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What are microplastics (MP) and nanoplastics (NP)?

* Multiple definitions
* Primary and secondary microplastics

* For NP, may have unique physical characteristics (e.g. colloidal behavior) that
should be included in definition

Bacteria = 1-10um Human hair = 100um

nanoplastic - microplastic

1nm 10nm  100nm 1,000nm
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How do micro- and nanoplastics end up in dredged
sediment?
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Introduction

International and national focus on plastic
pollution

Exponential increase in number of plastic
pollution papers

Increasing public awareness and risk
perception of micro- and nano-plastics in

environment

Need to capture and communicate this
information for freshwater and marine
environments to appropriately inform

potential risks and actionable decisions

Number of papers reviewed
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Objectives

1. Conduct literature review to characterize microplastic and nanoplastic
concentrations in sediments to understand background and potential
exposures

2. Compile ecotoxicity data on microplastics and nanoplastics for organisms
used in dredged material evaluations to inform potential risks and identify
sensitive organisms
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Methods — Microplastic

Web of Science
Google Scholar

Search terms
“Microplastic”
“Nanoplastic”
“‘Sediment”
“Dredge”
“Dredging”
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ABSTRACT: The seafloor is the major sink for microplastic (MP)
pollutants. However, there is a lack of robust data on the historical evolution
of MP pollution in the sediment compartment, particularly the sequestration
and burial rate of small MPs. By combining a palaeoceanographic approach
and state-of.the-art analytical methods for MP identification down to 11 ym
in size, we present the first high-resolution reconstruction of MP pollution
from an undisturbed sediment core collected in the NW Mediterranean Sea
Furthermore, we investigate the fate of MPs once buried in the sediments by
evaluating the changes in the size distribution of the MPs and the weathering
status of the polyolefins, polyethylene, and polypropylene. Our results
indicate that the MP mass sequestered in the sediment compartment mimics
the global plastic production from 1965 to 2016. We observed an increase in  ummm—rmmrm—
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variability in the size and weathering status of the MPs throughout the

sedimentary record indicated that these pollutants, once incorporated into sediments, remain preserved with no further degradation
under conditions lacking remobilization.

[RNRRREAYS

KEYWORDS: microplastics, sediments, weathering, carbonyl inde, accumsulation

r

3 Prioritized for Areas Representative of Plastic

Pollution in US

» North America, Europe, South America, Africa

Bl Microplastic data entry IEI KN DN EN I BN B EX E=1 B

Tumer etal tempora sediment record of microplast.. Y ¥
o The effectof amson fver transportot.. ¥ ¥
Mictoplastics n Lake Wead National Recr. Y v
Forty-yese polution history ofmicropla... ¥ v
Wy
Corcoranetal Facorscotroling the distrbutionof .. ¥ ¥
Crewetal Distributon, abundance, anddiversiyo.. Y v
Dengetal Micoplastic polltion i waterand sed. Y v
Ex'_“ Used, s2e QA/QC Notes
oozo_Jheetal __ Jinfiuential factors on microplasticsoce.. N g o QA/ac Note:
mmn—_ /ac Notes
ooy Koret Miaoplsticpolltionntheltoral ...
' E m-_ Used, see QA/QC Notes
0 Superimposed mictoplasicpollution ina... Y ¥
o o e Natural hstory matters: lastisinest.. ¥ v
Wangetal mence and distribution of micoplas.. Y ¥
Wilkensetal Intal Survey of Miroplstcs nBotto.. ¥ ¥
xuetal Microplastics insediments romaniner.. ¥ ¥
znengetal Verticaldistribution of microplasticsi Y ¥

Concentrations

Included Data Representative

of Dredged Sediment

* Subtidal zones

 Nearshore marine and
estuarine

 Harbors and ports

 Riverine

 Lacustrine

« Great Lakes

 Natural lake

 Reservoir

REF ID# 110 ESESS

Wilkens etal ar: (2020 v T Oredged sediment sampies
nce [Data COMPLETE
(Wilkens, L. McQueen, AD, LeMonte, , Susdel, BC
Initial Survey of Microplastics In Bottom Sediments from United States Waterways File Description - SelectFile - Open il -
CAMicroplastic\2020\2020_Wilkens_et_al.paf main paper. Opentile
[Bulletin of Environmental Contamination and ToxIcology <
1520
Intos://dol.org/ 10,10 623 Googleit 1D Yesr 4 Reference 1 Title Abbre. - Used - updated - status
Sediment; Microplastcs: Marine; Freshwater 13 jsed, see QA/QC Notes

Sty Not e <ee OA/OC Notes 0

US Army Corps of Engineers e Engineer Research and

UNCLASSIFIED

Development Center



UNCLASSIFIED

Methods — Ecotoxicity Data

41 Data from Toxicity of Microplastics Explorer

Welcome to the Toxicity of Microplastics Explorer,
Aquatic Organisms Database!
ey

What is the Microplastics Toxicity Database?
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2 Filtered data to include information relevant to dredged

material evaluations

Species Endpoint Specific Endpoint
Amphipod Crustaceans, Hyalella azteca Development Algal Density
Cladoceran Crustaceans, Ceriodaphnia dubia Growth Body Length
Cladoceran Crustaceans, Daphnia galeata Mortality Body Mass
Cladoceran Crustaceans, Daphnia magna Reproduction Clutch Size
Cladoceran Crustaceans, Daphnia pulex Fecundity

Sheepshead minnow, Cyprinodon variegatus

First Clutch Size

Fathead minnow, Pimephales promelas

First Three Clutch Sizes

Midges, Chironomus riparius
(formerly tentans)

Growth Rate

Oligochaete worms, Tubifex spp.

Immobilization

Polychaete worms, Arenicola marina

Length

Bivalve Mussels, Mytilus edulis

Mortality

Bivalve Mussels, Mytilus galloprovincialis

Number of Clutches

Grass shrimp, Palaemonetes pugio

Number of Offspring

Green alga, Raphidocelis subcapitata (formerly
Selenastrum capricornutum)

Reproductive Frequency

Size

Time to Offspring
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Results — Number of Papers/Data Reviewed

Microplastic Concentrations

159 B Selected

: Bl Not Selected

10

Number of papers reviewed

» Reviewed 122 papers — included 73

» Plastic particles in sediments were influenced
by method for measurement and ranged from
40 — 5,000um

* No nanoplastics were measured

Ecotoxicity Data
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Over 160 manuscripts and 5,853 data entries in TOMEx 1.0

Included 601 data entries relevant to dredging and “particle
only” exposures

Microplastics - Data for 5 invertebrate animals and 1 green
alga for species sensitivity distributions (SSDs)

Nanoplastics — Data for 3 invertebrate animals
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Results — Microplastic Concentration at Depth
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Results — Microplastic Concentration by System

* High variability in MP concentrations

among and within systems 80000 .
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Results — Microplastic Ecotoxicity Data
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Order of sensitivity from most to least was Palaemonetes pugio (grass shrimp) > C. dubia (Cladoceran) = Hyalella
azteca (Amphipod Crustacean) > D. pulex (Cladoceran) > Raphidocelis subcapitata (green algae) > D. magna
(Cladoceran)

Multiple limitations/challenges of dataset
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Results — Nanoplastic Data

* NP data are available for 3 cladocerans, D. galeata, D. magna and D. pulex

* LOECs ranged from 4.95x10° items/mL for D. pulex to 1.63x10!! items/mL
for D. magna

e Plastics used in toxicity tests = spheres and are not representative of NP in
environment
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Conclusions

* Median MP concentrations ranged from 89 items/kg dry
sediment in lakes and reservoirs to 1,716 items/ kg dry
sediment in Great Lakes sediments

* Most to least sensitive test species were:
* Palaemonetes pugio (grass shrimp) > C. dubia
(Cladoceran) = Hyalella azteca (Amphipod Crustacean) >
D. pulex (Cladoceran) > Raphidocelis subcapitata (green
algae) > D. magna (Cladoceran)

* Notable data gaps exist for NP exposure and toxicity data
extremely limited

Photo Credit: Justin Wilkens, ERDC

* First step towards development of proactive communication
tools and decision support documents for MP and NP
contamination in dredged sediment
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