FETTRE 65 %, 2023

SBH—KRF /) Fa—7T
C
[CAS No. 308068-56-6]
FRIEE WAMHLA0.010 mg/m’
(E#XFELT)
SIEEMIE F3IH

H—RrF ) Fa2—=71% KEZIo THRINLTY
HZAEBA Y N =27 ZHD THEIRIC L2 FE R
WET, 18 (B OdboZHREHI—KRrF /) Fa—
7 (SWCNT), ZEDbD%&Eh—KRrF /) Fa—7
(MWCNT) 5% %. 22T, BEgh—RrF/Fa2—
TN, EREEICET 57— DD IO RN RS
BV 5. FFAIRE L BB SO R E 5 DI,
[FHHE OFEAHS 1-100 nm OFPHICH B L @H — R F
F2—TThh.

1 ERMEFOMY - g

B=HYF I Fa—T i HRICTEETH Y, KT
ELTREIT 5. BRMEREE SAEHIHE S
BRIRIE 7 E Rk BRI R AT LT Y, RIS I
A, RN, DR S BRI S U
B EAMEFENT S,

2. AAEIEE (R, K3, 2%, TR, B

PESEBREE - MEERMA O F 2 C, FHE T FICHAE
ISR SINL. LoT, KENEARB R AR
BRI X B ISR R VE R IR AT IS BT 5 Wit 2 LT IR
T BEPNHEREEICEE L Cid, MWONT 1, Flipass s v
HENDDS FNEHER B — VIRDTEIR & B keI,
R YEDMER NI B 2>,

Mt SD 5 » b IZ MWCNT (Sun Innovation %1020
long multiwalled carbon nanotube : % HfE 10-20 nm % H
£ ¥ 10-30 um, TEM I THFHAI L 72 F3948 153 nm (&8
PH 1 6.1-26.7 nm), SEM I THHII L 72 F3E X 2.6 um
(#EPH : 0.6-7.4 um)) %0,0.1,0.3, 1, 3, 10 mg/m*{Z T30
HM (6K H, 5H/ B O ABREHEZITV,
Jili SRR % 372V (NTP). 0.1, 0.3 mg/m’ |2 CE %Y
X, 9 v FORETS2H, METe4H, ~7 AOHE, METI
FNENATH L96H TH -7z, 1 F7213F 3 mg/m* I TP
WL, 2 TR L, 10 mg/m 2 TT v b
HETa65H, METS83IH, <7 ADME, MTIZENEN337
HE649H o7z, HEEHEDHIE, 3 & 10mg/miZThH—
RV F /) F2—7D overload 12 X 5 IRIE & % 2 7-.

HEYE Wistar 5 v b IZ MWCNT  (Nikkiso #, HFEhifg
69+37 m*/g, BATPIGLE 48 nm BATFEE X 2.5 um) 0,
02 mg, 0.55mg ZXAENEAL | HED» HbiK364H %
FCliNkERZREL, MWCNT Oliirs02 )75
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YAEBGRILZ:, WARICBWTYH, YDA T,
1F1F30% bR L72As, 2D%364H#%E T, MiNOLER
BIEEAEEDS o727,

Wistar T v F 2 MWCNT  (—F£E 44 nm, 3R
MR 69 m’/g, /NY FIVOEE07um, N FILo#E
0.2 um JHNEHET 7 B OMMEZIZITHARREE) %0, 037
mg/m’ DT 4 BH (6 FElLH, 5H.8) OWA
BEEITV, BISMZEZ3 AEIrOHAIPARTT
MWCNT O %2 M L7z, XmEPrcig, s1H,
B R EBMT TIZS4H Th o7z, TS O g4
WEkHED S Ao 727,

HH LTI RS =V L THAI LD % MWCONT (£
5-10 nm, #ed L7oHEDRM IR E 37.4 um, Hfi*F
W% 273 um) ZHEYESD 5 v MIZ28H (6 HifH
S HME, 4088) WMABRZERR (0, 0257, 1439,
4253 mg/m’) EATV, BISHIERA8HE T CBE, il
N EZ AT L7z, WA R T MWONT o5
X, 3SHETH o727,

B2 F24TICB L Tld, MWOCNT Tldhk 4~ 20 s THEHE
RWEDWLEDRDHLNT VB, Ik B3 5 H
BE VT

B6C3F1/N <7 Z|Z MWCNT (Sun Innovation # : 3%
#%£ 15 nm, £ SHEWAL 2.6 um) %0, 0.06, 0.2, 0.6 mg/m’
WZTC30H M (6B H, 5H. ) Oy AREY
T, B THRI0H B OBIEHIM 2 33\ Tl 2 ol
DIFEHZ B BMEDOBERZ T~ Wioaz ST, M
figk, VoS (HERE, SUE), WERICHERAEEORAE %
Ao 7275, RS TH L IS TR Sk
oz

C57BL/6< 7 A2 MWCNT (H -4k L 8% o
MWNT-7: B AHM1.32% (Fe 1.06%), ZER BT
4% (mass mode) : 1.5um ) Smg/m’Z12HM (1 HS5
i) OWMABRTEEIT, BB TH 1 HEE, 336HEIC
s~ DU 2 Bl L 720, Wi oik#Eid 1 Hi% D336
HEEICT, SRS v i (HEbg ) > 238 ok
H—FL L, W, B, O, BN, MEE, BEREREIC D
WAEDRD STz, FINICIEAE L72R54% 13, BEEEL T
WA, MlEAR ORI, M, RN, B OB IN
T, FEACHEEL TV,

3. EMCHTRIRE
1) FEFED AN
KE, v 27 OREINIIZE T, MWCNT OIEFE & I
BETR, FAREIROA N A A oA, NitkRERA
L DREDHE SN TWBE A, WHRR LR E OB E
T LR ICB T A i I .
2) FEMAME
CIRAELZZ#EPANTIE, AL TY RN
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4. BT IHE
1) 1B FEAAMEDAL

W A MR R B S IR AR ThILTB Y, il
RIER WML R LTV LI EPHESATW
BUAOB g EGKREIC B LTI, SO - ML
PRVHHEL D DFH, R THE I LdMEEINT
b\Z_;lz’ 13,18).

MWCNT O5EWEARERICE LT, F3448% 7 »

M2 MWCNT (fR T2 b2 T3ER5E O MWNT-7 © iR
43 Fe 4,400 ppm, Cr 48 ppm Ni 17 ppm 3 £ ¥ 5.0 um
(5.0 um LL I o #k 4 38.9%), 3 ££ 88 nm,) 0, 40,
160 pg/rat L AEE > ) 4 (a-quartz) 160 pg/rat % KA
WIEAL, TEA 1 HE»SHRKRIIHEZOBENMEZ B
THli D JAE KL Z M L7z (—BES IE)'. il od 4
IZBWT, v 7u77—YoR#ETIE, BIEHMPRK
THBRMRRETIED - 725, MWCNT (328 HED 1 6
ZRWTEFITE LW TH - 72, microgranuloma I3,
AW ) h TIREED S e 2o 72A%, MWCNT Tid2s
H, 91H#IZ5/8ILICHEE DT a7z, HHELICZE
LCHHMET Y #1E, BIEHME L BLTRATHE
JEDMMEALTH - 7245, MWCNT TIE, 91H TIZ4HIAH
ORI TH - 7.

C57BL/6J HEVE< ™7 212 MWCNT (ff H- 40 T35
O MWNT-7 : Mt 2 1 26 m’/g, & & o i 9 fii
3.86 um, R THPYLE 49+13.4 nm) 0, 10, 20, 40, 80 ug/
mice & MHEANLG [ X8, 1| H2HAS6H T CHIZHIM %
BOTHi ORI B2 ME L7z, o WEEE T2
1, MR OIS X 2 H0E % BE BRAE MR GR e 72

CD Mtk 7 v M HIRM I MHE O .28 L 72 MWCNT
(A2 T8 %E O MWNT-7 © 54 60 nm, £ £
1.5 um (10 um PL_ sk 7 — VAR IS 7288k#E) 0,
0.04, 0.2, 1 mg/kg # /EPTEA (BFxid kngs )
# 5mg/kg) LT, ImK6MPAOBIEIPHZEBE, Mo
RIEZ ML 722", MWCONT A X Y, Bl e
BEHEIRDOENDY, —@ThHo7. —H, BT
VAL, FEE O SE MR & R 7. MWNT-7) 40
ML T 5 & SIEDOTHRMBINTH - 72

Wistar 2 HEPE S » 112 MWCNT  (Nikkiso % : Bulk 5
ffSF¥£% 44 nm (GST 1.3), MR 69 m’/g, W&
ATPIGP% 48 nm, FFIHREE 0.94 pum, HLHEL 7250k
#E) 120, 0.2, 1 mg/rat DEEWIEAZITV, WK 6 D
A OBIEIIMN T JRE 2 =72 S8 SN gk
rpr R il R OO FRNT G 5512 T, BALF (I U ERiRE % 2
MPE (3 HE 12H) 1o, ifhEks €4 4 ~ CINC-1
RUFPEROBEZECTH L I TNV F F V¥ — BRI
 FEREICRRD 7.

9 J ¥ O Wistar R MEYE T v b I MWCONT (£
60—100 nm, AW TFHE S 1.81um) %0,0.15, 1.5

FERHTRE 65 %, 2023

mg/kg ZAFNTEA LRSI 52 K090 H 18112 C BALF #lld
RHT & i B AR 2 47 5 72, 90 H RIZ 72 1 ili%e
TV R RO 2 % 7558 U 7278, IR S8 S5 e 1)
o7,

MWNT-7% % &e 7 fi3H{ D MWCNT % itk C57BL/6< ™7
2120, 40 g WHTEWES | & &84 H £ o lifi o B 2 7AiM L
7z, 7O MWCNT ORMIERIE, MW1 GRS
£ 13 nm, AR & 0.67 um), MW2 (AT 8
14 nm, BATEHE X 1.34 um), MW3 GEATFEIGEE 20
nm, FATPEEEX 1.1 um), MW4 GEITFI5£5 19 nm,
AT PIGE & 1.41 um), MWS (MWNT-7) (RSPt
63 nm, FATEIHE X 439 um), MW6 GEATEI4 1% 28
nm, FAEEE X 2.05um), MW7 G395 37 nm,
BATPEIHR K 2.88um) THholz. Fie %MK TIE
Hol2h, WTFRO MWCNT IZBWT S, WIHEEEE%
iE, S SHIRE oMM L, Tl E ofAEbiE, B2
PER IR & Heig L T IS S,

MWCNT OW A B SAERIZ BTk, B6C3FI/N ™
AIZMWCNT (Sun Innovation # : “F¥9£E 15 nm, £ S
HE 2.6 um) %0, 0.06, 0.2, 0.6 mg/m*ICT30H R (6 H
W, H, SH/ #) OZHGWABRRLITV, BELKTHZ
10H B o BIEIIR %2 B\ Cli0wL 2 #~72". BALF ®
JEMEY A4 P A A >~ (IL-1B, 1L-6, TNFa) DR
355D, KETRITFRO Sk d o7z

Wistar 2 HETE S » b I MWCNT  (Nikkiso # : Bulk 3
i F-¥£% 44 nm (GST 1.3), IR 69 m*/g, W&
FATFHPE 48 nm, FATFHREZ 0.94 um, SAHTRSTF
8% 63 nm, TR 1.1 um 70% DL HigE L 724k
#E, ) 1270, 037 mg/m 2T 4 AR O AR 21TV, K
K3 OB & 3% TSR Z R~ 282
Jit el 5 45 P < il B D ST A RS C, BALF (ZIE
Ry EHA Y OWINEED 5 A ERIFRERE & O HAE
ML % RO e Ao 72,

EMETIE RS A=V L THAZ LS % MWCNT (££
5-10 nm, He4E L 7=k ORISR S 37.4 um, SRATF
g 273 um) ZHEPESD T v MIC28HE (6 BEHLH,
SHRML G, 48M) WAREERE (0, 0257, 1439,
4253 mg/m’) =47\, BIGHIRRK28HEZ T TBE, i
W 65E & Miat L 72Y (Kim JK 2019). BALF OUf ko
B % i EE DL B TR, S5 E T BALF @ LDH {4
O ZERD72. KBETH S 0.257 mg/m* A NOAEL T
HHIEERFELTNS.

M i SD 5 v F IZ MWCNT (Sun Innovation #1020
long multiwalled carbon nanotube : % H£E 10-20 nm % H
R & 1,030 um, TEM (2 TERAIL 72°F991%% 15.3 nm (6.1—
267nm), SEM IZ T &l L 72 ¥ ¥ E S 26um
(0.6-7.4 um)) % 0,0.1,03, 1,3, 10 mg/m* {2 T30 H R
(6 WM H, 5H/#) OB ABRELITV, WS



PERTRE 65 %5, 2023 309
R 1. 1048 O MWNT-7H AL < #83AERIC X 2 il o> IR0 BT WL (Pe)
M s0PCHT O PLE I 2 soVCErh o PLEK
Fili o> 95 BT L BT (mg/m’) TEFZERE (mg/m’)
0 0.02 0.2 2 0 0.02 0.2 2
A3 - Ml L B T 2 6 13* 2% 3 3 8 12*
FERL I IR 0 0 0 10%* 0 0 0 147%*
i e 2 S T B 0 2 13%* 41%* 1 1 6 41%*
kSl W 2y A0 0 0 4 g 0 0 4 26™*
i~z 77—y OHH 2 7 5 48** 2 6 9 48™*
RR e P Ao L - il 0 2 43%* 48** 0 3 44** 49%*
PR 251 0 5 42%* 50** 0 3 45%* 50™*

*ip <05 vs JEBEFERE, T p < .01 vs JEMEERE

RS %175 72V (NTP). Wi 8BS EICE LT, T v
b, v AOMEHEE D1, 3, 10 mg/m 12 THEISHEN, il
fa LM OBEIETIZ, F vy MBI, 1
mg/m’CiE, HE3 UL, ME2PE, 3 3B X010 mg/m’ i T
& BT RTOMKICED 2. MEAE R O # I
KT, ¥ AD3BI 10 mg/m’DAHED SN, Bk
STHEME LB LC, AREAMMAR Lz, 551, 03
mg/m’% NOAEL & L CIREL 7.

HEVE Wistar 5 v M2 MWCNT (Baytube 18 © /3L
b DEAH0.53%, FIHE 10-16 nm FEIHE S HT200-
300 nm) & 4R % B2 L7 MWCNT (Baytube #18 @ 2
2NV R OEFF12%) OWABEEZITV, MiRAED %
BAME L7, Baytubes %0, 11, 241 mg/m’, &&%
Fr2: L7z Baytube % 11 mg/m’, BEPEAfIE & L CRbSE v
1) 7 241 mg/m’% 6 WER BRI AR L, B A 3
PHBE BV [RELMREE oML A bAh A~
DIFNTOFER:, Baytubes 13 EAREME AT JSAEAHIIN L
7278, WEE & & A L7z, SHEDORFRINZEILIE, 4
)& % B2 L 72 Baytube &, Baytube & ZERIIFED Do 72
AN T SN T R SR I E L L R NS T e L
L7z, FHESE, A=KV /) F2—T7OMKIEICIL,
ERAMPTE %L, Fa—TOWEPEEGE LTS
EERRELT.

MEMED F3445 » P MWCNT (Bt HA L TR ED
MWNT-7 : Z2 5 8 J) % 9 *F 5 4% (GSD) : 1.4-1.6 um
(23-3.0), P 94.1-98 nm  FIE X 5.53-6.19 um)
%0,0.2, 1,5 mg/m 2 CI3AM (6K, H, 50 H)
DEGWAREHZITV, WO S & MLz 72",
SRS S MEME & D 0.2 mg/m’ D S SRE S
x FARARAFECRRD, MALRR IS 33U 5 WFREEZ AL H 0
Tl 1 mg/m’ LA ET, M, 02 mg/m’CTiRo7:. Bliok
MEALICBE L, BB BE o S i 70 A AL 25 iE & & 1
mg/m* YT S/,

Wistar 5 v b2 MWCNT (Baytube £ % : £ 10 nm L
NV ORI, AR & AY200-300 nm DFEE) %0, 0.1,
0.4,1.5,6.0 mg/m’ I C13:HM (6 BEf, H, 5HH)
D IR AR TR AT, BREET 22638 M OB %
T, WO JAE & ML & 722 S S I B
2 X BIFHEREEIZ, 0.4 mg/m’h 54 E BN % o
7. REFT RS B W TR VR O BIE AT 0.4 mg/m’ L
I THBBERTEI»OEOON, BENHE2 B L THE
JEFEASEIM L 72, WO ER 6.0 mg/m* 2T, KA
WHIS5—7 U oikED 1.5 mg/m’ I CTHENMZ B
LTS HEINIEFED Do 72 WIEREEIEL,
BEERAEME ISR L, 6.0 mg/m’ I TR b7z,

Wistar 5 v I 12 MWCNT (Nanocyl #1: % NC 7000 : i
5790%AY i F, 10% 4 B Ak, £5-15m, & &
0.1-10 um) % 0,0.1,0.5, 2.5 mg/m’ 1Z T 13 (6 B
M, H, 5SH/ &) ORIMBAEREZLZIT, MOREE
MHEAL 2 JR7220 . il BT LA B\ TE R OB
EREAR D PSR 50 R M 88 FUEAR O ZE % 0.5 mg/m”
DEICTEOLN FESIE, 01 mg/m’TH T bT
NTIED B D5, WM Z RO 7-Z &5 5, NOAEL
FIREN R WE L7

W iE Wistar 5 b I MWCNT  (Graphistrength #7132 C100
MWCNT : E3E 11-12 nm, FHEX BXZ 1 um)
%0, 0.05, 0.25, 5 mg/m I CTOHR (6, H, 50
M) OB AR 21TV, K0 H B o BISRIN % B
WT, MiogiEZ <. BEEgE Q4K T3,
0.25, 5 mg/m’ {2 C BALF OUF i ERE S ML, v~ 270
T7—=UMWAL, 0HBETIE 5 mg/m TH iR, HIE
Ml AsHRGe L CiRE L7z, MEICBTA235—7 ik
#5135 mg/m’ TR S/,

MEHED F3445 » M2 MWCNT (R H8 b2 T 3E858E 0
MWNT-7 : £& 1-19 um, % 70-170 nm) %0, 0.02, 0.2,
2 mg/m 2 C104 1 (6 el H, 5H.#H) &5l
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2. 1046EHO MWNT-7W AL < T3R8 X B Mim B B (4556 D VEEL)

M s0PCHT O PLE I 2 soVCErh o PLEK

Fili & 375 BT B BEERIE (mg/m’) BEFE IR (mg/m’)
0 0.02 0.2 2 0 0.02 0.2 2
M S - il LR A5 A 1 1 8* 10%* 0 1 0 5%*
W P RS A 0 0 0 1 0 0 0 1
AL AT A 0 0 0 0 0 0 0 1
P LA A 0 0 0 0 0 0 0 1
FTRTCON A 1 1 8* n** 0 1 0 g**
U S - il e e 1 1 7* 5 3 1 4 3
TRT O A L N 2 2 13%* 16** 3 2 4 1n*

*ip <05 vs JEBEFERE, T p < .01 vs JEMEERE

AR 24T, WELEIRE (ML) 217727, —
TEIIMEME & 500§D Th o 72, MilaEED 5T HY 72 SiAE
1L o i D F 4%k, 0mg/m’ 0% (0/50), 0.02 mg/m’
4% (2/50), 0.2 mg/m’ 86% (43/50), 2 mg/m’96%
(48/50) TH VY, 02mg/m’ X Y HELIFEEROBINZ
b7z MBI L TIE, 0mg/m’ 0% (0/50), 0.02 mg/m’
6% (3/50), 0.2 mg/m’ 88% (44/50), 2 mg/m’96%
(49/50) TH -7z, MiORIFEEEZILOHEDFESRIZ, 0
mg/m’ 0% (0/50), 0.02 mg/m’10% (5/50), 0.2 mg/m’
84% (42/50), 2 mg/m’100% (50/50) TV, MHEIL
T, 0mg/m’0% (0/50), 0.02mg/m’6% (3/50), 0.2
mg/m’ 90% (45/50), 2 mg/m’100% (50/50) T -7z,
WTFNOBHEIL TS 02 mg/m’ & ) HERISERORNZE
e, MiORHMEILD NOAEL (X, 0.02mg/m' L% 2 5.
2) FEAAM

MWCNT Ti&, 2 FMOWABERERET, HELO%
R BDY, 2 BB AETIVERE (MWCNT DU A
BREEHER) 123\ CHhNES OBERIE & R 722 A
PO A BB R IR T A BRER T, i o Sk %
HDTVD.

MEMED F3445 v P MWCNT (Bt HA L TERED
MWNT-7 : & 1-19 um, ££70-170 nm) %0, 0.02, 0.2,
2 mg/m 2 CTI04HM (6 Wil H, 5H ) oagmk
ABBZEAITV, HHRORE 21T - 727 — BRI MR &
L50IETOTH o7z HETIE, B (& HidTA)
AR, 0mg/m’ 4% (2/50), 0.02 mg/m’ 4% (2/50),
0.2 mg/m’ 26% (13/50), 2 mg/m’32% (16/50) TH Y,
02 mg/m’ X ) HELRFEEROENZ#D72. MICBE LT
X, 0 mg/m’ 6% (3/50), 0.02 mg/m’ 4% (2/50),
0.2 mg/m’ 8% (4/50), 2 mg/m*22% (11/50) TH Y,
2mg/m’ X ) HELFEROWENZ RO, ML E
HMAREEOS B R Do 72 Pl X ) ilEg 5k
@ NOAEL (% 0.02 mg/m’ L £ 2 5.

QBN AETTVOREETH H. B6CIFI~ 7 AT
WAL =V T =5 —TH5H3- AFNaAF v ML v alfilE
WTEAR, MWCNT (ff LA b TR E D MWNT-7
E¥ 1-19um, ££70-170 nm) 0,5 mg/m’ TI5HR (5
R H, 5 H ) WABERZITV, 17507 OBlg)
B2, WHESE OMGT 2 AT - 727, S48 SO i ek <o it
BA RGOS OREAEZRE, BHRRE23.2%, 3-
AFNVaAT b UBEFEMNSIIO%, MWCNT B #
26.5%, 3- AF)N a5 bL & MWCNT BEER90.5%
Tholz. /=T —F—ThHhA3-AF VAT LV
FRBELLHIDL MWONT £3-AF Va5V MLV E
AR L7 CHRBISIR AL 7.

Wistar SRHEPE S » B2 4 BB O MWCNT (il A @ X
YUV RRFRE Lo AHESITTER, PR 85 nm,
PR S 8.57 um  JLERHY AR WkAE, #HEB : A 7 o
ANFY U ERRFRE LT O VEICTER, hhifk
62 nm, WAL E 9.3 um  JLEREYRVEKE, BiHEC Y
A ruanFHripFRE L7 0 ) IVEICTER,
A% 40 nm, 7R E 1024 um, Fll < TREWGHGHE, Mk
MED: 7 M= MU VERFRE L7 Y VEIZT
ERR, AR 37 nm, AR S 791 um MK THL BW
DFE X DOMME) %0, 10°, 5x10° WHO fiber, F5Pxi g &
LTT7EFA T+ (M) 10° WHO fiber 2 BFEPITEA L,
2 AR IS e tn 2 A R B R 2 4T, IE P
B OFEREZ R L72Y . 4 M T < T?O MWCNT |2,
ZA0EIHN, WIRICHEELTEE (MM A R
(98% (49/50)) wHE (90% (40/50)), #MiiEB : (K
i (92% (46/50)) THIE (90% (40/50)), s C :
R (84% (42/50)) R (94% (47/50)),  #kHE
D: K& (40% (20/50)) & H = (70% (35/50)))
L7, F27 %A MCX D ED5REFRIZ6%
(33/50) TH -7z,

F344 2T v MICMWNT-7%2 A 7 L —F 22— 72
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X A EEMNIEA (0,0.125, 0.5 mg/kg) % 4 SE[HEE T
A U TR K 10438 B o B0 B LS TP AR B3 D i aT %
175722, 26361 %0 5238 [ T I3 Mgl Bz IR 13 32 & Mz
Mo7es, 1048H TR, IXTOERHAR, SHEOT v
MZBliORHELZ R L CTB Y, IR IE o F A4 369K
M®ETIE35% (9/26), BHRETL71% (17/24) A
Wi L7z,

3) Agmaet

BB LT, b MIET A IE WS, B
OB RERN B THIEBESRD b b T &t &
NTWwp7 fHL, #—FK¥F /) Fa—TR#HEET
HoHZ &, BBEHELREOMETFTTA V25 ThNE
& GEAERN ZIGHE) o Ins ok, REm
BiREEZD.

ICR Mt~ 7 2 DIFENE 9 HIZ MWCNT (MWNT-7) 0,
2,3, 4,5 mg/kg ZIEPENIR G- L, fEHBELHRET L7
2,3, 4 mg/kg TIXIREDHRERMAD A A SN, 4,5 mg/kg
TIRRIUR AN L, AR EBA R L7227, %
72, WTNOHREIZBWTD, fr oNEHERCTES
xR, ENENOHFEOFALNIY %o 7225,
WEREEZ AT 2B OHEG, ARORERL L UE
R OE G I HG AR LT 7z, <o A
IZ MWCNT3,4,5 mg/kg & KRB PEA LRI %%
Mt L7z, 3 mg/kg TIXEFEZED LD - 7225, 4,5 mg/
kg Ti&, flix O EFERLEHRATLLRD, FEKEE
B HREMOEE, HBOFRERE X OHEBEOWE
EHHEML 722,

NMRI Wt~ 7 A DZERCKE, 44 3 HIZ MWCNT (M
FIARE 270 m*/g, F¥ 10 um, £ 30 nm, BYEEE 1,500
w/mv, TNT Y ORFEHTCEEE) 0,1, 10 mg/kg % MEPE
W5 L, $Fliz4T-72. MWCNT IREZIZX Y, JREW
TEAERTEREBETOF —7 v 7 — LAWK OB
(70 =X F7 = LWAEOHM) & K IkERE T DKk
KR OWRA (REREHI OB 2SNz 72, M
Lo iEeEERE DA L, 1 mg BEH T, TS
I 0 o I B TR b A L 727

Kunming MfPE~ 7 2 (Lanzhou K2 THRE) DOULUR
17HIZ, 7274237 LTI L72HE{E MWCNT (Shen-
zhen Nanotech Port #L35E © B XA 1-2 mm, £&l% 10-30
nm, FEE96% LI & A LEL) 0, 20 mg/kg.b.w. & FHHR
P35 L CREBI A & BB VD RAT 2 i _72. %51
R ICIEE COWRBENE L o /ohs, FREBETIE
Bh o7z, 6 BRI L BB TREN Y — 2124,
ZOHEKRKTOERMPE ML D EX D, B
MWCNT 25, BFEi#A & JEMIC AT L 722 & 2 3R 7.
¥ 72, BRI MWCNT 20 mg/kg.b.w. DIEUR 7 H O IR
5T, RSB L 72, & 512, MWCNT 20
mg/kgb.w. DIEGE 4, 11, 15H, &5\ ik MWCNT4, 20,
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30 mg/kg.b.w. DUEHR1 H O#EIRNELG-TlX, #50H&E
EREICRHS L TR oMo 7a s 2 5o ViR
DL, TA ST TF—VIEEDSEI L7z, C57BL/6J M
M= 21X MWCNT (NM-400; Nanocyl-Belgium k. 3% [fi
298 mi/g, 7370 DEL -V LR EA
TBY, FHHE 10 nm FHEES 295 nm) 67 ug DFEN
WSRO 14H B, PR % -3 5 720 IR % i
7% MWCNT 055 & g LT, #&5-Kh o
MEARICERL, GRTHRIIEMLZ T4 [
MWCNT 0, 2, 18, 67 ug & 555 MN¥5- L, KEW oz
BIgE L7z, MEROSE CoORERM, FENEE, i,
BIRE, BROBEERZ EREWITHT 2 EIERO 6N
ol

BALB/c HiVE~ 7 212 MWCNT (US Research Nanoma-
terial £ 8 Hl B 95% DL 1, 4} 4% 20-30 nm) % 0, 10, 50
mg/kg/H % SEMBGEOKRS L, EHEEBILA ML 2%
Mt L7z, AERREICBE L Tid, R RIS B A IR
Hit, FTOEER, BiEEshee, BToEmEE BT
FALRER), FTE, I ba v FY 7 OBKEEERENE,
ATP BEAEROKT, BT by B 7 ORGSR
T OHEGORM, FE ORI RE SR 2580
72, BALA P L ATIE, WMCONTIZX D AFEE X OHHE
PRI BT HHRELARE, GSH/GSSH LD, H5H K U
F® TBARS & H &, % V37 EHDH VK= )L, ROS,
WAL 7V 7 FF V LRVOTLHER DT, CNTICL S
BALA N L ADITLHEDS, ARGl OB SRR s IO
BNl EEREL.

5. EfnEM

In vitro B2 T DNA $HYIWT % & o= 14685, /M,
Pt fREH 72 ERMET SN TH Y, RO BER
WHEHEENTWD (£3). mvivo i REEIZBWTY,
MWCNT O T DNA SHY) W7 2 /MZ B E T H -
72809 (K 3). DLEOERESS CNT & LTI, #EH
WEAETLIENEZONS. HL, ZoifEHEtE,
MALA FLAZALTELLZZ LA HESRTEYY,
TR EEHETHHIEDEZIOND.

MWCNT (£ 5-20 nm, & & 300-2,000 nm) (ZBL T
b, 0,10,50 ug/mL % & b Ol LRz IBRE (A5495
Ka) %N Z 24 R/ METEIK & 8D T 5. Bl LAl
T & % dimetylthiourea (DMTU) F 7z i N-acetylcystein
(NAC) %A % L/IBIEAILT 5.

6. HFEBREDRE

v N OBWIFEICB TS =Ry F/ F2—T]Y
TNEEB IS B W TIFE B O34 & ONT OlR#EE
OB R L7285 13 2 h o 72,

BEERIC B VT, #iEs Ik E i TWw S MWNT-72L
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R 3. MWCNT O #E{EHE S BrRG 5

BT 1 MR B AR - SOOI - i R
In vitro | 1) 9E9R48 LB MWCNT (Buytubes) : TA98, TA100, TA102, TA 1535, TA 1537: S9mix (—) (+) 5,000 -32
ug/plate
MWCNT (Sigma Aldrich): TA98, TA100, S9mix (—) (+) 9 ug/plate -33
MWNT-7: TA98, TA100, TA 1535, TA 1537, WP2uvrA: SOmix (=) (+) -34
Geto (R SR R MWCNT (Buytubes): Chinese hamster lung fibroblast: S9mix (—) (+) 10 ug/ml/ -32
MWCNT: Chinese hamster lung fibroblast 80 pg/m!/ +35
AN R MWCNT; A549 cell, 50 ug/cm’
NM-401 £ & 4 um ROS (+) +36
NM-402 £ & 1 um ROS (+) -36
MWCNT; BEAS-2B cell, 50 ug/cm’ +37

NM-401 & &4 um

MWCNT : A549 cells +38
MWCNT : A549#1 (10, 50 ug/mi) +39
Tk et R 2SR ER - | MWCNT @ CHO cells +38
DNA SL I A BR  MGE ER A (BEAS-2B) - +40
MWCNT 5, 10 ug/cm
A549ffII8 © vt MWCNT +41
Invivo | DNA $HYJ AR MWCNT : KEMNHEA ' ‘ +38
aAy b7 vEA ICR ¥ 7 A (0.05, 0.2 mg/mice) il
EARAY 72 MWCNT : C57BL/6~ ™7 A (1-200 ug/mice) Aspiration 24K [ 2 i HLA% +40
NM401%, MWNT-7: Muta %7 A (lacZ) & PTE R0 H 14 O Ml ik -42
IR MWNT-7: ICR mice erythrocyte -34
NM-401": Female Wistar Rat 5U& P ARER (0.5,2 mg) 3 HEE T AU 1 KMt +43

LAY 7% MWCNT  C57BL/6mice +40

W AWEFE (8.2—-10.8 mg/m3) 4H I (4 K¢l H) erythrocyte

- ke + Bk NMA401* @ I0-LE-TEC Nanomaterials #0) MWCNT
SR 64, 67 nm, PR X 4, 4.05 um

Fz 4. MWCNT O AR ER D NOAEL, LOAEL @ It#x

MWCNT(Baytube) MWCNT(Nanocyl MWCNT(Graphistre MWNT-7

#£ NC7000) ngth#t C100)
MELENSYE Z10nm L ALDOFHE | &5-15 nm EH%F 11-12 nm MMAD 1.4-1.6 pm RE
fifiiR & 200-300 nm | && 0.1-10 um FiHRE HBLE1pm || Fi9E 94.1-98nm
DFEE FiYRE 5.53-6.19 um
BRI 13:8MH 13384 90HR/ 1338 104i8F
REE(mg/m?) 0,0.1,0.4,1.5,6 0,0.1,0.5,2.5 0, 0.05,0.25,5 0,0.2,1,5 0,0.02,0.2,2
NOAEL 0.1 mg/m3 0.05 mg/m? 0.02 mg/m?
LOAEL 0.1 mg/m3 0.2 mg/m?
LOAELEY HhThICAIFREER
fiE
Ref Pauluhn 2010 Ma-Hock et al. 2009 | Pothmann et al. 2015 || Kasai et al. 2015 Kasai et al. 2016
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A+ MWCNT O AME T BRI C, WS R2%8E % S
L7290 H® & 7212 133852 & MWCNT DL ABE 5 X Ex
TiE, 0.1 mg/m’ TIIMiRIEADO SRR (F4), T2
WBROOLNTHITTHETH S Z LRE I N TV LD,
0.05 mg/m  CIIMIFIESFIZFRO SN h o7z o T,
IS ORBREREIIHIZRT 5 &, IR AR
B2 X 5 NOAEL 1%, 0.05mg/m’:# 2 5.

Workshop report (ILSI2000) * 12 H5v» THlZE D A5
BR¥E 3 L L, E5ICHEMED SEBENORHEIRE 2
ThHbHILEND, ZOAMEFELRE T NOAEL 0.05 mg/m’
ZBRTAHIEICED, 00083 mg/m*Es. PlEoZ
O HFREEE 0.01 mg/m LRSS,

—7J7, BUE, BEIN TR MWNT-7TIE, A
PR E TEBINTBY), MHEDT v MITHESAME
EE (104 AMRTE) Ti&, MEMEE DA 2 MilESE D
FEAERORIMO % <, BHALORIN D % Wi EEAS 0.02
mg/m’ T o727, RIZZH% NOAEL &£ LTH, Lik
DOFEVEERS & 0 NOAEL 0.05 mg/m’12, W (e
P H18ME) OARFEFERE 2 THL 72 0.025 mg/
mThHhbIEND, EL50HMED HFREEZEHL
ThH, ZREILVEEZLL. ftoT, BEshTws
MWCNT %58 H L 72 0.01 mg/m’% FFAis & U TiRg
T5.

AR LT, b MM 2SI R VAS,
DB AERI B\ TEFIRED RO S b 2 L siRis &
NTWwR7 fHL, #—FKrF /) Fa—TR#EET
HHZ L, BEHEL EOWIETFA V5 ThEnE
Et, BREMRFTHREEZ, E3ME L

7. fhiEBIDIREE
B i B e B 5

ENRHES (JkJH) : 0.2 or 0.034 mg/m’ : 14 H [ D % &
H—KRyF ) Fa—TO<7 ARANBRBZERFICL LTV
FRA Y DRAEEE LTHRELZ. (2010)

NIOSH: 0.001 mg/m’ (REL) : 90H R DZ g — K v
J F2—7 (Nanocyl ¥k, Bayern ft) ®F v MW AWEEE
HERICX DY FRA V MEBiNEEE LTRELL.
(2013).

ECHA (WkMALZ28TT) 1 0.0335 mg/m’ (DNEL 3 i
22 (2010)

8. BEDEE
=L

X ®

1) National Toxicology Program. Toxicity studies of 1020 long
multiwalled carbon nanotubes (L-MWNT-1020) administered
by inhalation to Sprague Dawley (Hsd: Sprague Dawley SD)

2)

3)

4)
5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

313

rats and B6C3F1/N mice. Toxic Rep Ser. 2019; doi: 10.22427/
NTP-TOX-94

Shinohara N, Nakazato T, Ohkawa K, et al. Long-term retention
of pristine multi-walled carbon nanotubes in rat lungs after intra-
tracheal instillation. J Appl Toxicol. 2016;36:501-9.

Oyabu T, Myojo T, Morimoto Y, et al. Biopersistence of inhaled
MWCNT in rat lungs in a 4-week well-characterized exposure.
Inhal Toxicol. 2011;23(13):784-91.

Kim JK, Jo MS, Kim Y, et al. Nanotoxicol. 2019;14(2) :250—62.
Migliaccio CT, Hamilton RF, Shaw PK, et al. Respiratory and
systematic impacts following MWCNT inhalation in B6C3F1/N
mice. Part Fibre Toxicol. 2021;18(1):16.

Mercer RR, Scabilloni JE, Hubbs AF, et al. Extrapulmonary
transport of MWCNT following inhalation exposure. Part Fibre
Toxicol. 2013;10:38.

Fatkhutdinova LM, Khaliullin TO, Vasil'yeva OL, et al. Fibrosis
biomarkers in workers exposed to MWCNTs. Toxicol Appl Phar-
macol. 2016;299:125-31.

Shvedova AA, Yanamala N, Kisin ER, Khailullin TO, Birch E,
Fatkhutdinova LM. Integrated analysis of dysregulated ncRNA
and mRNA expression profiles in humans exposed to carbon
nanotubes. PLOS ONE 2016; doi: 10.1371/journal.
pone.0150628

Schubauer-Berigan MK, Dahm MM, Erdely A, et al. Association
of pulmonary, cardiovascular, and hematologic metrics with
carbon nanotube and nanofiber exposure among U.S. workers: a
cross-sectional study. Part Fibre Toxicol. 2018;15:22.

Aiso S, Yamazaki K, Umeda Y, et al. Pulmonary toxicity of
intratracheally instilled multiwall carbon nanotubes in male
Fischer 344 rats. Ind Health 2010;48:783—-95.

Mercer RR, Hubbs AF, Scabillioni JF, et al. Pulmonary fibrotic
responses to aspiration of multi-walled carbon nanotubes. Part
Fibre Toxicol. 2011;8:21.

Kobayashi N, Naya M, Ema M, et al. Biological response and
morphological individually dispersed multi-walled carbon nano-
tubes in the lung after intratracheal instillation in rats. Toxicol.
2010;143-53.

Morimoto Y, Hirohashi M, Ogami A, et al. Pulmonary toxicity
of well-dispersed multi-wall carbon nanotubes following inhala-
tion and intratracheal instillation. Nanotoxicol. 2012;6(6):587—
99.

Fujita K, Fukuda M, Endoh S, et al. Pulmonary and pleural inflam-
mation after intratracheal instillation of short single-walled and
multi-walled carbon nanotubes. Toxicol Letters 2016;257:23—37.
Fraser K, Kadali V, Yanamala N, et al. Physicochemical charac-
terization and genotoxicity of the broad class of carbon nano-
tubes and nanofibers used or produced in U.S. facilities. Part
Fibre Toxicol. 2020;17:62.

Fraser K, Hubbs A, Yanamala N, et al. Histopathology of the
broad class of carbon naotubes and nanofibers used or produced
in U.S. facilities in a murine model. Part Fibre Toxicol.
2021;18:47.



314

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

Ellinger-Ziegelbauer H, Pauluhn J. Pulmonary toxicity of multi-
walled carbon nanotubes (Baytubes®) relative to a-quartz fol-
lowing a single 6 h inhalation exposure of rats and a 3 months
post-exposure period. Toxicology 2009;266 (1-3) :16—29.
Pauluhn J. Comparative pulmonary response to inhaled nano-
structures: Considerations on test design and endpoints. Inhal
Toxicol. 2009;21 (supl) :40—54.

Kasai T, Umeda Y, Ohnishi M, et al. Thirteen-week study of
toxicity of fiber-like multi-walled carbon nanotubes with whole-
body inhalation exposure in rats. Nanotoxicol. 2015;9 (4):413—
22.

Pauluhn J. Subchronic 13-week inhalation exposure of rats to
multiwalled carbon nanotubes: toxic effects are determined by
density of agglomerate structures, not fibrillar structures. Toxicol
Sci. 2010;113(1):226—42.

Ma-Hock L, Treumann S, Strauss V, et al. Inhalation toxicity of
multiwall carbon nanotubes in rats exposed to 3 months. Toxicol
Aci. 2009;112(2) :468—81.

Pothmann D, Simar S, Schuler D, et al. Lung inflammation and
lack of genotoxicity in the comet and micronucleus assays of
industrial multiwalled carbon nanotubes Graphistrength© C100
after a 90-day nose-only inhalation exposure of rats. Part Fibre
Toxicol. 2015;12(1):21.

Kasai T, Umeda Y, Ohnishi M, et al. Lung carcinogenicity of
inhaled multi-walled carbon nanotube in rats. Part Fibre Toxicol.
2016;13:53.

Sargent LM, Porter DW, Staska LM, et al. Promotion of lung
adenocarcinoma following inhalation exposure to multi-walled
carbon nanotubes. Part Fibre Toxicol. 2014;11:3.

Rittinghausen S, Hackbarth A, Creutzenberg O, et al. The carci-
nogenic effect of various multi-walled carbon nanotubes
(MWCNTs) after intraperitoneal injection in rats. Part Fibre
Toxicol. 2014;11:59.

Hojo M, Maeno A, Sakamoto Y, et al. Two-year intermittent
exposure of a multiwalled carbon nanotubes by intratracheal
instillation induces lung and pleural mesotheliomas in F344 rats.
Part Fibre Toxicol. 2022;19:38.

Fujitani T, Ohyama K, Hirose A, Nishimura T, Nakae D, Ogata
A. Teratogenicity of multi-wall carbon nanotube (MWCNT) in
ICR mice. J Toxicol Sci. 2012;37(1):81-9.

Ivani S, Karimi I, Tabatabaei SRF. Biosafety of multiwalled
carbon nanotube in mice: a behavioral toxicological approach. J
Toxicol Sci. 2012;37(6):1191-205.

Qi W, Bi J, Zhang X, et al. Damaging effects of multi-walled
carbon nanotubes on pregnant mice with different pregnancy
times. Sci Rep. 2014;4:4352.

Johansson HKL, Hansen JS, Elfving B, et al. Airway exposure
to multi-walled carbon nanotubes disrupts the female reproduc-
tive cycle without affecting pregnancy outcomes in mice. Part
Fibre Toxicol. 2017;14:17.

Farshad O, Heidari R, Zamiri MJ, et al. Spermatotoxic effects of

single-walled and multi-walled carbon nanotubes on male mice.

32)

33)

34)

35)

36)

37)

38)

39)

40)

41)

42)

43)

44)

45)

FERHTRE 65 %, 2023

Front Vet Sci. 2022;59:1558.

Wirnitzer U, Herbold B, Voetz M, Ragot J. Studies on the in vitro
genotoxicity of baytubes, agglomerates of engineered multi-walled
carbon-nanotubes (MWCNT). Toxicol Lett. 2009;186:160-5.
Di Sotto A, Chiaretti M, Carru GA, Bellucci S, Mazzanti G. Multi-
walled carbon nanotubes: lack of mutagenic activity in the bacte-
rial reverse mutation assay. Toxicol Lette. 2009;184:192—7.

Ema M, Imamura T, Suzuki H, Kobayashi N, Naya M, Nakanishi
J. Evaluation of genotoxicity of multiwalled carbon nanotubes in
a battery of in vitro and in vivo assays. Regulatory Toxicol Phar-
macol. 2012;63 (2):188-95.

Asakura M, Sasaki T, Sugiyama T, et al. Genotoxicity and cyto-
toxicity of multi-wall carbon nanotubes in cultured Chinese
hamster lung cells in comparison with chrysotile A fibers. J
Occup Health 2010;52:155—-66.

Pinto F, Lourenco AF, Pedrosa JFS, et al. Analysis of the in vitro
toxicity of nanocelluloses in human lung cells as compared to
multi-walled carbon nanotubes. Nanomaterials 2022;12:1432.
Garcia-Rodriguez A, Kazantseva L, Vila L, et al. Micronuclei
detection by flow cytometry as a high-throughput approach for
the genotoxicity testing of nanomaterials. Nanomaterials
2019;9:1677.

Kato T, Totsuka Y, Ishino K, et al. Genotoxicity of multi-walled
carbon nanotubes in both in vitro and in vivo systems. Nano-
toxicol. 2013;7:452-61.

Srivastava RK, Rahman Q, Kashyap MP, Lohani M, Pant AB.
Ameliorative effects of dimetylthiourea and N-acetylcysteine on
nanoparticles induced cyto-genotoxicity in human lung cancer
cells-A549. Plos One 2011;6(9):e25767.

Catalan J, Siivola KM, Nymark P, et al. In vitro and in vivo
genotoxic effects of straight versus tangled multi-walled carbon
nanotubes. Nanotoxicol. 2016;10 (6) :794—806.

Lanni ED, Erdem JS, Moller P, et al. In vitro-in vivo correlations
of pulmonary inflammogenicity and genotoxicity of MWCNT.
Part Fibre Toxicol. 2021;18:25.

Rahman L, Jacobsen NR, Aziz SA, et al. Multi-walled carbon
nanotube-induced genotoxic, inflammatory and pro-fibrotic
responses in mice: Investigating the mechanisms of pulmonary
carcinogenesis. Mutat. Res. 2017;823:28 —44.

Muller J, Decordier I, Hoet PH, et al. Clastogenic and aneugenic
effects of multi-wall carbon nanotubes in epithelial cells. Carci-
nogenesis 2008;29 (2) :427-33.

Srivastava RK, Rahman Q, Kashyap MP, Lohani M, Pant AB.
Ameliorative effects of dimetylthiourea and N-acetylcysteine on
nanoparticles induced cyto-genotoxicity in human lung cancer
cells-A549. Plos One 2011;6(9):625767.

ILSI risk science institute workshop participants. The relevance
of the rat lung response to particle overload of human risk
assessment: A workshop consensus report. Inhal. Toxicol.
2000;12,1-17.



