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◐  

⌐⅔↑╢ ─ ╩ ∆╢√╘⁸ ┘ ≢ ⁸◌♪

Ⱶ►ⱶ⁸ ⁸ ┘ ◒꜡ⱶ─ ╩ ⇔╕⇔√⁹ 

⌂⅔⁸ ─ 10 ⌐⅔™≡╙ ⅜ ─ ╩ ⇔╕⇔√⁹ 
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◒  

─ ╩ ╢√╘⁸ ┘ ┘

─ ─ ⌐≈™≡⁸pH⁸BOD │COD ┘SS─ ╩ ⇔╕⇔√⁹ 

◔  

▪  

⌐╟╢ ╩ ∆╢√╘⁸ ⌐№╢ ◔ ─ ⌐≈™≡⁸

┘10 ─ ⁸pH⁸▪ꜟ◌ꜞ ⁸▬○fi SO4
2- ─ ╩ ⇔╕⇔

√⁹ 

▬ ה  

≢│⁸₈ ה ⸗♬♃ꜞfi◓ ₉⌐ ≠⅝⁸ ─ ⌂ ─ⱬכ☻

ꜝ▬fi♦כ♃─ ≤ ⌐╟╢ ┼─ ╩ ⇔≡™╕∆⁹ ≢│⁸ ─ ╩

↑⁸ ▪ꜟⱭfiꜟכ♩ ™ ⌐⅔™≡⁸

⸗♬♃ꜞfi◓ ⁸ ⁸ ╩ ⌐ ⇔╕⇔√⁹ 

 

▪  

⌐≈™≡⁸ ┘ ─ ╩ ─ ≤⇔⁸↓─℮∟ ─ ™

≢ ╩ ⇔╕⇔√⁹ 

╕√⁸ ╩ ⌐ ╩ ∆╢ ─ ┘ ∆╢ ⌐≈™≡ ( )

╩ ⇔╕⇔√⁹ 

▬  

⌐ ╢ ─ ╩ ∆╢√╘⁸ ─ ≢ ↔≤⌐

╩ ⇔╕⇔√⁹ 

►  

─ ─ ╩ ∆╢√╘⁸ ≢ ─ ה ╩ ⇔╕

⇔√⁹ 

⌂⅔⁸ ─ ⌐⅔™≡╙ ⅜ ─ ╩ ⇔╕⇔√⁹ 

 

▪ ♄▬○◐◦fi  

⁸ ─ ╩ ╗⁹ ┘ ⌐≈™≡⁸ ⅜ ⇔√♄▬○◐◦fi

⌐ ≠⅝⁸ ⁸ ⁸ ┘ ⌐⅔™≡⁸ 13 ⁸ 60

⁸ ─ 82 ≢♄▬○◐◦fi ─ ╩ ⇔╕⇔√⁹ 

▬  

≢│⁸ 49 ⅛╠ ⌐ ↕╣√ ─ ╩ ═╢ ╩

∫≡™╕∆⁹ ─ │ ─≤⅔╡≢⁸ ≢│ ─ ╩ ↑≡ ╩

⇔╕⇔√⁹ 
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⸗♬♃ꜞfi◓

 

   POPs  

 10   POPs  

 10   POPs  

 

 

 10  
⁸ 

 
ⱨ♃ꜟ ◄☻♥ꜟ  

 10   

ⱦ☻ N,N-☺ⱷ♅ꜟ☺♅○◌ꜟⱣⱵfi

N,Nΐ-◄♅꜠fiⱦ☻ ♅○◌ꜟⱣ⸗▬ꜟ♅○

ₒ ⱳꜞ◌כⱣⱷכ♩  x

 

 

▪  

─ ╩ ∆╢√╘⁸ ─ ╩ ↑≡ ≢⸗♬♃ꜞfi◓ⱳ☻♩⌐╟

╢ ┘ ⌐ ─№╢ ─ ─ ⌐≈™≡ ╩ ⇔╕⇔√

⌐≈™≡│⁸ ⌐ ≢╙ ╩ ⁹ 

╕√⁸ ─ ⌂⸗♬♃ꜞfi◓≤⇔≡ ─ ╩ ↑≡⁸

⁸ ⅛ ⇔√ ─ ─ ╩ ™╕⇔√⁹ 

▬  

─ ╩ ∆╢ UPZ ─ ╩ ∆╢√╘⁸

┘ ─ ─ ⌐≈™≡ ╩ ⇔╕⇔√⁹ 

⌐≈™≡│⁸ ─ ┘ ⌐ ↕╣√⸗♬♃ꜞfi◓☻♥כ◦ꜛ

fi ⁸ ┘⌐ ⁸ ⁸ ⁸ ⁸ ┘ ─ ⌐ ↕╣√

⸗♬♃ꜞfi◓ⱳ☻♩ ⁸ ⁸ ⁸ ⁸ ┘ ╩ ™╕⇔√⁹╕

√⁸ ⌐ ↕╣√ ≢ ⅛ ↔≤─ ─ ╙ ™╕⇔√⁹ 

─ ⌐≈™≡│⁸ ⁸ ⁸ ⁸ ⁸ ┘ ╩⁸ ⅛╠ √⌐

╩∕╣∙╣ ≢ ⇔⁸ ╩ ⇔╕⇔√⁹ 

► Ⱡ♇♩꞉כ◒◦☻♥ⱶ 

≢24 365 ⁸ ≢ ↕╣√ ╩ Ⱡ♇♩꞉כ

◒◦☻♥ⱶ⌐╟╡ ⇔⁸ ⌐ꜞ▪ꜟ♃▬ⱶ≢ ⇔≡™╕∆⁹ 

╕√⁸↓─◦☻♥ⱶ⌐ ≢ ↕╣√UPZ ─ ╙ ╡ ╖⁸

╩ ∆╢ ╩ ⇔≡™╕∆⁹ 

↓─◦☻♥ⱶ≢│⁸ ♃כ♦┘ ─ ⁸ ─ ⌂≥⅜ ╠╣≡⅔╡⁸

─ ⌐⅔™≡╙◦☻♥ⱶ⅜ ⌐ ∆╢╟℮ ↕╣≡™╕∆⁹↕╠⌐⁸

⅜ ∆╢ ≤│⁸ ╩ ∆╢⌂≥⁸ ≤ ה ≤⌂∫√◦☻♥ⱶ

⌐⌂∫≡™╕∆⁹ 
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ה ╩ ⌐ ℮⌐№√╡⁸ ─ ה ⁸ ─ ─ ╩ ∆╢√

╘⁸ ╩ ⇔≡™╕∆⁹ 

ה │⁸ ⁸ ┘

⌐ ≠⅝ ⇔⁸∕─ ╩ ה ─ ⌐╟╡ ≤

⅜ ⇔≡™╕∆⁹ 

╕√⁸ ─ ⁸ ─ ⌐ ⌐ ⇔⁸ ─

⌐ ╘≡⅔╡⁸ │ ⌐ ⇔⁸ ─ ⁸

─ ╩ ⇔╕⇔√⁹ 

 

─ ⌐ ⌂ ┘ ─ ⁸ ─ ┘ ─ ─√╘⁸

─≤⅔╡ ╩ ⇔╕⇔√⁹ 

⌂⅔⁸ ≢ ╦╣╢ ⌐≈™≡│⁸ ◖꜡♫►▬ꜟ☻ ─√

╘ ≤⌂∫√↓≤⅛╠⁸∕─ ≤⇔≡ ↕╣√₈ ₉⌐ ⇔╕⇔√⁹ 

  ─           

⸗♬♃ꜞfi◓

 
 10 15  

( ) ☿fi♃כ 

( )  

 

 

  

⌂ ─  

≢ ╩ ⅝≈≈⁸ ⌐⅔↑╢ ⅛╠ ╛ ╕≢⁸

™ ≢ ╩ⱴכ♥ ╘⁸ ╩ ™╕⇔√⁹ ⌂ ─ │ ─≤⅔╡≢∆⁹ 

⌂⅔⁸ ⌐≈™≡│⁸₈й ☿fi♃₉ כ╩↔ ↄ∞↕™⁹ 

▪ PM2.5─ ─ ⌐ ∆╢  

 PM2.5 ─ ╛ ⌐≈™≡ ⇔⁸PM2.5 ⌐ ≡╢⁹ 

 

▪☺▪ ─ ╩ ↑╛∆™ ⌐ ⌐⅔™≡PM2.5 ╩ ⇔√≤↓╤⁸

┘ │⅔⅔╗⌡ ╟╡ ™⅜⁸ ≤ ─ ─ ╙

№∫√⁹ ⌐⅔↑╢PM2.5 │⁸ ꜟ♀כ▫♦ ─ ●☻─ ≢

╟╡ ↄ⌂╢↓≤╩ ⇔√⁹ 

╕√⁸ 25 ⅛╠ ╕≢─ ╩ ⇔√≤↓╤⁸PM2.5 │ 25

⅜ ╙ ↄ⁸∕─ ⇔≡⅔╡⁸ ─ ≤ ⇔≡™√⁹ 

▬ ─ ⌐╟╢ ─ ⌐ ∆╢  

 
─ ⅜ ─ ┼ ⅎ╢ ╩ ⇔⁸ ─ ─

⌐ ≡╢⁹ 

 

₈ ⱪ꜡◓ꜝⱶ SI- CAT₉─ ╩

⇔⁸ ⌐ ℮ ─ ╡ ─ ╩ ⇔⁸ ⅜ ─ ⁸

⌐ ⅎ╢ ╩ ⇔√⁹ 

╕√⁸ ⸗♦ꜟ╩ ∫≡ ╩ ⇔√≤↓╤⁸ ⅜ ╪∞ ⌐⅔

™≡╙⁸ ⌂ ─ꜞ☻◒⅜№╢↓≤╩ ╠⅛⌐⇔√⁹ 
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► ⌐⅔↑╢ ─  

 
─ ⌐ ╦╢ ⅛╠─ ─ ╩ ⇔⁸ ─

⌐ ≡╢⁹ 

 

─27 ╕≢─ ╩ ⇔⁸ ⌂ ≢№∫√

─ ⌐⅔™≡⁸ ─ ⁸DO─ ⁸ ─ ╩ ⇔√⁹↓╣│⁸

─ ⅜ ╟╡╙ ↄ⁸ ≤ ─ ⅜ ↨╢ ⅜ ╟╡ ⅛∫√↓≤

⅜ ≤ ⅎ╠╣√⁹ 

◄ ⌐⅔↑╢ ─ ⸗♬♃ꜞfi◓≤ ⌐ ∆╢  

 
⌐⅔↑╢ ─ ─☻כⱬ♃כ♦ ≤ ⌐ ∆

╢ ─ ╩ ℮⁹ 

 

≤─ ≤⇔≡⁸ ↔≤─●☻◒꜡ⱴ♩◓ꜝⱨ ⌐╟╢ ─♦

☻כⱬ♃כ ⌐ ╡ ╪≢⅔╡⁸ ─ ─☻כⱬ♃כ♦╢╟⌐ ╩ ∫√⁹ 

╕√⁸ ↔≤⌐ ╩♃כ♦ꜟ♦⸗ ⇔≡⁸ ↔≤⌐ ↕╣≡™╢

─ ╛ ╩ ⇔⁸ ◦☻♥ⱶ GIS ⌐╟╡ ≢ ≢⅝╢╟℮⌐⇔√⁹ 

○ LC-MS/MS╩ ™√ ─ ─  

 
╛ ─ ┘ ╩ ⇔⁸ ה ─

╛⅛⌂ ╩ ∆⁹ 

 

≢─ ⅜ ™ ⌂≥10 ⌐≈™≡⁸▬○fi ╛ ─ ╛

⌂≥─ ╩ ⇔√ ⁸ ⌐⅔↑╢ ⅜ ↕╣≡™╢

⌐≈™≡│⁸ ─10 ─ ─ ≢ ∆╢↓≤⅜ ⌐⌂∫√⁹╕√⁸

⅜ ↕╣≡™⌂™ ⌐≈™≡│⁸ ┼─ ⅜ ╣⌂™≤ ↕╣╢PNEC

─ ≢ ⌂ ╩ ⇔√⁹ 

◌ ⌐⅔↑╢ ⌐ ℮ ⌐ ∆╢  

 
─ ⌐⅔↑╢ ─ ╩ ⇔⁸ ⌐ ℮ ─ ╛ ┼─

╩ ∆╢⁹ 

 

⌂≥⌐ ╩ ╓∆ ╛ ⌐≈™≡⁸ ⌐╟╢ ─ ╩ ∆╢

√╘⁸1981 ⅛╠ ╕≢─ ╩♃כ♦ ⇔√⁹ ⌐≈™≡ ≤ ─

⌂≥╩ ⇔√ ⁸ ⅜ ⅝ↄ⁸ ⅜ ↕™ ≢ ─ ⅜ ╠╣╢

⅜№╢↓≤⅜ ⇔√⁹ 

◐ ⱴ▬◒꜡ⱪꜝ☻♅♇◒ ─ ה ⌐ ∆╢  

 
⌐⅔↑╢ⱴ▬◒꜡ⱪꜝ☻♅♇◒─ ה ─ ╩ ⇔⁸ ה ┼─

╛ ⌐ ≡╢⁹ 

 

╛ ⌐⅔↑╢ⱴ▬◒꜡ⱪꜝ☻♅♇◒─ ╛ ⌂≥─ ╩ ⇔

√⁹ ─ ─ ⌐⅔™≡⁸ ≤ ⌐ ⇔⁸ ╛ ╩ ⇔√≤↓╤⁸

⌐ ⅜ ↄ⁸ ≡◌ⱪ☿ꜟ ─ ≢№╢↓≤⅜ ⅛∫√⁹ 

 

 

▪  

─ ≢│⁸₈ ─ ⌐ ╢ ₉⌐ ≠⅝⁸ 16 ⅛╠

╩ ⇔≡⅔╡⁸ ⅛≈ ⌂ ╩ ℮↓≤≢⁸ ─ ╛

─ ╩ ╢≤≤╙⌐⁸ ⌐ ≠ↄ ╩ ∫≡™╕∆⁹ 

☿fi♃⁸│≢כ ⌐ ™₈ ☿fi♃כ ₉╩ ⇔⁸ ─

⌐ ⇔ ⌂ ╩ ה ∆╢√╘─₈ ₉ ┘ ⅛╠─ ה

⌂ ╩ ╡ ╣╢√╘─₈ ₉╩ ⇔≡™╕∆⁹ 
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▬ ─ ╣ 

│⁸ ≤⇔≡ ☿fi♃כ⅜ ∆╢ ≡─ ╩ ≤⇔≡™╕∆⁹↓╣╠─

⅛╠⁸ ⌐ ╘╢ ⌐ ™⁸ ╩ ⇔╕⇔√⁹ 

│⁸ ┘ ⌐╟╡⁸ ⌐ ╘╢ ≢ ╦╣╕⇔√⁹ 

►  

▪ ה  

31 14 30 ⅛╠16 30 ╕≢ 

☿fi♃כ ☿fi♃כ   

▬  

⁸ ⁸  

☿fi♃כ ⁸ ה ⁸ ⁸ ⁸  

◄  

▪ ה  

11 14 30 ⅛╠15 10 ╕≢ 

☿fi♃כ ☿fi♃כ   

▬  

 ủ│   

 

  
 

  

ủ    

  
 

  

  ☿fi♃כ  

 
  ☿fi♃כ  

  
 

☿fi♃כ  

 
   

  ☿fi♃כ  

 

►  

│ ─≤⅔╡≢⁸ ≢ ╙ ─ ™ ⅜ ─ ≤↕╣╕⇔√⁹ 

⌂⅔⁸ ─ │⁸ ☿fi♃כ─ⱱכⱶⱭכ☺≢ ⇔≡™╕∆⁹ 

 
 

 
   

ᵑ ╩♃כ♦ ™√ ⌐ ∆╢      

ᵒ ○◐◦♄fi♩ ─♃כ♦      

ᵓ ⌐⅔↑╢ ─      

ᵔ ⌐⅔↑╢ ─ ⸗♬♃ꜞfi◓≤
⌐ ∆╢  

    

ᵕ ─ ⌐ ∆╢  

Ί ⅜ ⌐ ╓∆ ─ Ί 
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◄ ╩ ╕ⅎ√  

ᵑ⁸ᵒ│⁸≢⅝╢ ╡ ⌐ ╡ ╖╕∆⁹ 

ᵓ│⁸╟╡ ↄ─ ⅜ ╠╣╢╟℮ ⇔≡ ╡ ╖╕∆⁹ 

ᵔ│⁸ ⌂ ⅜ ╠╣╢╟℮ ⌐ ╡ ╖╕∆⁹ 

ᵕ│⁸ ⅜ ↕╣╢╟℮ ⌐ ╘≡™⅝╕∆⁹ 

⌂⅔⁸ ⌐ ∆╢ ⌐≈™≡│⁸ ⌂ ─ ⌐ ⅛∆≤≤╙⌐⁸ ─

⌐ ⌐ ↕∑≡™⅝╕∆⁹ 

 

─ ┼─ ≤ ╩ ╘╢√╘⁸ ⁸ ╩ ⇔≡™╕∆⁹ │⁸

⌐╟╢ ⌐ ∆╢ ≤≤╙⌐⁸ ☿fi♃כ ⌐╟╢ ─ ╩ ™╕⇔

√ 57 ⁹ 

ה ▪  

ה  11 16 13 30 ⅛╠16 ╕≢ 

ה  304 18  

▬  

▪ ◖꜡♫►▬ꜟ☻ ─√╘⁸Web ≢ꜟכ♠  

₈ה ─ ≤ ₉  ☿fi♃כ 

ꜞ☻◒   
⇔⅔⅜╕

 
└ ≢ ⅔

  

ה ─ ⅜ ⇔⁸ ─ ⌐ ∆╢ ╖─ ⅜ ╘╠╣╢⌂⅛⁸2018

│⁸ ⌐ ⌐ ╦╣√⁹ │⁸ ⸗♦ꜟ╩ ™≡ ─ ╩

∆╢ ╩ ™⁸ ⅜⌂↑╣┌⁸ ↕╣√╟℮⌂ ⅜ ⅝⌂⅛∫√

↓≤╩ ╠⅛⌐⇔≡™╢⁹ 

≢│⁸ ─ ╩╦⅛╡╛∆ↄ↔ ™√∞⅝⁸ ─

⌐≈™≡ ╩ ╘√⁹ 

▬  

ה ─ ⸗♬♃ꜞfi◓⌐╟╢ ─ ─   

─ │⁸ ⌐ ⇔≡−™ ⌂ ה ⌐ ⌐ ⇔≡™╢↓

≤⅛╠⁸ ≢ ⸗♬♃ꜞfi◓╩ ⇔≡™╢⁹ ⌂ ─ ⌐╟╢ ה

─ ╛↓╣╕≢ ╠╣√ ╩ ⇔√⁹ 

─PM2.5ה ─ ⌐≈™≡   

●☻│PM2.5─ ⌂ ─└≤≈≤ ⅎ╠╣╢↓≤⅛╠⁸ ≢

⇔√PM2.5─ ╩ ⇔⁸ ─ ╩ ⇔√ ╩ ⇔√⁹ 

► ⱳ☻♃כ☿♇◦ꜛfi 

ה ⌐⅔↑╢ ─ ⌐ ∆╢   

ה ─ ⌐╟╢ ⌐ ∆╢   

ה ─ ⌐ ∆╢   

ה ⌐⅔↑╢ ─ ⸗♬♃ꜞfi◓⌐ ∆╢  
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─  

─꜠ⱬꜟ▪♇ⱪ╩ ╢√╘⁸ ─ ┘ ╩ ∆╢ ╩ ≤⇔≡ ⇔⁸

╩ ⇔╕⇔√⁹ 

─     

ה    

 15  

 

 ⱴ▬◒꜡ⱪꜝ☻♅♇◒ ─ ≤ ─ ─ ₉ 
 
 
 

 
 ☿fi♃כ 

☿fi♃כ  
22  

 

∕─ ─  

▪  

⌐ ∆╢ ╩ ∆╢⌐№√╡⁸ ┘ ≤

╩ ⇔≡™╕∆⁹ ─ ─ │ ─≤⅔╡≢∆⁹ 

        

כ♄▬ꜝ ╩♃כ♦ ™√ ─ ⌐ ∆╢

 
 

 

з  

○◐◦♄fi♩⅔╟┘PM2.5 ─ ה

─  
 

 

и  

LC- MS/MS⌐╟╢ ╩ ∂√ ─ꜞ☻◒ ⌐

∆╢  
 

 

и  

─ ╩ ⇔√GC/MS⌐╟╢ ─

─  
 

 

и  

⌐⅔↑╢ ≤⇔≡─

≤ ─ ╓∆ ⌐ ∆╢  
 

 

и  

 

▬ ─ ה ┘  

─ ⌂ ה ┘ ⌐⅔↑╢ ─ ╩ ╢√╘⁸

⁸ ─ ⌐ ∆╢ ─ ╩ ⇔⁸ ⌐ ⁸ ⇔≡™╕∆⁹ 

│⁸ ─ │№╡╕∑╪≢⇔√⅜⁸↓╣╠─ ⌐ ≠⅝⁸ ─≤⅔╡

┘◖fiⱪꜝ▬▪fi☻⌐ ∆╢ ╩ ⇔╕⇔√⁹ 

    ─  

┘◖fiⱪꜝ▬▪

fi☻⌐ ∆╢  
 

⌐⅔↑╢ ┘ ─

⌐ ∆╢ ⌐╟╢  

  

 

  

ⱴ▬◒꜡ⱪꜝ☻♅♇◒─ ≢╙ ⌂ ─ ╛ ≢
─ⱴ▬◒꜡ⱪꜝ☻♅♇◒─ ⁸ │↕╠⌐ ⌂ⱴ▬◒꜡ⱪꜝ☻♅♇
◒─ ⅜ ≢№╢↓≤╩  
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─ ┼─ ≤ ╩ ╘╢√╘⁸₈ ╛Ⱳ≤╛╕₉ꜝה◖◄ ─ ╩

∆╢≤≤╙⌐⁸₈ ╖ ≥╙ ₉─ ⁸₈≤╛╕ ⱨ▼▪₉┼─ ⁸ ╩ ™╕

⇔√⁹ ─ ⌂ ─ │ ─≤⅔╡≢∆⁹ 

─╕╛≥Ⱳꜝה◖◄  

╛ ⌂≥ ⌂ ⅛╠ ╛ ⌂≥ ─╙─╕≢ ™ ⌐≈™≡⁸

╛ ה ⁸ ╩ ∂≡₈ ה≡╣┤ה≡ ┬₉↓≤⅜≢⅝╢ ─ ≤⇔≡⁸ ☿fi♃

כ ⌐₈ ╩Ⱳ≤╛╕₉ꜝה◖◄ √⌐ ⇔⁸ 10 ⇔╕⇔ⱪfiכ○╠⅛

√⁹ │⁸ ⁸ ┘ ╩ ╩כ♬⸗꜠☿◓ⱪ♬fiכ○⁸⅝ ⇔╕⇔√⁹ 

▪ ─  

ה  120 2  

ה   

▬  

ה ◖ כ ♫ ה כ ה ⌂≥⌐ ∆╢ⱤⱠꜟ╛◘fiⱪꜟ ╩  

ה ⅜ כ♫כ◖ ≤⌂╡⁸ ⅜ ⌐ ∆╢ ╩  

ה ⌐ כ♫כ◖ ∆╢◒▬☼╛ ◖fi♥fi♠⌐╟╢  

►  

≥╙⅛╠ ╕≢ ─ ה 361  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

─ ⱪfiꜝⱲכ○  

⌐ⱪfiכ○─╕╛≥Ⱳꜝה◖◄ ╦∑⁸ 10 ⌐ ☿fi♃כ─ ╩ ∫√≤

↓╤⁸90 ─ ⅜№╡╕⇔√⁹ 

≢│⁸ ⌐ ╛ ╩ ╢∆≥╘∂│╩╕╛≥Ⱳꜝה◖◄⁸⌐╙≥≥╢∆

─╒⅛⁸ ≢ ⅜ ╦╢ⱦכ☼╩ ∫√ ⌂≥⌐ ⇔≡™√∞⅝╕⇔√⁹ 

⅛╠│⁸₈ ⌐⌂∫√₉₈ ⇔⅛∫√₉⌂≥ ↄ─ ╩™√∞⅝╕⇔√⁹ 
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╖ ≥╙ ─  

─₈≤╛╕ ₉⌐ ╦∑⁸ ╩ ℮ ™ ⅜ ⌐≈™≡ ∆╢ ╩

∆╢√╘⁸ 11 ⌐⁸ ⅛╠ ╕≢─ ╩ ⌐₈ ╖ ≥╙

⌂ ╩ ⇔╟℮ ₉╩ ⇔√≤↓╤⁸ ─ ⅜№╡╕⇔√⁹ 

⇔√ │⁸ᵑ ╩ ≢ ≡╖╟℮⁸ᵒ ≢ ⅜ ╩כ♄ꜟⱱכ◐╢╦ ∫≡╖╟℮─ ≈

─ ╩ ⇔≡⁸ ⌂ ⌐≈™≡ ╩ ⇔≡ ⇔ↄ ⇔╕⇔√⁹ 

▬fi♃כfi◦♇ⱪ ─ ╣ 

≢│⁸ ─ ─ ─√╘─ ╩ ∆╢≤≤╙⌐⁸ ⌐ ∆╢ ╩ ╘≡╙╠℮

√╘⁸ ─ ╩▬fi♃כfi◦♇ⱪ ≤⇔≡ ↑ ╣≡™╕∆⁹ 

☿fi♃⁸│≢כ 31 ⅛╠ ╕≢─ ⌐⅔™≡⁸ ⁸

┘ ⅛╠10 ─ ╩ ╣⁸ ╛ ⌂≥─ ╩ ⌐ ⇔

≡™√∞⅝╕⇔√⁹ 

ⱨ▼▪┼─  

◖꜡♫►▬ꜟ☻ ┘ ⇔™ ─ ─ ≤⇔≡ 12

⅛╠ 11 ⌐⅛↑≡Web ≢ ↕╣√₈≤╛╕ ⱨ▼▪2020 in Web₉⌐►▼Ⱪ

⇔√≤↓╤⁸288─Ɑכ☺ⱦꜙכ ╛╕╛≥Ⱳꜝה◖◄⁸╡№⅜ ☿fi♃⁸כ ─

╩ ⇔≡⁸ ─ ↕╪⌐ ╩ ∫≡™ↄ↓≤─ ↕╩ ┘⅛↑╕⇔√⁹ 

↑Ɽfiⱨ꜠♇♩─  

☿fi♃כ─ ╩ ⌐ ∆╢√╘⁸ ⁸ ⁸ ─ ╩ ╡╕≤╘√Ɽfiⱨ꜠♇

♩╩ ⇔⁸ ─ ⁸ ⌐⅔↑╢ ⌐ ⇔≡™╕∆⁹ 

─  

─ ┼─ ≤ ╩ ╘╢√╘⁸ √⇔≥ⱴכ♥╩ ─╒⅛⁸ ─ ה ⅛

╠─ ⌐ ≠ↄ ╩ ⇔≡⅔╡⁸ ─ │ ─≤⅔╡≢⇔√⁹ 

▪  

    

11/10  36 
─ ⌐≈™≡ 

ⱪꜝ☻♅♇◒↔╖⁸ⱴ▬◒꜡ⱪꜝ☻♅♇◒⌐≈™≡ 

11/18  24 
─ ⌐≈™≡ 

ⱪꜝ☻♅♇◒↔╖⁸ⱴ▬◒꜡ⱪꜝ☻♅♇◒⌐≈™≡ 

ה 14   17/ ⌐≈™≡ 

 74   

 

▬  

/     

10/  ⅝╠╘⅝◄fi☺♬▪   
─ ⌐≈™≡ 
≤╛╕─ ⌐≈™≡ 

11/17 ⅝╠╘⅝◄fi☺♬▪   
─ ╩ ═≡╖╟℮
─ ╣⌐ ∆╢  

12/14 ⅝╠╘⅝◄fi☺♬▪   
─ ╩ ═≡╖╟℮
─ ╣⌐ ∆╢  

/  
◌ꜟ♦ꜝ ₈
≢≥℮⌂╢ ─ ה ─ ₉ 

◌ꜟ♦ꜝ  
─ ≤ ┼─
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≤─ VOC  

⁸ ≤⇔≡ ↄ ↕╣≡™╢VOC│⁸PM2.5╛ ○◐◦♄fi♩─ ─ ≈≤↕╣⁸

≢│VOC─ ⅜ ⌐⌂∫≡™╕∆⁹ 

≢│⁸ ─ ╩ ∆╢√╘⁸ ╩⸗♦ꜟ ≤⇔≡⁸ ⌐ ╩ ╘

╢ ─ ╛ ─ ⌐ ↑√ ─ ╖≠ↄ╡ ⌐≈™≡ ⌂ ╩

℮√╘⁸ 30 ⅛╠ ⅛ ─ ≢ ╩ ╪≢™╢ ≤ VOC

╩ ⇔≡™╕∆⁹ 

⌐⅔™≡│⁸VOC ─ ╩ ⇔⁸ ╩ ∆╢≤≤╙⌐⁸ ─

─ ╡╕≤╘≤⇔≡ ╩ ∆╢ ≢⇔√⅜⁸ ◖꜡♫►▬ꜟ☻ ⌐ ™

⅜ ≤⌂∫√√╘⁸ ╩ ╕≢ ∆╢↓≤⌐⌂╡╕⇔√⁹ 

⌂⅔⁸↓─ ─ ⌐№√∫≡│⁸ JICA ─ ╩ ↑≡™╕∆⁹ 

₈ ⱪ꜡☺▼◒♩₉┼─  

☿fi♃כ NPEC≢│⁸ ⸗♬♃ꜞfi◓ ♩כ⸗ꜞ─≡⇔≥

☿fi◦fi◓─ ╩ ╠⅛⌐⇔⁸ NOWPAP ⁸ ⁸꜡◦

▪ ⌐ ⇔≡™ↄ√╘⁸ ╩⸗♦ꜟ ≤⇔⁸ ⅜ ⇔≡ ╛ ⌐ ╢

♃כ♦ ┘ ─♃כ♦ ⁸ ╩ ℮₈ ⱪ꜡☺▼◒♩₉╩ 15 ⅛╠ ⇔≡™╕

∆⁹ 

☿fi♃⁸│כ↓─ ─ ה ╩ ℮√╘─ ⌐ ⇔⁸ ╛ ⌐ ∆╢

─♃כ♦ ⌂≥┼─ ⌂ ╩ ∂≡ ⇔≡™╕∆⁹ 

 

 

  

◄◖▪◒◦ꜛfi21⌐ ╢  

12 12 ⌐ISO14001─ ╩ ⇔ ⌐ ╡ ╪≢⅝╕⇔√⅜⁸ 18 ⅛╠│⁸

╠─ ⌐╟∫≡ ∂╢ ⁸ ╩ ⇔⁸ ┼─ ╩ ∆╢√╘⁸◄◖▪◒

◦ꜛfi21⌐ ╡ ╪≢™╕∆⁹╕√⁸ ⌐│⁸ ⌐ ⇔√ ╖─ ╛ ⌐

─ ╖╩ ⇔√ ꜠ⱳכ♩╩ ⇔⁸ ☿fi♃כ─ⱱכⱶⱭכ☺≢ ⇔≡™╕

∆⁹ 

 

⅛╠ ⌐│ fi♥כ◌─ ꜘכ◗ ⌐╟╢ ─ ╩ ∫√╒⅛⁸ ≤11 ⌐│

⌐ ─ ╩ ∆╢⌂≥ ─ ⌐ ╘╕⇔√⁹ 
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и ☿fi♃כ  

-  21 -  

 ☿fi♃כ─  

      

30   ⅜ ⁸ ↕╣╢⁹ 

13 ⌐⅔™≡⁸ ─ ⌐⅔↑╢ ╩ ∆╢√

╘⁸ ┘ ⌐ ∆╢ ─ ⁸ ⁸ ┘ ┘

⌐ ╩ ℮ ☿fi♃כ ≤⇔≡─ ╩ ℮ ╩

∆╢╟℮ ╘╢╙─≤↕╣╢⁹ 

  ⌐ ≠⅝⁸ ☿fi♃⁸│כ ⌐ ∆╢ ⁸ ⁸

╩ ℮₈ ☿fi♃₉כ≤⇔≡ ∆╢↓≤⌐⌂╢⁹ 

 

 

 ─  

    

17  ☿fi♃כ  ₔ939-0363 

TEL 0766- 56- 2835 ( )  FAX 0766- 56- 1416 

URL https://www.pref.toyama.jp/1730/kurashi/kankyoushizen/kankyou/kj00021662/index.html  

   

ה ☿fi♃כ ⌐ ┘ ╩ ℮√╘─ ╩ Ɑכ☺  

 

 

 ┘  

 

ה       ⌐ ∆╢↓≤ 
     
☿fi♃כ  

☿fi♃כ  

 ☿fi♃כ  
☿fi♃כ  

   ─ ה ⌐ ∆╢↓≤ 
 

    ─ ה ⌐ ∆╢↓≤ 
   

         ⌐ ∆╢↓≤ 
        

 

 

 

ה   ╩♃כ♦ ™√ ⌐ ∆╢  

ה ⌐⅔↑╢ ⌐ ℮ ⌐ ∆╢  

ה ⌐ ∆╢  

⸗♬♃ꜞfi◓ ╩ ╗  

 

 

  

         ⌂   

☿fi♃כ β  
☿fi♃כ─ ─כ♃꜠☻כꜙ♬⁸ ⁸

─ ⁸  

   

β ☿fi♃כ ≤⇔≡│⁸ ☿fi♃כ ─ ≤⇔≡  
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ה  ה  

⌐⅔↑╢ ╩ ∆╢√╘⁸ ⁸ ⁸ ≤ ⇔⁸ ⌐⅔

↑╢ ╩ ⇔⁸ ∆╢≤≤╙⌐ ─ ╩ ╡⁸ ╩ ∆╢↓≤╩

≤⇔≡⁸ ⅛╠₈ ₉╩ ⇔≡™╕∆⁹ 

│ ⇔⁸ ⅛╠ ⌐ ∆╢ ─ ⌂≥╩ ™⁸ ─ ╩

╡╕⇔√⁹ 

 

▪    

14 ⅛╠ 

▬ ⌂  

ה ☿fi♃כ─  

ה ⌐ ↑√ ─ ╖⌐≈™≡ 

 

▪    

12 14 ⅛╠ 

▬ ⌂  

ה ☿fi♃כ─ ╖ ─  

ה ⌐⅔↑╢ ─ ─ ⌐ ⇔≡ 

♦◙▬fi   

ה ⌐⅔↑╢Ⱪꜞ⁸☻ꜟⱷ▬◌⁸ⱱ♃ꜟ▬◌─ ≤ ─ ≤─  

☿fi♃כ   

 

 

  

─ ⸗♬♃ꜞfi◓⌐╟╢ ─ ─  

─ ─ │ ─ ─ ≢№╡⁸ ─ ⌐╟╡∕─

╛ ⅜ ∆╢≤ ₁⌂ ⅜ ∂╢↓≤⅜ ↕╣≡™╕∆⁹╕√⁸ │ ⌂

─ ≢№╡⁸ ∂ↄ ⁸ ─ ⅜ ∂╢≤ ┼─ ╙ ↕╣╕∆⁹ 

2008 ⅛╠ ⌐⅔™≡ ┘ ─ ⁸ ─⸗♬♃ꜞfi◓ ╩ ™⁸

─ ⌐ ≡≡™╕∆ 72⁸78Ɑכ☺ ⁹ 

⌐⅔↑╢ ⌐ ℮ ⌐ ∆╢  

─ ⁸ ⌐≈™≡⁸ ⌐╟╡⁸ ╛ ┼─ ⅜ ↕╣╕∆⁹ 

⅛╠─ ╩♃כ♦ ⇔⁸ ─ ╩ ∆╢↓≤≢ ─ ┼─ ╩

∫≡™╕∆ 44Ɑכ☺ ⁹ 
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─ ⌐╟╢ ─ ⌐ ∆╢  

⌐⅔↑╢ ─ ⌐≈™≡⁸ ⌐ ↄ ↕╣╢ ⌐╟╢ ─ↄ╖ →─

⅜ ⅝ↄ⁸ ⌐ ⌐ ╢ ♪◌ ─ ⌐ ⅜ ⌐ ∆╢ ⅜ ╠╣≡™╕

∆⁹ 

─ ⸗♦ꜟ≤ ⸗♦ꜟ╩ ╖ ╦∑⁸ ─ ─ ≤∕╣⌐ ℮

≤ ─ ╩ ∫≡™╕∆ 30Ɑכ☺ ⁹ 

 

 

ה   

─כ♃꜠☻כꜙ♬  

⌐ ↄ ≤ ⌐≈™≡ ╩ ℮√╘⁸ ╩כ♃꜠☻כꜙ♬ ⇔⁸

╛ ⌐ ∆╢ ╩ ⇔≡™╕∆⁹ 

₈ ─≢Ⱳ≤╛╕₉ꜝה◖◄   

☿fi♃כ ⌐ ↕╣√₈ Ⱳ≤╛╕₉⌐⅔™≡⁸₈ꜝה◖◄  ─ ≤

₉⌐ ∆╢ ╩ ™⁸ ⌐ ⌐≈™≡ ⇔ↄ ⇔≡™╕∆⁹ 

⌐ ∆╢◘ⱳכ♩♦☻◒─  

╛ ⅛╠ ╛ ⌐ ∆╢ ╩ ↑ ↑≡⅔╡⁸ ─ ≤

╛♃כ♦─ ─ ─ ⁸ ╛ ─ ⁸ ─ ╖╩ ∆╢◘ⱳכ♩╩

⇔≡™╕∆⁹ 
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PM2.5─ ─ ⌐ ∆╢  

⌐⅔↑╢ PM2.5 ─   -------------------------------------------  26  

 

─ ⌐╟╢ ─ ⌐ ∆╢  

⌐╟╢ ─ ≤ ─   ----------------  30  

 

⌐⅔↑╢ ─  --------------------------  36  

 

⌐⅔↑╢ ─ ⸗♬♃ꜞfi◓≤ ⌐ ∆╢  

⌐⅔↑╢ PRTR ─ ⌐ ⅎ√ ─   -----------  39  

 

LC- MS/MS╩ ™√ ─ ─   ---------------------------------  42  

 

⌐⅔↑╢ ⌐ ℮ ⌐ ∆╢  

⌐⅔↑╢ ─ ─ ≤ ≤─   -------------------  44  

 

ⱴ▬◒꜡ⱪꜝ☻♅♇◒ ─ ה ⌐ ∆╢  

─ ⌐⅔↑╢ⱴ▬◒꜡ⱪꜝ☻♅♇◒   ----------------  48  

 

⌐⅔↑╢ ⌐ ∆╢ к  

ה ה ╩ ⇔√◌ꜝⱶ   -------------------------  52  

 

↕ ╩ ™√ ─ ⌐≈™≡  ----------------------  56  

 

10 ╩fiכ꜡♪╢↑⅔⌐ ™√ ─   ----------------  60  

 

11 ─ PM2.5 ⌐≈™≡  -------------------------------------------  62  

 

12 ⌐ ⇔√ ⌐≈™≡  -------------------------------------------------  66  

 

13 ♥◐☻♩ⱴ▬♬fi◓╩ ⇔√ ─   -------------------------------  68  
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PM2.5─ ─ ⌐ ∆╢  

⌐⅔↑╢PM2.5 ─  
 

     

 

 │∂╘⌐ 

⌐ ∆╢ 2.5ɡm ─

PM2.5 │⁸ ─ ⌐⌂╢╒⅛⁸

╛ ⌂≥ ┼─ ⅜ ↕╣╢⁹ ⌂

PM2.5 ─ ╩ ℮√╘⌐│⁸PM2.5─ ∞

↑≢⌂ↄ ה ─ ╩ ╠⅛⌐∆╢

⅜№╢⁹ 

PM2.5⌐│ ₁⌂ ⅜ ╕╣≡™╢⁹ │

PM2.5─ ⌂ ─ ≈≢№╡⁸ ≢│PM2.5

─℮∟ OC

EC ⅜3 ╩ ╘≡™╢≤ ↕╣≡™╢ 1⁹

OC─ │ ₁≢№╢⅜⁸ ─ ╛

⁸ ⅝─╟℮⌐ ⅛╠ ↕╣╢

≤⁸ ╛ ●☻⌐

╕╣╢ ⅜ ≢─ ⌂≥⌐╟╡ ⇔

≡ ⇔√╡⁸ ∆╢ ⌐ ⇔≡≢⅝╢

⅜№╢⁹╕√⁸EC│⁸ ⅜ ≢

∆╢ ⌂≥⌐ ⇔⁸ ⌐Ⱳ▬ꜝכ╛◄

fi☺fi⌂≥≢─ ─ ⌐╟∫≡ OC≤

⇔≡ ↕╣╢⁹ 

↓↓≢│⁸ ─PM2.5⌐ ╕╣╢ ─

╩ ╠⅛⌐∆╢√╘─ ≤⇔≡⁸ ─

⌂™≤ ⅎ╠╣╢ ≢ PM2.5 ─ ⌐

≈™≡ ═√ ⌐≈™≡ ∆╢⁹ 

 

  

PM2.5 ─ │⁸ 30 2018 5 22

⅛╠6 4 ┘ 2019 5 24 ⅛╠6

6 ⌐ ⇔√⁹ ╩ 1 ⌐ ∆⁹

2,450m─ 2,450m ⌐⅔↑╢ PM2.5

─ │⁸10 ꜝ▬fiכ꜡◓הⱣꜟ◘fiⱪꜝ GS-

10⁸ ♄▬꜠♇◒ ╩ ™≡ ∫√⁹ כ꜡

Ⱳꜞ►ⱶ◘fiⱪꜝ⌐ ╤ 2500QAT-UP⁸PALLFLEX

╩ ⇔≡ 20L/min≢ ⇔⁸◄▪꜡♂ꜟ

╩ ה 2.5ɡm ⌐ ⇔

√⁹ ─ ─ ─ ⌂™ ╩ ╢√╘⁸

│0 5 ≤⇔√⁹╕√ ≤─ ─√

╘⁸ ☿fi♃כ כ◦≢

◔fi◦ꜗꜟ◄▪◘fiⱪꜝכ Model 2025 Thermo 

Fisher Scientific ╩ ™≡⁸ 10 ⅛╠

─ 10 ╕≢ PM2.5 ╩ ⇔√⁹

┘▬○fi ─ │⁸ ─PM2.5 ⱴ♬

ꜙ▪ꜟ 2 ⌐ ∫√⁹ ─ ┘ ─ │

3,4 ╩ ↕╣√™⁹ 

 

 

1  

Ἒ ⁸ừ  

 

 ┘  

3. 1  PM2.5 ─  

┘ ⌐⅔↑╢PM2.5⁸SO4
2-⁸OC

┘EC ─ ╩ 2⌐⁸ ╩ 1⌐ ∆⁹

│ ─ ╩ ™≡ ⇔√⁹ 

╩ ╢≤⁸ ≢│ PM2.5 ≤

SO4
2-⁸OC ┘ EC ─ ⅜╟ↄ ≡™╢─⌐

⇔≡⁸ ≢│PM2.5≤SO4
2- ─ │⅔⅔╗

⌡ ≡™╢⅜⁸OC ┘EC│ ⅜ ⌂╢ ⅜╖ 

ừ 

Ἑ 
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2(a) 30 ─  

 

╠╣√⁹ 

PM2.5 ─ │⁸ ≢ 30 13.3

ɡg/m3⁸ 12.4ɡg/m3⁸ ≢ 30

11.5ɡg/m3⁸ 15.0ɡg/m3≢№╡⁸

─ │ ↕⅛∫√⁹OC ─ │⁸  

 

 

 

 

2(b) ─  

 

≢ 30 1.2ɡg/m3⁸ 1.5ɡg/m3⁸

≢ 30 2.5ɡg/m3⁸ 3.4

ɡg/m3≢№╡⁸ ─OC │ ─

1/2 ≢№∫√⁹EC ─ │⁸ ≢

30 0.2ɡg/ m3⁸ 0.2ɡg/ m3⁸  
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1 ┘ ⌐⅔↑╢ 

 [ɡg/m3]  

 

 

≢ 30 0.6ɡg/ m3⁸ 0.9ɡg/ m3≢№

╡⁸ ─EC │ ─1/3 ≢№

∫√⁹ ─PM2.5⁸SO4
2- ┘OC │

≤ ─ ╙╖╠╣╢⅜⁸EC │ 30

5 22 ╩ ™≡ ≢ ⌐ ⅛∫√⁹

─EC │ ─ ╙ ↄ⁸

│ ─ ●☻⌂≥ ─ ⅜

⌂™√╘⁸EC ⅜ ™≤ ⅎ╠╣╢⁹ 

OC≤ EC─ ╩ 3⌐ ∆⁹ ≢│

OC≤ EC─ ⌐ ─ ⅜╖╠╣╢─⌐ ⇔≡⁸

≢│ ≤ ─ ─ ⅜╖╠╣╢

≤ EC ⅜ ╘≡ ™ ≤⌐ ⅛╣╢ ⅜╖

╠╣√⁹ ≢EC ⅜ ™ │ ─

╩ ↑≡™╢ ⅜№╢⁹ 

 

3. 2  PM2.5  

┘ ⌐⅔↑╢ PM2.5

╩ 4⌐ ∆⁹ ⌐⅔↑╢PM2.5 ⌐ ╘╢

OC ┘EC─ │⁸OC│ 30 10.1%⁸

12.4%⁸EC│ 30 3.2%⁸

1.5%≢№∫√⁹ ─OC ┘EC ─

│⁸OC│ 30 24.6%⁸ 28.0%⁸

EC│ 30 5.5%⁸ 5.9%≢№╡⁸  

 

 

 

3 OC≤EC─  

⁸  

 

 

⌐⅔↑╢ PM2.5 ⌐ ╘╢ ─ │

╟╡ ↕⅛∫√⁹ ─PM2.5⌐│▬○fi

┘ ─╙── ⅜ ⅝™↓≤⅛

╠⁸ ─PM2.5│ ╩ ↄ ╪≢™╢

⅜№╢⁹╕√⁸SO4
2-─ │ ╟╡

─ ⅜ ↕™⅜⁸NO3-─ │ ≢

№╕╡ ╦╠⌂™ ⅜╖╠╣╢↓≤│ ™⁹ 

 

 ╕≤╘ 

─ ⌐⅔™≡PM2.5 ─OC ┘EC

╩ ⇔√⁹ ─OC │<0.049 4.3ɡg/m3

1.2 1.5ɡg/m3 ⁸EC │<0.0001 1.0ɡ

g/m3 0.2ɡg/m3 ≢№╡⁸ ─ ╟╡

™ ⅜╖╠╣√⁹PM2.5 ⌐ ╘╢ OC ┘

EC─ │⁸OC⅜10 12% ⁸EC│2 3%

≢№╡⁸ ≤ ═≡ ─ │ ↕⅛

∫√⁹ ⌐EC ⅜ ™─│⁸ │ ─

●☻⌂≥ ─ ⅜ ⌂™√╘≤ ⅎ 

PM2.5 13.3 11.5

SO4
2- 1.7 3.1

OC 1.2 2.5

EC 0.2 0.6

PM2.5 12.4 15.0

SO4
2- 2.2 4.3

OC 1.5 3.4

EC 0.2 0.9
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∆╢─⅛⌂≥ ⌐≈™≡─ │ ⇔™⁹ 

∕↓≢⁸ ≢│ ₈

ⱪ꜡◓ꜝⱶ SI-CAT₉≢ ↕╣√▪fi
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≡ ╩ ⇔√⁹ 

 

  

2.  ♃כ♦  1

≢ ∆╢ ┘ │♃כ♦

─₈ ⱪ꜡◓ꜝ

ⱶ SI- CAT₉⌐╟╡ ◦Ⱶꜙ꜠כ♃╩ ™≡

d4PDF ⌐ ∆╢▪fi◘fiⱩꜟ

☻כⱬ♃כ♦ ╩ ♄►fi☻◔כ♦√⇔ꜟכ

♃╩ ⇔√⁹ 

│♃כ♦─↓ d4PDF ⸗♦ꜟ ─ 20km

╩♃כ♦ ─ ⸗♦
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2090 ↓╤ ─ 3≈─ ⅜♃כ♦ ╕╣╢⁹

─ ⌐≈™≡372 ╩

╗↓≤⅛╠100 ⌐ ≤™∫√ ─

⅜ ≢№╢⁹ ╙ ─♃כ♦√╘ │
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2. 2   

≢│⁸ ─ ╩ ≤⇔⁸∕

─ │ 1─≤⅔╡≢№╢⁹↓─ ⌐│ 30─

⅜ ╕╣≡™╢⅜⁸3 │ ⁸2 │⸗♦ꜟ
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2. 3  ─◦Ⱶꜙ꜠כ♩ 

 ─ │⁸↓╣╕≢ ☿fi♃כ≢

⌐ ∆╢ ╩ ╘≡⅝√ ⌐№╢

─ ─ ─ ╩ ≤
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⇔≡ ₈ ₉≤™℮⁹

⅜9 No.1 9 ↕╣≡™╢⁹ 
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─♃כ♦  ╩ ∆╢√╘⁸ ♦
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≤ ─ ─ ╩ ∫√⁹ 
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─╖╩ ⇔⁸ ∆╢⁹ 
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3. 2  ─  
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10 ─  
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ⱪ꜡◓ꜝⱶ SI- CAT ⌐╟╡ ◦Ⱶꜙ꜠
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 │∂╘⌐ 

⁸ ─COD 75% │
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⅛⌐⌂∫≡™╢⅜⁸ ─ ⌂ ╛ │

╠⅛⌐⌂∫≡™⌂™⁹ 

≢│⁸ ─ ⌂ ≢№╢

─ ╩ ⌐ ⇔⁸ ╛ ⅛╠
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┼─ ╩ ╠⅛⌐∆╢↓≤╩ ≤∆╢⁹⌂⅔⁸

≢│ 2020 ─ ⌐≈™≡ ⇔√

╩ ∆╢⁹ 

 

 ┘  

2.1   

│⁸2020 ⁸ ⁸11 24 ⁸

┘2021 15 ⌐ ☿

fi♃כ ─ ₈│╛≈⅝₉⌐≡ ∫√⁹

⅛╠ km╕≢⌐№╢

─ ≤⁸↓─ ⌐ ⇔√ ⌐⅔™≡
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╢ ≤ ─ ⅜ ⇔⁸ │
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│⁸CTD╩ ™≡ ⅛╠ ⌐ ⇔⁸

⁸ ⁸ (DO)⁸◒꜡꜡ⱨ▫ꜟ (Chl -

a)╩ ⇔√⁹ │Ᵽfi♪fi ╩ ™≡
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NO3-N⁸▪fi⸗♬▪ NH4-N⁸╡╪

╡╪ PO4-P⁸↑™ ↑™ SiO2- Si ╩⁸

QuAAtro2- HR BL- TEC ╩ ™≡ ⇔√⁹ 
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3.1  CTD  
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│⁸ ⌐ ≢ ⌐ ↄ⁸70 ≢

⅜ ↕╣≡™√⁹11 ⌐│90 ╕≢ ⅜
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OY5 330m

OY6 112m
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≡™╢⅜⁸↓╣│ ≢│ ⌐ ⅛╠

╩ ≤∆╢ ⅜ 34.15psu ─ ⅜ ∆

╢↓≤⅜ ╠╣≡⅔╡ ⁸↓─ ─ ─ ╩

↑≡ ⅜ ™ ╩ ⇔√≤ ⅎ╠╣╢⁹╕√⁸

11 ⅛╠ ─ ⌐╟╢ ≤─ ⌐╟

∫≡ ╕∫√↓≤⅜╦⅛╢⁹ 

│⁸200 ≢│ ⅜ ⅝ↄ⁸

200 ≢│6.8 8.0mg/L≤ ™ ≢

─ │ ↕⅛∫√⁹↓╣│ 200 ⌐

∆╢ ─ ⅜⅔╟∕ 6.4mg/L

≤ ™√╘≢№╢⁹50 ≢│ ⌐ 9.7mg/L

≤⌂∫√⅜⁸↓╣│ ⱪꜝfi◒♩fi─ ⌐╟

╢≤ ⅎ╠╣╢⁹ ⁸ │6.8mg/L≤⌂∫√─

│ ⅜ ⇔√↓≤≢ ⅛╠─ ─ ⅜

⌂⅛∫√√╘≢№╢⁹50 ≢│⁸11 ─90 ≢

5.8mg/L≤ ≤⌂∫√⁹↓╣│⁸11 ─

│90 ≢№╡⁸ ⌐70 ≢ ⇔√ ⅜ ⌐

⇔≡™⌂™√╘⁸ ─ ≤ ─

─ ≢ ─ ⅜ ⌂™ ≢ ⅜

↕╣√√╘≤ ⅎ╠╣╢⁹ 

 

3.2  ─  

─ ⁸ ⁸╡╪ ╡╪⁸↑™

↑™ ─ ╩ ⌐ ∆⁹ 

│⁸100 ≢ ⅜ ╠╣√⁹ ⌐50

≢│ 11 ⌐ 0.05mg/L ≢№╡⁸ ⱪꜝ

fi◒♩fi─ ⌐╟╢╙─≤ ⅎ╠╣╢⁹ │

0.5 ⅛╠100 ╕≢ ⅜ ↕⅛∫√⁹200 ≢│⁸

│ 0.13mg/L⁸ │ 0.20 0.22ml/L ≤⁸

│ ─ ≤ ⇔≡ ™ ∞∫√⁹↓╣│⁸

╠ 1989 ─ ≢╙ ↕╣≡⅔╡⁸

─ ≢№╢≤ ⅎ╠╣╢⁹ 

╡╪ │⁸100 ≢ ⅜ ╠╣⁸ 11

⅜ ™ ≢№╡⁸ ⱪꜝfi◒♩fi─ ⌐╟╢

√╘≤ ⅎ╠╣╢⁹ │25 ⅛╠100 ╕≢0.007

0.010mg/L ≤ ─ ╟╡╙ ™ ≢ ⌐

⇔≡⅔╡⁸ ⌐╟╡ ↄ⌂∫√≤ ⅎ╠╣╢⁹

200 ≢│0.030 0.054mg/L≤ ™ ≢ ⇔

≡⅔╡⁸ ↕⌐╟╢ │ ↕⅛∫√⁹ 

↑™ │⁸0.5 │0.10 0.74 /L ≢ ⅜

⅝ↄ⁸ ⅛╠─ ≢№╢⁹10 100 │0.01

0.17mg/L ≢ ⅜ ╠╣⁸ ⅜ ╙ ↄ⁸

│ ⅛∫√⁹200 ≢│0.54 1.1mg/L ≤

│╒≤╪≥⌂⅛∫√⁹ 

 

3.3  ─ 100 ┼─  

│100 ≢11 ≤ ⌐ ∆╢ ⅜

╠╣√⁹ ─№╢ ≤ ─

∆╢ 200 ─ ⌐│ ⅜ ⇔⁸

─ ─ ⅜ ⌂™⁹⇔⅛⇔⁸11 │ ⅜

80 140 ╕≢ ↄ⌂∫√↓≤≢⁸

≤ 150 ─ ─ ⅜ ⅝⁸ ⅜

ϴ

CTD OY5

mg/L

2020 2020 2020 11 2021

0

50

100

150

200

250

300

350

400

0 5 10 15 20 25 30 35
0

50

100

150

200

250

300

350

400

32.0 32.5 33.0 33.5 34.0 34.5

(11 )

( )

(11 )

( )

(11 )

( )

5 6 7 8 9 10
0

50

100

150

200

250

300

350

400

psu  mg/L  
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↕╣⁸ ⌐ 150 ╕≢ ⅜ ⅝√ ⌐

╕≢ ↕╣≡™╢ ⅜№╢⁹↓─ ⌂

─ ◦☻♥ⱶ⌐≈™≡│⁸╟╡ ⌂ ⌐

╟╡ ╠⅛⌐⌂╢↓≤╩ ⇔√™⁹ 

 

 ╕≤╘ 

─ ≢ ≢─ ─

⅜ 150 ╕≢ ⅝≡™╢↓≤⅜ ╠⅛⌐⌂∫

√⁹200 ⌐│ ╩ ↄ ╗

⅜ ⇔≡™√⁹ 

─ 100 ≢─ ─ │⁸ ─

─ ∆╢ ↕─ ≤ ─ ⅜ ╦↕

∫√√╘≢№╢ ⅜№╢⁹ ⌐≈™≡│

─ ≢ ⌐ ⇔√™⁹ 

 

 ─  

─ ╩ ∆╢↓≤≢⁸

╛ ─ ⌐ ≡≡™ↄ⁹↕╠⌐│⁸

─ ⌐╟∫≡ ⅝ ↓↕╣╢ ┼

─ ╩ ⇔⁸ ∆╢√╘─ ≤∆╢⁹ 

 

 

╩ ╘╢⌐№√╡⁸ ₈

₉ ─ ⁸ ─ ⌐│⁸

⅔ ⌐⌂╡╕⇔√⁹ ↄ ™√⇔╕∆⁹ 

 

 

1) ╠ ─ ≤ ה

⌐╟╢ ⱨꜝ♇◒☻ 157Ί

164 2005  

2) ╠ ⌐⅔↑╢ ─ ─

 l  

(1989) 

3) ⱱכⱶⱭכ☺ https://www.data.jma.go .  

jp/gmd/kaiyou/shindan/e_2/maizuru_koyusui/m

aizuru_koyusui.html  
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⌐⅔↑╢ ─ ⸗♬♃ꜞfi◓≤ ⌐ ∆╢  

⌐⅔↑╢ PRTR ─ ⌐ ⅎ√ ─  
 

 

 

 │∂╘⌐ 

─ ─ ┼─ ⌐ ⇔≡⁸

⸗♬♃ꜞfi◓ ┘ ╩ ⅛≈

℮√╘─ ╩ ⌐⁸ ≢ ↕╣≡

™╢ ─ ╩ ⇔√℮ⅎ≢⁸ ≤

№╦∑≡ ◦☻♥ⱶ(GIS Geographic 

Information  System)⌐╟╡ ⅎ╢ ⇔√ ⌐≈

™≡ ⇔√≤↓╤≢№╢⁹ ≢│⁸

⸗♦ꜟ DEM:Digital Elevation Model ╩♃כ♦

™√ ≤ ─ ─ ⌐≈™

≡ ⇔√─≢ ∆╢⁹ 

 

  

2.1  ∆╢GIS♦כ♃ ┘♁ⱨ♩►▼▪ 

GIS♦כ♃≤⇔≡ ≢ ╩♃כ♦√⇔

⌐ ∆⁹GIS♁ⱨ♩►▼▪│⁸QGIS3.16╩ ⇔√⁹

╕√⁸PRTR♦⁸│≡™≈⌐♃כ ⌐ ⇔

√ⱳ▬fi♩♦כ♃╩ ⇔√⁹ 

 

2.2  GIS⌐╟╢ ┘ ⱳ▬fi♩♦

─♃כ  

 ─ │⁸ ⅛╠

⌐ ∆╢ ╩ ≤⇔√⁹  

 

 

 

 

 

 

 

 

 

 

  

 │⁸ ⅛╠ √DEM♦כ♃

╩ ≢ ╡ ™√℮ⅎ≢⁸DEM♦כ♃⅛╠

╩ ⇔≡ ─ ╣╢ ╩ ∆╢ QGIS─

watershed ≤™℮ ╩ ⇔≡ ╩ ∫√⁹ 

 

  

3.1  ─☿ꜟ◘▬☼─  

 Watershed♠כꜟ╩ ∆╢ ⁸ ─

☿ꜟ◘▬☼╩ ∆╢ ⅜№╢⁹ │Ⱨ◒☿ꜟ

≢⁸ ⇔√ ꜟ☿◒Ⱨ│♃כ♦ X 2, 295⁸

Y 4, 118 ≢⁸ ⱷכ♩ꜟ │ X=26, 812m⁸

Y=48,110m⁸1Ⱨ◒☿ꜟ─ │X 11.68 ⁸Y

11.68 ≢№╢⁹ ⇔√☿ꜟ◘▬☼≤ ⁸

╩ ⌐ ∆⁹╕√⁸∕╣∙╣─ ╩

☿ꜟ◘▬☼ ⌐ ∆⁹ 

 

 ☿ꜟ◘▬☼≤  

☿ꜟ◘▬☼ (m)  

300 202.35 35,072 

3, 000 639.90 8,134 

30,000 2, 023.54 1,397 

300,000 6, 398.99 104 

 

 

 

 

 

 

 

 

 

 

 

 (300)     (3000) 
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 (30000)  (300000) 

 

 ≢ ╢ │⁸ ⁸ ─╟℮⌐☿ꜟ◘▬☼

╩ ↕ↄ∆╢≤ ⅜ ⅛ↄ⌂╢↓≤⅜ ⅛∫√⁹

⁸ ⁸ │ ⌡ ─ ⌐ ⅛╣√⁹⇔⅛

⇔⁸ ≢│ ⁸ ─ │ ⌐ ↑

╢↓≤⅜≢⅝⌂⅛∫√⁹↓╣│⁸ ─ ⅜ ↕ↄ⁸

╕√⁸ ☿ꜟ◘▬☼⌐ ╡⅝╠⌂⅛∫√√╘

≢⅝⌂⅛∫√╙─≤ ≢⅝╢⁹ 

 ⁸╕√│⁸ ≢ ∆╢ │⁸∕╣

∙╣ ⅜ ⌂╢≤ ↕╣╢√╘ ⌂☿ꜟ◘▬

☼─ ⅜ ≢№╢⁹ 

 

3. 2  ≤PRTR ─  

 PRTR ⅛╠ ⅜ ⅝√ ─ ╩

∆╢√╘⁸3.1 ≢ ⇔√ ☿ꜟ◘▬☼ 300─

≤ PRTR ╩ GIS ≢ ╩ ™⁸∕

─ ─ ╩ ⌐ ∆⁹ 

 

 

 ↕╣√ ≤PRTR  

⌐ │ ™ ⅛╠ ™ ┼ ╣╢↓

≤≤⅛╠⁸ ╙ ─ ™ ⌐ ⇔√╙─⅜

╕╢↓≤≤⌂╢⁹∕↓≢⁸DEM♦כ♃⅛╠↓╣╠

↕╣√ ╩ ⇔⁸ ╙ ™ ╩ ↄ⇔√╙

─╩ ⌐ ∆⁹

 

 PRTR ≤ ─  

 

↓─ ⅛╠⁸PRTR ⅛╠ ⅜ ⅝√ ⁸

⌐ ↑ ─ ™ ⌐ ⅜ ╕╢─

≢⁸ ╛ ╩ ∆╢√╘─ ╩

∆╢↓≤⅜≢⅝╢↓≤⅜ ⅛∫√⁹ 

 

 ╕≤╘ 

 ⁸GIS─ ⌐⅔↑╢ ─

≤ ⇔√ ⌐⅔↑╢PRTR ─ ≤∕─

─ ⌐≈™≡ ⇔√⁹∕─ ⁸

╩ ∆╢√╘─ ☿ꜟ◘▬☼╩ ∆╢↓≤≢⁸

⅛╠ ╕≢ ⌐ ∂√ ⅜

⌐⌂╢↓≤⅜ ⅛∫√⁹╕√⁸∕╣╠ ⇔√

─DEM♦כ♃╩ ∆╢↓≤≢⁸ ─ ╣ ╢

─ ⌐GIS⅜ ≢№╢↓≤⅜ ⅛∫√⁹ 

 ⁸ ⇔≡™╢ ─ ⌐╟╢

─ ⌐ ∆╢√╘⁸ ─ ◦Ⱶꜙ꜠

╩fiꜛ◦כ ⇔√ ─ ⌐ ∆╢

─ ╩ ™√™⁹ 

 

 

1) PRTR▬fiⱨ◊ⱷכ◦ꜛfi  

https://www.env.go.jp/chemi/prtr/risk0.html  

2) ♄►fi꜡כ◘♪כⱦ☻  

http://nlftp.mlit.go.jp/ksj/  

ừ PRTR  ╡≈┬⇔│∕╣∙╣─  
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 ♁ⱨ♩►▼▪≤ ─♃כ♦  

♃כ♦ ┘♁ⱨ♩►▼▪  

QGIS3.16 https://qgis.org/  

ⱷ♇◦ꜙ♦כ♃ ♄►fi꜡כ◘♪כⱦ☻ 

 

 ₈ ♃▬ꜟ₉╩ ⇔≡  

DEM♦כ♃ 10mⱷ♇◦ꜙ  ╩ ⇔≡  

https://fgd.gsi.go.jp/download/mapGis.php?tab=dem  
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LC- MS/MS╩ ™√ ─ ─  
 

   

 

 │∂╘⌐ 

╛ ⁸∕⇔≡ 30 7

─ ⌂≥⁸ ⁸ ⌂ ⅜ ⇔≡⅔╡⁸

⌐│ ─ ╛ ⌂≥─ ⅛╠⁸

─ ⅜ ↕╣╢↓≤⅛╠⁸

⌂ ⸗♬♃ꜞfi◓ ⅜ ≤↕╣≡™╢⁹ 

⌐⅔™≡⁸LC- MS/MS│⁸ ⅜ ⅝ↄ

⅜ ™╙─≢╙ ⅜ ≢№╢⌂≥⁸

─ ⅜ ™⁹LC- MS/MS╩ ⇔≡™╢

─ ⅜ ⌂™ ⁸ ≢ ⌂ ─

╩ ∆╢↓≤≢⁸ ─ ה

─ ─ ╩ ╢↓≤⅜≢⅝╢≤

ⅎ╠╣╢⁹ 

≢│⁸PRTR ╡╟☻כⱬ♃כ♦─ ≢

ה ─№╢10 ╩ ⇔⁸ ∆

╢ ╩ ⇔√⁹ 

 

  

2.1   

PRTR ─ ≢№╢

─℮∟⁸ ≢ ה ─№╢ ─10 ╩

≤⇔√⁹ 

▪◒ꜞꜟ▪Ⱶ♪⁸2-▪Ⱶⱡ◄♃ⱡ⁸ꜟכ◄♅꜠fi

♅○ ⁸EPN⁸♅○ⱬfi◌ꜟⱩ⁸N,N-☺◦◒꜡Ⱬ◐

◦ꜟ▪Ⱶfi⁸♅○ⱨ□Ⱡכ♩ⱷ♅ꜟ⁸♅○ ⁸Ⱨ

Ɑꜝ☺fi⁸╡╪ ♩ꜞⱨ▼♬  ꜟ

 

2.2   

│⁸ פֿ ┘ AccuStandard®─╙

─╩ ⇔√⁹ 

ⱷ♃ⱡכꜟ ┘◑ │ LC/MS─פֿ ╩

™√⁹ 

 

2.3   

HPLC│⁸Waters ─ACQUITY UPLC╩⁸MS│⁸

Waters ─Xevo TQD╩ ⇔√⁹ 

◌ꜝⱶ│ Waters ─ Acquity UPLC® HSS C18 

1.8mm 2.1×100mm Column╩ ⇔⁸◌ꜝⱶ │

40ϴ≤⇔√⁹ 

 

2.4   

│⁸ⱷ♃ⱡ10≢ꜟכ mg/L ╩ ⇔⁸

∕╣╩ /ⱷ♃ⱡכꜟ 1:1 ≢ ⇔≡

⌐ ⇔√⁹ 

 

2.5  ESI╩ ™√▬○fi ─  

∕╣∙╣─ ⌐≈™≡⁸100 ɡg/L ╩

⇔⁸ESI─ ╩ ⇔√⁹ 

 

2.6  ─  

∕╣∙╣─ ⌐≈™≡⁸1 ɡg/L ⅛╠100 ɡg/L

╕≢─ ╩ ⇔⁸ ╩ ⇔√⁹ 

 

2.7  IDL⁸IQL─  

(IDL) ┘ (IQL)│⁸

─ ─ ⅝ 1)╩ ⌐⁸

─ ╩10 ∆╢↓≤≢ ╘√⁹ 

IDL = t(9, 0.05)×ɨ9,I×2 

IQL = 10×ɨ9,I  

⌂⅔⁸t(9, 0.05) │Student─t ≢ 5%⁸

─ t ≢№╡⁸1.833 ≢№╢⁹╕√⁸ɨ9,I

│ ≢№╢⁹ 

 

 ┘  

3.1   

◘fiⱪꜝ⅛╠ ╩ 10 ɡL ⇔⁸

⌐│ 0.5%◑ ┘ⱷ♃ⱡכꜟ╩◓ꜝ☺◄fi

♩╩⅛↑≡ ⇔√ ╩ ™√⁹ │

─≤⅔╡≤⇔√⁹ 

 

3.2   

│ ─≤⅔╡≢№╡⁸ ⌐⅔
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↑╢ ⅜ ↕╣≡™╢ ⌐≈™≡│ 10

─ ─ ≢ ≢⅝⁸╕√∕─ ─ ⌐≈™

≡│ ─₈ ─ ꜞ☻◒ ₉⌐

⅔↑╢ ⌐ ∆╢ PNEC

─ ≢ ≢⅝⁸™∏╣─ ⌐≈™≡╙

─ ⌐ ≢⅝╢↓≤⅜ ↕╣√⁹ 

 ↓─ ≢⁸◄♅꜠fi♅○ ⁸♅○ ┘╡╪

♩ꜞⱨ▼♬ꜟ⌐≈™≡│⁸Ⱪꜝfi◒ ⅛╠0.33

0.58 ɡg/L ↕╣√⁹╡╪ ♩ꜞⱨ▼♬ꜟ⌐≈

™≡│⁸♦ꜙꜝfi ─ ◐ꜗ♇ⱪ╛Ᵽ▬▪ꜟ◐

ꜗ♇ⱪ ⅛╠ ↕╣╢ ⅜ ↕╣≡⅔╡ 2)⁸

⁸ ╛ ╩ ∆╢⁹ 

 

 ╕≤╘ 

≢ ה ─№╢

─℮∟⁸10 ⌐≈™≡ ╩ ⇔√⁹

│⁸ ⌂ ─ ⁸

┘ⱴ♩ꜞ♇◒☻ ─ ╩ ∆╢⁹ 

 

 ─  

⌐⅔↑╢ ┼─ ─

─ ⌂ ⅜ ≤⌂╡⁸ ─

─PRTR♦כ♃≤ ╖ ╦∑╢↓≤≢⁸ ─

┘ ⌂ ─ ⌐≈⌂→╢⁹ 

 

 

1) ─ ⅝ 27

28  

2) ╡╪ ♩ꜞⱨ▼♬ ;ꜟ╡╪ (2-◄♅ꜟⱫ◐◦ꜟ)

☺ⱨ▼♬ꜟ;╡╪ ☺-ⱡꜟⱴꜟ-Ⱪ♅ꜟ=ⱨ▼♬

ꜟ─ (LC/MS/MS)( ) 29 12

 

 

  

Injection  

Volume 

Solution  

A 

Solution  

B 
Flow Rate Gradient condition  

10 ɡL 
0.5  

Formic Acid  
Methanol 0. 2 mL/min 

0.0 ќ  0.5 min  B  5% ќ  5% 

0.5 ќ 15.0 min B  5% ќ 95% 

15.0 ќ 21.0 min B 95% ќ 95% 

21.0 ќ 21.5 min  B 95% ќ  5% 

21.5 ќ 26.0 min  B  5% ќ  5% 

 

 ─  

Compounds 

Cone 

Voltage 

(V)  

Collision  

Energy 

(eV) 

Ion 

Mode 

Precursor  

Ion  

(m/z)  

Product 

Ion 

(m/z)  

RT 

(min)  

IDL 

(ɡg/L)  

IQL 

(ɡg/L)  

PNEC ┘ 

 

(ɡg/L)  

▪◒ꜞꜟ▪Ⱶ♪ 24 8 ESI+ 71.8   54.8  1.86  0.12 0.32 41 

2-▪Ⱶⱡ◄♃ⱡכ  ꜟ 20 6 ESI+ 61.9   43.9  1.18  0.14 0.37 25 

◄♅꜠fi♅○  34 14 ESI+ 102.8   43.8  1.32  0.063 0.17 133 

EPN 30 24 ESI+ 323.9   157.0  16.86

  

0.057 0.16 6*1 

♅○ⱬfi◌ꜟⱩ 30 16 ESI+ 258.0   124.9  16.74

  

0.092 0.25 20*2 

N,N-☺◦◒꜡Ⱬ◐◦ꜟ▪Ⱶfi 36 28 ESI+ 182.0   54.9  9.84  0.040 0.11 0.49 

♅○ⱨ□Ⱡכ♩ⱷ♅  ꜟ 30 20 ESI+ 342.8   150.9  12.08

  

0.10 0.28 3000*3 

♅○  28 10 ESI+ 76.8   59.8  1.29  0.11 0.29 4.8 

ⱧⱭꜝ☺fi 36 12 ESI+ 86.9   43.8  1.07  0.15 0.42 3 

╡╪ ♩ꜞⱨ▼♬  ꜟ 54 26 ESI+ 326.9   214.9  16.29

  

0.19 0.53 3 

 ⌐⅔↑╢  
 ⌐⅔↑╢  
 ◗ꜟⱨ ⌐⅔↑╢  
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⌐⅔↑╢ ⌐ ℮ ⌐ ∆╢  

⌐⅔↑╢ ─ ─ ≤ ≤─  
 

    

 

 │∂╘⌐ 

 ─₈ ꜠ⱳ⁸≥╢╟⌐≤⌂₉♩כ

─ │ 100 ⌐1.24ϴ ⇔≡⅔

╡⁸ ≢╙21 ⌐│ ⅜5ϴ ∆

╢ ⅜ ↕╣≡™╢⁹ 

 ╕√⁸ ─ ⌐╟╢≤⁸

⌐╟∫≡ ⁸ ⁸ ⅛╠─ ─

─ ⅜ ↕╣╢≤ ↕╣≡™╢⁹ ⌐

─ ה ה ─ 30

1981 2007 ─ │⁸4,477 ─

℮∟⁸ │72 ⁸ │82 ≢ ─ ⅜

№╢↓≤⅜ ↕╣≡™╢⅜⁸ ─ ⌐⅔™≡

⁸ ─ ╩ ∆╢ │ ⌐ ╘

╠╣≡™⌂™⁹ 

 ↓─√╘⁸ ⌐⅔↑╢

─ ─ ─ ╩♃כ♦ ⇔⁸ ⌐

⅔↑╢ ─ ┼─ ╩ ⇔√⁹╕√⁸

⌐≈™≡╙⁸ ≤⇔≡⁸

OY- 5 ┘ OY- 5 ─

╩ ═√⁹ 

 

  

 ≢ ↕╣√ ┘⌐ ⁸

┘ ⅜ ⇔

√ ⁸pH⁸DO─♦כ♃╩ ⇔⁸ │⁸

⌐≈™≡│1981 4 2018 3 ╕≢─37

⁸ ⌐≈™≡│1977 4 2018 3 ╕≢

─41 ╩♃כ♦─ ⇔√⁹╕√⁸ │⁸

™∏╣╙ ─℮∟⁸ 12 ╩ ⇔≡

™╢ ≤⇔√⁹ 

⌐≈™≡│ Mann-Kendall ≢♩꜠fi

♪╩ 5 ≢ ⅜№╢╙─╩₈ ₉≤

⇔⁸ ⌂╙─⌐≈™≡│Sen's Slope ⌐╟

╡ ╩ ╘√⁹ 

 

 

 

 

 

 

 

 

 

 

 

  

3.1   

 ≤ ─ ─ ⌐≈

™≡ ⇔√◓ꜝⱨ─ ╩ 2⌐ ∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

╩♃כ♦ 1 ⇔√  

2 ⁸ ─ ┘  
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╕√⁸ ─ ╩ ⇔√ ╩ 1⌐

∆⁹ 

 ⌐≈™≡│ ─ ה ┘

─ ⁸ ┘ ─ ⌂≥⁸

⅜ ↄ⁸ ⅜ ⌐ ⅜∫≡™╢

┘ ─ ≢ ⌂ ⅜ ╠╣√⁹ 

 

3.2  pH DO 

 ⌐⁸pH ┘ DO─ ─ ─

╩ ⌐ ∆⁹ 

 pH⌐≈™≡│ ─ ╩ ⌐ ⌂

⅜ DO⌐≈™≡│ ⌐╟╡ ≤ ─ ─

⅜ ╠╣√⁹ 

 

3.3  ┼─ ─  

 . ─ ⅛╠⁸ ⌐ ─ ⌐⅔™≡

─ ⌐ ⅜ ╠╣⌂⅛∫√↓≤⅛╠⁸ ⌐

╩ ╓∆ ─№╢ ─ ╩ ═╢√

╘⁸ ⌐♄ⱶ─⌂™ ≤⇔≡ ⌐≈

™≡⁸3 5 ─ ─ ╩ ⇔√⁹∕─

╩ 3⌐ ∆⁹ 

 4 ┘ 5 ─ ≢ ⌂ ⅜ ╠╣⌂⅛∫

√╙──⁸3 ─ ─ ≢

0.0 50ϴ/ ⅜ ╠╣√⁹ 

 ↓─↓≤⅛╠⁸ ≢─ ⅜ ∆╢≤

≤╙⌐⁸ ↑─ ⅜ ╕╡⁸ ┘

─ ⌐ ⇔≡™╢↓≤⅜ ↕╣√⁹

⌐ ה ה ≢─ ─

≤3 ─ ≤─ ⌐│ ™ ─

⅜ ╠╣√↓≤⅛╠⁸ ─ ⅜ ─

⌐ ─ ⅜№╢↓≤⅜ ⅛∫√⅜⁸↕╠⌐

ה ╩ ∫≡™ↄ ⅜№╢⁹ 

 

 

 

 

 

 

 

 

  
 

    Mann-Kendall  ♩꜠fi♪⌐ ⌂⇔ 

 ♩꜠fi♪⌐ ⌂⇔ 

               ♩꜠fi♪⌐ №╡ 0.050ϴ/  

 

 

3.4  ┼─ ─  

≢ ╠╣╢ ─ ⌐│ ⁸

─ ╙ ↕╣⁸↓─℮∟

─ ╩ ═╢√╘⁸ ⅜ ─

┘ ≢─ 4 9

┘ 10 3 ─ ≤ ─

╩ ═√⁹∕─ ╩ 4⌐ ∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

         )₈ ₉│⁸ ╩ ╘√  

 

⅝(ϴ/ ) ⅝(/ ) ⅝(/ ) (km) (km2) ♄ⱶ─

+0.017

+0.029

+0.026 +0.027

⅜ +0.037 +0.019 -0.014

+0.039

+0.030

+0.031 +0.019

+0.043

+0.046 +0.017

+0.036 +0.012

+0.014

+0.029 +0.006

+0.016 -0.007

+0.015 +0.003

+0.017 -0.008 45.2 134 σΰ

+0.036 +0.022 -0.017 59.5 169 σΰ

+0.011 141.8 682

+0.021

+0.020

+0.015

2 +0.022 -0.005 4.9 17 σΰ

2 +0.017 -0.007 13.0 58 σΰ

β ─ 12⅛ ─ 1981 2018 ╩ ⁹√∞⇔⁸ 1983│♃כ♦─ 2018 ⁹

β │⁸Mann-Kendall_Sen's Slope ⌐╟╢5% ≢ ⇔⁸ ⅜ ≢№∫√ ⌐│⁸ ⅝╩

⁷ Mann-Kendall_Sen's Slope ≢ ╘√⁹

170

σΰ

902 30.7

145.2 368

2,720350.7

2 87.3

╟╡

366.3 667

167.1 1,180

1 ─ ⁸pH⁸DO─  

3 ≢─3 5 ─  
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       Mann-Kendall ∆═≡♩꜠fi♪⌐ №╡⁹ 

       0.041ϴ/ ⁸  0.044ϴ/  

       0.033ϴ/ ⁸  0.044ϴ/  

 

 

 ↓─ ⁸≥∟╠─ ⌐⅔™≡╙ ─

│ ─ ≤╒╓ ∂≢№∫√↓≤⅛╠⁸

─ │⁸ ╟╡╙

─ ╛ ─ ─ ╩ ↑≡™╢≤ ⅎ╠

╣╢⁹ 

 

4.1   

 ⌐⅔↑╢ ─ ╩ ═╢√╘⁸

─℮∟⁸ ⌂ ≤⇔≡

J-5 ┘ OY-5 ⌐≈™≡

⇔√⁹⌂⅔⁸ ⅜№╢ ⌐≈™≡│⁸∕

─ ╩₈ ₉≤⇔√⁹∕─ ╩ ⌐

∆⁹ 

 ↓─ ⁸≥∟╠─ ⌐⅔™≡╙⁸ ⌂

+0.03ϴ/ ⅜ ╠╣√⁹ 

 

 

 

 

 

 

 

 

 

 

 
       Mann-Kendall ∆═≡♩꜠fi♪⌐ №╡⁹ 

          0.04ϴ/  

     J-5   0.03ϴ/  

     OY-5  0.03ϴ/  

 

4.2  ─  

 4.1 ─ ⅛╠⁸ ─ ⅜ ╠╣√↓≤⅛

╠⁸ ─ ╩ ═√⁹∕─◓ꜝⱨ─ ╩

6⌐ ∆≤≤╙⌐⁸ ─ ╩ ⌐ ∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ↓─ ⁸ ⁸ ┘

⌐ ⌂ ⅜ ╠╣√⁹ 

 │⁸ ─ ╩ ⅝ↄ ↑≡™╢↓

≤⅛╠⁸3.3 ─ ─ ╙ ∆╢≤⁸

─ ⅜ ─ ─ ⌐ ╩ ╓⇔⁸

∕╣⅜ ─ ⌐╙ ─ ╩ ╓

⇔≡™╢↓≤⅜ ↕╣╢⁹ 

 

 ╕≤╘ 

 ─ ⌐│ ₁⌂ ⅜ ⌐ ╗√╘⁸

⌐ ∆╢↓≤│≢⅝⌂™⅜⁸ ─ ⅛╠⁸

⌐≈™≡│⁸ ⅛╠ ─ ╩ ⌐⁸

37 ─ ⌐ ≢ 1.3ϴ─ ⌂ ⅜

№╡⁸ ╙↕╠⌐ ⅜ ↄ↓≤⅜ ↕╣

╢⁹ 

╕√⁸ ≢─ ⌐≈™≡╙⁸J- 5 ┘

OY- 5 ⌐⅔™≡⁸ 41 ─ ⌐ 1.2ϴ─
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10 10

4 ≢─ ה ─  

ה 5 ─  

+0.04 +0.05 +0.04 +0.06 +0.04 +0.04
J-5 +0.05 - +0.04 +0.12 - -

OY-5 +0.04 - - +0.11 - -

+0.05 - - - +0.06 +0.05
J-5 - - - - - +0.03

OY-5 - - - - - +0.03

ה 2 ─  

6 ─ ה ─  

7

8

9

10

11

12

13

14

15

16

1
9

7
7

1
9

7
9

1
9

8
1

1
9

8
3

1
9

8
5

1
9

8
7

1
9

8
9

1
9

9
1

1
9

9
3

1
9

9
5

1
9

9
7

1
9

9
9

2
0

0
1

2
0
0
3

2
0

0
5

2
0

0
7

2
0

0
9

2
0

1
1

2
0

1
3

2
0

1
5

2
0

1
7

(ϴ)
─ ⁸

_ J- 5_ OY- 5_

10

11

12

13

14

15

16

17

18

19

20

1
9

7
7

1
9

7
9

1
9

8
1

1
9

8
3

1
9
8
5

1
9

8
7

1
9

8
9

1
9

9
1

1
9

9
3

1
9

9
5

1
9

9
7

1
9

9
9

2
0

0
1

2
0

0
3

2
0

0
5

2
0

0
7

2
0

0
9

2
0

1
1

2
0

1
3

2
0

1
5

2
0

1
7

(ϴ)

J- 5 OY- 5



й ☿fi♃כ  

-  47 -  

⌂ ⅜№╡⁸ ╙↕╠⌐ ⅜ ↄ↓≤

⅜ ↕╣╢⁹ 

 ⌂⅔⁸ ─ ⌐ ™⁸DO─ ╛

─ ─ ⌂≥⁸ ┼─ ╙ ↕╣╢↓

≤⅛╠⁸ │⁸ ─ ⅜ ⌐

ⅎ╢ ⌐≈™≡ ∆╢≤≤╙⌐⁸ ─

─ ⌐≈™≡╙ ⌐ ╩ ╘≡™ↄ

≢№╢⁹ 

 

 ☻כⱬ♃כ♦ (1

 ♃כ♦ (2

3 ₈ ⌐⅔↑╢ ≤ ⌐

≈™≡₉ ╠ H20 22 ⁸C

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



й ☿fi♃כ  

-  48 -  

ⱴ▬◒꜡ⱪꜝ☻♅♇◒ ─ ה ⌐ ∆╢  

─ ⌐⅔↑╢ⱴ▬◒꜡ⱪꜝ☻♅♇◒  
 

     

 

 │∂╘⌐ 

─ ≢ 5 ─ ⌂ⱪꜝ☻♅♇◒

ⱴ▬◒꜡ⱪꜝ☻♅♇◒ ⅜ ⌐ ↕╣⁸

┘ ┼─ ⅜ ↕╣≡™╢⁹ⱴ▬

◒꜡ⱪꜝ☻♅♇◒⌐│⁸꜠☺fiⱭ꜠♇♩⁸ⱴ▬◒꜡

ⱦ⁸☼כ ─ ⁸ ⌂≥─ ⱴ▬◒꜡

ⱪꜝ☻♅♇◒≤⁸ ⅝⌂ⱪꜝ☻♅♇◒⅜ ╛ ⁸

⌂≥⌐╟∫≡ ⇔≡ ⁸ ⇔√

ⱴ▬◒꜡ⱪꜝ☻♅♇◒⅜№╢⁹ 

─ ╛ ≢╙ⱴ▬◒꜡ⱪꜝ☻♅♇◒│

↕╣≡⅔╡⁸ ╛ ─ ⅜ ╘

╠╣≡™╢⁹ ↔╖─ ─8 │ ≤↕╣≡

™╢↓≤⅛╠⁸ ⅛╠ ┼─ ─ ≈≤

ⅎ╠╣╢ ╩ ⇔≡ ┼ ∆╢ⱴ▬◒꜡

ⱪꜝ☻♅♇◒─ ╩ ∆╢↓≤⅜ ≤ ⅎ╠

╣╢⅜⁸ ─ ⌐⅔↑╢ⱴ▬◒꜡ⱪꜝ☻♅♇◒

─ │ ╠⅛⌐⌂∫≡™⌂™⁹ 

∕↓≢⁸ⱴ▬◒꜡ⱪꜝ☻♅♇◒─ ה ─

╩ ∆╢√╘⁸ ⌐⅔™≡ⱴ▬◒꜡ⱪꜝ

☻♅♇◒─ ╛ ─ ╩ ∫√⁹ 

 

  

2.1  ─  

ⱴ▬◒꜡ⱪꜝ☻♅♇◒ ─ │⁸ ─

┘∕─ ⌐⅔™≡ 2020 5 6

┘ 2020 10 ⌐ ⇔√ 1 ⁹

─ ≢№╢ ≤∕─ ≢№╢

⁸ ≢│⁸∕╣∙╣─ ─ ⁸

┘ ≢ ╩ ∫√⁹∕─ ⁸ ─

≤ ⁸ ─ ⁸ ─ ≢╙

╩ ∫√⁹ 

─ │ ≤ ⅎ╠╣╢ ─ ⌐≡

∫√⁹ⱪꜝfi◒♩fiⱠ♇♩ ⱪꜝfi◒ 

♩fiⱠ♇♩NXX13⁸ 30cm⁸ 100cm⁸ 0.1mm

╩ ⅛╠ ┼ ╤⇔⁸ ⌐ ↕∑√╕

╕3 10 ⇔≡ ╩ ⇔√⁹╤ │⁸

CM- 1BN⁸ ≢ ⇔√ ≤

─ ⅛╠ ⇔√⁹ ╠╣√╤ │ 4.2 

67.2 m3  21.1 m3 ≢№∫√⁹ 

│ ⌐≡⁸Ⱡ♇♩─ ⅛╠ ╕√

│ ╩⅛↑⁸Ⱡ♇♩ ─ ╩◖♇♩◄fi♪⌐

╘⁸◖♇♩◄fi♪⌐ ╕∫√ ╩ ⌐

⇔√⁹ ⅜Ⱡ♇♩⌐ ∫≡™╢ │⁸

⌐ ╙ ╩⅛↑⁸ ⌐ ⇔√ ╩

ↄ ™ ⇔√ ≢ ╩ ⇔√⁹◖♇♩◄fi♪⌐

⇔√ │ ╩ ∏≈⅛↑⌂⅜╠

⌐ ⇔√⁹ ╠╣√ │ ⌐ ∟ ╡⁸

∆╢╕≢ ≢ ⇔√⁹ 

┘ ─ⱪꜝ☻♅♇◒ ─◖fi♃ⱵⱠכ

◦ꜛfi╩ ↑╢√╘⌐⁸ ∆╢ │⌂╢═ↄⱪ

ꜝ☻♅♇◒ ─ ≤⇔⁸ⱪꜝ☻♅♇◒ ╩

∆╢ │⁸ ╛ ─ ⅜ ╘╠╣⌂™╙

─╩ ⇔√⁹╕√⁸ⱪꜝfi◒♩fiⱠ♇♩⌂≥─꜡

│ⱪכ →√╛ ⌐ ╠⌂™╟℮⌐ ⇔≡

╩ ∫√⁹ 

 

2.2  ─  

⌐⅔™≡⁸ ─ ╩∆═≡☻

♥fi꜠☻ Ᵽ♇♩⌐№↑⁸ 1mm⅛╠5mm─ⱴ▬

◒꜡ⱪꜝ☻♅♇◒ ╩☻♥fi꜠☻ Ⱨfi☿♇

♩≢Ⱨ♇◒▪♇ⱪ⇔√⁹ ─ │ ⌐≡ ™⁸

Ⱨ♇◒▪♇ⱪ⇔√ │ ╩ ∆╢≤≤╙⌐

╛ ⌂≥╩ ⇔√⁹ⱴ▬◒꜡ⱪꜝ☻♅♇◒

│⁸ⱴ▬◒꜡ⱪꜝ☻♅♇◒ ─ ╩╤

≢ ⇔≡ ╘√⁹ ⁸ ╛ │ ╦

⌂⅛∫√⁹ 
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2. 3   

ⱴ▬◒꜡ⱪꜝ☻♅♇◒ ⌐≈™≡⁸ⱨכꜞ

◄ FT/ IR- 6600⁸ ╩

™≡⁸ ATR ⌐╟╢ ╩ ∫√⁹

─ ⌐ꜞꜝⱩ▬ꜝ│♃כ♦ ↕╣≡™╢☻

Ɑ◒♩ꜟ≤ ∆╢↓≤≢ⱪꜝ☻♅♇◒⅛≥℮⅛╩

⇔⁸∕─ ╩ ⇔√⁹ 

╩ ∆╢ ⌐⁸ ─ⱪꜝ☻♅♇◒╩ FT-

IR ⇔⁸ⱳꜞ◄♅꜠fi⁸ⱳꜞⱪ꜡Ⱨ꜠fi⁸ⱳꜞ☻

♅꜠fi⁸▪◒ꜞꜟ ─ ⌂ⱪꜝ☻♅♇◒⅜

↕╣╢↓≤╩ ⇔√⁹╕√⁸╟ↄ √◌ⱪ☿

ꜟ ─ ⌐≈™≡⁸ ⌐╟╢ ╩ ∫

√ ≤ ∫≡™⌂™ ─☻Ɑ◒♩ꜟ╩ ⇔√

≤↓╤⁸ ⌐ │ ╠╣⌂⅛∫√⁹ 

 

 ┘  

3.1  ⱴ▬◒꜡ⱪꜝ☻♅♇◒  

1⌐ ─ ⌐⅔↑╢ⱴ▬◒꜡ⱪꜝ☻

♅♇◒ ╩ ∆⁹ⱴ▬◒꜡ⱪꜝ☻♅♇◒

─ │ 0 4.6 /m3  0.34 /m3

≢№∫√⁹ ⇔√ ≢ ╙ ⅜ ⅛∫√ │⁸

─ ─ ≢№∫√⁹ ⁸

┘ ≢│ⱴ▬◒꜡ⱪꜝ☻♅♇◒ │

≢⅝⌂⅛∫√⁹ ─ ≢ ⌐3

╩ ∫√≤↓╤⁸0.14 1.1 /m3 ≤ ⌐

╟∫≡10 ─ ⅜ ╠╣√⁹ 

─√╘⌐⁸↓╣╕≢⌐ ─ ≢

↕╣√ⱴ▬◒꜡ⱪꜝ☻♅♇◒ ╩ 2⌐ ∆⁹

ⱴ▬◒꜡ⱪꜝ☻♅♇◒ │ ╛ ⌐

╟∫≡ ⅜ ⅝™⅜⁸ ─ ⌐⅔↑╢ⱴ▬

◒꜡ⱪꜝ☻♅♇◒ │⁸↓╣╕≢⌐

─ ≢ ↕╣≡™╢ ╟╡ ™⅛ ≢№

∫√⁹ 

1⌐ ─ ⌐⅔↑╢ⱴ▬◒꜡ⱪꜝ☻♅♇

◒ ╩ ∆⁹↓↓⌐│ ╠╣√

─ ╩ ∆⁹ 

⌐⅔↑╢ │ 0 0.03 /m3 ≢

№╢─⌐ ⇔≡⁸ ─ ≢│ 0 1. 1 /m3⁸

≢│0 4.6 /m3 ≢№╡⁸ ╟╡╙

≢ ⅜ ⅛∫√⁹╕√⁸ ⌐ ⇔√ ≢│⁸ 

 

 ⌐⅔↑╢ ─ⱴ▬◒꜡ⱪꜝ☻♅♇◒

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

⅛╠ ⌐⅛↑≡ ⅜ ╕√│ ∆╢

│ ⌐ ╠╣⌂⅛∫√⁹ 

 

3. 2   

5 6 ≤ 10 ⌐ ⇔√ ╩

╢≤⁸ ⌐│ⱴ▬◒꜡ⱪꜝ☻♅♇◒ ⅜

↕╣√ 0 4.6 /m3⁸  0.52 /m3⁸  

0.03 /m3 ⅜⁸ ⌐│ ≢⅝⌂⅛∫√⁹

─ ≢ ≈⅛∫√ ─╒≤╪≥│ 2 4 mm 

≢ ⁸ ⁸ ─ ─ ≢№∫√

2 ⁹↓─ │╛╦╠⅛ↄ ≢№╢↓≤⅛╠⁸

⌐ ↕╣√ ─ ⱴ▬◒꜡◌ⱪ☿

ꜟ ≤ ⅎ╠╣╢⁹ │⁸ ─

╩ ≤⇔≡ ╩ⱪꜝ☻♅♇◒≢◖כ♥▫

fi◓⇔√╙─≢№╡⁸ ⅜ ⇔≡ ↄ⌂∫√╡

↓⇔─ ⌐ ┼ ⇔⁸ ─ ╩ ™√╡ 

3

2020.5.1 0 0

2020.5.15 0 0

2020.5.15 0 0

2020.6.18 0 0

2020.10.27 0 0

2020.6.18 0 0

2020.10.27 0 0

2020.6.18 2 0.03

2020.10.27 0 0

2020.5.1 7 1.1

2020.5.15 12 0.7

2020.6.18 2 0.14

2020.10.27 0 0

2020.6.18 12 0.41

2020.10.27 0 0

2020.6.18 3 0.11

2020.10.27 0 0

2020.5.15 87 4.6

2020.6.18 0 0

2020.10.27 0 0

2020.6.18 2 0.05

2020.10.27 0 0

2020.6.18 1 0.03

2020.10.27 0 0

2020.5.15 51 1.6

2020.5.15 0 0
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⌐⅝≥√⇔כ꜡ⱨכⱣכ○ ┼ ╣╢≤ ⅎ╠╣

╢⁹ ─ ≢ ≈⅛∫√ⱴ▬◒꜡ⱪꜝ☻♅♇◒

│ ⌐ ∞∫√√╘⁸ ─ ⌐

⅜ ↄ⁸ ─ ⌐ ⅛∫√≤ ⅎ╠╣╢⁹ 

─ ≢ ⇔√ 6 ≢╙⁸ⱴ

▬◒꜡ⱪꜝ☻♅♇◒│ ⌐6 ⌐ ↄ⁸

⌐ ⌂⅛∫√↓≤╛ ⱴ▬◒꜡◌

ⱪ☿ꜟ ─ │ ⌐ ™≤™℮ ⅜ ╠

╣≡⅔╡⁸ ⌐ⱴ▬◒꜡ⱪꜝ☻♅♇◒ ⅜

ↄ⌂╢─│ ─ ™ ─ ≤ ⅎ╠╣╢⁹

╛ ─ ≢╙ⱴ▬◒꜡ⱪꜝ

☻♅♇◒─ 6 ⅜◌ⱪ☿ꜟ ≢№∫√↓≤⅜

↕╣≡™╢ 7, 8 ⁹ 

⌂⅔⁸↓╣╕≢⌐ ╛ ─ ╛™

√∟ ≢⇔┌⇔┌ ↕╣≡™╢ ─ │

≢⅝⌂⅛∫√⁹ 

 

3. 3  ⱴ▬◒꜡ⱪꜝ☻♅♇◒─  

 ≈⅛∫√ⱴ▬◒꜡ⱪꜝ☻♅♇◒ ╩ FT-

IR ⇔√ ⁸∆═≡ⱳꜞ◄♅꜠fi≢№╡⁸ⱳꜞ

ⱪ꜡Ⱨ꜠fi╛ⱳꜞ☻♅꜠fi│ ≢⅝⌂⅛∫√⁹╕

√⁸ⱴ▬◒꜡ⱪꜝ☻♅♇◒≢│⌂™ 1mm 5 ─

╙ ≈⅛∫√⅜⁸∕╣╠│♀○ꜝ▬♩⁸ⱴ▬◌

≥☻כ꜡ꜟ☿⁸ ⅎ╠╣√⁹♀○ꜝ▬♩│

╛ ⌂≥─√╘⌐ ⌐ ↕╣╢↓≤

⅛╠⁸ ╛ ⅛╠ ⇔√ ⅜№╢⁹ 

 

 ╕≤╘ 

─ ≢ⱴ▬◒꜡ⱪꜝ☻♅♇◒ ╩ ∫ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ≢ ≈⅛∫√ⱴ▬◒꜡◌ⱪ☿  ꜟ

     1 ╡│1mm  

 

√≤↓╤⁸1m3№√╡─ⱴ▬◒꜡ⱪꜝ☻♅♇◒─

│ 0 4.6 ≢№╡⁸ ╟╡╙ ⌐ ⅜

⅛∫√⁹ ≢│⁸ ╟╡╙ ⁸

≢ ⅜ ⅛∫√⁹ ≈⅛∫√ⱴ▬◒꜡ⱪ

ꜝ☻♅♇◒│ ⱴ▬◒꜡ⱪꜝ☻♅♇◒≢№╢ⱳ

ꜞ◄♅꜠fi ─ ─ ⅜ ≢№∫√⁹∕─√

╘⁸ ─ ⌐ⱴ▬◒꜡ⱪꜝ☻♅♇◒

⅜ ↄ⌂╢≤™℮ ─ ™ ─ ⅜ ╣≡

™╢≤ ⅎ╠╣√⁹ 

│ ─ ⌐⅔™≡ ╩ ™⁸

─ⱴ▬◒꜡ⱪꜝ☻♅♇◒ ╩ ╠⅛⌐∆╢

↓≤⅜ ≢№╢⁹ 

 

 ─  

 ≢ ⌐≥╙╩♃כ♦√╣╠ ⇔√ⱴ♇ⱪ

╩ ⇔⁸ ╛ ⌐ ⇔≡ⱪꜝ☻♅♇◒─

⌐ ↑√ ╛ ⌐≈⌂→≡™ↄ⁹ 

 

 

 ─ ≢ ↕╣√ⱴ▬◒꜡ⱪꜝ☻♅♇◒  

─7 13 2020 5 6 ⁸100  4.6 /m3  0.34 /m3

─29
 1)

0.0  12 /m
3

 1.6 /m
3
⁸  0.79 /m

3

─70 90  
2) 2015 0.03  63.89 /m

3
 4.34 /m

3
⁸  1.51 /m

3

─5 10  
3) 2020 6 2.2  20.2 /m

3

─4 4  
4) 2018 20190.064  770 /m

3

─1 2  
5) 2020 1 0.19  0.33 /m

3
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 ─ ⌐⅔↑╢ⱴ▬◒꜡ⱪꜝ☻♅♇◒ / m3  

ᵑ ⁸ᵒ ⁸ᵓ ⁸ᵔ ⁸ᵕ ⁸ᵖ ⁸ᵗ ⁸ 

ᵘ ⁸ᵙ ⁸ᵚ ⁸ᵛ ♠ ⁸ᵜ ⁸ᵝ┤╢↕≤  

 

 

 

 

 

 

 

 

1.1 

ᵑ 

ᵒ 

ᵓ 

ᵔ 

ᵕ 

ᵖ 

ᵗ 

ᵘ 

ᵙ 

ᵚ 

 v

ᵜ ᵝ 
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⌐⅔↑╢ ⌐ ∆╢ к  

ה ה ╩ ⇔√◌ꜝⱶ  
 

    

 

 │∂╘⌐ 

≢│⁸ ⌐ ⌐ ≡ ∆╢

─ ╩ ╢√╘⁸ ⌐⅔↑╢ ─

≤⇔≡─ ╩ ⇔≡™╢⁹∕↓≢⁸

╠ 2020 ≢│⁸ ⅛╠ ⇔√ ╩

X fi◓⇔√℮ⅎ≢⁸♬כꜞ◒☻╡╟⌐

⌐╟╡ ─ ╩ ⇔√⁹∕─ ⁸

⌐ ∆╢ │ ─ ⌐╟∫≡

⅜ ⌂╢╙──⁸ ≤ ⇔≡ ⅜ ™↓

≤⁸ ╩ ∆╢↓≤≢ ≤№╢ ↕╣

╢↓≤≢⁸ ╩ ∆╢╙─│

↕╣⌂™↓≤⅜ ≢⅝√⁹ 

≢⁸ │⁸ ⌐│ ─ ≤ ╩⌂

⇔√ ≢ ≡↕╣╢↓≤⅛╠ ─ ≤─

⌐╟╡⁸ ─ ╕√│

─ ≈≢№╢ BOD ╕√│

COD ╛ ─ ⌐

╩ ⅎ╢ ⅜№╡⁸№╠⅛∂╘ ⇔≡⅔ↄ

⅜№╢⁹ 

↓─↓≤⅛╠⁸ ≢│⁸ ─ ≤⇔≡⁸

╩ ─ ≤⇔≡ ∆╢

─ ╩ ∆╢⁹↓─√╘⁸ ┘ ╩

≤⇔≡ ∆╢ ─ ╩ ⌐

⇔√◌ꜝⱶ╩ ⇔⁸↓╣╠⌐ ☻כ◖ꜟ◓╛

◓ꜟ♃Ⱶfi GG ─ ╩ ∆╢

╩ ™⁸BOD╛ ─ ╩ ⇔√⁹ 

 

  

2.1  ⁸ ⁸ ⌐≈™≡ 

∆╢ ⁸ ┘ │⁸ ⌐

⌐ ┘ ╕╣≡ ↕╣√╙─

╩ ⇔√⁹ │∕╣∙╣ 20ϴ⁸50

≢ ↕∑⁸ ⌐≈™≡│⁸ cm ─

⅜ ↄ╖╠╣√√╘⁸∆╡↓ ╩ ™≡ ⌂

≢ ⇔⁸╟ↄ −√℮ⅎ≢ 5 ─ ╛

─╙─╩ ⇔√⁹ │⁸ ⌐ ↑╢╙─

≢№∫√─≢⁸ ⌐╒←⇔√⁹ │3 ⌐

↕╣√╙─⅛╠⁸ ≢ ∆╢↓≤╩ ⌐

5 ─ ╛ ─╙─╩ ⇔√⁹ 

 

2.2  ◌ꜝⱶ┼─ ⌐≈™≡ 

◌ꜝⱶ│ ⅜ 2 ⁸ ↕ 30 ─ PYREX◌

ꜝⱶ≢⁸ ─◖♇◒⌐╟╡ ╩ ≢⅝╢

╙─╩ ⇔√⁹╕√⁸∕╣∙╣─ ╩ ╢√╘

─ ⁸ ⁸ ─ ─ ≤⁸

╩ ⌐ ╢√╘─ ≢ ╩◘fi♪

⇔√ ⁸ ◘fi♪≤ ┬⁹ ┘

≢ ╩ ╪∞ ⁸ ◘fi♪ ╩

⇔√⁹ 

◌ꜝⱶ─ 25 ⌐ ╩ ∆╢↓≤≤∆

╢≤⁸ ≢─ │ 1 ≢

│60g⁸ ≤ ≢│100g≤⌂╡⁸╕√⁸ ◘

fi♪≤ ◘fi♪│⁸ 30g─ ⌐ ≤

⇔≡─ ╛ ╩ 25g∏≈≢ ╗ ≤

═≡ ─ ⌐ ⇔√⁹ 

 

2.3  ◌ꜝⱶ  

 ◌ꜝⱶ │⁸ ─3≈─ ╩ ═╢√

╘⌐ ⇔√⁹ ─ ╩ 1 ┘ 2⌐

∆⁹ 

(1) ─ ™⌐╟╢BOD─  

╩ ≢ ⌐ ╠∑√ ◌ꜝⱶ⌐ 10

20mL/h ─╝∫ↄ╡≤⇔√ ≢ ╩500mL

∏≈ ⇔⁸ ⅛╠ ↕╣╢ ─BOD╩

∆╢ ─ 5 ⁹↓↓≢│ ─ ╩

∆╢↓≤≢BOD─ ⌐ ⅜ ∂╢⅛─╒⅛⁸

≤ ≢ ╩ ╗↓≤⌐╟╢ ─

╙ ∆╢⁹ 
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(2) ╛ ─ ™⌐╟╢ ┼─  

(1) ≢ ⌐╟╡ ↕╣√ ─╒⅛⁸ ◘

fi♪╛ ◘fi♪─◌ꜝⱶ⌐ ╛ 50 ─▬○fi

≢ ╘√ GG ╩ 500mL∏≈ ⇔≡

╩ ⇔⁸∕╣∙╣⅛╠ ⱱ► ⁸ ⁸

ⱥ ⁸☿꜠fi⁸◌♪Ⱶ►ⱶ⁸ ─6 ⅜ ↕

╣╢⅛╩ ∆╢⁹⌂⅔⁸ ╠ 2020 ≢│⁸

≢─ ≢ ⅜ ╩

≡ ∫≡⅔╡⁸ ≢│⁸ ≤─

⌐╟╡ ⅜ ↕╣╢↓≤⅜№╢⅛⌐≈™≡⁸

╟╡ ⌐ ™ ≢ ⌐ ⇔≡™╢⁹ 

 

 

50 ⁸* 25   

 (1) ⁸(2) ─  

 

(3) ⅛╠─ ╩ ≢⅝╢⅛ 

╟╡ ⌐ ™ ≤⇔≡⁸ ─◌ꜝⱶ 2

⌐ 2.5L ─ ╩ ⇔≡ ⇔√ ╛∕

─ ⅛╠ ⇔√2L╩╙∟™≡⁸ ≤⇔

≡─ ╛ ─◌ꜝⱶ⌐∕╣∙╣ 1L ∏≈ ⇔

√℮ⅎ≢⁸↕╠⌐∕╣∙╣⅛╠ ⇔√500mL╩

⌐ ⇔√ ╛ ─◌ꜝⱶ⌐500mL∏≈ ⇔

√⁹ 

↓─↓≤⌐╟╡⁸(1) ≢ ⌐ ⇔√BOD⌐ ∆

╢ ◘fi♪╛ ◘fi♪─ ╩ ⌐ ∆╢ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (3) ─  

 

↓≤⅜≢⅝╢╒⅛⁸ ≤ │ 25 ∏≈╩ 2

↕∑╢√╘⁸ ─ 50cm╩ ↕∑╢↓≤

─ ╩ ∆╢↓≤⅜ ≢№╢⁹ 

 

 ┘  

(1) ─ ™⌐╟╢BOD─  

 │ 1─≤⅔╡≢№╡⁸ ─ ─

BOD─ ⅜ 4.0mg/L≤ ╙ ⅝ↄ⁸ ┘ ─

─BOD─ ⅜2.8 ┘2.1mg/L≢ ╙ ↕ↄ⁸

◘fi♪≤ ◘fi♪─BOD│3.2 ┘3.1mg/L≢

∕─ ─ ≤⌂∫√⁹↓─ ⌐⅔™≡│◘fi♪

∆╢ ⌐╟╢BOD─ ⌐ │ ╠╣⌂⅛∫√⁹ 

 

 ◌ꜝⱶ ≤BOD(mg/L) 

  ◌ꜝⱶ   BOD(mg/L) 

 ŋ   4.0 

 o   n 2.8 

 ɔ   n 2.1 

 ᴖ ◘fi♪  n 3.2 

 ᴗ ◘fi♪  n 3.1 
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 ◌ꜝⱶ ┘ ≤ mg/L  

  ◌ꜝⱶ   ⱱ►   ⱥ  ☿꜠fi ◌♪Ⱶ►ⱶ  

ᵑ  

 

<1 0.020  0.006 <0.002 <0.001 <0.005 

ᵒ  <1 0.006  <0.005 <0.002 <0.001 <0.005 

ᵓ  <1 0.002  <0.005 <0.002 <0.001 <0.005 

ᵔ ◘fi♪ <1 0.004  <0.005 <0.002 <0.001 <0.005 

ᵕ ◘fi♪ <1 0.001  0.005 <0.002 <0.001 <0.005 

ᵖ ◘fi♪ ќGG <1 0.009 <0.005 <0.002 <0.001 <0.005 

ᵗ 
◘fi♪ 

╡ GG <1 0.002 0.006 <0.002 <0.001 <0.005 

ᵘ ᵗќGG <1 <0.001 <0.005 <0.002 <0.001 <0.005 

          1 0.001 0.005 0.002 0.001 0.005 

 ─  -  -  0.01 0.01 0.003 0.01 

(2) ╛ ─ ™⌐╟╢ ┼─  

 │ 2⌐ ∆≤⅔╡⁸ ─℮∟⁸ⱱ► ⁸

☿꜠fi⁸◌♪Ⱶ►ⱶ⁸ ⌐≈™≡│⁸≥─ ⅛

╠╙ ↕╣⌂⅛∫√⁹╕√⁸ ⌐≈™≡│

─ ⅜⌂™╙──⁸ᵘ ≢

↕╣√ ⅛╠ ─ ≢ ↕╣√⁹

─ │ ─◌ꜝⱶ⌐

╩ ⇔√ ᵑ ≢⁸0.020mg/L≢№╡⁸

╩ ∫√◌ꜝⱶ ᵒ⁸ᵔ⁸ᵖ ≤ ⇔≡ ╩

∫√◌ꜝⱶ ᵓ⁸ᵕ⁸ᵗ ─ ⅜ ↄ⌂∫√⁹ 

ⱥ ⌐≈™≡│⁸ᵑ⁸ᵕ⁸ᵗ≢ ↕╣√⁹

0.005mg/L │ ∫√╙──⁸™∏╣╙

0.01mg/L ╩ ∫√⁹ 

 ⌂⅔⁸ᵗ≢ ↕╣√ ╛ⱥ ⅜ᵘ≢│ ↕

╣⌂⅛∫√⁹↓╣│⁸ᵗ⌐╟∫≡ ⅜ ™ ↕

╣√↓≤╙ ⅎ╠╣╢⅜⁸◌ꜝⱶ─ ⌐╟╢

╖∟─ ≢ ⌂ ⌐⌂∫√ ╙ ╘

⌂™⁹↓─↓≤⅛╠⁸(3) ⌐⅔™≡│⁸ ╖∟─

╩≢⅝╢∞↑ ⅎ╢↓≤╩ ⌐⁸◌ꜝⱶ─

╩∑∏⁸ ≤⇔≡ ⌂ 50 ╩ 2 ─◌ꜝⱶ

╩ ⌐ ∆╢↓≤≢ ⇔√⁹ 

 

(3) ⅛╠─ ╩ ≢⅝╢⅛ 

 ╩ 3⌐ ∆⁹╕∏⁸ ─◌ꜝⱶ⌐

╩ ⇔√ ᵙ ─BOD│ 4.9mg/L≢

№╡⁸ ⌐ ─◌ꜝⱶ⌐ ╩ ⇔

√(1) ─ᵑ≤ ═≡BOD─ ⅜ 0.9 /L ⅝ↄ⌂∫

√⁹↓╣│⁸ ⇔√ ─ ⅜ᵑ≢│500mL≢

№╢─⌐ ⇔≡⁸ᴝ ≢│◌ꜝⱶ╩2 ⇔⁸1.25L

∏≈ ⇔√↓≤⁸ᵑ≤ ═≡ᵙ─ ⅜ ─

⅜ ⅝⅛∫√↓≤⅜⁸ ⇔√ ⅜№╢⁹ 

⌐⁸ᵙ─ ╩ ⇔⁸ ≤ ─◌ꜝⱶ

⌐∕╣∙╣ ⇔√ ᵚ⁸ᵛ ╩ ∆╢⁹ 

ᵚ ⌐≈™≡│⁸BOD⅜ 2.7mg/L≤ 1─

ᵒ≤ ≢№╡⁸ ─ ⅜ ╠╣⌂™

╕≢ ⇔√⁹╕√⁸ᵛ ⌐⅔™≡╙⁸

BOD─ │ 3.5mg/L≤⌂╡⁸ ⅛╠ ↕

╣√ᵙ≤ ⇔≡1.4mg/L─ ⅜╖╠╣√╙──⁸

1─ᵓ╟╡1.4mg/L ↄ⁸ ∂ ╩ ∫√  ɯ

 

3 ─BOD(mg/L) 

  ◌ꜝⱶ   BOD(mg/L) 

 ᴝ   4.9 

 ɯ   ᴝ 2.7 

 v   ᴝ 3.5 

 ᴥ   ɯ 1.9 

 β   v 2.3 
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≤ ⇔≡╙⁸BOD─ ─ ⅜ ↕⅛∫√⁹ 

∕↓≢↕╠⌐⁸ᵚ≤ᵛ╩ √⌐ ⇔√ ≤

─◌ꜝⱶ⌐∕╣∙╣ ⇔√ ᵜ⁸ᵝ ╩

⇔⁸ ⌐BOD─ ╩ ∆╢⁹╕∏⁸ᵚ╩

─◌ꜝⱶ⌐ ⇔√ ᵜ│⁸1.9mg/L≤⌂╡⁸

ᵚ⅛╠↕╠⌐0.8mg/L ⇔√⁹╕√⁸ᵛ╩ ─

◌ꜝⱶ⌐ ⇔√ ᵝ│⁸2.3mg/L ≤⌂╡⁸ᵛ

⅛╠↕╠⌐1.2mg/L ⇔⁸ ⌐ ╩ ⇔

√ 1─ᵓ≤ ≤⌂╡⁸ᵜ≤╙ ⅝⌂ │⌂⅛

∫√⁹ 

↓╣╠─↓≤⅛╠⁸ ⅛╠ ↕╣√

│⁸ ╛ ╩ ∆╢ ⅜№╢↓≤≢BOD⅜

∆╢↓≤⅜ ⅛∫√⁹ 

 

 ╕≤╘ 

 ⌐⅔↑╢ ─ ≢─

≤⇔≡─ ╩◌ꜝⱶ ⌐╟╡

⇔√⁹ ⁸ ⁸ ─ ─◌ꜝⱶ≤

╩ ⅛╠ ╛ ≢ ╪∞◌ꜝⱶ

◘fi♪⁸ ◘fi♪ ⅛╠─ ─BOD╩ ⇔

√≤↓╤⁸ ─BOD─ ⅜ ╙ ⅝ↄ⁸

≤ │ ╙ ↕ↄ⁸ ◘fi♪≤ ◘fi♪│∕

╣╠─ ─ ≢№∫√⁹⌂⅔⁸ ╛GG

─ ╩ ◌ꜝⱶ⌐ ⇔√ ─

│⁸ ╛ⱥ ≢ ╩ ⅎ╢╙─⅜№∫

√⅜⁸ ─ ╩ ⅎ╢ │

⌂⅛∫√⁹╕√⁸ ─◌ꜝⱶ⌐ ⇔√

╩↕╠⌐ ╛ ─◌ꜝⱶ⌐ ⇔√≤↓╤⁸

─ ≤ ═≡BOD─ ⅜ ⅝ↄ ⇔√⁹ 

⌐╟╡⁸ │ ≤ ⌂ↄ⁸BOD┼─

╛ ─ ⅜ ╘╠╣⌂™↓≤⅜ ≢

⅝√⁹↓─↓≤⅛╠⁸ │ ╘ ≡╠╣╢ ⅜

≤⇔≡ ∆╢↓≤⅜ ≢№╡⁸

⌐⅔↑╢ ─ ⅜

≢⅝╢↓≤⅜ ⅛∫√⁹ 

 

 ─  

╩ ≤⇔≡ ≢⅝╢ ⅜ ╕

∫√↓≤⅛╠⁸ ─ ⌐ ∆╢

─ ╘ ≡⌐ ⇔⁸ ─ ⅜ ↓╠⌂

™√╘─ ╩ ∆╢ ≤∆╢⁹ 

 

 

1) ╠ ⌐⅔↑╢

⌐ ∆╢ - ─ ⌐ ∆╢ -

☿fi♃כ 48 107- 111 2020
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↕ ╩ ™√ ─ ⌐≈™≡ 
 

 

 

 │∂╘⌐ 

⅜ ↄ⌂╢≤ ⌐╟╢ ⅜

∆╢ ⁹╕√⁸ │ ∞↑≢⌂ↄ

╙ ⇔√ ↕ WBGT ≤─ ⅜ ↕

╣≡⅔╡⁸ ⌐ ⌐ ⅜ ⅝™≤↕╣≡™╢

⁹↓─↓≤⅛╠⁸ │ ⌐

╩ ⇔⁸ ≤ │ WBGT ╩

⇔√₈ ₉♩כꜝ▪ WBGT⅜33

≢ ╩ ⁸ ⌐ ∆╢↓≤⌐

╟╡⁸ ─ ╩ ∆↓≤⌐⌂∫√⁹ 

⌐⅔™≡╙⁸ ≢ ─ │

300 ╩ ⅎ≡⅔╡⁸ ─ ─ ⌐╟╡

⌂╢ ⅜ ↕╣╢⁹╕√ ☿fi♃כ─↓╣╕≢

─ ≢│⁸ ╠ 2013 ⌐⅔™≡⁸WBGT─

╩ ⇔√≤↓╤⁸ ─ ⌐╟╡

≢ ≤ ═≡WBGT⅜ ⇔⁸ ─

≢№╢ 28ϴ ╛ ╩ ∆ 31ϴ ─

┘ ⅜ ⌐ ∆╢↓≤⅜ ↕╣≡™╢⁹ 

↓╣╠─↓≤⅛╠⁸╕∏⁸ ⌐⅔↑╢ ╩

∆╢√╘⁸WBGT≤ ─ ╩

∆╢⁹∕─℮ⅎ≢⁸ ─ ╩ ╕ⅎ

≡⁸ ─ ╩ ℮↓≤≤⇔

√⁹ 

 

 ♃כ♦ 

2. 1  ⌐╟╢  

─ ≢│ ─ ⅜

28 ⁸ ⁸ 17 ⁸

64 ⁸ 65 ⁸∕─ ⁸

⁸ ⁸ ⁸ ⁸∕─ ⌐╕

≤╘╠╣≡⅔╡⁸∕↓⅛╠ ⌐⅔↑╢ ה

─ ╩♃כ♦─ ⇔√⁹ │

2008 ⅛╠2020 ─13 ≢⁸ ⌐╟╡

⌐ ⅜№╢⅜⁸⅔⅔╟∕ ⅛╠ ╕≢≢№╢⁹

⌂⅔⁸ ≢₈∕─ ₉─ │⌂ↄ⁸╕√⁸

─ ─ ╙⌂⅛∫√↓≤⅛╠⁸↓╣╠╩

⇔≡ ⇔√⁹ 

 

2. 2  WBGT  

2.1 ─ ─ ≤ ─

─ ♃כ♦ ⁸ ⁸ ⁸

⁸ ⁸ ─ ╩ ™≡⁸

╠ 2015 ─ ⌐╟╡⁸ ─ WBGT ╩

╘⁸↕╠⌐ WBGT─ ⅛╠ ─ ╙

™WBGT─ ╩ ⁹ ⁸ WBGT≤ ┬⁹

╩ ⇔√⁹ 

╕√⁸ ─ ⌐╟╢ ╩ ∆╢√╘⁸

13 ⁸ ≤ ┬ ─ ℮─♃כ♦

∟⁸WBGT─ ─ ≢№╡⁸ ⌐╟╢

─ ⅜ ╙ ≢№╢ ─╖─ ╩

╢↓≤≤⇔√⁹⌂⅔⁸ ⌐⅔↑╢ 2000 ⅛╠

2040 ⌐⅛↑≡─ │⁸RCP8.5◦♫ꜞ○≢

ϴ─ ≤⌂∫≡™╢ ⁹ 

↓─↓≤⅛╠⁸ ─ ─♃כ♦ ─ ─

│ ∑∏⁸ ─╖╩ ϴ⁸ ϴ

↕∑≡ ∕╣⌐ ℮ ─ │ ⇔ ⁸

⌐2040 ⁸ ≤ ┬ ─ ╩

ⅎ╢↓≤≢⁸ ─ WBGT╩ ╘√⁹ 

 

2. 3   

 2018 ┘ 2040 ─ ⌐≈™≡⁸

ⱦ☺ꜛfi ┘ ─ ⅛

╠ ╘√⁹ ┘ ⌐╟╢ ╙

↕╣≡™╢⅜⁸ ⌐ ⅛╠─ ─

⌐╟╡ ⅝ↄ ∆╢ ⌐≈™≡│ ⅜

™⁹↓─↓≤⅛╠⁸ ≢│ ⁸ ─≥∟

╠╙100 √╡─ ╩ ∆╢↓≤≤⇔

√⁹ 
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 WBGT─ ⁸ WBGT 100 √╡─ ┘1 √╡─  

 

  

3. 1  WBGT≤ ─  

─ WBGT─ ⁸ WBGT ─

⁸ ─ 1 √╡─ ╩

∆ ⁹ 

13 ⌐⅔™≡│⁸ WBGT─ ─

│25.9ϴ⁸ │33.4ϴ≢№∫√⁹╕√⁸

─ ╩ ╢≤⁸29 30ϴ

─ ⌐ ⅜Ⱨכ◒ 13 ≢ 1 ≤

⌂╢↓≤⅜ ⅛╢⁹⌂⅔⁸↓╣│ WBGT─

⌐╟╢ ≤ ⅎ╠╣╢√╘⁸ ─

╩ WBGT─ ≢ ╢↓≤≢1

√╡─ ⅜ WBGT⌐ ╘√⁹ 

↓╣⌐╟╡⁸ │⁸WBGT ⅜ ↄ⌂╢╒

≥ ∆╢ ⅜№╢↓≤⅜╦⅛╡⁸WBGT ⅜

30ϴ ⌐⌂╢ ─ 22 ╩ ╘╢ ⌐

│⁸ ⌐ ⅜ ⇔≡™╢⁹⌂⅔⁸

⌐╖╢≤⁸ WBGT⅜ ↄ⌂╢╒≥⁸ ⌐

─ ⅜ ∆╢↓≤⅜ ⅛╢⁹ 

 

 

3. 2  ─  

⌐ ⅜ ↕╠⌐ ╗≤↕╣≡

™╢⅜⁸ ⌐⅔™≡│ ≤ ⇔≡5

™Ɑכ☻≢ ╪≢™╢≤↕╣≡⅔╡ ⁸ ─

╩∆╢ ⌐│ ⌐ ╣╢ ⅜№╢⁹

│⁸ ─ 2018 ─ ┘

2040 ⌐⅔↑╢ ≢№╢⁹ 

↓╣⌐╟╢≤⁸ ⅛╠ ╕≢╩ ⇔√

│⁸ 20 ≢14.5 ⅛╠12 ⌐ ∆╢

⁸ ─ │31.9 ⅛╠ 38.8 ⌐ ∆

╢⁹ 

 2018 ≤ 2040 ─
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 ─ 100 √╡

─ ≤  

 

3. 3  ─  

3. 1⌐⅔™≡ WBGT≤ ─ ⅜ ╠

╣√↓≤⅛╠⁸↓╣⌐3. 2⌐⅔↑╢ ─

╩ ⇔≈≈⁸ ─ ⌐╟╢ WBGT ─

╩№≡│╘╢↓≤≢⁸ ─

╩ ⇔√⁹ 

│⁸ ─ ≤ ─ ⌐⅔↑╢

100 √╡─ ≤⁸

─ ─ ≢ ─ ⌂╢ ☻כ◔

⌂⇔⁸1ϴ ⁸2ϴ ─ ╩

⇔√╙─≢№╢⁹ 

≤ ⇔≡⁸ ─ ⅜⌂™

─ ⌂⇔─ │⁸ ─ ─ ⌐╟╡⁸

─ ─ 5 ⅜╖╠╣╢ ≢

№╢⁹↓╣⌐ ⇔≡⁸ ϴ ⁸ ϴ ≢│⁸43 ⁸

82 ─∕╣∙╣ ≤⌂╡⁸ ─ ╩ ⅝

ↄ ╢⁹ ─ │ ⌐ ≢ ⅝ↄ⁸

ϴ ⌐⅔↑╢ ─ │ ─

≤⌂╢ ≤⌂∫√⁹⌂⅔⁸ ─ ╩

⇔⌂™ ─ │⁸ ϴ ≢│35 ⁸ ϴ

≢│72 ─∕╣∙╣ ≢№╡⁸ ─╖⌂

╠∏ ╙ ╩ ⅎ╢↓≤⅜╦⅛╢⁹ 

 ╕≤╘≤  

 ⌐╟╢ ─ ≤ WBGT⌐

⅜№╢↓≤⅛╠⁸ ─ ╙ ╘√

─ ╩ ⇔√≤↓╤⁸ ↕

─ ⌐ ∫≡ ⅜ ⇔⁸ ⌐

┼─ ⅜ ↕╣√⁹ 

☻♩꜠☻╩ ∆╢√╘⌐│⁸◄▪◖fi─

⅜ ≤⌂╢⅜⁸ ⅜ ⌐⌂╢↓≤╩

⇔⁸◄▪◖fi ╩ ⅎ╢↓≤╙ ™⁹╕√⁸

─ ─√╘⌐│⁸ ◄Ⱡ ╩ ╘╢ ⅜№

╢↓≤╙ ≢№╢⁹ 

↓╣╠╩ ∆╢√╘─ ⌐ ⇔™ ─

╛ ╩ ∆╢√╘─ꜝ▬ⱨ☻♃▬ꜟ─

╩ ⇔≡™ↄ≤ ⌐⁸ ⌂ ⌐╟

╡⁸ ╛ ⌂ ╩ ⇔≡™ↄ ⅜

№╢⁹ 

 

 ─  

 ☿fi♃כ─ ₈◄

◖ꜝⱲ≤╛╕₉⌐⅔↑╢ ⁸ ☿fi♃כ─

⁸כ♃꜠☻כꜙ♬ ─ ⌐╟╢

╩ ℮⁹ 

 

 

1) ─ ≤ ─

 72  196- 200 2017 

2) ◘▬♩

https://www.wbgt.env.go.jp/  

3) ─ ≤ ─

No. 32 2009 

4) 

https://www.env.go.jp/press/files/jp/115943

.pdf  

5) ╠ ⌐⅔↑╢WBGT ─

☿fi♃כ 41 76- 82 2013 

6) ╠ ⌐⅔↑╢ ⌐ ∆╢

΅ ─ ─ ΅

☿fi♃כ 43 74- 79 2015 

7) ⱦ☺ꜛfi 2018
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https://www . pref . toyama. jp/documents/8855/0

0872424. pdf 

ה (8 (5 )

a--♃כ♦ ─ ₑ

30 2018  

http://www.ipss.go.jp/pp - shicyoson/j/  

shicyoson18/3kekka/Municipalities.asp  
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10 ╩fiכ꜡♪╢↑⅔⌐ ™√ ─  
 

 

 

 │∂╘⌐ 

│⁸ ⌐⅔™≡ ╩ ╦

∏⌐ ∆╢ │⁸ ╖ → ↕─ ⅜№╡⁸

╕√ │⁸ ─ √╡─

⌐14╩ ∂√ ≤⌂∫≡™╢⁹ ↄ∏╛⅜

╣⅝ ─ ╩ ≈ ┼ ⇔√

⁸ ╩ ⇔≡™╢ ⌐⁸ ╩ ╢

∞↑ ⌐ ≢⅝╣┌ ⅜ ⇔√

┼─ ─ ≤⌂╢⁹⇔⅛⇔⁸

⅜ ⅝™ │⁸ ─ ⅜ ⇔≠╠ↄ

╩ ∆╢─│ ⇔™ ≢№╢⁹∕─√

╩fiכ꜡♪⁸╘ ™≡ ⅛╠ ╩

⇔⁸ ─ ─ ╩ ∆╢↓≤╩ ≤

⇔√⁹ 

 

  

 fiכ꜡♪  2.1

fi│DJIכ꜡♪    ─MavicMini ╩ ™╢↓≤≤⇔

√ ⁹ ─ │⁸199g≤ ≢

⌐ ⇔⁸ ≢ ↕∑≡│⌂╠⌂™⁸150m

─ ↕≢ ↕∑≡│⌂╠⌂™↓≤─ ╩

∆╣┌ ⅜ 19 ╕≢ ≢№

╢↓≤≢№╢⁹ ⁸ ≤⇔≡│⁸ ∆╢

│⁸DJI ─▪ⱪꜞ⌂≥╩ ™≡⁸ ╩

ⱪ♇ꜝכⱣכ○≢ ╩ ∆╢↓≤≢ ╩ ℮⁹

MavicMini │ ─ ≤⌂∫≡™⌂™√╘⁸

≢ ⇔⁸ ∆╢ ⅜№╢↓≤≢№╢⁹

│⁸ 20m⅛╠ ┘◖fi♥♫Ⱳ♇◒☻─

╩ ≢⅝╢╟℮ ╘⅛╠ ≢ ╩

∫√⁹∕─ ⁸ ⅜♃כ♦ ⌂╢╟℮ ⇔≡

∆╢ ⅜№╡⁸ ╟╡╙ │ ↄ

⌂╢↓≤⅜ ↕╣╢√╘⁸ ⌐

≢ ╩ ℮ │ ─Ᵽ♇♥ꜞכ⅜ ≤⌂

╢⁹ 

 

2.2  

╩fiכ꜡♪ ™≡ ∆╢⌐№√╡⁸ ─

╡⌐ ╩ ⇔⁸ (x , y , z) ╩

∆╢ ⅜№╢⁹↓─ │⁸ ─

⌐╟╢ ⸗♦ꜟ╩ ∆╢ ─ ╩ ↄ∆╢√

⅜fiכ꜡♪⁸⇔⅛⇔⁹╢№≢╘ ╩ ∆╢ ⌐

∆╢ ─ ⁸│♃כ♦ ⅜ ™√

╘⁸ ─ ≢ ╩∆╢ ⅜№╢⁹√≤ⅎ┌⁸

DJI ─ Phantom4RTK│⁸ꜞ▪ꜟ♃▬ⱶ◐Ⱡⱴ♥▫

♇◒GPS RTK- GPS ≢ ─ ╩ ☿fi

♅─ ≢ ╘╢↓≤⅜≢⅝╢⅜ │ ≢

№╢⁹ 

⌐⅔™≡│⁸ ≤ ╩ ∆╢

╩fiꜛ◦כ♥☻ꜟ♃כ♩╢№≢ ™≡

╩ ╘╢↓≤⌐⇔√ ⁹ 

 

  

 

 

 

 

 

 

 

 

 

2.3   

╩fiכ꜡♪ ™≡ ⇔√ │⁸Agisoft ─

♁ⱨ♩ Metashape1.6 ╩ ™╢↓≤≢

⸗♦ꜟ╩ ⇔⁸ ─ ╩ ∫

√⁹ 

 

2.4   

 │⁸ ⌐ ↕╣≡™╢◖fi♥♫

Ⱳ♇◒☻≤⇔⁸∕─ │⁸ⱷ☺ꜗכ≢ ⇔≡

fiכ꜡♪   fiꜛ◦כ♥☻ꜟ♃כ♩┘
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╘√ 2.31m× 3.61m× ↕2.70m 22. 5m3

⁹ 

 

 

 

 

 

 

 

 

 

 

 ┘  

3.1   

│⁸◖fi♥♫Ⱳ♇◒☻ ⌐ ⅛

╩ ╩fiꜛ◦כ♥☻ꜟ♃כ♩⁸⇔ ™≡ ╩

∫√ ⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2  ◖fi♥♫Ⱳ♇◒☻─  

Metashape⌐╟╢ ╩ ™⁸ ⸗♦ꜟ╩

⇔ ╩ ⇔√⁹ ╘╠╣√ │23.4m3

≢№╡⁸ │22.5m3≢№╢↓≤⅛╠ ─

≢ ⌡ ↕╣≡™╢↓≤╩ ⇔√⁹ 

 

 

 

 

 

 

 

 

 

 

 

 ╕≤╘ 

MavicMiniה ╩ ™√ ≢│⁸ ⅜≢⅝

╩ⱪ♇ꜝכⱣכ○∏ ⇔≡ ∆╢ ⅜№

╢√╘⁸ ⅜ ╘⌐⌂╡ ─Ᵽ♇♥ꜞ

⅜כ ≤⌂╢⁹ 

╩♫♥fi◖ה ⌐ ⇔√ ⁸ ≤

─ │ %≢№∫√⁹ 

 

 ─  

─ ╩┤╕ⅎ ─ ⅝⌂ ≢─

⌐ ↑√ ≤⌂╢⁹╕√⁸ ─

╛ ⅝ ─ ╩ ∆╢ ⅜ ⅎ╠

╣╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 

 2 

3 4 

≤ Dⱷ♇◦  ꜙ

(m)

Ζ Η Θ

℅ ͍ 4.310 17.958 0.155

℅ ͎ 4.667 12.294 0.340

℅ ͏ 0.762 12.009 0.336

℅ ͐ 0.170 19.712 0.253

1  
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11 ─PM2.5 ⌐≈™≡ 
 

 

 

 │∂╘⌐ 

─ PM2.5 │⁸ ⅜2.5

ɡm ─ ≢⁸↕╕↨╕⌂ ≢ ↕╣╢⁹

PM2.5│⁸ ─ ↄ╕≢ ╡ ╖╛∆™↓≤⌂

≥⅛╠⁸ ╛ ┼─ ⅜

↕╣≡⅔╡⁸ 21 ⌐ ⅜ ↕╣√

⅜15ɡg/m3 ≢№╡⁸⅛≈⁸1

⅜35ɡg/m3 ≢№╢↓≤ ⁹↕╠⌐⁸22 ⌐

│⁸ ⌐ ≠ↄ ─

⌐ ∆╢ ⅜ ↕╣⁸

≢│PM2.5─ ⌐ ∑≡⁸ ╙

∆╢↓≤≤⌂∫√⁹ 

29 ⌐⅔↑╢

⌐ ∆╢ 1 ≢ ⇔√╟℮⌐⁸

⌐⅔™≡ ⌂PM2.5 ─ │╒

╓ ⅝≢№╢√╘⁸ ⅝ ≢⌂™ ⌐

≢№╢ │⁸ ⌂ ≢ ─ ╩ ∆

╢↓≤⅜ ≢№╢⁹ 

⌐ ─ ⌐⅔™≡⁸

⅜35ɡg/m3╩ ⅎ√↓≤⅛╠⁸ ─ ⌐

≈™≡ ╩ ∫√≤↓╤⁸ ─ ─

⌐≈™≡─ 2 ⅜№╡⁸PM2.5⁸ ┘

○◐◦♄fi♩─ ⌐≈™≡ ═╠╣≡™√↓≤⅛

╠⁸↓─ ─ ⌐≈™≡ ╩ ⇔√⁹ 

 

  

♃כ♦  2.1  

PM2.5⁸ ┘○◐◦♄fi♩│⁸ ⅜

⇔≡™╢ ◦☻♥ⱶ ∕╠

╕╘ ⱱכⱶⱭ3☺כ ⅛╠ ╩

⇔√⁹⌂⅔PM2.5│⁸ ╩ ∆╢ ⌐

⇔√ │⁸ ⇔√⁹ ─

│⁸1 ⁸2 ⁸3 ⁸4 ⁸

5 ⁸6 ⁸7 ⁸8 ⁸9 ≢№

╢⁹ 

2.2  NOAA- HYSPLIT MODEL╩ ™√ ─  

NOAA HYSPLIT MODEL4 │⁸ ─ ╩ ≤╖⌂

⇔≡ ╩ ╠⅛♃כ♦ ꜟכ♠─╘√╢╘

≢№╢⁹ │ 36.70N⁸137.10E ╩

≤⇔⁸ ─ ╩ ↑⌂™

850hPa 1500m⌐⅔™≡ ≤⌂╢ ─12 ╩

⌐ ╕≢─ ╩ ∫√⁹ 

 

 ┘  

3.1  ─PM2.5─  

10 ─ ┘10 ─

╩ ⌐ ∆⁹10 │⁸ ─12ɡg/m3

⅛╠ ╩ ╘⁸ ⌐39ɡg/m3─ ≤⌂∫√⁹

↓─ │⁸ ╕≢ ⅝⁸∕─ ⇔√⁹

⌐ ⇔√⅜10 ⇔√⁹35ɡg/m3╩

ⅎ√ │⁸ ⅜ ⁸ ⅜ ⁸ │

─44ɡg/m3≢№∫√⁹ ⌐ ╩ ⇔√

─ ╩ ⌐ ∆⁹ ─ ⅛╠ ─

⅜ ╕╡⁸ 15 ⌐35ɡg/m3╩ ⅎ40ɡg/m3╩

⇔⁸↓─ │ 21 ╕≢ ™√ 19

┘ ╩ ↄ ⁹ │⁸ 16

⌐ ⇔√56ɡg/m3≢№∫√⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ν  

Ί  

 ┘ 10 ─  
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8/3                              8/4                              8/5 

8/6                               8/7                              8/8 

ừ 35ɡg/m3  

₃ 35ɡg/m3  

 

 

 

 

 

 

 

 

 

 

3.2  ─PM2.5─  

─PM2.5 ─ ╩ ⁸ ─PM2.5

╩ ⌐ ∆⁹ 

│⁸ ≢35ɡg/m3 ≤⌂╡⁸ ⌐ ⁸

⁸ ┘ ⌐ ⅜ ↄ ⇔≡™

√⁹╕√⁸ ⁸ ─ ╙  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

⅜ ⇔≡™√⁹ │⁸ │ ─ ⅜ ⅜

╡⁸ ─╖≤⌂∫√⅜⁸ │ ⅜∫√⁹ │⁸

─ │ ⇔⁸ ⁸ ⁸ ⁸ ⁸

┘ ⌐ ⅜╡╩ ∑√⁹ │⁸ ┘ ≢

⅜ ⇔ ╘⁸ ⌐ ⅜ ⇔

≡™√⁹ ⁸ ╛ ≢│ ⅜╒≤╪

≥⌂ↄ⌂╡⁸ ⌐╙ │ ≢№∫√⁹

│⁸ ─ ≤ ⁸ ≢ ⅜ ⇔√⁹

⁸ ⁸ │ ⅜ ⇔⁸ │╒

╓⌂ↄ⌂∫√⁹ │⁸ ⅝ ⅝ ⁸ ⅜ ↄ⁸

↕╠⌐ ⁸ ─ ⅜ ⇔√⁹╕√⁸

╙ ⅜ ↕╣√⁹ │⁸ ≢ ⅜

⇔ ─ │⌂ↄ⌂∫√⁹ ─↓≤⅛╠⁸

─ ⌐ ─ ─ ⅜№∫√≤

ⅎ╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

8Ὦ1 8Ὦ2 8Ὦ3 8Ὦ4 8Ὦ5 8Ὦ6 8Ὦ7 8Ὦ8 8Ὦ9 8Ὦ10 8Ὦ11 8Ὦ12 8Ὦ13 8Ὦ14

ᵤ 6.9 5.8 6.1 14.3 13.9 8.4 6.8 2.4 2.8 2.8 6.4 4.9 5.5 3.2

7.5 6.8 10.0 19.3 28.8 29.0 12.9 6.2 9.4 14.3 17.1 7.0 9.1 9.9

ί 6.3 6.5 9.5 10.6 13.6 18.1 20.7 22.8 19.9 20.1 9.8 12.2 13.0 13.7

ׇ 9.5 10.9 16.8 26.3 38.1 35.8 15.6 22.4 20.5 11.8 7.5 5.3 7.3 7.9

ᵤ 10.0 13.1 11.6 18.7 28.5 27.6 20.7 29.4 20.1 8.9 5.6 6.5 6.7 9.3

ựṕ 11.2 15.6 17.5 25.9 37.3 25.4 25.7 33.7 13.6 4.6 6.8 8.2 9.7 12.2

⁯ 9.0 17.8 29.4 38.2 34.9 25.4 36.6 29.5 15.1 5.3 6.6 7.1 8.8 9.2

◌⁯ 10.6 13.9 24.5 34.4 36.8 20.9 30.0 35.1 14.5 3.8 6.7 7.7 8.5 9.7

ỵ 9.4 26.0 38.8 36.1 20.5 25.5 27.8 11.3 7.9 5.1 5.1 6.2 5.5 4.9

ỡ 8.8 13.3 18.6 23.4 26.1 24.0 23.6 23.2 15.2 10.8 8.1 8.4 9.3 10.3

(ɡg/m3)  ─PM2.5─  

 PM2.5 ─  

 ─  
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3.3   PM2.5 ─  

PM2.5─ ─ ≈≢№╢

SO2 ⌐≈™≡ ─ ╩ ⇔√⁹╕√⁸

│⁸ ○◐◦♄fi♩ Ox ⅜ ↄ⌂╢≤

PM2.5 ╙ ↄ⌂╢ ⅜№╢↓≤⅛╠⁸

○◐◦♄fi♩─ ⌐≈™≡╙ ⇔√⁹⌂⅔⁸

○◐◦♄fi♩│⁸ ⌐ ⅜ ↄ⌂╢↓≤⅛╠

╩ ™╢≤ ⌂ ╩ ↑⌐ↄↄ⌂╢√

╘⁸ ─ ⅛╠ 15 ─ ╩ ™╢↓≤≤

⇔√⁹∕─√╘⁸PM2.5 ┘SO2╙ ╩

™≡ ╩ ∫√⁹ 

≤⇔≡⁸ ─ ⅜ ╕∫√ ≤

⅜ ↄ⌂∫√ ─PM2.5≤Ox ┘SO2─

╩ ⌐ ∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

╕√⁸PM-Ox ┘SO2─ ─ ╩ ⌐ ∆⁹

│⁸ ⅛╠ 14 ⌐⅔™≡│⁸

PM2.5 ⅜ ™≤ SO2 ╙ ™ ( 0. 45)⌐№

╡⁸ ⌐ Ox ⅜ ™≤ PM2.5 │ ™ (-

0.47)⌐№∫√⁹↓─ │⁸ ≢ 35ɡg/m3╩ ⅎ

≡™╢ ≢№∫√⁹ │⁸ ≤ ∂ↄ PM2.5

≤SO2 ─ ⌐ ⅜№╡(0. 45)⁸Ox ≤─

╙№∫√ 0.20 ⁹↓─ │⁸ │PM2.5

⅜ ⁸ ⅛╠ ⅜ ™ ⌐№∫√⁹

╕≢│⁸SO2≤─ ⅜ ↄ⁸ ⅜

⇔√⁸ 14 │⁸Ox≤─ ⅜ ™ ≢№∫

√⁹↓─↓≤⅛╠⁸PM2.5⅜ ≢№∫√ │⁸

SO2─ ▪fi⸗♬►ⱶ ╩ ↑≡™√≤ ⅎ

╠╣╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
8Ὦ1 8Ὦ2 8Ὦ3 8Ὦ4 8Ὦ5 8Ὦ6 8Ὦ7 8Ὦ8 8Ὦ9 8Ὦ10 8Ὦ11 8Ὦ12 8Ὦ13 8Ὦ14

PM-SO2 0.19 0.2 0.45 0.53 0.45 0.17 0.51 0.59 0.17 0.11 0.06 0.22 0.35 0.23

PM-Ox 0.21 -0.11 -0.47 -0.41 0.2 0.35 -0.15 0.16 0.48 0.84 0.61 0.56 0.65 0.62

 ⌐⅔↑╢PM2.5≤SO2 ┘Ox─  

 PM2.5≤SO2 ┘Ox─  
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3  

14  

 

3.4   

╩ ⌐ ─ ↔≤─ ╩

⇔√ ╩ ⌐ ∆⁹╕√ 27°15'

140°53' ╙ ∑≡ ⇔√⁹ ─ │

⅛╠ ╣≡ↄ╢╙─≤ ▪☺▪ ⅛╠

╣≡ↄ╢ ≈⌐ ↕╣√⁹↓─℮∟⁸ ⅛

╠ ╣≡ↄ╢ ⌐PM2.5─ ⅜ ™ ≢№╡⁸

▪☺▪ ⅛╠ ╣≡ↄ╢≤⅝│⁸ ™ ≢№

∫√⁹SO2≤─ ⅜ ⅛∫√ │⁸

≢ ─ ╩ ⇔≡™╢↓≤⅛╠⁸ ╩

↑≡™√ ⅜№╢⁹ 14 │⁸

▪☺▪ ⅛╠≢№╡⁸ ─ ╩ ↑≡™⌂™

≤ ⅎ╠╣╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ╕≤╘ 

ה ─PM2.5 ⌐≈™≡ ╩

∫√⁹ 

PM2.5│⁸ה ╕≢ ↄ⁸ ⅛╠ ─

⅜ ╕╡⁸ ┼ ⇔≡™ↄ ⅜↓─ ⌐

№∫√≤ ⅎ╠╣╢⁹ 

⅜PM2.5ה │⁸SO2≤─ ⅜№╡⁸

─ │ ╩ ⇔≡™√↓≤⅛╠⁸

▪fi⸗♬►ⱶ─ ╩ ↑≡™√≤ ⅎ╠╣╢⁹ 

 

 

  

1)  ⌐⅔↑╢ ⌐ ∆╢

 ☿fi♃כ  

29  

2) ⌐│ ⇔™PM2.5    

https://news.yahoo.co.jp/byline/takemuratos

hihiko/20200807 -00192063/ 

R2.12.11▪◒☿☻ 

3) ◦☻♥ⱶ ∕╠╕╘  

http://soramame.taiki.go.jp/  

4) NOAA- HYSPLIT MODEL 

https://www.ready.noaa.gov/HYSPLIT.php  
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12 ⌐ ⇔√ ⌐≈™≡ 
 

 

 

 │∂╘⌐ 

29 ⅛╠31 ⌐⅛↑≡⁸ ⌐

⅜ ↕╣≡⅔╡⁸ ⌐30 │11 ─

℮∟⁸ ─10 ≢ ↕╣√⁹ ─

─ │⁸ ─ ⌐ ™⁸

≢ ⇔≡⅔╡⁸ ─ │⌂⅛∫

√⅜⁸ ─ ≢ ⇔≡™╢↓≤

┘ ☿fi♃כ ⌐№╢ ⌐⅔™

≡⁸ ⅜ 10ɡ ɡ │ ─ 100 ─

─ SPM ⅜ ≢

0.098mg/m3≢№╡⁸ ─ ─

0.036mg/m3 ╩ ⅝ↄ ∫√↓≤⅛╠

─ ╩ ↑≡™√≤ ⅎ╠╣╢⁹ ─ ⌐≈

™≡ ╩ ™⁸ ╩ ⇔√─≢ ∆╢⁹ 

 

  

♃כ♦  2.1  

SPM│⁸ ⅜ ⇔≡™╢

◦☻♥ⱶ ∕╠╕╘ ⱱכⱶⱭכ☺ 1 ⅛╠

⌐≈™≡ 29 ⅛╠31 ─3 ─

╩ ⇔√⁹ ─ │⁸1 ⁸

2 ⁸3 ⁸4 ⁸5 ⁸6

⁸7 ⁸8 ⁸9 ≢№╡⁸ ─

1 ╩ ↔≤⌐ ⇔ ╩ ╘√⁹ 

 

  

3.1  ─SPM─  

14 ─ ┘14 ─

╩ ⌐ ∆⁹ ⅛╠ │ ─Ⱨכ◒⅜

№╡⁸ │29 22 ≢0.099mg/m3⁸ │

30 16 ≢ 0.141mg/m3⁸ │ 31 13 ≢

0.068mg/m3≢№∫√⁹ ╙ ⅜ ⅛∫√ ─

Ⱨ⁸12│≡™⅔⌐◒כ ≢0.1mg/m3╩ ⅎ⁸

─0.214mg/m3⅜ ≢№∫√⁹╕√⁸ ≤ ═

│0.061mg/m3≤ ≢№∫√⁹ ─

│⁸ 0.064mg/m3 ⁸

0.064mg/m3 ⁸ 0.063mg/m3 ⅜ ↄ⁸

0.036mg/m3 ⁸ 0.037mg/m3 ⁸

0.037mg/m3 │ ⅛∫√⁹ 

 

 

 

3.2 ─SPM─  

─ ⌐ ≠ↄSPM ╩ ⌐⁸

30 15 ─ ─ SPM ╩ ⌐ ∆⁹

0.05mg/m3╩ ⅎ╢╟℮⌂ │⁸29 ─

⅛╠ ⁸ ⁸ ─ ⌐⅔™≡ ╕╡⁸

⁸ ⁸ ┘ ─ ≢╙ ⇔√⁹

─Ⱨ⁸│◒כ ─ ─Ⱨכ◒≤ ∂

29 22 ⅛╠23 ≢№∫√⁹ ╙ ─

│⇔≡™√⅜ 0.05mg/m3╩ ⅎ⌂™ ↕⌂Ⱨכ◒⅜

№∫√⅜⁸ │⁸⌂∞╠⅛⌐ ⅜ ↄ ≢

№∫√⁹ ─Ⱨ⁸30│◒כ ─12 ⅛╠17

⌐№╡⁸ ⁸ ⁸ ⁸ ┘ ≢

─ ╩ ⇔√⁹ ╛ │ ⌂╢

⌐Ⱨכ◒╩ ⅎ√⅜⁸0.05mg/m3╩ ⅎ╢

⅜ ™≡™√⁹15 ─ │0.046 mg/m3

⅛╠0.099mg/m3 ≢№╡⁸

─ ⅜№∫√⁹╕√⁸ ≢ ⅜ ™

╩ ⇔≡™√⁹31 ⌐⌂╢≤⁸ ↄ─ ≢

│ ⇔≡™∫√⅜⁸ │ ⅜ ™ ⅜

™≡™√⁹30 15 ⌐⅔™≡ 0.05mg/m3╩ ⅎ╢

 ┘ 14 ─  

  Ν  

Ί  
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│ 819≢№╡⁸↓─ ─ 1, 107

⌐ ⇔≡ ╘╢ │ 74 ≢№╡ ⌐ ™

╩ ⇔≡™√⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ╕≤╘ 

ה ≢│⁸ ─Ⱨכ◒╩ ⇔⁸∕─℮∟

⅜ ╙ ™ 0.214mg/m3  

ה ⌐ ─ ╩ ↑ ⅜ ⇔≡™√⅜⁸

─╟℮⌐⌂∞╠⅛⌐ ⅜ ↄ ╙

↑╠╣√⁹╕√⁸ ─╟℮⌐ ╩ ↑

≡™╢⅜⁸ ─ ≤ ═ ⅜ ⅛∫√⁹ 

 

 ─  

─ ╩ ⇔⁸ ╠╣√ ╩

⌐ ∆╢↓≤≢⁸ ─ ⌐♃▬ⱶꜞכ⌂

⌐ ╘╕∆⁹ 

 

  

1) ◦☻♥ⱶ ∕╠╕╘  

http://soramame.taiki.go.jp/  

 

 

 

 

 

 

 

 

 

 

  ↔≤─SPM  

  ─SPM  
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13 ♥◐☻♩ⱴ▬♬fi◓╩ ⇔√ ─  
 

 

 

 │∂╘⌐ 

╠⅛♃כ♦⌂ ╩ ⇔⁸ ─ ─

╛ ⁸ ⌂≥ ╩ ∆╢₈♥

◐☻♩ⱴ▬♬fi◓₉⅜ ₁⌂ ≢ ↕╣≡

™╢⁹ 

♥◐☻♩ⱴ▬♬fi◓─ ─ ≈≤⇔≡⁸ ─

╛ Ɽ♃כfi─ √ ╩ ≢ ╪∞

₈ Ⱡ♇♩꞉⁸│₉◒כ ╩ ≥ꜟכ♠╢∆

⇔≡⁸ ↕╣√Ⱡ♇♩꞉כ◒ ─ ⌐╟∫≡

─ ╩ ∆╢↓≤⅜≢⅝╢⁹ 

⅜ ⇔≡™╢ │

│⁸ ⌐ ∂√ ≤ ⌐ ∂╟℮≤∆╢

⌂≥╩╕≤╘√╙─≢№╢⅜⁸ ─ ≤

─ ╩♥◐☻♩ⱴ▬♬fi◓⌐╟╡ ∆╢↓≤

⌐╟╡⁸ ה ─ ╩ ∆╢↓≤

≤⇔√⁹ 

 

  

≢│⁸♥◐☻♩ ╩♃כ♦ ⌐ ∆

╢√╘⌐ ↕╣≡™╢ⱨꜞכ♁ⱨ♩►◄▪₈  

₉1)╩ ⇔√⁹ 

⌐№√∫≡ ≤⇔≡⁸ ♁ⱨ♩─

≤⇔≡ ∆╢ ⱨ□▬ꜟ─ ↑⁸

⌂ ⌂≥─ ╩ ℮≤≤╙⌐⁸ ꜞ☻

♩⅛╠ ⌐≈™≡╙⁸ ╩ ∆╢ ╩

∫√⁹ 

╕√⁸ │ ⁸ ⁸ ⁸ ⁸

⁸ ≤⇔⁸₈ ₉⁸₈ ₉⌂≥─ ⌐

╩⌂↕⌂™ ╩ ∆╢≤≤╙⌐⁸₈ ∆╢₉⁸

₈ ╘╢₉⌂≥─ │ ™√⁹ 

↕╠⌐⁸ ─ ╛ꜞ☻♩ ─ ⌐

╟∫≡Ⱡ♇♩꞉כ◒ ⌐ ™⅜ ≡ↄ╢─≢⁸

⅜ ╣╛∆™╟℮ ╩ ₁⌐ ⅎ≡ Ⱡ♇♩꞉

◒כ ╩ ╘╢ ╩ ∫√⁹ 

↓℮⇔√ ╩ ∫√℮ⅎ≢⁸ ─

2)⁸ ─ 3)─ ⁸

╩ ↄ ╩ ⌐⁸ Ⱡ♇♩꞉כ◒ ╩ ⇔√⁹ 

 

  

3.1  46 ─  

≢ ╘≡ ⅜ ↕╣√─│

46 ≢⁸ ─ ⇔⅛∫√ ⁸ ⁸

⌂≥─ ⌐≈™≡⁸ ─ ╛

─ ⁸ ⁸ ⌂≥╩ ╡╕≤╘≡

™╢⁹ 

 ╩ ™≡ ─♥◐☻♩

⌐ ™√ │ 28,074 ⁸ ⌂╡ │

2,608 ≢№∫√⁹ ─ ™ │⁸

⅜218 ⁸ ⅜216 ⁸ ⅜170 ≢№╡⁸↓

─ ⌐ ⁸ ⁸ ⁸ ⁸ ─ ─

⅜ ⅛∫√⁹ 

Ⱡ♇♩꞉כ◒ ╩ ⌐ ∆⁹ ─

™ │ ⅝ↄ ↕╣╢≤≤╙⌐⁸ ─

─ ⅜1≈─ ≢ ⌐ ∆╢ ⁸Ⱡ♇

♩꞉ה╡⅜⌂≈─≢◒כ ─ ⅜ ↄ⌂╡⁸

≢ ↕╣╢⁹ 

≢│ ╩ 29⁸ꜞ☻♩ ╩ 40⌐

⇔√╙─≢№╡⁸ ⌐ⱪכꜟ◓─≈ ↑╠╣√⁹

─≈⌂⅜╡╩ ╢≤⁸ │₈ ⁸ ⁸

⁸ ₉⁸ │₈ ⁸ ⁸ ₉⁸ │₈

⁸ ⁸ ₉≤ ™ ≢ ⅜∫≡ ⇔≡™

╢↓≤⅜╦⅛∫√⁹ 

↓─╒⅛⁸ ─◌♪Ⱶ►ⱶ⌐╟╢ ⅜

⇔√ ≢№∫√↓≤⅛╠⁸◌♪Ⱶ►ⱶ⌐₈

⁸ ₉⅜ ⅜∫≡ ⇔≡™√↓≤⅜ ╖ ╣

√⁹ 

⁸ │ ₁⌂ ⅜ ⇔≡⅔╡⁸

≢│ ⁸ ⁸ ╩│∂╘ ⁸

─ ─ ⅛╠ ↕╣╢ ╛

┌™∂╪⌐╟╢ ⇔™ ⁸ ≢│  
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⌐╟╢ ─ ⇔™ ⁸◌♪Ⱶ►ⱶ╛ ⌐╟

╢ ⅜№∫√⁹╕√⁸ ╩ ⅎ╢

╛ ה ⅛╠─ ╙ ≤⌂∫≡™

√⁹ 

↓℮⇔√ ⌐ ⇔⁸ ⌐ ∆╢

╛ ╩ ∫≡™√ ⅜ ⌐ ↕

╣⁸ │ ─ ≢№∫√↓≤╩

∫≡⅔╡⁸ Ⱡ♇♩꞉כ◒⅛╠╙ ↄ ╖ ╣

╢↓≤⅜≢⅝√⁹ 

 

3.2  ─  

│ 49 ⅛╠ ≤⌂╡⁸

15 ⅛╠A ◘▬☼⌐ ↕╣≡™╢⁹ 

≢│⁸ ─ ⁸ ╛

─ ≢№╢ ≤╛╕ ─

⌐╟╡⁸ ─ ╩ ⌐╕≤╘≡™╢⁹ 

─ │⁸ ⌐ ≠⅝₈

≤ ≠ↄ╡─ ₉⁸₈ ─ ₉⁸₈

─ ₉ ┘₈ ─ ≤ ₉─

─ ⌐ ↑╢≤≤╙⌐⁸ ⌂  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

⌐ ↑√ ≠ↄ╡⌂≥⁸ ⌂ ╩ ╡

╪∞ ≤⌂∫≡™╢⁹ 

46 ─ ≤ ⌐  

╩ ™≡♥◐☻♩ ╩ ∫√⁹₈ ─ ₉

─ ╩ ↄ │39,022 ⁸ ⌂╡ │

2,712 ≢№∫√⁹ ─ ™ │⁸

⅜592 ⁸ ⅜368 ⁸ ⅜271 ⁸ ⅜223

≢№╡⁸↓─ ⌐ ⁸ ⁸ ⁸ ⁸ ─

─ ⅜ ⅛∫√⁹ 

Ⱡ♇♩꞉כ◒ ╩ ⌐ ∆⁹ ≢│

╩ 25⁸ꜞ☻♩ ╩ 60⌐ ⇔√╙─≢№

⌐ⱪכꜟ◓─⁸11╡ ↑╠╣√⁹ ╙ ─ ⅛∫

√ │⁸ ─ ≢│₈ ₉∞∫

√╙─⅜₈ ₉⌐ ╦∫≡⅔╡⁸₈ ⁸ ⁸

⁸ ₉⌂≥─ ╙ ⅜ ↄ⌂╡⁸≈⌂

⅜╡─ ╙ ⇔≡™╢≤ ⅎ╠╣√⁹ 

─≈⌂⅜╡╩ ╢≤⁸ │₈ ⁸ ⁸

⁸ ₉⁸ │₈ ⁸ ⁸ ⁸ ⁸

₉⁸╕√◄◖│₈ ⁸ ⁸♪ꜝ▬Ⱪ₉≤ ™

≢ ⅜∫≡ ⇔≡™╢↓≤⅜ ╖ ╣√⁹ 

 46 ─ ─ Ⱡ♇♩꞉כ◒  
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╕√⁸₈ ⁸ ⁸ ⁸ ⁸ ⁸ꜞ◘▬◒

ꜟ₉≤™∫√ ╛ ─≈⌂⅜╡╩ ∫√ ⁸

₈ ⁸ ⁸ ⁸ ⁸ ₉≤™∫√

╛ ─≈⌂⅜╡╩ ∫√ ⅜ ╠╣√⁹ 

↓─╒⅛⁸ ╛ ─ ≢

│₈ ⁸ ₉≤₈ ⁸ ₉─≈⌂⅜╡⅜

╠╣√⅜⁸ │ ↄ⌂⅛∫√⁹ 

 

 ╕≤╘ 

46 ─ ⁸ ─ ─

⌐≈™≡♥◐☻♩ⱴ▬♬fi◓╩ ∫√≤↓╤⁸

─ ╛ Ⱡ♇♩꞉כ◒ │⁸ ─

⁸ ⁸ ╛ ה ╩ ↄ ⇔

≡™╢↓≤⅜╦⅛∫√⁹ 

∆⌂╦∟⁸ 40 ─ ה ≤™

∫√ ה ⅛╠⁸ ─ ה ⇔

√ ⁸╕√ ⌐ ∆╢ ה ה ≤

™∫√ ⌐ ⅜ ⇔≡™╢↓≤⅜ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

╖ ╣√⁹ 

♥◐☻♩ⱴ▬♬fi◓│⁸↓℮⇔√ ─

≤ ─ ╡ ╦╡╩ ╛∆ↄ ∆╢ ≤⇔

≡ ≢№╢↓≤⅜╦⅛∫√⁹ 

 

 ─  

⅛╠ ⁸ ╕≢ ₁⌂

⅜№╡⁸ ─ ≤≤╙⌐ ╡ ╦∫≡™

╢↓≤⅜ ⌐╦⅛∫√⁹ │⁸ ─

≤⇔≡ ☿fi♃כ ⌐ ⇔√₈

Ⱳ≤╛╕₉⌐⅔™≡⁸ꜝה◖◄  ╩ ∆

╢ ≤⇔≡ ⇔≡™ↄ⁹ 

 

 

1) ♥◐☻♩ ─♁ⱨ♩►◄▪₈KH Coder₉⁸

KH Coder2.x♅ꜙ⁸ꜟ▪ꜞ♩כ  

2) 46  

3)  

 ─ ─ Ⱡ♇♩꞉כ◒  
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⌐ ≢ ⇔√ │ ≢№╡⁸ │ ─≤⅔╡≢∆⁹ 

 

 47 ה ₒ 11  x

─ ⸗♬♃ꜞfi◓⌐╟╢ ─ ─   ---------------------------------  72  

 ⁸ ⁸  

 

 35 ה ה ₒ  x

 

─ PM2.5⌐⅔↑╢ ─ ⌐≈™≡  ------------------------------------  74  

 ⁸ ⁸  

 

─ ⌐⅔↑╢PM2.5 ( 25 )⌐≈™≡  ------  76  

 ⁸ ⁸ ⁸ ⁸ ⁸  

 

─ ⸗♬♃ꜞfi◓⌐╟╢ ─ ─  

⌐⅔↑╢ ≤ ─ ┘ ↑─   ---------------------  78  

 ⁸ ⁸  

 

⌐⅔↑╢ ⌐╟╢ ┼─   ---------------------------------  80  

 ⁸ ⁸ ⁸ ⁸  

 

⌐⅔↑╢ ─ ─ ≤ ≤─ ⌐≈™≡  ------------------  82  

 ⁸ ⁸ ⁸  

 

⌐⅔↑╢ ⌐ ∆╢  

─ ⌐ ∆╢   -------------------------------------------------------------------  84  

 ⁸ ⁸ ⁸  

 

⌐⅔↑╢ ─ ⌐ ∆╢ ─   ------------------------  86  

 ⁸ ⁸  
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47 ה (2020.11)  

─ ⸗♬♃ꜞfi◓⌐╟╢ ─ ─  

☿fi♃כ 

ủ    

 

 │∂╘⌐ 

 ─ │ ─ ≢№╡⁸∕─

│⁸ ⌐⅔↑╢ ⌂ ─ ─ ≤⌂∫≡

™╢⁹ ⅛╠ ⌐⅛↑≡ ⌐ ╣╢ ↑ │⁸ ─

≤⇔≡ ╛ ⌐ ╩ ⅎ≡™╢⁹ 

⇔⅛⇔⌂⅜╠⁸ ≢│∆≢⌐ ─ ⅜ ↕╣

≡⅔╡⁸ ⁸ ╛ ⅜ ⇔√ ⌐ ∂╢ ₁

⌂ ⅜ ↕╣╢⁹╕√⁸ ≢│ ⌂ ╛

─ ─◦fiⱲꜟ≢№╢ꜝ▬♅ꜛ►⌐ ∆╢ ─

⅜ ↕╣╢⁹ 

↓─╟℮⌂↓≤⅛╠⁸ ⌐⅔™≡⁸2008 ⅛

╠ ─ ⌐╟╡ ─ ╩ ⇔≡™╢⁹ 

↓↓≢│⁸2008 ⅛╠2019 ╕≢─11 ꜡♃כ♦─

כ● ⅝ Tidbit -v2 ╩ ™√

─ ⅛╠ ↕╣╢ ≤ ╛ ≤

─ ╩ ∆╢⁹ 

 

  

─ ─√╘⁸Tidbit -v2╩ 2,668m

─ ⌐ ─A⅛╠ ─E╕≢─5ꜝ

▬fi⌐⁸10m ≢10 ∏≈ 50 ⁸ 5cm⌐

⌐ ⇔≡ ⇔√⁹ ┘∕─ ≢─ ─

╩ ⌐ ∆⁹ 

 

 ⌐Tidbit -v2╩ ⇔√ ≤ ─  

 

│⁸ ─ ≢│ ≤╒╓ ⌂ ╩ ∆⅜⁸

─ ⌐ ™ ⅜ ⅛╠ ↕╣╢≤ 0ϴ

⌐ ₁⌐ ≠⅝⁸ ⅛╠ ─ ┘ ⌐ ℮

≤─ ⌐╟╡ ⌐ ∆╢⁹↓─╟℮⌂ ⅛╠ ─

│ ─ ⌐ ≢⅝╢↓≤⅜ ↕╣≡™╢⁹ 

↓─↓≤⅛╠⁸ ≢│4 ⌐ ╘≡1ϴ╩ ⅎ√

╩∕─ ≢─₈ ₉≤⇔≡ ⇔√⁹ 

 

 ┘  

 ─  

 ꜝ▬fi ─ ─ ╩ ⌐ ∆⁹ 

11 ─ ─ ≢ ⅜ ╙ ⅛∫√─│⁸2015

─B4 ≢ 12 ≢№╡⁸ ╙ ⅛∫√─│ 2012

─C9 ≢ 22 ≢№∫√⁹ 

ꜝ▬fi ⌐╖╢≤⁸ ─ꜝ▬fi B ≢ ⅜ ↄ⁸

─ꜝ▬fiE≢ ⅜ ↄ⌂╢ ≢№∫√⁹ 

 

 ─  

ꜝ▬fi ⌐ ⇔√ ─ ╩ ⌐ ∆⁹ 

2008 2019 ─ ꜝ▬fi─ ─

╩╖╢≤ ≡─ꜝ▬fi≢ 2016 ⅜ ╙ ⅜ ⅛∫

√⁹╕√⁸2014 2016 │ ꜛ♬כ♬ꜟ◄⌐

⅜ ⇔≡⅔╡⁸ ≢╙ ─ │₈132cm

₉≤ (266cm( ─ 30 ))⌐

═≡ ⌂⅛∫√⁹ ⌐⅔™≡│⁸ ─

│↕╣≡™⌂™√╘⁸ │ ≢№╢⅜⁸ ⌐╟╢

─ ≤ ─ ─ ⅜℮⅛⅜╦╣╢

≤⌂∫√⁹ 

╕√⁸2014 ─╖ꜝ▬fi B ╟╡╙ꜝ▬fi A ─

⅜ ⅛∫√↓≤╛2014 ≤2017 │ ⅜ ╟╡

™↓≤⅜ ≢⅝√╙──⁸ ≤─ │ ≢№╡⁸

╕√⁸ ≤ ∆╢≤ ⅎ╠╣╢ ─

⌐ ₁ ╕╢⌂≥─ │ ╠╣⌂⅛∫√⁹ 

 

 ≤ ╛ ≤─  

⌐⅔↑╢ 11 ─ ⇔√ ╩ ⌐⁸

─ ┘ ╩ ⌐ ∆⁹ 

≢ ⇔√≤↓╤⁸ │7 10 ≢

│ 16 ≢№∫√⁹ ⌐ ⇔√ ⅛╠

⌐ ↄ⌂∫≡™╢ ┘ ↄ⌂∫≡™╢ ╩

⇔≡ ⇔√⁹ 
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 ─  

 ꜝ▬fi ─ ─  

┘ ⅛╠ ─ ⅜ ╖ ╣√⁹ 

B1 ה B5 │⁸Ɫ▬ⱴ♠╛▬꞉▬♅ꜛ►⌂≥─  

⅜ ⇔≡⅔╡⁸ ⅜ ™⁹ 

C7,C9╛E6 ה E8 ─╟℮⌐ ⅜ ≢№╢  

≢│ ⅜ ™⁹ 

↓─↓≤⅛╠⁸ ─ ╛ ⅜⁸ ≤ ↄ

⇔≡™╢↓≤⅜ ⅎ╠╣√⁹ 

 

 ╕≤╘ 

↓╣╕≢─ ⅛╠│⁸ ≤ ⇔≡ ⅜

╕∫≡™╢ ─ │ ╠╣≡™⌂™⅜⁸ ⌐

╟╡ ☿fi♃כ─ ≤⇔≡ ⌂⸗

♬♃ꜞfi◓╩ ⇔≡™ↄ≤≤╙⌐⁸ ⁸ ⌂

≤─ ⌐≈™≡ ╩ ╘≡™ↄ⁹ 

 

 ─  

 

 ⌐⅔↑╢11 ─  

 

 

 ─ ┘  

1 2 3 4 5 6 7 8 9 10

LINE-E

LINE-D

LINE-C

LINE-B

LINE-A

1 2 3 4 5 6 7 8 9 10

LINE-E

LINE-D

LINE-C

LINE-B

LINE-A
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35 ה ה  ( 2021 2 )  

─ PM2.5⌐⅔↑╢ ─ ⌐≈™≡ 

 

☿fi♃כ 

ủ  

 

 │∂╘⌐ 

─ PM2.5│ 28 ⌐ ╘≡ ≡─

≢ ╩ ⇔√╙── ⌐

╟╡╙ ─ ●☻

≢ ™ ⅜№╢⁹ 

☿fi♃כ≢│ ↓╣╕≢⌐ ─ ╠⅛♃כ♦

─ ≤ ⅎ╠╣╢ ▪fi⸗♬►ⱶ─

╛ ⌐ ℮ ─ ⌐╟∫≡PM2.5⅜

⌐⌂╢↓≤╩ ⇔≡⅝√⁹╕√ 30 ⅛╠

│ ─ ⌐≈™≡ ╩ ∫≡™╢⁹⇔

⅛⇔ ─ ⌂≥ ─ ╩

⌐ ≢⅝≡™⌂™√╘ ⌂ PM2.5 ─

⌐│ ╟╡ ⅛╠─ ┘ ─ ⅜

≢№╢⁹ 

↓↓≢│ ⌐ ●☻

┘ ⌐

⅔™≡ ┘▬○fi ╩ ⇔

●☻ ≤ ≤─ ⅛╠

─ ⌐≈™≡ ⇔√⁹ 

 

  

─ ┘ ─

╩ 1⌐ ∆⁹ │ ─

⌐№╢ ●☻ ≢№

╢⁹ │ ─

│ ─ ☿fi♃כ

⌐№╢ ≢№╢⁹ 

│ 18 ⅛╠ ≢№╢⁹ 

≢│ 10ꜝ▬fiכ꜡◓הⱣꜟ◘fiⱪꜝ GS-

10 ♄▬꜠♇◒ ╩ ™≡ ╩ ⇔√⁹

⌐ꜝⱲꜞ►ⱶ◘fiⱪכ꜡ ╤ 2500QAT- UP

PALLFLEX╩ ⇔≡ 20L/min≢ ⇔

2.5ɡm─◄▪꜡♂ꜟ ╩ ⇔√⁹ 

┘ ≢│ EPA ─

FRM─◦כ◔fi◦ꜗꜟ◄▪◘fiⱪꜝ

Model 2025 כ Thermo Fisher Scientific ⌐

╤ 2500QAT- UP PALLFLEX ╩ ⇔≡

16.7L/min ≢ ⇔√⁹ 

™∏╣─ ⌐⅔™≡╙ ─ 10 ⅛╠

─ 10 ╕≢ 24 ⇔ ─ PM2.5

ⱴ♬ꜙ▪ꜟ 5 ⌐ ≠⅝ OC

EC ┘▬○fi Cl - NO3- SO4
2-

Na+ NH4
+ K+ Mg2+ Ca2+ ╩ ⇔√⁹ 

 

 ┘  

 ─ PM2.5 ┘ PM2.5 ╩

⌐ ∆⁹ ─ ≢─ ╩

∆╢≤ ╩ ∫√ ≤╙⌐ 23 26

┘ 29 ⌐ ™ ≤⌂∫≡⅔╡ ≤╙⌐╒

╓ ∂ ─ ╩ ⇔√⁹ ╩ ∫√ ─

╩ ∆╢≤ ⌐ ∆╢≤ ⅎ╠╣

╢SO4
2- ┘NH4

+│∕╣∙╣─ ≢ ╢≤ ≢

⅝⌂ │╖╠╣⌂⅛∫√⁹ ≢ ╩ ╢

≤ ≢│ EC ⅜ ─ 2 ╟╡

╙ ⅛∫√⁹↓─ ™╩↕╠⌐ ∆╢√╘

╩ 1≤⇔√ ─ ─ ╩

⌐ ∆⁹ ⌐ ∆╢≤ ⅎ╠╣╢ SO4
2- ┘

NH4
+│∕╣∙╣─ ≢ ╢≤ ≢╒≤╪≥

⅜⌂⅛∫√ ≢ ꜟ♀כ▫♦ ─ ●☻⌐ ╕╣

╢≤ ⅎ╠╣╢ EC│ ⅜ ╟╡╙ 1.7 ⅛╠

3.6 ↄ ─ Ɽ♃כfi╩ ⇔≡™√⁹ 

─↓≤⅛╠ ─ PM2.5 │ ⌐⅔↑

╢ ⌐ ⅎ ꜟ♀כ▫♦ ●☻

⌐ ∆╢≤ ⅎ╠╣╢ ⅜ ⇔≡™╢≤

↕╣√⁹ 

 

 ╕≤╘ 

 ┘ ⌐⅔™≡ PM2.5

─ ┘▬○fi ─ ╩ ™

─ ⅜ ⅝™≤ ⅎ╠╣╢ ≤∕─ 2

╩ ⇔√⁹ 

⌂ ⅜ ⅝™≤ ⅎ╠╣╢SO4
2- ┘NH4

+≢

│ ≢ ⅝⌂ │╖╠╣⌂⅛∫√⁹ ≢ EC

≢│ ⅜ ─ 2 ╟╡╙ ™ ⅜ ╠╣

╕√ ─ ╙ ─ 2 ≤│ ⌂∫≡™√⁹

─ PM2.5 │ ≤ ─ ⌂ ⌐

ⅎ≡ ꜟ♀כ▫♦ ─ ╩ ∑≡ ↑

≡™╢≤ ⅎ╠╣╢⁹ 
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35 ה ה  ( 2021 2 )  

 

─ ⌐⅔↑╢ PM2.5 ( 25 )⌐≈™≡ 

☿fi♃כ 

₃       

 

 │∂╘⌐ 

2.5ɡm ─ PM2.5 │

21 ⌐ ⅜ 15ɡg/m3 ≢

№╡ ⅛≈ ⅜ 35ɡg/m3 ≢№╢↓≤

⅜ ↕╣ ⌐ ≠⅝ 25 ╟

╡ ─ ≤⇔≡ PM2.5 ─

╩ ⌐ ⇔≡⅝≡™╢⁹↓╣╕≢

⇔≡⅝√ 25 ─ ⌐≈ 

™≡ ∆╢⁹ 

 

  

PM2.5 ─ │

┘ ─ ≢ ⇔≡

™╢⁹ ╩ 1⌐ ∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

│ ⌐⅔™≡ ─ ╩

⇔≡⅔╡ ↕╣√ ─ ⌐

╩ ∫≡™╢⁹⌂⅔ PM2.5│ ≤╙

EPA ─ FRM ꜟꜗ◦fi◔כ◦─

◄▪◘fiⱪꜝכ  Model 2025 Thermo Fisher 

Scientific ╩ ™≡ 16.7L/min ≢

─ 10 ⅛╠ ─ 10 ╕≢ 24 ⇔

√⁹◘fiⱪꜝכ─ ⌐│♥ⱨ꜡fi╤ ╩ ⇔

┘ Na Al K Ca Sc Ti V

Cr Mn Fe Co Ni Cu Zn As Se Rb Mo Sb

Cs Ba La Ce Sm Hf W Ta Th Pb Be Cd ╩

⇔√⁹╙℮ ⌐│ ╤ ╩ ⇔≡ ▬○fi

Cl - NO3
- SO4

2- Na+ NH4
+ K+ Mg2+ Ca2+ ┘

OC EC ╩

⇔√⁹ │ ─ PM2.5 ⱴ♬ꜙ▪ꜟ⌐

™ ⇔√⁹ 

 

 ┘  

3.1  PM2.5 ─  

25 ⅛╠─ ≤ ─

─ ─ ╩ ⌐ ∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

─ ─ ─ ╩╖╢≤

27 ⌐ ╟╡ ↄ⌂∫√⅜ 25 ⅛╠

28 ⌐⅛↑≡ ╩ ⇔ ∕─ │╒╓ ┌™

≢№∫√⁹╕√ ─ ≤ ─ ╩

⇔√≤↓╤ ╟╡ │ ™⅜╟

ↄ √ ╩ ⇔≡™√⁹ 

 

3.2  PM2.5─  

─ ┘ ⌐

∆╢ ╩ ⌐ ∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ─  

 

 PM2.5  

 

 

 Ừ ừ  
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─ ╩╖╢≤ ─ ⌐

═ ⌐ ⅛∫√⁹ 

─ ╩╖╢≤ ╩ ∂≡ SO4
2-⅜ ™

╩ ╘≡™╢⅜ ⌐ ⌐ ↄ │╛╛

⅛∫√⁹OC│ SO4
2-⌐ ™≢ ↄ ⌐│ SO4

2-╟╡

⅜ ↄ⌂╢ ╙№╢⌂≥ ╩ ∂ SO4
2-≤

≤╙⌐ ™ ╩ ╘≡™√⁹EC│ ≤ ⌐

⅜ ⅛∫√⁹NH4
+│ SO4

2-≤ ⌐ ⌐ ↄ ⌐

⅛∫√⁹⌂⅔ ≢│ PM2.5⅜ ─ SO4
2-

≤ NH4
+─ │╒╓ ≢№∫√↓≤⅛╠

(NH4) 2SO4≤⇔≡ ⇔≡™√≤ ⅎ╠╣╢⁹NO3
-│

⌐ ↄ ⌐ ⅜ ⅛∫√⁹ ⌐ ⇔√

⅛╠ NO3
-─ ↄ│ ⌐●☻ ≤⇔≡

⇔≡™√≤ ⅎ╠╣╢⁹ 

⌐ ╩╖╢≤ ╩≤⅔⇔≡Na

Al K Ca Fe ─ ⅜ ↄ ↓╣╠─ ─

╩ ⌐ ∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

↓╣╠─ │ ≤╙ ⌐

ↄ⌂∫≡⅔╡ ╛ ─ ≤ ⅎ╠╣

╢⁹╕√ ⌐ ⌐ ™ ≢│ Na⅜

⌐ ™ ⌐№╡ ─ ⅜ ⅎ

╠╣╢⁹↕╠⌐Ᵽ▬○ⱴ☻ ─ ≤↕╣≡™╢ 

K│ ≤╙ ⌐╛╛ ™ ⌐№╡

≤─ ⅜ ⅎ╠╣╢⁹ 

─ ⌐ ™≢ ⅜ ↄ

╩ ≤∆╢ V Mn As Pb Zn─ ─

╩ ⌐ ∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

─ Mn Zn╩ ↄ≤ ⌐ ⌐

ↄ⌂╢ ≢№∫√⁹ 

Mn Zn⌐≈™≡│ ⌐ ™ ↕╣╢≤

ⅎ╠╣ │ ⅜ ∆

╢ ⌐ ⇔≡™╢↓≤⅛╠ ⌐ ⅜

≤⌂╢ ⌐∕╣╠─ ╩ ↑

─ ╟╡ ↄ⌂∫≡™╢≤ ⅎ╠╣╢⁹ 

↓℮⇔√ ─ ─ ╩ ↑≡™⌂™

⌐⅔↑╢ V Mn As─ ─

╩ ⌐ ∆⁹ 

 

 

 

 

 

 

 

 

 

 

V│ As│ Mn│ ⅛╠

∆╢ ≢№╢≤ ╦╣≡™╢⁹╕√ ₁─

─ │ ─ ≤⇔≡

╡ ╦╣≡™╢⁹V/Mn│ As/V│

⌐ ⇔√ ─ ─ ≤↕╣ ⅛╠─

─ ╩ ↑√ V/Mn│ As/V│

∆╢≤ ⅎ╠╣╢⁹  

─ ─ ⌐⅔↑╢

╩╖╢≤ V/Mn│ ⅜ ↄ

⅜ ⅛∫√⁹ As/V│ ⅜ ↄ

⌐ ⅛∫√⁹V/Mn As/V─ │

─ ≢№╢ V─ ─ ⌐

↕╣≡⅔╡ ↓─↓≤│ ⅜ ≢№╢≤

ⅎ╢⁹ 

 

 ─  

≤╙ ⌐ PM2.5─ ⌐ ╘╢↓≤⌐

╟╡ ╩ ╘√ ─√╘

⌐ ⌂ ╩ ⇔ PM2.5 ⌐ ≡╢⁹ 

 ─   ─  

 ─  

 

 ─  

 ─  

 

 (V, Mn, As, Pb, Zn)─  
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─ ⸗♬♃ꜞfi◓⌐╟╢ ─ ─  

Ί ⌐⅔↑╢ ≤ ─ ┘ ↑─ Ί 

☿fi♃כ 

ủ    

 

 │∂╘⌐ 

 ─ │ ─ ≢№╡ ∕

─ │ ⌐⅔↑╢ ⌂ ─ ─

≤⌂∫≡™╢⁹╕√ ⅛╠ ⌐⅛↑≡ ⌐

╣╢ ↑ │ ─ ≤⇔≡ ╛

⌐ ╩ ⅎ≡™╢⁹ 

⇔⅛⇔⌂⅜╠ ≢│∆≢⌐ ─ ⅜

↕╣≡⅔╡ 1) ⁸ ╛ ⅜ ⇔√

⌐ ∂╢ ₁⌂ ⅜ ↕╣╢⁹╕√ ≢

│ ⌂ ≢№╢ ╛ ─ ─

◦fiⱲꜟ≢№╢ꜝ▬♅ꜛ►⌐ ∆╢ ─ ⅜

↕╣╢⁹ 

↓─╟℮⌂↓≤⅛╠ ⌐⅔™≡ 2008

⅛╠ ┘ ─ ה ─ ⌐╟╡

─ ╩ ⇔≡™╢⁹ 

≢│ 2008 ⅛╠ 2019 ╕≢─ 11 ─♦

כ●꜡♃כ ⅝ Tidbit - v2 ╩ ™√

─ ┘ כ●꜡♃כ♦

⅝ ה HOBO- U20 ╩ ™√

─ ─ ⌐⅔↑╢ ה ⅛╠

↕╣╢ ≤ ╛ ≤─ ┘

⅛╠ ↑╕≢─ ─ ╩ ∆╢⁹ 

 

  

2.1 ─  

 ─ ─√╘ Tidbit - v2╩ 2,668m

─ ⌐ ─A⅛╠ ─E╕≢

─ 5ꜝ▬fi⌐ 10m ≢ 10 ∏≈ 50

5cm⌐ ⌐ ⇔≡ ⇔√⁹ ┘∕─

≢─ ─ ╩ ⌐ ∆⁹ 

╕√ ─ ─ ⌐ HOBO- U20╩ 1

⇔ ─ ⅛╠ ┼ ╣ ╗

─ ≤ ╩ ⇔√⁹⌂⅔ ☿fi

╙⌐כ♃ HOBO- U20╩ ⇔ ⌐⅔↑╢

╩ ⇔√⁹ 

 ⌐ Tidbit - v2╩ ⇔√ ꜝ▬

fi A E ≤ ─  

2.2  

│ ─ ≢│ ≤╒╓ ⌂ ╩

∆⅜ ─ ⌐ ™ ⅜ ⅛╠ ↕

╣╢≤ 0ϴ ⌐ ₁⌐ ≠⅝ ⅛╠ ─

┘ ⌐ ℮ ≤─ ⌐╟╡ ⌐ ∆╢⁹ 

↓─╟℮⌂ ⅛╠ ─ │ ─ ⌐

≢⅝╢↓≤⅜ ↕╣≡™╢ 2)⁹↓─↓≤⅛╠

≢│ 4 ⌐ ╘≡ 1ϴ╩ ⅎ√ ╩∕─

≢─₈ ₉≤⇔≡ ⇔√⁹ 

│ ─ ≤

☿fi♃כ ─ ─ ⅛╠ ╘√⁹ 

 

 ┘  

3.1 ─  

 ⌐⅔↑╢ 11 ─ ╩ ⌐

─ ┘ ╩ ⌐ ∆⁹ 

≢ ⇔√≤↓╤ │ 7 10 ≢

│ 16 ≢№∫√⁹ ⌐ ⇔√

⅛╠ ⌐ ↄ⌂∫≡™╢ ↄ⌂∫≡

™╢ ╩ ⇔≡ ⇔√⁹ 

┘ ⅛╠ ─ ⅜ ╖ ╣√⁹ 

B1 ה B5 │ Ɫ▬ⱴ♠╛▬꞉▬♅ꜛ►⌂≥─

⅜ ⇔≡⅔╡ ⅜ ™⁹ 

C7 ה C9╛ E6 E8 ─╟℮⌐ ⅜ ≢№╢

≢│ ⅜ ™⁹ 

↓─╟℮⌂ ⅛╠ ─ ╛ ⅜ ⌐

╩ ⅎ≡™╢≤ ⅎ╠╣ Ɫ▬ⱴ♠ ⅜ ∆╢

│ ⅜ ↄ ⅜ ≢№╢≤ ⅜ ⇔

≡™╢ ╟╡ ⅜ ↄ⌂╢↓≤⅜ ≢⅝√⁹ 

 

 ⌐⅔↑╢ 11 ─  

 
 

 ─ ┘  

 

1 2 3 4 5 6 7 8 9 10

E 6/30 7/10 7/19 7/26 7/16 8/1 8/7 8/4 7/20 7/21

D 6/24 7/3 7/4 7/15 7/18 7/20 7/25 7/31 7/17 7/21

C 7/2 7/2 6/29 7/12 7/12 7/27 8/5 7/19 8/5 7/21

B 6/14 6/11 6/14 6/4 6/14 6/22 7/2 7/11 6/22 6/14

A 7/9 6/28 7/10 7/10 7/6 6/30 7/17 7/15 6/27 6/29

1 2 3 4 5 6 7 8 9 10

E Ɫ▬ⱴ♠ ▬꞉▬♅ꜛ►

D Ɫ▬ⱴ♠

C ▬꞉▬♅ꜛ►▬꞉▬♅ꜛ►▬꞉▬♅ꜛ► ▬꞉▬♅ꜛ►

B Ɫ▬ⱴ♠ Ɫ▬ⱴ♠ Ɫ▬ⱴ♠ Ɫ▬ⱴ♠ ▬꞉▬♅ꜛ► ▬꞉▬♅ꜛ►Ɫ▬ⱴ♠

A ▬꞉▬♅ꜛ►▬꞉▬♅ꜛ►▬꞉▬♅ꜛ►▬꞉▬♅ꜛ► ▬꞉▬♅ꜛ►

 



й ☿fi♃כ  

35 ה ה  (2021 2 )  

-  79 -  

ה 3.2 ─  

⌂ ⅜ ╣√ 2008 10 ⅛╠ 2009 9

─ ה ╩ ⌐ ∆⁹ 

↓─ ⅛╠ ─╟℮⌂ ≢ ⅛╠ ↑╕

≢─ ⌐≈™≡ ≢⅝╢↓≤⅜ ⅛∫√⁹ 

A ─  

B ─ ⌂ ↑ 

C ↑  

D ⌂ ↑ 

E ─  

F ↑─  

╕√ B─ ⌐╟╡ ─ ⌂ ↑⌐≈

™≡╙ ⅎ╢↓≤⅜≢⅝√ 3)↓≤⅛╠ ⸗

♬♃ꜞfi◓♦כ♃≤⇔≡ ⌐ ≢⅝╢↓≤⅜

⅛∫√⁹ 

2008 ⅛╠ 2019 ╕≢─ 11 ─ ה

⅛╠ ─ ⌐≈™≡ ⇔√ │ ─

≤⅔╡≢№╢⁹↓─ 11 ─ ⅛╠≢│

⌐╟╡ ↑ ⅜ ╕∫≡™╢⌂≥─

⌂ │ ╠╣⌂⅛∫√⁹ 

 

 
 2008 10 2009 9 ⌐⅛↑≡─ ה

 

 

ה  ⅛╠ ≢⅝╢  

 
 

 ─ ≤ ─  

 │ ─ ≤ ─ ─≥♃כ♦

─ ╩ ╘╢≤≤╙⌐ ☿

fi♃כ─ ╖≤⇔≡ ─ ⌂⸗♬♃ꜞ

fi◓╩ ⇔≡™ↄ⁹╕√ ≤ ⸗♬♃ꜞfi

◓≤─ ⅛╠ ─ ╩ ⇔ ⌂

─ ה ─ ⌐ ⇔≡™ↄ⁹ 

 

  

1) ╠ ⌐⅔↑╢ ⌐ ∆╢

- ─ ⌐ ∆╢ - , ☿

fi♃כ ,36,75 - 80,2008 

2) ─ ⌐⅔↑╢ ─

⅛╠─ ,

,68,489 - 496,2006 

3) ⌐⅔↑╢ ─ ⌐ ∆╢

- ⅛╠ ╕≢─ ─ ≤

∕─ ⌐≈™≡- , , 42 1

,31- 36,2017 

─ ↑ ⌂ ↑ ↑─ ─

2008 10
⁷ 2009 9 10/27 4/13 5/2 7/31 6/22

2009 10
⁷ 2010 9 11/3 5/5 5/17 8/17 6/27

2011 10
⁷ 2012 9 11/21 4/23 5/15 8/18 7/12

2012 10
⁷ 2013 9 10/31 5/11 5/11 8/16 7/6

2016 10
⁷ 2017 9 10/31 5/4 5/4 8/10 7/4

2017 10
⁷ 2018 9 10/31 4/15 4/24 8/2 6/25

2018 10
⁷ 2019 9 10/29 4/23 4/23 - 6/29
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35 ה ה  ( 2021 2 )  

 

⌐⅔↑╢ ⌐╟╢ ┼─  

☿fi♃כ 

ủ ⁸ ⁸ ⁸ ⁸  

 

 ─  

 ─ ⌐│⁸ ╛╡╪⌂≥─ ⌐

╟╢ ⱪꜝfi◒♩fi─ ⅜ ⅝ↄ ╦∫≡™╢⁹

╩ ⌐ ≈√╘⌐│⁸ ⅛╠─ ─

╩◖fi♩꜡כꜟ∆╢↓≤⅜ ≢№╢⅜⁸

│ ─╒⅛⌐⁸ ─ ⌐╟∫≡ ⅛╠╙

↕╣≡™╢↓≤⅜ ╠╣≡™╢⁹ 

☿fi♃⁸│כ ≢ ⌂

╩ ⇔≡⅔╡⁸2020 │ ⌂ ─ ≤ ⅎ

╠╣╢ ⌂ ─ ⅜ ╠╣√√╘⁸∕─

╩ ∆╢⁹ 

 

  

 ─ ─ OY1⁸3⁸5 ≢⁸

2018 ⅛╠ 2020 ─ ⌐ ╩ ⇔√⁹

│⁸ CTD AAQ170, JFE▪꜠♇◒

╩ ™√ ⁸ ⁸ ─ ≤⁸

⌐ ╩ ⇔√⁹ ─

NO3- N⁸╡╪ PO4- P ┘◔▬ SiO2- Si │⁸

⌐ ╘╢ ⌐ כ◙▬ꜝ♫▪♩כ○⅝≠

QuAAtro2- HR BL- TEC ╩ ™≡ ⇔√⁹ │⁸

─ ─ ╩ ™√⁹ 

 

 ┘  

(1)  ─  

 100m ╕≢─ ─ │⁸ ≡─ ≢

10 ⅛╠ 80 ╕≢╒╓ ≢№╡⁸

⅜ ⅝≡™√↓≤⅜ ≢⅝√ ⁹ │ ⌐

╟∫≡ ⇔≡⅔╡⁸ ─ 2020 │ 2018 ≤

∆╢≤⅔╟∕ ϴ ⅛∫√⁹ 

╕√⁸ ⌐⅔↑╢ 50 ─ ≤⁸

⅛╠1⅛ ╕≢─ ─ ╩ ⇔√≤↓╤⁸

≤ ⅜ ⇔≡™╢↓≤⅜ ≢⅝√ ⁹

↓╣│⁸ ─ │ ─ ╩ ∆╢↓≤

╩ ⇔≡™╢⁹ 

 

 

(2)  ─ ─  

 2020 │ 75 ≢ ⌐ ⅜

⇔≡™√ ⁹↓╣│ ⅜ ⇔√ ≢─

⅜ ≢⌂⅛∫√↓≤╩ ⇔≡™╢⁹↓─

│⁸ ⌐╟╡ ⅜ ⅛∫√↓≤≢ ⅜ ╕

╡⁸2018 ⌐ ═ ─ ⅜ ↄ⌂∫√

⅜№╢⁹ 

─ ╕╡⅜№∫√ ⁸ ⅛╠ ┼─

⅝⌐╟╢ ╙ ⇔≡™╢≤ ⅎ╠╣╢⁹∕

↓≢⁸ ⅛╠─ ≤⇔≡ ─ ─

⌐≈™≡╙ ⇔√⁹ 

 

76

110

330

0

2

4

6

8

10

12

14

16

2016.2 2017.2 2018.2 2019.2 2020.2

( 50m)

( יִ )

ϴ

11.3ϴ

12.7ϴ

1.2ϴ

5.0ϴ

2018.2

2019.2
(m

)

OY1 OY3 OY5

⅛╠─ km

ϴ

ϴ

ϴ

(m
)

(m
)

2020.2

0
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100

0

20
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100

0

20
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100
1 2 3 4
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(3)  ─ ─  

 ⌐⅔↑╢ ─ ─ ─

╩ ⌐ ∆⁹ 0.5 ≤ ≢│⁸ ↔≤

─ ⅜ ⅝ↄ⁸ ─ │ ─ ╩

ↄ ↑≡™╢↓≤⅜ ⅛╢⁹ ⁸ ─ ⅜

⌂ↄ ⅜ ≢⅝√ 10 ≢│⁸ ≡─

≢ 2018 ⌐ ↄ⁸2020 ⌐│ ↄ⌂╢ ⅜ ╠╣

√⁹ ─ ™ ≢№╡⁸ ─ ⌂™ 50

≢╙ ─ ≢№╢↓≤⅛╠⁸ ⱪꜝfi◒♩fi⌐

╟╢ ⌐╟∫≡≤│ ⅎ⌐ↄ™⁹⇔√⅜∫≡⁸2020

⌐ ╟╡╙ ⅜ ⇔√↓≤│⁸ ─

╕╡⅜ ⇔≡™╢ ⅜ ↕╣√⁹ 

 √∞⇔⁸ ─ │ ⌐ ≤

≢№╢⅜⁸ │ 330 ≢№╡ ⅛╠ ─

│ ⅎ⌐ↄ™⁹ ⁸ ─ ⌐≈™≡│

╟╡ ⌂ ╩ ∆╢ ⅜№╢⁹ 

 

 ╕≤╘  

 2020 │⁸ ⌂ ⌐╟╡ ╟╡ ─

⅜ ⅛∫√↓≤≢⁸ ⌐╟╢ ─ ╖ ╖⅜

ↄ⌂∫≡™√⁹↓╣⌐╟╡⁸ ⅛╠ ⌐ ↕

╣╢ ⅜ ∆╢≤≤╙⌐⁸ ⅛╠ ⌐

↕╣╢ ⅜ ⇔≡™√≤ ⅎ╠╣√

⁹ 

↓─ ╩ ⅜ ⇔√ ┼─ ─

⌐ ∆╢√╘⌐⁸ ⌐ ╩ ∆╢≤≤

╙⌐⁸╟╡ ⌂ ≤ ⌐╟∫≡ ↕╣╢

─ ⌐≈™≡╙ ⇔≡™ↄ ⅜№╢⁹  

 

╠: ╩ ⅎ╢

⌐ ∆╢ ˕ ⅛╠─ ≤

⌐⅔↑╢ ─ ˕ , 

☿fi♃כ , 46, 81 - 86, 2019 

 

2020( )2018(ᾗ )

θΜ

ếΜר ₤›

ᴞ ϒχ
▒ χằẚ

ϒχ
ֵ ת χằẚ

ᴞ ϒχ
▒ χằẚ ᾚ

ϒχ
ֵ ת χằẚ ᾚ

ΤΜ

רΜפֿ ₤›

0
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100

7 8 9 10
0
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80

100

7 8 9 10

2019.2 2020.22018.2

0
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100

7 8 9 10

7.8mg/L8.3mg/L8.4mg/L

(mg/L)

(m
)

0.00

0.04

0.08

0.12

0.00

0.04

0.08

0.12

0.00

0.04

0.08

0.12

0.00

0.04

0.08

0.12

0.000

0.004

0.008

0.012

0.000

0.004

0.008

0.012

0.000

0.004

0.008

0.012

0.000

0.004

0.008

0.012

0.00

0.50

1.00

1.50

0.00

0.50

1.00

1.50

0.00

0.08

0.16

0.24

0.00

0.08

0.16

0.24

NO3- N PO4- P SiO2- Si

0
.5

m
2

5
m

1
0
m

2
m

5
0
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35 ה ה  ( 2021 2 )  

⌐⅔↑╢ ─ ─ ≤ ≤─ ⌐≈™≡ 

☿fi♃כ 

ủ ⁸ ⁸ ⁸  

 

 │∂╘⌐ 

 ─₈ ꜠ⱳ₉♩כ⌂≥⌐╟╢≤

─ │ 100 ⌐ 1.24ϴ⇔≡⅔

╡ ≢╙ 21 ⌐│ ⅜5ϴ ∆╢

⅜ ↕╣≡™╢⁹ 

 ╕√ ─ ⌐╟╢≤ ⌐

╟∫≡ ⅛╠─ ─

─ ⅜ ↕╣╢≤ ↕╣≡™╢⁹ ⌐ ─

ה ה ─ 30 1981

2007 ─ │ 4,477 ─℮∟ │

72 │ 82 ≢ ─ ⅜№╢↓≤⅜

↕╣≡™╢⅜ ─ ⌐⅔™≡ ─

╩ ∆╢ │ ⌐ ╘╠╣≡™⌂™⁹ 

 ↓─√╘ ⌐⅔↑╢ ─

─ ─ ╩♃כ♦ ⇔ ⌐⅔↑

╢ ─ ┼─ ╩ ⇔√⁹ 

 

  

 ≢ ↕╣√ ┘⌐ ,

┘ ⅜ ⇔

√ pH DO─♦כ♃╩ ⇔ │ 1981

4 2018 3 ╕≢─ 37 ≤⇔√⁹╕√

│ ─℮∟ 12 ╩ ⇔≡

™╢ ≤⇔√⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ⌐≈™≡│ Mann- Kendall ≢♩꜠fi♪

╩ 5 ≢ ⅜№╢╙─╩₈ ₉≤

⇔ ⌂╙─⌐≈™≡│ Sen's Slope ⌐╟╡

╩ ╘√⁹ 

 

  

.   

 ≤ ─ ─ ⌐≈™

≡ ⇔√◓ꜝⱨ─ ╩ 2⌐ ∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ╕√ ─ ╩ ⇔√ ╩ 1⌐ ∆⁹ 

 ⌐≈™≡│ ─ ה ┘

─ ┘ ─ ⌂≥

⅜ ↄ ⅜ ⌐ ⅜∫≡™╢ ┘

─ ≢ ⌂ ⅜ ╠╣√⁹ 

 

.  pH DO 

 ⌐ pH ┘ DO─ ─ ─

╩ ⌐ ∆⁹ 

 pH⌐≈™≡│ ─ ╩ ⌐ ⌂

⅜ DO⌐≈™≡│ ⌐╟╡ ≤ ─ ─

⅜ ╠╣√⁹ 

 

  

.  ─  

 . ─ ⅛╠ ⌐ ─ ⌐⅔™≡

─ ⌐ ⅜ ╠╣⌂⅛∫√↓≤⅛╠ ⌐

╩ ╓∆ ─№╢ ─ ╩ ═╢√╘

⌐♄ⱶ─⌂™ ≤⇔≡ ⌐≈™≡

3 5 ─ ─ ╩ ⇔√⁹∕─ ╩ 3 

⌐ ∆⁹ 

╩♃כ♦ 1 ⇔√  
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    )₈ ₉│⁸ ╩ ╘√  

 

 

 

 

 

 

 

 

 

 

 

 
    Mann- Kendall  ♩꜠fi♪⌐ ⌂⇔ 

 ♩꜠fi♪⌐ ⌂⇔ 

               ♩꜠fi♪⌐ №╡ 0.050ϴ/  

 

 

 4 ┘ 5 ─ ≢ ⌂ ⅜ ╠╣⌂⅛∫√

╙── 3 ─ ─ ≢ 0.050ϴ/

⅜ ╠╣√⁹     

 ↓─↓≤⅛╠ ≢─ ⅜ ∆╢≤≤

╙⌐ ↑─ ⅜ ╕╡ ┘ ─

⌐ ⇔≡™╢↓≤⅜ ↕╣√⁹ ⌐

ה ה ≢─ ─ ≤

3 ─ ≤─ ⌐│ ™ ─ ⅜ ╠╣

√↓≤⅛╠ ─ ⅜ ─ ⌐ ─

⅜№╢↓≤⅜ ⅛∫√⅜ ↕╠⌐ ה ╩

∫≡™ↄ ⅜№╢⁹ 

 

.  ─  

≢ ╠╣╢ ─ ⌐│

─ ╙ ↕╣ ↓─℮∟ ─

╩ ═╢√╘ ⅜ ─

┘ ≢─ 4 9 ┘

10 3 ─ ≤ ─ ╩ ═√⁹

∕─ ╩ 4⌐ ∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ↓─ ≥∟╠─ ⌐⅔™≡╙ ─

│ ─ ≤╒╓ ∂≢№∫√↓≤⅛╠

─ │ ╟╡╙ ─

╛ ─ ─ ╩ ↑≡™╢≤ ⅎ╠╣╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

     Mann- Kendall ∆═≡♩꜠fi♪⌐ №╡⁹ 

       0.041ϴ/ ⁸  0.044ϴ/  

       0.0 33ϴ/ ⁸  0.044ϴ/  

 

 

 ─ ⌐│ ₁⌂ ⅜ ⌐ ╗√╘

⌐ ∆╢↓≤│≢⅝⌂™⅜ ─ ⅛╠

⅛╠ ─ ╩ ⌐ 37 ─ ⌐ ≢

1.3ϴ─ ⌂ ⅜№╡ ╙↕╠⌐

⅜ ↄ↓≤⅜ ↕╣╢⁹ 

 ⌂⅔ ⌐ ™ DO─ ╛ ─

─ ⌂≥, ┼─ ╙ ↕╣╢↓≤⅛╠

│ ─ ⅜ ⌐ ⅎ╢ ⌐≈

™≡ ∆╢≤≤╙⌐ ─ ⌂≥⌐≈

™≡╙ ⌐ ╩ ╘≡™ↄ ≢№╢⁹ 

 

 

 ☻כⱬ♃כ♦ (1

 ♃כ♦ (2

⅝(ϴ/ ) ⅝(/ ) ⅝(/ ) (km) (km2) ♄ⱶ─

+0.017

+0.029

+0.026 +0.027

⅜ +0.037 +0.019 -0.014

+0.039

+0.030

+0.031 +0.019

+0.043

+0.046 +0.017

+0.036 +0.012

+0.014

+0.029 +0.006

+0.016 -0.007

+0.015 +0.003

+0.017 -0.008 45.2 134 σΰ

+0.036 +0.022 -0.017 59.5 169 σΰ

+0.011 141.8 682

+0.021

+0.020

+0.015

2 +0.022 -0.005 4.9 17 σΰ

2 +0.017 -0.007 13.0 58 σΰ

β ─ 12⅛ ─ 1981 2018 ╩ ⁹√∞⇔⁸ 1983│♃כ♦─ 2018 ⁹

β │⁸Mann-Kendall_Sen's Slope ⌐╟╢5% ≢ ⇔⁸ ⅜ ≢№∫√ ⌐│⁸ ⅝╩

⁷ Mann-Kendall_Sen's Slope ≢ ╘√⁹

170

σΰ

902 30.7

145.2 368

2,720350.7

2 87.3

╟╡
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⌐⅔↑╢ ⌐ ∆╢  

Ί ─ ⌐ ∆╢ Ί 

☿fi♃כ 

ủ  

 

 │∂╘⌐ 

 ╛ ─ ↓

╣╕≢─ ─ ⅛╠ ┼─ ⌂

⅜ ≤⌂∫≡⅔╡ ─ 30

12 14 ⌐⅔™≡╙ ₈

⌐⅔™≡╙ ╛⅛⌐ ─ ⅜ ≤

⌂╢ ╛ ─ ╩ ╘╢ ⅜№╢⁹₉≤ ═

╠╣≡™╢⁹ 

│ ⌐ ⅛≈ ⌂ ⅜

∆╢√╘ ⌐ ⅝ ─ ╛ ─

╛ ─√╘─ ⌂ ┼─ ┘

⇔⅜ ╢≤ ⌐◗Ⱶ⅜ ↕╣≡⇔╕℮ ╣╙№

╢⁹⇔⅛⇔⌂⅜╠ ⌐ ≤⇔≡─ ⅜№

╢ ⅜№∫≡╙ꜞ◘▬◒ꜟ ⅜ ╕╠⌂™≤

≢ ↕╣╢ ─ ╛ ─

⅜ ╕⌂™√╘ ╛ ⅜ ∆╢∞↑≢

⌂ↄ └™≡│ ה ⌐╕≢ ╣⅜ ∂╢⁹ 

↓╣╠─↓≤⅛╠ ─ ≢╙

─℮∟⌐ ─ ╩ ⇔≡⅔ↄ

⅜ ↕╣≡⅔╡ ╕√ ─ ≢╙

ↄ ה ↕╣╢ ⌐≈™≡ ∕─

⌂≥╩ ⅛⇔√ ⌐⅔↑╢

╛ ≤⇔≡─ ⅜ ↕╣≡™╢⁹

∕↓≢ ≢│ ─ ≤⇔≡─ ⌐

≈™≡ ─ ─ ⅛╠ ∆╢⁹ 

 

 
 ─  

 

  

 ─ ╩∆╢⌐№√╡ ─ ─ ─

╩ ═√⁹ ─ ≤⇔≡│ ⌐ ⅜

⌐ ↄ ╦╣≡™╢↓≤⅜ →╠╣ ∕─ │

╩ ↄ ⅛⇔ ↄ ↕∑╢√╘≤ ╦╣≡™╢⁹ 

∕↓≢ ⌐⅔™≡ ⅛╠ ↕

╣╢ ╩ ⇔ ⌐ ╦╣≡™╢ ─ ╩

═√⁹╕√ ⅝ ⌐ ╗ ─ ⌐╟╡

╖╛ ─ ─ ╩℮↑√╒⅛

⅛╠╙ ─√╘⌐ ⇔√ ╩

⇔≡╙╠℮↓≤≤⇔√⁹ 

≤ ─ ⌐≈™≡ ꜞ●◒ ZSX-Primusи─

X ╩ ™≡ FP ⱨ□fi♄ⱷfi♃ꜟⱤꜝ

ⱷכ♃ ⌐╟╢ ╩ ⇔√⁹⌂⅔

≤∆╢ │ ≢ B⅛╠ Pb╕≢≢№╢⅜

─ ™ ⌐≈™≡│ ⅜ ↕™─≢

⅜╟╡ ⅝ↄ⌂╢↓≤⌐ ⅜ ≢№╢⁹ 

╕√ ⌐≈™≡│ ⅔⅔╟∕ 3.5cm─◘▬☼⌐

╡ ⇔≡ ⇔√℮ⅎ≢ 60ϴ≢ 1 ⇔

≤ ─ 2⅛ ╩∕╣∙╣ ⇔

⌐≈™≡│ ⌐ ╡ ∆╡≈┬ ⇔≡ⱳꜞ☻

♅꜠fi Ᵽ▬fi♄≤ − ╦∑ ≢ ꜞfi

◓⌐ ╘√─∟ ⌐ ⇔√╙─╩ ⇔√⁹ 

⌐≈™≡│ 46 ⌐ ™ ☻

╡╟⌐◓fi♬כꜞ◒ ⇔√◘fiⱪꜟ─╖⌐≈™≡

╩ ⇔√⁹ ◘fiⱪꜟ─ ≢│ ☿ꜝⱵ♇

◒─∆╡↓ ╩ ™≡ ╩ ⌐⌂╢╕≢ ╡

⇔ ⌐ −≢ 10 ─ 500mL ╩

⇔ ↕╠⌐ 6 ─ ≤℮─℮ⅎ ⇔√╙─

╩╤ ⇔√⁹↓╣╩ ICP- MS ⌐ ∆╢↓≤

⌐╟╡ 14 53 ≢

∆╢ ─℮∟ B Cr As Se

Cd Pb⌐≈™≡ ⇔ ≤ ⇔√⁹

╕√ Hg⌐≈™≡│ - ⱴfi●fi ◌ꜞ►ⱶ≢

⇔ ∆∏≢ ─℮ⅎ ⇔

≢ ⇔√⁹ 

 

 ┘  

 ─ ( ) ┘ ⅛╠

─ ⌐╟╡ ⅛╠ ↕╣╢ ─℮

∟ ⅜ ≢№╡ ╡│ ≤ ⅜

╦∑≡ ╕√ ╕╣⌐ ⅜ ↨∫≡™╢↓≤

⅜ ≢⅝√⁹ 

↓─↓≤⅛╠ ─ ─ ╩ ═╢⌐№

√╡ ◘fiⱪꜟ

◘fiⱪꜟ∏≈╩ ⌐ ∆╢↓≤≤⇔√⁹

─ ⌐╟╡ 1 ─≤⅔╡

⅛

╠─ ⌐╟╡  

 

 ─ ┘ ─  
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 ≤ ─  

│ ≤ ─ ⅜ 3.3 ≤ 1/3 ≤

⌂╢ ─  

 

─ ─ ─ 17 ◘fiⱪ

ꜟ╩ ∆╢↓≤⅜≢⅝√⁹ 

│ ᵑ ᵟ─◘fiⱪꜟ─ ≤ ╩

⌐ ≢ ╘√ ─ ╩ 0.1ppb

100ppm─ ─ ≢ ⇔√╙─≢№╢⁹ 

≡─ ≢ Si Al Fe ⅜ ↄ ↕╣≡⅔╡

≤ ≢ │ ⅝ↄ ╦╠⌂⅛∫√⁹╕

√ Ca, Mn, Zr, Pb, Ba, Zn, S, Co ⌐≈™≡│

≢─ ⅜ ≤ ⇔≡ 10 ≤⌂∫

≡⅔╡ ╛ ⌐ ↕╣≡™√╙─≤

≢⅝√⁹↓╣╩ ─ ≢ ∆╢≤ Mn, Pb, 

Cu│ Ca, Cr │ ╛ Zr │ Zn Co

│ ─ ⅛╠ ↄ ↕╣≡™√⁹ │

 

⌐ ─ ≤⇔≡─ ╩

⌐ ⅜ ╘╠╣≡™╢ ⌐≈™

≡ ∆╢⁹ᵑ ᵟ─ ◘fiⱪꜟ ∕╣╠─ ⅛╠

⅜ ┘ ≤⌂∫√◘fiⱪꜟ╩ ™√

─ ⅛╠ ╩ ™√ ─

⌐≈™≡∕╣∙╣ ≤ ╩ ⇔ ᵠ≤ᵑ

ᵟ─ ⅛╠ ⅜ ╩ ™√ ╩

⇔√⁹ 

B ⌐≈™≡│≥─ ⌐⅔™≡╙

─ ≢ ≢№╢↓≤ Pb│ ⌐ ─

≢ ↄ⌂╢ ⅜№╢↓≤ ≢ ⇔√

₁⌂ ─ ≢№╢ᵠ⌐≈™≡│ ╒≤╪≥

─ ⅜ ≤ ─ ∞⅜ Pb─ ⅜

™↓≤⅜ ⅛∫√⁹ 

∕↓≢ ≤⇔≡─ ╩ ∆╢√╘

─ ┘ ─ ≤∕╣╠─

↕─ 1:50 100 ⅛╠ ⇔√ ─

╩ ⇔≈≈ ∕─℮ⅎ≢ ⌐╟∫≡∕

╣∙╣─ ⅜ ™≤ ↕╣╢◘fiⱪꜟ╩

┘ ─ ⌐ ∆╢◘fiⱪꜟ╩

─≤⅔╡ ⇔√⁹ 

 

2 ╩ ↄ ╗≤ ≢⅝╢◘fiⱪꜟ 

 

3 │ 28 ◘fiⱪꜟ⌐≈™≡─ ─

≢№╢⁹ ≡─◘fiⱪꜟ⌐⅔™≡ ≡─ ⅜

≢№∫√⁹⌂⅔ ⌐⅔

™≡ ⅜ ↕╣√◘fiⱪꜟ─℮∟ B, Cr, Pb

⌐≈™≡│ ⌐⅔™≡╙ ⅜ ⅛∫√⅜

As, Cd ⌐≈™≡│ ≢─ │ ⅛∫√⁹

─ ◘fiⱪꜟ─ ⅛╠│ Pb⅜ ─ 1/5

≢ ↕╣√╒⅛ ◘fiⱪꜟ≢ B⅜ ≢

↕╣√ │ ≡ ⌐ ≢№∫√⁹ 

╕√ ⅛╠ ⇔√ ─ ⌐≈™≡│

Pb⅜ ─ 4 As⅜ ─ 1/4 ≢№╡

∕╣ │ ≡ ╩ ⅝ↄ ∫√⁹⌂⅔ Hg

⌐≈™≡╙ ╩ ╢╙─│⌂⅛∫√⁹ 

↓╣╠│ ╛ ⌂≥ ─ ─ ≤

─ ≤⌂∫√⁹ 

 

3  

 
⅜ ─ 5 ─ ₈-₉

5 ≢№╢⅜ ⇔√ ─ │

₈ ₉≢ ⁹* ◒꜡ⱶ─ ⁹**

1 ⌐ µg/L⌐ ↕╣╢⁹ 

 

 ╕≤╘≤ ─  

 ⌐⅔↑╢ ─ ≢─

≤⇔≡─ ╩ ∆╢√╘

≢fi◓⇔√℮ⅎ♬כꜞ◒☻╡╟⌐

─№╢ ─ ⅜ ™ ◘fiⱪꜟ╩

⇔ ─℮ⅎ ╩ ⇔√⁹ ≢

│ ─◘fiⱪꜟ≢ B, As, Pb ⅜ ↕╣√╙──

™∏╣╙ ≢№∫√⁹ 

⌂⅔ ─ │ ≤⇔≡─ ⌐─

╖ ⇔≡ ⇔√ ╩ ∆╙─≢№╢⁹╕√ ◘

fiⱪꜞfi◓ ≢№╡ ↓╣╩╙∫≡ ∆═≡─

⅜ ≢№╢≤ ⇔√╦↑≢│⌂ↄ ⌂

╛ pH─ ™⌐╟╢ ╙ ⇔≡│™⌂™⁹↓─↓

≤⅛╠ ≤⇔≡─ ╩ ⌐ ╘╢√╘

⌐ ◓fi♬כꜞ◒☻╢↑⅔⌐ ╛ ≢─

↕╠⌐│ ⅛╠ ─ ™

╩ ⌐ ∆╢ ─ ⅜ ≤ ⅎ╠╣╢⁹ 

│ ╩ ⇔√◌ꜝⱶ⌐ ╩

≤⇔≡ ⇔√ ╩ ℮⌂≥ ─ ⌐

⌂ ⅜≤╣╢╟℮ ⅛╠ ∆╢ ─

─ ⌐ ╘╢⁹ 
 ◘fiⱪꜟ  ◘fiⱪꜟ 

B ᵒ⁸ᵚ⁸ᵡ Se -  

F ᵟ Cd ᵒ⁸ᵠ 

Cr ᵒ⁸ᵠ⁸ᵡ Hg ᵝ⁸ᵡ 

As ᵖ⁸ᵘ Pb ᵠ⁸ᵡ 
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⌐⅔↑╢ ─ ⌐ ∆╢ ─  

☿fi♃כ 

ủ  

 │∂╘⌐ 

 │ ─ ≢№╡ ₁⌂

≢ ⅜ ↕╣≡™╢⁹╕√

─ ╛ ⇔≡™╢ ─ ⌐

⅔™≡ ─ ┼─ ⅜ ↕╣

≡™╢⁹ 

 ↓╣╠ ╩ ⌐ ⌐ ∆╢⌐│

╟╡ ↕╣≡™╢ ╩ ⇔ ∕─

⌐≈™≡ ⇔≡⅔ↄ↓≤⅜ ≢№╢⁹ 

 ∕↓≢ ─ ─ ┼─ ⌐ ⇔≡

⸗♬♃ꜞfi◓ ┘ ╩ ⅛≈

⌐ ℮√╘─ ╩ ⌐ ≢ ↕

╣≡™╢ ─ ╩ ⇔√℮ⅎ≢

≤№╦∑≡ ◦☻♥ⱶ GIS Geographic 

Information System) ⌐╟╡ ⅎ╢ ⇔√ ⌐≈™

≡ ∆╢⁹ 

 

 PRTR ─ ≤ GIS⌐╟╢  

 PRTR Pollutant 

Release and Transfer Register) ⌐╟╡ ⅛╠

┼ ↕╣√ ┘ ⅜ ⅛╠ ↕

╣≡™╢⁹ 

 30 ─ ─ │ ─≤⅔╡≢

∕─ ┘ ⌐≈™≡ 494 ⅛╠ 142

─ ⅜№∫√⁹ ה ─ ╩╖╢≤

┼─ │ 1,769t ≢ ↓─℮∟ ┼─

⅜ 1,685t ≤ ╙ ↄ ╛ ⌂≥─

┼─ │ 84t ∞∫√⁹ 

 ╕√ ≢ ↕╣≡™╢PRTR ─℮∟

⌐ ∆╢

⌐ ≠⅝ ⅜ ↕╣≡™╢╙─⌐≈™

≡ ⌐ ⇔√⁹ 

↓─ ⇔√ PRTR╩ GIS ≢ⱳ▬fi♩♦כ♃≤⇔

≡ ∆╢≤≤╙⌐ ┘ ╩

─ ↔≤⌐ ⇔√⁹ 

╕√ ♃כ♦ DEM)⅛╠ ╩ ™

─ ╩GIS ≢ ⇔ ─ ╩╟╡

⌂ ≢ ∆╢ ⌐≈™≡ ⇔√⁹ 

⌂⅔ ╛ PRTR ╩ ה ה

∆╢ │ GIS♁ⱨ♩►▼▪ QGIS3.10╩ ⇔√⁹ 

ה  ─  

   

 494 33,669 

 142 435 

 1,769t  148,188t  

 6,550t  391,342t  

 

 ┘  

 GIS ≢ ⇔√ PRTR ─ⱳ▬fi♩♦כ

♃╩ ⌐ ∆⁹↓─ ╩ ∆ⱳ▬fi♩ ↔≤

⌐ ╩♃כ♦─ ⇔≡

™╢⁹  

 
1 PRTR ─ⱳ▬fi♩♦כ♃ 

 

 ↓─ⱳ▬fi♩♦כ♃╩ ↔≤⌐ ⇔ PRTR

┘ ╩ ∆╢

≤≤╙⌐ ─ ╩ ↔≤⌐ ⇔

√⁹ ≤⇔≡ ╩ ↄ ⌐≈™

≡ ⇔√╙─╩ ┘ ⌐ ∆⁹ 

 

 ─ ה ─  

  

 29 

 75 

 228t  

 512.2t  

 

 
 ─ PRTR  

ⱧỘ ʿ˓ 
4 9 4 

1 4 2 

ⱧỘ ʿ˓ 
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 ─ ≤  

 
 

 ≢│ 29─ ⌐⅔™≡ 75 ⅜

↕╣≡⅔╡ ה ⅜ 740.2t ≤

∆╢↓≤⅜≢⅝√⁹╕√ ↓─ ≢│ ♩ꜟ◄fi╛

♩ꜞ◒꜡꜡◄♅꜠fi⌂≥ ≤⇔≡ ↕╣╢╙─

⅜ ™↓≤⅜ ⅛∫√⁹↕╠⌐ ≤⇔≡ Ⱬ

♇♪☻Ɑכ☻●☻◒꜡ⱴ♩◓ꜝⱨ HS- GC/MS)⌐╟

∫≡ 21 ─ ⅜ ≢ ⌐ ╘╢ │

92.5 ≤ ™↓≤⅜ ⅛∫√⁹ 

 ↓─╒⅛ ⱪꜝ☼ⱴ ICP- MS

⌐╟╡ 13 ⅜ ≢№∫√⁹ ⌐ ╘╢

│ ≤ ↕™╙── ≢

⌐ ↕╣≡™╢ ╛◌♪Ⱶ►ⱶ⌂≥╙ ╕╣≡

™╢─≢ ⅜ ↕™⅛╠ ─ ⅜ ™╙─

≢│⌂™↓≤⌐ ∆╢ ⅜№╢⁹ 

 ╕√ PRTR─ ⌐⅔↑╢ ≤ ─

ה ╩ ⇔√≤↓╤ ♅○ⱨ□Ⱡכ♩ⱷ♅ꜟ

⌐ ⇔≡ 79% ꜟכ◘◐○ꜞ◓ 65% -

○◒♃ⱡכꜟ 49 ≤™∫√ ⅜ ≤ ⇔

≡ ↄ ה ⇔≡™╢↓≤⅜ ⅛∫√⁹↓╣╠─

╩ ↔≤⌐GIS ≢ ⇔√╙─╩ ⌐ ∆⁹

↓─╟℮⌐ ↕╣≡™╢ ╩ ∆╢℮ⅎ≢

GIS╩ ∆╢↓≤⅜ ≢№╢↓≤⅜ ⅛∫√⁹ 

  
ה  ⅜ ™ ≤∕─  

 ↕╠⌐ DEM╩ ⇔≡ GIS ≢ ╩ ∫√

╩ ┘ ⌐ ∆⁹ ─ ⅛╠

╩ ╪∞ ─ ╩ ⇔ PRTR

─ⱳ▬fi♩♦כ♃≤№╦∑≡ ∆╢↓≤⅜≢⅝

√⁹DEM♦כ♃⅜ ⇔≡™╢ ⅜№╢↓≤╛

≢│ ─ ≤ ╩ ∂╢ ╣⅜№╢⅜

─ ╩ ∆╢─⌐ GIS─ ╩ ℮

↓≤│ ≢№╢≤ ⅎ╠╣╢⁹ 

 
 ↔≤─  

 
 ẽ ─ ─ ≤ PRTR  

 ⌐╟∫≡ ⅜ ⌂

╢↓≤⅛╠ ≢ ⌐╟╡ ─

≢ ─ ┼─ ⅜№∫√

⌐ ≠⅝ GIS╩ ∆╢↓≤≢ ⌂ ⅜№╠⅛

∂╘ ≢⅝╢╟℮⌐⌂∫√⁹ 

↓─↓≤⅛╠ ╩ ∆╢℮ⅎ≢GIS╩

∆╢↓≤⅜ ≢ ⸗♬♃ꜞfi◓ ┘

╩ ⅛≈ ⌐ ℮√╘─ ⌐≈

⌂⅜╢≤ ⅎ╠╣╢⁹ 

 

 ─ ≤ ─  

 │ ≤─

31 ⅛╠ ─ ⌐╟╡ ─ ⸗

♬♃ꜞfi◓⌐ ⌂ ≢ ⌂ ⌐ ∆╢ GC/MS

⌐╟╢ ─☻כⱬ♃כ♦ ╩ ∫≡

⅔╡ ☿fi♃כ╙ ⇔≡™╢≤↓╤≢№╢⁹ 

≥☻כⱬ♃כ♦√╣↕  ⌐╟╡

─ ⌐⅔↑╢ ╩ ∆╢≤≤╙⌐ GIS

╩ ⇔√ ─ⱴ♬ꜙ▪ꜟ╩ ⇔≡╕™╡√

™⁹ 

27.3

17.1

12.3

11

7.9

7

5.1

3.2

0.8

0.5

0.3

0

1.6

0.7

0.3

0.2

0.1

0.1

0

HS-GC/MS

ICP-MS

3.96

0.4

92.5

3

≤♅○ⱨ□Ⱡכ♩ⱷ♅ꜟ  

≤1-○◒♃ⱡꜟכ  

≤◓ꜞ כꜟ◘◐○  
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Ὶ ☿fi♃כ 

https://www.pref.toyama.jp/1730/kensei/kenseiunei/kensei/soshiki/17/1730.html 

ה ─ ◘▬♩ 

https://toyama- taiki.jp/kanshi/map/index.html 

ה ⸗♬♃ꜞfi◓◦☻♥ⱶ 

http://atom.pref.toyama.jp/monitoring/page/radiation/radiationMap.html 

ה  ╕╛≥Ⱳꜝה◖◄ 

https://www.pref.toyama.jp/1730/kurashi/kankyoushizen/kankyou/kj00022729/index.html 

ה ꜠ⱳכ♩ 

https://www.pref.toyama.jp/1730/kurashi/kankyoushizen/kankyou/kj00020948.html 

 
Ὶ ☿fi♃כ 

https://www.pref.toyama.jp/1730/kurashi/kankyoushizen/kankyou/kj00021662/index.html 

ה ☿fi♃כ♃꜠☻כꜙ♬כ 

https://www.pref.toyama.jp/1730/kurashi/kankyoushizen/kankyou/kj00021662/kj00021662- 004- 01.html 

 
Ὶ  

⁸ ꜞ◘▬◒ꜟ⁸ ⌂≥  

https://www.pref.toyama.jp/1705/kensei/kenseiunei/kensei/soshiki/17/1705.html 
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