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o} wxato) wislo] et 9_14%7417} e R R
oiokom, obaA] Qo] Suak BAL-S el T
o) AT A0 QEk B 4 Slc), 0] K18
$7} Tiakal s QA 1wE7HSAS ROkKIA ELt o}
LheBa0] 54 0 SRlEtel] tiehis AT 9 o))
S| KT Qb= Folth, webA M oA L
290) $jslE7} D Bejol wgol wA sk ofe) 71
AR LheolabEe] SAah AR 7o) dig) 3

I

HE 37] w0l ks dAVS 3 ©esHA 2719
nje} B5elR 1 upigio] RlolE 2 Al 1 WA &
nucleation W5, ‘accumulation ¥, ‘coarse

Hz g2 JIESI) oko] o wZo) 57|15 ulA) @A} (fine
part1cle)EP 510 | 2+ nucleation W8] YALE 235}
o] ultrafine particle®|gt 3l7|% 3t} Nucleation
W) QIR BERE 25 5719) B30l Sfshige
2 A=Y B8 27171 vier]E oA 100 m 371% ey
gt} o] @A) YAz ol Aot Bk 52 skt &
A7} AR AAGE T £ 57F =3 AT) Nucleation W
O] UAf= 7L HAY7 | 2o mhaf ARd A 0 = HIASk= 204
AR} (BFol&] 2 10~60 mm, Ald; 30 nm~10 pum, SR, At
A= Qe 7] )k 7]=8] A4 7o} 1L FAL
=5 3 Al e A (AAE QI3 A,
10~80 nm, FQJIE A4, 80~100 nm, €4 & 10~50 nm,
oA wiEEA 7T~40 nm, BAP|O| AR 7HEEY |
10~400 nm) %= Utk

Accumulation 52

H
=z
T

24K 100~1000 mm 2715 7
=0 o= 28 nucleation HF-2] 22 YA=0] 371 59
A A2 FESH] A7|7F A% Alolet, o] ¥Hele) ¢fAk= o
Al ‘aggregate 9 ‘agglomerate’ = F-Esh=d] AR}
= UAZE M= AsHA AdEe] AAY g8 Aol
SR A7) 9 T | 2Rk 9 wfizof] of QAbrt
ted] =%k IR EABkE Aol Coarse YAR=
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1~20 um Afe]9] 37] 5 F UAE okt o= ¢
= o) Qlxpel A7) Ko et HA|ef Eafuf arA| ] mf
2 ko) -2 71714 Flof| ofs| A= 1A T A
e R

g NTol g &4
nanomaterial [(38H3) WY 54 % engineered
nanoparticle [(H) WeQAH" 24l 3HH o= Zj¢idt
Ao ALY 7| 7|2 Wk AL e Q17 2ol &
ot -':r'*]“%‘ﬂr}; = BarofA =9t e YAt

TEOpJIA A 02 A XuE AL HdE]o] 3R o2

H mH 2431 3k o] Zojete 1~100 o] 1712 %
oun o] 7|2 Q3 Eolat S 7k T LB
(engineered nanomaterial)& QA= o] gk i
ASE 7], 24, ol et AAH oz E5FskalAt o)
= AZ7F o S o] AAEA] okl qlon &
A B E= T B2 Aol 71IsHAV 27| A
A7F A3t th = Al 9o,

"engineered

AT

2. LIeSZo| MZLL S+ H =4
WA e AL AR S7t B=A]9] of o) Al
SR A= =Y A71%] Tsoli 5 (2005)°] BLM
Zheub AlZoA & YA (1.4 nm)E &5k s+t
Adjol| A AmE 4= ok 1.4 nm ] F WA= A2
o] Al Fert kel tEk BLM Eefent
A|EZO] AgEgo] 7Hasditt AlEU= S5 5 e UAt
o] 57.5%7} cytoplasm®ll, 42, 5%7} A|2Ealof| T3] =
Ao& Yehgth £3] 1.4 nm 27)9] 2 WheR= 14
0] Watson—Click +Z& Ve = BE DNAY TS
(major groove)oll ek =4 HAAS LR 7R/l o

aff X ilstoirt,
ol Whr=20) =442 QA=Y
HAo| F=sk= Ay} FHol 9= 7 q_g EO]EJF = AKe
AUALe} H7|7} Zopdp= EHEA} RSz Hlwo] 5

7}6‘-&‘ oeit 2§39 Qs 42 2 i




A7H0] 5 nm¥ -9 YA = em® @ 153,000,00078, 3
HAL- cm? & 12,000 pm?ofu UAF 270 5 000 nm
5 WA = om® 70,157, FHAL em® & 12 pm?E
TARItt, F 71A] 27] (ultrafine: 25 nm, fine: 200 nm)
o] o|iktelebE-& AMEBlA] iAte] Faf 9l 427} 2l e ¢

T AR To- Holo| u| 2= YRS Hae Oﬁ“ﬂ 1 &
9] AFG FRE LANA £ o 2

o] A vt} &, sdg dekolafe AR ?JXP’} ‘3 fia

Bk UERTH TLejuh dekde) ofAl
AktslatE o ‘%%‘ﬁ” 3ol ‘:H?l‘ - %817%}2 O--*’\Fé“}?’ﬂ Ur

ol E] 1,].5:_ 0} ;{].94 o} X}g] ;;«;,A«}wf?ﬂ ﬁ\,&.]%}» g;H Rlok }“ﬁ%ﬁk
(mass exposure dose) ©$ B YAe] HHA w=af
(surface area dose)°| 5845 AUA Hct 12t =}
o} Sl M2t G5uhs] et v g2l 40 nm e}
2] (copper)”t 7F 3270, 50 nm & Fo) 7P WA LER
o}, ol ofwRl ?7‘} & AMESH=UEof| whebA] 2]} St
01 & 4= k= AS vhehio] ok,

3, Li=QiX[e] XLHSEH

e B A0 ALY TRk asS QA a7
FORAA| Hok, 1euh Ao B2 Algso] ofd el o
5 tisto] ofH 0 2 k|1 fo]| Tt A2t
7h oy Atk of4] ik, oigt oS 7hs g QAleE
S AHEH 37 AR oRE 59 thefsh ujAdlE Bt
of Fefl &gt e, DIELE B3 =t AR SRt L2
Uz 4 Qo o] FoflA i Bt Fjlofl &Jst wzo] 7P
SRR AEE AR Qo) S e B 11 10“ Ly
E}LH Hle} ,?Po] oS S Z3f] AAl Ao 2 £3ls }oj Al
A, AR & Ao R AV AL E MR EH*‘ LiEt
W}, e Ashloju 7|2 e dollo g Sejrke A
o}5-& (translocation rate)of thsljAls= 2 &~ QA] o
oh 25718 B3t & Al A7 |of| whE SFofAfat o
7102} %54 Y Xﬂﬂ%‘"f SAEEH (719 2), SRU4% oA
& 3 59 (nasal region)ollX 715=E ol Hl22= 71 Ht

W

I

teelrtel Huse ¥ =4 [HIEEE

557 ZF B Ui dA 27 of hE 2k ()< T
QU A oAM= 1 nm 2782 YAk= oF 90%, 713
Aof| k=5 ~ 10 nm A7 011}7 } oF 35%, }Eﬂ]ﬁh 10 nm
A740] YA oF 50% B AR

C"/‘H 257 1741 %‘J-‘J’J% = X% '

I:IX]"'_‘ Kﬂlﬂoﬂ “019} &bz} Aok 0.1 um
) olale] A= S = |7 =Esr| Sl v
QIR gL o] H7jof| &30t 0, 1~1 pm APo]Q] UAR=
2401 €F 30% Aest Hjof] HARATIAL U
Tk, 4= pum o] YAk Flof] sl Zof nptolu 7]
0] wof] Qli= Hollo) olaf] A A%|o] AB|TO R T A
A71AS &3] AAE7] ftt Yoon, 2004; Hewett,
1995). ofmf 2feh= 7|32 2175 0.1 um ©J3te] O*KL_
Ab (diffusion), 0.1~1 um Abeje & A=
(impaction) |t 24 5 thoksh iR o 2 o]FtoiZic
g QAL o mEetA =W w2 cfAAE
chemotaxis 22 &0l A=A H| e Al E20] 4
W 0% (transcellular translocation) = AHol S5 (tight
junction)& E3%tendocytosisol| S8l oo = I ThE &
2102 olgsl 4= Stk wWebA] Ve dRke] AUEEE o
s oslislr] Heliale Ui Ae) Eejsfel Egoi A
olxe] B4 wist ol 3t ujeto] p/dE ojof gt

s} u:lotf fil
N o o i
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=
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'
= o4 PN
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0.5
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0 4

% Regional Deposition

0.2

B.000% 2,009 5.0 84 y 19 100
Diameter {(um)

T2l 3. <L IRl EIIH EA b

=73 o

A= Alveolar; TB = Tracheobronchial; NPL = Nasal,
Pharyngeal, Laryngeal
£X. ICRP Model, 1994; Nose Breathing

4, YX37], #HAE & FHER0 M2 AL 22

Weolat 37, B 3 9 Bof ARt elxie) A 2
o] gL u A Aoleka sk BA the T UAE
AUEAL (15 pg B YA T2k 7184 87 (50 g T &
A ARG E B TRE THE 234) 71te] of g REHLA]
& it oju) Lt 3 Q12ke) 217]=5 50, 200 nm

e K PTTTTASS e 1 8T ek bk L T L

& & 38 AYEE citrate, BALGHY, EogdZe|E

(PEG 5 kD, 20 kD)& ARGt 1 AIZHYE 24 AJ7FA]EO]
NAA (Neutron Activation Analysis) £+ ICP-
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MS  (Inductively  Coupled Plasma—Mass
Spectrometer) {412 AlAlekgiTt, 71 At #jof 53t
e A7) 2AAgeE golla), S W ol RSk &
o] Z7stA ot Thol| sk oF2 =7]of wkE Afo]7k L
ERLEA] gkt o]l Folgt -9l A7])7F 5 nmE Ao}
A5 Follal o= Ul Mof| E¥sl= o] 78t art (¢

o= oke 777} 200 nm E F7 S B s o]

- ] WOkl citrate® ZHEH
) ,{l S22 1l ldoﬂ %X*IE -1 @_,:{}94 061:03 Xﬂ o] Aol q &

bt LA |

ZpFo] tael Aglo] ZejogdladEE IR B9
oy} Lof] 2wl o URFe] OFo] WL, citrate?}t ¥

LHER o]

Cedervall 5 (2007)%] ofdd:HE AFN=2
NIPAM-BAM (50:50) copoymer®] A&dk= &l
AE8-glols|| & AT} apolipoprotein Al ATl ATV, E,
D, HSA, alpha—fibrinogen, paraoxonase 1, IgM heavy
chain 59 g4t o] Atk 21L& Wth o9

Linse % (2007)2 copolymer YAE ©]8€3t4 in

vitrool A AEst A3} Be—microglobulin®] 70 nm< Lt
QIR Aghe A9 chld o] w433 Ado) 7k
L 7o gt olst dAto| in vivo S AE Yo
Le=R] 9} o= ofA] oF 4= gIAE upglsH o) A2 0=
HE ofzr (Creutzfeldt—Jacob Disease, CJD) 52
HAdo] 8- amyloidosisE ABE = Sl 7 dE B
o] &2 ApA 7} E Ao g AbRE
Lhe Ahs HE2 o st 2 §le Ao s Halky

Sltt, oEEl= Az oAl ofw 7HAl 7hsAdol AT

}
o




Ceenel AusH @ sy (R

1ion
Am

<E 1> LpopiRle| Sz 55 £z Ol

L 'NP-Type Species Authors

1940 30 nm Polio-virus (inst) Chimpanzee Bodian and Howe
1970 50 nm Silver-coated gold (inst) Squirrel monkey DeLorenzo
2004 36 nm Carbon (inhal) Rat Oberdorster, et al.
2006 30 nm Mn-oxide (inhal) Rat Elder, et al.
2006 76 nm Co-polymer (inst) Rat Zhang, et al
2007 20 nm Lipid-coated Q-dots (inst) Mouse Hopkins and Pinkerton
2007 30-110 nm gold (inhal) Rat Yu, et al

inst = infranasal instillation inhal = whole body inhalation

&2} Oberdorster, 2008 hra]E-2] QPHA 4 ¥X-8 ¥hE A8

A, o, g

= T

S 74 53tol BBB (blood—brain  olfactory bulbo4 BC7} -2} o0& Sriglom o= 4
Barrier)& B4 #lo|7} € Zlo& Azt vhE AR 7151w 74 ArA] AsHo g Zrshche 2L T
A7 A TN 52 Bl A Hof| olsd = Qlt},  BISitk o]0 Elder 5 (2006) 2ol ARSI @ ~ 8nm)
Q7kel S 2RI A (olfacta bulb)= Aoz B ] S o BAI7E F 54U e, SUAIA 6 E 1294wt
S 491 7] S FA0) £ skl o sk 519) s ellel ksl 1 2 el
AAo] =i g Ur E* o FaAlZAIRr o) Hof §lA, olfactory bulbellA 7HA w3 el ofe 2jefA 5
FAE dEo] 5401 it FHE, Bl dubole Aol o]Fo|Ro] HaIT} o|=A E-84%) ,,zmxﬂ/‘PEHw] 8 =
dendrite, A Q131 ¥)7) W7ko] YR)8) glom o)yl K O‘X"Eoﬁadozynez ve pathway & 58 55 AEAR
kel

0] o gk eiglo] sio] ek, 3 100 e o} 01 & frelcks A B

1940151 B Azhg] ol 9_--on ] k) On:} Howe@r 5. Li=2R9| QlNjHZ Hed

Bodian (1940)< 30 nm polio virusE AW AL} &4~ Sl A E Yem o] =4 PRE A AT ES
Yzolol vt FUAA S it sl S2A FEeh, WeEEY] AT AR =2 v H3s,
SHAHTE S8l AAAR =l A2E 9ot S e] b, HelETEE Ak ABA
Delorenzo 5 (1970)2 thEdzgsololA silver— W g% S97isA 5025 7|oldnia & 4= QA
coated colloidal & YA} (50 nm)7} FZHAIE A WeBA0] 9RE B o 57), &, A, o o9
olfactory bulb® F{Is= 2& Horon] SY A oRoRel vidiE Sotef Sl 2Rt =, wihs 59 5
o = mitral cell dendriteo] T 3l7] $alA % AHol ot =22 U 4= Lo o] FollAf HlE &5t
olfactory glomerulus®] AJHAS S8k 7212 kst Bdof &gt ey} 75 B51 @0l 2838 HEE oA
et o] m, olfactory bulbZ HUE eSS A2z A1 et efuh 4 7 FolAY 3% o 8E 714

&=
2 S¥%R] 9 mitochondria] 24k A8 23t 2 pefdh o] VB2 0] 48R} Eof] Qlojal= AlEolu)
%t Oberdorster 5 (2004)2 AFHE °C YA 36 nm) & 52 wA1E 3 HH e S ‘7j}~ ''''' & 2= ‘SiW LB
7} 23} chamberd) Yol 6 A17F 59F =2A]7] 3 lung, 2o 7

olfactory bulb, cerebellum< A # st o BC FT49ow U= = %U(i%é@ Zﬂ%kﬁz*é% ?
analysis® 85It 1 23 &9 & 149 #o 7}o] AlAoL} Aekrhs FHAT AlAo] =8 FloF
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Hawal Qlek Wk okt oJxke] mok i Ha) WhgAd
A2 wet dekxict, weba ieEAe] Y1EA
& H71s] A H 1’“‘” QA AU, A &%, 24 E
o] HLIE JlE|ojof Fhrf
A8 AE 93 oA (risk
perceptmx)E Al E i AERES] tHREL LA}
| A ol 3k, Aldlof el
Ao} gk %Wﬂ’ﬂﬂ A9l qickal Azt Qloug H
Lie QAL 7ol vhek . QIAjstal Qick, 1@yt vl
2 LA o] A2 Foll gt ko) ghpoltt, Al
HE Aol odl o] qlokar A of Yo| Qi AL
ol duprh vhieEde) kgl Bh=A] ki dofof
Shch Akt wewkol HUEE fleilAe B &, vieE
A2 AlZSAY Fshs 2 ot AxpAIE, 2
OFF, SHE, A% ol ArHE eEde] oS AA e
2 EASk: g AT JhEste] ARFAl HUEFo] of
Fo{Aof =] o}z 71x] HhEo] Bl E]o] Q1A] gk A}
Bjolch, k3l Figol kEgE ey TAlS Hols 1199
o] tiet g o) ol Kol it} whebA] LB Aol <)%
2 AAH o At H7kslr| Yaliis A
AB2TolAt, EefelR) kAl 5 thalA A9l Al
HF7F A G2 0 =2 ool Aok g Ao} €

j Y-,

. k) E 9] A oA A 81 3) . Proceeding of Safety for Food
Nanotechnology 2008, 153-156.

2. Cedervall, T., Lynch, L., Foy, M., Berggérd, T., Donnelly, S. C.,
Cagney, G., Linse, S., Dawson, K. A. 2007. Detailed
identification of plasma proteins adsorbed on copolymer
nanoparticles. Angew. Chem. Int. Ed. Engl. 46: 5754-5756.

3. DeLlorenzo, A.J. D., 1970. The olfactory neuron and the blood-
brain barrier. In: Wolstenholme, G.E.W., Knight, J. (Eds.),
Taste and Smell in Vertebrates. CIBA Foundation Symposium
Series. J. & A. Churchill, London, p. 151-176.

4. Elder, A., Gelein, R., Silva, V., Feikert, T., Opanashuk, L.,

Carter, J., Potter, R., Maynard, A, Ito, Y., Finkelstein, J.,

Oberdérster, G. 2006. Translocation of inhaled ultrafine

| 16 | Safe Food Vol.03, No.?2

manganese oxide particles to the central nervous system.
Environ Health Perspect. 114: 1172-8.

5. Hewett, P., 1995. Estimation of regional pulmonary deposition
and exposure for fumes from SMAW and GMAW mild and
stainless steel consumables. Am. Ind. Hyg. Assoc. 1. 56: 136-
42,

6. Howe, H.A., Bodian, D., 1940. Portals of entry of poliomyelitis
virus in the chimpanzee. Proc. Soc. Exp. Biol. Med. 43, 718-
721.

7. International Commission on Radiological Protection, 1994,
ICRP Publication 66: Human respiratory tract model for
radiological protection. Elsevier Science, Inc. Tarrytown, NY.

8. Linse, S., Cabaleiro-Lago, C., Xue, W. F., Lynch, 1., Lindman,
S.. Thulin, E., Radford, S. E., Dawson, K. A., 2007. Nucleation
of protein fibrillation by nanoparticles. Proc. Natl. Acad. Sci. U
S A. 104: 8691-8656.

9. Lux Research, 2004. Sizing nanotechnology’s value chain. New
York, NY: Lux Research Inc.

10. Lux Research, 2006. The nanotech report. 4th edn. NewYork,
NY: Lux Research Inc.

11. Maynard, A. D., 2006, Natotechnology-A research strategy for
addressing risks Woodrow Wilson international center for
scholars. p.11-21, 23-32.

12. Nel, A., Xia, T., Madler, L., Li, N., 2006. Toxic potential of
materials at the nanolevel. Science 311: 622-627.

13. Oberdoster, G., 2000. Toxicology of ultrafine particles: in vivo
studies. Phil Trans Roy Soc London Series A, 358: 2719-40.

14. Oberdérster, G., Sharp, 7., Atudorei, V., Elder, A., Gelein, R,
Kreyling, W., Cox, C., 2004. Translocation of inhaled ultrafine
particles to the brain. Inhal. Toxicol. 16: 437-445.

15. Oberdorster, G., Oberdorster, E., Oberddrster, I., 2005.
Nanotoxicology: An emerging discipline evolving from studies
of ultrafine particles. Environ. Health Perspect. 113(7): 823-
839.

16. Tsoli, M., Kuhn, H., Brandau, W ., Esche, H., Schmid, G., 2005,
Cellular uptake and toxicity of AuS33 clusters. Small. 1: 8§41-
844.

17.Yoon, C.S., 2004. Welding fume and others from welding
processes, Kor. J. Environ. Health 30(4): 320-328.



