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Author Questionnaire: 
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  
Yes. The micrographs themselves are static, there is no motion under the scope (unless this includes changes in focus).
Can you record movies/images using your own microscope camera? (Y/N)
Yes. 
2. Does your protocol include software usage? (Y/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.
Yes.  We are in the process of installing OBS as suggested.
3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.) 
2.2, 2.4, and, especially, 2.6
4. 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.)
2.6. Acquiring an even, yet thin, agar layer with uniformly distributed particles is crucial and requires a lot of gentle ‘hand-work’ that is difficult to express in a written protocol. 
5. Will the filming need to take place in multiple locations? (Y/N)
If yes, how far apart are the locations? 

Yes.  There are three physical locations: the reactor room, the room in which the plates are prepared, and the micrsocopy room. All are on the same floor of the same building, within 100m of each other.  A fourth ‘virtual’ location is the office computer on which the software runs, but there is no physical filming needed. 

The microscope room is fairly small and somewhat crowded. There may be issues with large lighting rigs. The other rooms are spacious.


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity. 

Why is your protocol significant? OR What key questions can this method help answer? 

1.1. Joseph E. Weaver: The size and shape of activated sludge particles can affect wastewater treatment, yet their measurement is generally performed ad hoc. This protocol provides a defined, repeatable, and semi-automatable method for measurement.

What is the main advantage of this technique?

1.2. Joseph E. Weaver: The main advantage of this technique is that it can be used to measure large populations of particles over a range of morphologies while reducing subjective and systematic sources of bias.


OPTIONAL Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.  

Can this method be applied to any other systems?

1.3. Francis L de los Reyes III: While this method is focused on activated sludge systems, technically anything with similar particle morphologies, from microplastics to atmospheric pollutants, can be measured using the same approach.

Do you have any advice to offer to somebody who is trying this technique for the first time?

1.4. Francis L de los Reyes III: When attempting this protocol for the first time, try making one plate at a time, practicing the physical motions used for making the plate. Also, take your time with the microscopy.

Why is visual demonstration of this method critical?

1.5. Francis L de los Reyes III:  The video version of this article is important as both sampling and plate preparation require a lot of little techniques that are best communicated as visual examples. Showing pictures of ‘good’ plate images is also critical to ensuring reproducibility of this procedure.
  



Section - Protocol
2. [bookmark: _Hlk528837312]Preparation of Agar Plates with Stained and Immobilized Particles
2.1. To begin, acquire a representative sample from a well-mixed portion of the reactor [1] by collecting a 40 milliliter sample in a beaker or 50 milliliter centrifuge tube.  [2]
2.1.1. MED: Talent collects a sample from the reactor
2.1.2. CU: Talent transfers sample to the centrifuge tube
2.2. Gently mix the sample and then immediately pour the determined sample volume into a 15 milliliter centrifuge tube. [1]  
2.2.1. MED: Talent pours the sample into the 15 mL tube 
2.3. Next, add 5 microliters of 1% methylene blue to each sample.[1] Cap and mix the sample by gently inverting the tube at 3 least times. Allow the samples to stain for at least 5 but no more than 30 minutes at room temperature. [2]
2.3.1. CU: Talent adds dye to tube
2.3.2. MED: Talent caps and inverts the sample, then sets it aside.
2.4. Once stained, transfer a sufficient volume of melted 7.5% agar in deionized water to the centrifuge tube [1] in order to bring the total tube volume to between 6.5 and 9 milliliters. [2]
2.4.1. MED: Talent pours agar into the centrifuge tube
2.4.2. CU: Close-up of the tube as the volume raises to between the listed values
2.5. Then, recap centrifuge tubes and gently invert them at least 3 times to mix the sample into the agar.[1]
2.5.1. MED: Talent caps and inverts the tube
2.6. While pointing the cap away from oneself, open the cap. [1-TXT] Pour the tube contents of each tube into their own 100 millimeter plastic Petri dish while gently rocking the dish to achieve a full, smooth coating and a visually uniform distribution of particles.[2]
2.6.1. CU: Talent opens the tube TEXT: CAUTION: The heat from the agar may produce a slight overpressure in the tube
2.6.2. CU: Talent pours the sample into the Petri dish as described
2.7. Allow the plates to cool at room temperature for at least 5 minutes, until the agar solidifies. [1]
2.7.1. MED: Talent partially covers the dish 
3. Stereoscopic Imaging of Particles
3.1. Place the uncovered plate, face up, on the microscope stage of a stereomicroscope that is capable of 10 to 20 times magnification. [1] Illuminate the sample from below with even, diffuse light using equipment such as an LED illuminator stand or light plate.[2]
3.1.1. MED: Talent places the sample on the stereoscope stage
3.1.2. CU: Sample is lit from below
3.2. Open the image capture software and ensure the microscope light path is set to Photo.  Then, select the appropriate camera from the camera list. [1]
3.2.1. SCREEN: To be provided by the authors – Talent performs the above step in the order listed. Authors, please upload this screen capture to your project page. They might have done MED or CU shot.
3.3. Adjust the microscope so that multiple particles appear in the focal plane with large, well-defined edges. Use a magnification of 10 to 20 times to measure particles while maintaining a relatively deep focal plane. [1]
3.3.1. SCREEN: To be provided by the authors – Talent adjusts the focus and increases the magnification to get a desired field. Authors, please upload this screen capture to your project page.
3.4. Temporarily remove the agar plate and place the micrometer on the stage. [1] Adjust the fine focus until the graduations on the micrometer appear sharply focused in the image capture software and calibrate the pixel to micron ratio. [2]
3.4.1. MED: Talent removes the plate and places the micrometer on the stage
3.4.2. SCREEN: To be provided by the authors – Talent focuses on the micrometer and records an image Authors, please upload this screen capture to your project page.
3.5. Next, set the zoom to 100% by clicking on View and selecting Actual Size.  Then, select Options and go to Calibrate. Here, align the red calibration bar in the main viewport along the long axis of the micrometer, with the vertical bars centered on the 0 and 200 micron graduations. [1]
3.5.1. SCREEN: To be provided by the authors – Talent performs the above step in the order listed. Authors, please upload this screen capture to your project page.
3.6. In the Calibrate dialog box, enter the current magnification level and actual length of 200 microns.  If already calibrated select Magnification from the menu bar, and the select the current magnification level to confirm the calibration. [1]
3.6.1. SCREEN: To be provided by the authors – Talent performs the above step in the order listed. Authors, please upload this screen capture to your project page.
3.7. [bookmark: _GoBack]In the Measurements menu, go to Line and select Arbitrary Line. Click on the intersection of the 0 graduation and long axis of the micrometer. Then, click again on the intersection at 200 micron line and the long axis. A correct calibration should display as approximately 200 microns. Delete the line by clicking the Select Object button, clicking on the line, pressing delete, and pressing Yes on the confirmation box. [1]
3.7.1. SCREEN: To be provided by the authors – Talent performs the above step in the order listed. Authors, please upload this screen capture to your project page.
3.8. Next, replace the agar plate and adjust the fine focus to achieve maximum detail in the imaging software. [1]  To accomplish this, first increase the bit depth to the maximum value allowed, by selecting the radio button in the Bit Depth panel of the Camera sidebar. [2]
3.8.1. MED: Talent replaces the agar plate and adjusts the fine focus
3.8.2. SCREEN: To be provided by the authors – Talent increases the bit depth as described Authors, please upload this screen capture to your project page.
3.9. Also, set the software to acquire grayscale images by selecting the appropriate radio button in the Color/Gray panel of the Camera sidebar. [1] 
3.9.1. SCREEN: To be provided by the authors – Talent performs the above step in the order listed. Authors, please upload this screen capture to your project page.
3.10. Now, collapse any open sidebar panels between exposure and histogram. Reduce the gain to 1 and increase the exposure until a clear image appears in the viewport and until the histogram appears as a distribution that is not clipped by either end of the histogram box. [1]
3.10.1. SCREEN: To be provided by the authors – Talent performs the above step in the order listed. Authors, please upload this screen capture to your project page.
3.11. Adjust the histogram to avoid over and underexposure. In the histogram panel of the camera side bar, slide the left boundary of the histogram to just outside the lowest values and the right boundary to just outside the highest values. [1]
3.11.1. SCREEN: To be provided by the authors – Talent performs the above step in the order listed. Authors, please upload this screen capture to your project page.
3.12. Save the image as an uncompressed TIFF file, include magnification information in the image metadata by checking the Save with calibration information box when saving. [1]
3.12.1. SCREEN: To be provided by the authors – Talent performs the above step in the order listed. Authors, please upload this screen capture to your project page.
3.13. Select another area which does not overlap the previous images by following a path which alternates between left-to-right and right-to-left as one moves down the plate. Capture at least 500 visually estimated particles for analysis. [1]
3.13.1. SCREEN: To be provided by the authors – Talent scans around as described, taking a few images in the process. Authors, please upload this screen capture to your project page.
4. Measure and Analyze Particle Silhouettes
4.1. Acquire the particle analysis code from by cloning the git repository. At the command line, retrieve the latest version of the code by typing in the command shown here. [1-TXT]
4.1.1. SCREEN: To be provided by the authors – Talent adds the described text to the command line and downloads the code. Authors, please upload this screen capture to your project page. TEXT: git clone https://github.com/joeweaver/SParMorIA-Sludge-Particle-Morphological-Image-Analysis.git
4.2. Install the analysis code following the instructions in the README text file found in the top-level directory of the cloned repository. [1]
4.2.1. SCREEN: To be provided by the authors – Talent opens the README file. Authors, please upload this screen capture to your project page.
4.3. Next, edit a text file listing the directories to be processed, along with optional parameters. Refer to the examples/analysis subdirectory for a list of parameters and examples. [1]
4.3.1. SCREEN: To be provided by the authors – Talent performs the above step in the order listed. Authors, please upload this screen capture to your project page.
4.4. Now, run the analysis on the command line by typing the command shown here where <FIJI-path> is the directory in which ImageJ-win64.exe is located and <paramsfile> the location of the text file describing the analysis setup. [1-TXT]
4.4.1. SCREEN: To be provided by the authors – Talent enters the text into the command line and runs the analysis. Authors, please upload this screen capture to your project page. TEXT: <FIJI-PATH>\ImageJ-win64.exe --console -macro SParMorIA-SludgeParticle_Morphological_Image_Analysis <paramsfile>
4.5. Joseph E. Weaver: “The name of the executable may differ, depending on which operating system FIJI is installed on. Depending on the number and size of images, the analysis may take a few minutes to hours and will run automatically.” [1]
4.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 
4.6. Next, examine the quality control files located in the overlay subdirectory of the specified output directory. Note images with spurious, missed, and poorly captured particles, all apparent as shaded outlines which do not match the background. [1]
4.6.1. SCREEN: To be provided by the authors – Talent opens a poor quality file and deletes it. Authors, please upload this screen capture to your project page.
4.7. Joseph E. Weaver: ““That’s it, the particle data are now ready for experiment-specific analysis figure generation.”[1]
4.7.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


Section – Results
5. Results: Measuring the Shape and Size of Activated Sludge Particles Immobilized in Agar  
5.1. Although no particle thresholding method is perfect, here is an example of an acceptable result.[1]
5.1.1. LABMEDIA: Figure 2
5.2. When evaluating QC images, there are three common errors found. Failure to accurately conform to the particle boundaries… failure to identify particles… and artifact inclusion.[1]
5.2.1. LABMEDIA: Figure 3a-c (Highlight Figure 3a with the words “Failure to accurately conform to the particle boundaries”, the blue circle in Figure 3b with the words “failure to identify particles”, and Figure 3c with the words “artifact inclusion”. 
5.3. Here, the particle distributions between two experimental reactors over time are displayed and combined with qualitative metadata noted by the researcher.  This chart shows that in this case the reactors had generally similar particle size distributions which tended to towards a larger mean and wider spread as time progressed. [1]
5.3.1. LABMEDIA: Figure 4



Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity. 
What is most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section this advice correlates to.
6.1. Joseph E. Weaver:   (Step: 2.6) When performing this procedure, it is critical to evenly coat the plate with a thin layer of agar containing uniformly distributed particles.  Be sure to practice and take your time.
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
6.2. Joseph E. Weaver:   Beyond what was shown in this protocol, interesting particles could be excised from the agar and further studied. In terms of data, the resulting files from this procedure are well-formed – the sky is the limit, analytically.
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
6.3. Joseph E. Weaver:    This technique paved the way to providing new insights into aerobic granular sludge. Its morphology is very important, yet it was difficult to measure it in a standard way.
Are any of the reagents or instruments hazardous? If so, please use this interview statement to remind viewers of what precautions they should take.
6.4. Joseph E. Weaver:    Wastewater is biologically active, biosafety level 1 practices are encouraged when performing this procedure. In addition, the hot agar can bubble over both when melted and can potentially spray hot droplets when opening the centrifuge tube.
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