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本書について 

 

♫ⱡ♥◒ⱡ꜡☺כ│ ─ ≤⇔≡⁸ ⁸ ⁸◄Ⱡꜟ◑כ ─ ™ ≢

╩╙√╠∆↓≤⅜ ↕╣≡™╕∆⁹ ⌐⁸♫ⱡ♥◒ⱡ꜡☺כ⌐ ⅛∆↓≤⅜≢⅝⌂™ ♫ⱡ

│⁸ ─ ⌐⌂™ √⌂ ╩ ∆╢ ≤⇔≡ ↕╣≡™╕∆⅜⁸ ≢∕─

╛♫ⱡ◘▬☼⌐ ∆╢ ה ꜞ☻◒⌐ ∆╢ ⅛╠⁸∕─ ╛ ⅜ ╖⇔≡™╢

⌐№╡╕∆⁹ 

2011 8 ⁸  ◄Ⱡꜟ◑הכ NEDO ⱪ꜡☺▼◒♩₈♫ⱡ

─ ₉ P06041 ─ ≤⇔≡₈♫ⱡ ꜞ☻◒ ₉⅜ ↕╣⁸

♅♃fi⁸ⱨꜝכ꜠fi⅔╟┘◌כⱲfi♫ⱡ♅ꜙכⱩ1)─ 3 ⌐≈™≡⁸ ה ⅜ ↕╣⁸

∕╣╠─ 1 8 ⁸ 5 ─ ≢ 15 ─ ╩ ⇔⁸10 ─

⇔╩ ≤⇔√ ≤ꜞ☻◒ ⅜ ↕╣╕⇔√⁹ 

CNT TASC ≢│⁸ ꜝ◓╛Ⱪכꜙ♅Ⱳfi♫ⱡכ◌

ⱨ▼fi─ ╩ ⇔⁸∕─ ⅔╟┘ ╩ ╘╢ ≢⁸ NEDOⱪ꜡☺▼◒

♩─ ≤⇔≡⁸♫ⱡ ─ ─ ⌐ ╡ ╪≢™╕∆⁹ ⁸TASC ≢

ה ↕╣√♫ⱡ ⅔╟┘♫ⱡ ─ ⌐ ↑⁸∕╣╠◘fiⱪꜟ─ ╩

∆╢ ה ┼ ╩ ∫≡™╕∆⅜⁸TASC≢│⁸∕╣╠─ ─ ⅛╠⁸ ─

╩ ╘≡™╕∆⁹ 

│⁸  ⁸ ╕√│ TASC⅛╠ כ☻₈╢∆

Ɽכ꜡◓כ☻ Ⱪכꜙ♅Ⱳfi♫ⱡכ◌ ⁸SG- CNT╕√│ ₉⌐ ⇔≡⁸∕╣╩

╕√│ ─ ≢ ╡ ⁸⅜כ◙כꜚ℮ ╩ ⌐ ╡ ℮√╘─ ╩

∆╢√╘─ ≤⇔≡ ≢⅝╢╟℮⌐⁸ ⌐ ∆╢ ⁸ ⅛╠ ↕╣√ ⁸

⅔╟┘ TASC ≢ ⇔√ ╩╕≤╘√╙─≢∆⁹ ╩ (2♩כ◦♃כ♦
SDS ╕√

│∕╣⌐ ∏╢ ≤ ∑≡↔ ™√∞↑╢≤ ™≢∆⁹⌂⅔⁸ ─₈♫ⱡ ꜞ☻◒

⌐Ⱪכꜙ♅Ⱳfi♫ⱡכ◌⁸∟℮─₉ ∆╢ ⁸₈CNTꜞ☻◒ ₉1) ⌐⅔™≡⁸

│ΓSWCNT A Δ≤ ↕╣√ ≢№╢↓≤╩ ⇔╕∆⁹ 

│⁸2012 12 ╕≢⌐ ┘╟⅔♃כ♦√╣╠ ⌐ ≠⅝ ╩ ⇔╕⇔√⅜⁸∕─

TASC≢ ╛♃כ♦√⇔ ⌐ ⅎ≡⁸2016 4 ╕≢⌐ ↕╣√ ⅔╟┘ ─

╩ ה ⇔⁸ 4 ≤⇔√╙─≢∆⁹ ⌐⁸ ─ ⅜ ╕∫≡™╢ ≈─♩Ⱨ♇◒

☻₈ ─ CNT⌐⅔↑╢ ≤ ─ ₉⅔╟┘₈CNT ⅛╠─ CNT

─ ₉⌐≈™≡│⁸ √⌐ 2 ╩ ⅎ╕⇔√⁹ 

 

⌂⅔⁸ ⌐ ⇔√ ─ ꜞ☻◒ │⁸ ⌐⅔™≡ ⌂ ה כ♦ה

♃ ⌐ ≠⅝ ⇔√╙─≢№╡⁸ ─ ╩ ∆╢╙─≢│№╡╕∑╪⁹⇔√⅜∫≡⁸↔

─ ⁸ ─ ╩↔ ─℮ⅎ⁸⅔ ╡ ™™√∞⅝╕∆╟℮⅔ ™ ⇔ →╕

∆⁹ 

 

 2012  12  

2  2014   6  

3  2015  3  

4  2016  4  
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Ⅰ．総論（概要） 
 

♫ⱡ ─ ⌐ ∆╢  

⌐⁸ ─ │⁸ꜞ☻◒ ⌐ ≠ↄꜞ☻◒ ╩ ℮↓≤≢ ↕╣╢⁹₈

≢№╢ ₉≤│⁸∆⌂╦∟₈ ∆═⅝ꜞ☻◒─⌂™ ₉╩ ⇔⁸↓╣│⁸ⱥ♩╛ ≢

╠╣√ ⌐ ≠™≡ ↕╣√ ꜠ⱬꜟ⌐ ⇔⁸ ─ ꜠ⱬꜟ⅜∕╣╩ ⅎ≡

™⌂™↓≤╩ ∆╢↓≤≢ ↕╣╢⁹ 

↓╣╕≢ ↄ─♫ⱡ │⁸Γ♫ⱡ◘▬☼∞⅛╠ Δ≤ ≤ ↕╣≡⅝√⁹⇔⅛⇔⁸

OECD ⅜ 2013 9 ⌐ ⇔√₈ ♫ⱡ ─ ⌐ ∆╢

₉3)⌐╖╠╣╢╟℮⌐⁸ ⁸♫ⱡ ╩ ≤⇔√ ╛♃כ♦ ⅜ ↕╣≡

⅝√↓≤⌐╟╡⁸♫ⱡ ╙ ─ ≤ ⌐ ╩ ∆╢√╘─ ⅝╩ ╗↓≤≢⁸

ꜞ☻◒⌐ ∆╢ ⌂ ⅜ ⌐⌂∫≡⅝√⁹√∞⇔⁸ ⌐ ∞ ↕╣⌂™ ╙ ∫

≡™╢⁹ 

☻כ꜡◓כⱤכ☻⁸│ Ⱪכꜙ♅Ⱳfi♫ⱡכ◌ ⁸SG- CNT╕√│ ⌐≈

™≡⁸2016 4 ╕≢⌐ ↕╣√ ⌂ ╛ ₁⅜ ⇔√ ┘╟⅔♃כ♦ ─

╩ ה ⅜כ◙כꜚ⁸⇔ ╩ ⌐ ╡ ℮√╘─

╩ ∆╢√╘─ ≡⇔≥ꜟכ♠ה ↕╣╢↓≤╩ ⇔ ⇔√ ♃כ♦ ≢№╢⁹

√⌂ ⅜ ╦∫√ │⁸ ─ ╩ ℮ ≢№╢⁹ 

₈з ₉≢│⁸SG- CNT─ꜞ☻◒⅔╟┘∕─ ⌐ ∆╢ ─ ╩ ⇔⁸

₈и ₉≢│⁸∕╣╠─ ≤⌂╢ ⁸⅔╟┘ ∆╢ ⅛╠ ╠╣√

╩╕≤╘╢⁹ ≤⇔≡⁸₈й ⌐⅔↑╢ ─ ₉≢│⁸

─ ╩╙≤⌐ ₁⅜ ⌐ ∫≡™╢ ⌐≈™≡ ⇔⁸₈к. ─ CNT

⌐⅔↑╢ ≤ ─ ₉≢│⁸ ⌐ ≠⅝⁸2016 3 ⌐⅜

╪ ─ ≤⌂∫√ ─ CNT⌐ ∆╢ ╩ ⇔≡ ⇔⁸₈л CNT

⅛╠─ CNT─ ₉≢│⁸ ₁⌂ CNT ⅛╠─ CNT─ ⌐ ∆╢ ─

╩ ⇔≡ ∆╢⁹ 

 

 

 

┼─  

│⁸ ⅜ sp
2 ⌐╟╡ ⇔≡≢⅝√ ◓ꜝⱨ□▬♩◦כ♩╩ ⌐

╘√ 1 ╩⇔≡⅔╡⁸ ⌐ ╘≡ ≢№╢⁹⇔√⅜∫≡⁸ ⅜ ⁸

⁸ ⌂≥ ┼ ה ↕╣√ │⁸ ⌐╟╢ ╙╒≤╪≥ ∆╢↓≤

⌂ↄ∕─╕╕ ∆╢≤ ↕╣╢⁹⌂⅔⁸ ╩ ╗ ♫ⱡ │⁸ ≢ ∆

╢ 800°C ≢ ↕╣╢≤ ⅎ╠╣╢4)√╘⁸ ─ │

⌂ ⌐╟╢ ⅜ ≢№╢≤ ⅎ╠╣╢⁹ 

⅜ ⌐ ↕╣√≤⅝─ ┼─ ╩ ∆╢√╘⁸ ⱪꜝfi◒♩fi ⁸

ⱪꜝfi◒♩fi Ⱶ☺fi◖ ⅔╟┘ ⱷ♄◌ ╩ ™√ ╩ ∫√ ⁸™∏

╣─ ╙ ⅜ ⌂ ≢№╢ 10 mg/L 2 ⌐⅔™≡╙ ⌂

│ ╠╣⌂⅛∫√⁹⇔⅛⇔⁸ ≢ 46%─ 10 mg/L⁸72 ⁸Ⱶ☺fi◖≢ 36.6%

─ 1 mg/L⁸21 ⅜ ↕╣√↓≤⅛╠⁸ ⅜ ⌐ ⌐ ↕╣

√ │⁸ ⱪꜝfi◒♩fi⌐ ╩ ⅎ╢ ⅜№╢⁹ ⁸ ╛

⅜ ℮ ─ ⌐ ⇔⁸ │ ╩ ⅎ⌂™≤™℮ ⅜ ╠╣≡™╢⁹ 
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1 ─ ⸗♦ꜟ  

 

2 ⌐ ™√ ─ ≤⇔≡ 100 mg/L Tween80╩  

 

ⱥ♩ ┼─  

⅜ⱥ♩─ ⌐ ⅎ╢ ╩ ∆╢√╘⌐│⁸ ⁸∆⌂╦∟ ╕√│

┼─ ↔≤⌐ ╩ ∆╢↓≤⅜ ≢№╢⁹ ⇔≡™╢ ─ ₈и

₉╩ ⌐⅔™≡⁸ ⌂ │ ─ 3 ╡⅜ ⅎ╠╣╢⁹ 

 

ᵑ ⌐╟╡⁸ ⌐ ⇔√ ⅜ ⅛╠ ┼  

ᵒ ⁸ ⌐╟╡⁸ ⅜ ⅛╠ ┼  

ᵓ ╛ ≤ ⇔⁸ ⅜ ╕√│ ┼  

 

 

│⁸ ⌐⅔™≡⁸ ⌐ ↓╡╛∆™ ≢№╢⁹ ↕╣╢ ≤⇔

≡⁸ ⌐⅔↑╢ ⁸ ≢─ ⅜╪─ ⁸ ≢─ ─ ⁸

⅜ →╠╣╢⁹ 

 

⌐⅔↑╢  

⌐⅔™≡ ⌂ ⅜ ⅝√ ⁸ ⌂ ╛⅜╪╩ ∆╢ ⅜№╢⁹

╩ ™√ꜝ♇♩ 4 ⌐⅔™≡Γ ≢─ ⌂ Δ╩

─ ≤⇔√ NOAEL │ 0.13 mg/m
3≢№╢↓≤⅜ ↕╣≡™╢ 1)⁹⌂⅔⁸

≢│⁸NOAEL╕√│∕╣╟╡ ™ ≢ ─ ⌂ ⅜ ↕╣≡™╢⅜⁸↓

─╟℮⌂ │ ⌐ ╠∏ ⌐ ⅜ ⇔√ ⌐ ⌐ ╠╣╢ ≤

⇔⁸ ⌐ ╩ ⅎ╢ ≤╖⌂⇔≡™⌂™⁹ 

NEDOⱪ꜡☺▼◒♩₈♫ⱡ ─ ₉ P06041 ─ ≢№╢₈CNT

ꜞ☻◒ ₉≢│⁸ ⅛╠ ╠╣√ NOAEL⌐╟╡⁸ ─ⱥ♩⌐⅔↑╢

0 1 mg/L 10 mg/L
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1 8 ⁸ 5 ─ ⁸15 ─ ╩ 0.03 mg/m
3≤

⇔≡™╢ 1)⁹∆⌂╦∟⁸ ─ ╩ 0.03 mg/m
3 ⌐ ⁸╕√│ ⅜

⌐ ∆╢ ─ ╩ 0.03 mg/m
3 ⌐∆╢ ╛ ™ ─ ה

⁸ ─ ™ ╖⁸ ─ ⁸ ─ ⌐╟╡⁸ ≢

⌂ ⅜ ↓╢ │╒≤╪≥⌂™≤ ↕╣╢⁹ 

⅔╟┘ ISO │⁸♫ⱡⱴ♥ꜞ▪ꜟ⌐

∆╢ ꜞ☻◒ ─√╘─◖fi♩꜡כꜟⱣfi♦▫fi◓ ⌐ ≠ↄ●▬♪ꜝ▬fi╩

⇔≡™╢5,6)⁹↓╣╠─●▬♪ꜝ▬fi╩ ⌐ ⇔√ ⁸ ╩ ∆╢ ⌐ ⌂

│⁸ ╛☻ⱪ꜠כ⌂≥ ⌐ ⅜ ↕╣╢ ╩ ™≡⁸ Ⱪ⁸☻כⱥꜙכⱶⱨ

♪כ ─ ≤⌂╡⁸ ₈CNTꜞ☻◒ ₉⌐⅔↑╢ ≤ ≢№╢⁹

⇔√⅜∫≡⁸ ─ ╩ ™╢↓≤⌐╟╡⁸↓╣╠─●▬♪ꜝ▬fi⌐ ∫√ ⅜

≤ ⅎ╠╣╢⁹ 

 

≢─ ⅜╪─  

╩ ™√ ⁸in vitro ⅔╟┘

≢™∏╣╙ ≢№╢↓≤⅛╠⁸ ≢│ ⅜ ╩ ⇔⁸⅜╪╩

∆╢ │ ™≤ ⅎ╠╣╢⁹ 

⌐ ─ ⅜╪ │⁸ ╩ ™√ 2 ─ ≢ ↕╣╢⁹

⇔⅛⇔ ⅔╟┘ ─ CNT⌐≈™≡╙∕─ │╕∞⌂ↄ⁸ ≢ ⇔√ 4

ꜝ♇♩ ⅜ ≢ ─ ≤™℮─⅜ ≢№╢⁹

CNT│ ─╖⅛╠ ╢ ─ ה ─ ≤⌂╢ ╛

╩╙√⌂™ ≢№╢√╘⁸ ⌐ ⇔√ CNT│ ╛ ╩╒≤╪≥ ↑╢↓≤⌂ↄ

∆╢≤ ↕╣╢⁹ ─ ≤⇔≡⁸ ╩ ™√

─ ╩ ∫√ ⁸ꜝ♇♩┼─ 6ﬞ 26 ⌐⅔™≡⁸

⅔╟┘ ─ ≢│ ⅜╪ │ ↕╣≡™⌂™ 1)⁹ ─ CNT

⌐≈™≡│⁸ ╕√│ 4 ─ ╩ ∫√ ⇔√⅜⁸⅜╪─

│ ⅛∫√≤ ↕╣≡™╢7)⁹ 

⅜╪ IARC ╩Ⱪכꜙ♅Ⱳfi♫ⱡכ◌⁸│ ╗♫ⱡ ─ ⅜╪ ╩

⇔≡™╢⅜⁸ CNT⌐ ⇔≡│ ⅜╪⅜ ↕╣≡™⌂™√╘⁸ ⅜╪ │₈ ⅜╪ ╩

≢⅝⌂™₉ ⱪכꜟ◓ 3 ⌐ ↕╣≡™╢8,9)⁹ 

 

≢─ ─  

CNT│⁸∕─ ≤ ⅜▪☻ⱬ☻♩⌐ ∆╢ ⅜№╡ ╢↓≤⅛╠⁸ ╩

∆╢ ⅜ ⌐ ↄ№╢⁹ │⁸ ╩ ℮ ≢ ∆╢ ≢№╢↓≤⅛╠⁸

⌐ ⇔√ ⅜ ╩ ↑≡ ⌐ ⇔√─∟ ─ ⌐№╢

⌐ ╡ ╕╣≡ ∆╢≤ ⅎ╠╣≡™╢10,11)
3 ⁹ ─ ╛⁸ ™╕√

│ ╕∫√ │ ─ ╩ ⇔ꜞfiⱤ ┼ ↕╣ 3 A ⁸ ↄ╕∫∆←

≢ ™ │∕─ ╩ ≢⅝∏ ⌐ ⇔ ╩ ∆╢ 3 B ≤™℮

⅜ ↕╣≡™╢ 10)⁹ 

10 mg╩⁸ꜝ♇♩ ⌐ ⇔⁸∕─ 4 ⌐⅔™≡⁸ ⌐ ╛

│ ╘╠╣⌂⅛∫√⁹╕√⁸▬fiⱦ♩꜡─ ⌐⅔™≡⁸25 µg/cm
3
 ╕≢─

≢⁸ ╩ⱥ♩ Met5A ⌐┌ↄ ⇔≡╙⁸ │ ╘╠╣⌂⅛∫√12)⁹

⁸ ™⌐ ╖ ℮ ♃▬ⱪ─ CNT ─Ⱪכꜙ♅ │ 15 nm ≢│⁸
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3 ≢ │ ↕╣⌂⅛∫√⅜⁸ ↄ≡ ─ ™ CNT ─Ⱪכꜙ♅ │

50 nm ─ ⁸ 4 ⅔╟┘ 3 ≢⁸ ⅜ ↕╣√ 12,13,14)⁹ 

↕╠⌐⁸ⱨ▫fiꜝfi♪ │⁸ ↄ╙≈╣√ CNT⌐ ═⁸ ↄ ™ ─

CNT ⅜ⱴ►☻⌐⅔↑╢▪꜠ꜟ◑כ ╛⁸ ⌐⅔↑╢ ◘▬♩◌▬fi

╛ DNA ╩ ⌐ ∆╢↓≤╩ ⇔≡™╢15,16)⁹ │⁸ 3 nm─ ↄ ╠

⅛™ ≢№╡⁸Ɫfi♪ꜞfi◓ ⌐ ⇔√ ─ │⁸ ╕∫√ ≢

№╢↓≤⅜ ↕╣≡™╢ 4 ⁹↓╣╠─ ⅔╟┘ ⅛╠⁸

─ ⌐╟╢ ─ ╩ ∆╢ ⁸⅜™⌂∞╕│♃כ♦ ≢│∕─

│ ™≤ ↕╣╢⁹ 

 

 

3 ⌐ ⇔√ ─ 11)
 

A ™╕√│ ╕∫√ ⁸B ↄ╕∫∆←≢ ™  

 

 

 

╩ ™√ ⁹™⌂│♃כ♦ ─ CNT╩ ™√ꜝ♇♩

⅔╟┘ 28 ─ ⁸∕╣∙╣ 50%

LD50 >50 mg/kg⁸NOAEL 12.5 mg/kg/ ≢№╢≤ ↕╣≡™╢17)⁹⇔√⅜∫≡ ─

╩ 0.03 mg/m
3 ⌐ ⇔≡™╢ ⁸ ⌐⅔™≡ ⌐╟╢

─ │ ™≤ ⅎ╠╣╢⁹ 

 

 

╩ ™√►◘◑ ⅔╟┘►◘◑ ─ ⁸™∏╣╙

│ ╘╠╣⌂⅛∫√18)⁹╕√⁸⸗ꜟ⸗♇♩ ─ ⁸ ⌂⇔≤ ↕╣

≡™╢↓≤⅛╠⁸ כ◑ꜟ꜠▪ ─ │ ™≤ ↕╣╢ 18)⁹ 

─ ⁸╠⅛♃כ♦ ≢│⁸ⱥ♩⌐ ∆╢ ⌐╟╢ ││╒≤╪

≥⌂™≤ ⅎ╠╣╢⁹ 

 

─ ⅛╠⁸ ╩ ╡ ℮ ≢ ╙ ⌂ │⁸ ≤ ⅎ╠╣╢⅜⁸

A

B
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⌐ ∆╢⁸ ╩ ╗ ⅜╪─ │ ≢│ ™≤ ⅎ╠╣╢⁹ ⌐⅔™≡

│⁸ ⌂ ⅜ ↕╣≡™╢⅜⁸ Ⱪ⁸☻כⱥꜙכⱶⱨכ꜡◓⁸♪כⱩⱲ♇◒☻⁸◓

◓♇ⱩⱣכ꜡ ─ ⌂ ╩ ™╢↓≤⌐╟╡⁸ ╩ ⌐ ╡ ℮↓≤⅜ ≤ ⅎ╠╣

╢⁹ 

 

 

⌐⅔™≡₈ ∆═⅝ꜞ☻◒⅜⌂™₉↓≤╩ ∆╢√╘⌐│⁸ ─

₈CNTꜞ☻◒ ₉1)≢│ 0.03 mg/m
3 ₈ ⌐⅔↑╢

₉╩ ╩ ⇔⁸ ⅜∕╣ ⌐ √╣≡™╢↓≤╩ ⌐╟╡ ∆╢

⅜№╢⁹ ≢│⁸ ⌐ CNT╩ ╡ ℮ ⅔╟┘ ╩ ≤⇔√ ─

⌐≈™≡ ═╢⁹⇔⅛⇔⁸CNT─ ↔≤⌐⁸ ⁸ ⁸ꜞ◘▬◒ꜟ≤™∫√ ─ꜝ▬

ⱨ◘▬◒ꜟ⅜ ≢⅝╣┌⁸∕╣∙╣─ ⌐ ∆╢↓≤⅜ ≢№╢⁹ 

 

⌐⅔↑╢  

⌐ ⇔√ │⁸ ╕≢ ⇔⌂™ ╩ ™√₈ ∂╪₉

─ ≢ ╦↕╣≡™╢⁹∕─√╘⁸ ≤ ≢⅝╢ ─ ≤

⇔≡⁸◘▬◒꜡fi╛▬fiⱤ◒♃ ≢ ╩ ⇔√ ─ ╡─ ╩ⱨ▫ꜟ♃≢ ⇔⁸∕

─ Ᵽ♇◒◓ꜝ►fi♪ ⅜ ⌂™ ╛ ╩ ∆╢ ⅜№╢⁹ 

│⁸ ≢│ ⇔≡⅔╡⁸◘ⱩⱵ◒꜡fi⅛╠Ⱶ◒꜡fi◘▬☼─ ≤⇔≡ ↕

╣≡™╢ 4 ⁹⇔√⅜∫≡⁸ ⌂ ─└≤≈─ ≤⇔≡⁸↓─◘▬☼─ ╩

◄▪꜡♂ꜟ ≢ ∆╢ ⅜ ⅎ╠╣╢⁹ 

 

 

4 ⌐ ⇔√ ─  

 

⅛╠─  

╩ 5% ∆╢ⱳꜞ☻♅꜠fi ╩ ⇔⁸∕─ ⌐ ∆╢ ╩ ⇔≡

╩ ℮↓≤≢⁸ ⅜ ⅛╠≥─╟℮⌂ ≢ ∆╢⅛╩ ⇔√⁹

╩ ╪∞ ─ ─ ≤╖╠╣╢Ⱶ◒꜡fi◘▬☼ ⅜ ↄ ↕╣⁸ ⅛╠

⌐ ⇔√ ≤ ↕╣╢ │⁸ ⇔√ ≢│⁸ ↕╣⌂⅛∫√⁹ ≢│⁸

╩ ╪∞ ─ ╩ ⇔√≤⅝─ ╛∕─ │ ≢│⌂™⅜⁸ ⌐

⇔√ CNT─ │ ─ ≢№╢↓≤⅛╠⁸ ─ CNT╩ ⇔√≤⅝⌐ ═╢≤⁸∕─

│ ↕™≤ ↕╣╢⁹ 
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Ⅱ．各論（総論に関する詳細説明およびデータ） 
 

 

⁸ ⅔╟┘  

SG- CNT ⁸ ─Ⱪכꜙ♅Ⱳfi♫ⱡכ◌⁸│ ⌂ ─└≤≈≢№╢

chemical vapor deposition: CVD ─ ╩ ™⁸ ⌐ ─ ╩

∆╢↓≤≢ ⅔╟┘ ╩ ⌐ ↕∑√ 19) ☻כ꜡◓כⱤכ☻ ⁸

SG ⌐≡⁸ ↕╣√╙─≢№╢⁹SG ≢ ╠╣√ │⁸ ⅛╠ ⌐ ∫√

CNT ╩ ⌐ ≢⅝╢↓≤⅛╠⁸ ─ CNT ⌐ ═⁸ ─ ╩╙≈⁹ 

ה ⅜ ™ 

ה  

ה ⅜ ⅝™ 

ה ⅜ ⅝™ 

ה ≤⇔≡  

ה ⅜№╢ 

 

│⁸ ─ ⌐№╢⁹ ⁸ ─ ╩ ⅛⇔ ₁⌂ ה ╩

≢№╡⁸ ⌐ ─ ┼─ ⅜ ↕╣≡™╢⁹ 

♃◦Ɽꜗ◐כⱤכ☻ה  

ꜟⱨ꜠◐◦Ⱪה ◗ⱶ  

ה ◗ⱶ 

Ⱶ♬►ⱶꜟ▪ה  

 ♃כ◄ꜙ♅◒▪CNTה

ה  

ה Ⱪכꜙ♅Ⱳfi♫ⱡכ◌  

ה ה  

 

 

╕√│   

    

   

  ◓ꜝⱨ□▬♩  

   

   

   

CAS   308068-56-6 
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─ ⌂ ╩ ⌐ ∆╢⁹ 

 

1 SG- CNT─ 1)
 

   

↕  TEM n=170  3.03 ± 1.1 nm 

BET  N2 n=10  1064 ± 37 m2/g 

 TGA  99%  

 ICP-MS  Al⁸Fe⁸Ni  

 

⁸●▬♪ꜝ▬fi  

│⁸ ╕√│ ─ ≢№╢↓≤⅛╠⁸∕─ ⅔╟┘ ⅜

⌐ ≠ↄ₈ ∂╪ ₉⅔╟┘∂╪ ⌐ ≠ↄ₈∂╪ ₉⌐ ∆╢₈

∂╪ ₉⌐ ∆╢ │⁸↓╣╠ ─ ╩ ∆╢⁹ 

⌂⅔⁸2016 3 31 ⁸ ─ CNT⅜₈ 28 3 ─ ⌐ ≠⅝

⅜ ╘╢ ⌐╟╢ ╩ ∆╢√╘─ ₉ ™╦╝╢₈⅜╪ ₉

─ ⌐ ↕╣√⁹↕╠⌐⁸ ↑─ 2 ⁸∆⌂╦∟⁸

─ ⌐ ∆╢╙─⁸∕⇔≡⁸⅜╪ ⌐ ∆╢╙─⅜ ↕╣√⁹ │⁸⅜╪

─ ≢│⌂ↄ⁸╕√⁸ ⅜╪ ╩ ∆╢ │⌂™⅜⁸ ┼─ ─ ╩ ⇔

∆╢ ≢⁸⅜╪ ⅜ ╘╢ ╩ ≤⇔√ ╩≤╢↓≤⅜ ╕⇔™⁹₈к. ─

CNT⌐⅔↑╢ ≤ ─ ₉─₈ ⅜╪ ₉≢ ─ ╩

⇔≡™╢⁹ 

─╒⅛⁸ ⌐⅔↑╢♫ⱡ ─ ™⌐≈™≡⁸ ⁸ ⅔╟┘ ⅛

╠ ─ ⁸ ⅜fi▬ꜝ♪▬●ה ↕╣≡™╢⁹ 

 

ủ₈♫ⱡⱴ♥ꜞ▪ꜟ ⌐⅔↑╢ ─№╡  ₉ 2009

3  

ủ₈♫ⱡⱴ♥ꜞ▪ꜟ⌐ ∆╢ ⌐≈™≡₉ 2009 7  

ủ₈♫ⱡ ─ ⌐ ∆╢  3 ₉ 2013 6  

  1  ▫♦♃☻☻כ◔─ꜘ▬♃ 1

  1  ▫♦♃☻☻כ◔─כ♫♩ 2

  1  ▫♦♃☻☻כ◔─ 3

  1 4 ☻ⱪ꜠כ◔─כ☻☻♃♦▫ 

  2 ꞉כ◐fi◓◓ꜟכⱪ ≤╡╕≤╘ 

  4 ♫ⱡ ⌐ ╢ ─  

ủ₈♫ⱡⱴ♥ꜞ▪ꜟ─ ⌐ ∆╢  ₉ 2009 3  

ủ₈♫ⱡⱴ♥ꜞ▪ꜟ⌐ ∆╢┌ↄ ─√╘─ ⌐≈™≡₉

2009 3  

ủ₈ ♫ⱡ ⌐ ∆╢ ●▬♪ꜝ▬fi₉ 2009 3  

 

2012 9 ⁸ │⁸♫ⱡ ╩ ⌐₈♫ⱡⱴ♥ꜞ▪

ꜟ─ ●▬♪ꜝ▬fi ₉╩ ⇔√ 5)⁹↓─●▬♪ꜝ▬fi≢│⁸◖fi♩꜡כꜟⱣfi♦

▫fi◓ ⌐ ≠ↄ ─ ⅜ ↕╣≡™╢⁹∆⌂╦∟⁸♫ⱡⱴ♥ꜞ▪ꜟ─

Ɫ◙כ♪ Ᵽfi♪⅔╟┘ ™ ⅛╠ ↕╣╢ Ᵽfi♪⅛╠ ꜠ⱬꜟ╩ ⇔⁸꜠ⱬꜟ
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⌐ ∂√ ⌂ ╛ ⌐ ∆╢ ⅜⌂↕╣≡™╢⁹ ●▬♪ꜝ▬fi╩ ⇔√ ⁸

│⁸Ɫ◙כ♪Ᵽfi♪ ꜠ⱬꜟ 3 0.001~0.1 mg/m
3 ⁸ Ᵽfi♪ ꜠ⱬꜟ

C ⁸ ─ ─ ⌂ ≤⌂╡⁸ ꜠ⱬꜟ│◒ꜝ☻ 3 Ⱪכ꜡◓⁸

Ⱳ♇◒☻⁸◓꜡כⱩⱣ♇◓ ⌐ ∆╢⁹ 

2014 1 ⁸ ISO │⁸♫ⱡⱴ♥ꜞ▪ꜟ⌐ ∆╢ ꜞ☻◒ ⌐ ∆╢

TS 12901-2╩ ⇔√ 6)⁹↓╣│⁸ ─₈♫ⱡⱴ♥ꜞ▪ꜟ─ ●▬♪ꜝ▬fi ₉

≤ ⌐◖fi♩꜡כꜟⱣfi♦▫fi◓ ⌐ ≠ↄ ─●▬♪ꜝ▬fi≢№╢⅜⁸ Ᵽfi

♪─ ⅜ ⌂╡⁸♫ⱡⱴ♥ꜞ▪ꜟ─Ɫ◙כ♪Ᵽfi♪⅔╟┘⁸ ⅛╠ ╕≢─ ⇔╛

∆↕⅛╠ ↕╣╢ Ᵽfi♪⅛╠ Ᵽfi♪ ◖fi♩꜡כꜟⱣfi♪ ╩ ⇔⁸↓╣╩ √

∆ ╩ ⇔≡™╢⁹ ●▬♪ꜝ▬fi╩ ⇔√ ⁸ │⁸Ɫ◙כ♪Ᵽfi♪ HB C

0.01~0.1 mg/m
3 ⁸ ─ Ᵽfi♪ EB 4 ⁸ ⁸

─ Ᵽfi♪ EB 1 2 ⁸EB 2  3 ⅔╟┘ ╡ ™ ⁸EB 4

⅔╟┘ ─☻ⱪ꜠כ ≤⌂╡⁸◖fi♩꜡כꜟⱣfi♪│ ⌐⅔™≡ CB 4 ∂

╘ ◓♇ⱩⱣכ꜡◓ⱩⱲ♇◒☻⁸כ꜡◓ ⁸ ⌐ ⇔√ ⁸ ⌐⅔™≡│☻ⱪ꜠כ

─ ≢ CB 3 Ⱪ⁸☻כⱥꜙכⱶⱨ⁸♪כ ╡ ⇔ ⅝ ⁸☻

ⱪ꜠כ ⌐│ CB 4⌐ ∆╢⁹ 

2014 10 ⁸ ⅜╪ IARC ╩Ⱪכꜙ♅Ⱳfi♫ⱡכ◌⁸│ ╗ ⌐ ∆╢

⅜╪ ╩ ⇔√ 8,9)⁹ │⁸ ─ⱥ♩⅔╟┘ ⌐ ∆╢ ⅜╪ ⅔⁸♃כ♦─

╟┘ ⅜╪⌐ ╦╢ⱷ◌♬☼ⱶ⅛╠ⱥ♩⌐⅔↑╢ ⅜╪─ꜞ☻◒╩ ⇔≡⅔╡⁸ ⌐₈

⅜╪ ⅜№╢₉ ⱪכꜟ◓ ⅛╠⁸₈⅔∕╠ↄ ⅜╪ │⌂™₉ ⱪכꜟ◓ 4 ╕≢─ ╩ ™⁸

↓╣╩ ⇔≡™╢⁹ ⌐⅔™≡⁸ CNT≢№╢MWNT-7│ ⸗♦ꜟ⌐⅔™≡  13,20,21)

⅔╟┘ ─⅜╪22)⅜ ∂╢ ⅜№╢↓≤╩ ⌐⁸₈ ⅜╪ ⱪכꜟ◓₉™⌂╣⇔╙⅛╢№⅜ 2B

⌐ ↕╣√ 8,9)⁹⇔⅛⇔⁸ ⌐⅔™≡ ↕╣√ ─ 2 ─ CNT⌐ ⇔≡│₈ ⅜╪⌐

∆╢ ⅜ ╠╣╢ 13)₉↓≤⁸ CNT⌐ ⇔≡│₈ ⅜╪⌐ ∆╢ ⅜ ₉≢№╢↓≤╩

⌐⁸™∏╣╙₈ ⅜╪ ╩ ≢⅝⌂™₉ ⱪכꜟ◓ 3 ⌐ ↕╣√⁹ 

 

 

 

 

≢─  

≢─ OHꜝ☺◌ꜟ⁸○♂fi⅔╟┘ ꜝ☺◌ꜟ≤─ ⌐ ∆╢ │ ∫≡™

⌂™⅜⁸∕╣╠≤─ │ ™≤ ↕╣╢⁹ 

 

≢─  

 

╩ ↑╛∆™ ⅜⌂™√╘⁸ ≢─ │ ↓╠⌂™⁹ 

 

 

MITI(I) ⁸OECD♥☻♩●▬♪ꜝ▬fi TG 301C⁸GLP
23)─ ⁸

100 mg/L⁸ 30 mg/L⁸ 28 ─ ⌐⅔™≡⁸

BOD ⅔╟┘ DOC ≢─ │™∏╣╙ 0≢№∫√⁹

ⱴⱡⱷכ♃ OECD TG301F⁸GLP
23)─ ⁸ 100 mg/L⁸

30 mg/L⁸ 28 ─ ⌐⅔™≡⁸BOD⅔╟┘ DOC ≢
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─ │™∏╣╙ 0≢№∫√⁹ 

MITI(II) ⁸OECD TG302C⁸GLP
23)─ ⁸ 30 mg/L⁸

100 mg/L⁸ 28 ─ ⌐⅔™≡⁸BOD⅔╟┘ DOC ≢─

│™∏╣╙ 0≢№∫√⁹ 

─ ⅛╠⁸ │⁸ ≤ ⇔√⁹ 

 

2 SG- CNT─  

  

( ) 

⅔╟┘

mg/L  

CNT  

mg/L  

 

 BOD  

%  

DOC 

mgC  
23) GLP  

OECD TG301C  
28 

 

30 
100 0 0  

23) GLP  

OECD TG301F  28  

30 

100 0 0  

23) GLP  

OECD TG302C  
28 

 

100 
30 0 0  

 

 

◖▬ Cyprinus carpio ╩ ™√ OECD TG305⁸GLP
24)─ ⁸ 5

⅔╟┘50 ɛg/L⁸ 60 ⌐⅔↑╢ ─ ⅔╟┘ │ ≤ ⅜⌂⅛∫

√⁹ BCF │ ≢№╢⁹ 

 

3 SG- CNT─  

  

( ) 

 
CNT  

mg/L  

 

 BCF 

24)  GLP  

OECD TG305  60 
◖▬ 

(Cyprinus carpio) 

0.005 

0.050 

 

 
 

 

♃כ♦ CNT  

Parks╠ 2013 │⁸ ─ Ampelisca abdita  ⅔╟┘▪Ⱶ Americamysis bahia ╩

™√ CNT SG65, SouthWest Nano-Technologies ─ 7 ╩ ⇔√ ⁸

│ ╘╠╣∏⁸↓╣│ CNT⅜ ⅛╠ ↕╣⌂™√╘≢│⌂™⅛≤ ⇔≡™╢25)⁹ 

 

─ ┼─  

⌐ ∆╢  

⌐ ∆╢  

Pseudokirchneriella subcapitata╩ ™√ 72 OECD TG201⁸GLP
23)─ ⁸ 1.0⁸3.2⅔╟┘ 10 mg/L ⌐⅔™≡∕╣∙╣ 5.1⁸16⅔╟┘ 46%─

⅜ ╘╠╣√⁹↓╣⌐╟╡ 50% EC50 │>10 mg/L⁸ NOEC │

0.32 mg/L≤ ↕╣√⁹ 

 

4 SG- CNT─ ⌐ ∆╢  

  
 

 ◄fi♪ⱳ▬fi♩ 

(mg/L)  
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( ) 

23) 

GLP  

OECD TG201  

(Pseudokirchneriella 

subcapitata) 

72 
0.10, 0.32, 

1.0, 3.2, 10 

100 mg/L 

HCO-40 

EC50,72hr 

mg/L  
>10 

NOEC,72hr 

mg/L  
0.32 

 

⌐ ∆╢  

○○Ⱶ☺fi◖ Daphnia magna ╩ ™√ 48 OECD TG202⁸GLP
23)─ ⁸ 4.5 ⅔╟┘ 10 mg/L ╩ ™√ ─ ⌐⅔™≡

∕╣∙╣ 10⅔╟┘ 5 ─ ≤ ⅜ ↕╣√⁹↓╣⌐╟╡ EC50│>10 mg/L≤ ↕

╣√⁹ 

○○Ⱶ☺fi◖ Daphnia magna╩ ™√ 21 OECD TG211⁸GLP
23)─ ⁸

0.010 1.0 mg/L─∆═≡─ ⌐⅔™≡ ⌐ │⌂⅛∫√⅜⁸1.0 mg/L

≢ ─ ⅜ ╠╣ 36.6%⁸ ⌐⅔↑╢ ─ │ 20%

≢№∫√⁹↓╣⌐╟╡ EC50│>1.0 mg/L⁸NOEC│ 0.32 mg/L≤ ↕╣√⁹ 

 

5 SG- CNT─ ⌐ ∆╢  

  
 

 
◄fi♪ⱳ▬fi♩ 

(mg/L)  

Ⱶ☺fi◖ 23) 

GLP  

OECD TG202  

○○Ⱶ☺fi◖ 

(Daphnia magna) 

48 

 

0.42, 0.94, 

2.1, 4.5, 10 

100 mg/L 

HCO-40 

EC50,48hr 

mg/L  
>10 

Ⱶ☺fi◖ 23) 

GLP  

OECD TG211  

○○Ⱶ☺fi◖ 

(Daphnia magna) 

21 

 

0.010, 

0.032, 0.1, 

0.32, 1.0 

10 mg/L 

Tween 80 

EC50,21d 

mg/L  
>1.0 

NOEC,21d 

mg/L  
0.32 

 

⌐ ∆╢  

ⱥⱷ♄◌ Oryzias latipes ╩ ™√ 96 OECD TG203⁸GLP
23)─

⁸ 10 mg/L⌐⅔™≡ ─ ⅔╟┘ ┼─ │ ↕╣∏⁸50%

LC50 │>10 mg/L≤ ↕╣√⁹ 

ⱥⱷ♄◌ Oryzias latipes ╩ ™√ 14 OECD TG204⁸GLP
23)─

⁸ 0.10 10 mg/─∆═≡─ ⌐⅔™≡ ─ ⁸ ⌂ ⅔╟┘

⌐ │ ╘╠╣∏⁸ ⅔╟┘ ⌐⅔™≡╙ ≤─ │⌂⅛∫√⁹↓╣⌐╟╡ LC50

│>10 mg/L⁸NOEC│ 10 mg/L≤ ↕╣√⁹ 

 

6 SG- CNT─ ⌐ ∆╢  

  
 

 
◄fi♪ⱳ▬fi♩ 

(mg/L)  
23) 

GLP  

OECD TG203  

ⱥⱷ♄◌ 

(Oryzias latipes) 

96 

 
10 

100 mg/L 

HCO-40 

LC50,96hr 

mg/L  
>10 

23) 

GLP  

OECD TG204  

ⱥⱷ♄◌ 

(Oryzias latipes) 

14 

 

0.10, 0.32, 

1.0, 3.2, 10 

100 mg/L 

Tween 80 

LC50,14d 

mg/L  
>10 

NOEC,14d 

mg/L  
10 
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⌐ ∆╢  

☿fi♃כ⅛╠ ⇔√ ╩ ™√ 28

OECD TG216⁸GLP
23)─ ⁸ 1000 mg/kg-dry soil⅔╟┘ ▪ꜟⱨ□ꜟⱨ□

Medicago sativa⁸5 g/kg-dry soil ─ │ 1%≢№╡⁸ ─

⌐ ╩ ⅎ⌂⅛∫√⁹EC50│>1000 mg/kg-dry soil≤ ↕╣√⁹ 

 

7 SG- CNT─ ⌐ ∆╢  

   

( ) 

 
◄fi♪ⱳ▬fi♩ 

 
 

(mg/kg-dry soil) 
 

23) 

GLP  

OECD TG216  

▪ꜟⱨ□ꜟⱨ□ 

(Medicago sativa) 
28 1000  

EC50,28d 

mg/kg-dry soil  
>1000 

 

⌐ ∆╢  

⅛╠ ⇔√ ╩ ™√ OECD TG209⁸GLP
23)─ ⁸ 100 mg/L⌐⅔™≡ ─ │ ╘╠╣∏⁸ ⌐

∆╢ │⌂⅛∫√⁹EC50│>100 mg/L≤ ↕╣⁸ ╛ ≢─ ⌐

⇔≡╒≤╪≥ ╩ ⅎ⌂™≤ ⅎ╠╣√⁹ 

 

8 SG- CNT─ ⌐ ∆╢  

   

( ) 

 
◄fi♪ⱳ▬fi♩ 

 (mg/L)  

23) 

GLP  

OECD TG209  
 

3 100  
EC50,3hr 

mg/L  
>100 

 

ⱥ♩ ┼─  

 

─ ADME ה ה ה ⌐ │♃כ♦╢∆ ╠╣≡™⌂™⁹ 

 

⅔╟┘  

│⁸ ─√╘⁸ ⌐╟╢ ⅔╟┘ ⌐ ∆╢ │⌂™⁹ 

♃כ♦  

Liou╠ 2012 │⁸ ─♫ⱡ ⌐ ∆╢♫ⱡ 227 ⁸CNT

52 ⁸SiO2 37 ⁸TiO2 19 ⁸♫ⱡ 15 ⁸♫ⱡ 10

⁸ ─♫ⱡ 94 ⅔╟┘ 137 ─ ⅔╟┘ ╩ ™√Ᵽ▬

○ⱴכ◌כ ╩ ∫√⁹∕─ ⁸♫ⱡ ╡ ℮♫ⱡ ─ ⌐╟

╢ │ ↕╣≡™⌂™ ⌐⅔™≡│⁸♫ⱡⱴ♥ꜞ▪ꜟ─ ≤ ⅛╠ ↕╣╢ꜞ☻◒꜠

ⱬꜟ─ ⌐ ™⁸ ⌐ ═≡ SOD ꜠ⱬꜟ─ ⁸ ⱴכ◌כ

ⱨ▫Ⱪꜞⱡכ◕fi⁸ICAM ─ ⅜ ╠╣√⅜⁸ ⁸ ⱴ⁸כ◌כ ☻♩꜠☻⁸

ⱴ⁸כ◌כ ⅔╟┘ ⌐ │⌂⅛∫√26)⁹ 

Kolosnjaj-Tabi╠ 2015 │⁸2007-2011 ⌐Ɽꜞ ─ 64 2-204⅛ ─

BALF ╩ ⇔√≤↓╤ BALF ⌐ CNT ⅜ ╘╠╣≤ ⇔≡™╢⁹↓

╣╠│ 10-60 nm⁸ ↕ nm≢№╡⁸ CNT≤ ≢№∫√⅜⁸ CNT─ ╙
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↕╣√⁹5 ─ ⌂ BALF╩ ═√≤↓╤ ⌐ CNT⅜ ╘╠╣√⁹ ─ ⌐╖╠╣

√ CNT│Ɽꜞ⌐⅔™≡ ↕╣√ ⅔╟┘ ─ ≢ ↕╣╢╙─╛ CNT≤

≢№∫√27)⁹ 

 

╩ ™√  

⌐ ∆╢  

╩ SD ꜝ♇♩⌐ 0.04 2 mg/kg─ ≢ ⇔√ 1,28)⁸ ⌂

⁸ BALF ─ ⁸⅔╟┘Ᵽ▬○ⱴכ◌כ≢№╢ BALF

⁸ LDH ⁸▬fi♃כ꜡▬◐fi-1ɗ IL-1ɗ ─ ⅜ ╘╠╣⁸ ≢─

⅜ ↕╣√⁹ ─ ⁸0.04 mg/kg ⌐⅔™≡│ 6ﬞ ╕≢ ┼

─ ⌂ⱴ◒꜡ⱨ□כ☺ ⅜ ╘╠╣√⅜⁸ │ 3 ⌐─╖ ╘╠╣√⁹0.2 

mg/kg ⌐⅔™≡│⁸ 6ﬞ ╕≢ ⅔╟┘ ┼─ⱴ◒꜡ⱨ□כ☺ ⅜ ╘╠╣⁸

│ 3ﬞ ╕≢ ╘╠╣√⁹1⅔╟┘ 2 mg/kg ⌐⅔™≡│⁸ⱴ◒꜡ⱨ□כ

☺ ⅔╟┘ ⌐ ⅎ⁸ ⱴ◒꜡ⱨ□כ☺─ ⁸ ⅔╟┘ ─

⁸ ⅔╟┘ ⅜ 6ﬞ ╕≢ ↕╣√⁹⌂⅔⁸™∏╣─ ⌐⅔™≡

╙ ⁸ ⁸ ⁸ ⌐ │⌂⅛∫√⁹ 

╩ SD ꜝ♇♩⌐ 0.04╕√│ 0.2 mg/kg─ ≢ 1 4 5

⇔√ 1)⁸0.04 mg/kg ≢│ 0.2 mg/kg ≢ ╠╣√ ⌐⅔↑╢ ⅜ ╠

╣⁸0.2 mg/kg ≢│ 1 mg/kg ≢ ╠╣√ ⅜ ↕╣√⁹ 

╩Wistar ꜝ♇♩⌐ 0.03╕√│ 0.13 mg/m
3─ CNT ≢ 4 6 / ⁸5

/ ⇔⁸ OECD TG412 ╩ ∫√ 1,29)⁸™∏╣─ ⌐

⅔™≡╙ ─ ╛ ⅜ ╘╠╣∏⁸╕√⁸ ─ ⁸ ⁸ ⁸ ⁸ ⁸

⁸ ⌐ ╙ ╠╣⌂⅛∫√⁹ ⅛╠⁸ ─ꜝ♇♩ 4

─ NOAEL│⁸0.13 mg/m
3≢№∫√⁹ 

╩Wistar ꜝ♇♩─ ⌐ ⇔⁸ י3ִ ╕≢─ ⌐⅔↑╢ ╩

≤⇔√ ⌐≈™≡ ⇔√⁹2 ─ ⅔╟┘ CNT⁸

⁸ ─ ╩ ⅎ≡⁸ №√╡ 0.4mL─ ≢ ⇔√⁹∕─ ─

─ ⅔╟┘ ╩ ⇔√⁹╕√⁸ 1⁸3⁸7⁸30⁸90 ⌐ ╩ ™⁸

⌐ ∑≡ BALF ⁸ ⁸ ─ ⁸ ─

╩ ⇔√⁹↓─ ⁸ ╩ ≤⇔≡ ⅜ ╩ ⇔√↓≤⅛╠⁸ ⌐ ∆

╢ ≤ ⅎ╠╣√⁹╕√⁸ ─ ⁸ꜞfiⱤ ⅔╟┘ⱴ◒꜡ⱨ□כ☺ ⅜ ⌐

∆╢ ⌐№╡⁸ ─ ⅜ ╦∫√ ⅜ ↕╣√⁹ │⁸ ─ CNT

─ ↕╛ ◘▬☼ ─ ™⌐╟∫≡⁸↓╣╠─ ─ ↕╛ ⌐ ™⅜ ╘╠╣

√⁹ ⁸ CNT⌐⅔™≡│⁸ꜞfiⱤ ╩ ≤⇔≡ ⅜ ⇔⁸ ⅔╟┘ⱴ◒

꜡ⱨ□כ☺ ─ ⅜ ⌐ ╘╠╣√⁹ ─ │⁸ ─ ≤ ⇔╦∏⅛≢№∫√↓

≤⅛╠⁸ꜞfiⱤ ─ ≢№╢ ⅜ ⅎ╠╣√⁹ ─ ╟╡⁸ ╩

™√▬fiⱦ♩꜡ ≤ ⁸ ⌐⅔™≡╙ │⁸ ─ ─ ↕╛ ⌂

≥─ Ɽꜝⱷכ♃─ ™≤ ∆╢↓≤⅜ ↕╣√30)⁹ 

  



- 17 - 

9 SG- CNT─ꜝ♇♩ ⌐ ∆╢  

    
 

( ) 
 

ꜝ♇♩  

1,28,30) 

ꜝ♇♩ 

Crl:CD(SD) 

 

 

3

⁸1 ⁸

1, 3ﬞ ⌐

 

0, 0.2, 2.0 

mg/kg 

(1%Tween8

0 PBS

) 

ה 0.2, 2 mg/kg  

BALFה ⁸ ⁸LDH⁸

IL-1ɓ 3ﬞ ╕≢⁸0.2, 2.0 mg/kg  

ה ⅔╟┘

⁸ 3ﬞ ╕≢⁸0.2, 2.0 

mg/kg ⁸ ⁸ ⅔

╟┘ ─ ⁸ ⅔╟┘

3ﬞ ╕≢⁸2.0 mg/kg  

ה ⁸ ⁸ ⁸ ⌐

⌂⇔  

3

⁸1 ⁸

1, 3, 6ﬞ

⌐  

0, 0.04, 0.2, 

1.0 mg/kg 

(1%Tween8

0 PBS

) 

ה 0.2, 1 mg/kg  

BALFה ⁸ ⁸LDH⁸

IL-1ɓ 6ﬞ ╕≢⁸0.2, 1.0 mg/kg  

ה ⁸

─ 6ﬞ ╕≢⁸0.2, 1.0 

mg/kg ⁸ ⁸ ⅔

╟┘ ─ ⁸ ⅔╟┘

⅜ 6ﬞ ╕≢ 1.0 mg/kg

 

ה ⁸ ⁸ ⁸ ⌐

⌂⇔  

ꜝ♇♩ 

Wistar 

 

1, 3

⁸1 ⁸

1, 3ﬞ ⌐

 

0, 0.15, 1.5 

mg/kg 

(10 mg/mL 

BSA

) 

BALFה ⁸ ╩ ≤⇔≡

⅜ ⁹ ─ ⁸ꜞfiⱤ ⅔╟┘ⱴ◒

꜡ⱨ□כ☺ ⅜ ⌐  

ה ⅔

╟┘ 3ﬞ ╕≢⁸

⁸ 1 ⅛╠

3ﬞ ╕≢⁸ ⁸ 1

⁸1ﬞ ⁸1.5 mg/kg  

ה ⁸ ⁸ ⁸ ⌐

⌂⇔  

ꜝ♇♩  
1) 

ꜝ♇♩ 

Crl:CD(SD) 

 

⁸ 

1

≢ 5  

1 ⁸1, 3

ﬞ ⌐  

0, 0.04, 0.2 

mg/kg×5

 

(1%Tween8

0 PBS

) 

ה 3ﬞ ╕≢⁸0.2 mg/kg  

BALFה ⁸ ⁸

⁸LDH⁸IL-1ɓ 3ﬞ ╕≢⁸0.04, 0.2 

mg/kg  

ה ⁸

ה 0.04 mg/kg

⁸ ⁸

⁸ ─ ⁸ 0.2  

mg/kg  

ה ⁸ ⁸ ⁸ ⌐

⌂⇔  

ꜝ♇♩

1,29) 

(OECD TG412) 

ꜝ♇♩ 

Crl:Wistar 

 

⁸ 

4 1

6 ⁸

5  

3 ⁸1, 3

ﬞ ⌐  

0, 0.03, 0.13 

mg/m3 

(1%Tween8

0 PBS

) 

BALFה ⁸ ⌐ ⌂⇔

 

ה ⅔╟┘ BALF HO-1 ─

⌐ ⌂⇔  

ה ─ ≤

╘≡ ⌂ ה 3 ⁸

ה ─ ⁸

⁸ ─ ⌂⇔ 1, 3ﬞ ⁸

 

ה ⁸ ⁸ ⁸ ⁸ ⁸ ⁸

⌐ ⌂⇔ 3ﬞ ⁸
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─  

╩ ⇔√ ─ ⅔╟┘ ⌐ │♃כ♦╢∆ ╠╣≡™⌂™⁹ 

♃כ♦ CNT  

Matsumoto╠ 2012 │⁸ CNT ⁸ 95 ╩ SD ꜝ♇♩⌐

⅜ 50 mg/kg⌐⌂╢╟℮ 1 4 ⇔√ ⁸ │ ╘╠╣∏⁸LD50│>50 mg/kg

≢№∫√↓≤╩ ⇔≡™╢ 17)⁹╕√⁸ ╠⅜ ╩ SD ꜝ♇♩⌐ 0.125⁸1.25⅔╟┘

12.5 mg/kg/ ─ ≢ 28 ⇔√ ⁸™∏╣─ ⅔╟┘ ⌐⅔™≡╙

⌂ │ ╘╠╣∏⁸NOAEL│ 12.5 mg/kg/ ≢№∫√↓≤╩ ⇔≡™╢ 17)
 ⁹ 

 

⅔╟┘ ⌐ ∆╢  

5 ɛg╩ NZW ►◘◑⌐ ⇔ OECD TG405 ╩ ∫√
18)⁸ 1 72 ─∆═≡─ ≢ │ ╘╠╣⌂⅛∫√⁹ 

0.5 g ╩ NZW ►◘◑ ⌐ ⇔ OECD TG404 ╩ ∫

√ 18)⁸ 1 72 ─∆═≡─ ≢ │ ╘╠╣⌂⅛∫√⁹ 

 

10 SG- CNT─►◘◑ ⅔╟┘ ⌐ ∆╢  

    ( )  

18) 

OECD TG405  

►◘◑ 

Kbl:NZW 

 

 
1 mL  

(0.5% Olive oil ) 

1, 24, 48, 72hr─ ≢

⁸ ⁸ ⁸ │

↕╣∏ќ ⌂⇔ 

18) 

OECD TG404  

►◘◑ 

Kbl:NZW 

 

♀כ●  

 

0.5 g 

(Olive oil )  

1, 24, 48, 72hr─ ≢ ⅔

╟┘ │ ↕╣∏ќ ⌂⇔ 

 

 

0.4 g ╩ Hartley ⸗ꜟ⸗♇♩ ⌐ ⇔ Buehler ⌐╟╢ OECD 

TG406 ╩ ∫√ 18)⁸ 1 72 ─∆═≡─ ≢ ╛ │ ╘╠╣∏⁸

⌐╟╢ כ◑ꜟ꜠▪ ─ │ ™≤ ⇔√⁹ 

 

11 SG- CNT─⸗ꜟ⸗♇♩⌐ ∆╢  

   ( )  

18) 

OECD TG406,  

Buehler  

⸗ꜟ⸗♇♩ 

Slc:Hartley 

 

♀כ● ⁸

1 6 ⁸

1 ⁸2 ⁸ 

4  

0.4 g  

(Olive oil ) 

0.2 g 

( ꞉☿ꜞfi ) 

1, 24, 48, 72hr─ ≢

⅔╟┘ │ ↕╣∏ 

ќ ⌂⇔ 

 

 

─ ⌐ │♃כ♦╢∆ ╠╣≡™⌂™⁹ 

♃כ♦  

Pietroiusti╠ 2011 │⁸ CNT Cheap Tubes Inc.⁸p-SWCNT⁸o-SWCNT⁸uo-SWCNT

╩ CD1 ⱴ►☻⌐ ⇔√ ⁸100 ng/ ─ ≢ ⅔╟┘ ⅜

⇔√↓≤╩ ⇔≡™╢31)⁹Campagnolo╠ 2013 │⁸PEG CNT╩ 5.5 ╕√│

5.5-11.5 ⌐ ⇔√≤↓╤⁸ ─ ⅜╖╠╣√≤ ⇔≡™╢32)⁹Philbrook ╠

2011│⁸ CNT 10╕√│ 100 mg/kg╩ 9 ─ⱴ►☻⌐ ⇔√≤↓╤⁸

10 mg/kg≢ ⁸ ⅔╟┘ ─ ⅜╖╠╣√≤ ⇔≡™╢33)⁹ ⁸Huang╠
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2014│⁸PL-PEG-NH2 CNT╩ p53 ⱴ►☻─ 10.5-15.5 ⌐ ⇔√ ⁸

─ │ ↕╣⌂⅛∫√≤ ⇔≡™╢34)⁹ CNT⌐ ⇔≡│⁸Fujitani╠ 2012 │⁸

MWNT-7 ╩ ICR ⱴ►☻⌐ ⅔╟┘ ⇔√ ⁸∕╣∙╣ 2 mg/kg

⅔╟┘ 4 mg/kg ─ ≢ ─ ⅜╖╠╣√≤ ⇔≡™╢35)⁹╕√⁸Huang╠ 2014

│⁸PL-PEG-NH2 CNT╩ p53 ⱴ►☻─ 10.5-15.5 ⌐ ⇔√ ⁸

╩ ∆╢ ⅜ ↕╣√≤ ⇔≡™╢ 34)⁹ 

 

 

╩ ≤⇔≡ ◘ꜟ⸗Ⱡꜝ ⁸ ╩ ™√ OECD TG471⁸

כ♃☻Ɫⱶ☼כ♬▬ꜗ♅ ╩ ™√ in vitro OECD 

TG473⁸⅔╟┘ⱴ►☻╩ ™√ OECD TG474 ╩ ⇔√ 36)⁸∆═≡

≢№∫√⁹ 

 

12 SG- CNT─ in vitro  

     
36) 

☻ⱶכ◄  

OECD TG471  

◘ꜟ⸗Ⱡꜝ TA97, TA98, 

TA100, TA1535⁸

WP2uvrA/pkM101  

ⱪ꜠כ♩ ⁸ 

ꜝ♇♩ S9

/  

12.5, 25, 50, 100, 

200, 500 ɛg/plate⁸ 

0.1%CMC  

⌐⅔™≡⁸ 

S9(-)  

S9(+)  

In vitro
36) 

OECD TG473  

CHL/IU  
ꜝ♇♩ S9

/  

300, 500, 1000 

ɛg/mL⁸ 

0.1%CMC  

⌐⅔™≡⁸ 

S9mix(-), 6hr   

S9mix(-), 24hr   

S9mix(+), 6hr   

 

13 SG- CNT─ in vivo  

     

36) 

OECD TG474  

ⱴ►☻  

Crlj:CD1(ICR) 

 

2  

(24 ) 

60, 200 mg/kg⁸ 

1%Tween80

PBS  

⌐⅔™≡⁸ 

⌂⇔ 

 

 

Toyokuni╠ 2015 │⁸ Wistarꜝ♇♩⌐ 0.1-10 mg─ ╩ ⇔⁸4 ⌐

─ ⌐≈™≡ ═√⁹ ≤⇔√MWNT-7╩ ⇔√ꜝ♇♩─ ≢│

⌂ ⁸ ⅜╖╠╣⁸ ≢│ ⅔╟┘ ⌐ ⌂

⅜ ↕╣√⁹⇔⅛⇔⌂⅜╠⁸ ╩ ⇔√ꜝ♇♩≢│↓╣╠─ │ ╘╠╣⌂⅛∫

√⁹ │ⱥ♩ ⌐ ⇔≡╙ ╩ ↕⌂⅛∫√⁹ ╠│⁸ ─ ⌐ ∆

╢ ⅜╪ │ ™↓≤⅜ ↕╣√≤ ⇔≡™╢ 12)⁹ 

 

⅜╪  

╩ ╘⁸ CNT╩ ™√ ⅜╪ ꜝ♇♩ 24ﬞ ⌂≥ ⌐

│♃כ♦╢∆ ╠╣≡™⌂™⁹ 

♃כ♦  

Shvedova╠ 2014 │⁸ CNT Unidym ╩ 40 ɛg/ ─ ≢ ⁸╕√│ 5 mg/m
3

─ CNT ≢ 5 / ⁸4 ─ 5 ɛg ╩ ⇔⁸

⇔√⁹∕─ ⁸ ┼─ ─ ⁸ ─ ⁸ ⌐⅔↑╢ ⅔╟┘ ⅜ ↕╣√

⅜⁸⅜╪─ │ ╘╠╣⌂⅛∫√≤ ⇔≡™╢ 7)⁹╕√⁸Fujita╠ 2015 │⁸ꜝ♇♩⌐ 200
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╕√│ 400 µg─ CNT ╩ ⇔⁸754 ⌐ ⇔√≤↓╤⁸ ⅜╪

─ │⌂⅛∫√≤ ⇔≡™╢37)⁹ 

 

╩ ™√  

ⱥ♩ II A549 ╩ ™√ in vitro  

╩ ⌐ ⌐ ↕∑√ ⁸ⱥ♩ II A549 ⌐ 48

0.1 mg/mL ↕∑⁸ ⁸ ☻♩꜠☻⁸ ┼─ ╩ ∆╢≤≤╙

⌐ ⁸ TEM ╩ ™√ ─ ╡ ╖╛

╩ ∫√⁹∕─ ⁸ ≢─ ◘▬☼─ ™⌐╟╠∏⁸ ⌂ ─ ╛

▪ⱳ♩כ◦☻│ ╘╠╣⌂⅛∫√⁹⇔⅛⇔⌂⅜╠⁸ ROS ─ ⅜⁸

─ ⌐ ↕╣√↓≤⅛╠⁸ ☻♩꜠☻╩ ∆╢ ⅜ ↕╣√⁹╕√⁸

│⁸ ≢─ ◘▬☼╛ ↕ ─ ™⌐╟╠∏⁸ ⌂ │ ╘╠╣⌂

⅛∫√⅜⁸ ⌐ ╡ ╕╣╢↓≤⅜ ↕╣√38)⁹  

ꜝ♇♩ⱴ◒꜡ⱨ□כ☺ NR8383 ╩ ™√ in vitro  

╩ ⌐ ⌐ ↕∑√ ⁸ꜝ♇♩ⱴ◒꜡ⱨ□כ☺ NR8383 ⌐ 24

0.1 mg/mL ↕∑⁸ ⁸ ⁸ ☻♩꜠☻╩ ∆╢≤≤╙⌐

⁸TEM╩ ™√ ─ ╡ ╖╛ ╩ ∫√⁹↓─ ⁸

─ ⌐ ─ ⅜ ╘╠╣⁸ ≢─ ◘▬☼╛ ↕ ─ ™⌐

╟╠∏⁸ ⌐ ╡ ╕╣╢↓≤╩ ⇔√⁹╕√⁸ROS─ ⅜⁸ ─ ⌐

↕╣√↓≤⅛╠⁸ ☻♩꜠☻╩ ∆╢ ⅜ ↕╣√⅜⁸A549 ≤ ⁸

≢─CNT─ ↕╛ ◘▬☼ ─ ™⌐╟∫≡⁸∕─꜠ⱬꜟ⅜ ⌂╢↓≤⅜ ⅛∫√ 30)⁹ 

 

⌐⅔↑╢  

─ ⌐⅔↑╢ │⁸NEDOⱪ꜡☺▼◒♩₈♫ⱡ ─

P06041 ₉─ ≢№╢₈CNTꜞ☻◒ ₉1)⌐⅔™≡⁸ꜝ♇♩ ─

╩╙≤⌐⁸ ─≤⅔╡ ↕╣≡™╢⁹ 

─ ⌂ ╩◄fi♪ⱳ▬fi♩≤⇔≡⁸ ╩ ™√ꜝ♇♩ 4 ≢ ╠╣

√ NOAEL│ 0.13 mg/m
3≢№∫√ 29)⁹↓─ ╩♃כ♦ 3ﬞ ⌐♃כ♦ ∆╢√

╘─ ╩ 2≤⇔⁸ꜝ♇♩ 3ﬞ ─ NOAELR ╩ 0.065 mg/m
3≤⇔√⁹

↓─ ╩ ⅛╠ ⌐⅔↑╢ⱥ♩ NOAELH ⌐ ⇔⁸ ─

⌐⅔↑╢ 1 8 ⁸ 5 ─ ⁸15 ─ ╩ ╩⁸0.03 mg/m
3

≤ ╘√⁹ ⌐ ─ ╩ ∆⁹ 

./!%, ./!%, 
Ô ÄÁÙ

Ô ÄÁÙ

1 $&
3!

1 $&
3!

ρ

5&
 

NOAELH  ⱥ♩ mg/m3 ⌐⅔↑╢ⱥ♩ OEL ≤ ∂≤∆╢ 

NOAELR  ꜝ♇♩ 3ﬞ ─ mg/m3   

tR, tH  ꜝ♇♩⅔╟┘ⱥ♩ 1 √╡ /  

dayR, dayH  ꜝ♇♩⅔╟┘ⱥ♩─ /  

QR, QH  ꜝ♇♩⅔╟┘ⱥ♩─ 1 √╡ m3/  

 QR│⁸Bide╠39)⅜ ⌐ ╘√ ⌐ꜝ♇♩ 0.3kg ╩ ⇔ 0.189×10-3⁸ 

 QH│⁸ICRP40)─ⱥ♩ 0.025 1.25L/ ×20 / ⌐╟╡  

DFR, DFH  ꜝ♇♩⅔╟┘ⱥ♩─ ┼─ CNT DFR DFH≤∆╢ 

SAR, SAH  ꜝ♇♩⅔╟┘ⱥ♩ m2  

UF  ♩◐◦◖◐Ⱡ♥▫◒☻⌐ ∆╢ ─ ⌐ ⇔⁸3≤∆╢ 
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│⁸ ⌐╟∫≡ ⌐┌╠≈⅝⅜№╢⅜⁸ BW ≤ ⇔≡ ↄ≤™℮ ⌂

⅜№╢↓≤⁸ꜝ♇♩ ⱥ♩ SAR/SAH ⅜ꜝ♇♩ ⱥ♩ BWR/BWH ≤ ⅝ↄ

♩♇ꜝ⁸╠⅛≥↓╢№⅜♃כ♦℮™≥™⌂╠╦ BWR 0.3 kg⁸ⱥ♩ BWH 73 kg≤⇔⁸

ꜝ♇♩ ⱥ♩ SAR/SAH ╩ꜝ♇♩ ⱥ♩ BWR/BWH ⌐ ⅝ ⅎ√ ⁸ Ɽꜝ

ⱷכ♃ ╩ ∆╢↓≤⌐╟╡ⱥ♩ ⱥ♩ ╩ ⇔≡™╢⁹ 
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  0.029 

 ԇ 0.03 mg/m
3

 

 

ⱥ♩⌐⅔↑╢ │⁸ ⅛╠ ⇔≡™╢ ╩ ⅝⁸ ╠⅛♃כ♦

╠╣√ ╩ⱥ♩⌐ ⇔⁸ ⌐ ∂≡ ╕√│ ≤╙™℮

─ ╩ ∏╢↓≤⌐╟╡ ↕╣╢⁹ 

CNT─ⱥ♩ │⁸ ≢│ ─₈CNTꜞ☻◒ ₉1)⌐ ↕

╖─☻כ◔√╣ ↕╣≡™╢⁹ ⁸ CNT─∕╣│⁸NEDOⱪ꜡☺▼◒♩ 1)⁸Ᵽ▬◄ꜟ 41)⁸

♫ⱡ◦ꜟ BASF
42)⅔╟┘ NIOSH

43)⅛╠∕╣∙╣ ↕╣≡™

╢⁹ ≤⇔≡⁸↓╣╠ ה ⅛╠ ↕╣≡™╢ ─ ╩ ∆╢ 14

⁹ 

 

NEDOⱪ꜡☺▼◒♩ CNT ─  

NEDOⱪ꜡☺▼◒♩│⁸₈CNTꜞ☻◒ ₉1)⌐⅔™≡⁸ CNT MWCNT(N) ╩

™√ ─ ⅛╠⁸MWCNT(N)─ ╩ ⇔≡™╢⁹ 

─ ⌂ ╩◄fi♪ⱳ▬fi♩≤⇔≡⁸MWCNT(N)╩ ™√ꜝ♇♩ 4 ≢

╠╣√ NOAELR│ 0.37 mg/m
3≢№∫√44)⁹↓─ ╩ ─ NOAELH ⌐ ≡│╘⁸ ⌐

⅔↑╢ 1 8 ⁸ 5 ─ ⁸15 ─ ╩ ╩⁸0.08 mg/m
3≤

╘√ 1)⁹√∞⇔₈CNTꜞ☻◒ ₉⌐⅔™≡⁸MWCNT(N)─♅ꜙכⱩ 44 nm ⅜

⌐ ⇔≡™╢ ─ CNT╟╡╛╛ ™↓≤⅛╠⁸ ≢ ↕╣√

0.03 mg/m
3╩ CNT⌐≈™≡╙ ∆╢─⅜ ╕⇔™∞╤℮≤ ↕╣≡™╢ 1)⁹ 

 

Ᵽ▬◄ꜟ Baytubes
® ─  

Ᵽ▬◄ꜟ │⁸ ≢ ה ∆╢ CNT Baytubes
® ╩ ™√ ─

⅛╠⁸Baytubes
®─ ╩ ⇔≡™╢ 41)⁹ 

─ ╩◄fi♪ⱳ▬fi♩≤⇔≡⁸Baytubes
®╩ ™√ꜝ♇♩ 13

≢ ╠╣√ NOAELR│ 0.1 mg/m
3≢№∫√45)⁹↓─ ≤ ╩ ⇔√ Adjustment 

Factor AF ⱴ◒꜡ⱨ□כ☺ ≢ ⇔√ ≢ ⅛╠ Baytubes
®─ OELH 1 6

⁸ 5 ─ ╩ ╩⁸0.05 mg/m
3≤ ╘√ 41)⁹ ⌐ ─ ╩ ∆⁹ 
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πȢρτ ÍȾÄÁÙȾËÇ

πȢςω ÍȾÄÁÙȾËÇ
 
πȢρρψ

πȢπυχ
     

ρπ

υ ρπ
ψȢχ ρπ

 

 ḥ ρ   
ρπ

υȢχ
    ḥ ς 

/%,  πȢρ  
ρ

ς
  πȢπυ ÍÇȾÍ  

OELH  ⱥ♩ mg/m3 ⌐⅔↑╢ⱥ♩ ≤ ∂ 

AFretained dose  ⱥ♩ ꜝ♇♩ ⌐⅔↑╢ ⌐ ∆╢  

AFdeposited dose  ⱥ♩ ꜝ♇♩ ⌐⅔↑╢ ⌐ ∆╢  

AFkinetics  ⱥ♩ ꜝ♇♩ ⌐⅔↑╢ CNT ⅛╠ ⇔√  

 ⅛╠ꜝ♇♩ ⅛╠─ t1/2,R ⅜ 60 ⁸ⱥ♩ ⅛╠─ t1/2,H  

 ⅜ 1 ≤⇔⁸ ⌐⅔↑╢ ╩ 10≤  

AFAM-volume  ⱥ♩ ꜝ♇♩ ⌐⅔↑╢ ⱴ◒꜡ⱨ□כ☺ ⌐ ∆╢  

QR, QH  ꜝ♇♩⅔╟┘ⱥ♩─ √╡─ 1 m3/day/kg  

 QR│⁸Mauderly╠46)─ 0.8L/ /kg ⅛╠⁸0.8×103×60×10-3×6hr ԇ0.29 m3/day/kg⁸ 

 QH│⁸ⱥ♩ 1 10 m3⁸ 70 kg≤⇔≡⁸10/70ԇ0.14 m3/day/kg 

DFR, DFH  ꜝ♇♩⅔╟┘ⱥ♩─ ┼─ CNT Anjilvel Asgharian 47)─ ⅛╠⁸ 

 DFR=0.057⁸DFH=0.118≤  

AMvol,R, AMvol,H ꜝ♇♩⅔╟┘ⱥ♩ √╡─ ⱴ◒꜡ⱨ□כ☺ Oberdorster 48)⅔╟┘ Krombach╠49)

─ ⅛╠⁸AMvol,R=8.7×1010⁸AMvol,H=5×1011 ɛm3/kg body weight ≤  

 ꜝ♇♩ 350g⁸ⱥ♩ 70kg≤  

 

♫ⱡ◦ꜟ BASF Nanocyl
TM 

NC7000 ─  

♫ⱡ◦ꜟ BASF │⁸ ─ CNT Nanocyl
TM 

NC7000 ╩ ™√

─ 50)⅛╠⁸Nanocyl
 TM

 NC7000─ ╩ ⇔≡™╢ 42)⁹ 

─ ╩◄fi♪ⱳ▬fi♩≤⇔≡⁸Nanocyl
TM 

NC7000╩ ™√ꜝ♇♩ 90

≢ ╠╣√ LOAELR │ 0.1 mg/m
3≢№∫√ 50)⁹↓╣⌐ 2╩ ⇔⁸

NOAELR╩ 0.05 mg/m
3≤ ⇔√ 42)⁹OELH│⁸ NOAELR⌐ ╩ ⇔√ 20

⌐╟╢ 4⅔╟┘ ⌂╢ 5─ ╩ ⇔⁸0.0025 mg/m
3≤ ╘√⁹ 

 

NIOSH─  

NIOSH│⁸ ─ ╩♃כ♦ ™≡⁸ⱬfi♅ⱴכ♪◒כ☼ BMD ⌐╟╢▪

ⱪ꜡⁸╠⅛♅כCNT⅔╟┘◌כⱲfi♫ⱡⱨ□▬Ᵽכ─ ⌐ ∆╢♪◐ꜙⱷfi♩╩

⇔≡™╢ 43)⁹⌂⅔⁸ ₁│ ♪◐ꜙⱷfi♩─ ╩ ⇔ ⇔≡™╢─≢51)⁸ ⌐

∂≡ ™√∞⅝√™⁹ 

Pauluhn╠ 45)⅔╟┘Ma-Hock╠ 50)─ꜝ♇♩ ∕╣∙╣ ₈ ₉⅔╟┘

₈ ₉─ ≢ ╠╣√ ⁸BMD╩♃כ♦ ⸗♦ꜞfi◓♁ⱨ♩ BMDS2.1.2╩
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™≡ⱨ▫♇♥▫fi◓↕∑⁸ ─ ╩ ⇔√ ╩ ℮↓≤⌐╟╡⁸ⱥ♩

─ ≢ ⇔√ⱬfi♅ⱴכ◒ 10% ꜞ☻◒╩ ∂╢ ─ 95% BMCL

⌐ NOAEL≤⅔⅔╗⌡ ─ ≤ ⅎ╠╣≡™╢ 0.00019 0.0019 mg/m
3╩ ⇔√⁹ 

↓╣╟╡⁸NIOSH⅜ ה ∆╢ ₈NIOSH 5040₉43)─ ≢№╢ 0.001 mg/m
3

8 TWA ╩ REL ≤⇔√⁹0.001 mg/m
3│⁸ ↕╣√

⌐ ⌐ ⌂ ⅜≢╢ ⅜ 0.5 16%≤ ↕╣╢ ≢№╡⁸NIOSH│↓─ ⌐

╩ ∆╢↓≤╩ ⇔≡™╢⁹ 

 

14 CNT ⌐⅔↑╢ ╕≤╘ β 

ה ה   

mg/m3  

 

NEDOⱪ꜡☺▼◒♩
1) CNT 

 

0.03 

∂╪  

1 8 ⁸ 5 ⁸15 ─

─ ╩ ⇔√ ⁹10

─℮∟⌐ ∆↓≤╩ ⁹ 

NIOSH43) CNTהCNF 0.001 

∂╪  

Recommended Exposure Limit (REL), 

TWA 

ΓENRHESΔⱪ꜡☺▼◒♩
52) 

CNT 0.03( )⁸ 

0.0007( ) 

Derived No-Effect Level (DNEL) 

Bayer 41) CNT 

Baytubes®  

0.05 Occupational Exposure Limit (OEL), 

TWA 

Nanocyl 42) CNT 

NC7000  

0.0025  

β:₈◌כⱲfi♫ⱡ♅ꜙכⱩ─ ─ ⅝₉53) 1.1╩  

 

 

 

 

◄▪꜡♂ꜟ  

CNT─ ⌐⅔↑╢ │⁸◄▪꜡♂ꜟ ╩ ™╢↓≤≢⁸ ה

⅔╟┘ ╩ ⇔⁸№╢ ∆╢↓≤⅜≢⅝╢⁹√∞⇔⁸ ╠╣√ │⁸

≢№╢ CNT≤Ᵽ♇◒◓ꜝ►fi♪ ─ ≢№╢↓≤⌐ ∆╢⁹ⱳכ♃Ⱪꜟ≢ ⌂

─ ≤⇔≡⁸ ─╟℮⌂╙─⅜№╢⁹ 

 

ᵑ optical particle counter ⁸OPC  

◘ⱩⱵ◒꜡fi⅛╠Ⱶ◒꜡fi◘▬☼─ ─ ╩ ∆╢ ≢⁸ ⌂

│⁸0.3 10 µm≢№╢⁹ ╩ⱳfiⱪ≢ ⇔⁸ ─ ╢╟⌐כ◙כ꜠╩ ≢

∆╢⁹ ─ ⅛╠ ─⅔╟∕─ ⅝↕╩⁸ ─◌►fi♩⌐╟╡ ─ ╩

∆╢⁹ 

 

ᵒ condensation particle counter ⁸CPC  

♫ⱡ⅛╠◘ⱩⱵ◒꜡fi◘▬☼─ ─ ╩ ∆╢ ≢⁸ ⌂ │⁸

0.01 1 µm≢№╢⁹ ─ │ OPC≤ ∂∞⅜⁸ ─≤⌂ꜟכ◖ꜟ▪╩

⌐ ⇔⁸ ─≤⌂ꜟכ◖ꜟ▪⌐ ╩ ↕∑≡ ↕⌂ ╩ ⅝ↄ ↕∑╢↓

≤≢⁸OPC≢│ ≢⅝⌂™ ↕⌂ ╕≢ ≢⅝╢⁹√∞⇔⁸ ─ ⅝↕─ │ ╠╣

⌂™⁹ 
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ᵓ ♦☺♃ꜟ ∂╪  

─ ╩ ∆╢ ⁹ ─ │₈ ₉⁸₈ ₉⌂≥

─ ⅜№╢⁹ ≢ ⌂₈ ₉─ ∂╪ │⁸ ╩ⱳfiⱪ≢ ⇔⁸

כ◙כ꜠ ╩ ↕∑⁸ ─ ╩ ∆╢⁹◄▪꜡♂ꜟ─ ≤

⅜╒╓ ⌐ ∆╢↓≤╩ ⇔⁸◄▪꜡♂ꜟ─⅔╟∕─ ╩ ≢⅝╢⁹

─ ⌂ ╩ ∆╢√╘⌐│⁸ⱨ▫ꜟ♃⌐╟╢ ≤─ ⌂≥⌐╟╡

─ ╩№╠⅛∂╘ ╘≡⅔ↄ ⅜№╢⁹ 

 

ᵔ Ⱪꜝ♇◒◌כⱲfi⸗♬♃ ▪☿꜡ⱷכ♃⌂≥  

Ⱪꜝ♇◒◌כⱲfi⌂≥ ─ ╩ ∆╢ ⁹Ⱪꜝ♇◒◌כⱲfi⅜ ╩

∆╢ ╩ ⇔⁸ⱨ▫ꜟ♃ ⌐ ⌐ ╩ ⇔⌂⅜╠⁸∕↓⌐ ⇔√ ─ ╩

∆╢↓≤⌐╟╡⁸Ⱪꜝ♇◒◌כⱲfi◄▪꜡♂ꜟ─ ╩ ∆╢⁹ 

 

CNT╩ ╗ ♫ⱡ ─ ⌂ ◄▪꜡♂ꜟ ≤⇔≡⁸OPC 0.3 10 µm─

╩ ⌐ ≤ CPC 0.01 1 µm─ ╩ ─ ⌐╟╡⁸♫ⱡ

◘▬☼⅛╠Ⱶ◒꜡fi◘▬☼╕≢─ ™ ─ ─ ╩ ∆╢↓≤⅜≢⅝╢⁹╕√⁸♦☺

♃ꜟ ∂╪ │⁸◄▪꜡♂ꜟ─⅔╟∕─ ⅜ ≢⅝╢⁹⇔⅛⇔⁸↓╣╠ 3 │™∏╣╙

≤∕─ ─ ≤─ ⅜ ≤™℮ ⅜№╡⁸Ᵽ♇◒◓ꜝ►fi♪ ╛ ⌐

™ ∆╢ ─ ⅎ┌⁸ ⌐ ℮ ─╠⅛♃כ⸗⁸ ⁸ ╛ ⌐╟╢

⌂≥ ─ ╩ ↑╢⁹ ⁸Ⱪꜝ♇◒◌כⱲfi⸗♬♃│⁸ ⌐ ⇔≡ ╩╙

≈─≢⁸ 3 ⌐ ═⁸ ─Ᵽ♇◒◓ꜝ►fi♪ ─ │ ↕™⁹⇔⅛⇔⁸ ⱪ꜡☿☻

≢ ∆╢ ⌂≥─ ─ ╛ ◄▪꜡♂ꜟ ─ ╩ ↑╢⁹™∏╣⌐⅔™≡╙⁸

≢ ⌐ ∆╢ │⁸ ╕√│ ⌂⇔ ≤ ─ ⁸╕√│

≤ ⅛╠ ╣√ ╛ ⌂≥ ─ ≢№╣┌ ⌐╟

╡⁸Ᵽ♇◒◓ꜝ►fi♪ ─ ╩ ⇔≡⁸CNT─ ⌐ ℮ ╩ ∆╢↓≤⅜

≤⌂╢⁹ 

│⁸1 ─ ⅜ 3 nm≢№╢⅜⁸ ─ ⅛╠ ↕∑√ ≢│ ⌐

╖ ∫≡™╢↓≤⅜ ↕╣≡⅔╡⁸ ⇔ ⅎ╛ ה ⅝ ╖⌂≥⌐╟╡ ⌐ ⇔√

│⁸ ⌐◘ⱩⱵ◒꜡fi⅛╠Ⱶ◒꜡fi◘▬☼─ ≤⇔≡ ↕╣≡™╢ ─₈ ₉

⁹ 

⇔√⅜∫≡⁸ ╩ ≢ ╡ ℮ ⌂Ɫfi♪ꜞfi◓ ⅎ┌⁸ ⁸ ⁸ ⇔ ⅎ⁸

⅞ ╖⌂≥ ─ │⁸OPC╛♦☺♃ꜟ ∂╪ ⁸Ⱪꜝ♇◒◌כⱲfi⸗♬♃⌐╟╢ CNT ─

⅜ ≤ ⅎ╠╣╢⁹ 

⁸CNT╩╟╡ ↕∑√ ≢ ╡ ℮╟℮⌂ ⌐│⁸CNT│╟╡ ↕⌂ ≤⇔≡

∆╢ ⅜№╢ ⅎ┌⁸ ⌐ ↕∑√ CNT─ ┼─ ⁸ ─ ⌂≥ ⁹

∕─╟℮⌂ ⌐│⁸CPC ╩ ∆╢↓≤≢ 10 nm ╕≢─ ↕⌂ ╩ ∆╢↓≤⅜≢⅝╢⁹

⌂℮╟─ⱶכꜟfiכꜞ◒⁸⇔∞√ ╩ ↑┌⁸Ᵽ♇◒◓ꜝ►fi♪⌐↓─◘▬☼ ─ │ ↄ

∆╢√╘ ─ ≢│ /cm
3 ─◄▪꜡♂ꜟ⅜ ⇔≡™╢ ⁸ ≢№

╢ CNT─╦∏⅛⌂ ─ │ ⇔™ ⅜ ™⁹ 

─ ╟╡ ≢◘▬☼│ ⅝ↄ⌂╢⅜⁸100 nm╟╡ ↕⌂ ╩ ╗ ─

⅜ ╠╣╢ ≤⇔≡⁸ Scanning Mobility Particle Sizer SMPS ⁸

ꜞ▪ꜟ♃▬ⱶ Fast Mobility Particle Sizer FMPS ⁸ ▬fiⱤ◒♃ Electrical 

Low Pressure ImpactorELPI ⌂≥⅜№╢⁹╕√⁸0.5 10 µm─ ─ ─ ⅜ ╠╣╢
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≤⇔≡◄▪꜡♄▬♫Ⱶ♇◒Ɽכ◙▬◘ꜟ◒▫♥כ Aerodynamic Particle SizerAPS ⌂≥⅜№

╢⁹√∞⇔⁸Ᵽ♇◒◓ꜝ►fi♪ ─ ╩ ↑╢─│⁸ ≤ ≢№╢⁹ 

 

─  

≢ ⇔√◄▪꜡♂ꜟ ╩ ™√ │⁸◄▪꜡♂ꜟ⅜ ∆╢ ⁸ ⅔

╟┘ ─ ⌐ ≢№╢⁹⇔⅛⇔⁸◄▪꜡♂ꜟ ≢ ⅜ ╠╣√≤⇔≡╙⁸∕─

⅜ CNT⌂─⅛≥℮⅛│ ∏⇔╙ ≢⌂™⁹CNT─ ─ ╩ ∆╢ ≤⇔≡│⁸ⱨ

▫ꜟ♃ ≢◄▪꜡♂ꜟ╩ ⇔≡⁸ ╛ ⌐╟∫≡ ╩ ∆╢⌂≥─

⅜№╢⁹ 

 

⌐╟╢  

─√╘─ ─ ≤⇔≡⁸№╠⅛∂╘ ╛ ╩ ⇔√ⱳꜞ◌

╩♃ꜟ▫ⱨ♩כⱲⱠכ ℮ ⅜№╢⁹◄▪꜡♂ꜟ ─ⱨ▫ꜟ♃│⁸ ╡ ╡⁸

ⱪכ♥ ≢ ─ ⌐ ╡ ↑╢↓≤⌐╟╡⁸∕─╕╕ SEM

≢ ≢⅝╢⁹ ─ 8⁸11⅔╟┘ 13│⁸ 80 nm⁸25 mmű─ⱳꜞ◌כⱲⱠכ♩ⱨ▫ꜟ♃⅔

╟┘ 3.8 cm
2─☻♥fi꜠☻ ⱨ▫ꜟ♃ⱱꜟ♄╩ ™≡⁸ 0.3 0.5 L/min≢ ⇔

√ ─ ≢№╢⁹ TEM ─√╘─ ≤⇔≡│⁸

Ⱳfiⱨ▫ꜟⱶכ◌ TEM◓ꜞ♇♪⌐ ╩ ⇔≡ ∆╢ ⌂≥⅜№╢ 53, 54)⁹ 

 

⌐╟╢  

⌐│⁸™ↄ≈⅛─ ⅜№╢⅜⁸ ↕∑≡⁸CO2 ╕√│∕╣╩ ⇔√

CH4 ╩ ∆╢ ⌂≥⅜ ≢⅝╢⁹ ─ ╛ ⌐╟╡⁸CNT≤∕─ ─

⁸ ⁸ ─ ⅜№╢ ≢№╢⁹ 

─ ≤⇔≡⁸ NIOSH⅜ ─ CNT─ ≤⇔≡ ⇔≡™╢ NIOSH 5040

⅜№╢ 43)⁹↓─ │⁸ ⱨ▫ꜟ♃⌐ ⇔√◘fiⱪꜟ╩ ⌂⇔⌐∕─╕╕ ⌐

∆╢↓≤⅜≢⅝╢⁹ ⱨ▫ꜟ♃⌐ ⇔√◘fiⱪꜟ╩Ⱬꜞ►ⱶ ≢ ↕∑≡

╩ ⇔⁸ ™≡ ≢ ↕∑≡ ╩ ה ↕∑╢⁹

⌐╟╡ ה ⇔√ │⁸ ⌐╟╡ CO2┼≤ ↕╣⁸↕╠⌐ ⌐╟╡ CH4┼≤

↕╣√ ⁸ ▬○fi FID ⌐╟╡ ↕╣╢⁹CNT│⁸ ─ ⌐

↕╣╢⁹ ↕∑≡™╢√╘⁸ ⌐╟╡ CNT─ ⅜ ≢№╢⁹╕√⁸↓─ ⌐

│ ⅜№╢⁹ 

 

OEL ≤─  

₈CNTꜞ☻◒ ₉1)⌐╟∫≡ ↕╣√ ─ ⌐⅔↑╢OEL│0.03 mg/m
3

30 µg/m
3

≢№╢ ₈ ⌐⅔↑╢ ₉─ ╩ ⁹↓─ │⁸ ╕≢ ⇔

⌂™╟℮⌂ ╩ ™√ ∂╪ 4 µm─ 50%◌♇♩ ─ ≤⇔≡ ↕

╣≡™╢⁹ ─ꜞ☻◒ ╩ ≤⇔≡⁸ ─ OEL≤ ∆╢√╘⌐ ╕

√│ ╩ ∆╢ │⁸ ─╟℮⌂ ⅜№╢⁹ 

 

∂╪ ─◘▬◒꜡fi╛▬fiⱤ◒♃╩ ™≡ ╩ ╡ ™√ ─◄▪꜡

♂ꜟ╩♥ⱨ꜡fi ⌂≥─ ─ ╩ ↑⌐ↄ™ⱨ▫ꜟ♃≢ ⇔√ ⁸◄▪꜡♂ꜟ─ ╩

►ꜟ♩ꜝⱵ◒꜡ ≢ ⇔⁸◄▪꜡♂ꜟ─ ╩ ╘╢⁹◘▬◒꜡fi╛▬fiⱤ◒♃⁸ⱨ▫

ꜟ♃ⱱꜟ♄⁸ │⁸ ─ ╩ ←√╘⌐ ─╙─⅜ ╕⇔™⁹↓─ │⁸
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CNT ─ ╙ ↕╣√◄▪꜡♂ꜟ ⅜ ↕╣╢√╘⁸ Ᵽ♇◒◓

ꜝ►fi♪ ─ ⅜ ™ ─╖ ≢№╢ ─ ∂╪ │ 10 50 

ɛg/m
3 ≢№╢ ⁹ │⁸◄▪꜡♂ꜟ─ ╛ ⌐╙╟╢⅜⁸ ⌐ ɛg/m

3

≢№╢⁹╟╡ ⌐ ∆╢√╘⌐⁸ ∂╪≢│⌂ↄ⁸○כⱪfiⱨ▼▬☻─ⱨ▫ꜟ

♃ⱱꜟ♄≢ ∂╪╩ ⇔≡╙╟™⅛╙⇔╣⌂™⁹◘▬◒꜡fi╛▬fiⱤ◒♃╩ ™⌂™ │

⌐ ╩ ≢⅝╢─≢⁸ ╩ ↕∑╢↓≤≢⁸ ╩ →╢↓≤⅜≢⅝╢⁹ 

 

∂╪ ─◘▬◒꜡fi╛▬fiⱤ◒♃╩ ™≡ ╩ ╡ ™√ ─◄▪꜡

♂ꜟ╩ ⱨ▫ꜟ♃≢ ⇔√ ⁸ ─ ≢

╩ ╘╢⁹◘▬◒꜡fi╛▬fiⱤ◒♃⁸ⱨ▫ꜟ♃ⱱꜟ♄⁸ │⁸ ─ ╩ ←√╘⌐

─╙─⅜ ╕⇔™⁹Ᵽ♇◒◓ꜝ►fi♪─ │ ≢ µg/m
3 ∆╢⁹

│⁸◄▪꜡♂ꜟ─ ╛ ⌐╙╟╢⅜ ⌐ µg/m
3 ≢№╢⁹╟╡ ⌐

∆╢√╘⌐⁸ ∂╪≢│⌂ↄ⁸○כⱪfiⱨ▼▬☻─ⱨ▫ꜟ♃ⱱꜟ♄≢ ∂╪╩ ⇔

≡╙╟™⅛╙⇔╣⌂™⁹◘▬◒꜡fi╛▬fiⱤ◒♃╩ ™⌂™ │ ⌐ ╩ ≢⅝╢─≢⁸

╩ ↕∑╢↓≤≢⁸ ╩ →╢↓≤⅜≢⅝╢⁹ 

 

№╠⅛∂╘⁸ ╕√│ ─ⱨ▫ꜟ♃ ⌐╟╢ ≤ ╩ ℮↓

≤⌐╟╡⁸ ∂╪ ╛Ⱪꜝ♇◒◌כⱲfi⸗♬♃─ ⌐ ∆╢ ─ ╩ ╘≡⅔⅝⁸

∕╣╠─ ⅛╠ CNT─ ╩ ∆╢⁹╕√│⁸OPC─ ─╠⅛♃כ♦ ≢

╘╠╣╢ ─ ≤ⱨ▫ꜟ♃ ⌐╟╢ ─ ╩ ™╢⁹ ∂╪

─ ╩ ╢√╘⌐│⁸◄▪꜡♂ꜟ ─▬fi꜠♇♩⌐◘▬◒꜡fi╛▬fiⱤ◒♃╩ ™╢↓≤

⅜≢⅝╣┌⁸╟╡ ™⅛╙⇔╣⌂™⁹ ⌐⁸ ∂╪ ⅔╟┘Ⱪꜝ♇◒◌כⱲfi⸗♬♃─ ─

╩ ╘√ 55)╩ ≤⇔≡ ∆⁹ 

 

⌐⅔™≡⁸ ╩ ™√ ה ⅝ ╖ ─ 9 ⌐╟╡ ╩

↕∑⁸ ∂╪ ─◘▬◒꜡fi⌐╟╡ ╩ ╡ ™√ ─◄▪꜡♂ꜟ⌐≈™

≡⁸ ∂╪ ╛Ⱪꜝ♇◒◌כⱲfi⸗♬♃⌐╟╢ ╩⁸ⱨ▫ꜟ♃⌐ ⇔√◄▪꜡♂ꜟ─

⌐╟╢ ≤ ⇔√⁹ ▪ꜞ♂♫♥☻♩♄☻♩ ISO 12103-1, A1 test Dust ≢

↕╣√ ∂╪ TSI Dusttrak II 8530⅔╟┘ 880 nm╩ ™√Ⱪꜝ♇◒◌כⱲfi

⸗♬♃ microAeth
®
 Model AE51 ─ ⌐ ∆╢ ╩⁸ 5⌐ ∆⁹⌂⅔⁸Ⱪꜝ♇◒◌

│♃♬⸗Ⱳfiכ ⱨ▫ꜟ♃┼─ ≤ ⌐ ⅜ ∆╢ ⅜№∫√ 55)⁹ 
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5 ◄▪꜡♂ꜟ ─ ⇔√ ⌐ ∆╢ 55)
 

 

─ ≤   

─ ╛ ⌐│⁸ ─ ⌐ ⇔√◄▪꜡♂ꜟ ╩ ™╢↓≤⅜ ⅎ╠╣

╢⁹ ⅜ ⌐ ↕╣≡™╢↓≤│⁸ ─ ≢ ⇔√

⌐ ∆╢ ─ ╩ ╘√ ∂╪ │√╕Ⱳfi⸗♬♃⁸כ◌╛ OPC╩ ℮↓≤≢⅔⅔╟

∕ ∆╢↓≤⅜ ≢№╢⁹√∞⇔⁸ ╛ ⅜ ⅝ↄ ╦∫√ ╛⁸ ⌐│⁸

─ ╛ ⁸ ─ ╩ ℮↓≤⅜ ╕⇔™≤ ⅎ╠╣╢⁹ 

 

  

─ ─  

⇔ ⅎ 

─ ⁸ ↑⁸ ⅞ ╖ ─ ─ ≤⇔≡⁸ ⇔ ⅎ─ ⌐╟╡

─ ╩ ⇔√ 56)
6 ─ ╩ ⌐ ∆⁹ 

│⁸ ч ⁸ш ─ ╩ 6 ╡ ⇔√ 1 ⁹ 

ч 100 cm
3

1.3 g ╩⁸☻♥fi꜠☻ ⌐ ╣⁸ 30 cm─ ↕⅛╠☻♥

fi꜠☻ ⌐ ↕∑╢⁹ 

ш ☻♥fi꜠☻ ⌐ ╘╠╣√ ╩⁸☻♥fi꜠☻ ⌐ ⅞ ╗

⅝ↄ │↕∑⌂™ ╟℮⌐ ⇔ ╣╢⁹ 

⇔ ⅎ ─ ⁸Ⱳ♇◒☻ ─ ⌐ ⇔√ CNT╩⁸CPC⁸OPC⅔╟┘♦☺♃ꜟ ∂╪

─ │⁸₈ ◄▪꜡♂ꜟ ₉ ⌐╟╡ ⇔√⁹⌂⅔⁸♦☺♃ꜟ

∂╪ │⁸▬fi꜠♇♩⌐ ∂╪ ─ ◘▬◒꜡fi╩ ╡ ↑╢↓≤⌐╟╡⁸

∂╪ ─ ╩ ⇔√⁹ 
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6 ⇔ ⅎ─ ⌐╟╢ ─ 56)
 

 

7 ─ ⇔ ⅎ─ ─ 10
56)

 

CPC╛ OPC─ ◘▬☼│⁸ ⌂╙─≢│⌂ↄ⁸⅔╟∕─ ─◘▬☼≢№╢ 

 

╠╣√ ─ ╩ 7⌐ ∆⁹CPC≤ OPC⌐╟╢ ─ │⁸ ─

i ⅔╟┘ ii ─ ⌐ ⅛⌐ ⇔√ CPC─ ≢<10 /cm
3⁸OPC─ ≢<1 /cm

3⁸

─ ⌐ ∆╢◄▪꜡♂ꜟ─ │ /cm
3 ⁹↓─ ⅛╠⁸

│⁸⅛↕ ⅜ ™√╘ ↕∑≡╙ ™╟ↄ│ ∟∏⁸┤╦┤╦≤ ⌐ ⅜╡⌂⅜╠ ∟╢

√╘⁸ ─ ⌐ ℮ ─ │ ⌂™≤ ↕╣√⁹ 

∂╪ ⌐╟╢ ─ │⁸<0.01 mg/m
3≢№∫√⁹╕√⁸ ₈
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₉─ ≢ ⇔√ │ <0.007 mg/m
3 ≢№╡⁸↓─

│⁸ ─ ⌐⅔↑╢ⱥ♩ 0.03 mg/m
3 ╟╡ ™ ≢№∫√⁹ 

₈ ₉─ ⌐╟╡ ⇔√Ⱳ♇◒☻ ─ ─ SEM ≢│⁸CNT

─ ⅛╠⌂╢ ™└╙ ─ ⌂≥⅜ ╠╣√ 8 ⁹ 

 

 

8 ⇔ ⅎ─ ⌐ ⇔√ ─ SEM  

 

 

ה ⅝ ╖ 

─ ⅜ ⅝╛∆™⁸╟╡ ⌂ ™ ─ ≤⇔≡⁸ ⇔⌂⅜╠ ╩ ⅝ ╪∞

─ ─ ╩ ⇔√ ─ 56)╩ ⌐ ∆⁹ 

9⌐ ∆ ⌐╟╡⁸ 30 ─ ה ⅝ ╖ ╩ 3 ∫√⁹ │SMPS⁸

OPC⁸APS⁸♦☺♃ꜟ ∂╪ ⌐╟╡ ⇔√⁹♦☺♃ꜟ ∂╪ │⁸▬fi꜠♇♩⌐ ∂╪

─ ◘▬◒꜡fi╩ ╡ ↑╢↓≤⌐╟╡⁸ ∂╪ ─ ╩ ⇔√⁹ 

SMPS⁸OPC⁸APS⌐╟╢⁸ ─ ╩ 10⌐ ∆⁹∕─ ⁸

│◘ⱩⱵ◒꜡fi◘▬☼─ ⅜ ⅛∫√⁹╕√⁸₈ ₉─ ⌐╟╡ ⇔

√ ─ SEM ≢│⁸◘ⱩⱵ◒꜡fi◘▬☼─ ─ ⅜ ↕╣⁸╕√⁸∕╣╟╡

⅝⌂Ⱶ◒꜡fi◘▬☼─ ⁸10 µm╩ ⅎ╢ ™└╙ ─ ⌂≥╙ ↕╣√ 11 ⁹ 

∂╪ ⌐╟╢ ─ ─ │⁸0.002 mg/m
3≢№∫√⁹╕√⁸ ₈

₉─ ≢ ╘√ │ <0.01 mg/m
3 ≢№╡⁸↓─

│⁸ ─ ⌐⅔↑╢ⱥ♩ 0.03 mg/m
3 ╟╡ ™ ≢№∫√⁹ 
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ה 9 ⅝ ╖⌐╟╢   10 ─ ה ⅝ ╖⌐╟╡ ⇔√ ─ 

─ 56)
    

56)
 

◘▬☼│⁸∕╣∙╣─ ─ ⌐ ≠ↄ 

─ ≢№╢⁹ 

 

 

ה 11 ⅝ ╖⌐╟╡ ⇔√ ─  
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╩ ∆╢ ─ ─  

╩ ∆╢ ─ ⌐⅔↑╢ ─ ╩ ⇔√ 57,58)─ ╩ ⌐

∆⁹ 

╩ 5% ∆╢ⱳꜞ☻♅꜠fi ╩ ⱴ▬◒꜡◓ꜝ▬fi♄כ≢ ⇔ 12 ⁸

╩ SEM≢ ⇔√ ⁸ ╩ ╪∞ ─ ─ ≤╖╠╣╢Ⱶ◒꜡fi◘▬☼

⅜ ↕╣√ 13 ⁹ ⁸ ≢№╢ⱳꜞ☻♅꜠fi⅛╠ ⌐ ⇔√ ≤ ╦╣╢

│⁸ ⇔√ ≢│⁸ ↕╣⌂⅛∫√ √∞⇔⁸ ⌐ ╩ ↄ⇔√ ─

╩ ╗ ─ ⌐│⁸ ─ ─ ⅜ ╘╠╣√ ⁹ 

⌂⅔⁸₈л CNT ⅛╠─ CNT─ ₉≢│⁸ ₁⌂ CNT ⅛

╠─ CNT─ ⌐ ∆╢ ─ ╩ ⇔≡ ⇔√⁹ 

≢│⁸ ╩ ╪∞ ─ ╩ ⇔√≤⅝─ ╛∕─ │ ≢│⌂™

⅜⁸ ⌐ ⇔√ CNT─ │ ─ ≢№╢↓≤⅛╠⁸ ─ CNT╩ ⇔√≤⅝⌐

═╢≤⁸∕─ │ ↕™≤ ↕╣╢⁹CNT ─ ─ ╩ ⇔√ │ ╠

╣≡™╢⅜⁸ ⌂ ⌐⅔™≡⁸CNT ─ ─ │ CNT∕─╙─╟╡╙ ™⁸╕

√│ CNT╩ ╕⌂™ ≤ ╦╠⌂™≤™℮ ⅜ ╠╣≡™╢ л ⁹ 

 

 

12 CNT ─ 57)
  13 CNT ─ ≢  

⇔√ SEM  
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Ⅲ．TASC における自主安全管理手法の紹介＜参考＞ 
 

≢│⁸ ╕≢⌐ ⇔√ ─ ⅔╟┘ ╩ ⌐⁸ ⅜ ∫

≡™╢ ⌐ ╡ ℮√╘─ ╛ ─ ⌐≈™≡ ∆╢⁹ 

⌐ ∆╢ │⁸ ⅛≈ ⌂ ⅜ ↕╣√ ≤⇔≡ ⌐כ◙כꜚ⅜₁

∆╢╙─≢│⌂ↄ⁸ꜚכ◙כ ⅜ ╩ ℮ ─ ☻כ◔ꜟ♦⸗ ≤⇔≡ ™

√∞ↄ√╘⌐ ⇔√╙─≢№╢↓≤╩↔ ™√∞⅝√™⁹⇔√⅜∫≡⁸ ╩ ╡ כ◙כꜚ℮

⌐│⁸∕─ ⁸ ⅔╟┘ ─ ╩ כ◙כꜚ⁸⇔ ─ ה

─ ≢ ╩ ╡ ╘⁸⅔ ╡ ™™√∞ↄ↓≤╩⅔ ™∆╢⁹ 

 

─  

₁│⁸ ─ ⌐⅔↑╢ⱥ♩ ≤⇔≡⁸₈CNTꜞ☻◒ ₉
1)

NEDOⱪ꜡☺▼◒♩₈♫ⱡ ─ P06041 ₉─ ⌐⅔™≡ ↕╣

√ 0.03 mg/m
3

1 8 ⁸ 5 ─ ≢ 15 ─ ╩ ⇔√

╩ ⇔⁸ ─ ⌐ ⇔√⁹ 

↓─ │⁸ꜝ ♇♩ 4 ─ NOAEL⅛╠ⱥ♩ ╩ ⇔√╙─≢⁸↓

─ ⌐ ╩ ה ∆╢↓≤≢⁸ ─ ⌂ ⌐ ℮ ⅜ ↓╢ ⅜

╒≤╪≥⌂™≤ ↕╣≡™╢ ≢№╢⁹⇔⅛⇔ ⁸╟╡ ⌂◄fi♪ⱳ▬fi♩╛

ⅎ┌⁸2 ⅜╪ ╛♩◐◦◖◐Ⱡ♥▫◒☻⌐ ≤⌂♃כ♦╢∆ ⅜ ╠╣√

│⁸ ⇔╩ ℮ ≢№╢⁹⌂⅔⁸₈CNTꜞ☻◒ ₉1)⌐⅔™≡╙⁸↓─ │Γ10

─ ⇔╩ ≤⇔√ ≢№╢Δ≤ ↕╣≡™╢⁹ 

 

ꜞ☻◒  

⌐⅔↑╢ꜞ☻◒─  

ꜞ☻◒─ │⁸ ⌐⅔↑╢ ⅛╠ ↕╣√ ≤ ─ⱥ♩

≤─ ⁸∆⌂╦∟₈Ɫ◙כ♪ HQ ₉ ╩ ╩ ╘╢↓≤⌐╟╡ ℮⁹ 

 

(1  
⌐⅔↑╢ ⅛╠ ↕╣√ ÍÇȾÍ

πȢπσÍÇȾÍ
 

 

─ ⌐│⁸ ₈и  OEL ≤

─ ₉⌐ ⇔√ ⌐╟╡ ╠╣√ ╩ ∆╢⁹ │ ₁⅜ⱥ♩

≤⇔≡ ⇔√ 0.03 mg/m
3╩ ™╢⁹⌂⅔⁸ ─כ◙כꜚ⁸│ ⌐╟╡⁸ ╩

╡ ℮ ⁸ ╡ ╢ ⌂ ⁸╕√│ ─ ╩↕╠⌐ ⇔√ Γⱥ♩

Δ╩ ⌐ ⇔ ⇔≡╙╟™⁹∕─ │⁸ ─ ╩∕─ ⌐

⅝ ⅎ≡⁸HQ╩ ∆╢⁹ 

 

ꜞ☻◒ ≤  

⌐╟╡ ↕╣√ HQ⅜ 1 HQ֔1 ≢№╣┌Γꜞ☻◒─ │⌂™Δ≤

⇔⁸1╩ ⅎ√ HQ>1 │∕─ ⌐ ∂≡ ∟⌐ ⌂ ╩≤∫≡™╢⁹ 

⌂ ≤⇔≡⁸ ╛ ™ ─ ה ⁸ ─ ™ ╖⁸

─ ⁸ ─ ה⇔ ⅜ →╠╣╢⅜⁸ │⁸

₈♫ⱡⱴ♥ꜞ▪ꜟ⌐ ∆╢┌ↄ ─√╘─ ⌐≈™≡₉ 0331013 ⁸
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21 3 31 ╩ ™√∞⅝√™⁹╕√⁸ NIOSH ⅛╠⁸

╛ Ɽ▬꜡♇♩ ╩ ⌐ ♫ⱡ ╩ ⌐ ╡ ℮√╘─

╩╕≤╘√₈General Safe Practices for Working with Engineered Nanomaterials in Research Laboratories₉
59)

2012 5 ⁸ ⅛╠∕─ ─ ╡ ™─ ⱪ꜡☿☻≢─ ⌐⅔↑╢ ⌐ ∆

╢ ╩╕≤╘√₈Current Strategies for Engineering Controls in Nanomaterial Production and 

Downstream Handling Processes₉60)
2013 11 ╛⁸ ♫ⱡ ╩ ╡ ℮ ⅜ ╡

╗═⅝ ╩╕≤╘√₈Building a safety program to protect the nanotechnology workforce: a 

guide for small to medium-sized enterprises₉61)
2016 3 ⅜ ↕╣≡™╢─≢⁸ ∑≡ ™

√∞⅝√™⁹ 

⁸≡⇔≥♃כ♦ ⅛╠ ⇔√ ─ ╩╕≤╘√ ╩

⌐ ∆⁹ │ ─ ∂╪ ⌐ ∆╢ ≢№╢⅜⁸↓╣╠─ │⁸CNT╩

╗♫ⱡ ⌐≈™≡╙ ≢№╢↓≤⅜ ↕╣≡™╢ 43)⁹ 

 

15 ─ JIS T 8150:2006 2⅛╠  

ⱴ☻◒─  a 

∂╪ⱴ☻◒ 

⌂⇔  

™ ≡  
3 10 b 

ⅎ  

ⅎ  4 50 b 

ⱨ□fi  

 

 4 50 

 4 100 

ⱨכ♪  4 25 

ⱨ▼▬☻◦כꜟ♪  4 25 

ⱴ☻◒ 

♦ⱴfi♪  
 10 

 50 

 

 50 

 100 

ⱨכ♪  25 

ⱨ▼▬☻◦כꜟ♪  25 

ⱪ꜠♇◦ꜗ♦ⱴfi♪  
 50 

 1000 

ה ⱪ꜠♇◦ꜗ♦ⱴfi♪ ⱴ☻◒ 1000 

 
♦ⱴfi♪  

 10 

 50 

ⱪ꜠♇◦ꜗ♦ⱴfi♪   5000 
a ⅜ ⌐ ⇔≡™╢ ⌐ ↕╣╢ ─  
b ╤ ∂╪ⱴ☻◒╛ ⱨ□fi ⅝ ─ │⁸ ─ ╣ [Lm(%)]⅔╟┘ⱨ

▫ꜟ♃─ [Lf(%)]⅛╠ 100/(Lm+Lf)⌐╟∫≡  

 

ꜞ☻◒ │⁸ ╩◄▪꜡♂ꜟ ⌂≥≢ ⌐ ⇔⁸HQ֔1⅜ ↕╣≡™╢

↓≤╩ ⁸ ∆╢↓≤⌐╟╡ ∫≡™╢⁹ 

₈CNTꜞ☻◒ ₉1)≢│⁸CNT─ ה ─ ⌐≈™≡╕≤╘╠╣≡⅔╡⁸

⌐ ה ⅜ ↓╡╛∆™ ≤⇔≡⁸CNT ╩ ≢ ╡ ℮ ⁸ ⁸

⁸ ⇔ ⅎ⁸ ╘⁸ ⌂≥ ⅜ →╠╣≡™╢⁹ ⌐≈™≡╙ ⌂ꜞ☻◒⅜

ⅎ╠╣╢√╘⁸↓╣╠─ ╩ ℮≤⅝⌐│⁸ ⌐ ⌐⁸╕√⁸ ⌂ ╩≤∫

≡™╢⁹ ≤⇔≡⁸NIOSH⅜♫ⱡ ╩ ╡ ℮ ⅔╟┘ ⌐ ⇔≡ ꜞ☻◒

╩ ⌐ ⅎ╢√╘⌐ ∂╢═⅝ ╩ ⇔≡™╢ 43)─≢⁸ ⌐ ∆⁹ 
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16 ⅔╟┘ ⅜ ∂╢═⅝ NIOSH CIB 65
43)₈ ₉ ╩  

 ∂╢═⅝  

 

 

ה ≢─ ─ ╩ ⇔≡ ∆╢⁹ 

ה ⅜ CNT ╙ ╗ ⌐ ∆╢ ╛ ╩ ⇔⁸∕─ ╩ ╠⅛⌐∆╢⁹ 

ה ≢№╣┌⁸╟╡ ─ ™ ⌐ ∆╢⁹∕╣⅜ ⌂™ │⁸╕∏

⌐╟╡ ╩ ⌐ ⅎ╢ ╩ ∂╢⁹ 

ה ה ⌐ ∆╢ ≤ ╩ ⇔⁸ ⅎ┌ ◦☻♥ⱶ⌂≥ ─

╛♅▼♇◒ ⌐≈™≡ ⌐ ↕∑╢⁹ 

ה ─ ╩ ⌐ ⇔⁸ ⅜ ⌐ ⇔≡™╢↓≤⅔╟┘

⌐ ↕╣≡™╢↓≤╩ ∆╢⁹ 

ה ⅔╟┘ ╩♅כ◘ꜞ≡™≈⌐ ⇔⁸ ⌂ ⁸ ⁸ⱴ☻◒

╩ ∆╢⁹ 

CNTה ≤ ⌐≈™≡ ╩ ™⁸ ─ ≢ ╗√╘─ ⌂ ⁸

⁸ ─ ⌐≈™≡ ╩ ℮⁹ 

ה ™ ╩ ↑⁸ ה ה ⅛╠ ╣╢ ⌐│ ∏ ∆╢↓≤╩ ⌐ ∆⁹ 

ה ┼─ ─√╘⁸◦ꜗ꞉כ ⁸ ⅔╟┘ ─ ╩ ∆╢√

╘─ ─ ╩ ∆╢⁹ 

ה ─ CNT⌐╟╢ ╣╩ ⇔╛∆ↄ∆╢√╘⁸ ה ה │ ╢™ ⌐∆╢⁹ 

√╣╓↓ה CNT─ ╛ ─ ╩ ℮ ╩ ⇔⁸ ↕∑╢⁹ 

ה ∆╢ CNT─ ꜞ☻◒╛ꜞ☻◒ ⌐ ∆╢ │⁸ ⌐ ∂≡ꜝⱬꜟ╛ SDS

♩כ◦♃כ♦ ⌐ ↕∑╢⁹ 

 

 

ה ⌐ ∆╢ ꜞ☻◒⅛╠ ╩ ╢√╘─ ╩ ⌐ ∆╢⁹ 

╩CNTה ⌐ ↕∑⌂™⁸⅛≈ ⌐ ⇔⌂™√╘─ ⅔╟┘ ╩

┘ ∆╢⁹ 

ה ╩™≈⁸≥─╟℮⌐ ∆╢⅛╩ ∆╢⁹ 

ה ─ CNT⌂≥⁸ⱨꜞכ⌂ ≢─ ╩≢⅝╢∞↑ ↑╢⁹ 

─CNTה ╕√│ ⌐⅛⅛╦╠∏⁸ ⌂ ╡ ⌐ ∆╢⁹ 

ה │⁸HEPAⱨ▫ꜟ♃ ╕√│ ╠∑√╙─≢ ⅝ ╢ ≢ ℮ ™√ ≢─

⅝ ╛◄▪ⱱכ☻╩ ™≡│⌂╠⌂™ ⁹ ◦ⱨ♩⅜ ∆╢ ⌐ ╩ ∆╢⁹ 

CNTה ™ ≢⁸ ⅔╟┘ ─ ╩⇔≡│⌂╠⌂™⁹ 

ה ─ ⁸◦ꜗ꞉כ╩ ┘╢⁸ ⌂ ⌐ ⅎ╢↓≤⌐╟╡⁸ ┼─ ╩

∆╢⁹ 

 

 

─√╘─ ⅔╟┘ ─  

│↓╣╕≢ TASC≢ ⇔ ∆╢ SG- CNT─ ╩ ⇔≡⅝√⁹CNT⅜⁸

─ ≤│ ⌂╢ √⌂ ה ╩ ≈ ≢№╢≤ ↕╣╢ ⌐⁸

⌐ ∂≡╦∏⅛⌐ ה ⁸ ⁸ ⁸ ⁸ ⌂≥ ╩

↕∑╢↓≤⌐╟╡ ה ה ╩ ≢⅝╢ ⅜ →╠╣╢⁹ ∫≡⁸ ↕

╣√ CNT│⁸ ─ SG- CNT≤ ה ⅜ ⌂╢⌂╠┌⁸∕─ ⅜ ─ CNT≤

∏⇔╙ ≤│ ╠⌂™⁹∆⌂╦∟⁸↓╣│ ⌐ ∂≡ ↕╣√ ₁─ CNT⌐ ∆╢

│⁸ ╠⅜ ∆╢ ⅜№╢↓≤╩ ∆╢⁹ 

∕↓≢ ₁│⁸ ⅜ CNT╩ ⌐ ╡ ℮√╘─ ╩ ∆╢√╘─ ≤

⇔≡⁸ ≢ ⌂ ⌐ ─Ⱪכꜙ♅Ⱳfi♫ⱡכ◌₈╢∆ ─√╘─

≤ ⁸⅔╟┘ ╩ ™√▬fiⱦ♩꜡ ⌐ ∆╢ ₉ ⁸₈ ₉ 62)
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⅔╟┘⁸ ╩ ∆╢ ─ CNT ≤∕─ ╩ ꜙ♅Ⱳfi♫ⱡכ◌₈√⇔

─Ⱪכ ─ ⅝₉ ⁸₈ ⅝₉ 53)╩ ⇔⁸2013 10 ⌐↓╣

╠╩ ⇔√⁹ ⌐∕─ ╩ ∆╢⁹ 

 
62)

 

╩ ™√ in vitro ≢│⁸CNT╩ ⁸ ⌐ ∆╢

⅜№╢⅜⁸CNT│⁸ ≢ ה ╩ ⇔╛∆ↄ⁸ ⌐ ∆╢≤ ⌂

╩ ℮↓≤⅜≢⅝⌂™⁹⇔√⅜∫≡⁸ ≢№╢ CNT╩ ⅛≈ ⌐ ↕∑╢

⅜ ≤⌂╢⁹⇔⅛⇔⁸ ≤⇔≡ ↕╣╢ │⁸∕╣ ⅜ ╩ ≈

⅜ ™⁹ ₁│⁸CNT─ ⌐ ╣⅛≈ ─╒≤╪≥⌂™►◦ ▪ꜟⱩⱵfi BSA

╩ ≤⇔≡ ⇔⁸ ╩ ∆╢↓≤≢ CNT╩ ⌐ ↕∑╢ ⌂ ╩

⇔⁸ ╩ ™√ in vitro ⌐╟╢ ╩ ⇔√63,64)⁹ 

│⁸ ⌐⁸ᵑCNT╩ ⅛≈ ⌐ ↕∑╢ ⅔╟┘

─ ⁸ᵒ ⌂ ⌐╟╢ CNT─ ⅔╟┘ CNT

─ ╛ ⌂≥ ⁸ᵓ ⌐╟╢ ┼─ ╩ ⇔√ ╩ ™

√ in vitro ⁸⅛╠ ╢ 14 ⁹╕√ ─ ⌐⁸ ╩ ™√ ⌂

≢№╢ ╩ ⇔≡™╢⁹⌂⅔⁸ │⁸ ≢│ ┼─ ╩

꜠ⱬꜟ≢ ∆╢√╘─ ╩ ⌐ ⇔√╙─≢№╢√╘⁸ ⌐ ⇔≡ ╠╣√

⅜ CNT─ ≡╩ ∆╢╙─≢│⌂™↓≤⌐ ™√∞⅝√™⁹ 

 

 

14 62)─  

62)╟╡⁸ з1╩  

 

⅝ 53)
 

₁│⁸ ⌐ ⇔√ CNT─ ≤⇔≡⁸ ◄▪꜡♂ꜟ ─ ⅔╟┘

─ ≢ ↕╣╢ ה ⌐ ≠ↄ ╩ ⇔⁸∕─ ╩ ∆╢≤

≤╙⌐ ─ ⌐╟╡⁸ ⅜ CNT─ ⌐ ≢№╢↓≤╩ ⇔√⁹╕√⁸

CNT─ ─ ⌐ ⇔⁸ ◄▪꜡♂ꜟ ≢№╢Ⱪꜝ♇◒◌כⱲfi⸗♬♃⅔╟

┘ ∂╪ ⌐≈™≡⁸∕─ ╩ ⇔⁸ ₁─CNT⌐ ∆╢ ╩ ⇔√⁹

↕╠⌐⁸ ⌐ ∆╢ CNT─ ≤⇔≡⁸ⱳꜞ◌כⱲⱠכ♩ⱨ▫ꜟ♃ ─
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╩ ⇔⁸ ⌐ CNT─ ⅔╟┘ ⅜ ≢№╢↓≤╩ ⇔√⁹ 

⅝│⁸ ⌐ ∆╢ CNT─ ≤⇔≡⁸ᵑ◄▪꜡♂ꜟ ⁸ᵒ

⌂≥⌐╟╢ ⁸ᵓ ⌐ ∆╢∕╣∙╣─ ⁸ ה ⅔╟┘

╩╕≤╘√╙─≢№╢⁹ ⌂ CNT ─ ⅔╟┘ ─ ≤⇔≡⁸ ⌐

─ ⌐╟╢ ה ≤ ה ⌂◄▪꜡♂ꜟ ⌐╟╢ꜞ▪ꜟ♃▬ⱶה

≢─ ╩ ⇔≡™╢ 15 ⁹╕√⁸ ⌂ ╩ ≤⇔≡

⇔≡™╢⁹ 

 

 

15 ⌐⅔↑╢ CNT ─ ⌂ ─  

⅝ 53)╟╡⁸ 2╩  

 

 

┼─  

⌐⅔↑╢CNT ♫ⱡ ⌐ ∆╢ ╛●▬♪ꜝ▬fi│ ∞ ⌐ ↕╣≡™⌂™

⅜⁸ ≢│ ⌂ ╕√│ ─ ⌐⅔™≡ ₁⌂ ╛ ⅜ ╠╣≡™╢⁹

⇔√⅜∫≡⁸ ⌐⅔↑╢ ╛ ─ ╩♃▬ⱶꜞכ⌐ ∆╢≤≤╙⌐⁸ ₁⅜ ⇔

╛♃כ♦√ ⇔√ ╩ ⌐ ⌐ ⇔∕╣╩ ⌐ ┘ ↑╢ ╩ ℮↓≤

⅜ ╘≡ ≢№╢⁹ ─ ─ ╡ ╖≤⇔≡⁸ ♫ⱡ ⌐ ∆╢ ─

╛ ISO ⁸ OECD ─ ─ ╛ ╩ ∆

╢₈NanoSafety►▼Ⱪ◘▬♩ http://www.nanosafety.jp₉⁸ ∑≡∕╣╠─ ╩ ∆╢ twitter

@Nanosafety ╩ ⇔≡™╢⁹ ─ ─ ╡ ╖╩ ⌐ ∆╢⅜⁸ISO♫ⱡ♥◒

ⱡ꜡☺כ ISO/TC229 ⌐ ∆╢ ⅜ ─ ╡ ╖╩ ⇔√ 65)⅜ 2013 1 ⌐

↕╣≡™╢─≢⁸ ∑≡ ™√∞⅝√™⁹ 

 

OECD ⌐ ∆╢ ╡ ╖ 

OECD─ EHS ⱪ꜡◓ꜝⱶ─ ≢⁸ ♫ⱡ WPMN ⅜ 2013

3 ╕≢ ⇔√ ♫ⱡ ☻ⱳfi◘כ◦♇ⱪⱪ꜡◓ꜝⱶ≢│⁸ ≤↕╣√ 13─

♫ⱡ ─℮∟⁸ │ ≤ ≢ CNT⁸ CNT⅔╟┘ⱨꜝכ꜠

fi 3 ⌐≈™≡☻ⱳfi◘כ╩ ╘√⁹ │⁸ CNT─℮∟⁸ 59 ⌐╦
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√╢ ╩♃כ♦ ∆╢₈ principal material₉⌐ ↕╣√⁹ ₈и

₉⌐ ╩♃כ♦√⇔ ╘⁸ ─ ⁸│♃כ♦ ╩ ∂≡ OECD⌐ ↕

╣√⁹ ☻ⱳfi◘כ◦♇ⱪⱪ꜡◓ꜝⱶ≢ ↕╣√ ⁸11│♃כ♦ ─ ♫ⱡ ↔

≤⌐₈♪◦◄₉≤⇔≡ ╡╕≤╘╠╣⁸2015 6 9 2016 2 ⌐╦√∫≡ ⁸

↕╣√⁹ 3 ─₈♪◦◄₉23,66,67)│⁸2015 6 9 ⌐ ↕╣√⁹↕╠⌐⁸ 3

╩ ╗ 6 ⌐≈™≡│⁸₈♪◦◄ ₉⅜ 2016 ⌐ ↕╣╢ ╖≢№╢⁹ 

╕√⁸WPMN⅜ ∆╢♫ⱡ ⌐⅔↑╢ ─ ≤⇔≡⁸ ♫ⱡ

╩ ™√ ─ ⱪ꜡☺▼◒♩⌐ ⅜ ⇔≡⅔╡⁸TASC⅜

⇔√ ⌐╟╡ ⇔√ ╩▬♯ MDCK ⌐╟╢◖

כ♬꜡ ─ ♫ⱡ ─ ≈≤⇔≡ ⇔√⁹2015 2 ─WPMN ┼─

─ ⁸ⱪ꜡☺▼◒♩ 68)│⁸ ∂ 2015 2 ⁸ⱪ꜡☺▼◒♩╩ ⇔√ ─

☿fi♃כ⅛╠ ↕╣√⁹ 

 

ISO ⌐ ∆╢ ╡ ╖ 

ISO ♫ⱡ♥◒ⱡ꜡☺כ ISO/TC229 ─ ⌐ ∆╢ ⱪכꜟ◓ WG3

≢ ⇔⁸2016 3 15 ↑≢ ↕╣√ ISO/TS 19337₈♫ⱡ ─ ╩

∆╢ in vitro ─√╘─♫ⱡ ─ ─ ₉69)│⁸TASC⌐⅔↑╢ CNT╩ ≤⇔

√ ⌐╟╢ ─ ╩ ∂≡ ⇔√ ╩ ╕ⅎ≡⁸2013 ⌐

⇔√╙─≢№╢⁹♫ⱡ ─ ╩ ∆╢ in vitro ─√╘─ ⌐ ∆╢

─ ≤⇔≡⁸♫ⱡ ─ ─ ⌐ ∆╢╙─≢№╢⁹ ≤

⇔≡⁸◄fi♪♩◐◦fi⁸ ⁸ ▬○fi ⁸ ♃fiⱤ◒≤◌ꜟ◦►ⱶ

╩ ⇔√⁹ 

⁸ISO/TC229─ ⌐ ∆╢ ⱪכꜟ◓ JWG2 ≢ ⇔⁸2012 11 1

↑≢ ↕╣√ ISO/TS 12025₈◄▪꜡♂ꜟ─ ⌐╟∫≡ ⅛╠ ↕╣╢♫ⱡ

─ ₉70)─ C≢│⁸ TASC≢♦כ♃╩ ⇔≡⅝√

Dustiness - Vortex Shaker ─ ⅜ ↕╣≡™╢⁹ 

↕╠⌐⁸↓─ ─ │⁸OECD/WPMN⌐╙ ⅎ╠╣⁸OECD⅜ 2012 12 18

↑≢ ⇔√ ENV/JM/MONO(2012)40₈ ♫ⱡ ─ ─√╘─ ה

●▬♄fi☻₉ ♫ⱡ ─ ☼כꜞ◦ 36 ─ V A ₈ ₉─ A.1.12

₈♄☻♥▫Ⱡ☻₉⌐⅔™≡⁸ TASC≢♦כ♃╩ ⇔≡⅝√ ─ ⅜

↕╣≡™╢⁹ 
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Ⅳ．特定の多層 CNT における有害性情報と行政当局の対応＜参考＞ 
 

─ CNT╩ ™√ ⅜╪  

→∫ ╩ ™≡MWNT-7─ ⅜╪ ⌐≈™≡ ⅜ ╦╣≡™╢⁹ 

MWNT-7 3 mg/mouse╩ p53+/-ⱴ►☻⌐ ⇔√≤↓╤ 84 ─ │ 87.5%

⌐ ⇔71)⁸3-300 µg/mouse╩ ⇔√≤↓╤ ⌐ ⇔√ ─ ─ ⅜

╖╠╣√ 21)⁹10 mg/kg╩ꜝ♇♩─ ⌐ ⇔√≤⅝⌐╙ ─ ⅜ ╘╠╣≡™╢ 20)⁹

ꜝ♇♩⌐ ⇔√≤⅝⌐╙ ─ ⅜ ↕╣≡™╢ 13)⁹╕√⁸ⱴ►☻⌐ ⇔√

MWNT-7─ ⅜╪ⱪ꜡⸗כ◦ꜛfi ⅜ ↕╣≡™╢ 22)⁹↕╠⌐⁸MWNT-7╩ 50

─ F344ꜝ♇♩⌐ 104 0.02, 0.2, 2 mg/m
3 ⇔√≤↓╤⁸ ≢│ Ί

⅔╟┘ ╩ ╦∑√ ⅜ 0.2 mg/m
3 ≢⁸ ≢│ Ί ⁸

⁸ ⅔╟┘ ╩ ╦∑√ ⅜ 2 mg/m
3 ≢ ⌐ ⇔√⁹⇔

⅛⇔⁸ ╛ ⌐ ─ │╖╠╣⌂⅛∫√72)⁹ 

⌐╟╢ ⱷ◌♬☼ⱶ≤⇔≡⁸ ⅛╠ ⅛≈ ⌐╦√∫≡

∆╢ ROS⅜ DNA ⌐ ⌂ ╩ ∂╢≤ ⅎ╠╣⁸ │ ≢│⌂ↄ⁸ ⌂╙

─≤╖⌂∆↓≤⅜≢⅝⁸ ─ ⅜╪ ⌐│ ⌂ ⅜№╢≤ ⅎ╠╣╢73)⁹ 

 

⅜╪ IARC ─  

2014 ⌐ IARC│ MWNT-7 ─ ⅜╪ ⱪכꜟ◓╩ 2B ⅜╪ ⅜№╢⅛╙⇔╣⌂™ ⌐ ⇔⁸

CNT⅔╟┘MWNT-7╩ ↄ ─ CNT⌐≈™≡│⁸MWNT-7⅛╠ ─ CNT⌐ ∆╢

⅜♃כ♦─╘√ ⱪכꜟ◓⁸╠⅛≥↓╢™≡⇔ 3 ⅜╪ ╩ ≢⅝⌂™ ⌐ ⇔√ 9)⁹ 

 

⅜╪  

2016 3 31 ⁸ ─ CNT⅜₈ 28 3 ─ ⌐ ≠⅝

⅜ ╘╢ ⌐╟╢ ╩ ∆╢√╘─ ₉ ™╦╝╢₈⅜╪ ₉ ─

⌐ ↕╣√⁹↕╠⌐⁸ ↑≢ 2 ⁸∆⌂╦∟⁸ ─

⌐ ∆╢╙─⁸∕⇔≡⁸⅜╪ ⌐ ∆╢╙─⅜ ↕╣√⁹ 

⅜╪ ≤⌂╢ CNT │⁸ ╩ ™√ ≢ ⅜╪ ⅜ ↕╣√⁸

♫ⱡ♥◒ ⁸♫ⱡ◌כⱲfi♥◒ⱡ꜡☺כ☼ ╕√│

⅜ ⇔√⁸MWNT-7 ♫ⱡ◘▬☼─╙─⌐ ╢⁹ ∂⁹ ⅔╟┘ NT-7K MWNT-7 ≢

№╡⁸MWNT-7 ⅔╟┘↓╣╠╩ 1%╩ ⅎ≡ ∆╢ MWNT-7 ⌐≈™≡│⁸⅜

╪ ⌐ ≠ↄ ⅜ ≤⌂╢⁹MWNT-7 ╩♫ⱡ◘▬☼╩ ⅎ╢ ⌐ ⇔√╙─╕√

│ MWNT-7 ⅜ ─ ⌐ ╡ ╕╣≡™╢ ─╙─ ╩ ╡ ℮ ≢№∫≡⁸ ⅜

MWNT- ⌐ ∆╢⅔∕╣⅜⌂™≤⅝│⁸⅜╪ ⌐ ≠ↄ │ ⇔⌂™⁹√∞⇔⁸↓╣

╠╩ ∆╢ ⌐╟╡⁸ ⌐ MWNT- ┼─ ─⅔∕╣⅜№╢ ⌐≈™≡│⁸⅜╪

⌐ ≠ↄ ⅜ ≤⌂╢⁹ 

MWNT-7 ╩ ⇔⁸ │ ╡ ℮ ⌐≈™≡⁸⅜╪ ⅜ ╘╢ ╩ ⅝

∆≤⁸ ─≤⅔╡≤⌂╢⁹√∞⇔⁸ ─ ⌐ ∆╢ │⁸ ╖╛∆↕╩ ⇔≡

⇔≡⅔╡⁸⅛≈⁸ ─ ⌐ ∂≡™╢⁹╟∫≡⁸ ╩ ∆ ⌐│⁸ ∏⁸⅜╪

≤∕─ ╛ ה ─ ⁸↕╠⌐⁸ ⌐ ⇔≡ ─

╩ ↕╣╢↓≤╩⅔ ™∆╢⁹ 

 

ừ  ┼─ ╩ ∆╢√╘─  
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 ▪ ⌐⅔↑╢ ─ ⁸ ⁸ ─ ⁸ ⁸ ─ ╩

⇔⁸ ⌐ ∂⁸ ╕√│ ─ ╩ ⇔⁸∕─ ⌐ ≠™≡⁸ ⌐

→╢ ⌐ ╢ ⁸ ⌐ ╢ ∕─ ⌂ ╩ ∏╢↓≤⁹ 

  ▪  

    ᵑ ─  

    ᵒ ─  

    ᵓ ─  

    ᵔ ─  

  ▬  

    ᵑ ╩ ∆╢ ─  

    ᵒ ⅜ ⌐ ⇔⌂™╟℮⌂ ⁸ ╕√│ ─  

    ᵓ ⁸ ─ ⁸ ─ ─  

    ᵔ ⌐ ↕╣╢ ─  

 ▬ ▪⌐╟╡ ╩ ∆╢√╘─ ─ ╩ ∫√ ⁸ ⌐╟╡ ─

╩ ℮↓≤⁹ 

  ▪ ⌐≈™≡│⁸ ⅜ ╦╣≡™╢ ⁸ ⌐ ↕∑╢↓≤⁹ 

  ▬ ⌐≈™≡│⁸ ⌐ ╩ ℮↓≤⁹ 

  ► ╩ ┼ ∆╢ │⁸ ╩ ∆╢ ⁸ ⌐╟╢

─ ─ ╩ ╢↓≤⁹ 

 ► ⌐≈™≡│⁸ ⌐ ∆╢ ─ ╩ ⅎ ↑⁸ ⅛≈ ⌐

∆╢↓≤⁹╕√⁸ ⌐ ⱴ☻◒╩ ↕∑√≤⅝│⁸ ⌂ ─ ╡ ╣⅜

≤⌂╢╟℮ ─ ╩ ⇔⁸ ⅜ ⌂ ╩ ⇔⌂™╟℮⌐ ∆╢

↓≤⁹ 

 ◄ ─ ⌐ ╢ ╩ ╘⁸↓╣⌐ ≠⅝ ↕∑╢↓≤⁹ 

  ▪ ⁸ ─ ⁸ ⅔╟┘  

  ▬ ⌂ ⅜ ⇔√ ⌐⅔↑╢ ─  

  ► ─  

ừ   

 ▪ ⌐≈™≡⁸ ─ ⌐⅔↑╢ ╩ ⌐ ∆╢↓≤⁹⌂⅔⁸

│ ⅜ ∆╢↓≤⅜ ╕⇔™⁹╕√⁸ │ 6 ↔≤⌐ 1 ∆╢

╟℮ ╘╢↓≤⁹ 

 ► ─ ─ ╩ 30 ∆╢╟℮ ╘╢↓≤⁹ 

ừ   

╩ ⇔⁸╕√│ ╡ ℮ ⌐ ⇔≡™╢ ⌐ ⇔≡│ ╛⅛⌐⁸╕

√⁸ ⌐ ↕∑╢↓≤≤⌂∫√ ⌐ ⇔≡│ ↕∑╢ ⌐⁸ ─ ⌐≈™

≡ ╩ ℮↓≤⁹ 

  ▪ ─ ⅔╟┘  

  ▬ ╩ ∆╢  

  ► ⌐╟╢ ⁸∕─ ⅔╟┘  

  ◄ ∕─ ─ ┼─ ╩ ∆╢√╘─ ⅔╟┘∕╣╠─ ⁸

─  

  ○ ─ ─  

  ◌ ─ ⁸ ⁸ ⅔╟┘  
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  ◐  

─ ⌐ ╢ ─ │ ∂≡ 4.5 ≤∆╢↓≤⁹ 

ừ  ─  

   ╩ ⇔⁸╕√│ ╡ ℮ ⌐ ∆╢ ⌐≈™≡⁸1 ╩ ⅎ⌂™

↔≤⌐ ─ ╩ ∆╢↓≤⁹ 

─  

⇔√ ─ ⅔╟┘ ⌐ ⇔√  

⌐╟╡ ⇔ↄ ↕╣╢ ⅜ ∂√≤⅝│⁸∕─ ⅔╟┘ ∂√ ─

 

 ⌂⅔⁸ ─ ─ │⁸ ╩ ∫√ ⅛╠ 30 ∆╢╟℮ ╘╢↓≤⁹ 

ừ  ─ ⅔╟┘ ─  

 ╩ ⇔⁸╕√│ ∆╢ │⁸ 24 ─ 14⅔╟┘ 24 ─

15⌂╠┘⌐₈ ─ │ ─ │ ─ ⌐ ∆╢ 24

133 ₉ ה 2 1 ⅔╟┘ 3 1 ─ ⌐

≠⅝⁸ ╕√│ ⌐ ─ ╩ ℮≤≤╙⌐⁸ ⌐ ♩כ◦♃כ♦ SDS ─

⌐╟╡ ╩ ∆╢↓≤⁹╕√⁸ ╩ ⇔⁸╕√│ ╡ ℮

─ ╩ ╗⁹ ∂⁹ ⌐ ╩ ╡ ╦∑╢ │⁸ ה 4

1 ⅔╟┘ 5 1 ─ ⌐ ≠⅝⁸ ╕√│ ⌐ ╩ ∆╢≤≤╙⌐⁸

⅛╠ ↕╣√ ╩ ⇔⁸╕√│ ∆╢ ⌐№∫≡│⁸ ה

4 5 ─ ⌐ ≠⅝ ⇔√ SDS─ ╩ ⌐ ∆╢ ⌐╟╡

⌐ ∆╢↓≤⁹ 

 

⅜╪ ─ ⌐ ∆╢ 28 3 31 ↑ 0331024

≢│⁸₈ ⌐⅔↑╢ ⌐ ∆╢●▬♪ꜝ▬fi⌐≈™≡ 17 3 31

↑ 0331017 ₉─ ╩ ⇔⁸MWNT-7 ⌐≈™≡│⁸ ≤⇔≡₈╤

₉⁸ ≤⇔≡₈ ╕√│ ◒꜡ⱴ♩◓ꜝⱨ ₉╩ →≡™

╢⁹↕╠⌐⁸MWNT- ╩ ╗♫ⱡⱴ♥ꜞ▪ꜟ⌐≈™≡│⁸ ⌐╟╢ ⌐ ⅎ⁸₈♫ⱡⱴ

♥ꜞ▪ꜟ⌐ ∆╢┌ↄ ─√╘─ ⌐≈™≡ 21 3 31 ↑ 0331013

₉⌐╟╢ ⅜ ≢№╢≤ ╩ ⇔≡™╢⁹ 

⅜╪ ⌐ ∆╢ 28 3 31 ↑ 0331026

≢│⁸MWNT-7 ⌐ ╢₈ ₉₈ ⁸ ₉₈ ₉⌐≈™≡⁸₈♫

ⱡⱴ♥ꜞ▪ꜟ⌐ ∆╢┌ↄ ─√╘─ ⌐≈™≡ 21 3 31 ↑

0331013 ₉─ ─ ⅔╟┘ ╩ ╕ⅎ╢ ⁸ ⌐ ∆╢↓≤╩ ╘≡⅔╡⁸╕

√⁸MWNT-7 ⌐ ╢₈ ─ ₉≤₈ ─ ─ ₉╩ ⇔

≡™╢⅜⁸₈ ₉│⁸ ≤⇔≡™╢⁹ 

 

MWNT-7≤ ─ CNT╩ ⌐ ⇔√  

MWNT-7≤ ↕╣≡™√⁸↓─ CNT─╖⅜ ─ CNT≤ ↕╣≡₈⅜╪∕─ ─

─ ╩ ⌐ ∏╢⅔∕╣─№╢╙─₉≤ ↕╣≡™╢─⌐│ ⅝⌂ ⅜ ≈№╢

≤ ⅎ╠╣╢⁹ ≈│⁸2014 ⌐ ╦╣√ ⅜╪ ─ ⅜╪ ⌐╟╡⁸MWNT-7⅜◒

ꜝ☻ 2B ⅜╪ ⅜№╢⅛╙⇔╣⌂™ ⁸ ─ CNT⅜◒ꜝ☻ 3 ⅜╪ ╩ ≢⅝⌂™ ≤↕╣

√↓≤≢№╢ 9)⁹╙℮ ≈│⁸2015 6 ⌐ ─ ⌐⅔™≡ ↕╣√⁸ ─

MWNT-7 ≢ 2 ⇔√ꜝ♇♩─ ⅜ ⅜╪╩ ⇔√≤™℮ ≢№╢75)⁹↓
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─╟℮⌐⁸MWNT-7⌐ ⇔≡│⁸ⱥ♩┼─ │ ⅛≢│⌂™╙── ⅜╪ ⌐≈™≡ ∆═⅝

≤™℮◖fi☿fi◘☻⅜ ↕╣≡⅝√ ≤ ⅎ╢⅜⁸ ─ CNT≤MWNT-7≤≢│ ⌐≈™

≡≥─ ─ ™⅜№╢─⅛╩⁸ 5 ─ ⌐ ↕╣√ ⅛╠⁸ ─ CNT ╛▪☻ⱬ

☻♩≤⁸MWNT-7╩ ⌐⅔™≡ ⌐ ⇔√ ╩⁸ 17⌐╕≤╘√⁹√∞⇔⁸

─ ╙ ₁№╢⅜⁸↓↓≢│ ∆╢⁹ ∆╢≤⁸MWNT-7≤ ─ CNT╛▪☻ⱬ☻♩≤≢

⌐ ⅜№╢≤∆╢ ⅜ ≈⅛ ╠╣╢⅜⁸ ⅜ ⌂™↓≤⅜ ⅛╢⁹ ⁸╟╡ ↄ

─ ╩ ∆╢↓≤⌐╟╡⁸CNT─ ─ ╩ ╠⅛⌐⇔≡™ↄ ⅜№╢≤ ⅎ╢⁹ 

 

17 MWNT-7≤ ─ CNT╩ ⌐ ⇔√  

─ CNT

╕√│▪☻ⱬ☻♩ 
   

╖ ∫√

CNT⁸ CNT

Zeon 

Corporation  

ꜝ♇♩⁸ ⁸

4 ╕≢  

NT7 ⌐⅔™≡ ⅔╟┘

─ ⁹ ╖ ∫√

CNT⅔╟┘ CNT│ ≢ ≢⅝

╢ ⌂⇔⁹ 

Toyokuni 

(2015)12) 

CNT 

(Cheap Tubes Inc.) 

ⱴ►☻⁸ ⌐╟╢

╩ 4 ×4 ⁸ 24

╕≢  

NT7 ⌐⅔™≡ כ◑ꜟ꜠▪⌐

⁹ CNT│ ─ ⌂⇔⁹ 

Rydman 

(2014)16) 

◒꜡◦♪ꜝ▬♩▪

☻ⱬ☻♩ 

ⱴ►☻⁸ ⁸

34 ╕≢  

NT7 ─ ⌐⅔™≡ │ ↄ

⇔ ─ ⅜╖╠╣√⁹◒꜡

◦♪ꜝ▬♩│ ⌐ ⌂⇔⁹ 

Yamaguchi 

(2012)76) 

CNT

Sigma-Aldrich ⁸

▪⸗◘▬♩▪☻ⱬ

☻♩⁸◒ꜞ♁♃▬

ꜟ▪☻ⱬ☻♩ 

ⱴ►☻⁸ ⁸

7 ╕≢  

NT7=CNTLONG1 ⅔╟┘▪⸗◘▬♩

⌐⅔™≡ ™ ⁹ CNT│

⌂⇔⁹ 

Osmond-Mc

Leod 

(2011)77) 

N- CNT 

(Nikkiso Co. Ltd.)⁸

N- CNT 

(Nikkiso Co. Ltd.)⁸ 

SG- CNT 

(AIST)  

►◘◑⁸ ⅔╟┘

⁸ 72

╕≢  

NT7 ⅔╟┘ N- CNT, SG-

CNT ⌐⅔™≡ ╕√│

⌂⇔⁹ 

N- CNT│ ⌐↔ↄ╦∏⅛⌂ ⁸

⌐ ⅔╟┘ ⁹ 

Ema 

(2011)18) 

⸗ꜟ⸗♇♩⁸ ⁸

48 ╕≢  

™∏╣─ CNT╙ ⌂⇔⁹ 

™ CNT⁸

╖ ∫√ CNT

≤╙⌐ Showa 

Denko  

ꜝ♇♩⁸ ⁸

1⅛ ╕≢  

NT7 ⌐⅔™≡

⅔╟┘ ─ ⁸ ≢─

⁸ ─ ⁹∕─ ─ CNT

≢│↓─╟℮⌂ ⌂⇔⁹ 

Nagai 

(2011)13) 

ꜝ♇♩⁸2

│ 1 ⁸ 1

350 ╕≢  

NT7 ⌐⅔™≡ ⁸ ─

CNT╟╡╙ ⅜ ↄ ⅜ ™⁹ 
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Ⅴ．CNT 含有複合材料からの CNT の排出＜参考＞ 
 

─ │⁸2015 12 14 ─ 27 6 ⌐╟╢

─ ⌐ ╢ ≢ ╦╣√ 3-5╩ ⇔√╙─≢№╢⁹ 

CNT ⅛╠─ CNT─ ⌐≈™≡─ ─ ╩ 18⌐╕≤╘╢⁹√∞⇔⁸ ⌐

∆╢ │ ╘≡™⌂™⁹ 

 

18 CNT ⅛╠─ CNT─  

  ⱪ꜡☿☻   

メカニカルプロセス 

Gupta et al. 

(2006) 78) 
Epoxy/MWCNT (50-70 nmה

) 0, 1% 

 

(hand-held 

sander) 

< > SMPS, 

CPS, OPC, 

SEM, TEM, 

Raman, IR 

MWCNT ─ ⁸♫ⱡ ─ ⅜ SMPS

≢ ⁹CNT─ ⅝ √ ⅝⌂ ⅜ TEM≢

↕╣√⁹ 

Bello et al. 

(2009, 2010) 
79,80) 

 CNT-Alumina hybridה

composite (epoxy, alumina 

fibers, and CNTs) 

 CNT-carbon hybridה

composites (epoxy, carbon 

fibers, and CNT) 

 Samples without CNTsה

⅔╟┘

─ ⅔╟

┘ (dry and 

wet cutting 

(band-saw and 

rotary cutting 

wheel), dry and 

wet solid core 

drilling) 

< > FMPS, 

APS, CPC, 

∂╪ , DC, 

SEM, 

TEM(ESP, TP), 

EDX, ICP-MS 

(WRASS) 

Cutting≢│ CNT ─ №╢⌂⇔≢ ⌐

⅜⌂ↄ⁸ⱨꜞכ─ CNT╛∕─Ᵽfi♪ꜟ⁸ ⅝

⌂ ⌐ ⇔√ CNT│ ↕╣⌂⅛∫√⁹ 

⁸Drilling ≢│⁸ⱨꜞכ⌂ Ⱶ◒꜡fi◘▬

☼─ CNT◒ꜝ☻♃כ─ ⅜ ↕╣√⁹

─ nm 10>)◒כ⸗☻╡╟⌐ )

⅜ ⇔√⁹ 

Cena & Peters 

(2011) 81) 
  Epoxy/MWCNT(Baytubes)ה

(Manual 

sanding) 

< >  

OPC, CPC, 

TEM 

CNT ─ ⅝ √Ⱶ◒꜡fi◘▬☼─ ⅜

⁹ⱨꜞכ─ CNT─ │⌂⇔⁹♫ⱡ ─

│Ᵽ♇◒◓ꜝ►fi♪≤ ╦╠⌂⅛∫√⁹ 

Wohlleben et 

al. (2011) 82); 

Hirth et al. 

(2013) 83) 

 Polyoxymethylene/MWCNTה

(Nanocyl NC7000) <5wt  

 Hardened cementה

paste/MWCNT (Nanocyl 

NC7000) 2wt  

 /Hardened cement pasteה

nanosized calcium silicate 

hydrates (CSH) 4wt% 

 Polyamide/SiO2 (Aerosilה

R8200) 4wt% 

 

(Sanding 

machine) 

< > 

 XPS, SIMS, 

SEM, LD, AUC, 

SMPS 

│ Ⱶ◒꜡fi◘▬☼⁹ⱨꜞכ─♫ⱡ

ⱨ▫ꜝכ─ │ ╘╠╣⌂⅛∫√⁹♫ⱡⱨ

╢╟⌐⇔⌂╢№─כꜝ▫ ─ ─

⌂ ™│ ╠╣⌂⅛∫√⁹cement/CNT─

sanding≢ CNT─ ⅝ √ ⅜ ⁹ ⁸

Polyoxymethylene/CNT≢│⁸∕─╟℮⌂

│ ╠╣⌂⅛∫√⁹ 

 

(Taber Abraser) 

< > SMPS ♫ⱡ ≤∕─꜠ⱨ□꜠fi☻≤≢ ⅜⌂

⅛∫√⁹ │⁸Taber Abraser machine⌐

∆╢ ≤ ╦╣╢⁹ 

Wohlleben et 

al. (2013) 84); 

Hirth et al. 

(2013) 83) 

ה ⱳꜞ►꜠♃fi
/MWCNT (Nanocyl 

NC7000) 3wt  

 

(Sanding 

machine); 

 

(Taber Abraser) 

< ה

> 

SMPS 

XPS, SEM, LD, 

AUC 

ⱨꜞכ─ CNT ─ │ ╘╠╣⌂⅛∫√⁹

CNT⅜ ⅝ √ ╙ ↕╣⌂⅛∫√⁹ 

Schlagenhauf 

et al. (2012) 
85) 

 Epoxy/MWCNT (Baytubesה

C150p) 0, 0.1, 1 wt% 

 

(Taber Abraser) 

< > FMPS, 

SMPS, APS, 

SEM, 

TEM(ESP), 

EDX 

│⁸CNT─ №╡⌂⇔⌐⅛⅛╦╠

∏⁸◘ⱩⱵ◒꜡fi⅛╠Ⱶ◒꜡fi◘▬☼≢№∫

√⁹CNT⅜ ⅝ √ ⌐ ⅎ≡⁸ⱨꜞכ─

CNT ⅔╟┘∕─ ⅜ TEM ≢ ↕

╣√⁹ 

Schlagenhauf 

et al. (2015a) 
86) 

 Epoxy/MWCNT (Baytubesה

C150p) 1 wt% 

 

(Taber Abraser) 

< > FMPS, 

SMPS, APS, 

MOUDI, TEM, 

ICP-MS 

▬○fi≢ CNT╩ꜝⱬꜟ ∆╢↓≤≢⁸

─ ⌐ ⇔√ CNT≤ⱨꜞכ─ CNT╩

⁹꞉ ɡ ⁸1≡™⅔⌐○ꜞ♫◦☻כ◔♩☻כ

m ─ (PM1)─℮∟ 0.4%⅜ ⇔√

CNT⁸ 0.004%⅜ⱨꜞכ─ CNT≢№∫√⁹ 
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Huang et al. 

(2012) 87) 
Epoxy/MWCNT (Baytubes 

10-50 nm , 1-20 ɡm )  

0, 1, 2, 3, 4 wt% 

commercially available 

products: Epoxy/CNT    

(<1 wt% ) and carbon fiber 

 (sanding) < > SMPS, 

ELPI, 

TEM(ESP), 

EDX, SEM 

CNT ─ ⅔╟┘ ─ ⌐

™⁸ ─ │ ∆╢ ⅜№

∫√⁹ ─ ≢│⁸100 nm

≤ 500 nm 5 ɡm ─ ─Ⱨכ◒⅜ ╠╣

√⁹ ↕⌂♫ⱡ◘▬☼ │ ≢№╡⁸

≤ ⅎ╠╣√⁹ ─

│⁸ ⌐╟╠∏╒╓ ≢⁸1 10 ɡm ─

─ ⅜ ⅛∫√⁹ ⌐╟

╡Epoxy⌐CNT⅜ ⅝ √Ⱶ◒꜡fi◘▬☼─

⅜ ↕╣√⁹CNT4 ─◘fiⱪꜟ≢│⁸

ⱨꜞכ⌂ CNT╙ ↕╣√⁹ 

Golanski et al. 

(2012) 88) 
Polycarbonate, 

Epoxy, and PA11 polymers 

/MWCNT 4 wt% 

Ⱪꜝ◦ Epoxy/MWCNT 

0.8%wt ,  

MWCNT─ 12 nm⁸

↕ 1 ɡm 

⁸ Ⱪꜝ

◦ 

(Linear Taber 

Abrader, 

Rotating steel 

brush and 

engraver) 

< > SMPS, 

ELPI, 

TEM(ESP), 

EDX, SEM 

Taber abrader⌐╟╢ ⌂ ≢│⁸ⱳꜞⱴ

─╠⅛כ CNT │ ╠╣⌂⅛∫√ ↓─

≢│⁸ ⇔√ CNT⅜ ⌐♩ꜝ♇ⱪ↕╣

≡⇔╕℮ ⅜№╢ ⁹ Ⱪꜝ◦⌐⅔™≡

│⁸Epoxyⱴ♩ꜞ◒☻┼─ ─ ™ CNT

⌐⅔™≡─╖⁸CNT─ ⅜ ↕╣√⁹

ↄ─ ⁸CNT─ №╡⌂⇔≢⁸

─ │ ≢№∫√⁹ 

Kuhlbusch et 

al. (2012) 89) 
ⱳꜞ◌כⱲⱠ⁸♩כⱳꜞ▪Ⱶ

♪⁸ⱳꜞ◄♅꜠fi/MWCNT 

(Baytubes C150p) 0, 5, 7.5 

wt% 

 

(shredding) 

< > SMPS, 

APS, SEM 

─ │⁸50 nm ≤ 1 ɡm

╟╡ ⅝⌂ ─ ─ ⅜ ╠╣√⅜⁸

CNT─ №╡⌂⇔⌐╟∫≡ ⅝ↄ ╦╠⌂

⅛∫√⁹SEM ⌐╟╡⁸CNT╩ ╗Ⱶ◒꜡

fi◘▬☼─ⱴ♩ꜞ◒☻ ⅜ ↕╣√⅜⁸

ⱨꜞכ⌂ CNT│ ↕╣⌂⅛∫√⁹ 

Hellmann et 

al. (2012) 90) 
 Epoxy/MWCNT (Baytubesה

C150p) 0.5 vol% 

 

(grinding) 

< >  

CPC, SMPS, 

ELPI,  

SEM (ESP, 

ELPI) 

◘ⱩⱵ◒꜡fi◘▬☼─ ⅜ ≢№∫

√⁹CNT⅜ ⅝ √ ⅜ ↕╣√⁹ⱨꜞ

─כ CNT│ ↕╣⌂⅛∫√⁹ 

Ogura et al. 

(2013; 2015) 
57,58) 

 ⱳꜞ☻♅꜠fi/SWCNTה

 5 wt% ,  

 ⱳꜞ☻♅꜠fi/MWCNTה

 7.5 wt% , 

 ⱳꜞ☻♅꜠fi(CNT⌂⇔)ה

 

(Grinding) 

< > SMPS, 

CPC, OPC, 

SEM, TEM  

CNT─ №╡⌂⇔⌐⅛⅛╦╠∏⁸♫ⱡ◘▬

☼─ ⅜ ⇔√⁹ ♬♦⸗כ◘│

≢כ♄כꜙ ∆╢≤⌂ↄ⌂╢─≢⁸

≢ ⇔√ⱳꜞ☻♅꜠fi ─ ≤ ⅎ╠

╣√⁹SEM⁸TEM ⌐⅔™≡⁸ CNT

≢│⁸CNT⅜ ⅝ √Ⱶ◒꜡fi◘▬☼─ⱳꜞ

☻♅꜠fi─ ⅛╠⌂╢ ⅜ ↕╣√⁹

CNT≢│⁸CNT─ ≤ ╠╣╢

⅜ ↕╣√⁹ 

Heitbrink & 

Lo (2015) 91) 
 Panel A: Epoxy containingה

graphite fibers  

 Panel B: Epoxy containingה

graphite fibers and  

cabon-based mat 

 Panel C: Epoxy containingה

graphite fibers,   

cabon-based mat, and 

MWCNT (50 nm ) 

(band saw), 

(sanding) 

< > FMPS, 

APS, Carbon 

analysis, 

TEM(

), EDX 

TEM ─ ⁸ⱨ□▬Ᵽכ│ⱤⱠꜟ C─

─ ⌐─╖ ↕╣√( │⁸4.3 ⅔╟┘

290 fibers/cm3)⁹ ⅛╠⁸ ↄ─►ꜟ♩ꜝ

ⱨ□▬fi ⅜ ⇔√⁹ 

Methner et al. 

(2007) 92) 
  Epoxy/CNFה

(Wet saw 

cutting) 

< > 

 ELPI, CPC, 

DC, ∂╪ , 

Carbon analysis, 

TEM(ESP) 

Wet saw cutting─ ⁸400 nm╟╡ ⅝⌂

─ ⅔╟┘ Total carbon ⅜ ⇔

√⁹ 

Methner et al. 

(2012) 93) 
Epoxy/CNF ⁸ה

⁸  

(Grinding, wet 

saw cutting, 

machine 

sanding, hand 

sanding) 

< > 

CPC, OPC, 

∂╪ , Carbon 

analysis, 

TEM( ) 

─ CNF⅔╟┘∕─Ᵽfi♪ꜟ⁸ ⅜

↕╣√ 
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劣化プロセス含む 

Nguyen et al. 

(2011) 94); 
Petersen et al. 

(2014) 95) 

 Epoxyה

 Epoxy/MWCNTה

  Epoxy/SiO2ה

, 

└∫⅛⅝ 

< > 

 SEM, TEM, 

EDX, XPS, 

FTIR, AFM, 

Weight loss 

Epoxy/MWCNT ─ │⁸√∞─ Epoxy ╛

Epoxy/SiO2 ╟╡ ⅛∫√⁹ⱴ♩ꜞ◒☻─

⌐╟╡⁸♫ⱡⱨ▫ꜝכ─ ┼─ ⅜ ╠

╣√⁹SiO2│ ⅜ ↕╣√⅜⁸CNT│

≢ ⌂Ⱡ♇♩꞉כ◒ ╩ ⇔⁸ │

╘╠╣⌂⅛∫√⁹Ⱡ♇♩꞉כ◒ ─ CNT

│ Epoxy╟╡└∫⅛⅝⌐ ⅛∫√⁹ 

Ging et al. 

(2014) 96) 
 Epoxyה

 %Epoxy/MWCNT 1wtה

 %Epoxy/amino-MWCNT 1wtה

⁸  < > 

XPS, FTIR, 

SEM 

⌐╟╡⁸CNT⅜ ⌐ ⇔√⁹ 

Wohlleben et 

al. (2011) 82) 
 Polyoxymethylene/MWCNTה

(Nanocyl NC7000) <5wt  

 Hardened cementה

paste/MWCNT (Nanocyl 

NC7000) 2wt  

 /Hardened cement pasteה

nanosized calcium silicate 

hydrates (CSH) 4wt% 

 Polyamide/SiO2 (Aerosilה

R8200) 4wt% 

 < > 

XPS, SIMS, 

SEM 

Polyoxymethylene/MWCNT≢│⁸ ╕∫√

CNT ⅜ ⌐ ⇔√( ∏⇔╙ ≢│⌂

™)⁹Polyamide/SiO2 ⅔╟┘☿ⱷfi♩─♫ⱡ

≢│⁸♫ⱡⱨ▫ꜝכ│ ⌐≤≥╕∫

≡™√⁹ 

Wohlleben et 

al. (2013) 84) 
ה ⱳꜞ►꜠♃fi

/MWCNT (Nanocyl 

NC7000) 3wt  

⁸  < > 

XPS, SEM 

⌐ ∂≡⁸CNT⅜ ⌐ ⇔√⁹

№╡─ │⁸⌂⇔─ ⌐ ═≡⁸3 ─

↕≢ⱳꜞⱴכ⅜ ⇔√⁹ ⇔√ ╕∫

√ ─ CNT│⁸ ⌐ ∆↓≤≢│ ↕╣

⌂⅛∫√⁹ 

Vilar et al. 

(2013) 97) 
 PA6ה

 PA6/MWCNT (Nanocylה

NC700) 3% 

non-compatibilized 

 PA6/MWCNT (Nanocylה

NC700) 3% compatibilized 

 PA6/SiO2 hydrophobicה

 PA6/ SiO2 hydrophilicה

⁸  < > 

SEM, TEM, 

EDX, FTIR, 

TGA, DSC, 

Weight loss 

─ │⁸compatibilized CNT≢ ╟╡

⌂⅛∫√⁹CNT⅔╟┘ SiO2│⁸ ─ ⌐

╟╡ ┼ ⇔√⁹ 

Schlagenhauf 

et al. (2015b) 
98) 

 Epoxy/MWCNT (Baytubesה

C150p) 0, 0.1, and 1 wt% 

⁸ ⁸

(Taber 

Abraser) 

< >  

SMPS, APS, 

SEM, 

TEM(ESP), 

ICP-MS, AFM, 

FTIR 

⌐ ↑≡╙⁸ ─ │ ╦╠⌂⅛

∫√⁹UV ⌐╟╡◄ⱳ◐◦─ ⅜

⇔⁸ 2.5 ɡm ⇔√⁹ ⱪ꜡☿☻⌐╟

╡⁸1 ɡm ─ (PM1) ─ CNT

─ ⌂ │ ╘╠╣⌂⅛∫√⁹ ─

UV ⌐╟╡⁸ CNT─ │ 0.6%⅛╠

0.4%⌐ ⇔√⁹ 

Jiang et al. 

(2014) 99) 
 ⱳꜞ☻♅꜠fi/SWCNT 0, 5ה

wt% 

 

(shot blasting)⁸ 

 

100ϴ10 ⁸

350ϴ1  

< > 

SEM, TEM, 

Weight loss 

CNT⅜ ⅝ √Ⱶ◒꜡fi◘▬☼─ ≤◘Ⱪ

Ⱶ◒꜡fi◘▬☼─ CNT ⅜ ↕╣

√⁹350ϴ≢ ↕∑√ ⁸ ⅜

⇔⁸ ─ ⅜ ⇔√⁹ ╛꜡

ⱪכ ─ CNT⅜ ↕╣√⁹ 

APS: aerodynamic particle sizer, AUC: analytical ultracentrifugation, CPC: condensation particle counter, DC: diffusion charger, DSC: 

differential scanning calorimetry, EDX: energy dispersive X-ray spectroscopy, ELPI: Electrical Low Pressure Impactor, ESP: 

electrostatic precipitator, FMPS: fast mobility particle sizer, FTIR: Fourier transform infrared spectroscopy, ICP-MS: inductively 

coupled plasmaïmass spectrometry, LD: Laser diffraction, MOUDI: Micro-orifice uniform deposit impactors, OPC: optical particle 

counter, SEM: scanning electron microscopy, SIMS: secondary-ion mass spectroscopy, SMPS: scanning mobility particle sizer, TEM: 

transmission electron microscopy, TGA: thermogravimetry, TP: thermal precipitator, WRASS: wide-range aerosol sampling system, 

XPS: X-ray photoelectron spectroscopy 

MWCNT: ◌כⱲfi♫ⱡ♅ꜙכⱩ⁸SWCNT Ⱪ⁸CNFכꜙ♅Ⱳfi♫ⱡכ◌  כⱲfi♫ⱡⱨ□▬Ᵽכ◌

 

 

 ⌐⁸CNT ⅛╠─ CNT─ ⌐ ∆╢ ─ ⌐≈™≡⁸∕─ ╛ ╠╣≡™

╢ ⌂≥╩ ⌐╕≤╘╢⁹ 
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⁸  

ↄ─ ⌐⅔™≡⁸ ─ ╛ │ ─╟℮⌂╙─≢№╢⁹ 

⌂כꜞⱨה ⅛╠ ⌐ ⇔√ ≢─ CNT 16─ A╛ B ─ ─  

⅜CNTה ⇔√ ⅝ √ ─ 16─ C ─ ─ ⁸ ─  

ה ⌐⅔↑╢ CNT─ ⁸∕↓⅛╠─ ─  

ה ⌂ ⁸  

│≢CNTה ┼─ ⌐ ∆╢ ⅜ ≢№╢⅜⁸TiO2⌂≥≢│ ┼─ ─ ╙™ↄ≈

⅛⌂↕╣≡™╢100,101)⁹ 

 

 

A    B    C    D    E    F 

16 CNT ─ ⌐╟╡ ↕╣℮╢ ─  

A ⅛╠ ⌐ ⇔√ CNT  

B ⅛╠ ⌐ ⇔√ CNT  

C ≤ CNT─ CNT⅜ ⇔√ ⅝ √  

D ≤ CNT─ CNT⅜ ⇔≡™⌂™  

E ─ CNT╩ ╕⌂™  

F ⌂≥≢ ⅜ ⇔√ CNT╩ ╕⌂™  

 

─♃▬ⱪ 

ה ─♃▬ⱪ│ ∆╢≤ ─╟℮⌂╙─⅜№╢⁹ 

 1. CNT ─  

 2. CNT-▪ꜟⱵ♫ ╛ CNT-◌כⱲfi ─ №╡ 79,80)
 

♩fi◓⁸Ɑ▬fi▫♥כ◖─┼ .3  TiO2⁸ZnO⌂≥≢ ™  

⌐CNTה ∆╢ ─╒≤╪≥│ CNT MWCNT ─ ╩ ≤⇔√╙─≢№╢⁹

MWCNT≤◄ⱳ◐◦ ─ ╩ ≤⇔√ ⅜ ™⁹ 

ה CNT SWCNT ╩ ≤⇔√ │ ⌂™ 57,58,99)⁹ 

 

ⱪ꜡☿☻ ─ 82,85)
 

1. ⁸ ⁸ ⁸ ™◄Ⱡꜟ◑כ⌐╟╢╙─ 

2. ─ ™◄Ⱡꜟ◑כ⌐╟╢╙─ 

3. ⌐╟╢ ─ ה ⁸ ⁸ ⁸ ⌂≥⌐╟╢╙─ 

⌐ │ ─ ⌂≥⁸3≤ 1╛ 2╩ ╖ ╦∑√ ⅜ ⅎ≡⅝≡™╢⁹ 

 

 

ה ⌐ כⱣכ♥⁸│≡⇔ Taber abrasion ╢╟⌐כꜝכ꜡  JIS K7204⁸

JIS K 5600-5-8&9⁸ISO7784-1&2⁸ISO9352⁸ISO5470-1⁸DIN 53754⁸DIN 68861ï2⌂≥ ⅜⇔┌

⇔┌ כⱣכ♥⁸⇔∞√⁹╢™≡╣╦ │⁸ ⇔≡⁸ ─ ⅜ ™ 82,88)⁹ 

ה weathering ⌐≈™≡│⁸ISO 4892-2⌂≥⌐ ∂≡ ⅜ ╦╣≡™╢ 82,84,97)⁹ 

─⧵ה ⁸ sanding ╛ grinding ⌂≥│⁸ ≢∕╣∙╣─ ≢ ╦╣≡™╢⁹ 

 

╛ ─  
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ה ┼─ ─ ≢│⁸◄▪꜡♂ꜟ ⅜⇔┌⇔┌ ╦╣╢⅜⁸◄▪꜡♂ꜟ ≢

│⁸CNT≤∕╣ ─ ╩ ∆╢↓≤⅜≢⅝⌂™⁹ ─ ⁸ⱨꜞכ⌂ CNT─ ⁸

CNT─ ⌂≥─ │⁸ ↄ─ ⁸ ⌐ ∫≡™╢⁹√∞⇔⁸

│⁸ ⅜ ⇔™⁸ ◖☻♩ ⅜⅛⅛╢⌂≥─ ⅜№╢⁹ 

╠Schlagenhaufה 2015 │⁸№╠⅛∂╘ CNT╩ ▬○fi≢ꜝⱬꜟ ∆╢↓≤⌐╟╡⁸ ─

⌐ ⇔√ CNT≤ⱨꜞכ─ CNT╩ ⇔≡™╢ 86)⁹ 

╩ⱪ│⁸XPSכꜟ◓─╠Wohllebenה ℮↓≤⌐╟╡⁸ ─CNT─ ╩ ⇔≡™╢ 83,84)⁹ 

 

╛ ⁸ ⌂≥⌐╟╢  

ה ╛ ⁸ ⌂≥⌐╟∫≡⁸ ⌐ CNT⅜ ⅝ √ 16─ C ⅜ ↄ─ ≢

↕╣≡™╢ 57,58,78,81,82,85,86,87,90,99)⁹Hirth ╠ 2013 │⁸CNT⅜ ⅝ √ ⅜ ↕╣╢

◄ⱳ◐◦╛☿ⱷfi♩⌂≥ ≤⁸ ↕╣⌂™ ⱳꜞ○◐◦ⱷ♅꜠fi╛ ⱳꜞ►꜠

♃fiⱨ◊כⱶ⌂≥ ⅜№╢↓≤╩ ⇔≡™╢ 83)⁹ 

ה ™ CNT╛ ⇔√ CNT─ ⁸ⱨꜞכ⌂ ⅛╠ ⌐ ⇔√ CNT 16─

A╛ B ─ ╙™ↄ≈⅛─ ≢ ╘╠╣≡™╢ 58,80,85,87,88,93,99)⁹√∞⇔⁸ ⌂ │╒

≤╪≥⌂↕╣≡™⌂™⁹ 

╠Schlagenhaufה 2015 │⁸ ▬○fi≢ CNT╩ꜝⱬꜟ ∆╢↓≤≢⁸Epoxy/MWCNT 1 wt%─

─ ⌐ ⇔√ CNT≤ⱨꜞכ─ CNT╩ ⇔≡™╢⁹꞉כ◔♩☻כ☻◦♫ꜞ○⌐⅔™

≡⁸1 ɛm ─ PM1 ─℮∟ 0.4%⅜ ⇔√ CNT⁸ 0.004%⅜ⱨꜞכ─ CNT≢№∫

√ 86)⁹ 

─CNTה ⌐⅔↑╢ ⅜ ™ ≢⅛√╕╡≤⌂∫≡™╢ ╙── ⅜⁸

CNT⅜ ⇔╛∆™ ⅜№╢ 58,88)⁹ 

ה ╛ ≢│⁸CNT─ ─ ⌐╟╠∏ ⅜ ⇔⁸∕╣╠─ ─ │ ≢⌂

™ ⅜ ™ 79,82,85,88)⁹◘fi♪ⱭכⱤכ╛ ⅛╠╙ ─ ⅜ ↓╢ 58,82,87,91,102)⁹ 

ה ╛ ⌂≥≢ ⅜ ∂╢ ⁸ ─ ה ⌐╟╢♫ⱡ◘▬☼ ─ ⅜

↓╡℮╢ 57,58,80,87)⁹Huang╠ 2012 │⁸♫ⱡ◘▬☼ │ ≢№╢↓≤⅛╠⁸

─ ≤ ⇔≡™╢ 87)⁹╕√⁸Ogura╠ 2013 │⁸ ⅜ ∆╢≤⌂ↄ⌂╢↓≤╟

╡⁸ ⇔√♫ⱡ◘▬☼ │ CNT≢⌂™↓≤╩ ⇔≡™╢ 57)⁹ 

 

 

⌐╟╢ ⅜ ↄ ╦╣≡™╢⁹ ⌐ ™ ─ ⁸ ⌐╟∫≡ ⅜

∆╢↓≤⌐╟╡⁸CNT⅜◘fiⱪꜟ ┼ ∆╢ 82,84,94,95,97)⁹√∞⇔⁸CNT│∕─Ⱡ♇♩꞉כ◒

⌐╟╡⁸ ╠⅛⌂ │ ╘╠╣≡™⌂™⁹ ⁸SiO2 ─ ⌐│⁸ ⅜ ╘╠╣≡™

╢ 94)⁹ 

 

─ ≤  

ILSI International Life Sciences Institute⅜ ∆╢ΓNanoRelease Consumer Productsò

ⱪ꜡☺▼◒♩≢│⁸MWCNTⱳꜞⱴכ╩ ≤⇔√ ╩ ∫≡⅔╡⁸ ↄ─ ⅜№╢
103,104,105,106,107,108)⁹ⱪ꜡☺▼◒♩─ ╩ ⌐ ISO/TC229/WG3≢ ─ ⅜ ↕╣≡™╢⁹ 

≤⇔≡⁸NanoReleaseⱪ꜡☺▼◒♩ ─ ─ ⌐ Schlagenhauf╠(2014)
109)─ ⅜№╢⁹ 

 

─ ─ ⌐≈™≡ 

CNT ─ ─ ╩ ⇔√ │ ╠╣≡™╢⅜⁸ ─╟℮⌐⁸CNT
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─ ─ │ CNT∕─╙─╟╡╙ ™⁸╕√│ CNT╩ ╕⌂™ ≤ ╦╠⌂™≤™℮

⅜ ╠╣≡™╢⁹ 

╠Wohllebenה 2011│⁸ⱳꜞ○◐◦ⱷ♅꜠fi CNT№╡/⌂⇔⅔╟┘hardened cement paste CEM

+CNT№╡/⌂⇔⌐≈™≡⁸∕╣∙╣─ ─ ╩ ⌐ ⇔⁸ ╩ ⇔√

⁸ꜝ♇♩┼─ ╩ ∫√ 82)⁹ ⌐╟╢ │⁸CNT ─№╡/⌂⇔≢ ⅜

⌂ↄ⁸ⱳꜞ○◐◦ⱷ♅꜠fi─ ─ ⅝↕│⁸TiO2╛◌כⱲfiⱩꜝ♇◒╟╡⅛⌂╡ ↄ⁸CEM

─ ─ ⅝↕│⁸TiO2≤╒╓ ≢№∫√⁹╕√⁸∆═≡⌐⅔™≡⁸ ─ ⅝↕│⁸CNT

∕─╙─╟╡ ⅛∫√⁹ 

╠Wohllebenה 2013 │⁸ ⱳꜞ►꜠♃fiⱨ◊כⱶ CNT№╡/⌂⇔─ ⌐≈™≡⁸

─ ◌♇♩☻ꜝ▬☻ precision cut lung slicesPCLuS ╩ ™√ in vitro ⌐╟╡⁸

╩ LDH ⅔╟┘Ⱶ♩◖fi♪ꜞ▪ ⌐╟╡ ⇔√⅜⁸CNT

─№╡/⌂⇔⌐⅛⅛╦╠∏⁸ │ ╘╠╣⌂⅛∫√ 84)⁹ 

╠Gingה 2014 ⌐╟╢◦ꜛ►☺ꜛ►Ɫ◄╩ ™√ ≢│⁸ⱨꜞכ─▪Ⱶⱡ MWCNT≢│

⅜ ∆╢─⌐ ⇔⁸MWCNT⅔╟┘▪Ⱶⱡ MWCNT─◄ⱳ◐◦ⱨ▫ꜟⱶ◖fiⱳ☺♇♩

─ ≢│⁸ ⅜ ╘╠╣⌂⅛∫√ 96)⁹ 

╠Schlagenhaufה 2015a │⁸◄ⱳ◐◦ⱬכ☻─MWCNT─ ⌐≈™≡⁸A549ⱥ♩

⅔╟┘ THP-1 ⱴ◒꜡ⱨ□כ☺╩ ™√ in vitro ╩ ™⁸ ROS

⁸ ⁸ ◘▬♩◌▬fi─ ⁸ ╩ ⇔√ 86)⁹MWCNT │ ROS

⅜ ╘╠╣√⅜⁸ ⌐≈™≡│⁸™∏╣⌐⅔™≡╙ ⅜ ╘╠╣⌂⅛∫√⁹ 

╠Schlagenhaufה 2015b │⁸◄ⱳ◐◦ⱬכ☻─MWCNT─ ⌐≈™≡⁸ⱥ♩

THP-1 ╩ ™√ in vitro / ⁸ ╩ ∫√

⅜⁸◄ⱳ◐◦─╖─ ≤ ⇔≡⁸ ─ ─ │ ╘╠╣⌂⅛∫√ 98)⁹ 
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