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ȍȊḬ̞̑ 1 ȎȖȣȊɣ Ȕșȑ̮Ȟǯ̠ȦȔȑȖȔȩȇȌȖȥȇ̛ȍȪșǮȈ̛ȜǵȖ̮Ǵ 

 

 ȎȖȣȊ ɲMercury) ȉ̿Ǯǵ̛ȇȣȕ̝̿ȫȌș̶Ȧȇ̛ȍḬ̞̑ 80 ǯȣǴȈȦȖȦǴȋȦȈ̽ Ṵ̏ȟ̛Ǽș̛ǮȞĘ̑ȊȦǴȨǱṴ̏ 
Ǳ̴ȣ  Hg ȔȦǵȦǮȓȦȞȦșȦȈ̮ȌǱ̶ȦȜ̝Ȧ ʄbǖĳƟđƟōǖƟƷŶʅ Ḭ̞̑ȩȎșȜ̝Ȧ "ȨǴ̮ȌȨȠșȜ"1 ȍ̝ǴȍȣǮȉ̲ǴǱȜȦȔ
ȩȜȜȜȦȜǯȣǴȏ̮ȜȠȌ̠ȦǯȣǴȎȖȣȊḬ̞̑Ṵ̏ȟȉȦȌȥǯȣǴȨȠșȜ Ȇ ȣ̽ȆȠȓ̿Ȕ̮Ƞ̠ȣǴ Ṵ̏Ƞș̛ǮȂȦȌǮȦȖȫǷ̠
ȎȖȥȪȕǷǪ̏ǵȦǮȎȖȣȊȫȌȓȦǱȣ̽ȈȟȦȠǮȖȖȔȔȦȣȕ̝ȦǴȕȦȜȌȦȌȩșȥȩȑȖ̝ȠșȦȕ ȨǷ̝Ȍ ȫǷ̠ȏș̮Ȉ
ȨȊȣŲ̑ȪȔȔ̮ȨȈȣŲ̑Ḭ̞̑ȨȖȦǱ̠̽ȌȨǱȕǮ̛Ȍ ȠȖ̴ȣǮȦȖȫǷ̠ǴȦȌȫǮș̠Ȉ̛ȜḬ̞̑ȨȖȦȣȦǵǵȥȬȔ̝ȊȖȦȍ ȣȕ̝ȦǴǮȦȖȫǷ̠ȫȌ
ȣ̽ȈȟȦȠǮȖȖȔȬȒȒ̢Ȧ ȨǷ̝Ȍ ȫǷ̠ȏș̮ȈȟȜ̮ȈǷ̨ȣ̛ȈȪȌƯ̏Ȉ̮ȟ̶ȦȠƯ̑ȍȈ̠̿Ȩȕ̫ȌȩșȥȬȒȒ̢ȦǮȖȥȩȟȈȖǴ ȠȖ̴ȣǮȦȖ
ȫǷ̠ȟǮ̛ȇȊȣǴǱ̶ȦȩșȥȨǴ̮ȌȣȣǮȔȦǵȦǮǮȦȖȊ̶ȦȨȠȔ̴ȣǴȩȖ̝ȨȎ̬ȌȈ̠Ȍ2  

 ȣȕ̝ȦǴȬȖǮ̫ḛ̑ǮȦȖƯ̞̑ȜȬȠșǯȣǴȎȖȣȊȟ̝̿ḫ̞̌ǴȩȜȇș̠ȣȔȬȔ̝Ȭȇ̠ȔȦǵȦǮǮȦȖȫǷ̠ȎȖȣȊȫȌȣ̽ȎǮȖĘ̑
ȇ̛ǴǮș̝ȦȜȠȖ̴ȣǵȦǮǮ̮ǵǮȖȖȔȨȠȔ̴ȣǴȩȖ̝Ȩȑ̰ȕǴȨȊ̝ȦƠ̡̏Ȍ ȩȈ̝ȎȖȣȊǵ̶ȦȌȜȌȔȦǮȉ̿ǮȎșȇȎș̝ȣȕȣȣǮȔȦ
ǵȦǮǮȦȖȨȏȦȨǷ̴̡ȣȨȑș̮ǴḬ̞̑Ṵ̏ȎȖȣȊȎȌȨȎ̵̡ ȣȌ ȨǷ̝Ȍ ȉ̝ȦȌȠ̮ȌȩșȥȌ̸ȦƯ̏Ȍ3 ǮȦȖƯ̞̑ȜȬȠșǯȣǴȎȖȣȊȟ̝̿
ȖȥȍȍȌ̮ȨȜȝȨȎ̬ȌȓȦȜȥǱ̽ǮǱȦȔȈ̝ȣȟ̽ǯȓȦȑȔȌ̽Ȟų̏ȩșȥȟ̛ǴǱȔ ȇ̠ȜȕȎȖȣȊȨȎ̬ȌȟȦȖȣ̛ȌȈȖȦȕḬ̞̑
ȟȦȔȦȖȉȊ̶ȦșȦȕȖȥȍȍȎȖȥȟȦȊȟ̝ȜȌǮșȦǴ ȑ̛ȅȌȦǮȦȖȊȦǴȟȔȣǴ ȩșȥ ǱȜȦȔǶșȦȇȊȦǴ
ȟȈ̮Ȏ̜ǼǼȦ (IQ) ǯȣǴȔȌ̽Ȟų̏ȇ̛ǴḬ̞̑Ȋ̝ȦȌȣȦǵǵȥȬȇ̠ǷȔȩș̠ȜǵȦǮȓȦȑȕȌĮ̏ȨȖ̴̞ȣǴȔ̮ȌȦȔȦȈȥ 
ɲMinamata) Ḭ̞̑Ȩǯ̠ȦǶȦȕȫȌȬȊȕȫȌȎ̱ 2564 Ȍ̡̰ ȌȣǮǵȦǮȌ̡̰ȎȖȣȊư̏ǴȨȎ̬Ȍȑ̮ȞȈ̝ȣḫ̞̌ǴṴ̏Ƿ̰Ȝ̮Ȉȣ̴̞Ȍ ʑ 
ȩșȥȟȦȔȦȖȉȟȥȟȔȩșȥǯȕȦȕȊȦǴǷ̰ȜȓȦȑ ɲBiomagnification) ȫȌḫ̞̌ǴṴ̏Ƿ̰Ȝ̮ȈȫȌȖȥȍȍȌ̮ȨȜȝ
ȣ̰Ǯȇ̠Ȝȕ4 ȨȑȖȦȥȨȠȈ̽Ȍ̡̰ǮȦȖƯ̑ȍȟ̛Ȕơ̑ȟȎȖȣȊȊ̡̛ǴǯȣǴȔȌ̽Ȟų̏ȩșȥḫ̞̌ǴṴ̏Ƿ̰Ȝ̮ȈȫȌȖȥȍȍȌ̮ȨȜȝƯ̏ǮȨǮ̮ȇ
ǵȦǮǮȦȖȎȌȨȎ̵̡ ȣȌȎȖȣȊȫȌȠ̝ȜǴȪǸ̝ȣȦȠȦȖ  

 ȎȖȣȊȟȦȔȦȖȉȩȑȖ̝ǮȖȥǵȦȕȬȇ̠ȫȌȖȥȕȥȬǮșȔȦǮ ȨṴ̑ȕǮȬȇ̠Ȝ̝ȦȩȔ̠ǵȥȉ̿ǮȎșȇȎș̝ȣȕ
ȓȦȕȫȌȎȖȥȨȊȝȠȌ̲̞ǴȩȈ̝Ǯ̫ȟȦȔȦȖȉȨȇ̮ȌȊȦǴǯ̠ȦȔȎȖȥȨȊȝ ǯ̠ȦȔȊȜ̰ȎȬȎȈǮȟȥȟȔȨȨșȥȟȖ̠ȦǴ
ȏșȨȟ̰ȕȈ̝ȣȟ̽ǯȓȦȑȩǮ̝ǱȌȫȌȣ̰ǮȎȖȥȨȊȝ ȣ̰ǮȊȜ̰ȎȬȇ̠ȨșȕḬ̑Ȩḛ̑ȕȜ ȨṴ̑ȕǮȬȇ̠Ȝ̝ȦȨȎ̬Ȍ ʄȔșȑ̮Ȟǯ̠ȦȔ
ȑȖȔȩȇȌȖȥȇ̛ȍȪșǮȈ̛ȜǵȖ̮Ǵʅ ɲÜƟƷĹ [ŭƂĬđŭ ÈƂŭŭƷƯđŸƯƦɳ5 ǶȥƠ̡̏Ȍǵ̲ǴȣȦǵǮș̝ȦȜȬȇ̠Ȝ̝ȦȠ̝ȜǴȪǸ̝
ȣȦȠȦȖǯȣǴǱȌȊ̡̛ǴȪșǮȈǮȣȕ̝̿ȓȦȕȫȈ̠ǱȜȦȔȨȟ̰̞ȕǴǵȦǮǮȦȖȎȌȨȎ̵̡ȣȌȎȖȣȊ6 ȇ̛ǴȩȟȇǴȫȌȖ̿ȎḬ̞̑ 1-1 
Ǹ̲̞ǴȩȟȇǴǮȦȖȈǮȟȥȟȔǯȣǴȎȖȣȊȫȌȓ̿Ȕ̮ȓȦǱȈ̝ȦǴ ʑ ȫȌȪșǮ Ȋ̡̛ǴȍȌȑ̴̡Ȍȇ̮Ȍ ȩȠș̝ǴȌ̸Ȧǵ̴ȇ ȩșȥ
ȔȠȦȟȔ̽ȊȖ 
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Ȗ̿ȎḬ̞̑  1-1 ȩȏȌḬ̞̑ǮȦȖȎșȇȎș̝ȣȕȩșȥǮȦȖȈǮȟȥȟȔǯȣǴȎȖȣȊȑȖ̠ȣȔȊ̮ȝȊȦǴǯȣǴșȔȩșȥ 
ǮȦȖȬȠșȨȜ̰ȕȌǯȣǴȔȠȦȟȔ̽ȊȖḬ̞̑ȑ̛ȇȑȦȎȖȣȊȬȎȊ̡̛ǴȊȦǴȣȦǮȦȝȩșȥȌ̸Ȧ7 

 ȎȖȣȊȨǮ̮ȇǮȦȖȟȥȟȔȫȌȖȥȍȍȌ̮ȨȜȝȩșȥȨǱș̴̞ȣȌḬ̞̑ȬȎư̏ǴǷ̡̛ȌȍȖȖȕȦǮȦȝǸ̲̞ǴȟȦȔȦȖȉ
ȟȥȟȔȨȎ̬ȌȖȥȕȥȨȜșȦȌȦȌ ȩȔ̠ǵȥȈǮșǴȟ̝̿ȑ̴̡Ȍȇ̮ȌȠȖ̴ȣȑ̴̡ȌȌ̸ȦǮ̫Ṵ̏ǮȖȥȍȜȌǮȦȖȊȦǴȋȖȖȔǷȦȈ̮Ḭ̞̑
Ȋ̶ȦȫȠ̠ȎȖȣȊȒ̢̽ǴǮȖȥǵȦȕǮș̛ȍȟ̝̿Ƿ̡̛ȌȍȖȖȕȦǮȦȝȬȇ̠ȣ̰Ǯ8 ȎȖȣȊȨȎ̬ȌȪșȠȥȠƠ̏Ǯǵ̲ǴȬȔ̝ȟȦȔȦȖȉȉ̿Ǯ
Ȋ̶ȦșȦȕȫȠ̠ȟșȦȕȠȦȕȬȎȨȎ̬ȌȋȦȈ̽ȣ̴̞ȌȬȇ̠ ȎȖȣȊǵȦǮȫȈ̠ȇ̮Ȍș̲Ǯȉ̿Ǯǯ̽ȇǯ̡̲ȌȔȦȩșȥȎșȇȎș̝ȣȕȟ̝̿Ƿ̡̛Ȍ
ȍȖȖȕȦǮȦȝȇ̠Ȝȕȣ̛ȈȖȦǮȦȖȎșȇȎș̝ȣȕȉ̲ǴȎ̱șȥȎȖȥȔȦȆ 2,169 Ȉ̛Ȍ ȣ̛ȌȨǮ̮ȇǵȦǮǮ̮ǵǮȖȖȔȔȌ̽Ȟų̏
Ȋ̡̛ǴȪȇȕȈ̡̛ǴȫǵȩșȥȬȔ̝Ȉ̡̛Ǵȫǵ ȩșȥư̏ǴȨǮ̮ȇǮȦȖȎșȇȎș̝ȣȕȎȖȣȊǵȦǮǮȦȖȨȏȦǷ̰ȜȔȜș ɲȨȝȞȜ̛ȟȇ̽ȊȦǴ
ǮȦȖȨǮȞȈȖɳ ȠȖ̴ȣǮȦȖȎșȇȎș̝ȣȕȈȦȔȋȖȖȔǷȦȈ̮ǵȦǮȑ̴̡Ȍȇ̮ȌȩșȥȔȠȦȟȔ̽ȊȖǮș̛ȍǯ̡̲ȌȬȎȫȌ
ȍȖȖȕȦǮȦȝȣ̰ǮȎ̱șȥȎȖȥȔȦȆ 4,337 Ȉ̛Ȍ ɲǸ̲̞ǴȩȔ̠ǵȥȨȎ̬ȌǮȖȥȍȜȌǮȦȖȎșȇȎș̝ȣȕȈȦȔ
ȋȖȖȔǷȦȈ̮ȩȈ̝ȎȖȣȊḬ̞̑ȉ̿ǮȎșȇȎș̝ȣȕǱ̴ȣȎȖȣȊḬ̞̑ȈǮȟȥȟȔșǴȟ̝̿ȇ̮ȌȩșȥȌ̸ȦǵȦǮǮ̮ǵǮȖȖȔȔȌ̽Ȟų̏
ȇ̛ǴǵȥǮș̝ȦȜȈ̝ȣȬȎ ȠȦȫǷ̝ȎȖȣȊḬ̞̑Ṵ̏ȣȕ̝̿Ȩȇ̮ȔȫȌȋȖȖȔǷȦȈ̮ȣȕ̝̿ȩș̠Ȝɳ ȣȕ̝ȦǴȬȖǮ̫ḛ̑ ȣ̛ȈȖȦȋȖȖȔǷȦȈ̮
ȍ̶Ȧơ̏ȇḬ̞̑ǵȥȟ̝ǴȎȖȣȊǮș̛ȍȬȎȣȕ̝̿ȫȈ̠ȇ̮ȌȠȖ̴ȣȫȈ̠ȊȥȨșȣ̰ǮȠȖ̴ȣǮș̛ȍȬȎȨȎ̬Ȍȉ̝ȦȌȠ̮ȌȠȖ̴ȣȌ̸ȦƯ̏ȌǱƯ̡̑Ǵ
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Ơ̡̏ȌǮș̛ȍǷ̠ȦȔȦǮ ɲȫǷ̠ȨȜșȦȠșȦȕș̠ȦȌȎ̱ɳ9 Ȋ̶ȦȫȠ̠ȎȖȣȊḬ̞̑ȔȌ̽Ȟų̏ȎșȇȎș̝ȣȕȬȎȟ̝̿ȍȖȖȕȦǮȦȝ
ȎȖȥȔȦȆȖ̠ȣȕșȥ 60 ȜȌȨȜ̰ȕȌȈǮȟȥȟȔȩșȥȒ̢̽ǴǮȖȥǵȦȕȣȕ̝̿ȫȌȖȥȍȍȌ̮ȨȜȝḬ̞̑ȨȖȦȣȕ̝̿ȣȦȝ̛ȕǮ̛Ȍ 
ȩșȥǵȥȨǯ̠Ȧȟ̝̿Ȗ̝ȦǴǮȦȕȨȖȦȏ̝ȦȌȊȦǴȠ̝ȜǴȪǸ̝ȣȦȠȦȖȫȌḬ̞̑ȟ̽ȇ 

 

ȇ̠ȜȕȨȠȈ̽Ȍ̡̰ ȣǴǱ̨ǮȖȑ̮Ȋ̛ǮȞ̨ḫ̞̌ǴȩȜȇș̠ȣȔȩȠ̝ǴȟȠƯ̑ȂȣȨȔȖ̮ǮȦ ɲUnited States Environmental 
Protection Agency ȠȖ̴ȣ USEPA) Ȭȇ̠ǵ̛ȇȟȦȖȎȖȣȊȩșȥȟȦȖȎȖȥǮȣȍǯȣǴȎȖȣȊȜ̝ȦȨȎ̬Ȍ
Ȕșȑ̮ȞȊȦǴȣȦǮȦȝḬ̞̑ȨȎ̬Ȍȣ̛ȌȈȖȦȕ ɲHazardous Air Pollutants ȠȖ̴ȣ HAPs) ȪȇȕǴȦȌȝ̲ǮȞȦ
Ȋ̛̞ȜȪșǮḬ̞̑ǵ̛ȇȊ̶ȦȪȇȕȪǱȖǴǮȦȖḫ̞̌ǴȩȜȇș̠ȣȔȩȠ̝ǴȟȠȎȖȥǷȦǷȦȈ̮ ɲUnited Nations 
Environment Programme ȠȖ̴ȣ UNEP) Ȭȇ̠ȕ̴Ȍư̏ȌȜ̝ȦǮȦȖȎș̝ȣȕȔșȑ̮ȞȎȖȣȊȊ̛̞ȜȪșǮƠ̡̏Ȍ
ȨȎ̬Ȍȣ̛ȌȈȖȦȕ ȩșȥǵ̶ȦȨȎ̬ȌȈ̠ȣǴṴ̏ȔȦȈȖǮȦȖǵ̛ȇǮȦȖȫȌȖȥȇ̛ȍȟȦǮș10 ȓȦȕȫȈ̠ȣȌ̽ȟ̛ǼǼȦḬ̞̑Ṵ̏Ƿ̴̞ȣȜ̝Ȧ 
ʄȣȌ̽ȟ̛ǼǼȦȔ̮ȌȦȔȦȈȥʅ Ḭ̞̑ȎȖȥȨȊȝȬȊȕȬȇ̠Ȗ̝ȜȔșǴȌȦȔȫȠ̠ȟ̛ȈȕȦơ̏ȌȨȔ̴̞ȣȎ̱ 2560 ȪȇȕǮȦȖȫȠ̠
Ǳ̶ȦƯ̞̏Ȍȟ̛ǼǼȦȜ̝ȦǵȥȎȀ̮ơ̏Ȉ̮ȈȦȔȣȌ̽ȟ̛ǼǼȦ ȓȦȕȠș̛ǴǵȦǮǮȦȖșǴȌȦȔ 2 Ȏ̱ ȪȇȕṴ̏ǮȦȖǵ̛ȇȈ̡̛Ǵ
ǱȆȥȣȌ̽ǮȖȖȔǮȦȖȣȌ̽ȟ̛ǼǼȦȔ̮ȌȦȔȦȈȥȜ̝Ȧȇ̠ȜȕȎȖȣȊȓȦȕȫȈ̠Ǳ̶Ȧȟ̛̞ǴǱȆȥǮȖȖȔǮȦȖḫ̞̌ǴȩȜȇș̠ȣȔ
ȩȠ̝ǴǷȦȈ̮  

 

1.1 ȎȖȣȊȫȌḫ̞̌ǴȩȜȇș̠ȣȔ 

 ȩȍ̝ǴȬȇ̠ȨȎ̬Ȍ 3 Ȗ̿Ȏȩȍȍ ɲȖ̿ȎḬ̞̑ 1-2) Ȭȇ̠ȩǮ̝ 

1.1.1 ȬȣȎȖȣȊ ȠȖ̴ȣ ȪșȠȥȎȖȣȊ ɲMetallic Mercury; Hg0) ȨȎ̬ȌȟȦȖȎȖȣȊȎȖȥȨȓȊȣ
Ȍ̮ȌȊṴ̑ų̏ Ṵ̏ȟȉȦȌȥȈȦȔȋȖȖȔǷȦȈ̮ȨȎ̬ȌȬȣ șȥșȦȕȌ̸ȦȬȇ̠Ȍ̠ȣȕ ǵ̲Ǵȉ̿Ǯȑ̛ȇȑȦȨǱș̴̞ȣȌȕ̠ȦȕȬȎȬȇ̠ȫȌ
ȖȥȕȥḬ̞̑ȬǮșȔȦǮȫȌȍȖȖȕȦǮȦȝ ȉ̴ȣȨȎ̬ȌȔșȑ̮Ȟǯ̠ȦȔȑȖȔȩȇȌ  ȨȨșȥȣȕ̝̿ȫȌȍȖȖȕȦǮȦȝȬȇ̠ȨȎ̬Ȍ
ȖȥȕȥȨȜșȦȌȦȌȉ̲Ǵ 1 - 2 Ȏ̱  Ǹ̲̞ǴȟȦȔȦȖȉȈǮȟȥȟȔȨǯ̠Ȧȟ̝̿ȩȠș̝ǴȌ̸Ȧȩșȥȇ̮ȌȪȇȕȏ̝ȦȌǮȖȥȍȜȌǮȦȖ
ȈǮȟȥȟȔȩȍȍȨȎ̱ȕǮ ɲWet Deposition) ȩșȥȈǮȟȥȟȔȩȍȍȩȠ̠Ǵ ɲDry Deposition)11 Ȫȇȕ
ǮȖȥȍȜȌǮȦȖȈǮȟȥȟȔǵȥȔȦǮǯ̡̲ȌȠȦǮ Hg0 ȉ̿ǮȩȎȖȟȓȦȑȨȎ̬ȌȬȣȣȣȌǯȣǴȟȦȖȎȖȣȊ ɲHg2+) 
ȇ̠ȜȕǮȖȥȍȜȌǮȦȖȣȣǮǸ̮ȨȇǷ̛̞Ȍ ɲOxidation) ȫȌȍȖȖȕȦǮȦȝȇ̛ǴǵȥǮș̝ȦȜȈ̝ȣȬȎ 

1.1.2 ȬȣȣȣȌǯȣǴȟȦȖȎȖȣȊ ɲMercury Ion; Hg2+) ȨȎ̬ȌȟȦȖȎȖȣȊȎȖȥȨȓȊȣȌ̮ȌȊṴ̑ų̏
ȨǷ̝ȌȨḛ̑ȕȜǮ̛ȍ Hg0 ȩȈ̝ǵȥȨǮ̮ȇǯ̡̲ȌȨȔ̴̞ȣ Hg0 ȉ̿ǮȣȣǮǸ̮ȬȇǸ̨ȫȌȍȖȖȕȦǮȦȝ ȪȇȕȣȦǵȨǮ̮ȇǵȦǮǮȦȖ
Ȋ̶ȦȎȀ̮Ǯ̮Ȗ̮ȕȦǮ̛ȍȪȣȪǸȌ ɲO3) ȠȖ̴ȣ ȣȌ̽Ȕ̿șȣ̮ȟȖȥǯȣǴȬȤȇȖȣǮǸ̮ș ɲHydroxyl Radical; ·OH) ȫȌ
ȍȖȖȕȦǮȦȝƠ̞̏ȌȨȣǴ ǮȦȖḬ̞̑ȬȣȎȖȣȊǮșȦȕȨȎ̬ȌȬȣȣȣȌǯȣǴȎȖȣȊȊ̶ȦȫȠ̠șȥșȦȕȌ̸ȦȬȇ̠ḛ̑ ȩșȥ
ȟȦȔȦȖȉȊ̶ȦȎȀ̮Ǯ̮Ȗ̮ȕȦȨǱṴ̏ȣ̴̞Ȍ ʑ ȫȌȍȖȖȕȦǮȦȝȬȇ̠Ǵ̝Ȧȕ Hg2+ ȣȕ̝̿ȫȌȍȖȖȕȦǮȦȝȬȇ̠ȌȦȌ 3 Ȝ̛Ȍȉ̲Ǵ 
3 ȟ̛ȎȇȦȠ̨ ȟȦȔȦȖȉǱȜȍȩȌ̝ȌȠȖ̴ȣȉ̿Ǯȇ̿ȇǸ̛ȍȫȌȣȌ̽ȓȦǱǮșȦȕȨȎ̬ȌȣȌ̽ȓȦǱȩǯȜȌșȣȕǯȣǴ
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ȎȖȣȊ ɲParticulate Mercury; Hgp) Ȭȇ̠Ǵ̝Ȧȕ ȟȦȔȦȖȉȈǮșǴȟ̝̿ȑ̴̡Ȍȩșȥȉ̿ǮǷȥș̠ȦǴșǴȔȦǮ̛ȍȐȌ
Ȭȇ̠Ǵ̝ȦȕǮȜ̝ȦȬȣȎȖȣȊ Hg0 ȇ̛ǴƠ̡̏Ȍǵ̲Ǵȉ̿Ǯȑ̛ȇȑȦȬȎȬȇ̠ȬȔ̝ȬǮșǵȦǮȩȠș̝ǴǮ̶ȦȨȌ̮ȇȔȦǮƠ̏ǮȩșȥȨȔ̴̞ȣ
ȈǮșǴȟ̝̿ȇ̮ȌȠȖ̴ȣȩȠș̝ǴȌ̸Ȧ ȣȦǵȩȎȖȟȓȦȑȨȎ̬ȌȟȦȖȎȖȥǮȣȍȣȌ̮ȌȊṴ̑ų̏ǯȣǴȎȖȣȊ ɲInorganic 
Mercuric Salt) Ȭȇ̠ȩǮ̝ ȨȔȣǱ̮ȜȖ̮ǮǱșȣȬȖę̑ ɲMercuric Chloride; HgCl2) ȨȔȣŲ̑Ǳ̮ȜṴ̑ȬȤȇȖȣǮ
ȬǸę̑ ɲMercury Hydroxide; Hg(OH)2) ȩșȥȨȔȣŲ̑Ǳ̮ȜṴ̑Ǹ̛șȬȒę̑ ɲMercury Sulphide; HgS)11  

1.1.3 ȟȦȖȎȖȣȊȣ̮ȌȊṴ̑ų̏ ɲOrganic Mercury Compound) Ư̏Ǯȣȕ̝̿ȫȌȖ̿ȎǯȣǴ ȨȔȊ̮ș
ȨȔȣŲ̑Ǳ̮ȜṴ̑ ȠȖ̴ȣ ȎȖȣȊȨȔȊ̮ș ɲMeHg) ȎȖȥǮȣȍȇ̠Ȝȕ ȪȔȪȌȨȔȊ̮șȨȔȣŲ̑Ǳ̮ȜṴ̑ ɲMMeHg) ȩșȥȬȇ
ȨȔȊ̮șȨȔȣŲ̑Ǳ̮ȜṴ̑ ɲDMeHg) 

ȨȔ̴̞ȣȎȖȣȊȣȌ̮ȌȊṴ̑ų̏ȈǮșǴȟ̝̿ȩȠș̝ǴȌ̸Ȧǵȥȉ̿Ǯǵ̽șǷ̰ȑȍȦǴǷȌ̮ȇȨȎș̰̞ȕȌȫȠ̠ȨȎ̬ȌȎȖȣȊȫȌȖ̿Ȏ
ȟȦȖȣ̮ȌȊṴ̑ų̏ Ȋ̡̛ǴȪȔȪȌȨȔȊ̮șȨȔȣŲ̑Ǳ̮ȜṴ̑ ɲMMeHg) ȩșȥȬȇȨȔȊ̮șȨȔȣŲ̑Ǳ̮ȜṴ̑ ɲDMeHg) Ǹ̲̞ǴȨȎ̬Ȍ
ȟȦȖȎȖȣȊȖ̿ȎḬ̞̑ȨȎ̬Ȍȑ̮Ȟȟ̿ǴȩșȥȟȦȔȦȖȉȟȥȟȔȫȌḫ̞̌ǴṴ̏Ƿ̰Ȝ̮Ȉȏ̝ȦȌȠ̝ȜǴȪǸ̝ȣȦȠȦȖ ȣ̰ǮȊ̡̛ǴǮȦȖ
ȉ̝ȦȕȨȊȏ̝ȦȌȩȈ̝șȥǯ̡̛ȌǯȣǴȠ̝ȜǴȪǸ̝ȣȦȠȦȖȊ̶ȦȫȠ̠Ǳ̝ȦǱȜȦȔȨǯ̠Ȕǯ̠ȌǯȣǴȨȔȊ̮șȨȔȣŲ̑Ǳ̮ȜṴ̑ ɲMeHg) 
ȫȌḫ̞̌ǴṴ̏Ƿ̰Ȝ̮ȈǵȥȨȑ̮̞Ȕǯ̡̲ȌȨȖ̴̞ȣȕ ʑ Ȉ̡̛ǴȩȈ̝ 5 ȨȊ̝Ȧ ȬȎǵȌȉ̲ǴǮȜ̝Ȧ 100,000 ȨȊ̝ȦȫȌȩȈ̝șȥǯ̡̛ȌȈȣȌǮȦȖ
ȉ̝ȦȕȨȊ ȪȇȕȨṴ̑ȕǮȜ̝ȦǮȖȥȍȜȌǮȦȖǯȕȦȕȊȦǴǷ̰ȜȓȦȑ ɲBiomagnification)12 ȇ̛ǴǵȥǮș̝ȦȜ
Ȉ̝ȣȬȎ 

 

 

Ȗ̿ȎḬ̞̑ 1-2 ȎȖȣȊȖ̿ȎȈ̝ȦǴ ʑ ȩșȥǮȦȖȑȍȫȌȈ̛ȜǮșȦǴḫ̞̌ǴȩȜȇș̠ȣȔȊ̡̛Ǵ 3 ȩȠ̝Ǵ 
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1.2 ǮȦȖȎȌȨȎ̵̡ ȣȌȎȖȣȊȫȌȍȖȖȕȦǮȦȝ ȩșȥ ȣ̮Ȋȋ̮ȑșǵȦǮȓȦȜȥȪșǮȖȜȌ 

ǮȦȖȨȏȦȬȠȔ̠ ȖȜȔȊ̡̛ǴǵȦǮȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮Ȍ Ǳ̴ȣǮ̮ǵǮȖȖȔȔȌ̽Ȟų̏Ƞș̛ǮḬ̞̑ǮȦȖȎșȇȎș̝ȣȕ
ȎȖȣȊḬ̞̑ȨǱȕȣȕ̝̿ȫȈ̠ȇ̮ȌȣȣǮȟ̝̿Ƿ̡̛ȌȍȖȖȕȦǮȦȝ ɲȇ̿ȖȦȕșȥȨȣ̰ȕȇȫȌȍȊḬ̞̑ 2) ȩȠș̝ǴǮ̶ȦȨȌ̮ȇǮȦȖ
ȎȌȨȎ̵̡ ȣȌȎȖȣȊḬ̞̑ȩȈǮȈ̝ȦǴǮ̛ȌȣȦǵȎșȇȎș̝ȣȕȎȖȣȊȎȖȥȨȓȊȈ̝ȦǴ ʑ ȫȌȟ̛ȇȟ̝ȜȌȩȈǮȈ̝ȦǴǮ̛ȌȬȎ 
ɲȟ̛ȇȟ̝ȜȌǯȣǴ Hg0: Hg2+: Hgp ) Ȋ̶ȦȫȠ̠ȎȖȣȊǵȦǮȩȈ̝șȥȩȠș̝ǴǮ̶ȦȨȌ̮ȇṴ̏ǱȜȦȔȟȦȔȦȖȉȫȌǮȦȖȉ̿Ǯ
ȑ̛ȇȑȦȬȎȫȌȍȖȖȕȦǮȦȝȫȌȖȥȕȥȊȦǴḬ̞̑ȫǮș̠ȬǮșḬ̞̑ȩȈǮȈ̝ȦǴǮ̛Ȍ Ṵ̏ȣ̛ȈȖȦǮȦȖȈǮȟȥȟȔǵȦǮ
ȍȖȖȕȦǮȦȝȟ̝̿ȏ̮Ȝȇ̮ȌȩșȥȌ̸ȦḬ̞̑ȩȈǮȈ̝ȦǴǮ̛Ȍ ȩșȥṴ̏ȣ̛ȈȖȦǮȦȖȊ̶ȦȎȀ̮Ǯ̮Ȗ̮ȕȦȨǱṴ̏ȫȌȍȖȖȕȦǮȦȝḬ̞̑
ȩȈǮȈ̝ȦǴǮ̛ȌȈȦȔȖ̿ȎȩȍȍȊȦǴȨǱṴ̏ǯȣǴȎȖȣȊȇ̛ǴǮș̝ȦȜǯ̠ȦǴȈ̠Ȍ11  

ȫȌȎ̱ 2561 UNEP Ȭȇ̠ǵ̛ȇȊ̶ȦȖȦȕǴȦȌ Global Mercury Assessment 2018 Ȩȑ̴̞ȣ
ȎȖȥȨȔ̮ȌȟȉȦȌǮȦȖĘ̑Ȕșȑ̮ȞȎȖȣȊȊ̛̞ȜȪșǮȩșȥǮȦȖǮ̶ȦȠȌȇȌȪȕȍȦȕȨǮ̰̞ȕȜǮ̛ȍȎȖȣȊǯȣǴȩȈ̝șȥ
ȎȖȥȨȊȝ ȪȇȕȫȌȖȦȕǴȦȌȖȥȍ̽Ȝ̝Ȧ ȨȔ̴̞ȣȎ̱ 2558  Ṵ̏ǮȦȖȎș̝ȣȕȎȖȣȊȊ̛̞ȜȪșǮȎȖȥȔȦȆ 2.22 ș̠ȦȌ
Ǯ̮ȪșǮƯ̑Ȕ ȪȇȕȟȦȋȦȖȆƯ̑ȂȎȖȥǷȦǷȌǵ̰Ȍ Ǳ̴ȣȎȖȥȨȊȝḬ̞̑Ȏș̝ȣȕȔșȑ̮ȞȎȖȣȊȔȦǮḬ̞̑ȟ̽ȇȫȌȪșǮ 
ȖȣǴșǴȔȦǱ̴ȣ ȣ̮ȌȨḛ̑ȕ ȣ̮ȌȪȇȌ̰ȨǸ̰ȕ ȍȖȦǸ̮ș ȩșȥȨȎȖ̿ ȈȦȔș̶Ȧȇ̛ȍ ȪȇȕȩȈ̝șȥȎȖȥȨȊȝȬȇ̠Ȏș̝ȣȕ
Ȕșȑ̮ȞȎȖȣȊǵȦǮȩȠș̝ǴḬ̞̑ȔȦȩȈǮȈ̝ȦǴǮ̛Ȍ Ȋ̡̛ǴǵȦǮȨȠȔ̴ȣǴȊȣǴǱ̶ȦǯȌȦȇȨș̫Ǯ ȣ̽ȈȟȦȠǮȖȖȔ
ȨȠȔ̴ȣǴ ȣ̽ȈȟȦȠǮȖȖȔȉ̝ȦȌȠ̮Ȍ ȩșȥȣ̽ȈȟȦȠǮȖȖȔȎ̿ȌǸ̰ȨȔȌĮ̏ ȨȎ̬ȌȈ̠Ȍ ɲȇ̿Ȗ̿ȎḬ̞̑1-3) 

 

 

Ȗ̿ȎḬ̞̑ 1-3 Ǯ̮ǵǮȖȖȔȔȌ̽Ȟų̏Ḭ̞̑ȎșȇȎș̝ȣȕȎȖȣȊȟ̝̿ȍȖȖȕȦǮȦȝ 
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Ḭ̞̑ȔȦ ɣ Mercury emissions estimates from the Global Mercury Assessment 2018  
(UN Environment - 2019) 

 

ȌȣǮǵȦǮǮȦȖȎșȇȎș̝ȣȕȎȖȣȊǵȦǮǮ̮ǵǮȖȖȔȊȦǴȣ̽ȈȟȦȠǮȖȖȔǯȣǴȔȌ̽Ȟų̏ȩș̠Ȝ ǵȥ
ȟ̛ǴȨǮȈȬȇ̠ǵȦǮȖȦȕǴȦȌȇ̛ǴǮș̝ȦȜȜ̝ȦǮȦȖȎșȇȎș̝ȣȕȎȖȣȊȣȦǵȨǮ̮ȇǵȦǮǮȦȖȨȏȦǷ̰ȜȔȜș 
ɲBiomass Burning) ȨǷ̝Ȍ ȫȍȬȔ̠ Ȉ̠ȌȬȔ̠ ȨȝȞȜ̛ȟȇ̽ȨȠș̴ȣȫǷ̠ȊȦǴǮȦȖȨǮȞȈȖȈ̝ȦǴ ʑ Ȋ̡̛ǴǵȦǮǮȦȖȫǷ̠
Ƿ̰ȜȔȜșȨȎ̬ȌȨǷ̴̡ȣȨȑș̮ǴȠȖ̴ȣǵȦǮǮȦȖȨȏȦȨȑ̴̞ȣȨȈṴ̑ȕȔȑ̴̡ȌḬ̞̑ȨǮȞȈȖǮȖȖȔ  

ȩȔ̠Ȉ̠ȌȬȔ̠ ȫȍȬȔ̠ ȩșȥȑ̴ǷȑȖȖȆȈ̝ȦǴ ʑ ǵȥȨȎ̬Ȍḫ̞̌ǴṴ̏Ƿ̰Ȝ̮ȈȈȦȔȋȖȖȔǷȦȈ̮ ȩȈ̝Ȋ̶ȦȬȔȉ̲Ǵ
ȟȦȔȦȖȉȎșȇȎș̝ȣȕȎȖȣȊȬȇ̠ȣȕ̝ȦǴṴ̏Ơ̏ȕȟ̶ȦǱ̛Ǽ? ȟȦȨȠȈ̽ȨǮ̮ȇǵȦǮǮȦȖȈǮȟȥȟȔǯȣǴȎȖȣȊǵȦǮ
Ǯ̮ǵǮȖȖȔȔȌ̽Ȟų̏ȟ̝̿ȇ̮ȌȩșȥȈ̠ȌȬȔ̠ Ȋ̡̛ǴȩȍȍȨȎ̱ȕǮȩșȥȩȍȍȩȠ̠Ǵ Ȋ̶ȦȫȠ̠Ƿ̡̛Ȍȏ̮Ȝȇ̮ȌȎȌȨȎ̵̡ȣȌȎȖȣȊ
ȩșȥȈ̠ȌȬȔ̠ȇ̿ȇǸ̛ȍȎȖȣȊȏ̝ȦȌȊȦǴȖȦǮǵȦǮȇ̮ȌȎȌȨȎ̵̡ ȣȌ ȠȖ̴ȣǵȦǮǮȦȖȈǮȟȥȟȔǯȣǴȎȖȣȊȟ̝̿
Ȉ̠ȌȬȔ̠ȫȍȬȔ̠ȪȇȕȈȖǴ ǵ̲ǴȊ̶ȦȫȠ̠ǮȦȖȨȏȦȈ̠ȌȬȔ̠ ȫȍȬȔ̠ ȨȝȞȜ̛ȟȇ̽ȨȠș̴ȣȫǷ̠ȊȦǴǮȦȖȨǮȞȈȖȟȦȔȦȖȉ
ȎșȇȎș̝ȣȕȎȖȣȊȟ̝̿ȍȖȖȕȦǮȦȝȬȇ̠13  

ȌȣǮǵȦǮȌ̡̰Ȏ̜ǼȠȦȟȓȦȜȥǮȦȖȨȎș̰̞ȕȌȩȎșǴȓ̿Ȕ̮ȣȦǮȦȝ Ȋ̶ȦȫȠ̠ȨǮ̮ȇǮȦȖȈǮȟȥȟȔȩȍȍ
ȨȎ̱ȕǮȔȦǮǯ̡̲ȌȏȌȜǮǮ̛ȍȣ̽ȆȠȓ̿Ȕ̮Ḭ̞̑Ȩȑ̮̞Ȕȟ̿Ǵǯ̡̲Ȍ Ȋ̶ȦȫȠ̠Ṵ̏ǮȦȖȩȎȖȟȓȦȑȎȖȣȊȣȌ̮ȌȊṴ̑ų̏ȫȌȩȠș̝Ǵ
Ȍ̸ȦȨȎ̬ȌȨȔȊ̮ȜȨȔȣǱ̮ȜṴ̞̑ȔȦǮǯ̡̲ȌȩșȥȣȦǵȨǮ̮ȇǮȦȖȟȥȟȔȫȌȠ̝ȜǴȪǸ̝ȣȦȠȦȖȔȦǮǯ̡̲Ȍ14 ǯȆȥḬ̞̑ȓȦȜȥ
ȪșǮȖȜȌȊ̶ȦȫȠ̠Ȍ̸Ȧȩǯ̫ǴȫȌȣȦŲ̑ǮȈ̮ǮșȥșȦȕ ȎȖȣȊḬ̞̑ȟȥȟȔȫȌȌ̸Ȧȩǯ̫ǴȔȦȌȦȌȠșȦȕș̠ȦȌȎ̱ȣȦǵȉ̿Ǯ
ȎșȇȎș̝ȣȕȟ̝̿ȇ̮ȌȩșȥȩȠș̝ǴȌ̸Ȧ15,16 Ȋ̶ȦȫȠ̠ȎȖȣȊȣȦǵȉ̿Ǯȇ̿ȇȬȎȟȥȟȔȫȌȈ̠ȌȬȔ̠Ȩȑ̮̞ȔȨȈ̮ȔȬȇ̠ȣ̰Ǯ 
ȇ̠ȜȕȨȠȈ̽Ȍ̡̰Ǯ̮ǵǮȖȖȔǯȣǴȔȌ̽Ȟų̏ǵ̲ǴȨȎ̬ȌȈ̛ȜǮȦȖȫȌǮȦȖȊ̶ȦȫȠ̠ȎȖȣȊḬ̞̑ȣȕ̝̿ȫȈ̠ȇ̮Ȍǯ̡̲ȌȔȦȜȌȨȜ̰ȕȌ
ȫȌȜ̛Ȁǵ̛ǮȖ ȨȎ̬ȌǱȜȦȔǵȖ̮ǴḬ̞̑ǯ̛ȇȩȕ̠ǴǮ̛ȍǱȜȦȔȨǯ̠Ȧȫǵȣ̛ȌǱșȦȇȨǱș̴̞ȣȌȨȎ̬Ȍȣȕ̝ȦǴȔȦǮḬ̞̑Ȝ̝ȦȎȖȣȊ
ȉ̿ǮȎșȇȎș̝ȣȕȩșȥȨǮ̮ȇǯ̡̲ȌȨȣǴȈȦȔȋȖȖȔǷȦȈ̮  

 

1.3 ǮȦȖȈǮȟȥȟȔǯȣǴȎȖȣȊǵȦǮȍȖȖȕȦǮȦȝ  

ȎȖȣȊȟȦȔȦȖȉȈǮȟȥȟȔșǴȟ̝̿ȇ̮ȌȩșȥȩȠș̝ǴȌ̸ȦȬȇ̠ 2 ȩȍȍ Ǳ̴ȣ 

1.3.1 ǮȦȖȈǮȟȥȟȔȩȍȍȩȠ̠Ǵ ɲDry Deposition) ȨǮ̮ȇǯ̡̲ȌȨȔ̴̞ȣȬȣȎȖȣȊ ȬȣȣȣȌǯȣǴ
ȎȖȣȊ ȩșȥȣȌ̽ȓȦǱǯȣǴȎȖȣȊ ȈǮșǴȟ̝̿ȑ̴̡ȌȪșǮȪȇȕǮȦȖȕ̲ȇȨǮȦȥǮ̛ȍȣȌ̽ȓȦǱȐ̟̽ȌȫȌȍȖȖȕȦǮȦȝ 
ȨǷ̝Ȍ ȨǯȔ̝Ȧ Ȑ̟̽Ȍ PM10 ȩșȥ PM2.5 Ǹ̲̞ǴȈǮșǴȔȦȇ̠ȜȕȩȖǴȪȌ̠Ȕȉ̝ȜǴǯȣǴȪșǮ ȪȇȕḬ̞̑ȬȔ̝ȖȜȔȈ̛ȜǮ̛ȍ
Ȍ̸Ȧ ȟȦȔȦȖȉȈǮȟȥȟȔȍȌȏ̮Ȝȇ̮Ȍ ȩȠș̝ǴȌ̸Ȧ Ȉ̠ȌȬȔ̠ ḫ̞̌ǴȎș̿ǮȟȖ̠ȦǴ ȖȜȔȉ̲ǴȨǯ̠Ȧȟ̝̿Ȗ̝ȦǴǮȦȕȬȇ̠ȪȇȕȈȖǴ
ǵȦǮǮȦȖȠȦȕȫǵ17  



7 
 

 

1.3.2 ǮȦȖȈǮȟȥȟȔȩȍȍȨȎ̱ȕǮ ɲWet Deposition) ȨǮ̮ȇǵȦǮȠȕȦȇȌ̸ȦȒ̢ȦȎȖȥȨȓȊȈ̝ȦǴ 
ʑ Ƿȥș̠ȦǴȟȦȖȎȖȣȊȊ̡̛ǴȎȖȥȨȓȊȬȣȣȣȌ ȩșȥȎȖȣȊḬ̞̑ȨȎ̬ȌȣȌ̽ȓȦǱȫȠ̠ȈǮȟ̝̿ȑ̴̡ȌȪșǮ ȫȌ
ǮȖȥȍȜȌǮȦȖǮȦȖȈǮȟȥȟȔȩȍȍȨȎ̱ȕǮ Ṵ̏ 2 ȩȍȍ Ǳ̴ȣ ǮȦȖȈǮȨȎ̬ȌȐȌ ɲRainout) ȨȎ̬Ȍ
ǮȖȥȍȜȌǮȦȖḬ̞̑ȨǮ̮ȇȫȌǮ̠ȣȌȨȔǳ  ȨǮ̮ȇǯ̡̲ȌȫȌǯȆȥḬ̞̑Ȍ̸ȦȫȌȍȖȖȕȦǮȦȝȨǮ̮ȇǮȦȖǱȜȍȩȌ̝ȌȩșȥǮș̛̞Ȍ
șǴȔȦȨȎ̬ȌȐȌ ȪȇȕṴ̏ȣȌ̽ȓȦǱǮ̣ȦǸ ȩșȥȔȜșȟȦȖȈ̝ȦǴ ʑ ȫȌȍȖȖȕȦǮȦȝ Ȋ̶ȦȠȌ̠ȦḬ̞̑ȨȎ̬ȌȩǮȌǮșȦǴ
ȫȠ̠Ǯ̛ȍȠȕȇȌ̸ȦȖȜȔȈ̛ȜȈǮșǴȔȦǮșȦȕȨȎ̬ȌȨȔ̫ȇȐȌ18 ȩșȥǮȦȖș̠ȦǴȇ̠ȜȕȐȌ ɲWashout) ȨȎ̬Ȍ
ǮȖȥȍȜȌǮȦȖḬ̞̑ȨǮ̮ȇǯ̡̲ȌḬ̞̑ȣȕ̝̿Ȉ̷ȦǮȜ̝ȦǮ̠ȣȌȨȔǳ ȪȇȕȣȌ̽ȓȦǱǵȥȉ̿ǮǷȥș̠ȦǴȈǮȟ̝̿ȑ̴̡Ȍȇ̠ȜȕȌ̸ȦǵȦǮ
Ȍ̸ȦȐȌ19 

 

1.4 ǮȦȖȎȌȨȎ̵̡ ȣȌȎȖȣȊȫȌȩȠș̝ǴȌ̸Ȧ ǮȦȖȎȌȨȎ̵̡ ȣȌȫȌȠ̝ȜǴȪǸ̝ȣȦȠȦȖ ȩșȥǮȦȖǯȕȦȕȊȦǴ
Ƿ̰ȜȓȦȑ ɲBiomagnification) 

ȇ̛ǴḬ̞̑Ȭȇ̠Ǯș̝ȦȜǯ̠ȦǴȈ̠Ȍ ȎȖȣȊȣȌ̮ȌȊṴ̑ų̏ȨȔ̴̞ȣȈǮșǴȟ̝̿ȩȠș̝ǴȌ̸ȦȋȖȖȔǷȦȈ̮Ȋ̡̛ǴǵȦǮǮȦȖȈǮ
ȟȥȟȔȩȍȍȨȎ̱ȕǮȩșȥȩȍȍȩȠ̠ǴȣȦǵȉ̿ǮȩȎȖȟȓȦȑȪȇȕǮȖȥȍȜȌǮȦȖȊȦǴǷ̰ȜȨǱṴ̏ȫȠ̠ȨȎ̬ȌȎȖȣȊ
ȣ̮ȌȊṴ̑ų̏ ȨǷ̝Ȍ ȪȔȪȌȨȔȊ̮șȨȔȣŲ̑Ǳ̮ȜṴ̑ ɲMMeHg) ȩșȥȬȇȨȔȊ̮șȨȔȣŲ̑Ǳ̮ȜṴ̑ ɲDMeHg) Ȋ̡̛ǴȌ̡̰ ȨȔȊ̮ș
ȨȔȣŲ̑Ǳ̮ȜṴ̑ ɲMeHg) Ṵ̏ȑ̮ȞȔȦǮǮȜ̝ȦȩșȥȟȥȟȔȫȌḫ̞̌ǴṴ̏Ƿ̰Ȝ̮ȈȊ̶ȦȫȠ̠Ȩǯ̠Ȧȟ̝̿Ƞ̝ȜǴȪǸ̝ȣȦȠȦȖȬȇ̠ȔȦǮǮȜ̝Ȧ
ȎȖȣȊȣȌ̮ȌȊṴ̑ų̏ ǮȖȥȍȜȌǮȦȖȩȎȖȟȓȦȑȎȖȣȊȣȌ̮ȌȊṴ̑ų̏ȨȎ̬ȌȎȖȣȊȣ̮ȌȊṴ̑ų̏ȨṴ̑ȕǮȜ̝ȦǮșȬǮǮȦȖ
Ȋ̶ȦȫȠ̠ȨȎ̬ȌȨȔȊ̮ș ɲMethylation) ȠȔȦȕȉ̲ǴǮȦȖȨȈ̮ȔȠȔ̝̿ȨȔȊ̮șȍȌȟȦȖȈ̡̛ǴȈ̠ȌȠȖ̴ȣǮȦȖȩȊȌḬ̞̑ǯȣǴ
ȣȥȈȣȔ ɲȠȖ̴ȣǮș̝̽Ȕɳ ȇ̠ȜȕȠȔ̝̿ȨȔȊ̮ș ȪȇȕṴ̏ǵ̽șǷ̰ȑȫȌȌ̸ȦȩșȥȫȌȈȥǮȣȌȨȎ̬Ȍȏ̠̿ȨȖ̝ǴȎȀ̮Ǯ̮Ȗ̮ȕȦǷ̰ȜȨǱṴ̏
ȇ̛ǴǮș̝ȦȜ20 Ȋ̡̛ǴȌ̡̰ȨȔȊ̮șȨȔȣŲ̑Ǳ̮ȜṴ̑ ɲMeHg) Ḭ̞̑ȉ̿ǮȟȖ̠ȦǴȫȌȈȥǮȣȌȊ̠ȣǴȌ̸Ȧǵȥȉ̿ǮȎșȇȎș̝ȣȕ
ȕ̠ȣȌǮș̛ȍȟ̝̿Ȍ̸Ȧ ȏ̝ȦȌǮȖȥȍȜȌǮȦȖȩȑȖ̝ǵȦǮȈȥǮȣȌ ɲSediment Flux) ȟ̝̿ḫ̞̌ǴṴ̏Ƿ̰Ȝ̮ȈȫȌȌ̸Ȧ ȨǷ̝Ȍ 
ȩȑșǴǮ̨ȈȣȌ ɲPlankton) Ǹ̲̞ǴǵȥǮ̮ȌȌ̸ȦȠȖ̴ȣȈȥǮȣȌȎȌȨȎ̵̡ ȣȌȨȔȊ̮șȨȔȣŲ̑Ǳ̮ȜṴ̑ ɲMeHg) Ȋ̶ȦȫȠ̠
ȩȑșǴǮ̨ȈȣȌȎȌȨȎ̵̡ ȣȌȎȖȣȊȣ̮ȌȊṴ̑ų̏21 ȎȖȣȊȣ̮ȌȊṴ̑ų̏ȇ̛ǴǮș̝ȦȜǵȥȉ̿Ǯȉ̝ȦȕȨȊȟ̝̿ȟ̛ȈȜ̨Ȍ̸ȦǯȌȦȇ
ȫȠǼ̝ǯ̡̲ȌȨȖ̴̞ȣȕ ʑ ȨǷ̝ȌǵȦǮȩȑșǴǮ̨ȈȣȌȟ̝̿ȩȔșǴȌ̸Ȧ ɲAquatic Insects) Ḭ̞̑Ǯ̮ȌȩȑșǴǮ̨ȈȣȌ ȟ̝̿ȎșȦ
Ǯ̮ȌȩȔșǴ ȩșȥȎșȦǮ̮ȌȨȌ̴̡ȣȎșȦȈȦȔș̶Ȧȇ̛ȍǵȦǮǮȖȥȍȜȌǮȦȖǮ̮ȌǮ̛ȌȈȦȔȠ̝ȜǴȪǸ̝ȣȦȠȦȖ ɲȇ̿Ȗ̿ȎḬ̞̑ 
1-4) ȪȇȕǱȜȦȔȨǯ̠Ȕǯ̠ȌǯȣǴȨȔȊ̮șȨȔȣŲ̑Ǳ̮ȜṴ̑ ɲMeHg) Ḭ̞̑ȉ̝ȦȕȨȊȫȌȩȈ̝șȥǯ̡̛ȌǯȣǴȠ̝ȜǴȪǸ̝ȣȦȠȦȖ
ǵȥȨȑ̮̞Ȕǯ̡̲ȌȨȖ̴̞ȣȕ ʑ Ȉ̡̛ǴȩȈ̝ 5 ȨȊ̝Ȧ ȉ̲ǴǮȜ̝Ȧ 100,000 ȨȊ̝Ȧ ȨṴ̑ȕǮȜ̝ȦǮȖȥȍȜȌǮȦȖǯȕȦȕȊȦǴ
Ƿ̰ȜȓȦȑ (Biomagnification)  

ȫȌȎ̱ 2562 Pianpian ȩșȥǱȆȥ Ȭȇ̠Ȋ̶ȦǮȦȖȜ̮ȨǱȖȦȥȠ̨ǮȦȖȟȥȟȔǯȣǴȎȖȣȊȫȌȠ̝ȜǴȪǸ̝
ȣȦȠȦȖǯȣǴȩȑșǴǮ̨ȈȣȌȑ̴Ƿɮȟ̛ȈȜ̨ ȩșȥȎșȦ ȪȇȕȫǷ̠ǯ̠ȣȔ̿șǵȦǮǮȦȖȝ̲ǮȞȦȜ̮ǵ̛ȕǮȜ̝Ȧ 32 Ƿ̡̮ȌḬ̞̑Ṵ̏
ǯ̠ȣȔ̿șȖȥȍȍȌ̮ȨȜȝȊȦǴȌ̸Ȧ 59 ȩȠș̝ǴȫȌ 22 ȎȖȥȨȊȝȊ̛̞ȜȪșǮǱȖȣȍǱș̽ȔȈ̡̛ǴȩȈ̝ȑ̴̡ȌḬ̞̑ȨǯȈȖ̠ȣȌȫȌ
Ǹ̰ǮȪșǮȫȈ̠ȬȎǵȌȉ̲ǴǸ̰ǮȪșǮȨȠȌ̴ȣ Ȫȇȕȟ̝ȜȌȫȠǼ̝ȔȦǵȦǮȨǯȈȣȍȣ̝̽Ȍ ǵȦǮǮȦȖȜ̮ȨǱȖȦȥȠ̨ǴȦȌȜ̮ǵ̛ȕ
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Ȋ̡̛Ǵ 32 Ƿ̡̮Ȍ Pianpian ȑȍȜ̝ȦȎȖ̮ȔȦȆǱȜȦȔȨǯ̠Ȕǯ̠ȌǯȣǴȎȖȣȊȫȌȌ̸ȦȬȔ̝ȟȦȔȦȖȉȍ̝ǴǷ̡̰Ȭȇ̠ȉ̲Ǵ
ȎȖ̮ȔȦȆǯȣǴȎȖȣȊḬ̞̑ȟȥȟȔȫȌȈ̛ȜȎșȦȬȇ̠ ȨȌ̴̞ȣǴǵȦǮȎ̜ǵǵ̛ȕȊȦǴǷ̰ȜȜ̮ȊȕȦȩșȥȖ̿ȎȩȍȍǮȦȖǮ̮Ȍ
ȣȦȠȦȖǯȣǴȎșȦȨȎ̬ȌȎ̜ǵǵ̛ȕȟ̶ȦǱ̛ǼȫȌǮȦȖȟȥȟȔǯȣǴȎȖȣȊȫȌȨȌ̴̡ȣȎșȦ ȌȣǮǵȦǮȌ̡̰ȎȖ̮ȔȦȆǯȣǴ
ȎȖȣȊḬ̞̑ȟȥȟȔȫȌȈ̛ȜǯȣǴȩȑșǴǮ̨ȈȣȌṴ̏ǱȜȦȔȟ̛Ȕȑ̛Ȍį̑Ǯ̛ȍǮȦȖȟȥȟȔḬ̞̑Ȩȑ̮̞ȔȔȦǮǯ̡̲ȌǯȣǴȎȖȣȊ
ȫȌȨȌ̴̡ȣȎșȦȣȕ̝ȦǴṴ̏Ơ̏ȕȟ̶ȦǱ̛ǼȨș̫ǮȌ̠ȣȕȨȊ̝ȦƠ̡̏Ȍ ȍ̝ǴǷ̡̰Ȝ̝ȦǮȦȖȟȥȟȔǯȣǴȎȖȣȊȫȌȩȑșǴǮ̨ȈȣȌƠ̡̏Ȍ
Ṵ̏ȟ̝ȜȌȨȑ̮̞ȔȨȈ̮ȔȎȖȣȊȫȌȈ̛ȜȎșȦȨȑ̰ȕǴȨș̫ǮȌ̠ȣȕ ȩȈ̝ȫȌǮȦȖȉ̝ȦȕȊȣȇȏ̝ȦȌȊȦǴȠ̝ȜǴȪǸ̝ȣȦȠȦȖȨȎ̬Ȍ
Ȏ̜ǵǵ̛ȕḬ̞̑ȟ̝ǴȏșȈ̝ȣǮȦȖȟȥȟȔǯȣǴȎȖȣȊȫȌȈ̛ȜȎșȦȣȕ̝ȦǴṴ̏Ơ̏ȕȟ̶ȦǱ̛Ǽ21  

ȫȌȊ̶ȦȌȣǴȨḛ̑ȕȜǮ̛Ȍ ǴȦȌȝ̲ǮȞȦǯȣǴ Filipe ȫȌȎ̱ 2563 ȑȍȜ̝ȦȎȖ̮ȔȦȆǮȦȖȟȥȟȔǯȣǴ
ȎȖȣȊȫȌȎșȦǵȥȩȈǮȈ̝ȦǴȬȎȈȦȔǷȌ̮ȇǯȣǴȎșȦ ȣȦȕ̽ǯȣǴȎșȦ ǱȜȦȔș̲ǮǯȣǴȩȠș̝ǴȌ̸Ȧ ɲǸ̲̞ǴṴ̏ȏș
ȫȌǮȦȖȩȎȖȟȓȦȑǯȣǴȎȖȣȊȣȌ̮ȌȊṴ̑ų̏ȨȎ̬ȌȎȖȣȊȣ̮ȌȊṴ̑ų̏ɳ ȖȜȔȉ̲ǴǯȌȦȇǯȣǴȑ̴̡ȌḬ̞̑ȨǮ̫ȍȌ̸Ȧ 
ǯȌȦȇǯȣǴȎșȦ ɲȪȇȕȎșȦḬ̞̑Ṵ̏ǯȌȦȇȫȠǼ̝ǵȥṴ̏ǮȦȖȟȥȟȔȎȖȣȊȟ̿ǴǮȜ̝ȦȎșȦǯȌȦȇȨș̫Ǯɳ ȩșȥ
ș̶Ȧȇ̛ȍǷ̡̛ȌǯȣǴȎșȦȫȌȠ̝ȜǴȪǸ̝ȣȦȠȦȖ ȨǷ̝Ȍ ȎșȦȏ̠̿ș̝ȦǷ̡̛ȌȍȌǯȣǴȠ̝ȜǴȪǸ̝ȣȦȠȦȖḬ̞̑Ṵ̏ǮȦȖ
ȨǱș̴̞ȣȌȬȠȜȨȖ̫ȜǵȥṴ̏ǮȦȖȟȥȟȔȎȖȣȊȫȌȨȌ̴̡ȣȨȕ̴̞ȣȟ̿ǴǮȜ̝ȦȎșȦǮ̮Ȍȑ̴ǷȨȎ̬ȌȈ̠Ȍ Ȗ̿ȎḬ̞̑ 6 ȩȟȇǴȩȏȌ
Ḭ̞̑ȟȖ̽Ȏȑ̴̡ȌḬ̞̑Ȝ̮ǵ̛ȕǵȦǮ 40 ȑ̴̡ȌḬ̞̑ȫȌ 26 ȎȖȥȨȊȝǵȦǮǴȦȌȜ̮ǵ̛ȕǯȣǴ Buck ȩșȥ ǱȆȥḬ̞̑ȎȖȥȨȔ̮Ȍ
ǮȦȖȈǮȟȥȟȔǯȣǴȎȖȣȊȫȌȨȌ̴̡ȣȎșȦ ȩȍ̝ǴȨȎ̬ȌȈǮȟȥȟȔȔȦǮǮȜ̝ȦǱ̝ȦȨǶș̰̞ȕ ɲAbove Average) 
ȈǮȟȥȟȔȎȖȥȔȦȆǱ̝ȦȨǶș̰̞ȕ ɲAverage) ȩșȥȈǮȟȥȟȔȈ̷ȦǮȜ̝ȦǱ̝ȦȨǶș̰̞ȕ ȪȎȖȇȟ̛ǴȨǮȈȜ̝ȦȍȖ̮ȨȜȆ
ȎȖȥȨȊȝȬȊȕȊȦǴȓȦǱȨȠȌ̴ȣ ȓȦǱȈȥȜ̛ȌȣȣǮ ȩșȥȓȦǱǮșȦǴ Ṵ̏ǮȦȖǱȦȇǮȦȖĘ̑ǮȦȖȈǮȟȥȟȔ
ǯȣǴȎȖȣȊȔȦǮǮȜ̝ȦǱ̝ȦȨǶș̰̞ȕ23 ȌȣǮǵȦǮȌ̡̰ Ȗ̿ȎḬ̞̑ 1-4 ȩȟȇǴǱ̝ȦȨǶș̰̞ȕǯȣǴȎȖȣȊḬ̞̑ȟȥȟȔȫȌȨȌ̴̡ȣ
ȎșȦȎȖȥȨȓȊȈ̝ȦǴ ʑ ǵȦǮȈ̷ȦȬȎȟ̿Ǵ ȪȇȕȎșȦȠșȦȕǷȌ̮ȇṴ̏ȎȖȣȊȎȌȨȎ̵̡ ȣȌȫȌȨȌ̴̡ȣȨǮ̮ȌǱ̝ȦḬ̞̑
ȕȣȔƯ̑ȍȬȇ̠ȫȌȣȦȠȦȖǱ̴ȣ 0.3 Ȕ̮șș̮ǮƯ̑ȔȈ̝ȣǮ̮ȪșǮƯ̑Ȕ Ȍ̸ȦȠƠ̏ǮȨȎ̱ȕǮȨȔ̴̞ȣȣ̠ȦǴȣ̮ǴǱ̝ȦȔȦȈȖȂȦȌ 
US.EPA  

Ȗ̿ȎḬ̞̑ 1-4 ǮȖȥȍȜȌǮȦȖǯȕȦȕȊȦǴǷ̰ȜȓȦȑ ɲBiomagnification) 
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ȌȣǮǵȦǮǮȦȖȈǮȟȥȟȔǯȣǴȎȖȣȊǵȦǮȍȖȖȕȦǮȦȝȟ̝̿ȩȠș̝ǴȌ̸Ȧȩș̠Ȝ Ȍ̸ȦȊ̡̮Ǵȣ̽ȈȟȦȠǮȖȖȔ 
ȠȖ̴ȣȌ̸ȦǷȥǵȦǮǮȦȖǮȣǴȉ̝ȦȌȠ̮ȌȠȖ̴ȣǵȦǮǮȣǴȨȝȞȇ̮ȌȊ̡̮ǴȠȖ̴ȣȠȦǴȩȖ̝ǵȦǮȨȠȔ̴ȣǴȉ̝ȦȌȠ̮Ȍ ȠȦǮ
ȬȔ̝Ṵ̏ǮȦȖǵ̛ȇǮȦȖḬ̞̑ḛ̑ ȣȦǵȨǮ̮ȇǮȦȖƯ̞̑ȜȬȠșȊ̶ȦȫȠ̠ȎȖȣȊȫȌȌ̸ȦǷȥȇ̛ǴǮș̝ȦȜȎȌȨȎ̵̡ȣȌȩȠș̝ǴȌ̸Ȧȏ̮Ȝȇ̮Ȍ
ȩșȥȌ̸ȦȫȈ̠ȇ̮ȌȬȇ̠ȨǷ̝ȌȨḛ̑ȕȜǮ̛Ȍ24 ȕǮȈ̛Ȝȣȕ̝ȦǴȨǷ̝Ȍ ǮȦȖȎș̝ȣȕȌ̸ȦȨȟ̰ȕḬ̞̑Ṵ̏ȟȦȖȎȖȥǮȣȍȣ̮ȌȊṴ̑ų̏
ǯȣǴȎȖȣȊȎȌȨȎ̵̡ ȣȌǵȦǮȍȖ̮Ȟ̛ȊǷ̮ȟȪȟȥȖȥȍȦȕșǴȫȌȣ̝ȦȜȔ̮ȌȦȔȦȈȥ ȫȌǷ̝ȜǴȎ̱ 2493 Ḭ̞̑ȨȎ̬ȌȨȠȈ̽
Ȍ̶ȦȬȎȟ̝̿ǮȦȖȨǮ̮ȇȪȖǱȣ̽ơ̏Ȉ̮ȫȠȔ̝Ḭ̞̑ȑȍǱƯ̡̑ǴȩȖǮȫȌȎȖȥȨȊȝǼ̰̞Ȏ̟̽Ȍ Ǳ̴ȣ ȪȖǱȔ̮ȌȦȔȦȈȥ ȠȖ̴ȣȪȖǱȑ̮Ȟ
ȎȖȣȊ ȇ̛ǴƠ̡̏ȌȔȌ̽Ȟų̏ȏ̠̿ȣȕ̝̿ș̶Ȧȇ̛ȍǯ̡̛Ȍȟ̿Ǵȟ̽ȇȫȌȠ̝ȜǴȪǸ̝ȣȦȠȦȖȨȔ̴̞ȣƯ̑ȍȎȖȥȊȦȌȎșȦȠȖ̴ȣȟ̛ȈȜ̨Ȍ̸ȦḬ̞̑
ȎȌȨȎ̵̡ ȣȌȨȔȊ̮șȨȔȣŲ̑Ǳ̮ȜṴ̑ ɲMeHg) Ȩǯ̠ȦȬȎ ȟȦȖȎȖȣȊǱȜȦȔȨǯ̠Ȕǯ̠Ȍȟ̿Ǵǵȥȉ̿Ǯȉ̝ȦȕȨȊȔȦȟȥȟȔȫȌ
Ȗ̝ȦǴǮȦȕ ȨȌ̴̞ȣǴǵȦǮȨȔȊ̮șȨȔȣŲ̑Ǳ̮ȜṴ̑ ɲMeHg) ȟȦȔȦȖȉȟȥȟȔȣȕ̝̿ȫȌȬǯƯ̏ȌȎșȦȩșȥȟ̛ȈȜ̨Ȍ̸ȦǸ̲̞Ǵȏ̠̿Ḭ̞̑
ȍȖ̮ȪȓǱȟ̛ȈȜ̨Ȍ̸ȦḬ̞̑Ṵ̏ǮȦȖȎȌȨȎ̵̡ȣȌȎȖȣȊǵȥȬȔ̝Ṵ̏ȊȦǴȊȖȦȍȬȇ̠Ȩșȕ ǵȌǮȖȥȊ̛̞ǴṴ̏ǮȦȖȟȥȟȔȎȖȣȊ
ȉ̲Ǵǵ̽ȇḬ̞̑Ṵ̏ǮȦȖȩȟȇǴȣȦǮȦȖȣȣǮȔȦ ȨȌ̴̞ȣǴǵȦǮȖ̝ȦǴǮȦȕǯȣǴḫ̞̌ǴṴ̏Ƿ̰Ȝ̮ȈȬȔ̝ȟȦȔȦȖȉḬ̞̑ǵȥǯ̛ȍȎȖȣȊ
ȣȣǮȔȦȊȦǴǯȣǴȨȟ̰ȕȬȇ̠ Ȋ̶ȦȫȠ̠Ṵ̏ǮȦȖȟȥȟȔȎȖȣȊǵȌȉ̲Ǵǯ̡̛ȌȩȟȇǴȣȦǮȦȖȣȣǮȔȦȫȌḬ̞̑ȟ̽ȇ25 ȨǷ̝Ȍ 
ȪȖǱȔ̮ȌȦȔȦȈȥȠȖ̴ȣǮȦȖșȇșǴǯȣǴȬȣǱ̮Ȝ ɲIQ) ȇ̛ǴǵȥǮș̝ȦȜȈ̝ȣȬȎȫȌȠ̛Ȝǯ̠ȣȟ̽ȇȊ̠ȦȕǯȣǴȍȊȌ̡̰ 

 

 

Ȗ̿ȎḬ̞̑ 1-5 ǮȦȖȎȖȥȨȔ̮ȌǮȦȖȈǮȟȥȟȔǯȣǴȎȖȣȊȫȌȑ̴̡ȌḬ̞̑Ȝ̮ǵ̛ȕǱȜȦȔȨǯ̠Ȕǯ̠ȌǯȣǴȎȖȣȊȫȌȎșȦ 
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Ȗ̿ȎḬ̞̑ 1-6 ǱȜȦȔȨǯ̠Ȕǯ̠ȌǯȣǴȎȖȣȊȫȌȨȌ̴̡ȣȎșȦǷȌ̮ȇȈ̝ȦǴ ʑ26  

 

1.5 ǮȦȖȎȌȨȎ̵̡ ȣȌȎȖȣȊȫȌȇ̮Ȍ 

ȎȖȣȊǵȦǮȍȖȖȕȦǮȦȝȟȦȔȦȖȉȈǮȟȥȟȔȟ̝̿ȇ̮ȌȬȇ̠Ȋ̡̛ǴȩȍȍȨȎ̱ȕǮȩșȥȩȍȍȩȠ̠Ǵȇ̛ǴǮș̝ȦȜ
ǯ̠ȦǴȈ̠Ȍ ǴȦȌȜ̮ǵ̛ȕȎȖȥȨȔ̮ȌȜ̝ȦṴ̏ȎȖȣȊǵȦǮȍȖȖȕȦǮȦȝȉ̲Ǵ 86,000 Ȉ̛ȌḬ̞̑ȈǮȟȥȟȔȣȕ̝̿ȍȌȏ̮Ȝȇ̮Ȍ 
ȪȇȕȎȖȣȊȣȌ̮ȌȊṴ̑ų̏Ḭ̞̑ȈǮȟȥȟȔȣȦǵȉ̿Ǯȇ̿ȇǸ̛ȍȪȇȕȇ̮ȌȩȈ̝Ǯ̫ȣȦǵǵȥȉ̿ǮǷȥșȥșȦȕȣȣǮȔȦȬȇ̠ǵȦǮ
ǮȦȖȨȎș̰̞ȕȌȩȎșǴȟȓȦȑȊȦǴȋȖḚ̑ȨǱṴ̏ǯȣǴȇ̮Ȍ ȌȣǮǵȦǮȌ̡̰ȎȖȣȊḬ̞̑ȈǮȟȥȟȔȟ̝̿ȇ̮ȌȣȦǵȏȟȔȩșȥ
Ȋ̶ȦȎȀ̮Ǯ̮Ȗ̮ȕȦǮ̛ȍȬȣȣȣȌșȍȣ̴̞Ȍ ʑ ȫȌȇ̮ȌǮșȦȕȨȎ̬ȌȟȦȖȎȖȥǮȣȍȖ̝ȜȔǯȣǴȎȖȣȊǮ̛ȍȟȦȖȣ̴̞ȌȫȌ
ȇ̮ȌḬ̞̑șȥșȦȕȌ̸ȦȬȇ̠Ȍ̠ȣȕȩșȥȟȥȟȔȫȌȇ̮ȌǷ̛̞ȜǱȖȦȜȬȇ̠ ȨǷ̝Ȍ HgS HgSO4 ȠȖȣ̴ CH3HgCl ȨȎ̬ȌȈ̠Ȍ  

ȣȕȦ̝ǴȬȖǮ̫ḛ̑ȨȔ̴̞ȣṴ̏Ǯ̮ǵǮȖȖȔǮȦȖȫǷ̠Ḭ̞̑ȇ̮Ȍ ȨǷ̝Ȍ ǮȦȖȨǮȞȈȖ ǮȦȖǯ̽ȇȇ̮ȌḬ̞̑Ṵ̏ǮȦȖȨȎ̯ȇȠȌ̠Ȧȇ̮Ȍ 
ȩșȥṴ̏ȐȌȈǮ ȠȖ̴ȣṴ̏ǮȦȖȖȇȌ̸ȦȨȑ̴̞ȣǮȦȖȨǮȞȈȖǮȖȖȔ ȣȦǵȊ̶ȦȫȠ̠ȎȖȣȊȉ̿ǮǷȥș̠ȦǴȩșȥƯ̞̑ȜȬȠș
ȣȣǮȔȦȨȎ̬ȌȬȣȣȣȌǯȣǴȎȖȣȊȣȌ̮ȌȊṴ̑ų̏ȣ̰ǮǱƯ̡̑ǴȬȇ̠ ȌȣǮǵȦǮȌ̡̰ȟȦȖȎȖȥǮȣȍȎȖȣȊȫȌȇ̮ȌȣȦǵ
ȉ̿ǮȊ̶ȦȎȀ̮Ǯ̮Ȗ̮ȕȦȣȣǮǸ̮ȨȇǷ̛̞Ȍ ȠȖ̴ȣ Ṵ̑ȇ̛ǮǷ̛̞ȌȊ̶ȦȫȠ̠ȨȎș̰̞ȕȌȖ̿ȎȊȦǴȨǱṴ̏Ȭȇ̠ȪȇȕȣȦǵǵȥȊ̶ȦȫȠ̠ȎȖȣȊ
ȨȎș̰̞ȕȌǮș̛ȍȬȎȣȕ̝̿ȫȌȖ̿ȎȩȍȍḬ̞̑șȥșȦȕȌ̸ȦȬȇ̠ḛ̑ǯ̡̲Ȍ ȎȖȣȊḬ̞̑Ư̞̑ȜȬȠșȣȣǮȔȦǵȦǮȇ̮ȌȣȦǵȬȠșșǴȟ̝̿
ȩȠș̝ǴȌ̸ȦȩșȥȖȥȨȠȕǮș̛ȍȬȎȫȌȍȖȖȕȦǮȦȝȬȇ̠ȣ̰ǮǱƯ̡̑Ǵ ȨǷ̝Ȍ Hg0 Ǹ̲̞ǴȟȦȔȦȖȉȖȥȨȠȕǮș̛ȍȬȎȫȌ
ȍȖȖȕȦǮȦȝȬȇ̠ȇ̠ȜȕǮȦȖǷȥșȥșȦȕȪȇȕȌ̸ȦȐȌȈȦȔȇ̠ȜȕǮȖȥȍȜȌǮȦȖȊȦǴǷ̰ȜȓȦȑȩșȥȨǱṴ̏
ǮȦȕȓȦȑḬ̞̑ȨȎ̬ȌȬȎȬȇ̠ȉ̲Ǵ 6 Ȗ̿Ȏȩȍȍ ɲǵȦǮ A ȉ̲Ǵ E ȫȌȖ̿ȎḬ̞̑ 1-7) ǵ̲ǴȊ̶ȦȫȠ̠ȎȖȣȊȨȎ̬ȌȔșȑ̮ȞȫȌ
Ȗȥȇ̛ȍȪșǮḬ̞̑ȋȖȖȔǷȦȈ̮ȍ̶Ȧơ̏ȇȪȇȕǮȦȖȈǮȟȥȟȔȩșȥǮȦȖȇ̿ȇǸ̛ȍȪȇȕȇ̮ȌȬȔ̝ȟȦȔȦȖȉȍ̶Ȧơ̏ȇǮȦȖ
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ȎȌȨȎ̵̡ ȣȌȎȖȣȊȬȇ̠ȣȕ̝ȦǴṴ̏ȎȖȥḫ̌Ȋȋ̮ȓȦȑȨȊ̝ȦǮ̛ȍȪșȠȥȠƠ̏ǮȎȖȥȨȓȊȣ̴̞Ȍ ʑ ȎȖȣȊḬ̞̑ȉ̿Ǯ
ȎșȇȎș̝ȣȕȟ̝̿ȍȖȖȕȦǮȦȝǵȦǮǮ̮ǵǮȖȖȔȔȌ̽Ȟų̏ȩȔ̠ǵȥȈǮȟȥȟȔȟ̝̿ȇ̮ȌȩșȥȌ̸Ȧ ȩȈ̝Ǯ̫ǵȥȉ̿Ǯ
ȎșȇȎș̝ȣȕǮș̛ȍȬȎȟ̝̿ȍȖȖȕȦǮȦȝȩșȥȨǱș̴̞ȣȌḬ̞̑ǯ̠ȦȔȑȖȔȩȇȌȬȎȖȣȍȪșǮȫȌḬ̞̑ȟ̽ȇ 

 
 

 
Ȗ̿ȎḬ̞̑ 1-7 ǮȦȖǷȥșȥșȦȕǯȣǴȎȖȣȊȫȌȇ̮ȌȪȇȕȌ̸ȦȐȌȩșȥǮȦȖȎșȇȎș̝ȣȕȎȖȣȊǵȦǮȇ̮Ȍȟ̝̿ȍȖȖȕȦǮȦȝ 
ɲHg0 ȫȌȖ̿ȎǱ̴ȣȎȖȣȊȖ̿Ȏ Hg0 Ḭ̞̑ȣȕ̝̿ȫȌȇ̮Ȍ ȟ̝ȜȌ GEM Ǳ̴ȣ ȎȖȣȊ Hg0 Ḭ̞̑ȫȌȖ̿ȎȩǮ̣ȟɳ27  

 
1.6 ȏșǮȖȥȊȍǯȣǴȎȖȣȊȈ̝ȣȟ̽ǯȓȦȑ 

ȨȔ̴̞ȣȔȌ̽Ȟų̏Ȭȇ̠Ư̑ȍȟ̛Ȕơ̑ȟȎȖȣȊȨǯ̠Ȧȟ̝̿Ȗ̝ȦǴǮȦȕ ȣȦǵȨǮ̮ȇȏșǮȖȥȊȍȈ̝ȣȟ̽ǯȓȦȑǵȦǮȑ̮Ȟ
ȎȖȣȊȩȍȍȨȖ̴̡ȣƯ̑ǴȠȖ̴ȣȩȍȍȨǶ̰ȕȍȑș̛Ȍ ȪȇȕṴ̏ȣȦǮȦȖȇ̛ǴȈ̝ȣȬȎȌ̡̰ 

1.6.1 ȏșǮȖȥȊȍȈ̝ȣȟ̽ǯȓȦȑȩȍȍȨǶ̰ȕȍȑș̛Ȍ 

1. ǮȦȖȠȦȕȫǵȟ̿ȇȬȣȎȖȣȊȨǯ̠ȦȬȎȫȌȖ̝ȦǴǮȦȕȨǮ̮ȌǱ̝ȦḬ̞̑ǵȥȊ̶ȦȫȠ̠ȨǮ̮ȇȏșǮȖȥȊȍȨǶ̰ȕȍȑș̛Ȍ 
ɲ0.6 ȬȔȪǱȖǮƯ̑ȔȈ̝ȣș̿ǮȍȦȝǮ̨ȨȔȈȖɳ ȣȦǵȊ̶ȦȫȠ̠ȨǮ̮ȇȣȦǮȦȖȬȣ ȠȣȍȨȠȌ̴̞ȣȕ ȩȌ̝ȌȠȌ̠ȦȣǮ ȠȌȦȜ
ȟ̛̞Ȍ Ṵ̏Ȭǯ̠ ȣ̝ȣȌȨȑș̰ȕ Ṵ̏ǮȦȖȠș̛̞ǴȌ̸ȦșȦȕȨȑ̮̞Ȕǯ̡̲Ȍ ȎȜȇȊ̠ȣǴ Ȋ̠ȣǴȨȟ̰ȕ ș̡̮ȌȬȇ̠Ư̑ȍȖȟȪșȠȥ ǮȖḚ̑
Ȗ̽ȌȩȖǴǵȥȊ̶ȦȫȠ̠ȨǮ̮ȇȨȌ̴̡ȣȨȕ̴̞ȣȎȣȇȣ̛ǮȨȟȍ ȣȦǵṴ̏ȣȦǮȦȖȎȜȇȝ̰ȖȞȥ ȩșȥǮȦȖȔȣǴȨȠ̫Ȍȏ̮ȇȎǮȈ̮28  

2. ǮȦȖȬȇ̠Ư̑ȍȎȖȣȊȣȌ̮ȌȊṴ̑ų̏Ḭ̞̑Ṵ̏ȗȊȋ̮̩Ǯ̛ȇǮȖ̝ȣȌȖ̽ȌȩȖǴȊȦǴȎȦǮ ǵȥṴ̏ȣȦǮȦȖȎȜȇȩȟȍ 
ȎȜȇȖ̠ȣȌ ȫȌǷ̝ȣǴȎȦǮ Ǳș̴̞ȌȬȟ̠ ȣȦȨǵ̰ȕȌȨȎ̬ȌȨș̴ȣȇ ȎȜȇȊ̠ȣǴ Ȋ̠ȣǴȨȟ̰ȕ ȣ̽ǵǵȦȖȥȨȎ̬ȌȨș̴ȣȇ ȨȌ̴̡ȣ
ȫȌǮȖȥȑ̠̽ǴȩǮ̠ȔǮșȦȕȨȎ̬Ȍȟ̰ȨȊȦ ȍȦǴȖȦȕṴ̏Ǯș̮̞ȌȬȣǯȣǴȪșȠȥ ǮȖḚ̑Ȗ̽ȌȩȖǴȨȔ̴̞ȣȨǯ̠Ȧȟ̝̿Ȗȥȍȍ
ȠȔ̽ȌȨȜ̰ȕȌȪșȠ̮ȈȎȖȣȊ ȖȥȍȍǮȦȖȊ̶ȦǴȦȌǯȣǴȬȈǵȥȉ̿ǮȊ̶ȦșȦȕ Ȋ̶ȦȫȠ̠Ȏ̜ȟȟȦȜȥȬȔ̝ȣȣǮȠȖ̴ȣ
Ȏ̜ȟȟȦȜȥȨȎ̬ȌȨș̴ȣȇ ȨǮ̮ȇȣȦǮȦȖȬȈȜȦȕ ȩșȥȊ̶ȦȫȠ̠Ȩȟ̰ȕǷ̰Ȝ̮ȈȬȇ̠  
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1.6.2 ȏșǮȖȥȊȍȈ̝ȣȟ̽ǯȓȦȑȩȍȍȨȖ̴̡ȣƯ̑Ǵ 

ǮȦȖȠȦȕȫǵȨȣȦȎȖȣȊǱȜȦȔȨǯ̠Ȕǯ̠ȌȈ̷Ȧ ɲȩȈ̝ȟ̿ǴǮȜ̝Ȧ 0.03 ȬȔȪǱȖǮƯ̑ȔȈ̝ȣș̿ǮȍȦȝǮ̨ȨȔȈȖɳ 
Ȩǯ̠ȦȬȎȫȌȖ̝ȦǴǮȦȕȨȎ̬ȌȖȥȕȥȨȜșȦȈ̝ȣȨȌ̴̞ȣǴȕȦȜȌȦȌ ȩșȥǮȦȖȍȖ̮ȪȓǱȨȌ̴̡ȣȎșȦȎȌȨȎ̵̡ ȣȌȎȖȣȊ
ȣ̮ȌȊṴ̑ų̏ȨǮ̮Ȍ 0.3 Ȕ̮șș̮ǮƯ̑ȔȈ̝ȣǮ̮ȪșǮƯ̑Ȕ ɲȌ̸ȦȠƠ̏ǮȨȎ̱ȕǮɳ ȣȕ̝ȦǴȈ̝ȣȨȌ̴̞ȣǴȣȦǵȊ̶ȦȫȠ̠ȨǮ̮ȇȏș
ǮȖȥȊȍȈ̝ȣȟ̽ǯȓȦȑȩȍȍȨȖ̴̡ȣƯ̑ǴȬȇ̠ ȪȇȕǮȦȖƯ̑ȍȟȦȖȑ̮ȞȨǯ̠Ȧȟ̝̿Ȗ̝ȦǴǮȦȕȪȇȕǮȦȖȠȦȕȫǵǵȥȊ̶ȦȫȠ̠
Ȭȇ̠Ư̑ȍȑ̮ȞḬ̞̑ȔȦǮȉ̲Ǵ Ȗ̠ȣȕșȥ 80 ȟ̝ȜȌǮȦȖǮș̴ȌǮ̮ȌȟȦȖȎȖȣȊȨǯ̠Ȧȟ̝̿Ȗ̝ȦǴǮȦȕȫȌȖ̿ȎȩȍȍǯȣǴǮȦȖ
Ǯ̮ȌȎșȦȎȌȨȎ̵̡ ȣȌȎȖȣȊȫȌȖ̿ȎǯȣǴȨȔȊ̮șȨȔȣǱ̮ȜṴ̞̑ǵȥƯ̑ȍȟȦȖȑ̮ȞȨǯ̠ȦȬȎȫȌȖ̝ȦǴǮȦȕȬȇ̠ȉ̲ǴȖ̠ȣȕșȥ 
95   

ȨȔ̴̞ȣȎȖȣȊȨǯ̠Ȧȟ̝̿Ȗ̝ȦǴǮȦȕḬ̞̑ǱȜȦȔȨǯ̠Ȕǯ̠ȌȈ̷Ȧ ȩȈ̝Ư̑ȍȟ̛Ȕơ̑ȟȈ̝ȣȨȌ̴̞ȣǴȕȦȜȌȦȌ ȎȖȣȊǵȥȨǯ̠Ȧ
ȬȎǵ̛ȍȈ̛ȜǮ̛ȍȨȌ̴̡ȣȨȕ̴̞ȣȟȔȣǴȩșȥȬǯȟ̛ȌȠș̛Ǵ ǮȖȥȊȍȈ̝ȣȖȥȍȍȎȖȥȟȦȊȟ̝ȜȌǮșȦǴ Ȋ̶ȦȫȠ̠Ȩȟ̰ȕǮȦȖ
ǱȜȍǱ̽ȔǮȦȖȨǱș̴̞ȣȌȬȠȜǯȣǴȩǯȌ ǯȦ ǮȦȖȑ̿ȇ ȩșȥư̏ǴȊ̶ȦȫȠ̠ȖȥȍȍȎȖȥȟȦȊƯ̑ȍǱȜȦȔȖ̠̿ȟ̲ǮȨȟ̰ȕȬȎ 
ȨǷ̝Ȍ ǮȦȖȬȇ̠ȕ̮Ȍ ȩșȥǮȦȖȔȣǴȨȠ̫Ȍ ȣ̛ȌȈȖȦȕȨȠș̝ȦȌ̡̰ȨȔ̴̞ȣȨȎ̬Ȍȩș̠ȜȬȔ̝ȟȦȔȦȖȉƯ̑ǮȞȦȫȠ̠Ǯș̛ȍȔȦḛ̑
ȇ̛ǴȨȇ̮ȔȬȇ̠ȨȌ̴̞ȣǴǵȦǮȖȥȍȍȎȖȥȟȦȊ Ȭǯȟ̛ȌȠș̛Ǵ ȩșȥȨȌ̴̞ȣȨȕ̴̞ȣȟȔȣǴȉ̿ǮȊ̶ȦșȦȕ  ǮȦȖȟȥȟȔȎȖȣȊ
ȫȌȖ̝ȦǴǮȦȕȪȇȕȨǶȑȦȥȨȔȊ̮șȨȔȣŲ̑Ǳ̮ȜṴ̑ ɲMeHg) ȨȎ̬ȌȨȜșȦȌȦȌ Ȋ̶ȦȫȠ̠ȨǮ̮ȇȣȦǮȦȖȊȦǴȖȥȍȍ
ȎȖȥȟȦȊȨȖ̴̡ȣƯ̑Ǵ ȨǷ̝Ȍ Ǯș̴ȌȕȦǮ Ȩȇ̮ȌȨǸ șȦȌȟȦȕȈȦȩǱȍȩșȥṴ̏ǵ̽ȇȍȣȇ Ṵ̏ȣȦǮȦȖǷȦȈȦȔȎșȦȕ
Ȕ̴ȣ ȎșȦȕȨȊ̠Ȧ ȣȦȖȔĘ̑ȨȝȖ̠ȦȠȔȣǴ ǯȦȇȩȖǴǮȖȥȈ̠̽Ȍ ȣ̝ȣȌȨȑș̰ȕ ȟȔȖȖȉȓȦȑȊȦǴȨȑȝșȇșǴ 
ǮȦȖȏș̮Ȉȣȟ̽ǵ̮ȏ̮ȇȎǮȈ̮ ǮȦȖȬȇ̠ȕ̮ȌȨȟ̴̞ȣȔșǴ ȎȜȇȈȦȔȈ̛Ȝ ȠșǴș̴Ȕ Ǹ̲Ȕ  ȠșǴȨȜșȦ ȣȦȖȔĘ̑
ȩȎȖȎȖȜȌ ǵȌȉ̲ǴȨȎ̬Ȍȣ̛ȔȑȦȈ ȠȔȇȟȈ̮ ȩșȥȉ̲ǴȩǮ̝Ƿ̰Ȝ̮ȈȬȇ̠ ȌȣǮǵȦǮȌ̡̰ǮȦȖƯ̑ȍȟ̛Ȕơ̑ȟȎȖȣȊ
ȣ̮ȌȊṴ̑ų̏ȫȌȖ̿ȎǯȣǴȨȔȊ̮șȨȔȣŲ̑Ǳ̮ȜṴ̑ ɲMeHg) ǵȥȊ̶ȦȫȠ̠Ȩȑ̮̞ȔǱȜȦȔȨȟ̰̞ȕǴȨǮ̰̞ȕȜǮ̛ȍȪȖǱȠ̛Ȝȫǵȩșȥ
ȠșȣȇȨș̴ȣȇȫȌȏ̠̿ȫȠǼ̝29 ȣ̰Ǯȇ̠Ȝȕ 

ǮȦȖƯ̑ȍȟ̛Ȕơ̑ȟȎȖȣȊȣȕ̝ȦǴȈ̝ȣȨȌ̴̞ȣǴȕȦȜȌȦȌ ư̏ǴǮ̝ȣȫȠ̠ȨǮ̮ȇȪȖǱȔ̮ȌȦȔȦȈȥ ȪȇȕǵȥṴ̏
ȣȦǮȦȖȊ̛̞ȜȬȎ Ȭȇ̠ȩǮ̝ ȠȦȕȫǵș̶ȦȍȦǮ ȠȦȕȫǵȈ̮ȇǯ̛ȇ Ȩǵ̫ȍȩȌ̝ȌȠȌ̠ȦȣǮ Ṵ̏Ȭǯ̠ ȑȍȣȦǮȦȖȨȠǴ̴ȣǮ
ȣ̛ǮȨȟȍ Ṵ̏Ȩȟ̠Ȍȟ̰ȨǴ̮ȌḬ̞̑ǯȣȍȨȠǴ̴ȣǮ ȨȠǴ̴ȣǮȍȜȔ ȩșȥȨș̴ȣȇȣȣǮ ȎȦǮȨȎ̬Ȍȩȏșȣ̛ǮȨȟȍȨȖ̴̡ȣƯ̑Ǵ  
Ƿ̰ȑǵȖȨȈ̠Ȍȣ̝ȣȌ Ƞ̛ȜȫǵȨȈ̠Ȍȏ̮ȇǵ̛ǴȠȜȥ ȟ̿ǼȨȟ̰ȕǮȦȖƯ̑ȍȖȟ ȟ̿ǼȨȟ̰ȕǮȦȖȬȇ̠ȕ̮Ȍ ȩșȥǮȦȖȔȣǴȨȠ̫Ȍ Ṵ̏
ȣȦǮȦȖǸ̲ȔȨȝȖ̠Ȧ ȍȦǴǱƯ̡̑ǴȑȍȌ̸ȦșȦȕȒ̿ȔȎȦǮ Ǯș̠ȦȔȨȌ̴̡ȣȟ̛̞ȌǮȖȥȈ̽Ǯ Ȕ̴ȣȨȊ̠ȦȠȕ̮ǮǴȣ ȨȎ̬Ȍȣ̛ȔȑȦȈ 
ȣȦǮȦȖḬ̞̑ȨǮ̮ȇǮ̛ȍȔȌ̽Ȟų̏ȉ̿ǮȑȍǱƯ̡̑ǴȩȖǮȫȌȎȖȥȨȊȝǼ̰̞Ȏ̟̽Ȍ ȫȌȍȖ̮ȨȜȆȣ̝ȦȜȔ̮ȌȦȔȦȈȥḬ̞̑Ṵ̏ǮȦȖ
ș̛ǮșȣȍȎș̝ȣȕȌ̸ȦȠș̝ȣȨȕ̫ȌḬ̞̑Ṵ̏ǮȦȖȎȌȨȎ̵̡ ȣȌǯȣǴȎȖȣȊșǴȟ̝̿ȩȠș̝ǴȌ̸Ȧ Ȋ̶ȦȫȠ̠Ṵ̏ǮȦȖȟȥȟȔǯȣǴ
ȎȖȣȊȫȌȎșȦ ȩșȥṴ̏ǮȦȖȍȖ̮ȪȓǱȎșȦǵȦǮȩȠș̝ǴƠ̡̏Ȍ ǵȌȊ̶ȦȫȠ̠ȩȟȇǴȣȦǮȦȖȏ̝ȦȌȖ̝ȦǴǮȦȕǯȣǴ
ȏ̠̿ȍȖ̮ȪȓǱ   

ǮȦȖƯ̑ȍȟ̛Ȕơ̑ȟȎȖȣȊǵȦǮȨȌ̴̡ȣȎșȦȫȌǯȆȥȈ̡̛ǴǱȖȖȓ̨ǵȥȊ̶ȦȫȠ̠ȨǮ̮ȇȏșȨȟ̰ȕȈ̝ȣȑ̛ȅȌȦǮȦȖ
ȊȦǴȟȔȣǴǯȣǴȊȦȖǮ ȎȖȣȊḬ̞̑ȩȔ̝ȍȖ̮ȪȓǱȏ̝ȦȌȨȌ̴̡ȣȎșȦȎȌȨȎ̵̡ ȣȌǵȥȉ̝ȦȕȨȊȟ̝̿ȊȦȖǮȊȦǴȨș̴ȣȇ
ȩșȥȖǮ Ȋ̶ȦȫȠ̠ȎȖȣȊȨǯ̠ȦȬȎǮȖȥȊȍǮȦȖȨǵȖ̮ǼȨȈ̮ȍȪȈǯȣǴȖȥȍȍȎȖȥȟȦȊǯȣǴȊȦȖǮȫȌǷ̝ȜǴḬ̞̑
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ȟȔȣǴǮ̶Ȧș̛ǴȟȖ̠ȦǴ Ȋ̶ȦȫȠ̠ȨǮ̮ȇǱȜȦȔȍǮȑȖ̝ȣǴȊȦǴȟȈ̮Ȏ̜ǼǼȦ ȣȦǵṴ̏ȣȦǮȦȖȎ̜ǼǼȦȣ̝ȣȌ ȩșȥ
Ṵ̏ȑ̛ȈȌȦǮȦȖḬ̞̑Ƿ̠ȦǮȜ̝ȦȨȇ̫ǮȜ̛ȕȨḛ̑ȕȜǮ̛Ȍ ȪȇȕȨǶȑȦȥȣȕ̝ȦǴȕ̮̞ǴǮȦȖȨǵȖ̮ǼȨȈ̮ȍȪȈȫȌǷ̝ȜǴ 3 Ȏ̱ȩȖǮ30  

ȌȣǮǵȦǮȌ̡̰ư̏ǴṴ̏ǴȦȌȜ̮ǵ̛ȕḬ̞̑ȝ̲ǮȞȦȉ̲ǴȏșǯȣǴȎȖȣȊȈ̝ȣǮȦȖȨǮ̮ȇȪȖǱȣ̛șȬǸȨȔȣŲ̑ ȪȇȕṴ̏
ǮȦȖȝ̲ǮȞȦȫȌǱȌȜ̛ȕ 91 Ȏ̱Ḭ̞̑ȉ̿ǮȜ̮Ȍ̮ǵǶ̛ȕȜ̝ȦȨȎ̬ȌȪȖǱȣ̛șȬǸȨȔȣŲ̑ ȑȍȜ̝Ȧȏ̠̿Ȏ̟ȜȕȖȦȕȌ̡̰Ṵ̏Ȗȥȇ̛ȍǮȦȖ
ȟȥȟȔǯȣǴȎȖȣȊȟ̿Ǵǯ̡̲Ȍȣȕ̝ȦǴȔȦǮȩȍȍȏ̮ȇȎǮȈ̮ ȨȌ̴̞ȣǴǵȦǮǮȦȖȍȖ̮ȪȓǱȎșȦḬ̞̑Ṵ̏ȟȦȖȎȖȣȊȟ̿Ǵ 
ȓȦȕȠș̛ǴǵȦǮǮȦȖȎƯ̑ȍȨȎș̰̞ȕȌȣȦȠȦȖȩșȥǮȦȖș̠ȦǴȑ̮Ȟ ǱȜȦȔȍǮȑȖ̝ȣǴȊȦǴȟȈ̮Ȏ̜ǼǼȦǯȣǴ
ȏ̠̿Ȏ̟ȜȕȖȦȕȌ̡̰Ǯș̛ȍḛ̑ǯ̡̲Ȍȣȕ̝ȦǴṴ̏Ơ̏ȕȟ̶ȦǱ̛ǼȈȦȔȟ̛ȇȟ̝ȜȌǯȣǴȖȥȇ̛ȍȨȔȊ̮șȨȔȣŲ̑Ǳ̮ȜṴ̑ ɲMeHg) Ḭ̞̑
șȇșǴ29  
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ȍȊḬ̞̑ 2 ǮȦȖȎșȇȎș̝ȣȕȩșȥǱȜȦȔȨȟ̰̞ȕǴȈ̝ȣȑ̮ȞȎȖȣȊǯȣǴȌȦȌȦȎȖȥȨȊȝ 

 

ȎȖȣȊȨȎ̬ȌȔșȑ̮Ȟǯ̠ȦȔȑȖȔȩȇȌȖȥȇ̛ȍȪșǮȇ̛ǴḬ̞̑Ȭȇ̠ȩȟȇǴȖȦȕșȥȨȣ̰ȕȇǮȖȥȍȜȌǮȦȖȊȦǴ
ǮȦȕȓȦȑ ȨǱṴ̏ ȩșȥǷ̰ȜȓȦȑḬ̞̑Ǯ̶ȦȠȌȇǮȦȖȩȎȖȟȓȦȑ ȩȑȖ̝ǮȖȥǵȦȕ ȩșȥȒ̢̽ǴǮȖȥǵȦȕǮș̛ȍȬȎ
Ǯș̛ȍȔȦǯȣǴȎȖȣȊȫȌȍȊḬ̞̑ 1 ȇ̠Ȝȕȑ̮ȞǯȣǴȎȖȣȊȈ̝ȣȖȥȍȍȎȖȥȟȦȊȩșȥȑ̛ȅȌȦǮȦȖǯȣǴȊȦȖǮ
ȖȜȔȉ̲ǴǮȦȖȈǮȟȥȟȔȫȌḫ̞̌ǴȩȜȇș̠ȣȔȩșȥǮȦȖǯȕȦȕȊȦǴǷ̰ȜȓȦȑȫȌḫ̞̌ǴṴ̏Ƿ̰Ȝ̮ȈǯȣǴȎȖȣȊȊ̶ȦȫȠ̠
ǮȦȖȎȌȨȎ̵̡ȣȌȎȖȣȊȫȌḫ̞̌ǴȩȜȇș̠ȣȔȟ̛̞ȌǱșȣȌǱȜȦȔƯ̞̏ȌǱǴǯȣǴȔȜșȔȌ̽ȞȕǷȦȈ̮ȫȌȖȥȇ̛ȍḬ̞̑Ȍ̝Ȧ
Ǯ̛ǴȜș Ḭ̞̑ȟ̶ȦǱ̛ǼȏșǮȖȥȊȍȌ̡̰ȬȔ̝Ȭȇ̠ǵ̶ȦǮ̛ȇȜǴȩǱ̝ȍȖ̮ȨȜȆḬ̞̑Ṵ̏ǮȦȖȎșȇȎș̝ȣȕȎȖȣȊȨȊ̝ȦƠ̡̏Ȍ ȩȈ̝
ǮȖȥȊȍȬȎȫȌȖȥȇ̛ȍȎȖȥȨȊȝ Ȗȥȇ̛ȍȓ̿Ȕ̮ȓȦǱ ȩșȥȖȥȇ̛ȍȪșǮ ǵ̲ǴȨȎ̬ȌȨȖ̴̞ȣǴȕȦǮḬ̞̑ǵȥǵ̶ȦǮ̛ȇ
ǯȣȍȨǯȈǯȣǴȏșǮȖȥȊȍȇ̛ǴǮș̝ȦȜȬȜ̠ȫȌȑ̴̡ȌḬ̞̑ȫȇȑ̴̡ȌḬ̞̑ȠȌ̲̞Ǵ ǮȦȖȩǮ̠ȬǯȎ̜ǼȠȦȔșȑ̮ȞȎȖȣȊǵ̲Ǵ
Ȉ̠ȣǴȣȦȝ̛ȕǱȜȦȔȖ̝ȜȔȔ̴ȣǯȣǴȊ̽ǮȎȖȥȨȊȝȊ̛̞ȜȪșǮ    

 ǱȜȦȔȈȖȥȠƠ̏ǮȖ̝ȜȔȈ̝ȣǮȦȖșȇǮȦȖȎșȇȎș̝ȣȕȎȖȣȊȨȎ̬ȌȨȖ̴̞ȣǴǯȣǴȌȦȌȦȎȖȥȨȊȝȊ̛̞Ȝ
ȪșǮȖȜȔȊ̡̛ǴȎȖȥȨȊȝȬȊȕḬ̞̑Ȉ̠ȣǴȇ̶ȦȨȌ̮ȌǮȦȖȪȇȕȨȖ̝Ǵȇ̝ȜȌȨȑ̴̞ȣȎǮȎ̢ȣǴǱȜȦȔƯ̞̏ȌǱǴǯȣǴȟ̛ǴǱȔ
ȔȌ̽Ȟų̏ǵȦǮȓ̛ȕǯȣǴȎȖȣȊ ȍȊȌ̡̰ǵȥǷ̡̰ȫȠ̠ȨȠ̫Ȍȉ̲ǴȔ̽ȔȔȣǴȫȌȖȥȇ̛ȍȪșǮ Ȝ̝ȦȎȖȥȨȊȝȫȇ Ǯ̮ǵǮȖȖȔȫȇ
ȎșȇȎș̝ȣȕȎȖȣȊȣȣǮȔȦȔȦǮḬ̞̑ȟ̽ȇ ȎȖȥȨȊȝȬȠȌǵȥȬȇ̠Ư̑ȍȏșǮȖȥȊȍǵȦǮȔșȑ̮Ȟǯ̠ȦȔȑȖȔȩȇȌ
Ȍ̡̰ȔȦǮḬ̞̑ȟ̽ȇ ȎȖȥȨȊȝȬȊȕȣȕ̝̿ȈȖǴȬȠȌȫȌȟȔǮȦȖǱȜȦȔȨȟ̰̞ȕǴȌ̡̰ ȎȖȥȨȊȝȬȊȕȎșȇȎș̝ȣȕȔȦǮȌ̠ȣȕ
ȨȊ̝Ȧȫȇ ȩșȥȌ̝ȦǵȥȬȇ̠Ư̑ȍȏșǮȖȥȊȍȔȦǮȌ̠ȣȕȨȊ̝Ȧȫȇ 

 

2.1 ȩȠș̝ǴȎșȇȎș̝ȣȕȎȖȣȊȟ̝̿ȍȖȖȕȦǮȦȝ31  

ǯȕȦȕǱȜȦȔȈ̝ȣȨȌ̴̞ȣǴǵȦǮȍȊḬ̞̑ 1 ȫȌȠ̛Ȝǯ̠ȣȌ̡̰ ǵȥșǴȖȦȕșȥȨȣ̰ȕȇǯȣǴȩȠș̝ǴȎșȇȎș̝ȣȕ
ȎȖȣȊȟ̝̿ȍȖȖȕȦǮȦȝȊ̡̛ǴȩȠș̝ǴȎșȇȎș̝ȣȕȈȦȔȋȖȖȔǷȦȈ̮ɲNatural Emission) ȩȠș̝Ǵ
ȎșȇȎș̝ȣȕǵȦǮǮ̮ǵǮȖȖȔȔȌ̽Ȟų̏ ɲAnthropogenic Emission) ȩșȥȩȠș̝ǴȎșȇȎș̝ȣȕȈȦȔ
ǮșȬǮȋȖȖȔǷȦȈ̮ȩȈ̝ȎȖȣȊḬ̞̑ȉ̿ǮȎșȇȎș̝ȣȕȌ̡̰ȨȎ̬ȌȏșȑȜǴȔȦǵȦǮǮȦȖȈǮȟȥȟȔǯȣǴȎȖȣȊǵȦǮ
Ǯ̮ǵǮȖȖȔȔȌ̽Ȟų̏ȩșȥǵȦǮȋȖȖȔǷȦȈ̮Ǯ̝ȣȌȠȌ̠Ȧ ɲRe-emission/Re-mobilization of Legacy 
and Natural Hg)  

2.1.1 ȩȠș̝ǴȎșȇȎș̝ȣȕȎȖȣȊȈȦȔȋȖȖȔǷȦȈ̮   

ȟȦȖȎȖȣȊṴ̏ȣȕ̝̿ȩș̠ȜȈȦȔȋȖȖȔǷȦȈ̮ ȨȨȈ̝ǮȖȥȍȜȌǮȦȖȎșȇȎș̝ȣȕȎȖȣȊǵȦǮȫȈ̠ȇ̮ȌȫȈ̠
ȊȥȨșȟ̝̿ȍȖȖȕȦǮȦȝḬ̞̑ǵȥȌ̶ȦȔȦȟ̝̿ǱȜȦȔȨȟ̰̞ȕǴȈ̝ȣȟ̽ǯȓȦȑȔȌ̽Ȟų̏ȩșȥȖȥȍȍȌ̮ȨȜȝƠ̡̏ȌȟȦȔȦȖȉ
ȨǮ̮ȇǯ̡̲ȌȬȇ̠Ȫȇȕȏ̝ȦȌǮ̮ǵǮȖȖȔȔȌ̽Ȟų̏ȠȖ̴ȣȪȇȕȏ̝ȦȌǮȖȥȍȜȌǮȦȖȊȦǴȋȖȖȔǷȦȈ̮ǮȦȖȎșȇȎș̝ȣȕ
ȎȖȣȊȟ̝̿ȍȖȖȕȦȕǮȦȝȈȦȔȋȖȖȔǷȦȈ̮Ư̏ǮȨǮ̮ȇǵȦǮǮȦȖȏ̽ǮȖ̝ȣȌǯȣǴȠ̮ȌȠȖ̴ȣǮȦȖȎȥȎȌȔȦǮ̛ȍǮ̣ȦǸ
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Ḭ̞̑ȖȥȍȦȕȣȣǮȔȦǵȦǮȎș̝ȣǴȓ̿ȨǯȦȬȒ ȖȜȔȊ̡̛ǴǮȦȖǱȦȕǱȜȦȔȖ̠ȣȌǯȣǴȨȎș̴ȣǮȪșǮȫȌȖ̿ȎǯȣǴȬȣ
ȎȖȣȊȨȌ̴̞ȣǴȔȦǵȦǮȍȦǴȑ̴̡ȌḬ̞̑ȣȦǵṴ̏ḫ̌ȌȩȖ̝Ḭ̞̑Ṵ̏ȎȖȣȊȨȎ̬ȌȠȌ̲̞ǴȫȌȣǴǱ̨ȎȖȥǮȣȍǯȣǴȨȎș̴ȣǮȪșǮ
ȫȌȍȖ̮ȨȜȆȇ̛ǴǮș̝ȦȜ ȠȖ̴ȣǵȦǮǮȦȖȎșȇȎș̝ȣȕȔȦǵȦǮȑ̴̡ȌȔȠȦȟȔ̽ȊȖḬ̞̑Ṵ̏ḫ̌ȌȩȖ̝ǯȣǴȎȖȣȊȣȕ̝̿ȫȌ
ȨȎș̴ȣǮȪșǮȨǷ̝ȌǮ̛Ȍ ȣȦǵȨǮ̮ȇǮȦȖǷȥșȥșȦȕȣȣǮȔȦȨȎ̬ȌȬȣȣȣȌǯȣǴȎȖȣȊǮ̝ȣȌȨǮ̮ȇǮȦȖȩȎȖ
ȟȓȦȑȨȎ̬ȌȬȣȎȖȣȊḬ̞̑ȖȥȨȠȕȟ̝̿ȍȖȖȕȦǮȦȝȬȇ̠ ȪȇȕȎȖȥȨȔ̮ȌȜ̝ȦṴ̏ǮȦȖȎșȇȎș̝ȣȕȎȖȣȊǵȦǮ
ǮȖȥȍȜȌǮȦȖȊȦǴȋȖȖȔǷȦȈ̮ȇ̛ǴǮș̝ȦȜȎȖȥȔȦȆȎ̱șȥ 600 Ȉ̛Ȍ ɲș̿ǮȝȖȟ̰Ȩǯ̰ȕȜɳ 

 

Ȗ̿ȎḬ̞̑ 2-1 ǮȦȖȎșȇȎș̝ȣȕȎȖȣȊǵȦǮȩȠș̝ǴǮ̶ȦȨȌ̮ȇȈ̝ȦǴ ʑ32  

 

2.1.2 ȩȠș̝ǴȎșȇȎș̝ȣȕȎȖȣȊȟ̝̿Ƿ̡̛ȌȍȖȖȕȦǮȦȝǵȦǮǮ̮ǵǮȖȖȔȔȌ̽Ȟų̏ 

 ȇ̛ǴḬ̞̑Ȭȇ̠Ǯș̝ȦȜȪȇȕȟ̛ǴȨǯȎȫȌȍȊḬ̞̑ 1 ȨȖ̴̞ȣǴǱȜȦȔȠșȦǮȠșȦȕǯȣǴǮ̮ǵǮȖȖȔǯȣǴȔȌ̽Ȟų̏Ḭ̞̑
ȎșȇȎș̝ȣȕȎȖȣȊȟ̝̿ȍȖȖȕȦǮȦȝ ȍȊȌ̡̰ǵȥșǴȖȦȕșȥȨȣ̰ȕȇȨȑ̮̞ȔȨȈ̮Ȕȉ̲ǴǮ̮ǵǮȖȖȔȈ̝ȦǴ ʑ Ḭ̞̑Ṵ̏ǮȦȖ
ȎșȇȎș̝ȣȕȎȖȣȊȨȨșȥṴ̏ǮȦȖȩȟȇǴǮȦȖȜ̮ȨǱȖȦȥȠ̨ȟ̛ȇȟ̝ȜȌǮȦȖȎșȇȎș̝ȣȕǵȦǮǮ̮ǵǮȖȖȔǯȣǴ
ȔȌ̽Ȟų̏ȎȖȥȨȓȊȈ̝ȦǴ ʑ ȫȌȩȈ̝șȥȎȖȥȨȊȝȫȌȠ̛Ȝǯ̠ȣȉ̛ȇȬȎ 

ǮȦȖȎșȇȎș̝ȣȕȎȖȣȊǵȦǮǮ̮ǵǮȖȖȔǯȣǴȔȌ̽Ȟų̏Ṵ̏ȎȖ̮ȔȦȆȩȈǮȈ̝ȦǴǮ̛ȌȬȎȫȌȩȈ̝șȥ
ȎȖȥȨȓȊǮ̮ǵǮȖȖȔ ǮȦȖȏș̮ȈȫȌȓȦǱȣ̽ȈȟȦȠǮȖȖȔȩșȥȪȖǴȬȒȒ̢ȦȨȎ̬ȌǮ̮ǵǮȖȖȔȟ̶ȦǱ̛ǼḬ̞̑Ṵ̏ǮȦȖ
ȎșȇȎș̝ȣȕȟȦȖȎȖȣȊȟ̝̿ḫ̞̌ǴȩȜȇș̠ȣȔ ȬȔ̝Ȝ̝ȦǵȥȨȎ̬ȌȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮Ȍ ɲCoal-Fired Power 
Plants) ȠȔ̠ȣȈ̠ȔȬȣȌ̸ȦȫȌȣ̽ȈȟȦȠǮȖȖȔḬ̞̑ȫǷ̠ȉ̝ȦȌȠ̮Ȍ ɲCoal-Fired Industrial Boilers)  
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ǮȦȖȏș̮ȈȎ̿ȌǸ̰ȨȔȌĮ̏ ɲCement Production) Ḭ̞̑ȫǷ̠ȉ̝ȦȌȠ̮ȌȩșȥȨǷ̴̡ȣȨȑș̮ǴȒȣȟǸ̮șȣ̴̞Ȍ ʑḬ̞̑
ȎȌȨȎ̵̡ ȣȌȎȖȣȊ ȪȖǴȨȏȦǯȕȥ ɲWaste Incineration Facilities) ȩșȥǮȦȖȨȏȦǯȣǴȨȟ̰ȕȩșȥ
ǯȣǴȨȟ̰ȕȣ̛ȌȈȖȦȕ ɲWaste and Hazardous Waste Incineration) ȖȜȔȬȎȉ̲ǴǮȦȖǮș̛̞Ȍȩșȥ
ǮȦȖȫǷ̠Ȍ̸ȦƯ̏ȌȩșȥǮ̣ȦǸȋȖȖȔǷȦȈ̮ 

ȌȣǮǵȦǮȣ̽ȈȟȦȠǮȖȖȔḬ̞̑Ṵ̏ǮȦȖȨȏȦȨǷ̴̡ȣȨȑș̮Ǵȩș̠Ȝ ǮȦȖȊ̶ȦȨȠȔ̴ȣǴȩșȥǮȦȖȩȎȖȖ̿ȎȩȖ̝ 
ǮȦȖȉș̽ǴȨȠș̫ǮȩșȥȪșȠȥḬ̞̑ȬȔ̝ȫǷ̝ȨȠș̫Ǯ ȨǷ̝Ȍ ȟ̛ǴǮȥȟ̰ȩșȥȈȥǮ̛̞Ȝ Ǯ̫ȟȦȔȦȖȉȊ̶ȦȫȠ̠ȨǮ̮ȇǮȦȖ
ȎșȇȎș̝ȣȕȎȖȣȊȨȎ̬ȌȎȖ̮ȔȦȆȔȦǮȬȇ̠ȨǷ̝ȌȨḛ̑ȕȜǮ̛ȌǵȦǮǮȦȖȨȏȦȬȠȔ̠ȟȦȖȎȖȥǮȣȍḬ̞̑ȬȔ̝ȍȖ̮ȟ̽Ȋȋ̮̩
ȫȌḫ̌ȌȩȖ̝ ɲImpurity) ǮȦȖȫǷ̠ȎȖȣȊȫȌǮȦȖȟǮ̛ȇȩȖ̝ȨǴ̮ȌȩșȥȊȣǴǱ̶ȦȊ̶ȦȫȠ̠ȨǮ̮ȇǮȦȖȎșȇȎș̝ȣȕ
ȎȖȣȊȟ̝̿ȍȖȖȕȦǮȦȝȪȇȕȈȖǴȪȇȕȬȔ̝Ȉ̠ȣǴȏ̝ȦȌǮȦȖȨȏȦȬȠȔ̠ ȕ̮̞ǴȬȎǮȜ̝ȦƠ̡̏ȌǮȦȖȊ̶ȦȨȠȔ̴ȣǴư̏ǴȨȖ̝ǴȫȠ̠
ȨǮ̮ȇǮȦȖȏ̽ǮȖ̝ȣȌǯȣǴȠ̮ȌǸ̲̞ǴȨȖ̝ǴǮȖȥȍȜȌǮȦȖǮȦȖȎșȇȎș̝ȣȕȎȖȣȊȈȦȔȋȖȖȔǷȦȈ̮ȫȠ̠ȏ̮ȇ
ȋȖȖȔǷȦȈ̮ ȎȖȣȊȉ̿ǮȎșȇȎș̝ȣȕȟ̝̿ȍȖȖȕȦǮȦȝǵȦǮǮ̮ǵǮȖȖȔȔȌ̽Ȟų̏ȔȦǮȉ̲Ǵ 2,500 Ȉ̛ȌȈ̝ȣȎ̱ Ȗ̿ȎḬ̞̑ 
2-2 ȩȟȇǴȟ̛ȇȟ̝ȜȌǮȦȖȎșȇȎș̝ȣȕȎȖȣȊǵȦǮǮ̮ǵǮȖȖȔȈ̝ȦǴʑǯȣǴȔȌ̽Ȟų̏ǵȦǮǮȦȖȎȖȥȔȦȆǮȦȖ
ǯȣǴǮȦȖȎșȇȎș̝ȣȕȊ̡̛ǴȪșǮȫȌȎ̱ 2558 ȪȇȕȨȠȔ̴ȣǴȊȣǴǱ̶ȦǯȌȦȇȨș̫ǮȖȜȔǮ̛Ȍȩș̠ȜȎșȇȎș̝ȣȕ
ȎȖȣȊȔȦǮḬ̞̑ȟ̽ȇ ȈȦȔȔȦȇ̠ȜȕȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮Ȍ 
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Ȗ̿ȎḬ̞̑ 2-2 ȎȖ̮ȔȦȆǮȦȖȎșȇȎș̝ȣȕȎȖȣȊǵȦǮǮ̮ǵǮȖȖȔȔȌ̽Ȟų̏ȫȌȎ̱ 255832  

 

ȌȣǮǵȦǮǮ̮ǵǮȖȖȔȇ̛ǴȖ̿ȎḬ̞̑ 2-2 Ǹ̲̞ǴȎșȇȎș̝ȣȕȎȖȣȊȎȖ̮ȔȦȆȔȦǮȫȌȎ̜ǵǵ̽ơ̏Ȍȩș̠Ȝ ư̏ǴṴ̏
ǮȦȖȌ̶ȦȟȦȖȎȖȣȊȬȎȫǷ̠ȫȌȏș̮Ȉȓ̛ȆĘ̏ȣ̽ȈȟȦȠǮȖȖȔȩșȥǮȖȥȍȜȌǮȦȖȏș̮ȈȈ̝ȦǴ ʑ ȫȌȣḛ̑Ȉ ȩȈ̝Ȭȇ̠
Ṵ̏ǮȦȖȕǮȨș̮ǮǮȦȖȫǷ̠ǴȦȌȬȎȨȨș̠ȜȠȖ̴ȣṴ̏ȩȌȜȪȌ̠ȔḬ̞̑ǵȥȉ̿ǮȕǮȨș̮ǮǮȦȖȫǷ̠ȫȌȠșȦȕȎȖȥȨȊȝȫȌ
Ȏ̜ǵǵ̽ơ̏Ȍ ȕǮȈ̛Ȝȣȕ̝ȦǴȨǷ̝Ȍ ȩȔ̠ȩȍȈȨȈȣṴ̞̑ȍȦǴȎȖȥȨȓȊư̏ǴǱǴȫǷ̠ȟȦȖȎȖȣȊȨȎ̬Ȍȟ̝ȜȌȎȖȥǮȣȍ ȩȈ̝
ȫȌȎ̜ǵǵ̽ơ̏ȌṴ̏ȩȌȜȪȌ̠ȔḬ̞̑ǵȥȨȎș̰̞ȕȌȩȎșǴȬȎȟ̝̿ǮȦȖȫǷ̠ȩȍȈȨȈȣṴ̞̑ȬȖ̠ȟȦȖȎȖȣȊȩȊȌḬ̞̑ ȨȌ̴̞ȣǴǵȦǮ
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ȠșȦȕȎȖȥȨȊȝṴ̏ȌȪȕȍȦȕơ̏ǴǱ̛ȍȫǷ̠Ȩȑ̴̞ȣǵ̛ȇǮȦȖǮ̛ȍȎ̜ǼȠȦḬ̞̑ȨǮ̰̞ȕȜǯ̠ȣǴǮ̛ȍǮȦȖȩȑȖ̝ǮȖȥǵȦȕǯȣǴ
ȎȖȣȊḬ̞̑ȣȕ̝̿ȫȌȩȍȈȨȈȣṴ̞̑  ȪȇȕȫȌȉ̝ȦȌǮȖȥȇ̽ȔȠȖ̴ȣȉ̝ȦȌȌȦȢ̮ǮȦḬ̞̑ȉ̿Ǯȏș̮ȈȫȌȎȖȥȨȊȝȈ̝ȦǴ ʑ ǵȥ
ȉ̿Ǯǵ̶ȦǮ̛ȇȟ̛ȇȟ̝ȜȌȟ̝ȜȌȏȟȔǯȣǴȟȦȖȎȖȣȊȫȌȏș̮Ȉȓ̛ȆĘ̏  ȫȌȊ̶ȦȌȣǴȨḛ̑ȕȜǮ̛Ȍ ȠșȣȇȬȒȠșȦȕ
ȩȍȍ ȬȔ̝Ȝ̝ȦǵȥȨȎ̬ȌȒș̿ȣȣȨȖȟȨǸȌĮ̏  (ȠȖ̴ȣȠșȣȇȌ̰ȣȣȌɳ  ȠșȣȇȒș̿ȣȣȨȖȟȨǸȌĮ̏ǷȌ̮ȇǱȣȔȩȑǱ 
ȩșȥȠșȣȇȎș̝ȣȕȎȖȥǵ̽Ơ̡̏ȌṴ̏ȎȖȣȊȣȕ̝̿ ȊȦǴȏ̠̿ȏș̮ȈṴ̏ǱȜȦȔȑȕȦȕȦȔȫȌǮȦȖșȇǮȦȖȫǷ̠ȎȖȣȊșǴ
ȨȌ̴̞ȣǴǵȦǮṴ̏ǮȖȥȩȟȈ̝ȣȈ̠ȦȌḬ̞̑Ṵ̏ǱȜȦȔȈ̠ȣǴǮȦȖǸ̴̡ȣȠșȣȇȬȒḬ̞̑ȎȖȦȝǵȦǮȎȖȣȊȨȎ̬ȌȊȦǴȨș̴ȣǮ
ȫȠȔ̝ȣȕ̝ȦǴȠșȣȇȩȣșȣ̰ḛ̑Ḭ̞̑Ṵ̏ǮȦȖȎș̝ȣȕȣ̮Ȩș̫ǮȈȖȣȌȣȣǮȔȦȨȑ̮̞ȔȔȦǮǯ̡̲Ȍ  ȫȌȕ̽ȪȖȎṴ̏ǯ̠ȣǮ̶ȦȠȌȇ
Ḭ̞̑ 2002/95/EC ǯȣǴȟȠȓȦȑȕ̽ȪȖȎ ɲEU) Ȝ̝Ȧȇ̠ȜȕȨȖ̴̞ȣǴǯȣǴǮȦȖȫǷ̠ȟȦȖȣ̛ȌȈȖȦȕȫȌȣ̽ȎǮȖĘ̑
ȨǱȖ̴̞ȣǴȫǷ̠ȬȒȒ̢Ȧȩșȥȣ̮Ȩș̫ǮȊȖȣȌ̮Ǯȟ̨Ḭ̞̑ȉ̿Ǯơ̏ǴǱ̛ȍȫǷ̠ ȨǷ̝ȌȨḛ̑ȕȜǮ̛ȌḬ̞̑ȎȖȥȨȊȝǼ̰̞Ȏ̟̽Ȍ ǵ̰Ȍ ȩșȥƯ̑ȂȩǱ
ș̮ȒȣȨȌ̰ȕḬ̞̑Ȭȇ̠Ư̑ȍǮȦȖȟƠ̏ȍȟȌ̽Ȍ ȩșȥṴ̏ǮȦȖȫǷ̠ȣ̽ȎǮȖĘ̑Ḭ̞̑ȎȖȦȝǵȦǮȎȖȣȊȔȦȊȇȩȊȌȔȦȨȎ̬Ȍ
ȨȜșȦȠșȦȕȎ̱ȩș̠Ȝ 

ȌȣǮǵȦǮȌ̡̰ȨǱȖ̴̞ȣǴȔ̴ȣḬ̞̑ȫǷ̠ȫȌǮȦȖȈȖȜǵȜ̛ȇȩșȥǱȜȍǱ̽ȔȠșȦȕȎȖȥȨȓȊ ȨǷ̝Ȍ ȨȊȣŲ̑ȪȔȔ̮ȨȈȣŲ̑ 
ȍȦȖȣȔ̮ȨȈȣŲ̑ ȩșȥȔȦȪȌȔ̮ȨȈȣŲ̑ư̏ǴǱǴṴ̏ǮȦȖȏș̮Ȉǯ̡̲ȌȔȦȫȌȠșȦȕȩȠ̝ǴȊ̛̞ȜȪșǮ ȩȈ̝ȏ̠̿ȏș̮Ȉḫ̌ȌǱ̠ȦȬȇ̠
Ṵ̏ǮȦȖȨȟȌȣȊȦǴȨș̴ȣǮḬ̞̑ȎșȣȇǵȦǮȎȖȣȊȣȣǮȫȌȏș̮Ȉȓ̛ȆĘ̏ȇ̛ǴǮș̝ȦȜǸ̲̞ǴȟȣȇǱș̠ȣǴǮ̛ȍǮǾȨǮȆĘ̏
ǯȣǴȊȜ̰Ȏȕ̽ȪȖȎḬ̞̑ȉ̿Ǯȑ̛ȅȌȦǯ̡̲ȌȫȠ̠Ṵ̏ǮȦȖȎșȇȖȥȜȦǴǮȦȖȫǷ̠ȣ̽ȎǮȖĘ̑Ḭ̞̑Ṵ̏ȟ̝ȜȌȏȟȔǯȣǴȎȖȣȊȩșȥ
ȟ̝ǴȨȟȖ̮ȔȫȠ̠ȨǮ̮ȇȊȦǴȨș̴ȣǮȫȌǮȦȖȫǷ̠ȣ̽ȎǮȖĘ̑Ḭ̞̑ȎșȣȇǵȦǮȎȖȣȊ ȫȌǯȆȥḬ̞̑ȩȔ̠ǵȥư̏ǴǱǴṴ̏ǮȦȖȌ̶Ȧ
ȟȦȖȎȖȣȊȬȎȫǷ̠ȫȌȊȦǴȊ̛ȌȈǮȖȖȔ ȨǷ̝Ȍ ȣȥƯ̏șǮ̛ȔḬ̞̑ȫǷ̠ȫȌȊȦǴȊ̛ȌȈǮȖȖȔ ɲDental Amalgam) 
Ǹ̲̞ǴȨȎ̬ȌȜ̛ȟȇ̽ȍ̿ȖȆȥȒ̜Ȍ ȩȈ̝ȫȌȎȖȥȨȊȝȟȜ̰ȨȇȌ Ǽ̰̞Ȏ̟̽Ȍ ȨȇȌȔȦŲ̑Ǯ ȩșȥȒ̯ȌȩșȌę̑ Ṵ̏ȔȦȈȖǮȦȖ
ơ̏ǴǱ̛ȍȫǷ̠Ḭ̞̑șȇǮȦȖȫǷ̠ȟȦȖȣ̽ȇȒ̜ȌḬ̞̑Ṵ̏ȟ̝ȜȌȏȟȔǯȣǴȎȖȣȊȣȕ̝ȦǴǵȖ̮Ǵǵ̛Ǵ ȪȇȕḬ̞̑Ȏ̜ǵǵ̽ơ̏ȌȫȌȎȖȥȨȊȝ
ȟȜ̰ȨȇȌȩșȥȌȣŲ̑ȨȜų̏Ȭȇ̠ȕ̽Ȉ̮ǮȦȖȫǷ̠ȩș̠Ȝ 

2.1.3 ȩȠș̝ǴȎșȇȎș̝ȣȕȎȖȣȊḬ̞̑ȈǮȟȥȟȔǵȦǮǮ̮ǵǮȖȖȔȔȌ̽Ȟų̏ȫȌȣḛ̑Ȉ 

 ȇ̛ǴȩȟȇǴȫȌȖ̿ȎḬ̞̑ 2-1 ǮȦȖȎșȇȎș̝ȣȕȎȖȣȊȈȦȔǮșȬǮȋȖȖȔǷȦȈ̮ȩȈ̝ȨȎ̬ȌȎȖȣȊḬ̞̑ȨȎ̬Ȍ
ȏșȑȜǴȔȦǵȦǮǮȦȖȈǮȟȥȟȔǯȣǴȎȖȣȊǵȦǮǮ̮ǵǮȖȖȔȔȌ̽Ȟų̏ȩșȥǮ̮ǵǮȖȖȔȊȦǴȋȖȖȔǷȦȈ̮Ǯ̝ȣȌ
ȠȌ̠Ȧ ɲRe-emission/re-mobilization of Legacy and Natural Hg)32 (ȩȟȇǴȇ̠Ȝȕș̿ǮȝȖȟ̰
ȟ̠Ȕɳ ȨȎ̬ȌǮȦȖȎșȇȎș̝ȣȕȎȖȣȊȟ̝̿ȍȖȖȕȦǮȦȝḬ̞̑ȔȦǮḬ̞̑ȟ̽ȇ ɲȉ̲Ǵ 5,000 Ȉ̛ȌȈ̝ȣȎ̱ɳ ȫȌȍȖȖȇȦ 3 
ȎȖȥȨȓȊǯȣǴǮȦȖȎșȇȎș̝ȣȕḬ̞̑ȩȟȇǴȫȌȍȊȌ̡̰ ǶȥƠ̡̏ȌȩȔ̠ǮșȬǮḬ̞̑Ȋ̶ȦȫȠ̠ȎȖȣȊȉ̿ǮȎșȇȎș̝ȣȕȟ̝̿
ȍȖȖȕȦǮȦȝǵȥȨȎ̬ȌǮșȬǮȈȦȔȋȖȖȔǷȦȈ̮ ȨǷ̝Ȍ ǮȦȖȖȥȨȠȕǵȦǮȔȠȦȟȔ̽ȊȖ ǮȦȖȖȥȨȠȕǵȦǮȇ̮Ȍ
ȠȖ̴ȣȈ̠ȌȬȔ̠ ȩșȥǮȦȖȨȏȦǷ̰ȜȔȜș ȨǷ̝Ȍ ȬȒȎ̟Ȧ ȩȈ̝ȎȖȣȊḬ̞̑ȉ̿ǮȎșȇȎș̝ȣȕǮ̫ȔȦǵȦǮǮ̮ǵǮȖȖȔȔȌ̽Ȟų̏
Ḭ̞̑Ȋ̶ȦȫȠ̠ȨǮ̮ȇǮȦȖȈǮȟȥȟȔȫȌǷ̝ȜǴȨȜșȦǮ̝ȣȌȠȌ̠Ȧ ȪȇȕǮ̮ǵǮȖȖȔȔȌ̽Ȟų̏Ȉ̡̛ǴȩȈ̝ȣḛ̑ȈḬ̞̑ȏ̝ȦȌȔȦȊ̶ȦȫȠ̠
ȨǮ̮ȇǮȦȖȎșȇȎș̝ȣȕȈȦȔȋȖȖȔǷȦȈ̮Ȍ̡̰ȟ̿ǴǮȜ̝ȦḬ̞̑ǱȜȖǵȥȨȎ̬ȌǵȦǮȋȖȖȔǷȦȈ̮ǵȖ̮Ǵ ʑ ȉ̲ǴȖ̠ȣȕșȥ 
250  (ȇ̿Ȗ̿ȎḬ̞̑ 2-1) ȩșȥǵȥȟ̿Ǵǯ̡̲ȌȨȖ̴̞ȣȕ ʑ ȨȔ̴̞ȣȨȜșȦȏ̝ȦȌȬȎȈȦȔǮȦȖȎșȇȎș̝ȣȕȎȖȣȊǵȦǮ
Ǯ̮ǵǮȖȖȔǯȣǴȔȌ̽Ȟų̏Ȩǯ̠Ȧȟ̝̿ȍȖȖȕȦǮȦȝḬ̞̑ȔȦǮǯ̡̲ȌȊ̽ǮȜ̛Ȍ ǮȦȖȎșȇȎș̝ȣȕȎȖȣȊḬ̞̑ȔȦǮǯ̡̲ȌǵȦǮ
Ǯ̮ǵǮȖȖȔȔȌ̽Ȟų̏ȫȌȩȈ̝șȥȎ̱Ȋ̶ȦȫȠ̠ȎȖȣȊȈǮȟȥȟȔșǴȟ̝̿ȏ̮Ȝȇ̮Ȍȩșȥȑ̴̡ȌȌ̸ȦȨȑ̮̞Ȕǯ̡̲Ȍȉ̲ǴȖ̠ȣȕșȥ 310 
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ȇ̠ȜȕȨǷ̝ȌȨḛ̑ȕȜǮ̛Ȍ ȇ̠ȜȕȨȠȈ̽Ȍ̡̰ȎȖȣȊḬ̞̑ȎșȇȎș̝ȣȕǵȦǮǮ̮ǵǮȖȖȔȔȌ̽Ȟų̏ǵ̲ǴȟȥȟȔȊȍȈ̠Ȍȩșȥ
ȬȠșȜȌȨȜ̰ȕȌȟȖ̠ȦǴȏșǮȖȥȊȍḬ̞̑Ȩȑ̮̞Ȕǯ̡̲Ȍȣȕ̝̿ȫȌȖȥȍȍȌ̮ȨȜȝȩșȥȍȖȖȕȦǮȦȝǯȣǴȪșǮȨȑ̮̞Ȕǯ̡̲ȌȊ̽Ǯ
Ȝ̛ȌȈȖȦȍȫȇḬ̞̑Ǯ̮ǵǮȖȖȔȣ̽ȈȟȦȠǮȖȖȔǯȣǴȔȌ̽Ȟų̏ư̏ǴǱǴǯ̽ȇȎȖȣȊǯ̡̲ȌȔȦǵȦǮȑ̴̡Ȍȑ̮ȓȑȩșȥ
ȎșȇȎș̝ȣȕƯ̏ȌȣȣǮȟ̝̿ȍȖȖȕȦǮȦȝȬȔ̝Ȝ̝ȦǵȥȪȇȕȈ̡̛ǴȫǵȠȖ̴ȣȬȔ̝Ǯ̫ȈȦȔ 
 

2.2 ǮȦȖȎșȇȎș̝ȣȕȎȖȣȊǵȦǮȌȦȌȦȎȖȥȨȊȝȊ̛̞ȜȪșǮ  

Ȗ̿ȎḬ̞̑ 2-3 ȩȟȇǴǮȦȖȎșȇȎș̝ȣȕȎȖȣȊǵȦǮȊȜ̰ȎȈ̝ȦǴ ʑ Ȋ̛̞ȜȪșǮȪȇȕȣ̮Ǵǯ̠ȣȔ̿șǮȦȖ
ȎșȇȎș̝ȣȕǵȦǮǮ̮ǵǮȖȖȔȔȌ̽Ȟų̏ȎȖȥǵ̶ȦȎ̱ 2558 ȫȌǯȆȥḬ̞̑Ȗ̿ȎḬ̞̑ 2-4 ȩȟȇǴǮȦȖǵ̶ȦȩȌǮȩȈ̝șȥ
Ǯ̮ǵǮȖȖȔȟ̶ȦǱ̛ǼǯȣǴȔȌ̽Ȟų̏Ḭ̞̑ȎșȇȎș̝ȣȕȎȖȣȊȟ̝̿ȍȖȖȕȦǮȦȝȫȌȩȈ̝șȥȊȜ̰Ȏ ȪȇȕȊȜ̰ȎḬ̞̑
ȎșȇȎș̝ȣȕȎȖȣȊȔȦǮḬ̞̑ȟ̽ȇǱ̴ȣȊȜ̰Ȏ ȨȣȨǷ̰ȕȈȥȜ̛ȌȣȣǮȩșȥȨȣȨǷ̰ȕȈȥȜ̛ȌȣȣǮȨǶ̰ȕǴȫȈ̠ ɲȖ̠ȣȕșȥ 
38.6 ǯȣǴǮȦȖȎșȇȎș̝ȣȕȎȖȣȊȊ̡̛ǴȪșǮɳ ȩșȥȖȣǴșǴȔȦǱ̴ȣȊȜ̰ȎȣȨȔȖ̮ǮȦȫȈ̠ ɲȖ̠ȣȕșȥ 18.4 ǯȣǴ
ǮȦȖȎșȇȎș̝ȣȕȎȖȣȊȊ̡̛ǴȪșǮɳ ȌȣǮǵȦǮȌ̡̰Ǯ̮ǵǮȖȖȔḬ̞̑ȎșȇȎș̝ȣȕȎȖȣȊȔȦǮḬ̞̑ȟ̽ȇȟ̶ȦȠƯ̑ȍȊȜ̰Ȏ 
ȨȣȨǷ̰ȕȈȥȜ̛ȌȣȣǮȩșȥȨȣȨǷ̰ȕȈȥȜ̛ȌȣȣǮȨǶ̰ȕǴȫȈ̠ Ǳ̴ȣ Ǯ̮ǵǮȖȖȔȓȦǱȣ̽ȈȟȦȠǮȖȖȔ ɲȎȖȥȔȦȆ 
307 Ȉ̛ȌȈ̝ȣȎ̱ ȠȖ̴ȣȖ̠ȣȕșȥ 35.73 ǯȣǴȊȜ̰Ȏɳ ȈȦȔȔȦȇ̠ȜȕǮȦȖȎșȇȎș̝ȣȕǵȦǮǮȦȖȨȏȦ
ȨǷ̴̡ȣȨȑș̮Ǵ ȨǷ̝Ȍ ȉ̝ȦȌȠ̮Ȍ ɲȎȖȥȔȦȆ 229 Ȉ̛ȌȈ̝ȣȎ̱ ȠȖ̴ȣȖ̠ȣȕșȥ 26.66 ǯȣǴȊȜ̰Ȏɳ ȫȌȊȦǴ
ȈȖǴǮ̛Ȍǯ̠ȦȔ ȟ̶ȦȠƯ̑ȍȊȜ̰ȎȣȨȔȖ̮ǮȦȫȈ̠Ḭ̞̑ȎșȇȎș̝ȣȕȎȖȣȊȔȦǮȨȎ̬Ȍș̶Ȧȇ̛ȍ 2 ǯȣǴȪșǮ ǮȦȖ
ȎșȇȎș̝ȣȕȎȖȣȊȟ̿Ǵȟ̽ȇȨǮ̮ȇǵȦǮȨȠȔ̴ȣǴȩȖ̝ǯȌȦȇȨș̫Ǯ ɲȎȖȥȔȦȆ 340 Ȉ̛ȌȈ̝ȣȎ̱ ȠȖ̴ȣȖ̠ȣȕșȥ 
83.13 ǯȣǴȊȜ̰Ȏɳ ȈȦȔȔȦȇ̠ȜȕǮ̮ǵǮȖȖȔȓȦǱȣ̽ȈȟȦȠǮȖȖȔǸ̲̞ǴṴ̏ǮȦȖȎșȇȎș̝ȣȕȎȖȣȊȨȑ̰ȕǴ 
ɲȎȖȥȔȦȆ 43.7 Ȉ̛ȌȈ̝ȣȎ̱ ȠȖ̴ȣȖ̠ȣȕșȥ 10.68 ǯȣǴȊȜ̰Ȏɳ  

ȣȕ̝ȦǴȬȖǮ̫ḛ̑ȠȦǮȈ̠ȣǴǮȦȖȊȖȦȍǮȦȖȎșȇȎș̝ȣȕȎȖȣȊȈ̝ȣȎ̱ȫȌȩȈ̝șȥȎȖȥȨȊȝ ȩȕǮȖȦȕ
ȎȖȥȨȊȝ Ǯ̫ȟȦȔȦȖȉȊ̶ȦȬȇ̠ȇ̛ǴȩȟȇǴȬȇ̠ȫȌȖ̿ȎḬ̞̑ 2-5 Ǹ̲̞ǴȨȎ̬ȌȂȦȌǯ̠ȣȔ̿șȨǷ̮ǴȪȈ̠ȈȣȍȫȠ̠ȏ̠̿ȫǷ̠
ȟȦȔȦȖȉȨǯ̠ȦȬȎȨș̴ȣǮȇ̿ǮȦȖȎșȇȎș̝ȣȕȎȖȣȊǯȣǴȩȈ̝șȥȎȖȥȨȊȝȬȇ̠ ɲȖȜȔȊ̡̛ǴȎȖȥȨȊȝȬȊȕɳ Ȫȇȕ
ǮȦȖȨș̴ȣǮǵȦǮȩȏȌḬ̞̑ȫȌȂȦȌǯ̠ȣȔ̿ș Ȋ̡̛ǴȌ̡̰ǯ̠ȣȔ̿șȇ̛ǴǮș̝ȦȜȨȎ̬ȌǮȦȖȎșȇȎș̝ȣȕȖȥȠȜ̝ȦǴȎ̱ 2553 - 
2556 ǵȥȨȠ̫ȌȬȇ̠Ȝ̝ȦȎȖȥȨȊȝǵ̰ȌȎșȇȎș̝ȣȕȎȖȣȊȔȦǮḬ̞̑ȟ̽ȇȫȌȪșǮȣȕ̝̿Ḭ̞̑ 575.20 Ȉ̛ȌȈ̝ȣȎ̱ ȈȦȔ
ȇ̠ȜȕȎȖȥȨȊȝȣ̮ȌȨḛ̑ȕḬ̞̑ 114.73 Ȉ̛ȌȈ̝ȣȎ̱ ȩșȥȎȖȥȨȊȝȣ̮ȌȪȇȌ̰ȨǸ̰ȕḬ̞̑ 78.20 Ȉ̛ȌȈ̝ȣȎ̱ 

ǵȦǮȊ̡̛Ǵ 2 ȂȦȌǯ̠ȣȔ̿șȊ̶ȦȫȠ̠ȨȠ̫ȌȬȇ̠Ȝ̝ȦȫȌȟ̝ȜȌȈ̝ȦǴ ʑ ǯȣǴȪșǮṴ̏ȩȠș̝ǴȎșȇȎș̝ȣȕȎȖȣȊḬ̞̑
ȩȈǮȈ̝ȦǴǮ̛ȌȬȎ ȎȖȥȨȊȝȫȌȊȜ̰ȎȨȣȨǷ̰ȕȈȥȜ̛ȌȣȣǮȩșȥȨȣȨǷ̰ȕȈȥȜ̛ȌȣȣǮȨǶ̰ȕǴȫȈ̠Ḭ̞̑Ṵ̏ǮȦȖȨȈ̮ȍȪȈ
ȊȦǴȣ̽ȈȟȦȠǮȖȖȔȟ̿ǴǮ̫ǵȥȎșȇȎș̝ȣȕȎȖȣȊǵȦǮǮȦȖȫǷ̠ǴȦȌȨǷ̴̡ȣȨȑș̮ǴȊȦǴȣ̽ȈȟȦȠǮȖȖȔȩșȥ
ǮȦȖȏș̮ȈȬȒȒ̢Ȧ ȫȌǯȆȥḬ̞̑ȎȖȥȨȊȝȫȌȓ̿Ȕ̮ȓȦǱȣȨȔȖ̮ǮȦȫȈ̠Ǹ̲̞ǴṴ̏ǮȦȖȊ̶ȦȨȠȔ̴ȣǴȩȖ̝ȔȦǮǮ̫ǵȥ
ȎșȇȎș̝ȣȕȎȖȣȊȟ̝ȜȌȫȠǼ̝Ǯ̫ȔȦǵȦǮȨȠȔ̴ȣǴȩȖ̝ȨǴ̮ȌȩșȥȊȣǴǯȌȦȇȨș̫ǮḬ̞̑ǮȖȥǵȦȕȣȕ̝̿Ȋ̛̞ȜȊ̡̛Ǵ
ȓ̿Ȕ̮ȓȦǱƠ̞̏ȌȨȣǴ 
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Ȗ̿ȎḬ̞̑ 2-3 ǮȦȖȎșȇȎș̝ȣȕȎȖȣȊǵȦǮȊȜ̰ȎȈ̝ȦǴʑȊ̛̞ȜȪșǮȪȇȕȣ̮Ǵǯ̠ȣȔ̿șǮȦȖȎșȇȎș̝ȣȕ 
ǵȦǮǮ̮ǵǮȖȖȔȔȌ̽Ȟų̏ȎȖȥǵ̶ȦȎ̱ 255832  
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Ȗ̿ȎḬ̞̑ 2-4 ǮȦȖǵ̶ȦȩȌǮȩȈ̝șȥǮ̮ǵǮȖȖȔȟ̶ȦǱ̛ǼǯȣǴȔȌ̽Ȟų̏Ḭ̞̑ȎșȇȎș̝ȣȕȎȖȣȊȟ̝̿ȍȖȖȕȦǮȦȝ 

ȫȌȩȈ̝șȥȊȜ̰Ȏ32  
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Ȗ̿ȎḬ̞̑ 2-5 ȂȦȌǯ̠ȣȔ̿șȨǷ̮ǴȪȈ̠Ȉȣȍ ȩȟȇǴǮȦȖȎșȇȎș̝ȣȕȎȖȣȊȟ̝̿ȍȖȖȕȦǮȦȝȖȦȕȎȖȥȨȊȝ 
Ȫȇȕȣ̠ȦǴȣ̮Ǵǯ̠ȣȔ̿șȎ̱ 2553 - 2556 (https://geovisualist.com/2014/05/09/updated -

global-mercury-pollution -viz-and-graphics/) 

ȟ̶ȦȠƯ̑ȍȊȜ̰ȎȣȨȔȖ̮ǮȦȨȠȌ̴ȣ ȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮ȌȨȎ̬ȌȈ̛ȜǮȦȖȠș̛ǮȫȌǮȦȖȎșȇȎș̝ȣȕȔșȑ̮Ȟ
ȊȦǴȣȦǮȦȝǵ̶ȦȌȜȌȔȠȦȝȦșȫȌȩȈ̝șȥȎ̱ Ǹ̲̞ǴȖȜȔȉ̲ǴǮȦȖȎșȇȎș̝ȣȕȟȦȖȎȖȣȊȣȣǮȔȦȇ̠Ȝȕ 27.0 
Ȉ̛Ȍ ȫȌȎ̱ 2015 Ǳ̮ȇȨȎ̬ȌȖ̠ȣȕșȥ 66.83 ǯȣǴȊ̡̛ǴȊȜ̰Ȏ Ǹ̲̞ǴȔȦǮǮȜ̝ȦȩȠș̝ǴȎșȇȎș̝ȣȕȎȖȣȊș̶Ȧȇ̛ȍ 
2 Ǳ̴ȣȣ̽ȈȟȦȠǮȖȖȔȣȕ̝ȦǴṴ̏Ơ̏ȕȟ̶ȦǱ̛ǼḬ̞̑ 7.63 Ȉ̛Ȍ ȫȌȎ̱ 2558 Ǳ̮ȇȨȎ̬ȌȖ̠ȣȕșȥ 18.89 ǯȣǴȊ̡̛Ǵ
ȊȜ̰Ȏ32 ȟ̶ȦȠƯ̑ȍȫȌȎȖȥȨȊȝȟȠƯ̑ȂȣȨȔȖ̮ǮȦȨȣǴ ǵȦǮǯ̠ȣȔ̿șȫȌȎ̱ 2553 ȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮Ȍ
ȎșȇȎș̝ȣȕȔșȑ̮ȞȎȖȣȊȣȣǮȟ̝̿ȍȖȖȕȦǮȦȝ 29.9 Ȉ̛ȌǱ̮ȇȨȎ̬Ȍȟ̛ȇȟ̝ȜȌȉ̲Ǵ 2 ȫȌ 3 ǯȣǴǮȦȖȎș̝ȣȕ
Ȋ̡̛ǴȠȔȇ ȟȣȇǱș̠ȣǴǮ̛ȍǯ̠ȣȔ̿șǯȣǴȊ̡̛ǴȊȜ̰ȎḬ̞̑Ȝ̝ȦȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮ȌȨȎ̬ȌȈ̛ȜǮȦȖȎșȇȎș̝ȣȕȎȖȣȊ
Ȩǯ̠Ȧȟ̝̿Ƿ̡̛ȌȍȖȖȕȦǮȦȝȎȖ̮ȔȦȆḬ̞̑ȔȦǮǮȜ̝Ȧȣ̽ȈȟȦȠǮȖȖȔȣ̴̞Ȍ ʑ ȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮Ȍȍ̮̤ǮȍȖȦȜǪ̏  ȩșȥ
ȨȠȔ̴ȣǴȉ̝ȦȌȠ̮Ȍș̮ǮȬȌĮ̏ȫȌȨȔ̴ȣǴȩȒŲ̑Ȓ̯șę̑ȎșȇȎș̝ȣȕȔșȑ̮ȞȎȖȣȊǮȜ̝Ȧ 0.7 Ȉ̛Ȍ ȫȌȎ̱ 2553 
Ư̑ȂȨȊ̫ǮǸ̛ȟȨȎ̬ȌƯ̑ȂḬ̞̑ȎșȇȎș̝ȣȕȎȖȣȊǵȦǮȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮ȌȨȎ̬Ȍȣ̛Ȍȇ̛ȍȠȌ̲̞ǴǯȣǴȎȖȥȨȊȝ 
ȌȣǮǵȦǮȌ̡̰ 5 ȍȖ̮Ȟ̛ȊȫȌȟȠƯ̑ȂȣȨȔȖ̮ǮȦȎșȇȎș̝ȣȕȎȖȣȊȔȦǮǮȜ̝ȦȠȌ̲̞ǴȫȌȟȦȔǯȣǴǮȦȖȎș̝ȣȕ
ȎȖȣȊǵȦǮȪȖǴȬȒȒ̢ȦȊ̡̛ǴȠȔȇȫȌȎ̱ 2553  ȪȇȕȍȖ̮Ȟ̛ȊȣȨȔȖ̮Ǯ̛Ȍ ȣ̮Ȩș̫ǮȊȖ̮Ǳ ȑȦȜȨȜȣŲ̑ ɲAmerican 
Electric Power) Ȭȇ̠Ȏș̝ȣȕȟȦȖȎȖȣȊȣȣǮȔȦȉ̲Ǵ 2.8 Ȉ̛Ȍ33  

ȫȌȊ̶ȦȌȣǴȨḛ̑ȕȜǮ̛ȌǮ̛ȍȊȜ̰ȎȣȨȔȖ̮ǮȦȨȠȌ̴ȣ ǵȦǮǯ̠ȣȔ̿șȫȌȎ̱ 2558 ȩȠș̝ǴȎșȇȎș̝ȣȕ
ȎȖȣȊȟ̿Ǵȟ̽ȇȫȌȊȜ̰Ȏȕ̽ȪȖȎǱ̴ȣȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮ȌȪȇȕȎșȇȎș̝ȣȕȎȖȣȊ 46.5 Ȉ̛Ȍ Ǳ̮ȇȨȎ̬ȌȖ̠ȣȕșȥ 
60.23 ǯȣǴȊ̡̛ǴȊȜ̰Ȏ Ǹ̲̞ǴȔȦǮǮȜ̝ȦǮȦȖȎșȇȎș̝ȣȕȣ̛Ȍȇ̛ȍḬ̞̑ 2 ȣȕ̝ȦǴȪȖǴǴȦȌȣ̽ȈȟȦȠǮȖȖȔḬ̞̑ 22 

https://geovisualist.com/2014/05/09/updated-global-mercury-pollution-viz-and-graphics/
https://geovisualist.com/2014/05/09/updated-global-mercury-pollution-viz-and-graphics/
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Ȉ̛ȌȈ̝ȣȎ̱ Ǳ̮ȇȨȎ̬ȌȖ̠ȣȕșȥ 28.50 ǯȣǴȊ̡̛ǴȊȜ̰Ȏ ȣȕ̝ȦǴṴ̏Ơ̏ȕȟ̶ȦǱ̛Ǽ32 ȪȎȩșȌę̑ȨȎ̬ȌȎȖȥȨȊȝḬ̞̑Ṵ̏ǮȦȖ
Ȏș̝ȣȕȎȖȣȊȣȣǮȟ̝̿Ƿ̡̛ȌȍȖȖȕȦǮȦȝȔȦǮḬ̞̑ȟ̽ȇȫȌȊȜ̰Ȏȕ̽ȪȖȎ Ǹ̲̞Ǵȣȕ̝̿ȖȥȠȜ̝ȦǴ 10-20 Ȉ̛ȌȫȌȩȈ̝șȥȎ̱ 
Ǹ̲̞ǴǮȦȖȎșȇȎș̝ȣȕȎȖȣȊȣȣǮȟ̝̿Ƿ̡̛ȌȍȖȖȕȦǮȦȝȠș̛Ǯ ʑ ǯȣǴȪȎȩșȌę̑ȔȦǵȦǮǮȦȖȨȏȦȬȠȔ̠ȉ̝ȦȌ
Ƞ̮Ȍ Ȩȑ̴̞ȣǮȦȖȏș̮ȈǮȖȥȩȟȬȒȒ̢Ȧȩșȥȑș̛ǴǴȦȌǱȜȦȔȖ̠ȣȌ ȫȌȎ̱ 2556 ȎȖȥȨȊȝȪȎȩșȌę̑ȏș̮Ȉ
ǮȖȥȩȟȬȒȒ̢Ȧȩșȥȑș̛ǴǴȦȌǱȜȦȔȖ̠ȣȌȇ̠ȜȕǮȦȖȨȏȦȬȠȔ̠ȉ̝ȦȌȠ̮ȌǸ̛ȍȍ̮Ȋ̿Ȕ̮Ơ̏ȟȎȖȥȔȦȆ 35 ș̠ȦȌ
Ȉ̛Ȍȩșȥș̮ǮȬȌĮ̏ȎȖȥȔȦȆ 62 ș̠ȦȌȈ̛Ȍ 

 

Ȗ̿ȎḬ̞̑ 2-6 ȣ̛ȈȖȦǮȦȖȎș̝ȣȕȎȖȣȊǯȣǴǮș̝̽ȔȎȖȥȨȊȝ EU34  

 ȟ̶ȦȠƯ̑ȍȎȖȥȨȊȝǵ̰Ȍ ȉ̝ȦȌȠ̮ȌṴ̏ǱȜȦȔȟ̶ȦǱ̛Ǽȣȕ̝ȦǴȔȦǮȈ̝ȣǮȦȖȑ̛ȅȌȦȨȝȖȞȂǮ̮ǵ ȣȕ̝ȦǴȬȖ
Ǯ̫ḛ̑ ȉ̝ȦȌȠ̮ȌȫȌȎȖȥȨȊȝǵ̰ȌȪȇȕȨǶș̰̞ȕṴ̏ȎȖ̮ȔȦȆȟȦȖȎȖȣȊȣȕ̝̿Ǯ̮ȪșǮƯ̑Ȕșȥ 144 ȬȔȪǱȖǮƯ̑Ȕ Ǹ̲̞Ǵ
ȎȖ̮ȔȦȆȟȦȖǵȥȩȈǮȈ̝ȦǴǮ̛ȌȫȌȪȖǴȬȒȒ̢ȦȩȈ̝șȥȩȠ̝Ǵ ȪȇȕǵȥṴ̏ȎȖȣȊȣȕ̝̿ȫȌǷ̝ȜǴǮ̮ȪșǮƯ̑Ȕșȥ 10 
ȉ̲Ǵ 385 ȬȔȪǱȖǮƯ̑Ȕ ǵȦǮǮȦȖǱȦȇǮȦȖĘ̑ȎȖ̮ȔȦȆǮȦȖȎș̝ȣȕȟȦȖȎȖȣȊȖȦȕȎ̱ǵȦǮǮȦȖȨȏȦȬȠȔ̠
ȉ̝ȦȌȠ̮ȌǯȣǴȎȖȥȨȊȝǵ̰Ȍȣȕ̝̿Ḭ̞̑ 575.20 Ȉ̛ȌȈ̝ȣȎ̱ ȉ̿ǮȎȖȥȨȔ̮ȌȜ̝ȦȨȎ̬ȌȎȖȥȨȊȝḬ̞̑ȎșȇȎș̝ȣȕȟȦȖ
ȎȖȣȊǵȦǮǮ̮ǵǮȖȖȔȔȌ̽Ȟų̏Ḭ̞̑ȫȠǼ̝Ḭ̞̑ȟ̽ȇȫȌȪșǮȨȑȖȦȥȌȣǮǵȦǮȉ̝ȦȌȠ̮Ȍǵȥȉ̿ǮȫǷ̠ȫȌȣ̽ȈȟȦȠǮȖȖȔ
ȩșȥȪȖǴȬȒȒ̢Ȧȩș̠Ȝ ȉ̝ȦȌȠ̮Ȍư̏Ǵȉ̿ǮȫǷ̠ȓȦȕȫȌǱƯ̑ȜȨȖ̴ȣȌȫȌȩȉȍǷȌȍȊ ȨȌ̴̞ȣǴǵȦǮȉ̝ȦȌȣ̛ȇǵȦǮ
ȉ̝ȦȌȠ̮ȌṴ̏ȖȦǱȦḬ̞̑ȉ̿ǮǮȜ̝Ȧȉ̝ȦȌǵȦǮȬȔ̠ ȩȈ̝Ǯ̫Ṵ̏ǮȦȖȎș̝ȣȕȔșȑ̮ȞȊȦǴȣȦǮȦȝḬ̞̑ȟ̿ǴǮȜ̝ȦȨǷ̝ȌǮ̛Ȍ Ȫȇȕ
ǴȦȌȝ̲ǮȞȦǮȦȖȫǷ̠ȉ̝ȦȌȠ̮ȌȓȦȕȫȌǱƯ̑ȜȨȖ̴ȣȌȑȍȩȌȜȪȌ̠ȔȖȥȇ̛ȍǯȣǴȔșȑ̮ȞȊȦǴȣȦǮȦȝḬ̞̑ȟ̿Ǵǯ̡̲Ȍ 
ȬȔ̝Ȝ̝ȦǵȥȨȎ̬ȌǸ̛șȨȒȣŲ̑ ɲSulfur) ȟȦȖȠȌ̿ ɲArsenic) Ȓș̿ȣȣṴ̑Ȍ ɲFluorine) ȩșȥȎȖȣȊ 
ɲMercury) ȫȌǷ̝ȜǴȎ̱ 2534 ȉ̲ǴȎ̱ 2558 Ṵ̏ǱȜȦȔȟȣȇǱș̠ȣǴǮ̛ȍȎȖ̮ȔȦȆǮȦȖȫǷ̠ȉ̝ȦȌȠ̮ȌȫȌ
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ǱƯ̑ȜȨȖ̴ȣȌḬ̞̑Ȩȑ̮̞Ȕǯ̡̲Ȍ ȪȇȕȫȌȎ̱ 2558 ǮȦȖȎș̝ȣȕǮ̣ȦǸǵȦǮǮȦȖȨȏȦȬȠȔ̠ȉ̝ȦȌȠ̮ȌȫȌǱƯ̑ȜȨȖ̴ȣȌṴ̏
ȎȖ̮ȔȦȆǸ̛șȨȒȣŲ̑ 0.88 ș̠ȦȌȈ̛Ȍ ȟȦȖȠȌ̿ 213.28 Ȉ̛Ȍ Ȓș̿ȣȣṴ̑Ȍ 11,618.73 Ȉ̛Ȍ ȩșȥȎȖȣȊ 
15.89 Ȉ̛Ȍ ȣ̰ǮȊ̡̛Ǵư̏ǴȩȟȇǴȫȠ̠ȨȠ̫Ȍȉ̲ǴǮȦȖȎșȇȎș̝ȣȕȔșȑ̮ȞḬ̞̑Ȩȑ̮̞Ȕǯ̡̲Ȍȣȕ̝ȦǴǷ̛ȇȨǵȌȫȌȩȉȍ
ǷȌȍȊ Ơ̏ȍȈ̡̛ǴȩȈ̝Ȏ̱ 2545 ȩșȥṴ̏ȎȖ̮ȔȦȆȖȜȔḬ̞̑ȔȦǮǮȜ̝ȦǮȦȖȎș̝ȣȕȫȌȨȔ̴ȣǴȉ̲Ǵ 5 ȨȊ̝ȦȫȌȎ̱ 
255835  

 ȟ̶ȦȠƯ̑ȍȎȖȥȨȊȝȣ̮ȌȨḛ̑ȕḬ̞̑Ǯ̶Ȧș̛ǴȨȈ̮ȍȪȈȣȕ̝ȦǴȖȜȇȨȖ̫ȜȊ̡̛ǴȫȌȩǴ̝ǯȣǴǮȦȖȨȑ̮̞Ȕǯ̡̲ȌǯȣǴ
ȎȖȥǷȦǮȖ ɲȎ̜ǵǵ̽ơ̏ȌṴ̏ǵ̶ȦȌȜȌȎȖȥǷȦǮȖȔȦǮǮȜ̝ȦȠȌ̲̞Ǵȑ̛Ȍș̠ȦȌǱȌȩșȥư̏ǴǱǴȨȑ̮̞Ȕǯ̡̲Ȍȣȕ̝ȦǴ
Ȉ̝ȣȨȌ̴̞ȣǴɳ ȫȌȩǴ̝ǯȣǴȨȝȖȞȂǮ̮ǵȩșȥǮȦȖȏș̮ȈȬȒȒ̢ȦɲStationary Combustion) ǵ̲ǴȨȎ̬ȌȩȠș̝Ǵ
ȎșȇȎș̝ȣȕȎȖȣȊḬ̞̑ȫȠǼ̝Ḭ̞̑ȟ̽ȇ ȖȣǴșǴȔȦǱ̴ȣȣ̽ȈȟȦȠǮȖȖȔȎ̿ȌǸ̰ȨȔȌĮ̏ ǵȦǮǴȦȌȝ̲ǮȞȦǯȣǴ 
Mukherjee ȩșȥǱȆȥ ȫȌȎ̱ 2553 ȑȍȜ̝ȦȫȌȎ̱ 2547 ȎȖȥȨȊȝȣ̮ȌȨḛ̑ȕȎș̝ȣȕȔșȑ̮ȞȎȖȣȊ
ȖȜȔȉ̲Ǵ 222ɼ310 Ȉ̛ȌȈ̝ȣȎ̱ Ǹ̲̞Ǵȟ̿ǴǮȜ̝ȦḬ̞̑ AMAP/UNEP ǱȦȇǮȦȖĘ̑ȬȜ̠Ȩș̫ǮȌ̠ȣȕ36 Ȋ̡̛ǴȌ̡̰
ȨȌ̴̞ȣǴǵȦǮȫȌȎ̱ 2558 ȎȖȥȨȊȝȣ̮ȌȨḛ̑ȕȫǷ̠ȉ̝ȦȌȠ̮ȌȨȎ̬Ȍș̶Ȧȇ̛ȍḬ̞̑ 4 ǯȣǴȪșǮ Ȫȇȕȟ̿Ǵȉ̲Ǵ 790 Ȉ̛Ȍ
Ȉ̝ȣȎ̱ ȩșȥȣȦǵǵȥȨȎ̬ȌȎȖȥȨȊȝḬ̞̑ȫǷ̠ȉ̝ȦȌȠ̮ȌȔȦǮḬ̞̑ȟ̽ȇȫȌȪșǮȫȌȎ̱ 2563 

 ȟ̶ȦȠƯ̑ȍȎȖȥȨȊȝȬȊȕ ǵȦǮǯ̠ȣȔ̿șǮȦȖȎȖȥȔȦȆǮȦȖȖȥȠȜ̝ȦǴȎ̱ 2553 ȉ̲Ǵ 2556 ȑȍȜ̝ȦṴ̏
ǮȦȖȎșȇȎș̝ȣȕȎȖȣȊȟ̝̿ȍȖȖȕȦǮȦȝȎȖȥȔȦȆ 14.86 Ȉ̛ȌȈ̝ȣȎ̱ ȪȇȕǮ̮ǵǮȖȖȔḬ̞̑ȎșȇȎș̝ȣȕ
ȎȖȣȊȔȦǮḬ̞̑ȟ̽ȇǱ̴ȣǮȦȖǮș̛̞ȌȌ̸ȦƯ̏ȌḬ̞̑ȎșȇȎș̝ȣȕȎȖȣȊȎȖȥȔȦȆ 6.56 Ȉ̛ȌȈ̝ȣȎ̱ ȈȦȔȔȦȇ̠Ȝȕ
ȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮ȌḬ̞̑ȎșȇȎș̝ȣȕȎȖȣȊȎȖȥȔȦȆ 3.10 Ȉ̛ȌȈ̝ȣȎ̱ ȫȌȊ̶ȦȌȣǴȨḛ̑ȕȜǮ̛ȌȪȇȕȣ̠ȦǴȣ̮Ǵ
ơ̏ǼǷ̰ǮȦȖȎș̝ȣȕȔșȑ̮ȞȣȦǮȦȝ ɲȎ̱ 2548) ǯȣǴȪǱȖǴǮȦȖ Arctic Monitoring and 
Assessment Programme ȠȖ̴ȣ AMAP (2008) ȑȍȜ̝ȦȎȖȥȨȊȝȬȊȕṴ̏ȩȠș̝ǴǮȦȖȎș̝ȣȕȟȦȖ
ȎȖȣȊḬ̞̑ȫȠǼ̝Ḭ̞̑ȟ̽ȇȔȦǵȦǮǮȦȖȨȏȦȬȠȔ̠ȉ̝ȦȌȠ̮ȌȫȌȨȎ̬ȌȨǷ̴̡ȣȨȑș̮Ǵ ȨǷ̝Ȍ ȪȖǴȬȒȒ̢Ȧ ɲ6,083.5 
Ǯ̮ȪșǮƯ̑ȔȈ̝ȣȎ̱ ȠȖ̴ȣȖ̠ȣȕșȥ 60 ǯȣǴǮȦȖȎș̝ȣȕȊ̡̛ǴȠȔȇɳ ȣ̰ǮȊ̡̛ǴǮȦȖȏș̮ȈȎ̿ȌǸ̰ȨȔȌĮ̏ȨȎ̬Ȍȣ̰Ǯ
ȩȠș̝ǴǮȦȖȎș̝ȣȕḬ̞̑ȟ̶ȦǱ̛Ǽ ɲ3,032 Ǯ̮ȪșǮƯ̑ȔȈ̝ȣȎ̱ ȠȖ̴ȣȖ̠ȣȕșȥ 30 ǯȣǴǮȦȖȎș̝ȣȕȊ̡̛ǴȠȔȇɳ 
ȫȌǯȆȥḬ̞̑ȫȌȎ̱ 2551 ȎȖȥȨȊȝȬȊȕȏș̮Ȉȉ̝ȦȌȠ̮ȌȖȦȜ ʑ 18 ɼ 19 Ȉ̛ȌȈ̝ȣȎ̱ ȩșȥṴ̏ǱȜȦȔȈ̠ȣǴǮȦȖ
ȫǷ̠ȓȦȕȫȌȎȖȥȨȊȝȣȕ̝̿Ḭ̞̑ 32 ɼ 36 Ȉ̛Ȍ Ȏ̜ǵǵ̽ơ̏ȌǮȦȖȏș̮ȈǮȖȥȩȟȬȒȒ̢ȦȖ̠ȣȕșȥ 70 ȔȦǵȦǮ
ȨǷ̴̡ȣȨȑș̮ǴǮ̣ȦǸȋȖȖȔǷȦȈ̮ ȨȎ̬ȌȠș̛ǮȩșȥǵȦǮȉ̝ȦȌȠ̮Ȍș̮ǮȬȌĮ̏Ḭ̞̑Ṵ̏Ǳ̽ȆȓȦȑȈ̷ȦḬ̞̑Ṵ̏ȟ̛ȇȟ̝ȜȌȨȑ̰ȕǴ
Ȗ̠ȣȕșȥ 12.6 ȩșȥȖ̠ȣȕșȥ 8.2 ȔȦǵȦǮȉ̝ȦȌȠ̮ȌȌ̶ȦȨǯ̠Ȧ  ȟ̶ȦȠƯ̑ȍȎȖȥȨȊȝȬȊȕ ȣ̽ȈȟȦȠǮȖȖȔȏș̮Ȉ
Ȏ̿ȌǸ̰ȨȔȌĮ̏Ṵ̏ȟ̝ȜȌȟ̶ȦǱ̛ǼȫȌǮȦȖȎș̝ȣȕȟȦȖȎȖȣȊ ȉ̲ǴȩȔ̠Ȝ̝ȦȪȖǴȎ̿ȌȠșȦȕȩȠ̝ǴǵȥȫǷ̠Ȍ̸ȦƯ̏ȌȨȎ̬Ȍ
ȨǷ̴̡ȣȨȑș̮ǴȨȎ̬Ȍȟ̛ȇȟ̝ȜȌȠș̛ǮḬ̞̑ȔȦǮǮȜ̝Ȧȉ̝ȦȌȠ̮ȌǮ̫ȈȦȔ ǮȦȖȏș̮ȈȎ̿ȌǸ̰ȨȔȌĮ̏ȫȌȎ̱ 2549 Ṵ̏ǮȦȖ
Ȏș̝ȣȕȎȖȣȊȣȕ̝̿Ḭ̞̑ 39.4 Ȉ̛Ȍ ȩșȥǮȦȖȏș̮ȈȎ̿ȌȨȔ̫ȇ ȠȖ̴ȣǱș̮ǴȨǮȣŲ̑Ṵ̏Ǳ̝ȦǮȦȖȎș̝ȣȕȣȕ̝̿Ḭ̞̑ 40.8 Ȉ̛Ȍ 
ǵȦǮǮȦȖǱȦȇȎȖȥȔȦȆǮȦȖǯȣǴȪǱȖǴǮȦȖ AMAP (2008) ȑȍȜ̝Ȧ ǮȦȖȎș̝ȣȕȟȦȖȎȖȣȊǵȦǮ
ȖȥȍȍȨȏȦȬȠȔ̠ȫȌȪȖǴȬȒȒ̢ȦȩșȥǮȦȖȏș̮ȈȎ̿ȌǸ̰ȨȔȌĮ̏ǵȥȌ̶ȦȬȎȟ̝̿ǮȦȖȎș̝ȣȕȟȦȖȎȖȣȊȟ̝̿
ȍȖȖȕȦǮȦȝȖȜȔȨȑ̮̞Ȕǯ̡̲ȌȖȦȜȖ̠ȣȕșȥ 43 ȓȦȕȫȌȎ̱ 256337  
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2.3 ǱȜȦȔȨȟ̰̞ȕǴȈ̝ȣȑ̮ȞȎȖȣȊǯȣǴȌȦȌȦȎȖȥȨȊȝȊ̛̞ȜȪșǮ 

ȨǮ̴ȣȍȊ̽ǮȎȖȥȨȊȝȊ̛̞ȜȪșǮȎșȇȎș̝ȣȕȎȖȣȊȟ̝̿ȍȖȖȕȦǮȦȝǵȦǮǮ̮ǵǮȖȖȔǯȣǴȔȌ̽Ȟų̏ȔȦǮ
Ȍ̠ȣȕȈ̝ȦǴǮ̛Ȍ Ǳ̶ȦȉȦȔǱ̴ȣȎȖȥȨȊȝȈ̝ȦǴ ʑ ȨȠș̝ȦƠ̡̏ȌȨȟ̰̞ȕǴȈ̝ȣȑ̮ȞǯȣǴȎȖȣȊḬ̞̑ȈǮȟȥȟȔȟ̝̿Ȗȥȍȍ
Ȍ̮ȨȜȝȩșȥȨǯ̠Ȧȟ̝̿Ƞ̝ȜǴȪǸ̝ȣȦȠȦȖȔȦǮȌ̠ȣȕȩȈǮȈ̝ȦǴǮ̛Ȍȣȕ̝ȦǴȬȖ ȩș̠ȜȎȖȥȨȊȝȬȊȕȨȣǴṴ̏ǱȜȦȔȨȟ̰̞ȕǴ
ȔȦǮȌ̠ȣȕȩǱ̝ȬȠȌ ȠșȦǮȠșȦȕǴȦȌȜ̮ǵ̛ȕȊ̶Ȧȩȍȍǵ̶ȦșȣǴǮȦȖȎșȇȎș̝ȣȕȩșȥȒ̢̽ǴǮȖȥǵȦȕǯȣǴ
ȎȖȣȊȨȑ̴̞ȣȠȦǱ̶ȦȈȣȍȫȌȎȖȥȨȇ̫ȌȌ̡̰ȣ̛ȌǵȥȌ̶ȦȔȦȟ̝̿ǱȜȦȔȨǯ̠ȦȫǵȩșȥǮȦȖȜȦǴȌȪȕȍȦȕȫȌȖȥȇ̛ȍ
ȪșǮȨȑ̴̞ȣǮȦȖșȇȏșǮȖȥȊȍǵȦǮȎȖȣȊȩǮ̝ȔȜșȔȌ̽Ȟų̏ǷȦȈ̮ȇ̛ǴǵȥǮș̝ȦȜȈ̝ȣȬȎȫȌȍȊḬ̞̑ 5  

Ȗ̿ȎḬ̞̑ 2-7 ȩȟȇǴǮȦȖȎșȇȎș̝ȣȕȎȖȣȊȫȌȎ̱ 2553 ǯȣǴȌȦȌȦȎȖȥȨȊȝ ɲȖ̿Ȏ A) ȩșȥ
ǱȜȦȔȨǯ̠Ȕǯ̠ȌǯȣǴȎȖȣȊȫȌȍȖȖȕȦǮȦȝȫȌȩȈ̝șȥȎȖȥȨȊȝȫȌȎ̱ 2553 (Ȗ̿Ȏ C) ȣȕ̝ȦǴȬȖǮ̫ḛ̑ǮȦȖ
Ȝ̮ȨǱȖȦȥȠ̨Ḭ̞̑ȟ̶ȦǱ̛ǼǱ̴ȣǮȦȖȜ̮ȨǱȖȦȥȠ̨ǮȦȖƯ̑ȍȟ̛Ȕơ̑ȟȎȖȣȊḬ̞̑Ȩȑ̮̞Ȕǯ̡̲ȌǵȦǮǮȦȖȎșȇȎș̝ȣȕȎȖȣȊḬ̞̑
Ȩȑ̮̞Ȕǯ̡̲ȌȫȌȩȈ̝șȥȎȖȥȨȊȝǸ̲̞ǴǵȥȨȠ̫ȌȬȇ̠ȣȕ̝ȦǴǷ̛ȇȨǵȌǵȦǮǮȦȖȑ̮ǵȦȖȆȦǮȦȖȎșȇȎș̝ȣȕȎȖȣȊḬ̞̑
Ȩȑ̮̞Ȕǯ̡̲ȌȫȌȎ̱ 2558 ȫȌȩȈ̝șȥȎȖȥȨȊȝȨȔ̴̞ȣȨḬ̑ȕȍǮ̛ȍȎ̱ 2553 (Ȗ̿Ȏ B) ȑȖ̠ȣȔǮ̛ȍǱȜȦȔȨǯ̠Ȕǯ̠Ȍ
ǯȣǴȎȖȣȊȫȌȍȖȖȕȦǮȦȝȫȌȩȈ̝șȥȎȖȥȨȊȝȎ̱ 2558 ȨȔ̴̞ȣȨḬ̑ȕȍǮ̛ȍȎ̱ 2553 (Ȗ̿Ȏ D)38 ǵȦǮȖ̿Ȏ B 
ǵȥȨȠ̫ȌȬȇ̠Ȝ̝ȦȎȖȥȨȊȝḬ̞̑ȎșȇȎș̝ȣȕȎȖȣȊǵȦǮǮ̮ǵǮȖȖȔȔȌ̽Ȟų̏Ȩȑ̮̞Ȕǯ̡̲ȌǱ̴ȣȎȖȥȨȊȝǵ̰Ȍ ȣ̮ȌȨḛ̑ȕ 
ȖȜȔȉ̲ǴȎȖȥȨȊȝȬȊȕȇ̠Ȝȕ ȫȌǯȆȥḬ̞̑ȎȖȥȨȊȝḬ̞̑ȎșȇȎș̝ȣȕȎȖȣȊșȇșǴǱ̴ȣȠșȦȕȎȖȥȨȊȝȫȌ
ȊȜ̰Ȏȕ̽ȪȖȎȩșȥȎȖȥȨȊȝȩǱȌȌȦȇȦ ȩȔ̠ǱȜȦȔȨǯ̠Ȕǯ̠ȌǯȣǴȎȖȣȊȫȌȍȖȖȕȦǮȦȝȫȌȍȦǴȍȖ̮ȨȜȆ
ǯȣǴȎȖȥȨȊȝǵ̰ȌȩșȥȎȖȥȨȊȝȣ̮ȌȨḛ̑ȕǵȥȨȑ̮̞Ȕǯ̡̲ȌȟȣȇǱș̠ȣǴǮ̛ȍȍȖ̮ȨȜȆḬ̞̑ȎșȇȎș̝ȣȕȎȖȣȊ
Ȩȑ̮̞Ȕǯ̡̲Ȍ ȩȈ̝Ǯ̫Ṵ̏ȠșȦȕȍȖ̮ȨȜȆȊ̡̛ǴȫȌȎȖȥȨȊȝǵ̰ȌȩșȥȎȖȥȨȊȝȣ̴̞Ȍ ʑ ȖȜȔȉ̲ǴȎȖȥȨȊȝȩǱȌȌȦȇȦḬ̞̑
ȬȔ̝Ṵ̏ǮȦȖȎșȇȎș̝ȣȕȎȖȣȊǵȦǮǮ̮ǵǮȖȖȔȔȌ̽Ȟų̏Ȩȑ̮̞Ȕǯ̡̲ȌȩȈ̝Ǯș̛ȍṴ̏ǱȜȦȔȨǯ̠Ȕǯ̠ȌǯȣǴȎȖȣȊȫȌ
ȍȖȖȕȦǮȦȝȨȑ̮̞Ȕǯ̡̲Ȍ ȫȌȊ̶ȦȌȣǴȨḛ̑ȕȜǮ̛Ȍȟ̶ȦȠƯ̑ȍȎȖȥȨȊȝȬȊȕ ȩȔ̠ȍȦǴȍȖ̮ȨȜȆǵȥȬȔ̝Ȭȇ̠
ȎșȇȎș̝ȣȕȎȖȣȊȨȑ̮̞ȔǵȦǮȎ̱ 2553 ȩȈ̝Ǯ̫Ȭȇ̠Ư̑ȍȏșǮȖȥȊȍȨȑ̮̞Ȕȣȕ̝ȦǴṴ̏Ơ̏ȕȟ̶ȦǱ̛ǼȊ̛̞ȜȊ̡̛ǴȎȖȥȨȊȝ 
ȩȟȇǴȫȠ̠ȨȠ̫ȌȜ̝ȦȎȖȣȊȨȎ̬ȌȔșȑ̮Ȟǯ̠ȦȔȑȖȔȩȇȌḬ̞̑ȩȑȖ̝ǮȖȥǵȦȕȜȌȨȜ̰ȕȌȫȌȍȖȖȕȦǮȦȝȪșǮ
ȩșȥȈǮȟȥȟȔȫȌȍȖ̮ȨȜȆȈ̝ȦǴ ʑ Ȭȇ̠ ȩȔ̠Ȝ̝ȦǷ̽ȔǷȌȍȖ̮ȨȜȆƠ̡̏Ȍ ʑ ȬȔ̝Ȭȇ̠Ṵ̏ȟ̝ȜȌȫȌǮȦȖȎșȇȎș̝ȣȕ
ȎȖȣȊȨșȕǮ̫ȈȦȔ ȌȣǮǵȦǮȌ̡̰ǴȦȌȜ̮ǵ̛ȕǯȣǴ Zhang ȩșȥǱȆȥȫȌȎ̱ 2563 ȟȖ̽ȎȜ̝ȦȠȦǮȩȈ̝șȥ
ȎȖȥȨȊȝư̏ǴȎșȇȎș̝ȣȕȎȖȣȊȨȑ̮̞Ȕǯ̡̲ȌȈȦȔȩȌȜȪȌ̠ȔḬ̞̑ȨȎ̬Ȍȣȕ̝̿ȫȌȎ̜ǵǵ̽ơ̏ȌǵȥȨǮ̮ȇǮȦȖȈǮȟȥȟȔ
ǯȣǴȎȖȣȊǵȦǮȍȖȖȕȦǮȦȝșǴȟ̝̿ȑ̴̡Ȍȇ̮ȌȩșȥȩȠș̝ǴȌ̸ȦȊ̶ȦȫȠ̠ȨǮ̮ȇǮȦȖȎȌȨȎ̵̡ȣȌḫ̞̌ǴȩȜȇș̠ȣȔȩșȥ
Ƞ̝ȜǴȪǸ̝ȣȦȠȦȖȨȎ̬Ȍȣȕ̝ȦǴȔȦǮȫȌȎ̱ 2593 ȇ̛ǴȩȟȇǴȫȌȖ̿ȎḬ̞̑ 2-8  

Ȋ̠ȦȕḬ̞̑ȟ̽ȇǱȜȦȔȨȟ̰̞ȕǴǵȦǮǮȦȖȈǮȟȥȟȔǯȣǴȎȖȣȊǱ̴ȣǮȦȖȎȌȨȎ̵̡ ȣȌǯȣǴȎȖȣȊȫȌȠ̝ȜǴȪǸ̝
ȣȦȠȦȖȪȇȕȨǶȑȦȥȣȕ̝ȦǴȕ̮̞ǴȎșȦḬ̞̑ȔȌ̽Ȟų̏ȍȖ̮ȪȓǱ Ǹ̲̞ǴȎ̜ǵǵ̛ȕḬ̞̑Ȋ̶ȦȫȠ̠ȨǮ̮ȇǱȜȦȔȨȟ̰̞ȕǴȈ̝ȣǮȦȖȟȥȟȔ
ȫȌȎșȦȩșȥǮȦȖȍȖ̮ȪȓǱȪȇȕȔȌ̽Ȟų̏Ơ̡̏Ȍư̏ǴṴ̏Ȏ̜ǵǵ̛ȕȟ̶ȦǱ̛ǼȌȣǮȨȠȌ̴ȣǵȦǮȎȖ̮ȔȦȆǮȦȖȈǮȟȥȟȔ 
ȨǷ̝Ȍ ȣ̽ȆȠȓ̿Ȕ̮ ɲȇ̠ȜȕȍȖ̮ȨȜȆḬ̞̑Ṵ̏ȣȦǮȦȝȣ̝̽ȌȠȖ̴ȣȖ̠ȣȌǵȥȨǮ̮ȇǮȖȥȍȜȌǮȦȖ Methylation Ȭȇ̠ȬȜ
ǮȜ̝ȦȍȖ̮ȨȜȆḬ̞̑ȣȦǮȦȝȨȕ̫Ȍɳ ȩșȥ ȍȖ̮ȨȜȆḬ̞̑Ṵ̏ǱȜȦȔȠșȦǮȠșȦȕȊȦǴǷ̰ȜȓȦȑȔȦǮǵȥṴ̏ǱȜȦȔȨȟ̰̞ȕǴ
Ȉ̝ȣǮȦȖȟȥȟȔȫȌȠ̝ȜǴȪǸ̝ȣȦȠȦȖȔȦǮǮȜ̝Ȧ Ȗ̿ȎḬ̞̑ 2-9 ȩȟȇǴǮȦȖǱ̶ȦȌȜȆȇ̛ǷȌ̰ǱȜȦȔȨȟ̰̞ȕǴȈ̝ȣǮȦȖ
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ȎȌȨȎ̵̡ ȣȌȎȖȣȊȫȌȎșȦǸ̲̞ǴǱ̶ȦȌ̲Ǵȉ̲ǴǮȦȖȈǮȟȥȟȔǯȣȎȖȣȊȫȌȍȖ̮ȨȜȆȇ̛ǴǮș̝ȦȜ ȣ̽ȆȠȓ̿Ȕ̮ ȩșȥ
ǱȜȦȔȠșȦǮȠșȦȕȊȦǴǷ̰ȜȓȦȑ ǵȥȨȠ̫ȌȬȇ̠Ȝ̝ȦȩȈ̝șȥȎȖȥȨȊȝṴ̏ǱȜȦȔȨȟ̰̞ȕǴȬȔ̝ȨȊ̝ȦǮ̛Ȍ ȩȈ̝ȎȖȥȨȊȝ
ȬȊȕȣȕ̝̿ȫȌǮș̝̽ȔȎȖȥȨȊȝḬ̞̑Ȭȇ̠Ư̑ȍȏșǮȖȥȊȍȎȦȌǮșȦǴȉ̲Ǵȟ̿Ǵ Ȋ̶ȦȫȠ̠Ṵ̏ǱȜȦȔǵ̶ȦȨȎ̬Ȍȣȕ̝ȦǴȕ̮̞ǴḬ̞̑
ȎȖȥȨȊȝȬȊȕȈ̠ȣǴȖ̝ȜȔǮ̛ȍȌȦȌȦȎȖȥȨȊȝȫȌǮȦȖșȇǮȦȖȎșȇȎș̝ȣȕȎȖȣȊȩșȥșȇǮȦȖȎȌȨȎ̵̡ ȣȌ
ȫȌȠ̝ȜǴȪǸ̝ȣȦȠȦȖ 

 

 
 

Ȗ̿ȎḬ̞̑ 2-7 ǮȦȖȎșȇȎș̝ȣȕȎȖȣȊȫȌȎ̱ 2553 ǯȣǴȌȦȌȦȎȖȥȨȊȝ ɲȖ̿Ȏ A) ȩșȥǱȜȦȔȨǯ̠Ȕǯ̠ȌǯȣǴ
ȎȖȣȊȫȌȍȖȖȕȦǮȦȝȫȌȩȈ̝șȥȎȖȥȨȊȝȎ̱ 2553 (Ȗ̿Ȏ C) ǮȦȖȎșȇȎș̝ȣȕȎȖȣȊḬ̞̑Ȩȑ̮̞Ȕǯ̡̲ȌȫȌȎ̱ 
2558 ȫȌȩȈ̝șȥȎȖȥȨȊȝȨȔ̴̞ȣȨḬ̑ȕȍǮ̛ȍȎ̱ 2553 (Ȗ̿Ȏ B) ȑȖ̠ȣȔǮ̛ȍǱȜȦȔȨǯ̠Ȕǯ̠ȌǯȣǴȎȖȣȊȫȌ

ȍȖȖȕȦǮȦȝȫȌȩȈ̝șȥȎȖȥȨȊȝȎ̱ 2558 ȨȔ̴̞ȣȨḬ̑ȕȍǮ̛ȍȎ̱ 2553 (Ȗ̿Ȏ D) 
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Ȗ̿ȎḬ̞̑ 2-8 ȩȍȍǵ̶ȦșȣǴ ɲa) ǮȦȖȈǮȟȥȟȔǯȣǴȎȖȣȊǵȦǮȍȖȖȕȦǮȦȝ, (b) ǮȦȖȎȌȨȎ̵̡ ȣȌȎȖȣȊ
ȫȌȇ̮Ȍ ȩșȥ ɲc) ǮȦȖȎȌȨȎ̵̡ ȣȌȎȖȣȊȫȌȩȑșǴǮ̨ȈȣȌȫȌȎ̱ 259339  
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Ȗ̿ȎḬ̞̑ 2-9 ȇ̛ǷȌ̰ǱȜȦȔȨȟ̰̞ȕǴȈ̝ȣǮȦȖȎȌȨȎ̵̡ ȣȌȎȖȣȊȫȌȎșȦǸ̲̞ǴǱ̶ȦȌ̲Ǵȉ̲ǴǮȦȖȈǮȟȥȟȔǯȣȎȖȣȊȫȌ
ȍȖ̮ȨȜȆȇ̛ǴǮș̝ȦȜ ȣ̽ȆȠȓ̿Ȕ̮ ȩșȥǱȜȦȔȠșȦǮȠșȦȕȊȦǴǷ̰ȜȓȦȑ40  
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ȍȊḬ̞̑ 3 Ȉ̠ȌȊ̽ȌȓȦȖȥȓȦȕȌȣǮǯȣǴȑ̮ȞȎȖȣȊǵȦǮȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮Ȍ 

 

3.1 ȉ̝ȦȌȠ̮ȌȩșȥȎȖȣȊ 

ǵȦǮȍȊḬ̞̑ 2 ǵȥȨȠ̫ȌȬȇ̠Ȝ̝Ȧȉ̝ȦȌȠ̮ȌḬ̞̑ȫǷ̠ȫȌǮȦȖȏș̮ȈǮȖȥȩȟȬȒȒ̢ȦȨȎ̬ȌȩȠș̝ǴȎșȇȎș̝ȣȕ
ȎȖȣȊǵȦǮǮ̮ǵǮȖȖȔȔȌ̽Ȟų̏ȣ̛Ȍȇ̛ȍ 1 ȠȖ̴ȣ 2 ȫȌȠșȦȕȊȜ̰ȎȩșȥȠșȦȕȎȖȥȨȊȝȊ̛̞ȜȪșǮ ȨǷ̝Ȍ ȊȜ̰Ȏ
ȨȣȨǷ̰ȕȈȥȜ̛ȌȣȣǮȩșȥȨȣȨǷ̰ȕȈȥȜ̛ȌȣȣǮȨǶ̰ȕǴȫȈ̠ ȊȜ̰ȎȣȨȔȖ̮ǮȦȨȠȌ̴ȣ ȎȖȥȨȊȝȟȠƯ̑ȂȣȨȔȖ̮ǮȦ 
ȎȖȥȨȊȝȪȎȩșȌę̑ ȎȖȥȨȊȝǵ̰Ȍ ȎȖȥȨȊȝȣ̮ȌȨḛ̑ȕ ȖȜȔȉ̲ǴȎȖȥȨȊȝȬȊȕ ȩȈ̝ȨȑȖȦȥȨȠȈ̽ȫȇȉ̝ȦȌȠ̮Ȍ
ǵ̲ǴṴ̏ȎȖȣȊȟ̿Ǵ? ȩșȥȨȑȖȦȥȨȠȈ̽ȫȇȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮Ȍǵ̲ǴȎșȇȎș̝ȣȕȎȖȣȊȎȖ̮ȔȦȆȔȦǮȟ̝̿
ȍȖȖȕȦǮȦȝ?  

ǵȥȨǯ̠ȦȫǵḬ̞̑ȔȦǯȣǴȎȖȣȊȫȌȉ̝ȦȌȠ̮ȌȬȇ̠ ȣ̛Ȍȇ̛ȍȩȖǮȈ̠ȣǴȨǯ̠ȦȫǵȋȖḚ̑Ȝ̮ȊȕȦȫȌǮȦȖȨǮ̮ȇȉ̝ȦȌ
Ƞ̮ȌȨȟ̰ȕǮ̝ȣȌ41 ȉ̝ȦȌȠ̮ȌȨȎ̬ȌȨǷ̴̡ȣȨȑș̮ǴȒȣȟǸ̮ș ɲFossil Fuel) Ǹ̲̞ǴȨǮ̮ȇǯ̡̲ȌȨȣǴȈȦȔȋȖȖȔǷȦȈ̮ǵȦǮ
ǮȦȖȩȎșȟȓȦȑȊȦǴȨǱṴ̏ȩșȥǮȦȕȓȦȑǯȣǴǸȦǮȑ̴ǷȫȈ̠ȑ̴̡Ȍȑ̮ȓȑ ȪȇȕǸȦǮȑ̴ǷƯ̏Ǯǵȥȉ̿Ǯȑ̛ȇȑȦȔȦ
ȈǮȈȥǮȣȌȊ̛ȍȉȔǮ̛ȌȫȌȠȌȣǴȌ̸ȦḬ̞̑ȟȓȦȑȊȦǴȣ̽ȊǮȜ̮ȊȕȦȨȣ̴̡ȣȈ̝ȣǮȦȖȈǮȈȥǮȣȌ ȪȇȕȊ̛̞ȜȬȎ
ǸȦǮȑ̴Ƿǵȥȉ̿Ǯǵ̽șǷ̰ȑȕ̝ȣȕȟșȦȕȪȇȕȫǷ̠ȣȣǮǸ̮ȨǵȌ ȣȕ̝ȦǴȬȖǮ̫ḛ̑ ȨȔ̴̞ȣṴ̏ǸȦǮȑ̴ǷȊ̛ȍȉȔǮ̛ȌȨȎ̬Ȍ
ǵ̶ȦȌȜȌȔȦǮǵȌǵ̽șǷ̰ȑȬȔ̝ȟȦȔȦȖȉȕ̝ȣȕȟșȦȕȬȇ̠Ȋ̛ȌȨȌ̴̞ȣǴǵȦǮȫǷ̠ȣȣǮǸ̮ȨǵȌȟ̶ȦȠƯ̑ȍǮȦȖȕ̝ȣȕ
ȟșȦȕȬȎǵȌȠȔȇ Ȋ̶ȦȫȠ̠ǵ̽șǷ̰ȑȈ̠ȣǴȊ̶ȦǮȦȖȕ̝ȣȕȟșȦȕȩȍȍȬȔ̝ȫǷ̠ȣȣǮǸ̮ȨǵȌǸ̲̞ǴṴ̏ȣ̛ȈȖȦǮȦȖȕ̝ȣȕ
ȟșȦȕǷ̠ȦǮȜ̝ȦȩȍȍȫǷ̠ȣȣǮǸ̮ȨǵȌȔȦǮ ǵ̲ǴȊ̶ȦȫȠ̠ǸȦǮȑ̴ǷȈǮȈȥǮȣȌȊ̛ȍȉȔǮ̛ȌǮ̛ȍǸȦǮȑ̴ǷḬ̞̑ȉ̿Ǯ
ȕ̝ȣȕȟșȦȕȩș̠ȜȍȦǴȟ̝ȜȌ ǵȌȨǮ̮ȇȨȎ̬Ȍȩȣ̝ǴǯȣǴǸȦǮȑ̴Ƿ ȨȔ̴̞ȣȨȜșȦȏ̝ȦȌȬȎȣȦǵṴ̏ǮȦȖȨȎș̰̞ȕȌȩȎșǴ
ȊȦǴȋȖḚ̑ ɲȖ̿ȎḬ̞̑ 3-1)  ȨǷ̝Ȍ ǮȦȖȑ̛ȇȑȦǯȣǴȈȥǮȣȌȇ̮ȌȔȦȈǮȈȥǮȣȌȊ̛ȍȉȔȍȖ̮ȨȜȆḬ̞̑Ṵ̏ǸȦǮȑ̴Ƿ
Ȋ̛ȍȉȔǮ̛Ȍȣȕ̝̿ ȠȖ̴ȣǮȦȖȕ̽ȍȈ̛Ȝ ȩșȥȑ̛ǴȊșȦȕǯȣǴȇ̮ȌȊ̶ȦȫȠ̠ȨǮ̮ȇǷ̡̛Ȍȇ̮Ȍ Ƿ̡̛ȌȠ̮ȌȠȌȦȎ̯ȇȊ̛ȍȩȣ̝Ǵ
ǸȦǮȑ̴ǷḬ̞̑ȈǮȈȥǮȣȌȣȕ̝̿Ǯ̝ȣȌȠȌ̠Ȧ ȩșȥǮȦȖǮ̝ȣȈ̛ȜȨȎ̬ȌǷ̡̛Ȍ ʑǯȣǴǷ̡̛Ȍȇ̮ȌȩșȥǷ̡̛ȌȠ̮ȌȌ̡̰ȣȦǵ
Ǯ̝ȣȫȠ̠ȨǮ̮ȇȩȖǴȇ̛ȌǵȦǮǮȦȖǮȇȊ̛ȍȖȜȔȊ̡̛ǴȬȇ̠Ư̑ȍǱȜȦȔȖ̠ȣȌǵȦǮȓȦȕȫȌȪșǮȊ̶ȦȫȠ̠ǸȦǮȑ̴Ƿ
ȨȎș̰̞ȕȌȨȎ̬Ȍȑ̰Ȋ ɲPeat) ȨṴ̑ȕǮȜ̝ȦǮȖȥȍȜȌǮȦȖ Peatification (ȖȎ̿Ḭ̞̑ 3-1) (Ḭ̞̑ȨȜșȦȌȦȌȑȣ ȨǷ̝Ȍ 
ȎȖȥȔȦȆ 5,000 Ȏ̱ɳ  Ȉ̝ȣȔȦȨȔ̴̞ȣȑ̰ȊȬȇ̠Ư̑ȍǱȜȦȔȖ̠ȣȌȩșȥǱȜȦȔȇ̛ȌḬ̞̑Ȩȑ̮̞Ȕǯ̡̲ȌȑȖ̠ȣȔǮ̛ȍǮȦȖ
ȈǮȈȥǮȣȌǯȣǴȇ̮ȌȩșȥȠ̮ȌǵȥȊ̶ȦȫȠ̠ȑ̰ȊȩȎȖȟȓȦȑȬȎȨȎ̬Ȍȉ̝ȦȌȠ̮Ȍ ȨṴ̑ȕǮȜ̝ȦǮȖȥȍȜȌǮȦȖȩȎȖ
ȟȓȦȑȬȎȨȎ̬Ȍȉ̝ȦȌȠ̮Ȍ ɲCoalification) ȪȇȕǮȦȖȩȎȖȟȓȦȑǵȥȨǮ̮ȇǯ̡̲ȌȨȎ̬Ȍș̶Ȧȇ̛ȍǵȦǮȑ̰ȊȬȎ
ȨȎ̬Ȍș̮ǮȬȌĮ̏ ɲȠșȦȕș̠ȦȌȎ̱ɳ ȬȎǸ̛ȍȍ̮Ȋ̿Ȕ̮Ơ̏ȟ ȬȎȍ̮Ȋ̿Ȕ̮Ơ̏ȟ ɲȫȌǷ̡̛ȌȠ̮ȌȈȥǮȣȌɳ Ư̏ǮȨǮ̮ȇǯ̡̲ȌḬ̞̑ǱȜȦȔ
ș̲ǮȬȔ̝ȨǮ̮Ȍ 6 Ǯ̮ȪșȨȔȈȖǵȦǮȏ̮ȜȪșǮ ȩșȥǱȜȦȔȖ̠ȣȌȬȔ̝ȨǮ̮Ȍ 180 ȣǴȝȦȨǸșȨǸ̰ȕȟ  ȉ̠ȦǱȜȦȔș̲Ǯ
ȩșȥȣ̽ȆȠȓ̿Ȕ̮ȔȦǮǮȜ̝ȦȌ̡̰ ȍ̮Ȋ̿Ȕ̮Ơ̏ȟǵȥȩȎȖȟȓȦȑȬȎȨȎ̬ȌȩȣȌȊȖȦȬǸĮ̏ȩșȥȩǮȖȬȒĮ̏ȫȌḬ̞̑ȟ̽ȇ 
ɲȨǮ̮ȇȫȌǷ̡̛ȌȠ̮ȌȩȎȖ ȬȔ̝ȫǷ̝Ƞ̮ȌȈȥǮȣȌɳ 

        Ȫȇȕȣ̠ȦǴȉ̲ǴǮȖȥȍȜȌǮȦȖȩȎȖȟȓȦȑǯ̠ȦǴȈ̠ȌǵȥȨȠ̫ȌȬȇ̠Ȝ̝Ȧ ȉ̝ȦȌȠ̮ȌȟȦȔȦȖȉǵ̶ȦȩȌǮȬȇ̠
ȨȎ̬Ȍ 4 ȎȖȥȨȓȊ42 (Ȗ̿ȎḬ̞̑ 3-2) 
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1) ș̮ǮȬȌĮ̏ (Lignite) ǵ̛ȇȨȎ̬Ȍȉ̝ȦȌȠ̮ȌḬ̞̑Ṵ̏Ǳ̝ȦǷ̡̛ȌǱ̽ȆȓȦȑȈ̷ȦḬ̞̑ȟ̽ȇ ȨȔ̴̞ȣȨȎṴ̑ȕȍȨḬ̑ȕȍǮ̛ȍ
ȉ̝ȦȌȠ̮ȌȎȖȥȨȓȊȣ̴̞Ȍ ʑ ɲȫȠ̠ȑș̛ǴǴȦȌ 4-8 ȍ̰Ḭ̑ȕ̿Ȉ̝ȣȎȣȌę̑ɳ Ṵ̏ȟ̰Ȍ̸ȦȈȦșȏ̮Ȝȇ̠ȦȌ Ṵ̏ǸȦǮȑ̴Ƿ
ȠșǴȨȠș̴ȣȣȕ̝̿Ȩș̫ǮȌ̠ȣȕ Ṵ̏ǱȦŲ̑ȍȣȌȖ̠ȣȕșȥ 60 - 75 Ṵ̏ȣȣǮǸ̮ȨǵȌǱ̝ȣȌǯ̠ȦǴȟ̿Ǵ Ṵ̏ǱȜȦȔǷ̴̡Ȍȟ̿Ǵȉ̲Ǵ
Ȗ̠ȣȕșȥ 30 - 70 ȨȔ̴̞ȣȈ̮ȇȬȒǵȥṴ̏ǱȜ̛ȌȩșȥȨȉ̠Ȧȉ̝ȦȌȎȖ̮ȔȦȆȔȦǮ ȨȨșȥṴ̏ǱȜȦȔǷ̴̡Ȍȟ̿Ǵ ȨȎ̬Ȍȉ̝ȦȌȠ̮Ȍ
Ḭ̞̑ȫǷ̠ȨȎ̬ȌȨǷ̴̡ȣȨȑș̮Ǵȟ̶ȦȠƯ̑ȍȏș̮ȈǮȖȥȩȟȬȒȒ̢ȦȬȇ̠  

2) Ǹ̛ȍȍ̮Ȋ̿Ȕ̮Ơ̏ȟ ɲSubbituminous) (ȫȠ̠ȑș̛ǴǴȦȌ 8 - 13 ȍ̰Ḭ̑ȕ̿Ȉ̝ȣȎȣȌę̑ɳ ȨȎ̬Ȍȉ̝ȦȌȠ̮ȌḬ̞̑
ȫǷ̠ȨȜșȦȫȌǮȦȖȨǮ̮ȇȌȦȌǮȜ̝Ȧș̮ǮȬȌĮ̏ Ṵ̏ȟ̰Ȍ̸ȦȈȦșȉ̲Ǵȟ̰ȇ̶Ȧ ȏ̮ȜṴ̏ș̛ǮȞȆȥȊ̡̛Ǵȇ̠ȦȌȩșȥȨȎ̬ȌƯ̏Ȍ Ṵ̏Ȋ̡̛Ǵ
ȨȌ̴̡ȣȣ̝ȣȌȩșȥȨȌ̴̡ȣȩǯ̫Ǵ Ṵ̏ǱȜȦȔǷ̴̡ȌȎȖȥȔȦȆȖ̠ȣȕșȥ 25 - 30 Ṵ̏ǱȦŲ̑ȍȣȌȟ̿ǴǮȜ̝Ȧș̮ǮȬȌĮ̏ ȨȎ̬Ȍ
ȨǷ̴̡ȣȨȑș̮ǴḬ̞̑Ṵ̏Ǳ̽ȆȓȦȑȨȠȔȦȥȟȔȫȌǮȦȖȏș̮ȈǮȖȥȩȟȬȒȒ̢ȦȩșȥǴȦȌȣ̽ȈȟȦȠǮȖȖȔ   

3) ȍ̮Ȋ̿Ȕ̮Ơ̏ȟ ɲBituminous) (ȫȠ̠ȑș̛ǴǴȦȌ 11-15 ȍ̰Ḭ̑ȕ̿Ȉ̝ȣȎȣȌę̑ɳ ȨȎ̬Ȍȉ̝ȦȌȠ̮ȌḬ̞̑ȫǷ̠ȨȜșȦ
ȫȌǮȦȖȨǮ̮ȇȌȦȌǮȜ̝ȦǸ̛ȍȍ̮Ȋ̿Ȕ̮Ơ̏ȟ ȨȌ̴̡ȣȩȌ̝Ȍ ȩǯ̫Ǵ Ṵ̏ȟ̰Ȍ̸ȦȈȦșȉ̲Ǵȟ̰ȇ̶ȦȟȌ̮Ȋ ȎȖȥǮȣȍȇ̠ȜȕǷ̡̛Ȍȉ̝ȦȌ
Ƞ̮Ȍȟ̰ȇ̶ȦƯ̏ȌȜȦȜ ȫǷ̠ȨȎ̬ȌȨǷ̴̡ȣȨȑș̮ǴȨȑ̴̞ȣǮȦȖȉș̽ǴȪșȠȥ ȩșȥȨȎ̬ȌȜ̛Ȉȉ̽ȇ̮ȍȨȑ̴̞ȣȨȎș̰̞ȕȌȨȎ̬Ȍ
ȨǷ̴̡ȣȨȑș̮Ǵȣ̴̞Ȍ ʑ  

4) ȩȣȌȊȖȦȬǸĮ̏ ɲAnthracite) ȨȎ̬Ȍȉ̝ȦȌȠ̮ȌḬ̞̑ȫǷ̠ȨȜșȦȫȌǮȦȖȨǮ̮ȇȌȦȌḬ̞̑ȟ̽ȇ ȩșȥȨǮ̮ȇȫȌ
ȍȖ̮ȨȜȆș̲Ǯ ȩșȥṴ̏ȣ̽ȆȠȓ̿Ȕ̮Ḭ̞̑ȟ̿ǴǮȜ̝ȦǮȦȖȨǮ̮ȇȉ̝ȦȌȠ̮ȌȎȖȥȨȓȊȣ̴̞Ȍ ʑ Ṵ̏ș̛ǮȞȆȥȇ̶ȦȨȎ̬ȌȨǴȦ Ư̏Ȍ
ȜȦȜȔȦǮ Ṵ̏ȎȖ̮ȔȦȆǱȦŲ̑ȍȣȌȎȖȥȔȦȆȖ̠ȣȕșȥ 90 - 98 ǱȜȦȔǷ̴̡ȌȈ̷ȦȎȖȥȔȦȆȖ̠ȣȕșȥ 2 - 5  
Ṵ̏Ǳ̝ȦǱȜȦȔȖ̠ȣȌȟ̿ǴȩȈ̝Ȉ̮ȇȬȒȕȦǮ ȨȔ̴̞ȣȈ̮ȇȬȒȨȎșȜȬȒǵȥȨȎ̬Ȍȟ̰Ȍ̸ȦȨǴ̮Ȍ ȨȨșȥȬȔ̝Ṵ̏ǱȜ̛Ȍ ȨȠȔȦȥǮ̛ȍ
ǮȦȖȫǷ̠ȨȎ̬ȌȨǷ̴̡ȣȨȑș̮ǴȫȌȣ̽ȈȟȦȠǮȖȖȔȈ̝ȦǴ ʑ ȩșȥȨȎ̬ȌȨǷ̴̡ȣȨȑș̮ǴǷ̡̛Ȍḛ̑ȫȌǮȦȖȏș̮ȈȬȒȒ̢ȦȩȈ̝ȠȦ
ȕȦǮȩșȥȖȦǱȦȩȑǴ 
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Ȗ̿ȎḬ̞̑ 3-1 ǮȦȖȩȎȖȟȓȦȑǵȦǮǸȦǮȑ̴Ƿȟ̝̿ȉ̝ȦȌȠ̮Ȍ42  

       ȣȌ̲̞ǴȩȔ̠ȉ̝ȦȌȠ̮ȌȎȖȥȨȓȊȈ̝ȦǴʑǵȥȨǮ̮ȇǵȦǮǮȦȖȩȎȖȟȓȦȑǯȣǴǸȦǮȑ̴ǷǸ̲̞ǴṴ̏
ȣǴǱ̨ȎȖȥǮȣȍȠș̛ǮȨȎ̬ȌȋȦȈ̽Ḭ̞̑ȬȔ̝ȨȎ̬Ȍȣ̛ȌȈȖȦȕ ȨǷ̝Ȍ ǱȦŲ̑ȍȣȌ ɲC) ȬȤȪȇȖȨǵȌ ɲH) ȣȣǮǸ̮ȨǵȌ 
ɲO) ȩșȥ ȬȌȪȈȖȨǵȌ ɲN) ȩșȥṴ̏ȋȦȈ̽ȣǴǱ̨ȎȖȥǮȣȍȖȣǴȣȕ̝ȦǴǮ̶ȦȔȥȉ̛Ȍ ɲS) ȩȈ̝ȫȌǷ̝ȜǴȨȜșȦ
ȠșȦȕȑ̛ȌȎ̱ȉ̲ǴȠș̛Ǯș̠ȦȌȎ̱ ǮȖȥȍȜȌǮȦȖȊȦǴȋȖḚ̑Ȝ̮ȊȕȦǵȥȊ̶ȦȫȠ̠ȇ̮Ȍ Ƞ̮Ȍ ȩșȥȩȖ̝ȋȦȈ̽ȣ̴̞Ȍ ʑ 
ȈǮȈȥǮȣȌȖ̝ȜȔǮ̛ȍǸȦǮȑ̴ǷȩșȥȟȦȔȦȖȉȎȌȨȎ̵̡ ȣȌȣȕ̝̿ȫȌȉ̝ȦȌȠ̮ȌḬ̞̑Ǯ̝ȣǮ̶ȦȨȌ̮ȇȫȈ̠ȇ̮ȌȬȇ̠Ǹ̲̞ǴȩȖ̝Ḭ̞̑
Ư̏ǮǵȥȈǮȈȥǮȣȌȩșȥȑȍȖ̝ȜȔǮ̛ȍȉ̝ȦȌȠ̮ȌǱ̴ȣȩȖ̝ȬȑȬȖĮ̏ ɲPyrite; FeS) (Ȗ̿ȎḬ̞̑ 3-3) Ǹ̲̞ǴƯ̏Ǯǵȥȑȍ
ǮȦȖȎȌȨȎ̵̡ ȣȌǯȣǴȪșȠȥȠƠ̏Ǯȣ̛ȌȈȖȦȕȈ̝ȦǴ ʑ ȨǷ̝Ȍ ȎȖȣȊ ȩșȥȟȦȖȠȌ̿ ȩȔ̠ǵȥȑȍȫȌȎȖ̮ȔȦȆȬȔ̝
ȔȦǮƠ̏ǮȨȔ̴̞ȣȨḬ̑ȕȍǮ̛ȍȋȦȈ̽Ƞș̛Ǯ ȨǷ̝Ȍ ǱȦŲ̑ȍȣȌ ɲC) ȬȤȪȇȖȨǵȌ ɲH) ȣȣǮǸ̮ȨǵȌ ɲO) ȩȈ̝Ǯ̫ȑȍ
ȪșȠȥȠƠ̏ǮȫȌȎȖ̮ȔȦȆȟ̿ǴȔȦǮȑȣḬ̞̑ǵȥǮ̝ȣȫȠ̠ȨǮ̮ȇȔșȑ̮ȞȊȦǴȣȦǮȦȝḬ̞̑ǵ̛ȇȨȎ̬ȌȟȦȖȣ̛ȌȈȖȦȕ 
ɲHazardous Air Pollutants) ǵȦǮǮȖȥȍȜȌǮȦȖȏș̮ȈȬȒȒ̢ȦǵȦǮȉ̝ȦȌȠ̮ȌȬȇ̠ Ȋ̡̛ǴȌ̡̰ǱȜȦȔȨǯ̠Ȕǯ̠Ȍ
ǯȣǴȎȖȣȊȫȌȉ̝ȦȌȠ̮Ȍǯ̡̲Ȍȣȕ̝̿Ǯ̛ȍș̛ǮȞȆȥȊȦǴȋȖḚ̑ǯȣǴȩȠș̝ǴȩȖ̝ ȎȖȣȊȫȌȉ̝ȦȌȠ̮ȌṴ̏ǱȜȦȔ
Ȩǯ̠Ȕǯ̠ȌȨǶș̰̞ȕȈ̡̛ǴȩȈ̝ 0.08 Ȕ̮șș̮ǮƯ̑ȔȈ̝ȣǮ̮ȪșǮƯ̑Ȕ ȉ̲Ǵ 0.41 Ȕ̮șș̮ǮƯ̑ȔȈ̝ȣǮ̮ȪșǮƯ̑Ȕ ȇ̛ǴȩȟȇǴȫȌ
ȈȦȖȦǴḬ̞̑ 3-1 ȫȌǯȆȥḬ̞̑Ȗ̿ȎḬ̞̑ 3-4 ȩȟȇǴǱȜȦȔȩȈǮȈ̝ȦǴǯȣǴȎȖȣȊȫȌȉ̝ȦȌȠ̮ȌḬ̞̑ȔȦǵȦǮȩȠș̝ǴȩȖ̝
Ȉ̝ȦǴ ʑ ȫȌȎȖȥȨȊȝȨḛ̑ȕȜǮ̛Ȍ ɲȫȌȈ̛Ȝȣȕ̝ȦǴȌ̡̰Ǳ̴ȣȎȖȥȨȊȝȟȠƯ̑ȂȣȨȔȖ̮ǮȦɳ Ǹ̲̞ǴṴ̏Ǳ̝ȦȈ̡̛ǴȩȈ̝ 6.5 ȉ̲Ǵ 
27 ȎȣȌę̑ȎȖȣȊȈ̝ȣ 1012 ȍ̰Ḭ̑ȕ̿ Ȋ̶ȦȫȠ̠ȨȠ̫ȌȜ̝ȦȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮ȌǵȥȎșȇȎș̝ȣȕȎȖȣȊȔȦǮȠȖ̴ȣ
Ȍ̠ȣȕƠ̡̏Ȍ ȟ̝ȜȌȠȌ̲̞Ǵǯ̡̲ȌǮ̛ȍȩȠș̝ǴȩȖ̝Ḭ̞̑ȪȖǴȬȒȒ̢ȦȌ̶Ȧȉ̝ȦȌȠ̮ȌȔȦȫǷ̠43 ȣȌ̲̞Ǵȟ̶ȦȠƯ̑ȍȎȖȥȨȊȝȬȊȕȖ̠ȣȕ
șȥ 99 ǯȣǴȉ̝ȦȌȠ̮ȌḬ̞̑ȑȍȫȌȎȖȥȨȊȝȨȎ̬Ȍș̮ǮȬȌĮ̏ ȠȖ̴ȣǸ̛ȍȍ̮Ȋ̿Ȕ̮Ơ̏ȟ ȪȇȕȑȍǮȖȥǵȦȕȣȕ̝̿ȫȌ
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ȓȦǱȨȠȌ̴ȣ ɲǵ̛ǴȠȜ̛ȇȈȦǮ ș̶Ȧȑ̿Ȍ ș̶ȦȎȦǴɳ ȩșȥȓȦǱȫȈ̠ ɲǵ̛ǴȠȜ̛ȇȟ̽ȖȦȞǾȋȦȌ̰ ǮȖȥȍ̰̞ ȩșȥȟǴǯșȦɳ 
ȩȈ̝ȬȔ̝Ṵ̏ǮȦȖȖȦȕǴȦȌǱȜȦȔȨǯ̠Ȕǯ̠ȌǯȣǴȎȖȣȊǵȦǮȨȠȔ̴ȣǴȉ̝ȦȌȠ̮ȌȫȌȎȖȥȨȊȝȬȊȕ 

 

 
 

Ȗ̿ȎḬ̞̑ 3-3 (a) ȩȖ̝ȬȑȬȖĮ̏Ḭ̞̑Ư̏ǮȑȍȫȌȉ̝ȦȌȠ̮Ȍ ȪȇȕȬȑȬȖĮ̏Ư̏ǮǵȥȎȌȨȎ̵̡ ȣȌȪșȠȥȩșȥǮ̲̞ǴȪșȠȥȑ̮Ȟ 
ȨǷ̝Ȍ ȎȖȣȊ ȟȦȖȠȌ̿ ȩǱȇȨṴ̏ȕȔ ȈȥǮ̛̞Ȝ ȩșȥ ɲb) ǮȦȖȜ̮ȨǱȖȦȥȠ̨ SEM-EDS  

ȩȟȇǴȎȖȣȊȫȌȉ̝ȦȌȠ̮Ȍ44  
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Ȗ̿ȎḬ̞̑ 3-4 ǱȜȦȔȨǯ̠Ȕǯ̠ȌǯȣǴȎȖȣȊ ɲx) ȫȌȉ̝ȦȌȠ̮ȌǵȦǮȩȠș̝ǴȩȖ̝Ȉ̝ȦǴ ʑ  
ȫȌȎȖȥȨȊȝȟȠƯ̑ȂȣȨȔȖ̮ǮȦ43  

  

  

 
 
  

http://thaingo.org/thaingo/node/1666
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ȈȦȖȦǴḬ̞̑ 3-1 ȪșȠȥȠƠ̏ǮȩșȥǮ̲̞ǴȪșȠȥȫȌȉ̝ȦȌȠ̮ȌǵȦǮȩȠș̝ǴȩȖ̝ȫȌȎȖȥȨȊȝȈ̝ȦǴ ʑ 

ȪșȠȥ
ȠƠ̏Ǯȩșȥ
Ǯ̲̞ǴȪșȠȥ 

ȨȠȔ̴ȣǴȠǴȟȦ 
ȎȖȥȨȊȝșȦȜ 

ȎȖȥȨȊȝ
ȟȠƯ̑ȂȣȨȔȖ̮ǮȦ 

ȨȠȔ̴ȣǴȩȔ̝ȨȔȦȥ 
ȎȖȥȨȊȝȬȊȕ 

ȎȖȥȨȊȝ
ȣ̮ȌȪȇȌ̰ȨǸ̰ȕ 

ȎȖȥȨȊȝ
ȍȖȦǸ̮ș 

As 37.13 6.49±10.10 53.96±17.61 4 239-328 

Hg 0.41 0.08±0.07 N.R. 0.1 N.R. 

Cd 1.33 0.12±0.15 N.R. 1 10-25 

Cr 49.67 11.48±6.85 14.10±4.19 N.R. 57-75 

Pb 52.31 N.R. 5.06±1.40 8 50-107 

 

ȨȔ̴̞ȣȨǯ̠ȦȫǵḬ̞̑ȔȦǯȣǴȎȖȣȊȫȌȉ̝ȦȌȠ̮Ȍȏ̝ȦȌǮȖȥȍȜȌǮȦȖȊȦǴȋȖḚ̑ȨǱṴ̏ȩș̠Ȝ ḫ̞̌ǴȈ̝ȣȔȦḬ̞̑
Ȉ̠ȣǴȊ̶ȦǱȜȦȔȨǯ̠ȦȫǵǱ̴ȣǮȦȖȏș̮ȈǮȖȥȩȟȬȒȒ̢Ȧȇ̠Ȝȕȉ̝ȦȌȠ̮ȌȩșȥǮȦȖȎșȇȎș̝ȣȕȎȖȣȊǵȦǮ
ǮȖȥȍȜȌǮȦȖȏș̮ȈȬȒȒ̢Ȧ ȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮ȌǱ̴ȣȪȖǴȬȒȒ̢Ȧȑș̛ǴǴȦȌǱȜȦȔȖ̠ȣȌḬ̞̑ȫǷ̠ȉ̝ȦȌȠ̮ȌȨȎ̬Ȍ
ȨǷ̴̡ȣȨȑș̮Ǵ ȉ̝ȦȌȠ̮Ȍȉ̿ǮȨȏȦȨȑ̴̞ȣȎșȇȎș̝ȣȕǱȜȦȔȖ̠ȣȌǸ̲̞Ǵǵȥȉ̿ǮȌ̶ȦȬȎȈ̠ȔȌ̸ȦȫȠ̠ȨȎ̬ȌȬȣȌ̸Ȧ ȬȣȌ̸ȦȌ̡̰
ȨȎ̬ȌȩȠș̝Ǵȑș̛ǴǴȦȌǵșǪ̏Ǹ̲̞ǴǵȥȬȎȠȔ̽ȌǮ̛ǴȠ̛ȌȬȣȌ̸ȦȊ̶ȦȫȠ̠ȨǮ̮ȇǮȦȖȠȔ̽ȌǯȜȇșȜȇȊȣǴȩȇǴȈ̛ȇ
ȟȌȦȔȩȔ̝ȨȠș̫ǮȫȌȨǱȖ̴̞ȣǴǮ̶ȦȨȌ̮ȇȬȒȒ̢ȦǮȖȥȩȟȟș̛ȍȊ̶ȦȫȠ̠ȟȦȔȦȖȉȏș̮ȈǮȖȥȩȟȬȒȒ̢ȦȬȇ̠ǵȦǮǮǾ
ǯȣǴȒȦȖȦȨȇų̏ ɲZđƟđĳđǖʇƦ yđǐɳ  

ȏșȏș̮ȈḬ̞̑Ȉ̠ȣǴǮȦȖǵȦǮȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮ȌǵȖ̮Ǵ ʑ Ǳ̴ȣǮȖȥȩȟȬȒȒ̢ȦȨȊ̝ȦƠ̡̏Ȍ ȣȕ̝ȦǴȬȖǮ̫ḛ̑
ǮȖȥȍȜȌǮȦȖȏș̮ȈǮ̝ȣȫȠ̠ȨǮ̮ȇȏșȣ̛ȌȬȔ̝ȑ̲ǴȎȖȥȟǴǱ̨ ȨǷ̝Ȍ Ȕșȑ̮ȞȊȦǴȣȦǮȦȝḬ̞̑ȉ̿ǮȎș̝ȣȕȣȣǮȔȦ
ȊȦǴȎșȦȕȎș̝ȣǴǯȣǴȨȈȦȨȏȦḬ̞̑ȎȖȥǮȣȍȇ̠ȜȕȔșȟȦȖȠșȦȕǷȌ̮ȇ ȨǷ̝Ȍ CO2 Ǹ̲̞ǴǮ̝ȣȫȠ̠ȨǮ̮ȇȟȓȦȜȥ
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ǮȦȖȨȎș̰̞ȕȌȩȎșǴȓ̿Ȕ̮ȣȦǮȦȝ Ǯ̣ȦǸȣȣǮȬǸę̑ǯȣǴǸ̛șȨȒȣŲ̑ ɲSOx) ȩșȥ ȣȣǮȬǸę̑ǯȣǴȬȌȪȈȖȨǵȖ 
ɲNOx) Ȋ̶ȦȫȠ̠ȨǮ̮ȇȐȌǮȖȇȩșȥǮȦȖȖȥǱȦȕȨǱ̴ȣǴȈ̝ȣȖȥȍȍȊȦǴȨȇ̮ȌȠȦȕȫǵ Ȑ̟̽ȌșȥȣȣǴǯȌȦȇȨș̫Ǯ
ǮȜ̝Ȧ 2.5 ȬȔǱȖȣȌ ɲPM2.5) Ḭ̞̑ȟȦȔȦȖȉǮ̝ȣȫȠ̠ȨǮ̮ȇȪȖǱȊȦǴȨȇ̮ȌȠȦȕȫǵȬȎǵȌȉ̲ǴȔȥȨȖ̫Ǵ ȪșȠȥ
ȩșȥǮ̲̞ǴȪșȠȥȑ̮ȞȈ̝ȦǴ ʑ Ḭ̞̑ȟ̝ȜȌȫȠǼ̝ȨǮȦȥȈ̮ȇȣȕ̝̿Ǯ̛ȍ PM2.5 ȩșȥȎȖȣȊḬ̞̑ȨȎ̬ȌȔșȑ̮Ȟǯ̠ȦȔ
ȑȖȔȩȇȌȣ̛ȌȨȎ̬Ȍǵ̽ȇȟȌȫǵǯȣǴȖȦȕǴȦȌȌ̡̰ 

Ȋ̡̛ǴȌ̡̰ǮǾȠȔȦȕǱȜȍǱ̽ȔǮȦȖȎșȇȎș̝ȣȕȔșȑ̮ȞȣȦǮȦȝȫȌȠșȦȕȎȖȥȨȊȝȖȜȔȊ̡̛ǴȎȖȥȨȊȝ
ȬȊȕ ɲȈȦȖȦǴḬ̞̑ 3-2) Ǯ̶ȦȠȌȇǱ̝ȦḬ̞̑ȕȣȔƯ̑ȍȬȇ̠ǯȣǴȔșȑ̮Ȟ ȨǷ̝Ȍ PM2.5 SO2 ȩșȥ NO2 Ȋ̶ȦȫȠ̠Ṵ̏
ȖȥȍȍǮȦȖȍ̶Ȧơ̏ȇ PM2.5 ȨǷ̝Ȍ Electrostatic Precipitator (ESP) ȖȥȍȍǮȦȖȍ̶Ȧơ̏ȇ SO2 ȨǷ̝Ȍ 
Flue Gas Desulfurization (FGD) ȩșȥȖȥȍȍȍ̶Ȧơ̏ȇ NO2 ȨǷ̝Ȍ Selective Catalytic 
Reduction (SCR) ǵ̲ǴȊ̶ȦȫȠ̠ȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮ȌḬ̞̑Ư̏ǮȈ̮ȇȈ̡̛ǴȖȥȍȍȍ̶Ȧơ̏ȇȊ̡̛Ǵ 3 ȎȖȥȨȓȊȌ̡̰Ȩȑ̴̞ȣșȇ
ǮȦȖȎșȇȎș̝ȣȕȔșȑ̮ȞȨȠș̝ȦȌ̡̰ǵȦǮȎșȦȕȎș̝ȣǴ ȣȕ̝ȦǴȬȖǮ̫ḛ̑ȠșȦȕȎȖȥȨȊȝȖȜȔȊ̡̛ǴȎȖȥȨȊȝȬȊȕ
ȬȔ̝Ȭȇ̠Ṵ̏ǮȦȖǮ̶ȦȠȌȇǱ̝ȦȔȦȈȖȂȦȌȎșȦȕȎș̝ȣǴǯȣǴȎȖȣȊȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮Ȍ Ȋ̶ȦȫȠ̠ȬȔ̝Ṵ̏ǮȦȖ
Ȉ̮ȇȈ̡̛ǴȖȥȍȍḬ̞̑ȟȦȔȦȖȉǮ̶Ȧǵ̛ȇȎȖȣȊȣȣǮȬȇ̠ȉ̲ǴȖ̠ȣȕșȥ 91 ȉ̲Ǵ 98 ȨǷ̝Ȍ Ȗȥȍȍ Activated 
Carbon Injection (ACI) ȪȖǴȬȒȒ̢ȦḬ̞̑Ȉ̮ȇȈ̡̛ǴȊ̡̛Ǵ 3 Ȗȥȍȍ FGD SCR ȩșȥ ESP ȩȈ̝ȬȔ̝Ȭȇ̠Ȉ̮ȇȈ̡̛Ǵ 
ACI Ḭ̞̑ǵȥȟȦȔȦȖȉșȇǮȦȖȎșȇȎș̝ȣȕȎȖȣȊȬȇ̠Ȩȑ̰ȕǴȖ̠ȣȕșȥ 70 ȠȔȦȕǱȜȦȔȜ̝ȦȎȖȣȊȣ̰ǮȖ̠ȣȕ
șȥ 30 ǵȥȉ̿ǮȎșȇȎș̝ȣȕǵȦǮǮȦȖȨȏȦȉ̝ȦȌȠ̮Ȍȟ̝̿ȍȖȖȕȦǮȦȝ ȪȎȖȇȟ̛ǴȨǮȈȜ̝ȦȎȖȣȊṴ̏ǱȜȦȔ
ȑ̮ȨȝȞǱ̴ȣȨȎ̬ȌȪșȠȥȠƠ̏ǮǷȌ̮ȇȨḛ̑ȕȜḬ̞̑ȉ̿ǮȎșȇȎș̝ȣȕȫȌȖ̿ȎǯȣǴȬȣȎȖȣȊ ɲHg0 ȩșȥ Hg2+) 
ȔȦǮǮȜ̝ȦȖ̿ȎȣȌ̽ȓȦǱȐ̟̽Ȍ ɲHgp) ǵȦǮǮȦȖȨȏȦȉ̝ȦȌȠ̮ȌȫȌȪȖǴȬȒȒ̢Ȧ ȫȌǯȆȥḬ̞̑ȪșȠȥȠȖ̴ȣǮ̲̞ǴȪșȠȥ
ȣ̴̞Ȍ ʑ ȨǷ̝Ȍ ȈȥǮ̛̞Ȝ ȟȦȖȠȌ̿ ȠȖ̴ȣȪǱȖȨṴ̏ȕȔǵȥȉ̿ǮȎșȇȎș̝ȣȕȣȣǮȔȦǮ̛ȍȣȌ̽ȓȦǱȊ̶ȦȫȠ̠ ESP 
ȟȦȔȦȖȉȍ̶Ȧơ̏ȇȪșȠȥȩșȥǮ̲̞ǴȪșȠȥȨȠș̝ȦƠ̡̏ȌȬȇ̠ȣȕ̝ȦǴṴ̏ȎȖȥḫ̌Ȋȋ̮ȓȦȑȬȎȑȖ̠ȣȔǮ̛ȍǮȦȖȍ̶Ȧơ̏ȇ 
PM2.5 (ȔȦǮǮȜ̝ȦȖ̠ȣȕșȥ 99) 
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ȈȦȖȦǴḬ̞̑ 3-2 Ǳ̝ȦȔȦȈȖȂȦȌǱȜȍǱ̽ȔǮȦȖȎșȇȎș̝ȣȕȔșȑ̮ȞǵȦǮȎșȦȕȎș̝ȣǴȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮Ȍ 

Ǳ̝ȦȔȦȈȖȂȦȌȎșȦȕȎș̝ȣǴ ɲȔ̮șș̮ǮƯ̑ȔȈ̝ȣș̿ǮȍȦȝǮ̨ȨȔȈȖɳ 

Ȕșȑ̮Ȟ ȬȊȕ ȔȦȨșȨǸ̰ȕ Ǽ̰̞Ȏ̟̽Ȍ ȣȨȔȖ̮ǮȦ ǵ̰Ȍ ȕ̽ȪȖȎ 

CO2 ȬȔ̝Ṵ̏ ȬȔ̝Ṵ̏ ȬȔ̝Ṵ̏ 1,400 lb 
CO2/MWh-g ȬȔ̝Ṵ̏ ȬȔ̝Ṵ̏ 

SO2 471.2 500 30-35 
(ave)* 160 100 200 

NOx 378.8 500 60-70 
(ave)* 117 100 200 

Particulate 80 50 4-5 (best)* 22.5 30 50 

CO ȬȔ̝Ṵ̏ 200 ȬȔ̝Ṵ̏ ȬȔ̝Ṵ̏ ȬȔ̝Ṵ̏ ȬȔ̝Ṵ̏ 

Acid Gas 
(HF, HCl) ȬȔ̝Ṵ̏ ȬȔ̝Ṵ̏ ȬȔ̝Ṵ̏ Ṵ̏ ȬȔ̝Ṵ̏ ȬȔ̝Ṵ̏ 

Hg0 (gas) ȬȔ̝Ṵ̏ ȬȔ̝Ṵ̏ ȬȔ̝Ṵ̏ 0.001 0.03 0.03 

Metals ȬȔ̝Ṵ̏ ȬȔ̝Ṵ̏ ȬȔ̝Ṵ̏ Ṵ̏ ȬȔ̝Ṵ̏ ȬȔ̝Ṵ̏ 

ȪȇȕȟȖ̽ȎǵȦǮȊ̡̛ǴȨȠȈ̽ȏșȊȦǴȋȖḚ̑ǮȦȖȨǮ̮ȇǮȦȖȎȌȨȎ̵̡ȣȌȎȖȣȊȫȌȉ̝ȦȌȠ̮ȌȩșȥǮȦȖȌ̶Ȧ
ȉ̝ȦȌȠ̮ȌȔȦȏș̮ȈȬȒȒ̢ȦḬ̞̑ȬȔ̝Ȭȇ̠Ṵ̏ȔȦȈȖȂȦȌǮȦȖȎșȇȎș̝ȣȕȎȖȣȊǵȦǮȎșȦȕȎș̝ȣǴȫȌȠșȦȕ
ȎȖȥȨȊȝȇ̛ǴḬ̞̑ȩȟȇǴǯ̠ȦǴȈ̠ȌȌ̡̰ȨȣǴ Ȋ̶ȦȫȠ̠ȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮ȌȨȎ̬ȌȩȠș̝ǴȎșȇȎș̝ȣȕȎȖȣȊȟ̝̿
ȍȖȖȕȦǮȦȝȟ̿Ǵȟ̽ȇȫȌȣ̛Ȍȇ̛ȍḬ̞̑ 1 ȠȖ̴ȣ 2 ȫȌȠșȦȕȎȖȥȨȊȝȩșȥȊȜ̰Ȏ ȩșȥȫȌȓȦȑȖȜȔǯȣǴȪșǮ
ȉ̴ȣȨȎ̬ȌȩȠș̝ǴȎșȇȎș̝ȣȕȟ̿Ǵȟ̽ȇȣ̛Ȍȇ̛ȍḬ̞̑ 2 
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3.2 ȉ̝ȦȌȠ̮Ȍ ȎȖȣȊ ȩșȥȈ̠ȌȊ̽ȌȓȦȖȥȓȦȕȌȣǮ 

ǮȦȖȎșȇȎș̝ȣȕȎȖȣȊȟ̝̿ȍȖȖȕȦǮȦȝǵȦǮȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮ȌȊ̶ȦȫȠ̠ȨǮ̮ȇȏșǮȖȥȊȍȈ̝ȣ
ȟ̽ǯȓȦȑȇ̛ǴḬ̞̑ȩȟȇǴȫȌȍȊḬ̞̑ 1 ȣ̛ȌȨȎ̬ȌȠȌ̲̞ǴȫȌȈ̠ȌȊ̽ȌȓȦȖȥȓȦȕȌȣǮ ɲExternal Cost) ǵȦǮ
ȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮ȌḬ̞̑ȏș̛Ǯȟ̝̿ȟ̛ǴǱȔ Ȋ̡̛ǴȌ̡̰Ȉ̠ȌȊ̽ȌȓȦȖȥȓȦȕȌȣǮṴ̏Ȍ̮ȕȦȔǱ̴ȣȈ̠ȌȊ̽Ȍȣ̛ȌȨǮ̮ȇǵȦǮǮȦȖ
ȏș̮Ȉ ȨǷ̝Ȍ ȏș̮ȈȬȒȒ̢ȦǵȦǮȉ̝ȦȌȠ̮ȌḬ̞̑ȏ̠̿ȏș̮ȈȬȔ̝Ȭȇ̠ǵ̝ȦȕȩȈ̝ǮȖȥǵȦȕȓȦȖȥǮȦȖǵ̝ȦȕȣȣǮȬȎȟ̝̿
ȎȖȥǷȦǷȌǮș̝̽ȔȠȌ̲̞Ǵ ȠȖ̴ȣ ȟ̛ǴǱȔȫȌȓȦȑȖȜȔ Ǹ̲̞ǴȎȖȥǷȦǷȌǮș̝̽Ȕȇ̛ǴǮș̝ȦȜȠȖ̴ȣȟ̛ǴǱȔȫȌ
ȓȦȑȖȜȔȣȦǵǵȥȬȔ̝Ȗ̠̿Ȝ̝Ȧȉ̿Ǯȏș̛ǮȓȦȖȥȔȦȫȠ̠ǵ̝Ȧȕ ȠȖ̴ȣȣȦǵȖ̠̿Ȉ̛ȜȜ̝ȦȈ̠ȣǴǵ̝ȦȕȩȈ̝Ǯ̫ȬȔ̝ȨȈ̫Ȕȫǵǵ̝Ȧȕ 
ȕǮȈ̛Ȝȣȕ̝ȦǴȨǷ̝ȌǮȦȖȎșȇȎș̝ȣȕǮ̣ȦǸǱȦŲ̑ȍȣȌȬȇȣȣǮȬǸę̑ǵȦǮǮȦȖȨȏȦȉ̝ȦȌȠ̮ȌȨȑ̴̞ȣǮȦȖȏș̮Ȉ
ȬȒȒ̢ȦȊ̶ȦȫȠ̠ȨǮ̮ȇȓȦȜȥȪșǮȖȜȌȟ̝ǴȏșǮȖȥȊȍȈ̝ȣȟ̛ǴǱȔȊ̡̛ǴȪșǮȫȌȓȦȑȖȜȔ ȉ̴ȣȨȎ̬ȌȈ̠ȌȊ̽ȌȓȦȖȥ
ȓȦȕȌȣǮȇ̠ȜȕȓȦȜȥȪșǮȖȜȌḬ̞̑ȨǮ̮ȇǯ̡̲ȌȨȑȖȦȥȪȖǴȬȒȒ̢ȦȬȔ̝Ȭȇ̠ǵ̝ȦȕǱ̝ȦȫǷ̠ǵ̝ȦȕȫȌǮȦȖǵ̛ȇǮȦȖǮ̛ȍ
ǱȦŲ̑ȍȣȌȬȇȣȣǮȬǸę̑ȇ̠ȜȕǮȖȥȍȜȌǮȦȖȊȦǴȜ̮ȝȜǮȖȖȔ ȨǷ̝Ȍ ǮȦȖǵ̛ȍȩșȥǮ̛ǮȨǮ̫ȍǱȦŲ̑ȍȣȌȬȇȣȣǮȬǸę̑ 
ȫȈ̠ȑ̮ȓȑ ɲCarbon Capture and Storage) Ȋ̶ȦȫȠ̠Ǯ̣ȦǸǱȦŲ̑ȍȣȌȬȇȣȣǮȬǸę̑ȉ̿ǮȎșȇȎș̝ȣȕȟ̝̿
ȍȖȖȕȦǮȦȝȩșȥȨȖ̝ǴȓȦȜȥȪșǮȖȜȌȣ̛ȌȨǮ̮ȇǱȜȦȔȨȟ̰ȕȠȦȕȈ̝ȣǷ̰Ȝ̮ȈȩșȥȊƯ̑ȑų̏ḫ̌ȌǯȣǴǱȌȣ̴̞Ȍ ʑ 
ȫȌȟ̛ǴǱȔ ǱȜȦȔȨȟ̰ȕȠȦȕȌ̡̰ǵȥȬȔ̝ȨǮ̮ȇȠȦǮȪȖǴȬȒȒ̢Ȧǵ̝ȦȕȈ̠ȌȊ̽ȌȫȌǮȦȖǵ̛ȇǮȦȖǮ̣ȦǸǱȦŲ̑ȍȣȌȬȇȣȣǮȬǸę̑
ȇ̠ȜȕȈȌȨȣǴȩȊȌḬ̞̑ǵȥȎșȇȎș̝ȣȕȟ̝̿ḫ̞̌ǴȩȜȇș̠ȣȔ Ǯ̶ȦȬȖḬ̞̑Ȭȇ̠ǵȦǮǮȦȖȎȖȥȠư̏ȇȈ̠ȌȊ̽ȌȌ̡̰ȉ̴ȣȨȎ̬Ȍ
ǮȦȖȏș̛ǮȓȦȖȥȟ̝̿ȟ̛ǴǱȔ ȨȎ̬ȌǮȦȖȨȣȦȨȎṴ̑ȕȍȟ̛ǴǱȔȩȔ̠ȣȦǵǵȥȉ̿ǮǮǾȠȔȦȕǮ̫ȈȦȔ  

Ȋ̡̛ǴȌ̡̰Ȉ̠ȌȊ̽ȌȓȦȖȥȓȦȕȌȣǮǵȦǮǮȦȖȎșȇȎș̝ȣȕǮ̣ȦǸǱȦŲ̑ȍȣȌȬȇȣȣǮȬǸę̑ȩșȥȓȦȜȥȪșǮ
ȖȜȌȨȎ̬ȌȩǱ̝Ȉ̛Ȝȣȕ̝ȦǴȠȌ̲̞ǴǯȣǴȈ̠ȌȊ̽ȌȓȦȖȥȓȦȕȌȣǮ ư̏ǴṴ̏Ȉ̠ȌȊ̽ȌȓȦȖȥȓȦȕȌȣǮȠș̛Ǯ ʑ ǵȦǮ
ǮȦȖȏș̮ȈȬȒȒ̢ȦǵȦǮȉ̝ȦȌȠ̮Ȍ ȨǷ̝Ȍ ȏșǮȖȥȊȍȈ̝ȣȟ̽ǯȓȦȑḬ̞̑ȨǮ̮ȇǵȦǮǮȦȖȎșȇȎș̝ȣȕȔșȑ̮Ȟ
ȣȦǮȦȝȣ̴̞Ȍ ʑ ɲSOx NOx PM10 ȩșȥ PM2.5) Ȕșȑ̮ȞḬ̞̑ȨǮ̮ȇǯ̡̲ȌǵȦǮǮȦȖȊ̶ȦȨȠȔ̴ȣǴȉ̝ȦȌȠ̮Ȍ ȩșȥ 
ǱȜȦȔȨȟ̰ȕȠȦȕȈ̝ȣȟ̽ǯȓȦȑȩșȥȪȣǮȦȟȫȌǷ̰Ȝ̮ȈǵȦǮȎȖȣȊȇ̛ǴȩȟȇǴȫȌȖ̿ȎḬ̞̑ 3-5 ǴȦȌȜ̮ǵ̛ȕȪȇȕ 
Epstein ȩșȥ ǱȆȥȫȌȎ̱ 2011 ȎȖȥȨȔ̮ȌȜ̝ȦȫȌǯȆȥḬ̞̑ȖȦǱȦǱ̝ȦȬȒȒ̢ȦǵȦǮȉ̝ȦȌȠ̮ȌȫȌȎȖȥȨȊȝ
ȟȠƯ̑ȂȣȨȔȖ̮ǮȦȎȖȥȔȦȆ 0.06-0.13 ȇȣșș̝ȦŲ̑ȟȠƯ̑ȂȈ̝ȣǮ̮ȪșȜ̛ȈĮ̏Ƿ̛̞ȜȪȔǴ ɲkWh) ȩȈ̝Ṵ̏Ǳ̝ȦȫǷ̠ǵ̝Ȧȕ
Ḭ̞̑ȉ̿Ǯȏș̛ǮȓȦȖȥȣȣǮȬȎǵȦǮȣ̽ȈȟȦȠǮȖȖȔȏș̮ȈȬȒȒ̢ȦǵȦǮȉ̝ȦȌȠ̮ȌṴ̏Ǳ̝Ȧȟ̿Ǵȉ̲Ǵ 345.3 ȑ̛Ȍș̠ȦȌȨȠ
Ṵ̑ǼȟȠƯ̑Ȃ ɲȣȕ̝̿ȫȌǷ̝ȜǴ 175.2 ȉ̲Ǵ 523.3 ȑ̛Ȍș̠ȦȌȨȠṴ̑ǼȟȠƯ̑Ȃɳ Ǳ̮ȇȨȎ̬ȌȖȦǱȦḬ̞̑ȉ̿Ǯȏș̛ǮȣȣǮȬȎ
Ǳ̴ȣ 0.18 ȇȣșș̝ȦŲ̑ȟȠƯ̑ȂȈ̝ȣǮ̮ȪșȜ̛ȈĮ̏Ƿ̛̞ȜȪȔǴ (ȫȌǷ̝ȜǴ 0.094 ȉ̲Ǵ 0.27 ȇȣșș̝ȦŲ̑ȟȠƯ̑ȂȈ̝ȣ
Ǯ̮ȪșȜ̛ȈĮ̏Ƿ̛̞ȜȪȔǴ) ȩȟȇǴȫȠ̠ȨȠ̫ȌȜ̝ȦȖȦǱȦǱ̝ȦȬȒȒ̢ȦǵȦǮȨǷ̴̡ȣȨȑș̮Ǵȉ̝ȦȌȠ̮ȌḬ̞̑Ȝ̝ȦȈ̷ȦƠ̡̏ȌȨǮ̮ȇǮȦȖǮȦȖ
ȏș̛ǮȓȦȖȥȈ̠ȌȊ̽ȌḬ̞̑ȩȊ̠ǵȖ̮Ǵȟ̝̿ȟ̛ǴǱȔƠ̡̏ȌȨȣǴ 
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Ȗ̿ȎḬ̞̑ 3-5 Ȉ̠ȌȊ̽ȌȓȦȖȥȓȦȕȌȣǮǵȦǮǮȦȖȏș̮ȈȬȒȒ̢ȦǵȦǮȉ̝ȦȌȠ̮Ȍ45  

ȎȖȣȊȨȎ̬ȌȠȌ̲̞ǴȫȌȈ̠ȌȊ̽ȌȓȦȖȥȓȦȕȌȣǮḬ̞̑ȟ̶ȦǱ̛ǼḬ̞̑ȟ̛ǴǱȔȫȌȓȦȑȖȜȔǮ̶Ȧș̛ǴƯ̑ȍȓȦȖȥȌ̡̰
ȪȇȕȬȔ̝Ȗ̠̿Ȉ̛Ȝ ȨǷ̝Ȍ ǮȦȖǵ̝ȦȕǱ̝ȦƯ̑ǮȞȦȑȕȦȍȦșǵȦǮǮȦȖȨǵ̫ȍȎ̟ȜȕǵȦǮȎȖȣȊḬ̞̑ȎșȇȎș̝ȣȕȣȣǮȔȦ
ȪȇȕȬȔ̝Ȗ̠̿Ȉ̛ȜȜ̝ȦȣȦǮȦȖȨǵ̫ȍȎ̟Ȝȕȇ̛ǴǮș̝ȦȜȨǮ̮ȇǵȦǮȎȖȣȊ ȠȖ̴ȣǱ̝ȦǮȦȖȨȟ̰ȕȪȣǮȦȟȫȌǷ̰Ȝ̮ȈǵȦǮǱȜȦȔ
ǶșȦȇȊȦǴȟȈ̮Ȏ̜ǼǼȦḬ̞̑ȈǮȈ̷Ȧ ȪȇȕȬȔ̝Ȗ̠̿Ȝ̝ȦȩȊ̠Ḭ̞̑ǵȖ̮Ǵȩș̠ȜǱȜȦȔǶșȦȇȊȦǴȟȈ̮Ȏ̜ǼǼȦḬ̞̑Ȉ̷ȦƠ̡̏ȌȨǮ̮ȇ
ǵȦǮǮȦȖȍȖ̮ȪȓǱȎșȦḬ̞̑ȎȌȨȎ̵̡ ȣȌȎȖȣȊḬ̞̑ȎșȇȎș̝ȣȕǵȦǮȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮ȌȨȎ̬ȌȈ̠Ȍ Ȋ̡̛ǴȌ̡̰ȬȔ̝Ȝ̝Ȧ
ǵȥȨȎ̬ȌǱȜȦȔǶșȦȇȊȦǴȟȈ̮Ȏ̜ǼǼȦḬ̞̑șȇșǴ46 ȠȖ̴ȣ ȏșȨȟ̰ȕȈ̝ȣȟ̽ǯȓȦȑȣ̴̞Ȍ ʑ ș̠ȜȌȩș̠ȜȩȈ̝ȨȎ̬Ȍ
Ȉ̠ȌȊ̽ȌḬ̞̑ȔȣǴȬȔ̝ȨȠ̫ȌȩȈ̝ȨǮ̮ȇǯ̡̲ȌǵȖ̮ǴȩșȥȬȇ̠Ư̑ȍǮȦȖȕ̴Ȍư̏ȌǵȦǮȠșȦǮȠșȦȕǴȦȌȜ̮ǵ̛ȕ ȇ̛ǴȩȟȇǴ
Ȉ̛Ȝȣȕ̝ȦǴȪȇȕȟ̛ǴȨǯȎȬȇ̠ȇ̛ǴȈ̝ȣȬȎȌ̡̰ 

ȨȎ̬ȌḬ̞̑ȊȖȦȍǮ̛Ȍḛ̑Ȝ̝ȦǷ̝ȜǴȜ̛ȕḬ̞̑Ȭȇ̠Ư̑ȍȑ̮ȞǵȦǮȟȦȖȎȖȣȊȔȦǮḬ̞̑ȟ̽ȇ Ǳ̴ȣ Ȝ̛ȕȨȇ̫Ǯ Ǹ̲̞Ǵǵȥȟ̝Ǵȏș
Ȉ̝ȣǮȦȖȑ̛ȅȌȦǮȦȖǯȣǴȊȦȖǮȩșȥȨȇ̫ǮȨȎ̬Ȍȣȕ̝ȦǴȔȦǮ47,48 ȪȇȕȑȍȜ̝ȦȓȦȜȥǱȜȦȔȨȟ̰̞ȕǴȟ̿ǴǯȣǴ
ȟȔȣǴḬ̞̑Ǯ̶Ȧș̛Ǵȑ̛ȅȌȦǵȦǮȑ̮ȞȟȦȖȎȖȣȊƠ̡̏ȌǮ̫ȨȌ̴̞ȣǴǵȦǮǱ̽ȆȟȔơ̏Ȉ̮ǷȣȍȬǯƯ̏Ȍ ɲLipophilic) 
ǯȣǴȎȖȣȊḬ̞̑ȟȦȔȦȖȉȩȊȖǮǸ̲Ȕȏ̝ȦȌȖǮȩșȥȟ̝ǴȈ̝ȣȨǯ̠ȦȬȎȟ̝̿ȖȥȍȍȎȖȥȟȦȊȟ̝ȜȌǮșȦǴǯȣǴȊȦȖǮ
Ȭȇ̠49 ȪȇȕȟȦȖȎȖȣȊȟȦȔȦȖȉȩȊȖǮǸ̲ȔȨǯ̠ȦȬȎư̏ǴȟȔȣǴḬ̞̑ư̏ǴȬȔ̝Ȭȇ̠ȑ̛ȅȌȦȣȕ̝ȦǴȨȈ̫ȔḬ̞̑ǯȣǴȊȦȖǮ
ȫȌȜ̛ȕȬȔ̝ȨǮ̮ȌȠȌ̲̞ǴȎ̱Ȭȇ̠ȣȕ̝ȦǴǴ̝ȦȕȇȦȕ50 ȟ̝ȜȌȫȠǼ̝ȠǼ̮ǴȈ̡̛ǴǱȖȖȓ̨Ḭ̞̑Ȭȇ̠Ư̑ȍȎȖȣȊƯ̏ǮȨǮ̮ȇǵȦǮǮȦȖ
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ȍȖ̮ȪȓǱȎșȦȩșȥȣȦȠȦȖȊȥȨșḬ̞̑ȎȌȨȎ̵̡ ȣȌȟȦȖȎȖȣȊ Ǹ̲̞ǴǮȦȖȎȌȨȎ̵̡ ȣȌȌ̡̰ȔȦǵȦǮǮȦȖǮȖȥȊ̶ȦǯȣǴ
ȔȌ̽Ȟų̏Ȗ̠ȣȕșȥ 70 ȩșȥǵȦǮȩȠș̝ǴȋȖȖȔǷȦȈ̮Ȗ̠ȣȕșȥ 30 

ȏșǮȖȥȊȍȈ̝ȣȑ̛ȅȌȦǮȦȖȊȦǴȟȔȣǴǯȣǴȨȇ̫Ǯȇ̛ǴǮș̝ȦȜȉ̿Ǯȝ̲ǮȞȦȏ̝ȦȌǴȦȌȜ̮ǵ̛ȕȖȥȍȦȇ
Ȝ̮ȊȕȦ 2 Ƿ̡̮ȌḬ̞̑ȈȖȜǵȟȣȍȨȇ̫ǮḬ̞̑Ȭȇ̠Ư̑ȍȟȦȖȨȔȊ̮șȨȔȣŲ̑Ǳ̮ȜṴ̑ ɲMeHg) ȏ̝ȦȌȔȇș̿Ǯ ǴȦȌȜ̮ǵ̛ȕǷ̡̮ȌȩȖǮ
ȑȍǮȦȖșȇșǴ 3 ȠȌ̝ȜȕǯȣǴȩȍȍȊȇȟȣȍȨǷȦȜǪ̏Ȏ̜ǼǼȦḬ̞̑ȨṴ̑ȕǮȜ̝Ȧ Wechsler Intelligence 
Scale for Children-Revise (WISC-R) ȟ̶ȦȠƯ̑ȍȊȦȖǮḬ̞̑Ṵ̏ǱȜȦȔȨǯ̠Ȕǯ̠ȌǯȣǴȖȥȇ̛ȍȎȖȣȊȫȌ
Ȩș̴ȣȇ > 6 ȬȔȪǱȖǮƯ̑ȔȈ̝ȣș̮ȈȖ ȩșȥư̏ǴȑȍȎȖȣȊȫȌȨȟ̠ȌȏȔȏ̠̿ȨȎ̬ȌȩȔ̝ȣ̰Ǯȇ̠Ȝȕ51,52 ǴȦȌȜ̮ǵ̛ȕǷ̡̮ȌḬ̞̑
ȟȣǴȝ̲ǮȞȦȍȌȠȔ̝̿ȨǮȦȥȩȒȪȖǸ̲̞ǴȨȎ̬Ȍȑ̴̡ȌḬ̞̑ǯȣǴȎȖȥȨȊȝȨȇȌȔȦŲ̑ǮȫȌȔȠȦȟȔ̽ȊȖȩȣȈȩșȌȈ̮Ǯ
ȨȠȌ̴ȣǸ̲̞ǴȣȦȝ̛ȕȣȕ̝̿ȪȇȕȎȖȥǷȦǮȖȟȩǮȌȇ̮ȨȌȨȜ̰ȕ Ȭȇ̠Ȉ̮ȇȈȦȔǮș̝̽ȔȨȇ̫Ǯ ʑ ȨȎ̬ȌȨȜșȦ 14 Ȏ̱ȩșȥ
ȖȜȍȖȜȔǯ̠ȣȔ̿șȨǮ̰̞ȕȜǮ̛ȍǮȦȖȑ̛ȅȌȦǮȦȖȊȦǴȖȥȍȍȎȖȥȟȦȊ 17 ǮȖḚ̑ȝ̲ǮȞȦ ȖȜȔȊ̡̛ǴȏșǮȖȥȊȍ
ǯȣǴȑ̮ȞǵȦǮȟȦȖȎȖȣȊḬ̞̑Ṵ̏Ȉ̝ȣǮȦȖȊ̶ȦǴȦȌǯȣǴȠ̛ȜȫǵȩșȥȠșȣȇȨș̴ȣȇ Ơ̏ǮȜ̮ǵ̛ȕȬȇ̠ȑȍ
ǱȜȦȔȟ̛Ȕȑ̛Ȍį̑Ḭ̞̑ȨȎ̬Ȍȣ̛ȌȈȖȦȕǵȦǮǮȦȖȬȇ̠Ư̑ȍȟȦȖȎȖȣȊǮ̝ȣȌǱșȣȇȩșȥǮȦȖȑ̛ȅȌȦǮȦȖ
ȊȦǴȇ̠ȦȌǱȜȦȔǵ̶Ȧ ȟȔȦȋ̮ ȓȦȞȦ ȩșȥǮȦȖȊȇȟȣȍǮȦȖƯ̑ȍȖ̠̿ȊȦǴȟȦȕȈȦ53 ǮȦȖȬȇ̠Ư̑ȍȑ̮ȞǵȦǮȟȦȖ
ȎȖȣȊƠ̡̏Ȍư̏Ǵȟ̛Ȕȑ̛Ȍį̑Ǯ̛ȍǮȦȖȊ̶ȦǴȦȌḬ̞̑șȇșǴȖȥȍȍȎȖȥȟȦȊǸ̮ȔȑȦȨȊȈ̮ǮȩșȥȖȥȍȍȎȖȥȟȦȊ
ȑȦȖȦǸ̮ȔȑȦȨȊȈ̮ǮḬ̞̑ȨǮ̰̞ȕȜǯ̠ȣǴǮ̛ȍǮȦȖȎƯ̑ȍǱȜȦȔȩȎȖȎȖȜȌǯȣǴȣ̛ȈȖȦǮȦȖȨȈ̠ȌǯȣǴȠ̛ȜȫǵȫȠ̠ȣȕ̝̿
ȫȌȖȥȇ̛ȍȎȦȌǮșȦǴȣ̰Ǯȇ̠Ȝȕ54 ǵȦǮǯ̠ȣȔ̿șȇ̛ǴǮș̝ȦȜ Axelrad ȩșȥ ǱȆȥ ɲ2007) Ȭȇ̠ȝ̲ǮȞȦ
ǱȜȦȔȟ̛Ȕȑ̛Ȍį̑ȖȥȠȜ̝ȦǴȎȖ̮ȔȦȆǮȦȖȬȇ̠Ư̑ȍȟȦȖȎȖȣȊǮ̝ȣȌǱșȣȇǯȣǴȔȦȖȇȦȩșȥǱȜȦȔǶșȦȇ
ȊȦǴȟȈ̮Ȏ̜ǼǼȦ ɲIQ) ǯȣǴȊȦȖǮȏ̝ȦȌǮȦȖȜ̮ȨǱȖȦȥȠ̨ȨǷ̮Ǵȍ̿ȖȆȦǮȦȖǯȣǴǯ̠ȣȔ̿șȊȦǴȇ̠ȦȌȖȥȍȦȇ
Ȝ̮ȊȕȦȇ̛ǴǮș̝ȦȜ ȪȇȕȫǷ̠ǮȦȖȟȖ̠ȦǴȩȍȍǵ̶ȦșȣǴș̶Ȧȇ̛ȍǷ̡̛ȌȩȍȍȨȍų̏ ɲBayesian Hierarchical 
Model) ȑȍȜ̝Ȧ ȟ̛ȔȎȖȥḫ̌Ȋȋ̮̩ǮȦȖșȇșǴǯȣǴ IQ ǯȣǴȊȦȖǮǵȥȣȕ̝̿Ḭ̞̑ ɼ0.18 ȠȌ̝Ȝȕ ɲǱ̝ȦȎȖȥȔȦȆ
ǱȜȦȔȨǷ̴̞ȣƯ̞̏ȌḬ̞̑Ȗȥȇ̛ȍȖ̠ȣȕșȥ 95; ɼ0.378 ȉ̲Ǵ ɼ0.009) ȟ̶ȦȠƯ̑ȍȩȈ̝șȥȠȌ̲̞ǴȈ̝ȣș̠ȦȌȟ̝ȜȌǯȣǴ
ǱȜȦȔȨǯ̠Ȕǯ̠ȌǯȣǴȎȖȣȊḬ̞̑Ȩȑ̮̞Ȕǯ̡̲ȌȫȌȏȔǯȣǴȩȔ̝55  

National Academy of Sciences (NAS) ǯȣǴȎȖȥȨȊȝȟȠƯ̑ȂȣȨȔȖ̮ǮȦȬȇ̠Ȋ̶ȦǮȦȖ
ȎȖȥȨȔ̮ȌǴȦȌȜ̮ǵ̛ȕȊ̡̛ǴȟȣǴǷ̡̮ȌȌ̡̰ȩșȥȟȖ̽ȎȬȇ̠Ȝ̝ȦṴ̏Ƞș̛ǮȂȦȌǷ̛ȇȨǵȌḬ̞̑ȍ̝ǴǷ̡̰Ȝ̝ȦȟȦȖȑ̮ȞǵȦǮȎȖȣȊ
ȟ̝ǴȏșȖ̠ȦȕȩȖǴȈ̝ȣȖȥȍȍȎȖȥȟȦȊǯȣǴȊȦȖǮȫȌǱȖȖȓ̨ȩȔ̠ȫȌȖȥȇ̛ȍǱȜȦȔȨǯ̠Ȕǯ̠ȌȈ̷Ȧ ȕ̮̞ǴȬȎǮȜ̝ȦƠ̡̏Ȍ 
NAS ư̏ǴȫȠ̠ǱȜȦȔȨȠ̫ȌȜ̝ȦǴȦȌȜ̮ǵ̛ȕȊȦǴȖȥȍȦȇȜ̮ȊȕȦḬ̞̑Ȍ̝ȦȨǷ̴̞ȣȉ̴ȣȔȦǮḬ̞̑ȟ̽ȇǱ̴ȣǴȦȌȜ̮ǵ̛ȕȫȌȠȔ̝̿
ȨǮȦȥȩȒȪȖ NAS Ȩș̴ȣǮḬ̞̑ǵȥȫǷ̠Ȉ̛ȜȩȍȍȨǷ̮ǴȨȟ̠Ȍ Linear Model Ȩȑ̴̞ȣȩȟȇǴǱȜȦȔȟ̛Ȕȑ̛Ȍį̑
ȖȥȠȜ̝ȦǴǮȦȖȬȇ̠Ư̑ȍȟȦȖȑ̮ȞȎȖȣȊȩșȥǮȦȖȑ̛ȅȌȦǮȦȖȊȦǴȖȥȍȍȎȖȥȟȦȊ ȩșȥȫǷ̠ǯ̠ȣȔ̿șǵȦǮ
ǴȦȌȜ̮ǵ̛ȕȠȔ̝̿ȨǮȦȥȩȒȪȖȫȌǮȦȖȩȌȥȌ̶ȦȎȖ̮ȔȦȆȑ̮ȞǵȦǮȟȦȖȎȖȣȊḬ̞̑ȨȠȔȦȥȟȔ NAS ȑȍȜ̝Ȧ
ǱȜȦȔȨǯ̠Ȕǯ̠ȌǯȣǴȑ̮ȞǵȦǮȟȦȖȎȖȣȊȫȌȨș̴ȣȇǵȦǮȟȦȕȖǮȨȎ̬ȌȈ̛Ȝȍ̝ǴǷ̡̰ȊȦǴǷ̰ȜȓȦȑḬ̞̑ȟ̛Ȕȑ̛Ȍį̑Ǯ̛ȍ
ǮȦȖȬȇ̠Ư̑ȍȟȦȖȑ̮ȞȫȌȔȇș̿ǮȔȦǮḬ̞̑ȟ̽ȇ ȩșȥṴ̏ǱȜȦȔȟ̛Ȕȑ̛Ȍį̑Ǯ̛ȍȏșǮȖȥȊȍȈ̝ȣȖȥȍȍȎȖȥȟȦȊ
ȔȦǮḬ̞̑ȟ̽ȇȇ̠Ȝȕ ɲNational Research 2000)56  



41 
 

ȫȌȊ̶ȦȌȣǴȨḛ̑ȕȜǮ̛Ȍ Trasande ȩșȥ ǱȆȥ ɲ2005) Ȋ̶ȦǮȦȖȎȖȥȨȔ̮ȌǱȜȦȔȨȟ̰ȕȠȦȕǵȦǮ
ȎȖȣȊǵȦǮǮȦȖȎȖȥȔȦȆǮȦȖȈ̠ȌȊ̽ȌḬ̞̑ȨǮ̮ȇǵȦǮȑ̮ȞǯȣǴȟȦȖȎȖȣȊǸ̲̞Ǵȟ̝ǴȏșȈ̝ȣȨȝȖȞȂǮ̮ǵ 
ȟ̽ǯȓȦȑ ȩșȥǱȜȦȔƯ̞̏ȌǱǴǯȣǴȎȖȥȨȊȝȟȠƯ̑ȂȣȨȔȖ̮ǮȦ Ơ̏ǮȜ̮ǵ̛ȕȬȇ̠ǶȦȕȓȦȑȫȠ̠ȨȠ̫Ȍȉ̲ǴȈ̠ȌȊ̽ȌȫȌ
ǮȦȖǱȜȍǱ̽ȔǮȦȖȎș̝ȣȕȔșȑ̮ȞǵȦǮȪȖǴȬȒȒ̢Ȧ ȪȇȕȨȎṴ̑ȕȍȨḬ̑ȕȍȏ̝ȦȌǯ̠ȣȔ̿șǮȦȖȎȌȨȎ̵̡ ȣȌȎȖȣȊ
ȫȌȨș̴ȣȇǯȣǴȝ̿Ȍų̏ǱȜȍǱ̽ȔȩșȥȎ̢ȣǴǮ̛ȌȪȖǱ ȑȍȜ̝ȦȫȌȩȈ̝șȥȎ̱Ṵ̏Ȩȇ̫Ǯǵ̶ȦȌȜȌ 316,588 ȉ̲Ǵ 
637,233 ǱȌ Ṵ̏Ȗȥȇ̛ȍȎȖȣȊȫȌȨș̴ȣȇȔȦǮǮȜ̝Ȧ 5.8 ȬȔȪǱȖǮƯ̑ȔȈ̝ȣș̮ȈȖ Ǹ̲̞ǴȨȎ̬ȌȖȥȇ̛ȍḬ̞̑ȟ̝ǴȏșȈ̝ȣ
ǮȦȖȟ̿ǼȨȟ̰ȕȬȣǱ̮Ȝ ȏșǵȦǮǮȦȖȟ̿ǼȨȟ̰ȕȟȈ̮Ȏ̜ǼǼȦȌ̡̰Ȋ̶ȦȫȠ̠ȨǮ̮ȇȓȦȜȥȉȇȉȣȕǯȣǴȏș̮ȈȓȦȑȊȦǴ
ȨȝȖȞȂǮ̮ǵ (Economic Productivity) ȣȕ̝ȦǴȈ̝ȣȨȌ̴̞ȣǴȕȦȜȌȦȌȫȌǷ̝ȜǴǷ̰Ȝ̮ȈǯȣǴȨȇ̫ǮȨȠș̝ȦȌ̡̰ 
ȏșȏș̮ȈḬ̞̑ȠȦȕȬȎȌ̡̰ȉ̴ȣȨȎ̬ȌǱ̝ȦȫǷ̠ǵ̝ȦȕȠș̛ǮǵȦǮȟȦȖȑ̮ȞǯȣǴȨȔȊ̮șȨȔȣŲ̑Ǳ̮ȜṴ̑ ɲMeHg) ȩșȥṴ̏
Ȕ̿șǱ̝Ȧȟ̿Ǵȉ̲Ǵ 8.7 ȑ̛Ȍș̠ȦȌȇȣșșȦŲ̑Ȉ̝ȣȎ̱ ɲ2.2 ɼ 43.8 ȑ̛Ȍș̠ȦȌȇȣșșȦŲ̑ Ǳ̶ȦȌȜȆǵȦǮǱ̝ȦȨǴ̮Ȍ
ȇȣșș̝ȦŲ̑Ȏ̱ 2000) ǵȦǮȊ̡̛ǴȠȔȇȌ̡̰ 1.3 ȑ̛Ȍș̠ȦȌȨȠṴ̑ȕǼȟȠƯ̑Ȃ ɲ0.1 ɼ 6.5 ȑ̛Ȍș̠ȦȌȨȠṴ̑ȕǼ
ȟȠƯ̑Ȃɳ ȫȌȩȈ̝șȥȎ̱ȨȎ̬ȌȏșȔȦǵȦǮǮȦȖȎș̝ȣȕȟȦȖȎȖȣȊǯȣǴȪȖǴȬȒȒ̢ȦȫȌȣȨȔȖ̮ǮȦ57  

ȌȣǮǵȦǮȖȥȇ̛ȍȟȈ̮Ȏ̜ǼǼȦȩș̠Ȝ ȎȖȣȊȣ̮ȌȊṴ̑ų̏ư̏Ǵȟ̝ǴȏșǮȖȥȊȍȈ̝ȣȠ̛ȜȫǵȩșȥȠșȣȇ
Ȩș̴ȣȇ ȪȇȕȑȍǱȜȦȔȟ̛Ȕȑ̛Ȍį̑ǯȣǴǮȦȖȨȑ̮̞ȔǱȜȦȔȨȟ̰̞ȕǴǯȣǴȪȖǱȠșȣȇȨș̴ȣȇȠ̛ȜȫǵḬ̏ȍȨǶ̰ȕȍȑș̛Ȍ
ȩșȥǮȦȖȨȟ̰ȕǷ̰Ȝ̮ȈǵȦǮǮȦȖƯ̑ȍȟ̛Ȕơ̑ȟȨȔȊ̮șȨȔȣŲ̑Ǳ̮ȜṴ̑ ɲMeHg)58 ȫȌȊ̶ȦȌȣǴȨḛ̑ȕȜǮ̛Ȍ ǮȦȖȟȥȟȔ
ǯȣǴȟȦȖȎȖȣȊȫȌȖ̝ȦǴǮȦȕȔȌ̽Ȟų̏ư̏ǴȨǮ̰̞ȕȜǯ̠ȣǴǮ̛ȍǮȦȖȨȖ̝ǴǮȦȖȨǮ̮ȇȪȖǱȠșȣȇȨș̴ȣȇȠ̛Ȝȫǵ59 ǮȦȖ
Ȭȇ̠Ư̑ȍȨȔȊ̮șȨȔȣŲ̑Ǳ̮ȜṴ̑ ɲMeHg) Ḭ̞̑Ȩȑ̮̞Ȕǯ̡̲ȌȫȌȖ̝ȦǴǮȦȕǵȥǮȖȥȈ̠̽ȌǮȦȖȨǮ̮ȇȪȖǱȠ̛ȜȫǵȩșȥȠșȣȇ
Ȩș̴ȣȇ60 ȟȦȖȎȖȣȊư̏ǴṴ̏ǱȜȦȔȨǷ̴̞ȣȔȪȕǴǮ̛ȍǮȦȖȨȑ̮̞Ȕǯ̡̲ȌǯȣǴǱȜȦȔȇ̛ȌȪșȠ̮ȈȩșȥǱȜȦȔȇ̛ȌǷ̰ȑǵȖ
ȫȌǮș̝̽Ȕȏ̠̿ȫȠǼ̝61 ȩșȥǱȜȦȔȩȎȖȎȖȜȌǯȣǴȣ̛ȈȖȦǮȦȖȨȈ̠ȌǯȣǴȠ̛Ȝȫǵȟ̛Ȕȑ̛Ȍį̑Ǯ̛ȍǮȦȖƯ̑ȍȟ̛Ȕơ̑ȟ
ȎȖȣȊ62  

ǴȦȌȜ̮ǵ̛ȕǯȣǴ Rice, Hammitt, ȩșȥ Evans63 ȨȟȌȣȜ̝ȦǮȦȖȨȑ̮̞Ȕǯ̡̲ȌǯȣǴǱȜȦȔȨȟ̰̞ȕǴȈ̝ȣȣȦǮȦȖ
Ƞ̛ȜȫǵȜȦȕȉ̲ǴȩǮ̝Ƿ̰Ȝ̮Ȉȟ̛Ȕȑ̛Ȍį̑Ǯ̛ȍǱȜȦȔȨǯ̠Ȕǯ̠ȌǯȣǴȎȖȣȊȫȌȨȟ̠ȌȏȔȈȦȔȟȔǮȦȖḬ̞̑ 3-1  

ЎὙὙ πȢπφφ increase in risk of fatal hear attack ɲǬōHg/g hair)       (3-1) 

ȨȔ̴̞ȣ ЎὙὙ πȢπφφ Ǳ̴ȣǱȜȦȔȨȟ̰̞ȕǴȈ̝ȣȣȦǮȦȖȠ̛ȜȫǵȜȦȕȉ̲ǴȩǮ̝Ƿ̰Ȝ̮ȈḬ̞̑Ȩȑ̮̞Ȕǯ̡̲Ȍ ɲǱ̝ȦȨȎ̬Ȍȟ̛ȇȟ̝ȜȌɳ 

ǵȦǮǱȜȦȔȨȟ̰̞ȕǴȈ̝ȣȪȖǱȠ̛Ȝȫǵ ȠșȣȇȨș̴ȣȇ ȩșȥǱȜȦȔǶșȦȇȊȦǴȟȈ̮Ȏ̜ǼǼȦḬ̞̑șȇșǴȣ̛Ȍ
ȨȌ̴̞ȣǴȔȦǵȦǮȎȖȣȊ Ȉ̠ȌȊ̽ȌǱȜȦȔȨȟ̰ȕȠȦȕǵȦǮǮȦȖȎșȇȎș̝ȣȕȎȖȣȊ 1 Ǯ̮ȪșǮƯ̑Ȕȟ̝̿ȍȖȖȕȦǮȦȝ 
Ǳ̴ȣ 22,937 ȕ̿ȪȖȈ̝ȣǮ̮ȪșǮƯ̑ȔǯȣǴȎȖȣȊḬ̞̑ȉ̿ǮȎșȇȎș̝ȣȕ ɲȫȌȎ̱ 2556)64 ȇ̛ǴȩȟȇǴȫȌȈȦȖȦǴḬ̞̑ 
3-3  Ǹ̲̞ǴȩȕǮȈȦȔȏșǮȖȥȊȍȠș̛ǮȊ̡̛ǴȟȣǴǯȣǴȎȖȣȊȈ̝ȣȟ̽ǯȓȦȑ 
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ȈȦȖȦǴḬ̞̑ 3-3 ȟȖ̽ȎǱ̝ȦȫǷ̠ǵ̝ȦȕǱȜȦȔȨȟ̰ȕȠȦȕȊ̡̛ǴȠȔȇȟ̶ȦȠƯ̑ȍ Hg ȫȌ ʜ2013/kgHg Ḭ̞̑ȉ̿ǮȎș̝ȣȕȟ̝̿
ȣȦǮȦȝ ȪȇȕȠȌ̝ȜȕḬ̞̑ȫǷ̠Ǳ̴ȣ YOLL ȟ̶ȦȠƯ̑ȍǮȦȖȨȟ̰ȕǷ̰Ȝ̮Ȉ ȩșȥȖȥȇ̛ȍ IQ ȟ̶ȦȠƯ̑ȍǱȜȦȔȟ̿ǼȨȟ̰ȕ 
IQ  ȨǮȆĘ̏ ʮ 6.7E-03 mgHg/kgbody/day(4) and fthr = 0.44 

 

 

3.3 ǮȦȖǮȖȥǵȦȕǯȣǴȈ̠ȌȊ̽ȌȓȦȖȥȓȦȕȌȣǮǵȦǮȎȖȣȊȟ̝̿ȌȦȌȦȎȖȥȨȊȝ 

 Ƞ̛Ȝǯ̠ȣǮ̝ȣȌȠȌ̠ȦȩȟȇǴȫȠ̠ȨȠ̫Ȍȉ̲ǴȏșǮȖȥȊȍǵȦǮǮȦȖȎșȇȎș̝ȣȕȎȖȣȊȟ̝̿ȍȖȖȕȦǮȦȝȫȌ
Ȕ̽ȔǯȣǴȈ̠ȌȊ̽ȌȓȦȖȥȓȦȕȌȣǮ ȣȕ̝ȦǴȬȖǮ̫ḛ̑ȇ̠ȜȕȎȖȣȊȨȎ̬ȌȔșȑ̮Ȟǯ̠ȦȔȑȖȔȩȇȌȖȥȇ̛ȍȪșǮḬ̞̑
ȩȊ̠ǵȖ̮Ǵ ǶȥƠ̡̏ȌȎȖȣȊḬ̞̑ȎșȇȎș̝ȣȕǵȦǮȩȠș̝ǴǮ̶ȦȨȌ̮ȇȠȌ̲̞Ǵ ʑ ȣȦǵǮ̝ȣȫȠ̠ȨǮ̮ȇȈ̠ȌȊ̽ȌȓȦȖȥ
ȓȦȕȌȣǮǮ̛ȍȣ̰Ǯȟ̝ȜȌǯȣǴȟ̛ǴǱȔ ȠȖ̴ȣǮ̛ȍȣ̰ǮȎȖȥȨȊȝȠȌ̲̞ǴȨșȕǮ̫Ȭȇ̠ ǮȦȖǮȖȥǵȦȕȈ̛ȜǯȣǴȈ̠ȌȊ̽Ȍ
ȓȦȖȥȓȦȕȌȣǮǵȦǮȎȖȣȊȟ̝̿ȌȦȌȦȎȖȥȨȊȝȊ̛̞ȜȪșǮǵ̲ǴṴ̏ǱȜȦȔȟ̶ȦǱ̛Ǽ ȇ̛ǴȩȟȇǴȫȌȖ̿ȎḬ̞̑ 3-6 (a) 
ȉ̲Ǵ ɲd) ǵȥȨȠ̫ȌȬȇ̠Ȝ̝ȦȎȖȥȨȊȝȈ̝ȦǴ ʑ Ȭȇ̠Ư̑ȍǱȜȦȔȨȟ̰ȕȠȦȕȊȦǴȨȝȖȞȂǮ̮ǵǵȦǮȎȖȣȊḬ̞̑ȩȈǮȈ̝ȦǴ
Ǯ̛ȌȈ̡̛ǴȩȈ̝ 1 ș̠ȦȌȨȠṴ̑ȕǼȟȠƯ̑ȂȈ̝ȣȎ̱ȉ̲Ǵ 1 ȩȟȌș̠ȦȌȨȠṴ̑ȕǼȟȠƯ̑ȂȈ̝ȣȎ̱ Ȋ̡̛ǴȌ̡̰ȏșȨȟ̰ȕȈ̝ȣ
ȨȝȖȞȂǮ̮ǵǯȣǴȎȖȥȨȊȝȬȊȕȣȕ̝̿ȫȌȖȥȇ̛ȍȟ̿Ǵ ɲ1 ȑ̛Ȍș̠ȦȌȨȠṴ̑ȕǼȟȠƯ̑ȂȈ̝ȣȎ̱ɳ ǵȥȨȎ̬ȌȖȣǴǮ̫ȩȈ̝
ȎȖȥȨȊȝḬ̞̑Ȭȇ̠Ư̑ȍȏșǮȖȥȊȍȟ̿Ǵȟ̽ȇȣȕ̝ȦǴȟȠƯ̑ȂȣȨȔȖ̮ǮȦȩșȥȎȖȥȨȊȝǵ̰ȌȨȎ̬ȌȈ̠Ȍ ȇ̠ȜȕȊ̽Ǯ
ȎȖȥȨȊȝȬȔ̝Ṵ̏ȎȖȥȨȊȝȬȠȌȟȦȔȦȖȉȠȌ̰ȑ̮ȞȎȖȣȊȑ̠Ȍ ǮȦȖȩǮ̠ȬǯȎ̜ǼȠȦȔșȑ̮ȞȖȥȇ̛ȍȪșǮȌ̡̰ǵ̲Ǵ
ǵ̶ȦȨȎ̬ȌȈ̠ȣǴȫǷ̠ǱȜȦȔȖ̝ȜȔȔ̴ȣǮ̛ȌȖȥȇ̛ȍȪșǮȇ̛ǴǵȥǮș̝ȦȜȈ̝ȣȬȎȫȌȍȊȟ̽ȇȊ̠Ȧȕ 
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Ȗ̿ȎḬ̞̑ 3-6 ǮȦȖǮȖȥǵȦȕȈ̛ȜǯȣǴ ɲa) ȏșǮȖȥȊȍȈ̝ȣ IQ (b) ȏșǮȖȥȊȍǵȦǮȪȖǱȠ̛ȜȫǵȜȦȕȣ̛Ȍ
ȨȌ̴̞ȣǴȔȦǵȦǮǮȦȖƯ̑ȍȟ̛Ȕơ̑ȟȎȖȣȊȣ̮ȌȊṴ̑ų̏ ɲc) Ȕ̿șǱ̝ȦǱȜȦȔȨȟ̰ȕȠȦȕȊȦǴȨȝȖȞȂǮ̮ǵȏșǮȖȥȊȍȈ̝ȣ 

IQ ǯȣǴȊȦȖǮ ɲd) Ȕ̿șǱ̝ȦǱȜȦȔȨȟ̰ȕȠȦȕȊȦǴȨȝȖȞȂǮ̮ǵǵȦǮȪȖǱȠ̛Ȝȫǵ ȩșȥ ɲe) ȏșȖȜȔ 
ǱȜȦȔȨȟ̰ȕȠȦȕȈ̝ȣȟ̽ǯȓȦȑȊ̡̛ǴȟȣǴǵȦǮȎȖȣȊ39  
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ȍȊḬ̞̑ 4 ǮȦȖȝ̲ǮȞȦǮȦȖȩȑȖ̝ǮȖȥǵȦȕȩșȥǮȦȖȈǮȟȥȟȔǯȣǴȎȖȣȊȫȌȎȖȥȨȊȝȬȊȕǵȦǮȪȖǴȬȒȒ̢Ȧ
ȉ̝ȦȌȠ̮Ȍ 

 

ȍȊȌ̡̰ǵȥǯư̏ȍǵȦǮȏșǮȖȥȊȍǯȣǴȎȖȣȊǵȦǮȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮ȌȫȌȓȦȑȖȜȔȫȌȍȊḬ̞̑ 3  
ȔȦȟ̝̿ȎȖȥȨȇ̫ȌȫǮș̠Ȉ̛ȜǱ̴ȣǮȦȖȎșȇȎș̝ȣȕȎȖȣȊ ǮȦȖȈǮȟȥȟȔǯȣǴȎȖȣȊ ȩșȥǱȜȦȔȨȟ̰̞ȕǴȈ̝ȣ
ȟ̽ǯȓȦȑǵȦǮȎȖȣȊȫȌȠ̝ȜǴȪǸ̝ȣȦȠȦȖḬ̞̑ȨǶȑȦȥȨǵȦȥǵǴǮ̛ȍǱȌȬȊȕȔȦǮǯ̡̲Ȍ ȪȇȕȈȣȍǱ̶ȦȉȦȔȜ̝Ȧ
ȎȖȣȊḬ̞̑ȉ̿ǮȎșȇȎș̝ȣȕȔȦǵȦǮȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮ȌǯȣǴȎȖȥȨȊȝȬȊȕȨȣǴ ȩșȥ ǵȦǮȩȠș̝ǴǮ̶ȦȨȌ̮ȇ
Ȉ̝ȦǴʑǵȦǮȌȣǮȎȖȥȨȊȝ ɲȖȜȔȉ̲ǴȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮ȌȌȣǮȎȖȥȨȊȝȇ̠Ȝȕɳ ȟ̝ǴȏșǮȖȥȊȍȈ̝ȣǮȦȖ
ȎȌȨȎ̵̡ ȣȌȎȖȣȊȫȌȎșȦȫȌȩȠș̝ǴȌ̸ȦǯȣǴȎȖȥȨȊȝȬȊȕȣȕ̝ȦǴȬȖȍ̠ȦǴ ȩȠș̝ǴȌ̸ȦȫȇȬȇ̠Ư̑ȍȏșǮȖȥȊȍ 
ȩșȥȏșǮȖȥȊȍȣȕ̝̿ȫȌȖȥȇ̛ȍḬ̞̑Ȍ̝ȦǮ̛ǴȜșȠȖ̴ȣȬȔ̝ ȣȕ̝ȦǴȬȖ? 

ǱȜȦȔȨǯ̠ȦȫǵǮȦȖȩȑȖ̝ǮȖȥǵȦȕǯȣǴȎȖȣȊȣȣǮȟ̝̿ȍȖȖȕȦǮȦȝȩșȥǮȦȖȈǮȟȥȟȔǸ̲̞ǴȌ̶ȦȬȎȟ̝̿
ȏșǮȖȥȊȍǵȦǮȎȖȣȊƠ̡̏Ȍ Ȉ̠ȣǴȫǷ̠ǯ̠ȣȔ̿șǮȦȖȎșȇȎș̝ȣȕȎȖȣȊḬ̞̑ȉ̿ǮȈ̠ȣǴ ȩșȥȨǱȖ̴̞ȣǴȔ̴ȣḬ̞̑ȟ̶ȦǱ̛Ǽ
Ḭ̞̑Ƿ̝ȜȕȨȏȕȫȠ̠ȨȠ̫Ȍȉ̲ǴǱȜȦȔȨȎ̬ȌȬȎȩșȥǮȦȖȨǱș̴̞ȣȌȕ̠ȦȕǯȣǴȎȖȣȊȨȔ̴̞ȣȣȣǮȟ̝̿ȍȖȖȕȦǮȦȝ Ǯ̫Ǳ̴ȣ
ȩȍȍǵ̶ȦșȣǴȊȦǴǱȆ̮ȈȝȦȟȈŲ̑ȟ̶ȦȠƯ̑ȍǮȖȥȍȜȌǮȦȖȈ̝ȦǴʑ ȫȌȍȖȖȕȦǮȦȝ ɲAtmospheric 
model) ȣ̰ǮȊ̡̛Ǵȩȍȍǵ̶ȦșȣǴư̏ǴǷ̝ȜȕȫȠ̠ǱȜȦȔǮȖȥǵ̝ȦǴȨǮ̰̞ȕȜǮ̛ȍȣ̮Ȋȋ̮ȑșǯȣǴȩȠș̝ǴǮ̶ȦȨȌ̮ȇȈ̝ȦǴʑ 
Ḭ̞̑Ṵ̏Ȉ̝ȣǮȦȖȈǮȟȥȟȔǯȣǴȎȖȣȊ Ȇ Ȉ̶ȦȩȠȌ̝ǴȈ̝ȦǴʑ Ḭ̞̑ȟȌȫǵ ȨǷ̝Ȍ ȩȠș̝ǴȌ̸ȦǸ̲̞ǴǱȌȫǷ̠ȨȎ̬ȌȩȠș̝Ǵ
ȣȦȠȦȖ ȨȎ̬ȌȈ̠Ȍ ȌȣǮȨȠȌ̴ȣǵȦǮȩȍȍǵ̶ȦșȣǴȊȦǴǱȆ̮ȈȝȦȟȈŲ̑ȩș̠Ȝ ḫ̞̌ǴḬ̞̑ȟ̶ȦǱ̛ǼȬȔ̝ȕ̮̞ǴȠȕ̝ȣȌǮȜ̝Ȧ
Ǯ̛ȌǱ̴ȣǮȦȖṴ̏ǯ̠ȣȔ̿șǮȦȖȎȌȨȎ̵̡ ȣȌȎȖȣȊȫȌȪșǮǵȖ̮ǴȨȑ̴̞ȣȨȎ̬ȌǮȦȖȕ̴Ȍư̏ȌǱȜȦȔȨǯ̠ȦȫǵḬ̞̑ȨǮ̮ȇǵȦǮ
ǮȦȖȫǷ̠ȩȍȍǵ̶ȦșȣǴ ǯ̠ȣȔ̿șḬ̞̑ȩȟȇǴȫȌȍȊȌ̡̰Ṵ̏ǮȦȖȨǮ̫ȍȈ̛Ȝȣȕ̝ȦǴȎșȦȫȌȩȠș̝ǴȌ̸ȦȫȌȍȖ̮ȨȜȆȈ̝ȦǴʑ 
ȫȌȎȖȥȨȊȝȬȊȕ ȩșȥȜ̮ȨǱȖȦȥȠ̨ȎȖ̮ȔȦȆȎȖȣȊȫȌȈ̛Ȝȣȕ̝ȦǴȎșȦ Ȩȑ̴̞ȣȑ̮ǵȦȖȆȦǱȜȦȔȟ̛Ȕȑ̛Ȍį̑
ǯȣǴȎȖ̮ȔȦȆȎȖȣȊȫȌȈ̛Ȝȣȕ̝ȦǴȎșȦǮ̛ȍȣ̛ȈȖȦǮȦȖȈǮȟȥȟȔǯȣǴȎȖȣȊḬ̞̑ȩȈǮȈ̝ȦǴǮ̛ȌȬȎȫȌȩȈ̝
șȥȍȖ̮ȨȜȆ  Ǹ̲̞Ǵǯ̠ȣȔ̿șȇ̛ǴǮș̝ȦȜ ȩȔ̠ǵȥȨȎ̬Ȍǯ̠ȣȔ̿șȨȍ̴̡ȣǴȈ̠Ȍ ȩȈ̝Ǯ̫Ƿ̝ȜȕȟȖ̠ȦǴǱȜȦȔȨǯ̠ȦȫǵȨǮ̰̞ȕȜǮ̛ȍ
ǮȦȖȟȥȟȔǯȣǴȎȖȣȊȫȌḫ̞̌ǴȩȜȇș̠ȣȔȫȌȍȖ̮ȨȜȆȈ̝ȦǴʑ ǯȣǴȎȖȥȨȊȝȬȊȕȬȇ̠ 

 

4.1 ȩȍȍǵ̶ȦșȣǴȎȖȣȊ 

ȍȊȌ̡̰ȫǷ̠ȩȍȍǵ̶ȦșȣǴ GEOS-Chem65 Ǹ̲̞ǴȨȎ̬Ȍȩȍȍǵ̶ȦșȣǴǮȦȖȨǱș̴̞ȣȌȕ̠Ȧȕȩșȥ
ǮȖȥȍȜȌǮȦȖȊȦǴȨǱṴ̏ȫȌȍȖȖȕȦǮȦȝȩȍȍȟȦȔȔ̮Ȉ̮ ȫǷ̠ǯ̠ȣȔ̿șȣ̽Ȉ̽Ȍ̮ȕȔȜ̮ȊȕȦȨȟȔ̴ȣȌǵȖ̮Ǵ ǵȦǮ
ȣǴǱ̨ǮȦȖȍȖ̮ȠȦȖǮȦȖȍ̮ȌȩșȥȣȜǮȦȝȩȠ̝ǴǷȦȈ̮ ȟȠƯ̑ȂȣȨȔȖ̮ǮȦ ȠȖ̴ȣ NASA ȨȎ̬Ȍǯ̠ȣȔ̿șȌ̶ȦȨǯ̠ȦḬ̞̑
ȟ̶ȦǱ̛ǼȫȌǮȦȖǯ̛ȍȨǱș̴̞ȣȌǮȦȖǱ̶ȦȌȜȆȫȌȩȍȍǵ̶ȦșȣǴ ȩȍȍǵ̶ȦșȣǴ GEOS-Chem Ȭȇ̠Ư̑ȍǮȦȖ
ȑ̛ȅȌȦȖ̝ȜȔǮ̛ȌȪȇȕƠ̏ǮȜ̮ǵ̛ȕǵȦǮȠșȦȕȟȉȦơ̏ȌǷ̡̛ȌȌ̶ȦȖȥȇ̛ȍȌȦȌȦǷȦȈ̮ȔȦȣȕ̝ȦǴȈ̝ȣȨȌ̴̞ȣǴǮȜ̝Ȧ
ṵ̞̏ḫ̌ȍȎ̱ ȨȎ̬Ȍȩȍȍǵ̶ȦșȣǴḬ̞̑ȨȎ̬ȌḬ̞̑ȕȣȔƯ̑ȍȫȌȩȜȇȜǴȜ̮ǷȦǮȦȖȩșȥṴ̏ȏșǴȦȌḬ̏ȑ̮Ȕȑ̨ȫȌȜȦȖȟȦȖȊȦǴ
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Ȝ̮ǷȦǮȦȖȨȎ̬Ȍǵ̶ȦȌȜȌȔȦǮ ȫȌȟ̝ȜȌǯȣǴȩȍȍǵ̶ȦșȣǴȎȖȣȊȫȌ GEOS-Chem Ơ̡̏Ȍ66 Ṵ̏Ǯș̝̽ȔƠ̏ǮȜ̮ǵ̛ȕ
Ȗ̝ȜȔǮ̛Ȍȑ̛ȅȌȦȩșȥȍ̿ȖȆȦǮȦȖȣǴǱ̨ǱȜȦȔȖ̠̿ȠșȦǮȠșȦȕȔ̮Ȉ̮ Ȋ̡̛Ǵǯ̠ȣȔ̿șȩȠș̝ǴǮ̶ȦȨȌ̮ȇ ȎȀ̮Ǯ̮Ȗ̮ȕȦ
ȨǱṴ̏ ȩșȥǮȦȖƯ̑ȍȩșȥȎșȇȎș̝ȣȕȎȖȣȊȫȌȈ̛ȜǮșȦǴḫ̞̌ǴȩȜȇș̠ȣȔȈ̝ȦǴ ʑ ǵȌȨȎ̬Ȍȩȍȍǵ̶ȦșȣǴḬ̞̑Ṵ̏
ȎȀ̮ȟ̛Ȕȑ̛Ȍį̑Ȋ̡̛ǴȍȖȖȕȦǮȦȝɺȔȠȦȟȔ̽ȊȖɺȑ̴̡Ȍȇ̮Ȍ ȣȕ̝ȦǴǱȖȍȟȔȍ̿ȖĘ̑ ȩȍȍǵ̶ȦșȣǴ GEOS-Chem 
ǵ̲ǴȨȎ̬ȌȨǱȖ̴̞ȣǴȔ̴ȣḬ̞̑Ṵ̏ǱȜȦȔǮ̠ȦȜȠȌ̠Ȧȩșȥș̸Ȧș̲ǮȨȑ̴̞ȣȫǷ̠ȫȌǮȦȖȝ̲ǮȞȦǮȦȖȨǱș̴̞ȣȌȕ̠ȦȕȩșȥǮȦȖȈǮ
ȟȥȟȔǯȣǴȎȖȣȊȫȌǮȦȖȝ̲ǮȞȦȌ̡̰Ȭȇ̠ȣȕ̝ȦǴȨȠȔȦȥȟȔ 

ȩȍȍǵ̶ȦșȣǴ GEOS-Chem ǵ̶ȦșȣǴȎȖȣȊȊ̡̛Ǵ 3 Ȗ̿Ȏȩȍȍ Ǳ̴ȣ Gaseous Elemental 
Mercury ȠȖ̴ȣ Hg0 Divalent Mercury ȠȖ̴ȣ Hg2+ ȩșȥ Particulate Mercury ȠȖ̴ȣ HgP 
ǮȦȖǱ̶ȦȌȜȆȩșȥȈ̮ȇȈȦȔǮȦȖȨȎș̰̞ȕȌȩȎșǴǯȣǴȎȖ̮ȔȦȆȎȖȣȊȩȈ̝șȥȖ̿Ȏȩȍȍȇ̶ȦȨȌ̮ȌȬȎȫȌȩȈ̝
șȥǮș̝ȣǴ ɲGrid cell) ǯȣǴȍȖȖȕȦǮȦȝȫȌȟȦȔȔ̮Ȉ̮ ȫȌǮȦȖȝ̲ǮȞȦȌ̡̰Ȋ̶ȦǮȦȖǱ̶ȦȌȜȆḬ̞̑ǱȜȦȔ
șȥȨȣ̰ȕȇǯȣǴǮș̝ȣǴȫȌȩȌȜȖȦȍ 0.25 ȣǴȝȦșȥȈ̮ǵ̿ȇ x 0.3125 ȣǴȝȦșȣǴǵ̮ǵ̿ȇ ɲȎȖȥȔȦȆ 28 
ǮȔɡ x 35 ǮȔɡɳ ȑ̴̡ȌḬ̞̑ȝ̲ǮȞȦȇ̠Ȝȕȩȍȍǵ̶ȦșȣǴ ɲModeling domain) ǱȖȣȍǱș̽Ȕȓ̿Ȕ̮ȓȦǱȨȣȨǷ̰ȕ
ȈȥȜ̛ȌȣȣǮȨǶ̰ȕǴȫȈ̠ȩșȥȎȖȥȨȊȝǵ̰Ȍ ȇ̛ǴȖ̿ȎḬ̞̑ 4-1 ȑ̴̡ȌḬ̞̑ȝ̲ǮȞȦȇ̠ȜȕǱȜȦȔșȥȨȣ̰ȕȇȟ̿ǴȌ̡̰ȨǷ̴̞ȣȔȪȕǴ
ǮȦȖǮȦȖǵ̶ȦșȣǴȫȌȖȥȇ̛ȍȪșǮȪȇȕȫǷ̠ǱȜȦȔȨǯ̠Ȕǯ̠ȌȎȖȣȊḬ̞̑ǯȣȍǯȣǴȑ̴̡ȌḬ̞̑ȝ̲ǮȞȦ ɲBoundary 
conditions) ơ̏ȌȊ̲ǮȔȦǵȦǮǮȦȖǵ̶ȦșȣǴȖȥȇ̛ȍȪșǮȨȑ̴̞ȣǱ̶ȦȌȜȆǮȦȖȨǱș̴̞ȣȌȕ̠ȦȕȨǯ̠ȦȠȖ̴ȣȣȣǮ
ǵȦǮȑ̴̡ȌḬ̞̑ȝ̲ǮȞȦȌ̡̰ ȨṴ̑ȕǮǮȦȖǵ̶ȦșȣǴȩȍȍȌ̡̰Ȝ̝Ȧ Nested-grid simulation ȫȌȟ̝ȜȌǱȜȦȔ
șȥȨȣ̰ȕȇǯȣǴ Grid cell ȫȌȩȌȜȈ̡̛ǴƠ̡̏ȌǮ̶ȦȠȌȇḬ̞̑ 47 Ƿ̡̛Ȍ ɲLayer) ǵȦǮȑ̴̡Ȍȇ̮Ȍ ɲǱȜȦȔȇ̛Ȍ
ȍȖȖȕȦǮȦȝ ȠȖ̴ȣ 1013.25 hPa) ȬȎǵȌȉ̲ǴȨȠȌ̴ȣȟ̽ȇǯȣǴǷ̡̛ȌȍȖȖȕȦǮȦȝ ɲǱȜȦȔȟ̿ǴȎȖȥȔȦȆ 
80 Ǯ̮ȪșȨȔȈȖ ȠȖ̴ȣ ǱȜȦȔȇ̛Ȍ 0.01 hPa)    
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Ȗ̿ȎḬ̞̑ 4-1 ȑ̴̡ȌḬ̞̑ȝ̲ǮȞȦȇ̠Ȝȕȩȍȍǵ̶ȦșȣǴǱȜȦȔșȥȨȣ̰ȕȇȟ̿Ǵ 

 

ȟ̶ȦȠƯ̑ȍǮȦȖȝ̲ǮȞȦȫȌǱƯ̡̑ǴȌ̡̰ Ȋ̶ȦǮȦȖǵ̶ȦșȣǴȎȖȣȊȫȌȍȖȖȕȦǮȦȝȫȌǷ̝ȜǴȨȜșȦȎ̱ 2561 
Ȫȇȕȉ̴ȣȨȎ̬ȌǷ̝ȜǴȨȜșȦḬ̞̑Ȍ̶ȦȨȟȌȣȓȦȑȟȉȦȌǮȦȖĘ̑ȎȖȣȊḬ̞̑ȨȎ̬ȌȎ̜ǵǵ̽ơ̏ȌȩșȥṴ̏ǯ̠ȣȔ̿șȨǮ̰̞ȕȜǮ̛ȍ
ȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮Ȍȩșȥǯ̠ȣȔ̿șȣ̽Ȉ̽Ȍ̮ȕȔȜ̮ȊȕȦḬ̞̑ȟȔȍ̿ȖĘ̑ȨȠȔȦȥȟȔȩǮ̝ǮȦȖȝ̲ǮȞȦȇ̠Ȝȕȩȍȍǵ̶ȦșȣǴ 
ȩȌȜȊȦǴǮȦȖȝ̲ǮȞȦȎȖȣȊǸ̲̞ǴȨǮ̮ȇǵȦǮǮȦȖȨȏȦȬȠȔ̠ȉ̝ȦȌȠ̮ȌȫȌȪȖǴȬȒȒ̢ȦȫȌȎȖȥȨȊȝȬȊȕƠ̡̏Ȍ 
ȇ̶ȦȨȌ̮ȌǮȦȖȪȇȕǱ̶ȦȌȜȆȩȍȍǵ̶ȦșȣǴȫȌ 2 ǶȦǮȊ̛ȝǪ̏ ɲScenarios) Ȭȇ̠ȩǮ̝ Full emission 
scenario ȩșȥ Minus Thai coal scenario ȖȦȕșȥȨȣ̰ȕȇǶȦǮȊ̛ȝǪ̏ȩȟȇǴȇ̛ǴȈȦȖȦǴǯ̠ȦǴș̝ȦǴ 
ǵȦǮƠ̡̏ȌǱ̶ȦȌȜȆȟ̝ȜȌȈ̝ȦǴǯȣǴȏșǵ̶ȦșȣǴǵȦǮȟȣǴǶȦǮȊ̛ȝǪ̏Ȩȑ̴̞ȣȫȠ̠Ȭȇ̠ȎȖ̮ȔȦȆȎȖȣȊḬ̞̑ȔȦǵȦǮ
ȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮ȌȫȌȎȖȥȨȊȝȬȊȕ ǵȦǮȌ̡̰ǵȥȨṴ̑ȕǮȪȇȕȈ̛Ȝȕ̝ȣ MCCT (Mercury from coal 
combustion in Thailand) 
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ǶȦǮȊ̛ȝǪ̏Ḭ̞̑ 1 : 
Full emission 

ǮȦȖǵ̶ȦșȣǴȫȌǶȦǮȊ̛ȝǪ̏Ȍ̡̰Ṵ̏ǮȦȖȎșȇȎș̝ȣȕȎȖȣȊǵȦǮȊ̡̛ǴȎȖȥȨȊȝȬȊȕȩșȥ
ǵȦǮȩȠș̝ǴǮ̶ȦȨȌ̮ȇȣ̴̞ȌʑȊ̛̞ȜȪșǮ Ȋ̡̛ǴȩȠș̝ǴǮ̶ȦȨȌ̮ȇȈȦȔȋȖȖȔǷȦȈ̮ȩșȥ
ȩȠș̝ǴǮ̶ȦȨȌ̮ȇǵȦǮǮ̮ǵǮȖȖȔǯȣǴȔȌ̽Ȟų̏ 

ǶȦǮȊ̛ȝǪ̏Ḭ̞̑ 2 : 
Minus Thai 
Coal 

ǮȦȖǵ̶ȦșȣǴȫȌǶȦǮȊ̛ȝǪ̏Ȍ̡̰ȬȔ̝Ṵ̏ǮȦȖȎșȇȎș̝ȣȕȎȖȣȊǵȦǮȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮Ȍ
ȫȌȎȖȥȨȊȝȬȊȕ 

ȟ̝ȜȌȈ̝ȦǴ ȏșǱ̶ȦȌȜȆȟ̝ȜȌȈ̝ȦǴǯȣǴȎȖȣȊǵȦǮǶȦǮȊ̛ȝǪ̏Ḭ̞̑ 1 ȩșȥǶȦǮȊ̛ȝǪ̏Ḭ̞̑ 2 ȩȟȇǴ
ȫȠ̠ȨȠ̫Ȍȉ̲ǴȏșǵȦǮǮȦȖȎșȇȎș̝ȣȕȎȖȣȊȪȇȕȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮ȌȫȌȎȖȥȨȊȝ
ȬȊȕ Ȋ̡̛ǴȫȌȖ̿ȎȩȍȍǯȣǴǱȜȦȔȨǯ̠Ȕǯ̠ȌȫȌȍȖȖȕȦǮȦȝ ȩșȥȣ̛ȈȖȦǯȣǴ
ǮȖȥȍȜȌǮȦȖȫȌḫ̞̌ǴȩȜȇș̠ȣȔ ȨǷ̝Ȍ ȣ̛ȈȖȦǮȦȖȈǮȟȥȟȔ 

 

4.2 ǮȖȥȍȜȌǮȦȖȈ̝ȦǴ ʑ ǯȣǴȎȖȣȊȫȌȍȖȖȕȦǮȦȝ 

ȩȍȍǵ̶ȦșȣǴȊ̶ȦȠȌ̠ȦḬ̞̑ȫȌǮȦȖǱ̶ȦȌȜȆȊȦǴǱȆ̮ȈȝȦȟȈŲ̑Ȩȑ̴̞ȣǵ̶ȦșȣǴǮȦȖȨǱș̴̞ȣȌȕ̠Ȧȕȩșȥ
ǮȦȖȩȎȖȨȎș̰̞ȕȌȈ̝ȦǴ ʑ ǯȣǴȎȖȣȊḬ̞̑ȨǮ̮ȇǯ̡̲ȌȫȌȍȖȖȕȦǮȦȝ Ȩȑ̴̞ȣȫȠ̠ǮȦȖǱȦȇǮȦȖĘ̑ǱȜȦȔȨȎ̬ȌȬȎ
ǯȣǴȎȖȣȊȠș̛ǴǵȦǮȉ̿ǮȎșȇȎș̝ȣȕǵȦǮȩȠș̝ǴǮ̶ȦȨȌ̮ȇƠ̡̏ȌṴ̏ǱȜȦȔȩȔ̝Ȍȕ̶Ȧ ǮȖȥȍȜȌǮȦȖȈ̝ȦǴ ʑ 
ǯȣǴȎȖȣȊȎȖȥǮȣȍȬȎȇ̠Ȝȕ ǮȦȖȨǱș̴̞ȣȌȕ̠ȦȕȫȌȩȌȜȖȦȍȪȇȕȣ̮Ȋȋ̮ȑșǯȣǴșȔ  ǮȦȖȉ̝ȦȕȨȊȔȜș
ȣȦǮȦȝȫȌȩȌȜȇ̮̞Ǵ  ǮȖȥȍȜȌǮȦȖȊȦǴȨǱṴ̏  ǮȦȖȈǮȟȥȟȔȩȍȍȩȠ̠Ǵ ȩșȥǮȦȖȈǮȟȥȟȔȩȍȍ
ȨȎ̱ȕǮḬ̞̑ȨǮ̮ȇǯ̡̲ȌǵȦǮȐȌȈǮ  ǮȦȖǱ̶ȦȌȜȆǮȖȥȍȜȌǮȦȖȨȠș̝ȦȌ̡̰ȫǷ̠ǯ̠ȣȔ̿șȌ̶ȦȨǯ̠ȦḬ̞̑ȨǮ̰̞ȕȜǯ̠ȣǴ Ȭȇ̠ȩǮ̝ 
ȣ̽Ȉ̽Ȍ̮ȕȔȜ̮ȊȕȦ ɲșȔ ȐȌ ȣ̽ȆȠȓ̿Ȕ̮ ǱȜȦȔȇ̛ȌȣȦǮȦȝ ʒșʒɳ ǵȦǮȣǴǱ̨ǮȦȖȍȖ̮ȠȦȖǮȦȖȍ̮Ȍȩșȥ
ȣȜǮȦȝȩȠ̝ǴǷȦȈ̮ ɲNASA) ȩșȥǱȜȦȔȨǯ̠Ȕǯ̠ȌǯȣǴȟȦȖḬ̞̑ǵȥȔȦȊ̶ȦȎȀ̮Ǯ̮Ȗ̮ȕȦȨǱṴ̏Ǯ̛ȍȎȖȣȊ ȨǷ̝Ȍ 
ȪȍȖṴ̏Ȍ ɲBr), ȬȤȇȖȣǮǸ̮ș ɲOH), ȪȣȪǸȌ ɲO3), ȬȌȪȈȖȨǵȌȬȇȣȣǮȬǸę̑ ɲNO2), ȬȤȪȇȖȨȑȣȖȣǮ
Ǹ̮ș ɲHO2)67 Ǹ̲̞Ǵǯ̠ȣȔ̿șȌ̶ȦȨǯ̠ȦḬ̞̑ȉ̿ǮȈ̠ȣǴȩșȥǮȖȥȍȜȌǮȦȖȈ̝ȦǴʑ Ȭȇ̠Ư̑ȍǮȦȖȝ̲ǮȞȦȜ̮ǵ̛ȕȩșȥ
ȊȇȟȣȍȨȎṴ̑ȕȍȨḬ̑ȕȍǮ̛ȍǯ̠ȣȔ̿șȈȖȜǵȜ̛ȇȨȑ̴̞ȣȫȠ̠Ṵ̏ǱȜȦȔƯ̞̏ȌȫǵȈ̝ȣȩȍȍǵ̶ȦșȣǴȎȖȣȊȫȌ GEOS-
Chem  

ȌȣǮǵȦǮǮȖȥȍȜȌǮȦȖḬ̞̑ȨǮ̮ȇǯ̡̲ȌȫȌȍȖȖȕȦǮȦȝǯȣǴȪșǮȩș̠Ȝ ȩȍȍǵ̶ȦșȣǴ GEOS-Chem 
ư̏ǴȬȇ̠Ǳ̶ȦȌȜȆǮȦȖȩșǮȨȎș̰̞ȕȌȎȖȣȊȖȥȠȜ̝ȦǴȍȖȖȕȦǮȦȝǮ̛ȍȔȠȦȟȔ̽ȊȖȩșȥȩȠș̝ǴȌ̸Ȧ68 ȩșȥ
ȍȖȖȕȦǮȦȝǮ̛ȍȑ̴̡Ȍȇ̮Ȍ69 ǮȦȖǱ̶ȦȌȜȆȔȦǮȔȦȕȫȌȩȍȍǵ̶ȦșȣǴȩșȥǯ̠ȣȔ̿șȌ̶ȦȨǯ̠ȦȔȠȦȝȦșȌ̡̰
ȟȥȊ̠ȣȌȉ̲ǴǱȜȦȔǸ̛ȍǸ̠ȣȌȫȌȪșǮǵȖ̮ǴḬ̞̑ȨȎ̬ȌȎ̜ǵǵ̛ȕȫȠ̠ȎȖȣȊƠ̡̏ȌǱǴȣȕ̝̿ȫȌḫ̞̌ǴȩȜȇș̠ȣȔȬȇ̠ȕȦȜȌȦȌ  
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4.3 ȩȠș̝ǴǮ̶ȦȨȌ̮ȇȎȖȣȊ 

4.3.1 ȩȠș̝ǴǮ̶ȦȨȌ̮ȇȎȖȣȊȈȦȔȋȖȖȔǷȦȈ̮ 

ȇ̛ǴḬ̞̑Ȭȇ̠Ǯș̝ȦȜȬȎȩș̠ȜȫȌȍȊḬ̞̑ 2 ȎȖȣȊȟ̝ȜȌȠȌ̲̞Ǵȉ̿ǮȎș̝ȣȕȟ̝̿ȍȖȖȕȦǮȦȝȬȇ̠ȪȇȕȋȖȖȔǷȦȈ̮ 
Ơ̞̏ȌǱ̴ȣǮȦȖȎș̝ȣȕǵȦǮȔȠȦȟȔ̽ȊȖ ȩșȥǮȦȖȎș̝ȣȕǵȦǮȑ̴̡Ȍȇ̮Ȍ ȖȜȔȉ̲ǴǵȦǮȓ̿ȨǯȦȬȒ   ȎȖȣȊȉ̿Ǯ
Ȏș̝ȣȕȟ̝̿ȍȖȖȕȦǮȦȝǵȦǮȏ̮ȜȌ̸ȦȊȥȨșǱ̮ȇȨȎ̬Ȍȟ̛ȇȟ̝ȜȌȎȖȥȔȦȆȠȌ̲̞ǴȫȌȟȦȔǯȣǴǮȦȖȎșȇȎș̝ȣȕ
ȎȖȣȊȊ̡̛ǴȠȔȇ ȎȖȣȊḬ̞̑ȎșȇȎș̝ȣȕǵȦǮȔȠȦȟȔ̽ȊȖȌ̡̰ȩȔ̠ǵȥȨṴ̑ȕǮȜ̝ȦȨȎ̬Ȍḫ̞̌ǴḬ̞̑ȨǮ̮ȇȨȣǴȈȦȔ
ȋȖȖȔǷȦȈ̮ ȩȈ̝ǮȖȥƠ̡̏ȌȎȖȣȊȨȠș̝ȦȌ̡̰ș̠ȜȌȨȎ̬ȌȎȖȣȊḬ̞̑ȈǮȟȥȟȔǵȦǮȍȖȖȕȦǮȦȝșǴȟ̝̿ȏ̴ȌȌ̸Ȧ
ȊȥȨșƠ̞̏ȌȨȣǴ ȩș̠ȜȨǮ̮ȇȨǱș̴̞ȣȌȕ̠ȦȕȩșȥȩȎȖȨȎș̰̞ȕȌȊȦǴȨǱṴ̏ȨȔ̴̞ȣȣȕ̝̿ȫȌȌ̸Ȧ ǱƯ̡̑ȌȨȔ̴̞ȣȎȖȣȊṴ̏
ǱȜȦȔȣ̮̞ȔȈ̛ȜȫȌȌ̸ȦȨḬ̑ȕȍǮ̛ȍǱȜȦȔȨǯ̠Ȕǯ̠ȌȫȌȍȖȖȕȦǮȦȝǮ̫ȟȦȔȦȖȉḬ̞̑ǵȥȉ̿ǮȎșȇȎș̝ȣȕǮș̛ȍȟ̝̿
ȍȖȖȕȦǮȦȝ ȩȍȍǵ̶ȦșȣǴȬȔ̝Ǳ̶ȦȌȜȆǮȦȖȎșȇȎș̝ȣȕȎȖȣȊǵȦǮȓ̿ȨǯȦȬȒȨȌ̴̞ȣǴǵȦǮṴ̏ǱȜȦȔȬȔ̝
ȩȌ̝ȌȣȌȩșȥṴ̏ǱȜȦȔȟ̶ȦǱ̛ǼȌ̠ȣȕǮȜ̝ȦǮȦȖȎșȇȎș̝ȣȕǵȦǮȔȠȦȟȔ̽ȊȖȩșȥȑ̴̡Ȍȇ̮Ȍ 

ǮȦȖȎșȇȎș̝ȣȕȎȖȣȊǵȦǮȑ̴̡Ȍȇ̮Ȍ ȩȍ̝ǴȨȎ̬ȌȟȣǴȎȖȥȨȓȊǱ̴ȣ ǮȦȖȎșȇȎș̝ȣȕȪȇȕȈȖǴ
ǵȦǮȩȠș̝ǴȩȖ̝ȎȖȣȊȫȌȏ̴Ȍȇ̮Ȍ ȩșȥǮȦȖȎșȇȎș̝ȣȕǵȦǮȇ̮Ȍ Ǹ̲̞ǴṴ̏Ȋ̡̛ǴḬ̞̑ȎșȇȎș̝ȣȕǵȦǮǮȦȖȟȥȟȔ
ȎȖȣȊȫȌȇ̮Ȍ Ȍ̸Ȧ ȩșȥȑ̴Ƿ ȩșȥḬ̞̑ȨȎ̬ȌǮȦȖȎșȇȎș̝ȣȕǸ̸Ȧ ɲReemission) ǯȣǴȎȖȣȊḬ̞̑ȈǮȟȥȟȔ
ǵȦǮȍȖȖȕȦǮȦȝșǴȟ̝̿ȑ̴̡Ȍȇ̮Ȍ ǵȥȨȠ̫ȌȬȇ̠Ȝ̝ȦȎȖȣȊḬ̞̑Ȭȇ̠ȨǱȕȉ̿ǮȎșȇȎș̝ȣȕȟ̝̿ȍȖȖȕȦǮȦȝ Ǹ̲̞Ǵȟ̝ȜȌ
ȠȌ̲̞ǴƠ̡̏ȌȔȦǵȦǮǮ̮ǵǮȖȖȔȔȌ̽Ȟų̏ Ơ̡̏Ȍ Ƞș̛ǴǵȦǮḬ̞̑ȈǮșǴȟ̝̿ȑ̴̡Ȍȇ̮Ȍȩșȥȏ̴ȌȌ̸Ȧȩș̠Ȝǵȥư̏ǴǱǴȜȌȨȜ̰ȕȌ
Ǯș̛ȍȔȦȫȌȍȖȖȕȦǮȦȝȈ̝ȣȬȎȬȇ̠ȣ̰ǮȨȎ̬ȌȨȜșȦȌȦȌ 

4.3.2 ȩȠș̝ǴǮ̶ȦȨȌ̮ȇȎȖȣȊǵȦǮǮ̮ǵǮȖȖȔȔȌ̽Ȟų̏ 

ȨǷ̝ȌȨḛ̑ȕȜǮ̛ȍḬ̞̑Ǯș̝ȦȜǵ̶ȦȩȌǮȪȇȕșȥȨȣ̰ȕȇȫȌȍȊḬ̞̑ 2 ǮȦȖȎșȇȎș̝ȣȕȎȖȣȊȟ̝̿ȍȖȖȕȦǮȦȝ
ȪȇȕǮ̮ǵǮȖȖȔȔȌ̽Ȟų̏Ơ̏ȍȨȎ̬Ȍȟ̛ȇȟ̝ȜȌȎȖȥȔȦȆȠȌ̲̞ǴȫȌȟȦȔǯȣǴǮȦȖȎșȇȎș̝ȣȕȊ̡̛ǴȠȔȇ 
ȩȠș̝ǴǮ̶ȦȨȌ̮ȇȎȖȣȊǵȦǮǮ̮ǵǮȖȖȔȔȌ̽Ȟų̏ȫȌȩȍȍǵ̶ȦșȣǴƠ̡̏ȌȫǷ̠ǯ̠ȣȔ̿șǮȦȖȎșȇȎș̝ȣȕȎȖȣȊǵȦǮ
ȣ̽ȈȟȦȠǮȖȖȔǮȦȖȏș̮ȈȩȖ̝ȪșȠȥ ɲȊȣǴȩȇǴ ȟ̛ǴǮȥȟ̰ ȈȥǮ̛̞Ȝ ȨȠș̫Ǯɳ ǮȦȖȏș̮ȈȨȠș̫ǮǮș̠Ȧ ǮȦȖȏș̮Ȉ
ȎȖȣȊ ǮȦȖȏș̮ȈȊȣǴǱ̶Ȧ ɲȨȠȔ̴ȣǴǯȌȦȇȫȠǼ̝ɳ ǮȦȖȏș̮ȈȨǴ̮Ȍ ǮȦȖȏș̮ȈȎ̿ȌǸ̰ȨȔȌĮ̏ ǮȦȖȏș̮Ȉ
ȪǸȇȦȬȒ ɲȫȌȪȖǴǴȦȌȏș̮ȈǱșȣŲ̑ɺȩȣșǱȦŲ̑Ȭșɳ ȩșȥǮȦȖȨȏȦȬȠȔ̠ȉ̝ȦȌȠ̮Ȍ ǯȕȥ ȩșȥȌ̸ȦƯ̏Ȍ70  
ȩșȥȫǷ̠ǯ̠ȣȔ̿șǮȦȖȎșȇȎș̝ȣȕȎȖȣȊǵȦǮǮȦȖȫǷ̠ȩșȥȊ̶ȦșȦȕȏș̮Ȉȓ̛ȆĘ̏Ȉ̝ȦǴʑ ɲȨǷ̝Ȍ ȟ̰ȊȦȣȦǱȦȖ 
ȠșȣȇȬȒ Ȝ̛ȟȇ̽ȣ̽ȇȒ̜Ȍ ȨȎ̬ȌȈ̠Ȍɳ ɲHorowitz et al. 2014) ȣ̰ǮȊ̡̛Ǵư̏ǴȬȇ̠Ṵ̏ǮȦȖȑ̮ǵȦȖȆȦȉ̲Ǵǯ̠ȣȔ̿ș
ȨǮ̰̞ȕȜǮ̛ȍǮȦȖȎșȇȎș̝ȣȕǵȦǮȨȠȔ̴ȣǴȩȖ̝ȊȣǴǱ̶Ȧȑ̴̡Ȍȍ̠ȦȌȩșȥǯȌȦȇȨș̫Ǯ ɲArtisanal and small-
scale gold mining)71  
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ǮȦȖȎș̝ȣȕȎȖȣȊǵȦǮȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮ȌȨȎ̬Ȍǯ̠ȣȔ̿șḬ̞̑Ȉ̠ȣǴȑ̮ǵȦȖȆȦȖȦȕșȥȨȣ̰ȕȇȣȕ̝ȦǴ
ȉ̠ȜȌḭ̞̏ȫȌȩǴ̝Ȗ̿ȎȩȍȍǯȣǴȎȖȣȊḬ̞̑ȉ̿ǮȎșȇȎș̝ȣȕ ȨȑȖȦȥṴ̏ȏșȈ̝ȣǱȜȦȔȨȎ̬ȌȬȎǯȣǴȎȖȣȊȫȌ
ȍȖȖȕȦǮȦȝ Ȗȥȍȍȍ̶Ȧơ̏ȇȔșȑ̮ȞȊȦǴȣȦǮȦȝȫȌȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮Ȍ ȩȔ̠ȬȔ̝ȫǷ̝ȖȥȍȍǮ̶Ȧǵ̛ȇȎȖȣȊ
ȪȇȕȈȖǴ ȩȈ̝Ṵ̏ȏșȑșȣȕȬȇ̠ȫȌǮȦȖǮ̶Ȧǵ̛ȇȎȖȣȊȣȣǮǵȦǮȬȣȨȟ̰ȕḬ̞̑ǵȥȉ̿ǮȖȥȍȦȕȣȣǮȟ̝̿
ȍȖȖȕȦǮȦȝ ɲȇ̿ȣȋ̮ȍȦȕȫȌǮȖȣȍɳ ǯ̠ȣȔ̿șǮȦȖȎșȇȎș̝ȣȕȎȖȣȊȫȌȩȍȍǵ̶ȦșȣǴ GEOS-Chem 
Ơ̡̏ȌȫǷ̠ǯ̠ȣȔ̿șǯȣǴȪȖǴȬȒȒ̢ȦȩșȥȖȥȍȍȍ̶Ȧơ̏ȇȔșȑ̮ȞȣȦǮȦȝḬ̞̑Ȉ̮ȇȈ̡̛ǴȫȌȪȖǴȬȒȒ̢ȦȨȑ̴̞ȣǱ̶ȦȌȜȆ
ȣ̛ȈȖȦǮȦȖȎșȇȎș̝ȣȕȎȖȣȊȫȌȩȈ̝șȥȖ̿Ȏȩȍȍ ȪȇȕȨǶȑȦȥȫȌȟȠƯ̑ȂȣȨȔȖ̮ǮȦ ȟȦȋȦȖȆƯ̑Ȃ
ȎȖȥǷȦǷȌǵ̰Ȍ ȩșȥȎȖȥȨȊȝȣ̮ȌȨḛ̑ȕ72 ȟ̝ȜȌȫȌȖȦȕǴȦȌǶơ̏ȍȌ̡̰Ȍ̶ȦȨȟȌȣǮȦȖȎƯ̑ȍȎȖ̽Ǵơ̏ǼǷ̰ǮȦȖ
ȎșȇȎș̝ȣȕȎȖȣȊǵȦǮȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮ȌȫȌȎȖȥȨȊȝȬȊȕȪȇȕȫǷ̠ǯ̠ȣȔ̿șȨǵȦȥǵǴǯȣǴȩȈ̝șȥ
ȪȖǴȬȒȒ̢ȦȩșȥȖȥȍȍȍ̶Ȧơ̏ȇȔșȑ̮ȞȣȦǮȦȝḬ̞̑Ȉ̮ȇȈ̡̛ǴȫȌȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮Ȍ 

4.3.3 ȨǮ̮ȇȣȥȬȖǯ̡̲ȌǮ̛ȍȎȖȣȊȨȔ̴̞ȣȏ̝ȦȌȖȥȍȍȍ̶Ȧơ̏ȇȔșȑ̮ȞȣȦǮȦȝ? 

ȇ̛ǴḬ̞̑Ȭȇ̠ȩȟȇǴȫȌȍȊḬ̞̑ 3 Ȗȥȍȍȍ̶Ȧơ̏ȇȣȦǮȦȝḬ̞̑ȣȣǮȩȍȍȨȑ̴̞ȣǮ̶Ȧǵ̛ȇȐ̟̽ȌșȥȣȣǴ ȣȣǮȬǸę̑
ǯȣǴȬȌȪȈȖȨǵȌ ȩșȥ Ǹ̛șȨȒȣŲ̑ȬȇȣȣǮȬǸę̑ Ơ̡̏Ȍ Ṵ̏ȏșȑșȣȕȬȇ̠ȫȌǮȦȖǷ̝ȜȕȩȕǮȎȖȣȊȍȦǴȟ̝ȜȌ
ȣȣǮǵȦǮȣȦǮȦȝȨȟ̰ȕǯȣǴȪȖǴȬȒȒ̢Ȧ ȪȇȕȎȖȣȊȫȌȩȈ̝șȥȖ̿ȎȩȍȍǵȥȨǮ̮ȇǮȦȖȨȎș̰̞ȕȌȩȎșǴȠȖ̴ȣ
ȉ̿ǮǮ̶Ȧǵ̛ȇȣȣǮǵȦǮȣȦǮȦȝȫȌȜ̮ḭ̑ȠȖ̴ȣǮȖȥȍȜȌǮȦȖȩȈǮȈ̝ȦǴǮ̛ȌȬȎ Ǹ̲̞ǴǮȦȖǵ̛ȇș̶Ȧȇ̛ȍȣ̽ȎǮȖĘ̑
ȍ̶Ȧơ̏ȇȔșȑ̮ȞȊȦǴȣȦǮȦȝǮ̫Ṵ̏ȏșȈ̝ȣȎȖȥḫ̌Ȋȋ̮ȓȦȑǮȦȖǮ̶Ȧǵ̛ȇȎȖȣȊǯȣǴȖȥȍȍȍ̶Ȧơ̏ȇȔșȑ̮ȞȊȦǴ
ȣȦǮȦȝȪȇȕȖȜȔȇ̠ȜȕȨǷ̝ȌǮ̛Ȍ ȩȔ̠ǮȖȥƠ̡̏ȌȔȜșǯȣǴȎȖȣȊȎȖȥȔȦȆȖ̠ȣȕșȥ 30 Ǯ̫ư̏ǴǱǴȉ̿Ǯ
ȎșȇȎș̝ȣȕȟ̝̿ȍȖȖȕȦǮȦȝȠș̛ǴǵȦǮȏ̝ȦȌȖȥȍȍȍ̶Ȧơ̏ȇȔșȑ̮Ȟȣ̴̞Ȍ ʑ ȨȠș̝ȦȌ̡̰ 
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Ȗ̿ȎḬ̞̑ 4-2 ȏșȑșȣȕȬȇ̠ȫȌǮȦȖǮ̶Ȧǵ̛ȇȎȖȣȊǯȣǴȖȥȍȍȍ̶Ȧơ̏ȇȔșȑ̮Ȟȣ̴̞Ȍ ʑ Ȫȇȕ  
ESP (Electrostatic precipitator) Ǳ̴ȣ ȨǱȖ̴̞ȣǴȇ̛ǮȐ̟̽ȌȩȍȍȬȒȒ̢Ȧȟȉ̮Ȉ  

SCR (Selective catalytic reduction) Ǳ̴ȣ ȖȥȍȍǮ̶Ȧǵ̛ȇǮ̣ȦǸȣȣǮȬǸę̑ǯȣǴȬȌȪȈȖȨǵȌ  
ȩșȥ FGD (Flue-gas desulfurization) Ǳ̴ȣ ȨǱȖ̴̞ȣǴǮ̶Ȧǵ̛ȇǮ̣ȦǸǸ̛șȨȒȣŲ̑ȬȇȣȣǮȬǸę̑ 

 

4.4 ơ̏ǼǷ̰ȩȠș̝ǴǮ̶ȦȨȌ̮ȇȎȖȣȊǵȦǮȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮ȌǯȣǴȎȖȥȨȊȝȬȊȕ 

ǵȦǮǮȦȖȖȜȍȖȜȔǯ̠ȣȔ̿ș Ȇ Ȏ̱ 2563 ȎȖȥȨȊȝȬȊȕṴ̏ȪȖǴȬȒȒ̢ȦȩșȥȪȖǴǴȦȌḬ̞̑ȫǷ̠ȑș̛ǴǴȦȌ
ǵȦǮǮȦȖȨȏȦȬȠȔ̠ȉ̝ȦȌȠ̮ȌȨȎ̬ȌȨǷ̴̡ȣȨȑș̮Ǵ ǵ̶ȦȌȜȌ29 ȩȠ̝Ǵ73,74,75,76 ǯ̠ȣȔ̿șȩȟȇǴȇ̛ǴȈȦȖȦǴḬ̞̑ 4-1 
ȟ̶ȦȠƯ̑ȍȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮ȌḬ̞̑ȇ̶ȦȨȌ̮ȌǴȦȌȫȌȎ̱ 2561 Ơ̡̏ȌṴ̏ǵ̶ȦȌȜȌ 27 ȩȠ̝Ǵ ɲȣ̰Ǯ 2 ȩȠ̝ǴḬ̞̑ȬȔ̝
ȇ̶ȦȨȌ̮ȌǮȦȖ Ǳ̴ȣ ȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮ȌǮȖȥȍ̰̞ Ƞȕ̽ȇȇ̶ȦȨȌ̮ȌǮȦȖȈ̡̛ǴȩȈ̝Ȏ̱ 2538 ȩșȥ ȪǱȖǴǮȦȖ
ȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮ȌȔȠȦǷ̛ȕǱȖȦȒĮ̑ȨȎȨȎȣŲ̑ ư̏ǴȬȔ̝ȨȎ̯ȇȇ̶ȦȨȌ̮ȌǮȦȖɳ Ǯ̶Ȧș̛Ǵȏș̮ȈȖȜȔ 6,046.4  
ȨȔǮȥȜ̛ȈĮ̏  ǵ̶ȦȩȌǮȨȎ̬ȌȟȣǴǮș̝̽ȔȠș̛ǮǱ̴ȣ Ǯș̝̽ȔḬ̞̑Ǯ̶Ȧș̛Ǵȏș̮ȈȔȦǮǮȜ̝Ȧ 300 ȨȔǮȥȜ̛ȈĮ̏ ǵ̶ȦȌȜȌ  
5 ȩȠ̝Ǵ ȩșȥǮș̝̽ȔḬ̞̑Ǯ̶Ȧș̛Ǵȏș̮ȈȌ̠ȣȕǮȜ̝Ȧ 300 ȨȔǮȥȜ̛ȈĮ̏ȣ̰Ǯ 24 ȩȠ̝Ǵ ɲȬȔ̝ȇ̶ȦȨȌ̮ȌǮȦȖ 2 ȩȠ̝Ǵɳ 
ǯ̠ȣȔ̿șǯȣǴȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮ȌȌ̶ȦȨȟȌȣȇ̛ǴȖ̿ȎḬ̞̑ 4-2 ȎȖȥǮȣȍȬȎȇ̠ȜȕǮ̶Ȧș̛Ǵȏș̮Ȉ ǷȌ̮ȇǯȣǴ
ȨǷ̴̡ȣȨȑș̮Ǵ ǵ̶ȦȩȌǮȨȎ̬Ȍȉ̝ȦȌȠ̮Ȍȍ̮Ȋ̿Ȕ̮Ơ̏ȟ ȉ̝ȦȌȠ̮ȌǸ̛ȍȍ̮Ȋ̿Ȕ̮Ơ̏ȟ ȉ̝ȦȌȠ̮ȌȩȣȌȊȖȦȬǸĮ̏ ȩșȥ 
ș̮ǮȬȌĮ̏  ǯ̠ȣȔ̿șȖȥȍȍȍ̶Ȧơ̏ȇȔșȑ̮ȞȣȦǮȦȝ ǵ̶ȦȩȌǮȨȎ̬Ȍ Ȗȥȍȍǵ̛ȇǮȦȖǸ̛șȨȒȣŲ̑ȬȇȣȣǮȬǸę̑ 
Ȗȥȍȍǵ̛ȇǮȦȖȣȣǮȬǸę̑ǯȣǴȬȌȪȈȖȨǵȌ ȩșȥ Ȗȥȍȍǵ̛ȇǮȦȖȐ̟̽ȌșȥȣȣǴ   
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ǵȦǮȂȦȌǯ̠ȣȔ̿șȑȍȜ̝Ȧư̏ǴȬȔ̝Ṵ̏ȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮ȌȩȠ̝ǴȫȇȫȌȎȖȥȨȊȝȬȊȕḬ̞̑Ȉ̮ȇȈ̡̛ǴȖȥȍȍ
Ǯ̶Ȧǵ̛ȇȎȖȣȊȨȎ̬ȌǮȦȖȨǵȦȥǵǴ ȨǷ̝Ȍ Activated Carbon Injection ȇ̛ǴḬ̞̑Ȭȇ̠ȩȟȇǴȫȌȍȊḬ̞̑ 
3  ȣȕ̝ȦǴȬȖǮ̫ḛ̑ Ȗȥȍȍȍ̶Ȧơ̏ȇȔșȑ̮ȞȊȦǴȣȦǮȦȝḬ̞̑Ǯș̝ȦȜǯ̠ȦǴȈ̠ȌƠ̡̏ȌṴ̏ȏșȑșȣȕȬȇ̠ȫȌǮȦȖǮ̶Ȧǵ̛ȇ
ȎȖȣȊȣȣǮǵȦǮȣȦǮȦȝǮ̝ȣȌḬ̞̑ǵȥȖȥȍȦȕȣȣǮȟ̝̿ȍȖȖȕȦǮȦȝ ȇ̛ǴƠ̡̏Ȍǵ̲ǴȫǷ̠ǯ̠ȣȔ̿șȖȥȍȍȍ̶Ȧơ̏ȇ
Ȕșȑ̮ȞȊȦǴȣȦǮȦȝǯȣǴȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮ȌȩȈ̝șȥȩȠ̝ǴȨȑ̴̞ȣȨȎ̬Ȍǯ̠ȣȔ̿șǮ̶ȦȠȌȇȎȖȥḫ̌Ȋȋ̮ȓȦȑǮȦȖ
Ǯ̶Ȧǵ̛ȇȎȖȣȊȩșȥǮ̶ȦȠȌȇǮȦȖǵ̶ȦȩȌǮȎȖȣȊȩȈ̝șȥȖ̿Ȏȩȍȍ ɲHg0  Hg2+ ȩșȥ HgP) Ḭ̞̑ȉ̿Ǯ
ȎșȇȎș̝ȣȕȣȣǮǵȦǮȎșȦȕȎș̝ȣǴǯȣǴȩȈ̝șȥȪȖǴȬȒȒ̢Ȧ ȪȇȕȫǷ̠Ǳ̝ȦȨǶș̰̞ȕȎȖȥḫ̌Ȋȋ̮ȓȦȑǮȦȖǮ̶Ȧǵ̛ȇ
ȎȖȣȊǯȣǴǷ̽ȇȖȥȍȍȍ̶Ȧơ̏ȇȣȦǮȦȝḬ̞̑Ȭȇ̠ǵȦǮǮȦȖȊȍȊȜȌȨȣǮȟȦȖȊȦǴȜ̮ǷȦǮȦȖȈ̝ȦǴʑ73,77,78,79 
ǯ̠ȣȔ̿șǮȦȖǵ̶ȦȩȌǮȖ̿ȎȩȍȍȎȖȣȊ ɲMercury speciation) Ơ̡̏ȌȬȇ̠ǵȦǮǮȦȖȊȍȊȜȌȨȣǮȟȦȖȊȦǴ
Ȝ̮ǷȦǮȦȖ73,78 ȫȠ̠ȟȣȇǱș̠ȣǴǮȦȖȖ̿ȎȩȍȍȖȥȍȍȍ̶Ȧơ̏ȇȔșȑ̮ȞȊȦǴȣȦǮȦȝḬ̞̑Ṵ̏ȫǷ̠Ǯ̛ȌȫȌȍȖ̮ȍȊ
ȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮ȌȎȖȥȨȊȝȬȊȕȩșȥȟȖ̽ȎȬȜ̠ȇ̛ǴȖ̿ȎḬ̞̑ 4-3 Ǹ̲̞ǴǱ̝Ȧȟ̛ȇȟ̝ȜȌǮȦȖȎșȇȎș̝ȣȕȎȖȣȊ
ȩȍ̝ǴȈȦȔȖ̿Ȏȩȍȍȟ̶ȦȠƯ̑ȍȩȈ̝șȥǷ̽ȇȖȥȍȍȍ̶Ȧơ̏ȇȣȦǮȦȝȇ̛ǴȩȟȇǴȌ̡̰ȨȎṴ̑ȕȍȨȟȔ̴ȣȌǱ̝ȦȨǶș̰̞ȕǯȣǴ
ȪȖǴȬȒȒ̢ȦȠșȦȕ ʑ ȩȠ̝ǴḬ̞̑Ṵ̏Ƿ̽ȇȖȥȍȍȍ̶Ȧơ̏ȇȣȦǮȦȝȩȍȍȨḛ̑ȕȜǮ̛Ȍ 

ȪȇȕȟȖ̽Ȏȩș̠Ȝ ǵȦǮǮȦȖǱ̶ȦȌȜȆȑȍȜ̝ȦȫȌȎ̱ 2561 Ṵ̏ǮȦȖȎșȇȎș̝ȣȕȎȖȣȊȣȣǮȟ̝̿
ȍȖȖȕȦǮȦȝǵȦǮǮȦȖȨȏȦȬȠȔ̠ȉ̝ȦȌȠ̮ȌȫȌȎȖȥȨȊȝȬȊȕ ȖȜȔȊ̡̛ǴȠȔȇ 2,381 Ǯ̮ȪșǮƯ̑ȔȈ̝ȣȎ̱ Ȫȇȕ
ǵ̶ȦȩȌǮȬȇ̠ȨȎ̬ȌȎȖȣȊȫȌȖ̿Ȏȩȍȍ Hg0 = 1,632 Ǯ̮ȪșǮƯ̑ȔȈ̝ȣȎ̱  Hg2+ = 588 Ǯ̮ȪșǮƯ̑ȔȈ̝ȣȎ̱ ȩșȥ 
HgP = 159 Ǯ̮ȪșǮƯ̑ȔȈ̝ȣȎ̱ ǯ̠ȣȔ̿șǮȦȖȎșȇȎș̝ȣȕȈȦȔȈ̶ȦȩȠȌ̝ǴȪȖǴȬȒȒ̢Ȧȉ̿ǮȌ̶ȦȬȎȎȖȥȔȜșȏș
ȫȠ̠ȣȕ̝̿ȫȌȖ̿ȎȩȍȍȩȏȌḬ̞̑ǱȜȦȔșȥȨȣ̰ȕȇ 1 ȣǴȝȦșȥȈ̮ǵ̿ȇ x 1 ȣǴȝȦșȣǴǵ̮ǵ̿ȇ ȇ̛ǴȖ̿ȎḬ̞̑ 4-4 ȟȣȇǱș̠ȣǴ
Ǯ̛ȍȖ̿Ȏȩȍȍǯ̠ȣȔ̿șȩȏȌḬ̞̑ȣ̛ȈȖȦǮȦȖȎșȇȎș̝ȣȕȎȖȣȊǵȦǮǮ̮ǵǮȖȖȔȔȌ̽Ȟų̏Ḭ̞̑ȨȎ̬Ȍǯ̠ȣȔ̿șȌ̶ȦȨǯ̠Ȧ
ȫȠ̠Ǯ̛ȍȩȍȍǵ̶ȦșȣǴ GEOS-Chem72 
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Ȗ̿ȎḬ̞̑ 4-2 ǯ̠ȣȔ̿șȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮ȌȫȌȎȖȥȨȊȝȬȊȕ 
 

  

Ȗ̿ȎḬ̞̑ 4-3 ǯ̠ȣȔ̿șǮȦȖǵ̶ȦȩȌǮȖ̿ȎȩȍȍȎȖȣȊ ɲMercury speciation)  
ǵ̶ȦȩȌǮȈȦȔȖȥȍȍȍ̶Ȧơ̏ȇȣȦǮȦȝ 

ǯ̠ȣȔ̿șȟ̶ȦȠƯ̑ȍȖȥȍȍȍ̶Ȧơ̏ȇȣȦǮȦȝȩȍȍḬ̞̑ 1) ɼ 5) ȣ̠ȦǴȣ̮ǴǵȦǮȍȊǱȜȦȔȊȦǴȜ̮ǷȦǮȦȖ78 
ȩșȥǯ̠ȣȔ̿șȟ̶ȦȠƯ̑ȍȖȥȍȍȍ̶Ȧơ̏ȇȣȦǮȦȝȩȍȍḬ̞̑ 6) ɼ 7) ȣ̠ȦǴȣ̮ǴǵȦǮȖȦȕǴȦȌǯȣǴ UNEP73  
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Ȗ̿ȎḬ̞̑ 4-4 ȩȏȌḬ̞̑ȣ̛ȈȖȦǮȦȖȎșȇȎș̝ȣȕȎȖȣȊǵȦǮǮȦȖȨȏȦȬȠȔ̠ȉ̝ȦȌȠ̮ȌȫȌȪȖǴȬȒȒ̢ȦǯȣǴ
ȎȖȥȨȊȝȬȊȕ ȩȟȇǴǯ̠ȣȔ̿șȫȌȠȌ̝ȜȕǮ̮ȪșǮƯ̑ȔȈ̝ȣȎ̱ ȟ̶ȦȠƯ̑ȍǮȦȖȎșȇȎș̝ȣȕȎȖȣȊ 
Ȗ̿ȎȩȍȍȈ̝ȦǴ ʑ  Ǯɳ ȎȖȣȊ Hg0  ǯɳ ȎȖȣȊ Hg2+ Ǳɳ ȎȖȣȊȫȌȖ̿ȎȣȌ̽ȓȦǱ HgP 
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ȈȦȖȦǴḬ̞̑ 4-1 ơ̏ǼǷ̰ǮȦȖȎșȇȎș̝ȣȕȎȖȣȊǵȦǮȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮Ȍ Ȇ Ȏ̱ 2561 
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4.5 ȟȔȇ̽șȔȜșǯȣǴȎȖȣȊȫȌȍȖȖȕȦǮȦȝ 

ȏșǵȦǮȩȍȍǵ̶ȦșȣǴȎȖȣȊȫȌȍȖȖȕȦǮȦȝȟȦȔȦȖȉȟȖ̽ȎȓȦȑȖȜȔȫȠ̠ȨȠ̫ȌȎȖ̮ȔȦȆȎȖȣȊḬ̞̑
ȣȕ̝̿ȫȌȍȖȖȕȦǮȦȝȩșȥǮȖȥȍȜȌǮȦȖȈ̝ȦǴ ʑ Ḭ̞̑ȨǮ̮ȇǯ̡̲ȌȬȇ̠ȫȌȖ̿ȎȩȍȍǯȣǴȩȏȌȓȦȑȟȔȇ̽șȔȜș
ȎȖȣȊȫȌȟȉȦȌȥȈ̝ȦǴ ʑ Ǹ̲̞ǴǵȥȊ̶ȦȫȠ̠ȨȠ̫ȌȨȇ̝ȌǷ̛ȇȜ̝ȦǮȖȥȍȜȌǮȦȖȫȇḬ̞̑ȨȎ̬ȌǷ̝ȣǴȊȦǴȟ̶ȦǱ̛ǼȫȌǮȦȖ
ȟ̿ǼȨȟ̰ȕȎȖȣȊȣȣǮǵȦǮȍȖȖȕȦǮȦȝ Ǹ̲̞ǴƠ̞̏ȌȠȔȦȕȉ̲ǴǮȦȖȨǱș̴̞ȣȌȕ̠ȦȕȎȖȣȊǵȦǮȫȌȣȦǮȦȝȬȎư̏Ǵ
Ȉ̛ȜǮșȦǴḫ̞̌ǴȩȜȇș̠ȣȔȣ̴̞Ȍ Ȭȇ̠ȩǮ̝ ȏ̴Ȍȇ̮Ȍ ȩșȥ ȏ̴ȌȌ̸Ȧ ɲȩȔ̝Ȍ̸Ȧ ȊȥȨșȟȦȍ ȔȠȦȟȔ̽ȊȖɳ ȣ̛ȌȌ̶ȦȬȎȟ̝̿
ǮȦȖȟȥȟȔȎȖȣȊȫȌȑ̴Ƿȩșȥȟ̛ȈȜ̨ ȖȜȔȉ̲ǴȖȥȍȍȌ̮ȨȜȝȩșȥȠ̝ȜǴȪǸ̝ȣȦȠȦȖ 

ȫȌȓȦȑȖȜȔǯȣǴǮȦȖȎșȇȎș̝ȣȕȎȖȣȊǵȦǮȊ̽ǮȩȠș̝ǴǮ̶ȦȨȌ̮ȇ ȟȔȇ̽șȔȜșǯȣǴȎȖȣȊ
ȇ̛ǴǮș̝ȦȜȩȟȇǴȫȌȖ̿ȎḬ̞̑ 4-5 ȫȌȩǴ̝ȩȠș̝ǴǮ̶ȦȨȌ̮ȇȣȦǵȇ̿ȨȠȔ̴ȣȌȜ̝ȦǮȦȖȎșȇȎș̝ȣȕȪȇȕǮ̮ǵǮȖȖȔ
ȔȌ̽Ȟų̏Ơ̡̏ȌȌ̠ȣȕǮȜ̝ȦǮȦȖȎșȇȎș̝ȣȕȪȇȕȖȜȔǵȦǮȋȖȖȔǷȦȈ̮ ȩȈ̝ȑ̲ǴȈȖȥȠƠ̏ǮȜ̝ȦǮȦȖȎșȇȎș̝ȣȕ
ȫȌȋȖȖȔǷȦȈ̮Ơ̡̏Ȍȟ̝ȜȌȠȌ̲̞ǴȨǮ̮ȇȔȦǵȦǮȎȖȣȊḬ̞̑ȔȦǵȦǮǮ̮ǵǮȖȖȔǯȣǴȔȌ̽Ȟų̏Ǹ̲̞ǴȬȇ̠ȟȥȟȔȣȕ̝̿ȫȌȇ̮Ȍ
ȩșȥȌ̸ȦȨȖ̴̞ȣȕȔȦȨȎ̬ȌȨȜșȦȌȦȌ  ȟ̝ȜȌȫȌȩǴ̝ǮȖȥȍȜȌǮȦȖḬ̞̑Ǯ̶Ȧǵ̛ȇȎȖȣȊȣȣǮǵȦǮȍȖȖȕȦǮȦȝṴ̏
Ƿ̝ȣǴȊȦǴȠș̛ǮǱ̴ȣǮȦȖȈǮȟȥȟȔ ɲDeposition) ȫȌȩǴ̝ǯȣǴǮȦȖǮȖȥǵȦȕȈ̛ȜȫȌȩȌȜȇ̮̞Ǵ ȑȍȜ̝Ȧ
ȟ̛ȇȟ̝ȜȌǯȣǴȎȖ̮ȔȦȆȎȖȣȊȫȌȍȖȖȕȦǮȦȝǷ̡̛Ȍș̝ȦǴ ɲTroposphere) ȨḬ̑ȕȍǮ̛ȍȊ̡̛ǴǱȣș̛ȔǪ̏
ȍȖȖȕȦǮȦȝ Ǳ̮ȇȨȎ̬ȌȖ̠ȣȕșȥ 96 Ȗ̠ȣȕșȥ 46 ȩșȥȖ̠ȣȕșȥ 13 ȟ̶ȦȠƯ̑ȍ Hg0  Hg2+ ȩșȥ HgP  

Ȗ̿ȎḬ̞̑ 4-6 ȩȟȇǴȟȔȇ̽șȔȜșǯȣǴȎȖȣȊḬ̞̑ȔȦǵȦǮǮȦȖȨȏȦȬȠȔ̠ȉ̝ȦȌȠ̮ȌȫȌȪȖǴȬȒȒ̢ȦǯȣǴ
ȎȖȥȨȊȝȬȊȕ ȠȖ̴ȣ MCCT ȨȎ̬ȌǮȦȖǱ̶ȦȌȜȆǱȜȦȔȨȎ̬ȌȬȎǯȣǴ MCCT ȫȌȍȖȖȕȦǮȦȝ
ȪșǮ   MCCT ȟ̝ȜȌȫȠǼ̝ ɲȖ̠ȣȕșȥ 85) ȣȕ̝̿ȫȌȖ̿Ȏȩȍȍ Hg0  ȨȌ̴̞ȣǴǵȦǮǱȜȦȔǱǴȊȌṴ̏ȣȦȕ̽
ȕȦȜȌȦȌǵ̲ǴȟȦȔȦȖȉȉ̿ǮȨǱș̴̞ȣȌȕ̠ȦȕȬȎȬȇ̠ȬǮșȊ̛̞ȜȪșǮ ȫȌǯȆȥḬ̞̑ȎȖȣȊȫȌȖ̿Ȏȩȍȍ Hg2+ ȩșȥ 
HgP Ơ̡̏Ȍȉ̿ǮȐȌȑȦȫȠ̠ȈǮȟȥȟȔșǴȟ̝̿ȑ̴̡Ȍȇ̮ȌȬȇ̠ǵ̲ǴṴ̏ȎȖ̮ȔȦȆȫȌȍȖȖȕȦǮȦȝȨȎ̬Ȍȟ̛ȇȟ̝ȜȌḬ̞̑Ȩș̫ǮǮȜ̝Ȧ 
ȩȈ̝Ǯ̫Ṵ̏ǮȦȖǮȖȥǵȦȕȈ̛ȜȫȌȖȥȕȥȬǮșǵȦǮȩȠș̝ǴǮ̶ȦȨȌ̮ȇȨȌ̴̞ȣǴǵȦǮṴ̏ǮȖȥȍȜȌǮȦȖȣȣǮǸ̮ȨȇǷ̛̞ȌǵȦǮ 
Hg0 Ḭ̞̑ȨȎ̬ȌȩȠș̝ǴǮ̶ȦȨȌ̮ȇȊ̽Ȉ̮ȕȓ̿Ȕ̮ȫȌȍȖȖȕȦǮȦȝȇ̠Ȝȕ  ȩșȥȇ̠ȜȕǱȜȦȔḬ̞̑ȎȖȣȊȫȌȖ̿Ȏȩȍȍ Hg2+ 
ȩșȥ HgP ȉ̿ǮȐȌǮ̶Ȧǵ̛ȇȣȣǮǵȦǮȍȖȖȕȦǮȦȝȬȇ̠Ǵ̝ȦȕȌ̡̰ȨȣǴ Ȋ̶ȦȫȠ̠Ṵ̏ȎȖȣȊȫȌȖ̿Ȏȩȍȍ Hg2+ ȩșȥ 
HgP ǱǴȣȕ̝̿ȫȌȍȖȖȕȦǮȦȝǷ̡̛Ȍȟ̿Ǵ ȠȖ̴ȣḬ̞̑Ṵ̏Ƿ̴̞ȣȨṴ̑ȕǮȜ̝ȦǷ̡̛ȌȟȈȖȦȪȊȟȨṞ̑ȕŲ̑ ɲStratosphere) ȩșȥ
ǱǴȣȕ̝̿Ȭȇ̠ȨȎ̬Ȍȟ̛ȇȟ̝ȜȌȔȦǮǮȜ̝ȦȫȌǷ̡̛ȌȍȖȖȕȦǮȦȝș̝ȦǴḬ̞̑Ȉ̮ȇǮ̛ȍȑ̴̡Ȍȇ̮Ȍ ȠȖ̴ȣḬ̞̑ȨṴ̑ȕǮȜ̝ȦǷ̡̛ȌȪȊȖȪȑȟ
ȨṞ̑ȕŲ̑ ɲTroposphere) ȨȑȖȦȥȬȔ̝Ṵ̏ȐȌȈǮȫȌǷ̡̛ȌȟȈȖȦȪȊȟȨṞ̑ȕŲ̑ ȇ̛ǴȨȠ̫ȌȬȇ̠ȫȌȟȔȇ̽șȔȜșḬ̞̑Ṵ̏ 
Hg2+ ȩșȥ HgP ȫȌǷ̡̛ȌȪȊȖȪȑȟȨṞ̑ȕŲ̑ȨȎ̬Ȍȟ̝ȜȌȌ̠ȣȕ  Ǳ̴ȣȨȑ̰ȕǴ 39 Ǯ̮ȪșǮƯ̑Ȕȩșȥ 9 Ǯ̮ȪșǮƯ̑Ȕ 
ȈȦȔș̶Ȧȇ̛ȍ  

ȫȌȩǴ̝ǮȖȥȍȜȌǮȦȖȈ̝ȦǴ ʑ Ḭ̞̑Ȩȑ̮̞ȔȨȈ̮ȔȔȜșȎȖȣȊȫȌȍȖȖȕȦǮȦȝ ȌȣǮǵȦǮǮȦȖȎșȇȎș̝ȣȕ
ǵȦǮȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮ȌȪȇȕȈȖǴ ǵȥȨȠ̫ȌȜ̝ȦṴ̏ȎȖȣȊḬ̞̑ȇ̡̛ǴȨȇ̮ȔȔȦǵȦǮȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮Ȍȉ̿Ǯ
ȎșȇȎș̝ȣȕǸ̸Ȧȣ̰Ǯȏ̝ȦȌǮȖȥȍȜȌǮȦȖȊȦǴȋȖȖȔǷȦȈ̮Ǳ̴ȣ ǵȦǮȑ̴̡Ȍȇ̮Ȍ ȨȎ̬ȌȨȑȖȦȥȜ̝Ȧ MCCT ȫȌ
Ȗ̿Ȏȩȍȍ Hg2+ ȩșȥ HgP Ḭ̞̑ȈǮȟȥȟȔșǴȟ̝̿ȑ̴̡Ȍȇ̮ȌƠ̡̏Ȍ ȨǮ̮ȇǮȦȖȨȎș̰̞ȕȌȩȎșǴǮș̛ȍȨȎ̬Ȍ Hg0 ȫȌ
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ȑ̴̡Ȍȇ̮Ȍ ȩș̠ȜȨǮ̮ȇǮȦȖȎșȇȎș̝ȣȕǮș̛ȍȟ̝̿ȍȖȖȕȦǮȦȝȬȇ̠ȣ̰Ǯ ȟ̶ȦȠƯ̑ȍȎȀ̮Ǯ̮Ȗ̮ȕȦȨǱṴ̏ȫȌȍȖȖȕȦǮȦȝ Ṵ̏
Ȋ̡̛ǴǮȦȖȣȣǮǸ̮ȨȇǷ̛ȌǵȦǮ Hg0 Ǯ̝ȣȫȠ̠ȨǮ̮ȇ Hg2+ ȩșȥǮȦȖṴ̑ȇ̛ǱǷ̛ȌḬ̞̑ȨȎș̰̞ȕȌ Hg2+ Ǯșơ̏ȬȎȨȎ̬Ȍ 
Hg0 ȪȇȕȖȜȔȩș̠ȜȑȍȜ̝ȦṴ̏ȎȀ̮Ǯ̮Ȗ̮ȕȦṴ̑ȇȣǮǸ̨ȟ̽Ȋȋ̮ȨȎ̬ȌǮȦȖǮ̝ȣȫȠ̠ȨǮ̮ȇ Hg2+ Ḭ̞̑ȣ̛ȈȖȦȟ̿ǴǱ̮ȇȨȎ̬Ȍ 
3.2 ȨȊ̝ȦǯȣǴȣ̛ȈȖȦǮȦȖȎșȇȎș̝ȣȕȎȖȣȊȖȜȔǵȦǮȩȠș̝ǴǮ̶ȦȨȌ̮ȇȪȖǴȬȒȒ̢ȦȪȇȕȈȖǴ  ȏșǵȦǮ
ȩȍȍǵ̶ȦșȣǴȌ̡̰ȩȟȇǴȫȠ̠ȨȠ̫ȌȎȖȥȨȇ̫ȌȜ̝ȦǮȦȖȎșȇȎș̝ȣȕȎȖȣȊǵȦǮǮȦȖȨȏȦȬȠȔ̠ȉ̝ȦȌȠ̮Ȍ 
ȌȣǮǵȦǮḬ̞̑ȎșȇȎș̝ȣȕȪȇȕȈȖǴ ư̏ǴǮ̝ȣȫȠ̠ȨǮ̮ȇȏșȊȦǴȣ̠ȣȔḬ̞̑Ȗ̽ȌȩȖǴȕ̮̞ǴǮȜ̝ȦȫȌǮȦȖȩȎȖȨȎș̰̞ȕȌ
ȎȖȣȊ Hg0 Ḭ̞̑Ȩȟḭ̏ȕȖȫȌḫ̞̌ǴȩȜȇș̠ȣȔȫȠ̠ǮșȦȕȨȎ̬Ȍ Hg2+ Ḭ̞̑ȟȦȔȦȖȉȟȖ̠ȦǴȏșǮȖȥȊȍȈ̝ȣ
ḫ̞̌ǴȩȜȇș̠ȣȔ ǮȦȖȩȎȖȨȎș̰̞ȕȌȊȦǴȨǱṴ̏Ḭ̞̑Ǹ̛ȍǸ̠ȣȌȌ̡̰ȨȣǴḬ̞̑Ȋ̶ȦȫȠ̠ Hg2+ Ṵ̏ǮȦȖǮȖȥǵȦȕȈ̛ȜȬȇ̠ȬǮș
ǵȦǮȩȠș̝ǴǮ̶ȦȨȌ̮ȇȎȂȔȓ̿Ȕ̮ȩșȥǮȜ̠ȦǴȬǮșȬȎȊ̛̞ȜȍȖȖȕȦǮȦȝȪșǮ  

ȫȌȟ̝ȜȌǯȣǴǮȦȖǮȖȥǵȦȕȈ̛ȜȫȌȩȌȜȇ̮̞Ǵ ȑȍȜ̝Ȧȟ̛ȇȟ̝ȜȌǯȣǴȎȖ̮ȔȦȆ MCCT ȫȌ
ȍȖȖȕȦǮȦȝǷ̡̛Ȍș̝ȦǴ ɲTroposphere) ȨḬ̑ȕȍǮ̛ȍȊ̡̛ǴǱȣș̛ȔǪ̏ȍȖȖȕȦǮȦȝ Ǳ̮ȇȨȎ̬ȌȖ̠ȣȕșȥ 94 Ȗ̠ȣȕ
șȥ 7 ȩșȥȖ̠ȣȕșȥ 4 ȟ̶ȦȠƯ̑ȍ Hg0  Hg2+ ȩșȥ HgP 

ǯ̠ȣȔ̿șȌ̡̰ȟȥȊ̠ȣȌȫȠ̠ȨȠ̫Ȍȝ̛ǮȕȓȦȑǯȣǴȔșȑ̮ȞȎȖȣȊǸ̲̞Ǵȉ̿ǮȎșȇȎș̝ȣȕǵȦǮȩȠș̝ǴǮ̶ȦȨȌ̮ȇ
ȩȍȍǵ̽ȇ ȠȦǮȩȈ̝ȟȦȔȦȖȉȟ̝ǴȏșȫȠ̠ȨǮ̮ȇȨȎ̬ȌȩȠș̝ǴǮ̶ȦȨȌ̮ȇȊ̽Ȉ̮ȕȓ̿Ȕ̮ȫȌḬ̞̑Ƞ̝ȦǴȬǮșǵȦǮȈ̠ȌǮ̶ȦȨȌ̮ȇ
ȩȖǮ ȟ̶ȦȠƯ̑ȍǮȖȥȍȜȌǮȦȖḬ̞̑Ǯ̶Ȧǵ̛ȇȎȖȣȊȣȣǮǵȦǮȍȖȖȕȦǮȦȝ ǵȥȨȠ̫ȌȜ̝Ȧ Hg0 ȬȔ̝Ṵ̏ǮȦȖȈǮ
ȟȥȟȔȩȍȍȨȎ̱ȕǮ ȨȑȖȦȥȜ̝Ȧ Hg0 Ơ̡̏ȌȬȔ̝șȥșȦȕȌ̸Ȧ  ȫȌȓȦȑȖȜȔȩș̠Ȝ ǮȦȖȈǮȟȥȟȔȩȍȍȨȎ̱ȕǮ
ȩșȥȩȍȍȩȠ̠ǴƠ̡̏ȌṴ̏ǱȜȦȔȟ̶ȦǱ̛ǼȫǮș̠ȨǱ̰ȕǴǮ̛Ȍ ǮȦȖȈǮȟȥȟȔȠȖ̴ȣ deposition Ơ̡̏Ȍ ȩȔ̠ǵȥ
ȨṴ̑ȕǮȜ̝ȦȨȎ̬ȌǮȦȖȟ̿ǼȨȟ̰ȕȎȖȣȊȣȣǮǵȦǮȟȔȇ̽șȔȜșȎȖȣȊȫȌȍȖȖȕȦǮȦȝ ȩȈ̝ȩȊ̠ǵȖ̮ǴǮ̫Ǳ̴ȣǮȦȖ
ȨǱș̴̞ȣȌȕ̠ȦȕȎȖȣȊǵȦǮȍȖȖȕȦǮȦȝȬȎȟ̝̿ȑ̴̡Ȍȇ̮Ȍȩșȥȏ̴ȌȌ̸Ȧ Ȍ̰̞ǵ̲ǴȨȎ̬ȌǮȖȥȍȜȌǮȦȖḬ̞̑ȨǷ̴̞ȣȔȪȕǴȟ̝̿
ȏșǮȖȥȊȍȈ̝ȣȖȥȍȍȌ̮ȨȜȝ Ǹ̲̞ǴǵȥȍȖȖȕȦȕȫȌȠ̛Ȝǯ̠ȣȉ̛ȇȬȎ 
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Ȗ̿ȎḬ̞̑ 4-5 ȩȏȌȓȦȑȟȔȇ̽șȔȜșǯȣǴȎȖȣȊȫȌȍȖȖȕȦǮȦȝǱȖȣȍǱș̽ȔȊ̡̛ǴȪșǮ 
Ǹ̲̞ǴȔȦǵȦǮȊ̽ǮȩȠș̝ǴǮ̶ȦȨȌ̮ȇ 

 

Ȉ̛ȜȨșǯȫȌǮș̝ȣǴǱ̴ȣȎȖ̮ȔȦȆȎȖȣȊȫȌȍȖȖȕȦǮȦȝȫȌȠȌ̝ȜȕȈ̛Ȍ ȪȇȕȩȟȇǴȎȖ̮ȔȦȆȫȌ
ȍȖȖȕȦǮȦȝȊ̡̛ǴȠȔȇ ȩșȥȫȌȜǴȨș̫ȍȨȎ̬ȌȎȖ̮ȔȦȆȫȌǷ̡̛ȌȍȖȖȕȦǮȦȝḬ̞̑Ȉ̮ȇǮ̛ȍȑ̴̡Ȍȇ̮ȌȠȖ̴ȣ 
Troposphere  Ȉ̛ȜȨșǯȍȌș̿ǮȝȖȩȟȇǴȣ̛ȈȖȦǯȣǴǮȖȥȍȜȌǮȦȖȈ̝ȦǴ ʑ ȫȌȠȌ̝ȜȕȈ̛ȌȈ̝ȣȎ̱ 
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Ȗ̿ȎḬ̞̑ 4-6 ȩȏȌȓȦȑȟȔȇ̽șȔȜșǯȣǴȎȖȣȊǵȦǮȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮ȌȫȌȎȖȥȨȊȝȬȊȕȠȖ̴ȣ MCCT 

 

Ȉ̛ȜȨșǯȫȌǮș̝ȣǴǱ̴ȣȎȖ̮ȔȦȆȎȖȣȊȫȌȍȖȖȕȦǮȦȝȫȌȠȌ̝ȜȕȈ̛Ȍ ȪȇȕȩȟȇǴȎȖ̮ȔȦȆȫȌ
ȍȖȖȕȦǮȦȝȊ̡̛ǴȠȔȇ ȩșȥȫȌȜǴȨș̫ȍȨȎ̬ȌȎȖ̮ȔȦȆȫȌǷ̡̛ȌȍȖȖȕȦǮȦȝḬ̞̑Ȉ̮ȇǮ̛ȍȑ̴̡Ȍȇ̮ȌȠȖ̴ȣǷ̡̛ȌȪȊȖ
ȪȑȟȨṞ̑ȕŲ̑ ɲTroposphere)  Ȉ̛ȜȨșǯȍȌș̿ǮȝȖȩȟȇǴȣ̛ȈȖȦǯȣǴǮȖȥȍȜȌǮȦȖȈ̝ȦǴ ʑ ȫȌȠȌ̝ȜȕȈ̛Ȍ
Ȉ̝ȣȎ̱ 

 

4.6 ȩȏȌḬ̞̑ȎȖȣȊ 

ȩȍȍǵ̶ȦșȣǴƠ̡̏ȌȊ̶ȦǮȦȖǱ̶ȦȌȜȆȎȖȣȊǵȦǮȊ̽ǮȩȠș̝ǴǮ̶ȦȨȌ̮ȇ Ǹ̲̞ǴǷ̝ȜȕȨȏȕȫȠ̠ȨȠ̫Ȍȉ̲ǴǮȦȖ
ǮȖȥǵȦȕȈ̛ȜǯȣǴȎȖȣȊȫȌȍȖȖȕȦǮȦȝ ȇ̛ǴȩȟȇǴȫȌȖ̿ȎḬ̞̑ 4-7 ȟ̶ȦȠƯ̑ȍ Hg0 Ṵ̏ǮȦȖǮȖȥǵȦȕȈ̛ȜḬ̞̑
ȨȠ̫ȌǱȜȦȔȟ̛Ȕȑ̛Ȍį̑Ǯ̛ȍȩȠș̝ǴǮ̶ȦȨȌ̮ȇȈ̝ȦǴʑ ȍȌȑ̴̡Ȍȇ̮Ȍ ȇ̛ǴḬ̞̑ȨȠ̫ȌȎȖ̮ȔȦȆ Hg0 Ṵ̏Ǳ̝Ȧȟ̿ǴȍȖ̮ȨȜȆ
ȟȦȋȦȖȆƯ̑ȂȎȖȥǷȦǷȌǵ̰ȌǸ̲̞ǴṴ̏ǮȦȖȎșȇȎș̝ȣȕȎȖȣȊǵȦǮǮ̮ǵǮȖȖȔȈ̝ȦǴ ʑ ȟȣȇǱș̠ȣǴȖȥȇ̛ȍ
ǱȜȦȔȨȎ̬Ȍȣ̽ȈȟȦȠǮȖȖȔȩșȥȨȔ̴ȣǴ ȩșȥṴ̏ȎȖ̮ȔȦȆ Hg0 Ṵ̏Ǳ̝ȦȈ̷ȦȍȖ̮ȨȜȆȨǯȈȎǮǱȖȣǴȈȌȨȣǴ
Ȋ̮ȨȍȈ  ȟ̶ȦȠƯ̑ȍ Hg2+ Ơ̡̏ȌṴ̏ș̛ǮȞȆȥǮȦȖǮȖȥǵȦȕȈ̛ȜȬȎȫȌȍȖȖȕȦǮȦȝḬ̞̑ȬȔ̝Ṵ̏ǱȜȦȔȨǷ̴̞ȣȔȪȕǴ
Ƿ̛ȇȨǵȌǮ̛ȍȩȠș̝ǴǮ̶ȦȨȌ̮ȇȍȌȑ̴̡Ȍȇ̮Ȍ ȨȑȖȦȥṴ̏ǮȖȥȍȜȌǮȦȖȣȣǮǸ̮ȨȇǷ̛ȌǯȣǴ Hg0 ȫȌȍȖȖȕȦǮȦȝ
ȨȎ̬ȌȩȠș̝ǴǮ̶ȦȨȌ̮ȇḬ̞̑ȟ̶ȦǱ̛Ǽ Ǹ̲̞Ǵȟ̛Ȕȑ̛Ȍį̑Ǯ̛ȍ Hg0 Ḭ̞̑ȨǱș̴̞ȣȌȕ̠ȦȕȖȥȕȥȬǮșȩșȥȟȦȖḬ̞̑ȔȦȊ̶Ȧ
ȎȀ̮Ǯ̮Ȗ̮ȕȦȣȣǮǸ̮ȨȇǷ̛Ȍ  ȣ̰ǮȊ̡̛Ǵư̏ǴṴ̏ǮȦȖȟ̿ǼȨȟ̰ȕ Hg2+ ȣȣǮǵȦǮȍȖȖȕȦǮȦȝȬȎǮ̛ȍȐȌ ȇ̛ǴƠ̡̏Ȍ 
Hg2+ ǵ̲ǴṴ̏ș̛ǮȞȆȥǮȦȖǮȖȥǵȦȕȈ̛ȜḬ̞̑Ǹ̛ȍǸ̠ȣȌǵȦǮȠșȦȕȎ̜ǵǵ̛ȕ  ȟ̝ȜȌȎȖȣȊȫȌȖ̿Ȏ HgP ȨǮ̮ȇǵȦǮ 
Hg2+ Ḭ̞̑ȨȎș̰̞ȕȌȟȉȦȌȥǵȦǮǮ̣ȦǸȬȎȨȎ̬ȌȣȌ̽ȓȦǱ ǵ̲ǴṴ̏ǱȜȦȔȟ̛Ȕȑ̛Ȍį̑Ȗ̝ȜȔǮ̛ȍǮȦȖǮȖȥǵȦȕȈ̛ȜǯȣǴ
ȣȌ̽ȓȦǱ ɲParticulate matter) ȎȖȥȨȓȊȣ̴̞Ȍ ʑ ȇ̠Ȝȕ  
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ǯɳ  
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Ȗ̿ȎḬ̞̑ 4-7 ȩȏȌḬ̞̑ȎȖ̮ȔȦȆȎȖȣȊǵȦǮȊ̽ǮȩȠș̝ǴǮ̶ȦȨȌ̮ȇ ȩȟȇǴǱ̝ȦȨǶș̰̞ȕǯȣǴȎ̱ 2561 ȎȖ̮ȔȦȆȖȜȔ
ȫȌǷ̡̛ȌȍȖȖȕȦǮȦȝȊ̡̛ǴȠȔȇ ȫȌȠȌ̝ȜȕǮ̮ȪșǮƯ̑ȔȈ̝ȣǱȣș̛ȔǪ̏ ȟ̶ȦȠƯ̑ȍ Ǯɳ Hg0  ǯɳ Hg2+ ȩșȥ Ǳɳ 

HgP ȩșȥȨȎ̬ȌǱȜȦȔȨǯ̠Ȕǯ̠ȌȨǶș̰̞ȕȊ̡̛ǴǱȣș̛ȔǪ̏ȫȌȠȌ̝ȜȕȬȔȪǱȖǮƯ̑ȔȈ̝ȣș̿ǮȍȦȝǮ̨ȨȔȈȖ  
ȟ̶ȦȠƯ̑ȍ Ǵɳ Hg0  ǵɳ Hg2+ ȩșȥ Ƕɳ HgP 

 

Ȗ̿ȎḬ̞̑ 4-8 ȩȟȇǴȩȏȌḬ̞̑ǮȦȖǮȖȥǵȦȕȈ̛ȜǯȣǴȎȖȣȊǵȦǮȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮ȌȫȌȎȖȥȨȊȝ
ȬȊȕ ɲMCCT) Ǹ̲̞ǴǱ̶ȦȌȜȆȪȇȕȩȍȍǵ̶ȦșȣǴ GEOS-Chem ȩȍȍǵ̶ȦșȣǴȫȌȖȥȇ̛ȍȪșǮȫȠ̠ȏșȍ̝ǴǷ̡̰
Ȝ̝ȦȎȖȣȊ MCCT ǮȖȥǵȦȕȈ̛ȜȬȎȫȌȍȖȖȕȦǮȦȝȊ̛̞ȜȊ̡̛ǴȪșǮ ȨȔ̴̞ȣȑ̮ǵȦȖȆȦȫȌȩǴ̝ȑ̴̡ȌḬ̞̑ȨḬ̑ȕȍǮ̛ȍȈ̠Ȍ
Ǯ̶ȦȨȌ̮ȇȫȌȎȖȥȨȊȝȬȊȕ ȑȍȜ̝ȦȎȖȣȊȟ̝ȜȌȫȠǼ̝ǮȖȥǵȦȕȬȎȌȣǮȇ̮ȌȩȇȌȎȖȥȨȊȝȬȊȕ ȪȇȕȖ̠ȣȕ
șȥ 98 Ȗ̠ȣȕșȥ 99.5 ȩșȥȖ̠ȣȕșȥ 99.7 ǯȣǴ MCCT ȫȌȖ̿Ȏȩȍȍ Hg0 Hg2+ ȩșȥ HgP 
ȈȦȔș̶Ȧȇ̛ȍ Ơ̡̏ȌȩȑȖ̝ǮȖȥǵȦȕȌȣǮȎȖȥȨȊȝȬȊȕ ȩȟȇǴȫȠ̠ȨȠ̫ȌȜ̝ȦȔșȑ̮ȞƠ̡̏ȌȩȑȖ̝ǮȖȥǵȦȕȣȕ̝ȦǴ
ȬȖ̠ȑȖȔȩȇȌ ȩșȥȎȖȣȊƠ̡̏ȌṴ̏ȣȦȕ̽ȕȦȜȌȦȌǵ̲Ǵȉ̿ǮȨǱș̴̞ȣȌȕ̠ȦȕȬȎȬȇ̠ȖȥȕȥȊȦǴȬǮș ȠȦǮ
ȑ̮ǵȦȖȆȦǮȦȖǮȖȥǵȦȕȈ̛ȜȍȌȩȏȌḬ̞̑ǵȥȨȠ̫ȌȍȖ̮ȨȜȆǱȜȦȔȨǯ̠Ȕǯ̠ȌǯȣǴ MCCT ȟ̿ǴȨȇ̝ȌǷ̛ȇȫȌ
ȎȖȥȨȊȝȬȊȕ ȟ̝ȜȌḬ̞̑ȌȣǮȎȖȥȨȊȝƠ̡̏ȌǱȜȦȔȨǯ̠Ȕǯ̠ȌȩȈ̝șȥǮȖ̮ȇṴ̏Ǳ̝ȦȈ̷Ȧ ȠȦǮȩȈ̝ȫȌȓȦȑȖȜȔǯȣǴ
ȪșǮƠ̡̏ȌȎȖȣȊ MCCT Ȍ̡̰ǮȖȥǵȦȕǱȖȣȍǱș̽Ȕȑ̴̡ȌḬ̞̑ǮȜ̠ȦǴȫȠǼ̝ȔȠȦȝȦșǯȣǴȪșǮ Ȋ̶ȦȫȠ̠ȪȇȕȖȜȔ
ȩș̠Ȝȟ̛ȇȟ̝ȜȌḬ̞̑ǮȖȥǵȦȕȣȕ̝̿ȌȣǮȎȖȥȨȊȝȬȊȕṴ̏Ǳ̝ȦȔȦǮ  

Ǯɳ  
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Ƕɳ  

Ȗ̿ȎḬ̞̑ 4-8 ȩȏȌḬ̞̑ȎȖ̮ȔȦȆȎȖȣȊǵȦǮȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮ȌȫȌȎȖȥȨȊȝȬȊȕ ɲMCCT) ȩȟȇǴǱ̝ȦȨǶș̰̞ȕ
ǯȣǴȎ̱ 2561 ȎȖ̮ȔȦȆȖȜȔȫȌǷ̡̛ȌȍȖȖȕȦǮȦȝȊ̡̛ǴȠȔȇ ȫȌȠȌ̝ȜȕǮ̮ȪșǮƯ̑ȔȈ̝ȣǱȣș̛ȔǪ̏ ȟ̶ȦȠƯ̑ȍ Ǯɳ 
Hg0  ǯɳ Hg2+ ȩșȥ Ǳɳ HgP ȩșȥȨȎ̬ȌǱȜȦȔȨǯ̠Ȕǯ̠ȌȨǶș̰̞ȕȊ̡̛ǴǱȣș̛ȔǪ̏ȫȌȠȌ̝ȜȕȬȔȪǱȖǮƯ̑ȔȈ̝ȣ

ș̿ǮȍȦȝǮ̨ȨȔȈȖ ȟ̶ȦȠƯ̑ȍ Ǵɳ Hg0 ǵɳ Hg2+ ȩșȥ Ƕɳ HgP 

 

ȫȌȩǴ̝ǯȣǴǮȖȥȍȜȌǮȦȖḬ̞̑Ǯ̶Ȧǵ̛ȇȎȖȣȊȣȣǮǵȦǮȍȖȖȕȦǮȦȝǸ̲̞ǴǱ̴ȣǮȦȖȨǱș̴̞ȣȌȕ̠ȦȕȎȖȣȊ
ȫȌȍȖȖȕȦǮȦȝȬȎȟ̝̿ȏ̴Ȍȇ̮ȌȩșȥȩȠș̝ǴȌ̸ȦƠ̡̏Ȍ Ȗ̿ȎḬ̞̑ 4-9 ȩȟȇǴȩȏȌḬ̞̑ǮȦȖȈǮȟȥȟȔȪȇȕǵ̶ȦȩȌǮ
ȨȎ̬ȌǮȦȖȈǮȟȥȟȔȩȍȍȩȠ̠Ǵ ɲDry deposition)  ǮȦȖȈǮȟȥȟȔȩȍȍȨȎ̱ȕǮ ɲWet deposition) 
ȩșȥǮȦȖȈǮȟȥȟȔȖȜȔ ɲȏșȖȜȔǮȦȖȈǮȟȥȟȔȩȍȍȩȠ̠ǴȩșȥȈǮȟȥȟȔȩȍȍȨȎ̱ȕǮɳ ǵȦǮȖ̿Ȏǵȥ
ȟȦȔȦȖȉȨȠ̫Ȍș̛ǮȞȆȥǯȣǴǮȦȖȈǮȟȥȟȔȩȍȍȩȠ̠ǴḬ̞̑ȟ̛Ȕȑ̛Ȍį̑Ǯ̛ȍȩȠș̝ǴǮ̶ȦȨȌ̮ȇȎȖȣȊ ȫȌǯȆȥḬ̞̑
ǮȦȖȈǮȟȥȟȔȩȍȍȨȎ̱ȕǮƠ̡̏Ȍȟ̛Ȕȑ̛Ȍį̑Ǯ̛ȍȖ̿ȎȩȍȍȍȖ̮ȨȜȆǮȦȖȨǮ̮ȇȐȌȈǮǸ̲̞ǴȎȖȥȨȊȝȬȊȕȣȕ̝̿
ȓȦȕȫȈ̠ȣ̮Ȋȋ̮ȑșǯȣǴșȔȔȖȟ̽ȔȈȥȜ̛ȌȈǮȨǶ̰ȕǴȫȈ̠  ȩȏȌḬ̞̑ǮȦȖȈǮȟȥȟȔ ȇ̛ǴȫȌȖ̿ȎḬ̞̑ 4-9 Ȍ̡̰ȟ̴̞ȣȉ̲Ǵ
ȎȖȣȊḬ̞̑ȎȖȥȨȊȝȬȊȕȈ̠ȣǴȨȏǷ̮ǼȫȌȓȦȑȖȜȔ Ǹ̲̞ǴȎȖȥȨȊȝȬȊȕ ɲȊ̡̛ǴȠȔȇǯȣǴȏ̴Ȍȩȏ̝Ȍȇ̮Ȍȩșȥ
Ȍ̝ȦȌȌ̸ȦǯȣǴȎȖȥȨȊȝȬȊȕȣ̠ȦǴȣ̮ǴȈȦȔ Exclusive Economic Zone) ȨȏǷ̮ǼǮ̛ȍǮȦȖȈǮȟȥȟȔ
ȎȖȣȊȖȜȔ 219  Ǯ̮ȪșǮƯ̑ȔȈ̝ȣȎ̱ ȨǮ̮ȇǵȦǮǮȦȖȈǮȟȥȟȔȩȍȍȨȎ̱ȕǮ 32  Ǯ̮ȪșǮƯ̑ȔȈ̝ȣȎ̱ ȩșȥǮȦȖ
ȈǮȟȥȟȔȩȍȍȩȠ̠Ǵ 187 Ǯ̮ȪșǮƯ̑ȔȈ̝ȣȎ̱ 

ȠȦǮȑ̮ǵȦȖȆȦǮȦȖȈǮȟȥȟȔǯȣǴ MCCT ȠȖ̴ȣȎȖȣȊǵȦǮȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮ȌȫȌȎȖȥȨȊȝ
ȬȊȕ ȫȌǮȦȖǵ̶ȦșȣǴȫȌȖȥȇ̛ȍȪșǮȑȍȜ̝ȦȖ̠ȣȕșȥ 80 ǯȣǴǮȦȖȈǮȟȥȟȔ MCCT ȨǮ̮ȇǯ̡̲ȌȌȣǮ
ȎȖȥȨȊȝȬȊȕ ȣȕ̝ȦǴȬȖǮ̫ḛ̑ǮȦȖȈǮȟȥȟȔ MCCT Ḭ̞̑ȫǮș̠ȩȠș̝ǴǮ̶ȦȨȌ̮ȇȫȌȎȖȥȨȊȝȬȊȕƠ̡̏ȌȊ̶ȦȫȠ̠
ȨǮ̮ȇȍȖ̮ȨȜȆ hotspot ǯȣǴǮȦȖȈǮȟȥȟȔȣȕ̝ȦǴȨȇ̝ȌǷ̛ȇ  Ȗ̿ȎḬ̞̑ 4-10 ȩȟȇǴȫȠ̠ȨȠ̫Ȍș̛ǮȞȆȥǮȦȖ
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ȈǮȟȥȟȔḬ̞̑Ṵ̏ȣ̛ȈȖȦȟ̿ǴǮȖȥǵ̽ǮȈ̛ȜȫǮș̠ȩȠș̝ǴǮ̶ȦȨȌ̮ȇ ȪȇȕṴ̏ȑ̴̡ȌḬ̞̑ȣ̮Ȋȋ̮ȑșǮȦȖȈǮȟȥȟȔ ɲArea of 
deposition influence: ADI) Ȩȇ̝ȌǷ̛ȇȟȣǴȍȖ̮ȨȜȆ Ǳ̴ȣ ȍȖ̮ȨȜȆḬ̞̑ 1 (ADI1) Ǯș̝̽Ȕǵ̛ǴȠȜ̛ȇ
ȓȦǱȨȠȌ̴ȣǸ̲̞ǴṴ̏ǵ̽ȇȝ̿Ȍų̏ǮșȦǴḬ̞̑ǵ̛ǴȠȜ̛ȇș̶ȦȎȦǴ ȩșȥȍȖ̮ȨȜȆḬ̞̑ 2 (ADI2) ǵ̛ǴȠȜ̛ȇǵ̛ȌȊȍ̽Ṵ̑ɺȈȖȦȇ 
ȟȣȇǱș̠ȣǴǮ̛ȍȩȠș̝ǴǮ̶ȦȨȌ̮ȇḬ̞̑ȟ̶ȦǱ̛ǼȫȌǵ̛ǴȠȜ̛ȇș̶ȦȎȦǴ ȩșȥȩȠș̝ǴǮ̶ȦȨȌ̮ȇȍȖ̮ȨȜȆǵ̛ǴȠȜ̛ȇȖȥȕȣǴ 
ȈȦȔș̶Ȧȇ̛ȍ ȨȔ̴̞ȣȑ̮ǵȦȖȆȦȫȌȩǴ̝ǱȜȦȔȟ̶ȦǱ̛ǼǯȣǴǮȦȖȈǮȟȥȟȔǯȣǴȎȖȣȊǵȦǮȪȖǴȬȒȒ̢Ȧȉ̝ȦȌ
Ƞ̮ȌȫȌȎȖȥȨȊȝȬȊȕȨḬ̑ȕȍǮ̛ȍȎȖȣȊǵȦǮȊ̽ǮȩȠș̝ǴǮ̶ȦȨȌ̮ȇ ȩȍȍǵ̶ȦșȣǴȖȦȕǴȦȌȏșȜ̝ȦȫȌȍȖ̮ȨȜȆ 
ADI1 Ơ̡̏ȌȑȍǮȦȖȈǮȟȥȟȔǯȣǴ MCCT Ǳ̮ȇȨȎ̬Ȍȟ̛ȇȟ̝ȜȌȟ̿Ǵȉ̲ǴȖ̠ȣȕșȥ 26 ȨḬ̑ȕȍǮ̛ȍǮȦȖȈǮ
ȟȥȟȔǯȣǴȎȖȣȊǵȦǮȊ̽ǮȩȠș̝ǴǮ̶ȦȨȌ̮ȇ 

ȟ̝ȜȌȍȖ̮ȨȜȆ ADI2 Ơ̡̏Ȍȑȍȟ̛ȇȟ̝ȜȌȟ̿Ǵȉ̲ǴȖ̠ȣȕșȥ 16  ȇ̛ǴȖ̿ȎḬ̞̑ 4-11   ȏșǮȦȖȜ̮ȨǱȖȦȥȠ̨
ȑ̴̡ȌḬ̞̑ȣ̮Ȋȋ̮ȑșǮȦȖȈǮȟȥȟȔȩȟȇǴȇ̛ǴȖ̿ȎḬ̞̑ 4-12  ȑȍȜ̝ȦǮȦȖȈǮȟȥȟȔȍȖ̮ȨȜȆḬ̞̑ 1 (ADI1) Ȉ̠ȣǴ
ȨȏǷ̮ǼǮ̛ȍȎȖȣȊḬ̞̑ȈǮȟȥȟȔ ɲȖȜȔȩȍȍȨȎ̱ȕǮȩșȥȩȍȍȩȠ̠Ǵɳ ȫȌȣ̛ȈȖȦḬ̞̑ȟ̿ǴǮȜ̝ȦȍȖ̮ȨȜȆ ADI2 
ȩșȥȍȖ̮ȨȜȆȣ̴̞ȌʑḬ̞̑ȨȠș̴ȣȫȌȎȖȥȨȊȝȬȊȕ ȣȕ̝ȦǴȨȠ̫ȌȬȇ̠Ƿ̛ȇ Ǯș̝ȦȜǱ̴ȣȫǵǮșȦǴȍȖ̮ȨȜȆ ADI1 Ǹ̲̞Ǵ
Ǳ̴ȣǵ̛ǴȠȜ̛ȇș̶ȦȎȦǴ Ơ̡̏Ȍ Ȭȇ̠Ư̑ȍ MCCT Ḭ̞̑ȈǮȟȥȟȔȟ̿Ǵȉ̲Ǵ 11 ȬȔȪǱȖǮƯ̑ȔȈ̝ȣȈȦȖȦǴȨȔȈȖȈ̝ȣȎ̱   Ǹ̲̞Ǵ
ȨȔ̴̞ȣȑ̮ǵȦȖȆȦȫȌȩǴ̝ǮȦȖȟȥȟȔǯȣǴȎȖȣȊȟ̝̿ḫ̞̌ǴȩȜȇș̠ȣȔȩșȥǱȜȦȔȨȟ̰̞ȕǴǮȦȖƯ̑ȍȟ̛Ȕơ̑ȟȎȖȣȊ
ǯȣǴȎȖȥǷȦǷȌȫȌȑ̴̡ȌḬ̞̑ȇ̛ǴǮș̝ȦȜ ȉ̴ȣȜ̝ȦȨȎ̬ȌȎȖȥȨȇ̫ȌḬ̞̑Ȉ̠ȣǴȫȠ̠ǱȜȦȔȫȟ̝ȫǵ  ȠȦǮȑ̮ǵȦȖȆȦ
ȎȖ̮ȔȦȆȎȖȣȊḬ̞̑ȈǮȟȥȟȔȫȌȠ̠ȜǴȨȜșȦȠȌ̲̞ǴȎ̱ ȍȖ̮ȨȜȆ ADI1 ȎȖȥȟȍǮ̛ȍǮȦȖȈǮȟȥȟȔȎȖȣȊ
ȖȜȔ 131 Ǯ̮ȪșǮƯ̑ȔȈ̝ȣȎ̱ Ǳ̮ȇȨȎ̬Ȍȟ̛ȇȟ̝ȜȌȉ̲ǴȖ̠ȣȕșȥ 60 ǯȣǴǮȦȖȈǮȟȥȟȔȎȖȣȊḬ̞̑ȨǮ̮ȇǯ̡̲ȌȫȌ
ȎȖȥȨȊȝȬȊȕ ȟ̝ȜȌȍȖ̮ȨȜȆ ADI2 (ǵ̛ǴȠȜ̛ȇǵ̛ȌȊȍ̽Ṵ̑ɺȈȖȦȇɳ Ơ̡̏ȌȨȏǷ̮ǼǮ̛ȍǮȦȖȈǮȟȥȟȔǯȣǴ
ȎȖȣȊȫȌȎȖ̮ȔȦȆ 34 Ǯ̮ȪșǮƯ̑ȔȈ̝ȣȎ̱ ȠȖ̴ȣȖ̠ȣȕșȥ 15ǯȣǴǮȦȖȈǮȟȥȟȔȎȖȣȊȫȌȎȖȥȨȊȝȬȊȕ 
ǯ̠ȣȔ̿șȌ̡̰ȨȏȕȫȠ̠ȨȠ̫ȌȏșǮȖȥȊȍḫ̞̌ǴȩȜȇș̠ȣȔǯȣǴȎȖȣȊḬ̞̑Ṵ̏Ȉ̝ȣȍȖ̮ȨȜȆǵ̛ǴȠȜ̛ȇȫǮș̠ȨǱ̰ȕǴḬ̞̑Ȉ̡̛Ǵ
ȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮Ȍ Ǹ̲̞ǴȣȦǵȔ̮ȨǱȕȬȇ̠ȉ̿ǮḬ̏ȩȏ̝ȫȠ̠Ȩǯ̠ȦȫǵȔȦǮ̝ȣȌȠȦǮȩȈ̝ȏ̠̿Ȭȇ̠Ư̑ȍȏșǮȖȥȊȍȉ̿Ǯȏș̛Ǯ
ȓȦȖȥǱȜȦȔȨȟ̰̞ȕǴȣȕ̝ȦǴȬȔ̝Ȗ̠̿Ȉ̛Ȝ  

ǮȦȖǵ̶ȦșȣǴǮȦȖȈǮȟȥȟȔȌ̡̰ȟȦȔȦȖȉȖȥȍ̽ȍȖ̮ȨȜȆḬ̞̑Ṵ̏ǱȜȦȔȨȟ̰̞ȕǴȈ̝ȣǮȦȖȟȥȟȔȎȖȣȊȫȌ
ȎșȦḬ̞̑ȔȦǮȌ̠ȣȕȩȈǮȈ̝ȦǴǮ̛ȌȬȎ ȣ̛ȌȌ̶ȦȬȎȟ̝̿ǮȦȖȨǮ̫ȍȈ̛Ȝȣȕ̝ȦǴȎșȦȫȌȩȠș̝ǴȌ̸ȦȈȦȔȈ̶ȦȩȠȌ̝Ǵ
Ȉ̝ȦǴʑ Ȩȑ̴̞ȣǮȦȖȨȎṴ̑ȕȍȨḬ̑ȕȍǮ̛ȍȏșǵȦǮȩȍȍǵ̶ȦșȣǴȜ̝ȦȎȖȣȊḬ̞̑ȑȍȫȌȈ̛Ȝȣȕ̝ȦǴȎșȦƠ̡̏ȌǵȥṴ̏
Ȗ̿ȎȩȍȍȩȌȜȪȌ̠ȔȎȖ̮ȔȦȆȟȣȇǱș̠ȣǴǮ̛ȍȏșǵȦǮǮȦȖȈǮȟȥȟȔǵȦǮȩȍȍǵ̶ȦșȣǴȨȑ̰ȕǴȫȇ 
ǮȦȖȝ̲ǮȞȦǱƯ̡̑ǴȌ̡̰Ȭȇ̠ȇ̶ȦȨȌ̮ȌǮȦȖȨǮ̫ȍȈ̛Ȝȣȕ̝ȦǴȎșȦǵȦǮǵ̶ȦȌȜȌ 6 ȟȉȦȌ̰  ȩȟȇǴȇ̛ǴȖ̿ȎḬ̞̑ 4-13 
Ȭȇ̠ȩǮ̝ǵ̽ȇḬ̞̑ǱȦȇǮȦȖĘ̑Ȝ̝ȦǵȥṴ̏ǮȦȖȈǮȟȥȟȔǯȣǴȎȖȣȊȟ̿ǴǮȜ̝ȦȎǮȈ̮ ȣ̛ȌȎȖȥǮȣȍȇ̠Ȝȕ 1) Ȩǯ̴̞ȣȌ
Ǯ̮̞ȜǱȣȠȔȦ ɲǵ̛ǴȠȜ̛ȇș̶ȦȎȦǴɳ ɲȟȣȇǱș̠ȣǴǮ̛ȍ ADI1) ȩșȥ 2) ȣ̝ȦǴȨǮ̫ȍȌ̸Ȧȇ̝ȦȌǷ̽Ȕȑș ɲǵ̛ǴȠȜ̛ȇ
ȈȖȦȇɳ ɲȟȣȇǱș̠ȣǴǮ̛ȍ ADI2) ȩșȥǵ̽ȇḬ̞̑Ṵ̏ǮȦȖȈǮȟȥȟȔǯȣǴȎȖȣȊȎȦȌǮșȦǴ ȣ̛ȌȎȖȥǮȣȍȇ̠Ȝȕ 
3) ȣ̝ȦǴȨǮ̫ȍȌ̸ȦȠ̠ȜȕȊ̝ȦȨǱȕ ɲǵ̛ǴȠȜ̛ȇȖȦǷȍ̽Ṵ̑ɳ ȩșȥ 4) Ȩǯ̴̞ȣȌȜǷ̮ȖȦșǴǮȖĘ̑ ɲǵ̛ǴȠȜ̛ȇǮȦǼǵȌȍ̽Ṵ̑ɳ 
ȩșȥȍȖ̮ȨȜȆḬ̞̑ǮȦȖȈǮȟȥȟȔǯȣǴȎȖȣȊȈ̷ȦȔȦǮ ȠȖ̴ȣḬ̞̑ȨṴ̑ȕǮȜ̝Ȧȑ̴̡ȌḬ̞̑ǱȜȍǱ̽Ȕ ȣ̛ȌȎȖȥǮȣȍȇ̠Ȝȕ 
5) ȣ̝ȦǴȨǮ̫ȍȌ̸ȦȊȥȨșȠșȜǴ ɲǵ̛ǴȠȜ̛ȇȟ̽ȪǯȊ̛ȕɳ ȩșȥ 6) Ȩǯ̴̞ȣȌȠ̠ȜȕȠșȜǴ ɲǵ̛ǴȠȜ̛ȇȣ̽ȇȖɳ ȈȦȖȦǴḬ̞̑ 
4-2 ȩȟȇǴȑ̮Ǯ̛ȇǯȣǴǵ̽ȇȨǮ̫ȍȈ̛Ȝȣȕ̝ȦǴȎșȦȊ̡̛Ǵ 6 ȩșȥ ǵ̶ȦȌȜȌȎșȦḬ̞̑ǵ̛ȍȫȌȩȈ̝șȥȈ̶ȦȨȨȠȌ̝Ǵ ǮȦȖ
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ǵ̛ȍȎșȦȇ̶ȦȨȌ̮ȌǮȦȖȪȇȕȏ̠̿Ḭ̞̑Ṵ̏ǱȜȦȔǷ̶ȦȌȦǼȫȌǮȦȖǵ̛ȍȎșȦȫȌȩȠș̝ǴȌ̸ȦȩȈ̝șȥȩȠ̝ǴȪȇȕȫǷ̠
ȣ̽ȎǮȖĘ̑ Ǳ̴ȣ ǯ̝Ȧȕȇ̛ǮȎșȦ Ǹ̲̞ǴǮȦȖǵ̛ȍȎșȦȫȌȩȠș̝ǴȌ̸ȦḬ̞̑Ṵ̏ǯȌȦȇȫȠǼ̝Ṵ̏ǱȜȦȔȕȦǮȫȌǮȦȖȫǷ̠ȩȠ
ȠȖ̴ȣȨȍ̫ȇȈǮ ȎșȦ ȏ̠̿ȇ̶ȦȨȌ̮ȌǮȦȖǵ̲ǴȜȦǴǯ̝Ȧȕȇ̛ǮȎșȦȨȎ̬ȌȖȥȕȥȨȜșȦȎȖȥȔȦȆ 12 Ƿ̛̞ȜȪȔǴǵ̲Ǵ
ȟȦȔȦȖȉȨǮ̫ȍȎșȦḬ̞̑Ȉ̮ȇǯ̝ȦȕȩșȥȍȖȖǵ̽ȫȟ̝Ǯș̝ȣǴȪȒȔȩǷ̝Ȍ̸Ȧȩǯ̫ǴȨȑ̴̞ȣƯ̑ǮȞȦȟȓȦȑȎșȦǮ̝ȣȌȌ̶ȦȔȦ
Ƿ̶ȦȩȠșȥȫȌȠ̠ȣǴȎȀ̮ơ̏Ȉ̮ǮȦȖȔȠȦȜ̮ȊȕȦș̛ȕȌȨȖȝȜȖ Ȩȑ̴̞ȣȜ̮ȨǱȖȦȥȠ̨ȎȖȣȊȫȌȨȌ̴̡ȣȎșȦȪȇȕ
Ƞ̠ȣǴȎȀ̮ơ̏Ȉ̮ǮȦȖḬ̞̑Ȭȇ̠Ư̑ȍǮȦȖǯ̡̲ȌȊȥȨȍ̰ȕȌȩșȥƯ̑ȍȖȣǴǱ̽ȆȓȦȑ ɲAccredited Laboratory 
Service) 

Ȋ̡̛ǴȌ̡̰ȎșȦǮȖȥȟ̿ȍǯ̰ȇ ɲHampala macrolepidota) (ȇ̿Ȗ̿ȎḬ̞̑ 4-14) ȨȎ̬ȌȎșȦǷȌ̮ȇȠș̛ǮḬ̞̑
ǵ̛ȍȬȇ̠ȫȌ 5 ǵ̽ȇȨǮ̫ȍȈ̛Ȝȣȕ̝ȦǴ ɲȕǮȨȜ̠ȌǵȦǮȣ̝ȦǴȨǮ̫ȍȌ̸ȦȊȥȨșȠșȜǴ ǵ̛ǴȠȜ̛ȇȟ̽ȪǯȊ̛ȕɳ ǵȦǮȊ̡̛ǴȠȔȇ 
6 ǵ̽ȇȨǮ̫ȍȈ̛Ȝȣȕ̝ȦǴ ȪȇȕǵȦǮȎșȦḬ̞̑ǵ̛ȍȬȇ̠ 72 Ȉ̛Ȝ ȨȎ̬ȌȎșȦǮȖȥȟ̿ȍǯ̰ȇ 60 Ȉ̛Ȝ ɲȠȖ̴ȣȖ̠ȣȕșȥ 
83.33) ǶȥƠ̡̏ȌǮȦȖȩȎșȏșǮȦȖȟȥȟȔȎȖȣȊȨǷ̮ǴȨȎṴ̑ȕȍȨḬ̑ȕȍǵȥȊ̶ȦȬȇ̠ȣȕ̝ȦǴȉ̿ǮȈ̠ȣǴȈȦȔȠș̛Ǯ
Ȝ̮ǷȦǮȦȖ ȨȔ̴̞ȣȨȌ̠ȌǮȦȖȨȎṴ̑ȕȍȨḬ̑ȕȍǮȦȖȟȥȟȔȎȖȣȊȫȌȎșȦǮȖȥȟ̿ȍǯ̰ȇḬ̞̑ȩȠș̝ǴȌ̸ȦḬ̞̑ȩȈǮȈ̝ȦǴ
Ǯ̛ȌȊ̡̛Ǵ 5 ȩȠș̝ǴḬ̞̑Ṵ̏ǮȦȖȈǮȟȥȟȔǯȣǴȎȖȣȊḬ̞̑ȩȈǮȈ̝ȦǴǮ̛Ȍ ȪȇȕǱȆȥȜ̮ǵ̛ȕȬȇ̠Ȋ̶ȦǮȦȖȜ̛ȇǯȌȦȇ 
ȩșȥȌ̸ȦȠƠ̏ǮǯȣǴȎșȦǮȖȥȟ̿ȍǯ̰ȇḬ̞̑ǵ̛ȍȬȇ̠ ȩșȥǱȜȦȔȨǯ̠Ȕǯ̠ȌǯȣǴȎȖȣȊȫȌȨȌ̴̡ȣȎșȦḬ̞̑ǵ̛ȍȬȇ̠ȫȌ
ȩȈ̝șȥȩȠș̝ǴȌ̸ȦȩȟȇǴȫȌȈȦȖȦǴḬ̞̑ 4-2 ȩșȥȫȌȓȦǱȏȌȜǮ 1 ȎșȦǮȖȥȟ̿ȍǯ̰ȇȨȎ̬ȌȎșȦḬ̞̑ȔȌ̽Ȟų̏
ȍȖ̮ȪȓǱȨȎ̬ȌȣȦȠȦȖ ǮȦȖȟȥȟȔǯȣǴȎȖȣȊȫȌȨȌ̴̡ȣȎșȦȇ̛ǴǮș̝ȦȜǵ̲ǴṴ̏ǱȜȦȔȟ̶ȦǱ̛ǼȈ̝ȣǱȜȦȔȨȟ̰̞ȕǴ
Ȉ̝ȣȟ̽ǯȓȦȑǯȣǴȔȌ̽Ȟų̏ ȣȕ̝ȦǴȬȖǮ̫ḛ̑ȌȣǮǵȦǮȎșȦǮȖȥȟ̿ȍǯ̰ȇȩș̠Ȝ ư̏ǴṴ̏ȎșȦǷȌ̮ȇȣ̴̞Ȍʑȣ̰ǮḬ̞̑ȉ̿Ǯ
ǵ̛ȍȬȇ̠ǵȦǮ 6 ȩȠș̝ǴȌ̸ȦȫȌǮȦȖȨǮ̫ȍȈ̛Ȝȣȕ̝ȦǴǱƯ̡̑ǴȌ̡̰ ȣ̛ȌȎȖȥǮȣȍȇ̠Ȝȕ ȎșȦǮȇǯȦȜ ȎșȦȇ̽Ǯ 
ȎșȦǮȇȩǮ̠Ȝ ȎșȦȟȜȦȕ ȎșȦȨȊȪȑ ȎșȦȕǮȖȦȕ ȎșȦǷȥȪȇ ȩșȥȎșȦȍ̝̿ ȇ̛ǴȩȟȇǴȫȌȈȦȖȦǴḬ̞̑  
4-3 ȩșȥ 4-4  
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ȈȦȖȦǴḬ̞̑ 4-2 ȩȠș̝ǴȌ̸ȦḬ̞̑Ȋ̶ȦǮȦȖȝ̲ǮȞȦ ǯȌȦȇ ȩșȥȌ̸ȦȠƠ̏ǮǯȣǴȎșȦǮȖȥȟ̿ȍǯ̰ȇḬ̞̑ǵ̛ȍȬȇ̠ ȩșȥ
ǱȜȦȔȨǯ̠Ȕǯ̠ȌǯȣǴȎȖȣȊȫȌȨȌ̴̡ȣȎșȦḬ̞̑ǵ̛ȍȬȇ̠ȫȌȩȈ̝șȥȩȠș̝ǴȌ̸Ȧ ȑȖ̠ȣȔȊ̡̛ǴǱȜȦȔȨȎ̬ȌȬȎȬȇ̠Ḭ̞̑ȎșȦ
Ḭ̞̑ǵ̛ȍȬȇ̠ǵȥṴ̏ȎȖȣȊȔȦǮǮȜ̝Ȧ 0.3 Ȕ̮șș̮ǮƯ̑ȔȈ̝ȣ Ǯ̮ȪșǮƯ̑Ȕ 
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ȈȦȖȦǴḬ̞̑ 4-3 ǯ̠ȣȔ̿șȎșȦǷȌ̮ȇȣ̴̞Ȍ ʑ ȫȌȩȈ̝șȥȟȉȦȌ̰ 
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ȈȦȖȦǴḬ̞̑ 4-4 ǯ̠ȣȔ̿șȑ̴̡ȌḬ̞̑ȟȉȦȌ̰Ȋ̝̽ǴȊȥȨșȠșȜǴ ȟ̽ȪǯȊ̛ȕȩșȥǱȜȦȔȨǯ̠Ȕǯ̠ȌȎȖȣȊȫȌȎșȦȩȈ̝șȥ
ǷȌ̮ȇ 

 
 

Ǯɳ  
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ǯɳ  

 

 

Ȗ̿ȎḬ̞̑ 4-9 ȩȏȌḬ̞̑ǮȦȖȈǮȟȥȟȔǯȣǴȎȖȣȊ ȖȜȔȎȖȣȊȊ̽ǮȖ̿Ȏȩȍȍ ǵȦǮȊ̽ǮȩȠș̝ǴǮ̶ȦȨȌ̮ȇ  
ȩȟȇǴǱ̝ȦȨǶș̰̞ȕǯȣǴȎ̱ 2561 ȫȌȠȌ̝ȜȕȬȔȪǱȖǮƯ̑ȔȈ̝ȣȈȦȖȦǴȨȔȈȖȈ̝ȣȎ̱ Ǯș̝ȣǴȟ̰ȩȇǴȫȌȖ̿ȎǸ̠Ȧȕ

ȩȟȇǴȍȖ̮ȨȜȆȎȖȥȨȊȝȬȊȕḬ̞̑Ȍ̶ȦȨȟȌȣ ȫȌȖ̿ȎǯȜȦ Ȗ̿Ȏ Ǯɳ ǮȦȖȈǮȟȥȟȔȩȍȍȩȠ̠Ǵ   
ȩșȥ ǯɳ ǮȦȖȈȥȟȔȩȍȍȨȎ̱ȕǮ 
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Ǯɳ  

 

ǯɳ  

 

Ȗ̿ȎḬ̞̑ 4-10 ȩȏȌḬ̞̑ǮȦȖȈǮȟȥȟȔǯȣǴȎȖȣȊǵȦǮȪȖǴȬȒȒ̢Ȧȉ̝ȦȌȠ̮ȌȫȌȎȖȥȨȊȝȬȊȕ ɲMCCT) 
ȖȜȔȎȖȣȊȊ̽ǮȖ̿Ȏȩȍȍ ȩȟȇǴǱ̝ȦȨǶș̰̞ȕǯȣǴȎ̱ 2561 ȫȌȠȌ̝ȜȕȬȔȪǱȖǮƯ̑ȔȈ̝ȣȈȦȖȦǴȨȔȈȖȈ̝ȣȎ̱ 
Ǯș̝ȣǴȟ̰ȩȇǴȫȌȖ̿ȎǸ̠ȦȕȩȟȇǴȍȖ̮ȨȜȆȎȖȥȨȊȝȬȊȕḬ̞̑Ȍ̶ȦȨȟȌȣ ȫȌȖ̿ȎǯȜȦ ȟ̝ȜȌǮȖȣȍȟ̰ǷȔȑ̿ȫȌȖ̿Ȏ
ǯȜȦȍ̝ǴǷ̡̰ȍȖ̮ȨȜȆȣ̮Ȋȋ̮ȑșǮȦȖȈǮȟȥȟȔ ADI1 ȩșȥ ADI2   Ȗ̿Ȏ Ǯɳ ǮȦȖȈǮȟȥȟȔȩȍȍȩȠ̠Ǵ   

ȩșȥ ǯɳ ǮȦȖȟȥȟȔȩȍȍȨȎ̱ȕǮ 


