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Short Abstract:

Surface properties of a nanoparticle are important for their interaction with the surrounding
medium. Therefore the surface modification of carbon nanotubes can be critical for their
transport and retention through porous media. Here, lab scale column experiments are used to
understand the possible transport and retention of these nanoparticles.

Long Abstract:

Carbon nanotubes (CNTSs) are widely manufactured nanoparticles, which are being utilized in
a number of consumer products, such as sporting goods, electronics and biomedical
applications. Due to their accelerating production and use, CNTSs constitute a potential
environmental risk if they are released to soil and groundwater systems. It is therefore
essential to improve the current understanding of environmental fate and transport of CNTSs.
The transport and retention of CNTSs in both natural and artificial media have been reported in
literature, but the findings widely vary and are thus not conclusive. There are a number of
physical and chemical parameters responsible for variation in retention and transport. In this
study, a complete procedure of selected multiwalled carbon nanotubes (MWCNTS) is
presented starting from their surface modification to a complete set of laboratory column
experiments at critical physical and chemical scenarios. Results indicate that the stability of
the commercially available MWCNTSs are critical with their attached surface functional group
which can also influence the transport and retention of MWCNT through the surrounding
medium.

Introduction:
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With the recent development in nanotechnology that uses various types of nanoparticles to
improve a number of technologies in industries such as information technology, energy,
environmental science, medicine, homeland security, food safety, and transportation; a
thorough understanding of the transport and retention of nanoparticles in soil and
groundwater is critical for risk assessment as well as environmental applications of
engineered nanoparticles'®. Carbon nanotubes (CNTSs) are one of the most produced carbon-
based nanoparticles®*. CNTs are the long and cylindrical form of graphene with a diameter
typically below 100 nm and a length in the range of 100 nm to 50 um. They have unique
properties, which have accelerated their use in many applications, such as electronics, optics,
cosmetics, and biomedical technology (e.g., composite materials)®. With increased use, there
is also an increased risk to human exposure and effect on health as well as adverse ecological
consequences following CNT and other carbon based nanomaterials disposal to the
environment™®.

With no surface modifications (unfunctionalized), CNTs are extremely hydrophobic and tend
to aggregate in an aqueous solution. Functionalized CNTs can, however, remain dispersed
and stable in aqueous solutions and are used for biomedical purposes such as drug delivery®.
Here it is essential that the CNTs remain dispersed and mobilized, so the drug can be
delivered within the human body'®. On the other hand, to reduce environmental risks, there is
a need for studies focusing on how to immobilize the CNTs in order to avoid their entrance
into aquifers and drinking water resources™. Recent studies have reported the toxic effect of
CNTs on living organisms and also risks to ecosystems in terms of CNTSs entering and
accumulating in the food chains, since CNTs are hard to biodegrade®®. Even with barrier
systems in landfills containing CNTs, it may be possible for CNTs to pass through the
barriers. In such cases CNTs could enter into groundwater reservoirs and surface water
bodies. As CNT disposal regulations are not well defined and transport mechanisms are
poorly understood, an improved understanding of mobility of CNTSs is necessary to formulate
and design appropriate disposal systems'?. Therefore, it is important to study and understand
the fate and transport of CNTs in porous media and the effect of physical and chemical
factors commonly present in the subsurface environment on surface modified CNT retention.

A number of research has been carried out about the effect of collector grain size**™°, flow
rate™®, and surface properties of the grains*’ on transport of nanoparticles in porous media.
However, systematic investigations on the effect of solution chemistry (such as pH and ionic
strength) on possible deposition onto the collector surfaces are still limited'®?°. Additionally,
the combined impact of physical factors, solution chemistry of the medium, and surface
properties of carbon nanotubes is not well understood and vary in different literature. In this
study, a preparation method for surface modification of MWCNTs will be demonstrated
along with a systematic laboratory-scale column packed with acid-cleaned quartz sand will
be used to investigate the transport, retention and remobilization of surface-modified CNTs in
saturated porous media.

Protocol:

1. Functionalization of Multiwalled Carbon Nanotubes

1.1. Perform the entire functionalization step inside a fume hood, using safety eye glasses,
gloves and lab coat. Measure 24 ml of sulfuric acid and 8 ml of nitrate acid using a graduated

cylinder, and then transfer them into a beaker. Add 32 mg of untreated MWCNTS into a
beaker using tin foil container at an analytical balance (final concentration should be 1 mg/ml



of acid mixture).

1.2. First, keep the beaker with MWCNT and acid mixture in the ultrasonic cleaner (bath) for
2 hours at room temperature. Then, heat and stir the MWCNT-acid solution for 5 hours at 90
°C using a hot plate.

1.3. Filter the CNT suspension with a 47 mm diameter PTFE filter membrane placed on a
filter holder, and use vacuum to help filtration. Perform the filtration portion by portion and
use several filter membranes (approximately 1/4™ of above mixture per portion for one filter).
Add boiling water during filtration process to filter out the acid solution until the pH of the
mixture becomes greater than 5.

1.4. Always break the vacuum before it is turned off and not to introduce anything into the
vacuum system. Use a conical beaker to collect the waste liquid.

1.5. Pour filtrated acid into a waste container (send the waste container to a waste handling
facility or dilute the liquid before dumping it into the sink by adding at least ten times of tap
water).

1.6. Transfer the filter membranes with retained MWCNTSs into evaporating dishes and put
the dishes into the desiccator (contains approximately 100 g of silica gel) and create a
vacuum environment (leave the vacuum on for about 1 hour) for CNT to complete drying
(about 24 hr).

1.6.1. Scrape the CNTs out of the membranes carefully using spatula and transfer the
particles into a clean container. Weigh the MWCNTSs powder and label the container for
future use.

2. Porous Media for Transport Experiments

2.1. Prepare 0.1 M HCI solution for acid washing of silica sand.

2.1.1. Perform all these steps inside a fume hood with safety eye glasses, gloves, and lab coat.
Add 1 L de-ionized water to a 2 L flask. Measure 8 ml of 37% HCI using a graduated cylinder.

2.1.2. Add the HCI into the de-ionized water carefully. Shake the flask carefully to help
mixing.

2.2. Wash the sand with the prepared HCI solution.

2.2.1. Weigh about 1000 g sand. Add 1/3 of sand into the flask with the HCI solution and
shake the flask twice to help mixing then add rest of the sand (1/3 of the sand each time).

2.2.2. Shake the flask three times and leave the acid with sand for 30 minutes.

2.2.3. Pour the liquid out of the flask to acid waste container and rinse the sand with de-
ionized water at least 8 times.

2.3. Wash the sand with a H,O, solution.



2.3.1. Add 700 ml of de-ionized water into the flask with sand then measure 40 ml of 30%
H,0, solution using a graduated cylinder.

2.3.2. Add the H,0; solution into flask with sand and shake twice to help mixing. Then add
another 40 ml of 30% H,O; solution 3 times until there is 160 ml H,O; total in the flask.

2.3.3. Shake and mix the solution and sand each time and leave the H,O, solution with sand
for 40 minutes to allow the reaction to be completed. Shake the flask and stir the sand with a
plastic rod every 10 minutes.

2.3.4. Decant the liquid down to the sink and run tap water for 30 seconds.

2.4. Rinse and dry the sand.

2.4.1. Rinse sand with de-ionized water at least 8 times to get rid of any solution or left over
reaction products. Shake and stir thoroughly when rinsing.

2.4.2. Put flask with rinsed sand into an oven (105 °C) for 24 hr to dry, then take sand out of
the oven using oven-mitten and leave at the counter for 2 hr for the sand to cool down.

2.4.3. Transfer the clean sand into a plastic container. Mark the container and place it in an
appropriate shelf to be ready for use.

3. Column Experiments
3.1. Preparation of background solution.
3.1.1. Prepare appropriate background solution chemistry for the column experiment.

3.1.2. Use 0.1 M HCl and 0.1 M NaOH solutions to adjust the pH and NaCl salt to achieve
appropriate ionic strength for the following experiment.

3.2. Column selection.

3.2.1. Choose a glass column of 2.5 cm diameter and 15 cm length for this experiment (pH: 5
and ionic strength: 2 mM in the current study). Use a steel mesh filter (0.2 mm) on both sides
of the glass column.

3.2.2. Flush the tubes connected to the column and fill with background solution (or
MWCNTSs solution until the 3-way valve to control the type of liquid flow (MWCNTSs
solution or background solution) as shown in Figure 1.

3.3. Wet-packing of the column.

3.3.1. Weigh the clean sand on a scale and take 124 g of clean sand for the selected column
size.

3.3.2. Use a high precision peristaltic pump. Calibrate the pump to achieve 2 ml/min of liquid
flow.



3.3.3. Start the pump to fill the column from the bottom until the water level is a couple of
cm above the bottom of the column. Put approximately 1/10™ of the measured sand at a time
into the column but make sure that the sand level doesn’t come above the water level in the
column. Continue the water flow to the column continuously to stay above the sand level.

3.3.4. Close the column cap with appropriate filter mesh after complete filling.

3.3.5. Allow the packed column to flow for at least one hour. The individual parameters of the
column are indicated in Table 1.

3.4. Tracer test.

3.4.1. Start the column experiment with a tracer test prior to the MWCNT solution
experiments.

3.4.2. Switch the 3-way valve to the tracer solution (using Brilliant Blue tracer at 20 mg/L
concentration or any food color tracer) to start the experiment.

3.4.3. Collect the outflow samples from the column at every 2 minutes (i.e., 4 ml/samples in
each sampling tube) using the connected fraction collector as shown in Figure 1.

3.4.4. Continue to inject the tracer solution for a 4.32 pore volume (i.e., solution passes 4.32
times of the total empty pore space in the sand packed column), which is also called phase |
of the experiment.

3.4.5. Switch the 3-way valve to flow background solution (DI water in the case of tracer
experiment) for another 4.32 pore volume.

3.5. Preparation of MWCNT solution.

3.5.1. Make a dispersed, functionalized MWCNTSs solution by placing 5 mg of functionalized
MWCNTs in a 300 ml beaker containing 200 ml of aqueous solution (with desired solution
chemistry i.e., pH 5 and 2 mM ionic strength in the current experimental condition) and using
an ultrasonic homogenizer probe placed in the beaker (with 40% power output for 15 min).
Mix the dispersed MWCNTSs solution with another 800 ml of the same aqueous solution to
achieve the MWCNT concentration of 5 mg/L.

3.5.2. Perform scanning electron microscopy (SEM) image analysis of stock solution for their
size and shape of the nanoparticle after functionalization.

3.6. MWCNT transport experiment.
3.6.1. Switch the 3-way valve to MWCNT solution to start the column experiment.

3.6.2. Collect the outflow samples from the column at every 2 minutes using the connected
fraction collector.

3.6.3. Inject the MWCNT solution for a 4.32 pore volume (phase | of the experiment).

3.6.4. Switch the 3-way valve to flow background solution for another 4.32 pore volume,



which is called phase Il of the experiment.

3.6.5. Change the injection tube of background solution into DI water bottle (after stopping
the pump for a moment to avoid the entrance of air from the tube) and continue the flow for
another 4.32 pore volume, which is called phase Il of the experiment.

3.7. Sample analysis.
3.7.1. Transfer all the tube samples from fraction collector into a tube rack.

3.7.2. Prepare a UV/VIS spectrophotometer for sample analysis, i.e., find out the appropriate
scanning wavelength for the quantification of the collected samples. Use 400 nm for a
MWCNT solution and a 230 nm wavelength for tracer solution).

3.7.3. Scan all the samples collected from the column during phase I, 11, and 111 using a
cuvette at 400 nm wavelength (or a different wavelength if deemed more appropriate in the
previous step) and store the data.

3.7.4. Collect the data from the spectrophotometer and plot them vs time or pore volume to
obtain breakthrough curves as shown in the representative results (for example, Figure 3).

3.7.5. Perform size analysis (hydrodynamic diameter) of inflow and outflow samples using
zeta sizer and conduct the visualization studied for both inflow and outflow samples using
scanning electron microscopy.

Representative Results:

Effect of MWCNT Functionalization

The functionalized and dispersed MWCNT solution was sealed in the beaker to allow the
solution to reach equilibrium. There was neither sedimentation nor aggregation observed in
the stock solution after sonication, as the hydrodynamic diameter of MWCNT (1619 + 262
nm) in the solution remained the same for six months of sonication (Figure 2). To investigate
the effect of functionalization of MWCNTS on their mobility, two sets of column experiments
were conducted using both fully-functionalized and less-functionalized (as received from the
manufacturer) MWCNTSs with the experimental condition specified in Table 1. The maximum
relative concentration (C/Cy) of fully-functionalized MWCNTSs was approximately 0.75,
while that of less-functionalized MWCNTSs was only 0.65 (Figure 3). The less-functionalized
MWCNTSs were detected in the effluent later than the fully-functionalized MWCNTSs and
their breakthrough curve was also distorted. This indicates that the fully-functionalized
MWCNTSs were highly mobile whereas the less-functionalized MWCNTSs were less mobile
and retained in the column.

Even after the controlled condition, the functionalization process of MWCNT is very
sensitive for its stability in the nature as well as their retention rate in the porous media in any
column experiments. Three stocks of functionalized MWCNTSs behaved differently although
their chemical and physical conditions were in same order (Figure 4). The previous literature
have also reported distinguished retention rate for MWCNTSs functionalized at similar
laboratory conditions®*¢2%%,

Experimental Conditions in the Column Transport Studies



A general saturated column study has been demonstrated for transport of MWCNTSs through
various texture and structure of the porous media. The medium grain size is critical for
transport of the cylindrical shaped MWCNTSs. In this study, three sizes of quartz sand were
chosen to assess the impact of collector grain size. Theoretically, as the collector grain size
decreases, the maximum adsorption capacity increases which implies more deposition. In all
three grain-size distributions selected in this study, the effluent concentration sharply
increased at the same rate until it had reached 1.5 pore volumes but the total eluted MWCNTS
were relatively less for finer grain size (Figure 5).

Retention of MWCNTSs due to Flow Pattern

In literature, it has long been established that spherical nanoparticles can be less mobile for
slow moving fluids through porous media. Some of the studies based on MWCNTSs also
follow the same path with less mobility of these cylindrical nanoparticles at low flow
rates**1%%. As an example, the impact of the flow pattern on the transport of functionalized
MWCNTSs as well as their remobilization has been demonstrated through 1-D column studies.
Three sets of column experiments were conducted to investigate the effect of flow rate on
mobility and retention of MWCNTS in saturated porous media (Figure 6). For the highest
pore-water velocity (15.5 m/d), the relative concentration of MWCNTSs in the effluent
increased quickly and reached a maximum value (0.77 in phase 1). Then, after the influent
was switched to background solution, the concentration decreased with no tailing (phase 2).
DI water was used to remobilize the retained MWCNTSs. As a result, the part of the deposited
MWCNTSs were re-mobilized with the effluent solution (phase 3). At lower velocities, 5.15
and 1.17 m/d, the effluent MWCNT concentrations increased slowly and a steady state
concentration was not achieved within 4.32 pore volumes of MWCNT injection into the
column. The maximum relative concentrations were 0.73 and 0.44, respectively (Figure 6).

Figure 1. Overview of column experiment setup for transport of nanoparticle through porous
media.

Figure 2. Stability test of functionalized carbon nanotubes.

Figure 3. Surface-modified MWCNTs eluted from the column (during phase 1, 2, and 3)
packed with course sand for experimental condition of ionic strength: 2 mM; pH: 5; and flow
rate: 15.5 m/d.

Figure 4. Examples of breakthrough curves for eluted MWCNTSs functionalized at three
different batches at same experimental condition.

Figure 5. MWCNTs eluted from the column (during phase 1, 2, and 3) for different porous
media grain size for experimental condition of ionic strength: 2 mM; pH: 5; and flow rate:
15.5 m/d.

Figure 6. MWCNTSs eluted from the column (during phase 1, 2, and 3) for different flow
rates for experimental condition of ionic strength: 2 mM; pH: 5; and sand size: 300 pm.

Table 1. Summary of experimental condition for column experiments.
Discussion:

Effect of MWCNT Functionalization
As Figure 2 confirms the stability of functionalized MWCNTSs, the observed difference in



eluted volume of MWCNT was due to functionalization and particularly due to the addition
of carboxyl (-COOH) groups to the surface of the MWCNTSs (Figure 3 and 4). In the similar
functionalization process, the presence of oxygen was confirmed by X-ray photoelectron
spectroscopy™. It has been found earlier that the addition of surfactant to nanoparticle
surfaces stabilizes their suspension and reduces aggregation®®. According to other
independent studies, aggregation from the absence of energy barriers between the particles
increases the size and deposition rate of nanoparticle aggregates and contributes to the
occurrence of physical straining'®?*?°. Therefore, aggregation is likely to have increased the
deposition and retention of the less functionalized (more hydrophobic) MWCNTS in this
study. It has been proven that the retention of hydrophobic colloids in porous media is higher
than that of hydrophilic colloids, and solid-water and air-water-solid interfaces are suggested
as the main site of deposition®*?®%’. In addition, the retention of nanoparticles increases with
surface hydrophobicity?®, which agrees with the current experimental observations, since less
functionalized MWCNTs are more hydrophobic compared to (fully) functionalized
MWCNTSs. But the extent of functionalization of MWCNTSs are method specific, being
followed in the lab, which can produce an erroneous result during a column studies for an
accurate prediction of transported nanoparticle in the porous media.

Experimental Condition in the Column Transport Studies

As the solution chemistry was same in all three cases in Figure 5, physical straining should
explain the deposition differences between these three experiments. Bradford et al.”® found
that grain-to-grain straining typically occurs when the ratio of particle diameter to collector
diameter is greater than 0.05. However, in another study, Bradford et al.** found that such
straining could happen when the ratio is as low as 0.003. Since MWCNTs are cylindrical
particles, the ratio was calculated twice using both particle diameter and length. In a previous
study on MWCNTSs, Liu et al.* found that the critical value for MWCNTs was 0.003 pum for
diameter and 0.011 nm for length to initiate the physical straining. As specified by the
manufacturer, the mean length and diameter of the MWCNTSs used in this study were 15 um
and 40 nm, respectively. Using these values, the ratios of MWCNT length to sand grain
diameter are above the critical value for all sands (0.05, 0.07 and 0.1), but the ratios of
MWCNT diameter to sand grain diameter are all below the critical value (0.00013, 0.00018
and 0.00027) as compared to previous studies®®. Mattison et al.* suggested that straining
could be one of the major mechanisms when the ionic strength is low. In this study, the
effluent MWCNTSs mass (from phase 1 and 2) shows that larger grain sizes led to less
deposition. This may suggest that more MWCNTSs were strained for smaller sand grain sizes.
The differences in the amount of particle retention for different grain sizes should at least
partly be explainable by differences in grain-to-grain straining, but this may not be the sole
reason during a column transport studies. So a well-established column transport study using
a range of porous media grain sizes is important for the comparison of similar studies
conducted in different literature and for the application of such finding in the field.

Retention of MWCNTSs due to Flow Pattern

The variation in flow rate during any column studies can be very critical for nanoparticle
transport studies. The example of this effect has been demonstrated in this study as well as
compared with other similar studies in Sharma et al.??. Figure 6 showed that the mobility of
MWCNTSs was strongly dependent on flow rate, i.e., higher retention with decrease in flow
rate, which is consistent with previous studies'**®. The impact of flow variation in MWCNT
transport studies has been discussed in Sharma et al.?. Similarly the study highlights the
importance of flow pattern in the column transport experiments in addition to the surface
properties of nanoparticle and background solution chemistry, as the fluctuation and change



in flow pattern are common in nature that can also impact the transport and retention of
MWCNTs through soil and groundwater.

Practical Implications

It can be concluded from this study that the functionalization of MWCNT is an important
process to understand the fate and transport of MWCNT in porous media. The steps taken
during the surface modification process on MWCNT can be critical for the total retention of
these nanoparticles during a column studies as demonstrated in this study and also observed
in literature. Therefore, a well-documented guideline of surface modification of MWCNT is
necessary in order to compare the impact of physical and chemical parameters for correct
estimation of transport and retention of these nanoparticles in soil pores. The systematic steps
followed in this study during the preparation of sand packed column experiment could further
be useful for well controlled laboratory scale studies for nanoparticle transport estimation and
be comparable for large scale application of such findings.
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Table
Click here to download Table: Table.docx

Table 1 Summary of experimental condition for column experiments.

oH lonic strength Grain Flowrate  Pore water
(mM) size (um)  (mL/min)  velocity (m/day)
5 2 300 2 155
5 2 300 2 15
5 2 211 2 155
5 2 150 2 155
5 2 300 0.66 5.17
5 2 300 0.22 1.71



http://www.editorialmanager.com/jove/download.aspx?id=234037&guid=7cff87af-d688-4572-bd15-2a35979c2f1c&scheme=1

Excel Spreadsheet- Table of Materials/Equipment
Click here to download Excel Spreadsheet- Table of Materials/Equipment: MaterialsList_NN.xIsx

Name of Material/
Equipments

Company

Catalog Number

MWCNT

Cheap Tubes Inc., USA

sku-03040304

Quartz sand Sibelco Nordic, Baskarp, Sweden B44

H,SO, VWR 1.01833.2500
HNO, VWR 1.00441.1000
HCI VWR 1.00317.2500
H,0, VWR 23615.248
NaCl VWR 1.06404.0500
NaOH Sigma-Aldrich S8045-500G

Ultrasonic Homogenizer

Biologics Inc. Manassas, Virginia

Model 3000, 0-127-0002

Sonicator (bath)

Kerry Ultrasonic Ltd

1808

Peristaltic pump

Ismantec, Glattbrugg, Switzerland

ISM931

Spectrophotometer Hach Lange DR500, LPV408.99.0001
pH meter Metrohm 781

Glass column Chromaflex 420830-1510

Fraction collector Spectrum Labs Europe CF-2, 124846

Fraction collector tubes VWR 212-9599

Hot plate stir Thermo Scientific SP131320-33

Oven Elektro Helios 259

Balance Mettler Toledo AE 160
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Comments/Description

Purchased as semi-
functionlized powder

Purchased with more than
919% silica sand

95-97% purity

70% purity

37-38% purity

30% purity

99.5% purity

99.99% pur pellets

Operated for fix time
interval

Common bath sonicator

Work with tygon tubing in
the pump

Operate with manual
cuvette as well as
automated sampling

pH analysis

Column with adjustable
cap

Fixed at regular interval of
time

6 ml volume glass tube

Adjustable tempurature

For oven dry of sand

For accurate weight




Article & Video License Agreement

@
1 Alewife Center 200
Cambridge, MA 02140
EniAL BF {el. 617.945.9051
VISUALIZED EXPERIMENTS www.jove.com

ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article:
v v Viome =Aibes

Author(s): (’T(\ Lirscleae

5{,. fr’\(e mucniﬂ(_a\:{‘rcn ("Ww:{ ’i"r(\n)fx + (‘f MWU"V*\-U.CJ

ShovwAsy  ovd r—-n"ﬂrj """ —s Q 'l‘pﬁo‘

Item 1 (check one box): The Author elects to have the Materiais be made available (as descrlbed at

http://www.jove.com/publish ) via: -\ﬂ Standard Access

Item 2 (check one box):

| Open Access

X The Author is NOT a United States government employee.

__ The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

.| The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

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
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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.5.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 use, 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-2014-11-03.docx

Response to Reviewer’s comments

for

Transport of surface-modified carbon nanotubes through a soil column
By Prabhakar Sharma and Fritjof Fagerlund

Please find the comments in italics and response in bold face.

1. Please take this opportunity to thoroughly proofread the manuscript to
ensure that there are no spelling or grammar issues. The JoVE editor will not
copy-edit your manuscript and any errors in the submitted revision may be
present in the published version.

Response: We have proof-read the paper after considering all the
comments.

2. Please highlight 2.75 pages or less of the Protocol (including headings and
spacing) that identifies the essential steps of the protocol for the video, i.e.,
the steps that should be visualized to tell the most cohesive story of the
Protocol. The highlighted steps should form a cohesive narrative with a logical
flow from one highlighted step to the next. Remember that non-highlighted
Protocol steps will remain in the manuscript, and therefore will still be
available to the reader. There are currently 3.25 pages of highlighted protocol
text.

Response: We have edited the protocol section to consider the
reviewer’s comments and kept the highlighted part for video recording
within 2.75 pages.

3. Please revise the Short Abstract. It is a 50 word run-on-sentence that
needs to be re-written more clearly.
Response: We have revised the short abstract.

Reviewers' comments:

Reviewer #1:

1) How did author characterize functionalize CNT? What are the functional
groups observed?

Response: The functionalized MWCNT was visualized using SEM in this
paper (protocol 3.5.2 and 3.7.5) but it was excluded from video recording
however the functional group was observed in literature (Mattison et al,
2011) using XPS analysis (mentioned in first paragraph of discussion
part in line 358-260).

2) Authors need to explain about mass balance of CNT of column
experiments.

Response: Mass balance of MWCNT retention in the column was
commonly performed for column retention studies. We have not
included the mass balance in this paper but it has been performed and
discussed in more detail in Sharma et al 2014.

3) How does CNT goes to soil and groundwater? What is the expected
concentration of CNT in groundwater?


http://www.editorialmanager.com/jove/download.aspx?id=234046&guid=cb13f104-8605-4789-ac49-6a89168be4ff&scheme=1

Response: There are not many cases have been reported so far for the
actual presence and concentration of CNTs in groundwater but it can
likely be possible after improper handling of wide range of their
products into landfill sites where they can find the way into groundwater
or soil at extreme chemical scenario of the surrounding as discussed in
first paragraph of Introduction.

Reviewer #2:

Editor’s Note: We do not require in depth or novel results for publication in
JoVE, only representative results that demonstrate the efficacy of the
protocol. However, please ensure that all claims made throughout the
manuscript are supported by either results or references to published works.

Opinion Summary: The novelty of the research in this paper is low. Sharma et
al. (2014) already presents the effects of grain size and velocity on MWCNT
transport. It is not clear if the same data is presented in this work. Kasel et al.
(2013) also addressed the issues of grain size previously. The degree of
MWCNT functionalization on transport is also well known (Nagasawa et al.,
2000; Pumera, 2007; Xia et al., 2007; Smith et al., 2009; Mattison et al.,
2011). I do not see any new insight in this work over previous publications.
Response: It is true that Sharma et al (2014) is the basis of this video
paper for most of the research results but we wanted to present the
method of functionalization of MWCNT and the basis of a column
transport studies in this video demonstration. We want to focus the
actual dissimilarities may occur in many similar studies as a result of
functionalization process and column studies being followed in the
laboratory studies (such as Nagasawa et al., 2000; Pumera, 2007; Xia et
al., 2007; Smith et al., 2009; Liu et al., 2009; Mattison et al., 2011).

In addition, | expected to see "visualization" information in this research
because of journal title, but did not see any visualization information on
MWCNT aggregation or retention processes.

Response: There are two step verification for aggregation process
performed in this study. We had analyzed the inflow and outflow of
MWCNT solution in the column transport studies for change in their
hydrodynamic diameter using zeta sizer and for change in their particle
size through visualization process using SEM image analysis (protocol
3.5.2 and 3.7.5).



