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Abstract — Recent rapidly growth in nanotechnolgies is promised novel benefits through the exploitation of their
unique industrial and biomedical applications. With increasing utilization of nanomaterials in consumer products, the
potential release of nanomaterials into the environment and their impacts on the ecosystem and human health have been
the issues of concern. Nanomaterials that was exposed unintentionally in environment might be accumulated in various
environmental media, and finally it will be influenced to human and ecosystems. Therefore, it is important to under-
stand the fate and behavior of nanoparticles for understanding effects on environmental media (air, water, and soil
phase). Therefore, in this work, we investigated the several cases for environmental exposure of nanomaterials and sug-
gested the direction of further research. In workplace, exposure to air media is dominant, but finally waste and waste-
water was moved to the water and soil phase. In addition, we found the existing sewage treatment plant was not suitable
to remove completely nanomaterials in wastewater flow. To deeper study, environmental monitoring tool must be devel-
oped additionally and we suggested the several analyzing method for aged and pristine physicochemical properties of
nanomaterials exposed into environmental media. This review for nanomaterials' exposure to environmental media will
be helpful to investigate the envrionmental fate of nanomaterials and define the suitable treatment method for nano-waste.
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Table 1. The potential exposure pathways of nanosilver from nanoproducts into the environment [7]

Category Release pathway Products #
Medical application Medical Incineration, landfill 1
Health and fitness Wastewater, landfill 11
Home and garden Wastewater, landfill, runoff, direct & diffuse pathway to aquatic environment 3
Food and beverage Landfill, recycled, lost, ions to water 2
Appliances Wastewater 1
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Table 2. Key compartments of nanoparticles' exposure [12]

Source Example Compartment
Groundwater remediation Groundwater
Application of agrochemicals Soil, air

Point sources (direct release or release Use for water treatment Water

from technical compartments) Release from waste incineration plants Air, soil
Release from wastewater treatment plants Water, soil

Leaching/draining from landfills

Groundwater, soil

Wear during use, e.g. nano-Ag in texiles, nano-Si in tyres etc.

Air, soil, water

Nano-TiO, wash-off from sunscreen (in lakes etc.) Water

Diffuse sources (release from products)
Use of CeO, in fuels

Spreading of biosoilds onto land

Weathering of nano-TiO, from paints

Soil, water
Air, soil, water
Soil

wjgo] FEEUTE 37 mFel Bk Alv] e AAA] ARAlEel
AHEE S (AgNP)9F ATl AR TiO,, HE3taA e AF-E
CNTE A= Aste] 974 9 283 w& AU & &
Jstodet. dld R mEd, 3 &2 Az o5t d
Lot AF ARGl o)t FReER TR, iyt B
FA Zo] A IS & 5 AUTk(Table 2).

S|4 National Research FLAGSHIPS X2 738 7}5-A|A
2010 4€ el “Fate of manufactured nanomaterials in the Australian
environment” 2H= B 1AE ST 13]. =2 57 =Fel U]
g FEEE Felealor, A ezl e BEY mE2E dF U
3 Qe A eZoll AEe ol 7] ieE ] At EoF
olvf FAR o FsHl Ha, FA el SAsHE thekst f71E
(NOM, natural organic matter)¥} G5of J3] Y2 54,
713 A oleFE T = AX7] witel dE viA ==
of] =S FHULH13]. A 2EF2 A& AA A2 Al
A7} HA T A= EHAE wigolu 278 ARA H1 H
FTHOo R EQO® olFsHA vt B o T3 B/o] £od
713F sl E Al Eok o] mlAEo AE el s A
ok AnARl 3 mjA] =E2 S AV BAE Tl 3 =
o 7V¢ a3 miAlE AHsk= WS AxEk .

34 A Y B wE59 271975 Boxall 28l 98 o
Fet A7 AIEH NI [14], FAE B 2EolA 37 viAE =
T7F A= 31 Qe e o38] tf7] mEe] - AT
2 ol Al A, A =E2 Ay A
kAl B2 Bl AFstar v g B wE
G sl wepa] 4] 27ks e Zsel il A
193} 22 A ] BAF A7 5 ol Fa Stk 1 9] o
&gt A7l ATE AL, weF: BEs AAsto] $4
As AluEl e B4 9 E45A] A S Fall S5 EE
(predicted environmental concentration, PEC)E A|A|S}ITY.

27|75 v R & 3 = AN AR A9, Fig 13
o] i viAE FQ35F F4 5/d (end-point)©] FEFA LR A
AE 3 ek A 2F Alelle FAR A 718} AlRtel] whE
A% W3, 88 =7t T3 end-pointE A|AH 1L QITh HHES]
739, ARl Wb galle} o mi A W iRk SlE vt 53
Fro g slot 3 Qo EYE AAET A A2 9l
), B U G715 Rk B9 Ul F&Ee] 1EE 1 9l
ok ti7lel] #eiME TFA 0% A W EYew ofsdttal 7t

lo o A
oo T~ 2

]

o

Korean Chem. Eng. Res., Vol. 50, No. 6, December, 2012

Soluble nanomaterial in soil pore waters
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Fig. 1. Key end-points of released nanoparticles into environmental
media (air/water, sediment, and soil).
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Fig. 2. Mass flow for nanoparticles from nano-products.
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Fig. 3. Flow-chart of analysis and sampling nanoparticles released
from liquid- and gas-phase reactor.
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Table 3. Candidated analysis tools for physicochemical properties of nanomaterials released into environmental media

Media Key propoerties

Examples of nanomaterials

AgNP TiO, SiO, CNT

Agglomeration/aggregation SMPS SMPS SMPS SMPS
Crystalline phase XRD XRD - -

Air Representative TEM TEM TEM TEM TEM
Size/size distribution SMPS, TEM SMPS, TEM SMPS, TEM SMPS, TEM
Zeta potential ELS ELS ELS ELS
Photocatalytic activity - Phenol degradation - -
Agglomeration/aggregation DLS DLS DLS DLS
Crystalline phase XRD XRD XRD XRD
Representative TEM TEM TEM TEM TEM

Water Size/size distribution DLS, TEM DLS, TEM DLS, TEM DLS, TEM
Zeta potential ELS ELS ELS ELS
Photocatalytic activity - Phenol degradation - -
Dispersion stability in water MLS MLS MLS MLS
Agglomeration/aggregation TEM, SEM TEM, SEM TEM, SEM TEM, SEM
Crystalline phase XRD XRD XRD XRD

Soil Representative TEM TEM TEM TEM TEM
Size/size distribution - - - -
Zeta potential ELS ELS ELS ELS
Photocatalytic activity - Phenol degradation - -
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