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BLOEE, UARBAREERCRHELE NN RECCRERBERIAFPFERT REVWLE, | £

FE BN RBOR 8y LR AU AL TR AL, A AR S T 90k 7= b bt KR, ST MR
W, ASRAEEREASIPREEMBERBERFUNA, URAKEEGGEN T NMs B
WA RAE R R FIFEHATER, VREEREREEEMBEFMEE SN, HEHM

B R ERIBITREANENSE.

AR, GORBARTE & b BE TP S T PR
B & . RS n Tad B2 v, 80 A0 44 K JB0kE (NPs)
PLHRSF/IN100 nm), B i R R R 3 1 1 2 5 19
R, A SR A R TR, P A S Y R M AN
B, B T IR R R R LR, S AT
0 fe AT SR 2 AU FE AT, KRR A
AP ROR A . MU BE o . BELRR BE 1 5 1 R
SAEBUCE ST EEUE T ek & EDL 40
A S EE, AR ARTE A% L R AT
ARG, HIFHE T8 A SRA F1 8 525 500 ik
B NMs JeAHXT A marde =, A B8R mE e
i NPs (% PR DA BEER; mH, W
HBARMENRE, NMs SERHEIE 9555 | P& . 405K
GAREM BN E A2 B 8 IR Ak 1,
B SR G i T EL A 40 KAk LA B 9 K A S 1) A 7
il T2k, B9 F Talkik.

i)\ H Helmut Kaiser 7E 2007 45286 i —43 11
VA RAE g i, A ERAK B A B AL AR
Fh2EE 2 M\ 2003 4F (1A 2 40 Fi & J2 51 2006 4F 1) 400
A, BUTFERER 10 EHN, GIKkE SRR

R K
gk A
2 aMH
R AT

23 B E A Y 0 —, B R AU R
#] 1000 1Z327t(www.foodproductiondaily.com/Packa-
ging/Future-nanopackaging-market-worth-billions-says-
study). 24K BR Z BT L RE WS 7 1L 50 1Y £ it 4 < ™
b B PR Y R, T R R AT A
NMs 7% GEA MR 9 52 5 [ 2 1 A 2 5
A Y BT e 4. SR, BB RIS RAIE R, NPs 75 £ %
BRI 1 B SR 1 Bl ) R O R EE, Sk
K. B HA whE AR E RN — R PG
et R, NMs BAT — G A e 5, Hoe HE
B ek RS H RGP AR L R R A e
XU ARG R T AATA NMs 24P,
I, BCHT 2008 4F 11 16 H 7€ LA 1 # A  58
/KA IT ) REACH 55578 i _EIE0H NMs 1
H AV R A NGB TG, st 48 NMs 21
TRATPERY 4R S 5

ARSCAE REEA RAUORE G AR SCRR . &
PO 2 e PR A REAT B, 0 H BT NMs 7R G L3 Y
M, LT AL A% NPs G I 4 AR FI L
Oy BOAFTE B IR R AT B4, O [ 9 A M2 s ok
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FSCRRIL: Han W, Yu Y J, Li N T, et al. Application and safety assessment for nano-composite materials in food packaging. Chinese Sci Bull, 2011, 56, doi:
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1 9REAMRHER bR

MHBIHEFETT [ M IR E, HRE G’
At AL R AR BT AR R R A £ e bR,
RET 3 P R L B oK 5245 T I A 2R o e
DR BT B AL R ATRE, T X 3 TR A
PRt 4.

1.1 RAE A BEsm A S b )

= B e R AR A NPs 7E G2 AR HUF 2R
IINZY 5%, wiw) B HCAT) R T LA 2 4 0 f B AR
FRHLMPERE , GndkRHa ey i, AURBEREYE, R
R R R v, AR BT R AN R R R, Bk
PEREFPLRLMHPESE. 2001 4, Kotsilkova 25 A PHfiH i)
S0 - (MMT) 44 K & A f 55 1 R ik EL A e R A T 44
PEfig; 2002 4E, Ray /NS Y —Fh R FLER (PLA)-
MMT & & #1830 A 5 R B P fiE; 2003 4F,
Wang % AMIRGE A9 3R 2.4 (PE)-MMT il PE- 41k
TE(SIO)E A MR R TSP iR kb [
4, Wan % N"PHRE R A LMHPVO)-MMT 4k E 4
R A R B A L MR R BT AR B 2005
4E, Schartel 21V 38 ) S B 14 - 22 BERR A0 K4S (MWNT)
HAEMR RIS BB K PERE; 2006 4F, Xu %
ANMHER MMT 24 RBAEWHREA L5 8 <k
FHFEMERE. LiRDIeS REEM BN LTI LT A
T 4l K Bt 55 Y 25 43 F #4 ) (nanoparticles reinforced
polymers) A AFF 5% FAG1, A1 75 420 25 AR R 40 K A4 L
o7 PR AT P SR AR R, P B R I A — A 4,

ARG GBI R FEAMM T
NPs RUF/IN, R P m AT AR RHE PR i R A
BR 1A AT AL bR AT D RE RS 9 LLAk, NPs b n] DL 25
B Al AR R R BT R T RE, AU TS AR o,
IO FH 35 22 ) s AR 90K R (Ag NPs)!O L i F Ag
BAPIEMAEEN, Kt E PR B2 84 4k A
ISEJF R T & Ag NPs I E AR . £ 1
FIH T HETE 20 A Ag NPs B JLA ™ .

YK Ag KGR ELRE AR bR AT LLE S 40 )
T A GUE PR KORIIER W24, TR AR
. mian, gk Ag AT DATE AR AR ORTE H D
NPs- R &Y 2 I8 A5 2R HT, 6 340 3 AR
RYERT, 4iE Y Nano Care Technology 23 &) JF & 1) &
H A& H.(www.nanocaretech.com/En_ArticleShow.asp?
AticleID=13), #iE A-DO AWl &MY 0%
(www.adox.info/?doc=shop/list.php&ca_id=150110).
T, e [ F 2% KA R BRI T K R A B
(ZnO) F1 % Ak Bt (MgO) B $t 14 1% 4 (www.foodprod-
uctiondaily.com/Packaging/Nanotech-discovery-promis-
es-safer-food-packaging). 5 Ag #ltt, ZnO 1 MgO )
PURRE /) B8R, B AP s A AR, FAT, &

7% SongSing Nano Technology 23 /) H & 1 44K
ZnO REVIHRIRIZE, X EE 2 NOLIRE
15 Ol 2R B0 R 5 19 2% B AR (www.nanotechproject.
org/inventories/conumer/browse/products/nano_plasti-
c_wrap/).

Ty A —F Iz B R AR B R MMT. i T
MMT HA7 00 81 ZOREH, PRI MMT 24
55 W g Bl 00 B 26 B ORE R BT R A A AR BELFR
PEUOPLH T, 5 MMT &4 08 40 T4 RV R
JWe . JeTe . A LA- R BRI T IR (PS-b-PMMA),

R GUE AR E /AR R LR A S

Y e o0 | AL

M

SongSing /A H]
Sharper Image F11 BlueMoonGoods
Daewoo, Samsung, LG #1 Midea
Baby Dream /A 7]
A-DO Global 2\ ]
Nanocor A 7% i Imperm®

£ b Y DR BT
Honeywell 2477 i Aegis® OX

T AR AS YUK P & 91K ZnO Al Ag MK SR Z
BRI RS A H Ak Ag BRI

AT IR Ag IR )2

BILHKR RS9k Ag )2

RS AR Ag B2

PET 541K E &, BLRRBRIRYCR D CO, iR FIS R 25 b il O, BEA, DISEAK

PET 540 KB E A, BERAIKIRUCR T CO, ik th RIS o Sy O, #EA, 7EM

SRR POR 1%

Bayer 2 7l 7% i Durethan® KU2-2601

PA 5 MMT KRR 5, S50 AR R AR R AR | OGP L ABEBE, 7E2R I okt
4 S0 2 R ]
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N T i £, R (PET) R A M 221201 i
EAMEULTTE T A BB i N ML ARG 21 1
M. i, £E Miller Brewing 15 [E Hite Brewery
O i) S H TE T A M A R OB L ] T
MMT-Z 255 Y RN AL G2, LAt ke BH Fg it
T FNBR R UORL b SR R Sh i FA B2 < O, By iR
A, PRIE T AR RCE SR AR, SERC T B AR
B, 1 ST LA Y B AT A BE R 1
PO T P Y B 2™ it

12 SRR b b

BRI IR & e TR S S i o S P V3 i)
— PR EOR. PTIE IR, R E AR A
EBRFURAER, &S O R E FE bR D) hE.
N, 7B ah ALk OB & G ik SR (BC) I 22 BE Tilk 4
KAF (MWNT) S5 EL A7 2% 1 R RN B AR B8 7 5 1%
NPs DUJE, G148 N R0 S R SR RE Bl G BT s [+
FE, 72 MWNT iishn—E e E, ol DA 2R KR
R T RN I VA= =1 TRE

R R LR AR A AN BT R T
RZ. i, R NPs & AT 2] 298K ek ol 3 v i)
DAHE A £ 5l B JEE 500, 75 £ i i i AN AE i ) e e ot
G2 BRI B B7 S TRk, o i ke p kLAY T &R A
SLAEGUR AT R B S 2 b, LIS B e 7 R
(Release-on-Command)” 1 H 1Y (www.azonano.com/
Details.asp?ArticleID=1317); 74b, FIF NPs A 1 4
YL s, & —FhEE T 1 ¥ 3k (Electronic Tongue)”
AR IR AR, AT DL T 45, B WA R ke 48 N
B ISR B AR P, R W R R R A
m N iz fERE . BN T WA AR A A
E RN HME. £ 2 51t T BArE RS 54
ME AT R A BE RIS

J1Ah—H DL NMs A LAl 9 <8 560 e st /2 S0t
& B I 5 {2 78 (Radio-Frequency Identification Dis-
play, REID)E AR I . BT, X FhEARTERT b5
FY) it i i A5 S0 AL T ) 0T R R Ak iz TR B iz
TZR G, B—Fhiy a3 b A8 B x4 A L ihi
YR b I 70 32 R B AR 7 H OB DL ORI, i i
B AR E 7 R E A R BRI | AR AR
Bk TR MR, TR EOR, AR
IETER NPs-2R & W52 & WY S Ak 8 2 5 i
RFID H A 112, PISCELRFID R4 H sk, A
AT S 17 VA b e 980 7 o o o S R B (A

1.3 GOREA MIFR AL

YR E A AP TR R R NPs 5 R IR
(PLA)E A 1M B — R A £ i e e M kL, X Fbd et
A 305 A e 2B [ R P R R 55 5 e ) B,
HEl, 5 PLA £4H NMs F% 2 MMTE! ¥, MMT
E— R KRR YR, BA RMAY TR
fi P MR A 4. H AT, MMT-PLA &5 REAE
PRI L LR L BEER L A DARGHE £ A% 38 9 (boil -
ing-the-bag) & i Y A% 3 1 2 i L . il an,
McGlashan /INH B 99K B A B R BRI
HH LB 1 R A R R S 4 T DB, 2% 3 4
T B AT S A ) RN R TE A TS B B B 4ok B
AT R fopp A 2 L S 4

2 YR A RN BITY A VEDY
2.1 ERHFSE

SR ERUL, OKE A B MM R 2
Bk B Tk g NPs [ &5 ey, B3 Hi
Fik, AR GZEM B NPs BRI FE D,
TR TAE R ZRFI Avella /NLTE 2005 4E 58 5%

F2 EHAE AR BN A L

A7 i ll 43 7 A RS> YEH
CSP BH¥ RSN TR T SR P DI RE ) X RARARNAIRE . AR M. URFIE AR B
Koy B R T AT 4
R A (Kraft) Tl TSR PORAE R R AR AR AN AT B T R 1) A R A P R B ORI R
AR SOOR B LIRS A 2 ) TR B (2327
£ [E Georgin B} BT MWNT #4915 &% REAS WS E 0  BRC A A TE 0 ER SOR R AR

JL[E Southampton K24
7t E Kunststoff 27 %
JHE 2% Strathclyde K2
K HI. MiniFAB /2 7

50 nm (1) CB “Opal " I

AR AL AR

% TiO, NPs HY AL 248 H1 O, 1% IR E Il iih 25

IR B R AR BT AT AR S R L

YOS B bR El A
W R E S
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A Y 10 A /NG YK

YEH

Y Plantic Bl YRE ALY F

3% [E Rohm Fil Haas
Yo+

FREE 13 NEZ MBS, K

Varil i A N REI RS ST ¥

LSS s S | R T e R YPKREEEYE T

i Fl Paraloid BPM-500 A= =4 % 52 &4

] MMT NPs 4= 9K 5 & A W 5

HE PR T R SR, TSR ALERICRIE 80% B T 5T
F101%6173%, f35 Cadbury 157 f1
B om A Y] R A = 4> TR BE PLA BYSREE

W IRS WA MR, I ARk 6E

FF L= T RRBR Y, R SR 7T AT AR P2 £
FEL

AT SR B 48 B 3y F MMIT Ry 50k, 1) S AT %
FEIE A BT — o L 0 A= ) vl A3 #-MMT 25
WIS ARG, /IR R R R O T b e
RN HAE AT TR 5L 5. B ok, MR 55 & fn gk
FIALZ A2, SR HE T 40°CF 7 10 d
MY IEFS S . 58 LT AL S 5 1Y B A 48 D o P e K
IH MR ST HCL D, iR 245 R R+
WG 5 Hed ) Si, Fe Fl Mg =Fhoc . 4rbrss
WERY, 5EME ARG ML, K& Fe
I Mg (& I /N, 5 Si ()5 B EHA K 13
hn, X EERER K MMT 19 EER 2 Si0, A
1. 2008 47, HRIg AR s B K241 Peter /N LAAL
SIS kS, TR AR NPs iRk
17 HIEHFIR . b f125 A% I8 T B AW T %
B, NPs JRF, NPs 7838 5T 19k BE DL J& NPs 7E 5
Frh PR R R R S 2 T R, DRy HGE
TOERARAL R T ()R R E R NPs
R R B FIS AR LA /R NPs iR BUm 155

2):
f kg Tt
= B 1
" 2411277a’ W

n=msSc,. 2)

BERY (1), m 3278 NPs fEFE T iER R, T &R
INYETIRL R, ¢ 3278 NPs fESE i P iR RS B[R], naon
TR R TR CRED MRS 1%, a TR
NPs WIRST, kg MR %% 2 W4 M AT DUE
NPs fURif2 8N, REY TR RN, NPs [if
PR, BRI ), S Fn AR IR R A ¢
7R NPs 7£ R G Y wlba e BE . FIFBLAL(2),
ZFFE /N LUREAZE R 5 nm AY Ag NPs MBFFEXT4, LA
TR 0.2 m* LHE R M (LDPE) W3R, Ag

NPs FURIHAEHE N 1 kg/m®, 3 3B (1) 15545
25°C 51 Ag NPs 7 LDPE H (T %k 1.3x10°°.
HRAE ER R S5, FHBAL (DA Q) AT Dt
5nm [ Ag NPs 7E 1 4F 5 H2 fish s [] P 1) 6 26 4 v () 3
B 2.6x107 kg MEEFH PET Af, Hi el
2.2x107° kg. i A FIS T AT LA, NPs 78
R YT BT R AR R N

HHT, % NPs fER G WM . P& . st
Ik AL MR R AT B I A 2 =, R R A
JEPN NPs 7E 31X B35 57 (1) RS R 55 10 R A AH
8%, I HAEB K 3 FE 5T NPs [ F-BL
WHIXTBEZ, RIA L NPs 7L bR B b (1T
5T & HAT9 R Z A e B2 B AR EAN 1) £
PR, WA A RS

2.2 REREERUAN i

DU A 2 it A 285 5 B 27 F1 B 2% 0 (European
Centre for Ecotoxicology and Toxicology of Chemi-
cals) BT it W, AATIHE H # 2R 35 28 5% T NPs
BIEAEA 3 FhOTa, BIPIR R Ak B PR il 2 1 4
fis 40, IR fk S TR ik 4 95 e U = R AR 7
I NMs 9 42 [ A Aol DL Kz 3 26 35 G 5 B 30 14 R
R GNP FEARA NPs Sl BUZ S 7E A MR N 1Y
Wl 28 48 (2 B AR)TLAR. — ok UF, NPs /YR
/N, HA AR BOBOR, 5 il R 20 i 1 ik ) B
WAL, DURRTEMARAY NPs 38 MU HE 26 2F
A0 13z 3 B A W R B % ik 45 A B Sl HA A
MR, KIG A WEMEAS AT, X
PR i@ At EEAT XPRAREUR K NPs; X /M T 100
nm BRI UL, AR b B AR B TR 2xiE i
AN ARTE B N B NPs 28R4 S 1 A 7 4 T A 2% 3
it 2 v, O 2 it o 7 A0 I A A O T B AR
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TS BAEDERNE . B B RERLO ISR
E‘Jz‘%ﬁglﬁjﬂ.

NPs 2 B2 k% itk A A=k 3 X, B R
JRANAIE] 2% L ARNB B BB S, EX 3 i
ER 0, BRBIERE NPs & R fid B ol
HEMA SR, BARTE BN YR E
() FC AR /N 0.1%)5738 9Rf, TCiE A Fh g iy
R, IAERMIBIFE R, NPs 18 1z k2 i AU 15 B
BRI ZE, IR B A e R
20 R A A 0 R B PR TR B 2 G e 0401,

2 e BT A IR R EE T NPs i £ 275K,
HRBFEEZRANRBINTER S R At
) NMs. 28 UMl NPs 0 A 48 R o015 B 7 AR
RN B r, o 28 i RE A W s A HAth 2%
BHMAL . —BokiE, BT ELS 4 R
(1) NPs i 78 B W6 094 8w S 18 i L aE -
B (2) 58 LAk M 40 fil; (3) NPs 78
o bRz A s S A 4) JREERSMY. NPs 7E B g L
R A RS S HRGE L R e . K/
KM R TCECARRE B L B 20 i A= B B (an
1 ' b Bz 4 A Ak Tt R o e R A ) A U B Ak 2 1 o
ﬁa‘é[n].

WF9E 20, /NRSF NPs 16 5 W B b i 3 Hios
HEE TR ) NPs; 1997 4, Szentkuti™ F] F A ]
RSFEIFLIE NPs 78 K BRIz it b 52 40 i 3 B b i 9 1
HORVEATHISY. 45 EM, 14 nm (9 F0R: 200 BT
FERF 2 min, 415 nm BYPFOKFERT 30 min, 17 1000 nm
ORI B A A BN H 4. AR RSE Au JikE
(58, 28, 10 Fl 4 nm)A/NRZE D BEESLR R H, B
W SCRRE NPs RS /N iz BT+, R R F
B 27 (PS)NPs(50, 100, 200, 300, 1000 1 3000 nm)
F R Z DS £ 0, Kifeh 50 nm i) PS NPs
WA 34%, 1124 PS AYRIAE W i, Hulk
R B T EY) NPs 76 B W B b (0§ iR H %
HRSFsgm, i 55 H R e JE A ¢, 1997 4,
[ RE S Szentkuti™ il AF 5% & BE, 31 4 1E HL faf (1)
NPs 28 B far 19 B A B AL R, ASFIF9 80 i
HE UL AT A NPs T 0501 388 1 266 -5 L i 4 B s
M-4i Lz fil, 53 4b, REEE & RFNIFRE K
W, VRN E R A e B R AR AR 2 LR
Eo AT T B R AR 2 i /L. AT R 2R 0
(PEG) A k12 H 200 nm 19 NPs #7525, &M
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XL NPs fi6 % I 38 12 785 5 0 1 7 £ Py BE 1O,

T b R AN MBS ) NPs 76 5 M-Z0 sk b iz 40
Mud kLU, S &EFAMMHNNIER. NPs 7411 AN
FIER A 3 Fakit: o bR AniEr 5L A 1E L URE
IR/NZE (Peyer’s patches, PP)H M-4H i ) 5 il &4
g shy . Ao RM, RE PP TG AU
A B AL RE AR 1% 4547, 1B NPs 16 Hh iy iE %%
PR bR 40 Y 2~200 /592 NPs 78 | Bz 41
JOF M-ZEAE R 5 H SR . RSFR 11645
nm [ NPs, HiEF#R UK B E0R S 15~250
fi5; BRULZ AN, NPs 78 b5z 40 i v i 38 4% i 5ad 5 L
FM AL ARSSHY, JURL 16 Y zeta LD, FRIHISE
IR 1B KM DL K B b B 40 M A B 0 A T B A
%[42]_

52 A b Rz 41 B M-41 Y 25 ) NPs 25 5 B
TR S . X R R E R AR NPs i A B4
A H, DT 8 Ak A A 1) ARG R 2R A BT | ik
ARG R G . LI/NRCABEGE T4, 28 d 60 nm
Ag NPs 2 D BRI 45 S R, Ag ok 7e B #R 1
W R B, LUORMTFRNE, WiAER . SR R I
TR FY B DU KR X AR 7). NPs 7E AR R I 45 2 B RY
Fr 5 HSHA 6. 2001 4, Hillyer F1 Albrecht™ % 3
JsHoA 58 nm, 28 nm, 10 nm £ 4 nm AZEHY Au ks
TE R AR P9 8 B 0 vk B EL A 5 2 IRSE R, B/
RSF) NPs TE4 A B P & & ¥ m F R RH
NPs; [AliHAbATIE K& B, /NS NPs 3225045 16 KR
B R AN R i RS NPs ) 3 AR
rhrE B IHALIE Y, XTHEPE Sprague Dawley K R
HELE 10 KA 1.25 mg/kg A2 5256380, 50 nm (4
PS HUREAE R R I IR 7 SR A Y 34%, Hrp
F T%H) NPs AT fEfF . M8, I A BEH; 100 nm
i) PS BRI 26%TEMR N A, b 4% AR fEfT
L A E R, RSE KT 100 nm (9 F0RE 0 32
B A AR

2.3 flHefaE

NPs [a] (5 B i LR 51 & 1T A6 NMs fdt B
AR, SRR R B R P B 28 1 REE S
56 FIAA S0 4 B 75 M S 045 LAIESE . NPs XA 1K 19
BEVER I PR A R ZE B R 0. — o B P 2500
AU T NPs BZE AL, HAE A Wi o 0 M 32 2
o 7= A K Y M AW T (Reactive Oxygen Speci-



ese, ROS)FR I 1K, J3sb—FhEE RN 5 NPs (140
BT G, e 4 g % 4 JE Ak NPs 76 A4 PR N
H5EAMNSGSSHEEATIRNSE, MFL NPs,
W4 8 A A, BN AR S5 ) 2 3 0 4 i v 42 1) R
PRk

PRSI M 5230 22 W, NPs 7640 P 277 2k KA
ROS. 4 AR B g RS 2R ek /N 31 499 K 92 51 B
R E AU 2 1T A9 S5 B B, SO R RS A
FECE B, N =4 AR £ & B 8 (dangling bond);
3N, RSH NS B A R A TS T 2 3 T,
STUARE % TELT R DAY 08 1 ot S S0 308 . R o A
B 10 77 7 30 2 (A5 D7 119 R 485 g o s o),
i, fE2E SRS 8 NPs 1, oL 145k 10728 Ak fdi 45
K NPs 2 [ 1 HL --%5 7O (electron-hole pair) Fll
&)@ NPs I &6 &k B0 1 R G G, X
SRR O 5 A YIR Y O, #E Ml {5 25 7= A o 4R H F
30,7 Oy | Hh Bl I Ak 7 N 3 Fenton W = A=
ROS. ROS 77 A=A K Gk b R 2 i A2 Ak, 420
ALY, A A AR T B A KA R B AR s
A ROS. BRI, EIEE MO, AEY R 40 N i 2ok
Rt 2= ROS, HFP 9 JLREAR. 4 A
G ROS S84 N HPT Ak 71 4 I H Ik (GSH)
P AT AL, PR 2 06 A W Ak s b 5 0.
A4 NPs #FA4IELIG, HS5RPRME A ST
ROS 17524, 3 S8 ROS KA, I GSH it
SR AT A, T2 20 P 5 4 TR A K 4
A6 09 4% Bt T K (GSSG), 33 i &% v B 22 R 4 A 0
(oxidative stress)®™. 48 1k 1N i B 45 SR 2 40 i A AL
BT REAIR, 20 M N GSSG I i 2R AR, AR
A AR R R U ) ) R E AT 4 Ak

HHEI, H ROS SEU A Ak N U i B A= 14
NPs W A#EVER B T EEE. 2003 4F, 92 Nel /h
IPUBFSE T NPs BRE, R 55 41 e A W ik
7= A AR S N I X, FEEESE T NPs RSF
RAFo4i 5 ROS A iU I G R WFE 45 R B, NPs
o R, HZE R ROS Fr ik, ™
A AL R I AR B [R14E, H AR ESK Yama-
koshi %5 APV & #1475 (Coo A1 Cro)NPs 7E A4 MK P 7=
A4 ROS Wyid #3471 A, Jf#11] DNA 1% L+
A E AL % 335 (ESR) AT 21 40 i i (NTR) 55 F- B e it
43H7 T ROS(O,” Fl - OH)AY & 1. W A il NPs /™

A B S I T R IR BEE T, BRI Z A, iR
SRR & R G N, e R
FACR R B, Flin A BRI, B ROS AR
A I T R S 22 R AT PR R, N iR 4 AR [CE
(Parkinson’s) F1 Fi] /R 7% 1 8K [GE (Alzheimer’ s) B9 975 Jit
PRI S 3 XoF Bl SR P Vi SR [T S8 A % IR L 81
IR, KK JZF S NPs A K SAE A i bric
PRI, T VA BE B R 11 (AB-42) % A R AE Y. X
SRR AR B NPs 0] LAG | & A Wi i bl 2 B 1

NPs (1) 28 11 35 1 3 28 1R 3078 0 0 L 45 4% 1
AR, LT RTRE AR BN IR N B R S
(reticuloendothelial system)H 7 A K i H A 75 W5 4 ffd
B ACH i, Rk . AR (LA R B IR
rH R T R AURL ) B A L PR A R P B 4
WAR A B2 R GE0 FZEAE R I BRECh FN G E R4S
AP A P B DA, SR, 3 A it LA A
NPs FUAE 1. WIRGFTAR, NPs 7640 P 7= 2 A9 ROS £
)R g 40 A A 4R M 400 L IR (proinflammatory
cytokines), IR IRFEE F a(tumour necrosis factor
alpha)™; 5341, FH ROS 7= A= B S8 A0 17 3842 300 ol A A
240 B4 R B ) BE RN B0 AR T (4 TE AR5 43I O

28 VL NPs NSO IR FIREL ™ A= 31 3, I8
23 X A U A0 U R I AR A AR R R . o,
NPs 7ECo JIE LI 45 %) 55 4 2 5 AR A JULARE 2
FOLAS, D A2 A AR i I O 2003 4F, SEE
Samuel /N2H 78 ) FH 8 i f% 1) S8 A2k NPs X 54491 2 Jik
B ARE A8 3 R AT ML AE 2R 53 LR 9 R v R B,
b IEHRAT Y NPs, 45 Au F1 PS WUKLAE I ¥
233 AL I IRV e A IR BE S, [R]4E, SEEl Campen
/N DL R R I /N BROR A S0 42, I AR 8
S U B URL (AR GO X T T 2 SRR 4
RFEW], A NPs 4 d Je /N BRAYCH R 29047 U /min,
A ART NPs (/N0 265+5 Y /min®"; 2002
A, e ERAINE KRR AN REZ BT NPs #EESE
gk B, NPs 7E 48 0 A0 5 2 235 R il A R A A R
SiE, T 3 Foh SR A J2: 5 | 1l A5 Bl Mok e Ak ) 3= B SR Y,
2003 4F, fH[E Krombach /N R K X CB NPs (1)
BT TS, 1A B, CB NPs 7EAFIERIKEE
TG R G 25 m 4 i /MR R &, 30U
TR b R et ke i . RS EIRBER B &R
Bl NPs A] DAECEY A 4 9805, (E IR F 5l

203



i 3 b & 201ME1H %565 H3H

JocHE Ak 2555 25 A BOR LIRS B R NPs 51 Y 2K i 1
BIIER IR R NPs fE IR P YR EE, HAETPRAR
R

NPs %f A= WA fifi O I L i B FRh 2 2R 58 45
BRI E AR T NPs U2 8. SR, Hhubfd R fE 3
1K NPs 594 A R i 3R R B s . ildn, A5 B
FRIA G iy NPs, HAEE RN E £S5 5
PLFAAEABD) MR BRYE % 9 (Crohn’s disease )ik 15 14
REREAA X BRRAIREHXE NPs RS
5 IBD Fl Crohn % A AR N, (HHAE A 140
PN W ST I 5 AR REAS N B IBD A1 Crohn %k 5 3 1
i, 4N, TiO,, ZnO LA K SiO, NPs #% I 4 ity
FWELLG, LA W0 M N 2 585 B 7 R G 22 b 45
A XA NPs-5 3 F- IR 2R AW SIS AE T
B AN 5 A T A1 BT AL I A 40 R TR A4
1 B P ERAE Y R A S s RYE), hE
iR IEPUANA T S hE 1, MTfinE T IBD
A Crohn $J (AR 0% ot 4 o 4 Ji 1LY
NPs, 1l Fe/Pt &4, Co/Cr &4, ZnO, SiO, fil TiO,
NPs DA Jz 5 BE i 4/ K 45 (SWNT) Fl 22 BE fifk 44 K 45
(MWNT) 76 A= 4 7 3 B A [a] 32 A0 3% A9 3% 9 3
PEIOS64, I8 bk RSFR TR Y NPs 2 B H 4 25 1 S 7 i
A—FE, 41~20 nm (1Y TiO, il CB %} DNA A #1471 H,
T KRS 4 R U R S5 30 DNA 5 45519365661 35 Fofp 5
HLAE Co NPs A REPE S50 P [R)RR S BEO7). 3 4 51 T
VAR SRAE 2 A2 o M E A JLAD NPs B fit B
& REME, X BRI BE M RN AR F B 5 2 A R

R ORIV %

3 AP YR RIS A

HEGAYN T, T A W) FIK R Bk
AR EE, NPs BRI 252 20 R %, IXJE [Nl NPs 741
SHEBTRLE T T Y T RE AN AR W 1A DN B HG IR R
B RE, TR HNTE R S (9 ]SS FOE S0A B/
KER, M, B THEGRIARRINE AR LISN, NPs [
R T A T AR SRS I B A A I A,
BT AR

3.1 RIGEAR

NPs F9TE S54GBS il 7 0 I BR F R A e
TR, B 7 B (TEM) . 4B T &
BT (SEM)FIE T 1 . fBE(AFM). 2003 4, [E
G (Dow) Ak 2728 B F ] TEM X 8 [0 19 S5 506 B I -
MMT & &M EFAIEYER PP-MMT, PS-MMT, JE
Je-MMT, P90 - 0T 4 — 1R I 2L 25 9 -MMT(PP-g-
MAH-MMT)& &3 i MMT BB SR <F kAT T
FAEY: 2005 4, 35 E R BFEAFSE 0 (CNRS)HY
Vermogen %5 A\ VF| ] TEM X 5F FH BB AT FE LA
MURFFBF FEHLAEAS R BF %4 7= 1) PP-MMT & &
BT T NPs FIE S S5 RAE. 45450 R W], A~
[FBF kA5 20 &2 A R NPs TR SR, [
RGH A BT eAE, X8 R % 28 5 4 = o 2 i i B
85V J14 5, 2001 4F, H A H /A A (Toyota) )
Usuki 25 AU ] SEM X Je 1o -MMT &2 & 41k i 4T

F4 MATEBEES NPs BIERERFEHE

YRR % KT R Biss ok BETESLEE R
20 nm IR DNA %514
30 nm, 440 A BB BR &Y TE KM S B AR H 77 4 ROS
TiO, S AR Bk TR A TEE AN AE T X B Bk 40 B 7= 4= DNA Bt 45
AR T 3~20 nm 4 R R, 20 G RABERT B0 K P 40 A i 40 M 0 Sh g, Bl ek B Uk 0 B 1 24 9 T

AEMPUEIN LR mg &

25, 80, 155 nm

4L AR 100 5 |
25 i1 80 nm 4 FURE 15 B FN B AR, JFAERE . ML B AR

LRI
Ag 15 nm it B T = wE
4% fil b L 15 A1 100 nm X 20 i s EE
FFHsEH 15 nm of ki 30 440 A B
Zn Al ZnO 20 #1 120 nm ZnO #3 K 120 nm kL ALAF . YA A B A05; 20 nm (4 R AL
o o OG0 JER 45 45
fﬁ%’ligif 19 nm ZnO B AR 5 0 150 20 AT 4
58+16 il 1.08+0.25 um Zn ¥R S — AR BT, [RIE A ™ 0 S5 R 2T I e AR
SiO, 50 nm, 70 nm, 0.2 um, 0.5 um, 1 pm A1 S um 50 1 70 nm FUk7 & B8R 14 5 A2 0 0 S5, I BHLAS 40 it A &
B e B flob R

204



FAE, Z5REI, MMT 7 EHEH LI 1 nm &, 100
nm 5% [ 2R G5 M A7E7E VY, 2005 4F, Perrin-Sarazin 25
AUE B B SEM F1 TEM % PP-MMT H1 i MMT
7 TS AR SF Y FRAE; 2004 4F, 5 [ AY Cakmak /)
HUF H] AFM % PVC-MMT & & 4k i) NPs i
T TSR R SE R RAE. AT S Br 45 5, flufi]
P T B 9 5 A8 K L H R — o g (DOP) R i
MMT 7£ PVC H i P AFE R K, Jf48 it T DOP
TE PVC H i f A L.

32 mirEiR

NPs FEAL3E AR i PRSI AR5 XS4k
5T (XRD)FE L. XRD 4544 4347 (1 % G2 5 B J 4%
mAS AT, LSRR T XA K 5 Mk
Wy JE H i TR SR AH T T A A AT . SRR
Wy b - 25 R RN HE S 1) 2 502 E R 25 R 0 A 1 .
Hl, XRD 0] LI/ X-BHE B SAXS) I X-
B (WAXS) I H AR X EFish NPs [ H 224 0
AR SE I TR A0 R AE. 2003 4E, 6/ Beaucage
INRUYFI ] 4k SAXS Fl WAXS X i 8 R 20
(HDPE)-MMT & & #EH MMT (#))21R 454 L H 5
HDPE 5t (A0 BAE FH AT 7 0F5E; 6= ZEF o8
S B Richard FI ] SAXS AR R A+ MMT
F14) AL A 2ot A B HL X 5 A5 40 R U AL A 1 s i 4 2 4
3871 2005 47, Zhu S5 AR R B R BT i X-S12k
% PEO-MMT & &M AT T 3RAE. Args R
FEHH, I AR A AR T LR 2 PEO 782k MMT
HEARAS, DI AR 2 5 R i ) BV e

ARk, AT P A A% B % 33 (solid NMR)$;
AR T NPs 72 R G W55 7 1 RS B R AE. 2001
4, EEEZAMER AP BERY VanderHart 45 AU
FIFH & A& NMR A, L MMT NPs H1 () Fe** k70 Hr
XI4, W e e-MMT &4 #PkH MMT 78 )¢ Jg 2 5
B4 AIRASHEAT T R AL, DAL M IERYE, AT SR A
FHIF Y RAE B AR 2 A 4B MMT BYFHAE R L5
Je e BT 2 i B EEAT T 3RAE, MR T MMT 7EJe
T 3 5 b B FEAR AR 2R ST BRIk 2 40, R MMT
NPs h 2 &)@ &1 &4 A IERE FRRE, A
WHIH ESR X & &M B H) MMT #1745 3.
n, 2004 4, fEE S22 255 TR Jeschke
25 NV ESR X 2 18 % A fil§ B L B A4 i) MMT-PS

HAEYH MMT 5 PS (A B AR S S EA T RAE.

NPs 2 171 25 #4 K H 5 38 50R B A A9 0F 5% 38 1T
DA 8 1= 1T DGO (UV-vis), NIR, 70
ZLAMEIE (FTIR) FIH 2061 (Raman) #E47 R 1E. 2003
4, EEFRE T T 2% B i) Loo 1l Gleason!”'F] Jf] FTIR
XTJe e 6-MMT & &4k MMT 19 Si—O #4544 i
177 FAE, 0T MMT 76 B4 3 5 b AT 28
B, 2004 4F, 3¢ EEEHAY Maupin 5 PO
UV-vis FIZEIEIEXT PS-MMT HI45 - EAT 1 FRAE.
HATTR 2 ek B X PS H i) MMT #4740
PUR, a9 LB S M MMT 5 PS ()2
AREERI AT T 434

4 AHAER S 2

YK A PERHE B AL e ) S AR AT
H H A= 36 P < &aie ok T KRS E A, i H AR 3%
e T G0 KB A 18 N A AU 0 G 2 AR, N T 4l
KRN ACH & . SR, 76T RS LR R AT
W) I AT A AR AR G0 K B4 L A ) 3 PR AR AIE Y
fili b, FRATALZHAP K E G B M EE T NPs 4L
Sk BEAT AT A R AEAY . BRT, BRI E RS
(EC) . 35 E AR ML M £ 25 5 A #1 )=y (FDA) B &40 &
Pk B NPs B fd B A 64T T 915 I PE M. 78
NPs 1 AN Ry —Ff 3k 57 FH A4 A4 ki HL7E 14 22 1
Ak o Ak AT B BERY IS BL T, B R R A S A
A F AN X AL B TR BRI B A BRAR.
BEERTE, XL M E R AR LIS LT ILA
[ 7

(1) Bz i mier ki, iRk, 958, W
B Ak NPs IS S B aR0k. 58
BN T UK B WA LG, NPs 75 58 5 b 19 5% 8 MY
EEER, M HTFE NPs MIESEE, REHE
FETE T HE A NPs 7] DL F i i AR
P43, (HXFHAMSE R, mBiEs . g mgisk 4
NPs [IE 5 RAE B A 5= A 200 F B

(2) NPs pyamHE bPERETE AR, NPs AT R
FIUG 99 0 B B AA 90 5 ZE AT 42 4R NPs g RGE . R
PO L EA. SREER . REECIASS K . FRirE
P, TV EE, AR pH FHRETHUKE
5T ) B 6 P S AR R

(3) 5 AN K WA Rk i i 5 HL T R v R A 9

205



i 3 b & 201ME1H %565 H3H

ZIA SRR, M T RLB IOk, iy
2 TN LD BE 1R B2 Wi e B 0GB KRG
Ve S AR H T A Y LR, T AL T
FEVERON R SE oA Z A B < 2R B °NPs - 1) 7 15 Rl
AT R B S Y E T

(4) ITHIEA L. HAT, NPs 7Ef AL
R S T B AT By B Z R Wi 90k 5 1 £
Pedz PPy BRI RS AT 3 1R N Y
BREE . R HARSEEZ MM G 2y i T LR
B 1 T 5 0 4 e koL P oA B A ) B AT R
WFFERIAZR, EXTT NPs R i, H DO TA P37
IR 3R W 1) R AR SR o 0 A SE A B2 Rl AR DL
LRSS T vEA R TPk 40, NPs ZEEJ5T P 13T
MR, TR B9 o flrk, HOSH RDE e 1T 4%
BiJ I 728 A 552 DR R A 1 T I B S 0 AR AR o 2
FrEORmy sk, $C 2R T S TG . D, e
BIAT BRAGIEAL ST 5 h, AL —H% NPs [l £ b
TR WYL TT VA S 58 PP NPs 22 4x IRl A St

(5) AR BT B2 SCI W BT R A B E . H

%% 3k

I, EC Fl FDA k2% ) o 5 Pk 52 35 40 46 711) o A9 B
RN KB R AR IR L SR
M, BT NPs 5 b2y A m, B A 46 5
YA E T K R IR e . HRETAI AT A
AR 7 R X B — R G OR R R, 4 RS U 3 i
78— 55

(6) AN KA AL B B 2 S0 00 Ty Tk T g B 2R
PRI, FE PR S0 T VR B S X IE W T f# NPs
AW A ) A S B, ST ST AL HE NPs
BRI B, NPs 52 BR 80 I 9T L S NPs 5
S8 MR 22 0] ¢ R BT 4

XTYORE & EREh NPs #H1% &N A
BHRES AR R . £ NPs AR
i AT AR 06 Z A, % LA Rl DA A )
GARTEN ST . AHAE B A4S SE 00 | Rl 42 A 0
B 2R SIS T AN BT R R 583, NPs 7E 8 S e
DL B AT i e 4 ] 82 A5 B &0 B PE A
X SEPE L 23 A AT 52 52 40 KA Rk Ay f (o 7
AL AR} 22 AR

1 Aitken R F, Hankin S M, Tran C L, et al. REFNANO: Reference Materials for Engineered Nanoparticle Toxicology and Metrology.

Technical Report, Institute of Occupational Medicine, 2007

2 Bouwmeester H, Dekkers S, Noordam M, et al. Health Impact of Nanotechnologies in Food Production. Technical Report, RIKILT—

Institute of Food Safety, Wageningen University and Research Centre, 2007

3 Torchilin V P. Targeted pharmaceutical nanocarriers for cancer therapy and imaging. AAPS J, 2007, 9: E128-E147

4 Carmen I, Moraru C P, Panchapakesan, et al. Nanotechnology: A new frontier in food science. Food Technol, 2003, 57: 24-29

5 Alexandra M, Dubois P. Polymer-layered silicate nanocomposites: Preparation, properties and uses of a new class of materials. Mat Sci
Eng R, 2000, 28: 1-63
6 Peter S, Qasim C, Dusan B. Migration of engineered nanoparticles from polymer packaging to food—A physicochemical view. J Food
Nutr Res, 2008, 47:105-113
7 Repot of an OECD Workshop on Exposure Assessment and Exposure Mitigation: Manufactured Nanomaterials. Technical Report, OECD
Environment, Health and Safety Publications, Series on the Safety of Manufactured Nanomaterials, No. 13, Organisation for Economic
Co-operation and Development, Paris. 2009
8 Nanomaterials in REACH. Technical Report, Follow-up to the 6th Meeting of the REACH Competent Authorities for the implementation
of Regulation (EC) 1907/2006 (REACH), Brussels. 2008
9 Kotsilkova R, Petkova V, Pelovski Y. Thermal analysis of polymer-silicate nanocomposites. J Therm Anal Calorim, 2001, 64: 591-598
10 Ray S S, Maiti P, Okamoto M, et al. New polylactide/layered silicate nanocomposites. 1. Preparation, characterization, and properties.
Macromolecules, 2002, 35: 3104-3110
11 Wang K K, Koo C M, Chung I J. Physical properties of polyethylene/silicate nanocomposite blown films. J Appl Polym Sci, 2003, 89:
2131-2136
12 Wan C, Qiao X, Zhang Y, et al. Effect of different clay treatment on morphology and mechanical properties of PVC-clay nanocomposites.
Polym Test, 2003, 22: 453-461
13

206

Schartel B, Potschke P, Knoll U, et al. Fire behaviour of polyamide 6/multiwall carbon nanotube nanocomposites. Eur Polym J, 2005, 41:
1061-1070



14

15

16

17

18

19

20

21

22

24

25

26

27

28

29
30

31

32

33

34

35

36

37

38

39

40

Xu B, Zheng Q, Song Y, et al. Calculating barrier properties of polymer/clay nanocomposites: Effects of clay layers. Polymer, 2006, 47:
2904-2910

Aaron L B. “Nano, nano” food packaging technology. Food Technol, 2003, 57: 52-54

Jun S K, Eunye K, Kyeong N Y, et al. Antimicrobial effects of silver nanoparticles. Nanomed-Nanotechnol, 2007, 3: 95-101

Margaret I, Sau L L, Vincent K M P, et al. Antimicrobial activities of silver dressings: An in vitro comparison. J Med Microbiol, 2006, 55:
59-63

Mohammed F A, Balaji K, Girilal M, et al. Mycobased synthesis of silver nanoparticles and their incorporation into sodium alginate films
for vegetable and fruit preservation. J Agric Food Chem, 2009, 57: 6246—-6252

Ke Z, Yongping B. Improve the gas barrier property of PET film with montmorillonite by in situ interlayer polymerization. Mater Lett,
2005, 59: 3348-3351

Kostas S T, Peter C L, In P, et al. Epoxy—clay fabric film composites with unprecedented oxygen-barrier properties. Chem Mater, 2006,
18: 4393-4398

Park S Y, Cho Y H, Richard A V. Three-dimensional structure of the zone-drawn film of the nylon-6/layered silicate nanocomposites.
Macromolecules, 2005, 38: 1729-1735

Yeh J M, Liou S J, Lai C Y, et al. Enhancement of corrosion protection effect in polyaniline via the formation of polyaniline—clay nano-
composite materials. Chem Mater, 2001, 13: 1131-1136

Tyan HL, Liu Y C, Wei K H. Thermally and mechanically enhanced clay/polyimide nanocomposite via reactive organoclay. Chem Mater,
1999, 11: 1942-1947

Ratchana L, Steven S, Peter F G. Stability of diblock copolymer/layered silicate nanocomposite thin films. Macromolecules, 2000, 33:
5227-5234

Kotov N A, Magonov S, Tropsha E. Layer-by-layer self-assembly of alumosilicate—polyelectrolyte composites: Mechanism of deposi-
tion, crack resistance, and perspectives for novel membrane materials. Chem Mater, 1998, 10: 886—895

del N M, Cannarsi M, Altieri C, et al. Effect of Ag-containing nano—composite active packaging system on survival of alicyclobacillus
acidoterrestris. J Food Sci, 2004, 69: E379-E383

LaCoste A, Schaich K, Zumbrunnen D, et al. Advancing controlled release packaging through smart blending. Packag Technol Sci, 2005,
18: 77-87

Lopez-Rubio A, Gavara R, Lagaron J. Bioactive packaging: Turning foods into healthier foods through biomaterials. Trends Food Sci
Technol, 2006, 17: 567-575

Nachay K. Analyzing nanotechnology. Food Technol, 2007, 61: 34-36

Jin-Hae C, Yeong Uk A, Donghwan C, et al. Poly(lactic acid) nanocomposites: Comparison of their properties with montmorillonite and
synthetic mica (II). Polymer, 2003, 44: 3715-3720

Chow W S, Lok S K. Thermal properties of poly(lactic acid)/organo—montmorillonite nanocomposites. J Therm Anal Calorim, 2009, 95:
627-632

McGlashan S A, Halley P J. Preparation and characterisation of biodegradable starch-based nanocomposite materials. Polym Int, 2003, 52:
1767-1773

Avella M, De Vlieger J J, Errico M E, et al. Biodegradable starch/clay nanocomposite films for food packaging applications. Food Chem,
2005, 93: 467-474

Paul J A B, David R, Stephan H, et al. The potential risks of nanomaterials: A review carried out for ECETOC. Part Fibre Toxicol, 2006,
3:1-35

Nemmar A, Vanbilloen H, Hoylaerts M F, et al. Passage of intratracheally instilled ultrafine particles from the lung into the systemic cir-
culation in hamster. Am J Respir Crit Care Med, 2001, 164: 1665-1668

Kreyling W G, Semmler M, Erbe F, et al. Translocation of ultrafine insoluble iridium particles from lung epithelium to extrapulmonary
organs is size dependent but very low. J Toxicol Environ Health A, 2002, 65: 1513-1530

Maibach H I, Feldman R J, Milby T H, et al. Regional variation in percutaneous penetration in man. Pesticides. Arch Environ Health,
1971, 23: 208-211

Lademann J, Richter H, Otberg N, et al. Application of a dermatological laser scanning confocal microscope for investigation in skin
physiology. J Laser Phys, 2003, 13: 756-760

Pfliicker F, Wendel V, Hohenberg H, et al. The human stratum corneum layer: An effective barrier against dermal uptake of different
forms of topically applied micronised titanium dioxide. Skin Pharmacol Appl Skin Physiol, 2001, 14(Suppl 1): 92-97

Alvarez-Roman R, Naik A, Kalia Y N, et al. Skin penetration and distribution of polymeric nanoparticles. J Control Release, 2004, 99:

207



il

0 & 2011E18H £56% £33

41
42

43

44

45

46

47

48

49

50

51

52

53
54

55

56

57

58

59

60

61

62

64

65

66

67

208

53-62

Hoet P H, Bruske-Hohlfeld I, Salata O V. Nanoparticles—known and unknown health risks. J Nanobiotechnology, 2004, 2: 12—27

des R A, Fievez V, Garinot M, et al. Nanoparticles as potential oral delivery systems of proteins and vaccines: A mechanistic approach. J
Control Release, 2006, 116: 1-27

Szentkuti L. Light microscopical observations on luminally administered dyes, dextrans, nanospheres and microspheres in the
pre-epithelial mucus gel layer of the rat distal colon. J Control Release, 1997, 46: 233-242

Hillyer J F, Albrecht R M. Gastrointestinal persorption and tissue distribution of differently sized colloidal gold nanoparticles. J Pharm
Sci, 2001, 90: 1927-1936

Jani P, Halbert G W, Langridge J, et al. Nanoparticle uptake by the rat gastrointestinal mucosa: Quantitation and particle size dependency.
J Pharm Pharmacol, 1990, 42: 821-826

Samuel K, Lai D, O’Hanlon E, et al. Rapid transport of large polymeric nanoparticles in fresh undiluted human mucus. Proc Nat Acad Sci
USA, 2007, 104: 1482—-1487

Kim Y S, Kim J S, Cho H S, et al. Twenty-eight-day oral toxicity, genotoxicity, and gender-related tissue distribution of silver nanoparti-
cles in Sprague-Dawley rats. Inhal Toxicol, 2008, 20: 575-583

Giinter O, Eva O, Jan O. Nanotoxicology: An emerging discipline evolving from studies of ultrafine particles. Environ Health Persp, 2005,
113: 823-839

Donaldson K, Lang T C. Inflammation caused by particles and fibers. Inhal Toxicol, 2002, 14: 5-27

Halliwell B, Gutteridge ] M C. Free Radicals in Biology and Medicine. Oxford: Oxford University Press, 1999

Li N, Sioutas C, Cho A, et al. Ultrafine particulate pollutants induce oxidative stress and mitochondrial damage. Environ Health Persp,
2003, 111: 455-460

Yamakoshi Y, Umezawa N, Ryu A, et al. Active oxygen species generated from photoexcited fullerene (Cgp) as potential medicines:
0% - versus '0,. J Am Chem Soc, 2003, 125: 12803-12809

Kedar N P. Can we prevent Parkinson’s and Alzheimer’s disease? J Postgrad Med, 2003, 49: 236-245

Calderén-Garciduenas L, Reed W, Maronpot R R, et al. Brain inflammation and Alzheimer’s-like pathology in individuals exposed to se-
vere air pollution. Toxicol Pathol, 2004, 32: 650-658

Brown D M, Donaldson K, Borm P J, et al. Calcium and ROS-mediated activation of transcriptionfactors and TNF-alpha cytokine gene
expression in macrophages exposed to ultrafine particles. Am J Physiol Lung Cell Mol Physiol, 2004, 286: L344-L353

Stone V, Johnson G D, Wilton J C, et al. Effect of oxidative stress and disruption of Ca®* homeostasis on hepatocyte canalicular function
in vitro. Biochem Pharmacol, 1994, 47: 625-632

Matthew J. Campen J D, McDonald, et al. Cardiovascular effects of inhaled diesel exhaust in spontaneously hypertensive rats. Cardiovasc
Toxicol, 2003, 3: 353-361

Suwa T, Hogg J C, Quinlan K B, et al. Particulate air pollution induces progression of atherosclerosis. J Am Coll Cardiol, 2002, 39:
935-942

Andrej K, Andreas S, Shinji T, et al. Ultrafine particles exert prothrombotic but not inflammatory effects on the hepatic microcirculation
in healthy mice in-vivo. Circulation, 2004, 109: 1320-1325

Lomer M C, Thompson R P, Powell J J. Fine and ultrafine particles of the diet: Influence on the mucosal immune response and association
with Crohn’s disease. Proc Nutr Soc, 2002, 61: 123-130

Lomer M C, Grainger S L, Ede R, et al. Lack of efficacy of a reduced microparticle diet in a multi-centred trial of patients with active
Crohn’s disease. Eur J Gastroen Hepat, 2005, 17: 377-384

Powell J J, Harvey R S, Ashwood P, et al. Immune potentiation of ultrafine dietary particles in normal subjects and patients with inflam-
matory bowel disease. J Autoimmun, 2000, 14: 99-105

Gurr J R, Wang A S, Chen C H, et al. Ultrafine titanium dioxide particles in the absence of photoactivation can induce oxidative damage
to human bronchial epithelial cells. Toxicology, 2005, 213: 66-73

Landsiedel R, Kapp M D, Schulz M, et al. Genotoxicity investigations on nanomaterials: Methods, preparation and characterization of test
material, potential artifacts and limitations—many questions, some answers. Mutat Res, 2009, 681: 241-258

Mroz R M, Schins R P, Li H, et al. Nanoparticle-driven DNA damage mimics irradiation-related carcinogenesis pathways. Eur Respir J,
2008, 31: 241-251

Rahman Q, Lohani M, Dopp E, et al. Evidence that ultrafine titanium dioxide induces micronuclei and apoptosis in syrian hamster embryo
fibroblasts. Environ Health Persp, 2002, 110: 797-800

Papageorgiou I, Brown C, Schins R, et al. The effect of nano- and micron-sized particles of cobalt—chromium alloy on human fibroblasts



68

69

70

71

72

73

74
75

76

77

78

79

80

in vitro. Biomaterials, 2007, 28: 2946-2958

Alexander B M, Jeffrey W G. Characterization of polymer-layered silicate (clay) nanocomposites by transmission electron microscopy and
X-ray diffraction: A comparative study. J App Polym Sci, 2003, 87: 1329-1338

Vermogen A, Masenelli-Varlot K, Seguela R, et al. Evaluation of the structure and dispersion in polymer-layered silicate nanocomposites.
Macromolecules, 2005, 38: 9661-9669

Usuki A, Hasegawa N, Kadoura H, et al. Three dimensional observation of structure and morphology in nylon-6/clay nanocomposite.
Nano Lett, 2001, 1: 271-272

Perrin-Sarazin F, Ton-That M T, Bureau M N, et al. Micro- and nano-structure in polypropylene/clay nanocomposites. Polymer, 2005, 46:
11624-11634

Yalcin B, Cakmak M. The role of plasticizer on the exfoliation and dispersion and fracture behavior of clay particles in PVC matrix: A
comprehensive morphological study. Polymer, 2004, 45: 6623-6638

Vaia R A, Liu W. X-ray powder diffraction of polymer/layered silicate nanocomposites: Model and practice. J Polym Sci B: Polym Phys,
2002, 40: 1590-1600

Bafna A, Beaucage G, Mirabella F, et al. 3D hierarchical orientation in polymer-clay nanocomposite films. Polymer, 2003, 44: 1103-1115
Vaia R A, Liu W, Koerner H. Analysis of small-angle scattering of suspensions of organically modified montmorillonite: Implications to
phase behavior of polymer nanocomposites. J Polym Sci B: Polym Phys 2003, 41: 3214-3236

VanderHart D L, Asano A, Gilman J W. Solid-state NMR investigation of paramagnetic nylon-6 clay nanocomposites. 1. Crystallinity,
morphology, and the direct influence of Fe** on nuclear spins. Chem Mater, 2001, 13: 3781-3795.

VanderHart D L, Asano A, Gilman J W. Solid-state NMR investigation of paramagnetic nylon-6 clay nanocomposites. 2. Measurement of
clay dispersion, crystal stratification, and stability of organic modifiers. Chem Mater, 2001, 13: 3796-3809

Jeschke G, Panek G, Schleidt S, et al. Addressing the interface in polymer-clay nanocomposites by electron paramagnetic resonance spec-
troscopy on surfactant probes. Polym Eng Sci, 2004, 44: 1112-1121

Loo L S, Gleason K K. Fourier transform infrared investigation of the deformation behavior of montmorillonite in nylon-6/nanoclay
nanocomposite. Macromolecules, 2003, 36: 2587-2590

Maupin P H, Gilman J W, Harris R H, et al. Optical probes for monitoring intercalation and exfoliation in melt-processed polymer nano-
composites. Macromol Rapid Commun, 2004, 25: 788-792

209




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 650
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 8
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


