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ABSTRACT

Plastic pollution in the oceans is an increasing environmental and fisheries problem. Microplastics (plastic pieces smaller than
5 mm in size) are being found in fish and invertebrates. The Florida Microplastic Awareness Project aims to raise awareness about
microplastics, in part by having citizen scientists collect and analyze coastal water samples for the presence of microplastics.
Volunteers and others in the community are asked to reduce their consumption/disposal of plastics.

Sixteen coordinators around the state give presentations about microplastics to potential volunteers, then conduct hands-on
trainings to show water collection and analysis techniques. Volunteers are asked to collect at least four samples during the year, filter
them and observe the filters to count the number of pieces of plastic present. Data are used to populate a Google Map. People are
asked to take a pledge to reduce their plastic waste.

Data from over 800 water samples show that 89% contain at least one plastic item. On average, there are 7.7 pieces of plastic
in a liter of coastal water. 83% of the plastic items are fibers/filaments. On average, people are pledging to make 3.5 of the suggested
eight behavior changes to reduce plastic waste. In follow-up surveys, people are reporting having made an average of three behavior
changes.

People learning about microplastics are willing to take steps to reduce their contribution to the problem, but improvements in
wastewater treatment plant filtration technology may be needed to address this issue.
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INTRODUCTION

Microplastics, defined as pieces of plastic less than 5 mm in size (Arthur et al. 2009), are becoming ubiquitous in the
marine environment (Andrady 2011, Cole et al. 2011, Eriksen et al. 2013, Browne et al. 2014, Desforges et al. 2014, Zhao
et al. 2015). There are two main types of microplastics: secondary microplastics form from the degradation of larger pieces
of plastic, while primary microplastics are deliberately manufactured. Many of the manufactured microplastics (e.g.
polyethylene “microbeads™) are ingredients in some toothpastes, many facial scrubs and body washes, as well as makeup
products, deodorants and other personal care products (Household Products Database 2014). Wastewater treatment plants
are not capable of removing these very small, floating plastics, so the plastics are discharged as part of the treated effluent
(Eriksen et al. 2013, Leslie et al. 2013, Murphy et al. 2016).

In the ocean, plastics can serve as vectors for the transport of persistent organic pollutants (Mato et al. 2001, Teuten et
al. 2007, Hirai et al. 2011, Engler 2012). Some of the chemicals used in the manufacture of plastics (bisphenol A,
phthalates) are known to be weakly estrogenic (e.g. Jobling et al. 1995, Feldman 1997). However, the in vivo impacts of
exposure to these chemicals are not well understood and may depend on the type of organism being studied (e.g. Vethaak et
al. 2008).

Microplastics can be consumed by many marine organisms, including zooplankton (Setéla et al. 2014), corals (Hall et
al. 2015), bivalves (Browne et al. 2008, Farrell and Nelson 2013, Van Cauwenberghe and Janssen 2014, Li et al. 2015,
Rochman et al. 2015, Sussarellu et al. 2016), fishes (Boerger et al. 2010, Lusher et al. 2013, Costa and Barletta 2015.
Rochman et al. 2015. Lonnstedt and Eklv 2016), sea turtles and birds (Costa and Barletta 2015). Toxins, both those
adsorbed to the plastic’s surface and those contained within the plastic, can be found in the tissues of organisms that have
consumed plastics (Browne et al. 2013, Rochman et al. 2013, Tanaka et al. 2013).

Jambeck et al. (2015) estimated that between 4.8 and 12.7 million metric tons of plastic entered the ocean (worldwide)
in the year 2010. They further predict that this amount will increase by an order of magnitude by the year 2025. Since
petroleum-based plastic does not biodegrade (rather, it breaks down into smaller and smaller fragments over time), plastic
pollution, especially microplastics, is a growing concern among ocean scientists (

Many Florida residents are aware that plastic pollution in the ocean is a problem, but many associate this issue with the
“Great Pacific Garbage Patch” and are unaware that plastics are also a problem in the Atlantic, much less in Florida’s
coastal waters. The Florida Microplastic Awareness Project (FMAP) is a citizen science effort (funded by a 2015 NOAA
Marine Debris Program Outreach and Education Grant) that was designed to have people learn for themselves how
prevalent plastics (specifically those less than 5 mm in size) are in Florida’s marine environment. FMAP has two main
goals:

i)  To train citizen scientists to look for the presence of microplastics in Florida coastal waters, and

ii) To teach people ways to reduce their personal contribution to microplastic pollution (in part by selecting and using

personal care products that do not contain polyethylene.)
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METHODS

FMAP volunteers were organized by regional coordi-
nators in sixteen locations around the state of Florida.
These citizen scientists sampled and analyzed water from
along the majority of the Florida coastline from Pensacola
in the western panhandle, to Key West, to Amelia Island in
northeast Florida (Figure 1). The methods for the collection
and analysis of samples are based on those used by Adven-
ture Scientists (Abby Barrows, pers. comm.).

Volunteers were asked to avoid wearing synthetic fab-
rics when collecting and analyzing samples to try and pre-
vent contamination. They triple-rinsed a one-liter Nalgene
bottle (and lid) at the sampling site, then filled the bottle
with surface water, capping the bottle underwater. They
recorded the GPS coordinates for the location, date and
bottle number on their data sheet. It was found that samples
were easier to filter if they were allowed to sit for at least a
week (out of direct sunlight) after collection.

Filtered (0.45 pm) water was prepared and used to pre-
rinse filtration equipment. Samples were vacuum filtered
through gridded 0.45 pm mixed cellulose ester membrane
filters. The filter holder was almost completely covered
with a petri dish while the sample was being filtered to
minimize contamination by airborne fibers. Filters were
placed in covered petri dishes and examined at 20-40 times
magnification using a dissecting microscope. Positive iden-
tification of plastic fibers was confirmed using a hot needle
(Abby Barrows, pers. comm.) Plastic items seen on the
filter were categorized as either fibers, fragments, mi-
crobeads, or film.

For the outreach component of the project, members of
the public who attended educational events were asked to
take a pledge (available online or in paper form at outreach
events.) In the pledge, people could indicate if they already
did a particular action, or if they were willing to do it. The

obie
e
\ Tallahassee
/ . > 25 Jacl
Jt sncreac ~OraNge Bene > oWese @

' ‘ Q 9
& 9.

Orlando
o

3]

",
Go-gle My Maps '

actions are all ways of reducing one’s personal contribution
to plastic waste. The eight actions suggested were:
i) Read labels on personal care products and avoid
products containing polyethylene,
ii) Use paper or reusable shopping bags instead of
single use plastic ones,
iii) Avoid using plastic drinking straws,
iv) Bring my own water bottle instead of buying sin-
gle-use plastic water bottles,
v) Bring my own washable coffee/hot drink cup in-
stead of using foam,
vi) Use foil or a washable container as a "to go" box
at restaurants, or for packing lunches,
vii) Recycle as many plastic items (those with the tri-
angular recycle logo) as possible, and
viii) Choose more natural fabrics instead of microfiber,
nylon, acrylic, polyester or polypropylene.

If people provided their email addresses, they were
contacted within three months with a follow-up survey to
assess which behavior changes they had made since learn-
ing about microplastics.

RESULTS

Between September 2015 and December 2016, 161
volunteers collected and analyzed 851 water samples from
311 locations around Florida. The majority of these water
samples (89%) contained at least one piece of plastic. On
average, there were 7.7 +/- 11.0 pieces of plastic per liter of
water (Figure 2). The largest number of pieces of plastic in
a single liter was 164. The plastic in the samples was pri-
marily (83%) in the form of microscopic fibers (Figure 3).
Microbeads (from facial scrubs and other personal care
products) comprised only a small portion of the plastics
found (6%). This number might be slightly high as it was
discovered that some volunteers were mistaking planktonic
diatoms for microbeads.

Microplastic Sample Data (n=843 samples)
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Figure 1. Map showing microplastic collection loca-
tions. Pin colors denote the number of plastic pieces found
in 1 liter of water (black = 0; blue = 1-5; green = 6-10; or-
ange = 11-20; red = 20+).

Figure 2. Graph showing frequency with which plastic
was found in samples. One extreme (164 pieces of plastic)
was omitted from the graph because of scale. That sample
was collected a few days after the passage of Hurricane
Matthew in northeast Florida.
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Figure 3. Relative abundance of the different groups of
microplastics found in the Florida Microplastic Awareness
Project samples.

A total of 893 people completed the Florida Micro-
plastic Awareness Project’s pledge. 29 people (3.2%) were
already taking all eight suggested actions to reduce plastic
waste. Eight people (0.9%) did not indicate a willingness to
make any behavior changes to reduce their plastic waste.
On average, people pledged to make 3.4 behavior changes.
39% of pledge takers provided valid e-mail addresses
for follow-up surveys. 88 people responded to follow-up
surveys. This was a response rate of 25%. 90% of respond-
ents indicated that they had made at least one behavior
change to reduce their plastic waste production. It is possi-
ble that some respondents were already using all of the
suggested behaviors prior to the follow-up surveys. On
average, people reported having made three behavior
changes. 85% reported having shared information about
microplastics with others.
From the original pledge data, most people (64%) indi-
cated that they were willing to read labels on personal care
products (like body wash, deodorant, toothpaste, facial
scrub, makeup) and avoid products containing polyeth-
ylene. 55% were willing to bring their own foil or washa-
ble container to use as a "to go" box at restaurants, or pack
lunch contents in reusable containers instead of single-use
bags. 49% said they would avoid the use of plastic drinking
straws and 39% said they would try to choose more natural
fabrics rather than microfiber or other synthetic fabrics
(acrylic, nylon, polyester, polypropylene).
In the follow-up pledge, 68% of people reported hav-
ing read labels on personal care products (like body wash,
deodorant, toothpaste, facial scrub, makeup) and avoided
products containing polyethylene. Almost as many (61%)
reported avoiding the use of disposable drinking straws.
Other commonly-taken actions included:
i)  Bringing their own reusable water bottle/cup in-
stead of buying single-use plastic water bottles
(44%),

ii) Recycling as many plastic items (those with the
triangular recycle logo) as possible (44%),

iii) Use paper or reusable shopping bags instead of
single use plastic ones (39%), and

iv) Bringing their own washable coffee/hot drink cup
instead of using a disposable one (38%)

Other actions that people stated having taken included the
following:

i) “Trying to be more aware of where I cut plastics
such as PVC pipe and PVC sheets when I’'m
close to marine environments.”

il) “I have tried not to use plastic silverware.”

iii) “I look closely for plastic at the beach and always
pick it up.”

CONCLUSIONS

It was somewhat surprising to find how common the
microplastic fibers were (and how much more abundant
than fragments, film and microbeads) in our Florida pro-
ject. This methodology used differs from that used by
ocean/Great Lakes researchers, who use manta trawls,
typically with mesh sizes of 333 or 100 pm, that are towed
over large areas (data are reported as number per km?).
Our method samples a relatively small volume/surface
area of water (one liter) but captures all microplastics on
the 0.45 um filter. As found by Barrows et al. (2017), we
likely captured proportionally more fibers in our samples
than the ocean studies, and were probably less likely to
capture the larger plastic items (film, fragments and mi-
crobeads) in our bottles. The Florida Microplastic Aware-
ness Project has revealed the abundance and distribution of
microplastics around the Florida coastline.

The Florida Microplastic Awareness Project provides
the first comprehensive set of data for microplastics in
coastal Florida waters. The citizen science volunteers have
often become passionate advocates for plastic waste reduc-
tion after seeing for themselves how much plastic is in
their local waterways.

Responses to the pledge were very positive. Many
people commented that they had never thought to do cer-
tain actions recommended in the pledge (and that is re-
flected in the actions that were most commonly pledged.)
The results of the follow-up surveys were also positive,
with people reporting having made almost as many behav-
ior changes as had been pledged. The types of behavior
changes reported did not completely match the types that
were most commonly pledged. This could be because peo-
ple are not faced with some of the actions (e.g. bringing
foil or reusable containers to use as “to go” boxes, or
choosing natural fabrics rather than synthetics) as fre-
quently as others (e.g. refusing a drinking straw or using
reusable water bottles or washable hot drink containers).
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