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With the rapid development of nanotechnology as one of the most important
technologies in the 21st century, interest in the safety of consumer products containing
nanomaterials is increasing. Evaluating the nanomaterial release from products
containing nanomaterials is a crucial step in assessing the safety of products
containing nanomaterials, and has resulted in several international efforts to develop
consistent and reliable technologies for standardizing the evaluation of nanomaterial
release. In this study, the release of nanomaterials from products containing
nanomaterials is evaluated using a chamber system that includes a condensation
particle counter, scanning mobility particle sizer, and sampling ports to collect filter
samples and election microscopy samples. The proposed chamber system is tested
using taber abrasion and disc-type nanocomposite material specimens to determine
whether the nanomaterial release is repeatable and consistent within an acceptable
range. The test results indicate that the total number of particles in each test is within
15% from the average after several trials. The release trends are very similar and
showed repeatability. Therefore, the proposed chamber system can be effectively used
for nanomaterial release testing of products containing nanomaterials.
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SHORT ABSTRACT:

Nanoparticle release is tested using a chamber system that includes a condensation particle
counter, an optical particle counter, and sampling ports that collect filter samples for electron
microscopy analysis. The proposed chamber system can be effectively used for nanomaterial-
release testing of products containing nanomaterials, with a repeatable and consistent data

range.
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LONG ABSTRACT:

With the rapid development of nanotechnology as one of the most important technologies in
the 21% century, interest in the safety of consumer products containing nanomaterials is also
increasing. Evaluating the nanomaterial release from products containing nanomaterials is a
crucial step in assessing the safety of these products and has resulted in several international
efforts to develop consistent and reliable technologies for standardizing the evaluation of
nanomaterial release. In this study, the release of nanomaterials from products containing
nanomaterials is evaluated using a chamber system that includes a condensation particle
counter, an optical particle counter, and sampling ports that collect filter samples for electron
microscopy analysis. The proposed chamber system is tested using abrasor and disc-type
nanocomposite material specimens to determine whether the measured nanomaterial release
is repeatable and consistent within an acceptable range. The test results indicate that the total
number of particles in each test is within 20% of the average after several trials. The release
trends are similar and show very good repeatability. Therefore, the proposed chamber system
can be effectively used for nanomaterial-release testing of products containing nanomaterials.

INTRODUCTION:

Nanomaterial exposure has mostly been studied in relation to workers in workplaces that
manufacture, handle, fabricate, and package nanomaterials; consumer exposure has not been
studied extensively. A recent analysis of the environmental and health literature database
created by the International Council of Nanotechnology (ICON) also indicated that most
nanomaterial safety research has focused on hazards (83%) and potential exposure (16%),
with the release from nanocomposites—indicating consumer exposure—only representing
0.8%. Thus, very little is known about consumer exposure to nanomaterials.

Nanoparticle release has been used to estimate consumer exposure in simulation studies,
including abrasion and weathering of nanocomposites, textile washing, and dustiness testing
methods (e.g., the rotating drum method, vortex shaking method, and other shaker methods)?
3. Additionally, several international attempts, such as the International Life Science Institute
(ILS1) NanoRelease and EU NanoReg, have been made to develop technology to help
understand the release of nanomaterials used in consumer products. The ILSI NanoRelease
consumer product, launched in 2011, represents a life-cycle approach to nanomaterial release
from consumer products. Phase 1 involves nanomaterial selection, phase 2 covers evaluation
methods, and phase 3 implements interlaboratory studies. Several monographs and
publications on the safety of nanomaterials in consumer products have also been published*®.

Meanwhile, NanoReg represents a common European approach to the regulatory testing of
manufactured nanomaterials and provides a program of methods for use in simulation
approaches to nanorelease from consumer products?. ISO TC 229 is also trying to develop
standards relevant to consumer safety and to submit a new working item proposal for
consumer safety. The OECD WPMN (working party on nanomaterials), especially SG8 (a
steering group on exposure assessment and exposure mitigation), recently conducted a survey
on the direction of future work, especially a consumer and environmental exposure
assessment. Therefore, in light of these international activities, the Korean Ministries of
Trade, Industry, and Energy launched a tiered project in 2013 focused on the "Development
of technologies for the safety, evaluation, and standardization of nanomaterials and
nanoproducts.” Also, several consumer safety-relevant studies to standardize nanomaterial
release from consumer products have been published”®.



An abrasion test is one of the simulation approaches included in the ILSI NanoRelease and
the NanoReg?2 for determining the potential emission level of nanoparticles from different
commercial composite products. The mass weight loss is deduced based on the difference in
the specimen weight before and after abrasion using a Taber device. The nanocomposite
sample is abraded at a constant speed, a sampler sucks up the aerosol, and the particles are
then analyzed using particle counting devices, such as a condensation particle counter (CPC)
or an optical particle counter (OPC); finally, the particles are collected on a transmission
electron microscopy (TEM) grid or membrane for further visual analysis. However,
conducting an abrasion test for nanocomposite materials requires consistent nanoparticle
release, which is difficult due to particle charging caused by abrasion and by the conditions
when the particle sampling is conducted near the emission point?3 %11,

Accordingly, this paper presents a chamber system as a new method for evaluating
nanomaterial release in the case of abrasion of nanocomposite materials. When compared
with other abrasion and simulation tests, the proposed chamber system provides consistent
nanoparticle release data in the case of abrasion. Moreover, this new test method has been
used widely in the field of indoor air quality and in the semi-conduct industry as a total
particle number counting method'? 13, Therefore, it is anticipated that the proposed method
can be developed into a standardized method for testing nanoparticle release from consumer
products containing nanomaterials.

PROTOCOL:

1. Preparation of instruments and specimens

1.1) Abrasor

1.1.1) This apparatus is based on a Taber abrasion tester. Use an abrasor with one specimen
rotation stage (140 mm diameter), two abrasion wheel holders, and a rotation speed of 30-80
rpm.

1.1.2) Use a weight to secure the abrasion wheel to the abrasion wheel holder, which also
applies load to the test specimen.

1.1.3) Install an additional air inlet to provide better suspension for the abrased particles, as
shown in Figure 3. Use a 1/8”-diameter tube located 15 mm above and 40 mm away from the
center of the test specimen

1.2) Abrasion wheel
1.2.1) Wrap the abrasion wheel (55 mm diameter, 13 mm thick) with sand paper (100 grit and
brand new).

1.3) Specimen
1.3.1) Prepare the specimen with a diameter of 140 mm and install it on the abrasor.
NOTE: Specimen is a composite containing a nanomaterial for the abrasion test.

1.4) Chamber

1.4.1) Use stainless steel for the chamber walls to avoid particle deposition due to
electrostatic force. Place the abrasor inside the chamber (volume 1 m®) (Table 1) and position
the air inlet and outlet in the upper and lower parts of the chamber, respectively. Use a mixer
consisting of three perforated plates at the air outlet to achieve a uniformly-mixed particle
flow.



1.5) Neutralizer
1.5.1) As electrostatically charged particles enhance particle deposition on the chamber walls,
use a neutralizer (soft X-ray ionizer) to minimize the charged state of the particles.

1.6) Online measuring instruments? 3
1.6.1) Use a CPC and an OPC to measure the particle number concentration and particle size
distribution as per the manufacturer’s instructions.

1.6.2) Install the CPC and OPC at the outlet of the chamber to measure the particle number
concentration and particle size distribution.

1.7) Particle sampling instruments
1.7.1) Sample the released particles using a particle sampler containing filter media or a TEM
grid to analyze the particle morphology and components.

1.7.2) Install the particle sampler, containing filter media or a TEM grid, at the outlet of the
chamber to analyze the morphology of the released particles.

2. Abrasion test for nanoparticle release using the chamber system
NOTE: The abrasion test conditions are described in Table 2.

2.1) Place the abrasor in the center of the chamber.
2.2) Install the test specimen on the specimen rotation stage of the abrasor.

2.3) Secure the abrasion wheels in the abrasion wheel holders with a 1,000 g weight to apply
load to the test specimen.

2.4) Position the neutralizer (soft X-ray ionizer) 28 cm away from the center of the test
specimen at a 45° angle, as seen in Figure 2, to reduce the electrostatic particle deposition on
the chamber walls.

Note: The neutralizer removes the electrostatic force by beam exposure. However, since the
air inlet and abrasion wheels are located above the specimen rotation stage, this restricts the
access of the neutralizer beam to the surface of the test specimen. Therefore, the neutralizer is
located diagonally to allow the beam to reach as much of the specimen surface as possible.

2.5) Operate the blower installed at the outlet of the chamber at a 50 L/min flow rate.

2.6) Supply 25 L/min of additional particle-free suspension air using an air compressor
through the additional air inlet.

Note: The particles, which are generated by abrasion, are deposited on surface of the
specimen and abrasion wheels. Therefore, it is hard to measure the abrased particles. The
additional air inlet can help to solve this problem of particle suspension.

2.7) Using the CPC, check the background particle number concentration inside the chamber
to reach an average particle number concentration of less than 1 #/cc for 1 hr, as described in
Figure 4.



2.8) Operate the specimen rotation stage of the abrasor using a step motor that rotates the
specimen rotation stage at 72 rpm with 1,000 rotations.

2.9) Measure and record the released particle number concentration and particle size
distribution using the CPC and OPC.

Note: The particles released from the nanocomposites are suspended and carried by the air
that is being pumped. These suspended particles are eventually transported to the outlet by
following the airstream. The released particles are then detected by the CPC and OPC at the
outlet of the chamber. A CPC and an OPC are most frequently used for measuring the particle
number concentration, while an OPC can also measure the particle size distribution.

2.10) Sample the released particles using a particle sampler that contains filter media or a
TEM grid.

Note: The released particles collected on filter media or a TEM grid can then be analyzed
using TEM or scanning electron microscopy (SEM).

2.11) Stop the measurement and sampling when the particle number concentration reaches
below 0.1% of the peak particle number concentration.

2.12) Save the all data (CPC, OPC) and remove all the samples (test specimens).

2.13) Use a new specimen and new abrasion wheels for each test. Wash the chamber and
abrasor with lab wipes and iso-propyl alcohol (IPA) after each abrasion test to confirm
repeatability.

REPRESENTATIVE RESULTS:

Abrasion test repeatability using the chamber system

The total particle numbers were consistent for 8 abrasion tests, as shown in Table 3. The CPC
measured an average of 3.67 x10° particles, while the OPC counted an average of 1.98 x 10°
particles (> 0.3 um). The deviations were within 20%, which represented a consistent release
of particles during abrasion.

Nanorelease from the nanocomposite

As shown in Figures 5, nanocomposites containing carbon nanotubes (CNTs) 0% and 2%
showed a circle 40 mm away from the center after abrasion. After abrasion, the original test
specimens lost approximately 0.6 g (1.56%) (Table 4). The nanocomposite containing CNTs
released 12.6% more particles than the control composite, as shown in Table 5. Several
micrometer particles were sampled on the filter, while a TEM grid was used to sample the
nanoscale particles. Most of the particles were torn due to abrasion. Field emission scanning
electron microscopy (FE-SEM) revealed no free CNT structures from the nanocomposite
containing 2% CNTs in the filter samples (Figure 6) or mini particle sampler samples (Figure
7) after abrasion.

TABLES AND FIGURES:

Figure 1. Nanorelease test chamber configuration. Figure 1 shows the configuration of the
abrasion test chamber system, and the chamber specifications are presented in Table 1. To
provide particle-free air to the chamber, a charcoal filter was inserted in the air inlet to inflow
sheath air; a mixer, consisting of three perforated plates, was installed in the outlet to achieve
a uniformly-mixed particle flow. For air circulation in the chamber, an orifice flow meter and
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blower were installed at the end of the outlet. A condensation particle counter (CPC) and an
optical particle counter (OPC) were installed downstream of the mixer to measure the particle
number concentration and particle size distribution.

Figure 2. Placement of neutralizer and abrasor. Particles generated by the friction of two
different materials are highly charged. Thus, to reduce the charged particles, a neutralizer
(soft X-ray ionizer) was installed. The specifications of the neutralizer are presented in
Supplement 1. The neutralizer (soft X-ray ionizer) was located 28 cm away from the center of
the test specimen at an angle of 45°.

Figure 3. Configuration of the additional air inlet: (a) front view (b) top view. For the
abrasion test, the abrasor was located in the center of the chamber. To provide better
suspension for the abrased particles released from the test specimen, an additional air flow
was supplied using a 1/8” tube located 15 mm above and 40 mm away from the center of the
test specimen.

Figure 4. Abrasion test procedure. Before the main experiment, the instruments and test
specimens were prepared. The chamber background values, such as the VOC, ozone, and dust,
were checked, and then the abrasor with the test specimen and neutralizer were placed in the
chamber. For the main test, a zero check was performed in the standby phase by starting and
stopping the abrasion. Sampling was performed throughout the abrasion test. After removing
the test specimen, the chamber was prepared for the next specimen test.

Figure 5. Typical change in particle number concentration during the abrasion test. (a)
neutralizer off (b) neutralizer on. Figure 5 shows the typical change in the particle number
concentration during the abrasion test. During abrasion, the particle number concentration
increased, whereas after abrasion, the particle number concentration decreased. (a) is the
neutralizer off condition, and (b) is the neutralizer on condition. During the neutralizer on
condition, the particle number concentration was higher than during the off condition. This is
because the neutralizer can decrease the particle wall loss by minimizing the charged state of
the particles.

Figure 6. Nanocomposites containing 0% CNTs and 2% CNTs. (a) and (b) are before
abrasion and do not contain CNTs, while (c) and (d) are after abrasion and contain CNTs.

Figure 7. Particles sampled on the filter media. The particles released from the composite
by abrasion were sampled on the filter and analyzed by FE-SEM. Most of the particles were
torn particles due to abrasion, and no free CNT structures were observed.

Figure 8. Particles sampled on the TEM grid. The particles released from the
nanocomposite by abrasion were sampled on the TEM grid and analyzed by FE-SEM. Most
of the particles were torn due to abrasion, and no free CNT structures were observed.

Table 1. Chamber specifications for abrasion test. HEPA, high efficiency particulate air.

Table 2. Abrasion test conditions. Ipm, liter per min; rpm, revolutions per min.

Table 3. Total particle number measured using CPC and OPC in 8 abrasion tests. The
data are presented as the mean and standard deviation of 8 tests.
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Table 4. Weight changes for nanocomposite specimens containing CNTs before and
after abrasion.

Table 5. Total particle number released from the nanocomposites after the abrasion test.

DISCUSSION:

The most critical components of the nanorelease test of nanocomposite materials using
abrasion were: 1) using a chamber system made of stainless steel with a neutralizer to remove
the electrostatic charge generated by abrasion and to reduce the deposition of particles on the
chamber walls; 2) supplying additional air to provide better particle suspension; and 3)
sampling the released particles and monitoring them online using a CPC and OPC from the
outlet that contained a mixer consisting of three perforated plates.

The abrasion tester was originally designed to evaluate abrasion resistance based on ISO
7784-1 or 1SO 5470-1'*1°, Taber abrasion testers are now widely used to simulate sanding
processes and to study the abrasion resistances of materials and coatings; such abrasion
methods have been modified to examine the nanoparticle release from nanocomposite
materials®*!. An abrasion test is also one of the simulation approaches included in the EU
NanoReg?. However, conducting an abrasion test for nanocomposite materials requires
consistent nanoparticle release, which is difficult due to particle charging caused by abrasion
and by the conditions when the particle sampling is conducted near the emission point.
Therefore, the proposed chamber setting for an abrasion test solves these problems by
neutralizing the particles and sampling down-stream of the chamber outlet that contains a
mixer. Thus, consistent particle release from nanocomposite specimens is achieved.

Several attempts have already been made to identify free CNTs released from nanocomposite
materials. For example, epoxy-based nanocomposites containing CNTs have been tested for
the release of carbon nanotubes using an abrasion process. As a result, transmission electron
microscopy (TEM) observation indicated the emission of free-standing individual CNTs and
agglomerates during abrasion®. In contrast, no free or bundled CNTs were observed in
electron microscopic examinations of two different hybrid CNT composites (CNT-carbon
composite and CNT-alumina composite) during machining processes, such as dry and wet
band-sawing and rotary cutting'’. Meanwhile, another CNT-epoxy nanocomposite study
showed that the particles generated during sanding were mostly micron-sized particles with
protruding CNTs and no free CNTs®. The current study of nanocomposite abrasion also
found no generation of free CNTs when evaluated with extensive electron microscopy.
Notwithstanding, the emitted CNT structures will differ depending on many factors, such as
the mechanical process, the method of manufacturing the nanocomposite, the variety of CNT,
the CNT content in the composite, and the resin used.

A chamber system has already been used to evaluate nanorelease from other products
containing nanomaterials. For example, to evaluate the risk of silver nanoparticle exposure
from antibacterial sprays containing silver nanoparticles, a chamber was successfully used to
simulate exposure to silver nanoparticles’. Additionally, to overcome the difficulties involved
with conducting exposure assessment studies in the workplace, simulation studies have been
conducted in a chamber to evaluate the extent of silver nanoparticle exposure when working
with printed electronic devices that use nanosilver ink. In this case, a chamber system
containing a printed electronic device and all the sampling instruments described in this paper
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was shown to be effective for simulation silver nanoparticle exposure evaluation studies®.
Thus, the proposed chamber method protocol is not limited to abrasion tests but can also be
applied to other simulation studies in order to identify nanoparticle release from consumer
products containing nanomaterials or nanocomposites.

Therefore, when taken together, the proposed protocol using a chamber system can be used to
evaluate the safety of consumer products by simulating the handling and manufacturing
processes of many products containing nanomaterials. In particular, the consistent results
from the proposed chamber system in terms of particle release from products will contribute
to the evaluation of the risk of exposure to nanomaterials released from products. The future
goal is to standardize this protocol, with extended application to other nanocomposites or
consumer products containing nanomaterials, in order to characterize human and
environmental exposure through the nanomaterial life-cycle and to provide a tool for risk
assessment.
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Figure 1. Configuration for abrasion test using chamber system.
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Figure 2. Placement of neutralizer and abrasor.
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Figure 3 Click here to download Figure Figure3.doc %

Figure 3. Configuration of additional air supply tube with abrasor. (a) front view (b) top view
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Figure 4 Click here to download Figure Figure4.doc =

Figure 4. Abrasion test procedure.
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Figure 5

Figure 5. Typical particle number concentration changing trend during abrasion test. (a) neutralizer off

Click here to download Figure Figure5.doc

(b) neutralizer on
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Figure 6 Click here to download Figure Figure6.doc %

Figure 6. Nanocomposites not containing CNTs and containing 2% CNTs: A&B not containing CNTSs,

C&D containing CNTs, A&C before abrasion and B&D after abrasion.

(@) (b)

(c) (d)
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Figure 7. Particles sampled on to filter media.

A. 0% CNT composite
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Hanyang 15.0kV 12.4mm x5.00k SE(M)
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B. 2% CNT composite

Hanyang 15.0kV 12.2mm x5.00k SE(M)
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Figure 8. Particles sampled by mini particle sampler.
A. 0% CNT composite
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Table 1 Click here to download Table Table 1.docx 2

Table 1. Chamber specifications for abrasion test. HEPA, high efficiency particulate air.

Dimensions 1000 mm x 1000 mm x 1000 mm (1 m?), Stainless steel
Blower (with HEPA filter) 200 mm x 200 mm x 200, 909 W
Pressure sensor Magenehelic, 0 ~ 100 mmH»>0
Filter (chamber inlet) 320 mm x 320 mm x 400 mm, HEPA filter
Charcoal (chamber inlet) Dia. 90 mm x 260 mm
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Table 2 Click here to download Table Table 2.docx 2

Table 2. Abrasion test conditions. Ipm. liter per min; rpm, revolutions per min

Chamber Ventilation 50 Ipm
Abrasor Test specimen 2140 mm, 3 mm thickness
Abrasion wheels Sand Paper (100 grit) (brand new)
Rotation 72 rpm, 1000 rotations

Additional air flow rate
(for particle suspension)

Neutralizer Location 45 degrees, 28 cm (from center of
(soft X-ray ionizer) test specimen)

25 Ipm
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Table 3 Click here to download Table Table 3.docx 2

Table 3. Total particle number measured using CPC and OPC in 8 abrasion tests. The data are
presented as mean and standard deviation of 8 tests.

A. CPC (Condensation Particle Counter)

Total particle number [#/cc]
Mean + SD

Data (x10°) x10°) +20% (x109) -20% (x109)
Test #1 2.86
Test #2 2.61
Test #3 3.50
Test #4 4.25
3.67+0.7 4.40 2.94
Test #5 3.87
Test #6 4.66
Test #7 3.47
Test #8 4.17

B. OPC (Optical Particle Counter)

Total particle number [#/cc]

Data (x10°) Mean + SD +20% (x10°) -20% (x10°)
(x10°)
Test #1 1.56
Test #2 1.81
Test #3 1.82
Test #4 2.12
1.98 +0.28 2.38 1.58
Test #5 2.05
Test #6 2.47
Test #7 1.86

Test #8 2.15
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Table 4 Click here to download Table Table 4.docx 2
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Table 4. Weight changes for nanocomposite specimens containing CNTs before and after

abrasion.
Weight loss (g)= :
Before (g) After (g) Before-After Weight loss, %
CNT (0%) 38.6074 38.0032 0.6042 1.56
CNT (2%) 39.5159 38.9001 0.6158 1.56




Table 5

Table 5. Total particle number released from nanocomposites after abrasion test.

Click here to download Table Table 5.docx

Total particle number (#/cc)

Difference (#/cc) = (# of particle CNT

2%) - (# of particle CNT 0%)

CPC (x 10°) OPC (x 109 CPC (x 10°) OPC (x 105)
CNT (0%) 8.74 8.37 1.26 16
(12.6%) (1.9%)
CNT (2%) 10 8.53

*
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Excel Spreadsheet- Table of Materials/Equipment

Name of Reagent/ Equipment
Foamex

MWCNT (multiwalled carbon nanotube) composite
Abrasion Paper

Condensation Particle Counter (CPC)

Optical Paritcle Counter (OPC)

Mini Particle Sampler

Quantifoil Holey Carbon Film

Filter Holder

Polycarbonate Filter

Soft X-ray lonizer (Neutralizer)

Field Emission-Scanning Electron Microscope (FE-
SEM)

Click here to download Excel Spreadsheet- Table of Materials/Equipment

JoOVE_Materials.rev.xls

Company
Taeyoung, R. of Korea
Hanwha, Incheon, R. of
Korea
Derfos, R. of Korea
TSI Inc, Shoreview, MN
Grimm, Ainring, Germany
Ecomesure, Saclay, France
TED PELLA Inc. USA

Millipore, USA
SUNJE, R. of Korea

Hitachi

Catalog Number

#100
UCPC 3775
1.109

1.2/1.3

CAT No.
GTTP02500
SXN-05U

S-4300

L]
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Comments/Description

2% MWCNTSs in low density polyethylene
100 grit sand paper

custom made
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1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non  Commercial-No Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means MylJove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.
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2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article. In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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4. Retention of Rights in Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE’s copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
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statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JOVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the wuse, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JOVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JoVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s
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expense. All indemnifications provided herein shall include
JoVE's attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US$1,200 fee to
cover pre-production expenses incurred by JOVE. If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.
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Rebuttal Comments Click here to download Rebuttal Comments Response to
Editorial comments.doc

Response to Editorial comments:

1. JOVE is unable to publish manuscripts containing commercial sounding language, including
trademark or registered trademark symbols (TM/R) and the mention of company brand names
before an instrument or reagent. Please remove all commercial sounding language from your
manuscript and replace it with a more generic term as much as possible throughout the entire
manuscript. All commercial products should be sufficiently referenced in the table of
materials/reagents. Examples of commercial sounding language in your manuscript are NanoReg,

etc.

Response: We removed all the commercial sounding language from our manuscript. The
NanoReg is not commercial. It is EU (European Union) project on Nanosafety lead by Netherland

government.

2. Please make sure that the “Introduction” section covers all the following points below

a) A clear statement of the overall goal of this method.

b) The rationale behind the development and/or use of this technique.

c) The advantages over alternative techniques with applicable references to previous studies where
the technique was used.

d) Description of the context of the technique in the wider body of literature.

e) Information that can help readers determine if the method described is appropriate for their

application.

Response:

a) We described overall goal of this method in the revised introduction

b) We provided rational behind the development in the revised introduction

¢) We also provided advantage over our technique

d) We reviewed current technique and added in the introduction. However only few papers are
available currently.

e) We described our attempt to standardize the method in the introduction

3. Please begin your protocol from section 2. Section 1 should be mentioned in the materials and

equipment’s table as per the JoVE format.

Response: Protocol Section 1 is inserted to mention JoVE format.
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4. Please re-write steps of your protocol section in imperative tense, as if you are telling someone
how to do the technique (i.e. "Do this", "Measure that" etc.). Please try to avoid usage of phrases

non nou

such as “should be", “could be”, “"would be" and write in the active/imperative style. For example,

“..was located..”, “..and located..”, “..was installed”, etc. Please ensure that all the steps in the

protocol section are written in imperative tense.

Response: All protocol sections were revised to be imperative tense

5. In step 3.4 how is the angle determined?

Response: The neutralizer removed the electrostatic force by exposure the beam. But, the air
supply tube and the abrasion wheels were located at the topside of the specimen rotation stage.
Whereby, the neutralizer beam was not reached at the surface of the specimen, partially. To allow
exposed to beam on surface of specimen as much as possible, the neutralizer was located with

diagonal.

6. How is the air supplied in step 3.97

Response: Additional particle free air was supplied to air supply tube using air compressor.

7. In step 3.10, how does one "Wait the particle number concentration”? Please clarify.

Response: The sentence was revised. The step is to check background particle concentration.

8. In step 3.11 how is the specimen rotation stage rotated?

Response: The specimen rotation stage was connected with step motor. The step motor can

rotate the specimen rotation stage.

9. How are the measurements made in step 3.12.

Response: The particles released from the composite containing nanomaterial were suspended
and carried by the air that was being pumped. These suspended particles eventually flew into the
outlet. At the outlet of the chamber, the released particles were detected by CPC and OPC. The
CPC and OPC were the most frequently used instruments in measuring particle number

concentration. And OPC also can measure the particle size distributions. we added note.

10. The grammar in step 2.13 is not correct. Please also provide details as to how this is carried

out?

Response:  The sentence was revised with note. The particles released from the

nanocomposites by abrasion were moved to the outlet of chamber following the streamline.
At the outlet of the chamber, the released particle can be sampler by a particle sampler. The



released particles sampled on to the filter media or TEM grid can be analyzed by TEM or
SEM.

11. Step 2.14 should be a note.

Response: revised

12. For steps that involve software, please make sure to provide all the details such as “click this”,

“select that”, “observe this", etc. Please mention all the steps that are necessary to execute the

action item.

Response: We don't have steps involving software

13. After you have made all of the recommended changes to your protocol (listed above), please
re-evaluate the length of your protocol section. There is a 10 page limit for the protocol text, but
there is a 3 pages limit for filmable content. If your protocol is longer than 3 pages, please
highlight (in yellow) 2.75 pages (or less) of text to identify which portions of the protocol are most
important to include in the video; i.e. which steps should be visualized to tell the most cohesive
story of your protocol steps. Please see JoVEs instructions for authors for more clarification.
Remember that the non-highlighted protocol steps will remain in the manuscript and therefore

will still be available to the reader.

Response: Our protocol is 2 pages

14. Each figure or data table must have an accompanying legend including a short title, followed
by a short description of each panel and/or a general description. All figures showing data must
include measurement definitions and error bars (if applicable). Please include the figure legends
as part of the manuscript text (not part of the figure file) directly below the representative results

text.

Response: The figure legends are placed below the representative results text.

15. If your figures and tables are original and not published previously, please ignore this
comment. For figures and tables that have been published before, please include phrases such as
“Re-print with permission from (reference#)" or “Modified from." etc. And please send a copy of
the re-print permission for JoVE's record keeping purposes.

Response: not applicable

16. Please make sure that the “Discussion” is written under the following sections.

a. Critical steps within the protocol.



b. Modifications and troubleshooting.
c. Limitations of the technique.
d. Significance of the technique with respect to existing/alternative methods.

e. Future applications or directions after mastering this technique.

Response: Discussion is written as you suggested.

17. Please make sure that your references comply with JoVE instructions for authors. In-text
formatting: corresponding reference numbers should appear as superscripts after the appropriate
statement(s) in the text of the manuscript. Citation formatting should appear as follows: (For 6
authors or less list all authors. For more than 6 authors, list only the first author then et al):
[Lastname, F.I, LastName, Fl, LastName, Fl. Article Title. Source. Volume (Issue), FirstPage —
LastPage, doi:DOI, (YEAR).]

Response: All the reference were complied JoVE instructions.

18. NOTE: Please copyedit the entire manuscript for any grammatical errors you may find. This
editing should be performed by a native English speaker (or professional copyediting services)
and is essential for clarity of the protocol. Please thoroughly review the language and grammar of
your article text prior to resubmission. Your JoVE editor will not copy-edit your manuscript and
any errors in your submitted revision may be present in the published version.

Response: We got a native English professional editing service.

19. NOTE: Please include a line-by-line response letter to the editorial and reviewer comments

along with the resubmission.

Response; We include line-by-line response letter to the editorial



Rebuttal Comments Click here to download Rebuttal Comments Editorial

comments.docx

Editorial comments:

Formatting:
Please reduce the length of the short abstract to 50 words or less.

- Revised (51 words to 50 words)

Please delete “Text” from the protocol heading.
- Deleted

Please use a dash (-) rather than ~ to indicate a range (ie. in 1.1.1 should be 30 — 80 rpm).
- Revised

Please define all abbreviations at first occurrence (ie. TEM, CNT, FE-SEM etc.).
- All abbreviations are defined (ie, TEM, CNTs, FE-SEM, SEM)

Actions in 2.5-2.7 should be performed in section 1 for setting up the chamber.
- Revised

References — Please abbreviate all journal titles.
- Revised

Grammar:
Please copyedit the manuscript for numerous grammatical errors.

- Revised

Please correct the grammar in the title, which should read: Testing of nanoparticle release
from a composite containing nanomaterial using a chamber system

- Revised
Please edit manuscript for redundancy. For instance, “Evaluating the nanomaterial release
from products containing nanomaterials is a crucial step in assessing the safety of
products containing nanomaterials” should read “Evaluating nanomaterial release from
products containing nanomaterials is a crucial step in assessing the safety of these
products.”

- Revised

Figure 1 — “Orifice” is misspelled.

L]


http://www.editorialmanager.com/jove/download.aspx?id=505246&guid=a9ff20a3-cbf5-4544-8150-290161398e96&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=505246&guid=a9ff20a3-cbf5-4544-8150-290161398e96&scheme=1

- Revised

Additional detail is required:
1.3.1 — What is the specimen?

- Specimen is a nanocomposite for abrasion test. Manuscript was revised.
2.10 — How is this checked?
- Using CPC. Manuscript was revised.
2.16 — How and with what is the chamber washed?
- Using kimwipes and IPA (iso-propyl alcohol), Manuscript was revised.
Branding:
1.1.1, Discussion — Taber, Figure 1, figure 5 — Please remove model and company names.
These should appear in the materials table only. (UCPC 3775, TSI; Model 1.109, Grimm)
- Revised
Reviewers' comments:
Reviewer #1:
Manuscript Summary:

N/A

Major Concerns:
N/A

Minor Concerns:
suggest conducting testing with sandpapers from different manufactures to see if there
are differences in the emissions both quantitatively and qualitatively

- Thank you for suggest.
Additional Comments to Authors:
1. it appears that "CNT containing a nanocomposite” was meant to be "a nanocomposite
containing CNT";

- revised

2. in the caption for Figure 6 please specify which composite contained CNT which did
not.

- revised



Reviewer #2:
Manuscript Summary:
Accept

Major Concerns:
N/A

Minor Concerns:
N/A

Additional Comments to Authors:
N/A

Reviewer #3:

Manuscript Summary:

The authors describe modifications of a setup that was previously used in inter-lab
comparisons. These comparisons were limited in repeatability between labs and the
modifications aim to resolve this limited robustness of the method. The topic is relevant
for many nanotechnology labs and is suitable for video production.

Major Concerns:

For experts interested in replication, even more details must be added. See list
below. Further, no data supports the claim that the modifications really improve the
robustness. E.g., it would be esay to switch off the neutralizer xrays, and to demonstrate
a change in scatter. Analogously, authors should not only claim, but should demonstrate
usefulness of the perforated mixer, of the additional air flow. Otherwise, readers might
replicate an unnecessarily complex setup... Finally, as the JOVE publication shall serve
others to replicate the setup, safety issues must be reported. E.g. protection measures on
xray radiation? mechanical injury by moving parts? Dust exposure when opening the
chamber?

- The particles, which are generated by abrasion, were deposited on surface of the
specimen and abrasion wheels, strongly. Therefore, it is hard to measure the
abrased particles. The additional air inlet can help to solve this problem to
particle suspension. Manuscript was revised.

Minor Concerns:
For a wider audience, the test lacks introduction and context. This should be improved.

- Did you feel lacking in any part? Please, tell me in detail.

In the discussion L315 to 328, refer to Harper et al, J Phys Conf Ser 2015.

Must provide the following details
L131 Sanding grit size

- Sanding grit size is 100. Manuscript was revised.



L2222 Synthesis of polymer used for demonstration

- At L222, there is nothing about synthesis of polymer. Please, check your
question.

L148 Flow splitting for detectors
- Yes.
Figure 1 supplier of charcoal filter?
- The charcoal filter was custom-made.
L189 background with motor running?
- If the motor means a blower then answer is yes.
L217 were tubes cleaned, too?
- Recommend.
1233 sampler does not appear in method description above?
- Revised.
L262 result of the zero test?

- The zero test method and result were introduced at L189-190.
- Asseen in Figure 5, time 0-60 was result of the zero test.

Figure 8 should be amended with zooms that use a magnification that allows a positive
control (pure CNT) to be identified.

- The pure CNT has high aspect ratio and it was shown like fiber. But, as seen in
Figure 8, abrased particles shape was not fiber. And free CNT could be detected
in this magnification.

Additional Comments to Authors:
N/A

Reviewer #4:
Manuscript Summary:
N/A



Major Concerns:

Headline of the article claims NANOparticle release testing, but there are only measuring
results presented for "Total particle number measured using CPC and OPC", but not the
number of nanoparticles, smaller 100 nm. This would require e.g. a scanning mobility
particle sizer, mentioned ONLY in the abstract.

- This paper provides the nanoparticle measuring method from nanocomposite by
abrasion. CPC can measure nano scale particles and OPC can measured micro
scale particles. You can find amount of the nanoparticles from nanocomposite
using CPC and OPC data. If you want to know exactly particle size or shape,
then you can sample the particle on the filter for microscopy.

- SMPS could not using this test. Because, the SMPS need to scanning time for
measuring particle size distribution. It means particle number concentration
should not be changed during scanning time for reliable data. But, as you can see
the Figure 5, the particle number concentration was changed continuously.

165 2.4) Locate the neutralizer (soft X-ray ionizer) 28 cm away from the center of the test
166 specimen at a 45 o angle, as seen in Figure 2, to reduce the electro-static particle
deposition on

167 the chamber walls.

- This very detailed arrangement should be validated before recommending it to
standardization. Therefore in this article the effect of this arrangement should be at least
demonstrated, e.g. what was measured during switching off the neutralizer?

- The neutralizer can help to minimize the charged state of the particle. Therefore,
the particle wall loss was decreased by the electro-static force. If you use
different configuration of the neutralizer, then I can’t warrant that result of test.
And it was attached comparison result of neutralizer on/off at Figure 5.

Minor Concerns:
Abstract, line 9: "scanning mobility particle sizer" is not mentioned in the main text -
delete in abstract or add in main text

- Something was wrong. I was not mentioned about SMPS (scanning mobility
particle sizer) in my paper.

304 Taber abrasion testers are now widely used to simulate

305 sanding processes and study the abrasion resistances of materials and coatings.

- Taber abraser applies a too slow abrasion speed for simulating sanding, e.g. like useable
in parquet sanding. Real sanding with at higher speed would cause the polymer matrix of
a composite to show a more rigid (hard) property, resulting in smaller particle size
distribution of released particles. - mention this limitation of the test.

- I was not conducted release test with different abrasion speed. So I cannot be
sure that. If you have some reference about it. Please, let me know. Then, I will
mention the limitation of the test.



Figure 3 abraser, (b) top view: axis of the rotation centres of the abrasion wheels is
crossing the rotation axis of the specimen in this figure, but this is not the case for the real
device taber abraser. This device performs therefore an additional friction at the touching
point of the wheel to the specimen, not only rolling - correct the drawing by moving the
axis of the a little bit upwards, away from the specimen centre

- Revised.

Additional Comments to Authors:
N/A
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