
APPROVED FILMING SHOTLIST

Submission ID #: 58019
Editor Name: Brigid Stadinski
Videographer name: Sven Klages
Film Date: 09/19/2018
Link: http://www.jove.com/files_upload.php?src=17695843

Authors and Affiliations: 

Jérémy Bell1, Raúl Gotor1, and Knut Rurack1

1Bundesanstalt für Materialforschung und –prüfung (BAM), Berlin, Germany

Title: Fluorescent Paper Strips for the Detection of Diesel Adulteration with Smartphone Read-out


Corresponding Author: 
Jérémy Bell
Jeremy.bell@bam.de
Tel: 0049 30 8104 1191

Co-authors:
Raúl Gotor	(raulgotor@gmail.com)
Knut Rurack	(knut.rurack@bam.de)



A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___N______  
Can you record movies/images using your own microscope camera? (Y/N)____Y_____  
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: _____________________________________________
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___Y_____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 
3.7, 3.8, 4.2, 4.3, 4.4 ___________________________________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 3.7, 4.2___________________________
E.  Will the filming need to take place in multiple locations? (Y/N) __N_____ If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 


A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Jérémy Bell: The overall goal of this dip stick assay, using a fluorescent viscosity probe and smartphone read-out, is to detect diesel adulteration with kerosene to uncover such fraud and avoid economical damage [1-MED].
1.1.1. Jérémy speaks towards the camera (looking just off-camera), interview style.
1.2. Jérémy Bell: This method can help public employees in resource-limited countries to carry out rapid tests according to the WHO demand for affordable, sensitive, specific, user-friendly, rapid and robust analytics [1-MED]. 
1.2.1. Jérémy speaks towards the camera (looking just off-camera), interview style.

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Raúl Gotor: The main advantage of this technique is that it gives a qualitative measurement result in Iess than a minute and can be performed by untrained personnel without additional equipment requirement [1-MED]. 
1.1.1. Raúl speaks towards the camera (looking just off-camera), interview style.  
1.2. Knut Rurack: Though this method provides a new tool for detecting fuel adulteration, it can also be applied to other on-site detection scenarios, such as explosives detection or water analysis [1-MED].
1.2.1. Knut speaks towards the camera (looking just off-camera), interview style.  

Protocol: (read by voice talent at JoVE)
2. Test Strip Fabrication
2.1. Prepare 1 milliMolar solutions of the reference dye and dyes 4-DNS, 4-DNS-OH and 4-DNS-COOH (all pronounced as individual letters and numbers) [2.1.1-TXT] in toluene as described in the text protocol [1-MED-TXT] [2.1.2].  
2.1.1. Talent works to prepare the solutions.  Use labeled containers.  TEXT Overlay: See text for an alternative test strip fabrication method
2.1.2. [Added Shot]: Talent adds solvent
2.2. Cut cellulose strips of 30 by 5 millimeters from filter paper [1-CU].  Place approximately 50 of those strips in a sealable 5 milliliter vial together with 4.5 milliliters of the desired dye solution [2-MED-over the shoulder].
2.2.1. Cellulose strips as talent cuts them from filter paper.
2.2.2. Talent places 50 of those strips in a sealable 5 mL vial with 4.5 mL of the desired dye solution.
2.3. Shake the strips inside the vial with a vertical rotator for 20 minutes at 30 rpm [1-CU].  Then, pour the toluene solution out of the vial [2-MED].  Immediately fill with 4 milliliters of cyclohexane [3-MED-over the shoulder] and rotate for 1 minute at 30 rpm to wash off excess dyes [3-MED-over the shoulder] [2.3.4].
2.3.1. Vial as it is agitated on a vertical rotator.
2.3.2. Talent pours out the toluene solution.
2.3.3. Talent fills the vial with 4 mL of cyclohexane and places on rotator
2.3.4. Talent places the vial on rotator.  
2.4. Repeat this washing operation three times [1-MED].  Following wash, dry the obtained test strips on a filter paper for 10 minutes at room temperature before performing sample pre-treatment as described in the text protocol [2-MED-over the shoulder].
2.4.1. Talent pours off the solvent.
2.4.2. Talent leaves the test strips to dry at room temperature. 
3. Smartphone Reader Implementation
3.1. Purchase a standard 5 millimeter epoxy LED at 460 nanometers, a 100 ohm resistor and a USB on-the-go cable with an ON/OFF switch and a micro USB port [1-CU].
3.1.1. Pan the 5 millimeter epoxy LED at 460 nanometers, a 100 ohm resistor and a USB on-the-go cable with an ON/OFF switch and a micro USB port laid out on the bench.
3.2. Cut the USB cable on the opposite of the on-the-go side to isolate the red wire powering positive 5 Volts and the black wire corresponding to the ground [1-MED-over the shoulder].
3.2.1. Talent cuts the USB cable on the opposite of the on-the-go side to isolate the red wire.
3.3. Now, solder the 100 ohm resistor to the positive 5 Volt red wire and the LED anode [1-CU].  Also, solder the LED cathode to the ground black wire [2-CU].  Connect the micro USB to the phone to power the LED [3-MED-over the shoulder].
3.3.1. 100 ohm resistor as talent solders to the positive 5 Volt red wire and the LED anode.
3.3.2. Ground block wire as talent solders the LED cathode there.
3.3.3. Talent connects the micro USB to the phone.
3.4. Purchase a diffuser and two filters for the LED and the camera.  Typically a short pass filter for the excitation channel and a band pass filter for the emission collection [1-CU].
3.4.1. Diffuser and two filters as talent removes from the packaging. 
3.5. 3D-print a smartphone case that fits on the smartphone and integrates the different optical parts consisting of a black chamber as described in the text protocol [1-MED-TXT].
3.5.1. Talent works to program the 3D printer to print a smartphone case.  TEXT Overlay: 20 x 30 x 40 mm
3.6. Also, 3D-print a strip holder to hold a reference and a test strip [1-MED-over the shoulder-TXT].  
3.6.1. Strip holder as it is printed.  TEXT Overlay: See figure 2 in text 
3.7. Implement the excitation channel by placing the LED, the diffuser and the filter to illuminate the paper strips at an angle of 60 degrees [1-CU].  Implement the reading channel by placing the filter in front of the smartphone CMOS camera [2-ECU].
3.7.1. Talent places the LED, the diffuser and the filter to illuminate the paper strips at an angle of 60 degrees.
3.7.2. Smartphone CMOS camera as talent places the filter in front.
3.8. [1-MED-over the shoulder].
3.8.1. Talent inserts the test strip holder containing the strips.
4. Sample Analysis Using the Smartphone-Based Detector
4.1. Select the adequate calibration file from the software memory by clicking on the Menu button in the upper-right corner of the software window [1-CU]. 
4.1.1. Smartphone screen as talent selects diesel/kerosene from the software memory by clicking on the Menu button in the upper-right corner of the software window
4.2. Dip the test strip into the diesel sample for a couple of seconds by holding the test strip with tweezers [1-MED-over the shoulder].  Remove excess fuel by patting with a drying paper [2-CU].
4.2.1. Talent dips the test strip into the diesel sample by holding the test strip with tweezers. USE 4.1.2
4.2.2. Test strip as talent removes excess fuel by patting with drying paper.
4.3. Place the test strip inside the strip holder besides the reference strip [4.3.1] and introduce the holder into the smartphone case [1-MED-over the shoulder] [4.3.1B].  An image of the strips’ fluorescence is then immediately displayed on the smartphone’s screen [2-CU].  
4.3.1. Talent places the test strip inside the strip holder besides the reference strip and introduces the holder into the smartphone case.
4.3.1B. [Added Shot]: Talent introduces the holder into the smartphone case. (Editor: I’m not sure how this is slated. It appear that this might be slated as 4.3.2, and the original 4.3.2 might be slated as 4.4.1.2 – I’m not certain, so I’ve retained the original shotlisting)
4.3.2. [bookmark: _GoBack]Smartphone as an image of the strips’ fluorescence is displayed on the smartphone’s screen. [Shots 4.3.2 – 4.4.2 combined] (Author Comment: SLATE 4.4.1.2. – 4.3.3 to 4.4.2. as one shot) (Editor: This shot might be slated as 4.4.1.2)
4.4. Press the SHOOT button to record the fluorescence intensities of test and reference strips [1-MED-over the shoulder].  The degree of adulteration is immediately calculated by the internal algorithm and displayed on the screen [2-CU].  
4.4.1. Talent presses the SHOOT button on the smartphone screen.
4.4.2. Smartphone screen as the degree of adulteration is immediately calculated by the internal algorithm and displayed on the screen.
5. Results: Detection of Adulterated Diesel Samples with Fluorescent Test-Strips
5.1. To obtain test strips coated with a fluorescent molecular rotor as a viscosity probe, three types of dyes were coated on paper [1-LM].  One candidate, 4-DNS-OH, was found to be the most suitable probe for detecting diesel adulteration with kerosene [2-LM].
5.1.1. Figure 1A.tif 
5.1.2. Figure 1C.tif - Video editors, please highlight the lane labeled 4-DNS-OH.
5.2. The fluorescence of the strips was determined with a smartphone camera after insertion of the strips into a 3D printed case [1-LM].  The case integrated a strip holder… [2-LM] and all necessary optical elements, such as an LED powered directly by the smartphone USB port… [3-LM], filters… [4-LM] and a diffusor [5-LM].
5.2.1. Figure 2A+2B_inverted.tif 
5.2.2. Figure 2A+2B_inverted.tif - Video editors, please zoom into the figure on the left and highlight the section of the diagram where the strip is inserted from the outside (bottom right of the device through the right wall and into the center of the device). 
5.2.3. Figure 2A+2B_inverted.tif - Video editors, staying zoomed in, slide over to the diagram on the right and please highlight the section to the top left with the labels “USB OTG,” “100 Ω resistor,” and “460 nm LED.”  
5.2.4. Figure 2A+2B_inverted.tif - Video editors, staying zoomed in on the rightmost diagram, please highlight the green and blue filters.
5.2.5. Figure 2A+2B_inverted.tif - Video editors, staying zoomed in on the rightmost diagram, please highlight the gray diffuser.
5.3. The assay procedure was kept as simple as possible with only a couple of steps [1-LM]: dipping [2-LM], placing the strip in the holder… [3-LM], starting the LED… [4-LM], and positioning the holder in the case, followed by measurement and analysis [5-LM].
5.3.1. Figure 2C.tif 
5.3.2. Figure 2C_without_right_screenshot.tif - Video editors, please zoom into the left most panel as this is narrated.
5.3.3. Figure 2C_without_right_screenshot.tif - Video editors, staying zoomed in, please slide over to the next panel to the right.
5.3.4. Figure 2C_without_right_screenshot.tif - Video editors, staying zoomed in, please slide over to the next panel to the right.
5.3.5. Figure 2C_without_right_screenshot.tif - Video editors, staying zoomed in, please slide over to the next panel to the right.
5.4. The analysis software averaged all the RGB values of the pixels in predefined spatial areas corresponding to the strips and converted them to fluorescence intensities [1-LM]. 
5.4.1. Figure 2C_right_screenshot.png

6. Conclusion (said by authors on camera)
6.1. Jérémy Bell: Once mastered, this technique can be done in 1 or 2 minutes if it is performed properly [1-MED].
6.1.1. Jérémy speaks towards the camera (looking just off-camera), interview style.
6.2. Knut Rurack: After watching this video, you should have a good understanding of how to detect fuel adulteration using cost-effective, precise and rapid tests which are an interesting forensic solution for fraud detection by consumers or untrained authority personnel [1-MED].
6.2.1. Knut speaks towards the camera (looking just off-camera), interview style.
6.3. Raúl Gotor: While attempting this procedure, it’s important to remember to select the adequate calibration files, especially when diesel fuels of different grades are encountered that have specific viscosities and respond specifically on the strip [1-MED].
6.3.1. Raúl speaks towards the camera (looking just off-camera), interview style.
6.4. Jérémy Bell: Following this procedure, other reference and laboratory methods like GC-FID can be performed in order to answer additional questions like the validation of a positive result observed on-site during a screening campaign [1-MED].
6.4.1. Jérémy speaks towards the camera (looking just off-camera), interview style.
6.5. Knut Rurack: After its development, this technique paved the way for researchers in the field of fluorescent dip stick assays combined with the embedded read-out system to explore the on-site analyses of contaminants in water bodies, liquid foodstuff or other adulteration scenarios [1-MED]. 
6.5.1. Knut speaks towards the camera (looking just off-camera), interview style.
6.6. Raúl Gotor: Working with smartphone CMOS as a detector requires some precautions concerning the auto-white balance algorithm that is always running on many of today’s mobile devices.  Measuring the fluorescence of a reference strip besides the test strip permits correction of such deviation [1-MED].   
6.6.1. Raúl speaks towards the camera (looking just off-camera), interview style.

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, .eps, 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.  

LAB MEDIA:
Figure 1A.tif 
Figure 1C.tif 
Figure 2A+2B_inverted.tif
Figure 2C.tif 
Figure 2C_without_right_screenshot.tif  
Figure 2C_right_screenshot.png


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 are included in the email accompanying the finalized script.
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