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(Potential Health risks and issues of nanoparticles)
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13 1. Estimated annual global production rates for engineered
nanomaterials(Maynard, A.D., 2006a)

t]=t NNI (National Nanotechnology Initiative)= NTS ©F
1~100 nm® 715 7HA Holet 5445 Uehf] A= 682 &
4 Ok =Ao] oigh ofget SAT = Aofstar 9low (NSET,
2004) g=r RARAE (The Royal Soc:lety and the Royal
Academy of Engineeringl= U=7]9] 4=0f|4] et 37
£ sAlste] 2, 717] B Al2lo]| tfsto] tlRelsaL SAdets)
L, AAY, 388k A ofetaL A eJsaL Qirt (The Royal Society
and the Royal Academy of Engineering, 2004),
gl o B4 (o; 2], 20, wkgAoR <ls) NI
Rt 2F Al 7120 Vs e BRIV 28l ofde-
SRS HAaaL Qlef, ofefgt 542 ofe] 7HA] Algle]
o 7P @A EJANE FAo]| Q157ek Apelo] thgt A= flRle]
H Jlolehz e S7HA7 1AL Qe
NTZ Qlaf /g% Litesr2l o] e ol 913438 o159
A 37154 i EEE ﬂ e FrxA B3} 3lekA 24 7]

EPE 01—%% 215 %%ﬁlx—i, sfeta], A=etal 4l
I QI GllE 50 w2 S SR HiEVdol ARt 3 mme] TR

WS HPO ol ek QA B 98 9
o

E
m}ame wm A

B 1. Examples of nano products
(http://www.nanotechproject.org/44/consumer—nanotechnology) .

08, 28 TR ARE | & YH AE 7|t
A RIZA| AREAY | HIRIE SHEX| EM
Yl et ZRE oz 2= THO| =2
xlof SIES0f Hi7 fEE | ZE

= 29 4 o= 48

BilLlA 212 7t=et 2

AF|EH]|

SN e

YUx| H FEE o=

HIE

37128

3 100 VRt AAT = SPEsE, A, ArE, AR
5, QEsgol| AR o] T WA= BksEe] 677141 7F 9

31, A AR % 18%0] Q)t} (www.nanotechproject.org/
consumer).

e 5282 oA 02 §-851A AR 4= =, A4

CRE e S8 o83 29=EE A, oY, A7sked A

§3 4 9, ZPHRO R NIS ool B3 A3 A
s B BHIR) A 0] W 4 glck, Bde] L2

o 87 498 4 A% S ol Wl ek o

We7]0] ofitstelehe: 945t Bl stel 3715
NOx 555 Eol7] §istel Fufell e AMIEL B, 3, =

el e AlsEo] slE|aL e}, o] Bl NOx s
Zol=t et mulrt QAN SRR tE 37)E 0 =
T ukgte] o felfeh wAks whEel W 4 Qs 7w A=
e}, Ao e B 50 dRAlls) slekE (o)
Dichloroethylene, Trichloroethylene)}2 %-3l{517] $fao] YAF7}
7H0Q1 Whe=17]9] o] 43} 5101 AREE]AL Q=] (www.bioxte
ch.com) ©]2 23] t}¢ds} Eksla=4: (polychlorinated hydrocar—
bons) ] F-afieh Al tled s faflerh= Hare 9lct (Elliott
etal,, 2005),

ot speb] 24ds 7R viet o] AA|f wjxl= ekl
tgt 2fshA ofelli= of4] kst o AlEEo] QIAL 2H

1) Li=S20t Lkh:°'XfE =4 285l=d| Ol ZE UeSE9| 7|2 et 284 Uil =

te] S4S ZESIIAIE W Lite YUXI2ID 275

22 07| HE0|Ct 2R0ME SE6IR=0 Tttt ¢
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38 2. Risk assessment paradigm.)

off WA= Gk B7Isk= ofe] 7HA] Wigel Sl B7F i
(risk assessment)o] $Ith, “L¥ 20 Urehd o] Qlelld H7}

£ 1}t National Academy of Scienceso|A] S 710 & b]=t
o Ho Aot AEA| AE oA & AR-Sh= otk (NRC,
1983 and 1994, Yoon C.S. et al., 2002). Y184 B7}2] 7} v
R g G Rl QLo obA] Al Pl 54
(hazard identification)=. %|A] %2 Aot}

HAIOA= NTE 712 7dS afehal thie &85 A=
S8 F2AA QAo A= daks sl B} (risk
assessment)«l URHA] THAIE we} aash o)F 53] A4atehA

SO A At o] AL Q= Aol gk =2)E olEaAt
—O_]—)\)\E}-.

ﬂil

II. 28

1. g1y 23 2R LRt

(1) 27101 W2 LXYER 2R

H2AeRA AR oA YA Lol EAsls UAMS EAo] Q1A
off Eole= 71} SIAlof) mlA)= ek dRFe] A7of et o
AP S22 ighet, QJAre] ofshA] 2/t RSN YA O R
PR} 2717} T57 |0 M AlALE 22t Fake 7] whizoltt
(Yoon C. S, et, al, 2003). B-5 57|15 57 7kt Ak 2715
20 um o8} (Al wet 50 im, =100 un ofakkalte FHeld),

ol59] =] wke} 7] etA AgAo] th2r] wjite] Hol 54U
shupalo & Fake}r) ot}

37150 Froke AR B 18] HAEo] rolof= A
Al A7IA] FE R HESk=d] nucleation range , ‘accumulation
range , ‘coarse range & 51 Qo) = W] 97|15 A
A} (fine particle)o |2} aHt}, W2+ nucleation range®] YAES
“LE5]o] ultrafine particle®|2} 517] e gt

Nucleation range®] A= FLF2 QIgt 579 =o)Lt
Slepkg-C 7 AAE Hg =7]7F 4= Lien]EfofA] 100 m =17
5 W}, o] A IAR= ol Aol Heke- 255 k=t Y
A7} H3F A-eE 7L &7k =8It} Nucleation range T
O] QA= 71 Y7 Aol whet Akt A O WGk ZmlA] 1A
(HFo] @25 10~60 nm, At 30 nim~10 wn, SHEY, AFISHHE o)
ok 7] 5), 71E9] sA 7ol L FARER QIR Q191AQl
ZuA JAF (AR Qe ; 10~80 nm, H|QIE A4 80~100
mm, 85 & 10~50 nm, TP WiEE4; 7~40 nm, FAF7 | ARE-
ER= 7REEE 1 10~400 nm)= 9ick

Accumulation range®] A= 100~1000 nm A71& 2=t

Log dismeter
1 nn 1D|nr| 10? nn 1DDIU nn 1DDDID nn
I T 1 | |
Bulk aerosol

Bk L Y

Fine particles Coarse particles

Ultrafine Fine
%
.-.--“"‘”'” h“"" mna,
e s cum Ul e
P angy
Mucleation cocumulation Coarse
Range Range Range

| + Maturally occuring 'ultrafine particles' ‘

“olcanic ash, Forest fire smoke
"Sea spray mists

*Dust from deserts: ~ 100 nm
*Bacteris. 30nm~ 10 um

=wirus: 10~60 nm

+ Ultrafine Particles from conventional processes
and incidential byproducts of human activity
*Paint pigments: S0~ 100 nm
*Carbon black for toner; 10~ 400 nm
=Combustion soot 10~ 60 nm
“Welding fumes: 10~ 50 nm
*Diesel exhaust emissions: 7~ 40 nm

4 Engineered nanoscale materials
- "Manomaterals" or "Nanoparticles”

*Fullerenes{buckyballs): Tnm
*Manotube 1~ 5 nm x 10 um
*Quantum dots S~ 20 nm
*Dendrimer

J& 3. A diagram of airborne particles in a specific size range.
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LAz Jenkins, N. T, 2003; Jenkins, N.T. et al., 2005). ©]
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NTo] 9]t hie52S- engineered nanomaterial (3312 1
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3% 4. Diagram indicating relative scale of nanosized objects
From NNI website (http://www.nano.gov/html/facts/The_scale_
of_things.html).

I3 5. C60
fullerene (buckyball)

a3 6. model of single -
walled carbon nanotubes
(http://en.wikipedia.org
/wiki/Carbon_nanotube#Multi—
walled.)

NTHEop|A] o] o A2E| AL =0 2|4gh 3t SwHo|
A 1~100me] =715 2L glem o] 27| & Sl Solek Ad2kE
Zh= 3814 U =2 (engineered nanomateriallS Y=L,
o]e _i_g] 1/]__LEEX] T "HE le}i 4/\]0]. 1;].

Weads 47, i‘é, Gefoll wef A 1A 02 szt o)

< Aert Qlont g 7ol AEA) ol olow WAl
g e %é“—’l Aol l 7|8 7] AR A1
o

(@ Carbon-based materials ; = TR o]Foj#] 9lom
0] Bl 55, B s RE RS waL Qlek, ol ekl
o] BhaA| =2 fullerend o2fal a1l AT & Ui
Evgla o) 2 deAl e s H 2= SWONT (Single—walled
carbon nanotube)7} It} o] S vl$- thefsiA 58
t olE S0l 3 L5, TR, skl 7k Ao /\}%ﬂ
AL, R Ao ARG

@ Metal-based materials ; ©] HF9| &4 52
quantum dot o™ (LY 7), WeZE WiedlH | ojilshelehs
22 Fakshzo] 2L} quantum dotS ] = A
Of A7 Ao 1of Q= Ve A AejAgeE 11 A7|7F o
teu]Efof|A] pienElo] o2}, 7|5 WSIA7|H FekA &
‘go] Bzttt
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3 7. Computer image of a ¥ 8. Zinc oxide nanostruct-
Gallium arsenide quantum dot ure synthesized by a vapor—
of 465 atoms.(Image courtesy solid process. (Image courtesy
of Lin-Wang Wang, Lawrence of Prof. Zhong Lin Wang,
Berkeley National Laboratory)  Georgia Tech))

3 5%

a8 9. Computer image of generations of a dendrimer,
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7W 7V s Fold 4= glom] T3t FufA| =t -85 AL
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@ Composites ; OF= Ute §IAFE TFE Wie QAR Tz 2
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¥ 2. Potential exposure of public citizens and worker
(Modified from Aiken, RJ et al, 2004)
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aR0l=/mi2 suspension =8
Az 299l 7t8, =& &Y o
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1) 37| & 220|Lt O|AES| =2 S5t 20| H2E ERF & Ut

* REAEOME Metd2lZ0] I g ISR ARBEL ULt 010
CIM HIE 22 Solfoto] Ld SHQI HINIS YIRS 132EICIA, OpEL
HISI0IEE ‘ddsitts LR 2ishz QUL

At Ql A YT} fEEavt 4% 2427} "ot
(Yoon, C.S, et al., 2002). 37| & F-r=lo] Q= Liem2o] A
ol YAk 2717} - a3t ek girt, YAke] Aol wf
ep 2k SR, A Eas 5] Fdo] Qs tha 2 Ake] o
OIWL Zaoﬂ ok A7) 283k 4= 9l

UALE] AA| 217do] ofet AR Ak

of 54%‘ T &= L7k 1okl 7Pgge wef 71 4
73)0] 100mme|3}9] nucleation range®] WedAR= 37|54
7paAR] S AL wEt) ofF Rk w71EelA AR ARE
S EAEl=T] o) HiF-Ee] 3% o] accumulation range
o] & Q= AgkE]Y] wiolc}, 80~2000me] accumulation
range®] YAR= B7150lA M s E kst a0
Lo} Hos) olrhh 4] i 4] A7kS 5 e 2000
o 2 AR 7S SERo R AAE e Tl s RS
Of AukA] HA1S whe Ze- o, ]% SO WedAke] 32
H 7(;]) o

4% 5 712o] ] i, b Sk B0 sl 7
QA ] QA oheh o] At 2 Qe BT 4 glon] §

PROCESS
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Primary Aggregates & Dronlets

Particles Agglomerates
Small diameter High surface area Residue can have
(~B-30 nm} nanostructure

Typically ~ 100 - 1000

And high surface area
nrm in diameter

High surface area

Deposition
throughout the
respiratory tract
and rapid uptake

B Deposition throughout
Deposition in the lung the respiratory tract
uptake by immune and gut

system cells

J8 10. Airborne nanoparticles.

Executive, 2004; Aitken, R.J. et al,, 2004), L& 10:& L=9)%
757150l EAHE FEet QAR S0l 71 AR
ojct,

S0 RS ks SReP o] A PR Ak A2t
Qe whet A DepAlze] YA T304 J2R 1A
7|o18}A A)7ol| ofsf) A vhErt, 19 104 Hzo] 0,1un ©]
5] 2R ket ymo 2] T A= Aol] Eolet 2atE]7] 4
t}, 0.1um (100 nm)o]5}e] AAk= Z9lwlo] H7hA] LEslr] 418
) We ikt o] A7)0l &3tk 0.1~mAte]e] YAk
w2 HfEE 4 9lo] oF 30% Hwyt wHof H2krka &A 9
th, S o)) k= Fofl =S| Aol utolut 7] =] Hoj
Qb= lol] ofsl] AlAEof Adbro R TH= AAY S El
AAE]7] 41c} (Yoon, C.S., 2004; Hewett, P., 1995).
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& 11. Predicted deposition of inhaled particles in the human
respiratory tract. ICRP 1994 model: light exercise, nose
breathing; minimal inertial and diffusion deposition mechanisms
(International Commission on Radiological Protection, 1994).
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Rasmussen J.P. etal., 2006). o] AdoA Z U7} Fakt =
TS e =17] 9] QA7 Safsh=t] QAbe] A7 ot
Speb] 244w Fasirtal sil,

AFE B WemdY] AUgre okE, Ak ARk
& 5ol 7Fsht ARk w9l L o] wie- Ariar et
ESF 57IAE B SUE WeEE o] 471w Flko] o5y
P12 Sofel asp|io s Sold i Qi oFA SAkE Fol

A, 3571419 Askag-0 = QIgt AH9] 7] Hol7k Zlo]

£ Sl ot ol o34 g 4 9k

s -

3. x| R=0f mE AHAM

UeQAte] 7918 g at EAdol oigt e A 2ol
ShU5] 4| an QAN A AIA 0 2 Al v A AT L
A2 opan W v o] ofgt A offjgt AL Q1S Ho)
th, 20054 AR vheEE o] A Zh7 1] it wl=g ko]
e thy 19 1239 28E3Ieh (Maynard, A. D., 2006a).
gkl BE AR Ve o] 7 SlRlds skl
U S Qlek, whebA v QlAte] thgh 24 -t st
gefell Al 71Eo] ke mpol AR A7) W 1 ose] YAt stk
A, 84 & 5 A DA AU FARER U Lheg=20] Q4
ol A] ATRE A9IA 07 A|xgt LR 9l atol 88 4= Ql=A]
71 epgdo] ofg] SollA] IAE|9IL) V] drollA] ofu] A}
O] 29} 3akA] 2Adof| ke 7791 o] Eekrl Aol Sy
a1, FTEe L QIR tigt A ATkE o1& Yskal k.

Cardieoscibar [2)

Skin {5

rmasroinestinal ract i)

I3 12. The number of current research projects specifically
focused on the impact of engineered nanomaterials on five
target areas within the body (lungs, skin, cardiovascular
system, central nervous system, gastrointestinal tract)
(Maynard, A.D., 2006)
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} (Oberdsster, G. et al., 2004; Kreyling, W.G. et al, 2002)
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& 14. Effect of particle size, mass on inflammatory response
(Oberdoster, G., 2000). (a) Effect of particle size, TiO2 instillation
in Rats. (b) Effect of particle mass, TiO2 instillation in Rats.
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a2 15, Effect of particle composition on inflammatory response.
Importance of Surface chemistry; comparison of insoluble
materials with different biological activities (Maynard, A.D,
Kuempel, E.D., 2005).
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33 16. Alveolar granulomas containing single—walled carbon
nanotube (SWCNT) with collagen detected in granuloma,
indicating a fibrotic response. The tissue sample was collected
7 days following exposure to 40 xg of SWCNT by pharyngeal
aspiration in rats.(NIOSH, 2007)
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38 17. Translocation following inhalation from upper airways to

brain - °C labeled 36 nm diameter particles (Oberdorster, G.
et al,, 2004)
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18 18, Nanotech risk research area that need addressing
(Modified from Maynard, A.D., 2006a).
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