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Abstract : Recent rapidly growth in nanotechnolgies is promised novel benefits through the exploitation of their unique industrial
and biomedical applications. In addition, the production amount of these nanomaterials and nanoproducts has increased, and thus
their uncontrolled release into the environment is anticipated to grow dramatically in future. Therefore, nanowaste streams must
be effectively managed for sustainable nanotechnology. However, the effectiveness and capability of the current systems to
handle nanowastes are yet to be established. In this review, we investigated several key topics for new paradigm of nanowaste
treatment, (i) global and domestic production of nanomaterials and nanoproducts, (ii) definition and key resources of nanowaste,
(iii) current and developing treatment method for nanowaste, and (iv) regulations for nanomaterials and nanoproducts.
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Table 1. Estimated global production of nanoparticles (NP) and nanomaterials
. Production (ton/y)[11]
Applications Nanomaterials Examples
2003 | 2010 | 2020
Structural applications | Ceramics, catalysts, films & coatings, composites, metals | SiO,, Al,O3, PtNP, PANP 10 10° | 10*10°
Skincare products Metal oxides TiO,, ZnO 10° 10° 10°

Information & commu- | Carbon nanotube, electronic materials, organic light | SWCNT, MWCNT, AgNP,

nication technologies | emitting diode, nanophosphors

2 3
AuNP, fullerene 10 10 > 10

Biotechnolo .
gy markers, biosensors

Nanocomposites, encapsulates, drug delivery, diagnostic | AgNP, AuNP, Fe,Os, liposo-

<
me, dendrimer ! ! 10

Environmental

Nanofiltration, membranes, adsorbents, photocatalyst

AL O3, SiO, TiO;, CdS, Cd-

10 102 | 10*10*
Se, nanoclay
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Figure 1. Inventory of nano-consumer products by country (raw
data : Woodrow Wilson International Center for Scholar).
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Figure 2. Commercial nano-consumer products growth from 2005
to 2010 (outer circle) and major nanomaterials used in na-
noproducts (inner circle) (raw data : Woodrow Wilson In-
ternational Center for Scholar).
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Figure 3. Categories of nano-consumer products (inse : subcategory
of heat and fitness) (raw data : Woodrow Wilson Interna-
tional Center for Scholar).
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Table 2. Nanostructures loci identification in nanoproducts and postulated potential levels of exposure[10]

Types Categories

Releasing feature Exposure levels

Solid-bound

Release easily from surface via mechanical stress or wear/tear

Low to medium

Free-bound

processes
Liquid-suspended Easily get into contact with living organisms Highly likely
Solid-suspended Feasible after matrix or coating falls off Low to high

Surface-bound | Surface-bound nanostructures

Release via mechanical stress or normal wear/tear processes | Very low to medium

Bulk-bound

Bulk-material bound nanostructures | Release via extreme mechanical force

Very low to low




254 7714, A8W A3 E, 2012 9

Table 3. Key compartments of nanoparticles' exposure[15]

Source Example Compartment
Groundwater remediation Groundwater
Application of agrochemicals | Soil, air
Point sources | Use for water treatment Water
(direct release or| Release from waste incinera- Aj 1
release from | tjon plants 1r, S01
technical
Release from wastewater tre- .
compartments) Water, soil

atment plants

Leaching/draining from land-
fills

Groundwater, soil

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

Air, soil, water

Nano-TiO, wash-off from sun-

Diffuse sources | sereen (in lakes etc.)

‘Water

(release from | Weathering of nano-TiO, from
products) paints

Soil, water

Use of CeO; in fuels Air, soil, water
Spreading of biosolids onto Soil
land

Nanomaterials

Storage/distribution |

production Transport
Incidentals, Linkages,
spillages, discharges Transport
discharge,
waste
streams Nanowastes
Liquid-phase/suspensions, Waste
Solid waste (matrix-bound), streams Nanoproducts
gas-phase suspensions
Waste I Untreated waste
1streams strea msl
Wastewater/landfills | Treated | Environmental exposure |, |

streams

Wastewater, solids, runoff | Wast® "} Humans and eco-systems

Figure 4. Nanowastes generation and exposure pathways.
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Figure 5. Schematics toward nanowaste reduction by pre- and post-treatment in waste and wastewater treatment plant.
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Table 4. Regulations for nanosafety in major countries

Country Regulations* Target materials | Report
USA | TSCA, FIFRA, FFDCA | SiO,, ALO;, CNT, | > 10
AgNP ton/y
EU REACH, CLP, RoHS, CR | CNT, AgNP >1
ton/y
Japan | Informations gathering by | - -
MOE and METI
Thailand | Work by NANOTEC Labelling with -
Nano Q
Australia | NICNAS Industrial > 100
nanomaterials kgly
Korea | Comprehensive plans for | - -
nano-safety (2011. 10)

* TSCA : Toxic Substances Control Act
FIFRA : Federal Instecticide, Fungicide, and Rodentricide Act
FFDCA : Federal Food, Drug, and Cosmetic Act
REACH : Registration, Evaluation, Authorization and Restriction
of Chemicals
CLP : Classification, Labelling and Packaging of chemical subs-
tances
RoHS : Restriction and use of certain Hazardous Substances
CR : Cosmetic Regulation
MOE : Ministry of Environment
METI : Minitstiry of Economy, Trade and Industry
NANOTEC : National Nanotechnology Center
NICNAS : National Industrial Chemical Notification and Assess-
ment Scheme
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