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Questionnaire:
A.
i) Does your protocol involve microscopy, such as filming a complex dissection or a microinjection technique? (Y/N) NO 
B.
Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) NO

C.
Which steps of your protocol will viewers benefit most from having filmed? 
2.8.1, 2.8.2, 3.6.1, 3.6.2, 4.4.1, 4.5.1, 5.2.1, 5.2.2
D.
What is the single most difficult aspect of this procedure and what do you do to ensure success?  


Hand wipe: Maintaining a consistent wiping pattern, pressure and speed.  This is just an inherently subjective method, but provides the best approach to maximally quantify pesticide transfer.  


Modified California roller: The apparatus can be cumbersome to handle between sample collection and storage, especially when the wind gets up.  Without appropriate personnel and a suitable working station, this can lead to sample contamination from various sources.


Aboveground vegetation removal: Contacting the vegetation with sampling equipment can directly transfer pesticide off of vegetation.  Additionally, in many cases where dew is present at sample collection (which is common because we sample at 7:00 EST), inappropriate handling can cause moisture droplets to move from the plant foliage downward into the soil.  If either of these scenarios unfolds, data will underestimate pesticide persistence in/on aboveground turfgrass vegetation.

E.
Will the filming need to take place in multiple locations? (Y/N) NO

1. Introduction 
A. Experimental Goal (read by voice talent at JoVE):
The overall goal of these protocols is to quantify transferable pesticide residues from treated turfgrass vegetation.
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Patrick Maxwell: These approaches can help answer key questions regarding public safety from pesticide use, as well as regulatory decisions and end-user practices in the agrochemical field. 
1.2. Matthew Jeffries: The protocols have unique attributes that make them variably appropriate across differing turfgrass systems, and researchers should understand this to prior to experimentation to most accurately predict human pesticide exposure.   

1.3. Travis Gannon: Transferable pesticide residue protocol selection should encompass the exposure route and turfgrass system of interest to best quantify potential human exposure.  By doing so, informed decisions, based on sound research can be made on pesticide use in turfgrass systems.

Protocol (read by voice talent at JoVE):

2. Hand Wipe Sample Collection
2.1. For these protocols, field plots should include half-meter to one-meter alleys [1.WID] along their plot border to allow for foot traffic and sample collection. [2.WID-TXT]
2.1.1. Pan over field plot(s)

2.1.2. Talent walks along alley between plots, TEXT: See the text protocol for pesticide treatment.
2.2. To collect residue samples from plants using hand wipes, [2.8.2] first, standardize the area being wiped using a test surface. [2.MED] Prepare a 10% green food coloring solution and a 1% non-ionic surfactant solution. [3.CU]  Then, spray the solution onto a nonporous surface.  [4.MED]
2.2.1. Reused shot

2.2.2. Talent marks out a test surface area

2.2.3. Talent shakes up bottles of food coloring and sets next to surfactant solution bottle, both clearly labeled
2.2.4. Sprays the surface area with the solution
2.3. Now, with cotton gloves, press fingers on the nonporous surface. [1.CU] Then, take a digital photo and use an imaging program [1.MED] to calculate the area contacted, based on absence of green food coloring in that area.  [3.MED]
2.3.1. Pressing area with cotton glove

2.3.2. Photographing wipe size, placing ruler in area of wipe and taking top-view photo
2.3.3. Analyzing photo on computer to get area of wipe, show any representative action(s) on screen
2.4. Based on the area of hand-to-surface contact, [1.CU] calculate the amount of pressure needed to wipe the same area using 2 kilo-Pascals. [2.MED]
2.4.1. Final area of wipe being calculated, view of screen

2.4.2. Talent taking notes in lab book and making calculations to determine 
2.5. 
Then, calibrate the wiping pressure using a digital scale.  [1.MED] Secure turfgrass to the scale and press with the required force, [2.CU] which is typically between 150 and 300 grams. [3.CU]
2.5.1. Attaching turf grass to scale

2.5.2. Wiping the turf grass, show reading on scale

2.5.3. As previous shot, different angle, reading on scale should be about the same (150 – 300 g)
2.6. Next, calibrate the wiping speed.  Measure out 30 cm of turf [1.MED] and adjust the wiping speed until it takes about one second to wipe that distance. [2.MED-TXT] Thus, the wiping technique is standardized. [3.CU]
2.6.1. Measuring out distance of turf and marking it

2.6.2. Wiping 30 cm, repeatedly, and timing the wipe to one second intervals with a timer, TEXT: 1.2 km / h

2.6.3. Detail of wipe over 30 cm at the perfect speed

2.7. Before collecting a sample, define the sampling area by marking its perimeter with turf paint. [1.MED]

2.7.1. Spraying edge of sampling area with paint 
2.8. Now wipe the sampling area with a cotton glove, worn over a nitrile glove.  [1.CU] Wipe for 30 seconds using back-and-forth motions, changing directions perpendicularly. [2.CU] Then, store the cotton glove in a glass jar on ice or dry ice.  [3.MED]
2.8.1. Putting on nitrile glove and then cotton glove

2.8.2. Wiping sampling area with glove as described

2.8.3. Taking off cotton glove and transferring it to jar stored on ice

2.9. Now, repeat the process over the same area with a second cotton glove. [2.MED] After completing the wipes, freeze the sampling gloves within three hours. [3.WID]
2.9.1. Repeating of 2.8.1 and 2.8.2 with second glove

2.9.2. Repeat of 2.8.3 with second glove

2.10. Patrick Maxwell: Two gloves were deemed necessary from preliminary efforts to sample a 0.4 square meter 
area.  If a larger area is to be sampled, additional gloves may be needed. [WID]
2.10.1. Interview with Patrick at sampling site
3. Modified California Roller Sample Collection
3.1. This procedure requires three people.  [1.WID] The roller is 10 cm in diameter, 61 cm long, and weighs 14.5 kg.  [2.MED] 1.2-cm thick polyurethane foam surrounds the roller.  Before use, wrap the foam in plastic. [3.MED]
3.1.1.  Establishing shot of three talents, one holding the roller

3.1.2. Detail of the roller as the talent demonstrates its action and then points out the foam surrounding the core

3.1.3. Wrapping the roller in plastic wrap
3.2. The roller is rolled within a frame measuring 62 cm wide and 91 cm long.  [1.MED] Onto the frame, use clamps to secure a cotton sheet [2.MED] that is 70 by 99 cm and has a thread count of at least 200 threads per inch. [3.CU]
3.2.1. Pan over the frame 
3.2.2. Laying out the cotton sheet over the frame, three talents secure the sheet

3.2.3. Third talent nails sheet in place

3.3. Now, the cotton sheet in contact with the turf sampling area. [WID]
3.3.1. Setting the frame onto the sampling area
3.4. Then, gently roll the roller over the cloth back-and-forth, five times.  [1.MED] Use a roll speed of 1.6 km per hour. [2.CU]
3.4.1. Talent places roller into frame and starts rolling
3.4.2. Detail of roller crossing frame, at target speed
3.5. After one person finishes rolling, another removes the frame from the ground.  [1.WID] While the sheet is secured to the frame, a third person should delicately remove [2.MED] any debris from the cotton. [3.CU]
3.5.1. Talent lifts the roller from frame, second and third talent lifts frame from ground

3.5.2. Cotton sheet on frame, showing debris, third talent starts pulling out debris
3.5.3. Detail of removing debris with emphasis on showing good technique – some debris must be lodged in cotton, which may need to be done artificially
3.6. Then, remove the sheet from the frame [1.MED] and fold it up inwardly so the sample-contact area touches itself. [2.MED] Store the sheet on ice in a glass jar and must be frozen within three hours. [3.CU]
3.6.1. Detaching sheet from frame
3.6.2. Folding up sheet
3.6.3. Placing sheet in jar on ice
3.7. After collecting the sample, remove the plastic from the roller.  [1.MED] Then, clean the sampling equipment with 50% ammonia in water [2.MED] followed by rinsing with water.   Let the tools dry before reusing them. [3.WID]
3.7.1. Removing plastic from roller
3.7.2. Washing with ammonia solution, show what is washed: frame, roller and/or other
3.7.3. Rinsing the washed equipment with water 
4. Soccer Ball Roll Sample Collection

4.1. This procedure can be performed solo and requires a soccer ball roller frame, [1.WID] which is made from a PVC pipe. [2.LM]
4.1.1. Talent approaching sampling site carrying soccer ball roller, roller is clearly visible in shot
4.1.2. Fig 3 – PVC pipe structure, left side of figure – overlay this figure on part of screen overlapping with 4.1.1
4.2. To make the ball-roller, inflate the soccer ball to 24 kiloPascals, which is relatively flat. [1.MED] Then, mount the ball to the roller by securing it with lag bolts on opposite sides. [2.MED]
4.2.1. Using pump to adjust the inflation of ball, then pressing ball from sides to show how it indents, because it is supposed to be a little flat
4.2.2.  Securing ball to roller with bolts
4.3. The ball should spin symmetrically and not get dislodged by light pressure. [1.MED] Once it is determined to be secure, wrap the ball with a 5-cm wide, 132-cm long sorbent strip.  [2.CU] The wrapped area should be aligned with the roller handle. [3.MED]
4.3.1. Spinning ball on bolts, showing easy motion
4.3.2. Attaching strip to ball
4.3.3. Turning ball as strip is attached strip - view from handle with handle in frame at bottom of shot and spinning ball on horizon as strip is attached
4.4. Secure the strip to the ball with pieces of adhesive tape that are about 2.5 square cm. [CU]
4.4.1. Secured strip being taped into it place
4.5. To collect the sample, roll the ball over 3.7 meters of grass at a constant speed, being careful to not step on [1.WID-TXT] any un-sampled sampling region. Depending on plot dimensions, multiple side-by-side rolls may be necessary. [2.MED] The amount of rolling needed to collect the most sample should be determined in advance. [3.WID]
4.5.1. Rolling the ball over the sample area in one direction, TEXT: 1.6 ± 0.2 km / h
4.5.2. Repeating direction of rolling
4.5.3. Completing the sampling process
4.6. After rolling the ball, remove the sorbent strip [1.CU] and fold it inwards so the sample side contacts itself. Then, transfer it to a [2.MED] glass jar on ice and freeze it within three hours of collection. [3.CU]
4.6.1. Removing sampling strip from ball
4.6.2. Folding strip as described
4.6.3. Loading strip into jar on ice
5. Turf Grass Vegetation Collection

5.1. Harvest a turf grass core for sampling quality control. [1.WID]  First, define the area to core using a golf course cup cutter [2.MED] and dig five to 7.5 cm into the soil. [3.CU]
5.1.1. Establish talent at sampling site with tools
5.1.2. Uses cup-cutter to define hole
5.1.3. Digs into soil at defined hole perimeter
5.2. Then, angle a long knife into the soil and remove the core from the ground.  [1.CU] Try to prevent contact with sampled vegetation, even from the knife used to collect it. [2.MED]
5.2.1. Digging knife into soli to remove core
5.2.2. Removing core carefully, by prying upward on knife, show how core is handled as it rises out of ground
5.3. Now, carefully remove the bottom soil from the core sample using scissors. [1.CU]  Then, gently place the plug in the sample container [2.MED] such that the blades of grass are not making contact with the container. [3.CU]
5.3.1. Cutting soil from bottom of plug
5.3.2. Setting plug into container
5.3.3. Detail of plug in container, show that grass is not touching anything

5.4. Matthew Jeffries: Canopy moisture droplets contain pesticide residues that can easily relocate to the soil when the vegetation is jostled, especially in the morning. Try to minimize this compromising factor by collecting and handling with care. [WID]
5.4.1. Interview with talent at sampling site
6. Results: Compared Sampling on Three Turfgrass Species 
6.1. Turfgrass plots were treated with the broadleaf herbicide, 2,4-D, at one kg of active ingredient per hectare.  [1.LM] Three turfgrass species were treated and from each species [2.LM] the three described sampling methods were used.  [3.LM]
6.1.1. Fig 5A upper panel with ball in/on grass
6.1.2. Fig 5B upper panel with ball in/on grass

6.1.3. Fig 5C upper panel with ball in/on grass

6.2. Sampling was done at four time points after herbicide application and compared with the applied herbicide mass.  The first sampling time points were immediately after application and one hour after application.
6.2.1. Table 1

6.3. Sampling was then performed one day after the herbicide application [1.LM] and, finally, three days after the herbicide application. [2.LM]
6.3.1. Table 2 – top half
6.3.2. Table 2 – bottom half

6.4. It was found that hand wiping was the best method for dislodging the largest mass of applied herbicide.  Conversely, sampling with the ball roll generally dislodged the least herbicide. [LM]
6.4.1. 1 DAT data.pdf – highlight the three white bars with “hand wipes” and point out the three black bars with “ball roll”
6.5. Because canopy dynamics vary, the turfgrasses transferred different amounts of herbicide.  Specifically, with roller-based sampling methods, both of the coarser grass species dislodged less herbicide. [1.LM] This may be due in part to reduced sorbent material-to-grass contact because of the grass blades laying-over. [2.LM] 
6.5.1. Figure 5 – all of figure
6.5.2. Figure 6

7. Conclusion (said by authors on camera)

7.1. Travis Gannon: After watching this video, you should have a good understanding of how to how to conduct various protocols for quantifying transferable pesticide residues in turfgrass systems.
Provided Media

4.1 – Figure 3 from submission – To quickly show the PVC structure.
6.1 – Figure 5 from submission – To give better communicate turfgrass systems vary, and this can affect pesticide transfer.
6.2 – Table 1.xlsx

6.3 – Table 2.xlsx


6.4 - 1 DAT data.pdf
6.5 – Figure 5.tif

6.5 – Figure 6.tif
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.

�This is step is not necessary, as the purpose is to just determine the point of contact between the hand and the nonporous surface.  It is similar to pressing your finger in ink for a fingerprint.


�Due to how the images are taken, these shots were not taken during our shoot.  Instead, I have created images/files that should effectively communicate the process.  Please let me know if additional information is needed.


�This should be changed to 2.9.3.





Based on preliminary efforts, we determined two gloves were required to optimize dislodge over a 420 square centimeters area of turfgrass.  Therefore both gloves are placed in one container, creating one sample, which is then stored on ice.


�This was an oversight on my behalf, and I apologize.  The area sampled is actually 0.04 square meter, so the dialogue was revised to “420 square centimers”


�For the purpose of this manuscript, it should state three.  If climatic conditions are suitable (i.e. no wind), then two may be possible, but as a rule three should be available in case extra assistance is needed.


�This step comes after the 3.3.1, where the frame is already placed on the sampling area.  


�I am not sure this is the correct format, but I am just trying to communicate that one person lifts the roller, while the other two people remove the frame.  In total, this requires three people.


�This shot was taken by Jove videographer; however, there were concerns about it being acceptable due to condensation.  Therefore, I recreated the shot (labeled “5.3.3”), and please feel free to use the image if needed.
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