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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 you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) N If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
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.) Steps 3.3, 3.4, 3.5, 4.1, 4.3, 4.4, 4.5, and 5.3 
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.) Steps 3.3 and 5.3 
E.  Will the filming need to take place in multiple locations? (Y/N) Y If yes, how far apart are the locations? 30 km (35 min)

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. Experimental Goal (read by voice talent at JoVE):

The overall goal of this methodology is to determine the bioavailability of plutonium in freshwaters by using the diffusion in thin films technique. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Ruslan Cusnir: This method can help answer key questions in the experimental radioecology field, such as the speciation and the bioavailability of plutonium in aquatic environments. 14 h 20 Take 1, Take 2 
1.2. Ruslan Cusnir: The main advantage of this technique is that it is possible to simulate the biogeochemical behavior of plutonium in environmentally relevant laboratory conditions using a diffusion cell. 14 h 23 Take 1, Take 2   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
*Note to the Authors: Due to the 150-word length restriction for the introduction section and one statement per author requirement for the optional interview statements, I’ve removed one of the statements for Pascal.  Please feel free to switch to the other statement if that one is preferred.
1.3. François Bochud: Though this method can provide insight into the speciation of plutonium in freshwaters, it can also be applied to other systems, such as marine waters and specific contaminated environments. 14 h 15 Take 1, Take 2, Take 3, Take 4
1.4. Pascal Froidevaux: We first had the idea for this method, when we learn that it worked very well to measure bioavailable trace elements, specifically for heavy metals.
1.5. Pascal Froidevaux: Visual demonstration of this method is critical as the experimental set-up and fabrication of DGT devices are difficult to master, because they contain hints that make success of the method possible. 14 h 25 Take 1, Take 2, Take 3    


Protocol (read by voice talent at JoVE):
2. Preparation of the Solutions used in the Experiments
2.1. First, add 200 milliliters of a previously prepared 10 millimolar solution of 3-(N-morpholino)propanesulfonic acid, or MOPS buffer, to a 250 milliliter glass beaker [2.1.1-MED]. Adjust to the desired pH by dropwise addition of 0.1 molar hydrochloric acid [2.1.2-MED-over the shoulder]. 
2.1.1. Show talent pouring buffer from 1 liter volumetric flask to beaker 9 h 40
2.1.2. Show talent adding hydrochloric acid to beaker, TEXT: pH 6.5 for Pu(IV) and pH 5.5 for Pu(V) 9 h 45  
2.2. To prepare solution A, dissolve the previously prepared Pu(IV) (pronounced plutonium four) source in several milliliters of 10 millimolar MOPS buffered solution at pH 6.5 [2.2.1-CU]. After transferring the solution to a 120 milliliter beaker, thoroughly rinse the original beaker with the same solution [2.2.2-MED]. 
2.2.1. Show beaker containing Pu(IV) residue as talent adds buffered solution to it 9 h 55 Take 1 (wrong – without gloves), Take 2 (with gloves)
2.2.2. *Film as written 10 h 00
2.3. Following this, bring the volume to 72 milliliters with 10 millimolar MOPS buffered solution [2.3.1-MED-over the shoulder]. After checking the pH, re-adjust to 6.5 with 0.1 molar sodium hydroxide [2.3.2-CU]. Transfer 72 milliliters of this solution to a clean beaker [2.3.3-MED]. 
2.3.1. *Film as written 10 h 01 Take 1, Take 2
2.3.2. Show close-up of pH meter reading 10 h 04
2.3.3. *Film as written 10 h 10
2.4. To prepare solution B, add 0.75 milliliters of 1 molar sodium sulfate to 72 milliliters of 10 millimolar MOPS buffered solution [2.4.1-CU]. After checking the pH, re-adjust to 6.5 if necessary [2.4.2-MED]. Transfer 72 milliliters of this solution to a clean beaker [2.4.3-MED-over the shoulder].
2.4.1. Show close-up of beaker containing buffered solution as talent adds sodium sulfate solution to it 10 h 12 We show pouring the buffered solution into the beaker at this step
2.4.2. Show talent adding sodium sulfate solution to solution B beaker and checking pH with pH meter 10 h 15 At this step we added to the beaker 0.75 mL of sodium sulfate, checked the pH and re-adjusted it to 6.5 with 0.1 M HCl instead of 0.1 M NaOH as originally written in the shotlist.
2.4.3. *Film as written 10 h 20
3. Laboratory Diffusion Experiments
3.1. At this point, wet a plastic tray with several milliliters of 10 millimolar sodium nitrate [3.1.1-MED]. Place the polyacrylamide gel strip in the tray [3.1.2] and expand uniformly over the surface [3.1.3-CU]. 
3.1.1. *Film as written 10 h 24
3.1.2. Show gel strip as talent places it in tray 10 h 25 
3.1.3. [split shot] and expands it with tweezers and/or his/her hands 10 h 34
3.2. Then, carefully place a sharp punch of 2.7 centimeters in diameter on the gel surface [3.2.1-MED-over the shoulder]. Press the punch firmly against the gel surface and release once it is cut [3.2.2-CU].
3.2.1. *Film as written, TEXT: Avoid sliding punch over gel surface 10 h 32
3.2.2. *Film as written 10 h 33
3.3. To assemble the diffusion cell, position the polyacrylamide gel disc with tweezers into the groove over the diffusion window in a smooth-faced manner [3.3.2-CU]. Turn the screw such that the two compartments of the diffusion cell hold together, interconnected via the polyacrylamide gel disc [3.3.3-MED-over the shoulder]. 
3.3.1. [added] Assemble the diffusion cell with a support to hold the diffusive gel disc 10 h 38
3.3.2. *Film as written 10 h 41
3.3.3. *Film as written 10 h 45
3.4. Next, mark the diffusion cell's compartments A and B [3.4.1-MED]. Slowly pour the A and B solutions into the corresponding compartments, making sure that both solutions are poured at the same speed in order to provide equal volume in each compartment at any time [3.4.2-MED-over the shoulder]. 
3.4.1. *Film as written, 10 h 48 Take 1, Take 2 TEXT: Assemble cell immediately prior to experiment; do not allow gel to dry
3.4.2. *Film as written 10 h 49
3.5. Start the timer once the solutions are in the cell [3.5.1-MED] and place miniature electric mixers over the diffusion cell and turn them on, starting the diffusion experiment [3.5.1-MED-over the shoulder]. 
3.5.1. *Film as written 10 h 50
3.5.2. [combined with 3.5.1] *Film as written
3.6. Remove a 1 milliliter sample simultaneously from each compartment at the beginning of the experiment to determine the initial plutonium concentration in the A compartment [3.6.1-MED]. During the experiment, remove samples of equal volume at regular time intervals from the A and B compartments simultaneously in order to keep the volumes constant [3.6.2-CU]. 
3.6.1. *Film as written 11 h 00 Take 1, Take 2
3.6.2. Show close-up of overhead sampling holes of compartments as talent places a pipette in each one and draws up sample into each pipette, TEXT: See text protocol for details on sampling time intervals and aliquot volumes 11 h 05
4. Radiochemical Separation of Pu
4.1. After removing the samples and spiking them with an internal standard [4.1.1], evaporate them on the hot plate [4.1.2-MED-over the shoulder]. When finished, dissolve the dry samples in 5 milliliters of 8 molar nitric acid [4.1.3-CU]. Then, add 20 milligrams of sodium nitrite and heat the samples to 70 degrees Celsius for 10 minutes [4.1.4-MED]. 
4.1.1.  [added] Spiking samples with Pu-242 standard. Take 1 (wrong manipulation!), Take 2. 11 h 10
4.1.2. Show talent placing samples on hot plate and turning it on Take 1, Take 2 11 h 15
4.1.3. *Film as written 11 h 25
4.1.4. Show talent adding sodium nitrate to each sample and placing samples on hot plate 11 h 28
4.2. For solid phase extraction of plutonium, wet a quaternary amine-based anion exchange resin column with 1.5 milliliters of 8 molar nitric acid [4.2.1-MED-over the shoulder]. Pass the sample solution through the resin column with a flow rate of about 1 milliliter per minute [4.2.2-CU]. Rinse the sample beaker with 2 milliliters of 8 molar nitric acid three times and transfer the washouts to the resin column [4.2.4-MED-over the shoulder]. 
4.2.1. Show talent adding nitric acid solution to column with pipette 11 h 19 Take 1, Take 2
4.2.2. [added] Adding sample solutions to columns 11 h 30
4.2.3. Show solution dripping out of column into beaker 11 h 35 
4.2.4. *Film as written 11 h 37
4.3. [4.3.1-MED]. Elute plutonium with 3 milliliters of a 9 molar hydrochloric acid and 0.1 molar hydroiodic acid solution [4.3.1-MED-over the shoulder]. 
4.3.1. Show talent adding hydrochloric acid solution to column and 11 h 45
4.3.2. [combined with 4.3.1] Show talent collecting sample into beaker as it elutes from column 
4.4. [4.4.1-CU] Then, evaporate each sample to dryness [4.4.1-MED-over the shoulder]. 
4.4.1. *Film as written
4.4.2. [new 4.4.1] Show talent placing samples on hot plate and adjusting temperature, TEXT: Repeat until brown iodine color disappears 11 h 47
4.5. After drying, determine the plutonium concentration in the samples by alpha-spectrometry [4.5.2-MED].
4.5.1. [added] Show a close up of dry residue after evaporation 11 h 51
4.5.2. Show talent placing sample in alpha spectrometer instrument, TEXT: See text protocol for additional details on analysis 14 h 03
4.5.3. [added] Show an alpha spectrum of plutonium on the computer screen 14 h 06
5. Bioavailability Studies of Pu in Natural Freshwaters
5.1. At this point, wet a plastic tray with several milliliters of 10 millimolar sodium nitrate [5.1.2-MED-over the shoulder]. Place the bottom plate of a DGT sampler into the tray [5.1.1-MED]. 
We reversed the order of these two steps. 
5.1.1. *Film as written 13 h 15
5.1.2. *Film as written 13 h 15
5.2. Position a 6 centimeter by 22 centimeter Chelex resin gel strip [5.2.1] and expand uniformly over the plate’s surface [5.2.2-CU]. Place a 6 centimeter by 22 centimeter polyacrylamide diffusive gel strip on the top of the resin gel layer [5.2.3-MED-over the shoulder] and expand uniformly over the surface [5.2.4-CU].
5.2.1. Show gel strip as talent places it on plate 13 h 17 
5.2.2. [split shot] and expands it with a glass rod and his/her hands 13 h 20
5.2.3. *Film as written 13 h 25
5.2.4. Show gel strip as talent expands it with his/her hands, TEXT: Make sure gels are not sliding and are smooth-faced 13 h 27
5.3. Next, cover the diffusive gel layer with a 6 centimeter by 22 centimeter piece of filter membrane [5.3.1-MED]. Place the cover frame of the DGT sampler over the filter membrane and close the assembly, slightly pressing the frame on the edges [5.3.2-CU]. 
5.3.1. *Film as written 13 h 28
5.3.2. *Film as written 13 h 30 Take 1, Take 2
5.4. Cut the extending gel parts off with a sharp lancet [5.4.1-MED-over the shoulder]. [5.4.1-CU].Then, fix the assembly with screws [5.4.2-MED]. 
5.4.1. *Film as written 13 h 36
5.4.2. *Film as written (will be performed several times, only show successful sequence) 13 h 38 Done successfully one time.
5.4.3. *Film as written
5.5. After placing the DGT samplers in a plastic bag, wet them with several milliliters of 10 millimolar sodium nitrate [5.5.1-MED-over the shoulder]. Store wet in a sealed plastic bag up to several weeks at 4 to 5 degrees Celsius [5.5.2-MED]. Audio volume seemed to drop significantly here in comparison to rest of script
5.5.1. Show talent pouring sodium nitrate solution into one of the sealed plastic bags containing a DGT sampler 13 h 53
5.5.2. *Film as written 13 h 55
5.6. For deployment of DGTs in a natural body of water, remove the DGT sampler from the plastic bag [5.6.1-MED-over the shoulder]. Then, fix the DGT sampler in the holder as shown here [5.6.2-LM]. Said “on” instead of “in”, not sure how important that is
5.6.1. *Film as written
5.6.2. Figure4_DGTExposed.tif 
5.7. Deploy the DGTs in the body of water either by suspending them on a strong rope or installing them on a stable vertical support in a way that provides a constant tangential water flow along the surface of the DGT [5.7.1-MED-over the shoulder]. Deploy DGT devices in freshwater for two to three weeks in order to accumulate the plutonium at a concentration sufficient for accelerator-based mass spectrometry measurements [5.7.2-MED]. 
5.7.1. [bookmark: _GoBack]Show talent fixing one of the DGT samplers on a holder  15 h 45
5.7.2. Show talent placing each DGT sampler into spring (if weather conditions are not good, show talent fixing one of the DGT samplers on a vertical support)
5.7.3. [added] CU + MED of samplers to be placed in water
5.7.4. [added] Concluding shot – info sign about the samplers exposed in the spring to the attention of the public

Ruslan Cusnir, Step 3.3: It is essential to place the gel disc carefully, avoiding scratching and damaging the gel, and not to over tighten the whole assembly so that the gel diaphragm stays smooth (This sentence can be interjected after the step 3.3 and interviewed in the lab just at the moment of the diffusion cell assembly). 
Ruslan Cusnir, Step 5.3:    We must assure a flat, compact and tight gel assembly in order to provide a uniform flux of plutonium species through the DGT surface (This sentence can be interjected after the step 5.3 and interviewed in the lab just at the moment of the DGT assembly). 13 h 45 Take 1, Take 2, Take 3

6. Results: Determination of Pu Diffusion Coefficients and Pu Bioavailability in Natural Freshwaters
6.1. Plotting the activities of 239Pu (pronounced plutonium two thirty nine) diffused into the B compartment of the diffusion cell versus time gives a visual representation of the flux of the 239Pu species diffusing through the polyacrylamide gel [6.1.1-LM]. Diffusion coefficients calculated from these plots provide an additional means to compare mobility of different 239Pu redox species in various chemical environments [6.1.2-LM]. 
6.1.1. Figure2_ExcelWorksheet.tif: Show zoom-in of graph.
6.1.2. Figure2_ExcelWorksheet.tif: Show entire spreadsheet.
6.2. Diffusion experiments with the Pu(IV) and Pu(IV) Pu(V) mixed species in the MOPS buffer and in the presence of 20 parts per million of humic acid are shown here [6.2.1-LM]. A comparison of these plots shows that Pu(V) is significantly more mobile than Pu(IV) [6.2.2-LM].  
6.2.1. Figure5_GraphJoVE150121.tif 
6.2.2. Figure5_GraphJoVE150121.tif: Highlight red and green curves when “Pu(V)” is mentioned and the blue and orange curves when “Pu(IV)” is mentioned.
6.3. The results for 239Pu measurements by accelerator-based mass spectrometry in the bulk water and DGT samplers are summarized here [6.3.1-LM]. The data indicates that all the 239Pu species present in the bulk water are found in a bioavailable form [6.3.2-LM]. 
6.3.1. Table1.xlsx
6.3.2. Table1.xlsx: Highlight first Bulk Water row.

7. Conclusion (said by authors on camera)
7.1. Ruslan Cusnir: Once mastered, a cell diffusion experiment can be done in 2-3 hours if it is performed properly. 14 h 37 Take 1, Take 2
7.2. Ruslan Cusnir: While attempting this procedure, it’s important to remember to assure a leak proof assembly of the diffusion cell, a constant stirring and simultaneous samplings, keeping the volumes equal in the A and the B compartments. 14 h 40 Take 1, Take 2
7.3. Ruslan Cusnir: Once the diffusion coefficient of plutonium is determined, the DGT technique can be applied in field studies in order to answer such questions like what is the bioavailable fraction or colloid-bound fraction of plutonium in water. 14 h 41 Take 1, Take 2
7.4. François Bochud: After its development, this technique paved the way for researchers in the field of environmental sciences to explore the bioavailability of plutonium, and potentially other radionuclides in aquatic ecosystems. 14 h 32 Take 1, Take 2
7.5. François Bochud: After watching this video, you should have a good understanding of how to determine a diffusion coefficient for plutonium, how to fabricate a DGT sampler and how to use it to reveal valuable information on bioavailability and speciation of this radionuclide. 14 h 35 Take 1, Take 2
7.6. Ruslan Cusnir: Don't forget that working with plutonium can be extremely hazardous and precautions to avoid its ingestion should always be taken while performing this procedure. 14 h 42 Take 1, Take 2   


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.  

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 are included in the email accompanying the finalized script.
 2013, Journal of Visualized Experiments

