⌂╡ ⅜ ⅝ↄ⌂╢⁹∕─√╘ │ ⅜ ™ ⅜

↕ↄ⌂∫√≤ ⅎ╠╣╢⁹╕√ ⅜ ™≤ √⌐ ⅜ ⇔ ⅛╠─

│ ↄ⌂╢⁹⇔√⅜∫≡ ⅜ ™╒≥ │ ⅝ↄ⌂∫√≤ ⅎ╢⁹ 
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4- 12≤ 4- 13⌐│ ≤Ⱨכ◒ ─ ≤ ─ ╩

↔≤⌐ ∆⁹ ≡─ ≢ ─ ™ ⅜ │ ↄ⌂╢⅜ │

∆╢ │ ∂≢№╡ ╩ ↑┌ ⌡ ∂ ⌐№∫√⁹╕√ 4- 9≢ ⌐

╟╢ ⌐ ⅝⌂ ⅜⌂™↓≤⅜ ≢⅝╢↓≤⅛╠ ⅜ ™ ⅜╟╡ ↄ

─ ⅜ ╗≤ ⅎ╠╣╢⁹
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─↓≤⅛╠ ⸗♦ꜟ─ ⌐⅔™≡│ ≤ ⌐ ∂√ ⅜

≢№╢≤ ⅎ╢⁹ 

4- 2⌐│ ─≥↔☻כ◔ ─4,000 ╕≢─ Wq≤◌ꜝⱶ─ V

№√╡─ qmax ( 4- 2)≢ ╩ ∆⁹ ─ ( 4- 6) ─

q ─ │ ה №√╡─ ≢№╢⁹↓─ ⌐ ≢

╠╣√ ⌐╟╢ ╩ ∆╢√╘⌐ qmax│ №√╡─ ≤⇔≡

∆╢⁹ 

 

ή                            (4- 2)  

 

↓─Ɽꜝⱷכ♃⅜ ≢ ≡⇔≥♃כ♦ ╠╣⌂⅛∫√╙─≢№╡ ⇔

√ ◌ꜝⱶ ≢│ 4- 4 4- 7 ⌐ ∆╟℮⌐ ─ ⅜ ⌡ ⇔√↓

≤╩ ≢⅝≡⅔╡ ╩ ⌐ ╘╢↓≤⅜≢⅝√⁹ 

 

4- 2 ≤  

 
 

Wq(mg) 

 

qmax(mg/L) 

85 17.12 3.11 

85 16.25 2.96 

85 12.66 1.76 

85 4.49 0.82 

171 19.45 3.54 

171 17.67 3.21 

306 19.79 3.60 

306 15.51 2.82 

306 12.24 2.23 

306 4.59 0.84 

605 15.97 2.90 

605 6.59 1.20 
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4.5 ─  

4.5.1   

≢│ ─ ⅛╠ ∆╢ ─ ⌐ ∆╢◦Ⱶꜙ꜠כ◦ꜛfi⌐

(4- 3) (4- 5) ≤ (4- 6) ╩ ⇔≡™╢ 4- 3) 4- 4)⁹↓↓

≢─ │ ⸗♦ꜟ─ ⌐№╢√╘ ╛ ─ │

⇔≡™⌂™⁹ 

 

‘ Ὧ Ὧ Ὧ ὗ π     (4- 3)  

 Ὓ ρ ‌ʕ  (m=1-1/n)    (4- 4)  

)ÒÍÁÙ  Ὧ Ὓ             (4- 5)  

Ὑ ό ό ό Ὀ Ὀ Ὀ ή π    (4- 6)  

 

↓↓≢ H│ m ɛ│ 1/mk│ m/skr│

k0⌐ ∆╢ k=k0Ĭkr Q│ m3/s Ɋ ◘◒◦ꜛfi m Ŭ ɓ m n

ɗ ɗs ɗr R│ C│ mg/L

u│ m/sD│ m2/sq│ ─ ה №√╡─

mg/L/s ≢№╢⁹ 

 

4.5.2  ─ ⸗♦ꜟ 

≢│ ─ ─ ⌐ ∆╢ ─ ╩ ⇔≡™╢⁹∕

─√╘ ⌂ ╣╩ ≤⇔ ≢╒╓ ─ ⅜ ╢ ⸗♦ꜟ─

╩ ⅎ≡⅔╡ ⅜ ⇔≡ ⅜ ⅝ↄ ╦╢╟℮⌂ │ ≢№╢⁹╕√

4- 14⌐ ∆╟℮⌐ ⅛╠─ ─ │ ≤ ≤─ ≢ ∆╢

≤ ⅎ╢⁹∕─√╘ ≢│ ╛ ─ ─

⌐ ∆╢↓≤⅜ ↕╣╢⁹⌂⅔ ⅛╠ ╖ ∆↓≤╙№╢⅜

─ ⅜ ≤ ⅎ≡™╢⁹ ─◌ꜝⱶ ─ ≢ ≢⅝√

─ ⅜ ≤ ≤ ─ ≢ ≢⅝╢↓≤╩ ╕ⅎ≡ ≢

↕╣√⸗♦ꜟ 4- 1) 4- 5)╩ ⇔ √⌐ ⸗♦ꜟ╩ ⇔√⁹ 
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ή ή —                      ( 4- 7)  

ή ή ρ
В

                (4- 8)   

— В— Ὠὸ   — —             (4- 9)  

 

(4- 7)⌐│ q mg/L/s╩ qa mg/L/s≤ ɗsum─

≢ ⇔√⁹ ≤│ (4- 6)⌐⅔™≡ №√╡ №√╡─ ─

⌐ ∆╢⁹ (4- 6)─ C─ │ ≢№╢⅜ ≤ ⇔╛∆™╟℮⌐

mg/L≤⇔≡™╢⁹ 

C─ ⌐ ╦∑≡ ∆⌂╦∟ ─ ╩mg/L/s≤⇔≡™╢⁹

⅛╠ ╣┌ ⅛╠ ⅜ ↑ ∆ ≢│№╢⅜ (4- 6)─ ≢│ №

╢ ⌐ ∂╢ ─ ≤⇔≡ ⇔≡™╢⁹ ⅛╠─ ∆╢

╩ ≤ ∆╢ ⌐│ ⌂ ⅜ ∆╢≤ ⇔√⁹ (4- 8)≢│

⅜ №√╡─ qmaxmg/L⌐ ⇔≡ ∆╢≤ ⇔√⁹qa0mg/L/s│

─ ≢№╡ ɆqĬdt│ №√╡─ mg/L≢№╢⁹

≢│ qa=qa0≢№╢⅜ ⅜ qmax⌐ ∆╢╟℮⌐ qa╩ ↕∑╢

≤⇔√⁹ɗsum│ ≤ ⇔≡ (4- 9)≢ №√╡─ ─

4- 14 ─  
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≤⇔≡ ─ ⌐ ∆╢ ╩ ™╢⁹™╦╝╢ ≤ ∂╟℮⌂

≤⌂╢⁹ │ (4- 9)⌐ ∆╟℮⌐♃▬ⱶ☻♥♇ⱪ↔≤─ ⌐

╩ ∂≡ ∆╢⁹ ⌐ ⅜ ⇔≡ ⌐ ⅜ ⇔≡

⌐ ↕╣╢ ⅜ ⌐ ╛∆ↄ⌂╢≤ ⇔≡™╢⁹ ≤ ⅜№╢

─ ─ ╩ ↕∑╢√╘⌐ ╩ ⇔√⁹√∞⇔ ɗsum│ ─

≤≤╙⌐ ⌐ ∆╢√╘ ɗsummax╩ ∆╢⁹ ∆╣┌ ⅜

⌐⌂╢≤ ⇔√⁹ ⌐ ∆╢ ─ │ɗsum≢ ⇔ ─

│qa0≢ ∆╢⁹ ⌐╟╢ ⌂ ─ │ ─ ≢

∆╢⁹ 

 

4.6  

4.6.1  ─  

≢│ 2 ─ ⸗♦ꜟ≢

⅜ ⅜ ≤⇔≡

─ ╩ ∫√⁹◌ꜝⱶ

│1 ⌂ ≢│№╢⅜

╩ ⇔╛∆ↄ∆╢√╘⌐ ≤

∂ ─ 2 ⸗♦ꜟ≢◦Ⱶ

╩fiꜛ◦כ꜠ꜙ ⇔√⁹ 

≤ ≢│

╛ ─ ╩ ∆

╢√╘⌐ ─ ─Ɽꜝⱷכ♃╩

◌ꜟⱴfiⱨ▫ꜟ♃כ⌐╟╢ 4- 6)

⌐╟╡ ⇔√⁹ ─ⱨ꜡כ╩

4- 15 ⌐ ∆⁹ ≤

─2 ≢ ╩ ⇔√⁹ ⱨ

─כ꜡ ≢│ ─♃▬ⱶ☻♥♇ⱪ

╩ⱪכꜟ─ ╖ ╗↓≤≢ ∆

╢ ╛ ─

╩◦Ⱶꜙ꜠כ◦ꜛfi⇔√⁹ 

 

4.6.2   

4- 16≤ 4- 17⌐│ ⌐╟∫≡ ╘╠╣√ ─◦Ⱶꜙ꜠כ◦ꜛfi ╩

∆⁹ ⅜ ⅜ ≢№╢⁹ │ ─ ⌐ ∆

╢ ─ ≢№╢⁹ 4- 3⌐ ⇔√Ɽꜝⱷכ♃╩ ∆⁹ ◌ꜟⱴfiⱨ▫ꜟ♃כ

⌐╟╢ ⅜ ─ ™Ɽꜝⱷכ♃⌐ ⇔≡│ ⌐⌂╢↓≤⅜ ╠╣≡⅔╡

START

END

YES

NO

4- 15 ─ⱨ꜡כ 
























































