Understanding the Ecological
Consequences of
Microplastic Pollution
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Plastic pollution: A pervasive problem

»* 121.4 billion pounds of plastic were
produced in the US in 2019

+*~13% increase since 2013

** 80% of plastic in marine and coastal
environments are from land-based
sources

%* Less focus on freshwater ecosystems |
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From Plastic to Microplastic

primary microplastics
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directly released into
nature as small particles

WHAT DO THEY °

.  LOOK LIKE? -
~ - v\ -

secondary microplastics

originate from large pieces

of plastic that fragment into
smaller pieces in nature




Austin Gray

Assistant Professor of Biological Sciences

Ecotoxicology
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My lab specializes in the occurrence,
distribution, fate, and impact of microplastic
pollution in aquatic habitats using field and

spectroscopy techniques
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Gray Lab: Research priorities on MPs
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Degradation of plastic debris

The.. Pressing concerns regarding MPs
Gllal‘dlall 1. Size and shape toxicity to aquatic organisms
Microplastics found in every human 2. Developmental alterations
placenta tested in study 3. Trojan Horse for other pollutants

Study imdingpartclesnarteries 4. Inhalation and ingestion by humans
G Th(;l. 5. Translocate into cells

uardian 6. Unknown human health implications
Mi lastics found inh blood f
ﬁrgCtIE)ilr)nzS 1CS 1OoUnd 1m numan Diood 10or T— M IC RO P L A STI C Toxicity

( oxidative stress \

Exclusive: The discovery shows the particles can travel around the
body and may lodge in organs DNA damage

organ dysfunction

metabolic disorder

nature

Landmark study links microplastics
to serious health problems

immune response

neurotoxicity

reproductive and
(evelopmental toxicity

People who had tiny plastic particles lodged in a key blood vessel were more likely to
experience heart attack, stroke or death during a three-year study.




Microplastics around the World

WORLWIDE FRESHWATER CONTAMINATION BY MICROPLASTICS

‘ LOW

ENVIRONMENTAL
HEALTH

Europe
e

. Lebanon HENEEN 4.5
g of tap water &
- samples contained
— plastic fibres

Indonesia

i India
5 HEEE
i Uganda 4.0
Ecuador =]

EE 2.2

0 Jpe |

\ Average number
of fibres per 500ml

Because of the connectivity of water and
air, MPs can enter every ecosystem

Environmental health and human health
are directly linked



History of Microplastic Composition and

Concentration in the Chesapeake Bay

In collaboration with Dr. Tina Dura
Made possible by a donation to the Coastal Zone Observatory by the

Seales

Since the rise of plastic production and use in the early 1950s, microplastics (plastics
smaller than 5 mm) have been accumulating in onshore and offshore sediment sinks

Salt marshes and estuaries are a significant sink for microplastics because they are
iInundated daily by tides and naturally accumulate sediment, and microplastics,

through time




Guiding research questions:

« How has the concentration and composition of microplastics varied through time
since the mid-20t Century?

« Does microplastic concentration/composition differ in intertidal environments in the
Chesapeake Bay versus Atlantic-facing intertidal systems?

« Relationship of microplastic concentration/composition to frequency of tidal
iInundation? What can this tell us about sea-level rise? R \

Photo: View from the tide gauge at WaChépré S VA



Sediment MPs in the
Chesapeake Bay?

« Densely populated area
o Accelerated sea-level rise
o Accelerated erosion

« Abundant sources of microplastics entering
the bay

Photo: Storm flooding in Norfolk, VA

Skyler Ballard / Chesapeake Bay Program
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LONG-TERM MONITORING OF MICROPLASTICS IN COASTAL DOLPHINS
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This ecosystem toxicologist is tracking
microplastic consumption in dolphins



Marine Mammals as Ecosystem Sentinels
* Long-lived apex predators in the coastal environment.
* Dolphins are marine mammals

« Ecosystem sentinels can be monitored to provide an early

Indication of potential risks to environmental and human
health.

The objective of this research is to understand the exposure pathways and biological fate of
microplastics in the coastal region by studying local bottlenose dolphins as ecosystem sentinels
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Sample Processing and MP Analysis

Dissect Rinse Digest Filter Analyze particles using
stomach and Gl contents biological material retained particles visual microscopy and

intestines through sieves with a filtered onto a 0.45 pm Raman spectroscopy
>125 ym 10% potassium nitrocellulose
hydroxide (1.4M) gridded filter

solution at 3x vol
for 7 days @60°C

VIRGINIA

TECH

methods from Battaglia et al., 2020
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SamEIe Processing: Raman Spectroscopyf

1 - QR2ZX #235: Poly(ethylene terephthalate) {Corrected)
1 ~ HORIBA exported data (Corrected)
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Raman spectroscopy allows us to identify
the chemical composition of a particle




Year 1-3 Results: MP Abundance
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Field ID

MPs identified in all dolphins’ GIT, with more in their intestines (1039 = 151 MP) than stomachs (89 + 27 MP)
(p<0.0001)



Year 1-3 Results: MP Abundance

MP abundance

.‘ ° 64-268

® 269-725
g @ 726-1647
®
‘ ® @ 1648-2786
. @ :257- 334

Sources: Esri, GEBCO, NOAA, National Geographic, Garmin, HERE,
Geonames.org, and other contributors, Esri, Garmin, GEBCO, NOAA
NGDC, and other contributors




Year 1-3 Results: MP Abundance

Polymers: 67.3%

polypropylene (27.5%)
nylon 6.6 (16.8%)
copolymer blend (3.1%)
polyvinyl chloride (3.1%)
polyethylene terephthalate (2.8%)
polyethylene (2.1%)
poly(methyl methacrylate) (12.1%)
polyamide (1.2%)

Anthropogenic: 15.4%

based on additives,
melting, or burning

Nylon 6.6

cellulose

nylon 12 (1.2%) 16.8%
Other polymers (<1%) viscose
polyurethane, polybutadiene, polyacrylic acid, cotton
LDPE, MDPE, HDPE, polyisoprene, PE1- chitin
octene copolymer, PVA, nitrile, acrylic, nylon
wool

11, polyester epoxy, ethylene ethyl acrylate,
polynbutyl methacrylate, polyvinyl formyl,
polycarbonate, polyoxymethylene

The most abundant
polymers are polypropylene
and nylon 6,6

HDPE fragment Polypropylene Nylon fiber Polyester fiber
fiber
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Microplastics Detected In Human Breast Milk, Raising Concerns Over

Health Impact On Babies

Animal Length (cm)



New discovery: First Evidence of Microplastic 6 ©SERDP
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Inhalation Among Free-Ranging Small Cetaceans we... MEXICOL
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Wild dolphins off US Southeast coast found with
microplastics in their breath, study says

By Taylor Nicioli, CNN
@ 4 minute read - Updated 5:05 PM EDT, Thu October 17, 2024

Ehe New Jork Eimes . 11
These Scientists Tested Dolphin Breath. They Found Plastic.

Their analysis detected microplastic particles in the breath of all the dolphins they tested.
The particles included several ...

,,,, .

Todd Speakmgﬁ/ National Marine Mammal Foundation

PLOS ONE Scientists Have Found Microplastics in Dolphin
First evidence of microplastic inhalation Breath for the First Time
among free-ranging small cetaceans Pesaareties 8] TGS ROV eHBEmIve SrFONTontal MICTOpURBC PO e
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