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FORER, MREREEMSIZIE, T/ A XL 75
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Bt (B0 A0 BEL, THREEIKER ORICEE b 3

FHE ST\ e, ZnboF ) WEofAFREE, B,
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LTV AOREERMA RS A ED TNl b, 22T
IFEESOSHHEIC DWW TE BB X 5 EMHSHr & ook
SRTEEE (ICP) Z AW EESHIZ DWW THRHT 2 Z &
L L7

1) BFRESEIC X 5 S

EHENE L TH /A XL LT-AEaZEAL, mEZE

S A TOEEETTMSIZ AV, EEYEOAEOIR
DBEROTEHRIIVTEERE I & B IR OFMERIEIZ DN TR
L7z, IR OMERR TIE100 nmRE ORISR STz
(Fig.1).

(2) TELSITEE (CP) L 3EM - BEBEOHRE
ICPIZ L BIeH# I ClE, HIERMBMEOTIZLD,
PRV L B D uEMR & R D BERPTBEO LN, £
T, BEROMELEEITo%, WELLEEZ A, A%

BT HIENTE .

W) WEEHRERELD S B, 7/ %A XL LA
EERFEHLZbOZ2 PN, 15 BOESLEZFALE.
ALZISSMED Y S, T /A X L& & /HHA LT
WD EFRINTWVLEEKRIR S 72 LAl 11 EIC
DOWT, ICPEAWVWTHEDOERBRLZHE L. FORE,
1B F, SEEPLASZMmI L7z, ZOM T &]$0.02
~0.49 pg/g T, T OBHEITFRITHE L T26~54% T -
oo INDHOREE, FREIVIEDTIIH DA, EEMN,
HOHEENITT D EITATREL o=, 788, 234FEIC
BEF A XML A% &8 LM OV TR
BIRMAERAELZEZA, IMBOAREFEENTEY, T
HCIET/ ASE A REROTEI IR L TW\WD Z &N
L.

2) {LdESicfbh s 7 2 WEOERBEF S O3
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HREEm &2 B & LAkt ~DF /727 /e o—n
JEE LT, BRI LB LT & e LN
T WEN, EEANRIEROE D, L2 AEReB A A
DEMTABET IEDRLT 7 7 = a VRO IR
ShTWa., —J5, Bk kL& T, T/ WEN
FEP ORI S, Bt E 588 5 rlRett 2 a4 2 W
bV, BEMIZOWTOFEIZEE > TV, 22T
i, BRSNS LCoF ) MO EREEZRET D &
&b, LHEMICER SN DT WHE O E IR CNSAFE
REDBETIEORFI R OEERRE S 0T WE D5y
FHEIZOWTHRFTT D2 & & L.
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WZERND D Z Lo T- (Figl).
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DOIRILE HE LT D720, HEFHRBRZET L
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BdD. WETOFER, WAL, G ChEIERS B
ZEnbhot

2. BEF (KX, BN, K) KFET T/ HEOH
EIEORET & FEAE

1) REBREF T RFOBRE, RMESHSEOHE

FEfZE L CEAJER, KRR ORI S M %
FAE L& A, F /R OB L2 D65~85%%
HOTWSHZ ERbholz (Figd). £z, FHRHITIE,
TR OMEEGEEIIEM L 0 bAMICE L, BREENC
DUNTIE, BEHNE A P3RS @O g, 38 K
UR20/F Z AIZF VO 2MEE DB 7 — 2 %R LTz (Figd).
K POERBESEZRE LA, T/ RTTOEHE
ANRBEbEN ST BTN T L ThHo7- (Figs). &
bz, KRR 77—V WEEEHSLL, Lz 25,
FHEZBLTY 7— LU REIIER FIRIE (C60 : 2.5
pg/m3, C70 : 10 pg/m3) HKii T - 72",

2) BRBREFOF ) RFEIZONT

Fr, WEEEHT HEFEMEICONT, AR
AT LhirERELLEZA, MERETIE, A7 L—H]
i GHVT A 7 L —2%450) 13RI (Re— Ry 4 —%4
) L0 BB TROTRIRER E Do T, RIS TIE,
RS ORI 2.4 umPL_E ORI TN ERD68~90% T -
7=kt L, A7 L—HBITRR0.26 umLL T ORI T34
RD6T~92%% HH T = (Fig6).

KB DORA SR T, A LV—H-RICEEN5E
B, KR pmPh B ORI F1298% L B L TR Y,
BOREE D& H>>720.26 umEL T ORI TlE, SEMA Ve
XBSHTOFER, KR, Wask, A FealeA A NVENE
RSy EEZ BN
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Table 1. ICP/MS O 534 44k

ICP-MS Agilent 7500ce
RFDU — 1500W
7T R H A 15L/min
B AT A i & 0.9L/min
X U7 AR 0.8L/min
AA T T v T IT A 0.22L/min
V7 var A (k#E) 41/min
W EE AL 47(Ty), 89(Y)

3) AREF T MEOFEER

ZITIE, (VBT X UEOERMET S MEIZ OV T
A ARG, 7 VX —, MBI B S A TR
i, K OICP-MSIC £ D/KEREE P OSSR OA 7 U —
SUTETOWTHE L, afTEERLT 52, A
HRT /B THB T T— L NZHONT, BRI
I X 2 IRMEEEZ FOLC-MSIE CTERT 2 HEERaT 5
&, Q=R ) Fa—T R EIToNnT, ETHEK
BN TR IC X D MEEE R 2 & & big, K
D OIRMHEIC OV THRET 22 L & L. BT, £
OO LTz iriEZE VT 2 WE ORA R B DIV D
IK % kPG e A & e L 7.

) BfkF&
IHEORRNT, BILTF ¥ o O, L — FMtEIC X
L - 7 V=T v, ICP-MSIC & B ot deftd31E A
IZDOWNWTIT o7z, ICP-MSDOBHTRIFIZHONT, F4UE
B¥E47, a)Par - UT 7 ar HRAFKEEEHL
T biE L CND I EBbhotz. BbT ¥ DR
MR TITO 2 & & L, BbTF ¥ v imga i L7256
DVEMRZRILT8-90% & BAF /2SR B33 b7z (Table 1).

XL— b - 2 U 7 v FITHONWT, pHA-STRIFR
FULERBF DI, ZORETTHEME LR IIBRET
XD et RETOER FIRMEIF0.1 w gL, [H
USRI TAB A K O 7K CUE93% & TN 74% THE L Tz,
2P L, KEKEOT—=AKTIEANATYERKREL, B
ICHETZERD Z L AMELEZ b0,

B LIz AT U —= 0 7 iEE T, ZEE)IFRIER) K
DF 5 CRREFAEERTEEZIT -7 (Fig7). 14E(24],
ZEENIARFESHLR, ZEENNZHRAT 53145122 CHll

[

Fig.7 £k HLA
O ZEENARN (1 PIAHE, 2 BEE, 3 BFfG. 4 28
JIEAE, 5 HEFRAmE L)
A ZEE)INTHRAT 23D (6 FHIN. 7 B 8 I
9 KEEJI, 10 BFJIL 11 AlJID

BELEME, WTNOBEKAIZENTH FRICITIEETF
HURENEINT A AN o7, £, FHUGFEEN
HbLEOOISA TH -7 (Figs) .

2 75—1 (C60)

KB DCE0DHHHEIC SV THREF L, PC-C60%& 4 1
F— MBI, n-~F Y ARG L U iR-iEdh
HIELLCMS THBEERT 22 LI12X Y, ngLL-UL&kE
BB AW ATRE R HFIE A TRSL & /2. Wt L7 AKEBH o
7T — L v ORIEERSITIEE AV, ' F—IKEAKED
LRSI ) K D EREFRE 21T > T2 fE R, W hokR
BHZBWT Y, 77— L U3HBRA (50 ng/L) KT
Hor=12.
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DBIETHEMENC L DR - R T AR L
(Fig.9). /KEKIZCNTZEINL THIE A To72 & 2 5,
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Fig.9 MWCNTZ IR L 7= /K3E 7K O SEMH 4

Table 2. 8 {51 B2 EEHE TP 248 DA kAT F

Treatment  Animal Autopsy Timing of autopsy Mesothelial Mesothelioma™*
number status* (week after hyperplasia
commencement ) Development Invasion Osteoid change

Vehicle V1-Vv5 allS all 52 - - - -
Crocidolite CI1-C10 all S all 52 - - - -
MWCNT Ml M 50 + + + +
M2 D 37 + + + -
M3 D 40 + + + +
M4 D 39 + + + +
M5 S 52 + - - _
M6 M 40 + + + -
M7 D 40 + + + +

*S, scheduled sacrifice; D, sacrifice after death; and M, moribund sacrifice.
**The overall incidence of mesothelioma in rats treated with MWCNT was 6 out of 7 (86%), significantly

higher than those in rats treated with vehicle (0 out of 5, 0%) or crocidolite (0 out of 10, 0%) (p< 0.05).

Table3.  WCNTO H R EFRAEH & HERG

B B ST 2R
£ ) Z;;ﬁ %ﬁk 2L OIER AR R
2) +1 4+2 +3 +4 7 %

PEFEREN

poiicyics 0 5/5 5 5 0 0 0 0 0 0 0 0

Cro 1.0 10/10 10 10 0 0 0 0 0 0 0 0

MWCNT- L 0.1 12/12 12 4 7 1 0 0 0 0 0 0

MWCNT- M 0.3 12/12 12 1 4 2 2 1 2 0 5/12 42

MWCNT- H 1.0 12/12 12 0 0 1 3 4 2 2 11/12 92
e e 5

poyiyic 0 5/5 5 5 0 0 0 0 0 0 0 0

Cro 1.0 9/9 9 7 1 1 0 0 0 0 0 0

MWONT- L 0.1 10/11 11 0 1 3 2 1 2 7/11 64

MWCNT- M 0.3 8/12 12 0 0 2 1 0 7 10/12 83

MWCNT- H 1.0 5/11 11 0 0 1 1 1 0 8 10/11 91
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3. 7 MEOEKEECEDL R

1) EBI—ARF ) Fa—7 (MWCNT) DOAGEE
(1) MWCNT® 57 s 2/

MWOCNTIEZ OGRS T ARZ MSHEERL TV D Z &0
b, B FTORBEEENREINTND. Fald
MWCNT DA EMFHEOE MER DIED & LT, MWCNT

ZIEH T v MEBENRE LT & & OB W TR L7-.

MWCNT2mg/kg & NRIED 7 0> K7 A b (7 AR |)
7w MEENICIERS L, 882177, TORE

MWCNTIZ T v MIPEIEZFERT 5 2 ENHR SN,

TARRA NG LT v b ClrHRREIXSER SN0 -o
7= (Table2). T OHDOFFEREZITT, MWCNTO H 2 fiE
FHRIERICONTHEMBMEOF OGO R ED S
A F<—H—THDHERC/A VTV > O HEFANER AT
B DHBEOWRBIZOWTIHRFT Lz, ZOfEER, MWCNT
O R FEVERIIMWCNT O B2 Hf) LTt 5% =
EDHER S, MWONTIZHEIEFZRIERHEZ G T2 2 &0
BN E7eo7 (Table3). S BHIIAAF~—I—ThdD
N-ERC/ A V7 U > OFEEIL RO v B R 28 O
RS TIN5 2 L2V Y, R flf o> FLEAZS I J O
HETHEICAEH TH 2 FIH
—ﬁ,MW@W@¢&@£%¢%@,MW@H@#%%
(EX) OEVD, HDHWIMWONTICE SN D80G HE
\Z&D, EoFENLINTND. FalItEROER S
(E&LEEAR) SEEOMWCNTIZOW T ZIERERO
FERIZOWTHR Lz, ZOfEE, TREORIRICIT
EDOV A AOWHEDOTFENEE L TWD EEX bk, F
o, SREARIE, —TOEIOLDLMHM LY S LTIE, T
JEREBUCBIE S 2 AlREME bR S, £0—FT, 8&H
BN —EREH->TH, A XDNEODRIHIROGE, +
SNEDFBIITORB BRSO & EZ b2,

ZZE TR EROREIL, WINLEFRZ Y o
NG IZRB N THELNZLDTHSD. MWCNTO B K
TOIFBEREEE 22L&, RbAEEOH 51X BER

EVES R S (Fig10) 20,

Fig.11 FTlgafizts

IZFBHT-MWCNT

BITWMAIC LD IE<BETHD EBESND. £2T, Fx
X, MWCNTD 7 v MRXERGFEREIT>TND. 20
FEERIZOWTIE, ERMEDORBETRWEZYD, 22T
W3 5.

(2) MWCNT DN BB
HERNIZASTEMWONTA E D & 5 7p 2@ & L 202D
WTIEERL B TWRY. FxlE, 7y MIKERNEES
L 7=-MWCNT DRI W T, BB 42 VT
WEtd 5 Z i L. McBIT AMWCNTOWLEIZL B A
ATHDH, FERY > B TOMWCNTOILE D B S~ T
BOLNT., Fie, FEMG, @7k VITTHEE, 0
FEIZHOW CHBME T BMEEIC TElE L- & Z A 53
RODBMWCNTDOFEZR S T= (Fig.11). O Z &%, Hf
IZASTEMWCNTA Y 2 FHEICERNIZI D A E R, £
%, MEENA L TIFETRRELTWAZEATRL TN,
E>T, MWCNTIXMFEZ N LT, BNEH->TND D
EREZ LN ﬁ@*ﬁﬁﬂiﬁLﬂ%%ﬁwﬁ%%
Wb O TH DA, HERAE M L A8IE0, Bl
ﬁ%ﬁ&<,%%é%ﬁ , VR, 7, EHAE
TEAMSTE, BEEBNEL, BIEMELEmV. £, #
LR THDHZ Lo, < ORBIZHFER BT
LHZENHERETHD. AFl, FHIZBA L EEMETH
WA AVT, MBI BV TMWONT 2R X< S H
tv&xmgmmbtr“%@<ﬁm WAER, MR, A,
fod, BERE) I OWTHRANRERHIL, BIESHITBIT D
MWOCNTIZEIZR T & 7o 1219

(3) MWCNT O H 2 JEFH R AE A R B FF

Z 2 TIIMWCNT O H B IEFE A H O R BT #R T 12 1A
J7o, SRR, AN, STAEmPNTFEEBvicA
ROV TR L.

a. SRR

2%CMCNalZ %) L 722 mg/kg MWCNT % ICR~ 7 A iz
WCHRZEEL, 28, 1, 2, 4, 2008M% i o [imER,
U ooNER, BER, JERIERZHIE L7Z. st E L TCMCNa
DIr, H—HR>7Z w27 (CB), 7uy K74+ (Cro:
TARZR) &G L. £, RRFIEM LSS &%
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Fig.13 JERIER F BB B OB E (MWCNT, CB, Crocidelite (2 mg/kg) #54%)

B9 5 Ak Eo#E S 7 &2 HIE LTz, MWCNTH# G-,
ek, HER, BERERE G 1ESEML, 208% TH
CMCNa X W HEIZEEI L Tz (Fig.12). #3555 1134
RIEKOOCD49d731-201 THEAN, CD54731-23 THAM L T
7-. CBTIFA IZA 72 <, Cro T AR IC AMmER, H
Bk, BERIERDSEEAN L7232 DAL T L7z, MWCNTIEAR
PHTZ A 2 TZRFZITRIE « 005 R~ DR, CBXCrok Y
B, ZORBIRLSFHRT L ERNRBRINT
(Fig.13).

MWOCNTAPUREEERE I IFE T EBIZ OV T, MF LT,
THBR A DIgM & IgGHUREAITIM L1 Z &b,
MWCNTATHIE 2 I L 7= SosBRRE A TTHE L T D Z &8
R I, EIERIRF OW DDA N A v T
HA Y« mRNAHE LMLz, Thet A o1 14
(2-20i), ILS5, IL13 (2-200 ), Th17%A hH A
SIL17 & RIEPED A A > 2 IL1b, IL33MCP-1132-343
T, Thi¥A FHA > :IL2, IFNy, [3Eh T10-3438 TH
MLTWz, MWCNTIZ~27 17 7=V R EICERENT,
HARGE R A TEEAL, RIERS A3 HIL1bCIL33 % 5
WL, U S7-ILIbRCIL331ETh2 cell, mast cell, FERIER
W X Th2H A b A VAR, Th2YA b U A i3t
RPEA %8, HER - MRIERO ML L lEEZREL T, %
P RIERIGETLESETWS Z LB L. AERN
IZAST=MWCNTIE, BEINDB e - Rt - 5 CiAE

RN, 50 - RIERA~DOTLER RN o7z o THkRE
T5Z LR ST,

b. AAbFRIRRES

MWCNTIZ L 2@ b AKEN LD E Re X LT oL
FAEREWE L=, MWCNTIEXIRD2.650 Ka ¥
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Research into the Health Effects of Nanomaterials such as Multi-Wall Carbon Nanotubes

Akio OGATA?, Keisuke KIMURA?, Takashi FUITWARA?, Ikue SAITO? Aya ONUKI?, Tomoko OKUBO?, Yuki KOSUGT,
Satoko FUJIE?, Toshinari SUZUKI?, Tomokazu MAENO?, Yoshimitsu SAKAMOTO?, Osamu TAKAHASHI?, Tatsu FUWA?,
Tomoko FUJITANF, Yukio YAMAMOTO?, Yoshio NAKAGAWA?, Sumiko TAYAMA?, Kuniaki TAYAMA?, Toyohito TANAKA?,
Yukie TADA?, Seiji YOSHIDA?, Hiroshi ANDQO?, Yoshikazu KUBO?, Akemichi NAGASAWA?, Katsuhiro YUZAWA?,
Hiroshi TAKAHASHI?, Norio YANO?, Yoko UEMATSU?, Hirofumi USHIYAMA?, Masayuki KURITA?, Akiko INOMATA?,
Mitsugu HOSAKA?® and Dai NAKAE?

Manufactured nanomaterials are important substances in nanotechnology, and the potential human and environmental risks need
to be investigated for risk assessment and management. This study involved precedent research that aimed to evaluate the general
risk of the nanomaterials in the living environment.

We conducted marketing research of nanomaterial use in food and cosmetics and subsequently examined those analytical
procedure . We developed and used an analytical procedure to investigate the occurrence of nanomateriales in the environment(the
atmosphere, aroom, water). In parallel with these above investigations, we investigated the toxic potential of nanomaterials using
laboratory animals and cell cultures.

The marketing research and analytical procedure did not demonstrate that a large amount of nanomaterials exists in our living
environment at present. However, the toxicologic approach demonstrated the presence of multi-wall carbon nanotubes, a

nanomaterial that, other than inducing mesothelioma, has harmful effects such as the teratogenic action.

Keywords: nanomaterial, risk, food, cosmetics, environment, fact-finding, toxicology, rat, mouse, cell-culture
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Tokyo Metropolitan Institute of Public Health,
3-24-1, Hyakunin-cho, Shinjuku-ku, Tokyo 169-0073, Japan
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