
Title: Quadcopter Drone Aquatic Ecosystem Monitoring Model Creation and 

Experiment Implementation In An Aquatic Environment 
  

Grade Level/Subject:9-12 Environmental Science, Chemistry, Biology, Geology, etc 

 

Lesson Plan Developer(s): Shannon Chatwin 

  

Summary: Students will  

1. Take Pre-Test 

2. watch video on  

a. Water Cycle: https://science360.gov/obj/video/e540c490-739f-47d4-b03e-

f52e04918fcb/sustainability-water-water-cycle 

b. Watch video on contamination of water sources/ Pollution: 

https://www.youtube.com/watch?v=yEci6iDkXYw 

c. Civilization of Humans https://www.calacademy.org/educators/how-did-human-

civilization-spread-north-americ 

d.  How a quadcopter works 

https://www.youtube.com/watch?v=Z_T6LBwuBKY 

3. Experiment with designing ways of collecting water from a lake or stream that can be used with 

a drone see worksheet on Questions Formulation Technique 

a. The big question-Brain storm worksheet: How are drones used; How you will use 

a Drone to collect water samples? 

b. Examples: 

Social issues: needed medical supplies in remote areas 

o   https://www.youtube.com/watch?v=Qw5wsxGR6Wo 

Amazon Prime Air Delivery Drones 

https://www.youtube.com/watch?v=98BIu9dpwHU 

NOAA uses drones 

https://search.noaa.gov/search?utf8=%E2%9C%93&affiliate=oceanservice.noaa.gov&so

rt_by=&dc=1199&query=drone+water+quality 

Counting Fish https://www.theatlantic.com/science/archive/2016/10/how-many-fish-

are-in-the-sea/502937/  

Fire fighters in LA https://www.latimes.com/local/lanow/la-me-ln-lafd-drone-skirball-

fire-20171214-story.html 

Uses in Farming https://www.thedrive.com/tech/18456/drones-in-agriculture-how-

uavs-make-farming-more-efficient 

 

c. Optional: Show them created options after finished designing 

4. Explore in groups sources of contamination of water and how to test for it 
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a. Show video on water quality tests and how to do them 

https://www.calacademy.org/educators/how-do-we-meet-the-growing-need-for-

water 

5. Pick out area for collection 

a. Look up on google maps 

b. Decide where to collect 

c. Plot survey waypoints for collection by drone 

6. Go over water safety procedures. 

 1.1 Follow mini drone safety practices - PDF | Video 

https://www.dji.com/flysafe/geo-map 

7. Student water quality assessment form/ survey 

a. Land use: 

https://adoptastream.georgia.gov/sites/adoptastream.georgia.gov/files/related_files/d

ocument/WatershedSurveyandMapAssessment.pdf 

b. Total assessment: 

https://adoptastream.georgia.gov/sites/adoptastream.georgia.gov/files/related_files/d

ocument/VisualStreamSurveyPACKET.pdf 

c. Chemical, Bacterial, Macro Invertabrates: 

https://adoptastream.georgia.gov/sites/adoptastream.georgia.gov/files/AASChemical%

2CBacterial%26MacroinvertebrateForm.pdf 

d. Water test procedures -Blue Thumb: 

http://www.bluethumbok.com/uploads/2/7/3/3/27333921/blue_thumb_test_procedur

es.doc 

 

8. Student research/ Inquiry: Discuss the ways in which students participate in research and 

inquiry during the lesson. 

  

●   For your Water site:  

a. Observe what direction does the water flow  

b. draw the possible  path of the different pollutants 

c. estimate area residence time (need water flow in and out- time or flow meter) 

d. What could contaminate the pond in the surrounding area? (from the area watershed) 

e. Design where and how could you test concentration of possible pollutant in and out of 

the system (pH, TDS, etc).  

● What could you do to mitigate the damage from the following pollutants? Why? Explore health 

effects from these water pollutants. 

● Fertilizer 

● oil/ antifreeze 

● Trash 

● Sediment 

● Mercury 

● tar creek mining of lead, cadmium and zinc dissolved in water 
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● Relate to Oklahoma Geological sites: Find photographic examples and possible remediation of 

the following... 

● Alabaster Caverns TDS productus of dissolution of Gypsum in cave water 

● High saline (gypsum and brine springs from showlows) concentration of red river 

● Tar Creek contamination (chat is chert- non reactive). Research Rehabilitation of - 

oxidation of exposed metal in old mines (River runs red) 

● Bird Creek landfill breach 

● Sediment load in streams and lakes 

●    Find 5 Photographs of different types water pollution in Oklahoma and label where and what 

the pollutant is. 

 

9. Clean equipment 

10. Take post-test 

 

Extended Studies... 

★ Soil collection  

★ Plant species survey  

★ Animal signs survey 

★ Pollution Survey 

● Plastic pollution survey and possible collection and removal 

● https://www.calacademy.org/educators/preventing-plastic-pollution 

● Rapid trash assessment: 

https://www.calacademy.org/sites/default/files/assets/docs/pdf/rapid_trash_asses

sment_student_worksheet.pdf 

● https://www.waterboards.ca.gov/water_issues/programs/swamp/docs/cwt/guidan

ce/4311b.pdf 

● https://www.calacademy.org/sites/default/files/assets/docs/pdf/rapid_trash_asses

sment.pdf 

● https://www.montereybayaquarium.org/-/m/pdf/education/curriculum/aquarium-6-

8-plastics-in-thewater-column.pdf 

● small microplastics fluoresce with a UV light and filter- 

★ Plankton and algae cover 

● Use drone to calculate percent coverage 

● Causes 

● https://www.calacademy.org/educators/lesson-plans/from-farms-to-phytoplankton 

● https://archive.bigelow.org/edhab/ 

● https://www.calacademy.org/educators/timelapse-photosynthesis-seen-from-

space 

● https://oceanservice.noaa.gov/hazards/hypoxia/ 
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★ Analyzing and interpreting visual data sets by using the following prompts with 

photographs or satellite images gives your students the opportunity to directly observe 

how human activities could be contributing to issues like nutrient pollution or invasive 

species. What do you notice in this image? Do you see any evidence of human impacts 

on the aquatic environment, direct or indirect?  

 

a. Here are some free photo and satellite image sources: 

 

1. Google Earth is a great resource to use in this exercise not only because it is 

free, but because in many places you can look at changes through time. Use 

Google Earth to identify sources of nutrient or other water pollution in your 

community. 

  

2. The California Coastal Records Project is an extensive collection of high-

resolution oblique aerial photographs of the California coastline over time. In 

these photos, you can see just how close some agricultural fields and other 

potential sources of pollution are to the ocean. 

  

3. NASA's Images of Change show beautiful but sometimes haunting satellite 

images of changes on Earth's surface over time, including these images showing 

before and after the Elwha Dam was removed in Washington State, and these 

images showing artificial island construction in the UAE. 

 

          B. Watch Human Impacts Video on Sea Invasive critters 

https://www.calacademy.org/educators/solutions-to-human-impacts 

 

★ Seine for fish and insects in water collection sites 

a. Identify species found 

b. Determine Water quality from species found 

 

★ Design Drone Flotation Systems 

a. Drone floats: waterbug, noodles etc,Testing equipment 

1. https://www.youtube.com/watch?v=ogXN9z_vYHE 

2. https://www.youtube.com/watch?v=E0W1ZZYIV8o 

3. https://www.calacademy.org/explore-science/rivers-in-trouble 

 

Educational Standards: 

         Next Generation Science Standards 
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HS-

ESS2-2. 

Analyze geoscience data to make the claim that one change to Earth's surface can 

create feedbacks that cause changes to other Earth systems. 

HS-

ESS2-3. 

Develop a model based on evidence of Earth’s interior to describe the cycling of 

matter by thermal convection. 

HS-

ESS2-5. 

Plan and conduct an investigation of the properties of water and its effects on Earth 

materials and surface processes. 

 

          

OAS-S Standards 

5-ESS2-2 Earth Systems: roles of water in Earth’s Surface Processes 

5-ESS2-5 Earth Systems: Plan and conduct an investigation of the properties of water and its effects on 

Earth materials and surface processes.  

5-ESS2-7 Earth Systems: Construct an argument based on evidence about the simultaneous co-

evolution of Earth’s systems and life on Earth.  

 

5-ESS3-1 Earth and Human Activity: Human impacts on Earth Systems 

5-ESS3-2 Earth and Human Activity: Evaluate competing design solutions for developing, managing, 

and utilizing natural resources based on cost-benefit ratios. 

5-ESS3-3 Earth and Human Activity: Create a computational simulation to illustrate the relationship 

among management of natural resources, the sustainability of human populations, and biodiversity. 

5-ESS3-4 Earth and Human Activity: Evaluate or refine a technological solution that reduces the 

impacts of human activities on natural systems. 

 

 

 

 

 

 

 

 

 



Quadcopter drone aquatic ecosystem evaluation with water collection design 

and/or drone safety float system design and implementation 
  

Learning Objectives: Students should be able to: 

1. Learn the flow of water through the water cycle with possible pollutant types and entry points  

2. Explain area residence time- and how different pollutants have different resident times  

3. Describe types of water pollutants and how drones can be used to monitor them 

4. Build a water collection system to be used with a drone 

5. Build or use a premade safety/ recovery system for the drone incase of  

a.  water related accident  

b. Flyaway accident 

       6. Collect a water sample with a drone and analyze it. 

       7. Survey area where water was collected 

       8. Complete report on water quality in relation to ecosystem quality 

       9.  Analyze the use of a drone in collecting water samples and in the use of science in general. 

  

Materials & Equipment:  Outline materials to be used and if material quantities are per class or group.  

Consider equipment, consumables, and non-consumables.  Include the quantity (e.g., per class, per 

group, per student) and description of each item needed 

 

1. Students can bring needed materials for designing and making a water collection device or ask 

for them. 

 

...Or you can build following one: 

Syringe type 

● Large 3 ounce syringe ($1.00 at walmart in barbeque section etc) 

● Drill out the opening to make it larger by removing the small inner lip that attaches 

other needles etc. ie the needle adaptor 

● Glue a heavey washer over the outside of nozzle to add weight so it will sink easily from 

this end 

● Remove plunger and take off the black rubber “gasket” 

● Drill a small hole in the exact center of the gasket 

● Insert a small gasket etc to the inside space of the black rubber gasket to take up the 

space of the removed plunger 

● Insert (not airtight) a magnet into the space and use something so it will not fall out 

(remember it cannot be air tight so add a hole etc) 

● This will be inserted at the top of the syringe 

● Get a cork or something that floats to put into the syringe and attach (glue) a magnet to 

the top (check that the polarity of the magnets attract each other and not repel) 

● Place cork/ magnet into the syringe tube and add the black plunger gasket to the top 



● If it doesn’t seal well when water has filled the syringe -you can glue a piece of 

“sticky hand” to the top of the cork magnet 

● Drill holes in the upper handle of the syringe to add a wire as an attachment spot for the 

drone to carry ( I used a small dog leash around the drone.  Make sure the heavy clip 

goes around the drone part and use a light clip or velcro loop to attach to the handle 

part.  Because the dog clip is too heavy and your syringe will not sink correctly) 

●  

Medicine bottle type 

● Large medicine bottle 

● Remove lid liner and cut out the middle 

● Drill large holes in the lid to collect water 



 



 
 

 ….also See pictures… 

2. Students can bring needed materials for making a water safety device for the drone or ask for them. 

3. Water testing Kits 

4. Drone(s) 

5. Attachment Devices for water holder that drone will carry. (I use a short dog leash with the clip 

removed (or up at the drone) for a velcro loop. Or a longer shoe string with loops at each end) 

  

Safety: Drone safety.  Safety Goggles. Apron. Check for allergic sensitivities. Gloves. Teach students to ID 

poison ivy. 

1. Follow mini drone safety practices - PDF | Video 

https://www.dji.com/flysafe/geo-map 

2. Poison ivy- Identification 

https://www.google.com/search?q=poison+ivy&rlz=1CAPRBF_enUS823&tbm=isch&source=iu&i

ctx=1&fir=XoctCdgu5T1PnM%253A%252CTgy2dDwyvvx7tM%252C%252Fm%252F0j15l&vet=1&

usg=AI4_-

kQ_9pVYUz0Q0IwwHSM076UuSHnzvA&sa=X&ved=2ahUKEwi08u3qs53jAhWGHM0KHT8hAusQ_

B0wFHoECAoQAw#imgrc=XoctCdgu5T1PnM: 

3. Water safety- Student water quality assessment form/ survey training 

e. Land use: 

https://adoptastream.georgia.gov/sites/adoptastream.georgia.gov/files/related_files/d

ocument/WatershedSurveyandMapAssessment.pdf 

f. Total assessment: 

https://adoptastream.georgia.gov/sites/adoptastream.georgia.gov/files/related_files/d

ocument/VisualStreamSurveyPACKET.pdf 
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https://www.google.com/search?q=poison+ivy&rlz=1CAPRBF_enUS823&tbm=isch&source=iu&ictx=1&fir=XoctCdgu5T1PnM%253A%252CTgy2dDwyvvx7tM%252C%252Fm%252F0j15l&vet=1&usg=AI4_-kQ_9pVYUz0Q0IwwHSM076UuSHnzvA&sa=X&ved=2ahUKEwi08u3qs53jAhWGHM0KHT8hAusQ_B0wFHoECAoQAw#imgrc=XoctCdgu5T1PnM:
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g. Chemical, Bacterial, Macro Invertabrates: 

https://adoptastream.georgia.gov/sites/adoptastream.georgia.gov/files/AASChemical%

2CBacterial%26MacroinvertebrateForm.pdf 

 

4. Water testing kit safety- Follow the Directions 

http://www.bluethumbok.com/uploads/2/7/3/3/27333921/blue_thumb_test_procedures.doc 

 

  

Procedure: 

1. Pre Test 

2. Civilization of Humans https://www.calacademy.org/educators/how-did-human-civilization-

spread-north-americ 

Ask guiding questions from the video 

3.  How a quadcopter works 

https://www.youtube.com/watch?v=Z_T6LBwuBKY 

4. Review water cycle and watch video, review unfamiliar terms 

https://science360.gov/obj/video/e540c490-739f-47d4-b03e-f52e04918fcb/sustainability-

water-water-cycle 

              Bill Nye water video https://www.youtube.com/watch?v=hehXEYkDq_Y&disable_polymer=true  

5. Explore in groups sources of contamination of water and how to test for it 

b. Show video on water quality tests and how to do them 

https://www.calacademy.org/educators/how-do-we-meet-the-growing-need-for-

water 

6. Watch video on contamination of water sources/ Pollution: 

https://www.youtube.com/watch?v=yEci6iDkXYw  

7. Experiment with designing ways of collecting water from a lake or stream that can be used with 

a drone see worksheet on Questions Formulation Technique 

d. The big question-Brain storm worksheet: Question Formulation Technique: 

Small Group Worksheet 

1. How are drones used? 

2. How you will use a Drone to collect water samples?  

3. How can you keep the drone safe when collecting water samples? 

 

            Show Examples of Drone use 

 

Social issues: needed medical supplies in remote areas 

o   https://www.youtube.com/watch?v=Qw5wsxGR6Wo 

Amazon Prime Air Delivery Drones 

https://www.youtube.com/watch?v=98BIu9dpwHU 

NOAA uses drones 

https://search.noaa.gov/search?utf8=%E2%9C%93&affiliate=oceanservice.noaa.gov&so

rt_by=&dc=1199&query=drone+water+quality 
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Counting Fish https://www.theatlantic.com/science/archive/2016/10/how-many-fish-

are-in-the-sea/502937/  

Fire fighters in LA https://www.latimes.com/local/lanow/la-me-ln-lafd-drone-skirball-

fire-20171214-story.html 

Uses in Farming https://www.thedrive.com/tech/18456/drones-in-agriculture-how-

uavs-make-farming-more-efficient 

 

8. Student research/ Inquiry: Discuss the ways in which students participate in research and 

inquiry during the lesson by doing 1 or 2 and 3 

1. Designing Building a Water Collection Device to be used with a Drone 

2. Designing and Building a Drone flotation device to keep it safe incase of a water 

accident 

3. Designing and building an attachment Device for water collection holder that drone will 

carry.  

9. Explore in groups sources of contamination of water and how to test for it 

c. Show video on water quality tests and how to do them 

https://www.calacademy.org/educators/how-do-we-meet-the-growing-need-for-

water 

d. Student water quality assessment form/ survey 

h. Land use: 

https://adoptastream.georgia.gov/sites/adoptastream.georgia.gov/files/related_files/d

ocument/WatershedSurveyandMapAssessment.pdf 

i. Total assessment: 

https://adoptastream.georgia.gov/sites/adoptastream.georgia.gov/files/related_files/d

ocument/VisualStreamSurveyPACKET.pdf 

j. Chemical, Bacterial, Macro Invertebrates: 

https://adoptastream.georgia.gov/sites/adoptastream.georgia.gov/files/AASChemical%

2CBacterial%26MacroinvertebrateForm.pdf 

k. Water test procedures -Blue Thumb: 

http://www.bluethumbok.com/uploads/2/7/3/3/27333921/blue_thumb_test_procedur

es.doc 

 

  

        9.   For your Water site: Pick out area for collection 

d. Look up on google maps 

e. Decide where to collect where and how could you test concentration of possible 

pollutant in and out of the system (pH, TDS, etc).  

f. Plot survey waypoints for collection by drone and draw on a map you make of the area 

f. Observe what direction does the water flow - draw it on the map 

g. draw the possible  path of the different pollutants 

h. estimate area residence time (need water flow in and out- time or flow meter) 

i. What could contaminate the pond in the surrounding area? (from the area watershed) 

https://www.theatlantic.com/science/archive/2016/10/how-many-fish-are-in-the-sea/502937/
https://www.theatlantic.com/science/archive/2016/10/how-many-fish-are-in-the-sea/502937/
https://www.latimes.com/local/lanow/la-me-ln-lafd-drone-skirball-fire-20171214-story.html
https://www.latimes.com/local/lanow/la-me-ln-lafd-drone-skirball-fire-20171214-story.html
https://www.thedrive.com/tech/18456/drones-in-agriculture-how-uavs-make-farming-more-efficient
https://www.thedrive.com/tech/18456/drones-in-agriculture-how-uavs-make-farming-more-efficient
https://www.calacademy.org/educators/how-do-we-meet-the-growing-need-for-water
https://www.calacademy.org/educators/how-do-we-meet-the-growing-need-for-water
https://adoptastream.georgia.gov/sites/adoptastream.georgia.gov/files/related_files/document/WatershedSurveyandMapAssessment.pdf
https://adoptastream.georgia.gov/sites/adoptastream.georgia.gov/files/related_files/document/WatershedSurveyandMapAssessment.pdf
https://adoptastream.georgia.gov/sites/adoptastream.georgia.gov/files/related_files/document/VisualStreamSurveyPACKET.pdf
https://adoptastream.georgia.gov/sites/adoptastream.georgia.gov/files/related_files/document/VisualStreamSurveyPACKET.pdf
https://adoptastream.georgia.gov/sites/adoptastream.georgia.gov/files/AASChemical%2CBacterial%26MacroinvertebrateForm.pdf
https://adoptastream.georgia.gov/sites/adoptastream.georgia.gov/files/AASChemical%2CBacterial%26MacroinvertebrateForm.pdf
http://www.bluethumbok.com/uploads/2/7/3/3/27333921/blue_thumb_test_procedures.doc
http://www.bluethumbok.com/uploads/2/7/3/3/27333921/blue_thumb_test_procedures.doc


j. Design your water test data collection sheets (approved by teacher- use above links for 

ideas- see board for what tests are avaiable) 

     

        10. Fly drone to location you picked to collect water sample and take pictures/ video of location 

        11. Clean equipment 

 

Answer the following questions: 

● What could you do to mitigate the damage from the following pollutants? Why? Explore health 

effects from these water pollutants... Pick 4 

● Fertilizer 

● oil/ antifreeze 

● Trash 

● Sediment 

● Mercury 

● tar creek mining of lead, cadmium and zinc dissolved in water 

 

● Relate to Oklahoma Geological sites: Find photographic examples of water sources, possible 

pollutants and possible remediation of the following… Pick two 

● Alabaster Caverns TDS productus of dissolution of Gypsum in cave water 

● High saline (gypsum and brine springs from showlows) concentration of red river 

● Tar Creek contamination (chat is chert- non reactive). Research Rehabilitation of - 

oxidation of exposed metal in old mines (River runs red) 

● Bird Creek landfill breach 

● Sediment load in streams and lakes 

●    Find 5 Photographs of different types water pollution in Oklahoma and label where and what 

the pollutant is. 

 

Show video clips of other disasters: Tar Creek, Flint Michigan, Water on Fire, Fracking Video 

 

https://www.youtube.com/watch?v=_te83ydQg2o 1.Tar Creek 

https://www.youtube.com/watch?v=zAHZffLs9CY 2.Tar Creek 

https://www.youtube.com/watch?v=oxOsHiZ6vVs 3.Tar Creek 

https://www.youtube.com/watch?v=z38gUWcwxbw 4.Tar Creek 

 

 

https://www.youtube.com/watch?v=QnDQFivtCd0 flint michigan  

https://www.cnn.com/videos/us/2016/01/21/flint-michigan-water-crisis-ganim-dnt-ac.cnn how flint Mi 

happened 

https://www.youtube.com/watch?v=NUSiLOwkrIw Flint in 3 min 

 

https://www.youtube.com/watch?v=4LBjSXWQRV8 water on fire 

https://www.youtube.com/watch?v=4ApZkNsXfJE&disable_polymer=true water on fire 

https://www.youtube.com/watch?v=_te83ydQg2o
https://www.youtube.com/watch?v=zAHZffLs9CY
https://www.youtube.com/watch?v=oxOsHiZ6vVs
https://www.youtube.com/watch?v=z38gUWcwxbw
https://www.youtube.com/watch?v=QnDQFivtCd0
https://www.cnn.com/videos/us/2016/01/21/flint-michigan-water-crisis-ganim-dnt-ac.cnn
https://www.youtube.com/watch?v=NUSiLOwkrIw
https://www.youtube.com/watch?v=4LBjSXWQRV8
https://www.youtube.com/watch?v=4ApZkNsXfJE&disable_polymer=true


https://www.google.com/search?q=what+the+frack+is+going+on&rlz=1CALEAI_enUS705US706&oq

=what+the+frack+i&aqs=chrome.0.0j69i57j0l4.6038j0j4&sourceid=chrome&ie=UTF-8 What the 

Frack is going on video 

 

        8. Post test 

 

Extended Studies… 

★ Soil collection  

★ Plant species survey  

★ Animal signs survey 

★ Pollution Survey 

● Plastic pollution survey and possible collection and removal 

https://www.calacademy.org/educators/preventing-plastic-pollution 

● Rapid trash assessment: 

https://www.calacademy.org/sites/default/files/assets/docs/pdf/rapid_trash_asses

sment_student_worksheet.pdf 

https://www.calacademy.org/sites/default/files/assets/docs/pdf/rapid_trash_asses

sment.pdf 

https://www.montereybayaquarium.org/-/m/pdf/education/curriculum/aquarium-6-

8-plastics-in-thewater-column.pdf 

small microplastics fluoresce with a UV light and filter- 

★ Plankton and algae cover 

● Use drone to calculate percent coverage of algae 

● Causes 

● https://www.calacademy.org/educators/lesson-plans/from-farms-to-phytoplankton 

● https://archive.bigelow.org/edhab/ 

● https://www.calacademy.org/educators/timelapse-photosynthesis-seen-from-

space 

● https://oceanservice.noaa.gov/hazards/hypoxia/ 

 

★ Analyzing and interpreting visual data sets by using the following prompts with 

photographs or satellite images gives your students the opportunity to directly observe 

how human activities could be contributing to issues like nutrient pollution or invasive 

species. What do you notice in this image? Do you see any evidence of human impacts 

on the aquatic environment, direct or indirect?  

 

b. Here are some free photo and satellite image sources: 

 

1. Google Earth is a great resource to use in this exercise not only because it is 

free, but because in many places you can look at changes through time. Use 

Google Earth to identify sources of nutrient or other water pollution in your 

https://www.google.com/search?q=what+the+frack+is+going+on&rlz=1CALEAI_enUS705US706&oq=what+the+frack+i&aqs=chrome.0.0j69i57j0l4.6038j0j4&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=what+the+frack+is+going+on&rlz=1CALEAI_enUS705US706&oq=what+the+frack+i&aqs=chrome.0.0j69i57j0l4.6038j0j4&sourceid=chrome&ie=UTF-8
https://www.calacademy.org/educators/preventing-plastic-pollution
https://www.calacademy.org/sites/default/files/assets/docs/pdf/rapid_trash_assessment_student_worksheet.pdf
https://www.calacademy.org/sites/default/files/assets/docs/pdf/rapid_trash_assessment_student_worksheet.pdf
https://www.calacademy.org/sites/default/files/assets/docs/pdf/rapid_trash_assessment.pdf
https://www.calacademy.org/sites/default/files/assets/docs/pdf/rapid_trash_assessment.pdf
https://www.montereybayaquarium.org/-/m/pdf/education/curriculum/aquarium-6-8-plastics-in-thewater-column.pdf
https://www.montereybayaquarium.org/-/m/pdf/education/curriculum/aquarium-6-8-plastics-in-thewater-column.pdf
https://www.calacademy.org/educators/lesson-plans/from-farms-to-phytoplankton
https://archive.bigelow.org/edhab/
https://www.calacademy.org/educators/timelapse-photosynthesis-seen-from-space
https://www.calacademy.org/educators/timelapse-photosynthesis-seen-from-space
https://oceanservice.noaa.gov/hazards/hypoxia/
https://www.google.com/earth/


community. 

  

2. The California Coastal Records Project is an extensive collection of high-

resolution oblique aerial photographs of the California coastline over time. In 

these photos, you can see just how close some agricultural fields and other 

potential sources of pollution are to the ocean. 

  

3. NASA's Images of Change show beautiful but sometimes haunting satellite 

images of changes on Earth's surface over time, including these images showing 

before and after the Elwha Dam was removed in Washington State, and these 

images showing artificial island construction in the UAE. 

 

          B. Watch Human Impacts Video on Sea Invasive critters 

https://www.calacademy.org/educators/solutions-to-human-impacts 

 

★ Seine for fish and insects in water collection sites 

c. Identify species found 

d. Determine Water quality from species found 

 

★ Design Drone Flotation Systems 

b. Drone floats: waterbug, noodles etc,Testing equipment 

4. https://www.youtube.com/watch?v=ogXN9z_vYHE 

5. https://www.youtube.com/watch?v=CQwQhgF5ZZg&disable_polymer=tru

e 

6. https://www.dronerafts.com/perfectly-balanced 

7. https://www.youtube.com/watch?v=E0W1ZZYIV8o 

8. https://www.calacademy.org/explore-science/rivers-in-trouble

http://www.californiacoastline.org/?
http://www.californiacoastline.org/cgi-bin/image.cgi?image=200908194&mode=sequential&flags=0&year=2009
http://climate.nasa.gov/images-of-change?id=589#589-flooding-on-the-ganges-river-india
http://climate.nasa.gov/images-of-change?id=428#428-elwha-dam-removal-washington-state
http://climate.nasa.gov/images-of-change?id=467#467-artificial-islands-united-arab-emirates
http://climate.nasa.gov/images-of-change?id=467#467-artificial-islands-united-arab-emirates
https://www.calacademy.org/educators/solutions-to-human-impacts
https://www.youtube.com/watch?v=ogXN9z_vYHE
https://www.youtube.com/watch?v=CQwQhgF5ZZg&disable_polymer=true
https://www.youtube.com/watch?v=CQwQhgF5ZZg&disable_polymer=true
https://www.dronerafts.com/perfectly-balanced
https://www.youtube.com/watch?v=E0W1ZZYIV8o
https://www.calacademy.org/explore-science/rivers-in-trouble
https://www.calacademy.org/explore-science/rivers-in-trouble




 
 

Additional Resources: Links to other websites, documents, and information that would be helpful to 

others conducting the lesson. 

         

        https://www.calacademy.org/educators/solutions-to-human-impacts Solutions to Human Impacts: 

CA academy of sciences 

        https://www.youtube.com/watch?v=al-do-HGuIk water cycle video 

        https://www.sciencelearn.org.nz/videos/1250-leaching-to-groundwater Video leaching to 

groundwater 

        http://www.nsta.org/publications/news/story.aspx?id=45914 NSTA Inquiry and aquifers 

        Colburn, Alan. “The Prepared Practitioner: Groundwater: A Green Issue.” The Science Teacher, 

vol. 77, no. 2, 2010, pp. 8–8. JSTOR, JSTOR, www.jstor.org/stable/24145395. 

       http://www.ngwa.org/Fundamentals/teachers/Pages/Lesson-Plans.aspx lessons from ground 

water associantion 

      https://pubs.usgs.gov/of/2000/of00-369/of00-369.pdf acid mine drainage lessons 

● Activity: Rapid Brainstorming: How Can We Conserve Our Water Resources? 

● Activity: Sustainable Water Solutions: Weighing the Pros and Cons 

○ Video: Desalination 

○ Video: Water-Wise Farms 

○ Video: Waste Water Recycling 

○ Video: Recharging Aquifers [you are here] 

● Activity: Fresh Solutions: Design Thinking Challenge 

 

google earth- tar creek area https://earth.google.com/web/@36.95332282,-

94.82874835,248.72617452a,3358.25948084d,35y,0.00000001h,45.01611414t,-

0r/data=CjsaORIxCgAZ9d_ekKF6QkAhrkfhehS2V8AqGzM2wrA1NycyOS4wIk4gOTTCsDUwJzQyLj

AiVxgBIAEoAg  

https://www.calacademy.org/educators/solutions-to-human-impacts
https://www.youtube.com/watch?v=al-do-HGuIk
https://www.sciencelearn.org.nz/videos/1250-leaching-to-groundwater
http://www.nsta.org/publications/news/story.aspx?id=45914
http://www.jstor.org/stable/24145395
http://www.ngwa.org/Fundamentals/teachers/Pages/Lesson-Plans.aspx
https://pubs.usgs.gov/of/2000/of00-369/of00-369.pdf
https://www.calacademy.org/educators/lesson-plans/rapid-brainstorming-how-can-we-conserve-our-water-resources
https://www.calacademy.org/educators/lesson-plans/rapid-brainstorming-how-can-we-conserve-our-water-resources
https://www.calacademy.org/educators/lesson-plans/sustainable-water-solutions-weighing-the-pros-and-cons
https://www.calacademy.org/educators/lesson-plans/sustainable-water-solutions-weighing-the-pros-and-cons
https://www.calacademy.org/educators/desalination
https://www.calacademy.org/educators/desalination
https://www.calacademy.org/educators/water-wise-farms
https://www.calacademy.org/educators/water-wise-farms
https://www.calacademy.org/educators/waste-water-recycling
https://www.calacademy.org/educators/waste-water-recycling
https://www.calacademy.org/educators/lesson-plans/fresh-solutions-design-thinking-challenge
https://www.calacademy.org/educators/lesson-plans/fresh-solutions-design-thinking-challenge
https://earth.google.com/web/@36.95332282,-94.82874835,248.72617452a,3358.25948084d,35y,0.00000001h,45.01611414t,-0r/data=CjsaORIxCgAZ9d_ekKF6QkAhrkfhehS2V8AqGzM2wrA1NycyOS4wIk4gOTTCsDUwJzQyLjAiVxgBIAEoAg
https://earth.google.com/web/@36.95332282,-94.82874835,248.72617452a,3358.25948084d,35y,0.00000001h,45.01611414t,-0r/data=CjsaORIxCgAZ9d_ekKF6QkAhrkfhehS2V8AqGzM2wrA1NycyOS4wIk4gOTTCsDUwJzQyLjAiVxgBIAEoAg
https://earth.google.com/web/@36.95332282,-94.82874835,248.72617452a,3358.25948084d,35y,0.00000001h,45.01611414t,-0r/data=CjsaORIxCgAZ9d_ekKF6QkAhrkfhehS2V8AqGzM2wrA1NycyOS4wIk4gOTTCsDUwJzQyLjAiVxgBIAEoAg
https://earth.google.com/web/@36.95332282,-94.82874835,248.72617452a,3358.25948084d,35y,0.00000001h,45.01611414t,-0r/data=CjsaORIxCgAZ9d_ekKF6QkAhrkfhehS2V8AqGzM2wrA1NycyOS4wIk4gOTTCsDUwJzQyLjAiVxgBIAEoAg


 

neat site for science videos for CA science https://www.calacademy.org/educators/science-video-

vault   

 

Use of Drones in Environmental Science http://massmees.org/wp-content/uploads/2018/04/B4-The-

Skys-The-Limit-Using-Drones-for-EE-3-29-18.pdf 

 

Google search on Water Sampling and Drones 

https://www.google.com/search?rlz=1CAPRBF_enUS823&q=drone+water+sampling&tbm=isch&sourc

e=univ&safe=active&sa=X&ved=2ahUKEwiC37_qmefiAhUBYKwKHYeIB_AQsAR6BAgFEAE&biw=1366&

bih=609#imgdii=n3IcZzEeY0vQQM:&imgrc=_ 

Can drones be used to conduct water sampling in aquatic environments? A review 

https://www.sciencedirect.com/science/article/pii/S0048969719312446 

 

 

Drone surveying- ARDU pilot http://ardupilot.org/ 

 

Industrial and Environmental Monitoring https://blog.analistgroup.com/en/industrial-and-

environmental-monitoring-with-the-drone/ 

 

 

 

 

 

Student Idea Data Collection Planning Sheet    

(Students are expected to make their own data collection sheets) 

 

Name(s):________________________________ 

 

 

1. Attach or draw drone flight plan for water collection sites 

2. Define following words: 

Ph- 

Nitrogen- 

Conductivity- 

Phosphorus- 

Waypoint- 

https://www.calacademy.org/educators/science-video-vault
https://www.calacademy.org/educators/science-video-vault
http://massmees.org/wp-content/uploads/2018/04/B4-The-Skys-The-Limit-Using-Drones-for-EE-3-29-18.pdf
http://massmees.org/wp-content/uploads/2018/04/B4-The-Skys-The-Limit-Using-Drones-for-EE-3-29-18.pdf
https://www.google.com/search?rlz=1CAPRBF_enUS823&q=drone+water+sampling&tbm=isch&source=univ&safe=active&sa=X&ved=2ahUKEwiC37_qmefiAhUBYKwKHYeIB_AQsAR6BAgFEAE&biw=1366&bih=609#imgdii=n3IcZzEeY0vQQM:&imgrc=_
https://www.google.com/search?rlz=1CAPRBF_enUS823&q=drone+water+sampling&tbm=isch&source=univ&safe=active&sa=X&ved=2ahUKEwiC37_qmefiAhUBYKwKHYeIB_AQsAR6BAgFEAE&biw=1366&bih=609#imgdii=n3IcZzEeY0vQQM:&imgrc=_
https://www.google.com/search?rlz=1CAPRBF_enUS823&q=drone+water+sampling&tbm=isch&source=univ&safe=active&sa=X&ved=2ahUKEwiC37_qmefiAhUBYKwKHYeIB_AQsAR6BAgFEAE&biw=1366&bih=609#imgdii=n3IcZzEeY0vQQM:&imgrc=_
https://www.sciencedirect.com/science/article/pii/S0048969719312446
http://ardupilot.org/
https://blog.analistgroup.com/en/industrial-and-environmental-monitoring-with-the-drone/
https://blog.analistgroup.com/en/industrial-and-environmental-monitoring-with-the-drone/


Dissolved oxygen- 

Water Pollution- 

Ammonia- 

Parts per million- 

Parts per billion- 

Area Residence Time- 

Quantitative- 

Qualitative- 

Sediment pollution- 

Total Dissolved Solids- 

Polar vs Nonpolar- 

Nutrient Pollution- 

Water Pollution- 

Plastic Pollution-  

Drone- 

FAA- 

Safety needed when flying Drones- 

Persistent organic compounds (POP’s)- 

Eutrophic- 

Oligotrophic- 

Thermal pollution- 

Wetland- 

Hypoxic- 

Algae bloom- 

PCB- 

Point source- 



Non point source- 

Pesticide- 

Endocrine disruptor- 

ADD Other unknown vocabulary 

 

 

   

3. Draw/ picture of final water collection sites (If you did- why did you change any sites from the 

original plan?) 

      

 

 

 

 4. Water tests used and results- Create a Data Collection Sheet  and have the teacher sign 

it for bonus. 

5. Describe the impacts of human activities on your aquatic ecosystems and importance of 

limiting these impacts. 

 

 

 

      Answer the Questions: 

1. What would you recommend to do to clean up a contaminated pond? 

2. What impacts can nutrient pollution have on the aquatic ecosystem? 

3. How would a pollutant, like lead, in a water system affect a child that drinks this water 

daily for years? 

4. What do you think is meant by the saying “think globally, act locally”?  

5. What was something that I learned from this experiment? 

6. Did you have any problems during your experiment? 

7. What is something I still don’t understand about this experiment? 

8. Any questions you may still have? 

9. Bonus Extension (50 points):  

1. Total _________(Pick a water pollutant to test)  and add this to the *aquarium test tank 

and record Readings of water before and after adding the pollutant.    

Before:____________                        After:________________ 



2. Estimated Time needed from start of adding pollutant to water source to it being 

completely gone from the water source                                                                             

Start time:________________           After Time:_________________ 

How to calculate the area residence time…  

ART = Amount of a substance in a reservoir (usually in mass or volume)  

           Rate of input or output of the substance from the reservoir       

 

(need to measure the inflow amount of water per minute divided by the amount of water exiting 

the system per minute)  Do this before adding your pollutant.   

 

 
*Construct aquariums from tupperware with an entry point from a water source. And an exit point on opposite side 

that will drain into a sink 

 

 

 

 

 

 

 

 

Part 2: Soil Linked Activity 

 

Using the drone: locate soil locations that you want to sample around your water source. Collect 

and label samples and draw a map and label where you collected those samples.  

Run the soil test provided by the teacher. 

1. Porosity 

2. Soil profile % sand, silt and clay 

3. pH 

4. Other nutrient tests in your soil test kit 

 

Talking Points Activity: Soil is a Filter Cut out the following information on small paper slips and 

distribute among the class, asking each to state what their paper says and, if they can, how it 

relates to this lab. 1. Physics (how things work) is the reason the water flows faster through the 

sand than through the clay loam. 2. Chemistry (how things are made) is the reason the 

leachates are different colors. 3. The clay particles have a negative charge. 4. The organic 

matter has both negative and positive charges. 5. The organic dyes in powdered kool aid 

unsweetened grape drink have opposite charges: Blue is positive, red is negative. 6. Since 

opposites attract, the blue dye is attracted to the clay particles, while the red dye is allowed to 

pass through the soil. 7. Nitrates (and other soil chemical compounds) are anions (have 

negative charges), and so move through the soil with water. 8. Other compounds, like 

ammonium and potassium, are cations (have positive charges), and so tend to be held in the 

soil. 9. Blue and red make purple. 10.The smallest soil particles (clays) have a negative charge. 

11.Opposite charges attract and like charges repel. 12.In all cases the red dye passes through 

the soil, so it must have a like charge as the soil (negative). 13.If The blue dye is retained in the 



soils, so it must have an opposite charge (positive). 14. If the soil has a purple leachate it had 

very good structure, and the Kool-ade probably went through the pores and did not mix much 

with the soil. 

 

https://www.cds.hawaii.edu/kahana/downloads/curriculum/SectionII/Unit4/4.C.KaLepoaWai/4.C.

1.SoilsareFiltersLesson.pdf 

 

Introduction Generally, soil refers to the top few feet of the land surface. In many respects, this 

soil serves a very effective purpose by protecting groundwater, the water found in saturated soil 

and rock layers below the ground. Soil filters water as it passes from the soil surface to the 

groundwater aquifer, saturated zones of soil or rock that serve as a valuable source of relatively 

clean water. Soil does filter out certain things better than others, and some soils are better filters 

than others. Some of the factors that can affect a soils ability to filter water include soil particle 

size (graininess), porosity (spaces between soil particles), and permeability (ability to transmit 

water). Another important characteristic of soil is its ability to retain water much like a sponge. 

Once again not all soils are equally capable of retaining water. The maximum amount of water a 

soil can hold is its field capacity. A good soil for plant growth contains 25% water, 25% air, 47% 

minerals, and 3% organic matter. Most arid and semi-arid zone soils, such as those from New 

Mexico, contain less than 1 or 2% organic matter. Soil can exhibit ion exchange capacity. Ions 

can be either positively charged cations, or negatively charged anions. Just as the negative pole 

of a magnet attracts the positive pole of another magnet, so the net negative charge of an anion 

attracts the positively charged cations. Many of the soils found in New Mexico have a net 

negative charge (anionic). This means that they are cation exchangers. In this laboratory we will 

be using colored dyes to investigate the filtering capabilities of three soils. The dyes we will be 

using are Methylene Blue, Eosin Yellow, and food coloring. Food coloring has no net charge. 

Methylene Blue and Eosin Yellow due have net charges. One is a cation and the other is an 

anion. By the end of this laboratory exercise you will be able to identify which is which. Course: 

ES 110L Introduction to Environmental Science Lab Unit: Main content topic Content: Specific 

content topic Environmental Science Laboratory 110L New Mexico State University, Department 

of Agronomy and Horticulture 2 Soil as a Filter Pre-lab Questions and Resources 1. Explain how 

the hydrosphere, atmosphere, and biosphere all contribute to maintaining healthy soil.  

3. Is Methylene Blue or Eosin Yellow cationic? How did you determine your answer? 4. From 

your data is there a relationship between the rate in which water flows through soil and its 

filtration ability? 5. Describe which of the soil samples you think would be best for plant growth 

and why. 6. How can humans exploit soil’s filtration abilities to our benefit? 7. Briefly discuss 

how soil is beneficial to the hydrosphere, as well as how surface water (be it from rain or 

snowmelt) is beneficial to the lithosphere.  

 

http://web.nmsu.edu/~aulery/docs/Lab_05.pdf soil as a filter for cleaning water before it enters 

the pond/ stream/ aquifer 

 

https://www.calacademy.org/educators/recharging-aquifers Recharging Video 

Area Residence Time 

 

https://www.cds.hawaii.edu/kahana/downloads/curriculum/SectionII/Unit4/4.C.KaLepoaWai/4.C.1.SoilsareFiltersLesson.pdf
https://www.cds.hawaii.edu/kahana/downloads/curriculum/SectionII/Unit4/4.C.KaLepoaWai/4.C.1.SoilsareFiltersLesson.pdf
http://web.nmsu.edu/~aulery/docs/Lab_05.pdf
https://www.calacademy.org/educators/recharging-aquifers


Ground water that moves at A velocity of 1 foot per day or greater is a high rate of movement for 

ground water, and ground-water velocities can be as low as 1 foot per year or 1 foot per 

decade. In contrast, velocities of streamflow generally are measured in feet per second. A 

velocity of 1 foot per second equals about 16 miles per day. This flow depends on the aquifer 

and source rock and rain recharge. 

 

How to calculate the area residence time…  

ART = Amount of a substance in a reservoir (usually in mass or volume)  

           Rate of input or output of the substance from the reservoir       

 

(need to measure the inflow amount of water per minute divided by the amount of water exiting 

the system per minute)  Do this before adding your pollutant.  

http://www.soest.hawaii.edu/oceanography/courses/OCN120/Spring2011/residence.pdf 

 

Or- unprofessionally- time how long it takes your pollutant to enter and then exit the pond, lake 

or stream 

 

 

 

Pre Test:                                                          Name:_______________________ Hr:______ 

 

 

Define the following words 

Ph- 

Nitrogen- 

Conductivity- 

Waypoint- 

Dissolved oxygen- 

Water Pollution- 

Ammonia- 

Parts per million- 

Parts per billion- 

Area Residence Time- 

Quantitative- 

Qualitative- 

http://www.soest.hawaii.edu/oceanography/courses/OCN120/Spring2011/residence.pdf


Sediment pollution- 

Total Dissolved Solids- 

Polar- 

Nutrient Pollution- 

Water Pollution- 

Plastic Pollution-  

Drone- 

FAA- 

Safety needed when flying Drones- 

 

Post Test:                                                           Name:_______________________ Hr:______ 

 

Define the following words 

Ph- 

Nitrogen- 

Conductivity- 

Waypoint- 

Dissolved oxygen- 

Water Pollution- 

Ammonia- 

Parts per million- 

Parts per billion- 

Area Residence Time- 

Quantitative- 

Qualitative- 

Sediment pollution- 

Total Dissolved Solids- 



Polar- 

Nutrient Pollution- 

Water Pollution- 

Plastic Pollution-  

Drone- 

FAA- 

Safety needed when flying Drones- 

 

Names in Group:                                                                                         Hour:_____ 

Question Formulation Technique: Small Group Worksheet 

Our Question Focus is: 

1. How are drones used?  

2. How you will use a Drone to collect water samples?  

3. How can you keep the drone safe when collecting water samples? 

 

Group Roles: 

Facilitator:                                          Team Captain:                                     Resource Manager:                                   

Recorder/Reporter: 

Rules for Producing Questions: 

● Only work on the questions 1 at a time- the teacher will tell which on and when to 

start. 

● Ask as many questions as you can 

● Do not stop to discuss, judge, or answer any questions 

● Write down every question exactly as it is stated, in order 

● Change any statement into a question 

● Number your questions so you can keep track! 

● You have 5 minutes for each question 

 

Group Questions:  attach a notebook piece of paper to this worksheet with your brainstorm 

questions 

 

Priority Questions: 



1. (#____/_____) 

 

2. (#____/_____) 

 

3. (#____/_____) 

4. Rational: 

 


	Can drones be used to conduct water sampling in aquatic environments? A review

