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Abstract

Nanomaterials are products of the explosively developing nanotechnology. They include nano-objects (at least one
dimension within the nanoscale [approximately 1-100 nm]) and nanostructured materials (internal or surface structure within
the nanoscale). Nanomaterials have undergone extensive development and are useful because of their size advantage, high
reactivity due to the high specific surface, and high versatility given by the control of the changes of their characteristics and
reactivity by a variety of modifications. However, information is still insufficient regarding the safety of nanomaterials, and
moreover, there is a possibility that the current regulatory system may not be fully applicable. It is thus really urgent to ensure
the safety of nanomaterials in order to achieve their social acceptance, and efforts are being made all over the world to that
effect. In this article, we talk about such efforts by introducing our own data.

Keywords: nanomaterial, safety, risk assessment, risk management, multi-wall carbon nanotube, mesothelioma

NBEHThotz, Lanl, B K- TENE - FFEXI
HEREBESPCHLR L DO (HIZE 572K PUTHBO 2

I. FUBIC

FAEDBRWICRET AT /7y 7 ay—1, BN %
HHEMELT, ST/ ~T )TV ekt LFEABLDOD
H5. ZOFEMOGRMEIEA T v AV TR S ],
N, TF2GBAED] EVISEIIEMTHELHVS

A IR

T 1690073 HUHUERHTAE X 1 ANT 3-24-1

3-24-1 Hyakunin' cho, Shin" juku, Tokyo, 169-0073 Japan.
E-mail: Dai_Nakae@member.metro.tokyo.jp

[ *Fhk 22 4 8 J] 18 A2 7 ]

b)) WX [F /] oMFEETAHEVIHEFELH Y, Frill
F =7 ) TIVICET 5 —BAL oML, BEMRE I
DIFFREREZRTIE, TRAEP IS bSO VD, 256<
INSTRE I DPTET, Thifio/zMmiy, #EVkir 3

256 J. Natl. Inst. Public Health, 59 (3) : 2010



7 MR O R R

HIa5Lw] BECHETI-TWELEITHSE. HIZE R
X, EMROMTEZ, DWEEFE T [P Ed—Kkit
DY 4 XAH100 nm LT THEWE| L)W EExks M
WELEBLRVIRETHS7-OTHY, [F/=FU TN
LA ] EVIBEKNZLRLVTOI VAT S,
IhETehrrBEohTnihro/oDTHb. HRT
i, BIETHFITFUTN - FOME - FORT - F
MEZEOHENRILLTHYORTWS, S5, Fid
DOWEEFRICHE AL, & POAFRENIZIE, bEbEH
RFUCHEAEL, KECE> THH SR TWEL L 04T
EWENHL. LrL, Frift /~7 V)7 e LTHADS
MEIZT 20, b HEAAETNLTRL, S /77 /uy—
WX D EAM SN HEMTH 5.

FEM OIS - 8% - IBHIE, —FIIIA L DEFOF)
FEEAM LSS5 2HNET S ZOHNEZIELLE
BT A0, Z9 L2f#EMb e oI ELE L
FIZTHOTHRY, PRty oV ba—VTELRVWE
WEERIZE RV L2 PEICTILENH L. Sz
W, ZhoiiFEMor Fo@FEICHT51) 271, B
ROICEMI S 4, SNSRI N, EFL NIz
S, FrEBF /=7 TV, FS LS oy
ZHOTHY, [Tl d—ki] P14 A TH5
VI FEZO L ODITH, EHIFRER KD ERRE
R, LRRBMICE DR - KSEEo B b2 HI#HT 5 2
X PN & DR A S, £HEA~OIHIC X D E
MR EHTO 0L LTS, BiEfEo TG %
etk om b - ERoME - mie LTHwsh
BHIED, PR E TRRICT 5L EHES T OB D
HEDHLENEH)ELTWE, T/, A/ ~7) 7T ILVoE
Tid, ZNSICHKT L RWE O, RERICBIT 5 IER
MRS DM RICEY D L FHs NS, WEE, FrEgs 7/
RFUTUBIOTRYENE MRS RITTEEICET
LIEMA TS THEWEIZH S, FiFEF/ ~T ) TIviE, tt
EMRAN T A BEFAREVWZTIC, B BLRORW
BRsp o v b OfEE & EIGERBICNT 2 EBEORE T 5
ML, WYY A G - EHE R REAT) 2 EITLD
et ETREPELZEPRDENT VS,

I. 7/ #MHOPMEEES

FE B LA (ISO) 1k, & toarverH 2%
ERL-LET, BT/ 7T IVORSE - SR ERE
PO H 2 ML) 12D 5 7212, 5 220 Ak E M &
H#& (TC229) %@ L7:". 1SO TC 229 1Z > & 2 7
DI—=F T NV—THHETIHL, £OH0 JWGL iE
[Terminology and Nomenclature] % 3% L Tw % 2.
ISO TC 229 JWG1 X, ¥§ 8B L £ 1-100 nm OH A X
#HI (size range from approximately 1 nm to 100 nm) |
%5 ) A —)V (nanoscale), WIZF /A7 —IVOWE%
Bl - Wl 28 CH L5/ 727 70y —0EMORKRR
% /7 8 ¥ (nanomaterial) &EFKL, 52, F/HF

ERIOLIHE  EF L

%3, ISO E#D [nanomaterial ] OMFEIZX, FEFHEZ
EHLALBEALETHNE, b BAA [F /<70 TV
ThoTHELEALZVWOTHHD, 22 FTISO EH
VHiOHEL LT [FifF /<70 7] Ew) EHEH
WTEEOT, ZRLEASRAEVES I, [F /) HE
LERRLT S, F, BEINEMEHIE, AKX v biFT
BV, [F /R e w) Rz HERL T D L) TH 5.

®1 ISOTC229 L3/ MBDIEEER

+/ ## (nanomaterial) : O EDUEDHZRTT, £1E, AEBHDLY

IEREEED T/ AT —ILTHBDEHD.

* 7/ ¥4k (nano-object) : OEDLUEDAERTH T/ AT —ITHBEHD.
- 7/ ¥F (nanoparticle) : SR ITNTF/ ATV THBEHD.
- F+/ 7 74\ (nanofiber) : 2AFRTDHDF ) Ar—ILThHBDHD.
- F+/ 7L —Nh (nanoplate) : 1 SFERTDHDF ) AT —ILTHBED.

* o/ #&LA# (nanostructured material) :
RERH B VNIREAEED T/ AT—ILTHBDHD.

- T/ EERME, SRS KUEERR (nanostructured powder,
agglomerate and aggregate)

-/ #E{LA B (nanostructured dispersion)

- REEE{LF / #% (surface structured nanomaterial)

-/ ZFHE#MF (nanoporous material)

-+ #&% (nanocomposite)

-/ #EEL 37 S T VRIF (nanostructured core-shell particle)

M. 7/ ##0OU X7l - EE EOMES

F MBI R 7 & FICEDS ) A FHIZON
TiL, HRHEMTWY AP TDNODOHY), HRTHH
FRATEORR B R 2l AL FEEFUC X BB IE L E 5 T 5.
VA7 ZFNT 570121, BIRCTHET IREE, #Fif-
B BREICEAET A IRBORG T, 4T/ ME % F
E o ERTRIIL SRV, E512, REDOFEERELZE
BT B720120E, Si%T  WRHEROZKYWEEZFE - &
BI20ELHL. LarL, £& F/HEONE - €&
BT, RROTHEEZZOTTHEMT L EPHETDH
52 ED% L, KHECTHEY R FEORS - MRk 8= %
THhTdhb.

F 7RO 2 7 FH - FFICB VLTI, FolEcd,
RIS REMES 2D 5 (2). PTOHICEELOIZ, F
J MR O - BIRTERE - AR EoZMIs T T, )
AOHEATHIDEWRINTVWEIETH L. 1LEWE
DO MERIZNT AU A 71X, A%, b FABEESNLERIC
HESINDIVE - TR EF U, PRt b Taehic
IWIRL TRl SRR 5w, LA LaAS, F /88
WBWTIE, 2370, FAGLKNKAE VEE ER) TH
HERBELND, BBHEICR>TWRWOTHA.

F I MED) A7 Fl - FEICBWTIE, L) IR
R REMELEPLFEL TS, BEMNZLTOIEE

J. Natl. Inst. Public Health, 59 (3) : 2010 257



LT, MEERE HIEEL TITAR TR BT HDOEI D
HREZEHLODOD, TTAPTELHEM - #Hun L Th
L2 F EORETHHMZED, HREEMITRETH L.

x2 F/MROUX7EHE - HE EOBES

*F /RS, B—HERTHoTH, HREAMIK - AEEE - A—/3—7
J AT —IEBROY A X-EHBEPHTNENTREBRLLEICK ST,
it - D ELY, —BELTIVARAVHETHIEDPRETHS.

*F /ORI BELPTL, £ £HRRNTEE - BORERYRL,
EHIC, D ULEHEBHERICKUREDIELT B8, £ERNED
(ADME) DiBEPRHEETHY), Tz, SHHARDPERICLZRE, UR
VEHBICH D TERINEEEN S 4 HB.

* BIFEORFIGRIE, CEVEEUTEEL VDD, H2MEDS/
MBHEIC KB YMIEREORICHIS T ERL.

*FIREERT 5D, BFEOREGERIE, BRICERFITENTOSYED
T/ RIS K B HRRER R IS TE AL

*REFEORFGRIE, ERRZRVT, TROKFONEZETEHZTOHEEN
KELTLRL.

N. F/#801) X5 - EXEICET 2ERS
DY) AP

KENZBWTIE, 2000 FHiEH» S, BRKF /727 /0
J— A=Y T7F54%7 (NND) OFRE, FOAF—LTF
WX BEREEN T 7O —FI2L D, F ) MEOME - B
FEAEAT L7z Y. NNI O S5 PH I3 BRBE - M gE - o4t
(EHS) 2B AHF%E - P RGBFICH RATVED, 0
GEICBTAE5 3o ThRv e S hY. ChiEe
I, BMRTY A EBBUFEITIX, FhEn, F /MR
2% EHS %R - sk 2o Twab, BINICBWTY, 3
ARIKRE L FEOHER Z > T 5B, HR%ED5 EU O
BEDKE N 25, EKEIZBT 2 ELBEmEY &, =
NEZF-BREORNIE Y 1, BECEL LS. HARICS
VT B BEHIARD BRI TIE, RIS TR
SARINASBHE T o 72729, EHS 5EH~DOILY A B
AEERIPICEN, REFTEMIZLENILELIDIDTH-
T2 e mdRv. LarLl, BAETE, &8 (N
LR, BASEE, REEEY BREA %) B&
C—HBRE 21O O TR SfTECRAEDS, K&
FOHEW IR L BIRERFR L & & ##E L >, EHS
e - iz gD TV B

F /MO EHS W78 - xfifid, ERLANVIZEE ST,
FEOEBERETHITPNT VS, 72& 21, KW
M (OECD) 13, IL#EERHASOTIC, T¥F 7 MENC
M3 24 (WPMN) %##%E LT, ML EO5HE
L% T, EHS A% - sk z T 5 M. OECD
WPMN T, # 312787 8 2® Steering Group (SG) #
FEL, FREhOFETRFEZIT->T0E. ZOW,
SG 3T, EROBURAE EIEA, UHOHFEERED
WHELT, 79—Lv -H@hHh—FKrF/)Fa2—7 %

YLK

BHh—RrF ) Fa—7 -f{F 0T - hF I RT - H—
Ry 7Tovy - Z@BALF5 Y - BIL7T VI =Y A - Bkt
) h - LSS - by AR - RYVARFLY - FTUFR
V= F /7 LA 4FEEOF /MR ERIRL, U2
7 EMl - S ERATWS. HAIZ, SG3I2BWT, 75—
VY Hgh—KoF ) Fa—7%@h—FKRrF+ /) Fa—
TND) = FARVF—ZHOTW5S,

F 7 Mo EHS 3 id, #3E - TS oEEREI
BB WERE T B A -5l et EoBS K
R, RETTIE @ 2 At %R (NIOSH) 2,
RN CTIRIINE RS Y 25, 2h2h, ZopBox) v —
ERLTWA. ARTIE, FATIMEEMEE2IT-C
WaHY, EEFEELY, WENENLIEXdlimeE L
T, [F7=70 70V - B TEEBRBC B 5 41
DIEL BB IO 72D OFHEIFIGIZOWT] 2SHEhTw
2 15>'

F 7 ko EHS #F%E - xbik, 2L TV A7 5l - HH
OB 2 38l & RFTEHIC DWW T, BHREOY A
b DT, R INERFH L TVER—=F U1 b (7
&2, BOLATBUE N RPN ENIETIO [ 72
)Y —HETHEE—I VA M D) 2BRERV,

#&3 OECD WPMN IC#(f 3 Steering Group (SG)

SG 1 : F—a~N—ARHE

SG 2 : HSE |CEY 2 Wiz iieg

SG 3 : BEMEME, T2tV bE
SG 4 : HBRAA RS>

SG 5 : BEMRVRHTOTZ A

SG 6 | JRIFHEICHE T BIHE

SG 7 : RBEFEDRE

SG 8 : H<BERE, F<EMEE

V. $BH—KR>F/Fa1—TJICBBTBU XEF
flDEK &4

H—=RyF /) Fa—=71F, REIZL->TESLND 6 HR
Ay I—2 (F572vv—1) BHEHLVIELET
04-50 nm OEZE X FOREMERE KT >/ MRT, 5/7/8
HER7% &% BRI S TERARIIC R 22 5 K& RH5»
W Z 220, Foa—TRICHA ZWE 2 AT
V720, SMFREICL - TORERE LCIRS BbE720 3
LIENTEDL., H—KyF /) Fa—7lF Tlr o=
7 A5 BIZBWTESH T4 27 VA - PSR - %
Rt Bl 7 /N 4 A - X BRFEAIR - SEAR IS - Bl R A v
F U THFTF - BREVEM - SIRES A U — - TR
WEOHEERF /I Er Yy b - FIRT A AT B EADR
HZEHIELEEEDSNTS., T2, ZOBENRE
&R WM BEMEOESSIE, BEMEE LTHIE
Hah, BHEMELTHWLIHTKEEBER 77— 7 - H
B - RAEB L OHEAMER - MR ENOFHEE
HENBIID, MBI L N—F DX ) IHEROMETlE

258 J. Natl. Inst. Public Health, 59 (3) : 2010



7 MR O R R

AR HEED~OIBHDEZ SN TEY, BIZ—Eo A
A=V HERLHEELZ EOMEE LTHHS ML T
b A=Ky F I Fa—TIF, bosbiERINEINIC
B ENTWAEF I MEDOOEDTH 75, R
IR &9 7 AR MKMW L 2B E I S, 20
EHED) A7 IZOWTHRLAPOLBESINTEZ H—F
VF I Fa—T DY R 7FMICOWTIE, OECD WPMN
SG3 OBy, ENEEITIZL ST MBI % EHS
g - FDO—BE LT, HEDZL DO V—THE5 L
TWw5h, AL I-Fo—uzHY, BICELEBI—FUF
JFa2—7 (MWCNT) OV A2 FFHICHY LA TWS.

MWCNT D2 B B 3 2 B A E L, ZFotls
B R DS BHEA T EWZ RS, FEAEHESRTY
v, —J, ZF®in vivo BEEIZOWTIE, ik THEK
HY I R O B BRI B B SRIEF R AME S b D
AT H o 7275, 2008 42 [E] 37 [ 38 T £ i 2R I g i i ok
HOEW M HMESOFV—TH, FirlokRANET
12, BPABZNEDOE W ps3 BInTFATFT ) v 2 T 7 b
XY ACEEH—RyF ) F2—7 (MWCNT) % Hn
JERENI S35 2 812X, BERCEEVRZESFRESN
LI ERWELLY. X510, Fald, A BHS
W—THRHb0LFELL#EEL -0y O MWCNT %,
BETEZREL TR VIER T v N ORIEFENICH N5
L, BEREOEBNEEKEZERICHRBEES IO
PR RICRAET LI LA R LY. Lzats T,
MWCNT o EF 5 E, MIEFRERYWIEFD
bOTHL, T2, WLHEHETH-o THHEEI THHA
THLDTHY, b INIIFECELMRMEDLD L. T4
bbH, MWCNT &, %< &b —EDLRMTT, 7AN
A MR L2 AN - FE2EOL O L HHL2b)
Th5.

72720, HHHLZz01X, MWCNT IZFENANT— 28
HHIETHoT, EBIZE FORFEICHTAHHENY A
IS BPBRPICHEMETAHEM TV LICERETRET
BB, VATOEBEWSNET B2, HRMHEE
EW R OMAT - v MCEM L ZBESL T ToRE -
BREARNEREORS - b MREICBI 2BHEERORL
RE, B SN FHICI 55z 4 DL Z &
PYET, BAZECEL DTNV —=THINLDT LI
DHATEBY, FrzemAdEohood 5. HEMEME
DIFFEIZDVTIE, psh3 BIZTFATT /) v 2T bR
ZOWTER V=728, #ET v MIOWTEAD, £
neEh, FMESKLNVoREEIT, JUE, R E
FTHDH FRERIZOWVTIE, MWCNT OBEHEER &
BYRREZN L -HMBEEHORN S BHE$5 2 &%, B
LA MLV AP ERELZEHZR TR EPERINT
B BAE, BN RHIRPLEShOD0H b, L2
¥, Fe41d, MWCNT IC & & e a2 b o 3s4: - it
JEBAET, BB L NV ORBIBRA S, thz kB
% expressed in renal carcinoma (ERC) /mesothelin & \»
IBRHADARE L, BRIMEH~OGWATHEL, ZORE

HMIEBLE Z DR - BAALIC L ) S5 ICHBT A L %
R L72Y. ZoZ ki, ERC/mesothelin 8 MWCNT
WL FREEREOT RIS L TnLZ DAL S
¥, MIEFONAL < —Hh & U THEIEOFRERZ W I H)
HCTXBMRENEE D RLTVWS. b MIEBL-EBELYE
TTOME - BESBKNBIEOME - v MREICBIT 25
BEBOFARICOVWTIL, L 2 5OEHMOMBRIZBWT,
A BRETNEFEEHOCEBRPEITINTNS,

— 75, mEDOWZEIE, MWCNT O#HMH - BHRAHD
B, ZTORRPKRELSBETLIILEHLME L
72 72 & 21E, Muller 1%, kA~ S HUL 2EBEHET
MWCNT 2 FR L o2 MG L2, F0
R E LT L7 MWCNT 28 Ao 722 & 2215 C
W2 % MWCNT 0@tk - EBAMORBIC—EDE &
BRETHLILE, Uiirsigshtns ?. £/,
Fald, BEZORL D MWCNT OIIR - FEIERIEAE
THMENICE SRR Y, A—o5McHmicixs
LR BRI L2 HEB LoD
B, —HRIZ, T MEOERIZENS OB - B2 TERE
RIFIEIREICRE A SN, FiS, AR TIEN RS
EHIAVER SN, 510 (BF) SIIRE L HBURE L OF
ATV T HHEIHLLEEINTVS., Tz ki,
MWCNT 22V T h AR DT, VU A 7§l - HHEITY
oo THETREETH 5.

VI. 7/M#EOU X FHEIICEEY 2 RREEEESR
2WEL 2 — ORI HEHA

R et v & — 12w Tlid, EiFohicy
TIFEHINTVEF MDY X 71200 TRAIZEE
flids 2 &%, MWHEENIETE LT, /2, BHEEKOR
BRTTSEREBE & L TR OTRBE ThH L EEx, [H—KrF
JFa—T%F ) WEOBREREICHET 2 HENE] &
ML, (D) fbdh - &f - BEMESEo®/NICE TS S
I MBI OHEAREREHBIZOWTOE RO &
FEERE, (2) K& - BNHEE - KSomEhIciigi s h
%7 ) WE ORI OM & ERERE, 3) S /M
DOHEARNGAB L OEREEOE - A2 HEE L2
FHEXEBL TS (FL). KFEEICBWTIL, #iRo
MWCNT I3 2 b DEER, —ITTMNLERD M
2OH Y, FRIIZTF MR 275 - FE - TREUC
ERRERZS 25530 HfFsNTn5.

x4 F/HMHEOURIFHEICET 3REBRETEME L 52—
D) A

C R (LR - BRRF) RICEENS T/ HHOFERECESEEICHE
T BMERE CREHE

CRIE (KR - ERZES - K) PISTFET BT/ MRHCET 22 ERF
ERERE

- T MR OEFRERER

J. Natl. Inst. Public Health, 59 (3) : 2010 259



VI 8HWIC

F MR, A& DOEEE &M LA ZED S ET
EOLOTHELREMTH Y, Thigic, SHEBEIE LT
HIEWTFHEING, LHL, BAEDPoTTAXRZA M E
BN T E LTRRERL, FRICHARIZBW TIIRCKRTfE
BPESIERM I N2B T AL H LT BRI D 5.
ZOZENREEIVIRIEFIERIL, b shHE
EBNEDRY THENEEZNE, TELETHRVWERE
THIMBOY A7 % IEREICEHIG L, #U0IEH - LY
LI EDPOPIEETHLME, Kk SHrFTLHNVS
ETHDH. FIMEDPE2OT AR MHETAZ %L,
AROMGFE Y Oz K- -0121, F/ MR oM
THENZEERD, koG E B#T 5 2 & BUET,
FTRTCORAT—27 R NVT =75, BRI EREICELG ST
THEL, HErORBINLEE T, BHERMmRICETD
ENTIE IS Z EHFEIEICEETH 5.

VI 5%

ARFE, FEARRICHE 23 MR LR ®RS OF
FEAET) 2BV T T 2E#HICE O VW0 ThH
0T, WIS CEEHRA TR L. L LAaHs
5, Wbl ety ¥ —oRELE LTERL
LD, Yy —REGETO/NRR R SF - A%
3 T - AN FEZEILDETLLLOBASI L,
AR FRBTZE S CH B IR MEE - TR T (ELLERSE
R AEEZERT) - BEPELE (EREKRS) - HIHHH (%
PEAEWWTZERT) - HHERE - BITHE (BHET LK)
BHLIE2BERT 24 D4 DHRBDOBTHY, =0
W) TEIBILH L LIF2RETH 5.

SE W

1) International Organization for Standardization.TC
229. http://www.iso.org/iso/iso_technical_committe?
commid=381983 (accessed 2010-06-30)

2) International Organization for Standardization. ISO/TS
27687:2008. http://www.iso.org/iso/catalogue_detail?
csnumber=44278 (accessed 2010-06-30)

3) Thomas K, Aguar P, Kawasaki H, Morris J, Nakanishi J,
Savage N. Research strategies for safety evaluation
of nanomaterials, Part VIII. International efforts to
develop risk-based safety evaluations for nanomateri-
als. Toxicol Sci 2006; 92: 23-32.

4) National Nanotechnology Initiative. History. http://
www.nano.gov/html/about/history.html (accessed
2010-06-30)

5) Committee for Review of the Federal Strategy
to Address Environmental, Health, and Safety
Research Needs for Engineered Nanoscale Materials,

YLK

Committee on Toxicology, National Research Council.
Review of federal strategy for nanotechnology -
related environmental, health, and safety research.
Washington (DC) : The National Academies Press;
2009.

6) European Commission. Nanotechnology homepage.
http://cordis.europa.eu/nanotechnology/ (accessed
2010-06-30)

7 ) Nanoforum. FEuropean nanotechnology gateway.
http://www.nanoforum.org/ (accessed 2010-06-30)

8) Royal Commission on Environmental Pollution.
Novel materials in the environment. The case of
nanotechnology. http://www.official-documents.gov.uk/
document/cm74/7468/7468.pdf (accessed 2010-06-30)

9) United Kingdom Government. UK Government
response to the Royal Commission on Environmental
Pollution (RCEP) report “Novel materials in
the environment. The case of nanotechnology’.
http://www.official-documents.gov.uk/document/
cm76/7620/7620.pdf (accessed 2010-06-30)

10) AESBY , B, 2L /727 /7uy—ot
BZRIZOVWT. 7OV IIVIZE  2009;24:159-62.

11) Organization for Economic Co-operation and
Development. Safety of manufactured nanomaterials.
http://www.oecd.org/topic/0,3373,

2010-06-30)

12) Environment, Health and Safety Division, Environment
Directorate, Organization for Economic Co-operation
and Development. OECD work on the safety of
manufactured nanomaterials. http://www.oecd.org/
dataoecd/63/11/44622852.ppt (accessed 2010-06-30)

13) National Institute for Occupational Safety and Health.
Approaches to safe nanotechnology managing the
health and safety concerns associated with engineered
nenomaterials. http://www.cdc.gov/niosh/docs/2009-
125/pdfs/2009-125.pdf (accessed 2010-06-30)

14) European Commission. Commission recommendation
on a code of conduct for reasonable nanosciences and
nanotechnologies research and council conclusions
on responsible nanosciences and nanotechnologies
research. http://ec.europa.eu/research/science-
society/document_library/pdf_06/nanocode-apr09_
en.pdf (accessed 2010-06-30)

15) EASGmE. /=7 TIVELE - B EERSICE
F 5 BHDIE L FEFiE D720 OFFifxtit iz onT.
http://wwwhourei.mhlw.go.jp/hourei/doc/tsuchi/
200207-200.pdf (accessed 2010-06-30)

16) MATBUEN BEFEBARAIIER. F/ 77 /ad—4t
& Z 3 R—F V¥ A . http://unitaist.go.jp/ripo/ci/
nanotech_society/portal_j.html (accessed 2010-06-30)

260 J. Natl. Inst. Public Health, 59 (3) : 2010



17) Takagi A, Hirose A, Nishimura T, Fukumori N,

Ogata A, Ohashi N, Kitajima S, Kanno J. Induction
of mesothelioma in p53+/- mouse by intraperitoneal

application of multi-wall carbon nanotube. J Toxicol
Sci 2008;33:105-16.

18) Sakamoto Y, Nakae D, Fukumori N, Tayama K,

19)

Maekawa A, Imai K, Hirose A, Nishimura T, Ohashi
N, Ogata A. Induction of mesothelioma by a single
intrascrotal administration of multi-wall carbon
nanotube in intact male Fischer 344 rats. J Toxicol
Sci 2009;34:65-76.

Pacurari M, Castranova V, Vallyathan V. Single- and
multi-wall carbon nanotubes versus asbestos: are the
carbon nanotubes a new health risk to humans ? J
Toxicol Environ Health A 2010;73:378-95.

J. Natl. Inst. Public Health, 59 (3) : 2010

20)

21)

22)

IEA
2 S8

) MR DR R

=2
=

Sakamoto Y, Nakae D, Hagiwara Y, Satoh K, Ohashi
N, Fukamachi K, Tsuda H, Hirose A, Nishimura T,
Hino O, Ogata A. Serum level of expressed in renal
carcinoma (ERC)/mesothelin in rats with mesothelial
proliferative lesions induced by multi-wall carbon
nanotube(MWCNT). J Toxicol Sci 2010;35:265-70.
Muller ], Delos M, Panin N, Rabolli V, Huaux F, Lison D.
Absence of carcinogenic response to multiwall carbon
nanotubes in a 2-year bioassay in the peritoneal cavity
of the rat. Toxicol Sci 2009;110:442-8.

Poland CA, Duffin R, Kinloch I, Maynard A, Wallace
WA, Seaton A, Stone V, Brown S, Macnee W,
Donaldson K. Carbon nanotubes introduced into the
abdominal cavity of mice show asbestos-like pathoge-
nicity in a pilot study. Nat Nanotechnol 2008;3:423-8.

261



