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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N If yes, please list make and model of your microscope: ______________________________
**Note:  This question is to get at whether or not you will need a camera hook-up to look into the microscope.  However, if your microscope has a digital camera attached to a computer, you can gather these shots by collecting screen capture movies. 
Does your protocol include microscopy steps that are visualized through a microscope with a digital camera/computer attached? (Y/N) N 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) N 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps  The steps involving the proper safety protocols for handling chemical warfare agent (3.1, 3.3, 3.5, 3.6).
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  The most difficult aspects of the procedure are maintaining consistent contamination conditions (e.g. same material substrate, contamination volume, and contaminant spread) under extensive safety protocols.  

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE)

Conceptual Narrative:
The overall goal of the following experiment is to characterize the transport dynamics and mechanisms of a chemical into and out of a thin paint coating. (Intro)

This is achieved by applying the contaminant of interest to the test substrate which allows for the interaction of the contaminant with the painted surface. (P1, show the truck and make the top black circle appear followed by the zoom-in of Contaminated Paint. Then make the blue square around one of the red paint circles appear followed by the two blue lines coming from it. Make the two blue lines expand followed by the appearance of the P1 Contamination and Air blue box.)

As a second step, the contaminated substrate is placed inside the high vacuum experimental chamber, which characterizes the gas desorption profile of the contaminated substrate using a mass spectrometer. (P2, show the P1 blue box and make lines appear from the bottom rectangle to the P2 image. Then make the substrate appear in the Stainless Steel Chamber.)  

The results allow the determination of the saturation concentration and diffusion constant values for the contaminant transport through the paint based on the analysis of the measured mass flux of the contaminant from the substrate. (P3, show the graph followed by the HD, VD, and Concentration images. These images are from Figure 5.)

Video Editor: Use 51825_Graphical Sequence.png, Graphical_Sequence 140603.png, or Graphical_Sequence 140603.pdf

B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Matt: Demonstrating the procedure will be Shawn, a co-author on the manuscript, and TBD, a chemist in our lab. Working with chemical warfare agents is extremely hazardous, and can only be performed at certified facilities using safety and security precautions such as personnel training, personal protective equipment, the two-man rule, and properly certified engineering controls."
1.1.1. Interview style: Author saying the above 
1.1.2. Shawn and TBD look up from hood acknowledge the camera.
1.2. Brent: This method can help answer key questions in the materials engineering field, such as material properties that inhibit harmful chemical penetrants.  The development of chemically hardened materials has the potential to reduce the burden for cleaning, or decontaminating items, and minimize negative health effects associated with interacting with contaminated assets.
1.3. Tom: The main advantage of this technique over existing methods, like the sorption or integral technique, is that it enables the determination of highly precise mass transport properties in thin film coatings.  Simulation of the chemical distribution within paints at various environmental conditions enables the prediction of the health hazards from contaminated materials.  


Protocol (read by voice talent at JoVE):
2. Condition Paint Substrates to the Desired Environment
2.1. First, preset the environmental chamber for substrate conditioning to the specified temperature and relative humidity, which is 20 °C and 50%.
2.1.1. WID: Talent walks up to the environmental chamber.
2.1.2. MED: Talent presets the chamber to the appropriate temperature and humidity. 
2.2. Place 0.32 cm thick, 5.08 cm radius painted stainless steel discs with a total paint coating thickness of approximately 100 μm on stainless steel trays with the test surface to be exposed to a chemical agent facing upwards.	
2.2.1. MED-over the shoulder: Talent places four three stainless steel discs on the stainless steel trays.
2.2.2. CU: One of the stainless steel discs showing its orientation on the tray.
2.3. Next, cover the substrates with Petri dishes. Place the trays containing the test substrates into the environmental chamber for at least 60 min but ideally overnight, if possible.
2.3.1. MED-over the shoulder: Talent covers the substrates with Petri dishes.
2.3.2. MED: Talent places the trays with the substrates in the environmental chamber.
3. Contamination of Preconditioned Substrates
3.1. After donning the appropriate personal protecting equipment, obtain the chemical contaminants from cold storage, allowing them to equilibrate to room temperature prior to use (TEXT: Handling of chemical warfare agents should only be performed by trained personnel at an approved facility using applicable safety, security, and surety precautions). 
3.1.1. MED: Talent removes the chemical contaminants from cold storage walking down hallway with contaminant.
3.1.2. MED-over the shoulder: Talent places the chemical contaminants in the hood to equilibrate to room temperature.
3.2. Following this, fit the repeater pipette with a tip and ensure that the tool is set to deliver the appropriate volume of contaminant.  After uncapping the contaminant vial, place the cap on the hood surface, threads facing up.
3.2.1. CU: Repeater pipette as talent inserts a tip into it and checks that it is set to the appropriate volume.
3.2.2. MED: Talent places the contaminant vial cap on the hood surface.	    
3.3. After picking up the pipette, slowly lower the tip into the contaminant solution.  Load the agent delivery tool with agent in accordance with the manufacturer’s directions by slowly pulling up the lever on the side of the pipette.  Gently place the loaded pipette onto the hood working surface, and recap the contaminant vial.	
3.3.1. MED-over the shoulder: Talent slowly lowers the pipette tip into the contaminant solution.
3.3.2. CU: Repeater pipette as talent slowly pulls up the lever on the side of it.  
3.3.3. MED: Talent gently places the loaded pipette onto the hood surface and recaps the contaminant vial. 
3.4. Once the trays containing the test substrates have been removed from the environmental chamber, remove the Petri dishes and set them on the hood surface.  Digitally photograph each test substrate to record the appearance of each substrate before contamination. 
3.4.1. MED-over the shoulder: Talent removes the Petri dishes from the trays and sets them on the hood surface.
3.4.2. MED: Talent takes pictures of each substrate with a digital camera.
3.5. Next, deliver a single droplet of agent onto the first test substrate.  Cover the contaminated material with a polystyrene Petri dish to minimize evaporation while contaminating additional substrates.  
3.5.1. CU: First test substrate as talent adds a single droplet of agent onto it.
3.5.2. MED: Talent covers the contaminated material with a Petri dish.
3.6. Once again, remove the Petri dishes from the test substrates and set them on the hood surface.  Digitally photograph each test substrate to record the initial contaminant-material interactions.  
3.6.1. MED-over the shoulder: Talent removes the Petri dishes from the trays and sets them on the hood surface.
3.6.2. LAB MEDIA: 51825_Step 3.6_JOVE images initial.png
3.7. After covering the test substrates with the Petri dishes, place the tray of substrates back into the environmental chamber.
3.7.1. MED-over the shoulder: Talent places tray of substrates into the environmental chamber.
3.8. Collect pipette confirmation samples before and after dosing of substrates for analysis via chromatography to confirm contaminant mass delivery. 
3.8.1. CU: Vials as talent adds pipette confirmation samples to them.
4. Contaminant-Material Interaction Aging Period
4.1. Prior to aging the samples, vent the stainless steel high vacuum experimental chamber to prepare it for later use. 
4.1.1. MED: Talent vents the high vacuum experimental chamber.
4.2. After allowing the contaminated substrates to age in the environmental chamber for the specified duration, place them on the working surface of the hood.  Following removal of the Petri dishes from the test substrates, digitally photograph each substrate to record the post-aging contaminant-material interactions.	 
4.2.1. MED-over the shoulder: Talent places the contaminated substrates on the hood surface.
4.2.2. LAB MEDIA: 51825_Step 4.2_JOVE images final.png
4.3. Double-contain the test samples in multiple airtight containers and transfer to the working hood with high vacuum chamber.
4.3.1. [bookmark: _GoBack]MED-over the shoulder: Talent places the test samples in airtight containers.
4.3.2. MED: Talent walks to the working hood with the containers in hand and places them on the hood surface. 
5. High Vacuum Vapor Emission Chamber Measurement
5.1. After ensuring that the chamber is properly vented, unpackage the samples and remove the test substrates from the Petri dishes.  Then, place one test substrate into each temperature-controlled substrate holder using stainless steel tweezers.
5.1.1. MED-over the shoulder: Talent removes the samples from the containers and Petri dishes.
5.1.2. MED: Talent places each test substrate into the substrate holder.
5.2. Seal the vacuum chamber and begin the pump down sequence (TEXT: Perform this step such that chamber is vacuum sealed at specified age time in relation to when substrate was contaminated).  
5.2.1. MED-over the shoulder: Talent seals the vacuum chamber and turns on the vacuum pump. 
5.3. Following this, begin recording selected mass fragment channels as a function of time identified with specific mass per unit charge values.  Measure specific background gas species in addition to the primary mass fragments from the molecules of interest in real time at less than 0.25 Hertz until the contaminant partial pressure drops below the detection limits of the mass spectrometer.  
5.3.1. MED: Talent sits down in front of the computer and if necessary, opens the software. 
5.3.2. SCREEN: Computer screen as talent records the mass fragment channels. 
5.3.3. SCREEN: Computer screen as talent measures the specific background gas species and primary mass fragments. 
5.4. Collect the emission curves for the duration of the emission of contaminant from the substrate. Stop recording emission curves with the mass spectrometer once the contaminant mass flux has decreased to the chamber pressure baseline. Then, vent the high vacuum chamber to atmospheric pressure.
5.4.1. SCREEN: Computer screen as talent collects the emission curves. (Note: This to be provided as upload to JoVE website).
5.4.2. MED-over the shoulder: Talent at the computer stops recording the emission curves  shown working with data on a computer to represent end of data collection.
5.4.3. MED: Talent vents the high vacuum chamber shown turning off pumps at controller and then a second scientist opens vacuum chamber to vent.
6. Post-Treatment Evaluation for Total Remaining Contaminant
6.1. At this point, open the high vacuum vapor emission chamber instrument and remove the substrate from the chamber using stainless steel tweezers.
6.1.1. MED-over the shoulder: Talent opens the instrument and removes the substrate from the chamber. 
6.2. Place the substrate into a glass extraction jar and add 20 mL of extraction solvent (TEXT: Isopropyl alcohol, VX; chloroform, HD) to the jar.  Cap the jar and swirl the jar three times.
6.2.1. CU: Glass extraction jar as talent places substrate in it and adds the appropriate solvent.
6.2.2. MED: Talent caps the jar and manually swirls the contents.	  
6.3. After leaving the substrate in the extraction solvent for 60 minutes, swirl the jar three times again and then uncap the jar.  Using a clean, disposable, glass pipette, transfer approximately 1 to 2 mL of extraction solvent into an analytical vial for analysis via gas or liquid chromatography to measure the contaminant mass retained by the substrates.
6.3.1. MED-over the shoulder: Talent manually swirls the jar and uncaps it.
6.3.2. MED: Talent removes some of the extraction solvent from the jar and adds to an analytical vial.
7. Results: Estimating the Mass Transport Parameters of Chemicals in Paint
7.1. Examples of the calculated mass flux of VX and HD from solvent dispersible-painted substrates based on time-resolved mass spectrometry for the main mass fragments are shown here. The ionizer was located in close, line-of-sight proximity to the surface so that species emitted were detected preferentially and pseudo-instantaneously. (TEXT: See text protocol for details on data analysis calculations.) 
7.1.1. LAB MEDIA: Figure 3 (HVVEC JoVE Figure 3.psd, 51825fig3highres.jpg) (Video Editor: Show top panel only.) 
7.2. The different boundary conditions associated with constraining the analytical solution for molecular diffusion in a finite thickness absorbing coating are shown here.  
7.2.1. LAB MEDIA: Figure 4 (HVVEC JoVE Figure 4.psd, 51825fig4highres.jpg)
7.3. The transport model enables simulation of the contaminant absorption during the aging period, and the resulting flux during the experiment.
7.3.1. LAB MEDIA: Figure 4B (HVVEC JoVE Animation 4B.mov)
7.4. Simulation results for the spatial-dependent concentration distribution of HD or VX are illustrated here.  Although the coating absorbed a higher mass of HD, as indicated by a greater saturation concentration, it is more localized near the substrate surface compared with VX.  
7.4.1. LAB MEDIA: Figure 5 (HVVEC JoVE Figure 5.psd, 51825fig5highres.jpg) (Video Editor: Show top panel only. Point to the top part of the HD image for the second sentence.)
7.5. The calculation and prediction of resulting vapor flux of the contaminants from the paints is shown here based fitting experimental data.  The differences in transport phenomena between HD and VX demonstrate that intermolecular interactions can alter the transport of absorbing molecules through the paint systems to generate different distributions.
7.5.1. LAB MEDIA: Figure 5 (HVVEC JoVE Figure 5.psd, 51825fig5highres.jpg) (Video Editor: Show bottom panel only. If possible, point to right part of the graph where the two lines separate for the second sentence.)

8. Conclusion (said by authors on camera)
8.1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Matt: Don't forget that working with chemical warfare agents and simulants is extremely hazardous, and should only be performed at certified facilities using redundant safety and security precautions such as personnel training, personal protective equipment, and proper engineering controls.   

       

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 
6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.

General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.
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