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General Description
Type of program: 

Cart Demo/ Classroom activity
Big Fish, Little Fish is a cart demo that can also be used as a classroom activity that focuses on what biomagnification is and how it happens in our ecosystems.  Visitors will see a short visual demonstration followed by an interactive game. 
Big idea: 

Big Fish, Little Fish is a program aimed at educating the public about how biomagnification occurs and its effects on certain ecosystems.  They will learn about how the biomagnification of certain chemicals such as DDT and mercury have created significant environmental issues and discuss environmental concerns related to potential biomagnification of nanoparticles.
Learning goals:

As a result of participating in this program, visitors will be able to: 
· Recognize what biomagnification is and how it happens.

· Understand the difference between biomagnification and bioaccumulation.

· Learn about past examples of chemicals that biomagnified in the ecosystem.
· Understand how nanoparticles have the potential to biomagnify and the impacts they may have.
NISE Network content map main ideas:

[  ] 
1. Nanometer-sized things are very small, and often behave differently than larger things do.
[  ] 
2. Scientists and engineers have formed the interdisciplinary field of nanotechnology by investigating properties and manipulating matter at the nanoscale.
[  ]
3. Nanoscience, nanotechnology, and nanoengineering lead to new knowledge and innovations that weren’t possible before.
[X] 
4. Nanotechnologies have costs, risks, and benefits that affect our lives in ways we cannot always predict.
National Science Education Standards:

[  ] 
1. Science as Inquiry

[  ] 
K-4: Abilities necessary to do scientific inquiry

[  ] 
K-4: Understanding about scientific inquiry
[  ] 
5-8: Abilities necessary to do scientific inquiry
[  ] 
5-8: Understanding about scientific inquiry
[  ] 
9-12: Abilities necessary to do scientific inquiry
[  ] 
9-12: Understanding about scientific inquiry

[  ] 
2. Physical Science

[  ] 
K-4: Properties of objects and materials
[  ] 
K-4: Position and motion of objects
[  ] 
K-4: Light, heat, electricity, and magnetism
[  ] 
5-8: Properties and changes of properties in matter
[  ] 
5-8: Motions and forces
[  ] 
5-8: Transfer of energy
[  ] 
9-12: Structure of atoms
[  ] 
9-12: Structure and properties of matter

[  ] 
9-12: Chemical reactions

[  ] 
9-12: Motions and force

[  ] 
9-12: Conservation of energy and increase in disorder

[  ] 
9-12: Interactions of energy and matter

[  ]
3. Life Science

[  ] 
K-4: Characteristics of organisms
[  ] 
K-4: Life cycles of organisms
[X] 
K-4: Organisms and environments
[  ] 
5-8: Structure and function in living systems
[  ] 
5-8: Reproduction and heredity
[  ] 
5-8: Regulation and behavior

[X] 
5-8: Populations and ecosystems
[  ] 
5-8: Diversity and adaptations of organisms

[  ] 
9-12: The cell

[  ] 
9-12: Molecular basis of heredity
[  ] 
9-12: Biological evolution
[  ] 
9-12: Interdependence of organisms
[  ] 
9-12: Matter, energy, and organization in living systems
[  ] 
9-12: Behavior of organisms

[  ] 
4. Earth and Space Science

[  ] 
K-4: Properties of earth materials
[  ] 
K-4: Objects in the sky
[  ] 
K-4: Changes in earth and sky
[  ] 
5-8: Structure of the earth system
[  ] 
5-8: Earth's history
[  ] 
5-8: Earth in the solar system
[  ] 
9-12: Energy in the earth system
[  ] 
9-12: Geochemical cycles

[  ] 
9-12: Origin and evolution of the earth system
[  ] 
9-12: Origin and evolution of the universe
 [  ] 
5. Science and Technology

[  ] 
K-4: Abilities to distinguish between natural objects and objects made by humans
[  ] 
K-4: Abilities of technological design
[  ] 
K-4: Understanding about science and technology
[  ] 
5-8: Abilities of technological design
[  ] 
5-8: Understanding about science and technology
[  ] 
9-12: Abilities of technological design
[  ] 
9-12: Understanding about science and technology
 [  ] 
6. Personal and Social Perspectives

[  ] 
K-4: Personal health
[  ] 
K-4: Characteristics and changes in populations
[  ] 
K-4: Types of resources
[X] 
K-4: Changes in environments
[  ] 
K-4: Science and technology in local challenges
[  ] 
5-8: Personal health
[  ] 
5-8: Populations, resources, and environments
[  ] 
5-8: Natural hazards
[X] 
5-8: Risks and benefits
[X] 
5-8: Science and technology in society
[X] 
9-12: Personal and community health
[  ] 
9-12: Population growth
[X] 
9-12: Natural resources
[X] 
9-12: Environmental quality
[X] 
9-12: Natural and human-induced hazards
[  ] 
9-12: Science and technology in local, national, and global challenges
[  ] 
7. History and Nature of Science

[  ] 
K-4: Science as a human endeavor
[  ] 
5-8: Science as a human endeavor
[  ] 
5-8: Nature of science
[  ] 
5-8: History of science
[  ] 
9-12: Science as a human endeavor
[  ] 
9-12: Nature of scientific knowledge
[  ] 
9-12: Historical perspective
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10 minutes
20 minutes
15 minutes
Background Information
Definition of terms

Nano is the scientific term meaning one-billionth (1/1,000,000,000). It comes from a Greek word meaning “dwarf.”

A nanometer is one one-billionth of a meter. One inch equals 25.4 million nanometers. A sheet of paper is about 100,000 nanometers thick. A human hair measures roughly 50,000 to 100,000 nanometers across. Your fingernails grow one nanometer every second.

(Other units can also be divided by one billion. A single blink of an eye is about one-billionth of a year. An eyeblink is to a year what a nanometer is to a yardstick.)

Nanoscale refers to measurements of 1-100 nanometers. A virus is about 70 nm long. A cell membrane is about 9 nm thick. Ten hydrogen atoms are about 1 nm.

At the nanoscale, many common materials exhibit unusual properties, such as remarkably lower resistance to electricity, or faster chemical reactions. 

Nanotechnology is the manipulation of material at the nanoscale to take advantage of these properties. This often means working with individual molecules.

Nanoscience, nanoengineering and other such terms refer to those activities applied to the nanoscale. “Nano,” by itself, is often used as short-hand to refer to any or all of these activities.

Program-specific background
Biomagnification:  The increasing concentration of a substance, such as a toxic chemical, in the tissues of organisms at successively higher levels in a food chain.  As a result of biomagnification, organisms at the top of the food chain generally suffer greater harm from persistent toxins or pollutant than those at lower levels.  (The American Heritage® Science Dictionary Copyright © 2005 by Houghton Mifflin Company. Published by Houghton Mifflin Company)

Bioaccumulation:  The accumulation of a substance, such as a toxic chemical in various tissues of a living organism.  Bioaccumulation takes place within an organism when the rate of intake of a substance is greater than the rate of excretion or metabolic transformation of that substance.  (The American Heritage® Science Dictionary Copyright © 2005 by Houghton Mifflin Company. Published by Houghton Mifflin Company. All rights reserved.)
Examples of contaminants that biomagnify:
· Dichlorodiphenyl Trichloroethane (DDT)

· DDT was the first of modern synthetic insecticides developed in the 1940’s.  It was used with great success to combat malaria, typhus, and other insect-borne human diseases.  It was also used on crops, livestock, homes, and gardens.  The use of DDT was banned by the EPA in 1972 when mounting evidence showed the adverse effects it was having on wildlife and potential human health risks.  DDT is known to be very persistent in the environment, mainly by accumulating in fatty tissue of organisms and the upper atmosphere. (Source: EPA)
· Mercury

· Mercury is a naturally occurring element that can be found in the air, water, and soil.  It exists in several forms and is toxic to humans.  Exposure can affect the human nervous system and harm the brain, heart, kidneys, lungs and immune system.  Mercury in the air can settle into water sources where it is changed into methylmercury by some microorganisms.  This form of mercury is highly toxic and easily absorbed by fish, shellfish, and animals that eat fish.  The EPA works with the US Food and Drug Administration (FDA) to issue warnings about eating some commercial fish and shellfish.  The EPA is working to reduce mercury emissions with the Clean Air Act section 112, as well as other efforts.

· Check out this video Mercury Pollution—An Invisible Foe that Knows No Boundaries for more information.

· http://www.youtube.com/watch?v=xRqAS4Eow-c 

Biomagnification and Nano

· A study conducted at the University of Kentucky found increasing evidence that gold nanoparticles have the potential to bioaccumulate in a terrestrial ecosystem.  They also found evidence of nanoparticles biomagnifying within that ecosystem’s food web.  While this study focused on terrestrial ecosystems, others have found similar evidences in aquatic ecosystems.
· http://sludgenews.org/resources/documents/Judy_Nano_in_Sludge.pdf 

· Another study conducted at the University of California at Santa Barbara found that quantum dot nanoparticles introduced into a microbial food chain can biomagnify.  Researchers found that predators in the food chain suffered toxic effects such as inhibited digestion.  Researchers acknowledge that more study is needed, however they believe that nano particles will biomagnify in aquatic ecosystems.
· http://www.buildinggreen.com/auth/article.cfm/2011/1/27/Study-Shows-Nanoparticles-Biomagnifying-in-Food-Chain/ 

 Materials
Demo 1:

· Must build fish models using:

· Fish Templates

· 2L empty clear soda bottle

· 2 8oz water bottles

· 8 clear small centrifuge tubes

· 0.23in (6mm) Plastic Pearl Bead Mix, crafting beads 

· Bought in jewelry section of craft store

· All Purpose Permanent Adhesive 
· We used Quick Grip
· Post-It Notes (any color)
Demo 2:

· Fish Templates

· Blue Fizzy Tints 

· Available at many retailers including Amazon.com http://www.amazon.com/Color-your-Fizzy-Tints-Ages/dp/B00004U3FY
· 1 Small clear container 15oz
· Available at The Container Store http://www.containerstore.com/shop/bath/countertopCollections/acrylicPlastic?productId=10028384 

· 1 Medium clear container 30oz
· Available at The Container Store http://www.containerstore.com/shop/bath/countertopCollections/acrylicPlastic?productId=10028384 

· 1 Large clear container 60oz
· Available at The Container Store http://www.containerstore.com/shop/bath/countertopCollections/acrylicPlastic?productId=10028384
Demo 3:

· Silver stickers 
· Available at Staples.com 

http://www.staples.com/Avery-Print-or-Write-Notarial-Labels-Silver-480-Pack/product_864711
· Orange, blue and green pipe cleaners

Set Up
Time: 10 minutes + first-time preparation of 50 minutes
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Initial program preparations (50 minutes)

Demo #1
· Print (and optionally laminate) biomagnification graphic
· Print all fish templates in color, laminate and cut out fish so you have 1 large, 2 medium, 6 small + one extra of each
· [image: image7.jpg]


Cut all BUT 1 of each of the fish in half

· Cut off the neck of the 2L bottle 

· Glue the large green fish head to the opening of the 2L bottle

· Glue the large green tail to the closed end of the 2L bottle

· [image: image8.jpg]


Repeat same process with the 8oz water bottles and the medium blue fish pieces

· For the small orange fish leave the centrifuge tube intact, but glue the small orange fish head and tail to the front and back of the tube
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Demo #2

· Print both fish templates in color, laminate, and cut out 1 large, 1 medium, and 1 small fish

· Tape them to the lid of each corresponding container

Subsequent Program Set-up (10 minutes)
· Set out small, medium, and large fish examples and a cup of silver beads.

· Tape the whole fish to a nearby wall

· Set out the 3 clear containers with fish attached, one small, one medium, one large.
· Fill each one with water.  Leave about 1 ½ inches at the top to avoid spills.

· Put 21+ blue Fizzy Tints in a cup labeled TOXINS.
· If using, set out dry erase board and marker

· Set out stickers if playing biomagnification game

· Review background information if necessary.
Program Delivery
Time:

5-10 minutes

Safety
· General Safety
· Goggles should be worn during demo 2 by presenter and any assistants. Gloves may also be worn for effect, but are not needed

· Do not ingest the Fizzy Tablets
Talking points and procedure
Introduction 
[Begin the program with a brief verbal description of biomagnification, bioaccumulation, and the history of biomagnification.]
· Start off by talking to visitors about water ecosystems. What lives there? Write down a quick list, getting them to focus on different types of fish (esp. size). 

· Next, looking at the list ask them what eats what in the ecosystem? Draw some arrows. Now tell them that the order in which things are eaten is a food chain, like a small fish eating plants and algae, then medium fish eating little fish, and big fish eating medium fish. What might eat the big fish? 

· Explain that sometimes toxins – chemicals that can make animals and people sick – get into the water ecosystem. Small fish may eat plants and some of the toxins may end up in their bodies. That’s called bioaccumulation.
· Now explain to visitors that biomagnification is when that toxin increases inside animals very rapidly as you go up a food chain. This can become very dangerous for animals that eat lots of big fish, like humans and birds.

· Tell them that we’ve actually seen this happen in the environment with chemicals like DDT and mercury, and that today we’re going to more closely explore how biomagnification happens.

Demonstration 1:  Big Fish Little Fish

[This demo will illustrate how toxins bioaccumulate in small fish at the bottom of the food chain.  It will then show how those toxins biomagnify at each level of the food chain up to big fish.] 

· Explain that the first thing they’re going to do is see how toxins first bioaccumulate in animals lower on the food chain, then biomagnify as they go higher up the food chain.

· Start with the smallest fish. Invite some people to “be” the small fish and others to “feed” the small fish. Have the feeders place 4 silver beads inside the “stomach” of each of the small fish.  
· Explain that the small fish ingest the toxin from feeding on smaller organisms such as plankton that are contaminated. 

· Point out how each fish ate 4 toxins and therefore they each have 4 toxins. Explain that this is a model for bioaccumulation
· Chart the number of toxins that one small fish has ingested. Place four post-it notes end-to-end to create a bar four sheets long above the small fish on the wall.
· Next, hold up the two medium fish. Say that these fish are going to swim along and eat all of the small fish.  Have 2 visitors, each with a medium fish, insert as many small fish as they can until there are no more. 
· Now have the visitors with the medium fish count how many toxins each medium fish has. (Depending on how you divided the small fish between the two medium fish, each one may have different amounts of toxins)
· Once again, use the post-it notes to create a bar the length of the number of toxins (you can graph either the largest or an average between the two)

· Be sure to point out to the visitors that far more toxins went into these fish compared to the number of fish eaten. While the small fish ate each toxin, the medium fish got 4 toxins per fish eaten. This is biomagnification!
· Now, hold up the big fish and say it comes along and eats all the medium fish.  Again have a visitor handle the big fish and insert the medium fish inside.

· Ask the visitor to count how many toxins are in the big fish’s stomach.
· Make a bar of post-it notes showing how many toxins the big fish has.  

· Point out how this big fish only ate 2 other fish and its toxin levels are at 24!

· Point out how fast the toxins have increased in each fish as they went higher in the food chain. This is [image: image10.jpg]


biomagnification.
· Pose a question to the visitors:  What if an eagle came along and ate 3 large fish – one each for breakfast, lunch, and dinner?  Do you think the eagle will be affected by the toxins?  

· Tell them how the biomagnification of DDT had a profound effect on bald eagles eggs.  The toxin caused the egg shells to be very thin, limiting the number of successful young, almost causing the bald eagle to go extinct.
· Optional:  Use a graphic of biomagnification to help illustrate the higher level of concentrations.
Demonstration 2: Biomagnification using color concentrations

· Explain to visitors that you want to illustrate this idea of biomagnification again, this time using colors to show how toxins can biomagnify going up the food chain 
· Point out how each container again represents fish:  small, medium, and large.  The fizzy tablets represent toxins.

· Get three visitors to assist you, one behind each container. 

· Starting with the small fish, tell visitors that this time, you’re going to do things a little differently in terms of the number of toxins. Ask the volunteer to add 1 fizzy tablet to the water to represent the fish eating 1 toxin.
· Explain that the medium fish eats 4 small fish with toxins. Ask the visitors how many tablets should we give to the medium fish, if each small fish has 1 tablet. Hopefully they will say four, so, to the medium container, ask the volunteer add 4 fizzy tablets to the water.  

· Explain that the large fish eats 4 medium fish. Ask the visitors how many tablets should we give to the large fish, since each medium fish has 4 tablets. Hopefully they will say 16. So, to the large container, ask the volunteer to add 16 fizzy tablets to the water.  

· Once all the fizzy tablets have dissolved there should be a difference in the color concentration of each container.  Ask the visitors which container has the most toxins in it.  They should identify the large container because of the darker color.
· Ask the visitors did the big fish eat 16 fish? So why does it have 16 tablets of toxin? (because the toxins built up – biomagnification)

· Ask the visitors to predict:  What would happen to a different animal such as a bear that ate 4 of the big fish?  How many tablets fizzy tablets would that be?  Would it be healthy or not healthy?  
· Tell them how biomagnification of mercury is becoming a serious health issue for animals and people that eat lots of fish. In fact, many people who eat too much shark have started suffering from mercury poisoning. Why do they think that eating shark would cause mercury poisoning (sharks are near the top of the food chain – they eat lots of fish that already have high levels of mercury causing them to have even higher levels of mercury). 
Big Fish Little Fish Game
· Tell visitors that between 2005 and 2010, the number of products that use some form of nanotechnology has increased from 54 to 1015 (Judy, pg. 776).  As a result the amount of nanomaterials entering our ecosystems is increasing.  Research has begun to explore if nanoparticles have the ability to bioaccumulate and biomagnify.  Early studies show evidence that they do have the potential to do both and that additional studies are being conducted to determine the impact that these nanoparticles may have.
· A few good examples of products are:

· Nano silver socks

· Nano silver coated stuffed animals

· Nano cosmetics

· Nano coated washing machines

· Sunscreen

· Nano toothpaste

· Tell them that you are going to play a game exploring biomagnification of nanoparticles.  It requires a group of at least 10 visitors.

· Explain how the game is going to work to the visitors.

· Each person is going to get two silver stickers to put on their shirt.  The silver sticker represents nanosilver which could be leaked into the ecosystem.

· Assign people roles, small, medium, or large fish.  There should be at least 7 small fish, 2 medium fish, and 1 large fish.  If playing with more visitors make sure to divide the visitors up so most of them are small fish, a few medium, and even less large fish.  For example, if you have 14 people you should have 10 small fish, 3 medium fish, and 1 big fish.  If you have 19 people you should have 13 small fish, 4 medium fish, and 2 big fish. 
· Give everyone a pipe cleaner to make into a bracelet.  Small fish will have orange pipe cleaners, medium fish will have blue, and large fish will have green.  This color system goes along with the fish templates.  

· The rules:  

· This is a game like tag. When a fish is tagged by a larger fish, it is considered to be “eaten.” Large fish can “eat” any small or medium fish (orange or blue).  When they do, they have to take all the stickers of the fish they eat.

· Medium fish can only eat small fish (orange).  Again, when they do, they have to take all the stickers of the fish they eat.

· Small fish can only be eaten.  They just “swim” around and must give up their sticker if they have been “eaten”.

· Once a fish has been eaten, they will sit down to let everyone know they are out of the game.

· Explain the rules of your space:
· No running

· No hiding

· Must stay within a certain area

· Time for the game depends on the number of visitors you have playing.  Monitor how quickly the little fish lose their stickers.  Once you see that most of them have been “eaten” stop the game and have the medium (if any are left) and large fish count how many silver stickers they collected.  
· Follow up discussion questions:

· Ask the large fish:  How many fish did you eat?  How many silver toxins did you accumulate?

· What if we had let the little fish pick up more toxins once they had been eaten?  Would those toxins have biomagnified in our ecosystem (our game)?

· Do you think that the longer a fish lives will affect how many toxins they accumulate?  Which fish live the longest?  (The ones at the top of the food chain)

· What could we do to help decrease the amount of nanoparticles in products like the ones listed above from entering the environment?

Program Conclusion

[The purpose of this program is to educate the public about what biomagnification and bioaccumulation is and how it was affected our environment in the past.  It is our goal to make the public aware of the potential for nano particles to bioaccumulate, but not scare them.]  
· Tell visitors you want to do a quick review:

· First, when some toxins are taken up by animals at the bottom of the food chain, they can start to bioaccumulate, or build up in the animals.

· But, when animals further up the food chain eat the smaller ones, they get a lot of toxins building up quickly. That is called biomagnification. 

· In the past, we’ve had problems with toxins biomagnifying, like DDT almost causing the bald eagles to go extinct and mercury poisoning causing issues for animals that eat big fish like bears and humans.

· Part of the reason for these issues in the past is research was not always conducted in advance, and often times environmental irritants and toxins had already done their damage. However, now we are taking the time to really study new materials like nanoparticles to see first if they can biomagnify (not everything can) and, if so, what sort of impact they may have on the  
· Stress that nanotechnology has made many positive scientific advances which should not be overshadowed.  And, with an educated public we can learn from the past to make our future even better.  
Tips and troubleshooting

· If your containers are a different size, be sure to test out the number of Fizzy Tints needed to achieve a visual color difference in the concentration. 
· Place the containers in front of a white background to better show the difference in color.
Common visitor questions

· Why do the fish eat the toxins?
· The toxins are absorbed into their food source.  The fish do not know that they are eating toxins.

· What kinds of fish eat toxins?

· Many fish ingest toxins through their food source.  Biomagnification is not limited to specific breeds.

· Does biomagnification happen to sharks?

· Yes!  Sharks are at the top of the food chain.  Therefore they ingest a lot of toxins that work their way up the food chain.

Going further…
Here are some resources you can share with your visitors:
· Study shows Nanoparticles biomagnifying in food chain
· http://www.buildinggreen.com/auth/article.cfm/2011/1/27/Study-Shows-Nanoparticles-Biomagnifying-in-Food-Chain/
· Biomagnification:  Toxins in Our Ocean

· http://video.nationalgeographic.com/video/education-videos/edu-ocean2-biomagnification/
·  PSA about DDT before the dangers were known.  DDT Let’s Put it Everywhere 1946
· http://www.youtube.com/watch?v=-UiCSvQvVys 

· Environmental Defense Fund:  Common Questions about Contaminants in Fish

· http://apps.edf.org/page.cfm?tagID=12667 

· Environmental Defense Fund: List of Seafood Health Alerts

· http://apps.edf.org/page.cfm?tagID=17694 

Clean Up
Time: 

15 minutes
· Empty containers of water into a sink.  Rinse and dry before storing.  
Universal Design
This program has been designed to be inclusive of visitors, including visitors of different ages, backgrounds, and different physical and cognitive abilities. 

The following features of the program’s design make it accessible:

[X] 
1. Repeat and reinforce main ideas and concepts

· The key ideas are communicated visually, and reinforced verbally and tactilely.  

[X] 
2. Provide multiple entry points and multiple ways of engagement

· The program allows for multiple entry points and ways of engaging through guided discussion and hands-on activities.

· The presenter verbally explains what biomagnification is and how and where it occurs.

· Visitors can observe the effects of more tablets in the water.

· Visitors will have multiple opportunities to engage hands on with the demos.

· Visitors will also observe the different sized fish and see the presenter and/or visitor volunteers demonstrate the biomagnification process with the puppets. 

· Visitors can physically engage in putting “silver” stickers on each other in the “food chain” game.

· The program relates biomagnification to at least two real world examples of past chemicals.
[X] 3. Provide physical and sensory access to all aspects of the program
· The presenter pours the colored tablets into the different sized containers while verbally explaining the process of biomagnification to visitors.  This allows the visitors to both hear and see the process.  

· Program is delivered on a table, allowing access to at least 3 sides.

· Stickers are easily handled by all to accommodate visitors with limited strength

To give an inclusive presentation of this program:
Program is accessible as written.
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