Nanosilver: Breakthrough or Biohazard?
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Contact person: Karine Thate


Contact information: kthate@mos.org; 617-589-4483
General Description
Stage Presentation with Demos 

 “Nanosilver: Breakthrough or Biohazard?” is a public presentation which introduces audiences to the increasingly frequent use of silver nanoparticles in consumer products.  During the presentation, visitors are guided through questions such as: What is nanosilver?  Why is it used in consumer products such as teddy bears and food containers?  How safe is nanosilver, and how might it affect the environment?  Visitors are engaged with samples of nanosilver products, various images and graphics that tell the story of nanosilver, and a demonstration that uses a plume of diet cola to show how particle size affects reactions. 

Program Objectives

Big idea: 

Nanosilver is used in countless consumer products as an antimicrobial agent.  It offers the potential benefit of killing dangerous bacteria, but its toxicity to fish and other organisms could impact the environment negatively. 

Learning goals:

As a result of participating in this program, visitors will be able to: 
1. Recognize that nanosilver products are already available for purchase. 

2. Understand that silver is toxic to bacteria
3. Define nanosilver as particles of silver small enough to be measured in nanometers, or billionths of a meter
4. Understand that small particles of a material will often react more rapidly than large particles because of their large surface area
5. Understand that nanosilver presents both potential benefits for people and potential risks for the environment
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

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

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

[X] 
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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5 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.

Program-specific background
There has been an increasingly frequent use of silver nanoparticles in consumer products – everything from food containers, to medicinal supplements, to socks, to appliances and even children’s toys.  Why? To leverage nanosilver’s antimicrobial properties.   In fact, all silver has some antimicrobial properties. For millennia, people have used silver for dishes, utensils, drinking vessels to help prevent the spoiling of food. Silver ions (Ag+) are bioactive and readily kill bacteria. Nanosilver takes advantage of the high surface area of nanoscale particles to increase these properties and further improve its effectiveness as an antimicrobial. However, there are some concerns about the lack of regulation around the use of silver in this way.  Nanosilver products release particles into the wastewater when they are washed.  Some nanosilver in food containers, baby pacifiers or toys could be ingested. We don’t yet know a lot about the long-term effects of nanosilver use on organisms or the result of release nanosilver particles into our ecosystems and are only beginning to study these questions.
Antimicrobial – refers to a substance that kills or inhibits the growth of microorganisms, such as bacteria, fungi or protozoa. 

Nanosilver – nanoscale (1-100 nm) particles of silver. Nanosilver (and all silver) has antimicrobial properties. 

Colloidal Silver – a liquid suspension of microscopic silver particles, sometimes marketed as alternative medicine, but not scientifically proven to be effective, and known to have possible side effects (argyria – see presentation for more info).

An excellent general resource on this topic is the report on silver nanotechnologies put forward by the Project on Emerging Nanotechnologies:

http://www.nanotechproject.org/publications/archive/silver/
A less impartial, but still valuable perspective on this topic is given in a report by the environmental group, Friends of the Earth:

http://www.foe.org/healthy-people/nanosilver
Experimental work has confirmed that silver is toxic to antibiotic-resistant bacteria:

http://content.karger.com/ProdukteDB/produkte.asp?doi=10.1159/000074060
Several academic papers have demonstrated nanosilver’s toxicity to fish, including:

http://www.iop.org/EJ/abstract/0957-4484/19/25/255102
http://www.springerlink.com/content/n64u7507871r1822/
The EPA provides information about current regulation of nanoscale materials at:

http://www.epa.gov/oppt/nano/
Additional research articles on this topic:

Troy M. Benn and Paul Westerhoff, “Nanoparticle Silver Released into Water from 
Commercially Available Sock Fabrics,” Environmental Science & Technology, 2008, 42 
(11), pp 4133–4139. [http://pubs.acs.org/doi/abs/10.1021/es7032718] 
“As Nanotechnology Goes Mainstream, ‘Toxic Socks’ Raise Concerns; Unknown Risks from Nanosilver Cited,” Science Daily, April 7, 2008. 
[http://www.sciencedaily.com/releases/2008/04/080406175050.htm] 
Woo Kyung Jung, et al., “Antibacterial Activity and mechanism of Action of the Silver 
Ion in Staphylococcus aureus and Escherichia coli,” Applied and Environmental 

Microbiology, April 2008, pp. 2171-2178. 
 Materials
Various nanosilver consumer products (other nanosilver products can be substituted if desired):

Hair dryer - http://www.walmart.com/ip/INFINITI-NANO-SILVER-TOURMALINE-CERAMIC-FOLDING-HANDLE-HAIR-DRYER/9854676?sourceid=1500000000000007346330&ci_src=14110944&ci_sku=9854676
Spray gel - http://www.nanosilproducts.com/cms/index.php?option=com_content&task=view&id=24&Itemid=38
Socks - http://www.paragonsports.com/webapp/wcs/stores/servlet/ProductDisplay?productId=407562&storeId=10551&catalogId=10051&langId=-1&utm_source=Froogle&utm_medium=P2P%2BFeed&utm_campaign=Froogle_P2P
Colloidal silver supplement - http://www.purestcolloids.com/mesosilver.htm
Food container - http://www.amazon.com/gp/product/B002PDOCOA/ref=pd_lpo_k2_dp_sr_1?pf_rd_p=486539851&pf_rd_s=lpo-top-stripe-1&pf_rd_t=201&pf_rd_i=B002PDOC68&pf_rd_m=ATVPDKIKX0DER&pf_rd_r=0FAZYXYEQZ7F2HG6BJ9V
Nanosilver bear - http://www.overstock.com/Baby/Benny-the-Bear-Antimicrobial-Stuffed-Toy/2876408/product.html
Supplies for Surface Area Experiment (Diet Cola and Iron Filings) 

2 2-liter bottles of diet cola

1 small steel nut

Iron filings – mass of filings should equal mass of steel nut

Scale to weigh the iron filings and steel nut

Small paper cup/condiment cup for iron filings

Plastic tablecloth to protect surface from cola splatter

Plastic bins for cola experiment – I have found most success using two fish tanks pushed together along the long edge, but a single large bin would also work. Bins should be clear or low enough, so as not to obscure the view of the top of the bottles

1 2”x2”x2” wooden block with a red dot painted on each side

*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: 5 minutes

Step 1: Prepare for Diet Cola Demo:
Measure the appropriate amount of iron filings into the small cup.  If significantly more than ½ tsp. is used, demonstration can get very messy.  It is best to try this reaction a few times before running it during a program, to get a feel for just how high the diet cola will shoot. 

Step 2: Set up props:
Lay tablecloth over demonstration table.

Place bins/fish tanks on tablecloth.

Place diet cola bottles in bins and remove caps in advance (this way if soda foams up when opened, it doesn’t happen during the show).

Set steel nut behind one cola bottle, and set paper cup with appropriate amount of iron filings behind other cola bottle.

Set nanosilver products out in a place visible to the audience, but ideally at least 1 foot from plastic bins to prevent splattering. (Also, separation helps clarify that cola does not include nanosilver).

Set wooden block somewhere where it will be easily accessible.

Program Delivery
Time: 20 minutes
Safety

Use discretion in allowing visitors to examine nanosilver products after the show.  Children and other visitors should be prevented from ingesting any of the nanosilver materials.  Diet cola demonstration can splatter, so care should be taken to protect any electronic equipment in the vicinity of the demonstration.

Suggested Script: 

(Feel free to adapt/revise to tailor content to your visitors). 

[Slide 1]

Good afternoon, and welcome to [your institution here].  My name is [name] and for the next 20 minutes or so, I’m going to be talking about something called nanosilver.  Nanosilver is really not something that gets a lot of attention - you won’t see it on TV or in newspapers very often.  But actually it’s kind of odd that nanosilver doesn’t get more attention, because it’s been popping up in a lot of places in our lives.

I’ve brought a bunch of examples of this with me today.  These are all products that are somehow made with or somehow use this stuff nanosilver [hold up products]. So, we've got a drink, a dietary supplement that tells you to drink a few teaspoons a day of nanosilver water. We've got some socks, and believe it or not, this is one of the most common nanosilver products you will find - socks embedded with nanosilver. Along the same lines, we also have this item, which is my favorite, this is Benny, and Benny is also embedded with nanosilver. And, to round things off, we've got a spray for your hands, which says it is scientifically proven but actually leaves a little bit of mystery as to exactly what it is scientifically proven to do.  And we've got a food container that is coated with nanosilver and a hairdryer [turn on hairdryer], which is blowing nanosilver on me as we speak. So we've got all these random household products that are all made with nanosilver. And actually, these things that I have here with me today are just the tip of the iceberg.  There are hundreds more nanosilver products on the market, including…

[Slide 2, advance through pictures] 

Nanosilver toothpaste, nanosilver pants, a nanosilver baby pacifier, and a nanosilver washing machine.

So we have all these random household products on the market, and they really all beg two questions.  One, what exactly is nanosilver - which I haven't really made clear yet... and two, what is it doing in a bear, in a hair dryer, and in some food storage containers.

We’ll get to both of these questions today, but for now let’s start with that first question, what is nanosilver?

The simplest way I can answer that is just to say that nanosilver is silver.  it seems painfully obvious, but it's true. It’s the same material you’ll find in silver coins and silver jewelry and things like that.  And silver itself doesn’t seem very new or exciting – silver has been around for quite a long time, actually.

People have been making things out of it for thousands of years.  So this brings me to the part of the presentation I like to call...

[Slide 3] 

Silver through the ages!

For this for this segment, I did a little bit of research and I looked back through history and found products that people have made out of silver. One of the oldest I could find was this:

[ADVANCE THROUGH PICTURES] It may not look like it is in too good shape anymore but this is a silver bowl, made almost 3,000 years ago by people called the Phoenicians.  Several hundred years later, the Romans also made things out of silver, and one of the things they made  was this [fade up silver cup], a silver cup.  And if we take a leap forward in time to our own day and age, we see a lot of silver products that look like this: forks and spoons and things.   So I want you all to do me a favor and look at these products, and remember that they were made by completely different people in different civilizations at different times, and try to tell me what all these silver products have in common.  Take a careful look.  There are a couple possible answers here...does anyone have any ideas?   [common answers here include that they’re shiny and they’re decorated, but by far the most common answer is that they all have to do with food and drink.  If no one comes up with this answer within a few seconds, I just point it out myself].  That's right...they all touch things you ingest. It's a really specific thing - these are all objects you might see around the dinner table...we have a bowl, a cup, some forks and spoons. 

So, that's kind of funny.  Why would this metal, silver, be used so much around food and drink?  There’s no way I can answer this question with 100% confidence, but a lot of people believe that this pattern of silver being used around food has to do with a very unique and special property of silver.  And that is that silver kills germs.  This might come as a surprise to you - it's not something you hear about very often - but it’s true.  Silver is very, very toxic to bacteria, and also to some fungi and viruses.  So the idea is, by using silver around food, people have been able to keep their food fresh longer, by preventing bacteria and fungi from growing in it.  This idea continues today with products like this [hold up food container].

So that tells us a little bit about silver, but it doesn’t totally answer our question of what is nanosilver. Why is it that all these products brag about having nanosilver in them?  So, do any of you know that the term nano or nanotechnology? 

What do you think [ask audience] Sure – very, very small. Microscopic. When we are talking about things that are nanoscale, we are talking about things that are really, really small.  And so logically, nanosilver is just pieces of silver that are really, really small.  It's as simple as that. 

This is an image I have of some nanosilver. 

[Slide 4]
It’s just clumps of silver that are a few nanometers across.  So I am saying this is small but it may not be totally clear just how small. Small can mean different things to different people. So here, we're talking about things that we are measuring in billionths of a meter, or nanometers. So that's about a billionth of this [stretches out arms or hold up meter stick] which is really small. Almost too small to imagine. 

To put in perspective just how small these nanosilver pieces are, we can think of their size in a couple of different ways 

[Slide 5].  

One is that a nanometer is about the distance that your fingernail will grow between now…and now.  Which, as you can imagine, is very small.  Or, if you were to pull one hair from your head, on average, the thickness of a hair is about 100,000 nanometers.  We’re talking about pieces of silver that are only a few nanometers thick.

So that's a little bit interesting that people want to make things that are that small but the real question here is, why?  Why would you want your silver to be in such tiny pieces?  To answer that question, we’re going jump over to a different material – not nanosilver, but iron. I have here two different samples of iron: on your left, one piece of  iron, and iron nut, and on your right, I have a fine iron powder.  It's the same amount of iron on both sides, and the same material but as you will see that the difference in size between different particles makes a big difference in how they react. So let’s take a quick vote.  If I drop both of these into the cola, which one is going to go higher?  Who thinks the cola with the large piece of iron?  Ok, and who thinks the cola with the iron powder?  Ok, so I'd like you all to give me a little countdown here. Let's start at 5 and go down and I'm going to drop these in and we'll see what happens, ok? So here we go....[Do countdown and then drop both samples in at the same time – both will fizz, but he bottle with the iron filings will fizz much higher and more dramatically].

So as you can see, there is a big difference in how these things are reacting. On the left, not really much is happening at all with our big piece of iron and on the right we've got quite a reaction going with our little pieces of iron. So this is something that is true in a lot of chemistry.  Little pieces react quickly...so silver does the same thing. If you break it into small pieces, it reacts fast. (Optional section on surface area could go here) What that does to help us is that silver kills germs faster and more efficiently.

>>>>>> Optional Section on Surface Area <<<<<<

But why exactly is that? 

To help us think about this, I’m going to bring out one more example, and that is this wooden block [hold up block].  I’ve painted one dot on all 6 sides of this block.  So let’s imagine that I have a lot of these blocks – 27 of them – and I’ve assembled them all into one big cube like this:

[Slide 6]  

How many dots are showing on the outside of this big cube?  Well, we’ve got 1,2,3,4,5,6,7,8,9 on the front, and 9 on each other side, too.  So with 6 sides, that means we can see 54 total dots.  

But what if I break my big cube up into all the little blocks? 

[Slide 7]  

How many dots can you see on the outside now?  Well, we’ve got 6 dots showing on each cube, and 27 cubes, so that means we can see 162 total dots.  

[Slide 8] 

So again, that’s 54 dots that we can see on one big cube, and 162 dots that we can see if we break the cube into smaller pieces.  Now let’s imagine for a second that these are not just dots.  Let’s say these are places where reactions can happen.  By breaking our material into smaller pieces, we exposed way more places for reactions to take place.  

That’s what made our small pieces of iron react so quickly.  

But this doesn’t just happen with iron - it’s also true with silver.  By breaking silver into tiny nano-sized pieces, we expose lots of reaction sites, and make the silver react really fast.  As a result, nanosilver kills germs faster and more effectively than big chunks of silver.

>>>>>>>>>>End of Optional Section<<<<<<<<<

We keep coming back to this idea of using nanosilver to kill germs, so let’s stop and talk about germs for a second.

[Slide 9]

This is a picture taken with a very powerful electron microscope of e. coli bacteria. But you might also think of germs as something like this:

[Slide 10] (explanation for this slide can be shortened and simplified at your discretion)

 ...little monsters crawling all over the place getting into trouble.

And so, we sort of set up this battle of us vs. germs. Many people think germs are bad, we never want to touch them. We want to kill them all. 

And I hate to break the news to you but unfortunately, if you are setting up a battle of you against bacteria, it is not a battle that YOU are going to win. Bacteria are very, very good at surviving. And no matter how much I clean my apartment; I really can't go more than a few minutes without touching bacteria. In fact, we can't even get away from bacteria inside our own bodies. It turns out that in your body, there are actually more bacterial cells than there are human cells. There are more bacteria in you than YOU in you. At least in terms of numbers - which is maybe a little creepy to think about but it turns out that it is not such a bad thing. Most of these bacteria help you. A lot of them are in your gut, and they help you break down foods and produce vitamins for your body. More generally, we can think of bacteria and us as living in harmony, in a balance of life. 

But obviously, some of us know of bacteria as something that can hurt you...and maybe some of you have direct experience with this. [Ask audience] Have any of you had an ear infection or sinus infection? It's not too much fun, right? And what is happening when you get an ear infection is that bacteria are getting into your ear and making you sick.  So those of you who did get an ear infection...what did you do to get rid of it? [Asks audience] Took medicine, right. What kind of medicine? Antibiotics, yeah, that's right. We take this kind of medicine like Penicillin or Amoxicillin to get rid of our infections. And they work pretty well. They are really good at killing bacteria. 

But lately we have really been running into a problem with these antibiotics. The problem has to do with natural selection. That is that when we use these antibiotics, they work against a lot of bacteria and they kill a lot of bacteria, but they leave some behind. That’s just a bit of a trick of nature: The more we use these antibiotics, the more we select for, and encourage the growth of, the bacteria they don't work against. It is hard to imagine what a serious problem this has really become but if you think about what it would be like if YOU got infected by one of those kinds of bacteria that penicillin doesn't work against...it would be very scary that traditional medicines wouldn't be able to help you. And this is a growing problem in the United States. It turns out that in recent years, one of most common drug resistant bacteria or "superbugs" as we call them, MRSA, has actually killed more Americans in recent years than HIV/AIDS.  It's a very, very serious problem.  

And the fear of these "superbugs" is what brings us back to our silver products.  Because it turns out that silver works against a lot of bacteria that antibiotics won't work against...like MRSA. And also, as an added bonus, nanosilver is pretty cheap and easy to make. So people have started thinking, well, why don't we fight these "superbugs" wherever we can? Let's put silver in our teddy bears, and in our hair dryers and in our food storage containers. 

And on the one hand, this is all well and good, right?  We all want to prevent infections, especially dangerous infections.  But on the other hand, just because you can go out and buy these nanosilver products in the store, it doesn't necessarily mean that they are 100% proven to be safe. So I want to take a moment to look at the safety of nanosilver. I want to start by saying that nanosilver has never really made anyone seriously sick or endangered anyone's life but it has done some other interesting things. Specifically, I am thinking about this condition…

[Slide 11]
This is a guy by the name of Paul Karason.  In the mid-90s, Paul had a rash on his face, and he decided to try to treat it by mixing up his own homemade solution of silver.  He liked the way the silver worked, and so he started drinking it and rubbing it on his skin all the time.  Over the years, his skin gradually turned this odd purply-gray color.  We can think of this as Paul developing…like a photograph.  You see, in the days before digital cameras, when most people took their pictures on film, photography was the number one place where silver was used.  That’s because when you hit silver with light, it can react and change color.  So the same thing happened in Paul’s skin – over time, silver worked its way into his skin, and then sunlight hit his skin and caused it to develop, just like a photograph.

This condition is called Argyria, and it’s very rare – it only happens in extreme cases.  Unfortunately, it’s permanent – Paul is stuck this color.  But other than the issue of being a little purply, he seems to have no related health problems.  And other than this, it seems like silver is pretty safe for people when it’s used in moderation.

But notice I used that phrase “for people.”  Obviously, people are not the whole story here.  When I’m using a product like this [blow hair dryer], not all the silver I’m using is going onto me.  The same is true with this spray – if I spray this on my hands and then wash my hands a few minutes later, a lot of the silver on my hands is going to wash down the drain.  

This is especially a concern with this product right here...

 [Slide 12] 

…the washing machine I showed at the beginning.  Every time you use this washing machine, it ends up pumping a fair amount of silver out when your load of laundry is done. Or perhaps you are washing the nanosilver socks or food containers. So the question here is...where does all that silver go?  Whether it’s going down your sink or out the back of your washing machine, it will usually go through some pipes and end up at a wastewater treatment plant like this one – where all the wastewater from your house goes. The funny thing about these wastewater treatment plants is that they actually use bacteria to break down toxins and pollutants in water.  So essentially we’re taking a chemical that kills bacteria, and sending it directly to a facility that needs bacteria to work.  And this obviously is a concern - and especially the people who run wastewater treatment plants.

But still, there’s the question of what happens after that.  Where does silver go after it leaves a wastewater treatment plant?  Silver is very persistent, so it’s not going to go away or break down into something else.  It’s going to move through water, and end up in places like lakes, ponds and rivers.  So the question is, what effect will it have once it gets there  - especially as more and more nanosilver starts being used?  

We know it will kill bacteria, but what effect will it have on plants and animals that are living in these lakes and ponds?

To answer that question, let’s take a look a study done just a couple of years ago with a kind of fish called Zebra fish. 

[SLIDE 13]
The scientist grew zebra fish in normal water and they ended up looking like this:

[Slide 14] 

in the larvae stage. And the scientists also grew some zebra fish in a nanosilver solution like this [holds up bottle] 

Those zebra fish ended up looking like this: 

[Slide 15]
So as you can see, they have a lot of problems, right? They have a lot of defects. And they actually died at a much higher rate than the regular zebra fish. Other tests have confirmed these results in other kinds of fish – it turns out that silver is one of the most toxic metals to fish.  And it’s also extremely toxic to some aquatic plants, like phytoplankton.

So clearly, this is a concern.  But on the other hand, this is just one experiment. It doesn't really answer the deep, difficult questions like what effect is nanosilver going to have on whole eco systems. Or how much nanosilver needs to get into the environment to do damage? Those are tough questions to answer. And those are still questions that are being investigated all over the world. 

In the meantime, though, you can already buy these nanosilver products in stores.  So this really leaves you with a bit of a dilemma.  On the one hand, you have the potential benefit of fighting dangerous germs, and on the other hand, you have all these concerns about how nanosilver might affect the environment.  And those are really risks and benefits you have to weigh for yourself – I’m not here to tell you what to think, I’m just trying to give you all the information you need to make an informed decision.

I can, however, offer you lots more information.  So I encourage you to check out these two websites: 

[Slide 16] 

This first one is the EPA’s page where they discuss their efforts to regulate new nanomaterials like nanosilver.  And the second link is a report on nanosilver from “The Project on Emerging Nanotechnologies,” which is nonpartisan group in Washington dedicated to examining risks and benefits of nanotechnologies.

Thank you all for joining me today, and enjoy the rest of your day at [institution].

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.

Common visitor questions

Is the FDA/EPA regulating nanosilver?
The answer here is sometimes.  If a product has a label on it which claims an antimicrobial/antibacterial property, it is then regulated by the EPA as a pesticide.  If products make no claims about antimicrobial properties, then nanosilver content is not regulated.  Generally, the U.S. regulating bodies haven’t yet caught up with the wide array of nanotechnologies emerging constantly, and there isn’t yet much mandatory regulation of nanomaterials.  If people take this opportunity to harshly criticize the FDA/EPA, I sometimes take up the words of David Rejeski, director of the Project on Emerging Nanotechnologies: “You don’t have to change laws to limit effective oversight, you just have to cut budgets.”  Essentially, there are three main regulatory agencies (EPA, FDA, Consumer Products Safety Commission) that are responsible for regulating ALL consumer products in the U.S., and all three of these agencies have been significantly cut back over the last 30 years – the FDA’s budget is ~50% less than it was in 1996, and they have more products to regulate now than they did then.

How does nanosilver kill bacteria?

Nanosilver kills bacteria by releasing silver ions, which are the actual toxic agents.  The large surface area of small silver particles allows them to release lots of silver ions quickly – this is why silver nanoparticles work so potently. These silver ions damage the cell membranes of bacterial cells, disrupting the cell’s ability to control the flow of materials in and out of the cell, and leading to cell death.  If science-minded visitors are really looking for details, the silver ions cause oxidative stress at the cell membrane by interacting with sulfur-containing compounds, which are plentiful in bacterial cell membranes.

Is there a difference between nanosilver and colloidal silver?

Again, the answer is sometimes.  Colloidal silver is basically chunks of silver suspended in water.  These silver chunks may be on the nanoscale (in which case they could correctly be called nanosilver) or they may be larger than the nanoscale (in which case they are colloidal silver but not nanosilver).  Other non-colloidal silver particles would also be correctly called nanosilver if they were on the nanoscale – the key question is simply: is a silver particle 1-100 nm wide in any direction?  If so, it can be called nanosilver.

I use colloidal silver at home when I’m getting a cold/have a cut.  Is this bad? 
I’m not a medical professional – I’m really not qualified to say what medical treatments you should or shouldn’t be using.  In general though, nanosilver doesn’t seem to be very toxic to people when used in moderation.  As I mentioned in the presentation, the greater risk to think about might be the risk to the environment, since silver is so toxic to fish, aquatic plants, and other organisms.

How new is this technology?

In a way, it’s actually quite old – in addition to the way silver has been used around food since ancient times, silver has also been used in medical settings for quite a while.  Dating all the way back to the late 1800s, doctors often used to put silver droplets into newborn babies’ eyes to prevent infections.  Silver compounds were also used extensively in World War I to prevent soldiers with wounds from getting infections.  What’s new here is the nano part of “nanosilver.”  Techniques for manufacturing nanoscale silver particles and working them into consumer products have emerged and become much more commonplace over the last 10-20 years.  This transition to nanoscale silver doesn’t really fundamentally change the technology of antimicrobial silver; it just makes it more potent.

Going Further…

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

An excellent general resource on this topic is the report on silver nanotechnologies put forward by the Project on Emerging Nanotechnologies:

http://www.nanotechproject.org/publications/archive/silver/
A less impartial, but still valuable perspective on this topic is given in a report by the environmental group, Friends of the Earth:

http://www.foe.org/healthy-people/nanosilver
Experimental work has confirmed that silver is toxic to antibiotic-resistant bacteria:

http://content.karger.com/ProdukteDB/produkte.asp?doi=10.1159/000074060
Several academic papers have demonstrated nanosilver’s toxicity to fish, including:

http://www.iop.org/EJ/abstract/0957-4484/19/25/255102
http://www.springerlink.com/content/n64u7507871r1822/
The EPA provides information about current regulation of nanoscale materials at:

http://www.epa.gov/oppt/nano/
Clean Up
Time: 15 minutes

A large amount of cola and iron filings will have spilled into the bins.  This can be mopped up with a paper towel and thrown away in the trash.  The remaining mixture of cola and iron filings from the “high plume” bottle should also be thrown away in the trash.  The other, “low plume” bottle of cola can be dumped down the drain, since it will not have iron filings mixed in with it.  The iron nut from this bottle can be removed and washed with soap and water for re-use.  The remaining educational supplies can be packed up as the presenter sees fit – one can save space by packing smaller educational supplies into the nanosilver food container, and packing the food container and larger educational supplies into the plastic bins.

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:
There is a lot of information packed into this program; as a result, it is important to avoid sounding overly professorial in delivering it.  Using your own personal style of humor and entertainment can go a long way in breaking up some of the information here.  

It is also important to maintain an attitude of impartiality. Visitors will approach this presentation with many diverse attitudes about health and medicine, and even specifically about the use of silver as a remedy.  If visitors feel their own particular philosophy about these things is being implicitly judged or invalidated by the presenter, they will feel excluded.  Presenters will be most effective if they simply attempt to equip the audience with knowledge to make their own personal decisions, and avoid vocalizing judgments on the outcomes of those decisions.
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