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1  ׃ 

1.1 ָӇ  

̂BC̃ ѿ Ҭ ̆

Ҍ ῃ ֟ ȁ ȁ Һ̆ ȁ

ȁ Ȃ ≢ ̆ 100 ̆

Ạҩ ᵰ̆ ҹ 70,000 Ȃ ̆ 1-1

Ȃ 

 

1-1  

ῃ ֲҹ Ȃֲҹ Һ

ȁ֜ ȁ ҙ ֟ ȁ῾ҙ ȁ

ȁ ץ ҙ ̕ Һ ῾

ҙ ץ ̆ ȁ Ȃ

ΐ Ẽ ̆ ֲҹ Ȃ 

֜ ֟ ѿ Һ ԍ Ҭ

̆ 1-2 Ȃ Һ ҈ ̔ ѿ ̆Һ

∆ ̆ ԋ ∆ ᵣ̆ѿ ҹ

ȁ ȁ ̕ ҈ ₀ ᵣ̆ѿ ҹ ̆ ֓

₀ ᵣ ᵣ ԑ Ȃῖ

1-3 Ȃ 
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          1- 2                     1- 3  

1.2 Ṝȁ ֲᵣẫ  

1.2.1 Ṝ  

ñ òԍ 2-5 Ὲ ̆ ᾣȁ ῒז

ⱬ,Ҍ ñⱴ ò ̆ ̆ Ṝ ̆

Ҍ׆ ṜȂ ᾣ ⱬ ῏ Ҭ

ᵬ ̆ ҩ Ṝ ̆ ̆—

Ȃ ᵀ ̆ Ҭ 0.64 W.m-
2
 ̆ῒҬ 0.40 

W.m
-2

  ̆0.20 W.m
-2

  ̆0.04 W.m
-2

— Ȃ Bond ֲ ̂2013̃ ̆ ҙ ץף

̂1750-2005 ̃̆ Ҭ ҹ+0.71 W.m
-2̆ ҹ

(+0.08, +1.27) W.m
-2Ȃ ҙ ╠ ╝⁞ᵬ ̆ ҹ

+0.88 (+0.17, +1.48) W.m
-2̆ ҹ ԋ ӊ ԋ

Ȃ ֜ ᴪ ̆ ᵣ ̂GWP̃ CO2 

ᵣ 1600Ṑ̆ ӊ╠ ₮ Ȃҍῒ ᵣҌ ̆

Ҭ ̆ ᴪ ₃ ⌠₃ Ȃ ̆⁞

ῤ ⁞ Ṝ ѿ Ȃ Jacobson

̆⁞ ȁ ̆ 3- 5

ῤ⁞ 20- 45% ῃ Ȃ ῃ CO2 ⁞ ׅ Һ ̆

ᵖ ῤ ᵞ ̆ ץ

ᵬҹ⁞ CO2 ⱬ ȂUNEP2010-2011 ̆ ῃ ῤ

 

 EC 

HC,  
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⁞ ץ ҕ Ҭ ῃ ᵞ

0.5Ņ̆ ⁞ Ȃῒז ᵬ ⁞ ᵣ ꜚ Ҍ⌠ Ȃ

̆ ⁞ ҉ ῏ Ȃ 

 

 

 

 

 

 

 

1-4 └ ᵬ                     1-5 — ҉  

1.2.2 ֲᵣẫ  

(particulate matter, PM) ӊѿ, Ӟ

, ẫ ҹ

Ὲᴧץ ῏ Ȃ Ҭ ꜚⱬ Ů2.5ëm 

(fine particulatematter, PM 2.5) ̆ ̆

῀ֲᵣ ̆ ֲᵣ֟ Ȃ ̆ ╠

ῤ ẫ PM2.5ҹҺȂץ ̆ PM2.5 ⱴ҉Ҍ

ᴆ̆ᶏ ₮ ̆ ₮ױֲ ̆ ֲᵣẫ Ӟ֟

ҹҌ≠ Ȃ 

ֲᵣẫ ᴪ֟ Ȃ ̆

ᵣ ᵣ ҹ̆ ᶫԅ ̆

Ȃ ӊ ̆ ֓ Ӟᴪ ῒ

ⱴ̆ғ ѿ ᴪ 100nmץҊȂ

ᵞ̆ ֓ ԍ Ҭ̆

Ȃҍ ̆ ῒ ᵝ̆׆ ⌠ ῤ ̆᷅῀

Ҭ̆ ̆ᶛ ̆₀ ̆

ץ ῒז Ҭ ̆ Ȃ ֓ ץ

ᴰ ̆ Һ ̆ᶏ ⌠ Ȃ
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҉̆ ᶏ ҹ Ȃ ₃

̆ ẫ ѿ ⌠ẫ Ғ ῏ Ȃ ̂ ≢

̃̆ ⌠ ̆ Ҭ

ⱴ̆ ᾙ ⱳ ץ̆ ⱴȂ

̆ № ҕף ̆ᵖ ̆ῒ

ҍ ֙ ֙ ῏Ȃ ̆ ҹ ȁ

ᾧ ̆ ₮ Ȃ Ҭ ᵬҹ

ӊѿ̆  ̆ 2012 

(IARC)‗ ↓ҹľ ֲ ĿȂ 

 

 

 

 

 

 

 

1-6 ꜚ ֲ         1-7 Ҍ ֲᵣ  

1.2.3 ֲ ῾ᵬ ȁ  

ᵟ Һ Ҭ Ҍᵖ ᾣ

ᵬ ̆ ᵞ̆ ῒז ȁ ̆

֟ ȁᾣ Ȃ ̆ ᵞ ̆ ᾣ

2.5Ṑ Ȃ ̆

ᵞ ᵬ Ȃ ᵞ ᴪ ױֲ⌠

ꜚȁ ӏȁ₮ ȁױז ᵣ Ȃ ᵞ

ᴪ ѿҩ Ȃ 

̆ ῾ᵬ ֟ ҩ ֟ Ȃ̔ ᵬ ֟

ҍῒ ⌠ ᾣ῏ ̆ ԍ ᴪ ̆ ҕ

҉ ֓ ᴪ ᶏ ȁ ⁞֟Ȃ ̆ ῤ

ᴪ ̆ꜚ ̆ ᵣ҉ Ȃ
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ף ⱳ ̆ ᾝ ⱴ

ȁ ȁꜚ ̆ ҩ

ᵣῤ ᵬ Ȃ 

׆̆ ̆ └ ץ Ȃѿ ̆⁞

ץ ῤ ⁞ ῃ Ȃ ѿ ̆ └ ᴪ

̆ ≢ ȁ Ȃ ̆ └

ẫ Ȃ ̆ ֟ҙ Ҋ̆ └

ҙ Ȃ 

1.3  

ԍ Ṝ ȁֲ ֲᵣẫ ῒ ̆ ῒ

҉ ῤ ӊѿȂ Bond ֲ̂Global 

Biogeochemical Cycles, 21 ̆2007̃ ᵀ ̆2000 ῃ

ҹ 840҆ ̆ῒҬ֒ ȁ № ȁ Ҁ № ̂Ҭ

̃ ԅ № ȂLamarque ֲ 2010 ( Atmospheric 

Chemistry and Physics ,10) ̆ῃ 75% ԍ҈ҩҺ ̔

̂1̃̔ ֒ ̂ Ҭ ̆ ̃̂̕2̃ ̂̕ 3̃ Ҁ Ȃ֒ ῃ

40%̆ Ҁ №≢ 23% 12%̆ 1- 8 Ȃ 

 

1-8 № ҍῃ  

̂Lamarque ̆Atmospheric Chemistry and Physics ,10̆2010̃  

Larmarque ֲ ῃ №ҹΈ ̂ 1- 9 ̃̆ ₮̆

ῃ ץׅ ̂ ̃ҹҺ̆ ῃ

35% ̕ ᶫ ֟ ῃ 25% Ȃ
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Ҭ ̆ ֟ Һ ԍ ȁ ꜚ Ḃ ῒ̆ҬҬ ȁ

№ ԅῃ ҈№ӊԋȂ 

 
1-9 ῃ Һ  

̂Lamarque ̆Atmospheric Chemistry and Physics,10̆ 2010̃  

╠̆ ҉̆ ̆ᴰ ⱬȁ ȁ ȁ

ȁ ȁ└ ȁ ҙ ̆֜

Ȃ EPA 2012 ᴪ ̂Report to 

congress on black carboñ ₮̆2005 ̂64̓ ̃Ҭ̆

ԍ֜ / ꜚ ⌠ 52.3%̆ 1-11 Ȃ 

 

1-11 2005 №  
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῏ᵀ ̆Ҭ ῃ 30%̆ Һ ҹ

ⱴȂ ̆ ╠ Ҭ Ғ

̆ └ ԍ ѿ └Ӟ Ȃ

╠̆ ℗ ѿ Ҭ ԅ̆ ῒ ῃ

Ṝ Ȃ 

֓ ̆Ҭ ҙȁ ױֲ̆ ̆

ꜚⱬ Ḡ Ӟ ⱴȂ № ₮Ȃ2009׆ ץ

Ҭ̆ ₃ ҹҕ ֟ ѿ Ȃ2012 Ҭ ꜚ Ḡ

⌠2.24ַ Ȃ ꜚ ̆ Ӟ ԅ

̆ ꜚ ҹҬ ӊѿȂ

̆ ԓ Ҭ ꜚ 1ַ ̆҉ץ 1ַ 1.5ַ

̆ № Ȃ 

҉‗ ԅ ꜚ Ȃ ̆ ꜚ

̂Һ ҹ ̃ Ҍ̆ᵖ ԅץ ꜚ ҍ

׆̆ ҹ ᵞ ꜚ ̆ Ạ₮ ̕ ғ

ץ ꜚ ῃ Ṝ ҹ̆ └ױ ℗

└ Ҋ Ȃ ԍῒ ̆ ҍ /

└ ȁ└ └ ᵬ̆ҹ /

₮ ῏ ꞉ ҹ̆ ̆ ҹ

῏Һ Ṝ ȁ

’ȁ└ ῏ Ԉ ∞Һꜚ ᶫ Ȃ 
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2  ꜚ  

Ҍ ꜚ ̆ ȁ ꜚ ȁ 

̆ ₮ ≢ Ȃҹԅ ꜚ

̆ ꜚ ̆ ꜚ Ȃ

ꜚ 2- 1 Ȃ 

 

2- 1 ֜  

̆ ԍ ֟ ̆ Ҍ Ȃ

Ҭȁ ץ ᵞ ̂ ҈ Ȃ̃

2- 1Ȃ 

2-1 №  

№    

 

 

 ԍ 6m̆ ӗ ֲ ԍ ԍ 9ֲȂ 

Ҭ  ԍ 6m̆ ӗ ֲ ԍ 9ֲғ ԍ 20ֲȂ 

 
ԍ ԍ 6 ӗ ֲ ԍ ԍ 20ֲȂӗ ֲ

҉ץ̆ Ȃӗ ֲ (Ҋ )Ȃ 

ꜚ  

 

ῖ Ҋḱ

 

 

 

 

 

Ḡ  

 

  

ῖ ’Ҋ  

  

ᶛ  

  

№ ȁ№  
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 ԍ 6m̆ ԍ 4500kgȂ 

Ҭ   ԍ 6m̆ ԍ ԍ 3500kgғ ԍ 12000kgȂ 

 ԍ ԍ 6m̆ ԍ ԍ 12000kgȂ 

ᵞ  

 

҈  

ץ ҹꜚⱬ̆ ԍ ԍ 50km/h̆

Ҍ ԍ 2000kğ ԍ ԍ 4.6m̆ ԍ ԍ 1.6m̆

ԍ ԍ 2m̆ ΐ ҈ҩ Ȃ 

ᵞ  

ץ ҹꜚⱬ̆ ԍ 70km/h̆

ԍ ԍ 4500kğ ԍ ԍ 6m̆ ԍ ԍ 2m̆ ԍ

ԍ 2.5m̆ ΐ ҩ Ȃ 

2.1  

ꜚ Һ ҍ

PEMŜ Portable  Emission Measure System̃ ̆

’̆≠ PEMS ῃ ̆

№ № ׆̆ ⌠ Ȃ 2- 2 ̆

2- 3 Ȃ 

ҹԅ ΐ ף ̆ 2005 2010 ῒ̆Ҭ

ᶛ ᵬ̆ҹ ᴑҙ ̆ 2- 4 Ȃ

ѿ֓ 2- 5ȁ2- 6 Ȃ ҈ ‰ ҹ

Ҍ ԍ 350ppm ̆ ᶫ ꜚ Ҭ Ȃ 

 

2-2  
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2-3  

 

 

2-4  

 

 

2-5            2-6  

 

֟ ᴍ

0%

5%

10%

15%

20%

25%

30%

35%

2005 2006 2007 2008 2009 2010

ᴋῈ

Ҹқ ᴋῈ

҉ Ὲ

ҙ̂ ̃
Ὲ

ҙ
Ὲ

Ҭ ֟ ᴍ

0.00%

5.00%

10.00%

15.00%

20.00%

25.00%

30.00%

35.00%

40.00%

2005 2006 2007 2008 2009 2010

ҙ̂ ̃
Ὲ

ᴋῈ

֒ ᴍ Ὲ

қ Ὲ  

Ὲ

֟ ᴍ

0%

5%

10%

15%

20%

25%

30%

35%

40%

2005 2006 2007 2008 2009 2010

Ҭ Ὲ

қ Ὲ

ᴋῈ

Ҭ ѿ Ὲ

ᴋῈ

Ҭ ֟ ᴍ

0%

5%

10%

15%

20%

25%

30%

2005 2006 2007 2008 2009 2010

қ Ὲ

Ҭ ѿ Ὲ

ᴍ Ὲ

Ὲ
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2.2 ҈ ᵞ  

҈ ᵞ ԅ Sensors Ὲ ֟

SEMTECH- DS ת DEKATIῈ ᵞ ELPĨ̂ת₯‖ ῍

Ḃ ȂSEMTECH- DS ת ѿҩ 

̂EFM̃ ̆ 2- 7 ̆ ץ ꜚ

Ȃ ̆ ҍ῾ Ҍ

ҍ Ȃ ̆SEMTECH- DS ԅῃ ᵝ ̂GPS̃ ץ

Ҭ ᵝ ̂ ȁ ̃ Ȃ

MAHA MPM- ת 4 PM2.5 ȂMAHA MPM- 4 ѿ

(PM) Ȃת ΐ Ḃ̆ ȂMAHA 

MPM- 4 ꜚ ץ ῒז Ҭ ȂMPM- 4

ҹ 0- 750mg/m3̆ ҹ ᾣ ᾣ ȂMPM- 4 ̆

̆ ’ ᴆҊ Ҭ Ȃ 

 

2- 7 ELPI  

ԅ 25 ῾ ̆ 15 ҈ 10 ᵞ

̆ 2- 8 Ȃ ֓῾ Ӡ ȁ

ȁ ץ ῒז Ȃ Ҭ̆ ᴪױ ᾢ ̆

֓ Ӡ ̆ №ҹ 108 ̆ ̆ ̆
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ץ̆ ҹҺ̆ №֜ ̆Ӡ ҹ

ү № ̆ ̆ № ₭ ̆ ̆

ҹ῾ ̆ Ȃ 2- 9 2- 10 Ȃ 

 

2-8  

    

2-9                      2-10Ӡ  

2.3 ꜚ  

̆ ̆ ԅ -ᾣ №

№ Ȃ -ᾣ № ԍ ץ ᾣ ̂TOR/TOT̃

№№ ᾝ Ȃ -ᾣ №

ҹ̔ He Ҭ №̆≢ 120Ņ̂ OC1 ȁ̃250Ņ̂ OC2 ȁ̃450Ņ

̂OC3 ȁ̃550Ņ̂OC4̃ Ҋ̆ 0.530cm
2 ⱴ ̆ ҉

ҹ CO2̕ Ῥ 2% Ҋ̆№≢ԍ 550Ņ

̂EC1 ȁ̃700Ņ̂EC2̃ 800Ņ̂EC3̃ ⱴ ̆ Ҭ ᾝ

₮ Ȃ҉ ҩ Ҋ֟ CO2̆ MnO2Ỳ ̆ Ҋ ҹ

̂FID̃ CH4Ȃ ⱴ Ҭ̆ №
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̆ᶏ ̆ ҉ ᾝ Ҍ

№Ȃ ̆ Ҭ̆ 633nm - ᾣ ᾣᾣ ̆

≠ ᾣ ₮ᾝ Ȃ Ҭ

ӊҹ ̂OPC̃Ȃ ѿҩ ̆ ₮ ᾝ

6ҩ №̂OC1ȁOC2ȁOC3ȁOC4ȁEC1ȁEC2ȁEC3 OPC̃̆ ӈ

ҹ OC1+OC2+OC3+OC4+OPC̆ ӈҹ EC1+EC2+EC-OPCȂ 

Ҍ ̆ NIOSHץ IMPROVE ᾣ №

ң̆ Ҍ ӊ 2-11 2-12 Ȃң ῖ ת

SUNSET DRIת ̆ 2-13 2-14 Ȃ 

    
2-11 NOISH №№    2-12 IMPROVE №№  

 

 

 

 

 

 

 

 

 

 

 

2-13 DRI № №SUNSET 2-14                       ת  ת

 

∆ ̆ ԍ ѿ ̆≠ DRI SUNSETת №

№ ̆ ⌠ 2-15 2-16 Ȃ׆

̆ ԍ ꜚ ̆ԋ ѿ ̆ң

Ȃ № Ҭ̆Һ ԅ SUNSETת ꜚ

ԅ № Ȃ 
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2-15 ̂TC̃ ῏         2-16 ̂EC̃ ῏  

2.4 ꜚ  

2- 17 ̆ ̆Ҍ ӊ

EC/PM ѿ ̆EC PM -20׆ 70%Ҍ Ȃ ̆ ῤῒז

ѿ֓ Ҭ ĔC ҹ17- 63%̆ ҍῒז ҹ Ȃ

̆ └ Ȃ ҈

ᶛҍ Ẓᵞ̆ ҍ ҈ └ ῏̆

Ӟ ҍ ’Ҍ ῏Ȃ 

 
2-17 Ҍ EC/PM ᶛ 

Ҭȁ ȁ Ҭ 2- 18ȁ2- 19ȁ2- 20

2- 21 Ȃ ̆ Ҭ ̆ ҈

ᶛ ԍ ԋ Ȃ Һ ԍ ҈ ṿ

ⱴҤ̆ ҈ ‰ ᶏ ԅ ⱬȁ ᾢ

└ ̆ ⌠ԅᴨ ̆ ᶛ Ȃ ̆

ᶛ ԍҬ Ҭ ̆ ̆

ҹԅꜜⱬ ᵞ ̆ ꜚ └ ѿ֓Ȃ 

E
C

/P
M

 

 

T
C
ᶛ

 

E
C
ᶛ

 

TC ᶛ EC ᶛ 

E
C

/P
M

 
































