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Presentation Notes
This original presentation was created in April, 2015 for the Florida Marine Science Educators’ Association annual conference. It was also given at the National Marine Educators Association conference in June 2015. It was given in a 45-minute time slot (but without going into detail about the research; more information is included in the Notes sections of the slides for those who may want to tweak it for a college-level presentation).
The presentation was annotated and updated July 9, 2015. Please check for the most current version online at http://stjohns.ifas.ufl.edu/sea/microplastics.shtml



What are microplastics? 

• Oxford Dictionary definition of plastic: A 
synthetic material made from a wide range of 
organic polymers such as polyethylene, PVC, 
nylon, etc., that can be molded into shape 
while soft and then set into a rigid or slightly 
elastic form. 

• Microplastics are generally defined as plastics 
that are less than 5 mm in size 

Presenter
Presentation Notes
Since about the 1950’s, plastic has become ubiquitous. There are many different types of plastics and these days it is difficult to find a non-food product that does NOT contain plastic. In 2004, the term “microplastic” was coined by Dr. R.C. Thompson to include all plastics that are less than 5 mm in size. In many studies, a 300 micron net/screen size is used to capture the plastics, so microplastics are sometimes also referred to as being between 300 and 5000 microns, although that does not seem to have been universally adopted.

Thompson, R. C., Olsen, Y., Mitchell, R. P., Davis, A., Rowland, S. J., John, A. W. G., McGonigle, D. & Russell, A. E. 2004 Lost at sea: Where is all the plastic? Science 304, 838-838. 



Types of microplastics 

• Pieces from degradation of larger plastic items 

Presenter
Presentation Notes
Microplastics are divided into two groups. Secondary microplastics, like those shown here, are small pieces resulting from the degradation of larger plastic items. (Note that a few of the pieces in the photo are probably technically slightly larger than microplastic…). Dr. Anthony Andrady (author of the 2003 book, Plastics and the Environment) is often quoted as saying, “Every piece of plastic ever made still exists today,” although probably in smaller and smaller pieces. Plastics can photodegrade (as a result of UV light), chemically degrade, or undergo microbial degradation.



Types of microplastics 

• “Nurdles” 

Presenter
Presentation Notes
Primary microplastics are those that are deliberately made as small pieces. “Nurdles” are the common form of pre-consumer plastic. In other words, this is the form in which plastic is shipped to manufacturers who then melt it down in order to make their production items. They are often shipped by the containerload. As you can see, they come in different colors. They are not totally spherical.



Where do nurdles come from? 

• Nurdles are pre-production resin pellets used 
for the manufacture of plastic items, and as 
fillers (e.g. in Beanie Babies, squishy pillows). 

Presenter
Presentation Notes
Nurdles are also used as stuffing for “squishy” items like these beanie babies, and some pillows.



Types of plastics 

• “Microbeads” 

Presenter
Presentation Notes
Other primary microplastics are made for inclusion in personal care products like many facial scrubs. Often referred to as “microbeads,” these plastics come in various colors and sizes. In addition to plastic microbeads, the facial scrubs also often contain microcrystalline wax, which is a petroleum-based product. 



Presenter
Presentation Notes
The two photos on the left are microscopic images of plastic (and probably also microcrystalline wax) isolated from different facial scrubs, by washing the facial scrub through a 63 micron screen. Most of the plastic is larger than 125 microns (1/8 inch), so that size screen can also be used to capture them. The photo in the top right is of plastic isolated from a toothpaste sample.



Where do microbeads come from? 

• Added to many personal care products for 
color/shine, fillers…. 

• Are not removed by wastewater treatment 
plants 

Presenter
Presentation Notes
So why are microplastics added to items that we use on or in our bodies? There does not seem to be a good reason. Most seem to be simply for appearance’s sake—they might make the toothpaste sparkle, for example (and surely that should mean that the toothpaste will make our teeth sparkle, right?...) Often they provide color to the product. They may simply be an inexpensive filler. 
So how do you tell if a product contains plastics? You need to look at the ingredients list—the most common type of microplastic used in personal care products is polyethylene.
Unfortunately, these plastics are very small and very light, so they float and are not typically removed by wastewater treatment plants. (Imagine trying to filter millions of gallons of water per day through a screen that is only 1/8” mesh size—it would constantly be clogging and needing to be cleaned! It’s just not feasible). WWTPs are designed to remove solids by allowing them to settle, but polyethylene does not settle—it does the opposite, either being neutrally or positively buoyant.



What personal care products contain 
polyethylene? 

• http://householdproducts.nlm.nih.gov/ 
• Search for keyword polyethylene 

Presenter
Presentation Notes
Another way to determine whether or not particular products contain polyethylene is to use the household products database. This site is maintained by the National Institutes of Health. While it might not be completely current, it is the best resource available for folks in the US. When you access the site, simply type the word “polyethylene” in the search box, then click on it when it comes up in the next screen. You will end up with a list of products that is about 6 pages long. Internationally, there is a “beat the microbead” app for smartphones that allows you to scan the UPC code on the package to determine whether or not the product contains microplastics. I have tried it on US products and it did not recognize them, but apparently it works pretty well for European products.

http://householdproducts.nlm.nih.gov/


The nurdles’ quest for ocean 
domination (TED-Ed) 

https://www.youtube.com/watch?v=KpVpJsDjWj8 

Presenter
Presentation Notes
This (5-minute) video takes a somewhat humorous look at a serious subject. (watch video)
One caveat that I would add is that the story states, “When one organism eats another, microplastics and their toxins are passed up through the food chain.” There is no scientific evidence of this (yet) for toxins, and very little published about plastics being passed from prey to predator. However, this is an area in which there is a great deal of research going on, and I would expect us to learn much more about this in coming years/decades.



So why do we care about 
microplastics? 

• They are in the environment 
• They never biodegrade 
• Toxins (e.g. PCBs) adsorb to their surfaces 
• They are eaten by marine life 
• Additives used in the manufacture of plastics 

(e.g. bisphenol A) and toxins can leach into 
animal tissue 

Presenter
Presentation Notes
As you heard in the Ted-Ed video, there are many reasons to be concerned about microplastics. They are in the environment, and probably always will be. They can contain or be an attachment site for many different types of toxins, and they are eaten by marine life. (On that last point, you might want to show this video: http://www.onearth.org/earthwire/plankton-feeding-on-plastic?utm_source=fb&utm_medium=post&utm_campaign=socialmedia)



Synthetic Sea 

https://www.youtube.com/watch?v=pEKohTXF4Xw 

Presenter
Presentation Notes
I’d suggest showing either this video or the one in slide 10, depending on your audience. This (10-minute) video shares many of the same messages as the previous one, but contains some stronger scientific content. One of the most alarming pieces of data is that the amount of plastic sampled in the same ocean gyre had increased more than seven times between 1999 and 2008. In 1999, the group reported that plastic outweighed zooplankton by a ratio of 6:1. By 2008, that ratio was 45:1.



Some numbers* 

• 268,000 metric tons 
– Estimated total mass of plastic debris in the 5 

gyres 

• 466,000 particles/km2 

– Highest abundance of plastics found in Great 
Lakes samples 

• 5 trillion 
– Estimated # of pieces of plastic in the oceans 

 

 *From 5 Gyres Institute 

Presenter
Presentation Notes
People often want to know just how much plastic is in the ocean. There are all sorts of numbers available in all sorts of places. These figures come from the 5 Gyres Institute, which is a non-profit activist group whose goal is to “to research aquatic plastic pollution and to find solutions for regaining a plastic-free ocean.” However you look at it, the bottom line is that there is a lot of plastic in the ocean. A study published in Science magazine in February 2015 estimated that in 2010 alone, enough plastic entered the ocean globally to fill 5 grocery bags for every foot of shoreline of the 192 countries studied.

Jambeck et al. 2015. Plastic waste inputs from land into the ocean. Science Vol. 347 no. 6223 pp. 768-771



5gyres.org 

 

Presenter
Presentation Notes
To visualize the plastics, 5 Gyres has created this map. The white areas are made up of individual dots, each dot representing 20 kg of plastic. The map is based on collections the group has made using manta trawls in locations throughout the global ocean; actual dots are from model output data.



 

Presenter
Presentation Notes
Zooming in to Florida a bit, you can start to see some separation between dots.



 

Presenter
Presentation Notes
But even at fairly high zoom rates, the amount of estimated plastics is staggering.



Unknowns…. 

• Do filter feeders excrete microplastics after 
they filter them out? 

• Can/will microplastics bioaccumulate up the 
food chain? 

• Are there potential human health risks from 
microplastics? 
 
 

Presenter
Presentation Notes
There is much that we do not (yet) know about the impacts of plastics in the environment. As mentioned earlier, hopefully research over the next several years will help answer some of these questions. Several studies (generally looking at individual species of marine organisms) show that filter feeders can remove microplastics from the water. However, what happens next is not understood. One study published in 2014 shows that it is possible for microplastics to be passed from predator to prey (in a lab setting), another study indicates that chemicals that are sorbed to the surface of plastics could leach into tissues of marine worms if those plastics become incorporated into the benthos.

Probably the biggest unknown is that of human health risks. On 2014, the EPA held a forum on “possible human health risks from microplastics in the marine environment.” A summary of that forum is available online, but unfortunately the most suggestive research mentioned in the summary has not yet been published and the researcher is unwilling to share information about it until such time as it has been accepted for publication.

Teuten et al. 2007. Potential for plastics to transport hydrophobic contaminants. Environ. Sci. Technol. 41: 7759-7764
Setala et al. 2014. Ingestion and transfer of microplastics in the planktonic food web. Environmental Pollution 185: 77-83



What can we do? 

• Reduce, reuse, recycle, refuse 
• Check labels on personal care products 
• Participate in beach cleanups, and look for the 

very small plastics 

Presenter
Presentation Notes
As far as what we can do about this problem, most people agree that it will not be feasible to remove already existing plastics from the ocean. While some removal methods have been proposed, the reality of the situation is that we cannot feasibly remove the plastics from the water without having huge bycatch issues. The sheer mass of plastic thought to be in the ocean (8 million metric tons were estimated to have entered the world’s ocean in 2010 alone) makes removal efforts unrealistic. What we can realistically do is all try and reduce our input of plastics into the environment. There are a number of ways to do this (discuss list on slide with audience members).
NOTE: some people may have heard about Boyan Slat’s proposed ocean cleanup device (see TEDx talk at https://www.youtube.com/watch?v=ROW9F-c0kIQ or http://www.theoceancleanup.com/). They should also read the arguments as to why this effort will not work (http://www.kcet.org/news/redefine/reduce/plastics/6-reasons-that-floating-ocean-plastic-cleanup-thing-is-a-really-bad-idea.html). More on this in slide 22.



• 2012—consumer goods company Unilever 
committed to making all of its products plastic-
free by 2015. Its website says all plastics were 
phased out by Jan 1, 2015. 

• L'Oréal, Colgate/Palmolive, Beiersdorf, Procter & 
Gamble and Johnson & Johnson have followed 
the example set by Unilever and over the course 
of 2013 pledged to stop the use of microbeads. 
Unfortunately, not all of these companies have 
set a deadline for when they plan to have 
completely phased out microbeads. 

In the news: microplastics 

Presenter
Presentation Notes
Public pressure (e.g. efforts like the “Ban the microbead” campaign, 5Gyres’ “BantheBead” petition) has resulted in some personal care product manufacturers pledging to remove microplastics from their products. The first company to do this was Unilever. According to its website, all plastics were phased out by the start of 2015. In visiting a retail store in June 2015, I looked for Unilever products that the Household Products Database listed as containing polyethylene. Of the ones that I could find in the store, about half no longer had polyethylene in them. Hopefully this means that the remaining products on the list were just older stock and that newer supplies of the products similarly do not contain microplastics.
During 2013, several other companies also said that they will remove microplastics from their products, but without giving a date by which to do so (with one exception that will be mentioned in the next slide)



• April 2014—Target pledged to remove 
microbeads from its branded facial skin care 
products by late 2014; from all of its branded 
products by the end of 2015 

• June 2014—Illinois became the first state to ban 
the sale of cosmetics containing plastic 
microbeads. Manufacturers have a phase out 
period between 2017-2019. [ME, NJ, CO, IN, MD 
and WI have since passed similar legislation] 

• Sept 2014—Crest pledged to remove microbeads 
by March 2016 

 

Presenter
Presentation Notes
In early 2014, Target pledged to remove microbeads from its Up&Up brand facial products by the end of 2014. In January, 2015, I purchased facial scrub that did still contain polyethylene, but a few months later was unable to find a Target brand facial scrub containing polyethylene (in that same store). 
In June 2014, Illionois banned the sale of cosmetics containing plastic microbeads. This will happen by 2019. Several other states have since followed suit. As of July 9, 2015, seven states had passed legislation to restrict the use/sale of microbeads in personal care products: Illinois, Maine, New Jersey, Colorado, Indiana, Maryland and Wisconsin. Bills are apparently pending in others, including Michigan, Minnesota, Washington, California and Oregon. The Wisconsin decision is the most recent (July 1, 2015)...Indiana's was in June and MD in May, 2015.
In late 2014, after a spate of publicity from dental workers complaining about finding plastics lodged under patients’ gums, Procter and Gamble pledged to remove microplastics from Crest toothpaste. It is worth noting that the American Dental Association has said that they do not plan to remove their endorsement of Crest Pro Health toothpastes and that microplastics in the toothpaste are not a risk to human health. (http://www.ada.org/en/press-room/news-releases/2014-archive/september/statement-on-polyethylene-microbeads-in-toothpaste)

http://www.beatthemicrobead.org/en/industry



5gyres.org 

 

Presenter
Presentation Notes
As previously mentioned, the main way to address plastic pollution in the ocean is to reduce the amount of plastic allowed to enter the ocean.



The challenges for recovery 

• Small sizes 
• Distributed throughout the water column 
• How to remove plastics without removing 

marine life? 

Presenter
Presentation Notes
So why is it not possible to remove the plastic, especially in areas like the garbage patches that have been found in all of the ocean gyres (and the Great Lakes)? People typically picture the gyres as containing semi-solid floating masses of large plastic items. However, the truth is quite different.
The 5Gyres Institute (whose studies utilize surface net tows) has estimated that over 13% of the plastic in the ocean is as microplastics, and another 11% is plastic that is between 0.5 and 2 cm in size (Eriksen et al. (2014) PLoS ONE 9(12): e111913. doi:10.1371/journal.pone.0111913). These images show microplastics (ranging from fibers to beads to fragments) isolated from seawater samples on gridded filter paper. The grid size is about 3 mm, so you can see how tiny some of the plastics are, and how impossible it would be to remove them without removing plankton as well (not to mention clogging the filters that would need to be used).

It is not unreasonable to expect the proportion of small plastics to increase deeper in the water column. And  we know that much of the plastic is mixed throughout the water column, with plastics being reported from depths of as much as 100 meters (http://blogs.ei.columbia.edu/2011/01/26/our-oceans-a-plastic-soup/).

Add to the challenge weather conditions (it is not unusual for wave heights during storms to exceed 30 feet), and a constant resupply of plastics, and you start to see why removing plastics is not going to be “the answer” to plastic pollution in the ocean.

The solution instead lies with all of us and the choices that we make in our daily lives.



Questions? 

Maia McGuire 
UF/IFAS Extension Flagler County 

150 Sawgrass Road 
Bunnell, FL 32110 

386-437-7464 

mpmcg@ufl.edu 

http://stjohns.ifas.ufl.edu/sea/seagrant.htm  

mailto:mpmcg@ufl.edu
http://stjohns.ifas.ufl.edu/sea/seagrant.htm
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