Nanoscale Science and Solving Environmental Problems
Grade and Subject: Grade 10 Biology
School District of Philadelphia Unit: The Environment (Chapter 18)
Unit Overview

This series of 13 lessons highlights the interdisciplinary nature of nanoscale science by introducing it within the context of the nature of environmental problems. Students will learn about the characteristics of ecosystems, and the effects of pollution and human activities on the environment. Students will develop an understanding of applications of nanoscale science within the field of ecology. As a result of participating in this unit’s activities, the students will have increased understanding about the use of nanoscale science in solving environmental problems. 
Lesson Scope and Sequence

Below is a brief outline of the scope and sequence of lessons in this unit and which page you can find them on in this document. Each lesson fulfills one or more of the components of the ITEST-Nano curriculum and instruction framework, i.e., i) Real world science and engineering applications ii) Educational technologies to build content knowledge; iii) Information technologies for communication, community-building and dissemination; iv) Cognitively-rich pedagogical strategies; and v) STEM education and careers investigations. 
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Each lesson is presented with the major learning goals and a rationale for why the lesson has been constructed. The lessons can be tailored to include your own common successful instructional strategies such as, opening sets, short quizzes, demonstrations, and homework assignments such as textbook readings. In some lessons, space in the curriculum has been made for teachers to use already existing teaching strategies and content materials. In those cases, suggestions for how to incorporate nanoscale science content are provided.
Lesson 1: Introduction to Google Groups and Scenario of Environmental Problem
Lesson Overview

In this lesson, students are introduced to the class Google Groups website where they will access online information and instructions for the unit, record and archive essential learning points, and upload their final problem-based learning report and podcast. Students are also provided with the overarching cancer problem-based learning scenario. 

Part A: Setting up the Google Groups

• Prior to the lesson, students will need to sign up for a gmail account (follow the procedures from the ITEST summer workshop).

• Enter all students’ email addresses.

• Pre-assign students to groups of four.

• Discuss the Google Groups environment and how students will use it to keep notes from their investigations, share information, and access resources that others may upload.

• Have students work together in their small groups to choose a name for their group, write a two-sentence profile of themselves, and place the information onto their own page.

Part B: Environmental Problem PBL Scenario

• Set the context by asking students questions that solicit prior knowledge about ecosystems, e.g. What do you know about living and nonliving members of ecosystems? What do you know about the relationships of different species with each other? What is pollution? Where have you heard the word pollution?  What causes pollution?
• Discuss that in the next 12 lessons, the class will participate in a series of investigations that focuses on solving environmental problems through recent advancements in nanoscale science. Explain that they will be doing different kinds of research in order to provide a solution to the following problem.

• On a handout (or electronic document) provide the PBL scenario:
Crystal Pond in Fairmount Park is home to a diverse ecosystem that includes several species of animals and plants that live there interdependently. A visit to the Crystal Pond reveals several kinds of phytoplankton and zooplankton, fish, frogs, and water insects. In addition, some salamanders live in the grassy areas just beyond the water-edge. Depending on the time of the year, several species of birds visit Crystal Pond. One can also see different kinds of aquatic plants inside the pond and tall grasses around it. For the last few weeks, visitors to the park have been noticing a green slimy cover on the pond’s surface. Some of them have complained to the park rangers. It turns out that Mr. Victor Beeghly, the landscape architect had already been concerned about the green cover which he knew was from algae buildup.  Mr. Beeghly is considering a new treatment that is available. This new treatment uses nanoparticles of titania (titanium dioxide). You are member of the board that oversees the Fairmount Park, therefore, it is your duty to thoroughly investigate: 1) What is nanoscale science; 2) How does it relate to the treatment of water pollution; and 3) The risks and rewards of using nanoparticles in comparison to traditional methods. Your job in your teams is to produce a written evidence-based report with an accompanying audio podcast that details your investigation and provides a recommendation for or against the usage of nanoscale particles in solving problems of water pollution. Each team’s report and podcast will be reviewed by all the other board member teams and will be assesses for its feasibility.
Traditionally, algal growth in ponds has been treated with atomic sized chemicals. Some people also use barley hay; however, that provides short term relief. Now there is a new treatment for treating the algal growth in aquariums. Even though it has not been tested in ponds, it has proven quite effective in aquariums. This new treatment involves the usage of titania particles (see figure 1). The interesting characteristic of titania particles is that their effectiveness is increased by UV light in the presence of moisture. Under such conditions, the titania particles form free particles which act as oxidizing agents that can kill the algal overgrowth by breaking the cellular membranes and walls. Dr Green, a biochemist friend of Mr. Beehgley confirms that titania particles have been proven to be useful in killing algae in the presence of direct sunlight. However, the effect on other animals and plants is unknown.
Figure 1.

Titania particles
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• On the same handout, list the assignment parameters in detail. Include assignment length, components that must be included (e.g., summary of results from the NetLogo experiments, web research), information to be included in the podcast.

• Distribute the rubric for grading the assignment (sample can be found on the ITEST flash drive) 

• Show the following short video to introduce the topic. The video provides a short history of the origins of nanoscale science as illustrated by Richard Feynman:
http://video.google.com/videoplay?docid=8694473494851941737&ei=ESeCSIikKIWyrgK0xLDuAQ&hl=en
• Ask students to jot down what they have learned from the video and post ideas to their group’s Google webpage for homework.
Lesson 2 and 3: 
Global Change

The Atmosphere and Ecosystems
Lesson Overview

Lessons 2 and 3 build from already existing lessons and teaching plans that teachers have used in introducing the topic of The Environment, which is covered in the Holt Biological Scienc textbook on pp. 384-398. Lessons 2 & 3 (pp 384-389) as well as lesson 4 (pp 390-395) and lesson 5(396-398) that follow are required to provide some baseline understanding of atmosphere, ecosystems, global changes in the environment, the effects of the ozone layer and chemical pollutants.  Understanding these key concepts will assist students in learning about nanoscale science applications later in this unit. Key terms that students will cover include: acid rain, freshwater biome, chlorofluorocarbons, biological magnification, and aquifer. 
Part A: The Atmosphere and Ecosystems
· Introduce the topic in the manner that you would normally teach it.

· Use students’ prior experiences by asking them to give examples of situations where they have heard or read about words atmosphere and ecosystems.

· Discuss and explain the key terms: acid rain, freshwater biome, chlorofluorocarbons
· Discuss the following content:

· Algae are very important to the life cycle and health of a pond because they are green plants which supply oxygen to the entire ecosystem and food for several zoo-plankton that live in the water.  In turn, the fish are dependent on the zoo-plankton for their food.  However, excessive amounts of algae buildup can have negative impact on the well being of other plants and animals.  Too much algae can prevent sunlight from reaching the lower levels of the pond. Underwater plants need sunlight to grow; if they are not able to grow, then the plants and animals that are dependent on them suffer because they are not able to get food or oxygen. So you can see what happens to one member of this highly interconnected ecosystem has serious implications for other members.

· Following are some additional online resources for guiding your students’ understanding of atmosphere and ecosystems:
Website #1: http://www.physicalgeography.net/fundamentals/9j.html
Diagram 9j-1 describes the relationships between the living and nonliving components of an ecosystem. Ask students to notice how the different components are interrelated. 

Website #2: http://www.ucmp.berkeley.edu/exhibits/biomes/freshwater.php
This website gives descriptions of factors affecting fresh water biomes which include ponds and lakes. Ask students to pay special attention to algae and plankton. Relate this back to the Crystal Pond where the problem scenario for students is set. 
Website #3: http://en.wikipedia.org/wiki/Biodiversity
This website informs students that the health of an ecosystem is decided by the extent of its biodiversity (number of species living together). 
Brainstorming: Ask them to think about how the biodiversity of Crystal Pond will be affected if the algal growth is killed completely.
IMPORTANT: Make sure to have students record what they have learned so far on their group’s Google webpage. Students can also post questions for further investigation. 
Lesson 4 & 5: Effects of Chemical Pollutants
Lesson Overview

Lessons 4 & 5 are meant to build from already existing lessons and content area for Effects on Ecosystems: Effects of Chemical Pollutants which are covered in the Holt Biological Science textbook on pp. 390-395. Key concepts that need to be covered here include biological magnification and aquifer. There is a great deal of information to cover in just two class periods; however, the teacher can use the research component of the lesson to increase the students’ understanding of the effects of chemical pollutants through some videos. Also, students will see in the video in Part B, that research and applications at the nanoscale are interesting and useful to investigate, and reflect current scientific progress and applications. 
Focus on Chemical Pollutants
• Introduce the topics of the Agricultural Chemicals, Pollution, and Depletion in the manner that you would normally teach it. Revisit the lessons from lessons 2 & 3. This will help reinforce their understanding of the content material.
Show video #1

It is available at http://www.youtube.com/watch?v=5xs1jLlbztE
This explains how chemical runoffs from ground areas contaminate fresh water bodies.

Show video #2

It is available http://www.youtube.com/watch?v=0ajUSmgpdE4&feature=related
This explains the formation of aquifers.

IMPORTANT: Continue to encourage students to add what they have learned to their group’s Google webpage.
Assess their understandings so far by engaging them in small group discussions as well as a quiz to check their grasp on key concepts and terms: Chemical runoff, ground water, aquifers. 
Lessons 6 & 7: Solving Environmental Problems
Lesson Overview


In lesson 6 & 7, students apply their fundamental knowledge of ecosystems, pollution and human effects on pollution to the PBL scenario presented in the introductory lesson. They will use the research collected so far from the various sources to make connections with real world problems to scientific knowledge and applications. They will also understand how the size of nano particles might make it possible to solve environmental problems more efficiently than regular atomic sized chemicals. 
Part A: Nanoparticles
•   Remind students of the PBL scenario introduced to them in the first lesson
•   Share Content: Nano materials are particles of any matter that are less than 100 nm in diameter. They can be much more active than large size particles because they have a higher surface area than the same weight of large size particles. Therefore one pound of nano particles can be effective over an extremely large surface area. 
•  Discuss in the large group that the methods nano particles are  small enough to enter cellular organisms. 
• Distribute a copy of pp. 125, 126, and 129 from the book Nanoscale Science (2007). These books were given to you along with the ITEST-Nano binder and nanobox. 

· Ask students to work in their small groups to read about the different kinds of   research regarding the usage of nanoparticles in solving environmental problems. 
IMPORTANT: Remind students that they are continually trying to collect information that will help them make a recommendation to the Trustees of the Fairmount Park. 
Part B: Take the Nano Journey: 
Activity 1: Thinking about size and scale
This activity will have two part, the first a hands-on activity and the second a visualization
 Part a: Understanding nanoscale

Activity with scissors and paper to start thinking about size: To get students thinking about the size and scale of nanotechnology, it is first important to have them engage in a hands on activity that would demonstrate how after a point, it is impossible for the human senses to perceive the "smallness" of an object. 
Give all participants a pair of scissors and a strip of paper cut horizontally from a regular A4 sized sheet. Ask them to cut the strip of paper in half, and then cut one of the half in half, and proceed doing so till it becomes impossible for them to cut any further. They then have to report how many cuts it takes for them to reach the point where they could no longer cut any further. (Mostly they would have had between 5 and 7 cuts). Hold a discussion about how many cuts have helped achieve their target. By using an Excel spreadsheet, they can calculate that it would take 24 such cuts before reaching the nanoscale. 

	  
	A 
	B 
	C 
	D 
	E 

	1 
	# OF CUTS 
	  
	NANOMETERS 
	  
	MILLIMETERS 

	2 
	0 
	  
	216,000,000.0 
	  
	216.0 

	3 
	1 
	  
	108,000,000.0 
	  
	108.0 

	4 
	2 
	  
	54,000,000.0 
	  
	54.0 

	5 
	3 
	  
	27,000,000.0 
	  
	27.0 

	6 
	4 
	  
	13,500,000.0 
	  
	13.5 

	7 
	5 
	  
	6,750,000.0 
	  
	6.8 

	8 
	6 
	  
	3,375,000.0 
	  
	3.4 

	9 
	7 
	  
	1,687,500.0 
	  
	1.7 

	10 
	8 
	  
	843,750.0 
	  
	0.8 

	11 
	9 
	  
	421,875.0 
	  
	0.4 

	12 
	10 
	  
	210,937.5 
	  
	0.2 

	13 
	11 
	  
	105,468.8 
	  
	0.1 

	14 
	12 
	  
	52,734.4 
	  
	0.1 

	15 
	13 
	  
	26,367.2 
	  
	0.03 

	16 
	14 
	  
	13,183.6 
	  
	0.01 

	17 
	15 
	  
	6,591.8 
	  
	0.007 

	18 
	16 
	  
	3,295.9 
	  
	0.003 

	19 
	17 
	  
	1,647.9 
	  
	0.002 

	20 
	18 
	  
	824.0 
	  
	0.0008 

	21 
	19 
	  
	412.0 
	  
	0.0004 

	22 
	20 
	  
	206.0 
	  
	0.0002 

	23 
	21 
	  
	103.0 
	  
	0.0001 

	24 
	22 
	  
	51.5 
	  
	0.00005 

	25 
	23 
	  
	25.7 
	  
	0.00003 

	26 
	24 
	  
	12.9 
	  
	0.00001 

	27 
	25 
	  
	6.4 
	  
	0.000000 

	28 
	26 
	  
	3.2 
	  
	0.000000 

	29 
	27 
	  
	1.6 
	  
	0.000000 

	30 
	28 
	  
	0.8 
	  
	0.000000 

	31 
	29 
	  
	0.4 
	  
	0.000000 

	32 
	30 
	  
	0.2 
	  
	0.000000 

	33 
	31 
	  
	0.1 
	  
	0.000000 

	34 
	32 
	  
	0.1 
	  
	0.000000 

	35 
	33 
	  
	0.0 
	  
	0.000000 

	36 
	34 
	  
	0.0 
	  
	0.000000 

	37 
	35 
	  
	0.0 
	  
	0.000000 


Part b: Presentation of nanoscale through animation:

In order to get the participants thinking further about the scale of nanotechnology, show the following animation to demonstrate how small 'nano' really is.
https://www.nanohub.org/resources/90/
Ask students to notice how the difference between atomic and nano scale is described in this animation.
Lesson 8
Netlogo Software:  Interrelationships among species in an ecosystem
Lesson Overview
This lesson will help students in understanding the key concepts in chapter 18 through the usage of visualization software. Recall that NetLogo is free open source software that can be downloaded at: http://ccl.northwestern.edu/netlogo/download.shtml. Watch the YouTube video on how to download the software at the following: http://www.youtube.com/watch?v=bYHuYG-Odzc.
As you have learned simulations and models of phenomena are important scientific tools for prediction, data collection, manipulation, and dissection. Simulations can enable multiple runs of an experiment without needing to wait for the life span of biological processes to take place. They allow scientists to investigate certain procedures on the computer or test the cause and effect relationships of biological systems like ecosystems or biomes. Multiple forms of data or outputs can be collected such as graphs of interdependence among different species in an ecosystem. A major affordance of simulations is the ability to cover enormous timescales of events such as hundreds of years of forest succession or multiple generations of species adaptation within an ecosystem. It is important to point out all these affordances to students both in the introduction and during the lessons so that they can appreciate the power and utility of computer simulations in studying science. 

Part A: Introduction to NetLogo 
• You should select a few NetLogo simulations for students to explore. Choose ones that simulate phenomenon that may be familiar to your students or concepts that you have already addressed in previous chapters. The NetLogo models library is fairly extensive so you should be able to find a few models that you can work with. 

• In the introduction, discuss what simulations are and why they are important to scientific research (see notes in the lesson overview). Ask students whether they have seen other kinds of simulations or imaging tools (students will likely talk about their favorite computer game, SimCity, Second Life, Google Earth). Talk about the similarities and affordances of these tools.

• Next, introduce the NetLogo environment (you can select some pedagogical strategies/activities that you learned about during the NetLogo sessions during the first week of the summer workshop).

• Point out all the different features of your selected models, e.g., number of ticks, sliders, population monitors, graphing tool (use your cursor to show students how numbers on the graph can be revealed or extracted), information tab that explains the purpose and nature of the simulation.

• Ask students to run their models a few times using different initial conditions. Ask them to describe what happens when conditions change. What kinds of conclusions can they make about the system(s) they are investigating? 
• Below is an example of a lesson sequence you can use:

· Open the models library from the File menu; choose "Rabbits Grass Weed" from the Biology section and press "Open" 

· The Interface tab includes buttons, switches, sliders and monitors. These interface elements allow you to interact with the model. Buttons are blue; they set up, start, and stop the model. Sliders and switches are green; they alter model settings. Monitors and plots are beige; they display data.

· To begin the model, you will first need to set it up by pressing the "setup" button; then press the "go" button to start the simulation.

· Ask students: What do you see appear in the view? As the model is running, what is happening to the relative numbers of rabbits, grass, and weeds?

· Change the value of one variable in the model and ask students to observe and explain what happens
· Explain that the model demonstrates how different species are interdependent within an ecosystem.

IMPORTANT: Revisit the concepts outlined in the chapter. Ask students to record how the concepts are demonstrated through the use of Netlogo models. Do any of the key terms make more sense? Do the students have any questions?  Encourage them to post their questions and responses to the peers’ questions on the Google Docs.
Lesson 9
Careers in Nanoscale science
• Talk to students about the fact that in all the past electronic and print resources they have reviewed, many different science and engineering subjects and careers have been presented. To promote a large group discussion, first divide the class into small groups and ask students to list all the different subject areas they have seen and heard about that involve nanoscale science. Have the students compare responses from the different groups. 
• To build upon the students’ informal responses, share the following resources. 

1. Share the following website:

http://www.nnin.org/nnin_careers.html
Ask students to think about how the career pathways listed on the website might coincide with their personal aspirations and future plans by adding their responses to the Google Docs.
2. Share the following article:

Roco, M. C. (2003). Converging science and technology at the nanoscale: Opportunities for careers and education. Biotechnology. Available at http://www.nano.gov/html/res/MCR_03-0912_NatureBiotech_Final.pdf
Make copies of pages 2-3 and assign reading the page for homework. Again, ask them to identify pathways that seem interesting and talk about ways to achieve them. 
3. Ask them to identify some commonalities amongst the job descriptions that they read about on the second website. Were there any that interested them? Which ones and why? 
Lesson: 10: Web Research—Focus on Risks and Benefits

Lesson Overview

As nanoscale science research is a new burgeoning field, questions arise as to the safety and future effects of unknown and untested inventions, procedures and products. Numerous organizations and universities have focused a great deal of attention and research on investigating and promoting public awareness of the risks involved in nanoscale science. 
Use the following questions to guide your students in their thinking process:

· What is Mr. Beeghly’s number one priority? Does he want to maintain the beauty of the pond or does he want to make sure that the plants and animals underneath the surface are protected?

· The algal growth is taking place from excessive fertilizers from the lawns running into the pond. Should Mr. Beeghly limit the fertilizers being sprayed on the lawns? But that might decrease the quality of the grass? Will people like to come to a park where the grass is not lush and green? He is not quite sure how people will react. 

· Nano particles will add to the cost of maintaining the park. Is the added cost going to be worth the hassle?

· What about the effect that nano particles may have on other plants and animals? What about the children who keep dipping their hands in the pond? 
You have reviewed the importance of ethical decision-making during the summer workshop. This lesson is designed to help students understand that scientific research and applications have an ethical component that should be considered along with the exciting new advances. 

Part A: Investigating Risks

· Use the following websites to guide their understanding and investigatory process
Website #1: This available at 

http://www.nanovic.com.au/downloads/Build_Magazine.pdf
This website provides information about the helpful qualities of nano particles in killing algal growth. 

Website #2: This available at http://researchmag.asu.edu/2007/08/big_effects_from_small_stuff.html
This website provides information why nanoparticles might be harmful to the aquatic ecosystems.
Encourage students to find evidence that supports divergent opinions. This will help them make informed decisions for their proposal to the Trustees of Fairmount Park. Ask students to record their opinions and change in their opinions through research and investigation.  
Opinion Charts

Consider the following statement:

1. The only consideration in developing an environmental solution should be the cost.
Read the statement, decide where you stand regarding the issue, and use a numeric number to express your opinion in the beginning of each phase. After you have heard the speakers and worked through the activities, revisit the statement and see if your opinion has changed. Make a note of what caused your opinion to change.

Following is a numeric way to express your opinions about the two statements. 

Strongly disagree





Strongly agree











-5
  -4
-3
-2
-1
0
1
2
3
4
5

1.
The only consideration in developing an environmental solution should be the cost.

	
	My position in the beginning
	My position did not change at the end
	My position changed at the end by points
	The reason I changed my position

	End of Lesson 1
	
	
	
	

	End of Lesson 5
	
	
	
	

	End of Lesson 10
	
	
	
	


From the beginning of phase 1 to the end of phase 3, my opinion changed by ______points. The strongest influence(s) on my opinion: 

____________________________________________________
Part B: Homework

Students will review all their notes on their Google Groups webpage. Ask students to come to the next class prepared with a summary of ideas to contribute to the group report and podcast. Teachers may want to post the opinion charts online so that students can have easy access to them. 
Lesson 11 and 12: PBL Recommendation—Group Report and Podcast

Lesson 13: Group Presentation and Evaluation
Lesson Overview

In the next three lessons, students will work toward creating a final written report and podcast of their nanotechnology and finding solutions for environmental problems. It will be important to remind students of the outline (given to them in lesson 1) that details the sections, data/evidence, and structural parameters to include in the report (e.g., report and podcast length, screen shots of NetLogo simulations, graphs). Each of the team’s reports will be uploaded to the main Google Groups website so that other teams can review and vote on the best solution. 
Part A: How to Podcast

• Review the podcasting workshop you participated in during the summer workshop. 

• Design a short lesson that will introduce students to the mechanics of creating a podcast. 

• You will likely find that most students will already know how to do this or will pick up the process very quickly. 

• Something to consider beyond the mechanics however would be to provide some instruction on the tone, use of vocabulary, and attention to audience that should be considered in making the podcast. Remind them of their role as a board member. 

Part B: Group Report and Podcast Construction

• Students will use this time (~1.5 classes) to construct their report. You may find that students will want to stay after school to work together so making available your class or the computer lab for collaboration will be important. Students will also spend a good deal of time at home working on the report. 

• Ask students to upload their group’s final recommendation to the class’s Google Group and prepare a 5 minute presentation to deliver in the next class. Parameters for the presentation should be provided up front as well as a peer evaluation rubric to evaluate the final report and podcast. 
Lesson 13

Group Presentation and Evaluation

• After the presentations allow students to read the reports and listen to the podcasts in more detail both during the rest of the class and for homework. 

• At the beginning of the next class, ask students to privately vote on the recommendation to adopt. 
Standards
Pennsylvania State Standards
Biology Core Curriculum & Interdisciplinary 
	Biological Sciences; Environment and Ecology

	4.6
	· Ecosystems and their interactions

· Living and non-living components

· Changes over period of time

	Physical Sciences

	3.4
	· Explain concepts about the structure and properties of matter.

· Know that atoms are composed of even smaller sub-atomic structures whose properties are measurable. 

	Science, Technology, and Human Endeavors

	3.6
	· Apply biotechnologies that relate to propagating, growing, maintaining, adapting, treating, and converting


1

