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SUMMARY: 26 
A nose-only inhalation toxicity chamber capable of testing inhalation toxicity at four different 27 
exposure concentrations was designed and validated for flow field uniformity and cross-28 
contamination between the exposure ports for each concentration. Here, we present a protocol 29 
to confirm that the designed chamber is effective for inhalation toxicity testing. 30 
 31 
ABSTRACT: 32 
Using a numerical analysis based on computerized fluid dynamics, a nose-only inhalation toxicity 33 
chamber with four different exposure concentrations is designed and validated for flow field 34 
uniformity and cross-contamination among the exposure ports for each concentration. The 35 
designed flow field values are compared with the measured values from exposure ports located 36 
horizontally and vertically. For this purpose, nanoscale sodium chloride particles are generated 37 
as test particles and introduced to the inhalation chamber to evaluate the cross-contamination 38 
and concentration maintenance among the chambers, for each concentration group. The results 39 
indicate that the designed multiconcentration inhalation chamber can be used in animal 40 
inhalation toxicity testing without cross-contamination among concentration groups. Moreover, 41 
the designed multiconcentration inhalation toxicity chamber can also be converted to a single-42 
concentration inhalation chamber. Further testing with gas, organic vapor, or non-nanoscale 43 
particles will ensure the use of the chamber in the inhalation testing of other test articles.  44 
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 45 
INTRODUCTION: 46 
Inhalation toxicity testing is the most reliable method for assessing the risks of chemical agents, 47 
particles, fibers, and nanomaterials1–3. Thus, most regulatory agencies require the submission of 48 
inhalation toxicity testing data when the exposure to chemicals, particles, fibers, and 49 
nanomaterials is via inhalation4–8. Currently, there are two types of inhalation toxicity systems: 50 
whole-body and nose-only exposure systems. A standard inhalation toxicity test system, either 51 
whole-body or nose-only, requires at least four chambers to expose animals such as rats and 52 
mice to four different concentrations, namely fresh air control and low, moderate, and high 53 
concentrations7,8. The Organization for Economic Co-operation and Development (OECD) test 54 
guidelines suggest that the selected target concentration should allow the identification of the 55 
target organ(s) and demonstration of a clear concentration response7,8. The high concentration 56 
level should result in a clear level of toxicity but not cause mortality or persistent signs that might 57 
lead to death or prevent a meaningful evaluation of the results7,8. The maximum achievable level 58 
or high concentration of the aerosols can be reached while meeting the particle size distribution 59 
standard. The moderate concentration level(s) should be spaced to produce a gradation of toxic 60 
effects between that of the low and high concentrations7,8. The low concentration level, which 61 
would preferably be a NOAEC (no-observed-adverse-effect concentration), should produce little 62 
or no sign of toxicity7,8. The whole-body chamber exposes animals in an unrestrained condition 63 
in wired cages, while the nose-only chamber exposes an animal in a restrained condition in the 64 
confined tube. The restraint prevents loss of aerosol by leakage around the animal. Due to the 65 
high volume of the whole-body chamber, it requires a large number of test articles to be exposed 66 
to experimental animals, while the restraint of the tube in the nose-only exposure system hinders 67 
animal movement and may cause discomfort or suffocation. Nevertheless, the regulatory OECD 68 
inhalation toxicity test guidelines prefer the use of nose-only inhalation systems4–8.  69 
 70 
However, accommodating a four-chamber system, either whole-body or nose-only, is expensive, 71 
space-consuming, and requires a built-in air cleaning and circulation system. Furthermore, a four-72 
chamber system can also require separate test article generators to expose animals to the 73 
desired concentrations, and a separate measurement apparatus to monitor the test article 74 
concentrations. Therefore, since standard inhalation toxicity testing involves significant 75 
investment, a more convenient and economical whole-body or nose-only exposure system needs 76 
to be developed for use in small research facilities. When designing an inhalation chamber, 77 
computational fluid dynamics (CFD) modeling is also frequently used to achieve particle, gas, or 78 
vapor uniformity9–13. Evaluation by numerical analyses and validation by experimental results has 79 
already been performed for the whole-body exposure chamber for mice10. For example, the air 80 
flow and particle trajectory have been modeled using CFD, and the uniformity of particle 81 
distribution has been measured in nine parts of the whole-body chamber10. Also, the nose-only 82 
chamber has been evaluated by numerical analysis by CFD13. After that, evaluation for the nose-83 
only exposure chamber was performed by comparing the numerical analysis results with an 84 
experimental study using nanoparticles13.  85 
 86 
This study presents a nose-only inhalation chamber system that can expose experimental animals 87 
to four different concentrations in one chamber. Initially designed using CFD and a numerical 88 
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analysis, the proposed system is then compared with an experimental study using nanoscale 89 
sodium chloride particles to validate the uniformity and cross-contamination. The results 90 
presented here indicate that the presented nose-only chamber that can expose animals to four 91 
different concentrations can be used for animal exposure studies in small-scale academic and 92 
research facilities. The numerical analysis is set as follows, in the same manner as the experiment 93 
setting. For single-concentration exposure, the aerosol flow to the inner tower is set to 48 L/min 94 
and the sheath flow to the outer tower is set to 20 L/min. For multiconcentration exposure, the 95 
aerosol flow to the inner tower input is 11 L/min for each stage. The outlet differential pressure 96 
keeps at -100 Pa to maintain a smooth exhaust flow and prevent leakage. Assume the animal 97 
holders are closed and empty. 98 
 99 
PROTOCOL: 100 
 101 
1. Numerical analysis methods 102 
 103 
1.1. Perform the analysis of the flow field inside the chamber according to the geometrical shape, 104 
as described in Figure 1 and Table 114.  105 
 106 
NOTE: A numerical analysis of the flow field according to the geometric shape predicts the flow 107 
of the aerosol and evaluates it as a testable device. 108 
 109 
1.2. Design the chamber with 4 stages x 12 columns, 48 ports in total, where the core is divided 110 
into an inner and outer tower, as described in Figure 1B.  111 
 112 
NOTE: Each stage has 12 exposure ports for placing the experimental animals. Satisfy the 113 
recommendation suggested by the OECD Guidance Document (GD) 396. 114 
 115 
1.3. For the single-concentration exposure, place the mixing plate at the top of the inner tower 116 
to mix the test material and ensure a uniform concentration across the stages. For 117 
multiconcentration exposure, separate the inner tower into four stages and exposure 118 
concentrations by a separation disk.  119 
 120 
NOTE: The mixing plate forms forced turbulence and induces laminar flow through the 121 
stabilization zone. 122 
 123 
2. Preparation of the experimental evaluation 124 
 125 
2.1. Chamber 126 
 127 
2.1.1. Divide the chamber into three parts: the inlet, sheath, and exhaust, as shown in the 128 
schematic diagram (Figure 2).  129 

 130 
NOTE: The inlet is where the aerosol flows into the inner chamber, and the sheath is the space 131 
between the inner and outer towers for extra air flow.  132 
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 133 
2.1.2. Supply the aerosol (or test article) to the inner tower and experimental animals, while the 134 
exhalation from the animals that contains surplus aerosol flows out through the exhaust along 135 
with the sheath air. 136 
 137 
NOTE: The animal holders are closed and empty.  138 
 139 
2.1.3. Keep the inner pressure of the chamber constant using a blower and inverter, as the inner 140 
plenum pressure is controlled by the sheath air flow.  141 
 142 
2.1.4. Design equipment to measure the uniformity of the test aerosol (or article) concentration 143 
in the mixing chamber located in front of the nose-only exposure chamber in the case of single-144 
concentration exposure.  145 
 146 
NOTE: The uniformity of the test aerosol can be evaluated by its particle number concentration 147 
and size distribution. Individual chamber concentration samples should deviate from the mean 148 
chamber concentration by no more than ±10% for gases and vapors, and by no more than ±20% 149 
for liquid or solid aerosols4–8. Thus, when the test particles are not constant, the aerosol flow can 150 
be bypassed through the exhaust fan.  151 
 152 
2.1.5. Check for leakages to verify the reliability of the test and ensure safety by confirming a 153 
closed system with ±500 Pa that is maintained for 30 min. 154 
 155 
NOTE: The leakage can be checked by soap bubbling. 156 
 157 
2.2. Environmental control and monitoring 158 
 159 
2.2.1. Set the total inflow rate of the aerosol (single/multi) and sheath air at 48 L/min or 44 L/min 160 
(single or multi, respectively) and 20 L/min, respectively, and keep the inner pressure of the 161 
chamber constant at −100 Pa in the Control settings of the User Interface.  162 
 163 
2.2.2. Maintain the temperature and humidity at 23 °C and 45%, respectively. Use a humidifier 164 
to control the humidity of the exposure air.  165 
 166 
2.2.3. Carry out an experiment in an isothermal-isohumidity-controlled environment to comply 167 
with the OECD inhalation toxicity guidelines4,6,7,8.  168 
 169 
2.3.  Flow uniformity measurement 170 
 171 
2.3.1. Supply 48 L/min clean air to the inhalation chamber through a clean air supply including a 172 
HEPA filter controlled by a mass flow controller (MFC). 173 
 174 
NOTE: The clean air is made after filtering it with a HEPA filter. 175 
 176 
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2.3.2. Stabilize the flow using the mixing chamber in the case of single-concentration exposure. 177 
 178 
2.3.3. Attach a supply nozzle to one port that injects fresh control air or the test aerosol (or article) 179 
in the case of multiconcentration exposure.  180 

 181 
2.3.4. Measure the flow velocity per port using a mass flow meter. 182 
 183 
2.4. Particle generation 184 
 185 
2.4.1. Generate NaCl nanoparticles using a five-jet atomizer to evaluate the inhalation chamber 186 
design.  187 
 188 
NOTE: Use a 0.1%wt NaCl solution to generate the NaCl nanoparticles.  189 
 190 
2.4.2. Regulate the MFC to control the amount of production at 48 L/min of the NaCl aerosol 191 
mixed air in the single concentration and at 12 L/min of the NaCl aerosol-mixed air in the 192 
multiconcentration every four stages.  193 
 194 
NOTE: Every port of the nose-only chamber receives 1 L/min (i.e., 48 ports/nose-only chamber 195 
(four-stage); 48 ports/four-stage; 12 ports/stage).  196 
 197 
2.4.3. Supply clean air for dilution in the bypass.  198 

 199 
NOTE: The count median diameter and geometric standard deviation of NaCl nanoparticles are 200 
within 76 nm and 1.4 maintain, respectively.  201 
 202 
2.5.  Particle uniformity measurement 203 
 204 
2.5.1. Measure the particle size distribution of the NaCl nanoparticles emitted from the injection 205 
nozzles using a scanning mobility particle sizer (SMPS) composed of a differential mobility  206 
analyzer (DMA) and a condensation particle counter (CPC).  207 
 208 
2.5.2. Use an Am aerosol neutralizer to remove the static charge of the particles and reduce the 209 
particle deposition on the walls, thereby improving the measurement efficiency18.  210 
 211 
2.5.3. Maintain the ratio of the aerosol and sheath air flow rate of the DMA at 1:10 to keep the 212 
aerosol flow rate and sheath air flow rate at 1 L/min and 10 L/min, respectively.  213 
 214 
3. Flow uniformity test 215 
 216 
3.1. Multi-concentration exposure 217 
 218 
3.1.1. Set the flow velocity of the injection nozzles by supplying clean air at 11 L/min through the 219 
aerosol inlet. Select 11 port nozzles for each the four stages.  220 
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 221 
3.1.2. Measure the flow rate to connect the flow meter to the selected nozzle. 222 

 223 
3.1.3. Repeat step 3.1.2 3x to verify the reproducibility. 224 
 225 
3.2. Single-concentration exposure 226 
 227 
3.2.1. Set the flow velocity of the injection nozzles by supplying clean air at 48 L/min through the 228 
aerosol inlet. Randomly select 24 port nozzles among the 48 ports. Measure 3x to verify the 229 
reproducibility. 230 
 231 
4. Particle uniformity test 232 
 233 
4.1. Multiconcentration exposure 234 
 235 
4.1.1. Set the particle size distribution of the injection nozzles by supplying the generated 236 
particles at 11 L/min through the aerosol inlet (do this as described in section 2).  237 
 238 
4.1.2. Randomly selected six port nozzles among the four stages; measure 3x to verify the 239 
reproducibility. 240 
 241 
4.2. Single-concentration exposure 242 
 243 
4.2.1. Set the particle size distribution of the injection nozzles by supplying the generated 244 
particles at 20 L/min and clean air at 28 L/min, making a total of 48 L/min through the aerosol 245 
inlet (as described in 2.4 and 2.5).  246 
 247 
4.2.2. Randomly select six port nozzles among the four stages. 248 

 249 
4.2.3. Measure the particle concentration, to connect the SMPS to the selected nozzle. 250 

 251 
4.2.4. Repeat step 4.2.3 3x to verify the reproducibility. 252 
 253 
5. Cross-contamination test 254 
 255 
5.1. Set three stages in the case of multiconcentration exposure. 256 
 257 
5.2. Connect two generators with different solution concentrations and a clean air line to the 258 
three respective stages. 259 
 260 
5.3. Set the particle size distribution of the injection nozzles by supplying the generated particles 261 
and clean air at 11 L/min through the aerosol inlet (as described in 2.4 and 2.5). 262 
 263 
5.4. Randomly selected one port nozzle from all three stages. 264 
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 265 
5.5. Measure the particle concentration, to connect the SMPS to the selected port. 266 
 267 
5.6. Repeat step 5.5 15x to verify the reproducibility. 268 
 269 
REPRESENTATIVE RESULTS: 270 
 271 
Experimental set-up 272 
Figure 1 shows a schematic diagram of a nose-only inhalation chamber system, including a 273 
particle generator with an MFC, nose-only chamber, and particle measurement instrument for 274 
monitoring the air quality, controller, and exhaust module, based on section 2 of the protocol. 275 
 276 
Numerical analysis design 277 
Figure 2 shows the geometry of the nose-only inhalation chamber for multiconcentration 278 
exposure (Figure 2A) and single-concentration exposure (Figure 2B). The control fresh-air ports 279 
are located at the top, while the low-, moderate-, and high-concentration ports are shown in 280 
Figure 2A, based on section 1 of the protocol.  281 
 282 
The flow field for multi- and single-concentration exposure in the vertical and horizontal tower is 283 
shown in Figure 3 and Figure 4, respectively. The multiconcentration chamber has four flow fields, 284 
while the single-concentration chamber has one flow field (Figure 3A,B). In the case of the single-285 
concentration chamber, the flow from top to bottom is uniformly dispersed into the nose-only 286 
ports (Figure 4A), while the multiconcentration chamber is designed to deliver different 287 
concentrations of the test article to each stage of nose-only ports by supplying a flow from the 288 
air injection nozzles located in the middle of the inner tower using one port (Figure 4B). 289 
 290 
Figure 5 shows the flow field for the exposure concentration at each stage and is designed to 291 
avoid cross-contamination between each stage (Figure 5), based on section 1 of the protocol. 292 
 293 
Experimental evaluation of numerical analysis design 294 
The flow uniformity was evaluated using 12 ports located horizontal and vertical to the stages. 295 
The numerically designed flow was similar to the experimentally measured flow through the 12 296 
ports located horizontally in the single-concentration chamber and multiconcentration chamber 297 
(Figure 6A,B and Table 2). Moreover, the numerically designed flow was nearly the same as the 298 
experimentally measured flow through the 12 ports located vertically in the single-concentration 299 
chamber (Figure 7 and Table 3), based on section 3 of the protocol. 300 
 301 
The particle concentration was measured using six randomly selected ports located horizontally 302 
to the stages and showed identical concentrations in the single-concentration chamber (Figure 303 
8A and Table 4) and multiconcentration chamber (Figure 8B and Table 4). The particle 304 
concentration was also measured using six randomly selected ports located vertically to the four 305 
stages and showed identical concentrations in the single-concentration chamber (Figure 9 and 306 
Table 4), based on section 4 of the protocol. 307 
 308 
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The cross-contamination was checked by measuring the sodium chloride particle concentration 309 
in the control and low and high concentrations. The results showed well-maintained 310 
concentration levels from the exposure ports for each stage (Figure 10 and Table 6), based on 311 
section 5 of the protocol. 312 
 313 
FIGURE & TABLE LEGENDS: 314 
 315 
Figure 1: Schematic of the nose-only inhalation toxicity test chamber. It is divided into five areas 316 
(generation, exposure chamber, measurement, monitoring & control, and exhaust module), and 317 
can change the generation, exposure chamber according to the type of exposure. (A) Single-318 
concentration exposure. (B) Multiconcentration exposure.  319 
 320 
Figure 2: Geometry of the nose-only inhalation toxicity test chamber. (A) Single-concentration 321 
exposure. (B) Multiconcentration exposure. 322 
 323 
Figure 3: Flow field of the vertical inner tower. (A) Single-concentration exposure. (B) 324 
Multiconcentration exposure. The colored bar indicates the flow field (in meters/second). 325 
 326 
Figure 4: Flow field of the horizontal inner tower. (A) Single-concentration exposure. (B) 327 
Multiconcentration exposure. 328 
 329 
Figure 5: Flow field for multiconcentration chamber cross-contamination. 330 
 331 
Figure 6: Comparison of the horizontal flow uniformity. The error bars represent SD. (A) Single-332 
concentration exposure. (B) Multiconcentration exposure. 333 
 334 
Figure 7: Comparison of the vertical flow uniformity. The error bars represent SD. 335 
 336 
Figure 8: Comparison of the horizontal concentration uniformity. The error bars represent SD. 337 
(A) Single-concentration exposure. (B) Multiconcentration exposure. 338 
 339 
Figure 9: Comparison of the vertical concentration uniformity. The error bars represent SD. 340 
 341 
Figure 10: Results of the cross-contamination test. The error bars represent SD. 342 
 343 
Table 1: Test condition. 344 
 345 
Table 2: Comparison of the horizontal flow uniformity. 346 
 347 
Table 3: Comparison of the vertical flow uniformity. 348 
 349 
Table 4: Comparison of the horizontal concentration uniformity. 350 
 351 
Table 5: Comparison of the vertical concentration uniformity. 352 
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 353 
Table 6: Results of the cross-contamination test. 354 
 355 
DISCUSSION: 356 
Inhalation toxicity testing is currently the best method for evaluating aerosolized materials 357 
(particles and fibers), vapors, and gases inhaled by the human respiratory system14,15. There are 358 
two inhalation exposure methods: whole-body and nose-only. However, a nose-only system 359 
minimizes exposure by noninhalation routes, such as skin and eyes, and allows testing with 360 
minimal quantities of the test article, making it the preferred exposure method recommended 361 
by the OECD Inhalation Toxicity Testing Guidelines: acute4,6, subacute7, and subchronic8. 362 
 363 
A standard inhalation toxicity system requires four concentration chambers (fresh air control and 364 
low, moderate, and high concentrations). Thus, the operation is expensive, space consuming, and 365 
requires test article generation and environmental control systems. However, the 366 
multiconcentration inhalation chamber presented in this paper is more economical for use by 367 
small research institutes in the future. Based on the single-concentration inhalation chamber, the 368 
proposed multiconcentration inhalation chamber was designed and developed using a numerical 369 
analysis13. The resulting multiconcentration chamber can provide four exposure concentrations, 370 
including a fresh air control. The flow rate to each exposure port is appropriate, as suggested by 371 
Pauluhn and Thiel16, for directed-flow, nose-only inhalation chambers. 372 
 373 
To validate the proposed CFD and numerically designed system in accordance with the existing 374 
verification procedure, the exposure port flow fields were measured horizontally and vertically 375 
for each concentration stage, along with the particle number concentrations to evaluate cross-376 
contamination, which is a critical step (described in section 5 of the protocol), and the 377 
concentration maintenance using test aerosol sodium chloride. The designed multiconcentration 378 
exposure system showed a uniform flow field for the exposure ports from each concentration 379 
stage, no cross-contamination among the concentration ports, and consistent concentration 380 
maintenance. Thus, the proposed system could be effective for use by small research facilities 381 
desiring to conduct inhalation toxicity testing and studies. Since nanoparticle behavior 382 
(deposition by diffusion) in the air is very similar to gas or vapor17, the chamber could be used for 383 
gas and organic vapor inhalation testing. Testing the chamber with an organic vapor is planned, 384 
and the non-nanoscale particles will be tested in the near future.  385 
 386 
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Single Dose Multi Dose 
Dimension 60 mm 60 mm 

Openings of the tube 6 mm 6 mm 

Supply flow rates totally 48 LPM 11 LPM each stage 

Supply flow rates each

port 

1 LPM 1 LPM 

Supply velocity each port 0.59 m/s 0.59 m/s

Extraction flow rates 48 LPM 44 LPM in the 4 stages 

Table 1: Test Condition
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Average Flow Standard Deviation Average Flow Standard Deviation

1 0.90 0.03 0.97 0.06

2 0.94 0.03 0.98 0.06

3 1.08 0.02 0.98 0.06

4 1.09 0.03 0.98 0.06

Single Concentration Multi Concentration
Stage

Table 2: Comparison of Horizontal Flow Uniformity
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Average Flow Standard Deviation

1 1.00 0.01

2 1.00 0.01

3 1.00 0.02

4 1.00 0.02

5 1.00 0.01

6 1.00 0.02

7 1.00 0.02

8 1.00 0.01

9 1.00 0.02

10 1.00 0.01

11 1.01 0.01

12 1.00 0.02

Stage
Single Concentration

Table 3: Comparison of Vertical Flow Uniformity
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Average Concentration Standard Deviation Average Concentration Standard Deviation

1 0.98 0.04 1.04 0.01

2 1.02 0.03 0.98 0.01

3 1.00 0.04 1.01 0.01

4 1.00 0.03 0.98 0.01

Stage
Single Concentration Multi Concentration

Table 4: Comparison of Horizontal Concentration Uniformity
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Table 4: Comparison of Horizontal Concentration Uniformity



Average Concentration Standard Deviation

1 0.99 0.05

2 1.02 0.02

3 0.99 0.03

4 1.00 0.05

5 1.01 0.03

6 0.99 0.04

Stage
Single Concentration

Table 5: Comparison of Vertical Concentration Uniformity
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Table 5: Comparison of Vertical Concentration Uniformity



Average Concentration Standard Deviation

1 (High) 8,823,838                             322,882                        

2 (Low) 2,100,002                             94,922                          

3 (Fresh Air) 0 0

Stage
Single Concentration

Table 6: Results of Cross Contamination Test

Table 6 Click here to access/download;Table;Table 6.xlsx
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Name of Material/ Equipment Company Catalog Number Comments/Description

FLUENT V.17.2 ANSYS Software

mass flow meter (MFM) TSI 4043
SMPS (scanning mobility particle 

sizer) Grimm SMPS+C

5-Jet atomizer HCTM 5JA-1000

Mass flow controller (MFC) Horiba S48-32
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ARTICLE AND VIDEO LICENSE AGREEMENT 

Title of Article: 

Author(s):  

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

http://www.jove.com/author) via:      Standard Access       Open Access 

Item 2 (check one box): 

 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
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 MyJove 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.

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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ARTICLE AND VIDEO LICENSE AGREEMENT 

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

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 

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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2) Fax the document to +1.866.381.2236; 
3) Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02139 

 
For questions, please email submissions@jove.com or call +1.617.945.9051 

3 
612542.6  

Il Je Yu

HCTm

Development of inhalation toxicity test chamber that provides 4 exposure concentrations in one chamber

7/3/18



1. Only the protocol section have to be under 10 pages and the highlighted section 
which will be the part of the video needs to be 2.75 pages in length. This limit is not 
meant for the entire manuscript.  

Ansewer) OK. 

 

2. Jove does allow the use of graphical user interface, button clicks etc without naming 
the trademark or copyrighted name of the software. E.g.,  
To perform numerical analysis using a commercial software (listed in the Table of 
Materials), click Enter, then click Analysis.   

Answer) we revised the Protocol. The setting of the numerical analysis software is limited in 

video production. I moved it to introduction. 

 

3. How do you do this?  
Answer) we revised the Protocol. The setting of the numerical analysis software is limited in 

video production. I moved it to introduction. 

 

4. Please include how? e.g. manually adjust the differential pressure knob to keep the 
differential pressure to -100Pa.  

Answer) we revised the Protocol. The setting of the numerical analysis software is limited in 

video production. I moved it to introduction. 

 

5. Manually set the inflow rate?  
Answer) we revised the Protocol. 

 

6. What is being done in the mixing chamber. Please provide hard/discrete 
experimental steps for filming.  

Answer) The mixing chamber is integral with the chamber. The only role for the mixing. 

 

7. Do you add NaCl to the atomizer before? Please detail these part as well.  
Answer) I mentioned in line 188. Note: Use a 0.1%wt NaCl solution to generate the NaCl 

nanoparticles. 

 

8. Supply how?  
Answer) we revised the Protocol. 
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9. How do you visually figure this out… please include a one liner note for this.  
Answer) we added to the Reference. 

 

10. Measure what and how? Please write all details to make the sentence full proof.  
Answer) we revised the Protocol. 

 

11. There is no B. Please just put the step number : e.g. according to step 1.1.2 
Answer) we revised the Protocol. 

 

12. Measure what and how?  
Answer) we revised the Protocol. 

 

13. Please just mention the step number – no need of detailing the step.  
Answer) we revised the Protocol. 

 

14. Again measure what and how?  
Answer) we revised the Protocol. 

 

15. Please reword the representative result in a way it corroborates the protocol 
detailed above. ..the numerical analysis part is not described. However the entire 
result is based on this.  

Answer) we revised the Representative Results. 

 

16. As we are a methods journal, please revise the Discussion to explicitly cover the 
following in detail in 3-6 paragraphs with citations: 

 
 

a) Critical steps within the protocol 

Answer) in Line 373 ~ 377 

b) Any modifications and troubleshooting of the technique 

Answer) none 

c) Any limitations of the technique 

Answer) in Line 363 ~ 365 



d) The significance with respect to existing methods 

Answer) in Line 373 ~ 377 

e) Any future applications of the technique 

Answer) in Line 365 ~ 367 


