no,

E. 5
H—RF )T A= DEKEEFTMA Y

VINDERREBRIEL T, FNW ORI L

BB L DR DI FEAT o1z, TOMR,

(1) EHEE 1.3 pm OEV FNW DO ERRIZHEE)
L,

(2) /KA FNW OREHICHEEL 5 X DHILDH
BN 0T, ZDZEIE, FNW DA S RS
EECBRL TS,

(3) Wi TEM BZIXY, ZILEOREE L
BhREENDRD FNW Oa7 —=/)Vig
EEHALMILT,

(4) 900°C DEZEBILEIZEY, FNW EHL DEE
ENECT, 900°C TEZEFLELT FNW
DEEIT. BB OEELIZFZLL, Cy
D —Ii%, TOBMBEBIZE - T, ELITIT
BESNRWEE X DND, BEEIL, Cq 77—
PHBIDRE —RBESICE S TELZED
Zz6N05,

BE W
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H. SE B PERE D HiRE - BRI
1R ERE—, 77— L MRONES
RoRETTIE”, FFRE 2010-259653.
2. FERAHRB&
(FZ%720)
3. F0Ofh
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Ak 22 RE BAFBRERREMSE (LEREIVAIHAERE)
SRS &

BFPERRE4 T/ =TT N ORREETHE FIEOR AR L MENEEZ
& LR A EFROERE TR

SRMFEREL T/ ~T ) T VORI E EMHEROERICET R

EEELELEENER RaHimEE 2R
EZERSRMEENET REFMTEE EEVER
ESERMRMEAEMIT REHMFEE EEMER
EvEELRMLEENET BEFHHFEE LR

E v ERLRLEENET BaFHHREE HER

SRRRGRE L AE
W E R BT
WRHIE N K

W HE - BE Em
W HE N AR

WEEE

ARFFETIE, R BT EOERSRRAED—HREL T, FEI B ERIATIRIR
AR Y —o T Tl T h~DO HEABFORIGELTDT —FREDOY R — 2 THE
\Z. OECD DEEERF /=T VT MEES V—7F (WPMN) DB ERZINETHZLE BIE
LT3, SRR, HAEBEY L TWBRR A —y 7 us I ABYHE DL Hk
BB RRT — R L THBR Y —R L F /F2—7 (SWCNT) BLX W7 F—L v~
(C60) D B2 i Hil ¥ 14 38k (OECD_TG404) &, @A —AH > F /) F 2—7 (MWCNT) BT
SWCNT, C60 O f ERAEMERER (OECD_TG406) #1To7-, ZDFEE. B ERIEMARIZE N
Tid, EHEERLATE & S BURIRAHED W RO FIEITE O T b il SWCNT & C60 (2 filf P Ix

ERAEIIRDONRoT,

WDONI2D T, T, BAEHRBRICIBVTIX, MWCNT,SWNT BT C60 DV &

A. BFEHEHE

F o7 ra0—iF, [F /A=Y AL ZXDRYr—
LVCRFRLH T EBRICERE-HIEL, WEOHE
& BFIZHIETHIL T, FIECEN R L
BFOMHEEEVE T Lah, BREELTE
DREEPEDLN TS, ZOHFTH, 77— R
H—RF ) Fa—TIRRIND T /A XDHF
MTHDF /) ~TITNVIEYEEE ST ERA~D
BEZMHELI-EREOAPREICEALTNDE
IATHBB, TOMMEEIICE B L TEHR
DERNBEIN TS, BIE, EHEMICHBEBRIZ
LAEMEFMICICET AN ED DN TRY, EHEE
R2FfE B LU 2L L Tik, OECD 12k
WCHEERT /=TT NVOEETS NV—TRRE

&, EBEMICH IS AT LAORIEEENSEITL
TWB, ZOE¥EIN—T DR THRENRT ) ~T
U7 V&RV FHRREER 7 2 =7 b (SG3) 12k
WT, FEP B ERNATIBIRIAR Y —y
Ias 7 a8 ThhE), BARIITZI—LUBLUE
E-ZRI—H T ) Fa—TIZHOoNTY—FEEL
THIHFMCEOEREH Y LTS, AR,
OECD 2815 /=T VT VOHE{ERICBE T3
BEL, BABROLL TORAR Y —y T
0y Z h~OR IR R—T25 BT, E#NRE
HRBRT — & 2R THIEEEMNEL TS,

B. Bt
20 fEEE 1T, BRI A —RLF /F 2—7 (SWCNT)



BEW®T7T7—1L 2 (C60) D Fz & il ¥ v & B
(OECD_TG404) &, 2fEEDE @I —RF ) F 2—
7 (MWCNT) & U SWCNT, C60 D B &AM B8R
(OECD_TG406) 21T>7=, £7=, 2011 4 3 A 24T
= OECD OEER T /~T V7 NVOIEES V—
TREBEBIOCRARI =29 TTOTS5 LOH
BTV THBIRE LT -,

C. %

1. BERRIBHERER
HREH—R T )F2—7 (SWCNT)
#RmEOBEAELSNL, OECD_TG404 (2%
WU X2 AW EEREERR E LT
o7z, 7. RERIEERREITOI -0 D&M
IZOWTRFILT. BEEDZEH—R T/ Fa
—7 TORFRERESBICLT, BRREOE E
YV MRCEE S FiEE Y a—rvFA i@
FEAREY T A Y — (SONIFIER model 250,
BRANSON) #HAWT, WIRAIZ /o8 L THERIR
ELTHD Z EMTTRER 0.3%K%E AV 5 Fik
XV ERTHIEE L, BT, BiER
TOBAFIETIE, KBRWHE Nikkiso SWCNT
(SW1862) % EFXMET 002 g &V LY, 05
mL DY) a—rF A NLVTELE, £ 2.5x2.5 cm
IZAhy MLV v MR T, TTRERRY B—
WHEISEE, VY MBI EEREZK 1
WY, R ERWEFIETIE, 0.06g DMR
WEEEFRBEEZHAVWTE—I—IZREL, VY
a—2 A N% 20 mL 22T 0.3%DEE L /2
DEIICHBIREFTARL, BEEREIS T AP —
ERAVWTS % 4B (HH4 4~5), KTHAL
RN OEERAE L, BERAEIIEERS T
DICBHINTWAZ L EZRER LN L, 5~10
SR CTER L, RYEORBIIREYBIC
Tole. AL 7= E#KR 0.5 mL #4525 2.5¢cm
WAy ML) MRICHE T L, U > MEICHH
BESEREER 2 17T, EaBOBRELH
RITD1D, FBREDOVEERATA NI T RIZD
¥, KEEMET CTEEHREK 100)L-b0%,

X 3wl

1 BEH—RrF ) Fa—T 0.02g B

X2 B@h—RF /) Fa—7 0.3%5#E Bt

At il b SRSt e 2%

B3 HEI—FRrF/Fa—7 03%2#IEK (x100)

LFRCTHARL-EBRWELZHES D VILHET
L=V M (925725 cm) %, HED 3
FRCBE L7z, £ 0B, SBRWER LA T4,
HEICKEE X S WEBEORRZMIT-, B
BRI L (VT 4 —H v ¥ A BAKESHK)
THSHERALZ BV, FEIZE O L bREEMEEL
#w (T4 INVbN, TAER) CTEHEL. il
DEENY FadE, R# LT-, PAZEMAK 485
M%ICEERAAHSEZHNCHNBL, V) a—r
FANEEERT-BAGR T, REIIEE L5



WEERE L,
WBRWERER 1,24, 48, 72 B RICER 1 O]
BRI L > THEZTTo T2, BRI SGHT
RAER2IFTH, HBMEOEEMM (0.02g)
B R0.3 %o iR, -k E R L7300 T3,
B 1 BRI D 72 BR% T, WTTh OB
BEAICRB W T OB R NRIEITFE O iz ho
7o TORERIT, BEBICOVTHERMERERN
1,24, 48, 72 Rl D BRI BT 2R EFALO
MR NERFEOREEZEHE L, BB TH -2,
HEEOREEME L., BWETRL TRE—K
R ACPIEZEH L, LUTICEWEEME L7,

s 2L ; PII=0
REE ; 0<PII=2
hEEE 2<PII<5
SREE ; S<PII

FORER, BE—REEEAPIDIX 0.0 L EH
Sh, BEI—ARUF /) Fa—713REERLIC
SEINT,

75—l
¥4, 77— ( (nanom purple SU (C60
RERERRL), 70T AT H—KR UMW) DHE
FEORE ZIToTc. BONS 5% T 78T T L%
AWT20%»b/et2E®BLE, 75— 4g
PHEL, 200mLO7 7T IoEAN, BEEK
REZTAF—2 AW TEERLE (H/14,5%
W%z 3E) Lz, LERALNZZEND, BF
W% 54 2EHEMLT, (4)
U e e

B4 20% 77—L¥ BEHE:5% 777 IA
KiZ, Y a—rFANVTORNET212, 7
F—Vlr4g%FEL, 20mL DY) a—rFA
LEAN, BEERESTAF—2ANVTEBTRK

e (B4 5,5 3% 3ME) Lz, EEMBALI
b, BERLAEEY 5526 (A7) B
e (®5) ZOWEETIE, BERAUERIZFEY
F—F =W — 7 T — L B KBRS
ELTLEI =D, BEMES2->TLE ) "he

M5, 20% 75—V, WiE: vV a—-rAA

IEDHRE, AVIBEIIT7 I — Lo DftE%x
ZEZBEBNTIETILERAVEERRNER
b,

ARRTIX, &bIZ, 7/ Fa—TTRELE
o, BRREBOEEY v MY 3 FiEE
Efi LT, BRWE T T — L U ERETFRBELAV
T, 002g &V LY, 02mL D 5%T7FET7
LAKBERTEOHE, $25x25ecm iz >y hLiZY
v MEIZEHE T, AR H—ICME ST,
U MRS EREEZR 6 1277,

®6 75—l 0.02g EHREH

SEIRE AW FETIL, B E 2g %5
FREBEZHAWNVCHEEL.5% 7 77 T LKEBE%
10 mL /2 T 20%D\E L 725 X 5 IH 8k



EZHREL, BEEAEVFA P —2 AT 54/
Z 3[E (M) 4~5b), KTHHA L) bBERL
B L, BERLEIBREES+DICHASNT
WHZEERERBLERNL, 5~10 3B TERL
Teo BEBMEOFRBIIRTE ICIToCTEIR, YT
THRE L. 5 Y HITKE T T 5 2 MBS
L7=BfERA L7, 5 0.5 mL #% 2.5~ 2.5cm
WZHy FLEY > MEIZET L, U MElZ
BIEREER 77T, EoBOBRELHE
BT DD, PHREDOVEEZATA RT T RIZD
B, AFEHET TEERE 1000 L2b 0%,
K8z~ L7,

B/7 75—Lv 20%% ik st

& Tk o

‘ ' I/‘/ 20%6}1&1&"&10 )
B HESCRBREM, BROHEERES T, L
BROBET ) F =2 —7 TORBMRER & gD
FETIToT, ERELT, RIITRTHRIC, #%
BRE OBERERLT(0.02 ) KR T 20 %o#ik. 7=
AR E ARG LB TIE, BRE 1 BRRIE D 72
B E T, WThOBERRTIB WO THAHL
OFERED N 0T, -, KE— KA
FERPI)IZ 0.0 LEHI N, 77— L iRl
RLIZGEI N,

2. BERAEHERAR

ZRH—RF ) Fa—T

H21 F AT - 7= 2 FEFHD MWCNT (30 ./ 7
7 A CN T (Nikkiso) 8L UMWCNT /X7 & —H o
7 (MWCNT-T7:Mitsui) IZ- DUV TC) B HI R
REAT-T, HBOFEZ. H21 FE O K BRI
RRIZI T 2 mEtEOmE L RBREREZER L
T, WBYERE Y a—CF A VEEEEEL LT
AWTOBRERMT D L & Lz, H#Emti.
€ V) A #—(POLYTRON PT-MR2100,
KINEMATICAAG) % FIV T EHR% 6 DR S T, # 20
RORALEE, E7213 025% 28R Tk, ERMICK
1Y 22535 2-3 S3ALERE% K 30 BT RAET
HZLEL., BoN=oHIKIZ2X2em IZH v b
L72Y & MRICSH IR 0.2 mL 2 08 THIR &
k., RBRICHET AL & Lz, RBRAEIR
OECD_TG406 @ Buehler {512 & Y fHli§ 5 & &
L7, FAERERER (0.025~0.25%) DOFER. &
ERETH D 0.25 whv %IlZBW Tl O MWCNT
EICRFREHERTBD SN2 Nol-Z L b, K
EREE, BEBELLENTN 025 wh% ERE
L7z, ZERLEND MWCNT @ 0.25% 53 8K D Y5
ST CEEREx2000L-b 0%, K9k L
O 10 1T LTz, B R E AT, @5
A &4 TV 5% DNCB( 2,4-dinitrochlorobenzene) % /&
EIREE 1.0 wiv%. BREBE 0.1 wv%IZFRE L TIT

27,

9.30F 7 75 A CN TO0.25%% itk (x200)

10. MWCNT-70.25%%> #ik (x200)



BAEBELE L L Cid, BIEERATRIC, £/

R 2 BEANY A ROERY = ——%F
WT, XMEBLTEA &E) BALZERLZ, &
EBIZ# 2X 2 cm DEAAICEHERYME R L
FAERTY v Mazkaft LT, BATEREIE = 5
(VFa—Hy A BKESM) TREAEML
EBEV, EHRZEFOENLY—TVANT—T (¥
NEF—T v I A TNATTH) TREWY. BE L,
6 BERIAZE L., vV a—rA A VEEE MR
BCTHRECERE LR EERE R o2, AR
fEL LT, FIERED TR 14 B ICHEIRE
L RBRDAE # 1T > 7,

FRABE LTI, BREME (3 EIH DRE)
D 14 B4, BE LT EBALICRRMER FRAE K UVRER
WHERRAEREIT 0.25 % DFEBRYE 0.2 mL % RRAER:
L RO FE THRUBARICER Lz, RBHER
B4R D MWCNT 3 o ZABTF LR WERED
IR 2 B CARMIREARIER (@A Uiz, Bates FRRE
R OB M BIERR/EREIT & I, 0.1% D DNCB
0.2mL #EA L., 6 REHIAZER, 7TE 28
FH-BUER CREICERYE LI HRYE T
DNCB #[&%E Lz, BEfE, BELICHAZEMMNERE
24 KUt 48 FEfE % ICBATEMLO KRG & LT D
| B HEICHEV R L 7=,

& UG D A L R
WIRAZE L2 L 0
BEME S 3Bk O | 1
P OVE AMERCEE 2
58\ VELBE L 2 E 3

7 — ¥ OFEEIX. FFMMEFR TOFRE S
L. EHHMERZRD, S HICHBEER BEew
B/ YHBEOBMRE) X100 2R, F-,
BonBHEENL, ITOXK 2 OFHOELEL A
WTRIEMDORE 27 Lz, 7272 LB 0%

DA ITBREERE L LT,
MIAREYZ ke L 0
BEME S 7T BER ORCBE | 1
rRASEEONE AMERTEE 2
B8\ \KLBE L Y2 3

B EEALOFMFER %5 4 1R Lz, Bt
BE 5 I Ti, FAZEMERR 24 BRI R N 48 BRI D&
& 305/ 7 7 A CNT KU MWCNT /30 &
—H 2 P DEREALIC L E RS IEFRD ST,
WG R AT 0.0, BHEFRIZ 0% TH o7,
T, BSHBRMERIERE 30/ 7 FACNT &
UMWCNT R & —3 7)) 20 FlicB\TH
AL D AEMR 24 RO 48 B 2B D AR
EALICEERISIEERD DT, Wb EEFHE
AT 0.0, BRI 0% THHoT, —F. BERR
BETIT, PAZEAERR 24 FERIRICTIR 1 HDWME 2
DORLHE, 48 RFRICITRER 1 DAL FRD b,
PAZERRRR 24 Ref 4 OFHRHE RIE 1.8 THtER
X 100%. 48 FFfEj#13 1.0 THMHZEIX 100% TH
o7, Eio. BEXTRIERIERE Tid£f| o DNCB
DEREMICEERISITRD LT, EEFHEA
1% 0.0, BIHEE 0% TH Y . FRROFHMILFER
Shi=, UEDOHERNG, 30/ 277 ACNT &
UMWCNT R & —H o7 ugznthnd [EE
MEREME) LTS,

B h—R T /F2—7 (SWCNT)
REBRFEZX, ZRI—FR T/ Fo2—7 LR
. OECD_TG406 @ Buehler #&(2H#>TITH =
L& Lz, BFER, REREERBRORN %
BEIZ, HRHWED SWCNT (Nikkiso SWCNT,
SW1862)% 0.06 g * E— A —ICHFEL. >V a—
YAANE20mLMZ Tz, TORBEEFEY
F 4 ¥ —(SONIFIER model 250, BRANSON) %
AWT s %E 4R (H 4~5), KTHHEILZ
N OBERNE L, BERAEIIRGEN 5
WCEHIENTWAZ L 2B LML, 5~107
FIRR CER LT, #HBRMEORBIIRE Y AT
o7, AERRERR (0.0375~0.3%) DFEE,
HEBETHD 0.3w %I\ TY B EREME
BRDONRD-TZ s, BIFEE, BEE
ELbZEFRF 0.3wiv%ERE LT, SWCNT
D 0.3% 5 B DI FEMEE T CEEREK
10000 L= 0%, K 11IRLTE,



S o el

11. SWCNT 0.3%%#i# (x1000)

REAE, BREAER XOEELLELX, LD
ZRI—AR T ) Fa—TLRILCFEEZHANT
1To7,

B 5 EALOFHmFE R Z R 5 1T Lo, B
B 10 BITIX, PAZEMRER 24 R KX O 48 BFfi#E D
LY OERENMICEEISTRO T, W
b S FE AT 0.0, BHERIZI 0% THoTc, £
72, 0.3%CNT RAERE 20 FliZW T HARDAZE
FERR 24 FFf R O 48 BefE 1% D28 OERIBALIC
EERSEIRS T, Wi b EEEh R
0.0. BHERIZI 0% TH-oT7z,

BMEx FREETIZ, 55 2 [B] B /RAE 48 FEfli & D8
2BRZ 1 BB TERR AR b i, AR
FEMERR 24 R R N 48 FE R ICITRER 1 H D VT
2 DALBENFRD B v, PAZEAERR 24 FEfiitk O LEIRE
s 1.6 THHMERIT 100%, 48 RFfj#ki% 1.2 T
MR 100% Th o7z, i, B RIERRIERE
TIXPAZEREZER 24 FER KUY 48 I & b (T 26D
DNCB O&RIHIC EERISITRO e, F)
M AU 0.0, R 0% Th o7z, LLEDKERD:
5. Nikkiso SWCNT 1% E{EMERRME) L¥iMr s
iz,

77—V

RERF L, FRRBEBI—R T ) Fa—T L
FEEHIC . A U OECD_TG406 @ Buehler &I -
TITH Z Lk & Ui, 3HOFHEL 20% K & LT
BERIEERBROBRN 2 BEIC, BRWET 7—
L >( (nanom purple SU (C60 F-F#ERERIM), 71
CTAT A=A BE—I—IZ2gFEL,
5%7 77 ALKEKRE 10mL INZ 7z, £DOE

HBE ATV F A P —(SONIFIER model 250,

BRANSON)Z i\ T 5 &3fél%& 3 [| (HHF7 4~5).
KTHRH LN bBERAE L, BERLET
BEBEB+DITHEHAS N TNDE I L R L
BH, 5~10 pERTER L, HKRYEORR
TR GRTRICIT > TEIR, HXET CHERKRE TR
B, ZREYBIKHT TS oMBERAE L
BEA Lz, AERERR (2.5~20%) OFER.
REBETHD 20 wh %l T H R EHIEME
BEDOLNRNo7-Z L2, RIFEE, HEE
EEHLENRZN 20WN%ERELE, 77— L
D 0.3% 5 B O N FBHEMEE T TEEHRE(x 1000)

L=bow, K127,
3 by b AT e

k.

At RO e T &

12‘. 75—l 20%531;5&& (xlood)

BRAEALE, BRABR L UHEEET, o
ZREI—RoF ) Fa—T7 LRUFEZRANT
iTolz, AL, ARMEMERBRIT RO SWCNT &
FRECIT oz To s, BRMER R AE AV I=RBRITAT -
TWby,

B S EL OFMRERE K 6 1R Uiz, Rt
BE 10 B Tik, BAZEAEER 24 B R O 48 BRfH# D
EBHOEEIMICKEISETRO LT, WT
NG AL 0.0, BHERIZ 0% THoT, F
7o WEBRE RAERE 20 BlICR W T HREDAZE
FERR 24 BEf K O 48 Bl % O 2B DA ERLIC
BRERSIER S b Wb FEIRHE AL 0.0,
BMHERIT 0% ThHoTz, LEDFRERNL, 77—
Lok TREMERRME] L¥lrShie,

3. OECD ARV —ryFruyZLdhmn
%5 88 OECD L7/ MEHEEXH S
(WPMNS8) &4 2011 &0 3 AicffEsh,



FOEANT, TET / MEORBRIZET S ARV
Y— v 7T ST AREBRMAINE, FLET
J MBI ORBREBREROFASNDT A MG
EE—EL L b v I AREARARN Y —EH
EoTEREN, 707 T ALEOREDCER
KA HET D Lk, ALy FRA - O
BRI DOREETR 72 FHEICE A FTRETH D Z & AFR
wINT, &Y — FARV =50 OEBREID
BT, WEY LR L AL EEMERRINERTS
NREEERBROES BBV L BRER SN,

Phasel D#& T % 2021 D% 10 BI&E% BLZ
THZENEEL IR, EOEDIC. BT
IABBETHD L EBHIZ, SGORNEEAERLE D

ala=HF— a3 rOLEERERINE, £72.

SG3 @ FC. Phasel ® Dossier #5357
HOBMERHA F v R e ERICBBLTY A7
IN—THFZBLT, kEL EC BEFHER L2
V. BIAC, RAY, 77V ARIR—FTDHZ
Lilpol, TOBBTIEX. BNRA R RFT 4
Y= —DERBLETHDZ BB NI
¥7-, 2011 F 1 ARCBESh AR =Ty
77a 5 LA0OPhase 2ICETHV—7 v avT
NHEDBESEREX, FlEHE, PV A7
VERY—FLooREEEDDZ L LRSI,
T/ HHOFERFME LS RISENLT.
WPMN & SIAM (2B TIT> TV OECD
Cooperative Chemicals Assessment
Programme(CCAP) & O:E#£(ZDVTSGEAT
DBREZRIVENHDIHOD. BHTRAEIRE
ERAATHRITSIEELE ST,

D. 28

ARFZEHE T, OECD OEXEMT /<7 U7 N 1E
L WPNM O ZR Y —y T 7ar T MRS
| TEBTF—EOERE BRO—DELTRY, 205
R TIE, C60 LHEBBLIUERI—R T /F
22— 7 OB E R B R EMRRBRZ1THZ
LLL TS, MRERIZ OV TIX, OECD OH AR A
N T EREATIZE R EARLTHN, T /<7

TAOYBEFRRE B ERICHT SRR T
JEEE DL FEHEEFRCIITER TR
HChotz, Bl —R T/ F2—T IOV TIL,
HEDHIZVDOEEIROKREL HART A TERE
nTW5 0.5giZEBICBATHILITIRATRETH>
720 SWCNT TIXEBEFRAT /7 &1L T 0.02g FREE %8 A
TEB LR THoT-, T, DBEEEST-FIETL,
BT Ao L BL . AIRMRFFAEEEL
Th 0.3%FIRIBEZTHN, BATES EROZE
KEE THHEE DN, —H 77— /3, B
BAHEIR T /F2—T7 FRRIZ 0.02g DEA Tho7
A, 20% 2 E ETOSHIKITEER T DT LA AIRE
THY, Zhz EREL THRIBEMREBREBREMARE
FTo7z. EAEEED MWCNT OFERLEH T,
MWCNT, SWCNT, B LT 7—L AZDNT, HA
RSA EOBRRERBEIZHZLTHRNHDD, )
HH7 BB A A U8B il BRI
BI O EREMHOENZ L REINT,

OECD DREXEM ) /~T VT NAE#EE = WPNM D
ZRY =T Tl T AOEPIRIUZ I T,
Phase1 D &1L T Dossier DERLAS 2012 &% B 4L
IZPERENBZ LTV, OECD DM A =
LD ERIEB ~MEShAZ IR DEE ZNDD

E. &

HBERESEYL TCWBRR Y — T Ta s T A
BUMEDYL, R EERRT — SRl
THBERY —R ) /F2—7 (Nikkiso SWCNT) I
X U775 —L > (nanom purple SU (C60 F-FFEH
&) ) DR EREMERER (OECD_TG404) &, @A
—RF ) F 2—7 (Nikkiso MWCNT) & TUF SWCNT,
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*1
a : Erythema and eschar formation

0: No erythema

1: Very slight erythema (barely perceptible)

2: Well defined erythema

3: Moderate to severe erythema

4: Severe erythema (beet redness) to eschar formation preventing grading of erythema
b : Edema formation

0: No edema

1: Very slight edema (barely perceptible)

2: Slight edema (edges of area well defined by definite raising)

3: Moderate edema (raised approximately 1 mm)

4: Severe edema (raised more than 1 mm and extending beyond area of exposure)
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SKIN IRRITATION STUDY OF CNT IN RABBITS
THE TEST SITE OBSERVATION DATA
STUDYNO. 11102

GROUP TEST CHEMICAL ANIMAL Findings Time after removal Total  Average Trritation Irritation
NO. NO. : of the closed patch Score  Score Score Index
1h 24h 48h 72h
1 Silicone oil 11102001 Er.b 0 0 0 0 ° 00
Ed. 0 0 0 0
11102002 Er. 0 0 0 0 0 00 00 00
Ed. 0 0 0 0
11102003 Er. 0 0 0 0 o 00
Ed. 0 0 0 0
0.02g CNT 11102001 Er. 0 0 0 0 o 00
Ed. 0 0 0 0
11102002 Er. 0 0 0 0 o 00 00 00
Ed. 0 0 0 0
11102003 Er. 0 0 0 0 0 00
Ed. 0 0 0 0
9,
03% CNT 11102001 Er. 0 0 0 0 0 00
Ed. 0 0 0 0
11102002 Er. 0 0 0 0 0 00 00 00
Ed. 0 0 0 0
11102003 Er. 0 0 0 0 0 00
Ed. 0 0 0 0
#3

SKIN IRRITATION STUDY OF FULLERENE IN RABBITS
THE TEST SITE OBSERVATION DATA
STUDYNO. 11104

GROUP TEST CHEMICAL ANIMAL Findings Time after removal Total Average  Imitation Iritation
NO. NO. of the closed patch Score Score Score Index
lh  2¢h  48h  72h
1 5% Gum arabic 11104001 Er" 0 0 0 0 o 00
Ed’ 0 0 0 0 )
11104002 Er. 0 0 0 0 o a0 a0 o
Ed. 0 0 0 0
11104003 Er. 0 0 0 0 & i
Ed. 0 0 0 0
0.02g Fullerene 11104001 Er. 0 0 0 0 o 00
Ed. 0 0 0 0 )
11104002 Er. 0 0 0 0 " o 0 G
Ed. 0 0 0 0
11104003 Er. 0 0 0 0 5 Gl
Ed. 0 0 0 0
20% Fullerene 11104001 Er. 0 0 0 0 o 00
Ed. 0 0 0 0 )
11104002 Er. 0 0 0 0 0 o oé o
Ed. 0 0 0 0
11104003 Er. 0 0 0 0 o i
Ed. 0 0 0 0
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SKIN SENSITIZATION STUDY OF CARBONNANOTUBE IN GUINEA PIGS
THE TEST SITE OBSERVATION DATA IN SKIN - DETERMINATION
STUDY NO. 10115

Chall

Time after removal ot':he closed patch
Group Sensitization Challenge No. of 24h 48h
animals Mean Positive Mean Positive
score rate (%) score rate (%)
0.25%
0.0 0 0.0 0
Negative control Silicone oil 0 “”":;’;‘: cr 10
MWCNT . " 0.0 0 0.0 0
Test material 0.25% 0.25%
sensitized 30 nano-class CNT 30 nano-class CNT n 00 J 00 o
Test material 0.25% 0.25% 20 0.0 0 b6
sensitized MWCNT powder sample MWCNT powder sample . . o
Positive control 1% DNCB 0.1% DNCB 5 18 100 10 100
Non-sensitized
L. Acctone 0.1% DNCB 5 0.0 V] 0.0 0
Mean score = Sum (score) / number of animals
Positive rate = Number of animals with skin reactions / total number of animals x 100
x5
SKIN SENSITIZATION STUDY OF SINGLE WALL CARBONNANOTUBE IN GUINEA PIGS
THE TEST SITE OBSERVATION DATA IN SKIN - DETERMINATION
STUDY NO. 11103
Challeng,
Time after removal of the closed patch
Group Sensitization Challenge No. of 2dh 48h
animals Mean Positive Mean Positive
score rate (%) score rate (%)
Negative control Siliconc oil 0.3% CNT 10 0.0 0 0.0 0
fest material 0.3% CNT 0.3% CNT 20 0.0 0 0.0 0
sensilized
Positive control 1% DNCB 0.1% DNCB 5 1.6 100 1.2 100
Nonsseasifized Acetone 0.1% DNCB 5 0.0 0 0.0 0
positive control
Mean score = Sum (scorc) / number of animals
Positive rate = Number of animals with skin / total ber of Is x 100
SKIN SENSITIZATION STUDY OF FULLERENE IN GUINEA PIGS
THE TEST SITE OBSERVATION DATA IN SKIN - DETERMINATION
STUNY NO. 11105
Chall
Time after removal of the closed patch
Group Sensitization Challenge No. of 24h 48h
animals Mean Positive Mean Positive
score rate (%) score rate (%)
; ; Biia
Negative control 5% Gum arabic 20% Fullerene 10 0.0 0 w0 o
‘T'est material
. 20% Fullerene 20% Fullerene 20 0.0 0 0.0 0
sensitized

Mean score = Sum (score) / number of animals
Positive rate = Number of animals with skin reactions / total number of animals x 100
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Effects of preparation methods for multi-wall carbon
nanotube (MWCNT) suspensions on MWCNT induced rat
pulmonary toxicity
Kiyoshi Wako', Yuri Kotani', Akihiko Hirose?, Takuya Doi' and Shuichi Hamada!
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Kamivoga, Setagaya-ku, Tokyo 158-8501, Japan

(Received October 27, 2009; Accepted February 24, 2010)

ABSTRACT — Since there is a possibility of inhaling the fibers of multi-wall carbon nanotube (MWC-
NT) without any agglomeration, it is important that the pulmonary toxicity is evaluated by intratrache-
al instillation without agglomeration. MWCNT suspended in an artificial lung surfactant (ALS) with or
without grinding in an agate mortar was instilled once intratracheally to rats to determine whether differ-
ences of the effects to pulmonary toxicity by different amounts of agglomerated MWCNT particle. The
MWCNT suspension preparation method with grinding was effective at reducing agglomerates and in
increasing uniform dispersion of the fibers. The ground MWCNT induced higher LDH levels and neu-
trophil ratios in the bronchoalveolar lavage fluid (BALF). There were no remarkable responses in rats in
the non-ground MWCNT group, with the exception of inflammatory responses in the early phase. Some
histopathological findings varied between rats given the ground MWCNT and non-ground MWCNT. A
major difference was an MWCNT-laden macrophage infiltration site in the lung, which were in the alveo-
lus in the ground MWCNT group, and in the interstitium in non-ground MWCNT group. Accordingly, the
preparation method with grinding is considered to be effective at reducing agglomerates and ensuring uni-
form dispersion of the fibers. These findings lead us to conclude that the amount of agglomerates in the
suspension is an important factor affecting the pulmonary toxicity of MWCNT.

Key words: Multi-wall carbon nanotube (MWCNT), Rats, Lung toxicity, Inflammation

INTRODUCTION made by an intratracheal instillation with rodents. How-

ever, the information regarding MWCNT induced pulmo-

The production of multi-wall carbon nanotube (MWC-
NT), a representative industrial nanomaterial, is increas-
ing worldwide due to their high potentials in industri-
al usage. Recent reports (Lam et al., 2006; Donaldson et
al., 2006) suggested that the health effects of such mate-
rials must be evaluated properly. It is estimated that a
possible exposure route of MWCNT is inhalation, espe-
cially in occupational environments. The shape of MWC-
NT is similar to asbestos and has been reported to induce
mesothelioma like lesions (Takagi et al., 2008; Poland et
al., 2008). Therefore, assessment of pulmonary toxici-
ty of MWCNT with experimental animals is important to
ascertain the possible effects on human health. The first
evaluation of MWCNT inducing pulmonary toxicity was

nary toxicity in rodents is limited (Muller er al., 2005).

It is well known that MWCNT tends to agglomerate
into large particles, such as in the micrometer-order scale
(Lam et al., 2006). Studies in which large particulate of
MWCNT are intratracheally administered and evaluated
may lead to a misunderstanding of its pulmonary toxici-
ty. Therefore, the preparation method of finely dispersing
MWCNT is essential to assess its pulmonary toxicity.

The present study examined the preparation methods
of MWCNT suspensions for intratracheally instilling fine-
ly dispersed fibers as well as the effects of different dis-
persion conditions of MWCNT fibers in suspensions on
pulmonary toxicity in rats.

Correspondence: Kiyoshi Wako (E-mail: Wako.Kiyoshi@mv.medience.co.jp)
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MATERIALS AND METHODS

Experimental animals

‘Female Crl:CD(SD) rats with a body weight range of 170
to 200 g were obtained from Charles River Laboratories
Japan, Inc. (Kanagawa, Japan). The animals were kept in
an animal room of the Kashima Laboratory, Mitsubishi
Chemical Medience Corporation (Ibaraki, Japan), which
was maintained at temperature of 22 + 2°C, relative
humidity of 55 + 20%, with a 12 hr light-dark cycle. They
were given tap water and a diet for experimental animals
(MF: Oriental Yeast Co., Ltd., Tokyo, Japan) ad libitum.
The rats were 8 weeks old at dosing. The present study
was carried out in accordance with the Guidelines for Ani-
‘mal Studies (Toxicological Science Division, Mitsubishi
Chemical Medience Corporation). Moreover, the proto-
col of this study was approved by the Committee for Eth-
ics in Animal Studies of the Kashima Laboratory prior to
commencing the study.

Materials

MWCNT (MITSUI MWCNT-7, Lot No. 060125-
01k) and crystalline silica (Min-U-Sil #5: provided by
Hayashi-Kasei Co., Ltd., Osaka, Japan) were used in this
study. The property of the MWCNT is the same as those
formerly reported (Takagi et al., 2008). Briefly, MWC-
NT has a density of 3.55 x 10" particles/g. The length
and width were examined with a scanning electron micro-
scope and are indicated in Fig. 1. MWCNT contained; Fe
(approximately 3,500 ppm), sulfur (470 ppm), and chlo-
rine (20 ppm) as well as fluorine (5 ppm) and bromide

Width of MWCNT

60

frequency

110 130 150
Width in nm

70 90

Fig. 1.
than 5 pm.

Vol. 35 No. 4

(40 ppm) that were below the detection levels.

Preparation of particle suspension

There were large numbers of agglomerates in suspen-
sions prepared using media such as, 0.5% CMC-Na solu-
tion, 0.1% Tween 80 solution, or 0.5% CMC-Na solution
containing 0.1% Tween 80. In contrast, the numbers of
agglomerates decreased when an artificial lung surfactant
(ALS, Surfacten®: Mitsubishi Tanabe Pharma Corp., Osa-
ka, Japan) was used as the suspension media. There-
fore, the ALS was selected as the suspension media for
this study. Surfacten® is an extraction from bovine lung,
which include a constant ratio of phospholipids, free fat-
ty acids, and triglyceride. ALS was prepared by dissolv-
ing Surfacten® at 120 mg into sterilized saline (Otsuka
Normal Saline: Otsuka Pharmaceutical Factory, Inc.,
Tokushima, Japan) at 4 ml. MWCNT was suspended
in ALS at a concentration of 10 mg/ml with or without
grinding in an agate mortar, the suspension was subjected
to sonication for 3 min with an ultrasonic disruptor (UD-
201: Tomy Seiko Co., Ltd., Tokyo, Japan). The grinding
was conducted under wet conditions: ground after addi-
tion of a small amount of ALS to an adequate amount of
MWCNT, and filled up to the proper volume with ALS
to make target concentrations. The dispersion conditions
were evaluated with a light microscope, transmission
electron microscope (H-7600: Hitachi, Tokyo, Japan), and
scanning electron microscope (JSM-5200: JEOL, Tokyo,
Japan).

Min-U-Sil #5 was also suspended in ALS at a concen-
tration of 10 mg/ml, and sonicated for 3 min.

Length of MWCNT
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Width and length distribution of MWCNT: The average width was about 100 nm, and 27.5% of the particles were longer
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Effects of MWCNT suspension preparation method to pulmonary toxicity

Particle instillation

The light anesthetization was achieved by ether inhala-
tion. An 18-G intravenous catheter (Terumo Corp., Tokyo,
Japan) was inserted to the larynx as a guide to insert a
narrow catheter. The suspensions (volume: 0.5 ml/animal)
were instilled to the trachea via the narrow catheter (out-
side diameter: 0.80 mm).

General experimental design

The suspensions of the ground MWCNT, non-ground
MWCNT, Min-U-Sil, and ALS alone (as a negative con-
trol) were administered intratracheally at a dose of 5 mg/
animal with a dosage volume of 0.5 ml/animal to 12 rats/
group. Since it was reported that the dose at 5 mg/head
of MWCNT had toxicological effects on the lung accord-
ing to Muller ez al. (2005), this dose was selected for this
study. Furthermore, this dosage volume is widely used in
similar studies. The day of administration was designat-
ed as Day 1. Three rats from each group were subject-
ed to necropsy on Days 2, 8, 29, and 92 after peritoneal
injection of pentobarbital sodium (Nembutal®: Dainippon
Sumitomo Pharma Co., Ltd., Osaka, Japan). Bronchoal-
veolar lavage fluid (BALF) was obtained from all rats on
each day of necropsy. The difference in the effects on pul-
monary toxicity by the amount of agglomerated particles
in the instilled suspension was assessed by BALF analy-
sis and histological examination.

BALF analysis

Firstly, the right lung lobes after ligating of the left
bronchus were lavaged three times with 3 ml of saline
(Otsuka Normal Saline: Otsuka Pharmaceutical Factory
Inc.) heated up to 37°C in advance for the cell-count-
ing procedure. A cell pellet was obtained from the BALF
after centrifugation (300 x g, 10 min) at about 4°C.
The cell pellet was re-suspended in 0.1% BSA contain-
ing phosphate buffered saline (PBS-) + 0.05 mM EDTA-
2K and cell count and deferential ratio were examined
with a hemocytometer (XT-2000iV: Sysmex Corp., Hyo-
go, Japan). Secondary, the right lung lobes were lavaged
once with 2 ml of saline. The obtained BALF was mixed
with the previously obtained supernatant and centrifuged
(300 x g, 10 min) at about 4°C. The supernatant thus
obtained was subjected to the quantification of protein
(Biuret method) and LDH (UV-rate method, JSCC mod-
ified method) with an automatic analyzer (TBA-200FR:
Toshiba Corp., Tokyo, Japan).

Histological examination
The left lung lobes and bronchiolar lymph nodes were
removed and fixed in 10% phosphate-buffered formalin.

After conventional processing, paraffin-embedded sec-
tions were stained with hematoxylin and eosin (H&E)
and examined histopathologically under a light micro-
scope. Moreover, a part of the lung was collected from
one animal of each group and fixed in 2.5% glutaralde-
hyde with negative pressure. The lungs were embedded in
epoxy resin and stained with uranyl acetate and lead cit-
rate for examination with a transmission electron micro-
scope (H-7600: Hitachi).

Statistical analysis

The cell differential ratio as well as protein and LDH
concentrations in BALF were statistically compared with
the control values for each time point. Initially, the vari-
ance was assessed with Bartlett’s test. When the variance
was equal, one-way analysis of variance was used; oth-
erwise, the Kruskal-Wallis test was used. When signifi-
cant differences were seen between the groups, they were
evaluated with Dunnett’s method (homogeneous vari-
ance) or a Dunnett’s type (Steel method; non-homogene-
ous variance) multiple comparison test. The significance
was judged at the 0.01 and 0.05 probability levels. Addi-
tionally, the above values were examined between the
non-ground MWCNT and ground MWCNT groups. Ini-
tially, the variance was assessed with the F test with a sig-
nificant level of 5%. Significant differences between the
groups were then analyzed using the Student’s t test when
the variance was equal; otherwise, the Aspin-Welch’s test
was used.

RESULTS

Grinding effects

The effects of grinding with an agate mortar were
evaluated by observation of the suspensions with a light
microscope and electron microscope (Figs. 2, 3, and 4).
The agglomerates in the ground MWCNT were smaller
than those in the non-ground MWCNT. The number of
fibers finely dispersed was observed in the ground MWC-
NT. The length of the fiber in the ground MWCNT was
smaller than those in the non-ground MWCNT.

BALF analysis

The following results were obtained as compared to
the control values. The total cell count in BALF elevat-
ed in rats given the ground MWCNT on Day 8 and Min-
U-Sil on Day 91. Higher neutrophil ratios in BALF were
observed in rats given the non-ground MWCNT and
ground MWCNT on Day 2, ground MWCNT and Min-U-
Sil on Day 29, and Min-U-Sil on Day 91 (Fig. 5). Higher
LDH concentrations in BALF were observed in rats given
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