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Manufactured nanomaterials have drawn attention due to their potentia toxic effects on human and envi-
ronment. The physico-chemical properties of nanomaterials can play an important role on the understanding
of the toxicity mechanism, however, few physico-chemical properties have been reported. In this study, the
physico-chemical properties, including size, agglomeration, solubility, crystalline structure, surface area, den-
sity, octanol-water partition coefficient, dustiness, surface composition, surface charge, surface energy, surface
reactivity, photocatalytic activity, redox potential or the radical formation potential were recommended to be
characterized during the sample preparation and toxicity evauation. In addition, preparation methods of nano-
materials suspension, such as a bottom-up approach and a top-down approach, were explained. Recom-
mendations regarding on the safety assessment of manufactured nanomaterials are i) sample preparation with
minimize the chemical additives; ii) relevant selection of physico-chemical properties, which are related to nan-
otoxicity; iii) collaborations between toxicologists and engineers (or scientists), who designs and characterize
manufactured nanomaterias.
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Fig. 1. A variety of parameters of manufactured nanomaterials for toxicity; The exposure scenarios should be considered

to characterize the physico-chemical properties.



o]
FHOIARE 7 = w9 TRl ofE Zjiolr
Wegds SAR7le WS o 77 QAR 7

T8 AL ol A AHelN S99 A3
o mRE JFS Haslelolop dtk= Holt), 714

oAl 5497 YieEd AlEe oY VM

A% A, FAAA glo) v BARA I Ao
o] Qi Pk & 4 elek. X o)s) e
olgHel A Az e AARE & Al

Fe] 542 WBAA JPsAol Ak meb o3y 7
A H4e Fol] heBd ARE Azsky, A7)
Azsgo] e 3fel HFol MAE FFS 3
Fale] 7Hg AT ARAZE LS Bo} AT Zo]
Zaslth 5, g A Az, Bese 5

73 Wl =457 A3E 2T shiel = el

st A7 AAE E4sioR dv B3 F el

A A Tl de emd AR disiME A

2] Fgo] Fasitt. olu ZAANAN HH A
=

;é]

Wesde] =gstety 540 tid dve e
Ao EQUAS olsfiske woklde F8skARE <
Aok g Bl tid Whemde] AEAES vt
sl Fsle ggst B2 gk 2F Hrh A7
29l gk Yeesd e S =SHUS
o] &7 midolA tFgt Fel= S Al
FE A F e, dE oM EYelMe EXY
Aol F2Fste] SRE = L, ol =EE FeelA
= Fsety WSS K2 ¢ SUrkFig 1. A #
H =F 7FsdE defslr] fleiMe 4 Wl Az

& - A48 - o5 61
o] 54 % A% td 9ol Besky ol
2 9l 71ze] pEse A8 P WL A
L

=

o3 AFES =5 F Ak A, Alx
o] =53 sgjsiety 5450 229 FF
|

FRIA)e wh} o)A

ood o
M o
m&i—“

& e O
2 L%{ i
-I@ SR
oX nf 2
1o
s ok
RIS
it o %
(o
fﬁ‘ X
— EILI
I
N
g
p

ok 3t} B4, A7A
2 JRIANA BlaA sk AdEe] v ERe] g
Ao =2HAE v, =B EAHsL A7) 23
wofof gttt =, Az 7h, HFAFLES] A2
Hubel] thek olafie} A A VB EAJHs)
A7E stk AA, AlzudeEde] A o)F
stal HEE Y G = Esied 548 Tt
o} gt} 53] BEYFRo|=9) 2 A2 fE v
< B3 Wh=Edo] o9A olFsh=A AF7F Fast
ok A, ieEde] B t7] 27E0] of9A |
EF 7] Ul A% 9T FEA etk A
T Zasith ol WA, Bt AkrellA YieEE
o] drh} o|FslEX], EY Aio] mjEEAUS
Aslret g W2 o5 7Fedd Asks 43S
53 =% HHE d=T oyt ok 98 WA, A

g
=
e A Wl 4, esde] AEehH, v

BESH Y2 o walvh AR A=, Lalh
A3 FAEE ofdl oA etE et Ak
WA, Alzvhegde] Beslets S450l v,

| ES o) 3L olgA vhreA, dlE 59 b

(T bomo ool

ol o3 ASBY W T kg Fol o3
RGeS Wrske A7 Baskt oy WA, o
29l seAeEe ALgEel 284 W) hewae

RO AAT 5 YA AP 2 olg] Al /1%

2 978 Bas} Yok O R, LheBds) S5

3 B42 wgal) Seis dEsks A% 2 olE

wde s4o] Wad = k.
olst o], VheBAe] Belsies 54 stetsh

Aol 54 8 wd Brhe] AWAQ sy BrREo}

oA Fod P2 AT YA, 7 PEE] o)

# A AL @ 5 Ak @A AAE

WP e F9 O B YA, 27, B

%, ERASHHSA, A, EWD) 5S4 A

2beEdS 75, AP L S99 5 om,

£ B4 FHEAAY $HE Y= W £ 9



2. MIZHE=ER AMEEY| UY

42 OECDAINE Az kesd 5 54 93 715
4 BE 94 ATIE B UES A4 wus

AT, WEE SHDT EAES T GERpE

T 2
o

*
v
i
i)
y
o
ro o

siHox Alofalr] Slald Al

Table 1. The representative manufactured nanomaterials and their applications

Nanomaterial

Application

1) Fullerene
Fullerene (C60)
energy, or IT device

Drug delivery systems, fuel cells, cosmetics, sports industry (bowing ball, golf-club head),

2) Carbon nanotubes
SWCNTs

MWCNTs electronics.

Selective gas sensor pertinent, high-strength/high-stiffness polymers, drug delivery, or

3) Nanoparticles of elements
Silver nanoparticles
Iron nanoparticles

Clothes, washing machine, wound dressing, detergents, or antimicrobial coatings
Water treatment in contaminated groundwater, magnetic data storage, resonance imaging

(MRI), certain alloy, or catalytic application

Carbon black

Pigment, reinforcing phase in automobile tires (for example, the tread and belt area), radar

absorbent material, or printer toner

4) Nanoparticles of metal oxides
Titanium dioxide
Aluminum oxide
Cerium oxide
Zinc oxide

White pigment, sunscreen (sunblock), semiconductor, photocatalyst, or waste water treatment
Refractory, ceramics, polishing, or abrasive application

Fuel cell electrolyte, or catalytic converters in automotive application

popular over-the counter cold remedy, biosensing, sunscreen (sunblock), breakfast cereals (as

a source of zinc), pigment, or semiconductor

Silicon dioxide
hydrated silica in toothpaste

Semiconductor, food additive to absorb water, electric insulator, medical anti-foaming agent, or

5) Polymers and other organics
Polystyrene

Plastics, solid foam (insulation in building), or CFCs

6) Dendrimers
Dendrimer

Drug delivery system, photonic excied molecules (insert porphyrin, absorb light, and

photosynthesize artificially), or organic electroluminescent devices

7) Nanoplates
Nanoclay

Automotive part, energy, packing, or adhesive
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Table 2. Characterization methods of physico-chemical properties of nanomaterial

Relation with

P. Chem. properties Instrument and methods . Remarks
agglomeration
1) Information about size distribution and agglomeration
Size SMPS, DLS, SEM, TEM, BET, STM, AFM o
Shape SEM, TEM, STM, AFM
Agglomeration DLS, AAN, Pd, Stability ratio, DLVO theory, CCC
2) Particle information
Solubility/purity ICP, AAS, UV/VIS Spectroscopy, HPLC
Crystallinity XRD, Scherrer eqn
Surface area BET, DC, Epiphaniometer [
Porosity BET
Density ex, OECD TG109
O/W partition coeff. ex, OECD TG107, 117, 123
Dustiness single drop/ fluidization/ rotating drum+SMPS
3) Surface chemistry
Surface composition FTIR, ESCA, XPS, SIMS, TGA, DSC [
Surface charge Titration, ELS o
Surface energy LIMC, contact angle o
Surface reactivity MALDI-MS Y exclusive methods”

4) Reactivity

Photocatalytic reactivity =~ UV/VIS+propanol degradation
Redox potential Ccv

Radical formation potential DMP/RNO/DCFH-DA, ESR

exclusive methods”

Notes: *) The exclusive methods have been developing for applied purposes.
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Fig. 2. The pathway of toxicity evaluation within the framework of physico-chemical properties of manufactured
nanomaterials; The physico-chemical properties of manufactured nanomaterials should be characterized during

the sample preparation to toxicity evaluation.
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Abbreviation

AAN, Average Agglomeration Number

AFM, Atomic Force Microscopy

AAS, Atomic Absorption Spectrometer

BET, Brunauer, Emmett, Teller

CCC, Critical Coagulation Concentration

CFE Cross-Flow Filtration

CNT, Carbon Nanotube

CPC, Condensation Particle Ccounter

CV, Cyclic Voltammetry

DC, Diffusion Charger

DEE Dead-End Filtration

DLS, Dynamic Light Scattering

DLVO, Derjaguin- Landau- Verwey- Overbeek

DMA, Differential Mobility Analyzer

DSC, Differential Scanning Calorimeter

EDS, Energy Dispersive Spectrometry

ELS, Electrophoretic Light Scattering

ESCA, Electron Spectroscopy for Chemical Analysis

ESR, Electron Spin Resonance Spectrometer

FFE Field-Flow Fractionation

FTIR, Fourier Transformation Infrared Spectrometer

HC, Hydrodynamic Chromatography

HiPco, The High Pressure Carbon Monoxide Pro-
cess

HPLC, High Performance Liquid Chromatography

HR-TEM, High Resolution Transmission Electron
Microscopy

ICP, Inductively Coupled Plasma

IER, Isoelectric Point

LCA, Life Cycle Assessment

LIMC, Liquid Immersion MicroCalorimetry

MALDI-MS, Matrix Assisted Laser Desorption
Ionization Mass Spectrometry

OECD, Organisation of Economic Cooperation and
Development

PA, Poly(acrylamide)

PCA, Photocatalytic Activity

Pd, Polydispersity

PEG, Poly(ethylene glycol)

PVA, Poly(vinyl alcohol)

PVP, Poly(vinyl pyrrolidone)

9N Al B EElsiely SR 71

i

ROS, Reactive Oxygen Species

SDS, Sodium Dodecyl Sulfate

SEC, Size Exclusion Chromatography

SEM, Scanning Electron Microscopy

SIMS, Secondary Ion Mass Spectrometry

SLS, Static Light Scattering

SMPS, Scanning Mobility Particle Sizer

STM, Scanning Tunneling Microscopy

TEM, Transmission Electron Microscopy

TGA, Thermogravimetric Analysis

WPMN, Working Party on Manufactured Nano-
materials

XPS, X-Ray Photoelectron Spectroscopy

XRD, X-Ray Diffraction
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