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per year input inadvertently -

to ocean = N
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- Microbes accelerating
weathering? >

- Influencing zooplan
interactions?

- Microbes eluting sorbed
toxicants?

- PMD sorption of microbia
toxins?

- Elution/transfer of sorbed
toxins/toxicants to macro-
grazers?

- Microbes influencing density
o of sinking PMD?
: g .?:\ - Inoculation of PMD with

|  macrograzer gut flora?

Final burial of PMD on
geological timescale, or
further interactions
with biota?

Mincer et al., 2016



Plastic Particles in Surface Among the technological develop-

Waters of the Northwestern Atlantic ~ Ments and methodology needed are:
1) Development of water-soluble

The abundance, distribution, source, and significance ~ and photodegradable polymers for one-
of various types of plastics are discussed. time-use and 1 short-time-use plﬂﬂtiﬂ
products.

2) Development of efficient, nonat-
mospheric polluting incinerators to re-
place open dumping and sanitary land-
As early as 1974 fill,

3) Increased effort in the techno-

_ _ logical development of plastic reclama-
Guidelines for tion systems.

controlling the release 4) Increased efforts in plastic re-
cycling to a level of that in the paper,

of plastic debris in the metal, and glass industries. This will

marine environment require not only new technological de-
velopment but also a change in atti-

tude concerning the use of scrap and
reprocessed material among resin pro-
ducers, designers, and buyers of molded
products.
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Analytical Methods

An approach for extraction, characterization and quantitation of
microplastic in natural marine snow using Raman microscopy
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Found Iear signal of PMD (< 300 um ) particles in marine
aggregates

Surprising finding: PMD of high rugosity (jagged and sharp)

Zhao et al., 2016




Plastic Marine Debris (PMD) in marine aggregates
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Organic aggregates termed ‘marine snow’
(one of the most abundant types of
particulate carbon in the ocean’s interior)
collected from Avery Point, CT

59 polymer particles from eight marine
snow samples (48L total volume)

Particle sizes ranged from ~30 um to 1.6
mm

Part of the ‘missing’ size fraction
calculated in Cozar, et al., 2014, PNAS—
Implying that aggregates are one of the
sinks for PMD In this size range.
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Field-Based Evidence for Microplastic in Marine Aggregates and
Mussels: Implications for Trophic Transfer

Shiye Zhau_,#’.l"j" J. Evan Ward, w08 Meghan Danley_,x"r’” and Tracy J. Mincer*™
Environ. Sci. Technol. 2018, 52, 19, 11038-11048

* Over 90% of plastic/aggregate
particles were smaller than 1 mm

Microplastics in
aggregates

* Over 40% of microplastics were
deposited as pseudofeces or feces

« Aggregates important in removing i = Psﬂ;m,,
microplastic from surface waters

microplastics




Polymer compositions in marine aggregates
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Microplastics were detected in 19 of the 26 (73.1%) samples of
marine aggregates

A total of 85 microplastic particles confirmed by spectrometric
analysis

Zhao et al., Environ. Sci. Technol. 2018, 52, 19, 11038-11048



Aggregate plastic particle sizes match mussel feeding
preferences

[JPlastics in marine aggregates
Plastics captured by M. edulis
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Samples of opportunity VERTIGO Station K2

Revisiting Carbon Flux Through the Ocean’'s Twilight
Zone
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13 high volume pumps arrayed
from surface to 900m deployed
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i | g Raman Spectroscopy and

FT-IR Identification

Problem: backing
filter showed plastic
contamination in 3/9
filters

P-POC : POC 0.01- 0.001%

~40 plastic particles/1000 L
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January 2019, total cruise track 3978 nautical miles
« 5 days sampling in South Atlantic Gyre

« Study included 4 stations of high volume seawater samples ranging
from 400-1100 liters of seawater '

« Ship outfitted with HEPA cleanroom
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Sampling scheme:

Station A

10m, 100m, 800m, 5000m
= FT-IR processed
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Workflow: QMA (0.7um) filters with 150um stainless prefllter
« Minimization of plastic in workflow

« 25 mm punch to equivalent of ~100 L
« Triplicate samples per depth

« Density separation in Nal solution,
sonication

e Centrifuge 500 x g 10 min

« Pull plastic off top layer with combusted
Pasteur pipet

* Repeat 3X

« Pull down plastic enriched fractlons
onto 0.2 um Anodisc

* FT-IR scan parameters

Mode: Transmission
Spectra: 3600-1250 cm-1
Aperture: 25 X 25 um
Step size: 20 micron

Hit Quality: >80%
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Nylon highly abundant at 10 meters depth

= Polyethylene
Polyamide6
Poly(Ethylene:Propylene)
Polybutadiene)

= Polyvinyl chloride

= Polypropylene

m Polyetherurethane

= Alkyd resin

Particles per cubic meter:

10 meters:
280/1000L (+/- 31)

800 meters:
39.7/ 1000L (+/- 38)

Particles per liter



Plastic particle size distributions

Note aspect ratio
tends towards unity
at both depths for
particles 50 micron
and smaller
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Plastic appears to working its way into the biological pump

Future research
guestions:

What is the overall fate

T of this debris? Does it
; N ) pistiete Gies ‘ .

e QRly - srah ~ keep getting smaller?

weathering?
- Influencing zooplanktondfish

interactions? I, fSiC
- Microbes eluting sorbed ’ i i i .
toxicants? CLATER e . d
- PMD sorption of microbia e arvs - < B I g D ata. H OW O
toxins?

- Elution/transfer of sorbed _ < . ._ :. . 4 ge’ SU bSU rface pIaStIC

toxins/toxicants to macro-

s y L ~ compositions vary along
S i transect and depth?
- Microbes influencing density  ° <& : a
ofsinking PMD? Ay Ocean basins?

- Inoculation of PMD with
macrograzer gut flora?

Final burial of PMD on v 4 What is the residence
ferimascsos w2 time of these plastic

' e particles?
Redfield’s constant = 106:16:1:0.005 (C:N:P:Fe)
Nylon 6 ~ 106:16 (C:N)



Innovative solutions to keep plastic out of marine systems

Mr. Trashwheel Baltimore Harbor MD PBS News Hour

“‘We’ve picked up 16 dumpsters of trash during a single rainstorm”
-Adam Lindquist, director of the Healthy Harbor Initiative
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