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A picture says a thousand words...
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&%  Many difficult images.
@ Is there a bigger concern?
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The pathway by which plastic enters the world’s oceans s

Estimates of global plastics entering the oceans from land-based sources in 2010 based on the pathway from primary production through to marine plastic inputs.

Global primary plastic production:
270 million tonnes per year

Global plastic waste:

275 million tonnes per year
It can exceed primary production in

a given year since it can incorporate
production from previous years.

Coastal plastic waste:

99.5 million tonnes per

This is the total of plastic waste generated
by all populations within 50 kilometres of a
coastline (therefore at risk of entering the ocean).

Mismanaged coastal plastic Plastic in surface waters:
waste: 31.9 million tonnes per year 10,000s to 100,000s tonnes
This is the annual sum of inadequately managed and There is a wide range of estimates of the
littered pIaS’[IG waste from COa_StaI pODUl‘atlonS. quantity of p|astics in surface waters.
Inadequately managed waste is that which It remains unclear where the majority of

is stored in open or insecure landfills plastic inputs end up — a large quantity
(and therefore at risk of leakage or loss). might accumulate at greater depths or on

Plastic inputs to the oceans: the seafloor.
8 million tonnes per year

Source: based on Jambeck et al. (2015) and Eriksen et al. (2014). Icon graphics from Noun Project.
Data is based on global estimates from Jambeck et al. (2015) based on plastic waste generation rates, coastal population sizes, and waste management practices by country
This is a visualization from OurWorldinData.org, where you will find data and research on how the world is changing. Licensed under CC-BY-SA by the authors.
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Plastic and Food wrappers Cigarette butts Plastic bottles Line See list at right.
https://savebay.org/wp- foam pieces Plates Wrappers Glass bottles Nets
content/uploads/ICC-Brochure- less than 2.5 cm Plastic utensils Cigar tips Cans Ropes
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Polymer

PP
LDPE
HDPE
PVC
PU
PET
PS
ABS
PMMA
POM
PBT
PC
PA
SAN
PEEK
PSU
PU

Rochman et al., 2019

What are microplastics?

1 nm < plastics particles <5 mm in size, EPA

Additives
Plasticizers
Colorants
Reinforcements
Fillers
Flame retardants
Stabilizers

Product types
Primary
Pre-production pellets
Personal care products
Industrial abrasives...
Secondary

Agricultural materials
Beverage bottles
Carry bags
Construction materials
Containers
Clothing
Cutlery
Electronics
Food packaging
Film
Furniture
Insulation
Mattresses
Medical
Pillows
Pipes
Textiles
Toys
Tires

Size

<5mm

Nano

Morphology
Fiber
Fiber bundle
Fragment
Sphere
Pellet
Film
Foam

Colour

Red
Orange

Brown
white
White
Grey
Blue
Green

Eco-toxins

PAHs
PCBs
DDT
Heavy metals
PBDEs
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Zones of high concentration in in ocean gyres ~99% Unaccounted For
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Microplastics Extraction and Analysis

Count (particles / kg DW)
Microplastics ~50 g sediment Cplor
(63 MM — 5 mm) Size

= .&arZ

Filtration MFT-IR Spectroscopy
10% H,O, + 10% HCI digestion ‘l A}\ \__ §Polymer Type

Nal density separation

PerkinEimer
For the Better
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Microplastics Polymer Analysis
UFT-IR

PerkinEimer’
For the Better

Reference spectra
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Microplastics abundant in shoreline and seabed sediments
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Fulfer and Walsh, Scientific Reports, 2023
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~1000 tonnes in the upper 5cm
50% of plastic mass is trapped in the upper estuary
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Presenter
Presentation Notes
Out of all the MPs in the seabed, 50% are in the proximal zone


What is the history (and future) of
microplastics along the Rl coast?

Note, the down-system gradients in population,
urbanization & pollution sources

Land Use

Impervious Surface / Urbanized |
" Natural Surface ] Agriculture
B Water

@ Seafloor Core
O Marsh Core
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Presenter
Presentation Notes
Extensive estuarine sedimentary storage of plastics from city to sea: Narragansett Bay, RI, USA


Studying the History in Sediments

* 6 Bay cores
e 3 marsh cores

4
7 MPs

210Pb/137CS

Grain Size

@ Seafloor Core
O Marsh Core
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Presenter
Presentation Notes
Do I need to go into detail about the radioisotope dating of our cores for the defense?

Show a single profile? 


Reconstructing the Sedimentary History of Plastic Pollution

210Pb
Activity (dpm /g) Grain Size (%)
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Presenter
Presentation Notes
Grain size is reflective of the depositional environment and can impact our Pb-210 activities, so we want to make sure we have a relatively consistent clay fraction down core (and we do)






Microplastic pollution is increasing exponentially.

e Sites show exponential increase

e Plastic concentrations are higher in the
Proximal Zone

e Marshes trap 10 — 50x more MPs than
the nearby seabed
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Presentation Notes
Extensive estuarine sedimentary storage of plastics from city to sea: Narragansett Bay, RI, USA





A

2020

2000+

1960+

Plastic diversity increases over time.

Particle Type

. bead D fiber D film D foam . fragment

Color

. black . brown D gold . green D pink
. blue D clear

. red D white
I:] gray I:I orange . purple I:I teal D yellow
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What are the consequences of microplastic pollution in estuarine sediments?

Species Sensitivity Distribution

Plastic continuum Frocion and Erosion and ¢ SSD
fragmentation fragmentation
Plastic products Plastic debris Microplastics ST,
- e .' .
gﬁ % a@ © 1'-'.-'%\-"“ ORI
* i Coaog © e v S e
o W . b e *'L}
Species continuum Ingestion Ingestion and translocation '§
\ 3
Fish Daphnia  Zooplankton ':;5
Koelmans et al., 2022 =
MP Concentration
Ecotoxicology studies are completed — -
on different organisms across a Y 5 hazard coqcentri\tlon - :
At this concentration, 5% of species will be

range of concentrations impacted
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Presentation Notes
need to define SSD


each dot is a species



S
What are the consequences of microplastic pollution in estuarine sediments?

Plastic continuum
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Threshold for harm:
540 MP particles kg

(Yang et al., 2023; Koelmans et al., 2022;
Everaert et al., 2018; 2022)
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Microplastic pollution in Narragansett Bay is widespread

Moshassuck; \
River | Blackstone '|
] )\ River ]l N
Woon'egquatucke? = .:”'500Gl MP / kg
River i ' 1001 - 5000 MP / kg
Pawtuxet [ 540 - 1000 MP / kg
prgﬁml River_'__fj O - 1 <540 MP / kg

Shorelines and the
seabed in the Proximal

Y, Zone are most at risk
.I
ity / Marshes in both the
Distal Proximal and Distal Zones
' are at the highest risk.
. B Sediment Grab ,
3 @ Shoreline Sampling ;
O Seafloor Core
A Marsh Core

[ ] Waters impacted by pollutants transported with stormwater runoff (RI-DEM, 2022) 23


Presenter
Presentation Notes
Proximal sites and marshes exceeded the Critical Effect Threshold (540 particles kg-1) as early as the 1960s

Distal sites recently exceeded or will soon exceed this threshold

Green are below levels today but as they are exponentially increasing with little mitigation, they will cross this critical threshold in the coming decades



:  Our coast has a history of pollution, microplastics now widespread.
Conclusions . pjastics pollution is increasing exponentially.
e Hope inresearch, education and Rhode Island.
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.  The density of plastic affects it transport and fate
 Fragmentation and fouling are also important

Bottle caps
(Polypropylene, PP)  Plastic bags
= (Polyethylene, PE)

0.92 Floats
(Polystyrene,
EPS)

0.95

1,00
1.01 Seawater density

1,05 Fishing nets
(Polyamide or Nylon)
1.09
1,10 Containers
(Polystyrene, PS)

1,15 1.15

1,20 Density Gi tte filt
Grams per cubic centimetre I el Textiles Soft drink bottles
- (Cellulose acetate) 1.24 (Polyesther resin) (Polyethylene
, terephtalate, PET)

1,30 1.30 v
Plastic film

Polyvinyl chloride,
155 (Poly p){/c) 1.35

Source: GESAMP, Sources, fate and effects of microplastics in the marine environment: A global assessment, 2015 1.39



Particle density impacts transport and fate

Density of Seawater
(1.03 g/em?)

Upper Beach/ |
Edge of Dune

Mid-Beach ® O O

Intertidal Zone -

Subaqueous

1.0

Fulfer and Walsh, Scientific Reports, 2023
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Particle Density (g/cm?®)

Particle Count

Anthropogenic Particle Type

@ Lecithin and Paraffin

@ Polypropylene (PP)

@ Ethylene Vinyl Acetate (EVA)

@ Ethylene Ethyl Acrylate Copolymer (EEA)
Paolyethylenes (HDPE + LDPE)
Polystyrene (PS)

Paly [methyl methacrylate) (PMMA)
Polymethyl acrylate

® Cellulose acetate

@ Polyvinyl chloride (PVC)

@ Fuolyethylene terephthalate (PET)

@ D-Lyxopyranose
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Distance From City (km)

Significant estuarine storage of microplastics

Microplastic Concentration Microplastic Mass (tonnes)
(particles / kg DW) C Microplastic Storage (Cumulative Percent)
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Fulfer and Walsh, Scientific Reports, 2023
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Sources and fate of micro- and nanoplastics in the environment

Primary sources
Industrial application of
nanoplastics

Are plastics in

4

Uptake and bioaccumulation of
micro- and nanoplastics in
human body

th—

humans and
affecting
human
health? YIS o

-
LT T L

a8 " Release of

Microplastics toxic additives
(measuring < 5mm)

Degradation
under natural
environment

e *o.a Contamination
..'. :: - of food chain
® L ]
Nanoplastics

(measuring < 1pm)

= L,
U""r:‘

13e}; nanomaterials

[Open ccess | Review

Impact of Microplastics and Nanoplastics on Human Health

by Maxine Swee-Li Yee 1 &2 Ling-Wei Hii 2.3.4 2% Chin King Looi 2.3 & Wei-Meng Lim 2.4 &
Shew-Fung Wong € &, Yih-Yih Kok 7 & Boon-Keat Tan >8 & Chiew-Yen Wong >7 and
Chee-Onn Leong 24 &

i} ¥ Manoplastic:” .
8  patiles
- - Microplastic
particle
@ Cormnated [ ]
* & . nanopiastic |
[ ¥ %« partiches :
- ¥
¥

® saoeo édo e o s e

Ingestion of plastic particles
+ From plastic particles-containing food
* From plastic particles-containing drinks

@ o
@ e
- U ]
. L ° ® o
* e e o._,_?.
L] L s * @ =
- 2 L]
® . i :
e @

Inhalation of airborne plastic particles

- Indoor from synthetic textiles

« Dutdoor from contaminated aerosol from ocean waves, airborn fertilizer
particles fram drief wastewater treatments, or atmospheric fallout

Factors that affect the absorption of plastic particles in the lungs
= Hydrophobicity = Surrounding protein coronas
= Surface charge * Particle size

= Surface functionalization

™ Im
| -
o'
- -

Skin contact of plastic particles
* Fram plastic particles-containing water
= Fram plastic particles-containing health and beauty products
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