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(7} peer review ® =% ¥ EIuAY HE

6. 7 A% Aqnto] AR H71A (monograph)©] 1§

(1) HAEAY] gurd 4w
@ £43 A
(3) A AL
@) E2WNES} v 2
) A A4
h dstzAr 1
UELEXERES
() 93t 2AH) A
(3) Meta B4 TR R4
4) AN7+3 ax
6) AN BB ATA AL
(6) A}oA BEF
(th 5=48 1%
(1) $24% A5 ®
(2 s=HF FHA H
(3) EAIEA
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L=

FH(Toxicokinetics) 2t

A N1AAE

1

oR

()

71 Ats

FA

Bo

® °
() sk

1) =45

- 12 -



V. CNT Zfefd 2 A=

1. CNT &etE2

2008 IARCE 3% W71

% 454 2 b) B4

B7IHE Al

2 83 3 4% 508 & Faolel o] d gausFE
(CNT)= David Coggon(%=7), Jennifer Sass("]=), Paul A Schulte(?]=)] 3% <]3|
Arge] Hler, ofge] AW3 off= UierlEo] TG wet go] &8°] Ha 3l
o] 53] ZEAY =Zo] Bo] oM, =83 ddo] A FAste MW FALG
b el Jidde] v Aol 7)1,

Name David Coggon

Principal affiliation

MRC Epidemiology Resource Centre, University of
Southampton, United Kingdom

Public health reason for IARC to undertake this
review?

Nanotechnology is developing rapidly with many
potential applications. Evidence is beginning to
emerge that nanotubes could pose cancer risks

similar to those from asbestos.

MName

Jennifer Sass

Principal affiliation

Matural Resources Defense Council

If the substance was previously reviewed, what new
information would lead to a change in the
evaluation?

Multiwalled Carbon Nanotubes (MWCHNT): Substantial
animal studies report that exposure to MWCNTs by
tracheal installation induces progressive, irreversible
lung fibrosis that would likely lead to cancer. New data
strongly suggests the potential for single-walled
carbon nanotubes (SWCNT) to cause lesions that
may lead to mesothelioma. The potentially-
widespread use of these new materials and allied
potential for exposure and harm argue strongly for an
evaluation of existing literature. Objective review of
existing information is critical to support appropriate
actions across the globe on this potential carcinogen.

Public health reason for IARC to undertake this
review?

Widespread water contaminant.
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Name Paul A. Schulte, Ph.D.

Principal affiliation Mational Institute for Occupational Safety and Health
Public health reason for IARC to undertake this Carbon nanotubes are likely to be used increasingly
review? in a large number of products. Therefore, increasing

numbers of workers may be exposed to

them. Preliminary information indicates that carbon
nanotubes may have similar carcinogens potential as
other durable natural or man-made fibers.

IARCOIA 7REE 2010-2014'd TARC monograph AHE9]€138](2008'd 617209 Z ks
2]-8)7 20152019 TARC monograph AHE-91913](2014 4.7-99 =2 -g)olx 2zt
gauysFEe gFY g2y R8E Hrt $45Y (high priority)7l & 22

f
23

getgom old ¥713]9(2014.9.30-10.7Y)d A LAY EF TF HUlsty AnE ¥R
712 SAth(FHALET 2)
- AR - AxFe] BolAal, 2] =Fo] 7t Zloln, B4 &2 Y
o] glom, o}zl MWCNTE #7tetA] edton, #d st g7t §I7] wEol 474
ATk Lok A7) waA Aol 20149 GEoA gk E AolH, fyoly w=

HE e ARIAG AY Foz 59 W) B A= Qo)
o 183 MWCNT= #& &3 294 A 4 e, &7] in vivo?} in vitro
Ao A fibreto] B, A7), AaAd] o5 METH
et (s 3).

ro,
of
.?l’z
o
Ny
ol
)
Ir
2
o
fr

gAyrFHE AU FASHA Aspect ratio(Zo] tivl A 7)7F =31 biodurability
(BAHLG)7F A biopersistent (B A A &A)0] Aol AW fAG AgS I
ATE oS AAEE =wee] U TREUG

- Poland et al (Nature Nanotechnology 2008, 3(7);423-8)¢] “Carbon nanotubes

introduced into the abdominal cavity of mice show asbestos-like pathogenicity in a
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pilot study” : CNTE E4o] TS of A3 FAS 2
(FaEH 4)

mlo

=
-

rr

suren

i

- Takagi et al (J. of Toxicological Sciences, 2008, 33 (1): 105-116) “Induction of
mesothelioma in p53+/- mouse by intraperitoneal application of multi-wall carbon
nanotube" : p53+/- AF A MWCNTE H7Zo] FAIUCY FIFo] FEdts
= (FaEd 5)

- Tagai et al (J. of Cancer Science 2012, 103(8) 1440-1444) '"Dose-dependent
mesothelioma induction by intraperitoneal administration of multi-wall carbon
nanotubes in p53 heterozygous mice : 2008'd =79 =& &7 Ao gk wkaba)
22 300 oA 3 ) HEe §HL Byl Folse] gANSH FNTL BB
SATE B (B2 6)

o)

- Sargent et al (Particle and Fibre Toxicology, 2014, 11:3) "Promotion of lung
adenocarcinoma following inhalation exposure to multi-walled carbon nanotubes"
MWCNTE &% initiator?] methylcholanthrene (10 zg/g BW, ip)Z ZAzg] #H A
HAA 5 mg/m39] MWCNTE SYLo2 3FFo 5A7H4 35 (159) At & 1771
4 Fo] #FIEY HollA A H(Adenocarcinoma)o] LA E o] MWCNTZ} F %]

=74 (promotor)Z Z-&3ths A7E W (FLEH 7)

_l}lf

<FEQ AAHE>

CNTe| =&0| 2 L&£Z=2°2 ¢ ofHX|ot EZF0{o 2ol ZFuFo| LM
Cle o2, suAMxZe FIFT MMH2 MEE0|Mel HozZ 22X U0{, CNTL 4
M FAMM S Ho{F1D 20, Sargent 52 =20dA MWCNTL S:-Z0| S

) CNT7} DNA &4 3 g8Ad 9F& FEdt= in vio A3 3
SEAY
- Sargent et al (Nanotoxiology, 2010, 4(4): 396-408) "Potential pulmonary effects of
engineered carbon nanobutes in vitro genotoxic effects" : 21l 7}= CNT7}F AlE &
Foll #Jt= microtubule® FAFSEL CNTY =%o] FA4AH| ¢ mitotic spindle (4
FANE WA GHA Lol oS S (FEE 9)
- Sargent et al (Mutation Research 2012, 745: 28-37) “Single-walled  carbon
nanotube-induced mitotic disruption” : SWCNT9] M ¥ =%

I, RFA 8 FAA o WAL Fol o4y GAAS Fustel T WYY

o
>
53]
M
g
©
ol\
N
ol
8B
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Measured by Comet Assay of Sprague Dawley Rat Lung Cells after Five Days of
Inhalation Exposure and 1 Month Post-Exposure to Dispersed Multi-Wall Carbon
Nanotubes Generated by New MWCNT Aerosol Generation System' : A2
MWCNT o2& SAA2FS o] 88t dswol 547 =Esta R #23)
A< ul, DNA &4o] AFHAD & HEo2 MWCONT 9540l ok DNA &

2 AEHANeH H 2A o MWCNTZL A &4 L

ol =& F ¥t ol 1Y %
2 BR(FLEH 10),

- Kim et al (Inhalation Toxicology, 2014, 26 (4): 222-34) "In vivo genotoxicity
evaluation of lung cells from Fischer 344 rats following 28 days of inhalation
exposure to MWCNTs, plus 28 days and 90 days post-exposure“ : MWCNTE 28
I FHOE =3AA DNA &85 Fsicrl =& F 90 714 DNA &3]
A&(FHEH 11)

- Rittinghausen et al(Particle and Fibre Toxicology, 2014, 11(59) "The carcinogenic
effect of various multi-walled carbon nanotubes (MWCNTs) after intraperitoneal
injection in rats : MWCNT 4%l tial T8 A& 2d A= &9) 29 25

TYUSs FEskAdva E, Feol Fufle] T FE(FALER 12)

<TEQAIAME>
CNTe| =Z0| DNAd| =42 F1 HAMXH 0|A0| in vitro/in vivoollA et = /oy
£35] S¢of 2|5t T DNA £4t0] ghMst = flon{ MWCNT= Hof|AM wa| ujZE

Hx e YHAENS HOIFD A

A AFE AAY 28] EFo] FEHAL el N 147} A 2799 vheg
4 A7 22A9 13799 dxe 224 A49RL 2 =R,

- Liou et al, ] Nanopart Res 2012, 14: 878) "Epidemiological study of health hazards

among workers handling engineered nanomaterials": U=52 FFIZAol| AA 3

2bshAl 52291 superoxide dismutase (SOD)$} glutathione peroxidase (GPX)9] %
o] Zadtgdvty R (FuEH 13).

- Liao et al (Nanotoxicology, 2013, Epub) "Six-month follow-up study of health
markers of nanomaterials among workers handling engineered nanomaterials" : 3
A AL o] % 6/lE & IS A= ONT =S s atsiAQl
GPX¢ LiQ} Comet assy (L/H ratio) 18]a #H7|5¢ WIS 7MAgtha B

- 16 -



5. CNTS] @7 FUSA8AE

obef el Hob 2ol FAUFEAHCl ke FEo] MWCNTES o] &-3ste] F3H A

MWCNT Baytube Nanocyl Mitstui-7 C
= 90 & == 90 L =-=/90 | MY == 1774 90 = /
180 L B = 2 3= & 90 &
Concentration 0, 0.10, 0.4, 0, 0.1 05,25 5 mg/m3, 0, 0.2, 05,10
1.5, 6.0 mg/m?3 mg/m?3 (MCA injection) mg/m?3
m ol grg o M E F A LotE U m| M 2t ?
Focal septal A=
thickening
Intra- - - Z=o| = -
peritoneal
injection
2 year - - TIoH = -
carcinogenetic
study

- Ma-Hock et al (Toxicological Sciences, 2009, 112 (2): 468-481) "Inhalation toxicity of
multiwall coarbon nanotubes in rats exposed 3 months" : Nanocyl (NC 7000)<]
MWCNTE o]&3t4 0.1, 05, 25 mg/m39] T=2 90 olihd FYH4ANES A
Alstal HeMel sk oEH]] A5 Fopgo] TAHALT, NOAEL (F3&Fe
D)= AA3E 7 IS (FHLEF 15).

- Pauluhn et al (Toxicological Sciences, 2020, 113 (1):226-242) "Subchronic 13-Week
Inhalation Exposure of Rats to Multiwalled Carbon Nanotubes: BaytubeE ©]-§3}
o] 0.1, 04, 15 6 mg/m39 HE 90Y ol FIEAAIS AAsHL 04
mg/m3 olael EEolN E/ TS Fol AAHY &IHT F7} 2
i, T4 AFA F BIZEAIY remodelingS TEY F dAoH, IR =

Q23 4482 UENE collaged F74E @78 FAFEE  (NOAEK)L

- Mercer et al (Particle and Fibre Toxicology 2013, 10:33) "Distribution and fibrotic
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response following inhalation exposure to multi-walled carbon nanotubes"
Hodogaya®] MWCNT-7% 5 mg/m32] == 3150 5A174 dFdol 49, 3573t
(12¥) =23t A, 1, 14, 84, 168, 336Y ¥l HE #AZ}A=
dso] vk fEHoE FUbedlaL, He ARt JAHe s BEle
MWCNTY] #HA&4S TAFLER 17).

- U= MWCNTOl thet 90 FASEAEE d7AEe] “F9 548 53
CNT 97y gAz sdsidled, F3 q¥zs 2dsA Xy,

MWCNTS] =29l 28] DNA damage 373}

rr
&
jutes
ol\
::1,

2
ol\
=)

F

SUSHATFoM =&7|7H0] Hol 22 2ASHK| RS gt sEofEX el HolAM e
HE0| wHEden, =2 sEolME Meet MAS LAY = AAS. DNA &9

6. CNTS] S47]d

97 D A4 BE fibere] Mol ool 2E Aol FEAH WANAL 7}

A2 it

Yrtel Y
bl A Sofh AT
HAME FY L SIS E3H0
APOIEZHE], A& EIE 1
SRR AL S |
| grof
= W M| Edeat
A= = T [egt-s-
858 ——
MzEg
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VI. IARC gtetd "ot 7|&

7 Az
Group HASHAl= S A= JIERAI=
Sufficient ANy Any
1
Less than sufficient Sufficient Stronaly positive
Limited Sufficient L anstonds
2A positive
Inadeguate or not available Sufficient Stronaly positive
Limited Less than sufficient Any
oB Inadeguate or not available Sufficient Less than strongly positive
Inadequate or not available Limited Strongly positive
3 Inadeguate or not available Limited Less than strongly positive
Mot elsewhere clazsified
Suggesting lack of Suggesting lack of any
A carcinogenicity carcinogenicity
Inadequgte or hot Suggelstmg |EllCIk of Strongly negative
available carcinogenicity

<79 3> g3tAtE, TEANAE 2 Ve 482 EWGemiatycki 5, 2004)
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7}3) 9o A AAMA 1074 219 o] AE7}

3

22 g9 JARC

R} e

4

=

20143 10

3l Z+= Lancet

shg.0m]

37

ofele} 2ol

=
=

3

™ 3% TARC momograph®] 111#

OncologyA'd 7F2(% 18)

(volume)

<A>

(SWCNT)$} 97 ] 10-200nm

1|
wE
iy

MERE 4 sholaz e

3

=
¢}

°] 7}

A

5

3T
=

, AR

)

Fatt. dA7A =

53 HA

7} F@Edor, MWCNT-79 7% #9 27y F44
= Aoz Yelyth 3 MWCNT-7 &

S

29 AN 718

o

o] g Atk 18)al MWCNTS &84

0l35
H

o] Wy

Z9%

o A]

540l
s,

o] w4

=
o

ol
A, MWCNT-79} Ak

3

I

g 3

3

4K

3|
pud

!

=
S

A, T3 SWCNTY 7% kAo

=
o

MWCNT= A|$H4

A A]

=
T

.

S

=99

o=z Jghgth 183 DNA 7t Ad, DNA & 7]44H3),

Al

A

—_
1o

of

o] A}

=
=]

o) =4u)AY

X3

toad gatA |

S

As Y

A7F dA AN =
0 F MWCT-7& 18 2B %A 4 (Possible)E2, MWCNT-7& A 4

ol =%
P - [e)

IF 39 ¥¢A g4 B 2242 BERE
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VIIl. EtLEeJE(CNT) 2hetd gote| 283 & etAlE

1. $A2U=FH(CNT)7F 2F TR

2. FAUEFE(CONT)S AHo] AR
CNT$F AW aspect ratio(FHI)7F a1, A ALY (b1odurab111ty) o] =31 A A&
’d (biopersistent)e] 1 Zoll= AW} FAG o] UAW, tiFEe Mdo] AFIFHE
7HA= Aol Hlgl CNT= &3 FES 7HAAL Qlof &7 Foll WAtH7] g5 A3 H
RS A S A NT= Al s el 7Hed Aoz defA A

B2 TEATAHI} A =E7 Z(inhalation)S ®REQFStal =F7o] A =
BAE AA2 2240 wEd B datai oFF BEF Foln,
3

5}
= AR =2H1 QEAR o}F A4 wE2H7} BdY FAR 3

H7} B3 Pyl
, TARCY] H7le= =S 83 A7 et risk assessment’} oYzt faldS o

4. FEAYHANA Y LT in vivo, in vitro LHE = FA7|A
A

AA Al A Yeh=71

o} 2EAY w28 ARAAMN Uehts A793e) Age REan. Ade] w3
% 209 o]F AFAFol ehbso] U] wE F s7te] e + AW, o}
Azre] ARGl Y ARIF BESE, E47)A AgolA AT AYHA
A7l BE Puoln,
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In vitro In vive ¢ 28Y =¢ °0Y 5 | ZERALLA
=go = o =L o Elai% £ Al =
=8 O =& =] DAl RlZte =2 AL Hrz=
MN=Zz/Z2=d +++ +++ 2 (<) ? ?
oMEM - ++ ++ ? ?
ok N/A e+ -0 - ?
7|5 N/A ? ++ - -
MHADE e+ N/A N/A N/A N/A
AMH XA N/A +++ +++, 9k +++, 59t ?
ROS, Autophagy, cell
proliferation,
=M ROS, angiogenesis. ROS ROS Oxidative stress
v E N Autophagy, | inflammtory response, ()
Cytokine induction, liver
lipid metabolism
ol Ad ™
7 OHHC_’Q%’)jl-O" ? + +++ ++++ +4++
1o O
<A|AFE>

in vitro 72 CNTS| Roli&oll At=Z7t Bio| MEFHUAX

[
—

A ArgE = AR SAAEE AT
of EXXER AEE F AUS.
SUSEMAIEO| 2lZte] &g BAlSHE 7HE
sfadgotol Metd A =EXEIL BF5H0
Zolz2tn 4zt FI7[X2l ONTel Sd=4A
ol Zdeg

ALZ =X 25t 54 o7t e XARE A

-2 .

[m]
—

ojgt ol ¢
A& slofof &




WM Bl A3 Al vt e A7 23 gl met g2 7] el IARC
714 (Monographs) ol A= WM &
o] =7k TARCE] B7H WE-

ik

=
INTERNATIONAL AGENCY FOR RESEARCH ON CANCER, WHO.

IARC Monographs on the Evaluation of Carcinogenic Risks to Humans: Preamble. Lyon, France. 2006
INTERNATIONAL AGENCY FOR RESEARCH ON CANCER. Available at http://www.iarc.fr/

2. THAIA ZX]

Mitstui-7¢] MWCNTE 294 7M5E2(2F 2B), 78 g@ihyefH

rr
I
C
o
2,
2

=2 1 o =

B7} B2 (aF 3)E AFHAY] W&o MWCNT, 53] Mitstui-737 A =238+
AAE Yepe UeFrRe A9 Ak g 2183 #dH AAgge] @ FEo| 433
Agtoltt. olo I A Aaksl= thekdl 7o BAURRFH, 53 MWCNTY

Belgtetd 42 2 54 B7hE AAA Misui7e) MWCNTS e 4¢
L/\]ﬁo]: 3} 740]1’4-_

oo Hif
b o

N

R ofuE}, MWONTE= 20152019 TARCS] 54057} tid=d =2 A= ol A7t 2 <
gola A Lol FHHL = T A A FF v, 7Y SolM AY F

g

al
AlgAel weby B BrF A o Al ke s Wk d 5 jlo:
7hH =4
(1) EUS] A%
- REACH CLP(dassification labelling packaging)®ll ™= -5 FA], EALPARARE(MSDS) 214
- REACH °] @& AR Algd= 571
- EU RoHS(Restriction of Hazardous Substance) listoll 52| 7}&3
% RoHSE= MAMM Zof &fE FalEZe #HMZY. feluial MRS It
19| ONT & 2Ltce| RoHS of hall EUol thSst & US
010622 2Lt=2F MWCNTZH RoHSOl SAsH |2 RE2l3E Sotsiiert #EH

g el 72

iy

i

At

ot

N
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@) vwl=e FrAEAl
- OSHA ("]=4F4F R 4H) 9] Hazard Communication standardol] <3+ MSDS 2 CLP 733}
- EPA PMN ¥ SNUR tonnage trigger(A|Z @] W& 28 A|=)74st
3) 71et=9] FrAIEA
- 35+ 201210¥ National Industrial Chemicals Notification and Assessment Scheme
(NICNAS)ol we} e-4U=FH S GHS Carcinogene category 2(L¢He]AEd)&
RSt on XAZV|EA (WHE=E) Category 22 /I AS
- AvdE v=3 v JAAE CEPAY Al o] ml=e] PMN# SNUR
AEE 7HAI U+

- CNT &+ AFel et wek ZA(F3H, fFalgstsdaed, s391)
- frefsttEdae ol o #Z=2d AF o3 £
Az 2 F97 G, F5Fd MiEsd AL BFEL Ax F49 Ax
- st o3 Z4AE AE o
- =271EAR: AUEE 3 ana =271FE
- A4S =2ARAA) 28R =2 AR

3. CNTY| E¢Ho)AE4 A o] & Group 2B £ x}olH
o|"] Group 2B 4= ¥ Carbon black, TiO% -5 247 Eolo] A=z} 4%, &
Sf, AAols AEAA Z FARNC] AHHI =, 5 ONTE 2o=d A4l &4
7b E7keke ool A Ao shARE offje} 22 o= s EAF gE 5 Ao
-U=Ed T HAEXE U= EE AAE YT I
TR gl g € Auge g #4719 FAA
- NGO©ll 23t 74| glo] AbesH= Y=o 14 2+

- E271F Abole A =2 98, 7IEA tiRl 540 =2 As dA

]aoﬂsl:

#* A o|= MPCHHEARS| AASH &7 |FE HIX|

[ILE

00

TiO, 10mg/m®, Z0|M| TiO, 300ug/m®, carbon black 35 mg/m®, CNT 1ug/m®
- 2EA FAEATE ARG FREAZ dFEHEA CNTHAZNA 22219 &
7] AdW WA A 2 BA 24 b
- AA Yl 2hgst/dest BAVE sFE oiFE ded, ONTY #dEd
=

st/ g8kl ddEe] Hol v & Al 34 7hsA

]I{oll

A A

N

-
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Ao at

=3
T - O

X.

]

20143 TARCS] CNT 294 Hrles MA3] grles Yirle A Aol e
i 2o dde g e=43 7Uﬂ} EA3= MWCNTR W9Hy 7MeBdE A

A5 3th AT MWCNT= [ARCY &5 570d A8 (2015-2019)0 497 =2
B4 AAHJL AErbe @A dEA AP T AN FET 29 ~8) A
20151 3€ &% oAVhHE ol&ste WPyF Zlojth. dE WA AP A webA
CNTS] HHoFA] xHV§7}7} L%ﬁﬂ FE Ak (AT 2A G 27 A HE AHI}
g 4342 F Ue) At v=H EUdAM e fARE A3e] Al IAY AgEa
AT, wEhA 1134 FA l AP Ahd MWCNTE Group 2Bl A 2A% 294 530
3% 242 7hsdel ¢ FFstth Group 2A 40 HW & FF9 AL A%
= CNT &3l & Ad=ol 2 T gls Aotk mepx FF of=e T4
2 JAE A% WA FHsto ok, oln] g diks 59 CONTY Ax7|s%
388 7l FAZ a7 EAF0] He A AL F S Aoy
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gl AEA YA Yierled 2
&

=W 7lefd 3
- ONT9] Fall 987} of A s Bo] FFate] 93]/ 3% 7t 43l
ANPS AN, &= A ONTY fe A s 3R Her
124 CNT oll0l2Z 27| HSA "op|s Sof &Ert Desie 8 OECD &¢
SMAEX EO| HHEDT ol =55 chy|7t L
-2 ARG AxE AR EE TFs ONTY EZARARAE gHE 224 2
AuAte] G E BASH, AFgAY] AR AAE 7|ZARE FH
o

=
297 7%, AN BPlE 52 Fusl

K

r

o
v
rot
=2
olo
s
fo
o
ol
o
N
)
r o
re
-4
=
(i3
—m
>
k1
1<)
ko
ol
ol
i

O OECD Li=2 SASHAEY ol that i
2U{(AIR): OECDE L-2E SUSHNEHES 2PMoR HYEH Sel
o, o= Liz2ao| Fo =EA2I} 557107 Ue
% WHEs EUSHAEHOlS Sajol Eaislof UK YT HZ BRI
Moy =M, AEIO) P mlol olo|2BUY N DU M

=L =So| ZeHMHACHE EHe)

thg O LN AL MeisyABsol 0|xs ST ThS Lot o7
Z{(AKR): ONTS| MRIBHAISSI0| CHsH Dl2hs 2 AtiS7t B2 ReD &t
32 Sxfsin ot LASHE WAl sy
UES 02 HoZ MZE.
- olof wat MBS AIRIs| T2 WES meksim, HE V(oo thew
&t RSD SRS et ZEvt Zest
O CNT Ofo{2E Wil W SXeIT
ONT 9HElY | 2HAIR) BUSMAIES IsliMs ONTS ofof2ZE Lako| Asi=|ofo}
B ol SiLt, ONT MZw 2 Salstets g4l mat ofof2E 2y
ol CIE + S




CHSH MEtst 7|2 22X
O =L M= CNT &7| E54o+¢
ZHAR): ZLHolM MZ==[= CNTOf| Cist olxe] =& % Rofa ZHH
SU=EMRIEIL B55i S5 7N SUSHoTE Saf &
ot 3 Y| £ FolMof ohst X2 &E Ze
O ZU&tA CNT &5 g st o3
ZHARR): CNT M= & Fg Z2Xte| CNT =& M mjet o7 2
% CNTQ| &EH7IoITE 71 o3 20iz2 Moz ~MAEsH gy
2 e J, feliet ZAsEtd 3 = MA CNTo| MESH &3
Zfeke e Ze
O Z1&tA CNT =&AZt o3
DHAR): 22Ae] HUESE 2loiM= ZPXoAMe &2 &Y +
UE 7|87 2
# CNT AtAtel MEfE mielstn MESH LEXZEHS 1okst04, Al
ATl HEgstn 2ZAe| AUS 258 eIt US
O CNT M= Z2Xt HZ DL EE A7
THARR): M| A AZAE0| T 20 o]0 HEH.
- CNTOf| &5 22Xz Z7|Moz Azl st dsks DL EE 5}
0 &0 ololf WM=l= Aato| =7 YA =R
O CNT &sHMZe| CNT o|Etat =3 gyl

AR B[RS HZESE fls CNTVE &Rel e MZEe| M=,
AlE H7|2FE CNT MESEZFE O|E== CNTS b=

I JHEo| ER

=335

O ONT =detd &7|F dFo+
ZHARR): CNTE M= H&e| Z2XE HSsh| 2 =&7|FE 4

gslo] 7|& olstz AetdE ZElold 22X ES

I —
O CNT &HEe] otmo|E 4T

THARR): 2[R AME2IE =St oFMSE ARESE2 ol CNT &RHE
9| oMY |EE MYsln AHIXE HS
O LCA (life cycle assessment) of CNT
ZHARR): CNT 2ZHZ Ao EHof, o8, AMEs & H7|of o2 ™
F7| otYollM HIHE AAlsto] 2t 2 B0 CHsH XAl
feds Eolstn Z2EXRP ALSAHAH[ADE ESs57| st
ATt Ee
o -
2. 7199 W-S4Ek
- =EAZES AME FEA U1F, Bep AL, #Ed FJadyoez 2ty
=3¢ 29 A
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