B 2

HEMTME

WE4L - BBk FZ v (FRF)
1. LB ORIEFER D

£ o b (IV)

a1l & b H

bt % X Ti02

4y F B 799

CASE =S : fbF %> : 13463-67-7

JLF LA 1317-80-2

7F#—ER : 1317-70-0
T R AETEREAT A B 9 (MR 2 @A~ & A EWH 191 =

2. WE bE
(1) WERA LR D
SMEL - I~ A B ORE SR R
P 3.9~4.3 g/em3
W A5 2500~3000 °C
Al AL 1855 C
iEtE OK) I T 72w

(2) WEA LR faiRE v
TOKRSKSERRYE L R
ERERNE WER L
WERROSE IR « HE 72 L
{EZRIfERRIE « W72 L

H 3 N

(3) =it

b7 & ik, 7% —1t (Anatase ; $iffin). /LT (Rutile ; &4A). 7V A b
(Brookite ; tRF % ) D 3 FHOFEMEERH D, Z05H, TEMNHHAINTNDHD
IV FNETFE =BT, TATA MITEROFIFILA W,

3. ApE-fAE AR HR
AR (F/BETE Yy OLFAEL T2 —EBRIAE) 13,490 k> (2010 4F)
A& 2: ObF R fbpiih, BEh N —ANEALL T AR RS IR
(7T —8M) Sefbii, TR AR
RLEEE Y AlEE, JULFT¥E, FHXUTE 74D, ELEF XT3
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4. R
(1) SEEREWIR§ 5 FME

7

aEREE
Hetk

SR EBRIC T R LT & > T ki D LDso 2% 5000 mg/kg (A E LA Td - 72 1 #ify 191919

IS, BB Tunany,

~ A 7w bk A

e . LCso H7e L e L fH#m7e L

#11, LDso B L 5,000 mg/kg bw Lk fEH 7 L
Uf-C (P25 &R L)

R, LDso e L fH#m7 L fH#m7 L

JEIEEPN LDso R L R L R L

Uf-C : P25 ; F£% 21nm, #FEFE 38.5 m*/g, 79%7 F % —1X/21%LVF /L, £iEiEM 0.9

deltab (77 v 7 \Zxtd HIEMEL) . ZAREKFP ORI @RJeEEL (DLS) £5) 140144 nm

ft e 22

SUE NEAGER

« — WKL 20nm (Degussa 18 K EfE 50 m2/g)is LN 250 nm  (Fisher L8 Fimfd
6.5 m2/g) O 7 F & —ER TiO2 ki 1% 1M F344 7 » M 500 ng/lt < &ENEAL, 1
A% 24 FFERE U BV T O RIE 2 MG L7z 20, —Kif% 20 nm @ TiOg KA 1EA
L7=7 v ML, BALF oM, ~27 077 —I8, FHhEREEOWFhizon
TOHREREE i L CHEICE L, 250nm @ TiO ki 2 FE A LR Tk HEE
DRIEFGZ 51 EEZ LTz,

« —WHRIFE 29 nm D TiO2 K ¥ (Evonik Degussa #E#) 35 KOkt 250 nm @ TiOs
K7 (Tioxide Ltd.#t#) % Wistar REEMET » M, 125 & 500 ng/lCd 2 H &% %
WEEA L, HEARE 24 Bffil#2 O RIESUS Z2 i~ 72 20, BALF O 47 HERHER, v -glutamyl
transpeptidase (y-GTP) {5, # /37 JE, LDH 1L, Rk 29 nm O TiO2 ki 1-
500 ug ZVEA LT v MHEOZITEWT, AEAREINAGRD b,

« — YRR 21 nm @ P25-TiO2 ) / ki1 (Evonik Degussa #E#4, P25: F[HfE 38.5 m’/g,
9% 7 F 2 —E/21%VFI/V) ZHEMF344 7 > 2 0.26, 0.52, B3XL T 1.04 mg/ltd 3 H
BEXKENEAN, fm 42 AR OBIEHM A BE, Mo EHAk L O BALF &7
DLtz 22, P25-TiO2 7 /R DFEAIZ LV BALF R4 ERE, LDH, 77 I ViR
JE, BEOWA M A (INF-a, MIP-2, IL-2B 72 &) JRIEOHERBEMAFHE L 72,
F 7=, Kk 1 pm @ TiO2 ki - (Sigma Aldrich #1584 : #224227, LT 148 %, P25-TiO2
F R ERFEORETBAEEZR[ENEAL, MORIESGZ K LT, RERICRIERX
SRS L7223, P25-TiO2 F /K- O N L VIRV E (hirE&) TRERZE(AA
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b7z,

- DuPont #H# O —YkifE 300 nm DL F LA TiOHL 7 (R-100), I8 20—-35 nm, & X 92-233
nm O v KR %E Liz7 % —8R TiOz ki1 (nano rod), — KKk 5.8-6.1 nm O 7
F 2 —FRI TiO2 ki (nano dot) @ 3 FEIHDKIF % 1M SD 7 v M2 1 B LTV 5 mg/kg

KENEAL, 387 HETHORIEL LT 28, W o TiOz ki 11X < @gﬁif“%
1 mg/kg X< BRETIXIT & A EEENBO LT, 5 mgkg X< FERETITFEAZL M
DRAFET 1 HE FE TITITIREE & [FFRRE £ CTlEfE L7,

SRIEDHT 2 B AFFHD TiO2kL 1~ (Table 1 2 M F-113 fine ki1, uf-1, uf-2, uf-3 L ultrafine
FiFThb)., 745, R-100 TiO2ki+, DuPont #E8OKI KT 140 nm D /LF L
TiO2 K ¥ 2 FifE (uf-1 B L uf-2) , BEO uf-3 TiO2 T/ kit (P25) % 1 BLV 5
mg/kg ZHEME SD 7 v MIRENIEAL, HEA% 3 » HE T, R OSRIE % Hi L
7o 24, ZORER, uf-3 LSO 3 FFEEO TiO ki 7 Clk, —iMEOBIReRIAEN 5| Z 2
Iiz, —F, uf-3 TiOzki¥ Tlk, RIEMADEL - %ﬁ/\/f I~ — 7 — O INF L O
ik D JAE D EFE L 720

Table 1. Warheit & 2iBRIZH A L7- ZB LT ¥ o OWFA LR R 29

s T s ot Rt
Wai&r* Pi]gS devivoal};iezred Pi]I318 delta b
F-1 AF | 382D | 26072 5.8 749 | 675 | 04
AF | 1380 2 18 564 | 6.78 | 10.1
uf-2 TV e | 20T | 85T 714 | 678 | 1.2
P25 | T T | 1204 | 26017 | 40 408 | 670 | 238
Wf3) | L5, 900 | T44% | £31%

FENETER & LT 0.1% e m U UERIUT R U U A A G Tk

deltab : 77 v 7k B iEMEE

CRRIEE DI
14

—WRIPRDE WD AT T B E T 2729
A TiOg k1 (—
L, MiDORIEZBE LIz 25,
RETTREIET S
Nieholz, bl

TRRIAR

—IBEDORIESIETH Y |
ZEERIRIE D R DORRF 1T 5 129
18, 65, L1300 nm ki 1% VEHR,

DRIEAR B LTz, WT LD TiO kL FTh, HEARL LMD HWNE 1 » A £ TIZEiE T
—IEMEDORIESIETH Y |

5 mg/kg BRE

WZ LD RGD7=R

HEARL 11
— R DEUNT

2, AIREEMR 3 fEO T 42—
WRiFE 5, 23, B LU 154 nm) 5 mg/kg Z MM SD 7 v b
W o TiO2 b+ T,

I A

W HWNT 1+ AR

X AR DFER T
—YRIEE 5 nm K% HWT,
WIEAL, [FERICH

RO LR o T,

TFH 5

JA



1% H 5Bk

A RADFI D 2FEIAD T/ TiO2 (F A X 25 nm F 7213 80 nm, HiE : > 99%, Hangzhou
Dayang Nanotechnology #) F£7-1X7 71 > TiOz (¥ A X : 155 nm, HiE : > 99%,
Zhonglian Chemical Medicine #) % . it CD-1ICR)~ 7 A2 5 g kg % Hi[nlRE O #%
L7230, %5 2 @O~ A28 W, TiidE, i, Bk Mg X Ok
HREL, BREOETIL, 80 nm TiO:2 % 5-FF CIIATHE TR b &<, 25 nm TiO2 & LV
155 nm TiOz & 5-8f TILMHE Tl b mnr o 7o, fE~ 7 A TlE, 25 nm 36 LU 80 nm TiO:
IZRWT, BEREOERETH 2 MiFT ORFEEFE (BUN) LU L7 F=2(CRIRE
O EARRO B, M~ T ATiE, 25 nm TiO2 £ 5-#E 0 M BUN L~L,  ALT ¥
JOVALT/AST k73, 25 nm B X80 nm TiO2 % 5-#E Tl & R EE DR CTH 5 ik
LDH ¥ XU a-hydroxybutyrate dehydrogenase (a-HBDH) L~V 3 EfECTH - 72, I
PARRR AP R RE & S RBRCH Y, 80 nm F LY 155 nm TiO2 & HAHIZIB T,
R PRI D AR, FFRE S SRR )E P D A BB ZE ME 36 L OVF AR AR O R B A S B 52
Sz, £72. 80 nm TiO: & G-HE T, BIRME, 155 nm TiO2 &5-HE TIXBREKIKOE
FEZRRERR DS - DTz, GO, i, FEEL, FPERIS K OVMEEIZIE TiO: & 5- D T A b /e
o7z, 25 nm TiOz FEHE T W TR ORI & ELARR A ZLITRRD bR -7,

A IR M OV B

- ultrafine TiO2-C (uf-C : P25: #HifE 38.56 m%/g, 79%/LF /v, 21%7 X% —¥ ., £k
P£0.9deltab (77 71Tk DTG | ARKT ORI (ERDEEGEL (DLS) £)
140444 nm %9 D pH 4.8) 0.5g Z==2——F > RAM T Y FIT8A L, Avki)Eil
WEABR AT o 7210, b TF F# & 4 KFRlEEA L, £ 0% 72 ] £ T, Draize A =17
R L. BRE ORIEMETERD b oz, 8EEOHE~T L AT v DO EEIZ TiO,
F kit (8T-01, 74 —8H, 1 K74 26.7nm | 2 YKL 7£% 391.6 nm 3% i &
fifi, Ishihara Sangyo Ltd.) % Hi[al%&A L C, K@ 5 Ti ki & MM 217
>7, TiO2 IFBWMEKLZ OREEER L ORRFAELEIZRIEL TWen, REOA
ARSI TR O VT, MlOZL B BIE IR Do T2 1,

- Ultrafine-C (uf-C; TiO2) % W CAatk iR R 21T 572 17, ufC =2 —Y—F
RARTA FUHFIZE®AMA L, L F ¥ K 5Tmg & A BIZAIR L, D% T2 K £ T,
Al MR, A2 R L 7c, RMEINSRIRORR (A2 7 1, 2) 1%, B b,
APETH Y | 24 e, 48 IR ICIER T2 o> 7o, AEZRFTAIL, O bher o,

v REAENE
- Ultrafine-C (uf-C:P25:F [ifé 38.5 m%/g, 79% 7 F % —1 . 21%/LF /L FiE{HTE 0.9 delta
b (77 v 71k DML | ZARAK ORI (BREEEL (DLS) ) 140444 nm &
> pH 4.8) %, JFFTY v/ Ei#kBR#%E (local lymph Node Assay (LLNA)) #47-7-, 3
H fs#fe ©. MEE CBA/JHsd ~ 7 2D HIC kT % v /R 28, BNV v
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EiF D H3-Thymidine O HL Y iAA % JIE L7z 17, Ultrafine TiO2-C 1%, B2/ EA/EMSE
%u»u O7Rho 7'2_0

T EEGEN (B - BAEENE, BEEEREN, B AMETER)
AT BB

- Wistar RHEMET ~ M2 ZBETF # o (TiO: £ifia— Ma L, #E 95.1%, 7F % —F
86%//VF IV 14%, — AL T 25.148.2 nm  CKIAEDHIPH 13-71 nm) | FKififE 51.1+0.2
m?/g, Zeta AL 16.1£2.2 mV in 1 mM KCD® 5 HREW AIEL #E(6 FER/H)Z1T0,
X< T T4 16 H £ C°H %31/7?_ 20 (X< TEEEI. 0,2,10 X OV50 mg/m3 TH-o7z,
X< BRE KA LT, [E SRR (BALE) F o Miatk, 4FHE%L. clusterin,
haptoglobin, monocyte chemoattractant protein-1(MCP-1) . macrophage colony
stimulating factor (M-CSF) . macrophage-derived chemoattractant (MDC) .
macrophage inflammatory protein-2 (MIP-2). myeloperoxidase, osteopontin £ 73
WLz, ZhboZ bk, E<HEER S IT<ER TH 3 AR THE ThH o728, ’\ﬁ’*EH
Ja% & haptoglobin LIS D~ —T1—i%, IX<TEE T 16 BE LM L7, KEK -

KU 3 F KOS Téi&rfﬂiﬂ’ﬂ@rfﬂiﬂ’ﬂﬁéﬁ_ﬁb@m WX ER TEEZE T, 2To
RECBZEINTN, —#ETHoT,

- 7 v b (Wistar, M, —#£ 24 JC) |Z 8.6 mg/m3 D _f{bF &% ) i+ (7 &2—F
R ZBRIIFER 4.8 pm, 1 RBLTFE 15-40nm) & 7 LA 5 B, 1 4R
WANFTLTE LI ZA, MED~ I v 7 7 —VIZ Wb TF Z R F 258D, ETFE
~HIfIRIERS KOV o SHERIC T S R AR R LIy v Ty — U ERRD T 27,

« >k[E ® Nanostructured & Amorphous Materials Inc (NanoAmor) #E#d—¥kiFE 3-5
nm D7 F % —ER TiO ki v CEE—UkifE 8.5 £ 1.0 nm, BET FKifff 219 = 3
m?/g, T > /N—HND SMPS OE U 7 ¢ £ 120-128 nm) %, HEM%: C57BL/6 ~ 7 A2
ANELBEE 1 AEIE 10 BREIT-72 29, 1 AOESEITB VT, 0.77 BEOY 7.22
mg/m3 DR HFIRE T, 4 KO AL ELITV, mRETIL, BALF v/ 77—
RO Z RO T, ARRE CIIAERELITR O bz oT. —J, 10
AR (4BFH/R) ORBRTIE, F<KHEK TR 2/ ET, BALFHO~ 7 v 7 7 —U%
OFFEZRBEMMBFRD DTN, —iEThH o7, F7z, BALF FO4FFHERIS LY o8
¥, LDH, #./%7, ¥ A +H 4> (INF-y, IL-6, IL-18) JEEICH>W\WTiX, AEXR
ZAGITERO Lo T,

- Fisher 344 7 v T, ¥ 1 kKD 21nm  (Degussa #HH, FHifE 50 m2/g, HJE
3.8, ZEXJIFHIERE 1.7 um, 7‘)‘5“—32) & 250nm (Fisher Scientific f1H, FhifE
6.5 m2/g, B 3.8, 22K IFIERE 1.9 pm, 7 F X —8) O LT X &4 % 23.5+3.2
mg/m3, 23.0+4.1 mg/m3 @Y)%E’C\ 6 /B, 5 HAH, 12 #HEICHTZY 2HIT<EL
7230, U L RHINOWAEREIL, 21nm ORI 2% 250nm DOFN LB L TEhoTz, &
7o, BAL CUEH ST LIk & U U Ei ok OEIG S, 21nm OR.F D
J505 250nm ORI & R TEZpole  DE VRN OE~E D ZBATLIZZ &R
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@éﬂkommn®ﬁ%®%W®¥ﬁ%ﬁ5mEﬁiZ&mm@ﬁ¥®¥ﬁ%®1M[ﬂ
ZEHERIE S FICIBIE L7z, VL EX Y | RO/ SRR, BIE~BIT LT L
%W(ﬁ?mﬁ?ﬁ) NSy
* Ty MCTBMET & o R CRIREZERL, — UKL 35nm, A F ) A 4 JHH (6
B/B. 5 BAE, 18 HE), WAIEL T S8, Mrks &0k RO 217 -
72 30, (X BTF ¥ N —NO LR TP K OSSR E R X, 51 + 9 nm,
2.8x105 fHl/cm3 T o7, BT Z o OUMIEE & WA T 4 H%)IT 12.3£1.1 pg
ThY., FEIL 25 » A Thote, ZWLT ¥ T XD Mtk 2 RIEK R, &
7. BALF HOMBRAMIE FEROBIMZ RO e hoT=, 7B, ~ hU v 7 RcBbD
matrix metalloproteinases (MMPs), Tissue inhibitors of metalloproteinases (TIMPs)
a7 =7 DRI FRIG TTEELRD 2o T,
-+ TiOz (7 F & —EH 70%/VFNAH 30%, FiEMEdfi, Y1 X :20-33 nm, BET
FIAFE : 48.6 m2/g) F-IFEEENZ L— K TiOg OVF AR HE : 99.4%, Kif-HA X
JAE : 200 nm, BET ZifE : 6 m2/g. KRONOS International) % 4 % 88 mg/m3, 274
mg/m?3 O i EE |2 CTHEME Wistar 5 v MC 5 HIEEEE (6 Fef/H) S AIT< #& %
1To7z 32, [E<BEXKTOESZLIIO 14 BEICHBNO Ti ZRE L7z Z A, Wi TiO:
b HFRER, BN, MR K OWREREZ ST MIC B W T T SR S e oo, — 5, il
B RO Y > _EiTIE, T AR S 4L, B L — R TiO2 237/ TiOz X V) Wik
B HIREENE o7, T/ BLOERZ L—F TiO: & b ICK&HE G E%IC BALF
qﬂ@%ﬁ%f FIMER D INFS K OV o3 BURE AR 710 P 238 B D A R ERPERSE DS 2 AV T2 23,
WPETH o7z, 7/ TiO2 T < Bk OMEIEMMIEL, BEZ L— F TiO2 IZH A~ THA -
77
- TiO2 F / Ki¥ (Evonik Degussa f-8; P25; ) —¥ckift 21 nm, 7% —F 80%//LF
v 20%) ZHWT, M F344 T v &, MfEME B3C3F1 v 7 A, I L UMM SYR AR
Z—D 3 FHOBMITH LT, 0.5, 2, BLU 10 mg/m3 @EE/&%FT S INESE L
BRAa1T>72 29, TiO2F / Ki DT v L /3—NDOZELRITFHIERIL. 1.29-1.44pm TH >
2o WThOBEM Y 13 K (6 FEFE/E, 5 B/AE) OWAIES BEIT, IEBRKTH%
4, 13, 26, BL B2 M NLAX —TIEL 49 #H) ZICHOKIEEZRE LT, 7 v b
< 7 AZEBN T, 10 mg/m3 DK FIREICIX 8 L7 TlE, BALF T ofafiask, =
DI THDAHERE, ~ 7 v 77—V, Vo Bk LDH 0¥ R 7 REOH E R
HMAFE O NN, 2 mg/m3 LT OKFREICIT&TE L TIIZE A ERENRR
LR o7, 728, 10 mg/m3 DX E TR, TiO K2R A E LT v FEB XL
O~ T ADEETIE, MNOZ V7 T ARBIEL, MiOWARIAEE TWVWD Z EARS
Nz, —F, NAAX—IZBWTIE, 10 mg/m3 D& H TiO2 2 EICIE< T LIz W
Th, EROKERICOA BRI N>z, 2B, 2mg/m3fET » o 13
E< BT ERZIC, BrdU— 7~ S Milaiaof B2 na . bz, 4 3k
RO LT, —HEThH o7,
-ﬁtﬁ‘@v U AT 6 O (b TF Z R AW NIE S 5B URIER S & fiE L7z 89, fif H
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L7 b T # > hi1-1%. nanoTiOz2+SiO: rutile (Sigma-Aldrich ., Kif% 10 nmx40
nm, /LFVRL R EIFE 132 m2/g, #AK TiOs, SiO2 (2 C=— k), nanoTiO: 7+ %
—¥(Sigma-Aldrich %, kit <25nm, 7+ ¥ —EHA EimAE 222 m2/g, Mk Ti,
0). coarse TiO2 /L' F /L (Sigma-Aldrich #, kit <5 um, VTR LLFEHIFE 2 m2/g,
#LA% Ti, O). nanoSiO2 (NanoAmor . K& 10 nm. FEAE. HLFEHEME 515 m¥/g, M
F% Si, O). nanoTiOz /VF V7 F % —F¥ (NanoAmor ., kit 30 nmx40 nm, /LF /L
B 90%/7 &2 —ER 10 % . HREME 23 m2g . fEL Ti, O) . nanoTiOz 7 % —
YI7 V14 b (Reactor-generated/FIOH, %7 21 nm, 7 7 % —E % +brookite [3 : 1],
KRR 61 m2/g, #AEKTi, 0) Th-olz, ~ 7 AIZ 2 W], 4 A QKE/B) . 2
VI, 4 AR 2 EERET/ B, 4 B/E) E#EE T, 132 mg/m3 OEE T AT &S,
ZOFER . nanoTiOz+SiOzrutile DOAHDY, DA HERME 2 2588 7-, F DOtk 7T
I ORIES G Z B & Z S22 o T2, MO ERBEZ 213, fifAik+ tumor necrosis
factor-a (TNF-a) & neutrophil-attracting chemokine CXCL1 D3I (£ - T
7

BRENEA

-+ TiO2 OVF AL R EA, VA X T1nm, LFEER : 23 m2g, HE >
99%, Hangzhou Dayang Nanotechnology Co., Ltd.) F721%7 71 > TiOz (7} ¥ —
B M - > 99%, YA X 2155 nm, EFMEAE : 10 m%/g, Zhonglian Chemical
Medicine Co.) @ 500 pg /Pt Mt CD-1ACR)~ 7 A2, FEHEIZ, 15 [[IEFERNTEA, Kk
BRICBIT A ICP-MSICEY Ti LULZHEIE L 3, Ti LULTE TR bE<, RV
THREKCTE<, /M TOKRMEE Tl Sz, JWEFRIRETTIE, M TiOz & Hiff
FBIZBWTIER L2 R W BEAAIL, SHRISEARE S BLEE S, 2K CIRE W bR,
KRB, X T —BiEME R, T I VBRI EE SR o 7y E ofgil
A bV ANTCHE LI SOGF80 b vz, 7 7 A > TiO2 iEA#% OI{E IL-18 3 X OV
TNF-a BEOHEDO EFENH LN, T/ TiO2 &5~ 7 ATt IL-18 33 X O TNF-a
BEITRED EHOATH-T,

Bogs

-TiO2 (Polysciences $, /LT VR Ri 14 A X :475 nm) % 758 /KIZIE# L, 12.5 mg/kg/day
7 10 A, #E SD 7 » MR ARG U ik T oo Ti R A2 HIE L7z 39, i S v/ TiO:
TGRSR LT, FIBT 1.18%, 73 Z/URKL OB Y R8T 2.18% TH Y, F
7o, PN, A, RERSHAAR, MRS T SR S, Dk OV g CiEmit S
minote, ZHUHOPTRIE, TiO b FI13/NED /A =M A L TED IAE L, ABHIIE
HIZBATL, TOZRGEEY A EHICEE SN, £, O FII2FEERICBITL,
HTligds & ORI B D IAE N D 2 L R LTz,

« 7 TiO2 (7 F % —BHRL, SEHPRL 1% A X : 5 nm) Z i CD-1ICR)~ 7 A2, 62.5, 125,
250 mg/kg/day Z R H1C 30 AFGRHIR A5 L, &&& b0 1 B EHREL G L
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7237, 62.5 mg/kg L O 5T, HimEkEds JOWRIR MBI =R D 5., B il & O
F 2 T F T RO HEOKT, MmiF L2 L-ULOIKT, fiiE NO Lo ER 34
bz, 125 mglkg UL RO ET, KRBT, AP, B Pl JOBROEEO
H4n, ALT, AST, alkaline phosphatase, cholinesterase, total cholesterol 5 J T
triglyceride i L~V @ EFH, A/G LB X O E U L E Y LU, JRIMEKEL, ~F7 R
vy, FEPRMEKEIRRE R E O T8I S 7z, 250 mg/kg RE O LT, CD3,

CD4 B LU CD8 MO E DR, RIS HEPH o /AR O A & AN fERA 36 L OV & 1.
EORMHPED BT,

R 5-

*10%7/ TiOz (AlFEZRR, 7 )7 —BR | K : 236 m2/g, —RRIF£:26.4 £ 9.5
nm) ZE{rT</LTa L (EER:391.6 = 222nm) Z~7 L A7 v MZ 0.4 mg/cm?
(TiO2) D& T 4 WFEIERAT L, 24, 72, 168 R4 I Ti KL 7- & FEREHIBIZE 21T o 7= 39),
Ti ki 1i1%, AERE BB AERE IR b, AMEERICITBE S h
minoT, RIEOIREFETRICIE W T, BRERAZIEGRO bNT, S HITmERG
IZE 27 AR M= 2O G RO b ol

-+ TiO2 (7 F & —¥H, ki+H A X : 5nm, FEME : 200 m2/g, FE : 99.5%, Bk
P, Zhejiang Wanjin Material Technology Co., Ltd.) 33X/ TiOz (LT L8 K7
T A X:60 nm, FEFE: 40 m2/g, FE :99.5%, Bk, Zhejiang Hongsheng Material
Technology #L#) % 1.2 mg/pig. 4 ElEDOKET % O ENIEMITEEE 30 HSBA L, &
HEURAT D 24 Wi #2 12 TR & AR TR 24T - 72 39, TiO2 (3R, kiR L O
ARlafE ) SR S 4, L0 EREO EJEMIEE 2 513 5 nm TiO2 BATE DT S
AT, B DIIMBH S o7, TiO2 BARIC X D MAaRIER, 7 AF Y — A4
155 M OVFEJEC i JE PR D Z2 Rl d K 732 & DI B RO EAU N - AV T2 DS, B RITME 1338
bivemolo, EHIT, T-8 kD BALB/e ~7 LA~ A (6 IL/EE) DOIFHEIFIZ,
KB 7-PA X3 10nm 2> 5 90nm F TO 5 FH TiO2 % A7 L TR EFHRITHEER &2 1T > 7= 39,
EH LR ix, 2 TiOe (7% —8H, K74 X :10 nm, FHEFE: 160 m?/g,
M © 99.5%, B/KME, Zhejiang Wanjin Material Technology Co., Ltd.), 7/ TiO2 ()L
F VL R - A X 25 nm, R : 80 m2/g, M :99.5%, Hi/K M, Zhejiang Hongsheng
Material Technology Co., Ltd.), P25 (7 F % —EH 75%+/VF NI 25%, ki P A X :
21 nm, FEHEFfE : 50 m2/g, ML : 99.5%, BlAKME, Degussa), 7/ TiO2 (LF /AL,
B A X : 60 nm, FEFE : 40 m2/g, HE : 99.6%, B/AKME, Zhejiang Hongsheng
Material Technology f+#4) F£7-1%7F / TiO2 OV F AL, KifH A X : 90 nm, K :
40 m2/g, WL : 99.5%, Bf/KIE, Zhejiang Hongsheng Material Technology #) T®
Sfc, ZNHO TiO2 1.2 mg /VT/H %k 60 HF®EA L, Tiki &R 217
o7, Ti O¥FEIL, 10nm TiOs2. 25 nm TiO2 P25, 60nm T. Dk, FFig, [Eisss
TROHHATZA, 90 nm TiO2 T I b DOMFE~D Ti OFEFRET A DRI T2, g
Tl, 10 nm TiOz 25 nm TiOz2 35 & Y 60 nm TiO2 P25 BARIZ L Vg 7oAk, HiZ
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LB L O UbRENA O, T, 25 nm TiO2 3 L OV P25 BA[IC X 0 [RfEME
HEAE O CIE 10 nm TiO2 BATE 72T I2E O B EKR M2 2+ 5472, 60 nm & 90nm
D TiOz BARITITHFIIBE SN2 ol THOOFERFERND, 90nm LV /0 E
72 TiO2 X~V ADEF#EE LT, 2FIIBITTHI ERLTND,

« T-Lite SF (L F /L B : 20-30 nm, £ & :50-150 nm, /KEB(LT /LI = A/ AF
a—UIEARIC K Y BmEds, N4 BASF ), P25 (7 & —EBH/LF AL KL
FHA X :30-50 nm, FHEEA, Degussa fH#4), CR-50 (/1/%/1/9*” B A X
300-500 nm, KimMEEM, AFEER) ZMI=7XI21H 4, H5H, 22 AH®
i L Ti ki & AR FRIRRE 21T - 72 10, W3hd TiOz j;ﬁ‘ﬁ?& b U »oNFids KO
IBTSTi Ll ERIFERO b, TLIEER TEL, AEREB L O LB arEcE
22X, TLite SF CHHEThH 7=, WT 4D TiO2 AL T & RIS 52 Al ia oA B
WEITRITRO bNRroT-. TNHDZ EnD, 7/ A XBLOEE 7 L— FO TiO:
EBREFERI =T X ORLEZEE LW LRSI,

A AGH - AN
WAL &

- 11z 8-18 H ® C57BL/6BomTac ~ 7 A2 42 mg/m?3 (1.7x106n/cm3; peak-size: 97 nm)
@ UV-titan L181 (LF AL : Zy, Si, Al X W {EAG, RV 7L a— LEEER, TiOs:
70.8%, Zr:8.7%, Si:5.6%, Al:2.4%, Na:0.5%, 1EEWE : 5.2%, X HAENT )Y A
X :20.6 nm, HFEMEAE : 107.7 m2/g, Kemira fil) ZW AIX<#E (1 EB/H FF 11 H
M) L7z, REEMONT Ti 23 S, KIE (BALF O4FRERFEEEN) 25807273,
B L ORI ORI, L8 ENORELFICIE T IR Shieo iz, REa o TEhc
B LI, 14 BRI i L= A —7"> 7 4 —b FRBRIZEB W T Ti02 (£ < ##ED F1 o
7 4 )b R A ORASE I L OMED 15 CORAERFH OB A B4, 4+ A
B2 SN U 7o BB BOSREBR CIIME ISR\ 7 L L 2N OB IR R 3 2 BTz,
LU, 11-16 B#mIC 5N L72F U A KGREEEERIC & 2 RREEEICB L Tid, F1 RIS
TiO2 X< BOKBEIIFZRD Lo 7o, AFHRRIZE LTI, 4% 19 812 TiO: 1T < #&#f
DR F1 WA AEDOHE CBA/ ~ T AL REL LT & 2 A, FIRIZRELRLG D F2 W HIE
FCTOHMMN, AETITRWA, EET AL 42,

BENEA

IR 14 BB X OYEFEIE~ 7 212, TiO2 50 png/~ 7 A % B[ MPENTEA L, 5% 48 B
MU O RIER G 2L LTz, TiO: F 52XV, TR~ ¥ AR TR~ 7 A Thifi
fapeiri (BALF) fo#fdekpn 2 L, migHoOREEY A M A o EFER
HONTe, IR~ T AN ONIROAEK 4 BIZIIAT L7 I (OVA) L Iaun
v w e Pﬂ%&ﬁb A% 4-14 RIC OVA AW L, KBt Lz, TiO: #45-
DO W TITEE OB SHED EF-3 KON BALF W O #FBRERFEINFS I O 1 48 iE #1214

I BT 43)0
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1% 0 ¥ 5-R B % 512 DO S

*TiOg /"y X — (7 &—88, ki{HA X :25-70 nm, FREMH : 20-25 m?/g,
Sigma-Aldrich Japan) % Slc:ICR ~ 7 ADMHE 6, 9, 12 B L V15 HIZ 100 pg/lt  J7
TG L, iR 16 B ORI L OV 2, 7,14, 21 AOREROMA BRI L, #ERENE
BF DT 21T > 72, TiO T GHET, FINE M LI BInFIIMREICES THML, 4
%21 A CRbEL< 2ote, £z, WMOFA, MRS, BLAA b L AN BEE T 58
B FHFEOFBUZEDFED BTz 49,

- TiO2 (Sigma-Aldrich # 7% —8R, ki 19 A X :25-70 nm, FHE : 20-25 m?/g,
I £ 99.9%) % ICR ~ 7 ADMR 3, 7,10, 14 HIZ 100 pg/lEOHETH FiE5- L, 4
% 4 A RO 6 HORERIZIIT 5 TiO2 DFERIORE B D B K OBERERIIRMT 217 - 72,
HEVL DR Fs X ORGE AT TiO kL F-2MBlE2 S Te, £, 6 Bl DM DR R OIEREFH
o RS OGRS 70 ), 1 AR FREEARE, FER LK HEBRElL L0 MU
fak DA 70 & ORERER) B DNBIE STz 49,

- TiOz (Sigma-Aldrich 8, 7% —8H k1% A X : 25-70 nm, FKHFE : 20-25 m2/g)
% ICR v 7 AZhEHR 6, 9,12, 15, 18 HIZ 100 ng/VE TR T4 L. 6 IO KB DN
DEBERGT Lz, MAD KX 0% DR PEY (8,4-dihydroxyphenylacetic acid
(DOPAC), homovanillic acid (HVA), 3-methoxytyramine (3-MT)) D¥EEM . RiEAF]
BEOHMEERTER L TWD Z ENRBD LN 63,

- TiO2 (Tayca /T NHY ki 731 X : 35nm) 0.8mg % BALB/c ~ 7 ADHLHE 16 H,
17 BIZ 2 BT CHAREA L, AER 18 B IR ONREM) ~D B Z Figt LT, REARHE,
TEEEMIT Lz, BWEEEOK T IX o723, MEMEICFRD 2 b & #rE R 1
T 5 fms-like tyrosine kinase-1(Flt-1D)DEME COPRENE T Lz, MBIZICEI LTI,
JEVRFE RO, RERD N B, S HICHEE, IFig. BRI 3V T TiO2 23 H
Sz 64,

BARENE (EREME)

T MRl S N2 i T3
AP 22 AT AR IR 2SR BRI B L Cld, R A X F 7 A (TA97 Bk, TA98 £k, TA100
k. TA102 #k. TA1535 £k, TA1537 ££.) KME (WP2urvA #£) Z MW T, UV/ivis
PRI £ 7213 S9 OFEIZ b LT EETH 721819, 3HED I L 2 Wik, b
F X DOFRTRIEFHIRAEN TR P25 & Wi B T~ 72, flEZ2 AV ziBrick VT
AT Z v R OB RIFHEITERD BV Do 7o 1919, [ THIERE M A N G
BAREFERBRCIL, Ty =—X « NARAX il L Ty =— X - N AR Z I
Bz AWz 3 |ED O B, 2 METIHRETH 72, 1 #ETIE, UVivis I
K VB (B2 LCidfatt) L7e-o7- 1819, gpt delta i&fs<° hprt & {s 7 OiEfs 7
ZEIRAE BB CIE, BBMER X ORMEDORE RGO bz, TS O Yo (i B E Bk & [F
HLEZONDVURY U7 —~ TK #BRTIE, BETH-o72 1819, B DU /33K
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ZHWIZRBR G E T In vitro O /IMZRBRRCAT R Yo 0. 53 R ASHATRER CIE G DRE A 2% <
PR B AT 18,1961,

« In vivo DB nmMRERIZ W CT/MERBR T, 1 #i 04T, P25 #8 & 500 mg/kg 4 #k/K
B 5 UT- e~ © AR AR MER I TREPED TR B A7z 18,19,

T H T R P25 (72— BRI T5% + T B 25%, — WKL {1 X:21 nm,
e i - 50 m2/g, Evonik #) % P85 7 & #AA A TSR 8.5-18.5 HIZ 600 pg/mL

(Faf% 5-& : 500 mg/kg) ZEKEE L, #EinEME% DNA deletion assay (B{n1KK

VRO LD & AREFRVEBEAEMEN AR L S D) ITTHRFT L 4, 4% 20
A O ROIROMERE RO GRGHERESEIN L2 2 b, ZBIbT % T 2 ki3,
IREh¥ D DNA RIHME A R S22 L 2R LTV D,

AR 71k fitt AEAGAE - B4R S

In vitro | #8Jw2esR2 BLaliR P253% X X F 7 A TA9ISKEK, TA100kk, -

TA102 #f 1819

UVivisfH O FHEIZ 3000 57

ultrafine TiO2 (uf-C) =P25 -

F A F 7 AHTA9SKE, TA100FE,

TA1535/%%5 L O'TA1537HE,

KGHE WP2urvAfE (—S89, +89) 1819

ek 2 v (EAE < 40 nm, —

Sigma—-Aldrich #1:f)

R F 7 A TAITEE 1919

PUEREN S P25

F X A ==X « NS R K — il
(CHL/TU) 1819

FUVivis FRE (—)
UV/visHf (+)
ultrafine TiOz (uf-C) -
F o f =— R« NIAAX— PSR
(CHO) (—S9, +89) 11819
8FED T/ YA XTi02 -
F XA =—R « NAAX =PI
(CHO-WBL) 1819
UVES OFEZ) )b 5T
ik Ye e S R A H 5B TiO2 (Standard solution, Merck) +
F o f =— R« NIAAX— PSR
(CHO-K1) 1919
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TiO2 (7 /v R U v F#4 20nm)
F XA =— K « NIA S —PREAHIN
(CHO-K1) 1919

<A 7 3 —<TKRER

P25
~ A« U roNERE (L5178Y) 1919
UVVisI R OB HEZ )b 55

TR 52N AR
gpt BARTHENL
(RKEET)

1) TiOz 5 nm (7 & —8H, YHy—
UORL {-EA : 5nm, LR EFE : 114 m2/g,
Sigma-Aldrich)

2) TiO240 nm (7 F % —BH, FHj—
YORLf-EAS - 40 nm, R : 38.2
m?/g, Inframat Advanced Materials
LLC),

3) TiO2-320 mesh (E£% : -325 mesh,
e HAE - 8.9 m2/g, Sigma-Aldrich)
gptdelta N7 > ATV ==y 7 «- v A
R DOYMREEZIRHRMES ML (MEF) 1919

BRI AR

TiOz (#iE99%, 7 F & —EHI H A4 X

hprt&in N UL : 6.57 nm, IR : 148 m2/g,
Sigma-Aldrich)
t NBAMAE Y R IFERARRR AT
(WIL2-NS) 1919
UNET P25, UV-TITAN M160 (L F/L# JKfg

7NV =V LABLOAT U UBRIZE D
FEhs, fEehY 4 X 20 nm, Kemira)
BELOERITIO (7 & —BA, idt
4 X : 170 nm, Kemira)

7 v M ERGHiE 1819

TiO2 (Standard solution, Merk)
T A =R NI AKX — PR
(CHO-K1) 1919

TiO2 (7 /v KV v F#H 20nm)
F A =— R « INIAA K — PR
(CHO-K1) 1919

23




BTy (TFE—E
10nm(Hombikat UV100),

20 nm(Millenium PC500) )

b FNRE S BRI (BEAS-2B) 1919

photoactivation (—)

SFIRD kT & v () A AT r
B A XT 2 — B IR
TR b MRUESC ERGHIEE (BEAS
2B) 1819
T A XTFE—ERD R
o 2 >DRER (F/ H A AT
VL U INRE LT L)

P25 50, 100 pg/ml
B N ZCME D DEREL L 72 R Y > %
Bk 61)

F2 L DNAR (535

Ultrafine TiO2(Sigma-Aldrich #1:5,
99%. fEin A LD
t hlymphblastoid AHJE(WIL2-NS)

18)19)

TiO(LF L & 7 F % —FDIRE, )
b Mt kAR (A549) 1919

“EbT & L (Ti0) T/ R (7 &
—+E. slashed circle < 100 nm)

t Flung diploid fibroblast cell
[IMR-90]. E Fbronchial epithelial cell
[BEAS-2B] 1819

WG

LA DNATE G B
(A b T vEA)

“BbFxr (7% —E : 10nm
(Hombikat UV100), 20 nm(Millenium
PC500) )

b MRE S BRI (BEAS-2B) 1919

photoactivation (-)

In vivo

f2{tH) DNA {575k

P25 0.15-1.2 mg K& N#K 5
90 HD 7 v hifi 1819

MR

P25

% H500 mgfkg# 5 A FIHOKE G LIk
W~ 7 AR IR IMER 1919

UVEHIZ )b 53
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a1 R IAER P25 (7 % —VBHIT5% + /LFL25%) +
JEIEH] 8.5-18.5H) Pun ~ 7 249

— ot e 2 EBE BB F AR,

TRMETF X AR DTV =T VA NAEAICET 25 SUILLTOEY Th D,

T YA RO BT Z AT B L DR VRN 7 0 7 ) 7T (BV2)~OREEMEICD
W invitro THETLTW5, L7z Z@{bT % %, P25 (Degussa fh#d, 7%
—EH 70% + LT VAL 30%., Fifk 30 nm, FEAE 52.7+3.6 m2/g) T, 2 FIEORELE (i
fakz# ik DMEM, 4= ¥ gk HBSS)IZRRE L 7= 47, MyaiiiicisuyC.5 75 120 ppm
ECOWREBMZAE, BEY A X GRAPEEWIA 520948 ¢ particle geometric
mean hydrodynamic diameter)(% 826 75 2368 nm F CTEH 7=, F/-, ¥—FXENL
(. MleEsEdE DMEM 1 C-11.6+1.2 mV, AEBEAYEE K HBSS H17C-9.25+0.73 mV
Thoto, W77 ) 7IZxt U CHIBERE S M 2 7R SIRWVRED 2.5 725 120 ppm P25
E<EICEY, B G UM ofikett (120 20 F T OIEEREFETE GHER(LKSE
H:02, B8R T ¥ /L O) DM S iz,

- Zf{bF % > (TiOz2, Tioxide Europe ft8), /A XK1 O (k.5 % > (TiOznp.
Degussa t:5)% T, & Mififa B B SRMIRAS49)IC TRRL A kL A D RO FEIE &
L T glutathione(GSH) Z i L. WT N Ok 7-O5A E glutathione(GSH) MK T L 7=
T L AERLIZ W,

- ZEB{bF Z oF ki (10-100 pg/mL)T 24 265 72 W], B EAUHERE I (NTH3TS
#ia, & b fibroblast HFW NN %, {EMHRBFEEEZ 72D Lz 49,

- TRRE T o KRR 15 nm, A E T BEMEEC X D RIPE 1242 nm, Kk 210
m2/g, B —% BN —24 mV)35UE X LML (16HBE14o-flfa, 1EH & b &S 3 M
RNz, 7V —TF P HNOEARERT L, SRRSO EAITRO b2, iR
LR FE D EFITRRD Bz hro 7z 50,

« TERbT & L LT P25 KLt A W CREEMINE T H 5 phagocytic cell line (RAW 264.7)
IR MEBR SRR A DR 24TV, P25 Rt (0.5 mg/DIE, FEAEWA (BRI )40 T
(abiotic conditions) Cli% HRICIH MRS FRFEZ EAT 5 DIZXF L, RAW 264.7 Hifid TIdik
PR FFEZ FEA L 72Dy o 72 5D,

- BFEOW AR JE R T/ ki T-(Ag 150 nm, Al 100 nm, Zn 100 nm, Ni 100nm, TiO2 30
nm)Z O 7 o YA ZkiF-(TiO2 1um, Silica 1-5 pm)% b bfila iz, 1 i
MIX< #& L ROS pEE(2'7-dichlorodihydrofluorescein dacetate [DCFDA] %) % & L
72 AREND ROS FEA EFIX, nZn OHRFE L7252,

X BB
S INESE
- ZWbF & ) kit (Evonik Degussa tE8; P25; “EH—URIEE 21 nm, — KL 14
A R :15~40 nm, 7 ¥ —F 80%,/ /T 20%) EHA I LY, HE Wistar 7 >
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MZ 24 7 AR, 1 H 18K, 5 ARHEWAIXSEL, IHIZT7 Y M 6 7 ARITES
RIEK N ORI Lioth, MiBEERAZMRG Uiz, X< BRER, &0 4 » AR 7.2
mg/m3, %< 4 » Af : 14.8 mg/m3, 9 » HHEBRK TE T 9.4 mg/m3 (%) : 10.4
mg/m3) ThV, BT TEEIL88.1 g/ m3 x W] (24 » A)ThH -7, 18 » A THilz
RUIDMESRAEN DI, LT ¥ T ki3 B L DR ALK, BYER
W bR E Y (benign squamous-cell tumor)20/100 (& FE#E 0/217) . R ¥ bR
(squamous-cell carcinoma)3/100 Gt FREE 0/217) Ji#fE (adenoma)4/100 Gef HEEE 0/217).
Ji#sE (adenocarcinoma)13/100 CeffREE 1/217) T, JEERAE T » MU 32/100 TH Y |
SHREEDOHIES; 7 » ML (121K AEICE -7, 2L, X<KERICRD bR
7= il 95 oD H iz B M 28 IR £ A0 R O B R IE 35S (Keratinizing cystic squamous-cell
tumor) N & T\, T OREEZRS L2 SE OMESBAEIT 19/100 THY, =
OISR AR X REEH LR THRIZE D o T2, AHliE I, %Ei%%éii&% 19/100
& UCHE LTz, FRRIC P25 Z i NMRI ~ ™7 A2 13.5 » H#, 1 B 18 BFfH,
EHWMAELSTEL, SLITKE 9.5 » HEER 22K T CHE L2, Hmﬁ@“%@mb
7o FENE BREE, 104 mg/md3 ThHY, BT ERILS51.5 g/m3 X KfHE (13.5
r )T -1z, TiO: i< B~ U A TERI NI EEE, BRE (11.83%) &Y (2.5%)
EThy, RESREEASDEIERERIT 13.8%TH Y, X BHO~ T ATOHR
R (30%) K VKD -7z 53,

s OMERES 50 PEod SD F » M Z 15.95 mg/m3 ® TiOz i+, — WK F£E : 99.9% M
0.5pm LAF) % 123 (6 WeEl/B, 5 BAH) WMAIEL TEL, EBREAMAH 140 I fE5
HHME A BET L7z 59, 140 ##% OFE T HRITMET 88%, MET 90% Th -7z, KB MIES
iUﬁ$L&%ﬁ@ﬂw@%lm@ﬂL ICHEENSHEERRIEL o TRIE S, M

B SRR IR S 1 BB STz, AsfEeEsds L OMESEIE AL SRIC TiO2 X< ERIC K D8
% IO HNT, TiO: DFEBANMEERTHTR L RENRN-T,

KENEA
- 8-9 W lE DHENE Wistar 7 v M TiOz bi 1~ (P25;— WK -#& 25nm LU T, L 3.8 g/mL,
R iEAE 52 m2/g,  AL23; ) —IRKL 725 200nm LR, 7 &—8, [LE 3.9 g/mL,
R ERE 9.9m2/g) ZHEEISENIEA L, FIEEORAEREZ KRG Lz, Bt REET
VMRS 25842 L 72 o 7= DIZxt L, P25 % bmgfrat % 3 [A], 5mg/rat % 6 [A], 10mg/rat
Z 6 FHEAL., B - EMEZ SO MERERAERIT 52.4%., 67.4%., 69.6% Th o7,
AL23 (2B L T% 10mg/rat % 6 [5], 20mg/rat % 6 [BIVEA L. MiifEE3E 4 R1E 29.5%.
63.6% Cd» o 7= 5,

- Bk (F) TiO2 CKif¥ 1 X :0.25um) @ 10mg % 1[0, 6#HM (G 60mg),
7%, v 77742 (UF) TiOz2 Chif-¥A X :21nm) 6mg % 1 (0], 5#H[H (u+
30mg), Wistar 7 v MIREWNEAL, 129 HEIZIEEHABIEEZ G L7250,  F-TiO:2
B L UF-TiO2 & HITEBIERIEZ A Uz, JEER AR BEET 5%, F-TiOz BT
20.9%, UF-TiO2#T 50% Cd> -7z, F-TiO2 BEOMEEH /LRI~ n 77—V B X
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OERIER OB NN OFRFE L FHBI L T\ 7223, UF-TiO2 BE Clifitifa~ 27 1 7 7 — ¥ K OVERL
BRI ORRE DMEWZ H B 6T, BERAERITE - T,

- WD Syrian golden /A A X —|Z 3 mg/0.2 mL ® TiOz ki (CE¥JH A X : 0.5 pm)
3 1], 15 8IZh7z > TRENIEA Lz 59, FEERBRAAHE 80 3 T ILMEALE S HRFE D 4=
fF31% 46% Th o727, TiO2 [T BETIEHT R TONLAZ =T LTz, TiO2 IX< 8
INA AL —O R E ORRHEL T L O O RIENSBIEE S, AR RR-SCES 1 X
WO LIRS 7”_0

- [f Syrian golden /> A &% —|Z TiOz Ki 1% 0.15 m L OAEFERIFEKICERE L C 1 mg %
LIl 8 WO D XENEA L, BESIHZ 130 HE /2. TiO2 (X< #D 135 Lo
INB AL —ZIERN Ad KO EIEITER O b o 7o, 2 PRIZHERES#IZE S
7

% OB BRI E - £ O ORIRE

« TiO2 F / ki+ (P25, 7% —Y% Degussa tHH) % 1 [HEENEHN L7-0b, &
K 2.5 FORMBIEEZITV, EEHER (78 OEARWEIETICR T 2 WE, R
N K OYEIED T A=) 2 MGt L7z 59, 4 A2 7 » OSEEIE, 9 Bl Wistar
7 v M5 [EEFENTES (BE5-8 90 mg/rat) L7-#£C 5.83%, 8#MlnoME SD 7~ k
\Z 5 mgfrat & H[RIIEFENTES L7-#ET 3.8%, 4 HiinoiE Wistar 7~ M2 5 mg/lLa H
RIS EN RS L7 8ET 0%, 5 ol Wistar 7 ~ M2 3 RIEFENTES (2+4 + 4 mg/
VT, ¥afehit 10 mg/rat) L72HEC 0%, F72, 8O Wistar 7 » M 20 [RIIEFEN
EH (5 mg/ft4 20 [B], #3558 100 mg/rat) L7-RE T 9.4% Th-o7-. AHAEKE
HERERNTEST L7z 5 DO BEFOIEERAET v FOFBLFRIT 0-6.3%TH Y, TiO2l1Z XD
NSRBI O EFIXA Dol

(2) & b~ (EFEHRE K OFH)
T AtEEM
A LN TR, BSOS TR,

A I M OV R

- T805 (TkyRAk TiOs2, VIR FH A X : 20 nm, JEIR : SE R, R U AF AT Fioy
7 U REERZ XV Bik{k, Degussa ), Eusolex T-2000 (Vv k7 7 7 A > TiOs,
—RKLF DB A X 10-15 nm, _IREEARY A X 1100 nm, ik« SRR, FEILA
fti e AlaOs (8-11%)/Si02 (1-3%) 1 X 0 K fEAf, miBEErE, Merck ) %7213 Tioveil
AQ-10P (KK 7m v L7 a—/IZEKRMES B LT TiO2, ¥4 X : 100 nm, &
W gblk, 2—7 027 1 4.28%7 VI FRBLOV U I 1.75% > U BT & 0 FikiEf,
Solaveil) # 4%&H L7-=~/LY 3 > 4 mg/em? (TiO2 & LT 160 pg/em?) K777
4 7 ORIME 11.3 em2 12 6 FFf AR L72, TiO2 DR A X, ik L OFmEEARIT
JEWIL I B ME S 7o T, By RAL TiO2 13 E 8 O fe b AMUlIENZ TS L, A8 )E
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v

DYEER TITBIER S 7z )30 7z 5960,

-T805 CEHJEAL 420 nm, b U AF A7 F vy T o FKEENIZ XV BfiKk1L, Degussa)
3% & Te/KAMT=~/1Y 3 2 mglem? (TiO2 & LT 60 pg/ cm2) %, 3 ADOfEEEZR MR
Z U7 4 7O BB 11.8 em2 12 5 B4 L7z 59, TiO2 1L/ 8 Zimims3, MEEo
HRAMANZFERE L TV,

JEAEME
A LN TR, BTSSR TR,
KAEIEL Tt (ZEFH - 3B, Binmth. BN AMEIZERL)

A LTI, A LA TH AR,

LETE - FEAETRIE.
A LEEAN TR, BSOS TR,

BRI

A L7ZHN T, A TR,

FEDN A
A L2 #iPHN T, 3o T,

EBRADEER) Y A7 T

I ETFH O T O =y NY RV ITET HHRET RN 01

- NIOSH 135723 AsBR 0 1/1000 i@RIFEN A D U R 7 5l 24T > T 5 62,

o ARAEMFHEE CTIX, Appendix (2B T, T/ (ultrafine)ki 1 & ok 1~ (fine) —E&(L T %
FEMANERBROT — 2 1SN T T ROMRL T i T % v DE RN Y 2 7 5Hli %47 -
77

FB AR
IFE, BT Z o OFT X TORAIZHT D05 T, T/ RiIZBR B 220,
IARC : 2B (b NMIXT2HBADREEMENRS %) (2010)9
PERHORFSE © A 72i L (1 805 Th TSN AFIES I, 2 HA5 Tk, AERRE
JiE & FRODIRN)
ek« 0725 (T > O T BFEER 2 fF, KUENTEAGRBR CIEZ »~ b Il
Ba AR, Y TARNLAY —TIERDLNT)
AT =R D ZREET 2 FE T ERANERL TIIMIER A O X B 2T Ltz
FEM AT T, FEFRIFIEIS TR 23R, BB Tl 05l TH 5 2 & |
JEGERE A OREFE & L COFHLTIR < 1TV 2 & 225 . Group 2B &I L 7=,
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(3)

PEfE  RERL O

EU Annex VI : %2E72 L 7

NTP 12th: FXE/2 L 9

ACGIH : A4 (B FERAMEIZHOWTHRETE RVE) (1996) 19

DFG MAK : 21 AMEX S 3A (inhalable fraction: except for ultrafine particles) 1

PRI DRR E
ACGIH TLV-TWA : 10 mg/m3 (1992)14
(CfbT & o2 extge e LTEBY, F 2R HICIER S 70, ERAICET 55
HHFEIL,)
FNRATET D08 Ad (B MIXT HFBAMEICONWTESETE 2
B AR -

7 v M TE{LTF # R % 0, 10, 50, 250 mg/m3 DI T AL #& SE 7218036 (I
BT, 250 mg/m3 FEHRETHA~ORIER LRV LEEBA DR ZROTZ, 723 10mg/m3
DO EEETIIMOBEAFOBEIIMR - TR Y . ML OEITOR R 2R b8 b 7e
VY, EFRIRAE T, R T 2 o OIE< 5 & MERERR R & OMICIEBENEDS D o 7 b
BENTND, SHICTBET ¥ v ~OREIEL B EMOBMEIL, BAA, b L o
RS L OB 2 R~ T R RAE LT, LA EDZ &vh, TLV-TWA e LT 10 mg/m3 %
BET 5,

TR T X DR AMEE TR ARTZE ERITRRMED L IFRRICEL TV RN &b 2
NHOREREZ S LI BT ¥ % A4 Z50¥ET 5, Skin X° SEN %5t b %\ % TLV-STEL
IS T DRLIRT — X T2\ 10,

AARPENM 2« BT L O

NEDO 7m ¥ =7 b :

PRI ERE (PLFFFE) 0.6 mg/m1Y

7 v FO 13 HEOW AT TRl W T, \RIAR AR, 20l s A EAERUSZRBD 72
W BEIRE 2 mg/m3 2 NOAEL & L, & h~OWREZITo7-, 72720, i 15 FFEED
FABEDIE < B 2T L72fFRIRETHY . 10FRRECTORBE LERHEE LTW5,

NIOSH : Recommended Exposure Limit (REL): W AMER 7- TiO2 ki ¥ 2.4 mg/m3, TiOs
ORI T 0.3 mg/m3 (1 #M 40 R[] (1 A 10 FEfE £ <)) 62

BIL: T > P ORBIBAIE TRl (2 M) ICBWTEREH Y OMfitefre (R 2Kk
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EC : Derived No Effect Level (DNEL) : 0.017 mg/m3

Dupont : Acceptable Exposure Limit (AEL): 1mg/m3
Table 1 Warheit 2338& (25 H U7z “ER{LT % o OB 2R RENE 29
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