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1 AR
(1) fLFEOHEARER XbF & (IV) & LTOEH
4 B BbFHr (IV)
palll & b E v
it = X TiO.
D B 799

CAS &= : WfbF & : 13463-67-7
JLF LAY : 1317-80-2

7y —8M :1317-70-0
T AEERTARIRO (BHFELEMT ST FEY) H 191 &

(2) WEASLFROMER  XEbTF % (IV) & LTONF#R
g Bl Ea~ PR ORI R
#®JE : 3.9~4.3 g/em?
W S 2500~3000 C
o s 1855 °C
Rt OK) - T e n

(3) AFE-Tm AR, HHE, HiE
KipfbF 209 BT 2 RFICET H1ER, 2B LT BbF 2 o (F /R +) |
DFEFLIL, BT X DB 2 hifOHRZERLTND,
g B kT Ey (ki) OVFARL T2 —BRIGEH) 13,490 b
> (FRK 20 4FFE)
] w o QLD AbkESh, BN N —ANRAL I AT, SRR IR
(7 F & —BRY) Sl T3 A AR (R R
REEE AFEE BULRTE, T UTE TA40, BT UTE

NFNRLE T2 — RO AER (HARBRLT ¥ v TESER)
Wk 21 #E 13,270 b
Wk 22 #E 10,220 kv
Rk 23 - 7,755 K
Fpk 24 R 9,181 b
PRk 25 4FFE 10,634 kv

2 AEVERHE GEMZ Rl 1 K OWIHS 2 1IZ8AT)
(1) FENAME
KULTIE, BefbFZ > (IV) OFTXTORAIIHT D5 T, T/ RFIZR S 7
Uy,
OFEBAME & MTHT DD AEDREDND,
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FRAL : TARC 1%, B MCHTLFEHUI A+ TH D05, BMER TN AMED
TR B o7& LT, 2B (B MIXT 2N ADOREEELRH D)
IZHFELTWA 729 (2010)

PEERORGE - Ay 7R (1S Th NI ARIE N, 2 ET
. AERBIELZEOR)

Bk 0y 7R

A=A b T 2 (V) F 38R ISR 2 OB 230
Liv7pn

PLEX Y EFRIFRIC TR ZR5Eit, Bl Cld+-a/esiil Th 5 =

& TEERAEOHF & U CORHMEIIER < X720 2 & 025, Group 2B &L

77,

(B FHm X 57)

TARC : 2B(2010)

A ARPERER TS HRAR L

EU Annex VI : [F#72 L

NTP 12th: {F#H 72 L

ACGIH : A4 (b FEBAMEICOVWTHETE RVWHWE) (1996)

DFG MAK : 321 AMX 5> 3A  (inhalable fraction: except for ultrafine
particles)

OBMEDH DI : &

FRAL : B MERER T in vitro B L 1n vivo THAER GG DIV T WD 03,
2RI BInEmEE B2 b5 2 & B X OWINREF &) overload %
ZTCEY., BEZS > THIEERAERDIENTHZ ENOREELH &5
Z 72, (pl2)

LOAEL =10.4 mg/m3

FRHL : Wistar 7~ MZZf(bF ¥ > F /K1 (21 nm) ZFE2R0HIC X
V. 18WFfEl/H .5 B, 24 » HaE W AIE < £ (F1:10.4 mg/m3)
L. R4 T » ME 19/100 TH Y | IR ERE (1/217) LA
BlCEDoTe, ZTFZ 07 VT T AT 57 — X370,
BZOLSWAMOIREBTHY | BT, R oA m 236857
5EEBZD, Ll ME—ORME AT ERBRTHDH DT, LOAEL
& LTEHAH L7 (p41 (Heinrich et al. 1995)),

A FEMAR%E UF = 1,000
AL FE2£(10) . LOAEL 7> 5 NOAEL ~DZE#(10), 23 A 0 KH:(10)
i L~ = 0.023 mg/m3
AR 0 10.4 mg/m3 X 18/8(R¢fH#fi 1) X 1/1,000(UF) = 0.023mg/m3

2
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(2) RN AMLISOFEME
KUUTIE, BfbF & v (F 2 h7) ICBE o
OB ez
M - LDso = 5,000 mgkgbw LA E (7> 1)
b O A L-EEAN TR, IS TR,
O BRI/ &M - HIWr T & 720
O Bloxtd 2 EE BN FITE T 2un
O Rz JEIEAEME « T X 720
OFPI AN - S22 L
OE# 573 : NOAEL = 2 mg/m3
RAL . TiOe 7/ kit~ (P25) #HWC, MEET v b, ~ 7 RIZxt LT, 0.5,
2, BLV10 mg/m3 DEEJRLE T, 13 M (6 FFE/H, 5 B/E) D%
MNEL FERBRZITV, 10 mg/m3 TIEMRIEZFEO 7=, 2 mg/m3 LA T
DORFEETIXNEE A ERENBO SN2, &5, 2 mg/m3 T
L. BN 7 U7 Z U AHRBIEL TV, 0.5 mg/m3 Tt~
MEROH LT, MNO 7 VT T ZABBIE L T2,
2mg/m3fET v b 13T < FEH THEZICH LIV BrdU— 7~ U fifi
JEHIIE OB BN T —@ M & A 7e U, RIEMESIE, 10 mg/m3 # TH
EMTFRD BV, 2>, TiO2 T /R I3 < BRICBE L2 TH 5 Z
&5 NOAEL 13 2.0 mg/m3 T 5 &Il L7z (p31-32 (Bermudez et
al.2004) ),

AiEEMELEE UF=10

R FEZE (10)

i L~/ =0.15 mg/m3

FHEA 2 me/m3 X 6/8(FEAHIE) X 5/5(H BHi1E) X 1/10(fE7%) =0.15 mg/m?

OA&grE - Hlrc& e
Oflsmt (BEEMELZEZT) @ HY
BRI . BEED in vitro D/NERER, in vivo D/NMEERERE L ONE s F R AR
THEMEEZRD DO T, Eamttdb v LB 2S5, L, TiO2 D X 5 ITHER
fEVE DRI BT D EBIEEEIL, BICkT 2EBEERAIVIZ. 7Y —F
CHNNE|EE T REEN (2P BIEEENRE S35 (p35-40),

(3) IFRIEEE

OACGIH TLV-TWA : 10 mg/m3 (1992) (fig{fbF %> (V) £kzEx4 L LT
BYO. T /RAITIERL RV, BRAICET L5 BIFC,)
FNMIET D05 A4 (& MIHT DR DB AMEIZ OV TIIHETE
AN
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ARAL

7w MZE{ET %> (IV) ¥EK% 0, 10, 50, 250 mg/m3 DJEE T

MNEL TS EMEFERIZB VT, 250 mg/ms B5RE CTHi~DORIER X
W BRSO Z7R DT, 7235 10mg/m3 O G-HE T OB D
IR =N TR, ﬁf‘ﬁb@@ﬁ%ﬁﬁf@éﬁfmﬁ%{% PR B ALTR Y,
FEPRRATIX, kT V) DI 8 & ERkasR R & OICiXE
HPENENST- EREI TV D, é% ’ﬁfz{t%&/ (IV) ~OWEIT
< ERORMEAL, XA, b L ITMO MR L o B 2 /R 52
PRAFLT R, LB Z EnE . TLV-TWA & LT 10 mg/m3 Z &
T 5,

fefbF 2 > (IV) D3N ANMEZ T ERITEME S L < I3RS
ELTWRNWZ e, ZUHDORERE S &ICbF & (IV) & A4
258 %, Skin X° SEN #i2d 5 M TLV-STEL #4253 5 B0 48T
— % X7z (Oberdorster et al. 1992) .

MULT, kT2 (F2hi1) ICBET 216 #
O B APEXEMA 2 - 0.3 mg/m3 (2013)

FRAL:

T T F KA BT D R LR ) B AR SRR T
10 mg/m3 OEHWANIXSEICLY ., 7 v M TIIMESEORAN ML
TR ATIXEIM L2722 800, Ty MIBITA2EP AT
overload |Z XV BMERIEND FRICEZHRKRT LTy MFAED LD T
HDHEEZLNDHDT, B L7V, Bermudez H O HIEMERER (13
i) 128V T, 2 mg/m3 OEEREIL, overload TIXRWI & ﬂrll
T EAEREL N LD NOAEL 25 %7, Workshop reporté 35
DWTHZEDAEEGREZ 3 & L2 &, SoICREHNENC
K ORNMEFRERE 2 LT 5 & B MIRELY K iéfcﬁb\lﬂ?e 21X, 0.33
mg/m3 LHEE LD,

PLE DB 2RI e B NR BT SR B . RABIIZ I LT, kT
& T R OFRREIX, 0.3 mg/m3 k RIET Do

ONEDO v v =7 b : iFRIE<ERE (PL: FF[R) : 0.6 mg/m3
ONIOSH : Recommended Exposure Limit (REL) : 0.3 mg/m3
OEC : Derived No Effect Level (DNEL) : 0.017 mg/m3

(4)

A A fiE

b2 (FRA)

—WRAHEE : 0.023mg/m3

BAE D & 2 5N ANEDIZE T, FER AT 2EMaAERIC L 0 E X

ST/ hmEtEE (LOAEL) 226 REFMREA BB L CHRE LRk L
)Lz — R & L7,
T REHMAE : 0.3 mg/m3

H AR PE Sl A TP DN 2 SR HOMF SOV R R AT I E 70> & # 5 RO I L T
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S LR EE 0.3meg/m3 2 “REHlE & L=,

3 X BRFERERHME - Bk T & v (F ki)

(1) AEDIT BIEERE ORIRGL GEM A BIR 3 ITIRAT)

WERVFIZBIT 2T %> (IV) OFEMIX BIEERS B{LF% 2 (V)
BRERGELTEY, T 2R FIZIFRE S0, ) 1E, 9205 £S5, 4,123
EZEIC O W TR &, EEMRERETBE RO EGFHIST,63TAN GEN) ThoTo, £72.
KB E OB EDOAFITN101 G Fv (JEX) THoTo,

Fa A, TEERh el BEOUIARIA v LTofliH) | TlioflkZE
DORGEZ BRI E LIZEELE LCoiH] %, ERFEEofEL. FrE. ia. &
A BASUTNG T O] | TRE T BB OBE X ITBMAOEE) | TR
AT O] TAE, RE. B BESUIIMBADIEE)] FThoTe,

(2) X< EIFRERARE R

WRR22FFE I, AEMIXS BIEERE 2L LI, F<ETHIET LV (2 br—
WRUF 4 7)) HIZE T, BbFZ 2 (V) DIEKBLIAREWEHEE SN
LHEEGEIRE LT, (T<BEBEBRHELIToTMR. U TOEETHEWIXIERA
BT,

OmfbT# > (IV) Z8kte L THEAT MR BEDOEE

QAT # o (F 7 hi ) Z8iET 2 FEL CERFZIT OV T OFE#
Zo=d, BREASENSE TV L, BbTF X (T Ri) ERLEL,
XIFE O o TWDHHFEELN G, [FBEOEEMCL DX EHETA RT A )
(LAF THA RTA0) Lo ,) ICHSEX, AEFICOFELZRE L U E
FEREFRA % S0 L 7=,

RPEFEELGIZBNTR, BbTFT &> (F k1) OfLETEHRWEEICES
T% 25 NZOWTHEAMNISFEFRMEEZITO & & biT, 1 BAAEEGICBWTEER
BElE IS < AJIE 21TV, 26 HSIZOW T AR v MEE %2 i L 7=,

8 AIE L BE DR KEIL, BALTFZ > (T hi+) OflgEs LT\ bHHES
28T DB EENEFES TR Ly MEAEET, 1.644 mg/m3 ThoTo, o, &
F— 2 E AV TEEER 90% CRMHEE L= EIRE (M5 %) 1% 2.887 mg/m3 & 72
STz, ARy FMUERKEIZENT, BbT ¥ (F k1) oflEs LT\ b ¥
5 C. iete Bl 5L D ASEE DVESE CTReRAE A 0.733 mg/m3 & 72> TH Y | VEZERFRHA
1R% 720 40 5 TH -7,

X< EREOHRER, XHEHEE FARBRSE L O 8 IFf TWA o RMEA . RKGHfE
(0.15 mg/m3) % E[El> Tz, UbEDZ &b, BbF4 v (F ki) IO
Tk, 5%, SOICEEIZR ) A7 FHENME L Sz,

Rk 25 R, AT U R 7 FHITT U 27 Amnv & SnTc b 2 v (I kL)
D PO MRS, FRICUMEORE TRIZEK T 2 FRH, MalFE%21T 9 6 Y

5
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2% LT, S ERITRDIBINAEEZITV, BUE - BaRWMERICHEET 5 21 Al
SOWTMNEL BT EIT O & &bl 2 BAMEEBEFTICOW TEEREIAED A
HE, 28 AT OWT ARy MUEE EhE L=, 7ok, Ak 25 FEIBENHAEZ
Tol6HEBDI L, 5HFEBITHOWTITFER 24 FEEDOWHEA Y 2 7 54t T O
EXITRFHEY LRl —FEG 2 RE LT,

TENIE S BRERERIZHOWTIE, A RT A NTESE, SIFRIINE R (8
Pl TWA) Z25ET 5 & &b, MetiFEEZHWRKEOHEE 217V, ElfE
DERNE & GHAEEEDONTNNRENT ZRAEE LT,

OWESHTIE  GEMZRRE 2 ATIEITRES 4 [IZIRA)
BTN T AT T T g MV E—E T Al
- MTIE - BER IR TE
CBPALE : B LT X CRENC T 4 RSN TDND B DIZOWNWTE, S5
ALK TR & BRRR (C K D IR 24T - 7=,

OXBRFEZIZEB T DIERED
MREES BT DT Z > (T ki) ORI, Tl R o fGE e

ELTHEA . TRgmEORYE) Tholz,

(b % v (F 7 hi1) OIXBEORREMEO H 5 FoEEIT, [4E5ED) . [
B - peidE) o THREl) o THeIE) | TAD FOFEET, 1ERY7Z 0K 1 REH
G 2R OMEEE, 1 BIZEKREEYD RIEETH - T,

T EERBEITT R COMEENRBENTITO, (X< BBIERRIL 84% DIEE
TRFFREEENFRE S, T X TOEETHRMARES BICA~X7) 2
Y A QLAY

O E s 5

BNFAE CTOME N BREDRKMEIX, BbT & (F /7 Ri1) oL L
TWAHHEESIZEIT 500 - EREEIEE T, 1.502 mg/m3 Th-o 7,

2HEMOIT < BEBFEOFE L, 8FFH TWA OfENS, “KFHEAE X 7=
1%, PR 24 FEEED AL T 104, FR 25 D 1 FEL T3 THY . &
TOMNEL BREDORKAMEIL, BBbTFT & (F /1) OfEEZ LTV DHHE
RGBT D EEEG TR Ly MEAMEFET, 1.644 mg/m3 Tho 7z,
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meg/m? BMIEFH (F/)DEAESKERNTHR

20 (8EFMEI TWA :H25/24 L fii 25T —%)

1.644

1.0
0823

0.50
0.432 ]

05

| —xEmmEars #ERO03m/m |

033

0.095 0.130

00 = 1 o L

- - T ™ &N N
mhne“-.:.:'—-

— — - % M N = O - T M D
[ x m o X X o ot Ty x 6

3
BRE/THES

H25 IET —# (Bk&/N—)

c3 eSS TITE I R 2 R % 1 5(204/480 47)

LA TR 7Y v /T 5% (208/240 43)

c4:fFl GRS D I > U BT F3£(213/480 )

fA /AR T D EE(431/480 4y)

f5:[A=E CAEFHE O EH (428/480 47)

al:[F] VR3S CREME, BHE, RGE, T T L a U h B RAEESE (373/480 77)

chALEERSL T U 7 MEZ(208/480 4y)

H24 HET—% (Hg#H T —)

JBElIE T N RUEHME DN Ly NEA, k4 FIECERERE, j3 : F4EESD., 11t
[N, R

k2. k3. j4. jl. j2: [ CodEEE

h2, h3 : @il e Rt O 7Y 7| 48R0

2R DOET —F W TEEZE 90% CTXEHEE L7z LR (EMI5%) 1%
1.353 mg/m3 & 72 o> 7=,

ARy MATERRIZBW TR, BIRAECIIbT ¥ (52 hi1) Z28EL
TWAHHEESICBIT 285D /EE T, 0.509 mg/m? LR K TH-7=08, 24FEMO
BT — 2 TIEBbTF & (T h1) ZHE L T 5 FEG O ML R OGS
OVEHE TR 0.733 mg/m3 & 725> TV | 1EERFHIS 1 RIX4720 40 43T
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ol

XL BREDKER., TA R4 OHE (AT < FEHRKM & X EHEE _ERIR
FUEORE WG %2 I BERRELETD)ICLD F<BERKETH 5 8 K] TWA
I ARfE (1.644 mg/m3) A3, “XEHHfE (0.3 mg/m3) % EEID | @ 1 E<ER
MR STz,

4 U A7 OHEK S DR

(1) BALTF 5> (F7KT) 125N
< BOBMEL DM L 2 OBRMPTOME, U 27 OFWEELE LTI,
BALT 2 > (/KT 8 LT 5 55T 51 5 FeHUUL S 0 SR 15 e
BENT, MHEHOIE BE L VUL, “KEE 0.3mg/m? 225 HDOTH
ot Ei, FOBREMGTLIZL 25, BEF &2 (F/HT) ObOWER
FEEORERED D BT 22 (F/HT) 2B LTV 5 FEEITH 5 R
EERED RISV, S TRICIEET 2B 2 bh s,

(2) WfbF 2> (F ki tLsL) 1250\ T

T RIS DB LT & AT DOV TIE, PRk 23 I ACGIH @ TLV-TWA
10mg/m3 % “RFHIE & LT\ D2, B ARERERBETSIIET ¥ 2505 2
Fiky U A DOFFRIEE %2, #8) U A T 4mg/m3, WA UA T 1mg/m3, fAJKA,
ZOMOERES L OEMH CANE ENLH 3HHN CADOTFRRE S, b TA
T 8mg/m3, WA UA T 2mg/m3 L E#)1E L THY ., HEEE TCoOmbT &
K- OMRAEZB[E L, FHMIEO BT 21T 5 LERH D,

£/, 22 FED (F< BEEFE TEWIZ BOHER SNT-HAEBEOIERIC
DWTIE, Pk 26 RIS XK BEFEEBHELFE M L7 ZATHY . FHIEDOFH
et WATL T, fEELE & LI &M 2 E T A2 0 ER N H D,

(3) BH%DOKIGIZONT
Pk 24 4 8 HIZAF LIZ@bT % > (IV) OV A7 5HMEiE (FRME) o8&
S&, A%, SEOBILTFZ v (FRiF) [TRD ) A7 SRR L b T & v
(F 7 RiFLIAN) OFHERERZ O, MEOEES LRV 2ens, hiTOREI &
FEE OWEEREY 27 ORREEE X IS E RG22 L 295,



287
288

X< FRSERER A ARG R
8.5 T AR N RERE SR VEELR BRI E RS R
AL BERERR, mg/m3 mg/m? (AR . mg/m?
I T SRINT [ Rk | WA [ R TR | B [ K
Fi3& S I ESK (% | WADE (% =22 (% (% =< (%5) (%
7 1) | #Bek2) | 3) BT | 4) 3) Bk | 7 3)
RALT 2 > (F/HT)
%’i;ﬁVE%%%ﬂ%% 9 35 | 0114 | 0.100 | 1.644 42 | 0.043 | 0.733 1 0.001 | 0.001
2. fth > A5 O HE %A H
& LBkl L LCoff 6 11 | 0017 | 0.015 | 0.106 12 | 0.049 | 0.146 2 0.099 | 0.80
H
&t 15 46 | 0.071 | 0.063 | 1.644 54 | 0.044 | 0.733 3 0.001 | 0.80

HH O - ERETIRARM OM &L OME 2 ORIEMIZREROBFSE GUERR X i) 12X 0 G R 2 RNEFICIT 2 0fl
Z W T/NIGELUT 347 TALEE L 7= PR3 3 3 41

%1

*5

2 A D ST -
D
¥ 3 ENEL BHIERERICBWTIE, 8Kl TWA O, ZHLSMI OV CITHIEE O, RAEEFRT
¥4 ERRMEE A VR 208 U CHRIE L0 BALESESTT 2 L ORMEH 2 EFEE L, Z 0%y
CHNER D E OBMEHEREMHE L, T OKM S

8 I T W A 038 {r] I3l




1

B 1 |

2 WHEAL BRibF2 (T RF)

FEEOEE

PN

VR 26 AR
A EEREFHER
AP Ofli W OR
Hortt
7> b

WAFEME : LCso = T— X721
#& 0 e : LDso = 5,000 mg/kg bw

WA LCso = T—H 72 L
BOErE : LDso = T—# 7L

BOErE : LDso = T—#72 L

HEHER 2

CRONE < BRI ARBRI B T, IORE GRSRIOER) 2D 5.
L, 1R/ KT T 51 L AMEAO R R MBI 5 5 28, —itETa
éo

A RBENENE
oy is

B FERITANEEE 2 - W T & 2
1 HREDHTH DN, P25 12X 2 U XM EREERNTON TR Y | HFERE
DRFFNEITFE D B IR Do T2,

RISk 3 2 RS e R G EARITE < Il T X 200
1LHREDHTH LA, P25 12 & 2 2VEIRFITEMERER T O TR Y | AR, 15,
A PEORITLIEITFE O b ie o Tz,

U EAEE B JEREAEME « HIlr & e
1HEDIRTH DM, P25 L BRATY v ERBIENTORTEY . HAMU L EiH
i} % A&7 H3-Thymidine DHL Y iAA &G T, FEEIEMZ RO 720 o 72,
RN BRI ENE - WAt 7 L
A LfiAN TR #RIIAE S TuhRn
T EFEG R | EE G
PECESE#M/ | NOAEL = 2 mg/m3
BAREIEFEDY | AR . TiO2 7/ Kiv (P25) Z#HWT, MEETZ v . ~ 7R IZx LT, 05, 2. BX
AR RN | OV 10 mg/m3 O SR T, 13 6 R/ H. 5 BAR)OW AL BERBRZ1T). 10

10




BN FEHD

mg/m3 TIIMRIEZFRDTZA . 2 mg/m3 UL FOKHFIRE TIXIZ & A EEENFEDO LI
oty EHIT, 2mg/m3 TiX, MNDOZ U7 7 0 XA HEBEEL TV, 0.5 mg/m3
TIIM~DOEENBO T, N7 VT T XS EIEL TUHRYY,
AAEVERHIE T, 2 mg/m3%$7 v b 13 W < L TERICH B BrdU IK%
PERGRAIA O A B 72BN & Ao U, RIEMEROGIL, 10 mg/m3 BETH 52258
D oAV, 220, TiO2 7/ KX BICBE L2 )sTh 5 Z & 226, NOAEL I3 2.0
mg/m3 T D LW L=, (p31-32 Bermudez et al.2004)

e FEMERE UF =10

R - A (10)

R L~ =0.15 mg/m?

FHHE 0 2 mg/m3 X 6/8(HREI A/ ) X 5/5(H %54/ 1) X 1/10(FE75) =0.15 mg/m?

# AHE

ATETEME  CHIET T E TR,
AL . AFRNE L T E TR FESPHGETITOR TV A HIENEEAETHH D
T, BT LHEHETE DL~V S 13N 22202 L s, AFEFEMEIC OV TR,
Wrcxipune L,

(2%5)
LOAEL = 42 mg/m3 X0.708=29.7 mg/m3
FRAL: IEHR 8-18 H  C57BL/6BomTac ~ 7 A (Z 42 mg/m3 (1.7X108n/cms3; peak-size: 97
nm)® UV-titan L181 (LF /AL : Zy, Si, Al IC X WERG, RV 7L a— L EKEER,
TiOs: 70.8%. Zr: 8.7%. Si: 5.6%., Al: 2.4%. Na: 0.5%. #HEWH : 5.2%. X BRAT
S A X 1 20.6 nm. HEEEFE 0 107.7 m%g, Kemira ) ZW A X< &% (1 FR/H
FH11 AR L7z, REEMIONGT Ti 28 & 4v, KAE (BALF O4FHPEREHEIN) %38
DI, BB XORBW O, REENORFAFIIE T Sz o7, ]
B OFTENCE L CIE, 14 BEICHE M L7 A —7 > 7 ¢ — b REBRIZIH W T Ti0z 13 <
BREDOFLRD 7 1 —/ R REA~ DR A I X OME D H1 5 T O LR D I8 75
FHAL, 4 4 AR I U 7B SOS R CIRHE IS8R\ L OL 2 0] O 50 %
BB LT, LavL, 11-16 BEC I L 7-F U AKKERBRIC L 25088 2B L
TiE, F1 V2 TiO2 X< BOFREITRO b ieino iz, AFHREICE L Cid, £#% 198
12 TiO2 1E< BREOME F1 1R 2 FALEOME CBA/J ~ 7 A L AZRL L7z & 2 A, #IEIAHEL R
D F2 RHPEE COMIMA, AE TIERWVD, EET DMHANA LI,

(p34 Hougaard et al. 2010)

e FEEARE UF = 100

RYL : 7= (10), LOAEL 75 NOAEL ~DOZ5#: (10)

FEfl L = 0. 037 mg/m3

FHE A - 42 mg/m3 X 0.708 X 1/8x1/100 (UF) = 0. 037 mg/m3
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BinwEtE  HY

FRYL - D in vitro D/NERER ., in vivo D/ERER IS X ONEA 1 K KGR TR
ERODHOT, BIEEMESHD LB 2D, (AL, TiO2 O X 5 IZHAEfRIEDORI 128 T 5
BRI, IR 2EEER LV X, 7V —F Uhung| & 2 9 e (2 k1)
BIRHEENEE T 5, (p35-40)

X FENANE

FENAME - B MIXT RN AN EEDN D

IARC DFENA55 : 2B (B MIXT 2 FB A D ATRENMEN 8 )

(ZIALT & DTN TORAITKT D0 T, T/ RAFITRHZ200,)
FRAL
JEFHIAGE © AR (1S ThT TR ASIED M, 2 HE Tk, AER
FIEZFROIRN),
EULZ/EE. 7 S oA AT !
AR = A L DR T TN ERL IR A O F B 2 b LAy,
PLEX Y| EFRTRIC TR 722500, BialR T3+ 25 il ChH 2 2 & i
FAOHKF & L TOREUTR X720\ 2 &5, Group 2B &CHIEr L 7=,

BEDOAE : HY

TR EARFMERABR T in vitro 38 XY in vivo THMESUEG HAVTWD A3, 2 IRFY72
BAREMEE B AOND Z & BLOIMAREFRED overload Z X Tk V| BlEZ S -
THEE AR 2 Z L OESH Y LB 2T,

[(FEfEH v DBHAE]
LOAEL = 10.4 mg/m3

RHL - Wistar 7 v MZZfRbT % F ki (21 nm) Z08Uc kv, 18
/B, 5 BAE, 24 » ABRESWANIEX<E (F¥ : 10.4 mg/m3) L, BERAT v M
1% 19/100 TH Y, X EHE 21D IV ARICE NPT, Z(LF X027 V77
VAT T = Z 0, BELWARMORETH Y | FESEERICIZ, R0
WAMPEEGTHEEZD, L, E—DORIRANIERBRTH L DT, LOAEL
& L CEA L=, (p41 Heinrich et al. 1995)

e EMEARE UF = 1,000

AL - FE72(10) . LOAEL 75 NOAEL ~DZH#4(10), 23 A O EAME(10)
FEAf L =0.023 mg/m3

A 0 10.4 mg/m3 X 18/8(Rffi#fiiE) X 1/1,000(UF) =  0.023mg/m?
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ZEZ [l L oge] (REOFHHE I Appendix (ZFL#H) (P6~)
o=y FJ A2 (UR) : &R L
R AOBFIFEAY 27 (L0NTHEYS T 51 < BIRE
1) F KA OFEN AMGRBRIZ 3T 2 IEG R AR & & & ERAME L7255
Z ORI, FEREREAE E(18/8) & B EEM L (45/75) Z1T 9,
WREFEAE Y A7 (10N YT 21X < TWRE= 5 ug/m3
FHBAEVERT IER DR ABFITEA Y 27 (10T S T 51 < HBIRE= 18.7 pg/m3
R 5 ug/ms3 /(45/75) X (18/8)=18.7 ug/m3
2) U AT FHORH
Ny Fv—7 HEET AN LBERENSALOMANERREE (FREAE) 2HH L,
MPPD E7 /MK bH b bW AL BIREAHEE Lo, FARIZIZ NIOSH O 51k
EHPL DN, FFTAROFELE L TCNRNT & B EDEEMMN R D,
1/1000 35 XY 1710000 OIEFEIFE S AFE L D KD 12T 7R+ OW AL TIRE (45
< T 1T, T, 0.28-0.30 mg/m3, 0.03 mg/m3 TH 5,
3) NIOSH D #ii
Ny Fv—7 HEETFT AN LBERENSAOMANERREE (FREHE) 2HH L,
MPPD E7/WIZ LDt FOWAIT TIREZHEE L7, 1/1000 & LT 1/10000 D
WERPEN AR RDTT R OB BRE (45 FIX<HE) X, FhEh,
0.29 mg/m3, 0.07 mg/m3 TH 5,

7 it Ett

RN CHIBT T 220

TR e T Z o ki 2.5, 5. 10 mg/kg/H % CD-1 ~ 7 AD&EFEZ, 90 H HE kG
b ((EBEAHARICEH I WL, BFLL ZoEEEbND) ) L,
MPEEEZRF LIz 2 A, LT ¥ o 2R FIIMNICERE L. IO 7 U 7 il
O EFETLHECEEIGEIN A 58O 7= Z & RO T R F— X287 (Ze et al.
2014) , £7z. FIFEEOR CERTFA L OGmLIZEY, v~V ADMMT, LA k
I/X@m@kffﬁﬁfxﬂﬂfﬂiﬂ’ﬂ@ﬁ%ﬁm@%mm%% R7= (Ze et al. 2013), ZH 5 D

WRBEH L TWAZEREXLNDHZ L, EMXONFICEAL T, MEALIE

i‘ﬁﬁéﬂ‘(b\é ZLEMMBHMTTE R, (p42-43 Ze et al. 2013)

ACGIH

TLV-TWA :
(1992)

RN T D08 A4 (B MTRHT 2B AMEIZ OV TIIRETE R

BRI : T M TE(ETZ VK% 0. 10, 50, 250 mg/m3 O TR AL &S

T ABMEEBRIC IV T, 250 mg/m3 B G-HE Thli~DRIEF LR LA A DI 27
Wiz, 7238 10mg/m3 O GHE T OB OMFIIMRI- N TE Y . B LOETOR
AR 7R IRZE BB B AL, IR ClE, B bT ¥ v OIE < #& & MR

10 mg/m3 ("L T # a2l zxdg e LTEY T/ RFIZR 5 720,)
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EDOBNTIIBEMENR 72 o T EE SN TS, I HIC LT ¥ o ~OIEIX< &
I ORAEL, R A b L IO REREZE & OB A4 R e E R FERL T Y, LA
oz &, TLV-TWAfEE LT 10 mg/m3 #8154 5,

TRRAET 2 2 DIED A B TSI B FRITIEME S L IIRERICEL ThRn T &
O, INLORERE S EIC b T ¥ % A4 T4 T %, Skin X° SEN E£itdh 5 %
TLV-STEL #4253 % 3727 — #1372 (Oberdérster et al. 1992),

HAPEREMASS% 0.3 mg/m3 (Z#(LF %+ ki) (2013)

B ARML -

ZRbTF 2 S KA T D E R 1T, B < SRABR T, 10 mg/m3 D

EHIMAIZSEICLY, 7y N TIEMEREORAENEI L2~ 7 2T L 220

ST EMNS, T v MTBIT DM AT overload (2 K W IBMERIEN S ERALA % sk

T57v MFEOLDTHD EEZLNDHDOT, B#H L7220, Bermudez & O &M

B (13 ) 128V T, 2 mg/m3 OIX< TEREIEX, overload TIERWZ &, filZ

A EREL N EDE NOAEL & %5 % 7=, ILSI Workshop report 235V VC@?‘E

DAMEFREEZ 3 L Ll L, SOIEKBEBHMIE N L2 Ko EFREE 2 &

T531) &, b MIREEZRIXI RV TEREIE, 0.33mg/m3 LHEESND,

UL EDEFRIECEIE < BBAFZEN D, RERITHIET LT, ZffbF ¥ o /Rt
DFRREIL. 0.3 mg/m3 EXET D,

NEDO 7r v =7 b @ #FHFIEERE (PLIFR) 0.6 mg/m3

Bermudez & O#EMERBRTHD T v D 13 BREIOW AT BRERIBVWT, BT
AN, olFE A EERKGEERD 2WVIEL FBIEE 2 mg/m3 % NOAEL &
L7z, B h~O#E (5 A, 1 A 8 FF O NOIFEEICHRE 3 5 RN E R
J£ NOAELhuman 1.82 mg/m3, ZUZHEFEIEORIUEI T 2 A FEMEARE 3 Tk
L72) 4TV, IFARTIEEA 0.6 mg/m?3 & L7z, 7272, YA 15 fFRE D IEE
PEDOIX< BWIRZAE LIEHFAREETHY . 10 FRETORE LEZRHHFEE LT
%o

NIOSH : Recommended Exposure Limit (REL): 0.3 mg/m3
7 v FORMWAT Bl (2 FH) ITBWTHiEESD - OMMfrFiE (i3
wfE) *HEOHEEE LT F~v—7 HEHEY 7 F &2 HwWT BMDL (X F
~—7 FAREETRIE) 2%HL, 1/1,000 @ENERY 22 2405 HEEZ T v
Frb b b SME LT,

EC : Derived No Effect Level (DNEL) : 0.017 mg/m3
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Appendix  —@B{bF ¥ > F / (ultrafine)bi FDEER Y X 7 5Hfi

1) F /7%t (BRI T (ultrafine) ) &8kl T(fine) DAHE—RIE (RIESIS & FEBAME) B
FRIZHIT D dosemetrics
VIEZBbT &2 o DF kit L ki 7% 7 v MCRE NG LT itive ik (BALF)
DIF BRI R Z R T, RISl A EE&RE TL Y £ o FEk%z e
ETHZENDND,

1 B BRi A XK ENFEAN LT BALF 44 ekib =R —fE & ALuE
(Ferin et al. 1992, TUCLID 2000)

EI B 20 nm TiD, .
A SInmT0, |

O Saline contro

i
(=]

&

[
(=]

[
=]

—
(=]

Percent neutrophils (rats)

| | | |
500 1,000 1,500 2,000
= Ti0, mass (ug)

2 1%, dosemetrics & L CEHERETIIRL., KFOXREEZEZHWHEDT v Mtk
IR P O EREA R E OBERERT, 1 OEEREEICHXT, o FEMEX
dosemetrics & U CRIEMEN G Z LV AUREIZRBLTX 5,
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19
20
21

22

23
24
25
26
27
28
29
30

2. Bk 9 A XEKENTFA LT BALF 6 ek —Fimfg AL vE
(Ferin et al. 1992, TUCLID 2000)

W yltrafine TiO,(~20nm)
=0 & fine TIO, (~250nm)
® zaline

40

% of neutrophils

T T T 1
0 50 100 150 200 250

Particle Surface Area [cm?)

4 3 1T R AT < FEaBRIZ IS 1T 2 I O3 4E = & BRI IR L 2 E D F i &
EOBEEZRLTWD, REMBHAEZHVDEEOHENLRAIZHENEFE LTS,
KEMEOWE CHREIR G325 & S ORBAERENMT 52 L 2R L TW5, ZOiEfEk
5z X B o3 AR oL, NIOSH, JARC @ LR — MI#E ST\ 5 JTARC 2010,
NIOSH 2011), F£7z. ZOBEMIZEE LTk, MlEEZT Tl MoORE (X1 &2 25H)
EREEAEICBONTHLRO LN,
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31
32

33
34

35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

3 EEAMHEEM b E o EGE R & E AR (NIOSH 2011)

40 —! ® /[ carbon black

W TiOZ2 @
[
e 301
£
= e Lol Tioz
=
= diese! @ digsel
@ carbon black
z 0 ® diesel
E @ carbon black
= diesel @
B
104
carbon black @
iﬂ q . diﬂsﬁl
carbon carbon black
/ ly background
.i tumot rale
0 /
.001 diesei” q e i 10 100

Surface area m®/g lung

9) MIF R ORI TR (1Z<8) DRMBAMRBR ORI EMRBROMEE & A

iy

2-1) EENY R 7 FMIHND ZBbTF Z R KO ) R D 3D AVERER

* Lee et al 12 & 2 LT & U HbL T DRI AAERER
g%m?y/%ﬂ¥17m/wﬁﬂdﬂmn§\w%%%Dh%&WRMMMIL&ﬂﬁ
pm, (¥ @%W'O1050Z&H@m@%M%CD?yFK6ﬁ%M\5H%L2
Eﬁeﬂﬁfﬁ@w\ I<EL, MMEES 2 MG Lo, PRBRIC AT X< BREICERARE IR, 1K
BHOZEL, FECHROEITR N7, 2 X< aﬁﬁ“‘??&@?"&’ VAR R, ¥
A E R 14V, 10 mg/m3#ETiE 3.1%(26.5 mg/lung). 50 mg/m3 £ TiL 16.9%(124
mg/lung). 250 mg/m3#E TiL 28%(665 mg/lung) Th 7=, filiz U7 T o AEFF I35
i, 250 mg/m3 CiBAMIZ/e>72, LvL, 10 & 50 mg/m3FETIENE2 V7 7 v A
FEIZ T e o Tz, WAROMZ VT 50 A A B =X 52w RO MRS LB EE & 7
Blle~vrn7y7—U B LAZELIIRMERL, 21D OMIOFRIE%E DEFE A R
E LT, WAWONZ VT T ARXA =R LD~ ——"Th 2 il ET 1 F1E< &
& T1% D 50 & 250 mg/m3FEIZHEL L7=, 250 mg/m3 D 2 X< FEK T, 1A
& DU % 2 7= WIS s SRR IE S R B U 7, 7, MBI o M &V b
g e B A BRI U 7o A MR - EEOESIR O BT, IRIEIEL 250 mg/m3 B
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53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90

OBETIEZ 77 VErp 12 1], #ETix 74 Pirb 413 i3 L ORI E RO IE 250 m/ m3 BEDIET
X 77 UCH 1, HECIE 74 PEH 13 BRSO H 7= (Lee 1985, Lee et al. 1986),

» Muhle et al & Bellmann et al (2 & 5 —B{bF # U HhL T DD AERER

99.5% DV F VA Pl T ki1 (KA Bayer AG #H8 W AME#; U A MMAD 1.1
pm, GSD 1.6, I£< FTIESE : 0. 5mg/ m3) ZMEME F-344 7 » MiZ H#F'ﬁ/EI\ 5 H/H,
2 FEMRERANTL T L, KE, BRETEE., BiE, BRI &L Xt
BREOMICABEZTA LN o T2, 2 XL B THRON L AiEE Y //\ED@"JC&' g
i, EE1g MY, MTiX 3.2 mg/g, MTIL2.24 mg/g TH -7, 2FEMBTAIL

< Eﬁf(ﬁ@ﬂmﬂiféﬁﬁié . KHIREECIIARAEAS 100 PTHR 2 6] & g A% 100 VT 141 (A5t
361 THY X TWHETITMIEA 100 Pirr 141, ka2 100 DT 141 (G52 41) T
Ho f:(Muhle et al. 1991, Bellmann et al. 1991),

- Heinrich et al {2 & 3 Z@fbF# > F ) BRI FD RN AAERER

"Wt F & > 7 Ki - (Evonik Degussa t1#Y; P25; ﬁi@—ﬁi*ﬂ% 21 nm, —RKLFH A
A : 1540 nm, Tﬂ‘éﬁ—ﬂf 80%, LTIV 20%) % WA HKIC . I Wistar 7 » M2
24 » AI#. 1 B 18 K¢, 55353%&)\% L. bl 7/]\75:6/7)3&5{%@* ZE
KR CHEIE LIctg, MilEER A Z et Uc, IX<BIREI, &0 4 7 A : 7.2 mg/m3,
fe< 4 HI# : 14.8 mg/m3, 9 » H 733%%%1‘5(71“( 9.4 mg/m3 (*F¥J : 10.4 mg/m3)
THY., BREIE TERIT 88.1 g/ m3 x ] (24 /fﬂ)fz@ot 18 » H THlilZ W D fiE
BERAENAL LI, b TF & o 2RI BIC L DRSS AT, BYERY EEE
(benign squamous-cell carcinoma)20/100 (# X< ERE 0217 . W kR
(squamous-cell carcinoma)3/100 GEIL < &Z#f 0/217), MRfE (adenoma)4/100 GEIX< #&
# 0/217). % (adenocarcinoma)13/100 GEIX< @&#E 1/217) T, MEEFAET » MU
32/100 TH YV . X EHERE (1/217) LV HEIZE D > 7= (Heinrich et al. 1995) (KHE
PEREAR D 3 AR TRER) .

2-2)EREE D Wb T Z VR FIE BT L B R A R

AKIZAREME TIRW ORI « BHERYE O EREMW ~ OB NIE L #7 & <8 N G- 1T
~DiEAR &5 & Z 3 (Lung overload) Z & VBTV 5, (LT ¥ ki 7
7Y L O ANEL FETIE, EFLD Lee 512X % 250 mg/m3 @ 2 4 AL < ZikliR(Lee
1985, Lee et al. 1986) & F5E.® 250 mg/m3 @ 3 7> H W AN iE < FTEkBR D 2 S DHFFE NS
IhTWD,

« LT N p-TiO2(DuPont L, MMAD 1.44 u m, GSD 1.72K. 7D 0. 10, 50, 250

mg/m3 % iff CDF(F344)/CrIBR 7 v~ . #ff BSC3F1/CrIBR ~ 7 A iff LVG(SYR)BR /~
LAK—IZ 6 HEHE/A . 5 AAE, 13 WERAIE<EL, IE<HBKTH O, 4. 13, 26, 52
ﬁﬁ@@@%%ﬁﬁb\@<*%Tﬁ&%®&@%&J/Aﬁ@M%ﬁm&Mﬁm<&
i, MRERE, MR OHAENE) 2R L7, il KOWEEO U 3o Ti Oz K-
FHRITIE S BIREICKELTHEINLE, 5y <Y 2T 50 & 250 mg/m? Thii
)

DA
AR DN, RIEE LT, 3SHOBML bIZ~ 7 v 77— L AFPER K Ofives
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91

92

93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128

R H O AIEEMESAE RSy DN 3 F88 B 472, 250 mg/m3 B Tl X< B T4 52 £ T,
e R D IIEVERC I L T\ e, MifEEILT » AR BEETH Y | 250 mg/m?
HECHEATIE D B2 2L & AR MEBATEME A L N B DTz, BRI ORI Z b BrdU 7~ 1
Emiﬁfﬂiﬂ@@ﬁﬁﬂﬂ ELTROLNT, fime LT, WA LT p-TiO2 k112 %7 5 i SO

TIFRERMENMAET D2 L, MBEAMZFHERT LM TIE. 7y NI T AR L
AZ—=EDH LD Erfﬁﬁ‘ﬁ@%r@ﬁm%ﬁﬂi‘?é &, BIXOEIRE 250 mg/m?
® 90 AIEKEIC L > TT v MIEATHEOSHERE MRS & e LR kAL o i 2
79 (Bermudez et al. 2002),

2-3) FHEAMICRT % RAE
« Oberdsrster(1997) ® A fE(Oberdérster 1997) : ki « fhHEIRY)E O EBRENMY) ~D 2 F-[H]

FAEW AL BT K DF N AR TIT, HERE TR HEERFETHY . &L
TRV 13 A K PE S (Maximum Tolerated Dose: MTD) % #5F4 5 Z L 23RO HAL TV
5, 1€k MTD OEFIT. FEHELSOREIC LD TROHEMA RN & KOKH
B 10% LT THDHZ & Tholo, Rt - R EIX< &EZITxd 5 MTD ICBAL T
FTERO—HIALNT, KE L AFRUSNOERNZ M ERDOEENLETH D,
Wit - SEHERME 2395 MTD 1d 90 H iR C5 O - ISR A M O RAE, L%
ML OHEGE, MEEOEMN, Kir27 V7T 7 ADRE, ~/u 77y —Iick k07
U7 7 A, BERMOFEMEIT ) OHRTH, ki1 - iR EOMICk T 527 07
7 v ADMAE & e i ORIES ST MTD 2R ET HBEOEEZRF - TH Y | il
B AEOR CEERKE ZE U5 (L Bermudes et al D6 C(Bermudez et al.  2002)
22 M), BlZIEL, US.EPAIXREIRED “BbTF &Z b7 v Y L OW AT BEIZ LD
W X, i~k A f (Lung overload) FoTHEREND R ENATH S
L A 72 L7z, Oberdorster (4, 2$Wli< Z L DEED AMRER DRGSR CERERED A
B NEE TR A BT 521X, MTD 0)7&14:7%@3%?“\%“@%6 ELTWA, <
DAENKAZ—T, T b %@LT I DRIESIR . BRAEIE, FEDS AR L Tz
PERERND T, TOFT R« NARZ—XFT v ORI BITIERIEMLORMEM: &
Ot M T oW E ORAEZIIT 228 KUK FIZL > THIEINDMIERD A
=X LOfFHIS MTD % ¥EfiE3 % OIZEE TH 5, Muhle et al (Muhle et al. 1991) 1%
HNAMRRTHW I —R 777 (=) OHE (1, 4, 16 mg/m3) (ZHW T,
BRI MTD IZ#A L TWADZ EZim CTWD A, 8 LR AMRER TRV Rk
T B ki 5 mg/m3 O EO MTD @SS & LT,

- NIOSH @ Rfi# : Lee 512 X% 250 mg/m? (b F % Uk FIX BIC L DT v b Jifi

NES R AE RO M (Lee 1985, Lee et al. 1986)i%, #ERT1™ NIOSH (2 X % TiO2 Jk3EMES
MAVEDFREDIRI L 72> Tz, ED%, NIOSH i3 TiO BEEMEF D AME DFEE

ZED TV 12, Heinrich 512X 5 10 mg/m3 LT % o F i3 F&EIz L 5
7 v M OB E Muhle 512X 2% 5 mg/m?® (kT & Lokl 12 < §81C X 2 ifilE
BERRDHENRNE VI FERBAEDET, 2D 3MOMIESZIEAERL FFZ AT D
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129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155

156
157
158

FmfE e O E—ISEBREIEH LT, BBAMEOEEN Y A7 FHME 21TV, BT
BRI K O K- Recommended Exposure Limit i 242 5 L 72(NIOSH 2011),
NIOSH 1%, 7 v F THIEZE S 7z TiO ok 1 DAt ARFIZ X 5 MilEEOFBL2 B h TR
DHILDNE I NTONTIE, RILKD K 9 @R E DR C AN RiET 55 CTE< b
FTHEIEIND LA STV 5 (Calberg et al. 1971, Douglas et al. 1986) = & % fi
T HE, b N EFBERBARNNT v Mcb AT EBE L TV AHINIOSH 2011), /&
¥ 200 mg/m3 % 2 R AL BSNT2 T v MR O A fTIZ X 2 g 3 @42 <
ni- L oL H 25 Martin et al. 1977), £7-, NIOSH @ Castranova(Castranova
2000) 1E. WAMERES S U BT B SN HBEICH B DT BIREREMEO MR
(Attfield 2004) (%, RAE & FRLMEDKARAR G A IS OJRK & UCTHEET 5 & FRELTH
%o - T, NIOSH |%, ffiEfia 5l &k Z L7z Lee et al & DFEH AR O i 5
DT —Z & T LT & ki - DX HifE % dosemetric & L THWEERM Y X7
M ARN TH D & LT D,

- AAEMERHREC ST D A

VA7 GHR (ERESME) (AW DAT, HERN—=ZATH, BERAAT=ALRX=ZT
b, AKERE &L EIRECIMEE AR S, KIREIX, slope BERTH D,

DF Y | KREIX Overloading IZEET HRTIDT — ¥ . EiREIX Overloading D% DT —
B EBTNIDIDELEBLZEIND, o T, ARIOFFEIL, HiglL v bERHEIZED
HHZE (320FTNAAEANTENZIUCHEZE Sy L, FERMEIZ Y ¢ v N EHT0)
12XV, Overloading #H £V XUCHET, VAZFHliL7-EBx b5, (ERIE, 1o
OHFHATREE Y A7 Z25HMli L TV a2 L3S0 o T2), 7ol B m R Rl alRiT,
1980 FERM 5 1990 FEDRTHTITR <ATONTWE L2y, EFEIIThh TH72Rwn,

3) TEMbTF & LBk T (ultrafine) RS A D BRI Y R 7 4

3-1)

BRIFEB AR L ARZERINMNET 535S (Worst case)

LT X T SRS KD RBARERIL, 1IRE LRV T, EHRIMEEZITV, 1/1000,
1/10000 DIBFIFE A AP 2 KD 5,

Heinrich 512 &2 2 LT 4% 0 2 R < B850 AMERRBRIZ 31T 2 IR AR 5
(Heinrich et al. 1995)

X< BIRE 0 mg/m3 10 mg/m3

il () 1/217 (0.5 %) 19/100 (19 %)

Jifi Pty B

. 0 mg 39.29mg

mg TiOs/lung ()

i ® i 1.44 mg

(2 (i)

RN AE= (19/100—1/217) =+ (1—1/217) =0.18625
103DV A 7 JEFE=10X0.001+0.18625 = 50 ug/m3  (worst case)
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159 104D Y A7 JEE=10%0.0001-0.18625 = 5 pg/m3  (worst case)
160
161  3-2) REFEEEICLIERNY R FHE

162 KkThiE, 7RI L AN AMRBROFEEAZEIC L TY A7 HEIT VWO TH S
163 N, EBROXICTTITBELN VWO T, XRoF~—7 AEZHAWZFHMERNRE TH D, Lo T,

164 T T H BRI OB AR O T — X BN LT, ATFIRT O, B L g kT #
165 R DFERARROFERTH 5,
166
Lee HIZXK 25 g bTF Z bW AT < #8F8 A AMERRBR DX < BRI — 5 76 A 2 (Lee
1985, Lee et al. 1986)
X< TR 0 mg/m3 10 mg/m3 50 mg/ms3 250 mg/m3
i (k) 2/79 (2.5 %) 2/71 (2.8 %) 1/75 (1.3 %) 12/77 (15.6 %)
() 0/77 (0%) 0/75( 0 %) 0/74 (0 %) 14/74 (18.9 %)
MifRFrE () 0 mg 20.7 mg 118.3 mg 784.8mg
mg TiOz/lung (Hff) 0 mg 32.3 mg 130 mg 545.8 mg
figEsE () 3.25 mg
(@ (i3] 2.35 mg
167
Muhle (2 & 2 ZEg{bT & ki 7 AL < B0 AMERBR I 1 2 BB s AR 5
(Muhle et al. 1991, Bellmann et al. 1991)
0 mg/m3 5 mg/m3
i () 3/100 (3.0 %) 2/100 (2.0 %)
Jit PR
0 mg 2.72 mg
mg TiOx/lung (Hff)
i (g ()
1.05 mg
168

169 U RZFHMEOHE M FEE LTE, £9, MiEEH- Y ORnHEERE CBMLT ¥ v EERFRE
170 X HREEMER/1000) ZFH5E L, MEGREAERLE X F~—7 FIEET /LT 1/1000 O
171 EBAHEZRM, 2) ®Rice NoOMRNEFELRET L, MPPD E7 /UIZX 5t FOWAIX &
172 REZHEE LT,
173 DAFIC, ERRoOWMANEERBRICEVEHRLZT v MiERH -V ORERERFFREE T > Mo
174 WRIEGIEAERE R,
175
176
177
178
179
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180
181
182

183
184
185
186
187
188
189
190
191
192
193
194

+ ki ()

TiOz & MH | M55
RAPRFFE R
0 1/217
1.31 19/100

WIZ EPA O F~—7 H&HHE Y 7 V2w, Eitos—% XY BMDL %% L7,

TR Lk ()

TR Lk (. M)

TiO e mife | i 5E
REFE AR
0 1/294
0.068586 0/75
0.276043 0/74
1.158954 14/74
1.31 19/100

\Z XY 1/1000, 1/10000 @ BMDL %K 7=,

TiOz F kg | MilEEEFE
RFFE AR
0 6/473
0.0129 2/100
0.031782 2/71
0.068586 0/75
0.181636 1/75
0.276043 0/74
1.158954 14/74
1.20497 12/77
1.31 19/100

T R+ ok () T R+ Pk (HE - i)
1/1000 1/1000* | 1/10000 | 1/10000* 1/1000 1/1000* | 1/10000 | 1/10000*
Multistage 0.014 0.008 0.0015 0.0008 0.015 0.0082 0.0016 0.0008
(polynominal 3) P=0.62 P=0.63 P=0.64 P=0.64
Multistage 0.014 0.0077 0.0015 0.0008 0.015 0.0082 0.0016 0.0008
Cancer P=0.62 P=0.63 P=0.62 P=0.62
(polynominal 3)
Weibull 0.03 0.0076 | 0.007 0.0007 0.04 0.0082 | 0.0075 0.0008
P=0.44 P=0.44 P=0.56 P=0.56
Log-probit 0.067 0.0072 0.0292 0.0007 0.0711 0.0077 | 0.0304 0.0008
P=0.55 P=0.55 P=0.61 P=0.61

1/1000* : BMDL

(1/10) @ 1/100 & L CHHH. 1/10000* : BMDL (1/10) @ 1/1000 & L CHH

1/1000 : BMDL (1/1000) & L CHH. 1/10000 : BMDL (1/10000) & L CHH

-
—

g

7Rk D BMDA/10)H7- 0 O, sub-linear TdH DD T, 1/1000 = 1/10000 D
BMDL (%, BMDL (1/10) ¢ 1/100, 1/1000 % E#RAMET D L0 X, #%E Y 7 iz X% BMDL

(1/1000) . BMDL (1/10000) ZE#RD S Z L2 LTz, 7B, #H L7=E7 /1 2UL, multistage

Th D,

22



195

196
197

198
199
200
201
202
203
204
205
206
207
208
209
210

MEDT —Z1Z X 2BAIT BIREHEE

E N ORFFEA~DEH] v N OWANIEL B
¥ ki RIf-KHfE (m¥lung) | HFHE&E (g/lung) MPPD (Z &k 513 < B
(x1100) (+48)

multistage

15.4 0.321 0.28 mg/m3
1/1000
multistage

8.8 0.183 0.16 mg/m3
1/1000*
multistage M

1.65 0.034 0.03 mg/m3
1/10000
multistage i

0.88 0.018 0.02 mg/m3
1/10000*

B - MEDT —ZIZ X DWAITL BREHEE

t N ORFFE~DZEH v FOW AT BRE
F Kt b 7K (m2lung) | K 7HE (g/lung) MPPD (2 £ 5 1E< BB E
(x1100) (+48)
multistage # - 1
16.5 0.344 0.30 mg/m3
1/1000
multistage # - #f
9.02 0.188 0.16 mg/m3
1/1000*
multistage ## - i
1.76 0.037 0.03 mg/m3
1/10000
multistage ## - i
0.902 0.019 0.02 mg/m3
1/10000*

t hoOffiEEX. EPA ® 1100g & A7,

MPPD2 €7 /V®Dt kDR AIEL TSN
E7 /L : Yeh/Schum Symmetric model
1 53 FIDRERIEE  17.5 [E1/4y, 1 [E#AK(E © 1143 ml
RN 8 IR/ H . 5 [E/AH, 45 4Ff (2250 weeks)
Lb# 3.8, MMAD : 0.8 (GSD 1.8), 48 m?%/g

3-3) NIOSHIZL2ZERMY X7l (REfEEN)
URZFHMIORE L FEE LT, £9. (D) MEEHZ oRmBERFFRE (CBEF ¥ o HEER
Fri X R ER/1000) ZFH5E L, MEERAERE N F~—27 f&ET /1T 1/1000 D
WEES AR EEZ R, (2 wict hoOMAREFREEZHE T L, MPPD €7 /LI X5 FORAR
SBREZHEE L, AR AMERBROT —213, 3-2HEEFLTH D,
FT RXRUFv—I {EEEY 7 FEAWTIHDET /LA O BML, BMDL #&H L, =
23



211
212
213
214
215
216
217
218
219

® 5 b, multistage, Weibell, Log-probit @ 3 ©DE 5 /LA D FEHEE T /L (LbFR1E, multistage
23 0.14, Weibell 7% 0.382, log-probit 7% 0.478 T#% %) % T, BML, BMDL #&H L 7=,
Bohni P HEET L (MA) 750 BMDL LY bt hOMNESEEZRHE L, ZoRFEL T
IZMPPD E7 /WL D FOBRMNI TEREZHETE L7, 1/1000 35 LT 1/10000 Db FIFE A3 A
FRORDIF 2R ORI BIRE (45 X< #E) 1L, 0.29 mg/m3, 0.07 mg/m3 THh 5,

FUHSCHER
(Attfield 2004)

(Bellmann et al. 1991)

(Bermudez et al. 2002)

(Calberg et al. 1971)

(Castranova 2000)

(Douglas et al. 1986)

1992)

(Ferin et al.

(Heinrich et al. 1995)

(TARC 2010)

(TUCLID 2000)

Attfield MD, Costello J (2004) Quantitative exposure-response for
silica dust and lung cancer in Vermont granite workers. Am J Ind
Med 45: 129 - 138.

Bellmann B, Muhle H, Creutzenberg O, Basenbrock C, Kilpper R,
MacKennzie JC, Morrow P, Mermelstein R. (1991) Lung clearance
and retention of toner, utilizing a tracer technique, during chronic
inhalation exposure in rats. Fundam Appl Toxicol 17: 300 - 313.
Bermudez E, Mangum JB, Asgharian B, Wong BA, Reverdy EE,
Jamszem DB, Hext PM, Warheit DB, Everitt JI (2002) Long-term
pulmonary responses of three laboratory rodent species to
subchronic inhalation of pigmentary titanium dioxide particles.
Toxicol Sci 70: 86 - 97.

Calberg JR, Crable JV, Limtiaca LP, Norris HB, Holtz JL, Mauer
P, Wolowicz FR (1971) Total dust, coal, free silica, and trace
metal concentratios in bituminous coal miners’ lungs. Am Ind
Hyg Assoc J 32: 432 - 440.

Castranova V (2000) From coal mine dust to qualtz:mechanisms of
pulmonary pathologenicity. Inhalation Toxicology 3: 7 - 14.
Douglas AN, Robertson A, Chapman JS, Ruckley VA (1986) Dust
exposure, dust recovered from the lung, and associated pathology
in a group of British coalminers. Br J Ind Med 43: 795 - 801.
Ferin J, Oberd rster G, Penney DP (1992) Pulmonary retention of
ultrafine and fine particles in rats. Am J Respir Cell Mol Biol 6,
535-542.

Heinrich U, Fuhst R, Rittinghausen S, Creutzenberg O, Bellmann
B, Koch W, Levsen K (1995) Chronic inhalation exposure of Wistar
rats and two different strains of mice to diesel engine exhaust,
carbon black, and titanium dioxide. Inhalation Toxicol 7, 533-556.
International Agency for Research on Cancer (IARC) : IARC
Monograph on the Evaluation of Carcinogenic Risks to Humans.
Carbon Black, Titanium dioxide and Tale Vol.93. (2010)

IUCLID Dataset. 13463-67-7 (18 Feb. 2000)
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(Lee 1985)

(Lee et al.  1986)

(Martin et al. 1977)

(Muhle et al. 1991)

(NIOSH 2011)

(Oberdorster 1997)

Lee KP, Trochimowicz,Reinhardt CF. (1985) Pulmonary response
of rats exposed to titanium dioxide (TiO2) by inhalation for two
years. Toxicol Appl Pharmacol 79: 179 — 192.

Lee KP, Henry III NW, Trochimowicz, Reihardt CF. (1986)
Pulmonary response to impaired lung clearance in rats following
excessive TiOz2 dust deposition. Environ Res 41: 144 — 167.

Martin JC, Daniel H, LeBouffant L (1977) Short- and long-term
experimental study of the toxicity of coal-mine dust and some of tis
constituents. In: Inhalation Particles IV (WH Walton, ed). Vol. 1,
pp.361-372. Pergamon, Oxford.

Muhle H, Bellmann B, Creutzenberg O, Basenbrock C, Ernst H,
Kilpper R, MacKennzie JC, Morrow P, Mohr U, Takenaka S,
Mermelstein R. (1991) Pulmonary response to toner upon chronic
inhalation exposure in rats. Fundam Appl Toxicol 17: 280 - 299.
NIOSH (2011): Current Intelligence Bulletin 63. Occupational
exposure to tinanium dioxide.NIOSH Publication No 2011-160.
(http://www.cdec.gov/niosh/docs/2011-160 /pdfs/2011-160/pdf/
assessed on January 7, 2013)

Oberdorster G (1997) Pulmonary carcinogenicity of inhaled
particles and the maximum tolerated dose. Environmental Health
Perspectives 105, 1347-1355.
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Tk 26 4 DI

A E VR E

WE% - BRIbF 2 (/7 RF)

1. fbFwEoFREN® (ICSC 2002)
4 kT & (IV)
il I 3 [
. % & : TiO2
5 799
CAS %5 : B8{bT ¥ > : 13463-67-7
JLF L 1317-80-2
72 —ER : 1317-70-0
T A AR TR RIE 9 (B A BT R EGEY) $ 191 5

=

2. WEALFIE R
(1) PEEbrotEfk  ICSC 2002)
SMBL - I~ PO SRR R
B 3.9~4.3 glcm3
W AL 2500~3000 °C
A s 1855 C
BfRbE OK) - e

(2) R P faRttE  (ICSC 2002)
TOkSSERRME AR

R ekt R L

YR fElRE e L

{EEFfEIRIE - s 7 L

H 3 N

(3) = ofth

kT & ik, 74—+t (Anatase ; $i#fif), /LT /L (Rutile ; ©fLA), 7T A K
(Brookite ; tRF ¥ > 41) D 3 MOFERMEERHDH, ZDH2H, TEMNFIHENTWHDD
IV TFNETFHE—ET, ThA MITEBOFAIL,

3. ARE-EAR AR MR @MbF ¥ o T¥ES) (KTH 2013)
AR (F/BbTF 2 OVFARL T2 —EREE) 13,490 v (2010 A7)
Ao QLB bpedh, Bk R —SMNRAL I A FeEAL S IR
(75 —8R) St T MM AR
RUEEE . AFPEE, YT ¥, FHUTE 740, BLFX T
26



34
35
36
37
38
39
40
41
42
43
44
45
46
47

48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

4. fEFERE

[RmEDRE (WX - 43Af - AR - HEi) ]

HAVEME 72 DT, ARNTERMR, BT LAanEEZ b5, Miosd o, i~ 2 o
Ty —VICEREIN, VUNE ERIRMREICHEE SN ORISR ETH Y . b OREKIX
7Y A RO T X EEDLIRWN, T UT T U ANBIET D, MK, D, BN,
g, fthm U > EiE O MR ~OBAT LD LIV TV 5,

(1) FEERENIZ R 2wtk
T kRN

BoErE
< RROFBRICCRIb T ¥ o ki LDso 2% 5000 mg/kg KELL ETHH-72 1 Hk
(Warheit et al. 2007c). H5F5 2011, AEDS 201DLAME. S 5TV R0,

~ A 7w b A
. LCso B L e L w7 L
# M. LDso e L 5,000 mg/kg A | fF#R L
DN
Uf-C (P25 LA L)
#% 5z, LDso B L e L w7 L
fEEN LDso 7 L T L 7 L

Uf-C : P25 ; F{iif% 21nm, FEHE 38.56 m2/g, 79%7 F % —+¥/21%/LF /L, FiHiEME 0.9

deltab (77 > 723 HEMEH) | ZRBKT ORI (BERDEEEL (DLS) £) 140+44 nm

Bl pfe R 7

KUE NTENGER

- JEME F344 T M, —WKIAE 20 nm (Degussa 15 F£imfE 50 m2/g)ks L1250 nm
(Fisher 18 FEME 6.5 m2%g) O 7 F & —EH TiO2 ki1 % 500 pg/VC TKEWNIEA L.
AL 24 IFHIRE RUZ IV TH O RAE 2 fias L 7o il R, —URK#E 20 nm @ TiOg ki1 & 11
AL7eZ v ML, BALF ok, ~7 v 7 7 =8 P EREIEOW$Fnico
WTHXRREE I L CAEICE <, 250nm O TiO2 R - Z2FEA LEREL TRV &E
EDORIERGZ 5| =i Z L7 (Oberdorster et al. 1992),

« Wistar RMEMET ~ M2, —%kifE 29 nm @ TiO2 %77 (Evonik Degussa 1) kX

—hiFE 250 nm D TiO2ki+ (Tioxide Ltd #E#L) %, 125 & 500 pg/ltod 2 & TRE
WNIEA L, A% 24 BRI O RIESE & T~/ R, BALF FO4 ek, 4
-glutamyl transpeptidase (y-GTP) 74, # > 37 2. LDH JREIX, KL 29 nm O
TiO2 ki 7 500 ng ZEAL7=T v MEICBWTOR, AEARHENNERD &7~ (Renwick
et al. 2004),
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65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88

89
90
91

- HEME F344 7 v M, —WRIfE 21 nm @ P25-TiO2 7 / Ki (Evonik Degussa #Lfi,

P25: FmfE 38.5 m2/g, 79%7 % —E/21%/LF /L) % 0.26, 0.52, L 1.04 mg/
PED 3 & TRENTEA L, ik 42 A R OBIEHIM 2 5 C U o Bl ds L O'BALF
FRAE 2T o TofEd. P25-TiO2 7/ R DFEAIZ L Y BALF o4y dEkd, LDH, 7 /v
TIVRE, BEOYA R A2 (TNF-a, MIP-2, IL-28 72 &) BIEOHE RN FE
L7 £7-, BifE 1 pm © TiO2 %17 (Sigma Aldrich #E#Y : #224227. LT L) % |
P25-TiO2 F / Ki+ & REOR I EZ KEPWIEA L, MiliDRIESL A Hili U775 2R
[FARICRIESL DG L7 A3, P25-TiO2 7/ i+ D XV IKWHE (ki +EH &) TK
BN /L B 7= (Sager et al. 2008),

« M SD 7~ Mz, DuPont #E80 —yKiFE 300 nm DL F LA TiO ki+ (R-100), 18

20-35 nm, X 92-233 nm ® 1 v NER%E L7 F % —ER TiO2 ki1 (nano rod),
— IR 5.8-6.1 nm D7 F ¥ —EBH TiO2 ki (nano dot) ® 3FEIHDKIF % 1 L5
mg/kg TERENEAL, 3 » ARIMIOREZ el U725 F, W ho TiO2 ki 71X < 8
FETH 1 mglkg IZ<BRETIRIFE E A ERZEPROHNT . 5 mglkg 1X < BHETIXIEAR
—IMEDIIER - BTN, 5% 1 BRI 1300 FREE & R £ CTRITE L 72(Warheit
et al. 2006),

s HEMESD T v ML RO SR D 4 FEIHO TiO ki (Table 1 2/, F-1 13 fine Kif-,

uf-1, uf-2, uf-3 i ultrafine ki - CTdH %), 7725, R-100 TiO2 477, DuPont fLH D
FIAEA) 140 nm D/LF VA TiO2 ki1 2 FEFA (uf-1 38 KO uf-2), 38 KOV uf-3 TiO2 T/ Hi
1 (P25) # 1B X105 mgkg TRENIEAL, A% 3 » HET, MOREZ L
7ot A, uf-3 LIS 3 FFHD TiO2 b1 Tl —dMEDBMARRIEN S S Z Shiz, —
75, uf-3 TiO2 ¥i+ Tl&, RAEMRLEL « RIE A A~ — T — OHGINFS K Ok O RIS
Frfe L7-(Warheit et al. 2007),

Table 1. Warheit (2007) & 23ikBR(2fE ) U7= —E(b T % o OME L ) Re:

PR pH y
stk | S (am) BRI RIEHHE
: : (m*/g T
mn n eionize mn
water* PBS water PBS delta b*
. 382.0 | 2667.2
F-1 JLF L Sadon | San 5.8 7.49 | 6.75 0.4
. 136.0 | 2144.3
uf-1 JLF L Yaro | s 18.2 5.64 | 6.78 10.1
3 JVTFIv 149.4 | 2890.7
uf-2 £50% | +31% 35.7 714 | 6.78 1.2
P25 | T ks O | 1294 | 26917 | oy 408 | 670 | 238
Wf3) | L7, 900 | T44% | £31% ' '

*REEMEAIE LT0.1% e ) UERIUG R o A EETeK

delta b :

7T 7T HiE
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92

93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129

s KRB DE O KT B AR T 572012, HEPESD T v M, AFERAR 3

DT % —EBH Ti02 ki (—RKBIEE 5, 23, BL V154 nm) 5 mg/kg XK ENEA
L., ORIEZBH LR, WINo TiO ki T, EA% 1S 50% 1 » A
JRETICEIE T 5 —B\IEDORIERIS D HIVTE D, — R DEWT X D K D 251X
RO BN -T2, S HICEEREOER OB E21T 5 2ol — ki 5 nm k1%
FWT, WkifE 18, 65, BL N300 nm DR FZ1EHRL, 5 mgkg Z5KENEAL,
[FRRICITORIEA LB LTz, WTNo TiO b+ Th HEAR LB H LWL 1 » HET
ZIEfE T 2 — @D RIESUG N A DIV A, ZIRKIFRDET X B KISOERITEED 5
72 - 7= (Kobayashi et al. 2009),

% 0 Bk
- MR CD-1 (ICR) ~ 7 &2, YA XDER L 2FEEDF 7 TiO2 (A X : 25 nm 7=

L 80 nm. M : > 99%. Hangzhou Dayang Nanotechnology %) F7-1%~7 7 1 > TiOq

(%A X : 155 nm, HiE : >99%. Zhonglian Chemical Medicine ) %, 5g/kg CTH
ERE OG- Lz, #5528 oM~ 7 2280 T, THEEIS, R Bl&. MRS L O
JCERE L. 3 REDHE:TIE, 80 nm TiO2 #5-EE TITATIE T b < . 25 nm TiO2 & &
155 nm TiO: & GHE T TR b\ - 72, B~ A TlE, 25 nm B3 L O'80 nm
TiOz IZB W C, BEMEORETH 5 MG P ORFEEHE BUN) 8L L7 F=2(CR)
BEOEFAPRO Lz, M~ 7 A TiE, 25 nm TiOz % 5/ fiF BUN L~/ ALT
B L OVALT/AST kb2, 25 nm 38 KO 80 nm TiO: #% 5-#f Tl & BB EOFHE Ch 25 1MikF
LDH # XU a-hydroxybutyrate dehydrogenase (a-HBDH) L ~L3 &l CTH -7, 5
PR ROPT R MERE & B IRIERCTH Y . 80 nm 36 L T 155 nm TiO: # 5-EEZIB VT, 1
T PRI D AR . TR H G ERR)E P O AR ZE ME 5 X OV HBRE O BUEMEEESE 3 B 42
ST, £, 80nm TiO L GHET, BHRAME . 155 nm TiO2 G- TIXEREKKDE
FEZRIENRDS 2 D AVTz, GOl i, R, BREE IS K OYMEIC 13 TiO2 2 5- D I A b e
o7z, 25 nm TiOz KGR TIIW T ORI & BRI ZLITRR D bR - T
(Wang JX et al. 2007),

A IR B OV =
*NZW 73X DR &2, ultrafine TiO2-C (uf-C : P25: F£ifif4 38.5 m?/g, 79%/LF /L. 21%

T FE—Y, EmiEE0.9deltab (7T v 7k HIENER) | ABEAT ORI (B
SEEL (DLS) £8) 140+44 nm., &R pH 4.8) 0.5g % 4 Bf&AT L. D% 72 KR
% C. Draize A 27 Z 3l L7255 8. 8 ORIPLIEILIR® 517270 72(Warheit et al.
2007c¢),

« 8 HERDOIED~T L AT v MO TiO,F / ki f- (ST-01, 7% —EH, 1 KK 1

££26.7nm, 2 YR8 391.6 nm K fEEAf, Ishihara Sangyo Ltd.) #Z Hi[EIEA L7z
FER. TiOz IXBAMFE OFBEE R L OERHAEEICREL T, BROA
AR IR VT, MO 2 b b BIZE S 72 ) - 72 (Adachi et al. 2010),

29



130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167

« NZW 7 |2 Ultrafine-C (uf-C; TiO2)#) 57mg Z 7 BIZAHR L., Z D% 72 Bl £ T,

fﬁ*ﬂ% W, A2 R L 7oRE R, SISO R (a7 1, 2) PR Lk
WHITH Y, 24 BFE LN 48 R IZITIEWICR o 72, BT RITRO 57
Do T:(Warhelt et al. 2007¢),

v RN
*Ultrafine-C (uf-C:P25: K Hiff 38.5 m2/g, 79% 7 7% —€, 21%/L-F /L £ifi& M 0.9 delta

b (77 v 72k HIEMEL) | AR oRE (BIF)ERGEL (DLS) £2) 140444 nm K
D pH 4.2\ T, /T U > HiikBriL (local lymph Node Assay (LLNA)) %47~
7z, WEPE CBA/JHsd ~ 7 A DM gt F % o F / hit% 3 HIEEkE Cl A L, By
U R8T 5 3H-Thymidine DY iAZA % JIE L7z#5 5, Ultrafine TiO2-C (252 JE
TEPEIZRR® B 72 0> > 7= (Warheit et al. 2007¢),

T AERG N (BTN, BiswEE. RN AME, PR 135 AL
WAL B8
- Wistar REEMEZ »~ Mo, BT Z 2 (Ti02 Rz — e L, ME 95.1%, 7% —+8

86% /LT 14%, — UKL 25.148.2nm  (CRIEEDHIPH 13-71 nm) | KA 51.1+0.2
m?/g, Zeta AL 16.142.2 mV in 1 mM KCD% 0. 2. 10 &U 50 mg/m3 T, 6 H%%Fﬂ/
H. 5 HEWAIXSEL, F<EKTHR 16 HETBIZE L, 1I<T\BEICKAF LT,

B St e e v i (BALF) W o fs il £k . 45 HEk%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 JEENEEM L7z, Zh b0, X< FEHE
% X< BT 1% 3 HE THE Th o 7223 Mg & haptoglobin LIS D~ — 77—,
E<EKTZ 16 HEHHIM Lf:o SRUBE S - MIRUE S L ORIZ 31T 2 1 B oD A
JRtESHRE O TCEN, < BER TERICETOHETHE IR, —#@ETho7z
(Ma-Hock et al. 2009),

- 7 v b (Wistar, M, —#£ 24 JC) T 8.6 mg/m3 D _f{b.F 4% > F kit (7 FHx—+t

W ZERI)FREAS 4.8 pm, 1 RKL AL 15-40nm) & 7 WL H. 5 H @, 1 4H
WAL ELZE 2 A, MHE~SMRREARD, 2O~ 7u 77— 3 bF 2
FraBEELTWEZ E, BROY oSl fklcbTF 2 R 28R LIy /T 7 —Y
%R 7-(Takenaka et al. 1986),

- HEPE C57BL/6 ~ v A2, K[E @D Nanostructured & Amorphous Materials Inc

(NanoAmor) #Ho—Wkift 3-5 nm D7 F % —EH TiOz ki CE¥—&khift 3.6 +
1.0 nm, BET Ef@fE 219 = 3 m2/g, F¥ > /3—ND SMPS OE LY 7 4% 120-128
nm)%z, 0.77 BX O 7.22 mg/m3 T, 4 KfE/H, 1 HE721% 10 HEWAESFELZ, 1
HOIEL BB TIE, WERE T, BALF i~7 07 7 — 8O —@rEosing @R

S, IRIBRE CIXAEREITRO bR tz, —J7, 10 B OIS BTk, 12 #
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168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205

BT 2B FE T, BALF O~ 7 0 7 7 — VO ERBEMARD Sivi=n, —i@k
Tohot-, £7-. BALF FO4FFERB IO o8k, LDH, > %7 ¥ A N A v
(INF-y, IL-6, IL-1B) REIZOWTIX, AEARZE(LITE D Hi7eh > 7-(Grassian et al.
2007),

- Fisher 344 5 v M2, F8 1 Whife?® 21nm (Degussa 18, KA 50 m2/g, B

3.8, ZEXNFHIEL 1.7um, 7F ¥ —E) & 250nm (Fisher Scientific f:8, FKhifi
6.5 m2/g, B 3.8, ZEXIIFHIER 1.9 um, 7 F ¥ —8) O LT ¥ %K % 23.5+3.2
mg/m3, 23.0+4.1 mg/m3 T, 6 FEfi/A. 5 H/A, 12 #HMIZHZ0 2HIX<FE LT, VU
VONHIN O I, 21nm ORI 250nm DFILE I L TE o7, F£7-. BAL
TS SN TICICIEFE LR & U 8 iR 0B 4 S, 2lnm ORLT- 0 573
250nm OFIF & HARTE o7z, 21nm QRO OH-EHIE 501 H T, 250nm O
KON D 174 BIZHA, IR 3 FICELE L, LLEXD ., KRR/ S 2R3,
- A~BIT LT <, NIREDS B 2> - 72 (Ferin et al. 1992),

« T v M b T % o ki -(RREERL —ki 1 35nm, /LT A% 4 FER (6 FF

f/B.5 HAE, 18 HED, WXL & L. Mk BB P 0 pT O 21T - 7=,
ELSTET v o "= NOZEK PRI L O PR AR 1T, 51 + 9 nm, 2.8x105
fi/em3 Th o7z, “LF Z o OYILE R WAL T4 Hi%)iE12.3+1.1ng THY |
L 2.5 » A Th o7z, LT ¥ T K D MRk O RIE G O BALF 1 oofa i
JaZ-otF HER OB ANEFR®S B 7e o7, 723, matrix metalloproteinases (MMPs),
Tissue inhibitors of metalloproteinases (TIMPs), =7 —/4 > Oifs F3 IO TTHE LR
B 572 o 72 (Morimoto et al. 2011),

- HEPE Wistar 7 v M2, F 7 TiOs (7 F % —EH 70%/)VF L 30%., Fim A, A

X : 20-33nm, BET FMfE : 48.6 m?/g) F7-I13HE 7 L — K TiO2 OVF VAL ML -
99.4%. K1V A Al : 200 nm, BET #ff4 : 6 m2/g, KRONOS International)
%45 % 88 mg/m3, 274 mg/m3 O ERIREE T 6 FFH/H. 5 HERHBAIT BEIT o7,
IF<BE R TOEZLB LV 14 BRIHEBENO Ti ZHE L7zE 2 A, M TiO:z & b, fflk,
B, s X OMRER A SR KIC BV T THII S e o7z, —J7, filids L OMiERE U
VOREITCIE, TR &, BUEHZ L— K TiO2 23F / TiO2 & Y lifHfkIc BT 2 b5 &
N holz, T 7 BLOEEZ L— K TiO2 & HICH&EE G E%IC BALF FOZEZA
I EROEENNES K ORH I TFRBARRR 0 H 2B DA P ERMERFE N A BTz, —ilatETh o
Too 7/ TiO2 1E< @& OEEMIA L, BB 27 L — F TiO:2 [ZH R TH - 7 (van
Ravenzwaay et al. 2009),

- MEVE F844 7 » | MM BSC3F1 ~ 7 A, 38 L OMEME SYR N2 R FZ —IZ, TiO2 7/ ki

¥ (Evonik Degussa L8, P25; ¥ — KL 21 nm, 7 F % —F 80%//LF /L 20%)

% 0.5, 2, BLO10 mg/m3 OEERE T, 13 @M (6 R/ H, 5 HAH) OWAIX #
ZATVO, XS B TR 4, 13, 26, BLOS2 MM N AX —TlL 49 #) %ICHiOK
JEERIE LTz, TiOz F /KO F v o N—NOZER ) FHELIL, 1.29-1.44um TH
ST, Ty MR U RIZEBWTIE, 10 mg/m3 X< &R TIX. BALF R oiiiat., +
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DI THLUHEE, ~ /e 77 —V8, U Uk, LDH XX VRV REDFE
IREEINNERD HALTZAY, 2 mg/m3 LA T DIX BRETITT & A ERENRTEO Lo T,
728, 10 mgm3 IS BRED T v P B IO~ AT, NDOZ VT T ZAHEEE L
fiOBEMPEEZ TNDZ ENREINTZ, —FH, NAARX—IZB W T, 10 mg/m3 =

SBREZBWTYH, ERRORIERISOAEREINIR LNtz 725, 2m@m
BZ > o 183 HIX< B TEAIZ, BrdU BYEMRARLOA B 72 825 2 H iz )3,
HHEZIITRO T, —lETh o7 (Bermudez et al. 2004),

-6 @iﬁé@;@z{t?& RIF OWANT S FRIC L D RIERIS 2 L, 8 L7 ik

&2 i1, nanoTiOz+Si0qg rutile (Slgma-Aldnch K% 10 nmXx40 nm, /LF L
AR EAE 132 m2g. fRK TiO2. SiO2 (2 CT=— k). nanoTiOs 7+ % —+
(Sigma-Aldrich 4, kif¥ <25 nm, 7% —EH FimiE 222 m2/g, ik Ti. 0).
coarse TiO2 /L F /L (Sigma-Aldrich #, kit <5pm, AF A LR EFE 2 m2/g, #H
% Ti. O). nanoSiO2 (NanoAmor . Kift 10 nm. FESHE. LLEEE 515 m2/g. Ak
Si. 0). nanoTiOz /L F /7 FZ —¥ (NanoAmor F . Ki£E 30 nmx40 nm, /LF /LAY
90%/7 F Z—BH 10 %, HFHEFE 23 m2g, AL Ti. 0) . nanoTiO: 7% —+/
754k (Reactor-generated/FIOH, %7 21 nm. 7+ ¥ —1¥ % +brookite [3 : 1],
S 61 m2g, AL Ti, O)ThH o7z, M~ T RIZ 32 mg/m3 T, 2 WEfil/H, 4 H
Mo HuNE, 2FE/ B, 4 B/E, 4 8l 1BRAZ<SE L, ZOREE, nanoTiO:2+
SiO: rutile DFAH, MliDLFHERIE S 2R, Z ORI TIIIOJIE L% 5] &
feZ I 7o de, OAFHEREZIZIE, L&+ D tumor necrosis factor-a (TNF-a)
& neutrophil-attracting chemokine CXCL1 D3 B L % { > Ty 7= (Rossi et al.
2010),

BRENEA
- tff CD-1ACR)~ v A2, F/ TiOs QLF A FmEEL, FHHP A X 71 nm, tb#E

[HfE : 23 m2/g, FE : > 99%. Hangzhou Dayang Nanotechnology Co., Ltd.) F7-1%
77 A > TiO2 (7% —BH HMEE : >99%, Y+ X : 155 nm, LA : 10 m2/g,
Zhonglian Chemical Medicine Co.) % 500 png //EC, [EH. 15 BIESFERNTEA L, K
BT H ICP-MS ICE Y Ti Lo ZflE Lz, TE LoYMES Thebm <. IRV T
MLERCm <L /MINES K OVKIMEE Tl S dv7z,  WERFROMETCIL. W TiO: & b
IZREWTIER LR WAL, AERBIBEREI B S, 2 CIRE B LAER,
2B, A T —BIEME B TV E X U b E R OB 8ol
A NV ARTUE L2 BORRBD bz, 77 A 2 TiO2 EAZROIMLIE IL-18 3 L UK
TNF-a REDHED LANH LR, T/ TiO: 5~ 7 2Tl IL-18 3 L U TNF-a
TEE I E D RO TH > 7-(Wang J et al. 2008b),

RO&s

- i SD T v M., ZRBKIZHEE L7- TiO2 (Polysciences . /L F LA K191 X : 475
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281

nm) % 12.5 mg/kg/H T 10 AR O#E L, Mo TiREZME L, BHShi
TiO2 13 G- &2k LTRSS T 1.18%. 7S /U QMG Y > /R HiC 2.18% TH ¥ |
E2/0G, RS, B, R, MR TTD Ti S Sy, Dk OV <k &
Niehoiz, ZbOFRIE, TiO2 K 13X/ MDA /A Z S LTIV A E I, I5H
JEHEIC AT L. ZORIBEIEY @SB S, 2, — ORI 215 R ICBAT
L. Bt L OWRICE D iAE D 2 & &R L7-(Jani et al. 1994),

-t CD-10CR)~ v A2, F / TiO2 (7 F & —BH ki %A X:5nm) % 62.5. 125,

250 mg/kg/H CHaH 30 AFSREFROHE L & EG 0 1 BRI EL R LT,
62.5 mg/kg VA EOi5T, BBk K OMEIRAR M EkER O B, Bk T F =27
NV T — O RO T | Mg IL-2 L-L KR Mg NO LD ERNRH BT,
125 mg/kg LA LD E-T KRBT TR, B, Wt K Ot o b B o H3n, ALT,
AST. alkaline phosphatase, cholinesterase, total cholesterol 5 & T triglyceride ™
MEL~LD LS. AIG EEBIORE YV LE L LUV, RIMERE, ~EZ ey,
FRIMEREFERREE /2 & OIC T ABIER S vz, 250 mglkg O 5-T, CD3, CD4 5 L1 CDS8
AR D LESROAR T, B < 56 BH o Il O s AR 36 L OV A8 D Fe 2338 &
72 (Duan et al. 2010),

B E
s AT VAT y MZ, 10% 7/ TiO2 CAJFRPEZER, 7% —8R LiEfHE : 236 m2/g, —

WhIF£¢ 1264 = 95 nm) 2&rxm~/LY 3 (BEER 3916 £ 222 nm) % 0.4
mg/cm? (TiO2) D & T 4 RFfE AT L, 24, 72, 168 WfE#4IC Ti ki 1 & L RERIBLES 21T
olz, TiRIFIE, AERE LELEORFEAER ISR bz i’, Al 385
ENehrotz, BEOFREZAFT RICB WO TBEMIZEITRD ST, & HIChERe
IZE DT AR b= 2O G 38D H 725y - 72 (Adachi et al. 2010),

- 4 REORET 2 O BN, F/ TiO (7 F & —BA k%A X : 5nm, KEH :

200 m2/g, W : 99.5%. B/KIE. Zhejiang Wanjin Material Technology Co., Ltd.) +
KO/ TiOz (v F B K% A X : 60 nm, FHFE : 40 m¥/g, HE : 99.5%, BK
P%. Zhejiang Hongsheng Material Technology #1:#) % 1.2 mg/pig T. #ft 30 Hff&
i L. BB An o 24 BFH I TR & MR RORES 21T o 72, TiO2 (3 E)E, FkijE
BLOEBMIILRE O Shu, X0 ES ORI 51X 5 nm TiO2 BATE DA
RSN, BE OISR o7z, TiO: BAIC L ARz, 7 AE Y
— ARG M OVIE JESHE Rl % i8] [ oD Z2 R K 72 & DI BR PR ZAL DS T DAV A3 B R
IR LN oTz, 6T, -8 D BALB/lc ~7 L A<= A (6 UL/HE) DOEEHE
JEIZ R T-H A A7 10nm 75 90nm F TO 5 ffE TiO2 % 1.2 mg /VT/H THifE 60 H [
A LT T b1 & PRI 24T o 7o M Lok 713, 7/ TiOe (7 F &% — B A,

Ki 7Y A X :10 nm, FHEFE : 160 m2/g, MiE : 99.5%. B/KIE, Zhejiang Wanjin Material
Technology Co., Ltd.), 7/ TiOz OVF /B Ki 7% A X : 25 nm, FKMEfE : 80 m2/g,
M 99.5%. #HKM., Zhejiang Hongsheng Material Technology Co., Ltd.) . P25 (7
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F & —BH 75%+)LF LT 5%, KRiT-H A X ) 21 nm, FHE M : 50 m2/g. FE : 99.5%.
Bk, Degussa), 7/ TiOz OLF M R A X : 60 nm, FKmEFE : 40 m2/g, #l
£ : 99.6%. Bfi/KPE:. Zhejiang Hongsheng Material Technology #:#) %7213/ TiO2

OLF AL ki X 1 90 nm., R : 40 m2/g, FE : 99.5%., B/KM:, Zhejiang
Hongsheng Material Technology %) T& - 72, Ti ®%F51%. 10 nm TiOz2,25 nm TiOz,
P25, 60nm T, (Ll JFHE. MESE TR0 H7z23. 90 nm TiO2 Tid 241 & Ok~
D Ti OEZEFEII A D720 o T2, & TliE, 10 nm TiO2. 25 nm TiO:2 35 £ Y 60 nm TiO2,
P25 @Al L VRl A B, BRE LB L LLERENA LIz, FiETIE, 25 nm
TiO2 36 L O P25 AT & 0 [RIFMEEESE, /L TIE 10 nm TiOe AR 721 2 o [H i
BN A Bz, 60nm & 90nm @ TiO2 BARKIZ 1T E i%ﬁ SXNehoTe, Th
BOFEBAEF D, 90 nm £V b/ &7 TiOz 1T~ U ADRK % @i L <, 2HIBITT
5 Z LR LT 5 (Wu et al. 2009),

« I =7 #|Z T-Lite SF (VF LA EHE : 20-30 nm, & & : 50-150 nm. KEE{LT /L

=Y LIVAFa - ESGRICE Y REEM, N> BASF #), P25 (7 & —E
RVF AL kYA X 1 30-50 nm., M E(EA, Degussa £:8) . CR-50 (JVF /L7
Fi -4 X : 300-500 nm., FKEEM, AFEER) 2 1H 4F, BE5H, 22 HE%
L TR &R RIRRRT 21T o 72, W TiO: kIS U v/ ik L OIS
BIFD T Lo EFIFES SN, TIIEEREZ TEL AEEB IO ETED _ﬁm
Z4L, T-Lite SF TBHE ThH o7, W 41D TiO2 AL T & fllIME S B J& il il D i

AT R Mbaﬂ@#oto_ﬂ6® LNk, %/#4%%;U@H&Vwb®Tmz
LR RS =T X ORE BB LW E N E 7= (Sadrieh et al. 2010),

4 AGE
WAL &
- 114 8-18 H ® C57BL/6BomTac ~ 7 A2 42 mg/m3 (1.7x106n/cm3; peak-size: 97 nm)

@ UV-titan L181 (VF R : Zy, Si, AlLIZ X V&R, RV 7ra—LEmEd, TiO::
70.8%., Zr:8.7%. Si:5.6%. Al:2.4%, Na:0.5%., #HBEWY : 5.2%. X BT A
X :20.6 nm, FFRE : 107.7 m2/g, Kemira ) 2 AIX<EE (1EME/H FH 11 H
M) L7z, REMDOMIT Ti 23 & 4v, RIE (BALF O4FFEREIEM) A58 7223,
BLOEEW ORI, VB E N ORFLFIZIE THERE S e o7z, JREMW O1TE)NC
B L Cld, 14 B FER LA —7 0 7 4 —/L RiRBRICEB W T TiO X BREDO F1 R o
7 1 —)b KRS~ ORABE 3 L OMED I TOMAERF R OB B A b, 4 7 A
2 I 0 L 72 B RS RSB C UM LS TR 7 L XL 2N O HEFR N SR 8 A B 4Tz,

L2l 11-16 JEEICSEM L72F U ZAKKEERERIC L 2B E I L T, F1 R
TiO2 (T BEDFEITFED b2 o 7o, AFHAEIZE L Tid, A% 19 #1C TiO2 1T < #E#F
DO F1 82 BALE OHE CBA/ ~ 7 A LRl LT & 2 A, FIRIZERRAGH 5 F2 W
FCTOHMMN, AETIERWA, EET 2213 H 57~ (Hougaard et al. 2010),
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)

BPENTEA

IR 14 BB X OYEEIE~ 7 212, TiO2 50 ng/~ 7 A % B[R EENTEA L, #51% 48 H
MU O RIER R 2L LTz, TiO: F 52X | TR~ 7 AR TR~ 7 A Chifi
fapeifie (BALF) H o4 ERAZE LML, mEH OREES A S A oo E7EM
H o, IR~ U ZANBELNLROAR 4 BIZIIA7 V7 I (OVA) L Ia N
v EEVENEES- L, A% 4-14 BIZ OVA 2 L, SUEWBIEZ st L7z, TiO: &5
D W TIIEOE OB SSPED EF-3 KO BALF H O £FBRERFEINFS I O (2 8 JiE A i 121
N5 7= (Fedulov et al. 2008),

B OB EMRE G OMORKE

+ SIcCICR ¥V ADUEE 6, 9, 12 B KXW 15 HIZ, TiOF /"X — (7 & —B8, %
FH A X 2570 nm., FHEFE : 20-25 m2/g, Sigma-Aldrich Japan) % 100 pg/lC %
THRE L, R 16 A ORI JUOVER 2, 7, 14, 21 HOREROMZERIR L, HEFERY
BT DT 21T > 72, TiO2 B GRHET, BENEA LB FIIRERIZIE > THIN L,
A% 21 HCTRbE < Ieole, Eo, BoRA, Milst, BLrY A b U A RISIZEEET 2
BAS 5 OFHUCZLAFRD 5417 (Shimizu et al. 2009),

- ICR ~ 7 ADO4LHR 3, 7. 10, 14 BHIZ, TiOz (Sigma-Aldrich & 7% —EH  Ki1H
A A 12570 nm, KEHT : 20-25 m2g, HE : 99.9%) % 100 pg/Ld & TR TS
L AR 4 B RO 6 BEORERIZI T 5 TiO2 OFFECM B OJi BLF 1) K O RERIAFAT 21T
o7, HEWRDOMNF JORFREAIC TiO i+ 2Bl SN, £o. 6 HEmDOE R OR RO
RERFHIERE RS ORISR 72 L) 1 BRFEAR, R MK FEERER L0t r
N U SRR O P 72 & OFSRERY B A3EI 2% S 1L7-(Takeda et al. 2009),

« ICR ~ v R |ZIER 6, 9, 12, 15, 18 HIZ, TiO:2 (Sigma-Aldrich #, 7% —¥H
BLF-H A X : 2570 nm, FKififE : 20-25 m?/g) % 100 pg/VE TR N5 L, 6 o LH)
M DORGN DR % Fit Lz, RN D K32 0 R0F ORGFEY(3,4-dihydroxyphenylacetic
acid (DOPAC). homovanillic acid (HVA), 3-methoxytyramine (3-MT)) DIEEN, i
FHRTRE O SIA T ER LT A Z & 03380 b7~ (Takahashi et al. 2010),

 TiO2 (Tayca . /L F LA ki1 A X : 35 nm) 0.8mg % BALB/c ~ 7 A DR 16 H,
17 BT 2 Bfsed TRIRIEA L AR 18 BICRE R NREM) ~ D58 2 it LTz, RHAREE,
FTEEEMET L, BEBEEOK TR0 o703, MEREEICIRD 5 Hm & B4 K 1
Td % fms-like tyrosine kinase-1(Flt-D)D e TORENME T L7z, FREIZEE LTI,
JEVFE O, RERD NH BV, S IR, . BERIZ 3T TiO2 2354
&N 7-(Yamashita et al. 2011),

iR

BB & T 1 IR 2R BAABR ISR L ik, R A F 7 AH (TA9T ., TA98 ¥, TA100
k. TA102 #k, TA1535 #k., TA1537 k) KimiE (WP2urvA #%) Z M\ T, UVivis
SE1T S9 OFEIC IO LT TH -2, 3WED I H 2 WL, LT &
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DO TRIEFH IR IR P25 2 W2 BR CTh o 70, (TSGR MR A W 72 Yeta (R 5L
HRBRTIL, Ty =—X - "L RAZ iR & T v =— X « NAZXZ —PREA
ERWE3HED I B, 2 MG TIIBRETH 7228, 1 #HETIE, UVivis BEHZ X 0 B
P (BE72 U CIRBENE) Lotz gpt delta i@in1-=° hprt i1 OB In 122882 Bk
BRCliE. Btk JORMEOR RSB b, IO OREEREFERREFAELEZD
NHE~UAY 74—~ TK R TlE, BIETH-7o, B DU N ERKEZHWZRER S
& Lo 1n vitro O /MERERSC IR e 053 (R A HGERER TIXBGME DR R 032 < GR& B 7= (K
5 2011, 7426 2011, ZFRA D 2008),

H

« In vivo DEAZFMERBRIC BV TOMERRIL, 1 MEDAR T, P- BT Z A A TE R

I C57Bl/6Jpun/pun ~ 7 A2, (LT & ) koA P25 (72 —BE T5% + LT )L
A 25%, — ki VA X : 21 nm, HFEHEM : 50 m2/g, Evonik ) %, 60, 120, 300
J O 600 pg/mL G4 58 50, 100, 250, 500 mg/kg)% 5 HMEHOKES- L, K+ o
NG R AT D IRMERZ FHI L7245 R, 500 mg/kg (2 CHEID/INE 2 AT DARIMER DS HE N
L7=(h35EBs 2011, AL 2011),

« P-BIa A A AT C5TBl/6Ipuw/pun <~ 7 R, ffbF % ) ki P25 (7%

— B 75% + LF AL 25%, — KA R : 21 nm. HEFRER : 50 m2/g, Evonik
) ZETHUk (600 ug/ml (B#LE : 500 mgke)) %, iR 8.5-18.5 HIZ#H 5 L,

{7 % DNA deletion assay GEm T RENDBDO D &, AFREFFROEE AR
MR EaFEE b D) ITTHRE Lz, £ 20 B DR OIR OB G SEHIEO G R GIER I HE
ML= &b, ZbTF Z F 2 hiras, WEWIO DNA RARBEZ LR SE722 L
%7k LT 5 (Trouiller et al. 2009),

[ WRES fil FAARACAE - BT il SR

Invitro | BIRIEIRZE SR P25 XX F 7 A TA9I8KK, TA100FK, -

TA102 #R(HHBL 2011, A4S 2011)
UVVisfRE O BELZ 30 55
ultrafine TiOz2 (uf-C) =P25 —
F R F 7 AEHTAISKK, TA100%E,
TA1535/k35 L OTA1537#K,

KIGE WP2urvAfk (—S9, +S9)
(FgEps 2011, 745 2011)
T & o (EE <40 nm. —
Sigma-Aldrich )
XA IF 7 AH TAITHK

(h 5B 2011, #AED 2011)

36



Geto (R 5 BB

P25
F A ==K o NI A S — iR
(CHL/IU)
(F5BG 2011, #4 5 2011)
FEUV/ivis FRE
UV/visfR

(=)
(+)

ultrafine TiO2 (uf-C)

Fx¥ A =—X « NARZ PPN
(CHO) (—S9. +89)

(hEps 2011, #4AES 2011)

8 DT/ 4 XTiO:

F v A =—R « NI ARX PR
(CHO-WBL)

(F$Eps 2011, w#ED 2011) UVERE O

B b 5T

Stk e €y (R 52 H R

TiOz (Standard solution, Merck)
F XA ==X« NLARAZ—PIEHN
(CHO-K1)

(PERG 2011, #4ES 2011)

TiOg (7 /v KV » F4EHL 20nm)

T v A =—R « NARA X —IIEAE
(CHO-K1)

(5L 2011, 4D 2011)

~ 72 7 —<TKHRER

P25

~ A - U oNfEfE (L5178Y)
(5B 2011, 45 2011) UV/visiagt
DOHEZ b BT
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BE T ZRR AL AR
gpt Bin+ AL
(KKkzaEte)

1) TiOz 5 nm (7 & —8H, Yy—
WRIFEAE : 5nm, HLFEMFE : 114 m2/g,
Sigma-Aldrich)

2) TiO240 nm (7 F % —BR, FHy—
YORLFEAR © 40 nm, LA : 38.2
m2/g, Inframat Advanced Materials
LLC)

3) TiO2-320 mesh (EA£X : -325 mesh,
HeFmfE : 8.9 m2/g, Sigma-Aldrich)
gptdelta k7 v AV x=v 7 « w7 A
SkOYRIEE LA M (MEF) (7
SRS 2011, WH4ED 2011)

B -2 SR
hpreg s

TiO2 (MifE99%, 7 F & —EH H1 X

R 6.57 nm, L mEAE - 148 m¥/g,

Sigma-Aldrich)

b hBHIIE Y > SEEBREER LA
(WIL2-NS)

(F 5B 2011, #AED 2011)

/IMZRABR

P25, UV-TITAN M160 (LT LA KR
IET7 NI =T LBLORAT U VRRIZE D
FEHEAERT, #EdhY A X : 20 nm, Kemira)
BLOEEITIO (72—, fEdhth
4 X : 170 nm, Kemira)

AN NS )

(thgeBh 2011, #iED 2011)

TiO2 (Standard solution, Merk)

F ¥ A =— RN AZ—PIEHN
(CHO-K1)

(P EB5 2011, #HAED 2011)

TiO2 (7 /v KV » 418 20nm)

F A =—X « NAAZ YRR
(CHO-K1)

(F5BL 2011, #4A 5 2011
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kT (TFrE—E
10nm(Hombikat UV100),
20 nm(Millenium PC500) )

KB ERAEE (BEAS-2B)
photoactivation (—)

(FPSEBs 2011, 74D 2011)

SF¥ED LT & v (F ) A A)LF v
B F A AT H—BR IR
JFARY) b NRE X BRI (BEAS
2B)
(5B 2011, #4EDH 2011)
F A XT S —B RO I
fiho 2 S>ORER  (F /YA AT
IV IR L T LR

P25 50, 100 pg/ml
FRNEEE 2Py HEREL L 72 R AE I D o)
B (ERAS 2008)

2L U DNA R E R

Ultrafine TiO2(Sigma-Aldrich #H:8,
99%. fEemIAFEEL)

t Flymphblastoid #ifE(WIL2-NS)
(5B 2011, 4S5 2011)

TiO:0VF v & 7 F % —E DiRE, )
b b Al bRz AR (A549)
(FPSEBL 2011, wAES 2011)

Zb T & 2 (TiO) T ki (7 %
—¥. slashed circle < 100 nm)

t Flung diploid fibroblast cell
[IMR-90], E kbronchial epithelial cell
[BEAS-2B]

(PEBs 2011, HAED 2011)

WD

(L DNATR 3 ER
(XY b7 vkA)

b Ey (7 HZ—E : 10nm
(Hombikat UV100), 20 nm(Millenium
PC500) )

B 3 B (BEAS-2B)

photoactivation (-)

(FPSEBs 2011, 4D 2011)
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In vivo (ki DNA {55 P25 0.15-1.2 mg &/ N#5- —
90 HD 7 v Mifi
(FPSEBs 2011, wAES 2011)

IIEZ R P25 +
#8500 mg/kg %5 H B K G- L 7 Ak
A~ 7 A RFE AR Mgk

UVIBEHZ D )b 59
(F5BG 2011, #4 5 2011)
BRI P25 (7 % —EHT75% + L FL25%) +
eI 8.5-185H) Pun w7 A
(Trouiller et al. 2009)

— R Bt 7 EBEBERF AR,

TAeTFEZ AL DT =T VA NEEIZEET DU TOEY Th b,

A 7 a7 ) T (BV2)DOIEREFEAIZ T DT ) YA XD (b T & X BD
WA ZOWT Invitro THRT L=, A L7z “#{bF ¥ 1%, P25 (Degussa fHHl, 7
F 2 =B 70% « LF A 30%., Kifk 30 nm., FEAE 52.7+3.6m%/g) T. 2 FEIHOWE
I G5k DMEM, A= #RAOFE R HBSSICRE L7z, MEEIcisnC, 5 2°H 120
ppm F TOREFMITEV, BEES A X GBI EEFAE 7048 ¢ particle
geometric mean hydrodynamic diameter)/d 826 75 2368 nm F CEH 7=, Fi=,
B — 2 EALE, MlaE; ) DMEM 1 C-11.6+1.2 mV, AFAEHEIR HBSS H17T-9.25
+0.783mV Th-o7c, M7 o7 ) 7 ilaicx UGS 2R S 720 2.5 7205 120
ppm DIRED P25 [X<EIZL Y B (5 LI OFHseAY (120 4 F OISTEMERE SR
Fi GEER{L/KTFE HeO2, BEFE T 2V O2)DFEANA B iT=(Long et al. 2006),

- “f#{tTF ¥ > (TiO2, Tioxide Europe #:5), F / ¥4 Zhi 1D — it F ¥ > (TiO2np.
Degussa tE#) 2 F T, & b Afife bRz BekIE(AB49)IZ 81T DL A N L AD BH D g
I CTd % glutathioneGSH) H B # Mt LR, WTh ok 054G b
glutathione(GSH) DK F 7237 5 117~ (Monteiller et al. 207),

- BERERRHESE MY (NIH3T3 #Hfd, & b fibroblast HFW fifa)ic, —E{LT % > )/ Kit
(10-100 u g/mL)% 24 75 72 FERIINZ 72RE R, IEMERREFOEA N 5Lz (Huang
et al. 2009),

s TEETFZ ) R (RIEE 156 nm, R BREEC & 2 RIfE 12+ 2 nm, KT 210
m2/g, B — % BN —24 mV) & 583 LRl (16HBE14o-ffifia, E% b M&UE S ERH
RNz . TEPERERFEOBEARE A AT L7oRE R, ISR O FEAITRD b3, i
el kFE O _EFITERD H7e ) - 72 (Hussain et al. 2010),

- LT & L LT P25 ki 12 T, phagocytic cell line (RAW 264.7) D& E &
PEAICR T 2B AR L. P25 K7 (0.5 mg/L)ix. FEAMN) (B F)&ET
(abiotic conditions) Ci% HRICIH MR FFE A PEAT 5 DITK L, RAW 264.7 HfRfE(E T
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TITIEMERRSZETE 2 e L7 Dy - 7-(Xia et a1.2006),

- b e bR S RO A4S E R T/ Kif-(Ag 150 nm, Al 100 nm, Zn 100 nm,

Ni100nm, TiO230 nm)} ' 7 1 %A ZRi+(TiO2 1pm, Silica1-5 pm)% 1 K
MIX< &L ROS p#E/E(2'7-dichlorodihydrofluorescein dacetate [DCFDA] %)% HIE L
7=, MO ROS A ERIT, n'Zn OARAE & 72 - 7= (Park et al. 2007),

x* AN
ONEEE
-t Wistar 7 v MZ, (kT ¥ ) ki (Evonik Degussa f1:#; P25; ¥ —RifE

21 nm., — KR P A X :15~40nm. 7 F ¥ —F 80%,/ /LT IL 20%) % LI H BT &

. I8 WfEI/E . 5 AME, 24 AR, BHFWANESEL, SHITT v M 6 » HRETEGR
IRZEE N CRIE LI-th, MEERAZ MG Uiz, X< BREX, &0 4 7 AR : 7.2
mg/m3 #t< 4 » Hff] : 14.8 mg/m3, 9 » A LFERE T E T : 9.4 mg/m3 (K : 104
mg/m3) Th V., BT TR 88.1 g/ m3 x HH] (24 » A)ThH -7, 18 » A THilz
BOIDIEBRAENRH DIV, (LT & ) 2R 1E< BIC L MR AKIT, BYER
- b 7 fE 35 (benign squamous-cell tumor)20/100 (f FREE 0/217). & ¥ b 57
(squamous-cell carcinoma)3/100 G&tEEE 0/217). iffE (adenoma)4/100 Gef HBEE 0/217).
s (adenocarcinoma)13/100 GefR#EE 1/217) T, MEERAET » MU 32/100 TH Y |
KRB L 7 v MM (1217 LKV HEIZE - T-, 72721, 1E BRHICRD LN
7= Wi B35 o iz B E 2 Ik A (b R O b B2 i 5 (Keratinizing cystic squamous-cell
tumor) & ATz, Z OIER AR LI-5A OMESRAELT 19/100 THY ., =
ORISR G MR LR THBEICE ) - T, AFHEE TIE, MIEER A % 19/100
L LTEME LT, FfkIC P25 2t NMRI ~ 7 2|2 18 Bifl/H . 5 H/AE, 13.5 » A
iﬁﬂﬂj\ E<EL, SHITHEE 9.5 » AMNES R T CHE Lictk, MRS 2 et L

o PENE BRI, 104 mg/m3 TH Y, REEIE< TR 51.5 g/md X K (18.5

ffﬂ)fz%oto TiO2 X< FE~ U A CRIE SN MR, BIE (11.8%) & e (2.5%)
EThy, RELIREEADERAERIT 13.8%TH Y, KX BHEO~ T ZATOR
R (30%) X VK)o 7= (Heinrich et al. 1995),

8 s DMERES 50 PEd SD 7 » M Z 15.95 mg/m3 ® TiO2 ki +, —WHKIF£E : 99.9%7°
0.5um LLF) % 12 [ (6 Wefl/H, 5 AAE) MAIEL B L., EBRBAMGE 140 3 fH5
RMEE R Lo, 140 Z O T HIIHET 88%, HET 90% Th o7, XUEl Hﬁﬂiioot
OV R FLEEE DS, 44 D 1 I CHEEN D EE R RIEE - TRIZ S, X
SR RRAE S 1 (5] CRBIER S 7o, AEMFRE KON A I TiO2 1< FIC X 28X
RO BT, TiO2 DB AMEZ R THT RS /R S 172025 72 (Thyssen et al. 1978),

SAENEAN

- 8-9 W OMENE Wistar 7 v M2, TiO2 K1 (P25;— KL 748 25nm LA T, L E 3.8 g/mL,
RS 52 m2g,  AL23; ¥R 748 200nm LLF, 7 &—1F, LE 3.9 g/mL,
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HFRERE 9.9m2/g) ZHEEISENIEA L, GO AR Z G Lz, M EET
MRS & 5542 L7y o 7= DIzxt L, P25 % bmg/rat % 3 [A], Smg/rat % 6 [F], 10mg/
PC% 6 [Fl7E A L7ofE g, BAE « B2 5 oo 7 I 38 AR 581345 4 52.4%, 67.4%. 69.6%
Tholz, AL23 IZB LT 10mg/lt% 6 [Fl, 20mg/VL% 6 [lJE AN U7 ik, g
AR 1345 42 29.5%, 63.6% T - 7= (Pott et al. 2005),

- Wistar 7 v M2, ki (F) TiOz (K% X :0.25 pm) @ 10 mg % 1 [3], 6 &

M (GF60mg). £7/ix, Vv T 7714 (UF) TiO2 (Ki+FH A X :21nm) 6 mg %
# 1\, 5 HE G 30mg) . [ENEA L, 129 B% ICEREHEEZ BT L7z,  F-TiO:
B L UF-TiO2 & bIBMERIEZ AL Lz, SR ARITSREET 5%, F-TiO: BT
20.9%. UF-TiO2££T 50% Ch 7=, FTiO2 BEDEE AL IMI~ /7 7 —VEB X
OMERIER OB OFLE & FHBI L Cue2y, UF-TiO: #EClaffift~ 27 v 7 7 — 2 K OMEkE
ERESIMORREE MR S B 59, EEH AR L E D> 72(Borm et al. 2000),

- WD Syrian golden /A A X —|Z 3 mg/0.2 mL ® TiOz kit (CE¥HA X : 0.5 pm)

I 1A, 15 WICHTz > TREWEA Lo, FEBREHAATR 80 IH Tl MEEALE ot FRE D 417
I 46% TH 7273, TiO2 IFK B TIET R TONLRAZ =D L7z, TiO2 (X< T
LA L — DI EVE OREME LI X OMREE DO JIEDBIR S22, R AR L3R
O IR o 7= (Stenbéck et al, 1976) .

- Ifk Syrian golden /N A A % —{Z 0.15 m L OAFEEHE/KIZERE L7- TiO2 ki1 1 mg i 1

|, 8 WRNTHTZ D KENIEA L, BIEYIM A 130 B 7-, TiO2 X< FED 135 LD/
DA =T NAB L EEIZZRD Do 720, 2 PRI EN R S 7=
(Mohr et al. 1984),

B OREMEERE - Z OMmORKS

« 7 v MZTiO2F kit (P25, 7 X% —1¥H Degussa fE#l) Z# 1 [IRFFENTES L7

DB, &K 2.5 FORBBE LTV, GHAER (FEOMEEZRWZIEHICK T 5K
fE, HREES ZOREORER) 2R L, BEE2AT 57 v FOBEEIX. 9 B0
1 Wistar 7 » T 5 FIERENTES (B 558 90 mg/VL) L7-#E T 5.3%, 8 Hkn D SD
Z v MZ 5 mg/rat & HEEFENTESR U72#E T 3.8%., 4 HEmO M Wistar 7~ M2 5 mg/
VC % B[RIMEIE NS U728 C 0%, 5Bl O Wistar 7~ M2 3 [RIEFENTES (2+4+
4 mg/lt, #fh-8 10 mg/lt) L72HET 0%, $£7-. 8 kD Wistar 7 » ~Z 20 FIIE
PENTEST (5 mg/PC% 20 [A], #5100 mg/lC) L7ZHET 9.4% Th -7, AEFAHK
ZIEIENTES L7z 5 SOXIRBEOIERAET v FOFRERIT 06.3%TH Y, TiO2 12 X
% R BAEE O _EFHIIA B e ) - 7= (Pflicker et al. 2001),

7 AR EE
c TR T o ki CERIRE 5-6nm (RIRF O EFTLINTNDEN, BZ 5L 1 kL
TR L Bbig), lh#EH R 174.8 m2/g, DLS % 208-330nm) 2.5, 5. 10 mg/kg/H % CD-1
~ U AO&PEZ, 90 H GG (X< BEPHRICGEH SN TRV, BZOLZ0&E
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ElEbND) L, MoBEEERFLIZEZ A, ZBbTF ¥ o0 R FITIMNICERE L. KN
D7 U T OB 2 B - 2 & MBI O T R h = 2 &7 (Ze et
al. 2014) ., F7=, FFEHOFR CERT VA L OMmICE Y, ~ T ADRT, BLHA R LA
DTLHE & AR oD BT THEC M B 2380 72 (Ze et al. 2013),

(AR 3CHkIE Society for Biomaterials(USA) DRI HE#l S 4L TV 2 7 D ARGTHGE TN Z 7223,
{i. OMNT (Observatoire des micro et nanotechnologies)* 5. [AZE#H D 7 — 775 [AEED
NEDMLD Y ¥ —F /L (Chemosphere) ICFER TN TV D Z & STRORIEMEZRGIH, HIED
FLIR A, R OFLIR & R OE MR OB MR oA & 034 - A% (Bencesik &
Lestaevel 2014) ST\ 5 Z & 2 A2 9 5, )

(2) B b~ (A O F4])
Y
- A LEHA TR, IS s Ty,

A I K OV B

- T805 (MY RAL TiOs, “FHKIA-H A X : 20 nm, JBIK : SR, RY X F AT FLv
7 R EELMIC LV Bk k., Degussa f) . Eusolex T-2000 (7/v k7 7 7 A > TiOq,
—RRLAF DI A X0 10-15 nm, _REEEARY A X 0 100 nm, JEIR : BRIk, FEILA
6 Al2Os (8-11%)/Si02 (1-3%) (T & 0 KiEEAf, MBI, Merck #) %7213 Tioveil
AQ-10P (KkEOTmE L 7Y a—/IZBKMESE L7 TiO2, A X : 100 nm, &
R ghik, a—7 407 1 428% T A I T BRIV Y I L75% ) BT K0 K,
Solaveil) % 4%&H L7-=~/LY 3 % 4 mglem? (TiOz2 & LT 160 pg/em2) OHET
RNT T 47 O 11.8 em2 (2 6 KA L7z, TiO: DR A X ki L O
TER TR W R 2 B S 72 o T2, I RAK TiO2 134 B g Df & AMAIE 2 TEAE L,
8 8 DR CIIBIEE S 172 h - 72(Schulz et al. 2002, Mavon et al. 2006).

-T805 CEHJEALL : %) 20 nm, b U AF LA F v T U REERIZ IV Bi/KL, Degussa)
3% g te/KAMT~ /LY 3 > % 2 mglem? (TiO2 & LT 60 pg/ cm2) OFHE T, 3 ADOfEE
REMER T 7 4 7 O B 11.8 em2 12 5 RFfHEAT L7z, TiO=2 1L & i7", AE
J& D e AMANZ ZFE L T 7= (Pfliicker et al. 2001),

A (T
© T LR T, IR LTV,

T RAEEL @t (AR, BnwEE, S AN, AREEEREARIERC R R
* B8 I DWEYEED IR NEMET, 3 r A~ A7 45T R AF L UK FOfFERYE (2
WAL TF & T ) KiF2E AT 56 MEYLARRE, BEPOREZR EAH) 21TV, W
PRAHRR b SREARM R 2 O MRS IR NS — . (BUEDIREA IR N2 —2) 2D
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EVEI 278 7=, MifARE2> 51, 100-300nm DA XD TiOg RAEdHE > U A 0580 5
iz, KidhE S U D OMEEANZ — 0 LT8R D 2 & WEDOFREEY N kT #
VI RIAThHoTZ D, T X SR L AMEEEBELZLTCWE, ZO
AR, WEVE R ZHRET AL VT IR YD VU AT Eofth o R
W (RRCIREARR) MRE Tz (Cheng et al. 2012),

TR
<A LN T, IS S TTVhARN,

stk

- IRE LR PN T, IR L Tuh e,

FEH AN
A LZZEPEAN T, RIS O TR,

RBADEER Y A7 FHifl

s TR ETF X oW TO2 =y U AZ BT S A (IRIS, OEHHA 2009b),

- NIOSH (3% A AR E D 1/1000 @FEFENAD Y A7 Gl 217> T\ 5, MiBEEHZD O
FimnfEfrfrE (LT 2 o HERR R X ERINFE/MER/1000) ZiHE L, MMEGHAERLE
Ry Fv—7 HEET NP LIREFNAOMNERFE (REfEHE) &L, MPPD €7
MZE D FOW N FBIREAZHET LZ, 1/1000 3 L O 1/10000 OiEFEFE N AR I D KD
T2 2R ORI BIRE (45 X< &) 1%, TN, 0.29 mg/m3, 0.07 mg/m3 TH 5,
(NIOSH 2011),

« RAEMFHEE T, Appendix (28T, F/ (ultrafine)ki 1 & ki1 (fine) —fg{b5 % >

N INMERBROT — 2 IZHDNT T RO (b F % o OE&E Y 2 7 FHh 21T >
77

FED AMES TR

PIFIE, ZBEF# o DT XRTORLFIZHT 20T, T /7 RHIZR L 20,
IARC : 2B (k MIxT 2 HBRAMENEEDIL D) (2010)
FEFHIRFTE « A0 7iEl (1 5 ThOTMITHAARIES N, 2 W5 Tlx, FER%
JiE % B 7RN)
AR © 0 7R (T > O AIE < BB 2 F, KUE NEAGBR TS 2 A B
RIE, 7T ARNLRAZ—TITRD LT
AT = AN BT F o FE T IEREYER IR A O F B 2 Lt
M ANEIZIB N T, EFRIFEIC TR0 725, BB T+l ch o 2 & |
JEE R AE DT & L COREILUTITR S X202 &6 Group 2B & W L 7=,
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PEfT A ARE 7R L(PEEMT 2013)

EU Annex VI : &7 E7: L (CLP 2008)

NTP 12t §ZE7 L (NTP 2011)

ACGIH : A4 (& FEBAMIZ OV THTETE 2VWWE) (1996) (ACGIH 2013)

DFG MAK : 313 AMEX Sy 3A (inhalable fraction: except for ultrafine particles) (DFG
2010)

7 PR EEE
A L&A TR, RIS LT,

(3) FFAMEEDRIE

ACGIH TLV-TWA : 10 mg/m3 (1992)
(TR LT 2 2R E MR E L TRY, F /R ITIERS 20, BRAICET 2
EHFEL,)
FENRAMCETH0% A4 (B MIRT2RBAMECOWTIIRETE 2
B
7 v MZ LT Z U8R %E 0, 10, 50, 250 mg/m3 O Tl AT < 5 S 7B MEERIC
BT, 250 mg/m3 EERE THi~ORIER L ORYEEENADERKZRD7-, 725 10mg/m3
OEEEETIIMOBEAFOMEIIMR TN TE Y | L OEEITOR AW 725 28 § 380D H 72
o EFMPETIE, BT ¥ OIX< L ERERE R L ORI IZBIE M B o 7o &
HINTWD, SHIZTERET ¥ o ~ORBEIZ BOMORMEIL, BB, b LIk
FEEE L OB 2 /R TR 2 EILT 22, LLED Z Evh . TLV-TWA fi e LT 10 mg/m3 %
BT 5,
T bT o OB AR AT B RIS L IFFERmICEL TV RN Enb | 2
NHORRZE S LI T ¥ % A4 12573 %, Skin X° SEN #£ildH 5\ i3 TLV-STEL
ERET DRI T — X137V (ACGIH 2001),

HARPEREMAYS 0 0.3 mg/m3 (kT ¥ 7 /2 kiv) (2013)

B EARAL
kT H ‘/ﬂ‘/*ﬁ¥ﬁlfﬁﬁ‘5f§$ﬁ"ﬁ&%lif£b\o gL <X < FEABRTIE, 10 mg/m3 @
EHI A< 8T Z v P TTIEMESE O ENEM L=~ 7 AT L 2o 7= 2

Linb, 7w MIZ ULZD%E%) I% overload |2 X W BYERIED G FRAGEZHKRT ST > M
BADOLDOTHDHEBEZLNHDT, A LAV, Bermudez b Ofi2MERER (13 M) 10k
W, 2mg/md DX <IE< FBIREIL, overload Tix7anZ &, MilCiFE A EFEEL N &
5 NOAEL &%z 7=, ILSI Workshop report (ZHSWTHEZED REFRHEZ 3 L L7-2
&, SOHOIDIEKBEHMPENZ LICX ORISR EZ 2 L9758, b MIEERKITS RN
IE< BIRAEIE, 0.33 mg/m3 LHEESND,

LU E O FRIFIERCEN T < BEFIE O L IR R HINT LT, SR b TF & ) B DFFR
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N
&l
<l
o

FEEIE. 0.3 mg/m3 &7

NEDO 7Yu =7 b :

ARG (PLFERR) ¢ 0.6 mg/m3GHA 5 2011)

Bermudez H OB TH L 7~ S 13 B OB AT < SR IV T Ol RI A fr 237 < |
MONEE A EEREIGZRD IV EL TIEE 2 mg/m3 2 NOAEL & L7z, b h~D#HE (A
5 HM.1 H 8 KFH D N DAEZEITHE 3~ 2 RN EE 2403 NOAELhuman 1.82 mg/m3, Z 41
M EFREORRICEIT 5 ARS8 THRLTD) 1T\, FFAZERE% 0.6 mg/m3 & L
Too 72720, Mif 15 FFRREOHEMEDIX BHIM A ME LIEHARRETH Y, 10 FRETO
RELZRHEE LTS,

NIOSH : Recommended Exposure Limit (REL): % AVER ¥ TiO2 ki 2.4 mg/m3, TiOs
BRI 0.3 mg/m3 (1 MK 40 FEfE (1 A 10 K &£ <)) (NIOSH 2011)

B 7> FORBIR AL TR R (2 F/) ICBWTIHEES 2V Otk (bR mfE)
EHEOEEL LT F~—27 ABHE Y 7 2T BMDL (R F~—27 FHIREET
FRAE) Z%H L. 1/1,000 @FEIGESY 27 24ECHEEZ T v bbb h~SMHE LT,

EC : Derived No Effect Level (DNEL) : 0.017 mg/m3

SR SR

(ACGIH 2001) ACGIH: Titanium Dioxide. In: Documentation of the
Threshold Limit Values and Biological Exposure Indices for
Titanium Dioxide. (2001)

(ACGIH 2013) American Conference of Governmental Industrial Hygienists
(ACGIH) : TLVs and BELs with 7th Edition Documentation
(CD-ROM) (2013)

(Adachi et al. 2010) Adachi K, Yamada N, Yamamoto K, Yoshida Y, Yamamoto O.
(2010) In vivo effect of industrial titanium dioxide
nanoparticles experimentally exposed to hairless rat skin.
Nanotoxicology 4(3): 296-306

(Bencsik & Lestaevel Concerns regarding nanosized titanium dioxide nasal exposure

2014) and neurotoxicity study by Ze et al. J Biomed Mater Res A. 2014
Sep 18. doi: 10.1002/jbm.a.35336. [Epub ahead of print]

(Bermudez et al. 2004)  Bermudez E, Mangum JB, Wong BA, Asgharian B, Hext PM,
Warheit DB, Everitt JI (2004) Pulmonary responses of mice,
rats, and hamsters to subchronic inhalation

of ultrafine titanium dioxide particles. Toxicol Sci 77: 347 —
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X3 O—K1:108/. O—F2: 3585, O—K3: 758/ . O—F4: 125 ELTE
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IR T R EEAb 7 Z BRI E o AT A
HER:Tio, CASNo.: 13463-67-7
PRI W 5%
AARE(EMEYS  ZB{kF % v F ki 0.3mg/m’ SyFE79.9
(2013 FH &) FhEE : 3.9~4.3
ACGIH TLV : 10mg/m® W 2500~3000°C
Bl 1855°C
T 2 P N
VAN AN/ ST
7T — 3Tmmo AT T T 4K — TG BRI E
(AAWP03700 - AAR I U RT#R) - WS

W APER U A (PM4. 0)

A& 20L ULk

PRI W% 4 BRREE THE TR R VE
% 7R

AR ¥ e

LTI

W BE

[ Y 2R
DT o822 T Img, 10mg O FRME TEIUL R
95% Lk |

O mfbF ¥ v GEmABA  Si, KM 4)
WibF % EHE : 67%

@ Mt ¥ v (FRmAEA 0 Si, AL, BN )
Wb & &/ % : 85%

@ Wb & > (FWAAEA : A1, Zr, BAME : &)
Wit &% v &HE : 81%

@ ®fbF # v GEmARA : Si, AL, V)a-Vifr,
Bk B BIlLTF X EHE  66%

® BfbF ¥ (EmMOLBEE  TLX LT
WA H) BT HEAER: 91%

® ®ibFZ v GEmAEE AL, AT TV R,
B B BbTF X o EAR 81 Th

@ BALF % (T F & —P R fEREREK)
i % &3 98.5%

feib % > QL F L FEHEG K

el & o &H % 0 99.9%
E& TR (100)
0.0007Tmg GRFRIE T ORAL F ¥ U Haxt & & L C)

0.054mg/m?®
(BRfbFhy & LT, BRA & 201 « VAR & 50nl O A
0.001mg/m?

(FefbFhv e LT8R & 960L IAfR K & 50ml D84

HEZER LA T T 7 VX —% 50nL 7
7ur—H—IZ Ak, #EHK 2ol - FEE2 1ol -
S o bk ERE Inl » HEEE 3mL 2N Z . 120CH v
N7 L— kBT 20 ME, EO%, MEAKGED
FE S H D (IR ILHE A E W) £ T 240°C T 60 4
FREME, mA%, BMAKTm IZEAFL.
FEHEHUELTCERT S, 7T ¥ —BROBILT ¥
VT 240CTIREBEMLAEVWEANH DO T,
240C TMEL ., BB LIZBIcik, REEEZ
50ml. 2 =H L E—H—IZH L.260°C CIHREMN K
BFEPICR D ETMEAL, BHK, BHiAKT 50
mL IZE R,

- BE8% . HITACHI 7Z-5010

HITACHT & > o2 (& i %
RAaFa—T7A
- JE S A
I E e = 364. 3nm
HEHEA & 10pL
LR IR R 1 70-110°C 25 #
7 IR T 2 110-310C 25 %
JRAVAR B 1000°C 15 %
J Ak 2800°C 5 #

cBREAR T X U REUHERR (1000ppm - T W A3 BT
) % 3% lE v K C AR

0.000 1 g/mL. 0.025 1 g/mL

0.050 z g/mL, 0.100x g/mL

0.150 4 g/mL. 0.200 4 g/ml

0.300u g/mL, 0.400u g/mL
PSR

K5 ofbKFMEE R WDERIZIE, SDS - 7=
TefEEEErERT DL L

i

W%
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HHRCR
ノート注釈
HHRCR : Accepted


i 2 v (7 7 ki¥) EHERE

Ok (ERE=a—7 7 H0)

i Tio, CASNo.: 13463-67-7
TPRIREYS . BAREEWMETS  KERE Wi
ACGIH TLV : 10mg/m? ST 79.9
b 3.9~4.3
s 2500~3000°C
Bl 1855°C
GBI 3 [ o VG
VAN ek
7T — 3Tmmp A7 T 07 4B — | « ot Gk BEIF IR ROLE

(AAWP03700« BA I U R T )
PM4.0tLTHFY T
oY T E 2. 0L/min
7Y 7R 2. 0L/min
P& E D 200 Ll E
PRAFVE AR 14 HRIRRE £ TR &R

AR
AN/ itk

10min 2L E

i L

G
vVara— NgfkTF o
WNE  1mg OB EH 102.8%
10mg 105. 1%
ATT VBTV a— Ng{bTF & v
WINE  1mg DA 98.8%
10mg 102. 8%
fefb o4 o (JLFLHY)
WhnE  1mg DA 101. 6%
10mg 99.5%
EE TR (100)
0.0007mg
(BRI ORI T ¥ U faxt & & L Q)
0. 054mg/m?
(BefbF &% > & LT, RAE 201 - B ff
W& 50mL D EHE
0.001mg/m?
(b2 > & LT, 5 & 960L - &
fif ik B 50mL DA

- VAR

KB AR LA T T 7 4V —IC
AR 3mL & AEEE ImL & 00 %, S i PE A
(FU R X-100) Z —if N2 TR L
7ot . Wil 3mL 2 Z, 120CH vy F 7L
— FNETRAUT T T4 VB —DET S
FTHE, ZD#%, 240CE T LN
INERA% . VIR DS BB 72 D F THNEL,

HH% ., BHKT 50ml ICER, FHUE
L C&E =,
- B§2% . HITACHI Z-5010
HITACHI F ¥ v 22 [a i
RAvFa—TA
- JE S
) E R 364. 3nm
ABHE A & 10uL
sz R 1 70-110°C 25 %
sz S 2 110-310°C 25 #
JRAV i BE 1000°C 15
R AR EE 2800°C 5 )

- FREM T X U REEUER (1000ppm - i1 W
S oy D) % 3% A ¥R ik C A BN
0.000 x g/mL, 0.025u g/mL
0.050 x g/mL, 0.100 u g/mL
0.150 x g/mL. 0.200u g/mL
0.300 x g/mL, 0.400u g/mL
ot ol R A

&l
5
=

WH AKEFIvVara— | gbFEry, A7V VBTV a— Ng{bFZ o, BRibTF

& (JLF LA

WZOWT, HERLIZBLDTH D,

Wi
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BALF 5 > (74— -

)L T V) BEHER GE o3 AT i

HiEATio, CASNo.: 13463-67-7
TPREESE . BAEEHEATS KRRE Wy 1k
ACGIH TLV : 10mg/m® R 79.9
L : 3.9~4.3
WS 2 2500~3000°C
Bl 2 1855°C
GBI 3 | o S
VAN AN/ Ak
T T— 3Tmmep A>T T 27 4 )V H— - M BRIk
(AAWP03700 « HA I U KR T #) YA i

oY T E 2. 0L/min

7Y v R 2. 0L/min

PR&E 200 LI E

RAFME - TR 14 A RRE £ CHFIRTE/AR
72N X il R

ARV /AR Y1t e N

10min LL k

R
Ees
7=
W& 0.117u g DA 95.9%
1.010u g 95. 4%
10. 006 1 g 99. 8%
L F LAl
W& 0.109u g DIFHE 98.8%
1.017u g 96. 5%
10.010u g 103. 7%
Ef R (100)
0.0007mg
(BRI T Ot T 2 U Haxt & & L Q)
0. 054mg/m?

(BefbFhv & LT, BRA&E 201 - IBfRIR &
50mL DFE)
0.001mg/m?

(B LT & LT, BRAE 960L - Bk

& 50mL O E)

KB EZER LA T T T 4V E—|T
FAMK 3mL + fYER 1ml - BREZ 3mL & 00 %,
260°CA v b7 L— b BT 1ERINE, B
k. EBHKT 50ml IZER,
FLULELTER

- B85 . HITACHI Z-5010

HITACHI F % v 22 e
RAvFa—TA
- JE S
) E R 364. 3nm
AOBHE A & 10uL
Hz R 1 70-110°C 25 ®
w7 i 2 110-310°C 25 ®
JRAY i BE 1000°C 15 #
JR AR B 2800°C )

- RREAM T X CFEHERE (1000ppm: 1K
Y53 T ) 2 3% A ¥ iR C A BR
0.000 x g/mL, 0.025u g/mL
0.050 x g/mL, 0.100 u g/mL
0.150 x g/mL. 0.200 u g/mL
0.300 x g/mL, 0.400u g/mL
DR ol B A

&l
5
=
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