Nanotech and Consumer Products
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Organization: Museum of Science, Boston


Contact person: David Sittenfeld, Forums Manager

Contact information: dsittenfeld@mos.org, 617 589-4258
General Description
Stage Presentation with Demonstrations

 “Nanotech and Consumer Products” is a public presentation that introduces audiences to the growing role of nanotechnology in making consumer products, and encourages them to consider the potential environmental and health risks.   

During the presentation, visitors are guided through questions such as: 

· What is nanotechnology, why does it matter, and where is it happening?

· How are nanomaterials being used in a growing number of consumer products that are available on the market today?

· What is known about the long-term environmental and health risks of nanotechnology, and how might the increased use of consumer products that are made through nanotechnology affect the environment?  

· What might be done to address potential environmental and health concerns from nanotechnology, given the lack of a formal regulatory structure for consumer products in the United States?

Program Objectives

Big idea: 

Nanotechnology is improving the production and performance of many products in the consumer market, but the long-term health and environmental implications of the use of nanotechnology in making these kinds of products is still unclear.

Learning goals:

As a result of participating in this program, visitors will be able to: 
1. Communicate some of the potential properties that are improved or enabled through nanotechnology, such as strength, stain resistance, surface area, and antimicrobial properties. 
2. Understand that small particles of a material will often react more rapidly than large particles because of their large surface area.
3. Convey some potential health and environmental concerns around the large-scale use of nanotechnology.
4. Understand that consumer products that are made through nanotechnology present both potential benefits for people and potential risks for the environment.
5. Describe some potential risks and benefits from the use of consumer products that are made through nanotechnology in both individual and societal contexts.  
NISE Network content map main ideas:

[X] 
1. Nanometer-sized things are very small, and often behave differently than larger things do.
[X] 
2. Scientists and engineers have formed the interdisciplinary field of nanotechnology by investigating properties and manipulating matter at the nanoscale.
[X]
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

[X] 
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

[X] 
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

[X]
3. Life Science

[  ] 
K-4: Characteristics of organisms
[X] 
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
[X] 
5-8: Diversity and adaptations of organisms

[  ] 
9-12: The cell

[  ] 
9-12: Molecular basis of heredity
[X] 
9-12: Biological evolution
[X] 
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
 [X] 
5. Science and Technology

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

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

[X] 
K-4: Science as a human endeavor
[X] 
5-8: Science as a human endeavor
[X] 
5-8: Nature of science
[X] 
5-8: History of science
[X] 
9-12: Science as a human endeavor
[X] 
9-12: Nature of scientific knowledge
[X] 
9-12: Historical perspective
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15 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 eye blink 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 shorthand to refer to any or all of these activities.

Translocation is the process by which small particles can move through spaces in the body and move to other organs or locations.  Some public health researchers have demonstrated the potential for nanoparticles that enter the human body to translocate to the brain or other organs.   
Program-specific background
There has been an increasingly frequent use of nanomaterials in consumer products and nanotechnology to make the materials in these products.  The range of products available on the market extends from paint to sunscreens to socks to appliances.   The program gives a number of reasons why nano is making consumer products more attractive – increased strength, the ability to repel stains, huge increases in surface area, and the antimicrobial activity of nanosilver.   But some people in the public health and environmental toxicology communities are concerned about the widespread use of nanotechnology in making these kinds of products, when we don’t yet know what the long terms impacts will be on the health of people or the environment.  Scientists have begun to learn some potentially concerning things about how nanoparticles interact with the living things and the environment, and consumer products are largely unregulated.  In fact, we generally only know that a given product is made through nanotechnology if the manufacturer tells us so. What might be done to inform consumers about the potential health and environmental hazards from the use of nanotechnology in these consumer products, while the future is still unclear?
 Materials
· Materials for surface area demonstration (see below):

· About 250 mL of water for pouring on the nano pants.

· A trough to catch the water.

· Various consumer products that are made through nanotechnology or contain nanomaterials. 

· A huge list of consumer products can be found at http://www.nanotechproject.org/inventories/consumer/.

A few examples of products you could use include:

Nano Tex Pants.  There are literally hundreds, here is one example:

http://www.amazon.com/dp/B003BM7C14/ref=asc_df_B003BM7C141696608?smid=A2O2T8TVHPO480&tag=shopzilla_mp_1389-20&linkCode=asn&creative=395105&creativeASIN=B003BM7C14

Nano Silver Socks:

http://jeudedames.en.ec21.com/Nano_Silver_Socks--4 348633.html
Nanowax Car wax: http://www.eagleone.com/pages/products/product.asp?itemid=1103&cat=5010
Pureology Nanoworks Shampoo:

http://www.beautydeals.net/shop/details.html?id=6067
Nanoceuticals Slim Shake:

http://royal-life.com/wellness_products.htm
Keys Solar-Rx ZnO sunblock:

http://www.keys-soap.com/solarrx.html
DHC Platinum Silver NanoColloid Cream:

http://www.dhccare.com/DHC/SearchResults.aspx?Keywords=platinum
Nanover Nano-Ag toothpaste:

http://www.nanogist.com/English/products/tooth.htm
Miller Genuine Draft plastic beer bottle (made by Voridian)

Spray For Life Nano Multi-Vitamin Spray:

http://sprayforlife.com/products/multivitamin.html
Pureology Nanowax Moldable Hair Texture:

http://www.beautydeals.net/shop/details.html?id=7420
Supplies for Surface Area Demonstration*

· 2 plastic 1 liter soda or water bottles
· 2 corks to fit bottles
· 1 small kimwipe, cut into 2 squares
· two lengths of string, each cut about five inches long
· Small pocket balance
· 25 mL graduated cylinder
· Manganese dioxide powder, MnO2.  Available from Flinn Scientific as Product M0025.
· Manganese dioxide, 60-230 mesh, available from Sigma-Aldrich as product# 243442
· 30% Hydrogen Peroxide, H2O2.  Available from Flinn Scientific as Product H0008.
· Safety Glasses and Gloves
*Other surface area demonstrations can be substituted instead. For example, the NISE Net Exploring Properties – Surface Area Demo from the NanoDays kit (’08, ‘09’ 10). http://www.nisenet.org/catalog/programs/exploring_properties_-_surface_area_nanodays_08_09_10
Set Up
Time: 15 minutes

Step 1: Prepare for Surface Area Demonstration
Preparation should be done wearing safety glasses and gloves. Hydrogen peroxide and manganese dioxide are strong oxidizers.  
· Before the program, wearing gloves, first weigh out 2.0 grams of the MnO2 powder onto one of the small kimwipe squares.   Then weigh out 2.0 grams of the larger, granular MnO2.  

· Carefully bunch up one of the kimwipes around the manganese dioxide to form a sack, and then tie the sack closed with one of the pieces of string. Repeat with the other setup.

· Wearing gloves and safety glasses, carefully measure about 20 mL of hydrogen peroxide into a graduated cylinder, and then transfer into one of the plastic bottles.  Repeat with the other bottle.   It may be helpful to use a small funnel if you are nervous about spilling the liquid.  

· Carefully insert one teabag into each soda bottle, using the corks to secure the strings so that the bags are suspended an inch or so above the liquid at the bottom.  Make sure to take note of which bag is in which bottle, so that you can perform the demonstration in the correct order.

· You are now ready to perform the demonstration when you are ready.  Make sure that you place the bottles in a location where they will not be knocked over or disturbed.

Step 2: Set up the other demonstration materials.
· Set out the nano pants on the table, and put a trough or bucket below it to catch the water after you pour water onto the pants.

· Set out your consumer products so you can refer to them during your program.

Program Delivery
Time: 20 minutes
Safety

Use discretion in allowing visitors to examine the consumer products after the show.  Children and other visitors should be prevented from ingesting any of the materials.  As indicated in the description, goggles and gloves must be worn when preparing and performing the surface area demonstration. 
Suggested Script: 

You should feel free to modify, cut, or augment these suggested points to fit your intended audience.  For example, you might not require the full “What is Nano?” section in slides 1 through 5, or you might not feel that the policy section on consumer product labeling in slides 14 through 16 are appropriate.  You may also want to highlight different consumer products, and if so will want to change the thrust of the properties to fit your selection.  If you find something that works, please share it with the rest of the community by posting your revisions on www.nisenet.org.
Slide 1:  Introduction and Overview:
Hello, and welcome to [location and institution].  I’m [introduce yourself] and over the next 20 minutes or so, I’m going to talk today about a growing trend in the products that people like you and I are buying in stores and using in their homes.  More and more consumer products are made using something called nanotechnology.  First, we’ll learn a little about what nanotechnology is and why it’s important.  Then we’ll explore some properties that can be improved or enabled by nanotechnology, using some examples of consumer products that are available on the market today.  Finally, we’ll consider whether products made through nanotechnology might present any special environmental and health concerns, and if so, what options might be employed while the future is still uncertain.    
Slide 2:  What is Nano? 

So what is “nano”, anyway?   Nano is a prefix used in scientific notation, a system we use in science and mathematics that is based on powers of ten.  This system allows us to measure how big, small, numerous, heavy, light, etc using very large or small numbers.  Examples include the kilowatt-hours you pay for on your electric bill (a kilowatt-hour is one thousand watt-hours), or milligrams in doses for medicine (a milligram is one one-thousandth of one gram).  Nano refers one one-billionth of something; for example, a nanometer is one-billionth of one meter.  So nanotechnology is obviously science and engineering on a very small scale.  How small is nano, though, really, and why should we care about it?

Slide 3:  Why Nano?

So what makes nano interesting, and how is it changing some of the products that we buy and use?  To explore some of the properties that are enabled or improved through nanotechnology, let’s look at things that are larger than, at, and smaller than the nanoscale.   

A human hair is just visible to your eyes, but is actually 100,000 nanometers across!  So that’s much bigger than the scale of nano.   How about a red blood cell, which we cannot see without a microscope?  A red blood cell is 6,000 nanometers across – still an order of magnitude larger than the nanoscale, which is generally defined as the range between 1 and 100 nanometers as indicated in the orange box.  So what’s in there?  We have a cold virus, about 75 nanometers across, and your DNA, about 2 nanometers in diameter.  So we are talking about science and engineering at the scale of the smallest germs that make us sick and the very information that makes you who you are.  Just below the nanoscale, we have a water molecule and a hydrogen atom.

So the nanoscale is the scale of individual atoms and molecules, and allows for manipulating and making things at that scale.   As the particle size decreases, new properties emerge and different physical forces dominate behavior. 

Slide 4:  Applications of Nano

The new properties enabled by science and engineering at the nanoscale are creating entirely new and revolutionary possibilities in areas like medicine, energy, information technology, and materials science.  Right now, scientists in labs around the world are using nanotechnology to change the way we heal our sick, power our buildings, store information, clean our water, and make new things we haven’t even imagined yet.
Slide 5:  Where is Nano?
Here is a map that was made using a tool from the Woodrow Wilson International Center for Scholars, which is part of the Smithsonian and has been studying the growth of nanotechnology in society for several years through their the Project on Emerging Nanotechnologies.  The pace of nano research has been incredible in recent years and is still accelerating.  As we see from this map, there is now nano R&D happening in all fifty states.  And much of this activity has led to consumer products that are already making their way onto the market in increasing quantities.

Slide 6:  Nanotech and Consumer Products
The market has seen a huge increase in the number of products that have been observed in the market that have some connection to or mention of nanotechnology.  The Woodrow Wilson Center maintains a consumer product database that you can check out when you get home – in fact, there is even an iphone app called FindNano that allows you to reference it while you walk around store!  The number of products in Woodrow Wilson’s consumer products database has increased from 54 in 2005 to over 1300 as of last year - an increase of over 25 times in just over five years. One thing to keep in mind is that this database represents a very small subset of the products that are actually out there on shelves on the market, or available through the internet.  

There is a huge variety in the kinds of products that are available on the market – everything from underwear to baby bottles to tennis rackets to car wax to washing machines.  Here on my cart I have a number of products that were made through nanotechnology, including a pair of pants, a plastic beer bottle, a dietary weight-loss supplement, some toothpaste and a toothbrush, some wax for your car and some wax for your hair!  You can come up and check these and other products out after the presentation.  So why are all of these products and countless others being made through nanotechnology?  Well, nanotech allows for novel properties that can be of tremendous potential benefit to us in our lives as consumers.  So let’s examine some of these properties.
Slide 7 – Properties: Strength
As particles of something get smaller, the forces holding them together can increase. Specifically, for a while, the grain size of a crystalline materials decreases, the strength increases.  That allows stronger materials like aluminum nanocomposites or carbon nanotube fibers that are thousands of times stronger per unit mass than steel, as found in this tennis racket from Woodrow Wilson’s database.  The small grain size stiffens the material, while keeping it super-light.  Another example of how nano makes things stronger is this plastic beer bottle.  The plastic has been impregnated with nanosized clay molecules.  The clay makes the plastic less likely to break during shipping and also slows gas exchange, extending the shelf life of the product.
Slide 8 – Properties:  Hydrophobicity
Another important property enabled by nanotechnology is the ability to make things super-stain resistant. You might have a couch or a carpet at home that have been treated with scotch-gard, which is a hydrophobic material that is not made using nanotechnology and has been available for several decades.  However, scotch-gard wears out when washed with soap enough times, because it depends on repulsion through the electric charges in a water molecule, The nasturtium leaf we see in this picture is super-hydrophobic, because of the waxy nano-sized structures on the surface of the leaf that repel water droplets.  Researchers have borrowed from nature to create similar particles that can be applied to items of clothing like these pants. Let’s see just how well they work!  (Pour approximately 250 mL of water onto the pants.  The water will roll down the pants.  It is useful to have a trough below to catch the dripping water.  Shake them off, and they’ll be dry very quickly)   Wow – they’re dry!  Imagine if we could make other things stain-repellent – windows on skyscrapers or graffiti-proof paint.  Well, scientists are working on those things right now!
Slide 9 – Properties: Surface Area
Perhaps the most important benefit from nanotechnology to consumer products is a huge increase in surface area.  Surface area can be thought of as the amount of a material that is exposed to itself and to the surrounding environment.  The surface area increases as particle size decreases, so nanomaterials exhibit increased surface area.  This is useful in two important ways.  

First, the increased surface area allows better coverage, as shown in these two black boxes with white dots on them.  The box with the larger dots is more visible, and doesn’t cover the black as uniformly, even though the ratio of white to black in the two pictures is the same.  This helps performance of coatings or coverings, and a great example is sunscreen (go forward to show the image of the guy with sunscreen on his face).  

This gentleman is wearing two kinds of zinc-oxide sunscreen.  Nano-sized titanium dioxide particles in cosmetics and sunscreens absorb better into skin, go on clearer, and provide better coverage, than larger particle sizes do. (One could also do the sunscreen demonstration from the NISE Net catalog here). 
(I do the MnO2 surface area demo here.  You can substitute the alka-seltzer or other surface area demonstrations from the catalog as you wish).  

Also, as surface area increases, the chemical activity of materials increases as well.  To demonstrate what I mean, I have here two plastic bottles, each containing the same amount of hydrogen peroxide.  The bubbles you observe when hydrogen peroxide is rubbed onto a wound are oxygen bubbles, produced as a catalyst in your blood speeds up the decomposition of hydrogen peroxide into water and oxygen gas.  I’m going to add a catalyst called manganese dioxide to the liquid, which will speed up the reaction in a similar way.  In this first bottle, the manganese dioxide particles are around the size of a grain of sand, about a tenth of a millimeter or so.  (wearing goggles, lift cork on bottle #1)  We see some foaming and fizzing, it happened kind of slowly but about what you’d expect.  

Now in this second bottle, I have the same amount of liquid, and I’m going to add the same amount of catalyst – but instead of particles about the size of a grain of sand, these ones have been ground into a fine powder, with a grain size of ten to one hundred times smaller.  (wearing goggles, lift cork on bottle #2).  Wow!  Clearly, nano can mean faster reactions, and household cleaners, a dietary supplement, or batteries can all be greatly enhanced by using nano-sized particles. 
Slide 10 – Nanosilver for killing germs?
We’ve looked at a number of properties that are driving the use of nanotechnology in the consumer product market – but so far, we haven’t talked about the material that is appearing in the most products and growing the fastest.  That material is nanosilver.  People have known for thousands of years that silver ions kill bacteria.  In fact, soldiers in World War I used to rub silver creams onto their wounds to try and slow the growth of gangrene.  Since nanosilver means more silver particles and a greater surface area, nanosilver can be a more powerful antimicrobial agent than typical silver.  For this reason, a huge variety of products with silver in them have appeared on the market over the last few years, from socks to food containers to baby bottles to washing machines.  The idea is that by coating these products in nanosilver, it’s less likely that bacteria will grow on them, so they won’t get moldy, or our socks won’t smell, or food spoilage would be slower. But some people have concerns about the preventative use of nanosilver in these kinds of products, and their impacts on human health or the environment. 

Slide 11 – Potential risks from Nanosilver: Bioaccumulation

One concern that public health researchers have about the long-term impacts of nanosilver is bioaccumulation.  Bioaccumulation occurs when a substance builds up in an organism over time.  An real-world example of bioaccumulation from nanosilver can be found from Paul here.  Has anyone seen this guy before?  He’s kind of an internet meme. Paul drank a solution of silver particles suspended in water and rubbed it on his face in an attempt to get rid of a rash.  As this happened, something began to happen to Paul that any of you who do old-fashioned photography know all about.  Photographic paper contains silver chloride particles, because silver darkens on exposure to light.  Well, that’s sort of what happened to Paul over a number of years – he developed like a picture!

***Presenters’ Note: I used to do a demonstration here in which I precipitated out AgCl from NaCl and AgNO3, then darkened it under a strong lamp to show that it “develops”.  But I cut it out for time.  You could certainly insert this demonstration here.
Slide 12 -  Potential risks from Nanosilver: Toxicity

In addition to the concerns about bioaccumulation, there is actually evidence that nanosilver may be toxic to plants and animals.  A study at Purdue University by Geoffrey Laban and Maria Sepulveda at Purdue University showed that fathead minnows, a kind of fish often used in ecotoxicology studies, became visibly deformed after being placed in a nanosilver solution, and some of the fish died.  Just as concerning was the fact that some of the fish were pregnant, and the embryos in the eggs had elevated levels of silver in their bodies within less than a day.  The tiny nanosilver particles  had passed into the embryos.

Slide 13 – Environmental Concerns?

In addition to the health concerns from nanosilver, there are also environmental questions.  This is a picture of the Deer Island wastewater treatment plant in Boston (you could insert a picture of a  local example), where we use bacteria to help clean our water.  Some public health officials are concerned that if enough nanosilver gets into the wastewater, that this could impair our ability to use systems like this, or that the silver could end up being toxic because it may be difficult to remove from the water supply. No one knows yet what the long-term effects of nanosilver upon the environment might be.
Slide 14 – Other potential concerns about health and safety:

Beyond the health and environmental impacts of nanosilver, the use of nanomaterials in general may present its own worries.  A researcher named Günter Oberdörster at the University of Rochester showed that inhaled nanoparticles could pass to other parts of the body, because they can pass through the smallest regions of our lungs where the gas exchange occurs.  This is the problem of translocation – the idea that these particles could end up in our brains or other sensitive organs, because they might be able to bypass the small pores in our bodies.  

This is troubling, because a study by Oberdorster’s daughter Eva, who is a researcher at Southern Methodist University, showed in 2004 that buckyballs, which are another type of nanoparticle, could cause brain damage in largemouth bass.   And then in 2008, a researcher named Craig Poland in Edinburgh, Scotland published a study in 2008 that confirmed what many public health officials were worried about.  Here is a picture of asbestos under a scanning electron microscope.  Below it is a picture of carbon nanotubes.  The long, skinny shape of asbestos fibers made it a useful building material, but has led to mesothelioma.  Poland and his colleagues showed that when carbon nanotubes were injected into the abdomen of mice, they acted like asbestos.   So although this is just a lab study, there is cause for concern.  In fact, the researchers concluded that “their results suggest the need for further research and great caution before introducing such products into the market if long-term harm is to be avoided.”
Slide 15 –What to Do?

So what to do about this?  How do we weigh the benefits of nanotechnology in making consumer products against its potential hazards and risks?  Right now, products are appearing on market very rapidly and there is not really a regulatory structure to inform citizens about these products. Although medical treatments using nanotechnology are regulated by the government, most consumer products are not.  Some of the products containing nanosilver are treated as drugs by the FDA, but this is a very small subset of what is out there.  Right now, we only really even know if something is made through nanotechnology if the manufacturers tell us so. 

Slide 16:  Regulation Options

In cases like this, science can help to inform us about a potential problem, but it cannot tell us what, if anything, we should do about it.  Decisions are always more difficult in areas of emerging science where there is more uncertainty. For society to make decisions on questions of what we should do about an issue like the potential environmental and health hazards from consumer products made through nanotechnology, the limited scientific evidence we have must be considered by people from diverse perspectives, personal experience, and values.  Things people have suggested might be employed are signs in stores, labels on products, or public outreach campaigns.  Another idea is to establish city or statewide inventories of these kinds of products, so that if there were some problem it would be easier to pull the concerning products off the shelves quickly. But one question is really important to keep in mind - What else don’t we regulate using these techniques?  
Slide 17:  Signage and Labeling Standards

Let’s take a moment to think about the usual thresholds for putting sign in a store. or a label on a product.  Here are some signs and labels that the government requires you to see.  We see that signs and labels are historically reserved for well-characterized hazards – things like high voltage, consumption of alcohol by pregnant women, tobacco warnings, undercooked food in restaurants,or known poisons.  So a less-certain or characterized hazard such as nanosilver would be a change in policy.  But does the potential for great harm mean that we should change the standard? 
At least one example does exist, though, where labeling requirements were established for a theorized hazard.  The symbol known as the radura for irradiated food.  We don’t know of any adverse health effects from irradiating food to extend its shelf life, but because of potential unknown factors, the Food and Drug instituted a requirement in 1986 to require the radura on irradiated foods such as meat and milk sold in stores. Could a similar logo be made for certain materials made through nanotechnology?  Should it?  If so, which products might be appropriate?  Which ones might not?
Slide 18:  Regulation and risk assessment
One thing to keep in mind is that regulation will likely have to involve the cooperation of the manufacturers themselves, and the field is beginning to regulate itself anyway.  A company called Nanotox, Inc. was established in 2008 to help industries assess their own liabilities and risks both in production and in distribution of these consumer products made through nanotechnology.  

Slide 19 – What do you think?  How would you balance the great potential for nanotechnology in addressing some of our major problems against the potential risks from these kinds of consumer products?  Would you use consumer products made through nanotechnology?  Are you already?  It’s good that we’re having this conversation, because we all vote with our wallets as consumers.  If you want to learn more about the topic of nanotechnology and its use in consumer products, here are some resources you can check out.  For now, thank you very much and feel free to stick around if you have any questions or if you just want to talk about this!
Slide 20 – Resources and how to learn more.
(I’ve been using this as a springboard for discussion but have also used texting poll or other response mechanisms here).
Tips and troubleshooting

This presentation tends to work best with audiences of middle schoolers and up, but could be adapted to work with younger audiences by simplifying the content.

Make sure that you do not disturb the bottles before doing the surface area demonstration.  You can use teabags in place of the kimwipes, but you must use a mesh that will not allow the powder to fall through!
Going Further…

The last slide of the presentation lists some resources you can share with your visitors, as well as program-specific background materials

The Woodrow Wilson’s Center on Project on Emerging Nanotechnologies provides a number of relevant publications on environmental health and safety related to nanotechnology, with a strong focus on consumer products: www.nanotechproject.org.  A report on silver nanotechnologies (http://www.nanotechproject.org/publications/archive/silver/
) and a consumer product database are available, as well as an iphone app for locating consumer products that are known to be made through nanotechnology.  
The EPA provides a fact sheet on nanotech environmental health and safety at:  http://www.epa.gov/oppt/nano/nano-facts.htm
Christopher Bosso’s recent book, Governing Uncertainty:  Environmental Regulation in the Age of Nanotechnology. (2010), focuses heavily on the issue of consumer products.   Available from Amazon at http://www.amazon.com/Governing-Uncertainty-Environmental-Regulation-Nanotechnology/dp/1933115807.
Some refereed journal articles related to the environmental implications of nanomaterials that are referenced in the presentation can be found at:

· Laban, G, The effects of silver nanoparticles on fathead minnow (Pimephales promelas) embryos.  Ecotoxicology.  2011, 19 (1): 185-195. http://www.springerlink.com/content/n64u7507871r1822/
· Oberdörster E, 2004 Manufactured Nanomaterials (Fullerenes, C60) Induce Oxidative Stress in the Brain of Juvenile Largemouth Bass. Environ Health Perspect 112(10).  http://ehp03.niehs.nih.gov/article/fetchArticle.action?articleURI=info:doi/10.1289/ehp.7021
· Oberdorster, G, Translocation of inhaled ultrafine particles to the brain.  Inhal Toxicol. 2004 Jun;16(6-7):437-45.  http://www.ncbi.nlm.nih.gov/pubmed/15204759
· Poland, C, Carbon nanotubes introduced into the abdominal cavity of mice show asbestos-like pathogenicity in a pilot study.  Nature Nanotechnology.  2008 Jul;  3(7) 423-428. http://www.nature.com/nnano/journal/v3/n7/abs/nnano.2008.111.html.
An excellent overview of the idea of translocation of nanoparticles within the body has been produced by the UK’s Institute of Occupational Medicine, and can be found at: http://randd.defra.gov.uk/Document.aspx?Document=CB0407_7763_FRP.pdf
Clean Up
Time: 15 minutes

The remaining materials in the plastic bottles may be disposed of in solid waste and recycled.  Be careful, as some unreacted hydrogen peroxide may remain.  The catalyst can also be recovered and reused indefinitely.  If you are using glass flasks instead of plastic bottles, then you must carefully clean the flasks so that no catalyst remains for the next demonstration.  A dilute (0.1 M) hydrochloric acid solution will dissolve the manganese dioxide and the contents can be flushed down the drain with excess water. 

The water captured in the trough from the nano-pants demonstration can be reused or disposed of down the drain.

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

Several key ideas are repeated throughout the program, including: that silver is toxic to bacteria; that nanosilver products are already available on the market; and that small particles tend to react more rapidly than large particles.

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

The relationship between particle size and reactivity is presented in several very different ways: first, using the very visual cola plume reaction; then, using the more simplified analogy of wooden blocks, and finally using the actual example of silver particles.

[   ] 3. Provide physical and sensory access to all aspects of the program

To give an inclusive presentation of this program:
The use of a demonstration camera can be employed in a large space, if the demonstrations are difficult to see.  

Some basic text reinforcements are provided in the slides; these can be changed or tailored to best accommodate your style and your group dynamic.  

As mentioned previously, you may not wish to include all of the information provided in this guide.  It may make sense to focus in more on the areas that you think will resonate best with your audience.  

It is important to make clear that we are not recommending any particular policy outcomes, nor can science cannot dictate a set of particular policy actions on its own.  Decisions like whether consumer products should be labeled or regulated require synthesizing emerging scientific understanding with values, personal experience and diverse perspectives in the context of societal priorities and realities.  By framing the presentation as a conversation-starter, it is possible to be inclusive of a wide range of perspectives and invite further discussion.
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